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Aim - to analyze the current literature on the role of single nucleotide polymorphism (SNP) of human genes in shaping the clinical
course of the new coronavirus disease (COVID-19).

Results. Based on the results of the analysis and synthesis of the current literature on the role of SNP in shaping the clinical
course and outcome of COVID-19, the clinical and prognostic significance of SNP of genes encoding receptors responsible for
the penetration of SARS-CoV-2 into target cells has been demonstrated. The presence of the D-allele of the ACE gene (DD and ID
genotypes) is associated with the highest risk of severe COVID-19, which makes it possible to offer it as an informative prognostic
marker of COVID-19 severity. SNP of the TMPRSS2 co-receptor gene, known as the androgen responsive gene, at certain loci is
prognostically important, as it leads to an increase in TMPRSS2 expression in men, which promotes virus fusion with the target
cell membrane and has an unfavorable effect on the course of COVID-19 in men.

The data accumulated in the current literature on the clinical and prognostic value of SNP host genes encoding the immune
response has also been analyzed. The role of HLA SNP genes, genes encoding innate immunity factors (TLR), as well as genes
encoding pro-inflammatory cytokines (IL-6, TNF-a, etc.) and acute-phase inflammatory components (CRP) in the development
of severe COVID-19 and the risk of death has been demonstrated. Attention has been paid to the determined role of SNP in the
ACE gene in the development of pulmonary embolism in patients with severe COVID-19. The article has analyzed publications
on the SNP role of host genes in the development of clinical events that are currently interpreted as long COVID. The prognostic
role of the IL-10 gene SNP and its receptor gene in the formation of long-term consequences of the new coronavirus infection
has been demonstrated.

Conclusions. SNP of host genes encoding receptors responsible for the entry of SARS-CoV-2 into target cells and SNP of genes
encoding immune response have some prognostic value in assessing the risk of severe course and adverse effects of COVID-19.
The accumulation of data on genetic risk factors for adverse outcomes of the new coronavirus disease will allow us to enhance the
understanding of this infection pathogenesis, improve patient stratification and individualize therapeutic interventions.
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Cy4acHui NOrAsp Ha poAb OAHOHYKAE€OTUAHOTO NOAIMOPi3MY reHiB AOAMHU
y dopmyBaHHi 0cob6AMBOCTEH KAiHIUHOrO nepebiry Ta HacAiAKiB HOBOI KOpPOHaBIPYCHOI
xBopob6u (COVID-19)

10. 0. PsibokoHb, E. M. T'yceiiHoB, K. B. KanalwiH1k

Merta po6oTi — npoaHaniayBaTu BifOMOCTi Cy4acHOi HaykoBOi NiTepaTypu LWOAO Poni OAHOHYKNeoTuaHoro nonimopdiamy (Or)
reHiB JIIOAMHM Y hopMyBaHHi 0cobnmMBOCTEN KniHiYHOrO nepebiry HOBOI kopoHaBipycHoi xeopobu (COVID-19).

