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Background – Studies focusing on next-generation sequencing of the bacterial 16S rRNA gene have allowed

detailed surveys of skin bacterial populations (microbiota) of the skin.

Hypothesis/objectives – This study evaluated temporal changes in the skin microbiota in a canine model of ato-

pic dermatitis.

Animals – Eight atopic dogs previously sensitized with house dust mites (HDM).

Methods – The dogs were topically challenged on the right groin with HDM allergens. Swabs were collected

from the challenged and the contralateral nonchallenged sites prior to provocation (pre-challenge; baseline sam-

ple) and on days 1, 7, 14, 21 and 28 after allergen challenge. The 16S rRNA gene was amplified, sequenced and

analysed. Staphylococcus spp. and Staphylococcus pseudintermedius were quantified with quantitative PCR

(RT-qPCR).

Results – Skin lesions developed in all dogs on the challenged sites. Differences in bacterial groups were

observed on the challenged site over time. Relatively lower abundances of Fusobacteriaceae on Day 7, and,

based on LEfSe, increased abundances of Corynebacteriaceae on Day 1, and Staphylococcaceae on days 7, 14

and 21, were observed on the challenged site, compared to the contralateral site. Results of RT-qPCR correlated

with those of next-generation sequencing, with significantly increased numbers of Staphylococcus spp. and

S. pseudintermedius on Day 21, and days 7 and 21 on the challenged site compared to the contralateral site,

respectively.

Conclusions and clinical importance – This study demonstrates that an allergen challenge in sensitized dogs

leads to bacterial dysbiosis with increased abundance of S. pseudintermedius at the site of lesion induction.

Introduction

Disturbances of the skin microbiota in canine atopic

dermatitis (CAD) have focused mainly on pathogenic

bacterial species, most commonly those due to Staphylo-

coccus pseudintermedius.1 In humans, atopic dermatitis

(AD) is also associated with alterations in the skin

microbiome, with most studies focusing primarily on

Staphylococcus aureus.2 It remains unclear if some skin

lesions are initiated by imbalances in the residing cuta-

neous microbiota (dysbiosis), or whether alterations in

the skin barrier, as well as an enhanced inflammatory

response, result in cutaneous dysbiosis.3

The advent of next-generation sequencing (NGS) of the

bacterial 16S rRNA gene has allowed for a more detailed

analysis of the bacterial populations inhabiting the skin of

humans3,4 and dogs5,6 in health and during cutaneous dis-

eases. A metagenomic evaluation of shifts in the skin

microbiome of children with AD revealed a marked reduc-

tion in microbial diversity during AD flares, with increased

relative abundances of cutaneous S. aureus.4 These

authors proposed that increases in the proportion of Sta-

phylococcus and reductions in microbial diversity might

even precede AD flares. Furthermore, the lower bacterial

diversity that occurred during flares was reversed even

before clinical improvement was observed. This resolu-

tion of signs was accompanied by significant increases in

proportions of the genera Streptococcus, Corynebac-

terium and Propionibacterium after treatment.4

We have described the skin microbiota of healthy dogs

and dogs with allergic skin diseases without active
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lesions; we demonstrated that the nonlesional skin of

allergic dogs showed significant reductions in bacterial

species richness when compared to the same skin sites

(i.e. axilla, groin and interdigital skin) of healthy dogs.6

Another study also showed that atopic dogs have a lower

diversity of their skin microbiota with a markedly

increased abundance of S. pseudintermedius during

flares, with increased diversity and lower abundances of

S. pseudintermedius after treatment with antimicrobials.5

Both studies in humans4 and dogs5,6 have demonstrated

differences between the skin microbiome of healthy indi-

viduals and those with AD.

Acute atopic skin lesions have been induced in a genet-

ically predisposed canine model via epicutaneous applica-

tions of house dust mite (HDM) allergens.7,8 This model

reproduces the macroscopic, microscopic and immuno-

logical changes seen in spontaneous CAD skin lesions.7

This canine model is considered relevant to the study of

the pathogenesis of acute atopic skin lesions and to test

the effectiveness and potency of antiallergy drugs.7,8

The aim of this study was to evaluate the temporal

changes in the skin microbiota that occur in acute CAD

skin lesions through bacterial 16S rRNA gene sequencing.

Furthermore, we wanted to validate the use of real time

quantitative PCR (RT-qPCR) for quantification of Staphylo-

coccus spp. and S. pseudintermedius to confirm

increases in the relative abundance of this bacterial genus

and species.

Material and methods

Study subjects
Eight Maltese–beagle cross-bred dogs were enrolled into this study.

Their age ranged from 2 to 14 years (average age: 6.7 years). There

were six female dogs (four intact and two spayed) and two intact

male dogs. Dogs 2, 3, 5 and 6, and dogs 7 and 8 were closely related.

All dogs were kept indoors primarily to limit their exposure to aller-

gens, but they were allowed out into their runs at least twice a day to

exercise and interact with the other dogs. The dogs’ runs were

cleaned twice daily. Some dogs were housed together in the same

run (dogs 2 and 3; dogs 7 and 8). The animals were not treated with

antibiotics, anti-inflammatory agents or immunosuppressive drugs

for at least three months prior to sample collection. The dogs previ-

ously had been sensitized and challenged with Dermatophagoides

farinae (Df) HDM.

Challenges with Df HDM
The atopic dogs were washed with a shampoo with a neutral pH 24 h

prior to challenge. Immediately after washing, a small area on the right

groin was prepared for application of a solution of Df by clipping the

hair with scissors and disinfecting with 70% alcohol. The Df solution

contained 500 lg of lyophilized Df whole mite powder (Greer Labora-

tories; Lenoir, NC, USA) suspended in mineral oil. Twenty microliters

of this suspension were painted onto the right groin every 24 h for

three days, giving a total of three applications, except for Dog 6 that

developed severe local lesions after twomite applications.

Sample collection and assessment of inflammatory

skin lesions
Skin swabs from the challenged side (i.e. right groin) and contralateral

nonchallenged side (i.e. left groin) were collected prior to provocation

(referred to here as “pre-challenge” or “baseline” sample) and at 1,

7, 14, 21 and 28 days (i.e. days 1, 7, 14, 21 and 28) after the second

(Dog 6) or third application of Df suspension (all other dogs). Twelve

samples were collected from each of the atopic dogs. For each skin

side, three swab applicators (Isohelix DNA Buccal Swabs; Harriet-

sham, Kent, UK) were used. Each swab applicator was rubbed on the

skin 20 times (10 strokes per swab side).

Finally, to avoid any contamination of the dog skin with the micro-

biota contained in the allergens, we evaluated the microbiota of the

lyophilized Df whole mite powder. Four swabs were inserted into the

Df solution and placed into two separate tubes. All samples were

stored immediately at 4°C.

Assessment of inflammatory skin lesions
Skin lesions were scored before allergen challenge (pre-challenge)

and on Day 1. Erythematous macules, oedema, papules/pustules

and excoriations were scored as 0 (absent), 1 (faint, mild), 2 (moder-

ate) or 3 (strong, severe) for a total maximum lesional score of 12

points.

DNA extraction and next generation sequencing
Genomic DNA was extracted from each set of sterile swabs col-

lected from each skin site from the AD and healthy pet dogs, and

from the Df solution, using the MoBio Power soil DNA isolation Kit

(MoBio Laboratories; Carlsbad, CA, USA), as recommended by the

manufacturer. Negative samples with and without sterile swabs

were also included. The V4 region of the 16S rRNA gene was ampli-

fied with primers 515F (50-GTGCCAGCMGCCGCGGTAA-30) and

806R (50-GGACTACVSGGGTATCTAAT-30) at the MR DNA Laboratory

(Shallowater, TX, USA). Barcodes were added to the forward pri-

mers. PCR amplification products were verified on 2% agarose gels

and samples were purified using calibrated Ampure XP beads. The

Illumina TruSeq DNA Library was used to prepare a DNA library and

sequenced at MR DNA on an Illumina MiSeq instrument (Illumina

Inc.; San Diego CA, USA). The sequences obtained in this study have

been deposited in the NCBI Short Read Archive (accession #

SRP057606).

RT-qPCR for Staphylococcus spp.,

S. pseudintermedius and S. aureus
RT-qPCR for the Staphylococcus genus was based on SYBR green

detection of the tuf gene,9 whereas detection of S. aureus was

based on the S. aureus-specific gene sa442.10 Detection of

S. pseudintermedius was based on development of a probe that tar-

gets a region of the nuc gene that is specific for S. pseudinter-

medius.11 The forward primer for the Staphylococcus genus was 50-
TGAGCGCTTGAATCGCATATT-30, the reverse primer was 50-
CACAGCCATATAGCCGCATTT-30 and the S. pseudintermedius

probe was 50-AATGTCTGTTTCACTTTCA-30 labelled with fam at the 50

end and black hole quencher 1 at the 30 end. All primers were con-

firmed in vitro to be specific for the organisms tested. All samples

were run in triplicates in a 25 lL reaction volume using Taqman

Fast Universal PCR Master Mix (29) (Cat. 4352046, Applied

Biosystems; Foster City, AC, USA) with each primer used at

500 nM final concentration and the probe at 500 nM final concen-

tration. A standard curve was included in every run to allow quan-

titation of the number of bacteria present in the original sample.

Each standard curve consisted of purified Staphylococcus DNA

extracted from a 10-fold dilution series of S. pseudintermedius,

clinical isolate from a dog confirmed by sequencing the 16S rDNA

or S. aureus (ATCC29213) (depending on the gene target) isolated

using the Mo Bio Powersoil DNA isolation Kit, according to the

manufacturer’s recommended protocol.

