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The nasopharyngeal and salivary microbiomes in COVID-19
patients with and without asthma

To the Editor,

So far, our understanding of the associations between respiratory
infections and severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) in the context of asthma is limited. Although our
previous study and others did not find a correlation between pre-
existing asthma and increased risks of severe coronavirus disease
2019 (COVID-19) outcomes,' 3 people with asthma usually have an
increased vulnerability to conventional respiratory viral infections.
Thus, continuous investigation on SARS-CoV-2 infection in people
with asthma is important.

People with asthma harbor altered airway microbiota, which has
been suggested to mediate an increased susceptibility to severe ill-
nesses upon viral respiratory infections.* However, the microbiomes
of patients with asthma during SARS-CoV-2 infection have not yet
been characterized. To this end, we performed a microbiome study
using nasopharyngeal samples and saliva samples from COVID-19
patients with and without preexisting asthma.

This study was approved by the Institutional Review Board of
Washington University in St. Louis (IRB number 202003085), and all
patients who were enrolled in the study provided informed consent.
A total of 105 samples were collected from patients with COVID-19
within 14 days from the onset of any relevant symptoms between
March and September of 2020. For the nasopharyngeal samples,
seven were from patients with asthma and 41 were from patients
with no asthma diagnosis. For the salivary samples, 16 were from
patients with asthma and 41 were from patients with no asthma di-
agnosis. Demographics and clinical characteristics of the COVID-19
patients are shown in Table S1. Study participants were enrolled in
both outpatient and inpatient settings. Nine patients (n = 3 asthma,
and n = 6 non-asthma) provided both saliva and nasopharyngeal
samples. The detailed methods and sequencing analysis procedures
are presented in the Appendix S1. The read number of each sample
and rarefaction curves are plotted in Figure S1A, B. The microbial
communities of the nasopharyngeal and saliva samples were signifi-
cantly different in alpha diversity represented by the Shannon Index
(p-value <0.001, Figure 1A) and beta diversity based on weighted
UniFrac distances (p-value = 0.001, Figure 1B). For the 48 nasopha-
ryngeal samples, seven were from COVID-19 patients with asthma
and 41 were from those who did not have an asthma diagnosis. There
were no marked differences in relative abundance for any of the top

five abundant phyla in nasopharyngeal samples between the asthma

and non-asthma groups (Figure 1C). For the 57 saliva samples, the
relative abundance of phylum Actinobacteria was significantly de-
creased in COVID-19 patients with asthma compared with those
without preexisting asthma (adjusted p-value = 0.02, Figure 1D). The
top ten abundant genera in the nasopharyngeal samples and saliva
samples are displayed in Figure 1E, F, respectively.

Differences at the genus-level, but not at the community level
(Figure S2), were observed in the nasopharyngeal and salivary mi-
crobiomes between patients with and without preexisting asthma.
In differential abundance tests using DESeq2 for nasal samples,
seven genera were significantly different between the two groups,
with all being less abundant (including Porphyromonas, Haemophilus,
Alloprevotella, Moraxella, Facklamia, Campylobacter, and Janibacter) in
those with preexisting asthma compared with those without asthma
(Figure 2A). In the saliva samples, seven genera were significantly
different between the two groups (Figure 2B), with three being less
abundant (including Centipeda, Staphylococcus, and Actinomyces)
and four being more abundant (including Porphyromonas,
Capnocytophaga, Bergeyella, and Neisseria) in those with preexist-
ing asthma compared with those without asthma. The normalized
counts of each identified genus were displayed by asthma status, as
shown in Figure 2C, D. We then compared the relative abundance
of these identified genera based on the treatment of inhaled corti-
costeroids (ICS) only or a combination of ICS and Long-Acting Beta-
Agonists (LABA). As shown in Figure S3, there were no significant
differences in relative abundance based on the use of ICS/LABA.
However, this may be due to the small sample size.

