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RESUMO

Introdugdo: As infecgdes podem ser/sdo um factor global de danos mutacionais, causando alteragbes
indesejaveis na hereditariedade, tanto nas geragées presentes como nas futuras. Tudo isto torna o problema da
mutagénese infecciosa extremamente urgente e requer uma avaliacdo atempada do efeito mutagénico e
assisténcia terapéutica e preventiva a populagdo em infec¢des virais altamente patogénicas. Objectivo: o estudo
foi para avaliar o efeito da COVID-19 sobre o aparelho genético das células epiteliais bucais em pessoas que
tinham sido infectadas pelo virus corona de gravidade variavel. Métodos: O estado genético das pessoas 2-3
meses apos a infecgdo com COVID-19 foi estudado por analise cariologica e micronucleo em células epiteliais
vestibulares da cavidade bucal. Resultados e Discussao: Foi detectado um aumento fiavel dos indices
cariologicos (perturbagdes citogenéticas (micronucleos), indices de proliferacao, indices de destruicdo do nucleo)
no epitélio bucal da cavidade oral. As anomalias estudadas foram detectadas em todos os doentes que foram
submetidos a doencga, independentemente da gravidade da doenga e dos contactos. Em doentes com a forma
grave da COVID-19, notou-se um aumento significativo das anomalias citogenéticas ndo sé em comparagéo com
os dados do grupo de controlo, mas também com os indices de doentes com formas moderadas e suaves da
doencga. Conclusdes: o contacto com o virus SRA-CoV-2, independentemente da presenca de manifestagoes
clinicas, causa anomalias cariolégicas no epitélio vestibular da cavidade oral. Isto indica o seu potencial
mutagénico significativo.

Palavras-chave: epitélio bucal, mutagénese induzida por virus; micronucleos; COVID-19; anomalias
citogenéticas; infecges virais.

ABSTRACT

Background: Infections can be/are a global factor of mutational damage, causing undesirable changes in
heredity both in the present and in future generations. All this makes the problem of infectious mutagenesis
extremely urgent and requires timely assessment of the mutagenic effect and therapeutic and preventive
assistance to the population in highly pathogenic viral infections. Aim: the study evaluated the effect of COVID-
19 on the genetic apparatus of buccal epithelial cells in people who had undergone coronavirus infection of varying
severity. Methods: The genetic status of people 2-3 months after infection with COVID-19 was studied by
karyological and micronucleus analysis in buccal epithelial cells of the oral cavity. Results and Discussion:
Reliable increase of karyological indices (cytogenetic disorders (micronuclei), proliferation indices, nucleus
destruction indices) in the buccal epithelium of the oral cavity was detected. The studied abnormalities were
detected in all patients who underwent the disease regardless of disease severity and contacts. In patients with
the severe form of COVID-19, a significant increase in cytogenetic abnormalities was noted in comparison with
the data of the control group and the indices of patients with moderate and mild forms of the disease.
Conclusions: contact with the SARS-CoV-2 virus, regardless of the presence of clinical manifestations, causes
karyological abnormalities in the buccal epithelium of the oral cavity. This indicates its significant mutagenic
potential.
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AHHOTALIUA

