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Abstract

The human oral cavity is one of the most diverse environments in terms of microbial settlement. The microbiotic environment
of the oral cavity includes viruses, fungi, protozoa, archaea, and bacteria. From the listed microorganisms bacterial microflora are
present in the largest numbers, namely - Phyla Actinobacteria, Bacteroidetes, Firmicutes, Proteobacteria, Spirochaetes, Synergistetes

and Tenericutes [1].

Oral resident microorganisms and their interactions are an essential component of changing the balance between health and
disease. The main subject of studying microbiology is to understand the role of the microbial community in the oral cavity, gastroin-

testinal tract and respiratory tract in terms of health or disease [3].

Based on numerous studies, we come to the conclusion that the oral microflora is still different for each individual and may have

been influenced by factors such as: time [10], age [11], nutritional peculiarities [12], extreme environment [13], stress [14].

Definitely worth mentioning that the oral microbiome can have a significant impact on the development of the oral or systemic

pathology, and it is related to the imbalance of the microflora [16].

Microbial dysbiosis of the oral cavity is associated with inflammatory diseases of the oral cavity and may contribute to the ag-
gravation of the systemic conditions by bacteremia. The oral cavity as a concept a source of distant infection has been considered for

at least a century [26].

Consequently, dysbiosis of the oral microbiome can be associated with diseases of several organ systems such as the gastrointes-
tinal tract [10,27], cardiovascular system [28]. Damage to the endocrine and nervous systems [10], to the immune system [29]. The
connection of each system with the change of the microbial society of the oral cavity, prior to the clinical manifestation of the disease,

the quantitative abundance of certain species and the potential for increased virulence approved by reliable studies.

Given the current epidemiological situation in the world, determines our interest to changes in the oral cavity and in their biomass
composition of individuals infected with SARS-CoV-2. Several recent publications have been reviewed for this purpose. It is possible
to assume that by studying the oral microbiome of those infected with Covid-19 will be improved the safety of guidelines of modern
dental manipulations, improve infection control capabilities in dental practice, and make the delivery of dental services more secure.
It would be even more interesting to study the prevalence of oral diseases such as caries and periodontal disease in new infection

conditions, oral mucosal diseases in all age groups, changes in their oral biome over time and subsequent impact on general health.
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It is noteworthy that timely study of secondary attachment infections in co-infected patients is required. The urgency of the issue

is clear, as knowledge about the expected oral manifestations of SARS-CoV-2- in the mouth of individuals infected with the infection

is still scarce. The issue needs further study. We can boldly hypothesize that oral microbiome will be altered in patients infected

with Covid and that an in-depth study of this issue would be interesting. It is desirable to emphasize the need for close cooperation

between dentists and infectious disease specialists. As well as the prevention of opportunistic infections of the oral cavity in patients

infected with Covid-19 through complete oral hygiene and enhancement of local immune forces. This in itself implies the rehabilita-

tion of the oral cavity and the strengthening of preventive measures against oral diseases in the first line of public health in both

healthy and co-infected patients.
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Introduction

The human oral cavity is one of the most diverse environments
in terms of microbial settlement. The microbiotic environment of
the oral cavity includes viruses, fungi, protozoa, archaea, and bacte-
ria. From the listed microorganisms bacterial microflora are pres-
ent in the largest numbers, namely - Phyla Actinobacteria, Bacte-
roidetes, Firmicutes, Proteobacteria, Spirochaetes, Synergistetes and

Tenericutes [1].

The oral cavity, after the gastrointestinal tract, is in second place
in terms of microbial diversity. According to HOMD (last update
2017), 772 prokaryotic microbes are observed in the oral cavity, of
which 70% are cultivable and 30% belong to the unprocessed class

of microorganisms.

