
Abstract
The mouse microbiome, defined as all bacterial species found in or on the mouse, and their interactions among themselves 
and with their environment, are always present. Non-infective agents or pathogenicity of infective agents can lead to various 
diseases. The flora of mice in the will become more complex depending on their housing and rearing conditions, meaning 
that more bacterial species will colonize mice. The same strain may have different flora in different experimental animal 
breeders. Opportunistic pathogen is often referred to as ‘‘opportunistic’’ agent or even simply ‘‘opportunistic’’but it is a de-
finition that blends both commensal flora and primary pathogens. Rats, the most commonly used species of experimental 
animals, are susceptible to a range of bacterial infections that can be enzootic or sporadic but can have high morbidity and 
motility rates leading to severe disease. When formulating differential diagnoses for sick or diseased animals, it must be re-
cognized that diseases that were once common in animals imported in the 1960s and 1970s are now rare. It is also important 
to recognize that housing and sanitation conditions can affect exposure to potentially pathogenic bacteria. Animals raised in 
areas with biosecurity measures in place may be exposed to fewer pathogens than animals raised in mixed or free-range en-
vironments. Much of the available literature describing the clinical and epizoological features of bacterial infections of this 
type is dated and scientists should be encouraged to study the prevalence in rats and publish their results in more detail. 
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1.Introduction

The mouse microbiome, defined as all bacterial species 
found in or on the mouse, and their interactions among 
themselves and with their environment, are always pre-
sent. Non-infective agents or pathogenicity of infecti-
ve agents can lead to various diseases. Rats, the most 
commonly used species of experimental animals, are 
susceptible to a range of bacterial infections that can be 
enzootic or sporadic but can have high morbidity and 
motility rates leading to severe disease. Animals raised 
in areas where biosecurity measures are emphasized 
may be exposed to many more potential pathogens 
than animals raised in mixed or free-range environ-
ments. Much of the available literature describing the 
clinical and epizoological features of bacterial infections 
of this type is dated and scientists should be encouraged 
to study the prevalence in rats and publish their results 
in more detail.

2. Bacterial infectıons

2.1. Mycoplasma spp. infections

Nocard and Roux isolated some bacteria from cattle 
with pneumonia in 1898, and in 1929 Novak proposed 
the name “mycoplasma” for these bacteria, which lack 
cell walls, although they have divided strands during 
production and reproduction. Mycoplasmas are repor-
ted to be the smallest bacterial organisms without a cell 
wall and have been associated with various pathologi-

cal conditions.1 By analyzing the sequence of the 16S 
rRNA gene, it is thought that mycoplasma evolved from 
gram-positive bacteria and clostridia about 600 million 
years ago, losing redundant parts of its genome. These 
microorganisms are small, Gram-negative and have no 
cell walls, but are surrounded by a membrane. These 
microorganisms usually grow relatively slowly and usu-
ally survive in environments where the ambient tempe-
rature is about 37-38°C. In laboratory settings, five main 
mycoplasma species have been identified, namely M. 
arthritidis, M. collis, M. muris, M. neurolyticum and M. 
pulmonis.2

M. pulmonis is responsible for one of the most common 
mycoplasma contaminations in rats, and these contami-
nations are often a major concern in research laborato-
ries and animal research.3  M. pulmonalis can be isola-
ted from the ovaries, uterus and respiratory systems of 
rats. This isolation is reported to demonstrate the po-
tential for mycoplasma infections to spread to various 
body systems.4

M. pulmonis infection is quite common in rats and usu-
ally affects the middle ear cavity. This middle ear infe-
ction leads to a condition called otitis media and can 
eventually cause twisting of the neck or torticollis. The 
infection can also cause serious respiratory problems 
and reproductive tract infections in rats.5 This disease 
has a prevalence of 20% to 60% among experimental 
animals. It can also colonize the trachea and throat, cau-
sing pneumonia.1 Mycoplasma transmission during fetal 
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development can occur in two ways. The first is trans-
mission through amniotic fluid and the second is intra-
uterine infection or transmission during implantation. 
These situations illustrate the possible routes of spread 
of mycoplasma infections during fetal development and 
are important for understanding the risks in the prenatal 
period.