Microbiota data analysis
Quantitative Insights Into Microbial Ecology (QIIME, v1.8) software

was used to characterize the samples, as described previously.12

The raw sequence data were demultiplexed by barcodes, scree-

ned, trimmed, denoised and chimera-depleted using uCHIME;13

low quality reads were filtered using the QIIME database’s

default parameters, as described previously.6 A total of 3,041,382

(median: 30,279; range 101–96,882 sequences per sample) were

obtained.
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For further analysis, each sample from the atopic dogs was rar-

efied to an even sequencing depth of 5,000 sequences per sample to

adjust for uneven sequencing depth across all samples. Sequences

were then clustered into operational taxonomic units (OTUs) using a

closed reference OTU picking protocol at the 97% sequencing

identity level14,15 against the Greengenes database.16 Because most

datasets did not meet the assumptions of normal distribution, as

assessed by the D’Agostino and Pearson normality test, nonparamet-

ric statistical tests were used. Only bacterial taxa that were present

in at least 50% of the samples for each time point were included in

the analysis.

The differences in the proportions of bacterial taxa between the

challenged and contralateral sites (% of total sequences) and differ-

ences in the abundance of Staphylococcus spp and S. pseudinter-

medius were evaluated using the Kruskal–Wallis test. The Friedman

test with Dunn’s post hoc test for repeated measures ANOVA were

performed to evaluate changes in the microbiota and differences in

the abundances of Staphylococcus spp and S. pseudintermedius

among all time points for the challenged site. The Kruskal–Wallis test

was further used for comparing differences between each of the

time points for the challenged site (for instance, right pre-challenged

versus right Day 1). P-values <0.05 adjusted for multiple comparisons

were considered statistically significant. For testing the significance

of multiple comparisons for the different OTUs, the data were sepa-

rated by taxonomic level (e.g. phylum, class, order, family, genus)

and pre-filtered to include only those that were present in more than

75% of all individuals in at least one of the sites (challenged and con-

tralateral). The Linear discriminant analysis (LDA) effect size (LEfSe:

http://huttenhower.sph.harvard.edu/galaxy/)17 was also utilized to

evaluate differentially abundant bacterial taxa between pre-chal-

lenged samples and the various time points from the challenged site,

and between samples from challenged and contralateral sites for

each time point.

Observed species richness, Chao 1 and Shannon indexes18 were

determined using QIIME. Data in graphs are expressed as the mean

+/� standard error (SE) or median and 50 percentile of the group.

Due to a very low number of sequence reads, one sample (right pre-

challenged sample of Dog 5) was excluded from the QIIME analysis.

In order to include Dog 5 in the statistical analysis for the different

taxa, the baseline values for the left site were also used as baseline

values for the right site. Data were analysed using Prism software

5.0 (GraphPad Software; San Diego, CA, USA) and JMP software

(SAS Institute; Cary, NC, USA).

Analysis of beta-diversity was performed using weighted and

unweighted Unifrac distance metrics. Statistical significance of the

resulting distance metric was tested by analysis of similarities (ANO-

SIM) using the QIIME software.

Results

Allergen challenge resulted in the development of

acute skin lesions

Seven dogs developed noticeable skin lesions after three

daily applications of Df suspension, whereas Dog 6 devel-

oped similar lesions after only two such applications. Prior

to challenge, dogs had scores that ranged from 0 to 3.

Twenty four hours after the second or third application of

the Df suspension the lesion scores increased in all dogs

(Figure S1). By 7 days after the last application of the Df

suspension, all skin lesions had resolved. In contrast, no

skin lesions were observed on the left groin (contralateral

unchallenged control site) in any of the dogs at any time

point.

Allergen challenge did not alter the microbial

bacterial diversity

Diversity analysis was performed on 5,000 randomly

selected sequences per sample. We did not observe

any significant differences in the Shannon diversity

index (an index that considers the richness and even-

ness of species), Chao 1 metric (an index that considers

the richness of the entire microbial community at a

complete sequencing depth) or the number of observed

species (the number of observed OTUs and the rich-

ness of the sample at given sequencing depth),

between samples from the challenged (right) versus the

contralateral (left) skin site at any of the time points;

Figure S2). When only samples from the challenged site

were analysed at different time points, the samples

from Day 21 had a significantly higher species richness

(i.e. number of observed species) when compared to

those pre-challenge (median 327 versus 297; P = 0.05;

Figure S2).

On principal coordinate analysis plots (PcoA plots), we

did not determine any significant clustering between the

challenged and the contralateral sites for each of the time

points. This evaluation was performed both on the

unweighted and weighted UniFrac analysis (ANOSIM,

P = 0.83). We further analysed if the unweighted Unifrac

distance between each time point (distances between:

days 1 and 7, days 7 and 14, days 14 and 21, and days 21

and 28) differed between the various time points at the

challenged site or between the challenged and contralat-

eral site. Again, there were no significant differences

between challenged and contralateral samples for any of

the time points (Figure S3).

Allergen challenge resulted in bacterial dysbiosis

The skin of this colony of AD dogs harbours a complex

bacterial assemblage composed of at least 23 bacterial

phyla, with the main dominant phyla being Firmicutes,

Proteobacteria, Bacteroidetes, Actinobacteria and

Fusobacteria. A total of 256 bacterial families were identi-

fied across all samples.

We first compared the bacterial microbiota between

challenged and contralateral sites. No significant differ-

ences, at any phylogenetic level, were identified when

the pre-challenged samples from the right site was com-

pared to the contralateral site based on Kruskal–Wallis

tests and LDA effect size (LEfSe). The LEfSe was further

utilized to determine differentially abundant bacterial taxa

between the challenged and contralateral sites for each

time point. Significant differences were observed for a

few bacterial groups between days 1 and 21, with no dif-

ferences identified between pre-challenge samples and

those from Day 28 (a = 0.05, LDA score > 3.0; Figure 1).

These differences in the bacterial microbiota included

increases in Corynebacteriaceae on Day 1, and in Staphy-

lococcaceae on days 7, 14 and 21 on the challenged site.

The order Bacilli and class Bacillales, which include the

families Streptococcaceae and Staphylococcaceae, were

increased significantly at the challenged site on Day 21,

based on LefSe and Kruskal–Wallis tests, respectively

(Figure 1, Table S1). We observed no significant differ-

ences in relative proportions of bacteria belonging to the

family Staphylococcaceae between challenged and con-

tralateral sites.

We then restricted our comparison to samples from

the challenged sites between the various time points. We

found lower proportions of Fusobacteria, Fusobacteriales,
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Fusobacteriaceae and Fusobacterium sp. on Day 7 com-

pared to Day 1 (4.6% versus 7.5%; P = 0.05) and for

Fusobacteriales on Day 7 compared to Day 21 (4.6% ver-

sus 6.7%; P = 0.013) (Figure 2; Table S2). On LEfSe anal-

ysis, we found relatively increased proportions of

Corynebacteriaceae on Day 7, the phylum Firmicutes on

days 14, 21 and 28, Staphylococcaceae and six other bac-

terial groups on Day 21, and Alphaproteobacteria on Day

28, compared to the pre-challenge (baseline) samples

(Figure S4).

Allergen challenge resulted in increased numbers of

Staphylococcus spp. and S. pseudintermedius

Copy numbers of Staphylococcus spp. and S. pseudinter-

medius were not significantly different before challenge

and on Day 1, indicating that no increases in abundances

of these bacteria were observed at the time of develop-

ment of acute skin lesions (Figure 3). However, signifi-

cantly increased S. pseudintermedius copy numbers

were observed on Day 7 at the challenged site compared

to the contralateral one. On Day 21, copy numbers of Sta-

phylococcus spp. and S. pseudintermedius were

increased markedly at the challenged site compared to

samples from the same sites before challenge or on Day

1 after challenge (only S. pseudintermedius), and also to

the contralateral site. Staphylococcus aureus DNA was

not amplified from any sample except for that of Dog 2 on

Day 21 (350 bacterial copies). The results from S. pseud-

intermedius and Staphylococcus spp. also correlated with

the increased relative abundance of Staphylococcaceae

identified earlier at challenge sites.

House dust mites have their ownmicrobiota

The family Bartonellaceae (phylum Proteobacteria; class

Alphaproteobacteria, order Rhizobiales) was the most

abundant group, accounting for 72% of the sequences in

the samples from the mite solution, followed by the fam-

ily Leuconostocaceae (phylum Firmicutes; class Bacilli;

order Lactobacillales; 25%). Other bacterial groups,

including the families Streptococcaceae (2%), Staphylo-

coccaceae (0.2%), Fusobacteriaceae (0.2%), Moraxel-

laceae (0.2%) and Corynebacteriaceae (0.05%) also were

identified in these samples.

Discussion

In the present study, sequencing of the 16S rRNA gene

and RT-qPCR for Staphylococcus spp. and

Figure 1. Abundance of microbiota taxa between challenged and contralateral skin. (a) The relative abundance of bacterial groups at different phy-

logenetic levels (phylum, order and family) at the challenged and contralateral sites, at different time points, based on Illumina sequence analysis.

