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Abstract

Previous studies have shown independently thagkimeand gut microbiota are closely
associated with atopic dermatitis (AD); howevee, thicrobiota across different habitats of
AD patients as an integrated community has not lbbaracterizedn the present study, we
comparatively analysed the structure and functicth@ microbial communities in the skin,
oral cavity and gut of 172 AD patients and 120 tigatontrols through 16S rRNA gene
amplicon sequencing. The skin and oral cavity,fmitthe gut, of AD patients demonstrated
differential reduction in the microbial diversignd these were distinctly correlated with
disease severity. Different degrees of shifts @abmmunity structure were found among
different habitats, and the lineage distance betvwike skin and oral microbiota of AD
patients was closer than that observed in the alsntfhe different habitats of AD patients
exhibited site-specific alterations at the genwglleand many oral-specific microbes of AD
showed opposing directions of enrichment in the skid oral cavity. Most interestingly, an
inverse association in the functional pathways feaad between the skin and oral
microbiota of AD patients. Additionally, the altéiens of the microbiota in different body

sites of AD patients were differentially affectegldpe.
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INTRODUCTION
Previous studies have independently shown thatthetlgut and skin microbiota are closely
associated with AD. The gut microbiota of infant ABtients exhibits a reduced diversity
(Abrahamssomt al., 2012), which is inversely related to the sevesitAD (Watanabe et al.,
2003; Nylundet al., 2015). The diversity of the skin microbiota in A&sions is also
significantly reduced compared with that of healtyividuals (Chnget al., 2016; Kennedy
etal., 2017; Konget al., 2012; Shiet al., 2016), and the proportion 8faphyl ococcus,
particularlyS aureus, is increased in AD and correlated with the sdyari the disease (Byrd
etal., 2017a; Konget al., 2012).However, the microbiota in different hatstaf AD patients
as an integrated ecological community has not bbearacterized, and the role of the
microbiota residing in other habitatsg., the oral cavity, of AD patients is unclear.
Different body habitats have site-specific micraajand these microbiota might be
differentially involved in the homeostasis of adiwidual and in the pathogenesis of various
diseases (The HMP, 2012; Lloyd-Prigteal., 2017). Under certain disease conditions, the
microbial communities in multiple body sites mighhibit alterations simutaneously. For
example, dysbiosis in both the gut and oral cavéty been observed in inflammatory bowel
disease (IBD) (Lucagt al., 2017), rheumatoid arthritis (RA) (Yeehal., 2013; Zhangt al.,
2015) and colorectal cancer (Flyatral., 2016), whereas asthma has been associated with
alterations of the microbiota in both the gut amel tespiratory tract (Huaregal., 2017). The
microbiota in different habitats might contribugaergistically or oppositely to the
pathogenesis of a disease, but the exact mech#&aismot yet been elucidated. Thus,

analyzing the microbiota in a single body habitaghmhbe insufficient to reveal its



relationship with the host.

The oral cavity in human is the second largestdsadtreservoir after the lower
gastrointestinal tract (Arweiler and Netuschil, @8D&and is profoundly relevant to host health
and disease(Curtet al., 2011; Dewhirstt al., 2010). The oral microbiota is involved in the
aetiology of dental caries and periodontal dis€bseet al., 2015), and it is also associated
with chronic inflammatory diseases at distant sitesexample, IBD, RA, bacterial
endocarditis, atherosclerosis, respiratory diseasdsliabetes (Het al., 2015; Yeolet al.,
2013). Most recently, causal relationships betwiberoral microbiota and colorectal or
pancreatic cancer have been confirmed @ah, 2018; Flemeet al., 2017), and ectopic
colonization of the oral bacteria in the intestiras been found to drive Th1l cell induction
and inflammation (Atarastet al., 2017). In addition, it has been speculated that o
inflammation is associated with allergic diseasehés and Matsui, 2011), but the
characteristics of the oral microbiota in AD remairclear.

In the present study, we aimed to comparativelyyaeahe microbiota in the skin, oral
cavity and gut of AD patients as an integrated commity to obtain a more comprehensive
understanding of the relationships among the miotabn different habitats and the host in

AD, paying additional attention to the charactégsof the oral microbiota.