Mycoplasma neurolyticum was first isolated from the 
brains of rats in 1938. Later, in 1965, M. neurolyticum 
was isolated from the nasal mucosa and lungs of carrier 
animals that showed no clinical symptoms. In 1979, Hill 
studied M. neurolyticum in rats and rats and the results 
showed that M. neurolyticum infected 78% of rats and 
58% of rats. In 1981, Taley identified the bacterium as a 
mammalian brain organism that causes nervous disor-
ders under stress.6

Mycoplasma collis was first isolated from the nasal ca-
vity and conjunctiva of rats and rats in 1983.7 This spe-
cies of mycoplasma grows in anaerobic conditions with 
an optimum temperature of 35°C and pH=7.8. Some 
researchers have identified this mycoplasma species as 
canine mycoplasma, but M. collis was first described in 
rodents.8

Mycoplasma muris was identified in 1983 by McGarrity 
et al. in a study based on the immune response of rats. 
In this study, it was reported that all rats were pregnant 
and had tumors. It was reported that the age group of 
the rats was 3 and 10 months and a new mycoplasma 
species called Muris emerged based on the morphologi-
cal similarity with mycoplasma. M. muris are small pat-
hogenic bacteria that live in the genital tract of female 
rats. M. muris infection may have detrimental effects on 
the reproductive health of female rats.9

Based on the 16s rRNA gene, Weisburg et al. identi-
fied M. muris as the ancestor of the pneumonia group 
consisting of three distinct clusters, M. pneumonia, M. 
muris and Ureaplasma urealyticum.10 Designed specific 
primers from 16s rRNA for nine mycoplasma species for 
humans and rodents and evaluated them by PCR assay. 
In 2017, Zinatizadeh et al. identified this mycoplasma in 
rats at the Razi Vaccine and Serum Research Institute in 
Alborz, Iran. A total of 18% of rats in the Animal Bree-
ding Department of the Razi Vaccine and Serum Resear-
ch Institute were infected with M. muris and a new spe-
cies of M. muris was registered in the gene bank using a 
phylogenetic analysis.11

Mycoplasma arthritidis infection is not common and 
is usually found in large laboratory mice. M. arthritidis 
causes joint arthritis in mice. Some researchers believe 
that the microorganism enters the body through the 
mouth and mucous membranes and may be a latent 
infection.12 Clinical signs include swelling of the fingers 
and legs. This species of mycoplasma grows in a neutral 
pH environment (7.0) at an ideal temperature of 37°C 
and can grow in the presence or absence of oxygen. The 
growth of M. arthritidis depends on the culture medi-
um. In fiber tissue, it expands as a dense mass in the 
center and requires sugar, proteins, amino acids, vita-
mins and nucleic acids for growth.13

2.2. Clostridium piliforme infection (Tyzzer’s Disease)

Clostridium piliforme is an obligate intracellular bacte-

rium that can stain Gram-negatively and has variable 
morphology. Most often, it appears as a long, thin bacil-
lus about 8-10 µm long and 0.5 mm wide in the cytop-
lasm of infected cells, but shorter, thicker, cigar-shaped 
forms are also occasionally seen. Cl. piliforme, which is 
considered incapable of being grown in artificial media, 
can be grown in intestinal cell lines, primary chick or 
mouse liver cells, or in embryonated chicken eggs.14,15

Cl. piliforme is the causative agent of Tyzzer’s disease. 
It is spread by spores shed in feces. Can be isolated 
from different host species.16 A high molecular weight 
exotoxin has been associated with pathogenicity in vit-
ro and in vivo. Not all strains produce this toxin, indica-
ting differences in pathogenicity between strains. After 
ingestion of spores, the bacterium is phagocytosed by 
intestinal epithelial cells. Inside the cell, the vegetative 
form escapes the phagosome and begins replication in 
the cytoplasm. Eventually the cell dies and the bacteria 
are either released back into the lumen or travel deeper 
into the intestinal wall where they can sometimes infect 
smooth muscle cells or access the portal circulation.17