Pesynbrati. Y pesynsrati aHanisy 11 y3aranbHeHHs BifoMocTel haxoBoi nitepatypy wozo porni Ol rexis rocnoaaps y opMyBaHHi
ocobnueocTen kniniyHoro nepebiry Ta Hacnigkie COVID-19 nokasaHo KniHiko-nporHocTuyHe 3HadeHHs Ol reHis, WO KoayoTb
peLienTopw, BignosiganbHi 3a notpannsHia SARS-CoV-2 go knitun-miweHei. Akwo suseneHo D-anensb reHa ACE (reHotunm DD i
ID), puauk po3suTky Tskkoro nepediry COVID-19 Harsuwumin. OTxe, € NifCTaBM BUSHA4UTM AOTO SIK iHPOPMATUBHUIA NPOrHOCTUYHUIA
mapkep TskkocTi COVID-19. OIN reHa ko-peuentopa TMPRSS?2, BinoMuin sk aHOPOreHHUI peakTUBHUI reH, Y MEBHUX NOKycax
Mag€ MPOrHOCTUYHE 3HAYEHHS, OCKINbKY NMPKU3BOAUTL A0 36inbLueHHs excripecii TMPRSS2 y 4onogikis, a 0TXe CNPUYMHSE 3nUTTS
BipyCy 3 MEMBPaHOO KNiTUHU-MILLEH Ta, BiBNOBIAHO, Mae HecnpusaTIMBKIA BB Ha nepebir COVID-19 came B Yonogikis. INpo-
aHanisoBaHO TakOX BiJOMOCTi HAyKOBOI NiTepaTypy LLOAO KIiHIKO-MPOrHOCTUYHOTO 3Ha4eHHs Of1 reHis rocrnopapsi, WO KoayoTb
iMyHHy BignoBiap. MokaaHo ponb Ol rexiB cuctemun HLA, reHis, Lo kogytoTb dhaktopu BpogeHoro imyHiTeTy (TLR), a Takox
reHiB, siki koaytoTb npo3ananbHi LTokiv (IL-6, TNF-a Towwo) Ta roctpodasosi komnoHeHTH 3ananerHs (CRP) y po3BuUTKy TSKKOrO
nepebiry COVID-19 Ta puauky netanbHoro Hacnigky. Onucaqo ponb Ol nonimopdpiamy reHa ACE y po3suTky Tpomboemoonii
nereHeBoi apTepii y xBopwx i3 Tshxkkum nepebirom COVID-19. Busuunu aai wopo poni Ol reHiB rocnogapst B po3BUTKY KIiHIYHUX
MoAin, LWo Bu13HavaroTb HuHi sik long-COVID. OnucaHo nporHocTuyHy porb O reHa IL-10 Ta reHa oro peuentopa B oopMyBaHHi
BifJaneHyx HacriaKiB HOBOI KOPOHABIPYCHOI iHGeKLji.

BucHoBku. Ol reHiB rocniogaps, LU0 KOAyKTb peLenTopy, BianosigansHi 3a npoHnkHeHHst SARS-CoV-2 y kniTuHu-Miluei, a Orl
TEHiB, LLO KOZY0Tb iMyHHY BiAMOBIAb, MaOTb NEBHE NPOTHOCTUYHE 3HAYEHHS! LLOAO OL{IHIOBAHHS PU3NKY TsKKOTO nepebiry Ta He-
cnpusaTtnueux Hacnigkis COVID-19. HakonnyeHHs BiGoMOCTEN NPO reHeTUYHi (hakTopy puanky HecnpusTnmeoro nepebiry HoBoI
KOpOHaBipyCcHOI XBOpo6M AacTb 3MOry NOrMOMTM PO3yMiHHS NaToreHesy Liei iHeKLii, CnpusTUMe NoKpaLLeHHIo CTpaTudikai
XBOPMX Ta iHAMBIAyanisaLji TepaneBTMYHOMO BTPYYaHHS.
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It is known that the cellular component of immune defense
plays a key role in the pathogenesis of infectious diseases
of viral origin. One of the properties of the body’s immune
system is a significant variation in resistance to various
infectious diseases. Each person has an individual set of
nucleotide pairs, which determines the reactivity of innate
and acquired immunity and predisposes to resistance or
susceptibility to various pathological conditions [1,2,3].
Today, it is important to study the role of the various human
gene activity in the course of diseases and complication
development. Studies of many scientists have shown that
the activity of cytokine production depends on the polymor-
phism of the genes that encode them [4,5].

For molecular diagnostics of diseases, the most
important change in gene structure is single nucleotide
polymorphism (SNP), which determines the peculiarities
of the defense reaction development and the state of the
body immunological reactivity. Many researchers point
out the role of cytokine gene SNP in predicting the occur-
rence and severity of infectious diseases, and in some
clinical situations, it is even important for individualizing
therapy [6,7].

The significant variability in the clinical symptoms of
coronavirus disease (COVID-19) is currently explained
by both viral factors, which include the virus strain and
viral load, and the peculiarities of the immune response
to SARS-CoV-2 replication in each patient, which is
associated with genetic factors [8,9]. Given the leading
role of immune-dependent mechanisms in the progres-
sion of the new coronavirus disease, it is particularly
important to understand the role of genetic factors that
determine the specificity of the receptor apparatus of host
target cells and the course of the immune response to
virus-infected cells.

