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Cheilitis in an atopic dermatitis patient
associated with co-infection of Staphylococcus
pseudintermedius and Staphylococcus aureus
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Abstract

Background Atopic dermatitis (AD) is an inflammatory skin condition distinguished by an activated Th2 immune
response. The local skin microbial dysbiosis is a contributing factor to the development of AD. The pathogenic
coagulase-positive Staphylococcus aureus is the primary species responsible for the progression of AD. Even though
Staphylococcus pseudintermedius is an animal-origin pathogen, it is increasingly becoming a source of concern in
human diseases. As another coagulase-positive Staphylococci, it is crucial to pay more attention to S. pseudintermedius
isolated from the lesion site.

Results In our investigation, we presented a case of cheilitis in a patient with atopic dermatitis (AD). We utilized
culture and next-generation genomic sequencing (NGS) to identify the bacteria present on the skin swabs taken from
the lip sites both prior to and following treatment. Our findings indicated that the predominant bacteria colonizing
the lesion site of AD were S. pseudintermedius and S. aureus, both of which were eradicated after treatment. The Multi-
locus sequence typing (MLST) of S. pseudintermedius and S. aureus demonstrated coordinated antibiotic susceptibility,
with ST2384 and ST22 being the respective types. Although the skin abscess area resulting from S. pseudintermedius
infection was significantly smaller than that caused by S. aureus in mice, the expression of cytokines interleukin-4 (IL-4)
and interleukin-5 (IL-5) were significantly higher in the S. pseudintermedius-infected mice.

Conclusions The S. pseudintermedius strain isolated from the lesion site of the AD patient exhibited a higher
expression of IL.-4 and IL-5 when colonized on mouse skin, as compared to S. aureus. This observation confirms

that S. pseudintermedius can effectively induce the Th2 response in vivo. Our findings suggest that animal-origin S.
pseudintermedius may play a role in the development of AD when colonized on the skin, emphasizing the importance
of taking preventive measures when in contact with animals.
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Introduction

Atopic dermatitis (AD) is a chronic, recurring inflam-
matory disease that causes itching [1]. It is estimated
that up to 20% of children and 10% of adults worldwide
are affected by AD [2]. This condition has a significant
impact on patients’ quality of life and imposes a consid-
erable economic burden [3]. The pathogenesis of AD is
complex and multifactorial, involving skin barrier dam-
age, FLG mutation, immune disorders, and other factors
[4]. AD is characterized by the induction of type-2-driven
inflammation, with the expression of interleukin-4 (IL-4)
and interleukin-5 (IL-5) being hallmark features in the
pathogenesis of AD [5, 6].

Recent research on the human microbiome has shown
that the local microecological balance of the skin sur-
face plays a significant role in maintaining skin health.
In patients with AD, there is a reduction in skin surface
microbial diversity, characterized by an increased abun-
dance of Staphylococcus and a decreased presence of
Streptococcus, Corynebacterium, and Cutibacterium.
Despite the abundance of Staphylococcus on the skin
lesions of AD patients, there is a reduction in the abun-
dance of protective commensal coagulase-negative
staphylococci (CoNS) [7]. The pathogenic coagulase-
positive Staphylococcus aureus is known to accumulate at
skin lesion sites in AD patients, where it can exacerbate
the severity of the disease by secreting various toxins [8].

Studies have revealed that patients suffering AD,
exhibit an increased rate of colonization by S. aureus
on their skin. Furthermore, research has indicated that
S. aureus in AD patients may induce a more severe Th2
immune response!!®” which is a critical component in the
development of AD. These observations suggest that the
colonization of S. aureus on the skin of AD patients may
exacerbate disease symptoms via the promotion of Th2-
mediated immune responses. The enterotoxins produced
by S. aureus can act as superantigens, directly stimulat-
ing the immune response [10].Moreover, the production
of phenol soluble modulinos (PSMs) and toxic shock syn-
drome toxin-1 (TSST-1) by S. aureus has been shown to
exacerbate the severity of AD by further compromising
the integrity of the skin barrier [11].

Coagulase-positive Staphylococcus pseudintermedius,
which is commonly found in animals, has been identified
as a causative agent of pyoderma and AD in canines [12].
In recent years, there have been increasing reports of
skin and soft tissue infections caused by coagulase-pos-
itive S. pseudintermedius in humans, indicating potential
transmission from livestock to humans [13]. Here, we
present a case of AD cheilitis that was associated with a
co-infection of S. aureus and S. pseudintermedius. Dur-
ing the acute flares stage of the disease, both S. aureus
and S. pseudintermedius were found to be dominantly
abundant on the skin lesion. However, after treatment
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and recovery from symptoms, both coagulase-positive
Staphylococci disappeared. Additionally, the induction of
cytokines Interleukin-4(IL-4) and interleukin-5(IL-5) was
observed in mice infected with S. pseudintermedius, sug-
gesting that S. pseudintermedius may be a potential zoo-
notic pathogen.

