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I. Citrobacter rodentium
A. Etiology: Citrobacter rodentium is a Gram-negative, enteric bacterium implicated as a cause of
proliferative bowel disease in young mice. The pathogenic helicobacters (see I.) are also implicated
in a proliferative bowel disease, but usually affect older mice.
B. Transmission: Citrobacter rodentium is transmitted through fecal-oral ingestion. Suckling and
recently weaned pups are more susceptible than adults, with higher mortality in some inbred strains
(C3H/HeJ, C57BL/6, DBA/2J and NIH Swiss) as compared to others. The incidence of infection is
low to moderate; the incidence of disease is low.
C. Clinical Signs: This disease is usually transient in mice, lasting only about 4 weeks. Affected
mice look sick and may excrete soft feces. Mortality is variable. Survivors may often have rectal
prolapses (see photo). Adults show no clinical illness.

D. Pathology: The colon, especially the descending portion, and occasionally the cecum, have a
greatly thickened mucosa, increasing the relative size of the large bowel (A.). Even if treated and
eliminated as soon as 2 days post-infection, mucosal hyperplasia still occurs. Bacterial colonization
of the bowel for 10 days results in maximum mucosal hyperplasia at around day 16 post-infection.
The crypts of the colon are greatly elongated with active cellular mitoses at the base of the crypts
and little inflammatory reaction (B.). When stained with silver or Gram stains, the bacteria may be
seen attached to the surface epithelium. The mucosa reverts to normal by day 45.
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E. Diagnosis: Culture may be unrewarding since bacterial colonization is transient and proliferative
colonic lesions persist beyond the period of colonization. Features of this disease that differ from
those of pathogenic Helicobacter infection include the following: 1) hyperplastic lesions occur
principally in descending colon (involves cecum and colon with pathogenic Helicobacter) 2) there is
minimal inflammatory cell infiltrate of mucosa unless mucosal erosions occur (usually mild to
moderate mixed inflammatory cell infiltrate with pathogenic Helicobacter), and 3) mortality is
common in young mice, and colonic lesions in mice of all ages (nonfatal large bowel disease most
often in aged mice infected with pathogenic Helicobacter). Isolation and biotyping of C. rodentium
are essential since nonpathogenic but related Citrobacter sp. can be found in mouse intestine.
F. Treatment: The disease is contagious but self-limiting. Treatment with neomycin sulfate,
tetracycline hydrochloride in drinking water reduces losses but does not completely eliminate the
infection. 12.5 % sulfadimethoxine in the drinking water may also prove beneficial in managing
mortality. Good sanitation is probably the most important control method. Rectal prolapses usually
occur after Citrobacter rodentium has been eliminated from the gut. The rectal prolapse may be
reduced by using a moistened cotton micro swab.
G. Control: Use strict sanitation and microisolator cage barriers to prevent cage to cage
transmission by fecal contamination. Depopulation and restocking with uninfected mice, and
Cesarian rederivation have been successful methods for eliminating the infection.
II. Chronic Respiratory Disease
A. Etiology: Mycoplasma pulmonis is a microorganism lacking a cell wall. Cilia-associated respiratory
(CAR) bacillus is a Gram-negative filamentous rod that moves by gliding motility. Both organisms can
induce a chronic pulmonary disease syndrome.
B. Transmission: Transmission by direct contact with infected secretions has been reported.
Although the incidence of infection with either organism is rare, the significance when present is very
high, often leading to fulminating respiratory disease. Rats may act as asymptomatic carriers for
Mycoplasma pulmonis .
C. Clinical Signs: Infection with either agent begins without clinical signs. Adverse environmental
factors, such as high cage ammonia levels, and/or the acquisition of primary viral or bacterial
respiratory pathogens, activate subclinical infections. Early signs of overt disease include an
oculonasal discharge and torticollis (see photo). As the organisms travel down the respiratory tract,
labored breathing, anorexia, and hunched posture occur. Other clinical signs include snuffling,
chattering, anorexia with weight loss, rough hair coat, hunched posture, and reduced fertility.
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D. Pathology: In the upper respiratory tract, a purulent discharge may be found on the nasal
mucosa and within the tympanic bullae. This purulent exudate can be found in the trachea and
bronchi causing yellow parenchymous foci which may progress to form bullae (bronchiectasis) and
red to grey areas of consolidation.

E. Diagnosis: Histological examination of lungs reveals a purulent bronchopneumonia with moderate
hyperplasia of the normally rare peribronchial lymphoid aggregates (A.). Mycoplasma pulmonis does
not stain with histochemical stains due to the absence of a cell wall. Examination of silver-stained
respiratory sections will help identify the presence of CAR bacillus, which will stain with silver and are
present among the cilia of the airways (arrow in B.).
        .

The preferred sites to culture for Mycoplasma are the nasopharynx and middle ear. The media
needed for primary mycoplasma recovery must contain swine or horse serum and yeast extract
supplementation. ELISAs are commercially available for serological screening for Mycoplasma
pulmonis and CAR bacillus infections in mouse and rat colonies. PCR assays on nasal or tracheal
samples are also used for diagnosis of both agents. CAR bacillus can not be cultured on cell-free
media, and is diagnosed through histopathologic and serologic examination. Diagnostic tests usually
identify Mycoplasma pulmonis and/or CAR bacillus along with other respiratory pathogens such as
Pasteurella pneumotropica and Sendai virus.
F. Treatment: Overt disease is just suppressed by antibiotic therapy. Oxytetracycline (0.1 mg/ml
water), ampicillin (500 mg/L drinking water), sulfamerazine (500 mg/L drinking water or 1 mg/4 gm
food), and enrofloxacin (165 mg/L drinking water) have all been reported to reduce mortality. CAR
bacillus was eliminated from experimentally infected mice that received either sulfamerazine or
ampicillin treatments for 4 weeks. The carrier state of Mycoplasma pulmonis , however, is not
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affected by an antibiotic regimen.
G. Control: Since uterine colonization may occur, Cesarian derivation may not eliminate
Mycoplasma infection. However, culture of uterus at the time of Cesarian delivery and subsequent
testing of young provides a method of salvaging valuable infected mouse strains. Rigid sanitary
measures are essential even in the face of a disease outbreak. Rats are known carriers and should
never be housed with mice.
III. Corynebacterium bovis (Hyperkertitis Associated Coryneform)
A.   Etiology: Corynebacterium bovis has been identified as the cause of a bacterial skin disease of
nude mice referred to as "scaley skin disease". The condition typically affects adult homozygous
nude mice of both genders, and is manifested as a hyperkeratosis with yellow-white flakes adherent
to thickened skin.

B. Transmission: The bacterium is carried on the skin and in the oral cavity of mice, and is
transmitted by direct contact and by fomite transmission (handling, flake contact, etc.). C. bovis has
been cultured from affected nude mice, and also from skin of asympomatic hisute immunocompetent
mice. The association of bacterium with disease may be related to lack of hair since the hairless
immunocompetent SKH-1 mouse is also susceptible to bacterial hyperkeratosis
C. Pathology: Affected mice may lose weight and are often removed from study because of reports
of poor growth of transplanted tumors or hinderence of immunologic studies. Mortality is low and
the hyperkeratosis is transient but may recur. Histologic examination of the skin reveals acanthosis,
orthokeratotic hyperkeratosis with a mononuclear cell dermal infiltrate (A.). Short, Gram-positive
rods arranged in clusters (arrow) and pallisades can be recognized in the stratum corneum on Gramstained skin sections (B.).
        .

D. Diagnosis: The bacterium can be cultured by inoculating blood agar with skin or buccal swabs
and grows in punctiform colonies after 48 hrs of incubation in aerobic conditions. The bacterium can
also be detected in skin and environmental samples by a C. bovis -specific PCR test.
E. Treatment and Control: Antibiotics such as ampicillin or penicillin VK delivered in drinking water
controls the disease but does not eliminate carriage of the bacterium. Control measures include
ordering mice from C. bovis -negative mouse colonies, housing mice in sterile microisolator cages,
and use of oxidant-based disinfectants on forceps or gloves used for animal handling, and
environmental surfaces (including biosafety hoods, animal restrainers, etc.).
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IV. Helicobacter Infections
A. Etiology: Helicobacter hepaticus , H. bilis, H. rodentium and H. "typhlonius" are species of
Helicobacter that cause disease in laboratory mice. Other helicobacters have been identified and
determined to be commensal gut flora. Helicobacters are Gram-negative, microaerophilic spiral
motile bacteria.
B. Transmission: The likely mode of transmission is by the fecal-oral route. Rodent helicobacters
normally colonize the lower intestinal tract, and can be transmitted to naive mice through contact
with feces-laden bedding. H. hepaticus and H. bilis are also capable of colonizing bile canaliculi in
susceptible mouse strains. Other rodents, including rats and hamsters, can be colonized by these
helicobacters, but do not develop disease. However, these infected rodents may act as reservoirs of
bacteria in animal faclities.
C. Clinical Signs: Most mice colonized with helicobacters remain asymptomatic for long periods of
time. Certain strains of mice will develop a proliferative, inflammatory typhlitis and/or colitis that may
result in rectal prolapse.
D. Pathology: Mouse genotype, age, gender, and the bacterial species all influence development of
lesions. Helicobacter hepaticus and H. bilis induce a chronic active hepatitis often with necrosis,
portal lymphocytic infiltrates and oval cell hyperplasia (A.) in susceptible mouse strains including A/J,
BALB/c, C3H and immunodeficient mice (SCID mice and mice with genetically engineered immune
defects). Disease develops in susceptible mice over 6 months of age. Of the immunocompetent
susceptible strains, male mice develop liver disease which may progress to hepatic carcinoma.
Helicobacter hepaticus can be visualized as small helical organisms in bile canaliculi on silver stained
sections (arrowheads). Helicobacter bilis is less often observed in silver stained liver sections.
        .

Female mice colonized with H. hepaticus, H. bilis, and H. "typhlonius" often develop an inflammatory
bowel disease characterized by mucosal hyperplasia with erosions/ulcers, mixed inflammatory
infiltrate and rectal prolapse (see photo). Immunodeficient mice of either gender can develop both
liver and intestinal disease.

E. Diagnosis: Helicobacters can be detected by culture, PCR testing, serology (although no test is
commercially available) and histopathology. Culture provides a standard for documenting infection,
but the filtration methods and microaerophilic incubation conditions for isolation make culture a
laborious option. PCR is a more sensitive and rapid diagnostic method that is most widely used for
screening rodents for infection. Histopathologic examination of the liver with visualization of
characteristic bacteria is diagnostic; however, not all mice infected with pathogenic helicobacters
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develop liver disease.
F. Control: Antibiotic regimens that include bismuth, metronidazole and ampicillin have been used.
Success of treatment seems variable, with better results achieved through daily gavage or feeding
medicated wafers to young mice. Cesarian derivation and embryo transfer techniques have been
used to "clean up" infected mouse colonies.
V. Pasteurellosis
A. Etiology: Pasteurella pneumotropica is a Gram-negative, short pleomorphic rod with bipolar
staining properties.
B. Transmission: Transmission by aerosol, fecal-oral, and contact with infected secretions (including
venereal transmission) has been reported. The bacteria can be consistently isolated from the
nasopharynx of subclinically infected mice and is considered an opportunistic pathogen, proliferating
in the presence of other respiratory microbial pathogens.
C. Clinical Signs: The majority of infected immunocompetent mice exhibit no clinical signs.
Epidemics of conjunctivitis and panophthalmitis have occurred in weanling and young adult mice
(see photo). An upper respiratory infection can be manifest by an oculonasal discharge or torticollis
from otitis media, and in the face of respiratory mycoplasmal and viral diseases, dyspnea may occur.
Subcutaneous abscesses, mastitis, metritis and accessory sex gland abscesses are additional lesions
observed in immune deficient mice.

