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ARTICLE INFO ABSTRACT
Article history: Background: Infection with SARS-CoV-2 may perturb normal microbiota, leading to secondary infections
Received 9 December 2022 that can complicate the viral disease. The aim of this study was to probe the alteration of nasopharyngeal
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(NP) microbiota in the context of SARS-CoV-2 infection and obesity and to identify other respiratory pa-
Accepted 1 March 2023

thogens among COVID-19 cases that may affect patients’ health.
Methods: A total of 107 NP swabs, including 22 from control subjects and 85 from COVID-19 patients, were

Keywords: . . . . . .

COVID-19 processed for 6S amplicon sequencing. The respiratory pathogens causing secondary infections were
Nasopharyngeal microbiome identified by RT-PCR assay, using a kit that contained specific primers and probes combinations to amplify
16S amplicon 33 known respiratory pathogens.

Secondary infection Results: No significant (p > 0.05) difference was observed in the alpha and beta diversity analysis, but specific
Saudi Arabia taxa differed significantly between the control and COVID-19 patient groups. Genera of Sphingomonas, Kurthia,

Microbacterium, Methylobacterium, Brevibacillus, Bacillus, Acinetobacter, Lactococcus, and Haemophilus was sig-
nificantly abundant (p < 0.05) in COVID-19 patients compared with a healthy control group. Staphylococcus was
found in relatively high abundance (35.7 %) in the COVID-19 patient groups, mainly those treated with anti-
biotics. A relatively high percentage of Streptococcus was detected in COVID-19 patient groups with obesity or
other comorbidities. Respiratory pathogens, including Staphylococcus aureus, Streptococcus pneumoniae,
Haemophilus influenzae, Moraxella catarrhalis, and Salmonella species, along with Pneumocystis jirovecii fungal
species were detected by RT-PCR mainly in the COVID-19 patients. Klebsiella pneumoniae was commonly found
in most of the samples from the control and COVID-19 patients. Four COVID-19 patients had viral coinfections
with human adenovirus, human rhinovirus, enterovirus, and human parainfluenza virus 1.
Conclusions: Overall, no substantial difference was observed in the predominant NP bacterial community,
but specific taxa were significantly changed between the healthy control and COVID-19 patients.
Comparatively, an increased number of respiratory pathogens were identified in COVID-19 patients, and NP
colonization by K. pneumoniae was probably occurring in the local population.
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Introduction

The world is in the midst of a pandemic era. Several viral out-
breaks have occurred in the recent past, including Ebola, influenza,
Zika, SARS-CoV-1, and MERS-CoV. The outbreak of COVID-19, caused
by SARS-CoV-2, started toward the end of 2019. As of November
2022, over 600 million people have been infected, with a huge loss of
life worldwide (WHO: https://covid19.who.int/). The emergence of
new variants, such as Omicron and Delta, is an ongoing threat [1].
The disease symptoms include fever, cough, sore throat, breath-
lessness, fatigue, and malaise, among others [2]. The infection is mild
in the majority of cases, but in some cases, pneumonia, acute re-
spiratory distress syndrome, and sepsis can develop, with multi-
organ failure and death as potential outcomes [2]. The severity and
negative outcomes of COVID-19 are related to several risk factors,
such as age, and comorbidities [3]|. Furthermore, perturbation of
normal respiratory microbes may result in secondary infections,
which increases the risk of complications associated with re-
spiratory viral infection and thus contributes to an overall increase
in death and morbidity [4,5].