RESULTS

Differentially reduced diversity in the skin and oral microbiota in AD patients

We collected 226 skin lesion samples (AD=121, ainft05), 161 oral samples (AD=84,
control=77) and 171 stool samples (AD=88, contr8)8om 172 AD patients and 120
non-AD controls matched in age, gender and bodysrimaex (see Supplementary Table S1
online), and analyzed the 16S ribosomal RNA (rRNApacteria from the samples. Both the
operational taxonomic units (OTU) richness ardiversity of the microbiota from the skin
of AD patients were significantly reduced companeth that of healthy controls
(P<0.01,Wilcoxon rank-sum test, Figurela and b). Bigadly, the decrease in the Shannon
diversity of AD patients remained significant eadter the sequence &f aureus was
subtracted®<0.01,Wilcoxon rank-sum test, see Supplementaryrgi®1 online). The OTU
richness and-diversity of the microbiota of the oral cavity alshowed significant
reductions in AD patient$2€0.05,Wilcoxon rank-sum test, Figure 1a and b). sy, no
difference in the OTU richness etdiversity of the gut microbiota was found betwédh
patients and healthy controls (Figure 1a and b)thWa stratified the samples into three age
groups: toddlers (1-3 years), children (4-12 years) teenagers-adults (13-59 years), and
obtained similar results for both the skin and garnples in all age groups; whereas a
reduction ina-diversity was observed in the oral cavity of thertager-adults group (see
Supplementary Figure S2 online). Collectively, data showed that the richness and
evenness of the microbiota were differentially i@hlin the skin and oral cavity, but not in

the gut, under AD conditions.



Closer lineage relationship between the skin and oral microbiotain AD patients

Next we characterized the similarities and diffeein the composition of microbial
communities between the samplBsd{versity) from AD patients and controls and amadime
different body sites. The microbial communitieghe skin, oral cavity and gut of both AD
patients and healthy controls clustered separéfédyre 1c) and showed a pattern similar to
that described in a previous report by the Humaecrdtiiome Project (HMP) (The HMP,
2012). However, the microbial community compositadi\D patients was significantly
different compared with that of healthy controlsalhthree body sites (permutational
multivariate analysis of variance (PERMANOVA) < 0.001, Figure 1c, see Supplementary
Table S2 online). The PERMANOVA results based oighted UniFrac distances among
these samples also corroborated these observaifiobeslivision of the samples into the three
above-mentioned age groups yielded similar re¢séts Supplementary Table S2, Figure S3
online).

We subsequently investigated the similarities affdrénces in the microbial communities
between two body locations from the subjects withig@l sequencing data (see
Supplementary Table S1 online). The results shahaidthe distance between the skin vs
oral samples from AD patients was significantlyueed compared with that found for the
controls, regardless of whether unweighted or weigfuniFrac distances were used (see
Supplementary Figure S4 onlirfes0.0236 andP=4.673e-07, Wilcoxon rank-sum test). The
skin vs gut and oral vs gut distances were onlgiaantly reduced only if weighted or
unweighted UniFrac distances were used, respegtisek Supplementary Figure S4 online,

P=0.0346,P=0.01561, Wilcoxon rank-sum test). We further perfed a SourceTracker



analysis (Knight®t al., 2011) and found that the resemblance betweeskiheand oral
microbiota of AD patients was closer than that éor the controls, as demonstrated using
oral samples as the ‘source’ and skin samplesea'sitik’ (see Supplementary Figure S5
online).

Collectively, our data indicated a closer relatlipsn the microbial lineage between the

skin and oral cavity of AD patients than betweessthof healthy controls.

Distinct abundance of taxa across the three body sitesin AD

We found that the skin, oral cavity and gut eaalbdared niche-specific taxa that were
distinctly enriched in AD patients or healthy cafdgr(see Supplementary Table S3-S5 online).
For example, at the phylum levéloteobacteria was significantly enriched in the oral
samples and significantly decreased in the skikDbpatients, wheredsirmicutes was
significantly enriched in the skin of AD patien{see Supplementary Table S3, Figure S6
online). At the genus level, 116, 53 and 39 gesbmved significant differences in the skin,
oral cavity and gut between AD patients and costm@spectively (adjustéek0.05, see
Supplementary Table S4, Figure S7 online). A steatianalysis of samples from different
age groups revealed 98%, 82% and 74% overlap igehera found in the skin, oral cavity
and gut among the different age groups, respeyti@nsidering the notable similarity in
genera from each body site among the three agegythe subsequent analysis were carried
out mainly based on the combined age group. Thé&%ogenera with the most significant
differences in abundance among the three habitts shown in Figure 2, and 10, 8 and 8

genera were specific to the skin, oral cavity ang gespectively (Figure 2). The Random