Therefore, among the many human factors that can
explain increased susceptibility to SARS-CoV-2 and a high
risk of severe and fatal COVID-19, human genetic charac-
teristics are increasingly recognized as a critical determinant
of susceptibility or resistance to this infection, as well as a
prognostic marker for probable clinical outcomes in infected
individuals [10].

Aim
To analyze the current literature on the role of single nucleo-

tide polymorphism of human genes in shaping the clinical
course of the new coronavirus disease 2019.

Results

Today, it is clearly understood that a feature of the new
COVID-19is a great variation in clinical symptoms from al-
most asymptomatic to extremely severe forms [11]. To date,
no specific SARS-CoV-2 mutations have been identified
that could explain this difference in clinical manifestations
of the disease. Therefore, there is a growing focus on
clarifying the role of human genetic factors in the course
of COVID-19 [11,12]. It is believed that the identification
of genes associated with the severity of COVID-19 will
allow to identify the main molecular pathways involved and
select candidate genes for future research and therapeutic
development [11,12,13].

Clinical and prognostic significance of receptor gene
SNP responsible for SARS-CoV-2 entry into target cells. At
the first stages of studying the pathogenesis of COVID-19,
attention was drawn to host genetic factors associated with
receptors through which SARS-CoV-2 is able to enter the
target cell, such as polymorphisms in the genes for angi-
otensin-converting enzyme 2 (ACE2) and transmembrane
serine protease 2 (TMPRSS2) [14].

ACE2 spans 39.98 kb of genomic DNA on chromo-
some Xp22, so it was immediately believed that X-linked
heterozygous alleles may have a protective effect by
counteracting viral infection and reducing local inflamma-
tion and, accordingly, protecting women more from the
adverse effects of COVID-19 [14]. Since the ACE ID gene
polymorphism is associated with diabetes mellitus, chronic
heart failure, and hypertension [15], which are risk factors
for adverse COVID-19 outcomes, it is currently suggested
that the D-allele of the ACE polymorphism may influence the
COVID-19 progression, which requires further study [14].
In addition, given that the DD genotype of the ACE gene is
more common in the European population, it may to some
extent explain the highest morbidity and mortality among
Europeans [16,17]. A strong correlation between mortality
from COVID-19 in patients with the DD genotype and ACE
ID gene has been reported by other researchers [18], who
believe that this genotype may also be an informative
prognostic marker of the new coronavirus disease severity.

The role of ACE2 gene SNP in susceptibility to
SARS-CoV-2 has been demonstrated in several studies
[19,20]. SNPs of the ACE2 gene K26R (rs4646116), M82I
(rs267606406) and E329G (rs143936283) have been
shown to be associated with higher affinity in interaction
with the S-protein of SARS-CoV-2, which leads to a more
severe course of coronavirus disease [19]. At the same
time, the ACE2 gene SNPs 121T (rs1244687367), E37K
(rs146676783) and D355N (rs961360700) are associated
with lower affinity for interaction with the S-protein of SARS-
CoV-2, which may contribute to a decrease in susceptibility
to this disease [19]. According to [20], a higher incidence
of infection and risk of death from COVID-19 is associated
with the presence the ACE2 SNP rs2285666.

The accumulated data on the SNP role of the ACE gene
in susceptibility to coronavirus disease (COVID-19) and
the severity of the clinical course have been summarized
in a meta-analysis and evidence of certain genetic deter-
minants of COVID-19 that exist today has been presented.
The meta-analysis has shown that high susceptibility to
COVID-19 was associated with the ACE gene ID genotype
atthe rs4646994 and rs1799752 loci, and SNP of the ACE2
gene at the rs2285666, rs2106809, and rs2074192 loci had
a statistically significant association with the development
of severe and critical COVID-19 [20].

