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Sergey I. Kolesnikov

Member of the RAS

EDITOR-IN-CHIEF’S PREFACE

We begin the review of the issue with the still relevant topics - COVID-19
and other infections, since they not only do not leave us alone, but are leading
the list of frontiers and superfrontiers of science in 2023. Everyone hopes for spe-
cific prevention, so we would like to mention an article by an international team
from Spain and Irkutsk (Aaromal Ajitha Sureshkumar et. al.) on the attitudes as-
sessment towards children vaccination among parents in India. Most of the par-
ents support their children’s vaccinating, but they care little about the possible
problems associated with it.

Another direction is the nonspecific prevention of respiratory viral infec-
tions, which is the subject of the article by A.A. Ruleva et al. (Saint Petersburg)
on the positive prospects for preventing with “Thymogen spray”, which was used
in young people for 10 days, and contributed to an increase in the production
of a-interferon in response to the viral pathogen in vitro.

An important direction in the diagnosis and prognosis of COVID-19 course
is the assessment of the role of genetic factors, which is the subject of the arti-
cle by M.V. Osikov et al. (Chelyabinsk), who revealed a change in the frequencies
of certain ITGB3, GP1B1 and ITGA2 genes polymorphisms occurrence (with the ex-
ception of the rs6065 polymorphism) in platelet hyperreactivity in COVID-19-as-
sociated moderate and severe lung lesions. This subject is also covered in the ar-
ticle by the team of the Member of the RAS D.A. Sychev (Abdullaev Sh.P. et al.),
who did not found association of rs11385942 and rs657152 variants with the se-
verity of the course and outcomes of COVID-19 in patients treated with favi-
piravir and remdesivir.

More and more attention is paid to the consequences of COVID-19. Study
by I.A. Cherevikova et al. (Irkutsk) revealed increased asthenic conditions, attention
disorders, high anxiety, and severe depression in adolescents with post-COVID syn-
drome, especially in the second month after COVID-19.

Another respiratory infection, influenza, is the subject of the article
by E.D. Kazantseva et al. (Irkutsk), who determined a significant increase in the le-
vel of pro-inflammatory cytokines IL1p, IL6, IL8, TNF-q, as well as C-reactive pro-
tein, anti-inflammatory cytokine IL4 in all age categories of adolescents with in-
fluenza, but no gender differences were revealed.

One virologist said figuratively, “The clock of the new pandemic is ticking,
we just don’t know what time it is.” And the Director-General of WHO warned
thata new pandemicis quite possible. Therefore, the identification of natural po-
tentially dangerous foci of infections is a very urgent problem. There are po-
tentially dangerous coronaviruses circulating not only in bats, but also in ro-
dents and insectivores, and that was shown in the work of L.N. Yashina et al.
(Novosibirsk). The authors found five species of natural carriers of three differ-
ent coronaviruses on the territory of the Altai Republic, and the virus identified
from the insectivorous probably belongs to the new subgenus Coronaviridae.
It is somewhat reassuring that the authors revealed a relatively low rate of evo-
lution of these viruses.

As a result of human economic activity, the habitat of vectors of tick-borne
infections will melt, especially in poorly studied areas of Siberia. The arti-
cle by E.K. Lagunova et al. (Irkutsk) gives a detailed description of such infec-
tions in the buffer zone of the Baikal natural territory. A conclusion is made
about the wide distribution of active natural foci of tick-borne encephalitis,
Lyme disease, tick-borne relapsing fever caused by B. miyamotoi, granulocyt-
ic anaplasmosis, and human monocytic ehrlichiosis. This topic is complement-
ed by the work of V.A. Rar et al. (from several institutes of Novosibirsk, Omsk
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and Irkutsk) on the first time identified genetic heterogeneity of the population
of R. helvetica in Ixodes spp., collected in Siberia and the Far East.

The topic of infections dangerous to humans is also discussed in the study
of L.A. Stepanenko et al. (Irkutsk, Novosibirsk), in which using bioinformatics ana-
lysis, data were obtained about the CRISPR system of Klebsiella pneumoniae
strains, the action of which is aimed against bacteriophages, which can contrib-
ute to the development of personalized phage therapy.

Our country is one of the most affected by tuberculosis infection,
and itisimportant to predict drug resistance to new medicinse based on molec-
ular biological data. This is the subject of an article by V.V. Sinkov et al. (Irkutsk),
who in predicting resistance to bedaquiline successfully tested a system of auto-
mated interpretation of results using three strains of bacteria obtained in Yakutia.

One of the central problems is obesity as a comorbid component of non-
infectious pathology. A team lead by member of RAS O.L. Barbarash from Ke-
merovo (Tsygankova D.P. et al.) presented the three-year follow-up of a large
contingent of patient’s data. According to most indicators of obesity (except vis-
ceral obesity index), new cases of obesity developed in 30.6 % of the examined
subjects. Consequently, individual indices are not able to fully reflect the gen-
der and age characteristics of the distribution of fat in the body. Another prob-
lem is obesity prevention, and it is very important to assess the actual nutrition
of adolescents. This topic is especially poorly studied in rural schoolchildren —
they were the subject of the article of L.V. Rychkova et al. (Irkutsk), who revealed
insufficient energy value of the diet, deficiency of proteins and fats, macro-
and micronutrients (vitamins A, C and D), essential microelements, dietary fib-
er, but increased sodium intake.

An important topic of adolescent health is also explored in the article
by M.S. Nerovnykh (Khakassia). It has been revealed that the financial well-be-
ing of the family, both directly and indirectly, can contribute to the variability
of the indicators of the higher mental functions of children, which is manifested
in the choice of the leading strategy for information processing.

Sleep disorders are another recognized risk factor for various non-com-
municable and even infectious diseases. Bolshakova S.E. et al. (Irkutsk) showed
that 40.52 % of the surveyed 422 adolescent girls in Irkutsk had sleep problems:
increased sleep latency, later bedtime, earlier awakening, reduced sleep time,
as well as an increase in sleep shift. Another article by the authors from Institute
of Medical and Biological Problems and Sechenov University (Kovrov G.V. et al.)
describes the dynamics of subjective changes in the assessment of sleep quality
in people under conditions of three-week antiorthostatic hypokinesia (a model
of weightlessness in space flight). It was revealed that the most negative changes
were observed in the first three days, with a further increase in daytime sleepiness.

Since sleep disorders are currently associated with the accumulation of amy-
loid proteins and the risk of developing neurodegenerative diseases, a review
by V.N. Salkov and D.N. Voronkov (Moscow) is of interest. The authors concluded
that conformationally altered alpha-synuclein can affect neurons through inter-
action with neuroglial cells, as well as modulate the aggregation and expression
of proteins significant for the development of neurodegeneration.

Traditionally, an interesting work was presented by a team of authors un-
der the guidance of D.A. Sychev (Moscow) on the interdrug interaction of Ri-
varoxaban and Verapamil in patients over 80 years of age with atrial fibrilla-
tion, where to avoid complications in patients taking rivaroxaban it is recom-
mended to study the genotype of ABCB1 (rs 4148738 and rs4148738) before
adding to therapy a P-gp inhibitor. Another article on cardiovascular patholo-
gy was presented by a team from Tomsk (Chumakova S.P. et al.). The authors
revealed that in case of ischemic cardiomyopathy, the maturation of vessels
in the myocardium is impaired, but there is no activation of cellular and humor-
al factors of angiogenesis.

Our journal periodically publishes descriptions of unique clinical cases.
This issue includes the article by M.V. Sinitsyn and N.A. Pozdeeva (Cheboksary)
on the advantage of combined method of regular high degree postkeratoplas-
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tic astigmatism correction with implantation of intrastromal corneal segments
in a patient with cataract.

I would like to conclude my preface with an analysis of the experimental pa-
pers submitted to the journal. Important for the understanding and treatment
of pain syndrome is the work of our colleagues from the Republic of Belarus (Ero-
feeva A--M.V. et al.), who, in a model of peripheral neuropathy in Wistar male rats,
showed that blockade of cannabinoid CB2-receptors both on the membranes
of the injected mesenchymal stem cells and in the area of peripheral nerve inju-
ry is accompanied by a decrease in the antinociceptive effect of MSCs and sup-
presses their reparative effect. In the interesting work by M.A. Dymova et al.
(Novosibirsk), the cytotoxic effect of the recombinant VV-GMCSF-Lact virus
on 3D cultures of human U-87 MG glioblastoma cells was shown, which opens
opportunities for the development of oncolytic therapy. Work by S.Yu. Batue-
va et al. (Ulan-Ude) is dedicated to the search for herbal medicines. The authors
compared different methods for experimental paracetamol hepatitis thera-
py, and proved the prospects for sea buckthorn leaves extract in combination
with ademethionine.

For citation: Kolesnikov S.I. Editor-in-Chief’s preface to Issue 6, 2023. Acta biomedica
scientifica. 2023; 8(6): 5-10. doi: 10.29413/ABS.2023-8.6.1



KonecHukoB
Cepren MiIBaHOBINY

Axkapemuk PAH

HauHém c BCé ewé akTyanbHom Tembl — COVID-19 - 1 Tem, CBA3aHHbIX C NH-
beKUMAMY, MOCKOSIbKY OHM HE TONTbKO HEe OCTaBNAIT HAC B MOKOE, HO U ABMAIOT-
CA BegyLWMu B criucke GpoHTUPOB 1 cynepdpoHTUpoB Hayku B 2023 roay. MNo-
CKOJIbKY OOJbLUMHCTBO YMOBAIT Ha creundryeckyio NpodpunakInky, oTMeTum
CTaTblo MeXXayHapoaHoro KonnekTrea u3 MicnaHum n Mpkytcka (Aaromal Ajitha
Sureshkumar v coaBT.), OLIeHVBLIKX OTHOLLEHWE poguTenelt 3 Hamu K Bakuu-
Hauwuy ceoux aeTen. OHM NOAAEPXKMBAOT BaKLMHALMIO, HO MX Mano 3aboTAT CBs-
3aHHbIe C Hell BO3MOXKHble MPobGiemMbl.

Ba’kHbIM HanpaBsneHVieM ABAETCA MUMMYyHoMNpodUunakTuKa pecnupaTop-
HbIX BUPYCHbIX MH$EKUMiA, KOTopol nocasAuleHa ctatbs A.A. Pynesoi 1 co-
aBT. (CaHkT-TeTepbypr), paccMaTprBatoLLas NepCcneKTMBHOCTb MCMOMb30BaHUA
[NnA 3TOoro «TMMoreH cnpes», KOTOPbIN NP MPYMEHEHUN Y MONOAbIX NOAEN B Te-
yeHue 10 gHel cNOCco6CTBOBAN YBEIMUYEHUIO MPOAYKLUUN a-UHTepdEepoHa B OT-
BeT Ha MHAYyUUpyloLlee BO3AENCTBME BUPYCHOrO naToreHa.

Ba)kHbIM HanpaBfieHNneM B OLeHKe 1 NporHose TeyeHna COVID-19 as-
NAeTCA OueHKa Ponu reHeTuyecknx ¢akTropoB, YeMy MOCBsLIEHA CTaTbsA
M.B. OcukoBa 1 coaBT. (YenabuHCK), BbIABUBLUMX U3MEHEHME YacTOTbl BCTpe-
YaemoCTu oTaeNbHbIX nonumopdunsamoB reHoB ITGB3, GP1B1 v ITGA2 (3a uc-
KntoueHnem nonvmopdusma rs6065) npu runeppeakTMBHOCTU TPOMOOLMTOB
npn COVID-19-accoummnpoBaHHOM MOPaXKeHUN NETKNX CPefHEeN 1 TAXKENON cTe-
neHu, a TakXKe CTaTbA KOMNeKTMBa Nof PyKoBOACTBOM akagemuka PAH [J.A. Col-
yeBa (Abaynnaes LLLIM. 1 coaBT.), B KOTOPOI1 He BbisiBNIeHa accoLmaLna BapuaH-
TOB 511385942 1 rs657152 ¢ TaxecTbto TeueHna n ucxogamm COVID-19 y nauu-
€HTOB, NOJyYaBLUMX Tepanuio GaBUNMPABUPOM 1 PeMAECHBUPOM.

PacTtér BHMMaHMe K nocneacTBuam COVID-19, yemy NocBALWEHO ncche-
poBaHue U.A. YepeBnkoBoli 1 coaBT. (MpKyTCK) N0 yBENMUYEHMIO Y NOAPOCTKOB
C NOCTKOBUAHbBIM CUHAPOMOM YacCTOTbl aCTEHNYECKNX COCTOAHUI, HapYyLLUEHNIA
BHUMAHWS, BbICOKOW TPEBOXXHOCTY U BbIPaXKEHHOW Aenpeccmm, 0COGEHHO Ha BTO-
pon mecau nocne COVID-19.

K coxaneHuio, HaC He NOKMAAIT 1 TakMe pecnupaTopHble nHbeKLnn,
KaK rpunn, kotopbii uccneayetca E.[l. KazaHueBow 1 coaBT. (MpKyTcK), noka3sas-
LMK CTaTUCTUYECKN 3HAUIMOe NOBbILLEHNE YPOBHA NPOBOCNANNTENbHbIX Li-
TOKMHOB IL-1(, IL-6, IL-8, TNF-q, INF-q, a Takke C-peakTBHOro 6eska, NpoT1Bo-
BOCManuUTeNIbHOro LMTOKUHA IL-4 npwn rpunne Bo BCeX BO3PACTHbIX KaTeropusax
NoAPOCTKOB, HO He BbIAABUBLLMX FeHAEPHbIX Pasnnyui.

OpfuH BMpyconor 06pa3Ho cKasa: «4acbl HOBOW NAaHAEMMM TUKAIOT, MPOCTO
Mbl He 3HaeM, KOTOpbI Yac». [eHepanbHbin gupekTop BO3 Takxke npegynpe-
[N, YTO HOBaA NaHAeMUA BMOJHe BepoATHA. [103TOMy BbiBIeHME NPUPOSHbIX
NOoTeHLUManbHO ONacHbIX o4aroB UH$EKLMIA — OUeHb aKTyanbHas npobnema.
EcTb N noTeHUManbHO onacHble KOPOHABUPYCbI, LUPKYNMPYIOLE HE TONTbKO
Y PYKOKPbUIbIX, HO 1 Y FPbI3yHOB 1 HaceKoMOsAHbIX (paboTa J1.H. AwmnHoi n co-
aBT. (HoBocm6bupck)). ABTOpbl 0O6HaPYKUNK 5 BUAOB NPUPOLHbIX HOCUTENEN
3 pa3nuuHbIX KOPOHABMPYCOB Ha TeppuTopun Pecnyonumkim AnTai, Npuyém Bbl-
ABNEHHbI OT HACEKOMOAZHOrO BUPYC, BEPOATHO, OTHOCUTCA K HOBOMY MOAPO-
ay Coronaviridae. HeckonbKo yCrnoKanBaeT, YTo aBTOPbI BbIIBUN OTHOCUTENb-
HO HUM3KYI0 CKOPOCTb 3BOJIIOLMM STUX BUPYCOB.

BcnencrtBrie X03aMCTBEHHOWM AeATE/IbHOCTUN YeloBeKa PacTéT apean obuTa-
HUA NEPEHOCUNKOB KieleBbix MHGeKLUuil, 0COOEHHO B MaJIOM3yYeHHbIX paii-
oHax Cnbupwu. B ctatbe E.K. JlaryHoBol 1 coaBT. (MpKyTcK) AaHa noapobHa xa-
paKTepuCTMKa Takux MHPeKumin B 6ydepHon 30He balikanbcKol npupogHoi
Tepputopun. CaenaH BbIBOA O LUIMPOKOM PacnpoCTpaHeHNN B fonvHe p. Ynkon
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aKTUBHBIX NMPUPOLHbIX 04aroB KieleBoro 3Huedanuta, bonesHu fanma, Kne-
LLLeBOW BO3BPATHON TINXOPaAKHY, Bbi3blBaeMOW B. miyamotoi, rpaHynouymtapHo-
ro aHansasMo3a 1 MOHOLMTAPHOIO 3PANXM03a YesnioBeka. [lononHaeT 3Ty Temy
paboTa B.A. Pap 1 coasT. (HoBocnbumpck, Omck, pKyTcK), BnepBble BbIABUBLLUX
reHeTUYeCcKyto reTeporeHHocTb nonynsaumm R. helvetica B Ixodes spp., cobpaH-
HbiXx B Cnbupn 1 Ha JanbHem BocToke.

Temy onacHbix AnA yenoBeka UHOEKUUIN NpofosiKaeT ncciefoBaHue
J1.A. CtenaHeHKo 1 coaBT. (MpKyTck, HoBocMOUpCK), rae ¢ nomoLybio 6uonHdop-
MaLMOHHOro aHanu3a y wrammoB Klebsiella pneumoniae soissneHbl CRISPR-
CUCTeMbl, AeICTBME KOTOPbIX HALleNIEHO NPOTKB 6akTeprodaros, UTO MOXKET CO-
LelcTBOBaTb pa3paboTke NepCcoHan3MpoBaHHON GparoTepanuu.

Hawa cTpaHa oTHOCUTCA K unciy Hanbornee nopaEHHbIX Ty6epKynésom,
W aKTyasibHbIM ABMISETCA MPOrHO3MPOBaHMe MO MOJEKYNAPHO-OMONornyeckum
JaHHbIM ero nekapCcTBEHHOW YCTOMUYMBOCTU K HOBbIM npenapartam. B ctatbe
B.B. CuHbKOBa 1 coaBT (MpKyTCK) Npu NPOrHO3MPOBaHUMN YCTONYMBOCTY K be-
LAKBUIUHY Ha TPEX LWTaMMax 6akTepuii 13 AAKyTUM ycrewwHo anpobrpoBaHa cu-
CcTema aBTOMaTM3UPOBaHHOW UHTepnpeTaL M pe3ynbTaTos.

OfHOM 13 LieHTPanbHbIX NPoOemM ABASETCA 0XKNPEHUE KaK KOMOPOUIHbIN
KOMMOHEHT HenHdEKUNOHHON naTonorun. KonnekTnsom nof pykoBOoACTBOM
akagemuka O.J1. bapb6apauu (UpiraHkoBa [.I1. 1 coaBT., KeMepoBo) npeacTaBneHbl
[aHHble TPEXNeTHero HabnogeHNs 60MbLLIOro KOHTUHreHTa NauueHToB. Y 30,6 %
06CnefoBaHHbIX Pa3BUINCH HOBbIE ClTyYan OXMPEHUA MO BONbLUMHCTBY MOKa-
3aTenen (Kpome BaXKHOrO MHAEKCA BUCLiepaibHOro oxkunpeHnunsa). CnepgoBatesb-
HO, OTAesIbHble UHAEKCbI OXKMPEHNWA He CMOCOOHbI B MOJTHOM Mepe 0Tpa3unTb Mno-
NOBO3PaCcTHble 0COOEHHOCTY pacnpeaeneHus Xmpa B opraHnsme, 1 Heobxoau-
MO MCMOMb30BaTb KOMMJEKC MoKasaTenei. MNpogonxkaeT TeMy npodunakTukm
OXMpPEHMUA OLeHKa GaKTUYeCKOro NMTaHna NoAPOCTKOB, KOTopoe Cf1abo 13y-
YeHO Y CeNnbCKUX WKONbHNKOB, Yemy 1 noceALeHa ctatbaA J1.B. PbiukoBon 1 co-
aBT. (VpKyTCK), BbIABMBLUNX HEJOCTAaTOYHYIO SHepreTnyeckyto LLeHHOCTb paLu-
OHa, fedMLUT BENKOB 1 XNPOB, MaKPO- I MUKPOHYTPUEHTOB — BUTaMUHOB A, C
n D, acceHUManbHbIX MUKPO3IEMEHTOB, MULLEBbIX BOJIOKOH, HO MOBbILIEHHOE
notpebneHve HaTpus.

Tema 340p0OBbA NOAPOCTKOB nccnenyetca n B ctatbe M.C. HepoBHbIx (Xa-
Kaccus). BbiABNeHo, UTo MaTepuranbHbI JOCTaTOK CEMbW KaK HEMOCPEeACTBEH-
HO, TaK 1 ONOCPefO0BaHHO MOXET BHOCUTb BKNaA B U3SMEHUMBOCTb NoKasaTtenemn
BbICLUMX NCUXMYECKMX QYHKLMI AeTel, YTo NpoABnAeTcs B Bblbope BeayLiei
CTpaTerum o6paboTKu nHbopMauuu.

HapyweHuna cHa — Npu3HaHHbIN GaKTOP PrCKa PasinYHbIX HeMHEKLNOH-
HbIX 1 laxke HbeKLMOHHbIX 3a6oneBaHmi. C.E. bonbluakoBoi 1 coasT. (MpKyTck)
nokasaHo, utoy 40,52 % 13 422 onpolleHHbIX AeBOYeK-NogpOCTKOB ropoaa Vp-
KyTCKa eCTb NpobiemMbl CO CHOM, UTO CBUAETENbCTBYET O BaXKHOCTU VX BblsiBe-
HuA. A BTopas ctaTbA aBTopoB 13 HL, PO - IMBI PAH n CeueHoBCKOro yHmBep-
cuteTa (KoBpos I'.B. 1 coaBT.) onmncbiBaeT AVHAMUKY CyObeKTUBHbIX M3MEHEHMI
OLIeHKM KauecTBa CHa Yy JlloAei B yCI0BUAX TPEXHEAEbHON aHTMopToCTaTnye-
CKOW FMMNOKUHe3Un (Mofenb HeBECOMOCTU B KOCMUYECKOM noseTe). BoianeHo,
4TO Hanbosee HeraTVBHbIE U3MEHEHNA OTMEYaNNCh B NepBble 3 AiHA C yBennye-
HWEeM B AanbHeNLLIeM AHEBHOW COHNMMBOCTN.

MNMockonbKy B HacToALLee BpemMsA HapyLIeHUA CHa CBA3bIBAOTCA C HaKome-
HYeM aMUITIONAHbIX 6eNTKOB 1 PUCKOM Pa3BUTYSA HellpoAereHepaTUBHbIX 3a60-
neBaHWM, NpeacTaBnseT uHTepec 063op B.H. Canbkosa 1 [1.H. BopoHkoBa (Mo-
CKBa), NpULLEALINX K BbIBOAY O TOM, UTO KOHGOPMALMOHHO N3MEeHEHHBIN anbda-
CMHYKJIEUH MOXET BNIMATb Ha HEMPOHbI Yepes B3auMOAEeNCTBME C KNeTKaMy Hel-
pornuu, a TakXke MOAYNMPOBaTb arperaumio 1 SKCNPeCcCcrio 3HaUYMMbIX AnA pas-
BUTWA HelpopereHepauuy 6enKkos.

TpaauUMOHHO MHTepecHas paboTa NpeacTaBieHa KOMIeKTMBOM aBTOPOB
nog pykosoactsom [1.A. CbiueBa (MockBa) Mo MexneKapCTBEHHOMY B3auliMo-
AelicTBUIO priBapokcabaHa 1 Bepanamumsia y nauueHTos ctaplue 80 neT ¢ dpubpun-
naymen npegcepanii, rae NPUHYMaLWMM pUBapoKcabaH nalmeHTam Bo n3be-
MaHue OCNOXHEHN pekomeHayeTcA uccnegoBaHve reHotuna ABCBT (rs4148738
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1 rs4148738) nepepn fobasneHrem K Tepanuu nHrubutopa P-gp. Ewé ogHa cra-
TbA MO CepAeYHO-COCYAMCTON NaTONOrK NpefcTaB/ieHa KoekTBoM 13 Tom-
cka (YymakoBa C.I1. n coaBT.). ABTOPbI BbIABUIM, YTO NPY ULLEMMNYECKON Kap-
AvioMuonaTuy HapyLlaeTca CO3peBaHie COCYA0B B MUOKapae, HO OTCYTCTBYeT
peakuma akTBaLMM KIETOYHbIX Y FyMOpPasbHbIX GaKTOPOB aHrMoreHesa.

Mbl uHorga ny6nvkyem onvcaHue none3HbiX Aia KIMHULUCTOB KIUHUYe-
CKUMX CNyyaeB — Kak, Hanpumep, B ctatbe M.B. CnHnubiHa 1 H.A. Mo3geesoii (Ye-
60oKCapbl) 0 NpenMyLLeCTBe KOPPEKLUN NP KaTapaKTe PerynspHOro nocTkepa-
TOMMACTUYECKOr0 aCTUrMaT3Ma BbICOKOW CTeMNeH C CMOoJb30BaHUEM UMIJIaH-
TaLUM UHTPACTPOMaJIbHbIX POTOBUYHbIX CEFMEHTOB.

3aBepLUKTb CBOE NpeamnciioBue s Gbl XOTeN aHaM30M SKCNepMeHTaNbHbIX
paboT, nocTynuBLLKIX B XKypHar. BaXkHa 4/1s NOHUMaHUA 1 neyeHnst 60N1eBOro CUH-
Apoma paboTa Hawwmx konner n3 Pecnybnuku benapycb (Epodeesa A.-M.B. u co-
aBT.), KOTOpble Ha Mofenu neprdepryecKon HelponaTum y Kpbic-camuos Wistar
nokasanu, uto 6n1okapa kKaHHabnHonaHbIX CB,-peLenTopos Kak Ha Membpa-
HaX BBeAEHHbIX ME3EHXMMaJIbHbIX CTBOJIOBbIX KIIETOK, TaK U B 30HE NoBpexze-
HUA Neprdepuyeckoro HepBa CONPOBOXKAAETCA CHUXKEHUEM aHTHHOLUMLenN-
TuBHOro 3¢pdekta MCK 1 nogaenseT ux penapatuBHoe AencTene. B nHtepec-
Hol paboTe M.A. [IbimoBoli 1 Ap. (HoBOCMOMPCK) NOKa3aHO LUTOTOKCUMYECKoe
AeiicTBue pekomb6uHaHTHOro Bupyca VV-GMCSF-Lact Ha 3D-kynbTypbl Kie-
TOK rnno6nactombl yenoBeka U-87 MG, UTo OTKpbIBaeT BO3MOXHOCTU AJ1A pas-
paboTKM oHKoNUTMYecKon Tepanuu. PaboTa C.lO. baTtyeBoi 1 coasT. (YnaH-Ya3)
MoCBsILLEeHa NMONCKY PACTUTENIbHbIX IeKAPCTBEHHbIX NpenapaTtos. [pu cpaBHe-
HUW pa3HbIX CNOCOOOB Tepanum NapaLeTamosioBOro renaTuTa B SKCrepumeH-
Te NMoKa3aHa NepcnekTVBHOCTb MPVMEHEHMA IKCTPAKTa JINCTbeB 00Nenunxu Kpy-
LUMHOBUIHOWN B COYETaHNM C aleMETUOHVHOM.

Ana untnpoBanua: KonecHukos C.W. MNpegucnosue rnaBHoro pegaktopa Kk N2 6 (2023).
Acta biomedica scientifica. 2023; 8(6): 5-10. doi: 10.29413/ABS.2023-8.6.1
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ABSTRACT

The aim of the work. To investigate platelet aggregation, polymorphism
inthe genes that ensure its implementation, and the association between these indi-
cators in patients with COVID-19-associated lung damage, depending on the severity
of the clinical course.

Methodology. The study involved 75 patients with COVID-19, which, depending
on the severity of lung involvement, were divided into two groups: patients with dam-
age of up to 50 % of the lung parenchyma (n = 48) and with damage of more than
50 % (n = 27), respectively. The control group consisted of healthy people (n = 24),
comparable in gender and age. In all individuals, the number of platelets, platelet
aggregation induced by ADP, collagen and ristomycin were studied; polymorphisms
rs6065 in the GP1BA gene, rs1126643 inthe ITGA2 gene, and rs5918in the ITGB3 gene
were determined by polymerase chain reaction. Analysis of the data obtained was
executed using the IBM SPSS Statistics v. 23 (IMB Corp., USA).

Results and discussion. In patients with moderate and severe COVID-19-associ-
ated lung damage, platelet aggregation induced by ADP, collagen, and ristomycin
accelerated; in severe cases, the number of platelets decreased. The frequency
ofvariants of the rs6065 polymorphism did not change, the frequency of occurrence
of the T/C genotype of the rs5918 polymorphism increased; with moderate severity,
the frequency of occurrence of the C/T and T/T genotypes of the rs 1126643 polymor-
phism increased; with severe lung damage, the frequency of occurrence of the mutant
C/C genotype polymorphism rs5918 increased. In moderate lung damage, the pres-
ence of the mutant T/T polymorphism rs1126643 accelerated collagen-induced
platelet aggregation; in severe cases, the presence of mutant C/C and heterozygous
variant C/T polymorphism rs5918 accelerated ADP-induced platelet aggregation.
There was no effect of the rs6065 polymorphism on platelet aggregation. The data
obtained indicate the possible role of genetic predisposition in the activation of plate-
let aggregation in patients with COVID-19-associated lung damage.

Key words: COVID-19, platelets, aggregation, polymorphism, GP1BA, ITGA2, ITGB3

For citation: Osikov M.V., Antonov V.N., Zotov S.0. Role of ITGB3, GP1B1, and ITGA2 gene
polymorphisms in platelet dysfunction in patients with COVID-19-associated lung damage.
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PE3IOME

Lene pabomol. Viccnedosame azpezayuro mpomboyumos, NoJumMoppusm
8 2eHax, obecnequsarnWux eé peaauzayuro, U accoyuayuto mexaoy 0aHHbIMU
nokazamenamu y nayueHmos ¢ COVID-19 npu cpedHem u msaxénom meyeHuu
3a601e8aHus.

Memodonoaus. B uccnedogaHuu npuHumanu ydacmue 75 6osbHeix COVID-19,
Komopsle 8 3a8ucumMocmu om 06véMa nopaxkeHus S1€204HOU NApeHXUMbl pas-
OesieHbl Ha 08e 2pyNnbl 8 3a8UCUMOCMU 0M 06BEMA NOPAXEHUS NAapeHXUMb J1é2-
Kux. KoHmponeHas 2pynna — npakmuydecku 300possie /ioou (n = 24). Y ecex nuy,
UCC/1e008dHbI KOJIUYECMB0 MPOMOOYUMO8 8 KpOBU U depe2auus mpomooyumos,
UHOYYUpo8aHHas adeHo3uHougpoccpamom (AAD), KonnazeHoM U puCMOMUYUHOM;
MemoOoM nosnumepasHol yenHol peakyuu onpedesnsu noauMmopgpusmeol rs6065
8 2eHe GP1BA, rs1126643 6 2eHe ITGAZ2, rs5918 6 2eHe ITGB3.AHANU3 NOJTy4YeHHbIX
O0aHHbIX NPOBOOUJIU C NOMOWbIO NAKema NPUK/IAOHbIX npozpamm IBM SPSS Statistics
v. 23 (IBM Corp., CLLA).

Pe3ynemameoi u o6¢cyxoeHue. Y 60s1bHbix ¢ COVID-19-accoyuupos8aHHsiM nopa-
XKeHUeM J1E2KUX CpedHe20 U MAXE020 meveHUs ycKopsaemcs azpe2ayus mpomo6o-
yumos, uHoyyuposaHHasa A[]®, KonnazeHoM, puCMOMUUYUHOM; NPU MAXENOM
meyeHUU CHUXaemcs Koiudyecmeao mpomboyumos. He uameHaemca 4yacmoma
8cmpeyaemMocmu 8apuaHmMos nosumopgusma rs6065, nosvlluaemca 4yacmoma
scmpeuaemocmu eeHomuna T/C nonumopgu3sma rs5918; npu cpedHel msaxecmu
nossiwiaemcs yacmoma ecmpedaemocmu 2eHomunog C/T u T/T nonumopgusma
rs1126643; npu MAXENoM NOpaxeHUU 1E2KUX NOBbILUAEMCA 4acmoma ecmpeya-
eMocmu MymaHmHozo eeHomuna C/C nonumopdgpusma rs5918. lpu nopaxeHuu
né2Kux cpedHell cmeneHU maxecmu Haau4due MymaHmHo2o eapuaHma T/T
nonumopcgusma rs1126643 yckopsem KonnazeH-uHOyyupoB8aHHy azpezayuto
mpomMboyumos; npu maxenol cmeneHu msaxecmu Haauyue mymaHmuoz2o C/C
u 2emepo3uzomHo2o C/T sapuaHmos nonumopgusma rs5918 yckopsem A®-
UHOYUYUPOBAHHYIO dzpezayuto mpomboyumos. He 8bifes1eHo 8/1UsHUSA NOTUMOP-
¢husmars6065 Ha azpezayuto mpomboyumoas. [onyyeHHbie OaHHbIE yKa3bI8arm Ha
B03MOXHYIO POJIb 2eHemu4eckoli NpedpacnonoXeHHOCMU 8 dKmusayuu azpe2ayuu
mpomboyumos y 60s1bHbix ¢ COVID-19-accoyuuposaHHbiM NOPaAXeHUem J1E2KUX.

Knroueswie cnoea: COVID-19, mpomboyumel, azpezayus, nonumopgpusm, GP1BA,
ITGA2, ITGB3

Ona yntuposaHua: Ocnkos M.B., AHToHoB B.H., 3oT1oB C.O. Ponb nonumopdrsma reHoB
ITGB3, GP1B1 n ITGA2 B naToreHese runeppeakTMBHOCTM Tpombouutos npu COVID-19-
aCCoUMMPOBAHHOM MOPAXKEHUM NErKMX CPefHen 1 TAXKENON CcTeneHu TaxecTu. Acta
biomedica scientifica. 2023; 8(6): 14-22. doi: 10.29413/ABS.2023-8.6.2
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INTRODUCTION

Changes in hemostasis leading to thrombot-
ic complications are common in hospitalized patients
with COVID-19 (coronavirus disease 2019). Given
that platelets are key participants and regulators
of thrombosis and inflammation, they are an im-
portant source of mediators in the pathogenesis
of COVID-19 [1, 2]. Patients with COVID-19-associated
lung damage have anincreased risk of thrombotic compli-
cations and mortality, also due to hyperreactivity of plate-
lets [3-5]. Platelets are involved in the pathogenesis
of COVID-19 in different ways. SARS-CoV-2 (severe acute
respiratory syndrome-related coronavirus 2) infects
bone marrow megakaryocytes; the presence of virions
in peripheral blood platelets has been shown to direct-
ly increase their aggregation capacity [6]. It has been es-
tablished that markers of platelet activity (platelet size
and maturity) are significantly associated with both dis-
ease severity and mortality, even taking into account
the presence of comorbidities, medications, and other
laboratory parameters, including biomarkers of inflam-
mation and thrombosis (e.g., D-dimer). Platelets in pa-
tients with COVID-19 were studied and showed activation
of metabolic processes, including oxidative phosphoryla-
tion and glycolysis, which increases their aggregation [7].
Multiple platelet activation pathways initiate and main-
tainthrombus formation. Platelets extracted from patients
with COVID-19 show a greater degree of aggregation
with various agonists (adenosine triphosphate, adrena-
line, collagen, and ristomycin), which may be due to ge-
netic factors [8-10]. A limited number of studies have ex-
amined the impact of individual prothrombotic risk
factors, both genetic and acquired, on the severity
of COVID-19.

Genetic factors include the 4G/5G polymorphism
of the plasminogen activator inhibitor-I (PAI-I) gene:
it was found to enhance thrombosis-mediated oste-
onecrosis after COVID-19 infection. A strong correla-
tion between the presence of the C677T polymorphism
of the methylenetetrahydrofolate reductase (MTHFR)
gene and the severity of COVID-19 course has been
described [11]. However, the complexity of the clin-
ical course and major complications in patients with
severe COVID-19 suggests that a number of other ge-
netic risk factors may be involved in the pathogenesis
of COVID-19. This is the reason for the relevance of stud-
ies of protein genes involved in hemostasis and cardio-
vascular complications in patients with COVID-19. These
genesinclude GP1BA (glycoprotein Ib-alpha), ITGB3 (in-
tegrin beta 3), and ITGA2 (integrin alpha 2), which me-
diate the triggering of various platelet activation mech-
anisms. The connection of the named genes with in-
creased platelet activation by aggregation inducers
in COVID-19 patients has not been systematically stud-
ied. The high rate of thrombotic complications in severe
forms of COVID-19-associated lung damage may be re-
lated to platelet hyperreactivity in conditions of genet-
ic predisposition.

16

THE AIM OF THE STUDY

To analyze platelet aggregation and polymorphisms
in genes providing its realization in patients with COVID-19-
associated lung damage, depending on the severity
of clinical course.

MATERIALS AND METHODS

The study involved 75 patients with COVID-19
(44 women and 31 men) aged 44 to 75 years, hospi-
talized in Chelyabinsk Regional Clinical Hospital No. 3,
who did not take drugs affecting platelet function be-
fore hospitalization and were not related to each
other. The control group consisted of 24 clinically healthy
volunteers (Group 1), comparable in gender and age
to COVID-19 patients and unrelated to each other. De-
pending on the volume of lung damage, patients
with COVID-19 were divided into groups: Group 2
with up to 50 % damage — medium severity (n = 48);
Group 3 with more than 50 % damage - severe severity
(n=27),-inaccordance with the guidelines of the Minist-
ry of Health of Russia “Prevention, diagnosis and treatment
of new coronavirus infection (COVID-19)” [12]. The in-
clusion criteria for Groups 2 and 3 were the presence
of COVID-19 confirmed by detection of SARS-CoV-2 RNA
virus on the mucous membranes of the pharynx and
nasal cavity using polymerase chain reaction (RealBest
SARS-CoV-2 RNA; Vector-Best, Russia). Exclusion criteria
were presence of previously detected oncological diseas-
es, chronic diseases of cardiovascular, respiratory, nerv-
ous systems and gastrointestinal tract organs; extremely
severe course of combined pathology requiring hospital-
ization of the patient in the intensive care unit; presence
of arterial hypertension (stage 2 and higher); body mass
index over 30 kg/m?; anemia. All patients signed an in-
formed consent. The study was approved by the Ethi-
cal Committee of the South Ural State Medical University
(Protocol No. 4 dated May 25, 2021). In all patients, mul-
tispiral computed tomography of the chest (SOMATOM
Definition AS 64; Siemens, Germany) revealed bilateral
lung damage corresponding to pathognomonic changes
in COVID-19: the ground-glass opacity and consolidation
type combined with reticular changes.

Blood sampling was performed on day 1 of the pa-
tient’s admission to the hospital. Standard thrombo-
prophylaxis with unfractionated heparin started after
blood sampling for the study. In addition to anticoagu-
lant therapy, patients received standard antiviral therapy
and glucocorticosteroids, antibacterial therapy, accord-
ing to the temporary guidelines of the Ministry of Health
of Russia “Prevention, diagnosis and treatment of new cor-
onavirus infection (COVID-19)”, revision 15 dated Febru-
ary 22,2022.

The number of platelets in the blood was counted
using Fonio’s method. Platelet aggregation was evaluat-
ed using a laser platelet aggregation analyzer “ALAT-2"
(BIOLA, Russia). Adenosine diphosphate (ADP;



2.5 mmol/ml), collagen (3.3 pg/ml), and ristomycin
(7.5 mg/ml) (Technologia Standard, Russia) were used
as inducers. The number of aggregates (units) of aver-
age size per minute (units/minute) was counted. The av-
erage radius of platelets before the onset of aggregation
was taken as the unit radius.

Genetic studies were performed using real-time poly-
merase chain reaction (PCR) (Roche LightCycler 96; Roche
Molecular Systems, USA); buccal epithelial scrape was
used as the material. We used “SNP-express-cardiogene-
tics” reagent kits for detection of polymorphisms in genes
(Lytech Research and Production Company, Russia).
The following polymorphisms were determined: rs6065
(Thr145Met) in the GP1BA gene, rs1126643 (Phe253Phe)
in the ITGA2 gene and rs5918 (Leu33Pro) in the ITGB3
gene. Results were presented as homozygous wild-type
variant: C/C for rs6065 and rs1126643 polymorphisms,
T/T for rs5918 polymorphism; heterozygous variant:
C/T for rs6065 and rs1126643, T/C for rs5918; homo-
zygous mutant variant: T/T for rs6065 and rs1126643,
C/Cforrs5918.

Statistical processing was performed using IBM
SPSS Statistics v. 23 (IBM Corp., USA). Sample characte-
ristics are presented in Me (Q,s-Q,4) format, where Me
is the median; Q,; and Q,; are the values of the lower
and upper quartiles, respectively. Statistical hypothe-
sis testing in groups was performed using nonparamet-
ric Mann — Whitney criteria. Fisher’s exact test was used
to compare proportions (percentages). Bonferroni cor-
rection was introduced in case of multiple compari-
sons. Differences were considered statistically signifi-
cant at the level of p < 0.05. Allele frequencies were es-
timated using the gene count method, and the ¥? crite-
rion was used to detect deviations from Hardy — Wein-
berg equilibrium.

RESULTS

The content of platelets in the blood of patients
with moderate lung damage did not change statistically
significantly during the study. Group 2 showed statistical-
ly significant acceleration of ADP-, collagen-, and ristomy-
cin-induced platelet aggregation by 9 % (p = 0.038), 23 %
(p =0.027), and 8 % (p = 0.042) at the median, respective-
ly, compared to the control group. The number of plate-
lets in blood in patients with severe lung tissue damage
was statistically significantly lower by 37 % (p = 0.002)
at the median compared to the control group. Group 3
showed statistically significant acceleration of ADP-, colla-
gen-and ristomycin-induced platelet aggregation by 21 %
(p=0.024),38% (p=0.003) and 16 % (p = 0.019) respective-
ly compared to the control group. Compared to the group
of patients with COVID-19-associated moderate lung dam-
age, the number of platelets in the blood was 30 % lower
(p =0.007); ADP-, collagen-, and ristomycin-induced plate-
let aggregation was accelerated by 16 % (p = 0.011), 24 %
(p = 0.004), and 10 % (p = 0.009) at the median, respec-
tively (Fig. 1).
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The genotype frequency distribution of ITGA2, GP1BA
and ITGB3 genes conformed to the expected Hardy - Wein-
berg equilibrium in both the control group (p = 0.51,
p =0.95 and p = 0.81, respectively) and in the group of pa-
tients with COVID-19-associated moderate lung damage
(p =0.50, p = 0.87 and p = 0.82, respectively). The combi-
nation of two mutations in one individual was detected
in 5 (21 %) patients from the control group and 13 (27 %)
patients from Group 2. The combination of three muta-
tions was detected in 1 (4.8 %) patient from the control
group and in 4 (8.3 %) patients from Group 2. In the group
of patients with COVID-19-associated moderate lung da-
mage the C allele of the rs5918 polymorphism in the ITGB3
gene is statistically significantly more frequent com-
pared to the control group, and, accordingly, the T al-
lele was less frequent (p = 0.009). A lower frequency
(p =0.012) of the T/T variant of the rs5918 polymorphic lo-
cus of the ITGB3 gene (64.5 % of observations) and a high-
er frequency (p = 0.007) of the T/C variant (29.2 % of obser-
vations) were determined in Group 2 compared to the con-
trol group. The frequency of the C/C variant did not change
statistically significantly. No statistically significant differ-
ences with Group 1 were found in Group 2, when analyzing
the frequency of alleles and genotypes of the rs6065 pol-
ymorphic locus in the GP1BA gene, including the C/C mu-
tant variant. When the frequency of the rs1126643 poly-
morphism in the ITGA2 gene was analyzed, it was found
that the C allele was less frequent (p = 0.022), and the T al-
lele was more frequent (p = 0.014) than the corresponding
alleles in the control group. The C/C variant of this poly-
morphism was found in 39.6 % of observations, statistical-
ly significantly less frequent (p = 0.002) than in the control
group. C/T and T/T variants were found in 43.8 and 16.6 %
of observations, respectively, which was more frequent
(p = 0.031 and p = 0.042, respectively) than in the control
group (Table 1).

The genotype frequency distribution of the ITGA2,
GP1BA, and ITGB3 genes in Group 3 was consistent
with the expected Hardy - Weinberg equilibrium (p = 0.47,
p = 0.82, and p = 0.71, respectively). The combination
of two mutations was found in 6 (22.2 %) patients, three
mutations —in 3 (11 %) people. When analyzing the rs5918
polymorphism of the ITGB3 gene, the C allele was statisti-
cally significantly more frequent and, accordingly, the T al-
lele was less frequent both in comparison with the con-
trol and in comparison with Group 2 (Table 1). The fre-
quency of T/T variant of the rs5918 polymorphic locus
of the ITGB3 gene in Group 3 was 51.9 %, which was statis-
tically significantly lower than in Groups 1 and 2 (p = 0.030
and p = 0.038, respectively), while T/C variant was detect-
ed in 29.6 % of observations, which was statistically signi-
ficantly higher than in the control group, but did not differ
from the values of Group 2. The frequency of the C/C mu-
tant variant in this group was 18.5 %, which was statisti-
cally significantly higher (p = 0.043) compared to the con-
trol group and Group 2. When analyzing the frequency
distribution of alleles and genotypes of the rs6065 pol-
ymorphic locus in the GP1BA gene in Group 3, no sta-
tistically significant differences with the control group
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Platelet blood count and their aggregation rate in COVID-19-associated lung damage depending on the severity of the disease.
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and with Group 2 were found. When analyzing the fre-
quency of the rs1126643 polymorphism in the ITGA2
gene, no differences with the control group were found,
but it was found that the C allele was more frequent,
and the T allele was less frequent than the corresponding
alleles in Group 2. The C/C variant of the rs1126643 poly-
morphism was found in 59.3 % of cases, which did not dif-
fer from the control group but was statistically significant-
ly more frequent than in Group 2 (p = 0.024). The C/T var-
iant was found in 29.6 % of observations, which was less
frequent (p = 0.033) than the same variant in Group 2
and not statistically significantly different from the con-
trol group. The T/T variant was found in 11.1 % of cas-
es, which was not statistically significant when compared
with Groups 1 and 2.

During the analysis of platelet aggregation in Group 2
depending onthers1126643 polymorphism of the ITGA2
gene, it was noted that the T/T mutant variant accele-
rated collagen-induced platelet aggregation by 31 %
(p =0.011) and 23 % (p = 0.019) compared to the C/C
and C/T variants, respectively. Statistical analysis re-
vealed no differences in induced platelet aggregation
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in this group depending on polymorphisms of ITGB3
and ITGA2 genes (Table 2).

As aresult of platelet aggregation analysis in Group 3
in the presence of the rs5918 polymorphism of the ITGB3
gene, it was noticed that a statistically significant accele-
ration of ADP-induced platelet aggregation by 13 %
(p = 0.022) was found in the T/C variant compared
to the T/T variant. In the C/C variant, ADP-induced plate-
let aggregation was accelerated by 18 % (p =0.017) com-
pared to the T/T variant and did not change compared
to the T/Cvariant. Statistical analysis revealed no statisti-
cally significant connections of other studied genotypes
of the ITGB3 and ITGA2 genes with platelet aggregation
in Group 3. The study showed no effect of the rs6065
polymorphism of the GP1BA gene on platelet aggrega-
tion ability.

DISCUSSION

Decrease in the number of platelets in patients
with COVID-19-associated lung damage is present in 58—

Internal diseases



TABLE 1

FREQUENCY OF OCCURRENCE OF GENOTYPES IN THE ANALYSIS OF ITGB3, GP1B1, AND ITGA2 GENE POLYMORPHISMS
IN COVID-19-ASSOCIATED LUNG DAMAGE, Me (Q25; Q75)

Genotype frequency
Polymorphisms Genotypes/alleles
Group 1 (n =24) Group 2 (n =48) Group 3 (n =27)
0(T/T) 19 (79.0 %) 31 (64.5 %)* 14 (51.9 %)**
genotypes  [(T/C) 4(16.7 %) 14 (29.2 %)* 8(29.6 %)
rs5918 in the ITGB3 gene I(c/q) 1(4.3 %) 3(6.3%) 5(18.5 %)*i#
T 873% 79.1 %* 66.7 %* #
alleles
C 12.7 % 20.9 %* 33.3 %*i#
0(C/C) 20 (83.4 %) 38(79.1 %) 22 (81.4 %)
genotypes 1(C/T) 4(16.6 %) 9(18.8 %) 5(18.6 %)
rs6065 in the GP1BA gene I(T/T) 0 1(2.1%) 0
C 91.7 % 88.5% 90.7 %
alleles
T 83% 11.5% 9.3%
0(C/Q) 16 (66.7 %) 19 (39.6 %)* 16 (59.3 %)*
genotypes 1(C/T) 6 (25.0 %) 21 (43.8 %)* 8(29.6 %)*
rs1126643 in the ITGA2 gene I1(T/T) 2(8.3%) 8(16.6 %)* 3(11.1 %)
C 79.2 % 61.5 %* 74.1 %*
alleles
T 20.8 % 38.5 %* 25.9 %*

Note. * — statistically significant (p < 0.05) differences with Group 1; # — statistically significant (p < 0.05) differences with Group 2; 0 — homozygous wild-type variant; | — heterozygous variant; Il — homozygous
mutant variant..

TABLE 2

THE RATE OF PLATELET AGGREGATION IN COVID-19-ASSOCIATED LUNG DAMAGE DEPENDING ON POLYMORPHISMS
OF ITGB3, GP1B1 AND ITGA2 GENES, Me (Q25; Q75)

Polymorphisms Genotypes Group 2 (n =48) Group 3 (n =27)

ADP-induced aggregation (units/min)
0 (T/T) 19.84 (14.45; 23.32) 20.19(17.11; 23.17)

rs5918 in the ITGB3 gene 1(T/C) 20.71(15.81; 25.02) 23.19(17.31; 25.72)*

1(c/C) 21.22(18.35;24.11) 24.74(16.91; 28.12)*

Ristomycin-induced aggregation (units/min)

0(C/Q 33.72(26.17; 39.03) 38.58 (31.14; 44.69)
rs6065 in the GP1BA gene 1(C/T) 34.06 (28.44; 40.28) 36.41 (32.78; 39.90)
I(T/T) 27.18 -

Collagen-induced aggregation (units/min)

0(C/Q 13.17 (7.31; 19.63) 17.17 (12.60; 24.11)

rs1126643 in the ITGA2 gene 1(C/T) 14.02 (8.67; 24.15) 18.24 (13.41; 22.58)

I (T/T) 17.25 (9.42; 22.14)%# 16.22(13.01; 19.28)

Note. * — statistically significant (p < 0.05) differences with homozygous wild-type variant within a group; # — statistically significant (p < 0.05) differences with heterozygous variant within a group; 0 — homozygous
wild-type variant; | — heterozygous variant; Il — homozygous mutant variant.
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95 % of cases and can be associated with multiple factors.
Thrombocytopenia (low platelet count) in the early stages
of COVID-19 is usually due to platelet destruction and in-
creased platelet consumption, but decreased platelet pro-
duction may be evident in the later stages of the disease [9].
Previously, an association between blood platelet count,
severity of disease course, and increased risk of mortality
in hospitalized patients with COVID-19 has been demon-
strated [13]. In COVID-19, platelet activation is carried out
by inflammatory mediators, antigen-antibody complexes,
and damaged endothelium. The resulting activated plate-
lets are removed from the bloodstream by mononuclear
phagocytes. SARS-CoV-2 is able to inhibit thrombopoiesis
through direct interaction with megakaryocytes and also
has a direct effect on platelet through binding to ACE2 re-
ceptors, which causes escalation of oxidative stress in plate-
lets, their increased consumption, impaired thrombopoie-
sis in bone marrow, triggering and autoimmune reactions
[14]. The products of cells (primarily endotheliocytes) de-
stroyed by SARS-CoV-2 may be another cause of accelerated
platelet aggregation, which leads to thrombosis and throm-
bocytopenia. Individual genotype characteristics, includ-
ing polymorphisms of the GP1BA, ITGA2, and ITGB3 genes,
are other factors that have a prominent effect on platelet
aggregation activity.

The GP1BA gene encodes the a-subunit of glycopro-
tein lb involved in the formation of the platelet receptor
Gplb/IX/V. The main ligand of the receptor is von Wille-
brand factor (vWF), which binds platelets to the site of vas-
cular damage [15]. The strength of the binding formed be-
tween them depends largely on the configuration of the re-
ceptor, VWF structure and blood flow velocity. The rs6065
polymorphism of the GP1BA gene is connected with
the cytosine(C)-to-thymidine(T) substitution near the initi-
ation of genetic transcription, which results in threonine-
to-methionine substitution in the receptor site responsi-
ble for binding to VWF. As a result, carriers of the C/C gen-
otype have a higher concentration of platelet membrane
glycoprotein Ib than those with other genotype variants.
The mutant homozygous T/T form (frequency in the pop-
ulation is about 1.5 %) sharply increases the risks of throm-
bosis. In case of heterozygous C/T variant, the expression
of Gplb/IX/V receptors on platelets is not so strongly ex-
pressed, but some studies have revealed an increased risk
of thrombosis in carriers of this gene variant [16]. Several
studies show that carriers of the C allele have an increased
risk of coronary thrombosis, ischemic stroke, and a de-
creased age of its onset [17].

In the presented study, there are no data indicating
an effect of the rs6065 polymorphism of the GP1BA gene
on the acceleration of ristomycin-induced platelet aggre-
gation, reflecting the interaction of vVWF with the Gplb re-
ceptor. A possible explanation is the absence of a signifi-
cant number of carriers of the homozygous mutant variant
of the T/T gene in the study population and small sample
size.In addition, there is a cooperativity effect in the bind-
ing of vVWF to platelet Gplb: glycoproteins IXand V, whose
structure and function may remain intact, participate
in the formation of collagen complex. In addition, the Gplb/
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IX/V receptor serves more for platelet adhesion. Its role
in aggregation is less prominent [18]. Thus, the accelera-
tion of ristomycin-induced platelet aggregation in patients
with COVID-19-associated lung damage cannot be ex-
plained by the GP1BA gene rs6065 polymorphism.
It is probably influenced by other genetic and non-ge-
netic factors.

The ITGB3 gene regulates the synthesis of the mem-
brane protein integrin -3, which is involved in interplate-
let interactions. Integrin -3 is a component of glycopro-
tein IIb/llla and recognizes the specific amino acid se-
quence - glycine-proline-arginine - in a wide range of li-
gands including prothrombin, fibrinogen, plasminogen,
and vWF. Integrin -3 is a heterodimer composed of non-
covalently associated a- and B-subunits. These subunits
have a large extracellular part, a transmembrane part
and a short cytoplasmic part [19]. The rs5918 polymor-
phism of the ITGB3 gene is caused by the thymine (T) to cy-
tosine (C) nucleotide substitution in a certain DNA region,
which results in the leucine amino acid-to-proline sub-
stitution in position 33 of the protein chain and disrup-
tion of the three-dimensional structure of the receptor.
Disruption of the receptor structure leads to increased
platelet reactivity and contributes to their thrombogenic-
ity [20, 21]. Individuals with the C/C variant of this poly-
morphism have an increased propensity for platelet ag-
gregation and, consequently, the risk of thrombosis [22].
It is assumed that the effect of the rs5918 polymorphism
on platelet characteristics is found only for homozygotes
for the C allele [23].

The association of the rs5918 polymorphism of the ITGB3
gene with the occurrence of thrombotic events has
been previously recognized [22-24]. Based on the pres-
ence of these adverse events in patients with COVID-19
and the frequency of T/C and C/C variants of the rs5918
polymorphism in these patients, it can be assumed
that this genetic defect is of significance in the pathogenesis
of COVID-19, especially in disorders of the hemostasis sys-
tem. We found that the frequency of heterozygotes and mu-
tant homozygotes of the ITGB3 gene was higher in patients
with accelerated ADP-induced aggregation as well as se-
vere COVID-19. Increased mean platelet volume and in-
creased concentration of glycoprotein llb/llla on the plate-
let membrane are characteristic of mutant homozygote
carriers and, to a lesser extent, heterozygotes of the rs5918
polymorphism. As a consequence of such changes, plate-
let reactivity is increased [25]. However, the exact mech-
anisms that cause platelet aggregation in the presence
of the C/Cvariant of the rs5918 polymorphism are not thor-
oughly understood and require further study.

The ITGA2 gene encodes the protein integrin alpha-2,
a membrane glycoprotein GPla found on the membranes
of various cells, including platelets. On the platelet mem-
brane, GPla forms a complex with GPlla, which is one
of the collagen receptors. The rs1126643 polymor-
phism of the ITGA2 gene is caused by the cytosine(C)-to-
thymidine(T) substitution. This mutation alters the ami-
no acid sequence, which leads to a correlation between
this polymorphism and the level of GPla expression



on the platelet membrane [26]. In the case of the T/T var-
iant of the rs1126643 polymorphism, platelets bind to col-
lagen more rapidly. Heterozygous individuals with the C/T
variant show an intermediate level of receptor expres-
sion [27]. The data obtained in this study (acceleration
of collagen-induced platelet aggregation) are consistent
with the existing data on the function of integrin alpha-2
and may suggest a role for the rs1126643 polymorphism
in the pathogenesis of COVID-19, although its mechanism
remains unclear.

The obtained data suggest a possible role of genet-
ic predisposition, in particular polymorphisms (rs6065
of GP1BA gene, rs1126643 of ITGA2 gene and rs5918 of I[TGB3
gene), in platelet hyperactivation in patients with COVID-
19-associated lung damage. These findings can be used
to plan larger studies in order to assess the potential risk
of thrombotic complications, to determine further treat-
ment tactics and the choice of anticoagulant and disag-
gregant therapy. Hemostasis links are controlled by dif-
ferent genes, and the influence of their polymorphisms
on the pathogenesis of COVID-19 has not been sufficient-
ly investigated. The association of genetic factors with pos-
sible complications and severity of the disease course re-
quires further research.

CONCLUSIONS

Induced platelet aggregation is accelerated in pa-
tients with COVID-19-associated lung damage of mod-
erate and severe course. In severe course, the number
of platelets in the blood decreases. The frequency of het-
erozygous C/T and homozygous mutant T/T genotypes
of the rs1126643 polymorphism of the ITGA2 gene is in-
creased in moderate severity of lung damage. The pres-
ence of T/T genotype is associated with collagen-induced
platelet aggregation. In severe lung damage the frequen-
cy of homozygous mutant C/C genotype of the rs5918 pol-
ymorphism of the ITGB3 gene is increased. The presence
of C/C and C/T genotypes of the rs5918 polymorphism
is associated with ADP-induced platelet aggregation.
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INFECTIOUS DISEASES

ABSTRACT

Background. There is a mounting evidence in the scientific literature that suscep-
tibility to SARS-CoV-2 infection could vary. The severity of COVID-19 symptoms can
range from asymptomatic to severe respiratory failure, requiring prolonged artificial
ventilation. The underlying causes of this range of clinical manifestations remain
unclear. Identification of the risk factors that may cause this variation in clinical
symptoms is important for identifying the most susceptible populations at high-
est risk. This should help improve prevention measures, reduce hospitalizations,
and decrease the mortality rate of the disease. Previously, an association has been
found between the severity of COVID-19 and the genetic markers rs 11385942 G>GA
and rs657152 A>C.

The aim. To assess the impact of carrying polymorphic markers rs11385942 G>GA
andrs657152 A>Con the severity of COVID-19in patients undergoing specific therapy.
Materials and methods. A total of 240 patients hospitalized with a coronavirus
infection were included in the study. All patients received therapy with favipiravir
or remdesivir. The presence of the rs11385942 G>GA and rs657152 A>C variants
was determined in all patients. The study compared the length of hospital stays,
frequency of patient transfers to the intensive care unit (ICU), and frequency of clini-
cal outcomes (recovery or death) among carriers of allelic variants of the markers
under investigation.

Results. There were no significant associations between the carriage of variants
rs11385942 G>GA and rs657152 A>C and the duration of patients’ hospitalization,
frequency of patient transfers to the ICU, and patient outcomes.

Conclusion. The carriage of rs11385942 G>GA and rs657152 A>C variants did not
affect the severity or type of clinical outcomes in patients with COVID-19.

Key words: susceptibility to COVID-19, COVID-19 severity, etiotropic therapy
of COVID-19, favipiravir, remdesivir, rs11385942, rs657152, polymorphisms
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PE3IOME

O6ocHosaHue. BHay4yHoU numepamype nosessemcs 8cé 6osbuie 0aHHbIX O pas-
JluYUsAX 8 4y8CMBUMebHOCMU U 8oCcnpuuMyusocmu K uHgekyuu SARS-CoV-2,
Komopeble nposAsIamcsa y nayueHmos 8 0Uana3oHe om 6eccuMnmoMHO20 meye-
HuA 3a6o51e8aHUs 00 Maxénol ObixamesibHOU He00CMAaMOYHOCMU U He06X00U-
Mocmu 051umesibHOU UCKyccmeeHHOU 8eHmMuAyuU sé2kux. OCHOBHbIe NPUYUHbI
3Mo20 cnekmpa KauHU4YeCcKUx nposgeHuli ocmaromcs HescHbIMU. OnpedesieHue
hakmopos pucka, cnocobHbIX 8bI138aMb MAKYIO 8APUAUUIO KITUHUYECKUX CUM-
NMOoMO8, 8aXXHO 018 8bliB/IEHUA HAUbOIee BOCNPUUMYUBbLIX 2pyNn HAcCesaeHUs
C HaU6OILWUM PUCKOM. IMO OOJIXKHO NOMOUYb Y/Ty4UIUMb Mepbl NPOGHUIAKMUKU,
COKpamume Ko/iu4ecmao 20cnumasnu3ayul u CHU3UMbs cMepmHoCcms om 3a6o-
JnlesaHus. ParHee ons eeHemuyveckux mapkepos rs11385942 G>GA u rs657152 A>C
6b1/10 NOKA3AHA €8A3b C MaXecmbto medeHus COVID-19.

Lene pabomesi. OyeHUMb 8K/1A0 HOCUMeIbCMBd NOIUMOPGHbLIX MApKepos
rs11385942 G>GA u rs657152 A>C Ha nokazamesnu maxecmu meveHus COVID-19
y NayueHmos, Noy4aswux 3muomponHy mepanuro.

Mamepuanel u memooel. B ucciedosaHue 66110 8K0HeHO 240 nayueHMos,
20cnumanusuposarHbix 8 ['bY3e. Mockebl «flopodckas knuHuveckas 6onbHuyaNe 15
um. O.M. ®unamosa [J3M>» ¢ duazHozom COVID-19, nony4aswux 3muomponHyio
mepanuto hagunupasupom usu pemoecusupom. Y ecex nayueHmos onpeoesssioch
Hocumenbcmeo eapuaHmosrs11385942 G>GAurs657152 A>C. CpasHusanuce 0n1u-
meslbHOCMb CMAayuoHApHO20 JieYeHuUs, Ydcmoma nepegodd nayueHmos 8 omaoe-
JleHue peaHumayuu u uHmeHcusHou mepanuu (OPUT), yacmoma HacmynneHus
KJIUHUYECKUX UCX0008 (8bINUCAH UIU CMepmb) Mex0y HOCUMENAMU aJi/1e/lbHbIX
8apuUAHMOB U3yydeMblX 2eHemu4YeCcKUX MAapKepos.

Pe3ynemameol. He 6b1/10 8biA8/1eHO cmamucmuYecku 3Ha4YuMbix accoyuayud
HOoCuMeIbcmaa pas/iuyHbix eapuaHmos rs11385942 G>GA urs657152 A>C c onu-
meslbHOCMb0 20CNUMAau3ayuu nayueHmos, yacmomod nepesodd hayueHmMos
8 OPUT u HacmynneHuem mozo usu UH020 Ucxo0d.

3aknoyenue. Hocumenbscmeo sapuaHmos rs11385942 G>GA u rs657152 A>C
He onpedesiano nokasamesnu mMaxecmu meyeHUs U 8UO K/TUHUYeCKUX UCX0008
y hayueHmos ¢ COVID-19.

Knioueessie cnosa: socnpuumyusocms Kk COVID-19, maxecme medeHua COVID-19,
amuomponHas mepanus COVID-19, pasunupasup, pemoecusup, rs11385942,
rs657152, nonumopgusmei

Ona yutupoBaHua: A6gynnaes LM, JeHnceHko H.M., Temupbynatos U.W., KauaHo-
Ba A.A, Tyukosa C.H., MnxaineHko E.B., Kptokos A.B., Bannes T.T., Munp3aes K.b., Cbiues [1.A.
BapunaHTbl rs11385942 1 rs657152 He accounmMpyOTCA C TAKECTbIO TEYEHUA N McXxogamm
COVID-19 y naymeHTOB, Nony4yaBLLIMX Tepanuio GaBUNMpaBrpom 1 pemaecusupom. Acta
biomedica scientifica. 2023; 8(6): 23-30. doi: 10.29413/ABS.2023-8.6.3
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INTRODUCTION

The COVID-19 pandemic has had a significant impact
on health systems in nearly every country in the world.
The experience of coping with the COVID-19 crisis re-
vealed many shortcomings in the organization of med-
ical service and public drug supply. In the initial phase
of the fight against the disease, the scientific community
studied the possibilities of using already known drugs. Thus,
in spring 2020, favipiravir and remdesivir were already pro-
posed as treatment options for COVID-19 [1, 2]. According
to the latest version of the Provisional Guidelines for the Pre-
vention, Diagnosis and Treatment of COVID-19, both drugs
are categorized as drugs for etiotropic therapy of COVID-19
and remain relevant [3].

There is increasing evidence in scientific literature
of differences in sensitivity and susceptibility to SARS-
CoV-2 infection, manifesting in a range from asympto-
matic disease course to severe respiratory failure
and the need for prolonged artificial lung ventilation
(ALV) [4]. The underlying causes of this spectrum of cli-
nical outcomes remain unclear. Identification of risk fac-
tors, such as genetic, clinical-demographic, environmen-
tal, and possible other factors that may cause this varia-
tionin clinical symptoms is important to identify the most
susceptible populations at highest risk. This should pro-
tect them from infection, reduce hospitalizations and re-
duce mortality.

Previously, a group of scientists suggested that the se-
verity of the course of COVID-19 may, among other things,
be determined by the genetic profile of patients. D. Elling-
haus et al. (2020) in their work identified associations of car-
rying allelic variants of markers rs11385942 G>GA at locus
3p21.31 and rs657152 C>A at locus 9g34.2 with severe
forms of respiratory failure in COVID-19 patients [5]: GWAS
study showed that the signal at locus 3p21.31 covered
the SLC6A20, LZTFL1, CCRY, FYCO1, CXCR6 and XCR genes,
while the association signal at locus 9q34.2 coincided
with the ABO blood group locus. Based on these results,
the authors concluded the possible role of the 3p21.31
gene clusters and ABO blood group as a predictor
of COVID-19 susceptibility in patients with respiratory fai-
lure [5]. The impact of carrying these markers on the effec-
tiveness of therapy in COVID-19 patients has not been pre-
viously studied.

Taking into account the abovementioned, the aim
of the presented study was a comparative assessment
of the distribution of carriage of allelic variants rs11385942
G>GA andrs657152in groups of patients with COVID-19, dif-
fering in the duration of hospitalization, frequency of trans-
fer to the intensive care unit (ICU) and clinical outcomes
of the disease treatment.

MATERIALS AND METHODS

The study was conducted at the Moscow City Clinical
Hospital No. 15 named after O.M. Filatov Moscow Health
Department and was approved by the local ethical com-
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mittee of the Federal State Budgetary Educational Insti-
tution of Professional Education “Russian Medical Acade-
my of Continuing Professional Education” of the Ministry
of Health of Russia (Minutes No. 15 dated October 16,2021).
Voluntary informed consent was obtained from all patients
for participation in this study.

Study sample characteristics

The authors performed a prospective observation-
al unmasked study. The study was conducted from No-
vember 2021 through February 2022. The study includ-
ed 240 patients, male and female, aged 18 years and old-
er, hospitalised with confirmed new coronavirus infection
(COVID-19) (U07.1, U07.2 according to ICD), comply-
ing with inclusion criteria and failing non-inclusion cri-
teria. The age of all patients ranged from 44 to 96 years
(meanage-73.0+ 12.5years). Of these, 74 (31 %) were men
(mean age - 72.91 + 12.62 years) and 166 (69 %) were wo-
men (mean age - 73.0 + 12.5 years).

Inclusion criteria were confirmed diagnosis of new
COVID-19 coronavirus infection (U07.1, U07.2 according
to ICD); duration of hospitalisation > 48 h; use of favipira-
vir and remdesivir as etiotropic therapy; and signed volun-
tary informed consent.

Non-inclusion criteria were contraindications to aetio-
tropic therapy: severe hepatic insufficiency (Child - Pugh
class C); glomerular filtration rate (GFR) < 30 ml/min/1.73 m%;
pregnancy and breastfeeding.

Patients received favipiravir and remdesivir as etio-
tropic therapy. Remdesivir was used in the standard dos-
age - 200 mg intravenously on the first day, then 100 mg
once daily for 5-10 days. The dosing regimen of favipira-
vir was selected cause-specific to the patient’s weight ac-
cording to the instructions for medical use: for patients
with body weight less than 75 kg - 1600 mg 2 times a day
on the first day, further - 600 mg 2 times a day; for patients
with body weight more than 75 kg - 1800 mg 2 times a day
on the first day, further — 800 mg 2 times a day. The surveyor
could not influence the choice of antiviral drug and the du-
ration of therapy, which were determined by the treating
physician.

Genotyping

After obtaining written informed consent and inclu-
sion in the study, 10 ml of venous blood was sampled from
each patient for subsequent genetic testing. Genomic DNA
was isolated from whole blood using S-Sorb reagent kits
(OO0 “Syntol”, Russia). The concentration of extracted DNA
was determined using a NanoDrop 2000 spectrophotom-
eter (Thermo Fisher Scientific, USA). The carriage of allel-
ic variants rs11385942 G>GA and rs657152 A>C was deter-
mined by the allele-specific polymerase chain reaction
(PCR) in real time on the CFX96 Touch Real Time System
(BioRad, USA) using commercial kits TagMan“SNP Geno-
typing Assays and TagMan Universal MasterMix I, no UNG
(Applied Biosystems, USA) according to the manufactur-
er’s instructions (Table 1). The amplification mode was:
95 °C for 5 min; 40 cycles, 95 °C for 10 s, 55 °C for 10 s;
72°Cfor10s.