Forest Classifiers that could select the most sgmiative genera that discriminated AD
patients from controls also showed that the geselected from each habitat were distinctive
(see Supplementary Figure S8 online). Specific@byput of the 53 oral-specific genera in
AD exhibited either the opposite direction of ehritent to that observed in the skin or were
not found at a significantly different abundancehia skin (see Supplementary Table S4
online). Thus, at the phylum and genus levels,ifpanicrobes were enriched distinctly in
the skin or oral cavity of AD patients.

To further identify the patterns of the differen@eshe microbial community between AD
patients and controls across the three body siegstablished co-abundance associations
among the genera from the three body sites anddostered them into three co-abundance
groups (see Supplementary Figure S9a and b onlihe)most dominant genera in the three
groups weresaphyl ococcus, Sreptococcus andBacteroides (see Supplementary Table S6
online). We then visualized the network of theseega among the three body sites in AD
patients and controls according to the Spearmamelation coefficient (Figure 3). The results
showed that each habitat had its own dominantedwustmicrobes and revealed alterations in
both the microbes and the associations among the ttabitats in AD patients (Figure 3).
Interestingly, 14 of the top 15 genera of the skiorobiota that showed significant
differences in abundances, as shown in Figure & wlassified as belonging to the
Saphylococcus-dominated group, which was more prevalent in #ie. §his feature was
also found for the microbes of the oral cavity guod

Collectively, AD patients showed site-specific ¢argng of and alterations in the

abundances of microbes across the three major laoiyats.
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Association between genera and AD-related clinical parameters

The Shannon diversity of the skin microbiota wam#icantly inversely correlated with the
Scoring Atopic Dermatitis (SCORAD) index (FigureR&0.001, Spearman’s correlation).
Interestingly, the Shannon diversity of the oratrabiota was significantly positively
correlated with the SCORAD index, although the elation was weak (Figure 2=0.011,
Spearman’s correlation). The Shannon diversityhefgut microbiota did not exhibit a
significant correlation with the SCORAD index (Frigw4,P=0.305, Spearman’s correlation),
and no significant correlation between the totad lgvel or the eosinophil (EOS) count and
the Shannon diversity was found at any of the thay sites (see Supplementary Figure
S10 online).

At the genus level, the genera found in the skial cavity and gut were differentially
correlated with AD-related clinical parameters, 8@®0ORAD index, total IgE level and EOS
count (see Supplementary Figure S11 online). Famgse,Saphylococcus in the skin was
positively correlated with the SCORAD index, in t@st to most of the other microbes in
the skin; the microbes in the oral cavity were nyosositively correlated with the SCORAD
index, and the direction of these correlations o@sosite to that of the correlations between
most skin microbes and the SCORAD index; many efrtficrobes in the gut were
significantly correlated with the total IgE levaeidhEOS count, anBhascolarctobacterium
andKlebsiella were the most significant genera. Different agaugralso had its specific
correlation between specific genera and clinicahpeeters (see Supplementary Figure S12
online).

11



I nver se association in function prediction between the skin and oral microbiotain AD
patients

Function profiles of the microbiota obtained fock@aample were predicted through a
phylogenetic investigation of the communities iniog the reconstruction of unobserved
states (PICRUSt) based on the closed-referenceREA gene sequence (Langikeal.,
2013). Of the 296 PICRUSt-inferred Kyoto Encyclolgeaf Genes and Genomes (KEGG)
pathways, 108, 71 and 4 pathways showed signifidiffierences between AD patients and
controls in the skin, oral cavity and gut, respeati (Figure 5, see Supplementary Table
S7online, linear discriminant analysis (LDA) effaize (LEfSe), LDA score>ZR<0.05).
Interestingly, the enrichment direction of mostlué pathways in the skin microbiota was
opposite to that found in the oral cavity (FigujeFor example, the pathways for
peptidoglycan biosynthesis, lysine biosynthesid, galactose metabolism were enriched in
the skin of AD patients and decreased in the @ity (Figure 5). In contrast, the pathway
for tryptophan metabolism was enriched in the oaafity of AD patients but decreased in the
skin (Figure 5). Patterns of enrichment of the isigantly different functional pathways of
three age groups were similar to that of combirgelgroup (see Supplementary Figure S13
online). We also analysed the correlation betwberkEGG pathways and AD-related
clinical parameters (see Supplementary Figure $lida), and significant correlations were
mainly found between the pathways of the skin nfita and the SCORAD index and EOS
count (see Supplementary Figure S14 online). Tteé kgE level showed higher correlations

with the pathways in the gut microbiota than witbge in the skin and oral cavity. Most of