D. Pathology: Infected tissues are characterized by mucopurulent inflammation with mild necrosis.
E. Diagnosis: Cultures of the ocular, skin or glandular tissues usually reveal mixed infections of
Pasteurella pneumotropica with other bacterial flora. Pasteurella pneumotropica is likely to be
isolated in pure cultures from abscesses in immune deficient mice. An ELISA is commercially
available to identify antibody in colonized mice.
F. Treatment: Enrofloxacin at 165 mg/liter of drinking water for 2 weeks has been effective in
eliminating colonization.
G. Control: The primary concern for disease is in immune deficient mice. Mice should be obtained
from colonies free from infection. Do not house infected with uninfected mice.
VI. Pseudomonas Septicemia

Pseudomonas aeruginosa is a water saprophyte that can colonize the intestinal tract of mice
following consumption of nonsterile water. A septicemic and endotoxemic syndrome has been
reported in colonized mice that have been treated with immunosuppressive drugs or X-irradiation.
Although the systemic disease cannot be treated, the syndrome can be prevented by supplying
acidified or chlorinated drinking water to the mice scheduled for immunosuppressive therapy. The
desired water pH of 2.2 to 2.5 can be achieved by adding 1N HCl. Water chlorination to 10 to 12
ppm is accomplished by adding sodium hypochlorite (bleach is 6% sodium hypochlorite). Frequent
monitoring or changing of treated water is critical to maintain the proper pH or chlorination. There
have been a few instances in which clinical inner ear disease has been attributed to natural P.
aeruginosa infection, in which animals were seen "circling" or "rolling."
VII. Salmonellosis
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A. Etiology: Salmonella are Gram-negative, toxin-producing, invasive, enteric bacteria. The most
common serotype of Salmonella enterica to infect mice is serovar Typhimurium.
B. Transmission: The disease is spread by fecal-oral transmission. Food, water, and bedding may
be contaminated by infected feces from wild mice. The incidence of salmonellosis is rare in research
mice, and uncommon with sporadic epizootics in mice from colonies raised for pet or zoo industries.
C. Clinical Signs: Disease in susceptible colonies may be manifest only as acute death with no
clinical signs of infection. Moderate morbidity characterized by hunched posture, anorexia, lethargy,
and high to sporadic mortality may be observed in weanlings and in females in late gestation.
Diarrhea may or may not be present. The disease will become endemic, with periodic cycling of
overt disease symptoms such as acute deaths, chronic low fertility, fetal reabsorption, or abortion.
D. Pathology: In acute deaths, the spleen may be enlarged 2 to 3 times normal size. Lesions in the
small intestine consist of mucosal congestion and edema with thrombosis of the mesenteric
vasculature. In sub-acute infections, multiple white to yellow foci occur in the liver, spleen is
enlarged, and mesenteric lymph nodes may be enlarged and edematous (left photo).
Histopathological examination may reveal multifocal necrotizing splenitis and hepatitis, with necrotic
foci often accompanied by colonies of bacteria (arrow in right photo).
        .

E. Diagnosis: The history of the disease outbreak, decreased fecundity in breeding colonies, gross
lesions, and identification of wild rodent exposure can be suggestive of salmonellosis.   A definitive
diagnosis is determined by culture of liver and spleen (in acute cases), feces, mesenteric lymph
node, and ileal homogenates (in subacute cases) on selective media such as selenite, brilliant green
and MacConkey's agar with serotyping of the isolate.
F. Treatment: Since the carrier state can not be successfully eliminated with antibiotic therapy,
elimination of the animal or animals in the colony is suggested. Restock only after extensive
sanitation has been performed.
G. Control: Aggressive husbandry improvement procedures should be aimed at prevention of food,
bedding, water, or mouse contamination by wild vermin, and proper sanitizing of cages and
watering equipment.
Public Health Significance: Humans ingesting Salmonella contaminated food or water may
experience a transient diarrhea. Children or immunocompromised adults may experience more
severe disease. The disease in humans is reportable.
VIII. Staphylococcal Furunculosis
Staphylococcal species common to the flora of the skin and mucous membranes of mice are
Staphylococcus aureus and S. epidermidis.   Although S. aureus has not been recognized as a
primary pathogen, several reports point to its role in outbreaks of cutaneous infections in athymic
nude mice. Thymic deficient nude mice develop conjunctivitis and facial abscesses from which S.
aureus can be recovered in pure culture (A.). Inoculation of the bacteria into the skin apparently
occurs from grooming or bite wounds, and although the skin usually remains intact, the resultant
http://web.archive.org/web/20080222003647/http://www.radil.missouri.edu/info/dora/mousepag/Bac.html[2012-04-30 02:29:35]

DORA

abscesses progressively enlarge and occasionally spread subcutaneously to form disfiguring lumps,
primarily about the face and head. Histologically, the abscess contains a core of bacteria (arrow)
surrounded by neutrophils, macrophages and fibrocytes (B.). The condition does not respond well
to antibiotic therapy. S. aureus is considered a pathogen in nude mice and the presence of these
bacteria denotes a breakdown in the gnotobiotic status of the environment.
        .

IX. Tyzzer's Disease
A. Etiology: Clostridium piliforme is a Gram-negative, obligate intracellular, spore-forming rod.
B. Transmission: C. piliforme is transmitted via fecal-oral route by ingestion of spores, which may
remain viable in the environment for a year or more. Predisposing factors to overt disease revolve
around the immune status of the host and include age (commonly 3 to 7 weeks), strain of mouse
and physiological stresses. The incidence of overt disease is rare, but the incidence of infection with
recovery may be common in conventionally maintained colonies.
C.   Pathology: Resistant mouse strains show little clinical disease. In weanling or immunodeficient
mice, serosal edema and hemorrhage in the ileocecocolic region of the gut and multiple yellowishwhite foci of necrosis in the liver are prominent lesions. Histological review of liver sections reveals
coagulative to liquifactive necrosis with variable infifltrates of pyogranulomatous inflammatory cells
(A.). Sections stained with silver help demonstrate large clumps of intracellular bacilli (arrow in B.)
within hepatocytes bordering necrotic liver foci, and in the cytoplasm of the enterocytes in areas of
granulomatous mucosal infiltrates .
        .

D.   Diagnosis: Since the organism cannot be propagated on artificial media, diagnoses are made by
demonstration of the bacillus in the tissues, or by detection of antibody with an ELISA.
E. Treatment and Control: Oxytetracycline at 0.1 mg/ml drinking water for 30 days has been
reported to abate deaths in an epizootic, but is not believed to rid the colony of the infection.
Depopulation and strict sanitation are the current recommendations for eliminating the disease. The
bacterial spores are relatively hardy in the environment, and may remain viable at room temperature
for as long as 1 year. Temperatures exceeding boiling (from autoclaving) and dilute chlorox
solutions (1%) are capable of killing spores on inert surfaces.
X. Miscellaneous Bacterial Diseases

http://web.archive.org/web/20080222003647/http://www.radil.missouri.edu/info/dora/mousepag/Bac.html[2012-04-30 02:29:35]

DORA

Several Gram-negative bacteria that are frequently part of the fecal flora of mice have contributed
to septicemia or ascending urinary tract infections. Klebsiella pneumoniae has been recovered from
mice with suppurative lymphadenopathy. E. coli, Proteus mirabilis and Klebsiella oxytoca have been
associated with vaginitis, cystitis, pyelonephritis and preputial gland abscesses. Antibiotic therapy
has not been routinely initiated when clinical signs are observed, but may be effective for the
localized infections.

Back to Disease Categories
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I. Alopecia
II. Fight wounds
III. Self-Mutilation
IV. Infertility
V. Dystrophic Mineralization
MISCELLANEOUS DISEASES
I. Alopecia
A. Barbering: A female mouse may develop a fur-chewing vice and chew the hair off a cagemate or
her litter. The hair over the nasal and orbital regions or the dorsal cervical area is most often
barbered. The exposed skin is intact and normal in appearance. The only cure for barbering, if the
client considers it a problem, is to remove the mouse that has not been barbered.

B. Alopecia: Alopecia often with accompanying epidermal thickening is one of the most common
lesions seen in genetically engineered mice (GEM). The causes of alopecia are frequently unknown,
and may be related with the genotype of the mouse.
II. Fight wounds
Mice (particularly males) may fight and can inflict severe wounds upon each other. These usually
are located on the face, back, and genital areas. If tail biting occurs, the tail may become
gangrenous and slough. The wounds may become infected and develop into abscesses. Wounds
may be treated by lancing and flushing with a disinfectant or antibiotic solution. Topical antibiotic
ointments containing aminoglycosides should be avoided since ingestion of aminoglycosides can be
toxic to mice (the mechanism of toxicity is respiratory paralysis from ganglion blockade). Prevention
is by separating the fighting animals.

III. Self-Mutilation
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A. Otitis Media: Otitis media has been reported to result in enough irritation to cause the animals
to scratch the base of the ears with the hind feet. The scratching can lead to excoriation and
ulceration of the skin of the neck and subsequent inoculation of the wounds with environmental
bacteria contaminating the feet. The resultant dermatitis evokes a more intense scratching reflex
until a large ulcerative pustular dermatitis results from the self-mutilating activity. Parenteral
antibiotic therapy appears to be of little help for the otitis media or the dermatitis. Clipping of the
toenails or applying an Elizabethan collar will allow resolution of the dermatitis with or without
medicinal therapy. Certainly, the value of the animal will dictate the decision to treat or euthanize.

B. Ulcerative Dermatitis Syndrome: Black mice of a C57BL genotype are prone to develop a
dermatitis with alopeica and epidermal ulcers. Mice will scratch the dorsal cervical region, shoulder
and caudal axillary regions until ulcers form. The ulcerated areas often scar, causing restriction of
forelimb movement. Ectoparasite infestation may exacerbate the syndrome, but the syndrome
develops in mite-free mice. The disease appears to be multifactorial, and dietary factors may play a
role in disease expression.
C. Chemical Irritants: Forceps disinfected with germicidal solutions are often used to transfer the
mice from dirty to clean microisolator cages. The forceps are dipped in the germicidal solution and
mice are either grasped by the tail or by the loose skin over the neck. Improperly diluted quaternary
ammonium solutions can chemically burn the skin of mice and induce an ulcerative dermatitis. Skin
lesions must be monitored and treated for secondary bacterial infections and self-mutilation.

IV. Infertility
The more common causes of decreased reproductive efficiency can be the result of physiological,
neoplastic, infectious or toxicological aberrations. Physiological causes of infertility include
senescence, starvation or poorly balanced diets, cystic ovaries, abortions, and irregular estrous
cycles induced by inadvertent exposure of wild male mice to established breeding colonies or
abnormally long or short photoperiods. Neoplastic diseases of the reproductive tract or cancers that
cause debilitation cause diminished fertility and usually coincide with aging or with specific inbred
strain characteristics. Primary pathogenic bacteria and viruses responsible for low fecundity have
been discussed in earlier sections. Enteric bacteria such as E. coli, Proteus sp., and Klebsiella sp.
have also been isolated from abscessed preputial glands or infected uteri. Contamination of food or
water with chemicals such as organophosphates has been incriminated in inducing abortions.
Estrogens in feeds have induced scrotal hernias in male mice and poor fertility in female mice.
V. Dystrophic Mineralization
Dystrophic calcification regularly occurs on the epicardium of the inbred strains of DBA/2 and BALB/c
mice, and in the myocardium of C3H mice. Soft tissue mineralization also occurs less frequently in
other viscera such as the kidney, liver, serosa of the stomach, small and large intestines, and
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gonads. The mechanism of this disorder is unknown.
Back to Disease Categories
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NEOPLASTIC DISEASES                             Main
I. Mammary Tumors (Adenocarcinomas)
II. Lymphosarcomas
III. Respiratory Neoplasms
NEOPLASTIC DISEASES
I. Mammary Tumors (Adenocarcinomas)
Mammary tumors (adenocarcinomas) are fairly common and may be located nearly anywhere in the
subcutaneous region due to the extensive distribution of mammary tissue in the mouse (A.). They
may be induced by mouse mammary tumor virus (or MMTV). There are multiple strains of MMTV
and depending on strain, the virus can be transmitted by passage through the germline, placenta or
in the milk. Mammary tumors are soft, fleshy, well vascularized and may contain necrotic tissue
and/or blood-filled cysts. Histologically, mammary tumors are generally adenocarcinomas (B.).
Mammary tumors may be surgically removed, but, unlike the benign fibroadenomas in rats, the
prognosis is poor due to the anaplastic, invasive nature of the tumors in mice.
  

II. Lymphosarcomas
Lymphosarcoma is probably the second most common spontaneous neoplastic disease, the
incidence of which is dependent on the strain of mouse. Lymphocytic, lymphoblastic, follicular center
lymphosarcomas have been described. C-type viral particles have been observed in murine
lymphomas.

III. Respiratory Neoplasms
Benign respiratory tumors, primarily adenomas of the alveolar lining cells or of terminal bronchiolar
epithelial cells, are common in certain strains (A strain) and older mice. Malignant neoplasms, such
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as squamous cell carcinoma, occur infrequently.

Back to Disease Categories
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I. Arthropods
II. Protozoa
III. Nematodes
IV. Cestodes
V. Pneumocystis carinii
PARASITIC DISEASES
I. Arthropods
A. Etiology: Myocoptes musculinus (A.), Myobia musculi (B.), and Radfordia affinis (C.) are common
fur mites. Psorogates simplex , the follicular mite, is rarely seen.
  

