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House mice, Mus musculus, are a recognized carrier of various 
infective agents. These agents may have zoonotic potential or be 
a threat to laboratory animal facilities, which often house SPF re-
search mice. Infective agent contamination of laboratory mouse 
colonies may be associated with wild mice infesting personnel’s 
homes or various facility locations including loading docks. In 
addition, escaped laboratory (feral) mice that establish colonies 
in interstitial and other building spaces may pose a risk to SPF 
colonies. Recent work demonstrates that urban wild mice are 
not a likely source for many agents found in laboratory mice.17 
Wild mice pose an increased risk for zoonotic disease, such as 
from lymphocytic choriomeningitis virus.1,25

Another population to consider is mice purchased from pet 
stores as pets or as food for captive reptiles. Although presumed 
not to pose a threat to human health, reports exist of pet store 
mice carrying zoonotic agents such as lymphocytic chori-
omeningitis virus or Streptobacillus moniliformis.1,9 In addition, 
pet-store mice might carry pathogens of concern to laboratory 
mouse colonies. Personnel can act as mechanical vectors for 
disease transmission to laboratory animals.24 A research project 
required us to use pet-store mice. The current comprehensive 
survey investigated the prevalence of ectoparasites, endopara-
sites, and viral, bacterial, and fungal organisms of apparently 
healthy mice obtained from pet stores in the New York City 
area, with an emphasis on those pathogens with zoonotic 
potential.

Materials and Methods
Animal use was approved by Memorial Sloan Kettering 

Cancer Center’s Institutional Animal Care and Use Committee. 

Mice (13 female; 5 male) of unknown genetic background, age, 
and health status were purchased from 6 regional or national 
pet-store chains in New York City, NY; 3 mice were purchased 
from each location. Several pet stores cohoused male and female 
mice, and verification of sex was not feasible prior to purchase. 
Mice were transported in sealed, ventilated (passive) containers 
from the place of purchase to the Laboratory of Comparative 
Pathology at our institution. Mice were euthanized immediately 
by CO2 asphyxiation, and blood was collected aseptically by 
cardiocentesis.

Serologic and PCR analysis. Serologic evaluation of samples 
was performed by ELISA (Laboratory of Comparative Pathol-
ogy, NY) using commercially available reagents (Charles River 
Laboratories, Wilmington, MA) for the following agents: mouse 
hepatitis virus, Sendai virus, Theiler murine encephalomyelitis 
virus, pneumonia virus of mice, mouse parvovirus 1 and 2, 
minute virus of mice, Mycoplasma pulmonis, lymphocytic cho-
riomeningitis virus, rotavirus, ectromelia, reovirus 3, K virus, 
adenovirus, polyoma virus, Encephalitozoon cuniculi, cilia-asso-
ciated respiratory bacillus, murine cytomegalovirus, Hantaan 
virus, and Clostridium piliforme. An immunofluorescent assay 
was used to test for mouse thymic virus. Positive results were 
confirmed through multiplexed fluorometric immunoassay or 
immunofluorescent assay (Charles River Research Animal Diag-
nostic Services). PCR testing for lymphocytic choriomeningitis 
virus was done on frozen kidney sections pooled by pet store of 
origin (Research Animal Diagnostic Laboratory, Columbia, MO). 
Nasal aspirates and swabs were submitted for PCR testing for 
S. moniliformis (Research Animal Diagnostic Laboratory).

Parasitology. A no. 10 scalpel blade was used to scrape a 1-cm2 
area of skin in 3 locations: scalp between and immediately 
caudal to the ears, midline dorsal thoracolumbar junction, 
and midline ventrum at the level of the inguinal canal.23 Hair 
samples were transferred to a 2 × 2 cm piece of cellophane tape 
and affixed to a microscope slide for evaluation. An anal tape 
test was performed by firmly placing and removing a 2 × 2 
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ods, sectioned at 5 µm, stained with hematoxylin and eosin or 
Warthin–Starry silver stain, and examined by light microscopy 
by an experienced veterinary pathologist.

Results
Serologic and PCR analysis. Serology revealed the presence 

of antibodies to mouse hepatitis virus (all 18 mice evaluated), 
mouse parvovirus types 1 and 2 (14 of 18 mice), mouse rotavi-
rus (6 mice), pneumonia virus of mice (2 mice), minute virus 
of mice (10 mice), and epizootic diarrhea of infant mice virus 
(8 mice; Figure 1). Antibodies against C. piliforme (3 mice) were 
identified by ELISA in mice from a single store (Figure 2). No 
antibodies against the remaining infectious agents were de-
tected. All PCR results for lymphocytic choriomeningitis virus 
and S. moniliformis were negative.