12



the enrichment direction of the correlated pathwaytbe oral microbiota with respect to all
three parameters was opposite to that obtainetthéoskin microbiota (see Supplementary

Figure S14 online).
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DISCUSSION

In the present study, the microbial structure amgtfion of the skin, oral cavity and gut of
AD patients were analysed as an integrated comsntoaur knowledge previously
unreported. The results showed that the taxonoictiness of the microbiota was
differentially reduced in the skin and oral cawifyAD patients and revealed differential
shifts in the composition of the microbial commiest particularly those of the skin and oral
cavity, in AD patients; the different habitats iDAvatients exhibited site-specific alterations
in microbes, and an inverse association in thetfoimal prediction was found between the
skin and oral microbiota (Figure 6). The alterasiafi the microbiota in different body sites
of AD patients were also differentially affected &xye. Our data revealed the characteristics
of the oral microbiota in AD and enriched the umstinding of the microbiota in different
habitats of AD patients from a global point of viékigure 6).

Our findings on the microbiota from the skin and gLAD patients are generally
consistent with those obtained in previous studies. significant reduction in the skin
microbial community diversity and the prominent alance ofS. aureus species in the
lesions of AD patients are highly consistent witlopreports (Konget al., 2012). The
functional predictions based on the KEGG pathwdtaioed in our study show high
concordance with the metagenome data publisheching €t al.(Chngt al., 2016). The
unchanged-diversity obtained in our study for the gut miciath is similar to the results
published by Songt al.(Songet al., 2016); however, many previous studies have obseav
decreased microbiatdiversity in the gut (Abrahamssenal., 2012; Arrietaet al., 2015;

Fujimuraet al., 2016). The reason for the discrepancy might beatie range of the enrolled

14



patients, and both our study and the study condumteSonget al. mainly included AD
patients older than one year. Previous study algorted that alteration in specific microbes,
such as Clostridium difficile, in the gut of infamight lead to eczema (Pendetsl., 2007).
Thus, our data indirectly confirms that the gutmiiota plays more important roles in the
development of atopy during the early stages ef lfowever, the correlation between the
genera in the gut microbiota and the increaseddygél obtained in our study (see
Supplementary Figure S11 online) indicates thaidults, the gut microbiota might still be
involved in the production of IgE.

The importance of the oral microbiota in diseagefistant sites has attracted increasing
attention (Atarashét al., 2017; Faret al., 2018; Flemeet al., 2017; Flynret al., 2016; Heet
al., 2015; Lucast al., 2017; Yeolet al., 2013). In the present study, we revealed a
significant reduction in the microbial diversity thfe oral cavity in AD patients and an
apparent alteration in genera (Figure 1-2). Theratiton in the composition of the oral
microbiota in AD in our study is different from thabserved in oral diseases and chronic
inflammatory diseases at distant siteg,, IBD. Dental caries show increased abundances of
the gener&revotella andAtopobium; in periodontal diseases, the abundances ofeherg
Prevotella, Parvimonas andPeptostreptococcus are increased (Het al., 2015); in the oral
cavity of IBD patients, the level &frevotella is increased (Lucaat al., 2017). These genera
are hypothesized to produce a pro-inflammatory o@ovironment in the oral cavity, which
might result in local and systemic inflammation (@&eal., 2015; Lucagt al., 2017).