  

B. Transmission: Direct contact spreads the mite. Fur mites are usually host-specific. Prevalence of
infestation is low in conventional colonies of mice.
C. Clinical Signs: Usually no clinical signs are observed.   Black haired mice are thought to have an
increased sensitivity to mites manifested by pruritus and alopecia progressing to excoriation,
ulcerative dermatitis, and cicatricial disfigurement.
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D. Diagnosis: On live mice, plucking hairs from the pelt and examining under a dissecting
microscope may reveal the eggs (laid on the hair shaft) or the mites (A.). If the pelt from a recently
killed mouse is cooled to room temperature, the mites will crawl up to the tips of the hairs, looking
like white specks (B.). If an animal has been dead for a while, the mites may have migrated to
another host.
  

E. Treatment: Adults and weanlings can be dusted with silica dusts, pyrethrin dusts. Ivermectin
solutions, using the horse preparations, have been made in concentrations providing 8 mg in every
liter of drinking water. Treated water in bottles should be provided once a week for 3 weeks to
eliminate the mites. Alternatively, 0.1% solutions in spray bottles can be used to deliver ivermectin.
Care must be exercised as some mouse strains, such as the CF-1, will experience decreased
production or death when treated with ivermectin. Treatment should be tailored to break the mite
life cycle and to accommodate the research protocol or animal use.
F. Control: Regular examinations and treatments may eventually rid the colony of mites.
II. Protozoa
A. Spironucleus muris is a flagellated protozoan that dwells on the small intestinal mucosa.

1. Transmission:   Ingestion of infective cysts is the primary mode of transmission. A carrier stage
occurs in adults. The incidence of infection is low in conventional mouse colonies.
2. Clinical Signs: Weanling mice (3 to 6 weeks) appear to be most susceptible. Heavily infected
mice are usually smaller in size, depressed and have abdominal distension. Dehydration and
anorexia follow. A "sticky" fecal mass may be seen on the perineal area.
3. Pathology: The small intestines are rarely dilated and filled with gassy catarrhal fluid contents.
Autolysis of the intestines appears to occur more rapidly. No gross lesions are observed in most
juvenile and adult mice with this protozoal disease. Histologic exam of the pylorus and upper samll
intestine reveal small oval protozoa in the crypts and ocasionally in the space between villi.
4. Diagnosis: Direct smears of small intestinal contents reveal fast darting protozoa.
5. Treatment: Administration of dimetridazole (1 gm/l drinking water) has been reported to reduce
mortality, but does not effectively eliminate the parasites.
6. Control: Mice derived by cesarian section and maintained in a barrier environment are usually
free of Spironucleus muris.
B. Tritrichomonas sp.(large intestinal flagellate) and Giardia sp. (small intestinal flagellate) are also
http://web.archive.org/web/20080202131051/http://www.radil.missouri.edu/info/dora/mousepag/par.htm[2012-04-30 02:29:56]

DORA

common protozoal inhabitants of the mouse gut.
1. Transmission: The main route of infection is ingestion of the encysted stage of the organism
which is passed in feces of an infected animal.
2. Clinical Signs: No clinical signs have been attributed directly to these organisms. Diarrhea is
often exacerbated by the presence of these flagellates.
3. Pathology: No specific pathology accompanies these parasitic infections. Tritrichomonas is
most commonly found in the lower small intestine and cecum while Giardia is found primarily in the
jejunum.
4. Treatment: Antiflagellate therapy described for Spironucleus can be used, although success in
eliminating the parasites is poor. In colony situations, no therapy is attempted.
5. Control: Same as for Spironucleus muris.
III. Nematodes
A. Pinworms: Syphacia obvelata (note round esophageal bulb in A.)and Aspiculuris tetraptera (note
oval esophageal bulb in B.) are cecal pinworms commonly found in mice and other rodents.
  

B. Transmission: Syphacia obvelata deposits eggs in the perianal region while Aspiculuris
tetraptera releases eggs in the colon which then are passed in fecal pellets. Infection occurs via
ova ingestion. The eggs of Syphacia obvelata are very light and have been shown to aerosolize,
resulting in widespread exposure.
C. Clinical Signs: No signs are usually seen. It has been reported that heavy parasite loads may
lead to rectal prolapse or perianal irritation.
D. Pathology: The pinworms are easily recognized as translucent to white, hairlike nematodes in
the cecum or colon.
E. Diagnosis: Direct exam of cecal or colonic contents will identify adults. fecal flotation (for both
pinworms) and tape test of the perianal region (for Syphacia only) will identify eggs. Syphacia
obvelata ova are asymmetrical with pointy ends (C.), while Aspiculuris ova are symmetrical and
unembryonated (D.). Aspiculuris tetraptera eggs will be missed by tape test alone.
  

F. Treatment: If treatment is desired, ivermectin solutions (from horse preparations) diluted to
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deliver 0.01 mg/ml of drinking water (0.4 mg/kg) can be supplied on days 1, 14, and 28 to break
the life cycle. Piperazine (4 to 7 mg/ml water) for 3 to 10 days is also effective, but karo syrup may
have to be added to the solution if the mice refuse to drink it. Feed fenbendazole sow cubes (Kent
Feed) as sole food source for 3 days; repeat in 7 and 14 days. Have to consider the possible impact
of treatment on use of mice before treatment begins.
G. Control: Fenbendazole treated feed has been successful in treating mice, but efforts must be
made to remove ova from the environment to prevent re-infection. Disinfectants will not destroy
pinworm ova, so they must be either physically removed or inactivated through heat sterilization
(cages). Screen incoming animals for pinworms to prevent contamination of other animals. Cage
bonnets will help prevent ova aerosolization during quarantine or treatment of infected mice. Regular
parasite examinations with treatment of infected animals may control the parasitism.   Cesarian
derivation will also eliminate the infection.
IV. Cestodes
Hymenolepid Tapeworms
A. Rodentolepis nana is the dwarf tapeworm and Hymenolepis diminuta is the rat tapeworm. Both
tapeworms are capable of infecting mice. The incidence of parasitism is rare.
B. Transmission: Rodentolepis nana and Hymenolepis diminuta can be transmitted by an indirect
mode with cockroaches, grain beetles, or fleas as intermediate hosts. Rodentolepis nana can also be
transmitted by direct ingestion of hexacanth ova or by autoinfection in which the entire life cycle
occurs in the host's small intestine (complete life cycle in 14 to 16 days).
C. Clinical Signs: Usually there are no external signs of infection. However, catarrhal enteritis,
diarrhea, emaciation and chronic weight loss may occur with heavy infestations.
D. Pathology: Rodentolepis nana adults range from 25 to 40 mm long and less than l mm wide
and have an armed rostellum (see photo). Hymenolepis diminuta adults range from 20 to 60 mm in
length and 3 to 4 mm wide without hooks on the scolex. These tapeworms may migrate up the
pancreatic and biliary ducts. Since R. nana can complete its life cycle without an intermediate host,
strobelocerci may be observed within the lamina propria of the small intestine.

E. Diagnosis: Visualization of the tapeworm in the small intestine during necropsy, recovery of
hexacanth ova by fecal flotation or microscopic visualization of segmented parasites or encysted
larvae in histological sections of the small intestine villi (for R. nana) are methods of diagnosis.
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F. Treatment: Niclosamide at 10 mg/100 gm body weight should be crushed and given in
powdered feed for two treatments at 7 day intervals. Praziquantel, at the equivalent of the cat dose,
has been used, but the efficacy of treatment has not been documented.
G. Control: Cockroaches should be eliminated and infected animals treated or eliminated.
Public Health Significance: Humans are susceptible to infections with R. nana; since autoinfection
can occur, a heavy parasite load may quickly develop.
Encysted Tapeworms
Mice serve as intermediate hosts for the cat tapeworm Taenia taeniaformis. The cysticercoid cyst
( Cysticercus fasciolaris) embeds in the liver and causes no clinical signs. Infection occurs when mice
ingest ova from food or bedding contaminated with cat feces. No treatment is necessary, but feline
fecal contamination should be prevented.

FUNGAL DISEASES
V. Pneumocystis carinii

Pneumocystis carinii is an opportunistic pathogen of the respiratory tract of mice, rats and probably
all domestic mammals and man. It is believed to be a fungus that is spread by the inhalation of
infective cysts. Mice that are immunosuppressed, either by treatment or by virtue of a hereditary
immunological defect, may develop a fatal pneumonia. Affected mice display hunched posture,
tachypnea, and weight loss when the pneumonia has consumed a significant portion of the lung.
Affected lungs are diffusely red and fail to deflate when the chest is opened (A.). Histologically,
interstitial pneumonia is accompanied by histiocytic alveolitis, with alveoli filled with eosinophilic
foamy material that may contain some degenerated macrophages or few neutrophils (B.). PAS and
Giemsa stains are needed to visualize the trophozoite stages, and a silver stain is used to
demonstrate the argyrophilic cysts (C.). Sulfameraxine/trimethroprim antibiotics are used to treat or
prevent clinical disease in immunologically stressed mice (such as the thymic deficient nude and
severe combined immunodeficient mice).
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VIRUS DISEASES                       
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Main

I. Mouse Hepatitis Virus (MHV)
II. Parvoviruses (MMV, MPV)
III. Epizootic Diarrhea of Infant Mice (EDIM)
IV. Sendai Virus
V. Mousepox (Ectromelia Virus)
VI. Lymphocytic Choriomeningitis (LCM) Virus
VII. Mouse Norovirus (MNV)
VIII. Miscellaneous Viral Diseases
VIRAL DISEASES
I. Mouse Hepatitis Virus (MHV)
A. Etiology: MHV is an RNA coronavirus. Several MHV strains display tropisms for different tissues
but all share the ability to replicate in the intestinal tract.
B. Transmission: Fecal-oral, direct contact, aerosols, and fomites have been reported. Vertical
transmission has been reported in experimental infections, but doesn't appear to occur in
spontaneous infections. The incidence of MHV infection is moderate.
C. Clinical Signs: There are 2 major patterns of disease based on the tropism of the virus strain.
The respiratory pattern begins with virus replication in the nasal cavity and lungs with viremia and
dissemination to other organs. Intestinal involvement is minimal. The enteric pattern infects the
upper respiratory and intestinal tract, with variable spread to other viscera. Some strains may
spread to the brain. There is overlap between these 2 disease patterns depending on which strain
of MHV is involved. Disease expression is dependent on virus species and on host factors, including
age, genotype and immune function. MHV infections in immunocompetent mice are generally
subclinical. In suckling mice, watery diarrhea with mortality may occur with virulent enterotropic
MHV infections. Immune deficient mice progressively lose weight and die (see photo).

D. Pathology: In immunocompetent mice, gross lesions of MHV infection occur infrequently.
Lesions, when present, may include gasseous distention of the intestinal tract in suckling mice, and
multiple white liver foci in older mice. Gross lesions are common in MHV-infected immunodeficient
mice. The livers of infected immunodeficient mice may have multifocal white foci along with a hobnail, nodular appearance (see photo).
.
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Histopathological examinations of intestinal tracts reveal transient syncytia (arrow) of the mucosal
epithelial cells in mice infected with enterotropic virus strains (A.).   Focal coagulative liver necrosis
can be seen in mice infected with polytropic virus strains (B.). Hepatocellular syncytia (arrow) are
rarely present around necrotic foci in immunocompetent mice (C.). In immunodeficient mice,
intestinal epithelial cells, hepatocytes and vascular endothelial cells undergo syncytial cell formation,
necrosis and replacement with scarring in certain organs, especially liver.
  
