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Key Messages

» Cat sensitization is associated with lower nasal microbial diversity and differential

nasal bacterial composition.
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* Nasal abundances of Corynebacterium sp. and Staphylococcus epidermidis are
associated with absence of cat and/or dog sensitization
» These protective associations are causally mediated by reduced nasal

expression of genes related to IgE-hypersensitivity and mast cell function.

Capsule Summary: Nasal microbiota and nasal gene expression vary by pet
sensitization status. Higher abundances of nasal Corynebacterium sp. and
Staphylococcus epidermidis are associated with absence of pet sensitization and

correlate with lower host expression of inflammatory genes.

Key words: allergen sensitization, cat, dog, pet, nasal microbiome, nasal transcriptome,
gene expression, fatty acid, mitochondria, Corynebacterium sp., Staphylococcus

epidermidis

Abbreviations:

DEG: differentially expressed gene

FDR: false discovery rate

ICS/LABA: inhaled corticosteroid/long-acting beta agonist
LDA: linear discriminant analysis

LEfSe: Linear discriminant effect size

PERMANOVA: permutational multivariate analysis of variance
slgE: specific IgE

Treg: regulatory T cell



48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

p.3

Abstract

Background: Pet allergies are common in children with asthma. Microbiota and host
responses may mediate allergen sensitization.

Objective: To uncover host-microbe relationships in pet allergen sensitization via joint
examination of the nasal microbiome and nasal transcriptome.

Methods: We collected nasal samples from 132 children with asthma for parallel 16S
rRNA and RNA sequencing. Specific IgE levels for cat and dog dander were measured.
Analyses of the nasal microbiome, nasal transcriptome, and their correlations were
performed with respect to pet sensitization status.

Results: Among the 132 children, 91 (68.9%) were cat sensitized and 96 (72.7%) were
dog sensitized. Cat sensitization was associated with lower nasal microbial diversity by
Shannon Index (P=0.021) and differential nasal bacterial composition by weighted
UniFrac distance (PERMANOVA P=0.035). Corynebacterium sp. and Staphylococcus
epidermidis were significantly less abundant, and the metabolic process “fatty acid
elongation in mitochondria” was lower in pet sensitized vs. unsensitized children.
Correlation networks revealed that the nasal expression levels of 47 genes representing
inflammatory processes were negatively correlated with the relative abundances of
Corynebacterium sp. and Staphylococcus epidermidis. Thus, these species were not
only directly associated with the absence of pet sensitization, but also with the under-
expression of host gene expression of inflammatory processes that contribute to
allergen sensitization. Causal mediation analyses revealed that the associations
between these nasal species and pet sensitization were mediated by nasal gene

expression.
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Conclusion: Higher abundances of nasal Corynebacterium sp. and Staphylococcus
epidermidis are associated with absence of pet sensitization and correlate with lower

expression of inflammatory genes.
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Introduction

Allergies to cat and dog dander are common, and exposure to these pet allergens often
triggers asthma exacerbations in individuals with asthma.' 2 Pet exposure is associated
with risk of allergen sensitization, and this is thought to be partly mediated by
microbiota.? ® While many studies have reported associations between gut microbiota
and allergen sensitization® °, including to pet allergens ® ’, fewer studies have
specifically examined interactions between airway microbiota and allergen
sensitization.? In particular, given the nasal passages are the first point of contact
between inhalant allergens and the airway, examination of nasal microbiota with respect
to allergen sensitization and nasal gene expression could reveal novel insight into host-
microbe relationships in allergen sensitization. We hypothesized that multi-omic
examination of subjects with and without pet sensitization could reveal novel
associations and mediation relationships between nasal microbiota, nasal gene

expression, and allergen sensitization to cat and/or dog.

Results and Discussion

Detailed methods are provided in the Online Supplement.

Study population and design

Children with persistent asthma based on National Heart Lung Blood Institute
Expert Panel Report 3 guidelines® were recruited from the Mount Sinai Health System,
New York, NY, USA. The study was approved by the Mount Sinai Institutional Review

Board, and written informed consent was obtained from participants’ parents. The 132
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children (median age=12.0 years, interquartile range=>5 years) included those with
mild/moderate (74%) and severe (26%) persistent asthma (Table S1). Asthma control
varied among the participants with mean Asthma Control Test (ACT) score 16.6 (SD
4.3). Among the children, asthma medication use included short-acting beta agonist
(92%), inhaled corticosteroid (ICS) (23%), combined ICS/long-acting beta agonist
(LABA) (21%), leukotriene receptor agonist (21%), and omalizumab (2%). Additional
characteristics are shown in Table S1.