However, the penetration of SARS-CoV-2 into the target
cellis possible only if there is a co-receptor, the role of which
is played by transmembrane serine protease (TMPRSS2),
which promotes the fusion of the viral membrane with the
target cell membrane and the virus entry into the cytoplasm
[21,22]. TMPRSS2 is known as an androgen receptor
gene, the polymorphism of which at the loci rs2070788,
rs7364083, rs9974589, rs8134378 has a certain prognostic
value. For example, SNP of the TMPRSS2 gene rs8134378
has been shown to increase TMPRSS2 expression in men,
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which promotes virus fusion with the target cell membrane
and, accordingly, has an adverse effect on the course of
COVID-19 in men [23]. The genomic region of the quan-
titative trait locus (eQTL) expression includes not only
the TMPRSS2 gene itself, but also the MX1 gene, which
encodes a protein involved in cellular antiviral defense. The
eQTL rs35074065 variant associated with overexpression
of the TMPRSS2 co-receptor in combination with low ex-
pression of MX1 may lead to increased susceptibility to viral
infection coupled with impaired cellular antiviral response.
This may explain the more severe course of COVID-19 in
patients with the relevant features of this genomic locus [22].
Given the important role of the TMPRSS2 gene in the initial
stage of SARS-CoV-2 infection, researchers [24] suggested
that targeting the expression or activity of TMPRSS2 could
be a potential target for the development of antiviral drugs
effective against COVID-19.

In determining the clinical and prognostic SNP role,
attention was paid not only to the genes encoding the main
receptor ACE2 and the co-receptor TMPRSS2 through
which SARS-CoV-2 enters the target cell, but also to the
APOE gene encoding the lipoprotein Apo E, which is a
multifunctional protein involved in lipid metabolism and a
structural component of cell membranes. It is known that
there are three isoforms, namely APO E2, APO E3 and
APO E4, respectively, with SNPs of this gene at positions
112 and 158 [25].

Previous studies have demonstrated the association
between APOE E4 and infectious diseases of viral etiology,
in particular, hepatitis C virus, human immunodeficiency
virus infection, and herpes simplex virus infection [26]. Spe-
cifically, in hepatitis C, the APOE E4 genotype is associated
with a low risk of chronicity and slower fibrosis, and in human
immunodeficiency virus infection, on the contrary, with
accelerated progression of immunodeficiency [26]. When
infected with herpes simplex virus APOE E4, the genotype
is associated with increased viral persistence in cells of
the central nervous system, which may increase the risk of
developing Alzheimer’s disease [26]. In the new coronavirus
disease, the influence of the APOE E4 genotype on the
clinical course of COVID-19 has also been documented,
which has a certain pathogenetic explanation.

According to [27], E4 carriers have elevated levels of cir-
culating and tissue-specific cholesterol, as well as elevated
levels of low-density lipoprotein directly in pneumocytes and
pulmonary macrophages, which is the cause of increased
accumulation of ACE2 and TMPRSS?2 in cholesterol-rich
domains. Researchers [27] believe that cholesterol en-
richment of target cell membranes may be a critical factor
in determining the risk of SARS-CoV-2 infection. The me-
ta-analysis has confirmed the above pattern and proved that
APOE E4E4 and E3E3 genotypes were associated with a
23.6 % increase in the risk of SARS-CoV-2 infection. At the
same time, the APOE E4E4 genotype increased the risk
of human infection with COVID-19 by 20.9 % and 22.8 %
compared to the APOE E3E4 and APOE E3E3 + E3E4
genotypes, respectively [10].

Clinical and prognostic significance of SNP in human
genes encoding immune response. Since the human
leukocyte antigen (HLA) system is directly involved in the
formation of an effective antiviral cellularimmune response,
HLA genes immediately caught the attention as a potential
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marker of susceptibility to COVID-19 and the disease seve-
rity [28]. According to the results of a study [29], it has been
proved that in the presence of HLA-B*46:01, the number of
presented binding peptides for SARS-CoV-2 was the lowest.
This explains the association with a higher risk of SARS-
CoV-2 infection, while HLA-B*15:03 had the highest ability
to present highly conserved SARS-CoV-2 peptides, which
are also present in other human coronaviruses allowing for
cross-talk in T-cell responses. Other researchers [30] have
shown that HLA-C*04:01 was clearly linked to the risk of
severe COVID-19 and an almost twofold increased risk of
acute respiratory failure requiring mechanical ventilation. In
addition, SNP rs660895 (GA genotype) of HLA-DRB1 and
HLA-DRB5 has been shown to correlate with increased
serum interleukin-6 (IL-6) levels in SARS-CoV-2 infected
individuals being associated with a more severe course of
COVID-19 [31].

