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Implication for research of bacterial infections
in laboratory animals

by Kosaku Fujiwara

Nihon University School of Veterinary Medicine, Fujisawa, Japan.

The laboratory animal is a biological entity

that may have various kinds of bacterial di-
seases causing not only serious damage in

animal production but also erroneous eva-

luation of data in animal experimentation.

In addition, there may be hazardous pro~
blems of bacterial zoonoses transmitted to

man from laboratory animals. For supplying
quality animals from breeding colonies to si-
tes of experimentation, the health assess-
ment as well as environment control are in.~

dispensable (Fujiwara 1980). Freedom from

infections with specified pathogenic bacteria

including opportunistic or potential path-

ogens should be routinely monitored within

breeding colonies and sites of experimenta-

tion.

Implication ofbacterial infections in breeder
and research colonies aflaboramry animals

Any pathogenic bacteria being introduced
into laboratory animal colonies may cause a
considerable loss in production and can un-

favourably modify the quality of animals as
well as their response to experimental treat-

ment.
Neonates and weanlings which are much

more susceptible to bacterial diseases than

adults usually constitute a large population
of breeding colonies. If infections do occur,

they may cause serious problems and dam-

age. In case of infection in breeder colonies,
their customers’ research colonies may run

high risks of involvement. The occurrence of

classical bacterial infections such as sal-
monellosis and septicaemic pasteurellosis

has been minimized, since most large scale

breeding colonies today are barrier-protec—

ted.

On the other hand the risks of infection in

research or test animal facilities are still high

since animals in such colonies are indispen-

sably and repeatedly exposed to various

treatments and other stress factors, which

may provide opportunity for inapparent in-

fections to be turned into clinical and fatal

illness. The occurrence of such types of op-

portunistic infection is common during ani-

mal experimentation especially when the
animals are treated with immunosuppressive

drugs (Yamada et a1. 1969) or irradiated
(Flynn 1963) or put into chronic toxicity
tests. Without elimination of pathogenic or-

ganisms including potential or opportunistic

pathogens from the research or test failities,

observations and data might be difficult to

interprete.

Monitoringfor bacterial infections in
breeder and research colonies of laboratory
animals
The barrier system for preventing infections

has been widely and successfully adopted in
rodent breeder and test colonies. However,

their microbiologically clean status should
be routinely checked, because pathogens
may invade at any time into the barriered
colony, in spite of strict barrier control.

The monitoring may be carried out bacterio-

logically, pathologically or serologically.

Microorganisms can be detected in appro-

priate test samples. Drinking water for Pseu—

domonas (Maejima er a]. 1972), feces for

salmonella spp. (Habermann & Williams

1958), and nasal mucosa swabs for Borde-
tella bronchiseptica (Nakagawa er al. 1969a)
are recommended as material to be exam-
ined.

In overt disease pathological lesions may
appear, but in cases of latent infection

pathological changes or presence of bacteria

are often overlooked. Such inapparent infec-
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tions are of great importance in laboratory

animal medicine. Consequently, immunolo-
gical i.e. serological monitoring is often a

first step to take, since it is effective in detec-
tion of inapparent infection (Fujz’wara 1971,
Fujiwara et a1. 1981). Moreover, it is im-
munologically specific, technically simple
and also less expensive as compared to bac-

teriological or pathological monitoring. Se—
rological testing can be made with a large

number of samples without risk of infection,

if all antigens are inactivated. The serum
antibody is comparatively stable and test
samples are easy to transport Without de-

crease of antibody titers. On the other hand,

it should be born in mind that serology gives
only information about antigens used. In
cases where sensitivity is a problem, certain
additional technical devices may be required

(Fujiwara 1971).

Implication and monitoring Ofcommon

bacterial infections in animal experiments
A number of bacterial infections may inter-
fere with biomedical research using labora—

tory animals, and effective monitoring for

these infections is necessary in safe animal
experimentation. The monitoring should be

based upon sufficient information on epi-
zootiology, symptomatology, microbiology

and pathology Characteristic of each specific

infection. Implication and monitoring of
most common bacterial infections will be

briefly described in alphabetical order.

Bordetellosis

Respiratory disorders due to Bordetella
bronchiseplica may occur in guinea pigs,

rats, and other species of laboratory animals.

