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Mice are used frequently in cutaneous biology and wound 
healing research. Most mice studied in skin biology are housed 
in SPF facilities. However, many investigators are unclear about 
the functional definition of SPF. SPF conditions ensure that a 
predefined group of known pathogenic organisms are excluded 
from the environment where the animals are housed. Little is 
known about the bacterial species inhabiting the skin of normal 
mice housed under SPF conditions. Because bacterial coloniza-
tion or infection by microorganisms can affect the outcome of 
studies,1 identifying the bacterial flora colonizing murine skin 
under SPF conditions is important in understanding the effect 
of these organisms on cutaneous research in mice.

We use a mouse implant model to study skin interaction 
with biomaterials, with the goal of decreasing bacterial infec-
tions by restoring cutaneous barrier function.7 Characterizing 
the bacterial flora of murine skin housed under SPF conditions 
establishes a critical baseline for studies such as ours, in which 
bacterial infection plays a key role.

Materials and Methods
Animal experiments were conducted in accordance with pro-

tocols approved by the University of Washington Animal Care 
and Use Committee. Male C57BL/6 mice (n = 24; strain code 
027, Charles River, Wilmington, MA) were 6 wk old at the time 
of delivery to our institution and were housed in the SPF facility 
from 1 wk to 2 mo before their use in our experiments.

The University of Washington SPF facility is designed to 
maintain rodents in an environment free of infectious agents 
known to be pathogenic or capable of interfering with research 
objectives. The animals are maintained in a nonbarrier SPF 
facility. Sentinel animals are placed in each rack to monitor for 
specific infections agents. Caging and associated equipment used 

for housing and experimental equipment for SPF rodents are 
sterilized prior to use. Before their introduction into the facility, 
materials of biological origin (such as cells, tissues, serum, and 
cultures) must be tested by PCR or another acceptable method 
to verify that they are pathogen-free. Entry into the facility is 
limited and requires exchanging street clothes for dedicated 
scrubs, shoes, and hair bonnet. The mice are always handled 
by personnel wearing gloves, masks, and sleeves or gowns.  
Rodents from nonapproved vendors are quarantined for 5 to 
9 wk before being housed in the SPF facility. Excluded agents 
are mouse hepatitis virus and parvovirus, minute virus of mice, 
reovirus 3, pneumonia virus of mice, epizootic diarrhea of infant 
mice, Theiler murine encephalomyelitis virus, lymphocytic 
choriomeningitis virus, ectromelia, Sendai virus, sialodacryoad-
enitis virus, rat parvoviruses, Mycoplasma pulmonis, pinworms, 
and fur mites.

Studies were carried out by using aseptic technique. Accord-
ing to standard protocol, the mice were isolated from direct 
human contact during their stay in the SPF facility. After the 
mice were euthanized, punch biopsies of dorsal trunk skin, 
the site typically used for biomaterial implantation studies, 
were obtained from skin unexposed to topical antiseptics, 
representing the natural skin condition, as well as from skin 
that had been shaved with an electric razor, cleared of hair by 
using depilatory cream (Nair, Church and Dwight, Princeton, 
NJ), and cleansed with povidone–iodine solution (Betadine, 
Purdue Pharma, Stamford, CT) and alcohol, representing skin 
prepped for implant surgery.

Under sterile technique, biopsies were placed either in brain–
heart infusion culture broth (for anaerobic growth) or sterile 
culture cups containing sterile saline and gauze (aerobic), and 
transported immediately to the Microbiology Department at the 
University of Washington (Seattle, WA) for culture. Saline-stored 
samples were massaged automatically (Seward Stomacher 80, 
Brinkmann Instruments, Mississauga, Ontario, Canada) and 
seeded onto several plates (sheep blood agar, chocolate agar, and 
MacConkey agar) to maximize the number of bacterial species 
isolated. Skin samples placed in brain–heart infusion broth were 
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by sequencing of 16S DNA from cultured isolates were S. sapro-
phyticus (n = 19), S. aureus (n = 17), S. lentus (n = 16), S. cohnii 
(n = 9), S. xylosus (n = 9), Enterococcus faecalis (n = 5), S. nepalensis 
(n = 3), and Stenotrophomonas maltophilia, Microbacteria testaceum, 
Aerococcus viridans, Bacillus licheniformis, B. anthracis, B. subtilis, 
and B. circulans (n = 1 each).