Allergen sensitization to cat and dog dander was determined by serum specific
IgE (SIgE) = 0.10 kUA/L (ImmunoCAP, ThermoScientific). Among the 132 children, 91
(68.9%) were cat sensitized and 96 (72.7%) were dog sensitized. Compared to their
unsensitized counterparts, there were no differences in age, sex, race, asthma severity,
ACT score, last upper respiratory infection, last antibiotic use, or asthma medication use
except for ICS/LABA in subjects sensitized to cat or dog (Table S1). Pet ownership was
not associated with sensitization to the respective pet, although dog ownership was
associated with cat sensitization.

All subjects underwent nasal swab of one nare and nasal brushing of the
contralateral nare. The swab and brush samples respectively underwent DNA and RNA
isolation, 16S rRNA and RNA sequencing, sequence data processing, quality control,
and analysis using previously described methods.® Briefly, nasal microbiome profiling
of isolated DNA was performed with dual indices and Illlumina sequencing adapters
attached to the V3V4 amplicon using Nextera XT Index Kit v2 (lllumina, San Diego, CA),
with sequencing of amplified 16S rRNA on the Illlumina MiSeq platform with 2X250bp
paired-end reads; except where indicated, analyses with amplicon sequence variants

(ASVs)* were performed using Qiime 2'? with Silva reference data version 138'3. Nasal
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RNA sequencing involved library preparation with the TruSeq RNA Sample Prep Kit v2
protocol (lllumina, San Diego, CA) and sequencing on the Illumina HiSeq 2500 platform
with a per-sample target of 40-50 million 100bp paired-end reads. Following data
processing and quality control of the above data, there were 19,269 ASVs and 17,337

genes for analysis.

Cat sensitization is associated with lower nasal microbial diversity and differential nasal
bacterial composition

Alpha diversity measured by Shannon index, a measure of the richness and evenness
of species at a site, was significantly lower in children sensitized (n=91) vs. unsensitized
(n=41) to cat (P=0.021, Figure 1A). Although children sensitized to dog (n=96) showed
a similar trend of lower nasal bacterial diversity relative to those without dog
sensitization (n=36), this difference was not significant (Figure 1B). Comparison of
nasal microbial composition showed compositional differences associated with cat
sensitization (weighted UniFrac PERMANOVA P=0.035, pseudo-F = 2.8; Jaccard
PERMANOVA P=0.016, pseudo-F=1.3) but not dog sensitization (weighted UniFrac
PERMANOVA P=0.23, pseudo-F=1.3; Jaccard PERMANOVA P=0.46, pseudo-F=0.98)
(Figure 1C, 1D, Figure S1).

Linear discriminant effect size (LEfSe) analysis™, a method for biomarker
discovery, was then used to identify species with relative abundance =1% that best
characterize cat and dog sensitization. LEfSe revealed that an unnamed
Corynebacterium sp. was significantly associated with absence of sensitization to cat
(linear discriminant analysis (LDA) score=5.4, P=0.011) and dog (LDA score=5.0,

P=0.043). Staphylococcus epidermidis was also associated with absence of
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sensitization to cat (LDA score=5.1, P=0.0045). No other species showed significant
results. Corynebacterium spp. have been previously associated with reduced risk of
airway diseases.® ** Staphylococcus epidermidis is a commensal bacterium associated
with healthy maturation of the nasal microbiome and the production of beneficial
antimicrobial peptides.*®

Sensitivity analyses with LEfSE adjusted for age, sex, ICS/LABA use, and cat or
dog ownership revealed no significant changes to these findings (Online Supplement).
To test the specificity of our findings to pet sensitization, we used the same metrics to
compare children in the cohort with and without sensitization to pollen (tree, grass, or

weed), finding no significant differences by Shannon Index, weighted UniFrac, or LEfSe.

Potential functional implications of nasal microbiota associated with pet sensitization
To explore the functional implications of our findings, we pursued two paths. In
the first, we applied metagenomic inference using PICRUSt!” and STAMP*® to infer
microbial functions associated with the compositional differences in nasal bacteria
associated with pet sensitization. Metagenomic inference showed that compared to their
unsensitized counterparts, the metabolic process “fatty acid elongation in mitochondria”
was lower in children sensitized to cat (FDR = 7.5E-03) (Figure 2A) and dog (FDR =
1.6E-02) (Figure 2B). Others have shown that altered lipid metabolism in mitochondria
modulates regulatory T cell (Treg) suppressive capacity.'® Experimental blockade of
fatty acid binding proteins leads to decreased fatty acid elongation in mitochondria and
perturbation of Treg function.'® Given the role of Tregs in mediating tolerance against
airborne antigens?, our finding of reduced Treg-associated mitochondrial fatty acid

processes in pet sensitized children raises the possibility that nasal microbiota could
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potentiate allergen sensitization via downregulation of this metabolic process. These
metagenomic inference findings merit direct validation.