Parasitology. Postmortem microscopic examination of the pelt 
detected both Myocoptes musculinus (11 of 18 mice) and Myobia 
musculi (13 of 18). Dual infestations were detected on 50% of the 
mice with ectoparasites. Skin scrapes identified mite infestations 
in only 40% of the cases identified on postmortem pelt exam. 
Direct examination of intestinal contents revealed Syphacia ob-
velata (7 mice), Aspiculuris tetraptera (1 mouse), and Rodentolepis 
nana (9 mice). No other ecto- or endoparasites were identified. 
Fecal flotation identified R. nana in the pooled samples from pet 
store 3 (Figure 3). Pooled fecal exams were negative for animals 
from 3 stores, although R. nana was identified in at least one 
animal from each store by direct exam of intestinal contents or 
histology. No pinworm ova were identified on fecal flotation 
or anal tapes.

Microbiology. Multidrug-resistant β-hemolytic E. faecium was 
cultured from the skin of 3 mice, all of which were from the same 
pet store. This strain of E. faecium was resistant to 9 antibiotics 
tested: penicillin, oxacillin, tetracycline, trimethoprin–sulfa, 
erythromycin, ceftriaxone, ampicillin, cephalothin, and gen-
tamicin. In addition, Pasteurella pneumotropica was found in 5 
of 18 mice, 3 in nasal aspirates and 2 in the tympanic bullae. No 
other clinically significant bacteria were isolated. There was no 
growth of fungal organisms.

Clinical and anatomic pathology. No gross lesions associated 
with disease were noted at necropsy in any mouse. A relative 
eosinophilia was present in 6 of the 18 mice. No other significant 
findings were noted on blood smear examination.

In 3 mice from 3 different stores, there were numerous cross 
sections of intestinal nematodes in the large intestinal lumen. 
Histologic findings including a thin eosinophilic cuticle, platy-
myarian musculature, and the presence of gravid females 
containing embryonated ova with a characteristic pointed 
ovular shape and flattened side identified the organisms as S. 
obvelata. In addition, grossly identifiable S. obvelata infections 
were noted in 2 of these 3 mice, and 7 other mice from 4 stores 
contained large intestinal luminal parasites most consistent with 
adult or juvenile pinworms. Features necessary to confirm genus 
were lacking in the histologic sections examined. In 4 of these 7 
mice, intestinal parasites were identified grossly as S. obvelata. 
Histology revealed nonidentifiable nematode larvae in 3 mice, 
1 of which mice had histologic evidence of undefined juvenile 
or adult nematodes and gross confirmation of S. obvelata. The 
remaining 2 mice had neither gross nor histologic evidence of 
more-developed nematode life stages (Table 1).

In 5 mice, multiple segments of small intestine contained 
longitudinal and oblique sections of a luminal cestode. This 
cestode was identified as R. nana histologically; in some sections, 
an armed rostellum was present. Furthermore, 3 of these 5 mice 
had R. nana identified grossly (Table 1). Trichomonads were 

cm piece of cellophane tape over the perineum. This tape was 
affixed to a microscope slide for evaluation. All microscopic 
evaluations were performed under 40× magnification. The pelt 
was removed en bloc, placed into a culture dish (100 × 15 mm, 
Fisher Scientific, Waltham, MA), and examined for ectoparasites 
under a dissecting microscope at 20× magnification. Pelt hair 
was examined for ectoparasites by using 2 wooden applicator 
sticks to separate the hair in a continuous grid pattern progress-
ing cranial to caudal.

Pooled fecal pellets (6 to 10) were evaluated by flotation for 
each store group. Intestinal contents were flushed gently with 
sterile saline and the contents collected and evaluated at 20× 
magnification by one of the authors (GSR). All other parasitol-
ogy examinations were performed by a single experienced 
medical technologist except for fecal flotations, which were 
examined by a different experienced medical technologist, and 
skin scrapes, which were examined by an experienced medical 
technologist and veterinarian.

Microbiology. Skin and fecal swabs (BactiSwab NPG, Remel, 
Lenexa, KS) were taken from each mouse and evaluated and 
cultured for aerobic bacteria and fungi (skin only). Skin was 
swabbed along the head, dorsum, and ventrum. A 1-cm midline, 
ventral incision was made along the cervical neck to visualize 
the trachea. Bronchoalveolar lavage fluids were collected by 
flushing 0.1 mL tryptic soy broth (Becton Dickinson, Franklin 
Lakes, NJ) caudad from the cervical trachea into the lungs 
and aspirating. Nasal aspirates were obtained by flushing 0.1 
mL tryptic soy broth through a 25-gauge needle craniad into 
the cervical trachea and aspirating when broth was noted at 
the nares. Oropharyngeal swabs were obtained by passing a 
swab through the mouth and oral cavity into the oropharynx. 
Samples from each site were pooled by pet store of origin and 
submitted for aerobic culture and sensitivity. Tympanic bullae 
were visualized after removal of the pelt, opened ventrally, 
and swabbed. Swabs were submitted for aerobic culture and 
sensitivity testing. After pelt removal, sterile instruments were 
used to open the peritoneal cavity and small sections of spleen 
and liver were collected aseptically. These samples were pooled 
together by pet store of origin and submitted for aerobic and 
anaerobic culture and sensitivity testing.