The microbiome of the upper respiratory system works as a
gatekeeper for respiratory health by inhibiting both commensal and
opportunistic pathogens, and it also plays a vital role in host im-
mune response [6,7]. Previous studies demonstrated that respiratory
viruses influence the microbiota of the respiratory tract [7,8]. As a
result, colonization of the nasopharynx by opportunistic pathogens
such as Streptococcus, Acinetobacter, Moraxella, Corynebacterium, and
Staphylococcus can increase and ultimately contribute to the severity
of the disease [8-10]. In an analysis of 22 studies, it was reported
that, respectively, 7 % and 14 % of hospitalized and intensive care
unit patients with COVID-19 had a bacterial co-infection [11].
Moreover, studies carried out in the United States, China, and Italy
found that a majority of COVID-19 patients with severe disease had
at least one comorbidity such as diabetes, obesity, hypertension,
cardiovascular disease, and chronic kidney disease [2,3,12]. A meta-
analysis of 14 studies found that obesity is a predictor of mortality in
patients with COVID-19, which is consistent with a UK study of
COVID-19 patients in hospitals [13,14]. Previous studies have de-
monstrated that obesity is associated with altered gut microbiota
[15]. However, the impact of obesity and other comorbidities on the
respiratory microbiome in COVID-19 patients has rarely been ex-
amined.

A range of observations have been reported about the naso-
pharyngeal (NP) microbiome in SARS-CoV-2 positive and negative
samples, from no differences in those with mild COVID-19 to taxa-
specific differences reported in various cities and patient popula-
tions [8,9,16]. Ventero et al. reported differences in the NP micro-
biome of COVID-19 patients compared with control subjects and
identified operational taxonomic units (OTUs), mostly belonging to
the Bacteroidetes and Firmicutes, specifically in patients with posi-
tive SARS-CoV-2 tests [17]. Differences in Shannon and Chaol in-
dexes have also been reported [ 18]. In contrast, several studies found
no differences in either bacterial richness, diversity, or composition
of the NP microbiome between COVID-19 patients and control
subjects [16,19]. However, according to some studies, interactions
between microbes and the immune system are species-specific, in-
dicating that even small differences in the diversity and composition
of the microbiota can have significant effects on an individual’s
health [6,20].

The conflicting results on the NP microbiome composition as-
sociated with COVID-19 could be attributable to differences in SARS-
CoV-2 variants, respiratory tract sampling location, severity of dis-
ease, comorbidities, variation in the individual respiratory micro-
biome, and environmental factors based on the geographic location
of a study [3,21]. Most studies on the respiratory microbiome as-
sociation with COVID-19 were reported from China, and data from
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other countries are needed, as ethnicity is known to be a significant
factor in the diversity of the microbiome [22]. The aim of the current
study was to probe the alteration of NP microbiota in patients with
COVID-19 compared with healthy subjects and to identify secondary
microbial infections among COVID-19 patients that may have an
impact on their health. Furthermore, we particularly focused on
obesity as a comorbidity. Obesity is a major health issue in Saudi
Arabia, with a prevalence of more than 25 % in the adult population.
We identified the alteration of the NP microbiome with obesity, a
major risk factor for COVID-19-associated complications.

Materials and methods
Sampling

A total of 140 NP swabs were initially included in this cross-
sectional study and were collected between February and June 2022.
Based on the exclusion and inclusion criteria of the study, 22 NP
swabs from control subjects and 85 NP swabs from COVID-19 pa-
tients (Table S1) were processed for NP microbiome analysis. Pa-
tients younger than 18 years, those who were pregnant, or those
with incomplete metadata information mentioned in Table S1were
excluded. Participants with negative SARS-CoV-2 test results were
divided into two groups: the healthy control group (HC) without any
comorbidities, and the control group with obesity (COb) of > 30 BMI
but did not have any other comorbid conditions (Table S1). The
COVID-19 patients were divided into four groups: patients with no
comorbidities (PNCo), patients with obesity only (POb), patients
with other comorbidities (PCo), and patients who used antibiotics
within 2 months prior to sampling (PAb).