The second path of our functional investigation aimed to explore the potential
effects of Corynebacterium sp. and Staphylococcus epidermidis on host from the lens of
host gene expression and as related to pet sensitization. We first identified nasal genes
differentially expressed based on cat sensitization, finding 58 differentially expressed
genes (DEGs) at FDR<0.05 and [log2 fold change| >1 (Figure 3A); DEG analysis was
performed using R packages voom?! and limma'°. We then analogously identified nasal
genes differentially expressed based on dog sensitization, finding 20 dog DEGs (Figure
3B). Weighted gene coexpression network analysis®* showed that most of these DEGs
belonged to two gene coexpression modules representing inflammatory response and
allergy (Figure 3A, 3B) (Online supplement). Fourteen of the cat and dog DEGs
overlapped with one another (Figure 3C). There was no significant change in DEGs
when analyses were adjusted for age, sex, ICS/LABA use, and cat or dog ownership
(Online Supplement).

Of the 64 genes associated with cat and/or dog sensitization, the expression
levels of 47 DEGs were each significantly correlated (Spearman correlation FDR<0.05)
with the relative abundance of Corynebacterium sp. and/or Staphylococcus epidermidis
(Figure 4). Each of these DEGs has been previously associated with at least one
outcome related to allergen sensitization, including IgE and IgE-mediated
hypersensitivity (MS4A2, GATA2, CEBPE, PCSK6, GCNT4), Type 2 inflammation
(POSTIN, B3GNT6, GCSAML), mast cell function (ADCYAP1, CPA3, TPSAB1, TPSB2,
TPSD1, SIGLEC6, SIGLEC8, HDC), eosinophil activity (CAPN14, GATAL, GATAZ2,

CCL24, CLC), lung function (SNTG2, DLC1, DPP4), and mucosal inflammation
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(SLC9A3, CDH26, SCGB3A1, ALOX15)*?°, Except for SCGB3A1, Corynebacterium sp.
and Staphylococcus epidermidis abundances were negatively correlated (FDR<0.05)
with the expression of each of these DEGs associated with pet sensitization (Figure 4);
that is, higher abundances of these two species were associated with lower levels of pet
sensitization gene expression.

As LEfSe analysis had shown that Corynebacterium sp. and Staphylococcus
epidermidis were directly associated with protection from sensitization to pet allergens,
we found reassuring consistency from the correlation network that these nasal species
also had near uniform negative correlation with the nasal expression of the
sensitization-associated DEGs. In line with prior observations that Corynebacterium spp.

are associated with reduced risk of airway disease® *

and Staphylococcus epidermidis
promotes a healthy nasal microbiome,*® we found that both nasal species were not only
associated with the absence of pet sensitization in children with asthma, but also with

the under-expression of genes associated with inflammatory processes that contribute

to allergen sensitization.

Nasal gene expression mediates associations between nasal microbiota and pet
sensitization

To further examine relationships between Corynebacterium sp., Staphylococcus
epidermidis, and DEGs associated with pet sensitization, we performed causal
mediation analysis. The abundances of Corynebacterium sp. and Staphylococcus
epidermidis were inversely associated with cat and/or dog sensitization, and these
associations were causally mediated by reduced expression of 7 genes related to IgE-

mediated hypersensitivity and mast cell function (FDR<0.05, Figure 5). Interestingly, we
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did not find that associations between DEGs and pet sensitization were mediated by

Corynebacterium sp. or Staphylococcus epidermidis.