To further investigate opportunistic pathogenic bacteria, we
compared the prevalence of selected bacterial genera between the
asthma and non-asthma groups. The five selected genera, including
Haemophilus, Moraxella, Neisseria, Streptococcus, and Staphylococcus,
have previously been associated with increased vulnerabilities to re-
spiratory viral infections in patients with asthma. However, as shown
in Table S2, their prevalence was similar in both groups. Some of
the bacteria even had a decreased prevalence in the asthma group,
although the trends were not significant.

The nasopharynx and oropharynx are both important entry
ports and reservoirs of SARS-CoV-2.° Interactions between in-
vading SARS-CoV-2 viruses and commensal microbes residing
in the pharynx are essential in mediating viral loads and host im-

mune responses.S’6 As patients with asthma harbor imbalanced

© 2022 European Academy of Allergy and Clinical Immunology and John Wiley & Sons Ltd.

Allergy. 2022;00:1-4.

wileyonlinelibrary.com/journal/all 1


www.wileyonlinelibrary.com/journal/all

LETTER

FIGURE 1 Nasopharyngeal and

A) = P < 0.001 (B) P = 0.001
2 —_— 0.75 salivary microbial profiles of COVID-19
g — 050 patients with and without preexisting
f) 41 N § ' asthma. (A) Shannon Index comparison
,_,; = 0.25 between the nasopharyngeal and salivary
5 ‘: < 0.00 microbiomes. Statistical significance was
_GZ’ 24 Q assessed by the Wilcoxon rank-sum test.
2 -0.25 (B) Principal coordinates (PC) analysis
ol C¥ o based on weighted UniFrac distances
< o 04 PE?.‘12(12.g%)0.2 between the nasopharyngeal and salivary
Nasal Saliva o Nasal O-Saliva microbiomes. Statistical significance was
c (n=48) (n=57) 5 assessed by the ADONIS test. Relative
© (D) abundance of the top five most abundant
g I Asthma § I Asthma bacterial phyla in n.asopharyngeal
g Non-asthma & I Non-asthma samples (C) and saliva samples (D).
To4 To4 Statistical significance was assessed by
3 I 3 P=0.02 the Wilcoxon rank-sum test with multiple
g I g |_i comparison adjustments using the
2 02 2 02 1 . Benjamini-Hochberg method. Relative
% ! % I abundance of the top 10 bacterial genera
e 0.0 ooIo o 0.0 - in nasopharyngeal samples (E) and saliva
. S "2 @ S " ‘ "2 3 @ @ samples (F)
X& N\ A\ X& A\ X A\ X& A\ N
@ 000"@ 0\090\6 6‘6\68 52 ® @ o‘oa“\e' 6(6\66 O‘oac'\e 3 o®
< PS;Q\(\ ?‘o\e %'ad‘ @ < & gao\ ?‘0\9 ¢
(E) Asthma_|| Non-asthma
100% Genera
3 Staphylococcus
S 75% Corynebacterium
S Dolosigranulum
S Propionibacterium
2 50% Anaerococcus
o Pseudomonas
2 = Streptococcus
© 25% Burkholderia
&J | | | Aquabacterium
n i Proteus
0% — : other
(F) Asthma I Non-asthma |
100% Genera
8 gtr;ehptococcus
<p— othia
3 5% i Prevotella
5 | Xe{llonella
2 | :
S 50% : ] ctinomyces
|l | B Granulicatella
E A | ! i | II .I—- | III " I s Lactobacillus
T 25% || l | L] ] | I B8 [ & [ Leptotrichia
° R | ] AR &= Capnocytophaga
| H || || == § Haemophilus
0% other

70 13 14 7244 4754568850 6 30 7 1 11 2275 5 31434849 5 60 5152 53 86 67 66 7176

microbial communities, which is one of several factors that under-
lie asthma-associated susceptibility to conventional respiratory
viral infections, it is critical to characterize these microbial factors
in COVID-19 patients with and without preexisting asthma.*”® To
our knowledge, there have been no such investigations on SARS-
CoV-2 infection in patients with asthma. Our study starts to fill this
important knowledge gap and provides novel insights into asthma-
associated nasopharyngeal and salivary microbial features during
SARS-CoV-2 infection.

