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Abstract

Continuous emergence of new severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) variants may influence viral transmission dynamics and alter interactions with the
respiratory microbiota, potentially increasing the risks of reinfection. This study
investigated cases of coronavirus disease 2019 (COVID-19) reinfection in West Java,
Indonesia, with the aim of identifying the SARS-CoV-2 variants involved, characterizing
their genomic mutations, and profiling the nasal and oropharyngeal microbiota associated
with reinfection. Naso-oropharyngeal swab samples were collected from 42 COVID-19
reinfection cases and nine new infection cases. Whole genome sequencing was performed
using Oxford Nanopore Technologies (ONT) MinION MkiC and variant analysis was
conducted using ARTIC workflow. Nexstrain and PANGOLIN were used to determine the
lineages. Phylogenetic trees were constructed using IQ-tree and FigTree. Key mutations
were identified by Cov-GLUE. Additionally, 16s rRNA amplicon sequencing was
conducted on nine samples from each group to analyze bacterial communities using
EPI2ME and MicrobiomeAnalyst. All identified SARS-CoV-2 strains in this study were
Delta variant (B.1.617.2), predominantly lineage AY.23 (n=46, 90%), followed by AY.24
(n=3) and AY.109 (n=2). No differences in SARS-CoV-2 lineages were observed between
reinfection and new infection cases. Unique hotspot mutations found only in COVID-19
reinfections included NSP3, V220A, S_T676I, ORFya_V82A, and ORFya_TI20l.
Bacterial community analysis revealed no significant diversity differences (alpha and
beta) between the two groups. While the most dominant phylum remained Terrabacteria
in both groups, Streptococcus was dominant in COVID-19 reinfections, whereas
Prevotella was dominant in new infection cases. Notably, Haemophilus parainfluenzae,
Fusobacterium periodonticum, Fusobacterium nucleatum, and Leptotrichia buccalis had
significant increases in reinfection cases. Despite the similarity in SARS-CoV-2 lineages
causing both COVID-19 reinfection and new infection cases, the presence of distinct key
mutations and bacterial species suggest their potential as biomarkers within this group.
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Introduction

Coronavirus disease 2019 (COVID-19) is a pneumonia-causing illness caused by the severe acute

respiratory syndrome coronavirus 2 (SARS-CoV-2), which spreads through droplets and aerosols
[1]. This virus has a positive single-stranded RNA genome (+ssRNA) and at the 5' end, it contains
16 nonstructural proteins (nsPs), while at the 3' end, it encodes four structural proteins: envelope
(E), nucleocapsid (N), membrane (M), and spike (S) [2]. The S protein binds the viral envelope
to host cells, the N protein forms the nucleocapsid, the M protein contributes to virus assembly
during viral replication, while the E protein plays a role in virus production and maturation [3].
To date, the rate of virus evolution continues to increase, resulting in the emergence of several
new variants that can impact the virus's transmission and spread [4].

SARS-CoV-2 has led to millions of new infections globally. However, a concerning
phenomenon emerges when individuals who have previously recovered become infected again, a
situation known as reinfection [5]. The criteria for identifying suspected SARS-CoV-2 reinfection
encompass instances where the detection of SARS-CoV-2 RNA (Ct<33) occurs within 9o days
after the initial detection, either presenting with symptoms or as asymptomatic cases [6].
Additionally, reinfection is considered when SARS-CoV-2 RNA reappears between 45 and 89
days, accompanied by relevant symptoms or close contact with a confirmed COVID-19 case [6].
Detecting SARS-CoV-2 reinfection currently hinges on molecular assessments of the virus at two
distinct time points, alongside analysis of viral genetic sequencing data. This determination is
influenced by factors such as higher viral exposure or the presence of two infections with different
lineages and mutations within the viral genome [7,8].

In addition to the SARS-CoV-2 variants that can influence the severity of COVID-19, there
have been reported cases of coinfection stemming from the identification of bacterial
communities in patients. This condition entails the simultaneous occurrence of viral and bacterial
infections, thereby exacerbating the disease burden on patients [9]. These microorganisms
colonize the nasopharyngeal and oropharyngeal areas and can consequently impact viral
infectivity. Despite the extensive documentation of clinical and epidemiological aspects of
COVID-19, research concerning the bacterial communities present in COVID-19 patients,
particularly in cases of reinfection, remains limited [10]. Prior investigations have indicated that
predominant phyla in SARS-CoV-2 positive patients encompass Proteobacteria, Actinobacteria,
and Firmicutes, while the most commonly identified genera include Prevotella, followed by
Leptotrichia and Streptococcus [12,13].