A series of studies have shown that dysregulation of
innate immunity, which determines early control of SARS-
CoV-2 infection, leads to hyperinflammation and, conse-
quently, a more severe course of the disease and the risk of
death [32,33]. Therefore, it was immediately suggested that
SNP of innate immune system genes should be assessed
as risk factors for COVID-19 outcome. For example, a study
[34] has shown that SNP in the IL-18 gene at the rs1834481
locus was an independent risk factor for pneumonia. SNP
in the TLR2 gene at the rs5743708 locus and the TLR4
gene at the rs4986791 locus increased the risk of severe
SARS-CoV-2-associated pneumonia by 3.6 and 2.5 times,
respectively [34]. After obtaining the above results, the
authors confirmed the assumption of a significant influence
of the host's genetic background on the clinical phenotype of
COVID-19 and suggested the use of established predictors
in clinical practice [34].

It is known that the interferon (IFN) system plays a
major role in antiviral defense. For example, interferon-in-
duced transmembrane protein 3 (IFITM3) limits the spread
of many viruses in the human body, including influenza
A virus, which is capable of pandemic spread [35]. The
antiviral effect of IFITM3 is associated with its dimerization
in endolysosomal membranes preventing the virus from
entering the cell cytoplasm [36]. SNP in the IFITM3 gene
at the rs12252 locus has a clear clinical and pathogenetic
significance as it leads to the formation of a truncated pro-
tein in the N-terminal region which consequently causes its
inability to provide antiviral protection. A meta-analysis has
demonstrated a relationship between SNP in the IFITM3
gene at the rs12252 locus and both susceptibility to influ-
enza and its severity, namely, the association between the
CC genotype and a higher risk of severe influenza [37].
A similar pattern regarding the SNP role in the IFITM3
gene has been found in another meta-analysis in relation
to COVID-19 [10]. The C-allele of the IFITM3 gene at the
rs12252 locus and the CC genotype were found to cause
19.0 % and 58.7 % higher chances of SARS-CoV-2 infection
compared to the T-allele and TT genotype, respectively. In
COVID-19, the association between SNP in the IFITM3
gene at the rs12252 locus and an increased risk of SARS-
CoV-2 infection is also explained by the reduced antiviral
activity of IFITM3 in carriers of this mutation [10]. In addition,
SNP rs10735079 in the IFN-induced antiviral oligoadenylate
synthase 1 and 3 genes is associated with an increased
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risk of hospitalization in patients with COVID-19 [38]. SNP
role in IFN genes has been demonstrated in other studies.
In particular, rs28368148 (CG genotype) of the IFN-a gene
has been shown to have a strong association with severe
COVID-19 [39].

Based on many studies, cytokine gene polymorphism
has demonstrated a clear impact on the risk of developing
the so-called “cytokine storm” and, consequently, on the
severity of COVID-19[19,32,40,41]. IL-6 is known to be one
of the leading cytokines, the degree of increase in which is
clearly correlated with the “cytokine storm” development.
SNP in the IL-6R gene (rs4537545, TC genotype) was
associated with the highest serum IL-6 levels, which was
correlated with the severity of COVID-19 [32]. Given this
genetic risk factor for the development of severe and critical
course of COVID-19, researchers have drawn attention
to the certain expediency of taking this genetic factor into
account when deciding on treatment correction with the use
of drugs for which IL-6 is the main target [32].