Blue and red lines represent the median of the relative abundance at the challenged and contralateral sites, respectively. The differences in the pro-

portions of bacterial taxa between these two sites were evaluated using the Kruskal–Wallis test with adjustment for multiple comparisons

(*P < 0.05). (b) Linear discriminant analysis (LDA) effect size (LEfSe) of Illumina sequencing datasets based on 16S rRNA gene sequences. Taxo-

nomic distribution of bacterial groups differentially present in challenged and contralateral sites from dogs with atopic dermatitis collected on days

1, 7, 14, 21 and 28. Fourteen differentially abundant bacterial groups were detected (a = 0.05, LDA score > 2.5). Of these, 10 bacterial groups

were significantly over represented at the challenged sites (red) and four bacterial groups were over represented at the contralateral sites (green).
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Figure 2. Abundance of microbiota taxa on challenged skin. (a) Bacterial phyla and families inhabiting the skin of the challenged site at different

time points. Average of most common bacterial phyla and families identified in pre-challenge samples and samples collected on days 1, 7, 14, 21

and 28 post-challenge. (b) The relative abundances of the most prevalent bacterial families at the challenged sites at different time points, based

on the Illumina sequence analysis. Changes among all time points were evaluated using the Friedman’s test with Dunn’s post hoc test for

repeated measures ANOVA with adjustment for multiple comparisons. *P < 0.05.
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S. pseudintermedius were used to evaluate changes in

the bacterial skin microbiota in acute experimental lesions

of CAD following challenge with Df HDM allergens. Our

results demonstrate bacterial dysbiosis in allergen chal-

lenged (i.e. lesional) skin areas compared to contralateral

nonchallenged areas (i.e. nonlesional) in atopic dogs.

These observations suggest an association of experimen-

tally induced lesions of AD with increased proportions of

Staphylococcaceae and the persistence of these changes

for three weeks after mite challenges, with relative abun-

dances returning to those of pre-challenge samples only

after four weeks.

In children with AD, microbial alpha and beta diversity

are altered during flares, and diversity might recover

even before resolution of clinical lesions in children

undergoing treatment for skin lesions.4 Likewise, dogs

with chronic CAD presented during a flare appear to

have low diversity of the skin microbiota, which recov-

ered after treatment with antimicrobials.5 No significant

changes in microbial diversity were observed across the

different time points of the challenged skin or between

challenged and contralateral sites in this canine experi-

mental model of AD. This is likely to be due to the fact

that most lesions were considered mild, developed

acutely and only affected the area of HDM challenge.

Conceivably, changes in microbial diversity could also

have occurred within a different interval than that evalu-

ated in our sampling schedule, for instance, between

days 2 and 6. Day 7 post-challenge coincided with recov-

ery of AD skin lesions and, based on a previous study in

atopic children,4 the microbial diversity would be

expected to recover and be similar to pre-challenge even

before the resolution of lesions.

The results of RT-qPCR for Staphylococcus spp. and

S. pseudintermedius paralleled those of the 16S rRNA

NGS, thereby establishing that these bacteria were an

important factor of microbial dysbiosis at the site of

allergen challenge. Furthermore, these results also

demonstrated that an increased proportion of Staphylo-

coccaceae identified with NGS was due to increased

numbers of bacterial copies of S. pseudintermedius. Sta-

phylococcus aureus was not identified in baseline con-

trols or associated with the development of lesions, as

most samples did not show any copies and a single sam-

ple showed a very low number of copies of S. aureus.

Our findings mirror those of culture-based and molecular

studies, which demonstrate that Staphylococcus spp. are

associated with AD lesions in both humans and

dogs.1,2,4–6,19

Staphylococcus aureus and Corynebacterium bovis

were reported to likely contribute to eczematous inflam-

mation in an ADAM17-deficient mouse model of AD.20

These knockout mice developed bacterial dysbiosis and

this was found to be capable of inducing eczematous

lesions.20 In our canine model, based on LefSe analysis,

the abundance of bacteria of the family Corynebacteri-

aceae was increased significantly at the challenged sites

compared to the contralateral sites on Day 1, and even

before increased relative abundances of Staphylococ-

caceae were observed. In another study evaluating the

microbiota in dogs with chronic AD, authors also reported

that Corynebacterium spp. were more abundant in the

groin area during flares of AD, compared to those of con-

trol dogs.5 These findings demonstrate that the bacterial

communities inhabiting the skin have very complex rela-

tionships; additional studies should focus on interactions

between these communities and the development or

remission of skin lesions.

In a previous study, we found that the betaproteobacte-

ria Ralstonia spp. predominated in several skin samples

from different body regions in dogs, with healthy dogs

having increased relative abundances of these bacteria

compared to allergic dogs.6 In this current study and other

studies including one using healthy pet dogs currently

ongoing in our laboratory, Ralstonia spp. was only present

in very low relative abundances across all samples and no

Figure 3. Average copy numbers of Staphylococcus spp. and Staphylococcus pseudintermedius. (a) Average number of bacterial copies of Sta-

phylococcus spp. at the challenged and the contralateral skin sites at different time points, based on real time quantitative PCR. (b) Average num-

ber of bacterial copies of Staphylococcus spp. on the challenged sites across different time points. (c) Average number of S. pseudintermedius

copies at the challenged and the contralateral sites at different time points. (d) Average number of S. pseudintermedius on the challenged skin

sites across different time points. The differences in number of bacterial copies at the challenged and the contralateral skin sites were evaluated

using a Kruskal–Wallis test. Changes among all time points at the challenged sites were evaluated using a Friedman’s test with Dunn’s post hoc

tests for repeated measures ANOVA. *P < 0.05.
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significant differences between samples from atopic

dogs and those from healthy pet dogs (data not included)

were observed. This could be due, in part, to use of differ-

ent supplies for the collection of samples, modifications

in sample storage, extraction methods and/or changes in

the high throughput sequencing platform used.

Finally, we also evaluated the microbiota inhabiting the

Df HDM used in this study; this is an important evaluation

to assess for any potential transfer of their microbiota to

the skin of the dogs. Interestingly, Df HDMwas colonized

mainly by Bartonellaceae (72%) and Leuconostocaceae

(25%) and no changes in the proportions of these bacte-

rial groups were observed in the skin of atopic dogs, indi-

cating that there was no bacterial contamination of the

skin of dogs by the HDM allergens.

Conclusions

The present study, in spite of its inherent limitation due to

a small sample size, demonstrates that allergen challenge

in HDM sensitized dogs is associated with bacterial dys-

biosis during the development of skin lesions, with alter-

ations of several bacterial groups persisting for two

weeks after the recovery of skin lesions. This study also

demonstrates that S. pseudintermedius plays an impor-

tant role in this bacterial dysbiosis. The lack of changes of

bacterial diversity of the skin after allergen challenge

might be due to the mild and focal nature of these experi-

mental lesions, compared to the often severe and chronic

changes seen in natural CAD. Future longitudinal studies

using this model and dogs with natural AD should focus

on microbial interactions during and after development of

skin lesions, on relationships between the immune sys-

tem and the cutaneous microbiome, as well as how dif-

ferent treatment regimens might influence the skin

microbiome in atopic dogs.
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Figure S1. Skin lesion scores. Scores obtained for skin

lesions before allergen challenge (pre-challenge; baseline)

and on Day 1 (post-challenge d1). Scores were based on

the development of erythematous macules, oedema,

papules/pustules, and/or excoriations scored as 0 (ab-

sent), 1 (faint, mild), 2 (moderate) or 3 (strong, severe),

for a total maximum lesional score of 12.

Figure S2. Alpha diversity analysis. (a) Rarefaction

curves for 16S rRNA gene sequences obtained from the

skin of the right (challenged) and left (contralateral) groin

of dogs with AD at different time points. The analysis

was performed on a randomly selected subset of 5,000

sequences per sample. No differences of the Chao 1

index (species predictor estimator), the number of

observed species nor the Shannon index (diversity index

that accounts for species abundance and evenness) were

observed between the challenged and contralateral sites

at different time-points. Lines represent the mean for

each group, whereas the error bars represent the stan-

dard deviations. (b) Comparisons of alpha diversity mea-

sured at 5,000 sequences per sample from the

challenged and contralateral sites (x-axis). The y-axis rep-

resent the data points for the Chao 1 index, number of

observed species and Shannon diversity index for the
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samples of the two sites at different time points. Chal-

lenged samples from Day 21, had a significantly higher

species richness (number of observed species; median

327) when compared to the pre-challenged samples from

the right groin (median 297; *P < 0.05). Blue and red

lines and boxes represent the median and 50% per-

centile for the samples from challenged and contralateral

sites, respectively.

Figure S3. Beta diversity analysis. Effect of allergic

skin lesions on the community structure of the skin

microbiota. Principal coordinates analysis plots of

unweighted Unifrac distances of 16S rRNA genes from

challenged (a) and contralateral (b) sites. ANOSIM

revealed no clustering between samples from the chal-

lenged or contralateral sites. Dashed lines connect the

samples of each dog, following the time points, from

the sample pre-lesion (light green circle) to the sample

of last day of collection (28 days after development of

the lesion). (c) Median, 50% percentile and standard

deviation of the unweighted Unifrac distance of sam-

ples from the challenged and contralateral sites at dif-

ferent time points.

Figure S4. Differences in abundances of bacterial taxa

on challenged side. Linear discriminant analysis (LDA)

effect size (LEfSe) of Illumina sequencing datasets based

on 16S rRNA gene sequencing. Taxonomic distribution of

bacterial groups in pre-challenged and samples collected

on days 1, 7, 14, 21 and 28. A total of 13 differentially

abundant bacterial groups were detected (a = 0.05, LDA

score > 2.0). Of these, three bacterial groups were signif-

icantly over-represented in baseline pre-challenged sam-

ples (green) and 10 bacterial groups were over-

represented in samples collected after challenge (red).

