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I. INTRODUCTION

The guinea pig (Cavia porcellus), the only New World 
rodent used commonly in research, has contributed to 
studies of anaphylaxis, asthma, gnotobiotics, immunol-
ogy, infectious and nutritional disease, and otology, among 
others. Several outbred and inbred strains were used his-
torically, but, at present, only outbred pigmented stocks, 
albino Hartley stocks, and IAF hairless stock are available 
commercially in the United States (Fig. 6.1). Husbandry 
considerations include noninjurious housing, appropriate 
food, prevention of intraspecies aggression, environmen-
tal stability, and reproductive aspects, including a long 
gestation. Although guinea pigs are susceptible to a wide 
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range of diseases, current breeding and housing condi-
tions have reduced the occurrence of many spontaneous 
infectious diseases in these animals. Diseases of concern 
that do occur in research colonies include respiratory dis-
eases (especially those caused by Bordetella, Streptococcus, 
and adenovirus), chlamydiosis, pediculosis, dermatophy-
tosis, hypovitaminosis C, pregnancy toxemia, urolithiasis, 
traumatic lesions, dental malocclusion, ovarian cysts, and 
antibiotic-induced intestinal dysbiosis.

A. Taxonomy and General Comments

The order Rodentia is subdivided into three subor-
ders: Sciuromorpha (squirrel-like rodents), Myomorpha 
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(rat-like rodents), and Hystricomorpha (porcupine-like 
rodents). The domestic guinea pig (C. porcellus) is clas-
sified as a New World hystricomorph rodent belong-
ing to the family Caviidae (Pritt, 2012). Although recent 
investigations involving DNA sequencing question the 
traditional phylogenetic position of the guinea pig, 
evidence suggesting that the Hystricomorpha reclassi-
fied outside Rodentia is controversial and inconclusive. 
Further work in this area needs to be done (Wolf et al., 
1993; Cao et al., 1997; Stephens et al., 2009).

The family Caviidae consists of five genera and 
approximately 23 species of South American rodents. 
All Caviidae have four digits on the forefeet and three 
on the hindfeet. The soles of the feet are hairless, and the 
nails are short and sharp. Members of the genus Cavia 
have stocky bodies with a large head, short limbs and 
ears, a single pair of mammae, and a vestigial tail.

Guinea pigs were first domesticated by the Andean 
Indians of Peru as a food source and as a sacrificial 
offering to the Incan gods (Morales, 1995). The Dutch 
introduced guinea pigs to Europe in the sixteenth cen-
tury, where they were bred by fanciers. There are several 
color (white, black, brown, red, brindle, and roan) and 
hair-coat varieties of guinea pigs. They may be mono-, 
bi-, or tricolored and have short regular hair (shorthair 
or English), longer hair arranged in whorls (Abyssinian), 
long straight hair (Peruvian), or medium-length fine hair 
(silky). These varieties can interbreed (Harkness, 1997).

B. Uses in Research and Biomethodology

Guinea pigs have been used in research for over 
200 years, and the term ‘guinea pig’ has become a syn-
onym for ‘experimental subject.’ Their gentle tempera-
ment, commercial availability, and extensive historical 
use as a research model make them useful as research 

subjects. However, their use has declined sharply in recent 
decades. Approximately 191,000 were used in 2013 in bio-
medical research and teaching in the United States (U.S. 
Department of Agriculture, Animal and Plant Health 
Inspection Service, 2010), which is down from a high of 
599,000 animals in 1985. Publications of research using 
guinea pigs have decreased from approximately 3500 
per year in the 1980s to fewer than 1000 publications in 
2011 (MEDLINE). Compared with other rodent models, 
they more closely model human vitamin C metabolism 
and some immunological responses, for example, airway 
reactivity in asthma. However, they have largely been 
overshadowed by rats and mice, which have a shorter 
life cycle, larger litters, have been successfully geneti-
cally modified, and are subject to fewer regulations in 
the United States. The guinea pig was the first laboratory 
animal species derived and maintained in an axenic state 
(Wagner and Foster, 1976). Guinea pigs have been used 
in a variety of studies, including anaphylaxis, asthma, 
delayed hypersensitivity, genetics, gnotobiotics, immu-
nology, infectious disease, nutrition, otology, and phar-
macology, and for research in space (Gray, 1998). They 
are used by the pharmaceutical industry for preclinical 
testing of cardiac safety of new drugs, and hairless guinea 
pigs are used for development and testing of topical drug 
preparations (Hauser et  al., 2005.) Guinea pigs are also 
used extensively in the medical device industry for sen-
sitivity testing (e.g., Beuhler and Kligman tests), and as 
a source of serum complement in laboratories using the 
complement fixation test to diagnose infectious disease.

Although guinea pigs are docile and easy to handle, 
their lack of a tail and their thick skin make blood collec-
tion relatively challenging compared with collection from 
rats and mice. Small volumes (e.g., 100 μl) can be collected 
by jugular, saphenous, or cephalic venipuncture. Collection 
of more than a few drops of blood generally requires tech-
niques that require anesthesia, e.g., retro-orbital bleeding, 
cranial vena cava puncture, or terminal cardiac puncture. 
Guinea pigs are also challenging to intubate or to dose orally 
due to their unique pharyngeal anatomy; an elongated soft 
palate covers the back of the throat, leaving only the small 
palatal ostium for access to the trachea and esophagus.

C. Availability and Sources

The shorthair albino English or Hartley guinea pig 
is used commonly in biomedical research, testing, and 
teaching. Outbred animals are available commercially 
from several breeders of laboratory animals. Additional 
types of guinea pigs used in research include outbred pig-
mented guinea pigs, and a hairless (euthymic) Hartley 
guinea pig. Two inbred lines (strains 2 and 13) are no 
longer commercially available, although strain 13 guinea 
pigs can be obtained from United States Army Medical 
Research Institute of Infectious Diseases (USAMRIID).

FIGURE 6.1 A Hartley guinea pig typical of the shorthair, English 
and American varieties (right), and an IAF hairless guinea pig (left). 
Courtesy of Charles River Laboratories.
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D. Laboratory Management and Husbandry

Commonly used caging systems for guinea pigs 
housed in research facilities include solid-sided, wire-
mesh or solid-floor cages stacked vertically on racks, 
individual microisolator cages, solid-bottom plastic cag-
ing, and solid-bottom plastic caging in a ventilated rack. 
Wire-mesh flooring may result in injuries to feet and legs 
and reduced production in breeding animals, and should 
be avoided unless deemed necessary for experimental 
purposes. Solid-bottom cages may be bedded with com-
mercially available materials such as ground corncobs, 
hardwood chips or shavings, and paper products. Guinea 
pigs given the option of wood shavings versus paper 
sheets for bedding spent significantly more time during 
the light cycle in areas of the cage bedded with wood shav-
ings than with paper sheets, yet had a slight preference 
for paper sheets under dark conditions (Kawakami et al., 
2003.) Some bedding materials may interfere in animal 
test systems involving ascorbic acid depletion because of 
the presence of low levels of vitamin C in some bedding 
materials such as cedar shavings (Dunham et al., 1994).

Guinea pigs are social animals and as such should 
be housed in compatible groups whenever possible 
in accordance with the Guide for the Care and Use of 
Laboratory Animals (Guide) (Reinhardt, 1997; National 
Research Council, 2011). Commercial breeders often use 
large, solid-bottom, plastic or metal tubs with wire-bar 
tops to house breeding groups. Cage space requirements 
differ by country. In the United States, the Guide recom-
mendations for guinea pigs are 60 in2 of floor space for 
animals weighing 350 g or less and 101 in2 for animals 
weighing more than 350 g. For all animals, the height of 
the primary enclosure should be at least 7 in. Generally 
recommended environmental parameters for housing 
guinea pigs include a dry-bulb macroenvironmental 
temperature of 20–26°C (68–79°F), relative humidity 
of 30–70%, ventilation of 10–15 fresh air changes per 
hour with no draft, and a 12 h light–12 h dark light cycle 
(National Research Council, 2011).

Feed is usually provided in a J-type feeder, which 
hangs inside the cage or is built into the cage door. It is 
important that the feeder provide easy access to feed. 
Guinea pigs do not adapt readily to changes in the 
presentation of their feed or water. When changes are 
necessary, it is important to observe the animals often 
and closely to ensure that they are eating and drinking. 
Supplemental feed, such as clean hay, may be placed in 
a crock or similar feeder and be removed on a regular 
basis if it is not eaten. Hay and other natural foods have 
the potential to be contaminated with rodent pathogens. 
Some facilities autoclave hay before use. Water can be 
provided in water bottles or by an automatic watering 
system. Guinea pigs often manipulate their water bottles 
or lixits, and spill water into their cages.

With solid-bottom, bedded cages it is important to 
remove soiled, wet bedding and replace it as needed with 
fresh, dry bedding to help prevent ulcerative pododer-
matitis and other dermatopathies. Automatic watering 
valves used in solid-bottom caging systems should be 
located outside the cage to minimize wet or flooded cages.

Guinea pigs are gentle, docile animals that rarely 
scratch or bite when handled. When guinea pigs are 
approached, their first response may be to become immo-
bilized, followed by rapid running, generally preferring 
the perimeter of the cage. Large guinea pigs should be 
picked up with two hands. One hand is placed beneath 
the chest and upper abdomen, and the other hand must 
support the hindquarters. Two-handed support is espe-
cially important to prevent injury of pregnant females 
and large adults. Rodent restraint devices used for rats 
and mice are not easily adapted to guinea pigs because 
of their compact body shape.

Learning in guinea pigs may occur rapidly or progres-
sively over several trials, depending on the learning para-
digm (Sansone and Bovet, 1970). Positive reinforcement 
(operant conditioning) paradigms are recommended for 
effecting learned behaviors because aversive stimuli that 
may induce anxiety or fear, such as restraint, inversion, 
electric shock, or presence of a predator, may induce in the 
guinea pig a profound somatic and autonomic motor inhi-
bition known as tonic immobility behavior. Tonic immobil-
ity, also known as animal hypnosis or feigning death, is 
mediated by periaqueductal gray matter, the limbic fore-
brain, and spinal areas. Therefore, tonic immobility should 
not be used as a means of restraint (Vieira et al., 2011).

II. BIOLOGY

A. Unique Physiologic and Anatomic 
Characteristics

Several aspects of the anatomy, physiology, and 
metabolism of the guinea pig are unique among domes-
ticated rodents and are reviewed in detail by Hargaden  
and Singer (2012).

1. Circulatory and Lymphoreticular Systems
The erythrocytic indices of the guinea pig (red cell 

count, hemoglobin, and packed cell volume) are rela-
tively low compared with those of other laboratory 
rodents (Manning et  al., 1984). However, the historical 
erythrocyte values reported were lower than those seen 
currently in young, specific pathogen-free (SPF) guinea 
pigs (Table 6.1). The historical mean white count was con-
siderably higher, suggesting that underlying subclinical 
disease may have contributed to a relative anemia and 
leukocytosis. Table 6.1 gives both historical values from 
the literature and values reported in 2008 for young, 
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TABLE 6.1 approximate Physiologic Values for Guinea Pigsa,b,c,d,e,f

General data

Body weight: adult male 900–1000 g Thermal neutrality rangei 2–31°C

Body weight: adult female 700–900 g Cardiovascular and respiratory 
systemsl,m,n,o

Birth weight 60–115 g Respiratory rate 42–104/min

Body surface aread,g,h 700–830 g: 9.2 (wt in g)2/3 cm2 Tidal volume 2.3–5.3 ml/kg body weight

200–680 g: 10.1 (wt in g)2/3 cm2 Oxygen use 0.76–0.83 ml/g body weight/h

Rectal temperaturei 37.2–39.5°C Plasma CO2 18–26 mM/l

Diploid numberi,j 64 CO2 pressure 21–59 mmHg

Life span: usual 3–4 years Plasma pH 7.17–7.53

Life span: extreme 6–7 years Heart rate 230–380/min

50% Survival 60 months Blood volume 69–75 ml/kg body weight

Food consumption 6 g/100 g body weight/day Cardiac outputp 240–300 ml/min/kg body 
weight

Water consumption 10 ml/100 g body weight/day Blood pressure 80–94/55–58 mmHg

Gastrointestinal transit timek 13–30 h Upper critical temperaturei 30°C

Clinical chemistry (serum)

Total protein 4.5–5.9 g/dl Calcium 9.0–11.3 mEq/dl

Albumin 2.3–3.0 g/dl Phosphorus 4.2–6.5 mEq/dl

Globulin 1.7–2.6 g/dl Magnesium 2.1–2.7 mg/dl

Glucose 80–110 mg/dl Sodium 121–126 mEq/l

Blood urea nitrogen 15.7–31.5 mg/dl Potassium 4–6 mEq/l

Creatinine 1.0–1.8 mg/dl Chloride 96–98 mEq/l

Total bilirubin 0.2–0.4 mg/dl Alanine aminotransferase 31–51 IU/l

Lipids 95–240 mg/dl Alanine transaminase 32–51 IU/l

Phospholipids 25–75 mg/dl Alkaline phosphatase 68–71 IU/l

Total triglyceride 28–76 mg/dl Aspartate aminotransferase 38–57 IU/l

Cholesterol 20–43 mg/dl Aspartate serum transaminase 38–58 IU/l

Lactate dehydrogenase 37–63 IU/l Creatine phosphokinase 80–130 IU/l

Blood values

Blood cellsp,q Historical values 1974–77p,q 8- to 10-week maler  
Hartley (mean 95% interval)

Erythrocytess 5.4 × 106/mm3 ± 12%s 5.74 × 106/mm3 (4.41–7.56)

Hematocrit 43 ± 12% 49.0 % (37.3–64.5)

Hemoglobin 13.4 g/dl ± 12% 15.7 g/dl (12.7–21.3)

Mean Cell Volume (MCV) 81 μm3 85.5 μm3 (78.8–92)

Mean Cell Hemoglobin (MCH) 25 pg 27.5 pg (20.9–30.2)

Mean Cell Hemoglobin 
Concentration (MCHC)

30% 32% (24.8–36.2)

Leukocytes 9.9 × 103/mm3 ± 30% 4.2 × 103/mm3 (1.86–7.16)

Neutrophils 28–44% 24–62%

Lymphocytes 39–72% 35–74%

(Continued )
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naïve laboratory guinea pigs; the latter data are probably 
a better representation of reference ranges in contempo-
rary animal facilities. Lymphocytes are the predominant 
leukocyte in the peripheral blood. Neutrophils (hetero-
phils or psuedoeosinophils) have distinct eosinophilic 
granules in the cytoplasm (Schalm et al., 1975; Sanderson 
and Phillips, 1981). The Foa-Kurloff or Kurloff cell is an 
estradiol-dependent mononuclear leukocyte unique to 
the guinea pig. These cells are found primarily in the 
thymus and in the sinusoids of the spleen, liver, and 
lung, with increased numbers in the peripheral circula-
tion during pregnancy. Large numbers are seen also in 
the placenta, where they may have a role in preventing 
the maternal rejection of the fetal placenta during preg-
nancy (Marshall et  al., 1971). The Kurloff cell (Fig. 6.2) 
has a large mucopolysaccharide, intracytoplasmic inclu-
sion body, which is metachromatic and periodic acid-
Schiff positive, and contains proteoglycans (Landemore 
et al., 1994) and hydrolytic enzymes (Taouji et al., 1994), 
similar to the smaller intracytoplasmic granules found in 
natural killer (NK) cells. The Kurloff cell has NK cyto-
toxic activity in vitro and may be part of cancer resistance 
in the guinea pig (Debout et al., 1995).

Guinea pigs, like ferrets and primates, are relatively 
resistant to the effects of steroids, and the numbers of 
thymic and peripheral lymphocytes are not reduced 
markedly by corticosteroid injections (Hodgson and 
Funder, 1978). The guinea pig is an established model 
for the study of genetic control of the histocompatibility-
linked immune response (Chiba et  al., 1978). Although 

the thymus of the guinea pig is located in the ventral 
cervical region and is easy to remove surgically, acces-
sory thymic islets exist in contiguous fascia. The thymus 
apparently has no afferent lymphatic vessels (Ernström 
and Larsson, 1967).

2. Gastrointestinal System
The anatomy of the guinea pig has been reviewed 

by Hargaden and Singer (2012) and Cooper and 
Schiller (1975). The guinea pig dental formula is 2(I 1/1 

TABLE 6.1 approximate Physiologic Values for Guinea Pigsa,b,c,d,e,f

General data

Kurloff cells 3–4%

Monocytes 3–12% 0.3–3%

Basophils 0–3% 0–1.5%

Platelets 250–850 × 103/mm3 230–1469 × 103/mm3

Eosinophils 1–5% 0–5%

aLoeb and Quimby (1999).
bFesting (1976).
cCharles River Breeding Laboratories (1982).
dWhite and Lang (1989).
eClifford and White (1999).
fHarkness and Wagner (1995).
gHong et al. (1977).
hKlaassen and Doull (1980).
iShort and Woodnott (1969).
jRobinson (1971).
kJilge (1980).
lSchalm et al. (1975).
mSisk (1976).
nPayne et al. (1976).
oSchermer (1967).
pQuillec et al. (1977).
qLaird (1974).
rCharles River Laboratories (2008).
sCoefficient of variation.

FIGURE 6.2 A Foa-Kurloff cell in a peripheral blood smear 
of a guinea pig. The intracytoplasmic inclusion body is large and 
conspicuous.

(Continued)TABLE 6.1 (Continued)

Blood values
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C 0/0 PM 1/1 M 3/3) = 20, with a diastema or gap 
between the incisors and premolars. All teeth are open-
rooted and grow continuously (hypsodontic). The inci-
sors are normally white, unlike the yellow to orange 
incisors of other rodents. The upper incisors are shorter 
than the lower pair. The oral cavity is small and narrow, 
and the soft palate covers nearly the entire back of the 
pharynx, with only the small palatal ostium offering 
access to the esophagus and trachea. This makes the 
guinea pig an obligate nasal breather (Nixon, 1974) and 
makes intubation and oral gavage challenging.

Guinea pigs are monogastric hind-gut fermenters. 
Unlike that of other rodents, the stomach is undivided 
and is lined entirely with glandular epithelium. The 
large cecum can hold up to 65% of the total gastrointesti-
nal content. The gastric emptying time is approximately 
2 h. Cecal emptying time is very slow, and total gastro-
intestinal transit time is approximately 20 h (Manning 
et al., 1984). With coprophagy, the total transit time can 
be approximately 60–70 h (Jilge, 1980).

3. Cardiovascular System
Compared with the rat, the guinea pig has both a 

lower basal coronary blood flow and a lower peak coro-
nary blood flow. The intercoronary collateral network 
is well developed; therefore, it is difficult to produce a 
cardiac infarct in the guinea pig by acute coronary artery 
occlusion (Brewer and Cruise, 1994). Also, compared 
with the rat, the guinea pig myocardiocytes are not as 
‘stiff’ (Kapel’ko and Navikova, 1993). Brewer and Cruise 
(1994) provide more details on the comparative aspects of 
the guinea pig heart. Anesthetised instrumented guinea 
pigs are used in cardiac safety evaluation of candidate 
drugs (Hauser et al., 2005, Marks et al., 2012).

4. Respiratory System
The guinea pig has been used as a model of lung-

function impairment and bronchial reactions, including 
airway hyperresponsiveness and reactions that resemble 
asthma in humans (Nagase et al., 1994; Martin, 1994; Cook 
et al., 1998). A thorough review of the guinea pig respira-
tory system with an emphasis on species differences was 
presented by Brewer and Cruise (1997). Blood-gas param-
eters, acid–base balance, and hemodynamic and respira-
tory functions are described in Barzago et al. (1994).

5. The Ear
The large, accessible guinea pig ear is used for sev-

eral types of auditory studies (McCormick and Nuttall, 
1976). The Preyer or pinna reflex, which involves a cock-
ing of the pinnae in response to a sharp sound, may 
be used in otologic studies as a measurement of hear-
ing function. Advantages of using the guinea pig ear 
include the large bullae, ease of surgical entry to the 

middle and inner ears, and protrusion of the cochlea and 
blood vessels into the cavity of the middle ear, which 
allows examination of the microcirculation of the inner 
ear (Manning et al., 1984). There are two reported muta-
tions causing inner ear malformation and a resulting 
behavior known as ‘waltzing’ (Banks, 1989; Ernstson 
and Ulfendahl, 1998).

6. Pituitary Gland
Pituitary growth hormone is responsible for postnatal 

growth in vertebrates. Surgical removal of the pituitary 
gland in most species results in alteration of the growth 
pattern. However, hypophysectomy does not alter the 
growth rate of guinea pigs. In addition, supplementation 
with guinea pig pituitary extract fails to alter the growth 
rate of both hypophysectomized and normal guinea 
pigs. Somatomedins insulin-like growth factor I (IGF-I) 
and IGF-II are responsible for growth in the guinea pig. 
Unlike other species, the somatomedins in the guinea pig 
are not growth-hormone dependent. Hypophysectomy 
does not decrease the level of somatomedins. It is not 
known what regulates somatomedin expression in the 
guinea pig (Baumann, 1997).

B. Life Cycle and Physiologic Values

Tables 6.1 and 6.2 list general normative, physiologic, 
and life cycle data for the guinea pig. Values may vary 
with age, strain, sex, environment, and method of data 

TABLE 6.2 Reproductive Values for Guinea Pigsa

First ovulation 4–5 weeks

First ejaculation 8–10 weeks

Breeding onset: male 600–700 g (3–4 months)

Breeding onset: female 350–450 g (2–3 months)

Cycle length 15–17 days

Implantation 6–7 days postovulation

Gestation period 59–72 days

Postpartum estrus 60–80% fertile

Litter size 2–5

Litter interval 96 days

Weaning age 180 g (14–28 days)

Breeding life 18 months to 4 years (4–5 litters)

Young production 0.7–1.3/sow/month

Preweanling mortality 5–15%

Milk compositionb 3.9% fat, 8.1% protein, 3.0% lactose

Milk yield (maximum)c 45–65 ml/kg body weight/day

aPhoenix (1970), Gresham and Haines (2012), Sisk (1976), Peplow et al. (1974), 
Laird (1974), and Festing (1976).
bNelson et al. (1951).
cDavis et al. (1979).
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collection. For more detailed information regarding the 
source of the data and method of collection, references 
should be consulted.

C. Diets, Nutrition, and Feeding

Guinea pigs should receive a feed prepared specifi-
cally for the species and containing vitamin C. Previous 
recommendations were to use commercial guinea pig 
feeds within 90 days of milling; however, most commer-
cially available laboratory guinea pig chows now con-
tain stabilized vitamin C and can be used for 180 days 
postmilling. In some situations, additional feedstuff high 
in vitamin C (e.g., properly cleaned and fresh orange 
wedges, kale, cabbage) is fed. Commercially available 
guinea pig chow is pelleted and contains approximately 
18–20% crude protein and 9–18% fiber. Diets low in Mg, 
with incorrect Ca:P ratios, or with inadvertent feeding of 
diets containing extremely high levels of vitamin D have 
been associated with increased incidence of metastatic 
calcification (Maynard, et al., 1958, Galloway et al., 1964, 
Jensen et al., 2013; Holcombe et al., 2014). Feed should be 
stored in a cool, dry, dark area.

Guinea pigs are fastidious eaters and do not adapt 
rapidly to changes in food and water. Because guinea 
pigs ‘imprint’ food type (and water taste) early in life, 
they may not recognize other foods, including pow-
dered diets, water additives, and vegetable supple-
ments. Placing powder in an agar matrix or blending 
foods during a transition can facilitate food changes. 
Guinea pigs scatter food and dribble water from sipper 
tubes, which makes measuring consumption difficult 
(Harkness et al., 2010).

Diets and nutrition are discussed further in Section III, B. 
There are comprehensive reviews of guinea pig nutrition 
by Mannering (1949), Reid and Bieri (1972), Navia and 
Hunt (1976), and Gresham and Haines (2012). The latter 
reference includes a tabular summary of estimated nutri-
tional requirements of guinea pigs and signs associated 
with several deficiency states.

D. Behavior

Reviews of guinea pig behavior include those of 
Sachser (1998) and Hargaden and Singer (2012). Guinea 
pig behaviors are also discussed in later husbandry sec-
tions. Behaviors in guinea pigs that may affect experi-
mental outcomes or harm animals include hair chewing, 
skin biting, ear nibbling, trampling of young, boars 
climbing from pen to pen, and intermale aggression. In 
mixed-sex groups, a dominant male hierarchy and a less 
defined female hierarchy develop. Scent marking with 
urine, anal, and supracaudal gland secretions and vocal-
ization and agonistic displays are used to assert domi-
nance and defend territory. The presence or absence of 

barbering, ear chewing, wounds, and fighting are evi-
dence of competition and social status. Research and 
breeding guinea pigs are typically housed in groups of 
sows only or of one boar with up to five sows. In harem 
breeding situations, a dominant female may be apparent 
by her lack of fight wounds or hair loss from barber-
ing. Sexually immature males can be housed together, 
but mature boars may fight and group housing of adult 
males is not recommended. Shelters placed in a cage 
with several males reduce intramale aggression (Agass 
and Ruffle, 2005; Walters et al., 2012).

Guinea pigs move, rest, and often eat as groups, with 
activity occurring both day and night (White et al., 1989), 
although some authors state that guinea pigs are usu-
ally nocturnal (Kawakami et  al., 2003). In a cage with-
out adequate sheltering sites, guinea pigs align along 
the cage perimeter, end to end, with pups near the end 
of the line. They usually avoid the center area. When 
guinea pigs become stressed, they may, depending on 
the stressor, vocalize, become immobile or ‘freeze,’ jump 
or hop (‘pop-corning’), dart, or stampede, even exiting 
the cage (Mayer, 2003; Donatti and Leite-Panissi, 2009).

Learning in guinea pigs may occur rapidly or progres-
sively over several trials, depending on associated stressors 
and study paradigm. Because guinea pigs respond to aver-
sive stimuli with immobility or erratic movement, positive 
reinforcement learning paradigms effect more rapid learn-
ing (Agterberg et al., 2010; Hargaden and Singer, 2012).

Guinea pigs may use a dozen or more audible call 
types, based on sonogram indicators. Situations evoking 
these sounds include several categories: calls to increase 
proximity, greeting and proximity-maintaining calls, 
proximity-regaining calls, distress calls, and alarm calls 
(Berryman, 1976; Grimsley et al., 2011).

E. Reproduction

Comprehensive descriptions of the reproductive 
anatomy and physiology of the guinea pig are found in 
Phoenix (1970), Cooper and Schiller (1975), Sisk (1976), 
and Gresham and Haines (2012). Reproductive data are 
summarized in Table 6.2.

1. Reproductive Anatomy and Sexual Maturation
Accessory sex glands in the male guinea pig include 

large, transparent, smooth seminal vesicles (up to 10 cm 
in length), prostate, coagulating, bulbourethral, and 
rudimentary preputial glands. Testes remain in ingui-
nal pouches; inguinal canals are open for life. There is 
an os penis.