Conclusions

To our knowledge, this is the first study to jointly examine the nasal microbiome,
nasal transcriptome, and their relationship to pet allergen sensitization in children with
asthma. The limitations of this study include its observational, cross-sectional design
and the possibility of residual confounding. We found that the nasal microbiome and
nasal transcriptome of children with asthma vary by pet sensitization. Higher abundance
of nasal Corynebacterium sp. and Staphyloccocus epidermidis in particular were
associated with the absence of pet sensitization and correlated with lower host
expression of inflammatory genes, supporting that these nasal species are associated
with allergy health. Causal mediation analysis identified several DEGs that mediate
associations between Corynebacterium sp., S. epidermidis, and pet sensitization. Our
study provides novel insight into airway host-microbe relationships in pet allergen

sensitization.
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Figure Legends

Figure 1: Alphadiversity and relative abundances of nasal bacterial species in
children sensitized and unsensitized to cat and dog. Alpha diversity of nasal
bacterial species was measured by Shannon index at a rarefaction depth of 4,980.
Alpha diversity comparison by Kruskal-Wallis test between (A) children sensitized (Cat+,
n=91) and unsensitized (Cat-, n=41) to cat, and (B) children sensitized (Dog+, n=96)
and unsensitized (Dog-, n=36) to dog. Relative abundance of nasal bacterial species in
(C) children sensitized (Cat+, n=91) and unsensitized (Cat-, n=41) to cat, and (D)
children sensitized (Dog+, n=96) and unsensitized (Dog-, n=36) to dog. Unnamed
species are indicated with “sp.”. Species with relative abundance less than 1% were

combined as “Other”.

Figure 2: Fatty acid elongation in mitochondria of children sensitized and
unsensitized to cat and dog. Comparison of fatty acid elongation in mitochondria, a
metagenomically inferred metabolic process, between (A) children sensitized (Cat+,
n=91) and unsensitized (Cat-, n=41) to cat, and (B) children sensitized (Dog+, n=96)
and unsensitized (Dog-, n=36) to dog. FDR values from White’s non-parametric t-tests

are shown.

Figure 3: Differentially expressed nasal genes of children sensitized and
unsensitized to cat and dog. Differentially expressed nasal genes (rows) associated
with (A) cat sensitization and (B) dog sensitization at FDR < 0.05 and |log2 fold change|

>1 across subjects (columns). Green = higher expression in sensitized subjects. Cyan =
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higher expression in unsensitized subjects. Gene expression values were centered and
scaled by gene. Hierarchical clustering was performed based on complete linkage.
Genes in magenta and purple fonts are members of the inflammatory response and
allergy coexpression modules, respectively, from weighted gene coexpression network
analysis. (C) Venn diagram for differentially expressed genes associated with cat

sensitization and dog sensitization.

Figure 4: Correlation network between nasal Corynebacterium sp., nasal
Staphylococcus epidermidis, and nasal transcripts associated with cat and/or
dog sensitization. Circular and rectangular nodes represent differentially expressed
genes (DEGSs) associated with cat and/or dog sensitization at FDR < 0.05 and |log2 fold
change| > 1. Edges show significant Spearman correlations (FDR < 0.05) between the
relative abundance of nasal species and gene expression level. Circled genes are
DEGs identified by causal mediation analysis to mediate associations between

Corynebacterium sp., Staphylococcus epidermidis, and pet sensitization.

Figure 5: Causal mediation analysis for Corynebacterium sp., Staphylococcus
epidermidis, DEGs, and pet sensitization. Associations between: (1) nasal species
and pet sensitization are shown in blue; (2) nasal species and DEGs are shown in
purple; and (3) DEGs and pet sensitization are shown in pink. Positive (+) and negative
(-) associations are as indicated. Dashed arrows indicate mediation of the association
between nasal species and pet sensitization by gene expression. FDR values from the
causal mediation analysis are shown. Results are shown for Corynebacterium sp.

(panels A,B) and Staphylococcus epidermidis (C).
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Online Supplement

The nasal microbiome, nasal transcriptome, and pet sensitization

Yoojin Chun, MS*, Anh Do, PhD*, Galina Grishina, MS?, Zoe Arditi, BS®, Victoria Ribeiro, BS?,

Alexander Grishin, PhD?, Alfin Vicencio, MD?, Supinda Bunyavanich, MD, MPH**"