The cases in guinea pigs are most important.
Fatality is high especially in young guinea
pigs reared for complement supply. Adult
animals may also be affected in cases of

complex infection with Sendai virus or My-

coplasma pulmonis (Ganaway er a1. 1965).
In rats and rabbits infection is usually sub-
clinical but may constitute a source of infec-
tion for guinea pigs. Transmission occurs by
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the nasal route and both apparently or in-
apparently infected animals may carry the

organism in the nasal mucosa.

For diagnosis organisms can be isolated
from the nasal mucosa and affected tissues

on McConkey or DHL media. Serum agglu-

tinin is detectable using formalin—treated
phase I organisms (Nakagawa el al. 1969a)
as well as by complement fixation test and
enzyme-linked immunosorbent assay (ELI-
SA) (Mikazuki er al. 1992). Pathological
Changes are characterized by catarrhal rhini-
tis and bronchopneumonia.

Brucellosis
Canine abortion (Carmichael & Kenny
1968) a zoonotic disease (Jones & Emerson

1984) caused by Brucella canis is of the
same importance in laboratory animal me-

dicine as is Classic brucellosis due to B.
aborlus, B. suis and B. melitensis in veteri—
nary medicine. The infection causes serious
damage in dog breeding colonies as well as

in research laboratories (Jones & Emerson
1984). Researchers and caretakers should

take great care to avoid catching the infec-
tion. Galloping abortion in female breeders
and orchitis with markedly enlarged testicles

in males may occur (Carmichael & Kenny
1968), especially in beagle dogs (Yamauchi

el al. 1974) being markedly susceptible to
the infection. Oral transmission may occur

with urine, vaginal discharge, or aborted fe-

tuses (Serikawa el al. 1981) as well as along
coital and transplacental routes. Inapparent

infection is seen in its turn resulting in overt
disease and followed by recurrent bacter-
emia.
The causative organisms can be isolated
from blood and affected organs of infected
animals. The diagnose can also be obtained
by plate or tube serum agglutination. Ex-

amination at quarantine is of importance for
elimination of carrier animals, while vacci-

nation is effective for prevention of the di-
sease. Autopsy reveals exudation in the ute—
rus, enlarged or atrophied testicles and en-
larged lymph nodes. Inflammatory oedema



is commonly present in the scrotal skin. In
severe cases the spleen and liver are enlar—

ged. By microscopy an acute diffus metritis

and necrotic orchitis and epididymitis are
characteristic.

Cilla-associated respiratory
(CAR)—bacillosis

The CAR-bacillus is the agent causing chro-

nic respiratory disease in rats and also
weight loss and decreased food consumption
during Chronic toxicity tests (Ganaway el al.
1985, Van Zwieten er a]. 1980). Nasal trans—

mission ccurs between cage—mates, Infected
animals have a noisy respiration and dysp-

nea and oedema under the mandibule (Itch

ez a]. 1987). There is no recovery after the
onset. Wild rodents and rabbits are also sus-
ceptible.
The organism can be isolated by inoculating
the chorio-allantoic membrane of embryo-
nated eggs (Ganaway et al. 1985) with the
affected tissue. The causative bacterium,

being a Gram—negative, non—motile, filamen-
tous, slender bacillus forming no spores, still
remains unclassified. Serum antibody is de-
tectable in infected animals by ELISA (Ga-

naway er a1. 1985). The presence or absence

of Mycoplasma pulmonis (Nelson 1963)

should be confirmed. At autopsy there is a

large amount of transparent or turbid exu—

date in the trachea with bronchiectasia and
atelectasis. Microscopically, there is peri—

bronchial infiltration of neutrophils and

lymphocytes. In Fontana or Warthin-Starry

stained smear preparations or sections of

affected tissues, filamentous bacilli will be

seen between bronchial cilia and within the
bronchial lumen.

Colibacillosis

Enteric infection with Escherichia coli, cha-
racterized by diarrhea, is encountered in co-

lonies of SPF animals having only a very

limited enteric flora, as well as in research

colonies using young mice (Mum el al.