The uterus is bicornate and terminates into a single os 
cervix. The vagina is sealed by the vaginal closure mem-
brane, an epithelial structure that ruptures just before 
the onset of estrus and reforms after ovulation (Stockard 
and Papanicolaou, 1919).
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Sows should be bred first when they are large enough 
to bear a litter, but before the calcification of the fibrocar-
tilaginous pubic symphysis. This calcifies and becomes 
fused between 6 and 9 months of age. Females that give 
birth for the first time after the pubic symphysis fuses 
are prone to dystocia. Guinea pig vendors in the United 
States breed females for the first time when they are 
between 350–500 g or 5–13 weeks. Boars are first used 
for breeding at 500–800 g (7–13 weeks).

Guinea pigs are spontaneous ovulators and, under 
laboratory conditions, polyestrous breeders. Both 
monogamous and harem breeding systems can be used. 
With either system, continuous cohabitation allows mat-
ing to occur during the sow’s fertile postpartum estrus 
and will result in an average of five litters per sow per 
year. Heavily bred sows may cease hair growth, result-
ing in partial (patchy) alopecia.

2. Estrous Cycle
The estrous cycle of the guinea pig lasts approxi-

mately 16 days (range of 13–21 days). Proestrus (1–1.5 
days) is characterized by vaginal swelling, rupture of 
the vaginal closure membrane, increased activity, and a 
vaginal smear of nucleated and cornified epithelial cells 
(Hennessy and Jenkins, 1994; Stockard and Papanicolaou, 
1917). Estrus lasts 8–11 h and is indicated by a swollen 
congested vulva, a perforate vaginal membrane, and lor-
dosis posture, with rear quarters elevated (Harper, 1968; 
Phoenix, 1970). Vaginal impedance measurements can 
be used also to assess the stage of estrous cycle in female 
guinea pigs (Lilley et al., 1997.) Metestrus (3 days) and 
diestrus (11–12 days) complete the estrous cycle. A fertile 
postpartum estrus occurs from 2 to 10 h after parturition 
(Rowlands, 1949, Sisk, 1976).

There is no conclusive evidence of cycle synchroniza-
tion among group-housed sows (Donovan and Kopriva, 

1965; Harned and Casida, 1972). Estrus can be synchro-
nized with progesterone administered orally or as a 
subcutaneous implant (Ueda et al., 1998; Gregoire et al., 
2012).

3. Mating and Gestation
During copulation, the boar makes one or two intro-

missions and then ejaculates. Coital completion is indi-
cated by grooming, scooting, and perianal marking by 
the boar (Manning et al., 1984). A copulatory or vaginal 
plug may be found in the female or the bedding, but a 
lack of finding such a plug will provide no indication as 
to whether copulation occurred. Approximately 60–85% 
of matings, including postpartum matings, are fertile. 
The gestation period is an average of 68 days (ranges 
from 59–72 days). Blastocysts implant on day 6 or 7 of 
gestation. Placentation is labyrinthine hemomonocho-
rionic, similar to that of humans, which can make the 
guinea pig a good model for reproductive toxicology 
studies.

Pregnancy can be detected by gentle palpation of the 
uterus. At day 15 of gestation, firm, oval swellings of 
approximately 5 mm in diameter can be felt in the uter-
ine horns. Radiographs and ultrasound have also been 
used to diagnose pregnancy. Fluid-filled round swell-
ings in the uteri are apparent on the echograph at day 16 
of gestation, and diagnosis approaches 100% on day 19 
(Inaba and Mori, 1986). During late pregnancy, abdomi-
nal distension becomes evident, and the pubic symphy-
sis separates to 3 cm during the last week (Fig. 6.3).

Gestation length is generally inversely proportional 
to litter size. Relaxin is produced by the placenta, begin-
ning around day 30 of gestation and continuing to about 
day 63 (Zarrow, 1947). Relaxin is responsible for the 
loosening of the fibrocartilaginous pelvic symphysis 
prior to parturition. Sows do not build nests. Young are 

(A) (B)

FIGURE 6.3 (A) The pelvis of a pregnant female guinea pig. The pubic symphysis separates up to 3 cm by the day of parturition. (B) The 
separation of the pubic symphysis is readily palpable during the last week of pregnancy.
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delivered quickly, with pups being born every 3–7 min 
and completion of parturition in 30 min. Large litters (3 
or more) are associated with a higher incidence of still-
births. It is rare for a sow to eat stillborn pups. Dystocia 
can occur in obese sows, sows bred for the first time 
after fusion of the pubic symphysis, and sows with large 
fetuses (Hisaw et al., 1944).

4. Early Development of the Newborn
Pups are born precocious, with the hair, teeth, and 

open eyes and ears, and are fully mobile. Young pups will 
begin to eat and drink within hours of birth. The feeder 
and sipper tube may be lowered to provide access to the 
smaller animals. Average birth weight ranges from 45 to 
115 g. Those pups weighing less than 50 g at birth gener-
ally do not survive. Young do not nurse for the first 24 h.

Even though young guinea pigs begin eating solid 
food and drinking water within hours of birth, pup mor-
tality of up to 50% can be seen if pups are undersized 
or do not receive milk from a sow during the first 3–4 
days of life. Voluntary micturition does not occur until 
pups are between 7 and 14 days of age. Young can be 
weaned as early as 14 days, but are typically weaned at 
21 days of age.

Sexing guinea pigs is done by examining the ano-
genital region (Fig. 6.4). In immature males, the penis 
can be palpated just anterior to the preputial opening 
or extruded with gentle pressure at its base. Adult boars 
have large testes in obvious scrotal pouches.

5. Artificial Insemination
Artificial insemination (AI) has been used success-

fully in guinea pigs. Electroejaculation produces 0.4–
0.8 ml of semen, which can be placed through a bulbed 
pipette into the vagina (Rowlands, 1957; Freund, 1969). 
In some electroejaculated boars, the ejaculum coagu-
lates in the urethra. Alternatively, sperm can be har-
vested from the vasa deferentia and epididymides. 
Intraperitoneal insemination has been reported, with 
up to 100% incidence of conception when used in con-
junction with estrus synchronization (Rowlands, 1957; 
Ueda et al., 1998). Additonal methods include injection 
of sperm directly into uterine horns following laparot-
omy and endoscope-guided transcervical insemination 
(Yanagimachi and Mahi, 1976). AI with conception has 
been successful up to 16 h postestrus.

6. Superovulation and Embryo Transfer
Superovulation has been induced in guinea pigs by 

intraperitoneal administration of human menopausal 
gonadotropin (hMG) and by active immunization against 
the inhibin α-subunit (Shi et al., 2000; Dorsch et al., 2008). 
Embryo recovery increased from an average of 1.73 on 
day 2.5 post-coitus in untreated animals to an average 
of seven recovered from guinea pigs treated with hMG 

(Dorsch et al., 2008). Embryo transfer has been reported 
rarely in guinea pigs. A method for embryo transfer for 
the purpose of rederiving a guinea pig colony for eradi-
cating certain pathogens has been described (Parker 
et al., 2006.) Timed mated females were used as embryo 
donors and recipients. Embryos were harvested from 
donors at 1.5 and 2.5 days post-coitus and transferred to 
pseudopregnant females mated to vasectomized males 
1.5–2.5 days earlier. Fifty-nine embryos were transferred 
into 10 recipients, and two singleton pups were born at 
69 and 71 days of gestation.

III. DISEASES

A. Infectious Diseases

Improvements in gnotobiotic derivation, barrier hous-
ing, diets, caging, environmental control, routine health 
surveillance, and information sharing have virtually 
eliminated most of the disease conditions once prevalent 

FIGURE 6.4 Sexing guinea pigs. (A) Females have a Y-shaped 
depression in the perineal tissue. The anus is located at the base of the 
Y, the membrane-covered vulvar opening is at the intersection of the 
branches, and the top branches of the Y surround the urethral opening. 
(B) In immature males, the penis can be palpated just anterior to the 
preputial opening or extruded with gentle pressure at its base.
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in conventionally housed guinea pigs. Comprehensive 
reviews of diseases in guinea pigs in research settings 
are found in Percy and Barthold (2007) and Gresham and 
Haines (2012). Staphylococcus aureus is an opportunistic 
pathogen that can cause pododermatitis (bumblefoot) 
in guinea pigs housed on wire bars and in caging with 
improper sanitation. Clostridium difficile and other enteric 
bacteria have been implicated in antibiotic-associated typh-
locolitis. Both ulcerative pododermatitis and antibiotic-
associated colitis will be discussed in Section III, D.

Although spontaneous disease is now rare in guinea 
pig colonies, similarities between human and guinea 
pig immune systems and the high susceptibility guinea 
pigs have for many infectious agents continue to make 
them useful as a model for a number of infectious dis-
eases and for vaccine development. (Padilla-Carlin et al., 
2008). Although naturally occurring Helicobacter species 
have not been isolated from guinea pigs, experimental 
infection with H. pylori results in severe gastritis that 
can persist for at least 5 months, making this a good 
small animal model for H. pylori in humans (Shomer 
et al., 1998; Sjunnesson et al., 2003). The similarity of the 
guinea pig pulmonary system to that of humans also 
makes this species a good model for several bactierial 
and viral infections, including Legionnaires disease and 
Mycobacterium tuberculosis. (Padilla-Carlin et  al., 2008). 
Guinea pigs are extremely sensitive to infection with 
tuberculosis and they have been used as sentinels in 
human hospitals. The guinea pig model of tuberculosis 
remains the gold standard for testing the potency and 
standardizing PPD use in humans (Hanif and Garcia-
Contreras, 2012).

1. Bacterial and Mycoplasmal Diseases
a. Bordetella bronchiseptica

Etiology Bordetella bronchiseptica is a common com-
mensal organism in many species, including guinea 
pigs, rats, rabbits, mice, dogs, swine, cats, turkeys, and 
primates. The organism is a short, gram-negative rod or 
coccobacillus, aerobic, motile, and non-spore-forming. 
Growth in vitro is best at 30°C but is slow to poor at 
37°C, with minute, circular, pearlescent colonies present 
at 24 h and maximum-sized colonies apparent at 72 h. 
Colonies embed in the media and are surrounded vari-
ably by a zone of β-hemolysis (Boot et  al., 1994; Brabb 
et  al., 2012). Immunologic studies (Wullenweber and 
Boot, 1994) and macrorestriction digestion of DNA tech-
niques, as well as evidence of phenotypic modulation 
of surface components, provide evidence for serotypic 
variation within the species. Restriction enzyme analy-
sis of chromosomal DNA demonstrated that diversity 
among isolates was striking even within a host species 
(Sacco et  al., 2000). The organism variably dissociates 
in culture (isogenic mutation), and these isolates vary 

in hemolysin, dermonecrotoxin, proteases, adenylate 
cyclase, and hemagglutinin production, which may 
affect host specificity, virulence, and disease manifesta-
tion (Griffith et al., 1996).

Clinical Signs Subclinical infections are encoun-
tered more commonly than clinical outbreaks. The epi-
zootic respiratory or septicemic disease can progress 
rapidly (often within 24–72 h) and produce high mor-
tality; all ages and both sexes are affected. There may 
also be sporadic deaths in enzootically infected colonies. 
Clinical signs include inappetence, depression, upper 
respiratory discharge, dyspnea, cyanosis, and death. A 
genital form with a 5- to 7-day incubation period causes 
infertility, stillbirths, and abortions (Brabb et al., 2012).

Epizootiology and Transmission The organism is 
found commonly in the respiratory tracts of many spe-
cies and potentially may be transmitted among these 
species. The potential for transmission of Bordetella sp. 
from rabbits to guinea pigs is a primary reason these two 
species should be housed in separate areas. Transmission 
is by fine particle aerosol onto the respiratory mucosa, by 
contaminated fomites, or by genital contact (Nakagawa 
et al., 1971; Trahan et al., 1987). Many guinea pigs carry 
Bordetella bronchiseptica as a commensal resident. Higher 
morbidity and mortality occur among the young and 
historically in Strain 2 inbred animals.

Necropsy Findings Bordetellosis is manifested by 
various degrees of pulmonary consolidation with res-
piratory exudation, purulent bronchitis, tracheitis, and 
otitis media. Consolidated lung areas are dark red or red 
brown to gray. Peribronchiolar and perivascular inflam-
matory cells contribute to fibrinous or fibrinopurulent 
bronchopneumonia. In uterine infections there may be 
pyosalpinx and dead embryos or fetuses (Brabb et  al., 
2012).

Pathogenesis The organism attaches firmly to cili-
ated respiratory epithelium, where it proliferates rapidly 
and causes ciliary paralysis, an inflammatory response, 
antiphagocytic activity, and dermonecrosis, presumably 
through the action of an intracellular, heat-labile toxin 
(Quinn et al., 1994).

Differential Diagnosis Although several bacterial 
and some viral agents may cause acute bronchopneumo-
nia in guinea pigs, including Streptococcus pneumoniae, 
S. zooepidemicus, Klebsiella pneumoniae, and adenovirus, 
Bordetella sp. infection has historically been the most 
common clinical diagnosis, possibly due to its ease of 
culture. Definitive diagnosis is through swabbing of the 
lumen of the bronchi or lower trachea and aerobic cul-
ture on sheep blood and MacConkey’s agar or Smith 
and Baskerville medium (Smith and Baskerville, 1979). 
Enzyme-linked immunosorbent assay (ELISA) and indi-
rect immunofluorescence assay (IFA) serologic testing 
are more sensitive than culture for detecting the organ-
ism, but various Bordetella antigenic variants should be 
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used in serologic testing because of antigenic variations 
described earlier (Wullenweber and Boot, 1994).

Prevention, Control, and Treatment Because 
clinical disease arises often from a preexisting subclini-
cal infection, the reduction or elimination of stressors 
is essential. Purchasing Bordetella-free stock and screen-
ing existing colonies for carriers are important diagnos-
tic and preventive measures. Because B. bronchiseptica 
is commonly carried by pet dogs and cats, some ven-
dors and research facilities restrict pet ownership by 
animal caretakers. Disease is controlled by isolation of 
animals infected with or susceptible to B. bronchiseptica 
and treatment or removal of the clinically ill. Infected 
animals may be treated with general supportive care 
and appropriate antibiotics, e.g., fluoroquinolone or 
trimethoprim-sulfonamides.

b. Streptococcus equi subsp. zooepidemicus

Etiology Streptococcus equi subsp. zooepidemicus is 
a Lancefield’s group C Streptococcus (Timoney et  al., 
1997). The β-hemolytic, gram-positive organism has an 
antiphagocytic capsule (M-like antigen) and produces 
several exotoxins, including hyaluronidase, a protease, 
and a streptokinase. The subspecies zooepidemicus sur-
vives longer off the host than does the obligate pathogen 
S. equi (Quinn et al., 1994).

Clinical Signs This pyogenic bacterium is associ-
ated with suppuration and abscess formation, usually 
in the cervical lymph nodes (cervical lymphadenitis or 
‘lumps’), which are evident on observation and care-
ful palpation (Fig. 6.5). Other signs that may be pre-
sent are torticollis, nasal or ocular discharge, dyspnea 
and cyanosis, hematuria and hemoglobinuria, cyanotic 
and swollen mammary glands, abortions, stillbirths, and 
unexpected deaths, although the presence of enlarged 
cervical nodes in otherwise healthy guinea pigs is the 

usual and only sign. There may be inapparent upper 
respiratory infections (Kohn, 1974).

Epizootiology and Transmission Although trans-
mission from guinea pigs to humans has not been 
reported, the zoonotic potential of this agent should be 
considered when working with infected guinea pigs. 
Guinea pigs of all ages are affected, but the infection 
may be more common in females. The organism inhabits 
mucosal surfaces. Transmission of the organism is via 
aerosol onto respiratory, oropharyngeal, conjunctival, or 
female genital epithelium. The disease is of low conta-
gion (Murphy et al., 1991).

Necropsy Findings The most common finding on 
necropsy is one or more abscessed and encapsulated 
cervical lymph nodes, although the node itself usually is 
destroyed. The abscesses may be up to several centime-
ters in diameter and contain a nonodorous, yellow-white 
to red-gray pus. Other conditions that may be caused by 
S. equi subsp. zooepidemicus include pneumonia, general-
ized lymphadenitis, septicemia (Fig. 6.6), focal hepatitis, 
otitis media, pleuritis, peri- and myocarditis, nephritis, 
mastitis, metritis, and arthritis with necrosis and hemor-
rhage (Kinkler et  al., 1976; Harkness et  al., 2010; Brabb 
et al., 2012).

Differential Diagnosis Another organism linked 
historically to cervical lymphadenitis in guinea pigs 
is Streptobacillus moniliformis, which is carried by wild 
rats. This organism is seldom involved and is also of 
low contagion (Aldred et  al., 1974). Diagnostic criteria 
include clinical and necropsy signs and isolation of 
β-hemolytic streptococci from an abscess margin or heart 
blood. Chains of streptococci can be seen on Gram stain 
of exudates from infected guinea pigs (Fig. 6.7). Other 
organisms that can cause upper respiratory lesions and 
death in guinea pigs include S. pneumoniae, B. bronchisep-
tica, K. pneumoniae, adenovirus, and others. Additional 

FIGURE 6.5 Swellings in the ventral neck are enlarged lymph 
nodes infected with Streptococcus zooepidemicus, the causal organism 
of most cases of caseous lymphadenitis.

FIGURE 6.6 Septicemia in a guinea pig infected with Streptococcus 
zooepidemicus. Multiple abscesses are evident in the liver and spleen.
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rule-outs for masses in the neck include lipomas or lym-
phoma in aged guinea pigs.

Prevention, Control, and Treatment Methods 
of preventing streptococcal cervical lymphadenitis 
include obtaining disease-free stock, feeding nonabra-
sive feed (assuming crude fiber may abrade the phar-
yngeal mucosa), trimming overgrown or broken teeth, 
and using feeders that do not abrade the skin of the 
neck. Disease is controlled by removing affected animals 
from the colony or replacing the entire colony. Treatment 
usually involves surgical removal of the abscess and its 
capsule. Antibiotics safe for use in guinea pigs (e.g., fluo-
roquinolones, trimethoprim-sulfonamides, gentamicin, 
or chloramphenicol) may be effective.

c. Streptococcus pneumoniae

Etiology S. pneumoniae is gram-positive, α-hemolytic, 
and oval to lancet shaped. It occurs in culture in paired or 
chain formation (Fig. 6.8). The two serotypes recovered 
most often from guinea pigs are types 4 and 19F, at least 
some of which are assumed to be identical with certain 
human serovars (Parker et al., 1977), although one recent 
study found that guinea pigs may be a reservoir for a sero-
type 19F that had an unique allele combination not found 
in humans (Van der Linden, et al., 2009).

Clinical Signs Subclinical upper respiratory tract 
carrier states of S. pneumoniae in guinea pigs (and in 
humans) are high, often over 50% prevalence in some 
colonies. This high carrier state accounts for sporadic 
epidemics occurring when animals are stressed or mal-
nourished. Clinical signs, when they do occur, include 
high mortality or, in less acute cases, depression, ano-
rexia, nasal and ocular discharge, sneezing and cough-
ing, dyspnea, torticollis, or abortion and stillbirths.

Epidemiology and Transmission S. pneumoniae 
infections are rarely reported or detected in research col-
onies. Transmission is by respiratory aerosol, by direct 
contact with infected animals (including humans), or 
vertically during birth.

Necropsy Findings Lesions seen at necropsy are 
primarily pyogenic processes occurring in one or more 
forms: fibrinopurulent pleuritis, pericarditis (Fig. 6.9), 
peritonitis, suppurative pneumonia, otitis media, endo-
metritis, and arthritis, among others (Boot and Walvoort, 
1986; Witt et al., 1988). The pulmonary lesion is an acute, 
fibrinopurulent bronchopneumonia with thrombosis of 
pulmonary vessels.

FIGURE 6.7 Gram stain of the peritoneal exudate from a guinea 
pig infected with Streptococcus zooepidemicus. Note the characteristic 
chains of cocci, 250×.

FIGURE 6.8 Diplococci in the peripheral blood of a guinea pig 
infected with Streptococcus pneumoniae. Wright-giemsa stain, 250×.

FIGURE 6.9 Fibrinopurulent pericarditis in a guinea pig, caused 
by Streptococcus pneumoniae. The pericardial sac is thickened and 
opaque (arrow). From Guinea Pigs: Infectious Disease, Laboratory Animal 
Medicine and Science, Series II, American College of Laboratory Animal 
Medicine. Used with permission.
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Pathogenesis The organism becomes established 
in the upper respiratory tract, where it is protected by 
a polysaccharide capsule and can activate an alterna-
tive complement pathway, which initiates some of the 
pathologic changes associated with the infection.

Differential Diagnosis S. pneumoniae can usu-
ally be observed on Gram-stained impression smears 
of infected tissue, or can be cultured on blood agar 
incubated under 5–10% carbon dioxide. Matsubara et al. 
(1988) developed an ELISA for streptococci. Definitive 
identification of S. pneumoniae requires serotyping 
among the 83 different capsular polysaccharides. The 
serotyping test, the Quellung reaction, utilizes a serum 
pool product or type-specific antisera. The bacterial 
capsule appears opaque and swollen when the anti-
body reacts with surface antigens. Differential diagno-
ses include various respiratory and systemic pathogens 
including Bordetella sp., other streptococci, Salmonella 
spp., Klebsiella sp., and adenovirus.

Prevention, Control, and Treatment  Guinea pigs 
free from streptococcal exposure or infection should be 
purchased for research or teaching. Clinical disease may 
occur in carrier animals when they are stressed or mal-
nourished. Treatment is more likely to cause reversion 
to a subclinical, carrier state than eliminate the infection. 
Clinically affected guinea pigs should be removed from 
the colony and efforts made to reduce predisposing fac-
tors. Antibiotics safe for use in guinea pigs may, in some 
cases, reverse the pathologic process, but subclinical 
infections may remain.

d. Salmonella enterica

Etiology Salmonellosis, seen rarely in research 
guinea pigs, is caused by several serovars of the gram-
negative bacillus Salmonella enterica, subspecies enter-
ica; however, serovars Typhimurium and Enteritidis are 
encountered most frequently (Brabb et al., 2012).

Clinical Signs In peracute to acute infections the 
only signs of salmonellosis in an animal or colony may 
be high morbidity and mortality. Epizootic outbreaks 
occur more often in late pregnant, weanling, aged, and 
malnourished guinea pigs (Wagner, 1976; Harkness 
et  al., 2010). In longer term survivors or in sporadic 
clinical cases in colonies with endemic infection, guinea 
pigs may exhibit rough hair coats, weakness, conjunc-
tivitis, abortion of small litters, and light-colored feces 
or intermittent diarrhea (Schaeffer and Donnelly, 1996). 
Mortality may be as high as 50–100% of the population.

Epizootiology and Transmission Pathogenic 
Salmonella spp. are found worldwide in a variety of 
vertebrates, and one species or serovar of Salmonella 
may affect a wide variety of animal species. The pattern 
of infection may be epizootic, enzootic, or subclinical 
with shedding of infectious organisms. Inapparent 

carriers shed the organisms intermittently, which 
poses a continuing threat to other animals, including 
humans.

Transmission of salmonellae among animals may be 
fecal–oral, blood–oral, or tissue–oral, or via the conjunc-
tiva. The organisms are shed in the feces of wild rodents 
or other animals and contaminate food (e.g., green veg-
etables, hay) intended for guinea pigs. Guinea pigs are 
highly susceptible to Salmonella spp., and the incubation 
period is 5–7 days.

Necropsy Findings Gross lesions in guinea pigs 
dying from salmonellosis may not be present or may 
include hepatomegaly, splenomegaly, and small yellow 
necrotic foci throughout the viscera (Fig. 6.10) (Percy and 
Barthold, 2007).

Pathogenesis Salmonellae enter the body through 
the gastrointestinal tract or via the conjunctiva and elicit 
histiocytosis, tissue necrosis, and abscess formation.

Differential Diagnosis Diagnosis requires recov-
ery of the organism from feces, heart, blood, spleen, or 
other affected organs through enrichment in a broth such 
as selenite F or tetrathionate, culture on MacConkey’s or 
brilliant green agar, and identification of the organism. 
Serotyping identifies the serovar (Percy and Barthold, 
2007; Brabb et al., 2012.)

Prevention, Control, and Treatment  Salmonellosis 
in guinea pigs is now a rare disease in most research 
colonies because of the use of barrier-raised stock and 
improved husbandry and health monitoring. Aging, 
other diseases, malnutrition, and enviromental stress are 
predisposing factors. Treatment is not recommended. 
Antibiotic use may cause an infection to become sub-
clinical and lead to antibiotic resistance. The best control 

FIGURE 6.10 Multifocal hepatic abscesses in a guinea pig infected 
with Salmonella enterica.
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and treatment recommendation for Salmonella-infected 
animals is to euthanize the entire colony, sanitize caging 
and equipment thoroughly, and restock with animals 
known to be free of Salmonella spp.

e. Other Bacteria

Clostridium piliforme C. piliforme, the causative 
organism of Tyzzer’s disease, is a gram-negative, curved 
rod and an obligate, intracellular anaerobe with sub-
terminal spores that persist for years in the environ-
ment. The disease occurs in several species, including 
rodents, rabbits, cats, dogs, horses, and some nonhu-
man primates. This disease, reported rarely in guinea 
pigs, causes emaciation, dehydration, lethargy, diarrhea, 
and death. The organism causes a necrotizing ileitis, 
typhlitis, and hepatic necrosis in weanling guinea pigs. 
Lesions seen at necropsy include multifocal necrosis and 
inflammation of the ileum, cecum, and colon. Prevention 
is to avoid stressors and to maintain good sanitation. 
Diagnosis is through identifying characteristic filamen-
tous bacteria in a Giemsa- or Warthin–Starry-stained sec-
tion of enterocytes. The organism has not been directly 
cultured in vitro. Reported spontaneous cases have iden-
tified an unclassified spirochete occurring along with 
the Tyzzer’s organism and lesions (McLeod et al., 1977; 
Zwicker et al., 1978; Waggie et al., 1986; Harkness et al., 
2010).

Pasteurella multocida Pasteurellosis is rare in 
guinea pigs in well-managed colonies, and the preva-
lence of infection is unknown. An epizootic reported 
by Wright (1936) involved sporadic, unexpected deaths 
with pulmonary consolidation, fibrinopurulent serositis, 
and conjunctivitis. Diagnosis is by culture and identifi-
cation of the characteristic gram-negative coccobacillary 
rods.

Pseudomonas aeruginosa Pseudomonas infections 
are rare in guinea pigs but have been associated with 
pulmonary lesions involving lung consolidation and a 
severe, focal, necrotizing bronchopneumonia (Bostrom 
et  al., 1969). Pseudomonas may also cause conjunctivi-
tis and otitis media. Clusters of bacteria surrounded 
by necrotic debris (grossly, ‘sulfur granules’) may be 
present in focal, suppurative lesions. Samii et al. (1996) 
reported a pet guinea pig with an abdomen painful on 
palpation and containing a 2 × 3 cm mass in the cau-
dal abdomen. Necropsy revealed an enlarged, inflamed, 
fibrous prostate gland with local extension of the inflam-
mation. Pseudomonas aeruginosa was isolated from the 
gland. Pseudomonas is ubiquitous and may be spread in 
drinking water or in damp bedding or food.

