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Introduction

COVID-19 is an acute respiratory disease caused by a novel 
severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2). In the winter of 2019, coronavirus disease (COVID-
19) first emerged in Wuhan, China, and has rapidly spread 
to become a global health crisis resulting in a pandemic.1 At 
the worldwide level, increases in the number of new cases 
and deaths were reported to the World Health Organization 
(WHO), with more than 546 million confirmed cases and 
over 6.3 million deaths recorded (https://www.who.int/

publications/m/item/weekly-epidemiological-update-on-
covid-19—6-july-2022). It generally manifests as an asymp-
tomatic infection or mild respiratory symptoms. However, 
it can develop into severe pneumonia leading to death in 
those over 60 years old or those who have comorbidities. 
Currently, the treatments for COVID-19 are based on symp-
tomatic and supportive treatments.2

Recent studies have reported the detection of SARS-
CoV-2 in saliva and the viral transmission via saliva 
droplets and potentially aerosols.3 Therefore, the oral cav-
ity might be an important reservoir of SARS-CoV-2 and 
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Abstract
The coronavirus (COVID-19) global pandemic has impacted the health of almost 
everyone, including changes in their salivary microbiota. Since 2019, there has 
been an increase in the number of new COVID-19 cases in Thailand. Therefore, 
COVID-19 active case finding is important for early detection and epidemic 
control. Moreover, the dynamic changes of salivary bacteriome in asymptomatic 
COVID-19 cases are largely unknown. This research aimed to investigate and 
compare the salivary bacteriome and the co-infectious bacterial pathogens in 
the asymptomatic COVID-19 positive group to the negative group, based on 
novel nanopore sequencing. This cohort was a cross-sectional study including 
saliva samples collected from 82 asymptomatic participants (39 COVID-19 
positive and 43 COVID-19 negative cases). All samples were sequenced for 
the full-length bacterial 16S rDNA. The alpha and beta diversity analyses were 
not significantly different between groups. The three major species in salivary 
bacteriome including Veillonella parvula, Streptococcus mitis, and Prevotella 
melaninogenica were observed in both groups. Interestingly, Lautropia mirabilis 
was a significantly enriched species in the saliva of the asymptomatic COVID-
19-positive cases based on linear discriminant analysis effect size (LEfSe) 
analysis. The results suggested that L. mirabilis was a co-infectious agent in the 
asymptomatic COVID-19 group. However, the potential role of L. mirabilis should 
be validated in further experimental studies.
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Impact Statement

To date, there is little data on the association of 
salivary bacteriome in asymptomatic COVID-19 
cases. In previous studies, the salivary bacteri-
ome in COVID-19 patients was classified based 
on short-read sequencing which limits bacterial 
classification at the genus level. These problems 
can be improved within this study using long-read 
nanopore sequencing. The full-length 16S rDNA of 
salivary bacteriome in the asymptomatic COVID-19 
groups were successfully sequenced and then clas-
sified into bacterial species. Lautropia mirabilis was 
significantly increased in the asymptomatic COVID-
19-positive group. This species was a respiratory 
pathogen found in HIV and cystic fibrosis patients 
and COVID-19 cases. In contrast, Kingella oralis 
and Granulicatella adiacens were found only in the 
negative group. They were oral commensal and did 
not cause disease in a healthy host. Our results 
demonstrated the association between salivary 
bacteriome and asymptomatic COVID-19, which 
might be helpful for prognosticating health status.
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infection site. Several microbial communities colonize the 
oral surfaces. The microbiota plays an important role in 
modulating human health through maintaining homeo-
stasis and the immune system.4 During respiratory viral 
infections, the host microbiome has been changed and 
associated with the viral infection or disease severity.5,6 
As represented in a previous report, the bacterial ecosys-
tem contributes to the onset of respiratory syncytial virus 
(RSV), avian influenza A virus (H7N9), and influenza A 
virus (IAV) infections.7–9

