VK 616.24-031.72:[616.98:578.834.1]:575.174.015.3 doi: 10.31549/2542-1174-2021-4-67-79

Biaunsaaue nouMop@HBIX MAPKEPOB reHOB 0€JIKOB — YYaCTHUKOB
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AHHOTAIIMA

BBenenue. HpunupoBaHue 4eja0BeKa aCCOIUUPOBAHHBIM C TAKEJIBIM OCTPBIM PECIIPATOPHBIM CHHPOMOM KOPO-
HaBupycoM 2 (SARS-CoV-2) dopmupyer nmosnmopdHyIo kKapTuHy HHOeKIHOHHOr0 3aboneBanusa (COVID-19) B auama-
30HE OT JIerKuX ()OPM OCTPOH pecrnupaTopHOU MHGMEKIUU JIO0 TAKEJBIX U YIPOXKAIOIIUX KU3HU BAPUAHTOB TEYEHUS
CHCTEMHOU MH(EKINY C BOBJIEUEHHEM /IBIXaTeJIbHBIX ITyTel. Cpe/ii 3HaYNMBIX IIPEJIUKTOPOB TAKEJIOT0 TEUeHU U JIeTaIb-
HOTO UCX0/]a ¥ GOJIbHBIX ¢ IOPaXKEHUEM JIETKUX, aCCOLMUPOBAHHBIM ¢ HH(DeKIMOHHBIM 3a601eBanreM COVID-19, Bbize-
JIAIOT yBeJIMYeHHe IUIa3MEeHHOro cojiep:kaHus D-1umepoB, roMonMCcTerHa, HEKOTOPbIE OJHOHYKJIEOTUIHBIE IIOJIMOP-
dusmsl (single nucleotide polymorphisms — SNP) reHoB 6€71KOB — yJaCTHHKOB (DOJIATHOTO [IUKJIA.

I enb. OueHUTH POJIb TEHETHYECKUX MapKepPOB HapyIIeHNH MeTaboin3Ma HOoTHeBON KUCIOThI B PA3BUTUH CUMIITOMOB
U UCXOJI0B aCCOIMHUPOBAHHOTO ¢ KopoHaBupycoMm SARS-CoV-2 moparkeHus JIETKUX Y TOCHUTATN3UPOBAHHBIX ITAIUEHTOB.
MaTepuasbsl U MeTOJbl. B OTKDHITOM IPOCIIEKTUBHOM CPAaBHUTEJIBHOM HCCIEJOBAHUY 117 OOJIBHBIX € IIOpaXe-
HMeM JIETKHX, aCCOLIMUPOBaHHBIM ¢ HHGUIIpoBaHueM KopoHaBUupycoM SARS-CoV-2, nmpoBezieH aHaIu3 UCXO/I0B B 3aBU-
CHMOCTH OT HOJTUMOP(HBIX MapKepoB IeHOB 6eIKoB (OJIATHOTO ITUKJIA U IPUMEHEHHA B KOMIUIEKCHOU Tepanuu GUKCH-
POBaHHOH KoMOUHAIMK (HOIHeBOl KUCTIOTHI ¢ BUTaMuHamu B, B .

PesynbTaThl. Y MalMeHTOB HAOJIONAJICA TMOBBIIIEHHBIA OTHOCUTEIBHBIH PUCK TeTEPO3UTOTHOTO HOCHUTEJIHCTBA
MHUHOPHOTO aiyiesisi G OJTHOHYKJIEOTHIHOTO MoinMopdr3Ma reHa MeETHOHHHCUHTa3bIpeayKTasdsl (MTRR) 66AG. F'omo3u-
rotubii reHoTunt MTRR 66GG acconuupoBasics ¢ MoKa3aTeisiIMi aHEMUU U TPOMOOI[UTOTIEHUN. Y CTAaHOBJIEHO CTaTUCTH-
YeCKU 3HAUMMOE CHIKeHUe oTHoueHus maHcoB (OIII) 1ocTKeHNs K 14-My JTHIO Tepalliy OTPUIIATEIHHOTO pe3yJibTaTa
omnpezesnenuss PHK SARS-CoV-2 y manueHTOB ¢ reTepo3uroTHbIM reHoTuIioMm 677CT u ToM0o3uroTHbIM reHoTuriom 677TT
resa MeTwieHterparuapodonarpenykrassl (MTHFR).

3akniouenue. [lopaxkeHue Jjierkux, BeI3BaHHOEe KOpoHaBupycoM SARS-CoV-2, accormumpyercs ¢ IOBBIIIEHHBIM
PHCKOM TeHeTH4ecku 00yc/I0BIEHHOTO HapyIlleHus MetaboiusMa dojiata ¥ BUTaMuHa B .

Kmouesnte caoea: oqHOHYKIIeOTUAHBIe TonnMopdusmbl reHoB, MTRR 66AG, MTHFR 677CT, MTHFR 677TT, donue-
Bad KucjoTa, koponaBupyc SARS-CoV-2, BupycHoe nopakeHue Jerkux.
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The effect of polymorphic markers of genes of proteins involved
in the folate metabolism on the course and outcomes of the viral
lung damage associated with SARS-CoV-2 infection

I.Ya. Tseimakh!, G.I. Kostuchenko?, D.E. Bogachev', O.A. Zubova3, T.A. Kornilova+, A.G. Harlova3,
I.P. Kramar4, A.E. Tseimakh!, Ya.N. Shoyhet"

'Altai State Medical University (Barnaul)

2Regional Clinical Hospital (Barnaul)
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ABSTRACT

Introduction. Infection with human coronavirus 2 (SARS-CoV-2) associated with severe acute respiratory syndrome,
forms polymorphous pattern of the infectious disease (COVID-19) in the range from mild acute respiratory infection to
severe and life-threatening variations of systemic infection with respiratory tract involvement. Among significant predic-
tors of the severe course and lethal outcome in the individuals with lung affection associated with COVID-19 infection, the
increase of plasma levels of D-dimer, homocysteine, and some single-nucleotide polymorphisms (SNPs) of genes of the
folate cycle proteins are singled out.

Aim. To assess the role of genetic markers of folic acid metabolic disorders in the development of symptoms and the
outcomes of viral lung damage associated with SARS-CoV-2 infection in the hospitalized patients.

Materials and methods. In an open prospective comparative study the assessment of outcomes depending on
polymorphic markers of protein genes of the folate cycle and the use of fixed combination of folic acid and vitamins B, B ,
in comprehensive therapy was performed in 117 patients with lung damage associated with SARS-CoV-2 infection.
Results. Patients showed an increased relative risk of the heterozygous minor G-allele carriage of 66AG SNP of the
methionine synthase reductase gene (MTRR). The homozygous MTRR G66G genotype was associated with indicators of
anemia and thrombocytopenia. A statistically significant decrease in the odds ratio in achieving negative results for SARS-
CoV-2 RNA detection by the 14th day of therapy in patients with the heterozygous 677CT genotype and the homozygous
677TT genotype of the MTHFR (methylenetetrahydrofalate reductase) gene was established.

Conclusion. Lung damage caused by SARS-CoV-2 infection is associated with an increased risk of genetic metabolic
disorder of folate and vitamin B .

Keywords: single-nucleotide polymorphisms of genes, MTRR 66AG, MTHFR 677CT, MTHFR 677T1T, folic acid, SARS-
CoV-2, viral lung damage.

