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Editor’s Note

Diseases and production technologiy are often referred
to by different common names in different parts of the
world. The following terms have been used inter-
changably at the authors’ discretion: pseudorabies/
Aujesky’s disease, hog cholera/classical swine fever,
pleurisy/pleuritis, specific pathogen free/minimal dis-
ease, and weaner pig/nursery pig.

Occasionally, outdated terms will be used when ap-
propriate in a historical context, such as (1) mastitis-
metritis-agalactia (MMA) instead of postpartum dysgalac-

tia syndrome (PPDS) and (2) stillbirth-mummification,
embryonic death-infertility (SMEDI) rather than porcine
parvovirus infection.

The officially accepted name changes for bacteria have
been used in the text. Some that have changed in recent
years include Actinobaculum suis (earlier Actinomyces suis,
Eubacterium suis, and Corynebacterium pyogenes) and
Brachyspira hyodysenteriae (earlier Serpulina hyodysenteriae
and Treponema hyodysenteriae).
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Herd Examination

Catherine E. Dewey and Barbara E. Straw

The rapid trend toward large, intensive, confinement-
rearing swine production units and the emergence of
herd managers with high levels of education and spe-
cialized swine experience has caused a change in the
type of service required from veterinary practitioners.
The hobby farmer with a few sows as a sideline enter-
prise may still require a veterinarian to help castrate
piglets, farrow a sow, or examine a pen of ill pigs. Spe-
cialized pig farmers generally have little need for these
traditional services; however, they do require the assis-
tance of professional consultants who can help them
solve complex disease, management, environmental,
and production problems. Veterinarians also work with
producers to ensure pork safety and the welfare of the
pigs under their care.

On large swine units the veterinarian functions as
part of a consulting team that may be composed of a nu-
tritionist, engineer, marketing expert, geneticist, and ac-
countant. Veterinarians are uniquely suited to coordi-
nate this team, but this leadership role requires that a
veterinarian must keep up-to-date with developments
in a wide range of fields. The health management veteri-
narian must be knowledgeable enough to discuss feed-
ing programs with a nutritionist or a ventilation prob-
lem with an engineer. The swine health management
veterinarian must also be familiar with the complex bi-
ological system of a pig farm to differentiate normal and
abnormal states. Finally, the swine veterinarian will use
herd-based diagnostic skills to provide modern, cost-
effective disease-management programs.

Often the ill-defined production problems on large
swine farms are precipitated by such factors as poor
housing, infectious disease, or poor management of an-
imals or farm personnel. Educating and motivating the
herdsmen rather than concentrating on disease condi-
tions of the pig can solve many of these complex pro-
duction problems. The task of helping farmers to make
long-term decisions, motivating them to carry these
out, and demonstrating to them the cost benefits of this
advice is difficult, partly because of the long time span

involved. Good record-keeping and the use of produc-
tion targets are the cornerstones of such a program.
Likewise, regular visits and ongoing discussions with
follow-up written reports go a long way to make health
management programs successful. This chapter pro-
vides an overview of the expectations of a herd health
veterinarian working with a specific unit and offers
charts of normal values as a reference.

THE HERD HEALTH VISIT

Understand the Producer’s Goals for the Unit
The veterinarian must determine the goals of the herd’s
owner and manager. The recommendations for one pro-
ducer who wants to eradicate disease will be different
from those given to a producer who wants to develop a
treatment and prevention program for the diseases in
the barn.

Review Production Records

Examine monthly reproductive records for at least 12
months. Determine which parameters are below target
and conduct a more thorough investigation of factors
that affect these parameters. Alter target values for all
parameters as the production unit changes over time.
Averages for some specific parameters are listed in Table
1.1. More detail is found in Chapter 6.

Review nursery and grow/finish records for each
barn filled over the past 12 months. If the unit is man-
aged in a continuous flow basis, be sure that the values
are biologically plausible. Specifically determine growth
rate and compare this to the expected values in slow-,
moderate-, and fast-growing pigs (Table 1.2). If the farm
keeps accurate feed records, analyze the feed conversion
rates and margin over feed as well. An evaluation of pay-
ment records from the packing plant will be useful to
enhance the return per pig marketed.

Then determine the average and range of morbidity
and mortality for each age group of pigs. Examine the
causes and timing of morbidity and mortality to deter-
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Table 1.1. Country-specific sow productivity averages based on PigCHAMP records collected in 2002.

Brazil Canada Mexico Thailand USA
Farms 119 36 78 23 105
Cull rate (%) 38.3 36.5 39.9 329 44.7
Death rate (%) 5.2 4.9 5.0 4.0 8.0
Nonproductive sow days 59.8 57.9 52.7 55.7 74.8
Wean-breed interval (da) 5.8 6.9 5.8 6.8 7.3
Farrowing rate (%) 81.0 79.3 82.5 81.0 71.7
Born alive/litter 10.5 10.8 10.6 9.9 10.3
Stillborn/litter 0.55 0.7 0.56 0.80 0.98
Mummies/litter 0.25 0.22 0.26 0.20 0.24
Lactation length (da) 19.9 20.7 20.2 21.9 18.7

Source: Adapted from Deen and Anil (2003).

mine whether disease control programs continue to be
appropriate for the unit. Identify seasonal trends in
morbidity and mortality. Average nursing pig mortality
rates around the world are estimated to range from 12.7
in the U.K. to 19.7% in the U.S.A. (Barnett et al. 2001).
Typically, nursery barn mortality ranges from 2-5% and
grower-finisher pig mortality ranges from 0.5-3%. The
average sow mortality of 6% has increased over time
(Abiven et al. 1998; Deen and Anil 2003). In 2002, mor-
tality by country ranged from a low value of 3.6% in
Columbia to a high of 8.0% in the United States based
on PigCHAMP records (Deen and Anil 2003). There are
also large farm-to-farm differences in sow mortality. In
the study by Abiven et al. (1998), annual sow mortality
ranged from 0-20%. See Chapter 63 for more details on
sow culling and mortality.

Farms that have both stalls and pens for sow housing
have a lower culling rate due to reproductive failure,
lameness, age, death, and euthanasia than farms that
have only pens (Paterson et al. 1997, cited by Barnett et
al. 2001). Sows housed in pens for a portion of gestation
are expected to have reduced farrowing time (Ferket and
Hacker 1985), reduced lameness in gilts (Hale et al.
1984), and less joint damage (Fredeen and Sather 1978).

To complete the record analyses, identify problems
and prioritize areas according to those with most eco-
nomic concern. Make lists of short-term and long-term
goals. Record questions that arise from the record analy-
ses to be reviewed during the herd visit. Make copies of
reports in either table for graph form. Produce a sum-
mary of the findings to be included in the final herd
report.

Review Production Flow

Draw a detailed map of the whole production facility or
system. For a farrow-to-finish facility this will be the de-
tails for one site. If the production system is multisite,
include all sites in your production map. To the map add
information such as number of barns, number of rooms
per barn, number of pens per room, and size of each
pen. Finally add the age and weight of pigs as they enter
and exit the pens. The production records will provide

expected values for production flow, such as number of
sows, pigs weaned per litter, growth rate, and mortality
rate. Using this information, determine the maximum
number of pigs each pen, room, barn, and site will ac-
commodate. Together with the facility design, deter-
mine if there is sufficient space for the anticipated pro-
duction.

The pen area required per pig is determined by the
maximum size and number of pigs housed in the pen
(Table 1.3). If pigs are not provided adequate space,
growth rate will be reduced as overcrowding begins. To
enhance the use of space, some producers over stock a
pen with lightweight pigs when they first arrive in a fa-
cility and then move 1/4 to 1/3 of the pigs to another
pen as they grow. Another option for finisher pigs is to
market the heaviest pigs at a slightly lower weight, thus
alleviating the potential for overcrowding. A space sav-
ings of 3% will be gained if the first group of animals is
marketed at 5 kg below the typical weight (Gonyou and
Stricklin 1998). An allometric measurement of space al-
lowance takes into consideration the floor area required
by the pig over a wide range of weights. Research has
shown that using the equation area = k X (body weight)
0.667, where area is measured in m? and body weight in
kg, if the coefficient k is maintained at 0.33, the pigs will
not be overcrowded. More detail about the impact of
space on productivity is found in Chapter 64.

The area recommended for sows varies widely from
1.4 to 3.6 m?/pig due to different housing designs and
expectations determined by country (English et al.
1982; Jensen 1984; Barnett et al. 2001). When space is
insufficient, sows have reduced reproductive perform-
ance and show a chronic stress response. There is a re-
productive advantage to providing 3 m?2/pig over 2
m?/pig (Jensen 1984). Outdoor housed sows will each
require 1.1 m? (12.8 ft2) on a slab area, 0.7 m? (7.7 ft2) in
a shed for sleeping and an additional space for cooling
in a mud hole or a sprinkler area.

When pigs are housed in large groups, there is addi-
tional free space compared to housing smaller groups
with the same area per pig (Barnett et al. 2001). If sows
are kept in relatively small groups, they need 2.4 to 3.6
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Table 1.3. Recommended space per pig by phase of production.

Indoor Outdoor
Solid Slotted

Phase Area per pig in m2 (ft%)
Gilts 1.86 (20) 1.49 (16) 2.32(25)
Sows 2.2 (24) 1.86 (20) 2.32(25)
Farrow pen 8 (88) NA NA
Farrow crate 4.4 (48) 4.4 (48) NA
Boars NA 1.86 (20) NA
Nursing — 2.0 (22) —
Nursery 20 kg .37 (4) .28 3) 0.74 (8)
Nursery 40 kg .37 (4) 40 (4.4) 0.74 (8)
Grower 60 kg .56 (6) .53(5.8) 1.86 (20)
Finish 80 kg .74 (8) .67 (7.2) 1.86 (20)
Finish 110kg .75 (8) .75 (8) 1.86 (20)

Source: Adapted from English et al. (1982), Baxter (1984),
Patience and Thacker (1989), Gonyou and Stricklin (1998).

m?/pig. This is important with respect to aggression in
sows. If sows are provided sufficient space, group size
has little impact on aggression. However, if space is re-
stricted, aggression increases as group size increases.
Similarly, rectangular pens are essential if space is re-
stricted; otherwise, square pens will suffice. If gilts are
provided with only 1.4 m?/pig the pen must also in-
clude full stalls for feeding.

Providing individual feeding stalls within a large pen
has the advantage of allowing both individualized feed-
ing and a safe refuge for subordinate sows (Barnett et al.
2001). Partial stalls also provide similar advantages. The
benefit is maximized if the sows are fed in these partial
stalls. Another alternative is to build a maze or a series of
partitions within the large pen to provide escape zones
and sleeping areas for small social groups of sows.

Almost all sows in Europe, the U.K., North America,
and Australia farrow in crates (Barnett et al. 2001).
Farrowing crates are primarily used to reduce prewean-
ing mortality rates by reducing the sow’s ability to lie
down quickly thereby reducing crushing. Other features
include reducing the space used by the piglet, providing
a creep area with supplemental heat and draft reduction
and slatted floors to improve hygiene. A farrowing crate
area will encompass a total width of 1.8 m and a length
of 2.4 m. The slotted area of the floor of a farrowing pen
should not exceed 10 mm otherwise newborn pigs will
get their feet caught in the hole (English et al. 1982). The
back gate of the farrowing crate should be at least 750
mm wide to enable personnel to assist the sow during
farrowing (English et al. 1982). The creep area will be off-
set to allow 0.8 m wide on the side with the supplemen-
tary heat and 0.3 m wide on the other side for the pigs to
nurse. Sow pens used for farrowing tend to be 6-10 m?,
whereas crates are typically 4 m?.

Outdoor housing is used for one quarter of sows liv-
ing in the U.K. and New Zealand, 2-4% of sows in

Denmark, 7-9% of sows in France and 5-6% of sows in
Australia (Barnett et al. 2001). Welfare issues of concern
for these sows include health and disease, predation, ac-
cess to food and water, protection against weather ex-
tremes, mutilations, use of electric fences, paddock rota-
tion, and stocking density. To preserve pastures,
producers may use nose rings, which discourage forag-
ing. Huts used as shelter in the cold months must pro-
vide 1.3 m?/sow so that timid sows will enter the shelter.
Paddocks must provide shelter from wind and well-
drained soil. In Australia, outdoor housing is limited to
areas with few days over 30°C and limited rainfall. Sows
housed outdoors have a higher variation in back fat, a
longer outside claw length and a lower farrowing rate
(Barnett et al. 2001).

Access to Feed and Water

Onto the map of the facility, insert number and type of
feeders and waterers. Determine whether there are suffi-
cient feeders and waterers for the maximum number
and size of pig expected to live in the pen.

Pigs consume 10% of their own body weight in water
per day, and more in hot weather. One liter of water
weighs 1 kg. Therefore, a 100 kg pig will consume at least
10 liters of water per day (Table 1.4). This is important to
determine access to water and for water medication. For
more information on medication, see Chapter 71. Pigs
drink 80% of their water in conjunction to when they
feed. Also, pigs prefer to eat and drink at daybreak, and
then off and on throughout the day and the evening,
but spend the night sleeping. Nursery pigs eat more fre-
quently than grower pigs, which in turn eat more fre-
quently than finisher pigs. If water or feeder access is
limited, submissive pigs will be forced to eat and drink
during the night. When access to water is insufficient,
there is an increase in aggression (see Chapter 64),

Table 1.4. Recommended water requirements, water flow rate,
and feeder space per pig by phase of production.

Water Requirements Feeder
Space/Pig
1/day 1/minute mm (inches)

Restricted feed
Gestating sows 12-25 2 457-610 (18-24)
Lactating sow 10-30 2
Boar 20 2
Nursing 1 0.3
Nursery 2.8 1 254 (10)
Grower 7-20 1.4 260 (10)
Finish 10-20 1.7 330 (13)
Ad libitum
Nursery 2.8 1 60 (2.3)
Grower 7-20 1.4 65 (2.5)
Finish 10-20 1.7 76 (3)

Source: Adapted from Baxter (1984); Patience and Thacker
(1989); Swine Care Handbook, 2003; Muirhead and Alexander
(1997).



weight gain is decreased because feed intake is de-
creased, and there is an increase in the variation in pig
body weight by age (see Chapter 66). There should be no
more than 4 pigs for each feeder space in an ad libitum
feed management system. One water nipple can accom-
modate 10 to 15 pigs. The waterers and feeders must be
spaced adequately so that a pig drinking from one water
nipple cannot obstruct the ability of another pig to get
to a second water nipple. If water is provided in a trough,
there must be 300 mm per 20 finisher pigs or 15 sows
(Muirhead and Alexander 1997). Water bowls accom-
modate 17 to 20 pigs. Farrowing crates need to be
equipped with water nipples or bowls for both the sow
and the piglets.

Feeding dry sows three times per day is associated
with lower sow mortality than feeding twice a day,
which in turn was associated with lower mortality than
feeding once a day (Abiven et al. 1998). Farms feeding
dry meal or wet meal had lower mortality than those
feeding pelleted ration, likely due to the decreased oc-
currence of torsions. Dry sows are typically fed 1.5 times
their maintenance requirements which is approxi-
mately 0.6 of their ad libitum feed intake (Barnett et al.
2001).

Electronic feeders typically accommodate 40 sows
per unit (Barnett et al. 2001). Provided the feeder design
is appropriate to discourage vulva biting, these feeders
work well in stable groups of sows. In dynamic groups,
aggression may continue to be a problem because feed-
ing order cannot be established. This may reduce repro-
ductive performance. Group feeding sows in pens con-
tinues to provide an unfair advantage to dominant sows
who gain significantly more weight during gestation
than submissive sows (Bourns and Edwards 1994).

Temperature
Upper and lower critical temperature is dependent on
the floor type, amount of feed provided to pigs, live
weight, number of animals in the pen, drafts (or wind
speed for outdoor pigs), rain, ability to gain shelter,
and—for sows—stage of pregnancy (see Table 1.5).
Typically, dry sows are fed 1.5 times their maintenance
requirements. The lower critical limit is the temperature
below which a pig will use extra feed to maintain its
body temperature (Barnett et al. 2001). Pigs provided
with straw in the winter months will tolerate a lower
temperature. For every 5°C below the lower critical tem-
perature, sows will need to be fed an extra 250 g
feed/day. For every 1°C below the lower critical temper-
ature for grower/finisher pigs, each pig will have to con-
sume an extra 3.3 kg of feed to reach market weight.
Pigs held above the upper critical temperature will
experience decreased feed intake. For sows, this subse-
quently results in lower reproductive performance and
lower milk production. Boars and sows kept at 23-27°C
will have reduced fertility (English et al. 1982). Pigs held
above the upper critical temperature should be provided
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with drip coolers for indoor pigs and wallows for out-
door pigs. If straw is provided, the upper critical temper-
ature will be substantially lower than if pigs sleep on a
concrete floor.

Ideally, sows will be kept between 21 and 22°C.
Newborn pigs will have a creep area maintained at
28-30 °C. Newly weaned pigs should be kept at 26-28°C
depending on their age and size at weaning. Tempera-
ture is gradually reduced each week so that they are at
22°C when they are moved to the grower barn (Curtis
1983). Grower/finisher pigs prefer to be kept in 15-20°C.
It is essential that temperature does not fluctuate rapidly
over time.

Begin the Herd Visit with History-Taking

Ask the manager/owner about his/her concerns. This
will ensure that these problem areas are addressed dur-
ing your discussion and as you walk through the barn.
Follow this with a complete history-taking, including
the topics covered in the following sections.

Herd Security. Were any animals brought onto the
farm recently? What are the quarantine and isolation
procedures for new stock? Are there one or more sources
of breeding stock, nursery, or grower pigs? What steps
are taken to control human and animal traffic? How are
animals loaded out of the farm? Are livestock trucks
clean on arrival? Take note of the biosecurity protocols
used for human traffic. (See Chapter 68 for a complete
description of biosecurity concerns.)

Table 1.5. Lower and upper critical temperatures (°C) by size of
pig based on feeding level and flooring type.

Maintenance Units of Feed?
1 2 3 1 2 3

Dry Concrete Straw
Temperature degrees celcius
LCT>  Sows 19 10 NA 14 5 NA
Nursing
Nursery 20 kg 26 21 16 23 17 1
Nursery 40 kg 24 18 13 20 13 7
Growers 60 kg 22 16 12 18 12 5
Finishers 80 kg 21 15 12 17 10 4
Dry Concrete Slatted Floor
Temperature degrees celcius
UCT®  Sows 32 27 NA 30 26 NA
Nursing 1 kg 37 36 36 35 33 31
Nursery 5 kg 37 35 34 34 32 30

Nursery 20 kg 36 35 33 35 32 29
Nursery 40 kg 36 34 32 34 32 29
Growers 60 kg 35 33 31 34 31 28
Finishers 80 kg 35 33 31 34 31 29

Source: Adapted from Bruce (1982), Baxter (1984), Patience
and Thacker (1989).

aFeed provided at 1, 2, or 3 times maintenance.

PLower critical temperature.

“Upper critical temperature.

NA = not available.
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Genetics

What is the genetic composition of the herd? What pro-
cedures are used to guarantee that proper matings will
take place? What selection criteria are used for boars,
gilts, and sows? Is there a family or breed relationship
between animals experiencing the disease?

Breeding Management. In units using natural mating,
what is the boar-to-sow ratio? How frequently are indi-
vidual boars used? Does mating occur in a pen or is hand
mating used? With hand mating, what sanitary precau-
tions are taken between boars? In units using artificial in-
semination, what percent of females are bred this way? Is
semen purchased or collected on farm? What are the
handling and storage procedures for the semen? How is
estrus detection done? How frequently and at what times
are sows and gilts mated? When and how is pregnancy
diagnosis done? What is the conception rate for sows
and gilts? What is the farrowing rate for sows and gilts?
How many females return to estrus 21 days after mating
and at other intervals? Have abortions been noted?

Farrowing Performance. Are sows washed prior to en-
tering the farrowing area? Are sows induced to farrow
and if so, what is the protocol? How frequently do sows
require assistance to farrow? What procedure is used for
cross-fostering? What are the size of litters and the total
born alive, mummies, and stillbirths? What do piglets
weigh at birth and weaning? What is the average and
range in lactation length? How often are sows weaned?

Mortality. What is the current state of mortality on the
farm? If mortality was not fully described in the records,
ask questions relating to the historical pattern of mor-
tality. What is the average and range in mortality by
phase of production. Within each phase, when does the
mortality occur? Is there a seasonal pattern to mortal-
ity? What are the clinical observations in pigs just before
they die? What is the appearance of the dead pig? Have
these types of mortalities occurred previously? What
has been done, if anything, to determine the cause of
these mortalities?

Medications and Immunizations. What vaccines are
used routinely in the herd? What animals are vacci-
nated and at what time? Is there a routine worming pro-
gram for sows, boars, and growing pigs? How are exter-
nal parasites controlled? What medications are used in
the feed? Are drugs used at a growth-promoting or ther-
apeutic level? Is drug usage rotated? What injectable
treatments are given to sick pigs? Has the producer com-
pleted and maintained a quality assurance program? Are
there written standard vaccination and treatment pro-
tocols displayed as a reference for all employees?

Feed. Is feed grown on the farm or purchased? Where
and how is feed mixing done? What nutrient composi-

tion is intended for each class of pig? How is feed stored
and delivered to the pigs? What quantity of feed is given
to limit-fed pigs, and how is the feed measured?

Disease Outbreak. What was the progression of signs
within a pig? How old was the pig when signs started?
How long did illness persist? Is recovery complete or is
pig unthrifty? In the group affected, what is the mor-
bidity and mortality? Has treatment been used, and to
what effect? What is the course of disease within the
herd? Did the disease start with an explosive outbreak
or was it insidious? What animals were originally af-
fected? What animals has disease spread to? Did the ini-
tial disease picture differ from the later signs? Is disease
becoming more or less severe? Are any other animals
besides pigs affected? What is the distribution of af-
fected animals? Is disease sporadic or endemic? Are af-
fected animals grouped by litter, pen, or building? Is
one sex affected to a greater extent than the other?
Were any changes in management made prior to the
outbreak of the disease? Has this problem occurred be-
fore on this farm?

Disease Affecting Pigs in Litters. Are whole litters af-
fected, or is incidence sporadic within litters? Are the
biggest or smallest pigs affected? Are litters of gilts or of
sows more frequently or severely affected?

“Walk Through” the Barns

It is essential to walk through the barns to observe the
pigs for clinical signs of disease, abnormal behaviors,
availability of space, water, and feed and also to assess
the environment/ventilation. Visit all phases of produc-
tion even if the producer does not have specific con-
cerns in all areas.

Be sure to talk with all farm employees. Each person
will have his/her own concerns and observations. As the
veterinarian you can address these problems and en-
courage the employees to reach their potential. Em-
ployees will ask you to examine individual pigs showing
specific clinical problems. Although swine health man-
agement deals with the group of animals, many of these
individuals provide an excellent measurement of the
whole. These discussions provide an opportunity to re-
view treatment protocols and euthanasia decisions. The
welfare of specific pigs and the decisions about pigs in
the hospital pen will be discussed during the walk-
through. People working in the barn need to deal with
individual pigs to raise the welfare in the barn.

Details of clinical examination are outlined in the
systems chapters. Observe the body condition of the
sows and compare this to the descriptions in Table 1.6
and Figure 1.1. Normal values for temperature, respira-
tion, and heart rate are outlined in Table 1.7. Using Table
1.8 as a guide, determine the state of management and
the health of the pigs in the farrowing room with unde-
sirable physical problems. Discuss the treatment and



Table 1.6.

Body condition evaluation.

Numerical Pelvic Bones (Ilium, Inches (mm)
Score Ischium) Tail Head Loin Vertebrae Ribs of Backfat
1 Pelvic bones very Loin very narrow. Sharp Prominent and sharp Individual ribs very 0.5 (13) or less
prominent. Deep edge on transverse throughout the prominent.
cavity around the tail spinal process. Flank length of the back-
head. very hollow. bone.
2 Pelvic bones obvious Loin narrow. Only very ~ Prominent. Rib cage less apparent. 0.6 (15)
but some slight cover. slight cover to edge of Difficult to see indi-
Cavity around tail transverse spinal vidual ribs.
head. process. Flank rather
hollow.
3 Pelvic bones covered. Edge of transverse Visible over the shoul- Covered but can be felt. 0.7 (17)
spinal processes cov- der. Some cover far-
ered and rounded. ther back.
4 Pelvic bones only felt Edge of transverse Felt only with firm Rib cage not visible. 0.8 (20)
with firm pressure. spinal processes felt pressure. Very difficult to feel
No cavity around tail. only with firm pres- any ribs.
sure.
5 Pelvic bones impossible  Impossible to feel Impossible to feel verte-  Not possible to feel ribs. 0.9 (23)
to feel. Root of tail set bones. Flank full and brae.
deep in surrounding rounded.
fat.
6 Pelvic bones impossible  Thick fat cover. Midline appears as a Thick fat cover. 1.0 (25)
to feel. Folds of fat slight hollow be-
obscure the vulva in tween rolls of fat.
SOWS.
Table 1.7. Temperature and respiration and heart rate of pigs of different ages.
Rectal Temperature
(Range £ 0.30°C, 0.5°F) .
Respiratory Rate Heart Rate
Age of Pig °C °F (Breaths/Min) (Beats/Min)
Newborn 39.0 102.2 50-60 200-250
1 hr 36.8 98.3
12 hr 38.0 100.4
24 hr 38.6 101.5
Unweaned piglet 39.2 102.6
Weaned piglet (20-40 1b) (9-18 kg) 39.3 102.7 25-40 90-100
Growing pig (60-100 Ib) (27-45 kg) 39.0 102.3 30-40 80-90
Finishing pig (100-200 lb) (45-90 kg) 38.8 101.8 25-35 75-85
Sow in gestation 38.7 101.7 13-18 70-80
Sow
24 hr prepartum 38.7 101.7 35-45
12 hr prepartum 38.9 102.0 75-85
6 hr prepartum 39.0 102.2 95-105
Birth of first pig 39.4 102.9 35-45
12 hr postpartum 39.7 103.5 20-30
24 hr postpartum 40.0 104.0 15-22
1 week postpartum until weaning 39.3 102.7
1 day postweaning 38.6 101.5
Boar 38.4 101.1 13-18 70-80

prevention of these problems with the employees re-
sponsible for that area of the production unit. Examine
the nursery, grower, and finisher pigs. Specifically deter-
mine if they are managed in an all-in, all-out manner
and that the room or barn is properly cleaned and disin-
fected between groups and allowed to dry for a few days
before refilling. The pigs should not vary in body weight

by age by more than 10%. There should be no indica-
tions of clinical disease, such as skin lesions, diarrhea,
coughing, or sneezing. Pigs should not be exhibiting
vices and should be dunging in the appropriate area.
Commonly observed problems include high pig density
(refer to Table 1.3); large variation in body weight; runts
or poor-doing pigs; coughing, sneezing, or nasal dis-
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Table 1.8.

Examination of pigs in the farrowing area.

Characteristic

Desirable

Undesirable

Physical condition
Body condition
Cleanliness
Mammary glands

Vulval discharges
Skin

Feet and legs

Feed
Amount

Feeder condition
Water
Environment
Temperature
Floor design

Floor condition
Crate design

Light

Physical condition
Birth weight
Litter sizes

Weights within the litter
Skin

Locomotion
Infectious disease
Teeth
Tails
Feed
Feed
Water
Environment
Temperature

Drafts
Floor design

Floor condition

Flow

Building use

Farrowing schedule

Sanitation
Cleanliness

“Downtime”

Washing procedures

Sows

Normal weight.
Sows have been thoroughly washed.
At least 12 prominent, evenly spaced nipples.

Watery, clear-to-whitish fluid.
Unblemished. Pink in unpigmented areas.

Normal stance and movement.

4-61b (2-2.5 kg), plus 1 1b (0.5 kg) for each
pig in the litter.

Clean, large capacity, and easily accessible.

Unlimited supply of fresh water.

Between 60°F and 75°F (16-24°C).

Proper spacing between slats, good traction,
nonabrasive.

Clean and dry.

Right size for sow. Permits good exposure of
underline.

12-14 hr daily at 200 lux.

Baby Pigs

Average of 3 1b (1.3 kg) or greater.
Litters are matched to rearing capacity of sows.

Less than 1 1b (0.5 kg) difference between the
largest and smallest pigs.
Unblemished. Pink in unpigmented areas.

Normal gait and anatomy.

None.

Clipped on day-old pigs. Gums pink and healthy.
Clipped neatly or left long.

Fresh creep feed given daily.
Fresh water easily accessible to piglets.

Creep area provided with temperature of 85-90°F
(29-32°C).

Air evenly distributed throughout the building.

Good traction for pigs in the nursing area.
Uniform spacing of slats. Nonabrasive surface.

Clean, dry; bedded if appropriate.

Management
All-in/all-out animal flow.
All farrowings occur within a few days.
Pigs weaned at the same time.

Excess manure and afterbirth removed daily

Building is empty for a few days between
farrowing batches.

High-pressure washer is used to remove all organic
material. Porous surfaces sealed or disinfected.

Thin, fat, or obese.

Sows are dirty with caked mud and manure.

Inverted, juvenile, or overcrowded teats; glands
hot, red, swollen, painful; abnormal milk.

Purulent, bloody, or foul-smelling discharge.

Burns from the heat lamp. Abrasions or calluses.
Anemia. Hyperkeratinization.

Splaylegged, foot lesions, difficulty getting up or
lying down.

Less than the desired level.

Dirty, broken, containing old or moldy feed.
Fouled water, inadequate flow or inaccessible.

Too cold or too hot.

Slippery material. Sharp edges on slats, uneven
slats. Slots sized to trap teats and dewclaws.

Dirty, wet, cracked or broken.

Too large, allowing sows to flop over and crush
pigs. Bottom bar hinders nursing.

Too dark.

Average is less than 3 1b (1.3 kg).

Wide variation in litter size, with 20% or more
containing 8 or fewer pigs.

More than 1 1b (0.5 kg) difference between the
largest and smallest pigs.

Knee abrasions, facial lacerations, teat necrosis,
anemia, exudative epidermitis.

Splayleg, swollen joints, foot lesions, lameness.

Diarrhea, sneezing, unthriftiness.

Teeth not clipped. Infected gums.

Clipped tails are swollen, red, or infected.

None or stale feed offered.
None, inaccessible, or foul water.

Piling or lying next to the sow. Pigs too hot and
avoiding the heat lamp.

Incoming air moving directly onto litters of pigs.

Slippery flooring material. Slats laid so that slot
length is perpendicular to the sow.

Dirty, wet, cracked, broken, or exposed aggregate.

Continuous farrowing.
Farrowings are spread out over 1 or 2 weeks.
Pigs are weaned at various times and ages.

Accumulation of manure in the farrowing crates.
Wet bedding. Poor fly control.

New batch added the same day or the day after
the previous batch was weaned.

Manure left in cracks and corners. Accumulations
of dust and cobwebs.

10
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1.1. Sows just after weaning. Using the criteria in Table 1.6, from left to right their body condition scores are 1, 3, 4, and 6.

charge; anemia; skin abrasions; diarrhea; rectal prolapse
or stricture; hernias; hematomas of the ears; umbilical
sucking; and belly nosing. If the environment is not ad-
equate, some problems that may be observed include
bitten tails or ears, dunging in the eating or sleeping
areas, pigs piling if it is too cold, or pigs panting and
lying in the manure if it is too hot. Specific environmen-
tal problems include rough or abrasive floor surface or
broken slats, inadequate feeder space or plugged feeders,
inadequate waterers, plugged nipples, dirty water bowls,
inadequate cleaning, manure in the corners of the pen
and under the feeders, and cold and drafty barns.

Food Safety

Discuss the medications used in the feed and water, and
as injectables to ensure these are essential (see Chapter
71 for more specifics on medications). Arrange to update
the Quality Assurance program on the farm to ensure
the wholesomeness of the pork being produced. Set up a
drug recording and animal tracking system for the unit.
Create summaries of standardized treatment plans and
vaccination protocols that will be displayed in the farm
office. These ensure that all employees follow the same
protocols. If feed is mixed on the farm, create similar
protocols for all feed that is to be manufactured.

Disease Status

The disease status of the farm can be measured by
clinical signs, postmortem examination of dead pigs or
those that you cull during your visit, vaccination use,
slaughter-check examinations, and serological profil-
ing. Use all or some of these to understand the diseases
that are present and those that are causing problems on
the farm. Postmortem evaluations must be conducted
on at least three pigs during a disease outbreak to ensure
that the disease process affecting the group is identified.
Untreated pigs in the early phases of the disease provide
ideal samples. Live animals must be submitted to diag-

nose enteric illness. More details about disease investi-
gation can be found in other chapters.

Review the disease control measures being used, in-
cluding vaccinations, antibiotic use, early weaning,
multisite production and gilt introductions. Ensure that
all vaccinations and antibiotics are essential. Alter the
disease control measures if diseases are not being prop-
erly controlled.

Serial serological sampling helps determine the epi-
demiology of the disease within the herd. Blood sam-
ples can be taken from 10 pigs in each age category to
determine when passive immunity wanes and active im-
munity is present, or pigs can be individually ear-tagged
and then followed over time. Chapter 10 provides more
detail about interpretation of tests at the pig and herd
levels.

Biosecurity

Determine the biosecurity of the farm with respect to
the presence of birds, rodents, and other animal species.
Review the movement and access of the facility to peo-
ple, trucks, incoming feed and pig movement. Identify
where biosecurity can be improved, keeping in mind the
realistic risks of the current biosecurity system. For de-
tailed information on biosecurity, see Chapter 68.

Welfare

Has the producer enrolled in a welfare assurance pro-
gram? If there is a formal program in your area, such as
the Swine Welfare Assurance ProgramSM available, en-
courage the producer to participate in the program
(Johnson 2004). If such a program does not exist, deter-
mine the welfare of the farm and discuss areas for im-
provement. The specific areas of focus in the SWAPSM
program include herd health and nutrition, caretaker
training, animal observation, body condition scoring, eu-
thanasia, handling and movement, facilities, emergency
support, and continuing assessment and education.
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Goals

Set short-term goals to address the concerns of the per-
sonnel and to work on conditions of immediate eco-
nomic importance. Discuss long-term goals, including
the improvement of production parameters, herd dis-
ease status, and personnel issues.

Begin the collection of data for production parame-
ters of importance. Examples include mortality tallies,
movement of pigs in and out of barns, and weighing a
sample of pigs in and out of the barn.

In large facilities, it is worthwhile to conduct field tri-
als to determine the expected improvements to changes
in management or disease control prior to making the
change in the whole system.

Follow-up

Schedule a time for a return visit, plan what changes are
to be made between now and then, identify the specific
outcomes expected, and arrange for further sample col-
lection (i.e., slaughter check or submission of dead pigs
to postmortem). Provide a written report summarizing
both the successes and problems observed during the re-
view of the records and the herd visit. Outline the ex-
pected changes in the form of a checklist so that the pro-
ducer can refer to these easily. Review this letter prior to
the subsequent herd visit.

BLOOD SAMPLING

Blood collection in swine is difficult because of the inac-
cessibility of good veins and arteries. Many different
techniques using various sites have been described.
Some of these techniques have some role in experimen-
tal work with pigs, but if the practicing veterinarian is to
sample blood of a number of pigs with some degree of
speed and collect a reasonable volume, the technique of
sampling from the jugular vein or the anterior vena cava
must be mastered (Brown 1979; Muirhead 1981). Alter-
natively, some veterinarians prefer to use the orbital
sinus for routine blood collection. Appropriate blood
collection techniques for various sizes of pig are given in
Table 1.9.

Table 1.9. Blood collection in swine.

Anterior Vena Cava

Depending on the size of the pig, it is restrained either
standing by means of a hog snare (Figure 1.2) or manu-
ally by holding the front legs (Figure 1.3). The position
of the standing pig is important; the head should be
raised, the body straight, and the front legs well back. In
the standing pig, the jugular groove is traced to its cau-
dal limit just anterior to the thoracic inlet. The needle is
inserted at the caudal end of the jugular groove and di-
rected dorsally and somewhat caudomedially along an
imaginary line that passes through the top of the oppo-
site shoulder. The location of some of the major veins
are shown in Figure 1.4. When drawing blood samples
from either the anterior vena cava or the jugular vein,
the blood is taken from the right side, since the right
vagus nerve provides less innervation to the heart and
diaphragm than the left vagus. If the vagus nerve is ac-
cidentally punctured, the pig may show dyspnea,
cyanosis, and convulsive struggling.

Jugular Vein

The pigisrestrained in a standing position as for sampling
from the anterior vena cava. The needle is inserted in the
jugular groove about 5 cm cranial to the thoracic inlet.
The needle is directed dorsally and slightly medially.

Ear Veins

The ear veins are raised by slapping the ear and main-
tained by a rubber band around the base (Figure 1.5).
Venipuncture is done with a quick thrusting stab to pre-
vent the vein from rolling away from the needle. A sy-
ringe should be used, since vacutainer collection usually
results in collapse of the vein. Alternatively, the ventral
ear vein may be incised with a scalpel cut made into and
parallel to the vein and the blood collected in a tube as
it drips from the incision.

Tail Vessels

Collection from tail vessels is possible only in mature
pigs whose tails have not been docked. The tail is held
vertically and the needle directed toward the point of
junction of the tail with the body (Muirhead 1981).

Site Type of Pig Needle Size Quantity Comments
Anterior vena cava Up to 100 1b (45 kg) 20 g. 1.5 in. (38 mm) Unlimited Danger of damaging the vagus nerve.
Vacutainer usable.

100-2501b (45-133 kg) 18 g. 2.5 in. (65 mm)

Adult 16 g. 3.5 in. (90 mm)
Jugular vein Any age 20 g. 1.5 in. (38 mm) Unlimited More difficult to do. Vacutainer usable.
Ear veins Adult pigs 20 g. 1in. (25 mm); 1-2mL Possible hematoma; possible contami-

scalpel blade nated sample.

Tail Adult pigs 20 g. 1in. (25 mm) 5-10 mL Requires practice. Vacutainer usable.
Orbital sinus Up to 40 1b (18 kg) 20g. 1in. (25 mm) 5-10 mL Slow. Unaesthetic. Possible postcollection

40-1201b (18-54 kg)
120 Ib-adult (54+ kg)

16 g. 1.5 in. (38 mm)
14 g. 1.5 in. (38 mm)

orbital hemorrhage and pressure on the
globe.




1.2. Proper restraint for blood sampling from a standing pig. The lower
circle indicates the site for sampling from the anterior vena cana, the
upper circle indicates the site for sampling from the jugular vein.

1.3. Method of restraining pigs weighing less than 20 kg for blood
sampling from the anterior vena cava (circle). Location of the cephalic
vein is indicated by the dashed line.

Orbital Venous Sinus

Large pigs are restrained by snare and smaller ones held
manually, with care to restrain the snout securely. A nee-
dle is placed at the medial canthus of the eye just inside
the nictitating membrane and advanced medially and
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External
jugular vein

Internal
jugular vein

Cephalic vein
Anterior
vena cava

Median cubital vein

-Accessory
cephalic vein

1.4. Location of some of the major veins in the pig in relation to the
skeleton.

1.5. Ear veins of a pig raised by rubber band placed at the base of
the ear.

slightly anterioventrally until it punctures the venous
sinus. Blood is allowed to drip out of the needle and is
collected in an open-top tube (Huhn et al. 1969).

Cephalic Vein

Blood may be withdrawn from the cephalic vein by re-
straining the pig on its back with the front legs stretched
backward and a little outward from the body. The vein is
visible under the skin (see Figure 1.4) and is raised with
digital pressure (Tumbleson et al. 1968; Sankari 1983).

Miscellaneous Methods

Cardiac puncture (Calvert et al. 1977) and femoral veni-
puncture techniques (Brown et al. 1978) have been
described.

Indwelling Catheters

Indwelling catheters have been used for research that re-
quires repeated blood sampling or minimal excitement
of the pig. Investigators have described techniques for
placing catheters in the femoral artery and vein (Wei-
rich et al. 1970; Jackson et al. 1972), subcutaneous ab-
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dominal vein and middle sacral artery (Witzel et al.
1973), ear vein (Griin et al. 1973; Brussow et al. 1981),
jugular vein (Brown et al. 1973; Wingfield et al. 1974;
Ford and Maurer 1978), and uterine vein (Rodriquez and
Kunavongkrit 1983).

SAMPLE COLLECTION

Feces are best collected directly from the rectum by
hand using a disposable glove. The sample can be keptin
the glove after inversion. Urine is collected by catching
a midstream sample. Females can be catheterized with
the aid of an otoscope or speculum. In barrows it is not
possible to exteriorize the penis because of adhesions
between the penis and sheath. Procedures for tonsilar
swabbing, biopsy, and scraping have been described by
Mengeling et al. (1992) and Brown et al. (1995). Briefly,
the pig is sedated using a drug with analgesic properties,
the jaw is held open with a speculum, and one person
provides illumination while another person takes the
tonsilar sample. Scraping is best accomplished with a
long-handled spoon that has had the bowl sharpened.
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The immune system is comprised of a variety of compo-
nents that cooperate to defend the host against infec-
tious agents. These components generally can be di-
vided into innate (or nonspecific) immune defense
mechanisms and adaptive (or acquired) immune de-
fense mechanisms. The innate defense mechanisms are
not antigen specific. They are present in a normal ani-
mal and do not require previous exposure to antigen,
and they are capable of responding almost immediately
to an infectious agent. The major components of the in-
nate immune system are complement, antimicrobial
peptides, phagocytic cells (macrophages, neutrophils,
and eosinophils), natural killer (NK) cells, and some
types of interferon. These components are very impor-
tant in controlling an infection during the first few days
of an initial exposure to an agent. The innate immune
system controls infection until the adaptive immune
system can be activated and it is important in directing
the immune system to produce both antibody and cell-
mediated immune responses.

B and T lymphocytes and their products are the com-
ponents of the adaptive immune response system. This
antigen-driven system requires 2-3 weeks to reach opti-
mal functional capacity after the first exposure to anti-
gen. Upon second exposure to antigen, the specific im-
mune response system reaches optimal activity much
more rapidly due to the anamnestic, or memory, re-
sponse. A major mechanism by which B and T lympho-
cytes enhance resistance to disease is activating the in-
nate defense mechanisms (phagocytic cells, NK cells,
and complement) and increasing their efficiency.

Providing immunity at mucosal surfaces and to the
newborn piglet are especially difficult challenges for the
immune system and for the swine producer. The nature
of these special problems are discussed as well as gener-
alities about vaccination to improve immunity at mu-
cosal surfaces and in newborn pigs.

If an animal is immunosuppressed due to stress, a
preexisting viral infection, immunotoxicants, or nutri-
tional factors, the innate defense mechanisms may not
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function optimally. In addition, an adaptive immune re-
sponse may be slow to develop, and have altered to de-
creased efficacy and thus be inadequate to control both
primary and secondary pathogens. This can result in
clinical disease due to an infectious agent that would
normally be controlled.

The immune system has potent mechanisms for pro-
tecting the pig from infectious and neoplastic diseases.
If the immune system is overstimulated or is not appro-
priately regulated, it may cause hypersensitivity reac-
tions. This can occur in response to infection, vaccina-
tion, environmental or dietary antigens, or even against
normal host tissues.

PHYSIOLOGY OF THE IMMUNE SYSTEM

Innate Defense Mechanisms

Physical, Chemical, and Microbial Barriers. Physical,
chemical, and microbial barriers to infection at body
surfaces are a very important part of resistance to dis-
ease. These factors include the epithelial cells, bacterici-
dal fatty acids, normal flora, the mucous layer and the
flow of mucus, low pH, bile, and numerous enzymes.
More detailed information on physical, chemical, and
microbial barriers to infection may be found in chapters
dealing with specific organ systems.

An important family of molecules that helps form a
chemical barrier to limit infection at epithelial surfaces
and attack invading bacteria are the antimicrobial pep-
tides. Over 750 antimicrobial peptides have been de-
scribed in eukaryotes. They are being actively investi-
gated as an alternative to antibiotics for clinical use in
antimicrobial therapy. At least 14 antimicrobial peptides
have been described in the pig (Brogden et al. 2003). The
antimicrobial peptides are relatively small cationic pep-
tides, which vary in structure and antimicrobial activity.
They are found predominantly at mucosal surfaces and
in phagocytic cells. Some are also found in other tissues.
Many have broad spectrum activity against gram-
negative bacteria, gram-positive bacteria, and fungal
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organisms. Some have a more limited spectrum of activ-
ity. The concentration of some of the antimicrobial pep-
tides increases in response to inflammation or microbial
infection (Brogden et al. 2003).

Complement. The complement system is an enzyme
cascade system similar to the coagulation system and is
composed of at least 20 serum proteins. In a cascade sys-
tem the first component is activated, which in turn acti-
vates the next component, which in turn activates the
next component, etc., until the reaction is completed.
Since the sequential steps involve enzymes, the system
is greatly amplified as it proceeds. The components of
the mammalian complement system can be divided
into the classical pathway, the alternative pathway, the
mannan-binding (MB) pathway, the membrane attack
complex, and regulatory proteins. The complement sys-
tem is very important in mediating the inflammatory
response and controlling bacterial infections. It also
plays a prominent role in allergic and hypersensitivity
reactions. The classical pathway is triggered primarily
by antigen-antibody complexes consisting of IgG and
IgM. The alternative pathway may also be activated by
antigen-antibody complexes (IgA and IgE) and by cer-
tain bacterial products, such as endotoxin or proteases
released by tissue damage. The MB pathway recognizes
molecules on the surface of bacteria that differ from
those present on the host cells. All three pathways end
in the splitting of the third component of complement
(C3) and start the formation of the membrane attack
complex.

The complement system has many important bio-
logic activities. Activation of any of the three pathways
causes vasodilation and increased vascular permeability
resulting in serum components (including antibody
and complement) entering the tissues to help control
infection. Complement components produced during
activation are chemotactic and attract phagocytic cells
to the site of infection. They also coat or opsonize infec-
tious agents to increase their uptake by phagocytic cells.
A very important function of the membrane attack
pathway of complement is the destruction of cell mem-
branes including some bacterial cell membranes.

The complement system is important for mediating
inflammation and controlling bacterial infections.
However, since it is so potent it is also capable of causing
serious and even life-threatening damage if it is acti-
vated in an unregulated fashion. Therefore, there are
numerous regulators of complement present in the
serum. These regulators help control and stop the com-
plement reaction once it has started.

Toll-like Receptors. Toll-like receptors (TLRs) are a key
component of innate immunity (Check 2004; Cullor
1992). TLRs are a family of cell surface molecules that
bind to various molecules derived from microbes, such
as lipopolysaccharide, peptidoglycans, CpG rich un-

methylated oligonucleotides, and double-stranded
RNA. They are the primary method for early detection of
and response to microbial invasion. Binding of micro-
bial components to TLRs initiates an inflammatory re-
sponse that helps activate other aspects of innate immu-
nity and initiate the acquired immune response.
Bacterial derived vaccine adjuvants enhance immune
response to vaccines through binding to TLRs. At least
three TLRs have been described in swine and more are
likely to exist (Muneta et al. 2003; Shimosato et al.
2003).

Phagocytic Cells. Phagocytic cells are responsible for
engulfing, killing, and digesting invading bacteria. They
also play an important role in controlling viral and fun-
gal infections and in killing cancer cells. There are two
main types of phagocytic cells: the granulocytes or poly-
morphonuclear leukocytes, which include neutrophils
and eosinophils, and the mononuclear phagocytes,
which include the circulating monocytes in the blood
and the tissue macrophages. All these cell types are
phagocytic and are capable of all the reactions that are
described below for neutrophils. In addition, macro-
phages play an important role in processing antigens and
presenting them to lymphocytes to initiate and facilitate
the cell-mediated and humoral immune responses.

Granulocytes. Neutrophils are produced in the bone
marrow and are released into the blood. The half-life of
neutrophils in the blood stream is approximately 8
hours; they then enter the tissues. In the healthy indi-
vidual the neutrophils are eliminated from the intes-
tinal tract and lungs. Neutrophils migrate into the intes-
tinal tract rapidly in response to Escherichia coli infection
in the pig (Sellwood et al. 1986). Neutrophils in the cir-
culation tend to marginate in the capillaries by loosely
associating with the endothelial cells. In swine, neu-
trophils seem to have a high affinity for margination in
the capillaries of the lung (Ohgami et al. 1989).

The principal function of the neutrophil is the
phagocytosis and destruction of invading microorgan-
isms. The neutrophil is well-equipped to perform this
function and has several mechanisms for destroying mi-
croorganisms. To be effective, the neutrophil must first
come into the vicinity of the invading microorganism.
This is achieved by the chemotactic attraction of the
neutrophil to the site. Chemotactic factors may be pro-
duced directly by certain microorganisms, be generated
by the cleavage of certain complement components, or
be released by sensitized lymphocytes at the site of in-
fection or inflammation. The chemotactic factors will
diffuse away from the site to form a gradient. When the
chemotactic factors reach a capillary they cause the en-
dothelial cell membrane and the neutrophil membrane
to increase the expression of adhesion proteins. The
neutrophils then adhere to the endothelial cells and
leave the capillary by diapedesis. Once in the tissues, the



neutrophils will migrate along the chemotactic factor
gradient toward the source of the chemotactic factor
and will thus arrive at the site of infection; they may
begin to ingest the microorganisms if those agents are
susceptible to phagocytic activity. Most pathogenic mi-
croorganisms must be opsonized before they can be in-
gested; bacteria are opsonized by the attachment of spe-
cific antibody and/or complement to their surface. The
opsonization process facilitates ingestion. When a neu-
trophil comes into contact with an opsonized particle, it
will attempt to surround the particle with pseudopodia
and ingest it by the process of phagocytosis. The in-
gested particle will be within a membrane-bound vesicle
called a phagosome.

The neutrophil cytoplasm contains two main types
of membrane-bound lysosomes or granules: primary or
azurophilic granules and secondary or specific granules.
These lysosomes contain numerous hydrolytic enzymes
that have been quantitated in porcine neutrophils
(Chibber and Castle 1983) and at least six cationic anti-
bacterial peptides (Brogden et al. 2003; Kokryakov et al.
1993; Shi et al. 1994, Storici et al. 1994; Zanetti et al.
1994) that are important to the bactericidal activity of
the neutrophil. After a particle is ingested and is inside a
phagosome, the neutrophil will “degranulate”; some of
the lysosomes will fuse with the phagosome and release
their contents into the phagosome with the ingested
particle. The antibacterial peptides act by permeabiliz-
ing bacterial membranes. Neutrophils die after a short
time at sites of inflammation. The hydrolytic enzymes
are released and contribute to the inflammatory re-
sponse and tissue destruction.

In addition neutrophils have potent bactericidal
mechanisms that are due to the oxidative metabolism of
the neutrophil. When a neutrophil is stimulated by an
opsonized particle a burst of oxidative metabolism re-
sults in the production of hydrogen peroxide (H,0,), su-
peroxide anion (O,7), the hydroxyl radical (OH-), and
perhaps singlet oxygen (10,). All of these components
can damage microbial organisms. The H,O, formed
after phagocytosis may also react with halide ions in a
reaction catalyzed by a myeloperoxidase enzyme that is
released from the primary granules. This reaction is one
of the most potent bactericidal mechanisms of the neu-
trophil, and is also potentially fungicidal and virucidal.

Neutrophils also control certain viral infections via a
mechanism referred to as antibody-dependent cell-
mediated cytotoxicity (ADCC) in which antibodies
form a bridge between the neutrophil and the virus-
infected target cell. The neutrophil will then attempt to
destroy the target cell. The mechanism of this cell de-
struction is not known but is thought to involve a direct
membrane-to-membrane interaction. Porcine neutro-
phils are very active at ADCC, even in the fetus and new-
born (Yang and Schultz 1986; Zarkower et al. 1982).

The eosinophil is capable of the same phagocytic
and metabolic functions as the neutrophil, but to a dif-
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ferent extent. The eosinophil is not as active as the neu-
trophil in destroying bacteria but is important in the
host’s defense against the tissue phase of certain para-
sitic infections. The eosinophil is geared more toward
exocytosis than phagocytosis. That is, rather than in-
gesting and killing small particles like bacteria, it can ef-
ficiently attach to and kill migrating parasites that are
too large to be ingested. Eosinophils are also important
in helping to control certain types of allergic responses.

Mononuclear Phagocytes. The mononuclear phago-
cytic system is made up of circulating monocytes, fixed
macrophages, wandering macrophages (histiocytes),
and dendritic cells. Monocytes are produced in the bone
marrow and released into the blood stream where they
will circulate before migrating into the tissues to be-
come macrophages and dendritic cells. The fixed
macrophages are found lining the endothelium of capil-
laries (particularly in the lungs) and the sinuses of the
spleen, bone marrow, and lymph nodes. Tissue macro-
phages are important for trapping and removing foreign
antigens from the blood stream and lymph. Wandering
macrophages are derived from blood monocytes and are
found throughout the tissues of the body. In certain lo-
cations, they differentiate into specialized types of
macrophages, such as the glial cells in the nervous sys-
tem, Langerhans cells in the skin, and Kupffer cells in
the liver. Dendritic cells are specialized cells that origi-
nate from myeloid or lymphoid precursors and assist in
presenting antigens to lymphocytes, specifically T cells.
Immature dendritic cells are located in the various tis-
sues throughout the body. Upon activation, they mi-
grate to the peripheral lymphoid organs where they ma-
ture and become important cells in the activation and
differentiation of T lymphocytes (Bautista et al. 2002;
Carrasco et al. 2001; Johansson et al. 2003; Summerfield
et al. 2003).

Macrophages are capable of all the activities de-
scribed above for neutrophils. Macrophages are said to
be the second line of defense. They are slower to arrive at
sites of inflammation and are not as aggressive as neu-
trophils in the first few minutes of contact with micro-
organisms. However, macrophages are capable of much
more sustained activity against pathogens than are neu-
trophils. They are able to kill certain types of bacteria
that are resistant to killing by neutrophils because of
this sustained activity. This is especially true if the
macrophages have been activated by cytokines secreted
by T lymphocytes.

A very important function of macrophages and den-
dritic cells is the processing of antigen and presentation
of antigen to T lymphocytes. This is an essential step in
the initiation of a cell-mediated immune response and
for facilitating an efficient antibody response by B lym-
phocytes. The interaction of macrophages and dendritic
cells with antigen and T and B lymphocytes is described
later.
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Alveolar macrophages phagocytize inhaled particles,
including low numbers of bacteria that they may en-
counter (Chitko-McKown et al. 1991). After ingesting
the particles they leave the alveolus either through the
airways, where they move up the mucociliary escalator,
or by migrating out of the alveolus between alveolar ep-
ithelial cells and being carried through lymphatic
drainage to local lymph nodes. There, they present the
antigens they have captured to lymphocytes to initiate
an immune response.

Pulmonary intravascular macrophages are found ad-
hered to endothelial cells in the vasculature of the lung
(Chitko-McKown and Blecha 1992; Winkler 1988;
Winkler and Cheville 1987). They are prominent in pigs
and some other species. They are believed to be impor-
tant in removing infectious agents from the blood of
swine. Pulmonary intravascular macrophages are pri-
marily involved in defense against septicemia rather
than protection from respiratory disease. Pulmonary in-
travascular macrophages that are actively clearing bac-
teria from the bloodstream (especially gram-negative
bacteria or free endotoxin), may release cytokines and
arachidonic acid metabolites, which contribute signifi-
cantly to pulmonary inflammation (Bertram 1986;
Crocker et al. 1981a,b).

Natural Killer Cells. Natural killer (NK) cells are lym-
phoid cells of the innate immune system and can kill a
variety of nucleated cells without previous antigenic
stimulation. NK cells in most species are also called
large granular lymphocytes because of the presence of
granules in their cytoplasm. NK cells in most species are
part of the null cell population because they are dis-
tinct from B cells, T cells, and macrophages. In most
species NK cells have Fc receptors for IgG and can medi-
ate antibody-dependent cell-mediated cytotoxicity
(ADCC) against most antibody-coated mammalian
cells. When mediating ADCC these cells have been
called Kkiller (K) cells.

Natural killer cells in the pig differ markedly from NK
cells found in other species. NK activity in swine is me-
diated by small granular lymphocytes that have the
CD2 T cell marker (Duncan et al. 1989; Ferguson et al.
1986) and are, therefore, not null cells (Duncan et al.
1989). Swine NK cells are slower in initiating the lytic
process against typical target cells (YAC-1 lymphoma or
K-562 myeloid leukemia cells) than cells responsible for
NK activity in other species (Ferguson et al. 1986). In
swine there is evidence that the NK cell activity and the
K cell activity are from two distinct populations of lym-
phocytes (Kim and Ichimura 1986; Yang and Schultz
1986). Swine NK cells are capable of lysing cells infected
with transmissible gastroenteritis virus and pseudora-
bies virus (Evans and Jaso-Friedmann 1993).

The activity of NK cells in many species is increased
in the presence of interferon gamma (IFN-vy) and inter-
leukin (IL)-2. Swine NK cells have been shown to re-

spond to an interferon inducer (poly I:C), IL-2, human
interferon alpha, and human IL-1a with enhanced NK
activity (Evans and Jaso-Friedmann 1993; Knoblock and
Canning 1992; Lesnick and Derbyshire 1988). There-
fore, NK cells are an important part of the innate
defense mechanisms and also participate in a cell-
mediated immune response by enhanced activity
through cytokine activation.

Humoral and Cell-Mediated Immunity

Clonal Selection and Expansion. An important con-
cept that is basic to understanding the immune re-
sponse is the clonal selection process. Each mature T or
B lymphocyte in the body has receptors on its surface
that it uses to recognize antigens. All of the antigen re-
ceptors on one lymphocyte recognize exactly the same
antigen (or small group of antigens). All of the lympho-
cytes that recognize exactly the same antigen make up a
“clone” and they have all arisen from the same ancestor
cell. There are millions of clones of T and B lympho-
cytes. Each clone may contain from a few hundred to a
few million cells. The lymphocytes are in a resting stage
as they circulate through blood, enter the lymph nodes
through the postcapillary venules, percolate through
the lymph nodes and reenter the bloodstream. In the
lymph nodes (or other secondary lymphatic tissues) the
lymphocytes come in contact with antigens that have
arrived there through the afferent lymphatics and have
been trapped by macrophages or dendritic cells. Each
lymphocyte responds to only one specific antigen,
which it recognizes through its antigen receptor. There-
fore, the vast majority of lymphocytes that contact an
antigen in the lymph node cannot respond to it. In an
animal that never has been exposed to a particular infec-
tious agent before, there are relatively few lymphocytes
in each clone that can recognize a particular antigen.
The first step, in producing an effective primary im-
mune response is expansion of the clone of lympho-
cytes that recognize the antigen. The T and B lympho-
cytes that contact the antigen are stimulated to undergo
a series of cell divisions so that within a few days there
will be enough lymphocytes in the clone to mount an
effective humoral and/or cell-mediated immune re-
sponse. If the animal has been exposed to the antigen
previously, the clone of lymphocytes has already been
expanded, so fewer cycles of cell division are required to
produce enough lymphocytes to mount an immune re-
sponse. This can result in protection induced by vacci-
nation or previous exposure even if there is no remain-
ing detectable antibody. The cells present in the
expanded clone are called memory cells. If the previous
exposure has been relatively recent, there still will be cir-
culating antibody and effector T lymphocytes, which
can act immediately to control the infection.

Cellular Interactions in the Induction of the Immune
Response. The induction of clonal expansion and the



immune response requires a complex interaction of
macrophages, T lymphocytes, and B lymphocytes.
Macrophages attempt to phagocytize and destroy infec-
tious agents. After the infectious agent is partially de-
graded by the macrophage, antigenic fragments from it
appear bound to MHC class II molecules on the
macrophage surface where they contact T lymphocytes.
Macrophages (and other specialized antigen-presenting
cells) have a high density of class I MHC molecules on
their surface. T helper (Ty) cells are needed to help initi-
ate the immune response. They can only efficiently rec-
ognize foreign antigens that are on a cell surface bound
to a class I MHC molecule. Cytotoxic T (T,) cells are im-
portant for Kkilling cells infected with intracellular
pathogens and cancer cells. They can recognize only for-
eign antigens that have been processed intracellularly
and transported to a cell surface bound to an MHC class
I molecule. Therefore, Ty and T, cells cannot respond to
free soluble antigen or to whole bacteria or viruses.
Because the MHC class I and class Il molecules play a key
role in antigen presentation to T lymphocytes, they are
capable of having a significant influence on the nature
of the immune response. The MHC molecules in all
species are highly polymorphic or differ genetically be-
tween individuals. The MHC molecules in swine are
called the swine leukocyte antigen (SLA) complex mole-
cules. The type of SLA molecules that a pig inherits has
some influence on their immune response to pathogens
and their ability to resist some infectious diseases
(Lofstedt et al. 1983; Lunney 1994).

In addition to antigen and class II MHC molecule
contact, the Ty cell also requires the presence of cy-
tokines released by the antigen presenting cell or other
T cells and contact with co-stimulatory molecules on
the surface of the antigen presenting cell for complete
activation. Interleukin-1 (IL-1) is an important molecule
released by macrophages that are processing antigen.
IL-1 is a protein molecule that is a key mediator of the
host response to infection through its ability to induce
fever and neutrophilia, among other things. A very im-
portant function of macrophage-produced IL-1 is its
action on Ty cells to cause them to secrete IL-2, which
induces T cells to undergo mitosis and clonal expansion.
B cells are also capable of processing antigen and pre-
senting it to Ty cells on MHC II molecules. During sec-
ondary immune responses, B cells are thought to be the
main type of antigen-presenting cell.

It has been documented that the cytokines secreted
by macrophages, dendritic cells, and other T cells play a
crucial role in the initiation and maintenance of im-
mune responses against both viral and bacterial patho-
gens in pigs (Cho and Chae 2003; Thanawongnuwech
and Thacker 2003; Thanawongnuwech et al. 2001;
Zuckermann et al. 1998). Similar to other species, the
CD4* T cells differentiate into Ty cells (Fischer et al.
2000). The Ty cells differentiate into two cell types
known as Tyl and Ty2 that differ in function and are
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differentiated only by their cytokine profile. A Tyl cy-
tokine profile includes the production of IL-2 and inter-
feron gamma (IFN-v), which activate macrophages and
stimulate T. and B cell proliferation. In contrast, Ty2
cells, which inhibit macrophage activation and pro-
mote predominantly B cell activity, produce IL-4 and
IL-10. High concentrations of IL-10 are associated with
the induction of T regulatory cells or Ty 3 cells, which are
thought to mediate a form of “tolerance” (Groux 2001).
The Ty3 cells actively down-regulate pathological
antigen-specificimmune responses and are thought to be
important in regulation of mucosal immune responses
and respiratory tract homeostasis (Groux et al. 1998).

Ty cells are very important in initiating the B cell re-
sponse resulting in antibody production. B cells contact
antigen through immunoglobulins bound to their sur-
face, which act as receptors. Antigens do not have to be
presented on MHC class II molecules by macrophages
for a B cell to recognize them. An optimal B cell response
to antigen requires the help of soluble factors released
by Ty cells and contact with co-stimulatory molecules
on the Ty cell surface. This Ty cell help is needed for B
cell mitosis and clonal expansion and for switching the
class of antibody produced from IgM to IgG, IgA, or IgE.

Lymphocyte Subpopulations. Lymphocyte subpopu-
lations are defined by the presence of certain molecules
on their surface identified by a CD number that desig-
nates similar molecules in all species. CD stands for clus-
ter of differentiation. More than 29 CD molecules have
been identified on the surface of porcine leukocytes
(Haverson et al. 2001). Over 247 CD molecules have
been identified on human or mouse leukocytes, and
there are probably at least that many on porcine leuko-
cytes also.

Lymphocyte subpopulations in the blood of pigs dif-
fer markedly from other species. Young pigs have high
blood lymphocyte counts compared to most other
mammals (approximately 107/ml). Up to 50% of these
lymphocytes are null cells, which lack most surface
markers characteristic of B or classical T lymphocytes
(Duncan et al. 1989; Hirt et al. 1990; Saalmuller and
Bryant 1994). These null cells do not recirculate between
the blood and lymphatic tissues, and they differ from
null cells in other species in that they do not have NK
cell activity. The majority of null lymphocytes are
gamma delta (y3) T cells. The T cells which predominate
in the blood of man and mice and which recognize pep-
tide antigens presented on MHC molecules are called
alphabeta (ap) T cells. Their antigen receptor is made up
of an o« and a B chain and they have either a CD4 or CD8
molecule to assist in their interactions with MHC mole-
cules. The antigen receptors on y3 T cells are made up of
a vy and a 8 chain. The majority of porcine vd T cells do
not have CD4 or CD8 molecules associated with them
because they recognize intact antigen molecules. Unlike
the af T cells, they do not require antigen processing
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and presentation on MHC molecules (Chien et al. 1996).
Pigs and other ungulates have a much higher popula-
tion of v8 T cells in the blood than other mammals that
have been studied. vy8 T cells are located predominantly
along mucosal surfaces, especially as intraepithelial
lymphocytes in the intestine, and are thought to be im-
portant in protecting mucosal surfaces from infection
and perhaps in oral tolerance (Thielke et al. 2003). y3 T
cells proliferate in the intestine and actively recirculate
through the intestinal lymphatics to the blood stream
and back to the gut (Thielke et al. 2003). The role of the
thymus and intestinal epithelium in development of y3
T cells is not understood. A subset of circulating porcine
vd T cells can act as antigen presenting cells and present
antigen to T helper cells via MHC II molecules (Taka-
matsu et al. 2002). Porcine 8 T cells are capable of pro-
ducing gamma interferon and proliferating in response
to recall antigens in vitro and can be cytotoxic (Lee et al.
2004; Takamatsu et al. 2002).

Swine T lymphocytes have at least three unusual
properties compared to other species (Lunney and
Pescovitz 1987):

* Approximately 25% of swine peripheral blood T cells
express both the CD4 and CDS8 antigens on their sur-
face. It has been suggested that many of these dual ex-
pressing T cells are memory cells; however, the func-
tional significance of having both CD4 and CD8 on
the same cells is not known (Pescovitz et al. 1994;
Zuckermann and Husmann 1996). Peanut agglutinin
has been shown to selectively bind to porcine mem-
ory CD4+*CD8" T cells and could therefore be used to
isolate these cells (Hernandez et al. 2002).

* The ratio of CD4* to CD8* T cells is normally approx-
imately 0.6 in pigs, which is reversed compared to
other species. A normal ratio of CD4*/CD8* in hu-
mans is 1.5-2.0.

* Resting CD8* cells in swine preferentially express class
II MHC antigens. The significance of these differences
between swine T lymphocytes and those of other
species is not completely understood.

Lymphocyte Circulation. The lymph node structure
and lymphocyte circulation are markedly different in
the pig compared to man or other domestic species
(Binns 1982). Recirculation of lymphocytes from blood
to lymphoid tissues is very important for bringing anti-
gen into contact with lymphocytes for recognition.
Circulation of B cells, o T cells, macrophages, and den-
dritic cells through lymph nodes is also important for
facilitating cellular interactions needed for the induc-
tion of the immune response as described above. Lym-
phocytes are produced in the bone marrow, but mature
in the thymus (ap T cells) and the secondary lymphoid
tissues (B cells) in the pig. T and B lymphocytes circulate
in the blood for approximately 30 minutes before enter-
ing the tissues. Porcine lymph nodes are structurally in-

verted compared to other domestic species. Lymphatics
enter the node through the hilus, and the lymph passes
through the node with the lymph leaving through the
periphery. The lymph node has a dense medulla, which
lacks sinuses and cords. The germinal centers are lo-
cated in the interior of the node. Other lymphoid or-
gans—such as the Peyer’s patches, tonsils, and spleen—
are similar to those found in other species (Binns et al.
1986; Pabst and Binns 1986). Lymphocytes in swine and
other species enter the lymph nodes through two
routes. Lymphocytes that leave the bloodstream and
enter the subcutaneous tissues are carried to the lymph
node in the afferent lymphatics. Lymphocytes may also
directly enter the lymph node by adhering to high en-
dothelial cells in the venules of the lymph node, and
then migrating into the node. In other species, the lym-
phocytes exit the lymph node in the efferent lymphatics
and are carried through the thoracic duct back to the
circulatory system. In swine, the efferent lymph con-
tains very few lymphocytes. The lymphocytes in the
lymph node directly reenter the blood in swine (Binns et
al. 1986). In addition to migrating from blood to lym-
phoid tissues, lymphocytes in swine migrate into most
other tissues as well (Binns et al. 1986). Lymphocyte sub-
populations in swine show a distinct preference for cir-
culation to either gut-associated lymphoid tissues or
surface nodes (Binns et al. 1986). For instance, mesen-
teric lymph node cells (both T and B lymphocytes) pref-
erentially home to the gut (Salmon 1986). In rodents the
majority of the lymphocytes found in the mammary
gland also come from gut-associated lymphoid tissue,
whereas in swine approximately equal numbers of
lymphocytes in the mammary gland come from gut-
associated lymphoid tissue and from peripheral lymph
nodes. The dual origin of mammary lymphocytes in
swine suggests that the local mammary immune re-
sponse may not depend solely on oral immunization
(Salmon 1986, 1987).

Acquired Immune Defense Mechanisms. An impor-
tant component of lymphocyte activity in host defense
is mediated by soluble products released by stimulated
lymphocytes. T lymphocytes are the predominant pop-
ulation of cells that secrete a variety of cytokines as well
as being cytolytic to abnormal cells. Antibodies pro-
duced by B cells are specific for the antigens to which
they are induced whereas cytokines are not. The cy-
tokines produced during an immune response play an
important role in orchestrating host defense against
pathogens partially through their direct activities and
partially by enhancing the activity of both the innate
immune system (i.e., complement, phagocytic cells,
and NK cells) and the adaptive immune response by Ty
cells as described earlier.

Cytotoxic T lymphocytes (T, cells) are an important
part of the cell-mediated immune response to virus in-
fection and tumors. T, cells have the CD8 marker on



their surface and recognize only antigen associated with
MHC class I molecules on a cell surface. MHC class I
molecules present peptide antigens derived from pro-
teins synthesized within the cell, such as viral proteins.
The T cells directly attack host cells that have foreign
antigen (e.g., viral antigen) presented on MHC class [
molecules on their surface. These cells do not attack free
bacteria or viruses. T cell activity specific for hog
cholera virus, African swine fever virus, and pseudora-
bies virus have been demonstrated in pigs that have re-
covered from infection (Martins et al. 1993; Pauly et al.
1995; Zuckermann et al. 1990). T cells kill target cells by
making direct contact, releasing granzymes onto the
cell surface, and inducing apoptosis (programmed cell
death) in the target cells. Production of cytokines, in-
cluding IL-12 and IFN-y, by Ty1 cells are required for the
activation of T¢ lymphocytes and the elimination of
cells infected with intracellular pathogens, especially
viruses.

Immunoglobulins

Production of Immunoglobulins. B lymphocytes from
clones that have never been stimulated by antigen have
monomeric IgM antibody molecules on their surface
that act as antigen receptors. All of the IgM molecules
on one B cell are specific for the same antigen. When a B
cell is stimulated by antigen and cytokines produced by
Ty cells it begins to undergo mitosis. This results in the
formation of many more B cells with IgM receptors that
also recognize the same antigen. Some of these newly
formed B cells differentiate into plasma cells that secrete
IgM. As the antigen-specific IgM antibody concentra-
tion begins to increase in the blood, activated Ty cells
produce the cytokines that signal the B cells to switch
from IgM production to IgG, IgA, or IgE production
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(Crawley and Wilkie 2003; Crawley et al. 2003). These B
cells then rearrange their genetic material to produce
antibody molecules with the same antigenic specificity
(i.e., the same light-chain structure and variable portion
of the heavy chain) but of a different antibody class (i.e.,
the constant heavy portion of the antibody molecule is
changed). Changing the antibody class gives the anti-
body molecules different properties. The class of anti-
body that the Ty cells cause the B cells to switch to de-
pends to a large extent upon the nature of the antigen
and the location in the body where the antigen was
trapped. Ty cells located in lymph nodes and the spleen
tend to induce B cells to switch to IgG production. Ty
cells located in Peyer’s patches or under other mucosal
surfaces tend to induce B cells to switch to IgA and/or
IgE production, depending on the nature of the antigen
and the genetic predisposition of the individual.
Antibody molecules have a variety of activities in
host defense, although they alone cannot kill infectious
agents. Antibody molecules can coat infectious agents
to prevent them from attaching to or penetrating host
cells, they can agglutinate infectious agents to reduce
their infectivity, and they can directly bind to and neu-
tralize toxins. A very important function of antibody is
that it marks infectious agents for destruction by com-
plement, phagocytic cells, and/or cytotoxic cells.

Classes of Immunoglobulins. Characteristics of the vari-
ous classes of porcine immunoglobulin were thor-
oughly reviewed in a previous edition of this book
(Porter 1986), and in a recent review article (Crawley
and Wilkie 2003).

IgG is the predominant Ig class in the serum of the
pig and other species. It accounts for more than 80% of
the Ig in serum and colostrum (Table 2.1). The two main

Table 2.1. Concentration of porcine immunoglobulins (mg/ml) in body fluids.

IgG IgG, IgM IgA

Adult sow serum 24.3+£0.94 14.1 £0.49 29+0.2 21+0.2
Colostrum 61.8+2.5 40.3+1.6 3.2+0.2 9.6+0.6
Milk (24 hours) 11.8 +4.8 8.0£3.2 1.8+£0.3 3.8+£1.0
Milk (48 hours) 8.2+3.2 5.0+1.8 1.8+0.4 2.7+0.6
Milk (3-7 days) 1.9+0.6 1.3+0.3 1.2+0.2 34+1.0
Milk (8-35 days) 1.40 £ 0.60 1.00+£0.45 0.90 £ 0.25 3.05+0.74
Intestinal fluid

Piglet 0.002 0.065 0.033

Sow 0.001 0.001 0.091
Urinary tract 4.7 0.77
Follicle

Diestrus 18.1 0.7

Estrus 25.1 0.7
Uterine secretions

Diestrus 0.32 0.2

Estrus 0.34 0.12
Cervicovaginal mucus

Diestrus 6.7 0.6 1.1

Estrus 2.0 0.06 0.6

Used with permission from Veterinary Clinical Immunology, R.E.W. Halliwell and N.T. Gorman, editors. W.B. Saunders Company, 1989.
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subclasses of IgG are IgG; and IgG, (Metzger and
Fougereau 1968), with 1gG; predominating in serum
and colostrum. IgG3 and IgG, subclasses are found in
lesser concentrations.

An 18S Ig has been described that is antigenically
similar to IgG, and is found in low levels in normal
serum and colostrum (Kim et al. 1966). Newborn piglets
also possess a 5S IgG, which may not have light chains
and may not be functional (Franek and Riha 1964;
Stertzl et al. 1960).

IgM accounts for approximately 5-10% of the total Ig
in serum and colostrum (refer to Table 2.1). The IgM is a
pentamer held together by disulfide bonds and has a
sedimentation coefficient of 17.8S (Porter 1969).

The porcine immune system produces far more IgA
than any other class of antibody; however, most of the
IgA is found on mucosal surfaces, rather than in the
serum. IgA is present in swine serum as 6.4S monomers
and as 9.3S dimers, which are two monomers bound to-
gether with a J chain (Halpern and Koshland 1970;
Mestecky et al. 1971; Porter and Allen 1972). IgA at mu-
cosal surfaces is mostly dimeric IgA with a J chain and
associated secretory component (see the section on mu-
cosal immunity below).

Porcine IgE has been shown to have the same physic-
ochemical properties as in other species, including the
characteristic of losing biologic activity when serum is
heated to 56°C (Roe et al. 1993). A polyclonal antisera
for porcine IgE inhibited a passive cutaneous anaphy-
laxis reaction, identified a sparse population of plasma
cells in the lamina propria of the gut and mesenteric
lymph nodes of parasitized pigs, and reacted with
human IgE in Western blotting. Antibodies against
human IgE and bovine IgE have been shown to react
with a homocytotropic immunoglobulin in swine
serum (Barratt 1972; Nielsen 1977).

Polyclonal and Monoclonal Antibodies. Antibody pro-
duced by an animal in response to an infection or vacci-
nation is polyclonal and recognizes multiple antigens.
Infectious agents are complex antigens with many dif-
ferent antigenic specificities on their surface; therefore,
they stimulate many clones of B and T lymphocytes to
respond. This results in a heterogenous mixture of anti-
bodies that recognizes a wide variety of surface mole-
cules on the microorganism. This broad spectrum of an-
tibodies that are produced and are present in the serum
are most helpful to the animal in overcoming infection.
Itis sometimes a disadvantage, however, if one wishes to
use the serum for developing diagnostic reagents. The
polyclonal antibodies produced in response to one in-
fectious agent may cross-react with another infectious
agent and thus interfere with the specificity of the assay.

Monoclonal antibodies are commonly produced in
research laboratories and often overcome many of the
disadvantages of polyclonal antisera for diagnostic and
(less commonly) therapeutic purposes. Monoclonal an-

tibodies are the result of expansion of one clone from a
single B lymphocyte and therefore are all identical. All
of the antibody molecules present in a monoclonal an-
tibody preparation are specific for the same antigenic
determinant. This helps reduce the problem of cross-
reactivity between microorganisms in diagnostic tests.
Monoclonal antibodies produced against a protective
antigen on a microorganism could possibly be used in
therapy or prevention of disease. Since they can be pro-
duced in very high concentrations and purity, a much
lower volume of monoclonal antibody compared to a
polyclonal antibody solution can be used to immunize
animals passively. This reduces the risk of serious reac-
tion to the passively administered antibody and its ex-
traneous protein.

Cytokines. Cytokines are small protein or glycoprotein
molecules that are secreted by cells and serve as intercel-
lular signaling molecules. All cells of the immune sys-
tem are capable of secreting and being influenced by cy-
tokines. Cytokine secretion is usually transient and
occurs in response to specific stimuli. The cytokines that
are secreted may act locally if they are secreted in low
concentrations, or they may have systemic effects if
they are secreted in higher concentrations. A cytokine
will act only on a cell that has specific receptors for it.
Regulation of cytokine receptor expression is an im-
portant mechanism for controlling the response to
cytokines.

Information regarding cytokine biology has in-
creased rapidly in recent years. Most of the new infor-
mation on cytokine biology was first developed in mice
or humans. However, because of the economic impor-
tance of pigs, and their importance in biomedical re-
search, considerable information has been published re-
cently regarding porcine cytokines (Murtaugh 1994;
Murtaugh and Foss 1997, 2002) . The porcine cytokines
that have been studied are generally similar to their ho-
mologue in man or mice. Over 30 porcine cytokines
have been described and partially characterized (Mur-
taugh 1994; Murtaugh and Foss 1997). A currently active
field of research studies the various cytokines produced
in response to disease (Darwich et al. 2003; Suradhat
and Thanawongnuwech 2003; Thanawongnuwech and
Thacker 2003). The information obtained from these
studies helps us understand both how pathogens cause
disease as well as how the immune system functions to
control disease.

Cytokines can generally be categorized into four
groups based on their functions (Abbas et al. 1994). One
group of cytokines is important in mediating innate im-
munity. This includes the type I interferons (alpha and
beta) and the proinflammatory cytokines that include
IL-1, IL-6, and tumor necrosis factor a (TNFa). Type I in-
terferon production occurs in response to viral infec-
tions by many cell types. Type I interferons can be de-
tected within a few hours of viral infection and make



cells resistant to virus infection, increase NK cell activ-
ity, and increase the MHC molecule expression on cell
surfaces, thus increasing antigen presentation to T cells.

The proinflammatory cytokines (IL-1, IL-6, and
TNFa) are produced primarily by macrophages in re-
sponse to bacterial infection and require no previous ex-
posure. They may also be produced in response to viral,
protozoal, or fungal infections, or tissue damage. The
proinflammatory cytokines stimulate the liver to pro-
duce acute phase proteins and stimulate the release of
amino acids from muscle tissue, and may induce
cachexia or wasting in chronic infections. In addition,
they induce fever, loss of appetite, and fatigue if present
in high-enough concentrations. In low levels, these cy-
tokines promote leukocyte adhesion to endothelial cells
and diapedesis of leukocytes into the tissues as well as
migration of macrophages and dendritic cells to the sec-
ondary lymph nodes, resulting in the activation of the
adaptive immune response. Their presence in small
amounts is required for an effective immune response.
However, in large quantities they can induce hypo-
volemic shock and death.

A second group of cytokines regulate lymphocyte ac-
tivation, growth, and differentiation. These are pro-
duced mainly by the Ty lymphocytes in response to
antigen recognition. Four important cytokines in this
group are IL-2, IL-4, IL-12 and transforming growth fac-
tor B (TGF-B). IL-2 stimulates T and B cells that have rec-
ognized antigen to proliferate. It also activates NK lym-
phocytes to have increased cytotoxic activity. IL-4 is
important for effective IgE-mast cell-eosinophil inflam-
matory reactions required to control some parasites and
may result in allergic symptoms to non-parasite anti-
gens. IL-12 activates NK lymphocytes and induces CD4*
cells to differentiate into Ty 1 cells and assists in the mat-
uration of CD8* cells into T cells. TGF-B is primarily a
negative regulator of the immune response. It inhibits
many activities of lymphocytes and may be a signal for
shutting off the immune response.

A third group of cytokines are those that regulate
immune-mediated inflammation. They are produced
mainly by Ty and T cells, and their primary function is
to activate or deactivate the cells of the innate immune
system. Interferon-gamma (IFN-vy) causes cells to be
resistant to virus infection (similar to alpha and beta
interferon), and it is also a potent activator of macro-
phages, neutrophils, and NK cells. TNF-B often acts
synergistically with IFN-vy to activate phagocytic cells.
TNF-B can also activate endothelial cells resulting in di-
apedesis of leukocytes into sites of inflammation. IL-5
is secreted by Ty cells and acts to increase eosinophil
production and to activate eosinophils resulting in an
increased ability to kill parasites. IL-10, secreted by T
cells and macrophages is important in suppressing
macrophage function and maintaining homeostasis of
the respiratory tract.

The fourth group of cytokines stimulate hemato-
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poiesis through the expansion and differentiation of
bone marrow progenitor cells. They are called colony
stimulating factors (CSFs). IL-3 is a CSF that stimulates
the production of all of the types of leukocytes.
Granulocyte-macrophage CSF (GM-CSF) stimulates the
production of granulocytes and macrophages. Granulo-
cyte CSF (G-CSF) stimulates the production of granulo-
cytes only. The CSFs also may enhance the antimicro-
bial activities of mature neutrophils and macrophages.

Mucosal Immunity

Providing immunity at mucosal surfaces is a difficult
problem due to frequent exposure to infectious agents.
The components of the immune system described previ-
ously may not function well in the microenvironment
on the mucosal surface, and their contribution to pro-
tective immunity varies with the mucosal surface. For
instance 1gG, complement, and phagocytic cells func-
tion efficiently in the lower respiratory tract and in the
uterus but not in the lumen of the gut.

An important component of immunity at mucosal
surfaces is the secretory IgA system, which responds to
antigens that enter the body through mucosal surfaces.
Specialized epithelial cells called dome cells or M cells are
found overlying aggregations of gut and bronchus asso-
ciated lymphoid tissues. These dome cells pinocytose
antigen and transport it across the epithelial layer. The
antigen may then be processed by antigen-presenting
cells and presented to T and B lymphocytes.

Lymphocytes in the bloodstream tend to segregate
into two populations: those that circulate between the
bloodstream and the systemic lymphoid tissues and
those that circulate between the bloodstream and lym-
phoid tissues associated with mucosal surfaces. Because
of the nature of the Ty cells, which home to mucosal
surfaces, antigens that enter through mucosal surfaces
tend to induce an IgA or IgE response. In some cases
antigens that enter through the intestinal tract may in-
duce oral tolerance, resulting in suppression of IgG anti-
body responses.

In the mucosal lymphoid tissues, B cells that have
been stimulated by antigen and induced by Ty cells to
switch to produce IgA will leave the submucosal lym-
phoid tissue and reenter the bloodstream. These lym-
phocytes will exit the bloodstream at submucosal sur-
faces and locate in the lamina propria where they will
differentiate into plasma cells that will secrete dimeric
IgA. Many of these cells will return to the same mucosal
surface from which they originated, but others will be
found at other mucosal surfaces throughout the body.
Therefore, oral immunization can result in the migra-
tion of IgA precursor cells to the bronchi and subse-
quent secretion of IgA onto the bronchial mucosa. Oral
immunization with live or inactivated Actinobacillus
pleuropneumoniae has also been shown to result in the
trafficking of T cells and IgG positive lymphocytes to
the bronchoalveolar space and production of IgA in the



24 SECTION | PHYSICAL EXAMINATION, DIAGNOSIS, AND BODY SYSTEMS

bronchoalveolar space (Delventhal et al. 1992; Hensel et
al. 1994; Pabst et al. 1995). There is a special affinity for
lymphocytes that have been sensitized in the gut of the
sow to migrate to the mammary gland to become
plasma cells and secrete IgA into the milk.

The dimeric IgA secreted by the plasma cells in the
lamina propria will bind to the polyimmunoglobulin re-
ceptor on the basal membrane of mucosal epithelial
cells. The dimeric IgA and polyimmunoglobulin recep-
tor are then transported to the mucosal surface of the
epithelial cell where the polyimmunoglobulin receptor
is cleaved. The cleavage product is called the secretory
component and remains bound to the dimeric IgA. The
secretory component is important for protecting the IgA
molecule from proteolytic enzymes and also serves to
anchor the IgA into the mucous layer so that it forms a
protective coating on the mucosal surface.

Secretory IgA plays an important role in immunity at
mucosal surfaces by agglutinating infectious agents,
preventing attachment of infectious agents to epithelial
cells, and neutralizing toxins. Other components of the
immune response may also be important in protection
against various types of infection at mucosal surfaces.
For example, neutrophils in the pig can migrate into
the intestinal lumen in large numbers in response to
antigen-antibody complexes. The recruitment of neu-
trophils into the intestinal lumen is dependent upon
the presence of antibody that may be circulating IgG an-
tibody (Bellamy and Nielsen 1974), colostral antibody
(Sellwood et al. 1986), or locally induced IgA class anti-
body (Bhogal et al. 1987). The immigration of neu-
trophils into the lumen of the gut and their subsequent
destruction has been shown to result in an increased
concentration of lactoferrin, lysozyme, and cationic
proteins. These substances may also contribute to im-
munity to bacterial infections in the gut.

T lymphocytes are important mediators of immunity
at mucosal surfaces (Dunkley et al. 1995). This is espe-
cially true for respiratory infections caused by faculta-
tive intracellular bacterial pathogens. T lymphocytes
also play a role in immunity in the intestinal tract. Pigs
have high numbers of intraepithelial lymphocytes,
which are predominantly 8 T cells and T cells (Salmon
1987; Thielke et al. 2003). The T cells in contact with
intestinal epithelial cells are likely to be important in de-
stroying virus-infected epithelial cells. The v8 T cells
proliferate in the intestine and recirculate through the
lymphatic and blood vessels back to the intestine. They
can produce IFN-y, be cytotoxic, and act as antigen-
presenting cells through MHC II molecules (Lee et al.
2004; Takamatsu et al. 2002).

More detailed information on the various aspects of
mucosal immunity may be found in chapters in this
book dealing with specific organ systems or specific
pathogens. The role for lymphocytes in the respiratory
immune system of the pig has been reviewed (Pabst and
Binns 1994).

Immunity in the Fetus and Neonate

All components of the native and acquired immune sys-
tems of the pig develop in utero and are functional at
birth. However, they are generally less efficient than in
the adult (Hammerberg et al. 1989). Since the normal
newborn piglet has not yet been exposed to antigen, hu-
moral and cell-mediated immune responses to infec-
tious agents have not yet been developed. After expo-
sure to infectious agents it will take 7-10 days for a
primary antibody or cell-mediated immune response to
develop. During this time resistance to infection de-
pends upon the actions of the innate defense mecha-
nisms and antibody, which is passively transferred from
the sow to the piglet. In the pig there is virtually no
transfer of antibody across the placenta. The epithelio-
chorial placentation of the sow has several tissue layers
between maternal and fetal circulation, which prevents
antibody transfer. In the sow, as in other large domestic
species, passive transfer of antibody from mother to
offspring occurs through the colostrum. The sow con-
centrates antibody in the colostrum during the last days
of gestation. This antibody is largely transferred intact
across the gut epithelial cells into the circulation of the
newborn piglet. The passive transfer of antibody from
sow to piglet in the colostrum and milk is very impor-
tant for neonatal survival and is discussed in more detail
below.

Innate Defense Mechanisms. The newborn piglet has
low levels of hemolytic complement activity at birth.
The level of hemolytic complement activity is related to
the birth weight, with heavier pigs having significantly
higher concentrations of complement in the serum
(Rice and L’Ecuyer 1963). In colostrum-deprived pigs the
hemolytic complement activity gradually increases dur-
ing the first 36 days of life. Piglets allowed to suckle
colostrum have higher titers of hemolytic complement
than colostrum-deprived piglets during the first 3 weeks
of life. This suggests that some of the complement com-
ponents that are present in limiting amounts are trans-
ferred through the colostrum to the piglet (Rice and
L’Ecuyer 1963).

The level of natural interferon alpha production by
porcine blood mononuclear cells was shown to be low at
birth and to gradually increase until adult age, with a
significant increase around puberty (Nowacki et al.
1993).

Phagocytic cells are present in newborn animals but
generally have reduced phagocytic activity as compared
to adult animals (Osburn et al. 1982). Alveolar macro-
phages from 1-day-old pigs had reduced oxidative
killing mechanisms compared to alveolar macrophages
from adult pigs. By 7 days of age, these aspects of alveo-
lar macrophage function had reached adult levels of ac-
tivity (Zeidler and Kim 1985). Neonatal pigs have low
numbers of pulmonary intravascular macrophages,
which can increase up to fourteenfold by 30 days of age



(Winkler and Cheville 1987). Since phagocytes depend
on complement and/or antibodies to opsonize many in-
fectious agents, the overall efficiency of phagocytosis
may be reduced due to inadequate levels of complement
and antibodies. Neutrophils from fetal pigs have been
shown to have antibody-dependent cell-mediated cyto-
toxicity activity against chicken red blood cells, which is
comparable to that of adult pigs. Neutrophils from
neonatal pigs have also been shown to rapidly emigrate
into the lumen of the gut in response to the presence of
E. coli and colostral antibody (Sellwood et al. 1986; Yang
and Schultz 1986).

Acquired Immune Mechanisms. The percentage of
CD2*, CD4*, and CD8* T lymphocytes increases with
age over the first several weeks of life in specific
pathogen-free pigs (Bianchi et al. 1992; Joling et al.
1994). The lymphocyte blastogenic responsiveness to
mitogens has been shown to be low after birth and to in-
crease by 4 weeks of age (Becker and Misfeldt 1993). The
mucosal lymphoid system is also less developed at birth
and matures over the next few weeks of life (Jericho
1970; Ramos et al. 1992).

Natural killer cell activity has been shown to be ab-
sent in the peripheral blood of fetal pigs and to be low in
pigs of less than 2 weeks of age (Yang and Schultz 1986).

Passive Transfer in the Neonate. Pigs are born with al-
most no serum antibody and absorb colostrum that is
enriched in IgG, IgG,, and IgA as compared to the serum
of sows. It has approximately the same concentration of
IgM as serum (refer to Table 2.1). When the pig suckles,
the colostrum is replaced with milk, which has much
lower immunoglobulin content. From 3 days of age
until the end of lactation, IgA is the predominant anti-
body found in sow milk. The percentage of immuno-
globulin in the mammary gland derived from serum
and locally produced in the mammary gland is different
in colostrum and milk and varies with the im-
munoglobulin class (Table 2.2).

All three major classes of Ig (IgG, IgA, and IgM) are
absorbed from the colostrum into the circulation of
newborn pigs (Curtis and Bourne 1971; Porter 1969).

Table 2.2. Origin of porcine colostral and milk
immunoglobulins (Stokes and Bourne 1989).

Percent Derived Percent Locally

from Plasma (%) Synthesized (%)

Colostrum

IgM 85 15

IgG 100 0

IgA 40 60
Milk

IgM 10 90

1gG 30 70

IgA 10 90
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IgA, however, is absorbed less efficiently than the other
classes of antibody (Hill and Porter 1974; Porter 1973).
This is apparently because much of the IgA in porcine
colostrum is dimeric IgA lacking secretory component
(Porter 1973). Neonatal colostrum-deprived piglets have
been shown to express secretory component in the gut,
which tends to localize in the mucus of the crypt areas
(Allen and Porter 1973). Because of the affinity of the
dimeric IgA and IgM for secretory component, it has
been suggested that IgA and IgM are bound in associa-
tion with secretory component and held in the mucus
of the crypt areas and are, therefore, less efficiently ab-
sorbed from the colostrum (Butler et al. 1981). The IgA
present in sow’s milk throughout the suckling period
may also bind to the secretory component in the crypt
areas and provide relatively continuous protection
against intestinal pathogens.

Intestinal absorption of immunoglobulin from the
colostrum normally ceases by 24-36 hours after birth. If
pigs suckle normally, the efficiency of absorption de-
creases with a half-life of about 3 hours (Speer et al.
1959). Lecce et al.(1961) found that the period of time
that the intestine could absorb antibodies was extended
up to S days in starved pigs, which were maintained by
parental administration of nutrients. Therefore, piglets
that have not had an opportunity to eat during the first
24-36 hours may still benefit from colostrum ingestion.

Neonatal pigs have been shown to absorb colostral
lymphocytes from their intestinal tract into the blood
stream (Tuboly et al. 1988; Williams 1993). By 24 hours
cells derived from colostrum were found in the liver,
lung, lymph nodes, spleen, and gastrointestinal tissue.
Pigs that had absorbed the colostral lymphocytes had
higher lymphocyte blastogenic responses to mitogens
than control pigs. It is not clear whether the passively
transferred lymphocytes also transfer clinically signifi-
cant cell-mediated or antigen-specific immunity from
the sow to the piglet.

HYPERSENSITIVITIES

Hypersensitivities are conditions in which there is an
excessive response to an antigen to which the animal
has previously been exposed. The clinical signs are due
to the immune response to the antigen rather than to a
direct action of the antigen or pathogens. Although hy-
persensitivity conditions can be divided into four types
based on their mechanism of action, it is not unusual for
clinical hypersensitivity conditions to involve more
than one of the four types of hypersensitivity.

Type I or immediate type hypersensitivity involves the
synthesis of specific IgE antibodies. The IgE molecules
preferentially bind to Fc receptors on the surface of tis-
sue mast cells. When the same antigen is encountered
subsequently it will bind to the IgE on the mast cell sur-
face (if there is a sufficiently high concentration of IgE
specific for the antigen) and cause the mast cell to re-
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lease numerous pharmacologically active substances,
which are responsible for the clinical signs (e.g., hista-
mine, serotonin, kinins, prostaglandins, and others).
Type I hypersensitivities may be localized to a particular
region or organ or may be systemic (anaphylaxis) (Eyre
1980). Information on naturally occurring localized
type I hypersensitivities in pigs is not readily available,
although it has been reproduced experimentally (Helm
et al. 2003; Roe et al. 1993). Acute systemic anaphylaxis
in pigs is due primarily to systemic and pulmonary hy-
pertension, leading to dyspnea and death. In some pigs
the intestinal tract may also be involved (Tizard 1987).

