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Background – Various Staphylococcus species have been demonstrated to play important roles on the skin,

including causing disease and protecting the host from pathogens. Although culture-based studies have isolated

various Staphylococcus spp. from feline skin, very little is known regarding the species-level communities on the

host.

Hypothesis/objectives – To describe the species-level staphylococcal communities inhabiting the skin of

healthy cats and cats with allergic dermatitis.

Animals – Skin swabs from the ear canal and groin of 11 healthy and 10 allergic (nonlesional) cats were

obtained.

Methods and materials – DNA was extracted from the skin swabs and used for next-generation sequencing

targeting the V1–3 region of the 16S rRNA gene. Following a standard microbiota analysis of the sequencing data,

species-level assignment for the staphylococcal sequences were obtained using a staphylococci-specific data-

base.

Results – Staphylococcus spp. had similar relative abundance in healthy and allergic samples. The most abun-

dant staphylococcal species were S. epidermidis in healthy samples, and S. felis and S. capitis in allergic sam-

ples. The composition of staphylococcal communities, as well as relative abundance of Staphylococcus spp.,

was variable between body sites and individual cats sampled.

Conclusions and clinical relevance – These results demonstrate that diverse staphylococcal communities

inhabit the skin of healthy and allergic cats, and provide a starting point for further research into the importance

of Staphylococcus spp. in feline allergic skin disease.

Introduction

Staphylococcus spp., although often thought of as patho-

gens, are known cutaneous commensals. In humans,

S. epidermidis is the most abundant species on healthy

skin, and is outgrown by S. aureus on the skin of individu-

als affected by atopic dermatitis (AD).1 In AD, S. aureus

can take advantage of the barrier dysfunction and

increase its numbers, gaining deeper access into the skin

and resulting in secondary bacterial infections.2 Besides

the skin barrier and various components of the cutaneous

ecosystem that have roles in preventing infection, some

microbes, such as S. epidermidis, also are important in

host defence. These bacteria can prevent overgrowth of

S. aureus through a variety of mechanisms and can mod-

ulate the host immune system.3,4 Therefore, the genus

Staphylococcus is of great importance in allergic

dermatitis. This impact, however, is not strictly limited to

humans.

In dogs, S. pseudintermedius has been recognized as

the predominant staphylococcal species on both healthy

and allergic canine skin in both culture-dependent and cul-

ture-independent studies.5 In one study, S. pseudinter-

medius accounted for 59.4% of the total Staphylococcus

spp. in all canine samples (healthy and atopic).6 In lesions

of canine pyoderma secondary to allergic disease, the

overall Staphylococcus spp. abundance was found to be

higher in samples from affected relative to healthy canine

samples and S. pseudintermedius was the predominant

species in both sample types.7 Collectively, these results

suggest that unlike in human skin, there does not seem

to be a difference in the relative abundance of specific

Staphylococcus species between healthy and allergic skin

in dogs.

In feline patients, our knowledge of the cutaneous

staphylococcal communities is very limited. Research on

cutaneous feline staphylococcal communities has been

performed, yet most reports have focused solely on iso-

lates from lesions. Those that have included samples
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from healthy cats have found higher abundances of coag-

ulase-negative as opposed to coagulase-positive staphy-

lococcal species.8–10 Studies that have determined the

specific coagulase-negative species present have

described a predominance of S. felis (previously thought

to be S. simulans).10–12 Within the coagulase-positive

species identified on healthy skin, S. pseudintermedius

(previously reported as S. intermedius)13 seems to be

most abundant, followed closely behind by S. aureus.9,12

On lesional feline skin, two studies have described

higher abundances of coagulase-positive isolates, relative

to the numbers found on healthy skin8 and relative to the

number of coagulase-negative isolates.14 Many species,

including S. felis, S. aureus and S. pseudintermedius,15

have been isolated from lesions.

These previously reported studies have relied on cul-

ture-based methods, which might not offer growth condi-

tions that are equally favourable to all species and

therefore may not provide a broad image of the relative

abundances of these staphylococcal species. Molecular-

based methods are independent of cultivability, allow for

species-level identification and can therefore comple-

ment data from existing culture-based studies. Although

increased Staphylococcus spp. on nonlesional allergic

feline skin has been described,16 the importance of speci-

fic staphylococcal species in feline allergic skin disease

has not been evaluated. In this study, we sought to con-

firm previous findings of increased Staphylococcus spp.

on allergic feline skin and describe the species-level com-

position of staphylococcal communities using next-gener-

ation sequencing (NGS).

Methods and materials

Ethical approval
This study was approved by the Texas A&M University Institutional

Animal Care and Use Committee and informed written consent was

obtained for all cats sampled.