Bacteria traveling through the portal vein can infect the 
liver and/or heart. Infection is usually asymptomatic, 
with disease occurring primarily in weaned pups and 
immunocompromised mice, or perhaps in overcrowded 
environments or concurrent infection with secondary 
infections. Serologic surveys have either not reported 
the prevalence of Cl. piliforme antibodies or have found 
seroconversion to be sporadic. However, disease is rare 
in biosecure laboratory facilities.18

Serologic surveillance for Cl. piliforme typically uses a 
whole-cell antigen preparation containing a complex 
mixture of bacterial proteins. When positive serologic 
results are obtained, it can be difficult to distinguish a 
false positive result from a true positive result. Although 
some clues can be obtained from the score of the po-
sitive titer (a high titer is more likely to indicate a true 
positive), a single positive serology result for Cl. pilifor-
me should be followed by additional testing, most often 
screening of additional serum samples.18,19

Two other laboratory methods for the detection of Cl. 
piliforme are polymerase chain reaction (PCR) and histo-
pathologic evaluation. PCR will be positive in fresh tissu-
es if the lesions are due to Cl. piliforme. Histopathologic 
evaluation can be performed on sections cut from paraf-
fin blocks, fecal or environmental samples after the le-
sions are seen. If fecal screening for Cl. piliforme by PCR 
is to be performed from a group of asymptomatic mice, 
feces should be collected from mice within 2 weeks of 
the time of infection, which is thought to be during the 
weaning period. Mice 4-6 weeks old from a suspected 
breeding colony are a good age group for screening. Ol-
der mice are likely to have cleared the infection and very 
young mice may not be infected while protected by ma-
ternal antibodies. PCR in fecal samples for Cl. piliforme 
can also be complicated by the occasional presence in 
feces of substances that can inhibit PCR reactions and 
the degree of protection provided by the thick wall of 
the spore, which can make DNA extraction difficult.19

Most infected mice present an asymptomatic clinical pi-
cture. If disease does occur, it is usually seen in newly 
weaned rats or rats with genetic or induced immuno-
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deficiency. Although weaned rats with Tyzzer’s disease 
have been reported to have a bloated abdomen due 
to megaloileitis20, this has not been reported in mice. 
Mice with Tyzzer’s disease may have diarrhea and pe-
rianal spotting or may appear weak and unkempt for a 
short time. Sudden death without prior symptoms may 
also occur. At necropsy, the ileum, secum and colon may 
be slightly enlarged and reddened due to hyperemia or 
mild bleeding. Tyzzer’s disease is not usually thought to 
produce overt ulcerative enteritis. If the infection has 
spread past the intestinal tract, white or tan foci may 
be distributed throughout the liver, but vary greatly 
in number and size (Figure 1). Pale streaks or patches 
of myocardial necrosis may also be seen in the heart. 
Giemsastained print smears of liver lesions will often 
show the characteristic tangle of piliform organisms if 
the lesions are due to Cl. piliforme. Evaluation of such 
tissue smears is recommended as a useful method for a 
rapid diagnosis.21

Figure 1. Liver necrosis in Tyzzer disease due to Cl. pili-
forme.21

The gold standard for confirmation of Cl. piliforme in-
fection has traditionally been the observation of cha-
racteristic intracellular bacilli in lesions, but additional 
support from PCR should be sought when available.21

Detection of antibodies to Cl. piliforme in mature, 
non-immunocompromised mice may not always indica-
te that the mice are actively infected.22 Subclinical infe-
ction, which can occur within approximately the first 2 
weeks after infection, can alter cytokine profiles and he-
modynamic parameters as well as tumor necrosis factor 
alpha and interferon gamma for at least several weeks.23 
The major concerns about the presence of Cl. piliforme 
are the clear risk of disease, especially in young mice in 
breeding colonies, and the difficulty in removing spores 
from the environment. If a conscious management de-
cision is made that Cl. piliforme needs to be eliminated 
from mice in a research facility, cleaning of all surfaces 
and equipment and autoclaving of all materials or th-
rough disinfection with a high-level disinfectant capable 
of killing clostridial spores will increase the probability 
of success.24,25