BeepgeHue: NHpeKUMM MOryT ObITb/ABNAOTCS rrnobanbHbIM (hakTOpOM MYyTaLUMOHHOIO MOBPEXOEHMS,
BbI3blBasi HEXenaTeNbHble N3MEHEHUST HACNEACTBEHHOCTU Kak B HAcTosLLEM, Tak 1 B ByayLumx nokoneHusx. Bee
3TO genaet npobrnemMy MHMEKUMOHHOrO MyTareHe3a 4Ype3Bbl4anlHO akTyanbHOW M TpebyeT CBOEeBpEeMEHHON
OLEHKM MyTareHHoro addekta W TepaneBTUYECKOW U NpOdUNaKTUYECKON MOMOLLM HaceneHuo npu
BbICOKONATOreHHbIX BUPYCHbIX WHekuuax. Uenb: oueHuTb BnvaHue COVID-19 Ha reHeTuyeckun annapaT
OyKanbHbIX ANUTENMOLMUTOB Y NOAEN NEPEHECLUNX KOPOHOBMPYCHYHO MHAEKLMNIO PA3NINYHON CTEMEHN THXECTMU.
MeTopbl: [eHeTU4eckui ctatyc nogen yepes 2-3 mecsua nocne 3apaxeHns COVID-19 Obin n3yyeH ¢ MOMOLLbIO
KapMOoJSIOrMYeCcKOro 1 MMKPOSAEPHOrO aHanm3a B KreTkax byKkanbHOro anuTenusi Nonoctn pta. PesynbTatbl mn
obcyxaeHue: BbisiBNeHO [OOCTOBEpHOE MOBLILEHWE Kapuomormdeckux mnokasaTtenen (UMToreHeTnyeckue
HapyweHns (Mukposapa), MHAeKChbl nponudepaumm, UHAEKCbl OeCTpyKumMn sapa) B OyKkanbHOM anutenvu
nonoctn pta. MN3ydeHHble HapylweHus ObinyM BbISIBNEHbI Y BCEX MNaUMEHTOB, MnepeHecwux 3abonesaHue,
HEe3aBMCUMO OT TSKECTM 3aboneBaHUs U KOHTAKTOB. Y MauMeHToB C Tsbkenon popmont COVID-19 otmevanocb
3HaYNTENbHOE YBENUYEHME LIMTOrEHETUYECKMX aHOMAIMIN HE TOMBbKO MO CPABHEHMIO C AAHHBIMU KOHTPOSBHON
rpynmbl, HO KU C NoKasaTensaMn NauMeHTOB C YMEPEHHON 1 nerkon oopmamm 3aboneBaHus. BoiBoAbl: KOHTaKT C
Bupycom SARS-CoV-2, He3aBMCMMO OT Hanuuns KIUHUYECKUX MPOSIBNEHUN, BbI3blBA€T Kapuonornyeckue
aHomanun B OyKKanbHOM 3MUTENUN POTOBOW MONOCTU. OTO YKa3blBAET Ha €ro 3Ha4MTeSNbHbIA MyTareHHbIN
noTeHuman.

KnroueBble cnoBa: bykkasnbHbIU arnumesnudl; aupycuHOyyupo8aHHbIU MymazeHe3; Mukposidpa, COVID-19;
yumozaeHemu4yecKkue aHoMasluu; 8UPYCHbIe UHGEKUUU.

1. INTRODUCTION:

In recent years, geneticists have been
very actively involved in studying the contribution
of increasing levels of various environmental
genotoxicants to the formation and development
of hereditary lesions in the human body. In
addition to the action of radiation and chemical
factors, the effects of so-called biogenic
mutagens, which cause damage to the genetic
apparatus of cells, particularly chromosomes,
are of great relevance. Various DNA- and RNA-
containing viruses are firmly among them. When
a virus enters the body, a number ofseveral
rearrangements develop in various directions
that ultimately induce a genotoxic effect in
infected cells in a direct and indirect way. The
direct pathway of mutagenic potential of viral
infection is associated with the ability of some
viruses to integrate into the host genome, which
can lead to disruption of gene expression at the
insertion sites (Saigo et al, 2008) and,
consequently, genome instability in these cells
(Sung et al., 2012; Gatza et al., 2005; Kadaja et
al., 2009). In addition, the frequency of mutations
and hence structural abnormalities
(chromosomal aberrations, MN) is also affected
by the efficiency of DNA repair mechanisms
(Chen et al.,, 2008) and the immune control
system (Abe et al., 2019) due to its blocking by
viruses (Jasinski-Bergner et al., 2020) or virus-

specific proteins (Chang, 2004; Gooding, 1992;
Hamid et al., 2009), impaired elimination system,
etc. (Machida et al., 2010). Disruption of these
processes, in turn, can lead to higher sensitivity
to other mutagens. Of course, all these
interactions depend on many factors. The virus
species, the type of the course of the infectious
process, the nature of DNA damage are
important.