Sample collection
All cats were evaluated by a board-certified dermatologist and only

sampled if fitting within the previously described inclusion criteria.16

Swabs of the ear canal and groin were obtained from 11 healthy and

10 allergic cats (Table S1). Samples were taken by rubbing two Isohe-

lix buccal swabs (Cell Projects Ltd.; Kent, UK) 10 times per side of

each swab. Hair was parted with gloved hands to ensure that swabs

were applied to the skin and not the fur. The two swabs then were

stored in a single MO BIO PowerBead tube (MO BIO Laboratories;

Carlsbad, CA, USA) and stored at 4°C (for no longer than seven days)

until DNA extraction with the MO BIO PowerSoil DNA Isolation Kit.

Along with skin swab samples, DNA was extracted from an empty

PowerBead tube and a PowerBead tube containing a sterile swab as

controls.

Next-generation sequencing and sequence

processing
The DNA was sent to the University of Minnesota Genomics Center

for NGS of the V1–3 region of the 16S rRNA gene (V1_27F:

AGAGTTTGATCMTGGCTCAG, V3_534R: ATTACCGCGGCTGCTGG).

After library preparation with the KAPA Library Amplification Kit

(Roche; Basel, Switzerland.), samples were subjected to 2 x 300 bp

paired-end sequencing on an Illumina MiSeq (Illumina; San Diego,

CA, USA). Data were analysed in MOTHUR v1.39.5,17 where chimeras

were removed with uchime,18 sequences were aligned to the green-

genes(13_8_99) database,19 and classified with the RDP classifier

(v16).20 Staphylococcal sequences were extracted and aligned to a

reference alignment available in a previously published package

trimmed to the sequencing region.21 Staphylococcal sequences hav-

ing <99% similarity with sequences in the staphylococcal alignment

were considered unclassified to the species level.

For diversity analyses, data were rarefied to 15,066 sequences

per sample. Alpha diversity was analysed using the observed opera-

tional taxonomic units (OTUs), Chao1, Shannon diversity index and

Faith’s phylogenetic diversity metrics. Beta diversity was analysed

using the Bray–Curtis, Jaccard, weighted UniFrac and unweighted

UniFrac methods.

Statistical methods
Based on the non-normal distribution of data, as determined with the

Shapiro–Wilk test in JMP PRO 14 (SAS Institute Inc.; Cary, NC, USA),

alpha diversity and differential taxa relative abundance data were

analysed using nonparametric Wilcoxon rank-sum tests in JMP PRO

14. Differential relative abundance of taxa also was analysed using

the Linear Discriminant Analyze Effect Size (LEfSe) algorithm on the

Huttenhower lab Galaxy (http://huttenhower.sph.harvard.edu/galaxy/

). Distance matrices for beta diversity were analysed with the analy-

sis of similarities (ANOSIM) test in R/VEGAN.

Results

A total of 1,402,395 sequences (median 33,477) from 42

samples remained after quality filtering. Sequence files

are available in the NCBI sequence read archive under

BioProject ID PRJNA580000. In terms of composition,

this study revealed similar results to what has been

described previously in cats,16,22 with Proteobacteria (av-

erage relative abundance 52.29%), Firmicutes (17.94%),

Actinobacteria (13.99%) and Bacteroidetes (11.87%) as

the predominant phyla (Figures S1 and S2). Analysis of

the bacterial microbiota reveal no differences in diversity

between healthy and allergic cats, nor differences when

analysing the effect of individual or body site within health

groups. When analysing healthy samples based on sex,

no differences in diversity were observed, however a few

taxa were found to have differential abundance. Two gen-

era, Rhizobium spp. (P = 0.010) and Kocuria spp.

(P = 0.024), were identified only in male samples with

average relative abundances of 1.7% and 0.7%, respec-

tively. Unclassified Aerococcaceae (unclassified to the

genus level) were not found in any male samples, yet

were identified in four female samples with an average

relative abundance of 2.1% (P = 0.040). Numerous taxa

were found to be differentially abundant between healthy

and allergic cats (Figure 1). Among the many differentially

abundant taxa were Streptococcus spp., which were

found in higher relative abundances in samples from both

body sites of allergic cats (linear discriminant analysis

(LDA) = 3.8208, P = 0.016), and Escherichia/Shigella

spp., which also had higher relative abundance in allergic

cats, only in the ear canal (LDA = 2.9112, P = 0.024). No

difference in Staphylococcus spp. relative abundance

was found between healthy and allergic samples.

Overall, relative abundance of Staphylococcus spp.

was low, with average relative abundances of 4.34% in

healthy and 3.61% in allergic samples (Figure S2). Of the

42 samples analysed, four healthy and three allergic sam-

ples had no Staphylococcus spp. sequences. Samples

with staphylococcal sequences had up to five different

species, with an average of two species per sample
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(Table S2). When looking at the staphylococcal

sequences from all samples, 13 different staphylococcal

species could be identified (Figure 2).

