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In this study, the bacterial microbiota inthe | The upper respiratory tract is inhabited by diverse range of commensal microbiota which
upper respiratory tract (URT) of Thai plays a role in protecting the mucosal surface from pathogens. Alterations of the bacterial

patients with influenza or COVID-19 were ) ) . ] ] ) o
evaluated. The results revealed the differ- | community from respiratory viral infections could increase the susceptibility to secondary

ent bacterial communities in the URT infections and disease severities. We compared the upper respiratory bacterial profiles
between patients with influenza and . . L . .
COVID-19. The common opportunistic among Thai patients with influenza or COVID-19 by using 16S rDNA high-throughput

pathogens were found in both influenza sequencing based on MiSeq platform. The Chao1 richness was not significantly different
and COVID-19 patients. Thus, different h the Sh di itv of Flu A and Flu B ianifi t

respiratory viral infections may trigger among groups, whereas the Shannon diversity of Flu A and Flu B groups were significantly
dysbiosis of the commensal microbiota, lower than Non-Flu & COVID-19 group. The beta diversity revealed that the microbial

hich might iated with - . .

which might be associated with more sus- | nities of influenza (Flu A and Flu B), COVID-19, and Non-Flu & COVID-19 were
ceptibility to secondary infections and
disease progression. However, the change | significantly different; however, the comparison of the community structure was similar
in URT microbiome among the influenza | netween Flu A and Flu B groups. The bacterial classification revealed that
viruses and COVID-19-infected patients . . L . .
has not been clearly investigated. Thus, Enterobacteriaceae was predominant in influenza patients, while Staphylococcus and

these findings would be useful for better | psey,domonas were significantly enriched in the COVID-19 patients. These implied that
understanding of the interaction between

microbiota and viral infectious diseases. respiratory viral infections might be related to alteration of upper respiratory bacterial com-

munity and susceptibility to secondary bacterial infections. Moreover, the bacteria that observed in Non-Flu & COVID-19 patients
had high abundance of Streptococcus, Prevotella, Veillonella, and Fusobacterium. This study provides the basic knowledge for
further investigation of the relationship between upper respiratory microbiota and respiratory disease which might be useful for
better understanding the mechanism of viral infectious diseases.
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Introduction The re-emergence of respiratory viruses such as seasonal
The upper respiratory tract (URT) is inhabited by a diverse influenza viruses has a considerable impact on global
range of commensal microbes, contributing beneficial roles ~ public health. Seasonal influenza outbreaks are mainly
in protecting the mucosal surface from pathogens. caused by influenza A (HIN1 and H3N2 subtypes) and
However, the microbiome could be altered, or undergo dys-  influenza B (Victoria and Yamagata lineages). Currently,
biosis, by pathogenic respiratory viruses, resulting in a the emergence and rapid transmission of a mnovel
higher susceptibility to infection and respiratory diseases.! severe acute respiratory syndrome coronavirus
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2 (SARS-CoV-2)-causing Coronavirus Disease 2019
(COVID-19) has become a serious public health problem
and also causes significant economic loss. The common
symptoms of influenza and COVID-19 are also known as
influenza-like illness (ILI).” Several studies have reported
that healthy individuals and patients with respiratory virus
infection have different URT microbiota.>* However, the
comparison of microbiome alteration caused by different
virus infections has not been clearly investigated, especially
between influenza and COVID-19, which cause similar ILI
symptoms.

The data obtained from previous studies have demon-
strated that the differences in respiratory bacterial commu-
nities associated with the respiratory infection were
dependent on several factors, including environmental fac-
tors (geography, pollution, and hygiene), the host factors
(race, age, gender, diet, lifestyle, and antibiotic usage), and
the microbe-host immune response.” Comparison of the
bacterial profiles obtained from different studies might be
difficult due to the several confounding factors and incom-
patible techniques used in each study. To reduce these con-
founding factors, this study aimed to compare the bacterial
profiles in the URT of Thai patients with influenza or
COVID-19 by using 16S high-throughput sequencing
based on the MiSeq platform.

Materials and methods

Study population and setting

A retrospective observational study was carried out to
identify the bacterial profile in the URT of patients with
influenza viruses or SARS-CoV-2 virus. The study proto-
cols were reviewed and approved by the Institutional
Review Board (IRB No. 337/57 for the influenza patient’s
cohort study and IRB No. 302/63 for the COVID-19
patient’s cohort study) and Institutional Biosafety
Committee (MDCU-IBC No. 001/2018) of the faculty of
Medicine, Chulalongkorn University.

