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ABSTRACT
Background: Poor oral hygiene and the increased incidence and severity of periodontitis may 
exacerbate SARS-CoV-2 infection. The aim was to evaluate the oral microbiota of 60 participants 
divided into groups: COVID-19 convalescents who received antibiotics during hospitalization (I), 
COVID-19 convalescents without antibiotic therapy (II) and healthy individuals (III).
Materials and Methods: Dental examination was conducted, and oral health status was 
evaluated using selected dental indexes. Clinical samples (saliva, dorsal swabs, supragingival 
and subgingival plaque) were collected and used for metagenomic library to the next- 
generation sequencing (NGS) preparation.
Results: Each of the clinical materials in particular groups of patients showed a statistically 
significant and quantitatively different bacterial composition. Patients from group I showed 
significantly worse oral health, reflected by higher average values of dental indexes and also a 
higher percentage of Veillonella, Tannerella, Capnocytophaga and Selenomonas genera in 
comparison to other groups. Additionally, a statistically significant decrease in the amount of 
Akkermansia type in both groups with COVID-19 was observed for all materials.
Conclusions: The primary factor affecting the composition of oral microbiota was not the 
SARS-CoV-2 infection itself, but the use of antibiotic therapy. The increased percentage of 
pro-inflammatory pathogens observed in COVID-19 patients underscores the importance of 
preventing periodontal disease and improving oral hygiene in the future.
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Introduction

Oral microbiome consists of approximately 800 species 
of bacteria [1] and is the second largest (after the large 
intestine) community of microorganisms [2]. In healthy 
individuals, numerous species of aerobic and anaerobic 
bacteria form a multispecies biofilm whose composition 
varies depending on the area of the oral cavity. This 
means that the tongue, palate, cheeks, teeth and period
ontal pockets have their own unique microbiota [2].

Introduction of the next-generation sequencing 
(NGS) allows for a qualitative and semi-quantitative 
determination of the diversity of microorganisms 
depending on the analysed factors (e.g. diet, hygiene 
[3]) diseases (e.g. coeliac disease, diabetes, SARS-CoV-2 
infection) and treatment [4–6]. One of the best-known 
therapies that disrupt the composition of the microbiota 
is antibiotic therapy [7]. Antibiotic-induced changes in 
the microbial composition may have a negative impact 

on the health of the host, for example by reducing the 
diversity of microbes, changing the functional character
istics of the microbiota, creating antibiotic-resistant 
strains, and making the host more susceptible to infection 
[8–10]. While numerous reports on the impact of anti
biotic therapy on the microbiota of the gastrointestinal 
tract, mainly the intestines, are available [11], its impact 
on the oral microbiota remains poorly understood [7].

Oral diseases, especially periodontitis, are associated 
with the release of pro-inflammatory cytokines and 
mediators of tissue destruction, which may influence 
systemic inflammation [12]. It has been reported that 
the increased incidence and severity of periodontitis 
and the related poor oral hygiene may contribute to 
the exacerbation of SARS-CoV-2 infection [12]. 
However, there are no reports on their possible impact 
on potential changes in the microbiota in the course of 
the disease and therapy used in COVID-19.
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Therefore, the aim of the present study was to 
assess the oral microbiota, using the next-generation 
sequencing method, in patients after hospitalisation 
for COVID-19, treated and not treated with antibio
tics, considering the impact of oral health based on 
dental indices.

Materials and methods

Study population and settings

The study included 60 people (36 men and 24 
women), aged 28–87. Participants were divided into 
three groups: group I – COVID-19 convalescents 
who received antibiotics during hospitalisation (n =  
17), group II – COVID-19 convalescents who did not 
receive antibiotics during hospitalisation (n = 23) and 
group III – healthy patients who have not been 
infected with the SARS-CoV-2 virus and not treated 
with antibiotics (control group, n = 20).

Patients without systemic diseases or patients 
whose only disease was hypertension were qualified 
for the study. Patients from groups I and II were 
previously treated in hospital conditions due to 
COVID-19 disease at the Temporary Hospital for 
COVID-19 patients at the Trauma Center of 
Emergency Medicine and Disasters of the 
University Hospital in Krakow. The patients were 
treated in accordance with the recommendations of 
the Polish Ministry of Health, based on the recom
mendations of the World Health Organization [13]. 
Patients from group I were mainly treated with 
ceftriaxonum (i.v. 2 g/12 h). Four patients from 
I group were treated in different schemes: two of 
them with levofloxacin alone (i.v. 500 mg/12 h), 
third with ceftriaxone (i.v. 2 g/12 h) and ciproflox
acin (i.v. 400 mg/12 h), fourth with ceftriaxonum (i. 
v. 2 g/12 h) and levofloxacin (i.v. 500 mg/12 h). The 
treatment lasted 6–7 days and depended on clinical 
symptoms and inflammatory markers based on 
complete blood count and CRP. Biological material 
was collected on the day of discharge, when the 
patients were considered convalescents (negative 
result of the PCR test for SARS-CoV-2) and pro
vided written consent to participate in the study.