Table S1. Relative percentages of the most abundant

bacterial groups at various phylogenetic levels (phylum,

class, order, family or genus) on the challenged and con-

tralateral skin sites at different time points based on Illu-

mina sequencing.

R�esum�e

Contexte – Les �etudes portant sur le s�equenc�age de derni�ere g�en�eration du g�ene bact�erien ARNr 16S ont

permis de d�etailler les surveillances des microbiotes de la peau.

Hypoth�eses/Objectifs – Cette �etude �evalue les changements temporaires de microbiote cutan�e dans un

mod�ele de dermatite atopique canine.

Sujets – Huit chiens atopiques pr�ec�edemment sensibilis�es aux acariens de poussi�ere de maison (HDM).

M�ethodes – Les chiens ont �et�e provoqu�es par voie topique sur le pli axillaire droit avec des allerg�enes

HDM. Les �ecouvillons ont �et�e collect�es sur les chiens provoqu�es et sur les sites controlat�eraux non pro-

voqu�es avant provocation (pr�e-challenge; �echantillon de base) �a jours 1, 7, 14, 21 et 28 apr�es provocation

allerg�enique. Le g�ene ARNr 16S a �et�e amplifi�e, s�equenc�e et analys�e. Staphylococcus spp. et Staphylococ-

cus pseudintermedius ont �et�e quantifi�es par PCR quantitative (RT-qPCR).

R�esultats – Les l�esions cutan�ees se sont d�evelopp�ees chez tous les chiens des sites test�es. Les diff�eren-

ces dans les groupes bact�eriens ont �et�e observ�es sur les sites provoqu�es au cours du temps. Une relative

faible abondance de Fusobact�eriac�ees aux jours 7 et bas�e sur LEfSe, une augmentation de Corynebacte-

riac�ees �a jour 1 et de Staphylococcies �a jours 7, 14 et 21, ont �et�e observ�es sur les sites provoqu�es et com-

par�es aux sites controlat�eraux. Les r�esultats de RT-qPCR corr�elaient avec ceux de s�equenc�age de derni�ere

g�en�eration avec des nombres significativement augment�es respectivement de Staphylococcus spp. et S.

pseudintermedius �a jour 21 et jours 7 et 21 sur le site test�e compar�e au site controlat�eral.

Conclusions et importance clinique – Cette �etude d�emontre qu’une provocation allerg�enique chez des

chiens sensibilis�es m�ene �a une dysbiose bact�erienne avec augmentation importante de S. pseudinterme-

dius.

Resumen

Introducci�on – Los estudios centrados en la secuenciaci�on de pr�oxima generaci�on del gen 16S rRNA bac-

teriano han permitido evaluaciones detalladas de las poblaciones bacterianas de la piel (microbiota).

Hip�otesis/objetivos – En este estudio se evaluaron los cambios temporales en la microbiota de la piel en

un modelo canino de dermatitis at�opica.

Animales – Ocho perros at�opicos previamente sensibilizados con �acaros del polvo dom�estico (HDM).

M�etodos – Los perros fueron expuestos por v�ıa t�opica en la zona inguinal derecha con alergenos de �acaros

del polvo. Los hisopos se obtuvieron de la zona de exposici�on y de la zona contralateral no expuesta antes

de la inducci�on (pre-exposici�on; muestra basal) y en los d�ıas 1, 7, 14, 21 y 28 despu�es de la exposici�on al

al�ergeno. El gen 16S rRNA se amplific�o, secuenci�o y analiz�o. Staphylococcus spp. y Staphylococcus pseu-

dintermedius se cuantificaron con PCR cuantitativa (RT-qPCR).

Resultados – Lesiones cut�aneas se desarrollaron en todos los perros en las zonas expuestas. Se observa-

ron diferencias en los grupos bacterianos en la zona expuesta con el paso del tiempo. Hubo una frecuencia

relativa menor de Fusobacteriaceae en el d�ıa 7, y, bas�andonos en LEfse, un aumento de la abundancia de

Corynebacteriaceae en el d�ıa 1, y de Staphylococcaceae en los d�ıas 7, 14 y 21, en el sitio expuesto, en com-

paraci�on con el sitio contralateral. Los resultados de RT-qPCR se correlacionaron con los de secuenciaci�on

de nueva generaci�on, con un aumento significativo de los n�umeros de Staphylococcus spp. y S. pseudin-

termedius en el d�ıa 21 y d�ıas 7 y 21, respectivamente, en la zona expuesta en comparaci�on con el sitio con-

tralateral.
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Conclusiones e importancia cl�ınica – Este estudio demuestra que la exposici�on al al�ergeno en perros

sensibilizados conduce a disbiosis bacteriana con una mayor abundancia de S. pseudintermedius en el sitio

de la inducci�on de la lesi�on.

Zusammenfassung

Hintergrund – Studien, die sich auf die Next-Generation Sequenzierung der bakteriellen 16S rRNA Gene

konzentrieren, haben detaillierte Untersuchungen von Bakterienpopulationen (Mikrobiota) der Haut erm€o-

glicht.

Hypothese/Ziele – Diese Studie evaluierte zeitliche Ver€anderungen bei den Microbiota der Haut in einem

Hundemodell von atopischer Dermatitis.

Tiere – Acht atopische Hunde, die schon fr€uher mit Hausstaubmilben sensibilisiert worden waren (HDM).

Methoden – Die Hunde wurden topisch in der rechten Inguinalgegend mit HDM Allergenen provoziert.

Tupfer wurden von den provozierten und von den nicht provozierten Hautstellen der kontralateralen Seiten

vor der Provokation (vor-Provokation; Basisprobe) und an den Tagen 1, 7, 14, 21 und 28 nach der Allergen-

provokation entnommen. Das 16S rRNA Gen wurde amplifiziert, sequenziert und analysiert. Staphylococ-

cus spp. und Staphylococcus pseudintermediuswurden mittels quantitativem PCR quantifiziert (RT-qPCR).

Ergebnisse – Hautver€anderungen entstanden bei allen Hunden an den provozierten Stellen. Es wurden an

den provozierten Stellen mit der Zeit Unterschiede bei den Bakteriengruppen beobachtet. Es wurde auf

den provozierten Stellen ein relativ geringeres Auftreten von Fusobakterien am Tag 7 und – basierend auf

LEfSe – ein zunehmendes Auftreten von Corynebakterien am Tag 1 und Staphylokokken an den Tagen 7,

14 und 21 im Vergleich zur kontralateralen Seite beobachtet. Die Ergebnisse des RT-qPCR korrelierten mit

jenen der Next-Generation Sequenzierung mit signifikant h€oheren Zahlen an Staphylococcus spp. und S.

pseudintermedius an den Tagen 21 und an den Tagen 7 bzw 21 auf der provozierten Seite im Vergleich zur

kontralateralen Seite.

Schlussfolgerungen und klinische Bedeutung – Diese Studie zeigt, dass eine Allergenprovokation bei

sensibilisierten Hunden zu einer bakteriellen Dysbiose mit zunehmendem Auftreten von S. pseudinter-

medius an den Stellen der induzierten Ver€anderungen f€uhrt.

要約

背景 – 次世代シーケンシングを用いた細菌の16S rRNA遺伝子解析によって、皮膚の細菌叢の詳細な調査が可能

になった。
仮説/目的 – 本研究の目的は、犬アトピー性皮膚炎モデルにおける皮膚細菌叢の一過性の変化を評価することであ
る。
供与動物 – ハウスダストマイト(HDM)にあらかじめ感作させたアトピー犬8頭。
方法 – 実験犬の右側内股にHDM抗原を塗布し、感作させる。暴露前(感作前; 基準サンプル)および感作後1, 7,
14, 21, 28日に、感作部位および反対側の非感作部位より綿棒にてサンプルを採取した。16S rRNAを増幅し、シー
ケンスと解析を行った。Staphylococcus spp.およびStaphylococcus pseudintermediusについては、定量PCR
(RT-qPCR)にて定量した。
結果 – すべての実験犬において、感作部位に病変が出現した。時間の経過とともに、感作部位における細菌群に変
化が認められた。感作7日後には、Fusobacteriaceaeがやや減少した。LEfSe解析により、感作部位では非感作

部位と比較して、感作1日後にCorynebacteriaceae、感作7, 14, 21日後にStaphylococcaceaeの増加がそれぞ
れ認められた。RT-qPCRと次世代シーケンシングの結果は相関し、感作21日後にStaphylococcus spp.、感作7,
21日後にはS. pseudintermediusの有意な増加が感作部位にてそれぞれ認められた。
結論および臨床的な重要性 – 本研究により、抗原暴露により感作された犬は、病変部位においてS. pseudinter-
mediusの増加を伴う細菌叢バランス失調をきたすことが示された。

摘要

背景 – 研究目的是使用细菌16S rRNA基因新一代测序技术,对皮肤细菌种群(微生物区)进行详细调查。
假设/目的 – 研究评估犬异位性皮炎模型的皮肤微生物,其动态变化。
动物 – 八只对屋尘螨(HDM)敏感的异位性皮炎患犬。
方法 – 使用HDM过敏原刺激犬右侧腹股沟。动物接受刺激前(刺激前、基础样本),对侧未受刺激腹股沟相应

位点处,分别进行棉拭子取样,并且在刺激后第1、7、14、21和28天分别棉拭子取样。对16S rRNA进行扩

增、测序和分析。通过量化聚合酶连反应(RT-qPCR),量化葡萄球菌和假中间型葡萄球菌。
结果 – 所有犬刺激位点均出现病变。位点接受刺激后的不同时间,细菌组成有所不同。相对于对侧位点,刺
激位点刺激后第7天,梭杆菌相对较少;相对于LEfSe,刺激后第1天棒状杆菌数量增长;在刺激后的第7、14和21
天均在刺激位点发现葡萄球菌。结合新一代测序技术分析RT-qPCR结果发现,刺激位点的葡萄球菌和假中间

型葡萄球菌分别在第21天以及第7、21天数量明显增多。
总结和临床意义 – 这项研究表明,敏感动物接受过敏原刺激后,病变位点出现假中间型葡萄球菌大量繁殖,进
而导致菌群失调。
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Resumo

Contexto – Estudos focados no sequenciamento de nova gerac�~ao do gene bacteriano 16S tem permitido

avaliac�~ao detalhada da populac�~ao bacteriana (microbiota) da pele.