Statistical processing

Consistency of genotype frequencies with the Har-
dy — Weinberg equilibrium was assessed using Pear-
son’s x? (chi-square) criterion (equilibrium is satisfied
at p > 0.05). Fisher’s exact test was used to assess differ-
ences in the frequencies of occurrence of different alleles
between groups.

The normality of the obtained results distribution was
assessed using the Shapiro — Wilk W-test and the Kolmog-
orov — Smirnov criterion. Categorical variables were com-
pared using Pearson’s x? test or Fisher's two-sided exact
test (depending on the nature of the distribution of indi-
cators). Multiple samples of continuous data were com-
pared using one- or multivariate analysis of variance
ANOVA or Kraskell - Wallis H-test (depending on the nature
of data distribution).

IBM SPSS Statistics 22 software package (IBM Corp., USA)
was used as a means of statistical processing. For all results,
a value of p < 0.05 was considered statistically significant.

RESULTS

The severity of the course and outcome of the disease
were assessed in groups with respect to the carriage of al-
leles of the studied polymorphic markers rs11385942 G>GA
andrs657152 A>C. The following indices were used for ana-
lysis: 1) duration of COVID-19 patients’ hospital stay; 2) fre-
quency of patients’ transfer to ICU; 3) outcome of the di-

TABLE 1
USED PRIMERS

sease treatment in the form of discharge, transfer of the pa-
tient from the infectious diseases department to other de-
partments and patient’s death.

Correlations between the frequency of transfer to ICU,
frequency of deaths, severity of course, sex and age of pa-
tients, level of comorbidity and concomitant therapy
in the treatment groups were not analysed, which is a lim-
itation of the conducted analysis.

Among all patients, the genotype distribution of mark-
ersrs11385942 G>GAand rs657152 A>C agreed with the Har-
dy - Weinberg law (p > 0.05) (Table 2).

Analysis of the correlation between the carriage
of rs11385942 G>GA variants and the number of days
the patient spent in hospital (bed-days) revealed no dif-
ferences (p = 0.8335). Similar conclusions can be drawn
forrs657152 A>C: there were no statistically significant differ-
ences between carriers of different genotypes (p = 0.9693)
(Table 3). Carriage of rs11385942 G>GA and rs657152 A>C
variants did not determine the length of hospitalization
of COVID-19 patients.

In 75 patients included in the study, the disease was se-
vere, which required transfer of these patients to ICU. Fish-
er's test showed that death was statistically significant-
ly more frequent among patients who were admitted
to ICU than among patients who were not admitted to ICU
(p < 0.0001). When comparing the frequency of patients
admitted to ICU cause-specific to rs11385942 G>GA and
rs657152 A>C carrier variants, no statistically significant dif-
ferences were also revealed (Table 4).

SNP RefSeq Primer F 5’-3’ Primer R 5’-3’
LZTFL1 rs11385942 NM_020347.4 TGGGGCTAGTGTGTGAGGA AGCACCACCTTCTCAGAGTT
ABO rs657152 NM_020469.3 TCCTACGGGAGGCAGCAGT AATTTAGGACATGTAAAGTTCA
Note. According to the ThermoFisher manufacturer’s instructions (https://www.thermofisher.com/tagman/results?keyword=).
TABLE 2

GENOTYPE AND ALLELE FREQUENCIES OF rs11385942 G>GA AND rs657152 A>C ALLELIC VARIANTS IN THE GROUP

Genotypes, n (%)
Markers N

GG G/GA GA

observed 162 72 6

rs11385942 G>GA 240 expected 163.4 69.3 74
% 67.5 30.0 25

AA AC ccC

observed 49 121 70
rs657152 A>C 240 expected 50.0 119.1 71.0
% 20.4 50.4 29.2

Note. * —Pearson’s y? criterion.
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Conformity
to the Hardy - Weinberg
distribution*

Alleles, n (%)

G GA X2 p
396 (82.50) 84 (17.50) 0.3643 0.8335
A C
219 (45.63) 261 (54.38) 0.0623 0.9693



As mentioned above, patient discharge from the hos-
pital, patient transfer to another department of the hos-
pital and recording of patient death in the department
were used as parameters to assess patient outcome
in the Infectious Diseases Department.

Atotal of 41 deaths were recorded in the study group,
accounting for 17.1 %. 165 (68.7 %) patients were dis-
charged from the hospital, and 34 (14.2 %) patients were
transferred to other hospital departments. When a pa-
tient was transferred to another hospital department,
no further follow-up by the surveyor was conducted;
therefore, such patients were excluded from the analy-
sis of treatment outcomes in relation to marker carriage.
Comparison of the number of discharged and deceased
patients caused-specific to carriage of rs11385942 G>GA
and rs657152 A>C variants revealed no statistically signif-
icant association (p > 0.05) (Table 5).

TABLE 3

In case of transfer to another department, clinical out-
come was not recorded in these patients, which is also
one of the limitations of the study.

DISCUSSION

COVID-19 s an acute viral disease, causing predominant
involvement of the respiratory tract, the course of which
can vary from asymptomatic and mild (in most cases) to life-
threatening conditions with the development of severe res-
piratory failure and acute respiratory distress syndrome
(up to 5 %) [6, 7]. COVID-19 mortality was relatively high-
er among patients with severe disease and those treated
in the ICU [8, 9]. It appears that the high mortality rate is pri-
marily related to the manifestations of severe respiratory fail-
ure requiring transfer of patients to the intensive care unit [10].

ASSOCIATION BETWEEN THE DURATION OF PATIENTS’ PERIOD OF HOSPITALIZATION AND CARRIAGE

OF rs11385942 G>GA AND rs657152 A>C VARIANTS

Number of bed days
LTI N Genotypes Mean Median bed days p*
(=SD) [Q1-Q3]
GG 11.41 (£ 8.79) 9.0 [6.0-14.0]
rs11385942 G>GA 240 G|GA 13.08 (+ 8.99) 10.0 [7.0-16.0] 0.2835
GA|GA 9.83 (£ 5.42) 9.5[9.0-10.0]
AA 12.06 (+ 7.85) 9.0 [7.0-15.0]
rs657152 A>C 240 AC 11.39 (£ 7.73) 9.0 [6.0-13.0] 0.6831
cc 12.59 (£ 10.96) 10.0 [7.0-14.0]
Note. SD - standard deviation; * — Kraskell — Wallis H-test.
TABLE 4
ASSOCIATION BETWEEN THE FREQUENCY OF TRANSFER OF PATIENTS TO INTENSIVE CARE UNIT
AND CARRIAGE OF rs11385942 G>GA AND rs657152 A>C VARIANTS
e N Genopes iUt tanfenedioicung X P
GG 115 (47.9) 47 (19.6)
rs11385942 G>GA 240 G|GA 46 (19.2) 26 (10.8) 1.18159  0.553886
GA|GA 4(1.7) 2(0.8)
AA 33(13.8) 16 (6.7)
rs657152 A>C 240 AC 85 (35.4) 36 (15) 0.255425 0.880106
CcC 47 (19.6) 23 (9.6)

Note. * — Pearson'’s x? criterion.
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TABLE 5

ASSOCIATION BETWEEN THE DEATH RATE AND PATIENT HOSPITAL DISCHARGE AND CARRIAGE OF rs11385942 G>GA

AND RS657152 A>C VARIANTS

Treatment outcomes

Markers N n Genotypes X2 p*
Death, n (%) Discharged, n (%)

138 GG 28 110

rs11385942 G>GA 206 63 G|GA 12 51 0.041900 0.979268

5 GA|GA 1 4

40 AA 7 33

rs657152 A>C 206 110 AC 25 85 1.21099 0.545803
56 CcC 9 47

Note. * —Pearson’s y? test.

Patient genetic characteristics may also contribute
to the severity of the COVID-19 course. In the GWAS study
by D. Ellinghaus et al. it was revealed that the frequen-
cy of carrying the risky GA allele of the rs711385949 G>GA
marker was higher among patients who developed acute
respiratory failure during COVID-19 and were placed
on artificial ventilation compared to those who received
only oxygen support [5]. The explanation for this associa-
tion of the rs17385949 G>GA variant was that the region
near rs11385942 on chromosome 3p21.31 significantly af-
fects the expression of the LZTFL1 gene (p < 0.05), a reg-
ulator of the cilia of the respiratory tract [11]. The second
identified risk marker for COVID-19 severity rs657152 A>C
was more frequent in patients with COVID-19 and develop-
ment of respiratory failure. This marker matched the locus
coding for ABO system blood groups [5].

In the study of O. Balanovsky et al. (2021) the distri-
bution frequencies of rs11385942 G>GA and rs657152 A>C
among populations living in Russia and bordering countries
were studied. Analysis of the correlation between the fre-
quency of carriage of these markers and COVID-19 mor-
tality rates revealed a positive association. The correlation
was stronger for rs657152 A>C (r = 0.59; p = 0.02). The au-
thors pointed out that such a correlation was revealed
only for the Russian sample and was not relevant for data
for global populations [12].

In this study, we attempted to assess the putative
impact of carriage of COVID-19 severity markers over
the length of hospital stay, the frequency of transfer
of such patients to the ICU, and the final therapy out-
comes. Carriage of the studied markers rs11385942 G>GA
and rs657152 A>C was not associated with prolongation
of the patient’s length of hospital treatment, had no sta-
tistically significant effect on the proportion of patients
transferred to ICU, and was not associated with a sta-
tistically significant difference in mortality between pa-
tients with different genotypes. Our data are consistent
with the findings of other studies. For instance, E.A. Or-
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lova et al. analysed the frequency of rs657152 A>C in co-
horts of 129 COVID-19 patients and 466 healthy individ-
uals and found no statistically significant differences bet-
ween them. The distribution of rs657152 A>C frequencies
between patients with high and low viral loads revealed
no differences. The authors therefore concluded that car-
riage of rs657152 A>C alone cannot be considered a risk
factor for a more severe course of COVID-19 [13]. Similar
findings about the lack of association between the carriage
of the markers in question and the severity of the disease
course were obtained in a case-control study by R. Marca-
lo et al. When comparing patients with chronic obstruc-
tive pulmonary disease (COPD) (n =255) and patients with-
out COPD (n = 243) in terms of COVID-19 course severity
and survival, no differences were found between groups:
all p values > 0.01 when considering both risk alleles indi-
vidually and combinations of alleles or polygenic risk as-
sessment [14].

CONCLUSION

The multifaceted nature of the risk of COVID-19 course
severity requires consideration of multiple factors: clinical
and demographic parameters, comorbid background, con-
comitant therapy, patient genetics, etc. Within the current
understanding of COVID-19's nature, assessing the contribu-
tion of a patient’s genetic profile to the severity of the course
and clinical outcomes of the disease remains challenging.
The problem requires further study.
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ABSTRACT

Background. During the ongoing COVID-19 pandemic and in the season of rising
incidence of other respiratory infections, it is relevant to use preventive measures
of non-specific prophylaxis. Synthetic peptides are widely considered as a tool.
The representative of this group is the synthetic analogue of thymus regulatory pep-
tides Thymogen, which has been used in Russia for more than 20 years in the treat-
ment of acute and chronic infection diseases.

The aim of the study. To evaluate the effect of Thymogen, a dosed nasal spray,
on induced parameters of the immune system during prophylactic use in healthy
volunteers.

Materials and methods. Twenty healthy volunteers received Thymogen nasal
dosed spray (OOO Cytomed, Russia) at a dose of 25 ug twice a day for 10 days.
A comparative assessment of immunological parameters was carried out in dy-
namics: before the start of therapy, on days 6 and 11 of taking the drug and 14 days
after the end of the course. Clinical observation was carried out fromday 1today 11,
registration of adverse events — the entire period of the study for 24 days.

Results. Astatistically significant increase in virus-induced a-interferon production
by blood cell culture on day 11 of Thymogen administration was revealed. This effect
persisted for another 14 days after the end of the course. No statistically significant
differences in the dynamics of bactericidal and phagocytic activity of neutrophils,
serum a- and y-interferon were observed.

Conclusion. The use of the Thymogen spray preparation at a dose of 25 ug
for 10 days was considered safe, did not affect the morphofunctional state of the im-
mune system, but promoted a statistically significant increase in the production
of a-interferon in response to the inducing effect of the in vitro viral pathogen. As a re-
sult, the preparation can be recommended for prophylactic use during the period
of high incidence in acute respiratory infections.

Key words: alfa-glutamyl-tryptophan, interferon-alpha, viral infections, healthy
volunteers, non-specific prophylaxis, factors of innate immunity
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PE3IOME

Bnepuod npodomxkarowsetica naHoemuu COVID-19 u e ce3oH nodvéma zabonesaemo-
cmu Opy2uMu pecnupamopHbIMU UHGEKYUAMU 0Cmaémcs akmyasnbHbIM UCNOsTb-
308aHuUe Hecheyuguyeckol npogunakmuku. B 3moli cgsa3u 8 kayecmae UHCMpy-
MeHmMa WupoKo NpUMEHAIOMCA CuHmMemuyeckue nenmuoesl. [I[pedcmagumerem
3modu epynnel A8a13emca CUHmemuy4eckul aHanao2 pe2ysasmopHbiX Nenmuoos
8us104K080U Xese3bl TuMozeH, Komopsil npumMeHaemcs 8 Poccuu yxxe 6onee 20 1em
0/18 /le4eHUs OCMpbIX U XPOHUYeCKUX UH(heKUUOHHbIX 3a60os1esaHudl.

Lens uccnedosaHus. OyeHums delicmeue npenapama TumozeH cnpeli Ha UHOY-
YuposaHHble noKazamenu UMMyHHOU cucmemMsl npu NPoGUIaKmMuUYeckom npu-
MeHeHUU y 300p0o8bix 006p08OJIbUES.

Mamepuanel u Mmemodbl. 20 300p0o8bix 006p08O/IbYEB NOYHAIU npenapam
TumoeeH cnpeli (AO «MBHIIK «[jumomed», Poccus) 8 0o3e 25 mke 2 pasa 8 cymku
8 meyeHue 10 OHel. iIMmyHoI02u4ecKue Nnokasamesu oyeHUsaau 8 OUHAMUKe:
0o Ha4yana mepanuu, Ha 6-U u 11-0 OHU hpuéma u Yepe3 14 OHeli NOC/ie OKOHYAHUSA
Kypca. KnuHuyeckoe HabodeHue ocyujecmasssu ¢ 1-20 no 11-U 0Hu, pecucmpayuto
HeXxesiamesibHbIX A8J1eHUll — 8 meYyeHue 8ce20 Nepuoda ucc/1e008aHus (24 0Hs).
Pe3ynomamel uccnedoeanus. BoisgieHo cmamucmuydecku 3Ha4umoe ygeesu-
yeHue 8UpPYC-UHOYYUPOBAHHOU NPOOYKYUU a-UHMepghepoHa Kysbmypoul K1emok
Kposu K 11-my OHto npuéma TumozeHa. dmom 3¢ekm coxpaHaAnca ewé 8 meye-
Hue 14 OHell nocsie 0KOHYAHUA Kypca. Cmamucmuydecku 3Ha4yumslx paznuqudi
8 OUHamuke 6akmepuyuoHoU U ¢hazoyumapHol akmusHocmu Helimpogusios,
CbIBOPOMOYHO20 A- U y-UHMeppepoHa He NOJTyHeHo.

3akniodeHue. Vicnonb3osaHue npenapama TumoezeH cnpeli 8 003e 25 MKz 8 meye-
Hue 10 0Heli 6b1510 6€30NACHbIM, He 8/1USA/I0 Ha MOPHOGYHKUUOHAIbHOE COCMOsAHUE
UMMYHHOU cucmemsl, HO Cnocobcmeos8asio cmamucmuyecKu 3Ha4yuUMoMy yeesiu-
YeHUI NPoOYKYUU a-uHmepgpepoHa 8 omeem HA UHOyyupyrouwee sozoelicmeaue
8UPYCHO20 NAMo2eHa in vitro. mo no3gosisem pekoMeHO08AMb npenapam
018 NpohuNaKMuUYecKko20 npuMeHeHus 8 nepuod nodvéma 3abosesaemocmu
0CMPbLIMU pecnupamopHbsIMU UHGeKyuamU.

Knrouyesnie cnosa: asnva-2nymamun-mpunmocpaH, anbga-uHmepgpepoH, su-
pyCHble UHbekyuu, 300posbie 006p0o80/IbYbI, Hecheyugudeckas npopuaaKkmuka,
hakmopebl 8pox0eHHO20 UMMyHUMemMa

OnauntupoBaHua: PynesaA.A, KpacHos A.A,, lMetnenko C.B., 3annytaHos B.A., AnpaTtu-
Ha B.A. BnunsaHuve anbda-rnytammun-tpuntodaHa Ha GOHOBYIO U UHAYLMPOBAHHYO aKTUB-
HOCTb GaKTOPOB BPOXKAEHHOIO MUMMYHUTETA NP NPOPUIAKTUYECKOM NPUMeHeHnM. Acta
biomedica scientifica. 2023; 8(6): 31-40. doi: 10.29413/ABS.2023-8.6.4
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INTRODUCTION

Innate immunity is one of the most important factors
determining the outcome of infection. Essentially all cells
can participate in its realisation. The main structures re-
sponsible forinnate immunity are monocytes, macrophag-
es, dendritic cells (DCs), neutrophils and NK (natural killers)
cells [1-4]. Innate immune cells carry receptors (PRR, pat-
tern recognition receptors) such as Toll-like receptors (TLR),
RIG-I-like receptors (RLR), NOD-like receptors (NLR), C-type
lectin superfamily (CLSF), recognizing nonspecific structures
of microorganisms (PAMP, pathogen-associated molecular
patterns) [2, 3, 5]. After PRR binding to the ligand, intracel-
lular biochemical cascades are triggered, leading to cellu-
lar activation. Activated cells initiate phagocytosis, secre-
tion of reactive oxygen species and a number of cytokines
(tumour necrosis factor a (TNF-a), interleukin (IL) 1B, IL-6,
IFN (interferon) type 1), which in turn induce inflammation
and other antiviral responses [2-4]. Phagocytosis is a mul-
ti-step process initiated by pathogen recognition that leads
to pathogen uptake, phagosome maturation to eliminate
the pathogen and then phagolysosome disintegration
and pathogen inactivation [6].

The response of NK cells includes cytotoxici-
ty and the release of cytokines (TNF-a and IFN-y),
which is closely related to the activation of receptors
that activate NK cells and the blocking of inhibitory re-
ceptors on their surface [5]. The balance of these recep-
tors’ engagement protects normal cells from the harmful
effects of NK cells while activating them to destroy virus-
infected target cells [1, 5].

A key mechanism of innate immunity is the production
of IFN type 1. It represents a highly optimised systemic re-
sponse that provides a first line of defense against a wide
range of viral infections. Failure to generate an effective
IFN response against the virus leads to chronic infection,
while excess IFN production leads to autoaggression [7].
Natural and recombinant interferons are among the most
widely used biological therapeutic immunotropic agents
in the world [8].

Currently, three major families of IFNs are known -
types 1,2 and 3.1FNs of type | (IFN-a/B) and 3 (IFN-A) are pri-
marily produced as the first line of defense and can be pro-
duced by most cell types, while IFNs of type 2 (IFN-y)
are mainly produced by secondary specialized immune
subpopulations (e.g., NK cells or T cells) [2, 9]. Consequent-
ly, genetic determination of IFN type 1 and 3 synthesis
is critical for controlling the susceptibility and course of vi-
ral infections. These IFNs are induced by a variety of sys-
tems including dozens of recognition receptors such
as RIG-1, MDA-5 (melanoma differentiation-associated
protein 5), TLR, RLR, STING (stimulator of interferon genes)
[9]. Itis also generally acknowledged that type 1 IFN pro-
duction is induced by interaction with bacterial receptor
ligands of innate immune cells. Furthermore, interferons
activate higher-order processes (cellular activity, prolifer-
ation, differentiation and T cell function) that are critical
for controlling viral infections. Deficiencies in the produc-
tion or signalling of IFN-1 or IFN-3 nor in the antiviral pro-

33

teins they induce are closely associated with the severe
course of the disease [9].

Indeed, genetic deficiencies associated with the in-
duction of IFN-a as well as IFN-neutralising autoantibodies
have been identified in individuals with severe COVID-19
[10]. These correlations have epidemiologic significance.
For example, 1.5 % of severe COVID-19 cases can be attrib-
uted to a specific TLR deficiency, while about 10 % of peo-
ple with severe COVID-19 have autoantibodies against one
or more type 1 or type 3 IFNs. In addition, ISG OAS1 allelic
variants also predict the severity of COVID-19. These data
definitively indicate that interferons are indispensable
for the control of SARS-CoV-2 and prevention of severe
COVID-19, as well as other respiratory viral infections (par-
ticularly influenza), where, due to the peculiarities of path-
ogens, disturbances in the system ofimmune response reg-
ulation are possible [11].

Thus, the innate immune response involves a coor-
dinated chain of induced gene products, pre-formed im-
mune effectors, biochemical signalling cascades and spe-
cialised cells [2, 12]. An important mechanism in the anti-
viral defense chain is the regulation of interferon produc-
tion, and the degree of this induction allows predicting
the course and outcome of infectious diseases, primari-
ly of viral nature. Excessive activation of nocifensors can
cause the development of pathological processes. A bal-
ance between pathogen defense and pathophysiolog-
ical manifestations is important [13]. In fact, the pres-
ence of prolonged hyperinterferonemia during prophy-
lactic use of interferon inducers (and some of this group
of drugs can be used for up to 4 weeks or more) in the ab-
sence of a pathogen may contribute exclusively to the de-
velopment of side effects, of which this group of cytokines
(IFNs) has a huge number (from intestinal dysfunction
and “flu-like state” to the development of “chronic fa-
tigue and immune dysfunction syndrome” and demen-
tia) [1, 14, 15]. Consequently, in our opinion, it is much
more reasonable and effective, pathogenetically justi-
fied and safe to use drugs that do not induce but regu-
late the endogenous interferon synthesis in compliance
with the needs and condition of the organism in order
to prevent infectious diseases.

Synthetic peptides have been considered as a tool
for regulation and activation of the interferon system
by a number of studies. Key transcriptional peptide fac-
tors involved in the regulation of the immune response,
such as NF-kB (nuclear factor kappa-light-chain-enhancer
of activated B cells), JAK-STAT (Janus kinase - signal trans-
ducer and activator of transcription) and IRFs (interferon
regulatory factors), were originally discovered in bony fish-
es. The critical regulators of type 1 IFNs are IRF3 and IRF7,
while IRF1, IRF5 and IRF8 trigger IFN responses in a cell-spe-
cific manner [16]. In the work of R. Pandey et al. [17], devot-
ed to the development of immunoprophylaxis methods
for visceral leishmaniasis, it was revealed that individual
synthetic peptides or their mixtures significantly activated
IFN-y secretion. This was confirmed by an increase in intra-
cellular cytokines with a significant increase in IFN-y pro-
duced by CD4* T cells.



Since 2003, a synthetic dipeptide identical to the nat-
ural compound isolated by chromatographic method
from thymus extract, the drug Thymogen, has been reg-
istered and used in Russia [18]. One of the main points un-
derlying the present study was to investigate the immu-
nologic mechanisms underlying the prophylactic effect
of the preparation against acute and chronic viral and bac-
terial diseases of the upper respiratory tract in healthy vol-
unteers.

In this academic research work, the key objective was
to evaluate the effect of Thymogen in relation to baseline
and induced immune system parameters during prophy-
lactic use in healthy volunteers. Bactericidal and phagocyt-
ic activity of neutrophil granulocytes, spontaneous and vi-
rus-induced production of IFN-a by peripheral blood cells,
and the content of IFN-a and IFN-y in serum were studied.
We also analysed the safety and tolerability of the studied
drug in healthy volunteers during its prophylactic admin-
istration for 10 days. The terms of the study — from June 04,
2021, to July 05, 2021.

MATERIALS AND METHODS

A total of 20 healthy male volunteers aged between
18 and 40 years participated in the study. The inclusion
criteria were absence of acute and exacerbation of chron-
ic diseases at least 1 month before inclusion in the study;
any vaccination at least 6 months before the commence-
ment of the study.

The study preparation was Thymogen, nasal dosed
spray (manufacturer — Medical and Biological Research
and Production Complex OOO Cytomed, Russia). The ac-
tive substance is alpha-glutamyl-tryptophan (Thymogen
sodium in terms of Thymogen) 25 ug/dose. Excipients: so-
dium chloride 900 pg; benzalkonium chloride 10 mcg; wa-
ter, purified to 0.1 ml.

The study was approved by the independent ethical
committee ‘BioEthics’ (Protocol No. 156 dated May 27,2021),
Saint Petersburg, Russia.

All subjects included in the study received Thy-
mogen spray according to a single regimen at a dose
of 25 ug (1 injection) into each nasal passage 2 times a day
in the morning and evening for 10 days. After comple-
tion of the course of preparation administration, the vol-
unteers were monitored for another 14 days. Complaints,
life and medical history, data related to the use of medi-
cations, and physical examination were collected before
commencement of drug administration as well as at each
medical surveillance.

Physical examination included measurement of vi-
tal signs: systolic (SBP) and diastolic (DBP) blood pres-
sure, heart rate (HR), respiratory rate (RR), body temper-
ature (BT). To measure vital signs, we used certified in-
struments (ASG, Japan; Armed YX200, Russia) designed
for use in clinical trials. The total drug administration
and observation period for each volunteer was 24 days
and included 4 visits (day 1 — before drug administration;
day 6, day 11; day 24), during which a complete physical
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examination and blood collection for laboratory diagno-
sis were performed.

Immunological examination included determina-
tion of bactericidal activity of peripheral blood neutro-
phil granulocytes (according to the NBT-test (nitroblue
tetrazolium reduction test) spontaneous and induced
by zymosan) by spectrometry on a spectrophotome-
ter (Infinite F50; Austria); assessment of phagocytic ac-
tivity of peripheral blood neutrophil granulocytes (per-
cent of neutrophils that absorbed yeast; phagocytic in-
dex; completion of phagocytosis) by light microscopy
(Leica DM LS2; Leica, USA); assessment of spontaneous
and induced IFN-a production and the content of IFN-a
and IFN-y in serum by immunoenzyme method (com-
mercial kits of OO0 Vector Best, Russia). Spontaneous
and Newcastle disease virus-induced IFN-a production
was determined in supernatants of daily whole blood
culture. The bactericidal stimulation index was calculat-
ed as the ratio of induced bactericidality to spontaneous
bactericidality; the phagocytosis index was calculated
as the average number of yeasts absorbed by one phago-
cyte. Phagocytosis completion was calculated as the ra-
tio of phagocytic indices in samples with and without
the addition of fetal serum.

Safety and tolerability of Thymogen was assessed
by the frequency of adverse events (AEs) and serious
adverse events (SAEs) according to the tolerability
grading: “good” - absence of AEs; “satisfactory” - pres-
ence of mild AEs not requiring medication correction
of the condition; “unsatisfactory” — presence of sev-
eral AEs requiring medication treatment. Also within
the framework of safety assessment we studied the dy-
namics of vital signs: SBP and DBP, HR, RR, BT. Tolerabil-
ity was assessed based on subjective assessment by vol-
unteers and by maintaining adherence to the study drug
regimen (compliance).

Statistical analysis

Statistical data processing was performed using spe-
cialized software Statgraphics Centurion 18, version 18.1.12
(Statgraphics Technologies, Inc., USA) and RStudio, ver-
sion 1.1.442 (RStudio PBC, USA), Rmisc packages (ver-
sion 1.5), psych (version 2.1.6), nortest (version 1.0-4). To test
the normality of the compared samples, the Lilliefors test
was applied with a critical value of p = 0.2. Comparisons
between related groups were performed using one-way
ANOVA with repeated measures. The sphericity of the data
was analyzed using Mauchly’s test with a statistical sig-
nificance level of 95 %. If the distribution of the parame-
ter in the group deviated from normal, the nonparamet-
ric Friedman test was applied. The obtained data are pre-
sented as mean (M), standard deviation (0), standard er-
ror of the mean (SE) or median (Me), quartile deviations
(Q25%; Q75%) or interquartile range (IQR) (Q25%-Q75%),
minimum (min) and maximum (max) values. The critical
p value was considered to be 0,05.

In case differences between groups (at different time
points) were revealed, posterior (post-hoc) tests for pair-
wise comparison were used to determine them: Fisher’s



method after analysis of variance, Bonferroni criterion af-
ter Friedman'’s test with adjustments for multiple compar-
isons (with a power of 95 %).

The object of research

The mean age of the volunteers included in the study
was 28.25 + 6.69 years, with a minimum age of 18 years
and a maximum age of 40 years. The group was homoge-
neous in terms of demographics and anthropometrics. A full
course of the drug was provided to 17 volunteers and an in-
complete course to 3 of them. All 20 study subjects were in-
cluded in the analyses.

RESULTS

Assessment of spontaneous and induced IFN-a

production under the influence of the drug

When the spontaneous production of IFN-a by daily cul-
ture of cells isolated from the peripheral blood of volunteers
was examined onday 1 (Me =5 pg/ml;IQR=2.75 pg/ml) be-
fore drug administration compared to the values on day 6
(Me =5 pg/ml; IQR = 0 pg/ml) (p = 0.026), statistically sig-
nificant differences were found; however, these values
were similar and such differences are not clinically signifi-
cant (Table 1).

When Newcastle disease virus-induced IFN-a produc-
tion by whole blood cells was assessed, statistically signifi-
cant differences in this parameter were observed on days 1
and 11, on days 1 and 24, and between days 6 and 24
(F=31.7; p=0.000000604317) (Fig. 1).

In the analysis of the study results, a statistically sig-
nificant increase in induced IFN-a production by blood
cells during prophylactic administration of Thymogen
for a course of 10 days was observed by day 11 of fol-
low-up (day 11: Me = 390.5 pg/ml, IQR = 290.75 pg/ml;
day 1: Me = 194.5 pg/ml, IQR = 149.25 pg/ml; p < 0.001).
Furthermore, a statistically significant (p < 0.001) in-
crease in this index 14 days after the end of the course
(day 24: Me = 550.5 pg/ml; IQR = 190.25 pg/ml) compared
to day 1 (Me = 194.5 pg/ml; IQR = 149.25 pg/ml) and day 6
(Me = 223.5 pg/ml; IQR = 164.5 pg/ml) was also revealed
(Fig. 1).

TABLE 1
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FIG. 1.

Virus-induced production of IFN-a by daily culture of whole blood
from volunteers in dynamics during 10-day administration

of Thymogen spray (n = 20): * - statistically significant differences

(p < 0.001), Friedman’s nonparametric test; day 1, 6, 11 and 24 — con-
trol points of the study

Accordingly, the present study reveals that virus-in-
duced IFN-a production, reflecting one of the mechanisms
of increasing the organism’s immunity to viral pathogens,
statistically significantly increases by the end of the drug ad-
ministration (after 10 days) and continues to increase dur-
ing 2 weeks of further follow-up. Consequently, prophy-
lactic use of Thymogen in the spray form allows activating
the ability of peripheral blood cells to produce IFN-a in re-
sponse to viral pathogen exposure, and this effect persists
for at least 14 days after the end of the course of the stud-
ied drug application.

Results of serum IFN-a and IFN-y assessment

Comparison of IFN-a levels in the serum of healthy
volunteers during prophylactic administration of Thy-
mogen revealed statistically significant differences
in this parameter on days 6, 11 and 24, despite the fact
that the serum IFN-a levels were similar in absolute
values (Me = 5 pg/ml; IQR = 0 pg/ml) compared
to the values on day 1 (Me =5 pg/ml; IQR = 2.25 pg/ml;
p=0.0004),however, thischangewasnotclinically significant
(Table 1).

SPONTANEOUS PRODUCTION OF IFN-a BY DAILY WHOLE BLOOD CULTURE

Indicators Reference values

Control points

Day 1

Day 6

IFN-a spontaneous, pg/ml 3-30

Day 11

Day 24

Me Q25% Q75% min max
5 5 7.75 5 19
5% 5 5 5 5
5 5 5 5 15
5 5 5 5 13

Note. * — statistically significant differences compared to the initial value (p < 0.05); Me — median; Q25%, Q75% — 25th and 75th quartiles, respectively; min — minimum; max — maximum.
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Examination of IFN-y in serum revealed no statistical-
ly significant differences in all controls (p > 0.05). The in-
dex did not change throughout the study (Me = 2 pg/ml;
IQR =0 pg/ml) (Table 2).

Results of the assessment of phagocytic
and bactericidal activity

According to the results obtained, no statistically sig-
nificant differences in the dynamics of such parameter
as neutrophil bactericidal activity, including spontaneous
and induced, were revealed in the present study. The indi-
ces had no statistically significant variations in the study
controls (Table 3).

Similar results were obtained when studying the pa-
rameters of neutrophil phagocytic activity (Table 4), includ-
ing neutrophil phagocytosis, phagocytosis completion and
phagocytosis index.

The present study reveals that in healthy volunteers
without immune system disorders and in the absence
of acute diseases / conditions prophylactic use of Thymogen
spray 2 times a day for 10 days does not affect the parame-
ters of bactericidal activity of neutrophil granulocytes of pe-
ripheral blood, determined by NBT-test, and does not lead
to changes in the phagocytic activity of neutrophils.

Analysis of the safety and tolerability

As part of the safety and tolerability analysis, vital
signs were evaluated in dynamics: SBP, DBP, HR, RR and BT,
which did not reveal statistically significant differences
(p > 0.05) in healthy volunteers throughout the entire fol-
low-up period (i.e. at the control points of the study — days 1,
6, 11 and 24) (Table 5).

In 11 (55 %) volunteers at different control points
of the study, there were observed episodes of blood pres-
sure rise, and in all cases the increase in SBP and / or DBP

TABLE 2
SERUM IFN-a AND IFN-y LEVELS

did not exceed 10 mmHg compared to the values taken
as reference. The recorded abnormalities were classified
by the authors as clinically insignificant, not requiring ther-
apeutic measures and not being associated with the use
of Thymogen.

No SAEs were observed during the study conducted.
Among the recorded AEs, mucous nasal discharge (n=1)
and nasal congestion (n = 1) were observed on days 1-10
of the study, which resolved independently. Mucous dis-
charge was observed in the mornings within 1 h after
Thymogen administration and nasal congestion was ob-
served 20 min after taking the drug within 3-4 h, which
were considered by the authors to be drug-related con-
ditions. The AEs were of mild severity. No clinical man-
ifestations of allergic reactions, such as urticaria, rash,
anaphylactic reactions, were observed during the use
of the drug.

Thus, the obtained data about prophylactic use of Thy-
mogen spray 2 times a day over a 10-day period indicate
satisfactory tolerability of the drug, its safety and absence
of adverse effects on the main vital signs.

DISCUSSION

According to the results obtained in the course
of the study, a statistically significant increase in virus-in-
duced IFN-a production by daily culture of peripheral blood
cells was revealed after 10 days of Thymogen administra-
tion and continued growth of this indicator for 14 days
after the end of the course. Consequently, prophylactic
use of Thymogen spray increases the ability of peripher-
al blood cells to produce IFN-a in response to viral patho-
gen exposure during the period of drug administration and
for at least 2 weeks afterwards. This mechanism of biologi-

Indicators Reference values Control points Me Q25% Q75% min max
Day 1 5 2.75 5 1 5
Day 6 5% 5 5 5 5
IFN-a serum, pg/ml 0-5
Day 11 5% 5 5 5 5
Day 24 5% 5 5 5 5
Day 1 2 2 2 2 2
Day 6 2 2 2 2 22
IFN-y serum, pg/ml 0-5
Day 11 2 2 2 2 2
Day 24 2 2 2 2 2

Note. * —statistically significant differences compared to the initial value (p < 0.05); Me — median; Q25%, Q75% — 25th and 75th quartiles, respectively; min — minimum; max — maximum.



TABLE 3

RESULTS OF ASSESSMENT OF NEUTROPHIL BACTERICIDAL ACTIVITY IN THE DYNAMICS OF THE STUDY

Indicators Reference values

Spontaneous neutrophil
bactericidality, 70-120
units/million cells

Induced neutrophil
bactericidality, 150-200
units/million cells

Stimulation index 1,2-2

Control points
Day 1
Day 6

Day 11
Day 24
Day 1
Day 6
Day 11
Day 24
Day 1
Day 6
Day 11

Day 24

Note. Me —median; Q25%, Q75% — 25th and 75th quartiles, respectively; min — minimum; max — maximum.

TABLE 4

RESULTS OF ASSESSMENT OF NEUTROPHILS PHAGOCYTIC ACTIVITY IN THE DYNAMICS OF THE STUDY

Indicators Reference values

Neutrophil phagocytosis, % 65-88

Completion of phagocytosis,

coefficient 1-1.2

Phagocytosis index 2,3-3

Control points
Day 1
Day 6

Day 11
Day 24
Day 1
Day 6
Day 11
Day 24
Day 1
Day 6
Day 11

Day 24

Note. Me —median; Q25%, Q75% — 25th and 75th quartiles, respectively; min — minimum; max — maximum.
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Me

98

93

92

88

140

152

145

156.5

1.55

1.6

1.6

1.8

Me

68

67.5

68

68

23

2.3

23

2.3

Q25%

74.25

85

87.25

82

116

138

131.5

139.8

1.3

1.4

1.5

1.575

Q25%

66

66

66

67

23

2.3

23

2.3

Q75%

1125

104

102

98

177.2

169.8

170.8

167.5

1.725

Q75%

68

68

68

68

24

24

24

24

min

68

62

71

68

94

84

88

102

min

65

65

65

65

0.9

0.9

0.9

2.2

2.2

2.2

2.2

max

116

124

124

116

202

198

198

195

max

69

69

69

69

2.8

2.7

2.6

25



TABLE 5
DYNAMICS OF VITAL SIGNS DURING THE STUDY

Indicators Reference values Control points M o min max
Day 1 128.2 7.47 115 145
Day 6 126.45 7.24 110 139
SBP, mmHg 110-135
Day 11 1253 8.09 104 138
Day 24 126.0 7.28 115 139
Day 1 79.15 5.58 70 90
Day 6 78.8 7.61 65 94
DBP, mmHg 60-85
Day 11 77.6 7.88 64 94
Day 24 771 6.82 64 93
Day 1 75.6 11.55 64 89
Day 6 73.05 8.15 49 102
HR, bpm 60-90
Day 11 73.95 8.89 56 90
Day 24 74.3 8.93 55 92
Day 1 16.05 0.94 14 18
Day 6 16.2 1.06 14 18
RR, respirations/min up to 22
Day 11 15.9 0.85 14 18
Day 24 16.4 1.05 14 18
Day 1 36.19 0.24 35.8 36.7
Day 6 36.26 0.33 35.7 36.8
BT, °C 35.5-36.9
Day 11 36.26 0.36 355 36.8
Day 24 36.16 0.42 35.0 36.7

Note. M —mean value; 0 — standard deviation; min — minimum; max — maximum.

cal activity should be considered effective in the prevention
and treatment of respiratory viral infections of any etiolo-
gy, and especially those whose immunopathogenesis is ac-
companied by inhibition of endogenous interferon synthe-
sis, in particular COVID-19.

The study reveals that serum levels of IFN-a and IFN-y re-
mained at background levels throughout the study period.

The results obtained in healthy volunteers are consist-
ent with the results of previous studies, in which it was re-
vealed that Thymogen does not have the ability to stimulate
a significant amount of endogenous interferon, which is as-
sociated with its mechanism of action, and is rather a regula-
tor of this process, and to a greater extent against the back-
ground of primary antigenic induction [18].

Other authors note that Thymogen is an inducer
of the production of endogenous interferon, mainly alpha
and beta fractions. Specifically, in an in vivo study, Thymo-
gen was administered subcutaneously to white mice and in-
terferon levelsin serum, lungs, and brain were assessed [19].
According to the results obtained, after already 2 hours
the concentration of IFN in serum reached 10-20 IU/ml, per-
sisted up to 4 h and decreased to zero a day after the drug
administration.

Most likely, the different findings are related to the dif-
ference in the assessment time of endogenous interfer-
on production - in the first day and in the distant peri-
od which are subject to significant changes in the normal
course of the infectious process, as well as to the type of ob-

38



ject studied — animals or humans. In a number of drug study
observations, the effects in animals often do not replicate
the effects in humans.

Statistically significant changes in bactericidal activity
of neutrophil granulocytes and phagocytic activity of neu-
trophils in healthy volunteers were not observed during
the study, which suggests that in the absence of an in-
fectious agent the drug does not change the background
values, does not cause hyperactivation of protective fac-
tors of immunity, being activated only in the presence
of a pathogen.

It should be noted that there are scientific studies con-
firming high local antiviral activity of Thymogen spray due
to antisepticaction in suppressing the infectivity of SARS-
CoV-2 virus [20] in patients with coronavirus infection. Be-
sides, in earlier scientific studies devoted to examining
the dynamics of immunological parameters in patients
it was revealed that against the background of acute in-
fectious diseases, i.e. in conditions of pre-formed patho-
gen exposure or other acute conditions, the use of Thy-
mogen contributed to a faster recovery of reduced bac-
tericidal activity of neutrophils determined by NBT-test.
And this has been demonstrated for patients with se-
vere mechanical trauma compared to patients receiving
conventional treatment [21], as well as for patients with
chronic pyoderma [22]. As concerns phagocytosis, pre-
vious studies have provided data about the stimulating
effect of Thymogen in patients with chronic generalised
periodontitis [23].

In the course of the study, it was also revealed that pro-
phylactic use of Thymogen in the form of spray 2 times
a day over a period of 10 days had no significant effect
on the main vital signs of the organism. The diagnosed AEs
were of mild severity and resolved independently. No al-
lergic reactions to the administration of the drug were
observed. Neither were there any episodes of study drug
withdrawal initiated by the surveyors and study subjects.
The data obtained confirm good tolerability and safety
of Thymogen during its prophylactic use.

CONCLUSION

A statistically significant increase in virus-induced
INF-a production by daily culture of peripheral blood
cells in healthy volunteers was revealed by the study.
The observed effect of the drug Thymogen, nasal dosed
spray was persisted during the whole period of its ad-
ministration - 10 days, and 14 days after the comple-
tion of the course. No statistically significant changes
in neutrophil granulocyte bactericidal activity (includ-
ing spontaneous and induced bactericidality) and neu-
trophil phagocytic activity (including neutrophil phago-
cytosis, phagocytosis completion and phagocytosis in-
dex) were observed during the study. The obtained
data about the ability of the drug Thymogen to activate
the reactions of innate immunity, involving the IFN sys-
tem, deserve attention and further study of the mecha-
nisms of its action.
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ABSTRACT

Introduction. Respiratory diseases occupy a leading place in the structure of pa-
thology of childhood. The proportion of influenza and acute respiratory viral infec-
tions among all infectious diseases is 90 %. The literature describes gender differ-
ences in theimmune response to respiratory infections in children, but there is a gap
in the description of the cytokine profile in children with influenza depending
on gender and age.

The aim of the study. To analyze clinical and laboratory parameters as well as cy-
tokine profile parameters in children with influenza.

Materials and methods. A single-stage descriptive study was conducted
with the participation of 50 children from 1 to 11 years of age with a diagnosis of in-
fluenza who were on inpatient treatment at the Irkutsk Regional Infectious Diseases
Clinical Hospital from December 2018 to January 2019. The clinical and labora-
tory features of the course of influenza in children and the duration of treatment
were determined. The concentration of cytokines interleukin (IL) 18, IL-4, IL-6, IL-8,
tumor necrosis factor alpha (TNF-a), interferon alpha and gamma (INF-a, INF-y)
in blood plasma was determined by enzyme-linked inmunosorbent assay (ELISA)
using diagnostic test systems manufactured by Vector-Best (Novosibirsk, Russian
Federation) on the analyzer Multiscan EX (Thermo Electron, Germany). The control
group consisted of practically healthy children without signs of acute respiratory
viral infection (n = 50; mean age - 5.3 + 2.6 years).

Results. When comparing clinical and laboratory data and cytokine profile param-
eters in children with influenza, no gender differences were found. There was a statisti-
cally significant increase in the level of pro-inflammatory cytokines IL-10, IL-6, IL-8,
TNF-aq, INF-a, as well as CRP, anti-inflammatory cytokine IL-4 in influenza in all age
categories, in contrast to the control group (p < 0.05).

Conclusion. Influenza in children of different sexes proceeds classically without
a statistical difference in clinical and laboratory parameters and in the level of cy-
tokines.

Key words: flu, clinic, cytokines, children

For citation: KazantsevaE.D., Petrova A.G., Darenskaya M.A., Moskaleva E.V., Rychkova L.V.,
Semenova N.V. Flu in children: Clinical, laboratory indicators and cytokine profile param-
eters. Acta biomedica scientifica. 2023; 8(6): 41-50. doi: 10.29413/ABS.2023-8.6.5
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PE3IOME

BesedeHue. bosne3HU op2aHO8 ObIxaHUsA 3aHUMAarm gedyujee Mecmo 8 CmpykK-
mype namosio2uu 0emcko20 803pacma. YoesbHsil 8ec 2punna u ocmpou pecnu-
pamopHoU supycHol uHgekyuu (OPBU) cpedu 8cex UHeKyUOHHbIX 6one3Hel
cocmasnsem 90 %. B numepamype onucaHel 2eHOepHble paznuqus 8 UMMYHHOM
omeeme Npu pecnupamopHseIx UHghekyusx y demet, 00HAKo cywjecmayem npoben
8 ONUCAHUU YUMOKUHO8020 npoghusis y 0emeli C 2pUNNOM.

Lens uccnedoeanus. [Iposecmu aHanu3 KAUHUYECKUX U 1a6OpamopHbIxX NOKa-
3ameriell, a makxe napamempos UUMOKUHO08020 npogusia y demeli C 2punnom.
Mamepuan u memoosl. [IposedeHO 0OHOMOMEHMHOe CpasHUMesIbHoe UCC1edo-
8aHue ¢ yuacmuem 50 demeti om 1 200a 0o 11 siem ¢ OuazHoO30M 2punn, Komopele
Haxoounuce Ha cmayuoHapHom sieyeHuu 8 OrbY3 «Mipkymckas obnacmHas uHgex-
YUOHHASA KIIUHUYeckas 6os1eHUYa» ¢ 0ekabps 2018 no aHeape 2019 2. Onpedensnuce
KJIUHUYecKue, 1abopamopHsie 0cobeHHOCMuU meyeHus 2punna y demed, npooosi-
XXUmesibHoCmb sieueHuUs. KoHueHmpauus yumokuHos uHmepsetikuHa (IL) 10, IL-4,
IL-6, IL-8, pakmopa Hekpo3a onyxonu a (TNF-a, tumor necrosis factor a), uHmep-
¢epona (INF) a, INF-y u sbicokouyscmaumesnsHo2o C-peakmugHozo besnka (CPb)
8 NJ1asmMe Kpo8u onpedenfaacs MemooomM meepoogpa3zHo20 UMMYHOGHepMeHMHO20
aHanuza (MOA) c ucnonvbsogaHuem 0UazHOCMUYECKUX mecm-cucmem npou3800-
cmaa «Bekmop-becm» (2. Hogsocubupck) Ha aHanuzamope MynemuckaH EX (Thermo
Electron, lepmaHus). KoHmMposbHyto 2pynny cocmasianu npakmuyecku 300posble
demu 6e3 npusHakos OPBU (n = 50; cpedHuli 8o3pacm 5,3 + 2,6 200a).
Pesynemamel. [Ipu cpagHeHUU KJIUHUKO-1a60pamopHbiX OaHHbIX U NapaMmempos
YUMOKUHOB8020 npoghusis y Oemeli C 2pUnNNOM 2eHOepHbIX pa3uyuli He 8bis8/1eHo.
Ommeyaemcs cmamucmuyecku 3HA4YUMOe NOB8bllEHUEe YPOBHA NPOBOCNAIU-
mesnbHbix yumokuHos IL-10, IL-6, IL-8, TNF-a, INF-a, a makxe CPb, npomugogoc-
nanumesibHO20 YUMOKUHA IL-4 npu epunne 80 8cex 803pACMHbIX KAMe20PUsX,
8 omJiu4due om KoHmMposbHou epynnei (p < 0,05).

3aknoyeHue. [punn y 0emeli pa3Ho20 Nosa npomexkaem kaaccudecku 6e3 cma-
mucmuyeckol pasHUYsl 8 KIUHUKO-1a60pamopHbIX NOKA3AaMesiax U 8 yposHe
YUMOKUHOB.

Knioueevnle cnoea: 2punn, KJUHUYECKAs KAPMUHA, YUMOKUHbI, 0emu

Ana yntupoBaHua: KaszaHuesa E.[., MNeTtposa A.l., JapeHckaa M.A., Mockanesa E.B.,
PblukoBa J1.B., CeméHoBa H.B. punn y geteit: KnnHnyeckme, nabopaTopHble NoKasaTtenu
1 napameTpbl LUTOKMHOBOro npoduns. Acta biomedica scientifica. 2023; 8(6): 41-50.
doi: 10.29413/ABS.2023-8.6.5
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INTRODUCTION

Among the aetiologically diverse groups of respiratory
viral infections, influenza is a more serious concern and re-
mains an uncontrollable global infection that causes enor-
mous socioeconomic damage. The World Health Organiza-
tion estimates that influenza and respiratory diseases affect
100 million people (5 to 30 % of the world’s population) each
year. According to the Ministry of Health of the Russian Fed-
eration, economic losses from influenza and acute respir-
atory viral infection (ARVI) account for 86 % of all damage
caused by infectious diseases. The magnitude of the dam-
age caused by influenza and influenza-like infections to pub-
lic health and the economy of any country can be compared
with those for injuries, cardiovascular diseases and malig-
nant neoplasms [1].

Markers of the severe course of pandemic influenza
AH1N1pdm09in adolescents and adults are elevated blood
concentrations of cytokines such as tumour necrosis fac-
tor alpha (TNF-a) and interleukin (IL) 6 [2]. Similarly, in pan-
demic influenza complicated by pneumonia, albeit in child-
hood, there is an increased synthesis of anti-inflammatory
mediators and decreased concentration of pro-inflamma-
tory cytokines IL-1 and TNF-a [3]. The same markers are as-
signed a leading role in the development of cytokine storm
in influenza patients [4, 5].

Higher plasma IL-6 and TNF-a concentrations in na-
sopharyngeal wash samples have been described in over-
weight children [6, 7]. These children also have higher mor-
bidity and mortality in influenza and a high risk of develop-
ing secondary bacterial infections [8].

A similar pattern of pro-inflammatory cytokine se-
cretion of TNF-a and IL-6 has been observed in influenza
type A and B in children. In influenza caused by influen-
za A virus, cytokine output with a predominance of Th2 in-
flammation is observed; IL-4 output is particularly elevat-
ed, which is not observed in influenza B [9].

There is uneven agreement among different au-
thors as to which type of influenza virus variant — season-
al or pandemic - is predominant in childhood. Some au-
thors indicate that seasonal influenza more often causes
illness in children under 2 years of age: the infection is par-
ticularly severe in children under 6 months of age; pan-
demic influenza, on the contrary, more often affects chil-
dren of preschool age, occurs more often in children over
5 years of age [10]. Other authors have reported the oppo-
site: the pandemic variant of influenza is statistically sig-
nificantly more common in children of the first year of life,
while the seasonal variant is more common in children
of primary school age [11].

Influenza has moderate form in young children,
and only 16 % of cases have a severe course of the disease.
Among the symptomes, catarrhal inflammation of the up-
per respiratory tract and intoxication syndrome predom-
inate [12].

In the disease pattern of influenza in children, ace-
tonemic syndrome is observed in 26.3 % of cases, as well
as isolated cases of neurotoxicosis and haemorrhagic syn-
drome [13, 14].
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Nowadays, it has been proved that influenza type A,
especially the virus subtype containing neuramini-
dase N2, is associated with a more severe course of in-
fection, more often complicated by secondary bacterial
infection [15, 16].

In respiratory viral infections, oxidative stress is active-
ly involved in the mechanisms of sustaining homeostatic
disturbances; antioxidant drugs such as vitamin C, N-ace-
tylcysteine, quercetin, glutathione, fat-soluble vitamins
and polyunsaturated fatty acids have proven themselves
in clinical trials in influenza, pneumonia and other respira-
tory diseases [17, 18].

Male subjects have higher synthesis of pro-inflamma-
tory cytokines such as IL-6 and TNF-g; female subjects have
high synthesis of the anti-inflammatory cytokine IL-10. Gen-
der differences in immune response have been attributed
to hormonal factors. There is speculation that women’s de-
fense against infections is associated with the pro-inflam-
matory effects of estradiol, while men’s susceptibility to in-
fections is associated with immunosuppression as a conse-
quence of testosterone effects, possibly involving specific
receptors [19].

There is a significant difference between girls and boys
in the concentration of C-reactive protein (CRP), erythro-
cyte sedimentation rate (ESR), neutrophils in inflammato-
ry processes in children with pneumonia, pyelonephritis,
bronchiolitis [20].

Recently, there is a limited number of studies devot-
ed to the analysis of cytokine profile parameters in chil-
dren with influenza; there is also insufficient information
on gender differences in acute respiratory viral infections
in children.

THE AIM OF THE STUDY

To analyse clinical and laboratory parameters
and to assess cytokine profile parameters in children
with influenza.

MATERIALS AND METHODS

A one-stage comparative study was conducted
with the participation of 50 children aged 1 to 11 years old,
who from December 2018 to January 2019 were admitted
for inpatient treatment in the Irkutsk Regional Infectious
Diseases Clinical Hospital with a diagnosis of influenza.

Distribution of children by age groups was per-
formed according to the periodisation of childhood us-
ing the scheme of N.P. Gundobin: early childhood -
from 1 to 3 years; preschool age, middle childhood
or the 1st period of childhood - from 3 to 7 years; young-
er school age, older childhood or the 2nd period of child-
hood - girls from 7 to 11 years, boys from 7 to 12 years.

The clinical features of the influenza course in children
were analysed with consideration of the disease duration,
number of days spent in hospital, main and concomitant
diagnoses, presence of complications, disease outcome,



and history of influenza vaccine prophylaxis. Disease
pattern was assessed by complaints, occurrence, nature
and duration of symptoms of rhinitis, cough, intoxication
(lethargy, refusal to eat, nausea or vomiting at the peak
of fever, general weakness, sleep disturbance) and fe-
ver (body temperature increase from 37.2 to 38.0 °C -
subfebrile fever; from 38.1 to 39.0 °C - febrile fever;
from 38.1 to 39.0 °C - febrile fever; 39.1 to 40.0 °C - py-
retic fever), other clinical manifestations (rash, cramps,
sore throat, headache, muscle pain), deviations of labo-
ratory indicators of general and biochemical blood tests
and general urinalysis on admission, volume and dura-
tion of infusion, antiviral and antibacterial drug therapy
throughout the disease.

The concentration of highly sensitive CRP and cy-
tokines IL-1pB, IL-4, IL-6, IL-8, TNF-q, INF-a, INF-y in blood
serum was determined by solid-phase enzyme immuno-
assay (EIA) using diagnostic test systems produced by Vec-
tor-Best (Novosibirsk) on a MultiscanEX microplate photom-
eter (Thermo Electron, Germany). Blood sampling to de-
termine the level of CRP and cytokines was performed
in the first 3 days of the disease at admission to the hospi-
tal. The main group consisted of children diagnosed with
influenza (n = 50), control group - of 50 practically healthy
children without signs of ARVI or 14 days after acute viral
infection (mean age of children - 5.3 + 2.6 years). The study
protocol was approved by the Biomedical Ethics Commit-
tee of Scientific Centre for Family Health and Human Repro-
duction Problems (excerpt from the minutes of the meet-
ing No. 8.4 dated November 02, 2018).

Analysis and statistical processing of information were
performed using MS Excel (Microsoft Corp., USA) and Sta-
tistica 6.0 application software package (StatSoft Inc., USA).
The confidence interval with significance level of 95 %
(95 % ClI) for frequencies and fractions was calculated us-
ing an online calculator at Vassar Stats: Website for Sta-
tistical Computation'. Qualitative characters are present-
ed as absolute (n) and relative values (P), quantitative
characters are presented with median (Me) plus 25th and
75th quartiles (Q25; Q75). In the analysis of qualitative char-
acters, the relative frequency of the characteristic (preva-
lence) P and 95 % Cl were assessed. Statistical significance
of intergroup differences in qualitative characters was as-
sessed using the x? criterion: at P,, . < 10 — with Yates cor-
rection,atP_,  <5-using Fisher’s two-sided exact test. Sta-
tistical significance of two unrelated groups was assessed
by Mann - Whitney test (U-test). The critical level of sta-
tistical significance in testing statistical hypotheses about
the existence of differences between groups (p) was con-
sidered to be 0.05.

RESULTS AND DISCUSSION
In the study group, the sex distribution was almost
equal: the proportion of boys was 52 % (n = 26), girls — 48 %

(n =24). The mean age of the children was 3 + 2.6 years.

T http://vassarstats.net/
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The diagnosis of influenza was verified by polymerase
chain reaction comprehensive diagnosis with typing of in-
fluenza A/B strains in 96 % of children (n = 48) in the study
group. Influenza A serotype H1N1sw2009 predominated
in the etiologic structure: it was observed in 76 % of cases
(n = 38). Influenza AH3N2 was the second most frequent-
ly observed - 16 % (n = 8). Clinically, influenza A was diag-
nosed in 4 % of patients (n = 2), mixed viral infection influ-
enza AH1N1 + respiratory syncytial mixtovirus infection
in2% (n=1),and influenza AH1N1 + bocavirus mixtovirus
infectionin2% (n=1).

Along with the main diagnosis, concomitant pathol-
ogy was also considered: acute intestinal infection (rota-
and norovirus etiology) in 16 % of cases (n = 8), atopic der-
matitis in 2 % (n = 1), hypochromic anaemia in 6 % (n = 3).
Complications of the underlying disease were observed
in 30 % of patients (n = 15): acetone vomiting syndrome
or ketoacidosis syndromein 12 % (n=6), pneumoniain 16 %
(n = 8), acute obstructive bronchitisin 2% (n=1).

The mean duration of children’s admission to hos-
pital was 5 + 1.6 days. In analysing the vaccination his-
tory, it was found that influenza vaccination was per-
formed in 16 % of cases (n = 8), 72 % of patients (n = 36)
were not vaccinated against influenza, and 12 % of patients
(n = 6) had no information about vaccination.

Clinical features of the influenza course in children
were assessed by the presence of complaints and objective
examination data. The prevalence of complaints and clini-
cal manifestations in the study group were as follows: phar-
yngeal hyperemia - 96 % (n =48), rhinorrhea - 66 % (n = 33),
cough -84 % (n =42), sore throat and pain when swallow-
ing - 6 % (n = 3), back pain abdominal and loose stools -
8% (n =4), intoxication syndrome —38 % (n=19), including
fever — 92 % (n = 46), lethargy, drowsiness — 44 % (n = 22),
weakness — 34 % (n = 17), vomiting — 28 % (n = 14), de-
creased appetite — 26 % (n = 13), headache - 8 % (n = 4),
convulsions - 4 % (n = 2), ear pain and dizziness - in single
cases, muscle and joint pain was not observed in anyone.
In describing the nature and duration of respiratory symp-
toms, children diagnosed with influenza were observed
to have the following predominant symptoms: mucous
runny nose — 72 % (n = 36) with a duration of 5 + 2.48 days;
dry cough - 84 % (n = 42) and wet cough - 6 % (n = 3).
The median fever was 38.5 + 0.68° and the duration of fe-
ver was 2 + 1.45 days.

The clinic of influenza in children corresponds
to the forme pleine: mucous runny nose, dry cough, fever,
and hyperemia of the pharynx predominate in 96 % of cas-
es. No statistical differences were revealed cause-specif-
ic to the gender of the child in terms of both the preva-
lence of clinical manifestations (Table 1) and the duration
of the main symptoms (Table 2).

No differences between the gender groups were also
revealed while comparing the main haematological and bi-
ochemical parameters of blood and urine in children with
influenza (Table 3).

In the epidemic season of 2009, according to the find-
ings of S.A. Chavanina et al. (2011), among the peculiarities
of seasonal influenza it was observed that in 25 % of cases



patients were being admitted to hospital on the 6-9th day
from the onset of the disease, often against the back-
ground of already developed complications. The height
of fever was higher in children with seasonal influenza
AHTNT (mean - 39.2 °C vs. 37.9 °C in pandemic influen-
za A HIN1sw2009); marked intoxication and haemorrhag-
ic syndrome were statistically significantly more prevalent
in seasonal influenza AH1N1 [21]. The analysis of haemato-
logical changes revealed a high incidence of leukocytosis
in patients with influenza AH1N1 (33.3 %) [22], while in our
study we obtained data revealing that leukocytosis in chil-
dren with influenza was observed in 6 % of cases and ac-
celerated ESR syndrome in 42 % of cases.

The duration of infusion, antiviral and antibiotic thera-
py for influenza in children of different sexes did not differ.
All hospitalized children were discharged with recovery.

Determination of cytokine and high-sensitivity CRP con-
centrations in children with influenza during the first days
of hospitalisation was compared with a group of healthy
children standardised by the copy-pair method. The meth-

TABLE 1

od is based on the selection for each observation unit
of the group under study by one or more characteristics,
in this case - by gender, age; this method of selection is ex-
pedient for studying rare phenomena. The levels of CRP
and cytokine profile parameters studied in healthy chil-
dren were within the reference range according to the test
system manufacturer’s instructions: CRP < 5 pg/ml;
IL-1B8 < 11 pg/mL; IL-4 < 4 pg/mL; IL-6 < 10 pg/mL;
IL-8 < 12 pg/mL; TNF-a < 6 pg/mL; INF-a < 11 pg/mL;
INF-y < 20 pg/mL. In the serum of children with influen-
za, the concentrations of IL-1pB, IL-4, IL-6, IL-8, TNF-q, INF-y
and CRP were significantly higher than the upper limit
of the range.

A number of literature sources provide age and gender
differences in the levels of pro- and anti-inflammatory cy-
tokines in children, which isimportant to consider when in-
terpreting cytokine status parameters [2, 21, 23].

No statistically significant differences were revealed
by analysing cytokine levels associated with influenza
in children of different genders (Table 4).

MAIN CLINICAL SYMPTOMS IN CHILDREN WITH INFLUENZA ACCORDING TO GENDER (n = 50)

Indices Influenza A, boys (n = 26)
Mucous rhinitis 19 (73 %)
Dry cough 17 (65.4 %)
Fever 15 (57.7 %)
Intoxication 10 (38.5 %)

Pharynx hyperemic 25 (96.2 %)

Drowsiness, lethargy 11 (42.3 %)

Weakness 9 (34.6 %)

Vomiting 6(23.1 %)

Note. * - differences are statistically significant at p < 0.05.

TABLE 2

Influenza A, girls (n = 24) P (Fisher’s exact criterion)

17 (70.8 %) 0.554
19 (79.2 %) 0.222
22 (91.6 %) 0.539
9(37.5 %) 0.588
23 (95.8 %) 0.734
11 (45.8 %) 0.513
8(33.3 %) 0.581
7 (29.2 %) 0.433

DURATION OF MAJOR CLINICAL PARAMETERS IN CHILDREN WITH INFLUENZA ACCORDING TO GENDER

Duration of symptoms Influenza A, boys (n = 26)

(days) Me (Q25; Q75)
Rhinitis 5(3;6)
Cough 5 (4;6)
Fever 2(2;4.25)

Note. *— differences are statistically significant at p < 0.05.
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Influenza A, girls (n = 24)

Me (Q25; Q75) p (U-test)
5(1.5;5) 0.302
54&7) 0.380
2(:3) 0.482



TABLE 3

LABORATORY PARAMETERS IN CHILDREN WITH INFLUENZA ACCORDING TO GENDER

Influenza A, boys (n = 26)

Influenza A, girls (n = 24)

Indices Me (Q25: Q75) Me (Q25: Q75) p (U-test)
Erythrocytes, x10'2 4.35 (4.06; 4.70) 4.36 (4.07;4.79) 0.917
Hemoglobin, g/L 120 (113.00; 127.00) 120 (113.25; 127.00) 0.796
Platelets, x10° 226 (191.75; 250.75) 226 (187.25; 252.25) 0.358
Leukocytes, x10° 3.57 (2.73;5.00) 3.59(2.74;4.93) 0.796
Stab neutrophils, x10° 1.84(0.98; 3.34) 1.84 (0.98; 3.16) 0.876
Segmented neutrophils, x10° 0.84 (0; 2.27) 0.00 (0.00; 1.37) 0.515
Lymphocytes, x10° 1.32(1.08; 1.89) 1.32(1.09; 1.88) 0.764
Monocytes, x10° 0.43 (0.34; 3.00) 0.48 (0.34; 3.00) 0.287
Eosinophils, x10° 0.03 (0.01; 0.06) 0.03 (0.01;0.07) 0.392
ESR, mm/h 12 (5.00; 19.00) 12 (5.00; 19.00) 0.179
C-reactive protein, mg/L 17.10(3.87; 18.30) 15.10 (5.57; 18.10) 0.926
Total protein, g/L 67.10 (60.25; 70.93) 67.60 (60.63; 70.98) 0.983
Glucose, mmol/L 4.02 (3.52;4.58) 4.02 (3.54;4.49) 0.664
AST, U/L 51.25(38.15; 68.38) 51.25(38.36; 67.53) 0.529
ALT, U/L 15.25(10.95; 21.25) 15.25(10.85; 20.95) 0.860
Creatinine, pmol/L 449 (41.12;53.15) 45.35(41.33; 53.25) 0.278
Urea, mmol/L 1.53 (0.00; 3.86) 1,53 (0.00; 3.79) 0.967
Amylase, U/L 0(0.00; 34.30) 0(0.00; 35.10) 0.332
Urine specific gravity, g/L 1020 (1013.75; 1020.00) 1020 (1015; 1020) 0.470
Ketones in urine, mg/dL 0(0.00; 0.50) 0(0.00; 0.50) 0.489
Note. ESR - erythrocyte sedimentation rate; AST — aspartate aminotransferase; ALT — alanine aminotransferase; * — differences are statistically significant at p < 0.05.
TABLE 4
CYTOKINE LEVELS IN CHILDREN WITH INFLUENZA CAUSE-SPECIFIC TO GENDER
Cytokine concentration Influenza A, boys (n = 26) Influenza A, girls (n = 24)
(pg/mL) Me (Q25; Q75) Me (Q25; Q75) PUERERD)
IL-1B 8.10(3.25; 12.45) 8.30(2.75; 21.80) 0.853
IL-4 3.80 (1.95; 6.60) 3.2(1.92; 4.45) 0.593
IL-6 18.30(13.42;32.77) 22.50(14.20; 41.82) 0.509
IL-8 157.55(72.02; 233.17) 183.70 (102.85; 287.30) 0.361
TNF-a 2.25(1.70; 4.03) 2.55(1.30;4.52) 0.961
IFN-a 27.35 (4.90; 54.80) 21.4(13.75; 59.03) 0.838
IFN-y 1.60 (0.85; 5.50) 1.2(0.35;3.17) 0.289

Note. * — differences are statistically significant at p < 0.05.
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Analysis of cytokine and CRP levels in influenza among
children of different ages revealed that children of primary
school age have increased synthesis of IL-1(, IL-6, IL-8, IFN-q,
in contrast to young children, but no statistically significant
differences were revealed (p > 0.05) (Table 5).

Increased synthesis of IL-4, TNF-q, IFN-y was observed
in young children, in contrast to preschool and primary
school children; no statistically significant differences were
revealed (p > 0.05) (Table 5).

TABLE 5

CYTOKINE AND C-REACTIVE PROTEIN LEVELS
IN CHILDREN WITH INFLUENZA CAUSE-SPECIFIC TO AGE

. Influenza A,

Indices Me (Q25: Q75) p (U-test)
IL-1B! 5.50(12.89; 28.64) 0.614
IL-1B2 6.60 (9.29; 17.26) 0.159
IL-1B3 14.50 (23.85; 63.29) 0.299

IL-4" 3.60(1.95; 4.33) 0.470
|L-42 3.35(2.70; 5.02) 0.792
IL-43 3.45(1.86; 4.94) 0.760
IL-6 14.80 (28.59; 63.55) 0.626
IL-62 18.90 (11.00; 20.43) 0.278
IL-63 31.60 (44.40; 117.85) 0.215
|L-87 119.65 (88.71; 197.13) 0.581
|L-82 199.24 (70.69; 131.32) 0.121
IL-83 247.80 (76.87; 204.04) 0.161

TNF-a' 3.15(3.15; 7.00) 0.277

TNF-02 1.75(1.18; 2.20) 0.769

TNF-o3 2.70(15.69; 41.66) 0.117
IFN-y’ 2.55(2.93;6.51) 0.284
IFN-\(2 1.20(2.19; 4.07) 0.953
IFN-y3 1.40 (2.75;7.31) 0.451
IFN-a’ 31.85(17.04; 37.86) 0.338
IFN-02 17.00 (43.39; 80.61) 0.364
IFN-a3 45.75 (45.96; 121.99) 0.230
CRP' 14.55 (5.615;12.477) 0.322
CRP 2 17.20 (5.84; 10.85) 0.953
CRP3 15.25 (5.95; 15.80) 0.439

Note. ' - age category of children from 1 year to 2 years 11 months 29 days (n = 14); 2 - age category
of children from 3 years to 6 years 11 months 29 days (n = 22); > — age category of children from 7 to 11 years
inclusive (n = 14); * — differences are statistically significant at p < 0.05.
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Preschool children have increased synthesis of CRP,
as opposed to children of other age categories; no sta-
tistically significant differences were revealed (p > 0.05)
(Table 5). The pro-inflammatory cytokines IL-1(,
IL-6, IL-8 and anti-inflammatory IFN-a are elevated in se-
rum among children with seasonal influenza com-
pared to healthy controls, with IL-6 concentration
statistically significantly increased in all age groups
(p < 0.05). In the age group of 7-11 years, a more
significant increase was revealed in serum IL-1p -
14.50(23.85;63.29) pg/ml, IL-8 — 247 (76.87; 204.04) pg/ml,
IFN-a - 45.75 (45.96; 121.99) pg/ml, compared to children
of early and preschool age. Such results in school-age chil-
dren can probably be explained both by a more efficient re-
alisation of phagocytic neutrophil functions and by a more
pronounced activity of inflammation. An increase in serum
interleukins 1-f3, IL-8 and INF-a is considered by some au-
thors as unfavourable prognostic signs against the devel-
opment of pneumonia and its prolonged and complicat-
ed course [21, 24, 25]. The interpretation of the increase
in pro-inflammatory cytokine levels, according to the lit-
erature data, has a contradictory character and further
requires the analysis of the relationship of systemic con-
centrations of IL-1pB, IL-6, IL-8 and TNF-a with the severity
and duration of intoxication syndrome, the peculiarities
of the influenza course.