Patients of the University Dental Clinic in Kraków 
were recruited to the third group.

The dental inclusion criterion for the study was as 
follows: having at least six teeth, not performing oral 
hygiene activities and not eating for 12 h prior to 
sampling. For the control group, as for group II, an 
additional inclusion criterion was not taking antibio
tics for at least 3 months before the study. In addi
tion, each of the participants declared that in the 
period preceding the study (at least 3 months) they 
did not take probiotics. Lack of any of the criteria 
resulted in exclusion from the study.

Dental examination

Each participant underwent a dental examination. On 
its basis, the selected indices were determined: DMFT 
(Decayed, Missing and Filled Teeth index) [14], 
D number (Decayed Teeth number) [14] and PI 
(Plaque Index simplified index) [15]. DMFT Index 
reflects individual caries exposition in the lifespan. 
According to the definition is the sum of teeth: with 
caries (D), teeth extracted due to caries (M) and teeth 
with fillings (F) [14]. The number of carious lesions 
(D) is the first component of the DMFT index [14]. 
Plaque Index is the periodontal index of oral hygiene. 
In order to calculate the PI index, the tooth is divided 
into four surfaces (mesial, distal, lingual, buccal). The 
presence of bacterial dental and gingival plaque is 
tested on each surface. The value of the index is 
calculated according to the formula PI = (sum of 
tooth surfaces with plaque/number of all examined 
surfaces) × 100% [15].

Collection of biological material

Four samples were collected from each subject: unsti
mulated saliva, dorsal swabs, supragingival and sub
gingival plaque. Biological material was collected 
according to the protocol of Caselli E et al. [2]. 
Dental examination, material collection, its protec
tion and transport were performed by a dentist, 
after prior standardisation of the method.

Samples preparation, nucleic acid isolation and 
16S rRNA sequencing

Collected samples were placed in cool condition 
(−20°C) and delivered within 1 h to the 
Department of Molecular Medical Microbiology, 
Chair of Microbiology of the Jagiellonian 
University Medical College and then frozen at 
−80°C until the time of nucleic acid extraction. 
The samples were used for bacterial DNA isolation 
and for the next-generation sequencing prepara
tion as described previously [16].

Bioinformatics analysis and statistical analysis

Raw sequencing reads were controlled for quality 
(FastQC software; Babraham Bioinformatics) and 
filtered to remove poor quality read ends using 
FASTQ Toolkit (Illumina). The filtered reads were 
further analysed using BaseSpace (Illumina) 16S 
Metagenomics application which is a high-perfor
mance implementation of the Ribosomal Database 
Project (RDP) Classifier described by Wang 
Q. et al. [17]. In brief, the analysis included match
ing the reads to primer sequences, excluding non- 
target reads, filtering the low quality reads and 
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merging the paired end reads. Then, chimeric reads 
were detected using UCHIME and further assigned 
to the taxonomic classes using RDP algorithm 
which is based on Bayesian approach [17]. 
Classification was made with respect to the RefSeq 
RDP 16S v3 database [18]. Counts of reads classi
fied into specific taxonomic units were filtered for 
frequency and used to assess Alpha and Beta diver
sity using MicrobiomeAnalyst software [19]. Alpha 
diversity, expressed in the Shannon index, was 
tested for significance using Kruskal–Wallis test, 
and the beta diversity, using the Shannon index, 
was subsequently tested for significance using 
PERMANOVA. An EdgeR [20] software was used 
to normalise read counts and to perform differen
tial analysis with exact tests. Obtained p-values 
were corrected for multiple testing using false dis
covery rate (FDR) procedure [21]. When evaluating 
the statistical power of this analysis, we found that 
with our 240 samples we fully achieve statistical 
power exceeding 90% [22].

Quantitative variables were compared between 
study groups using one-way analysis of variance 
(ANOVA) with Welch adjustment if required. For 
statistically significant variables with respect to 
DMFT indices, Tukey post hoc test was performed, 
while for the D number and PI, Games-Howell post 
hoc test was performed due to the lack of homo
geneity of variance. On the other hand, for cate
gorised variables, the χ2 test was performed. 
Statistical analysis was prepared using the IBM 
SPSS Statistics 27 software. The significance level 
was α = 0.05.