The secondary nature of the genotoxic
effect of infectious viruses is associated with
pathological processes leading to partial or
complete disruption of cell metabolism (Torre
and Oldstone, 1992), including the presence of
reactive oxygen species (ROS) resulting from
cytokine activity during chronic inflammation (Pal
et al., 2010) and the generation of various
endomutagen metabolites that lead to mutagenic
effects (Yan et al., 2006; llyinskikh et al., 2012).
The consequences of virus-induced
mutagenesis depend on many exo- and
endogenous factors.

Under conditions of environmental,
epidemiological, and social complications, this
can lead to all sorts of effects on the human
hereditary  apparatus and  unpredictable
combinations of mutagenic factors of biological,
physical and chemical nature. Also, virus-
induced mutagenesis is associated with the
analysis of the contribution of viruses to the
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natural mutation process and the evolution of
organisms. From the point of view of assessing
possible genetic consequences, the effects of
widespread viral infections on humans are of
particular interest. Under conditions of acute
infection, rapid and massive damage to the
genetic apparatus of cells occurs. Even in non-
permissive cell systems, viruses and viral nucleic
acids induce mutations at the chromosomal and
gene level (Fortunato et al, 2000). These
findings have been confirmed regarding various
viruses - hepatitis (Leite et al., 2014; Jiang et al.,
2016; Ozkal et al., 2005), measles (Nicholos et
al., 1965), influenza (Tenshow et al. 1989),
rubella (George et al., 2019), herpes (Arando-
Anzaldo, 1992), retroviruses (Rae and Trobridge,
2013), tick-borne encephalitis (llyinskikh NN and
llyinskikh EN, 2017), AIDS (Shah, 2019).
Vaccine preparations (Genghini et al., 2006;
Kucerova et al., 1980) and viral vectors used for
gene therapy (adenovirus, adenoassociated
virus, retrovirus, lentivirus) (Rhiannon and Ann
2017).

The last two years have been greatly
complicated for mankind by the pandemic
coronavirus infection, which has posed many
challenges to the prevention and treatment of
this infectious disease and all sorts of
consequences, including those at the genetic
level. One of the indicators of the state of the
organism is cytogenetic homeostasis, which
manifests itself in the maintenance of the
karyotype. The micronucleus test can
characterize it, the essence of which consists in
counting the frequency of cells with micronuclei
(Luzhna et al., 2013). Recently, a non-invasive
micronucleus test on buccal epitheliocytes of the
oral cavity has been used to study the effects of
various genotoxicants on humans (Torres-
Bugarin et al., 2014). Being in direct contact with
metabolites of food and inhaled substances and
pathogens of respiratory infections, oral
epithelial tissues are the first to experience their
genotoxic effects (Bakhtiyarova et al., 2020). The
presence of micronuclei and other nuclear
abnormalities in epithelial cells is associated with
exposure to genotoxic agents, accelerated
aging, risk of oral cancer and neurodegenerative
disorders. (Leonardi et al., 2020; Ramirez et al.,
2019; Hopf et al., 2019). It appeared relatively
recently and quickly became one of the most
widely used methods in its field. This is because
it is fast enough, non-invasive, cost-effective,
allows unlimited lifetime screening of subjects,
and does not require special equipment for cell
culturing However, the study of the
consequences of virus-induced mutagenesis of

coronavirus infection, including by this method,
has not been described in the literature. In this
connection, the aim of our study was: to evaluate
the frequency of cytogenetic and karyological
abnormalities in buccal oral epitheliocytes of
people who had undergone COVID-19 infection
of different severity, 2-3 months after recovery.