Citation example: Tseimakh I.Ya., Kostuchenko G.I., Bogachev D.E., Zubova O.A., Kornilova T.A., Harlova
A.G., Kramar I.P., Tseimakh A.E., Shoyhet Ya.N. (2021). The effect of polymorphic markers of genes of proteins in-
volved in the folate metabolism on the course and outcomes of the viral lung damage associated with SARS-CoV-2
infection. Journal of Siberian Medical Sciences, 4, 67—79. doi: 10.31549/2542-1174-2021-4-67-79

BBE/IEHUVE INTRODUCTION

WNuadunmupoBaHie 4eJI0BEKa aCCOIMHPOBAHHBIM C
TSDKEJIBIM  OCTPBIM  PECHHUPATOPHBIM  CHHJIPOMOM
kopoHaBupycoM 2 (SARS-CoV-2) dpopmupyer mostu-
MopdHYI0 KapTuHy HHGEKIIMOHHOTO 3a00J1€BaHUs
(COVID-19) B nmmama3oHe OT JIETKUX (HOPM OCTpPOU
pecrupaTopHOi MH(MEKIIIH 0 TSKEIIBIX U YTPOXKaI0-
[IUX KU3HU BADUAHTOB TEUEHUS CUCTEMHOMN HHGEK-
MU C BOBJIEYEHUEM JbIXaTeJbHbIX IyTed [1, 2].
Cpenu 3HAYUMbBIX IPEAUKTOPOB TSKEJIOTO TEUEHUs
U JIETAJILHOTO UCX0/1a Y OOJIBHBIX € IOPa’KEHUEM JIET-
KHUX, aCCOI[MMUPOBAHHBIM € WHMEKIIMOHHBIM 32001~
BaunueM COVID-19, BbIZIEJIAIOT yBeJIMYEHUE ILIa3-
MEHHOTO Cojiep:KaHusi D-IuMepoB, TOMOIMCTENHA,

Infection with human coronavirus 2 (SARS-
CoV-2) associated with severe acute respiratory syn-
drome, forms polymorphous pattern of the infec-
tious disease (COVID-19) in the range from mild
acute respiratory infection to severe and life-threat-
ening variations of systemic infection with respira-
tory tract involvement [1, 2]. Among significant pre-
dictors of the severe course and lethal outcome in the
individuals with lung affection associated with
COVID-19 infection the increase of plasma levels of
D-dimer, homocysteine, and some single-nucleotide
polymorphisms (SNP) of protein genes — partici-
pants of the folate cycle are singled out [3, 4].
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HEKOTOpble OJIHOHYKJIEOTHJIHBIE ITOJTUMOP(U3MBI
(single nucleotide polymorphisms — SNP) renos 6e-
KOB — YYAaCTHHUKOB (DOJIATHOTO ITUKJIA [3, 4].

C'uneproMoIcTenHEMUST BOSHUKAET BCJIE/ICTBIE
HapylleHuss  MeTabosM3Ma  OZHOYIJIEPOJHOTO
¢onara ipu yuactuu psajga ¢epMeHTOB U BUTAMUHOB
rpyunsl B [5, 6]. YBennueHue coziepxaHus B KPOBU
TOMOITUCTENHA MOJKET OBITh 00YCJIOBJIEHO Jeduiiu-
TOM Ko(gaKTOpHOro MeTabosusMma ¢oneBoi Kuc-
JIOThI W BUTamMuHa B . T'eHeTMyeckuidl MmOIMMOp-
dusm psaga 6eakoB GOSATHOTO IUKIA CBA3AH C
MIOBBIIIIEHHBIM PHUCKOM TUIIEPTOMOIIMCTENHEMIH,
[IPOTPECCUPOBAHUS  aTePOCKJIEPO3a, BEHO3HBIX
TpOMOO3MOOJIMYECKUX OCIOKHEHHUH, JTePUITUTOM
akTHBHOHI (opMbI BuTaMHHA B , u anemueit [7, 8].
[ToTeHruanbHasl POJb TUIEPTOMOIUCTENHEMUH,
reHeTHYeCKUX U OK30TeHHBIX (HAKTOPOB pHUCKA
nedunura GONMEBON KUCIOTHI U BUTaMHHA By
[MaeHTOB ¢ WHGEKIUOHHBIM 3aboJeBaHueM
COVID-19 nmpuBeKaeT BHUMaHUE UCCIIE0BATENEN.

B noctynHOl HaMm JuTEpaType Mbl He BCTPETUIN
HCCIIEIOBAHUN KIIMHUUECKOH 3(pPEKTHBHOCTH MpH-
MeHeHUs1 (GOJMEBON KHCJIOTHI BO B3aMMOCBS3U C
TeHEeTHYEeCKUMU OJIUMOP(U3MaMu TeHOB OeTKOB —
YYaCTHUKOB (POJIATHOTO MeTaboIu3Ma.

IOEJIb NCC/JIEJOBAHUNA

O1eHUTD POJIb TeHETUUECKIX MapPKEPOB HapyIIIe-
HU MeTabosm3Ma (PoIMeBON KUCIOTH B PA3BUTUH
CUMIITOMOB ¥ HCXOJIOB aCCOIMUPOBAHHOTO C KOPO-
HaBupycoM SARS-CoV-2 mnopakeHUA JIETKUX Y
TOCIUTAIN3UPOBAHHBIX IAIIEHTOB, ITOIYYAIOIINX
JTOTIOJTHUTEJIBHO K CTAH/IAPTHOH Tepanuu (hOJTHEBYIO
KHUCJIOTY B QUKCUPOBAHHOW KOMOWHAITUY C BUTAMU-
Hamu B, B .

MATEPUAJIbI 1 METO/IbI

B OTKpBITOE TPOCHEKTUBHOE CPaBHUTEIHHOE
HCcIe0BaHue ObUIO BKJIFOYEHO 117 OOJIPHBIX € TTOpa-
JKEHUEM JIETKUX, aCCOIMUPOBAHHBIM € WHOHUIIHPO-
BaHUeM KopoHaBupycoM SARS-CoV-2. [IpoBezeHue
HCCIIe0OBaHUA OBLIIO 0I0OPEHO KOMHUTETOM IO STHUKE
mpu AJITaCKOM TOCy/IapCTBEHHOM MEAUIIUHCKOM
yHuBepcuteTe (IpoTokos N2 7 ot 03.07.2020). Kpu-
TepUsIMHU BKJIIOUEHUS SBUJIOCH COOJTIOZIEHUE CIIETY-
FOIMX YCIOBUN: PEIOCTaBIEHE Tal[HeHTOM ITHCh-
MEHHOTO HMH(OPMHPOBAHHOTO COTJIACHS HA yJaCTHE
B HCCJIEZIOBAHUHU; BO3pACT = 18 JIeT; MOJITBEPKIEH-
a1l BoigeaenrueM PHK SARS-CoV-2 guar1os HOBOM
KOPOHOBHUPYCHOW WHQEKIINH, yCTAaHOBJIEHHBIH B
COOTBETCTBHU C JIEUCTBYIOIIUMHU CTaHJIapTamMu [9];
VTOUYHEHHOE TII0 pe3yJbTaTaM IPOBEAEHHOH 0
Havasia jieyeHus1 KoMbioTepHoi Tomorpadun (KT)
BUPYCHOE TTOpaKEHHUeE JIETKUX. Kpurepun uckIoye-

Hyperhomocysteinemia occurs due to one-car-
bon folate metabolism disorder involving a series of
enzymes and B vitamins [5, 6]. Hyperhomocystein-
emia may be caused by the folic acid and vitamin B,
cofactor metabolism deficiency. Genetic polymor-
phism of a number of proteins of the folate cycle is
related to the increased risk of hyperhomocystein-
emia, atherosclerosis progression, venous thrombo-
embolic complications, vitamin B  active form defi-
ciency and anemia [7, 8]. The potential role of hyper-
homocysteinemia, genetic and exogenic risk factors
of folic acid and vitamin B, deficiency in patients
with COVID-19 infection draws attention of the
researchers.

We have not found any studies on the clinical effi-
cacy of folic acid use in relation to genetic polymor-
phisms of genes, encoding proteins involved in the
folate metabolism, in the available literature.

AIM OF THE RESEARCH

To assess the role of genetic markers of metabolic
disorders of folic acid in the development of symp-
toms and outcomes of the viral lung damage associ-
ated with SARS-CoV-2 infection in the hospitalized
patients receiving folic acid in the fixed combination
with B, B , vitamins in addition to the conventional
therapy.

MATERIALS AND METHODS

In an open prospective comparative study
117 individuals with lung damage associated with
SARS-CoV-2 infection were included. The study was
approved by the Ethics Committee of Altai State
Medical University (Protocol No. 7 by June 3, 2020).
Inclusion criteria specified as follows: the patient’s
written informed consent for study participation;
age > 18 years; the diagnosis of a novel coronavirus
infection confirmed by SARS-CoV-2 RNA isolation,
made according to current standards [9]; the viral
lung involvement specified by results of computer
tomography (CT) prior to therapy initiation. Exclu-
sion criteria were specified as follows: impaired con-
siousness; unstable hemodynamics (systolic blood
pressure less than 9o mm Hg, or diastolic blood
pressure less than 60 mm Hg, diuresis less than
20 ml/h); the volume of viral lung lesion > 50%
according to CT; the need for mechanical ventilation
of the lungs.