1969). Although germ free mice exhibit no
clinical disease after infection, severe fatal
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disease can be produced in adult mice im-

mediately after their conventionalization
(Itoh el al. 1979, 1980). The incidence is

highest in mice aged 2 or 3 weeks. They
show remarkable weight loss and dirty hairs
stained with waterly yellow feces. Death
occurs 2 to 5 days after the onsett.
Isolation of the causative bacterium on DHL
and other media and its identification by
specific antisera is needed for the final dia-
gnosis. Being different from other organisms
of the same genera, the causative E. coli has
no flagella, is not producing indole, and
show a serotype of 0115a,c; K(B) (Naka-
gawa et al. 1969b). At necropsy of weanlings

the wall of the small as well as large intest-
ines is remarkably thickened. In those older
than 4 weeks of age, only the large intestine,

especially the colon, is affected. In cases
with rectum involvement, rectal and anal
prolapse may occur. In suckling mice the

liver shows small yellow necrotic spots.

Microscopically, there is a remarkable pro-
liferation of enterocytes in the crypts, and

goblet cells are activated and markedly in-

creased in number. In the large intestine the
ring muscle layer is thickened, whereas no
inflammatory changes are visible in the sub-
mucosa.

Corynebacteriosis
Suppurative infection with Corynebacterium

kutscheri is common in conventional colo-
nies of rats and mice (Weisbroth &. Scher

1968a). In most cases the infection is present
in an inapparent form which may be conver-

ted to overt disease by stress imposed by
transport, drug administration, or irradia-

tion (LeMaistre, Schechmeister & Adler

1953). Severely diseased animals are inac-
tive showing roughed hairs and dyspnea.
Cutaneous abscesses and suppurative arthri—

tis may be seen in some cases. Infected
animals may in feces discharge organisms

which are transmissible by oral as well as
nasal routes. Sometimes infection occurs Via
cutaneous injuries.
Diagnosis can be readily made by detecting
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Gram-positive bacteria on impression pre-

parations or sections of affected tissue as

well as by isolation of organisms on culture
media such as blood agar. Serum agglutinin

is detectable in infected mice and rats (Fuji-
wara 1971, Weisbrolh & Scher 1968b, Y0-

koiyama 61 a1. 1977). Cortisone provocation
may be effective in detecting inapparent in-

fection (Takagaki et a]. 1967, Utsumi el al.
1969). Grossly various-sized white or yellow
colored nodules containing a caseous mass

are seen in the lungs, heart, kidney and
lymph nodes. This is why the disease has
been called murine pseudotuberculosis. In

the intestinal type of infection, hemorrhagic

ulcers and abscesses are formed in the gut

mucosa, and the mesenteric lymph nodes

are enlarged. Microscopically pseudotuber-
culous nodules, produced in the parechyma-

tous organs, are characterized by massive

necrosis, neutrophil infiltration and fibrous
encapsulation, the thickness of which de—

pends on the chronicity of the disease.

Pasteurellosis

Pasteurella pneumotropica which has been

proposed to be an actinobacillus spp., is a

causative organism for either chronic respi-
ratory disease or systemic disorders in mice
and rats. The infection is often inapparent

(Hoag el al. 1962, Saito et al. 1981) while
some cases show purulent pneumonia, con-
junctivitis and subcutaneous abscesses (Van

der Schaafet a1. 1970). P. pneumotropica is

so widely differing from other species of pa—
steurella in pathogenesis as well as sugar fer-

mentation that it has been proposed to be
classified into other genera.
Pasteurella multocida is a serious problem
in rabbits used for pyrogen test and other
toxicologic studies, producing severe clinical
disease resulting in failure of entire studies.

Infected rabbits exhibit a considerable
amount of suppurative discharge from the

nostrils and the symptom has been called
”snuffles” (Hagen 1958). Conjunctivitis and
subcutaneous cellulitis are also produced.

Animals with otitis media show head incli-
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nation and rolling movement (Fox et a1.
1971).
Necropsy and microscopy reveal purulent

inflammation and abscess formation in the
lungs, uterus, mammary gland, testicles and

middle ear. Fibrinous pleuritis and peritoni-
tis may be present. Although clinical signs of
”snuffles” are indicative of rabbit pasteurel-
losis it is necessary to isolate and identify
the causative organisms from nasal exudate,

affected tissues or septicemic blood on selec-

tive media (Garlinghouse et a1. 1981, Mika—
zuki et a]. 1987).