2. MATERIALS AND METHODS:

2.1. Subjects

The study of patients who underwent
COVID-19 was conducted in agreement with the
Department of Public Health of Almaty,
Kazakhstan. All subjects provided written
informed consent. In addition, all subjects filled
out a questionnaire concerning age, nationality,
work activity, type of diet, diseases, alcohol, and
smoking. The study group included 53 patients of
the rehabilitation center of phthisiopulmonology
"Kamenskoe Plateau" (Almaty, Kazakh-stan), 2-
3 months after COVID-19 infection. According to
WHO criteria and national recommendations, the
classification of patients according to the severity
of the disease was performed in the medical
institution at the place of treatment (WHO, 2020;
CPDT, 2021; Terwangne et al., 2020). All
subjects were not vaccinated. Coronavirus
infection was treated according to the severity of
the disease and the national protocol. According
to medical records, among the 53 patients
examined, 15 patients were found to have had a
severe form of coronavirus infection (34-74 years
old, mean age 57 years), 23 were moderately
severe (43-73 years old, mean age 61 years),
and 15 were mild (28-64 years old, mean age 52
years). In addition, ten contacts (mean age 50
years) who were PCR-negative for coronavirus
infection and had no clinical manifestations of
respiratory infection were examined. Samples
were collected May-June 2021, and karyological
analysis was performed July-August 2021. As a
control group, data from buccal epithelium
samples from 16 healthy individuals before the
coronavirus pandemic (mean age 45 years) were
used (2018 study results).

2.2, Kariological analysis

Sampling and preparation of buccal
epithelial cell preparations are based on the
recommendations (Kalaev et al., 2014; Fenech
et al., 2011). Buccal epithelium samples were
taken by scraping epitheliocytes from the inner
surface of the cheek with a plastic spatula for
laboratory studies. Immediately epitheliocytes
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were resuspended in 100 pl of physiological
solution, evenly distributed on the surface of a
slide, and air-dried. The preparations were
stained with 10% Giemsa's solution (Merck,
Germany) for 10 min. The slides were analyzed
on a Zeiss AksioLab A.1, Aksioskop 40
microscopes (Germany) at 16x10, 16x40
magnification. Two preparations were prepared
from each subject, and 1000 buccal epithelial
cells were examined.

Micronuclei and all abnormalities of the
epitheliocyte structure differing from the normal
morphology were.

2.3. Statistical analysis

Statistical analysis of the data was
performed using Excel. The frequency of
detected abnormalities was expressed as a
percentage, and the arithmetic mean error and
its de-viation were calculated. The data were
verified using Student's t-test.

3. RESULTS AND DISCUSSION:

3.1. Results

Table 1 presents the results of the
karyological analysis of oral buccal epitheliocytes
of the examined groups of people. Three types
of karyological disorders were identified -
cytogenetic, including cells with micronuclei and
protrusions (such as "bubble", "broken egg",
"tongue"); proliferation indicators (cells with two
nuclei, twin nuclei; nuclei with circular incision)
and indicators of core destruction (apoptosis,
karyolisis, karyopicnosis, karyorexis) (Jindal,
2017; Fenech et al, 2011; Nersesyan and
Chobanyan, 2010). The most significant
changes resulting from COVID-19 infection on
human oral buccal epithelial cells concerned
cytogenetic abnormalities and indices of nucleus
destruction. The frequency of cytogenetic
abnormalities was significantly higher than the
control level (p<0.001) in all patients infected with
COVID-19 and contact subjects. The frequency
of cytogenetic abnormalities was 1.6 times
higher in pa-tients who had a severe form of the
disease than in those who had a moderate or
mild form of the infection (p<0.001). There was
no significant difference in the level of cyto-
genetic abnormalities between the contact
subjects and the patients who had had the
disease in the moderate and mild forms. In all
groups of examinees, the ratio of the frequency
of cells with one micronucleus and 2-3
micronuclei was within (2-3):1. The most

characteristic types of cytogenetic abnormalities
detected in the examined people are shown in
Figure 1A.