The study group included 78 patients who pro-
vided additional consent to receive the folic acid at a
daily dose of 15 mg as a part of combined prepara-
tion, containing 5 mg of folic acid, 4 mg of pyridoxine
hydrochloride, 6 pg of cyanocobalamin. The control
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HUs: HapyllleHUue CO3HAHUs, HECTAOMIbHAS TEMOTHU-
Hamuka (cucrosmyeckoe AJ] MeHee QO MM PT. CT.
Wi auacroandeckoe AJl meHee 60 MM PT. CT., THY-
pe3 MeHee 20 MJI/4), 00BEM BUPYCHOTO IOPAKEHMUS
Jerkux = 50 % mno gauabiM KT, HeoO6XoauMoCTh
MeXaHUYEeCKOH BEHTUJIAIUN JIETKUX.

B ocHOBHyI0 rpyIminy ObLIM BKJIFOUEHBI 78 maIu-
€HTOB, IPEIOCTAaBUBIIUX JIOTIOJIHUTEIBHOE COTJIACHE
Ha IIPUEM B paMKaX KOMILIEKCHOTO JieueHus (osue-
BOU KHCJIOTBI B CyTOYHOH /JI03€ 15 MT B COCTaBe KOM-
OWHUPOBAHHOTO IIPEIapara, COAEPIKAaIIEro B OTHOU
TabsieTke 5 MT (DOJIMEBO KHCJIOTHI, 4 MT TUPHUIOK-
CHHA TUJIPOXJIOPH/IA, 6 MKI IIHAaHOKOOaJaMuHA.
B rpynmny cpaBHeHUs BOLILIM 39 MAIUEHTOB, IOJIY-
YaBIIUX KOMILIEKCHOE JieueHue 6e3 GoneBoii Kuc-
JIOTHI B KOMOMHALUY C BUTaMuHamu B, B .

Bospact 60JIbHBIX OCHOBHOU TPYNIBI U TPYIIIIBI
CpaBHEHUS He WMeJs Pa3jIuduii, COCTABUB COOTBET-
ctBeHHO 57.8 + 13.5 (59.5 (50.0—67.0)) roma u
57.2 = 12.0 (57.0 (51.0-63.0)) roga (p = 0.833).
B o6eux rpymmax GOJIBHBIX COIIOCTAaBUMO IpeobJia-
JIaJTH >KEHIITUHBI — 46 (59.0 %) B OCHOBHO T'PYIIIE U
26 (66.7 %; p = 0.545) B rpy1Ie cpaBHeHUs. OIeHKa
CTEIIEHW TsKEeCTH HHGEKIIMOHHOTO 3abosieBaHus
COVID-19 npoBoamtach 1o mkaie NEWS (National
Early Warning Score — HarnoHasibHas cucreMa
panHero npeaynpexaenus) [10]. Taxxects 3aboJte-
BaHuA no mkajie NEWS BapprpoBasia B Auamna3oHe
oT 1 10 6 6ay10B, IpeobJaiaia oreHkKa 1—4 6amma —
y 65 ues. (83.3 %) B OCHOBHOU TpyIIle U 35 UeJl.
(89.7 %; p = 0.518) B rpymme cpaBHeHus. [Ipu aHa-
sm3e obbeMa nopaskeHus Jerkux 1o ganabM KT c
WCIIOJIb30BAHUEM «OMIIUPUUECKON» BUBYATbHOH
IIIKAJIbl BOBJIEUEHUS MMAPEHXUMBI JIETKUX B IATOJIO-
TUYECKHUH Tporiecc [9] B OCHOBHOU TPYIIIE U TPYIIIE
CpaBHEHUS B COMOCTABHMBIX COOTHOIIEHHSAX OIpe-
nensimich Masble (<25 %, KT-1) u ymepeHHbIe (25—
49 %, KT-2) 06beMbI BUPYCHOT'O IIOPAXKEHU S JIETKHX.
B oCcHOBHOW TpyIllie U TPyIie CPaBHEHUSI OTMeua-
JIach TUIIOKCEMHYECKAs JbIXaTeJbHas HeI0CTaTOY-
HOCTh — 33 (42.3 %) u1 17 (43.6 %; p = 0.949) nanu-
€HTOB coOoTBeTcTBeHHO. COIyTCTBYyOIME 3200 1€Ba-
HUS MMeJH 57 mnanueHToB (73.1 %) B OCHOBHOM
rpyure u 29 60JbHBIX (74.4 %; p = 0.943) B TpyIIIe
cpaBHEHHUS. B rpymmax manueHTOB OTCYTCTBOBAIH
BaKI[MHUPOBAHHBIE OT T'PUIINA U ITHEBMOKOKKOBOH
uH@peKnuu.

Bce marueHThI MOJIydaiu JieueHrne HHPEKITUOH-
Horo 3abosieBanuss COVID-19 u COIMyTCTBYIOIIHIX
3a00JIEBAaHUN B COOTBETCTBUU C aKTYaJIbHBIMU KJIM-
HUYECKUMHU pekoMeHzanuamu [9]. ComoctaBumoe
KOJIMYECTBO MAITMEHTOB OCHOBHOMU TPYIIIIBI ¥ TPYTIIIBI
CpaBHEHHUS IIOJIyJaJI0 IPOTUBOBUPYCHBIE, AHTH-
TpoMOOTHYECKHE, TPOTUBOBOCIIATUTEIbHBIE TTPeMa-

group included 39 patients receiving the comprehen-
sive therapy without folic acid in the combination
with B, B , vitamins.

Patients’ age in the main group and the control
one had no differences being respectively 57.8 + 13.5
(59.5 (50.0-67.0)) and 57.2 + 12.0 (57.0 (51.0—
63.0)) (p = 0.833) years of age. Females consis-
tently prevailed in both groups — 46 (59.0%) in the
main group and 26 (66.7%; p = 0.545) in the control
one. The COVID-19 infection severity was assessed
according to NEWS (National Early Warning Score)
[10]. The severity of disease according to NEWS
varied in the range of 1—6 scores, the score of
1—4 prevailed in 65 patients (83.3%) in the main
group and 35 patients (89.7%; p = 0.518) in the con-
trol group. When analyzing the volume of lung
damage according to CT scan data with the applica-
tion of “empiric” visual scale of the pulmonary
parenchyma involvement in the pathologic process
[9], in the main group and the control one the low
(<25%, CT-1) and moderate (25—49%, CT-2) vol-
umes of lung damage were defined in comparable
proportions. In the main group and the control one
hypoxemic respiratory failure was noted in 33
(42.3%) and 17 (43.6%; p = 0.949) patients respec-
tively. 57 patients (773.1%) in the main group and 29
patients (74.4%; p = 0.943) in the control group had
concomitant diseases. There were no patients vac-
cinated against influenza and pneumococcus in the
groups.

All the patients received the therapy for
COVID-19 infection and concomitant disease accord-
ing to current clinical guidelines [9]. The comparable
number of patients from the main group and the
control one received antiviral, antithrombotic, and
anti-inflammatory drugs, systemic glucocorticoste-
roids, and oxygen insufflation.

Standard methods of clinical laboratory and
instrumental diagnostics were applied for patients’
examination. BC-5800, BC-5300 hemoanalyzers
(Shenzhen Mindray Bio-Medical Electronics Co.,
Ltd., China) were used. Highly sensitive C-reactive
protein was determined by latex immunoturbidimet-
ric assay using Roche Diagnostics test-kits (Ger-
many). Solid-phase immunoturbidimetric assay
using Siemens Healthcare Diagnostics test-kits (Ger-
many) was used to detect the plasma D-dimer level.
The fibrinogen concentration in plasma was deter-
mined with the application of Sysmex CS-2000i (Sie-
mens Healthcare Diagnostics, Japan) and AK-37
(Astra Lab, Russia) automatic coagulation analyzers.