Chlamydophila cavia (Chlamydia cavia)  
Chlamydophila caviae, referred to also as Chlamydia cav-
iae historically, formerly Chlamydia psittaci, is a gram-
negative, obligate intracellular bacterium, and is the 
causative agent of guinea pig inclusion conjunctivitis 

(GPIC) (Schmeer et al., 1985; Cherian and Magee, 1990). 
Infections may be subclinical. Signs may be limited to 
mild reddening of the eyelids, or can include conjunc-
tivitis with serous to purulent exudate, rhinitis, and 
genital tract infections (Deeb et al., 1989). Abortions and 
lower respiratory tract infections are reported. The clini-
cal disease is self-limiting, with complete recovery in 3–4 
weeks. Historically, detection was based on demonstra-
tion of intracytoplasmic inclusion bodies in Giemsa- or 
Macchiavello-stained conjunctival epithelial cells. More 
sensitive polymerase chain reaction (PCR) assays are 
available and have been used to detect the organism in 
guinea pigs and other species (Everett et al., 1999; Lutz-
Wohlgroth et al., 2006; Pantchev, et al., 2009) Differential 
diagnoses include causes of bacterial conjunctivitis 
in guinea pigs: streptococci, coliforms, S. aureus, and 
Pasteurella multocida. The disease is self-limiting and typ-
ically does not require treatment. The conjunctival and 
genital infections in guinea pigs have served as models 
for the human disease (Rank et al., 1979; Deeb et al., 1989; 
Rank and Sanders, 1992). The zoonotic potential should 
be considered and proper protective equipment worn 
by staff handling potentially infected guinea pigs. When 
indicated, Chlamydophila sp. are sensitive to sulfonamide 
antimicrobials.

Experimental infection of the guinea pig genital tract 
with C. caviae is a good model for chlamydial genital 
infections in humans (DeClercq et  al., 2013). Disease 
can be sexually transmitted, and perinatal transmis-
sion is possible. Similar to children born to females 
infected with C. trachomatis, guinea pig pups born 
to sows infected with genital C. caviae are prone to 
conjunctivitis.

Klebsiella pneumoniae Klebsiella pneumoniae is 
a gram-negative, nonmotile bacillus that causes rare 
epizootics in guinea pigs of all ages and both sexes. 
Predisposing factors include malnutrition, magnitude of 
exposure, unsanitary environments, and genetic predis-
position (Brabb et  al., 2012). Clinical signs of Klebsiella 
infection are anorexia, dyspnea, and death. Necropsy 
and histologic findings include seropurulent or serofi-
brinous lesions in the thoracic and abdominal cavities, 
mastitis, splenomegaly, thrombosis, coagulative necrosis 
of the liver, granular degeneration of the renal tubule 
cells, and septicemias. The pulmonary lesion is an acute, 
necrotizing bronchopneumonia. Klebsiella can be isolated 
from the blood, liver, spleen, peritoneal exudate, and 
cerebrospinal fluid of infected animals.

Streptobacillus moniliformis Streptobacillus, an 
organism of low contagion carried by wild rats and 
birds, rarely causes disease in research guinea pig colo-
nies. Lesions include cervical adenitis with abscessation 
(see also S. equi subsp. zooepidemicus in Section III, A, 1) 
and a pyogranulomatous bronchopneumonia (Aldred 
et al., 1974; Kirchner et al., 1992).
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Yersinia pseudotuberculosis Yersinia pseudotuber-
culosis is a gram-negative, nonhemolytic, exotoxin- and 
enzyme-producing, pleomorphic rod. Optimal incuba-
tion temperatures are 20–30°C. Virulent strains may grow 
within macrophages (Quinn et  al., 1994). The organism, 
which infects both sexes and all ages of guinea pigs and 
has otherwise a wide host spectrum, can cause (1) an 
acute, highly fatal septicemia; (2) chronic emaciation, diar-
rhea, and death within 3–4 weeks; (3) nonfatal lymphad-
enitis; or (4) a subclinical carrier state, usually following 
a clinical phase (Ganaway, 1976; Obwolo, 1977). Yersinia 
pseudotuberculosis can infect humans. The zoonotic dis-
ease, yersiniosis or pseudotuberculosis, is rare in research 
guinea pigs in the United States, although guinea pigs are 
very susceptible to this infection. Because of a persistent 
carrier state in guinea pigs, euthanasia is advised.

Listeria monocytogenes Listeriosis is rare in 
guinea pigs, with few literature reports describing infec-
tion and actual or possible clinical signs. The causative 
agent, the gram-positive rod Listeria monocytogenes, is 
widespread in the environment, including in soil and 
bedding. Clinical signs linked to Listeria infection in 
hairless guinea pigs were unilateral or bilateral kerato-
conjunctivitis (Colgin et al., 1995) and reproductive dis-
orders (Ganaway, 1976). Prevention and control involve 
general precautions. Euthanasia instead of treatment is 
recommended because of the zoonotic potential of the 
organism.

Mycoplasmas Mycoplasmas (Mycoplasma caviae, 
M. pulmonis, and others) and acholeplasmas may occur 
as latent infections in the reproductive tract, brain, and 
nasopharynx of guinea pigs (Stalheim and Matthews, 
1975; Brabb et al., 2012).

2. Viral Infections
Guinea pigs are susceptible to infection with a num-

ber of viruses, and have been used as models of human 
disease, including influenza transmission (Lowen et al., 
2006). However, with the exception of adenovirus and 
cytomegalovirus, viral infections are no longer common 
or reported in laboratory guinea pigs. Viral diseases of 
guinea pigs are reviewed in Brabb et al. (2012).

a. Guinea Pig Adenovirus

Etiology Adenoviral respiratory tract infection in 
guinea pigs is attributed to an adenovirus (GpAV, GAV; 
DNA, enveloped) with the typical icosahedral symme-
try and 252 capsomers. PCR results indicate that the 
guinea pig adenovirus is genetically distinct from ade-
noviruses infecting other species (Pring-Åkerblom et al., 
1997). GpAV is a separate serotype within the genus 
Mastadenovirus and has the highest level of homology 
with other animal Mastadenoviruses and human sub-
groups A, C, and F (Feldman et al., 2001).

Clinical Signs The prevalence of the subclinical 
disease is unknown because of lack of specific serologic 
tests, but subclinical infections may be common. Clinical 
disease is rare. Affected animals usually die without 
prior signs, or they may develop dyspnea, tachypnea, 
dry rales, crepitations, and lethargy (Eckhoff et al., 1998).

Epizootiology and Transmission Guinea pig ade-
novirus infection occurs worldwide and may have a 
higher prevalence than reported. The clinical disease has 
no age predilection, is sporadic in endemically affected 
colonies, and is characterized by low morbidity and high 
mortality (Eckhoff et  al., 1998). Transmission is via the 
respiratory route.

Necropsy Findings Lesions include well-demar-
cated areas of dark red pulmonary consolidation, com-
pensatory emphysema, and in some cases a catarrhal 
exudate in air passages. Histologic effects include necrosis 
and sloughing of bronchiolar, bronchial, and tracheal epi-
thelial cells, which contain large, oval, intranuclear inclu-
sion bodies. The surviving epithelium and underlying 
lamina propria are underlain with a mixed population of 
inflammatory cells (Crippa et al., 1997; Eckhoff et al., 1998).

Pathogenesis Factors for predisposition to infec-
tion include stress, an immunologically compromised 
animal, strain and site of replication of the virus, and 
perhaps anesthetic gas irritation of the respiratory tract. 
The virus enters the tracheal and bronchial epithelial 
cells, where replication and cell damage occur. Epithelial 
erosion, parenchymal inflammation, and exudation in 
airways follow (Pring-Åkerblom et al., 1997).

Differential Diagnosis Diagnosis of adenovirus 
disease is by exclusion of other causes and by histo-
logic and electron microscopic examination of air pas-
sageway epithelial tissue. There is no specific serologic 
test available, and the use of the mouse adenovirus 
strain FL antigen produces excessive false-positive reac-
tions (Pring-Åkerblom et al., 1997). Active disease can be 
detected by PCR from feces or freshly frozen lungs. Other 
agents that may infect the respiratory system of guinea 
pigs are B. bronchiseptica, Streptococcus sp., K. pneumoniae, 
cytomegalovirus, herpesvirus, and Sendai and parainflu-
enza viruses (Eckhoff et al., 1998).

Prevention, Control, and Treatment  Obtaining 
guinea pig stocks without a history of clinical adenovi-
rus infection, reduction of stress in a colony, and obser-
vation of immunocompromised animals are methods of 
prevention and control. There is no treatment.

Research Complications Adenoviral vectors are 
used experimentally for aural gene delivery in guinea 
pigs in models of hearing loss. Natural infection of study 
animals with GpAV did not obviously affect the transfec-
tion efficiency of human adenoviral vectors expressing 
GFP (Hankenson, et al., 2010). However, inapparent pul-
monary infections may become clinical problems when 
animals are stressed.
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b. Cytomegalovirus

Etiology Caviid herpesvirus 2, also known as guinea 
pig cytomegalovirus (GPCMV) or the salivary gland 
virus, is a species-specific pathogen that is detected spo-
radically in laboratory guinea pigs (Schoondermark-van 
de Ven, 2006).

Clinical Signs GPCMV infection is usually sub-
clinical. Strain of host, pregnancy, and an immunocom-
promised state may predispose to more serious illness. 
Clinical signs may include weight loss, conjunctivitis, 
and lymphadenopathy.

Epizoology and Transmission GPCMV continues 
to be detected sporadically and is likely dependent in 
part on housing conditions. Six out of 15 guinea pig 
facilities located in Europe and screened for various 
infectious agents between 2000 and 2003 were serologi-
cally positive for GPCMV (Schoondermark-van de Ven, 
2006). Acute infection is followed by a chronic, persis-
tent infection (Isom and Gao, 1988). Transmission is by 
exposure to saliva carrying the virus, or transplacental 
transmission can occur throughout gestation. A preexist-
ing maternal antibody does not prevent transmission to 
the fetuses. Cesarean section rederivation does not inter-
rupt the transmission, presumably due to transplacental 
infection.

Necropsy Findings Experimental introduction of 
the virus causes more severe signs, but the natural dis-
ease in susceptible animals ranges from karyomegaly 
of salivary gland epithelium (submaxillary gland) to 
severe interstitial pneumonia, splenomegaly, lymphad-
enopathy, and fetal meningitis. Congenital neurological 
abnormalities and deafness can be caused by GPCMV.

Pathogenesis A viremia within 2 days of exposure 
results in widespread, systemic dissemination of the 
virus, and although animals generally remain ostensi-
bly healthy, the salivary gland, hepatic, and renal cells 
are the primary sites for replication. Many more organs 
become infected by 10 days. By 12–14 days the viremia 
ceases and the virus is more difficult to find in visceral 
organs. By 3 weeks postexposure, inclusion bodies are 
present in the salivary glands. A chronic, persistent 
phase continues in the salivary gland and thymus in 
adults and in the salivary glands and spleen of fetuses 
(Isom and Gao, 1988).

Differential Diagnosis Diagnosis of GPCMV is 
by microscopic identification of large, eosinophilic, usu-
ally intranuclear inclusion bodies in the ductal epithelial 
cells of the submaxillary salivary gland. The inclusions 
form at 5 days up to 3 weeks postexposure. Inclusion 
bodies may also be seen in the brain, lung, kidney, 
spleen, pancreas, thymus, and liver. Indirect fluorescent 
antibody techniques and histopathology are methods of 
diagnosis.

Prevention, Control, and Treatment  Prevention 
and control are by selecting guinea pig stock known free 

of GPCMV, screening new arrivals, selective necropsy, or 
serologic testing. There is no treatment.

Research Complications The natural disease may 
be unapparent (unless detected by serology or necropsy) 
but could interfere with studies involving tissues har-
boring the virus.

c. Poliovirus

The poliovirus affecting guinea pigs is an RNA-
containing member of the family Picornaviridae with 
some antigenic cross-reaction with the GDVII strain of 
Theilovirus. Genetic variants among host guinea pigs 
may affect predisposition to infection and clinical signs 
(Van Hoosier and Robinette, 1976). Clinical signs include 
depression, lameness in one or more limbs, flaccid paral-
ysis, weight loss, and death over 2 weeks. Hansen et al. 
(1997) reported that serologic evidence of this infection 
is more common in pet store than in laboratory popula-
tions. Nevertheless, poliovirus infection remains a pos-
sible diagnosis in guinea pigs with lameness.

Clinical signs are rare, and within colonies clinical dis-
ease is sporadic, if it exists at all. The transmission route 
of the virus is not proven, although fecal–oral trans-
mission is common among Picornaviridae. In mice and 
rats the endemic epizootic cycle of Theilovirus (formerly 
Theiler’s murine encephalomyelitis virus) is by fecal–oral 
transmission (Lipton and Rozhon, 1986).

Necropsy signs of poliovirus infection are histologic 
and include meningomyeloencephalitis, perineuronal 
inflammation, neuronal degeneration, and necrosis of 
the anterior horn cells of the lumbar spinal cord. In mice 
the virus replicates presumably in the gray matter of the 
cortex and progresses into the white matter and upper 
motor neuron pathways.

Diagnosis is by a positive ELISA using the Theilovirus 
strain GDVII mouse virus antigen combined with histo-
pathologic finding of central nervous system and lum-
bar spinal cord lesions (Hansen et al., 1997).

Hansen et  al. (1997) recommended vitamin C for 
prevention, control, and treatment, given that vitamin 
C contributes to adrenocorticosteroid production and, 
presumably, protection of myelin. The infection may 
complicate research investigations of the central nervous 
system of the guinea pig.

d. Lymphocytic Choriomeningitis Virus

The RNA arenavirus causing lymphocytic choriomen-
ingitis in mice, dogs, and primates (including humans) 
is a rare pathogen in guinea pigs. The virus infection in 
guinea pigs is contracted iatrogenically via inoculation 
with contaminated biologicals, or possibly through inha-
lation, ingestion, or through the skin following exposure 
to biting insects or infected wild mice. Associated signs 
are central nervous system dysfunction and hindlimb 
paralysis. The virus may cause a lymphocytic infiltration 



263III. DIsEasEs

LABORATORY ANIMAL MEDICINE

in meninges, choroid plexi, ependyma, liver, and lungs. 
The liver is the best site for IFA detection of the virus, 
and antibodies can be detected by ELISA. The virus 
causes disease in humans and has many systemic effects 
in guinea pigs that would interfere with research proj-
ects (Van Hoosier and Robinette, 1976).

e. Other Viruses

Overt viral diseases are rare in guinea pigs, but there 
are many reports of inapparent infections other than those 
described above. Reviews of these infections are found 
in Van Hoosier and Robinette (1976), Hsiung et al. (1986), 
and Brabb et  al. (2012). The viruses include poxviruses, 
guinea pig retrovirus, parainfluenza viruses, murine 
pneumonia virus, mammalian orthoreovirus (reovirus 3), 
simian virus 5, herpesviruses, and Sendai virus.

3. Parasitic Diseases
a. Protozoa

Intestinal protozoa are most often commensal organ-
isms, and clinical signs caused by pathogenic protozoa 
are rare. Comprehensive descriptions of protozoa of 
guinea pigs include Ronald and Wagner, 1976, Ballweber 
and Harkness, 2007, and Brabb et al., 2012.

Eimeria caviae Eimeria caviae, a protozoan of the 
phylum Apicomplexa, is a moderately pathogenic coc-
cidium with ellipsoidal oocysts without a micropyle. 
Infection with E. caviae in connection with high popula-
tions of Balantidium coli may occur in the proximal colon, 
with Balantidium as a secondary agent producing clinical 
disease. Stress also is a significant predisposing factor 
in the pathogenesis of clinical coccidiosis. Transmission 
of E. caviae occurs with ingestion of sporulated oocysts.

Clinical signs in severely infected weanlings include 
lethargy, anorexia, and watery to pasty feces lasting 
4–7 days. Oocysts may not appear in feces before 10 
days postexposure, so a soiled hair coat, diarrhea, and 
even death may occur before oocysts are detected in 
feces. In survivors, constipation may follow the diarrhea  
(Percy and Barthold, 2007). Oocysts in feces require 2–11 
days outside the host to develop to an infective stage. 
Factors affecting maturation include oxygen, heat, and 
humidity.

Necropsy findings include edema, hyperemia, hemor-
rhage, and white or yellow plaques in the thickened prox-
imal colon and adjacent cecal wall. Intestinal contents are 
watery and often contain blood. Histologic examination 
shows colonic epithelial cell hyperplasia, intracellular 
coccidian forms, enterocyte sloughing, and edema and 
congestion of the lamina propria. Ingested, sporulated 
oocysts invade the mucosal crypts of Liekberkühn of the 
proximal colon and, during schizogony, damage the epi-
thelium. The prepatent period is 10 or more days (Ellis 
and Wright, 1961; Hurley et al., 1995).

Diagnosis is by finding oocysts on fecal flotation or 
by examining mucosal scrapings or a stained tissue sec-
tion. Other causes of similar signs include pantothenic 
acid or vitamin C deficiencies, crytosporidiosis, bacterial 
enteropathies, and coronavirus infection. Prevention is 
through good sanitation and husbandry, reduction of 
stress, and provision of fresh, appropriate feed. Treatment 
involves use of sulfonamides with known anti-Eimeria 
activity and provision of adequate vitamin C.

Cryptosporidium wrairi Cryptosporidium wrairi is 
a coccidium of guinea pigs that has a prolonged phase 
of endogenous replication. Subclinical infection may be 
common. Clinical signs are seen most often in young 
animals (under 300 g or up to 16 weeks of age), and 
may be exacerbated by concomitant Escherichia coli 
enterotoxemia. Clinical signs may include weight loss 
(most common sign), anorexia, potbellied appearance, 
rectal prolapse, and, uncommonly, diarrhea and death 
(Lindsey, 1990).

Transmission is fecal–oral. Necropsy findings, espe-
cially in the young, are those of a diffuse enteritis from 
duodenum to the cecum. Infections are patent for 
2 weeks and clear by 3–4 weeks postingestion in young 
and 1–2 weeks in adults (Chrisp et al., 1990). Intestinal 
signs include hyperemia, edema, atrophy or necrosis of 
villus tips, lymphocyte infiltration, and hyperplasia of 
crypt epithelium. Cryptosporidial bodies are seen intra-
cellularly in the brush border epithelium near villus tips 
and are most numerous in the anterior ileum. The bodies 
are basophilic and round to oval, 1–4 μm in diameter. 
Detection of the organism is by identification in mucosal 
scrapings examined on phase contrast microscopy or on 
stained tissue sections (Gibson and Wagner, 1986).

Toxoplasma Toxoplasma infections, acquired when 
guinea pigs ingest feces from infected cats, are rare 
and primarily subclinical. Clinical signs include vul-
var bleeding and abortion (Vetterling, 1976; Green and 
Morgan, 1991). Markham (1937) reported an encephali-
tis with associated clinical signs. The asexual stages of 
the organism, which may survive for up to 5 years, are 
distributed in most tissues, with tachyzoites in virtually 
every organ and bradyzoites in the brain, heart, and 
skeletal muscle, where they may be detected histologi-
cally. Modest immune responses occur in the host, and 
antibodies to T. gondii can be identified. Infection of the 
uterus, placenta, and fetus may be subclinical or cause a 
blood-filled uterus, fetal deaths, and abortion.

Balantidium caviae Balantidium caviae in guinea 
pigs is usually a nonpathogenic, ciliated protozoan pos-
sessing a micro- and a macronucleus and is transmitted 
by the fecal–oral route (Ballweber and Harkness, 2007). 
It inhabits the cecum and colon, and its trophozoites 
may be an opportunistic pathogen in bacterial enter-
opathies, following mucosal damage, or with E. caviae, 
a true pathogen present antemortem in the intestinal wall 
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(Krishnan, 1968). The organism is identified histologi-
cally in intestinal wall (postmortem invasion of the wall 
occurs also) and in intestinal content and feces.

Klossiella cobayae Klossiella cobayae sporocysts are 
ingested with urine and excyst in the gut. Sporozoites 
pass via the circulation to renal tubule epithelium, glo-
merular capillaries, spleen, and lungs. Maturing schiz-
onts contain 8–12 merozoites, which on host cell rupture 
pass to the proximal tubular epithelium, where second 
generation schizogony occurs. Large schizonts, contain-
ing up to 100 merozoites, can cause significant enlarge-
ment of infected epithelial cells. Gametogonous and 
sporogonous forms occur in the epithelium of the loop of 
Henle, and schizogonous stages occur in epithelial cells 
of the proximal convoluted tubules and in the glomeruli. 
Merozoites in the loop of Henle produce zygotes, which 
undergo sporogony (Vetterling, 1976). Histologic signs 
include presence of protozoal forms and inflammatory 
cell infiltrates.

Clinical and gross necropsy signs are rare except in 
heavy infections, when the renal surface is irregular with 
gray mottling caused by proliferation of interstitial fibro-
blasts, which may cause some renal impairment (Taylor 
et  al., 1979). Prevention involves good sanitation and 
removal of susceptible animals from exposure to the 
urine of infected animals.

Other Protozoa Many other protozoa, commen-
sal and potentially pathogenic, have been found in 
guinea pigs, including Endolimax caviae, Entamoeba cav-
iae, Giardia duodenalis, Leishmania enrietti, Tritrichomonas 
caviae, Sarcocystis caviae, and Trypanosoma cruzi (Milei 
et al., 1989; Ballweber and Harkness, 2007). Giardia duo-
denalis has caused enteritis, Leishmania enrietti, cutane-
ous nodules and ulcers, and Trypanosoma cruzi, a chronic 
myocarditis.

Prevention and control are by strict sanitation and 
periodic screening for the organism. Sulfonamides are 
not an effective treatment.

b. Nematodes

Paraspidodera uncinata Paraspidodera uncinata, 
the cecal worm (and only common helminth) of guinea 
pigs, inhabits but does not penetrate the cecal and 
colonic mucosa and is considered nonpathogenic. There 
is a single report that this agent causes bronchoalveolar 
eosinophilia (Conder et al., 1989). The worms mature in 
45 days, and the ellipsoidal egg to egg life cycle is around 
51–66 days. The ova, transmitted in the feces, become 
infectious 3–9 days after shedding. Removing fresh feces 
and maintaining good sanitation are essential in infected 
colonies. Adult male worms are 11–22 mm long, and the 
females are 16–28 mm (Linquist and Hitchcock, 1950).

Baylisascaris procyonis Paratenic hosts, includ-
ing guinea pigs, may ingest embryonated ascarid eggs of 
Baylisascaris procyonis present in raccoon feces. Resulting 

larvae migrate via small intestine, other organs, and the 
bloodstream throughout the host, often including the 
central nervous system (thus the name cerebral larva 
migrans) where they may cause damage and inflamma-
tion with associated clinical signs, including torticollis, 
ataxia, anorexia, opisthotonos, stupor, and hyperexcita-
bility (Craig et al., 1995; Van Andel et al., 1995). Preventive 
measures include exclusion of raccoon feces contamina-
tion and removal of ova from the environment. Humans 
ingesting eggs may become infected.

c. Cestodes, Acanthocephala, and Pentastomes

Flynn (1973) noted the occurrence of the pentastome 
Linguatula serrata nymphs (‘tongue worm’) in guinea 
pigs. Ballweber and Harkness (2007) referenced reports 
of Anoplocephala sp. and Monoecolestus sp. in guinea pigs 
in South America.

d. Trematodes

Fasciola hepatica and F. gigantica rarely infect guinea 
pigs exposed to infectious metacercariae shed from 
snails. The metacercariae move to a vegetation sub-
strate, lose their tails, and encyst on leafy vegetables 
that guinea pigs may eat. Adult flukes mature in the 
host’s liver and shed eggs into the small intestine and 
feces. Eggs require a snail intermediate host to mature. 
The consequent biliary and hepatic damage may cause 
anorexia, debilitation, and death (Voge, 1973; Wescott, 
1976). Infected guinea pigs may become emaciated, ane-
mic, and possibly paretic due to aberrant parasite migra-
tion. Lesions occur primarily in the liver.

e. Arthropods

Mites

Etiology Mites reported to infest guinea pigs include 
the once common listrophorid fur mite Chirodiscoides caviae, 
the demodex mite Demodex caviae, myocoptid Myocoptes 
musculinus, and the sarcoptids Trixacarus caviae, Sarcoptes 
scabiei, and Notoedres muris. Among these mites, only 
Chirodiscoides and Trixacarus are reported commonly, and 
then usually in pet guinea pigs (Ronald and Wagner, 1976).

Clinical Signs C. caviae infestation is usually subclin-
ical, although a dense population of the elongated mites 
moving on hair shafts is readily apparent. Heaviest infes-
tations occur on the posterior trunk and may cause pruri-
tis, self-trauma, alopecia, and dermatitis. Adult males are 
often coupled in a noncopulatory position with nymphal 
females (Wagner et al., 1972; Ronald and Wagner, 1976).

T. caviae, a burrowing, sarcoptidiform mite, can be 
asymptomatic or can produce an intensely pruritic, 
generalized dermatitis, with the presence and severity 
of lesions related to variations in host strain suscepti-
bility and to self-traumatization (Rothwell et  al., 1991). 
Secondary infections may contribute to the severity and 
distribution of signs. Trixacarus lesions occur most often 
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on the trunk, inner thighs, neck, and shoulders, and may 
be patchy or generalized. Affected skin is dry to oily 
with alopecia and marked hyperkeratosis.

Heavily infected animals self-mutilate, lose weight, 
become lethargic or, in response to intense pruritis, run, 
bump into objects, convulse, and may die (Kummel 
et  al., 1980; Zajac et  al., 1980). Less-susceptible guinea 
pigs show less intense signs and may carry mites while 
skin lesions heal. The stress of the disease may cause 
infertility and abortion.

Histologic lesions caused by Trixacarus are confined 
to the stratum corneum and consist of epidermal hyper-
plasia (or thinning) and orthokeratotic and parakeratotic 
hyperkeratosis. Folds in the stratum corneum contain 
mites and eggs. Adult mites are found in short tun-
nels. Spongiosis and leukocytic and monocytic infiltra-
tion occur in the dermis (Dorrestein and VanBronswijk, 
1979; Percy and Barthold, 2007). The blood differential 
count may show heterophilia, eosinophilia, and baso-
philia (Rothwell et al., 1991).

Demodex caviae, reported rarely, may localize in the 
conjunctiva and forequarters and cause alopecia and 
crust, and papule formation. Myocoptes, Sarcoptes, and 
Notoedres may cause a pruritic dermatitis (Ronald and 
Wagner, 1976).

Epizootiology and Transmission C. caviae was 
reported first in 1917, and T. caviae was reported in 
the United Kingdom in 1972 and in the United States 
in 1979. Both genera are distributed widely in North 
America and Europe and probably occur worldwide. 
Transmission of mites is by direct contact or via pelage, 
cage debris, fomites, or bedding. Trixacarus has a 10- 
to 14-day life cycle. Sows pass the mites to weanlings, 
to naive adults, and cool carcasses pass mites to live, 
warmer cagemates (Ronald and Wagner, 1976).

Necropsy Findings Chirodiscoides causes no abnor-
mal necropsy findings (except for mites and ova on hair 
shafts) in infested guinea pigs. Trixacarus, however, can 
cause severe cutaneous lesions (Fig. 6.11) and associ-
ated loss of body fat, a pale liver, and subcutaneous 
signs associated with secondary bacterial infection, e.g., 
staphylococcal pyoderma (Kummel et al., 1980).

Pathogenesis C. caviae and its ova attach to hair 
shafts and do not burrow into the skin. Adult Trixacarus 
burrow into the stratum corneum, and the pruritic 
response is apparently due to an initial allergic response 
to mite antigen and consequent inflammation.