The indices of nucleus destruction in all

three groups of patients and contacts
significantly exceeded the control level
(p<0.001). Among the indices of nucleus

destruction, cells with apoptotic bodies and
karyolysis predominated. Moreover, in the
greater part of the over-infected patients, either
cells with apoptotic bodies or karyolysis predomi-
nated (Figure 1B).

The proliferation indices in all groups of
subjects were also statistically significantly
(p=0.001) higher than the control data, although
not as significantly as the cytogenetic disorders
and indices of nucleus destruction. Cells with
nuclei with circular incisions were the most
common (Figure 1C). For the nucleus destruction
and proliferation indices, no reliable differences
were found in the groups with different severity of
the disease and contact subjects.

The integral assessment indicates a 4-5-
fold increase in karyological disorders in all
COVID-19 survivors. Still, changes were more
pronounced in patients who had suffered the
disease in a severe form. No statistically
significant differences were found in the
frequency of detected abnormalities concerning
age and sex.

3.2. Discussion

There are three main types of virus-

induced  damage: cytogenetic  damage
(chromosomal aberrations, chromosome
number changes, micronuclei, chromosome

fragmentation, or pulverization); degenerative
nuclear disorders; disruption of mitotic cell
activity. In the early stages of infection, single-
cell damage predominates, and in the later
stages, degenerative cell damage predominates.

The results of the studies indicate a
significant mutagenic effect of coronavirus
infection on human somatic cells and the lack of
specificity of the spectrum of virus-induced
damage at different degrees of severity of the
infection. There is evidence of a relatively rapid
cytogenetic response of cells in vivo and in vitro
when infected with pathogenic viruses
(Gershenson, 1986). Active elimination of the
resulting disorders usually occurs within 2.5-3
months (Schramayr et al., 1990; Hamada and
Mizuno, 1992). However, there is a prolonged
persistence of increased levels of genetic
abnormalities in some cases. For example, after
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smallpox vaccination, normalization of
cytogenetic parameters is observed only after 6
months (Gershenson, 1986). Reconvalescents
(hepatitis B) have chromosomal aberrations
within a year after recovery. At the same time,
they had residual clinical phenomena in the
recovery  period, which showed that
chromosomal aberrations indicate a severe form
of viral hepatitis (Leite et al., 2014; Jiang et al.,
2016).

The persistence of reliably high levels of
cytogenetic abnormalities in patients with Covid-
19 infection 2-3 months after the disease, the
correspondence  of the frequency  of
abnormalities to the severity of the disease
draws attention to the following aspects: after 3
months, there is still no elimination of the
resulting lesions. According to the literature
(Torres-Bugarin, 2014), micronuclei in
epitheliocytes reflect genotoxic events that
formed in the dividing basal layer 1-3 weeks ago,
i.e., exposure to genotoxicants still occurs. This
indicates significant disturbances in the genetic
apparatus of sensitive cells, functional disorders
of the whole organism, and the prolonged nature
of the recovery. This is also evidenced by a
significant increase in the frequency of
destructive nucleus disorders, especially cells
with apoptotic bodies and karyolysis, which are
indicators of toxicity/genotoxicity. In people with
a predominance of apoptotic cells, there is a
significant level of cells with 2-3 micronuclei. This
may be since, on the one hand, apoptosis is the
main mechanism of the elimination of cells with
genetic damage. On the other hand, the
presence of 2-3 micronuclei in a cell may be an
early stage of apoptosis. (Chen et al., 2008).

The high incidence of Kkaryological
abnormalities in  contact individuals is
noteworthy. Probably, the SARS-CoV-2 virus,
regardless of clinical manifestations, has
mutagenic potential with respect to buccal
epitheliocytes of the oral cavity. This is consistent
with the literature that the SARS-CoV-2 virus
causes a wide range of non-specific oral mucosal
lesions (Sewvandini et al., 2021; Erbas et al,,
2021; Iranmanesh et al., 2021).