  

E. Diagnosis: The most useful diagnostic test for screening mouse colonies is the ELISA or the IFA.
Histologic lesions are transient in immunocompetent mice, so histopathologic examination of target
tissues may be helpful in the face of an outbreak.or in identification of infection in immunodeficient
mice. PCR has been shown to help identify virus in tissue specimens, feces and environmental
swipes.
F. Treatment: None.
G. Control: The three most common control measures for immunocompetent mice are to 1) "burnout" the viral infection through stop breeding of breeders with removal of suckling mice and
purposeful mixing of mice to enhance infection of any susceptible mice for 8 weeks, 2) rederive the
colony by Cesarian derivation or embryo transfer, or 3) restock with clean animals. Since MHV
infections are not transient in immunodeficient mice, the stop-breeding technique would not be
recommended. Once MHV-free mice are obtained, husbandry practices must be modified to prevent
reintroduction of the virus. Such practices may include use of approved commercial suppliers that
can provide recent health monitoring data, quarantine of new arrivals with MHV screening before
admittance into facility, use of microisolator cages, use of barrier facilities.
II. Parvovriuses (MVM and MPV)
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A. Etiology: Parvoviruses of mice are single stranded DNA viruses of several species: Minute Virus of
Mice (MMV) and Mouse Parvovirus (MPV).
B. Transmission: Mice are infected primarily by direct contact with virus shed in feces or urine.
Parvoviruses are capable of surviving in the environment for extended periods of time (weeks), so
fomite transmission is likely.
C. Clinical Signs and Pathology: Naturally-occurring parvovirus infections do not produce clinical
signs or lesions in infected mice. In immunocompetent mouse hosts, MMV appears to cause a shortlived infection while MPV causes persistent infections of lymphoid tissue (especially mesenteric lymph
nodes).
D. Diagnosis: Identification of infected mice relies on serologic testing for parvoviral antibodies and
amplification of parvoviral genome by PCR. ELISA and IFA are sensitive methods to screen for
antibody to either or both parvoviruses depending on the test antigen. The viral protein, VP2, is
antigenically distinct between MMV and MPV. ELISAs using MMV VP2 or MPV VP2 are currently used
to detect antibodies to these viruses. PCR assays have been developed to screen samples for either
parvovirus. Since both MMV and MPV were initially identified as tissue culture contaminates, PCR is
widely accepted as a means to screen cultured cells or other biological materials recovered from
mice for parvovirus infection. These PCR assays can also be used to diagnose virus infections in
mice.
E. Treatment: None
F. Control: Parvoviruses are hardy viruses, and can survive for weeks in the environment. Special
attention to decontamination using sterilization and parvoviracidal disinfectants is key to controlling
spread of virus. Mouse colonies have been successfully rederived by embryo transfer or cesarian
section. Rigorous serologic monitoring of rederived offspring and foster dam will assure success of
rederivation process.
III. Epizootic Diarrhea of Infant Mice (EDIM)
A. Etiology: EDIM virus is an RNA virus of the rotavirus group A.
B. Transmission: Transmission occurs by fecal-oral, direct contact, and aerosol routes. Adult mice
are inapparent viral carriers and shed the virus to their susceptible young. The incidence of
rotavirus infection is low to moderate.
C. Clinical Signs: Usually no clinical signs are noted in EDIM-infected mouse colonies. In
experimentally-infected mice, a watery yellow diarrhea develops in 14-17 day old mice (see photo).
Rotavirus-infected mice continue to nurse, a clinical feature that can be used to differentiate
rotavirus from MHV-induced diarrheal disease. MHV-infected mice quit nursing when diarrhea
ensues. Feces often dry on the perineum causing obstipation and death. Surviving mice exhibit
stunted growth.

D. Pathology: The intestines contain scant, yellow, gaseous contents. If a dried perianal fecal plug
is present, the intestinal tract may be dilated with the gaseous contents. Histopathologic features of
the disease include vacuolar degeneration of infected enterocytes (arrows), typically at the villous tip
(A.). Degenerative virus-induced vacuoles vary in size and are associated enterocyte nuclear
pyknosis, and are unlike uninfected enterocytes with globular lipoprotein vacuoles, which are uniform
with a pink proteinaceous droplet (arrow), and unremarkable nuclei that are common in suckling
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mice (B.).

  

E. Diagnosis: The clinical history and positive serological tests by ELISA, IFA or serum neutralization
on sera from the mothers of affected mice allow confirmation of rotavirus infection. Additional
diagnostic tests include PCR or commercially-available antigen capture ELISA on feces.
F. Treatment: Remove perianal fecal masses with warm water soaks.
G. Control: To prevent spread of the virus in a colony, individual cage filter covers may be used.
The disease is most severe in mice born to nonimmune dams. Multiparous dams ingest infant feces
and produce antibodies to protect future litters.
IV. Sendai Virus
A. Etiology: Sendai virus is an RNA paramyxovirus of the parainfluenza type 1 group.
B. Transmission: Direct contact is the primary means of viral spread. The virus is not
environmentally stable, but can be transmitted by fomites because of the quantities of virus excreted
from infected mice. The incidence of infection is low.
C. Clinical Signs: Infected mice may exhibit labored breathing and decreased fecundity. In DBA/2
and immune deficient mice, the infection is almost always fatal. This virus is immunosuppressive
and may predispose to secondary bacterial infections. Generally, no clinical signs are observed in
mice in endemically infected colonies. In clinically apparent infections, signs are variable but may
include chattering, mild respiratory distress to labored breathing, and decreased fecundity in adults,
deaths (possibly whole litters) in neonates and sucklings, and poor growth in weanling and young
adult mice.
D. Pathology: The lungs of affected mice may be mottled with red and tan foci in the parenchyma
(A.). Exudate in the major airways may be seen. Histological examinations reveal characteristic
interstitial pneumonia with perivascular and peribronchiolar lymphoid infiltrates, hyperplasia of
alveolar macrophages, and foci of alveolar and bronchiolar epithelial necrosis with a neutrophilic
infiltrate (B.). Observation of squamous metaplasia of the bronchial epithelium is associated with the
reparative stage of the infection.
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E. Diagnosis:   Histologic lesions in susceptible mice and PCR can identify Sendai virus in acute
infections. Commercially available ELISA and IFA can be used to identify antibody titers in
recovering mice..
F. Treatment: In static colonies, the disease will run its course; no latent infection occurs. In
breeding colonies, cessation of breeding for 60 days, elimination of all suckling mice during this time
period, and purposeful mixing of weanlings and adults to insure maximum viral exposure of all
susceptible mice will prevent infections of future litters.
G. Control: Prevention of exposure or deliberate exposure are the two main approaches to control
Sendai virus infection.
V. Mousepox (Ectromelia Virus)
A. Etiology: Ectromelia virus, the agent of mousepox, is a DNA poxvirus of the vaccinia subgroup.
B. Transmission: Natural infections occur via the fecal-oral route, urine contamination or by direct
contact. Skin abrasions are thought to provide the main route of entry. Inoculation of mice with
poxvirus-infected tumor cells or serum products have also caused disease outbreaks. Severity of
disease is dependent on the mouse strain. Incidence of disease is rare, with sporadic epizootics
usually resulting from passage of infected cells or other biological material into naive mice.
C. Clinical Signs: Clinical signs are dependent on the genotype of the mouse strain, with strain A,
C3H and BALB/c representing suceptible strains, and C57BL/6 considered a resistant strain. In acute
disease, there is high morbidity and high mortality with affected animals exhibiting hunched posture,
conjunctivitis and facial swelling. Subacute to chronically infected animals develop a cutaneous
vesicular body rash which often progresses to swelling, necrosis and sloughing of the extremities.
Deaths are sporadic.

D. Pathology: Lesions from animals dying from acute disease include visceral congestion,
splenomegaly, white necrotic foci in the liver and spleen, and peritoneal exudate. In addition, focal
pancreatic necrosis, erosive enteritis and vesicular pox lesions on the extremities can also be found.
Although clinical and gross lesions are suggestive of the disease, histological demonstration of
intracytoplasmic inclusion bodies (arrows) in epithelial cells surrounding vesicular skin ulcers, in small
intestinal cells and in pancreatic cells is helpful to confirm the diagnosis.
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E. Diagnosis: Ruleouts for these signs include Tyzzer's disease, MHV, salmonellosis, skin parasites,
ringworm, bite wounds, and arthritis.    Electron microscopy and PCR provide excellent forms of
documentation of pox virions in infected cells.   Serological tests using ELISA, HAI and IFA help
screen mouse colonies for the presence of infection.
F. Treatment: None.
G. Control: If the animals are readily available commercially, exterminate the infected colony,
sanitize the facility and repopulate with uninfected mice. Valuable mouse strains may be rederived if
they can survive the acute infection. Identify the source of virus, and implement measures to
prevent re-introduction.
VI. Lymphocytic Choriomeningitis (LCM) Virus
A. Etiology: LCM virus is an arenavirus (RNA virus).
B. Transmission: In utero or perinatal infections (within 1 day post-partum) produce a persistent,
subclinical infection. If a mouse is infected after 24 hours of age, antibody production occurs. Virus
is continually shed in urine, saliva and milk but antibody is difficult to detect due to low production
and to binding with virus to cause circulating antibody-virus complexes. Incidence of disease is rare
in commercial breeding colonies. A major source of infection is transplanted mouse (hamster)
tumors or cell lines . Vertical (transovarian and/or transuterine) transmission is known to occur and
is considered an efficient means of transmission to mice delivered by infected dams.
C. Clinical Signs: Two types of infections are known to occur. The persistent tolerant form results
when the infection is acquired in utero or within a few days after birth. There is life-long viremia
and shedding of virus. There is modest growth retardation, and at 7-10 months of age, immune
complex glomerulonephritis occurs and is associated with emaciation, ruffled fur, hunched posture,
ascites and some deaths. The second, nontolerant (acute) infection occurs when the mice are
exposed after the first week of life. Viremia develops, but there is no shedding of virus. The
outcome is either death within a few days or weeks, or recovery with elimination of the virus.
D. Pathology: Gross lesions vary from none to focal visceral necrosis and splenomegaly. Histological
examination of the brain reveals lymphocytic infiltration of the meninges, choroid plexus, and of
submeningeal and subchoroid perivascular spaces.

In tolerant mice, perivascular lymphoid infiltrates of viscera and immune-complex glomerulonephritis
may be observed. Please note that these lesions are also common in inbred strains of mice that are
prone to development of autoimmune disease.
E. Diagnosis: ELISA tests may reveal serum antibodies. PCR of kidney or brain from infected mice
or of biological samples will identify virus. Virus isolation can be frustrating since LCM does not
induce cytopathic effect. Bioassays include suckling mouse inoculation (footpad injection with
infected neural tissue with swelling in 5-9 days or cerebral injection with development of
neurological signs) or adult mouse inoculation (inject with whole blood and observe clinical signs or
antibody titers in 2 weeks confirming the diagnosis).
F. Treatment: None.
G. Control: Eliminate colony since vertical transmission of the virus makes control measures less
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effective.
Public Health Significance: CDC reports human LCM infections. Most recent LCM virus exposures
have been linked to exposure with experimental infection studies in immunocompromised research
mice, or to research bench accidents.
VII. Mouse Norovirus (MNV)
Etiology: MNV is an RNA virus in the family Caliciviridae. There are at least 4 strains designated as
MNV-1, MNV-2, MNV-3, and MNV-4. The virus causes enteric infections and can also exit the gut to
replicate in macrophages and dendritic cells in multiple organs, including mesenteric lymph node and
liver.
Transmission: Fecal-oral and fomite transmission have been reported. The incidence of MNV
infection is high.
Clinical Signs: Immunocompetent animals exhibit no clinical signs. Mice lacking specific components
of the innate immune system (signal transducer and activator of transcription 1 or both the
interferon αβ and γ receptors) succumb to lethal infection. Mice with mutations in a number of other
innate immune effector molecules survived infection. Stat1 is involved in signaling through both IFN
αβ and IFN γ receptors, so collectively these findings implicate Stat1-dependent innate immunity in
prevention of lethal MNV-1 infections. Infected immunocompetent and immunodeficient mice
persistently shed virus in feces.
Pathology: Immunocompetent animals exhibit no pathology. After experimental inoculation, STAT1 /- exhibit mortality with the lesions including encephalitis, cerebral vasculitis, pneumonia, meningitis
and hepatitis.
Diagnosis: Serologic assays using Multiplex Fluorescent Immunoassay (MFI) detect all four strains of
MNV as there is good serologic cross-reactivity. Additionally, RT-PCR is a useful tool for screening
due to the occurrence of prolonged fecal shedding. Target tissues for PCR testing include feces and
mesenteric lymph node.
Treatment: None.
Control: The virus is nonenveloped and environmentally stable. It can be killed with a 1:10 dilution
of bleach or by autoclaving. Anecdotal evidence suggests the virus can be eliminated by rederiving
the colony by Caesarian derivation or embryo transfer.
VII. MISCELLANEOUS VIRAL DISEASES
Mouse poliovirus (Theiler's meningoencephalitis virus) is an cadiovirus that causes asymptomatic
enteric infection. Experimental inoculation of susceptible mouse strains with neurovirulent strains of
TMEV induce encephalitis and demyelinating disease. Experimentally-infected mice serve as a model
for studying immune-mediated demyelinating diseases, so it is important that such mice are free
from the asymptomatic disease caused by wild-type strains of TMEV. ELISA is the diagnostic test of
choice for identifying infected mice. Reovirus 3 is a reovirus that causes runting, diarrhea and
jaundice of young mice. The spontaneous disease is rare, as evidenced by the lack of positive titers
in ELISA surveys of mouse colonies. Viruses found in high frequency in transplantable cells and
tumors include mouse cytomegalovirus, mouse thymic virus, polyoma virus, and LDV
(lactate dehydrogenase elevating virus). The incidence of spontaneous infections with these viruses
in research mice is rare.
Back to Disease Categories
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Main

I. Rodentolepis
II. Lymphocytic Choriomeningitis (LCM) Virus
III. Salmonellosis
I. Rodentolepis nana
A. Rodentolepis nana is the dwarf tapeworm and Hymenolepis diminuta is the rat tapeworm. Both
tapeworms are capable of infecting mice. The incidence of parasitism is rare.
B. Transmission: Rodentolepis nana and Hymenolepis diminuta can be transmitted by an indirect
mode with cockroaches, grain beetles, or fleas as intermediate hosts. Rodentolepis nana can also be
transmitted by direct ingestion of hexacanth ova or by autoinfection in which the entire life cycle
occurs in the host's small intestine (complete life cycle in 14 to 16 days).
C. Clinical Signs: Usually there are no external signs of infection. However, catarrhal enteritis,
diarrhea, emaciation and chronic weight loss may occur with heavy infestations.
D. Pathology: Rodentolepis nana adults range from 25 to 40 mm long and less than l mm wide
and have an armed rostellum (see photo). Hymenolepis diminuta adults range from 20 to 60 mm in
length and 3 to 4 mm wide without hooks on the scolex. These tapeworms may migrate up the
pancreatic and biliary ducts. Since R. nana can complete its life cycle without an intermediate host,
strobelocerci may be observed within the lamina propria of the small intestine.