Next-generation sequencing is widely employed to characterize the entire genome sequences
of SARS-CoV-2, along with their associated epidemiological data. This approach facilitates the
investigation of viral diversity, transmission pathways, and potential mutations [14].
Additionally, the application of 16S rRNA amplicon sequencing aids in the identification of
bacterial communities by assessing the abundance of these communities. These techniques
subsequently provide insights into the composition of the respiratory microbiome and its
potential link to coinfections that might impact the prognosis of SARS-CoV-2 infections [15]. The
aim of this study was to determine the lineages and key mutations of SARS-CoV-2 and profile the
bacterial communities in nasopharyngeal and oropharyngeal swab samples collected from
COVID-19 reinfected patients in West Java, Indonesia.

Methods

Clinical samples

A total of 51 naso-oropharyngeal swabs were collected from COVID-19 patients who had been
tested positive. The samples were divided into reinfection cases (n=42) and newly infected cases
(n=9). The sample collection was carried out by the West Java Regional Health Laboratory,
Ministry of Health, between March and June 2021, during the second wave of the COVID-19
pandemic in Indonesia.

Whole genome sequencing of SARS-CoV-2
RNA extraction, cDNA synthesis and amplification

SARS-CoV-2 RNA isolation was performed using the Viral Nucleic Acid Extraction Kit II
(Geneaid, New Taipei City, Taiwan) following the manufacturer’s instructions. All procedures
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were conducted at the Biosafety Level 3 Laboratory, National Research and Innovation Agency of
Indonesia (BRIN), Cibinong, Indonesia.

Complementary DNA (¢cDNA) synthesis was achieved using the LunaScript RT SuperMix kit
(New England Biolabs, Ipswich, USA), followed by amplification using nCoV-2019/V3 primers.
Coverage of the #74 amplicon in the pool B reaction was ensured by the addition of a specific
primer pair. PCR amplification was carried out under the following conditions: initial
denaturation at 98°C for 30 seconds, followed by 30 cycles of denaturation at 98°C for 15 seconds
and annealing/extension at 65°C for 5 minutes. Samples exhibiting distinct and intense DNA
bands during electrophoresis were selected for subsequent whole genome sequencing.

Library preparation for whole genome sequencing

The genome library was prepared following the ARTIC nCoV-2019 sequencing protocol V3 [16],
using the Oxford Nanopore Technologies (ONT) Ligation Sequencing Kit (Oxford Nanopore
Technologies, Oxford, UK). PCR and nuclease-free water (NFW) volumes were adjusted
according to Qubit (Thermo Fisher Scientific, Waltham, USA) quantification results to achieve a
final concentration of 100 ng/uL. Native barcoding was performed using the ONT Native
Barcoding Expansion Kit 1—24 (Oxford Nanopore Technologies, Oxford, UK). Up to 24 samples,
which included a negative control, were individually barcoded, pooled, and subjected to solid-
phase reversible immobilization (SPRI) bead-based purification (1:1). Following barcoding,
adapter ligation was carried out using the Adapter Mix II (AMII) ONT(Oxford Nanopore
Technologies, Oxford, UK) and T4 DNA ligase (New England Biolabs, Ipswich, USA).
Approximately 15—20 ng of the final library was then loaded onto an ONT MinION MkiB/Mk1C
sequencer for sequencing.

Sequencing and genome analysis

The sequencing run was executed using the MinKNOW software (v20.06.4) (Oxford Nanopore
Technologies, Oxford, UK) and was monitored through the RAMPART (v2.1.0) (The Genome
Analysis Center (TGAC), Norwich, UK). Basecalling, which involved obtaining FASTQ files, was
conducted using Guppy (v4.0.14) (Oxford Nanopore Technologies, Oxford, UK) with HAC mode.
Variant calling and the subsequent generation of a consensus SARS-CoV-2 sequence was
accomplished using Medaka (v1.0.3) workflows (Oxford Nanopore Technologies, Oxford, UK) in
conjunction with beftools (v1.10.2) (the Samtools project and is primarily associated with the city
of Oxford, UK).

To determine the lineages of the 51 SARS-CoV-2 genomes, The Phylogenetic Assignment of
Named Global Outbreak Lineages PANGOLIN v3.1.16 (the Centre for Genomic Pathogen
Surveillance, Cambridge, UK) and Nexstrain were utilized. The construction of the phylogenetic
tree was carried out using IQ-TREE (GNU General Public License), followed by visualization
using FigTree (Evomics, Ballwin, USA).