Aerobic cultures were inoculated on trypticase soy agar with 
5% sheep blood, chocolate II agar (GC II Agar with hemoglobin 
and IsoVitaleX, Becton Dickinson), Columbia CNA agar with 
5% sheep blood, and MacConkey II agar (Becton Dickinson). 
In addition, skin, liver, and spleen samples were inoculated on 
enriched media (BBL Enriched Thioglycollate Medium with 
Vitamin K and Hemin, Becton Dickinson). Fecal cultures were 
inoculated on trypticase soy agar with 5% sheep blood, Mac-
Conkey II agar, and Hektoen enteric agar (Becton Dickinson). 
Fungal cultures were inoculated on Sabouraud dextrose agar 
(Becton Dickinson). Antibiotic sensitivity was performed for 
all bacterial isolates (BBL Sensi-Disc Susceptibility Test Discs, 
Becton Dickinson).

Clinical and anatomic pathology. Blood smears were prepared 
and stained (Accustain Wright Stain, Modified, Sigma-Aldrich, 
St Louis, MO). A manual differential count was performed by 
an experienced medical technologist. All external and internal 
organs were examined grossly. After aseptic removal of spleen 
and liver for microbiologic culture, the gastrointestinal tract was 
removed and divided into 3 sections (colon, distal jejunum–
ileum, and duodenum–proximal jejunum). Small intestine and 
colon were ‘Swiss rolled’ for evaluation.16 Tissues were collected 
from all major organ systems, fixed in neutral buffered 10% 
formalin (Leica Microsystems, IL), processed by standard meth-
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survey include the multidrug-resistant bacterium E. faecium 
and the cestode R. nana.

E. faecium generally is considered to be a harmless commensal 
of the gastrointestinal tract of healthy animals and humans. Re-
cently, enterococcal organisms, especially multidrug-resistant E. 
faecalis and multidrug-resistant E. faecium, have been recognized 
as important causes of community acquired or nosocomial infec-
tions in humans.10 Enterococci harbor antimicrobial resistance 
genes, which may transfer between animals and humans due 
to handling or ingestion of animals or animal products.10 The 
strain of E. faecium isolated in the current survey was resistant to 
gentamicin as well as penicillin. To our knowledge, this report 
is the first to describe multidrug-resistant E. faecium isolated 
from pet mice. The isolation of the bacterium from the skin is 
unusual, given that most isolates are from the feces. Perhaps 
fecal material contaminated the fur, but the bacterium was not 
isolated on fecal culture from these animals. Further investiga-
tion is necessary to characterize the genomic relationship of this 
isolate to known human isolates.

Two additional bacterial species with zoonotic potential are 
C. piliforme and P. pneumotropica. These organisms have been 
reported to cause rare, opportunistic infections in immuno-
compromised persons.6,26 Human disease associated with P. 
pneumotropica as the primary pathogen was reported after ex-
posure of patients to dogs and cats.6,8 Our pet-store mice have 
a high prevalence of P. pneumotropica (28%) compared with that 
of laboratory mice (4.8%).20 Although no statistical significance 
can be ascribed after comparing the results of the current study 
to previous studies, the data indicate relevant trends. There is a 
single report of C. piliforme causing disease in an AIDS patient 
after exposure to rodents.26 In the current survey, C. piliforme 
antibody was detected in 3 of the 18 mice. None of the infected 
mice showed clinical signs, nor were any bacteria or suggestive 
lesions noted in stained tissues, indicating that the serologic re-
sults were either false-positives or that the mice had eliminated 
the infection after seroconversion, which is believed to occur.21 
False-positive results can occur due to nonspecific cross-reaction 
with closely related commensal clostridial species.5