Of the 70% of cultured species of healthy oral microflora, 57%
have been classified as 16SrDNA profiling into 6 main types: Fir-
micutes, Actinobacteria, Proteobacteria, Fusobacteria, Bacteroide-
tes and Spirochaetes. They directly affect human health - from the
metabolism of the host organism, ending with - immune reactions.
Changes in the oral microflora have been observed in several dis-
eases such as diabetes, bacteremia, endocarditis, cancer, autoim-
mune disease and premature birth. Through this information and
microbiological research methods, it is possible to create microbi-
ome-based biomarkers, They are used in the early diagnosis of oral

cavity and related diseases [2].

Oral resident microorganisms and their interactions are an es-
sential component of changing the balance between health and dis-
ease. The main subject of studying microbiology is to understand
the role of the microbial community in the oral cavity, gastrointes-

tinal tract and respiratory tract in terms of health or disease [3].

Currently, it is accepted by the medical community that under
normal conditions, prenatal development of the fetus occurs in an
aseptic environment. During and after birth, the newborn comes
into contact with numerous microorganisms. An important part of
the first colonizing bacteria in the human body is of maternal ori-
gin. The type of birth - autochthonous or dystocian, can affect the
type of microorganisms that the newborn is firstly exposed to. In
24 hours after birth in the oral cavity of the newborn, the presence
of the so-called pioneer microorganisms is noted. At this time, the
oral cavity is most often colonized by gram-positive cocci, among

which Streptococcus and Staphylococcus are particularly notewor-
thy [4].

At about five months of age, infants already have a different
oral microbiota from their mothers. It is formed under the influ-
ence of various factors: environmental impact in the first months
of life, food intake, contact with other adults and children, contact
with pets, hygiene, habits, etc. This microbiota consists mainly of
six bacterial phyla: Proteobacteria, Actinobacteria, Bacteroidetes,
Fusobacteria and Spirochaetes. The main common genera among

them are: Streptococcus, Haemophilus, Neisseria and Veillonella [5].

At the three years old of age saliva microbiome is already com-
plicated, however, the process of its maturation lasts until adult-
hood. In childhood, the oral microbiota changes throughout the
period of tooth development. During periods of primary, mixed or
permanent occlusions. Compared to other age groups, the oral mi-
crobiota of children with primary occlusion is characterized by a
higher composition of bacteria of the class Gammaproteobacteria,
especially with samples of family Pseudomonaceae (genus Pseudo-
monas); Also - Moraxellaceae (genera Acinetobacter, Moraxella and
Enhydrobacter), Enterobacteriaceae and Pasteurellaceae (Aggrega-

tibacter genus) [6].
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In contrast to adults, the oral microflora of a healthy child is
mostly represented by bacterial flora - phyla Firmicutes (genus
Streptococcus, Veillonella, Lactobacillus and Granulicatella) and
Actinobacteria (genera Rothia and Actinomyces); Marked in small
quantities representatives of phyla Bacteroidetes (genus Prevotella,
order Bacteroidales), also - Fusobacteriae (Fusobacterium genus),

Spirochaetes and in small quantity - TM7 (Saccharibacteria).

The amount of periopathogenic bacteria increases with the age
of the child. A change in the bacterial population from aerobic or
facultative gram-positive cocci to anaerobic to fastidious gram-

negative bacteria has been observed [7].

Puberty is a period of hormonal changes, it is accompanied by
significant changes in the environment of the oral cavity, and it is
more related to the diversity of food. This phenomenon leads to
the growth of a group of some microorganisms in the oral cavity,
among which gram-negative anaerobes and spirochetes are par-
ticularly noteworthy [8]. This change in the oral microbiota may be
associated with increased incidence and severity of gingivitis dur-

ing puberty [9].