Hip�otese/Objetivos – Este estudo avaliou as mudanc�as temporais na microbiota cutânea de c~aes, em um

modelo experimental canino de dermatite at�opica.

Animais – Oito c~aes at�opicos previamente sensibilizados com �acaros da poeira dom�estica (APD).

M�etodos – Os c~aes foram desafiados topicamente na virilha direita com APD. Hastes de algod~ao est�eril

formam coletadas da virilha no lado desafiado e no lado contralateral, antes do desafio (amostra basal), e

nos dias 1, 7, 14, 21 e 28 ap�os o desafio alergênico. O gene 16S foi amplificado, sequenciado e analisado.

Staphylococcus pseudintermedius foram quantificados por PCR quantitativa (RT-qPCR).

Resultados – As les~oes cutâneas foram desenvolvidas em todos os c~aes nos locais desafiados. Dife-

renc�as nos grupos bacterianos foram observadas na regi~ao desafiada, ao longo do tempo. Relativamente

menor abundância de Fusobacteriaceae no dia 7, e, baseado em LEfSe, abundância aumentada de Coryne-

bacteriaceae no dia 1, e Staphylococcaceae nos dias 7, 14 e 21, foram observadas na regi~ao desafiada,

comparada com a contralateral. Resultados da RT-qPCR correlacionaram com os encontrados no sequenci-

amento de nova gerac�~ao, com aumento significativo nos n�umeros de Staphylococcus sp. S. Pseudinterme-

dius, no dia 21, e nos dias 7 e 21, no local desafiado comparado com o contralateral, respectivamente.

Conclus~oes e importância cl�ınica – Este estudo demonstra que o desafio alergênico em c~aes sensibiliza-

dos gera disbiose bacteriana com aumento da abundância de S. pseudintermedius no local de induc�~ao de

les~ao.
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Table S1. Relative percentages of the most abundant bacterial groups at various phylogenetic levels (phylum, class, order, family, genus) on the challenged and contralateral skin at different timepoints based on Il lumina sequencing.

