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Pesome

Llens. BbisBUTb B3aMMOCBA3b MeX/y CbIBOPOTOYHBIM COZlepXaHneM BuTaMmHa D 1 nonmmop¢$usMom reHa peuientopa ButammnHa D ¢ TaxecTblo Teve-
Husa COVID-19-accouumpoBaHHOro nopaxeHus nerkux. Matepuansl n MeToabl. B paboTe npegcrassieHbl pe3ynbTaThl ob6cnegobanns 200 yenoBek
yepes 1 MecsL nocne nepeHeceHHoro COVID-accoLumMpoBaHHOro nopaxkeHus nerkux B nepuog ¢ 01 uioHa no 31 oktabpa 2020 roaa. MauymeHTbl
pasaenieHbl Ha rpynnbl No 50 YenoBeK B 3aBUCMMOCTY OT CTEMEeHW MOPaXKeHUA Nerkmx rno pesy/ibTaTaM NPpOBeAeHNA KOMMbIOTEPHOW TOMOrpaduu:
1-a rpynna (KT-1), MeaunaHa no Bospacty coctaswna 51,5 [50,5; 54,8]; 2-a rpynna (KT-2), Mmeanana no Bospacty 57,0 [53,1; 57,0]; 3-a rpynna (KT-3),
MeamaHa no Bospacty 52,5 [51,9; 55,0]; 4-a rpynna (KT-4), Meaunana 55,0 [53,2; 56,4]. B rpynny KOHTpo/isi BOWAM 56 Ye/I0BEK OTHOCUTENBHO 340-
POBbIX /ML, He 60/IEBLUMX KOPOHABMPYCHOM MHbEKL e, MegmaHa no BospacTy coctaswia 55,0 [51,1; 55,0]. Bce rpynnbl 6biaM cONoCTaBuMbl Mo
BO3PacTy U Nosy. B CbIBOPOTKe KPOBU UCCEA0BA/IN KOHLLEHTPaLMIO 06Lero 25-rugpokcmeutamuya D (25(OH)D). Takke npoBegeHO MONEKYNSIPHO-
reHeTU4YeCKoe UCCNe0BaHMe reHa pelenTtopa ButaMuHa D: 283 A>G (Bsml) n 2 A>G (Fokl). PesyabTaTbl. YuuTbiBas NosyYeHHble pe3yabTaThl y na-
uveHTOB, NepeHeciunx COVID-19-accoummpoBaHHOe NopaXkeHUe Nerkmx, MOXHO NPeAnoNoXMnTb, YTO HeJ0CTaTOYHOE Co/AepaHue B KpoBU obLero
25-rnapokcmBuTaMnHa D MoXeT ABAATLCA OAHMM 13 GaKTOPOB, CMOCOBCTBYIOLINX OCNOMHEHHOMY TEYEHMIO KOPOHABMPYCHOM MHMEKLIMK, a TaKkKe
¢daKTopoM pucka yxygleHus TedyeHna COVID-19-accoummnpoBaHHOro nopaxeHus nerkux. AHanus noanMmopdusMa reHa peuentopa BuTamMmuHa D
VDR: 283 A>G noka3san npenMyllecTBeHHOe Hac/seA0BaHne annenu A v romosnroTtsl A/A y naumeHToB ¢ 60/1bIMM YPOBHEM MOBPEX/4eHNA Iero4YHOM
TKaHM Ha poHe COVID-19 nHdekuunm — KT-3, 4. MisyyeHne nonmmopdusma reHa peyentopa sutammuHa D VDR: 2 A>G nokasasnio npenMyLiecTBeHHoe
HacneAoBaHMe romMo3uroTbl A/A cpesi 3a60neBLINX NO CPaBHEHUIO C FPYNMo KOHTPoAA. MpW M3yYeHUM KOHLeHTpaLmuu BuTaMuHa D y naumeHToB
¢ COVID-19-accoummnpoBaHHbIM NOpaXKeHNEeM IErKUX B 3aBUCMMOCTM OT Mo/iMMopdU3Ma reHos peenTtopa Butamud D VDR: 283 A>G (Bsml) u VDR:
2 A>G (Fokl) otamnuunin He BbisiBeHO. 3akntoueHne. HegoctatouHoe cogepxanue B kposu 25(OH)D MOXKeT ABAATLCA OAHWUM 13 $aKTOPOB, CNoco6-
CTBYIOLLUX OC/IOKHEHHOMY TEYEHMI0 KOPOHABUPYCHOW UHeKLun. AHaaus nonmmopdusma reHa peuentopa ButamuHa D VDR: 283 A>G nokasan
npenMyLecTBEHHOe Hacne0BaHve annenn A n romosurotsl A/A 'y 6onee TAXKeNON KaTeropMmn naLMeHToB — C 06EMOM NMOBPEXKAEHUA SIErOHHOM
TKaHu 6osiee 50 % (KT-3, 4) Ha ¢poHe COVID-19 nHdekummn. MsyyeHue noammopdusma reHa peuentopa utammuHa D VDR: 2 A>G BbifBUAO cpeaun
3abosieBLINX Hanbolee pacNpoCTpaHeHHOe HOCUTE/IbCTBO FOMO3UroTbl A/A MO CpaBHEHMIO C FPYNMON KOHTPOA.