Differential Diagnosis Diagnosis of specific mite 
infestations is by microscopic examination of hair shafts 
or skin scrapings and identifying the specific mites. 
Chirodiscoides is ovoid and elongated with a triangular 
anterior (Ronald and Wagner, 1976). The paired adult 
male and female nymphs are also characteristic of this 
mite. Coinfections with lice and with other mites may be 
common in pet guinea pigs.

T. caviae infestation is indicated by clinical signs, espe-
cially pruritis, and by finding the mites in skin scrapings 
or in biopsy section. These mites are shorter (135–200 μm) 
than S. scabiei (200–450 μm), and skin and hair may have 
to be dissolved in 10% potassium hydroxide and then fil-
tered (No. 80 mesh) to retain the mites. Mites occur more 
often on the lumbar region and on the lateral aspects of 
the rear legs (Zajac et al., 1980).

Other skin conditions in guinea pigs that may resem-
ble Trixacarus lesions include pediculosis, dermatophy-
tosis, barbering, and sarcoptic and notoedric mange.

Prevention and Control Acariasis is more likely to 
occur in guinea pigs maintained in unsanitary conditions 
and not provided adequate veterinary care. Trixacarus 
lesions seem to occur in some strains more than others 
and in stressed animals. Control of an outbreak is by 
repeated treatment of all animals and thorough clean-
ing and sanitization of the environment. Larvae and 
nymphs in the environment may establish new infesta-
tions (Collins et al., 1986).

Treatment Treatment of Chirodiscoides is by applica-
tion at a 2-week interval of a diluted (water and propyl-
ene glycol) spray of ivermectin, selamectin, or pyrethrin 
(Harkness and Ballweber, 2007; Brabb et  al., 2012). 
Trixacarus is treated with ivermectin 0.2–0.5 mg/kg SC or 
orally thrice at 7- to 10-day intervals. Treated guinea pigs 
may be shaved or bathed in a medicated shampoo to 
loosen and remove cutaneous debris (Henderson, 1973; 
McKellar et al., 1992). The infestation may persist despite 
ivermectin treatment (Shipstone, 1997).

Research Complications T. caviae can cause 
transient, pruritic papulovesicular lesions in humans 
(Kummel et al., 1980). Guinea pigs with untreated, severe 
acariasis are not useful in research, especially if the study 
involves cutaneous responses.

FIGURE 6.11 Severe infestation with Trixacarus caviae. Used with 
permission: Department of Pathobiology, Veterinary Medicine, University 
of Utrecht.
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Lice 
The lice that infect guinea pigs worldwide are members 

of the suborder Mallophaga, or the chewing or biting lice. 
Gliricola porcelli is a slender louse, and Gyropus ovalis is 
ovoid. Trimenopan hispidum and T. jenningsi occur also. The 
lice abrade the skin and ingest fluids (White et al., 2003).

Clinical signs, other than seeing the nits or the 1.0- to 
1.5-mm adult lice attached to hair shafts, may be inap-
parent, but heavy infestations may cause erythema, 
scratching, alopecia, and scabbing around the ears and 
nape of the neck (Ronald and Wagner, 1976).

Gliricola is seen more often than Gyropus, and mixed 
infections occur. Laboratory guinea pigs are infested 
rarely. Transmission is by direct contact with infected host 
or via contaminated bedding. On death of the host, lice 
migrate away from the cooling body along the hair shafts.

Diagnosis is by viewing with a hand lens the adult or 
immature mites. Gliricola has a narrow head and body 
(0.3 mm wide), whereas Gyropus is broader (0.5 mm) 
and ovoid. Lice infestation is prevented by obtaining 
clean stock and by maintaining good sanitation. Control 
involves isolation, treatment with dust, dip, or ivermec-
tin, medicated shampoos and shaving, and cleaning the 
environment.

Fleas and Ticks Ronald and Wagner (1976) report 
that Ctenocephalides felis, the cat (and dog) flea, and 
Nosopsyllus fasciatus, the northern rat flea, can infest 
C. porcellus, but occurrence in laboratory guinea pigs is 
rare, assuming separation from infested household pets 
and wild rodents. Signs reported include pruritis, skin 
crusts, and anemia (White et al., 2003).

C. felis is an intermediate host for the cestode 
Dipylidium caninum, and N. fasciatus for the hymenolepid 
tapeworms. Neither Ronald and Wagner (1976) nor 
Ballweber and Harkness (2007) mention tick infestations 
on guinea pigs, but some tick genera, e.g., Dermacentor, 
could possibly affect guinea pigs.

4. Mycoses
a. Dermatophytes

Etiology Dermatophytosis or epizootic ringworm 
in guinea pigs is caused primarily by the zoophilic fila-
mentous, dermatophyte Trichophyton mentagrophytes, an 
aerobic, ubiquitous, saprophytic, keratinophilic fungus. 
Arthroderma benhamiae, a teleomorph derived from mat-
ing strains of the T. mentagrophytes complex, Microsporum 
spp., and Scopulariopsis brevicaulis, have been isolated 
from guinea pigs with dermatitis (Sprouse, 1976; 
Coutinho et  al., 2001; Drouots et  al., 2008; Brabb et  al., 
2012). Fungi live in soil, on other animals, or in straw, 
food, and wood (Medlean and Ristic, 1992; Vangeel et al., 
2000).

Clinical Signs Dermatophyte lesions begin on the 
muzzle and head (Fig. 6.12), hair, and nails and occur 

most often in young guinea pigs or in guinea pigs geneti-
cally predisposed, stressed, pregnant, malnourished, 
diseased, or living in unsanitary conditions (Kraemer 
et al., 2012). Subclinical infections exist. Lesions in ‘hair-
less’ guinea pig strains resemble more closely those in 
human skin (Hänel et al., 1990). The irregularly shaped 
areas of alopecia, scaling, crusting, and reddening may 
extend to the back and sides but rarely to the limbs 
(Valiant and Frost, 1984; Pollock, 2003; Kraemer et  al., 
2013). Associated with the lesion may be vesicles, pus-
tules, and abscesses attributed to secondary bacterial 
infection. Lesions are often self-limiting, sometimes 
pruritic, and can last up to 30 or more days. Severely 
affected young may die.

Epizootiology and Transmission  Dermato phytoses 
occur in many warm-blooded species, especially in 
younger animals in close contact. Primates, dogs, cats, 
horses, swine, ruminants, rodents, and birds are common 
hosts. Transmission occurs by direct contact with spores 
either on the animal itself or on fomites, such as bedding. 
This zoonotic disease has an incubation period of around 
9–12 days.

Necropsy Findings Changes in the skin caused by 
dermatophytes are confined to the superficial keratin 
layers and structures of the skin and hair follicles. An 
ultraviolet light source may cause M. canis to fluoresce 
yellow green, but false positive and negative results 
occur.

Pathogenesis The fungi solubilize keratin with 
proteases, which produces the scale accumulation on 
and around the lesion and the loosening and weak-
ening of hair shafts. The dermatophyte penetrates the 
stratum corneum or invades hair follicles. Growth con-
tinues down the hair shaft to the keratogenous zone 
until the growth inward equals the outward growth rate 
(Medlean and Ristic, 1992).

FIGURE 6.12 A facial lesion of dermatomycosis in a guinea pig 
caused by Trichophyton mentagrophytes.
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Differential Diagnoses Several conditions cause or 
are related to hair loss in guinea pigs, including protein 
and caloric deficiency, chewing and barbering, bacterial 
dermatopathies (e.g., Staphylococcus and Streptococcus), 
cystic ovary effects, acariasis, and continuous breed-
ing. Diagnosis is by any of the following: observation of 
irregularly shaped, nonpruritic, flaky-skin lesions on the 
head; recovery of the organism from hair and epithelial 
debris on Sabouraud’s dextrose agar or dermatophyte 
test media; and observation of species-characteristic mor-
phologic features and macroconidia in Microsporum (or 
of microconidia in Trichophyton) (McAleer, 1980; Harvey, 
1995). Epithelial debris and hair are best obtained by vig-
orous brushing with a toothbrush. Culture of the fungus 
is the most reliable diagnostic method, and growth usu-
ally occurs within 10 days (Medlean and Ristic, 1992).

Prevention Prevention of dermatophytoses involves 
selection of nonsusceptible animals, good husbandry, 
including appropriate feed and clean environment, and 
alleviation of stress. Dark, moist environments support 
survival and replication of dermatophytes.

Control Control involves improved sanitation and 
husbandry, reduction of stressors, and removal of infected 
animals, and environmental control. Infected hairs must 
be removed from the environment. The disease is usually 
self-limiting, but full resolution may take months.

Treatment If treatment of this zoonotic disease is 
pursued, drugs that may be used include griseofulvin 
25 mg/kg PO q24 h for 2 weeks past resolution of clini-
cal signs, topical 1.5% griseofulvin in dimethyl sulfoxide 
solution for 5–7 days, 1% tolnaftate topically, or bute-
nafine topically for 10 days (Post and Saunders, 1979; 
Valiant and Frost, 1984; Hoppmann and Barron, 2007). 
Oral griseofulvin is absorbed poorly in the intestine 
unless given with a high-fat meal, and the drug is tera-
togenic. Other drugs currently used to treat ringworm 
include thiabendazole, ketoconazole (with hair clipped), 
itraconazole, and terbinafine hydrochloride (Ghannoum 
et al., 2008).

b. Encephalitozoon cuniculi

Encephalitozoon cuniculi is a single-cell, intracellular 
microsporidian (and true fungus) affecting canids, rab-
bits, rats, mice, nonhuman primates, guinea pigs, and 
other species. In guinea pigs there are no known clinical 
signs of infection and few if any gross necropsy signs. 
The subclinical infection and infrequent use of serologic 
screening for the organism in guinea pigs suggest that 
the true prevalence is unknown and could, in fact, be 
high (Vetterling, 1976; Percy and Barthold, 2007).

Infective spores are disseminated in the urine and 
then ingested or inhaled. Transplacental transmission 
has been suspected in several species (Boot et al., 1988). 
Guinea pigs are relatively resistant to infection, and the 
source of spores may be exposure to rabbit urine.

Microscopic lesions occur primarily in the brain and 
kidney. Infected brain may have randomly distributed 
necrotic foci, microgranulomas, perivascular lympho-
plasmacytic cuffs, and lymphocytic meningitis. Renal 
lesions, which may not occur, are multiple, 2- to 4-mm 
gray-to-white granulomatous foci seen as indentations 
or plaques just beneath the renal capsule, lesions that 
could be confused with nephrosis in older guinea pigs. 
The histologic lesion is an interstitial, mononuclear 
nephritis (Wan et  al., 1996; Percy and Barthold, 2007), 
although lesions may occur also in the liver and lungs.

The ingested organism undergoes merogony and 
then sporogony in the cytoplasm of endothelial cells, 
peritoneal macrophages, renal tubular epithelium, and 
oligodendrocytes. Spores are found intracellularly and, 
after cell rupture, extracellularly. Diagnosis involves 
characteristic histologic lesions, birefringence of organ-
isms under polarized light, staining with periodic acid-
Schiff or Goodpasture-carbol fuchsin stain, and indirect 
ELISA, fluorescent immunoassay, and Western blot, 
and other methods. Serologic screening is the preferred 
method (Wan et  al., 1996). Lesions may be confused 
with those of toxoplasmosis but can be distinguished 
by Gram stain.

Prevention and control of encephalitozoonosis 
involves purchase or breeding of seronegative animals, 
housing away from seropositive rabbits, a regular pro-
gram of serologic screening and removal of seroposi-
tive animals, and strict sanitation. There is no treatment 
reported for use in guinea pigs, but fenbendazole and 
albendazole have been used in rabbits with variable 
results (Wan et al., 1996; Harcourt-Brown and Holloway, 
2003).

c. Other Mycoses

Spontaneous infections with Histoplasma capsulatum 
and Candida albicans have occurred. Histoplasma caused 
emaciation, lameness, gastroenteritis, and lymphade-
nopathy (Donnelly and Lackner, 2000). Candida infec-
tion was associated with occlusive capillary embolism 
and tissue infarction (Brabb et  al., 2012). Other fungal 
infections have been reported rarely.

Guinea pigs are susceptible to experimental infec-
tions with Cryptococcus neoformans, Coccidioides immi-
tis, Blastomyces dermatitidis, and Aspergillus fumigatus 
(Schmidt, 2002). A normal stomach inhabitant, Torulopsis 
pintolopesii, may cause an enteritis (Kunstýř et al., 1980). 
Scopulariopsis sp., Aspergillus sp., and Penicillium sp. may 
be part of the fungal microbiota of the guinea pig’s hair-
coat (Couto et al., 2010).

B. Metabolic and Nutritional Diseases

Well-managed colonies of guinea pigs rarely expe-
rience primary nutritional deficiencies or excesses, 
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except perhaps after accidental feeding of out-of-date or 
improperly formulated feed with low levels of vitamin 
C, feeding rabbit pellets, failing to fill water bottles, or 
dispensing multivitamin supplement instead of vitamin 
C only. Malnutrition and its consequences occur more 
commonly in pet guinea pigs than in research animals. 
Under certain housing situations, larger guinea pigs can 
bully younger guinea pigs. This can cause nutritional 
deficiencies in those younger guinea pigs. This should 
be considered when group housing guinea pigs of dif-
ferent sizes. Marginal deficiencies, however, do occur 
in some research colonies, and the consequences are 
increased susceptibility to infectious disease, especially 
streptococcal infections and enteropathies. Signs of con-
junctivitis or upper respiratory disease should always 
suggest a marginal vitamin C deficiency, and treatment 
should include vitamin C supplementation. Signs asso-
ciated with many specific dietary deficiencies are fail-
ure to gain weight, weight loss, rough hair coat, pale 
mucous membranes, lethargy, anemia, and various signs 
of opportunistic infectious disease.

1. Hypovitaminosis C
Etiology Hypovitaminosis C, known also as scorbu-

tus or scurvy, is a multisystemic disease occurring in the 
small number of species (notably humans, some other 
primates, guinea pigs, and bats) that lack the genetic 
code to produce the hepatic enzyme l-gulonolactone 
oxidase. This enzyme converts l-gulonolactone into the 
isomers l-ascorbate (AH) and l-dehydroascorbic acid 
(DHA) (Marcus and Coulston, 1990). Probable primary 
roles of vitamin C are acting as a cofactor in hydroxy-
lation and amidation reactions by transferring electrons 
to enzymes that provide reducing equivalents (i.e., pro-
tons) and scavenging both intracellular and extracellular 
superoxide radicals and singlet oxygen, whose activity 
results in tissue damage (Chakrabarty et al., 1992). Lack 
of vitamin C results in defective cross-linking of collagen 

fibrils characterized by defective wound healing and frag-
ile capillaries.

Clinical Signs Hypovitaminosis C in laboratory 
guinea pigs may be subclinical, accompanied by overt 
signs of an infectious disease (e.g., diarrhea, upper res-
piratory infection), or a primary vitamin C deficiency. 
Marginal deficiencies are particularly important in 
research animals because of an increased susceptibil-
ity to infectious disease. Signs of secondary (usually 
bacterial) infection include unexpected death, diarrhea, 
weight loss, swollen and reddened orbital margins, 
dehydration, and dyspnea. The most obvious clinical 
signs of primary hypovitaminosis C are related to fra-
gility of small blood vessels, which rupture, resulting 
in painful bruises, reluctance to move, screaming when 
restrained, and swollen joints (Clarke et al., 1980).

Necropsy Findings The most common gross nec-
ropsy findings include hemorrhage in the subperios-
teum, adrenal cortex, skeletal muscles, joints (especially 
stifles and costochondral junctions, Fig. 6.13), and intes-
tine. The gut may be atonic and hyperemic.

Histologic changes can be extensive and are related 
in many cases to the absence of hydroxyproline and 
hydroxylysine elements in connective tissues. Epiphyseal 
growth centers of long bones are deranged with greatly 
reduced osteoid formation, degenerating and deranged 
chondrocytes, decreased bony trabeculae in the marrow 
cavity, reduced osteoclastic and increased osteoblastic 
activity, and multiple microfractures. Myofilaments 
are fragmented and mitochondria swollen (Kim, 1977). 
Hemorrhage occurs in many tissues.

Pathogenesis With defects in amino acid (includ-
ing tyrosine and phenylalanine) metabolism, fibroblasts 
and osteoprogenitor cells produce defective intracellular 
architecture and the products dentin, collagen, and oste-
oid. Junctional defects and cytoplasmic disruption occur 
between endothelial cells; within the muscle, liver, and 
connective tissue cells; in pericapillary fibrous tissue; 

FIGURE 6.13 Scurvy. Limb (left) and costochondral (right) hemorrhages due to vitamin C deficiency in a guinea pig.
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and in arterial intimae. Subendothelial cholesterol depo-
sition increases, as does lipid peroxidation of cardiac 
muscle. Iron absorption in the gut and steroidgenesis 
in the adrenal gland decrease; this may be related to 
increased macrophage cytotoxicity (Thurnham, 1997). 
Macrophage migration and heterophil phagocytosis 
are decreased (Percy and Barthold, 2007). Cholesterol 
catabolism is slowed, reducing bile acid production and 
consequently fat-soluble vitamin assimilation, and cho-
lesterol accumulates in the liver.

Differential Diagnosis Weakness, pain, and death 
in young guinea pigs can be due to infectious disease, 
osteoarthritis, heat stress, and toxemias. A history of 
inappropriate feed, decreased prothrombin time, and a 
serum vitamin C level below 0.55 mg/dl (normal around 
2.01 mg/dl) indicate hypovitaminosis C (Kim, 1977).

Control and Prevention Foods providing at least 
6 mg vitamin C per day are adequate; a vitamin C level 
of 250–500 mg/l in the drinking water provides ade-
quate levels if the water is replenished daily (Groves, 
1992). Vitamin C ‘half-life’ in solution in glass bottles 
is approximately 24 h. In food stored at 72°F, vitamin 
C has only 33% original activity at 30 days postmilling 
and 14% at 90 days. Previous recommendations were to 
use guinea pig chow within 90 days of milling; however, 
most commercial manufactures of laboratory chow now 
use stabilized vitamin C and guarantee a shelf life of 
at least 180 days. Guinea pigs on alcohol consumption 
studies have an increased need for vitamin C (Zloch 
and Ginter, 1995). Dietary considerations for vitamin C 
are discussed earlier in the chapter, but vitamin levels 
in food must be adequate; lesions develop in 7–10 days 
with no dietary vitamin C and in approximately 3 weeks 
on marginally deficient diets. Improper compounding 
and storage, autoclaving, and feeding food formulated 
for other species are common errors that lead to vita-
min C deficiencies in laboratory guinea pigs. Pregnant 
guinea pigs may require up to 30 mg/kg daily, but the 
levels given commonly (e.g., 10 mg/kg daily) probably 
exceed requirements.

Treatment Treatment of guinea pigs with scorbutus 
involves parenteral or oral administration of vitamin C 
daily at levels up to 30 mg/kg. Recovery occurs rapidly 
over 1–2 weeks.

Research Complications Because hypovitaminosis 
C causes such profound and extensive changes, includ-
ing decreased disease resistance, research using scorbu-
tic guinea pigs is compromised in multiple ways.

2. Toxemias of Pregnancy
Etiology There are two conditions similar in many 

clinical and pathologic aspects but different in primary 
causation (Percy and Barthold, 2007). Both conditions are 
referred to as ‘pregnancy ketosis,’ but are best described 
separately as (1) preeclampsia, eclamptogenic toxemia, 

or the circulatory form; and (2) fasting ketosis or the 
metabolic–nutritional form (Van Beek and Peeters, 1998). 
The circulatory form arises from abnormal vascular 
changes that lead to ischemia of the uteroplacental unit, 
and the nutritional form progresses from hypoglycemia 
and hyperlipidemia (Seidl et al., 1979).

Clinical Signs Preeclampsia occurs in late preg-
nancy (last 2 weeks) and immediately postpartum. It 
occurs more often in multiparous, obese, stressed sows 
with a large fetal load, but normal sows may succumb 
also. Affected animals may die without clinical signs 
or may be dehydrated, depressed, anorexic, and under-
weight. Proteinuria, acidic urine (pH 5–6, normal pH 8), 
ketonuria, elevated serum creatinine, and increased 
or decreased plasma triglyceride levels occur. Unlike 
preeclampsia in humans (who also have a labyrin-
thine hemomonochorionic placentation), guinea pigs 
exhibit hypertension variably and edema rarely, if ever 
(Ganaway and Allen, 1971; Golden et  al., 1980). The 
guinea pig placenta is labyrinthine hemomonochorial 
with maternal blood circulating around a single tropho-
blastic layer over fetal capillaries.

Fasting ketosis occurs in the last trimester (after 45 
days) of pregnancy but occurs more often in the last 1–2 
weeks. Affected animals are weak, depressed, and dehy-
drated, and may die following a 1- to 3-day fast. Urine is 
acidic and contains ketone bodies, and other abnormal 
clinical chemistry may include variable plasma glucose 
levels, hyperlipidemia, and elevated alkaline phospha-
tase and ornithine carbamyl transferase serum levels 
(Bergman and Sellers, 1960).

Epizootology Many mammalian species, including 
humans, nonhuman primates, rabbits, dogs, ruminants, 
and guinea pigs, exhibit similar conditions in late preg-
nancy or early lactation, but characteristics vary.

Necropsy Findings Necropsy findings are similar 
between the two forms, but preeclamptic animals usu-
ally exhibit more severe changes. In the preeclamptic 
or circulatory form, the uterus, placenta, and adrenal 
cortices show petechial and ecchymotic hemorrhage and 
focal necrosis. Placental attachment sites, which detach 
easily, are also affected. Fetuses are dead and decompos-
ing. Livers are enlarged, yellow tan, and have necrotic 
foci. Kidney lesions include subcapsular hemorrhage. 
Ketosis can cause gastric ulcers in guinea pigs (Wagner, 
1976).

Lesions in fasting ketosis or the metabolic–nutri-
tional form include marked fatty infiltration of the liver,  
kidney, adrenal glands, and vessel walls (Assali et al., 1960). 
The uterus and placentae have petechial and ecchymotic 
hemorrhages, but these organs are not affected as severely 
as those in preeclamptic animals. In fasting-induced keto-
sis, livers develop fewer necrotic areas, if any.

Pathogenesis Preeclampsia in guinea pigs has been 
induced experimentally by constricting the abdominal 
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aorta or severing or ligating arteries supplying the preg-
nant uterus. Pathogenesis beyond the occurrence of uter-
oplacental ischemia is poorly defined and only certain 
elements are similar to what is known of preeclampsia 
in humans. The proposed course in guinea pigs involves 
thrombocytopenia, thromoplastin release, alterations in 
the renin–angiotensin system, vasoconstriction, deposi-
tion of fibrin, and disseminated intravascular coagulation.

The initial causes of preeclampsia in humans are mul-
tifactorial and involve reduced placental perfusion due 
to insufficient vascular dilation (uterine vessels in late 
pregnancy only 40% normal size) and defective tropho-
blastic replacement of vascular endothelium accompa-
nied by fibrinoid accumulation in and around vessels. 
This process in turn proceeds to generalized endothelial 
dysfunction through a maternal response to trophoblast 
antigens or vasoconstriction and activation of a clotting 
cascade initiated by oxygen-free radicals, lipid perox-
ides, and proteases. Triglyceride levels increase within 
endothelial cells. There is apparently a genetic predis-
position to these events (Van Beek and Peeters, 1998).

Differential Diagnosis Clinical signs of depres-
sion and death in late pregnancy suggest a diagnosis of 
pregnancy ketosis. Acidic urine, absence of acute sep-
ticemic disease (e.g., salmonellosis, bordetellosis), and 
poor response to treatment support the diagnosis.

Prevention Pregnant guinea pigs should be fed 
a nutritious and balanced diet continuously without 
changes. Guinea pig breeding stock with no history of 
obesity or deaths during pregnancy should be selected 
and housed in a reduced stress environment.

Treatment Many treatments for toxemias of preg-
nancy have been tried, with rare success. Administration 
of electrolyte fluids, glucose, calcium gluconate, corti-
costeroids, and various combinations of fruits and veg-
etables provide no certain disease reversal.

Research Complications Any research project 
involving breeding or obese guinea pigs, particularly 
in a stressful environment, can have many sudden ani-
mal deaths.

3. Urolithiasis and Cystitis
Etiology The specific cause of mineral crystalliza-

tion and urolith formation in the urinary tract of guinea 
pigs is unknown, but probably involves genetic factors, 
diets with calcium, magnesium, and phosphorus imbal-
ances, cystitis, nephritis, or urinary tract environmen-
tal factors. Decreased urine flow, elevated urine pH, 
and the uroliths themselves may predispose to cystitis. 
Proteinaceous urethral plugs found occasionally in older 
male guinea pigs probably originate from seminal vesi-
cle content (Wagner, 1976).

Peng et  al. (1990) and Okewole et  al. (1991) identi-
fied several bacteria associated with cystitis in guinea 

pigs, including Escherichia coli, Staphylococcus sp., and 
Streptococcus pyogenes. Cystitis often accompanies uro-
lithiasis, lower urinary tract infections, immunosup-
presion, estrogenic stimulation, or diabetes and may be 
mild to severe and acute, subacute ulcerative, or chronic 
(Peng, Griffith, and Lang, 1990).

Clinical Signs Urolithiasis is usually subclinical 
and occurs in older sows, but when urinary tract block-
age or infection occurs, weakness, weight loss, pain on 
palpation, vocalization, straining, anuria or dysuria, 
anorexia, a small, thickened bladder, and hematuria 
may be seen, with some signs progressing over several 
weeks. Untreated animals may die (Ball et  al., 1991). 
Urine sediment may contain crystals, erythrocytes, and 
epithelial cells (Mancinelli, 2012).

Epizootiology Urolithiasis in guinea pigs occurs 
more often in aged (over 30 months) females. Urinary 
tract blockage by proteinaceous plugs occurs in aged 
males (Wagner, 1976).

Necropsy Findings In addition to finding unilat-
eral or bilateral uroliths in the bladder, kidneys, ureters, 
uretra, vagina, or passed in the urine, concretions of up 
to 2 cm in diameter may occur in the bladder or urethra. 
With concurrent cystitis, the bladder may be distended 
with urine and have thickened, hemorrhagic walls with 
calculi adherent to the mucosa (Peng et al., 1990; Okewole 
et al., 1991). Proteinaceous plugs occur in the male urethra 
or bladder.

Continued occlusion of urinary output results in 
hydroureter, hydrourethra, or hydronephrosis with the 
fluid containing white to brown mineral sediment or 
solid masses. On analysis, the stones may be (in order of 
frequency) calcium carbonate, calcium phosphate, mag-
nesium ammonium phosphate hexohydrate, or calcium 
oxalate. Individual uroliths may contain a mixture of 
these crystal types (Hawkins et al., 2009).

Pathogenesis Kok (1997) described a progression 
of ionic saturation, supersaturation, nucleation, crystal-
lization, and crystal growth in urolith formation. In the 
bladder, urinary protein may provide a nucleus for crys-
tal formation (Ball et al., 1991).

Differential Diagnosis Diagnosis of urolithiasis is 
based on clinical signs of cystitis and on detection by 
radiography or ultrasonography of urinary tract masses 
(Gaschen et al., 1998). Other conditions causing hematu-
ria or urinary tract blockage in guinea pigs are infection, 
neoplasia, and trauma to the genitalia.