2.3. Streptobacillus moniliformis infection

The causative agent is taxonomically positioned within 
the Class Fusobacteria, Order Fusobacteriales, Family 
Leptotrichiaceae, with the genus and species S. moni-
liformis. Despite its monospecific status for almost 90 
years, the genus is now recognized to harbor an additio-
nal number of species based on genomic analysis, inclu-
ding Streptobacillus hongkongensis and Streptobacillus 
felis.26

Streptobacillus moniliformis has been indirectly asso-
ciated with various aspects of respiratory diseases in 
laboratory rats. Other features of the organism inclu-
de the pathogenic properties of S. moniliformis in rat 
bite and Haverhill fevers in humans.15 The Norway rat 
is considered the leading reservoir host for S. monilifor-
mis and is carried asymptomatically by most wild Rattus 
norvegicus and quite commonly by domestic and fancy 
rats. S. moniliformis has been eradicated mainly from 
laboratory rats by the gnotobiotic process, but is still 
encountered serologically or by PCR during diagnostic 
screening of conventional rat enterprises. Although a 
streptothrix-like organism was identified in the blood 
of some human patients with recurrent fever after a rat 
bite, the organism was not isolated and characterized in 
pure culture until 1914.27 S. moniliformis clinically cau-
ses respiratory diseases in rats, particularly pneumonia 
and otitis media. Over the years, studies have reported 
that this organism is localized in the nasopharynx, orop-
harynx and saliva in rats.15,21

Currently, S. moniliformis is considered to be an oppor-
tunistic bacterium with low pathogenic potential for 
rats. Today, the incidence of S. moniliformis in the labo-
ratory has been markedly reduced by higher standards 
of animal care and the general use of gnotobiotic-deri-
ved laboratory mice. However, it is occasionally isolated 
from both wild and conventional laboratory mice or its 
presence is detected serologically or by PCR.28

Laboratory mice may serve as zoonotic reservoirs for S. 
moniliformis infections.29 It can also act as a reservoir 
for wild rat infections in nature.30 Unlike rat infections, 
which are usually asymptomatic, S. moniliformis infec-
tions are not asymptomatic. Infections in mice can be 
characterized by generalized septicemia, lymphadenitis, 
osteomyelitis of the lower hind limbs and caudal ver-
tebrae, and polyarthritis. As in humans, septicemia and 
polyarthritis in mice can develop following rat bites.28 In 
addition to the information provided, no human-to-hu-
man transmission has been reported.31

Diagnosis is based on isolation and cultural characteri-
zation of S. moniliformis. Important confirmatory infor-
mation can be obtained by PCR with swabs from mul-
tiple clinical sites such as pharynx, trachea and lymph 
nodes.32 Cultural isolation of S. moniliformis from clini-
cal material is difficult, especially from rats without lesi-
ons, even when known to be positive serologically or by 
PCR.31 Smears from blood or other clinical material of-
ten show small (less than 1 mm wide and 1-5 mm long) 
Gram-negative rods and filaments.26 PCR is seen as the 
main means of detecting this organism in both human 
and rodent clinical material.32 PCR can be used to scre-
en rodent colonies for the presence of S. moniliformis 
and has been used in feral rat microbiology research.33 
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Primer sets have been developed to identify S. monili-
formis down to the genus level for screening purposes.32

2.4. Streptococcus pneumoniae infection

S. pneumoniae was not recognized as a pathogen of la-
boratory rats until the first half of the 20th century. In 
the second half of the 20th century, S. pneumoniae was 
recognized as the most common pathogen for acute res-
piratory disease in rats of all age groups. It has been re-
ported that the nasopharyngeal microbiome of humans 
in contact with laboratory mice can be observed asymp-
tomatic organisms. The incidence of S. pneumoniae in-
fection has decreased considerably in recent years.34,35