Kntro4deBbie cnioBa: COVID-19-accoyuuposaHHoe nopasxeHue e2Kux, N0AUMOp@u3M 2eHa peyenmopa sumamura D: 283 A>G (Bsml) u 2 A>G (Fokl)
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Abstact

Objective. To identify the relationship between the serum vitamin B content and the polymorphism of the vitamin B receptor gene with the severity
of the course of COVID-19-associated lung damage.

To identify the relationship between serum vitamin D content and polymorphism of the vitamin D receptor gene with the severity of COVID-19-
associated lung damage. Materials and methods. The paper presents the results of an examination of 200 people, after 1 month suffering COVID-
associated lung damage in the period from June 1 to October 31, 2020. The patients were divided into groups of 50 people depending on the degree
of lung damage based on the results of computed tomography: group 1 (CT-1), median by age was 51.5 [50.5; 54.8]; group 2 (CT-2), median by age
57.0 [53.1; 57.0]; group 3 (CT-3), median by age 52.5 [51.9; 55.0]; group 4 (CT-4), median 55.0 [53.2; 56.4]. The control group included 56 relatively
healthy people who did not have coronavirus infection; the median age was 55.0 [51.1; 55.0]. All groups were comparable in age and gender. The
concentration of total 25-hydroxyvitamin D (25(OH)D) was studied in blood serum. A molecular genetic study of the vitamin D receptor gene was
also carried out: 283 A>G (Bsml) and 2 A>G (Fokl). Results. It was revealed that insufficient levels of 25(OH)D in the blood are one of the risk factors
for the development of COVID-19 infection, as well as a risk factor for worsening the course of COVID-19-associated lung damage. Analysis of the
polymorphism of the vitamin D receptor gene VDR: 283 A>G showed the predominant inheritance of allele A and homozygote A/A in patients with
a high level of damage to lung tissue due to COVID-19 infection — KT-3, 4. Study of polymorphism of the vitamin D receptor gene VDR: 2 A>G
showed preferential inheritance of homozygote A/A among patients compared to the control group. When studying the concentration of vitamin
D in patients with COVID-19-associated lung damage depending on the polymorphism of the vitamin D receptor genes VDR: 283 A>G (Bsml) and
VDR: 2 A>G (Fokl), no differences were found. Conclusion. Insufficient levels of 25(OH)D in the blood may be one of the factors contributing to the
complicated course of coronavirus infection. Analysis of the vitamin D receptor gene polymorphism VDR: 283 A>G showed preferential inheritance
of the A allele and homozygote A/A in a more severe category of patients — with more than 50 % damage to the lung tissue (CT-3, 4) against the
background of COVID-19 infection. A study of the polymorphism of the vitamin D receptor gene VDR: 2 A>G revealed the most common carriage of
the A/A homozygote among patients compared to the control group.
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Introduction