The samples used to identify organisms by DGGE yielded 
some bands that correlated with known bacteria from cul-
tured isolates, as well as several unique bands that differed 
from known bacteria and were removed for sequencing. The 
additional organisms identified by this technique were bacte-
ria not found by culture alone. Figure 2 shows the DGGE gel 
demonstrating the additional bacteria that were not identified 
by culture alone.

Of the samples collected into sterile saline, 34 of 49 (69%) 
cultured isolates were coagulase-negative staphylococci (CNS), 
3 (6%) were S. aureus, and 12 (25%) were nonstaphylococcal 
species. Of the samples collected in brain–heart infusion broth, 
18 of 52 (35%) cultured isolates were CNS, 26 (50%) were S. 
aureus, and 8 (15%) were nonstaphylococcal species (Figure 1). 
Of the samples of skin that was prepped prior to culture, 16 of 
22 (73%) of cultured isolates were CNS, while 0 (0%) were S. 
aureus, and 6 (27%) represented nonstaphylococcal species. In 
unprepped skin samples, 36 of 79 (45%) cultured isolates were 
CNS, 29 (37%) were S. aureus, and 14 (18%) were nonstaphy-
lococcal species.

Discussion
Based on bacterial culture results, skin samples collected in 

saline were more likely to yield CNS, whereas samples col-
lected in brain–heart infusion broth were more likely to yield 
S. aureus. Although this study was not designed to determine 
the effect of skin prepping on bacterial colonization, mouse 
skin that was prepped prior to culture yielded fewer organ-
isms overall but relatively more CNS and nonstaphylococcal 

cultured at 35 °C and 3% CO2 in the original container. Specimens 
that grew in brain–heart infusion broth were subcultured on 
the plates listed for saline-stored samples. In addition, an 
inoculated Brucella plate was incubated at 35 °C anaerobically, 
to recover any potential anaerobes from the broth. All culture 
results were read as final on day 7. Saline and broth containers 
without samples were cultured as controls. Organisms were 
identified by using Gram staining, catalase and coagulase 
characterization, automated identification and susceptibility 
testing (Vitek, Bio Merieux, Marcy L’Etoile, France), and 16S 
rRNA gene sequencing.

Cultured isolates were sent to the Center for Biofilm Engi-
neering (Montana State University, Bozeman, MT) and further 
analyzed as follows. DNA was extracted (Microbial DNA Isola-
tion Kit, Mo Bio Laboratories, Carlsbad, CA) from the colonies as 
well as known control organisms grown on agar plates. Sterile 
water was used as a negative control. PCR amplification was 
performed by using primers 8F (5′ AGA GTT TGA TCC TGG 
CTC AG 3′) and 1492R (5′ GGT TAC CTT GTT ACG ACT T 3′; 
Integrated DNA Technologies, Carlsbad, CA). Primer reactions 
and DNA amplification was performed by using a program-
mable thermocycler (PTC100, MJ Research, Waltham, MA) at 
the following parameters: 94 °C for 2 min; 15 cycles of 94 °C 
for 45 s, 55 °C for 45 s, 72 °C for 45 s; and a final extension step 
of 72 °C for 7 min. Verification of the presence of DNA was 
assessed in 1.5% agarose gels. Amplified DNA was cloned 
directly (TOPO Cloning Kit, Invitrogen, Carlsbad, CA), and 
plasmids were extracted (QIAprep Spin Miniprep Kit, Qiagen, 
Valencia, CA) from the clones. Plasmids were sent to Laragen 
(Los Angeles, CA) for sequencing, and sequenced results were 
returned by email. Sequence data were analyzed by using the 
BLAST program (www.ncbi.nlm.nih.gov/blast).