However, the infection is not normally subtle and the 
clinical signs of respiratory disease with varying degre-
es of mortality are more pronounced. Serosanguinous 
to mucopurulent nasal discharges are often the first 
signs of clinical disease and often precede pulmonary 
involvement. Rhinitis, sinusitis, conjunctivitis and otitis 
media are common major lesions of upper respiratory 
tract infection. Outward protrusion of the eardrum can 
be recognized as a sign of pus under pressure in the 
middle ear. Histologically, mucopurulent exudates co-
ver the respiratory mucosa of the turbinates, sinuses, 
eustachian tube, nasolacrimal duct and tympanic ca-
vity. Acute inflammatory cells, especially neutrophils 
and more chronic inflammatory cells including plasma 
cells and lymphocytes, infiltrate the mucosa and sub-
mucosa. Numerous organisms can be seen in exudates 
and superficial levels of mucosa by tissue Gram stains 
or smears. Concomitant clinical signs may include chan-
ges in posture, abdominal breathing after pneumonia. 
Dyspnea, conjunctival exudation, anorexia with weight 
loss, depression and/or sniffling abnormal respiratory 
sounds. The onset of clinical signs and lesions is often 
acute or subchronic rather than chronic and affects rats 
of all ages, especially younger age groups.17,21

The typical progression of upper respiratory tract infe-
ctions involves progression from the nasopharynx into 
the lung tissues. In the initial stage, fibrinous bronchop-
neumonias affecting specific lobes rapidly develop into 
fibrinous lobar pneumonia. Microscopically, the mucosa 
of the trachea, bronchi and bronchioles is necrotic and 
fluid and purulent exudates, often with blood, accu-
mulate in the lumen. Alveolar capillaries are occluded 
and therefore the alveoli appear to be filled with blood, 
proteinaceous fluids, neutrophils or varying combina-
tions of these. Tissue Gram stains reported abundant 
intracellular Gram-positive cocci in affected tissues in 
microcolonies, freely dispersed single cells and pha-
gocytic cells including neutrophils. Depending on the 
severity of lung involvement, loss of life may occur at 
this stage. However, usually the organism escapes into 
the thoracic cavity, where lesions of fibrinous pleuritis, 
pleural effusion and fibrinous pericarditis are common. 
The organisms may progress to a septicemia originating 
from the thoracic organs, which is often the result. In 
rarer cases, the organism is embolically distributed to 
various organs and sites, resulting in complications such 
as purulent arthritis, focal necrosis or infarction of the li-
ver, spleen and kidneys, and fibrinopurulent peritonitis, 
orchitis and meningitis. In serum biochemical evaluati-
ons of infected rats, changes in glutamic-pyruvic tran-

saminase, glutamicoxaloacetictransaminase and lactate 
dehydrogenase enzymes can be observed.15,36 

The diagnosis can be established by isolation of S. pneu-
moniae from affected tissues. It is supported by charac-
teristic macroscopic and microscopic lesions. The diag-
nosis can be established by culture of nasopharyngeal 
swabs from rats or by washing the ear cavity and na-
soturbinates. The upper respiratory tract may be more 
preferable as it is where the organism shows the highest 
growth in rats. After inoculation on blood agar, encap-
sulated pneumococcal colonies appear circular and 1-2 
mm in diameter with steep edges. At the beginning of 
the incubation period the colonies are dome-shaped 
and shiny, but after 24-48 hours the centers collapse 
due to autolysis, giving the top of the colony a typical 
concave umbilicus. S. pneumoniae colonies are surroun-
ded by a small (alpha) zone of hemolysis with greenish 
discoloration of the medium.37

Although Enterococcus spp. belonging to the Strepto-
coccus spp. group have traditionally been considered a 
genus of streptococci, fecal streptococci are classified as 
a separate genus Enterococcus. Enterococci are catala-
senegative and facultative anaerophilic, forming punc-
tate colonies. They usually show mild a-hemolysis and 
occur in chains. Rodent clinical infections have been 
determined to occur mainly in phenotypic group III of 
enterococci species closely related to Enterococcus fae-
cium, including Enterococcus durans, Enterococcus dis-
par and Enterococcus hirae. This group cannot grow on 
tellurite-containing media and is generally negative for 
mannitol, sorbitol and the acid in sorbose. Subsequent 
studies with new and reference Enterococcus isolates 
from rats revealed a new species, Enterococcus ratti, 
closely related to E. durans and E. hirae as a common 
cause of naturally occurring pathogens.38,39