In healthy samples (23,440 staphylococcal sequences),

40.3% and 26.9% of the Staphylococcus sequences

were classified to S. epidermidis and S. pseudinter-

medius, respectively (Figure 3). When looking at the

staphylococcal communities in terms of average relative

abundance, S. epidermidis was the most abundant (aver-

age relative abundance 29.4%), followed by S. capitis

(15.3%) and S. felis (6.6%).

In allergic samples (19,139 staphylococcal sequences),

S. capitis accounted for 30.8% and S. felis accounted for

21.2% of sequences. In terms of average relative

Figure 1. Linear discriminant analysis (LDA) effect size (LEfSe) analysis of bacterial relative abundance between healthy and allergic cat samples.

Various taxa were found to be differentially abundant when analysing (a) both body sites, or the (b) ear canal and (c) groin samples only.

Figure 2. Relative abundance of staphylococcal species in each sample.

Staphylococcal community composition was variable across individual cats and body site.
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abundance, S. felis (16.2%) and S. capitis (13.4%) were

the most abundant. Only four sequences from all allergic

samples were classified as S. pseudintermedius. No spe-

cies was found to be significantly differentially abundant

between healthy and allergic cat samples (Figure S1: all

samples).

Discussion

This study is the first to describe the species-level staphy-

lococcal communities on feline skin. Previous studies

have indicated S. aureus, S. intermedius (likely S. pseud-

intermedius, which was first described after these stud-

ies),23 S. felis and S. simulans (likely S. felis, which was

first described after these studies)11 as some of the most

prevalent staphylococci present on healthy feline

skin.12,13,24 In the results presented here from healthy

skin samples, S. epidermidis accounted for the majority

of sequences and had the highest average relative abun-

dance. Due to the high variability in the abundance of Sta-

phylococcus spp. among cats, the definition of a core

staphylococcal community on feline skin is still not clear.

However, when looking at individual healthy cat samples,

S. epidermidis was the most abundant species in seven

of 22 samples and S. capitis was most abundant in four

of 22 samples. All other staphylococcal species were only

most abundant in at most a single sample. Staphylococ-

cus aureus sequences were not found in any sample. A

recent study found that S. aureus could only be isolated

from 4.24% of healthy feline skin samples,10 so perhaps

their low abundance explains why they were not identi-

fied in our dataset. Various species have been identified

as pathogens in cats, including S. aureus, S. felis25 and

S. intermedius (more likely S. pseudintermedius).15 Sta-

phylococcus capitis and S. felis accounted for the

majority of staphylococcal sequences and were the spe-

cies with the highest average relative abundance from

allergic samples. These results suggest that in addition to

S. felis, which is typically associated with feline skin,

S. epidermidis and S. capitis also may be important spe-

cies that previously have not received much attention

with respect to feline cutaneous staphylococcal commu-

nities. Additionally, our results indicate that the staphylo-

coccal communities inhabiting feline skin are incredibly

diverse relative to their human and canine counterparts.

Within this study, we were able to identify 13 different

staphylococcal species across all samples. Although not

all of these had high relative abundance, several species

accounted for a substantial percentage of all staphylococ-

cal sequences. This contrasts with data from dogs, where

S. pseudintermedius accounts for a strong majority of all

staphylococci,6 and humans, where typically S. epider-

midis or S. aureus, depending on health status and body

site, are the predominant staphylococcal species pre-

sent.26

Given the importance of Staphylococcus spp. in human

and canine allergic dermatitis, we hypothesized that Sta-

phylococcus spp. also may have roles in feline allergic

dermatitis. This bacterial genus previously has been

demonstrated to be increased in abundance on both aller-

gic human and canine6 skin, compared to healthy counter-

parts. Their relative abundance also has been found to be

increased on the skin of allergic cats,16 particularly in the

ear canal and interdigital space. Although not statistically

significant, our results indicate there may be differences

in the species-level composition of the staphylococcal

communities inhabiting healthy and allergic feline skin,

including a predominance of S. epidermidis in healthy

samples. The finding of more S. epidermidis sequences

in healthy samples is interesting given the importance of

Figure 3. Species-level composition of staphylococcal communities on healthy and allergic feline skin based on the number of sequences per

species.

Regardless of health status, staphylococcal communities on feline skin are diverse, containing multiple species of substantial abundance. Healthy

cats are colonized predominantly by S. epidermidis and S. pseudintermedius, and S. capitis and S. felis are the most prevalent staphylococcal

species present on allergic cats.