Based on numerous studies, we come to the conclusion that the
oral microflora is still different for each individual and may have

been influenced by factors such as:

e Time:A12-18 month study by the HMP Consortium, which
examined the structure and function of microbiome in 18
areas of the body of 300 healthy adults, found that the oral
cavity was the most unstable in this regard [10].

e Age: Also interesting is the study of oral microbial flora
conducted in healthy and well-controlled (managed) HIV-
infected children living in the USA. The studies found that
the microbial settlement of the oral cavity in both groups of
children were virtually the same. However, differences were
observed in the microbiome of children with permanent
and primary dentition. Differences associated with age have
been reported in species such as Prevotella intermedia, Por-
phyromonas gingivalis and P. Nigrescens. The percentage
of those children, in which the target species could not be
identified, was 40% at the age of 3 years old and 0% at the
age of -11. It even underlines strict dependence on age for
oral microbiome changes [11].
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e Nutrition feature: For the research the researchers took
saliva samples from three pairs of hunter-gatherers and tra-
ditional farmers living near the Philippines. The study found
that significant dietary changes chosen for various commen-
sals played a role in the development of modern oral patho-
gens [12].

e Extreme environment: The study monitored changes in mi-
crobial populations taken from different parts of the mouth
before and after flight [13].

e  Stress: One of the factors that cause microbiome dysbiosis
has been found to be physiological stressors. Evolutionarily,
human microorganisms have the ability to perceive signals
associated with hormonal changes in the host body. In order
to adapt to a new environment, they respond in the form of
changes in their own genetic information. Studies have shown
the effects of the stress hormone cortisol on the oral microbi-
ome, which in turn contributes to the development and pro-

gression of periodontal disease [14].

e  Other factors: HMP studies have also shown a strong associa-
tion between the microcosm in different parts of the body and
factors such as breastfeeding, gender, level of education, etc
[15].

Oral microbiota and oral diseases

It should be noted that the oral microbiome can have a signifi-
cant impact on the development of oral and systemic pathology,
which is related to the imbalance of the microflora. The use of cur-
rent molecular methods has significantly increased awareness of
the composition and function of the oral microbiome in health and
disease. The study of oral microbiomes under different health con-
ditions and their interactions with microbiomes in different parts
of the body play an important role in understanding our body and

improving general health [16].

Caries

For study purpose was used the human oral microbe identifi-
cation microarray (HOMIM) to compare bacterial profiles of sa-
liva and supragingival plaque in children with SECC and children
without caries. Approximately 379 bacterial species and several
genera were found in all samples. Among them, Streptococcus, Por-
phyromonas and Actinomyces have been found to be particularly

associated with the SECC. At the same time, these microorganisms
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can be considered as potential biomarkers of dental caries during

the period of primary dentition [17].

By other researchers have compared the saliva of children suf-
fering with dental caries and caries-free children by single-mol-
ecule DNA Sequencing analysis. It has been established that Pre-
votella spp., Lactobacillus spp., Dialister spp and Filifactor spp. are
associated with the development of dental caries and if they are

detected, it is possible to predict the onset of caries [18].

Other authors used the NGS to analyze the microbiome of the
first Canadian resident and metis children with- and without SECC.
Very high levels of Streptococcus mutans were observed in the SECC

group [19].

Periodontal disease develops when the number of gram-neg-
ative bacteria and anaerobes in the subgingival plaque increases.
Numerous studies have been conducted to identify the types of
bacteria associated with periodontal disease. Studies have shown
that the most important species associated with periodontal dis-
ease are microorganisms such as Aggregatibacter (Actinobacil-
lus), Porphyromonas gingivalis, Tannerella forsythensis, and spiro-
chaete, Treponema denticola. Modern studies have considered the
pathogenesis of periodontitis in immunocompromised children
includel microorganisms such as fungi - Candida albicans and her-

pesviruses [20].

An interesting case-control study was conducted to identify the
possible association of juvenile periodontitis (JP) with pathogenic
bacteria and viruses such as Cytomegalovirus (HCMV) and the Ep-

stein-Barr virus type 1 (EBV-1).