Enterococci are ubiquitous in nature and are usually car-
ried as bacterial commensals in the human gastrointes-
tinal tract. They are becoming increasingly important as 
causes of nosocomial nosocomial infections in patients 
receiving antimicrobial regimens. E. faecium and Ente-
rococcus faecalis, the most common species in humans, 
are likewise most commonly carried by laboratory mice. 
Most clinical cases have been reported to occur in acc-
redited animal care settings in rats, where common 
pathogens are known to be absent. In rats, enterococci 
are also normally carried in the gastrointestinal tract as 
non-pathogenic commensals and may even be conside-
red to have a probiotic function as their abundant pre-
sence competes with other forms to act as an inhibitor 
on the rise of other bacterial pathogens.40 Probiotics are 
reported to lower intestinal pH through the organic aci-
ds they secrete and stimulate systems with bactericidal 
effect.41

In some cases enterococci have been identified as ca-
usative in enteropathic diarrhea syndrome in neonatal 
rats. Species implicated include E. durans and also Ente-
rococcus-like agents that have not been further charac-
terized.38 However, as mentioned earlier, all of these are 
now recognized as possible E. ratti infections.39 Clinical 
episodes tend to occur in the 6 to 12 day age group with 
high morbidity and low mortality. Clinical signs typical-
ly include abdominal distension and coarse, yellowish 
matted hair, perineal scalding and soiling and ulcerati-
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on of the skin of the hind limbs.39 The cages of affected 
fry have wet bedding and often lack formed feces. Soft 
feces can also be found in dams with affected fry.42 At 
autopsy, the stomachs of affected puppies are consis-
tently filled with clotted milk. Typically, the small and 
large intestines are distended with gas and yellowish 
fluid and the other internal organs are usually normal 
in appearance. Microscopic changes are very few. Nu-
merous cocci can be seen in aggregates on the surface 
of villi and villi tips in the small intestine, often without 
a significant inflammatory component.38

All investigators emphasized that isolation of an Ente-
rococcus species alone is not diagnostic of neonatal en-
teropathy. This is because many, perhaps all, clinically 
normal rats carry commensal enterococci after removal 
from gnotobiotic isolates, and biochemically identical 
isolates can differ significantly in pathogenic potenti-
al.38 Although virulence factors such as adhesins and 
cytolysins are receiving increasing attention, little is 
known about how such factors are triggered to appear 
in pathogenic strains, and none have been sufficiently 
characterized to serve as diagnostic criteria. Considering 
newer information on the gut microbiome, it can be hy-
pothesized that dysbiosis due to antibiotic treatment 
or microbial restriction through gnotobiotic derivation 
may play a role in the pathogenic potential of this com-
mensal.43

2.5. Pasteurellaceae spp. infection

As a genus, Pasteurellaceae are Gram-negative, fermen-
tative, immobile, oxidase and catalase positive cocco-
bacilli that fail to grow on MacConkey agar. The three 
classical genera Pasteurella, Actinobacillus and Hae-
mophilus can be considered as bases. In the past deca-
de, the taxa of the rodent Pasteurellaceae have been 
revised very significantly through genetic and phenoty-
pic studies. Rodent isolates classified as Pasteurellaceae 
have been reclassified into six new genera.15,21 These are 
Rodentibacter44, Muribacter45, Cricetibacter, Mesocrice-
tibacter46, Mannheimia47 and Necropsobacter48.

The most frequently reported rodent pathogen of the 
Pasteurellaceae family is P. pneumotropica. It has been 
associated mainly with the respiratory tract of labora-
tory rodents. P. pneumotropica, It has emerged as an 
important and worldwide widespread infectious agent 
of laboratory mice since the 1950s. A report based on 
data from a large commercial rodent diagnostic labo-
ratory found the prevalence of P. pneumotropica to be 
4.81% from 8,241 cultures sampled.18 Microbiological 
tests on mice from 161 universities and 101 pharma-
ceutical companies in Japan found the prevalence of P. 
pneumotropica to be 4.35% and 0.99%, respectively.49