Nucleic acid extraction and qPCR screening of SARS-CoV-2

In a negative-pressure BSL-2 laboratory, NP samples were pro-
cessed in a Class II biosafety cabinet. Total nucleic acid was extracted
from the samples using the ExiPrep™ 96 Viral DNA/RNA Kkit
(BiONEER, Seoul, South Korea) using the BiONEER extractor system
with a 200-pL sample volume and a 50-pL elution volume. Real-time
PCR kit of PowerChek SARS-CoV-2 (Kogenebiotech, Seoul, Korea) was
used to detect the virus by mixing 5 pL of extracted nucleic acid with
11 pL of RT-PCR Premix and 4 pL of Primer/Probe Mix to make a 20-
pL reaction volume. All the samples were tested for both the E gene
specific for Sarbecovirus and the RdRp gene specific for SARS-CoV-2.
Both probes were labeled with the fluorophore fluorescein. An in-
ternal control and a specific labeled probe for the internal control
were included in the reaction mixture. Thermal cycling was per-
formed at 50 °C for 30 min, 95 °C for 10 min, 40 cycles of 95 °C for
15 s, and 60 °C for 1 min using the LightCycler® 480 Instrument II
(Roche, Germany).

S amplicon sequencing and bioinformatic analysis

DNA from the NP swab samples was extracted following the
protocol of the ExiPrep™ bacteria genomic DNA kit (BiONEER). A
previously described method was used for an amplicon sequence
targeting the V3-V4 variable region using the universal primers
341 F and 785 R [23]. Briefly, using the Qubit system (Invitrogen,
USA), the DNA concentration was determined. Limited PCR cycles
were used to join sequencing adapters and dual-index barcodes.
Following purification with Agencourt AMPure beads (Agencourt,
USA), the Nextera XT kit was used to normalize the libraries. A single
flow cell was used to sequence the samples via the MiSeq system
(Illumina, Inc., USA).

Pair-end FASTQ files were assembled using PANDAseq [24]. Se-
quence reads were filtered, including primer and barcode region
cleaning, and chimaeras and singleton reads were deleted. High-
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Fig. 1. Alpha and beta diversity analysis of nasopharyngeal bacterial community from the control and COVID-19 patients groups. (A) Chaol estimate of richness, (B) observed
species, (C) Shannon index, and (D) beta diversity analysis using Non-metric Multidimensional Scaling (NMDS). HC, healthy control group; COb, control with obesity; PNCo,
COVID-19 patients with no comorbidities; POb, COVID-19 patients with obesity only; PCo, COVID-19 patients with other comorbidities; PAb, COVID-19 patients with antibiotic use.

quality sequence reads above Q20 were grouped into OTUs with 297
% sequence similarity, using the EzBiocloud Microbiome Taxonomic
Profile pipeline [25]. Two negative controls were included in this
study to identify and address contamination from exogenous sources
including reagents, which was previously described as being of
particular relevance in low biomass samples [26]. The Kolmogorov-
Smirnov D test was used to determine the normality of the data.
Alpha and beta diversity analysis was performed using the Micro-
biomeAnalyst pipeline [27]. The significance of beta diversity among
groups was evaluated with nonmetric multidimensional scaling
(NMDS) based on permutational MANOVA. A linear discriminant
analysis effect size (LEfSe), Wilcoxon rank sum test, and Pearson r
correlation analysis were used to identify differences in taxa abun-
dance between patients and healthy control groups and to identify
positive and negative correlations of specific taxa with each group.

RT-PCR screening of respiratory pathogens

The total nucleic acid extracted from COVID-19 patients and
control groups, along with a negative control, was also tested by the
FTD® Respiratory Pathogens 33 kit (SIEMENS Healthineers,
Germany). In the FTD assay, 33 respiratory pathogens are simulta-
neously amplified using primer-probe mixtures in one-step multi-
plex RT-PCR, including 18 viruses and their types, such as influenza
and parainfluenza viruses, coronaviruses, rhinovirus, adenovirus,
Pneumocystis jirovecii (fungi); bacterial pathogens including
Mycoplasma pneumoniae, Streptococcus pneumoniae, Haemophilus
influenzae, Staphylococcus aureus, Moraxella catarrhalis, and Klebsiella
pneumoniae; and an internal control. Assay procedures for FTD-33
were followed according to the manufacturer’s guidelines (SIEMENS
Healthineers). For the PCR assays, 10 pL of extracted nucleic acid
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samples was mixed with 20 pL of a master mix containing 12.5 pL of
buffer, 1.5 pL of the primer-probe mix, and 1 pL of enzyme. Multiplex
real-time RT-PCR was performed with the following thermal con-
ditions: 50 °C for 15 min, 94 °C for 1 min, 40 cycles of 94 °C for 8 s,
and 60 °C for 1 min. A sigmoidal curve with a CT value of < 40 was
considered positive for a pathogen.

