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Mast-cell rich perivascular dermatitis accompanying 
the ulcerative lesions resulting from infection of 

Staphylococcus aureus in C57BL/6 mice 
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Center for Experimental Animals, National Institutes of Natural Sciences, Nishigo-naka, Myodaiji, Okazaki, Aichi, Japan.

Introduction
C57BL/6 mice and strains on the C57BL/6 mice are unique-
ly susceptible to ulcerative dermatitis. Ulcerations are seen in 
the dorsal scapulae, torso, shoulder and facial sites. These le-
sions are accompanied by severe pruritis-induced self-trauma, 
progressing from super facial excoriations to deep ulcerations 
(Sundburg et al 1994; Kastenmayer et al 2006). Though the 
etiology of this ulcerative dermatitis is not clarified, investiga-
tors proposed multifactorial etiology such as immune-complex 
vaculitis (Sundburg et al 1994), primary follicular dystrophy 
(Sundberg et al 2011), strain-related behavioral manifestation 
(Garner et al 2004; Williams et al 2012) and development hair-
induced oronasal inflammation (Duarte-Vogel et al 2011).
Health monitoring of SPF and conventional animals (mice and 
rats) was performed in our laboratory center. During this health 
monitoring program, it was occasionally encountered severe 
ulcerative dermatitis in C57BL/6 strain mice. It was found that 
the development of the unique skin lesions was closely associ-
ated with the opportunistic infection with Staphylococcus au-
reus (S. aureus). 
The purpose of this study was to investigate the health status of 
mice and rats in our laboratory animal facilities [specific patho-
gen free (SPF) and conventional facilities]. The incidence of S. 
aureus was compared between SPF and conventional rodents. 

In addition, severe ulcerative dermatitis in C57BL/6 strain mice 
was investigated for their macroscopic and microscopic changes.

Materials and Methods 
Animals 
Mice were housed in polycarbonate cages (W 17.0 × D 35.0 × H 
14.0 cm) with bedding made from pure-pulp (Care-feeaz, Hamri 
Co., LTD., Ibaraki, Japan) in our specific-pathogen-free (SPF) 
barrier facilities. Rats were housed in Polysulfone cage (W21.5 
× H13.3 × D32.3 cm, Seobit Co., Ltd, Tokyo) with wood shav-
ings (Soft tips, Japan SLC Inc., Shizuoka, Japan). The number 
of mice reared in our facilities was as follows: 2500-4000 SPF 
mice and 2500-3000 conventional mice. The number of rats was 
as follows: 200-300 SPF rats and 100-200 conventional rats.
The animal room was maintained at constant temperature (23 
± 1°C) and relative humidity (55±10%). The room air was ven-
tilated 10 to 15 times per hour automatically and 12 hr/12 hr 
light-dark cycle (lighting 06:00-18:00) was imposed. The SPF 
animals received commercial radiation sterilized diets (CE-2, 
Clea Japan Inc., Tokyo, Japan; CMF Spraut (specified diets for 
transgenic mice which are difficult to rear), Oriental Yeast Co. 
Ltd., Tokyo, Japan) and water ad libitum. These diets were previ-
ously sterilized by γ-irradiation at a dose of 30 kilograys (kGy). 
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Conventional animals were fed with unsterilized diets (CE-2, 
Clea Japan Inc., Tokyo, Japan) and given to water ad libitum.
The health status of animals in our SPF and conventional fa-
cilities was checked four times a year for the pathogens listed 
by the Japanese Association of Laboratory Animal Facilities of 
National University Corporations, and animals were free from 
all these pathogens. Monitoring infectious agents of experi-
mental rodents (SPF and conventional animals) were shown in 
Table 1. Health monitoring of SPF and conventional animals 
(mice and rats) was accomplished in our laboratory center for 
years 2008 through 2011. 
In order to sampling, the following methods were used: the ran-
dom sampling of individuals from the population and the sampling 
of sentinel mice capable of acquiring the unwanted infection.

Table 1. Monitoring infectious agents of experimental rodents

Statistic analysis
In the incidence of S. aureus between SPF and conventional 
animals, statistical analysis was performed using the χ-square 
test and Fisher’s exact probability test. The criterion for statistic 
significance was the 0.01 level. When the expected frequency 
was less than 5, the Fisher’s exact probability test was applied 
to statistic analysis.

Ulcerative dermatitis
Severe ulcerative dermatitis was found in three mice of the 
C57BL/6 strain. The dermatological lesions were evaluated for 
their macroscopic and microscopic changes. 
The mice were euthanized by carbon dioxide exposure. Immediately 
after euthanasia, these mice were necropsied and skin samples 
were taken for the histopathological examinations. The tissue 
specimens were fixed in 10% neutral buffered formalin, and 
4-μm paraffin sections were stained with hematoxylin and eo-
sine (HE) and toluidine blue (TB).

Bacteriological examinations of lesions were performed by 
swabbing the skin lesions with a sterile, cotton-tipped applicator. 
Samples for aerobic culture were inoculated directly onto blood 
and MaConkey agar. Anaerobic cultures were also inoculated 
onto blood agar. Bacterial colonies were examined with Gram-
stain and further identification was done using standard bacte-
riological methods (API Staph, Sysmex Co., Ltd., Kobe, Japan).