Several microecological studies on COVID-19 have sug-
gested that the microbial community plays an important 
role in COVID-19 and might serve as a new target of treat-
ment.10,11 The intestinal and airway microbiomes in COVID-
19 patients significantly changed in terms of richness and 
diversity. Recent reports showed that the proportion of ben-
eficial bacteria tends to decrease, while pathogenic bacteria 
tend to increase in the saliva of COVID-19 patients.12–14 The 
oral microbiome changes in patients with COVID-19 were 
recently studied in Chinese cases. The results revealed that 
the oral microbiome collected from tongue-coating samples 
was imbalanced in COVID-19 patients. Compared with the 
healthy group, the diversity of oral microbiome in COVID-
19 patients was significantly lower than those found in the 
control group. In addition, butyric acid–producing bacte-
ria decreased, and lipopolysaccharide-producing bacteria 
increased in the oral cavity of COVID-19 patients.13 Other 
studies reported that Fusobacterium periodonticum might 
promote susceptibility to COVID-19 infection.14 Similarly, 
the composition of oral microflora was changed in COVID-
19 patients, as shown in other reports.15,16 Oral dysbiosis 
is involved in periodontitis and systemic diseases, includ-
ing COVID-19. Moreover, oral dysbiosis potentially affects 
the severity of COVID-19.17,18 As the susceptibility to the 
SARS-CoV-2 viral infection differs from person to person, 
the characterization of the microbiome in COVID-19 patients 
will be useful for a better understanding of this and may 
also contribute to improving the prevention and treatment 
of COVID-19.

Currently, the Oxford nanopore third-generation sequenc-
ing represents a new and fast technology used to identify 
microbial profiling with high sensitivity and long-read data. 
For microbiome analysis, the Oxford nanopore platform 
can sequence the amplified full-length 16S rDNA gene with 
high accuracy and sensitivity.19 In addition, the long-read 16S 
rDNA also allows bacterial classification at the species level, 
which is usually unachievable by short-read sequencing.20 
This study aims to investigate the salivary bacteriome and 
potential co-infected bacterial pathogens in asymptomatic 
COVID-19 cases compared with negative cases using novel 
nanopore sequencing technology.

Materials and methods

Sample collections

Eighty-two participants were enrolled in this study between 
July and August 2021 from the COVID-19 active screening 
program.21 The Institutional Review Board of the Faculty of 
Medicine, Chulalongkorn University, approved this study 

(IRB No. 302/63). All participants complied with, and 
signed, the informed consent for the screening test. This 
study was conducted based on the practice of maintain-
ing the security and confidentiality of participant records. 
The identity and information were concealed by sample 
ID. Participants with informed consent self-collected their 
saliva (approximately 0.5 mL) via saliva collection kits fol-
lowing the manufacturer’s instruction. The saliva collec-
tion tube contained 0.5 mL of 2× DNA/RNA shield (Zymo 
Research, USA) for viral inactivation and nucleic acid sta-
bilization. All nucleic acids were extracted from 0.2 mL of 
saliva suspension within 24 h after saliva collection and 
stored at −80°C until use.

RT-qPCR

Using a quantitative reverse transcription polymerase chain 
reaction (RT-qPCR), the COVID-19-positive samples were 
identified by amplifying the SARS-CoV-2 nucleocapsid (N1) 
gene. The N1 primer-probe sets and thermal cycling were set 
up as in a previous report.22 Briefly, the RT-qPCR reaction 
mixture consisted of 1× Luna® Universal Probe qPCR Master 
Mix (New England Biolabs, USA), 7.5 U WarmStart® RTx 
Reverse Transcriptase (New England Biolabs, USA), 0.5 µM 
N1F primer (5′-GACCCCAAAATCAGCGAAAT-3′), 0.5 µM 
N1-R primer (5′-TCTGGTTACTGCCAGTTGAATCTG-3′), 
0.125 µM TaqMan probe (5′-FAM-ACCCCGCATTACGTT 
TGGTGGACC-BHQ1-3′), and 2.5 µL of extracted nucleic 
acid in the final volume of 10 µL. The reaction was run in 
the CFX96™ Real-Time PCR instrument (Bio-Rad, USA) 
using the thermal profile as follows: 55°C for 10 min, 95°C 
for 1 min, followed by 45 cycles of 95°C for 10 s, and 55°C for 
1 min. The cut-off cycle thresholds for positive samples were 
lower than 36.