Correlation between dental indices and selected 
microbiota abundances was calculated using JASP 
(https://jasp-stats.org/) statistical software, following 
data distribution evaluation using Shapiro–Wilk test. 
Spearman rank correlation coefficient was used for this 
analysis.

Ethics consideration

Informed consent was obtained from all participants 
involved in the study. This research has been approved 
by the Jagiellonian University Ethical Committee 
(no. 1072.6120.333.2020 of 7 December 2020).

Results

Characteristics of the study groups in terms of 
demographics and the condition of the oral cavity

There were no statistically significant differences between 
the study groups (I vs. II vs. III) in terms of gender (P =  
0.069) and age (P = 0.580). However, for dental indices: 
D (P < 0.001), DMFT (P < 0.001) and PI (P = 0.011), 
statistically significant differences were observed. 
Groups I and II were statistically significantly different 
from group III in terms of DMFT (P < 0.001 and P <  
0.001, respectively) and D number (P < 0.001 and P <  
0.001, respectively). In groups I and II, these indices were 
higher than in group III. In the case of PI, only groups 
I and III were statistically significantly different (P =  
0.008). The PI was the highest in group I (Table 1).

Taxonomic and biodiversity analysis of the mouth 
microbiota in the studied groups

Briefly, sequencing of 240 samples generated more 
than 13.8 M raw paired end reads, resulting in 56.5 
K PE reads per sample on average. After filtering, 
from 11,530 to 127,756 reads per sample were used 
for matching against the taxonomic database. From 
92.6 to 99.82% of those reads were successfully clas
sified to genus level.

Alpha and beta biodiversity

Alpha biodiversity for each of the clinical materials 
and statistically significant differences were demon
strated (P < 0.05) (Table 2). The alpha biodiversity 
expressed by the Simpson index was not statistically 
significant only for the samples of saliva (P < 0.06). 
Beta biodiversity, expressed by the Bray-Curtis, 
Jensen-Shannon and Jaccard indices, was also statis
tically significant (P < 0.05) (Table 2).

Profiles with the percentage distribution of 
bacteria at the L2 level

At the L2 level, the obtained operational taxonomic units 
(OTUs) were assigned to a total of 14 phyla, comprising 
the so-called core microbiome for each biological mate
rial (saliva, tongue, supragingival and subgingival plaque) 
in groups I, II and III, which included Firmicutes, 

Table 1. The result of one-way analysis of variance (ANOVA) for age and seed dental indices between the study groups.

Study parameters
Total  

(n = 60)
Group I  
(n = 17)

Group II  
(n = 23)

Group III  
(n = 20) P

Age [years]; M ± SD 53.03 ± 14.28 54.06 ± 11.83 54.65 ± 16.68 50.30 ± 13.47 0.580
DMFT index; M ± SD 53.12 ± 20.07 60.29 ± 15.41b 60.29 ± 15.10a 33.90 ± 10.72a,b <0.001*
PI index [%]; M ± SD 18.48 ± 7.52 20.00 ± 3.08a 18.61 ± 6.06 15.40 ± 5.42a 0.011*
D number; M ± SD 3.12 ± 4.10 3.65 ± 2.60b 5.35 ± 5.14a 0.10 ± 0.31a,b <0.001*

DMFT – Decayed, Missing and Filled Teeth, PI – Plaque Index simplified, D Decayed, n – number of people in the study group; M – mean; SD – 
standard deviation; P -significance level; means marked with the same letter in the superscript differ from each other at the level of *P < 0.05. 
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Table 2. Alpha diversity (assessed by richness Chao1, Shannon and Simpson), and beta diversity indices (estimated by the Bray- 
Curtis, Jensen-Shannon and Jaccard indices) in the studied groups (group I vs. Group II vs. Group III).

Clinical materials

Alpha diversity indices 
P-values

Beta diversity indices 
P-values

Chao1 Shannon Simpson Bray-Curtis Jensen-Shannon Jaccard

Saliva <0.001 <0.009 0.06 0.001 0.001 0.001
Subgingival plaque <0.001 <0.001 0.001 0.001 0.001 0.001
Supragingival plaque 0.004 0.003 0.009 0.001 0.001 0.001
Tongue ridge 0.001 <0.001 0.003 0.001 0.001 0.001

P < 0.05 the significance level. 
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Figure 1. Relative percentage distribution of bacteria from the mouth on COVID-19 infection and taking antimicrobials at the 
phylum level (L2) depending on clinical material: saliva (Figure 1a), tongue ridge (Figure 1b), subgingival plaque (Figure 1c) and 
supragingival plaque (Figure 1d), respectively.
All taxa with relative percentages below 1% are shown as “other”. Logarithmic scale (log base 10).
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Bacteroidetes, Proteobacteria, Fusobacteria, Actinobact- 
eria and Saccharibacteria. The most numerous phyla 
were Firmicutes and Bacteroidetes (Figure 1, Table S1).