E. Diagnosis: Visualization of the tapeworm in the small intestine during necropsy, recovery of
hexacanth ova by fecal flotation or microscopic visualization of segmented parasites or encysted
larvae in histological sections of the small intestine villi are methods of diagnosis.
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F. Treatment: Niclosamide at 10 mg/100 gm body weight should be crushed and given in
powdered feed for two treatments at 7 day intervals. Praziquantel, at the equivalent of the cat dose,
has been used, but the efficacy of treatment has not been documented.
G. Control: Cockroaches should be eliminated and infected animals treated or eliminated.
Public Health Significance: Humans are susceptible to infections with R. nana; since autoinfection
can occur, a heavy parasite load may quickly develop.
II. Lymphocytic Choriomeningitis (LCM) Virus
A. Etiology: LCM virus is an arenavirus (RNA virus).
B. Transmission: In utero or perinatal infections (within 1 day post-partum) produce a persistent,
subclinical infection. If a mouse is infected at any time after 24 hours of age, antibody production
occurs. Virus is continually shed in urine, saliva and milk but antibody is difficult to detect due to
low production and to binding with virus to cause circulating antibody-virus complexes. Incidence of
disease is rare in commercial breeding colonies. A major source of infection is transplanted mouse
(hamster) tumors or cell lines . Vertical (transovarian and/or transuterine) transmission is known to
occur and is considered an efficient means of transmission to mice delivered by infected dams.
C. Clinical Signs: Two types of infections are known to occur. The persistent tolerant form results
when the infection is acquired in utero or within a few days after birth. There is life-long viremia
and shedding of virus. There is modest growth retardation, and at 7-10 months of age, immune
complex glomerulonephritis occurs and is associated with emaciation, ruffled fur, hunched posture,
ascites and some deaths. The second, nontolerant (acute) infection occurs when the mice are
exposed after the first week of life. Viremia develops, but there is no shedding of virus. The
outcome is either death within a few days or weeks, or recovery with elimination of the virus.
D. Pathology: Gross lesions vary from none to focal visceral necrosis and splenomegaly. Histological
examination of the brain reveals lymphocytic infiltration of the meninges, choroid plexus, and of
submeningeal and subchoroid perivascular spaces.

In tolerant mice, perivascular lymphoid infiltrates of viscera and immune-complex glomerulonephritis
may be observed. Please note that these lesions are also common in inbred strains of mice that are
prone to development of autoimmune disease.
E. Diagnosis: ELISA tests may reveal serum antibodies. PCR of kidney or brain from infected mice
or of biological samples will identify virus. Virus isolation can be frustrating since LCM does not
induce cytopathic effect. Bioassays include suckling mouse inoculation (footpad injection with
infected neural tissue with swelling in 5-9 days or cerebral injection with development of
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neurological signs) or adult mouse inoculation (inject with whole blood and observe clinical signs or
antibody titers in 2 weeks confirming the diagnosis).
F. Treatment: None.
G. Control: Eliminate colony since vertical transmission of the virus makes control measures less
effective.
Public Health Significance: CDC reports human LCM infections. Most recent LCM virus exposures
have been linked to exposure with experimental infection studies in immunocompromised research
mice, or to research bench accidents.
III. Salmonellosis
A. Etiology: Salmonella are Gram-negative, toxin-producing, invasive, enteric bacteria. The most
common serotype of Salmonella enterica to infect mice is serovar Typhimurium.
B. Transmission: The disease is spread by fecal-oral transmission. Food, water, and bedding may
be contaminated by infected feces from wild mice. The incidence of salmonellosis is rare in research
mice, and uncommon with sporadic epizootics in mice from colonies raised for pet or zoo industries.
C. Clinical Signs: Disease in susceptible colonies may be manifest only as acute death with no
clinical signs of infection. Moderate morbidity characterized by hunched posture, anorexia, lethargy,
and high to sporadic mortality may be observed in weanlings and in females in late gestation.
Diarrhea may or may not be present. The disease will become endemic, with periodic cycling of
overt disease symptoms such as acute deaths, chronic low fertility, fetal reabsorption, or abortion.
D. Pathology: In acute deaths, the spleen may be enlarged 2 to 3 times normal size. Lesions in the
small intestine consist of mucosal congestion and edema with thrombosis of the mesenteric
vasculature. In sub-acute infections, multiple white to yellow foci occur in the liver, spleen is
enlarged, and mesenteric lymph nodes may be enlarged and edematous (left photo).
Histopathological examination may reveal multifocal necrotizing splenitis and hepatitis, with necrotic
foci often accompanied by colonies of bacteria (arrow in right photo).
        .

E. Diagnosis: The history of the disease outbreak, decreased fecundity in breeding colonies, gross
lesions, and identification of wild rodent exposure can be suggestive of salmonellosis.   A definitive
diagnosis is determined by culture of liver and spleen (in acute cases), feces, mesenteric lymph
node, and ileal homogenates (in subacute cases) on selective media such as selenite, brilliant green
and MacConkey's agar with serotyping of the isolate.
F. Treatment: Since the carrier state can not be successfully eliminated with antibiotic therapy,
elimination of the animal or animals in the colony is suggested. Restock only after extensive
sanitation has been performed.
G. Control: Aggressive husbandry improvement procedures should be aimed at prevention of food,
bedding, water, or mouse contamination by wild vermin, and proper sanitizing of cages and
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watering equipment.
Public Health Significance: Humans ingesting Salmonella contaminated food or water may
experience a transient diarrhea. Children or immunocompromised adults may experience more
severe disease. The disease in humans is reportable.
Back to Disease Categories
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Main

I. Alopecia
II. Arthropods
III. Corynebacterium bovis (Hyperkertitis Associated Coryneform)
IV. Fight wounds
V. Mousepox (Ectromelia Virus)
VI. Self-Mutilation
VII. Staphylococcal Furunculosis
I. Alopecia
A. Barbering: A female mouse may develop a fur-chewing vice and chew the hair off a cagemate or
her litter. The hair over the nasal and orbital regions or the dorsal cervical area is most often
barbered. The exposed skin is intact and normal in appearance. The only cure for barbering, if the
client considers it a problem, is to remove the mouse that has not been barbered.

B. Alopecia: Alopecia often with accompanying epidermal thickening is one of the most common
lesions seen in genetically engineered mice (GEM). The causes of alopecia are frequently unknown,
and may be related with the genotype of the mouse.
II. Arthropods
A. Etiology: Myocoptes musculinus (A.), Myobia musculi (B.), and Radfordia affinis (C.) are common
fur mites. Psorogates simplex , the follicular mite, is rarely seen.
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B. Transmission: Direct contact spreads the mite. Fur mites are usually host-specific. Prevalence of
infestation is low in conventional colonies of mice.
C. Clinical Signs: Usually no clinical signs are observed.   Black haired mice are thought to have an
increased sensitivity to mites manifested by pruritus and alopecia progressing to excoriation,
ulcerative dermatitis, and cicatricial disfigurement.
D. Diagnosis: On live mice, plucking hairs from the pelt and examining under a dissecting
microscope may reveal the eggs (laid on the hair shaft) or the mites (A.). If the pelt from a recently
killed mouse is cooled to room temperature, the mites will crawl up to the tips of the hairs, looking
like white specks (B.). If an animal has been dead for a while, the mites may have migrated to
another host.
        .         

E. Treatment: Adults and weanlings can be dusted with silica dusts, pyrethrin dusts. Ivermectin
solutions, using the horse preparations, have been made in concentrations providing 8 mg in every
liter of drinking water. Treated water in bottles should be provided once a week for 3 weeks to
eliminate the mites. Alternatively, 0.1% solutions in spray bottles can be used to deliver ivermectin.
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Care must be exercised as some mouse strains, such as the CF-1, will experience decreased
production or death when treated with ivermectin. Treatment should be tailored to break the mite
life cycle and to accommodate the research protocol or animal use.
F. Control: Regular examinations and treatments may eventually rid the colony of mites.
III. Corynebacterium bovis (Hyperkertitis Associated Coryneform)
A.   Etiology: Corynebacterium bovis has been identified as the cause of a bacterial skin disease of
nude mice referred to as "scaley skin disease". The condition typically affects adult homozygous
nude mice of both genders, and is manifested as a hyperkeratosis with yellow-white flakes adherent
to thickened skin.

B. Transmission: The bacterium is carried on the skin and in the oral cavity of mice, and is
transmitted by direct contact and by fomite transmission (handling, flake contact, etc.). C. bovis has
been cultured from affected nude mice, and also from skin of asympomatic hirsute
immunocompetent mice. The association of bacterium with disease may be related to lack of hair
since the hairless immunocompetent SKH-1 mouse is also susceptible to bacterial hyperkeratosis
C. Pathology: Affected mice may lose weight and are often removed from study because of reports
of poor growth of transplanted tumors or hinderence of immunologic studies. Mortality is low and
the hyperkeratosis is transient but may recur. Histologic examination of the skin reveals acanthosis,
orthokeratotic hyperkeratosis with a mononuclear cell dermal infiltrate (A.). Short, Gram-positive
rods arranged in clusters (arrow) and palisades can be recognized in the stratum corneum on Gramstained skin sections (B.).
        .

D. Diagnosis: The bacterium can be cultured by inoculating blood agar with skin or buccal swabs
and grows in punctiform colonies after 48 hrs of incubation in aerobic conditions. The bacterium can
also be detected in skin and environmental samples by a C. bovis -specific PCR test.
E. Treatment and Control: Antibiotics such as ampicillin or penicillin VK delivered in drinking water
controls the disease but does not eliminate carriage of the bacterium. Control measures include
ordering mice from C. bovis -negative mouse colonies, housing mice in sterile microisolator cages,
and use of oxidant-based disinfectants on forceps or gloves used for animal handling, and
environmental surfaces (including biosafety hoods, animal restrainers, etc.).
IV. Fight wounds
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Mice (particularly males) may fight and can inflict severe wounds upon each other. These usually
are located on the face, back, and genital areas. If tail biting occurs, the tail may become
gangrenous and slough. The wounds may become infected and develop into abscesses. Wounds
may be treated by lancing and flushing with a tamed iodine or antibiotic solution. Topical antibiotic
ointments containing aminoglycosides should be avoided since ingestion of aminoglycosides can be
toxic to mice (the mechanism of toxicity is respiratory paralysis from ganglion blockade). Prevention
is by separating the fighting animals.

V. Mousepox (Ectromelia Virus)
A. Etiology: Ectromelia virus, the agent of mousepox, is a DNA poxvirus of the vaccinia subgroup.
B. Transmission: Natural infections occur via the fecal-oral route, urine contamination or by direct
contact. Skin abrasions are thought to provide the main route of entry. Inoculation of mice with
poxvirus-infected tumor cells or serum products have also caused disease outbreaks. Severity of
disease is dependent on the mouse strain. Incidence of disease is rare, with sporadic epizootics
usually resulting from passage of infected cells or other biological material into naive mice.
C. Clinical Signs: Clinical signs are dependent on the genotype of the mouse strain, with strain A,
C3H and BALB/c representing suceptible strains, and C57BL/6 considered a resistant strain. In acute
disease, there is high morbidity and high mortality with affected animals exhibiting hunched posture,
conjunctivitis and facial swelling. Subacute to chronically infected animals develop a cutaneous
vesicular body rash which often progresses to swelling, necrosis and sloughing of the extremities.
Deaths are sporadic.