Vitamin D is one of the key immunity regulators
[1, 2]. Vitamin D deficiency observed in 80 % of the
Russian citizens is associated with impaired innate and
acquired immunity, resulting in a high risk of viral and
bacterial infections. Patients with vitamin D deficiency
have significantly reduced resistance to bacterial and
viral diseases (ARVT, flu, rhinitis, obstructive pulmonary
diseases) (2, 3].

Recent studies conducted during and after the
COVID-19 pandemic demonstrated that vitamin D defi-
ciency can contribute to the morbidity rates and aggra-
vate SARS-CoV-2 infection [4-6]. It has been shown
that there are several mechanisms of how vitamin D

can reduce the risk of bacterial and viral infections by
creating a barrier and affecting the innate cellular and
humoral immunity [7]. An active form of vitamin D
(calcitriol 1.25(OH)2D3) facilitates the reduction in pro-
inflammatory cytokine (IL-6, TNFa, CXCL8, CXCL10)
levels, stimulates synthesis of antimicrobial peptides
(cathelicidin, defensin), which have antiviral effects
[3, 8]. Also, one of the vitamin D functions is related
to pathogen identification by macrophages, it being
innate immune response. Besides, vitamin D suppresses
IL-2 and IFy production by type 1 T-helper cells and
stimulates cytokine production by type 2 T-helper cells
[9]. Given that vitamin D takes part in the activity of the
renin-angiotensin-aldosterone system, it is assumed that
it controls the amount of mRNA (messenger ribonucleic
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acid) and expression of angiotensin-converting enzyme-
2, responsible for the protective against various respi-
ratory infections [10]. As for SARS-CoV-2, it is worth
mentioning that vitamin D can suppress supposed adhe-
sive molecules (DPP-4/CD26) for viral penetration to
the cell [6, 10]. Vitamin D affects the body with the help
of the VDR (vitamin D receptor), localised on chromo-
some 12, locus 12q13.11 [11]. VDR is specifically acti-
vated by calcitriol and causes changes in expression of
over 2,700 human genes [2, 3]. A genome-wide biologi-
cal system analysis by Gromova OA et al. to study the
VDR binding made it possible to systematise biological
roles of vitamin D for further treatment and prevention
of a wide array of diseases [12]. It has been found out that
the antiviral immunity is supported by at least 155 pro-
teins, the expression of which is regulated by vitamin D
receptor [3, 12].

Vitamin D receptor is characterised by polymor-
phism, i.e. various allelic variants of this gene in a
population [13, 14]. VDR gene localised on chromo-
some 12q13.11 contains a number of single nucleotide
polymorphisms, including polymorphism 283 A>G
(BsmI) (rs1544410), polymorphism 2 A>G (FokI)
(rs2228570). The Russian scientific literature does not
contain any data on the study of the correlation between
respiratory pathologies and polymorphisms Bsml and
FokI of the VDR gene; however, there are foreign stud-
ies discussing this correlation with bronchopulmonary
diseases [11].

Study Objective

To find the correlation between serum vitamin D
levels and polymorphism of the vitamin D receptor
gene and the severity of COVID-19-associated lung
involvement.

Materials and Methods

The study included 200 patients with a history of
COVID-19-associated lung involvement during the
period from June 1 to October 31, 2020 one month after
discharge from in-patient clinics in Chita. All patients
were divided into groups of 50 people, depending on
the degree of pulmonary involvement as seen on CT
scans: group 1 (CT1) — median age was 51.5 [50.5;
54.8]; group 2 (CT2) — median age was 57.0 [53.1;
57.0]; group 3 (CT3) — median age was 52.5 [51.9; 55.0];
group 4 (CT4) — median age was 55.0 [53.2; 56.4]. The
study enrolled patients with confirmed novel coronavi-
rus infection, where SARS-CoV-2 (Severe Acute Respi-
ratory Syndrome-relate Coronavirus 2) RNA was identi-
fied with real-time polymerase chain reaction. Exclusion
criteria were: lymph and myeloproliferative disorders,
system diseases requiring immunosuppression therapy,
HIV infection, chronic alcoholism, pregnancy, intake of
vitamin D.