Since viruses affect cellular metabolism,
one should expect that infectious viruses should
disrupt the natural course of the cell cycle (Chen
et al., 2008; Isaguliants, 2021). Indeed, another
group of abnormalities arising from a viral
infection changes in the mitotic mode of cells
(proliferation rates), which manifests as
stimulation or, more often, suppression of mitotic
activity, as well as the appearance of abnormal

mitoses. These abnormalities are not related to
the direct interaction of the virus with DNA; most
likely, it is the effect on final stages of cell division
(polyploidization with cytokinetic block
disturbance) or damage of division spindle and
kinetochore region (Gearhart and Bouchard,
2010). Probably, coronavirus infection does not
affect the cell cycle so significantly because this
type of disorder exceeds the control level only
two times, while indicators of genotoxicity
(cytogenetic disorders and nucleus destruction
indices) are increased more than five times.

Preventing the appearance of virus-
induced genomic instability in infections is
currently almost impossible. However, the
physiological and genetic characteristics of a
given organism play an important role. On this
basis, the tactics for correcting genomic
instability in viral infections are determined. On
the one hand, the application of pharmacological
principles of genome protection against virus-
induced mutagenesis is required. On the other
hand, it is necessary to use the entire arsenal of
therapeutic influences to inhibit the processes
and increase the efficiency of antimutagenic
genome protection systems (Zhanataev et al.,
2000).

These studies allow us to consider
viruses, and Covid-19 in particular, not only as
agents of infectious diseases but also as strong
genotoxicants with a wide population
prevalence, playing a significant role in
hereditary variation. Hence, it becomes evident
how infections can become a global factor of
mutational lesions, causing undesirable changes
in heredity in both current and future generations.
All this makes the problem of infectious
mutagenesis extremely urgent.

4. CONCLUSIONS:

All patients with COVID-19 disease,
regardless of the severity of the disease and
contact persons, revealed a significant increase
in  karyological parameters  (cytogenetic
disorders, proliferation indices, nucleus
destruction indices) in the buccal epithelium of
the oral cavity;

A significant increase in cytogenetic
abnormalities was observed in patients with
severe COVID-19 disease compared to the data
of the control group and the indices of patients
with moderate and mild disease.

Contact with the SARS-CoV-2 virus, regardless
of the presence of clinical manifestations,
causeed karyological disorders in the buccal
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epithelium of the oral cavity of the examined
patientes.
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Figure 2. Types of disorders in buccal epithelium cells of the oral cavity of the examined patients,
magnification x 400. (A) Cytogenetic abnormalities (a - normal cell; b, ¢ - cells with one and two
micronuclei; d - "vesicle" type protrusion; e - "tongue" type protrusion; f - "broken egg" type pro-

trusion). (B) Indices of nuclei destruction (a - cell with apoptotic bodies; b - karyorexis; ¢ - karyolysis; d

— karyopyknosis). (C) Indices of proliferation disorders (a - binuclear cell; b - nucleus with circular

notch; ¢ - twin nuclei (amitosis)).
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Table 2. Frequency of caryological indicators in the buccal epithelium of the oral cavity in people after
different degrees of COVID-19 infection.

Group Cytogenetic Nucleus Proliferation Integral
disorders, % destruction indices, % score,%
indices, %
Patients with
severe disease 7.79+£0.22* ** 12.03+0.26* 1.99+0.11* 21.81+0.34*
Patients with
moderate
disease 4.81£0.13* 13.7910.22* 1.65+£0.08* 20.25+0.25*
Patients with mild
disease 4.75+0.18* 12.46+0.29* 1.86+0.12* 19.07+0.34*
Contact 4.06+0.23* 10.33+£0.36* 1.49+0.14* 15.88+0.44*
Control 1.4+£0.14 2.14+£0.17 0.89+0.11 4.43+0.23

* p<0.001 — reliability of the difference compared to the control indicators
** p<0.001 - reliability of the difference compared to other groups of subjects
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