To determine the role of SNP in the tumor necrosis
factor-a (TNF-a) gene G-308 A, 900 patients with COVID-19
and 184 control subjects were examined. It has been proved
that 80.0 % of patients with the AA genotype had a severe
course of the disease compared to 41.7 % of patients with
the GA genotype, while the authors did not observe severe
COVID-19in any case with the GG genotype of the TNF-a
gene. According to researchers, in patients with prognosti-
cally unfavorable AA genotype of the TNF-a gene, the use
of anti-TNF-a monoclonal antibodies could be a promising
direction in individualizing treatment [40].

In addition, an analysis of the Italian population has
shown that SNP in the chemokine receptor gene CCRS5,
namely at the loci rs9845542, rs12639314 and rs35951367
(GT genotypes), were associated with reduced CCR5
expression in lung tissue and, accordingly, were related to
an increased risk of severe COVID-19 [41].

The prognostic role of elevated serum levels of C-re-
active protein (CRP) in patients with COVID-19, which can
reach extremely high levels, was proven at the beginning of
the pandemic [42]. Proinflammatory cytokines, in particular
IL-6 and TNF-a, which are produced in excessive amounts
during the “cytokine storm”, significantly stimulate CRP
production by hepatocytes [43]. Therefore, according to the
results of a series of studies [42,44], CRP has been pro-
posed to be used as a biomarker of COVID-19 severity and
risk of death. Molecular genetic studies have demonstrated
a relationship between serum CRP elevation and mortality
in patients with COVID-19 and SNP in the CRP gene [45].

Thus, based on the results of genotyping the CRP gene
SNP at the rs1205 and rs1800947 loci in 2023 patients
who died as a result of COVID-19 and 2307 patients who
recovered, a significant difference in the frequency of minor
alleles was found: T-allele of CRP at the rs1205 locus and
G-allele at the rs1800947 locus. The risk of death from
COVID-19 was clearly associated with the GG genotype
of the CRP gene at the rs1800947 locus. Furthermore, it
should be noted that in patients with COVID-19, the CC
genotype of the CRP gene at the rs1205 locus and the GG
genotype of the CRP gene at the rs1800947 locus were
associated with significantly higher serum CRP levels [45].
Particularly noteworthy are the results of a meta-analysis
[46] showing that association between SNP in the CRP gene

at the rs67579710 locus and the thrombospondin-3 gene
influences not only the severity of immune inflammation
but also the risk of developing thrombotic complications.

In a developing clinically significant form of COVID-19,
some patients show signs of liver damage. At the same time,
not only liver damage due to the hepatotoxic effects of cer-
tain drugs used in the treatment of COVID-19, but also the
influence of genetic factors on the development of hepatic
consequences of SARS-CoV-2 infection is currently being
considered [47,48,49]. Researchers [47] have reported
that, regardless of the treatment prescribed, patients with
the membrane-bound O-acyltransferase domain of the
corresponding gene at the rs641738 locus had a significant
increase in total bilirubin levels, biochemical signs of cytol-
ytic syndrome with increased alanine aminotransferase ac-
tivity and intrahepatic cholestasis syndrome with increased
alkaline phosphatase activity, combined with a decrease in
serum albumin levels at hospitalization, indicating a genetic
predisposition [47].

Other researchers have also revealed the influence
of certain genetic factors on the liver damage degree. For
example, SNP at the rs11385942 G>GA locus in the chro-
mosome 3 gene cluster and SNP at the rs657152 C>Alocus
of the ABO system were clearly associated with the severity
of liver damage, that was diagnosed during hospitalization
of patients with SARS-CoV-2 infection [48,49].

Prognostic significance of host gene SNPs in the deve-
lopment of fatal thrombotic complications in COVID-19. Itis
known that high levels of D-dimer and CRP are biomarkers
for predicting the risk of thrombotic complications, the deve-
lopment of which leads to increased mortality in patients with
severe COVID-19 [50]. It has been suggested that complex
genetic chains may underlie the predisposition to thrombotic
events in patients with COVID-19 [51,52].