The control group included 56 healthy volunteers
without a history of coronavirus infection and other
respiratory diseases within the past three months;
median age was 55.0 [51.1; 55.0]. All study groups were
similar in sex and age composition.

Serum vitamin D (total 25-hydroxyvitamin D) was
measured by an immunoassay after collection of serum
samples from all study subjects. Serum 25(OH)D levels
were measured using commercially available kits and
Access 2 analyser (Beckmancoulter, USA). Molecu-
lar genetic testing of vitamin D receptor gene 283 A>G
(Bsml) (rs1544410) and 2 A>G (FoklI) (rs 2228570) was
performed using polymerase chain reaction with allele-
specific primer (LEGEND plex™). DNA was isolated with
real-time PCR (PCR-RT) and PCR with electrophoretic
result detection (DNA Technology).

The study was approved by the Ethics Committee at
the Federal State Budgetary Educational Institution of
Higher Education Chita State Medical Academy of the
Ministry of Health of the Russian Federation. Before any
assessments, patients provided their voluntary informed
consent; all activities were performed in accordance with
the World Health Organisation’s Declaration of Helsinki
(2013).

Statistical processing of study results was performed
with IBM SPSS Statistics Version 25.0 (licence No. Z125-
3301-14, IBM, USA). Statistical analysis followed the
principles of the International Committee of Medi-
cal Journal Editors (IC MJE) and the Statistical Analy-
sis and Methods in the Published Literature (SAMPL)
guidelines. Normality of parameter distribution in
groups of over 50 subjects was assessed using the Kol-
mogorov-Smirnov test. Given that the parameter dis-
tribution in all study groups was not normal, obtained
data were presented as a median value, first and third
quartiles: Me [Q; Q,]. Kruskal-Wallis test was used to
compare quantitative parameters in three independent
groups. Results were statistically significant at p < 0.05.
Pair-wise comparison of two independent groups using
one quantitative parameter, Bonferroni modified Mann-
Whitney U test was used. Correlation relationships
between study parameters were identified with the help
of the Spearman’s coefficient. The degree of correlation
between study parameters was found using Chaddock
scale. Ratings were described with absolute values and
percentages. Study ratings were compared with the use
of Pearson’s x> which allows assessing the significance
of differences between the actual number of outcomes
or qualitative characteristics of a group in each category
and the theoretical number which can be expected in the
study groups if the zero hypothesis is true. For smaller
groups, likelihood-adjusted Pearson’s chi-squared test
was preferable. Cramer’s factor (V) was used to measure
the degree of correlation between the risk factor and
outcome. The distribution of the frequency of vitamin D
genotypes 283 A>G (Bsml) and 2 A>G (FoklI) corre-
sponded to Hardy-Weinberg equilibrium [14].
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Results and Discussion

Analysis of vitamin D concentration in the study
groups demonstrated lower levels in patients with
COVID-19-associated lung involvement vs. controls. Dif-
ference vs. group 1 was 1.2-fold [1.14; 1.22] (p < 0.001),
group 2 — 1.3-fold [1.22; 1.31] (p < 0.001), group 3 —
1.4 fold [1.29; 1.38] (p < 0.001), and group 4 — 1.4 -fold
[1.34; 1.45] (p < 0.001) (Table 1). Also, lower levels of
vitamin D were found in patients with an extensive pul-
monary tissue involvement: in groups 3 (CT-3) and 4
(CT-4) vs. group 1 (CT-1) — 1.12-fold [1.09; 1.17] and
1.17-fold [1.13; 1.23], respectively (p < 0.001); in group 4
(CT-4) vs. group 2 (CT-2) — 1.12-fold [1.06; 1.15]
(p <0.001) (Table 1).