One of the key cytokines in the implementation of an-
tiviral and anti-infectious immunity is IL-4, which provides
induction of immune response through the humoral path-
way. The cell-mediated Th1-type response is most effec-
tive in viral infections; therefore, in a number of diseases,
IL-4 hyperproduction against the background of IFN-y de-
crease is considered as an unfavourable prognostic sign
[26]. However, there is a study that revealed increased
levels of the anti-inflammatory cytokine IL-4 to be prog-
nostically favourable in the course of pneumonia in pre-
term neonates, in contrast, an increase in TNF-a was asso-
ciated with an unfavourable outcome of the disease [27].
Among children with influenza, a statistically significant
increase in IL-4 was revealed in all age groups, in contrast
to the control group (p < 0.05). The IFN-y level during influ-
enza in children of the 2nd and 3rd age groups was high-
er than in healthy children, and at early age had no sta-
tistically significant differences in the influenza acute pe-
riod, which can be considered a failure of the interferon
system in children under 3 years of age and can be re-
garded as a decrease in antiviral defense and as a predic-
tor of a complicated, prolonged course of viral infection
in this age group.

The analysis of CRP level as a marker of the acute phase
of inflammation is of great diagnostic significance in bac-
terial infections, while in viral diseases the increase of CRP
is determined less frequently, and a significant increase
in serum CRP in influenza may be a prognostically unfa-
vourable sign against the development of bacterial com-
plications.

We have studied the relationship between the pa-
rameters of cytokine status and CRP in children with in-
fluenza as a cause-specific complication of pneumonia



(Table 6). Consequently, in children with uncomplicated
influenza pneumonia a positive correlation between CRP
and IL-1pB levels was revealed, which is evidence of inflam-
mation activity and timely activation of innate immunity fac-
tors. The negative correlation between CRP and IFN-y levels
in children with influenza without pneumonia is evidence
of insufficiency of the interferon system in childhood dur-
ing the acute phase of viral infection.

Influenza with pneumonia in children was character-
ised by a statistically significant direct correlation between
CRP and IL-4 levels, which indicates deviation of ThO-lym-
phocyte differentiation by CD4*/Th2-type and is a deter-
mining factor affecting the severity of clinical manifesta-
tions and outcome of influenza infection [28, 29].

CONCLUSION

Clinical manifestations of influenza in children aged 1
to 11 years, admitted to an infectious diseases hospital, cor-
respond to the classic pattern/forme pleine: mucous runny
nose, dry cough, fever, and pharyngeal hyperaemia predom-
inate in 96 % of cases. Complications of the underlying dis-
ease were observed in 30 % of patients (n = 15) in the form
of acetonemic vomiting syndrome or ketoacidosis syn-
drome, pneumonia, obstructive syndrome. No statistically
significant differences were revealed in children with influ-
enza cause-specific to gender, prevalence of clinical mani-
festations, duration of main symptoms, duration and inten-
sity of infusion, antiviral and antibacterial therapy. The re-
sults of the analysis of islet-inflammatory, general clinical,
biochemical indices of blood, urine, parameters of cytokine
profile in children with influenza also revealed no statisti-
cally significant differences.

TABLE 6

The study established the peculiarities of cytokine sta-
tus in children during the acute phase of influenza. The in-
creased concentration of CRP, systemic levels of pro-in-
flammatory cytokines IL-1(3, IL-6, IL-8 and anti-inflammato-
ry IFN-a in influenza in children in all age groups, especial-
ly at the age of 7-11 years, requires further additional anal-
ysis and identification of the relationship of IL-1p, IL-6, IL-8
and TNF-a levels with the features of the disease pattern,
in particular, with the severity of intoxication syndrome,
in order to determine the degree of influence of each cy-
tokine on the course and outcome of influenza in childhood.

The absence of statistically significant differences
in IFN-y levels at an early age during the acute period of vi-
ral infection compared with healthy children is alarming
considering the risk of prolonged and complicated course
of influenza, especially if the decrease in IFN-y is accompa-
nied by increased IL-4 levels. Increased systemic IL-4 level
along with high concentration of CRP can be considered sta-
tistically significant signs of influenza complicated by pneu-
monia in childhood.

The revealed peculiarities of cytokine status in influ-
enza among children allow to make some approximation
to the understanding of the nature of the infectious process.
Studies in this area are worth continuing, as they will have
practical significance: identification of markers of adverse
influenza course, development of a personalized approach
to the treatment of acute respiratory infections in children
under 3 years of age and timely prescription of medicinal
products based on interferon and its inducers for prophy-
lactic and therapeutic purposes, as well as the development
of immunorehabilitation programmes.
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CORRELATION BETWEEN C-REACTIVE PROTEIN AND CYTOKINE LEVELS IN CHILDREN WITH INFLUENZA CAUSED-SPECIFIC

TO THE PRESENCE OF PNEUMONIA COMPLICATION

Children with influenza without complications

Cytokines (n=42)
r p
IL-18 0.309 0.008*
IL.-4 0.094 0.257
IL-6 0.206 0.155
IL-8 0.217 0.123
TNF-a 0.265 0.088
IFN-a -0.066 0.284
IFN-y -0.477 0.001*

Children with influenza complicated by pneumonia

(n=8)
r p
-0.142 0.735
0.754 0.031%
0.261 0.530
0.428 0.289
0.144 0.732
-0.595 0.119
-0.239 0.567

Note. r— Spearman correlation coefficient; p — statistical significance of differences; * — differences are statistically significant at p < 0.05.
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CARDIOLOGY

ABSTRACT

Background. The use of P-glycoprotein (P-gp) inhibitors and carriage of cer-
tain ABCB1 polymorphisms can lead to increased concentrations of rivaroxaban
and the development of bleeding.

The aim. To study the features of drug-drug interactions (DDI) of rivaroxaban
in patients over 80 years of age with non-valvular atrial fibrillation depending
on the ABCBT genotype (rs1045642 and rs4148738) using the example of verapamil
(P-gp inhibitor) and amlodipine.

Materials and methods. One hundred and twenty-eight patients were examined
(median age - 87.5 [83-90] years). Genotyping, determination of the minimum
equilibrium concentration of rivaroxaban (C with standardization for the daily

H )I
min, ss
dose (C,,;, .. ,n)» coagulogram and analysis of medical documentation for the pres-

ence ofm c’rl)}'lsqsically significant non-major bleeding (CSNMB) were carried out. DDI
was analyzed according to ABCB1 genotype.

Results. The use ofrivaroxaban with verapamil in comparison with patients not tak-
ing calcium channel blockers (CCBs) leads to high C . . values in the CC genotype
(rs1045642, rs4148738); Cmm’ o and Cmm’ J/Din the CT genotype (rs1045642); pro-
thrombin time in the CC genotype (rs1045642), more frequent occurrence of CRNM
in the TT genotype (rs1045642, rs4148738). In comparison with patients taking
amlodipine, it leads to high Cmm’ o values in the CT genotype (rs1045642), a more
frequent occurrence of CSNMB in the TT genotype (rs1045642, rs4148738). The use
of rivaroxaban with amlodipine in comparison with patients not taking CCBs leads
to high Cmm’ o and Cmm’ /D values in the CC genotype (rs1045642) (p < 0.017).
Conclusion. The use of verapamil with rivaroxaban in ABCB1 TT carriers
(rs4148738 and rs4148738) leads to the development of CSNMB in 75 and 78 %
of cases, respectively. In patients taking rivaroxaban, it is advisable to test the ABCB1

genotype (rs4148738 and rs4148738) before adding a P-gp inhibitor to therapy.

Key words: drug-drug interactions, rivaroxaban, verapamil, ABCB1 (rs1045642
and rs4148738), therapeutic drug monitoring, older patients

For citation: Sychev D.A., Mirzaev K.B., Cherniaeva M.S., Shakhgildyan N.V., Abdul-
laev Sh.P, Denisenko N.P, Sozaeva Zh.A., Kachanova A.A., Shastina V.R., Gorbatenkova S.V.
Features of drug-drug interactions rivaroxaban and calcium channel blockers depend-
ing on the ABCBT genotype (rs1045642 and rs4148738) in patients 80 years of age
and older with non-valvular atrial fibrillation. Acta biomedica scientifica. 2023; 8(6): 51-80.
doi: 10.29413/ABS.2023-8.6.6
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PE3IOME

O6ocHosaHue. [lpumeHeHue uHzubumopos 2nukonpomeuxa P (P-gp) u Hocu-
mesibcmao onpedesniéHHbIX nosumopgusmos ABCB1 mo2ym npusecmu K ygenuye-
HUI0 KOHUeHmMpayuu pusdapokcabaHa u passumuto KpogomedeHud.

Lens pabomel. V3yuume 0cobeHHOCMU MeXxieKapcmeaeHHo20 83aumoodelicmaus
(MJ1B[]) pusapokcabaHa y nayueHmos cmapuie 80 1em ¢ HeksianaHHoU ¢pubpusns-
yueli npedcepouli 8 3asucumocmu om eeHomuna ABCB1 (rs1045642 u rs4148738)
Ha npumepe sepanamuna (uHeubumop P-gp) u amaoounuHa.

Matepuanbi u metogbl. O6¢/s1e008aHo 128 nayueHmos (MeduaHa 8o3pacmd —
87,5 [83-90] nem). [posedeHbl 2eHOMUNUPOBAHUE, onpedesieHue MUHUMAbHOU
pasHo8ecHoOU KOHUeHMpayuu pusapokcabaHa (Corin, s €O cmaHdapmusayueti
Ha cymoyHyto 003y (C . /D), Koaeynoepamma u aHanus meduyuHcKol 0oKymeH-
mayuu Ha Haau4ue KUHU4eCcKU 3Ha4uMbix Hebosbwiux kposomeyerul (K3HK).
AHanus no MJ1B[] npogodusca e 3asucumocmu om 2zeHomuna ABCBI1.
Pesynemamel. [IpumeHeHue pusapokcabaHa ¢ eepanamusiomMm 8 CpasHeHuU
C NayueHMamu, He npuHuUMarowumu 610kamopesl Kanbyueswix kaHanoe (bKK),
npusooum K 8bICOKUM 3HAYEHUAM Cmm’ ¥ 2eHomuna CC (rs1045642, rs4148738);
Cm,.n, s U Cmin’ S/D -y e2eHomuna CT (rs1045642); npompomMbUHO8020 8peMeHU —
yeeHomuna CC (rs1045642); 6onee yacmomy 803HUKHogeHuto K3HKy 2eHomuna TT
(rs1045642, rs4148738). B cpasHeHUU C nayueHMamu, NPUHUMAruwumu amsioou-
NUH, NpUMeHeHUe pusapokKcabaHa c 8epanamusiom Npu8ooUM K 8bICOKUM 3HAYe-
HUaM Cm,.nl Y 2eHomuna CT (rs1045642), 6onee yacmomy 803HUKHoseHuto K3HK
yeeHomuna TT (rs1045642, rs4148738). [pumeHeHue pusapokcabaHa c amaoounu-
HOM 8 Cpd8HeHUU C nayueHmamu, He npuHumarowumu bKK, npugooum k 8bicokum
3HayeHuam C min,ss U Cmin, S/D y eeHomuna CC (rs1045642) (p < 0,017).
3aknoyeHue. [IpumeHeHue gepanamusia ¢ pusapokcabaHom y Hocumeneu
2eHomuna TTABCB1 (rs4148738 u rs4148738) npusooum k pazsumuto K3HK 8 75 %
u 78 % csiy4aes coomeemcmeeHHO. Y nayueHmos, NpUHUMArouux pusapokca-
6aH, yenecoobpasHo ucciedosaHue 2eHomuna ABCBT (rs4148738 u rs4148738)

nepeo 0obassieHueM K mepanuu uHeubumopa P-gp.

Knioueevnle cnoea: mexiekapcmeeHHble 83aumooelicmeus, pusapokcabaHx, ee-
panamun, ABCBT (rs1045642 u rs4148738), mepanesmudyeckuli 1eKapcmeeHHsil
MOHUMOPUH2, NOXUJIble nayueHmsl

OnauutupoBanua: Coiues[].A., Mup3aes K.b., YepHsiesa M.C,, LaxrunbaaH H.B., A6ayn-
naes LLLM., AeHunceHko H.M., Co3aeBa XK.A., KauaHoBa A.A., LLlacTnHa B.P, lop6ateHkoBa C.B.
Oco6eHHOCTN MeXKNeKapCTBEHHOIO B3aMMOAENCTBIS prBapoKcabaHa 1 6110KaTopOB Kaslb-
LMeBbIX KaHanoB B 3aBUCUMOCTM OT reHoTuna ABCB1 (rs1045642 n rs4148738) y nauneHToB
80 neT 1 cTaplue C HeKnanaHHom Gbrubpunnsumnel npeacepanin. Acta biomedica scientifica.
2023; 8(6): 51-80. doi: 10.29413/ABS.2023-8.6.6
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RELEVANCE

Rivaroxaban is a substrate of the glycoprotein P
(P-gp) transfer protein encoded by the ABCB1 gene, which
regulates the absorption of rivaroxaban from the lumen
of the gastrointestinal tract and is also involved in its ex-
cretion through the liver and kidneys. Additionally, rivar-
oxaban is metabolised by cytochrome P-450 (CYP450),
mainly by CYP3A4, with a minor contribution from CYP2J2
[1, 2]. Co-administration of medicinal products (MPs) that
inhibit these metabolic pathways may increase rivaroxa-
ban concentrations and increase the risk of adverse reac-
tions (ARs), including bleeding [3]. In our previous study,
we observed that co-administration of verapamil (a strong
P-gp inhibitor and moderate CYP3A4 inhibitor) in com-
bination with rivaroxaban resulted in a higher minimum
equilibrium concentration (Cmin’ ) of rivaroxaban com-
pared with controls (Me, 73.8 [50.6-108.8] vs. 40.5 [25.6—
74.31ng/ml, respectively; p=0.003) and, as a consequence,
to more frequent AR in the form of small clinically signifi-
cant non-major bleeding (CSNMB) (33 % vs. 13 %, respec-
tively; p = 0.036) [4].

Genetic factors can also influence P-gp activity. Nu-
merous SNP (single nucleotide polymorphism) have been
observed in the ABCB1 gene encoding P-gp, which may
be associated with variations in P-gp expression and ac-
tivity in humans during in vitro cell line studies [5-8].
ABCB1 polymorphisms and haplotypes have been as-
sociated with changes in MP distribution and the de-
velopment of AR to various MP substrates [9-11], al-
though opinions are still conflicting [12, 13]. Although
earlier in our study we did not obtain statistically signif-
icant differences in the pharmacokinetic profile in pa-
tients 80 years and older with non-valvular atrial fibrilla-
tion (AF) caused-specific to ABCBT gene polymorphisms
(rs1045642 and rs4148738), nevertheless, we showed that
AR in the form of clinically significant small hemorrhages
was more frequent in patients carrying the homozygous
type (TT) of the ABCB1 gene (rs1045642) compared to pa-
tients carrying the wild type (CC) (29.3 % vs. 4.5 % of cas-
es; p < 0.050) and prothrombin time (PT) was statistical-
ly significantly higher. Patients carrying the homozygous
type (TT) of the ABCB1 (rs4148738) gene were statistical-
ly significantly more likely to have clinically significant
minor bleeding compared to patients carrying the wild
type (CC) (39.3 % vs. 8.1 % of cases; p < 0.050) and hete-
rozygous type (CT) (39.3 % vs. 14.3 % of cases; p < 0.050)
of the ABCB1 (rs4148738) gene [14].

Therefore, as a continuation of our studies, it was de-
cided to separately analyse the pharmacokinetic profile
of patients carrying each of the genotypes (CC, CT and
TT) of the ABCB1 gene (rs1045642 and rs4148738) in rela-
tion to concomitant therapy with calcium channel block-
ers (CCBs), where co-administration of rivaroxaban (P-gp
substrate) with amlodipine (dihydropyridine BCA (DCCB))
(P-gp substrate) may lead to drug interaction caused
by competition between the substrates for binding sites
on cell membranes, and co-administration of rivaroxa-
ban with verapamil (non-DCCB) (strong P-gp inhibitor
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and moderate CYP3A4 inhibitor) may lead to drug inter-
actions as a result by inhibition of the leading transport
and metabolic pathways of rivaroxaban.

THE AIM OF THE STUDY

To study the features of drug interaction between rivar-
oxaban in patients over 80 years old with non-valvular atri-
al fibrillation caused-specific to ABCBT genotype (rs1045642
and rs4148738) using verapamil (P-gp inhibitor) and am-
lodipine as an example.

MATERIALS AND METHODS

Study design and ethics

A cross-sectional study of patients 80 years and older
with non-valvular AF recruited between January 2019 and
February 2020 was conducted. The study was approved
by the Ethical Committee of the Russian Medical Acade-
my of Continuous Professional Education (Protocol No. 1
dated January 22,2019) and was conducted in accordance
with the World Medical Association’s Declaration of Hel-
sinkiin compliance with the rules of good clinical practice.
Verbal and written informed consent was obtained from
all participants included in the study.

Patients

We examined 128 patients older than 80 years (me-
dian age - 87.5 [83-90] years; 75 % women) of Cauca-
sian race with non-valvular AF who were under treat-
ment in a multidisciplinary hospital in Moscow. Pa-
tients were consecutively included in the study if they
met the inclusion criteria. Inclusion criteria: 1) patients
with non-valvular AF of both sexes; 2) age at the time
of inclusion in the study — 80 years and older; 3) dura-
tion of previous intake of rivaroxaban with verapamil,
amlodipine or without CCB - at least 1 year from the time
of inclusion in the study; 4) signing a voluntary informed
consent for participation in the study. The main exclusion
criteria were 1) age less than 80 years; 2) concomitant
drug therapy with known drug interactions with rivar-
oxaban (fluconazole, ketoconazole and other azole an-
tifungal drugs; ritonavir and other human immunodefi-
ciency virus protease inhibitors; amiodarone, clarithro-
mycin, erythromycin; platelet aggregation inhibitors (in-
cluding acetylsalicylic acid); non-steroidal anti-inflam-
matory drugs; selective serotonin and norepinephrine
reuptake inhibitors; rifampicin, phenytoin, carbamaz-
epine, phenobarbital, Hypericum perforatum prepara-
tions); 3) patient’s violation of the procedures of the ex-
amination and treatment plan; 4) refusal to participate
in the study.

All patients were taking rivaroxaban (once-daily)
for ischemic stroke prophylaxis at a dose of 15 mg/day
(86.7 % of patients) and 20 mg/day (13.3 % of patients).
Each patient was genotyped for the examined polymor-
phism and the minimum equilibrium concentration of ri-



varoxaban (Cmin’ ) was determined. An additional stand-
ardisation of the minimum equilibrium concentration
of rivaroxaban per daily drug dose (Cmin,ss/D) was per-
formed. Furthermore, all patients underwent clinical and
biochemical blood tests, urinalysis, coagulogram with de-
termination of PT in plasma. Medical records were ana-
lysed for the presence of AR in the form of CSNMB bleed-
ing against the background of rivaroxaban intake during
the previous year from the time of inclusion in the study

[15,16].

Genotyping

The material for DNA extraction was venous blood,
which was sampled in 4 ml Vacuette® vacuum tubes with
K3 EDTA anticoagulant. Genotyping by polymorphisms
rs1045642 and rs4148738 of the ABCBT gene was performed
using real-time polymerase chain reaction on a CFX96
Touch™ Real-Time PCR Detection System DNA amplifier
(Bio-Rad Laboratories Inc., USA) at the Research Institute
of Molecular and Personalised Medicine, Russian Medical
Academy of Continuing Professional Education, Ministry
of Health of Russia.

Determination of rivaroxaban concentration
in plasma

Venous blood was sampled to determine C_;
of rivaroxaban on day 7 of administering a fixed dose
of anticoagulant (at least 5 half-lives) immediately be-
fore the next dose of medicinal product. Determination
of C . & Of rivaroxaban in blood was performed by high-
performance liquid chromatography with mass spec-
trometric detection. Samples were analysed on an Agi-
lent 1200 liquid chromatograph (Agilent Technologies,
USA) (four-channel pump, mobile phase degasser, chro-
matographic column thermostat). Agilent Extend-C18 col-
umn (Agilent Technologies, USA) (length 100 mm, inner
diameter 2.1 mm, grain size 3.5 um) was used in this study.
The methodology is described in more detail in our pre-
vious study [14].

Laboratory tests

Venous blood for coagulogram determination, clini-
cal blood count and urinalysis (morning portion) was col-
lected at the same time as blood collection for measure-
ment of C_. .- of rivaroxaban. Coagulogram was deter-
mined using an automatic coagulometer ACL Elite Pro
(Instrumentation Laboratory, USA); clinical blood analy-
sis was performed on a haematological analyser ADVIA®
2120i (Siemens, USA), biochemical blood analysis was
performed using an integrated analyser for biochemi-
cal, immunochemical and electrolyte analysis Siemens
Dimension X and Plus (Siemens, USA); total urine analy-
sis was performed on an automated urine analyser Au-
tion Max™ AX-4280 Automated Urine Chemistry Analyzer
(ARKRAY Factory Inc., Russia). All studies were performed
according to the manufacturer’s instructions. The glo-
merular filtration rate was calculated using the CKD-EPI
(Chronic Kidney Disease Epidemiology Collaboration)
formula [17].
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Statistical data processing was performed
in the IBM SPSS Statistics 26 software package (IMB Corp.,
USA). Sample description for non-normally distribut-
ed indicators was performed by calculating the median
(Me) and interquartile range as the 25t and 75t percen-
tiles (C25 and C75); for normally distributed indicators —
by determining the mean (Mean) with standard devia-
tion (SD, standard deviation). The normality of the distri-
bution of the obtained parameters was evaluated using
the Shapiro - Wilk criterion. For non-normally distributed
indicators, the non-parametric Mann — Whitney U test was
applied; categorical data were evaluated using Fisher’s
exact test, where differences are considered statistically
significant at p < 0.050. To reduce the probability of oc-
currence of the first type errors in multiple comparisons,
the statistical significance of differences was assessed
with the Bonferroni correction, dividing the value of 0.05
by the number of comparisons (3) [18], with p < 0.017
considered to be the threshold value of statistical signif-
icance of differences.

RESULTS

Peculiarities of drug interaction between rivaroxaban
and calcium channel blockers cause-specific to ABCB1
(rs1045642) genotype

Cause-specific to the ABCB1 genotype (rs1045642),
patients were divided into three groups: group 1 - carri-
ers of the wild-type CC genotype (n = 22); group 2 - car-
riers of the heterozygous CT genotype (n = 65); group 3 —
carriers of the homozygous TT genotype (n = 41). Drug in-
teractions were analysed within each group cause-specific
to concomitant therapy: patients taking rivaroxaban with-
out CCB were assumed to have no drug interactions; pa-
tients taking rivaroxaban + amlodipine DCCB had a poten-
tially possible drug interaction caused by substrate compe-
tition for binding sites on cell membranes; in patients tak-
ing rivaroxaban + non-DCCB (verapamil), a strong P-gp in-
hibitor, these drugs may lead to drug interactions as a result
of inhibition of the leading transport and metabolic path-
ways of rivaroxaban.

Group 1. Wild type (CC) carriers
of the ABCB1 gene (rs1045642)

We divided group 1 patients (n = 22) into subgroups
cause-specific to concomitant therapy. Subgroup 1 -7 pa-
tients taking rivaroxaban without CCB (median age -
91 [81.0-91.0] years; 71.4 % women); subgroup 2 — 11 pa-
tients taking rivaroxaban + amlodipine (median age -
89.0 [81.0-90.0] years; 90.9 % women); subgroup 3 -
4 patients taking rivaroxaban + verapamil (median age -
90.5 [85.3-93.5] years; 100 % women). The baseline
characteristics of the patients included in the subgroups are
presented in Table 1. Patients in subgroup 3 (rivaroxaban +
verapamil) were more likely to have a history of stroke than
patients in subgroup 1 (rivaroxaban without CCB). In other
parameters, patients in the subgroups studied were com-
parable.



In patients carrying the wild-type (WS) ABCB1 gene
(rs1045642), the Cmin’ . levels of rivaroxaban were statisti-
cally significantly higher in subgroup 3 (rivaroxaban + ve-
rapamil) compared with subgroup 1 (rivaroxaban without
CCB) (p =0.014) and statistically significantly higher in sub-
group 2 (rivaroxaban + amlodipine) compared with sub-
group 1 (p =0.002).

In subgroup 2 (rivaroxaban + amlodipine), the Cmin’SS/D
levels of rivaroxaban were statistically significantly higher
than in subgroup 1 (rivaroxaban without CCB) (p = 0.023).

PT levels in subgroup 3 (rivaroxaban + verapamil) were
higher than in subgroup 1, (rivaroxaban without CCB)
and subgroup 2 (rivaroxaban + amlodipine), but without
reaching statistical significance of differences p = 0.059
and p = 0.358, respectively) (Table 2).

Group 2. Heterozygous type (CT) carriers
of the ABCB1 gene (rs1045642)
We divided group 2 patients (n = 65) into 3 subgroups
cause-specific to concomitant therapy. Subgroup 1 -
28 patients taking rivaroxaban without CCB (median age -

TABLE 1

88.0[84.0-90.0] years; 71.4 % women); subgroup 2 - 23 pa-
tients taking rivaroxaban + amlodipine (median age -
85.0 [83.0-88.0] years; 82.6 % of women); subgroup 3 -
14 patients taking rivaroxaban + verapamil (median age -
88.0 [81.0-89.3] years; 64.3 % of women). The baseline
characteristics of the patients included in the subgroups
are presented in Table 3. The patients in the study groups
were comparable with respect to the main parameters.

Baseline characteristics of patients carrying the CT gen-
otype of the ABCBT gene (rs1045642)

In patients carrying the heterozygous type (CT)
of the ABCB1 gene (rs1045642), the Cmin’ o levels of rivar-
oxaban were statistically significantly higher in subgroup 3
(rivaroxaban + verapamil) compared to subgroup 1 (rivar-
oxaban without CCB) (p = 0.011) and compared to sub-
group 2 (rivaroxaban + amlodipine) (p = 0.017). Rivaroxaban
Cooin ss/D levels were statistically significantly higher in sub-
group 3 (rivaroxaban + verapamil) compared to subgroup 1
(rivaroxaban without CCB) (p = 0.014) (Table 4).

No differences in PT and the number of patients who ex-
perienced AR in the form of clinically significant minor

BASELINE CHARACTERISTICS OF PATIENTS CARRYING THE CC GENOTYPE OF ABCB1 GENE (rs1045642)

CC genotype (n = 22) of the ABCBT gene (rs1045642)

Indicators

Rivaroxaban Rivaroxaban

without CCBs

Number of patients,

abs. (%) 7/22(31.8) 11/22 (50)
Age (years), 91.0 89.0
Me [C25-C75] [81.0-91.0] [81.0-90.0]
Women, abs. (%) 5/7 (71.4) 10/11 (90.9)
BMI (kg/m2), 27.2 25.6
Me [C25-C75] [24.1-30.3] [24.2-29.8]
Scale

5.0 6.0
CHA , DS ,-VASc (scores), B -
Me [C25-C75] [3.0-6.0] [5.3-6.0]
HAS-BLED (scores), 4.5 3.0
Me [C25-C75] [3.0-6.0] [3.0-3.8]

and amlodipine and verapamil

Rivaroxaban Rivaroxaban

Rivaroxaban without CCB  and amlodipine  p value
andrivaroxaban andrivaroxaban
+ amlodipine + verapamil

4/22(18.2) 18/22 (81.8) 15/22 (68.2) -
p,=0.596
90.5 89.5 89.0 gs - 8'3;(5)

— — — 6
[85.3-93.5] [81.0-91.0] [84.0-91.0] P, =0.262
pg =1.000
p,=0.280
ps=0.237
4/4 (100) 18/18 (100) 14/15 (93.3) pe=0.533
p,=0.380
ps=0.163
p,=0.792
293 256 26.5 ZS - g'ggg

- _ _ 6= Y
[22.1-33.1] [24.3-29.5] [24.2-31.4] p.=0554
pg = 1.000
p,=0.282
7.0 6.0 6.0 gs - g'iz

_ _ _ 6= V-
[4.5-8.8] [5.0-6.0] [5.3-6.0] p.=0277
pg =0.180
p,=0.081
45 3.0 3.0 ZS - 8'3%

_ _ _ 6= Y
[3.0-5.0] [3.0-6.0] [3.0-4.0] P, =0382

pg=0.151



TABLE 1 (continued)

Number of MPs (scores),
Me [C25-C75]

Number of MPs > 5,
abs. (%)

Dose of rivaroxaban
15 mg, abs. (%)

Dose of rivaroxaban
20 mg, abs. (%)

Creatinine (umol/L),
Me [C25-C75]

Hemoglobin (g/L),
Me [C25-C75]

Platelets (10%/L),
Me [C25-C75]

CHD, abs. (%)

Effort-induced
angina pectoris, abs. (%)

Heart failure, abs. (%)

Arterial hypertension,
abs. (%)

History of previous
myocardial infarction,
abs. (%)

6.0
[5.0-8.0]

6/7 (85.7)

6/7 (85.7)

1/7 (14.3)

96.8
[79.4-104.0]

116.0
[112.0-147.0]

248.0
[191.0-263.0]

7/7 (100)

6/7 (85.7)

7/7 (100)

6/7 (85.7)

2/7 (28.6)

6.0 6.0
[5.0-9.0] [5.3-7.5]
11/11(100) 4/4 (100)
9/11 (81.8) 3/4 (75)
2/11(18.2) 1/4 (25)
97.4 91.8
[82.8-129.5] [58.9-106.9]
118.0 120.5

[112.0-126.0]

245.0 164.5
[192.0-305.0]

Comorbidities

11/11(100) 4/4 (100)
10/11 (90.9) 4/4 (100)
11/11(100) 4/4 (100)
9/11(81.8) 4/4 (100)
9/11(81.8) 2/4 (50)
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[108.0-132.3]

[156.0-254.8]

6.0
[5.0-8.3]

17/18 (94.4)

15/18 (83.3)

3/18(16.7)

97.3

[82.3-109.0]

117.0

[112.0-131.3]

246.5

[191.8-271.5]

18/18 (100)

16/18 (88.9)

18/18 (100)

15/18 (83.3)

8/18 (44.4)

6.0
[5.0-8.0]

15/15 (100)

12/15 (80)

3/15 (20)

96.4
[82.8-111.8]

118.0

[112.0-127.0]

245.0

[188.0-283.0]

15/15 (100)

14/15 (93.3)

15/15 (100)

13/15 (86.7)

8/15(53.3)

p,=1.000
ps=1.000
pe=0.851
p,=0.837
pg = 1.000
p,=0.197
ps=0.428
Pg=—
p,=0.629
pg=0.134
p,=0.829
ps=0.658
pe=0.770
p,=0.696
pg =0.746
p,=0.829
ps;=0.658
pe=0.770
p,=0.696
py=0.746
p,=0.497
ps =0.648
pe=0.343
p,=0.386
pg =0.856
p,=0.536
ps =0.648
pg=0.753
p,=1.000
pg =0.490
p,=0.536
ps=0.527
pe =0.078
p,=0.141
p, =0.837

p,=0.732
p, =0.428
P, =0.360
p,=0533
pg =1.000

p4 ==
p5 =
p6 =
p7 ==
pg ==
p,=0.829
p,=0428
p,=0.360
p,=0.380
pg=0.952
p,=0.280
ps=0.477
pe=0.876
p,=0.840
pg=0.277



TABLE 1 (continued)

ACVA (acute
cerebrovascular accident)
in past medical history,
abs. (%)

Bronchial asthma,
abs. (%)

Lower extremity
atherosclerosis,
abs. (%)

Chronic bronchitis,
abs. (%)

Type 2 diabetes mellitus,
abs. (%)

Charlson’s comorbidity index
(abs.), Me [C25-C75]

GFR (glomerular

filtration rate)

(CKD-EPI) (ml/min/1.73 m?),
Me [C25-C75]

CKD Stage 4
(GFR < 30 ml/min/1.73 m?),
abs. (%)

GFR in CKD Stage 4
(ml/min/1.73 m?),
Me [C25-C75]

CKD Stage 3B
(GFR=30-44 ml/min/1.73 m?),
abs. (%)

GFR in CKD Stage 3B
(ml/min/1.73 m3?),
Me [C25-C75]

CKD Stage 3A
(GFR=45-59 ml/min/1.73 m?),
abs. (%)

0/7 (0)

0/7 (0)

0/7 (0)

3/7 (42.9)

3/7 (42.9)

11.0
[9.0-12.0]

45.8
[41.9-59.9]

0/7 (0)

3/7 (42.9)

419
[40.4-41.9]

2/7 (28.6)

2/11(18.2)

0/11(0)

0/11 (0)

4/11 (36.4)

3/11(27.3)

10.0
[9.0-12.0]

44.1
[32.9-55.3]

2/11(18.2)

20.5
[19.5-20.5]

5/11 (45.5)

42.8
[37.9-44.1]

3/11(27.3)

3/4(75)

1/4 (25)

1/4 (25)

0/4(0)

0/4(0)

11.0
[10.3-14.0]

47.2
[38.2-76.6]

1/4 (25)

36.59

2/4(50)

57

2/18(11.1)

0/18(0)

0/18 (0)

7/18(38.9)

6/18 (33.3)

10
[9-12]

44.1
[41.2-56.1]

2/18(11.1)

20.5
[19.5-20.5]

8/18 (44.4)

423
[39.4-44.1]

5/18 (27.8)

5/15(33.3)

1/15(6.7)

1/15 (6.7)

4/15(26.7)

3/15 (20)

10.0
[9.0-12.0]

44.8
[36.7-55.3]

2/15(13.3)

20.4
[19.5-20.4]

5/15(33.3)

42.7
[36.6-44.1]

5/15(33.3)

p,=0914
ps=0.554
pe=0.475
p,=0.474
pg=0.751

p,=1.000
p, = 0.500
p,=0.333
p,=0.222
P, =1.000

p,=0.952
p, = 0477
P = 0.409
p,=0.388
pg=0.751



TABLE 1 (continued)

GFRin CKD Stage 3A

50.6
(ml/min/1.73 m32),
Me [C25-C75] [458-506]
CKD Stage 2
(GFR=60-89 ml/min/1.73 m?), 1/7 (14.3)
abs. (%)
GFR in CKD Stage 2
(ml/min/1.73 m?), 59.87
Me [C25-C75]
CKD Stage 1
(GFR = 90 ml/min/1.73 m?), 1/7 (14.3)
abs. (%)
GFRin CKD Stage 1
(ml/min/1.73 m?), 96.96

Me [C25-C75]
Note.

54.8 47.2 54.8
[45.5-54.8] [45.9-47.2] [45.6-56.1]
1/11(9.1) 1/4 (25) 2/18 (11.1)
81.1 85.97 [59.79(1';50_5]
- - 1/18 (5.6)

- - 96.96

48.5
[45.7-55.8]

2/15(13.3)

83.5
[81.1-83.5]

0/15 (0)

p,=1.000
ps=1.000
pg=1.000
p,=0.857
pg=0.293
p,=0.732
ps=0.658
ps=0.432
p,=0.464
pg=0.571
p,=1.000
ps=1.000
pe=1.000
p,=1.000
pg =1.000
p,=0.197
ps=0.428
Pe=—
p,=0.629
py=0.147

abs. — absolute number; p, — differences between the group of patients taking rivaroxaban without CCB and the group of patients taking rivaroxaban in combination with DCCB (amlodipine); p, — differences

between the group of patients taking rivaroxaban without C(B and the group of patients taking rivaroxaban in combination with non-DCCB (verapamil); p — differences between the group of patients taking rivaroxaban
in combination with DCCB (amlodipine) and the group of patients taking rivaroxaban in combination with non-DCCB (verapamil); p, — differences between the group of patients taking rivaroxaban without CCBs +
patients taking rivaroxaban in combination with DCCBs (amlodipine) and the group of patients taking rivaroxaban in combination with non-DCCBs (verapamil); p, — differences between the group of patients taking
rivaroxaban without (Bs and the group of patients taking rivaroxaban in combination with all CCBs (amlodipine + verapamil); BMI — body mass index; CHA,DS,-VASc —scale for assessing the risk of stroke and systemic
thromboembolism in patients with atrial fibrillation (Congestive heart failure; Hypertension; Age > 75 years; Diabetes mellitus; prior Stroke or TIA or thromboembolism; Vascular disease; Age 65—74 years; Sex Category);
HAS-BLED — scale for assessing the risk of bleeding in atrial fibrillation (Hypertension; Abnormal renal-liver function; Stroke; Bleeding history or predisposition; Labile international normalised ratio; Elderly (65 years);
Drugs or alcohol concomitantly); CHD — coronary heart disease; ACVA — acute cerebrovascular accident.

TABLE 2

PECULIARITIES OF DRUG INTERACTION IN PATIENTS CARRYING THE CC GENOTYPE OF THE ABCB1 GENE (rs1045642)

Indicators

Number of patients, abs. (%)

C of rivaroxaban (ng/ml), Me [C25-C75]

min, ss

C /D of rivaroxaban (ng/ml/mg), Me [C25-C75]

min, ss’

Prothrombin time (s), Me [C25-C75]

Data on all clinically significant minor bleeding
in response to rivaroxaban by history, abs. (%)

CC genotype (n = 22) of the ABCB1 gene (rs1045642)

Rivaroxaban
without CCBs

7/22(31.8)

15.3[12.0-28.4]

1.0[0.8-1.9]

12.6[12.3-13.8]

1/7 (14.3)

Rivaroxaban

and amlodipine

11/22 (50)

69.4 [45.6-100.8]

4.6 [3.0-6.4]

13.4[12.3-14.5]

0/11(0)

Rivaroxaban

and verapamil

4/22(18.2)

67.8 [45.0-76.9]

4.0[2.8-5.1]

14.2[12.9-18.3]

0/4(0)

p value

p,=0.002
ps=0014
p = 0602

p,=0.003
ps=0.023
p,=0.647

p,=0388
ps=0059
p,=0358

p,=0.197
ps=0428

Note. abs. - absolute number; p,  differences between the group of patients taking rivaroxaban without CCB and the group of patients taking rivaroxaban in combination with DCCB (amlodipine); p - differences
between the group of patients taking rivaroxaban without CCB and the group of patients taking rivaroxaban in combination with non-DCCB (verapamil); p, — differences between the group of patients taking rivaroxaban
in combination with DCCB (amlodipine) and the group of patients taking rivaroxaban in combination with non-DCCB (verapamil).
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bleeding were observed between the compared subgroups
(p >0.017) (Table 4).

Group 3. Homozygous type (TT) carriers
of the ABCB1 gene (rs1045642)
We divided patients in group 3 (n = 41) into 3 sub-
groups cause-specific to concomitant therapy. Sub-

TABLE 3

group 1 - 12 patients taking rivaroxaban without CCB
(median age — 88.0 [83.0-88.8] years; 75 % women);
subgroup 2 - 17 patients taking rivaroxaban + amlodi-
pine (median age — 86.0 [82.0-88.0] years; 88.2 % wo-
men); subgroup 3 - 12 patients taking rivaroxaban + ve-
rapamil (median age - 89.5 [85.5-92.0] years; 41.7 % wo-
men). The baseline characteristics of the patients inclu-

BASELINE CHARACTERISTICS OF PATIENTS CARRYING THE CT GENOTYPE OF THE ABCB1 GENE (rs1045642)

Rivaroxaban

Indicators Rivaroxaban and
without CCBs . .
amlodipine
Number of patients,
abs. (%) 28/65 (43.1) 23/65 (35.4)
Age (years), 88.0 85.0
Me [C25-C75] [84.0-90.0] [83.0-88.0]
Women, abs. (%) 20/28 (71.4) 19/23 (82.6)
BMI (kg/m?), 28.5 30.5
Me [C25-C75] [26.0-31.1] [26.9-32.3]
Scale
6.0 6.0
CHA, DS,-VASc (scores),
Me [C25-C75] [5.0-7.0] [5.0-7.3]
HAS-BLED (scores), 3.0 3.0
Me [C25-C75] [2.0-4.0] [3.0-3.5]
Number of MPs (scores), 6.0 8.0
Me [C25-C75] [5.0-7.0] [6.0-9.0]
Number of MPs > 5,
abs. (%) 23/28 (82.1) 22/23(95.7)
Dose of rivaroxaban 15 mg,
abs. (%) 25/28 (89.3) 19/23 (82.6)
Dose of rivaroxaban 20 mg, 3/28 (10.7) 4/23 (17.4)

abs. (%)

and verapamil

CT genotype (n = 65) of the ABCBT gene (rs1045642)

Rivaroxaban Rivaroxaban
without and amlodipine
CCB and and

rivaroxaban +  rivaroxaban +
amlodipine verapamil

51/65 (78.5) 37/65 (56.9) -

p,=0.243
ps=0.308
pe =0.865
p,=0.481
p,=0.184
p,=0.349
ps=0.637
pg =0.208
p,=0.358
p,=0.700
p,=0.271
ps=0.424
pg =0.624
p,=0.805
pg=0.237
p,=0.321
ps=0.145
pe=0.531
p,=0.244
pg=0.157
p,=0.812
ps =0.945
pg=0.932
p,=0.923
pg =0.866
p,=0.03
ps =0.452
pe =0.028
p,=0.506
pg=0.012
p,=0.136
ps=0.770
pe =0.283
p,=0.799
pg,=0.124
p,=0.491
ps=0.710
pg=0.377
p,=0.507
p,=0.734
p,=0.491
ps=0.710
pg=0.377
p,=0.507
pg=0.990

Rivaroxaban p value

14/65 (21.5)

88.0 87 86.0
[81.0-89.3] [83-90] [82.0-89.0]

9/14 (64.3) 39/51 (76.5) 28/37 (75.7)

30.0 30.1 30.5
[25.4-32.0] [26.2-31.2] [26.6-32.1]

7.0 6 8.0
[5.0-8.0] [5-7] [5.0-8.0]

3.0 3 3.0
[2.0-4.0] [2-4] [2.5-4.0]

6.0 6 7.0
[5.8-7.0] [5-8] [6.0-8.0]

12/14 (85.7) 45/51 (88.2) 34/37 (91.9)

13/14 (92.9) 44/51 (86.3) 32/37 (86.5)

1/14(7.1) 7/51(13.7) 4/37 (10.8)



TABLE 3 (continued)

Creatinine (umol/L),
Me [C25-C75]

Hemoglobin (g/L),
Me [C25-C75]

Platelets (10%/L),
Me [C25-C75]

CHD, abs. (%)

Effort-induced angina
pectoris, abs. (%)

Heart failure,
abs. (%)

Arterial hypertension,
abs. (%)

History of previous
myocardial infarction,
abs. (%)

ACVA (acute cerebrovascular

accident) in past medical
history, abs. (%)

Bronchial asthma,
abs. (%)

Lower extremity
atherosclerosis, abs. (%)

Chronic bronchitis,
abs. (%)

Type 2 diabetes mellitus,
abs. (%)

108.0
[92.9-130.8]

123.0
[112.5-135.3]

222.0
[165.3-260.3]

28/28 (100)

24/28 (85.7)

27/28 (96.4)

27/28 (96.4)

5/28(17.9)

6/28 (21.4)

0/28 (0)

3/28(10.7)

10/28 (35.7)

8/28 (28.6)

94.8
[86.0-110.0]

125.0
[11.0-132.0]

217.0
[190.0-293.0

]

99.6
[83.4-117.5]

127.0
[116.5-134.3]

203.0
[169.5-257.5]

Comorbidities

23/23 (100)

20/23 (87.0)

21/23(91.3)

22/23(95.7)

4/23 (17.4)

5/23(21.7)

1/23 (4.3)

5/23(21.7)

8/23 (34.8)

7/23(30.4)

60

14/14 (100)

12/14 (85.7)

12/14 (85.7)

13/14(92.9)

2/14(14.3)

3/14(21.4)

2/14(14.3)

3/14(21.4)

6/14 (42.9)

4/14 (28.6)

101
[90.3-123]

125
[112-133]

219
[175-264]

51/51(100)

44/51 (86.3)

48/51 (94.1)

49/51 (96.1)

9/51(17.6)

11/51 (21.6)

1/51(2)

8/51(15.7)

18/51 (35.3)

15/51 (29.4)

97.0
[85.8-113.5]

125.0
[112.0-133.0]

215.0
[176.0-274.0]

37/37 (100)

32/37 (86.5)

33/37(89.2)

35/37 (94.6)

6/37 (16.2)

8/37 (21.6)

3/37 (8.1)

8/37(21.6)

14/37 (37.8)

11/37 (29.7)



TABLE 3 (continued)

Charlson’s comorbidity index
(abs.), Me [C25-C75]

GFR

(glomerular filtration rate)
(CKD-EPI) (ml/min/1.73 m?),
Me [C25-C75]

CKD Stage 4
(GFR < 30 ml/min/1.73 m?),
abs. (%)

GFR in CKD Stage 4
(ml/min/1.73 m?),
Me [C25-C75]

CKD Stage 3B
(GFR=30-44 ml/min/1.73 m?),
abs. (%)

GFRin CKD Stage 3B
(ml/min/1.73 m?2),
Me [C25-C75]

CKD Stage 3A
(GFR =45-59 m|/min/1.73 m?),
abs. (%)

GFR in CKD Stage 3A
(ml/min/1.73 m?),
Me [C25-C75]

CKD Stage 2
(GFR=60-89 ml/min/1.73 m?),
abs. (%)

GFR in CKD Stage 2
(ml/min/1.73 m?),
Me [C25-C75]

CKD Stage 1

(GFR = 90 ml/min/1.73 m?),
abs. (%)

GFRin CKD Stage 1
(ml/min/1.73 m?2),

Me [C25-C75]

10.0
[9.0-11.0]

42.8
[36.0-49.8]

2/28(7.1)

24.3
[19.3-24.3]

13/28 (46.4)

37.8
[32.5-39.1]

12/28 (42.9)

493
[46.4-53.1]

1/28 (3.6)

62.37

0/28 (100)

10.0
[9.0-12.0]

46.5
[40.5-54.2]

2/23(8.7)

27.0
[24.6-27.0]

7/23 (30.4)

40.5
[33.2-41.9]

11/23 (47.8)

50.5
[46.6-54.2]

3/23(13)

68.0

[63.3-68.0]

0/23(0)

10.0
[9.0-12.0]

51.7
[36.8-56.1]

1/14(7.1)

264

4/14 (64.3)

36.12
[34.3-42.8]

9/14 (64.3)

53.9
[47.9-56.4]

1/14(7.1)

66.76

0/14(0)

10
[9-11]

48.0
[37.1-57.6]

4/51(7.8)

26.9
[20.7-29.4]

20/51(39.2)

37.8
[32.9-41.6]

23/51 (45.1)

50.3
[46.6-53.7]

4/51 (7.8)

65.6

[62.6-71.7]

0/51(0)

10.0
[9.0-12.0]

47.8
[38.9-54.4]

4/37 (10.8)

27.8
[25.0-29.6]

10/37 (27.0)

38.9
[34.6-42.1]

19/37 (51.4)

52.6
[47.8-54.9]

4/37 (10.8)

67.4

[64.1-71.7]

0/37 (0)

p,=0.869
ps=0.927
pe=0.841
p,=0.864
pg =0.946
p,=0.153
ps=0.119
pe=0.632
p,=0.231
pg=0.075
p,=0.837
ps=1.000
pe =0.867
p,=0.931
pg=0.990
p,=0.667
ps=1.000
pg = 1.000
p,=1.000
pg =0.857
p,=0.244
ps=0.116
pg =0.550
p,=0218
pg=0.182
p,=0.485
ps=0.521
pe=0.517
p,=0.457
pg =0.497
p,=0.723
ps=0.190
pe=0.330
p,=0.203
pg =0.497
p,=0.525
ps=0.247
ps=0412
p,=0.246
pg=0.177
p,=0.211
ps =0.608
pg=0.575
p,=0.931
pg=0.278
p,=0.500
ps=1.000
pg = 1.000
p,=1.000
pg =0.400

Note. abs. —absolute number; p, — differences between the group of patients taking rivaroxaban without C(B and the group of patients taking rivaroxaban in combination with DCCB (amlodipine); p, — differences
between the group of patients taking rivaroxaban without CCB and the group of patients taking rivaroxaban in combination with non-DCCB (verapamil); p, — differences between the group of patients taking rivaroxaban
in combination with DCCB (amlodipine) and the group of patients taking rivaroxaban in combination with non-DCCB (verapamil); p, — differences between the group of patients taking rivaroxaban without C(Bs +
patients taking rivaroxaban in combination with DCCBs (amlodipine) and the group of patients taking rivaroxaban in combination with non-DCCBs (verapamil); p, — differences between the group of patients taking
rivaroxaban without C(Bs and the group of patients taking rivaroxaban in combination with all CCBs (amlodipine + verapamil); BMI — body mass index; CHA,DS,-VASc — scale for assessing the risk of stroke and systemic
thromboembolism in patients with atrial fibrillation (Congestive heart failure; Hypertension; Age > 75 years; Diabetes mellitus; prior Stroke or TIA or thromboembolism; Vascular disease; Age 6574 years; Sex Category);
HAS-BLED — scale for assessing the risk of bleeding in atrial fibrillation (Hypertension; Abnormal renal-liver function; Stroke; Bleeding history or predisposition; Labile international normalised ratio; Elderly (65 years);
Drugs or alcohol concomitantly); CHD — coronary heart disease; ACVA — acute cerebrovascular accident.
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ded in the subgroups are presented in Table 5. Patients
in subgroup 3 (rivaroxaban + verapamil) had more men
than patients in subgroup 2 (rivaroxaban + amlodipine);
they were also more likely than patients in subgroup 1 (ri-
varoxaban without CCB) to have lower extremity ather-
osclerosis and had a higher Charlson comorbidity index.
In other parameters, patients in the subgroups studied
were comparable.

Patients carrying homozygous type (TT) of ABCBT gene
(rs1045642) had baseline higher values of Cmin, . of rivar-
oxaban, Cmm’ /D of rivaroxaban and PT, and no differenc-
es were found between the compared subgroups in these
parameters (p > 0.017) (Table 6).

Along with this AR in the form of clinically significant
minor bleeding occurred in 75 % (!) of cases in subgroup 3
(rivaroxaban + verapamil), and this rate was statistically

TABLE 4

significantly higher in comparison with subgroup 1 (ri-
varoxaban without CCB) (p = 0.001), and in comparison
with subgroup 2 (rivaroxaban + amlodipine) (p = 0.001)
(Table 6).

Peculiarities of drug interaction between rivaroxaban
and calcium channel blockers cause-specific to ABCB1
(rs4148738) genotype

Cause-specific to the ABCB1 genotype (rs4148738), pa-
tients were divided into three groups: group 1 - carriers
of the wild-type CC genotype (n = 37); group 2 — carriers
of the heterozygous ST genotype (n=63); group 3 - carriers
of the homozygous TT genotype (n = 28). Drug interaction
analyses were performed within each group cause-specific
to concomitant therapy, in the same manner as for the pre-
vious polymorphism.

PECULIARITIES OF DRUG INTERACTION IN PATIENTS CARRYING THE CT GENOTYPE OF THE ABCB1 GENE (rs1045642)

CT genotype (n = 65) of the ABCB1 gene (rs1045642)

Indicators

Number of patients, abs. (%)

C of rivaroxaban (ng/ml), Me [C25-C75]

min, ss

Cinin, s/ D Of rivaroxaban (ng/ml/mg),
Me [C25-C75]

Prothrombin time (s), Me [C25-C75]

Data on all clinically significant minor bleeding
in response to rivaroxaban by history, abs. (%)

Rivaroxaban
without CCBs

28/65 (43.1)

41.7 [25.7-70.7]

2.7 [1.7-4.0]

14.0 [12.6-14.6]

4/28 (14.3)

Rivaroxaban Rivaroxaban p value
and amlodipine and verapamil
23/65 (35.4) 14/65 (21.5) -
p,=0910
48.6 [28.2-65.5] 90.7[51.7-140.8] p.=0.011
ps=0.017
p,=1.000
3.2[1.9-4.0] 6.1[3.2-9.4] p;=0.014
pg=0.020
p,=0.602
13.2[12.6-14.3] 14.6 [13.2-16.1] ps=0.157
ps=0.121
p,=0487
5/23 (21.7) 1/14(7.1) ps=0.500
ps=0243

Note. abs. - absolute number; p, — differences between the group of patients taking rivaroxaban without CCB and the group of patients taking rivaroxaban in combination with DCCB (amlodipine); p, — differences
between the group of patients taking rivaroxaban without C(B and the group of patients taking rivaroxaban in combination with non-DCCB (verapamil); p — differences between the group of patients taking rivaroxaban
in combination with DCCB (amlodipine) and the group of patients taking rivaroxaban in combination with non-DCCB (verapamil).

TABLE 5

BASELINE CHARACTERISTICS OF PATIENTS CARRYING THE TT GENOTYPE OF ABCB1 GENE (rs1045642)

TT genotype (n = 41) of the ABCB1 gene (rs1045642)

Indicators Rivaroxaban Rlva;c:‘);aban
without CCBs ..
amlodipine

Number of patients,

12/41 (29.3) 17/41 (41.4)

abs. (%)
Age (years), 88.0 86.0
Me [C25-C75] [83.0-88.8] [82.0-88.0]

Rivaroxaban Rivaroxaban

Rivaroxaban without and amlodipine  p yalue
. CCB and and
and verapamil . .
rivaroxaban +  rivaroxaban +
amlodipine verapamil
12/41 (29.3) 29/41 (70.7) 29/41 (70.7) -
p,=0394
89.5 87 87.0 pps :—063()189
_ _ _ 6=

[85.5-92.0] [82-88] [83.0-90.0] p,=0.106
pg =0.944
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TABLE 5 (continued)

Women, abs. (%)

BMI (kg/m?),
Me [C25-C75]

Scale CHA,DS,-VASc (scores),
Me [C25-C75]

HAS-BLED (scores),
Me [C25-C75]

Number of MPs (scores),
Me [C25-C75]

Number of MPs > 5,
abs. (%)

Dose of rivaroxaban 15 mg,
abs. (%)

Dose of rivaroxaban 20 mg,
abs. (%)

Creatinine (umol/l),
Me [C25-C75]

Hemoglobin (g/1),
Me [C25-C75]

Platelets (10%/1),
Me [C25-C75]

CHD, abs. (%)

Effort-induced angina
pectoris, abs. (%)

9/12(75)

26.6
[23.5-33.0]

6.0
[5.0-7.0]

3.0
[2.0-4.0]

6.0
[4.3-7.0]

9/12 (75)

9/12(75)

3/12 (25)

97.4
[80.5-121.8]

133.0
[94.0-138.0]

239.0
[198.0-293.0]

11/12(91.7)

8/12(66.7)

15/17 (88.2)

27.5
[24.3-31.6]

6.0
[5.3-7.5]

3.0
[3.0-4.0]

7.0
[5.5-8.5]

16/17 (94.1)

16/17 (94.1)

1/17 (5.9)

92.7
[79.7-120.5]

127.0
[119.5-132.0]

239.0
[190.0-313.5]

5/12 (41.7)

25.6
[24.2-29.4]

6.0
[5.0-6.0]

3.0
[2.0-4.0]

7.0
[4.0-8.8]

7/12(58.3)

11/12(91.7)

1/12(8.3)

107
[94-137]

111
[106-119]

221.0

[177.3-279.0]

Comorbidities

17/17 (100)

10/17 (58.8)

63

12/12(100)

9/12 (75)

24/29 (82.8)

274
[24.3-31.9]

[5-7]

6.0
[5.0-8.0]

25/29 (86.2)

25/29 (86.2)

4/29 (13.8)

97.0
[79.7-121.5]

128.0
[119.0-133.8]

239.0
[194.3-297.5]

28/29 (96.6)

18/29 (62.1)

20/29 (69.0)

26.9
[24.3-30.9]

6.0
[5.0-6.0]

3.0
[3.0-4.0]

7.0
[5.0-8.5]

23/29(79.3)

27/29 (93.1)

2/29(6.9)

97.9
[87.9-120.5]

121.0
[111.0-130.0]

226.0
[180.5-291.5]

29/29 (100)

19/29 (65.5)

p,=0.353
ps =0.098
pe =0.008
p,=0.009
ps =0.699
p,=0.909
ps=0.630
pe =0.260
p,=0.328
py=0.873
p,=0.762
ps=0.863
pg=0.657
p,=0.707
pg =0.946
p,=0.606
ps=0.941
pg =0.442
p,=0.611
pg =0.847
p,=0.166
ps=0.755
pg = 0.444
p,=0.724
Pg=-
p,=0.141
ps=0.386
pe=0.019
p,=0.05
pg=0.762
p,=0.141
ps=0.273
pe=0.798
p,=0.627
pg=0.107
p,=0.141
ps=0.273
pe=0.798
p,=0.627
pg=0.107
p,=0.744
ps=0.378
pg =0.097
p,=0.127
p,=0.810
p,=0.547
ps=0.211
pg = 0.007
p,=0.016
pg=0.308
p,=0.926
ps=0413
pe = 0.444
p,=0.358
pg =0.654

p,=0.226
p, =0.307

ps -
p,=0.515
pg=0.116
p,=0.668
ps=0.653
ps=0.367
p,=0.427
pg =0.944



TABLE 5 (continued)

Heart failure, abs. (%)

Arterial hypertension,
abs. (%)

History of previous
myocardial infarction,
abs. (%)

ACVA (acute cerebrovascular
accident) in past medical
history,

abs. (%)

Bronchial asthma,
abs. (%)

Lower extremity
atherosclerosis,
abs. (%)

Chronic bronchitis,
abs. (%)

Type 2 diabetes mellitus,
abs. (%)

Charlson’s comorbidity index
(abs.),
Me [C25-C75]

GFR

(glomerular filtration rate)
(CKD-EPI)

(ml/min/1.73 m?),

Me [C25-C75]

CKD Stage 4
(GFR < 30 ml/min/1.73 m?),
abs. (%)

GFRin CKD Stage 4
(ml/min/1.73 m?2),
Me [C25-C75]

CKD Stage 3B
(GFR = 30-44 ml/min/1.73 m?),
abs. (%)

11/12(91.7)

12/12 (100)

5/12(41.7)

0/12(0)

1/12(8.3)

0/12(0)

5/12(41.7)

1/12(8.3)

9.0
[9.0-10.0]

47.9
[39.0-59.4]

0/12(0)

5/12 (41.7)

16/17 (94.1)

17/17 (100)

4/17 (23.5)

6/17 (35.3)

1/17 (5.9)

6/17 (35.3)

3/17 (17.6)

5/17 (29.4)

10.0
[9.0-11.5]

49.5
[35.3-55.5]

1/17 (5.9)

28.6

5/17 (29.4)

11/12(91.7)

10/12 (83.3)

5/12(41.7)

3/12(25)

3/12(25)

5/12 (41.7)

3/12(25)

2/12(16.7)

11.5
[10.0-13.8]

474
[39.3-52.5]

1/12(8.3)

26.8

3/12 (25)

64

27/29 (93.1) 27/29 (93.1)

29/29 (100) 27/29 (93.1)
9/29 (31) 9/29 (31)
6/29 (20.7) 9/29 (31)
2/29 (6.9) 4/29(13.8)
6/29 (20.7) 11/29 (37.9)
8/29 (27.6) 6/29 (20.7)
6/29 (20.7) 7/29 (24.1)
9 10.0
[9-11] [9.0-12.0]
48.0 47.9
[37.1-57.6] [37.4-53.7]
1/29 (3.4) 2/29 (6.9)
286 [26.?37—.277.7]
10/29 (34.5) 8/29 (27.6)



TABLE 5 (continued)

p,=0.548
GFR in CKD Stagze 3B 386 351 384 353 35.9 ps=1.000
(ml/min/1.73 m?), ) ) ) ) ) ps=0.143
Me [C25-C75] [34.5-41.7] [33.1-38.3] [36.4-38.4] [34.5-40.5] [34.7-40.4] p,=0.371
ps=0.378
CKD Stage 3A P4=0-550
(GFR = 45-59 ml/ ps = 0292
g 78 ) 5/12(41.7) 9/17 (52.9) 7/12(58.3) 14/29 (48.3) 16/29 (55.2) pe=0.774
; ' p,=0.558
abs. (%) pg =0.431
p,=0.833
GFRin CKD Stage 3A =0.530
i3 2) 482 513 51.9 51.2 51.5 52 1000
Me [C25-C75] [47.9-59.3] [47.9-54.1] [46.8-52.5] [47.9-55.5] [47.5-54.3] p,=0.699
ps=0431
p,=0.706
CKD Stage 2 ps =0.484
(GFR = 60-89 ml/min/1.73 m?), 2/12(16.7) 2/17 (11.8) 1/12(8.3) 4/29(13.8) 3/29(10.3) pe=0.765
abs. (%) p,=0.627
p=0.574
p,=0.800
GFRin CKD Stage 2 (ml/ =0.667
rin/173ma), [61 61121 6l [59675_.615 1 64.19 [6032_%15 3] [64625-.615 1] 5: - 1009
Me [C25-C75] ’ ’ ’ ’ ’ ’ ’ ’ p,=1.000
ps=0.574
CKD Stage 1
(GFR = 90 ml/min/1.73 m?), - - - - - -
abs. (%)

GFR in CKD Stage 1
(ml/min/1.73 m?), - - - - _ _
Me [C25-C75]

Note. abs. —absolute number; p, — differences between the group of patients taking rivaroxaban without C(B and the group of patients taking rivaroxaban in combination with DCCB (amlodipine); p, — differences
between the group of patients taking rivaroxaban without CCB and the group of patients taking rivaroxaban in combination with non-DCCB (verapamil); p, — differences between the group of patients taking rivaroxaban
in combination with DCCB (amlodipine) and the group of patients taking rivaroxaban in combination with non-DCCB (verapamil); p., — differences between the group of patients taking rivaroxaban without (CBs +
patients taking rivaroxaban in combination with DCCBs (amlodipine) and the group of patients taking rivaroxaban in combination with non-DCCBs (verapamil); p, — differences between the group of patients taking
rivaroxaban without C(Bs and the group of patients taking rivaroxaban in combination with all CCBs (amlodipine + verapamil); BMI — body mass index; CHA,DS,-VASc — scale for assessing the risk of stroke and systemic
thromboembolism in patients with atrial fibrillation (Congestive heart failure; Hypertension; Age > 75 years; Diabetes mellitus; prior Stroke or TIA or thromboembolism; Vascular disease; Age 65—74 years; Sex Category);
HAS-BLED — scale for assessing the risk of bleeding in atrial fibrillation (Hypertension; Abnormal renal-liver function; Stroke; Bleeding history or predisposition; Labile international normalised ratio; Elderly (65 years);
Drugs or alcohol concomitantly); CHD — coronary heart disease; ACVA — acute cerebrovascular accident.

TABLE 6
PECULIARITIES OF DRUG INTERACTION IN PATIENTS-CARRIERS OF TT GENOTYPE OF ABCB1 GENE (rs1045642)

TT genotype (n = 41) of the ABCBT gene (rs1045642)

Indicators Rivaroxaban Rivaroxaban Rivaroxaban p value
without CCBs and amlodipine and verapamil

Number of patients, abs. (%) 12/41 (29.3) 17/41 (41.4) 12/41 (29.3) -
p,=0.859
Crin, ss of rivaroxaban (ng/ml), Me [C25-C75] 57.5[36.3-91.2] 63.5[33.5-114.5] 71.2[33.7-89.1] p=0.908
ps=0912
, p,=0.690
Cni,oi/D of rivaroxaban (ng/mi/mg), 3.6[2.2-5.7] 42[2.2-7.1] 4.6[2.3-5.4] p.=0603

Me [C25-C75] 5

ps=0912
p,=0.842
Prothrombin time (s), Me [C25-C75] 14.1[13.5-14.5] 14.0[12.4-15.8] 15.9[13.4-17.8] p;=0.126
p ¢ =0.066
- - , , p,=0.765
Pata onall cI|n|FaIIy significant minor bleeding 1712 8.3) 217 (11.8) 9/12 (75) p. =000
in response to rivaroxaban by history, abs. (%) pS = 0.00]

¢=0.

Note. abs. —absolute number; p, - differences between the group of patients taking rivaroxaban without C(B and the group of patients taking rivaroxaban in combination with DCCB (amlodipine); p; — differences
between the group of patients taking rivaroxaban without C(B and the group of patients taking rivaroxaban in combination with non-DCCB (verapamil); p,  differences between the group of patients taking rivaroxaban
in combination with DCCB (amlodipine) and the group of patients taking rivaroxaban in combination with non-DCCB (verapamil).
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Group 1. Wild-type (CC) carriers of the ABCBT gene
(rs4148738)

We divided group 1 patients (n = 37) into sub-
groups cause-specific to concomitant therapy. Sub-
group 1 - 14 patients taking rivaroxaban without CCB
(median age — 88.0 [83.3-91.0] years; 71.4 % women);
subgroup 2 - 14 patients taking rivaroxaban + amlodi-
pine (median age - 88.0 [82.8-90.3] years; 85.7 % wo-
men); subgroup 3 - 9 patients taking rivaroxaban + ve-
rapamil (median age — 89.0 [81.0-92.0] years; 66.7 % wo-
men). The baseline characterization of patients accord-
ing to rs4148738 (ABCBT) genotype is presented in Ta-
ble 7. The patients in the study groups were comparable
with respect to the main parameters.

Among wild-type (CC) carriers of the ABCBT gene
(rs4148738), the Cmin' o level of rivaroxaban was statistical-
ly significantly higher in the group of patients taking rivar-
oxaban + verapamil compared with the group of patients
taking rivaroxaban without CCB (Me 77.6 [47.4-115.3] vs.

TABLE 7

29.4[14.5-61.9] ng/ml; p =0.014). The Cmm, /D levels of ri-
varoxaban were higher in the group of patients receiv-
ing rivaroxaban + verapamil than in the group of patients
not administering CCB in combination with rivaroxaban, but
without reaching statistical significance (Me 5.2 [2.3-7.7]
vs.2.0[1.0-3.8] ng/ml/mg; p = 0.020). No statistically signif-
icant differences were found in the PT rate and the num-
ber of patients who experienced AR in the form of clinically
significant small bleedings between the compared groups
(p >0.017) (Table 8).

Group 2. Heterozygous type (CT) carriers
of the ABCB1 gene (rs4148738)

We divided group 2 patients (n = 63) into subgroups
cause-specific to concomitant therapy. Subgroup 1 -
24 patients taking rivaroxaban without CCB (median
age — 88.0 [83.0-91.0] years; 70.8 % women); subgroup 2 -
27 patients taking rivaroxaban + amlodipine (median
age — 86.0 [83.0-88.0] years; 81.5 % women); subgroup 3 -

BASELINE CHARACTERISTICS OF PATIENTS CARRYING THE CC GENOTYPE OF THE ABCB7 GENE (rs4148738)

CC genotype (n = 37) of the ABCB1 gene (rs4148738)

Rivaroxaban

Indicators Rivaroxaban and
without CCBs .
amlodipine
Number of patients,
abs. (%) 14/37 (37.85) 14/37 (37.85)
Age (years), 88.0 88.0
Me [C25-C75] [83.3-91.0] [82.8-90.3]

Women, abs. (%) 10/14 (71.4) 12/14 (85.7)

BMI (kg/m?), 29.1 28.6
Me [C25-C75] [25.3-30.7] [25.6-31.9]
Scale CHA,DS ,-VASc (scores), 45 6.0

Me [C25-C75] [3.0-5.8] [5.3-6.0]
HAS-BLED (scores), 4.0 3.0

Me [C25-C75] [2.3-5.0] [3.0-3.0]
Number of MPs (scores), 6.0 7.0

Me [C25-C75] [5.0-7.3] [5.0-9.0]

Rivaroxaban Rivaroxaban

Rivaroxaban without and amlodipine p value
. CCB and and
and verapamil . .
rivaroxaban +  rivaroxaban +
amlodipine verapamil

9/37 (24.3) 28/37 (75.7) 23/37 (62.2) -
p,=0.982
89.0 88.0 88.0 ZS - g'ggg

_ - — 6~
[81.0-92.0] [83.3-90.75] [82.0-91.0] p,=0931
pg = 0.963
p,=0357
ps = 0.809
6/9 (66.7) 22/28 (78.6) 18/23 (78.3) pe =0.280
p, = 0.469
pg = 0.639
p,=0.894
286 29.1 286 Z 5 8'2‘5)?