The study was conducted among school aged children from
north-central Jamaica. Samples from subgingival plaque were tak-
en based on the following data: out of 15 subjects - diagnosed with
JP, from 20 subjects - diagnosis incipient periodontitis (IP) And 65
from the representatives of a randomly selected healthy control
group. 16S rRNA polymerase chain reaction (PCR) study revealed
the presence of microorganisms such as Porphyromonas gingivalis
and Actinobacillus actinomycetemcomitans and HCMV and EBV-1 -

using the PCR identification method.

Interestingly, the study samples, which simultaneously showed
the presence of P. gingivalis and HCMV, were associated with
significant variables of clinical attachment loss in the case of juvenile

periodontitis [21].

141
Diseases of the oral mucosa

Diseases of the oral mucosa such as oral leukoplakia (OLK),
oral lichen planus (OLP), and systemic lupus erythematosus (SLE)
are common independent diseases of the oral mucosa or a specific
manifestation of systemic diseases on the oral mucosa. Several
studies have shown that bacteria play an important role in the ini-

tiation and progression of these mucosal diseases [22].

Also noteworthy are oncological diseases of the oral mucosa,
the origin and development of which are influenced by several fac-
tors: hereditarity, microflora (bacteria), general condition of the
body, etc. The existence of a link between microbiome and oral

cancer has been proven by numerous studies [10,16].

A study was conducted in which saliva from 45 patients with
0SSC was compared to 229 healthy individuals from control group.
The study found that in patients with OSSC, compared with the con-
trol group, there was a significant excess of 6 species of microor-
ganisms: P melaninogenica, Leptotrichia buccalis, Capnocytophaga
ochracea, C. gingivalis, Eubacterium saburreum and S. mitis. In case
of the presence of three species of microorganisms in the microbi-
ome (C. gingivalis, P. melaninogenica and S. mitis), they can be used

as diagnostic markers of oral cancer with 80% of confidence [23].

The relationship between changes in the oral microflora of can-
cer patients and chemotherapy for therapeutic purposes has been
studied [24]. Data were also examined to confirm a possible link
between candida and oral cancer. Researchers have determined
the causal role of candidiasis in the development of precancerous
diseases and cancer of the oral cavity; It has also been shown that
the presence of Candida, along with other co-factors, influences the
onset and development of carcinogenesis. The authors suggest that
the nitrosation potential of C. albicans leads to the production of
carcinogenic nitrosamine, which makes the oral epithelium prone
to dysplastic changes, which in turn is a contributing factor to the
development of carcinoma. Subsequently, under the influence of
other factors such as disruption of the oral mucosa and tobacco
smoking, the virulence of the microorganism may be enhanced
[25].

Oral microbiota and systemic diseases
The oral cavity is the introductory part of digestive and respi-
ratory tract. More than 700 bacterial species can be found in the

human oral cavity [26]. Microbial dysbiosis of the oral cavity is
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associated with inflammatory diseases of the oral cavity and may
contribute to the aggravation of the systemic condition by bactere-
mia. The concept of the oral cavity as a source of distant infection,

it has been considered for a century [27].

Consequently, dysbiosis of the oral microbiome can be associ-
ated with diseases of several organ systems such as the gastroin-
testinal tract [10,28], cardiovascular system [29]. Damage to the
endocrine and nervous systems [10], to the immune system [30].
The connection of each system with the change of the microbial
society of the oral cavity, prior to the clinical manifestation of the
disease, the quantitative abundance of certain species and the po-

tential for increased virulence approved by reliable studies.

Our attention was especially payed to the changes in the oral
microbiome during the immune system functional changes and in-
fectious diseases. Infectious diseases of pediatric age, such as mea-
sles, rubella, chicken-pox, and herpes virus infections, show only
an increase in the virulence of the local microflora and a high risk

of opportunistic infection [31-33].