Pseudomoniasis

Pseudomonas aeruginosa is widely distribu-
ted in soil and water in nature. It may cause
septicemic deaths in mice, rats and rabbits

having been irradiated (Flynn 1963) or tre-
ated with antibiotics (Halkett 1968, Verder
& Rosenthal 1961, Urano & Maejima 1978).
It may live in the lower digestive tract,

which provides a favourable intestinal mi-
croenvironment for P. aeruginosa. The eli-
mination of P. aeruginosa from the environ-
ment is indispensable for experiments con-
cerning immunosuppression. Diseased mice

and rats may show suppurative otitis media,
pyelonephritis and pneumonitis leading to

septicemia in the moribund stage. Animals
with otitis media may keep their heads
askew and show circling movements. Der-
matitis and endocarditis may be seen in rab-
bits and dogs. Local lesions are characteri-
zed by necrosis with infiltration of neutro-
phils.

Routine bacteriological examination of the

water in drinking bottles as well as swab
samples from the oral mucosa, using selec-

tive NAC media, is helpful in detecting

inapparent infections in animal colonies.

Organisms can also be isolated from feces or

lesions. Identification is readily made by
identification of the specific green pigment,

pyocyanin, produced by the organism. Clo-
rination or adding gentamycin to drinking
water (Urano et al. 1977) is effective for the
prevention of infection.



Salmonellosis
While rare in barrier colonies, enteric and

systemic infection with salmonella spp.,
may be a serious problem in conventional
laboratory animals (Habermann & Williams
1958) followed by possible infection in care-

takers and researchers. The mouse (Margard
& Litchfield 1963, Simpson & Simmons
1981) and the guinea pig (Olfert et al. 1976,
Onyekaba 1983) are most susceptible to sal-
monellae, followed by the hamster and the

rabbit. After oral transmission, by ingesting
soiled feed, two types of disease may appear;

an acute epizootic type with high mortality

or a chronic or inapparent type with low
mortality. In the case of acute disease septi-
cemic deaths occur during several days after
infection. Chronically infected animals may
show no clinical signs, and like inapparently
infected ones shed infective organisms in
their feces for long time.
Routine monitoring for salmonellosis is ne—

cessary for maintaining an acceptable hygi—
enic state of animal colonies. Monitoring

and diagnosis can be made by isolation of
organisms from feces, blood or affected tis—

sues using selective media such as McCon-

key and DHL. The most frequent isolates
from laboratory animals are Salmonella zy-
phimurium and S. enleritidis, but even other
species may be pathogenic. Autopsy reveals
splenomegaly, multiple necrotic foci in the
liver and enlarged mesenteric lymph nodes.

By microscopy the liver and lymphoid or-

gans have disseminated necrotized lesions
with neutrophil infiltration and accumula-

tions of macrophages.

Shigellosis
Digestive tract infection with Shigella, dy—
senterz‘ae, S.flexrzeri, S. sonnei and other

Shigella spp. is common in non-human pri-
mates for laboratory use. Since no natural

infection has been recognized in the wildlife

(Carpenter & Cooke 1965, Takasaka 61 a1.
1964), infection of monkeys is believed to
occur after capture and contact With man.

Scand. J. Lab. Anim. Sci. No. l . 1993 , Vol, 20

Hygienic precaution is indispensable in

handling and treating laboratory monkeys as

shigella spp. readily infects human. A few

days after oral infection animals show vomi—

ting and watery or bloody diarrhea, some-

times resulting in 70 0/0 or higher mortality
within a week.
For diagnosis the causative organisms can be
isolated on DHL or McConkey medium.
The most frequent isolates are those of

S. flexneri causing dysentery also in man. At
autopsy the mucosa of large intestines is

thickened with oedema, erosions and fibrin

deposits. Sometimes ulcerations are seen.

Microscopy reveals catarrhal or diphteric

enteritis.