© 2020 ESVD and ACVD, Veterinary Dermatology4

Older et al.



this species on healthy human skin, where it is typically

the most abundant bacteria and can convey benefits to

the host. This species can produce antimicrobials tar-

geted to more pathogenic bacterial species and secrete

compounds that can enhance the host immune system.3

In human atopic patients, S. aureus bypasses the protec-

tive roles of S. epidermidis and becomes highly abun-

dant.4 This often leads or contributes to secondary

infections during allergic flares. Similar protective roles of

S. epidermidis and other staphylococcal species have not

yet been demonstrated on canine and feline skin, and

thus may provide an avenue for therapeutic intervention.

Secondary infections also are known to occur in allergic

feline patients, however the true occurrence is unknown

and likely underestimated. Although Staphylococcus

seems to be present on feline skin in similar relative abun-

dances as on canine skin, based on the current and previ-

ous study,16 perhaps the inability of many staphylococcal

species to adhere strongly to feline corneocytes27,28 is

responsible for the seemingly lower occurrence of bacte-

rial skin infection reported in feline patients. However,

this potential lack of secondary infections does not

negate the importance of this bacteria in feline allergic

dermatitis. Perhaps staphylococci are not as important in

terms of causing infection in cats than in dogs, and may

instead be influential primarily through modulating inflam-

mation.

Interestingly, some of the staphylococcal species

observed within these feline samples, such as S. hominis

and S. capitis, are associated with human skin.26 It is

uncertain whether these particular staphylococcal spe-

cies are stable residents of feline skin, or whether they

are transient organisms transferred via contact with

humans. Although there have been some studies evaluat-

ing the microbiome of humans and their pets,29–31 the

direction and impact of microbiome-sharing between spe-

cies that cohabit remains unclear.

Besides staphylococci, other bacteria on the skin may

contribute to secondary infections in cats with allergic

dermatitis. In this study, higher relative abundances of

Streptococcus spp. and Escherichia/Shigella spp. were

observed in allergic samples. Streptococcus spp. can

cause cutaneous bacterial infections, and these infec-

tions are rare and typically related to cat bites.32 The

finding of higher relative abundance of Escherichia/Shi-

gella spp. was limited to the ear canal, which can be a

site for secondary E. coli infections.33 The biological sig-

nificance of the higher relative abundance of Strepto-

coccus and Escherichia/Shigella spp. in allergic samples

is unclear.

Studies describing the staphylococcal communities on

lesional skin should be performed to better understand

which species may be more relevant during flares of aller-

gic skin disease. Within our own study some staphylococ-

cal species were found to have higher relative abundance

in allergic skin, yet these did not reach significance, per-

haps as a consequence of the small sample size.

Although NGS does allow us to see a broader picture of

the entire staphylococcal communities present, like cul-

ture-based techniques, it can be biased towards specific

species and, given the short length of amplicons, also has

the potential for species-level misclassification.

Therefore, the use of other techniques to complement

existing studies is desired. When samples from another

cohort of healthy and allergic cats were subjected to

quantitative PCR targeting Staphylococcus spp., the bac-

teria were detected in only a small number of samples

with low abundances (unpublished data). Perhaps other

methods would be more beneficial for further describing

the staphylococcal communities inhabiting healthy and

allergic feline skin.

Staphylococcus spp. have low relative abundance on

feline skin, yet they may have an important role in skin

homeostasis and during flares in feline allergic skin dis-

ease. Although statistically significant differences were

not demonstrated in the present study, there are appre-

ciable differences in the species-level composition of

these communities between healthy and allergic cats,

and between individual cats. Unlike their canine counter-

parts, and more similar to the dynamic communities on

human skin, there was not a single predominant species

in all samples, regardless of health status. Further

research of the staphylococcal communities inhabiting

lesional feline skin may identify species that are associ-

ated with disease, which could represent new targets for

therapy.

Acknowledgements

We would like to thank Texas A&M High Performance

Research Computing for allowing access to computing

resources, Amanda Friedeck for assistance with sample

collection, the Segre and Conlan laboratories at the

National Institute of Health for providing the Staphylococ-

cus reference package, and the cat owners for participat-

ing in this study.

References

1. Kong HH, Oh J, Deming C, et al. Temporal shifts in the skin

microbiome associated with disease flares and treatment in chil-

dren with atopic dermatitis. Genome Res 2012; 22: 850–859.
2. Nakatsuji T, Chen TH, Two AM, et al. Staphylococcus aureus

exploits epidermal barrier defects in atopic dermatitis to trigger

cytokine expression. J Invest Dermatol 2016; 136: 2,192–2,200.
3. Gallo RL, Nakatsuji T. Microbial symbiosis with the innate

immune defense system of the skin. J Invest Dermatol 2011;

131: 1,974–1,980.
4. Stacy A, Belkaid Y. Microbial guardians of skin health. Science

2019; 363: 227–228.
5. Fazakerley J, Nuttall T, Sales D, et al. Staphylococcal colonization

of mucosal and lesional skin sites in atopic and healthy dogs. Vet

Dermatol 2009; 20: 179–184.
6. Bradley CW, Morris DO, Rankin SC, et al. Longitudinal evaluation

of the skin microbiome and association with microenvironment

and treatment in canine atopic dermatitis. J Invest Dermatol

2016; 136: 1,182–1,190.
7. Older CE, Banovic F, Rodrigues Hoffmann A. Characterization of

skin microbiota from superficial pyoderma forms in dogs. Vet

Dermatol 2018; 29: 280 (abstract).