Results
Health monitoring results
Pasteurella pneumotropica has been occasionally detected in 
the trachea of the mice reared in conventional facilities. In con-
trast, both SPF and conventional rodents had S. aureus in their 
intestinal flora. S. aureus was the only pathogen which was al-
ways detected in the Bacteriological examinations. 
The incidence of S. aureus in our health monitoring status is 
shown in Figs 1 and 2. The prevalence of S. aureus in SPF mice 
was significantly higher than in conventional mice (2008, 2009 
and total results, p<0.01). There was no difference in the prev-
alence of S. aureus between both SPF and conventional mice 
(2010 and 2011). Similarly, SPF rats also had a higher preva-
lence of this microorganism than conventional rats did (2008, 
2009, 2011 and total results, p<0.01). There was no difference 
in the prevalence of S. aureus between both SPF and conven-
tional rats (2010).
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Figure 1. The incidence of infection with Staphylococcus aureus 
in mice. *: p<0.01 [significantly different between conventional 
(CV) and SPF mice].
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Figure 2. The incidence of infection with Staphylococcus au-
reus in rats. *: p<0.01 [significantly different between conven-
tional (CV) and SPF rats].

Mice Rats 

Mouse hepatitis virus Sialodacryoasenitis virus 
(SDAV)

Sendai virus (HVJ) Sendai virus (HVJ)
Ectromelia virus Hanta virus

Lymphocytic choriomeningitis
virus

Mycoplasma pulmonis Mycoplasma pulmonis
Salmonella spp. Salmonella spp.

Clostridium piliforme Clostridium piliforme 
(Tyzzer’s organism) (Tyzzer’s organism)

Corynebacterium kutscheri Corynebacterium kutscheri
Bordetella bronchiseptica

Pasteurella pneumotropica Pasteurella pneumotropica
Pseudomonas aeruginosa Pseudomonas aeruginosa

Staphylococcus aureus Staphylococcus aureus
Endoparasites Endoparasites

Helminths (Pinworms) etc. Helminths (Pinworms) etc.
Intestinal protozoa Intestinal protozoa

Ectoparasites Ectoparasites

Dermatophytes Dermatophytes
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Macroscopic findings
The mice showed various degree of papular dermatitis, consist-
ing of mild to moderate alopecia with raised dark red papules on 
the dorsal trunk. Subsequently, there were irregularly segmen-
tal reddish, weeping, or crusty ulcerating skin lesions (1×3 cm 
in size) over the shoulder, neck, chin and limbs. These papules 
became more extensive and ulcerated with the advance of the 
skin disease (Fig. 3). The extensive disfiguring skin lesions ap-
peared pruritic and were self-inflicted by contamination of skin 
abraded by scratching or biting. As the large ulcerative lesions 
healed, the mice developed severe contracture of the scarred 
skin. Although the skin condition had an incidence of less than 
1% of mice in our laboratory facilities, ulcerative dermatitis 
was observed in mice of C57BL/6 strains.

Figure 3. Macroscopic finding of ulcerative dermatitis in a 
C57BL/6 mouse. Severe ulcerative lesions are seen over the trunk.

Microscopic findings
The lesions were characterized by full-thickness epidermal 
coagulation necrosis with extensive ulceration and marked in-
flammatory cell infiltration in the dermis (Fig. 4). The ulcera-
tive lesions were covered with thick dried proteinaceous mate-
rials (degenerating nuclear debris, hemorrhage and coagulated 
serum proteins) and a very large number of inflammatory cells 
such as neutrophils and lymphocytes. The epidermis adjacent to 
the ulcer showed hyperplastic changes to various degrees with 
mild to moderate acanthosis and orthokeratosis. In the underly-
ing granulation tissues, there were an increased number of neu-
trophils, lymphocytes, macrophages and mast cells. Infiltration 
of dermal mast cells apparently increased in the skin lesions 
relative to the normal sites (Fig. 5).
As the lesions repaired, reepithelialization was found in the 
edge of ulcers. The regenerated epidermis was also acanthotic 
beneath the adherent crust and mast cells predominated in the 
dermal inflammation with dilated vasculature (Fig. 6). The der-
mis exhibited the regular arrangement of granulation tissues in 
the form of the crust. These findings revealed that histopatho-
logical diagnosis was mast-cell rich perivascular dermatitis ac-
companying the ulcerative lesions.

Discussion
It is known that S. aureus is found with a high prevalence in 
most colonies of laboratory mice. Strangely enough, S. aureus 
is uncommon in wild mice (Hansen 2011). 

  
Figure 4. Microscopic finding of ulcerative dermatitis in a 
C57BL/6 mouse. Full-thickness epidermal coagulation necro-
sis with extensive ulceration is seen. Marked inflammatory cell 
infiltration was also found in the dermis. HE stain.

Figure 5. Microscopic finding of ulcerative dermatitis in a 
C57BL/6 mouse. Infiltration of dermal mast cells can be ob-
served. TB stain.