Challenged (pre) Contralateral (pre) p-value (pre) Challenged (1d) Contralateral (1d) p-value (1d) Challenged (7d) Contralateral (7d) p-value (7d) Challenged (14d) Contralateral (14d) p-value (14d) Challenged (21d) Contralateral (21d) p-value (21d) Challenged (28d) Contralateral (28d) p-value (28d)
Actinobacteria 0,5807 7.84(3.16-14.78) 7.6(4.32-11.44) 0.9581 9.28(7.16-13.76) 7.71(2.62-13.06) 0.2492 9.68(2.86-38.14) 8.77(3.54-15.5) 1.3988 8.85(3.48-19.64) 9.5(3.22-16.9) 1.1670 9.78(4.94-15.2) 8.79(4.88-26.74) 1.1177 6.5(3.48-24.48) 10.05(4.76-21.34) 1.2061
     Actinobacteria 0,4673 7.38(2.2-13.7) 7.34(2.4-10.96) 0.9621 8.54(2.46-11.42) 6.81(1.88-12.62) 0.3927 8.93(2.06-37.84) 8.41(2.46-15.18) 0.9420 7.69(1.78-18.62) 8.71(2.64-16.22) 1.3799 8.67(2.12-14.12) 8.14(2.34-26.06) 1.0080 5.83(1.36-23.68) 9.43(4-20.74) 0.8306
        Actinomycetales 0,5421 7.3(2.16-13.66) 6.89(2.02-10.72) 1.0417 8.49(2.42-11.4) 6.28(1.28-12.58) 0.69 8.89(2.02-37.82) 8.37(1.42-14.56) 0.7703 7.6(1.72-18.62) 8.18(1.92-15.56) 0.9618 8.59(2.06-13.84) 7.9(1.7-25) 1 5.67(1.32-23.68) 9.23(3.12-19.86) 1.1327
           Corynebacteriaceae 0,5999 5.86(1.74-10.86) 6.07(1.44-9.28) 1.0060 7.28(1.76-10.76) 4.99(0.88-11.76) 1.3462 7.18(1.64-37.08) 6.74(1-13) 0.9684 6.28(1.42-17.58) 7.35(1.28-14.38) 1.1670 6.93(1.36-12.82) 6.63(1.22-23.3) 1 4.28(0.8-22.44) 7.73(2.54-18.38) 1.5858
              Corynebacterium 0,6079 5.86(1.74-10.86) 6.07(1.44-9.28) 1.0179 7.28(1.76-10.76) 4.99(0.88-11.76) 0.8823 7.18(1.64-37.08) 6.74(1-13) 1.2739 6.28(1.42-17.58) 7.35(1.28-14.38) 1.0900 6.93(1.36-12.82) 6.63(1.22-23.3) 1 4.28(0.8-22.44) 7.73(2.54-18.38) 1.4977
Bacteroidetes 0,1804 11.66(6.86-16.12) 11.06(6.52-14.76) 0.8648 10.52(5.9-14.28) 12.3(4.8-20.4) 1.0491 9.35(4.3-12.28) 10.31(7.02-14.44) 0.6027 8.09(5.54-12.2) 10.11(8.3-13.26) 1.2054 8.27(5.16-13.44) 9.75(6.64-14.82) 0.5194 8.62(4.04-12.04) 8.61(5.18-13.1) 0.9725
     Bacteroidia 0,1961 11.24(5.6-15.24) 9.74(6.08-13.26) 1.1204 10.06(5.02-13.44) 11.54(4.04-19.88) 1.3189 8.56(3.44-11.64) 9.69(5.86-12.96) 0.5705 7.53(4.72-11.78) 9.33(7.46-12.64) 1.1396 7.41(4.22-12.84) 9.34(6.04-14.32) 0.9471 6.82(3.14-10.56) 7.4(4.26-12.88) 0.8242
        Bacteroidales 0,2674 11.24(5.6-15.24) 9.74(6.08-13.26) 0.9722 10.06(5.02-13.44) 11.54(4.04-19.88) 2.2481 8.56(3.44-11.64) 9.69(5.86-12.96) 0.5835 7.53(4.72-11.78) 9.33(7.46-12.64) 1.554 7.41(4.22-12.84) 9.34(6.04-14.32) 1.2915 6.82(3.14-10.56) 7.4(4.26-12.88) 1.124
           Bacteroidaceae 0,4047 4.2(2.06-6.58) 5.05(2.58-11.48) 1.3362 4.76(1.72-9.14) 5.19(1.88-18.5) 0.3717 2.85(1.12-7.24) 4.79(2.26-9.76) 0.4613 4.52(1-7.12) 5.46(1.8-11.18) 1.8091 3.67(1.04-5.52) 4.22(2.68-7.56) 1.736 2.85(1.54-6.64) 3.48(2.18-7.08) 1.9412
              Bacteroides 0,5767 4.2(2.06-6.58) 5.05(2.58-11.48) 1.0817 4.76(1.72-9.14) 5.19(1.88-18.5) 0.9164 2.85(1.12-7.24) 4.79(2.26-9.76) 0.3734 4.52(1-7.12) 5.46(1.8-11.18) 1.4645 3.67(1.04-5.52) 4.22(2.68-7.56) 1.4053 2.85(1.54-6.64) 3.48(2.18-7.08) 2.6191
           Porphyromonadaceae 0,2113 3.88(0.76-8.62) 2.54(0.54-6.66) 2.1005 3.01(0.9-6.62) 1.77(0.44-4.86) 1.5858 3.31(0.78-4.58) 2.15(0.48-6.02) 1 2.29(0.38-5.42) 2.55(0.64-4.04) 1.2589 1.98(0.92-7.4) 1.96(0.62-6.3) 1.05 1.92(0.58-3.64) 1.49(0.44-3.42) 1.2504
              Porphyromonas 0,5373 3.36(0.6-7.84) 2.07(0.52-5.76) 1.9588 2.21(0.76-5.74) 1.47(0.44-4.26) 1.4217 2.21(0.58-4.24) 1.59(0.46-5.56) 1.0179 1.97(0.3-5.04) 2.2(0.52-3.5) 1.0632 1.62(0.78-7.08) 1.59(0.52-5.92) 1.0625 1.67(0.44-3.06) 1.32(0.32-2.94) 1.0122
           Paraprevotellaceae 0,5003 1.46(0.2-2.8) 1.14(0.32-1.98) 1.1517 1.61(0.34-2.84) 1.82(0.26-2.9) 1.0589 1.08(0.28-2.08) 1.5(0.32-3.1) 0.9429 1.17(0.12-1.88) 1.69(0.5-1.98) 1.3387 1.3(0.58-2.34) 1.41(0.6-3.22) 1.4162 1.04(0.38-2.1) 1.04(0.54-3.44) 1.5133
              Paraprevotella 0,6048 1.38(0.2-2.8) 1.1(0.32-1.94) 1.0366 1.6(0.34-2.82) 1.82(0.26-2.9) 0.9736 1.07(0.28-2.06) 1.45(0.32-3.1) 0.9972 1.11(0.12-1.86) 1.58(0.5-1.82) 1.0837 1.3(0.58-2.18) 1.39(0.6-2.92) 1.3510 1.02(0.38-2.1) 1.04(0.54-3.42) 1.0900
Firmicutes 0,0998 33.08(22.74-42.04) 34.35(17.94-70.56) 0.8908 41.65(20.74-64.2) 44.5(22.04-68.92) 1.3988 37.1(25.42-72.28) 36.61(20.36-68.9) 1.0691 42.77(26.4-63.04) 41.45(23.34-57.12) 1.0691 42.47(27.1-64.62) 36.15(24.96-66.82) 1.2061 38.61(26.64-74.76) 39.75(25.3-55.36) 1.1670
     Bacilli 0,2803 11.16(8-20.46) 12.76(7.02-30.74) 1.0690 14.33(7.74-26.32) 16.17(8.84-31.1) 1.2364 14.05(10.98-61.2) 12.18(5.86-23.04) 0.4735 16.92(6.26-41.46) 13.28(6.38-26.26) 1.5565 22.27(7.28-30.36) 10.94(7.5-14.26) 0.1287 17.95(12.72-29.9) 13.61(9.48-26.06) 0.5109
        Bacillales 0,3470 5.68(0.22-11.5) 3.14(0.42-12.78) 1.0092 1.79(0.44-19) 2.17(0.34-20.72) 1 6.36(1.44-55.2) 2.52(0.36-10.78) 0.371 7.96(1.36-34.5) 1.15(0.42-17.74) 0.8805 8.96(3.08-23.22) 1.9(0.2-8.06) 0.0495 6.56(3.92-24.22) 2.11(0.4-20.48) 0.8775
           Staphylococcaceae 0,1389 0.7(0.18-7.76) 1.85(0.26-5.32) 1.0589 1.22(0.36-18.64) 1.19(0.16-10.34) 4.8079 4.75(1.36-54.28) 1.43(0.26-7.2) 0.483 4.92(1.3-34.02) 1.06(0.36-11.5) 0.7497 8.72(1.02-17.96) 1.72(0.16-4.4) 0.0966 5.68(2.64-23.92) 1.98(0.28-20.08) 1.0899
              Staphylococcus 0,1797 0.66(0.18-7.74) 1.67(0.2-5.24) 1.0858 1.22(0.2-18.58) 1.09(0.16-10.3) 1.0384 4.73(1.34-54.12) 1.11(0.26-7.14) 0.3434 4.89(1.28-33.96) 1.03(0.34-11.46) 0.6069 8.45(0.98-17.8) 1.05(0.14-4.16) 0.0561 5.58(2.58-23.86) 1.15(0.28-20.02) 0.3553
        Lactobacillales 0,8254 5.26(1.96-10.08) 5.13(3.7-27.9) 0.9581 7.53(3.24-15.26) 7.48(5.06-16.72) 3.4665 7.67(3.6-10.9) 7.04(2.58-12.56) 1 7.21(3.08-9.84) 7.64(3.34-10.56) 1.124 6.13(3.68-11.58) 5.18(3.62-9.78) 0.8615 5.86(3.7-17.14) 6.37(2.92-12.9) 0.9818
           Lactobacillaceae 0,0780 0.58(0.06-3.7) 1.58(0.14-3.06) 1.5071 1.26(0.1-3.62) 1.04(0.28-2.96) 2.5431 2.75(0.06-5.76) 2.72(0.24-9.82) 1.05 3.13(0.24-4.76) 3.19(0.36-5.92) 1.3867 2.7(0.8-9.48) 2.06(0.6-7.82) 1.4365 3.6(0.3-15.94) 3.63(0.52-7.94) 1
              Lactobacillus 0,0741 0.58(0.06-3.7) 1.58(0.14-3.06) 2.4400 1.26(0.1-3.62) 1.04(0.28-2.96) 1.5994 2.75(0.06-5.76) 2.72(0.24-9.82) 1 3.13(0.24-4.76) 3.19(0.36-5.92) 1.1226 2.7(0.8-9.48) 2.06(0.6-7.82) 1.4213 3.6(0.3-15.94) 3.63(0.52-7.94) 1
           Streptococcaceae 0,0550 2.68(1.02-8.84) 3.32(1.22-25.46) 1.1286 4.38(1.98-12.8) 4.29(3.36-13.78) 1 3(1.92-3.78) 3.16(1.1-5.7) 0.9441 3.1(1.84-5.1) 3.38(1.98-4.52) 1 1.86(0.86-3.38) 1.73(0.98-3.68) 1.1670 1.22(0.86-3.32) 1.21(0.72-3.54) 1.0589