8. Patel A, Lloyd DH, Lamport AI. Antimicrobial resistance of feline

staphylococci in south-eastern England. Vet Dermatol 1999; 10:

257–261.
9. Abraham JL, Morris DO, Griffeth GC, et al. Surveillance of

healthy cats and cats with inflammatory skin disease for colo-

nization of the skin by methicillin-resistant coagulase-positive

staphylococci and Staphylococcus schleiferi ssp. schleiferi. Vet

Dermatol 2007; 18: 252–259.

© 2020 ESVD and ACVD, Veterinary Dermatology 5

Feline cutaneous staphylococcal communities



10. Bierowiec K, Korzeniowska-Kowal A, Wzorek A, et al. Preva-

lence of Staphylococcus species colonization in healthy and sick

cats. Biomed Res Int 2019; 2019: 4360525.

11. Igimi S, Kawamura S, Takahashi E, et al. Staphylococcus felis, a

new species from clinical specimens from cats. Int J Syst Evol

Bacteriol 1989; 39: 373–377.
12. Lilenbaum W, Nunes EL, Azeredo MA. Prevalence and antimi-

crobial susceptibility of staphylococci isolated from the skin sur-

face of clinically normal cats. Lett Appl Microbiol 1998; 27: 224–
228.

13. Devriese LA, Nzuambe D, Godard C. Identification and charac-

terization of staphylococci isolated from cats. Vet Microbiol

1984; 9: 279–285.
14. Medleau L, Blue JL. Frequency and antimicrobial susceptibility

of Staphylococcus spp isolated from feline skin lesions. J Am

Vet Med Assoc 1988; 193: 1,080–1,081.
15. Igimi S, Atobe H, Tohya Y, et al. Characterization of the most fre-

quently encountered Staphylococcus sp. in cats. Vet Microbiol

1994; 39: 255–260.
16. Older CE, Diesel A, Patterson AP, et al. The feline skin micro-

biota: The bacteria inhabiting the skin of healthy and allergic cats.

PLoS One 2017; 12: e0178555.

17. Schloss PD, Westcott SL, Ryabin T, et al. Introducing mothur:

open-source, platform-independent, community-supported soft-

ware for describing and comparing microbial communities. Appl

Environ Microbiol 2009; 75: 7,537–7,541.
18. Edgar RC, Haas BJ, Clemente JC, et al. UCHIME improves sen-

sitivity and speed of chimera detection. Bioinformatics 2011; 27:

2,194–2,200.
19. McDonald D, Price MN, Goodrich J, et al. An improved Green-

genes taxonomy with explicit ranks for ecological and evolution-

ary analyses of bacteria and archaea. ISME J 2012; 6: 610–618.
20. Wang Q, Garrity GM, Tiedje JM, et al. Naive Bayesian classifier

for rapid assignment of rRNA sequences into the new bacterial

taxonomy. Appl Environ Microbiol 2007; 73: 5,261–5,267.
21. Conlan S, Kong HH, Segre JA. Species-level analysis of DNA

sequence data from the NIH Human Microbiome Project. PLoS

One 2012; 7: e47075.

22. Older CE, Diesel AB, Lawhon SD, et al. The feline cutaneous

and oral microbiota are influenced by breed and environment.

PLoS One 2019; 14: e0220463.

23. Devriese LA, Vancanneyt M, Baele M, et al. Staphylococcus

pseudintermedius sp. nov., a coagulase-positive species from

animals. Int J Syst Evol Microbiol 2005; 55: 1,569–1,573.

24. Cox HU, Hoskins JD, Newman SS, et al. Distribution of staphylo-

coccal species on clinically healthy cats. Am J Vet Res 1985; 46:

1,824–1,828.
25. Patel A, Lloyd DH, Howell SA, et al. Investigation into the poten-

tial pathogenicity of Staphylococcus felis in a cat. Vet Rec 2002;

150: 668–669.
26. Otto M. Staphylococcus colonization of the skin and antimicro-

bial peptides. Expert Rev Dermatol 2010; 5: 183–195.
27. Lu YF, McEwan NA. Staphylococcal and micrococcal adherence

to canine and feline corneocytes: quantification using a simple

adhesion assay. Vet Dermatol 2007; 18: 29–35.
28. Woolley KL, Kelly RF, Fazakerley J, et al. Reduced in vitro adher-

ence of Staphylococcus species to feline corneocytes compared

to canine and human corneocytes. Vet Dermatol 2008; 19: 1–6.
29. Song SJ, Lauber C, Costello EK, et al. Cohabiting family mem-

bers share microbiota with one another and with their dogs. Elife

2013; 2: e00458.