A type II hypersensitivity response (or cytotoxic type
hypersensitivity) involves the presence of antibodies di-
rected against cell membrane antigens. These may be
normal tissue antigens in the case of autoimmune dis-
eases or foreign antigens (e.g., drugs, viral antigens, or
bacterial antigens) that have adhered to the cell surface.
Type II hypersensitivities have been reported in pigs in
which autoantibodies have formed against erythro-
cytes, thrombocytes, or neutrophils. This results in a de-
pletion of the respective cell type and the associated
clinical signs that one would expect (anemia, bleeding
diathesis, or increased susceptibility to infection, re-
spectively). These autoantibodies may arise from blood
transfusions, from the use of vaccines that contain
blood products, or in multiparous sows that develop an-
tibody against the alloantigens shared by the sire and
the fetus. Thrombocytopenia purpura in baby pigs due
to passively transferred anti-platelet antibody seems to
be rather common. Pigs appear normal at birth, and
death usually occurs between 10-20 days of age. The
most striking pathologic feature is the presence of hem-
orrhages in the subcutaneous tissues and internal or-
gans. Castration during the period of thrombocytope-
nia may greatly increase the death rate.

Antibodies against erythrocytes, thrombocytes, and
neutrophils may be present in the same piglet. In one re-
port, 50% of the dams of litters affected with thrombo-
cytopenia purpura had erythrocyte iso-antibodies in
their serum (Linklater et al. 1973). Some of the anemia
associated with Mpycoplasma haemosuis (formerly
Eperythrozoon suis) is due to the development of autoan-
tibodies against the red blood cells induced by the or-
ganism (Messick 2004).

A type Il hypersensitivity (or immune-complex type hy-
persensitivity) involves the presence of antigen-antibody
complexes in the circulation or tissue. These immune
complexes can fix complement and, therefore, may ini-
tiate an inflammatory response, attract neutrophils to
the site, and damage cell membranes. The immune
complex-mediated glomerulonephritis associated with
chronic hog cholera virus, African swine fever virus, and
possibly PCV2 infections are examples of this type of hy-
persensitivity. The immune complexes formed in re-
sponse to these diseases may also cause polyarteritis no-
dosa, a systemic vasculitis. Immune complex deposition

in swine kidneys is apparently common. One study
evaluated 100 kidneys collected at slaughter with no ap-
parent macroscopic lesions. Ninety-seven of the kidneys
had IgG deposits and 98 had C3 deposits as demon-
strated by immunocytochemistry. The significance of
these immune complex deposits in the kidney is un-
known; however, the clinical diagnosis of glomerular
disease in swine is rare (Shirota et al. 1986).

A type IV hypersensitivity (or delayed-type hypersensi-
tivity) is mediated by sensitized T cells releasing cy-
tokines. It does not involve antibody. The tuberculin
skin test is a classic type IV hypersensitivity reaction.
Delayed-type hypersensitivity is believed to play a role
in some cases of food hypersensitivity in pigs. Very little
work has been reported on other clinical conditions in-
volving delayed-type hypersensitivity in pigs. Transfer
of delayed-type hypersensitivity between genetically
matched pigs by transfer of lymphocytes has been
demonstrated (Binns et al. 1996).

Food hypersensitivity is thought to be responsible
for some cases of post-weaning diarrhea and reduced
growth performance in piglets (Stokes et al. 1987; Stokes
and Bourne 1989; Li et al. 1990, 1991; Friesen et al.
1993). This apparently involves the formation of both
IgG antibodies and a type IV or delayed-type hypersen-
sitivity. Following the introduction of a new protein
antigen to the diet, a small proportion (<0.002%) of that
protein is absorbed intact inducing an antibody and/or
cell-mediated response. Normally, a systemic antibody
response (IgG) is suppressed (oral tolerance) and a local
mucosal antibody response persists. The local antibody
prevents further absorption of the intact protein. Oral
tolerance prevents an immune response to most of the
proteins that are absorbed. Therefore, following the in-
troduction of new dietary antigen, animals may pass
through a brief phase of hypersensitivity before the de-
velopment of a protected state of tolerance.

In pigs that were weaned abruptly and placed on a
soya-containing diet, soya protein was detected in the
sera of all animals for up to 20 days postweaning. A de-
layed-type hypersensitivity skin test reaction to soya
proteins was transiently present in the soya-fed group.
The changes in gut morphology (crypt hyperplasia and
villous atrophy) and the malabsorption associated with
early weaning suggested that these changes occur as a
result of a transient hypersensitivity to antigen in the
postweaning diet. These intestinal changes can facilitate
growth and disease production by E. coli. Feeding of
large amounts of soya prior to the withdrawal of milk
prevented the postweaning malabsorption and diarrhea
(Stokes et al. 1987).

IMMUNODEFICIENCY AND
IMMUNOSUPPRESSION

Primary or secondary immunodeficiencies increase the
susceptibility of animals to disease induced by typically



low to nonpathogenic microbes. A primary immuno-
deficiency is defined as a disorder of the immune system
with a genetic basis. A secondary immunodeficiency is a
disorder in which the animal is genetically capable of
normal immune function, but some secondary factor is
impairing resistance to disease.

Clinical findings that are associated with immuno-
deficiencies include:

1. Illness from organisms of normally low pathogenic-
ity or from an attenuated live vaccine

2. Recurrent illnesses that are unusually difficult to
control

3. Failure to respond adequately to vaccination

4. Unexplained neonatal illness and death affecting
more than one animal in a litter

5. A variety of disease syndromes occurring concur-
rently in a herd

A large number of primary immunodeficiencies have
been reported in humans; however, there are no reports
of primary immunodeficiencies in pigs. This is probably
due to the relatively low value of the individual piglet
and the expense and difficulty associated with diagnos-
ing a primary immunodeficiency. In addition, sows and
boars that produce nonvigorous litters are not kept in
the breeding herd.

A common cause of secondary immunodeficiency is
failure of passive transfer of adequate levels of maternal
antibody through the colostrum to the piglet. This has
been discussed earlier in this chapter. Other potential
causes of secondary immunodeficiency (or immuno-
suppression) include:

1. Physical or psychological distress

2. Immunosuppressive infectious agents
3. Inadequate nutrition

4. Immunotoxic substances

Physical and Psychological Distress. There is ample
evidence that both physical and psychological distress
can suppress immune function in animals, leading to an
increased incidence of infectious disease. Excess heat or
cold, crowding, mixing, weaning, limit-feeding, ship-
ping, noise, and restraint are stressors that are often as-
sociated with intensive animal production and have
been shown to influence immune function in various
species (Kelley 1985). Distress-induced alterations in im-
mune function are mediated by interactions between
the neuroendocrine and immune systems. The study of
these multisystem interactions initially focused on the
secretion and influence of glucocorticoids, which sup-
press several aspects of immune function. However, pigs
are more resistant to the immunosuppessive effects of
glucocorticoids compared to some other species (Flam-
ing et al. 1994). It is now recognized that there are many
mechanisms by which the neuroendocrine system can
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alter immune function; in addition, the immune system
is capable of altering the activity of the neuroendocrine
system (Breazile 1987; Dunn 1988; Kelley 1988).

Weaning is certainly a stressful event for domestic
animals. Piglets are usually separated from the sow, han-
dled, regrouped with unfamiliar pigs, and shifted from a
liquid to a solid diet. Weaning at 2, 3, or 4 weeks of age
(but not at 5 weeks of age) has been shown to decrease
the in vivo and in vitro response of porcine lymphocytes
to phytohemagglutinin (Blecha et al. 1983). This is con-
sidered to be a measure of the lymphocyte’s ability to
undergo clonal expansion to initiate an immune re-
sponse. These same parameters were suppressed in arti-
ficially reared neonatal piglets compared to their sow-
reared littermates (Blecha et al. 1986; Hennessy et al.
1987). Early weaning of pigs at 3 weeks of age suppressed
the ability of mesenteric lymph node cells to produce
IL-2 (Bailey et al. 1992). Weaning (at 5 weeks of age) 24
hours after the injection of sheep red blood cells (RBCs)
decreased the antibody response to the sheep RBCs.
Weaning 2 weeks prior to injecting the sheep RBCs did
not decrease the antibody response (Blecha and Kelley
1981). However, successful vaccination strategies at the
time of weaning are frequently reported in the field.

Regrouping of pigs at the time of weaning or at 2
weeks after weaning significantly increased their plasma
cortisol concentration. However, there were no measur-
able changes in lymphocyte blastogenesis or antibody
responses at the time of elevated plasma cortisol con-
centration (Blecha et al. 1985).

Crowding or restraint may also stress pigs sufficiently
to decrease their immune responsiveness. Housing 8
pigs (11.5-18 kg) per group in pens with 0.13 m? of floor
space per pig significantly reduced their phytohemag-
glutinin skin test response as compared to pigs given
twice as much space (Yen and Pond 1987). When young
pigs were restrained for 2 hours per day over a 3-day pe-
riod, they had a significantly elevated plasma cortisol
concentration, which correlated with a decrease in the
size of the thymus gland and with a reduction in the
phytohemagglutinin skin test response (Westly and
Kelley 1984). Another report indicated that tethering of
sows suppressed antibody synthesis to sheep RBCs. It
also resulted in a reduction in the amount of antibodies
that were transmitted through the colostrum into the
blood of the piglets (Kelley 1985).

Immunosuppressive Infectious Agents. Certain infec-
tious agents are capable of suppressing immune func-
tion, making the animal more susceptible to secondary
infections. For example, infection with Mycoplasma hy-
opneumoniae, A. pleuropneumoniae, virulent or vaccine
strains of hog cholera virus, porcine reproductive and
respiratory syndrome (PRRS) virus, or pseudorabies
virus increases the susceptibility of pigs to Pasteurella
multocida, increasing the severity of pneumonia (Chung
et al. 1993; Done and Paton 1995; Fuentes and Pijoan
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1986, 1987; Pijoan and Ochoa 1978; Smith et al. 1973).
The mechanism of the immunosuppression induced by
these agents has not been completely characterized. A
cytotoxin from A. pleuropneumoniae is toxic for alveolar
macrophages (Chung et al. 1993; Dom et al. 1992;
Tarigan et al. 1994). The pseudorabies virus has been
shown to replicate in monocytes and alveolar macro-
phages and to impair their bactericidal and cytotoxic
functions (Chinsakchai and Molitor 1992; Iglesias et al.
1989a, b; Iglesias et al. 1992). Porcine parvovirus repli-
cates in alveolar macrophages, as well as lymphocytes,
and has been shown to impair macrophage phagocyto-
sis and lymphocyte blastogenesis (Harding and Molitor
1988). Swine influenza virus and PRRS virus also repli-
cate in alveolar macrophages and PRRS virus is lytic to
infected macrophages (Bautista et al. 1993; Charley
1983).

PRRS virus and porcine circovirus type 2 (PCV2) both
appear to modulate the immune response at many lev-
els. Specific details about the pathogenesis of these two
viruses are covered elsewhere in this book. However, it is
important to recognize that much of their impact on
the swine industry is due to their ability to modulate or
alter the ability of the immune system to control other
pathogens. The mechanism used by these pathogens to
alter the immune response is currently unknown; how-
ever, studies have demonstrated that PRRS virus induc-
tion of cytokines that induce a Ty 2-type of response, as
characterized by increased IL-10 levels and decreased
IFN-y production, may play a role in the immunosup-
pression associated with infection (Thanawongnuwech
and Thacker 2003). Thus, although neither of these
viruses is classically immunosuppressive, their ability to
modulate the immune system allows persistence of the
viruses in the host.

In addition to modulation of the immune system by
viruses, bacteria including M. hyopneumoniae, Salmo-
nella typhimurium, and S. choleraesuis have each been
shown to alter porcine neutrophil function (Coe et al.
1992; DeBey et al. 1994; Roof et al. 1992a, b) In addition,
M. hyopneumoniae also appears to induce a preferential
Ty 2 type of response that may further decrease the abil-
ity to control respiratory pathogens (Thanawongnu-
wech and Thacker 2003; Thanawongnuwech et al.
2000).

Nutritional Influences on Immunity. Both malnutri-
tion and overfeeding may result in impairment of im-
mune function and increased susceptibility to disease
due to a deficiency or excess of proteins or calories, or a
relative imbalance in vitamin or trace mineral content.
Animals under intensive production conditions typi-
cally have a completely controlled diet. Therefore, it is
very important that the diet, especially the vitamin and
trace mineral content, be optimally formulated. Key vi-
tamins and minerals for optimal immune function in-
clude vitamins A, C, E, and the B complex vitamins;

copper (Cu); zinc (Zn); magnesium (Mg); manganese
(Mn); iron (Fe); and selenium (Se). The balance of these
constituents is especially important since an excess or
deficiency in one component may influence the avail-
ability or requirement for another (Tengerdy 1986).

It is difficult to predict the optimal diet for immune
function. There is very little research data in this area for
swine. The dietary requirements for optimal immune
function may differ from the requirements to avoid de-
ficiencies as judged by traditional methods. Relatively
small imbalances of a particular nutrient may suppress
immune function, whereas a more severe deficiency
must occur before the classical clinical evidence of defi-
ciency of that nutrient is recognized. In addition, stress
or the demands of rapid growth may change dietary re-
quirements for optimal immune function.

Dietary and injectable vitamin E and selenium have
been evaluated for their influence on antibody levels in
young pigs. Dietary vitamin E supplementation in-
creased the antibody response to E. coli (Ellis and
Vorhies 1976). Supplemental (dietary or injectable) vita-
min E and/or selenium treatment in pigs beginning at 4
to 5 weeks of age increased their antibody response to
sheep RBCs (Peplowski et al. 1981). Dietary vitamin E
and selenium also increased the proliferation response
of pig lymphocytes to phytohemagglutinin (Larsen and
Tollersrud 1981).

Immunotoxic Substances. In other species, various
compounds—including heavy metals, industrial chemi-
cals, pesticides, and mycotoxins—have been shown to
be immunosuppressive at very low levels. These com-
pounds may be detrimental to the immune system and
predispose animals to infectious diseases at levels that
do not cause other symptoms of toxicity (Koller 1979).
Very little immunotoxicology research has been con-
ducted in swine. Aflatoxins in the feed of young pigs has
been shown to impair immunity to erysipelas, to en-
hance the severity of clinical signs due to salmonellosis,
and to enhance susceptibility to an oral inoculation
with Brachyspira hyodysenteriae (Cysewski et al. 1978;
Joens et al. 1981; Miller et al. 1978).

GENERAL PRINCIPLES OF VACCINATION

For over 100 years scientists have known that animals
may develop immunity to diseases if exposed to either
the killed infectious agent or a live strain of the agent
that has been modified so it does not cause disease. This
approach led to the development of many successful
vaccines in the early 1900s. However, it soon became ap-
parent that for certain diseases this simple approach was
not effective. An animal, for example, might produce
antibody in response to vaccination, but still develop
the disease, demonstrating that circulating antibody
alone is not protective. The challenge of developing vac-
cines for these diseases is to understand the basis for suc-



cessful immunity, and then to develop vaccines that in-
duce this type of immunity. It is apparent that different
diseases require different types of immunity for protec-
tion and the type of vaccine (modified live versus
killed), route of administration, and type of adjuvant
make a difference in the type of immune response.

General principles regarding vaccine efficacy and
vaccine failure will be discussed here. It must be remem-
bered that there are exceptions to these general princi-
ples for specific vaccines and specific diseases. Informa-
tion regarding protective immunity and vaccination for
specific diseases may be found in other chapters of this
book.

Selective Induction of Different Types of
Immunity

It is relatively easy to develop a vaccine that will induce
the production of IgG and IgM antibodies in the blood-
stream. However, the vaccine may not induce antibod-
ies against the important antigens of the infectious
agent, and antibodies alone do not kill infectious
agents. Some disease-causing organisms are resistant to
control by circulating antibodies. These organisms must
be controlled by the cell-mediated immune system or
the secretory IgA system. It is more difficult to develop a
safe and effective vaccine that induces these types of
immunity.

The nature of the vaccine and the route of adminis-
tration are important for influencing the type of immu-
nity induced. Subcutaneous or intramuscular injection
of a killed vaccine will stimulate the immune system to
produce both IgM and IgG. However, there is very little
production of IgA to protect the mucosal surfaces. In ad-
dition, killed vaccines are generally less effective in in-
ducing cell-mediated immunity.

Optimal induction of cell-mediated immunity gen-
erally requires a modified live vaccine capable of repli-
cating in the animal or a killed vaccine with a highly ef-
fective adjuvant. Modified live vaccine viruses have
been attenuated to be of reduced virulence. The attenu-
ation must be shown to be stable; therefore, reversion to
virulence is a rare event. New adjuvants and other novel
vaccine technologies are being developed that show
promise for inducing cell-mediated immunity (Roth
and Henderson 2001; Spickler and Roth 2003). There are
killed vaccines that have been available for many years
and have been effective in controlling certain systemic-
type diseases. These are generally diseases that can be
controlled by the presence of IgG in the circulation. For
those diseases where T cell-mediated immunity is
needed for protection, it is important to characterize the
response of the various T cell subsets to the vaccine anti-
gens. Several methods exist for evaluating T cell re-
sponses to antigens in domestic species (Sandbulte and
Roth 2004).

Protecting the animal from infection at mucosal sur-
faces such as the intestinal tract, respiratory tract, mam-
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mary glands, and reproductive tract is especially diffi-
cult for the immune system. The antibodies responsible
for humoral immunity and the lymphocytes responsi-
ble for cell-mediated immunity are predominantly in
the blood stream and tissues and they are typically not
found on the mucosal surfaces. Therefore, although
lymphocytes assist in preventing systemic invasion
through the mucosal surface, they are often not very ef-
fective at controlling infection on the mucosal surface.
Even in the lung and the mammary gland, where IgG
and lymphocytes are found in relative abundance, they
are not able to function as effectively as in the tissues.
Protection on mucosal surfaces is due in large part to se-
cretory IgA, T cells, and y3 T cells, as discussed earlier.

The route of vaccine administration can be impor-
tant when attempting to induce mucosal immunity. To
induce secretory IgA production at mucosal surfaces, it
is best for the vaccine to enter the body via a mucosal
surface. This can be accomplished by feeding the vac-
cine to the animal, aerosolizing the vaccine so the ani-
mal will inhale it, or by intramammary exposure. If a
sow is exposed to an infectious agent in her intestinal
tract, she may respond by producing secretory IgA not
only in her own intestinal tract, but also in her mam-
mary gland. The sow passes the IgA against the infec-
tious agent to the piglet when it suckles, thus protecting
the piglet from infectious agents present in the sow’s in-
testine. This protection will last only as long as the piglet
continues to suckle. Enteric infections by many organ-
isms are not controlled by the presence of IgG and IgM
in the bloodstream or by a systemic cell-mediated im-
mune response. If a modified live vaccine is given by in-
jection, but goes to a mucosal surface to replicate, it may
also induce a secretory IgA response. In addition, killed
vaccines for some respiratory pathogens, such as M. hy-
opneumoniae and swine influenza virus, are capable of
stimulating an IgA response to challenge.

Vaccination Failure. There are many reasons why ani-
mals may develop disease even though they have been
vaccinated (Roth 1999). Potential reasons for vaccine
failure include:

1. Insufficient time occurred after vaccination to de-
velop immunity.

2. Something happened to the vaccine to make it in-
effective.

3. The physiologic status of the animal impaired the
response to the vaccine.

4. The animal was immunosuppressed at some point
after vaccination.

5. The animal was exposed to an overwhelming chal-
lenge dose.

6. The duration of immunity after vaccination was not
adequate.

7. Important antigenic differences exist between vac-
cine and field strains.
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8. Interference occurs when multiple vaccines are ad-
ministered concurrently.

By being aware of these factors, veterinarians and pro-
ducers can help minimize the occurrence of vaccine
failures.

Occurrence of Disease Shortly After Vaccination. The
host requires several days after vaccination before an ef-
fective immune response will develop. If the animal en-
counters an infectious agent prior to or near the time of
vaccination, the vaccine may not have time to induce
immunity. The animal may come down with clinical
disease resulting in an apparent vaccination failure. In
this situation, disease symptoms will appear shortly
after vaccination and may be mistakenly attributed to
vaccine agent causing the disease. Modified live vaccine
viruses consisting of attenuated virus may be capable of
producing disease in immunosuppressed animals.

Alterations in the Vaccine. Improperly handled and ad-
ministered vaccines may fail to induce the expected im-
mune response in normal, healthy animals. Modified
live bacterial and viral vaccines are effective only if the
agent in the vaccine is viable and able to replicate in the
vaccinated animal. Observing proper storage conditions
and proper methods of administration are very impor-
tant for maintaining vaccine viability. Failure to store
the vaccine at refrigerator temperatures or exposure to
light may inactivate the vaccine. Even when stored
under appropriate conditions, the vaccine loses viabil-
ity over time. Therefore, vaccines that are past their ex-
piration date should not be used. The use of chemical
disinfectants on syringes and needles can inactivate
modified live vaccines if there is any residual disinfec-
tant. The use of an improper diluent or the mixing of
vaccines in a single syringe may also inactivate modified
live vaccines. Diluent for lyophilized vaccines are for-
mulated specifically for each vaccine. A diluent which is
appropriate for one vaccine may inactivate a different
vaccine. Some vaccines and diluents contain preserva-
tives that may inactivate other modified live vaccines.
For these reasons, multiple vaccines should not be
mixed in a single syringe unless that particular combi-
nation has been adequately tested to insure there is no
interference.

Host Factors Contributing to Vaccine Failure. Vaccine
failures may occur because a vaccinated animal is not
able to respond appropriately to the vaccine. Vaccine
failure in young animals may be due to the presence of
maternal antibody, which prevents adequate response
to vaccination. It can also be due to immunosuppres-
sion from a variety of causes, as discussed previously.
Maternal antibodies derived from colostrum are a
well-known cause of vaccine failure. These antibodies in
the piglets’ circulation may neutralize or remove the

antigen before it can induce an immune response.
Typically, virulent infectious agents are capable of
breaking through maternal immunity earlier than mod-
ified live or killed vaccines. This means that even if
young animals are immunized frequently, there is still
often a period when they are vulnerable to infection.
Vulnerability occurs between the time that young ani-
mals lose their maternal antibody and before they de-
velop their own active immune response. This period
can be shortened by the use of less-attenuated modified
live vaccines or the use of killed vaccines with high anti-
genic mass. Overcrowding and poor sanitation exacer-
bate the problem of inducing immunity in young ani-
mals before they come down with clinical disease.

Because only one vaccination is commonly recom-
mended for large domestic animals, the timing of the
vaccination is important. If the vaccine is administered
too soon, it may be ineffective because of the presence
of maternal antibody. If the vaccine is administered
after all maternal antibodies are gone from animals in
the herd, there may be a prolonged period of vulnera-
bility before they develop their own immune response.
Most veterinarians and producers decide that because
of time and expense considerations it is impractical to
vaccinate young pigs frequently. However, frequent
vaccination may be justified in cases of unusually high
disease incidence.

Immunosuppression due to a variety of factors in-
cluding stress, malnutrition, concurrent infection, or
immaturity or senescence of the immune system may
also lead to vaccination failure. If the immunosuppres-
sion occurs at the time of vaccination, the vaccine may
fail to induce an adequate immune response. If the im-
munosuppression occurs sometime after vaccination,
disease may occur due to reduced immunity in spite of
an adequate response to the original vaccine. Therapy
with immunosuppressive drugs (e.g., glucocorticoids)
may also cause this to occur.

Another concern is that some modified live vac-
cines are capable of inducing disease in the immuno-
suppressed animal. Modified live vaccines are tested
for safety in normal, healthy animals. They are not rec-
ommended for use in animals with compromised im-
mune systems. Therefore, these vaccines should not be
used in animals that are immunosuppressed for any
reason. This includes animals in the first few weeks of
life unless the vaccine has been specifically tested in
animals this young. When it is necessary to vaccinate
animals under these conditions, killed vaccines should
be used.

Overwhelming Challenge Dose. Most vaccines do not
produce complete immunity to disease. They provide an
increased ability to resist challenge by infectious agents.
If a high challenge dose of organisms is present due to
overcrowding or poor sanitation, the immune system
may be overwhelmed, resulting in clinical disease.



Vaccine Efficacy. Vaccines that are licensed by the
United States Department of Agriculture have been
tested to determine that they are safe and effective.
However, “effective” is a relative term. It does not mean
that the vaccine must be able to induce complete immu-
nity under all conditions that may be found in the field.
This would not be realistic since the immune system is
not capable of such potent protection under adverse
conditions.

To be federally licensed, the vaccine must have been
tested under controlled experimental conditions. The
vaccinated group must have had significantly less dis-
ease than the nonvaccinated control group. This testing
is typically done on healthy, nonstressed animals under
good environmental conditions and with a controlled
exposure to a single infectious agent. Vaccines may be
much less effective when used in animals that are under
stress, incubating other infectious diseases, or exposed
to a high dose of infectious agents due to overcrowding
or poor sanitation.

It is important to remember that for most diseases
the relationship between the infectious agent and the
host is sufficiently complicated that vaccination cannot
be expected to provide complete protection. The vac-
cine can increase the animal’s resistance to disease, but
this resistance can be overwhelmed if good manage-
ment practices are not followed.
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Diseases of the gastrointestinal tract that affect pigs be-
tween neonatal and finishing stages continue to be
some of the greatest factors that limit the efficiency and
profitability of pig production globally. Advances in ef-
fective disease control measures such as development of
new vaccines and antimicrobial products have provided
new approaches to disease control. However, this is
countered by increasing awareness of other issues such
as development of antimicrobial resistance, the ban or
limitation of the use of antimicrobial growth promoters
in some countries, and increasing public awareness and
expectation of food safety—particularly in relation to
salmonellosis and food residues. Salmonellae surveil-
lance and control have become a major objective in
many countries following the schemes initiated in Scan-
dinavia. This has demanded new standards of hygiene
and care involving a whole-chain approach to disease
control. However, there is also increasing public con-
cern over intensive farming systems and consumer de-
mands for more natural and welfare-friendly methods
of farming that allow pigs to express normal rooting be-
havior through availability of substrate. To these ends,
legislation has been introduced in some countries and
this is likely to increase, thus presenting new challenges
for pig producers and veterinarians in relation to effec-
tive control of enteric infections. Organic product is in-
creasing in popularity and requires alternative ap-
proaches to enteric disease prevention.

In parallel with these practical issues, there has been
substantial ongoing research into the enteric physiol-
ogy and immunology in the pig. This work provides the
foundation for future practical advances in enteric dis-
ease control and is briefly reviewed in the following sec-
tions. Thereafter there is an overview of enteric diseases
(which are covered in depth in other chapters).

ANATOMIC AND HISTOLOGIC FEATURES

The conformation and growth efficiency of the pig has
changed dramatically over the years as the result of ge-

Diseases of the Digestive

netic selection and production of suitable hybrids. How-
ever, the gut morphology is apparently unchanged and
an area of little focus or attention. The exception is the de-
velopment of genotypes resistant to F18 and F4 (K88)
Escherichia coli infections in which pigs do not possess the
required receptor for these organisms to cause disease.

Gut maturation occurs rapidly after birth in response
to factors such as oxygenation; enteral nutrient presen-
tation; and hormones, particularly cortisol (Sangild
2001). Neonatal hypoxia is associated with intestinal
dysfunction and an increased incidence in neonatal en-
terocolitis (Cohen et al. 1991; Powell et al. 1999). At
birth the sudden increase in blood arterial oxygen is a
vital factor in gut development. Common occurrences
such as delayed parturition or congenital pneumonic
infections could be initiating factors for neonatal diar-
rhea. After birth the small intestine undergoes a rapid
growth in response to enteral presentation of nutrients
(Burrin et al. 2000). This is stimulated by a wide range of
factors such as hormones and growth factors (Sangild
2001). Good intake of milk in the early stages of life is
important for rapid gut growth as well as promoting
piglet vigor and provision of colostral immunity.

During the first 3-4 weeks of life fetal enterocytes
which have high endocytotic activity are gradually re-
placed by adult type enterocytes devoid of such activity.
The process occurs in a proximal-to-distal direction in
the intestine and is an important part of intestinal mat-
uration (Baintner 1986). Changes in enterocyte genera-
tion influence the expression of brush border enzymes.
Lactose activity is high in the newborn pig and steadily
decreases to become minimal after weaning, whereas su-
crase and maltase activities are low in the newborn but
increase after weaning (Pluske et al. 1997). Intestinal
maturation can be hastened in the unweaned pig by
feeding kidney bean lectin (Phaseolus vulgaris) (Pusztai
et al. 1999; Biernat et al. 2001; Radberg et al. 2001). This
dietary means of promoting rapid gut maturation could
be of value in reducing or preventing postweaning diar-
rhea problems in pigs in the future.

37



38 SECTION | PHYSICAL EXAMINATION, DIAGNOSIS, AND BODY SYSTEMS

Weaning is associated with adverse effects, such as
abrupt withdrawal of sow’s milk, low and variable feed
intake, growth stasis, and compromised integrity of the
small intestinal epithelium. Changes in gut morphol-
ogy at weaning include reduced villus height and in-
creased crypt depth (Hampson 1986; Kelly et al. 1991).
These adverse effects can be diet-dependent and diet-
independent (McCracken et al. 1995). Villus length re-
duces by 30-40% at days 4 to 7 postweaning but in-
creases back to 94% of original length at 14 days post-
weaning (Verdonk et al. 200la). Additionally, a
reduction in the length of microvilli occurs at 3-7 days
after weaning (Cera et al. 1988). There is a significant re-
lationship between voluntary feed intake and mucosal
architecture (Makkink et al. 1994; Pluske et al. 1996b).
Low feed intakes or a period of starvation postweaning
reduces the villus height throughout the small intestine
particularly in the proximal jejunum. To minimize the
changes, diets high in milk products, cooked cereals,
and low levels of antigenicity are utilized. Raw cereals
have a significant adverse effect on gut mucosa as
compared with cooked cereals, which are thought to im-
prove postweaning growth (Lawlor et al. 2001). Ano-
rexia at weaning might contribute to local inflamma-
tion in the piglet’s small intestine (McCracken et al.
1999). With low nutrient intake paracellular transport is
higher and this increases over the first 4 days after wean-
ing (Verdonk et al. 2001b). Therefore it would appear
that the integrity of the gut mucosa is worse in piglets
with low intake levels postweaning due to higher per-
meability of the tight junctions between cells (paracel-
lular transport route), but permeability of the mucosa
cells is not affected. The dietary changes at weaning and
the resultant villus atrophy and crypt hyperplasia leads
to decreased digestive and absorptive capacities in the
intestine (Pluske et al. 1997, Radberg et al. 2001). Other
factors of importance are poor feed consumption, in-
flammation in response to bacterial metabolites, ro-
tavirus, and hypersensitivity to antigenic components
of the diet (Kenworthy 1976; Hampson and Kidder 1986;
Kelly 1990). These physiological changes can result in
alterations in the number and balance of the enteric
bacterial flora often allowing enteropathogenic bacteria
to proliferate, resulting in serious postweaning en-
teropathies such as colibacillosis. The morphological
and functional changes in the small intestine of the
newly weaned pig have been reviewed by Pluske (2001).

Transport associated stress of pigs has been shown to
lower the intestinal pH and result in increased intestinal
permeability. Permeability is the highest immediately
after transportation and decreases after 2-3 hours of rest
(van der Meulen et al. 2001). Translocation of bacteria
and/or endotoxins from the gut into the systemic circu-
lation is possible due to increased permeability (Zucker
and Kriiger 1998; Berg 1999). This might explain the in-
crease in disease problems seen after transportation
(Berends et al. 1996).

PHYSIOLOGY AND NUTRITION

The intestinal mucosa receives nutrients from 2
sources—the diet (brush border membrane) and the sys-
temic circulation (baso-lateral membrane). The gut tis-
sues have their own particular nutrient requirements for
growth and function. The gastrointestinal tissues in the
young growing pig utilize nearly 50% of the dietary
amino acid intake and 30-50% of the dietary lysine,
leucine, and phenylalanine plus 85% of threonine
(Burrin et al. 2001). A substantial proportion of the es-
sential amino acid needs and glucose needs are derived
from the arterial circulation rather than from direct di-
etary sources. The amino acids are utilized in many
ways, such as the formation of secretary mucins (Stoll et
al. 1998), biosynthesis of other amino acids (Stoll et al.
1999), glutathione (Reeds et al. 1997) and nucleic acids
(Perez and Reeds 1998). Nutrient supply for the neonate
is derived solely from colostrum and milk. Additionally,
colostrum and milk contain a large number of biologi-
cally active peptides that have important functions in
regulating growth and differentiation of intestinal tis-
sues. Targeted expression of key genes for production of
milk peptides holds potential for the future (Kelly and
Coutts 1997). On low protein diets, the lysine require-
ments of the gut remain relatively high and are prefer-
entially met, which limits the systemic availability of ly-
sine for lean tissue growth (Ebner et al. 1994). Exposure
to microbial antigens (both pathogenic and nonpatho-
genic) stimulates a proinflammatory acute-phase re-
sponse (MacRae 1993; Johnson 1997), which results in
the loss of dietary amino acids and reduced deposition
of body protein (e.g., reduced growth rate). The use of
in-feed antibiotic growth promoters enhances growth
rates by limiting this process.

Dietary carbohydrates are comprised of sugars,
oligosaccharides, starch, and nonstarch polysaccha-
rides. The enzyme activity responsible for carbohydrate
degradation adapts according to the age of the pig and
dietary composition. In the young pig there is efficient
prececal digestion of lactose during suckling, and su-
crose and starch after weaning. Carbohydrates that do
not get digested in the small intestine are fermented in
the large intestine by a diverse population of anaerobic
bacteria. These are mostly nonstarch polysaccharides
(NSPs).

Increasing the amount of fermentable carbohydrates
and straw in the diet increases the total gastrointestinal
tract weight by approximately 8% and 7%, respectively.
With fermentable carbohydrates the main weight in-
crease occurs in the colon, whereas with straw it occurs
in the stomach and colon (Rijnen et al. 2001).

Most of the starches used in pig diets are highly di-
gestible, with up to 98% of digestion occurring in the
small intestine (Glitsg et al. 1998; Bach Knudson and
Canibe 2000). Nonstarch polysaccharides (fiber) are
present in cereals such as barley, wheat, oats, and rye.



Although there is some digestion of NSPs in the small
intestine, the major site of NSP degradation is in the
large intestine. Passage of ingesta through the large in-
testine generally takes from 20-40 hours, allowing time
for bacterial degradation. The most common bacterial
isolates are Streptococcus sp., Lactobacillus, Fusobacterium,
Eubacterium, Bacteroides, and Peptostreptococcus (Moore
et al. 1987). Fermentation of carbohydrates and NSPs in
the large intestine results in the production of short
chain fatty acids, mainly acetate, proprionate and bu-
tyrate, and the gases H,, CO,, and CHy. Increasing the
level of NSP entering the large intestine results in higher
activity of microflora (Bach Knudson et al. 1991; Jensen
and Jorgensen 1994), increased production of short
chain fatty acids (Giusi-Perier et al. 1989), and increased
production of gases (Jensen and Jorgensen 1994). Short
chain fatty acids are rapidly absorbed from the large in-
testine and may provide up to 24% of the maintenance
energy requirements for growing pigs (Yen et al. 1991)
and potentially even more for adults. The total tract di-
gestibility of NSPs is influenced by a number of complex
factors, such as the source of NSPs, the level of inclusion
in the diet, the solubility, the degree of lignification, the
age and weight of the animal, the transit time, and the
microbial composition (Bach Knudson and Jergensen
2001). Adult animals are more capable of degrading
fiber than growing pigs due to the greater intestinal vol-
ume and slower transit times. Adaptation to dietary
changes in terms of digestibility of NSP residues is con-
sidered to take 3-5 weeks (Longland et al. 1993).

In weaner pigs the use of enzyme combinations has
been found to increase the apparent ileal digestibility of
feeds based on hulless barley, which have high beta-
glucan concentrations (Yin et al. 2001). Due to the im-
proved apparent ileal digestibility there was also a reduc-
tion in hind gut fermentation. Similarly, the addition of
certain enzymes to wheat-based diets of growing pigs
has been found to have beneficial effects (Hazzledine
and Partridge 1996). There is increasing interest in the
role of dietary factors, especially NSP and feed process-
ing methods in so-called nonspecific colitis of pigs
(Strachan et al. 2002, Thomson et al. 2004). This condi-
tion is thought to be an important precursor to other
forms of colitis in pigs although the pathogenesis of this
diet-associated form of colitis is poorly understood.

IMMUNOLOGY

For the first 24-48 hours of life the pig intestine is capa-
ble of absorbing macromolecules including immuno-
globulins by pinocytosis, providing the neonate with
passive immunity from colostrum (Westrom et al.
1984). Although this process commences prepartum,
the major absorptive function occurs postnatally (San-
gild et al. 1999). This is a specific maturational process
that is timed to maximize immunoglobulin uptake
shortly after birth. Piglets born prematurely have a

CHAPTER 3 DISEASES OF THE DIGESTIVE SYSTEM 39

lower capacity for protein absorption than piglets born
at full term (Sangild et al. 1997). Therefore fetal maturity
is an important factor in successful immunoglobulin
uptake from the colostrum.

The intestinal immune system of the young pig is
very immature and its slow development may result in
increased susceptibility to disease (Stokes et al. 2001).
Intestinal lymphoid tissue is present in the form of
mesenteric lymph nodes, intestinal Peyer’s patches, and
lymphocytes distributed through the mucosal lamina
propria and intraepithelial sites. In the jejunum there
are between 11-26 discrete Peyer’s patches containing
multiple lymphoid follicles (B lymphocytes) separated
by T cells. Plasma cells containing IgM, 1gG, and IgA are
present in the subepithelial lymphoid dome and be-
tween the follicles (Brown and Bourne 1976). The dome
region contains dendritic-type cells that express high
levels of MHC II antigens. Microfold cells (M cells) that
are thought to absorb luminal antigens occur in the
overlying lymphoepithelium (Gebert et al. 1994). In the
mature pig the intestinal lamina propria is heavily pop-
ulated with lymphocytes. Plasma cells and B cells pre-
dominate in the crypt area, whereas T cells are found
mainly in the villi, CD8* cells occur in the subepithelial
sites, and CD4* occur in association with capillary
plexuses in the lamina propria (Vega-Lopez et al. 1993).
The majority of intraepithelial lymphocytes express
CD2, but in mature pigs a high proportion also express
CDS8 (Stokes et al. 2001).

Functionally the intestinal immune mechanisms
play a complex role in preventing and controlling harm-
ful intestinal infections while tolerating many dietary
antigens and nonharmful antigens from the intestinal
flora. The surface epithelium serves as an effective bar-
rier, providing it remains intact. IgA antibodies play an
important defensive role. Significant quantities of di-
etary protein are absorbed across the intestinal mucosa
(Wilson et al. 1989; Telemo et al. 1991). So-called “intes-
tinal tolerance” to dietary proteins has been demon-
strated in the pig, where immune responses to the di-
etary proteins are regulated to prevent inflammatory
reaction and tissue damage associated with foreign pro-
tein absorption (Bailey et al. 1993). The interaction be-
tween the different components of the intestinal im-
mune system is complex, and the basis of inflammation
and apoptosis versus down regulation of immune re-
sponses is the subject of ongoing research.

Development of the pig’s intestinal immune system
occurs in response to antigen exposure. Full develop-
ment of lymphoid tissue can take 7-9 weeks and can be
delayed by early weaning at 3-4 weeks of age, as carried
out in most modern pig-producing countries (Vega-
Lopez et al. 1995). This, among many other factors, pre-
disposes to postweaning diarrhea associated with en-
terotoxigenic E. coli or other pathogens. There is also
increasing interest in the role of glutamine in intestinal
immune function. Glutamine is an important nitrogen
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source for enterocytes and plays a key role in maintain-
ing mucosal cell integrity and gut barrier function (den
Hond et al. 1999). Key functions of lymphocytes are de-
pendent on glutamine provision (Graham et al. 2000).
Glutamine depletion results in immunosuppression,
whereas glutamine administration has been found to
have significant beneficial effects on the gut mucosal
structure and intestinal immune function of piglets
after weaning (Pierzynowski et al. 2001). Other studies
on enhancing intestinal immune function of piglets at
weaning have included feeding nucleotides for 2-4
weeks after weaning. This was found to have an immune
enhancing effect on piglets through improving T-
cell-mediated responses (Cameron et al. 2001). This
is an important area of research because finding cost-
effective methods of enhancing immune responses in
the young weaner would bring significant benefits to
the pig industry.

GUT FLORA

The intestinal flora of the pig is extremely complex and
diverse making it difficult to study quantitatively and
qualitatively. However this is an area of increasing inter-
est in relation to maintenance of gut health and optimal
function. The intestinal microflora of the large intestine
has been studied and reviewed by Robinson et al. (1981,
1984).

Marked changes occur in the gut environment (for
example, pH and organic acids) and microbial activity
along the gastrointestinal tract of pigs (Bach Knudson et
al. 1991, 1993). Differences in the diet composition can
impose further changes and could affect the diversity of
the gut microflora. In an experiment involving diets
containing different levels of soluble and insoluble NSP,
a medium to high content of NSP resulted in higher mi-
crobial diversity in the small intestine (Hogberg et al.
2001). The presence of fermentable carbohydrates in the
diet stimulates gut microbial activity resulting in the
production of organic acids.

The potential value of prebiotics (compounds, other
than dietary nutrients, that act as substrates for pop-
ulations of beneficial microbial organisms in the gut)
and probiotics (preparations containing beneficial
bacteria) has been the subject of many studies in rela-
tion to gut health and prevention of enteric infections.
Prebiotics achieve their beneficial effects in two ways.
First, compounds such as fructooligosaccharides can
be fermented by favorable bacteria (e.g., Bifidobacteria
and Lactobacilli) giving them competitive advant-
age (Houdjik 1998; Nemcova et al. 1999). Second,
mannose-containing compounds added to the diet re-
sult in binding with pathogenic bacteria that have
mannose-specific lectins in fimbriae—for example, E.
coli and Salmonella. This reduces attachment of patho-
genic bacteria to receptor sites on gut mucosal cells
(McDonald et al. 2002). Inulin is a natural polymer of

fructose extracted from chicory that is considered to
have prebiotic properties (Gibson and Roberfroid 1995;
Roberfroid et al. 1998). Digestion of inulin in weaned
pigs is mainly microbial and takes place in the large in-
testine. There, it modifies the profile of fermentation
metabolites resulting in an increase in N-valerate and
propionate and a decrease in acetate and ammonia
(Rossi et al. 1997). Using an in vitro adhesion assay for
E. coli, 5% inulin was found to partially inhibit adhe-
sion of F4 positive E. coli to the small intestinal villi.
The study also suggested that inulin might have im-
munomodulatory effects by boosting IgA and IgM anti-
bodies in pigs exposed to foreign proteins (Rossi et al.
2001). In newly weaned pigs, addition of fructoo-
ligosaccharide and/or sugar beet pulp to the diet tended
to increase the number of intestinal Bifidobacterium
species and reduce the level of E. coli, although there
was little difference in the incidence of diarrhea
(Kleingebbink et al. 2001). The population of Bifido-
bacterium species is variable in piglets and constitutes
less than 1% of the total bacterial population (Mikkel-
sen and Jensen 2001). Certain plant metabolites may
interact with short chain fatty acids to create inhibitory
conditions for pathogens such as E. coli 0157 (Duncan
et al. 1998). The use of prebiotic is likely to be an area of
growing scientific interest in the future.

Probiotics work on the principle of competitive ex-
clusion of pathogenic bacteria and have been used suc-
cessfully, for example, to control Yersinia infection in
pigs (Asplund et al. 1996). Feeding probiotic bacteria,
especially Lactobacillus species and Bifidobacterium
species, may help with controlling enteric infections
postweaning when the resident microflora are not yet
stable. However, probiotics may also inhibit adherence
of enteropathogenic E. coli and other gram-negative
bacteria to enterocytes through occupying receptor sites
(Spencer and Chesson 1994; Mack et al. 1999). This has
potential for improved control of a wide range of enteric
infections, particularly those of zoonotic importance
such as Salmonella species and Campylobacter species.
Salmonella infections in pigs are common resulting in
clinical salmonellosis or subclinical disease (Lax et al.
1995). Up to 30% of finisher pigs might shed Salmonella,
thereby presenting risk of carcass contamination at
slaughter (Berends et al. 1996). Campylobacter is one of
the most common causes of human enteric disease and
has been isolated from a wide range of raw meats, in-
cluding pork (Stern et al. 1985; Fricker and Park 1989;
Zanetti et al. 1996). The predominant species in pigs is
Campylobacter coli (Stern et al. 1985; Weitjnes et al. 1993,
1997; Young et al. 2000); however, some pig farms can
also have a high prevalence of Campylobacter jejuni
(Harvey et al. 1999). Contact with the sow during the
suckling period results in a high prevalence of Campylo-
bacter in piglets, whereas piglets removed from the sow
after 24 hours and reared in isolation units have signifi-
cantly less Campylobacter (Harvey et al. 2001).



CONTROL OF ENTERIC INFECTIONS
THROUGH DIETARY INTERVENTIONS

Following the European Union ban on the use of the
majority of antibiotic growth promoters, alternative
measures to control the number and activity of intes-
tinal bacteria have been explored. These include
changes in management practices, feeding, hygiene,
and the use of products such as probiotics, prebiotics,
enzymes, herbs and plant extracts, prefermented feeds,
and organic acids (Thomke and Elwinger 1998). Ad-
ditionally, selective breeding for resistance; improving
the pig’s immune response through the use of vaccines,
cytokines, and other immunomodulatory agents; or-
ganic acids; inorganic chemicals—for example, zinc
oxide; and use of specific bacteriophages or bacteriocins
are also possible (Hampson et al. 2001). The mecha-
nisms by which antimicrobial agents enhance growth
and feed efficiency are poorly understood (Commission
on Antimicrobial Feed Additives 1997; Anderson et al.
1999). Two of the suggested mechanisms are inhibition
of subclinical bacterial infection and less translocation
of pathogens, and changing the small intestinal mu-
cosal structure, mainly by increasing villus height pro-
moting uptake of nutrients from the digesta. Finding ef-
fective non-antimicrobial alternatives requires a good
understanding of the mechanisms that promote the
beneficial effects in different age groups of pigs.

Dietary Fiber and Cereals

Different forms of fiber in the diet can influence the
composition and metabolic activity of the large intes-
tinal microflora in pigs (Varel et al. 1982; Varel and Pond
1985; Bach Knudson et al. 1991; Jensen and Jergenson
1994; Reid and Hillman 1999). However, little is known
about the ways in which the commensal colonic mi-
croflora interacts with pathogenic bacteria; therefore,
the basis of dietary control of infectious enteric diseases
is not understood. Other ways in which diet could influ-
ence pathogenic enteric infections include changing
the amount or balance of substrates available for the
organism at particular sites, influencing the viscosity,
accessibility to receptor sites, and/or intestinal motility.
For example, different cereal types and particle sizes
have been shown to alter epithelial cell proliferation
and lectin binding patterns of the epithelium of the
large intestine of pigs (Brunsgaard 1998). The diet can
also influence intestinal function. Components in
boiled rice inhibit secretion in the small intestine and
therefore reduce the magnitude of secretory diarrhea
due to pathogens such as enterotoxigenic E. coli
(Mathews et al. 1999).

One of the most well-recognized examples of dietary
effects on enteric pathology is gastric ulceration, in
which ulceration of the pars oesophagea occurs particu-
larly in growing and finishing pigs. Such lesions can be
associated with reduced growth rates (Ayles et al. 1996)
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but more importantly can be a cause of gastric hemor-
rhage and perforation leading to acute illness and death
(Friendship 1999). Many studies have demonstrated a
strong association between finely ground high wheat
diet and gastric ulceration (Accioly et al. 1998). The role
of bacteria in the pathogenesis is unclear. The spiral bac-
terium Helicobacter heilmannii has been associated with
gastric ulceration in some studies (Barbosa et al. 1995,
Queiroz et al. 1996), whereas in other studies, the associ-
ation was weak or equivocal (Phillips 1999). Experi-
mental inoculation of gnotobiotic pigs with H. heilman-
nii failed to produce lesions of gastric ulceration in pigs
fed on a carbohydrate-enriched liquid diet (Krakowa et
al. 1998). However inoculation of pigs with Lactobacillus
sp. and Bacillus sp. when fed the same diet did produce
ulcers, possibly due to fermentation by these bacteria in
the presence of readily available dietary substrate. It is
possible that production of short chain fatty acids pro-
duced through the fermentation process resulted in ul-
ceration (Krakowa et al. 1998).

Early studies on the influence of diet in postweaning
colibacillosis have shown that high concentrations of
dietary protein (21%) predispose to the condition
(Prohaszka and Baron 1980), whereas highly digestible
milk-based weaner diets were associated with reduced
postweaning diarrhea (English 1981). Conversely, inclu-
sion of fiber sources was suggested to reduce the severity
and incidence of postweaning diarrhea (Bertschinger et
al. 1978, Bolduan et al. 1988). Later studies compared
the effects of feeding different postweaning diets in ex-
perimental E. coli challenge model. Diets included a
highly digestible cooked rice/animal protein diet with
or without the addition of guar gum or 50% pearl barley
as sources of additional soluble NSP and a commercial
wheat/lupin-based diet (McDonald et al. 1997, 1999,
2001). Significantly more E. coli were isolated from the
small intestines of piglets fed the soluble NSP supple-
mented diet and the wheat/lupin-based diet than the
highly digestible rice/animal protein diet alone. The rea-
son for the increased E. coli numbers in piglets fed the
“provocative” diets is uncertain, but factors involving
the amount of substrate in the small intestine, the vis-
cosity of the ingesta, the rate of intestinal motility, and
different fermentation processes within the small intes-
tine were all potentially significant.

Most work has been done on the influence of diet on
swine dysentery. Whereas a cooked rice diet was found
to be protective in some studies (Siba et al. 1996) it was
not in others (Kirkwood et al. 2000, Lindecrona et al.
2003). Feeding the cooked rice diet to pigs already af-
fected with swine dysentery did not reduce the duration
or severity of disease (Durmic et al. 2000). In a study of
different cereal types, feeding steam-flaked maize or
sorghum reduced the incidence of the disease (Pluske et
al. 1996a). Soluble NSP and resistant starch were identi-
fied as important factors promoting large intestinal fer-
mentation and bacterial colonization, whereas with the
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addition of a source of mainly insoluble NSP (oat chaff)
the diet remained protective (Pluske et al. 1998).
Addition of enzymes to wheat-based diets or the use of
heat extrusion to increase digestibility of starch in the
small intestine were tested in terms of their potential
protective effects in swine dysentery but neither
processes prevented colonization (Durmic et al. 2000).
Likewise the use of a sorghum-based diet was tested as
sorghum is inherently low in soluble NSPs but this diet
was not protective against swine dysentery (Durmic
2000). However, the grind size of diets was important,
with significantly more pigs developing swine dysen-
tery with coarsely ground wheat or sorghum than with
these grains finely ground (Hampson et al. 2001). In
porcine colonic spirochetosis, pigs on the cooked rice
diet developed infection later and to a lesser extent than
pigs on wheat-based diet (Hampson et al. 2000; Linde-
crona et al. 2004).

Carriage of Oesophagostomum dentatum in pigs is en-
hanced by diets rich in insoluble fiber (Petkevicius et al.
1997).

Organic Acids and their Salts, Inorganic
Compounds, and Fatty Acids

Alternatives to antibiotic inclusion in weaner diets have
included the use of organic acids and their salts such as
potassium diformate (Roth et al. 1998). Addition of 1.8%
potassium diformate to a piglet starter ration decreased
the counts of total anaerobic bacteria, lactic acid bacte-
ria, yeasts, and coliforms in the digesta from the stom-
ach, distal small intestine, cecum, and midcolon over a
period of 4 weeks after weaning (Canibe et al. 2001). The
apparent antimicrobial effects were attributed to the
protons and anions formed from formic acid after pass-
ing through the bacterial cell wall. These have a disrup-
tive effect on protein synthesis and inhibit bacterial en-
zymes, thereby reducing bacterial replication (Partenen
and Mroz 1999). Other studies agree that coliform
counts in the stomach and proximal colon decrease
when levels of formic acid increase (Kirchgessner et al.
1992, Gabert et al. 1995), or when potassium diformate
is used (Février et al. 2001). Supplementation of weaner
diet with organic acids or other salts have been shown to
reduce the incidence of postweaning diarrhea and im-
prove growth performance of piglets (Sutton et al. 1991).
When the coliform inhibitory effects of various organic
acids were compared, the results going from most effec-
tive to least effective were benzoic, fumaric, lactic, bu-
tyric, formic, and proprionic acid.

Feed supplemented with 2500 ppm zinc oxide has
been shown to reduce postweaning diarrhea and has
been widely used in commercial pig production, but
the mechanism of action is unclear (Holm 1998). In a
study of the effects of zinc oxide on the enteric flora, no
differences were recorded between the zinc oxide-
supplemented group and control group, in terms of the
number of coliforms, enterococci, or Clostridium perfrin-

gens excreted per gram of feces. However, there was an
overall reduction in the diversity of the fecal coliform
flora in the zinc oxide-treated pigs. In the second week
postweaning zinc oxide treated pigs showed significant
increases in growth rate over controls (Melin et al.
2001). However recent European Union (EU) legislation
limits the maximum permissible level of zinc inclusion
in pig diets to 150 ppm in EU member states (EU regula-
tion No 1334/2003).

Fermented Liquid Feeds

Liquid feeding can improve the feed intake, growth, feed
conversion, and health of weaner piglets (Brooks et al.
1996). However, steeping feed in water promotes bacter-
ial proliferation in the feed, which reduces the quality of
the feed and presents health risks. Feeding fermented
liquid feed has been used as a means of controlling en-
teric infections through acidification. As part of the diet
for newly weaned pigs, fermented liquid feed had
beneficial effects on the villus height and ratio of villus
height to crypt depth in the proximal jejunum (Schol-
ten et al. 1999), as compared with the diet without fer-
mented liquid wheat. The mechanism is uncertain but
it could have been due to a lower pH, increased levels of
organic acids, and an altered microbiological status. The
use of fermented liquid feed in newly weaned piglets
caused a significant reduction in the coliform popula-
tion in the terminal ileum, cecum, and colon compared
with piglets fed dried feed (Jensen and Mikkelsen 1998;
Moran et al. 2001). Feed was prepared by inoculating the
diet with lactic acid bacteria (Lactobacillus plantarum)
and steeping it for 5 days at 25°C before feeding. Fer-
mentation prevents bacterial colonization and spoilage
of the liquid diet by enteropathogens and other spoilage
bacteria. The fermentation temperature is important in
relation to bacterial survival. E. coli was eliminated more
effectively at 37°C than 20°C (Beal et al. 2001). There
were also strain differences in terms of E. coli survival in
fermented liquid feed, with F4 (K88) being the most re-
sistant to killing by fermentation than others (Beal et al.
2001). The effect of temperature has implications for the
management of fermented liquid feed systems. Cold-
shock proteins help E. coli survive at lower temperature
(Phadtare et al. 1999). Prefermented diets not only lower
the acidity of the diet but also reduce the soluble NSP
content of the diet (Hampson et al. 2001).

Piglets showed a significant preference for freshly
prepared liquid feed over fermented liquid feed when
given the choice (Demeckova et al. 2001). To prevent
spoilage, chlorine dioxide added at 300 ppm was found
to eliminate coliforms from liquid feeds for young
piglets without adversely affecting palatability or
growth performance (Demeckova et al. 2001). Chlorine
dioxide is a strong oxidizing and phonatizing agent
with broad antimicrobial spectrum, being active against
bacteria and viruses (Junli et al. 1997). Addition of chlo-
rine dioxide to freshly prepared wet feed did not signifi-



cantly alter the intake, as compared with nonsanitized
freshly prepared wet feed. Chlorine dioxide is reported
to kill E. coli through loss of permeability control of the
outer bacterial cell membrane (Berg et al. 1986).

REHYDRATION OF DIARRHEIC PIGLETS

Oral rehydration fluids are used in piglets with acute di-
arrhea especially during outbreaks of enterotoxigenic E.
coli (ETEC) and rotavirus infections. Studies in rats and
clinical studies in children have shown that reducing
the osmolality of oral rehydration solutions has benefi-
cial effects on the course of diarrhea and the clinical out-
come (Thillainayagam et al. 1998). Using an experimen-
tal pig model Kiers et al. (2001a) demonstrated that
solutions with low osmolality promoted intestinal fluid
absorption, although ETEC infection resulted in a de-
crease in net fluid absorption independent of osmolal-
ity, as compared with that of unaffected tissue.

In an experimental model mold-fermented soya
bean products were found to be beneficial in maintain-
ing fluid balance during postweaning ETEC infection
through preventing fluid loss (Kiers et al. 2001b). The
mechanism is uncertain. It might interfere with the at-
tachment of E. coli to epithelial cells or modulate the ef-
fects of toxin in the intestine.

REGIONAL DISEASES AND PATHOLOGY OF
THE DIGESTIVE SYSTEM

The Oral Cavity

There are several recognized congenital defects affecting
the oral cavity. Cleft palate and palatoschisis are both
multifactorial developmental abnormalities. Cleft
palate in piglets has occurred with feeding poisonous
plants such as poison hemlock (Conium maculatum) or
wild tree tobacco (Nicotiana glauca) to sows or gilts in
early pregnancy (Keeler and Crowe 1983; Panter et al.
1985). Likewise, accidental contamination of sow feed
with seeds of Crotalaria retusa during pregnancy has re-
sulted in palatoschisis in piglets (Hooper and Scanlan
1977). Brachygnathia superior (shortness of maxillae) is
an inherited condition that is progressive and may be
confused with progressive atrophic rhinitis. Hyper-
trophy of the tongue is a rare congenital anomaly in pigs
that interfers with normal suckling behavior. Epithe-
liogenesis imperfecta affects gingiva and tongue and can
be seen as irregular, well-demarcated red areas that are
devoid of epithelial tissue.

Oral lesions arising from traumatic damage are rela-
tively common. Gingivitis and periodontal inflamma-
tion is usually associated with poor teeth clipping tech-
nique resulting in damage to the gingival epithelium.
Stomatitis and tooth root abscesses may follow. Fusobac-
terium necrophorum is a common isolate from such le-
sions. Pigs have a diverticulum of the pharynx in the
posterior wall immediately above the esophagus. Barley
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awns and other fibrous materials can lodge there and
penetrate the pharynx causing pharyngeal cellulitis.
This is usually seen only in young pigs. Stomatitis can
also be caused by irritant chemicals, such as caustic or
toxic compounds, and by physical burns. Blistering and
erosion of the snout epithelium can arise due to sun-
burn.

A number of important infectious diseases show le-
sions on the snout and oral tissues. These are primarily
the viral vesicular diseases, including foot and mouth
disease, swine vesicular disease, and vesicular stomatitis.
Lesions include blanching of the epithelium, vesicles,
erosions, and epithelial flaps. Sunburn and occasionally
parvovirus infection can cause lesions on the snout re-
sembling vesicular diseases. Ulcerative glossitis and
stomatitis have been reported in piglets with exudative
epidermitis. Piglets may also develop ulcers on the dor-
sum of the tongue and occasionally on the hard palate
associated with Staphylococcus hyicus infection (Andrews
1979). Oral erosions and ulcers can also be seen in
piglets with congenital swine pox. Actinobacillus lig-
nieresi can cause swelling and inflammation of the
tongue, with nodule and ulcer formation. Soft tissues of
the pharynx and neck can also be affected. Of the para-
sitic infections, Trichinella spiralis can affect the tongue
and muscles of mastication. Gongylonema species has
been found in the mucosa of the tongue in grazing pigs
where they cause mild, localized inflammation (Zinter
and Migaki 1970).

The tonsils have a strategic role in immune surveil-
lance of the oropharynx. A host of bacterial agents, in-
cluding Streptococcus suis and Pasteurellae, are fre-
quently carried in the tonsils. Crypt inflammation and
lymphoid hyperplasia are associated with bacterial in-
fections. Necrotizing tonsillitis occurs in Aujeszky’s dis-
ease; the tonsils being the site of primary virus replica-
tion (Terpstra and Wensvoort 1988). Tonsillitis is also a
feature of swine vesicular disease. Hemorrhagic necro-
tizing tonsillitis can occur in pigs with anthrax.

There are few reported problems concerning the sali-
vary glands in pigs, but sialoadenitis occurs in vitamin A
deficiency (Barker et al. 1993). The interlobular ducts of
the salivary glands undergo squamous metaplasia lead-
ing to salivary stasis, secondary infection, and purulent
inflammation. This results in pronounced swelling of
salivary glands. Epithelial degeneration of salivary ducts
is seen in swine vesicular disease.

The Esophagus

Conditions affecting the esophagus are uncommon but
include hyperkeratosis, parakeratosis, mycotic infec-
tion, obstructions, and traumatic lesions. Hyperkera-
tosis and thickening of the epithelium are associated
with vitamin A deficiency or chlorinated naphthalene
toxicity. Parakeratosis of the esophagus occurs in pigs
with cutaneous parakeratosis due to zinc deficiency.
Parakeratotic thickening of the epithelium of the distal
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esophagus, with basal hyperplasia of the epithelium is
commonly seen in pigs with ulceration of the pars
esophagea of the stomach. Reflux esophagitis is recog-
nized in some pigs with ulceration of the pars oe-
sophagea. The gastric secretion has corrosive effects on
the squamous epithelium resulting in mucosal erosion,
ulceration, and inflammation.

Mycotic esophagitis caused by Candida albicans can
occur in suckling piglets and weaners that are immuno-
compromised and have been given repeated antibiotic
treatment or in piglets in which the mucosal flora has
been significantly disrupted for some reason.

Obstruction and/or perforation of the esophagus are
associated with ingestion of large objects such as stones,
potatoes, apples, or corncobs. Perforation can result
from ingestion of sharp objects such as fence wire or
nails. Inflammation and subsequent stricture are seque-
lae that affect the esophagus at the site of perforation.
Such conditions lead to dysphagia and distension of the
esophagus cranial to the site of obstruction or stricture.
Encephalitis affecting the medulla oblongata and/or
the nuclei or tracts of the cranial nerves involved in
swallowing (V, IX, X, XII) also results in dysphagia. Such
conditions are very rare in the pig. Nematode parasites
(Gongylonema species) occasionally occur in the esoph-
ageal mucosa leaving serpentine-shaped tracts. How-
ever, these parasites do not appear to have any adverse
effects in pigs.

The Stomach

Conditions affecting the stomach are mainly physical or
functional in nature, the most important being gastroe-
sophageal ulceration affecting the pars oesophagea. The
prevalence in growing and finishing pigs varies between
farms but it can be high under modern conditions of pig
husbandry. The majority of lesions are subclinical, and
most studies indicate that mild lesions have little impact
on growth or production. Severe ulceration of the pars
oesophagea is associated with clinical illness and death.
Pigs become anorexic, pale, with intermittent melena,
and they die suddenly due to gastric hemorrhage. In
such cases, ulcers are substantial lesions. The cause is
unclear, but repeated studies have shown that finely
ground rations and a high wheat component in the diet
are significant factors. Clinically, hemorrhage from gas-
tric ulcers should be differentiated from other causes of
melena including proliferative hemorrhagic entero-
pathy, swine dysentery, and intestinal torsion. This con-
dition is described in more depth in the chapter specifi-
cally relating to gastric ulceration (Chapter 54).

Gastric overdistension can occur in adult pigs espe-
cially in sows but the cause is uncertain. It is thought to
be associated with excessive intake of finely ground
grain and water, resulting in excessive fermentation and
gaseous distension. Gastric volvulus is thought to be due
to rapid intake of large quantities of feed and water fol-
lowed by physical activity in a competitive group situa-

tion. Clockwise torsion is apparently most common, al-
though torsion can occur in either direction about the
long axis of the stomach. The spleen is often involved
and becomes extremely enlarged due to blood engorge-
ment (Morin et al. 1984). The stomach becomes mas-
sively distended with gas and fluid, and intense mucosal
congestion develops. This condition is rapidly fatal.
Gastric foreign bodies such as stones are frequently
found in stomachs of outdoor sows that are maintained
on stony ground. Stone chewing is a regular activity and
swallowing of the stones is thought to be accidental.
Large quantities of gastric stones have been recorded in
some sows, limiting the capacity of feed intake and re-
sulting in loss of body condition.

Gastric venous infarction occurs in pigs, usually in
association with severe bacterial infections or toxemia.
The lesion can also be seen in classical swine fever. The
mucosa in the fundic area becomes reddish black in
color and caseous mucosal necrosis may be evident.
Thrombosis of capillaries and venules in the mucosa
and submucosa with fibrin-plugging is the cause of in-
farction. Multifocal areas of gastric infarction have also
been recorded in cases of porcine dermatitis and
nephropathy syndrome (PDNS), due to fibrinoid vas-
culitis of capillaries. Edema of the stomach wall is a
characteristic change in edema disease caused by spe-
cific strains of E. coli. Edema affects the submucosa, par-
ticularly on the greater curvature of the stomach. Other
conditions causing gastric edema include hypoproteine-
mia, arsenic toxicity, and portal hypertension. In these
conditions, edematous changes are less pronounced
than those of “edema disease.”

Gastritis in pigs is most commonly associated with
ulceration of the pars oesophagea and the inflamma-
tory sequelae affecting tissue in the cardiac zone of the
stomach, as previously mentioned. Candidiasis of the
pars oesophagea may occur in association with preulcer-
ative epithelial hyperplasia and parakeratosis. Gastritis
could occur due to accidental intake of toxic com-
pounds-such as arsenic, thallium, formalin, bronopol,
and phosphatic fertilizers-and by the toxic principles in
bitterweed (Hymenoxon odorata) or the blister beetle
(Epicanta sp.). In commercial farming, such conditions
are very rare and should be easy to exclude. Mycotic gas-
tritis is occasionally seen in piglets, usually in associa-
tion with repeated use of antibiotics. Lesions present as
multifocal yellowish plaques on the gastric mucosa,
with intense congestion of the peripheral gastric mu-
cosa. Fungal hyphae colonize the mucosa and invade
tissue and capillaries resulting in thrombosis. Agents are
usually zygomycetes such as Rhizopus, Absidia or Mucor
species. Aspergillus species involvement is rare (Mahanta
and Chaudhury 1985).

Parasitic gastritis is now rare in commercial pig
farms. Of the parasites that can cause gastritis, Hyostron-
8ylus rubidus is of most importance because it is associ-
ated with poor growth rates or loss of body condition in



adult pigs. Other parasites that can cause mild gastritis
in heavy infections include Ascarops sp., Simondsia sp.,
and Physocephalus sp. The parasite Gnathostoma sp. in-
vades the mucosa and undergoes development within
inflammatory cysts in the submucosa. In heavy infesta-
tions this parasite can cause thickening of the stomach
wall.

The Intestinal Tract
Atresia ani is the most common congenital defect of the
intestinal tract of pigs and it is believed to be hereditary
(Norrish and Rennie 1968). It arises due to failure of per-
foration of the membrane separating endodermal
hindgut from ectodermal anal membrane. Evident at
birth, the defect can be corrected by minor surgery un-
less atresia of the rectum is also present. Persistent
Meckel’s diverticulum is a rare anomaly in which there
is persistence of the omphalomesenteric duct. It pres-
ents as a tube of intestinal tissue similar to ileum that
branches from the intestine to the umbilicus. Occa-
sionally, it can be involved in abdominal catastrophes
such as intestinal strangulation.

Intestinal displacement and obstruction is common
in pigs, and a number of different conditions arise.

Rectal prolapse is relatively common in growing pigs
and is associated with a number of factors resulting in
an increase in intraabdominal pressure. These include
persistent coughing, straining associated with enteritis
and diarrhea, excessive huddling of pigs kept in cold
conditions, pigs gorging on liquid feeding, and feeding
of flatulent diets. Feeds high in zearalenone have also
been associated with rectal prolapse. Some prolapses re-
solve spontaneously, but more commonly the tissue be-
comes traumatized or removed by penmates followed by
scar formation as part of the healing process. This results
in rectal stricture and progressive obstruction leading to
marked distension of the colon (Figure 3.1). Such pigs
fail to thrive and die unless corrective action is taken.
Rectal stricture can also be a sequel to ulcerative procti-
tis of ischemic origin caused by Salmonella enterica
Typhimurium infection. Occasionally, severe intestinal
prolapse can accompany vaginal prolapse, via laceration
to the vaginal fornix. Intestinal impaction and obstruc-
tion can occur in a variety of situations—for example,
deaths have occurred in piglets maintained on wood-
shavings or other fibrous materials such as peat due to
impaction of the ileum or colon with such materials
(Figure 3.2). On occasions, heavy infestations of Ascaris
suum have been found to cause small intestinal im-
paction in piglets. Herniation of the intestine is most
commonly associated with a patent umbilicus. Small le-
sions are of little consequence, but large pendulous le-
sions become traumatized, with increased risk of intes-
tinal strangulation within the hernia, unless the defect
is corrected surgically.

Torsion of the long axis of the mesentery is a com-
mon condition in pigs and leads to rapid death. The tor-
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3.1. Marked distension of the colon in a 2-month-old pig due to recto-
anal stricture.

3.2. Obstruction of the colon in a 10-day-old piglet due to impaction
with wood shavings.

sion may involve small intestine or both small and large
intestine (Figure 3.3). Rotation is usually anticlock-
wise when viewed from the ventrocaudal aspect.
Torsion is associated with pigs making sudden unpre-
dictable movements, such as sudden deceleration com-
bined with abrupt changes in direction, particularly
when the gut is filled—for example, after feeding or
drinking a large volume of water, or when the intestines
are gas-filled due to pigs being on a highly fermentable
ration. Once torsion occurs, pigs rapidly develop disten-
sion of the abdomen. The intestinal loops become very
turgid and reddish black in color. The mesenteric vascu-
lature is extremely engorged due to obstruction to the
venous return. Other forms of intestinal catastrophe,
such as volvulus of a short length of small intestine fol-
lowed by strangulation of the affected portion, occur
more rarely.

Many forms of inflammatory and degenerative
changes can affect small and large intestine. In its sim-
plest form, loss of surface enterocytes occurs with en-
teropathogenic E. coli and viral infections, including ro-
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3.3. Torsion of the small intestine around the root of the mesentery
in a 5-month-old pig. Above: Distended, hemorrhagic loops of small
intestine containing sanguineous fluid. Below: Root of the mesentery
showing the site of the 360° torsion.

tavirus and coronaviruses. Fluid exudation is a conse-
quence of this epithelial loss and results in watery diar-
rhea and dehydration. Villous atrophy is particularly as-
sociated with coronavirus and rotavirus infections.
Intestinal erosion and necrotizing enteritis in young
pigs is often associated with C. perfringens type C infec-
tion. Cryptosporidium (C. parvum) infection in neonatal
piglets causes villous atrophy, stunting and fusion of
villi, with diarrhea due to malabsorption. Intestinal ul-
ceration is associated with salmonellosis and ulcerative
typhlocolitis, with swine dysentery. So-called “button
ulcers” alert concerns of classical swine fever, but they
are also associated with Salmonella choleraesuis infection
and porcine dermatitis and nephropathy syndrome
(Figure 3.4). Similar lesions have also been recorded in
pigs infected with bovine viral diarrhea virus (Terpstra
and Wensvoort 1988). Degeneration of intestinal crypt
epithelium is associated with coccidial infection and
bovine viral diarrhea virus infection. In coccidiosis due
to Isospora suis damage caused by coccidial development
in the villous and crypt epithelium will result in villous
atrophy, intestinal erosions, and fibrinonecrotic enteri-
tis, mainly affecting the distal jejunum and ileum.
Hyperplasia of crypt epithelium is the major feature of

3.4. Multifocal ulcers in the colonic mucosa of a 4-month-old pig with
porcine dermatitis and nephropathy syndrome.

Lawsonia intracellularis infection and leads to thickening
of the mucosa in the ileum and/or colon (Figure 3.5).
Inflammatory cell infiltration occurs in response to any
cause of disruption to the epithelial barrier as well as en-
teropathogenic infections. Mucosal microabscesses are
a feature of yersiniosis; both Yersinia enterocolitica and Y.
pseudotuberculosis atfect pigs.

Diseases affecting the intestinal tract are among the
most important economic problems affecting pig pro-
duction. The prevalence of diseases in pigs varies be-
tween countries, farming systems and units with differ-
ent health status. Within farms the disease situation is
dynamic and the prevalence can alter quite dramatically
between batches for no apparent reason. Multiple en-
teric infections can occur concurrently, giving rise to
complex clinical disease patterns and difficulties in ar-
riving at successful control measures. The major diseases
are mentioned only briefly here; detailed descriptions of
all are given in other chapters.

In neonatal piglets, enterotoxigenic E. coli remains
the most important disease, with C. perfringens type C
causing problems in certain units, most notably in out-
door farming systems (Figure 3.6). Both diseases can be
controlled by vaccination of breeding stock provided
piglets receive adequate colostrum intake within hours
of birth, prior to intestinal “closure.” The availability of
breeding stock that is genetically resistant to E. coli F4
(K88) strains heralds a new and exciting era in the con-
trol of enteric disease through genetic selection. Other
infections that are commonly reported in the young un-
weaned pig include rotavirus and coccidiosis (I. suis),
with cryptosporidia also being implicated in some
units. It is rare for Salmonella infection to cause signifi-
cant enteric disease in unweaned pigs though subclini-
cal infection, and shedding can occur as a result of con-
tact with sow feces. The viral diseases transmissible
gastroenteritis (TGE) and porcine epidemic diarrhea
(PED) cause severe morbidity and mortality in suscepti-
ble piglets. Vomiting and wasting disease caused by
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3.5. Ileum from a 2-month-old pig with porcine proliferative entero-
pathy (PPE) compared with that of a normal age-matched pig. Above:
Ileum from a case of PPE showing thickening of the mucosa. Below:
Ileum from the unaffected pig showing the normal appearance of the
mucosa.

hemagglutinating encephalomyelitis virus is associated
with vomiting and wasting in suckling piglets, but it ap-
pears to have reduced in prevalence globally over the
last 10-15 years. Porcine adenovirus infection is usually
asymptomatic but occasionally is associated with diar-
rhea and vomiting, with reduced growth rates in piglets
from 2-7 weeks of age. Bovine viral diarrhea virus,
though a known pathogen of pigs, is rarely reported.
Clostridium difficile is a recognized cause of necrotizing
colitis in suckling piglets and it is also of zoonotic im-
portance. However it appears to be a rare or rarely re-
ported infection of pigs. Strongyloides sp. can affect pigs
ranging from 10 days of age up to 3 months old.
Parasites colonize the anterior half of the small intestine
and cause villous atrophy and granulomatous enteritis,
resulting in diarrhea and ill thrift.

A number of these preweaning infections are also ca-
pable of causing disease in young weaners. Postweaning
E. coli continues to be a major cause of postweaning
diarrhea and mortality, and diseases such as rotavirus,
coccidiosis, and cryptosporidiosis can rarely affect

3.6. Hemorrhagic enteritis in three 10-day-old piglets associated with
Clostridium perfringens type C.

piglets up to 6 weeks of age. The disease patterns in units
change dramatically when immunosuppression is a fea-
ture. The emergence of postweaning multisystemic
wasting syndrome (PMWS), which has occurred in
many countries, has dramatically altered patterns of en-
teric disease. The generalized lymphoid depletion that
occurs in weaners with PMWS includes depletion of in-
testinal Peyer’s patches and mesenteric lymph nodes. In
units with PMWS, the age range of susceptibility to dis-
eases such as rotavirus, cryptosporidiosis, and coccidio-
sis increases up to 4-6 weeks, and these enteric diseases
play a significant role in the general ill-thrift problems
suffered by pigs.

Diarrhea is a feature of PMWS outbreaks and in many
instances no enteropathogenic agents are isolated or de-
tected. Histologically the jejunum and ileum may show
a viral-type enteropathy, primarily villous atrophy.
Whether this is directly related to the disease pathogen-
esis or whether it is caused by one or more opportunist
viruses that are unrecognized as yet remains unknown.
Another equally important feature associated with
PMWS is mild bacterial-type colitis. Often bacterial cul-
tures fail to show any recognized bacterial pathogen but
yield a mixed growth of commensal-type organisms.
Histology of the colon shows mixed bacterial infection
of crypts and surface epithelium, accompanied by crypt
inflammation and goblet cell hyperplasia in chronic
cases. This suggests that there is an opportunistic bacte-
rial overgrowth or dysbacteriosis in the colon of affected
pigs, possibly associated with altered enteric immune
processes.

Through growing and finishing periods the most im-
portant economic-limiting diseases continue to be
swine dysentery, porcine proliferative enteropathy
(PPE), and porcine colonic spirochetosis. In PPE, signifi-
cant progress has been made with the development of
serological tests that can be used for herd profiling and
more recently, development of an orally administered
vaccine that has proved successful in controlling PPE in
commercial units. In contrast, there are no commer-
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3.7. Colitis in a 10-week-old pig associated with combined Brachy-
spira pilosicoli and Lawsonia intracellularis infections. Most crypts
contain spirochaetes (S. pilosicoli) and have normal height of crypt
epithelium. One crypt shows hyperplasia of epithelial cells with intra-
cellular curved bacteria (L. intracellularis) at the apical pole of the
cells.

cially available serological tests for swine dysentery or
porcine colonic spirochetosis, and to date, vaccine stud-
ies have proved unsuccessful. The prevalence of Brachy-
spira pilosicoli varies between countries. This infection is
becoming increasingly recognized as a cause of diarrhea
and reduced growth rates. The infection may also be
mild or subclinical. Mixed infections involving Brachy-
spira hyodysenteriae, Brachyspira pilosicoli, L. intracellu-
laris, Salmonella sp., and Yersinia sp. are common in
grow-finish herds with diarrhea and colitis (Figure 3.7).
Achieving the correct diagnosis and finding effective
control measures pose significant challenges for the
swine veterinarian.

The prevalence of parasitic infections varies consid-
erably between units. Many units have achieved total
freedom of enteric parasites, such as Ascaris suum,
Oesophagostomum sp., Trichuris sp., and Hyostrongylus sp.
However “white spot liver” is commonly reported on
abattoir surveys indicating that A. suum infection is still
a notable health problem in some units (Figure 3.8).
Trichuris suis and Oesophagostomum sp. can be causes of
colitis that are often overlooked until nonresponse to
antibiotic agents results in further investigation. Rarely,
coccidiosis (I. suis) can cause acute enteritis and colitis
in naive young adult pigs that are introduced into a
heavily infected environment. Similarly, the hemor-
rhagic enteropathy form of PPE can cause acute hemor-
rhagic diarrhea and deaths in naive young adult pigs in-
troduced into an infected environment. Eimeria sp.
affect older pigs when exposed to yards and pasture con-
taminated with oocysts. Some Eimeria sp. are considered
to be potentially pathogenic, causing villous atrophy
and enteritis. Balantidium coli is commonly present in
the large intestine of pigs. It is a commensal organism
but commonly invades the mucosa if other degenera-
tive or necrotizing lesions are present.

3.8. Small intestine of a 7-week-old piglet heavily infested with Ascaris
suum.

In addition to the common endemic diseases already
mentioned, the serious epidemic diseases classical swine
fever (CSF) and African swine fever (ASF) have an impor-
tant enteric component. Suspected outbreaks should be
reported and investigated appropriately in order to con-
trol the outbreak and limit the spread of infection. TGE
and PED can cause severe diarrhea in all age groups of
pigs in addition to the serious morbidity and mortality
that occur in suckling piglets in particular. In Aujeszky’s
disease, necrotizing enteritis can affect the distal small
intestine in addition to the more commonly recognized
lesions of necrotizing rhinitis and tonsillitis. Control of
TGE, CSF, ASF, and Aujeszky’s disease by vaccination is
the best method of control in some countries where dis-
ease eradication is not possible due to geographic, social,
or political reasons or where there is a constant and un-
controllable threat from wildlife vectors.

The Liver

Congenital anomalies affecting the pig liver are rare.
One recognized condition is a cystic anomaly affecting
bile ducts. The liver is enlarged and shows numerous
fluctuating cystic lesions containing bile. The enlarged
liver causes abdominal distension and piglets have poor
viability.

Traumatic conditions affecting the liver are impor-
tant. In neonatal piglets, rupture of the liver and fatal
hemorrhage is a consequence of trauma, usually in-
flicted accidentally by the sow. Torsion of one or more
liver lobes can affect pigs of any age. It usually affects the
left lateral lobe and results in infarction of the lobe.
Death occurs due to shock or hepatic rupture and hem-
orrhage. Hepatosis dietetica is a diet-associated condi-
tion in which there is massive hepatic necrosis. Experi-
mentally, concurrent deficiencies of sulphur-containing
amino acids, tocopherols, and selenium are required for
development of hepatosis dietetica. The pathogenesis is
not fully understood but it is thought to be associated
with formation of free radicals and their subsequent
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adverse effects. It affects rapidly growing pigs and causes
sudden death.

Many systemic diseases cause nonspecific changes in
the liver, including congestion and inflammatory cell
infiltration. Hemorrhages are a feature of septicemia, for
example, salmonellosis, especially S. choleraesuis infec-
tion. Multifocal white nodules, so-called “paratyphoid
nodules,” are associated with chronic S. choleraesuis in-
fection. Parasitism is undoubtedly the most common
condition affecting the liver. Migrating Ascaris suum
larvae cause mechanical damage in the form of hemor-
rhagic tracts that initiate intense inflammation. Re-
active changes, both repair of tissue and hypersen-
sitivity reaction to excretory and secretory products of
larvae, cause eosinophil infiltration and fibrosis. “White
spot” livers are an economic loss to the farmer (Figure
3.9). In heavy infestations, adult ascarids can migrate up
the bile duct or pancreatic duct causing obstruction,
jaundice, and cholangitis (Figure 3.10). Other parasitic
infections affecting the liver include Cysticercus tenicol-
lis, the metacestode of the tapeworm Taenia hydatigena
(of dogs). Cysts can sometimes be found in the pig peri-
toneal cavity, often attached to the liver. Immature cys-
ticerci migrate through the liver causing tortuous hem-
orrhagic tracts before emerging to encyst. Stephanurus
dentatus infection results in migratory tracts and hepati-
tis. Portal phlebitis with thrombus formation in the por-
tal vein are additional features following oral infection.

Toxicities affecting the liver can be acute or chronic
in nature. Cresol toxicity is caused by exposure to tar
compounds that might have been used in construction
of piggery buildings, accidental environmental spillage,
or “clay pigeons” used as shooting targets. Lesions in-
clude severe hepatocellular necrosis leading to sudden
death. Chronic cresol toxicity results in jaundice, as-
cites, and anemia on account of chronic, progressive de-
struction of hepatic tissue. Iron toxicity occurs occa-
sionally in neonatal piglets, with deaths occurring
within 24 hours of iron-dextran administration. Toxi-
city is associated with marginal or deficient vitamin E
and selenium status. Iron-catalyzed lipoperoxidation
occurs in liver and muscle resulting in hepatic necrosis
and hepatic hemorrhages. Aflatoxicosis is caused by the
use of cereals contaminated with Aspergillus species or
Penicillium puberulum. Lesion development is a chronic
process in which there is liver hypertrophy and progres-
sive fibrosis. The condition results in reduced growth
rates and liver condemnations.

The Pancreas

There has been little focus on pancreatic conditions in
pigs. Pancreatic hypoplasia is rare and associated with
poor growth in individual weaner pigs. The pancreatic
duct can be invaded by Ascaris suum in piglets with
heavy infestations. This can lead to obstruction of the
pancreatic duct resulting in pancreatic necrosis and
acute pancreatitis.
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3.9. “White spot” liver in a 5-month-old pig, associated with Ascaris
suum larval migration.

3.10. Ascaris suum in the common bile duct of a 6-week-old piglet
that was heavily infested.
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Diseases of the Mammary

Christian Klopfenstein, Chantal Farmer, and Guy-Pierre Martineau

Inadequate sow milk production leads to reduced piglet
growth and, in certain cases, to increased mortality in
the litter. The first section of this chapter focus on a
good understanding of the normal physiologic proc-
esses involved in the initiation and maintenance of sow
lactation and on how these processes relate to piglet
growth and mortality. Factors affecting the milk produc-
tion of sows are numerous but they can be synthesized
in three major groups:

1. The number of lactocytes (or epithelial cells) produc-
ing the milk (see mammary gland)

2. The intensity of milk synthesis by lactocyte (see
physiology)

3. The capacity of the other organs and systems to sup-
ply the nutrients needed by the mammary gland (see
homeorhesis)

The second section of this chapter covers some strate-
gies to increase overall milk production of sows (see ma-
nipulating milk production) and the possible etiologies
of early lactational problems (see infectious and nonin-
fectious causes of postpartum dysgalactia syndrome) as
well as treatment and prevention procedures.

MILK PRODUCTION OF SOWS

Measuring Milk Production

Measuring milk production in the sow is more compli-
cated than in other farm animals. The small teats and
the large number of functional mammary glands
(12-14) make hand or mechanical milking difficult.
Moreover, since milk is not available continually after
the colostral phase, milk ejection must be stimulated
and sows would have to be milked more than 24 times a
day to mimic the piglets (Hernandez et al. 1987). Conse-
quently, sow milk production is usually estimated by
taking a number of measurements during the day and
extrapolating to the whole day. Seven to eight measure-
ments over a 24-hour period are reported to provide a

good estimate of daily milk production (Salmon
Legagneur 1965; Mahan et al. 1971). After the colostral
phase, milk letdown has to be initiated with exogenous
oxytocin (see oxytocin in the treatment section).

Best results are obtained by methods using the
piglets to estimate sow milk output. However, in the first
part of lactation, when milk production aptitude is
greater than the ingestion capacity of the piglets, these
methods underestimate the milk production capacity of
the mammary gland. In the second part of lactation,
when milk supply is a limiting factor for piglet growth,
these methods should give a good estimation of the
milk production capacity of the sow.

Milking the Sow. Sows can either be hand-milked,
which requires a lot of manual labor, or milked with a
milking machine. The first sow milking machine was
developed following the discovery of the role of oxy-
tocin for milk ejection (Salmon Legagneur 1959). More
recently, milking machines have been used to compare
milk production between teats (Fraser et al. 1985) and
breeds (Grun et al. 1993a). The use of a milking machine
has been reported to give much more repeatable esti-
mates of sow milk production than those obtained by
hand milking (Fraser et al. 1985); yet, these are not avail-
able commercially.

Sow Weight Loss During Suckling Periods. Weighing
the sow before and after a suckling period is another rec-
ognized but seldom used approach for measuring milk
production. Its greatest drawback is a major lack of pre-
cision because the weight ratio between milk ejected
during each nursing period and sow body weight is ap-
proximately 1:1000 (Salmon Legagneur 1956).

Weigh-Suckle-Weigh. The weigh-suckle-weigh (WSW)
method has been used extensively during the past years
and involves repeated weighing of piglets, preceding
and following nursing, for a certain number of suck-
lings. Apart from the suckling periods, the piglets do not
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have access to the teats. The general approach is to re-
move the piglets from the sow 1 hour prior to the first
suckling period. The following nursing periods occur at
fixed intervals varying between 45 and 60 minutes, and
last on average 4-5 minutes. Before each suckling pe-
riod, the piglets are placed on a cold or wet surface to in-
duce urination and defecation. The piglets can be
weighed individually, as half the litter, or as a litter
(Barber et al. 1955; Salmon Legagneur 1956; Mahan et al.
1971; Lewis et al. 1978; Noblet and Etienne 1989). The
first two estimations should generally be discarded be-
cause of their great variability (Speer and Cox 1984).
One of the main problems with this technique is to ad-
just for piglet urinary, fecal, and metabolic losses.

Piglet Growth. Although conceptually simple, measur-
ing piglet growth has not generally been considered suf-
ficiently precise for lactation studies. The first studies re-
ported that piglet growth was a poor predictor of sow
milk production (R?<0.50) (Salmon Legagneur 1956;
Lewis et al. 1978). These low predictions were likely due
to the difficulty in adequately estimating sow milk pro-
duction. Indeed, recent work demonstrated that milk
production over different parts of lactation can be ade-
quately predicted by using piglet growth (R? between
0.84 and 0.96) (Noblet and Etienne 1989). Based on
these equations and other observations, a conversion

efficiency of approximately 4.5 g of milk per gram of
growth has been estimated (Lewis et al. 1978; Noblet and
Etienne 1989).

Body Water Turnover. Milk production can also be esti-
mated by measuring water turnover in the piglet. This
method measures the dilution of endogenous water by
water absorbed from nursing (MacFarlane et al. 1969).
Each piglet receives a known quantity of deuterium-
labeled water by parenteral injection, prior to nursing.
The difference in isotope concentration preceding and
following nursing represents the dilution effect of milk
absorption and is directly related to sow milk produc-
tion. A correlation of 0.96 was found between the esti-
mated and the actual milk intake of artificially reared
piglets using this technique (Prawirodigdo et al. 1987).

Pattern of Milk Production
Sow milk production is usually described in four phases:
the colostral, ascending, plateau, and descending
phases. Sows in modern production units usually do not
reach the descending phase because they are weaned
during the plateau phase at less than 28 days of lactation.
Typical sow milk production curves are presented in
Figure 4.1 (Toner et al. 1996); they are similar to those
presented by others (Noblet and Etienne 1986; Shoen-
herr et al. 1989; Grun et al. 1993b). In the latter publica-
tions, the end of the ascending phase was around day 14
postpartum, whereas it was reported to occur later
(22-28 days) in some other publications (Elsley 1971;
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4.1. Pattern of milk production (kg/day) of first-litter sows nursing
litters of different sizes (from Toner et al. 1996, reprinted with
permission).

Harkins et al. 1989). This discrepancy may be related
to differences in breeds, nutrition, and parities of the
sows and in the methodology used to estimate milk
production.

Colostral Phase. The term colostrum describes the
mammary secretions obtained during the few days be-
fore and/or after parturition. Colostrum usually con-
tains more proteins, mainly immunoglobulins; less fat;
and less sugar than the milk produced after initiation of
lactation (Dorland 1985). Mammary secretions contain
157, 130, 9, and 6 grams of protein per liter at 0, 6, 12,
and more than 12 hours after the first suckling, respec-
tively (Klobasa et al. 1987). Consequently, the colostral
phase probably ends between 12 and 24 hours after the
first suckling.

Mammary secretions obtained during the first 12
hours postpartum contain large amounts of im-
munoglobulins (60-80 g/L) (Klobasa et al. 1987). During
this short period of time, mammary secretions are con-
tinuously available to the piglets, whereas after the
colostral phase, milk availability becomes cyclical (de
Passillé and Rushen 1989a). Within 48-72 hours post-
partum, piglets establish a teat order in which each
piglet consistently sucks from one or two specific teats
(Fraser 1976; de Passill€ et al. 1988; Roychoudhury et al.
1995). Within 48 hours after parturition, any unsuckled
mammary gland goes through involution and becomes
nonfunctional (Atwood and Hartmann 1993). Conse-
quently, daily milk production and total milk produc-
tion during lactation are proportional to the number of
suckled mammary glands or to the number of piglets in
the litter (R >0.95) (Auldist et al. 1998).

Ascending Phase. The ascending phase of lactation
(approximately day O to 10) is explained by an increase
in nursing frequency as well as an increase in the vol-
ume of milk obtained at each nursing. Nursing fre-



quency doubled between day 2 and day 10 of lactation
(17 vs. 35 nursings/day) (Jensen et al. 1991) and the
quantity of milk obtained at each nursing is reported to
increase from 29 to 53 g between the first and the third
week of lactation (Campbell and Dunkin 1982).

During the ascending phase, sow milk production is
adjusted to the needs of the piglets. Indeed, between
days 4 and 8, litters of heavier piglets (4.45 kg at day 4)
consume more milk (9.1 vs. 7.6 L/day) than litters of
lighter piglets (1.92 kg) (King et al. 1997). It is well
known that most piglets do not consume much creep
feed before they are at least 10 days old (Aumaitre and
Salmon Legagneur 1961). During the first 2 weeks of lac-
tation, the heavier piglets at birth (1.39 kg) ingest more
milk than their lighter littermates (0.89 kg); however,
the milk consumption relative to body weight (g/kg of
live weight) is similar for all piglets (Campbell and
Dunkin 1982). The larger consumption observed among
the heavier piglets was explained by a larger volume in-
gested at each nursing. It appears that during the as-
cending phase of lactation, the dynamic equilibrium
state between the piglets needs and sow milk nutrient
output is so well harmonized that litter size (8 vs. 11) has
very little effect on piglet weight before day 7 of lacta-
tion (Klopfenstein et al. 1999) (Table 4.1).

Plateau Phase. After day 10 of lactation, milk produc-
tion is maximal (Figure 4.1) (King et al. 1997); therefore,
piglet growth may be inhibited by insufficient milk sup-
ply during the later part of lactation, and this inhibition
will be greater with longer lactation and in larger litters
(Table 4.1). The weight difference between suckling
piglets supplemented or not with cow’s milk between
days 7 and 28 of lactation was 140 g on day 14, 756 g on
day 21, and 1761 g on day 28 (Reale 1987). Supplementa-
tion with milk replacer from day 3 to weaning also in-
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creased average piglet weight by 120 g on day 7, 340 g on
day 14, and 910 g on day 21 (Wolter et al. 2002). It was
also reported that, in a 21-day lactation, the growth lim-
itation of suckling piglets could be more than 2 kg per
pig (Harrell et al. 1993). When piglets are weaned at an
early age (14-16 days), which is part of a new manage-
ment procedure in the swine industry, the limiting ef-
fect is likely to be smaller.

Composition of Sow Milk

Sow milk is a complex water solution containing more
than 100 different chemical components. The major com-
ponents are lactose, proteins (casein, alpha-lactalbumin,
beta-globulins, serum albumins, immunoglobulins G
and A), lipids, lactocytes, leucocytes (neutrophils,
eosinophils, lymphocytes, and macrophages), bivalent
ions (calcium, phosphorus, and magnesium) and elec-
trolytes (sodium, potassium, and chloride). The relative
concentrations of these components vary according to
the stage of lactation (Table 4.2). During the colostral
phase protein content decreases rapidly mainly because
of the fall in the concentrations of immunoglobulins.

Table 4.1. Least-square means of piglet weight (kg) at different
ages from randomly chosen litters of different sizes after correc-
tion for birth weight (these litters had no mortality for the 28-day
lactation period).

Age of the Piglets (Days)

Litter Size n 3 7 14 21 28
8 15 1.87 2.82 4.62 6.42 8.21
9 15 1.85 2.78 4.38 6.18 7.91
10 15 1.87 2.72 4.40 6.18 7.89
11 14 1.88 2.72 4.21 5.60 7.10

Source: Data from a data base of 2000 piglet weights from the
Agriculture Canada Research Station, Lennoxville, Quebec.

Table 4.2. Variation of sow milk composition (mean =* std) between the first days (day 1-2) and the plateau phase (day 10-15) of

lactation.

