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Examination of host genetic effects on nasal
microbiome composition
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Background: Genetic predisposition increases risk for asthma,
and distinct nasal microbial compositions are associated with
asthma. Host genetics might shape nasal microbiome
composition.
Objective: We examined associations between host genetics and
nasal microbiome composition.
Methods: Nasal samples were collected from 584 participants
from the Mount Sinai Health System, New York. Seventy-seven
follow-up samples were collected from a subset of 40
participants. 16S rRNA sequencing and RNA sequencing were
performed on nasal samples. Beta diversity was calculated,
variant calling on RNA sequencing data was performed, and
genetic relatedness between individuals was determined. Using
linear regression models, we tested for associations between
genetic relatedness and nasal microbiome composition.
Results: The median age of the cohort was 14.6 (interquartile
range 11.2-19.5) years, with participants representing diverse
ancestries and 52.7% of the cohort being female. For
participants who provided follow-up samples, the median time
between samples was 5.1 (interquartile range 1.4-7.2) months.
Nasal microbiome composition similarity as reflected by beta
diversity was significantly higher within subjects over time
versus between subjects (coefficient 5 0.091, P 5 2.8427). There
was no significant association between genetic relatedness and
beta diversity (coefficient520.05, P5 .29). Additional analyses
exploring the relationship between beta diversity and genetic
variance yielded similar results.
Conclusion: Host genetics has little influence on nasal
microbiome composition. (J Allergy Clin Immunol
2022;150:1232-6.)
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INTRODUCTION
A plethora of microbial communities resides across human

tissues and anatomic sites, with many exerting an influence on
human physiology.1-3 As the importance of the microbiome on
human health has been increasingly appreciated, there has been
growing interest in understanding what factors, both environ-
mental and from the host, influence the composition of microbial
communities. A clearer picture of the degree to which the envi-
ronment and host genetics influence the microbiome could
advance our understanding of how these communities are shaped
and how amenable they may be to therapeutic intervention.

Several studies have explored the effect of host genetics on the
microbiome, mainly in the gut, with conflicting results. Some
studies comparing gut microbial communities in monozygotic
twins, dizygotic twins, and unrelated individuals found significant
associations between genetic relatedness and gut microbial
composition.4,5 Other studies, including both twin and population
studies, have not observed such associations.6,7 Among studies
that investigated host genetic effects on the abundance of specific
gut taxa, some identified significant effects,8-10 while a population
cohort study7 found none.

The nasal microbiome is altered in respiratory diseases such as
asthma,11,12 allergic rhinitis, and atopy.13,14 These conditions are
also shaped by genetics.15 Previous studies of host genetic effects
on nasal microbiome composition have yielded conflicting re-
sults, with a twin study reporting no significant relationships16

and 2 population studies17,18 reporting otherwise.
Here we present a population-based study aimed at further

exploring the heritability of the nasal microbiome.
RESULTS AND DISCUSSION
Fig 1 provides an overview of the study design and methods.
Study population and design
A total of 584 subjects, including 370 subjects with asthma and

214 healthy controls, were recruited from the Mount Sinai Health
System, New York, for the Airway in Asthma (ARIA) study.14,19

The study was approved by the Mount Sinai institutional review
board, and participants or parents of minors provided written
informed consent. Subjects with asthma had persistent asthma ac-
cording to the Expert Panel Report 3 guidelines of the National
Heart, Lung, and Blood Institute,20 and control subjects had no
personal or family history of asthma (see the Methods in this ar-
ticle’s Online Repository at www.jacionline.org). Themedian age
of the cohort was 14.6 (interquartile range 11.2-19.5) years,
52.5% of subjects were female, and self-identified race/ethnicity
included 10.1% Asian, 17.3% Black, 28.0% Latino, 5.1% mixed,
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FIG 1. Schematic of the study workflow.

J ALLERGY CLIN IMMUNOL

VOLUME 150, NUMBER 5

IRIZAR ET AL 1233
and 38.1% White. For participants who provided follow-up sam-
ples, the median time between samples was 5.1 (interquartile
range 1.4-7.2) months (Table I).