Amplicon sequencing based on the MinION 
nanopore

The full-length bacterial 16S rDNA was amplified using  
the tailed primers: 5′-TTTCTGTTGGTGCTGATATTGCAGR 
GTTYGATYMTGGCTCAG-3′and 5′-ACTTGCCTGTCG 
CTCTATCTTCCGGYTACCTTGTTACGACTT-3′ modified 
from a previous study.20 The 20 µL PCR reaction consisted 
of 1× Phusion™ Plus buffer (Thermo Fisher Scientific, USA), 
0.2 mM dNTPs (Promega, USA), 0.25 µM each of forward and 
reverse primers, 0.2 µL of Phusion™ Plus DNA Polymerase 
(Thermo Fisher Scientific, USA), and 1 µL of the nucleic acid 
template. The PCR temperature cycling conditions were 
as follows: 98°C for 30 s, followed by 25 cycles of 98°C for 
10 s, 60°C for 10 s, 72°C for 45 s, and final extension at 72°C 
for 5 min. Then, the amplicons were barcoded by 5-cycle 
PCR using the barcode primers based on PCR Barcoding 
Expansion 1-96 (EXP-PBC096) kit (Oxford Nanopore 
Technologies, UK). The barcoded libraries were purified 
by QIAquick PCR Purification Kit (Qiagen, Germany). The 
purified libraries were measured using Quant-iT™ dsDNA 
HS Assay Kits (Invitrogen, USA) and then equimolarly 
pooled for multiplexing. The pooled library was purified 
by 0.5× Agencourt AMPure XP beads (Beckman Coulter, 
USA). After that, the library was subjected to end repair and 
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adaptor ligation steps using Ligation Sequencing Kit (SQK-
LSK109). Finally, the library was loaded onto the R10.3 flow 
cell and sequenced on the MinION Mk1C sequencer (Oxford 
Nanopore Technologies, UK).

Data analysis

The FAST5 data were base called by guppy basecaller v5.0.16 
(Oxford Nanopore Technologies, UK) with a super-accuracy 
model to generate the FASTQ files. The quality of reads was 
examined by MinIONQC.23 Then, FASTQ sequences were 
demultiplexed and adaptor-trimmed using porechop v0.2.4 
(https://github.com/rrwick/Porechop). The filtered reads 
were then clustered, polished, and taxonomically classi-
fied by NanoCLUST24 based on the reference sequences 
from SILVA database v138. The abundance and taxonomic 
assignment data were then converted into QIIME data  
format. The alpha and beta diversity were evaluated by the 
QIIME2 analysis plugin (QIIME2 v2021.2). The data were 
visualized and illustrated by MicrobiomeAnalyst.25 The 
differential abundance analysis was performed using linear 
discriminant analysis effect size (LEfSe) with P < 0.05 and 
Linear discriminant analysis (LDA) score > 2.26 Pairwise 
comparisons of eight species between groups were ana-
lyzed using the Mann–Whitney U test using GraphPad 
Prism 6 software.

Results

Study cohort

At the beginning of 2021, a coronavirus disease (COVID-19) 
outbreak occurred in Thailand, necessitating the COVID-19-
active screening program for early detection and epidemic 
management. Eighty-two asymptomatic participants were 
included in this study from July to August 2021. Of all the 
saliva samples, 39 (47.6%) asymptomatic cases were detected 
with SARS-CoV-2, comprising the asymptomatic COVID-19-
positive group. Meanwhile, 43 (52.4%) samples were found 
negative for this virus and represent the negative group. The 
average ages of the asymptomatic COVID-19 positive group 
and the negative group were 34.7 ± 12.4 and 36.2 ± 2.7 years, 
respectively (P = 0.450, t-test) as shown in Table 1. Moreover, 
the characteristics of all participants (N = 82) are presented in 
Supplementary Table 1.

Diversity of the salivary bacteriome

All samples were successfully sequenced with the full-
length bacterial 16S rDNA with a high-throughput nanopore 
sequencing. In total, 853,898 reads were obtained with the 
average reads per sample of 10,413. The average classified 
reads were 9730 reads per sample (93.4%), and the percent-
age of classified reads ranged from 87% to 98%, as shown in 
Supplementary Table 1. The rarefaction analysis showed ade-
quate sequencing depth for diversity for all the samples, as 
shown in Supplementary Figure 1. Alpha diversity compari-
sons between asymptomatic COVID-19 positive and negative 
groups, including richness and evenness analysis, showed 
no statistical differences (Mann–Whitney U test) in Shannon 

(P = 0.781) and Chao1 (P = 0.285) indexes as shown in Figure 
1(A) and (B). When comparing the microbial community 
compositions between asymptomatic COVID-19 positive 
and negative groups, we performed beta diversity analy-
ses using the Bray-Curtis cluster analysis index (Figure 2).  
The obtained result revealed that beta diversity analyses 
were not significantly distinguished between asymptomatic 
COVID-19 positive and negative groups (P = 0.71, permuta-
tional multivariate analysis of variance [PERMANOVA]).