Methods

Study population and design

Children with physician-diagnosed persistent asthma based on National Asthma Education and
Prevention Program (NAEPP): Third Expert Panel on the Diagnosis and Management of
Asthma (EPR3) guidelines® were recruited from general pediatric, pulmonology, and
allergy/immunology clinics within the Mount Sinai Health System, New York, NY, USA
throughout all seasons from 2015 to 2018. Inclusion criteria included physician-diagnosed
persistent asthma based on NAEPP EPR3 guidelines’, demonstration of airway
hyperresponsiveness by pre/post bronchodilator spirometry or methacholine challenge, and age
4-21 years. Exclusion criteria included history of non-asthma pulmonary disease, sinus disease,
bleeding disorder, or anticoagulant or aspirin use. Recruitment occurred at clinical encounters.
Questionnaires addressing demographics, pet ownership, asthma medication use, last upper
respiratory infection, and last oral antibiotic use were administered to each subject, along with
the Asthma Control Test (ACT).? Allergen sensitization to cat dander, dog dander, tree pollen
mix, grass pollen mix, and weed pollen mix was evaluated using serum specific IgE

measurements by ImmunoCAP (ThermoFisher—-PHADIA, Uppsala, Sweden). Allergen

sensitization was defined as serum specific IgE (sIgE) level > 0.10 kUA/L.
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Microbiome profiling and analysis
Nasal samples were obtained from children with asthma using a sterile cotton swab. DNA
extraction was performed using Qiagen DNeasy Mini Kit (Valencia, CA). Sample DNA vyield and
guality was accessed using Nanodrop (Thermo Fisher Scientific). 16S rRNA library preparation
was done accordingly to the protocol described in (16S Metagenomic Sequencing Library
Preparation by lllumina Inc.). We also used both regular agarose DNA gel electrophoresis and
Bioanalyzer for analysis and quantification of the final PCR product. Dual indices and lllumina
sequencing adapters were attached to the V3V4 amplicon using the Nextera XT Index Kit v2
(set A and B, Illumina Inc.). DNA isolated from blank swabs and PCR blanks were included with
the samples for sequencing as negative controls. DNA sequencing was performed on amplified
16S rRNA using the lllumina MiSeq platform with 2x250bp paired-end reads. Reads were
quality controlled and denoised using the DADA2? plugin in Qiime2*. The sequences were
summarized to the amplicon sequence variant (ASV) table via DADA2?, and the non-zero
counts detected from the blank swabs and PCR blanks were subtracted from all other samples.
The Silva 138 database® was used to generate a phylogenetic tree and classify taxonomy of the
reads. All samples met the minimum sequences per sample threshold of 2,000.

Alpha and beta diversities and compositional analyses were performed using Qiime2*.
Alpha diversity was estimated by Shannon Index at sampling depth of 4,980, which was the
lowest sequencing depth. Alpha diversity was measured using ASV counts, and differences
between groups were compared with the Kruskal-Wallis test. To calculate significance of
differences in beta diversity between groups, weighted UniFrac and Jaccard distances were
measured using ASV counts, and PERMANOVA tests with 1,000 permutations were performed.
PICRUSt® and STAMP’ were used to analyze predicted metagenomic profiles between
sensitized and unsensitized children. The input OTU table for the PICRUSt analysis was
generated via Qiime 1.9.1%. P-value was calculated using STAMP*® with White’s non-parametric

t-test followed by FDR correction. Linear discriminant effect size (LEfSe)® was used to calculate
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differentially abundant species between groups with P < 0.05 and LDA = 2.0. The species

analyzed in the analysis were pre-filtered to only include species with relative abundance = 1%.

Transcriptome profiling and analysis
Nasal brushing was performed with a standard cytology brush for all subjects. Brushes were
immediately placed in RNALater (Thermo Fisher Scientific, Fair Lawn, NJ). RNA extraction was
performed with the Qiagen RNeasy Mini Kit (Valencia, CA). Samples were assessed for yield
and quality using the 2100 Bioanalyzer (Agilent Technologies, Santa Clara, CA) and Qubit
fluorometry (Thermo Fisher Scientific, Grand Island, NY). The RNA sequencing library was
prepared with the standard TruSeq RNA Sample Prep Kit v2 protocol (lllumina). The mRNA
libraries were sequenced on the lllumina HiSeq 2500 platform with a per-sample target of 40-50
million 100 bp paired-end reads. The data were put through Mount Sinai’'s standard mapping
pipeline® (using STAR™ Picard and Subread®®). Mapped data were subjected to quality
control with RNA-SeQC. R package edgeR"® was used to normalize the dataset after filtering
out lowly expressed genes by keeping genes where counts per million (CPM) is greater than 1
in at least one quarter of the total number of samples.