Results

+

The mean age of patients was 44.2 17.6 years, and that of
control subjects was 38.4 + 8.0 years (Table S1). Regarding health
conditions, 40 % of patients had COVID-19 without any comorbid-
ities, 16.5 % had obesity only, and 28.2 % of the patients had other
comorbidities, such as diabetes, hypertension, chronic cardiovas-
cular disease, and chronic kidney disease. Antibiotics had been used
by 15.3 % of patients. COVID-19 patients had mild to moderate
symptoms, mainly cough (70.6 %), fever (63.5 %), sore throat (41.2 %),
shortness of breath (27.1 %), headache (23.5 %), and runny nose (22.4
%), and chest x-ray/computed tomography findings (ground-glass
opacity, pleural effusion, or consolidation) were noted in 11.8 % pa-
tients (Table ST).

Nasopharyngeal bacterial community analysis

A total of 6465,308 reads were obtained from 16 S amplicon
sequencing and had high quality (>Q20 score). An average of 59,863
reads per sample was obtained. A slight decrease was found in
Chao1 and observed species in the COVID-19 patient groups, but the
difference in the alpha and beta diversity analysis between control
and COVID-19 patient groups was not significant (p > 0.05) (Fig. 1A-
D). A total 22 phyla and candidate phyla were identified in the NP
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Fig. 2. Nasopharyngeal bacterial community taxonomy. (A) The bar charts show the average relative percentage abundance of (A) phyla, (B) families, and (C) genera among the
studied sample groups. HC, healthy control group; COb, control with obesity; PNCo, COVID-19 patients with no comorbidities; POb, COVID-19 patients with obesity only; PCo,
COVID-19 patients with other comorbidities; PAb, COVID-19 patients with antibiotic use.

samples. Proteobacteria were predominantly found in all the groups,
followed by Actinobacteria, Firmicutes, and Bacteroidetes (Fig. 2A).
Phylum Actinobacteria was found to be positively correlated
(p = 0.02) with the control groups. A total of 182 families were
identified from the NP samples. Xanthomonadaceae, Corynebacter-
iaceae, and Staphylococcaceae were predominantly found in the
studied groups, but the relative abundance varied among the control
and patient groups (Fig. 2B). A total of 826 OTUs were retrieved at
two or more counts. Among them, 424 were classified at the genus
level. Twenty genera were commonly found in > 50 % of the samples,
representing more than 70 % relative abundance of NP bacteria in
the studied groups. Fifty-two genera were commonly found in > 20 %
of samples, representing more than 90 % relative abundance of NP
bacteria in each group. Stenotrophomonas bacteria were pre-
dominantly found in all the groups followed by Corynebacterium,
Staphylococcus, Sphingomonas, Streptococcus, Cutibacterium, and
Moraxella (Fig. 2C). Corynebacterium was found at relatively high
abundance in the control groups (28.4 % + 1.3 %) compared with
COVID-19 patient groups (13.4 % + 2 %). Staphylococcus was found at
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a relatively high abundance in the COVID-19 patient groups, mainly
those treated with antibiotics (PAb = 35.7 %). Streptococcus was found
at a relatively high abundance in the COVID-19 patient groups with
obesity (POb = 8.9 %) or other comorbidities (PCo = 13.5 %). Several
genera with pathogenic species, such as Acinetobacter, Micro-
bacterium, Stenotrophomonas, Streptococcus, and Pseudomonas, were
detected in the studied groups, but their relative abundance was not
significantly different between control and COVID-19 patient groups.