Prevention and Control Means of prevention 
include selection of animals known free of urolithi-
asis, provision of appropriate food and ample water, 
and immediate clinical care of guinea pigs with cysti-
tis. Alfalfa hay and some of the dark leafy vegetables 
are high in calcium. Grass hay and other sources of 
vitamin C may be preferable in order to avoid stone  
formation.
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Treatment Treatment involves provision of fluids 
and appropriate systemic antibiotics based on culture 
and sensitivity (e.g., fluoroquinolones), proper diet, and, 
if indicated, cystoscopic or surgical removal of uroliths 
(Stuppy et al., 1979; Pizzi, 2009).

4. Malnutrition
a. Protein and Caloric Deprivation

Protein, caloric, and fatty acid deficiencies occur occa-
sionally when feeding is restricted or neglected, or can 
occur due to malocclusion. The usual consequences of 
these deficiencies are reproductive impairment, both 
infertility and death of low weight (under 50 g) neo-
nates, and hair loss. Pregnancy and lactation may cause 
a negative energy balance and subsequent hair loss in 
frequently bred sows.

The limiting amino acids for guinea pigs are arginine, 
methionine, and tryptophan. Guinea pigs can produce nia-
cin from tryptophan, and tryptophan-deficient diets can 
produce cataract formation (Reid and von Sallman, 1960).

Deficiencies in essential fatty acids result in weight 
loss, ulcerative dermatitis, hair loss, and visceral abnor-
malities (Navia and Hunt, 1976).

b. Vitamin Deficiencies and Excesses

Hypovitaminosis C was discussed in Section III, B, 1. 
Hypovitaminosis A, which is rare in herbivores, leads 
to poor growth, keratitis, squamous metaplasia, crusty 
eyelids and pinnae, and loss of organization in tooth-
forming elements. Hypervitaminosis A, which can be 
caused by giving a multivitamin supplement, leads to 
degeneration of cartilaginous epiphyseal plates in long 
bones, abnormal bone repair, and teratogenic effects dur-
ing organogenesis at 14–20 days (Navia and Hunt, 1976).

The effects of vitamins D and K in guinea pigs are not 
well defined; guinea pigs may synthesize sufficient vita-
min K (and most B vitamins) to prevent overt abnormali-
ties. Experimental vitamin D deficiency produces wider 
epiphyseal cartilage plates (Rummens et al., 2002), enamel 
hypoplasia, and weight loss. Rickets is not a spontaneous 
disease in guinea pigs. Hypervitaminosis D caused by 
accidental dietary misformulation was reported to cause 
anorexia, weight loss, and death (Jensen et al., 2013).

Thiamin (B1) deficiency leads to central nervous sys-
tem disorders, including tremors and imbalance. In 
B-deficient scorbutic animals, increased muscle weak-
ness occurs in thiamin-deficient guinea pigs. Riboflavin 
(B2) deficiency leads to corneal vascularization, skin 
lesions, and myocardial hemorrhage, as well as the 
general signs of decreased growth and failure to thrive. 
Niacin (nicotinic acid) deficiency in young guinea pigs 
produces anemia and diarrhea. Pyridoxine (B6) defi-
ciency in young animals causes depression in phagocytic 
activity of myeloid cells, and folic acid deficiency, again 

in young animals, causes the general signs as well as 
profuse salivation and terminal convulsions.

Pantothenic acid deficiency leads to anorexia, weight 
loss, and intestinal hemorrhage, and, if deficient during 
weeks 9 and 10 of gestation, causes abortion and some-
times death of dams. Choline deficiency produces poor 
growth and fatty liver.

Deficiencies of vitamin E or selenium or both cause 
similar signs in many species. In guinea pigs, primary, 
distinctive signs are hindlimb weakness through myas-
thenia or muscular dystrophy, reduced reproductive 
performance, paralysis, and death (Hill et al., 2003; Percy 
and Barthold, 2007). Iatrogenic deficiency of selenium 
and vitamin C was reported to cause skeletal muscle 
cell death (Hill et  al., 2009). Underlying or associated 
signs include coagulative necrosis of muscle, testicular 
degeneration, degenerative changes in seminiferous 
tubules and reduction of spermatozoa and spermatids, 
and elevated serum creatine phosphokinase. Muscular 
dystrophy precedes testicular degeneration. Lethargy 
and conjunctivitis are seen in debilitated animals.

c. Mineral Deprivation and Excesses

Interactions among magnesium, potassium, phos-
phates, calcium, and hydrogen ions are complex and are 
well described in guinea pigs (Navia and Hunt, 1976).

Calcium and phosphates in excess increase the 
requirement for magnesium, which contributes to the 
problem of metastatic mineralization, described below. 
Guinea pigs use cation exchange and phosphate anions 
for removing excess hydrogen ions rather than remov-
ing protons by excretion of ammonium ions. Calcium 
turnover is rapid in guinea pigs.

Phosphate ions are a critical component of the causes 
of metastatic mineralization. Magnesium supplemen-
tation is essential to offset hyperphosphatemia. High 
phosphate levels lower plasma pH.

Potassium will counteract the adverse effects of excess 
phosphate by providing an exchange cation to remove 
excess hydrogen ions. Manganese deficiency produces 
reproductive disorders and pancreatic hypoplasia, and 
copper deficiency produces slow growth and myelina-
tion failure. Magnesium deficiency leads to poor weight 
gain, hair loss, and hindlimb weakness.

5. Metastatic Calcification or Mineralization
Multifocal mineralization of skeletal and cardiac mus-

cle fibers may occur in guinea pigs over 1 year of age and 
is usually subclinical. Gross evidence includes irregular, 
gray patches on tissue surfaces that grate when cut with 
a blade. Histologic changes, notable in hindlimb mus-
cles, include mononuclear cell infiltration, mineraliza-
tion, and fibrosis (King and Alroy, 1996). Clinical signs, 
if they occur, include poor growth, hair loss, muscle 
stiffness, bone deformities, nephrosis, and death.
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Mineral deposition, however, is not confined to mus-
cles but occurs also in the renal collecting tubules, intersti-
tium, convoluted tubules, and Bowman’s capsule, and in 
other soft tissues, especially around elbows and ribs, and 
in lungs, trachea, aorta, liver, stomach, uterus, and sclera.

Probable causes of metastatic mineralization include 
feeding diets with calcium, phosphate, magnesium, and 
vitamin D imbalances (Sparschu and Christie, 1968 and 
Holcombe et al., 2014). Mineral deposits are usually cal-
cium phosphates or carbonates combined with other 
minerals (Jones et al., 1996). Local low tissue pH may also 
be involved (Navia and Hunt, 1976). Prevention of this 
disorder is one of the primary reasons that food intended 
for other species should not be fed to guinea pigs.

6. Diabetes Mellitus
Diabetes mellitus is uncommon in guinea pigs, except 

in certain inbred colonies or male Abyssinian-Hartley 
colonies with a genetic predisposition (Glage et al., 2007) 
or a yet unidentified infectious agent. Clinical signs can 
be evident at 3–6 months of age, affect both sexes, and 
include polyuria, weight loss, infertility, cataract forma-
tion, variable glycemia, hyperlipemia, glycosuria (over 
100–2000 mg/dl), and rare ketonuria (Lang et  al., 1977; 
Williams, 2012). The disease resembles type I diabetes 
mellitus in humans, with islet hyperplasia, degranula-
tion of beta (β) cells, thickening of basal membranes 
of peripheral capillaries, fatty infiltration of exocrine 
cells, and glomerulosclerosis. Spontaneous remissions 
accelerated by feeding hay and leafy greens occur, and 
injected insulin is not needed to maintain the animals; 
however, administration of insulin or an oral hypogly-
cemic agent has decreased gylcosuria (Vannevel, 1998; 
McNulty, 1999).

7. Anorexia
Anorexia in guinea pigs is common, especially if 

feeders or waterers or food (odor, taste, density, texture, 
form), or water (flavor) is changed. Guinea pigs are neo-
phobic, and by 4 days of age develop food preferences 
and then may not recognize as food other diets, includ-
ing powders, vegetables, and supplements. Other factors 
that may cause inappetence are postsurgical stressors, 
ketosis, malocclusion, drafts, illness, and water depriva-
tion (Harkness et al., 2010). Treatments include provid-
ing preferred or sweetened foods, changing feeder or 
waterer, treating existing disease, reducing crowding, or 
reducing obesity (without fasting).

8. Heat Stress
Guinea pigs are sensitive to sudden or extreme 

environmental changes, and such changes are known 
predisposing factors to respiratory disease and stress-
precipitated illnesses. In addition, guinea pigs, whose 

ancestors lived at high, cooler altitudes, are heat-stressed 
easily, even when in direct sunlight at temperatures as 
low as 70°F. Heat-stressed guinea pigs develop shallow, 
rapid respiration, weakness, hyperthermia, coma, and 
death. Timely intervention with cool water baths, cor-
ticosteroids, and parenteral fluids may prevent deaths 
(Schaeffer and Donnelly, 1996).

C. Traumatic Lesions

1. Barbering and Skin Biting
Pulling and ingestion (trichotillomania) of cage mates’ 

hair occurs primarily in group-housed, female guinea 
pigs. This aggressive activity may be precipitated by 
stressors or need to displace another guinea pig from 
a food or water source (Reinhardt, 2005; Hargaden and 
Singer, 2012).

Chewing of hair (trichophagia) may occur with or 
without causing bite wounds and lacerations of skin. 
Self-barbering occurs caudal to the anterior shoul-
ders, but dominance-associated or agonistic trichopha-
gia by conspecifics occurs usually on the rump, back,  
and ears and around the eyes (Wagner, 1976). Barbering 
and skin damage occur most often among status seek-
ing adult males with or without a sow present, but 
they occur also when parents groom young (and nib-
ble around eyes and ears) and when weanlings chew a 
sow’s hair. Particularly severe chewing may occur dur-
ing intermale competition for food, water, toys, or space, 
and with adults attacking young. Self-barbering occurs 
also in areas that the guinea pig can reach and may be 
ameliorated by feeding hay and dark, leafy greens.

Biting may cause alopecia, skin scratches, lacerations, 
and deep wounds (King, 1956) or severe preputial der-
matitis (Lee et al., 1978). Perineal wounds contaminated 
with bedding and feces may become infected, extend 
to the prepuce, and cause bleeding and urine retention, 
pain during mating, and decreased reproductive activ-
ity. Some boars develop a habit of scooting on a solid 
bottom cage and pushing bedding and material into 
their prepuce. Bedding adhering to the moist prepuce 
can cause similar signs.

Prevention of trichophagia involves reduction of envi-
ronmental stressors, early weaning, separation of boars 
into individual cages or provision of shelters, and perhaps 
hay feeding. If this is seen in harem breeding, females 
should be separated. Females will typically accept young 
for nursing that are not their own. Treatment involves 
frequent, thorough cleaning of the wound and placing the 
guinea pig into a clean cage (Lee et al., 1978). Few topi-
cal antimicrobials are effective as a treatment and may, if 
ingested, precipitate enterotoxemia.

Severe ear chewing, an aggressive behavior in groups 
of guinea pigs, can interfere with ear notch or tag 
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identification of guinea pigs as research subjects. Severe 
ear damage may result in infections and partial or com-
plete loss of pinnae.

2. Other Traumatic Injuries
Traumatic injuries in guinea pigs include limbs caught 

and injured in wire cage walls or floors, bone fractures 
from improper handling or dropping, diaphragmatic 
hernia, broken or luxated vertebral column, fracture of 
the liver capsule, and broken teeth. Guinea pigs may 
be traumatized when dropped, when leaping from a 
cage, from improper restraint, or when bitten by another 
animal.

D. Iatrogenic and Management-Related 
Disorders

1. Adjuvant-Induced Pulmonary Granulomas
Guinea pigs injected subcutaneously with Freund’s 

complete adjuvant may develop pulmonary granulomas. 
These lesions may be similar to perivascular lymphoid 
nodules or focal pneumonia caused by other conditions 
(Schiefer and Stunzi, 1979).

2. Alopecia
Because of the high metabolic demands of pregnancy 

in the guinea pig, and probable genetic and metabolic 
factors, frequently bred sows housed singly or in groups 
often show hair thinning. Gerold et al. (1997) found few 
fur defects in group-housed breeding sows fed 15.5% 
crude protein and 19.5% crude fiber supplemented with 
200 g hay scattered on the cage floor. Hair loss in breed-
ing groups has been attributed to trichophagia. Hair 
regrows when breeding ceases or the social dynamic in 
cages changes (Wagner, 1976). Alopecia in the absence of 
aggressive grooming and chewing by other guinea pigs 
may occur also in young animals at weaning, when the 
hair coat changes character, and when guinea pigs are 
on low-protein or low-calorie diets, and within social 
relationships (see Section III, C, 1).

3. Dystocia
Dystocia occurs commonly in guinea pigs and may 

be due to uterine inertia, pregnancy toxemia, fetuses 
that are too large to pass through the pelvic canal, or 
because the os coxae fail to separate, despite relaxin 
release, to the 2.5–3 cm needed to allow a fetus to pass. 
Failure of the fibrocartilaginous pelvic joint to separate 
adequately occurs most often in sows bred for the first 
time over 7 months of age, after the symphysis usually 
fuses and becomes resistant to relaxin. Signs of dysto-
cia include a still-narrow symphysis as gestation nears 
day 73, straining, depression, and vaginal discharge. 
Prevention involves breeding first before 7 months of 

age, preventing obesity and fasting while pregnant, and 
removing animals with a known family history of dysto-
cia. Young guinea pigs involved in a dystocia experience 
hypoxia, which is often fatal. Treatment involves digi-
tal removal of the fetuses from the tract, providing the 
sow calcium, glucose, and 1–3 units/kg oxytocin (only if 
public symphysis is confirmed to be open), or cesarean 
section (Martinho, 2006; Williams, 2012).

4. Ulcerative Pododermatitis (Bumblefoot)
Ulcerative pododermatitis, or bumblefoot, occurs 

on the volar surfaces of one of more feet and presents 
with enlarged, firm, ulcerated wounds (Fig. 6.14). Taylor 
et  al. (1971) isolated Staphylococcus from chronic, ulcer-
ative pododermatitis lesions, which were associated 
with amyloid accumulation in the liver, adrenal glands, 
spleen, and pancreatic islets. Prevention and treatment 
of bumblefoot and hyperkeratosis involve provision of 
smooth wire or solid-bottom cage floors with bedding, 
good sanitation, reduction of obesity, and, in severe 
cases, antibiotic treatment, softening with lotion, and 
surgical debriding. S. aureus can also cause pneumonia, 
mastitis, conjunctivitis, cheilitis, and osteoarthritis. The 
bacterium has been associated with an exfoliative derma-
titis characterized by alopecia, erythema, scabs, and epi-
dermal cracks (Ishihara, 1980). Staphylococci apparently 
enter the skin through abrasions. The histologic lesion 
is parakeratosis with minimal inflammation (Percy and 
Barthold, 2007). Pododermatitis rapidly progresses to 
osteomyelitis so quick and effective treatment is essen-
tial. Amputation is not an option, even in pet guinea 
pigs, due to how their body weight is distributed. Some 

FIGURE 6.14 Pododermatitis due to a chronic Staphylococcus 
aureus infection (left forefoot).
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animals die, whereas others recover and hair grows to 
cover the lesions.

5. Antibiotic-Associated Typhlocolitis
Enteropathies and deaths in guinea pigs occurring 

within 1–5 days of administration of certain antibiotics 
are assumed to result from (1) antibiotic-induced sup-
pression of resident microflora, perhaps Bacteriodes; (2) 
loss of cecal colonization resistance; and (3) coloniza-
tion, proliferation, and toxin production by transiting or 
resident commensals, usually one or more strains of the 
spore-former C. difficile.

Escherichia coli, not a normal intestinal inhabitant 
in guinea pigs, may proliferate in an antibiotic-caused 
dysbiosis (Farrar and Kent, 1965; Winter et  al., 2013). 
Antibiotics most often implicated are the aminopenicil-
lins, cephalosporins, clindamycin, streptomycin, and lin-
comycin (Brophy and Knoop, 1982). Penicillin at dosages 
as low as 2000 U or ampicillin at dosages over 6 mg/kg 
q8 h for 8 days is known to cause deaths (Lowe et  al., 
1980; Young et al., 1987).

Signs of antibiotic-associated typhlocolitis vary with 
drug dose, strain of opportunistic pathogen, and host 
susceptibility, but may include rapidly progressive leth-
argy, rough hair coat, diarrhea, and death. Hemorrhagic 
typhlitis is observed at necropsy, with the cecum dis-
tended and containing bloody, liquid feces (Fig. 6.15). 
Histologically, there is a severe inflammatory reaction 
in the lamina propria and microulceration of the mucosa 
with inflammatory cell infiltration.

C. difficile is a common, fecal-borne, anaerobic, gram-
positive, commensal organism whose large, subtermi-
nal spores persist in the environment. Some strains of 
C. difficile produce protein exotoxins (cytotoxins) A and 
B, which bind to epithelial cell membrane receptors. 

Toxin B is more cytotoxic but requires toxin A (known 
also as an enterotoxin) to access mucosal cells. Toxin A 
causes fluid secretion, mucosal damage, and inflamma-
tion. Cell death occurs subsequently. Drug prophylaxis 
is not advised; the preferred drug in treating human 
cases, metronidazole, may exacerbate toxicosis in guinea 
pigs (Cleary et al., 1998). Treatment of antibiotic-induced 
typhlitis in guinea pigs is supportive: fluids, a highly 
palatable food supplement, and heat.

6. Other Drug Reactions
Bendele et al. (1990) reported that a single subcutane-

ous injection of the quinolone nalidixic acid at 350 mg/kg 
into 6-week-old male guinea pigs caused severe degen-
eration of middle-zone chondrocytes in weight-bearing 
joints by 48 h postdosing. Quinolones and fluoroquino-
lones should, therefore, be used cautiously in immature 
guinea pigs. Otoconial (inner ear cell) loss in the striola 
region of both utricle and saccule occurred in adult, 
mixed-sex guinea pigs following seven intraperitoneal 
injections of streptomycin at 250 mg/kg per injection 
(Takumida et al., 1997). Recovery often occurred in 8–10 
weeks. Aminoglycosides interfere with calcium uptake 
into otoconia.

E. Neoplastic Diseases

Neoplasia does occur in guinea pigs, especially in 
those over 3 years of age, but it is extremely rare in the 
younger animals found in research colonies. Around 25 
different benign and malignant neoplasms have been 
reported, with fibrosarcomas, lipomas, several types of 
adenomas, liposarcomas, and leiomyosarcomas occur-
ring occasionally in any of several organs or tissues. Of 
the hundreds of tumors reported in tens of thousands of 
guinea pigs necropsied, those of the hemolymphopoietic 
system are most common, followed by those of the respi-
ratory system, integument (Fig. 6.16), reproductive tract, 

FIGURE 6.15 Antibiotic-associated typhlocolitis in a guinea pig 
treated with bicillin. The cecum is extremely distended. FIGURE 6.16 Trichofolliculoma.
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mammary gland, hemopoietic system, cardiovascular 
system, and endocrine glands. Neoplasias are reviewed 
in depth in Williams (2012).

F. Miscellaneous Conditions

Several miscellaneous conditions that have occurred 
in guinea pigs are described in detail in Wagner and 
Manning (1976) and in Williams (2012).

1. Digestive System
a. Malocclusion

The elodontic and hypsodontic teeth of the herbiv-
orous guinea pig are eroded continuously by abrasive 
materials in feed, but when malalignment of occlusal sur-
faces occurs, teeth become malformed and overgrown 
and do not wear evenly. Malocclusion may occur because 
of shortness of the maxilla, abnormally narrow mandibu-
lar separation (anaesognathism), nutritional deficiency, or 
broken or deviated teeth because of trauma or periodon-
tal infection (Wagner, 1976; Emily, 1991). Root abscesses 
may extend into the mandible or maxillary sinus and 
cause exophthalmos. Premolars and molars are involved 
most often, but incisors may also be maloccluded.

Clinical signs include inappetance, weight loss, drool-
ing (‘slobbers’), oral laceration and bleeding, gaping 
mouth, and death. Necropsy findings include periodon-
tal disease and overgrown teeth, often with sharp edges 
and points on the labial side of maxillary and lingual 
side of rostral mandibular cheek teeth (Jekl et al., 2008). 
Elongated coronal surfaces may arch, inhibit tongue 
movement, and force open the mouth (Legendre, 2002).

Diagnosis is by clinical signs and oral examination, 
which is facilitated with sedation and a penlight or oto-
scope. Other causes of drooling include folic acid defi-
ciency, chronic fluorosis, heat stress, hypovitaminosis 
C, and dental abscesses (Harkness and Wagner, 1995). 
Treatment of overgrowth, which provides relief for sev-
eral weeks, involves trimming the overgrown teeth to 
2–3 mm above the gingiva and then filing sharp points. 
This can be performed with a high-speed dental bur or 
rongeurs, and should only be attempted in anesthetized 
animals. Infected teeth should be removed, the abscess 
drained, and suitable antibiotic given (Grahn et al., 1995); 
however, tooth extraction via bucotomy is complicated 
because of difficulty in access and the relative paucity 
of alveolar bone in the mandible. Because of a prob-
able inherited component, especially in 2/N and 13/N 
inbred strains, guinea pigs with malocclusion are unde-
sirable as breeders.

b. Other Gastrointestinal and Hepatic Conditions

Gastric ulcers are probably secondary to other con-
ditions, such as uremia, ketosis, excessive stress, or 

perhaps Citrobacter infection (Wagner, 1976). Acute gas-
tric volvulus and dilation were reported by Lee et  al. 
(1977). Six breeder guinea pigs aged up to 26 months 
were found dead or with dyspnea, cyanosis, tachycar-
dia, and distended stomachs containing fluid and gas 
and rotated 180° on the mesenteric axis. The diaphragm 
was displaced anteriorly. The cause of the volvulus was 
not apparent.

Wagner (1976) and Vanrobaeys et  al. (1998) reported 
several cases of an acute, usually fatal necrotic typhli-
tis, or typhlocolitis in guinea pigs of all ages. Strain 13 
guinea pigs were involved more commonly than were 
other strains, and postulated causes were experimental 
manipulation, antibiotic use, corticosteroid injection, 
fasting, torsion, or advanced pregnancy. There may be 
no associated clinical signs except death. Cecal impaction 
by wood shavings, hair, or inspissated digesta may occur.

Other gastrointestinal conditions include colonic stric-
ture, dilation, cecal torsion, cecal and rectal impactions, 
rectal prolapse, and circumanal sebaceous accumulations.

Hepatic problems include contusions and focal 
coagulative hepatic necrosis, perhaps due to agonal 
hypoxia (Percy and Barthold, 2007) and idiopathic 
cholangiofibrosis.

2. Cardiovascular System
Rhabdomyomatosis (cardiac rhabdomyoma) is mani-

fested by pale, pink foci or streaks with indistinct margins 
and is a relatively common finding in the myocardium, 
usually in the left ventricle, of guinea pigs. Similar lesions 
occur in dogs, swine, and humans. The streaks represent 
glycogen accumulation in myofibers or Purkinje fibers 
(Jacobson et al., 2010) and occur because of a congenital 
abnormality of glycogen metabolism. The lesions are 
seen best in alcohol-fixed specimens stained with peri-
odic acid-Schiff stain (Manning, 1976; Kobayashi et  al., 
2010). There is no apparent cardiac impairment caused 
by the lesions.

3. Respiratory System
Perivascular and peribronchiolar lymphoid nodules 

may begin at an early age and continue as a common 
occurrence in older animals, and perivascular lymphoid 
nodules, consisting of normal lymphocytes, may be pres-
ent in the adventitia of the pulmonary arteries and veins. 
In older guinea pigs, these aggregations reach 0.5 mm 
in diameter and are visible grossly as pinpoint-sized, 
subpleural foci. The primary cause for these nodules is 
unknown, but is likely related to antigenic stimulation, 
as they are less common in Specific Pathogen Free (SPF) 
guinea pigs (Wagner, 1976; Percy and Barthold, 2007). 
Other rarely reported respiratory abnormalities include 
thickened pulmonary artery musculature, osseous meta-
plasia in alveolar septa, and foreign body pneumonia.
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4. Urogenital System
a. Nephrosclerosis

Chronic renal disease in guinea pigs has no certain 
cause. Autoimmune, infectious, and vascular disor-
ders may underlie the signs, and a high-protein diet 
may contribute to the disease (Borkowski et  al., 1988). 
Nephrosclerosis, seen occasionally as an incidental 
finding in aged guinea pigs, is characterized by weak-
ness, anemia, dilute urine, and increased blood urea 
nitrogen and creatinine (Baggio et al., 1997). Necropsy 
signs include a pitted subcapsular renal surface with 
pale streaks extending into the cortex and even into the 
medulla. This segmental to diffuse interstitial fibrosis 
causes the kidney to have an irregular surface. Most 
glomeruli remain normal, but immune complex deposi-
tion occurs in basement membranes (Percy and Barthold, 
2007). In guinea pigs, chronic renal failure may predis-
pose to cochlear dysfunction, especially in the hair cells 
(Ohashi et al., 1999).

b. Ovarian Cysts

In the normal guinea pig, ovaries lie caudal and lat-
eral to the kidneys and are 6–8 mm long and 4–5 mm in 
diameter (Hargaden and Singer, 2012). The rete ovarii 
are derived from mesonephric tubules and occur in the 
hilus of the ovary.

Cysts of the rete ovarii are common in sows between 
1.5 and 5 years of age. The cause of the cysts is unknown, 
as is their overall prevalence in laboratory-housed 
guinea pigs; however, both androgens and estrogens 
may be involved in the pathogenesis (Field et al., 1989). 
Incidence noted at postmortem may range from 76–90% 
in older sows. Clinical signs include anorexia, depres-
sion, abdominal distension, bilateral, symmetric hair 
loss over flanks and rump, and reproductive failure 
(Keller et al., 1987). Diagnosis is by careful clinical exami-
nation (avoid rupturing the cyst), radiography, or real-
time ultrasonographic imaging using a 6.0- or 10.0-MHz 
mechanical sector transducer (Beregi et al., 1999).

The cysts are up to 7 cm or more in diameter, singular 
or multilocular, unilateral or bilateral (right more often 
than left), and may be associated with leiomyomas of the 
uterine body or horn, cystic endometrial hyperplasia, or 
endometritis (Schaeffer and Donnelly, 1996). The larger 
cysts may cause pressure atrophy in adjacent ovarian 
tissues. Treatment involves surgical removal of the cystic 
ovaries via median laparotomy (Beregi et al., 1999).

5. Musculoskeletal System
a. Osteoarthrosis

Jimenez et  al. (1997) reported spontaneous, progres-
sive osteoarthritis of the stifle and other joints in male 
Dunkin Hartley guinea pigs. The condition was noted 
as early as 3 months of age and had become severe by 

22 months. Changes in cartilage included increased lev-
els of proteoglycans and decreased collagen. Histologic 
abnormalities included osteophytes, calcification of 
collateral ligaments of the joint, and degeneration of 
weight-bearing, articular surfaces. In addition to genetic 
predisposition, joint injury, hypovitaminosis C, and obe-
sity may contribute to joint degeneration (Gupta et al., 
1972). Wei et al. (1998) studied the pathogenesis of osteo-
arthrosis in depth and determined that mechanical load 
and stiffness are significant pathogenic mechanisms.

b. Other Musculoskeletal Abnormalities

Other musculoskeletal abnormalities include scorbu-
tus lesions, fibrous osteodystrophy, nutritional myopa-
thy, and consequences of injections and bites.