According to the 2021 Vitamin D Deficiency Guide-
lines [16] in adults, measurement of vitamin D levels
in patients corresponded to the following criteria: vita-
min D deficiency — blood 25(OH)D level of < 20 ng/
mlL, inadequate vitamin D level — blood 25(OH)D level
between > 20 and < 30 ng/mL, with the target value of
30-60 ng/mL. In our study, low vitamin D levels were
recorded in 184 patients (92 %): group 1 (CT-1) — 41
(82 %) subjects, group 2 (CT-2) — 46 (92 %) subjects,

group 3 (CT-3) — 48 (96 %) subjects, group 4 (CT-4) —
49 (98 %) subjects. Besides, vitamin D deficiency
was diagnosed in 2 patients in group CT-3 (4 %) and
7 patients (14 %) in group CT-4. The majority of con-
trols had target 25(OH)D levels (87.5 %), unlike patients
who had coronavirus infection. This value was 4.9 times
higher than in group 1 (p < 0.001), 10.9 times higher
than in group 2 (p < 0.001), 21.9 times higher than in
group 3 (p < 0.001), 43.8 times higher than in group 4
(p <0.001) (Table 2).

In analysis of the group of patients, depending on
the severity of COVID-19-associated lung involvement,
target vitamin D levels in group 1 (CT-1) vs. group 3
(CT-3) and 4 (CT-4) were found 4.5 times (p = 0.03) and
9 times (p = 0.02) more often (Table 2).

The correlation analysis demonstrated that there is
moderate inverse relationship (V = -0.46, p < 0.001)
between 25(OH)D level and extent of lung tissue
involvement.

Therefore, it can be assumed that lower serum vita-
min D levels are a risk factor of coronavirus infection
and a risk factor of aggravated COVID-19-associated
lung involvement.

Table 1. The concentration of vitamin D in the blood of patients of the studied groups

Statistics
Vltan}m D Manna-Whitney
Groups concentration, ng/ml .
Me [Q1; Q3] Kruskal-Wallis Comparison with Comparison of groups

control group studied

33,17 U, ,=907,0
Control , =56 ; 2
ontrol group, n K [32,46; 33,53] P,,=0,02;
Group 1, n=50 1 27,53 UH:(??)Z;;;’ o =(f:)f))10’
pon= [27,41; 28,43] P,,<0,00L; P, ,<0,001;
U_,=172,0, U, =421,0,

26,41 H=130,53, df=4 p.,<0,001; p,.,<0,001;

Group 2, n=50 2 >0 > k2 SOV U 145U
P [25,65; 26,61] P <0,001. U_.=96,5, U,, =861,0,
24,54 P,.;<0,001; p,,=0,007;
Group 3,n=30 : [24,23;25,11] U, =735, v, ,=702,0,
p,_,<0,001. p,,<0,001;
23,51 U, ,=1010,0
4,n= 4 : o

Group 4, n=50 [23,17; 24,19] 3[)4374:0,1.

Note: the statistical significance of the differences between: p_ — control group and group 1; p_, — control group and group 2; p_, — control group and group 3; p_, — control group
and group 4; p, , — between 1 and 2 groups of patients; p, , — between 1 and 3 groups of patients; p, , — between 1 and 4 groups of patients; p, , — between 2 and 3 groups of patients;

p, , — between 2 and 4 groups of patients; p, , — between 3 and 4 groups of patients

Table 2. Characteristics of patients depending on the level of vitamin D concentration