Streptococcosis

The guinea pig is highly sensitive to infec-

tion with Streptococcus zooepidemicus, a

Gram-positive coccus showing beta hemoly-
sis in culture. A large number of animals
are acutely and severely diseased showing
considerable purulent discharge from eyes
and nostrils. Most animals may die within a
few days. Sporadically chronic cases occur
showing gradual weight loss, conjunctivitis,

arthritis and otitis media with remarkable

enlargement of superficial lymph nodes. In
more chronic cases suppurative pleuritis and

peritonitis as well as abscess formation in

many organs may be seen. Since the orga-
nism is widely distributed among many spe-

cies of animals causing no illness, attention
should be paid to isolation of susceptible
guinea pigs from other animal species. The

rat, mouse and guinea pig have high suscep-

tibility also to Spneumoniae (Ford 1965,

Saito et a]. 1983).
The swelling of superficial lymph nodes and

nasal and eye discharge are indicative of the
infection. Diagnosis is obtained by means of
bacterial culture from affected tissues. Pa-
thology reveals necroses with a considerable
accumulation of neutrophil leukocytes,

which are surrounded by epithelioid cells

and fibrous tissue.
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Tuberculosis
Acute or chronic disease due to Mycobacte-
rium tuberculosis or M. bovis is frequently
encountered in simian species captured or
bred for experimental use. The organisms

are also highly infective for guinea pigs, rab-
bits and man. Dogs and cats are less sen
sitive but occasionally they may get acutely

and fatally infected. Isolation or prompt sa—
crifice of infected animals is recommended
for prevention against infection to man and
other susceptible animals. Transmission oc-
curs mostly by respiratory and sometimes by
oral routes from affected animals.
For diagnosis tuberculin test is useful in case
of non-human primates but it should be no—
ticed that there is an anergic phase in severe—
ly affected cases, for which X-ray examina-
tion, other clinical findings or bacterial cul-

ture (Tribe & Welburm 1976) may be help-
ful. At autopsy tubercle formation may be

seen in the liver, spleen, kidney adrenal and
lung. In the lung, cavernous lesions can be
produced after discharge of massively necro-
tized tissue. The regional lymph nodes are
always affected. Histopathologically tuber-
culous lesions consist of central caseous ne-
crosis, proliferative epithelioid cells and

Langhans giant cells, accumulation of lym-

phoid cells and surrounding fibrosis. Organ—
isms can be detected within necrotized tis-
sue and epithelioid cells by acid—fast stain.

Tyzzer’s disease
The disease is characterized by enterohepa-

titis and myocarditis caused by a strictly in-

tracellular bacterium, which was named

”Bacilus piliformis” by Tyzzer (1917). The
causative organism is a Gram—negative slen-
der rod with peritrichous flagella forming
endospores, growing on cultured murine
hepatocytes (Kawamura er al. 1989) as well

as in chick embryos (Fujiwara et a1. 1975). It

remains unable to grow on artificial media.
Natural disease is encountered in the rat,

mouse, hamster, guinea pig, Mongolian ger-

bil, dog, cat and rhesus monkey (Fujiwara
1978). Mongolian gerbils and hamsters are
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more susceptible to oral infection than rats
and mice (Waggie er al. 1987, Yokomori et
al. 1989). Although acute illness with he-

morrhagic diarrhea may occur, most appa-
rent cases are seen in connection with stress

such as pregnancy or immunosuppressive

treatment (Yamada et a1. 1969). The serum

transaminase level is elevated in parallel
with the progress of necrotized lesions in the

liver, followed by bacteremia at moribund
stage. A genetic background has been sug-
gested behind apparent illness of rats (Han—

sen et al. 1990). Epizootics of the disease
seem to be rare (Itoh & Kagiyama 1985).
At autopsy the liver shows multiple focal
necroses in subacute or chronic cases while
diffuse and confluent necroses are seen in
acute fatal cases. Intestinal lesions characte—
rized by oedema and hemorrhage mostly

appear in the ileocecal areas (Yokomori et

a]. 1989). Intact or degenerated hepatocytes,

surrounding necrotic foci in the liver, con-

tain slender bacilli detectable by Giemsa,
PAS or Grocott stain. The same organisms
are present within enterocytes of affected

intestines and in the myocardium (Allen et
al. 1956, Fries & Svendsen 1978). Serum

antibody is detectable by immunofluores-
cence, complement fixation test or ELISA

(Torz'umi el al. 1986, Fujiwara et al. 1981),
while some antigenic differences are noted

among organisms from different origins (Fu-
jiwara et al. 1985). Natural infection may be

established by ingestion of spores.
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