Skin samples from 6 additional mice were frozen in saline and 
sent to the Center for Biofilm Engineering for further analysis. 
DNA was extracted from mouse skin biopsy samples, from posi-
tive controls (cultured isolates), and a negative control (sterile 
water) by using the DNeasy Blood and Tissue Kit (Qiagen). PCR 
amplification of mouse skin biopsy samples was performed by 
using primers 357F (5′ CCT ACG GGA GGC AGC AG 3′) and 
518R+GC clamp (5′ CGC CCG CCG CGC CCC GCG CCC GGC 
CCG CCG CCC CCG CCC CGT ATT ACC GCG GCTGCT GG 3′; 
Integrated DNA Technologies). Primer reactions, DNA amplifi-
cation, and verification of the presence of DNA were performed 
as described earlier. The amplified DNA underwent density 
gradient gel electrophoresis (DGGE) by using a 40% to 60% 
denaturing gradient and a mutation detection system (DCode, 
BioRad Laboratories, Hercules, CA). The gel was run at 60 V and 
60 °C with continuously stirred buffer for 16 h. Bands in the gel 
were visualized by using SYBR Gold (Invitrogen). DGGE bands 
of interest were cut directly from the gel and PCR-amplified as 
described earlier. Amplified DNA was cloned (TOPO Cloning 
Kit, Invitrogen), and plasmid extraction, sequencing, and data 
analysis were done as described earlier.

Results
Control biopsy containers appropriately demonstrated no 

growth. From the 91 skin samples sent for culture, a total of 101 
bacterial colonies were preliminarily identified by the Microbiol-
ogy Department (Figure 1). The identities of 85 random isolates 
were confirmed by sequencing 16S rRNA. For most isolates, the 
bacterial identities determined by 16S sequencing were the same 
as those determined by using phenotypic tests. However, several 
isolates labeled phenotypically as S. aureus were identified as 
S. saprophyticus by 16S sequencing. The organisms identified 

Figure 1. Overview of the cultured mouse skin samples, showing the 
numbers and percentages of samples yielding bacteria. The number of 
C57BL/6 mouse skin samples cultured in each condition (unprepped 
versus prepped skin), culture vessel (saline versus brain–heart infusion 
broth), the numbers and percentages of cultured samples that yielded 
bacteria, and the total number of colonies isolated in each group.
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organism was more likely to actually be another member of 
the B. cereus group.

Animal health reports from the vendor document occasional 
S. aureus colonization in the mice shipped, determined by na-
sopharyngeal sampling. The presence of S. aureus on mouse 
skin may be particularly important because this species is 
one of the most common agents causing primary cutaneous 
infections in humans.4 Our techniques identified not only this 
organism but also Enterococcus faecalis and several other species. 
Enterococcus, a gut bacterium, has been cultured from mouse 
skin by others.13

Although DGGE separation and sequencing techniques can-
not replace culture as a method of identifying and quantifying 
bacterial flora, this technique did identify several species of 
bacteria that were not found by culture alone. This result is 
not surprising, because estimates are that only about 1% of 
bacterial species have been cultured.12 Our findings indicate 
that neither method should stand alone, and culture plus 
molecular methods allowed identification of both common 
and rare bacterial species present on murine skin. Molecular 
analysis of cultured isolates yielded 14 different species and 6 
genera of microorganisms. Direct molecular analysis identified 
an additional 6 species and 5 genera of bacteria that were not 
found by culture.

Bacterial skin flora not only serve as potential pathogens 
in disrupted skin but also include commensal organisms that 
protect the host from more pathogenic bacteria.4 Some of the 
organisms we identified may have been the result of contamina-
tion from human contact or the facility, although the lack of S. 
epidermidis suggests that this is not the case.