Methods

Study design and sample collection

This study has been reviewed and approved by the Ethics
Committee of Renji Hospital affiliated to Shanghai Jiao
Tong University School of Medicine, Shanghai, China
(KY2022-06-B). The legal guardian of the young patient
provided informed consent. All animal experiments were
performed following the Guide for the Care and Use of
Laboratory Animals of the Chinese Association for Lab-
oratory Animal Sciences (CALAS) and approved by the
ethics committee of Renji Hospital, School of Medicine,
Shanghai Jiao Tong University, Shanghai, China.

Next-generation genomic sequencing (NGS)

The lip swabs were submerged in 1 ml sterile saline and
vortexed for 2 min. 100 pl samples were used for serial
dilution, and the remaining samples were used for NGS.
The lywallzyme and sterile glass beads (400 um diam-
eter) were mixed with 600 pl sample. After shaking at
2000 rpm for 20 min at room temperature. The super-
natant was taken out into a new tube for nucleic acid
extraction according to the manufacturer’s instructions
(RM0443, Wuhan Huada Zhizao Technology Co., Ltd.).

The PMseq infection pathogen high-throughput gene
detection kit (combined probe-anchored polymeriza-
tion sequencing method) (RMO0438, Wuhan Huada
Zhizao Technology Co., Ltd.) was used for end repair,
adapter ligation, and PCR amplification to establish a
DNA library. The Qubit dsDNA HS Assay kit (Thermo,
Q32851) was used to detect the library concentration and
prepare DNB (DNA nanospheres). The ssDNA detection
kit (Thermo, Q10212) was used to detect DNB concen-
tration (=8ng/pL is qualified).

The MGISEQ-2000 gene sequencer manufactured by
MGIU was used for advanced sequencing with the Sin-
gle-End 50 bp sequencing mode. More than 80 M reads
sequencing data volume were acquired to make sure that
the sequencing data is enough for the following analysis.

The low-complexity sequences, repetitive sequences,
low-quality sequences, and human sequences (human
reference genome source databases are Human GRCh38/
hg38 and Human Other/v2.0) were filtered in sequenc-
ing data by MGISEQ-2000 gene sequencer. For bioin-
formatic analysis, the obtained high-quality sequencing
sequences were compared with multiple pathogen refer-
ence genome source databases (NCBI nt database, NCBI
RefSeq database, FDA-ARGOS, Genome Taxonomy
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Database, Eupathdb, DDBJ and JDI) to annotate the spe-
cies of pathogens.

Bacterial culture and identification

After serial dilution of the lip swabs, the samples were
spread on the sheep blood agar plate and cultured at 37°C
for 24 h aerobically.as described previously [14]. The
bacterial colonies of difference were selected to colonies
identified by Matrix-Assisted Laser Desorption / Ioniza-
tion Time of Flight Mass Spectrometry (MALDI-TOF/
MS). Specifically, after spreading a bacterial monoclonal
evenly on a steel target, 1 pl of formic acid at a concen-
tration of 80% was dropped on the bacteria. After dry-
ing at 75 °C for 5 min, 1 pl of MALDI matrix (saturated
solution of a-cyano-4-hydroxycinnamic acid in 50% ace-
tonitrile-2.5% trifluoroacetic acid, Fluka) was added and
subjected to MALDI-TOF mass spectrometry. The spec-
trum is obtained in the linear positive ion mode range
of 2000~20000Da. Each spot is measured at 5 different
positions, using 1000 laser shots, 40 times per group.
Spectral analysis is performed using MALDI Bruker
biological type 3.0 software and library (Bruke Dalton)
according to spectral matching and scoring criteria.