Nasal swab samples were collected from all 584 subjects for
DNA isolation and 16S rRNA sequencing. Forty subjects returned
for 1 or more follow-up visits, during which 77 additional nasal
swab samples in total were collected. For 365 of the 584 subjects,
a nasal brushing was collected from the contralateral nare for
RNA isolation and sequencing, yielding a subsample for genetic
analyses (Table I). Nucleic acid isolations, sequencing, sequence
data processing, and quality control were performed using previ-
ously described protocols.14



TABLE I. Characteristics of the ARIA cohort and of the subsample examined for genetic relatedness

Characteristic

ARIA cohort Genetic subsample

(N 5 584) (n 5 365)

Age at baseline (years), median [IQR] 14.61 [11.22-19.52] 14.42 [11.21-17.83]

Female sex 307 (52.6) 194 (53.2)

Race/ethnicity, self-reported

Asian 59 (10.1) 29 (7.95)

Black 101 (17.29) 56 (15.34)

Latino 163 (27.91) 100 (27.4)

Multiple races 30 (5.14) 26 (7.12)

White 223 (38.18) 149 (40.82)

Not reported 8 (1.37) 5 (1.37)

No. of follow-up visits

0 544 (93.15) 352 (96.44)

1 24 (4.11) 10 (2.74)

2 9 (1.54) 2 (0.55)

3 3 (0.51) 1 (0.27)

4 1 (0.17) 0

5 2 (0.34) 0

12 1 (0.17) 0

Time between visits (months), median [IQR] 5.06 [1.38-7.16] 8.05 [5.16-23.75]

Asthma 370 (63.36) 200 (54.79)

Allergic rhinitis 186 (48.44) 112 (30.68)

Data are presented as number (%) unless otherwise indicated. IQR, Interquartile range.

FIG 2. Nasal microbiome similarity by type of sample comparison (between subjects or within subjects) for

(A) unique subject pairs and (B) repeated subject pairs. The coefficients and P values correspond to the

between-subject vs within-subject effect on beta diversity obtained in the regression adjusted for the

following covariates: asthma status, active allergic rhinitis, sequencing batch, age, and, for the repeated

subject-pair data, subject pair. (A) Beta diversity values from 24within-subject comparisons were compared

to beta diversity values from 149,819 between-subject comparisons. (B) Beta diversity values from 163

within-subject comparisons were compared to beta diversity values from 68,124 between-subject

comparisons.
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Nasal microbiome composition is more similar

within subject over time than between subjects
Leveraging the participants who contributed 2 or more nasal

swabs over time, we first aimed to test whether nasal microbiome
composition as captured by beta diversity (measured as UniFrac-
weighted beta diversity values21) of samples from the same individ-
ual over time is more similar than from samples collected from
different individuals. Two regression models adjusted for
covariates were fit: one with data from subject pairs with unique
pairings in the data set, and the other with data from subject pairs
withmore than1 pairing in the data set (for details, see theMethods,
Fig E1, and Table E1 in the Online Repository at www.jacionline.
org). In bothmodels, beta diversity was the dependent variable, and
‘‘subject match’’ was the predictor of interest.

The results of both the standard linear regression on unique
subject pairs (coefficient 5 20.065, P 5 .013) and of the mixed
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FIG 3. Relationship between genetic relatedness between individuals and beta diversity between nasal

microbiome samples in (A) unique subject pairs and (B) repeated subject pairs. The coefficients and P
values are for the association between genetic relatedness and beta diversity, adjusted for the following co-

variates: asthma status, active allergic rhinitis, sequencing batch, age, and, for the repeated subject pair

data, subject pair. (A) Beta diversity values from 62,120 sample comparisons and genetic relatedness values

from 62,120 subject comparisons were used. (B) Beta diversity values from 12,523 sample comparisons and

genetic relatedness values from 5,029 subject comparisons were used.
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effects regression on repeated subject pairs (coefficient 5
20.113, P5 3.8726) showed significantly lower average beta di-
versity among nasal samples collected from the same individual
(within subjects) over time than between samples collected
from different individuals (between subjects) (Fig 2). A meta-
analysis of these results revealed a significant decrease of nearly
0.1 in beta diversity (coefficient520.091, P5 4.0227), support-
ing lower dissimilarity (ie, greater similarity) in nasal micro-
biome composition within subjects than between subjects.
No association between genetic relatedness and

nasal microbiome composition
To evaluate the extent to which the higher within-subject

microbiome compositional similarity observed is driven by host
genetics, we calculated ancestry-adjusted genetic relatedness
between subjects and assessed the association between genetic
relatedness and beta diversity. Variant calling was performed on
RNA sequencing data from the genetic subsample (Table I) to
obtain, after quality control, genotypes for 493,722 loci with
good genomic coverage (see Fig E2 in the Online Repository at
www.jacionline.org). After imputation and quality control, geno-
types for 2.6 million loci remained for analysis. The distribution
of the samples along principal components 1 and 3 generated
from the imputed genotypes corresponded with self-reported
race/ethnicity (see Fig E3 in the Online Repository). The geno-
types were then used to create a genetic ancestry–adjusted genetic
relatedness matrix between all pairs of subjects.