Relative abundance of the salivary bacteriome

Microbial composition and relative abundance (%RA) of 
all samples were identified to characterize the oral bacte-
rial profiles in asymptomatic COVID-19 positive and nega-
tive groups. At the phylum level, the top three dominant 
bacteria in both groups were Firmicutes, Bacteroidota, and 
Proteobacteria (Figure 3(A)). The relative species abundance 
of salivary bacteriome in both groups is illustrated in Figure 
3(B). The result shows that Veillonella parvula, Streptococcus 
mitis, and Prevotella melaninogenica were the three most com-
mon species in the asymptomatic COVID-19 positive group 
(accounting for 23.8% of the community) and the negative 
group (accounting for 26.5% of the community).

Differential salivary bacteria between 
asymptomatic COVID-19 positive and  
negative groups

We accomplished the LEfSe analysis to distinguish the sig-
nificant salivary bacteriome in the asymptomatic COVID-19 
positive group in comparison with the negative group. The 
bar graph and cladogram of different taxonomic levels with 
LDA scores > 2 are presented in Figure 4(A) and (B), respec-
tively. The results show that the phylum Proteobacteria, 
class Gammaproteobacteria, order Burkholderiales, family 
Burkholderiaceae, genus Lautropia, and species Lautropia 
mirabilis were significantly dominant in the asymptomatic 
COVID-19-positive group, whereas multiple taxa were sig-
nificantly more abundant in the saliva of the COVID-19 
negative group. The enriched species which were found in 
this group included Granulicatella adiacens, Kingella oralis, 
Parvimonas micra, Dialister pneumosintes, Prevotella pleuritidis, 
Prevotella oris, and Dialister invisus.

Pairwise comparisons of relative species 
abundances between groups

The differential relative abundances of bacterial species 
were statistically compared between groups based on the 

Table 1.  Summary of study cohorts.

COVID-19 positive COVID-19 negative

N 39 43
Age (years) 34.7 ± 12.4 36.2 ± 2.7
Gender
  Female 16 (41%) 33 (77%)
  Male 23 (59%) 10 (23%)

https://github.com/rrwick/Porechop
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Figure 1.  Alpha diversity of salivary bacteriome in asymptomatic cases with positive versus negative COVID-19. Boxplots present the Shannon (A) and Chao1 (B) 
diversities of microbial communities in asymptomatic COVID-19 positive (pink) and negative (blue) groups. Mann–Whitney U test was used to compare statistically 
alpha diversity. (A color version of this figure is available in the online journal.)

Figure 2.  UniFrac beta diversity in asymptomatic cases with positive versus negative COVID-19. Multidimensional scaling plot from Principal Coordinates Analysis 
(PCoA) based on Bray–Curtis distances, indicating a clustering pattern among samples obtained from asymptomatic COVID-19 positive (pink) and negative (blue) 
groups. Permutational ANOVA (PERMANOVA) was used to compare the beta diversity. (A color version of this figure is available in the online journal.)
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Mann–Whitney U test (Figure 5). The proportion of L. mira-
bilis in the asymptomatic COVID-19 positive group was sig-
nificantly elevated compared to the negative group (P = 0.04). 
In contrast, the relative abundances of six species including 
P. oris, P. micra, D. pneumosintes, P. pleuritidis, K. oralis, and 

G. adiacens in the asymptomatic COVID-19 positive group 
were significantly decreased compared to the negative 
group (P = 0.001, 0.03, 0.03, 0.04, 0.01, and 0.03, respectively). 
Meanwhile, no statistical difference in Dialister invisus was 
observed between groups.