The spa and multi-locus sequence typing (MLST)

The bacteria pellets were treated with lysostaphin (50 pg/
ml) at 37 °C for 30 min. The genomic DNA was extracted
by a standard phenol-chloroform extraction protocol.
The primers for amplification of S.aureus spa polymor-
phic X region and housekeeping genes of S. aureus and
S. pseudintermedius were listed in Table S1. spa type
was performed as described previously [15], in brief, The
sequences of the PCR products were submitted to the S.
aureus spa type database (http://www.Spaserver.ridom.
de) for spa type. MLST was carried out as previously
reported [16] and performed by detecting the following
housekeeping genes: arcC, aroE, glp, gmk, pta, tpi and
yqil for S. aureus; tuf, cpn60, pta, purA, fdh, ack and sar
for S. pseudintermedius [17]. Sequences of PCR products
were compared with the existing sequences available in
the MLST website database (http://www.pubmlst.net).
Coming across with unavailable sequence, the related
data information was uploaded to the above mentioned
MLST website and acquired new sequence type.

eBURST

In this study, eBURST analysis was performed on
ST2384 and 743 strains of S. pseudintermedius from all
skin sources in the global PubMLST S. pseudinterme-
dius database (http://www.pubmlst.net). The ID of these
strains was submitted to the online website PHYLOViZ
(http://online.phyloviz.net/index) to analyze the evolu-
tionary relatedness of different sequence types based on
the go eBURST algorithm.
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Antimicrobial susceptibility testing

Fresh bacteria were selected on sheep blood agar plates
with 0.45% sterile saline to adjust the turbidity of the bac-
terial solution to 0.5 McFarland(mcf), and the adjusted
bacterial solution was performed on Vitek-2 from Bio
Mérieux according to the Clinical and Laboratory Stan-
dards Institute (CLSI) guidelines [18]. The following
antimicrobial agents were tested: Cefoxitin, Benzylpeni-
cillin, Oxacillin, Cefazoline, Gentamicin, Levofloxacin,
Moxifloxacin, Erythromycin, Clindamycin, Linezolid,
Daptomycin, Teicoplanin, Vancomycin, Tigecycline,
Rifampicin and Trimethoprim/Sulfamethoxazole .
aureus ATCC25923 was used as quality control.

Mouse skin abscess model

The experiment was performed as described [19]. S.
aureus and S. pseudintermedius were cultured overnight
in Trypticase Soy Broth (TSB) with shaking at 37°C. The
overnight culture was diluted at 1:100 in 10 ml TSB and
cultured for 4 h with shaking at 37°C. After centrifuga-
tion for 4000 rpm of 5 min, the bacteria pellets were
washed twice with sterile PBS. Then, bacteria were sus-
pended in PBS and were adjusted to 1x10°CFU/ml.
5-week-old male nude mice (n=6 mice/group) were anes-
thetized by intraperitoneal injection with Avertin (Sigma
T48402). Bacteria were injected on dorsal sides at a dose
of 100 pl. The area of the skin abscess was measured, and
the animal was sacrificed at 48 h after infection. The skin
abscess area was homogenized and diluted and plated on
sheep blood agar for CFU counting. Three independent
experiments were performed for Mouse skin abscess
model. And all the mice were purchased from Jiangsu
Jicui Pharma Biotechnology Co., Ltd.

Real-time quantitative reverse-transcription PCR (QRT-PCR)
Small piece of infected skin was excised to extracted
total RNA and further synthesize complementary DNA
according to the manufacturer’s instructions (Qiagen).
The ¢cDNA was used as a template for real-time PCR
using SYBR-green PCR reagents (Roche) with prim-
ers listed in Table S1. Reactions were performed in a
MicroAmp Optical 96-well reaction plate using a 7500
Sequence Detector (Applied Biosystems). All qRT-PCR
experiments were performed using gapdh as an internal
control gene at the mRNA level. All qRT-PCR experi-
ments were repeated three times.

Statistical analysis

Statistical analysis was performed using GraphPad Prism,
Version 9. Comparison of the two groups was performed
using unpaired two-tailed Student’s t-test, univariate
analysis of variance (ANOVA) and nonparametric rank
sum test (variance is not equal) for three or more groups.
P values<0.050 were considered statistically significant.
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*P<0.05, **P<0.01, ***P<0.001; ****P<0.0001. Error bars
indicated the standard deviation (+SD).

Results

Case report

The patient in question, a 6-year-old female, presented
with symptoms of chapped and swollen lips that per-
sisted for a month. Upon diagnosis, it was identified
that the patient was suffering from AD cheilitis, as evi-
denced by the red and swollen skin and peeling of the
epidermis, which are commonly associated with atopic
dermatitis(Fig. 1A). Her parents denied any history of
animal exposure, and any medical therapy was not given
prior to presentation. Treatment for the condition con-
sisted of the application of Tacrolimus Ointment twice
a day over a period of 4 weeks. Following the treatment,
the patient exhibited a complete resolution of the lip
swelling symptoms (Fig. 1B).