- - — 6=
[23.6-30.9] [25.4-31.2] [25.6-31.5] p,=0.789
pg = 0.957
p,=0.057
6.0 5.0 6.0 Z 5 8'(5)23

. _ - 6=
[5.0-8.5] [4.0-6.0] [5.5-6.5] p,=0.129
ps=0.019
p,=0.208
4.0 3.0 3.0 ZS - 8;22

_ _ — 6~
[2.0-5.0] [3.0-4.8] [3.0-4.0] p,=0767
pg =0.295
p,=0.285
6.0 6.0 6.0 Z 5 8?;;

- _ — 6=
[4.5-8.0] [5.0-8.8] [5.0-8.0] p,=0614

pg = 0.429



TABLE 7 (continued)

Number of MPs > 5,
abs. (%)

Dose of rivaroxaban 15 mg,
abs. (%)

Dose of rivaroxaban 20 mg,
abs. (%)

Creatinine (umol/l),
Me [C25-C75]

Hemoglobin (g/1),
Me [C25-C75]

Platelets (10%/1),
Me [C25-C75]

CHD, abs. (%)

Effort-induced angina
pectoris, abs. (%)

Heart failure, abs. (%)

Arterial hypertension,
abs. (%)

History of previous
myocardial infarction,
abs. (%)

ACVA (acute cerebrovascular
accident) in past medical his-
tory, abs. (%)

Bronchial asthma, abs. (%)

12/14 (85.7)

12/14 (85.7)

2/14 (14.3)

106.5
[95.9-127.5]

1235
[114.8-140.3]

247
[188.5-264.5]

14/14 (100)

12/14 (85.7)

14/14 (100)

13/14 (92.9)

1/14(7.1)

0/14(0)

0/14(0)

14/14 (100)

11/14 (78.6)

3/14(21.4)

99.2
[93.6-152.5]

121.0
[104.8-125.5]

2395
[195.8-328.3]

7/9(77.8)

8/9 (88.9)

179 (11.1)

102.0

[92.7-118.0]

127.0

[119.0-133.6]

202.0

[170.0-344.5]

Comorbidities

14/14 (100)

13/14(92.9)

13/14(92.9)

13/14(92.9)

4/14 (28.6)

4/14 (28.6)

1/14(7.1)
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9/9 (100)

8/9 (88.9)

8/9 (88.9)

8/9 (88.9)

3/9(33.3)

3/9(33.3)

2/9(22.2)

26/28(92.9)

23/28(82.1)

5/28(17.9)

121.0

[112.5-129.8]

121.0

[112.5-130.8]

246.0

[193.0-270.5]

28/28 (100)

25/28 (89.3)

27/28 (96.4)

26/28 (92.9)

5/28(17.9)

4/28 (14.3)

1/28 (3.6)

21/23(91.3)

19/23 (82.6)

4/23(17.4)

99.2
[93.6-126.5]

124.0

[112.0-128.0]

220.0

[190.0-328.0]

23/23 (100)

21/23(91.3)

21/23(91.3)

21/23(91.3)

7/23 (30.4)

7/23 (30.4)

3/23(13)

p,=0.142
ps=0.624
pe =0.065
p,=0.205
pg=0.595
p,=0.622
ps=0.825
pe=0.524
p,=0.633
pg =0.804
p,=0.622
ps=0.825
pe=0.524
p,=0.633
pg =0.804
p,=0.839
ps=0.643
pe=0.829
p,=0.689
pg =0.689
p,=0.246
ps=1.000
pe=0.159
p,=0.453
py=0.411
p,=0.401
ps =0.926
pe=0.336
p,=0.542
p,=0.610

ps=0.106
pes=0.809
p,=0.327
pg = 0.095
p,=0.031
ps =0.021
pes=0.809
p,=0.204
pg = 0.022
p,=0.309
ps =0.064
ps=0.295
p,=0.075
pg=0.159



TABLE 7 (continued)

Lower extremity
atherosclerosis, abs. (%)

Chronic bronchitis,
abs. (%)

Type 2 diabetes mellitus,
abs. (%)

Charlson’s comorbidity index
(abs.), Me [C25-C75]

GFR (glomerular filtration
rate) (CKD-EPI)
(ml/min/1.73 m32),

Me [C25-C75]

CKD Stage 4
(GFR < 30 ml/min/1.73 m?),
abs. (%)

GFR in CKD Stage 4
(ml/min/1.73 m?),
Me [C25-C75]

CKD Stage 3B
(GFR = 30-44 ml/min/1.73 m?),
abs. (%)

GFR in CKD Stage 3B
(ml/min/1.73 m?),
Me [C25-C75]

CKD Stage 3A
(GFR = 45-59 m|/min/1.73 m?),
abs. (%)

GFR in CKD Stage 3A
(ml/min/1.73 m?),
Me [C25-C75]

CKD Stage 2
(GFR = 60-89 ml/min/1.73 m?),
abs. (%)

GFRin CKD Stage 2
(ml/min/1.73 2),
Me [C25-C75]

0/14(0)

5/14 (35.7)

5/14 (35.7)

10.5
[9.0-11.0]

41.2
[36.5-49.3]

1/14(7.1)

29.3

9/14 (64.3)

38.7
[36.3-42.7]

1/14(7.1)

45.8

2/14(14.3)

61.1
[59.9-61.1]

2/14(14.3)

4/14 (28.6)

5/14 (35.7)

10.0
[9.0-12.0]

433
[33.1-47.5]

3/14(21.4)

214
[19.5-214]

6/14 (42.9)

40.8
[36.5-44.1]

3/14(21.4)

46.1
[45.5-46.1]

2/14(14.3)

704
[59.7-70.4]

68

1/9(11.1)

4/9 (44.4)

0/9(0)

11.0
[9.0-12.5]

44.6
[35.7-48.2]

0/9(0)

4/9 (44.4)

357
[34.3-37.2]

4/9 (44.4)

46.5
[44.7-48.4]

179 (11.1)

85.97

2/28(7.1)

9/28 (32.1)

10/28 (35.7)

10.0
[9.0-11.0)]

42.2
[36.2-45.9]

4/28 (14.3)

23.0
[19.9-28.3]

15/28 (53.6)

39.0
[36.7-43.5]

4/28 (14.3)

459
[45.6-50.3]

4/28 (14.3)

61.1
[59.8-76.4]

3/23 (13)

8/23 (24.8)

5/23(21.7)

10.0
[9.0-12.0]

441
[35.7-48.0]

3/23(13.0)

214
[19.5-21.4]

10/23 (43.5)

371
[35.7-44.1]

7/23 (30.4)

47.9
[45.5-51.6]

2/23(8.7)

83.5
[81.1-83.5]



TABLE 7 (continued)

CKD Stage 1

(GFR = 90 ml/min/1.73 m?), 1/14(7.1) 0/14 (0)
abs. (%)

GFRin CKD Stage 1

(ml/min/1.73 m?), 96.9 0

Me [C25-C75]

p,=0.309
ps=0412
Pe=—
p,=0.565
pg=0.204
p4=_
p5 =-
Pg=-—
p7 =-
Pg=-—

0/9 (0) 1/28 (3.6)

96.96

Note. abs. —absolute number; p, - differences between the group of patients taking rivaroxaban without CCB and the group of patients taking rivaroxaban in combination with DCCB (amlodipine); p, — differences
between the group of patients taking rivaroxaban without CCB and the group of patients taking rivaroxaban in combination with non-DCCB (verapamil); p, — differences between the group of patients taking rivaroxaban
in combination with DCCB (amlodipine) and the group of patients taking rivaroxaban in combination with non-DCCB (verapamil); p, — differences between the group of patients taking rivaroxaban without CCBs +
patients taking rivaroxaban in combination with DCCBs (amlodipine) and the group of patients taking rivaroxaban in combination with non-DCCBs (verapamil); p, — differences between the group of patients taking
rivaroxaban without CCBs and the group of patients taking rivaroxaban in combination with all CCBs (amlodipine + verapamil); BMI — body mass index; CHA,DS,-VASc — scale for assessing the risk of stroke and systemic
thromboembolism in patients with atrial fibrillation (Congestive heart failure; Hypertension; Age > 75 years; Diabetes mellitus; prior Stroke or TIA or thromboembolism; Vascular disease; Age 6574 years; Sex Category);
HAS-BLED — scale for assessing the risk of bleeding in atrial fibrillation (Hypertension; Abnormal renal-liver function; Stroke; Bleeding history or predisposition; Labile international normalised ratio; Elderly (65 years);

Drugs or alcohol concomitantly); CHD — coronary heart disease; ACVA — acute cerebrovascular accident.

TABLE 8

FEATURES OF DRUG INTERACTION IN PATIENTS CARRYING THE CC GENOTYPE OF THE ABCB1 GENE (rs4148738)

CC genotype (n = 37) of the ABCB1 gene (rs4148738)

Indicators Rivaroxaban  Rivaroxabanand Rivaroxabanand P value
without CCBs amlodipine verapamil

Number of patients, abs. (%) 14/37 (37.85) 14/37 (37.85) 9/37 (24.3) -
p,=0.081
Cmin, . Of rivaroxaban (ng/ml), Me [C25-C75] 29.4[14.5-61.9] 71.2[28.3-102.8] 77.6[47.4-1153] p.=0.014
pe=0.571
. p,=0.098
e Rciliiaie bl inlin Tt 2.0[1.0-3.8] 4.6[1.9-69] 52[23-77]  p.=0.020

Me [C25-C75] 5

po=0.378
p,=0.581
Prothrombin time (s), Me [C25-C75] 12.7[12.3-14.2] 13.3[12.2-14.7] 13.5[13.1-15.6] p;=0.243
p,=0.488
. - , , p,=1.000
Pata onall cllnllcally significant minor bleeding 114 (7.1) 114 (7.1) 179(11.1) p.=0742
in response to rivaroxaban by history, abs. (%) p 5 0.742

¢=0.

Note. abs. —absolute number; p, — differences between the group of patients taking rivaroxaban without C(B and the group of patients taking rivaroxaban in combination with DCCB (amlodipine); p, — differences
between the group of patients taking rivaroxaban without CCB and the group of patients taking rivaroxaban in combination with non-DCCB (verapamil); p, — differences between the group of patients taking rivaroxaban
in combination with DCCB (amlodipine) and the group of patients taking rivaroxaban in combination with non-DCCB (verapamil).

12 patients taking rivaroxaban + verapamil (median age -
88.5[81.3-90.0] years; 75.0 % women). The baseline charac-
terization of patients according to rs4148738 (ABCB1) geno-
typeis presented in Table 9. The patients in the study groups
were comparable with respect to the main parameters.
Among carriers of the heterozygous type (CT)
of the ABCBT gene (rs4148738), the levels of Cmm, . of ri-
varoxaban and C_. . /D of rivaroxaban were higher
in the group of patients taking rivaroxaban + verapam-
il and rivaroxaban + amlodipine than in the group of pa-
tients not taking CCB in combination with rivaroxaban, but
these differences did not reach statistical significance (Ta-
ble 10). PT was higher in the group of patients taking rivar-
oxaban + verapamil than in the group of patients not taking
CCBin combination with rivaroxaban, but these differences
also did not reach statistical significance (14.6 [13.5-16.8]
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vs. 14.0 [12.8-14.5] s; p = 0.083) (Table 10). No differences
in the number of patients who experienced AR in the form
of clinically significant small hemorrhages were found be-
tween the compared groups (p > 0.017) (Table 10).

Group 3. Homozygous type (TT) carriers
of the ABCB1 gene (rs4148738)

We divided patients in group 3 (n = 28) into subgroups
cause-specific to concomitant therapy. Subgroup 1 -9 pa-
tients taking rivaroxaban without CCB (median age -
88.0 [84.0-89.5] years; 77.8 % women); subgroup 2 -
10 patients taking rivaroxaban + amlodipine (median
age - 84.0 [81.8-89.3] years; 100 % women); subgroup 3 -
9 patients taking rivaroxaban + verapamil (median age -
88.0[86.0-92.0] years; 33.3 % women). The baseline charac-
terization of patients according to rs4148738 (ABCB1) gen-



TABLE 9

BASELINE CHARACTERISTICS OF PATIENTS CARRYING THE CT GENOTYPE OF THE ABCB1 GENE (rs4148738)

Indicators

Number of patients,
abs. (%)

Age (years),
Me [C25-C75]

Women, abs. (%)

BMI (kg/m?),
Me [C25-C75]

Scale CHA,DS,-VASc (scores),
Me [C25-C75]

HAS-BLED (scores),
Me [C25-C75]

Number of MPs (scores),
Me [C25-C75]

Number of MPs > 5,
abs. (%)

Dose of rivaroxaban 15 mg,
abs. (%)

Dose of rivaroxaban 20 mg,
abs. (%)

Creatinine (umol/I),
Me [C25-C75]

Rivaroxaban
without CCBs

24/63 (38.1)

88.0
[83.0-91.0]

17/24 (70.8)

28.5
[25.5-31.1]

[5-7]

[2-3]

[5-7]

20/24 (83.3)

21/24 (87.5)

3/24(12.5)

104.0
[89.5-124.3]

CT genotype (n = 63) of the ABCB1 gene (rs4148738)

Rivaroxaban
and
amlodipine

27/63 (42.9)

86.0
[83.0-88.0]

22/27 (81.5)

30.1
[25.6-31.4]

6.0
[5.0-8.0]

3.0
[3.0-3.75]

7.0
[6.0-9.0]

25/27 (92.6)

24/27 (88.9)

3/27 (11.1)

97.9
[83.6-122.0]

Rivaroxaban
and verapamil

12/63 (19)

88.5
[81.3-90.0]

9/12(75.0)

313
[24.1-32.8]

55
[5.0-8.0]

3.0
[2.75-4.0]

6.0
[5.25-7.0]

10/12(83.3)

11/12(91.7)

1/12(8.3)

92.3
[83.6-101.5]
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Rivaroxaban
without
CCB and

rivaroxaban +
amlodipine

51/63 (81)

87.0
[83.0-90.0]

39/51(76.5)

29.0
[25.6-31.2]

6.0
[5.0-7.0]

3.0
[3.0-3.0]

6.0
[5.0-8.0]

45/51 (88.2)

45/51(88.2)

6/51(11.8)

98.1
[86.0-122.0]

Rivaroxaban
and amlodipine
and
rivaroxaban +
verapamil

39/63 (61.9)

87.0
[82.0-89.0]

31/39(79.5)

304
[25.0-31.8]

6.0
[5.0-8.0]

3.0
[3.0-4.0]

7.0
[6.0-8.0]

35/39(89.7)

35/39(89.7)

3/39(7.7)

94.7
[83.6-110.0]

p value

p,=0.320
ps =0.908
pe =0.391
p,=0.661
pg=0.756
p,=0.371
ps=0.792
pe=0.644
p,=0.914
pg=0.434
p,=0.695
ps = 0.440
ps=0.786
p,=0.554
pg=0.523
p,=0.669
ps=0.914
pg =0.603
p,=0.715
pg=0.789
p,=0.708
ps =0.604
pg=0.812
p,=0.669
pg=0.568
p,=0.019
ps=0.753
pe =0.080
p,=0.396
pg=0.056
p,=0.306
ps=1.000
pg=10.379
p,=0.646
pg=0.244
p,=0.878
ps=0.708
pg =0.792
p,=0.734
pg=0.783
p,=0.878
ps=0.708
pg=0.792
p,=0.734
pg=0.783
p,=0.336
ps=0.146
pe=0.578
p,=0.270
pg=0.179



TABLE 9 (continued)

Hemoglobin (g/1),
Me [C25-C75]

Platelets (10°/1),
Me [C25-C75]

CHD, abs. (%)

Effort-induced angina
pectoris, abs. (%)

Heart failure, abs. (%)

Arterial hypertension,
abs. (%)

History of previous
myocardial infarction,
abs. (%)

ACVA (acute cerebrovascular
accident) in past medical
history, abs. (%)

Bronchial asthma,
abs. (%)

Lower extremity
atherosclerosis,
abs. (%)

Chronic bronchitis,
abs. (%)

Type 2 diabetes mellitus, abs.

(%)

123.0
[110.3-136.0]

215.0
[160.5-259.0]

24/24 (100)

21/24 (87.5)

23/24 (95.8)

23/24 (95.8)

9/24 (37.5)

6/24 (25.0)

0/24 (0)

3/24(12.5)

11/24 (45.8)

7/24 (29.2)

125.0

[113.0-129.0]

236.0

[190.0-305.0]

124.5

[101.5-132.3]

194.5

[161.3-260.5]

Comorbidities

27/27 (100)

20/27 (74.1)

25/27 (92.6)

26/27 (96.3)

6/27 (22.2)

6/27 (22.2)

0/27 (0)

7/27 (25.9)

9/27 (33.3)

7/27 (25.9)

12/12(100)

9/12 (75)

10/12 (83.3)

11/12(91.7)

3/12 (25)

3/12(25)

2/12(16.7)

4/12(33.3)

5/12(41.7)

3/12(25)

71

125.0

[112.0-132.0]

2240

[175.0-276.0]

51/51 (100)

41/51 (80.4)

48/51 (94.1)

49/51 (96.1)

15/51 (29.4)

12/51 (23.5)

0/51 (0)

10/51 (19.6)

20/51(39.2)

14/51 (27.5)

125.0

[112.0-130.0]

222.0

[178.0-293.0]

39/39 (100)

29/39 (74.4)

35/39(89.7)

37/39 (94.9)

9/39 (23.1)

9/39 (23.1)

2/39 (5.1)

11/39 (28.2)

14/39 (35.9)

10/39 (25.6)

p,=0.799
p, = 0.497
p, = 0.869
p,=0.649
pg=0.630
p,=0.122
p, =0.987
p,=0.168
p,=0.436
pg =0.240

p5 ==
p5 ==
p7 ==
pPg=-
p,=0.228
ps=0.343
pe=0.951
p,=0.678
pg=0.211
p,=0.623
ps=0.201
pe=10.379
p,=0.214
pg =0.385
p,=0.932
ps =0.607
pg=0.545
p,=0518
pg =0.862
p,=0.232
ps=0.453
pe =0.849
p,=0.761
pg=0.218
p,=0.815
ps =1.000
pe =0.849
p,=0914
pg=0.862
Py=-
ps =0.040
pe=0.029
p,=0.003
pg =0.260
p,=0.228
ps=0.137
pg=0.635
p,=0.303
pg=0.145
p,=0.361
ps=0.813
pe=0.617
p,=0.876
pg=0.434
p,=0.796
ps=0.792
pe=0.951
p,=0.863
pg=0.759



TABLE 9 (continued)

p,=0.369
, e p.=0.631
Charlson’s comorbidity index 10.0 10.0 10.0 10.0 10.0 p5 ~0916
(abs.), Me [C25-C75] [9.3-11.0] [9.0-11.0] [9.0-11.0] [9.0-11.0] [9.0-11.0] 6
p,=0.844
pg = 0.240
GFR (glomerular filtration < : 83;2
rate) (CKD-EP) 412 433 446 422 51.8 Ps= il
(ml/min/1.73 m2), [36.5-49.3] [33.1-47.5] [35.7-48.2] [36.2-45.9] [405-56.0] Ps™
Me [C25-C75] p,=0.768
ps=0.374
p,=0.739
CKD Stage 4 ps=1.000
(GFR < 30 ml/min/1.73 m?), 2/24(8.3) 3/27 (11.1) 1/12(8.3) 5/51(9.8) 4/39(103)  p,=0.792
abs. (%) p,=0.876
pg=0.801
p,=0.500
GFRin CKD Stage 4 =-
(ml/min/1.73 mgz)' 293 19251 ';1 4 0 19293.;)8 3 26 298.299 5 zz -
Me [C25-C75] [19.5-21.4] [19.9-28.3] [26.9-29.5] p,=-
ps = 0.800
p,=1.000
CKD Stage 3B ps=0.102
(GFR=30-44 ml/min/1.73m?),  8/24(33.3) 9/27 (33.3) 1/12(8.3) 17/51 (33.3) 10/39(25.6)  p,=0.099
abs. (%) p,=0.085
ps=0512
p,=0.456
GFR in CKD Stage 3B =0.106
(ml/min/1.73 m%)’ 36?;8Z2 7 3610134 1 3425';7 2 36?;923 5 34?;821 9 ZZ =0.067
Me [C25-C75] [36.3-42.7] [36.5-44.1] [343-37.2] [36.7-43.5] [34.2-41.9] p,=0.049
ps=0.897
p,=0.338
CKD Stage 3A ps=0.473
(GFR=45-59 ml/min/1.73m?), 13/24(542)  11/27 (40.7) 8/12 (66.7) 24/51 (47.1) 19/39(48.7)  p,=0.135
abs. (%) p,=0.222
ps=0.674
p,=1.000
GFRin CKD Stage 3A =1.000
(ml/min/1.73 m%)’ 458 45 26.416 1 44‘;6.28 4 45 25'5?0 3 50 553'1?5 8 Z: = 0629
Me [C25-C75] [45.5-46.1] [44.7-484] [45.6-503] [505-35.81 p,=0.686
pg=0.077
p,=0.202
CKD Stage 2 ps=0.201
(GFR=60-89 ml/min/1.73m?),  1/24(4.2) 4/27 (14.8) 2/12(16.7) 5/51(9.8) 6/39(154)  p,=0.882
abs. (%) p,=0.496
ps=0.169
p,=1.000
GFR in CKD Stage 2 =0.667
(ml/min/1.73 m%)’ 5921 .611 1 59770;‘0 4 8597 5921 .716 4 63 3629 2 5: = 0667
Me [C25-C75] (59.9-61.11  [59.7-704] (598-7641 16346921 5400
ps=0.286
CKD Stage 1
(GFR = 90 ml/min/1.73 m?), - - - - - -
abs. (%)
py=-
GFRin CKD Stage 1 ps=-
(ml/min/1.73 m?), 96.6 96.9 0 0 pe=-
Me [C25-C75] p,=-

Note. abs. — absolute number; p, - differences between the group of patients taking rivaroxaban without CCB and the group of patients taking rivaroxaban in combination with DCCB (amlodipine); p — differences
between the group of patients taking rivaroxaban without C(B and the group of patients taking rivaroxaban in combination with non-DCCB (verapamil); p, — differences between the group of patients taking rivaroxaban
in combination with DCCB (amlodipine) and the group of patients taking rivaroxaban in combination with non-DCCB (verapamil); p, — differences between the group of patients taking rivaroxaban without CCBs +
patients taking rivaroxaban in combination with DCCBs (amlodipine) and the group of patients taking rivaroxaban in combination with non-DCCBs (verapamil); p, — differences between the group of patients taking
rivaroxaban without (CBs and the group of patients taking rivaroxaban in combination with all CCBs (amlodipine + verapamil); BMI — body mass index; CHA,DS,-VASc —scale for assessing the risk of stroke and systemic
thromboembolism in patients with atrial fibrillation (Congestive heart failure; Hypertension; Age > 75 years; Diabetes mellitus; prior Stroke or TIA or thromboembolism; Vascular disease; Age 65—74 years; Sex Category);
HAS-BLED — scale for assessing the risk of bleeding in atrial fibrillation (Hypertension; Abnormal renal-liver function; Stroke; Bleeding history or predisposition; Labile international normalised ratio; Elderly (65 years);
Drugs or alcohol concomitantly); CHD — coronary heart disease; ACVA — acute cerebrovascular accident.
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otype is presented in Table 11. Patients in subgroup 3 (ri-
varoxaban + verapamil) had a higher proportion of women,
had higher creatinine levels and lower haemoglobin lev-
els than those in subgroup 2 (rivaroxaban + amlodipine),
and had a higher Charlson comorbidity index than patients
in subgroup 1 (rivaroxaban without CCB). In other param-
eters, patients in the studied subgroups were comparable.

Among homozygous type (TT) carriers of the ABCB1
gene (rs4148738), the levels of Cmml . of rivaroxaban,
C in ss/D Of rivaroxaban and PT were higher in patients tak-
ing rivaroxaban + verapamil compared to all study groups,
but without reaching statistical significance of the dif-
ferences. AR in the form of clinically significant minor
bleeding occurred quite frequently — in 77.8 % of cases
in the group of patients taking rivaroxaban + verapamil,
and this rate was statistically significantly higher in com-
parison with the group of patients not taking CCB in com-

TABLE 10

bination with rivaroxaban (11.1 %; p = 0.004), and in com-
parison with the group of patients taking rivaroxaban +
amlodipine, the difference reached statistical significance
(30 %; p = 0.037) (Table 12).

DISCUSSION

The data obtained reveal that in patients 80 years
and older with non-valvular AF and carriers of the wild-
type genotype (CC) of the ABCBT gene (rs1045642), co-ad-
ministration of rivaroxaban with CCBs (amlodipine or ve-
rapamil), which are capable of drug interaction with rivar-
oxaban, resulted in higher values of Cmin’ . of rivaroxaban
compared with patients not taking CCBs. In carriers of het-
erozygous genotype (CT) of ABCBT gene (rs1045642), co-

FEATURES OF DRUG INTERACTION IN PATIENTS CARRYING THE CT GENOTYPE OF THE ABCB1 GENE (rs4148738)

CT genotype (n = 63) of the ABCBT gene (rs4148738)

Indicators

Number of patients, abs. (%)

C of rivaroxaban (ng/ml), Me [C25-C75]

min, ss

C /D of rivaroxaban (ng/ml/mg),

min, ss

Me [C25-C75]

Prothrombin time (s), Me [C25-C75]

Data on all clinically significant minor bleeding
in response to rivaroxaban by history, abs. (%)

Rivaroxaban
without CCBs

24/63 (38.1)

41.7 [25.4-58.2]

2.6[1.7-3.4]

14.0 [12.7-14.5]

4/24(16.7)

Rivaroxabanand Rivaroxabanand P Vvalue
amlodipine verapamil
27/63 (42.9) 12/63 (19) -
p,=0003
56.4[29.3-91.3] 56.0 [34.1-114.2] p 5= 0.112
p.=0738
p,=0093
3.8[2.0-4.6] 3.7[2.1-7.6] ps= 0.131
p.=0715
p,=0962
13.3[12.6-14.6] 14.6 [13.5-16.8] ps= 0.083
p,=0.117
p,=0565
3/27 (11.1) 2/12(16.7) p5=1.000
p.=0632

Note. abs. —absolute number; p, — differences between the group of patients taking rivaroxaban without CCB and the group of patients taking rivaroxaban in combination with DCCB (amlodipine); p; — differences
between the group of patients taking rivaroxaban without CCB and the group of patients taking rivaroxaban in combination with non-DCCB (verapamil); p, — differences between the group of patients taking rivaroxaban
in combination with DCCB (amlodipine) and the group of patients taking rivaroxaban in combination with non-DCCB (verapamil).

TABLE 11

BASELINE CHARACTERISTICS OF PATIENTS CARRYING THE TT GENOTYPE OF THE ABCB1 GENE (rs4148738)

TT genotype (n = 28) of the ABCB1 gene (rs4148738)

Rivaroxaban

Indicators Rivaroxaban and
without CCBs ..
amlodipine
Number of patients,
abs. (%) 9/28 (32.1) 10/28 (35.8)
Age (years), 88.0 84.0
Me [C25-C75] [84.0-89.5] [81.8-89.3]

Rivaroxaban
and amlodipine

Rivaroxaban
without

. value
Rlvaroxaban. CCB and and 4
and verapamil . .
rivaroxaban +  rivaroxaban +
amlodipine verapamil
9/28 (32.1) 19/28 (67.9) 19/28 (67.9) -
p, = 0.400
88.0 86.0 87.0 Z 5 8'??2
_ - _ 6=
[86.0-92.0] [82.0-89.0] [83.0-90.0] P, =0243
pg = 0.809
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TABLE 11 (continued)

Women, abs. (%)

BMI (kg/m?),
Me [C25-C75]

Scale CHA,DS,-VASc (scores),
Me [C25-C75]

HAS-BLED (scores),
Me [C25-C75]

Number of MPs (scores),
Me [C25-C75]

Number of MPs > 5,
abs. (%)

Dose of rivaroxaban 15 mg,
abs. (%)

Dose of rivaroxaban 20 mg,
abs. (%)

Creatinine (umol/l),
Me [C25-C75]

Hemoglobin (g/I),
Me [C25-C75]

Platelets (10%/1),
Me [C25-C75]

CHD, abs. (%)

Effort-induced angina
pectoris, abs. (%)

7/9(77.8)

25.6
[23.9-32.6]

6.0
[5.0-7.0]

3.0
[1.75-4.5]

6.0
[4.0-8.0]

6/9 (66.7)

7/9(77.8)

2/9(22.2)

97.0
[84.9-117.5]

1325
[98.0-144.3]

264.5
[201.3-296.8]

8/9 (88.9)

5/9 (55.6)

10/10 (100) 3/9(33.3)
27.0 26.8
[23.8-33.7] [25.0-30.1]
6.0 6.0
[4.0-6.5] [5.3-7.0]
3.0 3.0
[3.0-4.5] [2.0-4.0]
7.0 6.0
[6.0-8.0] [4.0-9.0]
10/10 (100) 6/9 (66.7)
9/10 (90) 8/9 (88.9)
1/10(10) 1/9(11.1)
89.7 112
[85.0-95.5] [98.6-146.5]
132.5 110
[117.8-138.0] [106-117]
208 216
[172.0-275.0] [165-256]

Comorbidities

10/10 (100) 9/9 (100)

7/10(70) 8/9 (88.9)

74

17/19 (89.5)

26.9
[24.2-33.1]

6.0
[5.0-8.0]

3.0
[3.0-4.0]

6.0
[5.0-8.0]

16/19 (84.2)

16/19 (84.2)

3/19(15.8)

929
[85.6-97.7]

1325

[115.5-138.0]

215.0

[189.3-290.8]

18/19 (94.7)

12/19 (63.2)

13/19 (68.4)

26.9
[24.7-31.1]

6.0
[5.0-7.0]

3.0
[5.0-7.0]

7.0
[6.0-8.0]

16/19 (84.2)

17/19 (89.5)

2/19(10.5)

94.8
[86.9-112.0]

119.0
[110.0-136.0]

213.0
[175.0-264.0]

19/19 (100)

15/19 (78.9)

p,=0.115
ps=0.058
pg = 0.002
p,=0.002
pg = 0.609
p,=0.968
ps=0.931
pe = 0.604
p,=0.699
pg = 1.000
p,=0.639
ps =0.694
ps=0.435
p,=0.473
pg=1.000
p,=0429
ps=1.000
pg=0.222
p,=0.442
pg=0.765
p,=0.243
ps = 0.666
pg=0.842
p,=0.923
pg=0.332
p, = 0.047
ps=1.000
pg = 0.047
p,=0.291
pg=0.291
p, = 0.466
ps=0.527
pg=0.937
p,=0.741
pg =0.409
p, = 0.466
ps=0.527
pg=0.937
p,=0.741
pg = 0.409
p,=0.156
ps=0.161
pg = 0.006
p,=0.014
pg =0.962
p,=0.762
ps=0.277
pe=0.01

p,=0.027
pg =0.696
p,=0.146
ps =0.093
pg = 0.905
p,=0.322
pg = 0.066

p,=0.279
p, =0.303
Pg=—
p, =0.483
pg=0.139
p,=0515
ps= 0.114
p,=0.313
p,=0.159
pg=0.201



TABLE 11 (continued)

Heart failure, abs. (%)

Arterial hypertension,
abs. (%)

History of previous myocardial
infarction, abs. (%)

ACVA (acute cerebrovascular
accident) in past medical
history, abs. (%)

Bronchial asthma,
abs. (%)

Lower extremity
atherosclerosis, abs. (%)

Chronic bronchitis,
abs. (%)

Type 2 diabetes mellitus,
abs. (%)

Charlson’s comorbidity index
(abs.), Me [C25-C75]

GFR (glomerular filtration rate)
(CKD-EPI) (ml/min/1.73 m?),
Me [C25-C75]

CKD Stage 4
(GFR < 30 ml/min/1.73 m?),
abs. (%)

GFRin CKD Stage 4
(ml/min/1.73 m?),
Me [C25-C75]

CKD Stage 3B
(GFR = 30-44 ml/min/1.73 m?),
abs. (%)

8/9 (88.9)

9/9 (100)

2/9(22.2)

0/9 (0)

1/9 (11.1)

0/9 (0)

2/9(22.2)

0/9 (0)

9.0
[9.0-9.5]

47.9
[39.4-59.3]

0/9 (0)

3/9(33.3)

10/10 (100)

9/10 (90)

4/10 (40)

3/10(30)

1/10(10)

2/10(20)

2/10(20)

3/10(30)

10.0
[9.0-12.3]

504
[46.8-54.5]

0/10(0)

1/10(10)

9/9 (100)

8/9 (88.9)

3/9(33.3)

3/9(33.3)

2/9(22.2)

4/9 (44.4)

0/9 (0)

3/9(33.3)

12.0
[10.0-15.5]

46.8
[37.5-52.4]

1/9 (11.1)

26.8

2/9(22.2)

75

18/19 (94.7)

18/19 (94.7)

6/19 (31.6)

3/19(15.8)

2/19(10.5)

2/19(10.5)

4/19 (21.1)

3/19(15.8)

10.0
[9.0-11.0]

48.0
[45.7-56.7]

0/19 (0)

4/19 (21.1)

19/19 (100)

17/19 (89.5)

7/19 (36.8)

6/19 (31.6)

3/19(15.8)

6/19 (31.6)

2/19(10.5)

6/19 (31.6)

12.0
[10.0-13.0]

49.5
[45.4-52.5]

1/19(5.3)

26.81

3/19(15.8)



TABLE 11 (continued)

GFR in CKD Stage 3B
(ml/min/1.73 m?),
Me [C25-C75]

CKD Stage 3A
(GFR = 45-59 ml/min/1.73 m?),
abs. (%)

GFR in CKD Stage 3A
(ml/min/1.73 m32),
Me [C25-C75]

CKD Stage 2
(GFR = 60-89 ml/min/1.73 m?),
abs. (%)

GFRin CKD Stage 2
(ml/min/1.73 m?2),
Me [C25-C75]

CKD Stage 1

(GFR = 90 ml/min/1.73 m?),
abs. (%)

GFRin CKD Stage 1
(ml/min/1.73 m?),

Me [C25-C75]

38.6
[34.4-38.6]

5/9 (55.6)

48.0
[46.8-59.3]

1/9(11.1)

61.1

8/10(80)

504
[47.1-53.1]

1/10(10)

65.1

374
[36.4-37.4]

6/9 (66.7)

51.6
[46.5-53.2]

0/9 (0)

394
[35.4-40.9]

13/19 (68.4)

49.5
[47.4-55.2]

2/19(10.5)

63.1
[61.1-68.1]

384
[36.4-38.4]

14/19 (73.7)

50.9
[46.9-52.8]

1/19(5.3)

65.05

p,=0.500
p, =1.000
p, = 1.000
p;=-
Py = 1.000
p,= 0252
p, = 0.629
p,=0510
p,=0.926
pg=0.337
p,=0.833
p, =0.792
pe =1.000
p,=0533
pg = 0.754
p,=0.937
p, =0.303
p, =0.330
p,=0312
pg=0.575
p, = 1.000
p5 =
Pg=-
p,=0.898
pg =1.000

Note. abs.—absolute number; p, - differences between the group of patients taking rivaroxaban without C(B and the group of patients taking rivaroxaban in combination with DCCB (amlodipine); p — differences
between the group of patients taking rivaroxaban without CCB and the group of patients taking rivaroxaban in combination with non-DCCB (verapamil); p  differences between the group of patients taking
rivaroxaban in combination with DCCB (amlodipine) and the group of patients taking rivaroxaban in combination with non-DCCB (verapamil); p, — differences between the group of patients taking rivaroxaban without
((Bs + patients taking rivaroxaban in combination with DCCBs (amlodipine) and the group of patients taking rivaroxaban in combination with non-DCCBs (verapamil); p, — differences between the group of patients
taking rivaroxaban without C(Bs and the group of patients taking rivaroxaban in combination with all CCBs (amlodipine + verapamil); BMI — body mass index; CHA,DS,-VASc — scale for assessing the risk of stroke and
systemic thromboembolism in patients with atrial fibrillation (Congestive heart failure; Hypertension; Age > 75 years; Diabetes mellitus; prior Stroke or TIA or thromboembolism; Vascular disease; Age 65—74 years; Sex
Category); HAS-BLED — scale for assessing the risk of bleeding in atrial fibrillation (Hypertension; Abnormal renal-liver function; Stroke; Bleeding history or predisposition; Labile international normalised ratio; Elderly
(65 years); Drugs or alcohol concomitantly); CHD — coronary heart disease; ACVA — acute cerebrovascular accident.

TABLE 12

PECULIARITIES OF DRUG INTERACTION IN PATIENTS CARRYING TT GENOTYPE OF ABCB1 GENE (rs4148738)

Indicators

Number of patients, abs. (%)

Cmin, ss

Cmin sS'

Me [C25-C75]

of rivaroxaban (ng/ml), Me [C25-C75]

/D of rivaroxaban (ng/ml/mg),

Prothrombin time (s), Me [C25-C75]

Data on all clinically significant minor bleeding

in response to rivaroxaban by history, abs. (%)

TT genotype (n = 28) of the ABCB1 gene (rs4148738)

Rivaroxaban

without CCBs

9/28 (32.1)

66.0 [36.4-103.1]

3.8[2.3-6.9]

14.2[13.6-14.5]

1/9(11.1)

Rivaroxaban

and amlodipine

10/28 (35.8)

45.1[20.1-52.8]

3.0[1.2-3.5]

13.1[12.3-14.6]

3/10(30)

Rivaroxaban
and verapamil

9/28 (32.1)

82.2 [49.8-120.95]

5.1[3.3-8.1]

17.4[13.6-18.5]

7/9(77.8)

p value

p,=0.165
ps=0508
p,=0022

p,=0221
p=0.402
p,=0022

p,=0.252
p;=0.046
p,=0.027

p,=0313
pg=0.004
p,=0037

Note. abs. —absolute number; p, — differences between the group of patients taking rivaroxaban without CCB and the group of patients taking rivaroxaban in combination with DCCB (amlodipine); p, — differences
between the group of patients taking rivaroxaban without CCB and the group of patients taking rivaroxaban in combination with non-DCCB (verapamil); p, — differences between the group of patients taking rivaroxaban
in combination with DCCB (amlodipine) and the group of patients taking rivaroxaban in combination with non-DCCB (verapamil).
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administration of rivaroxaban with verapamil (strong P-gp
inhibitor and moderate CYP3A4 inhibitor) resulted in high-
er values of C_. . of rivaroxaban compared to patients,
not taking CCBs, and compared to patients taking rivaro-
xaban and amlodipine (potentially possible drug interac-
tions caused by competition of substrates for binding sites
on cell membranes). In carriers of the homozygous geno-
type (TT) of the ABCB1 gene (rs1045642), the co-administra-
tion of rivaroxaban with verapamil was associated with AR
in the majority of cases in the form of clinically significant
small bleeds (up to 75 %), and their number was statistical-
ly significantly higher in comparison with patients not tak-
ing CCB, and in comparison with patients taking rivaroxa-
ban and amlodipine.

In patients 80 years and older with non-valvular
AF and patients carrying the wild-type genotype (WS)
of the ABCB1 gene (rs4148738), co-administration of rivaro-
xaban with verapamil resulted in higher C_; ' values of ri-
varoxaban compared with patients not taking CCB in com-
bination with rivaroxaban. In carriers of heterozygous geno-
type (CT) of ABCBT gene (rs4148738) co-administration
of rivaroxaban with CCB did not lead to statistically signi-
ficant differences between the studied parameters. In car-
riers of the homozygous genotype (TT) of the ABCB1 gene
(rs4148738), co-administration of rivaroxaban with vera-
pamil resulted in statistically higher AR in the form of clini-
cally significant minor bleeding compared to the group
of patients not taking CCB in combination with rivaroxa-
ban (up to 78 %).

We would like to draw the readers’ attention
to the fact that earlier in our studies we have already re-
vealed that co-administration of verapamil (a strong
P-gp inhibitor and moderate CYP3A4 inhibitor) in com-
bination with rivaroxaban resulted in more frequent
AR development (in 33 % of patients) [4], and ho-
mozygous type (TT) carriers of ABCB1 gene (rs1045642
and rs4148738) were associated with more frequent
AR development (29.3 % and 39.3 %, respectively) [10].
In this study, it was observed that co-administration
of verapamil (a strong P-gp inhibitor and moderate
CYP3A4 inhibitor) in combination with rivaroxaban in ho-
mozygous type (TT) carriers of the ABCB1 gene (rs1045642
and rs4148738) resulted in AR in 75 and 78 % of cases, re-
spectively. Consequently, it may be advisable to genotype
patients to clarify the carriage of polymorphic variants
of ABCB1 gene (rs1045642 and rs4148738) before the ad-
ministration of verapamil (a strong P-gp inhibitor and mo-
derate CYP3A4 inhibitor) in combination with rivaroxaban
and then decide about the further strategy of patient treat-
ment. This study could prevent the development of AR
in the form of clinically significant minor bleeding in pa-
tients 80 years and older with non-valvular AF.

The fact that more than half of the patients car-
rying the TT genotype of the ABCBT gene (rs1045642
and rs4148738) in the subgroup of patients taking rivaro-
xaban + verapamil were men, whereas in the subgroups
of patients taking rivaroxaban + amlodipine and rivaroxa-
ban without CCB, women predominated (Tables 5, 11), also
requires discussion. In our previous study, we demonstra-
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ted that there were 10 cases of CSNMB when taking rivaro-
xaban with verapamil, 8 of which were haematuria [4].
The resolution of the Eurasian Association of Therapists
on the algorithm for assessment and modification of risk
factors for minor bleeding in patients with AF treated with
direct oral anticoagulants (DOACs) states that the most
common causes of haematuria in patients taking rivaroxa-
ban or other DOACs are benign prostatic hyperplasia (BPH)
and prostatitis [19]. Consequently, it may be assumed that
in patients carrying the TT genotype of the ABCBT gene
(rs1045642 and rs4148738) the sharply pronounced dif-
ferences in the CPNA incidence in the three selected sub-
groups may be explained by the heterogeneity of the sub-
groups by sex composition. The incidence of BPH, however,
increases with age, reaching 88 % after the age of 80 years
[20]. Considering the fact that all our patients were over
80 years of age, it can be assumed that of the 25 % (32 pa-
tients) of men included in the study, 88 % (28 patients)
of the men may have BPH, of which 39 % (11 patients)
had haematuria, whereas in the population of men over
75 years of age, haematuria occurs in only 13 % of cases
[20]. Alternatively, if we consider haematuria as a compli-
cation of BPH, then the cause of its occurrence is not only
and not so much the disease of the prostate gland itself,
but rather the change in bladder function and, as a con-
sequence, dilated varicose veins of the bladder neck,
which can also develop as a result of other (not only BPH)
causes, such as bladder ‘ageing’, changes in neurological
status, the presence of comorbidities, and therefore oc-
curs with approximately equal frequency in both older
men and older women [20]. Nevertheless, to confirm or re-
fute the assumption that the heterogeneity of subgroups
by sex composition influenced the sharply pronounced
differences in the CPNA incidence among patients car-
rying the TT genotype of the ABCBT gene (rs1045642
and rs4148738) in the three selected subgroups, it is nec-
essary to conduct an additional study that will include
alarger number of participants and homogeneous groups
by sex composition.

Our data are comparable with the results of a num-
ber of foreign studies. Thus, K. Lorenzini et al. [21] report-
ed a case of bleeding in a 79-year-old patient on taking
rivaroxaban 20 mg per day (for 3 months). The authors
hypothesised that the presence of homozygous TT geno-
types for rs2032582 and rs1045642 of the ABCB1 gene
and decreased CYP3A4/5 activity as a result of drug inter-
action with simvastatin may have contributed to the in-
creased susceptibility to rivaroxaban in the presented
patient.

A. Sennesael et al. [22] prospectively analyzed 10 pa-
tients admitted to the emergency department for bleed-
ing against the background of rivaroxaban administration.
Among the three patients who experienced severe bleeding
associated with Cmm’ o rivaroxaban > 136 ng/ml, two were
heterozygous and one was homozygous (TT) for rs1045642
of the ABCB1 gene. However, no clear association between
ABCB1 genotype and calculated minimum concentrations
was observed (p > 0.050). At the same time, however, all
three patients were also receiving MPs with potential drug



interactions (diltiazem + clarithromycin, or simvastatin,
or amiodarone).

In a study by I. Gouin-Thibault et al. [23], it was re-
vealed that ABCBT genotype (rs2032582; c.2677G>A/T;
p.Ala893Thr/Ser and rs1045642; c.3435C>T; p.lle1145lle)
is not a significant determinant of individual variabil-
ity of rivaroxaban pharmacokinetics in healthy volun-
teers, whereas co-administration of rivaroxaban with
a P-gp/CYP3A4 inhibitor (clarithromycin) may increase
the risk of overdose, since it increases rivaroxaban’s AUC
by 94 % (p < 0.0001) and its C___ . by 92 % (p < 0.0001):
geometric mean ratios were 1.94 [95% confidence interval
(95% Cl): 1.42-2.63] and 1.92 [95% Cl: 1.60-2.28] for AUC
and Cmax, o respectively, and this effect was not affected
by ABCB1 genotype.

By contrast, P. Pham et al. [24] assessed the risk
of bleeding in patients with AF against the background
of administering standard doses of DOACs in combination
with verapamil or diltiazem. A total of 1764 patients re-
ceiving DOACs with verapamil or diltiazem compared with
3105 patients receiving amlodipine and 1793 patients re-
ceiving DOACs with verapamil or diltiazem compared with
3224 patients receiving metoprolol were analysed. Results
revealed that rivaroxaban and apixaban were not associat-
ed with increased bleeding rates in patients receiving ve-
rapamil or diltiazem compared to those receiving amlodi-
pine or metoprolol. Among patients receiving dabigatran
etexilate, the overall incidence of bleeding was 52 % high-
er (hazard ratio (HR) = 1.52; 95% Cl: 1.05-2.20) when tak-
ing verapamil or diltiazem compared with amlodipine
and 43 % higher (HR = 1.43; 95% Cl: 1.02-2.20) when
compared with metoprolol. The incidence of bleeding
during the administration of dabigatran with verapamil
or diltiazem was generally higher for other types of bleed-
ing (244.9 vs. 158.4 per 1000 person-years; adjusted risk
ratio for total gastrointestinal bleeding - 2.16 (95% Cl:
1.30-3.60), minor bleeding — 1.56 (95% Cl: 1.07-2.27), mi-
nor gastrointestinal bleeding - 2.16 (95% Cl: 1.29-3.63).
Sensitivity analyses revealed consistent results for dab-
igatran being used with verapamil and diltiazem with
hazard rate increase values ranging from 50 % to 100 %
and no statistically significant results for apixaban or ri-
varoxaban. In contrast to this study, in P. Pham et al. pa-
tients had no history of chronic kidney disease (CKD)
and also 60 % of patients were younger than 65 years with
only about 5.5 % older than 80 years; in this study, only
12 % had no history of CKD and all patients were older
than 80 years, which could have affected the difference
in the results obtained. The results of our study, howev-
er, need to be verified in a prospective study with a larg-
er number of participants.

Study limitations

Our study has several limitations. Firstly, the sample
of patients in the groups according to the gene polymor-
phisms under study was small. Second, the baseline char-
acterization of patients was not comparable in a num-
ber of parameters. These limitations may have affected
the outcome.
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CONCLUSION

This study, in which features of drug interaction be-
tween rivaroxaban and CCB in patients 80 years and old-
er with non-valvular AF cause-specific polymorphisms
of ABCB1 gene (rs1045642 and rs4148738) were examined,
showed statistically significant changes in the pharma-
cokinetic profile of certain ABCB1 gene variants (rs1045642
and rs4148738) and, as a consequence, the occurrence
of AR in the form of clinically significant minor bleeding.
Therefore, to prevent their occurrence in patients 80 years
and older with non-valvular AF, genotyping for variants
of the above polymorphisms of the ABCBT gene (rs1045642
and rs4148738) may be considered before prescribing ve-
rapamil (a strong P-gp inhibitor and a moderate CYP3A4
inhibitor).
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ABSTRACT

Background. In the pathogenesis of ischemic cardiomyopathy (ICMP), angiopoiesis
remains unexplored.

The aim of the study. To describe the vasculature of the heart and the imbalance
of angiogenesis mediators in the coronary circulation in association with the num-
ber of endothelial progenitor cells (EPC) and desquamated endothelial cells (DEC)
in the blood of patients with coronary heart disease (CHD), suffering and not suf-
fering from ICMP.

Materials and methods. Fifty-two patients with CHD (30 patients with ICMP,
22 patients without ICMP), 15 healthy donors were examined. The content of EPC
(CD147CD34*VEGFR2") in the blood from the cubital vein and DEC (CD45-CD146%)
in the blood from the coronary sinus and the cubital vein was determined by flow
cytometry. The concentrations of VEGF-A (vascular endothelial growth factor A), PDGF
(platelet-derived growth factor), and SDF-1 (stromal cell-derived factor 1) in blood
plasma were recorded using immunofluorescence assay; the angiopoietin-2, MMP-9
(matrix metallopeptidase 9) were recorded using enzyme immunoassay. In myocar-
dial biopsies the specific area of vessels and the expression of aSMA (smooth muscle
alpha-actin) were determined by morphometric andimmunohistochemical methods.
Results. In the peripheral blood of patients with CHD, regardless of the presence
of ICMP, the DEC content exceeded the physiological level, and the VEGF-A, PDGF,
angiopoietin-2, and MMP-9 corresponded to the norm. In CHD patients without
cardiomyopathy, there was an excess of SDF-1 and EPC in the blood from the cubital
vein, and in ICMP, their physiological significance was noted. In the coronary blood
flow in patients with CHD without cardiomyopathy, an increase in the concentration
of PDGF was found, which was not determined in patients with ICMP, who had an in-
creased content of DEC, angiopoietin-2 and MMP-9. The specific area of the vessels
in the patients of the two groups was comparable; the expression of aSMA in ICMP
was 6.2 times lower than in patients with CHD without cardiomyopathy.
Conclusion. The development of ICMP is accompanied by impaired maturation
of vessels in the myocardium, associated with the absence of a compensatory reac-
tion of activation of cellular and humoral factors of angiogenesis.

Key words: angiogenesis, growth factors, endothelial progenitor cells, myocardium,
coronary heart disease
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PE3IOME

AkmyanbHocme. [Ipu uwemuyeckol kapouomuonamuu (MKMI) aHzuozeHe3
ocmaémcs Heusy4eHHbIM.

Leno uccnedoesanusa. Oxapakmepu3o8ame cocyoucmyto cems cepoyad u ouc-
6anaHc meduamopos aHzuo2eHe3d 8 KOPOHAPHOM KpOBOMOKe 8 adccoyuayuu
C YUCIEHHOCMbIO SHOOMEIUA/bHBIX NPO2eHUMOpPHbIX Knemok (3l1K) u deckea-
MUPOBAHHbIX 3HOOMeUAbHbIX K1emok ([]9K) 8 kposu y 60/1bHbIX uwemuyeckou
6one3Hblo cepoua (MbC), cmpadaroujux u He cmpaoarowux uwemuyeckol Kapou-
omuonamued.

Memoosl. O6cnedosatsi 52 6os1bHbix UBEC (30 nayueHmos ¢ MKMIT, 22 nauyuesnma
6e3 VIKMI) u 15 30opossix 00HOpPo8. B kposu u3 KybumaseHoU 8eHbl onpedensanu
cooepxxaHue Il1K (CD14*CD34*VEGFR2%), u3 KopoHapHo20 cuHyca u Kybumarsis-
Holi seHbl — []3K (CD45-CD146%) memodom npomoyHol yumodgpiyopumempuu. B
njasme Kpogu pe2ucmpuposasu KOHUeHmpayuro ¢akmopa pocma 3Hoomesnus
cocyoos A (VEGF-A, vascular endothelial growth factor A), pakmopa pocma mpom-
6oyumos (PDGF, platelet-derived growth factor), cmpomaneHo20 K1lemo4YyHo20
¢akmopa 1 (SDF-1, stromal cell-derived factor 1) c nomowbto ummyHogyopec-
UeHmMHo20 aHanusd; aH2uono3MuHa-2, MampukcHoU mMemasaonpomeuHasel 9
(MMP-9, matrix metallopeptidase 9) — memodom ummyHogepMmeHMHO20 aHAu3a.
B 6uonmamax muokapdoa onpedenanu yoenbHyto naouads cocyoo8 U IKCnpeccuto
aSMA (smooth muscle alpha-actin) mopghomempuyeckum u UMMYHO2UCMOXUMU-
YyecKuM Memooamu.

Pesynemamel. B nepugepuyeckoli kposu y 6onbHbix MBC eHe 3asucumocmu
om Hanuyusa MKMI1 codepxaHue []3K npesbiwano ¢usuonozuyeckull yposeHs,
a cooepxxaHue VEGF-A, PDGF, aHeuonoamuHa-2 u MMP-9 coomeemcmeosaso
Hopme. Y 6onbHbix VIBC 6e3 kapouomuonamuu 8 Kposu U3 KybumasnbHoU 8eHbl
ommeuyasncsa uzbbimok SDF-1u 3lK, a npu IKMIT - ux ¢pusuonozudeckoe 3HayeHue.
B kopoHapHom kposomoke y 60s1bHbix IBC 6e3 kapouomuonamuu ycmaHo8 1eHo
noselweHue koHYeHmMpauyuu PDGF, ye2o He onpedensnocs y nayueHmos ¢ IKMIT,
y Komopebix 6b1s10 ygenuyeHo cooepxxarue []9K, aHzuonosmuxa-2 u MMP-9. Yoes-
Has niowadb cocydos y 60s1bHbIX 08YX 2pynn bblsia conocmasumod, Kkcnpeccus
aSMA npu VIKMI1 6sin1a 8 6,2 pasa Huxe, 4em y 6osbHbix IBC 6e3 kapouomuonamuu.
3aknioyeHue. Paszsumue VIKMI1 conpogoxdaemca HapyweHUem co3pesaHus
cocy0os 8 MUOKapoe, C8A3AHHbIM C OMCYymMcmaueM KOMNeHcamopHoU peakyuu
akmueayuu K/1lemouYHbIX U 2yMOPasibHbIX hakmopos aHauozeHesd.

Knioueesle cnoea: aHzuozeHes, (hakmopsl pocma, 3HOOMenuaabHble NPo2eHuU-
MOpHbIe K/lemKu, MUOKApO, uuwemudeckds 6one3Hb cepoud

OnauntunposBanma: Yymakosa C.I1., Ypasosa O.M., LUnnynuH B.M., Cyxogono W1.B., Ctenb-
MaweHko A, Oenncenko O.A., Angpees CJ1., AémuH M.C,, YypuHa E.I. Mpoaykuna megu-
aTOPOB aHrMoreHesa 1 CTPyKTypa COCYAUCTON CTEHKM B cepALe Npu Uemmnyeckom Kap-
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INTRODUCTION

Ischemic cardiomyopathy (ICMP) is a severe disease
that has no specific pharmacotherapy to date and is char-
acterised by disease progression in some patients even af-
ter surgical correction of the coronary bed and left ventric-
ular cavity [1, 2]. This demonstrates the insufficiently stud-
ied pathogenesis of ICMP, in which the role of chronic in-
flammation, cardiomyocyte apoptosis, disorders of Ca?*
homeostasis and myocardial contractile function, synthe-
sis of different types of collagens, and microvascular dys-
function have been actively discussed to date [2-4]. There-
with, the interest of scientists is focused on the vasomo-
tor form of endothelial dysfunction [5, 6]. Angiogenic form
of endothelial dysfunction in ICMP, including impaired an-
giogenesis, balance of reparative and destructive process-
es in vessels [7], however, has not been studied.

Both forms of chronic coronary heart disease (CHD)
are accompanied by damage to the vascular intima, since
the morphological substrate of CHD, either complicated
or uncomplicated by ICMP, is atherosclerosis of the coro-
nary arteries. On the one hand, plaque macrophages sup-
port chronic inflammation, prolong vascular alteration
and endothelial desquamation with the help of matrix
metalloproteinases (MMP) [1, 8, 9], but they also contrib-
ute to atheroma vascularisation, which increases the risk
of plaque haemorrhage with its subsequent destabilisa-
tion [5, 10]. On the other hand, induction of angiogenesis
is necessary for formation of collateral blood flow and re-
pair of damaged vessels, which has protective and adap-
tive value in CHD and ICMP. Angiogenesis is performed
by endothelial progenitor cells (EPC), most of which have
a monocytic immunophenotype and reparative potential
in relation to endothelium as a result of paracrine secre-
tion of angiogenesis factors [11].

In this regard, studying the output of such media-
tors of angiogenesis as vascular endothelial growth fac-
tor (VEGF) A, platelet-derived growth factor (PDGF), stro-
mal cell-derived factor (SDF) 1, angiopoietin (Ang) 2
and MMP-9 in the heart [11, 12] can establish the mecha-
nisms of angiogenesis and angiopoietic endothelial dys-
function in CHD both complicated and uncomplicated
by ICMP. At the same time, comparison of the number
of EPCs of monocytic immunophenotype and desqua-
mated endothelial cells (DEC) in blood, as well as deter-
mination of the specific volume of vessels and expres-
sion of alpha-smooth muscle actin (aSMA), which is syn-
thesized by vascular smooth muscle cells [13], will ena-
ble to determine the correlation of angiogenesis factors
with the degree of coronary endothelial damage in ICMP
relative to CHD without cardiomyopathy.

THE AIM OF THE STUDY

To reveal features of vascular network formation
in the heart and imbalance of angiogenesis mediators in cor-
onary blood flow in association with the number of endothe-
lial progenitor and desquamated cells in blood from pa-
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tients affected by coronary heart disease with and without
ischemic cardiomyopathy.

METHODS

A single-stage controlled (case-control) single-center
observational study was conducted from February 2020
to May 2022. The study included 52 CHD patients with ten-
sion angina ll-1V functional class and circulatory insufficien-
cy, mainly II-lll functional class according to NYHA (New
York Heart Association), who had a history of myocardial
infarction and were hospitalised at the Research Institute
of Cardiology of Tomsk National Research Medical Cen-
tre of the Russian Academy of Sciences for the purpose
of coronary bypass surgery. Patients with CHD were cat-
egorised into two groups: 30 patients with ICMP (27 men
and 3 women; mean age - 61.0[56.0; 64.0] years) and 22 pa-
tients without cardiomyopathy (18 men and 4 women;
mean age - 64.0 [59.5; 67.0] years). According to the crite-
ria of G.M. Felker et al. (2002), the signs of ICMP were low
left ventricular ejection fraction (less than 40 %), haemo-
dynamically significant stenosis of two or more epicardi-
al vessels or the trunk of the left descending artery [14].
CHD patients without cardiomyopathy had similar coro-
nary vessel changes but had preserved left ventricular ejec-
tion fraction (more than 40 %). The control group consist-
ed of 15 practically healthy donors (13 men and 2 women;
mean age - 57.63 + 8.12 years) without any cardiovascu-
lar diseases and relevant complaints.

CHD patients both with and without ICMP were com-
parable in terms of age, sex, body mass index, duration
of CHD, functional class of angina and circulatory insuffi-
ciency, as well as frequency of prescription of statins. Howe-
ver, they were statistically significantly different in terms
of left ventricular parameters: ICMP patients compared
to CHD patients without cardiomyopathy had higher myo-
cardial mass (233.0[221.7;266.2] g vs. 184.0[140.5; 214.5] g;
p <0.001) but lower ejection fraction (30.00 [22.00; 36.00] %
vs.59.50[50.25;67.00] %; p < 0.001), as a decrease in the lat-
ter less than 40 % was a criterion for ICMP diagnosis and pa-
tient grouping. The pattern of comorbidity in the patient
cohorts was also comparable, except for a higher inci-
dence of type 2 diabetes mellitus in CHD patients with-
out ICMP (31.82 % vs. 6.67 %; p = 0.046) and chronic cer-
ebral circulatory disorders in patients with ICMP (90.0 %
vs. 59.1 %; p = 0.023).

All CHD patients underwent coronary artery bypass sur-
gery with similar anaesthetic management (diazepam, ket-
amine, fentanyl, promedol, pipecuronium). At the preoper-
ative stage, patients of both groups were treated according
to the generally accepted principles of CHD therapy (pro-
longed-acting nitrates and on demand - calcium channel
blockers, $1-adrenoblockers, statins, antiaggregants). The-
rapy was similar in the CHD patient groups, except for more
frequent use of calcium channel blockers in CHD patients
without cardiomyopathy, compared with ICMP patients
(63.6 % vs.0%;p <0.001). More frequent prescription of an-
ticoagulants in CHD patients without cardiomyopathy may



be associated with a greater intensity of atherogenesis and
involvement of lower limb vessels than in ICMP.

The exclusion criteria of patients from the study
were as follows: age older than 70 years; presence of al-
lergic disease in the exacerbation stage, autoimmune dis-
eases, anaemia, tumour process, syphilis, HIV infection,
viral hepatitis; presence of acute infectious diseases less
than 3 weeks before surgery; prescription of erythropoie-
tin orimmunosuppressive therapy; patient’s refusal to par-
ticipate in the study.

The studies were conducted in accordance with the ethi-
cal principles outlined in the World Medical Association
Declaration of Helsinki (1975) and with the permission
of the local Ethical Committee of the Siberian State Medi-
cal University of the Ministry of Health of Russia (Protocol
No. 7981 dated December 16, 2019). Informed consent
for participation in the study was obtained from all indi-
viduals examined.

The study material included blood samples from the cu-
bital vein (peripheral blood) and blood from the coro-
nary sinus (sinus blood) stabilized with heparin (25 1U/ml),
as well as biopsy specimens of the auricle of the right atri-
um. Peripheral blood was collected in a volume of 5 ml
from the cubital vein in the morning on an empty stomach
in both healthy donors and CHD patients of both study
groups on the day of surgery immediately before induc-
tion into anaesthesia. Peripheral blood was used for immu-
nophenotyping of EPCs and DECs, its plasma was used to es-
timate the concentration of the studied mediators. Blood
from the coronary sinus in the volume of 5 ml was obtained
only in CHD patients: intraoperatively, by transmyocardi-
al puncture after surgical access to the heart, but before
connection of the artificial circulation device and the main
stage of the surgery. DEC content was determined in blood
from the coronary sinus, blood plasma from the coronary si-
nus was used to study the concentration of the studied me-
diators. Myocardial biopsies of the right atrial auricle in vol-
ume not more than 10 mm?3 were obtained intraoperative-
ly at the stage of its cannulation for connection of the ar-
tificial circulation device, but before the commencement
of extracorporeal perfusion. Myocardial biopsy specimens
were used to determine specific vessel area by morpho-
metric method and a-SMA expression by immunohisto-
chemical method.

DEC absolute amount and EPC relative content in blood
were determined by flow cytofluorimetry in venous blood
obtained from the cubital vein in healthy donors and in CHD
patients of both groups (peripheral blood). In patients, DEC
content was also assessed in blood from the coronary si-
nus. Whole blood was lysed by adding FACS Lysing solu-
tion (BD Biosciences, USA), then cells were washed three
times with 20-fold volume of Cell-WASH-solution BD buff-
er (Becton Dickinson, USA). Mouse Anti-Human CD14-FITC,
CD34-PE, VEGFR2(KDR; CD309)-Alexa Fluor 647, CD45-
FITC and CD146-Alexa Fluor 647 monoclonal antibod-
ies were used to detect EPCs with CD14*CD34"VEGFR2*
immunophenotype and DECs with CD45CD146" immu-
nophenotype, according to the manufacturer’s instruc-
tions (BD Biosciences, USA). Fluorescence intensity meas-
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urements were performed using an Accuri C6 flow cytome-
ter (BD Biosciences, USA), and the data were analyzed using
BD Cell Quest for Mac OS° X software application (BD Bio-
sciences, USA). DEC fraction among all blood cells analysed
was correlated with the total number of leukocytes ex-
pressing CD45* (CD45 - total leukocyte antigen), expressed
in x10°/I. The total number of leukocytes in blood was as-
sessed by flow cytofluorimetry using a XS-1000i haemato-
logical analyzer (Sysmix Corporation, Japan).

Peripheral blood plasma from CHD patients of both
study groups and healthy donors, as well as blood plas-
ma from the coronary sinus of CHD patients of both
groups was aliquoted and stored at -80 °C for no more
than 12 months. The concentration of VEGF-A, PDGF, SDF-1
was measured using a commercial multiplex assay test sys-
tem ‘Magnetic Luminex Assay Kit for VEGFA, VEGFB, PDGF,
SDF1, SCF, FGF1, GM-CSF, MSR1’ (Cloud-Clone Corp., USA)
and an automated analyzer Bio-Plex Protein Assay System
(Bio-Rad, USA). The concentration of Ang-2 and MMP-9 pro-
teinase in plasma was measured by enzyme-linked immu-
nosorbent assay using commercial kits ‘RayBio Human AN-
GPT2 ELISA Kit' (RayBiotech, USA) and ‘Human MMP9 ELI-
SA’ (ThermoFisher Scientific, USA) according to the manu-
facturers’ instructions.

The myocardial samples obtained were fixed in 10 %
neutral buffered formalin, paraffinized and histological
sections 4-5 um thick were made using an automatic rota-
ry microtome HM 355 S (Thermo Scientific, USA). Sections
were stained with hematoxylin and eosin [15], enclosed
in BioMount mounting medium (BioOptica, Italy). Immuno-
histochemical staining was performed on 4 um thick paraf-
fin sections for which deparaffinization, antigen demasking,
and blocking of non-specific binding with 3 % bovine se-
rum albumin in phosphate-buffered saline (PBS) were per-
formed. Following this, slices were incubated with prima-
ry antibodies to aSMA (Spring BioScience, USA) for 60 min
in a humid chamber followed by 3-fold washing in PBS,
then incubated with secondary HRP-labelled antibodies
for 45 min followed by 3-fold washing in PBS. In the last
step, DAB-chromagen substrate (HRP-DAB (horseradish
peroxidase — diaminobenzidine) imaging system; DAKO,
USA) was added and stained with haematoxylin. All sections
were enclosed in BioMount mounting medium (BioOptica,
Italy). The preparations were studied in transmitted light
using an Axioskop 40 microscope (Carl Zeiss, Germany);
images were digitized using a Canon G 10 camera (Canon,
Japan). Tissue markers were counted at x400 magnifica-
tion in 10 randomly selected fields of view corresponding
to 1 mm? of tissue [16]. Specific vessel area and aSMA ex-
pression as percentage of the studied tissue area were esti-
mated using the AxioVision graphic image processing pro-
gram (Carl Zeiss, Image)).

Statistical analysis of the data was performed us-
ing Statistica 10.0 program (StatSoft Inc., USA). In statisti-
cal description of the results, median, 25th and 75th per-
centiles were calculated for quantitative traits; for qualita-
tive traits, sample fraction was estimated. In order to com-
paratively analyze sample data, Mann - Whitney (for inde-
pendent samples) and Wilcoxon (for dependent samples)



criteria were applied, using Benjamini — Hochberg correc-
tion for multiple comparisons. Chi-square test with Yeats’
correction for continuity was applied to compare the fre-
quencies of occurrence of the trait in the groups. The re-
sults of statistical analysis were considered statistically sig-
nificant at p < 0.05.

RESULTS

The DEC content in peripheral blood of CHD pa-
tients, whether ICMP was present or not, was higher
than that of healthy donors and did not differ between pa-
tient groups in both blood from the cubital vein (Table 1)
and blood from the coronary sinus (Table 2). At the same
time, EPC abundance in peripheral blood was elevated

TABLE 1

in CHD patients without cardiomyopathy (Table 1). In pa-
tients with ICMP, on the contrary, this parameter of total
blood flow varied within physiological values (Table 1),
while DEC abundance in sinus blood was 2.5 times higher
than in peripheral blood, which was not observed in CHD
patients without cardiomyopathy (Tables 1, 2).

The content of VEGF-A and PDGF growth fac-
tors in peripheral blood of CHD patients correspond-
ed to the values in healthy donors irrespective of ICMP
presence and did not differ between the patient groups
(Table 1), but the coronary blood flow analysis revealed
significant differences (Table 2). For instance, in CHD pa-
tients without cardiomyopathy, PDGF levels were high-
er in sinus blood than in peripheral blood (Tables 1, 2).
Meanwhile, VEGF-A content in blood from the coronary
sinus prevailed over its level in blood from the cubital

CONTENT OF ENDOTHELIAL PROGENITOR AND DESQUAMATED CELLS AS WELL AS MEDIATORS OF ANGIOGENESIS
IN BLOOD FROM THE CUBITAL VEIN IN CHD PATIENTS AFFECTED AND NOT AFFECTED BY ICMP, Me [Q1; Q3]

Indicators

CHD without ICMP

EPC content
VEGFR2*CD34tCD14%, %

0.74 [0.46; 1.23]
p, <0.001

DECs number
CD45-CD146%, x10 >/l

7.25 [6.80; 7.47]
p, =0.038

4.50 [3.00; 8.00]

VEGF-A, pg/ml 2 on1a
60.00 [50.00; 80.00]

SDF-1, pg/ml o002

PDGF, pg/ml 3.10[2.10; 7.05]

p, = 1.000

445.0[137.5;552.5]

Angiopoetin-2, pg/ml P, = 1000

11.95 [7.00; 13.40]

MMP-9, pg/ml P, = 0.460

Group of examined individuals

CHD with ICMP Healthy donors

0.31[0.15; 0.64]
p, = 0.260
p=0.038

0.19[0.13;0.32]

7.26 [5.43;17.94]
p, =0.037
p=0597

5.12[3.73;5.84]

6.00 [3.00; 9.50]
p,=0.216
p=0.502

3.80[1.00; 6.50]

49,00 [37.00; 56.00]
p =0.174
p=0.115

30.00 [5.00; 45.00]

4.85[1.20;9.10]
p, = 1.000
p=0.870

2.68[1.65;7.10]

540.0 [403.0; 670.0]
p,=0.612
p=0.884

388.0[317.0; 460.0]

13.65 [6.50; 19.60]
p, = 0.848
p=0.588

13.20 [9.60; 19.00]

Note. p, —level of statistical significance of the differences in indicators compared with the content of cytokines/cells in healthy donors; p — level of statistical significance of the differences in indicators compared
with the content of cytokines/cells in CHD patients without cardiomyopathy; statistically significant differences are marked in bold.
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TABLE 2

DESQUAMATED ENDOTHELIAL CELLS AND MEDIATORS OF ANGIOGENESIS IN BLOOD FROM THE CORONARY SINUS
IN ASSOCIATION WITH SPECIFIC VESSEL AREA CHARACTERIZATION AND ASMA EXPRESSION IN MYOCARDIUM FROM CHD
PATIENTS BOTH AFFECTED AND NOT AFFECTED BY ICMP, Me [Q1; Q3]

Indicators

CHD without ICMP

DECs number
CD45-CD146%, x10 /I

10.17 [6.80; 18.83]
p,=0.128

7.80[3.25;9.75]

Group of examined individuals

CHD with ICMP

17.98[10.27; 22.97]
p, =0.036
p=0.156

6.89 [3.25; 15.60]

VEGF-A, pg/ml _ p,=0.007

p,=0.041 p=0918

40.30 [26.00; 62.00] 46.80 [32.50; 64.00]

SDF-1, pg/ml = 0.086 p,=0.286

Py =9 p=0623

_ 7.86[2.92;8.77]

PDGF, pg/ml 7.60 [3'17)0(,)3694] p,=0.674

Py =9 p=0736

Angiopoietin-2, pg/ml

MMP-9, pg/ml

Vessel specific area, %

aSMA expression, %

767.0 [494.0; 988.0]
p,=0.128

5.92[5.07;17.42]
p,=0.972

8.10[7.60; 11.30]

1111.5 [845.0; 1235.0]
p, <0.001
p =0.002

16.64 [6.63; 29.12]
p, = 0.649
p=0.038

6.60 [4.60; 8.90]
p=0815

5.70[5.60; 6.70]

1.30 [0.60; 2.80]
p =0.007

Note. p, - level of statistical significance of the differences in indicators compared with the content of cytokines/cells in peripheral blood; p — level of statistical significance of the differences in indicators compared
with the content of cytokines/cells in CHD patients without cardiomyopathy; statistically significant differences are marked in bold.

vein in CHD patients of both groups without differences
between patient cohorts (Tables 1, 2). SDF-1 concentra-
tions in peripheral blood exceeded the norm only in CHD
patients without cardiomyopathy (Table 1); however, re-
gardless of the ICMP occurrence, the level of this medi-
ator corresponded to that in sinus blood, and no differ-
ences between the patient groups were revealed in both
blood samples (Tables 1, 2).