A majority (5 of 6) of the surveyed pet stores sold mice posi-
tive for a potentially zoonotic parasite, R. nana. This outcome 
agrees with a previous finding, in which mice from 75% of 
surveyed Connecticut pet stores were positive for R. nana.4 The 
cited study found R. nana in several species, including mice, 
rats, and hamsters. R. nana (previously Hymenolepis nana) is 
the most common cestode infecting humans worldwide, with 
infection rates estimated at 50 to 75 million people.2 Infection oc-
curs after ingestion of contaminated food or infected arthropod 
intermediates. Most cases of infection are asymptomatic in both 
humans and mice, but large worm burdens might lead to clinical 
disease. Whether humans and mice have their own strains of 
R. nana which do not cross infect is under debate.13 Regardless, 
the Centers for Disease Control and Prevention recommends 
taking precautions when handling infected rodents, because of 
the possibility of human infection.3

Although human clinical disease is rare, all of the zoonotic 
pathogens identified present a risk to immunocompromised 
adults as well as children, who are less likely than are adults 
to stringently wash their hands after animal handling. For this 
study, we purchased mice from multiple stores throughout 
the borough of Manhattan. The source of these mice is unde-
fined, although discussions with store staff indicated that they 
were purchased from breeders. Whether the stores surveyed 
purchased from the same or multiple breeders is unknown. Ac-
cording to conversations with store employees, no prophylactic 

noted histologically in 2 mice, although these parasites were not 
seen on microscopic exam of gross intestinal contents.

Eight mice had mild to moderate lymphoplasmacytic colitis 
or enteritis; eosinophilic infiltration accompanied these lesions 
in 5 of these mice, although a relative eosinophilia was present 
in only 2 of these 5 cases. Argyrophilic bacterial rods consistent 
with C. piliforme were not observed in Warthin–Starry silver-
stained hepatic or intestinal sections of any mouse. This stain 
did not reveal the presence of spirochete bacteria consistent 
with Leptospira spp. in the kidneys.

Discussion
This survey confirms that apparently healthy pet store mice 

carry or have seroconverted to a number of infective agents 
which may pose a health risk to either humans or laboratory 
mice. Agents with zoonotic potential identified during this 

Figure 1. Distribution of seropositive mice among those purchased (n 
= 18) from 6 pet stores in New York City. C. piliforme was detected 
in only one store. MHV, mouse hepatitis virus; MPV, mouse parvovi-
rus; GDVII, mouse rotavirus; PVM, pneumonia virus of mice; MVM, 
minute virus of mice; EDIM, epizootic diarrhea of infant mice virus.

Figure 2. Distribution of mice seropositive to various murine viruses 
(n=18). MHV, mouse hepatitis virus; MPV 1/2, mouse parvovirus 
types 1 and 2; GDVII, mouse rotavirus; PVM, pneumonia virus of 
mice; MVM, minute virus of mice; EDIM, epizootic diarrhea of infant 
mice virus.

Figure 3. The distribution of endo- and ectoparasites found in mice (n 
= 18) from 6 pet stores. Data shown are an accumulation of findings 
confirmed by either microscopic or histopathologic observation.
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experimental R. nana infections in mice resulted in intestinal 
eosinophilia.7,17 R. nana was found in 4 of the 5 mice with eosi-
nophilic enteritis. The 2 mice purchased with the remaining 
mouse were positive for R. nana, making an undetected infection 
in this mouse likely. S. obvelata infections do not appear to lead to 
eosinophilia in mice.12,15 Peripheral blood eosinophilia has been 
reported in association with mite-infested mice,19 but no report 
yet has correlated mite infestation with gastroenteritis.

Although the number of mice and pet stores we evaluated 
was limited, the survey reveals the potential for zoonotic disease 
transmission, especially to immunocompromised persons. In 
addition, this survey reinforces the importance of preventing 
laboratory animal personnel from purchasing and handling pet 
store mice, even if kept temporarily for live feeding of captive 
reptiles. The potential for contact by laboratory animal person-
nel with rodents outside of the facility reinforces the need for 
the use of appropriate personal protective equipment within a 
facility. Correct compliance with facility guidelines regarding 
the use of personal protective equipment and personal hygiene 
practices, such as hand washing and showering, will reduce 
the risk of personnel transferring adventitious agents into a 
facility.14

Finally and importantly, we experienced several common dif-
ficulties in the detection of parasitic infections in live animals. 
Fecal flotation detected R. nana infections in only 20% of the 
pooled samples and did not detect S. obvelata or A. tetraptera 
eggs in any samples; in addition, S. obvelata infection was never 
noted on anal tape analysis. We suspect that this outcome is due 
to the periodic shedding of the organism.11 Furthermore, in a 
single mouse, intestinal content examination failed to reveal S. 
obvelata found on histologic sections. Five other animals had 
histologic evidence of nematode infection without similar gross 
findings. In addition, skin scrapes identified mite infestations in 
only 40% of the cases identified on postmortem pelt exam. These 
findings have considerable implications for rodent quarantine 
programs in which only live animals are evaluated.
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