Microbiological analysis

To investigate the potential influence of local micro-
biological composition on AD cheilitis, lip swabs were
collected before and after treatment with Tacrolimus
Ointment for next-generation genomic sequencing
(NGS). During the disease period, Staphylococcus was
found to account for over 99% of the local lesion site
microbiological composition. However, following treat-
ment, there was an observed increase in microbiologi-
cal categories, including Bacillus (22.18%), Streptococcus
(18.93%), Neisseria (7.91%), among others (Fig. 2A). NGS
analysis revealed that the most abundant microorganism
in the lip swab prior to treatment was S. pseudinterme-
dius (46.43%), followed by S. aureus (27.18%). Interest-
ingly, both S. pseudintermedius and S. aureus were found
to have disappeared after treatment with Tacrolimus
Ointment. Moreover, the dominant species observed
following treatment was Bacillus subtilis, accounting for
13.78% of the microbiological composition (Fig. 2B).

It is worth noting that Staphylococcus was found to be
the absolute predominant genus in the lip swab prior to
treatment, as determined by culture-based analysis. After
treatment, an increased abundance of Bacillus (25%)

Fig. 1 The pictures of atopic dermatitis cheilitis before (A) and after (B)
treatment
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and Streptococcus (12.5%) was also observed (Fig. 2C).
While NGS analysis detected the presence of S. epider-
midis (1.23%) and S. hominis (0.12%) prior to treatment
(Fig. 2B), no coagulase-negative Staphylococci were
obtained from the lesion site before treatment through
culture-based analysis. Interestingly, only S. pseudin-
termedius (90%) and S. aureus (10%) were successfully
isolated from the lip swab collected before treatment
(Fig. 2D). Following treatment, it was observed that sev-
eral coagulase-negative Staphylococci, including S. epi-
dermidis (28.21%) and S. hominis (5.13%), were recovered
from the lip (Fig. 2D). The fact that both S. aureus and
S. pseudintermedius disappeared after treatment strongly
suggests that they may play a role in the course of the
disease.

The characterization of bacteria isolated from lesion sites
The results of our study showed that the most predomi-
nant species from the lesion site was S. pseudintermedius,
followed by S. aureus. While S. aureus is a well-known
pathogen that contributes to AD, we were also interested
in investigating the potential role of the most abundant
S. pseudintermedius in the AD process of the patient.
Therefore, we first identified the epidemiological char-
acteristics of both coagulase-positive Staphylococci. Our
analysis revealed that the sequence type of S. aureus
and S. pseudintermedius was ST22 (t034) and ST2384,
respectively. Furthermore, upon using the eBURST algo-
rithm to analyze 743 strains of S. pseudintermedius from
all skin sources, we found that the new S. pseudinterme-
dius ST2384 was clustered in dog-host strain. Interest-
ingly, we also observed that the strains (42 in total) from
human skin were scattered and connected with the ani-
mal-originated isolates (Fig. 3A). This strongly suggests
that S. pseudintermedius colonization in humans may
have originated from animals.

As hemolysins are important virulence factors involved
in the pathogenesis of S. aureus, we investigated the
hemolytic activity of both S. aureus and S. pseudinterme-
dius on sheep blood agar plates. Our results showed that
S. aureus displayed obvious complete hemolytic activity.
In contrast, S. pseudintermedius showed only incom-
plete hemolytic activity (Fig. 3B). We also investigated
the interaction between the two strains when cultured
together and found that the hemolytic activity of both
strains was not affected by each other (data is not shown).
Moreover, we observed that the antibiotic resistance pro-
file was similar between the two strains. Specifically, both
S. aureus and S. pseudintermedius were resistant to ben-
zylpenicillin, levofloxacin, erythromycin, and clindamy-
cin (Table 1).
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Fig. 2 The relative abundance of bacteria on skin lesion by NGS and culture. The amounts of bacteria by NGS on genus level (A) and on species level (B).
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Fig. 3 The characterization of bacteria isolated from lesion sites

S. aureus

S. pseudintermdius

(A) eBURST: the figure shows a phylogenetic tree of S. pseudintermedius based on the MLST allelic profile. Each node corresponds to a single legacy ST and
represents the most recent common ancestor of its branches, and the line segment length between the nodes corresponds to the evolution distance.
The nods color represents the host source