Milk Components Day 1-2 Day 10-15 Difference Source

Lactose (mmol/L) 160 £ 10 190 £ 10 +30 (Konar et al. 1971)

Sodium (mmol/L) 25+5 185 -7 (Konar et al. 1971)
Potassium (mmol/L) 75%5 50+5 =25 (Konar et al. 1971)
Chloride (mmol/L) 255 185 -7 (Konar et al. 1971)

Calcium (mmol/L) 12+3 50+3 +38 (Perrin 1955)

Phosphate (mmol/L) 12+1 14+1 +2 (Perrin 19595)

Magnesium (mmol/L) 4+1 0 (Perrin 1955)

Total protein (g/L) 64+6 515 -13 (Klobasa et al. 1987)

Lipids (g/L) 6515 6515 0 (Klobasa et al. 1987)
Somatic cells (k¢/ml)? 1060 = 790 2012 £ 990 +952 (Schollenberger et al. 1986)
Leucocytes (k¢/ml)1:2 748 + 509 886 + 519 +138 (Schollenberger et al. 1986)
Lactocytes (k¢/ml)",2 152 £ 103 503 £ 315 +351 (Schollenberger et al. 1986)
Anucleate cells (k¢/ml)? 147 + 160 727 £ 63 +580 (Schollenberger et al. 1986)
% de leucocytes 70 44 -26 (Schollenberger et al. 1986)

Source: adapted from Klopfenstein 2003.
1k¢ = 1000 cells.

2Somatic cells found in the first colostrum (<12 hours) contains many more cells than milk obtained at day 1-2 (>8000 k¢/ml, 98%

leucocytes) (Evans et al. 1982; Magnusson et al. 1991).

3Leucocyctes are the sum of neutrophils, eosinophils, lymphocytes, and macrophages.
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Somatic Cells of Normal Milk. The somatic cell content
of mammary secretions from healthy sows is much
greater than that in milk of healthy cows: between 1 and
4 million cells per milliliter (M¢/ml) in sows (Evans et al.
1982; Schollenberger et al. 1986; Hurley and Grieve
1988; Magnusson et al. 1991; Drendel and Wendt 1993a;
Klopfenstein 2003) compared to less than 1 million cells
in cows (Paape et al. 1963). The first mammary secre-
tions obtained at parturition contain many more so-
matic cells (>8 M¢/ml) than milk obtained later in lacta-
tion (Evans et al. 1982; Magnusson et al. 1991). These
somatic cells are mainly composed of epithelial cells
and leucocytes. The relative concentrations of the vari-
ous cell types vary with the stage of lactation. In milk
collected during the colostral phase, most cells are leu-
cocytes (>98%), whereas during the rest of lactation
(days 7, 14, and 28), the cells are predominantly epithe-
lial cells (Evans et al. 1982; Schollenberger et al. 1986;
Magnusson et al. 1991).

Somatic Cells of Mastitic Milk. Somatic cells content
found in the milk of infected mammary glands is simi-
lar (12-35 M¢/ml) to those observed during the
colostral phase or during involution (Drendel and
Wendt 1993b). Somatic cells found in the milk of in-
fected glands are mainly (>75%) leucocytes. Therefore,
during sow lactation, a cellular content over 12 M¢/ml
with a increased proportion of leucocytes is an indica-
tion of mammary gland alteration. However, during the
colostral phase, we cannot, solely based on milk cellular
content, discriminate between mammary gland infec-
tion and retarded lactogenesis (Drendel and Wendt
1993Db).

MAMMARY GLAND

Anatomy
External Structure. The mammary glands of swine are
located in two parallel rows along the ventral body wall,
from the thoracic region to the inguinal area. In com-
mercial breeds, their number varies generally between
12 and 18 per animal (Labroue et al. 2001) whereas pigs
of the Meishan breed can have up to 22 mammary
glands (personal communication, L. Maignel, Canadian
Center of Swine Improvement, www.ccsi.ca). As sug-
gested by Muirhead (1991), boars and gilts should be re-
tained for breeding only if they have 14 well-placed nor-
mal nipples. The rows of teats should be parallel because
when the teats diverge from a straight line just before
and after the umbilicus, the sows have poor teat presen-
tation therefore limiting accessibility of the teats to the
piglets. Sows with poor teat presentation usually have
large girth widths, which tends to spread the teat rows
apart. Poor teat placement could be a major reason for
failure of sows to rear 11 or 12 piglets (Muirhead 1991).
The glands are attached to the ventral body wall by
adipose and connective tissue arising from the abdomi-

nal fascia. Each mammary gland normally has one teat,
or nipple, with two separate teat canals. When the teat
sphincter is not visible (inverted teat) it has a 50%
chance of remaining blind. Functional supernumerary
smaller teats can also be found. Paired vestigial non-
functional accessory teats, not connected to glandular
tissue, may also occur (Molenat and Thibeault 1977;
Labroue et al. 2001).

Internal Structure. The microscopic and macroscopic
anatomy of the porcine mammary gland has been de-
scribed by Barone (1978), Schummer et al. (1981), and
Calhoun and Stinson (1987). In the nulliparous sow, the
mammary gland consists of cell buds distributed among
fat and connective tissue, whereas in the lactating
gland, the connective tissue is largely displaced by glan-
dular parenchyma. The mammary glands of the lactat-
ing sow are composed of a compound tubuloalveolar tis-
sue with the secretory units arranged in lobules. The
lobules are lined by epithelial cells, generally described
as lactocytes, which synthesize milk. These secreting
units are connected by a nonsecreting duct system to an
ostium found on the teat. There are usually two com-
plete gland systems within each mammary gland of the
pig. The glandular tissue of one system usually interdig-
itates with the other, although the components of the
two systems are independent. Usually, each teat has two
openings, one for each glandular system, but sometimes
a third ostium can be seen. In these animals, one ostium
ends blindly and has no glandular tissue.

The arterial, venous, and lymphatic circulation of
the mammary glands in swine is provided on each side
of the ventral midline by a network that extends longi-
tudinally from the axillary to the inguinal regions
(Barone 1978; Schummer et al. 1981; Lignereux et al.
1996) (Figure 4.2). Moreover, in swine there is a venous
anastomosis between the right and left mammary gland
of each pair of glands.

Nerve supply to the cranial mammary glands differs
from that to the inguinal glands. Cranial mammary
glands receive their innervation from the last eight or
nine thoracic nerves while inguinal mammary glands
receive their innervation mainly from the pudendal
nerve (Gandhi and Getty 1969a,b; Ghoshal 1975). A
more complete anatomical and histological description
of the porcine mammary gland can be found in the sev-
enth edition of Diseases of Swine (Smith et al. 1992).

Mammogenesis
The extent of mammary growth is largely related to the
number of lactocytes present and has a determinant im-
pact on milk capacity of the sow. Mammary growth
starts at the fetal stage but occurs mainly postnatally
and, to a greater extent, at the end of gestation; yet it
still takes place during lactation.

The mammary glands of newborn piglets have a
poorly developed duct system and are largely composed
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4.2. Mammary veins of the sow (from Dejean 1971, as modified by Lignereux et al. 1996, reprinted with permission).

of subcutaneous stromal tissue (Hughes and Varley
1980). Accumulation of mammary tissue and mammary
DNA (which is indicative of cell number) is slow until 90
days of age, at which time the rate of accretion of mam-
mary tissue and DNA increases four- to sixfold (Sorensen
et al. 2002a). By the time the gilt is mated, the mam-
mary gland is still very small but it consists of an exten-
sive duct system with various budlike outgrowths
(Turner 1952).

In pregnant gilts, quantitative development of the
mammary glands is slow in the first two-thirds of preg-
nancy, while almost all accumulation of mammary tis-
sue and DNA takes place in the last third of gestation
(Hacker and Hill 1972; Kensinger et al. 1982; Sorensen et
al. 2002a). The mammary glands undergo major histo-
logical changes as the adipose and stromal tissues are re-
placed by lobuloalveolar tissue to become the milk se-
cretory apparatus (Hacker and Hill 1972; Kensinger et al.
1982). Both histological changes and differences in DNA
concentrations in mammary tissues from gilts indicate
increased tissue differentiation between days 75 and 90
of gestation, with maximum cell concentrations present
by day 90 (Kensinger et al. 1982).

Allometric mammary gland development occurs
mainly during the last 10 days of gestation and contin-
ues during lactation (Hurley 2001). Average mammary
gland wet weight of gilts was reported to remain fairly
stable (approximately 100 g) up to day 110 of gestation
and to increase up to 373 g by day 112 (Sorensen et al.
2002a). Average mammary weight of the suckled glands
then increased linearly from 381 g on day S of lactation
up to 593 g on day 21 (57% increase) (Kim et al. 1999).
Another study showed that mammary gland wet weight
increased by 70, 20, and 30% between day 113 of gesta-
tion and day 26 of lactation, for sows of parity 1, 2, and
3, respectively (Beyer et al. 1994). The increase in mam-
mary volume during lactation is mainly the conse-

quence of mammary gland cellular hyperplasia, rather
than hypertrophy, as demonstrated by DNA analysis
(Kim et al. 1999).

Factors Affecting Mammary Gland
Development

Hormones. Estrogens are important for mammogenesis
(Kensinger et al. 1986) and the shift in the rate of mam-
mary development occurring at approximately 90 days
of age is likely linked to the onset of ovarian activity
(Sorensen et al. 2002a). The finding that mammary de-
velopment is enhanced with the onset of puberty in gilts
corroborates this and even suggests that early onset of
puberty may be beneficial for mammogenesis in swine
(Farmer et al. 2004b). Prolactin was recently shown to
have a great impact on the mammary development tak-
ing place before puberty. When injected to gilts for a pe-
riod of 28 days, starting at 75 kg body weight, porcine
prolactin stimulates mammary development through an
increase in the number of milk secretory cells (Palin and
Farmer 2004). The impact of such a treatment on future
sow milk yield still needs to be determined.

During pregnancy, the formation of lobuloalveolar
cells is related to increases in estrogen and progesterone
concentrations in the maternal circulation (Ash and
Heap 1975), while concentrations of prolactin remain
low (Dusza and Krzymowska 1981). After day 105 of
pregnancy, decreasing progesterone and increasing es-
trogen concentrations are related to a tremendous in-
crease in metabolic activity of the mammary gland
(Robertson and King 1974; Knight et al. 1977; Kensinger
et al. 1986). The mechanism by which estrogens affect
the mammary epithelium is not known; it is possible
that they induce prolactin receptors in the mammary
gland. There is also a positive association between pro-
lactin levels and mammary wet weight at day 110 of ges-
tation, which may be due to the effect of prolactin on
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water movement into the gland (Kensinger et al. 1986).
Prolactin was recently shown to play an essential role for
mammogenesis in pregnant swine. Inhibition of pro-
lactin in the last third of pregnancy drastically decreases
mammary development in gilts (Farmer et al. 2000) and
the timing of its necessary action for mammogenesis
was more specifically identified as being from days 90 to
109 of gestation (Farmer and Petitclerc 2003).

Buttle (1988) reported that ovariectomy, but not re-
moval of the corpora lutea, of gilts at day 60 of gestation
delays the onset of lobuloalveolar development in the
mammary glands, suggesting that the ovarian stroma or
follicles produce a factor stimulating the onset of lobu-
loalveolar development. Later, Hurley et al. (1991) de-
monstrated that relaxin replacement therapy after
ovariectomy restores mammary parenchymal develop-
ment. Therefore relaxin plays a major role in promoting
mammogenesis in gilts during the last third of preg-
nancy. Relaxin increases growth of parenchyma and de-
creases mammary fat pad while having no effect on the
cellular composition of mammary parenchyma. The
mechanism of action of relaxin on mammary develop-
ment is unknown, yet it seems likely that it requires es-
trogen priming as well as interaction with other mam-
motropic hormones, such as prolactin (Hurley et al.
1991).

Nutrition. Feeding of gilts or sows in the two periods of
rapid mammary development (i.e., from 90 days of age
until puberty and during the last third of gestation) can
have a major impact on the extent of this development.
Sorensen et al. (2002b) suggested that a period of ad libi-
tum feeding before puberty is needed to maximize
mammary growth in gilts. In accordance, Lyvers-Peffer
and Rozeboom (2001) showed that decreasing energy
intake of gilts at specific periods between 9 and 25 weeks
of age reduces weight of parenchymal tissue and tends
to lower mammary DNA at the end of gestation. Farmer
et al. (2004b) also demonstrated that a 20% feed restric-
tion, starting at 90 days of age, decreases mammary
parenchymal tissue mass by 26% at 210 days of age in
gilts. On the other hand, feeding a lower protein diet
(14.4% vs. 18.7% crude protein) during that same period
of time does not hinder mammary development of gilts,
as long as feed intakes of 2.5 and 3.3 kg/day are main-
tained from 90 to 150 days and from 151 to 200 days of
age, respectively.

The last month of pregnancy is critical for the devel-
opment of milk-secreting tissue. Various studies were
conducted to examine the influence of increased energy
and protein intakes in this period on mammary devel-
opment; however, results are controversial. Weldon et
al. (1991) reported that increased dietary protein be-
tween day 75 and 105 of gestation did not benefit mam-
mary development. Howard et al. (1994) saw no effect of
elevated energy intake and fat accretion in gestation on
mammary development of pregnant gilts. Kusina et al.

(19995) also reported that even though protein intake in
gestation favorably affected milk yield, this increase was
not due to an improvement in mammary development.
On the other hand, when manipulating the body com-
position of gilts by changing their protein and energy
intakes during pregnancy, it was found that fat gilts pro-
duce less milk than lean gilts (7.0 vs. 9.0 L/day) at the
same body weight (Head and Williams 1991). When fos-
tering 2-week-old piglets onto gilts that were either fat
or lean at the beginning of lactation, lean gilts had a
much greater milk output than fat gilts, thereby suggest-
ing that the number of secretory cells at the beginning
of lactation can have a very strong effect on the amount
of milk produced (Pluske et al. 1995a).

Mammary Gland Involution

Suckled mammary glands of sows undergo dramatic
changes during the initial 7 days after weaning, with
significant changes occurring even as early as 2 days
after weaning (Ford et al. 2003). Mammary gland wet
weight decreases from 485.9 g on the day of weaning (at
22 days postpartum) to 151.5 g by 7 days after weaning;
mammary DNA also decreases from 838.8 mg to 278.4
mg for this same period of time. These changes in gland
wet weight and DNA during the period of mammary
gland involution in the sow represent losses of over two-
thirds of the parenchymal mass and nearly two-thirds of
the cells that were present on the day of weaning (Ford
et al. 2003). Mammary gland involution in the sow is a
rapid process, which is probably irreversible within 2 or
3 days postweaning, but it is a process that also occurs in
early lactation. Indeed, once teat order is established,
mammary glands that are not regularly suckled begin to
regress through involution. This regression occurs rap-
idly during the first 7 to 10 days postpartum and seems
to be affected by dietary nutrient levels (Kim et al. 2001).
Mammary glands that are not suckled during lactation
undergo no further reduction in parenchymal tissue
during the first 7 days after weaning (Ford et al. 2003). It
is of interest to mention that mammary glands that are
suckled during lactation are larger than the nonsuckled
glands at the end of involution. This may suggest more
mammary tissue being available for redevelopment dur-
ing the subsequent pregnancy and, therefore, greater
productivity in the next lactation (Ford et al. 2003). On
the other hand, a Norwegian study showed that inactive
mammary glands for one or two lactation may have full
milk yield in the subsequent lactation (Gut-a Porta et al.
2004).

The abrupt cessation of lactation in sows when milk
production is at a maximum (3 to 4 weeks) brings about
drastic changes in metabolic activity of the mammary
glands and endocrine status. There is a decrease in milk
lactose, a transient decrease followed by an increase in
milk glucose and increases in plasma lactose and glucose
(Atwood and Hartmann 1995), which is due to alter-
ations in the status of the tight junctions between mam-



mary epithelial cells (Figure 4.3). In the week following
weaning, the mammary alveoli regress (Hacker 1970)
and the secretory glandular mass is replaced by adipose
tissue in which a new alveolar system develops in the
following pregnancy (Delouis 1986). The absence of
stimulation of the mammary glands stops the regular se-
cretion of prolactin (Benjaminsen 1981b) while the con-
centrations of gonadotropic hormones start to increase,
allowing ovarian cycles to resume (Stevenson et al.
1981). It was recently hypothesized that estrogens could
affect the mammary involution process; however, the
administration of estrogens during the postweaning pe-
riod did not enhance overall rate of mammary involu-
tion in sows when litters were weaned at 21 days of lac-
tation (Ford et al. 2003).

PHYSIOLOGY OF MILK PRODUCTION

Milk Synthesis

Lactocytes are highly specialized cells that have the ca-
pacity to synthesize sugars, proteins, and lipids (Akers
2002). One gram of mammary tissue has the potential
to produce 1.67 ml of milk per day (Akers 2002). Lacto-
cytes are rich in mitochondria, rough endoplasmic reti-
culum (RER), and RNA (ribosomal, messenger and trans-
port), and they have a large Golgi apparatus that allows
protein and lactose synthesis (Mepham 1987). The cel-
lular concentration of these functional organelles can
be used as indicators of intensity of milk component
synthesis.

Proteins. Sow milk proteins (50-70 g/L) are mainly
constituted of caseins (25-30 g/L), beta-globulins (ap-
proximately 5 g/L), IgA (5 g/L), alpha-lactalbumins (ap-
proximately 3 g/L) and smaller amounts of other pro-
teins (IgG, IgM, serum albumins, etc.) (Klobasa and
Butler 1987; Dodd et al. 1994). Most of these proteins are
synthesized from amino acids present in the serum and
excreted from the Golgi in the alveoli with lactose,
water, and electrolytes (Mepham 1983, 1987; Trottier et
al. 1997). The uptake of amino acids by mammary gland
tissue was recently studied and reported (Hurley et al.
2000; Jackson et al. 2000; Bryson et al. 2001).

The intensity of protein synthesis by the mammary
gland is often estimated by the RNA/DNA ratio. In sows,
this ratio is less than 1 at 90 days of gestation, equal to 2
at parturition, and higher than 2.5 on day 4 of lactation
(Kensinger et al. 1982). These findings therefore support
the idea that the intensity of protein synthesis increases
between the end of gestation and parturition but also
continues to change at least during the first days of
lactation.

Lactose. Lactose is the most predominant molecule in
milk and is synthesized in the Golgi apparatus from glu-
cose molecules. The Golgi apparatus is a cellular compo-
nent that is permeable to glucose and nonpermeable to
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lactose (Leong et al. 1990). This physical characteristic is
one of the fundamental mechanisms allowing the cre-
ation of an osmotic gradient essential to milk secretion
(Peaker 1978). In sows’ milk, the concentration of lactose
increases from 89 mmol/L up to 175 mmol/L between
parturition and day 7 of lactation, and then remains sta-
ble up to day 28 (Klobasa et al. 1987). This supports the
idea that the intensity of milk synthesis by lactocytes in-
creases up to day 7 of lactation; however, the extent of
protein and of lactose synthesis (milk volume) are not
necessarily similar. Indeed, the concentration of milk
protein goes down whereas that of lactose increases as
lactation proceeds (Klopfenstein 2003) (Table 4.2).

Lipids. The lipids present in sow milk are mainly
triglycerides (>95%) and they vary in length because
they originate from three different sources: from fatty
acids obtained from the digestive tract, from those ob-
tained by tissue lipolysis, or synthesized de novo from
glucose and organic acids (Mepham 1987; Migdal 1991).

Minerals. Milk contains many mineral substances (ap-
proximately 7 g/L) (Noblet and Etienne 1986). The most
common minerals (5-75 mmol/L) are sodium, potas-
sium, chloride, calcium, phosphorus, and magnesium
(Park et al. 1994) (Table 4.2). Traces (<1 mmol/L) of sul-
fur, zinc, boron, copper, aluminum, molybdenum, and
manganese can also be found (Park et al. 1994). These
minerals are either free in solution or bound to proteins.

Lactogenesis

The initiation of the capacity of the mammary gland to
synthesize unique milk components such as lactose, ca-
sein, and lipids is termed lactogenesis and is often de-
scribed as a two-phase process. Lactogenesis phase I
refers to preparation of the mammary tissue for the syn-
thesis of milk components, and lactogenesis phase II,
generally occurring around parturition, describes the
start of important milk synthesis and secretion (Hart-
mann et al. 1995).

Abundant quantities of milk components appear in
the alveoli between days 90 and 105 of gestation, thereby
indicating the beginning of the lactogenic process
(Kensinger et al. 1982). However, hardly any secretion
can be obtained from the teats until parturition, and
then suddenly, around the time of farrowing, copious
mammary secretion can be easily extracted from the
glands. This could be related to serum transudation
(Figure 4.3) occurring because of the major vascular reor-
ganization taking place at farrowing. Indeed, serum vol-
ume increases by more than 20% prior to parturition to
supply the uterus (Matte and Girard 1996) and as farrow-
ing proceeds, the excess serum needs to be eliminated
and could very well be excreted through the mammary
glands. At the end of gestation and during the colostral
phase, the junctions between epithelial cells surround-
ing the alveoli are not tight and allow serum transudate
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4.3. Origins of mammary output during the colostral and lacteal
phases of lactation in the sow.

to leak from the bloodstream into the mammary secre-
tions and milk components to leak from the mammary
gland alveoli back to the bloodstream (Figure 4.3).
Although serum transudation may contribute to the vol-
ume of colostrum obtained by the piglets, its contribu-
tion is most likely very short in duration.

During the colostral phase, lactose is present in high
concentrations in the plasma of sows (>200 mmol/L)
(Hartmann et al. 1984), and all the immunoglobulins G
found in mammary secretions originate from the
plasma (Bourne and Curtis 1973). On the other hand,
during lactation, plasma lactose concentrations are low
(<100 mmol/L) (Hartmann et al. 1984), and most of the
immunoglobulins present in the mammary secretions
are synthesized locally (Bourne and Curtis 1973).
Similar patterns were found for the plasmatic concen-
trations of milk whey proteins during the colostral and
lactation phases in swine (Dodd et al. 1994).

The onset of milk component synthesis is closely re-
lated to the decline in serum progesterone concentra-
tions seen during farrowing (Robertson and King 1974;
Hartmann et al. 1984). Moreover, exogenous proges-
terone administration during late pregnancy delays the
beginning of copious milk synthesis in the sow (Whitely
et al. 1990). Progesterone withdrawal is therefore con-
sidered to be the hormonal signal for the initiation of
copious milk synthesis in swine. It is likely that the de-
crease in progesterone has the function of priming the
gland, whereas withdrawal of colostrum from the
glands would trigger the initiation of copious milk se-
cretion (Hartmann et al. 1995). Prolactin is also a key
hormone for the onset of lactation in sows, as in various
other species (Tucker 1985). In the pregnant sow, sup-
pression of the prepartum peak of prolactin inhibits
subsequent milk production (Whitacre and Threlfall
1981; Taverne et al. 1982).

Milk Ejection

During the colostral phase, and particularly during par-
turition and the first hours afterward, colostrum ejec-
tion is elicited with ease. At parturition, distension of
the cervix for the passage of the piglets and movements
of the sow are enough to lead to colostrum ejection
(Fraser 1984). Moreover, a sow can cause milk to spurt
from the teats by pressing them with her back leg during
an attempt to rise (Castren et al. 1989). Colostrum ejec-
tions are often as frequent as every 10-20 minutes, and
the period of high intramammary pressure, permitting
colostrum withdrawal, may be sustained for a minute or
more. However, once 50-100 ml of colostrum have been
removed, the intramammary pressure is reduced to the
point that further withdrawal is more difficult (Fraser
1984).

After the colostral phase, and for the rest of lactation,
milk ejection is cyclical, with approximately 24 cycles
per day (Whittemore and Fraser 1974; Lewis and Hurnik
1985; Castren et al. 1993). The removal of milk from the
alveoli and ductal system of the porcine mammary
glands requires a neuroendocrine milk ejection reflex
elicited by piglets massaging the udder (Fraser 1980).
This reflex consists of an afferent neural pathway and an
efferent pathway involving the release of oxytocin and
the ejection of milk (Hartmann and Holmes 1989). The
activation of neural receptors within the teats of the
mammary gland by the nuzzling and suckling of piglets
stimulates the release of oxytocin from the posterior pi-
tuitary. Oxytocin then stimulates the contraction of
myoepithelial cells surrounding the alveolar lumen,
thereby forcing milk through the ductal system to the
teats (Ellendorf et al. 1982). The amount of oxytocin re-
leased during sucklings is not dependent on the massag-
ing time or the number of piglets massaging the udder,
but a certain amount of udder stimulation is needed to
trigger oxytocin release (Algers et al. 1990). On the other
hand, growth rate of piglets is not affected by the peak
amplitude in intramammary pressure (Kent et al. 2003),
which is linked to oxytocin levels. The increase in circu-
lating oxytocin concentrations can occur up to 30 sec-
onds before milk ejection (Ellendorf et al. 1982), which
is very short in duration and lasts only 10-20 seconds
(Fraser 1980). Whitely et al. (1985) observed acute
episodic releases of relaxin in the blood of sows, both
when piglets suckled and after the administration of
oxytocin. These authors suggested that relaxin could
oppose the action of oxytocin and/or provide a negative
feedback on the hypothalamus for the suppression of
oxytocin secretion.

During sow lactation not all nursings are successful.
Two types of unsuccessful sucklings can be distin-
guished: those affecting some piglets of a litter and
those affecting the whole litter. Among the latter, one
must distinguish between sucklings terminated by the
piglets and those terminated by the sow (Illmann and
Madlafousek 19935). Unsuccessful sucklings affecting the



whole litter become more frequent after the colostral
phase, both in a natural environment (Castren 1993)
and in confinement (Fraser 1977). They are character-
ized by an absence in rise in intramammary pressure, as-
sociated with a lack of increase in plasma oxytocin
(Ellendorf et al. 1982). During the first 10 days of lacta-
tion the proportion of unsuccessful sucklings is re-
ported to be between 20% and 40% (Fraser 1977; Jensen
etal. 1991). Although frequent and requiring a lot of en-
ergy from the piglets, ejection failures may be a func-
tional part of nursing in pigs and may play a role in
maintaining lactation (Algers 1993). This is supported
by the fact that plasma concentrations of lactogenic
hormones tend to rise after an unsuccessful nursing
(Rushen et al. 1993). On the other hand, an external
stress can lead to failed milk ejections; for example, plac-
ing sows in a novel environment increases the chance
that the subsequent nursing attempt will fail to lead to
milk ejection (Rushen et al. 1995). This stress-induced
inhibition of milk ejection is not due to increased con-
centrations of cortisol or adrenocorticotropic hormone
(ACTH) but is likely caused by an opioid-mediated inhi-
bition of oxytocin (Rushen et al. 1995). It is of interest to
note that even if it increases the chances of unsuccessful
sucklings, the stress of a novel environment does not
lead to a general increase in the threshold of stimulation
of the mammary gland that is required for oxytocin re-
lease (Rushen et al. 1995).

Control of Milk Production

Milk Removal. Removal of milk from the mammary
glands is of utmost importance in order to maintain
milk secretion. Indeed, suckling and milk removal are
the major stimulators of mammary growth during lacta-
tion in the sow and mammary glands that are underde-
veloped at parturition can still grow rapidly in response
to suckling (Hurley 2001). As milk is secreted from the
mammary epithelial cells into the alveolar lumen, milk
components accumulate in the lumen. One of these
components is an autocrine factor, termed feedback in-
hibitor of lactation or FIL (Peaker and Wilde 1987), which
is known to feed back and inhibit further milk secretion
from alveolar epithelial cells. Indeed, milk stasis in alve-
olar spaces is known to be the primary stimulus for the
end of lactation and involution of alveoli in swine (Boyd
et al. 1995). Removal of milk therefore removes FIL and
allows for continued milk secretion. Milk accumulation
in the gland also causes an increase in intramammary
pressure, which reduces blood flow to the tissue (Hurley
2001). Furthermore, the stimulus of suckling or massag-
ing the mammary glands by the piglets brings about in-
creases in circulating prolactin concentrations in the
sow (Spinka et al. 1999), which is a known galactopoi-
etic hormone (Farmer 2001). The importance of milk re-
moval may also be shown by the fact that a drastic in-
crease in nursing stimulus increases milk energy output
(Sauber et al. 1994). Moreover, on days 7 and 8 of lacta-
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tion, nursing frequency plays a crucial role in adjusting
total daily milk output (Spinka et al. 1997). Piglet behav-
ior is therefore important in modulating sow milk pro-
duction, but the effect of nursing behaviors could be
due either to more complete milk removal or to modi-
fied hormonal release (Ellendorf et al. 1982).

Nursing Frequency. As described earlier, the increase
in nursing frequency is one of the major factors explain-
ing the observed increasing milk production during the
ascending phase of milk production. Nursing frequency
is approximately 17 per day at parturition, it increases
up to 35 per day at the peak of lactation (day 8 to 10),
and then it tends to decrease slightly (20 to 30 per day)
up to weaning (Jensen et al. 1991; Spinka et al. 1997;
Puppe and Tuchscherer 2000; Farmer et al. 2001; Fisette
et al. 2004; van den Brand et al. 2004). The slight de-
crease in nursing frequency in late lactation is indicative
of a lower maternal investment.

Nursing frequency seems to be similar between day
and night on day 10 of lactation, whereas it decreases
during the night on day 17 (van den Brand et al. 2004).
Nursing frequency also tends to be greater in sows on a
low feeding level. This could easily be explained by the
fact that piglets suckled by sows fed a low feeding level
have a greater feeding motivation due to the lower milk
yield. On the other hand, it is also possible that sows
with a low feed intake terminate nursings more often
due to their greater restlessness (van den Brand et al.
2004).

Hormonal Control. The activation of neural receptors
within the mammary glands by the nuzzling and suck-
ling of piglets stimulates not only the release of oxytocin
from the posterior pituitary but also the release of pro-
lactin, growth hormone (GH), ACTH, and thyroid-
stimulating hormone from the anterior pituitary.
Hormones from the anterior pituitary have the function
of maintaining the synthesis of milk from the mam-
mary epithelial cells (Delouis 1986).

The role of GH for milk production can be either di-
rect or indirect (Flint 1995). Its direct role is via its impli-
cation as a regulator of nutrient partitioning for milk
component synthesis. Its indirect role is via an increase
in the concentrations of insulin-like growth factor I
(IGF-I), which acts upon the mammary epithelial cells.
When circulating levels of GH and IGF-I were reduced in
lactation by immunizing sows against GH-releasing fac-
tor, milk yield (measured by the WSW method) was sig-
nificantly decreased yet the growth rate of the piglets
was unaltered (Armstrong et al. 1994). It was concluded
that GH may have a facilitative, rather than an essential,
role in support of lactation in sows.

Until recently, the role of prolactin once lactation is
initiated was not clear. It was originally thought that
prolactin might be important in the prefarrowing pe-
riod (Smith and Wagner 1980) but was not essential for
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milk synthesis in later lactation (Benjaminsen 1981a;
Bevers et al. 1983; Mattioli and Seren 1985). Yet, in a re-
cent study where the secretion of prolactin was system-
atically inhibited at various stages of lactation, the
weight gain of piglets was suppressed in the week during
which prolactin secretion was suppressed (Farmer et al.
1997). These results therefore clearly demonstrate that
prolactin is essential for both the initiation and the
maintenance of milk production in sows. This is in
agreement with results of Plaut et al. (1989), who
showed that the binding of prolactin to its receptor is a
major effector of milk production in sows.

Thyroid hormones are required for various meta-
bolic functions, such as oxygen consumption and pro-
tein synthesis by the mammary gland, that are closely
related to milk production (Tucker 1985). The tripep-
tide thyrotropin-releasing factor (TRF) also stimulates
the release of thyroid hormones and of prolactin in the
circulation of sows (Dubreuil et al. 1990), which could
lead to a possible involvement in the control of milk
production.

HOMEORHESIS

The gestation and lactation periods are two complex
physiological processes that imply dynamic changes in
behavior and body composition. These dynamic
changes are related to modifications in energy, protein,
water, and mineral metabolisms, and they are particu-
larly important around the time of farrowing. The dy-
namic equilibrium between all different characteristics
needed to carry through gestation and lactation has
been described by the Greek term homeorhesis (Bauman
and Currie 1980). Although the change from gestation
to lactation has an impact on almost all systems of
the sow, the present chapter will cover only those that
are most crucial for the initiation and maintenance of
lactation.

Sow Behavior

Four behavioral changes have been observed between
the end of gestation and the beginning of lactation in
sows maintained under natural conditions:

1. Approximately 24 hours before parturition, the sow
becomes hyperactive and leaves her group in order to
build a nest.

2. On the day of parturition and the following day, the
sow spends most of her time in or within a few meters
of the nest, mainly resting and nursing her piglets.
She leaves the nest only to drink or urinate.

3. During the next days (3-10), the sow extends her for-
aging excursions in time and in distance, while the
piglets remain in the nest.

4. After day 10, the sow leaves the nest with her piglets,
and the whole family joins the herd (Jensen 1986;
Stangel and Jensen 1991; Jensen et al. 1993).

Sows maintained in farrowing crates tend to have simi-
lar behaviors (Meunier Salaun et al. 1991; Cronin et al.
1994, 1996; Klopfenstein 2003) (Figure 4.4). The day be-
fore farrowing, the number of position changes, the
proportion of time spent standing and water intake in-
crease substantially compared to the preceding days
(Figure 4.4). After farrowing, sows are very lethargic
(95% in lateral recumbency) in their crates and they
stand up mainly for feeding. After day 3, sows gradually
decrease their time in lateral recumbency to attain less
than 50% at day 21.

The nursing behavior of sows changes over the lacta-
tion period and is probably related to the milk supply.
During the first days after parturition, when milk pro-
duction is greater than the piglets’ needs, most (>85%)
of the sucklings are initiated by the sow and are termi-
nated by the piglets. After the fourth week of lactation,
when the milk supply becomes limited for the needs of
the piglets, most sucklings are initiated by the piglets
and terminated by the sow (Jensen 1988; Jensen et al.
1991). Results during the period of midlactation are not
as clear. According to the work of Boe (1991), on day 10,
80% of the sucklings are still initiated by the sow, but ac-
cording to the observations of Jensen et al. (1991), this
proportion might be only 55%. The sow terminates the
sucklings by leaving the piglets or by rolling over on her
belly and hiding her udder to limit access (de Passillé
and Rushen 1989a).

Energy Metabolism

The heat excreted by each sow almost doubles between
the end of gestation and the beginning of lactation (18
vs. 35 MJ per day) (Noblet and Close 1980; Noblet and
Etienne 1987). This increased heat production is the
consequence of the intensity of the metabolic activity
necessary to sustain milk production. This extra heat
production has an impact on rectal temperature and
heat stress management during lactation.

Rectal Temperature. The normal rectal temperature of
healthy gestating sows is reported to be between 38.3°C
and 38.5°C (King et al. 1972; Elmore et al. 1979; Messias
de Braganca et al. 1997; Klopfenstein et al. 1997; Klop-
fenstein 2003), with little variation between studies.
After parturition and during lactation, the rectal tem-
perature of sows in crates is reported to increase by 1°C
(King et al. 1972; Elmore et al. 1979). Healthy lactating
sows have difficulty maintaining stable rectal tempera-
tures, values as low as 38.4°C (Cornette 1950; Ringarp
1960) and as high as 40.5°C (Messias de Braganca et al.
1997) have been reported. These wide variations are
most likely the consequence of the heat stress induced
by increased internal heat production and high envi-
ronmental temperatures in farrowing rooms. Conse-
quently, feed intake, room temperature, and type of
housing affect the capacity of lactating sows to main-
tain their body temperature. Restricted-fed sows have



lower rectal temperatures than sows fed ad libitum
(Moser et al. 1987; Persson et al. 1989; Messias de
Braganca et al. 1997). Similarly, GH supplementation,
which alters sow metabolism, increased rectal tempera-
ture (estimated weekly from days 14 to 35) from 39.1°C
to 39.8°C (Toner et al. 1996).

Finally, the expected rectal temperature of lactating
primiparous sows is higher than that of multiparous
sows (39.6 vs. 39.3°C) (Klopfenstein 2003). This in-
creased rectal temperature observed in lactating sows
must be considered as physiological hyperthermia and
should not be confused with fever. All these observa-
tions suggest that lactating sows housed in confinement
are more likely to suffer from heat stress because they are
fed ad libitum with high-energy diets, their environ-
ment is kept warm for the piglets, and the sows have no
access to a cool floor to dissipate the excess heat.

Heat Stress. Lactating sows are extremely vulnerable
to heat stress due to their large body size, high metabolic
rate (Lynch 1977) and lack of functional sweat glands
which prevents dissipation of heat via transpiration
(Marzulli and Callahan 1957). They are often exposed to
ambient temperatures higher than their upper critical
temperature, being in the range of 20-25°C. High tem-
peratures during lactation decrease sow voluntary feed
intake (Messias de Braganca et al. 1997; Quiniou and
Noblet 1999), increase weight loss, decrease milk pro-
duction, and hence decrease litter growth rates (Messias
de Braganca et al. 1997; Prunier et al. 1997), and also
delay the return to estrus of weaned sows (see review by
Prunier et al. 1996). Furthermore, sow mortality (and
loss of litter) is also associated with high ambient tem-
peratures (D’Allaire et al. 1996) and is largely due to car-
diovascular failure.

Fever or Hyperthermia? Fever is defined as an increase
in central temperature as a consequence of an increase
in the thermoregulatory setpoint (Robinson 1997).
Fever is the normal response to systemic infections or to
the action of some pyrogenic substances (e.g., endotox-
ins, interleukins, etc.) (Robinson 1997). Hyperthermia
on the other hand, is usually defined as the increase in
body temperature observed when the heat production
exceeds the heat output capacity (Robinson 1997).

In the lactating sow, there is a lot of confusion on the
expected sow normal rectal temperature after farrowing.
According to some authors the expected rectal tempera-
ture of the healthy lactating sow is 39.5°C (see rectal
temperature); others consider that the puerperal sow
with a rectal temperature higher or equal to 39.3°C is
diseased (see sow rectal temperature and PPDS).

Nutrient Availability

The nutrients required by mammary tissue for milk syn-
thesis come from the diet and from body reserves.
Mammary glands are the primary users of absorbed nu-
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trients in lactating sows and virtually dictate the dietary
nutritional needs (Boyd et al. 1995). Indeed, it was
shown that 65-70% of the total energy requirement of a
lactating sow is to support milk production (Aherne and
Williams 1992). Of the total uptake of plasma metabo-
lites by mammary tissue, glucose accounts for approxi-
mately 61%, amino acids 24%, triglyceride fatty acids
(TGFA) 12%, and acetate 1% (Spincer et al. 1969). Ap-
proximately 53% of the glucose taken up by the mam-
mary gland is partitioned to lactose and 34% is oxidized.
The other 13% is used for the synthesis of triglyceride-
glycerol, milk fatty acids, and amino acids (Linzell et al.
1969). It is of interest to note that in the presence of
both acetate and glucose, sow mammary tissue will pref-
erentially utilize acetate for fatty acid synthesis (Bau-
man et al. 1970). Therefore it is conceivable that more
glucose could be made available for mammary metabo-
lism by raising TGFA levels in the diet (Boyd et al. 1995).

Mammary tissue of lactating sows is very active with
respect to transport and metabolism of amino acids.
Boyd et al. (1995) ranked each amino acid on the basis of
relative uptake by mammary tissue. The order of amino
acids was almost identical for mammary uptake and
milk composition, but it was also reported that the
mammary uptake of branched-chain amino acids (va-
line, leucine) and arginine may be greater than sug-
gested by the milk amino acid pattern (Boyd et al. 1995;
Trottier et al. 1997). Milk production is ultimately
energy-dependent, so that the need in amino acid for
milk synthesis depends on the amount of dietary energy
available (Tokach et al. 1992), thereby reinforcing the
importance of glucose sources and of a right balance of
nutrients in sow feeding management.

Sow milk contains large amounts of calcium, phos-
phorus, and magnesium. These bivalent ions found in
the milk are transferred from the digestive tract and
from bone reserves. Apparent digestive bioavailability of
these bivalent ions is known to be low (3-50%)
(National Research Council 1998). Intestinal absorption
and renal absorption of these minerals is closely regu-
lated by a hormonal system (parathormone, calcitriol,
calcitonine), whereas active absorption from the diges-
tive tract requires the synthesis of a transport protein
(Greco and Stabenfeldt 1997). After parturition, the
availability of bivalent ions may affect initiation of lac-
tation. This problem is well known in cows (Goff 2000)
and is often suspected in sows.

Water Availability

Water intake patterns observed between the end of ges-
tation and the beginning of lactation are presented in
Figure 4.4. Hourly water intake increases from approxi-
mately 1 L/hour at the end of gestation to attain 2.6
L/hour 12 hours before the end of parturition (Klop-
fenstein 2003). Water intake can be very low in some
sows during the first 24 hours following parturition (less
than 10 L/day). After this period of transition, water in-



68 SECTION | PHYSICAL EXAMINATION, DIAGNOSIS, AND BODY SYSTEMS

take increases gradually to attain 20 to 35 L per day dur-
ing lactation. The increased water intake just prior to
farrowing can be due to the occurrence of nesting be-
havior but is also the consequence of greater water
needs. Indeed, during the hours preceding parturition,
there is a rapid increase in the water content of the re-
productive system to allow the process of parturition
(Dobson 1988).

PIGLET GROWTH, MORTALITY, IMMUNITY,
AND BEHAVIOR

The newborn piglet is totally dependent on sow’s
colostrum and milk as a source of protein for growth,
energy to maintain body temperature, and im-
munoglobulins for protection against diseases. Sow milk
and colostrum provide the best nutrients for the nutri-
tional needs of the piglets. The biological value of milk
protein in swine is very close to 1 (Williams 1995) and
the amino acid balance in sow’s milk is very similar to
that in the lean tissue of pigs (King et al. 1993a).

Piglet Growth

From birth to weaning, piglets from larger litters tend to
be lighter than piglets from smaller litters (Dyck and
Swierstra 1987; Van der Lende and de Jager 1991; Le
Dividich et al. 2004). This difference is the consequence
of lower piglet birth weight and, in some cases, of lower
milk supply per piglet in large litters. Average piglet
birth weight is reported to decrease by approximately
30-40 g for each additional piglet in the litter (Van der
Lende and de Jager 1991; Le Dividich et al. 2004).
Although average piglet weight decreases with litter size,
selection of hyperprolific sows over 10 years had no ef-
fect on average piglet weight (Tribout et al. 2003) be-
cause it also increased the expected weight of piglets of
similar litter sizes. The expected mean birth weight of
Large White piglets has not changed (1.45 kg) between
1977 and 1988 although litter size increased from 10.2 to
11.2 piglets. Interestingly, the expected average piglet
birth weight for a litter size of 10.7 piglets increased
from 1.37 kg to 1.46 kg over the same decade (Tribout et
al. 2003).

Growth rate, usually measured as average daily gain
(ADG), is related to individual piglet weight at birth
(Tyler et al. 1990; Castren et al. 1991; Le Dividich et al.
2004). The expected maximal ADG of a newborn piglet
weighing 1.3 kg is lower than that of a piglet with a birth
weight of 2.3 kg. It is therefore necessary to take into ac-
count initial weight when comparing ADG between
piglets. When piglet weights are mathematically cor-
rected for a standard birth weight (1.4 kg), the effect of
litter size is absent on day 3, is small on day 7, and be-
comes greater as lactation proceeds (Table 4.1). These
data show that milk production becomes a limiting fac-
tor for piglet growth when the sow has attained her
maximal milk production capacity (day 10 to 15).

Piglet Mortality

Although swine production is becoming more sophisti-
cated, piglet losses between birth and weaning remain a
serious problem for the industry. Preweaning mortali-
ties are often higher than 10% of liveborn piglets and
most of these occur during the first week after parturi-
tion (English and Morrison 1984; Dyck and Swierstra
1987; de Passillé and Rushen 1989b; Le Cozler et al.
2004). These losses can be explained by litter and piglet
characteristics or by inadequate sow milk production.

The effect of litter size on mortality is quadratic.
Piglet losses increase only in the largest litters (Guthrie
etal. 1987; Fahmy and Bernard 1971; Dyck and Swierstra
1987) and are probably related to an insufficient number
of functional mammary glands to supply milk for all the
piglets (Chertkov 1986; Bilkei et al. 1994).

The main causes (>75%) of mortality are emaciation
and piglet crushing by the sow (English and Morrison
1984; Fraser 1990; Le Cozler et al. 2004). Piglets losses
due to emaciation occur mainly on days 4 and 5 after
birth as a result of poor nutrition during the first days
postpartum (Dyck and Swierstra 1987). Piglets crushed
by the sow often had poor gains during the first postna-
tal days (Dyck and Swierstra 1987). Piglet mortalities are
not uniformly distributed between litters. Most of them
occur among a few litters (see problem litters) with
poorer growth rates during the first days after birth
(Pettigrew et al. 1986; Dyck and Swierstra 1987; Thomp-
son and Fraser 1988; de Passillé and Rushen 1989a,b;
Fraser and Phillips 1989; Klopfenstein et al. 1995, 1997;
Klopfenstein 2003). Most of these problem litters are
thought to be the consequence of some inadequate
mammary function during the initiation of lactation.

Immune Protection of the Piglet

Newborn piglets rely on colostrum for passive transfer of
immunity (Bourne 1976) because there is little or no pla-
cental transfer of antibodies in the pig (Rapacz and
Hasler Rapacz 1982). The absorption of immunoglobu-
lins from the sow’s colostrum causes closure of the intes-
tine for the passage of these large proteins (Klobasa et al.
1991), suggesting that absorption is possible only dur-
ing the first feedings after birth. Twenty-four hours post-
natally, artificially reared piglets receiving 6 hourly feed-
ings of 25 ml of sow colostrum followed by hourly
feedings of cow’s milk had plasmatic immunoglobulins
concentrations similar to those of naturally fed piglets
(Klobasa et al. 1991). Increasing the number of hourly
feedings of colostrum from 6 to 12, 18, or 24 did not in-
crease the concentrations of plasma immunoglobulins
in piglets. On the other hand, allowing the piglets to fast
for periods of up to 24 hours after birth before giving
them access to their first colostrum intake did not de-
crease serum immunoglobulins concentrations 12 and
18 hours after feeding (Klobasa et al. 1990). Therefore,
closure of the gut system for the passage of immunoglo-
bulins is dependent on the quantity of colostrum in-



gested rather than on time since birth. Six feedings of
colostrum should be sufficient to give adequate im-
mune protection to the piglets.

Passive immunity transfer from the sow to the piglet
is essential for protection against diseases. The quantity
of IgG ingested by each piglet is affected by birth order
due to the rapid changes in colostrum composition tak-
ing place between onset of farrowing and birth of the
last piglet (Klobasa et al. 2004; Le Dividich et al. 2004).
Piglets dying before weaning are reported to have lower
plasmatic immunoglobulin concentrations after partu-
rition (Hendrix et al. 1978; Tyler et al. 1990); yet this as-
sociation disappears when birth weight is used as a co-
variate (Tyler et al. 1990). Moreover, the probability of
dying is not increased among last-born piglets, even
though they obtain less immunoglobulins than first-
born piglets (Le Dividich et al. 2004). These results, al-
though surprising, can be explained by the fact that
most mortalities are the consequence of inadequate nu-
trition rather than diseases.

Piglet Behavior
The nursing behavior of piglets changes over the lacta-
tion period. During the colostral phase, newborn piglets
move from teat to teat in a “teat-sampling” process
(Hartsock and Graves 1976), enabling them to receive a
“free meal” of colostrum (de Passillé and Rushen 1989a;
Fraser and Rushen 1992). Udder massaging by the
piglets, although frequent during the rest of lactation, is
rare during the colostral phase (Castren et al. 1989). The
interval between birth and first suckling does not
change greatly with birth order (Rohde Parfet and
Gonyou 1988).

After the colostral phase, nursing becomes cyclical
and the suckling behavior of piglets can then be charac-
terized by four phases (Fraser 1980):

1. Piglets start by vigorously massaging the sow’s udder,
which is necessary for triggering the oxytocin release.
During this phase, piglets often fight and are very
noisy. After 1-3 minutes of udder massaging, which
is one of the longest periods among mammals, the
sow increases her grunting rate, which coincides
with the release of oxytocin (Algers et al. 1990).

2. When piglets hear the signal, they become very
quiet, keeping the teats in their mouths and waiting
for their meal.

3. As soon as milk ejection occurs, the piglets drink the
milk with rapid jaw movements.

4. After milk ejection, which lasts only for 10-20 sec-
onds, the piglets continue to massage the udder for a
short period of time.

No milk can be obtained by the piglets during either the
pre- or postejection massaging phases. Therefore, even if
piglets are often seen at the mammary gland, milk is
available for only a very short period of time—Iless than
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10 minutes per day (10-20 seconds per milk ejection,
17-30 ejections per day). Failure of milk ejection is indi-
cated by the absence of rapid grunting from the sow and
of rapid-mouth movement from the piglets as well as no
change in intramammary pressure. Milk ejection failure
is due to a lack of pulsatile release of oxytocin during the
massaging phase (Ellendorf et al. 1982), which can be
brought about by undue stress to the sow.

During the first 8 hours after birth, newborn piglets
suckle an average of seven different teats and are often
involved in fights (de Passillé and Rushen 1989a). The
frequency of teat disputes is not affected by litter size,
but piglets suckling many teats are involved in more dis-
putes. Regardless of teat position, the piglet with a teat
in its mouth at the beginning of a dispute has a higher
probability of winning (de Passillé and Rushen 1989a).
Within 48-72 hours postpartum, piglets establish a teat
order in which each piglet consistently sucks from one
or two specific teats (Roychoudhury et al. 1995). Piglets
prefer the anterior teats (Vales et al. 1992), most likely
because sows are more responsive to stimulation of
these teats than they are to stimulation of the inguinal
teats (Fraser 1976). This increased responsiveness could
be due to the different nerve supply between front and
rear teats (see the section on anatomy). The anatomical
and physiological differences between front and rear
teats could induce different milk yields. Indeed, piglets
suckling the front teats were reported to be heavier at
weaning than piglets suckling the caudal teats
(Kornblum et al. 1993; Hoy et al. 1995).

MANIPULATING MILK PRODUCTION

Insufficient milk production to meet piglet needs usu-
ally occurs when the maximal milk production capacity
is attained (7-15 days). This is usually considered a phys-
iological limitation because it affects all sows sooner or
later during lactation. Many management strategies
have been studied to overcome this physiological limita-
tion and they are discussed in this section.

Feeding Strategies

Milk production requires a great supply of substrates,
which come from two sources: the lactation diet and the
sow’s body reserves. The relative importance of nutrient
intake seems to change as lactation progresses. Body re-
serves might be sufficient in early lactation compared
with late lactation to compensate for inadequate nutri-
ent intake (Pettigrew 19935). Accordingly, severe restric-
tion of feed intake during lactation has no impact on lit-
ter growth in the first week postpartum, whereas it
markedly decreases litter growth during the fourth week
of lactation. The size of this reduction depends on the
amount of body reserves at farrowing; gilts with lower
body reserves being affected most (Mullan and Williams
1989). A survey of 25,000 lactating sows (Koketsu 1994,
as reported by Pettigrew 1995) showed that the impact
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of lactating sows feed intake on litter weight becomes
larger as lactation progresses.

The intake of protein/amino acids by lactating sows
is critical for their overall lactation performance because
of the great nutrient requirements to maintain milk pro-
duction. Lysine is typically the first limiting amino acid
for lactating sows and it was established that 26 g of di-
etary lysine is needed per kg of litter growth/day (Sohn
and Maxwell 1999). When looking at nitrogen balance
of lactating sows, Dourmad et al. (1998) demonstrated
that, in order to achieve a zero protein balance, 45-55
g/day of crude lysine are required for normal- to high-
yielding sows, respectively. Among the branched chain
amino acids, both valine and isoleucine, but not
leucine, appear to increase milk production as indicated
by increased litter weight gain (Kerr 1997, as cited by
Sohn et al. 1999). These amino acids can be metabolized
to succinyl-CoA and can therefore potentially serve as a
source of energy for the mammary gland (Sohn and
Maxwell 1999). Indeed, McNamara and Pettigrew (2002)
showed that sows can mobilize amino acids from mus-
cle to support mammary growth and milk production,
yet they also demonstrated that an increased energy in-
take can partially relieve the effects of decreased protein
intake on milk production.

From various studies designed to determine the rela-
tion between milk production and dietary energy,
Williams (1995) noted that each suckling piglet grows
an extra 1 g/day for each M] of metabolizable energy
consumed by the sow. In recent studies, sows were fed
through a stomach cannula in order to override the nor-
mal mechanisms that limit feed intake. Matzat et al.
(1990) showed a linear relationship between milk out-
put and energy intake of sows, whereas Pluske et al.
(1995b) demonstrated a ceiling to milk production from
gilts, whereby piglet growth did not respond beyond 75
M] of metabolizable energy. It therefore seems that gilts
and sows might partition energy differently during lac-
tation, and this partitioning is most likely under hor-
monal regulation. Such a ceiling for lactational per-
formance was also observed in first-parity sows offered
increasing amounts of protein (King et al. 1993b).

When attempting to increase sow milk yield, one
must keep in mind that as the milk production capacity
of a sow is increased, her nutrient requirements for milk
synthesis are also elevated. It is therefore important to
ensure that lactational feed intake of sows is maximized
and that lean-tissue gain during pregnancy is sufficient
so that the sows’ milk production capacity is not com-
promised. Various feeding management systems have
been used in an attempt to increase sow feed intake.
Increasing feed consumption of sows by 8% through
wet-feeding had no impact on average daily gains of
piglets over an 18-day lactation period (Genest and
D’Allaire 1995). Similarly, the use of a bulky diet in ges-
tation increased average lactational feed intake of sows
by 8% without improving mean litter weight (Farmer et

al. 1996). Increasing daily feeding frequency from 2 to 3
(Genest and D’Allaire 1995) or 2 to 4 (Farmer et al. 1996)
during lactation also had no effect on feed intake. The
addition of fat to the sow’s diet in order to increase
energy density, and energy intake, of sows during lacta-
tion was also studied. However, it did not lead to a less-
negative energy balance in the sows but resulted in fat-
ter piglets when sows were fed at a high feeding level
(van den Brand et al. 2000).

Nursing Interval

Refilling of the mammary glands with milk was re-
ported to be almost complete within 35 minutes after a
suckling bout (Spinka et al. 1997), and the frequency of
gland emptying was found to play a major role in regu-
lating milk secretion and mammary gland development
(Auldist et al. 2000). These last authors increased suck-
ling frequency via cross-suckling, using piglets from an-
other litter, which could not be done commercially.
However, it is known that sows within a farrowing room
will synchronize their nursings (Wechsler and Brod-
mann 1996), and this is likely due to the auditory stim-
ulus from the other animals. Experiments were there-
fore carried out in which the typical sow suckling grunts
were recorded and played back to sows and their litters
during lactation in an attempt to stimulate nursing fre-
quency. These playbacks can indeed stimulate nursings
(Stone et al. 1974). However, the results on piglet growth
are variable between studies, with no effect to an 8% in-
crease when a recording of sow suckling grunts was
played at 35-42 minute intervals (Cronin et al. 2001;
Fisette et al. 2004). On the other hand, playbacks at 35-
minute intervals increased mammary parenchymal cell
number in sows at the end of lactation (Farmer et al.
2004a). Present results suggest that use of this manage-
ment practice throughout lactation is not optimal and
further work is needed to establish such things as the
ideal time in lactation to play these recordings, the opti-
mal interval to be used, and whether there is a habitua-
tion effect. It is evident, however, that efforts should be
made to encourage greater suckling frequency and to
minimize disruption of suckling behavior in farrowing
houses in order to maximize sow milk yield.

Exogenous Hormones

The important endocrine control of sow milk yield sug-
gests that exogenous hormones could be used to stimu-
late milk production. Studies were therefore performed
to determine the possible impacts of various peptidic
hormones on sow milk yield and piglet performance.
Growth hormone (GH) or GH-releasing factor (GHRF)
received considerable attention since greater concentra-
tions of GH could allow more nutrients to be utilized for
milk synthesis (Farmer 1995). Early studies reported an
important increase in milk yield (15-22%), leading to
improved piglet growth rates (Harkins et al. 1989). But
those results could not be reproduced in further trials



(Smith et al. 1991). Furthermore, Michelchen and Ender
(1991) stated that the effect of GH on milk yield is not
greater in sows having large litters (13 vs. 8 piglets). The
effects of GH on milk composition are also contradic-
tory, whereas reduced voluntary feed intake during lac-
tation and greater body weight and backfat losses of
sows receiving GH during lactation are consistent find-
ings in all studies.

The decreased feed intake likely limits the lactation
response to GH and leads to an increased use of body re-
serves to maintain milk production. The addition of 8%
fat in the lactation diet could not prevent these losses of
backfat in GH-treated sows (Cromvell et al. 1992).
Exogenous GH may also have detrimental consequences
on sow health (Smith et al. 1991; Cromvell et al. 1992),
with some animals dying of bleeding stomach ulcers
(Smith et al. 1991) or of apparent heat stress in the peri-
partal period. It is suggested that sows may be more sen-
sitive to exogenous GH than growing pigs and that the
adverse effects of GH in lactating sows may be dose-
dependent (Smith et al. 1991). It is apparent that GH
does play a role in the regulation of milk yield, but
whether this role is an essential or a facilitative one is
not known (Armstrong et al. 1994).

The secretion of GH is under the dual control of a
GHRF (Guillemin et al. 1982) and a GH-inhibiting factor
named somatotropin-release inhibitory factor (SRIF)
(Brazeau et al. 1973). Active immunization against SRIF
was used as a tool to increase concentrations of GH in
sows, but the great variability in animal response to this
treatment makes it an unreliable method (Farmer et al.
1990, 1991). The use of GHRF, on the other hand, con-
sistently increases GH concentrations, with sows show-
ing an increased responsiveness to chronic injections
(Dubreuil et al. 1987). However, massive doses of GHRF
(12 mg thrice daily) did not affect sow milk yield, milk
composition, or piglet performance, but decreased
weight, backfat thickness, and feed intake of sows on
the fourth week of lactation (Farmer et al. 1992).
Nevertheless, blood urea was reduced indicating that
GHRF-injected sows utilized proteins more efficiently,
thereby enabling them to maintain their milk produc-
tion and litter performance in spite of a decreased feed
intake. When combining administration of GHRF with
a feeding management designed to optimize feed intake
of lactating sows (Farmer et al. 1996), there was only a
tendency for piglet weights to be greater. However, the
increase in sow feed intake was not as large as expected
and was mostly seen in early lactation. It is therefore
likely that a management system having a greater effect
on sow feed intake is needed for GHRF to exert its maxi-
mal effects on milk yield and piglet growth.

Daily intramuscular injections of 50 or 100 mg/sow
of thyrotropin-releasing factor (TRF) increased the aver-
age daily weight gain of piglets (Wung et al. 1977), but
subcutaneous injections of 9 pg/kg given twice daily
during lactation had no effect on piglet growth (Dub-
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reuil et al. 1990). Due to its small size, TRF can be ab-
sorbed intact by the digestive tract and when 200 mg of
TRF were added daily to the feed of sows, piglet weight
was increased by 0.7 and 1.1 kg on days 20 and 27 of lac-
tation, respectively, but the weaning to estrus interval
went from 4.8 to 36.9 days, making such a treatment to-
tally inadequate for swine producers (Cabell and
Esbenshade 1990).

Sows showing spontaneous lactation failure harbor
abnormally low concentrations of prolactin (Whitacre
and Threlfall 1981). This may explain the 8% increase in
litter weight gain observed in gilts (but not sows) receiv-
ing a single injection of porcine prolactin on day 1 of
lactation (Dusza et al. 1991). Two studies were carried
out to determine the effects of chronic injections of pro-
lactin from day 107 of gestation and during lactation,
on milk production of sows (Crenshaw et al. 1989; King
et al. 1996). Neither of these showed any effect on milk
yield and it was postulated that since injections were
started before there were any piglets to remove milk
from the mammary glands, premature involution of the
secretory units of the mammary glands might have
taken place (Boyd et al. 1995). In a later study where pro-
lactin was injected to sows from days 2 to 23 of lacta-
tion, sow and piglet performances were still unaffected
(Farmer et al. 1999). These results also indicated that vir-
tually all prolactin receptors are generally saturated in
lactating sows, thereby preventing any beneficial effects
of further increasing prolactin concentrations. Studies
on the control of prolactin receptor numbers and affin-
ity in lactating sows are therefore needed.

POSTPARTUM DYSGALACTIA SYNDROME

Inadequate and insufficient colostrum and milk pro-
duction occurs in some sows during the puerperal pe-
riod usually lasting up to 72 hours after birth of the first
piglet. Historically, puerperal lactation problems have
been considered to be a cause or a consequence of a
pathological condition named as the mastitis-metritis
and agalactia syndrome (MMA). As discussed in the first
part of this chapter, poor lactation performance can also
be explained by three major physiological factors:

1. Inadequate or insufficient mammary gland develop-
ment

2. Inadequate or insufficient milk synthesis

3. Inadequate adaptation to lactation homeorhesis.

Therefore, postpartum sow lactation problems are more
adequately described as postpartum dysgalactia syn-
drome (PPDS), which is preferred by the authors over
the more traditionally used MMA syndrome. Indeed,
the latter term has created a lot of confusion because it
is assumed that all three symptoms are present in the
case of early lactation problems, which is not necessarily
the case.
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Clinical Signs of PPDS

The primary clinical signs of a sow’s inability to produce
a sufficient amount of milk and colostrum are piglet
growth retardation and increased mortalities. In this
chapter, litters with high mortalities and low growth
rates during the first days after parturition will be called
problem litters. They remain a frequent observation in
modern farrowing units, and veterinarians are often
consulted to reduce their incidence. Unfortunately,
they can be identified with certainty only when the
piglets show retarded growth and high mortality, be-
cause litter characteristics at birth are poor predictors of
future performances. Close observation of the piglets’
behavior is one of the best methods for early detection
of problem litters (Whittemore and Fraser 1974). These
piglets fight more and for longer periods, lose weight,
and remain close to the sow between sucklings (Algers
and de Passillé 1991).

Early detection of sows with postpartum lactation
problems is difficult because most of them do not show
any clear clinical signs (Klopfenstein 2003). Temporal
variation of sow behavior (Figure 4.4) and body condi-
tion were similar among sows nursing litters with poor
(=77 g/kg/day—problem litters) and normal (>77
g/kg/day—normal litters) growth rates between the end
of parturition (time 0) and 132 h postpartum (Klop-
fenstein 2003). In the last study, the major differences
between sows nursing problem and normal litters were
related to milk composition (Table 4.3). Also, sows nurs-
ing problem litters drank less water (—0.36 L/h) and had
lower skin temperature (—0.64°C) (Figure 4.4), higher
serum phosphate (+0.10 mmol/L), and higher calcium
(+0.05 mmol/L) concentrations at hours 36 and 60 of
lactation. Rectal temperatures of sows nursing problem
litters were similar to those of the others sows at the end
of gestation (—96 h) and at the beginning of lactation
(12 h, 36 h, 60 h) but were slightly higher at 132 h (39.6
vs. 39.4°C) postpartum. The latter study confirmed that
milk production of sows nursing problem litters is dif-
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ferent compared to the other sows but showed that
there is no easy way for the farmer to identify these sows
early after parturition. Moreover, in the later study, only
2 sows among the 29 sows nursing problem litters were
diseased in the postpartum period. This is a good repre-
sentation of what is seen in many herds. A few sows pre-
senting PPDS are diseased but many more are appar-
ently normal.

Prevalence of PPDS

Although PPDS is observed in some herds, there is a lot
of confusion on the prevalence of postpartum lactation
problems due to the subjectivity related to some of the
criteria used to identify the affected sows. Indeed the
most common criterion used to identify sows affected
by lactation problems is based on postpartum rectal
temperature. The use of the rectal temperature criteria
to classify sows as diseased or normal is adding confu-
sion to our understanding of the pathogenesis of PPDS.

Sow Rectal Temperature and PPDS

For some historical reasons, there seems to be a general
consensus that postpartum rectal temperatures higher
than 39.3 or 39.5°C categorize sows as being affected by
PPDS (Hermansson et al. 1978b; Goransson 1989b;
Persson et al. 1989; Madec and Leon 1992; Hoy 2004).
However, as discussed previously, this criterion should
be seriously questioned because the proposed thresh-
olds are equal or even below the expected rectal temper-
ature of lactating primiparous and multiparous sows
(see fever or hyperthermia?).

The use of rectal temperature to classify sows as dis-
eased or normal has led to the publication of paradoxi-
cal results. In some instances, litters from sows identi-
fied as being “severely affected by early lactation
problems (MMA)” because of high rectal temperature
(>39.5°C) had better growth rate and lower mortality
than litters from nonaffected sows (Furniss 1987;
Persson et al. 1989). Moreover, the proposed cut-off to

Table 4.3. Temporal variation of some milk components (least square means) of sows nursing litters with slow (= 77 g/kg/day—
Problem litters—PL) and normal (>77 g/kg/day—Normal litters—NL ) growth rates between the end of parturition (time 0) and 132 hours

postpartum (PP).

36 Hours PP 60 Hours PP 132 Hours PP
Milk Components NL PL NL PL NL PL
Lactose (mmol/L) 120 120 130 121* 147 141*
Sodium (mmol/L) 23 23 19 23* 16 19*
Potassium (mmol/L) 39 39 36 35 30 30
Chloride (mmol/L) 34 34 33 38* 26 31*
Total protein (g/L) 60 60 56 59* 49 49
Lipids (g/L) 76 76 78 85* 71 71
Leucocytes (k¢/ml) 275 359 319 551* 292 520*
Lactocytes (k¢/ml) 55 75 119 193* 172 298*
% of leucocytes 83 83 73 74 62 64

Source: adapted from Klopfenstein 2003.
*Significant difference between NL and PL (p <0.05)
ke = 1000 cells.



classify sows was never adjusted for parity even though
the expected rectal temperature of primiparous sows is
higher (approximately 0.3°C) than that of multiparous
sows (Klopfenstein 2003). Accordingly, it was reported
that 43% of gilts and 29% of multiparous sows have
postpartum rectal temperatures higher than 39.3°C and
it was assumed that all these sows were affected by MMA
(Hoy 2003). The belief that higher rectal temperature
identifies sows with PPDS is so generally accepted that
many researchers use this criterion to identify diseased
animals without estimating piglet growth and prewean-
ing mortalities. Many published results on the MMA
syndrome where piglet growth and/or litter mortality
were not estimated are not included in this chapter since
it is very difficult to assess whether the sows classified as
“diseased” did in fact have lactation problems.

INFECTIOUS CAUSES OF PPDS

Sows with Clinical Signs of Disease
A number of postpartum lactation problems (<72 hours)
are certainly the consequence of some inflammatory
process related to localized or systemic infections.
Localized tissue infection usually translates into meas-
urable clinical signs such as pain, inflammation (heat),
reddening and edema (Cotran et al. 1999). A localized
infection can eventually affect the whole animal. Major
clinical signs of a diseased sow in the postpartum period
are fever (>40°C), lethargy, anorexia and eventually con-
stipation. The main diseases affecting postpartum and
lactating sows are urinary tract infections, endometritis,
and mastitis. Moreover, severe milk production prob-
lems were reported with the porcine respiratory and re-
production syndrome (PRRS) (see Chapter 24). Gross
and microscopic pathological evaluation of the repro-
ductive systems of diseased and normal sows in the
postpartum period suggest that endometritis is rare
(Ringarp 1960; Jones 1976; Middleton-Williams et al.
1977) whereas lactation problems seem to be more fre-
quent in sows with renal infections (Berner 1984, 1988).
Sows that were diseased in the peripartum period
have increased circulating serum concentrations of
acute phase proteins (haptoglobin-HPT and alpha 1-
acid glycoprotein—AGP) and serum cortisol during lac-
tation (Mirko and Bilkei 2004). The concentration of
HPT was increased on days 1, 5, and 10 and normal on
days 15 and 20 of lactation; AGP was normal on days 1
and 5 and increased on days 10, 15, and 20; serum corti-
sol concentration was elevated during the whole lacta-
tion. Litter performance of the diseased sows of the pre-
vious study was very poor (22% mortality) and is
certainly related to the incapacity of these sows to pro-
duce sufficient amounts of milk.

Mastitis
Mastitis is a clear pathological entity observed in some
lactating sows (Ringarp 1960; Middleton-Williams et al.
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1977; Hermansson et al. 1978b; Halgaard 1983). The dis-
eased mammary glands are warm to the touch and
swollen, with a blotched appearance (Jones 1971).
When many glands are involved, the sows often go off
feed and have high rectal temperatures (>40°C)
(Middleton-Williams et al. 1977; Halgaard 1983). The
bacteria isolated from infected glands are mainly col-
iforms (Escherichia coli, Klebsiella sp, Enterobacter and
Citrobacter) and bacteria of the genera Staphylococcus sp.
and Streptococcus sp. (Armstrong et al. 1968; Ross et al.
1981; Persson et al. 1996).

In acute and severe mastitis, necrotic and purulent
lesions are present in the mammary glands (Middleton-
Williams et al. 1977), milk synthesis is altered and, when
many glands are affected, piglet growth is decreased.
The suppuration starting at the beginning of the infec-
tious process can become a permanent granuloma that
can be observed in culled sows. In one survey in
Germany, 23% of 1000 culled sows had granulomatous
lesions on some mammary glands (Bollwahn and Meer-
meier 1989). In another survey in Sweden, the preva-
lence of granulomatous mastitis in sows from different
farms varied from O to 50% (mean 16% at weaning).
Most affected sows (76%) had only one mammary gland
with macroscopic lesions (Hulten et al. 2003). These
data show that mastitis can affect many sows but that
most of the time severe lesions are found only in a few
glands.

In some studies on the importance of mastitis as a
pathological entity, it is not always clear whether the
sows were selected for the presence of mastitis or be-
cause the litter had retarded growth and high mortality.
When sows were selected for necropsy on the basis of
poor piglet performance, no macroscopic lesions consis-
tent with mastitis were found (Nachreiner et al. 1971).
Instead, mammary tissue from sows with problem litters
appeared nonfunctional because it did not contain
abundant quantities of milk (Martin et al. 1967; Nach-
reiner et al. 1971). Moreover, the higher cellular content
found in the milk of sows nursing problem litters (Table
4.3) was considered to be the consequence of a concen-
tration effect related to lower milk production rather
than an indication of mastitis because the proportion of
leucocytes (leucocytes/total cells) was similar in the
milk of sows nursing problem and normal litters
(Klopfenstein 2003). Therefore, we must consider that
some problem litters are the consequence of sow masti-
tis but that many others are likely unrelated to it.

Endotoxemia

The absorption of endotoxins from gram-negative bac-
teria was proposed as an explanation for early lactation
problems. Indeed, some sows (<33%) with problem lit-
ters are positive for circulating endotoxins (Morkog et al.
1983; Pejsak and Tarasiuk 1989). Exogenous administra-
tion of gram-negative endotoxins also suppresses serum
prolactin concentrations and increases sow rectal tem-
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perature and respiratory rate (Nachreiner and Ginther
1974; Elmore et al. 1978; Smith and Wagner 1984, 1985b;
Tarasiuk and Pejsak 1986; de Ruijter et al. 1988).
However, the effects of injection of endotoxins are of
short duration, with sows fully recovering within 8
hours of injection (de Ruijter et al. 1988). Even though a
continuous infusion of endotoxins causes severe piglet
growth retardation (Ferguson et al. 1984), a single mas-
sive dose only retards piglet growth during the 5-8
hours after the injection (Smith and Wagner 1985b).
The origin of endotoxins remains unclear, but may be
urinary tract inflammation, mastitis, uterine infection,
or the intestine.

Sows with Subclinical Forms of Disease
Lactation problems of some sows could be the conse-
quence of a subclinical form of the diseases aforemen-
tioned. This hypothesis is very popular because it can
explain the disproportion between the number of sows
showing clinical signs of disease (rare) and those nurs-
ing problem litters (more frequent). This theory is often
used as a justification for the common practice of a sys-
tematic use of antibiotics and antiinflammatory drugs
for the postpartum sow.

NONINFECTIOUS CAUSES FOR PPDS

Mammary Gland Development

Allometric mammary gland development occurs
mainly during the last third of gestation and continues
during lactation (see mammogenesis). Mammary gland
development varies between sows and could certainly
explain some lactation problems related to PPDS.

The number of piglets in the litter should always be
adjusted to the number of functional mammary glands.
Teat malformation, inverted nipples can prevent the
piglets from nursing (Labroue et al. 2001). Sows with an
insufficient number of functional mammary glands
should be culled.

Intensity of Milk Synthesis

Concentrations of milk lactose increase during the first
days of lactation (Table 4.3) and this increase is slower
among sows affected by PPDS during the first 72 hours
after parturition (Klopfenstein 2003). Factors explain-
ing the slower increase in milk synthesis among sows
nursing problem litters are not known but could be the
consequence of retarded lactogenesis or insufficient
mammary gland development at parturition.

Homeorhesis

Sow Behavior. Some sows are aggressive and attempt to
bite or crush their piglets soon after parturition, while
others refuse mammary access to the piglets. These
problems are more characteristic of first-parity sows,
and chemical tranquilization is usually sufficient to
cause the sow to relax and nursing to proceed normally.

Energy Balance. A recent study showed that serum
concentrations of nonesterified fatty acids (NEFA) and
glucose are lower in sows nursing litter with high
preweaning mortalities (more than 1 piglet dying
(Valros et al. 2003). This in conjunction with the well-
known detrimental effects of heat stress on sow lacta-
tion performance indicates that the capacity of the sow
to manage her energy balance is certainly a critical
point. Problems of energy balance adjustments after
parturition are well documented in cows (Drackley
1999) but have not yet been extensively studied in
SOWS.

Water Balance. Water management around parturi-
tion can certainly explain some lactation problems re-
lated to PPDS. The shape of the temporal variation in
water intake around parturition (Figure 4.4) indeed sug-
gests that water availability prior to parturition is a crit-
ical point that needs to be considered in the farrowing
room. Postpartum constipation observed in some sows
affected by PPDS could be due to insufficient water in-
take before parturition.

Bivalent lons Balance. Problems related to metabolic
balance adjustment of bivalent ions (calcium, phospho-
rous and magnesium) are well-described in cows (Goff
2000) and are often suspected in sows. Hermansson et
al. (1978a) reported that sows affected by agalactia prob-
lems had lower circulating calcium and magnesium
concentrations. Klopfenstein (2003) observed higher
serum phosphorus and calcium concentrations in sows
nursing litters with lower growth rates. Moreover,
DeRouchey et al. (2003) were able to increase piglet sur-
vivability up to day 10 by feeding sows a diet with a low
electrolyte balance from day 109 of gestation and during
lactation. This strategy is often used in dairy cows and is
known for its beneficial impact on calcium and phos-
phorus balance in the postpartum cow. The later obser-
vations suggest that inadequate adjustment of bivalent
ions balance after parturition might explain some lacta-
tion problems related to PPDS of sows.

Hormonal Balance. As early as 1967, an endocrine role
in the pathogenesis of agalactia was suggested (Martin
et al. 1967). Agalactic sows had smaller ovaries and thy-
roid glands and larger adrenal glands than control sows.
In a later study, there was no difference in the size of
these three glands but thyroid function was depressed
in agalactic sows (Wagner 1972). More recently, it was
shown that the hormonal status of first-litter sows with
hypogalactia or agalactia differs from that of healthy
sows. Concentrations of cortisol both before and after
farrowing and prepartum levels of glucose were lower in
hypogalactic sows (Samanc et al. 1992). Finally, de
Passill€ et al. (1993) noted a relationship between poor
piglet performance and high concentrations of proges-
terone in the blood of sows after parturition.
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4.4. Peripartum temporal variation of some behavioral traits and skin temperature of sows nursing litters with slow (=77 g/kg/day—thin line—
Problem litters) and normal growth rates (>77 g/kg/day—thick line—Normal litters). NS = non significant difference, ** = significant difference at

p <0.05. Adapted from Klopfenstein 2003.

Feed Toxicity. Grain contamination with ergot by-
products produced by Claviceps purpurea has been re-
ported to cause lactation failure in sows (Penny 1970;
Anderson and Werdin 1977). Ergot derivates are known to
suppress prolactin release (Whitacre and Threlfall 1981;
Bevers et al. 1983; Smith and Wagner 1985a), which could
in turn inhibit mammary growth and lactation.
Diagnosis is based on a history of grain changes and sud-
den appearance of a great number of affected sows with
flaccid mammary glands and carpal erosions but normal
rectal temperature. However this condition is rare.

TREATMENT

Every producer wants to maintain the health of the
sows and prevent poor litter performance. Veterinarians
are placed in a delicate situation when they are called
upon to propose treatment for a poorly defined problem
for which overtreatment is certainly leading to in-
creased costs of production and unjustified medication
overuse. A good strategy to reduce the consequences of
PPDS should be based on three levels of intervention:

1. Defining a treatment for the truly diseased postpar-
tum sows

2. Rapidly identifying the problem litters of sows with-
out clinical manifestations and determining a treat-
ment for those sows and piglets

3. Reducing the incidence of problem litters in the herd
by addressing the risk factors

The Diseased Sow
The treatment of choice for the diseased sows is antibi-
otic and/or antiinflammatory treatment to help cure

the disease. Moreover, sow treatment must also ensure
adequate mammary gland function to sustain piglet
growth. In the worst cases, the best strategy is to foster
the piglets of the diseased sow to another healthy sow.
Systematic treatment of all sows after farrowing with
an antibiotic and sometimes with nonsteroidal antiin-
flammatory drugs (NSAID) is a common practice in
modern farrowing houses. Different strategies for the
systematic administration of antibiotics were proposed:

1. Adding antibiotics to the feed from 7 days prepartum
to 7 days postpartum, which could decrease piglet
mortality by 43% (7.34% vs. 4.18%) and increase
weaning weights by 8% (Tabjara et al. 1992)

2. Daily injections of antibiotics for the first 2 days post-
partum (Rose et al. 1996)

3. In-feed medication and one injection of antibiotics on
the day of parturition (Schoning and Plonait 1990)

Although all these strategies can be used when a whole
herd is severely affected by PPDS, systematic treatment
of all sows should be only short-term to avoid medica-
tion overuse.

Antibiotics. The selection of an antibiotic should be
based on its spectrum of activity against bacterial organ-
ismsidentified in postpartum diseased sows and thought
to be related to PPDS. Unfortunately, identifying the
most common bacterium related to the diseased sows is
often difficult due to the diversity of the clinical signs.

Nonsteroidal Antiinflammatory Drug (NSAID). NSAID
treatments seem to have a beneficial effect on health of
affected sows. Treatment strategies usually consist of one
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treatment on the day of parturition and sometimes a sec-
ond treatment the next day. Drugs that have been pro-
posed are: flunixin (2 mg/kg) (Cerne et al. 1984), tolfe-
namic acid (2-4 mg/kg) (Rose et al. 1996), meloxicam
(0.4 mg/kg) (Hirsch et al. 2003; Hoy and Friton 2004).

Stimulating Milk Production

One of the objectives of the treatment strategy is to
stimulate milk flow as rapidly as possible to minimize
the consequence of PPDS. Repeated use of oxytocin is
certainly the most frequent treatment administered to
sows to stimulate milk production.

Oxytocin. Parenteral administration of synthetic oxy-
tocin is a very efficient way to trigger milk ejection. The
manufacturers’ recommended dose for sows varies from
30 to 50 IU intramuscularly (Canadian Animal Health
Institute 2001). In our experience, intramuscular injec-
tions of oxytocin do not always trigger the milk ejection
process and more predictable results are obtained with
intravenous injections of 10 IU. The variable response
with intramuscular injections might be related to the
product being deposited between muscles or in the fat
pad and to the very short half-life of oxytocin. In fact,
the short half-life (6-7 minutes) of oxytocin is the rea-
son why it can be administered safely at hourly intervals
for at least 6 hours (Knaggs 1967).

Although efficient and considered as safe, repeated
use of oxytocin might have some detrimental effects on
sows. Indeed, its use was reported to be related to poorer
herd performance in some epidemiological studies
(Bilkei Papp 1994; Ravel et al. 1996). Moreover, somatic
cell counts in sow’s milk were found to increase with
oxytocin administration, and this was more apparent
when oxytocin was injected intramuscularly than intra-
venously (Garst et al. 1999).

Prolactin Stimulators. Prolactin and prolactin-stimula-
tors were suggested as methods to stimulate milk syn-
thesis of sows affected with PPDS. Purified porcine pro-
lactin is commercially available only in minute
quantities. Therefore, most research on PPDS treatment
with prolactin has focused on stimulating prolactin re-
lease. Administration of various phenothiazine and bu-
tyrophenone tranquilizers (e.g., chlorpromazine, ace-
tylpromazine, haloperidol, and azaperone) significantly
increases prolactin concentrations in various species;
however, they have generally not been effective in stim-
ulating prolactin release in the pig (Smith and Wagner
1985a). Thyroid-stimulating hormone was shown to be
effective in increasing prolactin concentrations in swine
but for such short duration (<45 minutes) that it is un-
likely to be clinically useful (Smith and Wagner 1985a).

Vaccinations
Sow mammary glands initially infected with coliform bac-
teria do not appear to develop resistance to subsequent in-

fections (Bertschinger and Buhlmann 1990), thereby sug-
gesting that the development of a vaccine for the preven-
tion of coliform mastitis is unlikely. On the other hand,
vaccination against urinary tract infections at 4 and 2
weeks before parturition was reported to increase the over-
all lactation performance of sows (Pejsak et al. 1988).

Supportive Treatment for Piglets

Once problem litters are identified, the main objectives
are to avoid piglet dehydration and provide an alterna-
tive source of energy. Observations suggest that piglets
will drink appreciable amounts of tap water on the first
day following birth, particularly if milk supply is limited
(Fraser et al. 1988). Water intake is further increased
when using a specially designed water dispenser with air
bubbles (Phillips and Fraser 1991). It was speculated that
under low milk intake conditions, water intake may
help prevent dehydration and promote survival of the
piglets. Low-birth-weight piglets suckling a sow affected
with PPDS need to be transferred rapidly to another sow
with good milking capacity. The lower milk production
of affected sows will be less detrimental to piglets of
heavy birth weight, and most of them may still reach ac-
ceptable weaning weights. Moreover, piglets can be effi-
ciently raised with a combination of milk replacers and
highly digestible adapted feed.

PREVENTION AND RISK FACTORS

One of the keys in reducing the incidence of problem lit-
ters in a herd is the identification and correction of spe-
cific risk factors. Factors related to mammary gland de-
velopment, milk synthesis, and inadequate lactation
homeorhesis are certainly crucial. However, because of
the complexity of the underlying causes of PPDS, other
specific risk factors associated with a high prevalence of
problem litters have been described. These factors are
not necessarily of an etiologic nature; however, the in-
terplay between some of them will increase the inci-
dence of PPDS. The identified risk factors are mainly
related to sow body condition at farrowing, sow consti-
pation, housing and environment.

Sow Body Condition

Maintaining optimal body condition of all sows in the
herd is important to reduce the prevalence of PPDS. This
is not always easy, because a small error in the amount
of feed distributed over the whole gestation period can
lead to overweight or underweight sows at the time of
parturition (Martineau and Klopfenstein 1996). Sows
maintained in pens have more variable body weights,
the most aggressive often being overweight while sub-
missive animals are underweight (Martineau 1990;
Marchant 1997). Fat sows are also more likely to take
longer to farrow (Bilkei 1992; Madec et al. 1992) and to
have more stillborn piglets (Zaleski and Hacker 1993;
Bilkei Papp 1994).



Sow Constipation

Postpartum constipation was observed in some sows
nursing problem litters (Ringarp 1960; Hermansson et
al. 1978b). Feeding high-fiber diets in late gestation was
therefore proposed and has been widely used in order to
decrease the incidence of early lactation problems
(Ringarp 1960; Wallace et al. 1974). When fibers are sim-
ply added to a diet, the concentrations of the other com-
ponents are decreased accordingly (Sandstedt et al.
1979; Jensen 1981; Sandstedt and Sjogren 1982; Gor-
ansson 1989a,b). As previously discussed, sow water
availability is certainly a crucial factor to consider be-
cause insufficient water intake just before farrowing can
certainly enhance postpartum constipation. Moreover,
low postpartum water intake and low activity level of
the sows were also proposed as risk factors for early lac-
tation problems (Fraser and Phillips 1989).

Housing and Environment

Housing and general herd management can affect the
prevalence of sows affected by PPDS. In one study, there
were more litters with starving piglets in herds where
the sows farrowed in confinement than when they far-
rowed on the pasture (Backstrom et al. 1982). Sows are
exposed to many changes when they are moved from
the gestating room to the farrowing room. Research re-
sults, however, do not suggest that these changes are
harmful to sows. Indeed, allowing sows to adapt to the
new environment for more than a week, rather than
only a few days, before parturition was not associated
with a lower prevalence of problem litters (Klopfenstein
et al. 1995). Stray voltage in the farrowing unit was also
suspected as a source of lactation problems (Gillepsie
1984); yet, recent research did not support this hypoth-
esis (Robert et al. 1996). Regular washing of the farrow-
ing unit was reported to be associated with lower pre-
weaning mortality (Ravel et al. 1996).

Sow and piglet management around parturition, al-
though difficult to assess, is known to be extremely im-
portant. Supervision and attendance at farrowing time
is reported to decrease the number of stillborn piglets
and preweaning mortality (Holyoake et al. 1995). Care
must be taken to ensure that the sow and piglets are able
to drink from the watering system in the farrowing
room. Attention must be given to the quality of the en-
vironment. Slippery floors are one of the main causes of
low activity of lactating sows and may lead to many
health problems, including PPDS, and to reduced feed
and water intakes. On the other hand, more interven-
tions at farrowing are not always a good practice.
Indeed, obstetric aid by either herd managers or veteri-
narians results in a fourfold increase in the sow’s risk of
acquiring early lactation problems (Jorsal 1986) and in-
creases the incidence of postfarrowing vulvar discharges
and endometritis (Bara and Cameron 1996).

Temperature control in the farrowing room is cer-
tainly a crucial factor affecting sow lactation perform-

CHAPTER 4 DISEASES OF THE MAMMARY GLANDS 77

ances (see heat stress). It is essential to provide a local-
ized warm environment for newborn piglets but the
temperature requirement of the sow must also be taken
into consideration since her zone of thermoneutrality is
much lower than that of piglets. In modern swine units,
where farrowings are managed as all-in/all-out on a
room basis, it is much easier to adjust the temperature
according to the physiological state of the sow and her
piglets. We generally recommend that room tempera-
ture be maintained warm (20-22°C) for the 2-3 days
after farrowing to favor piglet survival. However, after
this crucial period, room temperature can be gradually
decreased to attain 18°C or even 15°C on day 10 of lacta-
tion (Farmer et al. 1998). Indeed, when an adequate
draft-free heat zone is provided for the piglets, the ambi-
ent temperature can be decreased to 15°C on day 8 of
lactation with no detrimental effects on sow and litter
performances. It is important that the extra heat pro-
vided is directed away from the sow and her udder and
that it be rapidly removed, when not needed, to favor
the sow’s well-being and maximize her milk production.
One must also keep in mind that position of the heat
lamps has an impact on the spatial behavior of neonatal
pigs (Titterington and Fraser 1975).

Others

Feeding Strategy. It was hypothesized that a reduced
feed consumption in first days of lactation decreases the
incidence of lactation failure. However, gradually in-
creasing feed consumption of sows in the first week
postpartum instead of feeding ad libitum within 16
hours of farrowing also showed no advantage for litter
performance or occurrences of lactation failure (Moser
et al. 1987).

Prostaglandins on the Farrowing Day. Prostaglandins
are luteolytic agents causing a prepartum decline in prog-
esterone and the release of relaxin from the corpora lutea.
They are widely used for the induction of farrowing
(Ehnvall et al. 1977), resulting in an immediate and sharp
increase in prolactin concentrations lasting approxi-
mately 6 hours (Hansen 1979). In some herds with a sig-
nificant percentage of gilts and sows showing PPDS, in-
duction of parturition with the F series of prostaglandins
has proven effective in reducing the incidence of PPDS
(Cerne and Jochle 1981; Holtz et al. 1983), whereas it had
no effect in other herds (Ehnvall et al. 1977; Hansen
1979). Prostaglandins could be effective in treating PPDS
caused by retarded lactogenesis since incomplete luteoly-
sis of corpora lutea can lead to high progesterone concen-
trations, which inhibit lactogenesis. Moreover, postpar-
tum administration of prostaglandins can have a
beneficial effect on uterine involution and prevention of
severe clinical endometritis (Waldmann and Heide 1996).

Vitamin E. Some research has suggested a relationship
between diets deficient in selenium and vitamin E, and
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sow lactational problems (Trapp et al. 1970; Whitehair
and Miller 1986). The exact mode of action has not been
established, but these microelements may give some
protection against endotoxins because they both play a
role in the maintenance of cellular integrity and in
leukocyte function (Elmore and Martin 1986). On the
other hand, primary deficiencies are uncommon since
vitamin E and selenium are generally supplemented in
feed. In fact, increasing dietary levels of vitamin E from
30 to 60 IU did not decrease the prevalence of MMA di-
agnosed subjectively at parturition based on udder
hardness and vulvar discharge (Mahan et al. 2000). In
another study, injections of vitamin E (400 IU) and sele-
nium (3 mg) to sows three times during gestation, while
they were fed normal levels of these nutrients, increased
the survival rate of piglets but did not affect litter
weights at weaning (Chavez and Patton 1986).
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Diseases of the Nervous and
Locomotor Systems

Catherine E. Dewey

Clinical signs of lameness and neurological problems
are common in swine herds. Lameness is the second
most important cause of culling in breeding-stock ani-
mals and hence results in lost opportunity in reproduc-
tive performance. Preweaning and postweaning poly-
serositis and meningitis cause decreases in production.
Although cases of nutritional deficiencies and poison-
ings are rare, they are nonetheless extremely important
to diagnose. To diagnose a lameness or neurological
problem, begin with a thorough herd evaluation fol-
lowed by clinical examinations of individual animals.
Determine whether the clinical signs are primarily due
to the musculoskeletal system or the neurological sys-
tem to narrow the list of differentials and to focus the
clinical examination.

LOCOMOTOR PROBLEMS

Clinical Approach to a Lameness Problem in
a Herd

The objectives of the herd examination for a lameness
problem include determining the age group(s) affected,
the most prominent clinical signs, and the onset and
prevalence of the clinical signs. It is essential to examine
the affected animals as well as their environment.

To evaluate lameness in the breeding herd, begin by
examining the sows in farrowing crates and gestation
stalls while they are prone. Record the number of sows
that have hoof cracks, hoof wall damage, sole lesions,
foot rot, long lateral toes, dewclaw damage, and soft-
tissue damage. Most sows will remain prone if you han-
dle their feet gently. Next, encourage all sows to stand.
Note the number of sows with clinical lameness, the
severity of the lameness, whether the clinical signs in-
volve one or more than one leg, if it is predominantly a
forelimb or hindlimb lameness, and the parity and
stage of gestation of the sows affected. Palpate joints
and soft tissue of the clinically affected legs and lift the
leg to examine the foot to determine the primary
source of the lameness. Take the sows out of the crates

to observe their gait. Describe the severity of the lame-
ness using the following terms: stiffness, weight bear-
ing, resting the leg on the ground or carrying the leg
while standing still, weight bearing or carrying the leg
during ambulation, and ability to stand and walk with-
out assistance.

Once the stalled animals are observed, examine the
sows housed in pens. Note whether the lameness is asso-
ciated with a specific housing type. Examine the feet of
the sows that are lying down, watch the sows move
about, and determine the prevalence and severity of the
lameness in this group of animals. Specifically look for
reluctance to move, degree of difficulty in standing,
stiffness, stance with legs under the body, and weight
bearing on all limbs.

Depending on the extent of the problem, you may
wish to cull a representative group of sows to conduct a
complete examination of all joints, feet, and vertebral
column. Examine all putative causes of the lameness
such as nutrition; relocation of the sows during gesta-
tion; and housing conditions, especially floors, includ-
ing solid versus slatted, slipperiness, roughness, and
wetness.

For growing animals, determine the range in severity
of clinical signs and whether one or more legs are in-
volved per animal. Examine animals that are acutely
and chronically affected, observe their movement, pal-
pate the joints and then each leg looking for heat,
swelling, and response to pain. Examine all age groups
of animals on the farm, not just those with the most se-
vere signs. The causative factors may be in the environ-
ment of younger animals. If the producer has treated
pigs, discuss the response to treatment. Finally, select a
representative sample of nontreated pigs for a post-
mortem examination.

Preweaning Pigs

The most common conditions affecting the locomotor
system of preweaning pigs will be covered in this sec-
tion; others can be found in Table 5.1.
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Table 5.1. Lameness in preweaned pigs.

PHYSICAL EXAMINATION, DIAGNOSIS, AND BODY SYSTEMS

Cause

Clinical Signs

Epidemiology

Pathology

Abrasions of carpi and
hooves

Lameness and swollen joints due
to abraded skin at carpi and

Common, trauma to skin from
concrete floors during suckling

Abraded skin

coronary band, and abraded
horn at toe

Listlessness, dyspnea, lameness
develops later; pigs may be
found dead

Actinobacillus suis

Arthritis Reluctant to stand or move, lame-
ness, one or more joints hot
and painful, skin abrasions,
poor growth

Distal legs thick, firm, red, taut

skin; stilted gait; fatal

Hyperostosis

Acute septicemia

Widespread, common, sporadic
with occasional outbreaks

Rare, widespread, sporadic, in-
herited

Petechia on kidneys, pleural effu-
sion, pleuritis, pneumonia,
purulent arthritis, omphaloph-
lebitis

Synovitis with excessive normal-
to-purulent fluid

Subcutaneous edema, fibrous
tissue, and thickened leg bones

Splayleg. Splayleg is a congenital abnormality causing
paresis in newborn pigs. This problem of hindlimb ad-
duction affects approximately 0.4% of live births (Ward
1978). The annual rate in pigs born to German Landrace
boars between 1982 and 2000 ranged from 0.26% to
0.69% but did not decrease over time due to selection
(Beissner et al. 2003). An examination of 47,323 litters
born to German Landrace boars from artificial insemi-
nation units showed that the frequency of splayleg was
not reduced by selection over a 14-year period (Beissner
et al. 2003). The problem is widespread, common, and
typically affects only 1-4 pigs per litter and just a few
litters at a time. Usually individual herd prevalence is
less than 1%; however, sporadic increases occur when
the prevalence reaches 8% or higher (Ward and Bradley
1980).

The condition has been associated with low birth
weight, slippery floors, Fusarium toxicity, choline or
methionine deficiency in sow diets, Large White and
Landrace pigs, and short gestation lengths (Ward 1978).
Farrowing induction may result in a higher prevalence of
splayleg especially if producers do not first determine the
normal gestation length in their herd. Some studies have
suggested that one cause of splayleg was a deficiency in
the sow’s diet of choline and methionine which are es-
sential for normal myelin production (Cunha 1968;
Kornegay and Meacham 1973). The study by Cunha
(1968) did not mention the use of controls. However,
others have refuted this suggestion (Dobson 1971). In
clinical trials on two farms, Dobson (1971) showed that
adding 3 g choline and 5 g methionine to the sows’ daily
ration had no effect on the occurrence of splayleg.