              Streptococcus 0,0697 2.6(1.02-8.84) 3.28(1.22-25.4) 1.1628 4.26(1.96-12.78) 4.22(3.36-13.76) 1.0122 2.99(1.92-3.78) 3.09(1.1-5.68) 1.1464 3.01(1.84-5.08) 2.92(1.92-4.44) 0.9554 1.84(0.86-3.38) 1.71(0.98-3.68) 1.2882 1.21(0.86-3.32) 1.21(0.72-3.5) 0.9735
     Clostridia 0,1441 14.36(11.9-29.5) 17.88(10.64-37.88) 2.0443 18.97(12.22-44.12) 21.84(12.8-49.7) 1.6486 13.6(8.56-23.1) 19.14(14.3-47.16) 0.4081 21.04(10.2-33.3) 24.3(13.72-36.86) 1.1629 18.74(10.96-35.84) 20.44(16.6-47.44) 1.2635 17.39(9.02-43.36) 20.63(13.18-39.56) 1.0168
        Clostridiales 0,1965 14.36(11.9-29.5) 17.88(10.64-37.88) 2.7877 18.97(12.22-44.12) 21.84(12.8-49.7) 2.9975 13.6(8.56-23.1) 19.14(14.3-47.16) 0.5565 21.04(10.2-33.3) 24.3(13.72-36.86) 1.3215 18.74(10.96-35.84) 20.44(16.6-47.44) 1.0338 17.39(9.02-43.36) 20.63(13.18-39.56) 1.1555
           Clostridiaceae 0,0900 1.1(0.2-1.98) 1.67(0.18-4.5) 2.2267 1.47(0.16-5.36) 1.24(0.16-3.62) 1.0297 1.26(0.16-2.86) 1.75(0.08-3.5) 0.8808 3.22(0.66-6.52) 3.12(0.58-8.7) 1.4835 2.63(0.44-5.14) 2.28(0.36-6.44) 1.8501 1.94(0.96-5.1) 2.16(1.2-6.1) 15414
           Lachnospiraceae 0,1193 2.98(1.14-5.24) 1.5(0.16-4.08) 1.1177 4.22(1-6.02) 2.01(0.32-4.7) 1.5736 2.21(1.12-5.7) 2.29(0.24-4.02) 1.0513 3.42(1.22-6.58) 2.21(0.7-4.36) 1.2504 3.46(1.64-6.78) 2.14(0.26-4.4) 1.2504 3.7(1.06-7.04) 1.79(0.52-2.88) 1.6646
           Peptostreptococcaceae 0,8854 1.72(0.34-3.54) 2.01(0.48-3.06) 1.1835 1.54(0.46-4.32) 1.39(0.22-4.68) 1.0200 1.88(0.2-3) 1.56(0.24-3.12) 1.0746 1.78(0.24-3.56) 1.89(0.46-4.06) 1.05 1.17(0.78-3.62) 1.28(0.64-4.88) 1.1052 1.26(0.36-1.68) 1.42(0.5-4.06) 1.7297
           Ruminococcaceae 0,8632 0.82(0.08-2.54) 1.41(0.12-3.06) 1.2575 1.06(0.14-2.8) 0.98(0.22-3.2) 3.2333 0.67(0.1-1.98) 1.1(0.1-3.1) 1.0378 1.42(0.12-2.56) 1.4(0.12-2.92) 1.1480 1.1(0.16-2.24) 1.07(0.2-2.72) 1.1666 0.92(0.12-1.98) 0.9(0.14-2.8) 1.3465
           Veillonellaceae 0,0440 1.86(0.2-7.58) 3.53(0.3-18.88) 5.6658 4.12(1-20.26) 5.46(0.86-23.8) 1.0941 2.01(0.3-6.82) 4.83(0.32-25.08) 0.9040 3.73(0.76-13.62) 4.76(1-12.18) 1.6833 3.06(1.32-12.08) 3.49(1.28-20.12) 1.3988 4.12(0.5-18.96) 5.8(1.48-14.26) 1.05
              Megamonas 0,1078 0.96(0.14-6.22) 2.47(0.18-18.1) 4.5866 3.06(0.7-16.08) 4.47(0.76-20.26) 1.9108 1.52(0.26-5.3) 3.68(0.28-20.16) 1.054 2.59(0.64-10.26) 3.51(0.88-7.86) 1.3627 2.26(0.64-9.36) 2.59(0.88-15.42) 1.2478 2.83(0.42-16.3) 4.47(1.22-10.78) 1.1809
           Acidaminobacteraceae 0,6536 1.12(0.24-2.48) 1.1(0.1-2.28) 1 1.09(0.28-2.18) 1.32(0.12-3.34) 1.5736 1.23(0.14-1.8) 0.99(0.06-2.7) 1.0296 1.06(0.2-1.98) 0.84(0.48-2.4) 1.1177 0.66(0.34-2.28) 1.09(0.4-2.28) 1.5582 1.02(0.16-1.82) 0.72(0.12-2.86) 1.2245
              Fusibacter 0,6598 1.12(0.24-2.48) 1.1(0.1-2.28) 1 1.09(0.28-2.18) 1.32(0.12-3.34) 1.2250 1.23(0.14-1.8) 0.99(0.06-2.7) 1.2881 1.06(0.2-1.98) 0.84(0.48-2.4) 0.9581 0.66(0.34-2.28) 1.09(0.4-2.28) 1.2614 1.02(0.16-1.82) 0.72(0.12-2.86) 0.9913
           Tissierellaceae 0,9057 1.44(0.12-3.54) 0.98(0.1-3.62) 1.1097 1.22(0.08-3) 0.78(0.14-5.34) 1.05 1.32(0-2.42) 1.18(0.04-4.18) 1.0491 0.85(0.08-1.86) 0.93(0.16-3.78) 1.3141 0.91(0.38-4.32) 1.63(0.24-4.38) 1.6896 1.2(0.18-3.04) 1.2(0.08-4.96) 1.7563
     Erysipelotrichi 0,3034 1.22(0.12-2.52) 1.89(0.18-6.58) 1.1841 1.46(0.16-7.78) 2.07(0.4-4.98) 1.1462 1.9(0.06-4.68) 2.59(0.2-7.2) 0.8817 2.4(0.36-11.46) 2.14(0.6-14.1) 1.0188 2.09(0.44-6.02) 2.7(0.5-10.36) 1.0990 1.68(0.36-5.68) 2.89(0.6-5.94) 0.8074
        Erysipelotrichales 0,3218 1.22(0.12-2.52) 1.89(0.18-6.58) 1.6147 1.46(0.16-7.78) 2.07(0.4-4.98) 0.9618 1.9(0.06-4.68) 2.59(0.2-7.2) 1.002 2.4(0.36-11.46) 2.14(0.6-14.1) 1.042 2.09(0.44-6.02) 2.7(0.5-10.36) 1.1240 1.68(0.36-5.68) 2.89(0.6-5.94) 0.8808
           Erysipelotrichaceae 0,3511 1.22(0.12-2.52) 1.89(0.18-6.58) 1.8085 1.46(0.16-7.78) 2.07(0.4-4.98) 2.0769 1.9(0.06-4.68) 2.59(0.2-7.2) 0.9352 2.4(0.36-11.46) 2.14(0.6-14.1) 1.3465 2.09(0.44-6.02) 2.7(0.5-10.36) 1.5736 1.68(0.36-5.68) 2.89(0.6-5.94) 2.0552
              Allobaculum 0,3908 1.18(0.06-2.5) 1.36(0.04-6.14) 1.4010 0.91(0.1-7.64) 1.19(0.16-4.62) 1.3475 1.5(0.06-4.44) 1.85(0.08-6.42) 1.2738 1.89(0.2-11.22) 2(0.22-13.58) 1.0191 1.82(0.26-5.84) 2.36(0.16-9.8) 1.4552 1.47(0.14-5.36) 2.2(0.3-4.68) 1.7972
Fusobacteria 0,0441 6.02(3.82-15.32) 7.15(0-11.04) 1.0047 7.52(5.6-17) 7.63(0-17.46) 0.8781 4.63(3.68-5.76) 6.67(0-13.82) 0.1092 6.71(4.52-9.6) 7.50(0-13.14) 1.6177 6.73(3.56-13.44) 7.35(0-17.1) 1.1669 4.71(3.36-12.08) 6.28(0-13.38) 0.6503
     Fusobacteriia 0,0693 6.02(3.82-15.32) 7.15(0-11.04) 1.5788 7.52(5.6-17) 7.63(0-17.46) 1.1828 4.63(3.68-5.76) 6.67(0-13.82) 0.1716 6.71(4.52-9.6) 7.50(0-13.14) 1.2710 6.73(3.56-13.44) 7.35(0-17.1) 1.0187 4.71(3.36-12.08) 6.28(0-13.38) 1.0219
        Fusobacteriales 0,0945 6.02(3.82-15.32) 7.15(0-11.04) 2.153 7.52(5.6-17) 7.63(0-17.46) 1.042 4.63(3.68-5.76) 6.67(0-13.82) 0.234 6.71(4.52-9.6) 7.50(0-13.14) 1.3866 6.73(3.56-13.44) 7.35(0-17.1) 1.2502 4.71(3.36-12.08) 6.28(0-13.38) 0.6967
           Fusobacteriaceae 0,0420 6.02(3.82-15.32) 7.09(3.72-11.04) 1.4835 7.5(5.6-17) 7.59(3.92-17.46) 1.1670 4.63(3.68-5.76) 6.63(4.84-13.82) 0.378 6.71(4.52-9.6) 7.46(4.24-13.14) 1.6177 6.73(3.56-13.44) 7.29(4.82-17.1) 1.3465 4.71(3.36-12.08) 6.25(4.9-13.38) 1.2096
              Fusobacterium 0,0779 5.34(3.8-15.3) 7.09(3.72-11.04) 1.6813 7.15(5.54-17) 7.59(3.92-17.46) 2.4930 4.55(3.62-5.62) 6.63(4.84-13.82) 0.306 6.6(4.46-9.6) 7.46(4.24-13.14) 1.1224 6.66(3.56-13.4) 7.29(4.82-17.1) 1.4171 4.66(2.98-12.04) 6.25(4.9-13.38) 0.9792
Proteobacteria 0,2230 40.28(17.38-48.62) 32.39(4.32-47.48) 2.6019 27.76(9.42-37.74) 21.37(6.08-39.8) 1.0537 31.3(15.72-41.14) 29.63(7.98-38.12) 1.4588 26.97(15.02-46.3) 24.61(11.2-44.46) 1.7563 29.78(12-39.1) 26.35(7.18-45.7) 1.3872 33.46(5.22-41.92) 30.13(10.42-45.48) 1
     Betaproteobacteria 0,3339 7.9(5.68-29.38) 9.01(1.58-18.66) 1.2390 7.9(3.3-14) 6.97(2.78-11.08) 2.2044 9.07(5.06-13.52) 9.05(2.94-12.48) 1 7.68(3.78-19) 6.84(3.7-14.68) 1.2635 8.11(4.34-11.8) 6.48(2.66-10.8) 1.3189 8.88(1.96-12.44) 6.54(3.32-16.04) 0.9691
        Burkholderiales 0,3075 1.8(1-3.2) 2.02(0.82-3) 1.1225 1.81(0.92-2.86) 1.97(0.74-2.86) 1.2490 2.75(0.82-3.88) 2.22(1.18-3.46) 0.8666 2.14(0.98-3.64) 2.24(1-3.54) 1.2645 2.83(1.1-4.48) 1.93(1.54-6.7) 1.2846 2.02(0.4-8.56) 2.15(0.7-6.52) 1.042
        Neisseriales 0,2334 6.02(4.24-27.6) 6.87(0.76-16.82) 1.2068 6.02(2.18-12.02) 5.3(2.04-9.08) 1.7825 6.04(4.22-11.08) 7.08(1.76-9.46) 0.9408 5.16(2.62-16.58) 4.38(2.32-11.6) 1.24 5.16(2.3-8.32) 2.98(1.1-6.88) 1.2922 4.7(1.18-10.36) 3.35(1.32-13.98) 1.1367