The study of allelic polymorphism of genes of
the folate cycle proteins was carried out using the
real-time polymerase chain reaction (RT-PCR).
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paThl, CUCTEMHBIE IVTIOKOKOPTHKOCTEPOU/IBI, HHCY (-
¢rAanuo Kucaopoza.

s obceoBaHus TMANMEHTOB IPUMEHSIIHUCH
CTaHAAPTHBIE METO/IbI KJIIMHUYIECKOH J1ab0paTOPHOI
U HHCTPYMEHTAJIbHOW AUATHOCTHUKH. VICIOJIb30Ba-
auck remoaHanuszatopel  BC-5800, BC-5300
(Shenzhen Mindray Bio-Medical Electronics Co.,
Ltd., Kurait). OnpejenieHre BbICOKOUYBCTBUTEb-
Horo C-peaktuBHoro 6eska (CPB) BBIMOJHAIOCH €
IIpUMeHEeHUEeM JIaTEKCHOTO UMMYHOTYpOUANMETPHU-
YeCKOro MeTOZla C HCIIOJIb30BAHHEM TECT-CUCTEM
dupmb Roche Diagnostics (Fepmanust). 17151 O1leHKH
IUIa3MEHHOTO COZIepKaHusA D-IUMepOB HCIIOIh30-
Basicsi TBepA0Gha3HBI WMMYHOTYPOUIUMETPHYE-
CKHH METOJ] ¢ IPUMEHEHHEM TeCT-CHCTeM (PUPMBI
Siemens Healthcare Diagnostics (Fepmanwst). Ompe-
JleJieHre KoHIeHTparuu ¢GubpuHOTeHa B ILIa3Me
BBITIOJTHSJIOCHh Ha aBTOMATHUYECKHX KOaryJIOMeTpax
Sysmex CS-2000i (Siemens Healthcare Diagnostics,
Anonus) u AK-37 («Actpa JIab», Poccus).

UccnemoBanue  ayUlesIbHOTO — TOJUMOpdu3amMa
reHOB 0eJIKOB — yYaCTHUKOB (OIATHOTO IIMKJIA TIPO-
BOZWJIOCH C IIPUMEHEHHEM MeTO/a IOJTUMEePa3HOMN
LIEITHON pEeakIUM B PeKUMe PeaylbHOTO BPEMeHH.
Brizenenre HyKJIEMHOBBIX KHCJIOT BBITIOJTHSJIOCH C
nmoMompl0  HabopoB  «IIpoba-Panun-I'eneTmka»
(«/THK-Texuomnorusi», Poccust). AMIIndukanusa c
IIOCJIEYIOIIUM AHAIN30M KPHUBBIX IUIABJIEHUS OCY-
mecTBisiach Ha ammutugukarope DTprime («JHK-
Texuosiorusi», Poccrsi) ¢ IpUMeHEHHEM PEareHTOB
«Kapnuno-T'enetuka Tpombodummusa» u «I'eHeTnka
Merabonmmama ®osatoB» 1pousBozcrtBa  «JHK-
Texuosorusi» (Poccust). B xauectBe pedepeHCHBIX
IIpeZIeIOB YaCTOT OJHOHYKJIEOTHUJIHBIX aJLIETbHBIX
mosiuMopbU3MOB T€HOB OEJIKOB — YYaCTHUKOB
(dosatHOTO MeTab0IM3MAa UCITOTH30BAIUCH, C COTJIA-
CUs aBTOPA, PE3YJIbTAThI HCCIEAOBAHUSA 370POBBIX
sat, npoBeaeHHoro JI.A. CtposeHko [11].

Cratuctuueckuii aHajau3 U rpadpuyueckoe Mpe-
CTaBJIEHUE JAHHBIX BBITIOJIHEHBI C IOMOIIBIO ITAKETA
cratuctuueckux nporpamm SigmaPlot 11.0 (Systat
Software, CIITA), nakera Microsoft Excel (Microsoft
Corporation, CIITA). Xapaxrep pacupenesieHus usy-
YaeMbIX IIOKa3aTesel OIeHUBAIHU C TOMOIIbI0 KPHU-
Tepua lanupo — VYwmuka. [l XapakTepHUCTUKU
BBIOOPOYHBIX JIAHHBIX HCIOJIb30BAJIUCH METO/IbI
OIHCATEIbHOM CTATUCTUKU: PACCUUTHIBAINCH MEHU-
a"a (Me), amkuauii (Q1) u Bepxuuii (Q3) KBapTUIIH;
OTIPEJIEJISTUCH CpesiHee apu(pMeTHIecKoe BHIOOPKHU
(M) u cragmaptHOe oTkJIOHeHHe (SD). JlaHHBIE
npescraBaensl B Buge M + SD u Me (Q1-Q3). IIpu
CpPaBHEHHH JBYX IPYIII ¢ HOPMAJIbHBIMH PacIIpesie-
JIEHUsAMHU [IJaHHBIX HCIIOJIb30BAJICA t-KPpUTEPUH
CThIofIeHTa MJIsi CBS3aHHBIX BBIOOPOK. B ciyuae,

Nucleic acids were extracted with the use of PREP-
RAPID GENETICS kit (DNA-Technology, Russia).
Amplification with the subsequent analysis of melt-
ing curves using DTprime amplifier (DNA-Technol-
ogy, Russia) with the use of Cardio Genetics Trom-
bophilia and Genetics of Folate Metabolism kits
(DNA-Technology, Russia). As reference limits of
frequency of single-nucleotide allelic polymor-
phisms of genes of proteins participating in the
folate metabolism were used, with author’s con-
sent, the results of healthy individuals’ study car-
ried out by L.A. Strozenko [11].

Statistical analysis and graphic imaging of the
data were made with the use of SigmaPlot 11.0 sta-
tistical software package (Systat Software, USA),
Microsoft Excel software package (Microsoft Corpo-
ration, USA). The distribution pattern was estimated
using the Shapiro-Wilk test. To characterize the
sample data the methods of descriptive statistics
were used: median (Me), lower quartile (Q1) and
upper quartile (Q3) were calculated; the arithmetic
mean of the sample (M) and standard deviation
(SD) were determined. Data are presented as M + SD
and Me (Q1—Q3). When comparing two groups with
normal data distributions, the Student’s t-test for
related samples was used. In the case when at least
in one of the two compared groups the data did not
obey the law of normal distribution, nonparametric
methods were applied. The Mann-Whitney U-test
was used as a nonparametric test to compare two
unrelated groups. To assess the degree of probabil-
ity of conjugation of qualitative phenotypic or geno-
typic signs with the probability of the disease devel-
opment, methods of relative risk analysis using
four-field tables were applied. Data were repre-
sented as relative risk (RR) and 95% confidence
interval (95% CI).

To predict the probability of a causal relationship
of quantitative and qualitative independent variables
with binary trait or binary disease outcome, logistic
regression models were constructed using the proce-
dure for including and excluding predictors by evalu-
ating Wald statistic. The likelihood ratio test was
used to assess the quality of the model: the higher
likelihood ratio, the better is the consistency of the
model with the sampled data.

When testing null statistical hypotheses, the criti-
cal value of the statistical significance level was
assumed to be 0.05.

RESULTS AND DISCUSSION

A duration of the novel coronavirus infection
from the onset of the disease to the moment of hospi-
talization was similar both in the main group and
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KOI/Ia XOTsI OBl B OJHOHM W3 JBYX CPAaBHUBAEMBIX
IPyNI JaHHbIE He MOAYNHSJINCH 3aKOHY HOPMAasb-
HOTO pacIpefieieHus], IPUMEHsITICh HellapaMeTpH-
YecKkre MeTONbl. B KauecTBe HemapamMeTpHYeCcKuX
TECTOB HCIOJIb30BAIA KpUTEpUd MaHHAa — YWUTHU
JUIs CpaBHEHUs JBYX HECBSI3aHHBIX Tpymi. s
OIIEHKU CTEIleHH BEPOATHOCTH COIPSDKEHUA Kaue-
CTBEHHBIX (DEHOTUIIMYECKUX WJIN T€HOTUIINYECKUX
MIPU3HAKOB C BEPOATHOCTHIO PAa3BUTHSI 3a00JIeBaHUS
HCITOJTh30BAJINCH METOBI aHAJIN3a OTHOCUTEIBHOTO
pUCcKa IO YeTHIPeXIOJBHBIM Tabsumam. [laHHBIE
MPE/ICTABJISIIUCh B BHJIE OTHOCHUTEJIBHOTO pHCKA
(OP) u 95% noeepuTesnbHOTO HHTEpBaia (95% ).
I TIpOTHO3UPOBAHUSA BEPOATHOCTU IPUYNHHO-
CJIE/ICTBEHHOH CBSA3U KOJTMYECTBEHHBIX 1 KAUECTBEH-
HBIX HE3aBUCUMBIX IIEpEMEHHBIX ¢ OMHAPHBIM IIPU-
3HAKOM WJIU OMTHAPHBIM HCXO7I0M 3a00J1€BaHUS IIPO-
BOAWJIOCH TIOCTPOEHUE MOJeJIed JIOTHUCTUYECKOM
perpeccuu ¢ UCIOJIb30BAHUEM ITPOLIEYPhI BKJIIOUE-
HUS ¥ HCKJIIOYEHUS IIPEJUKTOPOB IIOCPENICTBOM
OIIeHKH CTaTUCTUKH Basbzia. MeTos OTHOIIEHUS
IIPaBIONOI00MS HCIIOIB30BAJICS JIJISI OIEHKH Kaue-
CTBa MOJIEJIH, IIPU OOJIBIIIEM OTHOIIIEHUH IIPaB/OII0-
06U ompezesAsach JIydllasg COIJIACOBAHHOCTD
MO/IEJIH C BBIOOPOYHBIMY JIAHHBIMU.