Number of patients with low Number of patients with Statistics
Groups 25(0OH)D levels target level 25(OH)D N
(less than 30 ng/ml) (from 30 to 60 ng/ml) PX
Control group, n=56 K 12,5% (7/56) 87,5% (49/56) X'.i=51,5; p, ;<0,001;
X2,=66,8; p_,<0,001;
Group 1, n=50 1 82% (41/50) 18% (9/50) X, ,=24,1; p,,<0,001;
X2, =23,58; p_,<0,001.
Group 2, n=50 2 92 % (46/50) 8% (4/50) X',=14;p,,=0,14;
X*,,=5,01; p,_,=0,03;
Group 3, n=50 3 96 % (48/50) 4% (2/50) X,.=54;p, ,=0,02.
F, =0,7%p, =0,68
Group 4, n=50 4 98 % (49/50) 2% (1/50) F, =147 p, =0,21

F, ,=0,6p,,=0,62

Note: see table 1
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Scientific literature contains similar information that
higher serum vitamin D concentrations are associated
with a reduced risk and milder COVID-19 infection [17].
Also, there is evidence that vitamin D activates immune
cells, which are then used to produce immune peptides
and proteins — cathelicidins and defensins, which have
an array of antimicrobial and antiviral effects [18, 19].

In turn, it would be interesting to study the associa-
tion between the levels of vitamin D with known poly-
morphisms of vitamin D gene depending on the severity
of COVID-19-associated lung involvement. We managed
to perform a genetic testing of 156 patients; thus, groups
1,2 (CT-1,2) — group I were compared with groups 3, 4
(CT-3,4) — group IL

Analysis of polymorphism of vitamin D receptor
gene VDR: 283 A>G in patients with COVID-19-asso-
ciated lung involvement demonstrated that allele G is
1.2 times more common in patients with less extended
pulmonary tissue involvement (CT-1,2) vs. controls
(p <0.03; OR = 0.6). Also, it was found out that patients
with less extended pulmonary tissue involvement (CT-
1,2) have allele G 1.4 times more often (p < 0.001;
OR = 2.5) than controls (CT-3,4). Patients with more
extended lung tissue involvement (CT-3,4) have allele

A 1.8 times more often (p < 0.001; OR = 0.4). Analysis
of polymorphism genotypes of vitamin D receptor gene
VDR: 283 A>G demonstrated that polymorphism G/G
is 1.7 times more common in groups CT-1,2 vs. controls
(p = 0.01; OR = 0.4). The study of polymorphism A/G
showed that it is 1.6 times more common in controls vs.
groups CT-1,2 (p = 0.02; OR = 2.3) and 1.3 times more
common vs. groups CT-3,4 (p = 0.12; OR = 1.7). Poly-
morphism A/A is observed mostly in more severe cases
of COVID-19-associated lung involvement (group II)
(2.8 times more common) (p = 0.006; OR = 0.3) vs.
patients with less extended lung involvement (group I)
(Table 3).

The study of polymorphism of vitamin D receptor
gene VDR: 2 A>G in patients with lung involvement
associated with past COVID-19 infection demonstrated
predominant inheritance of homozygote A/A in groups I
and II: 2.6 times more common (p = 0.04; OR = 0.3) and
2.5 times more common (p = 0.04; OR = 0.4) vs. controls,
respectively. Analysis of genotype A/G of the studied
polymorphism demonstrated its predominance in the
control group: 1.7 times more common than in group I
(p =0.007; OR = 2.7) and 1.6 times more common than
in group II (p = 0.009; OR = 2.5) (Table 3).

Table 3. Distribution of the frequency of alleles and genotypes of the vitamin D receptor gene polymorphism
VDR:283 A>G (Bsml), VDR:2 A>G (Fokl) in patients with COVID-19-associated lung damage