However, in the oral cavity of AD patients, the alances of the above-mentioned genera

were significantly decreased compared with thosedan healthy individuals, which
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suggests that the oral microbiota in AD might pawyanti-inflammatory role. Moreover, the
direction of most of the KEGG pathways associatét the oral microbiota was opposite to
that found for the skin microbiota (Figure 5), ahis finding also suggests that the oral
microbiota might have an anti-inflammatory functievhich contrasts the pro-inflammatory
functions of theS aureus-dominant skin microbiota. Specifically, propanoatetabolism,
butanoate metabolism and tryptophan metabolisreratiehed in the oral microbiota of AD
patients (Figure 5). It has been reported thatrbtgyand propionate play an
anti-inflammatory role by induction of Treg via ibition of histone deacetylase (Arpaa
al., 2014; Sanfordt al., 2016), and short chain fatty acids also inhitét activation of
dendritic cells (Nastasit al., 2015). We just reported that a metabolite ofttiiptophan,
IAld, attenuated the skin inflammation in a mousadel of MC903-induced AD-like
dermatitis by inhibiting the expression of TSLFkaratinocytes in an AhR-dependent manner.
(Yu et al., 2018). The increased enrichment of these afiirnmatory pathways in the oral
microbiota of AD patients indicates that the oradmmbiota of AD patients may play an
anti-inflammatory role. Furthermore, sublingual isnmotherapy is effective for the treatment
of atopic diseases (Halkenal., 2017), and it has been proposed that the muddbe oral
cavity is found in a tolerogenic status (Nowtlal., 2008). Thus, we speculate that the oral
microbiota might create an anti-inflammatory miereeonment and play a regulatory role to
counterbalance skin inflammation in AD.

A connection between the oral and gut microbiotleen proposed in gastrointestinal
cancer and IBD (Ataraskt al., 2017; Faret al., 2018; Flemeet al., 2017), and multiple

studies have shown that the oral cavity is thec®aof the microbiota of the nasal cavity
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(McLean, 2014) and lower respiratory tract (Sesyal., 2016). However, the relationship
between the oral and skin microbiota under phygickl and pathological conditions is
unclear. Chngt al. showed that the majority of species enrichedinsisceptible subjects
are known commensals or opportunistic pathogetiseobral cavity (Chnegt al., 2016). Our
data demonstrate that the distance between thelpmt¢a from the skin and oral cavity of
AD patients is closer than that found in healthgitoals (see Supplementary Figure S4
online), and a SourceTracker analysis demonstthtgdhe resemblance between the skin
and oral microbiota of AD patients is higher thhattfound in healthy individuals (see
Supplementary Figure S5 online). The inverse aatioai of the functional pathways
between the skin and oral microbiota also suggestese relationship between the skin and
oral microbiota in AD. Thus, we propose that theiiplay between the oral and skin
microbiota might be involved in the pathogenesisbf

Our study has several limitations. We only charéote the microbiota in different body
sites at the time of AD flare-up, and an analy$ihe microbiota during the remission stage
would give more information. The oral samples useaur study consisted of a mixture of
the microbiota from the buccal mucosa, keratinigiegjiva, supragingival plague and tongue
dorsum, which includes the major sites of the oaafty and provided abundant bacteria for
the analysis; however, the current result might Eite specificity within the oral cavity.
Age-associated alterations in the microbial stngcaind function in AD across the three body
sites need further exploration, as the samplefeizeach age group in the present study is

relatively small.
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MATERIALSAND METHODS

Study subjects and clinical sample collection

A total of 172 AD patients were recruited, and $20jects without AD were selected from
the set of volunteers (see Supplementary Tablen8de). None of the subjects had oral or
skin diseases other than AD at the time of sampéing none of the subjects had systemic
diseases or received systemic treatment within Bthsobefore sample collection. Samples of
the skin, oral cavity and stool were collected freach patient and control. The subjects were
instructed to avoid bathing and the applicatiotopical medications and emollients at the
sampling sites for 24 h prior to sampling and toid\brushing teeth and eating food for 2 h
prior to oral sampling. Skin samples were obtaifnech the lesions on both sides of the
antecubital fossae from AD patients or from the esaites of healthy controls using a swab
as reported previously(Korg al., 2012). Oral samples were collected by rubbingaiinecal
mucosa, keratinized gingiva, supragingival plague ngue dorsum with a swab (The HMP,
2012). Stool samples were self-collected, storeat@mnd sent to the laboratory within 1 h

of defecation. A diagnosis of AD was made basetherlJK criteria (Guaet al., 2016), and

the severity of AD was assessed using the Scortogié Dermatitis (SCORAD) system.
Peripheral blood was obtained for the preparatisecum and the analysis of blood cell
counts. The total serum IgE levels were analysetjube ImmunoCap System (Phadia,
Uppsala, Sweden). The study was approved by thesstommittee of the Institute of
Dermatology, Chinese Academy of Medical Sciencd,artten informed consent was

obtained from the participants or their parents.
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Data availability