16S rRNA amplicon sequencing

DNA extraction and amplification

The DNA isolation process for the selected samples (reinfection n=9 and newly infected n=9) was
conducted using the QIAamp DNA Mini Kit (Qiagen, Aarhus, Denmark). ZymoBIOMICS
Microbial Community Standards were employed as positive controls (ZymoResearch, USA).
Amplification was carried out using the Q5 Hot Start Master Mix (New England Biolabs, Ipswich,
USA), utilizing primers 27F and 1492 R with the following PCR conditions: initial denaturation
at 98°C for 5 mins, followed by 35 cycles of denaturation at 94°C for 1 min, annealing at 55°C for
1 min, and extension at 72°C for 1 min, with a final extension at 72°C for 5 mins. Samples
displaying a clear DNA band with an amplicon size of approximately 1,500 bp were selected for
subsequent library preparation.

Library preparation for 16S rRNA sequencing

Library preparation was performed using the 16S barcoding kit 1—24 (SQK-16S024) (Oxford
Nanopore Technologies ONT, Oxford, UK). Each sample with a minimum DNA concentration of
10 ng/uL was processed. The thermal cycler was programmed with the following temperature
cycles: initial denaturation at 95°C for 1 min, followed by 25 cycles of denaturation at 95°C for 20
seconds, annealing at 55°C for 30 secs, and extension at 65°C for 2 mins, with a final extension at
65°C for 5 minutes.
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Following the amplification, samples were subjected to purification using AMPure XP beads
(Beckman Coulter Life Sciences, California, USA). An incubation step at room temperature with
gentle mixing using a hula mixer (Thermo Fisher Scientific, Waltham, USA) for 5 mins was
performed, after which Qubit quantification was conducted. The Qubit results were then utilized
to determine the DNA volume to be pooled from each sample tube. To this pooled microtube, 1 ul
of RAP (Rapid Adapter) was added, and the mixture could be directly used or stored at 4°C.

Sequencing and statistical analysis

The 16S rRNA sequencing was conducted using the MinION Mkib/Mkic sequencer (Oxford
Nanopore Technologies ONT, Oxford, UK, and the sequencing run was executed using the
MinKNOW software (v20.06.4) (Oxford Nanopore Technologies ONT, Oxford, UK. Analysis of
the obtained genomic data was performed using the EPI2ME labs workflow (Oxford Nanopore
Technologies ONT, Oxford, UK. Statistical analysis was subsequently conducted using
MicrobiomeAnalyst (microbiomeanalyst.ca).

Results

Variations of lineages from reinfection patients

Analysis of the SARS-CoV-2 variants in this study involved 51 samples of nasopharyngeal and
oropharyngeal swabs collected from reinfected patients and new cases who had been tested
positive for COVID-19. These samples were collected between March and June 2021. The
amplification of the SARS-CoV-2 genome was conducted using nCoV-2019/V3 primers, resulting
in a 400 bp amplicon that covered a genome length of 28,999—29,782 bp.

All 42 samples exhibiting re-infection were subjected to PANGOLIN-based phylogenetic
classification. As a result, 42 sequenced genomes were categorized as Delta variant B.1.617.2
(India), including lineages AY.23 (n=37, 88%), AY.24 (n=3, 7.14%), and AY.109 (n=2, 4.77%).
Conversely, among the nine new infection samples (n=9), all belonged to the AY.23 lineage. The
phylogenetic tree encompassing all the viruses was constructed utilizing IQ-TREE, with the
visualization presented in Figure 1.

Overall, the distribution of lineages did not exhibit significant differences between
reinfection and non-reinfection cases, as well as across different genders and age groups. In the
reinfection group, the predominant lineage was AY.23, accounting for 96% in females and 82%
in males, as compared to lineages AY.24 and AY.109 (Figure 2A and 2B). Similarly, in terms of
age categories, the dominance of lineage AY.23 was observed, encompassing over 50% of both
the young adult (20—34 years) and adult (35—60 years) samples.