Comparison of results at the L2 level for the 
group of COVID-19 patients administered 
antibiotics (I) in relation to COVID-19 without 
antibiotics (II) and the control group (III)

In group I, as compared to group II, bacteria 
belonging to the following phyla were present in 
a significantly higher percentage: Firmicutes (P =  
0.001 in saliva and P < 0.001 on the tongue, in 
subgingival plaque and supragingival plaque), 
Bacteroidetes (P = 0.018in saliva and P < 0.001 on 

the tongue, in subgingival plaque and supragingival 
plaque) and Actinobacteria (P = 0.035 in saliva, P =  
0.001 on the tongue). On the other hand, in group 
I, as compared to group II, bacteria belonging to 
the following phyla were present in a significantly 
lower percentage: Proteobacteria (P = 0.036 in sal
iva) and Saccharibacteria (P = 0.009 on the tongue, 
P = 0.016 in subgingival plaque).

Profiles with the percentage distribution of 
bacteria at the L6 level

At the L6 level, the obtained OTUs were assigned to 
a total of 106 genera of bacteria. The core micro
biome for all tested materials was bacteria belonging 
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Figure 1. (Continued).
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to the following genera: Streptococcus and Prevotella. 
Bacteria of the Prevotella genus were significantly 
more numerous in group I as compared to group II 
(P < 0.01 on the tongue and in subgingival plaque, P  
= 0.034 in supragingival plaque) and group III (P <  
0.01 for all materials) as well as in group II as 

compared to group III (P < 0.01 in saliva and supra
gingival plaque) (Figure 2, Table S2). In turn, bacteria 
of Streptococcus genus were present in a statistically 
significantly lower percentage in group I as compared 
to group III (P = 0.024 in saliva). In the case of other 
materials and study groups, no statistically significant 
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Figure 2. Relative percentage distribution of bacteria from the mouth on COVID-19 infection and taking antimicrobials at the 
genus level (L6) depending on clinical material: saliva (Figure 2a), tongue ridge (Figure 2b), subgingival plaque (Figure 2c) and 
supragingival plaque (Figure 2d), respectively.
All taxa with relative percentages below 1% are shown as “other”. Logarithmic scale (log base 10).
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differences were observed in relation to the above- 
mentioned genera. Detailed results of the differential 
analysis are included in the supplement (S3).

Comparison of results at the L6 level for the 
group of COVID-19 patients administered 
antibiotics (I) in relation to COVID-19 without 
antibiotics (II) and the control group (III)

In group I, as compared to group II, bacteria belong
ing to the following genera were present in 
a significantly higher percentage: Veillonella (P =  
0.045 in saliva and P < 0.01 on the tongue, in sub
gingival plaque and in supragingival plaque), 
Fusobacterium (P = 0.021 on the tongue), 
Cardiobacterium (P = 0.011 in saliva, P < 0.01 on the 
tongue), Selenomonas (P = 0.038 in saliva), Rothia (P  
= 0.021 on the tongue), Tanerella (P = 0.011 in saliva) 
and Capnocytophaga (P < 0.01 in subgingival plaque 
and in supragingival plaque). On the other hand, in 
group I, as compared to group II, bacteria belonging 
to the Cardiobacterium (P = 0.036 in subgingival pla
que) and Corynebacterium (P < 0.01 on the tongue) 
genera were present in a significantly lower percen
tage. Comparisons of results at the L6 level for the 
group of COVID-19 patients administered antibiotics 
(I) in relation to the control group (III) and for the 
group of COVID-19 patients without antibiotics (II) 
in relation to and the control group (III) are placed in 
Figure 3 and supplementary materials (S4, S5), 
respectively. Moreover, Figure 3 shows the increase 
in the share of bacteria in a given niche of the oral 
cavity that affects inflammatory processes.

Correlations between the oral microbiota and 
clinical indices

The choice of the analysed types of bacteria at the L6 level 
was made on the basis of a literature study [23–26] and 
then correlated with selected dental indices (DMFT, D, 
PI). The Spearman’s correlation was used in the analysis.