Although some researchers describe muscle hy-
poplasia as the cause of the clinical signs, myofibrillar
hypoplasia is normal in all newborn pigs. At one day of
age, myofibrils do not fill the muscle cells completely in
splayleg or in normal pigs (Ward and Bradley 1980).
Also, the vasculature, nervous supply, neuromuscular
bundles, and the myelination of the intramuscular
nerves are the same between healthy and affected pigs.

Clinically 3-day-old pigs show improved movement and
the myofibrils increase in size, reducing the extra-
myofibrillar space. By 6 days of age, the splaylegged pigs
do not differ from normal pigs clinically or in the histol-
ogy of the muscles. In all pigs, myofibrils and nuclei
continue to increase in size.

Splayleg is caused by a reduction in the axonal diam-
eter and myelin sheath thickness of the fibers that in-
nervate the hindlimb adductors (Szalay et al. 2001). The
pathways from the upper to the lower motor neurons,
specifically the lumbar spinal motor neurons are im-
paired. In affected pigs, nerves at the level of L6 regions
near the surface of the spinal cord are somewhat myeli-
nated, whereas deeper areas are unmyelinated. This is
particularly obvious in the ventral and lateral funiculi.
These areas are responsible for innervation of the
hindlimb. Myelination is required for normal impulses
to be conducted along nerve fibers. The oligodendroglia
form the myelin sheath as the final step in the forma-
tion and maturation of the neural pathways. Typically,
the lumbar region is myelinated earlier than more ros-
tral sections. It is not known why this problem with
myelination occurs in these splaylegged pigs.

Myelin is produced by the fetus’ oligodendrocytes.
This production appears to occur in two phases. The first
peak occurs 2 weeks prior to birth and the second 3
weeks after birth. If pigs live past the first couple of
weeks, the myelin sheath is properly developed during
this second phase.

Clinically pigs show extreme abduction of the limbs
with an inability to stand. Splayleg affects the hindlimb
adductors and in severe cases, the forelegs are also in-
volved (Szalay et al. 2001). Clinically signs are similar in
the high prevalence periods. Typically half of the af-
fected pigs die due to starvation and overlying, because
the pigs have a hard time reaching the udder, retaining
hold of the nipple, competing with their littermates and
moving out of the sow’s lying space. Affected pigs can be
kept alive if they are fed artificially, provided with sup-
plemental colostrum and heat, assisted to nurse, cross-
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fostered to reduce competition, and have their limbs
taped in a natural standing pose. Pigs that live past the
first week of life will recover completely.

Polyarthritis. Polyarthritis is a common problem in
preweaned pigs and affects approximately 18% of litters
and 3.3% of pigs after 4 days of age (Nielsen et al. 1975).
Mortality due to polyarthritis is about 1.4% and is high-
est in the winter. Most affected pigs will die by 3 weeks
of age, but 32% of the pigs do not die until 4-5 weeks of
age. There is a lower incidence of polyarthritis in female
pigs and in pigs from multiparous sows, small litters,
closed herds, and herds that do not have their pigs’ teeth
clipped or tails docked (Nielsen et al. 1975; Smith and
Mitchell 1976). Pigs with polyarthritis are more likely to
have necrotizing gingivitis than healthy pigs. Different
instruments should be used for the teeth and the tails at
processing. Instruments should be disinfected between
piglets, and the tail and navel sprayed with a disinfec-
tant (Nielsen et al. 1975).

Haemolytic streptococci cause 65% of the cases but
staphylococci and Escherichia coli are also frequent
causes (Nielsen et al. 1975; Smith and Mitchell 1976).
The joint lesions include increased synovial fluid, hy-
peremia of synovial membranes, fibrinous periarthritis,
and joint swelling due to exudate and abscesses. The
carpal, elbow, hock, and hip joints are most frequently
affected. Often the meninges and brain are congested,
and there is turbid cerebrospinal fluid, concurrent
pneumonia, endocarditis, and gingivitis (Nielsen et al.
1975). The pathogenesis involves the individual pig’s
ability to eliminate pyogenic organisms before they
multiply in the joints (Nielsen et al. 1975). Early treat-
ment with antibiotics will reduce the duration of illness
and mortality. Pigs need to be examined carefully for
signs of lameness, particularly at 10 and 18 days of age
(Nielsen et al. 1975).

Skin Abrasions. Skin abrasions occurring bilaterally
on hindlegs and forelegs are evident within a few hours
of birth. Rough floor surfaces increase the chance of
skin abrasions and therefore the opportunity for the in-
vasion of microorganisms. Although 98% of 3-day-old
pigs have skin abrasions, only 11% of pigs are severely af-
fected and most lesions heal within 2-3 weeks of life
(Svendsen et al. 1979; Furniss et al. 1986). The incidence
of skin abrasions is highest on old cement floors, inter-
mediate on punch metal and new cement floors, and
lowest on plastic-coated woven wire. The incidence in-
creases if the size and shape of the slot is large compared
to the piglet’s foot size and in litters suckling sows with
hypogalactia (Smith and Mitchell 1976). The slot width
in farrowing crate floors should not exceed 10 mm.

Postweaning Lameness
Infectious Arthritis. Infectious arthritis causes slaugh-
ter condemnations equivalent to 2 whole carcasses and

49.6 partial carcasses per 10,000 pigs slaughtered (Evans
and Pratt 1978). Pigs condemned due to arthritis are
more likely to have erysipelas or pneumonia than pigs
not condemned (Evans and Pratt 1978).

Erysipelothrix  rhusiopathiae. Erysipelothrix rhu-
siopathiae atfects nursery to adult pigs. It is a widespread
but uncommon disease affecting up to 75% of pigs in a
pen, with 10% mortality (Buddle 1987). Chronic erysi-
pelas results in a progressively increasing lameness and
weight loss over 2-3 weeks, with palpably normal joints.
It causes a theumatoid-like proliferative arthritis in the
joints of the long bones, spondylitis, and spondylarthri-
tis. The polyarthritis develops in four stages: hyper-
trophic villous synovitis, pannus formation and articular
surface degeneration, fibrous ankylosis, and bony anky-
losis. The disease may stop at one of these stages and the
animal will undergo remission; otherwise the disease be-
comes chronic and the animal becomes unthrifty.

Clinically, the animals shift their weight from leg to
leg and may have periods of remission. Early in the dis-
ease the joints are swollen, warm, and slightly painful,
but in the later stages, joints become firm and nodular,
with palpable periarticular enlargements and restricted
joint movement (Vaughan 1969). Pigs with erysipelas
prefer to lie down and have a stilted gait and poor growth
rate (Grabell et al. 1962). Animals support themselves on
the tips of their digits and have flexed carpi; hocks are to-
gether and feet are under the body, with the back arched.
There is no palpable fluid or purulent matter in the
joints.

There is moderate improvement after treatment with
penicillin. Although it is difficult to isolate E. rhusio-
pathiae from chronic cases, it can be isolated from 65%
of lame grower-finisher pigs and it causes large abattoir
losses due to polyarthritis.

Mycoplasma hyosynoviae. Mycoplasma hyosynoviae is
relatively rare and affects up to 10% of the animals, al-
though in some herds 50% of the animals are involved
(Buddle 1987). Clinically 3- to 6-month-old pigs experi-
ence a sudden onset of lameness over 3-10 days. The or-
ganism lives in the respiratory tract and is spread via in-
halation (Burch 1986). Mycoplasma hyosynoviae causes
severe lameness with minimal swelling of stifle, shoul-
der, elbow, and tarsus joints. Pigs show a shifting lame-
ness, stiff or staggering gait, kneeling, or dog-sitting.
Approximately 10-20% will become chronic and
progress to recumbency. Pathologic features include fib-
rinous arthritis, edematous, hyperemic, hypertrophied
synovial membrane, and serosanguineous synovial
fluid. Treatment with either tiamulin or lincomycin at
10 mg/kg daily for 3 days reduces lameness and im-
proves daily gain (Burch and Goodwin 1984).

Polyserositis. Polyserositis occurs most commonly in
4- to 12-week-old pigs, and more frequently in autumn
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and winter than in spring and summer (Miniats et al.
1986). Haemophilus parasuis is isolated most frequently
(36%), followed by M. hyorhinis (18%) and then Strepto-
coccus suis and Pasteurella multocida. These pigs experi-
ence peracute death or lameness, inability to rise,
swollen joints, and respiratory distress.

Mycoplasma hyorhinis. Mycoplasma hyorhinis typi-
cally affects pigs at 7 weeks of age and is associated with
the decline of passive immunity (Ross and Spear 1973).
This is a widespread disease but uncommon and spo-
radic and results in low morbidity (5-15%) and mortal-
ity (<10%) (Buddle 1987). Clinically affected animals
carry affected legs because of acute, severe pain. Several
joints are moderately hot and swollen, especially car-
pus, shoulder, tarsus, and stifle (Buddle 1987). There is
also polyserositis, causing abdominal breathing and re-
luctance to move. Occasionally the lesions will sponta-
neously resolve but more typically pigs experience
chronic ill thrift. The gross postmortem lesions include
distension of the joint capsule, hyperemia, edema, and
fibrin deposits of the synovial membrane (Roberts et al.
1963). The chronic lesions include hyperemia, hyper-
trophy and yellow discoloration of the synovial mem-
brane, and bone atrophy. The tonsils and mucous
membranes of the respiratory tract of sows provide the
reservoir for M. hyorhinis (Ross and Spear 1973).
Typically the organism is introduced with new breed-
ing stock. A synergistic effect of other conditions, such
as concurrent E. coli infections or poor management, is
required to initiate clinical signs (Frus and Feenstra
1994).

Haemophilus parasuis (Glasser’s Disease). Haemo-
philus parasuis (Glasser’s disease) causes a severe pera-
cute and acute lameness, depression, fever, dyspnea, hot
swollen joints, reluctance to stand or move, tremor,
paralysis, and sudden death (Nielsen and Danielsen
1975; Smart et al. 1986; Hoefling 1994). Pigs recovering
from the acute phase may have chronic arthritis.
Experimentally infected pigs will be reluctant to move
36 hours post infection. By 60 hours, they have swollen
joints and exhibit lateral recumbence (Vahle et al. 1997).

Haemophilus parasuis is a commensal organism living
in the upper respiratory tract of pigs. It can be isolated
from the nasal and oral cavities and trachea (Oliveira
and Pijoan 2004). H. parasuis can cause acute suppura-
tive rhinitis with loss of cilia in the nasal and tracheal
mucosa (Vahle et al. 1997). This may be the portal of
entry. When H. parasuis causes acute septicemia and
sudden death, this is due to disseminated intravascular
coagulation in response to the bacteria’s endotoxin.

The disease is widespread and relatively common.
Outbreaks occur due to regrouping pigs, at 1-2 weeks
postweaning, and when naive breeding stock are moved
to an endemically infected herd.

The prevalence of clinical disease due to H. parasuis

in nursery pigs appears to have increased since the
1980s. The change may be due to either the use of off-
site early weaning facilities, porcine reproductive and
respiratory syndrome virus (PRRSV), or porcine cir-
covirus type 2 (PCV2). Maternal immunity wanes at 6 to
8 weeks of life. Most pigs have not been colonized by the
H. parasuis bacteria before they are weaned. As maternal
immunity wanes, the whole population of nursery pigs
is susceptible to infection, which enables outbreaks in
these nursery barns (Oliveira et al. 2001). In nurseries af-
fected with PRRSV, pigs often exhibit polyarthritis as
well as clinical signs involving other organ systems. In
these herds, lameness can affect as many as 80% of the
pigs and typically is the result of multiple etiologies, in-
cluding H. parasuis, S. suis, M. hyorhinis, and E. rhu-
siopathiae (Kern 1994).

If pigs are infected with PRRSV a week before the H.
parasuis infection, the alveolar macrophages have a
marked decrease in their ability to kill the bacteria
(Solano et al. 1998). In vitro research conducted by the
same laboratory found different results (Segales et al.
1998). One-third of the pigs affected by postweaning
multisystemic wasting syndrome in Korea were dually
infected by porcine circovirus type 2 and H. parasuis
(Kim et al. 2002).

Clinical H. parasuis is diagnosed by clinical signs;
presence of lesions such as fibrinopurulent exudates in
the peritoneal, pericardial, and pleural cavities; menin-
gitis; arthritis; and bacterial culture of the organism
(Vahle et al. 1997). The bacteria are fastidious and there-
fore, PCR assays may be used to improve the sensitivity
of identifying the bacteria in clinical cases (Oliveira et
al. 2003). However, the positive PCR test must be fol-
lowed by culture for further characterization prior to
implementing a control program.

Conventional pig farms typically have multiple
strains of H. parasuis (Smart et al. 1988). The strains iso-
lated from nasal swabs are often not the same strains iso-
lated from systemically infected pigs from the same
farm (Smart et al. 1993). A new indirect hemagglutina-
tion test used on 300 isolates from North American sub-
missions to diagnostic laboratories showed that serovars
4, 5, 7, and 13 were the most prevalent (Tadjine et al.
2004). Oliveira et al. (2003) found serovar 4 and non-
typable isolates to be the most prevalent in U.S. herds.

If treated early, affected pigs will respond to systemi-
cally administered penicillin (Desrosiers et al. 1986).
Both commercially available and autogenous vaccines
have been used prior to the introduction of breeding
stock to reduce incidence of clinical signs (Smart et al.
1986, 1993; Miniats and Smart 1988).

Often H. parasuis problems in nursery and grower
pigs can be controlled by the use of commercial or auto-
genous vaccines. However, consistent control of H. para-
suis has been difficult because of the serovar diversity
and the lack of cross protection between strains
(Oliveira and Pijoan 2004).
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Table 5.2. Lameness in postweaned pigs and adults.
Disease Clinical Signs Epidemiology Pathology
Apophysiolysis Gradual onset, hind feet slide for- May be end stage of leg weakness Separation of ischial tuba

Asymmetrical hindquarter
syndrome
Back-muscle necrosis

Epiphysiolysis capitis
femoris

Foot-and-mouth disease

Mastitis, metritis, agalactia

Melioidosis

Osteodystrophia fibrosa

Trauma

ward, difficulty in standing,
arched back, dog-sitting; pro-
gresses to lateral recumbency,
crepitation of ischial tuberosity

Reduced muscle mass in hip or
thigh; normal gait

Occurs in 5- to 12-month-old
pigs; difficult movement due to
swollen, hot, uni- or bilateral
lesion of back; chronic muscle
atrophy

Sudden onset of severe lameness
in one or both hindlegs; reluc-
tance or inability to stand, dog-
sitting, squealing, crepitation
and pain over hip, muscle
wasting

Reluctance to stand or move; de-
pression; fever; small vesicles
on snout, coronary band, and
teats and between claws; vesicle
ruptures leaving hemorrhagic,
granular, eroded surfaces; un-
derrunning of hoof horn

Lameness, heat, front feet painful,
digital pulse in fetlock region,
stiff gait, reluctance to move

Usually subclinical; occasionally
acute septicemia, anorexia,
nasal discharge, cough, poste-
rior paresis, death

Signs range from mild, shifting
lameness to inability to stand;
shortened, curved long bones,
enlarged joints and facial bones

Slight to severe lameness due to
sprains and bruising; hoof
cracks and cuts

syndrome or may occur inde-
pendently

Rare

Rare, sporadic, sudden onset; part
of porcine stress syndrome

Part of leg weakness syndrome,
often seen in newly weaned
gilts

Reportable disease; all ages, rapid
spread, high morbidity, 5%
mortality

Widespread, common, sporadic,
lameness uncommon

Zoonotic disease; uncommon,
sporadic

Absolute or relative calcium defi-
ciency, morbidity up to 100%;
secondary hyperthyroidism in
grain-fed pigs due to high phos-
phorus and low calcium

Widespread, common, affects all
ages

Reduced muscle mass in hip or
thigh

Pale, soft, exudative necrosis and
hemorrhage of back muscles

Separation of femoral head at
epiphyseal plate

Acute deaths in piglets, irregular
grayish foci on myocardium

Laminitis

Multiple abscesses with caseous,
green, purulent matter in sub-
cutis, lymph nodes, lung,
spleen, and liver

Distorted bones; bone and mar-
row replaced with fibrous tissue

Referable to clinical signs

Lameness in Growing Pigs and Breeding
Animals

The differential diagnosis of lameness in growing and
breeding animals includes mainly foot rot, leg injuries,
epiphysiolysis, apophysiolysis, osteochondrosis, arthro-
sis, osteomalacia, fractures, and arthritis (Penny 1979;
Wells 1984) (Table 5.2). Leg weakness is a term used to
describe lameness due to osteochondrosis, arthrosis,
epiphysiolysis, and apophysiolysis. In several studies,
osteochondrosis, which is a generalized dyschondropla-
sia, was found to be the most common cause of lame-
ness in breeding-age animals (Grondalen 1974a; Reiland
1975; Hill et al. 1984; Dewey et al. 1993). The second
most important cause of lameness was foot lesions, ei-
ther foot rot, overgrown claws, or torn dewclaws (Dewey
et al. 1993). However, outbreaks of foot problems occur

in breeding herds, where up to 100% of the sows are af-
fected (Penny 1979).

Culling Due to Lameness. Lameness is the second most
common cause of culling in breeding animals, represent-
ing 10-20% of all culled sows (Walker et al. 1966; Reiland
1975; Dagorn and Aumaitre 1978; Karlberg 1979;
Friendship et al. 1986; Dewey et al. 1992). In a compara-
tive study of Landrace sows, lameness caused the culling
of 20.5% of the low-backfat line, but only 13.8% of
the high-backfat line (Grondalen and Vangen 1974). Be-
tween 30% and 40% of boars at performance stations
and approximately 24% of boars at artificial insemina-
tion units are culled for leg weakness; 75% of the latter
are less than 18 months of age (Grondalen 1974g; Reiland
1975). Sow herds in France with a lameness prevalence of
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at least 15% had higher mortality rates than herds with
less lameness (Abiven et al. 1998). Lameness is frequently
a cause of euthanasia in sows (D’Allaire et al. 1987). In
one study, locomotor problems caused 9% of the culling
and 28% of sow deaths (D’Allaire et al. 1987). Reiland
(1975) examined 230 boars and sows culled for lameness
and found few cases of foot rot and concluded that hoof
lesions were of secondary importance in leg problems.

The culling rate due to lameness in sows varies from
farm to farm, suggesting that leg weakness is a major
problem on certain farms. In a survey of Ontario farms,
it ranged from 0-38%, with an average of 11%, and was
associated with a high culling rate for sows and high
proportions of gilts to sows in the breeding herd (Dewey
et al. 1992). The culling rate due to lameness in start-up
herds (26% + 13%) was higher than in established herds
(8% + 6%) (Dewey et al. 1992). Herds that are repopulat-
ing have a larger proportion of young breeding-age ani-
mals and a higher level of culling for lameness.

The housing factors associated with high levels of
culling due to lameness were slatted floors for finisher
pigs or sows, the use of individual sow stalls, and a high
density of pigs in the finishing area. These findings sug-
gest that a change of housing design may result in re-
ducing the culling rate due to lameness and that atten-
tion to the way young replacement stock is housed and
handled may be very important with respect to subse-
quent longevity and soundness. Floor type and quality,
the size of the space between the slats, the width of the
slat, the flooring material, and the type of ground for
outdoor housed pigs all impact the prevalence and
cause of lameness in pigs. Housing pigs indoors on con-
crete is associated with lameness in pigs (Barnett et al.
2001). Farms that have both stalls and pens for sow
housing had a lower culling rate due to lameness than
farms that had only pens (Paterson et al. 1997 cited by
Barnett et al. 2001). However, muddy conditions and
stones in the paddock cause lameness in pigs housed
outdoors (Barnett et al. 2001). Sows housed in pens for a
portion of gestation are expected to have reduced far-
rowing time (Ferket and Hacker 1985), reduced lameness
in gilts (Hale et al. 1984), and less joint damage (Fredeen
and Sather 1978).

Many sows culled for lameness have more than one
problem causing the clinical signs. The primary cause of
lameness is likely associated with genetics, predominant
feed ingredients, housing type (specifically, intensive
versus extensive), floor type, and drainage. Associations
between the culling rate due to lameness in sows and
various housing factors involving finisher pigs indicate
that the environment of the young growing animal may
have an effect on the skeletal system that becomes ap-
parent only later in life. This would suggest that man-
agers of herds with higher than acceptable levels of
lameness in the sow herd should examine the flooring
and housing systems used for the young replacement
animals in addition to the sows’ environment.

Infectious Arthritis. Infectious arthritis is generally of
minor importance as a cause of sow culling and affects
2.5% of culled boars (Grondalen 1974b, e; Grondalen and
Vangen 1974; Nakano et al. 1979a). In Reiland’s (1975)
study of animals culled for lameness, the clinical signs
were due to infectious arthritis in 18% of the sows that
were less than 18 months of age and in 64% of the sows
that were older than 18 months. Most of these animals
had spondylitis, osteomyelitis, and/or arthritis of the
hock joint which were caused by E. rhusiopathiae, strepto-
cocci, or Arcanobacterium pyogenes. The chronic prolifera-
tive arthritis and discospondylitis of the vertebral col-
umn were secondary to lesions of osteochondrosis.

If osteotropic bacteria such as streptococci or Arcano-
bacterium pyogenes affect joints with a fracture or epi-
physiolysis, the primary lesion cannot be determined
(Reiland 1975). In suppurative infectious arthritis, if the
bacteria enter the joint by direct penetration, only one
joint is involved, but if the bacteria are spread from a sep-
tic focus—such as infected hoof lesions, fight wounds,
skin abrasions, or uterine infections—polyarthritis en-
sues. The clinical signs of arthritis are heat, swelling, pain
of the affected joint, refusal to bear weight on the leg,
pyrexia, and anorexia (Hill et al. 1986).

Osteochondrosis. Osteochondrosis is a noninfectious,
degenerative, generalized condition of cartilage. It is
manifested as an abnormal differentiation of both phy-
seal and epiphyseal cartilage with secondary bony
changes (Reiland 1975; Hill et al. 1985; Palmer 1985).
Osteochondrosis is the major cause of leg weakness in
growing boars and sows (Grondalen 1974c, i, 1981; Rei-
land 1975; Nakano et al. 1979a; Palmer 1985). The inci-
dence and severity of lesions due to osteochondrosis in-
crease from 10 to 20 weeks of age or from 60 to 120 kg
liveweight (Nakano et al. 1981b; Aherne and Brennan
1985). In animals 4-18 months of age, osteochondrosis
affects the weight-bearing joints (Hill et al. 1985).

Predilection Sites. Lesions of osteochondrosis are gener-
ally found in several joints in the affected animal. The
medial part of the joint is most severely affected
(Grondalen 1974a; Reiland 1975; Nakano et al. 1981Db).
Osteochondrosis can be located in the following areas,
listed in descending order of severity of lesions (Reiland
1975; Palmer 1985):

1. Articular-epiphyseal lesions: stifle, elbow, lumbar
synovial intervertebral joints, hock, shoulder, and
hip

2. Growth plate lesions: distal ulna, distal femur, costo-
chondral junction, femoral head, humeral head, is-
chiatic tuberosity, and thoracolumbar vertebrae

3. Epiphysiolysis and apophysiolysis lesions: glenoid
cavity, ischiatic tuberosity, capital femoral epiphysis,
vertebral epiphyses, anconeal process, and distal
ulnar epiphysis
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Pathogenesis. Osteochondrosis occurs when the mech-
anism of endochondral bone formation is disturbed in
various predilection sites, but its pathogenesis is not
clear (Grondalen 1974a; Reiland 1975). It is uncertain
which tissue component is abnormal and initiates the
onset of the lesions: the chondrocytes, the cartilage ma-
trix, or the blood vessels (Hill 1990). The matrix of carti-
lage is mainly composed of collagen fibers, water, and
proteoglycans, which are protein-glycosamino-glycan
(GAG) complexes that exist in free form or in aggregates
bound by hyaluronic acid. Failure of endochondral ossi-
fication is associated with cell necrosis and reduced
amounts of proteoglycans and collagen in the tissue.
Osteochondritis dissecans and superficial fractures of
the cartilage are associated with clusters of chondro-
cytes and a less than normal concentration of proteogly-
cans (Nakano et al. 1979a). More than 98% of the total
GAG content of the pig’s distal femoral articular carti-
lage is chondroitin sulfate, and its concentration de-
creases with increasing age from 3 days to 30 weeks
(Nakano et al. 1979b). In normal animals, in the force-
bearing areas of the stifle joint, the articular cartilage is
thickened and contains more chondroitin sulfate and
less collagen than in the non-force-bearing areas, indi-
cating that chondroitin sulfate is used for shock absorp-
tion (Nakano et al. 1979a). As the pig grows, the joint
cartilage does not mature properly, which leaves the
joint surfaces prone to damage from mechanical stress.

Local overloading in the jointis a factor in the patho-
genesis of osteochondrosis (Grondalen 1974b, e, i;
Nakano et al. 1979a, 1981b; Reiland and Anderson
1979). The lesions may be due to a disturbance of the
metaphyseal blood flow caused by a local overloading of
one part of the joint (Grondalen 1974d). The mechani-
cal stress in heavy pigs on immature cartilage causes a
circulatory disturbance at the osteochondral junction,
which contributes to the lesions of dyschondroplasia
(Walker et al. 1966; Nakano et al. 1981b). Epiphysiolysis
of the femoral head, fractures of bone trabeculae, and
worn humeral head cartilage in boars may be due to
overloading caused by functionally weak muscles, liga-
ments, cartilage, or bone or by poor conformation
(Grondalen 1974b, f, i; Grondalen and Vangen 1974).
This stress causes the joint cartilage to be torn or eroded,
leaving exposed bone.

The growth plates that close last are most susceptible
to osteochondrosis. Growth plate defects occur when
the plate is displaced along the plane of the eosinophilic
streaks and then bone unites the epiphysis to the meta-
physis, functionally closing the plate (Palmer 1985).
Premature closure of the proximal femoral growth plate
will lead to a short femoral head and reduced lengthwise
growth of the femur, which may cause excessive wear of
the acetabular cartilage, subluxation of the femoral
head, rupture of the teres ligament, or epiphysiolysis of
the femoral head (Grondalen 1974a, b). Osteochondritis
dissecans develops when a fissure in the subarticular

cartilage extends to the articular surface, creating a flap
of cartilage (Palmer 1985).

Growth Rate and Backfat. The modern domestic pig is
the product of genetic selection for rapid growth, low
feed consumption, long carcass length, low backfat, and
high carcass yield of lean meat (Reiland 1975). Bone
growth and closure of growth plates occur with age
rather than with the weight of the pig or the energy con-
tent of the diet (Grondalen 1974e). Pigs reach sexual ma-
turity at 5-6 months of age but do not have a mature
skeleton until 18 months of age. Adolescence, the time
period between 6 and 18 months, is when the clinical
signs of osteochondrosis are seen in the pig. The preva-
lence of osteochondrosis is related to the pig’s rate of
gain and backfat thickness, which in turn are functions
of both genetics and management practices (Grondalen
1974i; Reiland 1975). Rapid weight gain may increase the
mechanical stress on the weight-bearing regions of im-
mature cartilage (Aherne and Brennan 1985). If the
growth rate of pigs is slowed by feeding only 50-60% of
the feed recommended for their weight range, the clini-
cal signs and the severity of the lesions of osteochondro-
sis are decreased (Grondalen 1974g; Reiland 1975;
Nakano et al. 1979a). There is no evidence that osteo-
chondrosis is related to nutritional excesses or deficien-
cies. The incidence of osteochondrosis increases with
the age and the liveweight of the pig.

Genetics, Breed, and Conformation. Heredity plays a sig-
nificant role in the leg weakness complex partly due to
the inheritance of poor conformational features (Gron-
dalen 1974h, i). Osteochondrotic lesions are correlated
with desirable production variables (Grondalen 1974e;
Reiland et al. 1978; Webb et al. 1983). The conformation
of the pig’s body, feet, and legs affects the incidence of
osteochondrosis (Aherne and Brennan 1985). Exterior
conformation traits that are associated with an in-
creased incidence of osteochondrosis and poor locomo-
tion are long back, narrow lumbar region, broad hams,
short hindlegs, cross-legged forelegs, sloping pasterns of
the forelegs, and small medial hooves on the hindlegs
(Grondalen 1974a, f, g). Choosing replacement stock
without these exterior conformation traits may signifi-
cantly reduce culling due to leg weakness (Grondalen
1974g).

Compression, Overloading, and Physical Stress.
Physical stress plays a part in the etiology of osteochon-
drosis, arthrosis, intervertebral disk degeneration, spon-
dylosis, and epiphysiolysis (Grondalen 1974i; Nakano et
al. 1979a). Mechanical stress on the joints leading to le-
sions of osteochondrosis can be caused by local over-
loading of cartilage or bone tissue, rapid growth rate or
weight gain, poor joint stability, or weak cartilage and
bone tissue (Grondalen 1974i). Joint stability is a func-
tion of musculature, ligaments, and joint shape.
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Clinical Signs. Clinical osteochondrosis is a chronic,
progressive, shifting lameness affecting one or more
limbs in pigs from 4 to 18 months of age (Reiland 1975;
Hill 1990). Affected animals will prefer to spend time
lying down, will not bear weight on the affected leg(s),
and will favor different legs at different times. By 18
months, the incidence of clinical osteochondrosis de-
creases, because either the animals have been culled or
their lesions have healed (Reiland 1975). The articular
cartilage is devoid of nerves, but pain is caused by an in-
creased production of joint fluid and swelling of the
joint capsule that occur secondary to the lesions of os-
teochondrosis (Reiland 1975; Aherne and Brennan
1985).

Animals with severe osteochondrosis or arthrosis of
the elbow are often clinically sound unless the lesion is
a displaced anconeal process (Grondalen 1974b; Nakano
et al. 1982). Osteochondrosis of the stifle causes a severe
lameness and is seen in animals less than 1 year of age
(Grondalen 1974b). Young sows with a separation of the
tuber ischii dog-sit with their hindlegs directed forward,
and if forced to rise, they stand for only a short time
(Hill et al. 1986). Severe arthrosis of the hock joint, mild
arthrosis of the medial condyle of the femur, and re-
paired lesions of separated tuber ischii all cause little dis-
comfort in sows (Grondalen 1974b). Osteochondrosis of
the vertebrae, with or without spondylosis, results in
kyphosis (Hill 1990). Proximal femoral epiphysiolysis
causes an acute severe lameness, and if the lesion is bi-
lateral, the animal is unable to rise (Hill 1990). Boars
that are lame due to osteochondrosis spend a lot of time
lying down, show stiffness when moving, and are un-
able to mount and breed (Grondalen 1974g; Reiland
1975; Nakano et al. 1981a).

Diagnosis. To diagnose osteochondrosis, first rule out
all other causes of lameness. Examine suspect animals
clinically and then examine a representative sample at
postmortem. Sows can be followed to slaughter to exam-
ine the feet, stifle, hip and elbow joints, and cut half of
the vertebral column. Proximal femoral epiphysiolysis
must be differentiated from a femoral fracture, paraple-
gia due to a lumbosacral fracture, or a spinal canal ab-
scess (Hill 1990). Although the definitive diagnosis of
osteochondrosis is made by histologic examination of
affected joints, 69% of cases can be diagnosed after clin-
ical and gross postmortem examination (Hill et al. 1984;
Dewey et al. 1993).

Gross Postmortem Lesions. Osteochondrosis is mani-
fested as osteochondritis dissecans, epiphysiolysis, de-
formities of bones, and arthrosis (Palmer 1985). Affected
articular cartilage may be invaginated below the level of
the surrounding cartilage and may be thick and yellow-
ish or thin and reddish (Grondalen 1974a; Reiland
1975). The border between the cartilage and bone is un-
even and its surface may be wrinkled (Reiland 1975).

Joints severely affected with osteochondrosis have an
increase in the amount of synovial fluid, ruptures, hem-
orrhages of the joint capsule and ligaments, thickened
joint capsule, and villous proliferation of the synovial
membrane (Grondalen 1974b; Nakano et al. 1981b).

A fissure running parallel to the joint surface sepa-
rates the outer layers of cartilage from the deeper layers
or may occur at the osteochondral junction (Grondalen
1974a). The fissure may extend to the articular surface,
creating a cartilage flap (Grondalen 1974a; Palmer
1985). Secondary lesions include hemorrhages, connec-
tive tissue proliferation and necrosis in the subchondral
bone, osteophyte production, and chip bone fractures
(Grondalen 1974a; Palmer 1985). Epiphyseal separation
can either be complete-as in the head of the femur and
the tuber ischii-or partial-as in the distal epiphyseal
plate of the ulna (Palmer 1985).

In advanced cases of osteochondrosis, the long
bones of the extremities are shorter and the metaphyses
are flared. The femoral and humeral heads are flattened
and have short necks, and the head is lower than the
major trochanter. Premature closure of the distal ulnar
growth plate causes a volar deviation of the distal radius,
a fractured anconeal process, and a more semicircular,
semilunar notch.

Osteochondrosis of the spine occurs in the thora-
columbar region, causing the synovial joint surfaces to
vary in shape and size, with the tip of the joint avulsed
and connected to the rest of the joint by a fibrous tissue
band. In animals older than 18 months, osteophyte pro-
duction occurs and joints may become ankylosed
(Reiland 1975). Intervertebral disks have a nucleus pul-
posus that is hemorrhagic, granular, yellowish, firm,
and almost absent or changed to a homogenous, darkly
colored mass. Epiphyseal separation of the tuber ischii is
often associated with signs of repair and arthrosis and
may cause a fracture through the primary and second-
ary spongiosa (Grondalen 1974b; Palmer 1985).

Histologic Lesions. Histologic lesions of osteochondro-
sis involving the growth cartilage of the physis and the
epiphysis include foci of metaphyseal dysplasia, eosino-
philic streaks, intracartilagenous cavities, and protru-
sions or invaginations of cartilaginous plates (Gronda-
len 1974e, g; Reiland 1975; Nakano et al. 1979a; Hill et al.
1984; Palmer 1985). Histologic lesions of osteochondro-
sis were seen in 94% of culled sows (Dewey et al. 1993).

Treatment. Pigs with a foreleg lameness due to osteo-
chondrosis may respond to 6 weeks of rest in a pen with
secure footing, sufficient room for exercise, and freedom
from being mounted by other animals. Affected animals
need to be rested for 6 weeks prior to being used for
breeding. Boars and multiparous sows with clinical
signs of the hindlegs or those with a recurring foreleg
lameness should be culled. Some boars that are lame due
to damaged cartilage become clinically sound when put
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out on dirt lots (McPhee and Laws 1976; Fredeen and
Sather 1978; Nakano et al. 1981a).

A non-steroidal anti-inflammatory drug, meloxi-
cam, was recently approved for use in dogs and cattle
and received marketing approval for pigs in Europe
(Friton et al. 2003). In double blind, clinical trials, pigs
affected with noninfectious causes of lameness had im-
proved lameness scores, improved feed intake, and re-
duced retreatment rates 4 days after the treatment com-
pared to pigs given a placebo.

Preventing Leg Weakness. Gilts’ joints mature with age
rather than with weight. Rapidly growing gilts that are
fed ad libitum experience joint stress due to their
weight. Overfeeding gilts results in increased leg weak-
ness problems and increased culling due to lameness
(Jorgensen and Sorensen 1998). Gilts were fed semi-ad
libitum (ad libitum for two 30-minute feeding episodes
per day), at the recommended Danish standard or 75%
of the Danish standard. Sows in the semi-ad libitum
group had higher overall leg weakness scores and tended
to have weaker pasterns and long accessory digits in the
forelimbs. Over the life of the sows twice as many sows
were culled for leg weakness in the ad libitum-fed group
compared to the other groups. The age sows were culled
for lameness was younger in the ad libitum group than
the other groups.

A gilt that is moved, exposed to a new floor type,
mixed with a new group of animals, or trucked to a new
farm will experience stress to her joints. Mating and
pregnancy are also potential sources of mechanical
stress. Restricted exercise in either a stall or a small pen
causes lameness, leg weakness, and poor muscle devel-
opment. The area per finisher pig and the number of
finisher pigs per pen will affect the culling rate due to
lameness in sows. Osteochondrosis is associated with
rapid weight gain and mechanical stress to joints. Re-
placement gilts should be selected at the nursery or
grower stage. By 150 days of age they should be housed
with other gilts in a pen with good secure footing and 10
square feet (1.3 m?) per animal. Their feed should be re-
stricted and they should be bred on their second or third
observed estrus.

Arthrosis. Arthrosis (arthropathy, osteoarthrosis, or
osteoarthritis) is a nonspecific, degenerative condition
of cartilage that develops in chronic joint disease
(Palmer 1985). Lesions of osteoarthrosis include fibrilla-
tion of joint cartilage, ulceration of the articular surface,
osteophyte production, and thickened synovial mem-
brane and joint capsule (Palmer 1985). Lesions of osteo-
chondrosis that affect the joint surface fill with fibrocar-
tilaginous tissue, which is then replaced by osseous
repair tissue (Grondalen 1974b; Nakano et al. 1979a; Pal-
mer 1985). The incidence and severity of arthrosis in-
creases with the increasing age of the animal (Reiland
1975). In Reiland’s (1975) study of culled sows, the inci-

dence in sows less than 18 months of age was 7%, and in
those older than 18 months, it was 82%. Arthrosis is
usually secondary to osteochondrosis (Reiland 1975).
Arthrosis of the hock is severe and the incidence is high,
but it is of minor significance with respect to clinical
lameness (Grondalen 1974b).

Foot Problems. Torn dewclaws, overgrown lateral dig-
its on the hindfeet, or foot rot are either the first or sec-
ond most important cause of lameness in sows (Smith
and Robertson 1971; Penny 1979; Dewey et al. 1993).
Dry sows that are housed on partially slatted concrete
floors may have their dewclaws torn as their feet slide
outward in an attempt to stand. Overgrown lateral digits
are seen in animals without exercise, especially those
kept on nonabrasive floors such as plastic or steel slats.
These sows should have their hooves or dewclaws
trimmed on a regular basis. Floors with rough edges or
sharp prominences that cause abrasions and floors with
poor drainage increase the incidence of foot rot.

Foot Rot. Foot rot begins as a crack in the wall of the
hoof which starts at the volar surface and extends two-
thirds of the way to the coronary band (Penny 1979).
Secondary infection of the crack by Fusobacterium
necrophorum, Arcanobacterium pyogenes, or spirochetes
leads to a deep necrotic ulcer of the laminae and coro-
nary band or a necrotic track which may reach the coro-
nary band and form an ulcer (bush foot) or an infection
of the deep flexor tendon or phalangeal bones and
joints (Vaughan 1969). If the crack does not become in-
fected, it is termed a false sand-crack and does not cause
lameness (Hill et al. 1986). Clinically, foot rot causes a
unilateral lameness in which the animal is reluctant to
bear weight on the affected limb. This contributes to
clumsiness and bad mothering in sows and impotentia
coeundi in boars (Penny et al. 1963; Hill et al. 1986).
Foot rot and associated foot lesions (heel, toe, and sole
erosions, white line lesions, and false sand-crack) are
seen in 64% of slaughter weight pigs (Penny et al. 1963).
In a similar survey done by Backstrom et al. (1980), al-
most 50% of slaughter pigs had moderate to severe foot
lesions, particularly on the pads, sole, and lateral digits.

Lesions of foot rot are commonly seen on the lateral
claws of the hindlegs (Simmins and Brooks 1988). Hoof
injuries often occur in the lateral claw of animals with
uneven claws where the lateral claw is larger than the
medial claw (Penny et al. 1963; Vaughan 1969; Gron-
dalen 1974a; Penny 1979). The uneven claw may also
cause the animal to stand and walk with an abnormal
gait (Penny 1979). Crated animals have fewer hoof le-
sions than penned animals (Bane et al. 1980). There was
a positive, significant, linear relationship between the
gross postmortem scores for the foot lesions and the
clinical grade and the parity of the sow. The older sows
suffered from foot trouble more frequently than the
younger sows (Dewey et al. 1993).
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Fractures. Fractures occur when animals struggle to
free a limb from between slats or under feed troughs or
pen rails or when they fall on slippery concrete or dur-
ing transport (Vaughan 1969; Hill et al. 1986). Clinically
there is a sudden onset of severe lameness in one leg, the
animal carries the leg, and there is crepitation and pain
on palpation (Buddle 1987). The condition is wide-
spread but rare.

Floors

Lameness is associated with many factors and cannot
usually be blamed on only one factor. Housing appeared
to be an important factor influencing the level of lame-
ness that an individual herd experienced. Floor types af-
fect the incidence of foot and limb disorders (Elliot and
Doige 1973; Perrin et al. 1978; Newton et al. 1980; MAFF
1981; Nakano et al. 1981a; Hani and Troxler 1984). A sur-
vey of Pig Health Scheme Herds showed that 44% of
farms with slatted floors had pigs with injuries, whereas
only 28% of farms with solid floors had pigs with in-
juries caused by flooring (MAFF 1981). Good perforated
floors require a durable, low-cost, nonslip, nonabrasive
surface and acceptable levels of cleanliness and ease of
cleaning (Smith and Mitchell 1976). In sows, lameness is
influenced by the floor types used for sows and gilts as
well as those used during their rearing period. Concrete
floors cause more foot and leg problems than earthen
floors or deep straw bedding, and injuries occur more
frequently on perforated floors (Nakano et al. 1981b).
Perforated floors such as partially slatted or fully slatted
concrete or metal slats cause more lameness than solid
concrete floors. In the farrowing crates, plastic and steel
slats cause more lameness than solid floors. The best
floor type for the development of feet and legs is a solid
floor with bedding.

It is difficult to obtain the correct balance between
nonslipperiness and nonabrasiveness with solid con-
crete floors. Rough floors are created by using sand of
the wrong particle size or by allowing the surface to be
broken down by wear or by organic acid in the urine.
Poortly laid concrete floors cause abrasions to areas such
as the spine of the scapula, the hooves, and the soles.
Slippery concrete causes ataxia and tendon swelling,
and newly laid concrete causes lameness due to its slip-
pery qualities as well as its surface chemicals. Wet con-
crete pens cause cracked and bruised soles, which
can lead to secondary infections (Penny 1979; MAFF
1981). Substandard concrete may be improved by using
bedding, laying a new concrete floor, or coating the con-
crete with chlorinated rubber, epoxy resin, or polyure-
thane paints (MAFF 1981).

The floor types associated with culling rates for lame-
ness in sows include steel or plastic slats in the farrowing
crates, partially slatted concrete floors and fully slatted
concrete floors for sow pens, partially slatted sow stalls
with metal slats, and partially slatted concrete floors used
for the finisher pigs. The edges of concrete slats are often

too rough and the slats may be placed too far apart, caus-
ing abrasions of the coronary band and the accessory dig-
its. Plastic slats are too slippery and cause the sow’s feet to
be overgrown, leading to secondary damage to the acces-
sory digits (MAFF 1981). Foot pad lesions and hoof cracks
are positively correlated with hoof and sole length. The
hoof length and sole length are the longest on plastic
slats, followed by aluminum, steel, and concrete.

Rough concrete floors, sharp-edged concrete slats,
and slats of other materials often result in severe foot in-
juries, which can lead to changes in the way the pig
walks. An altered gait may change the joint congruence,
causing overloading in the joint and subsequent carti-
lage damage (Aherne and Brennan 1985). Also, both in-
secure footing and foot lesions increase the mechanical
stress to joints, which in turn increases the incidence of
leg weakness (Nakano et al. 1981b). There is an increase
in leg weakness on perforated floors (Nakano et al.
1981b; Dewey 1988). Raising pigs on deep straw bedding
rather than partially slatted concrete floors decreases
the incidence of gait abnormalities and claw injuries
and may decrease the incidence of clinical osteochon-
drosis (Hani and Troxler 1984; Dewey 1988).

There are unique sources of injury related to estrus
detection and mating. Specifically, introducing a boar to
non-estrus females increases the injury rate. Conduct-
ing estrus detection and mating in a specific mating pen
reduces the cull rate for injuries. Farms that house sows
in stalls for the first 3 weeks postweaning have a lower
cull rate than farms that have only pens for sow hous-
ing. The prevalence of injuries including those causing
lameness is higher in facilities where pigs are fearful of
humans (Barnett et al. 2001).

Breeding pens that are too small, have right-angled
corners or slippery floors increase the chance for in-
juries and lameness in boars and sows (Barnett et al.
2001). Dry, nonslip floors in large octagonally shaped
pens used only for breeding are preferable (Hemsworth
et al. 1989).

Exercise

Pigs given exercise and pigs penned with other animals
have significantly better gait scores and less lameness
and posterior paresis than pigs denied exercise or indi-
vidually housed (Elliot and Doige 1973; Grondalen
1974a; Fredeen and Sather 1978). Inactive individually
housed animals have a reduction in cortical bone mass
and have muscular weakness. Pigs that are exercised
have increased muscle strength and are more agile, al-
lowing them surer movement on slippery floors (Elliot
and Doige 1973; Grondalen 1974a, g, i). This may be one
of the reasons that gilts and sows in loose housing sys-
tems are less prone to culling for leg weakness problems.
The duration of confinement is correlated positively to
the degree of joint damage (Grondalen 1974i; Fredeen
and Sather 1978; Hani and Troxler 1984). Boars given ex-
ercise have fewer conformational abnormalities such as
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bowlegs, flexion of the carpus, and sickle hocks than
boars that are confined (Perrin and Bowland 1977).
Perrin et al. (1978) found that floor type did not influ-
ence the degree of joint lesions, but Fredeen and Sather
(1978) stated that floor and housing type in the nursing
period may increase the piglets’ susceptibility to joint
damage after weaning.
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Diet Causing Locomotor or Neurologic
Problems

Diets in modern pig production are typically made of lo-
cally grown grains supplemented with a protein source,
vitamins, and minerals. Deficient soil or mixing errors
in feed manufacture can result in nutritional deficien-
cies or toxicities (Silvertsen et al. 1992) (Table 5.3).

Table 5.3. Lameness and neurological entities caused by nutritional deficiencies.
Deficiency Clinical Signs Epidemiology Pathology
Copper Incoordination, paresis, posterior Rare: unsupplemented diets, defi-  Aortic rupture in sudden deaths
paralysis, excessive flexion of cient soil
hocks and forelegs, recum-
bency, occasionally sudden
death
Manganese Newborns: weak at birth, head Rare: progeny of manganese-
tilt, incoordination and poor deficient sows
balance, inability to suckle
Growers: shifting lameness, dog- Rare: progeny of manganese-
sitting, short bowed legs, thick deficient sows
hocks, weak joints
Sows: stillbirths, irregular estrous Rare: progeny of manganese-
cycle, return to estrus, dysga- deficient sows
lactia
Niacin Ataxia, quadriplegia, posterior Unsupplemented corn diets low Thickened mucosa of colon and

Pantothenic acid
Selenium (vitamin E and

selenium, white muscle)

Vitamin A

Vitamin D

Water (salt poisoning)

paralysis, anorexia, reduced
growth rate, diarrhea, anemia,
dermatitis, alopecia

Goose-stepping gait, incoordina-
tion, dermatitis with periocular
exudate and alopecia, diarrhea

Affects all ages, especially 30-60
kg: sudden death, ataxia, stiff
staggering gait, weakness,
paralysis, depression, anorexia,
recumbency

Newborns: stillbirth, micro- or
anophthalmia, cleft palate,
edema, high morbidity and
mortality

Nursery pigs: progressive neuro-
logical dysfunction, incoordi-
nation, swaying gait, restless-
ness, dog-sitting, posterior
paralysis, lordosis, blindness,
reduced growth

Nursery pigs: enlarged joints and
costochondral junctions, de-
creased average daily gain, stiff
gait, lameness

Peracute: tremors, prostration,
running movements, death

Acute: repeated seizures at 3-7
minute intervals, twitching
face and ears, dog-sitting, head
up and back, falling over, vio-
lent paddling, salivation then
recovery and walking away, ap-
parent blindness, wandering
aimlessly

in tryptophan

Rare: nonbalanced diets of waste
products or corn

Less common, found in selenium-
deficient area

Uncommon

Uncommon

Rare: high morbidity, low mor-
tality

Widespread, uncommon, water
deprivation, then drinking
excessively

Widespread, uncommon, water
deprivation, then drinking
excessively

cecum

Congestion, edema, reddened
colon

Pale areas in muscles, petechiae
and white streaks in cardiac
muscle, subcutaneous edema

Hydrocephalus, small cranium,
herniation of spinal cord in
lumbar region, thick epithelial
surfaces

Hydrocephalus, small cranium,
herniation of spinal cord in
lumbar region, thick epithelial
surfaces

Thick, soft bone cortices, uneven
epiphyseal cartilage

Edema of meninges, flattened
cerebral cortex, hyperemia,
erosions of stomach mucosa

Edema of meninges, flattened
cerebral cortex, hyperemia,
erosions of stomach mucosa
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Biotin. Biotin (vitamin H) is a B vitamin. The bioavail-
ability of biotin in pig feed varies with the major ingre-
dients of the feed (Brooks 1982). Corn is a good natural
source of biotin (Bane et al. 1980; Hamilton and Veum
1984), but diets based on cereals such as barley that are
low in available biotin may not provide sufficient biotin
for horn integrity (Simmins and Brooks 1988). This
makes the hoof wall prone to trauma on hard floor sur-
faces (Bane et al. 1980).

The response of sows with foot lesions to the addi-
tion of biotin in the feed is variable because although
some may be biotin deficient, there are many causes of
foot lesions (Penny et al. 1980; Grandhi and Strain 1980;
Brooks 1982; Bryant et al. 1985). Biotin deficiency
causes foot lesions due to soft hooves (Penny et al. 1980).
Biotin supplementation of feed, 1160 pg/kg during
gestation and 2320 pg/kg during lactation compared to
160 pg/kg, decreases the rate of claw lesions in gilts.
However, it does not heal lesions in parity 2 and 3 sows
with lesions prior to supplementation (Penny et al.
1980). Biotin may also be administered via injection at
250 pg/kg body weight in pregnant animals or 150 pg/kg
in lactating animals (Brooks et al. 1977). Supplementary
d-biotin at 1 mg/kg feed increases the compressive
strength and the hardness of the sidewall regions of the
pig’s hoof and decreases the hardness of the heel bulb
(Webb et al. 1984). The heel bulb acts as a cushion, ab-
sorbing energy on contact and spreading the weight of
the pig over the area of the foot. Biotin supplementation
may reduce the likelihood of injury to the foot and
allow an increase of 8% in the floor slot-to-slat ratio
from 61% to 69% for 100 kg pigs (Webb et al. 1984). As a
preventive measure, pigs weighing 25 kg and more may
be given biotin supplementation (Simmins and Brooks
1988).

Osteoporosis. Osteoporosis is caused by an excess re-
sorption of bone and results in endosteal thinning of
the trabeculae and cortices (Spencer 1979). In mid-to-
late lactation or the early postweaning period, osteo-
porosis occurs as the sows’ bones decalcify to mobilize
calcium for milk production. The periosteal surface has
a slightly increased mineralization rate. These sows may
develop fractures of their vertebrae, femurs, and pha-
langes. Clinically this occurs as lameness, or “downer”
sow syndrome, late in lactation or when the sow is
mounted by the boar or another sow. Typically the syn-
drome occurs late in the first or second lactation or dur-
ing the postweaning period (Gayle and Schwartz 1980).

The diagnosis is made by identifying thinned cor-
tices. The specific gravity of the bone will be less than
1.018, whereas the specific gravity is 1.022 or more in
normal sows (Spencer 1979). A cross section of the sixth
rib shows a cortex to total area ratio of less than 0.2 (noz-
mal sows have a ratio greater than 0.3). Serum calcium
and phosphorus will be within normal levels (Gayle and
Schwartz 1980).

Osteoporosis is caused by inadequate levels of dietary
calcium, phosphorus, or vitamin D. Recommended daily
intake levels for lactating and gestating sows are as fol-
lows: calcium, 37.5 g and 10 g; phosphorus, 25 g and 10
g; and vitamin D, 660 IU per kg of feed (Gayle and
Schwartz 1980). Reduced exercise from prolonged peri-
ods in crates may predispose sows to osteoporosis
(Spencer 1979) because of changes in pH and oxygen ten-
sion in the bones (Gayle and Schwartz 1980). Demin-
eralization occurs due to the higher levels of parathyroid
hormone (PTH) in lactating sows. PTH controls renal
synthesis of the active form of vitamin D3, which is re-
sponsible for trabecular bone mobilization. Exertion or
slipping of these sows may cause spontaneous fractures
of their pelvic bones, femurs, or lumbosacral vertebrae,
leading to various degrees of stiffness, lameness, or pos-
terior paralysis (Hill et al. 1986). Fractures in old sows, es-
pecially those of the glenoid surface, may be caused by a
bone weakened by osteochondrosis (Reiland 1975).
Prevention includes adequate dietary vitamins and min-
erals, lactation limited to 4 weeks, and breeding gilts
after 7 months of age (Gayle and Schwartz 1980).

Poisoning

Poisonings occur when pigs consume products in their
surroundings, such as rodent bait or excess amounts of
compounds normally found in swine feeds (Table 5.4).

Arsanilic Acid. Arsanilic acid is fed to pigs either to pro-
mote growth or to treat swine dysentery. Overdoses of
arsanilic acid decrease growth rate and cause head
tremor, progressive blindness, ataxia, and paresis. Pigs
remain bright, alert, and even euphoric. The onset of
neurological signs begins 4-6 days after ingesting high
levels (1000-2000 g/ton) of arsanilic acid, but at lower
levels (600 g/ton) the onset of clinical signs is much
slower and growth rate is not depressed. If the drug is re-
moved, the symptoms stop progressing and may regress
(Hardin et al. 1968). Other clinical signs are seen in pigs
poisoned with 3-nitro-4-hydroxy phenyl arsonic acid
(Rice et al. 1980). Symptoms are not visible until the pigs
are moved or exercised. After exercise there is trembling
of the muscles of the shoulders, hams, and backs fol-
lowed by violent tremors, incoordination, and extreme
agitation and screaming. The seizure lasts for 1 minute,
after which the animal lies down and the trembling
ceases. Diagnosis is confirmed by identifying arsenicals
in the urine. On postmortem examination, the bladder
is distended, and there is degeneration of the optic
nerves, optic tracts, and peripheral nerves (Hardin et al.
1968).

Insecticide. Organophosphate and organochlorine
poisoning occurs in pigs due to inadvertent mixing or
spilling of insecticides used for rootworm control in
corn crops (Frank et al. 1991). Most pigs (70%) consum-
ing contaminated feed die within hours of ingesting
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Table 5.4.

Lameness and neurological entities caused by ingested poisons.
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Poison Clinical Signs

Epidemiology

Pathology

Furazolidone Ataxia, paresis, convulsions, inap-
petence, vomiting, feed refusal

Loss of balance, ototoxicity caus-
ing ataxia, cataracts causing
blindness

Salivation, diarrhea, anorexia, hy-
persensitivity, squealing,
tremors, ataxia, enlarged joints,
blindness, convulsions, death

Unaware of surroundings, dys-
phagia, chewing, incoordina-
tion, wandering, blindness,
loud vocalizations, paresis,
tremor, lateral recumbency,
paddling, coma, death

Sudden death without struggling,
tremors, weakness, ataxia, re-
cumbency, convulsions, dysp-
nea, cyanosis, tachycardia,
brown mucous membranes

Vomiting (smells like garlic), diar-
rhea with or without blood,
abdominal pain, jaundice.
Gastrointestinal signs followed
by convulsions, coma, death

Intermittent paddling, tonic-
clonic convulsions, persistent
vomiting

Weak hind end, knuckling of
pasterns, bowed legs, reluctance
to stand, standing with legs
under body and back arched,
development of short legs,
swollen nonpainful joints due
to premature closure of epiphy-
seal plates; thin cortices, slow
growth, hyperesthesia, red skin

Enlarged shoulder joints, stiff
gait, anorexia, reduced growth
rate, rough coat

Hygromycin B

Lead

Mercury

Nitrite

Phosphorus

Sodium monofluoracetate

Vitamin A

Zinc

Rare: overdose of drug concen-
trate

Problem if fed continuously;
prevent with a schedule of 2
months on, 2 months off

Rare: oil used to treat mange

Rare: alkylmercurial compounds
used as fungicides in grain

Rare: consumption of preformed
nitrite (microbial action on ni-
trates in whey)

Rare: consumption of rodent bait

Rare: consumption of rodent bait

Rare: oversupplementation
(young pigs fed >200,000 pg/kg
within 14 days)

Rare: dairy products stored in gal-
vanized containers and then
fed to pigs

Hemorrhage, thrombocytopenia

Cataracts

Gastrointestinal reddening

Cerebral atrophy, enlarged pale
kidney cortex, pale shrunken
liver, necrotizing suppurative
pharyngitis, focal erosive
gastritis

Dark brown blood; endocardial
hemorrhage

Jaundice, carcass smells like
garlic, enlarged mottled liver,
catarrhal inflammation of GI
tract

Short diaphysis; rotated and en-
larged epiphyses of leg bones;
pitted articular surfaces; con-
genital defects of heart, eye,
rectovaginal area

Hemorrhage into joint cavities,
arthritis of head of humerus,
red mucosa in GI tract

these products. Organophosphates cause pulmonary
edema, myocardial hemorrhage, and cholinesterase in-
hibition, which results in cholinesterase levels of zero in

than 4 ppm it becomes toxic (Stowe et al. 1992; Stowe
and Herdt 1992). Affected pigs have a decreased feed in-

take and an incoordinated gait and then become para-
plegic or quadriplegic due to segmental spinal cord le-
sions. They remain bright and alert and occasionally
show muscle fasciculation and occasional vomiting.
With severe poisonings pigs are in lateral recumbency,
show flaccid paralysis, and lose sensation to the skin
(Buddle 1987). The diagnosis can be made from a history
of feed-mixing error by measuring the selenium levels in
the blood, or by identifying spinal cord lesions that in-
clude bilaterally symmetrical focal malacia of the gray
matter of the ventral horns, a mottled liver, dehydrated
carcass, and visceral edema. Once the toxic feed is re-
moved, the majority of pigs will recover but will have a
stiff gait and icterus.

whole blood of affected animals. These chemicals do
not persist in the affected animal, so the meat is not haz-
ardous to the consumer. Organochlorines cause convul-
sions. Although animals recover once the contaminated
food is removed, these chemicals persist in meat and
milk; therefore, it may not be possible to return the ani-
mal to the food chain (Frank et al. 1991). Chemical
analysis of the feed is used for the definitive diagnosis.
The best preventive measure is to store the chemicals
separately from the swine feeds.

Selenium. Selenium is an essential nutrient and is re-
quired at 0.3 ppm for growing pigs; however, at more
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Table 5.5. Lameness and neurological entities caused by inhaled toxins.

Poison Clinical Signs

Epidemiology Pathology

Carbon dioxide Anxiety, staggering, coma, death
at >400,000 ppm, increased
respiratory rate and depth at
>50,000 ppm

Lethargy, incoordination, coma,
death due to hypoxia, increased
stillbirths and neonatal death,
abortion storm

Sudden death if >400 ppm; list-
lessness, incoordination,
spasms, coma, respiratory
depression, cyanosis

Carbon monoxide

Hydrogen sulfide

Rare: inadequate ventilation in
winter

Rare: malfunction of fossil-fuel
or gas heaters and poor ven- tion
tilation

Rare: poor ventilation after agita-
tion of effluent; dangerous for
humans, rotten egg smell

Dark colored blood and tissues

Cherry red blood, bronchodila-

Cyanosis, pulmonary edema,
congestion, emphysema

Cassia sp. Cassia plant species seeds in grain sorghum
cause decreased appetite, incoordination, ataxia, stag-
gering, decreased weight gain, and increased mortality
in grower pigs (Flory et al. 1992). A similar syndrome is
found in chickens, where the plant causes muscle atro-
phy and pallor.

Inhaled Toxins. Pigs are susceptible to inhaled toxins
due to the confinement housing systems. These toxins
are described in Table 5.5.

PRIMARY NEUROLOGIC DYSFUNCTION

Clinical Examination

The purpose of the neurological examination is to deter-
mine the extent of the neurologic deficits and the loca-
tion of the lesion. The neurological examination begins
with a complete physical examination of the animal(s)
involved. Specific history questions include previous ill-
ness, behavioral changes, seizures, head tilt, circling,
and presence of pain or paresis. After observing the pig
in its pen, move the pig into the alleyway, out of its nor-
mal surroundings. Allow the pig to become familiar
with the area so that you can fully appreciate its behav-
ior. Watch carefully for visual difficulties, propriocep-
tive loss on slippery floors, purposeful movements,
mental status, gait, posture, and evidence of trauma
(Kornegay and Seim 1996). Serial examinations are per-
formed to determine the static nature of the clinical
signs. Observations may be recorded using the examina-
tion form shown in Figure 5.1. Evaluation of cerebral
spinal fluid may help differentiate neurologic problems
with similar clinical signs (Ebeid et al. 1997).

Specific terminology is used in neurologic examina-
tions to denote loss of function. Plegia and paralysis de-
scribe complete loss of sensory and motor function of
an extremity. Paresis is partial loss of sensation and com-
plete or partial loss of motor function. Tetraparesis refers
to all four limbs, paraparesis to both pelvic limbs, hemi-
paresis to the front and the hindlimb on one side, and
monoparesis to a single limb.

Posture is evaluated in a resting standing position
and then after moving the pig into a prone position to
determine whether it can regain a normal posture. The
clinical signs and their referent lesions are as follows:
vestibular abnormalities causing a continuous head tilt;
spinal cord lesions, an abnormal truncal posture; pro-
prioceptive deficits, an improper positioning of legs;
flaccidity referring to decreased muscle tone, whereas
spasticity is an increased muscle tone. Palpate the mus-
cles carefully and systematically, comparing one side to
the other. Specifically look for size, tone, strength, nor-
mal contour, repetition, and normal motion.

A normal gait requires the neurologic organization
of the brain, spinal cord, and peripheral nerves. Proprio-
ceptive abnormalities, which can be caused by a lesion
at any level, are seen as knuckling, misplacement of a
foot, or scuffing of the hoof. Proprioceptive positioning
is tested by flexing the claw so the dorsal position is on
the floor and watching how quickly the foot returns to
normal positioning. A worn dorsal hoof wall and skin
abrasions may signify chronic problems. Paresis, a dis-
ruption of the voluntary motor pathways, involves the
cerebral cortex, brain stem, and the peripheral nerves.
Ataxia is a lack of coordination and usually involves the
cerebellum, vestibular system, or spinal cord. Purposeful
movement is a conscious attempt to move the animals’
legs. Weakly ambulatory or nonambulatory animals
drag their legs. In these animals, watch hip movement
and pushing with their feet; support the animal with
the tail. Lack of purposeful movement suggests severe
but possibly reversible spinal cord injury.

Examination of thoracic limbs in lightweight animals
can be accomplished by supporting the full weight of the
hind end of the animal and allowing the animal to walk
forward on one (hopping) or both forelegs (wheelbar-
rowing). Slow initiation of movement refers to lesions in
the cervical spinal cord, brain stem, or cerebral cortex.
Exaggerated movements indicate cervical spinal cord,
lower brain stem, or cerebellar lesions. The hopping test
with poor initiation suggests proprioceptive deficits, but
poor movement is due to motor deficits. In the extensor
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SIGNALMENT: Agerange Numbers affected
HISTORY: Duration: ____hours __ days ___months

Onset: __ acute _ chronic

Course: ____progressive __ static __intermittent
PHYSICAL EXAMINATION: 4 = Exaggerated, clonus 1 = Decreased

3 = Exaggerated 0= Absent
2 =Normal NE = Not evaluated

MENTAL: _alert __depressed __disoriented __ stupor ___coma
POSTURE: __normal __head tilt __tremor __falling
GAIT: __normal __ ataxic __ pelvis limbs __allfour __circling
PARESIS: __normal ___mono __para _ tetra __hemi
Postural Reactions Left ~ Front Right ~ Front Left ~ Rear Right ~ Rear
Hopping
Extensor postural thrust
Proprioceptive positioning
Hemi-standing/walking
Placing: tactile
Placing: visual
Pelvic limb withdrawal
Forelimb withdrawal
Crossed extensor
Anal sphincter
Wheelbarrowing
Sensory Exam Localize Describe
Cutaneous trunci reflex
Sensory level
Hyperpathia
Superficial pain
Deep pain

8.1. Neurologic clinical examination form (adapted from Kornegay and Seim 1996).

postural thrust, the thorax is supported and the animal
is lowered to the floor so that one can watch for caudal,
symmetric walking movements of the hindlegs. Hemi-
walking and hemi-standing are performed by supporting
the forelimbs and hindlimbs of one side of the body and
watching for lateral walking movements. These two tests
are evaluated the same way as the wheelbarrow test.
There are two placing tests: tactile placing without
vision, where the animal’s eyes are covered, and visual
placing, where the pig can see the surface it is approach-
ing. Lift the animal and touch the forelegs at or below
the carpus to a table; the pig should immediately place
the feet on the table or with visual placing should antic-
ipate by reaching for the table. Visual placing requires
intact visual pathways to the cerebral cortex and to the
motor cortex and motor pathways to the peripheral
nerves. Normal tactile placing with abnormal visual

placing suggests a sight disorder. The opposite suggests a
sensory pathway lesion. Cortical lesions produce a con-
tralateral (opposite) abnormality, but a lesion below the
midbrain produces same-side (ipsilateral) deficit.

Spinal Cord Lesions

Vaughan (1969) suggests that the most common cause
of posterior paralysis in pigs of all ages is compression of
the spinal cord by an abscess that occurs secondary to
an infection in the intervertebral disks, vertebral bodies,
or paravertebral tissues. Clinical signs begin with inco-
ordination of the hindquarters, which rapidly pro-
gresses to flaccid paraplegia, pyrexia, and local swelling
of the tissues over the abscess (Vaughan 1969; Buddle
1987). Pigs continue to eat and drink and appear alert.
The occurrence is widespread and sporadic, and morbid-
ity is low. Diagnoses are made by identifying the abscess
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in the spinal canal. In adult animals the most likely
causes are an excess load on the disks causing premature
disk degeneration or primary osteochondrosis of the
vertebrae (Grondalen 1974b). In growing animals spinal
cord abscesses are secondary to tail biting. The animals
require euthanasia.

To identify a spinal cord lesion, attempt to localize
the pain to an extremity or the cervical, thoracolumbar,
or lumbosacral areas. Determine whether the pain or
paresis is acute or chronic, progressive or static, persist-
ent or intermittent, sharp or dull. The type of pain and
paresis can be used to determine whether the spinal in-
jury is extradural, intradural but extramedullary, or in-
tramedullary. Extradural lesions, such as intervertebral
disk extrusion, discospondylitis, or vertebral osteomye-
litis, present with acute persistent and progressive pain
and paresis. Intradural-extramedullary lesions cause
chronic dull pain with a slowly progressive paresis.
Intramedullary lesions, such as a vascular insult, cause
acute sudden but short-lived pain and acute persistent
paresis that is not progressive.

Spinal or myotactic reflexes test the sensory and
motor components of the reflex arc and the descending
motor pathways. It is easier to localize spinal reflexes to
the hindlimbs than to the thoracic limbs (Table 5.6). The
spinal reflex response can be normal, absent, or de-
pressed, indicating a lower motor neuron (LMN) prob-
lem, or exaggerated, indicating an upper motor neuron
(UMN) problem. The descending pathways from the
brain and spinal cord normally inhibit the reflex, and
thus, a UMN problem results in an exaggerated response.

Additional indications of LMN problems include
poor strength, flaccid muscle tone, muscle fascicula-
tion, early neurogenic muscle atrophy, and easy bladder
expression. UMN problems are associated with variable
but strong reflex strength, spastic muscle tone, late dis-
use muscle atrophy, clonus, difficult bladder expression,
and absent root signature. Clonus is sustained quivering

Table 5.6. Localization of spinal cord lesion by vertebrae site
and neurologic response.

Site and Spinal Cord

Vertebra Number Segments Neurologic Response?

Craniocervical: C1-C4 C1-C5 UMN to the forelimbs
UMN to the hindlimbs

Caudocervical: C5-T1 C6-T2 LMN to the forelimbs
UMN to the hindlimbs

Thoracolumbar: T2-1L3 T3-L3 Normal forelimbs
UMN hindlimbs

Lumbosacral: L4-L6 L4-S3 Normal forelimbs
LMN hindlimbs

Sacral: LS S1-S3 Normal forelimbs

Normal hindlimbs
LMN tail and anus

Source: Adapted from Kornegay and Seim (1996).
2UMN, upper motor neuron problem; LMN, lower motor neu-
ron problem.

of the muscles after the reflex response, which is palpa-
ble but not visual.

The perineal or anal sphincter reflex is tested by stim-
ulating the perineum with forceps (Kornegay and Seim
1996). Contraction of the anal sphincter suggests func-
tion of the sacral spinal cord and pudendal nerve. The
urinary bladder is innervated by both autonomic (hy-
pogastric and pelvic) and somatic (pudendal) nerves.
Spastic bladder outflow and difficult expression (UMN)
occur with lesions above $2-S3, whereas lack of sphinc-
ter tone and easily expressed bladder occur with lesions
of §2-83 (LMN). Unconscious tail wagging may occur
with urination or the anal sphincter reflex and can occur
with complete transection of the sacral spinal cord.

The crossed extensor reflex is elicited by pinching
the coronary band on the down limb when the pig is in
lateral recumbency. Use a gentle stimulus or the animal
will attempt to stand. The extension of the upper limb
corresponds to a UMN lesion affecting the descending
inhibitory pathway of the spinal cord. Panniculus reflex
(cutaneous trunci reflex) is the twitching of the cuta-
neous trunci muscle on both sides of the dorsal midline
at the point and cranial to the point of stimulation.
Begin testing at the fifth lumbar vertebra and continue
cranially. No response will occur one to two segments
caudal to the spinal cord lesion.

Deep pain perception tests the functional integrity
of the spinal cord. It is the most important prognostic
test but should be applied at the end of the physical ex-
amination to get reliable responses to the prior tests.
Apply painful stimuli to each limb and the tail. The pig
will vocalize, look, or attempt to move away. The with-
drawal of the limb is not a behavioral response. Spinal
cord injuries result in sequential losses of function as
follows: first, proprioception, then voluntary motor
function, superficial pain sensation, and finally deep
pain sensation. The return of function follows the re-
verse order. The amount of spinal cord compression will
be determined by the measurable functional loss. Loss
of deep pain sensation indicates a poor prognosis.

Hyperpathia is a behavioral response (vocalization,
turning to look, or moving away from examiner) elicited
by applying pressure to the spinous processes or
paraspinal muscles of the thoracic and lumbar region or
the transverse processes of the cervical region. Pain per-
ception occurs at the level of the spinal cord injury. The
sensory-level response also helps determine the location
of the lesion. Pinpricks are applied to the back from the
seventh lumbar vertebra cranially. The part of the back
between where the normal behavioral response and the
depressed response is observed is two segments caudal
to the level of the injury. Lesions can be localized to spe-
cific spinal nerves using referent clinical signs and corre-
sponding vertebral bodies (refer to Table 5.6).

Once the location of the lesion has been identified,
the signalment, history, and physical examination can be
used to determine a list of differential diagnoses (refer to
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Figure 5.1). General diagnostic categories can be deter-
mined using the history of pain or paresis. Infarctions of
the spinal cord and fractures of vertebrae cause acute/
static pain/paresis. Degenerative, inflammatory, trauma-
tic, or pressure necrosis, such as a spinal cord abscess,
causes acute progressive signs. Degenerative or inflam-
matory processes cause chronic/progressive clinical signs.

Cerebral Cortex and Forebrain

Diseases affecting the cerebral cortex or thalamus (fore-
brain) cause an altered mental attitude, seizures, blind-
ness with a pupillary light reflex, circling (ipsilateral),
compulsive walking, and head pressing (Kornegay and
Seim 1996). The four levels of altered mental attitude are
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* Depression or a decreased responsiveness

* Stupor, which is unresponsive but arousable

e Coma, which is unresponsive and not arousable
* Mania or delirium with excessive motor activity

Stupor and coma are caused by a problem with the cere-
bral cortex or the reticular activating system of the brain
stem. Mania is due to diseases of the cerebral cortex, par-
ticularly the limbic system. Depression may be due to
any systemic disease and may not involve the brain.
Some causes of abnormal neurological function are
listed in Table 5.7; others are described in more detail in

this section.

Table 5.7. Diseases causing neurological symptoms in postweaned pigs.

Disease Clinical Signs

Epidemiology

Pathology

Botulism Progressive, flaccid paralysis; weak-
ness; incoordination; staggering;
recumbency; vomiting; pupil-
lary dilation; deep, labored
breathing; salivation; involun-
tary urination and defecation;
death 1-6 days after onset

Cerebrospinal angiopathy  Blindness, head tilt, circling

Edema disease (entero-
toxemic colibacillosis)

Sudden death of best pigs; acute
disease; depression, head press-
ing, difficulty standing, sway-
ing hind end, knuckle over on
front end, tremor, paddling,
clonic convulsions, flaccid
paralysis; characteristic subcu-
taneous edema of eyelids, con-
junctiva, forehead, and throat;
residual incoordination

Severe systemic illness, depres-
sion, fever, anorexia, conjunc-
tivitis, death, weak staggering
gait, reddening of skin, watery
diarrhea, convulsions and
death after 1-3 weeks

Hog cholera (swine fever)

Listeriosis Trembling, incoordination, stilted
gait on forelegs, posterior paral-
ysis; neonates with septicemia,
sudden death

Rabies Sudden onset; progressive disease

of incoordination, dullness,
prostration, and death within
3 days; alternating periods of
pronounced irritation: twitch-
ing, snout rubbing, chewing,
swallowing, salivating, and re-
cumbency; attacking other pigs
or humans; apparent thirst but
swallowing difficult; pushing
forward and circling in kneel-
ing position

Dermatitis of snout, teats of suck-
ling pigs, nasal exudate, depres-
sion, vomiting, tremors, ane-
mia, sudden death, abortion

Stachybotryotoxicosis

Rare, sporadic: feeding decompos-
ing food such as garbage or
dead fish

5 weeks postweaning, may be a
sequel to edema disease

Sporadic, uncommon, outbreaks
2 weeks postweaning, low mor-
bidity, high case fatality rate,
caused by specific serotypes of
E. coli

Exotic to North America; mortal-
ity up to 90%, low-virulence
strain mortality 1-60%; spreads
easily; only affects pigs

Widespread, rare; organism in soil

Rare: reportable, zoonotic disease

Toxin of Stachybotrys atra from
hay or straw that depresses ery-
thropoiesis and is epithe-
lionecrotic

No gross lesions

No gross lesions

Subcutaneous edema of eyelids,
forehead, throat, ventral ab-
domen, hocks, elbows, stomach

Petechiae of kidneys, larynx,
bladder, mucous membranes;
infarcts in spleen; hemorrhage
of lymph nodes

Congested lymph nodes, yellow
fluid in body cavities, red liver
with necrotic foci

No gross lesions; submit brain for
diagnosis
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Hydrocephalus. Hydrocephalus is an accumulation of
cerebrospinal fluid (CSF) within the brain. It may be con-
genital or acquired—secondary to encephalitis or menin-
goencephalitis. Congenital hydrocephalus may be caused
by vitamin A deficiency (refer to Table 5.3) or a lethal de-
fect that is inherited as an autosomal recessive trait in
Durocs (O’Hara and Shortridge 1966). Clinical signs vary
from compulsive walking, head pressing, blindness, and
seizures to a more mild form indicated by strabismus and
stunted growth. Animals with a primary encephalitis will
have signs of multifocal brain involvement.

Hypoglycemia. Hypoglycemia is a common problem
in weak newborn pigs who do not nurse regularly. Early
clinical signs include tachycardia, tremor, nervousness,
vocalization, and irritability. As the hypoglycemia pro-
gresses, hypothermia, visual disturbances, mental dull-
ness, confusion, depression, and seizures occur. Other
causes of neurologic abnormalities in the newborn pig
include congenital tremor and hypoxia (Table 5.8).

Encephalitis. Encephalitis, an inflammation of the
brain, causes central vestibular disease.

Table 5.8. Neurological problems in preweaned pigs.

PHYSICAL EXAMINATION, DIAGNOSIS, AND BODY SYSTEMS

Teschen Disease. Teschen disease virus causes po-
lioencephalomyelitis, which results in mild fever and
depression followed by ataxia and then nervous excite-
ment, including muscle tremor, nystagmus, opisthoto-
nos, and tonic-clonic convulsions (Mills and Nielsen
1968). All ages of pigs are affected and morbidity is up to
50%, with a high mortality in affected pigs.

Talfan Disease. Talfan disease is caused by the en-
terovirus. It is a widespread virus but clinical signs are
uncommon; there is low morbidity and a moderate case
fatality rate (Buddle 1987). It affects pigs under 10 weeks
of age with fever, hyperesthesia, mild ataxia, and flaccid
paralysis (Mills and Nielsen 1968). Affected pigs recover
slowly and have a residual reduced growth rate. Both
Teschen and Talfan diseases are seen in European coun-
tries and affect naive herds.

Eastern Equine Encephalomyelitis. Eastern equine en-
cephalomyelitis virus (EEEV) causes incoordination, de-
pression, seizures, and death in pigs of less than 2 weeks
of age (Elvinger et al. 1994). Pathologic lesions include
focal necrosis of the cerebral cortex and multifocal my-

Cause Clinical Signs

Epidemiology Pathology

Varies from fine muscle tremor to
whole-body shaking to severe
muscle spasms causing the pigs
to jump or dance; signs are
present at birth, increase in
severity with stimulation,
decrease during sleep, and de-
crease progressively with age

Most litters, >40% pigs, high
mortality

Most litters, >40% pigs, low mor-
tality

Few litters, 25% pigs, high mor-
tality, male Landrace

Few litters, 25% pigs, high mor-
tality, defective vision, all
Saddlebacks

Most litters, >90% pigs, high mor-
tality, any breed

Variable clinical signs

Hungry squealing pigs, progress
to inappetence, huddling,
lethargy, shivering, weak
squealing when moved, coma,
convulsions, death

Congenital tremor

Type Al
Type A1l
Type ATII

Type A1V

Type AV

Type B
Hypoglycemia

Hypoxia/anoxia Postpartum central nervous sys-
tem depression, inability to
suck, walking backward or in
circles, dog-sitting, reluctance
to compete, weak, increased
mortality due to starvation, hy-

pothermia, overlying, disease

Widespread, uncommon: de-
pending on cause, may affect
most pigs in most litters for 2-3
months or sporadically affect a
few pigs in a few litters

Hog cholera Small cerebellum
Unknown virus Unknown
Genetic recessive, Landrace Small spinal cord

Genetic recessive, Saddleback Small spinal cord

Trichlorfon toxicity Small cerebellum

Small cerebellum
Thin pig with empty stomach

Unknown cause

Common: caused by starvation,
sporadic among litters, affects
smallest pigs or whole litter if
chilled at birth; factors: hy-
poxia, temperature, teat access,
litter size, available milk, hous-
ing, and disease

Common and widespread: associ-
ated with dystocia, old, fat, or
thin sows, umbilical cord rup-
ture, last pigs in large litter,
heat stress, carbon monoxide
poisoning

Meconium on pig’s body, in
mouth and trachea; hemor-
rhages and edema of thorax,
heart, and thymus
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ocardial necrosis. Diagnosis is made after a history of
mosquito swarming and positive serum virus neutral-
ization tests for EEEV.

Japanese Encephalitis Flavivirus. Japanese enceph-
alitis flavivirus (JEV) is reported to cause encephalitis
in pigs occasionally (Yamada et al. 2004). The virus is
amplified in the pig and then transmitted via mosqui-
toes to other species. Researchers observed a nonsup-
purative meningoencephalitis in pigs clinically af-
fected by a wasting syndrome thought to be caused by
JEV. Subsequently, when researchers injected JEV into
SPF, 3-week-old pigs the pigs developed a fever
(40-41°C), depression, and hindlimb tremor (Yamada
etal. 2004). The JEV caused nonsuppurative encephali-
tis, neuronal necrosis, neurophagia, glial nodules, and
perivascular cuffing. This neurotropism may be age
dependent.

Blue Eye Disease. Blue eye disease caused by the pig
paramyxovirus causes central nervous system damage
and mortality in nursing pigs (Ramirez-Herrera et al.
2001). Morbidity and mortality due to the virus range
from 20% to 90% and from 40% to 100%, respectively.
Clinically affected pigs show cutaneous hyperexcit-
ability, incoordination, hindlimb paralysis and con-
vulsions. The CNS lesions include focal and diffuse
gliosis, perivascular cuffing, glial and neural necrosis,
and meningitis. Pigs injected intramusculary with live
virus develop protective immunity. However, the in-
fected nerves near the injection site have a decreased
inner fiber diameter and myelin sheath disaggrega-
tion. The virus appears to reach the CNS in a retrograde
fashion.

Porcine Circovirus Type 2 (PCV2). An outbreak of sud-
den death and acute nervous signs including paddling,
tremors, and lateral recumbency occurred in all ages of
pigs in one Canadian herd in 2004 (Youssef et al. 2004).
PCV2 was identified by immunohistochemistry in the
foci of inflammation of the brain and spinal cord in 7 of
10 pigs submitted to the diagnostic laboratory. However,
the brain did not test positive for PCV2 by PCR. The
tentative diagnosis was viral encephalomyelitis with a
secondary bacterial infection due to S. suis (2 piglets), S.
equisimilis (1 piglet) or Actinobacillus pleuropneumoniae
(1 sow).

Hepatic Encephalopathy. Hepatic encephalopathy
may have multifocal lesions in the central nervous sys-
tem (CNS), but the clinical signs are primarily due to
forebrain involvement. Hepatic encephalopathy occurs
when neurotoxic substances build up in the blood-
stream due to dysfunction of the liver. Clinical signs in-
clude blindness, ataxia, head pressing, seizures, and ag-
gression. There will also be signs referable to liver
disease, such as anorexia, weight loss, and diarrhea.

Cerebellum

The cerebellum controls unconscious proprioception;
hence, dysfunction is seen clinically as truncal ataxia,
broad-based stance, dysmetria (either hypermetria or
hypometria), and an intention tremor (Kornegay and
Seim 1996). Intention tremor is the involuntary trem-
bling caused by intentional movement. Dysmetria is
the improper measuring of distance in muscular acts,
either overstepping (hypermetria) or underreaching
(hypometria).

Cerebellar Hypoplasia. Cerebellar hypoplasia causes
pigs to sit with their forelimbs extended or to assume a
tripod sitting position. The clinical signs are nonpro-
gressive and other CNS signs are not present.

Vestibular Disease

Vestibular disease is seen clinically as a head tilt involv-
ing a deviation of the head from a horizontal plane, or
nystagmus, which is an involuntary oscillation of the
eyes. Peripheral lesions are not associated with the as-
cending or descending tracts, so there is no paresis or
conscious proprioceptive deficit, animals are not de-
pressed, and nystagmus is always rotatory or horizontal
with the fast phase opposite the head tilt and does not
vary with head tilt. However, central lesions frequently
cause depression, tetraparesis, and nystagmus that
varies with head position and may cause other cranial
nerve deficits. Most lesions cause ipsilateral clinical
signs but the paradoxical vestibular disease causes con-
tralateral signs.

Otitis Media. Otitis media (peripheral vestibular dis-
ease) is usually due to progressive external otitis
(Kornegay and Seim 1996). The external ear is inflamed
and contains debris, and the pig may be sensitive to ma-
nipulation of the ear. Vestibular disease causes a head
tilt toward the affected side, horizontal nystagmus, and
ataxia, which may include circling or falling. The ani-
mals remain bright and the appetite is normal (Buddle
1987). The condition is widespread but uncommon and
sporadic. Treatment involves parenteral antibiotics and
treatment of the primary external otitis.

Otitis media and interna may be common sequelae
to S. suis infections. Most pigs (20) in a group of 28 diag-
nosed with meningitis due S. suis had either otitis media
or interna (Madsen et al. 2001). Exudative otitis interna
with a positive immunohistochemistry test for S. suis
was found in 71% of the pigs. The scala tympani was af-
fected in all of the pigs. Most of these pigs also had a per-
ineuritis along the vestibulocochlear nerve. This nerve
is likely a conduit to the CNS infection. Half of the pigs
with both ears available for observation were affected bi-
laterally. This otitis interna can develop by the menin-
gogenic and tympanogenic routes. A chronic, suppura-
tive, otitis media was diagnosed in 34% of the pigs. Pigs
recovering from S. suis meningitis may have residual
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hearing and vestibular dysfunction due to chronic otitis
interna.

Neuromuscular Diseases

Neuromuscular diseases diffusely involve muscles, neu-
romuscular junctions, peripheral nerves, or neurons.
Clinically, neuromuscular diseases cause diffuse LMN
dysfunction, including tetraparesis, hypo- or areflexia, a
decrease in muscle tone, and, after a week, neurogenic
muscle atrophy. Myopathies can be either inflamma-
tory, infectious, immune-mediated, degenerative, ac-
quired, or inherited.

Congenital Tremor. Congenital tremors (CT) (myoclo-
nia congenita, trembles, jumpy pig disease) is a congen-
ital abnormality caused by hypomyelination or de-
myelination of the brain and spinal cord. Unlike in
splaylegged pigs where the deficit in myelin formation
specifically affects the motor system, with CT there is an
overall reduction of myelin in the spinal cord (Lamar
and Van Sickle 1975).

Affected animals have a generalized tremor involv-
ing the entire body, especially the head and limbs
(O’Hara and Shortridge 1966; Done 1968; Patterson and
Done 1977; Edmonds et al. 1985). The tremor increases
in intensity when the pigs are aroused and subsides
when the pigs are sleeping (Done 1968). Pigs affected by
CT have clonic contractions of the skeletal muscles.
Posterior paresis and splayed hindlegs may occur with
the tremor. The tremor can be distinguished from the
primary head tremor due to cerebellar disease because
the tremor becomes less pronounced at rest and more
pronounced during excitement. The tremor is due to
excessive irritability of the spinal reflexes.

In the Netherlands, CT affects 0.2% of pigs (Smidt
1972). An examination of 47,323 litters born to German
Landrace boars from artificial insemination units
showed that the frequency of congenital tremor was re-
duced by selection over a 14-year period (Beissner et al.
2003). The annual rate ranged from 0.23% to 0.01% but
was 0.02% in 2000.

There are six categories of CT, which can be inherited
or caused by viruses or toxins (refer to Table 5.8). These
categories also differ by pathological lesion and preva-
lence within a herd. Types A and B are distinguished by
morphologic changes. Type Al, caused by either the
wild type or vaccine hog cholera virus produces hy-
poplasia, dysgenesis and cortical dysplasia of the cere-
bellum. The spinal cord is small and has half the normal
compliment of myelin (Done 1976a). Both Al and All
produce a smaller white and gray matter areas in cross
sections of the spinal cord (Done et al. 1984, 1986). In
Type All, there is significant demyelination, reduced
spinal cord lipid content, and depressed and aberrant
cerebroside synthesis. Type AlIl causes a deficiency of
oligodendrocytes with concomitant hypoplasia of the
cord and reduced lipid and cellular content. Piglets in-

fected by the PR virus and born with CT have demyeli-
nation of the cerebellum. Type AV is caused by the in-
gestion of an antiparasitic drug, Neguvon (metrifonate,
trichlorfon) by pregnant sows (Berge et al. 1987). This
leads to cerebral, cerebellar, and spinal cord hypoplasia
and demyelination and a decrease in the activity of neu-
rotransmitter synthesizing enzymes.

Type All is transmissible and is the most common
form in North America. Typically other CNS functions,
such as vision, reflexes, and pain, are normal; however,
type AlIV causes defective vision (Done 1968).

Hines and Lukert (1994) reproduced CT by inoculat-
ing sows with tissue culture fluid from the kidneys of af-
fected pigs. They believed the piglets were infected with
porcine circovirus and that this virus caused the defi-
cient myelin. The four sows remained healthy but pro-
duced piglets with varying degrees of trembling. In the
United States, PCV2 was believed to be associated with
CT type All in four Midwestern farms (Stevenson et al.
2001). The porcine circoviruses isolated from pigs with
either clinical congenital tremors type All or postwean-
ing multisystemic wasting syndrome (PMWS) were ex-
amined to determine their genetic similarities (Choi et
al. 2002). The samples each came from a different farm.
The genomes of the viruses taken from CT and PMWS
had 99% sequence identity with one another. Conge-
nital tremors can also be caused by PCV1. This virus
shares only 72% nucleotide sequence identity with the
PCV2 that causes CT. PCV requires cell division. It is hy-
pothesized that PCV can infect nervous tissues in the
fetus only when neural cell division is occurring.

Clinical signs in affected pigs occur within hours of
birth. The tremor may be fine or gross, producing
twitching of the muscles of the neck and limbs that de-
creases when the pig is at rest and stops when the pig is
sleeping. Pigs with fine tremor continue to walk and
nurse. However, gross tremors will affect the ability of
the pig to walk, nurse, and compete with littermates.
Pigs born with CT may also exhibit splayleg. Mortality
in these pigs is caused by starvation, hypothermia or
crushing. In animals that survive, the severity of the
tremors decrease over time and are usually resolved by 4
weeks of age. Gilt litters are more frequently affected
than those of older sows because the females develop
immunity to the infectious agents over time. Start-up
gilt herds may experience an outbreak of the disease
lasting 18 weeks.

Treatment for CT is aimed at reducing mortality.
Affected pigs are to be provided with additional heat
and assisted to feed. Control of CT depends on identify-
ing and addressing the cause. For types Alll and AlV,
eliminating genetic carriers from the herd is important.
No affected pigs should be kept for breeding. For AV,
trichlorfon is to be avoided in sows. All other types of CT
will depend on disease control programs. This may in-
clude exposing open sows to the affected piglets so that
transfer of infectious agents will occur. The herd is to be
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considered infectious until there has been a 4-month
period with no affected litters (Done 1976b).

A tremor similar to congenital tremor is seen in 3- to
6-month-old pigs (Gedde-Dahl and Standal 1970).
Clinically the pigs have a tremor of the head and shoul-
der that varies in intensity but subsides when the pigs lie
down. The problem clusters by litter and occurs more
frequently in females. It is associated with high growth
rates, lean carcasses, and pale-colored meat.

Seizures

Seizures are involuntary, paroxysmal brain distur-
bances clinically appearing as uncontrolled muscle ac-
tivity (Kornegay and Seim 1996). Generalized seizures
originate within the cerebral cortex, thalamus, or brain
stem and are associated with symmetrical clinical dys-
function. Focal seizures lead to clinical signs that help
localize the lesion. Temporolimbic seizures cause be-
havioral changes such as aggression or biting at the air.
Focal motor seizures appear as tonic movements con-
tralateral to the lesion and then within seconds spread
to a generalized seizure. Seizures can be caused by en-
cephalitis, neoplasia, or hydrocephalus. Most of the le-
sions are progressive and usually increase in frequency
and severity. Toxins, such as organophosphate and
chlorinated hydrocarbons, and internal toxicities, such
as hepatic encephalopathy and hypoglycemia, can
cause seizures.

Bacterial Meningitis. Bacterial meningitis may cause
focal or diffuse CNS problems, which are progressive un-
less the affected pigs are treated. The problem is wide-
spread, common but sporadic, with a low morbidity and
high mortality. It can be associated with overcrowding
and inadequate cleaning. Often the first symptom is
sudden death. Affected pigs show depression, incoordi-
nation, hyperesthesia, tremor, circling, paresis, opistho-
tonos, recumbency, paddling, nystagmus, convulsions,
and death. Postmortem lesions include congestion,
edema, and purulent discharge of meninges.

Streptococcus suis. Streptococcus suis type 2 is one of the
most common causes of meningitis. Additionally, this
bacteria causes arthritis, septicemia with sudden death,
endocarditis, polyserositis, and pneumonia in pigs
(Reams et al. 1994; Madsen et al. 2002b). Of 42 pigs in
one study, 27 had meningitis, 19 had polyserositis, 9 had
polyarthritis, and 2 had endocarditis (Madsen et al.
2002b). Other lesions included hepatomegaly (17),
bronchopneumonia (14), exudative otitis media (12)
pleuritis (9), and pericarditis (4).

Clinically the animals exhibit depression, fever,
anorexia, incoordination, paralysis, paddling, opistho-
tonos, tetanic spasms, and death (Buddle 1987). Infec-
tion with S. suis is widespread and common, often oc-
curs 2 weeks after moving pigs, and is associated with
overcrowding and poor ventilation. Affected pigs are

typically in the nursery phase but may range in age from
1 to 22 weeks (Madsen et al. 2002b).

Piglets acquire S. suis infection during farrowing
from contact with the sow, her feces, and the environ-
ment (Gottschalk and Segura 2000). The pharyngeal
and palatine tonsils, infected in 52% of the pigs, were
the main portals of entry for the bacteria and then the
bacteria appeared to spread via the lymph system be-
cause they were cultured from the lymph nodes of the
upper respiratory tract (Madsen et al. 2002b). In pigs in-
fected experimentally via aerosol, S. suis was isolated
from the palatine and/or nasalpharyngeal tonsils of all
pigs (Madsen et al. 2002a). In systemically infected pigs,
the bacterium was also found in the mandibular lymph
node. This suggests lymphogenous spread. Additionally,
spread of S. suis appears to occur hematogenously from
the palatine tonsils and intracellularly with the bacteria
crossing the blood brain barrier. Bacteria can be found
intracellularly in alveolar macrophages and tracheo-
bronchial lymph nodes. The bacteria appear to invade
the epithelium of the tonsils. Using porcine brain mi-
crovascular endothelial cells researchers have shown
that S. suis can invade the cells that are component parts
of the blood brain barrier (Vanier et al. 2004). This may
explain the pathogenesis of meningitis. Interestingly, 7
hours after antibiotic treatment, intracellular viable S.
suis were still found in porcine brain microvascular en-
dothelial cells (Vanier et al. 2004).

S. suis diagnosis is enhanced by using bacterial cul-
ture in combination with immunohistochemistry
(Madsen et al. 2002b). Culture rate is highest from the
lateral cerebral ventricles or other parts of the brain.
Half of the pigs are systemically infected with S. suis. The
most prominent serotype of S. suis diagnosed from clin-
ical cases changes by geographic region and time
(Gottschalk and Segura 2000). In Canada, serotype 2 is
diagnosed only 15% of the time, whereas in France it is
the primary isolate 70% of the time. In Europe,
serotypes 9 and 1 are most prominent after serotype 2
(Wisselink et al. 2002). Serotype 14 in the UK and
serotypes 1/2 and S in Canada appear to be prominent
causes of disease.

Effective vaccines against S. suis have not been pro-
duced because of the variation within and between
serotypes and lack of knowledge of the virulence factors
(Wisselink et al. 2002). Several types of vaccines have
been used, but results have been inconsistent (Smith et
al. 1999; Wisselink et al. 2002). (For more information,
see Chapter 47.)

There is a high case fatality rate, but if treated early,
pigs can recover with no residual clinical signs. Pigs
should be removed from the group, put in a warm, dry
environment, fed and watered by hand, and treated par-
enterally for 3-5 days. Of 689 isolates of S. suis from di-
agnostic laboratories and abattoirs in Japan, all were sus-
ceptible to amoxicillin and sulfamethoxazole plus
trimethoprim (Kataoka et al. 2000). Most were suscepti-
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Table 5.9.