30. Misic AM, Davis MF, Tyldsley AS, et al. The shared microbiota

of humans and companion animals as evaluated from Staphylo-

coccus carriage sites.Microbiome 2015; 3: 2.

31. Ross AA, M€uller KM, Weese JS, et al. Comprehensive skin

microbiome analysis reveals the uniqueness of human skin and

evidence for phylosymbiosis within the class Mammalia. Proc

Natl Acad Sci USA 2018; 115: E5786–E5795.
32. Miller WH, Griffin CE, Campbell KL. Muller and Kirk’s Small Ani-

mal Dermatology, 7th edition. St Louis, MO: Elsevier Mosby,

2013; 184–222.
33. Miller WH, Griffin CE, Campbell KL. Muller and Kirk’s Small Ani-

mal Dermatology, 7th edition. St Louis, MO: Elsevier Mosby,

2013; 724–773.

Supporting Information

Additional Supporting Information may be found in the

online version of this article.

Figure S1. Relative abundance of bacteria taxa across

individual samples of cat skin.

Figure S2. Average relative abundance of taxa found on

cat skin.

Table S1. Signalment of sample cohort.

Table S2. Relative abundance of staphylococcal species

and number of unique species identified (excluding

unclassified staphylococcal sequences) in each sample.

R�esum�e

Contexte – Plusieurs esp�eces de Staphylococcus ont montr�e un rôle important dans la peau, dont la cause

de maladies ou la protection de l’hôte des pathog�enes. Bien que les �etudes bas�ees sur les cultures aient

permis d’isoler le nombreuses Staphylococcus spp. de la peau de chat, on en sait tr�es peu sur les niveaux

d’esp�eces de communaut�es de l’hôte.

Hypoth�eses/Objectifs – D�ecrire les communaut�es staphylococciques de niveau d’esp�ece occupant la

peau de chats sains et de chats avec dermatites allergiques.

Sujets – Des �ecouvillons cutan�es des conduits auriculaires et du nez de 11 chats sains et 10 chats allergi-

ques (non l�esionnels) ont �et�e obtenus.

Mat�eriels et m�ethodes – L’ADN a �et�e extrait d’�ecouvillons cutan�es et utilis�es pour le s�equenc�age de der-

ni�ere g�en�eration ciblant la r�egion V1-3 du g�ene ARNr 16s. Suivant une analyse de microbiote standard des

donn�ees de s�equenc�age, la d�esignation des niveaux d’esp�ece pour les s�equences staphylococciques ont

�et�e obtenues �a l’aide de donn�ees sp�ecifiques de staphylocoques.

R�esultats – Staphylococcus spp. �etait pr�esent en quantit�e relative similaire pour les �echantillons sains et al-

lergiques. Les esp�eces de staphylocoques les plus abondantes �etaient S. epidermidis dans les �echantillons

sains, et S. felis et S. capitis dans les �echantillons allergiques. La composition des communaut�es de sta-

phylocoques, ainsi que la quantit�e relative de Staphylococcus spp., �etait variable entre les sites corporels

et entre les chats pr�elev�es.

Conclusion et importance clinique – Ces r�esultats d�emontrent que les communaut�es de staphylocoques

diverses occupent la peau de chat sain et allergique et fournit un point de d�epart pour des recherches

suppl�ementaires sur l’importance de Staphylococcus spp. dans les dermatoses allergiques f�elines.

© 2020 ESVD and ACVD, Veterinary Dermatology6

Older et al.



RESUMEN

Introducci�on – se ha demostrado que varias especies de Staphylococcus desempe~nan papeles importan-

tes en la piel, incluyendo causar enfermedades y proteger al hu�esped de los pat�ogenos. Aunque los estu-

dios basados en cultivos han aislado varios Staphylococcus spp. de piel felina, se sabe muy poco sobre las

comunidades a nivel de especie en el hospedador felino.

Hip�otesis/objetivos – describir las comunidades estafiloc�ocicas a nivel de especie que habitan la piel de

gatos sanos y gatos con dermatitis al�ergica.

Animales – se obtuvieron hisopos de piel del canal auditivo y de la ingle de 11 gatos sanos y 10 gatos

al�ergicos (sin lesiones).

M�etodos y materiales – se extrajo el DNA de hisopos de la piel y se us�o en secuenciaci�on de pr�oxima

generaci�on dirigida a la regi�on V1-3 del gen 16s rRNA. Despu�es de un an�alisis est�andar de microbiota de

los datos de secuenciaci�on, se obtuvo la asignaci�on a nivel de especie para las secuencias estafiloc�ocicas

utilizando una base de datos espec�ıfica de estafilococos.