In group I, statistically significant, strong positive 
correlations were observed between the D number 
and bacteria of the Fusobacterium and Leptotrichia 
genera (P = 0.011 and P = 0.034 for saliva materials, 
respectively) and between the PI index and bacteria 
of the Selenomonas genus (P = 0.018, for subgingival 
plaque materials). Other statistically significant, 
strong correlations were negative and occurred 
between the D number and the Cardiobacterium 
genus (P = 0.030 for supragingival plaque materials), 
PI index and Eikenella genus (P = 0.020 for dorsal 
material) and between the DMFT index and 
Corynebacterium and Fusobacterium genera (P =  
0.005 and P = 0.029 for subgingival and supragingival 
plaque materials, respectively). In all tested clinical 
materials, strong negative correlations between the 
DMFT index and bacteria of the Leptotrichia genus 
were found (Table 3).

In group II, statistically significant, strong positive 
correlations occurred only between the D number 
and bacteria of the Prevotella genus (P = 0.002 for 
supragingival plaque materials). In turn, statistically 
significant strong negative correlations were observed 
between the D number and the Cardiobacterium 
genus (P = 0.012 for dorsal materials) as well as the 
DMFT index and the Veillonella genus (P = 0.002 for 
subgingival plaque materials).

Figure 3. Increase and decrease the number of studied bacteria at the phylum (L2) and genus (L6) level in COVID-19 
convalescents who received antibiotics during hospitalization compared to the control (left side of figure) and COVID-19 
infection without antimicrobial treatment compared to the control group (right side of the figure) taking antimicrobials 
depending on clinical material: saliva, tongue ridge, subgingival plaque, supragingival plaque, respectively.
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In group III, statistically significant, strong positive 
correlations were observed between the D number 
and bacteria of the Eikenella and Tannerella genera 
(P = 0.017 and P = 0.019 for saliva materials, respec
tively) as well as between the DMFT index and bac
teria of the Akkermansia genus (P = 0.011, for 
subgingival plaque materials). In turn, statistically 
significant strong negative correlations occurred 
between the D number and the Rothia genus (P =  
0.029 for dorsal materials), the PI index and the 
Corynebacterium genus (P = 0.009 for saliva materi
als) as well as the DMFT index and bacteria of the 
following genera: Aggregatibacter (P = 0.027 for dor
sal materials), Corynebacterium i Fusobacterium (P =  
0.017 and P = 0.023 for saliva and dorsal materials, 
respectively) (Table 3). Other correlations, although 
statistically significant, showed low strength and are 
presented in Table 3.

Discussion

The present study focused on a comprehensive com
parison of the oral microbiota composition and its 
correlation with selected dental indices in selected 
groups of patients after hospitalisation for COVID- 
19. To the best knowledge of the authors, this is 
currently the first study to analyze and correlate 

these parameters. In the present study, based on 
selected dental indices, we noticed that the oral 
hygiene in COVID-19 patients was neglected. PI 
index was statistically significantly higher in the 
I and II group, as compared to the control group 
(Table 1). It is consistent with the results of Anand 
PS et al. who examined periodontal conditions and 
hygiene in patients with COVID-19, proving that 
they had significantly higher average values of dental 
plaque, which is the main factor exacerbating period
ontal disease [12].

According to the WHO, as early as before the 
SARS-CoV-2 pandemic, severe periodontal diseases 
affected approximately 19% of the world adult popu
lation, which corresponds to over 1 billion cases 
worldwide [27]. Anand PS et al. examined period
ontal condition and hygiene in patients with COVID- 
19, proving that they had significantly higher average 
values of dental plaque, which is the main factor 
exacerbating periodontal disease [12].

Poor oral hygiene may contribute to the exacer
bation of COVID-19 symptoms, as the aspiration of 
periodontal disease-causing bacteria induces the 
expression of angiotensin-converting enzyme 2, 
a receptor for SARS-CoV-2, and the production of 
inflammatory cytokines in the lower respiratory tract 
[28]. In turn, improving oral health may reduce the 

Table 3. Correlations between selected dental indices and types of bacteria in the examined clinical materials for the groups of 
patients included in the study.