ITpu npoBepke HyJEBBIX CTATHUCTUYECKUX THIIO-
Te3 KPUTUUYECKOe 3HAUeHUE YPOBHS CTATUCTUYECKOH
3HAYNMOCTH IPUHUMAJIOCh PABHBIM 0.05.

PE3YJ/IBTATBI 1 OBCYKJIEHNE

IIpoo/KUTETHHOCT, HOBOH KOPOHABUPYCHOM
vHDeKIUU OT Hayasia 3aboJieBaHUS /10 MOMEHTa
TOCIIUTAJIN3AIMKA OblIa OJMUHAKOBOM B OCHOBHOH
TPyIlle W TPYIIle CPaBHEHHs, COCTABHB COOTBET-
CTBEHHO 6.6 * 4.8 (5.0 (3.0-9.0)) u 6.5 + 4.0 (4.0
(3.0-9.8)) s (p = 0.979). JIJIUTETBHOCTD CTAIHO-
HAPHOTO JIEUEHUSI BHPYCHOIO IMOPA’KEHUs JIETKUX,
accorimupoBanHoro ¢ COVID-19, cocraBmia
17.2 £ 6.1 (15.5 (13.0—20.0)) JJHA B OCHOBHO¥ I'pYIIIIe
1 15.8 + 5.0 (16.0 (12.0—18.8)) ;s B TpyIIIIEe CpaBHE-
HusA (p = 0.417).

Mexy TallieHTaMH OCHOBHOM TPYIIBI U
TPYIIBl CPaBHEHWA [0 Hayajia Tepamuu He ObLIo
BBISIBJIEHO PAa3JIUYMHM 110 TIOKA3aTesIsIM KpPacHOH
KPOBH, KOJIMYECTBY JIEHKOIIUTOB U UX CyOIOIYJIsi-
M, KOJIMYECTBY TPOMOOITUTOB, MHANKATOPaM BOC-
nasennsi — C-peakTuBHOMY OeJiKy, (pubOpuHOTEHY
(Tabs1. 1). B ocHOBHO¥ TpymIe OBIO B OOJIBINIEH CTeE-
IIeHd TOBBIIIEHO  IIJIA3MEHHOE  CO/iep:KaHKe
D-pgumepos.

I m3y4yeHuss MEXaHU3MOB CHHTPOIIUH aCCOIH-
UpoBaHHOTO ¢ KopoHaBupycoM SARS-CoV-2 mopa-
JKEHUsI JIETKUX U TTOBBINIEHHOTO PUCKA TPOMOOTHYE-
CKUX OCJIOKHEHHH, MHKPOAHTHOIATHH H3yuyeHa

control one, having constituted 6.6 + 4.8 (5.0 (3.0—
9.0)) and 6.5 + 4.0 (4.0 (3.0—9.8)) days (p = 0.979)
respectively. A duration of in-patient treatment of
viral lung disease associated with COVID-19 was
17.2 £ 6.1 (15.5 (13.0—20.0)) days in the main group
and 15.8 + 5.0 (16.0 (12.0—18.8)) days in the control
group (p = 0.417).

Before the start of therapy, there were no differ-
ences between the patients of the main group and
comparison group in terms of red blood counts,
number of leucocytes and their subpopulations,
number of platelets, inflammatory parameters —
C-reactive protein, fibrinogen (Table 1). In the main
group the plasma content of D-dimer was increased
to a greater extent.

To study the syntrophic mechanisms of lung
damage associated with SARS-CoV-2, the increased
risk of thrombotic complications and microangiopa-
thy, the prevalence of minor allele of single-nucleo-
tide polymorphisms of genes of proteins involved in
the folate metabolism in patients with coronavirus
infection was studied (Fig. 1).

In patients with lung disease caused by SARS-
CoV-2 infection the odds ratio (OR) of heterozygous
minor G-allele carriage of methionine synthase
reductase gene (MTRR) 66AG (p < 0.001) SNP is sig-
nificantly increased, as compared to its incidence in
the group of healthy individuals. A tendency to an
increase of the OR heterozygous minor G-allele car-
riage of methionine synthase gene (MTR) 2756AG
SNP (p = 0.059) was noted.

To assess the effect of RBC and PLT indices on the
probability of minor G-allele carriage of MTRR 66GG
SNP in patients with lung damage caused by SARS-
CoV-2 infection the logistic regression analysis was
used (Table 2).

The statistically significant relationship between
the MCH decrease and prognostic probability of
homozygous carriage of minor G-allele SNP of the
MTRR 66GG gene. The RBC count decrease in the
peripheral blood was associated with OR increase of
homozygous carriage of minor G-allele of the MTRR
66GG gene SNP being nearly statistically significant
(p = 0.052). When the indices of hemoglobin,
hematocrit, MCV, RDW-CV, PLT count being
included additionally, the high quality of the model
consistency with the sampled data was obtained.
The established causal relationship allows consid-
ering the indices of anemia and thrombocytopenia,
primarily the mean corpuscular hemoglobin
(MCH), as indicators of probability of the MTRR
66GG gene SNP.

To make a prognosis of the effect of genetic poly-
morphisms of genes of the folate cycle proteins and
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Ta6uuma 1. [emaTosIorHUecKue oKa3aTel, WH/IMKATOPhI BOCIIAJIEHHUS U TPOMOOTE€HHOTO PUCKA Y OOJIbHBIX HOBOH
kopoHaBupycHol uHpeknueit (COVID-19) no neueHus
Table 1. Blood values, inflammatory parameters and thrombogenic risk in patients with the novel coronavirus infection
(COVID-19) before treatment

OcHOBHasA rpynmna

I'pynna cpaBHeHUA

Mokxazarers Majn gsgroup Con:trol group

TG (o (n=78) (n=39) p
Me (Q1—Q3) M + SD Me (Q1—Q3) M + SD

C3 (x10®KJ1./1) 4.59 (4.27-4.86) 4.56 £ 0.57 4.72 (4.32—-5.07) 4.70 £ 0.50 0.173

RBC (x102¢/1)

Hb (r/n) | (g/1) 135.5 (127.0—145.0) 135.8 £ 16.1 140.0 (128.3-146.5) 138.6 £ 16.4 0.276

Ht (%) 40.6 (37.4—42.7) 40.2 £ 5.1 42.0 (38.1-43.0) 411+ 5.1 0.296

MCH, ur / MCH, pg 29.4 (28.0—-30.8) 30.8 £ 9.7 29.3 (27.9—30.1) 28.9 + 1.7 0.512

MCV, ¢/ fl 87.6 (84.7—91.5) 86.9 £ 9.6 88.1(85.9-89.4) 87.7+ 4.6 0.839

RDW-CV, % 13.2 (12.5-14.1) 13.6 £ 1.7 12.7 (12.2-13.9) 13.1+ 1.2 0.409

CJI (x10° xu1./71) 6.72 (4.70—8.50) 6.91 + 2.97 6.35 (4.53-7.42) 6.23 £ 2.61 0.247

WBC (x10° ¢/1)

CT (x109 k1./71) 198.50 (171.00—241.00) 215.62 + 79.02 196.00 (170.75—263.00) 220.92 + 88.39 0.849

PLT (x109 ¢/1)

CPB (mr/i) 41.2 (14.6-73.8) 52.7 £ 50.1 25.6 (13.8-57.5) 50.3 + 56.0 0.451

CRP (mg/1)

D-numep (mr/) 0.84 (0.40-1.08) 0.92 £ 0.74 0.40 (0.24-0.78) 0.76 + 1.14 0.028

D-dimer (mg/1)

®ubpuHoreH (r/71) 5.4 (4.4-6.3) 5.4 + 1.6 4.3 (3.7-5.6) 4.9 £ 1.9 0.111

Fibrinogen (g/1)

IIpumeuanue. 31ech U B TabI. 2: C — cozieprKaHue S3pUTPOUUTOB B KpoBu, Hb — remorsio6busn, Ht — remarokpur, MCH — cpeznnee
cozieprkaHue remorsiobuHa B spurponutax, MCV — cpennuii 06beM sputponutoB, RDW-CV — mupuHa pacupe/iesieHus SpUTPOIUTOB,
CJI — coneprkanue JedkoruToB B KpoBH, CT — cozepskanue TpoM601iuToB B KpoBU, CPB — C-peakTHBHBIIH GeJIOK.