D. Pathology: Lesions from animals dying from acute disease include visceral congestion,
splenomegaly, white necrotic foci in the liver and spleen, and peritoneal exudate. In addition, focal
pancreatic necrosis, erosive enteritis and vesicular pox lesions on the extremities can also be found.
Although clinical and gross lesions are suggestive of the disease, histological demonstration of
intracytoplasmic inclusion bodies (arrows) in epithelial cells surrounding vesicular skin ulcers, in small
intestinal cells and in pancreatic cells is helpful to confirm the diagnosis.
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E. Diagnosis: Ruleouts for these signs include Tyzzer's disease, MHV, salmonellosis, skin parasites,
ringworm, bite wounds, and arthritis.    Electron microscopy and PCR provide excellent forms of
documentation of pox virions in infected cells.   Serological tests using ELISA, HAI and IFA help
screen mouse colonies for the presence of infection.
F. Treatment: None.
G. Control: If the animals are readily available commercially, exterminate the infected colony,
sanitize the facility and repopulate with uninfected mice. Valuable mouse strains may be rederived if
they can survive the acute infection. Identify the source of virus, and implement measures to
prevent re-introduction.
VI. Self-Mutilation
A. Otitis Media: Otitis media has been reported to result in enough irritation to cause the animals
to scratch the base of the ears with the hind feet. The scratching can lead to excoriation and
ulceration of the skin of the neck and subsequent inoculation of the wounds with environmental
bacteria contaminating the feet. The resultant dermatitis evokes a more intense scratching reflex
until a large ulcerative pustular dermatitis results from the self-mutilating activity. Parenteral
antibiotic therapy appears to be of little help for the otitis media or the dermatitis. Clipping of the
toenails or applying an Elizabethan collar will allow resolution of the dermatitis with or without
medicinal therapy. Certainly, the value of the animal will dictate the decision to treat or euthanize.

B. Ulcerative Dermatitis Syndrome: Black mice of a C57BL genotype are prone to develop a
dermatitis with alopeica and epidermal ulcers. Mice will scratch the dorsal cervical region, shoulder
and caudal axillary regions until ulcers form. The ulcerated areas often scar, causing restriction of
forelimb movement. Ectoparasite infestation may exacerbate the syndrome, but the syndrome
develops in mite-free mice. The disease appears to be multifactorial, and dietary factors may play a
role in disease expression.
C. Chemical Irritants: Forceps disinfected with germicidal solutions are often used to transfer the
mice from dirty to clean microisolator cages. The forceps are dipped in the germicidal solution and
mice are either grasped by the tail or by the loose skin over the neck. Improperly diluted quaternary
ammonium solutions can chemically burn the skin of mice and induce an ulcerative dermatitis. Skin
lesions must be monitored and treated for secondary bacterial infections and self-mutilation.
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VII. Staphylococcal Furunculosis
Staphylococcal species common to the flora of the skin and mucous membranes of mice are
Staphylococcus aureus and S. epidermidis.   Although S. aureus has not been recognized as a
primary pathogen, several reports point to its role in outbreaks of cutaneous infections in athymic
nude mice. Thymic deficient nude mice develop conjunctivitis and facial abscesses from which S.
aureus can be recovered in pure culture (A.). Inoculation of the bacteria into the skin apparently
occurs from grooming or bite wounds, and although the skin usually remains intact, the resultant
abscesses progressively enlarge and occasionally spread subcutaneously to form disfiguring lumps,
primarily about the face and head. Histologically, the abscess contains a core of bacteria (arrow)
surrounded by neutrophils, macrophages and fibrocytes (B.). The condition does not respond well
to antibiotic therapy. S. aureus is considered a pathogen in nude mice and the presence of these
bacteria denotes a breakdown in the pathogen-free status of the environment.
        .

Back to Disease Categories
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GASTROINTESTINAL DISEASES                        
Main

I. Citrobacter rodentium
II. Endoparasites
III. Epizootic Diarrhea of Infant Mice (EDIM)
IV. Helicobacter Infections
V. Miscellaneous Viral Diseases
VI. Mouse Hepatitis Virus (MHV)
VII. Parvovriuses (MMV and MPV)
VIII. Pseudomonas Septicemia
IX. Salmonellosis
X. Tyzzer's Disease
I. Citrobacter rodentium
A. Etiology: Citrobacter rodentium is a Gram-negative, enteric bacterium implicated as a cause of
proliferative bowel disease in young mice. The pathogenic helicobacters (see I.) are also implicated
in a proliferative bowel disease, but usually affect older mice.
B. Transmission: Citrobacter rodentium is transmitted through fecal-oral ingestion. Suckling and
recently weaned pups are more susceptible than adults, with higher mortality in some inbred strains
(C3H/HeJ, C57BL/6, DBA/2J and NIH Swiss) as compared to others. The incidence of infection is
low to moderate; the incidence of disease is low.
C. Clinical Signs: This disease is usually transient in mice, lasting only about 4 weeks. Affected
mice look sick and may excrete soft feces. Mortality is variable. Survivors may often have rectal
prolapses (see photo). Adults show no clinical illness.

D. Pathology: The colon, especially the descending portion, and occasionally the cecum, have a
greatly thickened mucosa, increasing the relative size of the large bowel (A.). Even if treated and
eliminated as soon as 2 days post-infection, mucosal hyperplasia still occurs. Bacterial colonization
of the bowel for 10 days results in maximum mucosal hyperplasia at around day 16 post-infection.
The crypts of the colon are greatly elongated with active cellular mitoses at the base of the crypts
and little inflammatory reaction (B.). When stained with silver or Gram stains, the bacteria may be
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seen attached to the surface epithelium. The mucosa reverts to normal by day 45.
        .    

E. Diagnosis: Culture may be unrewarding since bacterial colonization is transient and proliferative
colonic lesions persist beyond the period of colonization. Features of this disease that differ from
those of pathogenic Helicobacter infection include the following: 1) hyperplastic lesions occur
principally in descending colon (involves cecum and colon with pathogenic Helicobacter) 2) there is
minimal inflammatory cell infiltrate of mucosa except when erosions occur (usually mild to moderate
mixed inflammatory cell infiltrate with pathogenic Helicobacter), and 3) mortality is common in
young mice, and colonic lesions in mice of all ages (nonfatal large bowel disease most often in aged
mice infected with pathogenic Helicobacter). Isolation and biotyping of C. rodentium are essential
since nonpathogenic but related Citrobacter sp. can be found in mouse intestine.
F. Treatment: The disease is contagious but self-limiting. Treatment with neomycin sulfate,
tetracycline hydrochloride in drinking water reduces losses but does not completely eliminate the
infection. 12.5 % sulfadimethoxine in the drinking water may also prove beneficial in managing
mortality. Good sanitation is probably the most important control method. Rectal prolapses usually
occur after Citrobacter rodentium has been eliminated from the gut. The rectal prolapse may be
reduced by using a moistened cotton micro swab.
G. Control: Use strict sanitation and microisolator cage barriers to prevent cage to cage
transmission by fecal contamination. Depopulation and restocking with uninfected mice, and
Cesarian rederivation have been successful methods for eliminating the infection.
II. Endoparasites
Hymenolepid Tapeworms
A. Rodentolepis nana is the dwarf tapeworm and Hymenolepis diminuta is the rat tapeworm. Both
tapeworms are capable of infecting mice. The incidence of parasitism is rare.
B. Transmission: Rodentolepis nana and Hymenolepis diminuta can be transmitted by an indirect
mode with cockroaches, grain beetles, or fleas as intermediate hosts. Rodentolepis nana can also be
transmitted by direct ingestion of hexacanth ova or by autoinfection in which the entire life cycle
occurs in the host's small intestine (complete life cycle in 14 to 16 days).
C. Clinical Signs: Usually there are no external signs of infection. However, catarrhal enteritis,
diarrhea, emaciation and chronic weight loss may occur with heavy infestations.
D. Pathology: Rodentolepis nana adults range from 25 to 40 mm long and less than l mm wide
and have an armed rostellum (see photo). Hymenolepis diminuta adults range from 20 to 60 mm in
length and 3 to 4 mm wide without hooks on the scolex. These tapeworms may migrate up the
pancreatic and biliary ducts. Since R. nana can complete its life cycle without an intermediate host,
strobelocerci may be observed within the lamina propria of the small intestine.
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E. Diagnosis: Visualization of the tapeworm in the small intestine during necropsy, recovery of
hexacanth ova by fecal flotation or microscopic visualization of segmented parasites or encysted
larvae in histological sections of the small intestine villi (for R. nana) are methods of diagnosis.

F. Treatment: Niclosamide at 10 mg/100 gm body weight should be crushed and given in
powdered feed for two treatments at 7 day intervals. Praziquantel, at the equivalent of the cat dose,
has been used, but the efficacy of treatment has not been documented.
G. Control: Cockroaches should be eliminated and infected animals treated or eliminated.
Public Health Significance: Humans are susceptible to infections with R. nana; since autoinfection
can occur, a heavy parasite load may quickly develop.
Encysted Tapeworms
Mice serve as intermediate hosts for the cat tapeworm Taenia taeniaformis. The cysticercoid cyst
( Cysticercus fasciolaris) embeds in the liver and causes no clinical signs. Infection occurs when mice
ingest ova from food or bedding contaminated with cat feces. No treatment is necessary, but feline
fecal contamination should be prevented.

Nematodes
A. Pinworms: Syphacia obvelata (note round esophageal bulb in A.)and Aspiculuris tetraptera (note
oval esophageal bulb in B.) are cecal pinworms commonly found in mice and other rodents.
    .    
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B. Transmission: Syphacia obvelata deposits eggs in the perianal region while Aspiculuris
tetraptera releases eggs in the colon which then are passed in fecal pellets. Infection occurs via
ova ingestion. The eggs of Syphacia obvelata are very light and have been shown to aerosolize,
resulting in widespread exposure.
C. Clinical Signs: No signs are usually seen. It has been reported that heavy parasite loads may
lead to rectal prolapse or perianal irritation.
D. Pathology: The pinworms are easily recognized as translucent to white, hairlike nematodes in
the cecum or colon.
E. Diagnosis: Direct exam of cecal or colonic contents will identify adults. fecal flotation (for both
pinworms) and tape test of the perianal region (for Syphacia only) will identify eggs. Syphacia
obvelata ova are asymmetrical with pointy ends (C.), while Aspiculuris ova are symmetrical and
unembryonated (D.). Aspiculuris tetraptera eggs will be missed by tape test alone.
        .        