Group
Gene Genotypes and Control group Statistics Pairwise comparison of
alleles n=56 I(KT-1,2) II (KT-3,4) study groups
n=74 n=82
G 60,7 % 73,6% 53%
(68/112) (109/148) (87/164) x’=14,21 X=491 p,,=0,03;
df=2 x.,=1,59; p,_,=0,21;
A 39,3% 26,4% 47% p<0,001 X’,.,=14,13; p, ,<0,001;
(44/112) (39/148) (77/164)
2 _ . - .
. 33,9% 56,8% 32,9% ’)‘(;—1 _g’g; gk—l_g’;);j
: 1 42/74 27/82 2=0,02; p,,=0,90;
VDR: 283 A>G (19/56) (42/74) (27/82) XC.128,965 p, .=0,003;
2— 2 . = .
(30/56) (25/74) (33/82) - K ™8908 Py =025
p=0,002 X%,,=0,69; p, ,=0,41;
2 . — .
12,5% 9,5% 26,8% X1=0:07 b, ,=0,79;
AlA (7/56) (7/74) (22/82) X=412p,,=0,04;
X*,,=7.78; p, ,=0,006;
A 39,3% 41,2% 40,9%
(44/112) (61/148) (67/164) X=0,11 X, =0,09; p_=0,75;
df=2 X2.,=0,07; p_,=0,79;
G 60,7% 58,8% 59,1% p=0,95 X,,=0,004; p ,=0,95;
(68/112) (87/148) (97/164)
2 . = .
A 8,9% 23,0% 22% izwlj’f;j fj"‘_g’gi
. k2" D27 BT T
VDR:2 A>G (5/56) (17/74) (18/82) XC.,=0,02; p, ,=0,88;
2_ 2 _ . - A
60,7% 36,5% 37,8% X'=10,38 X =731 p,,=0,007;
AlG (34/56) 7/74) (31/82) df=4 X':=701; p, ,=0,009;
p=0,035 X2,.,=0,03; p, =0,87;
2 . — .
oG 30,4% 40,5% 40,2% X;*l:i’ﬁj P H_g’iij
(17/56) (30/74) (33/82) K™ b33 Pip™ 2%

X,,=0,001; p, ,=0,97;

Note: statistical significance of differences between: p_ — control group and group 1; p,_, — control group and group 2; p, , — between groups 1 and 2 of patients
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Table 4. Vitamin D concentration in carriers of different genetic polymorphisms of the vitamin D receptor gene VDR:

283 A>G (Bsml), VDR: 2 A>G (FokI)

Concentration of 25(0OH)

Statistics

Gene Genotypes D, ng/ml Manna-Whitney
Me [Q1; Q3] Kruskal-Wallis
> Comparison of study groups
AJA 26,2 [26,2;28,3] U, ,=807,5,
n=29
H=0,6 p,,=0.86;
A/G it U, ,=915,0
VDR: 283 A>G / 27,9 (27,3; 28,5] df=2 13
n=58 p,,=0,44;
. p=074 U, =1763,0
=69 26,6 [26,6; 27,9] p,,=0,26.
AlA 26,0 25,7 27,1] U, =1011,5,
n=35
H=2,96 P,,=0:98;
A/G i U, ,=1008,0,
VDR:2 A>G / 27,9 [27,5; 28,7] df=2 13
n=58 p,,=0,48;
p=0,23 13
GIG U, ,=1741,5;
=63 26,6 [26,65 28,3] p,,=0,66;
Note: p , — statistical significance of differences between carriers of A/A polymorphism and A/G; p, , — statistical significance of differences between carriers of A/A polymorphism
and G/G; p, , — statistical significance of differences between carriers of A/G polymorphism and G/G

No differences were found when studying vitamin D
concentrations in patients with COVID-19-associated
lung involvement, depending on polymorphism of vita-
min D receptor gene VDR: 283 A>G (BsmlI) and VDR:
2 A>G (FokI) (Table 4). Similar results were observed
in other studies; for example, Smagina IV et al. studied
patients with multiple sclerosis and found reduced serum
concentrations of 25-hydroxyvitamin D25; however,
there was no significant difference in plasma 25(OH)D
levels in patients with various genotypes of these poly-
morphisms — 283 A>G (BsmlI) and VDR: 2 A>G (FokI)
[20].