Sample collection

All clinical samples used in this study were routinely diag-
nosed for influenza and SARS-CoV-2 from patients with ILI
symptoms. The ILI was defined as fever (>38°C) and with
respiratory symptoms (cough, runny nose, nasal conges-
tion, and sore throat). Nasopharyngeal swab (NP) samples
of the two cohorts were collected in a viral transport
medium (MP Biomedicals, USA) at 4°C and then trans-
ported to laboratory within 2h. First, the influenza and
Non-Flu & COVID-19 cohort samples were obtained
during 2017-2018 (before COVID-19 pandemic) from
Bangpakok 9 International Hospital and Chum Phae
Hospital. The samples were stored at -80°C freezer until
tested. Second, the samples with COVID-19-suspected
cases were collected from the Institute for Urban Disease
Control and Prevention (IUDC), Thailand during the pan-
demic of the SARS-CoV-2 virus in 2020. Samples from both
cohorts were processed at the same time of the experiment.

Nucleic acid extraction, reverse transcription, and
virus detection

Nucleic acids were extracted from 200 uL. of NP swab sam-
ples using the magLEAD 12gC instrument with a
magLEAD Consumable Kit (Precision System Science,
Japan) according to the manufacturer’s instructions. The
extracted RNA was converted into ¢cDNA with the
random hexamer primer by using the RevertAid™ First
Strand cDNA Synthesis Kit (Thermo Scientific, USA) fol-
lowing the manufacturer’s instructions. Detection and sub-
typing of influenza viruses were performed by using a
multiplex real-time reverse-transcription polymerase
chain reaction as described previously.®” The SARS-CoV-2
viral detection was carried out by real-time PCR with
Allplex™ 2019-nCoV Assay (Seegene, Korea) following
the manufacturer’s instructions.

16S amplification and high-throughput sequencing

The DNA library was constructed by amplification of the
16S rDNA within V4 region using Tag DNA Polymerase
(New England Biolabs, USA) according to the manufac-
turer’s instructions. Primers, master mix components, and
thermo cycles followed the procedure of previous stud-
ies.”!” The DNA libraries (~430bp) were subsequently
purified by the QIAquick PCR Purification kit
(Qiagen, Germany) and quantified by KAPA Library
Quantification Kits for Illumina platforms (Kapa
Biosystems, USA). The DNA libraries from all samples
were pooled with equal concentration. The pooled libraries
were paired-end (2 x 250 cycles) sequenced using the
[Mlumina MiSeq platform (Illumina, USA).

Data analysis

The raw sequence datasets were de-multiplexed by MiSeq
reporter software (version 2.6.2.3), and the paired-end
FASTQ files were processed through the QIIME2 pipeline
(version 2019.7)."" The paired-end reads were quality fil-
tered, merged, and denoised by DADA2'? plugin imple-
mented in QIIME2. The construction of the Amplicon
sequence variant (ASV) and chimeric sequence filtering
were subsequently performed based on DADA?2 algorithm.
Then, the ASVs were classified based on the 165 Greengene
database’® by using the VSEARCH algorithm. The alpha
(Shannon and Chaol) and beta (weighted UniFrac dis-
tance) diversities were calculated using a plugin imple-
mented in QIIME2.'* Linear discriminant analysis effect
size (LEfSe) was used to identify different taxa among
groups.'® Statistical analyses were performed with the
Wilcoxon-matched pairs test using GraphPad Prism ver-
sion 6.01 software.

Results

In this study, the influenza A, influenza B, and SARS-CoV-2
viruses were detected by real-time PCR and then the sam-
ples were divided into four groups, including the patients
infected with influenza A virus (Flu A, N =24), influenza B
virus (Flu B, N=24), SARS-CoV-2 virus (COVID-19,
N=24), and the patients without the influenza viruses
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and SARS-CoV-2 virus (Non-Flu & COVID-19, N =24). The
age of patients among groups was not statistically different
(P=0.065). The high-throughput sequencing data are
shown in Table 1. Briefly, the total reads and pass-filtered
reads obtained from each group were sufficient for ASVs
classification as demonstrated in the rarefaction curve
(Supplementary Figure 1). Moreover, the pass-filtered
reads of all groups were efficiently classified as bacterial
taxa (more than 98%), indicating that the sequencing data
obtained in this study were suitable for 165 rDNA
amplicon-based analysis.

The alpha diversity based on Chaol analysis revealed
that bacterial richness was not different among groups as
shown in Figure 1(a). On the other hand, the Shannon
diversity of Flu A and Flu B groups were significantly
lower than the Non-Flu & COVID-19 group (P <0.05).