Clinical experience reports that the immunological 
disorder of rats is a highly effective factor in infection 
50,51. Therefore, the immune competence of the host 
appears to be as important as the pathogenicity of the 
organism in determining the outcome of infection.52 
Under conditions of natural infection, P. pneumotropica 
has been most frequently isolated from the microflora 
of the nasoturbinates, pharynx, conjunctiva, trachea, 
lungs and uterus. Less commonly, infection of deeper 
organs such as the liver, spleen, and kidney of laboratory 
mice has been observed. When the ways and methods 

of P. pneumotropica’s infection spread are evaluated, it 
can spread to the middle ears and eyes through the Eus-
tachian tube and nasolacrimal duct. It can also infect the 
preputial glands, vagina, uterus, skin (Figure 2) and bre-
ast tissues by contact with or biting the genital areas. 53

 

Figure 2. Skin effects in a mouse with P. pneumotropi-
ca.21

The pathology of P. pneumotropica infection is not dis-
similar and resembles the pathology caused by various 
pyogenic bacteria in similar sites. Subcutaneous abs-
cesses of the skin, adnexal organs, or orbital structures 
are often encapsulated and filled with liquid exudates. 
Microscopically, the lesions are suppurative with flu-
id-active necrosis surrounded by a central zone of gra-
nulomatous inflammation. Clinically latent infections in 
the lungs, upper respiratory tract, uterus, and intestines 
often occur without histopathological evidence of epit-
helial inflammation. In the lungs of mice, areas of conso-
lidation can be produced by perivascular and peribronc-
hial infiltration of acute and chronic inflammatory cells, 
but this lesion is not evident.15

Diagnosis of P. pneumotropica can be made by cultural 
and biochemical, serological and PCR analysis/analysis. 
Diagnosis of P. pneumotropica infection is made by isola-
tion of the organism in pure culture from infected tissu-
es. Primary isolation of the organism can be performed 
on blood agar using swabs from epithelial surfaces or le-
sion contents or aspirates from nasoturbinates, larynx, 
or trachea. Isolation from feces or intestinal contents by 
use of a selective medium. Blood agar cultures should 
be incubated in a moist, microaerophilic environment. 
After 24 to 48 hours, colonies become smooth, convex, 
and greyish, 1 to 2 mm in diameter, nonhemolytic. Colo-
nies with gram-negative, fermentative coccobacilli, non-
motile, and catalase, oxidase, and nitrate-positive orga-
nisms can be identified as P. pneumotropica isolates.21

2.6. Helicobacter spp. infection

Helicobacter spp. was detected as a result of inciden-
tal symptoms of chronic hepatitis in various rat species 
at the Frederick Cancer Center experimental animal 
production center. detected and reported.54,55 A newly 
identified spiral bacterium isolated from affected livers 
and later named Helicobacter hepaticus was reported to 
cause the lesions. Spiral bacteria are also reported to be 
present in the cecum and colon mucosa of mice. The 
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H. hepaticus cases initiated an intensive diagnostic and 
research effort to characterize the nature and biology of 
a new genus of gastrointestinal pathogens in infectious 
diseases of laboratory animals.56

The genus Helicobacter is generally divided into two 
groups. These are gastric Helicobacter spp. and entero-
hepatic Helicobacter spp. They are separated according 
to their location. It is also reported that enterohepatic 
groups settle in the gallbladder It is stated that there 
are seven enteropathic Helicobacter species known to 
naturally inhabit mice. These are Helicobacter bilis, He-
licobacter trogontum, Helicobacter muridarum, Helico-
bacter rodentium, Helicobacter typhlonius, Helicobacter 
ganmani and Helicobacter pullorum. However, only H. 
bilis has been shown to cause clinical disease in rats.57 In 
their study, during the autopsy of a male rat, they dete-
cted the presence of spiral-shaped bacteria in the cecal 
crypts. Following this first case, autopsies were perfor-
med on 10 more males aged 5-8 months from the same 
colony. It was reported that 5 out of 11 rats had clinical 
signs such as acute perianal inflammation and mild di-
arrhea. Each of these 5 rats was reported to have focal 
or diffuse whitish thickened areas in the cecum. Among 
the study results, 8 of 11 rats had proliferative colitis 
and proctitis of varying severity. It has been reported 
that the most severe large intestine lesions are in the 
cecum. Microscopic examination revealed that the crypt 
epithelium was hyperplastic and there was a significant 
decrease in goblet cells. After staining, curved/spiral 
rod-like bacterial masses compatible with Helicobacter 
were observed. No other significant lesions were found 
in other major organs, including the stomach, small in-
testine, and liver. Identification of the isolates as H. bilis 
was achieved by PCR, amplicon sequencing and electron 
microscopy.58