Note. Here and in Table 2: RBC — red blood cell count; Hb — hemoglobin; Ht — hematocrit; MCH — mean corpuscular hemoglobin;
MCV — mean corpuscular volume; RDW-CV — red cell distribution width; WBC — white blood cell count; PLT — platelet count; CRP —

C-reactive protein.

pacrpocTpaHEeHHOCTh MIUHOPHBIX aJlyIeJIed OJTHOHY-
KJIEOTUJHBIX TOJIUMOP(U3MOB TeHOB OeIKOB —
YUYACTHUKOB MeTabosu3Ma ¢osiata y MaIlueHToB C
KOpPOHABUPYCHOH mHeKnuel (puc. 1).

Y mamueHTOB ¢ HMOpa’KeHHEM JIETKUX, BBI3BAH-
HBIM KopoHaBupycoM SARS-CoV-2, omnpezneneHo
3HAYMMO IIOBBIIIEHHOE OoTHomeHue maHcos (OIII)
reTepo3UTrOTHOTO HOCHTEJIHCTBA MHUHOPHOTO
amnensa G SNP reHa MeTHOHUHCHUHTa3bIPEyKTa3hl
(MTRR) 66AG (p < 0.001) IO CpaBHEHHUIO C PACIIPO-
CTPAHEHHOCTHIO B TPYIIIIE 3/I0POBBIX Jfoziel. OTme-
yeHa TeHJeHNMsA K yBenaudeHuto OIIl rerepo3uror-
HOI'0 HOCUTeJIbcTBA MUHOpPHOTO ayuiessa G SNP rena
meTnoHUHCHHTAa3bI (MTR) 2756AG (p = 0.059).

151 ompeiesieHUsT BJIUSHUS TIOKa3aTesed Kpac-
HOH KPOBH U COJIEPKAHUSA TPOMOOIINTOB B KPOBU HA
BEPOSAATHOCTh HOCUTEJIBCTBA MUHOpHOTO amnensa G
SNP rena MTRR 66GG y GOJIBHBIX C MOpaXKeHUEM
JIETKUX, BBI3BaHHBIM KopoHaBupycoMm SARS-CoV-2,
OBLJI HCIIOIB30BAH METO/I IIOCTPOEHNS MO/IEIH JIOTH-
CTHYECKOTO PErPECCUOHHOTO aHamu3a (Tabst. 2).

folic acid administration on the outcomes of viral
lung disease associated with SARS-CoV-2 infection,
modeling was performed with the use of logistic
regression analysis of the probability of achieving
negative results of twofold studies of biological mate-
rial for the SARS-CoV-2 RNA detection during the
first 14 days of hospitalization (Table 3). A statisti-
cally significant OR reduction in the probability of
achieving the first of two negative results of SARS-
CoV-2 RNA detection in the biomaterial from the
respiratory tract of patients with homozygous car-
riage of the minor T-allele of MTHFR 677CT gene
SNP was found. There was a tendency to a significant
OR decrease of obtaining the first negative result of
SARS-CoV-2 RNA detection by 14% day of in-patient
treatment in patients with the homozygous MTHFR
1298CC genotype. In the created regression model,
the relationship between the folic acid administra-
tion and the timing of a negative result of SARS-
CoV-2 RNA detection was not statistically signifi-
cant; however, the inclusion of this parameter
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Beimre yactota HocUTeNIbCTBA — Bhlllle yacTOTa HOCUTEILCTBA
T'eH, retepo-/roMo3uroTsl, peskuii amnens; OP (95% [U; p) TeHOB Y 3/I0POBBIX JII0/iell  TeHOB y 601pHBIX COVID-19
Gene, hetero-/homozygotes, minor allele, OR (95% CI; p) Higher the carriage rate of genes  Higher the carriage rate of genes
in healthy individuals in the patients with COVID-19

MTHFR, rereposurotsl, 677CT; 0.878 (0.673—-1.147; 0.377) P
heterozygotes
MTHFR, romosurotsl, 677TT; 1.916 (1.217—3.016; 0.10) —|—
homozygotes
MTHFR, retepo3urotsl, 1298AC; 1.056 (0.814—1.370; 0.769) —-|—
heterozygotes
MTHFR, romo3urotsl, 1298CC; 0.882 (0.464—1.680; 0.882) I
homozygotes
MTR, reTepo3uroTsl, 2756AG; 1.425 (1.021-1.988; 0.059) —|—
heterozygotes
MTR, romo3urorsl, 2756GG; 0.406 (0.149—1.109; 0.097) }
homozygotes
MTRR, reTepo3uroThl, 66AG; 1.605 (1.257—2.049; 0.001) —_—t—
heterozygotes
MTRR, roMo3uroTsl, 66GG; 0.794 (0.590—1.068; 0.137) _]
homozygotes
T T T 1
0.25 0.50 1.00 2.00 4.00
OP (95% 1), norapudmuyeckas mKaia
OR (95% CI), logarithmic scale

Puc. 1. PacripesiesieHre peZikux ajiiesied TeHOB 0eJIKOB — YIaCTHHKOB MeTab0JIn3Ma METHOHIHA Y TAI[UEHTOB
¢ nHpeKIuoHHBIM 3a00sieBanreM COVID-19 B cpaBHEHUH €O 3/J0POBBIMH JIIOZIbMHI
(OP — otHOCHTENBbHBIN PUCK; [TV — T0BEPUTEBHBIH HHTEPBAI)
Fig. 1. Distribution of minor alleles of genes of protein involved in methionine metabolism in the patients with COVID-19
infection compared to healthy individuals (OR — odds ratio; CI — confidence interval)

Ta6suna 2. [lapaMeTpsl 1 XapaKTEPHCTHKA MOJIEIN PETPECCHH /IJIst OLEHKHU CBSI3H [TOKa3aTesiel KPaCHOH KPOBH

C BEPOSITHOCTHIO OTHOHYKJIEOTU/IHOTO TIouMopdusma rera MTRR 66GG y GOJIbHBIX € TOPAYKEHUEM JIETKUX,
accoruupoBaHHbIM ¢ COVID-19

Table 2. Parameters and characteristics of a regression model for assessing the relationship of red blood indices with the
probability of MTRR 66GG gene SNP in the patients with lung disease, associated with COVID-19

Koadpunuenr perpeccuut + OTHONIEHUE NIAHCOB

IToxa3arean CTaH/. OIIHOKa (95% A1) x> Baasna p Baaspa

Index Regression coefficient + Odds ratio Wald x2 Wald p
standard error (95% CI)

C3 (x10™ KJ1./71) —5.317 + 2.742 0.00491 (0.0000227; 1.058) 3.761 0.052

RBC (x10™ ¢/1)

Hb (r/n) / (g/1) 0.247 £ 0.176 1.280 (0.906; 1.807) 1.61 0.161

MCV, ¢ / fl 0.300 + 0.256 1.349 (0.818; 2.227) 1.374 0.241

MCH, ur / pg -1.853 £ 0.932 0.157 (0.0252; 0.974) 3.951 0.047

Ht, % —-0.367 £ 0.502 0.693 (0.259; 1.853) 0.534 0.465

RDW-CV, % —0.0613 + 0.271 0.941 (0.553; 1.600) 0.0511 0.821

CT (x10° KJ1./71) 0.00149 + 0.00440 1.001 (0.993; 1.010) 0.115 0.735

PLT (x10° ¢/1)

Const 33.738 £ 16.885 4.49 (1.059; 1.904) 3.992 0.046

Mogess nonHocThio: Logit P = 33.738 — (5.317 x C3) + (0.247 x Hb) + (0.300 x MCV) — (1.853 x MCH) — (0.367 x Ht) —
— (0.0613 x RDW-CV) + (0.00149 x CT).
Tect oTHOIIEHUs ITpaBonoiobus: 13.383 (p = 0.063).
—2 x Log (Likelihood) = 57.522

Complete model: Logit P = 33.738 — (5.317 x RBC) + (0.247 x Hb) + (0.300 x MCV) — (1.853 x MCH) — (0.367 x Ht) —
—(0.0613 x RDW-CV) + (0.00149 x PLT).
Likelihood ratio test: 13.383 (p = 0.063).