Mutation analysis

The highest number of mutations observed were in the S protein in both reinfection (58/240,
24%) and non-reinfection cases, (63/239, 26%), followed by NSP3 and N (Figure 3A—3B).
Notably, among the sequenced viruses, a total of 18 carried mutations in the S protein, including
T19R, L452R, T478K, D614G, P81R, D950N, V1264L, T6761, and S680F. Moreover, amino acid
alterations were also identified in genes not encoding the S protein. These encompassed N, NSP2,
NSP3, NSP4, NSP6, NSP12, NSP13, NSP14, ORF3a, M, Orfya, ORF7b, and N. Distinct hotspot
mutations exclusive to reinfection cases comprised NSP3_V220A, S_T6761, ORFya_V82A, and
ORFya_TI20I (Figure 4).

Bacterial diversity

Among the 18 samples used for 16S rRNA sequencing, nine were from reinfected patients and
nine from new COVID-19 patients; seven patients were male and 11 were female. In this study,
alpha diversity was assessed using the Shannon index and compared across groups with statistical
tests (T-test/ANOVA). No significant differences in alpha diversity were observed by type of
infection (reinfected vs new COVID-19) (p=0.212), age (young group (20—34 years) vs the adult

group (35—60 years) (p=0.853), or gender (p=0.599) (Figure 5).
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Figure 1. Phylogenetic tree of 42 genomes using Alpha variant as outgroup.
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Furthermore, beta diversity analysis was performed using the Bray-Curtis index, visualized
through Principal Coordinates Analysis (PCoA), and assessed through the PERMANOVA
statistical method. Beta diversity evaluation characterizes the species diversity between two
communities. The analysis revealed that the beta diversity of the bacterial community in
reinfection cases did not differ significantly from that in non-reinfection cases. Likewise, no
significant differences were observed when samples were stratified by gender (male vs female) or
age group (20—34 years vs 35—60 years) (p>0.05) (Figure 6).
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Relative abundance analysis

At the phylum level, the predominant bacterial composition in the reinfection group
encompassed Terrabacteria (52%), Bacteroidetes (27%), Proteobacteria (12%), and
Fusobacteria (12%). This contrasted with the microbiota in non-reinfection COVID-19 cases,
where those phyla constituted 55%, 30%, 7%, and 7%, respectively (Figure 7A). When analyzing
the genus level, the dominant genus in both the reinfection and non-reinfection categories was
Streptococcus (22% and 16%), followed by Prevotella (17% and 23%) (Figure 7B).
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Figure 7. Analysis of bacterial abundance in reinfected and non-reinfected COVID-19 cases. (A)
Relative abundance of phylum levels between reinfected and non-reinfected cases. (B) Relative
abundance of genus level between reinfected and non-reinfected cases.

Through core Microbiome Analysis, several species emerged as dominant across both
groups, including Prevotella veroralis, Veillonella dispar, Veillonella parvula, Streptococcus
pneumoniae, and Corynebacterium accolens (Figure 8). At the genus level, several bacteria had
higher abundance in reinfection cases, including Streptococcus (sample code of WGS 115),
Haemophilus (WGS 153), Corynebacterium (WGS 030), and Propionibacterium (WGS 030).
Conversely, other samples (WGS 050, WGS 052, WGS 054, WGS 060, and WGS 097) had a
significantly higher proportion of Prevotella, Veillonella, and Streptococcus. In the non-
reinfected samples, Corynebacterium was dominant in WGS 113, Staphylococcus in WGS 076,
and Streptococcus and Haemophilus in WGS 164 (Figure 9A).

Upon comparing age and gender categories, this study revealed that the abundance of the
genus Corynebacterium and Staphylococcus increased in female samples within the age range of
20—34 years. For male samples within the same age range, Streptococcus was dominant.
Furthermore, for female samples within the adult group of 35-60 years, Haemophilus emerged
as the dominant genus (Figure 9B).
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Figure 8. Care microbiome analysis based on relative abundance and sample prevalence of
bacteria OTUs (Operational Taxonomic Units) group by species from reinfection and non-
reinfection COVID-19 patients.

The MetagenomSeq analysis revealed that several species were significantly (p<0.05) more
abundant in reinfection cases, such as Haemophilus parainfluenzae, Fusobacterium
periodonticum, Fusobacterium nucleatum, Leptotrichia buccalis mitis, Streptococcus
pneumoniae, Streptococcus pseudopneumontiae, and Prevotella denticola (Figure 11—12). In
the male group, five species, including Prevotella jejuni, Prevotella melaninogenica, Prevotella
veroralis, Veillonella atypica, and Leptotrichia wadei were significantly abundant compared to
the female patients (p<0.05). Conversely, three species, Streptococcus parasanguinis,
Streptococcus oralis, and Corynebacterium pseudodiphtheriticum were significantly more
abundant in the female patients compared to the male patients (Figure 13—14).
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Discussion

Our research sought to characterize samples collected from COVID-19 reinfected patients in the
West Java region using nanopore sequencing, yielding several noteworthy observations. Firstly,
we examined the variants prevalent among the reinfected patients, revealing a marked
predominance of the Delta variant. Secondly, we observed the mutations that manifested in
SARS-CoV-2 genome. Lastly, we investigated the bacterial communities present within reinfected
patients. These findings may have implications for COVID-19 transmissibility and are pertinent
to the investigation of suspected reinfection cases [17].