Moreover, Flu A group was significantly decreased com-
pared to COVID-19 group (P <0.05) as demonstrated in
Figure 1(b). The beta diversity was analyzed by weighted
UniFrac distance to compare the microbial community dis-
tance among groups. The result revealed that microbial
communities of influenza (Flu A and Flu B) groups were
highly similar, but they were significantly distinct from
those of the COVID-19 group and Non-Flu & COVID-19
group (PERMANOVA analysis, P <0.05) as illustrated in
Figure 1(c).

The taxonomic classification demonstrated that the rel-
ative abundances of upper respiratory bacteria were differ-
ent among groups (Figure 2). The influenza (Flu A and Flu
B) groups were highly predominated Proteobacteria, while
bacterial profile in COVID-19 group was mostly dominated
with Firmicutes and Bacteroidetes. Moreover, the Non-Flu

Table 1. The subject characteristics and sequencing summary of each group.

Parameters Flu A (N =24) Flu B (N =24) COVID-19 (N =24) Non-flu and COVID-19 (N = 24)
Age 25.96 +20.28 26.50+19.30 36.09+12.17 34.46 +9.34
Total reads 79,425 +13,712 48,227 +11,358 79,504 + 13,480 53,092 4+ 14,065
Pass-filtered reads 70,290 +13,712 41,811 +£9,514 69,663 + 11,450 44,037 +12,197
% Classified 98.58 +3.06 99.744+0.73 99.96 +0.14 99.86 +0.21
Chao1 22.46 +9.38 24.214+8.06 24.21+9.86 23.13+8.17
Shannon 1.26 +0.83 1.28+0.55 2.08+1.13 2.91+0.93
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Figure 1. The comparison of the bacterial diversities in Flu A, Flu B, COVID-19, and Non-flu & COVID-19 patients. The bars indicate average diversity of (a) Chao1
richness and (b) Shannon diversity index with standard deviation and significant differences among four groups. (c) Principal-coordinate analysis (PCoA) of the specific
microbial communities weighted UniFrac distance colored by sample groups shows the significant difference between groups (tested by PERMANOVA analysis with
P <0.05). *P <0.05, **P < 0.001, ***P < 0.0001 and ns (not significant). (A color version of this figure is available in the online journal.)
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Figure 2. The bar plots illustrate the relative abundance of bacterial phyla (a) and genera (b) in each group (Flu A, Flu B, COVID-19, and Non-Flu & COVID-19) as

analyzed by QIIME2 pipeline.

& COVID-19 group was enriched by Firmicutes,
Bacteroidetes, and Proteobacteria (Figure 2(a)).

Comparing the relative abundance of bacterial composi-
tion at the genus level showed that Enterobacteriaceae had
the highest abundance in influenza groups (Flu A and Flu
B). Nevertheless, Streptococcus was the most common bac-
terial composition in COVID-19 and Non-Flu & COVID-19
groups. The differences in bacterial compositions between
COVID-19 and Non-Flu & COVID-19 groups were also
observed. Enterobacteriaceae, Staphylococcus, Lautropia,
Pseudomonas, and Corynebacterium were increased in the
COVID-19  group, whereas Prevotella,  Veillonella,
Capnocytophaga, and Fusobacterium were slightly increased
in the Non-Flu & COVID-19 group (Figure 2(b)).

The differentially enriched bacteria among influenza,
COVID-19, and Non-Flu & COVID-19 groups were ana-
lyzed using the LEfSe method with LDA score >4 and
P<0.05 as shown in Supplementary Figure 2.
Subsequently, the characteristics of significant bacterial
composition were selected from LEfSe and relative abun-
dance, as demonstrated in Table 2. The results revealed that
Enterobacteriaceae was significantly enriched in the influ-
enza group, which contributed approximately 74.51%.
Staphylococcus and Pseudomonas genera were significantly
dominant in the COVID-19 group, which accounted for
9.83% and 4.01%, respectively. Lastly, the Non-Flu &
COVID-19 group showed significant enrichment of
Streptococcus, Prevotella, Veillonella, and Fusobacterium,
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Table 2. The characteristics of significantly enriched bacteria in each group.

Group Bacterial composition Gram strain Commonly found Previous reports
Influenza Enterobacteriaceae (74.51%) Negative Soil, water, and gastrointestinal tract 16
COVID-19 Staphylococcus (9.83%) Positive Skin, nasal vestibule, and hospital 17
Pseudomonas (4.01%) Negative Soil, water, and vegetation 18
Non-Flu & COVID-19 Streptococcus (29.85%) Positive Throat, skin, ear, and sinus 19,20
Prevotella (11.28%) Negative Human intestine, rumen of cattle, and sheep 20,21
Veillonella (7.21%) Negative Mammal and human intestines 21
Fusobacterium (3.42%) Negative Upper respiratory and gastrointestinal tracts 22

Note: The parenthesis indicates the percentage of the relative abundance belonged to the family or genus.

which accounted for 29.85%, 11.28%, 7.21%, and 3.42%,
respectively.