H. pullorum, a known pathogen in poultry and humans, 
has been reported to grow naturally or experimentally 
in rodents.59 In one study, mice given the organism oral-
ly were found to be H. pullorum positive by fecal PCR 
for the entire 30-week study and had an IgG antibody 
response to infection. It has been reported that this is 
the first study investigating enterohepatic Helicobacter 
spp. This organism that infects humans has also been 
reported to persistently infect mice. Among the results 
of the autopsy were that the cecum and colon were the 
primary sites for localization of the organism. However, 
the information in the study shows that no intestinal or 
liver pathology was observed in any of the rats infected 
with H. pullorum.60

Clinical findings can often be associated with inflam-
matory or neoplastic diseases present in the mouse. 
Inflammatory lesions in the cecum and colon may be 
encountered in rats with strong immunity. The inciden-
ce of helicobacter-induced liver neoplasia is generally 
higher in A/JCr mice. The most common clinical finding 
in Helicobacter-infected mice is prolapse of the rectum 
(Figure 3). H. Hepaticus is the most common cause of 
rectal prolapse in rats.21

Culture has been reported to be widely used as a sc-
reening method for the microbiological isolation of 
enterohepatic Helicobacter species. Serology is one of 
the methods used as a screening method.61 However, 
similar to cultural isolation, it has significant limitations 

that prevent it from being validated as a generally useful 
diagnostic tool. Because antibody levels against Helico-
bacter are generally proportional to the intensity of the 
microbial challenge, positive serology is likely reliable as 
an indicator of exposure to the antigens used in the test. 
The problem is that there are several causes of nega-
tive serology. Generally speaking, this is not a reliable 
result for many reasons, including innate host resistan-
ce or significant antigenic challenge that prevents lesi-
on development. However, it can be expressed as the 
possibility of false negatives due to initially low Helico-
bacter populations in the gastrointestinal reservoir, se-
rum samples that can be taken early before detectable 
antibody levels develop, and perhaps most importantly, 
infection caused by Helicobacter species that stimulate 
antibodies that do not recognize the antigens used in 
the test.15

Figure 3. Rectum prolapse in a Helicobacter-infected 
rat.21

Diagnosis of Helicobacter colonization in rats is best 
accomplished using genus and species-specific PCR 
analyses. PCR is the most useful screening test for the 
detection of mouse helicobacteria from clinical mate-
rials, including tissue and fecal samples.62 The method 
is based on the detection of unique and subsequently 
amplified 16S rRNA gene sequences of the agent extrac-
ted from the sample material. It can be used to identify 
Helicobacter DNA. The procedure is specific to one or 
more Helicobacter sequences determined by the pri-
mers used for amplification and is not complicated by 
the presence of contaminating microorganisms in the 
sample material. An important feature of the PCR test 
is the extreme sensitivity in detecting low numbers of 
Helicobacter in sample samples. This assay method eli-
minates the need for PCR post-processing, can provide 
greater specificity and enable quantitative determinati-
on of bacterial load. For screening programs, the com-
bination of PCR and serology appears to offer superior 
detection rates.61

3. Conclusion

As a result, Mycoplasma Spp., Clostridium Piliforme, 
Streptobacillus Moniliformis, Streptococcus Pneumoni-
ae, Pasteurellaceae Spp., and Helicobacter Spp which 
are frequently observed in rats. The potential effects of 
infections such as these on the health of mice and rese-
arch should be evaluated individually. It is very impor-
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tant in terms of the reliability of studies on the effects of 
microorganisms on rats. The effects of infections one by 
one or separately and their diagnostic methods should 
be evaluated. The selection of the diagnostic method to 
be used for the samples to be taken is important for the 
diagnostic criteria. It is very important for the reliability 
of the studies that the mice are germ free.
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