           Neisseriaceae 0,1945 6.02(4.24-27.6) 6.87(0.76-16.82) 1.4784 6.02(2.18-12.02) 5.3(2.04-9.08) 1.743 6.04(4.22-11.08) 7.08(1.76-9.46) 0.9879 5.16(2.62-16.58) 4.38(2.32-11.6) 1.736 5.16(2.3-8.32) 2.98(1.1-6.88) 1.8091 4.7(1.18-10.36) 3.35(1.32-13.98) 1.4588
              Conchiformibius 0,6270 1.5(0.38-7.58) 0.96(0.08-2.82) 1.1229 1.07(0.24-2.24) 0.88(0.12-1.62) 1.8279 0.99(0.16-2.18) 1.11(0.2-2.66) 1.1438 0.83(0.2-3.26) 0.75(0.24-2.1) 1.0422 0.54(0.2-2.52) 0.42(0.16-1.68) 1.2385 0.55(0.1-3.96) 0.41(0.18-5.94) 1.3464
     Epsilonproteobacteria 0,2774 1.06(0.08-1.72) 0.92(0.2-2.76) 0.9581 0.96(0.1-2.54) 0.71(0.16-2.96) 1.1199 1.3(0.2-2.56) 0.85(0.36-4.44) 0.9060 1.03(0.06-1.32) 0.92(0.18-2.84) 1.1462 0.96(0.18-2.08) 1.36(0.22-5.66) 0.9999 0.34(0.1-1.36) 0.88(0.2-2.66) 0.6288
        Campylobacterales 0,3242 1.06(0.08-1.72) 0.92(0.2-2.76) 1.0265 0.96(0.1-2.54) 0.71(0.16-2.96) 1.4746 1.3(0.2-2.56) 0.85(0.36-4.44) 0.7413 1.03(0.06-1.32) 0.92(0.18-2.84) 1.1367 0.96(0.18-2.08) 1.36(0.22-5.66) 1.0605 0.34(0.1-1.36) 0.88(0.2-2.66) 0.8575
     Gammaproteobacteria 0,2475 21.38(10.1-31.14) 21(2.28-30.9) 1.1665 16.13(4-26.4) 14.31(3.04-24.88) 1.0080 20.07(7.82-24.56) 18.4(4.62-25.34) 1.0349 17.83(6.22-24.3) 17.42(7.08-25.94) 1 17.87(7.08-27.12) 16(4.22-31.32) 1.6486 22.43(3.1-29.02) 18.62(4.78-35.08) 0.8336
        Cardiobacteriales 0,8620 1.18(0.96-3.12) 1.1(0.1-3.92) 1.0692 1.04(0.28-2.88) 0.84(0.12-1.86) 2.0037 1.37(0.26-2.42) 1.13(0.26-1.94) 0.7419 0.84(0.6-1.78) 0.88(0.26-1.54) 1.1890 0.9(0.24-2.28) 0.96(0.2-1.7) 1.1367 0.79(0.06-1.38) 0.94(0.32-1.72) 0.9581
           Cardiobacteriaceae 0,8939 1.18(0.96-3.12) 1.1(0.1-3.92) 1.3608 1.04(0.28-2.88) 0.84(0.12-1.86) 1.3872 1.37(0.26-2.42) 1.13(0.26-1.94) 1.0386 0.84(0.6-1.78) 0.88(0.26-1.54) 1.3872 0.9(0.24-2.28) 0.96(0.2-1.7) 1.4588 0.79(0.06-1.38) 0.94(0.32-1.72) 1.1177
        Pasteurellales 0,5791 5.12(2.76-13.24) 5.97(0.38-12.32) 1.0605 3.59(1.28-8.1) 3.69(1.02-10.38) 1.3205 5.88(2.6-10.78) 4.51(2.68-13.16) 1.0573 4.47(1.32-10.74) 3.16(2.28-8.66) 1.4451 5.8(3.54-6.6) 3.6(2.04-13.16) 1.24 5.44(1.22-10.78) 4.45(0.92-9.56) 1.0573
           Pasteurellaceae 0,5663 5.12(2.76-13.24) 5.97(0.38-12.32) 1.4847 3.59(1.28-8.1) 3.69(1.02-10.38) 1.5125 5.88(2.6-10.78) 4.51(2.68-13.16) 1.0691 4.47(1.32-10.74) 3.16(2.28-8.66) 1.2874 5.8(3.54-6.6) 3.6(2.04-13.16) 2.604 5.44(1.22-10.78) 4.45(0.92-9.56) 1.1320
              Mannheimia 0,9265 1.22(0.78-4.34) 2.01(0.18-4.06) 1.0621 1(0.52-2.26) 1.39(0.36-2.98) 2.2712 2.08(0.82-2.86) 1.66(0.7-4.18) 1.1127 1.42(0.38-3.4) 1.23(0.64-2.48) 1.0179 1.57(0.7-2.36) 1.14(0.68-4.48) 2.1020 2.1(0.26-3.18) 1.31(0.18-4.04) 1.4326
              Pasteurella 0,6207 1.18(0.22-1.84) 0.39(0.04-2.04) 1.4513 0.58(0.16-1.54) 0.69(0.1-1.78) 1.9138 0.76(0.38-2.76) 0.8(0.18-1.62) 1.2390 0.8(0.3-1.28) 0.63(0.1-1.9) 1.3050 0.74(0.14-1.3) 0.48(0.2-2.26) 1.0621 0.37(0.1-1.42) 0.55(0.22-1.46) 2.1003
        Pseudomonadales 0,3319 8.76(5.38-23.62) 7.85(1.4-22.36) 1.2362 6.88(2.02-16.86) 7.03(1.3-19.86) 1.1367 8.81(3.78-17.48) 9.11(1.2-16.06) 1.0264 9.23(2.3-18.1) 10.61(2.64-14.5) 1 9.58(2.26-18.98) 10.01(1.38-15.24) 1.0573 11.04(1.46-24.02) 12.35(2.46-28.92) 1.2504
           Moraxellaceae 0,2752 7.74(3.14-21.44) 7.29(1.18-20.9) 1.2477 6.48(1.34-16.2) 6.48(1.08-18.42) 1.2504 7.9(2.22-14.54) 7.9(1.02-13.5) 1.0116 6.57(1.52-14.6) 7.64(2.22-11.74) 1.1052 7.92(1.8-14.74) 8.04(1.3-15.08) 1.2027 9.14(1.2-18.06) 8.63(2.02-21.74) 1.2027
              Enhydrobacter 0,5284 1.72(0.66-6.38) 1.71(0.24-3.66) 1.2728 1.42(0.52-6.02) 1.32(0.06-4.64) 1.0900 1.81(0.12-5.3) 1.56(0.42-4.04) 1.4559 1.39(0.22-5.32) 1.21(0.28-3.24) 1.1127 1.37(0.48-4.9) 1.57(0.14-3.66) 1.1438 1.27(0.32-3.02) 0.85(0.24-2.86) 1.2250
              Moraxella 0,9396 2.82(1.08-8.28) 2.33(0.34-6.7) 1.2019 2.2(0.74-4.66) 1.82(0.54-6.64) 1.1809 3.03(0.92-6.4) 2.72(0.58-5.78) 1.4977 2.81(0.82-4.66) 1.65(1.34-4.18) 1.6620 2.58(1.2-3.94) 1.89(0.94-10.36) 1.4010 2.22(0.48-4.68) 1.76(0.78-4.04) 1.3475
        Xanthomonadales 0,6227 1.1(0.66-2.68) 0.85(0.14-1.78) 1.4826 0.75(0.26-1.42) 0.79(0.28-2.36) 0.9818 1(0.54-1.66) 0.89(0.34-1.38) 0.9904 0.89(0.48-1.14) 0.76(0.34-1.02) 1.7283 0.79(0.22-1.72) 0.7(0.3-1.76) 1.0933 0.6(0.08-1.54) 0.75(0.32-1.94) 1.0983
Spirochaetes 0,3011 1.46(0.08-3.62) 0.42(0.08-6.42) 1.4003 0.88(0.24-4.6) 0.77(0.06-4.72) 1.848 0.5(0.1-3.78) 0.68(0.1-5.82) 0.958 0.72(0.08-2.98) 0.55(0.18-3.18) 1 0.51(0.04-3.12) 0.57(0.1-2.26) 1 0.56(0.12-2.1) 0.39(0.1-2.14) 1.3981
     Spirochaetes 0,3394 1.46(0.08-3.62) 0.42(0.08-6.42) 4.081 0.88(0.24-4.6) 0.77(0.06-4.72) 1.936 0.5(0.1-3.78) 0.68(0.1-5.82) 1.0538 0.72(0.08-2.98) 0.55(0.18-3.18) 1.1 0.51(0.04-3.12) 0.57(0.1-2.26) 1 0.56(0.12-2.1) 0.39(0.1-2.14) 0.8243
        Spirochaetales 0,4166 1.4(0.08-3.08) 0.35(0.06-5.48) 4.7655 0.78(0.2-3.82) 0.66(0.06-4.14) 1.6129 0.46(0.1-3.4) 0.64(0.08-5.24) 1.0265 0.65(0.08-2.7) 0.52(0.14-2.9) 1.0265 0.44(0.04-2.72) 0.53(0.08-2.04) 1.0265 0.46(0.12-1.76) 0.38(0.1-1.88) 1.1235
           Spirochaetaceae 0,4272 1.4(0.08-3.08) 0.35(0.06-5.48) 3.3358 0.78(0.2-3.82) 0.66(0.06-4.14) 1.5806 0.46(0.1-3.4) 0.64(0.08-5.24) 1.0589 0.65(0.08-2.7) 0.52(0.14-2.9) 1.1835 0.44(0.04-2.72) 0.53(0.08-2.04) 1.1835 0.46(0.12-1.76) 0.38(0.1-1.88) 1.5729
              Treponema 0,5276 1.4(0.08-3.08) 0.35(0.06-5.48) 2.7004 0.78(0.2-3.82) 0.66(0.06-4.14) 1.9643 0.46(0.1-3.4) 0.64(0.08-5.24) 1.0858 0.65(0.08-2.7) 0.52(0.14-2.9) 1.0858 0.44(0.04-2.72) 0.53(0.08-2.04) 1.0858 0.46(0.12-1.76) 0.38(0.1-1.88) 1.4552
Tenericutes 0,5521 1.02(0.32-5.22) 1.15(0.34-19.66) 1.0204 1.01(0.32-6.02) 0.61(0.34-9.92) 1 0.76(0.22-5.38) 0.89(0.16-9.12) 1.2245 1.01(0.34-4.8) 1.16(0.4-12.36) 1.4588 0.99(0.22-4.78) 1.74(0.2-8.3) 1.5736 0.49(0.26-11.98) 0.77(0.34-9.64) 1.2470
     Mollicutes 0,4732 1.02(0.32-5.22) 1.15(0.34-19.66) 1.2027 1.01(0.32-6.02) 0.61(0.34-9.92) 1 0.76(0.22-5.38) 0.89(0.16-9.12) 1.0690 1.01(0.34-4.8) 1.16(0.4-12.36) 1.3099 0.99(0.22-4.78) 1.74(0.2-8.3) 0.9273 0.49(0.26-11.98) 0.77(0.34-9.64) 0.7838
Taxa present in at least 75% of all individuals in at least one of the timepoints
*p-values all timepoints on the challenged site based on Friedman's test and adjusted based on the Benjamini and Hochberg False Discovery rate.
p-values between challenged and contralateral sides based on Wilcoxon and adjusted based on the Benjamini and Hochberg False Discovery rate.

Taxon
Median % (Min-Max%)p-value*

(challenged)
all timepoints
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