Figure 3.  The taxonomic composition of the salivary bacteriome. Bar charts of the relative abundance (%) of bacteria phyla (A) and species (B) were obtained from 
82 saliva samples, including asymptomatic COVID-19 positive and negative subjects. Different colored bars represent the different salivary bacteriome taxa. (A color 
version of this figure is available in the online journal.)
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Figure 4.  Linear discriminant analysis Effect Size (LEfSe) of bacterial OTUs. The most differentially abundant taxa between asymptomatic COVID-19 positive (pink) 
and negative (blue) groups were investigated and represented in the bar graph (A). Cladogram (B) indicated the differentially abundant microbiota at the different 
taxonomic levels. The LDA score showed the effect size and ranking of each differentially abundant taxon (LDA score > 2). (A color version of this figure is available in 
the online journal.)
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Discussion

The oral microbiota is the second most diverse microbial 
community in humans after the gut microbiota.27 Bacterial 
composition exists within oral cavities and has been linked 
to host genetics, diet, lifestyle, immune system, antibiotic 
exposure, hormones, and other factors.27,28 Meanwhile, the 
changes in the oral microbiota are implicated in the sever-
ity and complications of COVID-19.13 Recently, the oral 
microbiota was investigated from tongue-coating, nasal 
and throat swabs, and saliva samples of ongoing symp-
tomatic, severe and post COVID-19 patients compared to 

healthy controls.12–18 However, there are only limited data 
on the dynamic changes of salivary bacteriome in asymp-
tomatic COVID-19 cases. All studies on the salivary bacte-
riome were performed on short-read sequencing using the 
Illumina MiSeq technology.29,30 Notably, there are limitations 
of the Illumina NGS in obtaining the short-read sequences 
and identifying bacterial classification at the genus level, 
which can be improved by long-read nanopore sequencing. 
Moreover, the species identification of salivary bacteriome 
using Oxford nanopore technology has not been reported 
previously. Therefore, this study focuses on the salivary bac-
teriome in asymptomatic COVID-19 cases using long-read 

Figure 5.  Pairwise comparison of eight differential bacterial species (one for asymptomatic COVID-19 positive (pink) and seven for negative (blue) groups). The 
significant differences in each species were analyzed and reported in the P-value after the Mann–Whitney U test. (A color version of this figure is available in the 
online journal.)
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nanopore sequencing. Almost half of the saliva samples 
from asymptomatic cases were detected with SARS-CoV-2. 
After demographic analysis, there is no significant differ-
ence in age between the asymptomatic and negative cohorts. 
Notably, we are the first to propose and successfully char-
acterize the bacterial species microbiota in asymptomatic 
COVID-19 saliva using long-read nanopore sequencing.

In a previous report, oral bacterial compositions of newly 
hospitalized COVID-19 patients in New York City during 
the outbreak’s peak were unaltered compared to control 
patients. Moreover, there were no significant differences in 
alpha and beta diversities between groups.29 However, alter-
ations in the oral microbiome were associated with COVID-
19, as previously reported in China, where the result showed 
that bacterial alpha diversity was significantly decreased in 
tongue-coating samples of active COVID-19 patients com-
pared to healthy controls. In addition, the beta diversity of 
the oral microbiome showed a significant difference between 
both groups.13 In our cohort, alpha and beta diversity anal-
ysis did not differ significantly in the salivary bacteriome 
between asymptomatic COVID-19 positive and negative 
groups. Our findings are consistent with a previous study 
of newly admitted COVID-19 patients in New York City.29

Other viral infection reports also presented their effect on 
the microbiome. The upper respiratory tract bacteria changed 
dramatically in Influenza A and Influenza B virus-infected 
patients.31 The microbial composition associated with the 
RSV group differed from the negative group. The result 
revealed that the bacterial ecosystem affected the severity of 
bronchiolitis. Because RSV colonization and infection lead to 
bacterial dysbiosis and favorable growth condition for some 
microbes (e.g. Streptococcus pneumoniae), increasing the risk 
of respiratory complications.7 These suggested that respira-
tory viral infections might be associated with the change of 
respiratory bacterial community and susceptibility to sec-
ondary bacterial infections.