6. Sensory and Endocrine Systems
a. Ocular Problems

The eye of the guinea pig has a paurangiotic retina, 
few vessels near the optic disk, and no tapetum. Pupil 
dilation is accomplished by using 1% tropicamide drops 
or, in pigmented animals, one drop each of 1% atro-
pine and 10% phenylephrine given three to four times 
within a 15-min period (Kern, 1989). Examination of the 
eye is best accomplished using a 20-diopter (D) or 30-D 
indirect condensing lens. Fluorescein dye use, exfolia-
tive conjunctival examination, and culture are diagnostic 
methods.

A common ocular disorder seen in guinea pigs is 
blepharitis with epithelial flaking, crusting, alopecia, 
swelling, and reddening of the lids (Kirschner, 1996). 
These signs, often called ‘dull eyes,’ are seen usually 
in guinea pigs with marginal hypovitaminosis C, with 
subclinical infections, usually of the upper respiratory 
tract, or with malocclusion or renal disease (Bauck, 
1989). Other ocular problems include dermatophytosis 
of the lids, common bacterial infections, herpesvirus 
conjunctivitis, and listerial keratoconjunctivitis (Colgin, 
et al., 1995).

Conjunctivitis in guinea pigs may be caused by chla-
mydophilae, streptococci, staphylococci, Pasteurella spp., 
and physical or chemical irritants. Panoophthalmitis is 
usually due to an infection with Streptococcus equi subsp. 
zooepidemicus (Kern, 1989). An upper molar root abscess 
may extend into a maxillary sinus and orbit, causing 
exophthalmos. Other causes of exophthalmos in guinea 
pigs are orbital trauma, foreign bodies, sialocele, lacri-
mal gland cysts or inflammation, and neoplasia (Grahn 
et al., 1995). Allgoewer et al. (1999) reported conjunctival 
lesions with lymphosarcoma.

Nodules (‘pea eye’) protruding from the conjunctival 
sac of adult guinea pigs may be a portion of a lacri-
mal gland (Kern, 1989) or a yellow, subconjunctival fat 
deposit (Bauck, 1989).
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Cataracts may result from feeding a diet low in 
l-tryptophan (under 0.1%) (Reid and von Sallman, 1960). 
Heritable cataracts have been reported (Bettelheim et al., 
1997) in strain 13/N guinea pigs and are due to a single, 
autosomal, gene deletion of 34 residues that produces a 
novel zeta-crystallin lens protein. Homozygote lenses 
are completely opaque, and heterozygote lenses have a 
well-demarcated opaque nucleus with a normal cortex. 
Cataracts may also occur in diabetic guinea pigs (Lang 
et al., 1977).

Other ocular abnormalities include ophthalmitis, ocu-
lar dermoid, microphthalmia, corneal dryness, ototoxic-
ity from toxin ingestion, ulceration, osseous metaplasia, 
and an osseous choristoma of the ciliary body (Griffith 
et al., 1988; Bauck, 1989).

Treatment of infectious ocular disorders includes top-
ical or systemic antibiotics known safe and effective in 
guinea pigs, typically fluoroquinolones, chlorampheni-
col, and the trimethoprim-sulfonamides.

b. Endocrine Disorders

Hyperthyroidism, hyperparathyroidism, and hyper-
adrenocorticism have been reported in guinea pigs, but 
the incidence of these conditions is low (Zeugswetter 
et al., 2007; Brandão et al., 2013).

7. Multisystemic Conditions
a. Amyloidosis

Deposition of amyloid A (AA) in the kidney, liver, 
spleen, and adrenal glands is associated with aging or 
chronic inflammatory conditions, such as staphylococ-
cal pododermatitis and osteoarthritis (Taylor et al., 1971; 
Borkowski et al., 1988), or with multiple casein injections 
(Skinner et al., 1974). Amyloid is an extracellular deposi-
tion of polymerized serum protein subunits that have a 
role in inflammation (Shtrasburg et  al., 2005). The con-
dition is slowly progressive, begins in the renal mesan-
gium, and then extends into subendothelial portions of 
capillary basement membranes (Jones et al., 1996).

b. Plant and Other Toxicoses

Guinea pigs that eat grasses contaminated with hyphal 
masses (sclerotia) of Claviceps purpura, which produces 
the alkaloids ergotamine and ergometrine, may develop 
dry gangrene of the feet. These toxins damage the cap-
illary epithelium and lead to thrombosis and necrosis 
(Frye, 1994).

References
Agass, K., Ruffle, I., 2005. A refinement in guinea pig housing within 

the laboratory environment. Anim. Technol. Welfare 4, 51–52.
Agterberg, M.J.H., vander Broek, M., Philippens, I.H.C.H.M., 2010.  

A less stressful animal model: a conditional avoidance behavior 
task for guinea pigs. Lab. Anim. 44, 206–210.

Aldred, P., Hill, A.C., Young, C., 1974. The isolation of Streptobacillus 
moniliformis from cervical abscesses of guineapigs. Lab. Anim. 8, 
213–221.

Allgoewer, I., Ewingmann, A., Pfleghaar, S., 1999. Multicentric lym-
phosarcoma and conjunctival manifestations. Vet. Ophthalmol. 
2, 117–119.

Assali, N.S., Longo, L.D., Holm, L.W., 1960. Toxemia-like syndromes 
in animals. Obstet. Gynecol. Surv. 15, 151–181.

Baggio, B., Plebani, M., Gambaro, G., 1997. Pathogenesis of idiopathic 
calcium nephrolithiasis. Crit. Rev. Clin. Lab. Sci. 35, 153–189.

Ball, R.A., Suckow, M.A., Hawkins, E.C., 1991. Bilateral ureteral calculi 
in a guinea pig. J. Small Exotic Anim. Med. 1, 60–63.

Ballweber, L., Harkness, J.E., 2007. Parasites of guinea pigs. In: Baker, 
D.G. (Ed.), Flynn’s Parasites of Laboratory Animals. Blackwell 
Publishing, Ames, IA, pp. 421–449.

Banks, R., 1989. Biology, care, identification, nomenclature, breed-
ing, and genetics. USAMRRID Seminar Series. Retrieved April 3 
2015 from <http://netvet.wustl.edu/species/guinea/GUINPIG.
TXT>.

Barzago, M.M., Bortolotti, A., Stellari, F.F., Pagoni, C., Marraro, G., 
Bonati, M., 1994. Respiratory and hemodynamic functions, blood-
gas parameters, and acid-base balance of ketamine-xylazine anes-
thetized guinea pigs. Lab. Anim. Sci. 44, 648–650.

Bauck, L., 1989. Ophthalmic conditions in pet rabbits and rodents. 
Compend. Contin. Educ. Pract. Vet. 11, 258–268.

Baumann, G., 1997. Growth without a pituitary? Lessons from the 
guinea pig [editorial comment]. Endocrinology 138, 3575–3576.

Bendele, A.M., Hulman, J.F., Harvey, A.K., Hrubey, P.S., Chandrasekhar, 
S., 1990. Passive role of articular chondrocytes in quinolone-
induced arthropathy in guinea pigs. Toxicol. Pathol. 18, 304–312.

Beregi, A., Zorn, S., Felkai, F., 1999. Ultrasonic diagnosis of ovarian 
cysts in ten guinea pigs. Vet. Radiol. Ultrasound 40, 74–76.

Bergman, E.N., Sellers, A.F., 1960. Comparison of fasting ketosis in 
pregnant and non-pregnant guinea pigs. Am. J. Physiol. 198, 
1083–1086.

Berryman, T.C., 1976. Guinea pig vocalizations: their structure, causa-
tion, and function. Z. Tierpsychol. 41, 80–106.

Bettelheim, F.A., Churchill, A.C., Zigler Jr., J.S., 1997. On the nature 
of hereditary cataract in strain 13/N guinea pigs. Curr. Eye Res. 
16, 917–924.

Boot, R., Walvoort, H.C., 1986. Otitis media in guineapigs: pathology 
and bacteriology. Lab. Anim. 20, 242–248.

Boot, R., Thuis, H., Wieten, G., 1994. Multifactorial analysis of antibi-
otic sensitivity of Bordetella bronchiseptica isolates from guineapigs, 
rabbits, and rats. Lab. Anim. 29, 45–49.

Boot, R., Van Knapen, F., Kruijt, B.C., Walvoort, H.C., 1988. Serological 
evidence for Encephalitozoon cuniculi infection (nosemiasis) in gno-
tobiotic guineapigs. Lab. Anim. 22, 337–342.

Borkowski, G.L., Griffith, J.W., Lang, C.M., 1988. Incidence and classi-
fication of renal lesions in 240 guinea pigs. Lab. Anim. Sci. 38, 514.

Bostrom, R.E., Huckins, J.G., Kroe, D.J., Lawson, N.S., Martin, J.F., 
Ferrell, J.F., et al., 1969. Atypical fatal pulmonary botryomycosis 
in two guinea pigs due to Pseudomonas aeruginosa. J. Am. Vet. Med. 
Assoc. 155, 1195–1199.

Brabb, T., Newsome, D., Burich, A., Hanes, M., 2012. Infectious dis-
eases. In: Suckow, M.A., Stevens, K.W., Wilson, R.P. (Eds.), The 
Laboratory Rabbit, Guinea Pig, Hamster, and Other Rodents. 
Academic Press, Waltham, MA, pp. 575–683.

Brandão, J., Vergneau-Grosset, C., Mayer, J., 2013. Hyperthyroidism 
and hyperparathyroidism in guinea pigs (Cavia procellus). Vet. 
Clin. Exot. Anim. 16, 407–420.

Brewer, N.R., Cruise, L.J., 1994. The guinea pig heart – some compara-
tive aspects. Contemp. Top. Lab. Anim. Sci. 33, 64–70.

Brewer, N.R., Cruise, L.J., 1997. The respiratory system of the guinea 
pig: emphasis on species differences. Contemp. Top. Lab. Anim. 
Sci. 36, 100–108.

http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref1
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref1
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref2
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref2
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref2
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref3
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref3
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref3
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref4
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref4
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref4
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref5
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref5
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref6
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref6
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref7
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref7
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref8
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref8
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref8
http://netvet.wustl.edu/species/guinea/GUINPIG.TXT
http://netvet.wustl.edu/species/guinea/GUINPIG.TXT
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref10
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref10
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref10
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref10
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref11
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref11
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref12
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref12
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref13
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref13
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref13
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref14
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref14
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref15
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref15
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref15
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref16
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref16
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref17
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref17
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref17
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref19
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref19
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref21
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref21
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref21
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref22
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref22
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref22
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref24
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref24
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref25
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref25
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref25
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref25
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref27
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref27
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref27
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref27
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref28
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref28
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref28
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref29
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref29
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref30
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref30
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref30


6. BIOLOGy aND DIsEasEs Of GUINEa PIGs278

LABORATORY ANIMAL MEDICINE

Brophy, P.F., Knoop, F.C., 1982. Bacillus pumilus in the induction 
of clindamycin-associated enterocolitis in guinea pigs. Infect. 
Immun. 35, 289–295.

Cao, Y., Okada, N., Hasegawa, M., 1997. Phylogenetic position of 
guinea pigs revisited. Mol. Biol. Evol. 14, 461–464.

Chakrabarty, S., Nandi, A., Mukhopadhyay, C.K., Chatterjee, I.B., 1992. 
Protective role of ascorbic acid against lipid peroxidation and 
myocardial injury. Mol. Cell. Biol. 111, 41–47.

Charles River Breeding Laboratories, 1982. Technical Bulletin 1. Charles 
River Breeding Laboratories, Wilmington, MA.

Charles River Laboratories, 2008. <http://www.criver.com/files/
pdfs/rms/guinea-pigs/hartley/rm_rm_r_hartley_guinea_pig_
clinical_pathology_data.aspx>.

Cherian, P.V., Magee, W.E., 1990. Monoclonal antibodies to Chlamydia 
psittaci guinea pig inclusion conjunctivitis (GPIC) strain. Vet. 
Microbiol. 22, 43–51.

Chiba, J., Otokawa, M., Nakagawa, M., Egashira, Y., 1978. Serological 
studies on the major histocompatibility complex of new inbred 
strains of the guinea pig. Microbiol. Immunol. 22, 545–555.

Chrisp, C., Reid, W., Rush, H., Suckow, M., Bush, A., Thomann, M., 
1990. Cryptosporidiosis in guinea pigs: an animal model. Infect. 
Immun. 58, 674–679.

Clarke, G.L., Allen, A.M., Small, J.D., Lock, A., 1980. Subclinical scurvy 
in the guinea pig. Vet. Pathol. 17, 40–44.

Cleary, R.K., Grossman, M.D., Fernandez, F.B., Stull, T.S., Fowler, J.J., 
Walters, M.R., et  al., 1998. Metronidazole may inhibit intestinal 
colonization with Clostridium difficile. Dis. Colon Rectum 41, 
464–467.

Clifford, C.B., White, W.J., 1999. The guinea pig. In: Loeb, W.F., Quimby, 
F.W. (Eds.), The Clinical Chemistry of Laboratory Animals, second 
ed., pp. 65–70.

Colgin, L.M.A., Nielsen, R.E., Tucker, F.S., Okerberg, C.V., 1995. Case 
report of listerial keratoconjunctivitis in hairless guinea pigs. Lab. 
Anim. Sci. 45, 435–436.

Collins, G.H., Pope, S.E., Griffin, D.L., 1986. Trixacarus caviae. (Acari: 
Scarcoptidae): dimensions, population composition and devel-
opment of infection in guinea pigs. J. Aust. Entomol. Soc. 25,  
17–22.

Conder, G.A., Richards, I.M., Jen, L.W., Marbury, K.S., Oostveen, J.A., 
1989. Bronchoalveolar eosinophilia in guinea pigs harboring 
inapparent infections of Paraspidodera uncinata. J. Parasitol. 75 (1), 
144–146.

Cook, E.B., Stahl, J.L., Lilly, C.M., Haley, K.J., Sanchez, H., Luster, A.D., 
et al., 1998. Epithelial cells are a major cellular source of the che-
mokine eotaxin in the guinea pig lung. Allergy Asthma 19, 15–22. 
Proceedings, Providence, RI.

Cooper, G., Schiller, A.L., 1975. Anatomy of the Guinea Pig. Harvard 
University Press, Cambridge, MA.

Coutinho, S.D.A., Carvalho, V.M., de, Costa, E.O. da, 2001. Guinea 
pig ringworm outbreak due to Trichophyton mentagrophytes and 
Scopulariopsis brevicaulis. Clin. Vet. 6, 30–32.

Couto, M.S., Pantoga, L.D.M., Mourão, C.L., Paixão, G.C., 2010. Fungal 
microbiota of the hair coat of laboratory animals. Revista Brasileira 
do Ciencia Veterinária 17, 52–54.

Craig, S.J., Conboy, G.A., Hanna, P.E., 1995. Baylisascaris sp. infection 
in a guinea pig. Lab. Anim. Sci. 45, 312–313.

Crippa, L., Giusti, A.M., Sironi, G., Cavalletti, E., Scanziani, E., 1997. 
Asymptomatic adenoviral respiratory tract infection in guinea 
pigs. Lab. Anim. Sci. 47, 197–202.

Davis, S.R., Mapham, T.B., Lock, K.J., 1979. Relative importance of 
prepartum and post-partum factors in the control of milk yield in 
the guinea pig. J. Dairy Res. 46, 613–621.

Debout, C., Taouji, S., Izard, J., 1995. Increase of a guinea pig natural 
killer cell (Kurloff cell) during leukemogenesis. Cancer Lett. 97, 
117–122.

De Clercq, E., Kalmar, I., Vanrompay, D., 2013. Animal models for 
studying female genital tract infection with Chlamydia trachoma-
tis. Infect. Immun. 81 (9), 3060–3067.

Deeb, B.J., DiGiacomo, R.F., Wang, S.P., 1989. Guineapig inclusion  
conjunctivitis (GPIC) in a commercial colony. Lab. Anim. 23, 
103–106.

Donatti, A.F., Leite-Panissi, C.R., 2009. GABAergic antagonist blocks 
the reduction of tonic immobility behavior indused by activation 
of 5-HT2 receptors in the basolateral nucleus of the amygdala in 
guinea pigs. Brain Res. Bull. 79, 358–364.

Donnelly, T.M., Lackner, P.A., 2000. Ocular discharge in a guinea pig. 
Lab. Anim. (NY) 29 (5), 23–25.

Donovan, B.T., Kopriva, P.C., 1965. Effect of removal or stimulation 
of the olfactory bulbs on the estrous cycle of the guinea pig. 
Endocrinology 77, 213–217.

Dorrestein, G.M., VanBronswijk, J.E.M.H., 1979. Trixacarus caviae Fain, 
Howell, and Hyatt. 1972 (Acari: Sarcoptidae) as a cause of mange in 
guinea-pigs and papular urticaria in man. Vet. Parasitol. 5, 389–398.

Dorsch, M.M., Glage, S., Hedrich, H.J., 2008. Collection and cryopreser-
vation of preimplantation embryos of Cavia porcellus. Lab. Anim. 
42, 489–494.

Drouots, S., Mignon, B., Fratti, M., Rossje, P., Monod, M., 2008. Pets 
as the main source of two zoonotic species of the Trichophyton 
mentagrophytes in Switzerland, Arthroderma vanbreuseghemii and 
Arthroderma benhamiae. Vet. Dermatol. 20, 13–18.

Dunham, W.B., Young, M., Tsao, C.S., 1994. Interference by bedding 
materials in animal test systems involving ascorbic acid depletion. 
Lab. Anim. Sci. 44, 283–285.

Eckhoff, G.A., Mann, P., Gaillard, E.T., Dykstra, M.J., Swanson, G.L., 
1998. Naturally developing virus-induced lethal pneumonia in 
two guinea pigs (Cavia porcellus). Contemp. Top. Lab. Anim. Sci. 
37, 54–57.

Ellis, P.A., Wright, A.E., 1961. Coccidiosis in guinea pigs. J. Clin. Pathol. 
14, 394–396.

Emily, P., 1991. Problems peculiar to continually erupting teeth. J. Small 
Exotic Anim. Med. 1, 56–59.

Ernstson, S.G., Ulfendahl M., 1998. The German Waltzing guinea pig: a 
new strain with a new pattern of inner ear degeneration. Presented at 
the Association for Research in Otolaryngology, <http://www.
aro.org/archives/1998/229.html>.

Ernström, V., Larsson, B., 1967. Export and import of lymphocytes in 
the thymus during steroid-induced involution and regeneration. 
Acta Pathol. Microbiol. Scand. 70, 371–374.

Everett, K.D., Bush, R.M., Andersen, A.A., 1999. Emended description 
of the order Chlamydiales, proposal of Parachlamydiaceae fam. 
nov. and Simkaniaceae fam. nov., each containing one monotypic 
genus, revised taxonomy of the family Chlamydiaceae, including 
a new genus and five new species, and standards for the iden-
tification of organisms. Int. J. Syst. Bacteriol. 49 (Pt 2), 415–440.

Farrar, W.E., Kent, T.H., 1965. Enteritis and coliform bacteremia in 
guinea pigs given penicillin. Am. J. Pathol. 47, 629–642.

Feldman, S.H., Sikes, R., Eckhoff, G., 2001. Comparison of the deduced 
amino acid sequence of guinea pig adenovirus hexon protein with 
that of other Mastadenoviruses. Comp. Med. 51 (2), 120–126.

Festing, M.F.W., 1976. The guinea-pig The UFAW Handbook on the 
Care and Management of Laboratory Animals (Universities 
Federation for Animal Welfare, ed.), fifth ed. Churchill Livingstone, 
Edinburgh, pp. 229–247.

Field, J.J., Griffith, J.W., Lang, C.M., 1989. Spontaneous reproductive 
tract leiomyomas in guinea pigs. J. Comp. Pathol. 101, 287–294.

Flynn, R.J., 1973. Nematodes. In: Flynn, R.J. (Ed.), Parasites of Laboratory 
Animals. Iowa State University Press, Ames, IA, pp. 226–228.

Freund, M., 1969. Interrelationships among the characteristics of 
guinea pig semen collected by electro-ejaculation. J. Reprod. Fert. 
19, 393–403.

http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref31
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref31
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref31
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref32
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref32
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref33
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref33
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref33
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref34
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref34
http://www.criver.com/files/pdfs/rms/guinea-pigs/hartley/rm_rm_r_hartley_guinea_pig_clinical_pathology_data.aspx
http://www.criver.com/files/pdfs/rms/guinea-pigs/hartley/rm_rm_r_hartley_guinea_pig_clinical_pathology_data.aspx
http://www.criver.com/files/pdfs/rms/guinea-pigs/hartley/rm_rm_r_hartley_guinea_pig_clinical_pathology_data.aspx
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref35
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref35
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref35
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref36
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref36
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref36
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref37
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref37
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref37
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref38
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref38
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref40
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref40
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref40
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref40
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref41
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref41
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref41
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref43
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref43
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref43
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref44
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref44
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref44
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref44
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref45
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref45
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref45
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref45
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref46
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref46
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref46
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref46
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref47
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref47
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref48
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref48
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref48
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref49
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref49
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref49
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref50
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref50
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref51
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref51
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref51
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref53
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref53
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref53
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref54
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref54
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref54
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref9001
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref9001
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref9001
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref55
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref55
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref55
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref57
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref57
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref57
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref57
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref58
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref58
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref59
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref59
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref59
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref60
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref60
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref60
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref61
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref61
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref61
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref62
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref62
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref62
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref62
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref63
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref63
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref63
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref64
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref64
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref64
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref64
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref65
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref65
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref67
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref67
http://www.aro.org/archives/1998/229.html
http://www.aro.org/archives/1998/229.html
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref68
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref68
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref68
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref70
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref70
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref70
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref70
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref70
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref70
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref71
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref71
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref74
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref74
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref74
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref75
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref75
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref75
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref75
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref76
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref76
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref77
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref77
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref78
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref78
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref78


279

LABORATORY ANIMAL MEDICINE

REfERENCEs

Frye, F.L., 1994. Apparent spontaneous ergot-induced necrotizing der-
matitis in a guinea pig. J. Small Exotic Anim. Med. 2, 165–166.

Galloway, J.H., Glover, D., Fox, W.C., 1964. Relationship of diet and age 
to metastatic calcification in guinea pigs. Lab. Anim. Care 14, 6–12.

Ganaway, J.R., 1976. Bacterial, mycoplasma, and rickettsial diseases. 
In: Wagner, J.E., Manning, P.J. (Eds.), The Biology of the Guinea 
Pig. Academic Press, New York, pp. 121–135.

Ganaway, J.R., Allen, A.M., 1971. Obesity predisposes to pregnancy 
toxemia (ketosis) of guinea pigs. Lab. Anim. Sci. 21, 40–44.

Gaschen, L., Ketz, C., Lang, J., Weber, U., Bacciarini, L., Kohler, I., 1998. 
Ultrasonographic detection of adrenal gland tumor and uretero-
lithiasis in a guinea pig. Vet. Radiol. Ultrasound (Raleigh, NC) 
39, 43–46.

Gerold, S., Huisinga, E., Iglauer, F., Kurzawa, A., Morankic, A., Reimers, 
S., 1997. Influence of feeding hay on the alopecia of breeding 
guinea pigs. Zentralbl. Veterinarmed. Reihe A 44, 341–348.

Ghannoum, M.A., Long, L., Pfister, W.R., 2008. Determination of the effi-�
cacy of terbinafine hydrochloride nail solution in the topical treat-
ment of dermatophytosis in a guinea pig model. Mycoses 52, 35–43.

Gibson, S.V., Wagner, J.E., 1986. Cryptosporidiosis in guinea pigs: a 
retrospective study. J. Am. Vet. Med. Assoc. 189, 1033–1034.

Glage, S., Kamino, K., Jörns, A., Hedrich, H.J., Wedekind, D., 2007. 
Hereditary hyperglycemia and pancreatic degeneration in guinea 
pigs. J. Exp. Anim. Sci. 43, 309–317.

Golden, J.G., Hughes, H.C., Lang, C.M., 1980. Experimental toxemia 
in the pregnant guinea pig (Cavia porcellus). Lab. Anim. Sci. 30, 
174–179.

Grahn, B., Wolfer, J., Machin, K., 1995. Diagnostic ophthalmology/
Ophthalmologie diagnostique. Can. Vet. J. 36, 59.

Gray, T., 1998. A Brief History of Animals in Space. National  
Aeronautics and Space Administration. Retrieved 2013–05-26.

Green, L.E., Morgan, K.L., 1991. Toxoplasma abortion in a guinea pig. 
Vet. Rec. 129, 266–267.

Gregoire, A., Allard, A., Huaman, E., Leon, S., Silva, R.M., Buff, S., 
et al., 2012. Control of the estrous cycle in guinea-pig (Cavia por-
cellus). Theriogenology 78, 842–847.

Gresham, V.C., Haines, V.L., 2012. Management, husbandry, and col-
ony health. The Laboratory Rabbit, Guinea Pig, Hamster, and 
Other Rodents. Elsevier, Waltham, MA, pp. 603–616.

Griffith, J.W., Sassani, J.W., Bowman, T.A., Lang, C.M., 1988. Osseous 
choristoma of the ciliary body in guinea pigs. Vet. Pathol. 25, 
100–102.

Griffith, J.W., Brasky, K.M., Lang, C.M., 1996. Experimental pneumonia 
virus of mice infection of guineapigs spontaneously infected with 
Bordetella bronchiseptica. Lab. Anim. 31, 52–57.

Grimsley, J.M., Palmer, A.R., Wallace, M.N., 2011. Different representa-
tions of tooth chatter and purr call in guinea pig auditory cortex. 
Neuroreport 22 (12), 613–616.

Groves, M.H., 1992. Hypovitaminosis C in the guinea pig [letter]. Vet. 
Rec. 131, 40.

Gupta, B.N., Conner, G.H., Meyer, D.B., 1972. Osteoarthritis in guinea 
pigs. Lab. Anim. Sci. 22, 362–368.

Hänel, H., Braun, B., Löschhorn, K., 1990. Experimental dermatophy-
tosis in nude guinea pigs compared with infections in Pirbright 
White animals. Mycoses 33, 179–189.

Hanif, S.N., Garcia-Contreras, L., 2012. Pharmaceutical aerosols for 
the treatment and prevention of tuberculosis. Front. Cell Infect. 
Microbiol. 2, 118.