Differentially abundant taxa between healthy control and COVID-19
patients

LEfSe identified bacterial taxa that were differentially abundant
between the healthy control and COVID-19 patients without co-
morbidities group (PNCo). Differentially increased abundance of
Actinobacteria and Fusobacteria was found in HC compared with PNCo,
whereas Proteobacteria were abundantly found in the PNCo group. Nine
families of Sphingomonadaceae, Planococcaceae, Microbacteriaceae,
Moraxellaceae, Methylobacteriaceae, Paenibacillaceae, Bacillaceae,
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Fig. 3. Analysis of nasopharyngeal bacteria community using linear discriminant analysis of effect size (LEfSe). Analysis identified significantly (p < 0.05) different in relative
abundance of specific (A) families, and (B) genera in the nasopharyngeal microbiome between SARS-CoV2 negative healthy controls (HC) and COVID-19 patients with no

comorbidities (PNCo) groups.

Comamonadaceae, and Pasteurellaceae were found at significantly
(p < 0.05) high abundance in PNCo compared with the HC group
(Fig. 3A). Corynebacteriaceae, Lawsonella, Gemella, Veillonellaceae, and
Fusobacteriaceae were significantly higher in the HC group (Fig. 3A).
The LEfSe identified 15 genera that were differentially abundant
(p < 0.05) between the HC and PNCo groups (Fig. 3B). Genera associated
with PNCo were Sphingomonas, Kurthia, Microbacterium, Methylo-
bacterium, Brevibacillus, Bacillus, Acinetobacter, Lactococcus, and Haemo-
philus. In the HC group, Corynebacterium, Streptococcus, Lawsonella,
Gemella, Veillonella, and Rothia were differently more (p < 0.05) abun-
dant compared with PNCo group (Fig. 3B).

Obesity influence on NP bacterial community with COVID-19

Pairwise comparison using the Wilcoxon rank sum test identified
eighteen genera that were significantly different in relative abun-
dance between HC and PNCo groups, and in comparison, 13 genera
were significantly different between the HC and POb groups (Fig. 4).
Genera of Flavobacterium, Corynebacterium, Haemophilus, Sphingo-
monas, Lawsonella, Methylobacterium, Microbacterium, and Breviba-
cillus; were commonly found and significantly (p < 0.05) different in
relative abundance in the two COVID-19 patient groups PNCo and
POb compared with the HC group (Fig. 4). In addition, genera of
Anaerococcus, Brevundimonas, Comamonas, and Cutibacterium were
significantly different in relative abundance between the HC and
POb groups. When the control (COb) and COVID-19 patient groups
with obesity (POb) were compared, Cutibacterium and Lactobacillus
were found to be significantly (p < 0.05) different in relative abun-
dance. Veillonella was significantly (p = 0.04) different in comparison
between the PNCo and POb groups (Fig. 4). Only Comamonas was
significantly (p = 0.002) different in relative abundance between the
control HC and COb groups.

RT-PCR analysis of respiratory pathogens

Seven bacterial pathogens, including K. pneumoniae, S. aureus, S.
pneumoniae, H. influenzae, L. pneumophila/L. longbeachae, M. catar-
rhalis, and Salmonella species, along with P. jirovecii fungal species
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and human adenovirus, enterovirus, and human parainfluenza virus
1, were detected mainly in the COVID-19 patients by RT-PCR
(Table 1). Among the 85 COVID-19 patients tested, at least one
bacterial pathogen was detected in 79 samples, mainly K. pneumo-
niae (92.9 %). Four patients had mixed infection of bacteria and re-
spiratory viruses (Table 1). Specifically, infection with K. pneumoniae
as the only bacterial pathogen was detected in 50 patients. A dual
bacterial infection was identified in 19 patients, who mainly tested
positive for K. pneumonia and S. aureus (14 patients). Four patients
had positive results for three distinct bacterial pathogens, and two
patients had four distinct bacterial pathogens or including a fungal
pathogen. We also found K. pneumonia predominantly in the control
groups (20/22, 90.9 %) subjects. In addition, in the control group,
three subjects were positive for S. aureus, two for M. catarrhalis, and
one for P. jirovecii (Table 1). The detection of K. pneumoniae at high
abundance in both patients and control groups suggested wide-
spread NP colonization of K. pneumoniae in the local population
(Table 1).