We found that COVID-19 patients with asthma had a decreased
abundance of Actinobacteria, including its genus, Actinomyces, in the
salivary samples compared with those without asthma. Interestingly,
a study reported that a reduced abundance of Actinobacteria and
Actinomyces in the oropharyngeal microbiome was associated

X

with more severe COVID-19 outcomes.” Therefore, further stud-
ies are needed to validate our findings and investigate whether
Actinobacteria and Actinomyces could be mechanistically linked to
COVID-19 disease severity in asthma patients.

Previous studies have shown that asthma patients harbor airway
microbial dysbiosis featuring an increase in pathogenic bacteria.'°
We found oral Neisseria was more abundant in the asthma group
compared with non-asthma group during SARS-CoV-2 infection.
However, interestingly, several other opportunistic pathogens, in-
cluding Moraxella, Haemophilus, and Staphylococcus, in the nasopha-
ryngeal or saliva samples were absent or less abundant in the asthma
group compared with non-asthma group.

In conclusion, our results suggest that patients with preexisting
asthma exhibit taxa-level, but not community-level differences, in
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the airway and oral microbiomes during SARS-CoV-2 infection
compared with those without preexisting asthma. We did not ob-
serve a significantly increased prevalence of pathogenic bacterial
genera in patients with preexisting asthma compared with patients
without asthma. Together, our results characterize, for the first
time, the nasopharyngeal and salivary microbiomes in COVID-19
patients with asthma. This information contributes to our under-
standing of the relationship between asthma and COVID-19 and
opens the door for future applications of the microbiome as bio-
markers and treatment strategies. A major limitation of this study
is the number of asthma patients, which may be too small to de-
tect certain differences between asthma and non-asthma groups.
Future studies with larger sample sizes are needed to validate our
results and investigate the clinical relevance of our microbiome
findings by probing associations between microbiota that were
found to be differentially abundant between COVID-19 patients
with and without asthma and factors such as COVID-19 disease

severity, angiotensin converting enzyme 2, and antiviral immunity.

ACKNOWLEDGMENTS

We would like to thank all the study participants. We thank Dr.
Maya Jerath, Dr. Zhen Ren, Dr. Andrew Kau, and Dr. James Krings
(all at Washington University in St. Louis School of Medicine) for
critical advice on the asthma medication. We thank Lijuan Cao and
Mansi Agarwal (both at Washington University in St. Louis School
of Medicine) for their assistance with data analyses. This work
was supported by the National Institutes of Health (grant number
5R21A1139649-02 to L.W.). This study utilized samples obtained

Normalized count

from the Washington University School of Medicine's COVID-19
biorepository, which was supported by the Barnes-Jewish Hospital
Foundation, Siteman Cancer Center grant P30 CA091842 from
the National Cancer Institute of the National Institutes of Health,
and Washington University Institute of Clinical and Translational
Sciences grant UL1TR002345 from the National Center for
Advancing Translational Sciences of the National Institutes of
Health. The content is solely the responsibility of the authors and

does not necessarily represent the view of the NIH.

FUNDING INFORMATION
National Institutes of Health

CONFLICT OF INTEREST
No conflict of interest in relation to this work was reported by the
authors.

Josh G. Kim*

Ai Zhang!

Adriana M. Rauseo?
Charles W. Goss®
Philip A. Mudd*
Jane A. O'Halloran?

Leyao Wang1

Division of Allergy and Immunology, Department of Medicine,
Washington University School of Medicine in St. Louis, St. Louis,
Missouri, USA


https://orcid.org/0000-0003-2501-9149
https://orcid.org/0000-0002-9545-1300
https://orcid.org/0000-0001-9555-2550
https://orcid.org/0000-0003-2682-7316
https://orcid.org/0000-0002-3860-5473
https://orcid.org/0000-0001-8265-9471
mailto:﻿
https://orcid.org/0000-0001-5165-4838

LETTER

2Division of Infectious Diseases, Department of Medicine,
Washington University School of Medicine in St. Louis, St. Louis,
Missouri, USA

3Division of Biostatistics, Washington University School of
Medicine in St. Louis, St. Louis, Missouri, USA

“Department of Emergency Medicine, Washington University
School of Medicine in St. Louis, St. Louis, Missouri, USA

Correspondence

Leyao Wang, Division of Allergy and Immunology,
Department of Medicine, Washington University School of
Medicine in St Louis, 425 South Euclid Avenue, Campus Box:
8122, St. Louis, MO 63110, USA.