Sequence reads for the 558 samples have been wepiosihe European Nucleotide Archive
under the study number PRJEB23853. The authoramettiat all other relevant data
supporting the findings of this study are eithesiable in this article and its supplementary

files or from the corresponding author upon request

Detailed information for DNA extraction and 16S rRMmplicon sequencing, Processing of
16S rRNA sequencing data, SourceTracker analysisd&n-forest classification, Microbial
structure network, Prediction of functional potatgifrom 16S data, and Statistical analysis

were provided in Supplementary Material and Methaae.
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FIGURE LEGENDS:

Figure 1. Community-level analysis of the microbiota in the skin, oral cavity and gut. (a

and b) Richnessd) anda-diversity (Shannon index) of the microbiota in the three body
sites at the OTU level. Skin (AD n=111, control 62); Oral (AD n=83, Control n=77); Gut
(AD n=88, Control n=83). P<0.05, ** P<0.01. A two-tailed Wilcoxon rank-sum test was
used to determine significance. Boxplots repregeninedians and interquartile ranges with
whiskers, as determined by Tukey’s method; bladk depresent data points beyond the
whiskers. €) A principal coordinates analyses (PCoA) basedromeighted UniFrac

distances is shown along the first two principairdinate (PC) axes. Each point represents a

single sample. Box plots indicate the distributadrsamples along the given axis.

Figure 2. Differential abundance of genera in the three body sites. Relative abundances of
the top 15 taxonomic genera that showed clearfgigni differences in abundances between
AD patients and controls in the skin, oral cavitgayut. Only the significant genera are
coloured. AdjustedP<0.05, two-tailed Wilcoxon rank-sum test. * denatest the genus is
ranked within the top 15 in at least two body sitan (AD n=111, control n=102); Oral

(AD n=83, Control n=77); Gut (AD n=88, Control n98Boxplots represent the medians
and interquartile ranges with whiskers, as deteechioy Tukey’s method; black dots

represent data points beyond the whiskers.

Figure 3. Co-abundance associations between generain the three body sites. Network

plots indicate the patterns in the variations efgenera between AD patients and controls
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across the three body sites. Each network showsralation between the genera in the
respective dataset (Skin: AD n=111, Control n=1D&31: AD n=83, Control n=77; Gut: AD
n=88, Control n=83). Each node represents a battggnus, and its dimension is
proportional to the mean relative abundance adhasthree body sites. The three groups are
named after the most abundant genera, and therdsloaded as follows:
Saphylococcus-dominated group (yellowgreptococcus-dominated group (orange), and
Bacteroides-dominated group (purple). The colours indicate tha genera are significantly
different between AD patients and controls in thecific body site, and grey indicates no
significant difference between AD patients and omlat Only the top 15 genera shown in
Figure 2 are labelled. Blue edges, Spearman ctimeleoefficient>-0.3, adjustelé<0.05;

red edges, Spearman correlation coefficient<0.BistetiP<0.05.

Figure 4. Associations of microbial diversity with SCORAD index. Scatter plot of
Shannon index against the SCORAD index in the thosly sites. The linear regression line
and the 95% confidence interval are also visualiZéeé correlations between the Shannon
index and the SCORAD index were calculated by Spaais correlation analysis (skin AD

n=111, oral AD n=83, gut AD n= 88).

Figure5. Theinferred microbial functionsin the three body sites. Heat map of the results
of the LEfSe performed on the pathway abundanogdsat AD patients and controls across
the three body sites (skin: AD n=111, controls rldral: AD n=83, Control n=77; gut: AD

n=88, Control n=83). Blue, pathways enriched ircbitrols; Red, pathways enriched in AD
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patients. +, LDA>2.

Figure 6. Summary for the structure and function of the microbiota in different body

sites. There are differential reduction in the microldalersity of the skin and oral cavity, but
not the gut, of AD patients. The lineage distanegvieen the skin and oral microbiota of AD
patients is closer than that of the controls. Haatbitat of AD patients has site-specific
changes in microbes, and many of the microbes sippesing directions of enrichment in
the skin and oral cavity. The inferred microbiatdtion enrichment in the skin and oral

cavity of AD patients is inversely associated.
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