Groups
Investigated 

factors Bacteria genus

Clinical materials

Saliva Tongue ridge Subgingival plaque Supragingival plaque

Spearman’s Rho P-value Spearman’s Rho P-value Spearman’s Rho P-value Spearman’s Rho P-value

I D Cardiobacterium −0.347 0.172 −0.283 0.272 −0.168 0.518 −0.527 0.030*
D Fusobacterium 0.601 0.011* 0.489 0.047* 0.002 0.992 0.117 0.655
D Leptotrichia 0.516 0.034* 0.354 0.163 0.370 0.144 0.207 0.426
PI Eikenella 0.028 0.916 −0.557 0.020* −0.034 0.897 −0.121 0.644
PI Prevotella 0.333 0.192 0.498 0.042* 0.472 0.056 0.383 0.129
PI Selenomonas 0.297 0.247 0.320 0.211 0.564 0.018* 0.305 0.233
DMFT Corynebacterium −0.379 0.133 −0.295 0.250 −0.664 0.005* −0.478 0.052
DMFT Fusobacterium −0.142 0.587 −0.054 0.838 −0.324 0.204 −0.528 0.029*
DMFT Leptotrichia −0.714 0.001* −0.802 0.001* −0.616 0.009* −0.566 0.018*
DMFT Rothia −0.376 0.137 −0.291 0.257 −0.497 0.042* −0.326 0.202

II D Cardiobacterium −0.413 0.05* −0.527 0.012* −0.327 0.128 −0.412 0.051
D Prevotella −0.389 0.067 −0.006 0.978 0.322 0.133 0.610 0.02*
D Rothia −0.050 0.822 0.144 0.522 −0.286 0.186 −0.448 0.032*
PI Fusobacterium 0.302 0.161 0.042 0.853 0.414 0.05* −0.168 0.443
PI Selenomonas 0.316 0.142 0.124 0.582 0.416 0.048* 0.314 0.145
DMFT Prevotella −0.419 0.047* 0.034 0.881 0.114 0.604 0.391 0.065
DMFT Rothia −0.165 0.452 0.068 0.764 −0.169 0.440 −0.486 0.019*
DMFT Selenomonas 0.092 0.677 −0.133 0.555 0.392 0.064 0.475 0.022*
DMFT Veillonella −0.244 0.261 0.075 0.739 −0.610 0.02* −0.294 0.173

III D Eikenella 0.528 0.017* −0.033 0.894 0.130 0.585 0.174 0.464
D Rothia −0.202 0.392 −0.501 0.029* −0.202 0.392 −0.029 0.904
D Selenomonas 0.463 0.040* 0.189 0.440 0.260 0.268 0.173 0.465
PI Corynebacterium −0.565 0.009* −0.218 0.370 −0.211 0.372 −0.281 0.231
DMFT Aggregatibacter −0.257 0.274 −0.506 0.027* −0.025 0.917 −0.059 0.806
DMFT Akkermansia 0.142 0.549 0.177 0.470 0.499 0.025* 0.553 0.011*
DMFT Corynebacterium −0.526 0.017* −0.004 0.989 0.044 0.855 0.023 0.925
DMFT Fusobacterium −0.412 0.071 −0.520 0.023* −0.099 0.678 −0.315 0.176
DMFT Haemophilus −0.415 0.069 −0.465 0.045* −0.323 0.165 −0.376 0.102
DMFT Porphyromonas −0.435 0.055 −0.481 0.037* −0.109 0.647 −0.331 0.154

Group I – patients after COVID-19 disease, subjected to antibiotic therapy during treatment; Group II – patients after COVID-19 disease, not subjected to 
antibiotic therapy during treatment; Group III – healthy patients who have not been infected with the SARS-CoV-2 virus and have not been treated 
with antibiotics (control group); DMFT – Decayed, Missing and Filled Teeth; PI -Plaque Index simplified; D – Decayed; P < 0.05 the significance level, 
correlation power (Spearman’s Rho): 0.0–0.3 – weak, 0.3–0.5 – moderate, 0.5–1.0 – strong. 
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risk of COVID-19 complications [29]. For this rea
son, the condition of the oral cavity, which is the 
main portal of entry for infection [30], deserves 
special attention.

In the group of COVID-19 patients receiving anti
biotics an increase in the population of genera asso
ciated with poor oral hygiene and periodontitis, such 
as Prevotella, Capnocytophaga, Eikenella, Tanerella 
and Selenomonas was observed. Additionally, 
a significantly higher percentage was represented by 
bacteria from the Firmicutes phylum. This may pos
sibly be related to the deterioration of oral health.

The core microbiome, which included the 
Streptococcus, Prevotella and Veillonella genera, was 
distinguished for all study groups and in all tested 
materials. Streptococcus bacteria were presented in 
each group of patients in a similar percentage, which 
indicates that Streptococcus bacteria are one of the 
most stable elements of the oral microbiota [31].

The genera Prevotella and Veillonella were present 
in a significantly higher percentage in group I than in 
the remaining groups in all the study materials. The 
Prevotella genus demonstrated a strong positive corre
lation with the number of carious lesions in the supra
gingival plaque in group II. Yang F et al. observed an 
increase in the population of the Prevotella genus in 
people with active caries, which is consistent with the 
relationship observed in our study [32].