—2 x Log (Likelihood) = 57.522
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BrigBileHa CTATUCTHYECKH 3HAUMMasi CBA3b
mesxay cHrokeHrneM MCH 1 mporHocTuyeckou Bepo-
ATHOCTBI0O TOMO3UTOTHOTO HOCHUTEJIHCTBA MUHOP-
Horo ayuiesnisi G SNP rena MTRR 66GG. Ymenbiie-
HUe KOJUYEeCTBa SPUTPOLUTOB B NeprudepuIecKoi
KPOBH aCCOIMUPOBAIOCH € OJIU3KUM K CTaTHCTHUYE-
cku 3HaunMoMmy yBesudeHuio OIIl romo3urorHoro
HocuTesabcTBa MUHOpHOTO ayuienss G SNP rena
MTRR 66GG (p = 0.052). IIpu AONOJTHUTEILHOM
BKJIIOUEHNH IIOKaszaTesjiell reMoryjiobnHa, reMarto-
kputa, MCV, RDW-CV, kosmmyecTBa TPOMOOIIUTOB
KPOBH TOJIYYEHO BBICOKOE KAueCTBO COTJIACOBAHHO-
CTH MOJENH C BBIOOPOYHBIMH JAHHBIMH. YCTAHOB-
JIeHHasl IPUYNHHO-CJIE/ICTBEHHAA CBA3D II03BOJIAET
paccMaTpuBaTh MOKa3aTeJ I aHEMUH U TPOMOOITUTO-
IeHUH, IIpeXJie BCero cpejiHee co/iep:KaHUe reMo-
r7100MHA B SPUTPOIUTE, KAK WH/IUKATOPHI BHICOKOU
BeposATHOCTH SNP rena MTRR 66GG.

J1711 IpOTHO3UPOBAHUS BJIMSHUS T€HETUIECKUX
oJIMMOPGU3MOB TeHOB O€JIKOB — YYaCTHUKOB
domatHOTO IUKIIA U TTpreMa (hOJIMEBOU KUCJIOTHI HA
HCXO/IBl BUPYCHOTO OPAXKEHMUS JIETKUX, CBA3aHHOTO
¢ nHpunupoBanuem Bupycom SARS-CoV-2, 6bL10
BBIIIOJIHEHO MOJIEJIMPOBAHHE C TOMOIIBI0 METO/Aa
JIOTUCTUYECKOI'0 PerpecCUOHHOI0 aHaINn3a BepOosAT-
HOCTHU JIOCTHDKEHUS B TeUeHUe IEePBBIX 14 JHEH
TOCIIUTAIN3AIUYA OTPHUIIATEIFHOTO pe3yJibTaTa JIBY-
KPaTHBIX HCCJIEOBAHUN OMOJIOTUYECKOTO MaTepH-
ana Ha BbigBieHHe PHK SARS-CoV-2 (taba. 3).
YcTaHOBIEHO CTATUCTUYECKH 3HAYUMOE CHIKEHUE
OII gocTmKeHUs MEPBOTO U3 ABYX OTPHUIATETbHBIX
pesysbraToB onpeaenenuss PHK SARS-CoV-2 B 6uo-
JIOTUYECKOM MaTrepuajie U3 JIbIXaTeJbHBIX IyTel
[IAIIIEHTOB C TETEPO3UTOTHBIM HOCHUTEIBCTBOM
muHOpHOTO ayutesst T SNP MTHFR 677CT. Hab6uo-
Jlajiach TEHZEHIIUA K JIOCTHKEHUI0 3HAYUMOTO CHU-
skernsa OlIIl mosryyeHUs! MePBOTO OTPUIIATEIHHOTO
pesyabrata BbisiBieHuss PHK SARS-CoV-2 k 14-my
JIHIO CTAI[MOHAPHOTO JIeYEeHUs y TAlHEHTOB € TOMO-
3urotHbiM reHoturiom MTHFR 1298CC. B co3maH-
HOU PETPECCHOHHOU MOJIETN CBSA3b MEXKTy IPUEMOM
(osireBoO KUCJIOTHI U CPOKAMHU JIOCTHUKEHUST OTPHU-
naTespHOrO pesyibrara BbiABiaeHuss PHK SARS-
CoV-2 He OblIa CTATUCTUYECKH 3HAYMMOM, OJHAKO
BKJIIOUEHHE HTOr0 IapameTpa IMO3BOJIHJIO JOCTHUT-
HYTh BBICOKOTO OTHOIIEHWS IIPABAOIONOOUA I
YPaBHEHUS JIOTUCTUYECKON perpeccuu.

PacnpocrpanenHocts fedunura GoaIueBou Kuc-
JIOTHI Y OOJIPHBIX ¢ MH(EKINOHHBIM 3a00JIEBAHIEM
COVID-19 niocturaert 11 %, He UMeeT 3HAYUTEILHOTO
OT/INYUA OT NOMYJIAIMOHHBIX IOKa3aTeyied y 3710po-
BBIX JIIOJIeH [12, 13]. Psimom aBTOpOB 00OpaiieHo BHU-
MaHWe Ha CBS3b HApPYIIEHUH MeTabosmsma Qosme-
BOH KHCJIOTBI, BUTAMUHA B , ¢ MUKPOAHTHONIATUAMH,

allowed us to achieve the high likelihood ratio for the
logistic regression equation.

The prevalence of folic acid deficiency in patient
with COVID-19 infection reaches as high as 11% and
does not differ significantly from population rates in
healthy individuals [12, 13]. A number of authors
take note of the association between the folic acid
and vitamin B , metabolism disorders, and microan-
giopathy, symptoms of anemia and thrombocytope-
nia [14, 15]. Genetically determined disorders of the
methionine synthase functioning, including the
MTR 2756AG, MTRR 66AG genotypes, are related
to methylcobalamin deficiency (one of vitamin B
forms), leading to disturbances in the synthesis of
methionine from homocysteine, as well as associ-
ated with the increased risk of anemia [5]. In a num-
ber of clinical studies [5—7], the homozygous car-
riage of minor MTHFR alleles (677TT, 1298CC
genotypes) is associated with a high risk of angiopa-
thy, venous thrombosis and pulmonary thrombo-
embolism.

Our study demonstrated the increased OR of
genetically determined disorders of vitamin B,
metabolism and homocysteine transformation. The
significance of a number of anemia indices as indica-
tors of genetically determined folate cycle disorders
has been established. The significant reduction of the
OR of achieving a negative result of SARS-CoV-2
RNA detection in biological material in patients with
heterozygous and homozygous carriage of minor
allele T SNP of MTHFR gene (genotypes 677CT,
677TT) by the 14th day of hospitalization was shown,
which allows to suggest a relationship between lon-
ger SARS-CoV-2 virus persistence and an increased
risk of thrombosis and angiopathy. Insufficient sta-
tistical significance of the effect on the studied out-
come of the disease of the homozygous MTHFR
1298CC genotype may be associated with the limited
number of sample observations of patients in our
study, and low frequency of these single-nucleotide
polymorphisms of genes.

CONCLUSION

The obtained results allow us to draw the follo-
wing conclusions:

1. The increased relative risk of heterozygous car-
riage of the minor G-allele of the single-nucleotide
polymorphism of the folate cycle enzyme gene MTRR
66AG is observed in patients with the lung disease
associated with COVID-19, which may be responsi-
ble for the methylcobalamin deficiency.