It should be noted that quite significant changes are observed
in the examination of AIDS patients. In particular: Firmicutes and
Streptococcus sp. are found in the supragingival biofilm of HIV-
infected subjects compared with non-infected individuals (95%
and 78% confidence). In the subgingival biofilm of the HIV-infected
subjects, relative abundance of genera Veillonella sp. and the Pre-
votella sp. was higher than in non-infected individuals. Neisseria sp.
was found in relatively large numbers on the tongue of HIV-infect-
ed individuals (21%). In saliva genera Prevotella sp. difference be-
tween non-infected and HIV-infected individuals was 15% and 7%,
respectively. A prevalence of both - subgingival and supragingival
biofilms in HIV-1-infected individuals were dected by Chao-index

compared with non-infected individuals [34].

Given the current epidemiological situation in the world, deter-
mines our interest to changes in the oral cavity and in their bio-
mass composition of individuals infected with SARS-CoV-2. Several

recent publications have been reviewed for this purpose.

Unfortunately, knowledge about the expected oral manifesta-
tions is still scarce, this may be due to the frequent remote control
of patients infected with Covid-19 and their inability to undergo
intraoral inspection; This is due to the existing regulations and re-
strictions. However, several cases of oral manifestations are found
in the literature [35].
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In the case-reports, the authors indicated that patients com-
plained of pain in the facial area, on the tongue; The presence of
ulcerative and vesicular lesions in the oral cavity; Patients had le-
sions on attached mucosa that mimics herpes simplex. But they did
not have a history of herpes infection. The oral manifestations of
some infected individuals were very similar to multiform exuda-
tive erythema. Because patients were consulted remotely and us-
ing telemedicine methods, unfortunately, the researchers did not
have the opportunity to provide a biopsy, or other type of laborato-
ry tests, which required physical contact with the patient. Accord-
ingly, they make recommendations for further studies to determine
whether these lesions are caused by a new infection and may be
considered a clinical sign of it or these changes are developed as

the result of emotional stress [36].

Bacterial coinfections are often the cause of complications and
increased mortality in people with respiratory viral infections.
Therefore, studies have been conducted, where researchers hy-
pothesized that in confirmed increased cases of Covid-19 would
spontaneously increase complication of acute periodontal disease,
particularly necrotic periodontal disease (NPD), which would be
associated with bacterial co-infections. A metagenomic analysis
was performed in covid-infection patients with acute respiratory
syndrome, which confirmed the presence of a very large number of
bacteria Prevotella intermedia - In addition, major pathogens such
as Streptococci, Fusobacterium, Treponema and Veillonella were in-
volved in co-infection during disease onset and progression [37].
In general, periodontal necrotic disease (NPD) is more common
in HIV-infected patients. It is possible, that periodondal necrotic
diseases may be developed by the same mechanism in patients in-
fected with covid-virus, which is provoked by the presence of Pre-
votella intermedia. It is important to urgently investigate secondary

co-infections in covid-patients.

Conclusion

It is possible to assume that by studying the oral microbiome of
those infected with Covid-19 will be improved the safety of guide-
lines of modern dental manipulations, improve infection control
capabilities in dental practice, and make the delivery of dental ser-

vices more secure.

It would be even more interesting to study the prevalence of
oral diseases such as caries and periodontal disease in new infec-

tion conditions, oral mucosal diseases in all age groups, changes
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in their oral biome over time and subsequent impact on general
health.

It is noteworthy that timely study of secondary attachment in-
fections in co-infected patients is required. The urgency of the is-
sue is clear, as knowledge about the expected oral manifestations of
SARS-CoV-2- in the mouth of individuals infected with the infection
is still scarce. The issue needs further study. We can boldly hypoth-
esize that oral microbiome will be altered in patients infected with
Covid and that an in-depth study of this issue would be interesting.
It is desirable to emphasize the need for close cooperation between
dentists and infectious disease specialists. As well as the prevention
of opportunistic infections of the oral cavity in patients infected
with Covid-19 through complete oral hygiene and enhancement of
local immune forces. This in itself implies the rehabilitation of the
oral cavity and the strengthening of preventive measures against
oral diseases in the first line of public health in both healthy and

co-infected patients.
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