Authors of study [51] retrospectively assessed a num-
ber of gene SNP distribution that might be associated with
thrombotic risk in patients with COVID-19 who developed
pulmonary embolism (PE) or did not develop PE. The main
findings of this study demonstrated a significantly higher per-
centage of homozygous mutant genotypes of ACE (genotype
DD) and APOE (genotype CC) in patients with PE compared
to patients without this thrombotic complication. In addition,
in patients with PE, the level of D-dimer elevation was signi-
ficantly higher in carriers of the DD and ID genotypes of the
ACE gene and in carriers of the CC and TC genotypes of the
APOE gene [51]. The authors of the study have formulated a
certain pathogenetic explanation for the ACE gene SNP role
in the formation of higher levels of D-dimer and, accordingly,
the PE risk. It has been suggested that an imbalance in ACE/
ACE?2 receptor levels, which is inherent in the DD and ID
genotypes of the ACE gene, may induce endothelial cell apo-
ptosis, resulting in prolonged hypercoagulation and, hence,
a greater level of D-dimer elevation and risk of developing
PE in patients with COVID-19 [51].

Since it was previously known about the racial dif-
ference in the ACE gene SNPs, namely the prevalence
of the D-allele in European populations (8287 %), and
the I-allele in East Asian populations (33-51 %) [53], the
estimated prognostic significance of the ACE gene SNP
allowed to explain the higher incidence of fatal thrombotic
complications in a number of European countries (Spain,
Italy, France) [51].
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The role of host gene SNPs in developing long COVID.
Since many studies have shown the role of human genetic
polymorphism as a critical factor in shaping the severity of
COVID-19 clinical symptoms and the risk of adverse out-
comes, at a certain stage of studying the new coronavirus
disease, the question arose about clarifying the role of
host gene SNPs in developing long-term symptoms of long
COVID [54]. Currently, long COVID is defined as the pres-
ence of persistent long-term symptoms after SARS-CoV-2
infection for at least four weeks after the onset of symptoms
in individuals with laboratory confirmation of COVID-19
[54]. On the one hand, the long-term clinical symptoms of
COVID-19 can be explained by old age and comorbidities
[55], but on the other hand, severe consequences of this
disease and long COVID have been reported in young
people without comorbidities [56]. The above indicates
the presence of genetic risk factors for long COVID which
currently needs to be studied. In the current literature, there
are already studies focused on clarifying the role of genetic
factors in the development of long COVID [54].

Thus, researchers [54] have identified possible rela-
tionships between SNPs in 37 candidate genetic variants
and the development of clinical signs of long COVID. The
study has shown that both SNP of genes encoding receptors
responsible for SARS-CoV-2 entry into target cells and SNP
of genes encoding immune responses were associated
with the risk of long COVID. SNP of the ACE2 gene at
the rs2285666 locus, namely the CC genotype, has been
shown to be associated with a significant reduction in the
risk of developing long COVID, in contrast to the CT and
TT genotypes, which were associated with a high risk of
developing long-term manifestations of the disease [54].

SNP of cytokine genes and their receptors also play a
role in the development of long COVID. In particular, with
SNP of the IL-10 gene at the rs1800896 locus, namely
the TC and CC genotypes, the risk of developing long
COVID is statistically significantly higher than that with the
TT genotype [54]. In addition, a SNP of the IL-10 receptor
at the rs8178562 locus, namely the GG genotype, has a
high association with the risk of developing long COVID
compared to the AA and GA genotypes [54].

Conclusions

1. SNP of host genes encoding receptors responsible
for the entry of SARS-CoV-2 into target cells and SNP of
genes encoding immune responses have some prognostic
value in assessing the risk of severe disease and adverse
outcomes of COVID-19.

2. The accumulation of data on genetic risk factors for
adverse outcomes of the new coronavirus disease 2019
will allow us to enhance the understanding of this infection
pathogenesis, improve patient stratification and individualize
therapeutic interventions.

Prospects for further research. In our opinion, further
research on the role of genetic factors in assessing the
characteristics of the course and consequences of the
new coronavirus disease 2019 will allow us to establish
informative markers for patient stratification and create
certain directions in the development of individualized
pharmacological treatment.
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