Indonesia has been witnessing the prominence of various variants, including the Delta
variant (B.1.671.2), Alpha variant (B.1.1.7), and the locally identified variant with lineages
B.1.466.2 (WHO). Notably, during a four-month span of Delta variant outbreak in Indonesia, it
was noteworthy that the lineage AY.23 emerged as the most dominant among Delta variants. This
was subsequently followed by the AY.24 lineage, exerting an influence on the variant's prevalence
during the outbreak period [18].

Our study, conducted using samples gathered between March and June 2021, underscores
that the Delta variant predominantly existed with lineages AY.23, AY.24, and AY.109 (Figure 1).
A resemblance can be drawn with a case in the United States (US) wherein, in April, the Delta
variant accounted for a mere 0.1% of cases. This percentage surged to 1.3% in early May and
remarkably soared to 20.6% in the subsequent month [18].

Furthermore, this comprehensive whole genome sequencing procedure assumes a vital role
in tracking the emergence of mutations that may give rise to new variants, potentially amplifying
virus transmissibility [17,20]. The Delta variant, marked by a notable mutation in the spike
protein (S), perturbs the protein's ability to bind to the ACE-2 receptor in humans, a mechanism
underpinning the rapid transmission capability of this variant [19].

Our study's findings underscore that in both reinfected and non-reinfected patients, the
most prominent mutations were evident within the spike protein (S), followed by the NSP3 and
Nucleocapsid protein (N) (Figure 3A and 3B). Several pivotal mutations exist within distinct
variants; the Delta variant, for instance, presents nine amino acid mutations within its spike
protein (S), consequently impacting SARS-CoV-2 transmission dynamics, pathogenicity, and
immunity [21]. Nonetheless, there remains a dearth of research regarding key mutations linked
to reinfection cases. Therefore, our study's results unveil specific mutations exclusively present
in certain reinfected samples when juxtaposed with non-reinfected patients. These include
NSP3_V220A, S_T6761, ORF7a_V82A, and ORF7a_Ti120I (Figure 4).

Alpha diversity analysis, employed to assess the abundance of species and their distribution
within a sample, provides insight into the overall species richness [22]. Our analysis results
indicated that the obtained diversity levels exhibited relatively minor disparities across the
reinfected and non-reinfected patient groups, as well as gender and age categories. This lack of
significant differences between the observed groups is evident (p>0.05) (Figure 5). In a parallel
study, similar Alpha diversity analysis was conducted, utilizing the Chao1, Shannon, and Simpson
indices to juxtapose bacterial diversity between COVID-19 patients and controls. The outcome
showcased a lack of statistical variance among all indices [23].

Generally, based on eta diversity analysis, an analogous trend emerges with no substantial
differences noted (p>0.05). However, when segmenting the data according to age and gender
categories, several samples were clustered differently from others (Figure 6). This observation
underscores that samples positioned in close proximity exhibit greater similarity in their bacterial
community composition [22].

In this investigation, the presence of SARS-CoV-2 infection did not exhibit a correlation
with the relative abundance of bacterial communities present within the nasopharyngeal and
oropharyngeal swabs of reinfected and non-reinfected patients. This outcome emerged from the
observation of a shared dominance of the Terrabacteria phylum (52%; 55%) in both cases
(Figure 7A). Similarly, the genera with the highest prevalence were Streptococcus (22%; 16%)
and Prevotella (17%; 23%) (Figure 7B).

In a broader context, the most prevalent genus found among operational taxonomic units
(OTUs) in COVID-19-positive patients is Prevotella, a common constituent of the oropharyngeal
microflora frequently detected in cases of influenza. Overexpression of Prevotella may pose viral
infections with higher clinical severity [24,25]. Furthermore, the outcomes of the
MicrobiomeAnalyst analysis accentuate that among the entire sample set, Prevotella veroralis,
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Veillonella dispar, and Veillonella parvula hold the highest prevalence. Meanwhile,
Streptococcus pneumoniae and Corynebacterium accolens exhibit the highest abundance
(Figure 9). These bacterial species are part of the normal upper respiratory tract microbiota and
are predominantly found in saliva. However, they can trigger pneumonia among adults [25, 26,
27].