Discussion

A number of studies have examined the modification of re-
spiratory microbiota with SARS-CoV-2 infection and assessed the
complication associated with the disease [28-30]. The reported re-
sults varied from no difference in mild COVID-19 to specific taxa
alterations in the NP microbiome that differed between studies and
patient populations [16,28,30-32]. Our 16S amplicon data showed a
slight decrease in bacterial diversity in the COVID-19 patients, but
the difference was not statistically significant for alpha- and beta-
diversity analysis between control (SARS-CoV-2 negative) and
COVID-19 patients, which is in agreement with previous studies on
the NP microbiome of COVID-19 patients [8,16,33]. Hernandez-Teran
et al. found differences in the abundance of specific phyla and genera
between healthy control and mild symptomatic COVID-19 patients,
but they observed no differences in alpha and beta diversity [28]. A
study from India reported a substantial shift in the composition of
the nasal microbiome in SARS-CoV-2-infected individuals in the
PCoA and NMDS plots, but they did not observe any significant
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Fig. 4. Heat tree visualization of taxonomic differences using Wilcoxon Rank Sum test. A heat tree illustrates the genera differences between SARS-CoV2 negative control and
COVID-19 patient groups. The color gradient and the size of the node, edge, and label are based on the log2 ratio of median abundance. HC, healthy control group; COb, control
with obesity; PNCo, COVID-19 patients with no comorbidities; POb, COVID-19 patients with obesity only.

difference in the alpha diversity based on Shannon, Simpson, Chol,
and Abundance-based Coverage Estimator indexes [34]. In contrast,
some studies showed an increase in COVID-19-associated re-
spiratory tract microbiota diversity [32].

This study revealed that the abundance of specific taxa varied
between control and COVID-19 patients, and it identified bacterial
phyla of Proteobacteria predominantly in all groups, followed by
Actinobacteria, Firmicutes, and Bacteroidetes. However, the relative
abundance of Actinobacteria and Fusobacteria was significantly de-
creased in the COVID-19 patients compared with the healthy control
group. Previous studies in COVID-19 individuals showed a similar
general microbial composition from the NP site [ 16,17 |. However, the
relative abundance of those dominant phyla varied among the stu-
dies [17,28]. Consistent with our finding, Nardelli et al. reported a
reduction in Fusobacteria and Actinobacteria at all taxonomic levels,
and importantly of Corynebacterium in COVID-19 patients compared
with healthy controls [33,35]. Fusobacteria adhere to a wide range of
human cell types and may play a role in modulating the host's in-
flammatory response [33]. Previously, Fusobacterium periodonticum
was shown to have a negative correlation with severity of symptoms
in COVID-19 patients, suggesting a potential protective role of Fu-
sobacterium against SARS-CoV-2 [33]. Moreover, we found several
genera were differentially abundant between HC and PNCo groups
based on LEfSe; these genera included Sphingomonas, Kurthia, Mi-
crobacterium, Methylobacterium, Brevibacillus, Bacillus, Acinetobacter,
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Lactococcus, Haemophilus, Corynebacterium, Streptococcus, Law-
sonella, Gemella, Veillonella, and Rothia. Previous studies reported
differences in the respiratory microbiome between COVID-19 pa-
tients and healthy controls, but few changes are consistent across
studies [21]. From the review of COVID-19 studies, Merenstein et al.
found that the NP microbiome was dominated by Staphylococcus,
Corynebacterium, Streptococcus, Prevotella, and Veillonella [21]. In
another study, the nasal microbiome of noninfected individuals
contained Streptococcus, Veillonella, Rothia, Prevotella, Haemophilus,
Neisseria, Stenotrophomonas, Leptotrichia, Fusobacterium, Acineto-
bacter, Alloprevotella, and Megasphaera, which are known to form the
upper respiratory microbial community and to modulate host re-
sponses against viral infections [8]. Gao and colleagues found higher
levels of the genera Halomonas, Granulicatella, Leptotrichia, and
Streptococcus in COVID-19 patients, and Neisseria, Prevotella, Allo-
prevotella, Fusobacterium, and Haemophilus were less prevalent [36].
A reduction in the relative abundance of Corynebacterium was de-
tected in our COVID-19 patients. It is considered a commensal or-
ganism and may play a negative role in S. pneumoniae colonization,
as previously reported [37]. Recent studies have linked the de-
creased abundance of Corynebacterium to the severity of COVID-19
symptoms like anosmia and loss of smell [35,38]. Veillonella and
Gemella, which were identified relatively abundant in the control
group in this study, were previously reported as a commensal bac-
teria of NP and oral cavity [39,40]. Overall, several studies identified
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Table 1
Identification of multiple respiratory pathogens in the nasopharyngeal swab samples
by RT-PCR.