Differential gene expression analysis was performed using R packages voom® and
limma'’, and p-values were adjusted for inflation/deflation via a Bayesian method based on

estimation of the empirical null distribution (R package Bacon®®). Differentially expressed genes

(DEGSs) were identified with FDR < 0.05 and [log, fold change| > 1. Heatmaps for the DEGs

were plotted using R. The gene expression values of the DEGs were centered and scaled by
gene for heatmap visualization, and hierarchical clustering dendrograms for the DEGs were
generated using the complete linkage method. A weighted gene coexpression network was built

using all genes and WGCNA™.
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Correlation network between microbiome and host transcriptome
Spearman correlations were calculated between the relative abundances of Corynebacterium

sp. and Staphylococcus epidermidis, and gene expression levels for each of the DEGs for cat

and/or dog sensitization. FDR < 0.05 was used as the threshold for inclusion in the network.

Cytoscape® was used for the network visualization.

Causal mediation analysis

Causal mediation analysis was performed with nasal species associated with cat and/or
sensitization by the LEfSe analyses (Corynebacterium sp. and S. epidermidis) and cat and/or
dog sensitization-associated DEGs correlated with these two nasal species. The robust
structural modeling equation (SEM), implemented by the sem function in the lavaan R
package?!, was used to test two different mediation effects (1) whether the effects of nasal
species on pet sensitization is mediated by difference in gene expression levels of a gene (1%
mediation analysis); (2) whether the effects of gene expression on pet sensitization is mediated
by difference in abundance of a nasal species (2™ mediation analysis). Mediation analyses
were performed in two steps. First, three different regression models were generated. The first
logistic regression model was regressed on cat and/or dog sensitization with either each nasal
species (for the 1% mediation analysis) or each gene (for the 2"* mediation analysis) as an
independent variable to estimate the direct effect of nasal species or gene on pet sensitization.
The second model was regressed on gene expression as an independent variable to estimate
effects of nasal species on gene expression (for the 1* mediation analysis) or reverse
(regressing nasal species as an independent variable on gene expression for the 2" mediation
analysis). The third model estimates the effect of mediator (either gene expression in the 1%
mediation analysis or nasal species in the 2"* mediation analysis) on pet sensitization. The

second step used outputs from previous regression models to estimate mediation effects by
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computing a robust standard error by sandwich-type covariance matrices and the Santorra-

Bentler statistic**. FDR < 0.05 was used as our threshold for significance.

Supplementary results

Consideration of potential confounders

We performed LEfSe analyses adjusted for potential confounders (age, sex, ICS/LABA use, cat
or dog ownership). We used MaAsLin2% to adjust the ASV data for age, sex, ICS/LABA, and
cat or dog ownership. We then converted the residual from this model into relative abundances
for input into LEfSe analysis. As was the case for the unadjusted ASV-based analyses, adjusted
LEfSe still showed Corynebacterium sp. (LDA = 3.99) and S. epidermis (LDA = 3.95) as the top
two species associated with lack of cat sensitization, and Corynebacterium sp. (LDA = 4.20) as
the top species associated with lack of dog sensitization.

We also performed differential gene expression analysis adjusted for age, sex,
ICS/LABA, cat or dog ownership. Compared to the DEGs identified from unadjusted analyses,
the results were highly and significantly overlapping: for cat sensitization DEGs, fold enrichment
= 254.2, hypergeometric test FDR = 4.26E-137; for dog sensitization DEGs, fold enrichment =

808.1, FDR = 1.52E-47. These results support minimal effect from these potential confounders.

WGCNA

Twenty four modules were identified by WGCNA®®. Enrichment of each module for DEGs
correlated with Corynebacterium sp. and/or Staphylococcus epidermidis was calculated and
tested with the hypergeometric test. Two modules (magenta and purple) were significantly
enriched for such DEGs (magenta: fold enrichment = 244.6, Hypergeometric test FDR = 3.39E-

66; purple: fold enrichment = 2.7, FDR = 4.35E-03). Gene ontology (GO) analysis®®* ?* revealed
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that the purple module was enriched for the biological process “inflammatory response” (fold-

enrichment=5.3, FDR = 4.5E-56). GO analysis for the magenta module was precluded by its

small sample size (n=39); however, it contained many genes previously associated with allergy

outcomes as discussed in the main text.
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Figure S1: Principal Coordinate Analysis (PCoA) plots show separation of nasal bacterial
composition based on cat and dog sensitization. (A) cat sensitized subjects (n=91) and cat
unsensitized subjects (n=41) were compared by PERMANOVA with 1,000 permutations
(P=0.016, pseudo-F=1.3). (B) Dog sensitized subjects (h=96) and dog unsensitized subjects
(n=36) were compared by PERMANOVA with 1,000 permutations (P=0.46, pseudo-F=0.98).
Plots based on Jaccard distances, with each point corresponding to a subject and colored by

sensitization status.