PHYSICAL EXAMINATION, DIAGNOSIS, AND BODY SYSTEMS

Infectious diseases causing neurological problems in preweaned pigs.

Disease Clinical Signs

Epidemiology

Pathology

Bacterial meningitis Sudden death, depression, fever,
incoordination, hyperesthesia,
tremor, circling, paresis,
opisthotonos, recumbency,
paddling, clonic convulsions

Hemagglutinating enceph- 4- to 7-day-old pigs, sudden-onset
alomyelitis (HEV) anorexia, depression, hyperes-
thesia, trembling, incoordina-
tion, progressive posterior
paralysis, paddling, convul-
sions, coma and death within
10 days (vomiting, constipa-
tion, emaciation)

Ataxia progressing to stiff gait,
muscle rigidity, erect ears,
straight tail, lateral recum-
bency, opisthotonos, legs ex-
tended backward, death; loud
noises cause tetanic spasms

Neonates: diarrhea, dyspnea,
cough, tremor, weakness, stag-
gering, increased mortality;
survivors exhibit ataxia and
blindness

Sows: stillbirths, fetal death, pro-
longed gestation

Tetanus

Toxoplasmosis

Sporadic but common, low mor-
bidity, high case fatality, sec-
ondary to stresses such as over-
crowding, continual-flow
production, omphalitis

Virus widespread, rapid spread
leads to herd immunity, 2-3
week outbreak, mortality
50-100% in affected litters

Rare, associated with castration

Infection might be common in
certain areas, but symptoms are
rare, associated with cats.

Infection might be common in
certain areas, but symptoms are
rare, associated with cats.

Congestion, edema, purulent
exudate in meninges

Pneumonia, conjunctivitis,
corneal opacity

No gross lesions

Serofibrinous exudate in cavities;
small gray nodules in lungs,
liver, spleen, lymph nodes, and
fetal membranes; ulcers in
small intestine

Serofibrinous exudate in cavities;
small gray nodules in lungs,
liver, spleen, lymph nodes, and
fetal membranes; ulcers in
small intestine

Bryant KL, Kornegay ET, Knight JW, Veit HT, Notter DR. 1985.
Supplemental biotin for swine. III. Influence of supplementa-
tion to corn and wheat based diets on the incidence and sever-
ity of toe lesions, hair and skin characteristics, and structural
soundness of sows housed in confinement during four parities.
J Anim Sci 60:154-162.

Buddle JR. 1987. The T. G. Hungerford VADE MECUM Series for
Domestic Animals (Differential Diagnosis). The Diagnosis of
the Diseases of Pigs. Series B, Number 8, Nov. Sydney: Univ
Sydney Post-graduate Foundation in Veterinary Science.

Burch DGS. 1986. A comparison of the serological findings of two
herds infected with Mycoplasma hyosynoviae but with different

ble to penicillin G, ampicillin, and amoxicillin. Tri-
methoprim and sulfonamides penetrate the blood-CSF
barrier. Penicillin, ampicillin, and cephalosporin will
also penetrate the barrier in the presence of meningitis.
Other infectious causes of neurologic problems in
preweaned pigs are described in Table 5.9.
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Diseases of the Reproductive
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REPRODUCTIVE ANATOMY IN THE SOW

Development of the Ovaries and Uterus

Early studies indicated that embryonic gonad in the pig
embryo is recognizable at 24-36 days postcoitum (PC)
(Christenson et al. 1985). The ovaries of the fetal gilt de-
velop from stromal tissue of the genital ridge and pri-
mordial germ cells that migrate to the genital ridge from
the embryonic yolk sac. At approximately 31-32 days
PC, the fetal gonad in female pigs is differentiated to an
ovary with egg nests, which are clusters of primary
oocytes within the stromal tissue. Meiosis is common in
most ovaries by 50 days PC All germ cells are in egg nests
until 60 days PC, at which time primordial follicles are
observed (Oxender et al. 1979). Primordial follicles ac-
count for the majority of ovarian follicles from 95 days
PC to 90 days after birth. Egg nests can still be seen in
the gilt’s ovaries at birth, and formation of follicles con-
tinues during the first few weeks after birth (Morbeck et
al. 1992). Primary follicles first appear in the ovaries at
70 days PC and secondary follicles are observed about
the time of birth. Tertiary (antral) follicles are rarely ob-
served in pigs younger than 60 days of age; however, one
or more tertiary follicles are observed in ovaries from
pigs at 60-90 days of age (Oxender et al. 1979). As
demonstrated by Greenwald (1978), the number of terti-
ary follicles peaks at 130 days of age, but most of them
(67%) are atretic.

Perhaps the most appropriate summary of prepuber-
tal development includes the following stages: the first
stage of development from birth to 70 days, 70 days to
140 days, a variable time of resting stage from 20 weeks
until puberty, and the changes associated with puberty
(Dyck and Swierstra 1983). The first stage is typified by
linear growth proportional to the age of the gilt. The
second period commences with the appearance of terti-
ary follicles and an increase in ovarian and uterine
weight relative to body weight. The third period or rest-
ing stage is characterized by minimal changes in ovarian

follicles, ovarian weight, and uterine weight. Finally, the
female pig undergoes significant physiological changes,
such as preovulatory growth of follicles and increased
oviduct and uterine weight, as the gilt approaches
puberty.

Female differentiation of the genital ducts in pigs is
comparable to most mammals. The cranial part of the
Mullerian duct develops into the oviduct and the mid-
dle part develops into the uterus. The caudal part of the
Mullerian duct and the urogenital sinus contribute to
the vagina and vestibule. During the period from birth
to 70 days of age, the uterine wall and endometrium in-
crease in thickness, and the uterine glands commence
differentiation. At birth, the uterus comprises three lay-
ers (luminal epithelium, stroma, and myometrium)
with little organization. The change in the uterine wall
thickness is attributed to the profound increase in the
development of uterine glands and glandular epithe-
lium and the organization of the myometrium into two
layers. Furthermore, folding of endometrium also takes
place during this period. It is generally accepted that
uterine development during the first 2 months after
birth does not require stimulation by ovarian steroids.
Nevertheless, development can be altered by treatment
of the neonatal gilt with estrogen (Bartol et al. 1993). At
approximately 70 to 80 days, uterine growth accelerates.
This accelerated growth continues until puberty when
there is an abrupt increase in the size of the entire fe-
male reproductive tract. It is important to note that
morphologic development of the uterine glands, en-
dometrium, and myometrium essentially is complete by
approximately 120 days of age even though puberty sel-
dom occurs prior to 150 days.

Rearing Influences on Ovarian and Uterine
Function

Numerous studies were conducted to examine the influ-
ence of rearing environment on the onset of puberty in
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female pigs. Most reports focused on advancing the
onset of puberty or, conversely, identifying factors that
delay puberty. Growth rate and nutrition, genetics, boar
exposure, management stimuli, social environment,
and climatic environment clearly have the potential to
influence the onset of puberty. With some notable ex-
ceptions, the studies infer that ovarian and/or uterine
function was altered, based on the subsequent repro-
ductive performance, i.e., litter size.

If one considers the three stages of prepubertal devel-
opment prior to the onset of puberty, it should not be
surprising that rearing conditions during the first few
weeks after birth can have a permanent effect on the re-
productive capacity of the mature gilt and sow. For ex-
ample, litter size during the suckling period can influ-
ence the reproductive traits of pigs. Nelson and Robison
(1976) used cross-fostering to rear full-sib gilts in litters
of 6 or 14 until weaning at 8 weeks of age. Beyond 8
weeks, gilts were co-mingled and provided access to feed
and water ad libitum. Age at puberty did not differ, but
ovulation rate, number of embryos in first pregnancy,
and number of pigs born alive in the first litter were
greater in gilts reared in small than in those reared in
large litters (Nelson and Robison 1976; van der Steen
1985). In addition, the administration of low levels of es-
trogen to gilts from birth to 13 days of age reduced the
number of viable conceptuses and lowered embryonic
survival, effects attributable to a dysfunctional uterus
(Bartol et al. 1993).

Studies that examined the influence of rearing or so-
cial environment on puberty have provided controver-
sial results. The number of gilts per pen and stocking
density were shown to stimulate, impair, or have no
effect on sexual maturation. However, rearing environ-
ment cannot be ignored—particularly, its effects on sub-
sequent reproductive performance. This was exempli-
tfied when gilts between 2 (30 kg body weight (BW)) and
6 months (100 kg BW) of age were reared as full-sib gilts
in low- or high-density pens (Kuhlers et al. 1985). There
were no differences in growth rates; however, gilts
reared in low-density pens had heavier pituitary glands,
adrenal glands, brains, uteri and ovaries at 100 kg and
delivered larger litters at first farrowing (Rahe et al.
1987).

Replacement gilts should receive optimal care during
the entire prepubertal period, beginning at birth.
Replacement gilts should be reared in smaller-sized lit-
ters and provided with an environment that encourages
above average rate of gain. Replacement gilts should be
reared in pens with lower densities.

Follicle Growth

Ovarian follicles undergo a gradual maturation in pre-
natal pigs during the later stages of gestation and
the first few postnatal months. In fact, primordial and
primary follicles comprise about 80% of ovarian struc-
tures in the pig at birth, but the ovary is unresponsive

to gonadotropins as assessed by stimulation of follicle
growth (Christenson et al. 1985). Tertiary follicles,
capable of endocrine function are observed in the
ovaries of gilts between 60-90 days after birth (Dyck
and Swierstra 1983). These ovaries are responsive to
gonadotropins with increased steroidogenesis and
ovulation.

Activation and growth of primordial follicles occur
continuously throughout the gilt or sow’s life. Contin-
ual activation and growth are necessary because follicu-
lar development from the primordial stage to the ovula-
tory stage requires between 80 to 100 days (Morbeck et
al. 1992). This 3-month development period is notewor-
thy and may provide an explanation, at least in part, of
how certain factors influence follicle development and
ovulation. For example, follicle growth was initiated 3
months prior to a gilt reaching puberty at 180 days of
age. Similarly, a follicle that ovulates in a sow after wean-
ing started to grow during the early to mid-trimester of
preceding pregnancy.

The prolonged period of follicle growth has signifi-
cant implications in reproductive management. Per-
haps the best example of how management factors alter
follicle growth is related to feed intake during lactation.
It previously was demonstrated that feed restriction dur-
ing lactation has detrimental effects on the postwean-
ing performance of sows (Koketsu et al. 1996). Feed re-
striction during lactation increased weaning-to-estrus
interval, impaired early follicle development, and de-
creased ovulation rate (Miller et al. 1996; Zak et al. 1997).
Presumably, changes in metabolism affect follicular de-
velopment and growth.

In fact, there is considerable evidence that nutri-
tional and metabolic control of follicular growth is me-
diated by metabolic hormones and growth factors, par-
ticularly insulin-like growth factor I (IGF-I) and its
binding proteins (IGFBPs) (Cox 1997). During the es-
trous cycle, the ovulatory population of follicles in-
creases growth between about day 14 and day 16.
Between day 16 and estrus, follicular atresia is the fate of
approximately 50% of medium-sized follicles. The pre-
cise mechanisms that determine whether a follicle
grows to an ovulatory diameter or undergoes atresia re-
main poorly understood; however, follicular atresia is
considered a balance between “survival” and atreto-
genic factors. Factors that favor follicle survival include
epidermal growth factor, nerve growth factor, IGF-I, go-
nadotropins, activin and estrogen, while atretogenic
factors include testosterone, gonadotropin releasing
hormone (GnRH), and interleukins (Hsueh et al. 1994).
It is evident that follicular growth and development is a
complex system involving numerous factors and hor-
mones. In addition, the influences of nutritional and
metabolic factors on the hypothalamus-hypophyseal-
ovarian axis and gonadotropin release must also be con-
sidered as important factors in follicular growth (Kemp
et al. 1995).



REPRODUCTIVE ENDOCRINOLOGY IN THE
Sow

Endocrinology of Puberty

During the prenatal period, luteinizing hormone (LH)
and follicle stimulating hormone (FSH) concentrations
are low or undetectable before day 80 of gestation, and
then acutely increase during the last weeks of gestation
(Elsaesser et al. 1976; Colenbrander et al. 1982a).
Similarly, estrogen concentrations are low at days 50-60
PC and increase significantly by day 75 (Ford et al. 1979).
After birth, blood concentrations of steroids of placen-
tal origin decrease rapidly (Elsaesser and Foxcroft 1978).
There is negligible secretion of estrogen by the ovary for
2-3 months after birth, and progesterone levels are low
from birth to first ovulation (Esbenshade et al. 1982;
Karlbom et al. 1982).

After birth, patterns of LH and FSH diverge. Serum
concentrations of LH are highest around the time of
birth and then decrease gradually, reaching a nadir dur-
ing the second month of life (Camous et al. 1985;
Grieger et al. 1986). In contrast, concentrations of FSH
increase from the time of farrowing, plateau at approxi-
mately 8 weeks of age, and then gradually decline. A
further reduction of FSH occurs near the end of the pre-
pubertal period, coincident with growth of estrogen-
secreting follicles.

Although spontaneous steroidogenesis appears to be
minimal until just before puberty, the porcine ovary ev-
idently is able to respond to gonadotropins. Using
hourly injections of GnRH to stimulate LH release,
Pressing et al. (1992) effectively mimicked a high-
frequency pattern of LH secretion in gilts at 70, 100, 150,
and 190 days of age. Follicular growth and ovulation was
stimulated in all gilts 100 days of age or older and some
gilts at 70 days of age. Consequently, it is apparent that
the integration of the pituitary-ovarian axis is complete
in the gilt between 70 and 100 days of age and that spon-
taneous activation of this axis requires a central signal
for onset of puberty.

As puberty approaches, there is an increased pul-
satile release of gonadotropins that stimulates the pro-
gressive development of ovarian follicles. The go-
nadotropins act to promote follicular development and
consequently steroidogenesis. As the follicles develop,
there is increased secretion of estrogen (Esbenshade et
al. 1982; Karlbom et al. 1982; Camous et al. 1985). Estro-
gen peaks immediately prior to the pubertal estrus,
which coincides with an increase in LH secretion, char-
acterized by a change in pulse frequency and amplitude
and the preovulatory surge of LH (Elsaesser and Foxcroft
1978; Lutz et al. 1984).

Endocrinology of the Estrous Cycle

Ovarian follicles, which are destined to ovulate, grow
from approximately 4-5 mm in diameter on day 15 (day
0 = first day of standing estrus) of the estrous cycle to an
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ovulatory diameter of 8-12 mm (Figures 6.1A and 6.1B).
The follicular phase begins when the corpora lutea (CL)
regress and is associated with high-frequency, low-
amplitude pulses of LH. The higher frequency pulses of
LH contribute to maturation of the developing follicles,
and there is an associated increase in estradiol and in-
hibin from these follicles. Estradiol and inhibin sup-
press FSH. Elevated estradiol acts at the hypothalamus
to elicit a prolonged release of GnRH, which triggers the
LH surge. In addition, estradiol contributes to estrous
behavior and morphological changes in the reproduc-
tive tract. The LH surge is necessary to induce ovulation
with the subsequent release of ova. Onset of estrus usu-
ally coincides with the preovulatory LH surge, and fe-
males may be sexually receptive for 1 to 3 days (Figure
6.2). As a general rule, female pigs ovulate at approxi-
mately two-thirds of the way through estrus (Soede et al.
1995).

The follicular phase ends at the LH surge, because LH
triggers biochemical changes in follicles, leading to a
decrease in estradiol and inhibin and an increase in
progesterone. After estrus, estradiol, inhibin, and prog-
esterone are low and this leads to a postestrual surge of
FSH. This postestrual surge of FSH may be important for
promoting growth of follicles to develop for the next fol-
licular phase. Following ovulation, collapsed follicles
are 4-5 mm in diameter. Blood rapidly fills the central
cavity of the follicles. These blood-filled structures are
referred to as corpora hemorrhagica (CH; Figure 6.1C).
Luteinization of the follicular remnants results in the
formation of multiple CL. Luteinization is a rapid
process and the early CL is capable of producing proges-
terone within a few hours after ovulation. The CL pro-
duction of progesterone increases by 2-4 days after es-
trus and continues to increase until a maximum is
achieved during mid-diestrus. By day 5-6, the CL have
reached their mature diameter of 9-11 mm and the cen-
tral cavities are completely replaced by luteal tissue
(Figure 6.1D). Female pigs are not sexually receptive dur-
ing these periods of progesterone production.

Failure to initiate pregnancy results in regression of
the CL, a decline in serum progesterone concentrations
and a return to estrus. Degeneration of the CL typically
commences at approximately days 13-15, coinciding
with increased concentrations of the luteolysin, pro-
staglandin-F,, (PGF,,). Follicular recruitment begins on
days 13-15 and follicles continue to enlarge concomi-
tant with regression of the CL (Figure 6.1A). It is com-
mon to observe small follicles of less than 5 mm in the
absence of CL in anestrous sows (Figure 6.1E).

Endocrinology of Pregnancy and Parturition

The CL lifespan is extended throughout pregnancy
(Figure 6.1F) due to the maternal recognition of preg-
nancy (days 10-14 after ovulation and successful mat-
ing). Both maternal and conceptus factors play impor-
tant roles in maternal recognition of pregnancy;
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6.1. Porcine ovaries. A) New follicles (arrow) commencing to develop among corpora lutea. The ovary was collected at approximately day 15-16 of
the estrous cycle. B) Large, preovulatory follicles. C) Corpora hemorrhagica (CH). The CH form shortly after ovulation. D) Mature corpora lutea. The
ovary was collected during diestrus. E) Ovary collected from an anestrous sow. Note the small follicles (<5 mm; arrow) and the absence of corpora
lutea. F) Mature corpora lutea. The ovary was collected from a pregnant sow during midgestation.
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6.2. Endocrine changes during the periestrous period relative to the peak LH concentrations. Peak LH concentrations typically coincide with the onset
of standing estrus. The arrows indicate the period of proestrus, and the bar shows the intensity of signs indicative of estrus.

however, estrogen, secreted by the conceptuses, may be
considered the primary factor that triggers a series of
events to maintain the CL of pregnancy. Maternal
recognition of pregnancy occurs when developing con-
ceptuses exert an effect that prevents luteolysis (Bazer
1989). In a nonpregnant pig, the uterine endometrium
secretes PGF,, in an endocrine fashion, resulting in an
increase in the amount of PGF,, reaching the ovary via
the utero-ovarian vein and the uterine artery (Figure
6.3). In a pregnant pig, PGF,, is secreted in an exocrine

fashion into the uterine lumen rather than into the
utero-ovarian vein. The transition from endocrine to ex-
ocrine secretion between day 10 and 12 of pregnancy co-
incides with the initiation of estrogen secretion by the
pig conceptuses (Fisher et al. 1985). In addition, preg-
nant animals show an increase in secretion of PGE,, a lu-
teotropic prostaglandin produced by the endometrium
or conceptuses. This shifts the ratio of luteotropic to lu-
teolytic prostaglandins in a favorable direction for
maintenance of CL function. Furthermore, maternal
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6.3. Changes in daily concentrations of progesterone and PGF in the utero-ovarian vein of pregnant and nonpregnant gilts (Adapted from Moeljono et
al. 1977). The insert illustrates the “pulsatile” nature of the PGF release that is observed if frequent blood samples are collected.

and conceptus-derived steroid hormones, growth fac-
tors, and cytokines, as well as integrins and their lig-
ands, have interrelated roles in mediating adhesion be-
tween the conceptus and maternal uterine epithelium
(Jaeger et al. 2001). These complex interactions between
the conceptus and the uterus are critical to successful
implantation in pigs.

Progesterone is required throughout pregnancy in
the pig, and the primary source of progesterone is the
CL. One corpus luteum is enough to maintain preg-
nancy, provided that the reduction in CL is done in a
stepwise manner (Thomford et al. 1984). Ovariectomy,
enucleation of CL or treatment with a luteolytic pro-
staglandin all cause abortion. The CL are autonomous
for the first 2 weeks after estrus and thereafter require
only basal LH support to continue to secrete proges-
terone (First and Bazer 1983). Progesterone concentra-
tions in blood increase to peak values by day 12 after
mating and remain elevated, thereby causing myome-
trial quiescence (Anderson 1987). Hypophyseal lu-
teotropic support is required during most of pregnancy
to sustain CL function. Plasma concentrations of estrone
sulfate show a transient increase during the fourth week
of pregnancy because of production of estrogens by the
feto-placental unit. Estrogens then decline until about
day 80 when unconjugated estrogens and estradiol-173
increase to peak values just prior to parturition.

As term approaches, a series of endocrine events
(Figure 6.4), presumably initiated by the fetal pigs, lead
to parturition. Fetuses initiate parturition through fetal
pituitary release of adrenocorticotropic hormone
(ACTH), which stimulates production of glucocorti-
coids by the fetal adrenal. Cortisol stimulates increased
release of PGF,, from the gravid uterus, which promotes
luteolysis and thereby decreases concentrations of prog-
esterone. This facilitates an increased frequency of uter-
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6.4. Endocrine changes associated with parturition in the female pig
(adapted from First and Bosc 1979). Note that the decline in proges-
terone concentrations is not complete until 1-2 days after parturition.

ine contractions and the initiation of parturition (First
et al. 1982; First and Bazer 1983). The elevated PGF,,
concentrations also promote the release of relaxin from
the CL and oxytocin from the neurohypophysis.
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Relaxin and oxytocin are required for the relaxation of
the cervix and promotion of myometrial activity, re-
spectively.

Pseudopregnancy

Pseudopregnancy occurs when CL are maintained be-
yond the expected time of luteolysis in the absence of
viable fetuses. Short pseudopregnancy has been defined
as an interestrus interval of at least 3 days beyond nor-
mal for a gilt or sow with a minimum duration of at least
23 days (Pusateri et al. 1996). Long pseudopregnancy
has been defined as an interestrus interval of more than
50 days. The extended interestrus interval is associated
with an extension of luteal function because luteolysis
is delayed.

Pseudopregnancy can be induced by treating gilts or
sows with estrogen beginning on day 11 or 12 of an es-
trous cycle. Short-term treatment with estradiol (i.e.,
treatment on day 11 and 12) will induce short pseudo-
pregnancy in most animals, but longer-term treatment
(treatment for 8-9 days beginning on day 11 or 12) is re-
quired to induce consistent long pseudopregnancy.
Gilts that consume moldy corn contaminated with
Fusarium roseum that produces zearalenone may show
either short or long pseudopregnancy.

Endocrinology of Lactation
Sows experience three reproductive phases after farrow-
ing, namely, the hypergonadotropic phase, the transi-
tion phase, and the normalization phase (Britt 1996a).
After parturition, the CL regress to form corpora albi-
cantia (CA). The CA gradually regress during lactation
and are less than 2 mm in diameter at the time of wean-
ing. During the last few days of pregnancy, follicles de-
velop on the ovary. These follicles initially are present in
the first 1 or 2 days of lactation. This hypergonadotropic
phase is associated with elevated LH and FSH concentra-
tions, declining estrogens and progesterone (Sesti and
Britt 1994) and large, preovulatory sized follicles. Due to
suckling-induced inhibition of GnRH secretion and de-
creased LH and FSH, the large follicles regress within a
few days after farrowing. Low levels of gonadotropins,
minimal ovarian activity, and low concentrations of
estradiol and progesterone characterize the transition
phase from day 3 to 14 (Cox et al. 1988; Sesti and Britt
1994). Normalization occurs beyond day 14 when there
is an increase in LH and FSH, number of medium and
preovulatory sized follicles, and estradiol (Sesti and Britt
1993). Although suckling suppresses estrus by prevent-
ing release of GnRH from the hypothalamus, hourly
pulses of GnRH will induce estrus and ovulation within
7 days. This attests to the central role the GnRH plays in
regulating follicular growth and estrous cycles in both
gilts and sows (Cox and Britt 1982).

The uterus is enlarged after farrowing, but involution
during this period is rapid with remarkable decreases in
weight and length in 2 to 3 days. During the transition

phase, the uterus continues to undergo involution, with
weight and length reaching a stable plateau by approxi-
mately day 14 (Varley 1982).

MANAGEMENT OF REPRODUCTIVE
PROCESSES: DETECTION OF ESTRUS

Proestrual Changes

Estrus is the period of sexual receptivity during which
sows and gilts display a characteristic pattern of both
anatomical changes and behaviors culminating in the
immobilization response or standing reflex. The first
signs of approaching estrus are increased activity and
vocalizations. Sows housed in crates commonly move
backward and forward or from side to side within the
crate and often attempt to nibble or nose females in ad-
jacent crates. Sometimes these sows will paw at the front
door of the crate and chant to animals in adjacent
crates. In pens, characteristic activities include sniffing,
nuzzling the rear and fore flanks, and attempting to
mount or ride other females. Sows attempting to mount
or actually riding other females may be either in estrus
or approaching estrus.

Reddening and swelling of the vulva usually accom-
pany or occur shortly after the increased activity. The
change in size and color of the vulva is the result of an
increase in blood flow and retention of fluids. As a re-
sult, the external lips of the vulva often are pushed out-
ward exposing a portion of its highly vascular inner lin-
ing. Due to these changes, the opening to the vagina
often appears to increase in size. In females that are not
in heat, the external lips of the vulva are curled inward
and block the opening to the vagina giving it a small,
puckered appearance. The size and color change of the
vulva are greatest just prior to when females will exhibit
the immobilization reflex. Reddening and swelling of
the vulva often do not appear to occur in older parity
sows because the change in color and size are masked by
the loose, flabby skin around the vulva caused by re-
peated deliveries.

The presence of a sticky discharge and enlargement
of the clitoris usually occur immediately before and dur-
ing the standing reflex. When females are in heat, the
clitoris is engorged with blood, which causes it to pro-
trude outward and have a bright red color. When fe-
males are not in heat, the clitoris is flat and has a pale,
light pink color. To observe the clitoris, it is necessary to
pull the external lips of the vulva apart and outward.
This exposes the internal fold where the lips join and
the clitoris is located. Mucus obtained from the inside
lining of the vulva from sows that are not in heat has a
slimy or slick feel. Just prior to the initiation of the
standing reflex, the consistency of the mucus changes
and becomes tacky or sticky. Assessment of the consis-
tency of the mucus commonly is referred to as the
“thumb check.” The thumb check is performed by wip-
ing the inside lining of the vulva with the thumb to ob-



tain a sample of mucus. Then, the thumb and first finger
are pressed together and slowly pulled apart. The sample
is considered sticky or tacky if small strands of mucus re-
main connected to both the thumb and pointer as they
are drawn apart. In most cases, an engorged clitoris and
sticky mucus are good indications that the female is in
or within a few hours of exhibiting standing heat.

Standing Reflex

The standing reflex is the most common behavior associ-
ated with sexual receptivity and serves as the reference
point upon which most breeding regimens are based.
Duration of the standing reflex has been reported to be
between 46 and 53 hours for sows and 36 and 48 hours
for gilts (Signoret et al. 1972; Kemp and Soede 1996). The
variation associated with these estimates is considerable,
indicating that expression of the standing reflex is influ-
enced by a number of environmental factors (Hems-
worth and Barnett 1990). The successful expression and
identification of the standing reflex depends upon inter-
actions between internal and external stimuli. High
concentrations of estradiol produced by preovulatory
follicles are the internal stimuli, while pheromones pro-
duced by the boar serve as the external cues. Elevated
estradiol levels invoke changes in the central nervous
system that gives the female the ability to exhibit the
standing reflex. However, it is the presence of the male
pheromone, 5-alpha androsterone, that is believed to be
the catalyst for the immobilization response (Hughes et
al. 1990). Female pheromones may also be involved be-
cause the presence of estrual sows has been shown to
stimulate and synchronize estrous behaviors in weaned
sows and peripubertal gilts (Pearce and Pearce 1992).

The immobilization response requires a tremendous
expenditure of energy because it involves the isometric
contraction of most of the pig’s skeletal muscle. This is
why sows exhibiting the standing reflex often appear to
quiver or tremble. Most females are only able to main-
tain this immobilized state for 15-30 minutes before
muscles become fatigued (Levis and Hemsworth 1995).
When this happens, females enter a period of refractori-
ness during which they are not able to exhibit a normal
standing reflex. This phenomenon is called habituation
and commonly occurs in situations where sows have
continual, fence-line contact with boars. Habituation
can be prevented and the standing reflex enhanced by
providing short, daily periods of boar exposure or by
physical separation of as little as 1 meter (Hemsworth
and Barnett 1990).

Pheromones produced by boars are the most potent
and effective inducer of the standing reflex in receptive
females. Running a boar in front of sows in crates while
a breeding technician applies back pressure is a com-
mon and effective method of estrous detection. Sows in
heat will move forward and assume the standing reflex
as the boar moves in front of the crate. When back pres-
sure is applied, females that are truly in heat will actu-
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ally push back—a natural response for a sow that is
preparing to be mounted by the boar. Sows in crates are
probably not in estrus if they try to move away from
back pressure, even though they might show some
other signs of estrus. In pens, sows will move to the front
of the pen as the boar passes. If back pressure is applied
and the sow is in heat, then she will exhibit the standing
reflex. If back pressure is applied and the sow is not in
heat, then she usually will run away from the back pres-
sure. Estrous females housed in pens will sometimes at-
tempt to follow the movement of a boar as he passes in
front of their pen. This is due to the fact that sexually re-
ceptive females seek out males more so than males find-
ing sows that are in heat.

Ovulatory Dynamics in Relation to Estrus

In general, ovulation in pigs begins 36-44 hours after
the onset of estrus and lasts 1-3 hours. Most follicles
(68-95%) appear to ovulate over a short period of time,
while a minority ovulates over a longer interval.
Nevertheless, onset and duration of ovulation are ex-
tremely variable within and among herds (Flowers and
Esbenshade 1993). For example, in the study of Weitze
and co-workers (1992), average duration from the onset
of estrus to ovulation was 44.4 hours; but the means for
animals in the first and fourth quartiles were 26.2 and
57.9 hours, respectively—a difference of 30 hours. Using
real-time ultrasonography, Kemp and Soede (1996)
demonstrated that most of the variation associated with
the time of ovulation was due to differences in the dura-
tion of estrus.

They concluded that ovulation occurs when estrus is
about 70% completed; thus, for a gilt that exhibits the
standing reflex for 1 day, ovulation would be expected
to begin about 17 hours after the onset of estrus, but for
one that exhibits a 2-day estrus, ovulation would not
begin until 34 hours after onset of estrus.

INSEMINATION

Timing and Frequency

From a physiological perspective, successful breeding
regimens consistently create a situation in which an ad-
equate number of viable spermatozoa are present in the
oviduct prior to ovulation (Dziuk and Polge 1965). Thus,
insemination must be coordinated with ovulation. This
is usually accomplished by adjustment of the timing
and frequency of matings based on the onset of estrus.
However, relationships between ovulation and onset of
estrus vary considerably within and among herds
(Flowers and Esbenshade 1993). Consequently, repro-
ductive performance could differ considerably among
herds using identical mating regimens.

Kemp and Soede (1996) conducted a comprehensive
evaluation of the relationship between timing of insem-
ination relative to ovulation and fertility. Time of ovula-
tion was monitored by realtime ultrasonography.
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Results indicated that if a mating occurred 0-24 hours
prior to ovulation, then fertilization rates were greater
than 90%. The insemination dose used in the study was
3 billion spermatozoa that were 24 + 6 hours old at arti-
ficial insemination (AI). Thus it appears that the mini-
mum requirement for the timing and frequency of Al is
one mating each day of estrus. Based on this informa-
tion, one might question the importance of multiple
matings within a 24-hour period. Although it is possible
that two matings during the 24-hour period before ovu-
lation might result in an improvement in fertilization
rates, the 90% in the study of Kemp and Soede (1996) is
generally accepted as being close to the maximal rate
normally achieved in swine (Polge 1978).

Insemination Dose

Two aspects of insemination dose that affect fertility are
the total number of viable spermatozoa and the total
volume inseminated. The volume of the insemination
dose is an important stimulus for activation of uterine
smooth muscle activity, which is responsible for move-
ment of spermatozoa from the site of deposition
(cervix) to the site of fertilization (oviduct). Volumes of
at least 60-80 ml appear to be required for optimal
sperm transport (Baker et al. 1968). A positive relation-
ship exists between number of sperm cells inseminated
and number that enter the oviduct when insemination
doses are between 1 and 8 billion (Baker et al. 1968).
However, the effects of oviductal sperm numbers on lit-
ter size and farrowing rate have not been clearly estab-
lished. Insemination doses between 2 and 5 billion sper-
matozoa are generally considered sufficient to ensure
adequate fertility (Weitze 1991).

Breeding Technician

The technical competence of breeding technicians and
reproductive performance within a herd often are as-
sumed to be positively correlated; as the skill level in-
creases, so do farrowing rates and litter size. Documen-
tation that this assumption is true has been provided by
two types of studies. In a survey of swine farms experi-
encing suboptimal reproduction in the southeastern
United States, it was estimated that the main problem
on 30% of these farms was associated with the skill level
of the breeding technicians (Flowers 1996a). Poor detec-
tion of estrus was found to be the predominant problem
rather than poor insemination or semen handling tech-
niques. It is not appropriate to use these data from a ret-
rospective study as evidence for a cause and effect rela-
tionship; however, a prospective study characterized Al
breeding technicians within a single commercial swine
operation (Flowers 1996a, b). In that study, matings ad-
ministered by technicians occurred simultaneously
within the same production environment. Thus ob-
served differences were due to the influence of the
breeding technician and not other confounding factors.
Data from this study demonstrated two important con-

cepts: breeding technicians had a large influence on far-
rowing rates and litter size, and performance of breeding
technicians did not remain constant over time. There
was a 1036-pig difference in total pigs produced between
the best and worst technicians based on 220 sows bred
over 13 weeks. If this trend continued for an entire year
in this herd, then there would be approximately a 4000-
pig difference between the best and worst technician.
Farrowing rates of sows supervised by 5 out of 6 techni-
cians exhibited significant fluctuations during the 13-
week study. These changes over time could be explained
by environmental or animal factors that influenced the
entire herd because farrowing rates for some individuals
decreased and for others increased. Based on the magni-
tude of these changes, the ability to monitor reproduc-
tive performance of sows on a breeding technician basis
would be of great value. However, to accomplish this,
record keeping programs must include breeding techni-
cian as an independent variable and matings for a given
female must be administered by the same individual.

CONTROL OF REPRODUCTIVE PROCESSES

Control of the onset of estrus has been approached
along two lines: the induction of ovulation in acyclic,
anovulatory females and the regulation of the luteal
phase of the estrous cycle in cyclic, ovulatory pigs. The
latter approach has utilized suppression of ovarian ac-
tivity via the administration of oral-active progesterone
or synthetic progestins. Presently, the most common ex-
ogenous hormone combination for induction of follicle
growth and ovulation in acyclic females is a combina-
tion of 400 IU of equine chorionic gonadotropin (eCG)
and 200 IU of human chorionic gonadotropin (hCG).

Induction and Synchronization of First Estrus
in Gilts

To induce puberty successfully in a group of gilts, it is
important to know the pubertal status of the group and
the usual age of onset of puberty under the conditions
on the specific farm. Gilts that are within approximately
1-2 months of natural onset of puberty will respond to
treatment with gonadotropins by expressing estrus and
continuing to cycle. If gilts are too young, they may ex-
press estrus, but then return to an anestrous state. If gilts
have already cycled, they usually will not respond to go-
nadotropin treatment by showing estrus.

Puberty can be induced in gilts by treatment with a
single injection of 400 IU of eCG and 200 IU of hCG.
Gilts usually show estrus 3-6 days after treatment (Britt
et al. 1989). The percentage of gilts that show estrus in a
group may vary considerably, but most gilts ovulate
even if they do not show estrus (Tilton et al. 1995). The
response rate is enhanced if gilts are given daily boar
stimulation by direct physical contact beginning at the
time of treatment. Gilts respond best if they are held on
the finishing floor until the time of injection and are



moved and injected on the same day. Failure to respond
to this combination may be associated with treating
gilts that have already reached puberty.

Synchronization of Second Estrus in Gilts

One can theoretically resynchronize second estrus in
treated gilts by giving a luteolytic dose of PGF,, approx-
imately 18 days after the injection of 400 IU of eCG and
200 IU of hCG (Britt 1996b). Pig CL do not undergo lu-
teolysis in response to a single standard luteolytic dose
of PGF,, during the first 12 days of the estrous cycle, but
beyond the 12th day PGF,, will induce luteolysis. If
most gilts in a group are between day 12 and 17 of an es-
trous cycle, one should be able to synchronize estrus by
giving a single injection of PGF,,. Most gilts should be
beyond day 12 of an estrous cycle 18 days after injection
of gonadotropins. If these gilts are given a luteolytic
dose of PGF,,, their second estrus should be more syn-
chronous than if they remained untreated.

Synchronization of Estrus in Pregnant Gilts
The porcine CL remain unresponsive to the acute ad-
ministration of PGF,, or its analogs until days 12 to 14
after ovulation. As the porcine CL typically commence
natural regression due to endogenous prostaglandins at
days 14-17, there is only a transient period when a single
treatment with exogenous prostaglandins hastens the
onset of estrus. Repeated PGF,, injections between days
5 and 10 will reduce the duration of the estrous cycle;
however, the labor and cost preclude this technique
from practical application.

In contrast to the relative unresponsiveness of the CL
to PGF,, during diestrus, PGF,,, is effective for inducing
luteolysis, abortion, and prompt return to estrus in preg-
nant (and pseudopregnant) gilts beyond the second
week of pregnancy (Pressing et al. 1987). One method
for synchronization is to penmate gilts for 3 weeks and
then, treat with PGF,, 2 weeks later (Britt 1996b). This
technique is effective, but ages at first farrowing and
nonproductive sow days are increased.

Synchronization of Estrus with Progestin
Cyclic gilts can be synchronized by administering a
progestin for 14-18 days (Britt 1996b). The progestin in-
hibits follicular maturation and estrus while permitting
the CL to regress naturally. When the progestin is with-
drawn, follicles mature and estrus occurs beginning
about 3 days later. Several studies demonstrated that
feeding altrenogest at the rate of 15-20 mg per day was
effective for synchronizing estrus, and subsequent litter
size was normal or slightly increased (Davis et al. 1985).
Treated gilts exhibit estrus 4-9 days after completion of
a 14-day treatment period. The product is administered
on an individual gilt basis by top-dressing the animal’s
daily feed allowance. It is critical that each gilt receives
the recommended 15 mg each day, because underfeed-
ing may lead to cystic ovarian degeneration.
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Induction of Ovulation in Early Lactation in
Sows

Initial studies demonstrated that ovulation was induced
in about 75% of sows by giving hCG on the day of far-
rowing (Britt et al. 1997). These sows form CL that even-
tually regress spontaneously. If CL were induced by
treatment with hCG on the day of farrowing, weaning
could occur any time before day 21 but the sow would
not be expected to be in heat until day 21 or slightly
after. Furthermore, PGF,, could be given after day 14-16
to induce premature luteolysis, and the sow should be in
heat 3-S5 days later. Despite initial success with this
method of synchronization, subsequent reports indi-
cated that the method did not have sufficient reliability
for commercial sow farms (Kirkwood et al. 1999).

Induction of Estrus in Weaned Sows

Anestrus after weaning is more likely to occur during
the summer and fall and is more common in primi-
parous than multiparous sows (Britt 1986). Incidence of
anestrus can be reduced substantially by treating with
gonadotropin at weaning (Bates et al. 1991); therefore,
an effective strategy during periods when anestrus is
likely to occur at a high rate is to treat sows at weaning
with a combination of eCG and hCG. An alternative
strategy to treatment of all sows in a group at weaning is
selectively to treat those that have not returned to estrus
by 7 days after weaning (Britt 1996a); however, there is
little experimental evidence supporting the use of go-
nadotropins for this purpose (Tubbs et al. 1996).

Induction of Parturition

To synchronize farrowing, PGF,, or an analog, is used to
induce parturition (Table 6.1). Induction of farrowing
creates an opportunity for producers to supervise partu-
rition, reduce stillbirth rates, facilitate cross-fostering of
piglets and to decrease variability of piglet weaning
ages and lactation lengths. Exogenous PGF,, typically
is administered to sows after day 112 of gestation.
Prostaglandin-induced farrowing prior to day 110 se-
verely compromises piglet survivability. Some produc-
ers prefer to restrict prostaglandin injections to sows
that exceed a 114-day or 115-day gestation. Other pro-
ducers treat all sows with prostaglandin at a specific day
(day 112 to 114) of gestation.

The duration of parturition, piglet viability and sow
performance during lactation are similar following
prostaglandin-induced farrowings and natural delivery
(Einarsson et al. 1981; Dial et al. 1987). Prior to imple-
menting an induction program and achieving favorable
results, producers need accurate records regarding gesta-
tion length and a commitment to supervise farrowings
and assist deliveries. The mean interval from PGF,, in-
jection to the onset of parturition was 29.5 hours with a
range of 24-32 hours and considerable variation
(Pressing 1992), which emphasizes the potential differ-
ences in response from farm to farm and from study to
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Table 6.1. Interval between oxytocin (OT) injection and onset of farrowing in sows treated with
prostaglandin (PGF,, 10 mg) on different days of gestation (adapted from Dial et al. 1987). The OT was
given 20 hours after the PGF,, injection. Numbers of interventions required during farrowing also are

shown. Data are expressed as means + SEM.

Interval (h) from OT Injection to Farrowing

Gestation Day of PGF,, Treatment

Interventions
per Sow

OT Dose (Units) 112 113 114 112-114 Days 112-114
0 11.7+2.8 9.2+1.5 4.3+0.7 8.5+1.2 0.2+0.1
5 14.0+2.3 78+2.2 43+1.5 8.5+1.5 0.5+0.3
10 11.4+4.1 8.3+2.6 6.7+2.0 8.4+1.5 1.2+0.5
20 11.4+3.2 77+2.1 8.0+£3.7 9.0+£1.5 0.5£0.3
30 48+14 4.6+1.8 3.5+1.8 44+1.1 1.9+0.6

study. The interval from injection to parturition tends
to be less with cloprostenol, a PGF,, analog (Pressing
1992); however, in some countries, only the natural
prostaglandin is approved for use in swine. The side ef-
fects of prostaglandin-induced farrowing include hyper-
pnea, and increased salivation, urination, and defeca-
tion within minutes after injection. Nest-building,
rooting, pawing, and bar biting are often evident but
subside within 2 hours.

Initial investigations used intramuscular injections
of either PGF,, (10 mg) or cloprostenol (175 pg).
Subsequent studies demonstrated that the dose could be
reduced to 5 mg and 87.5 pg, respectively, with vulvo-
mucosal injections (Friendship et al. 1990). The interval
from injection to parturition was similar to the intra-
muscular injection; however, the undesirable side ef-
fects were reduced.

Prostaglandin and Oxytocin Combination. It was pro-
posed that an injection of oxytocin at 20-24 hours after
the initial prostaglandin injection would improve syn-
chrony of farrowing during working hours. Treatment
with 20-30 IU of oxytocin induced earlier parturition in
a larger proportion of sows than 5-10 IU of oxytocin
(Table 6.1). The high doses were associated with fre-
quent interruptions of piglet deliveries and dystocia
(Dial et al. 1987). With 5-10 IU of oxytocin, few compli-
cations occurred during delivery; however, less than
90% of treated animals were induced to farrow during
the working day. Thus the low doses of oxytocin cause
few problems with parturition; yet they fail to improve
the synchrony of parturition, which in turn diminishes
the opportunity for supervised farrowings. Clinical re-
ports indicate that vulvomucosal injection of 5 IU of
oxytocin is sufficient to induce farrowing without com-
plications.

Other Products. Carazolol, epostane, and clenbuterol
were shown to be efficacious in the control of parturi-
tion. None of these agents are licensed for use in swine
in the U.S. Carazolol, a 3 ,-adrenergic blocking agent,

when used in combination with prostaglandins, im-
proved synchronization of farrowing. Carazolol (3
mg/sow), given 20 hours after prostaglandin adminis-
tration, induced labor within 3 hours, shortened the du-
ration of parturition and did not create adverse side ef-
fects (Holtz et al. 1990). This agent also may be used
alone (1 mg/100 kg body weight) at the onset of labor to
reduce the duration of parturition (Bostedt and Rudloff
1983).

Epostane, a competitive inhibitor of 38-hydroxys-
teroid dehydrogenase, was shown to decrease peripheral
levels of progesterone and induce sows to farrow (Martin
et al. 1987). The interval from oral administration of 5
and 10 mg/kg body weight to the birth of the first piglet
was 31 and 33 hours, respectively. There were no adverse
effects reported with epostane-induced farrowings.

Tocolytic agents are used to inhibit rather than has-
ten the onset of labor. The tocolytic effects of clenbu-
terol result from its f3,-adrenergic properties. Intra-
venous or intramuscular administration of clenbuterol
(150 pg/sow) during the onset of labor, but before de-
livery of the first pig, delayed parturition by 15 hours
(Zerobin and Kundig 1980). The use of clenbuterol
after delivery of one to three piglets interrupted partu-
rition for 3 hours. Detrimental effects were not ob-
served with this dose of clenbuterol; however, re-
peated, higher doses (300 pg every 6 hours) increased
stillbirth rate.

Induction of Abortion

Prostaglandins are effective abortifacients (=12-14 days
after mating) in sows and most sows return to a fertile
estrus following the termination of pregnancy (Guthrie
and Polge 1978; Pressing et al. 1987). In addition, admin-
istration of exogenous PGF,, is luteolytic in pseudo-
pregnant pigs (Smith et al. 1992) and will induce partu-
rition in sows that are carrying mummified fetuses
(Hermansson et al. 1981). Both PGF,, (10-15 mg) and
cloprostenol (175-500 pg), given once or twice at a 24-
hour interval, effectively terminate pregnancy and
pseudopregnancy.



PREGNANCY DETECTION

Most pork producers consider pregnancy detection es-
sential to the reproductive efficiency of the sow herd.
An ideal pregnancy detection method would have 100%
sensitivity and specificity. Testing would take a few sec-
onds per animal and the method would be simple
enough that training would be minimal. This “ideal”
method would predict pregnancy status prior to the re-
turn to estrus at 17-24 days postmating (Almond and
Dial 1987). Because an ideal technique is not available,
producers rely on one or more techniques for pregnancy
diagnosis.

Detection of Estrus

The most common pregnancy detection technique is
based on the premise that nonpregnant sows will return
to estrus within 17-24 days after breeding. Detection of
estrus is improved if the sow’s behavior is observed in
the presence of a boar, particularly when there is physi-
cal contact between the boar and female. The overall ac-
curacy of this technique ranged from 39% (Bosc et al.
1975) to 98% (Almond and Dial 1986). Field reports in-
dicate that most producers identify approximately 50%
of nonconceiving sows using this technique. False-
positive diagnoses occur when sows are persistently
anestrus due to cystic ovarian degeneration (COD),
acyclic ovaries, or becoming pseudopregnant. Manage-
ment factors that interfere with the detection of estrus in-
clude housing submissive sows in groups with dominant
sows, attempting to detect estrous females in large groups,
and assessing estrus without using boar exposure.

Hormone Concentrations

Serum concentrations of progesterone and estrone sul-
fate were used as indicators of pregnancy. Hormone
concentrations are dynamic and collection of samples is
restricted to discrete periods during pregnancy.

Progesterone. Regression of the CL typically com-
mences prior to day 15 of the estrous cycle. Following
maternal recognition of pregnancy, serum progesterone
concentrations are usually greater than 5 ng/ml
throughout pregnancy. Thus, serum concentrations of
progesterone are high in pregnant sows and gilts during
the expected time of return to estrus and low (<5 ng/ml)
in sows and gilts that failed to conceive (Ellendorf et al.
1976). The interestrus interval of sows of varying parities
ranges from 17 to 24 days, with a mean of 20 to 21 days
(Andersson and Einarsson 1980). Therefore, the optimal
time to obtain blood samples for progesterone determi-
nations is from 17 to 20 days after mating (Almond and
Dial 1987). Using serum progesterone concentrations
for pregnancy diagnosis, a sensitivity of more than 97%
was achieved, but specificity ranged from 60 to 90%
(Larsson et al. 1975; Almond and Dial 1986). False-
positive tests occur in animals with delayed or irregular
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returns to estrus, pseudopregnancies, and COD. False-
negative tests may result from laboratory error since it is
assumed that =5 ng progesterone/ml serum are re-
quired for pregnancy maintenance in swine (Ellicott
and Dziuk 1973).

Commercial enzyme-linked immunosorbent assays
are available for on farm applications, which reduce the
need of laboratory-based radioimmunoassays (Glossop
et al. 1989). The necessity of collecting blood is a sig-
nificant limitation of this method; however, enzyme
immunoreactive assays (Sanders et al. 1994) and ra-
dioimmunoassays were developed for assessing fecal
progesterone concentrations. Despite potential applica-
tions for these fecal tests, their utility has yet to be deter-
mined on commercial farms.

Estrone Sulfate. A high proportion of fetal estrogens is
secreted from the uterus into the maternal circulation as
estrone sulfate (Robertson et al. 1985). Serum estrone sul-
fate concentrations cannot be reliably determined until
peak levels are reached between 25 and 30 days of gesta-
tion (Robertson et al. 1978). At 35 to 45 days, the concen-
trations decrease to a nadir (Guthrie and Deaver 1979),
with a second increase commencing at 70 to 80 days.

Serum estrone sulfate concentrations of >0.5 ng/ml
are indicative of pregnancy, whereas <0.5 ng/ml are sug-
gestive of nonpregnant status (Cunningham 1982;
Almond and Dial 1986). Using estrone sulfate as a preg-
nancy test, >97% sensitivity and >88% specificity were
obtained when samples were collected between 25 and
30 days of pregnancy (Almond and Dial 1986). False-
negative results were obtained in sows or gilts with a de-
layed rise in estrone sulfate concentrations (Cunning-
ham et al. 1983) or when sows and gilts have less than
four pigs in a litter (Almond and Dial 1986). Urinary
concentrations of estrone conjugates also were used to
predict pregnancy and to diagnose fertility problems
(Seren et al. 1983); however, this technique was not de-
veloped for commercial application. Quantitative com-
mercial assay kits for the determination of estrone sul-
fate concentrations in serum or feces from swine are not
available. The need to collect blood samples limits the
practical application of this technique.

Prostaglandin-F,,. The prostaglandin pregnancy test
was based on the principles that if serum concentrations
of PGF,, are low (<200 pg/ml) or undetectable between
days 13 and 15 after mating, the sow can be assumed to
be pregnant. The prostaglandin pregnancy test had ap-
proximately 90% sensitivity and 70% specificity (Bosc et
al. 1975). This method can be conducted during early
pregnancy, but it is unreliable for detecting open animals
and requires extensive laboratory procedures.

Rectal Palpation
Pregnancy diagnosis by rectal palpation of the sow is
practical and highly accurate (Cameron 1977). Sows are
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examined while standing in gestation crates or pens or
while tethered. This technique is based on examination
of the cervix and uterus, together with palpation of the
middle uterine artery to assess size, degree of tone, and
type of pulse. The pelvic canal and rectum are often too
small for the procedure to be used on gilts or low parity
sows. Despite the potential application of this tech-
nique, it has not gained popularity in North America.

Ultrasound Techniques

Doppler Ultrasound. Doppler instruments detect fetal
heartbeats or the pulsation of arteries. Approximately
50-100 pulses/minute are detected in the uterine ar-
tery, while 150-250 pulses/minute are evident in the
umbilical arteries (Swensson 1978). The abdominal
probe is positioned on the flank of the animal, lateral to
the nipples, and aimed at the sow’s pelvis area. The ul-
trasound waves are emitted and received by transducers
and are converted to audible signals. The rectal probe
functions similarly, with the exception of the position-
ing of the transducer. Sensitivity (>85%) and specificity
(>95%) did not differ between the rectal and abdominal
probes (McCaughey and Rea 1979; Almond and Dial
1986). Optimal results were obtained at 29-34 days
(Almond et al. 1985). False-positive results may occur
when sows are tested during proestrus or estrus or when
animals have active endometritis. False-negative diag-
noses occur when examinations are conducted in a
noisy environment or if feces become packed around
the rectal probe.

Amplitude-Depth (A-mode or Pulse Echo) Ultrasound.
Amplitude-depth instruments use ultrasound waves to
detect the fluid-filled uterus (Lindahl et al. 1975). From
approximately 30 days until 75 days after breeding, the
overall accuracy in the determination of pregnancy was
commonly >95% (Holtz 1982; Almond et al. 1985).
False-negative and uncertain determinations increase
from 75 days until farrowing, due to changes in the al-
lantoic fluids and fetal growth. The sensitivity and spe-
cificity vary between the different models of amplitude
depth instruments (Almond and Dial 1986). Detection
of a fluid-filled urinary bladder, pyometra or endome-
trial edema yields a false-positive test. False-negative re-
sults were noted when animals were examined before 28
days of gestation or after day 80 (Holtz 1982).

Real-Time Ultrasonography. Results of initial studies
clearly indicated that real-time ultrasonography (RTU)
possessed potential for early and accurate pregnancy di-
agnosis in sows and gilts (Inaba et al. 1983; Jackson
1986). The transducer of RTU probe is placed against the
flank of the animal, and the positioning is similar to
other pregnancy detection devices. The probe is directed
toward the back of the animal, allowing the ultrasound
waves to pass through the uterus before returning back
to the transducer. Pregnancy is based on the detection

6.5. These figures illustrate the images observed with real-time ultra-
sound (linear, 5 mHz probe) at day 21 in a nonpregnant sow (A) and
at days 21 (B), 23 (C), and 35 (D) of pregnancy. The circular, black
structures, shown with white arrows, are cross-sections of the fluid-
filled uterus. A fetus (arrowhead) is evident in the day 35 image.

of distinct, fluid-filled vesicles in the reproductive tract
(Figure 6.5).

For various reasons, such as the purchase price of an
instrument, producers and veterinarians were reluctant
to use RTU in commercial sow farms. However, the
trend to larger sow farms and the decrease in purchase
price created opportunities for RTU as a routine preg-
nancy detection method. On day 21 of gestation, the
overall accuracy was 90% and 96% for the 3.5 and 5
mHz probes, respectively (Armstrong et al. 1997). The 5
mHz probe had a greater specificity than the 3.5 mHz
probe. It also was evident that technician, day of gesta-
tion, instrument, and probe (3.5 vs. 5 mHz and linear vs.
sector) influenced the accuracy of RTU. These sources of
variation have much less impact when RTU is used at
day 28, rather than day 21.

Conclusions. Amplitude depth (a-mode) and doppler
instruments typically are used after 30 days postmating
and require multiple tests to improve accuracy. Both in-
struments are inexpensive and neither requires exten-
sive training; however, numerous causes of false-



positive and false-negative tests exist with either instru-
ment. Tests for serum progesterone or estrone sulfate re-
quire blood samples at specific days of pregnancy. To
eliminate blood collection, assay procedures were devel-
oped to determine progesterone concentrations in fresh
fecal samples. ELISA tests for progesterone concentra-
tions diminished the need for extensive laboratory facil-
ities; however, few producers can justify the time to col-
lect and process samples, and the complexity of these
tests preclude their routine use on commercial farms.
Rectal palpation is inexpensive, but offers few other ad-
vantages over a-mode or doppler instruments, and has
not gained popularity in the U.S..

Presently, detection of nonconceiving sows that
return to estrus and ultrasound are the most widely
used techniques for pregnancy diagnosis. Despite rou-
tine use of these traditional methods, many sows ei-
ther fail to farrow after being considered pregnant or
return to estrus at irregular times during a presumed
pregnancy. Success of a pregnancy detection program
originates from the personnel implementing the pro-
gram. The most promising technique is RTU; however,
cost of the instrument and other factors might inter-
fere with its widespread acceptance by commercial pig
producers.

PROBLEMS AT FARROWING

Dystocia

Dystocia along with several other problems that can
lead to difficult farrowing (e.g., downer sow) are rela-
tively frequent in sows. Knowledge of the normal
process of parturition is essential to determine when
there is a need to intervene. Swelling of the vulval lips
occurs about 4 days prepartum. The mammary glands
become more turbid and tense during the last 2 days be-
fore farrowing, with the mammary secretion being
serous 48 hours prior to parturition and becoming
milky within 24 hours of farrowing. Restlessness and
nesting behavior usually start in the 24 hours prefarrow-
ing but recede in the last hour before the first piglet.
Intermittent abdominal straining occurs before the
birth of the first piglet, but straining is usually mild
thereafter except at the moment of expulsion. Farrow-
ing is expected within 20 minutes when a viscid, blood-
tinged secretion often containing meconium is ob-
served at the vulva. Duration of parturition is usually
less than 3 hours but ranges from 30 minutes to more
than 10 hours, with an interval between the birth of
piglets averaging 15-20 minutes. Fetal membranes are
expulsed in general 4 hours after the birth of the last
piglet, from 20 minutes to 121/, hours.

Signs of dystocia are anorexia, blood-tinged vulvar
discharges, meconium without straining, straining
without delivery of piglets, cessation of labor after
straining, and the delivery of one or more piglets, ex-
haustion of the sow, and foul-smelling and discolored
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vulvar discharge. Primary uterine inertia associated
with a decreased contractile activity of the myometrium
is uncommon in sows, whereas secondary uterine iner-
tia is much more frequent and results from uterine and
maternal exhaustion associated with fetal malpresenta-
tion or maternal obstruction. The causes of dystocia are
classified into two categories, maternal and fetal dysto-
cia, depending on the origin. Arthur et al. (1989) have
reported the following causes of dystocia: uterine inertia
without significant cause (37%), breech presentation
(14.5%), obstruction of the birth canal (13%), simulta-
neous presentation of two fetuses (10%), downward de-
viation of the uterus (9%), and oversized fetuses (4%). In
modern sow herds, dystocia may also occur as a result of
the use of prostaglandin and oxytocin to induce or con-
trol farrowing.

To correct dystocia, farm personnel must act in a
timely fashion, since delayed or premature pharmaco-
logical or manual intervention may result in piglet
death, decreased piglet viability, localized or systemic
infections in the sow, or death of the sow. A 20% still-
birth rate is often associated with dystocia. To optimize
the success of intervention, sows should be observed at
30-minute intervals once parturition has commenced.
At each observation the number of piglets born and the
time can be recorded to better assess the interval be-
tween the birth of piglets.

Correction of dystocia is achieved by manual exami-
nation of the vagina and cervix and removal of the
obstruction or malpresented fetuses. Strict hygiene is
required and the use of obstetrical gloves and lubricant
is recommended. Manual extraction is usually the safest
technique to extract fetuses. Caution must be exercised
when using forceps, blunt hooks, or cable snares, due to
the risk of trauma to the sow’s reproductive tract. After
removal of the malpresented pigs, the birth canal
should be reexamined prior to the administration of
oxytocin. High doses (>20 IU) of oxytocin may create a
refractory period (3 hours) in which endogenous and
exogenous oxytocin fails to stimulate contractions
(Einarsson et al. 1975). Injectable antibiotics are war-
ranted if sufficient contamination occurs. Intrauterine
infusions of antibiotics or iodine solutions are usually
not effective in promoting uterine involution or pre-
venting uterine infections.

Injuries Incidental to Parturition

Hemorrhage may occur postpartum as a result of uter-
ine, vaginal, or vulvar lacerations. Lacerations of the
vagina and vulva can be sutured externally, whereas se-
vere uterine lacerations or uterine ruptures are difficult
to repair without conducting a laparotomy. The eco-
nomics of this latter procedure must therefore be con-
sidered. Oxytocin treatment promotes uterine contrac-
tions and may be beneficial with minor uterine
lacerations. Hematomas of the vulva are resolved as the
blood and the fluid are resorbed; however, sharp projec-
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6.6. Pathological reactions to disease agents according to the stage of reproductive cycle and the associated clinical manifestations.

tions in farrowing crates increase the danger of lacerat-
ing the hematomas.

Vaginal and Uterine Prolapse

Prolapse is often seen shortly before, during or up to sev-
eral days after farrowing. Factors that have been re-
ported to increase the risk of vaginal or uterine prolapse
in sows are genetics, housing, physical trauma to the
genital tract following parturition, older parity, and nu-
trition. The procedures for correction of uterine pro-
lapse are described in Chapter 70.

REPRODUCTIVE FAILURE

Pathological Processes

Diseases can exert their effect on the reproductive sys-
tem through the general systemic effect on the dam or
by infection of the conceptuses or the genital tract. The
pathological reactions to disease agents depend on the
type of agent and on the stage of reproductive cycle of
the animal. The clinical manifestations will vary accord-
ingly, as exemplified in Figure 6.6.

Death of the embryos before implantation, which
occurs between 10 to 16 days postcoitus, results in reab-
sorption of conceptuses and a regular return to estrus for
the sow. Four embryos are required at nidation for preg-
nancy to be initiated otherwise the sow will resume her
cyclicity and a regular return to estrus will be observed
(Dziuk 1985). Embryos are also reabsorbed when death
occurs between 14 to 35 days of gestation. The sow will

have an irregular return to estrus if most of the concep-
tuses die or will farrow a small litter when only a propor-
tion of embryos dies. The fetal period in swine begins at
the onset of skeletal calcification at around 35 days of
gestation and continues to parturition. Death of the
fetus is followed by mummification or by stillbirth
when it occurs in late gestation. Mummies are fetuses
that have died in utero and have begun to decompose.
Stillbirth results from the expulsion of dead fetus at an
age when they could normally survive without undue
assistance. Survival before day 109 of gestational age is
limited because lung maturation has not been com-
pleted by this age. Stillborn pigs die either prepartum or
intrapartum and are grossly normal at birth. In a large
proportion of the deaths classified as intrapartum, the
pigs were actually alive at birth. In true stillborn pigs,
lungs will not float when immersed in water.

A combination of mummies and stillborn pigs of
variable size is observed when fetuses die at different
times of gestation. This is often the consequence of a
progressive intrauterine spread of an infectious agent,
such as porcine parvovirus. Sows with mummies and
stillborn pigs may farrow at the expected time or experi-
ence pseudopregnancy when all conceptuses die if they
fail to return to normal ovarian cyclicity due to the per-
sistence of the pregnancy CL.

Abortion results from the termination of the preg-
nancy control mechanisms with subsequent expulsion
of all conceptuses. Aborted sows return to estrus within
5-10 days or experience a prolonged anestrus. Abortion



may occur from day 14 throughout gestation and is asso-
ciated with maternal or embryonic/fetal failure. In abor-
tion due to maternal failure fetuses are generally all of the
same age. Fetal age beyond 35 days can be estimated using
the crown-rump length in the following formula, where
X is the crown-rump length in cm (Ullrey et al. 1965):

Fetal age in days = 21.07 + 3.11X

Premature farrowing is associated with a high pro-
portion of stillborn and low viability piglets.

Failure to conceive or to initiate and maintain a preg-
nancy will be expressed as regular or irregular return to
estrus, abortion, or pseudopregnancy, all of which may
manifest as a lower farrowing rate at the herd level. The
specific problems need to be characterized because in-
fluencing factors might be different accordingly. Thus it
is essential to have an efficient pregnancy detection pro-
gram to determine as quickly and accurately as possible
the reproductive status of the sows.

Several etiologic agents have been associated with
abortion, mummification, stillbirth, birth of weak pig-
lets, and decreased farrowing rate.

Infectious Agents

Bacterial reproductive pathogens that can exert an ef-
fect on the reproductive tract of pigs include Brucella
suis, Leptospira sp., and Chlamydia sp. Mummification is
generally not a feature of reproductive bacterial diseases.
Brucella suis is a primary agent causing abortion at any
time of gestation and birth of weak piglets. Early abor-
tions are probably a reflection of exposure via the geni-
tal tract at breeding. Brucella suis causes severe placenti-
tis and genital infection.

Late-term abortions observed with several serovars of
Leptospira interrogans result from transplacental infec-
tion of fetuses following leptospiremia. Aborted pigs are
usually all of the same age although horizontal trans-
mission in utero has been suggested (Fennestad and
Borg-Petersen 1966). Some fetuses may be born alive but
weak; others are stillborn. Gross lesions in aborted fe-
tuses are usually nonspecific. Histological examination
may reveal several spirochetes in the placenta and fetal
tissues, namely kidneys. The pathogenesis of infection
by Leptospira serovar bratislava seems to be different.
This leptospire causes uterine infection and thus is asso-
ciated with low conception rate and return to estrus. Itis
hypothesized that abortion caused by this pathogen is a
consequence of transplacental infection by leptospires
present in the genital tract rather than following lep-
tospiremia (Ellis et al. 1986). Sow infertility is a common
feature in infection by Leptospira serovar bratislava (Van
Til and Dohoo 1991).

Although Chlamydia sp. have been associated with
late-term abortion and birth of dead or weak pigs, clini-
cally inapparent infection is much more common
(Eggemann et al. 2000; Vanrompay et al. 2004).
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The role of eperythrozoonosis (Mycoplasma suis or
haemosuis) in reproductive disease is controversial. Some
authors have reported anestrus, irregular estrous cycles,
abortion, small litters, and stillbirth in seropositive herds
(Sisk et al. 1980; Brownback 1981), whereas others did not
observe any difference in reproductive parameters be-
tween infected and noninfected sows (Zinn et al. 1983).

Several other bacterial diseases—erysipelas, listerio-
sis, infection with Actinobacillus pleuropneumoniae,
Actinobacillus suis, Haemophilus parasuis, and Lawsonia
intracellularis—induce abortion either through the gen-
eral effect of fever or by infecting the conceptus.
Conceptuses are usually all of the same age and do not
show significant lesions. Localized bacterial infection of
the genital tract may also interfere with fertilization and
viability of gametes, often resulting in regular return to
estrus. Several bacterial species have been isolated from
infected uteri (see section on vulvar discharge).

Porcine parvovirus is ubiquitous, and infection is en-
zootic in most swine herds. Outbreaks may occasionally
be observed in newly populated herds with several naive
animals. Parvovirus has a direct effect on the conceptus
by damaging the placenta and a variety of tissues.
Tranplacental infection occurs with further intrauterine
spread of the virus. Porcine parvovirus infection is char-
acterized by mummified fetuses of different ages, in-
creased returns to estrus, and small litter size, but abor-
tion is unlikely (Mengeling et al. 2000).

The porcine reproductive and respiratory syndrome
(PRRS) virus causes abortion at any time of the gestation
period, although transplacental infection was initially
reported to occur more frequently in the last trimester,
resulting in late-term abortions and premature farrow-
ings. Despite lesions observed in the uterus, the precise
mechanisms of abortion are still unclear. It may result
from the effects of acute illness and fever and from infec-
tion of fetuses. It is also suggested that fetuses may die
from hypoxia due to arteritis in the umbilical vessels
(Lager and Halbur 1996). A combination of mummies,
stillborn, and weak piglets is characteristic of PRRS virus
infection. They usually occur sequentially within a herd
according to the time of infection of the dams.

Exposure to pseudorabies virus during pregnancy
may result in reproductive failure. The virus crosses the
placenta and infects and kills embryos and fetuses. It
also induces infection with lesions in uterus, placenta,
and ovaries (Bolin et al. 1985). Lesions in fetuses are
characterized by multiple necrotic foci in various tis-
sues, including liver, spleen, lung, and tonsils.

Enteroviruses once were considered to be major
causes of reproductive failure. They were attributed to
the SMEDI syndrome (stillbirth, mummification, em-
bryonic death, and infertility). Parvovirus had later
been identified as the main etiologic agent for this
syndrome.

The pathogenesis of reproductive failure following
infection by encephalomyocarditis virus is not well un-
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derstood. Transmission is believed to be transplacental,
but pathogenic variability in fetuses has been observed
with different isolates and could explain the variability
of clinical signs (Kim et al. 1989).

More recently, porcine circovirus type 2, the etio-
logic agent of postweaning multisystemic wasting syn-
drome (PMWS), has been associated with late-term
abortions and increased stillbirth rate (West et al. 1999).

Swine influenza virus causes abortion, stillbirth, and
weak pigs at birth due to fever through a systemic effect
on the dam (Vannier 1999). However, it has also been
isolated from aborted fetuses, suggesting that the virus
could cross the placenta and act as a specific agent caus-
ing reproductive problems. However, at present, data are
inconsistent to conclude on transplacental infection
(Yoon and Janke 2002).

Cytomegalovirus infection, responsible for inclusion
body rhinitis, may also manifest itself in some herds as
reproductive disorders with embryonic death, mum-
mies of variable age, stillbirth, and weak pigs with high
neonatal mortality (Orr et al. 1988). Other viral diseases
associated with reproductive failure include blue eye
disease, bovine viral diarrhea disease, border disease,
transmissible gastroenteritis virus, Japanese B en-
cephalitis, and African and classical swine fever. Abor-
tion, although occurring occasionally, does not seem to
be a common feature in blue eye disease, bovine viral di-
arrhea disease, and border disease (Stephano et al. 1988)
and has not been observed with Japanese B encephalitis
(Joo and Chu 1999). Reovirus has been isolated from
mummies, stillbirths, and aborted fetuses but its role in
swine reproductive disease is unclear (Paul and Steven-
son 1999).

Menangle virus has been associated with return to
estrus, pseudopregnancy, mummification, stillbirth,
and congenital deformities but not with abortion (Love
et al. 2001). This disease has been observed in only a
large farrow-to-finish herd in Australia. The probable
source of the infection was a colony of fruit bats that
was near the farm. The reproductive problems observed
were compatible with transplacental infection, with
spreading from fetus to fetus as with porcine parvovirus.
Nipah virus causes outbreaks of neurological and respi-
ratory signs. This condition was first seen in late 1998 on
several swine farms in Malaysia. Abortion was observed
in some sows and was probably due to an acute febrile
illness (Singh and Jamaluddin 2002).

Toxoplasma gondii may infect fetuses transplacentally
and cause stillbirth and weak piglets at birth. Abortion is
uncommon with toxoplasmosis. Abortion and mum-
mies associated with fungal infections, namely Asper-
gillus sp., have been reported but are rare.

Noninfectious Factors

Compared to several other species, the CL in swine are
essential for maintenance of pregnancy throughout ges-
tation. Consequently the administration of PGF,, dur-

ing gestation will cause pregnancy cessation with subse-
quent expulsion and death of the conceptuses. Abor-
tion has been observed following procaine penicillin G
injection in pregnant sows. It was hypothesized that the
sudden release of toxic amounts of procaine was respon-
sible for the clinical signs, such as fever, vomiting, and
shivering (Embrechts 1982). Sows and gilts given feed
containing sulfadimethoxine and ormetoprim late in
gestation had increased duration of gestation and num-
bers of stillbirths and weak newborn pigs (Blackwell et
al. 1989).

Consumption of grains containing the estrogenic
mycotoxin, zearalenone, may result in irregular return
to estrus, small litter size, and increased stillbirth rates.
Estrogens are luteotropic in swine; therefore, zear-
alenone will induce anestrus and pseudopregnancy
rather than abortion. In prepubertal gilts it will cause
swelling of the vulva and prolapse. Fumonisin, a myco-
toxin produced by fungi Fusarium sp., may produce pul-
monary edema. Hence, sows consuming high levels of
fumonisin will abort shortly after due to fetal anoxia.
Sows fed ergot alkaloids during gestation had piglets
with low birth weight and low survival rate, but rarely
aborted.

The gestation length influences stillbirth; long gesta-
tional period (>117 days) and early induction of parturi-
tion (<112 days) are both associated with an increased
number of stillborn pigs. Intrapartum deaths of piglets
also increase with the duration of farrowing, litter size,
and advanced parity of the sow.

High ambient temperature before implantation has
been completed, i.e., before day 16, has a detrimental ef-
fect on conception rate and early embryonic survival.
Also, elevated temperature during the peripartum
period may lead to an increase in stillbirth and sow mor-
tality. An increased prevalence of abortion is also ob-
served in early fall and has been attributed to insuffi-
cient levels of progesterone and thin sows kept in cold
environment. High levels of carbon monoxide in under-
ventilated farrowing facilities may cause an increased
stillbirth rate.

Diets deficient in vitamin A, zinc, copper, and iodine
during gestation were all reported to increase the inci-
dence of stillbirth.

VULVAR DISCHARGE

Individual cases of vulvar discharge rarely represent a
major concern. In contrast, if 5-10% or more of a breed-
ing group show discharges, the problem needs atten-
tion. Some vulvar discharges are indicative of normal
physiological events, whereas others are pathological
and may interfere with fertility and conception.
Abnormal discharges originate from either the urinary
or the reproductive tract. The diagnostic challenge is to
differentiate normal from abnormal discharge and to
determine the origin. In that, characterization of the



type of discharge and its timing in relation to the estrous
cycle will help (Dial and MacLachlan 1988a).

Normal Vulvar Discharges

It is normal to observe discharges following farrowing.
They represent the sow’s attempts to clear placental
remnants and debris from the uterus and usually disap-
pear within 2 days of farrowing. A mucopurulent vulvar
discharge is also often seen in pregnant sows during the
last 2-3 weeks of gestation. This discharge is associated
with mucus production and cellular changes in the vul-
vovaginal membranes.

Periestrous discharges are considered normal. The
high estrogen concentrations result in an increased
uterine perfusion and tissue permeability and enhanced
leukocyte migration into the uterus. The uterine con-
tractions during proestrus and estrus contribute to
physical clearance of uterine contents (De Winter et al.
1996). The discharges contain mucus, vaginal epithelial
cells, semen, white blood cells, occasional red blood
cells, or any combination of these cells. The quantity of
these “normal” discharges is variable.

Abnormal Vulvar Discharges

The presence of fresh blood is common on the vulva of
sows or gilts. Vulvar lacerations result from biting by
sows (particularly in pen housing), trauma, or the boar.
Careful hand-mating or Al procedures reduce the likeli-
hood of breeding-inflicted vulvar lesions.

The presence of a purulent vulvar discharge at 14-20
days (>10 days) after breeding or estrus typically is in-
dicative of metritis or endometritis. The causative agent
or agents likely enter the uterus during estrus, either by
passive ascension or by active introduction by the boar
during mating. Nonspecific endometritis results from
infection by bacteria not considered as specific patho-
gens of the reproductive tract. Several bacterial species
have been isolated from these infected uteri, including
Escherichia coli, Streptococcus sp., Staphylococcus sp.,
Arcanobacterium pyogenes, Proteus, Klebsiella, and a vari-
ety of others.

Sows inseminated late during estrus, often the third
Al, are more susceptible to discharge problems (De
Winter et al. 1992). During early metestrus, the protec-
tive mechanisms of high estrogen concentrations have
dissipated, thereby rendering the animal susceptible to
uterine infections. Furthermore, there is a strong corre-
lation between serum progesterone concentrations and
the development of endometritis (De Winter et al.
1996). If animals are inseminated as progesterone con-
centrations begin to increase after ovulation, there is a
greater possibility of inducing endometritis. Therefore,
some multiple-Al schemes may contribute to problems
with endometritis.

Vulvar discharges are often seen in bred or virgin an-
imals on farms with large numbers of replacement gilts,
following a startup or repopulation (MacLachlan and
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Dial 1987). They may be observed after transport and
prior to exposure to a boar. Some animals have normal
physiological periestrous discharges; however, it is not
uncommon to observe isolated cases of virgin animals
with endometritis. The causes of discharges in virgin an-
imals remain unclear. In some cases vaginitis is second-
ary to vulvar biting in the finishing house. Another the-
ory is that many gilts attain puberty prior to transport,
and infection of the uterus occurs while the animals are
in gilt finishing facilities. Consequently, a discharge is
observed 5-8 days prior to their second estrus.

Endometritis also occurs following parturition as a
result of dystocia, traumatic injury, abortion, and unhy-
gienic manipulations. The likelihood of subsequent in-
fertility is greater in sows that have a prolonged vulvar
discharge following parturition, e.g., more than 6 days
(Waller et al. 2002). Pyometra, an acute or chronic sup-
purative inflammation of the uterus with accumulation
of large quantities of pus, is rare in sows.

A purulent vulvar discharge with or without blood
may be observed in cases of cystitis/pyelonephritis and
should be differentiated from that originating from
the genital tract. The discharge usually contains
mucus, is associated with urination, especially at the
end of the stream, and is not related to the estrous
cycle. To confirm urinary tract infections, urinalyses
are performed on samples from affected animals, or
collection and examination of urinary bladders and
kidneys are performed at slaughter. For further details
see Chapter 9.

Managing the Discharging Sow
Most discharging sows return to estrus shortly after the
initial appearance of the discharge. Attempts to breed
these animals at this time are usually futile. One ap-
proach is to allow the animals to recycle one more time,
if economics and animal flow permit it. Clinical reports
have revealed that when sows failed to discharge a sec-
ond time and were then mated, their conception rates
were similar to those of repeat breeders. The other op-
tion is to cull any animal with a discharge. Hygiene and
management procedures around farrowing, mating,
and artificial insemination should be evaluated.
Numerous treatment protocols have been attempted
to resolve problems of discharging sows, but their suc-
cess remains dubious. Medicated feed or injectable an-
tibiotics are common treatments. Precise pathogens in-
volved and their sensitivity to antibiotics are rarely
known, so it is often difficult to assess the effectiveness
of these treatments (Dial and MacLachlan 1988b).
Some producers infuse the boar’s prepuce with ex-
tralabel, antibiotic preparations, and systemic antibio-
tic treatment has been attempted; however, it is un-
known whether effective antibiotic concentrations are
achieved in the boar’s reproductive tract. The prepuce of
a boar is rapidly reinfected, and thus, infusion of the
prepuce offers only short-term therapy.
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OVARIAN CYSTS

Slaughterhouse surveys have demonstrated that 5-10%
of sows culled for reproductive problems are affected
with cystic ovaries, varying from 1.7-24% (Ryan and
Raeside 1991). On several farms on which ultrasonogra-
phy was used, the incidence of ovarian cysts varied from
0-8% among nonpregnant animals (Gherpelli and
Tarocco 1996; Castagna et al. 2004). Multiple large, mul-
tiple small, and single cysts occur in the ovaries of sows.
They vary in size, from 1-8 cm, and in the extent of
luteinization, and may regress spontaneously (Figure
6.7) (Ebbert and Bostedt 1993; Ebbert et al. 1993;
Gherpelli and Tarocco 1996; Martinat-Bott€ et al. 1998).
Luteinized cysts are more frequently observed than fol-
licular cysts (Zannoni et al. 2003). In general, sows with
ovarian cysts have a greater return to estrus rate than
normal sows, 34% vs. 7.7% (Castagna et al. 2004). How-
ever, the behavioral and physiological events differ be-
tween animals affected with each type of cyst. Most of
the multiple large cysts have some luteinized tissue and
produce sufficient progesterone to inhibit estrous cyclic-
ity; consequently, such affected sows may be intermit-
tently or permanently anestrous. In contrast, multiple
small cysts often produce estrogen, and sows may have
irregular estrous cycles or exhibit nymphomania.
Anestrus is more frequently observed in sows with a
large number of cysts (>10/animal) compared to those
with a smaller number, 75% vs. 53% (Ebbert and Bostedt
1993). Single ovarian cysts rarely affect fertility or the es-
trous cycle of sows.

An impairment or relative deficiency of the preovu-
latory LH surge is responsible for the failure of ovula-
tion of one or more follicles at estrus, which leads to
cystic ovary. Increased incidences of ovarian cysts have
been associated with stress, zearalenone toxicity, or cor-
ticosteroid and hormonal treatment administered over
an extended period, or at an improper phase of the re-
productive cycle (Guthrie and Polge 1976; Meredith
1979; Varley 1991; Gherpelli and Tarocco 1996). Sows
with cystic ovaries are more frequently observed when
lactation length is shorter than 14 days and weaning-
to-estrus interval shorter than 3 days (Castagna et al.
2004).

The diagnosis of cystic ovaries generally relies on ul-
trasonography (Martinat-Botté et al. 1998; Kauffold et
al. 2004). Because serum concentrations of proges-
terone, estradiol, LH, and cortisol are similar in sows af-
fected with ovarian cysts and in diestrous sows, serum
hormone concentrations have limited diagnostic value
(Almond and Richards 1991).

CONGENITAL DEFECTS AND NEOPLASIA

Defects of the female genital system are common and
include cysts of the mesosalpinx; duplication of the
vagina; cervix or uterine horns; segmental or complete

6.7. Porcine cystic ovary. The cystic structures are fluid filled. The
thickened cyst walls (arrow) contain luteinized tissue. The sow failed
to exhibit estrus.

aplasia of the uterus, cervix, vagina, and vulva; and in-
tersexuality. The aplasias, hypoplasias, and duplica-
tions appear to have genetic components that can be
expressed in varying degrees in different individuals
(Wrathall 1975) and may contribute to infertility and
perhaps dystocia. Other defects of the female genital
system include persistence of the hymen, ovarian apla-
sia, other ovarian defects, and hypoplasia or malfor-
mation of the nipples (Done 1980; Clayton et al. 1981).
The incidence of these conditions is low, and in most
instances the cause is unknown or suspected to be
heritable.

Intersexuality is occasionally observed in pigs. True
intersexes, or hermaphrodites, have both testicular and
ovarian tissues, whereas pseudohermaphrodites have
gonads of one sex and other genital organs of the oppo-
site sex. Pseudohermaphrodites are further subclassified
into male or female on the basis of the gonadal tissue.
The external genitalia of intersex pigs are usually female
in type. In most instances the vulva appears normal,
with a variable enlargement of the clitoris, but in some
the clitoris is greatly enlarged and the vulva is underde-
veloped or prepucelike. Some affected individuals show
male behavior, while others show estrus and even be-
come pregnant (Hulland 1964; O’Reilly 1979). Estrus,
ovulation, and pregnancy are possible in true hermaph-
rodites. Reports of female pseudohermaphrodites in
pigs are rare. Genetic analyses suggest that pig intersex-
uality is controlled multigenically.

Neoplasms of the genitalia in sows have not been
studied intensively. Investigations of genital tracts at
slaughter reveal a low prevalence of neoplasis. The most
commonly observed neoplasms were leiomyoma, fi-
broma, cyst-adenoma, fibroleiomyoma, and carcinoma
(Anderson and Sandison 1969; Werdin and Wold 1976;
Akkermans and van Beusekom 1984).



INADEQUATE REPRODUCTIVE
PERFORMANCE

Reproduction is an extremely complex process and in-
volves many highly specific biological functions. Many
factors—such as diet, housing, social surroundings,
temperature, disease, and management—influence re-
productive performances (Foxcroft and Aherne 2002).
There are five major causes of reproductive failure: hor-
monal imbalances, mating behavior, diseases, structural
defects, and management (Leif and Thomson 2002).

Because many of the elements involved in reproduc-
tion are interrelated, one problem may give rise to
others. Generally by studying records and carrying out
clinical observations and pathological tests it is possi-
ble to determine precisely where reproductive failure
has occurred (Dial 1990). Such failures can be grouped
into six categories related to stages in the reproductive
cycle: anestrus, estrus and ova production, fertilization,
implantation, and maturation. In general, the primary
causes of reproductive failure can be identified and cor-
rected; however, the causes of infertility cannot be
determined and corrective action taken without col-
lecting reliable information and using it in a meaning-
ful way (Muirhead and Alexander 1997). This informa-
tion allows us to understand the interrelationships of
reproductive failure as related to nonreproductive fac-
tors that evade females to express their biological
potential.

Definition of Most Commonly Used
Parameters of Performance

During the last 15 years, the financial advantage of vol-
ume selling and buying has led to an irreversible evolu-
tion toward increasingly larger herd sizes. In a climate of
increased competition for more discerning markets, the
independent producer has been faced with the chal-
lenge of either becoming efficient or running the risk of
no longer being competitive and no longer having a
product desired by the global marketplace. A necessary
prelude to being competitive in swine production in
general, and in particular in the reproductive area, is a
reliable record system that allows producers to monitor
both biological and financial performance and to trou-
bleshoot production and financial problems (Dial
1990).

In order to understand and interpret records it is im-
portant to have universally accepted definitions for an
analyzed parameter so the calculations involved in its
computation can be understood. The following is a list
of the most common parameters used when trou-
bleshooting reproductive performance:

Adjusted farrowing rate: 100 X total number of females
farrowed -+ (total number of females bred — total
number of females removed due to nonreproductive
causes) in a specified period of time.
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Average parity: average parity of all the females in the
breeding herd, including gilts that are part of the
inventory.

Conception rate: 100 X (total number of females that
conceived between 18-24 days after the first mating
+ total number of bred females) in a specified period
of time.

Farrowing interval: the period of time between two con-
secutive farrowings of a specified female. On a herd
basis this term is the average of the farrowing inter-
vals of a specified group of females in a specific pe-
riod of time.

Farrowing rate: 100 X (total number of females farrowed
+ total number of females bred) in a specified period
of time.

Gilt pool: group of females that have not been mated
but are considered as replacements for the breeding
herd.

Irregular return to estrus: the irregular occurrence of es-
trus from one period to the next. An interestrus in-
terval of more than 24 days.

Litters/crate/year: total number of litters weaned in a
year + total number of crates in the farrowing area.

Litters/productive sow/year: average number of litters
that a productive female farrows in a year.

Litters/sow/year: average number of litters that a female
in inventory farrows in a year when nonproductive
days are taken into account.

365 days — average nonproductive days/female/year

(gestation + lactation length in days)

Mummnies: fetal tissues after bodily fluids have been re-
moved and only the nonabsorbable remains, includ-
ing calcified skeleton. Mummification normally oc-
curs after 35 days of gestation.

Nonproductive days: number of days when a female is
not gestating or lactating. In economical terms non-
productive days include all the days that a female is
generating expenses and not income.

Percent repeats: number of females included in a group
that have returned to estrus after having been mated.

Pigs/crate/year: number of pigs weaned in a year -+ total
number of crates in the farrowing area.

Pigs weaned/sow/year: total number of pigs that a fe-
male in inventory weans in a year.

Regular return to estrus: interestrus interval of 18-24
days.

Stillborn pigs: pigs that die shortly before or during far-
rowing.

Total number of pigs/litter: Total number of pigs born
alive + total number of stillborn pigs + total number
of mummies in a litter.

Wean to estrus interval: interval between a weaning and
the following estrus.
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Numerous systems are currently available commercially
for assessing the biological performance of the breeding
herd. Although varying considerably in data entry, report
format, and report content, all of the systems provide
summaries of breeding, farrowing, and weaning informa-
tion (Dial 1990). Most provide either time-related or
group reports for information relating to fertility, lacta-
tion performance, interval from entry or weaning to mat-
ing, and piglet survival until weaning. Targets and level at
which a corrective intervention should be performed (in-
terference levels) should be included in these production
reports (Table 6.2). The value of these parameters should
be changed regularly as the herd performances change.

Interrelationships Between Performance
Parameters

There are numerous risk factors or differential diagnoses
for the different types of reproductive failure. Many can
be incriminated or ruled out through examination of
records. In fact, although a diagnostic examination of
environment, facilities, management, disease status,
and nutrition may suggest one or several of them as a
cause of reproductive failure, the diagnosis typically
must be corroborated through the record analysis. For
example, suboptimal total pigs born/litter may involve
parity distribution, lactation length, weaning-to-estrus
interval, season and ambient temperature, systemic re-
productive disease, genetics, nutrition, and breeding
management. Both record analysis and flow diagrams
are extremely helpful to identify risk factors and expla-
nation of reduced reproductive performance.

Pigs Weaned/Sow/Year. When the productivity of the
breeding herd is suboptimal the most widely used meas-
ure of the overall biological performance of the breeding
herd is pigs weaned/sow/year (Polson et al. 1990a). The
two components of pigs weaned/sow/year are litters far-
rowed/inventoried sow/year and pigs weaned/litter far-
rowed (Figure 6.8).

PHYSICAL EXAMINATION, DIAGNOSIS, AND BODY SYSTEMS

Table 6.2. Targets for the reproductive performance of the
breeding herd

Interference
Target Level
Breeding and Gestation
Age at first service (days of age) 220-240 <220 or >260
Repeat matings (%) 10 >15
Multiple matings (%) 90 <85
Weaning to service interval (days) 4-7 >7
Farrowing rate (%) =85 <80%
Regular returns (%) <6 >8
Irregular returns (%) <3 >5
Negative pregnancy test (%) <3 >5
Abortions (%) <2 >4
Failure to farrow (%) <1 >3
Adjusted farrowing rate (%) =90 =88
Farrowing
Total pigs born/litter =11.5 <11
Pigs born alive/litter =10.5 <10
% stillbirths <7 >10
% mummies <3 >5
Litters/productive sow/year >2.4 <2.3
Litters/sow/year >2.2 <21
Weaning
Pigs weaned/sow =10 =9.8
Preweaning mortality (%) <8 >10
Weaning weight at 21 days (kg) 5.5-6.5 <5.0
Pigs weaned/productive sow/year >24 <23
Pigs weaned/sow/year >22 <21
Litters/crate/year (3.5-week cycle) >14.8 <14
Pigs/crate/year >148 <137
Population (on an annual basis)
Average parity 3.5 <3 and >4
Replacement rate (%) =40 <35 and >45
Culling rate (%) 30-35 <28 and >40
Mortality rate (%) 5-8 >10
Average non productive days =75 >80

(60 day acclimatization period)

[ PIGS WEANED/SOW/YEAR J

Pigs weaned/litter
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6.8. Factors related to pigs weaned/sow/year.
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6.9. Interrelationship between factors influencing nonproductive days.

The interrelationship between pigs weaned/sow/year
shows that litters/female/year greatly influences this in-
terrelationship; however gestation and lactation length
cannot be easily reduced or influenced. Therefore im-
provements in nonproductive days will by far increase
pigs weaned/sow/year (Polson et al. 1990b).

Nonproductive Days. Nonproductive days and lacta-
tion length are the major factors influencing litters/
sow/year. Nonproductive days are influenced largely by
time from introduction into the herd or weaning until
first mating; time from mating until detection of non-
pregnancy status; and time from mating, entry, or wean-
ing until female is culled or dies. Nonproductive days
not only must be calculated, but also must be broken
down into its different components (Figure 6.9). The
risk factors for those elements also must be detailed.
Nonproductive days often go unrecognized; however,
they are very significant in reducing the productivity of
the breeding herd.

Data analysis shows that, in general, the interval
from introduction to mating and the interval between
the time a female is detected nonpregnant and remating
are the most biologically meaningful components of
nonproductive days. In order to understand the impact
of nonproductive days on the breeding herd perform-
ance we can equate 1 nonproductive day to 0.05
pig/sow/year (20 pigs weaned per female per year/365
days). Consequently a decrease of 10 nonproductive
days will result in at least 0.5 extra pig/sow/year.

Entry to First Mating Interval. Improved gilt pool man-
agement is required to ensure that availability of gilts for
service does not limit the ability of herds to achieve their

Return to estrus

Pregnancy check

Abortion

Not in pig

Fail to farrow

breeding targets. Generally the problem is solved by in-
troducing two or three times as many gilts as required.
Gilts must be acclimatized before entering into a herd.
This acclimatization allows the gilts to adjust to feed,
housing, and management system. Most importantly, it
helps to prevent new diseases from entering the recipient
herd and to establish procedures that result in a common
immune status between the incoming pigs and the re-
ceiving herd, without creating infection that perturbs
the balance of infectious agents in the receptor herd
(Batista 2000). Since the emergence of PRRS, the number
of gilts introduced and the period of acclimatization, in
general, have increased (Batista et al. 2002). This in-
crease, both in days and inventory, has negatively af-
fected nonproductive days, therefore decreasing the out-
put of the breeding herd. Gilt acclimatization is divided
into three periods, as shown in Figure 6.10.

The component that influences this interrelation-
ship the least is isolation. In general a period of 21-30
days is advised (Kuster et al. 2000). Today many different
methods of gilt acclimatization are recommended—i.e.,
introduction of gilts at 5, 30, or 60 kg, followed by a pe-
riod of time that can range between 4-10 weeks follow-
ing exposure to different pathogens and or vaccination
programs (Batista et al. 2002). Therefore, acclimatiza-
tion is the most significant component of nonproduc-
tive days in the entry to service interval. Finally, the
entry to service interval is negatively influenced by de-
layed puberty. Presently, the relationship between
growth performance and age at puberty is well under-
stood. In gilts exposed to boar stimulation from 140 days
of age, the minimum age at puberty was around 160
days; this could be achieved at body weights of around
90 kg if gilts were fed appropriately (Beltranena et al.



134 SECTION |

PHYSICAL EXAMINATION, DIAGNOSIS, AND BODY SYSTEMS

[ ENTRY TO FIRST MATING

Isolation [ Acclimatization ] [ Reproductive management ]

|—|—|
[ Puberty ] [ Delayed ]

puberty
Inaccurate estrus
detection

Ovarian
activity

6.10. Components of interval from entry to first mating and its impact on nonproductive days.

1991). Therefore management of the gilt pool plays a
very important role in the decrease of nonproductive
days in this area.

Farrowing Rate. The factors that cause a sow to fail to
conceive are often different than those causing a sow to
fail to maintain pregnancy. For example, the number of
matings per estrous period affects conception but not
pregnancy; in comparison, season primarily influences
the capacity of the sow to maintain pregnancy. In order
to troubleshoot fertility problems we need to determine
whether the returns are regular or irregular. The interre-
lationship between the different factors affecting far-
rowing rate are shown in Figure 6.11.

Litter Size. In general, many of the factors influencing
fertility have similar effects on total pigs born/litter.
Therefore, improvements in fertility appear to be related
to an increase in fecundity. When litter size is compro-
mised it is important to review several factors. Classical
examples of these interrelationships are litter size by
parity, the effect of season and temperature at service

and prior to implantation, the influence of matings per
estrous period and timing of matings relative to onset of
estrus, the relationship between lactation feed intake
and subsequent litter size, etc. (Dial et al. 1992). The
main causes for a reduced litter size are presented in
Figure 6.12.

Wean to Estrus Interval. Variability in the wean to es-
trus interval (WEI) is a major problem in the breeding
herd management. Delays of the onset of estrus increase
nonproductive days. Variation in WEI makes it difficult
to meet breeding targets and to concentrate breeding
management. Data show that WEI increased rapidly as
lactation length was reduced below 17 days, but WEI
was relatively unaffected by lactation lengths of 17 to 30
days (Xue et al. 1993). These data also emphasized that
the percentage of sows bred by 6 days after weaning was
significantly reduced for lactation lengths of 20 days or
less. However, ovulation rate and fertilization rate did
not appear to be affected by lactation length (Varley
1982). An inadequate nutrient and energy intake will
also result in extended wean to estrus interval, lower
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6.11. Interrelationship between the different factors affecting farrowing rate.
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6.12. Interrelationship between the different factors affecting total pigs born/litter.

percentage of sows in estrus within 7 days of weaning,
reduced pregnancy rate, and reduced embryo survival
(Aherne et al. 1999; Quesnel et al. 1998). The factors that
affect the extent of WEI are shown in Figure 6.13.

In conclusion, troubleshooting suboptimal repro-
ductive performance requires a structured record analy-
sis in conjunction with the use of flow diagrams that in-
dicate the different factors and their level of importance
in contributing to suboptimal reproductive perform-
ance. An organized system is less time-consuming, more
inclusive, and efficient. This system should also allow
validatation of progress and assessment of response to
management changes in order to obtain maximal repro-
ductive efficiency of the breeding herd.