HC COb
(n=14) (n=8)

K. pneumoniae 11 3
K. pneumoniae 1 2
S. aureus
K. pneumoniae 1
S.
pneumoniae
K. pneumoniae 1 1
H. influenzae
K. pneumoniae 1 1 1 1
M. catarrhalis
K. pneumoniae 1
P. jirovecii
K. pneumoniae 1
S. aureus
M. catarrhalis
K. pneumoniae 1
S. aureus
Salmonella
spp.
K. pneumoniae 1
S.
pneumoniae
Salmonella
spp.
K. pneumoniae 1
S.
pneumoniae
H. influenzae
K. pneumoniae 1
S. aureus
M. catarrhalis
H. influenzae
K. pneumoniae 1
S. aureus
L
pneumophila/
L

PNCo PCo POb PAb

(n=34) (n=24) (n=14) (n=13)

24 12 9 5
4 6 1 3

Pathogens

longbeachae
P. jirovecii
K. pneumoniae 1
Human
adenovirus
K. pneumoniae 1
Human
rhinovirus
K. pneumoniae, 1
Enterovirus
K. pneumonia, S. 1
aureus
HPIV 1

HC, healthy control; COb, control with obesity; PNCo, COVID-19 patients with no
comorbidities; POb, COVID-19 patients with obesity only; PCo, COVID-19 patients
with other comorbidities; PAb, COVID-19 patients with antibiotic use; HPIV 1, human
parainfluenza virus 1.

taxa that were differentially abundant in COVID-19, but it was dif-
ficult to find any single taxa or microbiome metric that was con-
sistently altered across multiple studies [21,29,31,41]. Several factors
might contribute to the observed differences in the taxa identified
between COVID-19 patients and control individuals, such as the
severity of the disease, subject inclusion criteria, variation in the
individual respiratory microbiome, and environmental factors based
on geographical locations, among others. In particular, the effects of
comorbidities and antibiotic use in the context of COVID-19 have
been neglected in many studies, hindering direct comparisons be-
tween them.

Clinical outcomes of COVID-19 are associated with the presence
of comorbidities (type 2 diabetes, obesity, and cardiovascular dis-
eases) that may also contribute to alteration of the NP microbiota
[28,42]. Previously, it was demonstrated that not only gut microbiota
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changed with obesity, but nasal and oral microbiota also varied in
individuals with obesity relative to healthy individuals [15,43]. Our
study extends these findings by showing that an increased number
of genera were significantly different in terms of relative abundance
between healthy control and COVID-19 patients with obesity com-
pared with control group with obesity. However, no significant dif-
ference was noticed in the NP bacterial community between healthy
and obese subjects negative for SARS-CoV-2, which suggests that the
NP microbiota alteration was enhanced in COVID-19 with obesity.
Previously, obesity was associated with increased production of in-
flammatory molecules in COVID-19 patients, which may have in-
fluenced the NP microbiome among obese COVID-19 patients [13].
Fiazo et al. demonstrated reduced effectiveness of the COVID-19
vaccine in inducing protective humoral immunity among obese
subjects [44].