Hankenson, F.C., Wathen, A.B., Eaton, K.A., Miyazawa, T., Swiderski, 
D.L., Raphael, Y., 2010. Guinea pig adenovirus infection does not 
inhibit cochlear transfection with human adenoviral vectors in a 
model of hearing loss. Comp. Med. 60, 130–135.

Hansen, A.K., Thomsen, P., Jensen, H.-J.S., 1997. A serological indica-
tion of the existence of a guineapig poliovirus. Lab. Anim. 31, 
212–218.

Harcourt-Brown, F.M., Holloway, H.K., 2003. Encephalitozoon cuniculi 
in pet rabbits. Vet. Rec. 152, 427–431.

Hargaden, M., Singer, L., 2012. Anatomy, physiology, and behavior. In: 
Suckow, M.A., Stevens, K.W., Wilson, R.P. (Eds.), The Laboratory 
Rabbit, Guinea Pig, Hamster, and Other Rodents. Academic Press, 
Waltham, MA, pp. 575–602.

Harkness, J.E., 1997. Pet rodents – A Guide for Practitioners. AAHA 
Press, Lakewood, CO.

Harkness, J.E., Wagner, J.E., 1995. The Biology and Medicine of Rabbits 
and Rodents. Williams & Wilkins, Baltimore, MD.

Harkness, J.E., Ballweber, L.R., 2007. Parasites of guinea pigs. In 
Flynn’s Parasites of Laboratory Animals, second ed. Blackwell 
Publishing, pp. 421–449.

Harkness, J.E., Turner, R.V., Vandewoude, S., Wheler, C.L., 2010. The 
Biology and Medicine of Rabbits and Rodents, fifth ed. Blackwell 
Publishing, Ames, IA.

Harned, M.A., Casida, L.E., 1972. Failure to obtain group synchrony of 
estrus in the guinea pig. J. Mammal. 53, 223–225.

Harper, L.V., 1968. The effects of isolation from birth on the  
social behavior of guinea pigs in adulthood. Anim. Behav. 16, 58–64.

Harvey, C., 1995. Rabbit and rodent skin diseases. Semin. Avian Exotic 
Pet Med. 4, 195–204.

Hauser, D.S., Stade, M., Schmidt, A., Hanauer, G., 2005. Cardiovascular 
parameters in anaesthetized guinea pigs: a safety pharmacol-
ogy screening model. J. Pharmacol. Toxicol. Methods. 52 (1),  
106–114.

Hawkins, M.G., Ruby, A.L., Drazenovich, T.L., Westropp, J.L., 2009. 
Composition and characteristics of urinary calculi from guinea 
pigs. J. Am. Vet. Med. Assoc. 234 (2), 214–220.

Henderson, J.D., 1973. Treatment of cutaneous acariasis in the guinea 
pig. J. Am. Vet. Med. Assoc. 163, 591–592.

Hennessy, M.B., Jenkins, R., 1994. A descriptive analysis of nursing 
behavior in the guinea pig (Cavia porcellus). J. Comp. Psychol. 
108, 23–28.

Hill, K.E., Montine, T.J., Motley, A.K., Li, X., May, J.M., Burk, R.F., 2003. 
Combined deficiency of vitamins E and C causes paralysis and 
death in guinea pigs. Am. J. Clin. Nutr. 77 (6), 1484–1488.

Hill, K.E., Motley, A.K., May, J.M., Burk, R.F., 2009. Combined selenium 
and vitamin C deficiency causes cell death in guinea pig skeletal 
muscle. Nutr. Res. 29 (3), 213–219.

Hisaw, F.L., Zarrow, M.X., Money, W.L., Talmage, R.V.N., Abramowitz, 
A.A., 1944. Importance of the female reproductive tract in the 
formation of relaxin. Endocrinology 34, 122–143.

Hodgson, R.J., Funder, J.W., 1978. Glucocorticoid receptors in the 
guinea pig. Am. J. Physiol. 235, R115–R120.

Holcombe, H., Parry, N.M., Rick, M., Brown, D.E., Albers, T.M., Refsal, 
K.R., et  al., 2014. Hypervitaminosis D and metastatic calcifica-
tion in a colony of inbred strain 13 guinea pigs, Cavia porcel-
lus. Vet. Pathol. (Prepublished Oct. 3, 2014 as http://dx.doi.
org/10.1177/0300985814551423.)

Hong, C.C., Ediger, R.D., Raetz, R., Djurickovic, S., 1977. Measurement 
of guinea pig body surface area. Lab. Anim. Sci. 27, 474–476.

Hoppmann, E., Barron, H.W., 2007. Rodent dermatology. J. Exot. Ped. 
Med 16, 238–255.

Hsiung, G.-D., Griffith, B.P., Bia, F.J., 1986. Herpesvirus and retrovi-
ruses of guinea pigs. In: Bhatt, P.N., Jacoby, R.O., Morse III, H.C., 
New, A.E. (Eds.), Viral and Mycoplasmal Infections of Laboratory 
Rodents. Academic Press, Orlando, FL, pp. 451–504.

Hurley, R.J., Murphy, J.C., Lipman, N.S., 1995. Diagnostic exercise: 
depression and anorexia in recently shipped guinea pigs. Lab. 
Anim. Sci. 45, 305–308.

Inaba, T., Mori, J., 1986. Use of echography in guinea pigs for preg-
nancy diagnosis. Nihon Juigaku Zasshi 48, 615–618.

Ishihara, C., 1980. An exfoliative skin disease in guinea pigs due to 
Staphylococcus aureus. Lab. Anim. Sci. 30, 552–557.

http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref79
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref79
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref81
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref81
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref9003
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref9003
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref9003
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref82
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref82
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref83
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref83
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref83
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref83
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref85
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref85
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref85
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref86
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref86
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref86
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref87
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref87
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref88
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref88
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref88
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref89
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref89
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref89
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref90
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref90
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref92
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref92
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref93
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref93
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref93
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref94
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref94
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref94
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref95
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref95
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref95
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref96
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref96
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref96
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref9002
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref9002
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref9002
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref97
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref97
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref98
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref98
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref99
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref99
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref99
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref100
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref100
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref100
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref101
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref101
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref101
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref101
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref102
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref102
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref102
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref103
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref103
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref105
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref105
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref105
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref105
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref107
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref107
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref108
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref108
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref9004
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref9004
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref9004
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref109
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref109
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref109
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref110
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref110
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref111
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref111
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref112
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref112
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref113
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref113
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref113
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref113
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref114
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref114
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref114
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref115
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref115
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref116
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref116
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref116
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref117
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref117
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref117
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref118
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref118
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref118
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref119
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref119
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref119
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref120
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref120
http://dx.doi.org/10.1177/0300985814551423
http://dx.doi.org/10.1177/0300985814551423
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref121
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref121
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref122
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref122
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref123
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref123
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref123
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref123
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref124
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref124
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref124
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref125
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref125
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref126
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref126


6. BIOLOGy aND DIsEasEs Of GUINEa PIGs280

LABORATORY ANIMAL MEDICINE

Isom, H.C., Gao, M., 1988. The pathogenecity and molecular biology of 
guinea pig cytomegalovirus. In: Darai, G. (Ed.), Virus Diseases in 
Laboratory and Captive Animals. Martinus Nijhoff Publ., Boston, 
MA, pp. 247–265.

Jacobson, B., Kreutzer, M., Meemken, D., Baumgärtner, W., Herdem, 
C., 2010. Proposing the term purkinjeoma: protein gene product 9.5 
expression in 2 porcine cardiac rhabdomyomes indicates possible 
purkinje fiber cell origin. Vet. Pathol. 47, 738–740.

Jekl, V., Hauptman, K., Knotek, Z., 2008. Quantitative and qualitative 
assessments of intraoral lesions in 180 small herbivorous mam-
mals. Vet. Rec. 162 (14), 442–449.

Jensen, J.A., Brice, A.K., Bagel, J.H., Mexas, A.M., Yoon, S.Y., Wolfe, J.H., 
2013. Hypervitaminosis D in guinea pigs with α-mannosidosis. 
Comp. Med. 63 (2), 156–162.

Jilge, B., 1980. The gastrointestinal transit time in the guinea-pig. Z. 
Versuchstierkd. 22, 204–210.

Jimenez, P.A., Glasson, S.S., Trubetskoy, O.V., Haimes, H.B., 1997. 
Spontaneous osteoarthritis in Dunkin Hartley guinea pigs: histologic, 
radiologic, and biochemical changes. Lab. Anim. Sci. 47, 598–600.

Jones, T.C., Hunt, R.D., King, N.W. (Eds.), 1996. Veterinary Pathology. 
Williams & Wilkins, Baltimore, MD.

Kapel’ko, V.I., Navikova, N.A., 1993. Comparison of functional load in 
rat and guinea pig hearts. News Physiol. Sci. 8, 157–160.

Kawakami, K., Takeuchi, T., Yamaquchi, S., Ago, A., Nomura, M., 
Gonda, T., et  al., 2003. Preference of guinea pigs for bedding 
materials: wood shavings versus paper cutting sheet. Exp. Anim. 
52, 11–15.

Keller, L.S.E., Griffith, J.W., Lang, C.M., 1987. Reproductive failure 
associated with cystic rete ovarii in guinea pigs. J. Vet. Pathol. 
24, 335–339.

Kern, T.J., 1989. Ocular disorders of rabbits, rodents, and ferrets. In: 
Kirk, R.W. (Ed.), Current Veterinary Therapy X – Small Animal 
Practice. Saunders, Philadelphia, PA, pp. 681–685.

Kim, J.C.S., 1977. Ultrastructural studies of vascular and muscular 
changes in ascorbic acid deficient guineapigs. Lab. Anim. 11, 113–117.

King, J.A., 1956. Social relations of the domestic guinea pigs after living 
under semi-natural conditions. Ecology 37, 221–228.

King, N.W., Alroy, J., 1996. Intracellular and extracellular depositions: 
degenerations. In: Jones, T.C., Hunt, R.D., King, N.W. (Eds.), 
Veterinary Pathology, sixth ed. Williams & Wilkins, Baltimore, 
MD, pp. 50–55.

Kinkler Jr., R.J., Wagner, J.E., Doyle, R.E., Owens, D.R., 1976. Bacterial 
mastitis in guinea pigs. Lab. Anim. Sci. 26, 214–217.

Kirchner, B.K., Lake, S.G., Wightman, S.R., 1992. Isolation of 
Streptobacillus moniliformis from a guinea pig with granulomatous 
pneumonia. Lab. Anim. Sci. 42, 519–521.

Kirschner, S.E., 1996. Ophthalmologic diseases in small mammals. 
In: Hillyer, E.V., Quesenberry, K.E. (Eds.), Ferrets, Rabbits, and 
Rodents: Clinical Medicine and Surgery. Saunders, Philadelphia, 
PA, pp. 339–345.

Klaassen, C.D., Doull, J., 1980. Evaluation of safety: toxicologic evalua-
tion. In: Doull, J., Klaassen, C.D., Amdur, M.O. (Eds.), Casarett and 
Doull’s Toxicology, second ed. Macmillan, New York, pp. 11–27.

Kobayashi, T., Kobayashi, Y., Fakuda, U., Ozeki, Y., Takahashi, M., 
Fujioka, S., et al., 2010. J. Toxicol. Pathol. 23, 107–110.

Kohn, D.F., 1974. Bacterial otitis media in the guinea pig. Lab. Anim. 
Sci. 24, 823–825.

Kok, D.J., 1997. Intratubular crystallization events. World J. Urol. 15, 
219–228.

Kraemer, A., Mueller, R.S., Werckenthin, C., Straubinger, R.K., Hein, J., 
2012. Dermatophytes in pet guinea pigs and rabbits. Vet. Micro. 
157, 208–213.

Kraemer, A., Hein, J., Heusinger, A., Mueller, R.S., 2013. Clinical signs, 
therapy and zoonotic risk of pet guinea pigs with dermatophyto-
sis. Mycoses. 56, 168–172.

Krishnan, R., 1968. Balantidiosis in a guinea pig. Indian Vet. J. 45, 
917–920.

Kummel, B.A., Estes, S.A., Arlian, L.G., 1980. Trixacarus caviae infesta-
tion of guinea pigs. J. Am. Vet. Med. Assoc. 177, 903–908.

Kunstýř, I., Niculescu, E., Naumann, S., Lippert, E., 1980. Torulopsis 
pintolopesii, an opportunistic pathogen in guineapigs? Lab. Anim. 
14, 43–45.

Laird, C.W., 1974. Clinical pathology: blood chemistry In: Melby 
Jr., E.C. Altman, N.H. (Eds.), Handbook of Laboratory Animal 
Science, vol. 2. CRC Press, Cleveland, OH, pp. 345–436.

Landemore, G., Quillec, M., Letaief, S.E., Izard, J., 1994. The proteogly-
can skeleton of the Kurloff body as evidenced by cuprolinic blue 
staining. Histochem. J. 26, 350–354.

Lang, C.M., Munger, B.L., Rapp, F., 1977. The guinea pig as an animal 
model of diabetes mellitus. Lab. Anim. Sci. 27, 789–805.

Lee, K.J., Johnson, W.D., Lang, C.M., 1977. Acute gastric dilation associ-
ated with gastric volvulus in the guinea pig. Lab. Anim. Sci. 27, 
685–686.

Lee, K.J., Johnson, W.D., Lang, C.M., 1978. Preputial dermatitis in male 
guinea pigs (Cavia porcellus). Lab. Anim. Sci. 28, 99.

Legendre, L.F., 2002. Malocclusions in guinea pigs, chinchillas and 
rabbits. Can. Vet. J. 43 (5), 385–390.

Lilley, K.G., Epping, R.J., Hafner, L.M., 1997. The guinea pig estrous 
cycle: correlation of vaginal impedance measurements with vagi-
nal cytologic findings. Lab. Anim. Sci. 47, 632–637.

Lindquist, W.D., Hitchcock, D.J., 1950. Studies on infections of a cae-
cal worm, Paraspidoderauncinata, in guinea pigs. J. Parasitol. 36 
(6), 37–38.

Lindsey, D.S., 1990. Laboratory models of cryptosporidiosis. In: Fayer, 
R. (Ed.), Cryptosporidium and Cryptosporidiosis. CRC Press, 
Boca Raton, FL, pp. 209–223.

Lipton, H.L., Rozhon, E.J., 1986. Theiler’s encephalomyelitis viruses. 
In: Bhatt, P.N., Jacoby, R.O., Morse III, H.C., New, A.E. (Eds.), Viral 
and Mycoplasmal Infections of Laboratory Rodents. Academic 
Press, Orlando, FL, pp. 253–275.

Loeb, W.F., Quimby, F.W. (Eds.), 1999. The Clinical Chemistry of 
Laboratory Animals, second ed. Taylor & Francis, Philadelphia, PA.

Lowe, B.R., Fox, J.G., Bartlett, J.G., 1980. Clostridium difficile-associated  
cecitis in guinea pigs exposed to penicillin. Am. J. Vet. Res. 41, 
1277–1279.

Lowen, A.C., Mubareka, S., Tumpey, T.M., García-Sastre, A., Palese, P., 
2006. The guinea pig as a transmission model for human influenza 
viruses. Proc. Natl. Acad. Sci. USA. 103 (26), 9988–9992.

Lutz-Wohlgroth, L., Becker, A., Brugnera, E., Huat, Z.L., Zimmermann, 
D., Grimm, F., et al., 2006. Chlamydiales in guinea-pigs and their 
zoonotic potential. J. Vet. Med. A Physiol. Pathol. Clin. Med. 53, 
185–193.

Mancinelli, E., 2012. Surgical treatment of urolithiasis in two guinea 
pigs. Brit. Vet. Zoo. Soc. Proc.

Mannering, G.J., 1949. Vitamin requirements of the guinea pig. Vitam. 
Horm. (San Diego) (New York) 7, 201–211.

Manning, P.J., Wagner, J.E., Harkness, J.E., 1984. Biology and dis-
eases of guinea pigs. In: Fox, J.G., Cohen, B.J., Loew, F.M. (Eds.), 
Laboratory Animal Medicine. Academic Press, Orlando, Florida, 
pp. 150–181.

Marcus, R., Coulston, A.M., 1990. Water soluble vitamins. In: Gilman, 
A.G., Rall, T.W., Nies, A.S., Taylor, P.I. (Eds.), The Pharmacological 
Basis of Therapeutics, eighth ed. Pergamon Press, New York,  
pp. 1530–1552.

Markham, F.S., 1937. Spontaneous toxoplasma encephalitis in the 
guinea pig. Am. J. Hyg. 26, 193–196.

Marks, L., Borland, S., Philp, K., Ewart, L., Lainée, P., Skinner, M., et al., 
2012. The role of the anaesthetised guinea-pig in the preclinical 
cardiac safety evaluation of drug candidate compounds. Toxicol. 
Appl. Pharmacol. 263 (2), 171–183.

http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref127
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref127
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref127
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref127
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref129
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref129
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref129
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref129
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref9006
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref9006
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref9006
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref130
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref130
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref130
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref131
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref131
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref132
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref132
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref132
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref133
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref133
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref134
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref134
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref135
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref135
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref135
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref135
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref136
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref136
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref136
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref138
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref138
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref138
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref139
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref139
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref140
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref140
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref141
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref141
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref141
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref141
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref142
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref142
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref143
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref143
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref143
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref144
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref144
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref144
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref144
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref145
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref145
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref145
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref146
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref146
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref147
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref147
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref148
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref148
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref150
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref150
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref150
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref151
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref151
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref151
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref152
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref152
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref153
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref153
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref154
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref154
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref154
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref155
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref155
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref155
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref156
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref156
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref156
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref157
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref157
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref158
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref158
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref158
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref159
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref159
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref9008
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref9008
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref160
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref160
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref160
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref9009
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref9009
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref9009
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref161
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref161
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref161
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref162
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref162
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref162
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref162
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref163
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref163
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref164
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref164
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref164
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref165
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref165
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref165
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref166
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref166
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref166
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref166
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref167
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref167
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref168
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref168
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref9010
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref9010
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref9010
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref9010
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref169
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref169
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref169
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref169
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref170
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref170
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref172
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref172
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref172
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref172


281

LABORATORY ANIMAL MEDICINE

REfERENCEs

Marshall, A.H.E., Swettenham, K.V., Vernon-Roberts, B., Revell, P.A., 
1971. Studies on the function of the Kurloff cell. Int. Arch. Allergy 
Appl. Immunol. 40, 137–152.

Martin, J.G., 1994. Animal models of bronchial hyperresponsiveness. 
Rev. Mal. Respir. 11, 93–99.

Martinho, F., 2006. Dystocia caused by ectopic pregnancy in a guinea 
pig (Cavia porcellus). Vet. Clin. Exot. Anim. 9, 713–716.

Matsubara, J., Kamiyama, T., Miyoshi, T., Ueda, H., Saito, M., 
Nakagawa, M., 1988. Serodiagnosis of Streptococcus pneumoniae 
infection in guinea-pigs by an enzyme-linked immunosorbent 
assay. Lab. Anim. 22, 304–308.

Mayer, J., 2003. Natural history of the guinea pig (Cavia porcellus). Exot. 
Mammal Med. Surg. 1.2, 7.

Maynard, L.A., Boggs, D., Fisk, G., Seguin, D., 1958. Dietary mineral 
interrelations as a cause of soft tissue calcification in guinea pigs. 
J. Nutr. 64, 85–97.

McAleer, R., 1980. An epizootic in laboratory guinea pigs due to 
Trichophyton mentagrophytes. Aust. Vet. J. 56, 234–236.

McCormick, J.G., Nuttall, A.L., 1976. Auditory research. In: Wagner, 
J.E., Manning, P.J. (Eds.), The Biology of the Guinea Pig. Academic 
Press, New York, pp. 281–303.

McKellar, Q.A., Midgley, D.V., Galbraith, E.A., Scott, E.W., Bradley, 
A., 1992. Clinical and pharmacological properties of ivermectin 
in rabbits and guinea pigs. Vet. Rec. 130, 71–73.

McLeod, C.G., Stookey, J.L., Harrington, D.G., White, J.D., 1977. 
Intestinal Tyzzer’s disease and spirochetosis in a guinea pig. Vet. 
Pathol. 14, 229–235.

McNulty, E., 1999. Polydipsia, polyuria, and glucosuria in a male 
guinea pig (Cavia porcellus). Lab. Anim. 28, 19–20.

Medlean, L., Ristic, Z., 1992. Diagnosing dermatophytosis in dogs and 
cats. Vet. Med. (Kansas City, MO) 87, 1086–1104.

Milei, J., Scordo, D., Basombrio, M.A., Beigelman, R.L., Storino, R.A., 
1989. Myocardial involvement in Cavia porcellus naturally infected 
with Trypanosoma cruzi. Medicina (Buenos Aires) 49, 315–319.

Morales, E., 1995. The Guinea Pig: Healing, Food, & Ritual in the 
Andes. University Arizona Press, Tucson, AZ.

Murphy, J.C., Ackerman, T.I., Marini, R.P., Fox, T.G., 1991. Cervical 
lymphadenitis in guinea pigs: infection via intact ocular and nasal 
mucosa by Streptococcus zooepidemicus. Lab. Anim. Sci. 41, 251–254.

Nagase, T., Dallaire, M.J., Ludwid, M.S., 1994. Airway and tissue 
responses during hyperpnea-induced constriction in guinea pigs. 
Am. J. Respir. Crit. Care Med. (New York, NY) 149, 1342–1347.

Nakagawa, M., Muto, T., Yoda, H., Nakano, T., Imaizumi, K., 1971. 
Experimental Bordetella bronchiseptica infection in guinea pigs. Jpn. 
J. Vet. Sci. 33, 53–60.

National Research Council, 2011. Guide for the Care and Use of 
Laboratory Animals. National Academy Press, Washington, DC.

Navia, J.M., Hunt, C.E., 1976. Nutrition, nutritional diseases, and 
nutrition research applications. In: Wagner, J.E., Manning, P.J. 
(Eds.), The Biology of the Guinea Pig. Academic Press, New York,  
pp. 235–267.

Nelson, W.L., Kaye, A., Moore, M., Williams, H.H., Harrington, B.L., 
1951. Milking techniques and composition of guinea pig milk.  
J. Nutr. 44, 585–594.

Nixon, J.M., 1974. Breathing patterns in the guinea-pig. Lab. Anim. 
8, 71–77.

Obwolo, M.J., 1977. The pathology of experimental yersiniosis in 
guinea pigs. J. Comp. Pathol. 87, 213–221.

Ohashi, T., Kenmochi, M., Kinoshita, H., Ochi, K., Kikuchi, H., 1999. 
Cochlear function of guinea pigs with experimental chronic renal 
failure. Ann. Otol. Rhinol. Laryngol. 108, 955–962.

Okewole, P.A., Odeyemi, P.S., Oladunmade, M.A., Ajagbonna, B.O., 
Onah, J., Spencer, T., 1991. An outbreak of Streptococcus pyogenes 
infection associated with calcium oxalate urolithiasis in guin-
eapigs (Cavia porcellus). Lab. Anim. 25, 184–186.

Padilla-Carlin, D.J., McMurray, D.N., Hickey, A.J., 2008. The  
guinea pig as a model of infectious diseases. Comp. Med. 58 (4), 
324–340.

Pantchev, A., Sting, R., Bauerfeind, R., Tyczka, J., Sachse, K., 2009. 
Detection of all Chlamydophila and Chlamydia spp. of veterinary 
interest using species-specific real-time PCR assays. Comp. 
Immunol. Microbiol. Infect. Dis. 33, 473–484.

Parker, G.A., Russell, R.J., De Paoli, A., 1977. Extrapulmonary lesions 
of Streptococcus pneumoniae infection in guinea pigs. Vet. Pathol. 
14, 332–337.

Parker, N.J., Chou S., Mahoney M., Driscoll R., Mendonca D., Conour 
L., 2006. Embryo transfer as a means of eliminating potential 
pathogens in the guinea pig (Cavia porcellus). Presented at National 
AALAS Meeting, Salt Lake City, UT.

Payne, B.J., Lewis, H.B., Murchison, T.E., Hart, E.A., 1976. Hematology 
of laboratory animals In: Melby Jr., E.C. Altman, N.H. (Eds.), 
Handbook of Laboratory Animal Science, vol. 3. CRC Press, 
Cleveland, OH, pp. 383–461.

Peng, X., Griffith, J.W., Lang, C.M., 1990. Cystitis, urolithiasis, and 
cystic calculi in aging guineapigs. Lab. Anim. 24, 159–163.

Peplow, A.M., Peplow, P.V., Hafez, E.S.E., 1974. Parameters of repro-
duction In: Melby Jr., E.C. Altman, N.H. (Eds.), Handbook of 
Laboratory Animal Science, vol. 1. CRC Press, Cleveland, OH,  
pp. 105–116.

Percy, D.H., Barthold, S.W., 2007. Guinea Pig Pathology of Laboratory 
Rodents and Rabbits, third ed. Iowa State University Press,  
Ames, IA.

Phoenix, C.H., 1970. Guinea pigs. In: Hafez, E.S.E. (Ed.), Reproduction 
and Breeding Techniques for Laboratory Animals. Lea & Febiger, 
Philadelphia, PA, pp. 244–257.

Pizzi, R., 2009. Cystoscopic removal of a urolith from a pet guinea pig. 
Vet. Rec. 165, 148–149.

Pollock, C., 2003. Fungal diseases of laboratory rodents. Vet. Clin. 
North Am. Exot. Anim. Prac. 6, 401–413.

Post, K., Saunders, J.R., 1979. Topical treatment of experimental ring-
worm in guinea pigs with griseofulvin in dimethylsulfoxide. Can. 
Vet. J. 20, 45–48.

Pring-Åkerblom, P., Blažek, K., Schramlová, J., Kunstýř, I., 1997. 
Polymerase chain reaction for detection of guinea pig adenovirus. 
J. Vet. Diag. Investig. (Columbia, MO) 9, 232–236.

Pritt, S., 2012. Taxonomy and history. In: Suckow, M.A., Stevens, K.W., 
Wilson, R.P. (Eds.), The Laboratory Rabbit, Guinea Pig, Hamster, 
and Other Rodents. Academic Press, Waltham, MA, pp. 563–574.

Quillec, M., Debout, C., Izard, J., 1977. Red cell and white cell counts 
in adult female guinea pigs. Pathol. Biol. 25, 443–446.

Quinn, P.J., Carter, M.E., Markey, B., Carter, G.R., 1994. Clinical 
Veterinary Microbiology. Wolfe Publ., London.

Rank, R.G., Sanders, M.M., 1992. Pathogenesis of endometritis and 
salpingitis in a guinea pig model of chlamydial genital infection. 
Am. J. Pathol. 140, 927–936.

Rank, R.G., White, H.J., Barron, A.L., 1979. Humoral immunity in the 
resolution of genital infection in female guinea pigs infected with 
the agent of guinea pig inclusion conjunctivitis. Infect. Immun. 
26, 573–579.