Analysis of scientific literature on the study of genetic
implications of the association between vitamin D
deficiency and severity of the past COVID-19 infec-
tion shows ambiguous data; for instance, Shreiner EV,
Petukhova SK, Khavkin AI et al. did not find out any
association between the studied genotypes and sever-
ity of the past coronavirus infection [17]. At the same
time, Protas VV et al. analysed information on various
allele combinations of vitamin D receptor gene VDR:
2 A>G (Fokl), including A>G, and summarised data on
the association between such diseases as dengue fever,
bronchopulmonary diseases (bronchial asthma, TB),
Parkinson disease, and hepatitis B [11,21-25]. Analyses
by Li, Qian MM and other foreign researchers mention
some association between inheritance of certain poly-
morphisms of vitamin D receptor gene VDR, particu-
larly rs1544410 (BsmlI), rs 2228570 (FokI), and sepsis in
various pathologies [26]. In their metaanalysis, Palshina
AM et al. found out that in Caucasian patients in France,
who carry FF frequency of genotype Fokl, rheumatoid
arthritis is much more common [27, 28]. A study of the
Russian population of patients with arterial hyperten-
sion to analyse the distribution of genotypes FokI of
VDR gene, encoding vitamin D receptor, demonstrated

that in subjects with genotypes FokI FF and Ff of gene
VDR, the disease onsets in younger age [27, 29]. A meta-
anlysis of VDR gene polymorphism, in particular of
FokI and Bsml, in type 1 diabetes mellitus (79 studies)
and type 2 diabetes mellitus (44 studies) showed a high
risk of type 1 diabetes mellitus in the presence of allele
B Bsml and type 2 diabetes mellitus in the presence of
allele f FokI [27, 30]. In studies by Kostik MM et al., gen-
otype bb of BsmI of a gene VDR polymorphous marker
manifested as a marker of poor prognosis in boys with
juvenile idiopathic arthritis [31].

Meanwhile, according to various estimates, the gen-
otype contribution to fluctuation of serum 25(OH)D
levels is 23-43 % to 77-80 % [32, 33]. If the patient’s gen-
otype has “risk alleles”, i.e. genotype variants that cause
a reduction in the amount or function of VDR recep-
tors, vitamin D will not be fully absorbed by respective
cells from the blood. A metabolic disorder will develop,
similar to vitamin deficiency. At the same time, blood
vitamin D level can remain normal. These genotypes
account for 48 %, approximately 7-11 % of them have 2
“risk alleles” at once [32, 33].

Currently, only an incomplete list of genes, mutations
of which impact vitamin D status, has been compiled
[32]. Our idea of the genetic structure of 25(OH)D levels
may be expanded as a result of large-scale genetic testing,
analysis of “gene-gene” and “gene-environment” interac-
tions, epigenetic observations, etc. Further studies in
this area are likely to ensure better understanding of
the mechanisms behind vitamin D metabolism regula-
tion. How identified genetic polymorphisms affect vita-
min D metabolism is not clearly known [32]. A majority
of authors believe that serum 25(OH)D concentrations
depend on both gene polymorphism and environmental
factors (UV index, skin exposure to sunlight, nutritional
path), therefore, they should be considered together.
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Nevertheless, features of polymorphism of vitamin D
receptor gene VDR can have an indirect impact on the
function of innate and acquired immunity. It is essen-
tial to undertake a further study of the peculiarities of
the genetic status of patients with COVID-19-associated
lung involvement and search for haplotypes (including a
study of cytokine gene polymorphisms, etc.) that affect
disease severity, including sepsis.

Conclusions

Therefore, given the available results for patients
with past COVID-19-associated lung involvement,
it can be assumed that low blood levels of total
25-hydroxyvitamin D can contribute to a more severe
course of coronavirus infection. Analysis of poly-
morphism of vitamin D receptor gene VDR:283 A>G
demonstrated predominant inheritance of allele A and
homozygote A/A in patients with a more severe dis-
ease, where pulmonary tissue involvement is over 50 %
(CT-3, 4) associated with COVID-19 infection. Study of
polymorphism of vitamin D receptor gene VDR: 2 A>G
showed that most patients were homozygote A/A carri-
ers vs. controls.
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