(B)S. aureus and S. pseudintermedius were cultured on sheep blood agar for 24 h

S. pseudintermedius induce Th2 immune response on
mouse model

Although S. pseudintermedius ST2384 was found not to
affect the hemolytic activity of S. aureus ST22 in vitro,
we hypothesized that S. pseudintermedius may also play

a role in the disease. To investigate this further, we com-
pared the pathogenesis of S. aureus and S. pseudinter-
medius using a mouse skin abscess model. Surprisingly,
although the infection doses for both strains were around
10 CFU, the skin abscess caused by S. aureus was only
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Table 1 Results of drug susceptibility experiments of S. aureus
and S. pseudintermedius
Drug

S. aureus S. pseudinterme-

dius

Cefoxitin
Benzylpenicillin
Oxacillin
Cefiarolne
Gentamicin
Levofloxacin
Moxifloxacin
Erythromycin
Clindamyicn
Linezoild
Daptomyicn
Teicoplanin
Vancomycin
Tigecycline
Rifampicin S

S: sensitive; |: intermediaries; R: resistance

nvn nn v i i I VW — W — UKL i T U

S
R
S
S
[

R
\

R
R
S
S
S
S
S
S

A S. aureus (SA)

W
o
(¢}
~
*

@

S. pseudintermdius (SP)

Abscess area (cm?)
o o <
H
Log CFU/mg tissue
(=2}

SA  SP SA  SP
D
8 il5

il
< 6] — TNFa
Z 0
z3 A .
£s ilp it
>0 T .
=] . 3 .
85 . b = %o
R * H in3 iI33 :

. . i & . L ws | =
SA"SP SA'SP SA'SP SA'SP SA'SP SA 'SP SA' SP

Fig. 4 S. pseudintermedius induce a stronger Th2 immune response than
S. aureus. Each mouse (n=6 mice/group) was challenged with S. aureus or
S. pseudintermedius (108 CFU) by subcutaneous injection. Subcutaneous
skin abscesses of the infected mice were observed on day 2 after infec-
tion. (A) Abscess pictures. (B) Abscess area measured 2 d post-infection.
(C) Bacterial loads in the skin lesion. (D) Levels of cytokines gene expres-
sion on skin lesions were determined by gRT-PCR. Statistical analysis is by
unpaired two-tailed Student’s t-test and *P <0.05, **P <0.01, ***P <0.001;
**¥¥p <(0,0001. Three independent experiments were performed for
mouse skin abscess model and gRT-PCR experiments

0.44%0.13 cm?2 (Fig. 4A). The skin abscess area and bac-
terial loads caused by S. aureus were significantly larger
than those caused by S. pseudintermedius (Fig. 4B, C).
To further investigate the differences in the pathogen-
esis of S. aureus and S. pseudintermedius, we examined
the AD-associated cytokines in animal skin abscess mod-
els. Specifically, we measured the levels of IL-4, IL-5,
IL-13, IL-33, IL-1B, IL-6, and TNF-a. Interestingly, we
observed that the cytokines involved in Th2 immune
response (IL-4 and IL-5) were significantly induced by
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S. pseudintermedius compared with S. aureus (Fig. 4D).
Taken together, it is possible that Spseudintermedius
work in synergy with S.aureus during the process of AD.

Discussion

Atopic dermatitis (AD) is an inflammatory skin disease
characterized by activated Th2 immune response [20],
and recent studies have shown that local skin microbial
dysbiosis contributes to AD [21]. Staphylococci, particu-
larly S. aureus, is the dominant genus in the local skin
lesions of AD patients [22]. In our study, we reported a
case of AD cheilitis associated with co-colonization of
S. pseudintermedius and S. aureus. Interestingly, both
strains disappeared along with the recovered symp-
tom after treatment with tacrolimus ointment. Further-
more, the local microbiological diversity appeared to be
reversed after treatment. It is worth noting that the S.
pseudintermedius isolate we identified in this study was
a new sequence type ST2384 and was able to induce
a stronger Th2 immune response compared with S.
aureus in the mouse model. Despite the assertion from
the patient’s parents that she has no prior animal expo-
sure, the patient reported having enjoyed playing with
cats and dogs. Therefore, it is plausible that the patient
may have encounter animals in a park or neighborhood
that provided an opportunity for the colonization of S.
pseudintermedius.