It is well-known that commensal bacteria play an imperative role
in host immunity; however, during dysbiosis, impaired host im-
munity, and breakdown of the local epithelial barrier in response to
COVID-19, some of these commensal bacteria can become oppor-
tunistic pathogens that may lead to secondary infection [11,45]. We
identified 20 genera from 16 S amplicon sequencing, such as Acine-
tobacter, Microbacterium, Stenotrophomonas, Streptococcus, and
Pseudomonas, which include pathogenic bacteria in the healthy
control and COVID-19 patients; however, most of these bacteria had
a relatively minor abundance. Moreover, respiratory bacterial pa-
thogens of S. aureus, S. pneumoniae, H. influenzae, Legionella pneu-
mophila/Legionella longbeachae, M. catarrhalis, and Salmonella
species, along with P. jirovecii fungal species, were detected mainly
in the COVID-19 patients based on the RT-PCR assays that were able
to detect 33 respiratory pathogens. The pathobionts identified in
COVID-19 patients are consistent with literature implicating some of
these opportunistic pathogens in respiratory virus infection severity
and could lead to secondary infections [8,10,28]. Vijay et al. isolated
in high abundance of K. pneumoniae followed by Acinetobacter bau-
mannii and found relatively high mortality among patients who
developed secondary infections in admitted COVID-19 patients [46].
In this study, K. pneumoniae was commonly found in most of the
samples from the control and COVID-19 patients. The detection of K.
pneumoniae at a high abundance in both patient and control groups
suggested NP colonization of K. pneumoniae in the local population.
Consistent with our study, S. aureus, S. pneumoniae, H. influenzae, and
M. catarrhalis, which commonly cause pneumonia, were frequently
found in COVID-19 patients [47]. Secondary bacterial pneumonia
caused by these pathogens can lead to severe and fatal diseases in
COVID-19 patients with pre-existing comorbidities, as reported
previously [47].

The prevalence of P. jirovecii fungal pathogen in our samples was
low compared to previous studies that found 26-33 % fungal infec-
tion in ICU patients [48,49]. However, it is important to pay close
attention to fungus co-infection because of the high risk of mortality.
Consistent with our finding, viruses other than SARS-CoV-2, such as
influenza A/B, human metapneumovirus, Parainfluenza, Enterovirus,
Rhinovirus, and Adenovirus, have also been detected in the re-
spiratory tracts of COVID-19 patients, but they are rare [50]. Zhang
et al, from metatranscriptomic analysis of the COVID-19 cohort,
detected 16 different microorganisms, the most prevalent being
human alpha-herpesvirus 1 and Candida albicans, along with eight
other viral pathogens, including human influenza virus and re-
spiratory syncytial virus [51]. Overall, several respiratory pathogens
have been identified in infected individuals, which indicates that
SARS-CoV-2 infection leads to the presence of microbial pathogens
that may result in secondary infections. So, the potential for pre-
venting and treating secondary infections is suggested in managing
COVID-19. A relatively small sample size of the control groups
compared to COVID-19 patients is a limitation of the study. However,
the data was normalized and statistical analysis was performed to
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overcome this limitation including dividing the COVID-19 patients
into groups based on clinical data of the patients.

Conclusion

This study provides insight into the systematic analysis of NP
bacterial community composition in the Saudi Arabian population
and alternation in the specific taxa with COVID-19 infection and
obesity. Our data suggest that in contrast to high-level dysbiosis in
NP bacterial communities with SAR-CoV-2 infection, specific taxa
such as Lawsonella, Cutibacterium, Corynebacterium, Gemella,
Haemophilus, Fusobacterium, Raoultella, and Veillonella were differ-
entially abundant between healthy control and COVID-19 patients
only. Obesity altered the abundance of several genera in COVID-19
patients compared with healthy control subjects. This study identi-
fied several pathogenic and opportunistic pathogenic bacteria,
viruses, and fungi in COVID-19 patients. Together with other reports,
these findings reinforce the risk of secondary infection in COVID-19
cases and point to the importance of screening patients for other
respiratory pathogens to prescribe more precisely targeted anti-
biotics.
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