Resultados – Staphylococcus spp. tuvo abundancia relativa similar en muestras sanas y al�ergicas. Las

especies de estafilococos m�as abundantes fueron S. epidermidis en muestras sanas y S. felis y S. capitis

en muestras al�ergicas. La composici�on de las comunidades de estafilococos, as�ı como la abundancia rela-

tiva de Staphylococcus spp., fue variable entre las zonas del cuerpo y en los gatos individuales muestrea-

dos.

Conclusiones y relevancia cl�ınica – estos resultados demuestran que diversas comunidades de estafilo-

cocos habitan en la piel de gatos sanos y al�ergicos, y proporcionan un punto de partida para futuras investi-

gaciones sobre la importancia de Staphylococcus spp. en la enfermedad cut�anea al�ergica felina.

Zusammenfassung

Hintergrund – Es konnte gezeigt werden, dass verschiedene Staphylococcus Spezies eine wichtige Rolle

auf der Haut spielen, so verursachen sie auch Erkrankungen und sch€utzen den Wirt vor Krankheitserregern.

Obwohl mittels Kultur-basierten Studien verschiedene Staphylococcus spp. von Katzenhaut isoliert werden

konnten, ist sehr wenig bekannt €uber die Spezies-Level Arten auf demWirt.

Hypothese/Ziele – Die Beschreibung der Staphylokokken Spezies-Level Arten, die die Haut gesunder Kat-

zen und die Haut von Katzen mit allergischer Dermatitis bewohnen.

Tiere – Es wurden Hauttupfer aus dem Ohrkanal und der Inguinalgegend von 11 gesunden und 10 allergi-

schen (nicht-l€asionalen) Katzen genommen.

Methoden und Materialien – Es wurde DNA von den Hauttupfern extrahiert und f€ur die Next-Generation

Sequenzierung verwendet, welche auf die V1-3 Region des 16s rRNA Gens abzielte. Nach einer Standard

Mikrobiota Analyse der Sequenzierungsdaten wurden Spezies-Level Zuordnungen der Staphylokokken

Sequenzen mittels einer Staphylokokken-spezifischen Datenbank erzielt.

Ergebnisse – Staphylococcus spp. zeigte eine €ahnliche relative H€aufigkeit bei gesunden wie auch bei aller-

gischen Proben. Die am h€aufigsten vorkommende Staphylokokken Spezies waren S. epidermidis bei

gesunden Proben und S. felis und S. capitis bei allergischen Proben. Die Zusammensetzung der Staphylo-

kokken Arten sowie die relative Menge an Staphylococcus spp. war zwischen den verschiedenen K€orper-

stellen und den individuellen Katzen, von denen Proben entnommen wurden, unterschiedlich.

Schlussfolgerungen und klinische Bedeutung – Diese Ergebnisse zeigen, dass diverse Staphylokokken-

arten die Haut gesunder und allergischer Katzen bewohnen und stellen einen Ansatz f€ur die weitere For-

schung €uber die Wichtigkeit der Staphylococcus spp. bei Katzen mit allergischer Hauterkrankung dar.

要約

背景 – 様々なブドウ球菌種が、疾患の発生や病原体からの宿主の保護など、皮膚に重要な役割を果たす

ことが実証されている。培養ベースの研究は、猫の皮膚から様々なブドウ球菌属を分離しているが、宿

主における種レベルのコミュニティについてはほとんど知られていない。

仮説/目的 – 本研究の目的は、健常猫およびアレルギー性皮膚炎の猫の皮膚に生息する種レベルのブドウ

球菌コミュニティについて説明することであった。

供試動物 – 健常猫11頭およびアレルギー（非病変部位）猫11頭の外耳道および鼠径部の皮膚スワブを採

取した。

材料と方法 – 皮膚スワブからDNAを抽出し、16s rRNA遺伝子のV1–3領域をターゲットとした次世代シー

ケンシングを使用した。シーケンスデータの標準的な微生物叢解析に続いて、ブドウ球菌固有のデータ

ベースを使用し、ブドウ球菌シーケンスに対する種レベルの割当を取得した。

結果 – ブドウ球菌属は健常およびアレルギーサンプルで同様の相対量を有していた。最も豊富なブドウ

球菌種は、健常サンプルではS. epidermidis、アレルギーサンプルではS. felisおよびS. capitisであった。ブ
ドウ球菌コミュニティの組成およびブドウ球菌属の相対量は、身体部位および採取した個々の猫間で変