The content of Ang-2 and MMP-9 in peripheral blood
of CHD patients affected and not affected by ICMP was reg-
istered at the level of parameters of healthy donors
and did not reveal any differences between patient groups
(Table 1). Meanwhile, the concentration of both mediators
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in blood from the coronary sinus was higher in patients
with ICMP than in CHD patients without cardiomyopathy
(Table 2). Furthermore, the concentration of Ang-2 in sinus
blood prevailed over that in peripheral blood only in pa-
tients with ICMP, and the content of MMP-9 correspond-
ed to its content in peripheral blood independently from
the ICMP occurrence (Tables 1, 2).

The study of histological preparations of myocar-
dium revealed that the vessel specific area in CHD pa-
tients of both study groups was determined at a compa-
rable level, but aSMA expression in patients with ICMP
was 6.2 times lower than in CHD patients without cardio-
myopathy (Table 2).



DISCUSSION

The obtained data demonstrates significant differen-
ces in the mediator profile of blood from the coronary si-
nus in CHD patients affected and not affected by ICMP,
which does not correspond to the nature of the imbalance
of angiogenesis factors in peripheral blood (Tables 1, 2),
indicating the involvement of different mechanisms of an-
giogenesis regulation in the affected heart and at the sys-
temic level. Specifically, in patients with ICMP, DEC content
in blood from the coronary sinus was higher than in periph-
eral blood (Tables 1, 2), and EPC level in blood from the cu-
bital vein remained normal (Table 2). In contrast, in CHD pa-
tients without cardiomyopathy, DEC abundance in blood
samples was comparable (Tables 1, 2) with high levels
of EPCs in the systemic bloodstream (Table 2). This indi-
cates anincreased attraction of EPCs with reparative poten-
tial from bone marrow into blood in CHD patients without
cardiomyopathy, which is a compensatory reaction during
atherogenesis and, obviously, provides reparative angio-
genesis adequate to endothelial destruction in the heart.
In ICMP patients this compensatory reaction, apparently,
is not realized: physiological level of EPC in blood is insuf-
ficient for coronary vessels repair in conditions of athero-
sclerosis, therefore angiogenesis is not effective, and en-
dothelial destruction prevails, which proves the presence
of angiopoietic endothelial dysfunction in ICMP. Signifi-
cantly, no increased destruction of coronary endothelium
was revealed by measurement of DEC content in blood from
the cubital vein in ICMP (Table 1).

HIF-1 (hypoxia-inducible factor 1) is a central regu-
lator of angiogenesis as it enhances gene transcription
of several pro-angiogenic proteins (SDF-1, VEGF, PDGFB,
Ang-1, Ang-2) and their receptors [17], thereby preventing
myocardial ischaemic damage [18]. Insufficient coronary
vascular repair in ICMP may be associated with an imbal-
ance of angiogenesis mediators that ensure EPC mobiliza-
tion from the bone marrow, their homing and proliferation/
differentiation/secretory activity in coronary vessels. Among
the studied mediators of angiogenesis in the peripheral
blood of CHD patients without cardiomyopathy manifesting
EPC excess, only SDF-1 concentration was elevated, while
in patients with ICMP both indices (EPC and SDF-1 content)
were in compliance with the norm (Table 1). Accumula-
tion of SDF-1 in plasma stimulates mobilization of CXCR4*
cells from the bone marrow, including haematopoietic
stem cells and EPCs, which express CXCR4 as a receptor
for SDF-1. The interaction between SDF-1 and CXCR4 also
stimulates the recruitment and retention of stem cells in is-
chaemic areas [12, 19].

The content of another angiogenesis activator
VEGF-A in blood from the coronary sinus exceeded
that in peripheral blood among CHD patients of both
groups (Tables 1, 2), apparently reflecting the induction
of angiogenesis under ischaemic conditions. VEGF-A binds
to VEGFR1 and VEGFR2, stimulating proliferation and dif-
ferentiation of EPCs into endothelial cells, formation of tu-
bular structures and increased permeability of the vascu-
lar wall, and inhibits cardiomyocyte apoptosis [12, 20-22].
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Since hypoxia increases the expression of VEGFR1 [21],
which is a trap receptor for VEGF-A and can inhibit angi-
ogenesis [22] and activate MMP-9 secretion from vascu-
lar myocytes [23], the interaction of VEGF-A with VEGFR1
may be enhanced in ICMP patients considering widespread
myocardial ischaemia, explaining the lack of increase
in its blood concentration. In addition to the proangio-
genic VEGF-Axxxa family, there is also a family of VEGF-
Axxxb isoforms that inhibit angiogenesis [23]. The synthe-
sis of the latter increases under the action of transform-
ing growth factor (TGF) B [23], which is actively secret-
ed in the myocardium of ICMP patients [24]. Additional-
ly, VEGF-A has proatherogenic properties (accumulates
triacylglycerols, inhibits lipoprotein lipase), in contrast
to VEGF-B, which is characterised by hypolipidemic ef-
fects [22].

Along with that, the increase of PDGF concentra-
tion in sinus blood relative to peripheral blood in CHD
patients without cardiomyopathy (Tables 1, 2) indi-
cates stabilization of newly formed vessels in the heart
with VEGF-A participation, which probably does not oc-
cur in ICMP patients. PDGF is known to promote not
only differentiation, mobilization of EPCs from bone
marrow and their migration [25], but also vascular mat-
uration since, unlike VEGF, it attracts pericytes [26],
vascular smooth muscle cells and stimulates endothe-
lial-mesenchymal transition [27]. It is being activated
in the vascular wall and represents the process of loss
of EPC endothelial phenotype and their transdifferenti-
ation into smooth muscle cells, but in dilated cardiomy-
opathy itis also accompanied by the transition of EPCs
into myofibroblasts [28]. PDGF addition to smooth mus-
cle cell culture in vitro increases their survival through
activation of a signalling pathway involving Notch3,
and stimulation of Notch1 signalling maintains their
contractile phenotype [13]. This explains the higher ex-
pression of aSMA in the myocardium of CHD patients
without cardiomyopathy compared with ICMP patients
(Table 2). The aSMA protein is synthesized by vascu-
lar smooth muscle cells, which are the most numerous
in the vascular wall, providing sustenance of vascular
tone [13, 28]. Considering that the specific vascular area
in CHD patients both without and with ICMP was com-
parable, and aSMA expression was lower in patients
with ICMP (Table 2), therefore, it can be concluded that
vascular volume is not altered in ICMP, but the struc-
ture of the vascular wall is obviously disturbed. Spe-
cifically, in ICMP, newly formed vessels are immature,
and existing vessels are likely to lose tone, exacerbat-
ing ischaemia and causing myocardial contractile dys-
function and progression of heart failure.

Ang-2 is a negative regulator of angiogenesis since
it blocks the binding of proangiogenic Ang-1 to their
common receptor Tie-2, destabilises early vessels,
and increases their permeability [29]. Ang-2 in con-
ditions of VEGF-A excess, however, can be a Tie-2 ag-
onist and activate angiogenesis, and in the absence
of VEGF-A excess, Ang-2 accumulation is associat-
ed with vascular regression [23]. Therefore, increased



Ang-2 concentration in sinus blood in patients with ICMP
compared with CHD patients without cardiomyopa-
thy, while the level of VEGF-A in coronary blood flow
was comparable between them (Table 2), can be con-
sidered as a sign of impaired angiogenesis in ICMP.
Ang-2 and MMP-9 are considered as markers of cardi-
ovascular disease, atherosclerosis and endothelial dys-
function [6]. MMP-9 degrades extracellular matrix com-
ponents, including fibronectin [24, 301, which is part
of the basolateral membrane of blood vessels [31].
This can either promote angiogenesis or vascular damage
[6, 30]. Considering that in ICMP patients the content
of MMP-9 and DEC in sinus blood was higher than in pe-
ripheral blood, while in CHD patients without cardiomy-
opathy it was the same (Tables 1, 2), the hypersecretion
of MMP-9 in myocardium probably indicates its angiode-
structive effect.

The results of the study may be limited by the clin-
ical status of patients, provided that the data obtained
are valid for CHD patients with haemodynamically sig-
nificant multivessel lesions of the main coronary arter-
ies. Consequently, these patterns may not yet be evident
in patients in the early stages of ICMP formation, which re-
quires further studies. The results were obtained for indi-
viduals of Caucasoid origin living predominantly in the Si-
berian Federal District.

CONCLUSION

To date, studies of ICMP mechanisms consider the im-
balance of different types of collagen, cardiomyocyte ap-
optosis, impaired Ca?* homeostasis and myocardial con-
tractile function, vasomotor dysfunction of microvessels
as its pathogenetic factors. However, the mechanisms
of angiogenesis in ICMP patients have not been stud-
ied before. The present study has revealed that in CHD,
complicated and uncomplicated by ICMP, two different
variants of its pathogenesis are realized: with and with-
out impaired angiogenesis. The progression of CHD
without cardiomyopathy is accompanied by a com-
pensatory increase in the mobilization of EPCs from
the bone marrow in response to atherogenesis by excess
SDF-1in the blood. EPCs are actively recruited to the heart
by VEGF-A and PDGF. Mature vessels containing suffi-
cient smooth muscle cells (expressing aSMA) are formed
in the myocardium as a result of PDGF secretion; there-
fore, activation of angiogenesis limits the progression
of ischaemia and endothelial desquamation remains
moderate. ICMP formation is associated with the ab-
sence of increased EPC mobilization, which are attracted
to the myocardium by the action of VEGF-A alone, where,
without the involvement of PDGF, immature vessels
are formed that are easily degraded by Ang-2 and MMP-9.
Such angiogenesis is obviously inadequate to the degree
of vascular damage and forms a vicious circle of myocar-
dial ischaemia in ICMP. The obtained knowledge about
the mechanisms of dysregulation of angiogenesis in ICMP
defines targets for its angiogenic therapy, the develop-
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ment of which will enable to slow down the progression
of this severe disease.
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ABSTRACT

Background. To date, the genetic variability of Rickettsia helvetica has not been
sufficiently studied.

The aim. To study the prevalence and genetic variability of R. helvetica in Ixodes spp.
collected in Western Siberia and the Russian Far East.

Materials and methods. Ixodes spp. collected from rodents in the Omsk prov-
ince, Western Siberia (n = 280) and collected by flagging on Putyatin and Russky
Islands in Primorsky Krai, Russian Far East (n = 482) were analyzed for the presence
of Rickettsia spp. All positive samples were genotyped for the gltA gene fragment.
Foranumber of R. helvetica samples, fragments of the 16S rRNA, ompA, ompB, sca4,
htrA, and groEL genes and 235-5S intergenic spacer were additionally sequenced.
Results. Four Rickettsia species (R. helvetica, “Candidatus Rickettsia tarasevichiae’,
“Candidatus Rickettsia uralica”’ and “Candidatus Rickettsia mendelii”) were found.
Of them, R. helvetica was identified in 72.2 % of Ixodes apronophorus and 18.8 %
of Ixodes trianguliceps from the Omsk province and in single Ixodes persulcatus
from the Omsk province and Putyatin Island. This is the first finding of Rickettsia spp.
inl.apronophorus. All known R. helvetica sequences from this study and the GenBank
database belonged to four well supported monopheletic groups forming genetic line-
ages I-1V. Lineage l included European isolates from Ixodes ricinus, Western Siberian
isolates from . persulcatus, and some sequences from . apronophorus. All R. helvetica
sequences from |. trianguliceps from the Omsk province and |. persulcatus from
the Komi Republic and one sequence from I. apronophorus were assigned to line-
age ll. Most sequences from I. apronophorus formed lineage Ili; all known R. helvetica
sequences from I. persulcatus from the Far East formed genetic lineage IV.
Conclusion. The genetic heterogeneity of R. helvetica population was first dem-
onstrated. Known isolates of R. helvetica are reliably assigned to four genetic line-
ages, but not in all cases association of different lineages with a specific tick species
or specific territory was observed.

Keywords: Ixodes apronophorus, Ixodes persulcatus, Ixodes trianguliceps, Rickettsia
helvetica, sympatric areas, genetic lineages, phylogenetic analysis

For citation: Rar V.A,, Igolkina Ya.P, Yakimenko V.V, Tikunov A.Yu., Nikitin A.Ya., Epikhi-
na T.l, Tikunova N.V. Genetic heterogeneity of Rickettsia helvetica population. Acta bio-
medica scientifica. 2023; 8(6): 91-104. doi: 10.29413/ABS.2023-8.6.8
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PE3IOME

O6ocHoeaHue. [eHemuyeckas eapuabenbHocms Rickettsia helvetica Hedocma-
MOYHO U3yYeHa.

Lens uccnedosaHus. V3yyume scmpeuyaeMocme U 2eHemu4eckyto 8apuabeso-
Hocme R. helvetica 8 Ixodes spp., cobparHeix 8 Cubupu u Ha [anvHem Bocmoke.
Memoodel. Ha Hanuyue pukkemculi npoaHanu3upo8aHsl Keuju, CHAMele C 2pbi3y-
Hos 8 Omckol obnacmu (n = 280) u cobpaHHsie Ha ¢pnaz Ha ocmpogax [lymamuHa
u Pycckudi 8 lpumopckom kpae (n = 482). [lna scex 06paszyos pukkemcud cekgeHu-
posaHbl ppazmeHma 2eHa gltA, a ons pada o6pasyos R. helvetica dononHumesbHo
cekgeHuposaHsl ppazmeHmel 16S rRNA, ompA, ompB, sca4, htrA u groEL 2eHos
u 235-5S mexeeHHo20 cnelicepa.

Pesynbmamel. Bcezo 6b1s10 8bisi871eHO Yemblpe 8udd pukkemcud. Y13 Hux R. helvetica
06HapyxeHa e 72,2 % Ixodes apronophorus u 18,8 % Ixodes trianguliceps uz Omckoli
obnacmu u 8 eOuHUYHbIX Ixodes persulcatus uz Omckol obaacmu u ¢ ocmposa
MymamuHa. 3mo nepgoe 8visignieHue pukkemculi 8 l. apronophorus. Ha ocHogaHuu
nposedéHHO20 (husio2eHeMUYEeCK020 dHAU3a nocsiedosamesieHocmu R. helvetica
u3 0aHHoU pabomel u U3 6asvl 0aHHbIx GenBank omHeceHbl K yembipém 2eHemu-
yeckum nuHuUAaM. JluHus | ekniodaem egponelickue uzonamel u3 Ixodes ricinus,
uzoniamel u3 I. persulcatus u3 3anadHol Cubupu u Hekomopele nocs1e008amerib-
Hocmu u3 l. apronophorus. Bce nociedosamensHocmu R. helvetica uz . trianguliceps
u3 Omckoti obnacmu u us l. persulcatus us Pecny6nuku Komu, a makxe nociedoga-
mesnibHoCcMb U3 I. apronophorus omHeceHbl K auHUU Il. bonewuHcmMeo nociedosa-
mensHocmelti u3 l. apronophorus o6pasyrom uHuto lll, a ece nocnedosamensHocmu
R. helvetica us I. persulcatus c JaneHe2o Bocmoka — nuHuio V.

3aknioyeHue. Bnepgvie NOKA3aHA 2eHeMUYecKas 2emepo2eHHOCMb nonynayuu
R. helvetica. M3secmHsie u3onamel R. helvetica HA0EXXHO omHeceHbl K Yemublpém
2eHemuYecKUM JIUHUAM, OOHAKO ACCOUUayus pas/iuyHbIX JUHUU C onpeode1éHHbIM
8UOOM KJlewd usu ¢ onpedenéHHol meppumopueli Habiodaemcs He 80 8cex
Cyyasx.

Knrouesonie cnosa: Ixodes apronophorus, Ixodes persulcatus, Ixodes trianguliceps,
Rickettsia helvetica, obnacme cumnampuu, 2eHemuy4eckue JIUHUU, ¢huozeHemu-
Yeckuli aHanu3

Onauntnposanua: Pap B.A, VironknHa A.MN., Aknmenko B.B., TukyHos A.tO., HnkntnH A f.,
EnuxuHa T.M., TukyHoBa H.B. TeHeTnueckas reTeporeHHOCTb nonynsauuu Rickettsia helvetica.
Acta biomedica scientifica. 2023; 8(6): 91-104. doi: 10.29413/ABS.2023-8.6.8
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INTRODUCTION

Rickettsia helvetica Beati et al. 1993 [Rickettsiaceae;
Rickettsiales], belonging to the spotted fever group (SFG),
is one of the causative agents of rickettsioses in Eurasia. Rick-
ettsiosis caused by R. helvetica is characterized by a wide
range of clinical manifestations: fever is more often with-
out rash, and cases of perimyocarditis, meningitis, and sar-
coidosis have been described [1-5]. This infection is mainly
diagnosed in European countries. In Russia, only one case
of rickettsiosis caused by R. helvetica has been described
in a patient with signs of acute febrile illness from the Perm
Territory [6].

Specific vectors of R. helvetica are ticks of the genus
Ixodes. Rickettsia helvetica is widely prevalent in ticks Ixodes
ricinus (Linnaeus, 1758) in various European countries [7, 8].
In Russia, R. helvetica is observed in different regions; howev-
er, in most regions the occurrence of this species was rather
low and did not exceed 5-8 %. Thus, R. helvetica was found
in 4.6 % of the taiga tick (Ixodes persulcatus (Schulze, 1930))
in the Komi Republic[9],in 1.9 % of I. persulcatus in the Omsk
region [10], in 5.1 % of Ixodes spp. in the Altai Territory [11],
as well asin 8.1 % of Ixodes persulcatus (Pomerantzev, 1946)
and in 6.9 % of interspecies hybrids of I. persulcatus/I. pav-
lovskyi in the Altai Republic [12]. In the mainland of the Far
East, the occurrence of R. helvetica in taiga ticks was also low
and amounted to 3.8-4.3 % in some areas of Khabarovsk
Territory, and 2.4 % in the south of the Kamchatka Penin-
sula[13, 14]. The exception is Sakhalin Island, where the oc-
currence of R. helvetica in I. persulcatus exceeded 60 % [14].

In addition to /. persulcatus and I. paviovskyi attacking
humans, the nidicolous ticks Ixodes trianguliceps (Birula,
1895) and Ixodes apronophorus (Schulze, 1924), all devel-
opmental stages of which feed on small mammals, inhabit
various areas of Western Siberia. Both species have an ex-
tensive but mosaic range. The tick . apronophorus is a mois-
ture-loving species inhabiting wetlands; one of its main
hosts is the European water vole (Arvicola amphibius (Lin-
naeus, 1758)) [15-18].

Many works have been devoted to the study of /. per-
sulcatus for the presence of various species of rickettsia;
most often, "Candidatus Rickettsia tarasevichiae" is detected
in I. persulcatus ticks (up to 90 % of infected ticks), and in rare
cases — R. helvetica, Rickettsia heilongjiangensis, Rickettsia
raoultii and Rickettsia sibirica [10, 12, 14, 19]. The tick /. tri-
anguliceps is significantly less studied; in our previous stud-
ies, a new candidate species "Candidatus Rickettsia uralica"
was found in . trianguliceps ticks, as well as R. helvetica and
"Candidatus R. tarasevichiae" [19]. Data on the infection
of I. apronophorus ticks with rickettsiae were not available
at the beginning of this study.

In the southern taiga and sub-taiga of Western Siberia
there are areas of sympatry of three tick species that belong
to the genus Ixodes: I. persulcatus, I. trianguliceps and I. apro-
nophorus. In these areas of sympatry, the preimaginal stages
of I. persulcatus and all developmental stages of /. trianguli-
ceps and . apronophorus can feed on the same small mam-
mals, which may result in the transmission of any rickettsi-
al species/gene variants from one tick species to another.
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In preliminary studies, we have discovered sites in the sym-
patric regions of I. apronophorus/I. persulcatus/I. triangu-
liceps in the Omsk region with the high abundance of all
three tick species [20]. Islands in the Far East are also of great
interest for study, as one of these islands (Sakhalin Island)
had an unexpectedly high infection rate of the taiga tick
with R. helvetica [14].

THE AIM OF THE STUDY

To study the occurrence and genetic variability of R. hel-
vetica in different species of ticks of the genus Ixodes in re-
mote areas of the Omsk region and the Far East.

MATERIALS AND METHODS

Collecting ticks

The material was collected on the territory of Bolsheu-
kovsky district (site Om-Bo, 56° 46’ N, 72° 03’ E) and
Znamensky district (site Om-Zn, 57° 23’ N, 73° 40" E)
of the Omsk Region, as well as on the territory of Putyat-
in Island (site Put 42° 50’ N, 132° 25’ E) and Russky Island
(site Rus 43° 00’ N, 131° 50’ E), located in Peter the Great
Bay of the Sea of Japan in Primorsky Territory (Fig. 1). Ix-
odes spp. ticks collected from rodents in the Omsk region
and ticks collected by flagging in Primorsky Territory were
included in the study.

Rodents were captured in the Omsk region at the Om-
Bo site in June 2016 and at the Om-Zn site from June
through September 2014-2015. Animals were examined
for the presence of attached ticks (larvae, nymphs and
adults), which were removed with tweezers. The species
and developmental stage of ticks were preliminarily de-
termined using a stereomicroscope MC-800 (Micros, Aus-
tria), according to morphological keys [21]. Some of the en-
gorged and nearly engorged larvae and nymphs were
stored at 10-15 °C for 1-2 weeks and then transported
to the laboratory for metamorphosis. The remaining ticks
were placed in sealed plastic tubes that were stored in li-
quid nitrogen until DNA extraction.

Questing ticks were collected from vegetation by flag-
ging on Putyatin Island in 2021 and on Russky Island in 2019
and 2021. The species and developmental stage of ticks
were preliminarily determined based on morphological
criteria; only ticks of the genus Ixodes were included in fur-
ther study.

Carrying out metamorphosis of ticks
under laboratory conditions

Partially engorged larvae and nymphs were fed on
laboratory white mice to repletion to successfully un-
dergo metamorphosis. Each engorged tick was placed
in an individual glass tube and kept in the dark at 100 %
relative humidity at 24-26 °C until moulting was com-
pleted. The ticks that underwent metamorphosis after
4 weeks were individually frozen and stored at -70 °C
until DNA isolation.



FIG. 1.
Tick collection sites

DNA isolation
Frozen ticks were homogenized with a MagNA Lyser In-
strument using MagNa Lyser Green Beads (Roche Diagnos-
tics, Switzerland). Total DNA was isolated using the Proba
NK kit (DNA-Technology, Russia) according to the manu-
facturer’s protocol.

Determination of tick species
by molecular genetic methods
The species of I. persulcatus, I. trianguliceps, and I. apro-
nophorus ticks was determined by multiplex polymer-
ase chain reaction (PCR) using species-specific primers
for the ITS2 intergenic spacer fragment as previously de-
scribed [20]. . persulcatus, I. pavlovskyi and interspecific hy-
brids were differentiated based on the determination of mi-
tochondrial (cox1) and nuclear (ITS2) loci as described pre-
viously [12].

Identification and genotyping
of Rickettsia helvetica

Rickettsia DNA was detected using nested PCR
in the presence of genus-specific primers from the gltA
generegion in the first round and primers specific for "Can-
didatus R. tarasevichiae" and specific for SFG rickettsiae
in the second round, as described previously [14]. The ob-
tained gltA gene fragments were sequenced for all posi-
tive rickettsiae samples from the SFG. For a number of pos-
itive samples containing R. helvetica DNA, gene fragments
of 16S rRNA, ompA, ompB, sca4, and htrA, as well as a frag-
ment of the groESL operon and the intergenic spac-
er 23S-5S rRNA (23S-5S IGS) were additionally amplified
in the presence of primers indicated in Table 1 for sub-
sequent sequencing. In addition, the same fragments
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of seven genetic loci were amplified for samples of R. hel-
vetica revealed earlier on Sakhalin Island (site Skh) and
in Khabarovsk Territory (site Khab) [14]. The identified nu-
cleotide sequences have been deposited in the GenBank
database under accession numbers 0Q092468-0Q092487,
0Q102487-0Q102493,0Q271213-0Q271221,0Q275007-
0Q275011,0Q675828-0Q675832,0Q861252,0Q866612-
0Q866624.

Sequencing and phylogenetic analysis

PCR products were purified using GFX columns (Am-
ersham Biosciences, USA). The Sanger sequencing reac-
tion was performed using BigDye Terminator v. 3.1 Cy-
cling Sequencing Kit (Applied Biosystems, USA) accord-
ing to the manufacturer’s instructions. Sequencing prod-
ucts were purified using CentriSep columns (Princeton
Separations, USA) and analyzed using ABI 3500 Genet-
ic Analyzer (Applied Biosystems, USA). Sequence analy-
sis was performed using BlastN [29]. Phylogenetic analy-
sis was performed with the MEGA 7.0 phylogenetic soft-
ware package [30] using the maximum likelihood (ML)
method [31].

RESULTS

Species identification
of collected ticks
The species identity of all ixodid ticks collected
in the Omsk Region and Primorsky Territory was deter-
mined using molecular genetic methods. Ticks of three
species (I. apronophorus, I. persulcatus and I. trianguliceps)
were found in two sites in the Omsk region, but the pro-



TABLE 1
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PRIMERS USED FOR R. HELVETICA AMPLIFICATION

Locus Organism Round Primer Sequence 5’-3’ T (°C) Ref.
16S1 gacgggtgagtaacacgtggg
| 56
16S2 gtcttttagggatttgctccac
Isl_\slgene Rickettsia spp. [14]
U 16S3 gatggatgagcccgcegtcag
I 60
1654 gcatctctgcgatccgcgac
Rr190.70p atggcgaatatttctccaaaa
gmp A ge? Ie Rickettsia spp. 55 [22]
eI 190-701 gttccgttaatggcagcatct
Afnw_1 ggcacaaatactttaacattacc #
| 52
190-6808 cacgaactttcacactacc [22]
Rickettsia spp.
Afnw_3 aagcctactcctaaagagaatg
I 53 #
Afnw_4 cgacagtctctagtgccg
Al taacattacaagctggaggaagcc
| 58
A2 ttcagagcctgaccaccgg
ompA gene Rickettsia spp. #
A5 caagtgctggtgatgttacta
I 56
A6 tagttacatttcctgcacctac
Afn1_helv gtaatactagcatcaccgaaatcc #
| 55
190-6808 cacgaactttcacactacc
R. helvetica [22]
190-5125 gcggttactttagccaaagg
I 54
Afnw_4 cgacagtctctagtgccg #
M59 F ccgcagggttggtaactgc [23]
| 55
120-1497m* cctatatcgccggtaattgtagc
Rickettsia spp.
BR1 gttactaatggatttattcaagt #
I 53
BR2 gcataaacttgtccagcgat
B2f_5 taaacttgctgacggtacag
| 56
B2f 2 cgattatgccgttatcgcttccaag #
Rickettsia spp.
B2f 3 gtagcctaacaaatgctcaaac
I 52
120-2399 cttgtttgtttaatgttacggt
ompB gene
B2f 3 gtagcctaacaaatgctcaaac [23]
| 52
B2f 2 cgattatgccgttatcgcttccaag
R. helvetica
B2f_Thelv cagtacaattcgctcacaacac
I 55 #
120-2399 cttgtttgtttaatgttacggt
B1 atatgcaggtatcggtact
| 56
B2 ccatataccgtaagctacat
Rickettsia spp. #
B3 gcaggtatcggtactataaac
I 56
B4 aatttacgaaacgattacttccgg
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TABLE 1 (continued)

120-3462

120-4879m*

Rickettsia spp.
B3f_3f

120-4879m*

D1f
D1876rm*
sc1f 3
D1390r
sc4-1

Rj2837r

sca4 gene Rickettsia spp.

sc4-5
sc4-6
sc4-3
D3069r
sc4-5
sc4-7

17k-5

htrA gene Rickettsia spp.

17k-3

acec RCK/23-5-F

IGS Rickettsia spp.

RCK/23-5-R
Ric-ESL-F1

grOESL Ric-ESL-R1

Syeren Rickettsia spp.

Ric-ESL-F2
Ric-ESL-R2

Note. T(°C) - annealing temperature; m* — modified primer; # — this study.

portion of ticks of different species on these sites differed
significantly. At the Om-Bo site, 67 (40.6 %) I. apronopho-
rus, 73 (44.2 %) I. persulcatus and 25 (15.1 %) I. trianguli-
ceps were identified among 145 ticks removed from 29 ro-
dents and 20 ticks removed from rodents and underwent
metamorphosis in laboratory conditions, and at the Om-Zn
site among 115 ticks removed from rodents and molted
in the laboratory, 5 (4.4 %) I. apronophorus, 87 (75.6 %)
I. persulcatus and 23 (20.0 %) I. trianguliceps were found
(Table 2).

In the Far East, on Putyatina Island, 56 I. persulcatus,
4 |. pavlovskyi and one I. persulcatus/I. pavlovskyi interspe-
cies hybrid were identified among unfed adults collected
from vegetation by flagging, and on Russian Island - 190
I. persulcatus, 199 I. paviovskyi and 32 interspecies hybrids
were found (Table 2).
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ccacaggaactacaaccatt
52 [23]
tagaagtttacacggacttttagag
gctggacctgaagctggagc #
55
tagaagtttacacggacttttagag [23]
atgagtaaagacggtaacct
52 [24]
tagtttgttccgccgtaatc
gatgtaggtgatgaactctg #
52
cttgcttttcagcaatatcac [24]
atgtctctgaattaagcaatgc #
52
cctgatactacccttacatc [25]
ccggcacaacaacaattgatg
50 #
cctttaccagctcatctactt
aattattaggctctgtattaaaga #
52
tcagcgttgtggaggggaag [24]
ccggcacaacaacaattgatg #
52
ctctcttttaataggtgttgatt #
gctttacaaaattctaaaaaccatata
55 [26]
tgtctatcaattcacaacttgcc
gataggtcrgrtgtggaagca
55 [27]
tcgggaygggatcgtgtgtttc
ggtaaatgggcaggyaccgaa
60
gaagcaacrgaagcagcatctt
(28]
atcgttatgaaagaaagcgayg
58

agwgcagtacgcactactttagc

Identification of Rickettsia spp. in Ixodes spp. ticks
in the Omsk region

Among ticks from the Om-Bo site collected from rodents
but not molted R. helvetica DNA was identified in 45 (72.5 %)
I.apronophorus of all development stages (including 1 case
of R. helvetica and "Candidatus R. tarasevichiae" mixed in-
fection) and in 9 (37.5 %) 1. trianguliceps but was not identi-
fiedin . persulcatus. Notably, all infected I. trianguliceps were
larvae (Table 2). Additionally, "Candidatus R. tarasevichiae"
DNA was found in 48 (81.4 %) I. persulcatus and 1 (1.6 %)
I. apronophorus larvae, and "Candidatus R. uralica" DNA
was found in 7 (29.2 %) I. trianguliceps. "Candidatus R. tara-
sevichiae" with Rickettsia raoultii was detected in one larva
(1.6 %) of I. persulcatus.

Among the molted ticks, 3 out of 5 are I. aprono-
phorus from the Om-Bo site and 4 of 5 I. apronophorus
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TABLE 2
IDENTIFICATION OF R. HELVETICA IN IXODES SPP. TICKS

Larvae 47 33
Nymphs 5 4
I. apronophorus
Adults 10 8
All stages 62 45 (72.5)
Larvae 55 0
I. persulcatus Nymphs 4 0
All stages 59 0
Larvae 17 9
Nymphs 4 0
I trianguliceps
Adults 3 0
All stages 24 9(37.5)
Nymphs 2 1
I. apronophorus Adults 3 2
All stages 5 3(60)
Nymphs 3 0
I. persulcatus Adults 11 0
All stages 14 0
Nymphs 1 0
I. trianguliceps
All stages 1 0
Nymphs 4 3
I. apronophorus Adults 1 1
All stages 5 4(80)
Nymphs 23 0
I. persulcatus Adults 64 1
All stages 87 1(1.1)
Nymphs 10 0
I trianguliceps Adults 13 0
All stages 23 0
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TABLE 2 (continued)

I. persulcatus Adults
Put/ )
collected by flagging I paviovskyi Adults
hybrids Adults
I. persulcatus Adults
Rus/ )
collected by flagging I paviovskyi Adults
hybrids Adults

Note. Combined data for all stages examined for each tick species are shown in bold.

from the Om-Zn site contained R. helvetica DNA. In ad-
dition, R. helvetica was revealed in one molted I. persul-
catus as a mixed infection with "Candidatus R. tarasevi-
chiae" (Table 2). "Candidatus R. tarasevichiae" DNA was re-
vealed in 80 (79.2 %) I. persulcatus and 2 (8.3 %) I. trian-
guliceps, while "Candidatus R. uralica" DNA was detected
in 3 (12.5 %) I. trianguliceps. A mixed infection "Candidatus
R. uralica" with Rickettsia sp. was revealed in 1 (1 %) nymph
of I. persulcatus.

Combining data obtained for all examined ticks from
the Omsk region, R. helvetica was revealed in 75.0 %
of I. apronophorus, 18.8 % of I. trianguliceps and 1.9 %
of I. persulcatus, indicating a close ecological relationship
between R. helvetica and I. apronophorus.

Identification of Rickettsia spp. in Ixodes spp. ticks
in the Primorsky Territory

R. helvetica DNA was revealed in only 1 of 56 I. persulca-
tus from Putyatin Island, but was not revealed in any oth-
er tick species from the same site, nor in any of 421 ticks
of the genus Ixodes from Russky Island (Table 2). "Candi-
datus R. tarasevichiae" DNA was revealed in 42 (75.0 %)
I. persulcatus, in 1 of 4 I. pavilovskyi and in the single inter-
species hybrid from Putyatin Island, and in 73.7 % of /. per-
sulcatus, 5.3 % of I. pavlovskyi and 31.3 % of inter-species
hybrids from Russky Island. DNA of "Candidatus Rickett-
sia mendelii" was revealed in 2 I. pavlovskyi on Russky lIs-
land (2016).

R. helvetica genotyping

Sequences of the gltA gene fragment (840 nucleo-
tide pairs) were determined for all R. helvetica isolates,
and 6 sequence variants were identified based on ana-
lysis of these sequences. Fragments of ompB (1255 bp),
sca4(783 bp), and 16S rRNA (684 bp) genes were addi-
tionally sequenced for a number of samples with dif-
ferent variants of the gl/tA gene. Comparative analysis
of the sequences obtained revealed 7 sequence variants
of R. helvetica differing from each other by 2-8 nucle-
otide substitutions; all detected sequence variants dif-
fered from the sequence of the prototypical strain COP9
(AICO01000001) (Fig. 2a).
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56 1(1.8)
4 0
1 0
190 0
199 0
32 0

Phylogenetic analysis based on comparison
of the concatenated sequences g/tA-ompB-sca4 with
a total length of 2259 bps showed that the sequences ob-
tained belong to four genetic lineages (Fig. 3). The sam-
ples belonging to lineage | (European lineage) formed
a common cluster together with the prototype strain
R. helvetica C9P9 isolated from the tick I ricinus from
Switzerland. Lineage | sequences were revealed only
atthe Om-Znssite in three . apronophorus and one I. persul-
catus (Table 3); these sequences differed from the R. hel-
vetica C9P9 sequences by single substitutions at the gltA
or ompB genes (Fig. 2a). Lineage Il (I. trianguliceps line)
included all samples of R. helvetica from I. trianguliceps
ticks and one sample from molted /. apronophorus
from the Om-Bo site. The lineage Il sequences deter-
mined in this study were identical to previously deter-
mined sequences from two nymphs of I. trianguliceps
taken from rodents from another area of Omsk region.
Lineage lll (I. apronophorus line) was the most numerous
and included sequences of 48 I. apronophorus, mainly
from the Om-Bo site. Samples from this lineage were ge-
netically heterogeneous — one sample differed by a sin-
gle substitution in the g/tA gene from the others; notably,
5 tick samples taken from the same rodent had the same
substitution in the 16S rRNA gene. Lineage IV (Far Eastern
lineage) included all determined sequences of R. helvet-
ica from I. persulcatus from the Far East: Putyatin Islands,
Sakhalin and Khabarovsk Territory (Table 3).

Since most R. helvetica isolates from the GenBank
database have been characterized using only the ompB
gene, we used this locus to compare the R. helvetica se-
quences obtained in this study with those published
previously. Phylogenetic analysis based on comparison
of the sequences of the ompB gene, 2684 bps in length,
showed the presence of the same four genetic lineages.
Based on the analyses conducted, the European lineage
(lineage I) additionally contained a number of specimens
of R. helvetica from I. ricinus originated from Germany
and one specimen from I. persulcatus from the Novosi-
birsk region, and the I. trianguliceps linage (lineage Il) ad-
ditionally included 32 specimens of R. helvetica from I. per-
sulcatus from the Komi Republic (Fig. 4). Sequence analy-
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FIG. 2.

a - condensed alignment based on gene sequences of gltA (840 bp), ompB (1255 bp), sca4 (783 bp) and 16S rRNA (684 bp) sequence vari-
ants of R. helvetica; b - condensed alignment based on gene sequences gltA (1037 bp), ompA (1417 bp), ompB (3100 bp), sca4 (2398 bp),
htrA (499 bp), 165 rRNA (1070 bp) genes and the intergenic spacer 235-55 rRNA (23S-5S IGS) (489 bp) of R. helvetica genetic lines. Polymor-
phic sites are listed according to the sequence of R. helvetica, strain C9P9 (AICO01000000). Non-synonymous substitutions are marked

in green color
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R. helvetica isolate Om-98 lapr m /I. apronophorus, Omsk
95 R. helvetica isolate Om-103 lapr /I. apronophorus, Omsk
R. helvetica isolate Om-79 lapr /I. apronophorus, Omsk
R. helvetica isolate Om-145 lapr /I. apronophorus, Omsk
R. helvetica COP9 /I. ricinus, Switzerland (AIC ©01000001)
R. helvetica isolate Om-74 lapr_m /I. apronophorus, Omsk
R. helvetica isolate Om-75 Itr /I. trianguliceps, Omsk

I. apronophorus lineage

i| European lineage

R. helvetica isolate Om-84 Itr /I. trianguliceps, Omsk I. apronophorus lineage
R. helvetica isolate Om-89 lapr_m /I. apronophorus, Omsk

R. helvetica Skh-7 Iper /I. persulcatus, Sakhalin

R. helvetica Skh-4 Iper /I. persulcatus, Sakhalin Far East lineage

R. helvetica Put-117 Iper /I. persulcatus, Putyatin Isl.

R. asiatica strain Maytaro 1284 (AP019563)

—
0.001

FIG. 3.
Dendrogram constructed by ML method based on concatenated sequences of gltA-ompB-sca4 gene fragments (2259 bps). Sequences ob-
tained in this study are highlighted in bold font

TABLE 3
PREVALENCE OF DIFFERENT GENETIC LINEAGES OF R. HELVETICA IN IXODES SPP.

Number of R. helvetica specimens
Number of genotyped belonging to the lineage

Site Tick species Analyzed ticks L A i

| Il ]| 1\

Not molted 45 0 0 45 0

Om-Bo I. apronophorus Molted 3 0 1 2 0
Total 48 0 1 47 0

I trianguliceps Not molted 9 0 9 0 0

I. apronophorus Molted 4 3 0 1 0

Om-Zn

I. persulcatus Molted 1 1 0 0 0

Put I. persulcatus Collected by flagging 1 0 0 0 1
Khab I. persulcatus Collected by flagging 1 0 0 0 1
Skh I. persulcatus Collected by flagging 4 0 0 0 4

R. helvetica isolate B81 / I. ricinus, Germany (HQ232247)

R. helvetica isolate M22 / I. ricinus, Germany (HQ232245)

R. helvetica isolate M19 / I. ricinus, Germany (HQ232249)

R. helvetica isolate W79 / I. ricinus, Germany (HQ232250) European
R. helvetica Novosibirsk-08-5 / I. persulcatus, Novosibirsk (KU310591) | lineage (1)
R. helvetica strain COP9 / I. ricinus, Switzerland (AICO01000000)

R. helvetica strain AS819 / I. ricinus, Germany (MF163037)

1 R. helvetica isolate Om-74 lapr m / I. apronophorus, Omsk (OQ866619) |

R. helvetica isolate Komi / I. persulcatus, Komi Resp. (Kp866151) i i
TL{ I. trianguliceps

R. helvetica isolate Om-75 Itr / I. trianguliceps, Omsk (0Q092470) lineage (Il)
72 R. helvetica isolate Om-94 Itr / I. trianguliceps, Omsk (0Q092484)
R. helvetica isolate Om-145 lapr / I. apronophorus, Omsk (0Q092489) i|l. apronophorus
95R. helvetica isolate Om-79 laprr / I. apronophorus, Omsk (0Q092477) |lineage (lll)

R. helvetica Skh-4 Iper / I. persulcatus, Sakhalin (0Q209945)
R. helvetica Skh-7 Iper / I. persulcatus, Sakhalin (0Q209952)
— R. helvetica Put-117 Iper / I. persulcatus, Putyatin Isl. (90Q866620)
R. asiatica strain Maytaro 1284 (Ap019563)

i| Far East lineage (IV)

—
0.001

FIG. 4.
Dendrogram constructed by ML method based on sequences of the ompB gene fragment (2684 bps) of R. helvetica. R. asiatica sequence
was used as an outgroup. Sequences obtained in this study are highlighted in bold font
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0.001
FIG. 5.

92 R. helvetica strain C9P9 / I. ricinus, Switzerland (AICO01000000)
R. helvetica isolate Om-74 lapr m / I. apronophorus, Omsk

R. helvetica isolate Om-75 Itr / I. trianguliceps, Omsk
100'R. helvetica isolate Om-94 Itr / I. trianguliceps, Omsk
R. helvetica isolate Om-79 laprr / I. apronophorus, Omsk

European
lineage (l)

}
]

]

I. trianguliceps
lineage (Il)

I. apronophorus

R9Belvetica isolate Om-145 lapr / I. apronophorus, Omsk lineage (1)
R. helvetica Put-117 Iper / I. persulcatus, Putyatin Isl.
. . Far East
97 R. helvetica Skh-4 Iper / I. persulcatus, Sakhalin lineage (IV)

R. helvetica Skh-7 Iper / I. persulcatus, Sakhalin
R. asiatica strain Maytaro 1284 (Ap019563)

A dendrogram constructed by the ML method based on concatenated sequences of fragments of seven loci (gltA —ompA - ompB - sca4 -
htrA - 16S rRNA - IGS) (9840 bp). Sequences obtained in this study are highlighted in bold font

sis of the sca4 gene revealed that the Far Eastern lineage
also includes R. helvetica specimens from I. persulcatus
from Japan [25].

For more detailed genotyping of the 165 rRNA gene
sequence (1070 bp), gltA (1037 bp), ompA (1417 bp),
ompB (3100 bp), scad (2398 bp), htrA (499 bp), GroEL
(1528 bp), as well as 235-5S IGS (489 bp) were de-
termined for eight samples of R. helvetica belong-
ing to different genetic lineages. All groEL gene se-
quences were identical. The remaining genetic loci
had polymorphic sites; of these, the ompB gene was
the most variable. Among the coding sequences, nu-
cleotide substitutions at 15 of the 25 polymorphic
sites were nonsynonymous (Fig. 2b). Phylogenetic
analysis based on a comparison of the concatenated
sequences 16S - gltA - ompA - ompB - sca4 - htrA -
IGS (9840 bps) also revealed with a high level of sup-
port the presence of four clusters that corresponded
to the genetic lineages identified based on the anal-
ysis of shorter sequences (Fig. 5). It should be noted
that within each genetic lineage, R. helvetica samples
differed among themselves by 1-2 nucleotide substi-
tutions. In the case of genetic lines | and II, samples
from the Omsk region differed from samples from
other regions, and in the case of genetic lineage 1V,
the sample from Putyatin Island differed by two sub-
stitutions from samples from Sakhalin.

DISCUSSION

Different species of rickettsiae tend to be associated
with certain species of ticks. Rickettsia helvetica is close-
ly related to ticks of the genus Ixodes and is the dominant
species of rickettsia in /. ricinus in Europe and I. persulca-
tus in some regions of Russia (Sakhalin Island and Komi Re-
public) [7,9, 14].

The study of tick infectivity with infectious agents
in areas of sympatry is of particular interest because it al-
lows us to compare the pathogen-tick association for dif-
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ferent tick species in the same area. This study includ-
ed ticks collected at two sites in the areas of sympatry
I. apronophorus/I. persulcatus/I. trianguliceps in the Omsk
region; at the Om-Bo site the abundance of all three tick
species was high, while at the Om-Zn site I. persulcatus was
dominant and the abundance of I. apronophorus was low.
In this study, rickettsiae were first revealed in I. apronopho-
rus. Rickettsia helvetica was revealed in 60-80 % of ticks
at different developmental stages from both sites, indi-
cating a close association of R. helvetica with . apronopho-
rus (Table 2).

Inthe Omsk region, R. helvetica was also revealed in sin-
gle I. persulcatus and in 38 % of I. trianguliceps collected
from rodents from the Om-Bo site. It should be noted that
R. helvetica was revealed only in I. trianguliceps larvae, but
not in nymphs and adults (Table 2). Considering that all lar-
vae infected with R. helvetica were collected from only two
voles, the observed discrepancy can be explained by thein-
sufficient number of 1. trianguliceps examined and the un-
even distribution of infected and uninfected larvae, being
offspring from different females. This uneven distribution
of larvae can also explain the fact that all R. helvetica sam-
ples with a unique substitution in the 16S rRNA gene were
revealed only in larvae (but not in adults) of . apronopho-
rus collected from the same vole.

In addition to the areas of sympatry in the Omsk re-
gion, ticks collected on two islands in Primorsky Territo-
ry were also included in the study. Since an unexpected-
ly high level of infection of taiga ticks with R. helveti-
ca was previously observed on Sakhalin Island, it could
be expected that other islands would also show an atypi-
cal distribution of Rickettsia spp. in different tick species.
Notwithstanding, on the surveyed Putyatin and Russky is-
lands, as well as on the mainland of the Far East and in Wes-
tern Siberia [10, 12-14, 19], "Candidatus R. tarasevichiae"
was significantly dominantin I. persulcatus ticks, and R. hel-
vetica was revealed only in one I. persulcatus on Putyat-
in Island (Table 2).

Rickettsia helvetica is a highly variable species. Analysis
of the sequences of this species determined in this study



and available in the GenBank database resulted in the as-
signment of R. helvetica isolates to four genetic lineages,
but the association of different lineages with a particular
tick species or territory was not observed in all cases. Thus,
genetic lineage | combined all genotyped specimens from
I. ricinus from Europe, a number of specimens from /. apro-
nophorus from the Omsk region and specimens from /. per-
sulcatus from the Omsk and Novosibirsk regions. The ge-
netic lineage of I. trianguliceps (lineage Il) was found in two
different species of Ixodes spp. in distant regions: in /. trian-
guliceps in the Omsk region and I. persulcatus in the Komi
Republic. At the same time, the genetic lineage of /. apro-
nophorus (lineage Ill) was revealed only in I. apronophorus
inthe Omsk region; and the Far Eastern genetic lineage (lin-
eage IV) was revealed only in I. persulcatus in the Far East.
Thus, three genetic lineages of R. helvetica were revealed
in samples from the Omsk region, and only one lineage was
identified in samples from the Far East.

The observed high genetic heterogeneity of the R. hel-
vetica population may be associated with a wide range
of their vectors: I. ricinus, I. paviovsky, I. persulcatus, I. apro-
nophorus, I. trianguliceps, Ixodes hexagonus (Leach 1815),
Ixodes arboricola (Schulze & Schlottke, 1929), Ixodes ovatus
(Neumann, 1899) and Ixodes monospinosus (Saito, 1968) [7,
9,12, 14, 32]. It should be noted that in /. trianguliceps only
one sequence variant belonging to genetic lineage Il was
revealed, whereas in I. apronophorus five sequence vari-
ants belonging to three genetic lineages were revealed (Ta-
ble 3). Sequences belonging to three lineages were iden-
tified in I. persulcatus ticks: lineage | in ticks from Western
Siberia, lineage Il in ticks from the Komi Republic, and lin-
eage IV in ticks from the Far East. Such inconsistency may
be associated with the significantly higher genetic varia-
bility of I. apronophorus and I. persulcatus ticks compared
to 1. trianguliceps [20].

At present, there is no reliable data to support the pres-
ence of co-feeding transmission of rickettsiae in ticks. Al-
though such transmission can occur under artificial con-
ditions (in the case of Rickettsia rickettsia (Wolbach 1919)
Brumpt 1922)), its impact on pathogen transmission in na-
ture appears to be negligible [33]. Our study of larvae col-
lected from rodents revealed that there was no effective
contained R. helvetica DNA transmission of R. helvetica be-
tween different species of Ixodes spp. during simultaneous
feeding on small mammals. Actually, all I. persulcatus larvae
collected from rodents were not infected with R. helvetica,
I.apronophorus larvae contained R. helvetica DNA only from
lineage lll, and . trianguliceps larvae only from lineage Il (Ta-
bles 2, 3). Notably, the association between tick species and
R. helvetica variants was observed even when larvae of dif-
ferent species were fed on the same rodent.

It should be noted that the data on genetic variability
of R. helvetica are limited to a small number of studied re-
gions and include mainly samples from Germany, the Komi
Republic, the Omsk and Novosibirsk Regions, and the Far
East. Further genotyping of R. helvetica specimens from
other regions and different tick species is needed to assess
the prevalence of different genetic lineages of this species.

It is possible that different genetic lineages of R. helvetica
may differ in their pathogenic properties.

CONCLUSION

In conclusion, a high level of infection of I. aprono-
phorus ticks with the pathogenic for humans R. helvetica
was revealed for the first time. High genetic variability was
observed for R. helvetica samples from the Omsk region.
For the first time, it was revealed that R. helvetica isolates
could be reliably assigned to four genetic lineages, but
no strict association of different R. helvetica lineages with
a particular tick species or territory was observed.

Conflict of interest
The authors of this article declare no conflicts of in-
terest.

Financing

This work was supported by the Russian state-funded
project for the Institute of Chemical Biology and Fundamen-
tal Medicine SB RAS (No. 121031300043-8).

REFERENCES

1. Fournier PE, Grunnenberger F, Jaulhac B, Gastinger G,
Raoult D. Evidence of Rickettsia helvetica infection in humans,
eastern France. Emerg Infect Dis. 2000; 6(4): 389-392. doi: 10.3201/
€id0604.000412

2. Fournier PE, Allombert C, Supputamongkol Y, Caruso G,
Brouqui P, Raoult D. Aneruptive fever associated with antibodies
to Rickettsia helvetica in Europe and Thailand. J Clin Microbiol. 2004;
42(2):816-818. doi: 10.1128/JCM.42.2.816-818.2004

3. Nilsson K, Lindquist O, Pahlson C. Association of Rick-
ettsia helvetica with chronic perimyocarditis in sudden cardiac
death. Lancet. 1999; 354(9185): 1169-1173. doi: 10.1016/S0140-
6736(99)04093-3

4. Nilsson K, Pahlson C, Lukinius A, Eriksson L, Nilsson L,
Lindquist O. Presence of Rickettsia helvetica in granulomatous tissue
from patients with sarcoidosis. J Infect Dis. 2002; 185(8): 1128-1138.
doi: 10.1086/339962

5. Nilsson K, Elfving K, Pahlson C. Rickettsia helvetica in patient
with meningitis, Sweden, 2006. Emerg Infect Dis. 2010; 16(3): 490-
492. doi: 10.3201/eid1603.090184

6. Nefedova VV, Korenberg El, Kovalevskii YV, Vorobyeva NN.
Microorganisms of the order Rickettsiales in taiga tick (Ixodes
persulcatus Sch.) from the Pre-Ural region. Annals of the Russian
Academy of Medical Sciences. 2008; 7: 47-50. (In Russ.). [Hebepno-
Ba B.B., KopeHbepr 3./, Koanesckuii tO.B., Topenosa H.b., Bopo-
6beBa H.H. MukpoopraHusmbl nopsagka Rickettsiales y TaexxHoro
Knewa (Ixodes persulcatus Sch.) B Npepypanbe. BecmHuxk PAMH.
2008; 7: 47-50].

7. Silaghi C, Gilles J, Hohle M, Pradel |, Just FT, Fingerle V, et al.
Prevalence of spotted fever group rickettsiae in Ixodes ricinus (Acari:
Ixodidae) in southern Germany.J Med Entomol. 2008; 45: 948-955.
doi: 10.1603/0022-2585(2008)45[948:posfgr]2.0.co;2

102



8. Stanko M, Derdakova M, Spitalska E, Kazimirova M. Ticks
and their epidemiological role in Slovakia: From the past till
present. Biologia (Bratisl). 2022; 77(6): 1575-1610. doi: 10.1007/
s11756-021-00845-3

9. Kartashov MY, Glushkova LI, Mikryukova TP, Korabel-
nikov 1V, Egorova YI, Tupota NL, et al. Detection of Rickettsia
helvetica and Candidatus R. tarasevichiae DNA in Ixodes persul-
catus ticks collected in Northeastern European Russia (Komi
Republic). Ticks Tick Borne Dis. 2017; 8: 588-592. doi: 10.1016/j.
ttbdis.2017.04.001

10. Shpynov SN, Fournier PE, Rudakov NV, Samoilenko IE,
Reshetnikova TA, Yastrebov VK, et al. Molecular identification
of a collection of spotted Fever group rickettsiae obtained from
patients and ticks from Russia. Am J Trop Med Hyg. 2006; 74(3):
440-443.

11. Rakov AV, ChekanovaTA, Petremgvdlishvili K, Timonin AV,
Valdokhina AV, Shirokostup SV, et al. High prevalence of Rickett-
sia raoultii found in Dermacentor ticks collected in Barnaul, Altai
Krai, Western Siberia. Pathogens. 2023; 12(7): 914. doi: 10.3390/
pathogens12070914

12. Rar V, Livanova N, Sabitova Y, Igolkina Y, Tkachev S,
Tikunov A, et al. Ixodes persulcatus/pavlovskyi natural hybrids
in Siberia: Occurrence in sympatric areas and infection by a wide
range of tick-transmitted agents. Ticks Tick Borne Dis. 2019; 10(6):
101254. doi: 10.1016/j.ttbdis.2019.05.020

13. Pukhovskaia NM, Rar VA, Ivanov LI, Vysochina NP, Igolki-
na laP, Fomenko NV, et al. PCR detection of the causative agents
ofinfections transmitted by ticks on the Kamchatka Peninsula.
Meditsinskaya parazitologiya i parazitarnye bolezni. 2010; 4: 36-39.
(In Russ.). [MyxoBckasa H.M., Pap B.A., BaHoB J1.1., BbicounHa .H.,
WronknHa fA.M., ®omeHko H.B., n ap. BoiasneHne metogom MLUP
BO36yauTenen NpmpoaHO-04aroBbiX NHOEKLMI, NepeHOCUMBbIX
Krnewamu, Ha nonyoctpoBe Kamuatka. MeduyuHckas napazumo-
J102us U napasumapHeie 6ose3Hu. 2010; 4: 36-39].

14. Igolkina Y, Bondarenko E, Rar V, Epikhina T, Vysochina N,
Pukhovskaya N, et al. Genetic variability of Rickettsia spp. in Ixodes
persulcatus ticks from continental and island areas of the Russian
Far East. Ticks Tick Borne Dis. 2016; 7: 1284-1289. doi: 10.1016/j.
ttbdis.2016.06.005

15. Malkova MG, Bogdanov Il Parasite fauna of the water
vole Arvicola terrestris and its nests in south of Western Siberia.
Parazitologiya. 2004; 38: 33-45. (In Russ.). [ManbkoBa M.I', Borga-
HoB U.W. Mapa3ntodayHa BoasHo nonesku (Arvicola terrestris)
1 ee rHesq Ha tore 3anagHon Cubupwu. lMapasumosnozus. 2004;
38:33-45].

16. Karimov AV, Korallo-Vinarskaya NP, Kuzmenko YF, Vinar-
ski MV. Ixodes apronophorus Schulze (Acari: Ixodida: Ixodidae):
Distribution, abundance, and diversity of its mammal hosts in West
Siberia (Results of a 54-year long surveillance). Diversity. 2022; 14:
702. doi: 10.3390/d14090702

17. Yakimenko VV, Malkova MG, Shpynov SN. Ixodid ticks
of the Western Siberia: Fauna, ecology, basic research methods. Omsk;
2013. (In Russ.). [iknumeHko B.B., ManbkoBa M., lUnbiHoB C.H.
Vkcodossle knewju 3anadHou Cubupu: payHa, 5Kk0/102Us, OCHOBHbIE
Memoobl uccnedosaHus. Omck; 2013].

18. Nowak-Chmura M, Siuda K. Ticks of Poland. Review
of contemporary issues and latest research. Ann Parasitol. 2012;
58(3): 125-155.

103

19. Igolkina YP, Rar VA, Yakimenko VV, Malkova MG,
Tancev AK, Tikunov AY, et al. Genetic variability of Rickettsia spp.
in Ixodes persulcatus/Ixodes trianguliceps sympatric areas from
Western Siberia, Russia: Identification of a new Candidatus rick-
ettsia species. Infect Genet Evol. 2015; 34: 88-93. doi: 10.1016/j.
meegid.2015.07.015

20. Rar V, Yakimenko V, Tikunov A, Vinarskaya N, Tancev A,
Babkin |, et al. Genetic and morphological characterization of Ixodes
apronophorus from Western Siberia, Russia. Ticks and Tick-Borne
Diseases. 2020; 11(1): 101284. doi: 10.1016/j.ttbdis.2019.101284

21. Filippova NA. Ixodid ticks of the subfamily Ixodinae. Lenin-
grad: Nauka; 1977. (In Russ.). [Oununnosa H.A. Mkcodoseie knewju
nodcemeticmaa Ixodinae. NeHnHrpapg: Hayka; 19771.

22. Fournier PE, Roux V, Raoult D. Phylogenetic analysis
of spotted fever group rickettsiae by study of the outer sur-
face protein rOmpA. Int J Syst Bacteriol. 1998; 48(3): 839-849.
doi: 10.1099/00207713-48-3-839

23. RouxV, Raoult D. Phylogenetic analysis of members of the
genus Rickettsia using the gene encoding the outer-membrane
protein rOmpB (ompB). Int J Syst Evol Microbiol. 2000; 50: 1449-1455.
doi: 10.1099/00207713-50-4-1449

24. Sekeyova Z, Roux V, Raoult D. Phylogeny of Rickettsia
spp. inferred by comparing sequences of ‘gene D, which encodes
an intracytoplasmic protein. Int J Syst Evol Microbiol. 2001; 51(4):
1353-1360. doi: 10.1099/00207713-51-4-1353

25. Matsumoto K, Inokuma H. Identification of spotted
fever group Rickettsia species by polymerase chain reaction-
restriction fragment length polymorphism analysis of the sca4
gene. Vector Borne Zoonotic Dis. 2009; 9(6): 747-749. doi: 10.1089/
vbz.2008.0098

26. Labruna MB, McBride JW, Bouyer DH, Camargo LM,
Camargo EP, Walker DH. Molecular evidence for a spotted fever
group Rickettsia species in the tick Amblyomma longirostre in
Brazil. J Med Entomol. 2004; 41(3): 533-537. doi: 10.1603/0022-
2585-41.3.533

27. Jado |, Escudero R, Gil H, Jiménez-Alonso MI, Sousa R,
Garcia-Pérez AL, et al. Molecular method for identification of Rick-
ettsia species in clinical and environmental samples. J Clin Microbiol.
2006; 44(12): 4572-4576. doi: 10.1128/JCM.01227-06

28. Shao JW, Zhang XL, Li WJ, Huang HL, Yan J. Distribution
and molecular characterization of rickettsiae in ticks in Harbin area
of Northeastern China. PLoS Negl! Trop Dis. 2020; 14(6): e0008342.
doi: 10.1371/journal.pntd.0008342

29. National Library of Medicine. Basic Local Alignment Search
Tool. URL: http://www.ncbi.nIm.nih.gov/BLAST [date of access:
05.09.2023].

30. Molecular Evolutionary Genetics Analysis. URL: http://www.
megasoftware.net/manual.html [date of access: 05.09.2023].

31. KumarLab - Laboratory of Sudhir Kumar. URL: http://www.
kumarlab.net/publications [date of access: 05.09.2023].

32. Parola P,Paddock CD, Socolovschi C, Labruna MB, Median-
nikov O, Kernif T, et al. Update on tick-borne rickettsioses around
the world: A geographic approach. Clin Microbiol Rev. 2013; 26(4):
657-702. doi: 10.1128/CMR.00032-13

33. Moraes-Filho J, Costa FB, Gerardi M, Soares HS, Labru-
na MB. Rickettsia rickettsii co-feeding transmission among Ambly-
omma aureolatum Ticks. Emerg Infect Dis. 2018; 24(11): 2041-2048.
doi: 10.3201/eid2411.180451



Information about the authors

Vera A. Rar — Cand. Sc. (Biol.), Senior Research Officer at the Laboratory of Molecular Microbiology, Institute of Chemical Biology and Fundamental Medicine, Siberian Branch of the Russian
Academy of Sciences, e-mail: rarv@niboch.nsc.ru, https://orcid.org/0000-0002-5930-5306

Yana P. Igolkina — Cand. Sc. (Biol.), Junior Research Officer at the Laboratory of Molecular Microbiology, Institute of Chemical Biology and Fundamental Medicine, Siberian Branch of the Russian
Academy of Sciences, e-mail: igolkina@inbox.ru, https://orcid.org/0000-0001-5604-1846

Valeriy V. Yakimenko - Dr. Sc. (Biol.), Chief Research Officer, Head of the Laboratory of Arbovirus Infections of the Department of Natural Focal Viral Infections, Omsk Research Institute of Natural
Focal Infections, e-mail: yakimenko_vv@oniipi.org, https://orcid.org/0000-0001-9088-3668

Artem Yu. Tikunov - Cand. Sc. (Biol.), Senior Research Officer, Head of the Laboratory of Antimicrobials, Institute of Chemical Biology and Fundamental Medicine, Siberian Branch of the Russian
Academy of Sciences, e-mail: arttik@ngs.ru, https://orcid.org/0000-0001-5613-5447

Aleksey Yu. Nikitin — Dr. Sc. (Biol.), Leading Research Officer at the Zoological and Parasitological Department, Irkutsk Antiplague Research Institute of Siberia and Far East of Rospotrebnadzor,
e-mail: nikitin_irk@mail.ru, https://orcid.org/0000-0002-3918-7832

Tamara l. Epikhina — Lead Engineer at the Laboratory of Molecular Microbiology, Institute of Chemical Biology and Fundamental Medicine, Siberian Branch of the Russian Academy of Sciences,
e-mail: tiepikhina@gmail.com, https://orcid.org/0009-0005-7077-1809

Nina V. Tikunova - Dr. Sc. (Biol.), Chief Research Officer, Head of the Laboratory of Molecular Microbiology, Institute of Chemical Biology and Fundamental Medicine, Siberian Branch of the Russian
Academy of Sciences, e-mail: tikunova@niboch.nsc.ru, https://orcid.org/0000-0002-1687-8278

104



Stepanenko L.A. 7,
Sukhov B.G. ?,
Kon’kova T.V.?,
Bedinskaya V.V.,
Klushina N.V. 2,
Zlobin V.1.1

T Irkutsk State Medical University
(Krasnogo Vosstaniya str. 1, Irkutsk 664003,
Russian Federation)

2 Voevodsky Institute of Chemical

Kinetics and Combustion, Siberian Branch
of the Russian Academy of Sciences
(Institutskaya str. 3, Novosibirsk 630090,
Russian Federation)

Corresponding author:
Lilia A. Stepanenko,
e-mail: steplia@mail.ru

Received: 27.08.2023
Accepted: 06.12.2023
Published: 29.12.2023

ABSTRACT

Background. Klebsiellapneumoniae belongs to a group of opportunistic bacteria
that can form multiple resistance to antibiotics and transmit it to various types
of bacteria through horizontal gene transfer. These studies examine the structural
and functional diversity of CRISPR/Cas systems that protect bacteria from foreign
DNA. Their analysis using the example of antibiotic-resistant strains of Klebsiella
pneumoniae will demonstrate their resistance to certain bacteriophages, which
will make it possible to develop approaches to the treatment of complex infectious
diseases caused by these microorganisms by creating targeted phage therapy.

The aim of the study. To perform a bioinformatics analysis of the identified struc-
tural components of CRISPR/Cas systems for screening bacteriophages through
CRISPR cassette spacers using the example of antibiotic-resistant strains of Klebsiella
pheumoniae.

Materials and methods. The article analyzed 29 full-genome sequences of Kleb-
siella pneumoniae, in the genome of which the structures of CRISPR/Cas systems
and antibiotic resistance genes were determined (according to NCBI). To achieve
this goal, using software modeling methods, a search was made for Cas genes
and CRISPR cassettes, and their structural and functional characteristics were given.
Results. Using bioinformatic search algorithms in the genome of antibiotic-
resistant strains, functionally active CRISPR/Cas systems with the presence of one
or two CRISPR cassettes and belonging to Type | Subtype IE were identified. Groups
of resistant strains with identical spacer composition of CRISPR cassettes have been
identified. A phylogenetic analysis was carried out confirming their common origin.
By analyzing the spacer sequences of CRISPR cassettes, the spectrum of diversity
of phages of bacteria of the genus Klebsiella, Salmonella, belonging to the same
family Enterobacteriaceae, was determined. Thus, information was obtained about
the bacteriophages that are targeted by the action of CRISPR systems of Klebsiella
pneumoniae strains that have antibiotic resistance.

Conclusions. Analysis of the functional and structural features of the CRISPR/Cas
systems of antibiotic resistant Klebsiella pneumoniae strains made it possible to ob-
tain information about their evolutionary history and about the bacteriophages
against which their action is directed, that is, about their phage resistance. The ap-
proach used in this study may serve as the basis for the creation of personalized
phage therapy.

Keywords: Klebsiellapneumoniae, spacer, antibiotic resistance, CRISPR/Cas-system,
bacteriophage, protospacer, bioinformatics
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Zlobin V.I. Identification and analysis of CRISPR/Cas systems structures in the genomes
of antibiotic-resistant strains of Klebsiella pneumoniae. Acta biomedica scientifica. 2023;
8(6): 105-116. doi: 10.29413/ABS.2023-8.6.9
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PE3IOME

O6ocHosaHue. Klebsiella pneumoniae omHocumcs k 2pynne 6akmepud-onnop-
MmyHUCcmMos, 06;1a0aruux cNOCOOHOCMbIO hOPMUPOBAMb MHOXECMBEHHYIO AHMU-
buomukope3ucmeHmMHoOCMb U nepedasamse eé€ pasHeiM 8udam 6akmepuli nymém
20pU30HMAILHO20 NEPEHOCA 2eHO8. []JaHHbIe UCC/1e008aHUS NOCBAUEHbI U3YYeHUIO
CMPYKMypHo20 U hyHKYUOHAIbHO20 pa3Hoobpasus CRISPR/Cas-cucmem, 3auju-
warowux bakmepuu om uHopooHol JHK. Vix aHanus Ha npumepe aHmubuo-
mukope3ucmeHmHeix wmammos Klebsiella pneumoniae npodemoHcmpupyem
ux ycmouyugocme K onpedenéHHbIM 6akmepuogpazam, 4¥mo no3gosum paspabo-
mame NoOXxo0bl 8 JIeYeHUU CJI0XKHbIX UHMEeKUUOHHbIX 3a60s1e8aHUU, 8bI38aAHHbIX
OAaHHbIMU MUKPOOP2aHU3Mamu, nymeém co30aHus mapeemHoli pazosoli mepanuul.
Lenwb uccnedosaruli. BoinosiHUMb 6UOUHBOPMamuyecKull aHaau3 8bisesieH-
HbIX cmpyKmypHbix KoMnoHeHmos CRISPR/Cas-cucmem 0518 cKpuHUHea ombéopa
b6akmepuogazos uepes cneticepol CRISPR-kaccem Ha npumepe aHmubuomukope-
3ucmeHmHebix wumammos Klebsiella pneumoniae.

Mamepuanesl u Memoobl. B cmamee NpoaHanU3uposaHsl 29 NOJIHO2eHOMHbIX
nocnedosamesnvHocmeli Klebsiella pneumoniae, 8 2eHome kKomopwix 6bi/1U onpede-
neHsl cmpykmypol CRISPR/Cas-cucmem u 2eHol aHmubuomuKope3ucmeHmHocmu
(no 0aHHbIM NCBI). [ins pewieHus nocmasieHHoU Uesiu ¢ NOMOUWbIo NPO2PAMMHbIX
Memo0o8 Modesupo8aHus npouszsedéH nouck Cas-zeHos u CRISPR-kaccem, 0aHa
UX CMpPYyKmMypHas u oyHKUUOHAIbHAA Xapakmepucmuku.