In comparison to healthy individuals, patients with underlying comorbidities linked to
COVID-19 are at an elevated risk of suspected reinfection and are characterized by distinct genera
associations. Among these, Streptococcus stands out, as it is frequently encountered in COVID-
19 patients and exhibits a correlation with acute respiratory viral infections. Additionally, the
presence of Staphylococcus, Corynebacterium, and Haemophilus genera has been linked to
symptomatic manifestations in patients [25,28] (Figure 10 and 11). Furthermore, a
metagenomSeq analysis pinpointed four species that yielded significantly heightened values:
Haemophilus parainfluenzae, Fusobacterium periodonticum, Fusobacterium nucleatum, and
Leptotrichia buccalis (Figure 10).

Among these, Haemophilus parainfluenzae and Leptotrichia buccalis are organisms
naturally inhabiting the human upper respiratory tract, and their coinfection with COVID-19 can
potentially exacerbate the patient's condition [29, 30]. Moreover, Fusobacterium spp., an oral
bacterium, has been linked to SARS-CoV-2. This bacterium is implicated in the process of
sialylation on cell surfaces, thereby serving as an alternative receptor for SARS-CoV-2 and
influencing COVID-19 infection dynamics, potentially including the occurrence of reinfection [31,
32].

Furthermore, beyond comorbidities, various other risk factors have been documented to
influence the outcomes for COVID-19 patients, including age and gender. Specifically, when
considering the young age group, two species—Fusobacterium periodonticum and
Fusobacterium nucleatum—were notably elevated. Conversely, within the adult age group, five
species emerged: H. influenzae, Streptococcus mitis, S. pneumoniae, S. pseudopneumoniae, and
Prevotella denticola (Figure 11 and 12).

This insight underlines the potential for age to reshape the relationship between specific
bacterial taxa and SARS-CoV-2 infection [33]. The microorganisms identified in the older age
group are often associated with respiratory disorders, including pneumonia. As humans age, their
resistance to bacterial infections may wane, potentially leading to susceptibility to bacterial
intrusion, protracted COVID-19 experiences, and even triggering scenarios of suspected
reinfection [15, 26, 27].

Moving forward, our analysis examine into distinct male and female cohorts, uncovering
several notable species. This finding underscores that both genders possess susceptibility to
bacterial dysbiosis. In the male group, we identified five species that exhibited significant
elevation: Prevotella jejuni, P. melaninogenica, P. veroralis, Veillonella atypica, and
Leptotrichia wadei. The prevalence of these bacteria is often higher among men, potentially due
to habits such as tobacco and alcohol consumption. For instance, L. wadei, detected in our
results, is frequently isolated from the dental plaque of smokers [34].

Conversely, women's emphasis on dental and oral health contributed to the identification of
only three species—Streptococcus parasanguinis, S. oralis, and Corynebacterium
pseudodiphtheriticum (Figure 13 and 14). Notably, the presence of oral microbes, including S.
parasanguinis and S. oralis were able to trigger an augmented cytokine response, potentially
impacting lung immune homeostasis [35].

Moreover, numerous bacteria originating from the oral cavity have emerged. This
phenomenon can be attributed to the oral environment, which offers a conducive setting for
diverse microorganism growth [36]. As such, oral coinfection scenarios may arise, facilitated by
the presence of the ACE2 receptor within tongue cells and oral epithelial cells [25]. Remarkably,
despite the absence of existing reports detailing coinfection events in conjunction with COVID-
19 reinfection cases, this study serves as a valuable guide for future investigations in this domain.

Nevertheless, our study does possess certain limitations. The sample size remains relatively
small, and the absence of metadata for the initial infection, as well as comprehensive patient
metadata, hampers our ability to ascertain patient lifestyles and underlying comorbidities.
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Conclusion

Our observations reveal a lack of disparities in SARS-CoV-2 lineages between reinfection and
non-reinfection cases, as well as within age and gender classifications. Despite both COVID-19
reinfection and new infection instances stemming from comparable SARS-CoV-2 lineages,
noteworthy key mutations and distinct bacterial species potentially serve as biomarkers within
both groups. This emphasizes the complex interaction between viral and bacterial communities
that could contribute to the course of COVID-19 infections.
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