Reid, M.E., Bieri, J.G., 1972. Nutrient requirements of the guinea pig 
‘Nutrient Requirements of Laboratory Animals’ (Subcommittee 
on Laboratory Animal Nutrition). National Academy of Sciences, 
Washington, DC, pp. 9–19.

Reid, M.E., von Sallman, L., 1960. Nutritional studies with the guinea 
pig. VI. Tryptophan (with ample dietary niacin). J. Nutr. 70, 329–336.

Reinhardt, V., 1997. Comfortable Quarters for Laboratory Animals, 
eighth ed. Animal Welfare Institute, Washington, DC, pp. 15–31.

Reinhardt, V., 2005. Hair pulling: a review. Lab. Anim. 39, 361–369.
Robinson, R., 1971. Guinea pig chromosomes. Guinea Pig News 4, 

15–18.

http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref173
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref173
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref173
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref174
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref174
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref175
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref175
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref176
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref176
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref176
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref176
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref177
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref177
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref178
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref178
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref178
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref179
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref179
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref180
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref180
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref180
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref182
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref182
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref182
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref183
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref183
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref183
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref184
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref184
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref185
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref185
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref186
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref186
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref186
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref187
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref187
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref188
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref188
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref188
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref190
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref190
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref190
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref191
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref191
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref191
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref192
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref192
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref193
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref193
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref193
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref193
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref194
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref194
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref194
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref195
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref195
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref196
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref196
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref198
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref198
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref198
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref200
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref200
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref200
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref200
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref202
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref202
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref202
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref203
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref203
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref203
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref203
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref204
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref204
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref204
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref205
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref205
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref205
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref205
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref206
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref206
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref207
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref207
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref207
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref207
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref208
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref208
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref208
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref209
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref209
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref209
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref210
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref210
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref211
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref211
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref212
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref212
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref212
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref213
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref213
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref213
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref214
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref214
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref214
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref215
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref215
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref216
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref216
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref217
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref217
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref217
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref218
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref218
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref218
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref218
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref220
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref220
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref220
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref220
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref221
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref221
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref222
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref222
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref223
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref224
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref224


6. BIOLOGy aND DIsEasEs Of GUINEa PIGs282

LABORATORY ANIMAL MEDICINE

Ronald, N.C., Wagner, J.E., 1976. The arthropod parasites of the genus 
Cavia. In: Wagner, J.E., Manning, P.J. (Eds.), The Biology of the 
Guinea Pig. Academic Press, Orlando, FL, pp. 201–209.

Rothwell, T.L.W., Pope, S.E., Rajczyk, Z.K., Collins, G.H., 1991. 
Haematological and pathological responses to experimental 
Trixacarus caviae infection in guinea pigs. J. Comp. Path. 104, 
179–185.

Rowlands, I.W., 1949. Postpartum breeding in the guinea pig. J. Hyg. 
47, 281–287.

Rowlands, I.W., 1957. Insemination of the guinea-pig by intraperito-
neal injection. J. Endocrinol. 16, 98–106.

Rummens, K., van Bree, R., Van Herck, E., Zaman, Z., Bouillon, R., 
Van Assche, F.A., et al., 2002. Vitamin D deficiency in guinea pigs: 
exacerbation of bone phenotype during pregnancy and disturbed 
fetal mineralization, with recovery by 1,25(OH)2D3 infusion or 
dietary calcium-phosphate supplementation. Calcif. Tissue Int. 71 
(4), 364–375. Epub 2002 August 29.

Sacco, R.E., Register, K.B., Nordholm, G.E., 2000. Restriction endo-
nuclease analysis discriminates Bordetella bronchiseptica isolates. 
J. Clin. Microbiol. 38 (12), 4387–4393.

Sachser, N., 1998. Of domestic and wild guinea pigs: stud-
ies in sociophysiology, domestication, and social evolution. 
Naturwissenschaften 85, 307–317.

Samii, V.F., Dumonceaux, G., Nyland, T.G., 1996. Radiographic diag-
nosis–prostatitis in a guinea pig. Vet. Radiol. Ultrasound (Raleigh, 
NC) 37, 357–358.

Sanderson, J.H., Phillips, C.G., 1981. An Atlas of Laboratory Animal 
Haematology. Clarendon, Oxford.

Sansone, M., Bovet, D., 1970. Avoidance learning by guinea pigs. 
Queensland J. Exper. Psychol. 22, 458–461.

Schaeffer, D.O., Donnelly, T.M., 1996. Disease problems of guinea pigs 
and chinchillas. In: Hillyer, E.V., Quesenberry, K.E. (Eds.), Ferrets, 
Rabbits, and Rodents: Clinical Medicine and Surgery. Saunders, 
Philadelphia, PA, pp. 260–281.

Schalm, O.W., Jain, N.C., Carroll, E.J., 1975. Veterinary Hematology, 
third ed. Lea & Febiger, Philadelphia, PA.

Schermer, S., 1967. The Blood Morphology of Laboratory Animals. 
Davis, Philadelphia, PA.

Schiefer, B., Stunzi, H., 1979. Pulmonary lesions in guinea pigs and 
rats after subcutaneous injection of Freund’s complete adjuvant 
on homologous pulmonary tissue. Zentralbl. Veterinarmed. Reihe 
A 26, 1–10.

Schmeer, N., Weiss, R., Reinacher, M., Krauss, H., Karo, M., 1985. 
Course of chlamydia-induced inclusion conjunctivitis in the 
guinea pig in experimental animal husbandry. Z Versuchstierkd 
27, 233–240.

Schmidt, A., 2002. Animal models of aspergillosis - also useful for vac-
cination strategies? Mycoses 45 (1–2), 38–40.

Schoondermark-van de Ven, E.M., Philipse-Bergmann, I.M., van der 
Logt, J.T., 2006. Prevalence of naturally occurring viral infec-
tions, Mycoplasma pulmonis and Clostridium piliforme in laboratory 
rodents in Western Europe screened from 2000 to 2003. Lab. Anim. 
40, 137–143.

Seidl, D.C., Hughes, H.C., Bertolet, R., Lang, C.M., 1979. True preg-
nancy toxemia (preeclampsia) in the guinea pig (Cavia porcellus). 
Lab. Anim. Sci. 29, 472–478.

Shi, F., Mochida, K., Suzuki, O., Matsuda, J., Ogura, A., Tsonis, C.G., 
et  al., 2000. Development of embryos in superovulated guinea 
pigs following active immunization against the inhibin alpha-
subunit. Endocr. J. 47, 451–459.

Shipstone, M., 1997. Trixacarus caviae infectation in a guinea pig: failure to 
respond to ivermectin administration. Aust. Vet. Pract. 27, 143–146.

Shomer, N.H., Dangler, C.A., Whary, M.T., Fox, J.G., 1988. Experimental 
Helicobacter pylori infection induces antral gastritis and gastric 
mucosa-associated lymphoid tissue in guinea pigs. Infect. Immun. 
66 (6), 2614–2618.

Short, D.J., Woodnott, D.P. (Eds.), 1969. The Institute of Animal 
Technicians Manual of Laboratory Animal Practice and Techniques. 
Thomas, Springfield, Illinois.

Shtrasburg, S., Gal, R., Gruys, E., Perl, S., Martin, B.M., Kaplan, B., 
et al., 2005. An ancillary tool for the diagnosis of amyloid A amy-
loidosis in a variety of domestic and wild animals. Vet. Pathol. 
42, 132–139.

Sisk, D.B., 1976. Physiology. In: Wagner, J.E., Manning, P.J. (Eds.), 
The Biology of the Guinea Pig. Academic Press, New York,  
pp. 63–98.

Sjunnesson, H., Sturegard, E., Hynes, S., Willen, R., Feinstein, R., 
Wadstrom, T., 2003. Five month persistence of Helicobacter pylori 
infection in guinea pigs. APMIS 111 (6), 634–642.

Skinner, M., Cathcart, E.S., Cohen, A.S., Benson, M.D., 1974. Isolation 
and identification by sequence analysis of experimentally induced 
guinea pig amyloid fibrils. J. Exp. Med. 140, 871–876.

Smith, I.M., Baskerville, A.J., 1979. A selective medium facilitating the 
isolation and recognition of Bordetella bronchiseptica in pigs. Res. 
Vet. Sci. 27, 187–192.

Sparschu, G.L., Christie, R.J., 1968. Metastatic calcification in a guinea 
pig colony. Lab. Anim. Care 18, 520–527.

Sprouse, R.F., 1976. Mycoses. In: Wagner, J.E., Manning, P.J. (Eds.), 
The Biology of the Guinea Pig. Academic Press, New York, pp. 
153–161.

Stalheim, O.H.V., Matthews, P.J., 1975. Mycoplasmosis in specific-patho-
gen-free and conventional guinea pigs. Lab. Anim. Sci. 25, 70–71.

Stephens, R.S., Myers, G., Eppinger, M., Bavoil, P.M., 2009. Divergence 
without difference: phylogenetics and taxonomy of Chlamydia 
resolved. FEMS Immunol. Med. Microbiol. 55, 115–119.

Stockard, C.R., Papanicolaou, G.N., 1917. The existence of a typical 
oestrous cycle in the guinea pig – with a study of its histological 
and physiological changes. Am. J. Anat. 22, 225–283.

Stockard, C.R., Papanicolaou, G.N., 1919. The vaginal closure membrane, 
copulation, and the vaginal plug in the guinea–pig, with further 
considerations of the oestrous rhythm. Biol. Bull. 37 (4), 222–245.

Stuppy, D.E., Douglass, P.R., Douglass, P.J., 1979. Urolithiasis and cys-
totomy in a guinea pig (Cavia porcellanus). Vet. Med. Small Anim. 
Clin. 74, 565–567.

Takumida, M., Zhang, D.M., Yajin, K., Harada, Y., 1997. Effect of strep-
tomycin on the otoconial layer of the guinea pig. J. Oto-Rhino-
Laryngol. Relat. Spec. (Basel) 59, 263–268.

Taouji, S., Buat, M.-L., Izard, J., Landemore, G., 1994. Kurloff cell 
lyso-somal arylsulphatases: presence of both cationic and highly 
anionic isoforms of the sole B class. Biol. Cell 80, 43–48.

Taylor, J.L., Wagner, T.E., Owens, D.R., Stuhlman, R.A., 1971. Chronic 
pododermatitis in guinea pigs: a case report. Lab. Anim. Sci. 21, 
944–945.

Thurnham, D.I., 1997. Micronutrients and immune function: some 
recent developments. J. Clin. Pathol. 50, 887–891.

Timoney, J.F., Artiushin, S.C., Boschwitz, J.S., 1997. Comparison of the 
sequences and functions of Streptococcus equi pr-like proteins SeM 
and SzPSe. Infect. Immun. 65, 3600–3605.

Trahan, C.J., Stephenson, E.H., Ezzell, J.W., Mitchell, W.C., 1987. 
Airborne-induced experimental Bordetella bronchiseptica pneumo-
nia in strain 13 guineapigs. Lab. Anim. 21, 226–232.

Ueda, H., Kosaka, T., Takahashi, K.W., 1998. Intraperitoneal insemi-
nation of the guinea pig with synchronized estrus induced by 
progesterone implant. Exp. Anim. 47, 271–275.

U.S. Department of Agriculture, Animal and Plant Health Inspection 
Service-Animal Care, 2010. Animal Welfare Report – Fiscal Year 
2010. USDA, Washington, DC.

Valiant, M.E., Frost, B.M., 1984. An experimental model for evaluation 
of antifungal agents in a Trichophyton mentagrophytes infection of 
guinea pigs. Chemotherapy 30, 54–60.

Van Andel, R.A., Franklin, C.L., Besch-Williford, C., Riley, L.K., Hook 
Jr., R.R., Kazacos, K.R., 1995. Cerebrospinal larva migrans due to 

http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref225
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref225
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref225
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref226
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref226
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref226
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref226
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref227
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref227
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref228
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref228
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref229
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref229
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref229
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref229
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref229
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref229
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref9020
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref9020
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref9020
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref230
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref230
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref230
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref231
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref231
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref231
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref232
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref232
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref233
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref233
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref234
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref234
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref234
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref234
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref235
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref235
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref236
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref236
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref237
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref237
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref237
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref237
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref238
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref238
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref238
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref238
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref9012
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref9012
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref239
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref239
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref239
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref239
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref239
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref240
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref240
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref240
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref242
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref242
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref242
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref242
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref243
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref243
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref9013
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref9013
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref9013
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref9013
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref9014
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref9014
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref9014
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref244
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref244
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref244
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref244
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref245
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref245
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref245
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref9015
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref9015
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref9015
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref246
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref246
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref246
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref247
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref247
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref247
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref248
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref248
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref249
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref249
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref249
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref250
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref250
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref251
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref251
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref251
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref252
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref252
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref252
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref253
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref253
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref253
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref254
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref254
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref254
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref256
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref256
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref256
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref257
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref257
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref257
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref259
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref259
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref259
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref260
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref260
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref261
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref261
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref261
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref262
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref262
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref262
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref263
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref263
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref263
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref264
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref264
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref264
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref265
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref265
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref265
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref266
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref266


283

LABORATORY ANIMAL MEDICINE

REfERENCEs

Baylisascaris procyonis in a guinea pig colony. Lab. Anim. Sci. 45, 
27–30.

Van Beek, E., Peeters, L.L.H., 1998. Pathogenesis of preeclampsia: a 
comprehensive model. Obstet. Gynecol. Surv. 53, 233–239.

van der Linden, M., Al-Lahham, A., Nicklas, W., Reinert, R.R., 2009. 
Molecular characterization of pneumococcal isolates from pets 
and laboratory animals. PLoS One 4 (12), e8286.

Vangeel, I., Pasmans, F., Vanrobaeys, M., De Herdt, P., Haesebrouck, F., 
2000. Prevalence of dermatophytes in asymptomatic guinea pigs 
and rabbits. Vet. Rec. 146, 440–441.

Van Hoosier Jr., G.L., Robinette, L.R., 1976. Viral and chlamydial dis-
eases. In: Wagner, J.E., Manning, P.J. (Eds.), The Biology of the 
Guinea Pig. Academic Press, New York, pp. 137–152.

Vannevel, J., 1998. Diabetes mellitus in a 3-year old, intact, female 
guinea pig. Can. Vet. J. 39, 503.

Vanrobaeys, M., de Herdt, P., Ducatelle, R., Devrise, L.A., Charlier, G., 
Haesebrouck, F., 1998. Typhlitis caused by intestinal Serpulina-like 
bacteria in domestic guinea pigs (Cavia porcellus). J. Clin. Micro. 
36, 690–694.

Vetterling, J.M., 1976. Protozoan parasites. In: Wagner, J.E., Manning, 
P.J. (Eds.), The Biology of the Guinea Pig. Academic Press,  
New York, pp. 163–196.

Vieira, E.B., Menescal-de-Oliveira, L., Leite-Panissi, C.R.A., 2011. 
Functional mapping of the periaquaductal gray matter involved in 
organizing tonic immobility behavior in guinea pigs. Behavioural 
Brain Res. 216, 94–99.

Voge, M., 1973. Trematodes. In: Flynn, R. (Ed.), Parasites of Laboratory 
Animals. Iowa State University Press, Ames, IA, pp. 120–154.

Waggie, K.S., Wagner, J.E., Kelley, S.T., 1986. Naturally occurring 
Bacillus piliformis infection (Tyzzer’s disease) in guinea pigs. Lab. 
Anim. Sci. 36, 504–506.

Wagner, J.E., 1976. Miscellaneous disease conditions of guinea pigs. In: 
Wagner, J.E., Manning, P.J. (Eds.), The Biology of the Guinea Pig. 
Academic Press, New York, pp. 227–234.

Wagner, J.E., Foster, H.L., 1976. Germfree and specific pathogen free. 
In: Wagner, J.E., Manning, P.J. (Eds.), The Biology of the Guinea 
Pig. Academic Press, New York, pp. 21–30.

Wagner, J.E., Manning, P.J. (Eds.), 1976. The Biology of the Guinea Pig. 
Academic Press, New York.

Wagner, J.E., Al-Rabiai, S., Rings, R.W., 1972. Chirodiscoides caviae infes-
tation in guinea pigs. Lab. Anim. Sci. 22, 750–752.

Walters, S.L., Torres-Urbana, C.J., Chichester, L., Rose, R.E., 2012. 
The impact of huts on physiological stress: a refinement in post-
transport housing of male guinea pigs (Cavia porcellus). Lab. Anim. 
46, 220–224.

Wan, C.-H., Franklin, C., Riley, L.K., Hook Jr., R.R., Besch-Williford, C., 
1996. Diagnostic exercise: granulomatous encephalitis in guinea 
pigs. Lab. Anim. Sci. 46, 228–230.

Wei, L., deBri, E., Lundberg, A., Svensson, O., 1998. Mechanical load 
and primary guinea pig osteoarthrosis. Acta Orthop. Scand. 69, 
351–357.

Wescott, R.B., 1976. Helminth parasites. In: Wagner, J.E., Manning, 
P.J. (Eds.), The Biology of the Guinea Pig. Academic Press, New 
York, pp. 197–200.

White, S.D., Bourdeau, P.J., Meredith, A., 2003. Dermatologic problems 
in guinea pigs. Comp. Cont. Educ. Prac. 25, 690–697.

White, W.J., Lang, C.M., 1989. The guinea pig. In: Loeb, W.F., Quimby, 
F.W. (Eds.), The Clinical Chemistry of Laboratory Animals. 
Pergamon Press, New York, pp. 27–30.

White, W.J., Balk, M.W., Lang, C.M., 1989. Use of cage space by guinea 
pigs. Lab. Anim. 23, 208–214.

Williams, B.H., 2012. Non-infectious diseases. In: Suckow, M.A., 
Stevens, K.A., Wilson, R.P. (Eds.), The Laboratory Rabbit, Guinea 
Pig, Hamster, and Other Rodents. Elsevier, Waltham, MA,  
pp. 685–704.

Winter, S.E., Lopez, C.A., Bäumler, A.J., 2013. The dynamics of gut-
associated microbial communities during inflammation. EMBO 
Rep. 14 (4), 319–327.

Witt, W.M., Hubbard, G.B., Fanton, T., 1988. Streptococcus pneumoniae 
arthritis and osteomyelitis with vitamin C deficiency in guinea 
pigs. Lab. Anim. Sci. 38, 192–194.

Wolf, B., Reinecke, K., Aumann, K.-D., Brigelius-Flohe, R., Flohe, L., 
1993. Taxonomical classification of the guinea pig based on its  
Cu/Zn superoxide dismutase sequence. Biol. Chem. Hoppe-
Seyler 374, 641–649.

Wright, J., 1936. An epidemic of Pasteurella infection in guinea pig 
stock. J. Pathol. Bacteriol. 42, 209–212.

Wullenweber, M., Boot, R., 1994. Interlaboratory comparison of 
enzyme-linked immunosorbent assay (ELISA) and indirect immu-
nofluorescence for detection of Bordetella bronchiseptica antibodies 
in guinea pigs. Lab. Anim. 28, 335–339.

Yanagimachi, R., Mahi, C.A., 1976. The sperm acrosome reaction and 
fertilization in the guinea pig: a study in vivo. J. Repord. Fert. 
46, 49–54.

Young, J.D., Hust, W.J., White, W.J., Lang, C.M., 1987. An evaluation 
of ampicillin pharmacokinetics and toxicity in guinea pigs. Lab. 
Anim. Sci. 37, 652–656.

Zajac, A., Williams, J.F., Williams, C.S.F., 1980. Mange caused by 
Trixacarus caviae in guinea pigs. J. Am. Vet. Med. Assoc. 177, 
900–903.

Zarrow, M.X., 1947. Relaxin content of blood, urine, and other tissues 
of pregnant and postpartum guinea pigs. Proc. Soc. Exp. Biol. 
Med. 66, 488–491.

Zeugswetter, F., Fenske, M., Hassan, J., Kunzel, F., 2007. Cushing’s 
syndrome in a guinea pig. Vet. Rec. 160, 878–880.

Zloch, Z., Ginter, E., 1995. Moderate alcohol consumption and vitamin 
C status in the guinea-pig and the rat. Physiol. Res. 44, 173–176.

Zwicker, G.M., Dagle, G.E., Adee, R.R., 1978. Naturally occurring 
Tyzzer’s disease and intestinal spirochetosis in guinea pigs. Lab. 
Anim. Sci. 28, 193–198.

http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref266
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref266
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref267
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref267
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref9025
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref9025
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref9025
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref268
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref268
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref268
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref270
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref270
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref270
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref271
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref271
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref272
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref272
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref272
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref272
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref273
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref273
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref273
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref274
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref274
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref274
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref274
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref275
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref275
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref276
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref276
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref276
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref277
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref277
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref277
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref278
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref278
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref278
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref279
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref279
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref280
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref280
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref281
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref281
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref281
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref281
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref282
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref282
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref282
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref283
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref283
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref283
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref284
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref284
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref284
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref285
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref285
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref286
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref286
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref286
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref287
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref287
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref288
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref288
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref288
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref288
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref9021
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref9021
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref9021
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref289
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref289
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref289
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref291
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref291
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref291
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref291
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref292
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref292
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref293
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref293
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref293
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref293
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref294
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref294
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref294
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref296
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref296
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref296
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref297
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref297
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref297
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref298
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref298
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref298
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref299
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref299
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref300
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref300
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref301
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref301
http://refhub.elsevier.com/B978-0-12-409527-4.00006-7/sbref301

	Chapter6 Biology and Diseases of Guinea Pigs
	I. Introduction
	A. Taxonomy and General Comments
	B. Uses in Research and Biomethodology
	C. Availability and Sources
	D. Laboratory Management and Husbandry

	II. Biology
	A. Unique Physiologic and Anatomic Characteristics
	1. Circulatory and Lymphoreticular Systems
	2. Gastrointestinal System
	3. Cardiovascular System
	4. Respiratory System
	5. The Ear
	6. Pituitary Gland

	B. Life Cycle and Physiologic Values
	C. Diets, Nutrition, and Feeding
	D. Behavior
	E. Reproduction
	1. Reproductive Anatomy and Sexual Maturation
	2. Estrous Cycle
	3. Mating and Gestation
	4. Early Development of the Newborn
	5. Artificial Insemination
	6. Superovulation and Embryo Transfer


	III. Diseases
	A. Infectious Diseases
	1. Bacterial and Mycoplasmal Diseases
	a. Bordetella bronchiseptica
	b. Streptococcus equi subsp. zooepidemicus
	c. Streptococcus pneumoniae
	d. Salmonella enterica
	e. Other Bacteria
	 Clostridium piliforme 
	 Pasteurella multocida 
	 Pseudomonas aeruginosa 
	 Chlamydophila cavia (Chlamydia cavia) 
	 Klebsiella pneumoniae 
	 Streptobacillus moniliformis 
	 Yersinia pseudotuberculosis 
	 Listeria monocytogenes 
	 Mycoplasmas 


	2. Viral Infections
	a. Guinea Pig Adenovirus
	 Etiology 
	 Clinical Signs 
	 Epizootiology and Transmission 
	 Necropsy Findings 
	 Pathogenesis 
	 Differential Diagnosis 
	 Prevention, Control, and Treatment 
	 Research Complications 

	b. Cytomegalovirus
	 Etiology 
	 Clinical Signs 
	 Epizoology and Transmission 
	 Necropsy Findings 
	 Pathogenesis 
	 Differential Diagnosis 
	 Prevention, Control, and Treatment 
	 Research Complications 
	Eimeria caviae 
	Cryptosporidium wrairi 
	Toxoplasma 
	Balantidium caviae 
	Klossiella cobayae 
	Other Protozoa 
	Paraspidodera uncinata 
	Baylisascaris procyonis 


	c. Poliovirus
	d. Lymphocytic Choriomeningitis Virus
	e. Other Viruses

	3. Parasitic Diseases
	a. Protozoa
	b. Nematodes
	c. Cestodes, Acanthocephala, and Pentastomes
	d. Trematodes
	e. Arthropods
	Mites
	Etiology 
	Clinical Signs 
	Epizootiology and Transmission 
	Necropsy Findings 
	Pathogenesis 
	Differential Diagnosis 
	Prevention and Control 
	Treatment 
	Research Complications 
	Etiology 
	Clinical Signs 
	Epizootiology and Transmission 
	Necropsy Findings 
	Pathogenesis 
	Differential Diagnoses 
	Prevention 
	Control 
	Treatment 
	Etiology 
	Clinical Signs 
	Necropsy Findings 
	Pathogenesis 
	Differential Diagnosis 
	Control and Prevention 
	Treatment 
	Research Complications 
	Etiology 
	Clinical Signs 
	Epizootology 
	Necropsy Findings 
	Pathogenesis 
	Differential Diagnosis 
	Prevention 
	Treatment 


	Lice 
	Fleas and Ticks 

	4. Mycoses
	a. Dermatophytes
	b. Encephalitozoon cuniculi
	c. Other Mycoses


	B. Metabolic and Nutritional Diseases
	1. Hypovitaminosis C
	2. Toxemias of Pregnancy
	3. Urolithiasis and Cystitis
	4. Malnutrition
	a. Protein and Caloric Deprivation
	b. Vitamin Deficiencies and Excesses
	c. Mineral Deprivation and Excesses

	5. Metastatic Calcification or Mineralization
	6. Diabetes Mellitus
	7. Anorexia
	8. Heat Stress

	C. Traumatic Lesions
	1. Barbering and Skin Biting
	2. Other Traumatic Injuries

	D. Iatrogenic and Management-Related Disorders
	1. Adjuvant-Induced Pulmonary Granulomas
	2. Alopecia
	3. Dystocia
	4. Ulcerative Pododermatitis (Bumblefoot)
	5. Antibiotic-Associated Typhlocolitis
	6. Other Drug Reactions

	E. Neoplastic Diseases
	F. Miscellaneous Conditions
	1. Digestive System
	a. Malocclusion
	b. Other Gastrointestinal and Hepatic Conditions

	2. Cardiovascular System
	3. Respiratory System
	4. Urogenital System
	a. Nephrosclerosis
	b. Ovarian Cysts

	5. Musculoskeletal System
	a. Osteoarthrosis
	b. Other Musculoskeletal Abnormalities

	6. Sensory and Endocrine Systems
	a. Ocular Problems
	b. Endocrine Disorders

	7. Multisystemic Conditions
	a. Amyloidosis
	b. Plant and Other Toxicoses



	References