F. Treatment: If treatment is desired, ivermectin solutions (from horse preparations) diluted to
deliver 0.01 mg/ml of drinking water (0.4 mg/kg) can be supplied on days 1, 14, and 28 to break
the life cycle. Piperazine (4 to 7 mg/ml water) for 3 to 10 days is also effective, but karo syrup may
have to be added to the solution if the mice refuse to drink it. Feed fenbendazole sow cubes (Kent
Feed) as sole food source for 3 days; repeat in 7 and 14 days. Have to consider the possible impact
of treatment on use of mice before treatment begins.
G. Control: Fenbendazole treated feed has been successful in treating mice, but efforts must be
made to remove ova from the environment to prevent re-infection. Disinfectants will not destroy
pinworm ova, so they must be either physically removed or inactivated through heat sterilization
(cages). Screen incoming animals for pinworms to prevent contamination of other animals. Filtered
cage tops will help prevent ova aerosolization during quarantine or treatment of infected mice.
Regular parasite examinations with treatment of infected animals may control the parasitism.  
Cesarian derivation will also eliminate the infection.
Protozoa
A. Spironucleus muris is a flagellated protozoan that dwells on the small intestinal mucosa.
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1. Transmission:   Ingestion of infective cysts is the primary mode of transmission. A carrier stage
occurs in adults. The incidence of infection is low in conventional mouse colonies.
2. Clinical Signs: Weanling mice (3 to 6 weeks) appear to be most susceptible. Heavily infected
mice are usually smaller in size, depressed and have abdominal distension. Dehydration and
anorexia follow. A "sticky" fecal mass may be seen on the perineal area.
3. Pathology: The small intestines are rarely dilated and filled with gassy catarrhal fluid contents.
Autolysis of the intestines appears to occur more rapidly. No gross lesions are observed in most
juvenile and adult mice with this protozoal disease. Histologic exam of the pylorus and upper samll
intestine reveal small oval protozoa in the crypts and ocasionally in the space between villi.
4. Diagnosis: Direct smears of small intestinal contents reveal fast darting protozoa.
5. Treatment: Administration of dimetridazole (1 gm/l drinking water) has been reported to reduce
mortality, but does not effectively eliminate the parasites.
6. Control: Mice derived by cesarian section and maintained in a barrier environment are usually
free of Spironucleus muris.
B. Tritrichomonas sp.(large intestinal flagellate) and Giardia sp. (small intestinal flagellate) are also
common protozoal inhabitants of the mouse gut.
1. Transmission: The main route of infection is ingestion of the encysted stage of the organism
which is passed in feces of an infected animal.
2. Clinical Signs: No clinical signs have been attributed directly to these organisms. Diarrhea is
often exacerbated by the presence of these flagellates.
3. Pathology: No specific pathology accompanies these parasitic infections. Tritrichomonas is
most commonly found in the lower small intestine and cecum while Giardia is found primarily in the
jejunum.
4. Treatment: Antiflagellate therapy described for Spironucleus can be used, although success in
eliminating the parasites is poor. In colony situations, no therapy is attempted.
5. Control: Same as for Spironucleus muris.
III. Epizootic Diarrhea of Infant Mice (EDIM)
A. Etiology: EDIM virus is an RNA virus of the rotavirus group A.
B. Transmission: Transmission occurs by fecal-oral, direct contact, and aerosol routes. Adult mice
are inapparent viral carriers and shed the virus to their susceptible young. The incidence of
rotavirus infection is low to moderate.
C. Clinical Signs: Usually no clinical signs are noted in EDIM-infected mouse colonies. In
experimentally-infected mice, a watery yellow diarrhea develops in 14-17 day old mice (see photo).
Rotavirus-infected mice continue to nurse, a clinical feature that can be used to differentiate
rotavirus from MHV-induced diarrheal disease. MHV-infected mice quit nursing when diarrhea
ensues. Feces often dry on the perineum causing obstipation and death. Surviving mice exhibit
http://web.archive.org/web/20080725045656/http://www.radil.missouri.edu/info/dora/mousepag/GI.html[2012-04-30 02:30:32]

DORA

stunted growth.

D. Pathology: The intestines contain scant, yellow, gaseous contents. If a dried perianal fecal plug
is present, the intestinal tract may be dilated with the gaseous contents. Histopathologic features of
the disease include vacuolar degeneration of infected enterocytes (arrows), typically at the villous tip
(A.). Degenerative virus-induced vacuoles vary in size and are associated enterocyte nuclear
pyknosis, and are unlike uninfected enterocytes with globular lipoprotein vacuoles, which are uniform
with a pink proteinaceous droplet (arrow), and unremarkable nuclei that are common in suckling
mice (B.).
        .        

E. Diagnosis: The clinical history and positive serological tests by ELISA, IFA or serum neutralization
on sera from the mothers of affected mice allow confirmation of rotavirus infection. Additional
diagnostic tests include PCR or commercially-available antigen capture ELISA on feces.
F. Treatment: Remove perianal fecal masses with warm water soaks.
G. Control: To prevent spread of the virus in a colony, individual cage filter covers may be used.
The disease is most severe in mice born to nonimmune dams. Multiparous dams ingest infant feces
and produce antibodies to protect future litters.

IV. Helicobacter Infections
A. Etiology: Helicobacter hepaticus , H. bilis, H. rodentium and H. "typhlonius" are species of
Helicobacter that cause disease in laboratory mice. Other helicobacters have been identified and
determined to be commensal gut flora. Helicobacters are Gram-negative, microaerophilic spiral
motile bacteria.
B. Transmission: The likely mode of transmission is by the fecal-oral route. Rodent helicobacters
normally colonize the lower intestinal tract, and can be transmitted to naive mice through contact
with feces-laden bedding. H. hepaticus and H. bilis are also capable of colonizing bile canaliculi in
susceptible mouse strains. Other rodents, including rats and hamsters, can be colonized by these
helicobacters, but do not develop disease. However, these infected rodents may act as reservoirs of
bacteria in animal faclities.
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C. Clinical Signs: Most mice colonized with helicobacters remain asymptomatic for long periods of
time. Certain strains of mice will develop a proliferative, inflammatory typhlitis and/or colitis that may
result in rectal prolapse.
D. Pathology: Mouse genotype, age, gender, and the bacterial species all influence development of
lesions. Helicobacter hepaticus and H. bilis induce a chronic active hepatitis often with necrosis,
portal lymphocytic infiltrates and oval cell hyperplasia (A.) in susceptible mouse strains including A/J,
BALB/c, C3H and immunodeficient mice (SCID mice and mice with genetically engineered immune
defects). Disease develops in susceptible mice over 6 months of age. Of the immunocompetent
susceptible strains, male mice develop liver disease which may progress to hepatic carcinoma.
Helicobacter hepaticus can be visualized as small helical organisms in bile canaliculi on silver stained
sections (arrowheads). Helicobacter bilis is less often observed in silver stained liver sections.
            .        

Female mice colonized with H. hepaticus , H. bilis, and H. "typhlonius" often develop an inflammatory
bowel disease characterized by mucosal hyperplasia with erosions/ulcers, mixed inflammatory
infiltrate and rectal prolapse (see photo). Immunodeficient mice of either gender can develop both
liver and intestinal disease.

E. Diagnosis: Helicobacters can be detected by culture, PCR testing, serology (although no test is
commercially available) and histopathology. Culture provides a standard for documenting infection,
but the filtration methods and microaerophilic incubation conditions for isolation make culture a
laborious option. PCR is a more sensitive and rapid diagnostic method that is most widely used for
screening rodents for infection. Histopathologic examination of the liver with visualization of
characteristic bacteria is diagnostic; however, not all mice infected with pathogenic helicobacters
develop liver disease.
F. Control: Antibiotic regimens that include bismuth, metronidazole and ampicillin have been used.
Success of treatment seems variable, with better results achieved through daily gavage or feeding
medicated wafers to young mice. Cesarian derivation and embryo transfer techniques have been
used to "clean up" infected mouse colonies.
V. MISCELLANEOUS VIRAL DISEASES
Mouse poliovirus (Theiler's meningoencephalitis virus) is an cadiovirus that causes asymptomatic
enteric infection. Experimental inoculation of susceptible mouse strains with neurovirulent strains of
TMEV induce encephalitis and demyelinating disease. Experimentally-infected mice serve as a model
for studying immune-mediated demyelinating diseases, so it is important that such mice are free
from the asymptomatic disease caused by wild-type strains of TMEV. ELISA is the diagnostic test of
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choice for identifying infected mice. Reovirus 3 is a reovirus that causes runting, diarrhea and
jaundice of young mice. The spontaneous disease is rare, as evidenced by the lack of positive titers
in ELISA surveys of mouse colonies. Viruses found in transplantable cells and tumors include
mouse cytomegalovirus, mouse thymic virus, polyoma virus, and LDV (lactate
dehydrogenase elevating virus). The incidence of spontaneous infections with these viruses in
research mice is rare.
VI. Mouse Hepatitis Virus (MHV)
A. Etiology: MHV is an RNA coronavirus. Several MHV strains display tropisms for different tissues
but all share the ability to replicate in the intestinal tract.
B. Transmission: Fecal-oral, direct contact, aerosols, and fomites have been reported. Vertical
transmission has been reported in experimental infections, but doesn't appear to occur in
spontaneous infections. The incidence of MHV infection is moderate.
C. Clinical Signs: There are 2 major patterns of disease based on the tropism of the virus strain.
The respiratory pattern begins with virus replication in the nasal cavity and lungs with viremia and
dissemination to other organs. Intestinal involvement is minimal. The enteric pattern infects the
upper respiratory and intestinal tract, with variable spread to other viscera. Some strains may
spread to the brain. There is overlap between these 2 disease patterns depending on which strain
of MHV is involved. Disease expression is dependent on virus species and on host factors, including
age, genotype and immune function. MHV infections in immunocompetent mice are generally
subclinical. In suckling mice, watery diarrhea with mortality may occur with virulent enterotropic
MHV infections. Immune deficient mice progressively lose weight and die (see photo).

D. Pathology: In immunocompetent mice, gross lesions of MHV infection occur infrequently.
Lesions, when present, may include gasseous distention of the intestinal tract in suckling mice, and
multiple white liver foci in older mice. Gross lesions are common in MHV-infected immunodeficient
mice. The livers of infected immunodeficient mice may have multifocal white foci along with a hobnail, nodular appearance (see photo).
.

Histopathological examinations of intestinal tracts reveal transient syncytia (arrow) of the mucosal
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epithelial cells in mice infected with enterotropic virus strains (A.).   Focal coagulative liver necrosis
can be seen in mice infected with polytropic virus strains (B.). Hepatocellular syncytia (arrow) are
rarely present around necrotic foci in immunocompetent mice (C.). In immunodeficient mice,
intestinal epithelial cells, hepatocytes and vascular endothelial cells undergo syncytial cell formation,
necrosis and replacement with scarring in certain organs, especially liver.
        .        
        .        

E. Diagnosis: The most useful diagnostic test for screening mouse colonies is the ELISA or the IFA.
Histologic lesions are transient in immunocompetent mice, so histopathologic examination of target
tissues may be helpful in the face of an outbreak.or in identification of infection in immunodeficient
mice. PCR has been shown to help identify virus in tissue specimens, feces and environmental
swipes.
F. Treatment: None.
G. Control: The three most common control measures for immunocompetent mice are to 1) "burnout" the viral infection through stop breeding of breeders with removal of suckling mice and
purposeful mixing of mice to enhance infection of any susceptible mice for 8 weeks, 2) rederive the
colony by Cesarian derivation or embryo transfer, or 3) restock with clean animals. Since MHV
infections are not transient in immunodeficient mice, the stop-breeding technique would not be
recommended. Once MHV-free mice are obtained, husbandry practices must be modified to prevent
reintroduction of the virus. Such practices may include use of approved commercial suppliers that
can provide recent health monitoring data, quarantine of new arrivals with MHV screening before
admittance into facility, use of microisolator cages, use of barrier facilities.
VII. Parvovriuses (MMV and MPV)
A. Etiology: Parvoviruses of mice are single stranded DNA viruses of several species: Minute Virus of
Mice (MMV) and Mouse Parvovirus (MPV).
B. Transmission: Mice are infected primarily by direct contact with virus shed in feces or urine.
Parvoviruses are capable of surviving in the environment for extended periods of time (weeks), so
fomite transmission is likely.
C. Clinical Signs and Pathology: Naturally-occurring parvovirus infections do not produce clinical
signs or lesions in infected mice. In immunocompetent mouse hosts, MMV appears to cause a shortlived infection while MPV causes persistent infections of lymphoid tissue (especially mesenteric lymph
nodes).
D. Diagnosis: Identification of infected mice relies on serologic testing for parvoviral antibodies and
amplification of parvoviral genome by PCR. ELISA and IFA are sensitive methods to screen for
antibody to either or both parvoviruses depending on the test antigen. The viral protein, VP2, is
antigenically distinct between MMV and MPV. ELISAs using MMV VP2 or MPV VP2 are currently used
to detect antibodies to these viruses. PCR assays have been developed to screen samples for either
parvovirus. Since both MMV and MPV were initially identified as tissue culture contaminates, PCR is
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widely accepted as a means to screen cultured cells or other biological materials recovered from
mice for parvovirus infection. These PCR assays can also be used to virus infections in mice.
E. Treatment: None
F. Control: Parvoviruses are hardy viruses, and can survive for weeks in the environment. Special
attention to decontamination using sterilization and parvoviracidal disinfectants is key to controlling
spread of virus. Mouse colonies have been successfully rederived by embryo transfer or cesarian
section. Rigorous serologic monitoring of rederived offspring and foster dam will assure success of
rederivation process.