REPRODUCTIVE DEVELOPMENT, ANATOMY,
AND FUNCTION IN THE BOAR

Development of the male reproductive tract commonly
is divided into three distinct periods: early fetal, perina-
tal, and pubertal. The onset of the early fetal period be-

gins around day 20 postcoitum (PC) with formation of
the testicles and ends around day 90 of gestation with
the descent of the testicles into the scrotum. The perina-
tal period encompasses the period of time from just
prior to birth through the first month of life. This devel-
opmental period is characterized by an increase in the
testis-to-body-weight ratio due to Leydig cell differenti-
ation and proliferation. It also has been hypothesized
that a large portion of the basis for future spermatogenic
capacity of boars is established during this time due to
the increased mitotic activity of Sertoli cells characteris-
tic of this developmental phase. The pubertal period be-
gins at around 30 days of age and continues until the
boar has reached sexual maturity. During this final stage
of maturation, endocrine and cellular aspects character-
istic of adult spermatogenesis develop. Mechanisms in-
volved in the development of male reproductive anatomy
and function involve complex interactions among the
endocrine, neural, and paracrine systems (Colenbrander
et al. 1982b). A chronological outline of several key devel-
opmental events is presented in Table 6.3.
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6.13. Interrelationship between the different factors affecting wean to estrus interval.
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Table 6.3. Summary of key developmental events during sexual maturation of boars.

Period Time! Event
Early Fetal 21 DPC Indifferent gonad is present
26 DPC Testicular differentiation; primordial germ cell in cords
27 DPC Germ cells surrounded by Sertoli cells
26-35 DPC Testosterone production begins
26-50 DPC Wolffian duct and anlage differentiation; development of secondary sex glands and external
genitalia
30-38 DPC Leydig cell differentiation andproliferation
42 DPC Mitotic activity of Sertoli cells increases
60-85 DPC Descent of testes into inguinal canal begins
Perinatal 90 DPC Sertoli cell tubular length increases
90 DPC to birth LH, FSH, and prolactin concentrations increase
95DPCto21d Germ cell numbers increase; gonocyte morphology characterized by regular, round shape with
centrally located nucleus
Birth Testicles completely descended into scrotum
Birth to 14 d Testosterone production increases
Birth to 21 d Leydig cell differentiation; Leydig cells compose 65% of testicle volume at 3 weeks of age
Pubertal 30d Sertoli cell proliferation decreases
42d Sertoli cell junctions appear
70d Germ cell differentiation begins
91d Spermatogonia and pachytene spermatocytes are present and sometimes round spermatids can
be seen
100-120d Blood-testis barrier is present
120d Leydig cell development is maximal
160-180d Puberty in most breeds

IDPC = days postcoitum; d = days after birth.

Adult Reproductive Function

Hypothalamus and Pituitary Gland. The brain is the
component of the male reproductive system that gath-
ers internal signals from within the body and external
cues from the environment, integrates them, and regu-
lates physiological and behavioral functions associated
with reproduction. The hypothalamus secretes GnRH,
which controls the production and secretion of LH and
FSH from the pituitary gland. These two hormones are
responsible for regulating testicular function (Hafs and
McCarthy 1978).

Testes. The primary functions of the testes are to pro-
duce spermatozoa and hormones. The majority of the
testicular mass is composed of seminiferous tubules, the
convoluted network of ducts in which spermatozoa are
produced. Sertoli cells, specialized cells involved in the
maturation of spermatozoa and hormone production,
line the lumen of the seminiferous tubules (Ashdown
and Hafez 1993). Leydig cells, blood and lymph vessels,
and nerves are located in interstitial spaces between the
seminiferous tubules. Important interactions between
the Sertoli and Leydig cells regulate virtually every as-
pect of male reproductive function.

The rete testis comprises a series of tubules that leave
the seminiferous tubules and connect to form collecting
ducts located in the center of each testis. During sper-
matogenesis, spermatozoa leave the seminiferous
tubules and enter the rete testis during their passage
into the epididymis. The rete testis is lined with a non-
secretory epithelium (Hargrove et al. 1977).

Because the testes are located externally, special
anatomical systems are needed for effective thermoreg-
ulation. The most important component for thermoreg-
ulation is the pampiniform plexus, a complex vascular
arrangement of testicular arteries and veins in the sper-
matic cord. The testicular artery forms a convoluted
structure in the shape of a cone in which arterial coils
are enmeshed with testicular veins. From a functional
perspective, this countercurrent heat-exchange mecha-
nism enables arterial blood entering the testis to be
cooled by venous blood exiting the testis. In most spe-
cies, the temperature of arterial blood drops between
2°C and 4°C prior to its entry into the testes (Ashdown
and Hafez 1993).

Two groups of muscles, the tunica dartos and cre-
master, play an important role in thermoregulation.
The tunica dartos lines the inside of the scrotum and
controls its proximity to the testis. It contracts during
cold weather, pulling the scrotal sac closer to the testis
for added insulation, and relaxes during warm weather,
allowing the scrotum to recoil into a distal position. The
cremaster muscle is located in the spermatic cord and is
attached to the thick membranous sac surrounding the
testis. It contracts during cold weather, pulling the scro-
tal sac and testis closer to the body core, and relaxes dur-
ing warm conditions, allowing the testis to return to its
normal position (Robertshaw and Vercoe 1980). Both
muscles have an abundant supply of adrenergic neural
fibers that respond to temperature sensors located in the
central nervous system. In the boar, due to the anatom-
ical relationship between the testis and the body core,



the tunica dartos is more important than the cremaster
muscle in the regulation of testicular temperature.

Endocrine Activity within the Testes. Leydig cells lo-
cated in the testicular interstitium and Sertoli cells
within the seminiferous tubules are the two primary
endocrine-producing cells in the testes. LH released
from the anterior pituitary gland stimulates production
of androgens from the Leydig cells. The primary andro-
gen produced is testosterone. Testosterone has a variety
of important functions in spermatogenesis and male
sexual behavior. FSH stimulates the Sertoli cells to pro-
duce androgen-binding proteins, convert testosterone
to dihydrotestosterone and estrogen, and secrete in-
hibin (Bartke et al. 1978). Androgen-binding protein
forms a complex with androgen and is carried along
with the spermatozoa to the epididymis. High local lev-
els of androgen are necessary for the normal function of
the epididymal epithelium (Hansson et al. 1976).
Inhibin diffuses out of the seminiferous tubules, enters
the vascular system, and is transported to the brain,
where it has a negative effect on the secretion of FSH.
Inhibin production by the testes is an important com-
ponent of gonadotropin regulation in the male.

In the boar, high quantities of estrogen are found in
semen. The source of these estrogens is the Sertoli cells,
which convert testosterone to estrogen via the aromatase
enzyme. It appears that the primary role of seminal estro-
gens is to stimulate important reproductive events in the
female reproductive tract during breeding (Claus 1990).

Recent investigations have demonstrated that both
Sertoli and Leydig cells have receptors for a variety of
growth factors, including insulin-like growth factor I
(IGF-I), epidermal growth factor (EGF), and transform-
ing growth factor(s) (TGF) (Sharpe 1994). It has been
proposed that growth factors may be produced in re-
sponse to gonadotropin or growth hormone action on
testicular tissue and mediate many of the actions of
these hormones. In addition, growth factors are be-
lieved to be the primary mode in which Sertoli cells and
developing spermatozoa regulate each other’s secretion
of proteins along the length of the seminiferous tubule.

Epididymis. The rete testis enters the efferent ducts,
which eventually form a single coiled duct called the
epididymis. The epididymis is similar to the seminifer-
ous tubules in that it coils back upon itself many times
and forms three distinct sections: the caput (head), cor-
pus (body), and cauda (tail). The convoluted duct of the
epididymis is surrounded by a prominent layer of circu-
lar muscle fibers and contains pseudostratified colum-
nar, stereociliated epithelium. Masses of spermatozoa
are commonly found along the entire lumen of the epi-
didymis (Hemeida et al. 1978).

The primary function of the epididymis is sperm
maturation, transport, and storage. Spermatozoa enter-
ing the epididymis are neither motile nor fertile. It takes
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spermatozoa between 9 and 14 days to migrate from the
caput to the cauda epididymis, the primary storage site.
It has been estimated that the cauda epididymis con-
tains about 75% of the total epididymal spermatozoa
(Swierstra 1968). Spermatozoa become motile and ac-
quire fertilizational competence in the corpus epi-
didymis due to the secretion of factors by the cells lo-
cated in this region. Movement of spermatozoa through
the epididymis is thought to be due to the flow of rete
fluid, the action of the stereociliated epithelium, and
contractions of the circular muscle layer.

Unejaculated spermatozoa are gradually eliminated
by excretion into the urine. Spermatozoa that are not
excreted in the urine undergo a gradual aging process.
Fertilizational competence is lost first and is followed
shortly by a decline in motility. The culmination of
dying spermatozoa is disintegration (Garner and Hafez
1993). This is the primary reason that ejaculates col-
lected after prolonged sexual rest usually contain a large
number of degenerative spermatozoa.

Vas Deferens, Accessory Sex Glands, and Penile
Urethra. The remainder of the boar’s reproductive tract
is relatively nonfunctional until ejaculation is initiated.
The vas deferens is a thick, heavily muscled tube
through which sperm are transported from the cauda
epididymis to the pelvic urethra, at which point the
paired genital systems of the boar meet and converge
with the urinary tract just anterior to the bladder.
Adjacent to the pelvic urethra are three secondary sex
glands: the vesicular glands, or seminal vesicles; the
prostate gland; and the bulbourethral glands.

The vesicular glands lie lateral to the terminal por-
tion of each vas deferens. In the boar, they are large, lob-
ulated, and relatively diffuse. They often appear to have
an orange color. They are responsible for the majority of
the fluid volume of boar semen. In addition, they se-
crete high levels of fructose and citric acid as well as in-
ositol, ergothioneine, several amino acids, and glyc-
erylphosphorylcholine. Most of these compounds are
used as energy substrates by ejaculated spermatozoa.

The prostate gland is located cranial to the vesicular
glands, with the majority of its body being embedded in
the muscle layer surrounding the pelvic urethra.
Secretions from the prostate gland during ejaculation
are primarily alkaline and contain calcium, acid phos-
phatase, and fibrinolysin. The primary function of the
fluid from the prostate gland is to neutralize the acidic
vaginal secretions. Secretions from the prostate gland
also are believed to give semen its characteristic odor.

The bulbourethral glands are long, cylindrical glands
in the boar located on either side of the pelvic urethra
near the ischial arch of the pelvis. The bulbourethral
glands secrete the gel fraction of the semen characteris-
tic of porcine ejaculates. Many functions for the gel
component of semen have been postulated, but few
have been proven.
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The terminal portion of the boar’s urogenital system
is the penile urethra, which is the central tube within
the penis. The penile urethra opens into the glans penis.
In the boar, the glans penis has a counterclockwise spi-
ral. The glans penis is highly innervated and must be
stimulated properly for normal ejaculation to occur. The
porcine penis also contains three cavernous bodies, or
sinuses, that surround the penile urethra (Ashdown et
al. 1981). During erection, blood is pumped into and re-
tained in these areas. In the resting state, the porcine
penis is retracted and forms a characteristic “S” fold
called the sigmoid flexure.

The free end of the penis in the retracted state resides
in the prepuce or sheath. In young prepubertal boars,
the glans penis cannot be extended fully because it is
fused with the lining of the prepuce. As a boar matures,
androgens produced by the testis initiate keratinization
of the inner preputial lining, and the penis is eventually
freed from its connection with the prepuce. Persistent
frenulum is a condition in which strands of tissue do not
keratinize fully and are still attached to the penis. When
this occurs, the end of the penis curves back toward the
prepuce during erection and ejaculation. Removal of
these strands of tissue with a pair of sterile scissors cor-
rects this situation.

Near the end of the prepuce is a diverticulum called
the preputial sac. Urine, semen, and secreted fluid col-
lect in this sac and are broken down via bacterial action.
The contents of the preputial sac are often expelled dur-
ing detection of estrus or natural matings and are often
believed to be the source of the odor associated with ma-
ture boars (Ashdown and Hafez 1993).

Erection and Ejaculation

Sexual stimulation results in dilation of the arteries sup-
plying the cavernous penile areas. It has been postulated
that parasympathetic fibers originating from the pelvic
nerve are responsible for providing the neural signal for
dilation and thus the initiation of erection. At the same
time vasodilation begins, the ischiocavernosus muscle
begins to contract repeatedly, which causes blood to be
pumped into the cavernous spaces in the body of the
penis. In the boar, no veins drain the distal portion of
these spaces, which facilitates the increase in pressure
within the penile body and erection. As pressure in-
creases from blood trapped in the cavernous tissue, the
retractor penis muscle relaxes, allowing the sigmoid
flexure to straighten and the penis to protrude from the
sheath (Benson 1994). Several detailed studies demon-
strate that erection failures in boars are caused primarily
by structural defects rather than psychological prob-
lems (Glossop and Ashdown 1986).

Ejaculation is primarily under neural control and in-
volves contractions of smooth muscles. The process is
initiated by rthythmic contractions of smooth muscles
lining the cauda epididymis and ductus deferens. These
contractions are controlled by sympathetic nerves that

arise from the pelvic plexis, which is derived from the
hypogastric nerve. During ejaculation, the bulbospon-
giosus muscle compresses the penile bulb and forces
blood into the remainder of the cavernous tissue, result-
ing in a slight enlargement of the glans penis in boars
(Setchell et al. 1993).

Spermatogenesis

Spermatogenesis is divided into two basic processes:
spermatocytogenesis and spermiogenesis. In a general
sense, spermatocytogenesis is the process involved with
the mitotic and meiotic divisions of sperm cells, while
spermiogenesis refers to the maturational phase of de-
velopment. Although both hormones are important, it
is believed that LH plays a more active role than FSH in
spermatocytogenesis, while FSH is the main gonadotro-
pic hormone involved with spermiogenesis (Garner and
Hafez 1993).

Spermatocytogenesis. Just prior to puberty in boars,
undifferentiated germ cells called gonocytes differentiate
to form type AO spermatogonia. These are the precursor
sperm cells from which all other sperm cells originate.
There is some evidence that the number of AO spermato-
gonia is directly related to the sperm production capacity
of males. In adult boars, AO spermatogonia differentiate
into Al spermatogonia, which divide progressively to
form various types of immature sperm cells. The final mi-
totic division during spermatocytogenesis occurs in pri-
mary spermatocytes. Although the average number of
mitotic divisions cells undergo between the Al and pri-
mary spermatocyte stages is a subject of some contro-
versy, a figure of 6-8 is commonly used. After the forma-
tion of primary spermatocytes, no new DNA synthesis
occurs, and the resulting secondary spermatocytes divide
to form haploid cells known as spermatids. The entire di-
visional process of spermatocytogenesis occurs in the
testis. It is interesting to note that many of the divisions
are actually incomplete in that small cytoplasmic bridges
are retained between most cells originating from a com-
mon type Al spermatogonium. Some researchers specu-
late that these bridges are important in coordinating
development of sperm cells as a group (Swierstra 1968).

Spermiogenesis and Spermiation. The round sper-
matids are transformed into spermatozoa by a series of
morphological changes referred to as spermiogenesis.
Maturational changes that spermatozoa undergo dur-
ing spermiogenesis include condensation of nuclear
material, formation of the sperm tail, and development
of the acrosomal cap and its contents. During most of
spermiogenesis, the sperm cells appear to have their
heads embedded in Sertoli cells. In reality, the mem-
brane of the Sertoli cell actually is wrapped around the
sperm head. Communication and exchange of materi-
als between the Sertoli and developing sperm cells occur
via intercellular bridges.



The actual release of spermatozoa into the lumen of
the seminiferous tubule is called spermiation. The elon-
gated spermatids are gradually extruded or pushed out
of the Sertoli cells into the lumen of the seminiferous
tubule until only a small cytoplasmic stalk connects the
head of the sperm to the residual body in the Sertoli cell.
Breakage of the stalk results in the formation of a cyto-
plasmic droplet in the neck region of the sperm. These
commonly are referred to as proximal cytoplasmic
droplets (Garner and Hafez 1993).

Epididymal Maturation. Spermatozoa enter the caput
epididymis incapable of fertilization; however, fertility
isacquired at some point during transit to the cauda epi-
didymis. It is believed that epididymal secretions con-
tain maturation factors that stimulate biochemical
changes within the sperm cells necessary for fertiliza-
tion. These changes include development of the poten-
tial for progressive forward motility; alteration of meta-
bolic mechanisms; loss of the cytoplasmic droplet; and
changes in the plasma membrane, acrosomal cap, and
nuclear material. It is interesting to note that during
storage in the caudal portion of the epididymis, the
metabolic activity of mature sperm is actually sup-
pressed by secretion of a “quiescence factor.” The entire
process of spermatogenesis requires 45-55 days in the
boar (Swierstra 1968). The majority of this time is spent
in the testicle and involves changes associated with
both spermatocytogenesis and spermiogenesis. Matura-
tion in the epididymis is thought to require only 10-14
days.

SEMEN COLLECTION, EVALUATION, AND
PROCESSING

Semen Collection

Boar Training. Two things must be accomplished early
in the training period if boars are to be taught to mount
successfully and be collected from a dummy sow: boars
must be forced to focus their attention on the dummy
sow upon entry into the collection pen, and boars must
associate the collection area and process with a pleasur-
able experience.

The primary stimulus for initiation of the mounting
reflex in boars is an immobile object that resembles an-
other pig (Chenoweth 1981). Therefore, a collection pen
that is clean and free of extraneous items forces boars to
focus their attention on the dummy sow and supplies
the visual stimulus necessary for a successful mount.
Similarly, a collection dummy with a strong swine odor
supplies the necessary olfactory cues.

A young boar’s attention span is limited. Mounting
activity usually occurs within the first 5-7 minutes of a
training session. Consequently, if mounting or an inter-
est in the collection dummy has not occurred by this
time, the probability that such behavior will occur dur-
ing the current training session is low.
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Boars that associate pain or fear with the collection
area or collection process are difficult to train. Unplea-
sant experiences during collection can reduce the sexual
activity of trained AI boars. Avoidance of rough han-
dling and loud noises during the training process is
critical.

Young, sexually aggressive boars that have not been
used in natural mating are the easiest to train. This does
not mean that older, sexually experienced boars cannot
be taught to mount and be collected from a dummy sow,
but the training interval is usually longer and the suc-
cess rate lower compared to their younger, more inexpe-
rienced counterparts. An inverse relationship exists be-
tween the age of the boar at the initiation of the training
period and the success rate (Reed 1982). When training
was initiated at less than 10 months of age, a success rate
of 90% resulted. In contrast, only 70% of the boars that
were 10 and 18 months old at the beginning of the train-
ing period were successfully trained.

Semen Collection. The most common method of
semen collection is the gloved hand technique (Almond
et al. 1994). Pressure on the glans penis is the primary
physiological stimulus for erection and ejaculation. It is
often stated that more pressure is required to stimulate
an erection than is required for ejaculation. Conse-
quently, it is common for pressure on the end of the
penis to be relaxed slightly after an erection has oc-
curred in order to facilitate ejaculation. Routine man-
agement practices such as removal of preputial fluid
prior to collection and clipping sheath hairs reduce the
risk of contamination of semen during collection.
Because of anatomical or behavioral abnormalities,
some boars release preputial fluid concomitantly with
semen during ejaculation, thus contaminating the
semen. The preputial sac can be removed surgically to
prevent this form of contamination.

Semen Evaluation

Total Number of Spermatozoa. A complete semen
evaluation includes determination of total number of
spermatozoa and estimations of sperm cell viability and
fertility. The two most common pieces of equipment for
determination of total numbers of spermatozoa in a
sample of the ejaculate are the hemocytometer and the
spectrophotometer. The hemocytometer is a special mi-
croscope slide. Multiplication of the number of sperm
counted by a correction factor and the volume of semen
collected yields the total number of spermatozoa.
Determination of the total number of spermatozoa with
a spectrophotometer is based on the transmittance (or
absorbance) of light by a sample of the collected semen.
Sperm and other cells block the movement of light
through a solution. Samples with high concentrations
of spermatozoa will have low transmittances, while the
opposite is true for ejaculates with low concentrations.
It is important to note that all spectrophotometers must
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be calibrated before they can be used to determine sper-
matozoa concentrations; otherwise, the sperm counts
can be overestimated (Flowers 1994). The most common
way to do this is to use a hemocytometer. Consequently,
the hemocytometer is the standard by which concentra-
tions of spermatozoa are determined. Details concern-
ing the use of hemocytometers and calibration of spec-
trophotometers are described elsewhere (Almond et al.
1994).

Motility and Morphology of Spermatozoa. The per-
centage of sperm cells exhibiting progressive forward
motility is the most common measurement recorded
during semen evaluations. In general, motility is a better
estimator of sperm cell viability than of fertility. When
motility scores are 60% or greater, there is no clear rela-
tionship between in vitro and in vivo estimates of fertil-
ity. In contrast, ejaculates with less than 60% motility
fertilize fewer eggs in vitro and yield lower farrowing
rates in vivo than those above 60%. Consequently, use
of ejaculates exhibiting motilities of 60% or higher in Al
programs should not compromise reproductive per-
formance (Flowers 1997).

Morphological evaluations are conducted less fre-
quently than motility estimates, yet such evaluations
can provide important information about sperm viabil-
ity and fertility. Abnormalities of the tail and head, the
location of the cytoplasmic droplet on the midpiece,
and the integrity of the acrosomal membranes can be
observed with a light microscope and the proper histo-
logical stain (Woelders 1991). Current industry stan-
dards for the maximum acceptable levels of primary and
secondary abnormalities for porcine spermatozoa used
in Al programs are 10% and 20%, respectively (Flowers
19964, b).

Other Fertility Tests. In addition to the mechanical re-
quirements associated with egg penetration, spermato-
zoa must also undergo biochemical, metabolic, and mo-
lecular changes to acquire fertilizational competence.
Table 6.4 summarizes a variety of tests based on one or
more of these events. The most promising of these tests
attempt to quantify specific aspects of sperm binding to
egg membranes or structural changes within sperm
membranes. At the present time, many of these tests are
still being developed, and their subsequent use within
the swine industry remains to be determined.

Semen Processing

Semen Extenders. Semen extenders provide nutri-
tional and metabolic support for stored semen. Generic
ingredients used in semen extenders include glucose,
electrolytes, buffers, and antibiotics. Glucose is the pre-
dominant energy source; electrolytes assist in the regu-
lation of osmotic pressure; buffers are involved in neu-
tralization of metabolic wastes and maintenance of pH;
and antibiotics inhibit bacterial growth. An inverse rela-
tionship exists between fertility and length of storage
for all semen extenders; as the length of storage in-
creases, fertility decreases. The rate at which fertility de-
creases during storage is primarily a function of the
buffering system of the semen extender.

Interactions among several different factors deter-
mine the longevity of stored semen. These include indi-
vidual boar characteristics, semen extender, sperm con-
centration, and storage temperature. In general, there is
an inverse relationship between sperm concentration
and length of storage. In other words, an insemination
dose of 2 billion sperm cells in a total volume of 80 mL
would be expected to have a longer shelf life than one
containing 4 billion spermatozoa in the same volume.

Table 6.4. Summary of various measurements used to estimate the fertilizing ability of boar spermatozoa.

Measurement Rationale References

Percoll gradients Velocity of spermatozoa is positively correlated to fertility. Sperm with increased Grant et al. 1994
velocities can be separated via Percoll gradients.

Some fluorescent stains (Hoechst 33258) enter sperm cell if membrane is damaged
and stain only dead cells. Others (SYBR-14) enter sperm with a membrane potential
and stain only live cells.

When subjected to acidic conditions and stained with the metachromatic dye
acridine orange, double-stranded DNA gives a green fluorescence, while single-
stranded DNA (damaged) gives a red fluorescence. Ratio of green to red sperm is
related to fertility.

Plasma membrane proteins were separated and quantified. Three proteins were
positively correlated with sperm binding to egg membranes (r = 0.38-0.53). Two
proteins were negatively correlated with sperm binding (r = —0.42 and —0.37).

Fertile spermatozoa bind to egg membranes. Correlation between egg binding and in
binding assay vivo fertility from heterospermic inseminations was high (r = 0.80).

Hemizona-binding Oocytes are bisected and the numbers of sperm from different boars binding to each
assay half of the zona pellucida are counted. Within a hemizona pair, increased binding

equates to increase fertility.

Fluorescent stains Johnson et al. 1996

Sperm chromatic Evenson et al. 1994

structure

Sperm plasma membrane Ash et al. 1994

protein profile
Oocyte membrane- Berger et al. 1996

Fazeli et al. 1995

Source: Reprinted, with permission, from Flowers 1997.
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6.14. Changes in viability of spermatozoa over time for two littermate
boars. Spermatozoa from both boars were stored in three different
semen extenders. Top panel: Data from boar A. Bottom panel: Data
from boar B. Pooled standard errors for A and B were 7.3% and 8.2%,
respectively.

An example of the interaction between individual
boar characteristics and semen extender type on sperm
cell longevity is illustrated in Figure 6.14. In this exam-
ple, the viability of semen in storage was optimized by
use of one semen extender for one boar and a different
extender for a second boar. These data indicate that
problems with maintenance of semen viability in vitro
may be related to an incompatibility between compo-
nents of the semen extender and seminal fluids of an in-
dividual boar. If such incompatibilities exist, then using
different semen extenders may solve the problem.

Semen Extension Procedures. Minimization of any
potential differences in temperature, osmolarity, and
pH between the extender and semen is necessary to
maintain high sperm viability during the dilution
process. Temperature differences are minimized by
monitoring the temperature of both the extender and
the semen and adjusting the temperature of the exten-
der to within 1°C of the semen. Previous studies have
demonstrated that a reduction in viability of semen is
likely to occur when temperature differences between
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the two liquids exceed 2°C. Measurement of osmolarity
and pH prior to extension probably is not feasible prac-
tically or economically in most situations. However,
procedural precautions can be taken to minimize the ef-
fects of any differences that may exist. First, it is impor-
tant to allow sufficient time for the stabilization of the
pH and osmolarity of freshly prepared extender before it
is mixed with semen. The pH of most semen extenders
equillibrate 45-60 minutes after preparation. Second, a
two-stage dilution process helps minimize any detri-
mental effects due to mixing by allowing the semen to
equilibrate slowly to any differences in pH or osmolarity
that may exist between it and the extender. In a two-
stage dilution process, an equal amount of extender is
added slowly to semen over a 2- to 5S-minute period. The
resulting mixture is allowed to equilibrate for at least
5-10 minutes before the remaining volume of extender
is added.

REPRODUCTIVE DISEASES OF THE BOAR

Breeding Soundness Examination

Breeding soundness examinations (BSE) are not typi-
cally conducted on boars that are used for natural serv-
ice. Producers and veterinarians often rely on concep-
tion or farrowing rates as an indicator of boar fertility;
however, the use of heterospermic matings interferes
with attempts to identify infertile boars by examining
farrowing records. Also, several other factors influence
farrowing rates and litter size, and thus, it is difficult to
identify problem boars solely by record analysis.

Natural-service boars are selected for BSE when infer-
tility is suspected and following disease or injury, espe-
cially if the testes or penis are affected. The clinical his-
tory should include the boar’s previous libido and
mating ability, previous injuries, illnesses, and treat-
ments and information regarding litter size and farrow-
ing rates in females inseminated by the boar.

Abnormal sperm cells may not appear in the ejacu-
late for several weeks after heat stress or illness because it
takes about 7 weeks to complete the entire sperm pro-
duction process. This makes it difficult to identify causes
of infertility in boars without the clinical history.

The body condition and general health of the animal
should be assessed, with attention given to the sound-
ness of feet and legs. Physical examination of the exter-
nal genitalia includes palpation of the testes, epididy-
mis, and prepuce. The testis should be 10-15 cm in
length and 6-7 cm in width. Abnormalities, such as ab-
scesses, bites, or scars on the scrotum, should be
recorded and the preputial fluid examined for purulent
material or blood.

The gloved-hand technique is the most practical
method to collect semen from natural-service boars.
Instead of using a dummy sow, the boar is exposed to a
sow in standing estrus and allowed to mount. The penis
is grasped before vulva penetration. At this point, the
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procedures for semen collection are similar to those
used for routine collection from Al boars.

Semen Assessment During the BSE

A complete semen evaluation includes determining the
total number of sperm cells and estimating the viability
and fertility of sperm cells. There are few differences be-
tween semen assessment as part of the BSE and as part of
Al programs. However, some components of the evalua-
tion should be emphasized for boars used for natural
service:

1. A clean ejaculate has little odor. In contrast, an ejacu-
late that has been contaminated with preputial fluid
or with purulent material has a very distinctive odor.

2. Usually a boar will ejaculate 150-250 mL of semen,
but the volume can range from 50 to 500 mL. One
must consider the fact that boars without previous
experience with gloved-hand collection may not
complete ejaculation.

3. Photometers are useful for sperm counts in Al labora-
tories. However, a hemocytometer and portable mi-
croscope should be sufficient for on-farm semen
counts.

4. Assessing sperm morphology is time-consuming and
requires an above-average microscope with an oil im-
mersion objective. It may be beneficial to stain a sam-
ple of sperm cells with eosin-nigrosin and examine
the slides at the clinic rather than on the farm.
Consider semen with over 30% abnormalities as sus-
pect and reject samples if the percentage of abnor-
malities exceeds 50%.

5. Assessment of motility is subjective, and motility of
sperm cells is highest when temperatures are between
32°C and 38°C. Microscope slides must be within
1-2°C of the semen sample temperature to avoid
shocking the sperm cells and reducing motility. The
microscope slides can be stored in a portable incuba-
tor, or they can be placed on a warming device before
dropping the semen onto them. If motility is poor,
prepare a second slide, making sure that the slide, the
pipette, and the coverslip are at 35°C.

Systemic Infections that Cause Fever
Common causes of poor semen quality include stress
and overuse, but overheating of boars is considered the
most common cause of abnormal semen. Infectious dis-
eases, wounds, bruising, and cuts on the testes or scro-
tum can raise the boar’s body temperature or the tem-
perature of the injured organ. Because the scrotum plays
arole in regulating the temperature of the testes, any de-
fect or abnormal condition of the scrotal area may also
have an adverse effect on the production of sperm cells.
In general, changes in semen quality after infection are
similar to those that occur after boars are exposed to
high ambient temperatures.

Abnormal sperm cells may be observed for several

weeks after a boar recovers from a disease. The percent-
age of abnormal sperm cells in an ejaculate depends
upon the severity and duration of the illness and the
pathogen. Other noninfectious factors affecting semen
quality have been reviewed in detail (Almond et al.
1994).

Localized Infections

If the epididymis is infected, there is often swelling of
the testes and scrotum. An epididymal infection lowers
fertility and should receive immediate attention. Fever,
infection, orchitis, or inflammation of the scrotum can
cause testicular degeneration of boars with previously
demonstrated normal fertility. This condition involves
degeneration of the germinal epithelium of the seminif-
erous tubules and must be diagnosed with a biopsy.
Eventually, the testicular tissue will atrophy, resulting in
flabby testicles, which may become firm if fibrous
growths or calcium deposits accumulate in the testes.
Although the boar’s libido is unaffected, the ejaculate
will have few sperm, sperm motility will be poor, and a
high percentage of sperm will be abnormal. If an 8-week
rest does not improve the condition, these boars should
be culled.

Bacteria that appear to act directly on the function of
the testes include Brucella suis, Erysipelothrix rhu-
siopathiae, Mycoplasma hyosynoviae, Streptococcus suis,
Staphylococcus aureus, and Escherichia coli. Brucella suis
can become localized in the testes and cause inflamma-
tion that will impair the boar’s ability to manufacture
sperm. Brucellosis can also cause testicular degenera-
tion. Erysipelas can cause inflammation and degenera-
tion of the testes. Ubiquitous bacteria, such as Strepto-
coccus suis, Staphylococcus aureus, and Escherichia coli,
can localize in the testes. It is not known whether the re-
sulting fertility problems are due to a direct effect on
sperm manufacture or to infection of the sow’s repro-
ductive tract.

Many viruses, including African swine fever, PPV, and
PRRSV, have been shown to infect sows inseminated
with contaminated semen. PRRSV can have a marked ef-
fect on spermatogenesis, resulting in fewer sperm, im-
paired motility, and higher percentages of abnormalities
for up to 13 weeks after infection (Christopher-Hennings
et al. 1995; Preito et al. 1995). Not all affected boars will
show clinical signs of PRRS. Under certain circum-
stances, boars may be included in vaccination protocols
intended to control PRRSV. The influence of vaccina-
tion, natural infection, or vaccination followed by natu-
ral infection on semen quality requires clarification. This
confusion is due, at least in part, to apparent differences
among the various PRRSV strains in causing disease.
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Diseases of the Respiratory

System
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The structure of swine production has changed substan-
tially in most swine-producing areas over several years;
large groups of animals are housed under intensive con-
ditions, often in regions with an extremely dense pig
population. High stocking density in a closed environ-
ment facilitates transmission of airborne pathogens
within the herd (Donham 1991; Buddle et al. 1997) and
between herds as well (Jorsal and Thomsen 1988; Stark
et al. 1992; Christensen et al. 1993). Consequently, res-
piratory disorders and systemic airborne diseases are
today regarded as the most serious disease problems in
modern swine production.

STRUCTURE OF THE NORMAL RESPIRATORY
SYSTEM

The respiratory tract develops from the anterior part of
the embryonic gut as a tree-structured tubular organ.
The mature respiratory apparatus comprises the nasal
cavity, pharynx, larynx, trachea, and lungs with
bronchi, bronchioli, and alveoli. The lungs are embed-
ded in the pleural sac.

There are two separate blood-conducting systems in
the lungs. The arteria pulmonalis system vascularizes
the capillary plexus surrounding the alveoli with ve-
nous blood from the right ventricle. The close structural
and functional parallelism between this blood stream
and the tubular airway system is important to realize
when possible infection routes in the lungs have to be
interpreted. The supporting structures around the tra-
chea, bronchi, and bronchioli and even the wall of the
arteria pulmonalis are vascularized with blood from the
arteria bronchialis tree.

Tubular Tract System

The nasal cavity is divided longitudinally by a wall (sep-
tum nasi). Two turbinate bones divide each of the two
halves of the cavity into three meatuses: dorsal, middle,
and ventral (Figure 7.1). The length of the nasal cavity
varies between different breeds. The trachea is relatively

short and divides posteriorly into two principal bronchi,
one for the left and one for the right lung (Figure 7.2). A
special stembronchus branches from the trachea leading
to the apical lobe of the right lung. The right principal
bronchus sends a stembronchus to the right cardiac lobe
and another to the intermediate lobe and then contin-
ues until it ramifies into the diaphragmatic lobe. The left
principal bronchus gives off a stembronchus that divides
into one branch for the apical lobe and one for the car-
diac lobe. The principal bronchus then continues poste-
riorly in the diaphragmatic lobe. The finest branches of
the tubular system are the bronchioli, each dividing into
alveolar ducts and alveoli.

The vestibular region of the nasal cavity is lined with
stratified squamous epithelium. Posteriorly, the epithe-
lium changes from stratified columnar to ciliated pseu-
dostratified epithelium with goblet cells (respiratory ep-
ithelium). The respiratory epithelium is covered by
mucus produced by the goblet cells and this type of ep-
ithelium continues through the respiratory section of
the pharynx, larynx, trachea, and bronchi. As the bron-
chioli approach the alveoli, the epithelium is reduced in
height, becoming squamous. Sections of the bronchioli
(called respiratory bronchioli) and the walls of the alveoli
are covered by very flat, single-layered epithelial cells
(type I alveolar cells) and by a small percentage of
cuboidal epithelial cells (type II alveolar cells). Type II
alveolar cells produce pulmonary surfactant and serve
as progenitor cells for replacement and turnover of type
I alveolar cells. The alveolic wall is very intimately at-
tached to the capillary plexus of the pulmonary blood
circulaton.

Gross Appearance of the Lung

In the pig the lungs are divided by deep fissures into
seven lobes: the right lung comprises the apical, cardiac,
diaphragmatic, and intermediate lobes; the left lung
comprises the apical, cardiac, and diaphragmatic lobes
(refer to Figure 7.2). The left apical and cardiac lobes are
not separated by a fissure but only by the cardiac notch.
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7.1. Transverse section of nasal structures.

The lobes are subdivided by solid interlobular septa into
lobuli. Pathological processes, therefore, often will be
retained within lobular structures, typically seen in ca-
tarrhal bronchopneumonia as sharp demarcated limits
between normal and affected tissue.

When assessing the extent of lung lesions it is neces-
sary to know the relative size or weight of each lobe.
Table 7.1 shows the relative weights of the lung lobes as
percentages of the total lung weight, as determined in
three different studies. The right lung contributes more
than half of the total lung weight, with small differences
between the investigations. The variations might be
caused partly by different average live weights of the an-
imals examined. The animals in study C had a lower av-
erage live weight (90 kg) than those in study A (100 kg)

7.2. Schematic outline of lung lobulation and branching of the
bronchus tree. LA, RA: left and right apical lobes; LC, RC: left and right
cardiac lobes; LD, RD: left and right diaphragmatic lobes; I: interme-
diate lobe. Numbers = relative lobe weights as percentage of total lung
weight based on a study by G. Christensen (unpublished data).

and study B. The difference between the weight of the
two lung halves tended to be greater in animals of lower
slaughter weight.

FUNCTION OF THE NORMAL RESPIRATORY
SYSTEM

The vital gaseous exchange between inhaled air and ve-
nous blood from the pulmonary artery takes place at the
alveolar level. Each breath renews only a minor part of
the total alveolar air volume. In the resting pig, 10-15%
of the alveolar air is exchanged per inspiration. The nor-

Table 7.1. Relative weights of lung lobes as percentages of total lung weight.

Left Lung Lobes Right Lung Lobes
Study N Apical Cardiac Diaphr. Apical Cardiac Diaphr. Interm.
A 1 7 7 32 12 8 30 5
B 20 5 7 32 6 9 36 5
C 13 5 6 29 1 10 34 5

Note: A =Morrison et al. (1985) (rounding of numbers caused a total percentage of 101 %); B = Heilmann et al. (1988); C = G.
Christensen, unpublished data. N = number of pigs examined in each study.



mal respiratory rate (breaths/minute) varies according
to age of the animal (piglets and growing pigs, 25-40;
finishing pigs, 25-35; sows in gestation, 15-20).

Defense Mechanisms of the Respiratory
System

The mucosal surface of the respiratory tract provides a
critical interface between the pig and its environment.
While the skin is well adapted to prevent invasion of po-
tentially harmful agents and has a limited surface area
(about 1.8 m? in humans), the epithelial surface of the
respiratory tract primarily serves as a diffusion mem-
brane. The gaseous exchange requires a very large sur-
face (in humans more than 100 m?). Thus, it is under-
standable that the respiratory tract must be equipped
with a potent and specialized defense apparatus. The
most important components of the respiratory defense
are listed in Table 7.2.

The nasal cavity is designed to remove large particles
trapped by hairs in the nostrils and deposited by gravity
in the mucus by the eddy currents around the conchal
structures. Another function of the nasal cavity with its
immense venous sinusoids and wet surfaces is humidifi-
cation and warming of the air before it reaches the lower
airways.

Most inspired particles are trapped in the epithelial
mucus of the nasal, pharyngeal, laryngeal, and tracheal
cavities. From many experiments it is known that only
particles below an aerodynamic diameter of 5 pm (the
respirable fraction) are able to reach and settle at the
alveolar level. Particles of an aerodynamic diameter
greater than 10 pm almost entirely settle before reaching
the branches of the bronchial tree (Baskerville 1981).

Mucociliary Defense. Particles trapped in the epithe-
lial mucus are handled by the mucociliary clearance
mechanism. The ciliary carpet in the bronchi and bron-
chioli gives rise to a continuous flow of mucus toward
the pharynx. The rhythmic beating of cilia results in a
mucus flow of about 4-15 mm/minute (Done 1988).
Like the mucus from the nasal cavity, it is delivered to
the pharyngeal cavity and subsequently swallowed.

Phagocytes. Alveolar macrophages neutralize foreign
material that escapes the mucociliary defense mecha-
nism. Nonpathogenic particles and microbes are han-
dled by simple phagocytic activity and are removed in
the mucus flow or by the lymphatic system. Pathogenic
microorganisms are neutralized with aid of secretions
such as lysozyme, interferons, opsonins, lactoferrins,
complement factors, and specific immunoglobulins in
the mucus. If the invading agents are not neutralized by
the alveolar macrophages, inflammation will occur.
Neutrophils from the blood will then invade the alveo-
lus and assist the macrophages in the phagocytic activ-
ity. In healthy pigs the normal ratio between the cellular
elements in the bronchoalveolar mucus is 70-80%
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Table 7.2. Respiratory system defense components.

Physical/Chemical
Hairs in nostrils
Structure of the nasal cavity
Structure of mucosa
Properties of mucus (physical and chemical—e.g., adhesive-
ness, nonspecific lysozymes, interferons, opsonins, lacto-
ferrins, complement factors, specific immunoglobulins)
Humoral components (mucus contents and multiple types of
immune modulators—e.g., lymphokines)
Cellular
Phagocytes (alveolar macrophages, vascular macrophages,
histiocytes, monocytes, neutrophils, eosinophils)
Bone marrow-derived B lymphocytes (plasma cells)
Thymus-derived T lymphocytes (helper lymphocytes, suppres-
sor lymphocytes, cytotoxic lymphocytes [natural killer cells])

alveolar macrophages, 11-18% lymphocytes, 8-12%
neutrophils, and up to 5% eosinophilic granulocytes
(Neumann et al. 1985). The phagocytic cell system also
comprises intravascular macrophages, which in the pig
are particularly numerous (Bertram 1985; Ohgami et al.
1989) in the lung, and histiocytes with phagocytic prop-
erties in the connective tissue.

The activity of the phagocytes is highly accelerated if
introduced pathogens are not quickly eliminated or if
pathogens are recognized from previous infections. A
complex immune response is activated by stimulation
of the cell-mediated immune system, followed by lo-
cal and systemic production of specific antibodies
(immunoglobulins—Ig).

Immunoglobulins. The production of specific antibod-
ies is of crucial importance in the respiratory immune
defense. Their biological function is neutralization of
pathogens by generating antigen-antibody complexes.

The predominant antibodies in mucus are of the IgA
type and a secretory component takes part in the secre-
tion. IgM antibodies are potent proteins released in the
early immune response, particularly in the newborn
pig. I1gG originating from blood serum form the greater
part of the immunoglobulins in mucus of the lower res-
piratory tract near the alveoli. Immunoglobulins in the
mucus carpet act primarily to prevent the initial estab-
lishment and penetration of pathogens. IgE are gener-
ated in the immune response against parasites, for ex-
ample, lungworm (Metastrongylus sp.) and migrating
ascarid larvae.

Cell-Mediated Immune Response. Traditionally, im-
munity is divided into a humoral immune response, in
which the immunoglobulins play an essential role, and
a cell-mediated immune response based on antibody-
independent components. Today it is realized that im-
munity cannot be distinctly separated into these two
parts, because many mechanisms and elements are
closely linked.
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Generally, cell-mediated immunity is identified
with: cytotoxic T cells, natural killer cells, activated
macrophages, and cells mediating antibody-dependent
cytotoxicity. The cell-mediated immune response is as-
sumed to be of special importance in viral infections
such as influenza, PRRS, PCV2 and Aujeszky’s disease,
but is also assumed to play an important role in
Mycoplasma hyopneumoiae infection.

Surface proteins belonging to the swine leukocyte
antigen (SLA) gene complex (major histocompatibility
gene complex [MHC]) play a significant role in the cel-
lular, as well as the humoral, immune response.
Rothschild et al. (1984) demonstrated that the SLA com-
plex was associated with immune response following
vaccination with Bordetella bronchiseptica, and Mallard
et al. (1989) showed differences in serum IgG concentra-
tions in different SLA haplotypes, indicating that selec-
tion for increased serum IgG would be possible. Genetic
variability of the SLA complex has been demonstrated
in different breeds of pigs (Vaiman et al. 1979).

Since placenta of pregnant sows are impermeable to
immunoglobulin passage, the neonates are born with-
out antibodies. Although immunocompetent, the pig-
lets are unable to rapidly develop an active immune re-
sponse to protect them against respiratory diseases.
Thus, their survival depends upon the passive acquisi-
tion of maternal immunity including at least three com-
ponents:

¢ A systemic humoral immunity, transmitted through
colostrum

¢ Alocal humoral immunity transmitted through milk

A cellular immunity transmitted via maternal immu-
nocompetent cells present in mammary secretions
(Salmon 2000)

Like lambs, piglets are capable of intestinal absorp-
tion of intact immunocompetent maternal lympho-
cytes from colostrum, but only from their own mother
(Tuboly et al. 1988; Tuboly and Bernath 2002). Williams
(1993) showed the distribution of such cells to liver,
lung, lymph nodes, spleen, and gastrointestinal tissue of
the piglets by 24 hours postfeeding. Blecha et al. (1983)
found that the capability of lymphocytes to undergo
blastogenesis was decreased in pigs weaned at 2 and 3
weeks of age and suppressed in pigs weaned at 4 weeks of
age. Their data suggested that weaning pigs younger
than 5 weeks old causes physiological changes detri-
mental to cellular immune reactivity, which could alter
disease susceptibility in piglets. This information may
be useful when managing the farrowing units, where
random distribution of piglets between sows and early
weaning may contribute to decreased resistance against
respiratory infections before as well as after weaning.

Transepithelial passage from the lumen of the respi-
ratory tract into the blood of antigenically intact macro-
molecules can take place during the first days of life and

also to a considerable degree in older pigs (Folkesson et
al. 1990). This indicates future possibilities for aerosol-
based vaccines against respiratory diseases. Vaccination
experiments with Aujeszky’s disease in young piglets
with passively acquired antibodies indicate that the
systemic immune mechanism can be bypassed and a
local immune response obtained by application of anti-
gen on the respiratory epithelium (Schlesinger et al.
1990). Nielsen et al. (1990) obtained good immunological
protection against Actinobacillus pleuropneumoniae with
local application of antigens in the respiratory tract.

RESPIRATORY DISORDERS

Under commercial conditions few pigs can be expected
to reach slaughter weight without contracting some sort
of respiratory lesion. Pathologic alterations can be
categorized into three main disease entities: rhinitis,
pneumonia, and pleuritis. Detailed characterizations of
microscopic and gross pathologies of the individual dis-
eases will be given in other chapters. However, some
general features of pathology will be presented here.

Rhinitis

Catarrhal inflammation of the nasal mucosa is common
in young animals. The cause is often infectious
(Aujeszky’s disease virus, cytomegalovirus, B. bronchisep-
tica, Mycoplasma hyorhinis), but ammonia and dust in
the air as well as foreign bodies can also provoke mild
mucosal inflammation of short duration. However, if
toxigenic strains of Pasteurella multocida are present,
even a slightly damaged mucosa might promote adher-
ence and proliferation of the bacteria and subsequently
provoke progressive atrophic rhinitis with permanent
alteration of the nasal structure and function. The struc-
tural changes in atrophic rhinitis are fundamentally in-
duced by an altered bone metabolic process without in-
flammation of tissue (Foged et al. 1987).

Pneumonia
Bronchopneumonia. Catarrhal bronchopneumonia,
located cranioventrally, is a frequent lesion of the lung
in growing pigs. Since M. hyopneumoniae generally is in-
volved, such lesions are often given the term mycoplas-
mal or mycoplasma-like pneumonia. Noncomplicated
mycoplasmal pneumonia typically appears as conflu-
ent, purple consolidation, more collapsed than normal
lung tissue. Early lesions may be somewhat indistinct,
but after 2-3 weeks the lesions are clearly demarcated
from adjacent normal tissue by a sharp line following
the interlobular septa. When incised, the consistency is
“meaty” but not excessively firm. Catarrhal exudate
may be expressed from the airway openings of affected
tissue. Fissures regularly appear in lobes previously af-
fected with catarrhal bronchopneumonia (Bertschinger
et al. 1972).

Lesions with secondary bacterial infections may



change to a more grayish color, and the consistency will
be firmer due to formation of fibrous tissue. Further,
complicated bronchopneumonia due to secondary bac-
terial infection usually results in purulent bronchitis or
abscess formation. Severe cases may also present pleuri-
tis with adhesion to the thoracic wall.

Fibrinous/Necrotizing Pneumonia. Another common
pathological entity of the lung is fibrinous/necrotizing
pneumonia, which affects the dorsocaudal portions of
the organ in contrast to the cranioventrally located ca-
tarrhal or mucopurulent bronchopneumonia. Affected
tissue is frequently raised above the adjacent area and
crosses interlobular septae, unlike catarrhal broncho-
pneumonia. Fibrinous/necrotizing pneumonia is often
called pleuropneumonia since the pleural surface of af-
fected lung tissue is involved in nearly all cases. In the
acute state the inflamed pleural surface is covered with
fibrinous exudate. In subacute/chronic cases the associ-
ated pleural lesion consists of fibrous tissue, often result-
ing in firm adherence of the lung to the chest wall.

Interstitial Pneumonia. Interstitial pneumonia is a con-
dition where the inflammatory processes primarily in-
volve the alveolar walls and interstitial tissue, in con-
trast to bronchopneumonia, where inflammation
principally affects the finest branches of bronchioles
(the bronchioloalveolar junctions). Also, in contrast to
bronchopneumonia, interstitial pneumonia is widely
distributed throughout the lung. Interstitial pneumonia
is most often caused by viral infections.

Embolic Pneumonia. Embolic pneumonia is caused by
hematogenically disseminated agents, mostly pyogenic
bacteria from lesions somewhere else in the body.
Typically this type of pneumonia starts as minute necro-
tic foci surrounded by a hemorrhagic zone. Usually sup-
puration of the centers follows and circumscribed ab-
scesses are formed. A secondary bronchopneumonia or
a pleuropneumonia-like inflammation may develop
around the primary process. Verminous migration
through lung tissue induces small hemorrhagic foci,
small abscesses, or firm granulomas. The verminous
processes are mainly located dorsocaudally in the lung.

Lesion Distribution Patterns. Cranioventral distribu-
tion of mycoplasmal and most other bronchopneu-
monias might be due to less effective defense mecha-
nisms in this region. This assumption is supported by
the fact that Pasteurella hemolytica causes pneumonia in
this region even if the bacteria reach the lung via the
blood (Dungworth 1993). Gravitational influence im-
peding clearance, leading to pooling or reflux of secre-
tions, is probably a contributing factor.

Experimentally, inhaled aerosolized suspensions of
Bacillus subtilis, A. pleuropneumoniae (Sebunya et al.
1983), and Staphylococcus aureus (Kastner and Mehlhorn
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1989) are deposited primarily in the caudal lobes. This
accords with the fact that A. pleuropneumoniae-induced
pleuropneumonia is predominantly localized dorsocau-
dally. In another investigation, inhalation of an aero-
solized suspension of radioactively labeled P. multocida
resulted in a relatively uniform deposition in the lung
lobes (Heilmann et al. 1988).

Usually, pneumonic lesions due to hematogenically
introduced pyogenic bacteria have a random distribu-
tion pattern, which makes them easily distinguishable
from lesions due to bronchogenically disseminated bac-
teria (Buttenscheon 1989). Verminous lung lesions have
a caudodorsal location in spite of the assumption that
the larvae are introduced via the bloodstream. However,
some extravascular migration through the diaphragm
might take place (Buttenscheon 1990).

Since chronic pleuritis almost always is associated
with a present or, more often, a previous inflammation
of lung tissue, the localization of pleuritic lesions is of
diagnostic value in determining the type of pneumonia
involved.

Healing of Pneumonia. The healing of catarrhal bron-
chopneumonia is a rather slow process requiring several
weeks or months. However, the healing period depends
greatly on the agents involved. In specific pathogen free
(SPF) pigs inoculated with M. hyopneumoniae, induced
pneumonic lesions were healed after 2 months, whereas
fissuring of the lung persisted for more than 3 months
(Bertschinger et al. 1972; Kobisch et al. 1993; Sgrensen et
al. 1997). By comparing the time of seroconversion with
lung lesions at slaughter, Wallgren et al. (1994) esti-
mated the duration of active mycoplasmal lesions to be
approximately 12 weeks, and Pattison (1956) still found
pneumonic lesions 25 weeks after inoculation with M.
hyopneumoniae, presumably due to secondary bacterial
infection. Unlike catarrhal bronchopneumonia, the in-
terval between appearance and disappearance of A. pleu-
ropneumoniae-induced fibrinous/necrotizing pneumo-
nia may be surprisingly short (about 3 weeks) if not
complicated with secondary pyogenic infections. This
is in accordance with Andreasen et al. (2001) and
Wallgren et al. (1994) who found no correlation be-
tween seroconversion to A. pleuropneumonia and lesions
at slaughter. Seroconversion to M. hyopneumoiae close to
slaughter revealed the largest extent of mycoplasma-like
bronchopneumonia and early seroconversion was re-
lated to ventrocranial pleuritic lesions. However, infec-
tions gained during the early fattening period will gen-
erally escape detection at slaughter.

Pleuritis

Fibrotic adherence between the visceral and pleural
membranes of the pleural sac (chronic pleuritis, pleural
scar) is one of the most frequent pathologic alterations
seen in slaughter swine. Fibrous pleuritis affecting larger
areas is often associated with similar lesions in the peri-
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cardial sac (chronic pericarditis). The repairing of such
lesions is a long process, with a duration of at least 1
month, more often 2-3 months (Christensen 1984).
The resolving of chronic pleuritis in growing pigs may
cause younger fatteners to have a higher frequency of
this lesion than older pigs (Mousing 1988). In an inves-
tigation of infectious and herd-related factors by logistic
regression Enoe et al. (2002) found that seropositivity
for A. pleuropneumoniae serotype 2 and M. hyopneumo-
nige in conventional herds were associated with 51%
and 29% of the occurrence of chronic pleuritis at
slaughter, respectively. In SPF herds reinfected with M.
hyopneumoniae, seropositivity for M. hyopneumoniae was
associated with 33% of the occurrence of chronic pleu-
ritis detected at slaughter.

CAUSAL FACTORS IN RESPIRATORY
DISEASE

General Epidemiologic Considerations
Respiratory disease must be seen as the result of a com-
plexity of events, including infectious, environmental,
managemental, and genetic factors. Because the etiol-
ogy of respiratory disease is multifactorial, one should
consider not just specific infectious agent, but other rel-
evant factors as well.

A given pathogen or environmental risk factor will
tend to increase the incidence of disease. In quantifying
this increase, the ratio between the incidence (or preva-
lence) among pigs exposed to the factor and the inci-
dence (or prevalence) among pigs that are not exposed
can be calculated. This ratio is most often referred to as
the relative risk. The higher the relative risk, the
stronger the association between the risk factor and dis-
ease. When two or more risk factors act simultaneously,
the total relative risk will often be greater than the rela-
tive risk of the individual factors (Mousing et al. 1990).

Relative risks have to be evaluated with caution, for
such associations may be confounded by other factors.
Several epidemiologic studies have indicated a positive
correlation between herd prevalence of pigs with pneu-
monia and atrophic rhinitis. This association obviously
relies on the fact that the two disease entities are pro-
voked by the same external factors, and not that one dis-
ease predisposes to the other. In fact, there was no evi-
dence that animals suffering from one of the diseases
were more susceptible to the other when correlation
studies included individuals in the same herd (Madec
and Kobisch 1984; Straw 1986).

Infection

Respiratory infections occur with a high prevalence in
all swine-producing areas (Table 7.3). The spread of res-
piratory diseases from herd to herd involves two distinct
mechanisms. First, like other infections, disease may be
disseminated through infectious contacts (purchase of
pigs, incoming and outgoing vehicles, birds, rodents,

persons, etc.). Second and very important, several respi-
ratory diseases also propagate from herd to herd by
means of airborne transmission. The virus causing PRRS
can be introduced into a herd with semen (Swenson et
al. 1994; Gradil et al. 1996).

Airborne Transmission of Respiratory Diseases Be-
tween Herds. Respiratory infections in swine with the
capability of airborne transmission over distances up to
several kilometers include M. hyopneumoniae (Goodwin
1985; Jorsal and Thomsen 1988; Stark et al. 1992;) and
porcine respiratory coronavirus (PRCV) (Henningsen et
al. 1988). Systemic viral infections such as foot-and-
mouth disease (Gloster et al 2003), PRRS (Mortensen et
al. 2002) and Aujeszky’s disease (Mortensen et al. 1990)
follow this pattern. Airborne transmission between
small pig units at close range has been induced experi-
mentally with PRRSV, A. pleuropneumoniae and B. bron-
chiseptica (Torremorell et al. 1997; Brockmeier and Lager
2002; Kristensen et al. 2004a, b). However, airborne
transmission of bacterial infections between herds has
still to be documented. The typical pattern of simulta-
neous influenza outbreaks in many herds is highly sug-
gestive of the airborne transmission of this infection. In
Danish epidemics, even though special precautions are
taken against introduction of infectious diseases, SPF
herds are attacked by influenza just as frequently as con-
ventional neighboring herds. Epidemics in Brittany also
seem to follow an airborne transmission (Madec et al.
1982). Table 7.4 lists factors affecting the risk of a herd
receiving an airborne infection.

Airborne spread of disease between herds is facili-
tated by several meteorological factors—most signifi-
cantly, the direction and velocity of the prevailing
winds. Factors such as cloud cover, turbulence, and to-
pography are also important. Overcast skies, night
(when the turbulence is often low), and relative humid-
ity of more than 90% (Gloster et al. 1981) facilitate air-
borne transmission.

Respiratory Infection in Individuals and in Herds. The
upper respiratory tract is the natural habitat for myriads
of commensal microorganisms, including viruses, my-
coplasmas, chlamydias, and other bacteria. The com-
mensal flora may have a favorable competitive effect for
their host in outnumbering pathogenic agents. There is
no distinct division between commensals and poten-
tially pathogenic microorganisms. Different studies cat-
egorize the same microorganism as either commensal or
potentially pathogenic. For example, Mycoplasma floccu-
lare, M. hyorhinis, and Haemophilus parasuis belong to a
group of microorganisms that can regularly be isolated
in the upper respiratory tract and in the bronchial tree
of healthy pigs.

Ganter et al. (1990) examined the bacterial flora in
live, healthy, 20-30 kg SPF pigs. The bacteria normally
found by alveolar lavage belonged to two or three



Table 7.3. The prevalence of some respiratory infections of swine.
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Etiologic Agent

Prevalence (%)

Identification Area

Positive pigs within affected herds

Actinobacillus pleuropneumoniae

Serotype 2 76
Serotype 6 41
Serotype 7 43
Serotype 12 20
Swine influenza virus
HIN1 71-82
HIN1 75
H3N2 29-48
Toxigenic Pasteurella multocida 30-50
35
Mycoplasma hyopneumoniae 80-90
37
89
Haemophilus parasuis 56

Positive herds

Actinobacillus pleuropneumoniae

Serotype 2 24
84

41

Serotype 6 29
Serotypes 1-5 69
Serotypes 1,3,5,7 or 9 86
23

Serotype 7 55
Serotype 12 36
Swine influenza virus HIN1 71
Toxigenic Pasteurella multocida 1
7

Mycoplasma hyopneumoniae 85
82

39

Haemophilus parasuis 70

se Denmark!?
se Denmark!?
se Denmark?
se Denmark?
se France?

se Denmark®
se France?

cu United Kingdom3
se Germany*
se Sweden®

cu Austria®

se Denmark®
se Denmark!?
se Norway’

se Finland?®

se Denmark!?
se Denmark?
se Towal0

se Minnesotall
cl Ontariol?
se Denmark?
se Denmark?
se Denmark!?
cl Missouri’3
cl Australial
cl Australial4
se Denmark!?
se Finland®®
se Denmark!?

Note: se = serological method; cu = culturing was employed; cl = clinical signs corresponding to the infection were observed.

IMousing et al. (1990).

2Madec et al. (1990) (covering 1984, 1985, and 1988).
3Goodwin et al. (1990).
4Bechmann and Schéss (1990).
SWallgren et al. (1990).
6Awad-Masalmeh et al. (1990).
7Falk et al. (1990).

8Levonen et al. (1994).

9Enge et al. (2002).

10Schultz et al. (1982).

I Anderson et al. (1990).
12Rosendal and Mitchell (1983).
13Kliebenstein et al. (1982, 1983).
4Mercy and Brennan (1988).
15Rautiainen (2001).

species, most often streptococci (nonhemolytic, alpha-
hemolytic), staphylococci, Escherichia coli, Klebsiella,
and Arcanobacterium pyogenes. Haemophilus parasuis and
B. bronchiseptica were rarely isolated, and P. multocida
was never isolated in the bronchial tree of healthy pigs.
Haemophilus parasuis and M. hyorhinis were detected in
bronchial lavage from about 40% of conventionally
reared healthy pigs (Castryck et al. 1990). Mealler and
Kilian (1990) found that the porcine upper respiratory
tract harbors a much wider spectrum of V factor-

dependent pasteurellaceae species than hitherto recog-
nized, probably with no or low pathogenicity.
Haemophilus parasuis and M. hyorhinis behave as
commensals only as long as their pathogenicity is neu-
tralized by the respiratory defense. In nonimmune indi-
viduals H. parasuis (Nielsen and Danielsen 1975) and to
some extent M. hyorhinis may become pathogenic, re-
sulting in severe systemic disease (polyserositis, poly-
synovitis, meningitis). Maintenance of the fine balance
between animal population and pathogens evidently re-
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Table 7.4. Important herd-related factors that increase the risk of airborne disease transmission between herds.

Factor

Disease

Increasing herd size

Short distance between herds

Large size of neighboring herd

High regional pig density

Herd infected with Actinobacillus pleuropneumoniae

Porcine respiratory corona virus (PRCV)!; Aujeszky’s disease23
Mycoplasma hyopneumoniae*S; PRCV!

Mycoplasma hyopneumoniae*S; PRCV!

Mpycoplasma hyopneumoniae’

Aujeszky’s disease3

Flori et al. (1995).
2Mortensen et al. (1990).
3Anderson et al. (1990).
4Jorsal and Thomsen (1988).
SStark et al. (1992).

quires that all the pigs are exposed to the pathogens in
question in early life. Outbreaks appear under circum-
stances where the normal infection mechanism does
not work properly because of restricted contact between
individuals—for example, in small herds, in herds with
very early weaning or strict separation between animals
of different ages, and in SPF herds established originally
from cesarean-derived piglets (Nielsen and Danielsen
1975; Smart et al. 1989).

Actinobacillus pleuropneumoniae and M. hyopneumo-
niae can be regarded as representatives of a different type
of respiratory microorganisms: they may be common at
herd level but are relatively seldom isolated from
healthy individuals (Friis 1974; Castryck et al. 1990).
Their presence is usually associated with disease, sub-
clinical more often than clinical.

These two groups of microorganisms behave differ-
ently, especially in the immunologically weak state be-
tween passive and active immunity, for several reasons.
First, A. pleuropneumoniae and M. hyopneumoniae have a
higher pathogenicity than H. parasuis and M. hyorhinis.

Second and very important, it is known that H. para-
suis and M. hyorhinis invade the nasal and tracheo-
bronchial epithelium very early in the piglet’s life (Ross
1984). This might facilitate a gradual development of ac-
tive immunity under the cover of humoral colostral an-
tibodies, a situation beneficial to host as well as to
pathogen. A third reason is that the sites (pleural, peri-
cardial, peritoneal, meningeal, articular serotic cavities)
where the real pathogenic properties of H. parasuis and
M. hyorhinis predominate are outside the respiratory
tract. Here a clear physical barrier exists between the ef-
fector site and the residential site of the microorganism.
In contrast, A. pleuropneumoniae and M. hyopneumoniae
are easily brought to their point of attack with the in-
haled air, directly from the environment or from the
nasal and tonsillar epithelium.

Finally, the ability of strains with low pathogenicity
to generate protective antibodies against closely related
but more pathogenic strains, as demonstrated for A.
pleuropneumoniae (Nielsen 1988), must be considered.

In conclusion, the constant presence of pathogens
that cannot permanently be excluded from the herd

and that behave like H. parasuis and M. hyorhinis is ac-
ceptable for the herd. However, the presence of path-
ogens that behave like A. pleuropneumoniae and M. hyop-
neumoniae cause potential risk of recurrent disease.

The group of acceptable respiratory microorganisms
includes species such as Haemophilus “minor group,” B.
bronchiseptica, staphylococci, streptococci, most strains
of nontoxigenic P. multocida, and some strains of A. pleu-
ropneumoniae. In contrast, the most pathogenic strains of
A. pleuropneumoniae and P. multocida are highly disad-
vantageous because herd infections may give rise to epi-
sodes of respiratory problems.

Pasteurella multocida probably is the most frequent
and damaging invader of the lung. However, this bac-
terium is a typical secondary invader (Amass et al. 1994).
Even the most pathogenic strains are apparently not ca-
pable of infecting a healthy lung, unlike A. pleuropneu-
moniae Bordetella bronchiseptica induces only a discrete
pneumonia in conventionally reared 7-day-old piglets
(Lambotte et al. 1990), but in gnotobiotic piglets the in-
fection causes severe and long-lasting pneumonia
(Underdahl et al. 1982). Bordetella bronchiseptica is cate-
gorized as an acceptable microorganism, because like P.
multocida, it is not easily kept out of herds due to the fact
that several other animal species, including cats and
dogs, are reservoirs.

Interaction Between Infectious Agents. Clinically sig-
nificant disease seldom is the result of an infection with
only one pathogen. Several pathogens are very often in-
volved in respiratory disease. One pathogen acts as the
key agent, the “door opener,” for secondary invaders by
lowering the local and sometimes also the systemic de-
fense mechanisms of the host.

Generally, key agents are viruses or mycoplasmas,
but secondary invaders are bacteria. For example, sus-
ceptibility in swine to A. pleuropneumoniae is increased
following an influenza infection (Scatozza and Sidoli
1986), PRRS infection (Pol et al. 1997), or Aujeszky’s dis-
ease (Lai et al. 1986). A similar effect was observed in ex-
periments in mice infected first with influenza virus and
subsequently with A. pleuropneumoniae (Broring et al.
1989). Pigs infected with M. hyopneumoniae had a de-



creased resistance against A. pleuropneumoniae (Yagihashi
et al. 1984), and in another study (Kubo et al. 1995) M.
hyorhinis increased the severity of pulmonary lesions in
piglets infected with PRRS virus. Van Reeth et al. (1994)
found higher pathogenicity of a dual infection with in-
fluenza virus and PRRS virus than with infection with
one of the viruses. Thacker et al. (1999) found that M.
hyopneumoniae severely potentiated both clinical and
pathological manifestations of disease induced by PRRS
virus. When disease was induced by swine influenza
virus, M. hyopneumoniae also potentiated the clinical
manifestations, but to a lesser degree the pathological
manifestations (Thacker et al. 2001). These findings
demonstrate that the relationship between mycoplas-
mas and viruses varies with the individual agent. In the
nasal cavity B. bronchiseptica frequently acts as a predis-
posing key agent facilitating the invasion and replica-
tion of toxigenic strains of P. multocida (Pedersen and
Barfod 1981).

Lesions caused by key agents themselves are often
faint and without clinical significance. It is well known
from field experiences that influenza and Aujeszky’s dis-
ease seldom are followed by severe pneumonic compli-
cations in herds where A. pleuropneumoniae and M. hyo-
pneumoniae are absent (e.g., SPF herds), whereas serious
respiratory complications regularly follow these viruses
in other herds.

As a rule one pathogen intensifies the proliferation
of another, but the reverse effect also can be demon-
strated. In a cross-sectional seroepidemiological study,
Mousing (1991) examined 4800 slaughter pigs for sero-
logical evidence of A. pleuropneumoniae serotype 2 and
serotype 6, H. parasuis and swine influenza virus (type
H1N1 with American and European variants). The inter-
relationship between these five respiratory infections is
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illustrated in Table 7.5, demonstrating the relative risk of
confirming a specific infection when a pig also possesses
antibodies against another agent.

Most infections appeared to be positively associated
with A. pleuropneumoniae serotype 2, except for A. pleu-
ropneumoniae serotype 6. The probable explanation is
that A. pleuropneumoniae serotypes share antigens that
provoke generation of cross-protecting antibodies
(Nielsen 1988). The reverse effect was demonstrated for
the two influenza variants.

The effect of an increasing number of infections on
prevalence of chronic pleuritis is graphed in Figure 7.3.
The prevalence of chronic pleuritis increases from
12.5% in pigs free from all of the five infections to more
than 60% in pigs infected with four or all five of them.

Transmission of Infection Between Age Groups.
Although the structure of modern pig production is rap-

Table 7.5. Interrelationship between some respiratory infections
measured by odds ratio between seroreactions.

Infection B

Infection A AP6 H.par. HIN1(A) H1N1(B)
AP2 0.4 1.3 1.3 1.5
AP6 0.9) (1.0) 0.9
H. par. 1.2 1.3
HIN1(A) 4.0

Source: Mousing (1991).

Note: AP2 = Actinobacillus pleuropneumoniae serotype 2; AP6 =
Actinobacillus pleuropneumoniae serotype 6; H. par. = Haemophilus
parasuis; HIN1(A) = Swine influenza virus A/Swine/New Jersey/
8/76 (HIN1); HIN1(B) = Swine influenza virus A/Swine/Belgium/
2/79 (H1N1). All infections assessed through individual serologi-
cal examination of slaughter pigs. Numbers in parentheses are
not statistically significant.
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idly changing, preferably toward all-in/all-out and multi-
site systems, farrow-to-finish operations still exist. With
continuous flow of animals through the system a steady
transmission of respiratory pathogens occurs from sows
to piglets and, maybe more important, from older to
younger pigs. Replication of respiratory pathogens may
concentrate in the facilities for growing pigs, which act
as “pathogen generators” in the herd. From here the
breeding animals are periodically infected. This mecha-
nism explains why it is simpler by far to control respira-
tory disease in breeding herds marketing all growers and
feeders than in herds that also finish the pigs.

Origin of Pigs

The origin of introduced animals significantly influ-
ences the risk of the herd contracting respiratory dis-
eases. It is evident that respiratory problems can be ex-
pected if pigs with low health status are introduced into
a herd. However, there also is a risk when introducing an-
imals with a high health status into herds with a lower
health status without taking any precautions to protect
the healthy animals against infection. Such animals, in-
sufficiently protected by specific immunity, easily de-
velop clinical disease. Consequently, a sudden rise in in-
fection pressure occurs, and an established herd balance
between infection and immunity is jeopardized.

In Danish SPF herds it is clearly illustrated that the
risk of a herd contracting respiratory problems increases
with the number of animal groups introduced and the
number of different sources (Jorsal and Thomsen 1988).
Castryck et al. (1990) made the same observation in Bel-
gian conventional pig production systems. Awareness of
the herd’s status regarding respiratory pathogens and
solely buying in breeding animals from a single herd
with similar status can contribute to prevent outbreaks
of respiratory disease. Establishment of quarantine facil-
ities for introducing breeding animals can often be ben-
eficial for maintaining the herd health status. Further-
more, it is important to keep a good biosecurity in order
to prevent unwanted respiratory pathogens to enter the
facilities by other routes.

Number of Individuals in Herd or Room

Most empirical epidemiologic studies have revealed that
the risk of contracting respiratory disease increases sig-
nificantly with increasing herd size, and also with the
pig density in the vicinity of the herd (Aalund et al.
1976; Backstrom and Bremer 1976; Flesja and Solberg
1981; Mehlhorn and Hoy 1985; Jorsal and Thomsen
1988; Cubero et al. 1992; Stark et al. 1992; Christensen
1995; Goldberg et al. 2000; Maes et al. 2000; Enoe et al.
2002). The theoretical background of the herd size effect
has been explained by Willeberg et al. (1994, 1995).
Hartley et al. (1988a) and Tielen (1989) found no rela-
tionship between respiratory disease at slaughter and
herd size, and Martinsson and Lundeheim (1988) found
only weak relations. A very large herd might have a

somewhat lower level of respiratory disease than one
not quite so large (Willeberg et al. 1984/85; Martinsson
and Lundeheim 1988). The probable explanation is that
very large herd facilities must be subdivided and pigs
moved into groups to control infectious diseases.

The number of animals placed in the same airspace
significantly affects the incidence of disease. Experience
from several investigations (Lindqvist 1974; Tielen et al.
1978; Pointon et al. 1985) indicates that respiratory
problems are difficult to control if more than 200-300
animals are housed in the same barn; in the Nether-
lands housing only 80 fatteners together is advised (Tie-
len 1989).

Theoretically, for pigs sharing airspace, the risk of ex-
changing suspended particles increases substantially
with increasing number of pigs (n° — n, where n = num-
ber of individuals). The same effect is seen when floor
space per pig is decreased (Lindqvist 1974; Backstrom
1978; Mehlhorn and Hoy 1985; Pointon et al. 1985).

Climate

Goodall et al. (1993) combined data from abattoirs with
meteorological data from Northern Ireland in 1969-
1989 and found significant trends in the occurrence of
condemnations due to pleurisy and pneumonia and
also significant correlations between the percentage of
condemnations and air temperature. In Belgium, Maes
etal. (2001) found an increased prevalence of pleuritis at
slaughter in January and more severe lesions when pigs
were slaughtered in March to April. In Denmark, Bille et
al. (1975) found a significantly higher incidence of
pneumonia in piglets during the winter season than
during the summer months. This indicates that climatic
factors are included in the etiology of pneumonia.

A high exchange rate of air often causes local drafts
and chilling of animals. As with humans, a sudden chill-
ing by drafts predisposes pigs to respiratory infections.
In weaned pigs subjected periodically to drafts,
Scheepens (1996) reported a higher frequency of sneez-
ing and coughing than in controls. Subjecting controls
and pigs with atrophic rhinitis to similar climatic stress
caused an 8-day difference in days to slaughter, com-
pared to a 3-day difference in the two groups of pigs
when not exposed to adverse climatic conditions. Flesja
et al. (1982) found that solid-sided pens were associated
with a reduction in incidence of pneumonia, presum-
ably by preventing drafts and Maes et al. 2001 found
that pigs raised in pens with slatted floors were at higher
risk of contracting severe pneumonic lesions. According
to Kelley (1980) cold drafts and wide temperature differ-
entials stress the immune mechanisms, thus increasing
susceptibility to disease. This is confirmed in weaner
pigs, where exposure to cold drafts significantly reduced
immune response (Scheepens et al. 1988). Prolonged
cold stress in suckling piglets experimentally infected
with P. multocida resulted in lowered levels of serum IgG,
lowered phagocytic activity of the polymorphonuclear



granulocytes, and delayed local cellular reaction in the
lungs of some of the piglets compared with controls.
However, the course of infection, the clinical response,
and postmortem findings were not influenced by cold
stress (Rafai et al. 1987).

Air Pollution

High concentrations of ammonia in the air may be
detrimental to respiratory health. Ammonia in concen-
trations of 50-100 ppm particularly interferes with nor-
mal mucociliary function (Curtis et al. 1975a; Johann-
sen et al. 1987; Neumann et al. 1987). Under normal
conditions the ammonia concentration in pig pens does
not exceed 20 ppm. Clark et al. (1993) did not find that
ammonia concentrations of 18 ppm influenced devel-
opment of mycoplasmal pneumonia. Nevertheless, epi-
demiologic studies have revealed the highest incidence
of respiratory disease in herds with the highest ammo-
nia concentrations in the air (Pointon et al. 1985). Also,
when pigs were given the choice of moving between
fresh air and ammoniated air (100 ppm ammonia) they
preferred the fresh air (Smith et al. 1996). Donham
(1991) found several air contaminants—such as dust,
ammonia, and microbes—to be correlated with pneu-
monia and pleuritis in swine and has proposed maximal
safe concentrations on the basis of dose-response corre-
lation to swine health and human health problems:
dust 2.4 mg/m3, ammonia 7 ppm, endotoxin 0.08
mg/m3, total microbes 10° cfu/m3, and carbon dioxide
1,540 ppm.

However, many investigations have failed to demon-
strate significant relation between dust and respiratory
disease (Martin and Willoughby 1972; Curtis et al.
1975b; Gilmour 1989; Jansen and Feddes 1995).

Enteritis

A high prevalence of respiratory lesions at slaughter was
found in pigs previously experiencing enteritis (Aalund
et al. 1976). A highly significant correlation was found
between pigs that needed treatment for enteritis and
pigs that were treated for pneumonia (Jorgensen 1988).
Litters that shed rotavirus during the preweaning period
had higher incidence rates of respiratory diseases than
virus-free litters (Svensmark et al. 1989). Marois et al.
(1989) demonstrated aggravation of experimentally in-
duced mycoplasmal pneumonia in piglets also infected
with transmissible gastroenteritis (TGE) virus. Digestive
disorders seem to reduce resistance to pneumonia, and
also some swine diseases, like postweaning multisys-
temic wasting syndrome (PMWS) (Allan and Ellis 2000),
include both dyspnea and diarrhea in the symptoms.

Gender

From surveillance of slaughter swine at Danish abattoirs
it has continuously been revealed that the prevalence of
pneumonia and pleuritis in castrated males is 10%
higher than in females. Furthermore, Andreasen et al.
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(2001) found that castrated males have larger pleuritic
lesions than females at the time of slaughter. In the
Netherlands lesions in lungs, pleura, and pericardium
were also more prevalent in castrated males than in fe-
males (Kruijf and Welling 1988). Castration may have
been responsible for the differences through stress and
hormonal changes. Another explanation could be that
male pigs grow faster and reach slaughter weight at a
younger age than females, which may prevent lung le-
sions to be healed in males at the time of slaughter.

Heredity

Several investigations indicate that respiratory disorders
are to some extent influenced by heredity. In genetically
selected obese swine, the phagocytic functions of pul-
monary alveolar macrophages were found significantly
more effective than those from genetically selected lean
swine. The difference was most pronounced during win-
ter and spring months (Caruso and Jeska 1990). Clinical
observations in a herd having purebred Hampshires and
Yorkshires revealed a much lower level of respiratory dis-
eases in Hampshire than Yorkshire pigs (Lundeheim and
Tafvelin 1986). The same investigators examined 45,000
slaughter pigs consisting of Hampshire, Landrace, and
Yorkshire crosses. The Hampshire crosses had a signifi-
cantly lower incidence of pneumonia and pleuritis than
the other crosses. The susceptibility to atrophic rhinitis
is greater in Yorkshire pigs than in Landrace pigs
(Lundeheim 1979; Smith 1983; Straw et al. 1983). Ruiz et
al. (2002) provided evidence of different patterns of col-
onization of Mycoplasma hyopneumoniae between pigs
sired by three different boars, suggesting a possible ge-
netic effect.

DIAGNOSIS AND DIFFERENTIAL DIAGNOSIS
OF RESPIRATORY DISEASE

Definitive diagnoses of respiratory diseases are based
upon a combination of history, clinical observations,
laboratory tests, and necropsies, including slaughter
checks. A clinical diagnosis can only be tentative, since
visible signs from the respiratory system may be the
result of dysfunction of other organs. Also, pathologi-
cal disorders of the respiratory system such as acute/
subacute pleuropneumonia, chronic pneumonia, and
pleuritis will often be without clinical signs or signs typ-
ical for respiratory disorders. Acute pleuropneumonia
may be widespread in a herd before the disease is re-
vealed at slaughter. Therefore, depression and decreased
appetite in fatteners, often misinterpreted and attrib-
uted to bad feed, should remind the observer of the pos-
sibility of an outbreak of acute pleuropneumonia. Table
7.6 summarizes some principal respiratory disorders.
The basic elements in the table are typical pathological-
anatomical disease entities. Useful differential diagnos-
tic facts concerning gross pathology, clinical signs, and
agents involved are given for each disease entity leading
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Table 7.6. Principal respiratory disorders, clinical signs, causative agents, and diagnosis.

Disease Based Important

on Pathology Clinical Signs Causative Agents Diagnosis

01 Rhinitis: possibly slight but Sneeze; nasal discharge; con- Bordetella bronchiseptica Nasal swabs; cultivation

02

03

04

05

06

07

08

09

10

11

12

reversible turbinate atrophy
Progressive atrophic rhinitis:

varying turbinate atrophy

and nasal wall alteration

Catarrhal pneumonia (myco-
plasma-like pneumonia):
cranioventrally located; lob-
ular; meaty structure

Complicated bronchopneu-
monia (enzootic pneumo-
nia): located as 03; mostly
lobular; purulent exudate;
eventual formation of
abcesses; red to gray; firm
fibrous structure; often asso-
ciated with pleuritis

Disseminated/lobular catar-
rhal pneumonia: mainly
cardiac and apical lobes;
red to gray; firm, fibrous
structure

Peracute fibrinous/necrotizing
pneumonia (pleuropneumo-
nia): extensive dissemina-
tion; associated with blood-
tinged fluid in the pleural
cavity; extensive fibrinous
pleuritis

Acute/subacute fibrinous/
necrotizing pneumonia
(pleuropneumonia): pre-
dominantly caudodorsal;
fibrinous pleuritis

Chronic necrotizing pneumo-
nia (pleuropneumonia):
located as 07; firm capsu-
lated processes with necrosis
and abscesses; local fibrous
pleuritis

Embolic pneumonia: ran-
domly distributed usually
minute abscesses in the lung

Acute disseminated lobular
pneumonia: dark purple;
bleeding from cuts; lobular
emphysema and edema

Interstitial pneumonia: vari-
able amount of tan and red
mottling; increased amount
of clear fluid in thoracic
cavity

Interstitial pneumonia: often
accompanied by other types
of pneumonia; lympha-
denopathy; enteritis; hepa-
titis; nephritis

junctivitis

Sneeze; nasal discharge; tear
tracks below eyes; occa-
sional nasal bleeding; no or
varying degree of brachyg-
nathia and snout deviation

Hard nonproductive cough,
particularly when pigs are
forced to move; slight fever;
slightly decreased appetite

Productive cough particularly
when pigs are forced to
move; abdominal “thump-
ing” respiration; periodi-
cally high fever; decreased
appetite

Coughing, dyspnea

Depression; prostration; high
fever; severe dyspnea, open
mouth breathing; occa-
sional blood-tinged foam
from nose and mouth; dog-
sitting or sternal recum-
bency

Varying depression; respira-
tion normal to superficial;
depressed coughing or no
cough; normal to high tem-
perature; decreased appetite

Slight depression; cough and
decreased appetite if second-
ary infection occurs

Usually no clinical signs from
the respiratory system

Varying degree of depression;
from no to hard cough;
rapid, superficial respira-
tion; fever; prostration;
complete anorexia

Varying degree of symptoms
from subclinical to inappe-
tence; fever and dyspnea; re-
productive failure; subopti-
mal herd performance

Postweaning multisystemic
wasting syndrome (PMWS):
wasting; enlarged lymph
nodes; dyspnea; diarrhea;
pallor; jaundice

Toxigenic Pasteurella multocida;
predisposing: Bordetella bron-
chiseptica, aerial ammonia,
dry air

Mycoplasma hyopneumoniae;
Mycoplasma hyorhinis; strep-
tococci, and other bacteria
in piglets

As 03 + Pasteurella multocida,
Bordetella bronchiseptica,
streptococci, staphylococci,
Arcanobacterium pyogenes,
and others; Salmonella
choleraesuis and viral infec-
tions may act as primary
agents

Bordetella bronchiseptica

Actinobacillus pleuropneumoniae

Actinobacillus pleuropneumoniae

Actinobacillus pleuropneumo-
niae; eventually secondary
infection with pyogenic
bacteria

Pyogenic bacteria; strepto-
cocci, staphylococci,
Arcanobacterium pyogenes
and others

Swine influenza virus

Porcine reproductive and res-
piratory syndrome virus
(PRRS virus); often compli-
cated by other infections

Porcine circovirus type 2
(PCV2); often complicated
by other infections

Necropsy; slaughter checks;
nasal swabs; cultivation;
ELISA; PCR

Necropsy; slaughter checks;
cultivation; immunohisto-
chemistry (IHC); serology

As 03; virus detection

Cultivation; history: usually in
piglets younger than 3 weeks

Necropsy; cultivation; serotyp-
ing; PCR

Necropsy; cultivation; serotyp-
ing; PCR

Necropsy; slaughter checks;
cultivation; serotyping; PCR;
serology

Necropsy; slaughter checks;
primary conditions causing
septicemia

Virus isolation; PCR; IHC from
nasal swabs or affected lung
tissue; serology

Virus isolation from lung,
lymph nodes or serum; PCR;
IHC on lung tissue; serology

Histopathology; detection of
PCV2 and characteristic
microscopic lesions in lym-
phatic and other tissues



Table 7.6. (continued)
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Disease Based
on Pathology

Important
Clinical Signs

Causative Agents Diagnosis

13 Verminous pneumonia: small
focal areas with hemor-
rhage, later granulomas or
capsulated abscesses

14 Verminous bronchitis: bron-
chitis, bronchiolitis in cau-
doventral margins of dia-
phragmatic lobes; atelectatic
areas

15 Hemorrhagic pleuritis: associ-
ated with 06

16  Fibrinous pleuritis: associated
with 07 or 04, occasionally
with 09 and 10; also associ-
ated with Glasser’s disease

17  Fibrous pleuritis

Cough with minimal other
signs

Cough with minimal other
signs

As 06; no or depressed cough
As 07; if associated with
central nervous signs

None

Glasser’s disease: lameness,

Ascaris suum and other ascarids ~ Necropsy; slaughter checks;

white spots in the liver

Metastrongylus sp. Necropsy; history: access to dirt
As 06 Necropsy
As 07, occasionally other bac- Necropsy; cultivation
teria
As 16 Necropsy; slaughter checks

to the diagnosis. Additionally, in Tables 7.7 and 7.8 dif-
ferential diagnostic information can be found concern-
ing disease entities usually associated with important
respiratory signs such as sneezing and coughing.

Monitoring Respiratory Disease

The purpose of monitoring respiratory diseases is to
transform observed phenomena in a swine population
into numeric values suitable for analysis. Assessment of
the level of disease and the effect of therapeutic or pre-
ventive measures can be obtained by monitoring disease
levels at a point in time (prevalence) or during periods
(incidence). Respiratory tract disease data include infor-
mation collected in the herd, laboratory tests, and
slaughter examinations. Large-scale data collection and
evaluation on the respiratory health of slaughter swine
are routinely carried out in some countries—for exam-
ple, Finland (Rautiainen et al. 2001), Denmark (Wille-
berg et al. 1984/85; Mousing 1986), the Netherlands
(Van der Valk et al. 1984), and Sweden (Backstrom and
Bremer 1976).

Registrations in the Herd. Clinical observations, re-
sults of routine slaughter checks, and postmortem ex-

aminations of dead or euthanized animals are tradition-
ally the basis for diagnosing and estimating the severity
of respiratory disease. The clinical examination is of
greatest value in acute outbreaks when fever and specific
signs from the respiratory tract are observed. Condi-
tions such as pleuropneumonia, chronic enzootic pneu-
monia, and pleuritis will often be without clinical signs;
thus, a diagnosis based upon clinical observations al-
ways will be tentative.

The value of in-herd disease surveillance naturally
increases with the quality and amount of objective in-
formation. In many situations valuable data can be

Table 7.7. Respiratory disease entities and agents associated
with sneezing.

Disease Agent

Rhinitis (only piglets)  Bordetella bronchiseptica; cytomegalo-
virus; hemagglutinating encephalo-
myelitis virus

Dust; ammonia

Bordetella bronchiseptica and toxigenic
Pasteurella multocida

Aujeszky’s disease virus

Rhinitis
Atrophic rhinitis

Aujeszky’s disease

Table 7.8. Respiratory disease entities and agents associated with coughing.

Type of Coughing Disease

Agent

Hard, nonproductive Mycoplasmal-like pneumonia

Acute disseminated lobular pneumonia

Nonproductive Disseminated pneumonia (only in piglets)
Gldsser’s disease
Aujeszky’s disease

Productive Enzootic pneumonia

Chronic pleuropneumonia
Cardiac insufficiency
Acute pleuropneumonia

Depressed, productive

Mycoplasma hyopneumoniae

Influenza virus

Bordetella bronchiseptica

Haemophilus parasuisaemophilus parasuis

Aujeszky’s disease virus

Mycoplasma hyopneumoniae and Pasteurella multocida and
other species

Actinobacillus pleuropneumoniae with other infections

Actinobacillus pleuropneumoniae
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readily obtained by staff recordings, either continuously
or during a defined period. Relevant data are number of
deaths and treatments associated with respiratory prob-
lems, age or weight of affected animals, and perform-
ance records—for example, days to market (Pijoan and
Leman 1986), daily weight gain or feed efficiency.
Clinical signs are difficult parameters to handle in
quantifying a disease problem (Baadsgaard and Jorgen-
sen 2003). Assessment of pneumonia levels through
measurement of the amount of coughing has been pro-
posed (Straw et al. 1986). However, in the field such pro-
cedures may be too laborious and time consuming.

Laboratory Tests. In recent years tremendous progress
in biotechnology has accelerated the development of
new, highly specific, and sensitive laboratory tests for
respiratory diseases. Useful diagnostic data may be ob-
tained from laboratory examinations made on blood
samples, meat juice samples, colostrum or milk samples,
nasal swabs, tonsil scrapings, and tissue. It is particularly
advantageous to combine data from clinical and patho-
logical examinations with laboratory test results in
monitoring the health status of swine herds. For health
surveillance, serological analyses are often performed
on samples taken from the herds monthly or quarterly,
but also samples taken at the abattoirs when the pigs are
slaughtered may be used for the analyses. Blood samples
are preferable, but often not convenient at the slaugh-
terline, and meat juice samples taken when the carcasses
are registered may be a good alternative (Wallgren and
Persson 2000). For final verification in the herds, meth-
ods like cultivation, PCR, immunohistochemistry or
antigen-ELISA, which detect the pathogen directly, may
be applied. Here, special attention will be given to diag-
nostic methods suitable for large-scale monitoring
purposes.

When laboratory assays are used for monitoring herd
health status or to elucidate the infection dynamic, the
sensitivity and specificity of the assays need to be
known to interpret the results. These test characteristics
are defined and listed for a number of diseases in
Chapter 2.

Polymerase chain reaction (PCR) is a relatively new
technique for detecting M. hyopneumoniae DNA in
lungs, tracheobronchiolar washings, nasal swabs, and
air (Mattsson et al. 1995; Blanchard et al. 1996; Serensen
et al. 1997; Stark et al. 1998; Verdin et al. 2000). This
technique is not as time-consuming as traditional culti-
vation and can be applied for large-scale use and thereby
for surveillance in health programs. Problems with the
sensitivity of the PCR technique when using nasal
swabs seem to be solved with the nested PCR (Calsa-
miglia et al. 1999; Kurth et al. 2002; Sibilia et al. 2004).
Toxin-producing P. multocida can likewise be diagnosed
by PCR on nasal and tonsillar swabs (Kamp et al. 1994).
Furthermore, an ELISA based on monoclonal antibodies
directed against the toxin of P. multocida is used on nasal

swabs for health surveillance of progressive atrophic
rhinitis in swine herds (Foged et al. 1990).

Much effort has been put into developing PCR tests
for direct identification of A. pleuropneumoniae in lungs
and tonsils (Sirois et al. 1991; Hennessy et al. 1993; Gram
et al. 1994, 1996), and in the last years such tests have
been implemented for routine identification and sero-
typing (Fittipaldi et al. 2003; Jessing et al. 2003; Hussy et
al. 2004). Three RTX-toxins have been shown to consti-
tute important virulence factors for A. pleuropneumoniae
infection (Frey 1995). Thus, these toxins might be inter-
esting targets in the development of future diagnostic
assays. Already, the hemolytic and cytolytic effects of
these toxins form the basis of laboratory assays, and
Nielsen et al. (2000) developed ELISAs detecting anti-
bodies against them. However, these assays cannot be
expected to be totally specific for A. pleuropneumoniae in-
fections, because other bacteria like Actinobacillus suis
produce similar, but not identical, toxins (Kamp et al.
1994). Schaller et al. (1999) found a fourth toxin,
ApxIVA, which is excreted in vivo by all known sero-
types of A. pleuropneumoniae and this toxin seems to be
more species-specific.

A nested PCR for diagnosing PRRS virus in boar
semen has proved to have a higher sensitivity than the
traditionally used cultivation and is able to distinguish
between U.S. and European viruses (Christopher-
Hennings et al. 1995).

In the development of new serological assays,
biotechnology is introduced in the form of monoclonal
antibodies (MABs) against specific epitopes of the
agents. MABs are used in blocking ELISAs to detect anti-
bodies against M. hyopneumoniae (Feld et al. 1992; Le
Potier et al. 1993), toxin-producing P. multocida (Foged
et al. 1990), and A. pleuropneumoniae serotype 2 (Sten-
baek and Schirmer 1994) and serotype 5 (Klausen et al.
1996). The M. hyopneumoniae ELISA (Feld et al. 1992) has
high sensitivity and specificity and can be used on both
serum and colostrum (Sgrensen et al. 1992, 1993).

The serological P. multocida ELISA can also be used on
both serum and colostrum. However, serological moni-
toring of progressive atrophic rhinitis in growing pigs is
difficult because only a few of infected pigs seroconvert,
and then only in a late stage of infection (Nielsen et al.
1991a). MABs used in serological assays for diagnosing
A. pleuropneumoniae infections have not been successful
so far, probably due to variations in the A. pleuropneumo-
niae strains, giving variable serological response in
herds. Serotype-specific blocking ELISAs based on poly-
clonal antibodies directed against capsular polysaccha-
rides seem more appropriate for A. pleuropneumoniae
serodiagnosis (Nielsen et al. 1991, 1993; Klausen et al.
1996, 2001; Andresen et al. 2002) Also, serotype specific
indirect ELISAs for A. pleuropneumoniae based on puri-
fied antigen have been used (Gottschalk et al. 1994,
1997; Klausen et al. 2002). For serological herd surveil-
lance it often will be neccesary to analyze the samples



for more than one serotype, and ELISAs with mixed
antigens (Bosse et al. 1993; Grondahl-Hansen et al.
2003) can facilitate such measurements. Dreyfuss et al.
(2004) developed an ELISA based upon recombinant
ApxIV toxin for serological screening of all serotypes at
one time. Furthermore, this ELISA is expected to give
positive results only if the pigs are infected with A. pleu-
ropneumoniae, because they do not respond to ApxIV
after vaccination with the vaccines available for the
time being.

Indirect ELISA (Albina et al. 1992), blocking ELISA
(Houben et al. 1995), and immunoperoxidase mono-
layer assay (Wensvoort et al. 1991) are used for serologi-
cal monitoring of PRRS infection at the herd level.
Combinations of these methods are used in serological
profiling of herds to distinguish between chronically
and acutely PRRS-infected herds (Bgtner 1997).

For laboratory diagnosis of swine influenza, isolation
of the virus in cell culture or embryonated chicken eggs
and immunofluorescence on lung tissue are used.
Hemagglutination-inhibition tests, which mainly meas-
ure antibodies against H-antigens (e.g., H1 and H3), are
used for the serological analysis (Palmer et al. 1975).