Two regression models adjusted for covariates were then fit:
one using data from unique subject pairs, and the other using data
from repeated subject pairs (seeMethods, Fig E1, and Table E1 in
the Online Repository), with beta diversity as the dependent var-
iable and genetic relatedness as the predictor of interest. Neither
the standard regression performed on unique subject-pair data
(coefficient520.031, P5 .58) nor the mixed effects regression
of repeated subject-pair data (coefficient5 20.155, P5 .19) re-
vealed a significant association between genetic relatedness and
nasal microbiome composition (Fig 3). A meta-analysis of the in-
dividual regression results confirmed the lack of significant asso-
ciation (coefficient 5 20.053, P 5 .29).

Additional analyses were then performed to test the main
results. First, the top 3 principal coordinates from multidimen-
sional scaling on the matrix of beta diversities were used as
outcomes in linear mixedmodels with the top 10 genetic principal
components as predictors (Table E1). There were no significant
associations between any of the microbial principal coordinates
and genetic principal components. Second, we performed PER-
MANOVA analyses22 to test for associations between any of
the 10 genetic principal components and variance in the beta di-
versity matrix (Table E1). These analyses also revealed no signif-
icant associations. Finally, we performed a multiple regression on
distance matrices23 to evaluate the association between beta di-
versity and genetic relatedness adjusted for covariates (Table
E1). This also revealed no significant association between beta di-
versity and genetic relatedness (coefficient 5 20.032, P 5 .48).

The findings from this study suggest that the composition of the
nasal microbiome is largely driven by environmental factors
rather than the host’s genetics. These findings are consistent with
a previous twin study of 46 monozygotic and 43 dizygotic
twins.16 After unsupervised clustering of nasal microbiome pro-
files, similar levels of concordancewere observed inmonozygotic
and dizygotic twins, as well as similar within-twin pairwise beta
diversity, suggesting that the composition of the nasal micro-
biome is environmentally driven.16 However, our results also
contrast with 2 previous population-based studies that used a
similar analytical approach on smaller samples (n 5 9317 and
n 5 14418 vs n 5 365 in our genetic analysis). In both studies,
a negative correlation was found between nasal beta diversity
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and genetic relatedness.17,18 One of these studies was performed
in a genetically isolated sample of 144 Hutterite adults, and cor-
relation between genetic relatedness and nasal beta diversity was
based on unadjusted analyses.18 The other study of 93 participants
used covariate-adjusted analyses to assess the correlation between
genetic relatedness and beta diversity in 15 body sites and
observed a significant correlation for the anterior nares.17 Howev-
er, the reported correlation, R 5 0.086,17 implies a shared vari-
ance of only 0.74%. Thus, while they observed a statistically
significant association between genetic relatedness and nasal mi-
crobiome beta diversity, the effect size was small. The enhance-
ments of our study include a substantially larger sample from a
diverse population, a genetic relatedness metric adjusted for ge-
netic ancestry effects, regression-based analyses adjusted for
potential confounders, and complementary analyses using alter-
native models that support our main findings.

Nonetheless, our study has several limitations, including the
lack of environmental measures to directly demonstrate environ-
mental influence rather than the absence of genetic effects.
Measuring the comprehensive effects of environmental influences
(eg, the exposome) carries its own challenges.24 However, a future
study in which the degree of environmental similarity between in-
dividuals is captured will be necessary if the contribution of envi-
ronment versus genetics on microbiome composition, nasal or
otherwise, is to be definitively determined, especially in ethni-
cally diverse samples such as ours, where relevant environmental
factors can be correlated with ancestry. Although we did not
detect an effect of overall host genetics on nasal microbiome
composition, it is possible that specific host genetic variants are
associated with the abundance of particular microbial taxa. It is
also possible that, as has been observed with other traits,25 herita-
bility estimates change across the life-span, and results could
differ in a younger or older sample. Continued exploration of
this area has the potential to generate valuable insight into
host–nasal microbiome relationships and mechanisms that
contribute to shaping the airway microbiome.

Key messages

d Most of the research exploring the effects of host genetics
on microbiome composition has been done in the gut, with
the few studies performed in the nasal airway showing
conflicting results.

d This study of host genetics effects on airway microbiome
composition showed that nasal microbiome composition is
more similar within subjects over time than between
subjects.

d We found no significant associations between genetic
relatedness and nasal microbiome composition, support-
ing that the composition of the nasal microbiome is
largely driven by environmental factors.
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