Pesynemamel. [lpu nomowu 6UOUHGOPMAYUOHHbLIX A/120pUMMO8 NoUCKa
8 2eHOMe aHMUB6UOMUKOPE3UCMEHMHbIX WMAmMmos bbls1u onpedesieHbl hyHKYU-
oHasbHo akmusHble CRISPR/Cas-cucmemesl ¢ Hanuduem o0Hol unu 08yx CRISPR-
kaccem u omuocAawuecs k Type | Subtype IE. OnpedesnieHbl 2pynnel pe3ucmeHmHbix
wmammos, obsiaoaroujue udeHmuyHeiM chelicepHoim cocmasom CRISPR-kaccem.
MposedéH ppunozeHemuyeckull aHaaus, noomeepxoaruwuti ux eduHoe Npouc-
XoxoeHue. [lymém ananusa cnelicepHeix nocsiedosamesnsHocmet CRISPR-kaccem
onpedesniéH cnekmp pasHoobpasus ¢pazoe 6akmeputi pooa Klebsiella, Salmonella,
omHocAwuxca K o0HomMy cemelicmay Enterobacteriaceae. Takum obpasom,
6bis1a nosydeHa uHgopmayus o bakmepuoghazax, Ha Komopele HayesneHo oel-
cmesue CRISPR-cucmem wmammos Klebsiella pneumoniae, obnadarouwjux aHmu-
buomuKkope3ucmeHmMHoOCMoIo.

3aknioyenue. AHaAnu3 pyHKYUOHAIbHBIX U CMPYKMYPHbIX 0CObeHHOoCcmel
CRISPR/Cas-cucmem aimubuomukope3ucmeHmHsix wmammos Klebsiella
pneumoniae N0380J1UJ1 NOJTyYUMb UHGHOPMayuto 06 Ux 380/II0YUOHHOU ucmopuu
u 0 bakmepuogazax, Npomus Komopwix HanpasJsieHo ux delicmeue, Mo ecmeo
06 ux pazoycmotivugocmu. Micnonb3o8aHHbIlU 8 0aHH®bIU UCC1e008aHUAX NOOX00
8 OasibHelileM MoXXem NOC/Y>KUMmb OCHOB0U 0/11 CO30aHUA NEPCOHUGUYUPOBAH-
Hol ¢pazomepanuul.

Knioyeswble cnoea: Klebsiella pneumoniae, ahmubuomukope3ucmeHmHoOCMe,
CRISPR/Cas-cucmema, cnelicep, npomocneticep, bakmepuogaz, 6uouHpopmamuka

OnauntupoBanma: CrenaHeHkoJ1.A., Cyxos b.I, KoHbkoBa T.B., begunHckas B.B., Knywu-
Ha H.B., 3no6uH B./. neHTndukauma n aHanms ctpyktyp CRISPR/Cas-crctem B reHoMax
aHTNOMOTMKOPE3NCTEHTHBIX WTamMoB Klebsiella pneumoniae. Acta biomedica scientifica.
2023; 8(6): 105-116. doi: 10.29413/ABS.2023-8.6.9
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INTRODUCTION

Antibiotics are one of mankind’s greatest achievements.
With their invention, previously fatal diseases became
curable. Nevertheless, the formation of microorganism
resistance to antibacterial drugs is one of the most serious
problems of the health care system today [1]. The prevalence
of antibiotic-resistant strains is increasing worldwide
[2-6]. Infectious diseases caused by these pathogens
are characterized by alonger course, adherence to numerous
complications, increased disability and mortality [7-
9]. As a result, the economic costs associated with
theincrease in the duration and cost of treatment of patients
in hospital significantly increased [10, 11]. In February 2017,
the World Health Organisation (WHO) published a list
of bacterial pathogens that require new treatment
approaches as a consequence of their high virulence and
antibiotic resistance. Klebsiella pneumoniae belongs to this
group. It is a Gram-negative opportunistic pathogen
causing various infectious diseases including urinary
tract infections, bacteremia, pneumonia and abscesses
[12, 13]. The worldwide spread of Klebsiella pneumoniae
clones producing extended-spectrum beta-lactamases
(ESBL) and Klebsiella pneumoniae carbapenemase (KPCs)
has become a serious threat to healthcare facilities, as they
are a major cause of life-threatening nosocomial infections
[14]. The widespread prevalence of strains with multiple
antibiotic resistance necessitates the search for alternative
methods to combat them. WHO has initiated numerous
campaigns to combat antibiotic resistance. Epidemiologic
surveillance of microbial resistance to antimicrobial
agents has been launched [1]. New approaches are being
created in the treatment of infectious diseases that reduce
or completely replace the use of antibiotics [15]. Against
this background, there is a renewed interest in the use
of bacteriophages for the treatment of diseases of bacterial
origin in medical practice. One of the real tools of effective
control is the recently discovered CRISPR/Cas system
in bacteria, which protects bacteria from alien mobile
genetic elements. Bacteria are capable of acquiring and
integrating genetic elements into their own genome [16].
In this manner, they preserve the genetic record of previous
attacks by foreign nucleic acids in CRISPR arrays. These
arrays consist of short and conserved repetitive sequences
called repeats, which are strategically placed between
unique sequences called spacers. They are being integrated
by specialised Cas proteins into the CRISPR array during
infections by nucleic acid invasion [17-20]. Adaptive
immunity of prokaryotes against foreign genetic elements
is achieved through the formation of effector complexes
of RNA-oriented endonucleases, which have the ability
to detect and incise foreign DNA previously integrated
into the CRISPR array upon secondary infection [17, 21].
Thus, the study of the peculiarities of the structure and
functioning of CRISPR/Cas systems of Klebsiella pneumoniae
strains with antibiotic resistance will provide an opportunity
to work out approaches for the development of targeted
phage therapy in the treatment of complex infectious
diseases.
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THE AIM OF THE STUDY

Perform bioinformatics analysis of the identified
structural components of CRISPR/Cas systems for screen-
ing bacteriophages through CRISPR cassette spacers us-
ing antibiotic-resistant Klebsiella pneumoniae strains
as an example.

MATERIALS AND METHODS

The study was performed at the Laboratory of Molec-
ular Virology and Biotechnology of the Research Institute
of Biomedical Technologies of Irkutsk State Medical Univer-
sity. The system design of the conducted research is pre-
sented in Figure 1.

In these studies, 50 full-genome sequences of Klebsiel-
la pneumoniae were randomly identified in the genome
of which CRISPR/Cas systems were revealed by a bioinfor-
matic method. The object of the study was 29 out of 50 full
genome sequences of Klebsiella pneumoniae, download-
ed from GenBank database, in the genome of which anti-
biotic resistance genes were revealed (according to NCBI
(National Center for Biotechnology Information)). To ad-
dress this goal, the developed bioinformatics software al-
gorithm was used to search for CaS genes and CRISPR cas-
settes, and their structural and functional characteristics
were obtained.

Software modeling methods were used to search
for CRISPR/Cas systems and Cas genes: Macromolecu-
lar System Finder (MacSyF, ver. 1.0.2) with the auxiliary
packages makeblastDB (ver. 3.0) and HMMER (ver. 2.2.28).
CRISPR cassettes in genomes were detected and analyzed
using online services of available programs: CRISPRCasFind-
er [22] and CRISPROne [23]. To search for phages, the de-
coded spacer sequences in FASTA format were uploaded
to the CRISPRTarget online application. Only those strains
in whose genome CRISPR/Cas-systems were determined
according to the results of all used programs were consid-
ered in this study.

Phylogenetic trees were constructed and aligned us-
ing the MEGA X program using the nearest neighbor join-
ing method (NJ) with bootstrap topology statistical sig-
nificance analysis (number of replicates — 500) and using
the Maximum Composite Likelihood genetic distance mod-
el. To “root” the tree, a strain of another Escherichia coli spe-
cies (NC000913.3) was added to the sample of test organ-
isms and constituted an outgroup.

RESULTS AND DISCUSSION

Twenty-nine out of 50 strains with CRISPR/Cas system
present in the genome and possessing antibacterial drug
resistance genes (according to NCBI) served as the object
of the study. Of the 29 strains tested, 55.2 % (n = 16) had Kleb-
siella pneumoniae carbapenemase activity, 3.4 % (n=1) each
were resistant to rifampicin and trimethoprim-sulfamethoxa-
zole and 11 (37.9 %) strains had multiple antibiotic resistance.
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FIG. 2.

Arrangement of CRISPR cassettes and Cas genes of the Type | Subtype IE system in the genome of Klebsiella pneumoniae strains (data from

GenBank: NZ_CP011624.1, NZ_CP006798.1)
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Using several bioinformatic search programs, the pres-
ence of one or two CRISPR cassettes was revealed
in the CRISPR/Cas systems of the strains studied. In all cas-
es, a complete set of Cas genes characteristic of Type | Sub-
type IE systems (cas2, casl, cas5, cas7, casé, cse2gr11, cas8,
cas3) was revealed next to the cassettes, which indicates
the functional activity of CRISPR/Cas systems of the stu-
died bacteria (Fig. 2).

In all CRISPR cassettes examined, the number of re-
vealed spacers was 1629. Among them, 498 spacers
were non-repeatable, and 276 spacers had repeats at two
or more CRISPR loci. No spacer repeats were recorded
within the cassettes. The number of spacers in the cassettes
ranged from 4 to 64. The total number of spacers was great-
er in strains containing one cassette compared to strains
containing two cassettes.

Two types of consensus sequences of CRISPR cassette
repeats were observed during the study. This may indicate
the presence of a certain type of CRISPR system (in our case
itis Type | Subtype IE) and its rather stable operation, since
these repeats are recognized by Cas endonuclease pro-
teins, the action of which is aimed at cutting and destruc-
tion of the target (Fig. 3).

OAACACCCCCACETaCoTo 000 Ak Ac
cG6TTTATCCCCe0TaboaCOGOGRACAC

FIG. 3.
Nucleotide sequence of CRISPR consensus repeats of antibiotic-re-
sistant Klebsiella pneumoniae strains

Screening of CRISPR cassette spacer sequences
of the strains under study showed their complete cor-
respondence to the protospacers of phages of bacteria
of the family Enterobacteriaceae of the genus Klebsiella (Ta-
ble 1). It is important to note that for most spacers, there
was no complete correspondence between the protospac-
ers of phages from known databases.

In the analysis it was found that in CRISPR cassettes
of the studied strains (NZ_CP013322.1) there was a cor-
respondence of the site of one spacer (6) to protospacers
of several phages of bacteria of the same family, and cor-
respondence of several spacers (52, 55) of one strain
(NZ_CP017934.1) to protospacers of the same phage.
This may indicate that during evolution, bacteria have
adapted to acquire only those phage DNA spacers
that are efficiently recognized by their effector complex,
thus enhancing the protective effect of CRISPR/Cas systems.

Therefore, the full spectrum of bacteriophages
detected through spacer sequences of CRISPR cassettes
of antibiotic-resistant Klebsiella pneumoniae strains
with access to their complete genome in GenBank
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was determined. Considering the principle of operation
of bacteria CRISPR/Cas-systems, it can be assumed
that when encountering these phages, they
will be destroyed by Cas-nucleases provided that a part
of its genome corresponds to the sequence of the spacer
in the CRISPR-cassette of bacteria. This approach
can be used in the future as a basis for the creation
of personalized phagotherapy.

Next, groups of bacteria possessing identical CRISPR
spacer cassettes were revealed by analyzing antibiotic-
resistant strains. The first group consisted of two strains
possessing a different combination of Klebsiella pneumoniae
carbapenemase genes (NDM-1, OXA-48, OXA-181)
that were associated with other resistance determinants,
including extended-spectrum p-lactamases and ArmA
methylase encoding resistance to aminoglycosides. So,
they were defined as pan-resistant, as they possessed
multiple antibiotic resistance. Among the antibiotic-
resistant bacteria, five strains were revealed. It should
be noted that these strains, having similar spacer
composition, were isolated in different regions of the world
(South Korea, China (Shanghai)) and at different times
(2013, 2014) (Table 2).

The second group consisted of three strains with
multiple antibiotic resistance isolated in the same hospital
(Greece) but at different times (2011, 2013). They were
identified as intrahospital strains. One CRISPR cassette
was identified in each of their genomes. Furthermore, two
strains had the same spacer cassette composition represented
by 24 spacers (Table 3).

The third group consisted of eight Klebsiella pneumo-
niae carbapenemase-producing strains isolated from pa-
tients treated at a hospital in Lower Saxony, Germany,
where a nosocomial outbreak caused by Klebsialla pneu-
moniae was reported. These strains were found to have one
CRISPR cassette each in the genome, consisting of 35 spac-
ers that were completely identical to each other. Also in-
cluded in this group were three other strains with similar
spacer cassette composition butisolated in different regions
of the world (Arab Emirates, USA, Singapore) and at differ-
ent times (2015, 2016, 2014).

The similarity of the spacer composition of cassettes
in the genomes of the strains of the represented groups may
indicate their common origin. It can be assumed that as are-
sult of widespread circulation, strains genetically changed
but retained the CRISPR cassette structure, while in hospital
conditions (in-hospital outbreaks) they exchanged genet-
icinformation, acquiring new properties but also retaining
the CRISPR cassette structure. To confirm this point, a phy-
logenetic analysis of the strains under study was performed
based on the 16S rRNA nucleotide sequence (Fig. 4).

Phylogenetic analysis revealed that strains with simi-
lar spacer composition of CRISPR cassettes in the studied
groups are closely related, as they are located on branches
having the same ancestor (one node). At the same time,
the strain (NZ_CP012745.1), which is a member of group 2
and has an individual spacer composition of CRISPR cas-
settes, has no common ancestor with the other represent-
atives of this group.



TABLE 1

DIVERSITY OF SPACERS AND THEIR CORRESPONDING PROTOSPACER PHAGES IN THE GENOMES
OF ANTIBIOTIC-RESISTANT KLEBSIELLA PNEUMONIAE STRAINS

Strain Cassette/spacer Bacteriophage GenBank access number
NZ_CP008929.1 1/6 Klebsiella phage ST13-OXA48phi12.4 MK422450
NZ_CP009208.1 1/2 Klebsiella phage ST512-KPC3phi13.1 MK448235
NZ_CP009208.1 1/2 Klebsiella phage ST11-VIM1phi8.1 MK448233
NZ_CP009208.1 2/4 Klebsiella phage ST147-VIM1phi7.2 MK448232
NZ_CP009208.1 2/4 Klebsiella phage 1 LV-2017 KY271401
NZ_CP012426.1 1/3 Klebsiella phage ST101-KPC2phi6.1 MK448231
NZ_CP012743.1 1712 Klebsiella phage ST11-OXA245phi3.2 MK416010
NZ_CP012744.1 1/12 Klebsiella phage ST11-OXA245phi3.2 MK416010
NZ_CP012745.1 1/3 Klebsiella phage ST101-KPC2phi6.1 MK448231
NZ_CP012745.1 1/22 Klebsiella phage YMC1601N133_KPN_BP MF476925
NZ_CP012745.1 1/25 Klebsiella phage 2b LV-2017 KY271395
NZ_CP013322.1 1/6 Klebsiella phage ST512-KPC3phi13.1 MK448235
NZ_CP013322.1 1/6 Klebsiella phage ST101-KPC2phi6.1 MK448231
NZ_CP013322.1 1/6 Klebsiella phage ST11-VIM1phi8.1 MK448233
NZ_CP013322.1 1/6 Klebsiella phage 2 LV-2017 KY271396
NZ_CP013322.1 1/6 Klebsiella phage 2b LV-2017 KY271395
NZ_CP015382.1 1/3 Klebsiella phage ST101-KPC2phi6.1 MK448231
NZ_CP015500.1 1/3 Klebsiella phage ST101-KPC2phi6.1 MK448231
NZ_CP015500.1 1/22 Klebsiella phage YMC1601N133_KPN_BP MF476925
NZ_CP015500.1 1/25 Klebsiella phage 2b LV-2017 KY271395
NZ_FO834906.1 1/10 Klebsiella phage ST11-VIM1phi8.2 MK448234
NZ_CP022127.1 2/6 Klebsiella phage ST13-OXA48phi12.4 MK422450

1/53 Klebsiella phage ST405-OXA48phi1.2 MK416007
1/55 Klebsiella phage 1 LV-2017 KY271401
1/22 Klebsiella phage ST101-KPC2phi6.3 MK416017
1/36 Klebsiella phage 2b LV-2017 KY271395
NZ_CP017934.1 1/52 Klebsiella phage ST101-KPC2phi6.3 MK416017
1/52 Klebsiella phage ST147-VIM1phi7.2 MK448232
1/52 Klebsiella phage 1 LV-2017 KY271401
1/18 Klebsiella phage ST16-OXA48phi5.1 MK416013
1/18 Klebsiella phage 5 LV-2017 KY271399

NZ_CP018140.1
NZ_CP018686.1
NZ_CP018695.1
NZ_CP018701.1
NZ_CP018707.1
NZ_CP018713.1

NZ_CP018719
NZ_CP017985.1

NZ_CP018140.1
NZ_CP018686.1
NZ_CP018695.1
NZ_CP018701.1
NZ_CP018707.1
NZ_CP018713.1

NZ_CP018719
NZ_CP017985.1

1/3 Klebsiella phage ST101-KPC2phi6.1 MK448231

1/14 Klebsiella phage YMC1601N133_KPN_BP MF476925
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TABLE 1 (continued)

NZ_CP018140.1
NZ_CP018686.1
NZ_CP018695.1
NZ_CP018701.1

NZ_CP018707.1 117 Klebsiella phage 2b LV-2017 KY271395
NZ_CP018713.1

NZ_CP018719
NZ_CP017985.1
NZ_CP018458.1 2/6 Klebsiella phage ST13-OXA48phi12.4 MK422450
NZ_CP019047.1 2/11 Klebsiella phage 2 LV-2017 KY271396
NZ_CP019047.1 2/5 Klebsiella phage ST11-OXA245phi3.2 MK416010
NZ_CP019047.1 2/13 Klebsiella phage ST101-KPC2phi6.1 MK448231
NZ_CP019047.1 2/12 Klebsiella phage ST16-OXA48phi5.2 MK448230

TABLE 2

SPACER COMPOSITION OF CRISPR CASSETTES OF THE FIRST GROUP OF PAN-RESISTANT KLEBSIELLA PNEUMONIAE
STRAINS

'I\lnoGZ':‘lth;:: NZ_CP014004.1 NZ_CP012753.1
e??fxi :t'::in China, Jiangxi South Korea
yearots 2014 2013
isolation

CGTGTCGAAGCGCACCTCGTAGCCGAGCCAGTC CGTGTCGAAGCGCACCTCGTAGCCGAGCCAGTC

TCCAGTCGTCGTAGTCCTCGGTAATGTCCTCGA TCCAGTCGTCGTAGTCCTCGGTAATGTCCTCGA

TATCGTGCAGAGTCACAACCTGACGGGATTATC TATCGTGCAGAGTCACAACCTGACGGGATTATC

TCGTGCATGGTGAGGATTCTACAGTCGCACCAT TCGTGCATGGTGAGGATTCTACAGTCGCACCAT
é TACCTCCCGGCGTCCGCGCCAGGGCGATCACGTG TACCTCCCGGCGTCCGCGCCAGGGCGATCACGTG
% CCTGCAGCTGGCCGTCGAGCTGACGGATGCCGG CCTGCAGCTGGCCGTCGAGCTGACGGATGCCGG

TATCATCCCTATCGCGCAGCACTTCGACGGCGA TATCATCCCTATCGCGCAGCACTTCGACGGCGA
TACCGCCGCGATACTGGCAGTTTTCAGCTGAAT TACCGCCGCGATACTGGCAGTTTTCAGCTGAAT
TCCCGCTGGGTAAGCAATATATAACATTTGCAG
TTTAACATTCTGAAAGTGCAATTTTTGAGGCTC
TTAAGGAGGGGCGCCATGGAGCCCGTATTGATT

CTCGCACAGCATCGCCCGGATCCGCTTCCACGC CTCGCACAGCATCGCCCGGATCCGCTTCCACGC

Cassette 2

CGACGGGGCAGGTTTACGTCTACCCGGGCAGGG CGACGGGGCAGGTTTACGTCTACCCGGGCAGGG

TCCGCCGTTTAATCGCGGTGATGATATCCGGCA TCCGCCGTTTAATCGCGGTGATGATATCCGGCA

Note. Identical spacers are highlighted in color.
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The detection of similar spacers in CRISPR cassettes
of different strains may thus indicate phylogenetic relation-
ships between strains. This technique can be used in epide-
miologic analysis of outbreaks caused by antibiotic-resist-
ant strains of Klebsiella pneumoniae.

Screening of bacteriophages by spacer sequenc-
es of CRISPR cassettes of strains from the above groups
is presented in Table 1, with the exception of two pan-
resistant strains from the first group (NZ_CP014004.1

and NZ_CP012753.1), as no complete correspondence
of spacers in the composition of their cassettes to proto-
spacers from known databases was revealed. The analysis
of the spacer sequences, however, resulted in the highest
correspondence to the protospacers of phages of Klebsiella
and Salmonella bacteria belonging to the same family En-
terobacteriaceae (Table 4).

Of significance, the CRISPR cassettes of the strains
studied revealed the correspondence of one of the spa-
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cers to protospacers of several bacterial phages belong-
ing to the same family. This may indicate the conservativ-
ity of the acquired new spacers from phage DNA regions.
In this way, the bacterium “one spacer” protects itself
against multiple phages. The presence of this mechanism
increases the efficiency of the protective action of CRIS-
PR/Cas systems.

TABLE 4

The study of the identified bacteriophages revealed
that all Klebsiella phage are prophages of Klebsiella
pneumoniae bacteria belonging to isolates which are
part of clonal group ST 307 (according to NCBI data) pro-
ducing Klebsiella pneumoniae carbapenemase (Table 5).
The ST 307 genome has been demonstrated to en-
code genetic features that may provide an advantage

DIVERSITY OF BACTERIOPHAGES CORRESPONDING TO IDENTICAL SPACERS IN THE FIRST GROUP
OF KLEBSIELLA PNEUMONIAE STRAINS WITH MULTIPLE ANTIBIOTIC RESISTANCE

GenBank strain
access number

Nucleotide sequence of the spacer

NZ_CP014004.1
NZ_CP012753.1
NZ_CP014004.1
NZ_CP012753.1
NZ_CP014004.1

NZ_CP012753.1

NZ_CP014004.1
NZ_CP012753.1

TABLE 5

GenBank Number

Bacteriophage bacteriophage of nucleotide

access number  substitutions
Klel;sll'_E\‘//g (|)o1h7<':lge KY271400 2
s-ﬁegff%lc 222?51 MK448231 1
salrggcgﬁfozgage KC139634 2
. g?gffgg;phé?gj MK448235 1
S/(ﬁs_(«/ell,%pphhaigﬁ MK448233 1
s-ﬁegff%lc 222?51 MK448231 1
Klezb;ifa?zgf;;ge KY271395 1
Kleg{é\’//{;(l)or;ge KY271396 2

LIST OF IDENTIFIED BACTERIOPHAGES IN THE FIRST GROUP OF KLEBSIELLA PNEUMONIAE STRAINS WITH MULTIPLE

ANTIBIOTIC RESISTANCE

Bacteriophage Access il
Bacteriophage Number (GenBank) Source of bacteriophage isolation of ba)cterlc.)phage
isolation
Klebsiella phage 6 LV-2017 KY271400 Klebsiella pneumoniae ST307 Wtanusa, Pum
Klebsiella phage ST101-KPC2phi6.1 MK448231 Klebsiella pneumoniae ST101-KPC2 Wcnanua, Ja-KopyHba
Salmonella phage FSL SP-062 KC139634 MonouHasa pepma Hbto-Mopk, CLLIA
Klebsiella phage ST512-KPC3phi13.1 MK448235 Klebsiella pneumoniae ST512-KPC3 Wcnanus, Na-KopyHbs
Klebsiella phage ST11-VIM1phi8.1 MK448233 Klebsiella pneumoniae ST11-VIM1 Wcnanws, Na-KopyHbsa
Klebsiella phage ST101-KPC2phi6.1 MK448231 Klebsiella pneumoniae ST101-KPC2 Wcnanua, Na-KopyHbsa
) Klebsiella pneumoniae KH43 —
Klebsiella phage 2b LV-2017 KY271395 knoH Klebsiella pneumoniae ST307 Wtanusa, Pum
. Klebsiella pneumoniae H151440672 -
Klebsiella phage 2b LV-2017 KY271396 knoH Klebsiella pneumoniae ST307 Wtanus, Pum
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in adaptation to the hospital environment and human
host. All ST 307 isolates are encapsulated and there-
fore have a higher resistance to complement-mediat-
ed eradication. All this ensures the spread and preva-
lence of strains with this genetic sequence worldwide
[24].1tis known that prophages remain latent in the ge-
nome for several cell divisions, but under the influence
of external factors they change into virulent forms and
lysate the bacterial cell. In summary, the antibiotic-
resistant strains under study have a genetic memory
of these bacteriophages in the form of spacers of their
CRISPR cassettes.

This analysis of the strains under study showed a rath-
er wide spacer composition of their CRISPR cassettes, di-
versity of bacteriophages detected through spacer se-
quences, which makes it possible to suggest that they
possess not only antibiotic resistance, but also resistance
to many bacteriophages. Consequently, a personalized
approach to the integrated selection of antibiotics and
bacteriophages will potentially help to address the treat-
ment of diseases caused by these strains.

CONCLUSION

The results of these studies provided information
about the structure of CRISPR/Cas systems in the ge-
nomes of antibiotic-resistant Klebsiella pneumoniae
strains and their functional features. The revealed di-
versity of spacer sequences indicates the evolutionary
history and adaptive capabilities of these strains. In this
case, the detection of similar spacers in CRISPR cassettes
of different strains may indicate phylogenetic relation-
ships between strains. The study of phage-bacteria in-
teraction patterns based on spacer and protospacer se-
quences makes it possible to determine the resistance
and sensitivity of strains to specific bacteriophages.
In this way, the putative resistance of antibiotic-resist-
ant strains to specific phages was determined. The mech-
anism of studying CRISPR/Cas systems in bacterial ge-
nomes using bioinformatics analysis will in the future
provide more complete information about the proper-
ties of causative agents, their evolution and the selec-
tion of highly specific bacteriophages.
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ABSTRACT

Coronaviruses (family Coronaviridae, genera Alphacoronavirus, Betacoronavirus)
are dangerous viral pathogens that have caused three outbreaks of severe respiratory
diseases SARS, MERS, COVID-19. In Russia, data on coronaviruses in natural reservoirs
are limited, as investigations began only during the COVID-19 pandemic.

The aim of the work. To study the diversity of coronaviruses among rodents and in-
sectivores in the Altai Republic.

Materials and methods. Rodents (n = 67) and shrews (n = 52) were captured
in 2022. Samples were analyzed by reverse transcription-polymerase chain reaction
followed by sequencing.

Results and conclusions. Foursamples from rodents (Myodes rutilus, M. glareolus,
Apodemus peninsulae, A. agrarius) and two samples from an insectivore (Crocidura
sibirica) were positive for coronaviruses, among which three different coronaviruses
were detected. Rodent-borne coronaviruses are classified in the genus Betacorona-
virus, subgenera Embecovirus, and have shown host associated clustering. The nu-
cleotide sequences of Siberian coronaviruses from rodents were identical for closely
related species (M. rutilus and M. glareolus, A. agrarius and A. peninsulae) and close
(> 94 % homology) to previously published sequences in each of the groups of car-
riers found in the territory Novosibirsk region, Europe and China. The coronavirus
identified from the insectivore, possibly belonging to a new subgenera of the family
Coronaviridae, has also been assigned to the genus Betacoronavirus.

Conclusion. Five species of natural carriers of three different coronaviruses were de-
tected in the Altai Republic. A high level of identity of coronaviruses genomes from
rodents has been revealed, indicating a relatively low rate of their evolution.

Key words: coronavirus, taxonomy, rodents, shrews, Siberia

For citation: Yashina L.N., Abramov S.A., Smetannikova N.A., Malyshev B.S., Krivo-
palov A.V., Dupal T.A. Coronaviruses in rodents and insectivores in Altai Republic. Acta
biomedica scientifica. 2023; 8(6): 117-123. doi: 10.29413/ABS.2023-8.6.10
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PE3IOME

Koponasupycei (cemeticmso Coronaviridae, podsl Alphacoronavirus u Betacoro-
navirus) omHoOCAMCA K YUCJly ONACHbIX BUPYCHbIX NAMO2EH08, 8bI38ABWUX MpPU
8CNLILIKU MAXENbIX pecnupamopHbix 3abonesaruti SARS, MERS, COVID-19. B Poc-
CUU OaHHble 0 KOPOHABUPYCAx, YUPKYIUPYIOWUX 8 NPUPOOHbIX pe3eps8yapax, 02pa-
HUYeHbl, MAaK Kak Ucc/1e008aHUs HAYaUCb MOJIbKO 80 8peMs naHoemuu COVID-19.
Lens pabomel. ViccnedosaHue MHO2006pa3us KOPOHABUPYCO8 CPEOU 2PbI3yHO8
U HaceKoMosOHbIX 8 Pecnybnuke Anmad.

Mamepuanel u memooel. [pei3yHsl (67 ocobeli) u HacekomosoHsle (52 ocobu)
6bl1u omiossieHbl 8 2022 2. 06pasybl NPOAHAIU3UPOBAHbI MEMOOOM 06pamHoU
MpAaHcKpunyuu — noaumepasHol yenHol peakyuu u NocedyouumM ceKgeHUpo-
8aHuem.

Pe3ynemameol u o6¢cyxoeHue. [10710XXumesibHbIMU Hd KOPOHABUPYCbl OKA3AIUCH
4 obpasya om zpwbizyHo8 (Myodes rutilus, M. glareolus, Apodemus peninsulae,
A. agrarius) u 2 obpaszya om Hacekomoa0dHozo (Crocidura sibirica), 8 komopsix
06HapyxeHbl 3 pas3IudHbIX KOPOHAsUpycd. ACCOUUUPOBAHHbIE C 2pbI3yHAMU
KOpOoHasupycbl omHeceHsl K pody Betacoronavirus, nodpody Embecovirus u 0emoH-
cmpuposainu ¢usozeHeMuUYeckoe 2pynnupo8aHue 8 cCoomesemcmauu ¢ 8UOOM
npupodHo20 Hocumensd. HykneomuodHele nocsiedo8amesbHOCMU CUbUPCKUX
U30/11MO08 KOPOHABUPYCO8 OM 2pbI3yHO8 bblau UOeHMUYHbIMU 0/1 Hocumesnel
651u3kopodcmaeeHHbix 8udos (M. rutilus u M. glareolus, A. agrarius u A. peninsulae)
u 6:1u3KU (> 94 % 20Mo102UU) K paHee ony6IUKOBAHHbEIM NOC/1IE008AMETbHOCMAM
8 Kaxxdoli uz 2pynn Hocumereu, 06HapyxeHHbIX Ha meppumopuu Hosocubupckoli
obnacmu, Esponsi u Kumas. K pody Betacoronavirus omHecéH u KopoHasupyc,
8b158/1€HHbIU OM HACEKOMOAOHO020, B03MOXHO, OMHOCAWULCA K HOBOMY NOOPOOY
cemeticmaa Coronaviridae.

3aknoyeHue. O6HApyxeHsbl 5 8U008 NPUPOOHBLIX Hocumeriell 3 pa3IUYHbIX
KopoHasupycos Ha meppumopuu Pecny6uku Anmad. BeiseneH 8bICOKUU yposeHb
UGeHMUYHOCMU 2eHOMO8 KOPOHABUPYCO8 OM 2pbi3yHO8, caudemesbcmayoujuli
06 omHocumMesbHO HU3KOU CKOpOCMU UX 380/104UU.

Knioyesolie cnoea: KopoHasupyc, makCOHOMUS, 2pbl3yHbl, HACEKOMOSOHbIE,
Cubupb

Ona untTupoBaHua: AwwnHa J1.H., Abpamos C.A., CmeTaHHMKoBa H.A., Manbiwes b.C.,
Kpnsonanos A.B., lynan T.A. KopoHaBupycbl, LNpKynumpytowme cpean rpbisyHoB
1 HacekomosAaHbIx B Pecniybnuke Antan. Acta biomedica scientifica. 2023; 8(6): 117-123.
doi: 10.29413/ABS.2023-8.6.10
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INTRODUCTION

Coronaviruses (family Coronaviridae, genera Alphacor-
onavirus and Betacoronavirus) are among the dangerous vi-
ral pathogens that have caused three outbreaks of severe
respiratory diseases SARS, MERS, COVID-19 in the last two
decades [1-3]. After the SARS outbreak in 2002-2003, epi-
demiological and etiological studies confirmed that SARS-
CoV entered humans via civets [4]. Subsequent field and ex-
perimental studies showed that civet was only an interme-
diate host of SARS-CoV and bats were its natural host [5].
MERS-CoV, which first appeared in the Middle East in 2012,
also originates from bats and infects humans via camels
[6]. After COVID-19 was first revealed in Wuhan, its etiolog-
ical agent, a novel coronavirus later named SARS-CoV-2,
was not only immediately identified based on genome
studies, but also the virus was found to have high homolo-
gy with a known bat coronavirus identified in 2018 [3, 7, 8].
Additionally, recent studies have revealed that human cor-
onaviruses such as OC43, 229E, HKU1 and NL63 also origi-
nate from bats or rodents [9, 10].

Coronaviruses are characterized by high genetic diver-
sity in wild small mammals. Over a long evolutionary his-
tory, viruses have not only co-evolved with their hosts, but
have also often crossed the interspecies barrier and spread
between species and evolved to adapt to new hosts [11].
Avery diverse range of coronaviruses has been consistent-
ly detected in rodents in recent years, some of which cir-
culate simultaneously in several rodent species or even
several subfamilies [12-15]. Recent studies have shown
that OC43 and HKU1 coronaviruses, which cause human
respiratory diseases, can also be originated from rodents
[9, 16]. Along with rodents, small mammals such as shrews,
which are also highly genetically diverse, can also be carri-
ers of various coronaviruses. Shrew coronaviruses have re-
cently been discovered to have important evolutionary sig-
nificance [17].

The problem of coronavirus research is relevant
for Russia, since no epidemiological studies were con-
ducted to reveal coronaviruses in natural reservoirs be-
fore the pandemic. Only in 2020, SARS-like coronaviru-
ses (Khosta-1 and Khosta-2) were identified in two species
of bats of the horseshoe bat genus in the Krasnodar region
of the Russian Federation and their full-length genomes
were studied [18]. Subsequent studies revealed that the re-
ceptor-binding domain of one of the novel coronaviruses
is capable of utilising the human ACE2 receptor and poses
a potential risk to humans [19]. Another coronavirus was re-
vealed among Pipistrellus bats in the central part of Euro-
pean Russia [20]. The evolutionary history of this novel
MERS-like coronavirus suggests recombination of the an-
cestral genomes from bat and hedgehog. Studies of coro-
naviruses among rodents and insectivores were first con-
ducted in Siberia (Novosibirsk Region) [21]. Circulation
of viral coronaviruses was found in three species of ro-
dents and one species of insectivores. The rodent-associ-
ated coronaviruses belonged to the Betacoronavirus genus,
evidenced phylogenetic grouping according to the natu-
ral host species, and showed similarity to related corona-
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viruses from China and European countries. A new corona-
virus species was revealed among insectivores, which be-
longed to the Alphacoronavirus genus.

THE AIM OF THE STUDY

To study the diversity of coronaviruses among rodents
and insectivores in the Altai Republic.

MATERIALS AND METHODS

Small mammals were captured on the northern coasts
of Lake Teletskoye in the Altai Republic (51°47°N, 87° 18"E).
Animals were captured in accordance with the proto-
col and recommendations for safe work in compliance
with methodological guidelines MU 3.1.1029-01, approved
on April 6,2001; cotton swabs were used to collect bat oral
swabs; rectum pieces were placed in a solution with RNA
Later (QIAGEN, Germany).

RNA isolation was performed using the RIBO-prep kit
(Central Research Institute of Epidemiology, Russia) from
lavages or rectal slices. 0.2 ml of sterile 0.9% NaCl solu-
tion was added to the tubes with lavages before isola-
tion. Samples were screened by two-round reverse tran-
scriptase-polymerase chain reaction (RT-PCR) using Rever-
tAid Premium RNA polymerase (Thermo Fisher Scientific,
USA), Hot Start Taq DNA polymerase (Sibenzyme, Russia)
according to the protocol and with primers for the con-
served region of the coronavirus RNA-dependent RNA pol-
ymerase (RdRp) gene (fragment 397 nucleotides) that have
previously been described [12]. The nucleotide se-
quences of each amplicon chain were determined using
the BigDye Terminator Cycle Sequencing kit (Applied Bio-
systems, USA) on an ABI Prism 310 automatic analyser. A tax-
onomical identification of coronaviruses and their natu-
ral hosts was based on the determination and comparison
with the GenBank database of the nucleotide sequenc-
es of viral genome fragments and the cytochrome b gene
of the hosts’ mitochondrial DNA.

Nucleotide sequence alignment was performed us-
ing the MUSCLE algorithm in MEGA X software (Mega
Software, USA). The maximum likelihood (ML) method
with the GRT + G + | evolutionary model was used to con-
struct the phylogenetic tree. Calculations were performed
for 500 repeats.

RESULTS AND DISCUSSION

In September 2022, 119 specimens of 10 species of small
mammals were captured within the forest area located
in the vicinity of the village of Artybash in the Altai Repub-
lic (Table 1). All captured animals were tested for the pres-
ence of coronavirus RNA.

3.8 % (2/52) of insectivores and 5.9 % (4/67) of rodents
were positive for coronaviruses (Table 1). Viral RNA was re-
vealed in 2 out of 11 Siberian shrew (Crocidura sibirica),



1 out of 5 bank voles (Myodes glareolus), 1 out of 15 red-
backed voles (Myodes rutilus), 1 out of 20 field mice (Ap-
odemus agrarius) and 1 out of 15 Korean field mice (Apode-
mus peninsulae).

Based on the results of phylogenetic analysis, the ro-
dent-borne coronaviruses (M. rutilus, M. glareolus, A. penin-
sulaeand A. agrarius) were classified in the subgenus Embe-
covirus of the genus Betacoronavirus. The shrew-borne virus
detected in C. sibirica, was classified in the genus Betacor-
onavirus and is probably a representative of a new subge-
nus, as it differs significantly from other known coronavi-
ruses (Fig. 1).

The nucleotide sequences of the RdRp gene frag-
ment of new RNA isolates of coronaviruses identified
in rodents, have a homology level of 86.7 % between iso-
lates from animals of the genus Myodes and Apodemus,
are identical for closely related species M. rutilus/M. glare-
olus and A. peninsulae/A. agrarius and demonstrate close
similarity with previously published sequences of coro-
naviruses found in each of the host groups. Specifically,
for the new coronavirus isolates from M. glareolus/M. ru-
tilus (RtCoV/Mg-724/RUS/2022 and RtCoV/Mrut-816/
RUS/2022), a similarity level of 95.8 % and 93.8-94.9 %
was found with the RtCoV/Mrut-288/RUS/2021 RNA
isolate identified from M. rutilus in the Novosibirsk re-
gion and in Germany (D_RMU10_1974/Myo_gla/GER
and D_RMU10_1919/Myo_gla/GER), respectively. For Si-
berian isolates of coronavirus from the Altai Republic
from A. agrarius/A. peninsulae (RtCoV/Ap-709/RUS/2022
and RtCoV/Aa-818/RUS/2022), a high level of homology
was revealed (97.2 % and 98.3-98.6 %, respectively) both
with RtCoV / Aa-528/RUS/2021 isolate from A. agrarius

TABLE 1

from the nearby Novosibirsk Region, and with geographi-
cally remote strains from China (RtAa/5X2014) and Germa-
ny (KS11_0997/Apo_agr/GER/2011), respectively.

The coronavirus identified in two specimens of the Si-
berian white-toothed shrew (ShrewCov/Cs-711/RUS/2022
and ShrewCov/Cs-764/RUS/2022) differs by more
than 28.0 % in nucleotide sequence from other repre-
sentatives of the genera Alfacoronavirus and Betacorona-
virus. The highest level of difference (45.0 %) was found
with coronavirus from another insectivore species,
the common shrew (Sorex araneus) (ShrewCoV/Sa-314/
RUS/2021), circulating in the nearby Novosibirsk region.
In contrast to rodent-associated coronaviruses, corona-
viruses from insectivores revealed higher genome varia-
bility. Specifically, the level of sequence differences ob-
tained from two Siberian white-toothed shrew captured at
the same site was 2.0 %. Considering the high level of var-
iation in the conserved RdRp gene with representatives
of other genera and species, it can be assumed that the RNA
isolate from C. sibirica is a representative of a new subge-
nus of the Betacoronavirus genus. This requires sequen-
cing the full-length genome and analysing it according
to the criteria of the international committee of viral taxo-
nomy [22].

We have studied the diversity of coronaviruses circu-
lating among rodents and insectivores in a natural focus
located in the Altai Republic. Co-circulation of several cor-
onavirus species has been shown for the same location,
as was previously reported [21]. All the studied animals
were captured in the vicinity of the Teletskiy scientific sta-
tion of the Institute of Systematics and Ecology of Animals
SB RAS (Siberian Branch of the Russian Academy of Sci-

SPECIES COMPOSITION OF INSECTIVORES AND RODENTS TESTED FOR CORONAVIRUS RNAs

Carriers Type
Common shrew (Sorex araneus)
Taiga shrew (Sorex isodon)
Insectivores
Laxmann's shrew (Sorex caecutiens)
Siberian shrew (Crocidura sibirica)
Korean field mouse (Apodemus peninsulae)
Striped field mouse (Apodemus agrarius)
Root vole (Alexandromys oeconomus)
Rodents
Grey-red-backed vole (Myodes rufocanus)

Red-backed vole (Myodes rutilus)

Bank vole (Myodes glareolus)

Coronavirus RNA+/studied

0/39

0/1

0/1

2/11

1/15

1/20

0/3

0/9

1/15

1/5
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92 BtCoV/012_16/M.dau/FIN/2016(MG923573)
BtCoV/21164-6/M.dau/DK/2015(MN482243)
BtCoV/631/RUS/2020
BtCoV/512/2005(NC_009657)
PEDV/USA/Minnesota125/2015(KU982980)
991 PEDV/MEX/JAL/01/2017(MH004416)
Human_coronavirus_NL63_2093A_2010(KM055631)
Human_coronavirus_HCoV-229E/BN1/GER/2015(KU291448)
BatCoV/HKU10/YN2727(MN477915)
GE_CoV152_Rhi_euryale
RtMrut-CoV/JL2014(KY370059)
RtRn/Lucheng-19(NC_032730)

99| I RtAcCoV-JC34(NC_034972)

98L RtAc/Lijang-170(MT820625)
Shrew-CoV/Tibet2014(NC_046955)
4|—[ ShrewCoV/Sa-314/RUS/2021(ON533862) @

100L ShrewCoV/Sa-579/RUS/2022 @

Shrew_Sm/Wencheng-58(KF294385)
BatCoV/HKU9-1/BF_005I(NC_009021)
9g BatCoV/RaTG13(MN996532)
SARS_coronavirus_2/2019-nCoV/WHUO01(MN908947)
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08— MHV-JHMgp01(AC_000192)
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70} RtAa-CoV/SX2014(KY370061)
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RtAp-CoV/Tibet2014(KYH370047)

Apodemus_peninsulae_coronavirus(MT430884)

97y RtCoV/Mrut-816/RUS/2022 *

RtCoV/Mg-724/RUS/2022 W

RtCoV/Mrut-355/RUS/2022 @

91 RtCoV/Mrut-288/RUS/2021(ON533859) @
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RbCoV/HKU14-1(NC_017083)
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region are highlighted in bold and circle
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Phylogenetic analysis of the nucleotide sequences of the RdRp gene fragment of coronaviruses corresponding to positions 15429-15825

of the HKU-1 isolate (Genbank NC_006577). New coronaviruses obtained from Myodes glareolus (RtCoV/Mg-724/RUS/2022), Myodes rutilus
(Rt CoV/Mrut-816/RUS/2022), Apodemus peninsulae (RtCoV/Ap-709/RUS/2022), Apodemus agrarius (RtCoV/Aa-818/RUS/2022) and Croci-
dura sibirica (ShrewCoV/Cs-711/RUS/2022, ShrewCoV/Cs-764/RUS/2022), were compared with known CoVs belonging to the genera
Alphacoronavirus and Betacoronavirus. The tree is constructed using the maximum likelihood method and the GRT + G + | evolution

model. Support indices were calculated for 500 repetitions, and support indices (> 70 %) are represented at the respective nodes. The scale
bar indicates the number of nucleotide substitutions per site. New isolates are highlighted in bold and asterisk, isolates from the Novosibirsk



ences) within a forest area of no more than 0.2 km2. Co-
circulation of two rodent-borne coronaviruses and one
coronavirus carried by an insectivorous host, the Siberian
shrew, has been demonstrated in a limited area.

Coronaviruses associated with natural carriers belon-
ging to genus Myodes and Apodemus have previously been
reported to be classified into two genera - Alfacoronavi-
rus and Betacoronavirus [15]. New Siberian isolates from
rodents classified in the Embecovirus subgenus of the ge-
nus Betacoronavirus were characterised by high (93.8-
95.8 % and 97.2-98.3 %) homology with previously known
isolates in each group, found over a wide area including
Europe (Germany), Siberia (Novosibirsk region) and Chi-
na, with sequences from a single capture site in the Al-
tai Republic being identical. These findings indicate rel-
atively high stability of coronavirus genomes compared
to other RNA-containing viruses associated with rodents.
Accordingly, the difference in RdRp gene sequences in han-
taviruses (family Hantaviridae, genus Orthohantavirus)
found in the same host species from geographically dis-
tant regions of Siberia and Europe was more than 20 % [23].
A higher level of variation in partial nucleotide sequences
of the RdRp gene was found among coronaviruses fromin-
sectivores. The level of sequence difference from two speci-
mens of Siberian shrews was 2.0 %, which is comparable
to the level of difference between Seewis hantavirus iso-
lates from the same location [24].

CONCLUSION

Three different coronaviruses were detected among
4 species of rodents and one species of insectivores
living together in the natural biotope in the Altai Repub-
lic. Coronaviruses from rodents (M. glareolus/M. rutilus
and A. agrarius/A. peninsulae) are classified in the genus Beta-
coronavirus subgenus Embecovirus, coronavirus from an in-
sectivore (C. sibirica) is classified in the genus Betacorona-
virus and is assumed to belong to a new subgenus. The ge-
nomes of rodent-associated coronaviruses were revealed
to be highly stable.
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ABSTRACT

Background. Bedaquiline is a new and promising anti-tuberculosis drug, however
resistance can develop with long-term use. This is mainly due to mutations in the atpE
and mmpR genes in M. tuberculosis (MTB).

The aim of the work. The aim of the research was to test a system for automated
interpretation of results for predicting resistance to bedaquiline by the molecular data.
Materials and methods. DNA was isolated from strains of M. tuberculosis in the Irkutsk
region and Yakutia. The total quantity of DNA samples was 27 strains from Yakutia
and 21 strains from the Irkutsk region. The study of MBT genomes was carried out
on the DNA previously obtained by the authors in the territories of the Irkutsk region
(n = 5), Yakutia (n = 4), Buryatia (n = 3), Zabaykalskiy kray (n = 4) and the Far East
(n=8). We used the BSATool program to detect bedaquiline resistance based on Sanger
sequencing and genomic data. Sanger sequencing analyzed the atpE and mmpR genes,
and whole genome sequencing examined mutations in the same sequences, as well
as additionally in mmpL5, mmpS5, Rv0678, Rv1979¢, and pepQ.

Results. Complete agreement between the phenotypic and genotypic analysis
of resistance to bedaquiline was found for three strains from Yakutia. One genome
with significant mutations associated with resistance to bedaquiline was identified.
A conclusion was made about the relatively low prevalence of mutations that may
induce resistance to this antibiotic, which coincides with the data of other studies
in Russia. A conclusion was made about the importance of molecular analysis of tar-
get genes with subsequent detection of resistance to bedaquiline in silico.

Key words: bedaquiline, sequencing, resistance, genes, atpE, mmpR, mmplL5,
mmpS5, Rv0678, Rv1979¢, pepQ
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forinterpretation of the resistance prediction results to bedaquiline by the molecular data.
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PE3IOME

O6ocHosaHue. bedaksusnuH — HosbIl U MHO2006ewaowuti npomugomybep-
Kyné3Hbeil npenapam, 00HAKo npu 0/1UmMesIbHOM Jlie4YeHUU K HeMy pasgusaemcs
ycmoUtyugocmes. Imo c8A3aHO NPeUuMyWecm8eHHo ¢ Mymayuamu 8 2eHax atpE
ummpR y M. tuberculosis (MBT).

Ljens pabomel. Anpobayus cucmemsl asmomamu3suposaHHol uHmepnpemayuu
pe3ysibmamos npu Npo2HO3UPOBAHUU ycmoliyugocmu K 6€0aK8UIUHY HA OCHO8e
MOJeKynAapHO-6U0I02UYeCKUX OAHHBIX.

Mamepuanel u memooel. [JHK gbidensnu uz wmammos M. tuberculosis, yupky-
nuposaswiux 8 Mipkymckol obnacmu u Pecnybnuke Caxa (kymuu). Obuwjee Kosu-
yecmao uccredosaHHbix [JHK cocmasuno 27 wumammos u3 Akymuu u 21 wmamm
u3 Mipkymckol obnacmu. Viccnedosarue 2eHomos MBT 6bis1o npogedeHo Ha [JHK
wmammos, NoJly4eHHbIX asmopamu paHee Ha meppumopusx Vipkymckot obnacmu
(n=5), Pecnybnuxu Caxa (Akymus) (n =4), Pecny6nuku bypsmus (n = 3), 3a6alikane-
cKo2o Kpas (n = 4) u [JaneHezo Bocmoka (n = 8). [Jna sviaeneHua ycmou4yusocmu
K 6€0aK8UIUHY Ha OCHOBe HYK/1eomuoOHOU NOC/1e008amesibHoOCmel 2eHO8 U 2eHOM-
HbIX OQHHbIX Mbl UCN0J16308a/1U Npo2pammy BSATool. [pu ucnons3o8aHuu cekseHu-
posaHus no C3Heepy aHaAU3uposanuce 2eHol atpE u mmpR, npu nonHozeHoMHOM
CeKB8eHUPOBAHUU UCC1e008a/IUCL Mymayuu 8 SmMux e Noc1e008amesibHOCMAX,
a mak»e donosiHumesibHo 8 mmpL5, mmpS5, Rv0678, Rv1979¢ u pepQ.
Pesynemamel. O6HapyxeHO nojIHoe coomgemcmaue (heHomunNu4YecKux U 2eHo-
munuy4eckux pe3ysibmamos oyeHKU ycmotyugocmu K 6e0ak8usiuHy 018 mpéx
wmammos u3 Akymuu. Kpome mo2o, npu aHasiuse 2eHOMHbIX OaHHbIX 06HAPYXeH
OOUH 2eHOM CO 3HA4YUMbIMU MymMayusamu, CNOCOBHbIMU 8b138aMb YCMOUYUBOCMb
K 6edaksusuHy. [lenaemcsa 81800 06 OMHOCUMEIbHO HU3KOM pacnpocmpate-
HUU Mymayud, cnocobHbIx 8b138aMb ycmMoUyug8oCcmMb K SMoMy aHmMubuomuky,
umo cosnadaem c 0aHHbIMU Opy2ux ucciedosamernet 8 Poccuu. COenaHo 3akso-
yeHue 0 B8AXHOCMU MOJIEKYIAPHO-6UO/I02UYeCK020 AHAIU3A 2eHO8-MUeHeU
C nocsiedyowum 8elgssieHuemM ycmoutyugocmu K 6edaxksusuHy in silico.

Knroyesble cs1oea: 6e0aksusiUuH, CeKBEHUPOBAHUE, pe3UCMeHMHOCMb, 2eHbl, atpk,
mmpR, mmpL5, mmpS5, Rv0678, Rv1979c¢, pepQ

Ona yntupoBaHua: CuHbkos B.B., KoHgpatos W.I., Orapkos O.b., XKpaHoBa C.H.,
Hockos A.l., Xpomosa IN.A., Opnoga E.A., JTabbirvHa A.B., PoiukoBa J1.B., KonecHukosa J1.M.
OHnaiiH-cepBUC AN HTEPMPeTaLnm pe3ysibTaToB NPU NPOrHO3MPOBaHNMN YCTONUYNBOCTHY
K 6efaKkBUIIMHY MO MOMeKyNnApHO-6Monornyecknm faHHbIM. Acta biomedica scientifica.
2023; 8(6): 124-129. doi: 10.29413/ABS.2023-8.6.11
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Tuberculosis is an infectious disease caused by patho-
genic mycobacteria belonging to the class Actinobac-
teria, order Actinomycetales, family Mycobacteriaceae,
forming the Mycobacterium tuberculosis complex group
[1]1.In 2019, the World Health Organization (WHO) repor-
ted 10 million new cases and 1.2 million deaths [2]. How-
ever, the emergence and spread of multi-drug resistant
(MDR) and extensively drug resistant (XDR) strains of My-
cobacterium tuberculosis up to half a million annually [3]
requires the introduction of new anti-TB drugs into treat-
ment regimens. Bedaquiline is a new and promising an-
tituberculosis drug, but as with other drugs, it is possi-
ble that M. tuberculosis (MTB) may develop resistance
to it with long-term treatment. Specifically, mutations
in the atpE gene prevent drug interaction with its target,
ATP synthase, and mutations in the efflux pump repres-
sor mmpR (Rv0678) lead to accelerated drug evacuation
from the microbial cell [4-6]. Despite the involvement
of a significant number of genes in resistance to bedaqui-
line and clofazimine (including cross-resistance), muta-
tions in the atpE and mmpR genes (Rv0678) are deter-
minant in the majority of clinical isolates [7]. Consider-
ing these results, a Sanger sequencing of these genes
was used to analyse the developed software package.

An online service for automated interpretation of se-
quencing data and prediction of pyrazinamide resistance
has been previously developed by us [8]. The service is avail-
able at https://bsatool.ru. In the current study, we present
an extension of the capabilities of the BSATool software
package for automated interpretation of results in predict-
ing bedaquiline resistance based on molecular biological
data, including Sanger sequencing and whole genome se-
quencing.

MATERIALS AND METHODS

The strains were obtained from the bacteriological lab-
oratories of the Irkutsk Regional Clinical Tuberculosis Hos-
pital (IRCTB) and E.N. Andreev Scientific and Practical Cen-
tre “Phthisiatry” (SPC “Phthisiatry”). Phenotypic sensitivity
of MTB isolates to antituberculosis drugs (ATDs) was deter-
mined by absolute concentrations on Levenshtein — Jensen
medium (IRCTB and SPC “Phthisiatry”) and on Middlebrook
7H9 medium using an automated system Bactec MGIT 960
(Becton, Dickinson and Company, USA), including sensitivity
to bedaquiline (SPC “Phthisiatry”). Strains were inactivated
in situ. DNA isolation was performed according to the pre-
viously described method [9].

The total number of DNA samples examined inclu-
ded 27 strains from Yakutia and 21 strains from the Ir-
kutsk region. The study of MBT genomes was carried
out on the MBT strains previously obtained by the au-
thors in the territories of the Irkutsk region (n = 5), Yakutia
(n =4), Buryatia (n = 3), Zabaykalskiy kray (n =4) and the Far
East (n = 8). Therefore, our study included a set of DNA
samples representing different regions and territories.
The structure of polymerase chain reaction (PCR) primers
for the amplification of atpE and mmpR genes was devel-
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oped independently by the authors. The following primers
were used for the atpE gene: 1305F 5-TCGAAGAGGAACAC-
CACTAG and 1305R 5'-GGACAATCGCGCTCACTTC. The prim-
ers Bdq678F 5'-CACGCTTGAGAGTTCCAATCA and Bdq678R
5'-ACCGCATCAACAAGGAGTGA were used for the mmpR
(Rv0678) gene. These oligonucleotides were designed
to amplify PCR fragments of 368 and 679 base pairs, re-
spectively.

PCR parameters were set, according to previous-
ly published protocols [8]. Sanger sequencing was per-
formed using a domestic genetic analyzer Nanofor-05
(Syntol, Russia). Genomic libraries were prepared using
DNA Flex kit (Illumina, USA). Full genome sequencing
of samples was performed on NextSeq 550 sequencer
(Illumina, USA) also using reagents v. 2.5 and flow cell
(high output) at 300 cycles.

Primary data processing included removal of short
low-quality sequences and technical fragment cut-offs
and was performed according to previously published
methods [10]. Sanger sequencing and full-genome sequenc-
ing were performed at the Center for Development of Pro-
gressive Personalized Health Technologies (shared research
facility of the Scientific Centre for Family Health and Human
Reproduction Problems (Irkutsk).

To reveal resistance to bedaquiline by Sanger se-
quencing, we used the BSATool software [8], which an-
alysed mutations in atpE and mmpR. To reveal resist-
ance to bedaquiline, mutations in the same genes (atpE
and mmpR) and additionally in mmpL5, mmpS5, Rv0678,
Rv1979c and pepQ were analysed using BSATool genom-
ic data. Based on the above analyses, potential resistance
to bedaquiline was identified in an in silico model. The clin-
ical significance of the detected mutations in causing drug
resistance was assessed according to the mutation cata-
logue recommended by the World Health Organization
as a reference database [11].

RESULTS

Analysis of Sanger sequencing results
in manual mode and by the BSATool
software system

Of the 27 strains obtained from the Republic of Sakha
(Yakutia), 9 were classified as extensively drug-resistant
strains or their precursors (pre-XDR), 10 were sensitive
to all ATDs, and the rest showed multidrug resistance [11].
Resistance to bedaquiline was found in only three pre-XDR
strains.

When analysed by Sanger sequencing and using
the BSATool service, significant mutations with the po-
tential to cause resistance to bedaquiline were revealed
in the same three strains. Based on the results of micro-
biological studies, these strains were registered as XDR.

Amongthe 21 strainsfromIrkutsk, 10 wereclassified as
pre-XDR and the remaining 11 strains showed multidrug
resistance. Among all these strains, only two had signi-
ficant mutations that can induce resistance to bedaqui-
line, both in manual Sanger sequencing analysis



and using the BSATool service. Notwithstanding,
due to the lack of a methodology for determining re-
sistance to bedaquiline in the bacteriological labo-
ratory of the IRCTB, these strains were not assigned
XDR status.

Figure 1 shows an example of DNA analysis of four strains
using the BSATool software package, one of which contains
a mutation that can induce resistance to bedaquiline.

Analysis of the results
of whole genome sequencing
by BSATool software package
Manual analysis of the whole-genome data was
not feasible due to the large amount of information.
The study analysed the genome of 24 MTB strains,
including those from the Irkutsk Region, the Republic
of Sakha (Yakutia), the Republic of Buryatia, the Trans-
Baikal Territory and the Far East. A significant muta-
tion 2223444C/T in the Rv1979 gene was only revealed
in one strain, which belongs to the most virulent subtype
BO/W148 of the Beijing genotype [12]. It isimportant to em-
phasize that the remaining strains analyzed by whole-ge-
nome sequencing did not show resistance to bedaquiline
as part of in silico prediction.
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DISCUSSION

Assessment of resistance to anti-TB drugs using molec-
ular biological methods requires an individual approach de-
pending on the prevalence of clinically relevant mutations.
The hotspots for rifampicin are centered on a small 81 bp
(base pair) long stretch of DNA and the most feasible meth-
od is to reveal them by real-time PCR. This method has al-
ready been successfully used in the practice of medical di-
agnostics for almost a decade.

For other ATDs, the situation with clinically relevant
mutations is not as favourable, which requires the use
of sequencing of multiple gene nucleotide sequences.
The use of software systems that can reveal significant
mutations in the results of whole-genome sequencing
or Sanger sequencing significantly expands the possibil-
ities of using these molecular biological methods in clin-
ical practice. The relatively low frequency of revealed
mutations causing resistance to bedaquiline is consist-
ent with the results of studies conducted by colleagues
in the European part of Russia [13]. All the mutations
identified were observed in patients receiving long-term
bedaquiline treatment as part of MDR/XDR tuberculosis
chemotherapy regimens.

BSATool - Bacterial SNP Annotation Tool
(c) V.Sinkov, Irkutsk, Russia, 2017-2023
Version: 0.3.170723

Query | Query name | Query start | Query end | Query lenght Query direction | Mutations Intersected regions
Q1 825F.fa 1461033 1461317 284 --> *] IGR_1460997_1461044,Rv1305,IGR_1461291_1461320
Q2 825R.fa 1461007 1461277 270 <-- (2] IGR_1460997_1461044,Rv1305
Q3 850F .fa 1461039 1461311 272 --> 0 IGR_1460997_1461044,Rv1305,IGR_1461291_1461320
Q4 850R.fa 1461011 1461303 292 <-- (4] IGR_1460997_1461044,Rv1305,IGR_1461291_1461320
Q5 860F .fa 1461032 1461317 285 --> 1 IGR_1460997_1461044,Rv1305,IGR_1461291 1461320
Q6 860R.fa 1461017 1461266 249 <-- 1 IGR_1460997_1461044,Rv1305
Q7 870F.fa 1461043 1461320 277 --> 2] IGR_1460997_1461044,Rv1305,IGR_1461291_1461320
Q8 876R.fa 1461006 1461260 254 <-- (*] IGR_1460997_1461044,Rv1305
Query |Query name| Locus |Gene |Genome position(s) |Type|Mutation| Codon |Amino Acid| Change |Description Drug |DR (DR Info
Qi 825F.fa - - - - - - - - - - - -
Q2 825R.fa - - - - - - - - - - - -
Q3 850F.fa - - - - - - - - - - - -
Q4 850R.fa - - - - - - - - - - - -
Q5 860F.fa |Rv13@5|atpE 1461242 SNP | c.198C>G |Caa/Gaa Q66E missense |Probable ATP synthase C chain AtpE | BDQ | R I166M
Q6 860R.fa |Rv1305 |atpE 1461242 SNP | c.198C>G |Caa/Gaa Q66E missense | Probable ATP synthase C chain AtpE | BDQ | R [ I66M
Q7 870F.fa - - - - - - - - - - - -
Q8 870R.fa & = 25 = « = = B & R -
FIG. 1.

Analysis of the results of Sanger sequencing of the atpE gene for two strands in four different strains: a significant mutation associated
with resistance to bedaquiline was revealed in strain 860; no resistance-associated mutations were revealed in the other strains
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CONCLUSION

Molecular biological analysis of nucleotide sequenc-
es of target genes followed by in silico resistance assess-
ment against bedaquiline using the BSATool automated
analysis system (publicly available) may be recommen-
ded primarily for laboratories performing Sanger se-
quencing. The low frequency of mutations associat-
ed with resistance to bedaquiline may be explained
by the recent use of the drug in the treatment of patients
and, consequently, by the small number of MTB strains
resistant to bedaquiline. The validation of the proposed
approaches for predicting bedaquiline resistance in clini-
cal samples from patients with repeated courses of MDR/
XDR tuberculosis treatment confirms the reliability
of the obtained data.
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ABSTRACT

Background. Infections that are transmitted to humans through the bites of ixodid
ticks remain a significant problem for public healthcare. However, in many regions
endemic for tick-borne diseases, the diversity and prevalence of infections transmit-
ted by ticks are still underexplored.

The aim of the study. To characterize the modern diversity and prevalence of tick-
borne pathogens in the ecosystems of the valley of the Chikoy River (Trans-Baikal
Territory, Russian Federation).

Materials and methods. Real-time polymerase chain reaction was usedto examine
48 imagoes of Ixodes persulcatus ticks, one Haemaphysalis concinna female tick
and 38 small mammals specimens for infection with seven tick-borne pathogens.
Results. The H. concinna tick tested negative for all studied pathogens. In I. persul-
catus ticks, the prevalence of infection with Borrelia burgdorferis.l. comprised 39.5 %,
Anaplasma phagocytophilum - 16.7 %, B. miyamotoi — 8.3 % and Ehrlichia sp. — 2.1
%. Tick-borne encephalitis virus (TBEV), Rickettsia sibirica and R. heilongjiangensis
were not detected in I. persulcatus. Four species of vertebrate hosts of ticks and tick-
borne infections were found: Myodes rufocanus (44.7 %) Apodemus peninsulae
(39 %), Microtus oeconomus (13.2 %) and M. rutilus (2.6 %). In rodent populations,
the prevalence of TBEV infection comprised 5.3 %, B. burgdorferiss. |. — 39.5 %, B. miy-
amotoi - 28.9 %, Ehrlichia sp. - 21.1 %, A. phagocytophilum - 18.4 %.

Conclusion. The widespread distribution of taiga ticks, the presence of numerous
populations of competent vertebrate hosts of infections, and the high prevalence
of infections among vertebrate and invertebrate hosts indicate that active natural
foci of tick-borne encephalitis, Lyme disease, tick-borne relapsing fever caused by B.
miyamotoi, human granulocytic anaplasmosis, and human monocytic ehrlichiosis
(HME) are present in the ecosystems of Chikoy River valley.

Key words: the Trans-Baikal Territory, Borrelia, tick-borne encephalitis virus, Ana-
plasma phagocytophilum, Riskettsia, Ixodes persulcatus

For citation: Lagunova E.K,, Khasnatinov M.A., Danchinova G.A. Characteristics of tick-
borne infections in the underexplored areas of the Trans-Baikal Territory. Acta biomedica
scientifica. 2023; 8(6): 130-140. doi: 10.29413/ABS.2023-8.6.12
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PE3IOME

O6ocHosaHue. VIHgekyuu, nepedaroujuecs 4es108eKy NpuU yKycax UKCOO008bIX Kile-
wel, ocmaromcsa akmyasnbHol npobiemou 30pagooxpareHus. OOHAKO 80 MHO2UX
yacmsaxHo30dpeasnapasHoobpasue U pacnpocmMpaHEHHOCMb Kileuesblx UHGeKkyul
ocmaromcs He0oCMAaMOYHO UCC/Ie008AHHbIMU.

Ljens uccnedosanusa. Oxapakmepu3o8ams cospemMmeHHoe pazHoobpasue u pac-
npocmpaHéHHocmb 8036youmernell Knewjegbix UHekyul 8 donuHe p. Yukol
(3abatikansckuli kpad, Poccus), exodsaweli 8 6ygepHyto 30Hy batikanbckol npu-
pooHOU meppumopuul.

Mamepuanel u memoodbl. CnoMowbio NoIUMepasHoU UenHoul peakyuu 8 peasib-
HOM 8peMeHU Ha 3apaXeéHHOCMb CeMblo 8036youmenamu Kiewesbix UHgekyul
ucciedosaHsl 48 umazo knewel Ixodes persulcatus, 1 ocobb Haemaphysalis
concinna u 38 ocobeli MesIKux MaeKonUMarowux.

Pesynomamel. Knewj H. concinna He 6611 3apaxéH HU 00OHUM U3 Uccriedyembix
namoeeHos. 3apaxeHHocme |. persulcatus Borrelia burgdorferis. l. cocmasuna 39,5 %,
Anaplasma phagocytophilum - 16,7 %, B. miyamotoi — 8,3 % u Ehrlichia sp. - 2,1 %.
Bupyca knewesozo 3Huyepanuma (BK3), Rickettsia sibirica u R. heilongjiangensis
8 MABXXHbIX KJ1euax He 06HApyxeHo. BbisgieHbl 4 8U0a NO3B8OHOYHbIX XO3A€8 K/le-
weli u uHpekyut: Myodes rufocanus (44,7 %) Apodemus peninsulae (39 %), Microtus
oeconomus (13,2 %) u M. rutilus (2,6 %). B nonynayusax meskux maekonumarouwux
3apaxeHHocme BK3 cocmasuna 5,3 %, B. burgdorferis. I. — 39,5 %, B. miyamotoi -
28,9 %, Ehrlichia sp. - 21,1 %, A. phagocytophilum — 18,4 %.

3aknioyeHue. [logcemecmHoe pacnpocmpaHeHue MAaéxHulx Kiewed, Hanuyue
MHO204UC/IEHHbIX NONYAAYUL KOMNEeMeHMHbIX NO380OHOYHbIX X03Ae8 UHpekyud,
a MAak>xe 8bICOKUe NOKA3amesiu 3apaxéHHOCMU NO380HOYHbIX U 6€CNO380OHOYHbIX
X03de8 c8uOemMesIbCMayom 0 WUPOKOM pacnpocmpaHeHuu 8 0osiuHe p. Yukou
aKmMuBHbIX NPUPOOHbBIX 04A208 Klewe8020 3HYeganuma, 6onesHu Jlalima, Kne-
wesol 8038pamHou siuxopaodku, 8bizeieaemoti B. miyamotoi, epaHynoyumapHo20
aHans1a3mo3a u MOHOYUMApHO20 3p/IUXu03d Yesioeekd.

Knrouessie cnosa: 3abalikansckuli Kpad, Borrelia, supyc knewesozo sHyepanu-
ma, Anaplasma phagocytophilum, Riskettsia, Ixodes persulcatus

Ona untnposaHua: JlaryHosa E.K.,, XacHatnHoB M.A., [laHunHoBa A. XapakTepuctrka
KreLleBblX MHOEKLMIA B Manon3yyeHHbIX palioHax 3abalikanbckoro Kpas. Acta biomedica
scientifica. 2023; 8(6): 130-140. doi: 10.29413/ABS.2023-8.6.12

131



INTRODUCTION

Zoonotic infections are still recognized as one of most
significant threats to the human health in Russian Federa-
tion. This is particularly true for infections transmitted by ix-
odid ticks due to the wideness of spread and the severity
of the illnesses. In the Asian part of the Russian Federation,
the main vector of many tick-borne infections are Ixodes
persulcatus ticks (Schulze, 1930) [1].

The most epidemically significant causative agents
of tick-borne diseases (TBD) are tick-borne encephalitis
virus (TBEV), Lyme disease agent Borrelia burgdorferi sen-
su lato, the agent of the tick-borne relapsing fever B. miy-
amotoi a few species of rickettsiae, anaplasmas, ehrlichi-
ae and other pathogens [2]. Ticks can be infected either
by a single human pathogen (mono-infection) or simul-
taneously by two or more species of pathogens (co-infec-
tion). Mono- and co-infections are clinically distinctive de-
pending on the combination of pathogens. This requires
the development of new approaches to the diagnosis, pre-
vention and treatment of known tick-borne infections, in-
cluding co-infections [3, 4].