Indeed, the local microbiome has received extensive
attention in the context of AD in recent years. Studies
have shown that the decreased abundance of coagulase-
negative Staphylococci (CoNS) in AD lesion sites sug-
gests that dysbiosis of the skin microbiome contributes to
the disease [23]. In addition to the dysbiosis of the skin
microbiome, studies have also shown that CoNS with
antimicrobial activity can protect against S. aureus and
alleviate AD symptoms [24]. This suggests that the eradi-
cation of pathogens involved in the disease process may
be critical for the recovery of AD patients. Our findings
indicate that the modified microbiological composition,
specifically the absence of the predominant species S.
pseudintermedius and S. aureus, was concomitant with
the resolution of the ailment as demonstrated by both
next-generation sequencing (NGS) and culture analysis.
Furthermore, the quantities of bacterial species, includ-
ing CoNS, were significantly restored following treat-
ment (Fig. 2). It is worth noting that Bacillus cereus, a
bacterium known to reside on the skin of healthy indi-
viduals, has been previously reported [25]. S. epidermidis
not only exhibits antibacterial activity against S. aureus
by inducing the production of antimicrobial peptides
(AMPs), but also functions synergistically with AMPs
via phenol-soluble modulinos (PSMs) [26, 27].Accord-
ing to the study, S. homins can protect against S. aureus
by producing antimicrobial peptides [28]. However, there
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was a discrepancy observed in the top bacterial species
detected by NGS and culture. For instance, S. epidermi-
dis was detected by NGS but was not cultured before
treatment (Fig. 2B vs. 2D). The predominant species is
Bacillus subtilis by NGS, but S. epidermidis followed
by Bacillus cereus by culture after treatment. The pos-
sible reason may be due to the artificial error by culture,
because only 20 isolates were randomly selected from the
plate under aerobic condition. It is better to isolate more
colonies under diverse culture condition. However, the
abundance of S. pseudintermedius and S. aureus were
consistent between NGS and culture, confirming the role
of the two species in the process of AD.

The study suggests that S. pseudintermedius can be ini-
tially misdiagnosed as S. aureus in humans because both
strains have similar biochemical reactions [29]. Accord-
ing to the study, all 28 S. pseudintermedius strains iso-
lated from animals carry Panton-Valentine Leucocidin
(PVL) LukS/F [30]. In vitro studies have shown that S.
pseudintermedius can adhere to and invade human cells,
suggesting that it has the potential to cause human dis-
ease, like S. aureus [31]. Despite being deemed as an ani-
mal-origin pathogen, recent research has reported that
S. pseudintermedius can develop infectious capacity in
humans. For instance, S. pseudintermedius ST71, a clone
circulating in dogs in Europe in 2010, has been reported
to cause bullous skin lesions in humans [32, 33].

So far, S. pseudintermedius has been reported to cause
diseases in humans such as sinusitis bacteremia, brain
abscess, endocarditis, infected leg ulcers, and pneumonia
[34, 35]. Although there have been no reports of S. pseud-
intermedius causing AD in humans, it has been observed
to induce specific IgE in the serum of AD dogs [36]. In
summary, it is possible that S. pseudintermedius isolated
from human skin works in synergy with S. aureus during
the process of AD.

In the study, S. aureus ST22 isolate did not produce
a huge skin lesion in the mouse model. It has been
observed that S. aureus isolated from the skin lesion of
AD patients induce a more severe Th2 immune response
than the laboratory standard strain [9]. S. aureus is a
well-known human pathogen that has been implicated in
AD [37]. In the observed AD cheilitis case, co-localiza-
tion of S. aureus and S. pseudintermedius was observed.
Despite the absolute dominance of S. pseudintermedius,
the study aimed to investigate the possibility of this zoo-
genic pathogen in promoting human AD. However, in the
mouse model used, both isolates did not interact with
each other, as there was no difference in skin lesion sever-
ity between co-infection of the two strains and single S.
aureus infection mouse model (data not shown). Accord-
ing to reports, S. aureus ST22 is a dominant type causing
skin and soft tissue infections [38]. High colonization of
ST22 has been found in the nasal cavity of children with
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liver transplantation, which may be the cause of subse-
quent infection In the Chinese branch of S. aureus, ST22
is a highly virulent strain that caused a significantly larger
lesion area than MSSA ST22 in the mouse skin infec-
tion model [39]. Therefore, it is possible that the specific
strain isolated from the AD lesion may differ from the
strain from different origins.

One limitation of the study is that it would have been
better to test the pathogenesis of S. aureus and S. pseud-
intermedius using an AD mouse model since the two
strains were isolated from an AD patient. However, the
stronger induction of Th2 cytokines by S. pseudinterme-
dius single infection suggests a possible role in AD. The
exact mechanism by which S. pseudintermedius affects
the AD process needs to be further clarified.
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