動した。

結論と臨床的関連性 – 本研究結果は、様々なブドウ球菌コミュニティが健常およびアレルギー猫の皮膚

に生息していることを示しており、猫のアレルギー性皮膚疾患におけるブドウ球菌属の重要性に関する



さらなる研究の出発点を提供している。

摘要

背景 – 已证实各种葡萄球菌在皮肤上发挥重要作用，包括引起疾病和保护宿主免受病原体的影响。尽管从

猫皮肤分离培养的研究发现了各种葡萄球菌，但对该宿主身上菌种水平的群落仍知之甚少。
假设/目的 – 常驻在健康猫和过敏性皮炎猫皮肤上的葡萄球菌，对其菌种水平上的群落进行描述。
动物 – 对11只健康猫和10只过敏（无病变）猫的耳道和腹股沟皮肤棉签采样。
方法和材料 – 从皮肤棉签样本中提取DNA，使用针对16s rRNA基因V1-3区的新一代测序。对测序数据进

行标准微生物群分析后，利用葡萄球菌特异性数据库，获得菌种水平上的葡萄球菌序列。
结果 – 健康和过敏猫的葡萄球菌相对丰度很相似。在健康样本的葡萄球菌中，丰度最高的菌种为表皮葡萄

球菌，过敏样本中为猫链球菌和头葡萄球菌。葡萄球菌的群落组成，以及葡萄球菌的相对丰度，在不同采

样的身体部位和个体猫之间存在差异。
结论和临床相关性 – 这些结果表明，健康和过敏猫皮肤上存在不同的葡萄球菌群落，并为猫过敏性皮肤病

中的葡萄球菌，对其进一步研究的重要性提供了起点。

Resumo

Contexto – V�arias esp�ecies de Staphylococcus têm demonstrado desempenhar pap�eis importantes na

pele, incluindo causar doenc�as e proteger o hospedeiro de pat�ogenos. Embora estudos baseados em cul-

tura tenham isolado diversos Staphylococcus spp. da pele de felinos, muito pouco se sabe sobre as comu-

nidades em n�ıvel de esp�ecie no hospedeiro.

Hip�otese/objetivos – Descrever as comunidades estafiloc�ocicas em n�ıvel de esp�ecie que habitam a pele

de gatos saud�aveis e gatos com dermatite al�ergica.

Animais – Foram obtidos swabs de pele do conduto auditivo e virilha de 11 gatos saud�aveis e 10 al�ergicos

(alesionais).

M�etodos e materiais – O DNA foi extra�ıdo dos swabs de pele e utilizado para o sequenciamento de nova

gerac�~ao da regi~ao V1–3 do gene 16S rRNA. A partir uma an�alise de dados de microbiota padronizada para

dados de sequenciamento, a atribuic�~ao em n�ıvel de esp�ecie para as sequências estafiloc�ocicas foi obtida

usando um banco de dados espec�ıfico para estafilococos.

Resultados – Staphylococcus spp. teve abundância relativa semelhante em amostras de gatos saud�aveis

e de al�ergicos. As esp�ecies estafiloc�ocicas mais abundantes foram S. epidermidis em amostras de

saud�aveis e S. felis e S. capitis em amostras de al�ergicos. A composic�~ao das comunidades estafiloc�ocicas,

bem como a abundância relativa de Staphylococcus spp., foi vari�avel entre os locais do corpo e individual-

mente entre os gatos amostrados.

Conclus~oes e relevância cl�ınica – Esses resultados demonstram que diversas comunidades estafiloc�oci-

cas habitam a pele de gatos saud�aveis e al�ergicos e fornecem um ponto de partida para pesquisas futuras

sobre a importância de Staphylococcus spp. na dermatite al�ergica felina.

© 2020 ESVD and ACVD, Veterinary Dermatology8

Older et al.







Table S1: Signalment of sample cohort. 

Cat Breed Sex Age  Indoor/Outdoor Status 

INC3 DSH M 1y 4m 100/0 Healthy 

INC4 DSH M 10y 100/0 Healthy 

INC5 DSH F 3y 100/0 Healthy 

INC6 DMH F 6y 95/5 Healthy 

INC7 DSH CM 3y 100/0 Healthy 

INC8 DSH SF 9y 100/0 Healthy 

INC9 DSH SF 11y 98/2  Healthy 

INC10 DSH F 12y 100/0 Healthy 

INC11 DSH M 13y 100/0 Healthy 

INC12 DSH SF 3y 100/0 Healthy 

INC13 DMH CM 5y 100/0 Healthy 

F12 DSH CM 9y 100/0 Allergic 

F13 Siamese CM 8y 100/0 Allergic 

F14 DSH CM 11y 95/5  Allergic 

F15 Siamese SF 9y 100/0 Allergic 

F16 DSH SF 5y 60/40  Allergic 

F17 DSH SF 9y 100/0 Allergic 

F18 Persian CM 4y 100/0 Allergic 

F19 DSH SF 11y 95/5  Allergic 

F20 DSH SF 7y 100/0 Allergic 

F21 DSH SF 8y 95/5 Allergic 
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