The main source of information for assessing
the epidemiological situation is active monitoring
of natural foci of tick-borne infections, based on direct
evaluation of the number of tick vectors and mammals -
reservoir hosts of infections and tick feeders in the eco-
system, as well as evaluation of the prevalence of in-
fection with the studied pathogens. Active monitoring
requires highly qualified personnel and is labor-inten-
sive and time-consuming. As a result, in many territo-
ries that are endemic for TBD, there is a lack of informa-
tion about the prevalence and diversity of tick-borne
infections, as well as the structure and risk assessment
of their natural foci. Despite the obvious advantages
of this approach, it has a number of significant draw-
backs. This method, for example, does not consider
a number of important aspects of the infection pro-
cess, such as multiplexing of several pathogens in one
parasitic system, the intensity of contact between
people and tick vectors, the socio-demographic state
of the population, and migration processes in human
and wildlife populations [5]. Besides, in order to obtain
reliable data during active monitoring, it is necessary
to study large numbers of vectors and feeders (ticks
and vertebrates) at the same time at sampling key sites
located in different landscapes The study should be per-
formed using unified methods of detection and iden-
tification of pathogens for the entire sample of mate-
rials collected during field expeditions [6, 7]. As a re-
sult, in many areas endemic for tick-borne infections,
the peculiarities of the spread and circulation of path-
ogens in nature remain poorly studied.

One of such areas is the Krasnochikoysky district
of the Trans-Baikal Territory, which has the highest in-
cidence rates of tick-borne encephalitis and Lyme dis-
ease [8]. Despite this, research on tick-borne infections
in these areas has previously been sporadic and was
mainly focused on tick-borne encephalitis virus and Lyme
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disease agents, while no information is available con-
cerning the circulation of other pathogens transmitted
by ixodid ticks. The Chikoy is one of the largest rivers
in the Lake Baikal catchment area, and the Chikoy valley
along with the adjacent ranges of the Khentii Mountains
is part of the Baikal Natural Area. Large areas of indige-
nous cedar forest unaffected by human activity, pecu-
liar flora and fauna, unique natural objects, and deposits
of natural resources (uranium ores) predetermine the po-
tential for further recreational, economic and industri-
al development of the Chikoy valley [9]. Given the fore-
going, characterization of the current situation in natu-
ral foci of TBD seems to be a significant task both scien-
tifically and practically.

THE AIM

To characterize the current diversity and prevalence
of causative agents of tick-borne infections in the Chikoy
River valley (Krasnochikoysky District, Trans-Baikal Territo-
ry, Russian Federation).

MATERIALS AND METHODS

Materials

Ixodid ticks were collected from vegetation in the most
common biotopes of the study area using flannel flag.
The abundance of the ticks was evaluated using the stand-
ard methods [10] and expressed as the number of ticks per
flag per kilometer of the route. The captured ticks were de-
livered to the laboratory alive. Information about each tick
was registered in the information-analytical system “Field
ticks” [11]. Small mammals were captured using Sher-
man live traps on survey lines. The abundance of animals
was expressed as a number of specimens per trap per day.
Animals were euthanized at the place of capture in compli-
ance with the “Ethical Principles for Medical Research In-
volving Human Subjects” [12]. For each captured animal,
species, sex, age group (juveniles or adults), and infesta-
tion with ectoparasites were individually determined. Af-
terwards the tissue sampling of brain, spleen, kidney and
lung was performed. Tissue samples were stored in liquid
nitrogen until delivery to the laboratory and then at -80 °C
until study.

Preparation of tick and mammalian
organ suspensions

Each tick was individually washed in 70 % ethanol
and dried on filter paper, and then the species, sexand con-
dition of the tick were determined. The tick species was iden-
tified morphologically using the key guide of the USSR ix-
odid tick fauna [13]. Prepared ticks were homogenized us-
ing a TissuelLyzer Il automatic homogenizer (QlAgen, Ger-
many) and sterile 3 mm diameter tungsten carbide beads.
Homogenates were resuspended in 300 pl of sterile phos-
phate buffered saline PBS; (pH = 7.4) and examined imme-
diately after preparation.



The species of small mammals was identified morpho-
logically in accordance with the key guide of the USSR
rodent fauna [14]. The infestation of animals by ixodid
ticks was assessed based on the index of abundance (IA;
average number of ticks per specimen) and the index
of occurrence (I0; proportion of animals in the sample
on which ixodid ticks were found).

Animal tissue samples (30-50 mg) were homogenized
using a TissueLyzer Il and chilled sterile 5 mm steel beads.
Homogenates were resuspended in 300 pl of chilled sterile
PBS (pH =7.4) and examined immediately after preparation.

Nucleic acids extraction

Total RNA/DNA was extracted from individual ticks
or tissue samples. Briefly, 100ul of suspension was purified
using RealBest Extraction 100 or RealBest UniMag kits (Vec-
torBest, Novosibirsk) and KingFisher Flex (Thermo Fisher
Scientific, Finland) magnetic particle processor according
to the manufacturer’s instructions. The resulting nucleic
acids were dissolved in 300 pl of elution buffer.

Real-time PCR

Polymerase chain reaction (PCR) with real-time hybrid-
isation-fluorescence detection was used to reveal causa-
tive agents of tick-borne infections. Reagent kits “RealBest
DNA Borrelia burgdorferis. |./RNA VKE”, “RealBest DNA An-
aplasma phagocytophilum/Ehrlichiamuris, Ehrlichia chaf-
feensis”, “RealBest DNA Borrelia miyamotoi” and “Real-
Best DNA Rickettsia sibirica/Rickettsia heilongjiangensis”
(VectorBest, Novosibirsk). Since E. muris and E. chaffeen-
sis were detected in a single PCR reaction without species
identification, the identified Ehrlichiae were hereafter des-
ignated as Ehrlichiasp.

Fifty microliters of DNA/RNA preparation was used
as a matrix for reverse transcription PCR. Reaction
and real-time results were recorded using a CFX C1000
Touch amplifier (BioRad, USA) according to the kit man-
ufacturer’s instructions. BioRad CFX Manager 3.1 soft-
ware (BioRad, USA) was used to process and analyze
the results.

Quantitative PCR

Quantification of Borrelia sp. was performed
using multiplex quantitative PCR (qPCR) target-
ing the 76S rRNA gene [15]. Briefly, the 16S rRNA
gene fragments of B. burgdorferi sensu lato (strain
B31) and B. miyamotoi (strain HT31) were PCR
amplified using BspF-16s [5-GCTGTAAACGATG-
CACACTTGGT-3"] and BspR-16s [5'- GGCGGCACACT-
TAACACGTTAG-3"] primers. The obtained PCR frag-
ments (70 nucleotide bases in length) were indepen-
dently cloned in the plasmid vector pCR4-TOPO (Ther-
mo Fisher Scientific, USA) and grown in competent
DH5a strain of Escherichia coli (Nippon Gene, Japan)
as described previously [15]. The number of spirochetes
in the samples was estimated using calibration curve
produced by serial tenfold dilution of standard DNA
samples of the corresponding Borrelia spp. and ex-
pressed as log10 genome copies per tick. PCR was per-
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formed in a reaction volume of 25 yL. The reaction mix-
ture contained 1U Taq polymerase HSTaq (Eurogen),
2.5 ul of DNA template, primers BspF-16s and BspR-16s
at a concentration of 900 nM each and probes FAM-LD
[5-FAM-TTCGGTACTAACTTTTAGTTAA-BHQ1-3"]
and VIC-RF [5°-R6G-CGGTACTAACCTTTCGATTA-BHQ1-37]
at a concentration of 200 nM each. PCR conditions
were set up as follows: aninitial cycle at 50 °C for 2 min,
followed by a cycle at 95 °C for 2 min, then 45 cycles
of 95 °C for 15 s and 63 °C for 60 °C. The fluorescence
was measured at the 63 °C stage of every cycle and
compared to the calibration curve readings, with the
FAM channel determining the presence and concentra-
tion of B. burgdorferi s. I. DNA, and the VIC channel -
the presence and concentration of B. miyamotoi DNA..

Statistical methods of data processing

Sex ratio and infection prevalence were assessed
as the proportion of infected specimens (in percent)
and 95% confidence intervals (95% Cl) were calculated.

To assess associations between TBEV infections
with B. burgdorferis. . |., B. miyamotoi, A. phagocytophilum
and Ehrlichia sp. in ticks, 2 X 2 contingency tables were con-
structed for each pair of microorganisms [16]. In this case,
infected and uninfected tick conditions were taken as bi-
nary determinants. Analysis of variance based on Fisher’s
F-criterion [17] was used to assess the statistical significance
of differences between group mean values.

Statistical analyses were performed using MS Excel
software (Microsoft Corp., USA), MaxStat Light and R ver-
sion 4.0.2 (R Foundation, Austria). Statistical significance
was set at 0.95. All tests of statistical significance were two-
tailed. Differences were considered statistically significant
atp <0.05.

RESULTS AND DISCUSSION

The tickand animal surveys and sample collection were
conducted between the 3rd and 10th of July, 2021 during
a field survey along the Chikoy River valley in the Repub-
lic of Buryatia and Krasnochikoysky District of the Trans-
Baikal Territory. A total of 13 sampling sites were studied
(Fig. 1). The survey routes for tick abundance assessment
and sample collection comprised 15.7 km. The survey of
small mammal’s abundance and specimen collection result-
ed in 455 traps-nights. In total, 49 specimens of ixodid ticks
and 38 specimens of rodents were collected. Besides this,
116 larvae and nymphs of taiga ticks were found on small
mammals, but were excluded from PCR tests.

Ixodid tick abundance ranged from low to moderate
and ranged from 0.4 to 13 individuals per flag/km. Consi-
dering the suboptimal survey season (early July), such tick
abundance suggest that there are natural foci of tick-borne
infections with medium and high tick activity in the sur-
veyed area. The highest tick numbers were associated
with mixed grass pine-birch forests with spiraea and rose-
hip as underbrush. One tick captured at survey point No. 7
(Fig. 1) was identified as a female Haemaphysalis concina



(Koch, 1844). The remaining 48 ticks were identified as Ix-
odes persulcatus (Shulze, 1930). All ticks were imagoes, with
a sex ratio of 0.6 males per female.

Relative abundance of small mammals ranged from
10 to 21.5 exv./100 trap-nights, with no animals cap-
tured at three locations. Species diversity was represent-
ed by four predominant species: Korean field mouse Ap-
odemus peninsulae (Thomas, 1907), grey red-backed vole
Myodes rufocanus (Sundevall, 1846), tundra vole Microtus
oeconomus (Pallas, 1776), and grey red-backed vole Myo-
des rutilus (Pallas, 1779). M. rufocanus (44.7 %) and A. pen-
insulae (39.5 %) were the most common species captured,
whereas M. oeconomus and M. rutilus were scarce (13.2 %
and 2.6 % of the sample, respectively).

I. persulcatus larvae were found only on rodents of two
species: A. peninsulae and M. rufocanus, with A. peninsu-
lae playing a slightly more significant role in the feeding
of taiga tick larvae (IA = 5.3; 10 = 60 %) compared to M. ru-
focanus (1A = 2.1; 10 = 35.3 %), despite the greater abun-
dance of the latter. Only grey-sided vole served as feeding
hosts for taiga tick nymphs, with IA =0.12 ticks per specimen
and 10 = 11.8 %. Ixodid ticks of any other species have not
been found on rodents.

Diversity and prevalence of tick-borne infections
among ixodid ticks
The prevalence of tick-borne infections in ticks
The only female of H. concinna was not infected
by any of the pathogens studied. The agents of the North
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Asian tick typhus R. sibirica and the Far-Eastern spotted fever
R. heilongjiangensis have not been observed in ticks orin tis-
sue samples from rodents, and therefore these pathogens
are not discussed further.

Intaiga ticks collected perflag from vegetation, the most
common pathogen was B. burgdorferis.|., which was detected
in 39.6 % of samples. Second abundant pathogen appeared
to be A. phagocytophilum (16.6 %), followed by B. miyamotoi
(8.3 %). The proportion of Ehrlichia sp. was 2 %. No tick-borne
encephalitis virus was detected in ticks (Table 1).

The quantitative borrelia load was estimated for eight
specimens of I. persulcatus infected with B. burgdorferi s. |.
and for two specimens infected with B. miyamotoi. The mean
concentration of B. miyamotoi was 2.5 + 5.1 with a maxi-
mum of 2.9 log10 genome copies per tick. The concentra-
tion of B. burgdotrferis. . varied from 1.1 to 3.8 and averaged
2.7 £ 0.7 log10 genome copies per tick. It can be assumed
that the load of B. burgdorferi s. |. per tick is slightly higher
than B. miyamotoi, although the differences are not statis-
tically significant.

Co-infection of taiga ticks
with two or more pathogens

In more than 90 % of cases, ticks were infected with only
one of the tested microorganisms, but 3 (6.2 %) ticks
were simultaneously infected with B. burgdorferi s. .
and A. phagocytophilum. No statistically significant asso-
ciations between these infections was revealed. No other
combinations of pathogens were revealed in the studied
sample of taiga ticks.

51 km ¥ Image Landsat / Copernicus

FIG. 1.

Google Earth

Survey area and localization of sampling sites. Mapping of tick and rodent capture sites and image creation were performed using
GoogleEarthPro 7.3 software. Survey points: 1, 2 — Republic of Buryatia, Kyakhtinsky District, vicinity of Ulady village; 3 — border of Burya-
tia and Trans-Baikal Territory; 4-7 — Trans-Baikal Territory, Krasnochikoysky District, Fomichevo village; 8 - Trans-Baikal Territory, Krasno-
chikoyskiy District, Zakharovo village; 9-11 - Trans-Baikal Territory, Krasnochikoyskiy District, Shimbylik village; 12, 13 — Trans-Baikal

Territory, Krasnochikoyskiy District, Steklozavod village

134



Diversity and prevalence
of tick-borne infections among small
mammalian ixodid tick feeders

All tick-borne pathogens found in taiga ticks
were detected in small mammals, and two rodents
were infected with TBEV - an adult female grey-sided
vole and a juvenile male East Asian wood mouse - were
also revealed. A. peninsulae was the most infected -
about 53 % of animals were infected with at least one
of the studied microorganisms. Among five specimens
of M. oeconomus, two were infected with tick-borne
pathogens. The infestation of rodents of different
species is summarized in Table 2.

Mammalian infestation
with tick-borne encephalitis virus

In contrast to taiga ticks, TBEV was observed in the tis-
sues of 5 % of vertebrate hosts. In one A. peninsulae speci-
men, viral RNA was revealed in brain, and in one M. rufocanus
specimen, systemic infection was observed with the pres-
ence of viral RNA in the brain, spleen, kidney and lungs.

TABLE 1

The prevalence of infections in of TBEV infection was compa-
rable in both species comprising 7 % and 6 %, respectively.
Mammalian infestation and patterns
of infection with B. burgdorferi's. I.

The agents of Lyme disease were the most com-
mon pathogens among vertebrate hosts and, in average,
were observed in 39 % of animals, which is almost identi-
cal to the infection rate among taiga ticks. B. burgdorferi
s. |. DNA was found in all examined mammalian species
with nearly the same prevalence of 39-40 %. The excep-
tion was M. rufocanus, which had 35 % infection rate, al-
though the difference was statistically insignificant.

In small mammals, B. burgdorferi s. |. DNA was de-
tected in all organs examined (Table 3), although with
different frequencies. In kidney tissues borreliae were
found rare and only among numerous species of A. pen-
insulae and M. rufocanus. Most often (in almost all in-
fected animals) the B. burgdorferi s.l. infection was ob-
served in lung tissues. Among the low abundant spe-
cies of M. oeconomus and M. rutilus, all infected animals

THE PREVALENCE OF TICK-BORNE PATHOGENS AMONG /. PERSULCATUS TICKS IN THE ECOSYSTEMS OF THE CHIKOY

RIVER VALLEY

Of those infected, n, % (95% Cl)

Specimens Not infected, %
studied TBEV B.b.s.l. B. m. A.ph. E. sp. (95%Cl)
AT LS 30 0 40 (2122; 58 7 (0?16) 13 (14; 25 3 (01; 10) 40 (2122; 58)
I. persulcatus, males 18 0 39 (176;61) 1 (é 26) 2 (; 41) 0 39 (176; 61)
Lisie] 48 0 40 (2169; 53 8 (14;1 6 17 (2; 27) 2 ((;; 6) 40 (2169; 53)

Note. TBEV - tick-borne encephalitis virus; B. b. s. |. — B. burgdorferi sensu lato; B. m. — B. miyamotoi; A.

TABLE 2

ph. — Anaplasma phagocytophilum; E. sp. — Ehrlichia sp.

THE PREVALENCE OF TICK-BORNE PATHOGENS AMONG SMALL MAMMALS IN THE ECOSYSTEMS OF THE CHIKOY RIVER

VALLEY

Of those infected, n, % (95% Cl)

T Specimens Not infected, %
H 0,
studied TBEV B.b.s.I. B. m. A.ph. E. sp. (95% Cl)

Apodemus peninsulae 15 ! 6 4 ! > /

P P 7(0;19)  40(15;65) 27 (4:49)  7(0;19)  33(9;57) 47 (21;72)
Microtus oeconomus 5 0 2 0 ! ! 3

40 (0; 83) 20 (0; 55) 20 (0; 55) 60(17;103)
1 6 2 3 1 9

Myodes rufocanus 7 6(0;17) 35(13;58) 12(0;27) 18(0;36)  6(0;17) 53(29;77)
Myodes rutilus 1 0 1 0 1 0 0
2 15 6 6 7 19

Total 38 5(,12)  39(24;55) 16(4;27)  16(427)  18(6;31) 50 (34; 66)

Note. TBEV - tick-borne encephalitis virus; B. b. s. |. — B. burgdorferi sensu lato; B. m. — B. miyamotoi; A.

ph. — Anaplasma phagocytophilum; E. sp. — Ehrlichia sp.
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had signs of systemic B. burgdorferis. |. infection involv-
ing at least three organs, i.e., brain, spleen and lungs.
Among A. peninsulae, the systemic infection was ob-
served in three specimens with involvement of two or
more organs, and in three specimens DNA of B. burg-
dorferis. . was detected only in lungs. In M. rufocanus a
similar pattern was observed: three specimens exhib-
ited systemic infection involving 3 or 4 organs, and in
three cases borreliae were detected only in lungs (two
specimens) or brain (one specimen).

The quantitative load of B. burgdorferi s. |. was possi-
ble to be determined for three specimens of M. rufocanus
and one each of A. peninsulae, M. oeconomus and M. rutilus
(Table 4). The attempts to quantify the spirochete concen-
trations in brain tissues were not successful.

Trace amounts of B. burgdorferi s. |. DNA were detect-
ed in the kidneys of only one of M. rufocanus. In spleen
and lung tissues, B. burgdorferi s. |. DNA concentrations
were comparable for most samples and were on the or-
der of 10 genomic copies per 10 mg of tissue. In tissues of
a single specimen of the M. oeconomus the concentration

TABLE 3

of B. burgdorferi s. |. DNA was 3.5 log10 genomic copies,
which is about 1000 times higher than similar parameters
of M. rufocanus and A. peninsulae (Table 4).
Infection and features of mammalian infection
with B. miyamotoi

The agent of tick-borne relapsing fever B. miyamo-
toi, has only been found among abundant rodent species.
The prevalence of infection in A. peninsulae was more than
twice higher than in M. rufocanus (27 % and 12 %, respec-
tively). In rodent organism, B. miyamotoi infection was more
disseminated than B. burgdorferi s. |. (Table 5) and affect-
ed 2 or more organs in all cases, with the exception of one
specimen of A. peninsulae, in which these spirochetes
were found only in spleen.

The quantitative load of B. miyamotoi was deter-
mined for three infected specimens of A. peninsulae
and two M. rufocanus (Table 6). Overall, the concentra-
tion of B. miyamotoi in mammalian tissues was about
10-fold higher than that of B. burgdorferis.|. and ranged
from 50 to about 10,000 genome copies per 10 mg

OCCURRENCE OF B. BURGDORFERI S. L. IN ORGANS OF SMALL MAMMALS

Organs in which B. burgdorferis. |. DNA was revealed, n (%)

Mammalian B. burgdorferi s. |. infected,
species specimens

brain
A. peninsulae 6 1(16.7)
M. oeconomus 2 2(100)
M. rufocanus 6 3 (50)
M. rutilus 1 1(100)

TABLE 4

spleen kidneys lungs
2(33,3) 1(16.7) 6 (100)
2(100) 0(0) 2(100)
3(50) 2(33.3) 5(83.3)
1(100) 0(0) 1(100)

MEAN BACTERIAL LOAD OF B. BURGDORFERI S. L. IN ORGANS OF SMALL MAMMALS

B. burgdorferi s. |. concentration in tissues (Ig genome copies/10 mg)

Mammalian
species
spleen
A. peninsulae 1
M. oeconomus 3.5
M. rufocanus 0
M. rutilus 0.6

kidneys lungs
0 0.8
0 33
0.1 0.9
0 14
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of tissue. In A. peninsulae, the quantitative load of spi-
rochetes in different organs was approximately equal,
whereas in M. rufocanus, spleen tissues were promi-
nent, in which the DNA concentration of B. miyamo-
toi was 2 orders of magnitude higher than in other or-
gans (Table 6).
Prevalence and patterns of infection
with A. phagocytophilum in rodents

Overall, the causative agent of human granulocy-
tic anaplasmosis (HGA), A. phagocytophilum, was found
in 16 % of mammals but the incidence of infection
with this pathogen varied between species. Thus, M. ru-
focanus and M. oeconomus were characterized by infec-
tion rates close to the mean value, but among A. peninsu-

TABLE 5

lae the prevalence of infection was three times lower (18-
20 % vs. 7 %, respectively; Table 2).

In most cases, A. phagocytophilum infection resulted
in a systemic spread of the pathogen involving all organs
examined, exceptthe kidneys (Table 7). The only exception
was an infected specimen of A. peninsulae, in which HGA
agent DNA of the human granulocytic anaplasmosis
pathogen was detected only in the spleen (Table 7).

Prevalence and patterns of infection
with Ehrlichia sp. in rodents

Ehrlichia infection was most common of A. peninsu-
lae, in which these microorganisms were observed in 33 %
of cases. Among other mammalian species, these bacteria
were found in single specimens (Table 2).

OCCURRENCE OF B. MIYAMOTOI IN ORGANS OF SMALL MAMMALS

Organs in which B. miyamotoi DNA was revealed, n (%)

Mammalian B. miyamotoi infected,
species specimens . .
brain spleen kidneys lungs

A. peninsulae 4 2 (50) 4.(100) 0(0) 3(75)
M. rufocanus 2 0(0) 1(50) 1(50) 2(100)
TABLE 6

MEAN BACTERIAL LOAD OF B. MIYAMOTOI IN ORGANS OF SMALL MAMMALS

B. miyamotoi concentration in tissues, lg genome copies/10 mg
Mammalian species
brain spleen kidneys lungs
A. peninsulae 2 2.7 0 23
M. rufocanus 0 4.1 14 2.2

TABLE 7

OCCURRENCE OF A. PHAGOCYTOPHILUM IN ORGANS OF SMALL MAMMALS

Mammalian Infected with A. phagocytophilum,
species specimens
A. peninsulae 1
M. oeconomus 1
M. rufocanus 3
M. rutilus 1

Organs in which A. phagocytophilum DNA was revealed, n (%)

brain spleen lungs
0 1(100) 0
1(100) 1(100) 1(100)
2(66.7) 3(100) 3(100)
1(100) 1(100) 1(100)
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In contrast to all other pathogens studied, Ehrli-
chia sp. infection was always systemic, and in A. penin-
sulae, ehrlichiae DNA was detected in all organs exami-
ned (Table 8).

Co-infection of small mammals
with two or more pathogens

Co-infection with two or more pathogens appeared
to be widespread among vertebrate hosts of tick-borne in-
fections. The only M. rufocanus specimen studied was simul-

TABLE 8

taneously infected with two pathogens, i. e. B. burgdorferis. |.
and A. phagocytophilum. Of the two infected M. oeconomus,
one was infected with three bacteria species, i. e. B. burg-
dorferi s. |, A. phagocytophilum and Ehrlichia sp. The pat-
tern of infection with tick-borne pathogens among multi-
ple mammalian species is summarized in Table 9.

Korean field mice A. peninsulae were co-infected more
often —about 40 % of animals were simultaneously infected
with two or more pathogens, with mono-infections only be-

DISTRIBUTION OF EHRLICHIA SP.IN VARIOUS ORGANS OF SMALL MAMMALS

Ehrlichia sp. infected,

Mammalian species h
specimens

Organs in which Ehrlichia sp. DNA was revealed, n (%)

brain spleen kidneys lungs
A. peninsulae 5 4 (80) 5(100) 1(20) 5(100)
M. oeconomus 1 1(100) 1(100) 0 1(100)
M. rufocanus 1 1(100) 1(100) 0 1(100)
TABLE 9
CO-INFECTION PATTERNS OF TICK-BORNE PATHOGENS IN SMALL MAMMALS

Co-infection with (%)
Pl Mono’;i::;e)ction, Co-i:f(i/z;ion, et
B.b.s. l.* B. m. A. ph. E. sp. D nathogans
A. peninsulae (n = 15)
TBEV 0 1(6.7) 0 0 0 0 1(6.7)
B.b.s.l. 0 6 (40) - 1(6.7) 1(6.7) 2(13.3) 2(13.3)
B.m. 1(6.7) 3(20) 1(6.7) - 0 0 2(13.3)
A. ph. 0 1(6.7) 1(6.7) 0 - 0 0
E. sp. 1(6.7) 4(26.7) 2(13.3) 0 0 - 2(13.3)
Total 2(13.3) 6 (40) 4(26.7) 1(6.7) 1(6.7) 2(13.3) -
M. rufocanus (n = 17)

TBEV 1(5.9) 0 0 0 0 0 0
B.b.s. . 2(11.8) 4(23.5) - 1(5.9) 2(11.8) 0 1(5.9)
B. m. 1(5.9) 1(5.9) 1(5.9) - 0 0 0
A. ph. 0 3(17.6) 2(11.8) 0 - 0 1(5.9)
E. sp. 0 1(5.9) 0 0 0 - 1(5.9)
Total 4(23.5) 4(23.5) 3(17.6) 1(5.9) 2(11.8) 0 -

Note. TBEV — tick-borne encephalitis virus; B. b. s. |. — B. burgdorferi sensu lato; B. m. — B. miyamotoi; A. ph. — Anaplasma phagocytophilum; E. sp. — Ehrlichia sp.
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ing observed for B. miyamotoi and Ehrlichia sp. The only case
of TBEV infection in this rodent species was observed only
in co-infection with B. burgdorferiss.|., B. miyamotoi and Ehr-
lichia sp. Among the bacteria, B. burgdorferi s. |. were ob-
served with approximately equal frequency in all co-infec-
tions; B. miyamotoi was observed either in multiple co-in-
fections or in combination with B. burgdorferi s. 1., the only
case of A. peninsulae infection with anaplasmas was in com-
bination with B. burgdorferis. ., whereas the more common
ehrlichiae occurred in about equal numbers, both as mo-
no-infections and in various combinations with other mi-
croorganisms.

Among M. rufocanus, approximately 25 % of animals
were infected with one pathogen and the same num-
ber — with two or more pathogens. Mono-infections have
been reported for TBEV, B. burgdorferi s. |. and B. miy-
amotoi. Among the co-infections, the most notable were
B. burgdorferi s. |., which occurred in all available combi-
nations except TBEV. For the other bacteria, co-infections
in this rodent species were not common and were limit-
ed to single cases of multiple infections or co-infections
with B. burgdorferis. |.

CONCLUSION

In the Krasnochikoysky district of the Trans-Baikal
Territory within the Chikoy River valley, a stable circula-
tion of at least five causative agents of tick-borne infec-
tions has been revealed for the first time: tick-borne en-
cephalitis virus, B. burgdorferi s. |., B. miyamotoi, A. phago-
cytophilum and Ehrlichia sp. It has been shown that these
pathogens not only infect tick vectors, but are also spread
among natural vertebrate hosts — small mammals. /. per-
sulcatus ticks are the most relevant vectors of tick-borne
infections in the surveyed area, while the most impor-
tant vertebrate hosts and tick feeders are M. rufocanus
and A. peninsulae.

No cases of infection of taiga ticks and rodents
with causative agents of tick-borne rickettsiosis of north-
ern Asia R. sibirica and Far Eastern tick-borne rickettsio-
sis R. heilongjiangensis were revealed. However, the exist-
ence of natural foci of these diseases in the ecosystems
of the Chikoy River catchment cannot be excluded. A lim-
ited sample size of ticks and vertebrate hosts, on the one
hand, does not allow us to assert the completeness
of the description of the ixodid tick fauna of the Chikoy
River valley, as well as the biodiversity of pathogens in-
fecting them. In contrast, the discovery of the H. concinna
tick (which is the competent invertebrate host of R. hei-
longjiangensis), also suggests that the species diversity
of both tick vectors and tick-borne pathogens in the Kras-
nochikoisky district may be even wider than established
in the present study.

Summarising the results obtained, we can note a high
risk of infection with tick-borne encephalitis, Lyme dis-
ease, tick-borne relapsing fever caused by B. miyamotoi,
HGA and HME in the Krasnochikoisky district of the Trans-
Baikal Territory, which is part of the Baikal Natural Area, in-
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cluding the most attractive areas for residence and recre-
ation of the local population, Russian and foreign tourists.
This evaluation is supported by the widespread distribu-
tion of epidemically significant vectors of tick-borne infec-
tions - I. persulcatus ticks, the presence of numerous pop-
ulations of competent vertebrates — hosts of infections
and tick feeders, high prevalence of infections in of ticks
and small mammals, as well as a significant proportion
of animals simultaneously infected with two or more patho-
gens. All this indicates the need to further improve the sur-
veillance of tick-borne infections with the involvement
of all the possibilities of modern science for both short-
term and medium- and long-term forecasting of the epi-
demiological situation.
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ABSTRACT

The aim of the study. To evaluate the anti-nociceptive and reparative effects
of adipose-derived mesenchymal stem cells (ADMSCs) under the pharmacological
blockade of cannabinoid CB, receptors in a model of peripheral neuropathic pain.
Material and methods. In 40 male Wistar rats, modeling of peripheral neuropa-
thy (NP) was performed by excising a sciatic nerve. On day 7 of the study, ADMSCs
(1 x 106 cells/kg) were transplanted into the area of sciatic nerve injury without ad-
ditional influences or after administration of the CB, receptor antagonist AM630,
as well as after incubation with AM630. Within 90 days, nociceptive sensitivity
was studied, as well as a detailed analysis of gait using CatWalk XT (Noldus, Nether-
lands). Onday 21 and day 90, histostructure of the distal segment of the sciatic nerve
was assessed.

Results. Pharmacological blockade of CB, receptors both on the ADMSCs
and in the soft tissues surrounding the site of sciatic nerve injury led to a decrease
in withdrawal threshold and withdrawal latency from day 28 of the study compared
with the group of rats with NP and transplantation of ADMSCs only. Local injec-
tion of AM630 before transplantation of ADMSCs contributed to the development
of NP-induced gait disturbances and increase of the number of damaged nerve
fibers in the distal segment of sciatic nerve. Transplantation of ADMSCs pretreated
with AM630 did not significantly affect the rate of recovery of gait parameters,
and decreased the number of damaged nerve fibers by day 90 of study.
Conclusion. Blockade of CB, receptors, both on the membranes of MSCs
and in the area of damage to the peripheral nerve, has a negative effect on the de-
velopment of the anti-nociceptive and reparative effects of MSCs.

Key words: mesenchymal stem cells, neuropathic pain, sciatic nerve, cannabinoid
receptors, pharmacological blockade of CB, receptors

For citation: Yerofeyeva A.-M., Pinchuk S., Rjabceva S., Molchanova A. Pharmacological
blockade of cannabinoid type Il receptors and mesenchymal stem cell transplantation
in a model of peripheral neuropathic pain. Acta biomedica scientifica. 2023; 8(6): 141-152.
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PE3IOME

Leno uccneooeanusa. OyeHUmMb dHMUHOUUUEeNMuUBHbIl U penapamusHbil
3hhekmbl Me3eHXUMATbHbIX CMB0JI08bIX KIemokK Xuposol mkaHu (MCK XT)
Ha (oHe papmakosiozuyeckoli 610kadbl KAHHABUHOUOHbIX peyenmopos CB,
8 MoOesiu nepugepuydeckoli Heliponamudyeckol 60/1u.

Mamepuan umemodsl. Y40 kpoic-camyos Wistar ocywecmsunu modenuposarue
nepugepuydeckot Hetiponamuu (HI1) nymém uccedeHus y4acmka cedanuujHo2o
Hepsa. Ha 7-e cymku uccnedosaHusa nposedeHa mpaHcnaaHmayua MCK XT
(1 x 10° knemok/k2) 8 0671acMb NOBPexOeHUs cedanuuHo20 Hepea 6e3 doNosIHU-
mesibHbIX 8030elicmaud, a makxe Nocsie IOKaabHO20 88e0eHUs aHMazoHuCcMa
CB,-peyenmopa AM630 u npedsapumesibHoU uHkybayuu ¢ AM630. B meyerue
90 cymok pe2ucmpupo8asu HoyuyenmusHyto 4y8cmeaumesibHOCMb U aHA1u3u-
posasiu noxooKy Kpwic ¢ nomowbto CatWalk XT (Noldus, HudepnaHoel). Ha 21-e
u 90-e cymku nposedeHa oyeHKa 2ucmocmpykmypbl OUCMAabHO20 cezMeHma
ce0asIuWHO20 Hep8a Nnocsie aKCoMomuu.

Pesynemamoi. Qapmakonoaudeckas 6sokada CB,-peyenmopoe Kak Ha mem-
6paHax MCK XKT, mak u 8 MAaz2KUX MKAHsAX, OKPYXarouux Mecmo nogpexoeHus
CedauWHo20 Hepsa, Npusoousid K CHUXeHUI0 nopoad U JIAmeHMHOo20 hepuodd
HoyuyenmusHoU peakyuu ¢ 28-x Cymok ucc1e008aHuUs NO CpasHeHUto ¢ 2pynnoli
Kpeic ¢ HIMu 2pynnoti xxusomHsix nocine mparHcnaaHmayuu mosnasko MCK XKT. [Tocne
J10KanbHozo 8sedeHuUss AM630 neped mparcnnanmayueti MCK KT ommeyeHebl yxyo-
weHue napamempos Noxo0Ku, 8bi38aHHsele HI, u ysenudeHue 00/1u NOBPeXOEHHbIX
HepBHbIX 80/IOKOH 8 0UCMAJIbHOM cezMeHme ce0auLyHo20 Hepad. TpaHcnaaHma-
yusa MCK, npeurHkybuposaHHbix c AM630, He 0Ka3bl8a1a cywecmaeHHo20 8/1UAHUA
Ha CKopoCMb 8OCCMAHOBJIEHUSA NApaMmempos NoxooKU, K 90-mM Cymkam ucciedo-
8aHUS CONPOBOXOAIACH CHUXEHUEM YUC/Ia NOBPEXOEHHbIX HEPBHbIX B0JIOKOH.
3akmoyenue. brokada CB,-peyenmopos kak Ha membparax MCK, mak e 30He
nospexoeHus nepughepuyeckozo Hepaa conpo8oXOAemcA CHUXeHUeM AHMUHOYU-
yenmusHo20 a¢hpekma MCK npu ux 1okabHoU mpaHcnaaHmayuu u nooasssem
penapamugHoe deticmaue MCK.

Knioueesle crioea: mveseHxuMdsibHble CMB0JI08ble Kiemku, Heliponamuy4eckas
60716, ce0anuUUHbIl Hep8, KAHHAOGUHOUOHbIE peyenmopel, (hapmMako102u4ecKas
6nokada CB,-peyenmopos

OnauuntnpoBanus: Epodeesa A.-M.B., MnHuyk C.B., Psabuesa C.H., MonuaHosa A.t0. ®ap-
Makosiornyeckas 6510kaga KaHHabrHOMAHbIX peuenTopos |l TMNa Npu TpaHcnaHTaumm
Me3eHXMMaJslbHbIX CTBOJIOBbIX KNETOK B MOZENV nepudepriyeckoin HeiponaTrnieckon
6onu. Acta biomedica scientifica. 2023; 8(6): 141-152. doi: 10.29413/ABS.2023-8.6.13
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INTRODUCTION

Chronic pain syndromes of neurogenic origin, associat-
ed with damage or dysfunction of peripheral parts of the so-
matosensory nervous system [1], occurin 7-20 % of the Eu-
ropean population [2] and in 30-50 % of the world popula-
tion [3]. Cell therapy using adipose-derived mesenchymal
stem cells (ADMSC) appears promising for peripheral nerve
injuries and related pain syndromes [4, 5]; their antinocice-
ptive effect with local transplantation has been evidenced
in models of peripheral neuropathy of various etiologies [6—
11]. The ability of MSC to alleviate neuropathic pain is cur-
rently associated mainly with the suppression of local in-
flammatory response by secretion of a number of paracrine
factors [5], but the mechanisms of activation of these pro-
cesses are not fully disclosed.

Cannabinoid CB, receptors are involved in modu-
lating the transduction, transmission and processing
of nociceptive signals at both the peripheral and cen-
tral levels of the somatosensory nervous system [12]
and serve as a target for pain management. MSCs are able
to produce CB, receptor ligands [13], which may be one
of the mechanisms of their analgesic action. Conversely,
CB, receptors are presentin MSCs and are involved in sus-
taining their viability and metabolic activity [13-16], indi-
cating a possible interaction between MSCs and endoge-
nous cannabinoids in the transplantation area. It is essen-
tial to study the changes of MSC effects under the con-
ditions of blockade of these receptors in order to under-
stand the role of CB,-receptors in analgesic and reparative
action of MSC at local injection into the area of peripheral
nerve injury.

THE AIM

Assessment of antinociceptive and reparative ef-
fects of adipose-derived mesenchymal stem cells against
pharmacological blockade of cannabinoid CB, receptors
in a model of peripheral neuropathic pain.

MATERIALS AND METHODS

The study was conducted on 40 male Wistar rats weigh-
ing 180-200 g. The animals were kept in the vivarium
of the Institute of Physiology, National Academy of Scienc-
es of Belarus with free access to water and food and 12/12 h
day/night cycle. Animals were divided into 4 groups by sim-
ple randomization method (using random number table),
in each groupn=10:

1) rats with peripheral neuropathy (NP) model without
treatment (NP group);

2) rats with NP model and transplantation of al-
logeneic ADMSC to the area of sciatic nerve injury
(NP + ADMSC group);

3) rats with NP model and ADMSC transplanta-
tion under pharmacological blockade of CB, recep-
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tors in soft tissues of the sciatic nerve injury area
(NP + AM630 + ADMSC group);

4) rats with NP model and ADMSC transplantation,
which underwent pharmacological blockade of CB, re-
ceptors when pre-incubated with selective antagonist
(NP + pre-AM630-ADMSC group).

All manipulations involving experimental animals
were undertaken in compliance with the principles of bio-
ethics as set out in the European Convention for the Protec-
tion of Vertebrates Animals used for Experimental and oth-
er Scientific Purposes. The study minutes were approved
by the Bioethics Commission of the Institute of Physiolo-
gy, National Academy of Sciences of Belarus (Minutes No. 1
dated February 02, 2023).

Surgical manipulations. NP was modelled on the left
hind limb of rats by axotomy of a 0.5 cm section of the sci-
atic nerve according to the previously described method
[8]. The surgery was performed under general anaesthe-
sia induced by intravenous injection of sodium thiopen-
tal (JSC ‘Sintez’, Russia) at a dose of 20 mg/kg with local
anaesthesia (lidocaine hydrochloride (JSC ‘Borisov Medi-
cal Preparations Plant’, Republic of Belarus), 0.1 ml intra-
muscularly).

ADMSC transplantation. On day 7 after NP mo-
delling, experimental groups were injected with ADMSCs
in the amount of 1 x 10° cells/kg. ADMSCs isolated from
visceral fat of intact rats were cultured in a CO, incubator
(37°C; 5% CO,) until the 3rd passage according to the pre-
viously described method [17]. Using flow cytofluorime-
ter FACSCanto Il (Becton Dickinson, USA) the phenotype
of ADMSC was analysed by the presence of character-
istic markers CD29, CD44 and CD90 and absence of he-
matopoietic marker CD45. Cell suspension in phosphate-
buffered saline (PBS, phosphate-buffered saline) buffer
(pH = 7.2; Sigma-Aldrich, Germany) was injected intramus-
cularly with an insulin syringe with an integrated 30 G nee-
dle in four injections around the area of surgical excision
of the nerve site according to an imaginary dial pattern at 3,
6,9,and 12 hours.

CB, receptor pharmacological blockade. Toachieve
blockade of CB, receptors on ADMSC's membranes, cells
were incubated with the selective antagonist AM630
(Sigma-Aldrich, Germany) for 24 h (2 uM). Pharmacologi-
cal blockade of CB,-receptors in soft tissues of the sciatic
nerve injury area was performed by intramuscular injec-
tion of AM630 (100 pg/kg) 15 min before ADMSC trans-
plantation. The AM630 antagonist was diluted in a sol-
vent consisting of sterile PBS buffer (pH = 7.4; Sigma-Al-
drich, Germany) and 0.2 % dimethyl sulfoxide (NeoFroxx
GmbH, Germany).

An assessment of nociceptive sensitivity. The Ran-
dall - Selitto algesimeter (Panlab, Spain) was used to de-
termine nociceptive sensitivity to a mechanical stimu-
lus (mechanical withdrawal threshold (MWT)), and Hot
Plate’ algesimeter (Panlab, Spain) was used to deter-
mine nociceptive sensitivity to a thermal stimulus (ther-
mal withdrawal latency (TWL)) [18]. Measurements were
performed three times with an interval of 5-7 min. Noci-



ceptive sensitivity was assessed on days 0, 7, 14, 21, 28,
60 and 90 of the study.

Analysis of gait parameters. Detailed analysis of gait
was performed using the software and hardware complex
CatWalk XT 10.6 (Noldus, Netherlands). The system ena-
bles qualitative and quantitative assessment of gait pa-
rameters during the animal’s free movement on a glass
platform. The intensity of green light at the point of con-
tact between the paws and the surface of the glass po-
dium illuminated with green LED lighting was record-
ed with a high-speed video camera with a wide-angle
lens Gevicam GP-3360 (GEViCAM Inc., USA) located un-
der the corridor. Paw prints were analysed and gait pa-
rameters were calculated using the software of this hard-
ware-software complex. Prior to the study, the animals
were adapted to the device and run recording condi-
tions. Runs of each animal were recorded in a dark, venti-
lated room 3 times each with a maximum step variability
of 60 % and a run time of no more than 5.00 s. The analy-
sisincluded static and dynamic parameters, which reflect
the degree of tonic pain sensations in this model and also
indirectly demonstrate the functional state of the sciatic
nerve. Dynamic parameters included:

Stand Time - duration of the paw stand phase
on the ground;

Swing Time —duration of the paw swing phase in the air;

Duty Cycle — working cycle of the paw, the ratio
of the duration of the paw stand phase to the duration
of the full step cycle.

Static gait parameters:

Print Length — the length of the print;

Print Width - the width of the print;

Print Area — the area of the print;

Max contact area - the area of the print at the most in-
tensive contact of the paw with the platform;

Max intensity — the maximum intensity of the paw
print;

Mean intensity - the average intensity of the paw
print;

Sciatic functional index (SFI).

These parameters were selected based on previ-
ous studies [6-7, 19]. To exclude the effects of run speed
and body weight of animals influencing gait parameters,
data were calculated as a percentage of the contralateral
hind paw, except for SFI.

Assessment of the sciatic nerve histostructure.
Ondays 21 and 90 of the study, a distal segment of the sci-
atic nerve was sampled for histological examination.
The samples were fixed in 10 % neutral buffered forma-
lin. Sections 5 um thick were stained with hematoxy-
lin and eosin according to standard techniques. The ob-
tained preparations were viewed and digitized using
an Optec BK 5000 light microscope with a digital cam-
era (Optec, China) at a magnification of x 400. The per-
centage of normal and damaged nerve fibres was count-
ed on transverse sections of the sciatic nerve [20]. Mor-
phometric parameters were assessed in the field of view
of a microscope at x 400 magnification (area 67072.0 um?)
in at least five fields of view.

Statistics. Statistical processing of data was per-
formed using Statistica 10 software (StatSoft Inc.,
USA). Data were checked for normality of distribution
by the Shapiro — Wilk test. In normal characteristic dis-
tribution, results are presented as mean * standard de-
viation (M + SD); in an abnormal distribution, results
are presented as median and quartiles (Me (Q25; Q75)).
Differences in nociceptive sensitivity and gait param-
eters were assessed by repeated measures analysis
of variance with posterior comparisons using the least
significant difference method. Morphometric data
were compared by the Kruskal - Wallis criterion fol-
lowed by a posteriori comparisons. The conclusion
about statistical significance of differences was made
at p < 0.05.

RESULTS

Alterations in nociceptive sensitivity. On day 7
after NP modelling, the development of mechanical
and thermal hyperalgesia was observed. This was ev-
idenced by a 35.5 % decrease in ipsilateral limb MWT
(from 136.0 = 1.9 to 87.7 + 2.0 g) and 34.3 % decrease
in TWL (from 18.1 £ 0.6 to 11.9 + 0.4 s) relative to baseline
values (p < 0.001) (Fig. 1a, b). There was no tendency for
MWT and TWL to recover to their original values over
the course of the study. The MWT of the contralater-
al healthy limb did not change statistically significant-
ly throughout the study (p > 0.05 compared to day 0;
Fig. 1a).

A single intramuscular injection of ADMSC into
the area of sciatic nerve injury resulted in a 32.3 % in-
crease in the MWT of the ipsilateral extremity by day 14
(from85.4+2.0t0113.0+1.9g; p <0.001 by day 7; Fig. 1a),
TWL by 17.1 % (from 11.7 £ 0.5t0 13.7 £ 0.5 5; p < 0.001
by day 7; Fig. 1b). By day 21 of the study, the MWT of the ip-
silateral limb had already increased to 129.4 + 2.0 g
(p <0.001 by day 7; p > 0.05 by day 0; Fig. 1a) and the TWL
t0 16.2 £ 0.5 s (38.5 % higher; p < 0.001 by day 7; p > 0.05
by day 0; Fig. 1b). Further up to and including day 90,
MWT and TWL were not statistically significantly differ-
ent from baseline values (p > 0.05; Fig. 1a, b). Administra-
tion of ADMSC to rats with NP also statistically significant-
ly increased their MWT and MWT when compared to un-
treated animals already on day 14 day of the study: MWT
was higher by 26.2 % (p < 0.001), and TWL - by 20.2 %
(p < 0.001). From day 21 onwards, the increase in MWT
relative to the untreated NP group was 53.5 % (p < 0.001),
TWL was 54.3 % (p < 0.001).

Antagonist AM630 administration at a dose
of 100 pg/kg to the area of nerve injury in rats with NP
onday 7 of the study did not lead to statistically significant
changes in MWT of the ipsilateral extremity, as well as TWL
after 15 min (Table 1).

ADMSC injection 15 min after pharmacological
blockade of CB, receptors in the area of sciatic nerve
injury resulted in a 21.9 % increase in MWT on day 14
of the experiment relative to the values on day 7

144



(from 94.5 + 2.1 to 115.2 £ 2.6 g; p < 0.001). And these
values were not statistically significantly different from
the NP + ADMSC group (p > 0.05), but were 18.7 %
higher than in the NP group without treatment
(p < 0.001). By day 21, MWT tended to decrease com-
pared to the NP + ADMSC group and tended to in-
crease by 33.3 % compared to the NP group with-
out treatment (p < 0.001). On day 28, MWT increased
to 120.4 £ 4.1 g, which was 9.3 % lower than the values
of the NP + ADMSC group (p < 0.001) and 33.2 % higher
than those of untreated rats (p < 0.001; Fig. 1a). Thereaf-
ter, a decreasing trend in MWT was observed (Fig. 1a). An
increase in TWL by day 14 of the study by 21.5 % was ob-
served in relation to the values obtained on day 7:
from 10.7 £ 0.3t0 13.0 £ 0.3 s (p < 0.001; no statistical-
ly significant differences with the NP + ADMSC group

0 5 10

15 20 25 30

Days
—eo— NP without treatment, n = 10
—o— Contrlateral paw, n =10
—a—NP + ADMSC, n=10

a

60 70 80 90

FIG. 1.

(p > 0.05); 14.0 % higher in comparison with the PN
group without treatment (p < 0.05) (Fig. 1b). By day 28,
TWL increased to 13.1 £ 0.2 s, and the index was 22.0 %
lower than in the NP + ADMSC group (p < 0.001).
By day 90 of the study, we observed a marked decrease
in TWLto 11.5 + 0.3 s (p > 0.05 compared to NP with-
out treatment; p < 0.001 compared to NP + WL MSCs;
Fig. 1b).

ADMSC injection preincubated with AM630 increased
the MWT of the ipsilateral extremity on day 14 of the study
by 18.3 % relative to the values obtained on day 7 (from
959+ 1.41t0 113.4 £ 2.0 g; p < 0.001; Fig. 1a) and TWL
by 13.3 % relative to the values obtained on day 7 (from
10.5+£0.4t011.9+0.35;p <0.001). Meanwhile, MWT was not
significantly different from the values in the NP + ADMSC
group (p > 0.05) and in the NP + AM630 + ADMSC group
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Dynamics of nociceptive sensitivity to mechanical (a) and thermal (b) stimuli in rats with NP, ADMSC transplantation on the background
of pharmacological blockade of CB,-receptors by AM630 antagonist: arrow indicates the time of ADMSC transplantation; * - p < 0.05
compared to day 0; + - p < 0.05 compared to NP without treatment; # — p < 0.05 compared to NP + ADMSC; ! - p < 0.05 compared

to NP + AM630 + ADMSC

TABLE 1

NOCICEPTIVE SENSITIVITY PARAMETERS IN RATS WITH PN AFTER ADMINISTRATION OF AM630 ANTAGONIST

TO THE SITE OF SCIATIC NERVE INJURY

Parameters MWT (left paw), g
Day 0 133.2+13
Day 7 91.2 +1.8*%
15 min after AM630 injection 94,5+ 2.1*%

Note. *—p <0.05 compared to day 0.

MWT (right paw), g TWL, s
1325+1.0 19.1£0.6
133.9+0.9 10.6 £ 0.3*
131.6+1.3 10.7 £0.3*



(p > 0.05), whilst TWL was 13.1 % lower than the values
of the NP + ADMSC group and was not statistically sig-
nificantly different from the group with NP without treat-
ment (p > 0.05). By day 21, both parameters in this group
were lower than those in the rats that had only received
ADMSC by 8.3% (p <0.05) and 18.5 % (p < 0.001), respective-
ly, but higher than those in the NP + AM630 + ADMSC group
by 5.6 % and 13.8 %, respectively (p < 0.05). By day 90, a de-
creasein MWTto 117.0+ 1.5 g (p < 0.001 to NP group with-
out treatment; p < 0.001 to NP + ADMSC group) and TWL
to 11.3£0.2 s (p > 0.05 to NP without treatment; p < 0.001
to PN + ADMSC) were observed.

By comparing both methods of pharmacologi-
cal blockade of CB,-receptors it was revealed that af-
ter transplantation of ADMSC preincubated with
AM®630 there was observed an increase of MWT relative
to NP + AM630 + ADMSC group on day 21 of the study
by 5,6 % (p < 0.05), and also a decrease of TWL on day 14
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by 8.5 % (p < 0.05) with the subsequent increase on day 21
of the study by 13.8 % (p < 0.02). At later terms of the study
no statistically significant differences in the studied in-
dices between these groups were revealed. Overall,
ADMSC transplantation following local injection of AM630
resulted in a more pronounced reduction in the antinoci-
ceptive action of ADMSC.

Dynamic gait parameters. Inthe untreated NP group,
a reduction in the duration of the ipsilateral paw stand du-
ration t0 91.0 % (p < 0.001) and of the duty cycle to 95.4 %
(p <0.001) was observed from day 7 of the experiment, with
no statistically significant differences in the swing duration
(p>0.05;Fig. 2c). By day 21 of the study, there was an adap-
tive recovery of the above parameters (Fig. 2a, b).

After ADMSC injection at a dose of 1 x 10° cells/kg
into the area of sciatic nerve transection, the recov-
ery of the stand duration (up to 98.4 %) and duty cy-
cle (up to 101.9 %) was observed by day 14 (Fig. 2a, b),
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Gait dynamic parameters (a-c) and functional sciatic index (d) changes in rats after NP modelling, ADMSC transplantation
on the background of pharmacological blockade of CB, receptors by AM630 antagonist: arrow indicates the time of transplanta-
tion; * — p < 0.05 to the values before NP modelling; # — p < 0.05 to the NP group without treatment; + — p < 0.05 to NP + ADMSC;

/- p <0.05 to the NP + AM630 + ADMSC group
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and no further changes were revealed. After ADMSC in-
jection against the background of pharmacological block-
ade of CB,-receptors in the area of sciatic nerve transec-
tion, the recovery of the stand duration was fixed by day 60
of the study (Fig. 2a), and of the duty cycle - by day 90
of the study (Fig. 2b). On day 28 of the experiment, there
was a decrease in the stand duration of the ispilateral paw
compared to the NP group without treatment (by 8.1 %;
p < 0.005) and duty cycle (by 5.1 %; p < 0.01). Compared
to the NP + ADMSC group, the stand duration of the ipsilat-
eral paw was shorter on day 21 (7.1 %; p < 0.05) and day 28
(8.8 %; p < 0.002) of the study; the duty cycle was short-
er on day 14 (6.8 %; p < 0.005) and day 60 (4.9 %; p < 0.02)
of the study. Pre-AM630-MSC injection of ADMSCs result-
ed in restoration of the stand duration to 99.2 % by day 14
(p > 0.05 by day 0; p < 0.05 for the NP group without treat-
ment) and of the duty cycle to 100.5 % (p > 0.05 by day 0;
p < 0.05 for the NP group without treatment). No statisti-
cally significant differences in dynamic parameters from
the NP + ADMSC group were revealed, and the pattern
of changes in these gait parameters in these two groups
was similar.

Sciatic functional index. This index in the un-
treated NP group decreased 2.3-fold, by 229.9 % (from
-7.65 £ 0.30 to -24.99 = 2.45; p < 0.001 compared
to the data on day 0) by day 7 of the study (Fig. 2d).
The tendency to recovery of this index was observed only
from the day 60 of the study, but by day 90 of the study
no recovery of SFI to the baseline level was observed
(p<0.01) (Fig. 2d). After ADMSC transplantation, recovery
of SFIto-7.75 + 1.57 was observed by day 14 of the study.
Further, no statistically significant changes in SFI were
observed throughout the study compared to the val-
ues on day 0. If AM630 was administered 15 min before
ADMSC transplantation, a partial recovery of SFl was ob-
served by day 14 of the study (to -16.75 + 1.74; p < 0.002
by day 0; p < 0.05 to the untreated NP group). From
day 21 of the study, the index decreased again to the lev-
el of the NP group without treatment (to -26.69 + 3.05;
p < 0.001 by day 0; p > 0.05 to the NP group without
treatment). SFI in this group returned to baseline only
by day 90 of the study (to 12.10 £ 1.85), but was not sta-
tistically significantly different from NP without treat-
ment. Compared to the NP + ADMSC group, SFl in this
group was statistically significantly decreased on day 14
(p < 0.001), day 21 (p < 0.001) and day 28 (p < 0.001)
of the experiment. After transplantation of ADMSC pre-
incubated with AM630, SFl was fully recovered by day 21
(to -9.16 = 1.12; p > 0.05 by day 0; p < 0.001 to the NP
group without treatment). Compared to the NP + ADMSC
group, SFlin this group was lower on day 14 of the study
(by 76.4 %; p < 0.005).

Static gait parameters. From day 28 onwards,
the untreated NP group observed a decrease in the print
length of the injured paw compared to day 0 to 93.6 %
(p < 0.02; Fig. 3a), and in the print width to 96.1 %
(p < 0.001; Fig. 3b). The print area of the ipsilateral ex-
tremity decreased to 84.5 % of the contralateral paw
(p < 0.001; Fig. 3c), the max contact area decreased
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to0 84.7 %, (p < 0.005; Fig. 3f), the max intensity decreased
t091.5% (p < 0.001; Fig. 3d), and the mean intensity de-
creased to 98.3 % (p < 0.01; Fig. 3e). No tendency to re-
covery of static gait parameters in animals of this group
was revealed up to day 90 of observation inclusive.

No statistically significant changes in static parame-
ters were observed after ADMSC transplantation through-
out the study. Relative to the NP group without treatment,
an increase in print area and max contact area, as well as
intensity parameters were observed on day 28 (p < 0.005)
and day 60 (p < 0.02) day of the experiment. When ADM-
SCs were transplanted 15 min after AM630 injection from
day 21 of the experiment, we observed a decrease in print
area to 90.2 % of the contralateral paw (p < 0.002 by day 0;
Fig. 3c). Compared to the NP group without treatment,
there was a reduction in print width to 93.8 % (p < 0.001),
max intensity to 102.5 % (p < 0.001), and mean intensity
to 100.3 % (p < 0.005; Fig. 3b, d, e) on day 21 of the study.
Relative to the NP + ADMSC group, print area was low-
er on day 21 (p < 0.05), day 28 (p < 0.05) and day 60
(p < 0.005) of the experiment; max contact area was low-
eron days 28 and 60 of the experiment (p < 0.05). No oth-
er gait parameters were different when compared with
the NP + ADMSC group. No statistically significant changes
in static gait parameters were observed after transplanta-
tion of pre-AM630-ADMSCs against the values before NP
modelling, as well as against the group of NP + ADMSCs.

Changes in the histologic structure of the sciat-
ic nerve. The content of normal and damaged nerve fi-
bres of the distal segment of the sciatic nerve of the ex-
perimental groups was assessed by the state of the mye-
lin sheath and the location of the axial cylinder in the nerve
fibre. Normal nerve fibres were clearly differentiated axial
cylinders around which a uniformly stained myelin sheath
with clear boundaries was observed. Damaged nerve fibres
were characterized by swelling, vacuolated degeneration
of myelin sheath, blurring of nerve fibre boundaries, with
the axial cylinder displaced to the periphery or undetect-
able on histological sections (Fig. 4).

The contents of normal and damaged nerve fibres
in the distal segment of the sciatic nerve in the NP group
without treatment on day 21 of the experiment were
13 [11.75; 14] % and 87 [86; 87.5] %, respectively (Table 2;
Fig. 4c).

After ADMSC transplantation, the proportion of pre-
served nerve fibres was statistically significantly high-
er in the distal segment of the sciatic nerve on day 21
of the study compared to the NP group without treatment
(p =0.002; Fig. 4a).

After ADMSC injection against the background of phar-
macological blockade of CB,-receptors in the soft tissues
of the sciatic nerve transection area on day 21 no statisti-
cally significant changes in the content of normal and dam-
aged nerve fibres were observed in comparison with the NP
group without treatment (p = 0.326), but their number was
significantly lower in comparison with the NP + ADMSC
group (p = 0.004).

By day 90 of the study, 74 [72; 74] % damaged nerve fi-
bres and 13 [11; 14] % undamaged nerve fibres were ob-
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Changes in static gait parameters: print length and print width (a, b), print area (c, f), as well as intensity parameters (d, e) - in rats af-
ter NP modelling, ADMSC transplantation on the background of pharmacological blockade of CB,-receptors by AM630 antagonist. Ar-
row indicates transplantation time; * - p < 0.05 to values before NP modelling; # — p < 0.05 to NP group without treatment; + — p < 0.05
to NP+ ADMSC; ! - p < 0.05 to the group of NP + AM630 + ADMSC

148
Morphology, physiology and pathophysiology



ACTA BIOMEDICA SCIENTIFICA, 2023, Vol. 8, N26

served in NP without treatment (Table 2). After ADMSC After ADMSC injection against the background of lo-
transplantation, on day 90 of the study, the number of dam-  cal administration of AM630 antagonist on day 90 a de-
aged nerve fibres was statistically significantly lower than  crease in the proportion of damaged nerve fibres was ob-
that in NP without treatment (p = 0.001). served in comparison with the NP group without treat-

FIG. 4.

Myelin nerve fibres of rat sciatic nerve: a — preserved nerve fibres of the distal sciatic nerve fragment of an animal from the group after in-
jection of ADMSCs, day 21; b — presence of dystrophically altered nerve fibres (arrows) in the distal sciatic nerve fragment of an animal from
the group of NP + preAM630-ADMSCs, day 21; ¢ — presence of dystrophically altered nerve fibres (arrows) in the distal sciatic nerve fragment
of the group of NP animals without treatment. Hematoxylin and eosin staining, magnification x400

TABLE 2

STRUCTURE OF NORMAL AND DAMAGED NERVE FIBRES OF THE DISTAL SEGMENT OF THE SCIATIC NERVE
OF THE EXPERIMENTAL GROUPS ON DAYS 21 AND 90 OF THE STUDY

Group % of normal nerve fibers % of damaged nerve fibers

Day 21 of the study

Untreated NPs 13 [11.75; 14] 87 [86; 87.5]
NP + ADMSCs 86 [84; 86]* 14[13;16]
NP + AM630 + ADMSCs 48 [48; 48]* 52[51;52]*
NP + pre-AM630-ADMSCs 55 [49; 55] 45[38;51]
Day 90 of the study

Untreated NPs 26 [25; 28] 74[72; 741
NP + ADMSCs 61[61;63]* 37[37;39]*
NP + AM630 + ADMSCs 37 [26; 37]* 63 [60; 741*
NP + pre-AM630-ADMSCs 65 [56.5; 65]% 35 [32; 43.5]*

Note. *—p < 0.05 to NP without treatment; * — p < 0.05 to NP + MSC;' - p < 0.05 between preincubation and local injection (Kruskal — Walls criterion).
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ment (p = 0.008) and an increase in comparison with
the NP + ADMSC group (p = 0.036). Pre-AM630-MSC trans-
plantation resulted in a decrease in the number of dam-
aged nerve fibres and an increase in the number of nor-
mal nerve fibres by day 90 of the study compared to NP
without treatment (p = 0.042) and was comparable
to the NP + ADMSC group.

DISCUSSION

ADMSC transplantation is currently positioned as
an effective method to reduce the progression of pain
syndrome of inflammatory [21] and neurogenic origin
[6-11]. ADMSC effectiveness in suppressing nocicetp-
tive sensitivity disorders, such as mechanical and ther-
mal hyperlagia and allodynia has been demonstrated
in experimental models of chronic ligation of the sciat-
ic nerve [8] and infraorbital nerve [9] in rodents, as well
as in models of partial [8, 10] and complete traumatic
nerve injury [6, 7], a model of streptozotocin-induced di-
abetic polyneuropathy [11]. However, the mechanisms
of ADMSC realised effects are still being studied. The en-
docannabinoid system is known to be involved in the in-
hibition of nociceptive signal transduction and trans-
mission in both peripheral tissues and the central nerv-
ous system, and modulation of its components serves
as one of the targets of pain relief in neuropathic pain.
Conversely, ADMSCs express components of the endo-
cannabinoid system, in particular, CB, and CB, recep-
tors [14-16], the activation of which increases their se-
cretion of such factors as vascular endothelial growth
factor, transforming growth factor-beta and hepatocyte
growth factor [16]. Moreover, activation of the CB, re-
ceptor on MSC leads to decreased production of inter-
leukin (IL) 6, IL-8 and tumour necrosis factor a, as well
as increased IL-10 [13, 15, 22]. From the evidence avail-
ablein the literature, the authors suggested that CB, re-
ceptors mediate immunomodulatory and antinocicep-
tive effects of ADMSCs.

The data obtained in this study indicate that pharma-
cological blockade of CB,-receptors both on the mem-
branes of MSCs and in the soft tissues surrounding the site
of sciatic nerve injury, reduces the antinociceptive effect
of ADMSCs at their transplantation into the site of sciatic
nerve transection in rats, which was revealed by the lack
of MWT and TWL recovery in the respective groups of an-
imals, as well as worsening of mechanical and thermal hy-
peralgesia at the later stages of the study (Fig. 1a, b). Block-
ade of CB,-receptors on MSCs significantly slowed down
SFI recovery (Fig. 2d), and their deactivation in tissues
in the area of sciatic nerve transection completely abol-
ished the SFl restoring effect of MSCs (Fig. 2d). The above-
mentioned facts in aggregate allow to assume at least
weakening of antinociceptive properties of ADMSC in re-
sponse to blockade of the indicated receptor.

The histological study of the sciatic nerve distal
segment revealed the protective effect of MSC, which
was manifested in weakening of degenerative changes

of nerve fibres. Both methods of CB, receptor blockade
abolished the mentioned protective effect of ADMSC
against the injured nerve fibres. The content of the lat-
ter on day 21 of the experiment did not differ in these
groups from that in untreated animals (Table 2). In addi-
tion, at late study periods (90 days), CB,-receptor block-
ade inipsilateral soft tissues was accompanied by a high-
er proportion of injured nerve fibres than in the NP + pre-
AM630-MSC group (Table 2). In summary, the results
of this study indicate the involvement of CB, receptors
in the mechanisms of the ADMSCs protective effects.
In this case CB,-receptor blockade applied to peripheral
nerve fibres has a greater effect on the MSC reparative
potential, and pharmacological inactivation of these re-
ceptors on stem cells themselves - to their antinocice-
ptive action.

CONCLUSION

It has been experimentally confirmed that pharmaco-
logical blockade of CB,-receptors both on ADMSC mem-
branes and in the peripheral nerve injury area decreases
antinociceptive and reparative effect of ADMSC at their
local transplantation. This indicates the direct participa-
tion of these receptors in the protective effects realised
by MSCs. Further study of the CB,-receptor stimulation ef-
fect will allow to estimate the degree to which the antino-
ciceptive and reparative effects of ADMSCs are enhanced
when they have been transplanted into the site of periph-
eral nerve injury.
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ABSTRACT

A critical analysis of the literature on the structure and properties of alpha-synuclein
under physiological and pathological conditions is presented, when the conformation
of this protein changes, which contributes to its aggregation and changes in localiza-
tion features in brain structures in such neurodegenerative diseases as Parkinson’s dis-
ease, dementia with Lewy bodies, multiple systemic atrophy and Alzheimer’s disease.
It has been shown that the toxic effect of conformationally altered alpha-synuclein
can indirectly affect the functions of neurons due to its interaction with neuroglial
cells, primarily microglia and astrocytes, and can also modulate the aggregation
and expression of other proteins that are functionally important for the development
of neurodegeneration.

Further study of the mechanisms of interaction of conformationally altered alpha-
synuclein with other proteins and clarification of the relationship between its accu-
mulation in brain structures and neuronal dysfunction remains relevant for modern
neurology.

Literature search was carried out in the “PubMed” and “eLIBRARY” databases.

Key words: conformations of alpha-synuclein, neurons, neuroglia, Parkinson’s
disease, dementia with Lewy bodies, multiple system atrophy, Alzheimer’s disease
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PE3IOME

[MpedcmasneH kpumuyeckul aHaau3 aumepamypsi 0 CMPOEHUU U c8olcmaax
asbgha-CUHyKIeUuHa 8 (hu3UO0I02UHECKUX YC/T08USX U 8 YC/I08UAX NAMOJI02UU, KO2-
0a u3meHsaemMcs KOHopMayusa 3mo2o besikd, Ymo cnocobcmeyem e20 azpe2ayuu
U U3MeHeHUto ocobeHHocmel 10KAAU3AYUU 8 CMPYKMypax 20/108H020 M032d
npu makux HelipoOezeHepamueHbix 3a601e8aHUAX, KaK 60s1e3Hb [TapKUHCOHGA,
demeHYus ¢ menbuyamu Jlegu, MHOXXeCmeeHHAs cucmemMHds ampogus u 6os1e3Hb
Anbuzetimepa.

lMokazaHo, Ymo mokcuyeckoe delicmaue KOHBHOPMAUUOHHO U3MEHEHHO020 a/lbgha-
CUHYKJIeUHA MOXem 0nocpedo8aHHO 8/1UAMb HA yHKUUU HEUpOHO8 8Ciedcmaue
€20 83aumMoOelicmaus C Kilemkamu Helpo2siuu, 8 nepayto o4epedb ¢ Mukpoziueli
u acmpoyumamu, a makxe Moxem MoOyIUPO8AMb A2pe2ayuio U SKCNpeccuro
Opyaux 6es1Ko8, (hyHKYUOHAIbHO 3HAYUMbIX 0/18 pazsumus HelipoOezeHepayuu.
JaneHeliwee uccnedosaHue MexaHu3mMo8 83aumooelicmaus KOH(OPMAayUuoHHO
U3MeHeHHO020 aslbha-CUHyKIeuHa c Opy2umu 6esIKamu U ymoyHeHuUe 83aUMOocea3u
Mex0y e20 HaKkonsieHUeM 8 CmMpyKmypax 20/108H020 M032d U OucyHKYuel Helipo-
HO8 0OCMarmcsa akmyassbHbIMU 0718 CO8peMeHHOU HEBPOI02UU.

Mouck numepamypeol nposodusics 8 6aszax 0aHHbIx «PubMed» u «eLIBRARY».

Knroyeevwle cnoea: KoH@popmayuu anbphd-cUHyKIeUHd, HelpOoHsl, Helipo2ius,
60s1e3Hb [lapKuHCOHaA, 0eMeHUuUs ¢ mesbyamu Jlesu, MHOXecmeeHHAs cCucmemMHas
ampodus, 6one3Hb Anbyzelimepa

OnauymntnpoBanma: Canbkos B.H., BopoHkos [1.H. HakonneHue arpernposaHHoro anboda-
CUHYKIEeNHa B CTPYKTYpax HEPBHOWN TKaHW NpU HelpogereHepaTnBHbIX 3a60/1eBaHMsX.
Acta biomedica scientifica. 2023; 8(6): 153-161. doi: 10.29413/ABS.2023-8.6.14
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INTRODUCTION

Most neurodegenerative diseases associated with old
age are characterised by morphochemical signs of pro-
teinopathies, i.e. impairment accompanied by disturbanc-
es in the structure of certain proteins (alpha-synuclein,
tau-protein, beta-amyloid, etc.) and their metabolism [1].
The most common diseases in this group are Parkinson’s
(PD) and Alzheimer’s (AD) diseases [2]. At their core are pro-
teinopathies associated with impaired aggregation of al-
pha-synuclein, a protein that accumulates in brain struc-
tures [3]. In experiments on laboratory animals and studies
using brain autopsy material in the mentioned nosological
forms of alpha-synucleinopathies, the peculiarities of chang-
es in the structure of this protein have been revealed [4],
but the peculiarities of its accumulation in nervous tissue
in these and other forms of alpha-synucleinopathies have
been studied insufficiently.