VIII. Pseudomonas Septicemia
Pseudomonas aeruginosa is a water saprophyte that can colonize the intestinal tract of mice
following consumption of nonsterile water. A septicemic and endotoxemic syndrome has been
reported in colonized mice that have been treated with immunosuppressive drugs or X-irradiation.
Although the systemic disease cannot be treated, the syndrome can be prevented by supplying
acidified or chlorinated drinking water to the mice scheduled for immunosuppressive therapy. The
desired water pH of 2.2 to 2.5 can be achieved by adding 1N HCl. Water chlorination to 10 to 12
ppm is accomplished by adding sodium hypochlorite (bleach is 6% sodium hypochlorite). Frequent
monitoring or changing of treated water is critical to maintain the proper pH or chlorination. There
have been a few instances in which clinical inner ear disease has been attributed to natural P.
aeruginosa infection, in which animals were seen "circling" or "rolling."
IX. Salmonellosis
A. Etiology: Salmonella are Gram-negative, toxin-producing, invasive, enteric bacteria. The most
common serotype of Salmonella enterica to infect mice is serovar Typhimurium.
B. Transmission: The disease is spread by fecal-oral transmission. Food, water, and bedding may
be contaminated by infected feces from wild mice. The incidence of salmonellosis is rare in research
mice, and uncommon with sporadic epizootics in mice from colonies raised for pet or zoo industries.
C. Clinical Signs: Disease in susceptible colonies may be manifest only as acute death with no
clinical signs of infection. Moderate morbidity characterized by hunched posture, anorexia, lethargy,
and high to sporadic mortality may be observed in weanlings and in females in late gestation.
Diarrhea may or may not be present. The disease will become endemic, with periodic cycling of
overt disease symptoms such as acute deaths, chronic low fertility, fetal reabsorption, or abortion.
D. Pathology: In acute deaths, the spleen may be enlarged 2 to 3 times normal size. Lesions in the
small intestine consist of mucosal congestion and edema with thrombosis of the mesenteric
vasculature. In sub-acute infections, multiple white to yellow foci occur in the liver, spleen is
enlarged, and mesenteric lymph nodes may be enlarged and edematous (left photo).
Histopathological examination may reveal multifocal necrotizing splenitis and hepatitis, with necrotic
foci often accompanied by colonies of bacteria (arrow in right photo).
        .        
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E. Diagnosis: The history of the disease outbreak, decreased fecundity in breeding colonies, gross
lesions, and identification of wild rodent exposure can be suggestive of salmonellosis.   A definitive
diagnosis is determined by culture of liver and spleen (in acute cases), feces, mesenteric lymph
node, and ileal homogenates (in subacute cases) on selective media such as selenite, brilliant green
and MacConkey's agar with serotyping of the isolate.
F. Treatment: Since the carrier state can not be successfully eliminated with antibiotic therapy,
elimination of the animal or animals in the colony is suggested. Restock only after extensive
sanitation has been performed.
G. Control: Aggressive husbandry improvement procedures should be aimed at prevention of food,
bedding, water, or mouse contamination by wild vermin, and proper sanitizing of cages and
watering equipment.
Public Health Significance: Humans ingesting Salmonella contaminated food or water may
experience a transient diarrhea. Children or immunocompromised adults may experience more
severe disease. The disease in humans is reportable.
X. Tyzzer's Disease
A. Etiology: Clostridium piliforme is a gram-negative, obligate intracellular, spore-forming rod.
B. Transmission: C. piliforme is transmitted via fecal-oral route by ingestion of spores, which may
remain viable in the environment for a year or more. Predisposing factors to overt disease revolve
around the immune status of the host and include age (commonly 3 to 7 weeks), strain of mouse
and physiological stresses. The incidence of overt disease is rare, but the incidence of infection with
recovery may be common in conventionally maintained colonies.
C.   Pathology: Resistant mouse strains show little clinical disease. In weanling or immunodeficient
mice, serosal edema and hemorrhage in the ileocecocolic region of the gut and multiple yellowishwhite foci of necrosis in the liver are prominent lesions. Histological review of liver sections reveals
coagulative to liquifactive necrosis with variable infifltrates of pyogranulomatous inflammatory cells
(A.). Sections stained with silver help demonstrate large clumps of intracellular bacilli (arrow in B.)
within hepatocytes bordering necrotic liver foci, and in the cytoplasm of the enterocytes in areas of
granulomatous mucosal infiltrates .
        .        

D.   Diagnosis: Since the organism cannot be propagated on artificial media, diagnoses are made by
demonstration of the bacillus in the tissues, or by detection of antibody with an ELISA.
E. Treatment and Control: Oxytetracycline at 0.1 mg/ml drinking water for 30 days has been
reported to abate deaths in an epizootic, but is not believed to rid the colony of the infection.
Depopulation and strict sanitation are the current recommendations for eliminating the disease. The
bacterial spores are relatively hardy in the environment, and may remain viable at room temperature
for as long as 1 year. Temperatures exceeding boiling (from autoclaving) and dilute chlorox
solutions (1%) are capable of killing spores on inert surfaces.
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I. Chronic Respiratory Disease
II. Pasteurellosis
III. Pneumocystis carinii
IV. Respiratory Neoplasms
V. Sendai Virus

I. Chronic Respiratory Disease
A. Etiology: Mycoplasma pulmonis is a microorganism lacking a cell wall. Cilia-associated respiratory
(CAR) bacillus is a gram-negative filamentous rod that moves by gliding motility. Both organisms can
induce a chronic pulmonary disease syndrome.
B. Transmission: Transmission by direct contact with infected secretions has been reported. The
incidence of infection with either organism is rare in research mice. Rats may act as asymptomatic
carriers for Mycoplasma pulmonis .
C. Clinical Signs: Infection with either agent begins without clinical signs. Adverse environmental
factors, such as high cage ammonia levels, and/or the acquisition of primary viral or bacterial
respiratory pathogens, activate subclinical infections. Early signs of overt disease include an
oculonasal discharge and torticollis (see photo). As the organisms travel down the respiratory tract,
labored breathing, anorexia, and hunched posture occur. Other clinical signs include snuffling,
chattering, anorexia with weight loss, rough hair coat, hunched posture, and reduced fertility.

D. Pathology: In the upper respiratory tract, a purulent discharge may be found on the nasal
mucosa and within the tympanic bullae. This purulent exudate can be found in the trachea and
bronchi causing yellow parenchymous foci which may progress to form bullae (bronchiectasis) and
red to grey areas of consolidation.
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E. Diagnosis: Histological examination of lungs reveals a purulent bronchopneumonia with moderate
hyperplasia of the normally rare peribronchial lymphoid aggregates (A.). Mycoplasma pulmonis does
not stain with histochemical stains due to the absence of a cell wall. Examination of silver-stained
respiratory sections will help identify the presence of CAR bacillus, which will stain with silver and are
present within the cilia of the airways (arrow in B.).
        .

The preferred sites to culture for Mycoplasma are the nasopharynx and middle ear. The media
needed for primary mycoplasma recovery must contain swine or horse serum and yeast extract
supplementation. ELISAs are commercially available for serological screening for Mycoplasma
pulmonis and CAR bacillus infections in mouse and rat colonies. PCR assays on nasal or tracheal
samples are also used for diagnosis of both agents. CAR bacillus can not be cultured on cell-free
media, and is diagnosed through histopathologic and serologic examination. Diagnostic tests usually
identify Mycoplasma pulmonis and/or CAR bacillus along with other respiratory pathogens such as
Pasteurella pneumotropica and Sendai virus.
F. Treatment: Overt disease is just suppressed by antibiotic therapy. Oxytetracycline (0.1 mg/ml
water), ampicillin (500 mg/L drinking water), sulfamerazine (500 mg/L drinking water or 1 mg/4 gm
food), and enrofloxacin (165 mg/L drinking water) have all been reported to reduce mortality. CAR
bacillus was eliminated from experimentally infected mice that received either sulfamerazine or
ampicillin treatments for 4 weeks. The carrier state of Mycoplasma pulmonis , however, is not
affected by an antibiotic regimen.
G. Control: Since uterine colonization may occur, Cesarian derivation may not eliminate
Mycoplasma infection. However, culture of uterus at the time of Cesarian delivery and subsequent
testing of young provides a method of salvaging valuable infected mouse strains. Rigid sanitary
measures are essential even in the face of a disease outbreak. Rats are known carriers and should
never be housed with mice.
II. Pasteurellosis
A. Etiology: Pasteurella pneumotropica is a Gram-negative, short pleomorphic rod with bipolar
staining properties.
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B. Transmission: Transmission by aerosol, fecal-oral, and contact with infected secretions (including
venereal transmission) has been reported. The bacteria can be consistently isolated from the
nasopharynx of subclinically infected mice and is considered an opportunistic pathogen, proliferating
in the presence of other respiratory microbial pathogens.
C. Clinical Signs: The majority of infected immunocompetent mice exhibit no clinical signs.
Epidemics of conjunctivitis and panophthalmitis have occurred in weanling and young adult mice
(see photo). An upper respiratory infection can be manifest by an oculonasal discharge or torticollis
from otitis media, and in the face of respiratory mycoplasmal and viral diseases, dyspnea may occur.
Subcutaneous abscesses, mastitis, metritis and accessory sex gland abscesses are additional lesions
observed in immune deficient mice.

D. Pathology: Infected tissues are characterized by mucopurulent inflammation with mild necrosis.
E. Diagnosis: Cultures of the ocular, skin or glandular tissues usually reveal mixed infections of
Pasteurella pneumotropica with other bacterial flora. Pasteurella pneumotropica is likely to be
isolated in pure cultures from abscesses in immune deficient mice. An ELISA is commercially
available to identify antibody in colonized mice.
F. Treatment: Enrofloxacin at 165 mg/liter of drinking water for 2 weeks has been effective in
eliminating colonization.
G. Control: The primary concern for disease is in immune deficient mice. Mice should be obtained
from colonies free from infection. Do not house infected with uninfected mice.

III. Pneumocystis carinii
Pneumocystis carinii is an opportunistic pathogen of the respiratory tract of mice, rats and probably
all domestic mammals and man. It is believed to be a fungus that is spread by the inhalation of
infective cysts. Mice that are immunosuppressed, either by treatment or by virtue of a hereditary
immunological defect, may develop a fatal pneumonia. Affected mice display hunched posture,
tachypnea, and weight loss when the pneumonia has consumed a significant portion of the lung.
Affected lungs are diffusely red and fail to deflate when the chest is opened (A.). Histologically,
interstitial pneumonia is accompanied by histiocytic alveolitis, with alveoli filled with eosinophilic
foamy material that may contain some degenerated macrophages or few neutrophils (B.). PAS and
Giemsa stains are needed to visualize the trophozoite stages, and a silver stain is used to
demonstrate the argyrophilic cysts (C.). Sulfameraxine/trimethroprim antibiotics are used to treat or
prevent clinical disease in immunologically stressed mice (such as the thymic deficient nude and
severe combined immunodeficient mice).
        .        
        .        
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IV. Respiratory Neoplasms
Benign respiratory tumors, primarily adenomas of the alveolar lining cells or of terminal bronchiolar
epithelial cells, are common in certain strains (A strain) and older mice. Malignant neoplasms, such
as squamous cell carcinoma, occur infrequently.

V. Sendai Virus
A. Etiology: Sendai virus is an RNA paramyxovirus of the parainfluenza type 1 group.
B. Transmission: Direct contact is the primary means of viral spread. The virus is not
environmentally stable, but can be transmitted by fomites because of the quantities of virus excreted
from infected mice. The incidence of infection is low.
C. Clinical Signs: Infected mice may exhibit labored breathing and decreased fecundity. In DBA/2
and immune deficient mice, the infection is almost always fatal. This virus is immunosuppressive
and may predispose to secondary bacterial infections. Generally, no clinical signs are observed in
mice in endemically infected colonies. In clinically apparent infections, signs are variable but may
include chattering, mild respiratory distress to labored breathing, and decreased fecundity in adults,
deaths (possibly whole litters) in neonates and sucklings, and poor growth in weanling and young
adult mice.
D. Pathology: The lungs of affected mice may be mottled with red and tan foci in the parenchyma
(A.). Exudate in the major airways may be seen. Histological examinations reveal characteristic
interstitial pneumonia with perivascular and peribronchiolar lymphoid infiltrates, hyperplasia of
alveolar macrophages, and foci of alveolar and bronchiolar epithelial necrosis with a neutrophilic
infiltrate (B.). Observation of squamous metaplasia of the bronchial epithelium is associated with the
reparative stage of the infection.
        .        

E. Diagnosis:   Histologic lesions in susceptible mice and PCR can identify Sendai virus in acute
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infections. Commercially available ELISA and IFA can be used to identify antibody titers in
recovering mice..
F. Treatment: In static colonies, the disease will run its course; no latent infection occurs. In
breeding colonies, cessation of breeding for 60 days, elimination of all suckling mice during this time
period, and purposeful mixing of weanlings and adults to insure maximum viral exposure of all
susceptible mice will prevent infections of future litters.
G. Control: Prevention of exposure or deliberate exposure are the two main approaches to control
Sendai virus infection.
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