Discussion

The respiratory microbiota has been investigated in several
previous studies. The bacterial profiles associated with the
healthy respiratory status included Prevotella, Veillonella,
Streptococcus, Staphylococcus, and Moraxella. On the other
hand, dysbiotic microbiota related with lower microbial
diversity and increased amount of specific bacteria such
as Streptococcus, Pseudomonas, and Neisseria in patients
with respiratory virus infections.”

This study explored the bacterial compositions in the
URT of Thai patients infected with influenza viruses,
SARS-CoV-2 virus, and the patients without either influen-
za viruses or SARS-CoV-2 virus. The data obtained from the
present study showed that different viral infections (influ-
enza or SARS-CoV-2) might be related to the alteration in
bacterial diversity and community composition of the URT.
From our observation, the most abundant bacterial phylum
in the influenza group was Proteobacteria, while the
COVID-19 and Non-Flu & COVID-19 groups were domi-
nated by Firmicutes. The results correlated with previous
studies, in which Proteobacteria and Firmicutes were clas-
sified as the normal flora in URT.**

For other lower respiratory viruses such as respiratory
syncytial virus and rhinoviruses, previous study revealed
that the Proteobacteria was highly dominated in the
infected patients. Indeed, the predominated genera were
belonged to the Moraxella and Streptococcus.” Similarly,
our study also found the Streptococcus which was highly
contributed in the COVID-19 and Non-flu & COVID-19
groups. Moreover, the abundance of Acinetobacter and
Klebsiella genera in Proteobacteria phylum were higher in
the fatal cases than those in non-fatal cases of the MERS-
CoV-infected patients in Saudi Arabia.?®

Our finding shows that the Enterobacteriaceae family
was predominant in influenza-infected patients, which is
similar to the previous study of Chinese patients with
HINT1 influenza A virus infection resulting in hypothermia
and pneumonia.'® The Staphylococcus genus is significantly
enriched in the Thai patients with COVID-19 in the present
study, and this corresponds to the recent finding that
Staphylococcus was significantly increased in the Chinese
patients with severe COVID-19 illness.'” Staphylococcus
is considered to be one of the causative agents in

hospital-acquired infections.”” Moreover, the secondary
infection with Staphylococcus aureus bacteremia was associ-
ated with high mortality rates in hospitalized COVID-19.%®
The Pseudomonas genus was also found in COVID-19
patients of our study. This is similar to the previous
report, which found that Pseudomonas was significantly
increased in both the URT and the gut of children with
COVID-19 infection.'® Interestingly, viral infections such
as influenza viruses or SARS-CoV-2 might modulate the
bacterial communities which potentially favor the expan-
sion of opportunistic pathogens. These pathogens can
cause hospital-acquired infections involving multiple anti-
biotic resistances associated with pneumonia and high
mortality rates. These data suggested that the bacterial
composition of the URT can impact host susceptibility
and disease outcomes after respiratory infection.

The previous studies showed that microbiota in healthy
individuals were enriched with commensal bacteria in the
nasopharynx, such as Streptococcus and Fusobacterium,
while in the oropharyngeal cavity, Prevotella and
Veillonella predominated.®* Our data revealed that
Streptococcus, Prevotella, Veillonella, and Fusobacterium were
significantly dominant in the patients without the influenza
viruses and SARS-CoV-2 infections, indicating that bacteri-
al communities in these patients might be closely related to
healthy individuals.

In summary, this study provides a comparison of the
upper respiratory bacterial communities of Thai patients
with either influenza or COVID-19. The common opportu-
nistic pathogens such as family Enterobacteriaceae were
found in patients with influenza illness, whereas
Staphylococcus and Pseudomonas were observed in patients
with COVID-19, indicating that respiratory viral infections
might be associated with an altered upper respiratory bac-
terial community and a differential induction of secondary
bacterial infections. However, there are several limitations
to this study, including small sample sizes, unmatched
ages/ genders, unknown severity /symptoms, and different
periods of samples collection among groups. Therefore,
further studies with larger cohorts and matched demo-
graphic data should be performed to confirm the bacterial
communities which are associated with the respiratory
viral infections. Finally, the findings of this study provide
the basic knowledge for further investigation of the rela-
tionship between upper respiratory microbiota and respi-
ratory disease.
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