Figure 6. Microscopic finding of ulcerative dermatitis in a 
C57BL/6 mouse. The dermal inflammation with dilated vas-
culature can be observed. TB stain.
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In our investigation, both mice and rats were considered sus-
ceptible to intestinal colonization of S. aureus. A high incidence 
of S. aureus in our health monitoring status was a prominent 
feature in SPF mice and SPF rats. 
The S. aureus transmission among mice occurs by direct con-
tact with infected mice or people and contaminated equip-
ment. S. aureus recovered from asymptomatic and clinically 
abnormal mice are often identical to the phage types isolated 
from the animal care staff, documenting that mice can acquire 
S. aureus through human contact (Besch-Williford & Franklin 
2007). Thus, some authors consider that the almost ubiquitous 
presence of S. aureus on the skin and mucous membranes of 
humans (care takers and research staffs) makes direct contact 
the most common form of S. aureus transmission.
Although the nares in humans are frequent sites of coloniza-
tion by S. aureus, the S. aureus carrying rate was relatively low 
(11.3%) for the skin of humans (Nagase et al 2002). Other study 
reported S. aureus could be isolated from only 5% of the skin 
of healthy individuals (Gloor et al 1992). It remains unsettled 
whether S. aureus isolated in association with the skin lesions 
was a simply opportunistic pathogen of devitalized tissues or 
rather a aggravating factor of this skin condition.
In the present study, there was a significant difference in the 
prevalence of S. aureus between SPF and conventional rodents. 
Our results of rodent health monitoring programs showed that 
incidence of SPF rodents by S. aureus was higher than in con-
ventional rodents (p<0.01). As the level of microbiological con-
trol was elevated in laboratory mice, S. aureus tended to colo-
nize on their simplified intestinal flora. This study revealed that 
simplification of the intestinal normal flora caused colonization 
infection by S. aureus in SPF rodents. 
In general, S. aureus is described as one of oppprtunistic path-
ogens, benignly colonizing host tissues. However, S. aureus is 
capable of liberating virulence factors once the epithelial barrier 
is breached (Besch-Williford & Franklin 2007). It is known that 
S. aureus has been associated with a multifactorial ulcerative 
dermatitis condition of laboratory rats (Weisbroth et al 2006). 
Ulcerative dermatitis caused by S. aureus and self trauma is a 
common disease phenomenon in this strain. Ulcerative derma-
titis is also known to occur secondarily to immune complex 
vasculitis (Sundburg et al 1994) or to cage mate hair chewing 
or barbering (Garner et al 2004). The underlying vasculature 
seemed to become involved in the developmental processes of 
these lesions. It was probable that their bite wounds and scratch-
ing the lateral thorax with the toes of the rear legs were some 
factors in the inoculation of S. aureus.
Histopathological examinations showed epidermal degeneration 
and dermal inflamation with mast cell infiltration. Pathogenic 
proteins derived from S. aureus cause histopathologically epi-
dermal thickening with infiltration of the dermis by mast cells 
in mice (Hong et al 2011). These dermatological changes are 
associated with the enhanced cutaneous production of IL-4, IL-
5, IFN-γ and IL-17 from dermal fibroblasts (Hong et al 2011). 
Mast cells release inflammatory chemical mediators, such as 
histamine, leukotrienes and prostaglandins, on IgE-mediated 
stimulation with specific allergens. Furthermore, mast cells 
produce a wide variety of cytokines, suggesting their active 
participation in the late-phase reaction and the chronic stage of 
inflammation (Harvima et al 1994; Bradding 1996). Ulcerative 

skin lesions were attributed to an increase in these chemical fac-
tors from mast cells.
Mast cells can play a role in bacterial skin infection by acting 
as sentinels of the immune system and as effector cells in im-
mune responses against the pathogens (Metz et al., 2008; Henz 
2008). Matsui and Nishikawa reported that percutaneous appli-
cation of peptidoglycan from S. aureus induced an increase in 
mast cell numbers in the dermis of mice (Matui & Nishikawa 
2005). The etiology of this severe dermatitis seemed to be as-
sociated with immunological changes in C57BL/6 mice suffer-
ing from S. aureus-infection.
Mast-cell rich perivascular dermatitis accompanying the ulcera-
tive lesions suggested that mast cells should be critically involved 
in initiating and modulating optimal host responses to bacteria 
by either inflammatory or anti-inflammatory effects, depending 
on the course of the host reaction induced by the pathogen (S. 
aureus). It was probable that increased mast cells caused be-
havioral abnormalities including overgrooming and frequently 
observed barbering and scratching behavior.

Conclusions
Our health monitoring results showed that S. aureus-infection 
in SPF rodents was higher than in conventional rodents. This 
phenomenon was attributable to simplification of the intesti-
nal normal flora in SPF rodents. C57BL/6 mice were predis-
posed to severe ulcerative dermatitis infected with S. aureus. 
Macroscopically and microscopically, this skin disease was di-
agnosed as mast-cell rich perivascular dermatitis accompany-
ing the ulcerative lesions.
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