Bacteria of the Prevotella and Veillonella genera are 
capable of producing lipopolysaccharides and inducing 
inflammatory responses [33]. Species of Veillonella 
genus reveal a strong ability to induce interleukin-6 
(IL-6) [34], while Prevotella primarily activates the 
TLR-2 receptor and enhances the expression of 
inflammatory cytokines, including IL-23 and IL-1 
[35]. According to the results presented by Khan AA 
et al., the proteins of the species of the Prevotella 
genus, and not the viral proteins, are involved in 
many interactions with NF-kB, which increases the 
clinical severity of COVID-2019 [35], proving that 
the Prevotella genus plays an important role in the 
progression of COVID-19. In other studies, it was 
observed that bacteria of the Prevotella genus are pre
sent in a higher percentage in COVID-19 patients with 
prolonged symptoms of infection [33].

In turn, in COVID-19 convalescent patients who 
were subjected to antibiotic therapy, the balance 
between the inflammatory microbiota and the 
inflammation-reducing microbiota is slowly 
restored [23,36]. Studies by Cui GY et al. indicate 
that the oral microbiota of one-year convalescents, 
determined on the basis of swabs collected from the 
tongue, was largely restored, but did not completely 
return to normal.

In the regeneration process, the population of 
microorganisms producing butyric acid gradually 
increased, while the number of microorganisms 

producing lipopolysaccharides gradually decreased 
[37]. The results of our study confirm this phe
nomenon. A statistically significant decrease in 
bacteria of the Fusobacterium genus (producing 
butyric acid) in group I as compared to group III 
in the material from the tongue was observed, 
while the bacterial count of the Leptotrichia and 
Selenomonas genera (producing lipopolysacchar
ides – LPS) was significantly higher in both groups 
of patients with COVID-19, as compared to 
healthy individuals. Similar results were described 
in the work of Ren Z et al. in which a decrease in 
the population of bacteria of the Porphyromonas 
and Fusobacterium genera and an increase in the 
population of bacteria of the Leptotrichia and 
Selenomonas genera was recorded [23].

Butyric acid reduces inflammation as well as oxi
dative stress under various pathological conditions, 
including viral respiratory infections. Therefore, the 
reduction of butyric acid-producing bacteria may 
lead to increased inflammation and, consequently, 
to an increased risk of developing pneumonia [38]. 
In turn, lipopolysaccharides stimulate lymphocytes, 
fibroblasts and macrophages to produce a wide 
range of antibodies with different specificities, 
a number of cytokines and other effector molecules 
with inflammatory, immunomodulatory and tissue- 
destroying properties, which leads to an exacerbation 
of the inflammatory response [25].

Taking under consideration poor oral health of 
COVID-19 patients receiving antibiotics, a strong posi
tive correlation between Fusobacterium producing 
butyric acid in saliva and carious lesions is worth not
ing. It is consistent with the results of Yang F. et al., 
who pointed out positive correlation between active 
caries and concentration of Fusobacterium [32].

A positive correlation of the Leptotrichia genus 
producing lipopolysaccharides in saliva with the 
number of carious foci (D number) and a strong 
positive correlation of bacteria of the Selenomonas 
genus with the PI index were observed. The 
Selenomonas genus includes pathogens that inhabit 
the gingival sulcus and periodontal pocket, and the 
Leptotrichia genus ferment carbohydrates and pro
duce lactic acid, similarly to S. mutans [39]. This 
suggests their involvement in the formation of caries.

Bacteria of the Capnocytophaga and Eikenella gen
era are characterised by a high destructive potential 
in relation to the periodontium and a potential effect 
on the exacerbation of periodontitis in adults [26]. In 
this study, the Eikenella genus was present in 
a significantly higher percentage in group I (saliva, 
supragingival plaque) and in group II, as compared to 
group III (saliva, tongue). Scientific reports indicate 
participation of Eikenella in deltoid muscle abscess, 
pericarditis, brain abscess, perirenal abscess, head and 
neck infections, liver abscess, and hip arthritis [40].
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Capnocytophaga genus in the subgingival and 
supragingival plaque material was significantly more 
than doubled in group I (8–10%), as compared to 
groups II and III (3–4%). In another study, bacteria 
of the Capnocytophaga genus were detected in the 
bronchoalveolar lavage fluid of COVID-19 patients 
[41]. This is confirmed by the fact that the oral cavity 
may be a source of pathogens infecting the lungs [41] 
and causing secondary bacterial infections in the 
course of SARS-CoV-2 infection [42].