In countries, where Aujeszky’s disease has been erad-
icated and vaccination is not allowed, serological sur-
veillance of the disease can be carried out using a poly-
clonal blocking ELISA (Serensen and Lei 1986) that
detects antibodies from both infected and vaccinated
pigs. In countries where Aujeszky’s disease is common,
vaccination programs with vaccines lacking the gene-
encoding glycoprotein E (formerly glycoprotein I) can
be established, and serological differentiation between
infected and vaccinated pigs is possible with an ELISA
described by Van Oirschot et al. (1988).

Diagnosis of PMWS is based on a combination of
clinical and pathological findings together with evi-
dence of PCV 2 infection. As the etiology of this disease
is not yet clearly understood there is no large scale labo-
ratory assays available for the time being.

Examinations on Slaughter Swine. National herd
health monitoring programs by means of slaughter in-
spection are designed for long-term surveillance of herd
health. Concurrent and specific examinations on se-
lected groups of swine can be obtained by slaughter
checks. Slaughter checks can be a profitable supplemen-
tary tool in handling respiratory problems (Pijoan and
Leman 1986; Schulz 1986) and are used routinely in the
surveillance of the health state of SPF herds (Keller
1988).

Examining the Snout for Atrophic Rhinitis. Slaughter
checks for atrophic rhinitis are usually performed by ex-
amining a transverse section of the snout. Optimal re-
sults are obtained if the cut is placed between premolar
1 and 2 (Martineau-Doizé et al. 1990). Several methods
of scoring atrophic rhinitis have been used (Bendixen
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1971; Straw et al. 1983; Backstrom et al. 1985). These
methods are based on subjective and visual assessment
of structures. Results from different slaughter checks
should be compared with caution, as demonstrated by
D’Allaire et al. (1988). Comparisons should be per-
formed by the same experienced observer using the
same scoring system.

A morphometric technique described by Collins et
al. (1989) and modified by Gatlin et al. (1996) yielded
highly reproducible results. The method is rather time-
consuming and therefore of particular interest in exper-
imental work. A rapid method using inspection of longi-
tudinal snout sections may be performed at slaughter
(Visser et al. 1988). However, mild cases of atrophic
rhinitis can hardly be differentiated from normal cases
by this method.

Examining Thoracic Organs (Plucks). Retrospective eval-
uations of respiratory health by means of slaughter
checks are based on the presence of chronic lesions. As
demonstrated by Noyes et al. (1988), the progression
and regression of pneumonia in growing pigs are highly
dependent on the type of pneumonia involved. Gener-
ally, infections with M. hyopneumoniae gained during
the early fattening period cannot be detected macro-
scopically at slaughter (Wallgren et al. 1994).

Several investigators have described methods of
recording enzootic pneumonia in slaughter checks
(Morrison et al. 1985), whereas little interest has been
given to recording other types of lesions. However, all
significant pathological conditions, including cran-
ioventral fissures, pleuritis, and pericarditis should be
recorded and categorized according to type and extent.

A reasonable history of respiratory health can be re-
vealed by means of slaughter check, but only if all signif-
icant pathologic conditions are included. Also, in esti-
mating the effect of respiratory disease on weight gain, a
detailed recording of lesions is important. In a study
based on 1700 swine from five herds (Christensen and
Mousing 1994) only a weak association was found be-
tween uncomplicated catarrhal bronchopneumonia and
daily weight gain from weaning to slaughter. However, a
significant association was established between daily
weight gain and complicated bronchopneumonia, cran-
ioventral fissures, chronic pleuritis, and pericarditis.

Careful slaughter checks of thoracic organs cannot
normally be performed at the slaughter line. The mate-
rial has to be transferred to an appropriate place for a
thorough examination. Christensen (unpublished data)
devised a method by which 50-100 plucks per hour can
be examined per investigator. The extents of all lesions
detected are sketched on a special form containing two
schematic drawings of the lung (Figure 7.4, left). Lesions
affecting lung tissue are marked on the upper drawing,
and pleuritis on the lower drawing. The type of lesion is
marked by a character indicating lesion category, other
than mycoplasmal pneumonia or chronic pleuritis, one
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Tattoo Lot

Date Number Number

PNEUMONIA: Volume (%) of total lung volume

PLEURITIS: Area (%) of dorsolateral outer lung surface
PERICARDITIS/PERIHEPATITIS: Area (%) of outer organ surface
FISSURES: Slight=1, marked =2, deep=3

LIVER SPOTS: 1-4=1, 5-15=2, >15=3
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7.4. Form for recording findings on plucks at slaughter check (left). Form for recording experimental data in slaughter check (right) (Christensen et al.

1999).

of which occurs in almost 90% of all cases. Following
macroscopic examination and sketching, the extent of
the lesions is quantified and recorded using the marked
lobe measures as guidelines. The recording form illus-
trated in Figure 7.4, right, is used when experimental
studies require detailed data collection.

The result of a slaughter check is presented in Figure
7.5. Specially programmed personal computer software
automatically executes the calculations and printing.

The localization of pleuritis is categorized as dorso-
caudal or ventrocranial. The border is drawn through
the dorsal endpoints of the interlobular fissures. The
dorsal areas of the apical and cardiac lobes are regarded
as belonging to the dorsocaudal lung surface area. Based
on experience with Danish herds we consider dorsocau-
dally localized pleuritis as nearly pathognomonic for a
previous pleuropneumonic lesion.

In most situations slaughter checks should be per-
formed on at least 30 pigs (with similar or known age if
possible) to get a sufficient sample and thus a reliable

picture of the herd problem (Morrison et al. 1985; Straw
et al. 1989).

The use of a simplified slaughter check procedure
based on right-lung examination has been reported by
Mousing and Christensen (1993). The procedure interferes
much less with normal slaughterhouse routines than a
traditional slaughter check and demands fewer people.

CONTROL OF RESPIRATORY DISEASE

Pathogenic microorganisms are involved in all impor-
tant respiratory disorders, and in practice it can be very
difficult to protect pig herds from pathogenic microor-
ganisms. Therefore, the in-herd incidence and preva-
lence of respiratory disease fundamentally depends on
the balance between infection pressure and the pigs’
ability to resist this pressure. This balance is fragile and
highly affected by numerous factors.

Control of respiratory diseases at the herd level may
be based on one of two principles: either to eliminate
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SLAUGHTER CHECK—PLUCKS

Producer: Slaughter date: 07/03/90
Tattoo number: 11947
Clinic:
Number of pigs examined:
39
. . . Average
_Pigs with lesion extension/intensity
Type of lesion number % of lesion
Catarrhal pneumonia, mycoplasmalike A 30 76.9 5.4
Catarrhal pneumonia, complicated B 1 2.6 3.0
[ Fissures in apical and cardiac lobes C 4 10.3 0.5
Pleuropneumonia, acute/subacute D 1 2.6 3.0
Pleuropneumonia, chronic E 0 0.0 0.0
Chronic pleuritis, ventrocranial F 3 7.7 10.7
Chronic pleuritis, dorsocaudal G 4 10.3 8.7
Embolic pneumonia R 1 2.6 1.0
S 0.0 0.0
r Chronic pericarditis H 3 7.7 83.3 j
Chronic perihepatitis P 0 0.0 0.0
Liver spots L 0 0.0 0.0
Average extension of pneumonia: % of total lung vol
Average intensity of fissures: slight=1, marked=2, deep=3
Average extension of pleuritis: area % of outer lung surface
Average extension of pericarditis: area % of heart surface
Average intensity of liverspot: 1-4=1, 5-15=2, >15=3
ABC: lesions are often caused by Mycoplasma hyopneumoniae
DEG: lesions are often caused by Actinobacillus pleuropneumoniae

7.8. Sample report of results of pluck examination at slaughter check (Christensen et al. 1999).

pathogens from the herd or to diminish the infection
pressure in the herd and simultaneously sustain the an-
imal’s defense mechanisms (nonspecific, immunologi-
cal, and inherited). Elimination of pathogens is by far
the most effective remedy in controlling many respira-
tory disorders. However, understanding of the etiology
of respiratory diseases and the transmission route of the
pathogens involved is of crucial importance for imple-
mentation of succesful reduction/eradication programs.
Enzootic pneumonia is a good example of a respiratory
disease where intensive research on M. hyopneumoniae
has made eradication possible (Zimmermann et al.
1989), not only in single herds, but also in geographical
areas (Rautiainen et al. 2001). However, in the recent
years, the pig industry has struggled with new emerging
diseases like PRRS and PMWS, which have increased the
significance of respiratory diseases in many pig herds.

Much research has been performed worldwide on PRRS
and effective eradication programs have been installed
(Dee et al. 1997, 2001). The etiology of PMWS is still not
clarified although porcine circovirus type 2 (PCV2) is
part of the syndrome, and therefore eradication of this
disease is not possible for the time being.

Elimination of Pathogens from the Herd

The United States, Denmark, and Switzerland have im-
plemented specific pathogen free (SPF) pig production
many years ago and thereby succesfully controlled res-
piratory diseases like enzootic pneumonia, pleuropneu-
monia, and progressive atrophic rhinitis. SPF pig pro-
duction is principally based on a cesarean-derived and
isolator-raised first generation of rather vulnerable
breeding animals, which are gradually adapted to a very
clean environment. The next generations of SPF pigs are



166 SECTION | PHYSICAL EXAMINATION, DIAGNOSIS, AND BODY SYSTEMS

born naturally, but kept and transported with strict
biosecurity measures (Barfod 2004). Implementation of
such a production system is therefore technically ad-
vanced, logistically laborious, and costly, but once es-
tablished, economical and welfare related benefits from
raising healthier pigs may be obtained.

Other methods for eliminating respiratory patho-
gens from herds include early weaning, strict separation
of age groups of pigs, preferably on different geographi-
cal sites (multisite systems), removal of certain age
groups of pigs, removal of infected individuals, and in-
tensive herd medication. Such elements can be used to-
gether in different combinations.

Weaning at 1-3 weeks of age is recommended in seg-
regated early weaning to minimize the risk of infection
of piglets from the sow with pathogens like toxigenic P.
multocida, M. hyopneumoniae, and A. pleuropneumoniae.
Transmission of M. hyopneumoniae from sow to offspring
was prevented without use of medication by weaning
piglets at 7-10 days of age and segregating them off-site
(Dritz et al. 1996). However, weaning at such young ages
will not be accepted in several countries (Von Borell
1996). Mycoplasma hyopneumoniae was successfully erad-
icated from herds by removing pigs younger than 10
months from the herd and simultaneously stopping far-
rowings for 2 weeks (Zimmermann et al. 1989). Actino-
bacillus pleuropneumoniae was eliminated from piglets by
medicated early weaning (Larsen et al. 1990a) and some-
times from infected herds by means of heavy medica-
tion and culling of seropositive animals (Lariviere et al.
1990). However, in many countries heavy medication of
animals is not accepted anymore in order to prevent
problems with antimicrobial resistance. Atrophic rhini-
tis seems to be impossible to eliminate by medication
programs alone (Larsen et al. 1990b), but intensive re-
search and development of effective vaccines within the
last decades have minimized the welfare—and econom-
ical problems caused by this disease.

PRRS can succesfully be controlled in well-immunized
sow herds by nursery depopulation for 14 days (Dee et al.
1996), and Batista et al. (2002) found results indicating
that persistence and shedding of PRRS virus are of short
duration in breeding-age gilts, which may facilitate main-
tenance of immunity against PRRS in the sow units.
Eradication programs for Aujeszky’s disease in geographi-
cal areas can be carried out by test and slaughter
(Andersen 1991) or by intensive vaccination (Stegeman et
al. 1994a, b; Van Oirschot et al. 1996) or by combining the
two methods (Leontides 1994).

To prevent reinfection of high-health herds with respi-
ratory pathogens, strict control of brought-in pigs, vehi-
cles, persons, etc., must be maintained. Nielsen and
Frederiksen (1990) have demonstrated that human iso-
lates of toxigenic P. multocida can induce progressive at-
rophic rhinitis in pigs, indicating that humans may act as
carriers of swine pathogenic Pasteurella strains between
herds.

Infection Pressure and Sustaining Herd
Defense Mechanisms

The influence of several herd factors is decisive in sus-
taining herd resistance against respiratory pathogens
and in reducing the level of such pathogens in the herd.
Herd factors influencing the host/pathogen balance are
numerous. In Table 7.9, examples of such factors are
listed and arbitrarily weighted according to their impor-
tance. Short-term control measures against respiratory
disease predominantly include correcting managerial
factors such as vaccination and antibiotic treatment of
sick animals, isolation arrangements, etc. Permanent
improvement of respiratory health often requires more
radical and expensive changes in production systems
and housing. Important long-acting herd factors to take
into consideration are stocking rate, flow of animals to

Table 7.9. Herd factors with detrimental effects on respiratory

system.
Degree of
Factors Effect
Production system
Large herd size +++
High stocking density ++H+
Conventional health system (not SPF or minimal +++
disease production system)
Introduction of animals from herds with unknown +++
or low health status
Continuous flow of animals through facilities (no +++
movement of pigs in batches)
Use of genetically disposed breeds +
Use of purebreds instead of crosses +
Housing
Badly insulated and ventilated facilities (causing +++
improper temperature regulation and air
exchange, drafts)
Insufficiently divided facilities combined with +++
housing of differently aged animals in same
airspace
Pens divided without solid separations +++
Large grower or finishing rooms (containing ++
more than 200-300 pigs)
Slatted floors +
Nutrition
Insufficient caloric intake +
Improper content of macro- and microelements in feed +
Feed not supplemented with fat (dust from feed) +
Presence of nonrespiratory pathogens
Colibacillosis ++
Dysentery ++
Mange +
Ascarids +
Management deficiencies
Insufficient control of climate +++
Poor monitoring of signs of disease ++
Lack of or incorrect preventive measures ++
Poor caretaking of sick animals (isolation, treatment) ++
Random distribution of piglets between sows ++
Multiple moving and mingling of pigs during ++
growth period
Poor hygiene ++
Poor biosecurity ++




and from the herd and internal flow of animals through
the facilities, insulation and ventilation of buildings,
separation of large barns, and separation of different age
groups in multisite production systems. Also, avoidance
of mixing the piglets between sows in the suckling pe-
riod and weaning the pigs a little older may improve the
immunological capacity against respiratory diseases.

Management. Management remains the central factor
in controlling respiratory problems. A constant and
competent supervising of installations and animal be-
havior allows immediate and appropriate intervention
when problems arise. In this context it has to be recog-
nized that respiratory diseases are not always associated
with obvious clinical signs. In fact, most cases of respira-
tory disease occur subclinically or with only vague
symptoms. Even outbreaks of acute pleuropneumonia
may occur without clear respiratory symptoms.

Introduction of Genetic Material. The risk of introduc-
ing disease through purchase of traditionally reared
breeding animals can be avoided if a necessary supply of
genetic material is ensured by means of artificial insem-
ination, embryonated eggs, or cesarean-derived piglets.
However, under commercial conditions a more practica-
ble alternative will be to introduce breeding animals in
batches from a breeding herd with the same health sta-
tus as the buyer’s. Prior to introduction into the herd,
the animals could be quarantined for 6 to 12 weeks,
blood-tested, and vaccinated if neccesary.

Stocking Density. In spite of the fact that crowding
greatly increases the incidence of respiratory diseases, it
may be difficult to motivate managers to decrease stock-
ing rate, since calculations do not always reveal a profit
by this remedy. In the case of only moderate respiratory
problems, the profit due to better health often will be
counterbalanced by the loss due to decreased utilization
of herd facilities. Nevertheless, lowering stock density
remains one of the most effective remedies against seri-
ous respiratory problems.

Barriers Between Differently Aged Animals. In herds
with an inadequate separation between pigs of different
ages microbes are continuously transmitted from older
to younger animals, with a subsequently continuous
replication of pathogens. Dissimilar climatic needs of
different age groups in the same room may be a con-
tributing adverse factor. To limit the multiplication of
pathogens, it is of crucial importance in larger herds to
build barriers between groups of differently aged ani-
mals and to move pigs in batches. The facilities should
be adapted to all-in/all-out production, with rooms con-
taining not more than 200-300 individuals. Ideally, the
age difference in weaner batches should not exceed 2
weeks.

The potential of age group separation for preventing
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transmission of infection increases with the distance be-
tween groups. Maximal effect is achieved in multisite
production systems with segregated herds for the breed-
ing, nursery, and growing pigs.

Air Pollutants. To prevent massive air pollution and to
maintain an acceptable relative humidity, forced venti-
lation is necessary in confined facilities. The lower the
airspace per pig, the higher the air exchange is neces-
sary. However, it is difficult to compensate completely
for overcrowding. For example, if the stocking rate is
doubled, the ventilation rate should be increased ten-
fold to maintain the same clearance of air contaminants
(Wathes 1983). If a significant effect on the dust concen-
tration is to be achieved, large air-cleaning equipment is
necessary (Gustafsson 1989).

Ventilation systems often recirculate room air with
fresh air. This mixing of air contributes to the spread of
respiratory pathogens. Accordingly, the level of res-
pirable dust is increased in high-speed recirculation sys-
tems (Meyer and Manbeck 1986). Hunneman et al.
(1986) indicate that respiratory diseases can be con-
trolled better in buildings with negative pressure venti-
lation, where the polluted air is removed and exchanged
for totally fresh air. Nicks et al. (1989) found that the aer-
ial ammonia concentration was 21 ppm and 12 ppm in
two compartments of a farrowing house. In the former
compartment a larger proportion of the extracted air
was recirculated.

Climate. Respiratory problems often arise in cold and
humid barns with no artificial heating. Frequently, the
choice is between reducing humidity by means of a high
air exchange rate, resulting in lower room temperature,
or warming up the room by means of a lower air ex-
change rate. The first alternative is advisable according
to experience. Cold, clean, dry air is by far superior to
warm, polluted, humid air. Besides, the microclimate in
a cold barn can be improved and protected against draft
by providing straw bedding or/and some sort of cover-
ing for resting places (Feenstra 1985) and by establishing
solid separations between pens; pen separations should
be solid to a height of 60 cm.

Nutrition. In practice, malnutrition is rarely of impor-
tance in creating respiratory problems. Nevertheless,
the relevance of vitamin E and selenium for immunity
(Hayek et al. 1989) has to be considered. A major part of
the dust particles in the air in swine barns arises from
the feed. The addition of fat or wet feeding systems sig-
nificantly reduces the dust problem.

Nonrespiratory Pathogens. There is a well-documented
association between enteric disorders and respiratory
problems. Therefore, solving respiratory problems is not
possible if concurrent enteric problems are neglected.
Mange and ascarids also have to be considered. Severe at-
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tacks of mange weaken the general resistance, and mi-
grating ascarids cause lung lesions, increasing the suscep-
tibility to respiratory pathogens.

Medication. Due to development of antimicrobial re-
sistance in many bacterial species, restrictions have been
put on prophylactic use of antibiotics in livestock pro-
duction in many countries. However, the ability to
quickly combat outbreaks of respiratory disease depends
on immediate medication of diseased individuals. Pigs
with signs of pneumonia should be treated parenterally
with the appropiate antibiotics because their consump-
tion of water and feed might be significantly decreased
(Goovaerts et al. 1986; Pijpers et al. 1990). Medication for
2-3 days will be sufficient in most cases. Jorgensen (1988)
found that pigs receiving immediate and intensive par-
enteral treatment against clinical pneumonia had a bet-
ter weight gain than pigs receiving a less intensive treat-
ment. In outbreaks of pneumonia, it can be necessary
that pigs in contact with clinically diseased individuals
receive medication in feed or water for 4-7 days.

Vaccination. Vaccines have been developed against
progressive atrophic rhinitis, A. pleuropneumoniae, M. hy-
opneumoniae, PRRS, and Aujeszky’s disease. Vaccines
against atrophic rhinitis can be based on a recombinant
derivative of the P. multocida toxin (Nielsen et al. 1991a)
and can be used for vaccination of both sows and pigs.
However, some vaccines are still based on P. multocida
and B. bronchiseptica bacterins. Actinobacillus pleuropneu-
moniae vaccines comprise subunit vaccines based on
Apx toxins and an outer membrane protein (Bosch
1994), which can be used to vaccinate pigs against all
serotypes, and bacterin-based vaccines where it is im-
portant to use the homologues serotypes in order to get
proper protection (Nielsen, 1982). Mycoplasma hyopneu-
moniae vaccines are based on bacterins and are used for
very young pigs (Dayalu et al. 1992; Weiss and Petersen
1992). However, a study by Opriessnig et al. (2003)
showed that vaccination with A. pleuropneumoniae and
M. hyopneumoniae bacterins using the approved protocol
in the U.S. significantly increased the length of viremia
with PCV2. Also, they found a higher copy number of
the PCV2 genome in serum, a wider range of tissue dis-
tribution of PCV2 antigen, and an increased severity of
lymphoid depletion. Thus, veterinarians may need to
consider changes in vaccination protocols in herds with
recurrent PCV2-associated PMWS. Vaccines against
PRRS can be based on live attenuated U.S. or E.U. virus
strains or they can be inactivated. The marker vaccines
against Aujeszky’s disease are gene-deleted (Mettenleiter
et al. 1985; Quint et al. 1987; Moormann et al. 1990),
which makes it possible to distinguish serologically be-
tween vaccinated and naturally infected pigs (Van
Oirschot et al. 1986). Vaccines against swine influenza is
based on an inactivated whole influenza virus or split-
products vaccines prepared from detergent-treated

virus. The virus strains used are of human origin and in-
clude HIN1 and H3N2, which are the most common
types, both in humans and in pigs.

Hygiene. To prevent transmission of respiratory
pathogens between herds, particularly in production
systems where certain respiratory pathogens are totally
prohibited (SPF), it is important to clean, wash, and dis-
infect possible outside transmitters such as vehicles, de-
livery rooms, entrance rooms, tools, etc. In all-in/all-out
production systems it is also of crucial importance to
clean and disinfect the facilities between the batches of
animals. However, too much washing in rooms which
still are housing pigs can even aggravate a respiratory
disease problem by cooling and humidifying the rooms.

ECONOMIC IMPORTANCE OF RESPIRATORY
DISEASES

Respiratory disorders cause substantial losses to the
swine industry. In a survey of swine health expenditures
in Missouri, pneumonia and rhinitis were the two dis-
ease categories with the greatest impact on total disease
expenses (14% and 10%, respectively) (Kliebenstein et
al. 1982/83). Data from the National Animal Health
Monitoring System in Ohio, 1986-1987, revealed that
pneumonia was by far the most costly disease in swine,
accounting for $5.42 U.S. per pig per year out of total
costs of $21.34 per pig due to diseases (Miller and Dorn
1987). Respiratory disease expenditures for swine pro-
duction in the former German Democratic Republic
were estimated at DME 700 million per year. This reduc-
tion in returns was allocated among damaged lungs,
3%; destroyed and disposed diseased animals, 37%; and
reduced growth rate, 60% (Hoy et al. 1987).

Losses associated with respiratory disease vary consid-
erably between herds (Lindqvist 1974; Wilson et al. 1986)
but also between seasons. Boessen et al. (1988) reported a
seasonal variation of more than 30% in the losses due to
pneumonia (from $1.31 per hog in the winter of 1986, to
$0.89 in the following summer, and back up to $1.26 in
the winter of 1987). Similarly, the variation in losses due
to rhinitis was more than 60% (from $0.54 per hog in the
winter of 1986, to $1.37 in the following summer, to
$0.50 in the winter of 1987). At herd level the total cost of
respiratory disease is the sum of output losses—namely,
increased mortality, decreased weight gain, increased feed
consumption, and decreased meat quality or payment—
and of control expenditures—for example, treatments,
vaccination programs, hygiene procedures, and extra
labor (Schepers 1990). On a national scale, this method
of calculation of the costs has been used by Mousing
et al. (1996) for PRRS and by Bakbo et al. (1996) for M.
hyopneumoniae.

In practical situations, the estimated economic im-
pact of respiratory disorders in a herd must be based on
slaughterhouse information and data on productivity



and disease recordings in the herd: current weight gain
or days to slaughter, feed efficiency, incidence of clinical
respiratory disease and other diseases, mortality rate, re-
sults of necropsies, severity of lesions observed at
slaughter, and finally the costs of current treatment and
prophylaxis strategy.

The economic effect of each single respiratory disease
is difficult to clarify, as reflected in inconsistent results
from different studies. It is understandable that disease
effects vary between studies: respiratory diseases are al-
ways the result of numerous interacting microbial and
physical insults, different in type and grade as well. For
example, clinical studies on the effect of M. hyopneumo-
niae will show significantly greater losses in areas with a
high burden of different pathogens than in areas with
few pathogens in the swine population. Thacker et al.
(1999) found for example that M. hyopneumoniae poten-
tiates the severity and duration of PRRS virus-induced
pneumonia. Each disease situation is unique; and data
from an investigation can be assessed only by an observer
with a detailed knowledge of the situation in question.

Output Losses due to Enzootic Pneumonia
Most investigations on the economic effect of enzootic
pneumonia are based on the prevalence of pneumonia
at slaughter and the association with daily weight gain.
However, in herds where pneumonia predominantly oc-
curs in young pigs, the lesions may be resolved by the
time of slaughter (Wallgren et al. 1990). In studies that
compare daily weight gain between pigs with pneumo-
nia and control pigs without pneumonia, this could
contribute to underestimation of the effect. This may be
the main reason for the great variability in reported ef-
fects on daily weight gain, varying from positive effect
to about 20% decrease (Backstrom et al. 1975;
Christensen 1984; Hoy et al. 1985; Love et al. 1985;
Wilson et al. 1986; Le Foll et al. 1988; Cowart et al. 1990;
Clark et al. 1993). Based on a review and analysis of 27
studies, Straw et al. (1989) concluded that, on the aver-
age, mycoplasmal pneumonia caused a 17% decrease in
daily weight gain and a 14% decrease in feed efficiency.
From different studies on the association between the
severity of pneumonia and the decrease in weight gain,
Straw et al. (1989) deduced that, on the average, for
every 10% of the lung with pneumonic lesions, the
mean daily gain is reduced by 37 g.

Lundeheim (1979), Wallgren et al. (1990), and Clark
et al. (1993) suggested that pneumonia possesses its
greatest influence on total weight gain when it occurs in
young pigs. Contrary to this, Dijk et al. (1984), Hartley et
al. (1988b), and Jorgensen (1988) proposed that pneu-
monia in older pigs is more damaging to the average
weight gain. The importance of differentiating between
uncomplicated and complicated bronchopneumonia in
slaughter checks was documented in a study by Chris-
tensen and Mousing (1994). The decrease in daily
weight gain was 6 g in pigs with uncomplicated bron-
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chopneumonia and 38 g in pigs with complicated bron-
chopneumonia. Maes et al. (1999) made cost benefit
analyses on M. hyopneumoniae vaccination in multisite
herds and found that vaccination significantly im-
proved daily weight gain, feed conversion ratio, medica-
tion costs, prevalence of pneumonia, and severity of
pneumonic lesions. Vaccination was found economi-
cally attractive because it resulted in an increase of the
net return to labor with 1.3 ECU per finishing pig sold.

Output Losses due to Pleuropneumonia

As with enzootic pneumonia, results from examina-
tions of the effect of pleuropneumonia on daily weight
gain vary over a wide range. Decreases in daily weight
gain from none to 20% are reported (Saunders et al.
1981; Christensen 1982; Hunneman 1983; Rosendal
and Mitchell 1983; Weibel et al. 1983; Desrosiers
1986; Wilson et al. 1986; Rohrbach et al. 1993). In an A.
pleuropneumoniae-infected herd, pigs with pleuropneu-
monic lesions at slaughter had significantly better daily
weight gain than pigs without this lesion (Christensen
and Mousing 1994). This astonishing observation may
indicate that many pigs that did not have lesions at
slaughter had nevertheless suffered from pleuropneu-
monia earlier in the growing period, with high detri-
mental effect on weight gain. Also, this observation
clearly demonstrates the risk of miscalculating the effect
of disease from slaughter data for lesions of relatively
short duration. Straw et al. (1989) concluded from their
review that, on average, pleuropneumonia caused a 34%
decrease in daily weight gain and a 26% decrease in feed
efficiency.

Occasionally, 10-20% or more of individuals in
batches of slaughter swine from newly infected herds are
totally condemned at slaughter due to acute pleuropneu-
monia. The risk of condemnation highly increases if pigs
are stored alive at the slaughterhouse for more than 24
hours (Christensen 1986). Slaughter pigs from nonim-
mune herds, in particular pigs from SPF herds, also are at
risk of contracting acute pleuropneumonia if housed for
more than 24 hours with infected pigs. The mortality
may be as high as 10-20% in acute outbreaks but is usu-
ally below 1% in chronically infected herds. Total losses
due to pleuropneumonia, including mortality, were as-
sessed at 2% of the value of produced slaughter swine, es-
timated in three pleuropneumonia-infected herds with
high prevalences of pleuritis at slaughter (Christensen
1981).

Output Losses due to Chronic Pleuritis

In Danish pig herds a high frequency of chronic pleuri-
tis at slaughter is closely associated with A. pleuropneu-
moniae infection (Christensen 1981; Mousing et al.
1989). Several studies have been conducted describing
the economic implications of pleuritis; in many herds,
chronic pleuritis resulted in 7-12 extra days to attain
slaughter weight (Christensen 1982, 1984). Following a
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clinical outbreak of respiratory disease in a large inte-
grated herd, pigs with chronic pleuritis grew slower
than pigs without this lesion (requiring 8 extra days to
attain market weight), but prior to the outbreak there
was no apparent association between chronic pleuritis
and days to market (Hartley et al. 1988b). Results from
several other studies indicate that pigs with chronic
pleuritis have a reduced rate of weight gain (Backstrém
et al. 1975; Rasmussen 1984; Hoy et al. 1985; Love et al.
1985). On the other hand, Le Foll et al. (1988) reported
no effect of chronic pleuritis on growth rate.

Output Losses due to Atrophic Rhinitis

In experimental studies considerable decrease in daily
weight gain has been reported (Nielsen et al. 1991a), but
as for pneumonia, the output losses reported for at-
rophic rhinitis vary from one study to another (Pedersen
and Barfod 1977; Love et al. 1985; Straw and Ralston
1986; Le Foll et al. 1988; Lieschke et al. 1989; Cowart et
al. 1990; Dumas et al. 1990; Riising et al. 2002). The ef-
fect on daily weight gain in these studies varied from no
effect to a 13% decrease. Not only have results differed
between surveys, but researchers often have found a
varying effect between herds in a given survey. In a
study of two herds, a decreased rate of weight gain could
be attributed to atrophic rhinitis in only one of them
(Wilson et al. 1986), and Scheit et al. (1990) could
demonstrate a negative effect of atrophic rhinitis in only
one out of three herds.

Output Losses due to PRRS

Acute outbreaks of PRRS can give substantial economi-
cal losses due to dramatic increase in the mortality rate.
In a large breeding farm, Pejsak et al. (1997) observed a
mortality rate of nearly 76% during the 5th week of the
outbreak when 1,562 out of 2,067 piglets were either
born dead or died prior to weaning. Preweaning mortal-
ity rates gradually returned to normal values within 16
weeks. However, the incidence of respiratory disease in
the weaned and fattening pigs increased during this
time. Although prophylactic treatment against respira-
tory diseases were administered, the mortality rate dou-
bled for the weaned and fattening pigs. Dee et al. (1997)
showed that controlling the disease by nursery depopu-
lation reduced the margin over variable costs in 32 out
of 34 pig herds. Test and removal of infected animals
have also shown to be a way of eliminating PRRS in 5
chronically infected breeding herds (Dee et al. 2001).
Garner et al. (2001) estimated that if the disease became
established in Australia opportunity losses in gross na-
tional income of 5-11% per year would occur.
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Ranald Cameron

STRUCTURE AND FUNCTION

The skin acts as both a barrier and a communication be-
tween the external environment and the internal organs.
Its functions include maintenance of body fluids, elec-
trolytes, and macromolecules; protection against chemi-
cal, physical, and microbiological damage or invasion;
and sensory perception of touch, pressure, pain, itch, and
temperature change. Skin also regulates body tempera-
ture through support of hair coat, regulation of cutane-
ous blood supply, and sweat gland function (Scott 1988).
Skin has an important function of immunoregulation.

The skin of swine is basically similar in histologic
structure to that of other domestic animals and, com-
pared with other species, has many more similarities to
human skin (Meyer et al. 1978).

The skin is the largest body organ and can in some
animals constitute 12-24% of body weight according to
age. In the pig the skin represents between 10% and 12%
of body weight at birth and around 7% in adult animals,
although in some breeds, such as the Meishan, skin can
be 10-12% of adult body weight.

The skin of the pig is divided into two layers, the epi-
dermis and dermis. In most areas the epidermis consists
of four layers, since the stratum lucidium is absent ex-
cept in the snout. The epidermis is relatively thick, the
major cells being the keratinocytes in the stratum
basale, the polyhedral cells in the stratum spinosum,
flattened cells in the stratum granulosum, and cornified
cells in the stratum corneum. The thickness of the epi-
dermis varies considerably in different areas of the body
(Meyer et al. 1978). Generally the skin of the dorsum is
thicker and hairier than the skin of the ventrum.
Maximum thickness is between the toes and on the lips,
the snout, and the shield, which is unique to the scapu-
lar and costal region in older boars. The thinnest layers
are found in the axilla, eyelids, and ventral areas of the
thorax and abdomen (Marcarian and Calhoun 1966).

The dermis consists of two ill-defined layers beneath
which is a prominent layer of adipose tissue (hypoder-

Diseases of the Skin

mis). The two layers of the dermis, the stratum papillaris
and stratum reticularis, are composed of connective tis-
sue in which are situated blood vessels, nerves, lymphat-
ics, and associated epidermal appendages. Cells found
in the dermis include fibroblasts, melanocytes, and
mast cells. Origins of hair follicles and sweat glands are
found in the hypodermis.

The holocrine sebaceous glands of the pig are
branched alveolar and open into the neck of the main
hair follicle. The sweat glands are coiled, tubular, and
apocrine, and are found in all areas, although there are
relatively few (about 25/cm?) compared with other
species, except on the snout.

In swine the short, stout hair follicles possess arrec-
tores pilorum muscles attached to the outer root sheath;
the bristles occur either singly or in groups of two or
three. The hair coat consists of 60-70% bristles and
30-40% fine downy hair. Specialized forms of hair are
also found—in particular, tactile hairs in the region of
the snout (Marcarian and Calhoun 1966; Mowafy and
Cassens 1975). Specialized seromucoid glands are found
in the carpal glands, located behind the carpus, and in
the mental (mandibular) organ, located in the inter-
mandibular space.

CLINICAL EXAMINATION AND DIAGNOSIS

Skin diseases may involve the skin only or be cutaneous
manifestations of internal disease (Tables 8.1 and 8.2).
Diseases restricted to the skin are, for example, ear
necrosis, pityriasis rosea, and swine pox. Examples of
skin lesions symptomatic of a more general pathophysi-
ological condition are erysipelas, classical swine fever,
and dermatitis/nephropathy syndrome. It is essential
therefore that an accurate history be taken, followed by
a thorough clinical examination, involving the entire
animal first and then the skin itself. Examination of the
skin should aim to define the nature of lesions (primary
or secondary) or abnormality (vesicles or pustules,
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Table 8.1. Causes of diseases of the skin in swine.

A. Infectious

Bacterial Viral Fungal Parasitic
Exudative epidermitis Swine pox Microsporosis Sarcoptic mange
Streptococcosis Swine vesicular disease Trichophytosis Demodectic mange
Ear necrosis Vesicular stomatitis Cutaneous candidiasis Lice
Spirochetosis Vesicular exanthema Fleas

Facial necrosis Porcine parvovirus Mosquitoes
Abscesses Idiopathic vesicular Flies

Erysipelas disease

Salmonellosis Classical swine fever

Pasteurellosis African swine fever

Mastitis

Edema disease

Anthrax

Malignant edema
B. Noninfectious

Environmental Nutritional Hereditary Neoplastic Miscellaneous
Sunburn Parakeratosis Pityriasis rosea Melanoma Porcine dermatitis/
Photosensitization Fatty acid deficiency Dermatosis vegetans Rhabdomyoma nephropathy syndrome
Skin necrosis Iodine deficiency Epitheliogenesis imperfecta Lymphangioma
Bursitis Riboflavin deficiency Papilloma
Callosities Pantothenic acid deficiency Fibroma
Limb and foot lesions Biotin deficiency Hemangioma

Vitamin A, C, and E Sweat gland adenoma

deficiencies Polyp

Table 8.2. Differential diagnosis of skin diseases.

Location Lesions and Signs Diseases
Head and neck Macules, vesicles, pustules, greasy exudate (seborrhea), crusts in Exudative epidermitis
suckling piglets and weaners especially around the eyes
Pustules, erosions, crusts, and abscesses Streptococcosis
Plaques, pustules, crusts, alopecia with pruritus Sarcoptic mange
Pustules, erosions, necrosis, crusts below the eye, cheek, and lips in Facial necrosis
suckling piglets
Edema around eyes, conjunctiva, and frontal area mainly in weaners Edema disease (E. coli)
and young growers
Edema of head and throat Malignant edema (Clostridium sp.)
Red to purple discoloration of snout, face, and neck (jowls) Septicemia
Discrete ulcer and crust over mandible in sows Pressure necrosis
Vesicles, pustules, erosions on snout, lips, mouth, and tongue Foot-and-mouth disease

Swine vesicular disease
Vesicular exanthema
Vesicular stomatitis
Porcine parvovirus
Idiopathic vesicular disease

Vesicles, erosions, black crusts Swine pox
Ears Black necrosis, ulcers on the tips and posterior edge of the pinna in Ear necrosis
piglets Salmonellosis
Erysipelas
Deep ulcers at the base of the pinna in growers, often bilateral Ulcerative spirochetosis
Erythema, red to purple blotchy discoloration Septicemia

Classical swine fever
African swine fever

Sunburn
Plaques, brown or gray crusts on the inner ear, ear shaking, pruritus, Sarcoptic mange
gray thick crusts on adult animals
Macules, pustules, black crusts Exudative epidermitis
Streptococcosis
Circular macules, patches, small scales, pink to red discoloration Ringworm (Microsporosis)

behind ears and neck



Table 8.2. (continued)
Location Lesions and Signs Diseases
Dorsum Hyperkeratosis, dry scales along spine, some alopecia Essential fatty acid; vitamin A, C, or E;
or zinc deficiency
Sarcoptic mange
Complete absence of epithelium (large red shiny areas) in newborn piglets  Epitheliogenesis imperfecta
Abscesses and pressure necrosis over spine between last ribs and lumbar Pressure sores, due to confinement in
area in sows farrowing crates, pressure from crate
bars or prongs
Shoulder Large deep discrete ulcer, necrosis and crust over spine of scapula in sows Pressure sore due to confinement on

Ventral abdomen

Lateral abdomen
and flank

Hindquarters

Legs (limbs)

Distal limb,
coronary band,
feet

often in poor body condition
Erythema, pustules, dark brown crusts, exudate

Erythema, round to diamond-shaped red plaques, often with necrotic
centers, fever, anorexia, arthritis

Papules seen as ringlike lesions, collarettes, flakes and scales (3- to
14-week-old pigs)

Circular pink to red macules, scales, or crusts around periphery

Papules, thick crusts, fissures, exudate

Vesicles, pustules, black scabs, round raised areas with depressed centers

Erythema, red to purple or black discoloration, skin necrosis in lactating
SOWS

Necrosis of teats, especially pectoral teats in piglets, end of teat appears
as red or black (scab) spots

Erythema, round to diamond-shaped red plaques, often with necrotic
centers, fever, anorexia, arthritis

Papules, vesicles, pustules, scales, crusts, greasy exudate

Pustules, scales, thick wrinkled skin, alopecia, crusts, with hyperkeratosis

Erythema, erosion or ulcer on flank

Papules, plaques seen as ringlike lesions, collarettes, scales (3- to
14-week-old pigs)

Circular pink to red macules varying in size, scales or crusts around
periphery

Erythema of the scrotum, vulva, and perineum

Tail necrosis, ulceration, abscesses (growers)
Large discrete ulcer, necrosis, scab over hip bone (adult)
Erythema, black necrosis, especially scrotum or vulva

Small round raised wheals, urticarial reaction

Erythema, red to purple discoloration especially around hocks

Papules, plaques seen as ringlike lesions, collarettes, scales on medial
thighs and legs (3- to 14-week-old pigs)

Papules, thick crusts, fissures, papillomas

Complete absence of epithelium (red shiny area) in newborn piglets

Thick fibrotic areas over joints (hocks, elbows, fetlocks, tuber ischii)
often ulcerated

Necrosis of carpus, hocks especially, in suckling piglets

Thick, dry crusts, deep fissures

Vesicles, pustules, erosions around coronary band and accessory digits,
with lameness

Abscesses, discharges, swelling of the coronary band
Thickening, ridges and furrows parallel to coronary band

solid or mesh floors, low energy intake
Exudative epidermitis
Streptococcosis
Sarcoptic mange
Candidiasis
Biotin deficiency
Erysipelas

Pityriasis rosea

Ringworm (Microsporosis, Trichophytosis)
Zinc deficiency (Parakeratosis)
Dermatosis vegetans

Exudative epidermitis

Swine pox

Acute mastitis

Trauma and infection due to rough floors
and poor hygiene in farrowing crates
Erysipelas

Exudative epidermitis

Streptococcosis

Sarcoptic mange

Niacin, pantothenic acid, riboflavin,
or vitamin A deficiency

Flank biting

Pityriasis rosea

Ringworm (Microsporosis,
Trichophytosis)

Septicemia

Sunburn

Tail biting

Pressure sore

Porcine dermatitis/nephropathy
syndrome

Insect bites: flies, mosquitoes, fleas

Septicemia

Pityriasis rosea

Parakeratosis (zinc deficiency)

Exudative epidermitis

Epitheliogenesis imperfecta

Callosities

Bursitis

Trauma due to rough farrowing-crate
floors

Parakeratosis

Dermatosis vegetans

Exudative epidermitis

Sarcoptic mange

Foot-and-mouth disease

Swine vesicular disease

Vesicular stomatitis

Vesicular exanthema

Porcine parvovirus

Idiopathic vesicular disease

Bush foot, ascending infections of hoof

Dermatosis vegetans
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edema or erythema). This should be followed by formu-
lation of a differential diagnosis. Tests should then be
carried out to confirm a diagnosis (skin scraping, cul-
ture, or biopsy) in order to determine the approach to
treatment and subsequent prevention.

History
Information obtained should include the following:

Type of Husbandry and Housing System. Extensive or
free-range systems may predispose to sunburn or photo-
sensitization. Intensive indoor housing often leads to
conditions such as pressure sores in sows or teat necrosis
in piglets. Infectious conditions such as exudative epi-
dermitis are more frequently seen in continuous flow
through systems than in all-in/all-out systems.

Specific Environmental Conditions. Poor hygiene and
high ambient temperatures, relative humidity, and
stocking density may predispose to outbreaks of staphy-
lococcal and streptococcal pyoderma. Pityriasis rosea is
also more frequently seen with high stocking densities
and high humidity. A seasonal pattern may be evident
for some skin diseases.

Recent Movement. The mixing of pigs—for example, at
weaning—may result in fighting and biting and increase
the incidence of exudative epidermitis in the nursery.

Signs of Trauma. Self-inflicted trauma may be due to
pruritus associated with sarcoptic mange or lice infes-
tation.

Nutrition. Deficiencies of the B group vitamins, zinc, or
essential fatty acids can result in dry, scaly, dandrufflike
dermatitis or parakeratosis.

Breed. Breed may indicate a congenital or hereditary
condition. Pityriasis rosea has been commonly seen in
Landrace pigs and in the progeny of pigs that have had
pityriasis rosea as weaners. Other inherited conditions
include dermatosis vegetans and epitheliogenesis im-
perfecta.

Age. A number of diseases are more frequently seen in
certain age groups. Exudative epidermitis rarely affects
pigs older than 6 weeks of age, and pityriasis rosea is
seen only in pigs between 2 and 6 weeks of age. Teat
necrosis usually occurs within 24 hours after birth.
Nutritional deficiencies are unlikely to occur before
weaning.

Chronology of Lesions. Information relating to initial
lesions observed and their location may indicate a typi-
cal clinical evolution. In swine pox, for example, mac-
ules are observed initially, and then vesicles and pus-
tules that rupture to form a dark circumscribed crust

before healing. Exudative epidermitis often commences
as macules and pustules around the eyes before spread-
ing over the entire body of piglets.

Other Clinical Signs. A history of other signs such as
anorexia, depression, loss of body condition, reluctance
to move, or diarrhea may indicate the skin lesions are
the result of an internal disease.

Incidence. The number of animals affected, the conta-
gious nature, and the history of mortalities may suggest
an infectious disease such as exudative epidermitis or
erysipelas, which tends to spread rapidly, whereas con-
genital and hereditary conditions such as pityriasis
rosea are seen at a constant rate within a herd.

Response to Therapy. Variation in response to therapy
may help to differentiate between viral, bacterial, and
fungal infections—for example, swine pox, streptococ-
cal dermatitis, and ringworm. Pityriasis rosea does not
respond to any treatment, whereas parakeratosis re-
sponds dramatically to the addition of zinc and essen-
tial fatty acids to the diet.

Clinical Examination

Before carrying out a detailed examination of the skin a
general clinical examination is necessary to determine
whether the skin disease is symptomatic of an internal
disease.

Internal diseases causing skin lesions or skin abnor-
malities such as abnormal color changes include
erysipelas, salmonellosis, pasteurellosis, mastitis, classi-
cal swine and African swine fever, and dermatitis/
nephropathy syndrome. Almost any septicemia or tox-
emia can cause erythema or cyanosis characterized by
red to purple discoloration, especially on the extremi-
ties and easily seen in the white breeds. Urticaria, seen as
multiple pink to purple raised areas of skin, commonly
occurs in cases of erysipelas, beta-hemolytic streptococ-
cal infections, food allergy, or insect bites. Blue to black
skin discoloration with necrosis can indicate gangrene.
Necrosis of the ears and tail of piglets is also black. Pallor
is often an indication of blood loss due to conditions
such as proliferative enteropathy or gastric ulcerations.

Pruritus causes scratching and should be looked for
as a possible sign of sarcoptic mange or lice infestation.
Scratching is frequently accompanied by shaking of the
head due to the presence of mites in the ears and can re-
sult in aural hematomas. Alopecia and excoriation may
also be an indicator of intense scratching seen in
chronic sarcoptic mange.

Edema of the skin can indicate a systemic disease, for
example, hypoproteinemia, vasculitis, increased vascu-
lar permeability such as in malignant edema caused by
Clostridium septicum and in edema disease associated
with Escherichia coli, the last two conditions producing
edema around the head.



Skin lesions are classified as primary, the direct result
of the insult or disease, or as secondary, a result of evolu-
tionary changes to the skin dictated by factors such as
the cause of the disease, secondary infection, self-
trauma, etc.

It is essential for the clinician to differentiate be-
tween primary lesions and secondary lesions; however,
when the animal is presented, only secondary lesions
may be seen. Examination of the entire body of several
animals may be necessary to locate primary lesions on
recently affected cases.

Primary Lesions. Macules, defined as circumscribed
flat discolorations less than 1 cm in diameter, and
papules, more solid, raised areas of skin of varying color,
are seen in the early stages of exudative epidermitis,
erysipelas, and swine pox.

Plaques, elevated superficial lesions more than 0.5
cm in diameter, scattered over the whole body surface of
young growing pigs have been associated with
erysipelas, pityriasis rosea, and Aujeszky’s disease.

Vesicles are well-demarcated, dome-shaped lesions
(<1 cm) usually containing serum or inflammatory exu-
date. They are pale or translucent and are characteristic
of a number of the viral skin diseases in swine, such as
swine pox, foot-and-mouth disease, swine vesicular dis-
ease, and vesicular stomatitis. Similar lesions have been
reported in swine with porcine parvovirus infection
(Kresse et al. 1985).

Pustules are elevated lesions filled with inflamma-
tory cells (leukocytes) and can be follicular or epidermal.
They are white, yellow, or red (hemorrhagic) and, in
some cases, are surrounded by erythema. Pustules in
swine are commonly associated with streptococcal
infections, exudative epidermitis, and swine pox.

Wheals are circumscribed, raised, round or oval areas
of skin due to edema. They may be blanched or slightly
erythematous. The edema is usually associated with the
dermis. Fly and mosquito bites frequently cause wheals.

Secondary Lesions. Scales or flakes can indicate ab-
normal keratinization and shedding caused by ectopar-
asites, such as Sarcoptes scabiei, or by bacterial skin dis-
eases. Scales are seen on the thinner skin of piglets with
exudative epidermitis, on the inner side of the margin
of the ringlike lesions of pityriasis rosea, and on the
outer periphery of ringworm lesions. Scales may be
mixed with sebum and sweat, giving a greasy or oily
appearance—seborrhea.

Crusts are a very common secondary skin lesion of
swine and are due to a combination of serum, sebum,
blood, and cutaneous debris adhering above the normal
skin surface. Crusts are seen following bacterial infec-
tions and viral vesicular diseases, especially swine pox,
and as a result of pruritus associated with sarcoptic
mange or lice infestation.

Hyperkeratosis, an increased thickening of the stra-

CHAPTER 8 DISEASES OF THE SKIN 183

tum corneum, develops with nutritionally related meta-
bolic disorders such as vitamin A, zinc, and fatty-acid
deficiencies or with local callus formation due to trauma
associated with pressure and friction. Erythema and in-
tense pruritus with hyperkeratosis and acanthosis have
been associated with in-feed tiamulin therapy (Laperle
et al. 1988).

Erosions involving the epidermis only and ulcers in-
volving also the dermis are caused by deep bacterial in-
fections (Staphylococcus spp., Streptococcus spp., Fusobac-
terium necrophorum, and a spirochete referred to as
“Borrelia suis”) or may be due to trauma or pressure.

Severe scratching will result in alopecia, commonly
seen over the shoulders and hindquarters in pigs with
sarcoptic mange or lice and in pigs irritated by insects
such as flies and mosquitoes. The characteristic lesions
of pityriasis rosea are typical epidermal collarettes, de-
scribed as ruptured pustules spreading peripherally with
a ring of scales on the inner margins of the ring.

Diagnostic Tests

Diagnosis of skin diseases can be confirmed by a num-
ber of relatively simple tests. In swine the most fre-
quently used tests include skin biopsy for histopatho-
logical examination, direct smears for identification of
bacteria and fungi, and culture for isolation and identi-
fication of bacteria and viruses.

Skin Biopsy. Skin biopsy should be used on

» All neoplastic lesions
* Any persistent ulceration
 Skin lesions not responding to treatment

Fully developed primary lesions or early vesicles and pus-
tules are best for biopsy, whereas secondary lesions may
be of little value. The technique described by Scott (1988)
involves removal of 6-9 mm of skin using a biopsy punch
or surgical excision with a scalpel, which may be more
suitable for larger lesions, vesicles, and pustules and
where the skin is very thick. The skin surface should be
cleaned with soap and water but not scrubbed or pre-
pared with antiseptics. Local anesthetic may be indi-
cated. The biopsy should be gently blotted to remove
blood and surface material, placed subcutaneous side
down on a wooden spatula or cardboard, and gently flat-
tened for 30-60 seconds. The tissue and spatula or card-
board support are immersed within 1-2 minutes in a fix-
ative such as 10% neutral phosphate buffered formalin
for at least 24 hours. The volume of fixative should be
10-20 times that of the specimen. Skin biopsies are usu-
ally stained with hematoxylin and eosin (H & E).

Skin biopsy, unfixed, can also be used for isolation of
bacteria and viruses. For virus isolation, the skin should
be cleaned with water or saline only and not with alco-
hol. Samples should be stored and transported at 4°C in
a virus transport medium.
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Direct Smear. Direct smear is commonly used for iden-
tification of bacteria or fungi. For bacteria, samples of
pus or exudate from pustules, macules, or ulcers can be
smeared on glass slides, air-dried, and stained with
methylene blue, Gram stain, or Diff-Quik for light mi-
croscope examination to identify the type of bacteria
(cocci or rods, gram-positive or gram-negative) (Scott
1988). Skin scrapings or direct touch impression can be
used for suspected fungal diseases. Skin scrapings should
be made after defatting the skin with alcohol. Scrapings
are warmed in a 20% solution of sodium hydroxide, and
spores appear as round highly refractile bodies in chains
or mosaics in hair follicles, in epithelial scales, and on
the surface of hair fibers.

Culture. Best results are obtained by aspirating samples
from intact pustules, vesicles, or abscesses with a needle
and syringe. Cultures of open sores (erosions, ulcers,
and sinuses) generate confusion (Scott 1988). Bacterial
culture is usually done on blood agar or in thioglycolate
broth. Virus identification can be done from tissue cul-
ture or by electron microscopy. Hair and skin scrapings
(surface keratin) can be inoculated onto Sabouraud’s
dextrose agar or Dermatophyte Test Medium (DTM) for
fungal culture (Scott 1988).

BACTERIAL DISEASES

Exudative Epidermitis (Greasy Pig Disease,
Impetigo Contagiosa, Seborrhea Contagiosa)
Exudative epidermitis is a generalized dermatitis involv-
ing the entire body surface. In the acute form, it usually
affects suckling piglets, whereas the chronic form is more
commonly seen in older, weaned pigs (Chapter 39).

The disease is caused by Staphylococcus hyicus, certain
strains of which produce a heat-labile exfoliative toxin
(Andresen et al. 1993). Other bacteria frequently iso-
lated from the skin lesions in field cases include Strepto-
coccus spp. and Arcanobacterium pyogenes (LEcuyer and
Jericho 1966). Additional factors that may affect the
severity and progress of the disease include nutrition,
hygiene, immunity, abrasions of the skin, and infection
with Sarcoptes scabiei var. suis. Recent reports have sug-
gested that porcine circovirus type 2 (PCV2) and
porcine parvovirus (PPV) could also play an important
role in outbreaks of exudative epidermitis (Wattrang et
al. 2002; Kim and Chae 2004).

Although pigs develop resistance with age, S. hyicus
can be recovered from the skin of older pigs, the vagina
of sows, and the preputial diverticulum of boars. Piglets
can become infected during birth and develop dry scales
or flakes over the entire body within 12 hours. These an-
imals are often devoid of hair. Infection usually occurs
during the suckling period from sows or in a contami-
nated farrowing environment. Weaners can be infected
after mixing with carrier animals in the nursery.

Suckling piglets, 1-4 weeks old, are the most com-

monly and often severely affected animals. The morbid-
ity can range from 10% to 90% and mortality from 5%
to 90% (average 20%) in suckling piglets. In weaned
piglets 3-6 weeks of age, the morbidity can be up to 80%
in some groups; however, mortality is usually low. In my
experience, lesions may be seen on older animals, espe-
cially in immunologically naive gilt herds.

The disease may be acute, subacute, or chronic. In
the acute form, the skin lesions are first seen around the
eyes, nose, lips, and gums and behind the ears as red-
brown spots (macules) that increase in size and develop
a vesicular or pustular appearance. The skin soon ap-
pears damp and oily as a result of the greasy exudate of
sebum, sweat, and serum. Erythema is marked, often
over the entire body, and the exudate becomes thick
and crusts develop on the skin surface, giving a drier ap-
pearance. During this period an obnoxious, rancid odor
may be present. When the crusts lift, a raw, highly in-
flamed skin is left underneath. The feet are frequently
affected with erosions on the coronary band and heel.
Lesions may develop around the conjunctiva, causing
the eyelids to become swollen and matted together.
Constipation or, less frequently, diarrhea accompanied
by emaciation, dehydration, and often death may be
seen 3-5 days after the first signs. The disease has also
been associated with lesions of the kidney involving the
renal pelvis and tubules (Blood and Jubb 1957). Ulcera-
tive glossitis and stomatitis have been reported by
Andrews (1979). Nervous signs were recorded in one
outbreak of exudative epidermitis by Blood and Jubb
(1957).

The more chronic form (Figure 8.1A) is seen in older
pigs 6-10 weeks of age (L'Ecuyer 1966) and up to 5
months of age (Piercy 1966). Occasionally in weaners
the disease is seen as only discrete, round, raised lesions
(papules), dark red-brown in color, especially on the face
and head, with fewer over the body.

The differential diagnosis includes sarcoptic mange,
parakeratosis associated with zinc and other nutritional
deficiencies, swine pox, pityriasis rosea, and ringworm.
Confirmation can be made by biopsy and culture of
S. hyicus. The biopsy should sample the early typical
macules, vesicles, or pustules, before lesions become
chronic.

In the early stages of the disease, parenteral antibi-
otics will greatly reduce the severity and duration as well
as mortalities. Antibiotic-resistant S. hyicus has fre-
quently been reported but may represent regional differ-
ences. The antibiotics of choice include penicillin, ampi-
cillin, amoxicillin, cloxacillin, tetracycline, tylosin,
trimethoprim-potentiated sulfonamides, and gentamy-
cin. Resistance to lincomycin, erythromycin, and strep-
tomycin has been reported. Local treatment of the af-
fected areas or the entire body using antibacterial
shampoos or skin antiseptics is of value. Preparations
used include chlorhexidine, iodophores (providone-
iodine), and chloramine. Success when treating large



8.1. (A) Exudative epidermitis (chronic); (B) ear necrosis (spirochetosis); (C) erysipelas; (D) swine pox; (E) ringworm (Microsporum nanum);
(F) sarcoptic mange. (Color printing courtesy of Pfizer Animal Health Group, New York, N.Y., and MERIAL.)
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8.2. (A) Skin necrosis; (B) parakeratosis; (C) pityriasis rosea; (D) epitheliogenesis imperfecta; (E) porcine dermatitis/nephropathy syndrome; (F)
porcine dermatitis/nephropathy syndrome. (Color printing courtesy of Pfizer Animal Health Group, New York, N.Y., and MERIAL.)
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numbers of affected animals with in-feed or in-water
medication using amoxicillin, oxytetracyclines, or
trimethoprim-potentiated sulfonamides has been ob-
served.

During an outbreak, attention should be paid to hy-
giene, especially in the farrowing and weaner accommo-
dation. Increasing the level of zinc and B group vitamins
(especially biotin) in the diet may help in treatment and
control. Removal of factors predisposing to skin injury,
together with strict hygiene, is important in prevention.
Spraying weaner pigs with a skin disinfectant such as
chloroxylenol daily for 3 days at the time of weaning
and mixing can eliminate outbreaks associated with
postweaning fighting. Prevention of sarcoptic mange is
also indicated.

Herds derived by hysterectomy or medicated early
weaning commonly experience outbreaks of exudative
epidermitis soon after being established. Amtsberg
(1978) found vaccination to be effective in the preven-
tion of experimentally induced exudative epidermitis.
An autogenous vaccine used in commercial herds given
to sows twice at 3-week intervals and then every 6
months has also been reported to give good results in
eliminating clinical exudative epidermitis (Sieverding
1993).

Pustular Dermatitis (Streptococcosis,
Contagious Pyoderma)

Streptococcal infections (Chapter 47) can cause skin
necrosis and pustular dermatitis. These conditions are
usually caused by the beta-hemolytic streptococci of the
Lancefield groups C and L. Streptococcus zooepidemicus
and S. equisimilis have been isolated from abscesses
(Miller and Olson 1978, 1980) and porcine ear necrosis
(Maddox et al. 1973). Secondary or concurrent infec-
tions of the skin frequently involve S. hyicus, Arcanobac-
terium pyogenes, and Borrelia suis (Penny et al. 1971).

Transmission can be directly from sows to newborn
piglets and through skin abrasions and tissue damage
associated with tail docking, ear notching, needle teeth
clipping, and bite wounds. Abrasions of feet caused by
new concrete floors may be associated with streptococ-
cal infections. Outbreaks are usually associated with
poor hygiene.

Wounds on any region of the body can become in-
fected, resulting in cellulitis, necrosis, abscess forma-
tion, and ulceration. Hare et al. (1942) described the le-
sions of pustular dermatitis first seen as erythema,
occasionally with petechiae over the ventral surface of
the abdomen and around the eyes. This is followed by
flattened pustules in the inguinal region, on the inner
surfaces of the thighs, along the dorsum and tail, and
around the eyes, lips, and edge of the ears. On rupture,
the pustules heal, forming circular scabs composed of
several concentric layers, darker at the center, and re-
sembling large fish scales when peeled. This stage is as-
sociated with pruritus. Pustules may form abscesses or
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ulcers on the snout, cheeks, tail, legs, and feet. Similar
lesions are seen on the udder and teats of sows. The early
stages of pustular dermatitis resemble exudative epider-
mitis and may involve initial infection with S. hyicus.

Differential diagnosis includes ulcerative dermatitis,
exudative epidermitis, sarcoptic mange, swine pox, and
erysipelas. Isolation and identification of streptococci
from biopsy material or swabs will confirm a diagnosis.

Treatment with ampicillin, amoxicillin, tetracy-
clines, or erythromycin can be effective. Local treatment
of lesions with disinfectants such as tincture of iodine or
iodophores (providone-iodine) is useful. Strict hygiene
is essential, especially when carrying out procedures
such as clipping needle teeth, ear notching, and tail
docking, as well as prevention of injuries by removal of
rough, corroded, or splintered surfaces. Regular disinfec-
tion in conjunction with all-in/all-out management, es-
pecially in the farrowing and nursery accommodation,
will help to reduce the buildup of streptococci.

Vaccination with autogenous bacterins has been
used as a control measure in herds with contagious pus-
tular dermatitis (Scott 1988).

Ear Necrosis (Necrotic Ear Syndrome,
Ulcerative Spirochetosis of the Ear)

Ear necrosis is a syndrome seen in pigs aged from 1 to 10
weeks. It is characterized by bilateral or unilateral necro-
sis of any part of the ear, but especially in young pigs on
the tip and around the posterior edge of the pinna. In
growers, necrosis at the base of the ear can occur, with
many pigs being affected at any one time. Outbreaks
often occur in one pen of pigs, with up to 80% affected.

It is likely that the lesions are the result of a mixed in-
fection following damage to the skin. It has been sug-
gested that infection with S. hyicus may take place first,
followed by the more invasive streptococci and spiro-
chetes, resulting in necrosis and ulceration (Fraser et al.
1991). Biting following mixing of pigs is a common pre-
disposing factor. In older pigs ear biting can be a vice sim-
ilar to flank and tail biting, and lead to infection. Self-
inflicted trauma resulting from the irritation of Sarcoptes
scabiei infection in the ears can initiate the early lesions.

The lesions can range from mild, superficial dermati-
tis (plaques) of the tip, edges, and base of the pinna to
more severe inflammation with exudation, ulceration
(Figure 8.1B), and necrosis (Harcourt 1973). The areas of
necrosis may become dry, crusty, and curled over, with
eventual loss of some of the ear or the entire ear. Some
pigs may show signs of inappetence, unthriftiness, and
fever; death may occur in a few cases.

Bacterial culture and histopathological examination
will help to confirm a diagnosis. Injections of penicillin,
ampicillin, amoxicillin, or tetracyclines for at least 4-5
days will be of value, especially if combined with local
application of a suitable skin disinfectant such as tinc-
ture of iodine, iodophore, or chlorhexidine. General hy-
giene of the environment and elimination of predispos-
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ing factors such as ear biting and fighting are essential
for control.

Ulcerative Dermatitis (Granulomatous
Dermatitis)

Ulcerative dermatitis can occur as ulcerative, necrotic,
or tumorlike lesions found on most areas of the body
surface and around the buccal cavity of pigs. More spe-
cific syndromes such as ear necrosis, facial necrosis, in-
fected bursae, and calluses over joints and bony promi-
nences can be forms of spirochetosis.

The etiology involves initial trauma of the skin, fol-
lowed by infection, often involving several organisms.
Although the typical lesions appear to be caused by a
spirochete, which was reported as Borrelia suis, early in-
fection with S. hyicus and beta-hemolytic Streptococcus
spp. is most likely. Arcanobacterium pyogenes is a com-
mon secondary invader (Cameron 1984).

Skin trauma or damage that results in infections can
be associated with bite wounds, especially around the
face and head and on the flank and tail. Infection fol-
lowing castration, pressure sores, and ulceration of
swollen bursae and calluses often leads to spirochetosis.
Gum damage following teeth clipping can result in le-
sions in the buccal cavity.

Lesions are most commonly seen in young pigs or, in
the case of pressure sores and bursitis, in older growers
and adults. The initial lesions are characterized by ery-
thema and edema followed by necrosis, ulceration, or
tumefaction, with fistulae discharging a grayish brown
glutinous pus. Lesions may continue to enlarge for sev-
eral months and involve deeper structures of the body.
The central area will often slough.

A differential diagnosis would include foreign-body
abscesses, neoplasms, other infectious granulomas, and
pressure necrosis. A diagnosis can be made by identifica-
tion of spirochetes from direct smears, dark-field illumi-
nation of wet preparations, or biopsy examination.
Culture of secondary invaders will also be of value.

Procaine or benzathine penicillin, ampicillin, or
amoxicillin are the drugs of choice. Treatment should
continue for at least 5 days. Surgical removal of large
granulomas may be indicated. Local treatment may be
of value using aerosol preparations of tetracycline or
skin disinfectants. Fly repellents are indicated to prevent
myiasis. Control of ulcerative dermatitis is by the elimi-
nation of factors that result in skin damage and trauma.
Improved hygiene at teeth clipping and castration and
attention to wounds due to fighting, flank biting, and
pressure sores are essential to avoid infection.

Facial Necrosis (Facial Pyemia)

Facial necrosis is a common condition in suckling pigs
less than 1 week of age and is characterized by bilateral
necrotic ulcers that are often covered by hard brown
crusts and that extend from the side of the face to the
lower jaw area.

The condition is the result of infection of wounds in-
flicted by piglets on each other during feeding, often be-
cause inexperienced stockpersons have failed to carry
out teeth clipping correctly. Lacerations to the side of
the face become infected with organisms such as Fuso-
bacterium necrophorum, Streptococcus spp., and Borrelia
suis.

Facial necrosis is commonly seen in large litters and
especially in the disadvantaged weaker piglets and when
milk letdown is slow, that is, when sows suffer from
agalactia or hypogalactia.

Facial necrosis occurs during the first few days of life
and any number of piglets in a litter can be affected.
Initially lesions can be seen as striated lacerations caused
by bites from other piglets. The lesions become infected,
resulting in shallow ulcerations covered with hard brown
crusts. The encrustation may extend over a large area in-
volving the lips and eyelids, making it difficult for the
piglet to open its mouth or eyes. These animals have dif-
ficulty in feeding and may starve. Facial necrosis can pre-
dispose to outbreaks of exudative epidermitis.

The condition is easily diagnosed by the nature and
distribution of the lesions on the face of young piglets.
Bacteriological examination of the lesions will help
identify the organisms involved.

Careful removal of the crusts and application of a
mild disinfectant solution of chlorhexidine or iodo-
phores or of an antibiotic cream will help remove the
infection as well as soften the lesions. Prevention is
by clipping the canine and lateral incisor teeth just
above the level of the gum surface during the first 24
hours of life in all piglets in the litter. Instruments used
should be thoroughly disinfected. Fostering piglets to
eliminate large litters will help reduce competition for
teats at feeding. Hygiene in the farrowing accommoda-
tion and prevention of milk letdown problems are also
important.

Abscesses

Subcutaneous abscesses are common in pigs, usually as
a result of fighting, bite wounds, and lacerations from
rough floors and housing. Abscesses may also result
from injections when using contaminated needles or
through dirty skin following castration or tail biting.
Tail abscesses can result in infection spreading by lym-
phatic drainage to the pelvic inlet, sacral region, and
vertebral column.

The organisms commonly present in abscesses of the
skin in swine include Arcanobacterium pyogenes, Strepto-
coccus spp., Bacteroides spp., and anaerobic gram-positive
cocci. Actinobacillus equuli and A. suis have also been re-
ported as causing subcutaneous abscesses in the neck,
withers, and flanks in swine (Mullowney 1984).

The treatment of choice is surgical drainage followed
by flushing the open wound with a suitable antiseptic
and treatment with antibiotics such as ampicillin, tetra-
cycline, or trimethoprim/sulfonamide.



Erysipelas

Erysipelas is an infectious disease of pigs that manifests
in several forms, including septicemia, nonsuppurative
arthritis, vegetative endocarditis, and skin lesions
(Chapter 37). The disease is seen mainly in pigs between
3 months and 3 years of age. Younger pigs are protected
by passive immunity acquired from suckling immune
sows. The disease is caused by Erysipelothrix rhusiopathiae.

In acute erysipelas, the skin of the extremities—in-
cluding the snout, ears, lower limbs, tail, and scrotal
area, as well as the jowls and ventral surface of the ab-
domen—is erythematous. The color varies from pink to
purple, typical of many systemic infections and not nec-
essarily diagnostic of erysipelas.

The more specific skin lesions associated with
erysipelas first appear as small pink or red raised areas
(papules) or larger plaques ranging from 3 to 6 cm in
diameter. Many of these lesions will develop the charac-
teristic diamond or rhomboidal shape and are raised,
firm, and easily palpated (Figure 8.1C). The outer area is
pink in color and the center becomes blue to purple
(necrosis) as the disease progresses. These discrete le-
sions are associated with arteritis; the small arterioles
show acute cellular infiltration and cellular thrombi
with the presence of mainly neutrophils (Jubb et al.
1985). In the chronic stage, skin lesions become more
necrotic; appear dark, dry, and firm; and easily peel away
from the underlying tissues. Occasionally, sloughing of
the ears, tail, or a foot can occur (Scott 1988). Alopecia
may be seen in more long-standing cases.

The systemic signs generally associated with the
disease, together with the typical skin lesions, usually
make the diagnosis of erysipelas on clinical grounds
relatively easy. Acute septicemia and erythema have to
be differentiated from classical swine fever (hog
cholera), African swine fever, salmonellosis, and pas-
teurellosis. The early, smaller plaques can be confused
with insect bites, sarcoptic mange, or exudative epider-
mitis. Culture of the organism (from the live animal)
may be possible in the early stages of the disease from
blood and skin biopsy of typical lesions. Several ani-
mals should be sampled. Culture is usually more suc-
cessful at necropsy from a variety of organs: heart,
lung, liver, spleen, kidneys, and joints (Wood 1992). A
number of serological tests have been used for detect-
ing infection; however, they have limited practical
value for clinical diagnosis.

Penicillin is the drug of choice and should be given
daily for 3-5 days. In the case of very sick pigs, the first
two injections may be given 12 hours apart. At-risk, in-
contact animals should also be treated with penicillin.
Long-acting preparations can be used.

Prevention is by regular vaccination of sows and
boars. Sows should be vaccinated twice at selection and
4 weeks before farrowing, and boars twice yearly. If out-
breaks occur in grower stock, a weaner vaccination pro-
gram may be of value. Reducing contact with effluent
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and maintaining a good standard of hygiene will help
prevent outbreaks.

Salmonellosis

Salmonellosis (Chapter 45) in pigs can cause septicemia
and thus skin lesions and changes in skin color. This
form of the disease is generally caused by Salmonella
choleraesuis. All age groups of pigs can be affected, al-
though pigs from weaning to 4 months of age are most
frequently affected.

In the acute form associated with septicemia, mor-
talities can be high, and other pigs may be weak and
moribund. Cyanosis of the extremities and abdomen
may be seen. The discoloration of the skin is due to in-
tense capillary dilation and congestion in the dermal
papillae, followed by thrombosis in the capillaries and
venules and, to a lesser extent, arterioles, leading to
necrosis and sloughing of the skin. Skin necrosis com-
monly involves the ears, tail, and feet in young pigs.

Discoloration of the skin is similar to that in other
septicemic diseases—that is, swine fever, erysipelas, and
pasteurellosis—which therefore have to be considered
in a differential diagnosis. Ear necrosis also has to be dif-
ferentiated from necrosis associated with other infec-
tious agents.

Diagnosis will be made on the basis of clinical signs
and isolation and serotyping of the organism—in par-
ticular, at necropsy from spleen, liver, lungs, mesenteric
lymph nodes, and small intestines.

Acute Mastitis

Some of the acute forms of infectious mastitis in sows
immediately following farrowing are accompanied by
extensive discoloration of the skin. The affected mam-
mary glands are pink to red and later may become dark
purple or black (gangrene).

VIRAL DISEASES

Swine Pox (Contagious Impetigo, Louse-
Borne Dermatitis)

Swine pox is a typical poxvirus infection mainly affect-
ing young pigs. There is little or no systemic illness, and
lesions are usually confined to the ventrolateral ab-
domen and thorax (see Chapter 29).

The virus is abundant in the lesions and transmis-
sion is by direct contact. Injury to the skin will aid in the
infection becoming established. Lice and possibly other
blood-sucking insects are an important means of disease
transmission in swine herds. Congenital swine pox has
been reported (Borst et al. 1990; Thibault et al. 1998a).

The lesions follow the typical pox evolution of ery-
thematous macules becoming papules, and then vesi-
cles progressing to pustules, which rupture and form
crusts (Figure 8.1D). Lesions are seen mainly on the side
of the body, ventral abdominal wall, and inner thighs.
Occasionally lesions are seen on the back, face, and
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udder. Skin lesions develop within 5 days after experi-
mental intradermal inoculation (Kasza and Griesemer
1962). After first appearance of the lesions, the papules
enlarge to 6 mm in diameter. The lesions of the pustular
stage become umbilicated, ischemic, and yellow in
color. The center of the lesions decreases in height and
the peripheral tissue hypertrophies. Within 10 days
dark crusts appear, and within 20 days the crusts
desquamate, leaving small white discolored spots. The
nature and distribution of the lesions may be influenced
by secondary bacterial infections. The site of the lesions
affects the various stages in the progress of the disease.
Vesicles do not form on the thick skin of the back, but
proliferative changes with necrosis of the epithelium
take place, producing crusts.

Swine pox has to be differentiated from the other
vesicular diseases, early cases of sarcoptic mange, and
erysipelas. Vesicular diseases such as foot-and-mouth
disease and swine vesicular disease are more severe, and
lesions are mainly confined to the snout, lips, tongue,
palate, coronary band, and feet. Swine pox is relatively
mild, and eruptions on mucosal surfaces are rare. Diag-
nosis can be confirmed by host range studies, serological
tests, histological examination, and virus isolation or
detection of viral antigens.

Treatment is directed at control of secondary bacter-
ial infections using antibiotics and improving the gen-
eral health of the animals. No vaccines are available,
and prevention of outbreaks is by avoiding the introduc-
tion of carrier animals, good sanitation, and control of
the pig louse.

Vesicular Diseases

Foot-and-mouth disease, swine vesicular disease, vesicu-
lar stomatitis, and vesicular exanthema can all cause
vesicular skin lesions in swine. The diseases all produce
very similar lesions with similar distribution.

The characteristic lesions of foot-and-mouth disease
are vesicles filled with straw-colored fluid that form in
the mucosa of the mouth, including the tongue, lips,
gums, pharynx, and palate, and in the coronary band.
Lesions are also seen between and above the claws and
on the snout. Sows may develop lesions on the udder
and teats (Mann and Sellers 1989).

Vesicles rupture rapidly, leaving a raw hemorrhagic
eroded area with ragged fragments of necrotic epithe-
lium. The lesions heal quickly, beginning with a serofib-
rinous exudate and a gradual replacement that may or
may not be pigmented depending on the cells involved
(Callis et al. 1975). With swine vesicular disease, lame-
ness may be severe, as lesions most commonly involve
the coronary band, hoof, heel, and supernumerary dig-
its. Separation of the horn of the hoof often occurs,
commencing from the coronary band.

The clinician should collect samples for virus isola-
tion and serology, fixed tissue for histopathology, and
epithelial and vesicular fluid for complement-fixation

and ELISA testing for viral antigens. Animal inoculation
studies may also be used.

Porcine Parvovirus

Kresse et al. (1985) reported erosions and vesicles on the
snout, mouth, coronet, and interdigital space of swine
in the midwestern United States in several herds. The
virus was isolated from the skin as well as from serum
and other organs.

Idiopathic Vesicular Disease

Several cases of vesicles of unknown or doubtful etiol-
ogy have been reported in swine. Gibbs et al. (1983) re-
ported vesicles and erosions on only the feet in swine in
Florida. Munday and Ryan (1982) and Montgomery et
al. (1987) reported vesicles on the snout and feet of
swine fed marine products, parsnips, or celery.

Classical Swine Fever (Hog Cholera)

Classical swine fever is caused by a pestivirus of the fam-
ily Togaviridae. Diffuse erythema followed by purplish
discoloration of the skin over the abdomen, snout, ears,
and thighs is common in acute cases. Necrosis of the
edges of the ears, tail, and vulva may develop. Purple
blotching of the ears is characteristic, with generalized
hypotrichosis in the chronic form of the disease.
Congenital alopecia has been reported in piglets in-
fected in utero (Carbrey et al. 1966).

African Swine Fever

African swine fever is caused by a DNA virus at present
unclassified. Besides general signs of fever, depression,
anorexia, and incoordination similar to hog cholera,
skin changes include cyanotic blotching and purple dis-
coloration of the limbs, snout, abdomen, and ears.
Hemorrhages may also occur on the skin of the ears and
flanks.

Porcine Reproductive and Respiratory
Syndrome (PRRS)

An unusual case of severe cutaneous hemorrhages with
dermal and subcutaneous capillary angioplasia has
been reported in aborted, stillborn, and live-born weak
piglets during an outbreak of PRRS virus abortions
(Scruggs and Sorden 2001). The affected full-term still-
born piglets and live-born weak piglets had single or
multiple coalescent dark reddish-blue cutaneous hem-
orrhages on the pinnae, cranium and lateral cervical
and shoulder areas. Less severely affected piglets had
small (2-10 mm) hemorrhages on the skin of the lat-
eral neck and hind limbs. Because the lesions were
seen only during the outbreak of PRRS and disap-
peared after the abortion storm and localization of
PRRS virus antigen within macrophages adjacent to
proliferating capillaries was demonstrated, it was sug-
gested the PRRS virus played a role in the development
of the lesions.



FUNGAL DISEASES (RINGWORM)

Fungal diseases of swine tend to be superficial mycoses
involving the keratinized epithelial cells and hair only.
Fungi reported in swine include Microsporum nanum,
M. canis, M. gypseum, Trichophyton mentagrophytes, T.
rubrum, T. tonsurans, T. verrucosum, and Candida albicans.

Ringworm is found in both extensively and inten-
sively reared swine. All age groups can be affected and
the incidence appears to be higher where sanitation is
poor and stocking densities are high with moderate
temperatures and high humidity. Bedding may be an
important source of infection. Fungal spores can remain
viable for many years in a dry and cool environment.
Mycelial growth is promoted when the environmental
conditions are warm and humid with a slightly alkaline
skin pH. Ringworm fungi are strictly aerobic.

Microsporosis
Microsporum nanum is the most common fungal infec-
tion in swine; however, M. canis produces ringworm in
piglets and M. gypseum is also found on pigs. Ringworm
lesions can be found on almost any part of the body.
Ginther (1965) described the typical lesions as begin-
ning as circumscribed spots, which tend to enlarge in a
circle, some to enormous size covering the complete side
of the pig (Figure 8.1E). The skin is reddish to light brown
in color, roughened but not raised. Dry crusts form
around the periphery, the hair is usually not lost, and no
pruritus develops. Dirt and dust may obscure the lesions,
which often are not noticed until the pigs are washed.
Experimental infection with M. nanum (Connole
and Baynes 1966) produced lesions that first appeared as
pustules or moist brown areas of desquamated tissue 2
cm in diameter. As the lesions extended, fresh pustules
were often seen near the periphery. Scales, crusts, and
deposits of black material similar to the natural infec-
tion appeared. Lesions developed in 2-3 weeks and re-
solved by 9 weeks. Chronic infections are often seen be-
hind the ears of adult swine and appear as thick, brown
crusts that spread over the ear and neck.

Trichophytosis

Trichophyton mentagrophytes is the most common cause
of trichophytosis in swine, but T. rubrum, T. tonsurans,
and T. verrucosum can also cause ringworm in swine.
Lesions are found on the thorax, flank, and neck, be-
hind the ears, and on the legs. The size and shape of le-
sions vary; some measure up to 12.5 cm across and are
roughly circular. Typical lesions are red or covered by a
thin brownish dry crust. The disease tends to be self-
limiting and lasts about 10 weeks (McPherson 1956).
Similar lesions have been described by Pepin and
Austwick (1968) in a herd of Wessex pigs. The same au-
thors reported an outbreak of ringworm in a litter of
Large White piglets caused by T. verrucosum. Arora et al.
(1979) described lesions caused by T. rubrum as rough
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and reddish and appearing on several sites; 10% of
piglets and 4% of sows in a herd were affected.

Cutaneous Candidiasis

Candidiasis in swine is caused by the yeast Candida albi-
cans and appears to cause disease when the host’s resist-
ance is lowered. The disease has been reported in grower
pigs fed garbage and kept in unsanitary conditions. The
morbidity was 40%. The lesions on the most severely af-
fected animals consisted of circular areas approximately
2 cm in diameter coated with moist gray exudate.
Lesions were found on all limbs and the lateral and ven-
tral surfaces of the abdomen. The skin was thickened,
wrinkled, devoid of hair, and hung loose in folds
(Reynolds et al. 1968).

Treatment and Control

Treatment, if indicated, consists of removal of the crusts
and local application of products such as a weak solu-
tion of iodine, Whitfield’s ointment, copper sulfate or
copper naphthenate, or thibendazole ointment (2-4%)
as a suspension in glycerine. Agriculture Bordeaux mix-
ture (an aqueous solution of copper sulfate and un-
slaked lime) has been used with good results (Blood and
Radostits 1989). Systemic treatment employs oral ad-
ministration of griseofulvin at a dose rate of 1 g/100 kg
body weight daily for up to 40 days.

Control is by maintaining good sanitation. Housing
can be disinfected with phenolic disinfectant (2.5-5%),
sodium hypochlorite (0.25% solution), or a 2.0%
formaldehyde and 1.0% caustic soda solution used as a

spray.

PARASITIC DISEASES

Sarcoptic Mange (Scabies)

Sarcoptic mange is the most commonly encountered
parasitic skin disease of swine. It is one of the most im-
portant skin diseases and of major economic impor-
tance (Chapter 53). The disease is caused by the mange
mite Sarcoptes scabiei var. suis.

The disease is more likely to be seen where nutrition,
management, and hygiene are of a low standard. The
disease affects weight gain (McPherson 1960) and effi-
ciency of feed conversion by as much as 10% in pigs be-
tween 18 and 68 kg (Cargill and Dobson 1979b).

The first skin lesions appear about 3 weeks after con-
tact with mites as small encrustations around the ears,
eyes, and snout that develop into plaques about 5 mm
in diameter. The lesions in the ear may regress and dis-
appear in 12-18 weeks (Cargill and Dobson 1979a). Early
pruritus is due to the local irritation from the mites es-
tablishing themselves in the skin. As the ear lesions
regress, focal erythematous papules associated with hy-
persensitivity occur on the rump, flank, and abdomen
(Cargill and Dobson 1979a). Mites are not usually found
in these lesions. The hypersensitivity causes further pru-
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ritus, which results in excessive rubbing and the libera-
tion of tissue fluids, giving the animal a greasy or shiny
appearance. This is followed by coagulation and drying
of the serum, sebum, and sweat to form crusts. In more
chronic cases (Figure 8.1F) excessive keratinization and
proliferation of the connective tissue occur, with the re-
sult that the skin becomes thickened and wrinkled
(Dobson and Davies 1992). A common sign seen in
grower pigs is shaking of the ears and, in some, the de-
velopment of large hematomas on the inner surface of
the ear.

Chronic cases, usually in adults, develop thick gray-
colored, loosely attached scales lining the inner surface
of the ears, around the neck, and down the lower limbs,
especially over the hock joints. Considerable loss of hair
is associated with chronic mange.

Sarcoptic mange needs to be differentiated from ex-
udative epidermitis, parakeratosis associated with zinc
and fatty-acid deficiency, B group vitamin deficiency,
sunburn, pityriasis rosea, and ringworm. Mange may be
present with and predispose to exudative epidermitis.
Pruritus may be caused by other parasites such as lice,
fleas, and mosquitoes. The clinical signs, together with a
range of lesions, will be suggestive of mange. When in-
vestigating a herd for evidence of the disease, the ears of
adult stock should be examined for chronic lesions.

Demonstration of the mites is best done by examina-
tion of the crusts inside the ears. The material can be
placed on black paper for a few minutes and then gently
tipped or blown off leaving the mites, which will have
adhered to the paper. They can be easily examined with
a magnifying glass (Brackenridge 1958).

Another method is to place the scales or material
from skin scrapings in a 10% solution of sodium or
potassium hydroxide for 24 hours, and then concen-
trate the sediment by centrifugation and examine it for
the mites on a glass slide under low power of a micro-
scope. Skin scrapings obtained with a scalpel blade
placed on a glass slide and mixed with mineral oil can
also be examined in the same way. The movement of
live mites allows easy detection.

Sarcoptic mange has been treated with varying suc-
cess by many remedies and acaricides used in the form
of sprays, dusting powders, and pour-ons, in feed med-
ication, and by injection. Insecticides used as sprays or
washes (dips) include amitraz, coumaphos, diazinon,
lindane, malathion, toxaphene, and trichlorfon. Prod-
ucts that have a systemic action have proved to be more
effective, such as the pour-on phosmet and oral or in-
jectable administration of avomectins, such as do-
ramectin, a long-acting endoectocide for use in swine
(Cargill et al. 1996). These products are more likely to be
successful in eradication of sarcoptic mange, although
results have been variable.

For control, monthly treatment of all pigs is effective
(Cargill 1981); however, programs are best aimed at sow
treatment just before farrowing, followed by weaning

into mite-free accommodations (Cargill and Dobson
1979b). Complete elimination of sarcoptic mange in pig
populations can be achieved by the use of hysterectomy-
derived piglets and maintained by strict biosecurity.
Herds have been kept free of sarcoptic mange for over 20
years in my experience.

Demodectic Mange (Follicular Mange)
Demodectic mange is relatively uncommon and of little
economic importance in swine. Clinical signs are seen
when pigs are in a poor or debilitated condition. The
disease is caused by Demodex phylloides, which lives in
the hair follicles or sebaceous glands of the skin.

The mites usually invade the soft skin of the snout
and around the eyes but can spread over the entire body.
Infection is not uncommon on the abdomen between
the legs. Lesions start as small red spots which become
scaly with a nodular appearance. The nodules contain
white caseous material and many mites. Mites can be
found on skin scrapings from around the eyes in pigs
showing no clinical signs. Treatment is usually not suc-
cessful and severely affected animals should be culled.

Lice

The pig louse, Haematopinus suis, which affects pigs
only, causes severe irritation resulting in continual
scratching and rubbing against objects.

Lice are easily found around the neck, base of the
ears, inner ears, and inside the legs and flank, and the
white eggs can also be seen on the bristles, especially in
colored pigs. The blood feeding causes considerable irri-
tation; the resultant scratching and rubbing against ob-
jects damages the skin, which becomes lacerated and
bleeds. Lice tend to congregate around the areas where
skin damage has taken place. The continual irritation re-
sults in loss of body weight and reduces weight gains.
Lice may spread the swine pox virus and erysipelas.

Lice can be controlled by spraying with products
such as coumaphos, diazinon, malathion, lindane, or
ronnel. Ivermectin in feed or injected also controls lice.

Fleas, Mosquitoes, and Flies

Swine may be affected by fleas (Ctenocephalides canis, C.
felis, Pulex irritans, and Echinophaga gallinaceae), mosqui-
toes (Aedes spp.), flies (Musca domestica, Stomoxys calci-
trans), and screwworm flies (Callitroga spp.).

Clinical signs can include varying degrees of rub-
bing, scratching resulting in alopecia, excoriations, and
bleeding from the skin and circumscribed, raised,
rounded (wheal) lesions or edema associated with ur-
ticarial reactions.

ENVIRONMENTAL DISEASES

Sunburn
Sunburn is frequently seen in white pigs managed under
open-range conditions without adequate protection



from sunlight. It is caused by the direct effect of ultravi-
olet rays upon the skin.

Young pigs and pigs not previously exposed to sun-
light are often seriously affected. Erythema occurs
within a few hours of exposure and develops most com-
monly on the back and behind the ears. Edema can de-
velop and affected areas become warm and painful to
the touch. Severely affected pigs walk very carefully and
are occasionally seen to experience a sudden bout of
muscular twitching and jump into the air. The skin be-
comes dry, scales develop, and the skin peels. In young
pigs the tail and ears become necrotic and slough.

A simple and effective treatment is to cover the skin
with a bland oil, for example, vegetable oil or light min-
eral oil. Animals should be removed from direct sunlight
and adequate shade provided for prevention.

Photosensitization

Photosensitization is a condition seen in extensive, free-
range-managed swine exposed to photodynamic agents
and sunlight. Photosensitivity (hypersensitivity to
light) results from the ingestion of photodynamic
agents such as hypericin found in Saint-John’s-wort
(Hypericum perforatum) and fagopyrin found in buck-
wheat (Fagopyrium esculentum and Polygonum fagopy-
rum). Other plants, including rape (Brassica sp.), lucerne
(Medicago sativa), and Trifolium sp., cause photosensiti-
zation of unknown etiology. Other substances causing
photosensitization in swine are phenothiazine, tetracy-
clines, sulfonamides (Amstutz 1975), and possibly
aphids (McClymont and Wynne 1955).

Lesions are seen in white-skinned breeds and on
areas most directly exposed to the sunlight. The severity
of the condition depends on the concentration of the
photodynamic agent and the length of exposure to light
(Jubb and Kennedy 1970).

Erythema and edema develop and serum may exude
from the skin and become dry and matted in the hair.
Pain causes swine to walk carefully, and severely af-
fected animals may suddenly drop into sternal recum-
bency and immediately rise again or stagger sideways
(Hungerford 1990). The ears become thickened; con-
gestion of the conjunctiva may occur with matting to-
gether of the eyelids (Amstutz 1975). Skin becomes dry,
hard, and fissured and extremely pruritic. Areas of skin
may become necrotic and peel off in strips. Ears and tail
may slough.

Sunburn, erysipelas, and sarcoptic mange have to be
included in a differential diagnosis. The typical lesions
confined to unpigmented or white areas of skin exposed
to sunlight and a history of ingestion of a photody-
namic agent or plants known to cause photosensitiza-
tion will suggest a diagnosis.

Affected animals should be placed in darkened hous-
ing. Parenteral use of corticosteroids or antihistamines
may be of value. Local application of antibiotic creams
may also be useful. Control is by preventing access to
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photodynamic agents, grazing only at night, or keeping
pigs indoors.

Skin Necrosis

In piglets, skin necrosis most frequently affects the
knees, fetlocks, hocks, elbows, teats, coronets, and soles
of the feet. Necrosis of the hocks, vulva, and tail is com-
mon in piglets with splayleg. In sows, skin necrosis is
common on the shoulder, over the hip region, and on
the side of the jaw.

In piglets, necrosis starts as small abraded areas often
developing 12-24 hours after birth and reaching maxi-
mum severity in 7 days (Penny et al. 1971). Lesions are
due to trauma from hard abrasive floors, especially
rough concrete in farrowing crates. The alkaline pH of
new concrete floors and slats may also affect older pigs.
Necrosis of the soles of the feet can be caused by the
abrasive surface of rusting wire mesh or metal floors
(Figure 8.2A).

Teat necrosis is best looked for at 3 days of age
(Stevens 1984). The lesions develop as blackish brown
scales or crusts that easily peel off, leaving a new, fresh
wound. Teat necrosis usually affects the pectoral (first
four) teats, resulting in blind, nonfunctional teats. The
highest incidence was found in pigs on heated concrete
floors, with decreasing incidence on expanded-metal
floors, rubber mats, and plastic-coated wire mesh. A ge-
netic basis for teat necrosis associated with sire lines was
demonstrated, but nongenetic causes were more com-
mon than genetic causes (Stevens 1984). Females are
most commonly affected.

Necrosis of the knees (carpus) is very common in the
weaker smaller piglets in large litters and where sows
have problems of milk letdown or mastitis. Necrosis of
the tail starts at the base, usually encircling the whole
tail, which becomes black and may slough. Ear necrosis
may be due to fighting or infections.

Skin necrosis in sows is due to a combination of
pressure from lying for long periods on hard floors
(both concrete and mesh) and poor body condition as-
sociated with rapid weight loss during lactation or old
age. The condition can occur in young sows after their
first litter.

Local application of antibiotic or antiseptic oint-
ments may be of value. Aerosol sprays for wound treat-
ment give good results. Open wounds may require par-
enteral antibiotic therapy. Control should be aimed at
avoiding rough, wet concrete floors and rusting mesh
floors and providing bedding or rubber mats in the
creep area of farrowing crates. Spreading mash feed over
the floors of new pens will help prevent necrosis in
young grower pigs. Reducing the incidence of splayleg
by selection should be considered.

Stevens (1984) stated that 80% of teat necrosis can be
eliminated by replacing concrete floors with raised
plastic-coated decks. Resin-reinforced plastic skin has
been used to protect teats immediately after birth
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(Muirhead 1978). Skin necrosis of sows is best prevented
by maintaining good body condition through appropri-
ate feeding before and during lactation, using plastic-
coated floors in farrowing crates, and encouraging sows
to stand and exercise frequently.

Callosities

Hypertrophy with fibrosis of the skin over joints and
bony prominences results in callus formation. Calluses
are seen mainly over the fetlocks, elbows, hocks, and
tuber ischii. They become very large and hard and con-
tain fluid, which may become infected and result in sub-
cutaneous abscesses. Pigs with leg weakness, foot le-
sions, or muscular weakness or that spend a lot of time
lying down due to illness frequently develop callosities
or bursitis.

NUTRITIONAL DISEASES

Swine Parakeratosis

Scott (1988) describes parakeratosis as a nutrition-
related metabolic disorder of growing pigs characterized
by a generalized nonpruritic, crusting dermatosis. The
cause of this condition is now considered to be complex,
involving deficiencies of zinc and essential fatty acids or
high levels of calcium, phytates, and other chelating
agents that affect zinc absorption. Gastrointestinal dis-
eases may also predispose to a more severe zinc defi-
ciency and parakeratosis.

Early lesions (macules and papules) develop on the
ventral surface of the abdomen, medial thighs, and dis-
tal parts of the legs. The lesions rapidly become covered
with scales and then hard dry crusts (Figure 8.2B). The
typical keratinous lesions are characterized by crusts
and deep fissures. The surface of the skin may be dry and
rough, but moist brownish sebum, dirt, and debris accu-
mulate in the fissures. In severe cases animals will have
reduced growth rates and reduced appetite, diarrhea,
and in some cases vomiting. Testicular development
may be affected. Mortalities are rare.

The condition has to be differentiated from chronic
sarcoptic mange, exudative epidermitis, and deficien-
cies of the B group vitamins and iodine.

A history of feeding a diet likely to be deficient in
zinc or essential fatty acids or including factors that may
interfere with zinc absorption, together with the char-
acteristic lesions and their distribution, will suggest
parakeratosis.

Skin biopsy for histopathology will be of value.
Serum alkaline phosphatase and zinc levels may be de-
creased. Response to supplementary zinc and essential
fatty acids will support a diagnosis.

Treatment and prevention involve feeding a diet that
provides zinc in the form of a zinc salt (zinc sulfate or
carbonate) at the rate of 0.02%, or 2 kg per tonne of feed.
Fats should provide 1% of the total ration. The calcium
levels should not exceed 1% of the ration.