Characterizing the salivary bacterial profiles of asympto-
matic COVID-19 positive and negative groups, it was found 
that V. parvula, S. mitis, and P. melaninogenica were core species 
common to both groups. Generally, Streptococcus, Veillonella, 
and Prevotella were previously reported as major genera in 
oral cavities of a healthy individual.32 The differential spe-
cies abundance analysis by LEfSe indicated the differences 
in major populations of the salivary bacteriome between 
asymptomatic COVID-19 positive and negative groups. 
This result suggested the salivary bacteriome dysbiosis dur-
ing SARS-CoV-2 infection despite lacking symptoms. The 
phylum Proteobacteria, class Gammaproteobacteria, order 
Burkholderiales, family Burkholderiaceae, genus Lautropia, 
and species L. mirabilis appeared with higher abundances 
in the asymptomatic COVID-19 positive group. Members 
of these taxa have been found in many organs, such as skin, 
oral cavity, tongue, vaginal tract, and gut.33 Interestingly, 
several important pathogens in these taxa are involved with 
lung diseases, such as asthma, chronic obstructive pulmo-
nary disease (COPD), and cystic fibrosis.34–36 Specifically, L. 
mirabilis was significantly enriched in saliva samples from 
the asymptomatic COVID-19 positive group, suggesting it 
has an important role and is a co-infectious agent in asymp-
tomatic COVID-19 cases. In a previous study, L. mirabilis has 

evidently been found in the oral cavities of HIV patients and 
sputa of cystic fibrosis patients.37,38 Therefore, recent studies 
suggest a role in respiratory pathogens, possibly leading to 
lung infection among COVID-19 cases. On the other hand, 
many members of the genera Prevotella and Veillonella in 
oral microbiota were associated with ongoing symptomatic 
COVID-19 and long COVID-19. This evidence suggests that 
oral microbiota are correlated with the clinical severity of 
COVID-19.39,40 There are some differences in the core species 
in the COVID-19 group between our and previous studies. 
Because our cohort focuses on the asymptomatic COVID-19 
group compared to the negative group, other studies con-
sider symptomatic COVID-19 and long COVID-19 groups.

In this study, K. oralis and G. adiacens were completely 
missing bacteria in the asymptomatic COVID-19 positive 
group but found in only the negative group. The salivary  
bacteriome showed a significant decrease of P. oris, P. micra,  
D. pneumosintes, and P. pleuritidis in the asymptomatic 
COVID-19 positive group when compared to the negative 
group. This result agrees with a previous report, which 
showed that P. oris was underrepresented in the saliva of hos-
pitalized COVID-19 patients with detectable SARS-CoV-2.29 
P. oris is a gram-negative anaerobic, rod-shaped bacterium. 
It is commonly detected and localized in oral lesions and can 
cause periodontal disease in humans.41

Interestingly, K. oralis is oral commensal and more fre-
quently found in the healthy site of the child’s oral cavity 
than the diseased site. There is evidence of the protective 
potential of K. oralis in periodontal health, suggesting its 
role as a health-associated species.42 In addition, G. adiacens 
has been previously found in the tongue microbiomes of 
adults.43 It is a gram-positive coccus and normal flora in the 
human mouth, gastrointestinal tract, and genitourinary tract. 
Normally, G. adiacens does not cause disease in a healthy 
host, but it can infect an immunocompromised host.44 The 
most common infections were sepsis and endocarditis as 
shown in prior reports.45,46 P. micra was a part of normal com-
mensals in the oral cavity, gastrointestinal tract, genitouri-
nary tract, and skin. Many reports presented P. micra to be 
associated with several diseases including periodontitis,47 
abdominal abscesses,48 arthritis,49 intracranial infection,50 
and bloodstream infection.51 D. pneumosintes was reported 
to be frequently associated with gingivitis, periodontitis, and 
progression of periodontitis.52,53 So far, it has been reported 
to cause systemic infection.54 Finally, P. pleuritidis can be 
commonly detected in the pleural fluid.55 It has been rarely 
reported to be particularly important in the pathogenesis of 
lung abscesses.56 Moreover, P. pleuritidis and others were sig-
nificantly identified in smokers’ oral microbiota compared 
to non-smokers.57 Concerning limitations of the study, the 
oral health, preexisting periodontal disease, and smoking 
data were unavailable, so these confounding factors might 
affect the obtained result. This study did not examine the 
association between oral health, smoking, and the salivary 
bacteriome in asymptomatic COVID-19. In addition, this 
work needs further confirmation that the salivary bacteri-
ome plays a role in asymptomatic COVID-19 cases using an 
experimental study.

In summary, these findings provide a better understand-
ing of the association between salivary bacteriome and 
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asymptomatic COVID-19, which might help predict health 
conditions in the future.
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