Even the most rigorous description of SPF status conveys 
no information other than the organisms that the animals in 
question do not have. The composition of the flora (microbiota) 
present remains unknown and likely varies among differ-
ent SPF populations due to such factors as differences in the 
methods of establishing SPF status (fostering on SPF mothers, 
cesarean derivation, derivation by embryo transfer), flora of 
the stock from which the foster mothers were derived, number 
of generations since derivation, the different environments in 
which a stock may have been maintained since derivation, 
rigorousness of SPF protocols implemented in facilities in 
which the stock may have been maintained, genotype of the 
animals, diets the animals have been fed, and so on. Therefore, 
the results of the current study are applicable only to the strain 
and facility from which the data were obtained and cannot be 
applied broadly without additional data establishing whether 
common patterns exist.

Although only the skin flora of one strain of mice from a 
single vendor was investigated, this study presents important 
information about the potential variety of bacterial organisms 
present on the skin of research mice in SPF facilities. These 
organisms may colonize mice in SPF facilities frequently but 
remain undetected because they are not screened for in SPF 
protocols. Investigators need to be aware of the possible pres-
ence of these bacteria living on murine skin, as identified in this 
study. These observations may be important in understanding 
the role of host microflora in cutaneous biology and wound 
healing research conducted in mice.
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species than skin that was left unprepped before samples 
were obtained.

Our results show that staphylococci were the predominant 
species identified, and similar to findings for human skin10, 
CNS outnumbered coagulase-positive S. aureus in mouse skin 
samples. However, key differences exist between mouse and 
human skin flora. Most notably, S. epidermidis, the predomi-
nant bacterial species occupying normal human skin,8,10 was 
not identified in mouse skin. Combining skin culture and 
DNA analysis techniques, S. saprophyticus, S. aureus, S. lentus, 
S. xylosus, and S. cohnii were the 5 most predominant bacteria 
identified from murine skin.

CNS are important pathogens in infections associated with 
percutaneous devices.9,14 In immunocompromised mice with 
dermatitis, S. xylosus was isolated from skin lesions.15 Although 
some investigators have not detected S. aureus in normal (hair-
less) mouse skin,3 others have.2,10

Two recent reports have described the composition of micro-
bial flora of ear skin biopsies from C57BL6/J mice,5,11 in which 
the organisms typically were Proteobacteria and primarily pseu-
domonads. In addition, these previous studies5,11 used small 
numbers (3 and 4) of mice. In contrast to the previous results, the 
predominant bacteria in the current study were staphylococci of 
the division Firmicutes; we did not detect pseudomonads in the 
specimens from our mice by using either culture or molecular 
microbiology methods. These differences in results may reflect 
differences in mouse microflora among different geographic or 
anatomic locations.

Bacillus anthracis is a member of the B. cereus group. Although 
these organisms are phenotypically heterogenous, the phe-
notypic differences are primarily due to genes carried on 
plasmids, and the genomes of B. anthrasis and B. cereus are 
very similar.6 B. anthrasis has been suggested to be a lineage 
of B. cereus.6 Therefore, these 2 species may be indistinguish-
able based on 16S sequence. Bacteria in the B. cereus group are 
common microorganisms, and some are considered to be ubiq-
uitous because their spores are incredibly durable. Although 
the mouse skin sample may have harbored B. anthracis, this 

Figure 2. DGGE gel of DNA extracted from mouse skin samples. Un-
prepped skin is denoted with ‘u,’ whereas prepped skin is denoted 
with ‘p.’ Bands 1u/1p through 6u/6p represent DNA extracted from 
skin samples of 6 different mice. The center 5 bands represent DNA 
from known bacterial isolates previously cultured. Several unknown 
bands (numbers 1 to 11) were removed, amplified, and sequenced, and 
the following bacteria were identified from these bands: 1) Staphylococ-
cus aureus, 2) Staphylococcus saprophyticus, 3) Porphyromonas gingivalis, 
4) Flavobacteria symbiont 3, 5) Burkholderia cepacia, 6) Burkholderia cepa-
cia, 7) Staphylococcus lentus, 8) Burkholderia cepacia, 9) Brevundimonas 
nasdae, 10) Staphylococcus lentus, and 11) Microbacteriaceae bacterium.
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