Other Nutritional Deficiencies

Skin changes can result from a number of nutritional de-
ficiencies and excesses. Typical changes are poor hair
coat, alopecia, parakeratosis, and eczematous dermatitis.

Essential fatty-acid deficiencies produce a dull, dry
hair coat and scaly, dandrufflike dermatitis. Brownish
exudate appears on the ears and axillary spaces and
under the flanks. This can be followed by necrotic le-
sions and skin eruptions with loss of hair.

Iodine deficiency is seen as a congenital defect in
piglets born to sows fed iodine-deficient diets. Piglets are
born full-term but hairless. They have thickened edema-
tous skin over the head, neck, and shoulders.

Riboflavin (vitamin B,) deficiency in swine produces
a dermatitis seen as scales and ulcers with some loss of
hair and heavy sebaceous exudate. Conjunctivitis,
swollen eyelids, and cataracts may occur. Infertility,
weak pigs, and lactation failure are seen in sows.

Pantothenic acid deficiency results in signs of poor
growth rate, coughing, diarrhea, and loss of hair.
Dermatitis develops as dark brown exudate around the
eyes. Incoordination, seen as “goose-stepping,” is also
characteristic.

Biotin deficiency produces skin changes character-
ized by dermatitis; dry rough skin with scales, crusts,
and brown exudate; generalized alopecia; and ulcera-
tions (Cunha 1977). Lesions of the feet include bruising,
erosions, and ulceration of the soles and cracking of the
outer wall of the claw (Brooks et al. 1977; Penny et al.
1980).

Vitamin A, C, and E deficiencies have been associ-
ated with scurfy (scales) skin lesions. Vitamin E and se-
lenium deficiencies have also been associated with ear
Nnecrosis.

CONGENITAL AND HEREDITARY DISEASES

Pityriasis Rosea (Pustular Psoriaform
Dermatitis)

Pityriasis rosea in swine is the name used to describe a
pustular dermatitis that takes on the appearance of epi-
dermal collarettes, or rings, seen only in young swine,
mainly on the ventral abdomen and inner thighs. The
disease is self-limiting. The condition, however, does
not resemble pityriasis rosea in humans clinically or
pathologically; therefore, pustular psoriaform dermatitis
may be a more suitable name (Scott 1988).

Although the actual cause is unknown, the condi-
tion appears to be inherited. Swine that have had the
condition are more likely to produce affected progeny.
The incidence may be higher in Landrace swine.
Attempts to transmit the disease or demonstrate an in-
fectious agent have failed. The condition is seen in
piglets derived by hysterectomy and reared in isolation.

The disease is seen in young pigs 3-14 weeks of age.
Entire litters or only a few piglets in a litter may be af-
fected. The disease begins as small erythematous



papules on the skin of the abdomen and inner thighs.
The papules are raised with a central crater and rapidly
expand to produce a ring, or collarette, with a raised
bright red periphery behind which are scales (Figure
8.2C). As the ring expands, the central area returns to
normal. The rings coalesce as they expand to produce
mosaic patterns. The hair is usually not lost and little
pruritus is seen. The condition usually lasts about 4
weeks, regressing slowly and leaving normal skin as le-
sions heal.

The extent and severity of the lesions appear to in-
crease when pigs are reared in weaner cages where stock-
ing densities are high with high temperatures and high
humidity. Lesions may become infected with bacteria—
for example, S. hyicus—and resemble an exudative der-
matitis.

The condition has to be differentiated from ring-
worm, dermatosis vegetans, and swine pox. Failure to
isolate fungi or microorganisms will help confirm a
diagnosis.

Skin biopsy will show psoriaform epidermal hyper-
plasia and superficial perivascular dermatitis. There is
mild to moderate mucinous degeneration of the superfi-
cial dermis, and the predominant inflammatory cells
are eosinophils and neutrophils. Parakeratotic hyperker-
atosis is usually prominent (Scott 1988).

Treatment does not appear to affect the course of the
disease. Good hygiene will reduce the chance of second-
ary infections, whereas overstocking with high humid-
ity and high temperatures appears to increase the inci-
dence. It may be best to cull breeding stock known to
produce progeny that develop the condition from the
breeding herd.

Dermatosis Vegetans

Dermatosis vegetans is a hereditary and often congeni-
tal disease of swine due to a semilethal autosomal reces-
sive factor believed to have originated in the Danish
Landrace breed (Done et al. 1967). The condition is seen
as an erythematous maculopapular dermatitis with le-
sions on the coronary band and hoof together with
pneumonia.

The main features of the condition are skin lesions,
abnormalities of the feet, poor growth, and respiratory
dysfunction. The skin lesions may be present at birth or,
more commonly, develop within 2-3 weeks of birth.
They first develop on the abdomen and inside the
thighs as small (0.5-2.0 cm in diameter) raised pink
swellings that enlarge rapidly. The lesions spread over
the flanks and back of the pigs and become covered with
yellowish brown, brittle, papillomatous crusts that are
easily removed, leaving a pink granular surface. The le-
sions become very thick with a hard, horny surface that
develops cracks and fissures, giving a characteristic pa-
pillomatous appearance. Swine may die after 5-8 weeks,
but some will survive and the skin lesions regress.

Lesions of the hoof are usually present at birth and
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consist of marked swelling and erythema over the coro-
nary band of both the main and the accessory digits and
are covered with a yellowish brown greasy exudate. The
walls of the hooves are thickened with ridges and fur-
rows parallel to the coronary band. The horn becomes
discolored and blackened.

Respiratory dysfunction is due to giant-cell pneu-
monitis. Respiratory signs of interstitial pneumonia or
bronchopneumonia precede death, usually following a
course of 4-6 weeks. However, some pigs may survive for
2-3 months but become weak and emaciated. On rare
occasions affected pigs have reached maturity and bred.

The condition has to be differentiated from pityriasis
rosea, chronic exudative epidermitis, and vitamin defi-
ciencies. The clinical appearance of the skin and hoof le-
sions seen in young pigs 2-3 weeks of age is, however,
characteristic. The very thick papillomatous crusts of the
skin lesions are also typical and together with respiratory
distress will suggest a diagnosis of dermatosis vegetans.

Skin biopsy reveals intraepidermal pustular derma-
titis and microabscesses containing eosinophils and
neutrophils, with parakeratotic hyperkeratosis. Older le-
sions show hyperplastic superficial perivascular derma-
titis with multinucleated giant cells in the dermis (Percy
and Hulland 1967, 1968). Histopathology of the lungs
will help a diagnosis. Done et al. (1967) recommend that
lungs should be fixed by filling with, as well as immers-
ing in, 10% neutral formalin, and several samples from
each lung should be examined.

There is no treatment for the condition, and preven-
tion is aimed at detection and removal of breeding stock
known to have produced affected progeny.

Epitheliogenesis Imperfecta (Aplasia Cutis)
Epitheliogenesis imperfecta is an inherited congeni-
tal condition of both white and colored swine and is
caused by a simple autosomal recessive trait thought to
result in a primary failure of embryonic ectodermal
differentiation.

The lesions appear as clearly demarcated discontinu-
ities of the squamous epithelium of varying sizes and
shapes but usually on the back, loins, or limbs (Figure
8.2D). The condition may be seen in individual piglets
or with a familial incidence in litters. The defect may
also affect the dorsal and anterior ventral surface of the
tongue with concurrent hydroureter and hydronephro-
sis Jubb and Kennedy 1970). Lesions develop as large ul-
cers and frequently become infected; they may fail to
heal or cause septicemia, which may lead to death.

Congenital Swine Pox

Borst et al. (1990) and Thibault et al. (1998a) reported
the birth of pigs with pox lesions over the entire body to
unrelated sows on different farms. Only one or two pigs
in each litter were affected. At the time of the births, no
other pigs on the farms had pox lesions, and histologi-
cal and electron microscopic examination confirmed
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swine pox in the newborn pigs with lesions. The infec-
tions were generally fatal.

NEOPLASTIC DISEASES

Tumors are reported relatively rarely in swine, probably
because the majority are slaughtered at 6-8 months of
age or around 4-5 years of age for breeding stock.
However, a variety of neoplastic conditions have been re-
ported, including lymphangioma, rhabdomyoma, papil-
loma, sweat gland adenoma, fibroma, and hemangioma.

Melanomas, the result of proliferation of melano-
blasts, have been reported most commonly in the Duroc
breed and are often found at birth. The tumors are fre-
quently seen on the flank region and have been described
as being 1-4 cm in diameter, raised with an irregular black
shiny surface. Metastases have been seen in lymph nodes,
kidney, liver, lung, heart, brain, and skeletal muscle.

Rhabdomyosarcomas have been reported as solitary
or multiple tumors on piglets less than 1 week old in at
least 25 piglets in a short period of time in one herd in
the Netherlands, indicating a common, possibly genetic
cause (Voss et al. 1993).

Small fibrous polyps or wartlike lesions have been
seen on sows, especially around the neck, along the
back, and on the ears. These lesions frequently bleed
and can easily be removed under local anesthetic.

MISCELLANEOUS

Porcine Dermatitis and Nephropathy
Syndrome (PDNS)

Porcine Dermatitis and Nephropathy Syndrome (PDNS)
has relatively recently been reported in pigs (Smith et al.
1993; White and Higgins 1993; Cameron 1995; Hélie et
al. 1995) and is characterized by multifocal skin lesions,
weightloss, edema of the limbs, vasculitis, and glomeru-
lonephritis.

The cause is unknown, but histopathological and
immunological findings suggest the pathogenesis in-
volves an immune-complex disorder (antibody-antigen
complex deposition) possibly due to an infectious
agent. Thibault et al. (1998b) suggested that porcine re-
productive and respiratory syndrome virus (PRRSV) in-
fection may play a role in the pathogenesis of the
disease, because PRRSV antigens were detected by im-
munochemistry in macrophages located around vessels
of skin and kidney tissue examined in acute and chronic
cases. Wellenberg et al. (2004) considered that porcine
circovirus type 2 (PCV2) was likely to be the primary
agentin the development of PDNS. They reported exces-
sively high PCV2 antibody levels in a case-control field
study of PDNS and hypothesized that PCV2 plays an im-
portant clinical and immuno-pathological role in the
development of PDNS. They suggested that the exces-
sive high levels of PCV2 antibodies trigger the develop-

ment of fibrinous deposits (immune complexes) in, for
example, kidneys that can initiate an inflammatory
process when deposited within the vascular or glomeru-
lar capillary wall. They also found an epidemiological
association in herds that had experienced postweaning
multisystemic wasting syndrome (PMWS) also caused
by PCV2. However, their study did not indicate that
PRRSV infection was a primary cause of PDNS, nor did
they consider Pasteurella multocida a primary agent as
has previously been suggested (Sierra et al. 1997;
Thompson et al. 2001).

Seen mainly in growing swine, 20-65 kg liveweight,
the most obvious clinical signs are skin lesions and a
rapid loss in body weight with concurrent depression.
The skin lesions range from large areas of erythema,
macules, and hemorrhagic papules to dark brown to
black thick crusts of necrosis on the ears, face, lower
limbs, hindquarters, scrotum in boars, and vulva of sows
(Figures 8.2E, 8.2F).

Other clinical signs include subcutaneous edema
along the ventral abdominal wall and limbs. The lower
parts of the legs are obviously swollen, and swelling of
the joints is not uncommon. An outbreak in a large spe-
cific pathogen free (SPF) herd soon after it had been es-
tablished by medicated early weaning was investigated.
Typical cases were seen in at least 20 growing pigs over a
3-month period. Most pigs had to be destroyed or died
within a few weeks (Cameron, unpublished data).

The condition could be confused with erysipelas,
with skin necrosis, or, in its early stages, with sarcoptic
mange. Of serious concern is that the clinical signs and
lesions closely resemble those of classical swine fever and
African swine fever. The autopsy findings will reveal en-
larged, pale, spotted (petechiation) kidneys, fluid in the
body cavities, subcutaneous fluid, and excessive synovial
fluid in the joints. Gastric ulceration and hemorrhage
are commonly seen. The histopathology of the kidney
lesions is consistent with a diffuse necrotizing and prolif-
erating glomerulonephritis. Glomerular spaces contain
precipitated protein, necrotic cells (particularly poly-
morphs), and red blood cells. Secondary renal changes
include formation of hyalin/granular casts and dis-
tended tubules. Necrotizing vasculitis of arterioles in the
dermis and subcutis is associated with skin lesions.
Small-vessel vasculitis can be detected in other organs,
including lymph nodes, spleen, stomach, liver, bladder,
brain, and joints (Higgins 1993). A significant increase in
plasma urea and creatinine with a decrease in sodium
and chloride and very high levels of protein and red and
white blood cells in urine are characteristic. Because the
actual causative agent is unknown, control is difficult.
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Diseases of the
Urinary System

Richard Drolet and Scott A. Dee

ANATOMY

The kidneys of swine are bean-shaped, generally
smooth on the surface, and brown. They are elongated,
flattened dorsoventrally, and at least twice as long as
wide (Figure 9.1). At the middle of the medial border of
each of them is an indentation, the hilus of the kidney,
where the vessels, nerves, and ureter communicate with
the organ. The kidneys are located ventrally to the psoas
muscles at the level of the first four lumbar vertebrae.
Their relative location is slightly asymmetrical, but con-
trary to what is observed in many other species, the left
kidney of most individuals is often situated cranially to
the right one; the extremity of the cranial pole of the
former may reach the last intercostal space. In the adult,
the ratio of the combined weight of the kidneys to that
of the body is about 0.50-0.66% (Sisson 1975).

The kidneys are enveloped by a rather thin fibrous
capsule that can be easily peeled off. In a kidney section,
the relative surface occupied by the cortex and the
medulla is readily apparent (Figure 9.2). Pigs have multi-
pyramidal or multilobar kidneys but without the exter-
nal lobation typically found in the bovine species. The
medullary portion of each lobe is called a pyramid;
some are simple, whereas others are compound, that is,
formed by the fusion of two or more primitively sepa-
rate pyramids. The pale apical portion of a pyramid,
called the papilla, projects into the renal pelvis or its
ramifications; these latter are referred to as calyces (refer
to Figure 9.2). Papillae of simple pyramids are generally
narrow and conical, whereas those of compound pyra-
mids, often located in the area of the renal poles, are
broad and flattened. There are 8-12 papillae per kidney.
Collecting ducts of the kidneys have their openings at
the tips of the papillae.

The ureters, which are continuous with the renal
pelvis, leave the kidneys in a sharp caudal curve. They
ultimately reach the dorsolateral sides of the bladder
neck area, penetrating its muscular coat at almost right
angles, and pass obliquely through the submucosa, rais-

ing the mucosa slightly before ending at the ureteric ori-
fices. In newborn piglets, the length of the portion of
the ureter running beneath the bladder mucosa is about
5 mm, whereas it reaches a mean length of about 35 mm
in the adult (Carr et al. 1990). The intravesical portion of
the ureters acts as a valve that prevents vesico-ureteral
reflux of urine.

The urinary bladder of the pig is large and has a long
neck. When full, it lies well down into the abdominal
cavity. The bladder is supported by one median (ven-
trally located) and two lateral ligaments. The urethra of
the adult female is about 7-8 cm long and its external
ostium is located ventrally, at the junction of the vagina
and vestibule; beneath it is a small depression, the subu-
rethral diverticulum. In the male, the urethra opens
into a slitlike structure at the tip of the penis.

PHYSIOLOGY

Histophysiology

The kidney is involved in many vital functions: the
elimination of waste products from the body, the con-
servation of water, and the regulation of the acid-base
balance and electrolyte composition. In addition, it has
an endocrine function: it produces a variety of hor-
mones, including erythropoietin, renin, prostaglan-
dins, and vitamin Dj3.

Most of these functions are achieved by a multitude
of microscopic anatomical structures called nephrons,
which, all together, form the bulk of the renal paren-
chyma. The kidney of a pig contains well over one mil-
lion nephrons. Newborn piglets have immature kid-
neys, and nephrogenesis continues during the first 3
months of life (Friis 1980). The nephron, the functional
unit of the kidney, consists of a renal corpuscle, proxi-
mal tubule, loop of Henle, and distal tubule. The renal
corpuscle comprises the glomerulus, a tuft of arterial
capillaries, and Bowman'’s capsule. The first mechanism
used to accomplish renal function is glomerular filtra-
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tion. The volume of plasma filtered depends essentially
on the renal perfusion, blood pressure, and integrity of
the glomerulus itself. The glomerular filtrate is an ultra-
filtrate of blood plasma that contains water, glucose,
salts, ions, amino acids, and small amounts of protein of
low molecular weight. The glomerular filtrate entering
the tubular components of the nephron is profoundly
modified by various processes of absorption and secre-

9.1. Kidneys of pig in situ, ventral view. 1, left kidney; 2, vena
cava; 3, aorta; 4, renal vein; 5, renal artery; 6, ureter; 7, adrenal
gland; 8, renal lymph node; 9, psoas major; 10, urinary bladder.

9.2. Section of kidney from a feeder pig. 1, cortex; 2, medulla;
3, papillae; 4, compound papilla; 5, calyces; 6, pelvis; 7, ureter.

tion that are, at least in part, governed by the needs of
the animal. A significant part of these changes takes
place in the proximal tubule, a segment of the nephron
lined by well-developed and metabolically very active
epithelial cells. At that site, for example, 100% of the fil-
tered glucose (in a normoglycemic animal) is reabsorbed
by an active transport mechanism, and many other sub-
stances, such as water, sodium, amino acids, albumin,



and bicarbonate, are also reabsorbed in significant
amounts (Banks 1986). Pigs are distinctive in that they
reabsorb very few urates from glomerular filtrate com-
pared to most other species. Tubular secretion of various
endogenous and exogenous compounds complements
the clearance of substances that are filtered at the
glomerulus. The filtrate finally enters the collecting
ducts, where it may be further concentrated. Under nor-
mal conditions, urine expelled into the pelvis is not fur-
ther modified as it travels through the rest of the lower
urinary tract, the mucosa of which is lined with a tran-
sitional epithelium often referred to as urothelium.

Urine

The volume of urine produced daily depends on several
variables, including diet, fluid intake, ambient tempera-
ture and humidity, and the size and weight of the ani-
mal. Accurate data on the normal ranges of the amount
of urine excreted per day in pigs are limited. Salmon-
Legagneur et al. (1973) reported a mean urinary output
of 9 L and 5.3 L/day in gestating and lactating sows, re-
spectively. Other factors, such as the water distribution
system used, may also affect the production of urine if
they influence drinking behavior.

The mean specific gravity of urine in adult swine is
about 1.020 (plasma >1.010), one of the lowest found in
domestic animals (Ruckebusch et al. 1991). Young ani-
mals have even lower values. Specific gravity of urine is
usually inversely related to urine volume. Urinary pH is
usually between 5.5 and 7.5. It is influenced by the me-
tabolism and the composition of the feed; starvation or
a high protein intake lowers urinary pH. Urinary infec-
tion with urea-splitting bacteria (e.g., Actinobaculum
suis, formerly Actinomyces suis) may result in a signifi-
cant alkalinization of urine.

As mentioned (see previous section), the small
amount of protein that passes through the glomeruli is,
for the most part, reabsorbed by the proximal tubules, so
normally no protein is detected in urine by usual meth-
ods. The presence of proteinuria may be of diagnostic sig-
nificance and must be interpreted in conjunction with
the specific gravity. Significant proteinuria is associated
with various renal diseases such as glomerulonephritis
(increased permeability to protein), tubular necrosis (de-
creased reabsorption of protein), and pyelonephritis (in-
flammation), and with lower urinary tract inflamma-
tion. The presence of protein in the urine is, however,
not always pathologic, because transient physiological
or functional proteinuria also occurs in some instances.
Proteinuria is observed in baby pigs in their first few days
of life, their glomeruli being permeable to colostral pro-
tein found in high levels in the blood. Transient protein-
uria may also occur following excessive physical activity
(e.g., transport) or intense stress or when excessive
amounts of protein are ingested.

The color of urine is usually yellow to amber depend-
ing on the concentration of urochromes. Abnormal col-
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oration of urine is observed with some underlying uri-
nary tract diseases. Urine sediment examination is very
informative because it may reveal findings of diagnostic
significance (e.g., in the case of cystitis-pyelonephritis).

Impaired Renal Function

In some pathological situations, renal function is im-
paired so much that renal failure ensues. Renal failure
may have a prerenal (e.g., any condition that reduces
renal blood flow), postrenal (e.g., obstructive uropathy),
or primary renal origin (e.g., extensive renal parenchy-
mal disease). Renal failure can cause metabolic acidosis,
electrolytic imbalances, and intravascular accumula-
tions of various metabolic waste products, including
blood urea nitrogen (BUN) and creatinine. Determina-
tion of both BUN and serum creatinine concentration
may be used to assess the renal function. The serum cre-
atinine concentration is a more accurate index of the
glomerular filtration rate than is the BUN because it is
less dependent on nonrenal factors. Concentrations of
BUN may rise in animals with high dietary protein in-
take or in any conditions resulting in increased protein
catabolism. Friendship et al. (1984) reported normal-
range values for BUN and serum creatinine in weaned
and feeder pigs, gilts, and sows. In sows, for example, the
mean BUN concentration has been reported as 5.3
mmol/L (n = 102) (Friendship et al. 1984) and 5.0
mmol/L (n = 120) (McLaughlin and McLaughlin 1987),
whereas the mean serum creatinine concentrations re-
ported in the same two studies are 160 pmol/L and 186
pmol/L, respectively.

DEVELOPMENTAL ANOMALIES

Anomalies of development occur in all body systems, and
the urinary tract is no exception. These anomalies may
involve the kidneys as well as the lower urinary tract.
Many of these conditions in swine are relatively rare and
of little economic significance. Few of these malforma-
tions in pigs are common, and only rarely are they associ-
ated with clinical signs. In some instances, developmen-
tal anomalies have been shown to be inherited.

Malformations of the Kidneys

Most of the well-characterized renal anomalies of devel-
opment occurring in domestic animals have also been
documented in pigs. Depressions of the external surface
and partial persistence of fetal lobation of the kidneys
have been reported to be relatively common in Nor-
wegian slaughtered pigs (Jansen and Nordstoga 1992).
Unilateral renal agenesis (aplasia) occurs sporadically in
pigs and is relatively common compared to other do-
mestic animals (Hofliger 1971). Bilateral renal agenesis is
obviously incompatible with life and would be encoun-
tered in the fetus or stillborn piglet. Cases of bilateral
renal agenesis and renal hypoplasia have been described
in pigs and linked to a genetic cause (Cordes and Dodd
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1965; Mason and Cooper 1985). Malposition of the kid-
neys (renal ectopia) is not rare and is often characterized
by caudal displacement of one kidney, often the left, to
the pelvic area (Sisson 1975). Duplication of one kidney
has been observed on a number of occasions in pigs
(Nieberle and Cohrs 1967). Horseshoe kidney, rarely
observed in swine, is a condition in which the kidneys
have fused at either the cranial or the caudal poles, re-
sulting in a horseshoe-shaped organ (Nieberle and
Cohrs 1967). Renal dysplasia, a disorganized develop-
ment of renal parenchyma due to anomalous differenti-
ation, also is relatively rare (Maxie 1993).

Congenital renal cysts are not infrequently seen in
the kidneys of various species but are more common in
swine. The presence of one or a few cysts in the kidney,
often referred to as simple renal cysts, is a common inci-
dental finding at abattoirs, and the affected organs are
generally condemned. These cystic cavities, filled with
serous fluid, vary from a few millimeters in diameter to
larger than the organ itself. They are commonly found
in the cortex and often protrude from the surface of the
organ, where they may appear translucent or opaque de-
pending on the amount of fibrous connective tissue
present in their wall (Figure 9.3). Histologically, these
cysts are lined with a layer of tubular epithelial cells sur-
rounded by a fibrous capsule.

Polycystic kidney disease represents another form of
congenital cysts, occurring far less frequently. This form
is characterized by the presence of numerous and gener-
ally smaller cysts that occupy a significant proportion of
the renal parenchyma. Cystic structures may be found
in the liver (cystic bile ducts) as well. Affected piglets
usually die from renal failure during the neonatal period
(Webster and Summers 1978).

The distinction between simple renal cysts and poly-
cystic kidney disease is not always well demarcated.
Wells et al. (1980) reported a prevalence of renal cysts of
nearly 50% from a single herd that experienced an ab-
normally high rate of kidney condemnations at the
abattoir. Affected kidneys had variable numbers and

9.3. Congenital renal cysts in slaughtered sows.

sizes of cysts, ranging from one extreme to the other.
Further investigation showed that affected animals were
the progeny of a Landrace boar. The disease was found
to be inherited as an autosomal dominant trait, the
number of cysts being determined by polygenic inheri-
tance (Wijeratne and Wells 1980).

Malformations of the Lower Urinary Tract
Developmental anomalies of the lower urinary tract ap-
pear to be rare in swine, and like those found in the kid-
neys, their true prevalence is unknown. Cases of dupli-
cation of the ureter (Benko 1969), persistent urachus
(Weaver 1966), and congenital ureteral occlusion
(Nieberle and Cohrs 1967) have been reported in pigs.

CIRCULATORY DISTURBANCES

Circulatory disturbances may occur in the urinary tract
as well as in any other tissues of the body. Some of these
disturbances of the circulation produce lesions that may
be of diagnostic significance on postmortem inspection.

Hemorrhage

Hemorrhages, in the form of widespread petechiae or
less commonly ecchymoses, may be found in any part of
the kidney or lower urinary tract in various septicemic
illnesses (Figure 9.4). Bacterial infections commonly as-
sociated with these lesions include septicemia due to
salmonellae, streptococci, Erysipelothrix rhusiopathiae,
and Actinobacillus spp. These lesions are often seen in
acute cases of hog cholera and African swine fever and
in other viremic diseases such as cytomegalovirus in-
fection (Orr et al. 1988). Petechiation of the renal cortex
is also observed occasionally in acute glomerulonephri-
tis, in some acute intoxications, and in electrocuted
animals.

Larger intrarenal or subcapsular hemorrhages are
usually caused by trauma, necrosis, or clotting defect,
including poisoning by anticoagulant rodenticides.
They may also occur in some cases of disseminated in-
travascular coagulation. Widespread hemorrhages in al-

9.4. Widespread petechiae in the kidney of a piglet with
Staphylococcus hyicus septicemia.



most all body systems, including the urinary tract, are a
striking pathologic feature in suckling piglets with
isoimmune thrombocytopenic purpura due to passively
transferred antiplatelet antibody from the dam’s
colostrum (Andersen and Nielsen 1973; Dimmock et al.
1982). In this relatively common disease, affected
piglets appear normal at birth but eventually die be-
tween 1 and 3 weeks of age from hemorrhagic diathesis.

Infarction

Renal infarcts, infrequently found in the kidneys of
swine, are localized areas of ischemic coagulative necro-
sis produced by the occlusion of the renal artery or one
of its tributaries. The localization and size of the infarct
reflect the area vascularized normally by the involved
blood vessel. The occlusion is usually due to thrombosis
or to aseptic emboli (the consequences of septic emboli
are discussed under embolic nephritis). In some in-
stances infarction of the renal parenchyma is primarily
associated with renal vasculitis (Jansen and Nordstoga
1992), including polyarteritis nodosa (Nieberle and
Cohrs 1967).

Bilateral renal cortical necrosis is seen on rare occa-
sions in pigs and is considered to be the result of an in-
farct of a major part of the cortex of both kidneys (Hani
and Indermiihle 1980). The reaction is characterized by
disseminated intravascular coagulation with a marked
tropism for the small arterial blood vessels of the renal
cortex. The etiopathogenesis of these lesions remains
unclear but the condition has been associated with sep-
ticemia, endotoxemia, and hemorrhagic shock due to
bleeding gastric ulcers.

GLOMERULAR DISEASES

Renal diseases that involve primarily the glomeruli in-
clude amyloidosis and glomerulonephritis. Renal amy-
loidosis has been rarely reported in pigs (Jakob 1971;
Maxie 1993). Glomerulonephritis represents an impor-
tant category of renal diseases in animals and in recent
years this condition has been recognized with increas-
ing frequency in swine.

Glomerulonephritis
Inflammatory changes in renal glomeruli may take
place via a number of mechanisms, including immuno-
logic, thrombotic, toxic, and as yet uncharacterized me-
chanisms. Most cases of glomerulonephritis (GN) in hu-
mans and animals are thought to be immune-mediated.
The main types of glomerular immunologic injury
recognized are trapping of circulating immune com-
plexes (antigen-antibody complexes), in situ immune
complex formation, activation of the alternate pathway
of complement, and cell-mediated processes (Spargo
and Taylor 1988). Because immunoglobulins and com-
plement components are frequently found in inflamed
glomeruli, antibody-mediated injury has received the
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most attention. In veterinary medicine, the commonly
used classification for the various morphologic types of
immune-mediated GN are membranous, proliferative,
and membranoproliferative.

Although the pathogenesis of GN is now reasonably
well understood, knowledge of the etiology or trigger-
ing event is still unknown in most cases (idiopathic
immune-mediated GN). Theoretically GN may be trig-
gered by a variety of factors including drugs, chemicals,
food allergens, endogenous antigens, and infectious
agents (Drolet et al. 1999).

GN is not often diagnosed in swine but does occur
occasionally as a sporadic event (Nieberle and Cohrs
1967; Slauson and Lewis 1979; Maxie 1993; Bourgault
and Drolet 1995). It has also been reported as a sequel to
chronic infectious diseases such as hog cholera, African
swine fever (Maurer et al. 1958; Cheville et al. 1970;
Martin-Fernandez et al. 1991; Hervas et al. 1996; Choi
and Chae 2003), systemic cytomegalovirus infection
(Yoshikawa et al. 1988), and group A streptococcal ab-
scesses (Morales and Guzman 1976). In these cases, the
resulting GN appears to be caused by the presence of
glomerular immune complexes in which the antigen is
related to the agent responsible for the underlying dis-
ease (Slauson and Lewis 1979). Nutritionally induced
GN has also been reported on a few occasions in pigs.
Ingestion of a protein-rich by-product (Elling 1979) and
ingestion of “smut fungus” contained in the feedstuff
(Miiller 1977) have been incriminated.

An inherited renal disease, classified morphologi-
cally as membranoproliferative GN type II, has been de-
scribed in Yorkshire piglets from Norway (Jansen 1993).
This familial disease is not associated with the presence
of intraglomerular immune complexes but rather is
caused by an autosomal recessive deficiency of the com-
plement inhibitory protein “factor H” (Hogasen et al.
1995; Jansen et al. 1995). Deficiency of factor H ulti-
mately provokes activation of the alternate pathway of
complement, with subsequent massive deposits of com-
plement in renal glomeruli. This disease in Norwegian
Yorkshire pigs represents a promising animal model for
the study of membranoproliferative GN type II in hu-
mans (Jansen et al. 1998).

In many species, generalized or focal GN is also ob-
served in some cases of systemic vasculitis (mainly
immune-mediated vasculitis). In pigs, the best example
of this certainly is porcine dermatitis and nephropathy
syndrome (PDNS). The condition, first described in the
United Kingdom in 1993 (Smith et al. 1993; White and
Higgins 1993), was subsequently observed in other parts
of Europe, North and South America, Oceania, and
Africa, suggesting a worldwide distribution (Segalés et
al. 2003). The disease affects nursery and growing pigs
and, less commonly, breeding animals (Drolet et al.
1999). Although notable exceptions have been ob-
served, the prevalence of the syndrome in affected herds
is usually less than 1%. Affected animals present a sys-
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9.5. Sow affected with PDNS. Note multifocal to coalescent erythema-
tous macules and patches of typical distribution.

temic necrotizing vasculitis with marked tropism for the
skin and kidneys (Smith et al. 1993; Hélie et al. 1995;
Thibault et al. 1998). Vascular lesions in the skin pro-
voke a conspicuous dermatopathy (Figure 9.5) (see
Chapter 8). Kidney lesions in acute cases may include
exudative and occasionally necrotizing GN and vasculi-
tis. Vascular lesions in other tissues vary considerably in
frequency and distribution in individual pigs (Thomson
et al. 2002). In some atypical cases there may be cuta-
neous lesions without renal lesions and vice versa. An
animal with GN without any other vascular lesions else-
where should probably not be diagnosed as PDNS since
other glomerular diseases not related to this syndrome
are known to occur in pigs.

In PDNS, the glomerular and systemic vascular dam-
ages are thought to be immune-mediated, possibly
through a type III hypersensitivity reaction (Smith et al.
1993; Helie et al. 1995; Sierra et al. 1997; Thibault et al.
1998; Thomson et al. 2002; Wellenberg et al. 2004). The
precise etiology of the condition remains unknown at
this time. Porcine reproductive and respiratory syn-
drome (PRRS) virus and porcine circovirus type 2
(PCV2) have been so far the two infectious agents most
suspected of being responsible for the development of
the disease, either as primary causal agents or as impor-
tant cofactors (Segalés et al. 1998, 2003; Thibault et al.
1998; Drolet et al. 1999; Rosell et al. 2000; Thomson et
al. 2002; Wellenberg et al. 2004). In both of these infec-
tions, viremia may coexist with the presence of antibod-
ies, a situation that may facilitate the formation of im-
mune complexes. Also of interest is the fact that these
two viruses infect cells of the monocytes/macrophages
lineage and may theoretically act indirectly by affecting
the efficiency of the mononuclear phagocytic system in
removing immune complexes from the circulation
(Thomson et al. 2001). Recently it has been shown that
animals with PDNS often have relatively low PCV2
loads (Olvera et al. 2004) but very high PCV2 antibody
titers (Wellenberg et al. 2004).

Renal fibrosis combined with proliferative glomeru-
lar lesions was rather common in Norwegian slaughter
pigs (Jansen and Nordstoga 1992, 1994). Further studies
are needed to confirm the relationship between this in-
terstitial fibrosis and the mesangioproliferative glome-
rulopathy observed. Other examples of glomerular dis-
ease in swine have been reported in the literature in
recent years (Shirota et al. 1984, 1995; Tamura et al.
1986; Yoshie 1991; Pace et al. 1998; Carrasco et al. 2003).

Although several of the previously described
glomerulonephropathy types are associated with an un-
derlying disease process (chronic infections, genetic de-
fect, systemic vasculitis, etc.) that gives insight into the
likely etiology of the condition, many spontaneous
cases of GN, however, remain idiopathic (primary idio-
pathic GN) (Slauson and Lewis 1979; Shirota et al. 1986;
Bourgault and Drolet 1995).

The clinical significance of GN is highly variable,
with a spectrum ranging from a subclinical condition to
a fulminating and rapidly fatal disease. Shirota and
coworkers (1986) found deposition of immune com-
plexes containing IgG and third-complement compo-
nent (C3) in the glomerular mesangium of most of the
100 normal slaughtered swine they examined. The
mesangioproliferative GN, disclosed only upon micro-
scopic examination of the kidneys, was seemingly not
associated with clinical disease. On the other end of the
spectrum, the proliferative and exudative GN observed
in most of the cases of spontaneous GN reported by
Bourgault and Drolet (1995) was found to be responsible
for the death of at least one-third of the pigs affected.
The hereditary GN of Norwegian Yorkshire pigs appears
to be invariably fatal; affected piglets die of renal failure
within 11 weeks of birth (Jansen et al. 1995). Mortalities
are also commonly recorded in pigs affected with PDNS
(Smith et al. 1993; White and Higgins 1993; Kavanagh
1994; Hélie et al. 1995; Segalés et al. 1998; Thomson et al.
2002). In this latter condition, the survival of the af-
fected pigs depends on the extent and severity of the
vascular lesions in the internal organs, particularly
within the kidneys.

Unlike most other domestic animals affected with
GN (with the exception of the familial glomerulo-
pathies), pigs appear to be affected at a relatively young
age. The condition has been described most commonly
in weaned and feeder pigs (1.5-6 months old), occasion-
ally in breeding animals, and rarely in nursing piglets.
Clinical signs, when present, may include anorexia,
lethargy, unwillingness to move, subcutaneous edema,
rapid loss of condition, and death. GN is rarely recog-
nized clinically because most of the signs are nonspe-
cific, and analysis of urine and blood from an individual
is rarely considered of practical value in the herd medi-
cine approach applied in our large units of production.
Pigs affected with PDNS are often more easy to detect
clinically because of the presence of hemorrhagic and
necrotizing skin lesions, mainly located on the hind-



limbs and perineal area (Segalés et al. 2003). Pigs with
GN may show concomitant hypoproteinemia, hypoal-
buminemia, and persistent proteinuria which are
highly suggestive of a protein-losing glomerulopathy.
The urine protein/creatinine ratio may also be increased
(Hélie et al. 1995). Proteinuria, hematuria, and pyuria,
which are usually compatible with lower urinary tract
lesions, may also occur in severe types of GN—namely,
in acute proliferative and exudative GN. Blood of af-
fected animals may also reveal elevated urea and creati-
nine levels suggestive of renal failure (White and
Higgins 1993; Hélie et al. 1995; Jansen et al. 1995; Drolet
et al. 1999; Thomson et al. 2002).

Gross lesions of GN may be absent, subtle, or very
conspicuous. The appearance of the kidneys will de-
pend largely on the severity of the glomerular lesions
and the stage (acute vs. chronic) of the disease process.
In acute GN, the kidneys may be slightly to markedly
enlarged, pale, edematous, often with cortical petechia-
tion (Figure 9.6). The most important differential diag-
noses to consider for such acutely affected kidneys are
various bacterial septicemia (Erysipelothrix rhusiopathiae,
Actinobacillus suis, Salmonella choleraesuis), acute vi-
remia (classical swine fever, African swine fever, cyto-
megalovirus) and intoxications. With time, the surface
of the kidneys may become finely granular, and in the
chronic phase of the disease, the organs may appear
shrunken and contracted due to progressive cortical fi-
brosis. At this stage, the gross lesions are indistinguish-
able from chronic interstitial nephritis. They may, how-
ever, be differentiated from chronic pyelonephritis,
which tends to produce a more irregular pattern of fi-
brosis, often with intervening areas of normal paren-
chyma and evidence of lesions upon careful examina-
tion of renal calyxes and papillae. Perirenal and
subcutaneous edema and serous effusions in body cavi-
ties may be observed in some cases of GN. On several oc-
casions a high prevalence of gastric ulcers has been asso-

9.6. Acute glomerulonephritis in a grower pig. Note the edematous
and finely petechiated cortical parenchyma (Bourgault and Drolet
1995; reprinted with permission of the American Association of
Veterinary Laboratory Diagnosticians).
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ciated with GN (Jansen 1993; White and Higgins 1993;
Kavanagh 1994; Bourgault and Drolet 1995).

Treatment of GN, which is usually symptomatic, has
received little attention in swine since the disease is not
often diagnosed in live animals under normal farm-
raising conditions. Pigs affected with PDNS have been
tentatively treated with various antimicrobial agents,
anti-inflammatory drugs and multivitamin supple-
ments without significantly conclusive results (Segalés
et al. 2003).

TUBULAR DISEASES

Renal diseases characterized primarily by degenerative
changes affecting the tubular epithelial cells of the
nephrons may occur under certain circumstances. In
these cases, the epithelial lining cells of the tubules may
undergo degeneration, followed by necrosis and slough-
ing of the cells.

Acute tubular necrosis, often called nephrosis, repre-
sents an important cause of acute renal failure in ani-
mals. The epithelial cells of the proximal tubules, be-
cause of their high metabolic activity, are especially
susceptible to damage caused by prolonged ischemia or
nephrotoxins, the two main causes of this type of
nephropathy.

Ischemic Tubular Necrosis

Ischemic tubular necrosis is generally the result of a se-
vere and prolonged period of hypotension associated
with shock of endotoxic, hypovolemic, cardiogenic, or
neurogenic origin (Maxie 1993). These renal lesions are
potentially life-threatening, and the clinical signs of the
resulting renal failure are often hidden by the marked
systemic effects of the primary disease responsible for
the state of shock.

Nephrotoxic Tubular Necrosis

Nephrotoxic tubular necrosis has been documented in
domestic animals in association with a wide variety of
exogenous natural and synthetic compounds. These
toxic substances may affect tubular function and ulti-
mately cause cellular damage by several mechanisms,
including metabolic alterations affecting cellular respi-
ration, interference with the tubular transport system,
and damage to specific organelles (Brown and Engel-
hardt 1987).

Plants, mycotoxins, antimicrobial drugs, heavy met-
als, ethylene glycol, and some other industrial com-
pounds are potential nephrotoxins in swine. Some of
these toxic products are covered in Chapters 56 and 60.

Many plants are nephrotoxic to animals, especially
ruminants. Several species of pigweed, particularly red-
root pigweed (Amaranthus retroflexus) (Figure 9.7), may
cause acute renal failure in pigs when ingested. The dis-
ease occurs in summer and early fall, corresponding to
the months in which animals may have access to the
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9.7. Redroot pigweed (Amaranthus retroflexus). (Courtesy of the
Direction des Services Technologiques, MAPAQ.)

plants. The onset of clinical signs usually occurs about a
week after the ingestion. Characteristic signs include
weakness, trembling, and incoordination, rapidly pro-
gressing to posterior paralysis and sternal recumbency,
and finally to death (Osweiler et al. 1969).

Fungi of some species of Aspergillus and Penicillium
produce nephrotoxins that can contaminate grains used
as feedstuff. Ochratoxin A and citrinin are the most
common nephrotoxic mycotoxins. Monogastric ani-
mals, particularly pigs, may develop significant disease
when moldy feed containing ochratoxin A is ingested.
Acute clinical signs are relatively rare; a subacute to
chronic wasting disease is more commonly associated
with this poisoning (Osweiler 1996).

Antibiotic-associated nephropathies are well docu-
mented in domestic animals. Classes of antibiotics con-
sidered potentially nephrotoxic include the aminogly-
cosides, tetracyclines (or their degradation products),
and sulfonamides. Predisposing factors associated with
the toxicity of these agents include the dosage and the
route of administration, the duration of the treatment,
the solubility of the products, and the general health
status (dehydration, shock, preexisting renal disease) of
the animal.

Ethylene glycol is another potential cause of poison-
ing in pigs. This product, found in high concentration
in many antifreeze solutions, is not toxic per se, but
once it is ingested and absorbed from the gastrointesti-
nal tract, a proportion is enzymatically oxidized in the
liver and successively transformed into several nephro-
toxic compounds and finally to oxalate. Poisoning oc-
curs in swine with the ingestion of 4-5 ml of ethylene
glycol/kg of body weight (Carson 1999). Pigs may be poi-
soned when they have accidental access to antifreeze so-

9.8. Pale and swollen kidney associated with acute tubular necrosis in
a sow dead of ethylene glycol poisoning. A leaking valve on the water-
heating system was responsible for the poisoning of several animals.

lution expelled during engine maintenance or from the
plumbing systems in which these products are used to
prevent freezing.

Many metallic compounds are nephrotoxic, includ-
ing inorganic mercury, arsenic, cadmium, lead, thal-
lium, and bismuth. Cases of poisoning with these prod-
ucts are relatively rare in pigs.

Gross renal lesions observed in acute cases of
nephrotoxic tubular necrosis are not always conspicu-
ous, but the kidneys may appear slightly swollen, pale,
and moist (Figure 9.8). In pigweed (Amaranthus retro-
flexus) poisoning these renal lesions are often accompa-
nied by a marked perirenal edema that may contain
blood and possibly by serous effusions elsewhere in the
body (Osweiler et al. 1969). In severe acute tubular ne-
crosis, death from acute renal failure may ensue.
Animals that survive the acute phase of the disease ei-
ther recover or develop progressive fibrosis of the kid-
neys that may or may not lead to chronic renal failure.
This chronic evolution appears relatively common in
pigs with ochratoxin A toxicosis (Krogh 1977; Rutqvist
et al. 1978; Cook et al. 1986).

Histologically, acute tubular necrosis is generally
characterized by swelling and necrosis of the lining ep-
ithelial cells of the proximal and distal tubules, the pres-
ence of granular casts in the tubular lumen, dilated
tubules, and mild interstitial edema. The presence of
large numbers of calcium oxalate crystals within tubules
is a characteristic finding in ethylene glycol poisoning.
Kidneys of animals surviving the acute toxic insult show
evidence of epithelial regeneration and eventually, at
least in some cases, interstitial fibrosis accompanied by
focal loss of nephrons and a mild interstitial inflamma-
tory infiltrate.

Since specific therapies for most of these toxicoses is
virtually lacking, treatment of affected animals is essen-
tially supportive and symptomatic. When a specific
nephrotoxin is suspected, action should be taken to en-
sure that the offending toxin is rapidly withdrawn or
that the pigs are immediately removed from the source
of the intoxication. Practical measures can be taken to



prevent intoxication by some of these nephrotoxins.
Proper drying and storage of grain, for example, is one of
the best methods of preventing mycotoxicosis, such as
from ochratoxin A.

TUBULOINTERSTITIAL DISEASES

Tubulointerstitial diseases include a relatively large
group of conditions characterized primarily by intersti-
tial inflammation and tubular damage: namely, intersti-
tial nephritis (such as that occurring from leptospirosis),
embolic nephritis, and pyelonephritis (one of the most
significant urinary tract diseases in swine). Immuno-
logically mediated tubulointerstitial disease as occurs in
humans has only rarely been documented in domestic
animals.

Interstitial Nephritis

Leptospirosis is probably one of the best known causes of
interstitial nephritis in pigs. Many serovars of Leptospira
spp-—those of the serogroups Pomona, Tarassovi, and
Australis, for which pigs act as maintenance hosts—
cause significant disease in swine, most notably linked
with reproductive problems, including infertility, abor-
tion, and birth of weak or dead piglets. The pathogene-
sis of the disease involves the penetration by the lep-
tospires of mucosal surfaces or skin, a bacteremia of a
few days that lasts until the beginning of the humoral
immune response, and the preferential localization and
persistence of the organisms at sites physically protected
from antibodies, such as in the ocular vitreous humor,
the cerebrospinal fluid, the genital tract, and the lumen
of the renal proximal tubules (Prescott 1993). The pas-
sage of the leptospires from the bloodstream to the in-
terstitial tissue of the renal parenchyma and finally to
the tubular lumen elicits multifocal lesions of intersti-
tial nephritis (Cheville et al. 1980).

The severity of the interstitial nephritis varies and
ranges from grossly undetectable to extensive lesions,
particularly when serovars of the Pomona serogroup are
involved. The lesions are randomly distributed and ap-
pear as poorly circumscribed whitish foci of various
shapes and sizes, becoming confluent in severe cases
(Figure 9.9). Histologically these foci correspond to the
infiltration of lymphocytes, plasma cells, and macro-
phages in the interstitial tissue, along with some de-
generative changes of the surrounding nephrons. In
chronic cases, interstitial fibrosis occurs.

In most cases these lesions are not extensive enough
to cause renal failure, so the generally asymptomatic an-
imal may shed the leptospires in urine for a relatively
long period of time and become an important source of
contamination of the premises. With time, the lep-
tospiruria becomes less intense and intermittent, but it
has been reported to occur for up to 2 years in some
cases (Mitchell et al. 1966).

The association between lesions of interstitial
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9.9. Severe interstitial nephritis associated with leptospirosis.
(Courtesy of Dr. ].-B. Phaneuf.)

nephritis in pigs and the detection of leptospires within
these kidneys is highly variable among studies
(McErlean 1973; Hunter et al. 1987; Jones et al. 1987;
Baker et al. 1989; Boqvist et al. 2003). Factors that may
influence these results include the serovar of Leptospira
spp. involved, the methods of leptospiral detection
used, the phase of the infection and also the prevalence
of leptospirosis and of other infectious causes of intersti-
tial nephritis in swine in a given geographical area. For
instance, the prevalence of leptospirosis in fattening
pigs and sows in southern Vietnam was found to be high
(Boqvist et al. 2002, 2003), whereas similar studies con-
ducted in slaughtered pigs in southwestern Quebec have
shown a very low prevalence of this infection (Ribotta et
al. 1999; Drolet et al. 2002).

Postweaning multisystemic wasting syndrome
(PMWS), a condition affecting nursery and growing
pigs, was first described in Canada in 1996 (Clark 1996;
Harding 1996). The disease has been linked to PCV2 and
is now occurring in many parts of the world. It is charac-
terized by progressive weight loss, respiratory signs, hy-
pertrophic lymphadenopathy, and, in some cases, diar-
rhea, pallor, or icterus (Allan and Ellis 2000; Segalés and
Domingo 2002). Lesions involve several organs and in-
clude lymphohistiocytic to granulomatous interstitial
pneumonia, nephritis, and hepatitis. The interstitial
nephritis is in some cases grossly detectable as whitish
foci within renal parenchyma (Figure 9.10). In lym-
phoid tissues there is lymphocyte depletion and infiltra-
tion of histiocytes and multinucleated giant cells that
may contain grapelike clusters of basophilic cytoplas-
mic viral inclusion bodies.

Multifocal lesions of interstitial nephritis also occur
in swine with other bacterial (see the section on embolic
nephritis) and viral hematogenous infections. Although
in most of these cases the lesions do not impair renal
function, they are of diagnostic significance because
they are suggestive of a systemic disease. Lesions of in-
terstitial nephritis caused by systemic viral infections
are often disclosed only upon microscopic examination
and are characterized by the presence of foci of nonsup-
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9.10. Interstitial nephritis in a pig naturally infected with porcine
circovirus type 2.

purative inflammation. Viral infections that may pro-
duce these lesions include cytomegalovirus (Kelly 1967),
adenovirus (Shadduck et al. 1967; Nietfeld and Leslie-
Steen 1993), PRRS virus, and possibly others. Multifocal
lesions of nonsuppurative interstitial nephritis have
been reproduced experimentally in PRRS virus-infected
piglets examined 2-3 weeks postinoculation (Rossow et
al. 1995; Cooper et al. 1997). These lesions are found in
the renal cortex as well as in the medulla. Similar renal
lesions are also frequently found in naturally infected
pigs.

Gross lesions of multifocal interstitial nephritis,
often called white-spotted or white-dotted kidneys, rep-
resent a common cause of kidney condemnation at the
slaughterhouse in some areas (Drolet et al. 2002).
Lesions generally appear either as few randomly distrib-
uted or numerous widely disseminated whitish foci, 1-3
mm in diameter (Figure 9.11). Histologically these foci
are composed of mononuclear inflammatory cells that
often take up a distinct lymphofollicular pattern (fol-
licular nephritis) (refer to Figure 9.11). This type of in-
terstitial reaction probably represent a nonspecific im-
munological response to prolonged local antigenic
stimulation. In one study it was shown that, although
the precise cause of these lesions was uncertain, there
was a statistically significant association between the le-

sions and the presence of porcine parvovirus and PCV2
with a stronger association when both viruses were
identified in the same kidney (Drolet et al. 2002).

Embolic Nephritis
Embolic nephritis may occur with bacteremia or septic
thromboembolism when any of various species of bac-
teria is seeded within the vasculature of the kidneys. In
bacteremia, small aggregates of microorganisms localiz-
ing in the renal microcirculation (in particular, in the
interstitial and glomerular capillaries) cause the forma-
tion of small suppurative foci. Early lesions appear
grossly as small hemorrhagic foci bilaterally scattered
throughout the renal cortex. They gradually form small
(1-3 mm) whitish to yellowish abscesses that may be
surrounded by a hyperemic rim (Figure 9.12). These le-
sions, although more numerous in the cortex, may also
be found in the medulla. The finding of such renal le-
sions, when performing a necropsy, strongly suggests
the possibility of a septicemia. In swine, infections with
Streptococcus spp., Erysipelothrix rhusiopathiae, Actinoba-
cillus suis, Escherichia coli, Staphylococcus spp., Arcanobac-
terium pyogenes, and others have to be considered.
Septic thromboembolism occurs when fragments of
a septic thrombus enter the bloodstream and occlude
the arterial vasculature of the kidneys, resulting in
necrosuppurative foci of variable size (Figure 9.13). Such
renal lesions, if disclosed during a postmortem exami-
nation, should prompt a careful examination of the left
cardiac valves (mitral and aortic) for the presence of veg-
etative endocarditis. In these cases, bacteria most often
involved include Streptococcus spp., Erysipelothrix rhu-
siopathiae, and Escherichia coli.

Cystitis-Pyelonephritis Complex

Urine is formed by the kidneys and stored in the bladder
by way of the ureters. The ureteric valves prevent retro-
grade flow of urine from the bladder to the kidneys.
Urine is removed from the bladder via the urethra,
which, in females, communicates with the vagina. The
distal portion of the urethra and the vaginal tract are not
sterile; the composition of the microflora is primarily

9.11. (A) Kidney from a slaughter pig with multifocal interstitial nephritis. Note the relatively well-demarcated white dots randomly distributed
throughout the cortex. (B) Well-demarcated focal area of interstitial nephritis showing a distinct lymphofollicular pattern (follicular nephritis).



9.12. Embolic nephritis caused by Actinobacillus suis. Scattered sup-
purative foci are surrounded by a hemorrhagic rim.

9.13. Septic thromboembolic nephritis secondary to Streptococcus
suis endocarditis.

bacterial. Ascending infection of the sterile portions of
the urinary tract may lead to cystitis and pyelonephritis.

The cystitis-pyelonephritis complex has been docu-
mented as a leading cause of mortality in sows (D’Allaire
and Drolet 1999). Porcine cystitis-pyelonephritis has
been reported throughout the world, and the increased
incidence appears to be correlated with changes in man-
agement, particularly the adoption of confinement
housing for gestating sows.

Etiology. A wide variety of bacteria have been isolated
from cases of porcine cystitis and pyelonephritis, in-
cluding E. coli, Arcanobacterium pyogenes, Streptococcus
spp., and Staphylococcus spp. (Carr and Walton 1993).
These endogenous and opportunistic organisms typi-
cally inhabit the lower urinary tract and are often re-
ferred to as being responsible for “nonspecific” urinary
tract infections, which are reviewed in detail in Chapter
38. Actinobaculum suis, a specific urinary pathogen, is an
important cause of ascending infection in swine.
Infection with A. suis frequently results in elevated sow
mortality, and A. suis has been isolated, either alone or
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in combination with other bacteria, from nearly half of
the reported cases of cystitis and pyelonephritis re-
viewed by Carr and Walton (1993). Due to the impor-
tance of A. suis in the pathogenesis of urinary tract in-
fection in swine, the remainder of this section will focus
on its role in the disease process.

Formerly classified in the genera Eubacterium and
Actinomyces, Actinobaculum suis is a gram-positive rod-
shaped bacterium that grows well under anaerobic
conditions. Actinobaculum suis is urease positive and
catalase negative, ferments maltose and xylose, and hy-
drolyzes starch. Methyl red, Voges-Proskauer, indole,
and nitrate reduction tests are negative. A slight alkalin-
ity is produced in litmus milk, but liquification of egg or
serum media does not occur. It is nonhemolytic on
blood agar, producing pinpoint colonies 2-3 mm in di-
ameter after 2-3 days of incubation under anaerobic
conditions at 37°C. During days 4 to 5 postinoculation,
colonies flatten and develop a dry, opaque appearance,
reaching a diameter of 4-5 mm (Taylor 1999).

Epidemiology. Actinobaculum suis is a commensal or-
ganism of the porcine urogenital tract. It has been iso-
lated from the preputial cavity of boars at slaughter
(Pijoan et al. 1983; Pleschakowa et al. 2004), the vaginal
tract of neonatal piglets sampled immediately following
parturition, and the vaginal tract of females sampled
throughout all stages of production (Dee et al. 1993).
Actinobaculum suis has been isolated from voided urine,
contaminated parturition sleeves of farrowing atten-
dants, pen floors of the farrowing and nursery rooms,
and the boots of stockpersons working in the breeding
area (Carr and Walton 1990; Dee et al. 1993). The sole
route of transmission was believed to be copulation, but
it is now understood that the organism is ubiquitous,
and colonization of the vaginal tract can take place any-
time in the life of the pig.

As the popularity of confinement gestation housing
has risen, so has the incidence of A. suis-related urinary
tract disease. Problems frequently encountered in con-
finement facilities are the reduced availability of water,
increased fecal contamination of the perineal area, ex-
cessive weight gain, and leg injuries, all of which result
in a reduction in the frequency of urination and en-
hanced bacterial survival in the urogenital tract. Distin-
guishing features of endemic cystitis and pyelonephritis
within a herd include lack of a temporal relationship be-
tween the vulvar discharge and the estrous cycle, mini-
mal effect on herd fertility, low morbidity, high mortal-
ity, and an increased frequency in advanced-parity (6+)
sows (Pointon et al. 1990).

Pathogenesis. Actinobaculum suis is fimbriated, and
the short, wide urethra of the sow enhances accessibility
to the bladder (Larsen et al. 1986). Once within the blad-
der lumen, the alkalinity of the environment increases
due to the cleavage of urea into ammonia through the
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use of the urease enzyme. The elevated pH enhances
bacterial proliferation and causes an inflammatory reac-
tion of the mucosal surface. The alkaline environment
also inhibits the growth of competitive microflora and
promotes the precipitation of urinary salts and crystals,
particularly struvite. Such precipitates not only further
increase inflammatory changes in the bladder mucosa
but provide a nidus for bacterial growth and protection
from antibiotics and host defense mechanisms. Al-
though the primary means for accessibility to the kid-
neys is not yet completely understood, it is hypothe-
sized that damage to the ureteric valves secondary to
bacterial products (possibly originating from E. coli)
may predispose the affected animal to pyelonephritis
(Carr et al. 1990).

Clinical Signs and Lesions. Clinical signs associated
with infections of the urinary tract caused by A. suis
vary according to the severity and the phase of the dis-
ease. In acute and severe cases, affected animals may be
found dead, probably from acute renal failure. Sympto-
matic animals are usually afebrile and may show
anorexia, hematuria, and pyuria. The urine is typically
reddish brown in color with a strong odor of ammonia.
Urinary pH may increase from normal values of 5.5-7.5
up to 8-9. Animals that survive the initial infection fre-
quently experience weight loss and reduced productiv-
ity secondary to end-stage renal disease, resulting in pre-
mature removal from the breeding herd.

Inflammatory reaction on the mucosal surface of the
bladder may be catarrhal, hemorrhagic, purulent, or
necrotic, and the bladder wall may be thickened. Stru-
vites can also be found in the lumen. The ureters, often
filled with exudate, may increase to as much as 2.5 cm
in diameter. Unilateral or bilateral pyelonephritis or
pyelitis is the primary lesion detected in the kidneys.
The pelvic region, frequently distended with blood, pus,
and foul-smelling urine, often shows irregular ulcera-
tion and necrosis of the papillae. These suppurative le-
sions may eventually extend irregularly through the
renal medulla and even into the cortex, causing exo-
phytic and discolored deformations of the renal surface
(Figure 9.14). These foci of cortical inflammation, when
present, seem to occur more frequently at the renal
poles. Compound papillae that are mainly located in
these latter areas are considered more susceptible to in-
trarenal reflux of septic urine because of the inability of
their papillary ducts to close under intrapelvic pressure
(Ransley and Risdon 1974; Carr et al. 1991). In long-
standing cases of pyelonephritis, fibrosis ultimately re-
places inflammation (Figure 9.15).

Microscopically, necrotizing ureteritis and pyelitis
with accumulation of bacterial colonies can be seen,
along with epithelial hyperplasia, desquamation of su-
perficial epithelial cells, and goblet cell metaplasia with
intraepithelial cyst formation (Woldemeskel et al.
2002). Renal tubules may contain protein casts, bacte-

9.14. Pyelonephritis due to Actinobaculum suis in a sow. Note the
cortical foci of suppurative inflammation that have extended through
the renal capsule (removed on the right).

9.15. Chronic pyelonephritis in a sow.

ria, and purulent exudate. The interstitium contains
mononuclear inflammatory cells, neutrophils, and pos-
sibly some fibrosis. Examination of the ureteric valves
may reveal inflammation, necrosis, and fibrosis.

Diagnosis. Presumptive diagnosis of cystitis and
pyelonephritis in live animals is best achieved when fre-
quent micturition of bloodstained and cloudy urine can
be observed. Examination of the urine sediments may
also be very informative, because it may reveal the pres-
ence of inflammatory cells, erythrocytes, granular renal
casts, bacteria, and crystals (Carr and Walton 1992). Due
to the striking gross lesions, confirmatory diagnosis of
the condition is usually not difficult. In some cases, de-
termination of urea concentration in ocular fluids is a
useful aid to postmortem diagnosis of pyelonephritis,
especially if it is difficult to ascertain that the lesions
found in the urinary tract are responsible for the death
of the animal (Drolet et al. 1990; Chagnon et al. 1991).
In order to isolate the causative organism properly, care
must be taken during sample collection to minimize ex-
posure to oxygen (Dee 1991). In the field, the bladder
should remain unopened, and the neck of the bladder
should be sealed with umbilical tape. Similar care



should be taken with renal tissue. Demonstration of le-
sions of pyelonephritis can be carried out through the
examination of one kidney; however, the other should
remain unopened with the ureter sealed as previously
described. Upon arrival at the laboratory, a small inci-
sion should be made over a portion of the serosal surface
of the bladder and kidney, previously seared with a hot
iron to reduce surface contamination. A cotton swab
should be inserted into the bladder lumen and streaked
for isolation on colistin nalidixic acid (CNA) agar and
then incubated at 37°C under anaerobic conditions for
5-7 days. If the culture process is to take place at a dis-
tant location, swabs can be placed into Kary Blair anaer-
obic transport media for shipment. Colonial morphol-
ogy and biochemical characteristics of A. suis have been
described earlier in the section.

Finally, an indirect fluorescent antibody test for the
detection of serum antibodies against A. suis has been
described (Wendt and Amtsberg 1994). The test appears
to be highly specific (100%) but of low sensitivity (79%).

Treatment and Prevention. Treatment of urinary tract
infections may be successful if the correct antibiotic is
administered early in the course of the disease. Studies
have demonstrated consistent susceptibility of A. suis to
penicillin, cephalosporins, chloramphenicol, tetracy-
clines, and macrolides, with variable susceptibility to
fluoroquinolones, and resistance to aminoglycosides
(Biksi et al. 2003). Penicillin and ampicillin are fre-
quently the products of choice, due to their ability to
function under alkaline conditions and their propensity
for excretion through the urinary tract. Dosages of 2.2
mg/kg are typically administered intramuscularly for 3
consecutive days. Oral administration of penicillin and
ampicillin is also possible; however, feed-grade products
are of little value, due to the high degree of anorexia in
acutely infected sows and a reduced bioavailability, sec-
ondary to destruction by gastric enzymes, low pH, and
colonic bacteria. Water-soluble ampicillin can be ad-
ministered at 2.3 mg/kg for 5 consecutive days; however,
bioavailability is questionable and cost may become an
issue.

Acidification of the urine through oral administra-
tion of feed-grade citric acid has been described in the
literature (Dee et al. 1994). Results from this study
showed a reduction in the incidence of clinical urinary
tract disease, as well as highly significant (p <0.0001) dif-
ferences in urinary pH and bacterial concentration/ml
of urine in medicated versus nonmedicated groups. A
level of 70 mg of citric acid was administered daily for 14
consecutive days in this study, and palatability prob-
lems were not detected in treated animals.

Prevention of urinary tract disease is similar to the
steps required to control other diseases of the urogenital
system (Dee 1992). The maintenance of a high degree of
hygiene during breeding and parturition, as well as
throughout the gestation period, is critical. Facilities
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9.16. Improper facility design enhances the incidence of cystitis-
pyelonephritis in gestating sows.

need to be properly designed to reduce the spread of
pathogens within the breeding herd and allow efficient
removal of feces from the environment (Figure 9.16).
Restricting water availability through the use of in-
termittent delivery systems or poor husbandry results in
an increase in abnormal urine parameters in gestating
sows (Almond et al. 1996). Abnormalities included re-
duced urine output, elevated specific gravity (=1.026),
and increased creatinine concentration. Therefore, it is
recommended that free-choice water be available at all
times. Finally, because a higher degree of urinary tract
disease can be seen in older sows, proper culling proce-
dures are important to ensure that an optimal parity dis-
tribution is maintained within the breeding herd.

NEOPLASIA

Neoplasms are infrequent in pigs because of the low av-
erage age of the population. However, those most often
recorded have been from young animals (Nielsen and
Moulton 1990). Tumors of the urinary tract in swine in-
volve mainly the kidneys. Neoplasms of the lower uri-
nary tract, although they have been reported (Nieberle
and Cohrs 1967), are generally considered exceedingly
rare.

Embryonal nephroma, also named nephroblastoma,
is one of the most common neoplasms of swine and is
certainly the most common primary renal tumor ob-
served in this species, although its relative prevalence
varies from one region to another. As its name implies,
this neoplasm appears to originate from the embryonic
renal blastema. The tumor arises from the kidney or,
rarely, from the perirenal tissues (probably from rem-
nants of embryonic renal tissues). Affected animals are
typically young, and most of them reach market age
without significant clinical signs, the tumor being
discovered at postmortem inspection. Embryonal neph-
roma is most commonly found as a single mass involv-
ing one kidney but it may be multiple or bilateral
(Nielsen and Moulton 1990). The tumor, which can
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9.17. Large embryonal nephroma at one pole of the kidney of a
slaughtered pig. (Courtesy of Dr. Y. Robinson.)

reach impressive size, often appears firm, pale, and
nodular (Figure 9.17). Metastasis infrequently occurs in
swine compared to other mammals affected with em-
bryonal nephroma. Histologically, this tumor is very pe-
culiar and resembles disorganized embryonic renal tis-
sue. The primitive tissue from which it arises is
pluripotent and accounts for the presence of neoplastic
epithelial and mesenchymal elements simultaneously
observed within the tumor. Hayashi et al. (1986) classi-
fied porcine nephroblastomas into four types according
to their contents: nephroblastic, epithelial, mesenchy-
mal, and miscellaneous. Only a few of the nephroblastic
tumors described in their case series had metastasized.

Other primary renal tumors are believed to be un-
common in swine. Renal carcinomas have been occa-
sionally reported (Sandison and Anderson 1968;
Anderson et al. 1969). Neoplasms originating from the
renal pelvis are very rare (Vitovec 1977).

Secondary renal involvement may occur with some
multisystemic or generalized cancers such as the malig-
nant lymphoma (lymphosarcoma). In pigs, this rela-
tively common neoplasm occurs predominantly as
multicentric and thymic forms. In advanced cases of
multicentric and thymic lymphomas, which involve
primarily the lymph nodes and the thymus, respec-
tively, infiltration of liver, spleen, kidneys, and other
organs may occur. Renal involvement is diffuse or more
often nodular so that the organs appear either enlarged
and pale or dotted with pale nodules often protruding
from the cortical surface (Figure 9.18). In the course of
the disease some animals may develop a leukemic
phase. Renal lesions in some of these cases appear
rather hemorrhagic (Stevenson and DeWitt 1973;
Marcato 1987) and may be confused with some sys-
temic infectious diseases (Figure 9.19). The precise
pathogenesis of these latter lesions is uncertain but
may involve either a coagulation defect or a phenome-
non of acute infarction caused by the presence of in-
travascular neoplastic cells.

9.18. Lymphoma in a fattening pig. Multiple tumoral nodules in the
kidney.

9.19. Leukemic lymphoma in a gilt showing multiple renal hemor-
rhagic foci. Histologically these focal interstitial hemorrhages also
contain neoplastic lymphoid cells.

MISCELLANEOUS CONDITIONS

Urolithiasis
Urolithiasis is the presence of calculi, or uroliths, in the
urinary passages. Uroliths are macroscopic mineral
(polycrystalline) concretions that may contain small
quantities of organic material; the term crystalluria is
used for abnormal microscopic crystalloid precipitates in
urine. The mineral composition of calculi found in pigs
and their relative importance have not been extensively
studied. Nevertheless, various types of calculi can be
found, including calcium carbonate, calcium apatite
(calcium phosphate), struvite (magnesium ammonium
phosphate hexahydrate), and uric acid and urate. Factors
known to predispose to the formation of uroliths include
the diet, urinary pH, reduced water intake, urinary stasis,
and preexisting urinary tract diseases.

Swine are rarely afflicted with urolithiasis in compar-
ison to other domestic animals. The condition is sporad-
ically found in pigs of all ages and is also occasionally



observed as incidental findings in slaughtered pigs.
Outbreaks of obstructive urolithiasis have been reported
on several occasions (Inoue et al. 1977; Sim 1978; Smyth
et al. 1986). In these outbreaks, which involved weaned
and feeder pigs as well as breeding animals, the predis-
posing cause for the condition was not elucidated.
Animals affected with obstructive urolithiasis may
demonstrate decreased appetite, oliguria or anuria, ab-
dominal distension and pain, and death from postrenal
uremia. Ruptured bladder may also occur in some cases.
Treatment of pigs with obstructive urolithiasis is theo-
retically feasible but is generally not considered cost-
effective.

The bladder of sows sometimes contains yellowish
sediments that do not seem to be of clinical signifi-
cance. On postmortem examination, such sediments,
admixed with desquamated epithelial cells, may give
the false impression of a cystitis because of the turbidity
of the urine. Infection-induced calculi are also observed
occasionally in sows with cystitis and pyelonephritis
(Figure 9.20).

Uric acid and urate uroliths are frequently found in
the kidneys of newborn piglets. These often appear as
fine orange precipitates in the medulla and pelvis
(Figure 9.21). This peculiar form of urolithiasis is ob-
served mainly in piglets that have no access to the sow’s
milk (which contains both fluids and nutrients) or are
afflicted by a debilitating disease associated with
anorexia and diarrhea (e.g., transmissible gastroenteri-
tis), thus contributing to dehydration. Accelerated ca-
tabolism of tissue proteins and purines to supply energy
needs and decreased kidney function related to dehy-
dration are responsible for the high levels of blood urea
and uric acid found in these piglets. The excess solute,
poortly reabsorbed from the glomerular filtrate, is ulti-
mately deposited in the inner medulla and pelvis
(Maxie 1993).

9.20. Infection-induced calculi in the bladder of a sow with a chronic
suppurative cystitis.
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9.21. Urate calculi in medulla (arrows) of a dehydrated suckling
piglet.

Hydronephrosis
Distension of the renal pelvis and calyces with urine, as-
sociated with progressive atrophy of the kidney
parenchyma, is the hallmark of hydronephrosis, which
is uncommon and sporadic in swine. The pathogenesis
of this condition always involves some form of obstruc-
tive impediment to the normal passage of urine within
the lower urinary tract, anywhere from the pelvis to the
distal urethra. The causes of the obstruction include uri-
nary calculi, exudate within urinary passages, ureteral
kinking, focal external compression (abcesses, tumors),
and posttraumatic or postinflammatory strictures.
Severe unilateral hydronephrosis may develop unno-
ticed since the remaining kidney, if normal, may com-
pensate adequately. In these cases, the affected kidney
shows extensive dilatation of the pelvis and calyces at
the expense of the renal parenchyma, which may ap-
pear as a thin layer of cortical tissue (Figure 9.22).
Depending on the location of the obstruction, hy-
droureter may also develop. In long-standing cases, the
kidney may be virtually transformed into a large fluid-
filled sac delimited by a severely distended renal cap-
sule. These extreme lesions may take months to de-

9.22. Chronic unilateral hydronephrosis.
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velop. Since stagnation of urine predisposes to infec-
tion, the urine may be transformed into a purulent exu-
date in some instances. In cases of bilateral hy-
dronephrosis, affected animals usually die from uremia
before renal lesions get fully developed.

Parasitic Infections

The pig is the final or intermediate host of a number of
parasitic helminths (see Chapter 55). Compared to some
other body systems, the urinary tractis the niche of very
few of these parasites. Renal infections with Diocto-
phyma renale, the giant kidney worm, and with larval
stages of certain tapeworms may occur on rare occa-
sions. The most significant helminth with tropism for
the urinary system of swine is the nematode Stephanurus
dentatus, the so-called kidney worm of swine.

Stephanurus dentatus is a widely distributed strongy-
loid worm and is most prevalent in warm climates, in-
cluding the southern United States. In enzootic areas,
this parasitic infection may have significant economical
impact since it is associated with deaths, retarded
growth, decreased feed efficiency, and condemnations
at the abattoir (Batte et al. 1960). Larvae of this nema-
tode need moisture and shade for optimal survival, so
pigs raised on soil in this type of environment are the
most prone to the disease. Infective larvae penetrate the
skin or are ingested by the pigs. Transplacental fetal in-
fection is also possible (Batte et al. 1966).

After being introduced into the host, the larvae molt
and migrate to the liver, where they remain for several
months, causing severe hepatic damage and inflamma-
tion. The presence of the parasite within the hepatic
parenchyma is often responsible for extensive liver con-
demnation in some herds (Hale and Marti 1983).
Eventually some larvae escape from the liver and migrate
to the abdominal cavity and potentially to various ec-
topic sites, eliciting a severe inflammatory reaction. To
complete the cycle, some adults establish themselves in
the perirenal tissues or, more rarely, within the kidney.
At that site, the worms, measuring about 3 cm in length,
are found in cystic inflammatory nodules that commu-
nicate with either the pelvis or the ureter in order to shed
their eggs successfully into urine. The prepatent period
in most cases is at least 9 months, and adults may shed
ova in urine for over 2 years (Batte et al. 1960, 1966).
Preventive and curative measures for the control of para-
sites are addressed in detail in Chapter 55.

Others

Mineralization of the kidneys occurs in swine with
acute vitamin D toxicosis. This poisoning is usually ob-
served when excessive amounts of vitamin D5 are inad-
vertently added to their feed (Kurtz and Stowe 1979;
Long 1984). Affected pigs show lethargy, vomiting, diar-
rhea, respiratory distress, and death. Salient gross
necropsy findings include hemorrhagic gastritis or gas-
troenteritis, myocardial necrosis, and pulmonary edema

and congestion. Histologically, besides the gross lesions
described above, there is widespread mineralization ac-
companied by degenerative changes of varying severity
in the kidneys, myocardium, lungs, gastrointestinal
tract, and blood vessels.

Mucinous metaplasia of the epithelial cells lining
the renal pelvis, ureter, and urinary bladder is occasion-
ally observed in pigs. This rather nonspecific lesion, of
uncertain pathogenesis, has been reported in pigs with
various conditions, including exudative epidermitis, E.
coli enteritis, hog cholera, and suppurative arthritis
(Brobst et al. 1971), as well as in urinary tract infections.

Ossification of the renal pelvis of unknown etiology
has been reported in slaughtered pigs (Bundza 1990).
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Interpretation of
Laboratory Results

lan A. Gardner and Patricia C. Blanchard

Veterinarians use diagnostic tests to assess the health,
productivity, and reproductive status of individual pigs
and herds. Although tests can take many forms, includ-
ing history taking, physical examination, and preg-
nancy testing, the most frequently used tests are those
that involve the submission of samples to a laboratory.
Laboratory tests are used to

* Detect pathogens or toxins that are responsible for
disease outbreaks or suboptimal production.

* Evaluate the infection/exposure status of individual
pigs.

* Determine whether a herd was infected with or ex-
posed to a pathogen and, if so, which age or produc-
tion groups (subpopulations) were affected.

» Estimate the percentage of herds or pigs with antibod-
ies to an infectious agent.

* Monitor a herd’s serologic response to vaccination.

* Monitor the progress and success of disease control
and eradication programs.

The optimal approach for each of these objectives
may differ; a different test, number of samples, and diag-
nostic strategy may be indicated depending on the in-
formation needed. Choice of tests to answer specified
objectives is in part determined by the quality and types
of sample that are submitted and in part by the avail-
ability of tests at the receiving laboratory or at other col-
laborating laboratories. Additional factors, such as cost,
rapidity, ease of performance of the test, and its accuracy
(sometimes termed validity) are important considera-
tions. For many tests that are used for swine diseases, es-
timates of accuracy (commonly measured as sensitivity
and specificity) are not published, although it is com-
mon for developers to claim that their tests are both
highly sensitive and specific. Also, data on the repro-
ducibility (repeatability) of different tests among and
within laboratories often are not available.

Although technical modifications to tests (e.g.,
antigen purification, use of monoclonal vs. polyclonal

antibodies, and use of selective culture media) often
improve the ability of the test to discriminate infected
from noninfected pigs, it is clear that all tests are im-
perfect.

In this chapter, we describe the principles that are
necessary for rational use of tests and interpretation of
their results and provide examples of testing strategies
and sample sizes that might be appropriate. The increas-
ing availability of rapid serologic, microbiologic, and
parasitologic test kits, polymerase chain reaction (PCR)-
nucleic acid probes, immunohistochemistry and in situ
hybridization, and the continuing expansion of tests of-
fered by laboratories necessitate an understanding of
the diagnostic principles of each test and a careful eval-
uation of its strengths and weaknesses. Most of our ex-
amples involve serologic tests for infectious diseases be-
cause these tests are commonly used in swine practice.
Issues relevant to test interpretation in both a general
(Tyler and Cullor 1989) and a food animal setting
(Martin 1988) are described elsewhere, but there are few
papers that focus specifically on swine disease. Interpre-
tation of surveillance data for swine diseases is described
in Chapter 69.

VARIATION IN TEST RESULTS

Some tests yield only a positive or a negative result (e.g.,
bacterial and viral isolation), and others (including
many hematologic, clinical chemistry, and serologic
tests) yield a quantitative result that varies among pigs.
Results from quantitative serologic tests are of two

types:

¢ Those, such as serum neutralization (SN), for which
results are typically reported as a finite number of
doubling dilutions or titers

* Those, such as enzyme-linked immunosorbent assays
(ELISAs), in which an infinite number of optical
density (absorbance) values or sample-to-positive
(S/P) ratios theoretically can occur
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Variability in results of a quantitative serologic test
arises from two sources:

* Biologic variation in the response of infected and
noninfected pigs
e Variation inherent in the test system or assay

Animal Sources of Variation

For infected pigs, the serologic response depends on the
duration of infection, challenge dose of organisms,
whether the infection is subclinical or clinical, whether
disease is systemic or mild and localized, other concur-
rent infections, and host factors including age. For acute
infectious diseases where the agent is removed by the
immune system, pigs that were previously infected
might no longer be infected when tested, and therefore,
it is often more appropriate to describe infected pigs as
“exposed.” For noninfected pigs, exposure to cross-
reacting organisms, vaccination against the agent, or
vaccination against other agents through nonspecific
immune stimulation might cause elevated responses in
some pigs and lead to false-positive serologic results.

Laboratory Sources of Variation

Sources of variation attributable to the test include vari-
ation in the way that different laboratories or techni-
cians perform (e.g., use reagents) or interpret the test
(interlaboratory or interobserver variability) and varia-
tion in interpretation by the same person at different
times (intraobserver variability). As evidenced by a com-
parison of test variables for the immunoperoxidase
monolayer assay (IPMA) for porcine reproductive and
respiratory syndrome (PRRS) virus among eight Euro-
pean laboratories, test conditions often are not stan-
dardized from laboratory to laboratory (Drew 1995). In
addition, laboratory errors (e.g., sample mix-up, error in
entry of results, and cross-contamination of samples)
might also result in false-positive or false-negative re-
sults. Most specialized laboratories, however, have inter-
nal and external quality assurance programs that ensure
that the internal laboratory sources of test variation are
small compared with animal sources. In the following
examples, variation attributable to sample quality and
handling by the veterinarian and the laboratory is ig-
nored. We describe the effects of these factors later in
the chapter.

SENSITIVITY AND SPECIFICITY

Gold Standard Test

We assume that the infection or disease status of each
pig can be correctly defined by a so-called gold standard
(also known as the diagnostic standard, definitive test,
or reference test). A gold standard is a method or combi-
nation of methods which determine absolutely and
without error whether a pig is infected or diseased. For
many diseases the true status might be determined only

at necropsy, and for some diseases, there is no gold stan-
dard. In other cases, this perfect diagnostic method is
not practical to use in the field due to cost, labor, or in-
vasiveness, so other, less expensive and more practical
methods are often used as a compromise. For some dis-
eases such as postweaning multisystemic wasting syn-
drome (PMWSY), definition of a gold standard is difficult,
and a working standard such as “compatible histopath-
ology” is used for laboratory diagnosis. For interna-
tional trade purposes, tests prescribed in the Office In-
ternational des Epizooties (OIE) Manual of Standards for
Diagnostic Tests and Vaccines (www.oie.int/eng/normes/
mmanual/A_summry.htm) are considered gold stan-
dards even though most tests are not perfectly sensitive
and specific.

Sometimes, the gold standard is a combined stan-
dard where a positive result from one or more perfectly
specific tests is considered positive. Bager and Petersen
(1991) compared three selective media for isolation of
Salmonella spp. from pig feces. Because each culture
medium detected some Salmonella spp. isolates not de-
tected by the other two media, the gold standard for in-
fection was a positive culture by at least one of the meth-
ods. The number of positive cultures by each method
was expressed as a percentage of the number of samples
that tested positive by one or more methods. One hun-
dred and fifteen isolates were detected. Incubation in
Rappaport-Vassiliadis broth for 24 hours in combina-
tion with plating on brilliant green agar detected 88%
(101/115) of the isolates, compared with 51% (59/115) for
the selenite broth.

When culture or antigen detection is used as the gold
standard for evaluation of a new test, a negative culture
result might be viewed with some suspicion depending
on the methods used and whether there is other evi-
dence of absence of infection. Confidence in the use of
a negative culture result as a standard can usually be in-
creased by inclusion of larger amounts of tissue or mate-
rial and by culture of more sites from within the same
pig. Sometimes, however, the improvements can be neg-
ligible. White et al. (1996) compared the sensitivity of
serologic tests for detecting latent pseudorabies virus
(PRV) infection 2-27 months after experimental infec-
tion. Fifty-one pigs were documented as being infected
based on a positive PCR assay result of trigeminal nerve
and tonsil. Of the 51 positive pigs, 46 were PCR positive
on trigeminal nerve and tonsil, 4 were positive on
trigeminal nerve and not tonsil, and 1 pig was positive
on tonsil and not trigeminal nerve. Therefore, in field
investigations where confirmation of PRV infection is
necessary, inclusion of tonsillar samples in addition to
trigeminal nerve would offer little practical advantage.
Confidence in a negative culture result as a standard also
might substantially increase if other criteria are incor-
porated in the definition of negativity. For definition of
absence of Mycoplasma hyopneumoniae infection, a nega-
tive culture result on a pig from a herd without clinical
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or pathologic evidence of infection would be a more ap-
propriate standard than a negative culture result from a
pig from an infected herd or from a herd of unknown
status.

For some viral diseases, SN or other serologic tests
are used as the standard against which new serological
tests are compared. For example, Weigel et al. (1992)
compared the performance of two ELISAs with SN for
the detection of antibodies to PRV glycoprotein X, and
Lanza et al. (1993) compared a monoclonal antibody-
capture ELISA with SN for the serodiagnosis of trans-
missible gastroenteritis (TGE). The problem with use of
a serologic test as the standard against which the sensi-
tivity and specificity of a new serologic test are esti-
mated is that if the original serologic test is of poor ac-
curacy and results of the two tests disagree, it may be
difficult to determine whether the new test is more ac-
curate. Many authors, including Martin (1988), recom-
mend only measuring the extent of agreement beyond
chance between test results using a kappa statistic. If
the results of the new test show a sufficiently high level
of agreement beyond chance with the standard test, a
decision might be made to substitute the new test based
on cost and rapidity and ease of use. Questions about
the sensitivity and specificity of the new test, however,
would remain unanswered.

Statistical approaches that don’t require a gold stan-
dard (Hui and Walter 1980; Enge et al. 2000) offer a
promising alternative for obtaining sensitivity and
specificity estimates for chronic diseases. These meth-
ods have been applied to evaluation of serologic tests for
Actinobacillus pleuropneumoniae serotype 2 (Enge et al.
2001), evaluation of the accuracy of detection of slaugh-
ter lesions in Danish pigs (Enge et al. 2003), and the de-
tection of classical swine fever virus in tonsillar tissue
(Bouma et al. 2001).

Frequency

10.1. Frequency distributions of ELISA results for noninfected
(left curve) and infected pigs (right curve). A positive result is
an absorbance (optical density) exceeding the cutoff value.
(FN = false negatives; FP = false positives.) Although frequen-

Definition of Terms

Results of a quantitative serologic test such as an ELISA
used on samples from known infected and noninfected
pigs can be displayed graphically as two overlapping fre-
quency distributions (Figure 10.1). Typically, pigs with
test results exceeding a predetermined threshold or cut-
off value are classed as positive and pigs with values less
than the cutoff are considered negative. In contrast, for
some tests, such as particle concentration fluorescence
immunoassay (PCFIA) and blocking ELISA, a low test
value is more indicative of infection.

Because the distributions of test results of infected
and noninfected pigs overlap, the designation of a cut-
off value results in misclassification of the infection sta-
tus of some pigs. Four mutually exclusive categories of
results are possible: true positives (test-positive and in-
fected), false negatives (test-negative but infected), false
positives (test-positive but noninfected), and true nega-
tives (test-negative and noninfected).

Sensitivity, when used with its diagnostic or epidemi-
ologic meaning, is the probability that the test correctly
identifies infected pigs: true positives / (true positives +
false negatives). For example, a test with 80% sensitivity
would correctly identify an average of 80% of infected
pigs as test-positive and would incorrectly identify 20%
as noninfected because they tested negative (false nega-
tives). The diagnostic definition of sensitivity differs
from the use of the term in an analytic context (Saah and
Hoover 1997). In the latter context, the term sensitivity is
often used interchangeably with the minimal or lower
detection limit of the test: the smallest number of bacte-
ria or amount of DNA, toxin, antibody, or residue that
can be detected. An immunologically more sensitive test
(ELISA compared with SN) would be expected to detect
antibodies earlier in the course of infection in an individ-
ual pig, but for herd diagnosis where prevalence is mod-

Infected

Non-infected

True Negatives True Positives

cies are depicted as following a normal (Gaussian) distribu-
tion, often the distributions are skewed (non-normal).

-«+————— Test Negati

Absorbance
_—
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erate to high and pigs are at different stages of infection,
the need for high sensitivity might not be as great. The
contrast in use of the term sensitivity is shown in the fol-
lowing example. The PCR for Mycoplasma hyopneumoniae
is reported by Blanchard et al. (1996) to have a sensitivity
(lower detection limit) of between 400 and 5000 organ-
isms per assay. When used on tracheobronchiolar wash-
ings, the PCR correctly detected 101/116 experimentally
infected pigs (diagnostic sensitivity = 87.1%).

Specificity is the probability that the test correctly
identifies noninfected pigs: true negatives / (false posi-
tives + true negatives). A test with 90% specificity would
correctly classify 90% of noninfected pigs on average as
negative and would falsely classify 10% of pigs as in-
fected (false positives). The analogous term in an ana-
lytic context is the cross-reaction profile (Saah and
Hoover 1997), which indicates the likelihood of cross-
reactivity with related pathogens or diseases that present
with similar signs. The cross-reaction profile relies sub-
stantially on laboratory and clinical experience of the
test developers or researchers. For example, a validation
study of 8 PCR tests for detection of Actinobacillus pleu-
ropneumoniae in tonsillar tissue of chronically infected
pigs considered cross-reactions with A.suis, A. minor,
A.equuli, A.lignieresi, “A.porcitonsillarum,” and 2 other
pathogens often isolated from tonsils, Streptococcus suis
and Haemophilus parasuis (Fittipaldi et al. 2003).

In most field situations, high diagnostic sensitivity
and specificity are both desirable although it might be
difficult to have both attributes with a single test.
Lowering the minimal detection limit of the test will
often improve diagnostic sensitivity, depending on the
numbers of bacteria, concentration of antibody, etc.,
typically found in infected pigs, but such a change
might lower the specificity of the test. Buyers of pigs and
regulatory officials in importing states and countries
usually want tests of almost 100% sensitivity to mini-
mize the risk of introducing new pathogens. A similar
line of reasoning can also be applied to tests for agents of
public health concern—for example, Salmonella spp.,
Trichinella spp., and antibiotic residues. Typically, own-
ers of breeding herds want tests of high specificity to
maximize their chance of selling replacement boars and
gilts. High specificity is also desirable for commercial
producers participating in eradication programs based
on test and slaughter, where economic losses from false-
positive results can be substantial.

One consequence of using multiple imperfectly spe-
cific tests is an increased chance of abnormal results in
otherwise healthy and nonexposed pigs. The probabil-
ity of at least one abnormal test result increases as the
number of independent tests is increased. For example,
suppose that a sow was screened for 10 unrelated bacte-
rial and viral infections. If the sow was never really ex-
posed to any of the agents (unknown to the veterinar-
ian) and each test had a specificity of 95%, the
probability that all 10 tests are negative would be 0.951,

or 60%. Hence, the probability that at least one test
would yield a positive result is 40%.

Estimation of Sensitivity and Specificity
Diagnostic sensitivity and specificity are determined
from experimental and field studies, although it is
quite common that an experimental study for an infec-
tious disease will overestimate the sensitivity and speci-
ficity of the test when used in the field. One advantage
of an experimental study is that it is easier to establish
unequivocally a pig’s infection status, and the associ-
ated serologic response can be followed temporally.
From these data, the time to a specified titer value (or
time to seroconversion) and duration of titer above the
positive cutoff value can be determined. Sgrensen et al.
(1997) used aerosol challenge of 200 SPF pigs with
Mpycoplasma hyopneumoniae to monitor clinical, sero-
logic, and pathologic responses to the organism and to
compare the sensitivity and specificity of culture, im-
munofluorescence, antigen ELISA, and PCR for detec-
tion of the organism in lungs. Because of cost limita-
tions, experimental studies are restricted primarily to
infections with short incubation periods but can be
very useful for obtaining preliminary data on the sensi-
tivity and specificity of tests and the optimal sampling
site. The major limitation of an experimental study is
that it may bear little or no resemblance to field situa-
tions because the selected experimental conditions are
necessarily subjective. In experimental studies, chal-
lenge doses are often selected that will ensure clinical
disease in most, if not all, pigs, and yet many tests are
used in the field to detect subclinical disease in pigs
whose immune systems might respond differently be-
cause of suboptimal environments and concurrent in-
fections. The control group of noninfected pigs in an
experimental study is often comprised of healthy SPF
pigs; yet when a test is used for clinical diagnosis, the
relevant comparison group of pigs is those with clinical
signs caused by pathogens other than the one that the
test detects. For example, evaluation of the specificity
of an immunochromatographic test for detection of
group A rotavirus included samples from pigs with
neonatal diarrheas caused by other pathogens (e.g.,
Escherichia coli) as well as samples from healthy
rotavirus-free pigs (Klingenberg and Esfandiari 1996).
Even when an experimental infection is used to eval-
uate a test initially, samples from representative infected
and noninfected pigs (age, clinical status, stages of infec-
tion, etc.) from commercial herds should be assessed to
ensure that test performance is adequate for naturally
acquired infections. Test results should be compared
with the gold standard (reference test) in a blinded fash-
ion to avoid introducing bias. Sensitivity and specificity
and their respective confidence intervals are calculated.
As sample sizes to derive these values increase, sensitiv-
ity and specificity estimates become more precise, as re-
flected by narrower confidence intervals. Epidemiologic
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10.2. Frequency distributions of modified agglutination test 0
titers for Toxoplasma gondii for infected and noninfected <20 20 80 200 320 800 1280 8000
pigs based on the data from Table 10.1 (Dubey et al. 1995). MAT Titer
Table 10.1. Modified agglutination test titers for Toxoplasma Table 10.2. 2 X 2 table for hypothetical frequency distributions

gondii for 170 infected and 830 noninfected sows.

for modified agglutination test (MAT) results.

Infected Noninfected
Titer (n=170) (n=830)
<20 29 749
20/40 25 31
80 25 25
200 20 12
320/400 21 10
800 21 3
1280/4000 23 0
=8000 6 0

Source: Adapted from Dubey et al. (1995).

considerations for test evaluation studies are described
in detail elsewhere (Greiner and Gardner 2000a).

Example. Dubey et al. (1995) evaluated the sensitivity
and specificity of five diagnostic tests for toxoplasmosis
in pigs. The gold standard was isolation of viable
Toxoplasma gondii by cat or mouse bioassay using heart
muscle collected from sows at slaughter. Sows whose
samples yielded a positive bioassay result on either
bioassay (n = 170) were considered infected, and sows
whose samples yielded a negative bioassay result (n =
830) were considered noninfected. Although frequen-
cies of titer values for infected and noninfected sows
were not reported in the paper, we generated two hypo-
thetical frequency distributions for modified agglutina-
tion test (MAT) results consistent with the published
data. Table 10.1 and Figure 10.2 show that results for
noninfected and infected pigs overlap over an extensive
range of titers (<1:20 to 1:800).

In the study, MAT results were considered positive if
titers were =1:20, and negative if otherwise. Categor-

Infection Status
+ _
MAT Result + 141 81
- 29 749
170 830

sensitivity = 141/170 = 0.829 (95% confidence interval,
0.764-0.883)
specificity = 749/830 = 0.902 (95% confidence interval,
0.880-0.902)

ized results were cross-tabulated in a 2 X 2 table, and
sensitivity, specificity, and exact binomial confidence
intervals were calculated; see Table 10.2.

If a cutoff with 100% specificity is preferred for sero-
logic diagnosis, the cutoff for the MAT would need to be
increased to 1:1280. At the cutoff of 1280, however,
only 29/170 infected sows (sensitivity = 17.1%) would be
correctly identified. These changes in estimates
demonstrate the compromise between sensitivity and
specificity that is inherent in changing the cutoff value
of a quantitative test. Shifting the cutoff point to a
lower value will usually increase sensitivity at the ex-
pense of specificity and vice versa. In this example, a
perfectly sensitive cutoff could not be defined because
both infected and noninfected pigs gave negative re-
sults at the lowest screening dilution for the test (1:20).
The authors discussed the limitations of their gold
standard and indicated that false-negative bioassays
may have occurred because T. gondii were located in tis-
sues other than cardiac muscle or because T. gondii were
not isolated from inoculated animals even though they
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were present. Accordingly, if some test-positive pigs
that were classed as noninfected by the bioassay were
truly infected, the specificity of the MAT might have
been underestimated.

Evaluation of a Test at Various Cutoff Values
Sensitivity and specificity values are useful for determin-
ing a test’s diagnostic limitations and comparing the ac-
curacy of two or more tests. Because many cutoff points
are possible for a quantitative test, comparison of tests
over a range of cutoff values is often more appropriate
than comparison at a single value. The trade-off be-
tween sensitivity and specificity as the cutoff value is
changed may be represented graphically as a receiver-
operating characteristic (ROC) curve (Zweig and
Campbell 1993; Greiner et al. 2000). ROC curves, which
are graphs of sensitivity (y-axis) versus specificity or 1-
specificity (x-axis) for all possible cutoff values of a test,
are well accepted in human medicine as a method to
quantify test performance. Their acceptance in veteri-
nary medicine and use for swine diseases has been lim-
ited. Nodelijk et al. (1996) used an ROC curve to repre-
sent the accuracy of a commercial ELISA for PRRS virus,
and Elbers et al. (2002; 2003) used ROC analysis to eval-
uate the use of clinical signs and gross lesions at post-
mortem to detect outbreaks of classical swine fever in
the 1997-1998 epidemic in The Netherlands.

Using the data in Table 10.1 for the T. gondii MAT, all
sensitivity and specificity pairs at cutoff points from
1:20 to =1:8000 were calculated and graphed as an ROC
curve (Figure 10.3). The area under the curve (AUC),
below and to the right, can be interpreted as the proba-
bility that a randomly selected infected pig will have a
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