Email: leyao.wang@wustl.edu

ORCID

Josh G. Kim "= https://orcid.org/0000-0003-2501-9149

Ai Zhang "= https://orcid.org/0000-0002-9545-1300
Adriana M. Rauseo " https://orcid.org/0000-0001-9555-2550
Charles W. Goss "= https://orcid.org/0000-0003-2682-7316
Philip A. Mudd "= https://orcid.org/0000-0002-3860-5473
Jane A. O’Halloran "= https://orcid.org/0000-0001-8265-9471
Leyao Wang "= https://orcid.org/0000-0001-5165-4838

REFERENCES

1. Caol,LeeS, Krings JG, etal. Asthma in patients with suspected and
diagnosed coronavirus disease 2019. Ann Allergy Asthma Immunol.
2021;126(5):535-541.

10.

Chhiba KD, Patel GB, Vu THT, et al. Prevalence and characteriza-
tion of asthma in hospitalized and nonhospitalized patients with
COVID-19. J Allergy Clin Immunol. 2020;146(2):307-314.

Eggert LE, He Z, Collins W, et al. Asthma phenotypes, associated
comorbidities, and long-term symptoms in COVID-19. Allergy.
2022;77(1):173-185.

Huang YJ, Nariya S, Harris JM, et al. The airway microbiome in pa-
tients with severe asthma: Associations with disease features and
severity. J Allergy Clin Immunol. 2015;136(4):874-884.

Xiang Z, Koo H, Chen Q, Zhou X, Liu Y, Simon-Soro A. Potential
implications of SARS-CoV-2 oral infection in the host microbiota. J
Oral Microbiol. 2020;13(1):1853451.

Rosas-Salazar C, Kimura KS, Shilts MH, et al. SARS-CoV-2 infection
and viral load are associated with the upper respiratory tract micro-
biome. J Allergy Clin Immunol. 2021;147:1226-1233.

Durack J, Lynch SV, Nariya S, et al. Features of the bronchial bac-
terial microbiome associated with atopy, asthma, and responsive-
ness to inhaled corticosteroid treatment. J Allergy Clin Immunol.
2017;140(1):63-75.

Lukacs NW, Huang YJ. Microbiota-immune interactions in asthma
pathogenesis and phenotype. Curr Opin Immunol. 2020;66:22-26.
Merenstein C, Liang G, Whiteside SA, et al. Signatures of
COVID-19 Severity and Immune Response in the Respiratory Tract
Microbiome. mBio. 2021;12(4):e0177721.

Kozik AJ, Huang YJ. The microbiome in asthma: Role in pathogen-
esis, phenotype, and response to treatment. Ann Allergy Asthma
Immunol. 2019;122(3):270-275.

SUPPORTING INFORMATION

Additional supporting information can be found online in the

Supporting Information section at the end of this article.


mailto:leyao.wang@wustl.edu
https://orcid.org/0000-0003-2501-9149
https://orcid.org/0000-0003-2501-9149
https://orcid.org/0000-0002-9545-1300
https://orcid.org/0000-0002-9545-1300
https://orcid.org/0000-0001-9555-2550
https://orcid.org/0000-0001-9555-2550
https://orcid.org/0000-0003-2682-7316
https://orcid.org/0000-0003-2682-7316
https://orcid.org/0000-0002-3860-5473
https://orcid.org/0000-0002-3860-5473
https://orcid.org/0000-0001-8265-9471
https://orcid.org/0000-0001-8265-9471
https://orcid.org/0000-0001-5165-4838
https://orcid.org/0000-0001-5165-4838

	The nasopharyngeal and salivary microbiomes in COVID-­19 patients with and without asthma
	REFERENCES