It is also worth paying attention to the 
Akkermansia genus. In our study, a statistically sig
nificant decrease in the amount of these bacteria in 
both groups with COVID-19, as compared to the 
group of healthy people, was observed for all materi
als. Bacteria of the Akkermansia genus are well char
acterised in the context of the intestinal microbiota, 
but their role in the oral cavity is still not well under
stood [43]. It is likely that Akkermansia genus in the 
oral cavity may reduce the production of inflamma
tory cytokines as well as other inflammatory biomar
kers associated with periodontitis caused by 
periodontal pathogens [44].

In the present study, bacteria of the Cardiobacterium 
genus which have been so far poorly understood in 
COVID-19 patients showed a strong negative correla
tion with the number of carious lesions. Therefore, 
results different from those of the team of Espinoza JL 
et al., who analysed the interactions of microorganisms 
present in the supragingival plaque with other organ
isms and metabolic pathways in the oral cavity, were 
obtained [45]. The team observed the coexistence of 
Cardiobacterium with other oral bacteria and the 
impact of this genus on their metabolism, which 
favoured the development of caries [45].

Based on the presented results, it has been 
observed that the group of patients treated with 
antibiotics is distinguished by a different percentage 
distribution of individual taxa as compared to the 
group without antibiotics and the control group, 
which are similar to each other. This indicates that 
infection with the SARS-CoV-2 virus itself does not 
significantly change the oral microbiota. Other 
researchers observed that the oral microbiota of 
COVID-19 patients treated with antibiotics showed 
less diversity compared to healthy individuals 
[37,46,47]. This might suggest that treatment with 
ceftriaxone, which is in vitro activity against Gram- 
positive and Gram-negative aerobic and some anae
robic bacteria, probably might contribute to chan
ging the biodiversity of the microbiota, promoting 
an increase in the number of anaerobic and relatively 
anaerobic bacteria participating in inflammatory 
processes inside the oral cavity. Therefore, it should 
be emphasised that the introduction of antibiotic 
therapy in the course of viral diseases, including 
COVID-19, should be considered individually and 

used only in a situation justified by the patient’s 
clinical condition. On average, 75% of COVID-19 
cases worldwide were treated with antibiotics, while 
only 18% of patients who received antibiotics had 
secondary bacterial infections. On average, approxi
mately half of the COVID-19 patients who received 
antibiotics were neither seriously nor critically ill 
[48]. In this context, it should be emphasised that 
as early as before the SARS-CoV-2 pandemic, the 
excessive use of antibiotics, inducing the phenom
enon of resistance, was mentioned as the main prior
ity of global health care [49].

Our study has numerous strengths; nevertheless, 
we should also acknowledge several limitations. 
Firstly, the inability to collect clinical materials from 
patients before the start of antibiotic therapy makes it 
difficult to unambiguously assess the real impact of 
antibiotics on the oral microbiota. This limitation 
may interfere with the test results. However, we 
found statistically significant differences between the 
study groups. Further studies are needed to compare 
the composition of the oral microbiome before and 
after antibiotic therapy. The second limitation is the 
lack of microbiota analysis depending on the severity 
of COVID-19 in the study. Another limitation of the 
study is that the analysis was carried out at the genus 
level, without taking into account the species. At the 
genus level, the correspondence of the tested 
sequences with the sequences deposited in databases 
is in the range of 95–97%, which enables obtaining 
the most reliable information. In turn, at the species 
level, these percentages are much lower and there is 
a high probability of drawing incorrect conclusions as 
to the statistical significance of a given bacterial spe
cies. These limitations result directly from the 
sequencing of short (about 550 bp) fragments. In 
future research, it would be advisable to use sequen
cing of longer fragments, which, unfortunately, is 
associated with much higher research costs.

Conclusions

It has been found that the main factor interfering the 
composition of the oral microbiota was not the 
course of the SARS-CoV-2 infection itself, but pri
marily the use of antibiotic therapy.

In the group of COVID-19 patients treated with 
antibiotics, the qualitative depletion of the microbiota 
increased LPS-producing bacteria, and a reduced num
ber of butyric acid-producing bacteria were found.

A significant reduction in the number of the 
Akkermansia genus in both convalescents with 
COVID-19 probably may have a negative impact 
on the reduction of inflammatory cytokines and 
other inflammatory biomarkers associated with 
periodontitis caused by periodontal pathogens. 
Worse oral health in the group of patients with 
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COVID-19 treated with antibiotics and the 
observed increased number of pro-inflammatory 
types of bacteria in the oral cavity may affect the 
course of COVID-19.
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