There is an increase in the odds ratio of homo-
zygous carriage of the G-allele of the MTRR 66GG
single-nucleotide polymorphism in patients with
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Taoauma 3. [TapamMeTpsl 1 XapaKTePUCTHKA MOJEJIH JIOTHCTUIECKON PErPeCCUH /ISl IPOTHO3UPOBAHMS BIMSAHUSA
dosaTHOrO cTaTyca Ha IOCTUKEeHNeE K 14-My JIHIO TOCIUTIN3AIH OTPUIIATeIbHOTO pe3yabTaTta BbliapieHns PHK SARS-
CoV-2 y GOJIBHBIX C BUPYCHBIM [TOPAXKEHUEM JIETKUX, CBI3aHHBIM C KOpOHaBUPYycoM SARS-CoV-2

Table 3. Parameters and characteristics of a logistic regression model for predicting the effect of folate status on
achieving a negative result of SARS-CoV-2 RNA detection by the 14" day of hospitalization in patients with viral lung
damage associated with SARS-CoV-2 infection

Kosdppunuenr

perpeccuu + OTHOIIIEHME IIIAHCOB

ITokaszarean (95% ) ¥? Baapaa p Baabga
Index CTAHL, OIM 10K q 0Odds ratio Wald x? Wald p
Regression coefficient + (95% CI)
standard error 957
TIpueM posIreBOM KUCTOTHI —0.455 £ 0.539 0.634 (0.220; 1.826) 0.712 0.399
Folic acid administration
MTHEFR 677CT T€TepO3UroThl -1.508 + 0.612 0.221 (0.0667; 0.734) 6.073 0.014
heterozygotes
MTHFR 677TT roM0O3UTOTHI -1.572 + 0.593 0.208 (0.0439; 0.983) 3.926 0.048
homozygotes
MTHFR 1298AC reTepo3uroTsl —-0.317 + 0.586 0.728 (0.231; 2.295) 0.294 0.588
heterozygotes
MTHFR 1298CC romo3uroTsl -1.668 + 0.927 0.189 (0.0307; 1.161) 3.236 0.072
homozygotes
MTRR 66AG reTepo3uroThl 0.565 + 0.606 1.759 (0.536; 5.773) 0.868 0.351
heterozygotes
MTRR 66GG roMo3UroThl 0.205 + 0.640 1.227 (0.350; 4.305) 0.102 0.749
homozygotes
Const 2.493 + 0.734 12.099 (2.872; 50.964) 11.547 <0.001

Mopesnb nonHocThio: Logit P = 2.493 — (0.455 x [Ipuem ¢onneBoit kucyiorsl) — (1.508 x MTHFR 677CT) —
— (1.572 x MTHFR 677TT) — (0.317 x MTHFR 1298AC) — (1.668 x MTHFR 1298CC) + (0.565 x MTRR 66AG) +
+ (0.205 x MTRR 66GG).
TecT OTHOIIIEHHs TPaBIONO00Us: 9.127 (p = 0.244).
—2 x Log (Likelihood) = 109.612
Complete model: Logit P = 2.493 — (0.455 x Folic acid administration) — (1.508 x MTHFR 677CT) — (1.572 x MTHFR
677TT) — (0.317 x MTHFR 1298AC) — (1.668 x MTHFR 1298CC) + (0.565 x MTRR 66AG) + (0.205 x MTRR 66GG).

Likelihood ratio test: 9.127 (p = 0.244).
—2 x Log (Likelihood) = 109.612

CHMIITOMaMHU aHEMUHU U TPOMOOLIUTOIIEHUH [14, 15].
l'enetnuecku 00yC/IOBIEHHBIE HAPYIIIEHUs (PYHKITU-
OHUPOBAHUS SH3UMAa METHUOHHHCHUHTA3BI, BKIIOUAs
resotunbl MTR 2756AG, MTRR 66AG, cBsi3aHEI C
nebunuToM MeTwiIKoOantamMuHa (omgHOU U3 GopMm
BUTaMHHA B ), BelyliuM K HapyIleHHIo 00pa3oBa-
HHUS METHOHHHA U3 TOMOIIMCTENHA, YacTO aCCOIUH-
PYIOIIIUMCS ¢ TIOBBIIIEHHBIM PHUCKOM aHeMHH [5].
T'OMOBUTOTHOE HOCUTEIBCTBO MHUHOPHBIX aJlyiesield
MTHEFR (renoturnsl 677TT, 1298CC) acconmupyercs
B psjie KIMHUYECKUX HCCIIEOBAHUN C IMOBBIIIEH-
HBIM PUCKOM aHTHOIIATHU, BEHO3HBIX TPOMOO30OB U
JIErOYHOU TpoMboaMbonu [5—7].

B HameM ucciieZJOBaHUM MPOJIEMOHCTPUPOBAHO
noBbiieHHOe OIIl reHeTHYecKH OOYCIOBIEHHBIX
HapyleHud MerabosusaMa BUTaMHHA B, u TpaHc-
¢opmanmy ToMONKICTENHA. YCTAHOBJIEHO 3HAUEHHE
psifia MmoKasarejiell aHEMUH KaK WHIMKATOPOB TeHe-
THYECKU JIETEPMUHUPOBAHHBIX HAPYIIEHUH (dosiat-
Horo merabosuama. IlokazaHo 3HAUNMOE YMEHbBIIIEe-

the detected anemia and thrombocytopenia
markers.

2. The heterozygous 677CT single-nucleotide
polymorphism and the homozygous 677TT polymor-
phism of the MTHFR gene are associated with the
OR decrease of achieving by the 14th day of hospital-
ization the first of two negative results of SARS-
CoV-2 RNA detection in biological material from the
respiratory tract in the hospitalized patients with
lung damage associated with the COVID-19 infec-
tion.

3. The use of prediction and correction methods
of folic acid and vitamin B , metabolism disorders in
patients with lung damage associated with SARS-
CoV-2 infection, has a potential to develop a strategy
of personalized therapy and early rehabilitation of
this category of patients.
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Hue Ol focTuKeHUsA OTPUIATEILHOTO pe3ysbTaTa
BoissBeHuss PHK Bupyca SARS-CoV-2 B 6uosoruue-
CKOM MaTepuajie K 14-My JHIO TOCHUTIN3ALUU Y
MMAllUEHTOB C TeTePO3UTOTHBIM M TOMO3UTOTHBIM
HOCUTEJIbCTBOM MuHOpHOro asnensas T SNP rena
MTHFR (renotuns! 677CT, 677TT), urto mo3Bojser
MIPEJIIOJIOKUTh CBA3H 00Jiee JUIMTETHLHOTO IEPCH-
ctupoBanus Bupyca SARS-CoV-2 ¢ moBbIIIIEHHBIM
puckoM TpoM6030B u aHrHonatuii. HemocraTounas
CTaTUCTUYeCKasl 3HAUYUMOCTDh BJIMSAHUS Ha H3yuae-
MBI HCXOZA 3a00JIeBaHUS TeHOTHUIIA TOMO3UTOT
MTHFR 1298CC MO3KeT OBITh CBsI3aHA C OTPAHUYEH-
HBIM KOJIMYECTBOM BBIOODOYHBIX HAOJIIOAEHUN
naruenToB ¢ COVID-19 1 HUBKUMHU YaCTOTAMHM 3TUX
O/THOHYKJIEOTU/THBIX IIOJIUMOP(U3MOB I'eHOB.

3AK/JITIOYEHUE

[TosiygeHHBIE PE3YJIBTATHI TO3BOJISIOT C/EIaTh
CJIEJTyTOIIE BBIBOJBI:

1. Y arieHToB ¢ MOpa’keHueM JIETKUX, aCCOITHH-
poBanubiM ¢ COVID-19, Habsio/iaeTcsi MOBBIIIEH-
HBI OTHOCUTEJbHBIN PUCK TE€TEPO3UTOTHOTO HOCH-
TEJIbCTBA MHUHOPHOTO ajuiens G OJIHOHYKJIEOTHU/I-
HOro mosmMopdusMa reHa ¢epmeHTa (pogaTHOTO
nmukia MTRR 66AG, yto MOKeT 0O0YyCJIOBJIUBATH
JleUITUT METHIIKOOAIaMITHA.
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