THE AIM OF THE STUDY

To characterise the peculiarities of aggregated alpha-
synuclein accumulation in neural tissue structures in neuro-
degenerative diseases based on the analysis of literature
sources.

GENERAL CHARACTERIZATION
OF ALPHA-SYNUCLEIN AND
ITS BIOCHEMICAL PROPERTIES

Alpha-synuclein is a small protein (molecular mass
not exceeding 40 kilodaltons) that is synthesised mainly
in the cytoplasm and presynaptic terminals of neurons
of the human and vertebrate central nervous system [5].
The structure of this protein distinguishes between a hy-
drophobic central domain, known as the non-amyloid
component, and two terminal areas: one is the N-termi-
nal, which exhibits amphipathic properties and inter-
acts with cell membranes, and the other area is the neg-
atively charged C-terminal, which contains several phos-
phorylation sites [6]. The non-amyloid component accu-
mulates in high concentrations in senile plaques during
AD [7], the N-terminus has the ability to undergo most
of the known mutations associated with PD — A53T, A30P
as well as E46K, G51D and H50Q [8], and phosphoryla-
tion (by serine) of site-129 of the C-terminus causes im-
paired polymerisation and aggregation of alpha-synucle-
in with subsequent formation of intracellular inclusions
in brain structures, which is characteristic of both PD
and other alpha-synucleinopathies (dementia with Lewy
bodies (DLB), multiple system atrophy (MSA), etc.) [9].
Compared to other synucleins with a similar structure
to alpha-synuclein, it has a significant level of expres-
sion in brain structures (compared to gamma-synuclein)
and is capable of aggregation (compared to beta-synu-
clein, which has no non-amyloid component in its struc-
ture) [10].
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Alpha-synucleinis characterized by structural diversity.
Thus, while in physiological conditions it is located in cells
in the state of a monomer (non-toxic low-molecular poly-
peptide capable of polymerisation reactions), in the above-
mentioned neurodegenerative diseases its structure chan-
ges, which promotes its self-organisation first into oligom-
ers (dimers, trimers, tetramers), which consist of single mon-
omers, and later, by transforming all or part of the previous-
ly unstructured polypeptide into well-defined 3-sheet-rich
secondary structures (insoluble filaments or fibrils) [11],
penetrating into other neurons, “recruiting” endogenous
alpha-synuclein into them, and forming new insoluble ag-
gregates[12]. Due to the ability of pathological forms of al-
pha-synuclein to be transmitted from neuron to neuron,
alpha-synucleinopathies are often correlated with prion
diseases [13] and it is assumed that, by analogy with pri-
on diseases, which are caused by different strains of pri-
ons that differ in their biochemical characteristics (ability
to be cleaved by proteinase K, glycosylation capacity, etc.),
different alpha-synucleinopathies may also be associated
with different “strains” of pathological alpha-synuclein [14].
As evidence, the observation that the pathological process
in the limbic cortex, as well as in other areas of the brain,
develops much faster in DLB than in PD [15] is provided,
and it is suggested that this may be due to the fact that
these diseases are caused by different “strains” of alpha-sy-
nuclein [6]. Such evidence is not conclusive, however, since
to date no biochemical differences have been demonstrat-
ed between the types of alpha-synuclein that accumulates
in cortical structures during PD and DLB. It would appear
that a more significant argument in favour of the “prion
hypothesis” is the fact that wild-type alpha-synuclein con-
tains glutamate at amino acid residue 46 and lysine in cas-
es of hereditary forms of PD [16]. The change in this resi-
due is sufficient to prevent alpha-synuclein conformation,
which accumulates in hereditary forms of PD, from adopt-
ing any of the conformations that alpha-synuclein protofi-
brils have in MSA.

Alpha-synuclein under physiological conditions
can be found in the cell in a membrane-bound and solu-
ble stable state; the latter was discovered by examining
the proteins in human erythrocytes using analytical cen-
trifugation [17, 18]. In cells, alpha-synuclein binds to lipid
membrane structures such as liposomes, lipid droplets
and lipid rafts, which require the presence of oxidised li-
pids [19] such as phosphatidylserine or phosphatidylin-
ositol and involves membrane interaction with lysines
found in the structure of this protein. Binding to negative-
ly charged lipid membrane structures causes alpha-synu-
clein to acquire a helical conformation [20]. This form of al-
pha-synuclein is thought to be observed in cells as two
variants: a single elongated a-helix and a broken a-helix
represented by two antiparallel non-interacting helices
[21]. Molecular modelling methods have been used to re-
veal that the formation of an elongated a-helix is promot-
ed by the interaction of alpha-synuclein with membrane
structures of large diameter (~100 nanometres or more),
while its interaction with membrane structures of small-
er diameter promotes the formation of a broken a-helix



[22]. The above spiral shapes appear to be characteristic
of native alpha-synuclein under physiological conditions,
whereas under pathological conditions it takes the form
of a B-sheet. This alpha-synuclein conformation is asso-
ciated with the processes of aggregation of this protein,
formation of fibrils and their deposition in Lewy's bod-
ies, which are formed in the black substance neurons
of the brain as a result of PD [23]. The 3-sheet alpha-synu-
clein conformation is thought to be neurotoxic, but the ex-
act genesis of this form remains unclear [24].

ALPHA-SYNUCLEIN TOXICITY
AND ITS INTERACTION WITH NEURONAL
DYSFUNCTION

Serine phosphorylated alpha-synuclein (a-Syn-p129)
was found experimentally to be highly toxic regardless
of the size of its aggregates accumulating in nerve cells
and neuropil [25]. Accordingly, it was revealed that if both
single oligomers of a-Syn-p129 and its larger aggregates
(fibrils) obtained from PD patients were stereotactically
injected into the brain shell structures of adult baboons,
which in turn were isolated from Lewy’s bodies of autopsy
brains of individuals with PD (brain donation programme
of the Brain Bank ‘GIE NeuroCEB'), then in 2 years in ex-
perimental animals, regardless of the size of alpha-synu-
clein fractions administered to them, neurodegeneration
developed in the compact part of the black substance
of the brain, leading to the death of not only dopamine
neurons, but also other neurons. The cytotoxicity of alpha-
synuclein may be attributed to its ability to bind to large
curvature membranes [26], which is a common property
foramphipathic a-helices and is explained by the fact that,
compared to flattened membranes, large curvature mem-
branes provide a higher density of binding sites for helix-
shaped proteins when interacting with lipid membrane
structures [27]. Furthermore, it is suggested that in impair-
ment, alpha-synuclein, by acting on mitochondrial mem-
branes, may cause their fragmentation [28]. At the same
time, binding mainly to the inner mitochondrial mem-
brane, it can interact with complex |, which reduces mito-
chondrial activity and increases autophagy (mitophagy)
of these structures [29].

The neurotoxicity of a-Syn-p129 is also manifest-
ed in the fact that it can induce the influx of calcium ions
into the cell both directly, through the formation of pore-
like ring structures in the plasma membrane [30], and indi-
rectly, through the activation of potential-dependent N-type
calcium channels [31], as a result of which the concentra-
tion of calcium ions in neurons increases, and the cell mem-
brane of the nerve cell depolarises, which leads to the re-
lease of neurotransmitters.

The toxicity of alpha-synuclein conformation
may be associated with the loss of the helical confor-
mation by this protein [32]. The relative stability of hel-
icality was demonstrated in an in vitro experiment
in which the addition of small single-layer negatively
charged lipid vesicles did not induce significant conforma-
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tional changes in the native alpha-synuclein tetramer [17].
However, exposure to a number of factors, such as ge-
netic mutations, aging, inflammatory process, and en-
vironmental toxins, can contribute to the fact that it lo-
ses the orderliness of its structure and consequently lo-
ses its helical conformation, taking the form of an insuf-
ficiently structured protein, i.e. -sheet [33]. Such alpha-
synuclein conformation is adopted in neurodegenerative
diseases, the development of which is induced by oxida-
tive stress and accumulation of nitric oxide (Il) in nervous
tissue [34]. Alpha-synuclein oligomers formed during ox-
idative stress are phosphorylated and as a result hydro-
gen peroxide molecules are released [35]. This process
results in the presence of transition metal ions exhibit-
ing redox properties: Fe (ll), Cu (I) and others. Metal ions,
binding to the alpha-synuclein molecule, form specific
oxygen bridges that are destabilised when the alpha-sy-
nuclein conformation changes and oligomerises. This re-
leases superoxide anion, which subsequently undergoes
reversible conversion to hydrogen peroxide [36]. Nitro-
sative stress, in which the formation of active nitrogen
forms exceeds the possibilities of their neutralisation or
elimination, leads to the formation of covalent bonds
between nitric oxide (Il) and specific thiol groups of pro-
teins and can be considered as a probable mechanism,
contributing to NO-induced incorrect aggregation of var-
ious proteins, including alpha-synuclein [37], which is con-
firmed by the detection of nitrosylated alpha-synuclein
in Lewy’s bodies, which are localised in brain structures
during PD [38].

The relationship between the accumulation of high-
ly toxic a-Syn-p129 in neurons and their dysfunction,
however, remains unclear [39]. The number of neurons
in the black substance significantly decreases even be-
fore the development of the main clinical symptoms
of PD or at early stages of the disease (from 50 to 90 %)
[40], which, according to studies of the relationship be-
tween neuronal loss and the accumulation of a-Syn-p129
in dopamine neurons of the black substance in this im-
pairment, suggests that its accumulation in brain struc-
tures is not as significant as the loss of nerve cells [39].
In other nervous system entities, such as the enteric nerv-
ous system, the clinical manifestations of Parkinsonism
are not related to neuronal death but to the accumula-
tion of a-Syn-p129 in nervous tissue [41]. Simultaneous-
ly, transgenic mice with high expression of wild-type al-
pha-synuclein showed impaired behavioural responses
associated with changes in olfaction, intestinal peristalsis
and motor activity, but they did not reveal morphological
signs of neurodegenerative process [42]. Besides, mor-
phological signs of alpha-synuclein accumulation were
observed in autopsy material of the midbrain of elderly
people who died from intercurrent diseases, but no neu-
rological symptoms were revealed in these people during
their lifetime [43]. Accordingly, it is suggested that the ac-
cumulation of aggregated alpha-synuclein in the brains
of neurologically healthy individuals is an adaptive re-
sponse of the organism, and the increase in morpho-
chemical indicators of the neurodegenerative process



in the brains of PD patients is the result of the accumu-
lation of toxic a-Syn-p129.

Consequently, despite the high toxicity of a-Syn-p129,
the excessive accumulation of this protein in nervous tis-
sue aloneis clearly insufficient for the development of neu-
rodegeneration, and its actual role in the development
of this process remains to be determined.

The information about the structural characteristics
of aggregated alpha-synuclein and its neurotoxicity out-
lined above was obtained mainly in experimental animal
studies. Accordingly, they do not provide a complete pic-
ture of the morphological basis and possible mechanisms
of pathogenesis of alpha-synucleinopathies. Meanwhile,
these data significantly expand and supplement the data
of pathomorphological studies performed by immuno-
histochemical methods on autopsy material of patients
with alpha-synucleinopathies.

ALPHA-SYNUCLEIN LOCALIZATION
AND ACCUMULATION
IN PARKINSON'S DISEASE

Localisation of a-Syn-p129 during PD, considered
as an alpha-synucleinopathy, is observed not only
in the central (CNS) but also in the peripheral nervous sys-
tem [44], and in the latter this protein often starts to accu-
mulate earlier than in the CNS [45]. This can probably ex-
plain the earlier appearance during PD of symptoms in-
dicating peripheral cranial nerve damage (hyposmia, re-
duced visual contrast and colour discrimination), symp-
toms of gastrointestinal and cardiovascular dysfunction,
and the later appearance of symptoms of motor disorders,
which are considered to be the main clinical manifestations
of the disease [44].

The sequence of a-Syn-p129 deposition in different
parts of the nervous system revealed in pathomorpho-
logical studies formed the basis for the scheme of clinical
and morphological stages of PD, which considered the in-
volvement of both peripheral and central parts of the ner-
vous system in the pathological process and postulated
the spread of pathological changes from caudal brain
formations to cortical formations [46]. Furthermore,
the “double hit” hypothesis has been proposed to ex-
plain the progression of PD in terms of matching the se-
quence of stages of the clinical picture of the disease with
the morphological changes observed [47]. Based on this
hypothesis, an unknown neurotropic pathogen (presum-
ably a virus) can penetrate through the olfactory tract and
the fibres of the vagus nerve innervating the digestive
system into brain structures: in the first case into the tem-
poral lobe, in the second case into the medulla oblonga-
ta, pons cerebelli and mesencephalon. In the latter for-
mation, namely in the compact part of the black sub-
stance, there is a secondary accumulation of a-Syn-p129
in the form of Lewy’s bodies localised both in the cy-
toplasm of neurons and outside the cells, resulting
in the death of dopamine neurons. Initially, a-Syn-p129
accumulates either in the olfactory bulbs or in the dor-

sal motor nucleus of the glossopharyngeal and vagus
nerves. The hypothesis was confirmed by cross-section-
al analysis of pathological changes in brain samples from
individuals with PD who died as a result of intercurrent
diseases. The scheme of PD stages and the “double hit”
hypothesis, despite its popularity, have been repeated-
ly and justifiably criticised by the scientific community.
Consequently, a-Syn-p129 accumulations were revealed
simultaneously in various brain formations, thus refuting
the possibility of this protein spreading only in the di-
rection from the medulla oblongata to the mesenceph-
alon and cerebrum structures [48]. Besides, the concept
did not explain the presence of oligomeric alpha-synu-
cleinin elevated amounts in the plasma and liquor of PD
patients [49]. Finally, the scheme to define the clinical and
morphological stages of PD was questioned by the au-
thor himself [50].

It is currently believed that impaired alpha-synucle-
in aggregation, and subsequently its accumulation, oc-
curs simultaneously in several structures of the central
and peripheral nervous system already at the latent stage
of the neurodegenerative process [51]. Furthermore, sin-
gle-photon emission computed tomography revealed
that different clinical scenarios of PD course correspond
to the involvement of different structures of the nerv-
ous system in the pathological process [52], and the ac-
cumulation of a-Syn-p129 in the nervous tissue is not al-
ways the cause of dopamine neuron death in this disease
[53]. The accumulation of a-Syn-p129, however, can acti-
vate microglia whose activity level corresponds to the de-
gree of neurotoxicity [54], and, in addition, oligomeric al-
pha-synuclein enhances the phagocytic function of mi-
croglia [55].

Consequently, a-Syn-p129, which accumu-
lates in brain structures during PD, can apparent-
ly have the same toxic effect on dopamine neurons
of the black substance as other pathogenic factors: met-
al ions, pesticides, etc. [56].

ALPHA-SYNUCLEIN ACCUMULATION
IN OTHER NEURODEGENERATIVE DISEASES

Clinically, DLB is very similar to dementia during PD
[57], and they are distinguished using the “1-year rule”:
if dementia occurs against the background of PD at least
1 year after diagnosis, the case is considered as ‘demen-
tia in Parkinson’s disease’; if dementia precedes or oc-
curs simultaneously with the appearance of clinical
symptoms of Parkinsonism or it develops within a year
after their appearance, DLB is diagnosed. Both diseas-
es are characterised by the accumulation of aggregat-
ed alpha-synuclein in the form of Lewy bodies and Lewy
neurites, which in autopsy brains of individuals with PD
are revealed only in brainstem and limbic system struc-
tures, while in DLB and dementia developed on the back-
ground of PD, they are also found in the neocortex [58].
Positron emission tomography and pathomorphology re-
vealed that cortical atrophy in DLB was more pronounced
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than in dementia developed on the background of PD
[59]. However, the number of Lewy bodies in the limbic
region, especially in the CA2 field of the hippocampus,
and in the temporal region of the neocortex was signif-
icantly higher during DLB than in dementia developed
on the background of PD [60], and in the latter case
there was significantly higher death of dopamine neu-
ronsin the black substance [61]. Moreover, DLB is charac-
terised by loss of dopamine neurons in the medioventral
segment of the black substance, whereas dementia in PD
is characterised by loss of dopamine neurons in its dor-
solateral segment.

Along with the fact that aggregated alpha-synucle-
in in the structures of nervous tissue was revealed in PD
and DLB, it was also observed in MSA [62], but, unlike PD
and DLB, alpha-synuclein deposits in MSA were mainly ac-
cumulated in the cytoplasm and nuclei of oligodendro-
cytes, and they were also observed in the bodies and out-
growths of neurons [63]. Autopsy samples from the cere-
brum (n = 14) and spinal medulla (n = 11) of MSA patients
revealed alpha-synuclein inclusions in the cytoplasm of gli-
al cellsin structures of the motor cortex, putamen, pontine,
medulla oblongata, and suprasegmental centres of the au-
tonomic nervous system [64], as well as in the caudate nu-
cleus, external pallidum, black substance, locus coerule-
us, and cerebellum [65]. Considering that alpha-synucle-
in is not expressed in significant amounts in oligoden-
drocytes under physiological conditions, it is not clear
how its aggregated form accumulates in the cytoplasm
of glial cells in impairment [66]? In addressing this issue,
some authors believe that pathological inclusions in neu-
roglia can be formed on the basis of aggregated alpha-sy-
nuclein, which is released from neurons and then captured
by neighbouring astrocytes [67], while others suggest that
the cause of accumulation of alpha-synuclein aggregates
in oligodendrocytes is SNCA gene activation [66]. In addi-
tion, in vivo experiments demonstrated that oligodendro-
cytes can internalize aggregated alpha-synuclein when ad-
ministered to mice [68].

AD in a significant number of cases (up to 50 %) mani-
fests accumulation of aggregated alpha-synuclein in brain
structures [69], mainly in the amygdala [70], albeit its ac-
cumulation is not considered a characteristic patho-
morphological sign of this disease. For instance, on au-
topsy brains by immunohistochemical methods, Lewy
bodies were found during AD in 10 out of 22 cases [71]
and were detected in the bodies rather than in the out-
growths of neurons [72]. It is suggested that alpha-synu-
clein during AD directly interacts with AB-peptide and tau-
protein, and this contributes to the mutual aggregation
of these proteins [73]. Meanwhile, it has been also re-
vealed that injection of tau-protein grains and preformed
fibrils derived from purified recombinant alpha-synuclein
into the hippocampus and cortical plate region of labora-
tory mice significantly increases the number of tau-posi-
tive neurons but does not affect the number of alpha-sy-
nuclein-positive neurons [74].

Consequently, alpha-synuclein can modulate the ag-
gregation and expression of other proteins functionally

relevant for the development of neurodegeneration dur-
ing AD, but the effect of these proteins on alpha-synucle-
in aggregation has not been proven to date.

CONCLUSION

It has therefore been established to date that al-
pha-synuclein under physiological conditions is found
in the cytoplasm of neurons and presynaptic terminals
of axons. In impairment it can change its conformation
and acquire neurotoxic properties, which are being real-
ised as a result of its interaction with elements of neuro-
glia, primarily with microglial cells and astrocytes. Moreo-
ver, it can modulate the expression of other neuronal pro-
teins functionally relevant in neurodegenerative diseases
such as PD, DLB, MSA and AD. Along with this, the data
about the accumulation of aggregated alpha-synuclein
in the structures of nervous tissue do not allow us to ful-
ly establish its role in the pathogenesis of these diseases,
but this seems possible if we continue to study the mech-
anisms of its interaction with other proteins and clarify
the relationship between its accumulation in brain struc-
tures and neuronal dysfunction.
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ABSTRACT

Background. One of the promising methods of treating tumors is virotherapy,
which is based on direct lysis of cancer cells by a virus and a virus-mediated an-
titumor immune response of the body. For the recombinant vaccinia virus strain
VV-GMCSF-Lact, producing human GMCSF and the oncotoxic protein lactaptin,
cytotoxic and antitumor effects were shown in experiments in vitro and in vivo,
respectively, when using adherent cultures of U-87 MG human glioblastoma cells.
3D cultures are a more relevant tumor model than adherent models, as they more
fully reflect the realistic scenario of cancer development, as well as the response
of the tumor to anticancer therapy.

The aim of the study. To evaluate the cytotoxic effect of the oncolytic virus
VV-GMCSF-Lact against 3D cultures of human glioblastoma U-87 MG.

Materials and methods. The following methods were used in the work: cultivation
of 3D cell cultures, cytofluorometry, microscopic analysis, virus titration, and statisti-
cal analysis.

Results. U-87 MG cells were transduced with a lentiviral vector carrying the GFP
reporter gene. The cytotoxicity of the VV-GMCSF-Lact virus (IC50) against the studied
cells was 0.024 PFU/cell. U-87 MG cells were cultured under conditions for the forma-
tion of 3D structures. Microscopic analysis showed the oncolytic effect of the virus
on the cells of 3D cultures as early as 24 hours after the start of incubation. Flow
cytometry showed an increase in the granularity of glioblastoma cells under the ac-
tion of the virus, which indicates active replication of the virus in the cells. The virus
titer was 0.44 PFU/cell.

Conclusion. The recombinantVVV-GMCSF-Lact virus has a cytotoxic effect on 3D hu-
man glioblastoma U-87 MG cell cultures and actively replicates in them. In the future,
to test the oncolytic effect of VWV-GMCSF-Lact, it is planned to use not only 3D human
glioblastoma cultures, but also cerebral organelles obtained in the process of cocul-
tivation of glioblastoma cells and induced human pluripotent cells.

Key words: glioblastoma, neurospheres, oncolytic virus, VV-GMCSF-Lact
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PE3IOME

O6ocHosaHue. OOHUM U3 hepCneKmuBHbIX Memo0o8 siedeHus onyxosel Aeasem-
€A 8upomepanus, 8 0CHO8e KOMopoU Jiexxum NPAMOU JIU3UC 8UPYCOM ONyX0J1e8biX
KJIeMOK U 8UPYC-0NOCPEO0BAHHbIU NPOMUBOONYX0/1e8bil UMMYHHbIU omaem
opeaHusma. [lna pekoMoUHaHMHo20 Wmamma supyca ochosaxkyuHel VV-GMCSF-
Lact, npodyyupyrowe2o GMCSF yenosexka u o0HKOMoKcu4eckul 6e/10K 1aKmanmun,
NoKA3aHo YUMOMOKCUYECKOe U Npomusoonyxosiegoe delicmaue 8 3Kcnepu-
MeHmax in vitro u in vivo coomeemcmeeHHO Nnpu UCN0J16308AHUU d02e3UBHbIX
Kynemyp knemok U-87 MG 2nuobnacmomel yenoseka. 3D-kynemypel agnaiomcsa
6os1ee pesie8aHMHOU MOOeJIbIO ONYXO0JIU 8 CPABHEHUU C A02e3UBHbIMU MOOesAMU,
mak Kak 6os1ee NOJIHO OMPAXarm peanucmuyHsIl cyeHapul pa3sumus onyxo-
J1e8020 npoueccd, a makxe omeema onyxosiu Ha NpomMueoonyxosiesyto mepanuto.
Llene uccnedosarus. OueHKa yuMoOMOKCU4ecko20 0elicmaus OHKOIUMUYeCcKo-
20 gupyca VW-GMCSF-Lact 8 omHoweHuu knemok 3D-Kkynbmyp enuobnacmomel
yesnoseka U-87 MG.

Memooebi. Bpabome ucnonb3osanuce ciedyrowue Memoosl: Ky/lbmuguposaHue
3D-Kynbmyp Kiemok; 4umoghyopumempus; MUKPOCKONUYeCcKUl aHanu3; mumpo-
8aHUe 8UPYycA; cmamucmuyeckas 06pabomka OaHHbIX.

Pesynemamei. Knemku U-87 MG 6bi1u mpaHcOyyuposaHs! 1eHmMusupycHsiM
8eKmopom, Hecywum 2eH GFP. lumomokcu4yHocme supyca VV-GMCSF-Lact (IC50)
8 0MHoOWeHuUU uccsiedyembix Kiiemok cocmasusna 0,024 bOE/knemky. [lanee kiemxku
U-87 MG kynbmusupogaru 8 ycnosusix gpopmuposarus 3D-cmpykmyp. Chomowbto
MUKPOCKONUYECKO20 aHA/u3d hoka3daHo OHKoJlumu4deckoe Oelicmaue supyca
Ha knemku 3D-kynemyp yxe cnycmsa 24 4aca nocne Hayana uHkybayuu. Memo-
00M NpOMOYHOU YuMOogyopuMempuu NOKA3aHo yeenudyeHue 2paHyiapHocmu
K/1lemok 2/1u0b1acmomel Noo Oelicmauem 8upyca, Ymo yKaszeledem Ha aKmugHyio
pensiukayuto supyca 8 knemkax. Tump supyca cocmasun 0,44 bOE/knemky.
3aknoyenue. PekombuHaHmHsil supyc VV-GMCSF-Lact okazeieaem yumo-
mokcuy4eckoe delicmsue Ha 3D-Kynbmypel Kiemok 21uo61acmomesl Yesi08exka
U-87 MG, akmusHo pennuyupyemcs 8 HUx. B danbHeliwem 0715 mecmupogaHus
OHKo/lumMuyeckozo Oeticmeausa VV-GMCSF-Lact nnaHupyemcsa ucnosie308ame
He mosbko 3D-Kynbmypel 271U061aCMOMbI Yes108eKd, HO U yepebpasibHble oped-
HOUObI, NOJTyYeHHble 8 Npouecce COKYIbMUBUPOBAHUSA K1emOoK 2/1U061acmombl
U UHOYYUPOBAHHbIX NJTIOPUNOMEHMHbIX KIEMOK Yes108eKda.

Knioyeaswie cnoea: 2nuobiacmoma, Hellpocgepsl, OHKOIUMUYECKUU 8Upyc,
VV-GMCSF-Lact

OnauyntypoBaHua: [Ooimoa M.A,, LUHangep T.A., YeueTknHa C.A., MNeTtpos I.O., Manbiwe-
Ba [1.0., pokos [.B., AreeHko A.b., Bacunbea H.C., Puxtep B.A., Kynuruna E.B. LintoTtok-
cnyeckoe fencTBmne oHkonutnyeckoro supyca VV-GMCSF-Lact B oTHoweHun 3D-kynbTyp
KneTok ranobnactombl yenoseka U-87 MG. Acta biomedica scientifica. 2023; 8(6): 162-169.
doi: 10.29413/ABS.2023-8.6.15
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INTRODUCTION

Human glioblastoma (GB) or astrocytoma of grade IV
malignancy is one of the most common types of malig-
nant primary brain tumours, being characterised by high
invasiveness, heterogeneity and aggressiveness of the tu-
mour process. With a conventional treatment regimen
(the standard therapy for GB is the Stupp protocol) in-
cluding surgical resection, radio- and chemotherapy
with temozolomide, the survival rate of patients diag-
nosed with glioblastoma is only 26.5 %, with an over-
all survival rate of more than 10 years of 0.71 % [1]. Ac-
tually, the mean life expectancy after diagnosis is about
15 months, with a survival rate of usually no more
than 3 months in the absence of therapy. The disease
is more common in men than in women, and the aver-
age age of patients at the time of diagnosis is 64 years.
As aresult, the development of new therapeutic approach-
es for such difficult-to-treat cancers is urgently needed.
One of the promising methods of tumour treatment is vi-
rotherapy, which is based on direct lysis of tumour cells
by virus and virus-mediated anti-tumour host immune re-
sponse. The anti-tumour efficacy of recombinant viruses
can be enhanced by inserting genes of oncotoxic and im-
munomodulatory proteins into their genome.

The recombinant VV-GMCSF-Lact strain of smallpox
vaccine virus producing human granulocyte-macrophage
colony-stimulating factor (GMCSF) and the oncotoxic pro-
tein lactaptin was used in this study [2]. VV-GMCSF-Lact
has previously been shown to have an anti-tumour ef-
fect against breast cancer and is currently in clinical trials
(ClinicalTrials.gov: NCT05376527). Nevertheless, the ac-
tivity spectrum of this virus is much broader: in particu-
lar, its cytotoxic and anti-tumour effects were revealed
in in vitro and in vivo trials, respectively, using adherent
cultures of human glioblastoma U-87 MG [3]. 3D cultures
are known to be a more relevant tumour model as they
allow a more complete reproduction of the tumour de-
velopment scenario as well as the response to anti-tu-
mour therapy.

THE AIM

Assessment of the oncolytic action of VV-GMCSF-Lact
against 3D-cultured human glioblastoma U-87 MG cells.
In order to better visualise the cytotoxic effect of the recom-
binant virus, in this study the human glioblastoma U-87 MG
cells pre-transduced with lentivirus carrying a GFP report-
er gene were used.

METHODS

Cell cultivation
U-87 cells transduced with lentivirus carrying
GFP gene were cultured in complete growth medium
DMEM/F12 supplemented with 10 % fetal bovine se-
rum (FBS), 2 mM L-glutamine, 1X MEM essential ami-

no acid solution and antibiotic solution (100 U/ml peni-
cillin, 100 mg/ml streptomycin sulfate) at 37 °Cin a Co,
incubator. To obtain spheroids, AggreWell™800 micro-
well plates (STEMCELL Technologies, Canada) were treat-
ed with Anti-Adherence Rinsing Solution (STEMCELL
Technologies, Canada) for 10 minutes and then washed
with 1X PBS. Cells were dissociated using 0.25 % trypsin
solution with EDTA and seeded at a rate of 3 x 10° cells
per well in 2 ml of growth medium. Half the volume
of the medium was changed the next day. On day 3, sphe-
roids were washed out of micro-well plates and trans-
ferred to 10 cm dishes were cultured in a shaker incuba-
torat 37 °C, 5 % CO2 and constant agitation at 80 rpm,
changing the medium every 3-4 days.

Assessment of cytotoxic activity
of VV-GMCSF-Lact against U-87 MG cells

U-87 MG cells were seeded onto a 96-well plate at a con-
centration of 4 x 103 cells per well in 100 yL of phenol red-
free Opti-MEM medium and incubated at 37 °Cina 5% CO,
atmosphere. After 24 h, VV-GMCSF-Lact was added
to the cells. The multiplicity of virus infection ranged from
0.0012 to 10 PFU per cell. Cells were incubated with the vi-
rus for 72 h. Control cells were incubated under the same
conditions without the addition of viral preparation. After
incubation, 10 uL of Deep Blue Viability Kit reagent (BioLe-
gend, USA) was added to the wells and incubated for 4 h
at 37 °C. The optical density of the solution was measured
at a wavelength of 570 nm (reference value - 620 nm) us-
ing an Apollo LB 912 spectrophotometer (Berthold Tech-
nologies, Germany). Cell viability was determined relative
to the viability of control cells (100 %) + SD following three
independent experiments.

Assessment of cytotoxic activity
of VV-GMCSF-Lact against 3D-cultured human
glioblastoma U-87 MG cells

3D cultures of U-87 MG cells were placed in wells
of a96-well plate at 10 cells per well and cultured in 100 pL
of complete DMEM/F12 culture medium. After 24 h, the me-
dium was removed and replaced with 50 ul of virus suspen-
sion with a virus titre of 3.3 x 107 PFU/ml. 50 pl of 1 mM TRIS
HCI (pH = 8.5) was added to control wells. The plate was
centrifuged for 20 min at 500 rpm to sediment the virus.
The cells were then incubated in a CO, incubator at 37 °C
for 20 min, after which 50 uL of complete DMEM/F12 cul-
ture medium was added. The cytotoxic effects of the virus
were analyzed at 24 and 72 hours and on day 7 after infec-
tion of cells.

Microscopy
3D cell culture samples after exposure to the virus
were analysed in vivo, in transmitted light and in the FITC
green channel using a Nicon Eclipse Ti microscope (To-
kyo, Japan).

Cytofluorimetric analysis
Cell samples after virus exposure were dissociated en-
zymatically using Accumax reagent (Stemcell Technologies,
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Canada) and analysed with a BD FACS Canto Il flow cytom-
eter (Becton Dickinson, USA) using BD Pharmigen FITC An-
nexin V Apoptosis Detection Kit I, according to the manu-
facturer’s instructions with minor modifications: only one
dye, propidium iodide (PI), was used, as Annexin V - FITC
should be analysed in the green channel already occupied
due to the transduction of U-87 MG cells. Cytofluorimetry
results were analyzed in FlowJo™ v. 10 Software (Becton
Dickinson, USA).

VV-GMCSF-Lact virus titration

Green monkey kidney 4647 cells were seeded ina 12-
well plate containing 300,000 cells per well, in 2 ml of com-
plete DMEM medium with 10 % fetal serum (FBS) and in-
cubated at 37 °Cin a 5 % CO, atmosphere until 90 %
monolayer formation. 10-fold dilutions of the viral sus-
pension in DMEM medium were prepared. Growth me-
dium was removed from the wells of the plate and 100 ul
of the appropriate dilution of virus was added to the cen-
tre of each well. The plate with cells was incubated
at 37 °Cin a CO, incubator for 1 hour. Then 2 ml of min-
imum essential medium (DMEM + 2 % FBS) was added
tothe wells and the plate was left at 37 °Cin a CO, incuba-
tor for 48 hours. Afterwards, the minimum essential me-
dium was removed, 1 ml of crystal violet solution was ad-
ded to the wells with cells and left for 20 min at room
temperature. Then the crystalline violet solution was re-
moved and the plaques were counted.

Statistical analysis

Quantitative variables are presented as mean + stand-
ard deviation (SD). Each experiment was repeated at least
three times. Statistical analysis was performed using Graph-
Pad 6.01 (GraphPad Software, USA). Two-factor analy-
sis of variance was used to compare more than two data
sets. Differences were considered statistically significant
if p < 0.05.

RESULTS AND DISCUSSION

U-87 MG human glioblastoma cells were transduced
with a lentiviral construct carrying a GFP reporter gene,
as it is planned to use these cells for co-culture with hu-
man cerebral organoids in the future. The cytotoxicity
of the virus against U-87 MG cells was determined by cell
proliferative activity using resazurin as an indicator. The
degree of reduction of resazurin and production of re-
sorufin is proportional to the number of metabolically ac-
tive cells. The IC50 (half maximal inhibitory concentration)
measured in CompuSyn software was 0.024 PFU/cell,
indicating a higher sensitivity of this cell culture
to VV-GMCSF-Lact virus compared to the non-transduced
lentivirus U-87 MG cell culture [4].

Formed 3D cultures of U-87 MG were incubated
with VV-GMCSF-Lact, which had a titer of 3.3 x 107 PFU/ml.
This amount of viral particles is comparable to that of in-
tratumoural injection into the body of a laboratory ani-
mal in preclinical trials [3]. The 3D-cultured cells were fur-
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ther analyzed 24 and 72 h and 7 days after cell infection.
It has been revealed that replication of some oncolytic vi-
ruses can increase as early as 24 h after infection of tumour
cells, however, after 72 h it starts to decrease [5, 6].

Microscopic analysis of the samples was performed
both in transmitted light and using a fluorescent filter
for fluorescein isothiocyanate (FITC). In our study, oncolyt-
ic effect of VV-GMCSF-Lact was observed on a 3D culture
of U-87 MG cells (Fig. 1).

Thesstructure of 3D-culturesis destroyed and theamount
of cellular debris increases with extending incubation time
with virus (“3D-cultures with virus_24 hours”, “3D-cultures
with virus_72 hours”, “3D-cultures with virus_7 days”),
whereas in control wells 3D cultures (“Control 3D-cul-
tures_24 hours”, “Control 3D-cultures_72 hours”, “Control
3D-cultures_72 hours”, “Control 3D-cultures_7 days”) remain
unchanged, preserving clear outlines and smooth edges.
Theintensity of cell death reactions was assessed by the in-
teraction of cells with propidium iodide (PI), a marker of ne-
crosis. Unfortunately, no statistically significant difference
was observed between groups in the number of stained cells
in the PE channel, possibly due to the presence of necrotic
corein 3D cultures. As tumour spheroid reaches a diameter
of more than 500 pm, it is known that the spheroid usually
exhibits a three-layer concentric structure including an outer
layer of proliferating cells, a middle layer of quiescent cells
and a central necrotic zone, with each region at different
stages of the cell cycle [7]. The complexity of this multilay-
ered structure may be caused by a lack of oxygen and nu-
trients, which is not observed in 2D tumour cell cultures.
Drugs, soluble metabolites, as well as oxygen concentra-
tion and pH are known to exist as a gradient within the tu-
mour: peripheral cells closer to blood vessels have greater
access to soluble components and oxygen, which decreas-
es as it diffuses through the extracellular matrix to the tu-
mour core. The concentration gradients of growth factors,
nutrients, and metabolites create intratumoural heteroge-
neity and affect signalling in the microenvironment, includ-
ing cell function, proliferation, morphogenesis, and chemo-
taxis [8]. A concentration gradient, from a pharmacokinet-
ic point of view, limits the penetration of drugs into the tu-
mour and the attainment of a dosage sufficient to exert ther-
apeutic effects on all cancer cells.

Using cytofluorimetric analysis, a statistically signifi-
cant increase in side scatter intensity, i.e. cell granulari-
ty of 3D-cultured cells at time points 24 and 72 h (Fig. 2)
was observed, which indirectly attributes to active replica-
tion of the virus in the cells. For instance, it was previously
revealed that cell populations with higher SSC (side scat-
ter) intensity had more inclusions, more organelles and vi-
rosomes (viral factories) [9, 10].

To assess the replication efficiency of VV-GMCSF-Lact
in 3D-cultured human glioblastoma cells, the virus titre
was determined on day 7 after cell infection [11]. The virus
was revealed to replicate efficiently in spheroid cells; the ti-
ter was 0.44 PFU/cell, which is =18-fold higher than the IC50
for the corresponding adherent cultures, further confirm-
ing the literature data about the resistance of 3D cultures
compared with adherent cells when testing the cytotoxic-
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FIG. 1.

Microscopic image of 3D-cultured cells treated with oncolytic virus VV-GMCSF-Lact and untreated control 3D-cultured cells; microscope
magnification x 40
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ity of anti-tumour drugs [12]. It is likely that virus replica-
tion occurs in the outer cell layer of the spheroid, but fur-
ther experiments are needed to pinpoint the exact locali-
zation of this process.

Consequently, cells cultured in larger three-dimen-
sional aggregates mimic the in vivo state by being in dif-
ferent proliferative states based on nutrient access
that is limited by a concentration gradient. Whilst 2D cul-
tures are still predominantly used for drug development
due to their simplicity and compatibility with screening
platforms, 3D culture systems have numerous advantag-
es over 2D cell culture. Specifically, 3D cell culture models
more accurately reflect the pathophysiological microen-
vironment that allows tumour cells to aggregate, prolif-
erate and exhibit phenotypes as they do within the body

[13]. Complex cellular interactions between other cells
and the three-dimensional matrix are crucial for preserv-
ing the structure, function and motility of tumour cells.
Since cell migration occurs in three dimensions, the ma-
trix provides a topology that mimics the three-dimension-
al architecture of tissue, allowing cells to attach and inter-
act with the environment.

CONCLUSION

3D cultures are a more relevant model for testing
anti-tumour drugs compared to adherent models. Ad-
ditionally, the move to 3D preclinical models has be-
come more attractive as improvements in tissue engi-

Count

80000+

*%

60000

40000

SSC-A Intensity

20000 1

FIG. 2.

100K
SSC-A

150K 200K 250K

*%*

C24h v 24h ¢ 72h v.72h c.7d v 7d

a - distribution of 3D-cultured cells by side scatter intensity; flow cytometry; b — average side scatter intensity of 3D-cultured cells treated
with virus (v_24 h, v_72 h, v_7 d) compared to control group cells (c_24 h,c_72 h,c_7 d)
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neering technologies have made 3D cell culture more
adaptable and adjustable to microenvironmental fac-
tors so as to better reflect the functional pathology
of tumours in vivo. The use of 3D cultures allows, among
other things, to assess the ability of oncolytic drugs
to penetrate the tumour and affect its internal struc-
tures. Meanwhile, the formation of a necrotic tumour
core complicates the analysis of the oncolytic action
of the virus by cytometry. Therefore, several analytical
methods should be applied to assess the anti-tumour ef-
ficacy of therapeutic agents.

Subsequently, it is planned to use not only 3D cul-
tures of human glioblastoma, but also chimeric cere-
bral organoids obtained by co-culturing tumour cells and
human cerebral organoids to test the cytotoxic effect
of VV-GMCSF-Lact [14]. Such a cell model allows to recre-
ate three-dimensional cytoarchitectonics of some parts
of the brain, which opens unique opportunities to study
the interaction between tumour cells and brain cells, as well
asthe effect of oncolytic drug on healthy nervous tissue and
glial tumour microenvironment [15].
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OPHTHALMOLOGY

ABSTRACT

Background. Performing penetrating keratoplasty in 100 % of cases leads to the oc-
currence of induced postkeratoplasty astigmatism, which can be more than 12.0 D.
If cataracts occur in this category of patients, performing cataract phacoemulsifica-
tion with implantation of a toric intraocular lens (tIOL) does not completely solve
the problem. The use of the method of implantation of intrastromal corneal segments
at stage | before cataract phacoemulsification makes it possible to reduce the degree
of postkeratoplasty astigmatism and create optimal conditions for additional cor-
rection of residual postkeratoplasty astigmatism due to the implantation of tIOL
during cataract phacoemulsification.

The aim of the study. To analyze the clinical and functional indicators of correction
of regular high-grade postkeratoplasty astigmatism in a patient with cataracts using
a combined method, including first implantation of intrastromal corneal segments
and subsequent cataract phacoemulsification with implantation of toric intraocular
lens using the example of a clinical case.

Material and methods. A 55-year-old patient with cataracts, who had a history
of undergoing penetrating keratoplasty, contacted us. According to the kerato-
topogram data, a regular postkeratoplasty astigmatism of 18.68 D was diagnosed.
The patient underwent a combined method. At stage |, intrastromal corneal segments
were implanted into the corneal graft, then after 6 months stage Il was performed -
cataract phacoemulsification with implantation of tIOL.

Results. Six months after intrastromal corneal segments implantation, the pa-
tient’s keratometric data stabilized, and corneal astigmatism decreased to 8.98 D.
Then the patient underwent cataract phacoemulsification with tIOL implantation.
After 1 month, the spherical component of refraction was 0.5 D, the cylindrical com-
ponent of refraction was 0.5 D, visual acuity increased to 1.0.

Conclusion. Acombined method for correcting regular high-grade postkeratoplasty
astigmatism in a patient with cataracts showed high refractive results, stability
and safety in the long-term postoperative period.

Key words: postkeratoplastic astigmatism, intrastromal corneal segments, cataract
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PE3IOME

BesedeHue. BoinonHeHue cksosHoU kepamonnacmuku (CKIM) npusodum e 100 %
C1lyyaes K 803HUKHOBEHUIO UHOYYUPOBAHHO20 hOCMKepamonaacmu4ecko2o
acmuamamus3ma (IMA), komopeili Moxxem 6bimb 60s1ee 12 0nmp. [pu 803HUKHOBe-
HUU y 0aHHOU Kame20puu nayueHmMo8 Kamapakmel 8bINOIHEHUE (hakoIMy bcuu-
kayuu kamapakmel (03K) c umnaaHmayuet mopu4eckol UHMpPAoKyIapHOU JIUH3bI
(mWOJT) He no3sonsem nosIHOCMBIO pewums npobnemy. lpumeHeHue Memoda
UMNaGHMAayuu UHMpPAcmpoMasbHbiX po208u4Helx ceemeHmos (MIPC) Ha | smane
0o ®3K no3zeongem cHU3umMe cmeneHs 1A u co30ame onmumarsbHele yca08us
0719 0oKoppekyuu ocmamoyHoezo [1A 3a cuém umnnaHmayuu m0OJ1 8o spems O3K.
Lene uccnedosanus. [pogecmu aHAnu3 KIUHUKO-(YHKUUOHAIbHbIX NOKA3aA-
mesneli KOppekyuu pe2ysispHo20 NOCMKepamonacmuy4ecko2o acmuemamusma
8bICOKOU cCmeneHuU y hayueHma ¢ Kamapakmou KOMOUHUPOBAHHbIM cNOCcoboM,
BKJIIOYAOWUM 8HAYAsle UMNJIAHMAYUI0 UHMPACMpPOMAsibHbIX PO208UYHbIX
cezmeHmMo8 U nocsedyruiee 8binosiHeHUe hakosIMynbcugukayuu Kamapakmel
C uMnaHmMayuel mopu4yeckol UHMPAoKyAAPHOU JIUH3bl, HAG NpuMepe KuHUYe-
CKO20 C/1YHasi.

Mamepuan u memoosl. K Ham obpamusica nayueHm 55 jem ¢ kamapakmod,
8 AHAMHe3e y KOmopo20 bbl/1a 8bINOIHEHA CKBO3HAA Kepamonsiacmuka. 1o 0aH-
HbIM Kepamomonozpammel 6bis1 OUA2ZHOCMUPOBAH pezynapHbIl 1A 18,68 onmp.
MayueHmy 6611 86INOSIHEH KOMOUHUPOBAHHBIU Memod. Ha | 3mane 8 po2o8uyHbIli
mpaHcnaaHsmam 6biu umMnaaHmuposaHsl IPC, 3amem uepes 6 Mec. 6bis1 8bINOJTHEH
Il s man — ©®3K c umnnanmauueti mAOJI.

Pesynemamel. Yepes 6 mec. nocne umninaimayuu VIPCy nayueHma npousowia
cmabunusayus Kkepamomempuyeckux 0aHHbIX, PO208UYHbIU ACMU2Mamu3mM CHU-
3usica 0o 8,98 onmp. 3amem nayueHmy 6siia 8einosiHeHa OIK ¢ umnaanmayued
mUOJ1. Yepes 1 mec. cihepuueckuli KomnoHeHm pegpakuyuu cocmasus 0,5 onmp,
yuuHOpuyeckuli KomnoHeHm pegpakyuu -0,5 onmp, ocmpoma 3peHus noabi-
cunace 0o 1,0.

3aknioyeHue. KombuHUpo8aHH®bIU cnocob koppekyuu pe2ynapHo20 1A 8bicokou
cmeneHu y nayueHma c kKamapakmou Noka3ars 8blCoKUl peihpakyuoHHbIl pe3ysib-
mam, cmabunbHocMb U 6e30nNacHoCMb 8 0MOAIEHHOM NOcC/eonepayuoHHOM
nepuooe.

Knroyessoie cnosa: nochepamonnacmuquKud acmuemamusm, UHmpacmpo-
MdaJlbHble pO20BUYHbIE CeeMeHMebl, Kamapakma

Ona untupoBaHuna: CuxnubiH M.B., MNMo3geesa H.A. KnuHnyecknii cnyyait KombrHupo-
BaHHOI0 CNocoba KoppeKLMY MOCTKEPATONIAaCTUYECKOrO aCTUrMaTI3Ma BbICOKOW CTeNeHn
y naumreHTa ¢ KaTapakTtol. Acta biomedica scientifica. 2023; 8(6): 170-177. doi: 10.29413/
ABS.2023-8.6.16
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RELEVANCE

The occurrence of cataract in patients after penetrating
keratoplasty (PK) reduces their visual acuity and requires
its surgical treatment [1]. Conversely, an induced postkera-
toplasty astigmatism (PA) is diagnosed after PKin every case,
which can be high-grade and irregular [2]. This in turn leads
to an increase in corneal aberrations, especially of higher
orders, reducing visual acuity and leading to patient dis-
satisfaction with the optical outcome of surgery [3]. Per-
forming cataract phacoemulsification (CPE) with toric in-
traocular lens (tlOL) implantation allows to simultaneous-
ly get rid of cataract and compensate corneal astigmatism
in its regular form [4, 5]. This technique, however, is limited
to the toric component of manufactured tlOLs up to and in-
cluding 12 D. In summary, correction of regular PA greater
than 12 D in a cataract patient requires an additional meth-
od of correction. Currently,implantation of intrastromal cor-
neal ring segments (ICRS) into the corneal graft to increase
corneal graft regularity and reduce PA is gaining popular-
ity as a result of the lack of PA regression years after sur-
gery compared to refractive laser surgery [6, 7]. In view
of the above, the ICRS implantation method can be used
in the combined treatment of such cataract patients with PA
greater than 12 D.

THE AIM OF THE STUDY

To analyse the clinical and functional indices in the cor-
rection of regular high-grade postkeratoplasty astigmatism
in a patient with cataract by a combined method including
firstimplantation of intrastromal corneal ring segments us-
ing femtosecond laser followed by cataract phacoemul-
sification with toric intraocular lens implantation based
on the example of a clinical case.

Es: 0.54 / Em:-0.80
PVA: 0.5- 0.4

FIG. 1.

MATERIAL AND METHODS

Patient N., 55 years old, addressed the branch
of the S.N. Fedorov Eye Microsurgery Centre of the Russian
Ministry of Health with complaints of low vision and fog
in front of the left eye for the last 2 years. Ophthalmologi-
cal history:in 2002, a penetrating keratoplasty (PK) was per-
formed on the right eye concerning stage IV keratoconus.
On admission, uncorrected visual acuity (UCVA) was 0.03 i/c
(incorrigible), intraocular pressure was 15 mmHg accord-
ing to Maklakov, and the anteroposterior axis of the eye
was 23.54 mm. At biomicroscopy, the corneal graft
was transparent, had a diameter of 8.0 mm; the anterior
chamber had a medium depth; pupil - 3.5 mm, photoreac-
tion of lll degree; iris was quiet, without structural changes;
posterior capsular opacities were visualised in the crystalline
lens, the underlying media were not clearly seen due to lens
opacity. According to the keratotopogram on the TMS-4
device (Tomey, Japan), a regular high-grade PA of 18.68 D
was visualised (Fig. 1).

According to the results of corneal optical coherence
tomography (OCT) using an OCT Casia 2 (Tomey, Germa-
ny), the minimum thickness of the corneal graft in the cen-
tre was 457 pm. Endothelial cell density (ECD) measured
on a Confoscan-4 device (Nidek, Japan) was 1925 cells/mm?2.
According to the electrophysiological study on the Diopsys
device (NOVA, USA), the lability of the optic nerve of the left
eye was within the normal range. According to ultrasound
B-scan on a Tomey UD-8000 (Tomey, Germany), the sheaths
are adherent. According to the results of the examination,
the diagnosis for the left eye was high-grade regular post-
keratoplasty astigmatism, condition after penetrating kera-
toplasty, posterior capsular cataract.

Correction of regular PA was performed in 2 sta-
ges. The first stage was the implantation of two ICRS
in the penetrating corneal graft using femtosecond laser

Absolute

Keratotopogram of patient N. with induced regular high-grade postkeratoplasty astigmatism
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(FSL) to reduce PA less than 12 D. Two identical ICRS (LLC
Research and Experimental Production of Eye Microsur-
gery, Russia) made of polymethylmethacrylate were im-
planted in the patient, having the shape of a hemisphere
on the cross section; inner radius — 5.0 mm, outer radius —
6.2 mm, height — 350 um, arc length - 90°. ICRS indicators
for implantation in the corneal graft were calculated ac-
cording to the existing nomograms [8]. Then in the second
stage, 6 months after stabilisation of clinical and functio-
nal parameters, CPE with implantation of tIOL for additio-
nal correction of residual PA was performed. This sequence
was chosen not only to reduce corneal astigmatism (RA)
atstage 1 by implanting ICRS in the corneal graft, but main-
ly to create optimal conditions for accurate tIOL calcula-
tion and centration at stage 2 by increasing the sphericity
and reqgularity of the corneal graft.

ICRS implantation into a penetrating corneal graft was
performed using the Russian 1 MHz FemtoViaisum FSL
(Troitsk, Russia). Prior to surgery, the patient was marked
the location of the intrastromal tunnel symmetrically rela-
tive to the patient’s visual axis, which was determined
by the Purkinje light reflex when the patient looked
at the fixation mark of the operating microscope. The sur-
gery involved two phases. In the first stage, an intrastro-
mal tunnel was formed in the corneal graft with an in-
ner resection diameter of 5.0 mm and an outer diameter
of 6.2 mm, at a depth of 385 um, using FSL. At the sec-
ond stage, two ICRS with a height of 350 um, with an arc
length of 90° were implanted through the entrance
vertical incision into the formed intrastromal tunnel
and placed parallel to the strong axis of the PA accord-
ing to the keratotopogram in order to flatten it between
the implanted ICRS.

Six months after ICRS implantation in the penetrating
corneal graft, the patient underwent CPE with implantation
of tlOL AT Torbi 709M (Carl Zeiss, Germany) with an opti-
cal power of 16 D with a toric component of 8.0 D for ad-
ditional correction of residual corneal astigmatism. Kera-
totopographic data, optical biometry data and online IOL
calculators (Kane Formula, Barrett Universal Il Formula)
were used to calculate the optical power of the IOL. Pri-
or to surgery, the patient was marked behind a slit lamp
to mark the horizontal axis of the corneal graft. During pre-
operative pre-surgical preparation, the patient received
instillation of a non-steroidal anti-inflammatory drug,
and on the morning of the day of surgery, he additional-
ly received mydriatic instillation of one drop three times
30 min before surgery. CPE with tIOL implantation was per-
formed using the Infinity device (Alcon, USA) according
to the standard technique. Using a Mendes ring on the op-
erating table, the patient was marked with a strong corne-
al graft keratometry axis, along which a 1.8-2.2 mm long
main tunnel incision was made, with paracenteses locat-
ed at 3 and 9 o’clock. The depth of the anterior cham-
ber was controlled at the stage of capsulorhexis by in-
jecting viscoelastic into it. Capsulorhexis was performed
with a curved insulin needle. Removal of the lens nucleus
was performed using a phacoemulsifier. The cortical mas-
ses and epinuclius were removed using a coaxial irrigation-
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aspiration handpiece. tIOL was implanted with an injector,
and then the marks of the cylindrical component of the tIOL
were centred on the marks placed on the corneal graft be-
fore surgery, corresponding to the strong axis of the PA,
according to the keratotopogram data. At the end of sur-
gery, viscoelastic was flushed out of the anterior chamber
using a Simcoe cannula. The main incision and paracente-
sis were sealed with sterile saline solution. Subconjuncti-
val injection of antibiotic and corticosteroid was performed
at the completion of surgery.

Apart from the standard methods of examination,
the patient underwent: optical biometry with determina-
tion of eye length, anterior chamber depth, lens thickness
on A-Scan Plus (Stormoff NRW Gmbh, Germany); kerato-
topography using keratotopograph Tomey 4 (Tomey, Ja-
pan); calculation of ECD on Confoscan-4 device (Nidek, Ja-
pan); keratopachymetry using OCT Casia 2 (Tomey, Ger-
many); assessment of visco-elastic properties of the cor-
neal graft using ORA device (Reichert, USA); measurement
of protein flux and number of cells in the anterior cham-
ber moisture using FS-2000 device (Kowa, Japan). The fol-
low-up period after CPE was 6 months.

RESULTS

No intra- and postoperative complications were noted
when performing IRS implantation into a penetrating cor-
neal graft using FSL. At biomicroscopy on the first day af-
ter surgery, the penetrating corneal graft was transparent,
ICRS were centred, posterior capsular opacities were visual-
ised in the lens, and the underlying media were not clear-
ly visible due to lens opacities.

At the examination on the day after ICRS implantation,
the patient’s UCVA increased by 0.02, corrected visual acu-
ity (CVA) by 0.07, and these parameters did not change
again during 6 months (Table 1).

The spherical component of refraction (SCR) could
not be measured due to lens opacity. Corneal astigmatism
(CA) decreased by 10.58 D; mean keratometry value (Km.) -
by 1.42 D and did not change any more; corneal surface
regularity index (SRI) — by 0.39; corneal surface asymmetry
index (SAI) - by 0.3; corneal resistance factor (CRF) increased
by 0.5 mmHg; corneal hysteresis (CH) - by 0.3 mmHg.

At 1 month after the surgery, CA increased by 0.45 D,
SRI decreased by another 0.06, SAl by another 0.09, CRF in-
creased by another 0.2 mmHg, and CH by 0.4 mmHg.

At 6 months after the surgery, CA increased by an-
other 0.43 D, SRl decreased by another 0.12, SAl - by an-
other 0.25, CRF increased by another 0.5 mmHg, CH -
by 0.3 mmHg [2].

Thus, ICRS implantation into the corneal graft not only
significantly decreased PA but also increased the spheri-
city and reqularity of the corneal graft, as evidenced by de-
creased CA, SRl and SAlindices. This, in turn, has provided
optimal conditions for complete additional correction
of residual CA in CPE with IOL implantation by increasing
the accuracy of IOL measurement and centring, as the kera-
tometry value along the main meridians began to change



TABLE 1

DATA OF CLINICAL AND FUNCTIONAL PARAMETERS BEFORE AND AT DIFFERENT FOLLOW-UP PERIODS AFTER
IMPLANTATION OF INTRASTROMAL CORNEAL RING SEGMENTS IN THE PENETRATING CORNEAL GRAFT

WITH FEMTOSECOND LASER APPLICATION

Indicators Before Day 1 after 1 month after 6 months after

the surgery the surgery the surgery the surgery

UCVA 0.03 0.05 0.05 0.05

CVA 0.03 0.1 0.1 0.1

SCR, D unmeasured unmeasured unmeasured unmeasured

CA,D -18.68 -8.1 -8.55 -8.98

Km., D 48.67 47.25 47.25 47.25

SRI 1.67 1.28 1.22 1.1

SAl 1.16 0.84 0.75 0.5

KG, mmHg 8.1 8.4 8.8 9.1

CRF, mmHg 8.4 8.9 9.1 9.6

:Dne{\:‘:rsémgefimeal graft pachymetry minimum value 457 462 459 458

ECD, cells/mm? 1925 1925 1921 1906

SPcrg’:)eei? flux in anterior chamber moisture, f/m (focus micro- 23 315 23 23

Number of cells in the anterior chamber moisture, cells/mm3 1.55 23 1.6 1.63

Note. SCR - spherical component of refraction; Km. — mean keratometry value; SRI — Surface Regularity Index; SAI — Surface Asymmetry Index; CH — corneal hysteresis; CRF — corneal resistance factor.

IARN - TR - Standard
331103.tms

Absolute

SRI: 1.10

FIG. 2.

Keratotopogram of patient N. 6 months after implantation of intrastromal corneal ring segments in the through corneal graft using femto-
second laser: there is an increase in regularity and sphericity of the corneal graft with a decrease in the degree of corneal astigmatism

by 9.7D

more symmetrically, which was confirmed by the achieve-  al “stiffness frame” in the corneal graft, which increased
ment of normal values of the SAl index. In contrast, ICRS its biomechanical properties. According to literature data,
implanted in the corneal graft resulted in an addition- itistheincrease of biomechanical properties of the corne-
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al graft that allows to preserve the obtained refractive re-
sult in the remote postoperative period, in contrast to re-
fractive laser surgeries, in which biomechanical properties
of the corneal graft weaken when its thickness decreas-
es, which in turn causes regression of the refractive result
over the years [7].

The correct ICRS position was confirmed by OCT data
of the corneal graft (Fig. 3).

In the postoperative period, corneal OCT data showed
no change in corneal graft thickness at the centre.

The loss of ECD 6 months after ICRS implantation
in an end-to-end corneal graft using CPE was 1.0 %,
which did not exceed the physiological loss. According
to the FC-2000 device, the cell count and protein flux
in the anterior chamber moisture on the day after surgery

increased slightly, but did not exceed the limits of nor-
mal. Laser tindalmetry values reached preoperative values
within 1T month after surgery and did not increase again.

Six months after ICRS implantation in the corneal graft,
the patient underwent CPE with tlOL implantation for a single-
stage additional correction of residual corneal astigmatism.

No intra- and postoperative complications were ob-
served. The patient noted subjectively a significant increase
in visual acuity after surgery. On biomicroscopy, the opti-
cal media were clear and the two implanted ICRS and tIOL
were centred (Fig. 4).

On examination the day after CPE, the UCVA increased
by 0.85 and the CVA increased by 0.8. CA decreased
by -0.48 D. The SCR was 1.0 D, and the cylindrical refrac-
tive component (CRC) was —1.0 D (Table 2).

FIG. 3.

Optical coherence tomography of patient N.’s penetrating corneal graft after implantation of intrastromal corneal segments using femto-
second laser: the profile of intrastromal corneal ring segments located at a depth of 385 um is visualised

-

FIG. 4.

Eye appearance of patient N. on the next day after cataract phacoemulsification with toric IOL implantation after earlier implantation
of intrastromal corneal ring segments into the corneal graft using femtosecond laser: symmetrically located intrastromal corneal ring seg-
ments relative to the strong vertical meridian of the corneal graft are visualised, toric IOL in the pupil projection is visualised
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TABLE 2

DATA OF CLINICAL AND FUNCTIONAL INDICATORS BEFORE AND AT DIFFERENT TERMS AFTER CATARACT
PHACOEMULSIFICATION WITH TORICIOL IMPLANTATION IN A PATIENT AFTER EARLIER ICRS IMPLANTATION
IN THE CORNEAL GRAFT WITH FEMTOSECOND LASER APPLICATION

o Before the Day 1 after 1 month after 6 months after
Indicators
surgery the surgery the surgery the surgery
UCVA 0.05 0.9 1.0 1.0
CVA 0.1 0.9 1.0 1.0
CA D -8.98 -85 -8.25 -8.25
SCR,D unmeasured 1.0 0.5 0.5
CRC, D unmeasured -1.0 -0.5 -0.5
ECD, cells/mm? 1906 1801 1797 1781
Protein ﬂux in anterior chamber moisture, f/m 23 12.4 22 23
(focus microscope)
Number c3>fcellsm the anterior chamber moisture, 163 11 168 165
cells/mm
At 1 month after surgery, the UCVA and CVA increased Funding

by another 0.1; CA decreased by another -0.25 D, SCR -
by 0.5 D, CRC - by —-0.5 D, and these indices remained un-
changed.

In the surgical treatment of cataract in patients af-
ter PK, the initial preoperative PEC, as well as the degree
of its loss after CPE, is of great importance. In the described
clinical case, the preoperative ECD value of 1906 cells/mm?
is sufficient for CPE. When ECD was measured on the day
after CPE, it was observed to decrease by 5.5 %
to a value of 1801 cells/mm?2, which is almost 3 times
higher than its critical value of 500-700 cells/mm? [9].
Thus, the surgery was safe in terms of the risk of graft-
versus-host disease. According to the literature, the use
of modern viscoelastics during cataract surgery in pa-
tients after PKresults in a loss of ECD in the range of 5-8 %,
which is consistent with the results of our study [10]. ECD
loss increased by another 1.1 % by 6 months postoperative-
ly, which does not exceed the physiological loss of 2.5 %
in the six months after PK [11].

On the day after CPE, when protein flux was counted
in the anterior chamber using the FS-2000 device, a 5.4-fold
increase was observed, and the number of cells in the ante-
rior chamber moisture was 6.8-fold. One month after CPE,
the values of these indices corresponded to preoperative
values and did not change any more.

CONCLUSION

The combined method of correction of regular high-
grade PA in a patient with cataract by ICRS implantation
in the corneal graft followed by CPE with tIOL implanta-
tion showed a high refractive result, stability and safety
in the distant postoperative period.
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PEDIATRICS

ABSTRACT

Background. Vaccination coverage of children in India is not sufficient since
the COVID-19 pandemic (less than 90 %). This may lead to low adherence of parents
to children’s vaccination.

The aim. To study parental attitudes and awareness towards children vaccination
programs in India at the COVID-19 pandemic background.

Methods. Two hundred and fourteen participants from Kerala state (India) took part
in the descriptive cross-sectional study via survey method. The survey was prepared
with Google form according the principles of anonymity.

Results. Indian parents demonstrated good adherence towards children’s vaccina-
tion, 98.6 % (95% confidence interval (Cl): 95.9-99.5) of them vaccinated their child,
and if vaccination appointment had to be rescheduled 84.6 % (95% ClI: 79.1-88.8)
of them vaccinated children after. Most of Indians (68.7 %,; 95% Cl: 62.1-74.5)
preferred to vaccinate children in state clinics, however, 28.5 % (95% Cl: 22.8-34.8)
chose private clinics. Information about diseases that vaccines can prevent, vaccine
safety, and side effects 47.2 % (95% Cl: 40.6-53.8) of parents got from public pediatri-
cians, 50.9 % (95% ClI: 44.2-57.5) — from private pediatricians, and 10.3 % (95% Cl:
6.8-15.0) - from complementary and alternative medicine practitioners. Over 80 %
of Indians were informed about vaccination through mass media (83.6%; 95% Cl:
78.1-87.9). Indian parents showed low awareness about vaccination, because 63.1 %
(95% ClI: 56.4-69.2) of parents wanted to know more about vaccination. Moreover,
before vaccination 21.5 % (95% Cl: 16.5-27.4) of them were not informed by a doctor
about health benefits and possible risks for their children.

Conclusion. In the COVID-19 pandemic Indian parents showed good attitude
towards vaccination and low awareness in vaccination questions.

Key words: vaccination, vaccine prevention, children, parents, vaccine attitude,
vaccine awareness, COVID-19
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PE3IOME

BeeodeHue. C Hayana naHoemuu COVID-19 8 IHOuUU Habmo0aemcs CHUXeHuUe
oxeama sakyuHayueti 0emeti (meHee 90 %), Ymo Moxem npusecmu K CHUXeHUHO
npugepxeHHocmu pooumerieli BaKYUHAYUU.

Lens. OyeHums omHoweHue pooumernel u3 ViHouu k sakyuHayuu oemeli 8 yco-
susax naHoemuu COVID-19 u ux ocee0oMIEHHOCMb 8 BONPOCAX BAKYUHAYUU.
Memoodel. B onucamesibHOM nonepe4yHoM UCC1e008aHUU MemMoooM onpoca
c nomowbto Google Qopm npuHanu yyuacmue 214 pooumeneli uz wmama Kepana,
MHOuA.

Pe3synemamel. Pooumenu u3 VIHOuu npodeMoHCMpuposasnu Xopowyro npusep-
XKeHHOCMb 8aKYUHAyuuU, NOCKosbKy 98,6 % pooumenet (95%-u dosepumernbHbil
uHmepesan (95% [iN): 95,9-99,5) sakyuHupyrom cgoe2o pebéHKa, a 8 C/ly4asx Hapy-
weHus 2paguka umMmyHonpogunakmuku 84,6 % (95% [N: 79,1-88,8) podumeneli
cmaparomcs Hagepcmamae NPONYUEeHHYI NPUBUBKY KaK MOXHO cKopee. bosibWuH-
cmeo uHoutiyes — 68,7 % (95% [N: 62,1-74,5) - npo8odam sakyuHayuto pebeéHka
8 20Cy0apcmeeHHbIX KJIIUHUKAx, 00Hako 28,5 % (95% [W: 22,8-34,8) podumeneli
npedno4yumarom 4acmHsie MEOUYUHCKUe yYpexxoeHus. IHgopmayuro o 8aKYyuHO-
ynpassnsemoix UHeKyusx, 6e3onacHocmu 8akyuH U N0boYHbIX 3¢hpekmax 60s1b-
was yacms pooumerseti nosiyydem om cneyuaaucmos 30pasooxpaHeHus: 47,2 %
(95% /[11: 40,6-53,8) —om neduampog u3 20cy0apCcmeeHHbIX y4pexoeHul 30pasoox-
paHeHus; 50,9 % (95% [IN: 44,2-57,5) - om neduampos u3 4yacmmeix KIUuHUK; 10,3 %
(95% [U: 6,8-15,0) — om spayeli anbmepHamugHol MeduyuHsl. [IpumedamesisHo,
umo 6os1ee 80 % uHouliyes UHGHOPMUPOBAHbI O NOJIb3e BAKYUHONPOMUIAKMUKU
yepes cpedcmea maccosoli uHghopmauuu (83,6 %; 95% AN: 78,1-87,9). Ha ¢oHe
XOopouwlie2o 0mHoWweHUsA K UMMYHONpoguiakmuke UHOUlCKUe pooumesu xomsam
3Hame 6osbwe o sakyuHayuu (63,1 %; 95% [IN: 56,4-69,2). Ha HedocmamouHyto
0Cc8e00MIEHHOCMb 8 80NPOCAX BAKYUHAUUU MAKXe yKa3slgaem mo, 4mo nepeo
sakyuHayueli pebérka 21,5 % (95% AW: 16,5-27,4) u3 HUx He 6bl/1u NPOUHGBOPMU-
pOBAHbI 8BPAYOM O NOJIb3e BAKYUHbI 0715 300p08bS U B03MOXHbIX PUCKAX.
Bbi8o0bl. Bycnosusx naHoemuu COVID-19 pooumernu u3 MiHOuu (wmam Kepana)
NnpoOeMOHCMPUPOBAIU NO3UMUBHOE OMHOWeEHUe K 8aKkyuHayuu oemeu u Hedo-
CMamoYHyto 0c8e00MIEHHOCMb 8 B0NPOCAX 8AKUUHAYUU.

Knioyeswle cnosa: sakyuHauyus, 8aKYUHONpogpuIakmukd, 0emu, pooumesnu,
OMHoOWeHue K BaKYUHAYuUuU, npusepxeHHocme sakyuHayuu, COVID-19

Ona yntupoBaHua: Aapoman Cypewkymap, Hosrkosa E.A., Abxupamun CynpacaHHaH,
MaHy KpuwHa, BaHapkuHa A.C., Mockanesa E.B., KaszaHuesa E.[J., MNeTposa A.l., Pbiuko-
Ba J1.B. OTHOWeEHMe N 0cBeAOMNEHHOCTb UHANNCKIMX poauTenei 13 wraTta Kepana o Bak-
umMHauun geteit B ycnosusx naHgemum COVID-19. Acta biomedica scientifica. 2023; 8(6):
178-185. doi: 10.29413/ABS.2023-8.6.17
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INTRODUCTION

Vaccines help protecting children from vaccine-pre-
ventable diseases and improve child survival and reduce
morbidity. To this day the coverage for many essential
vaccines is higherthan 80 % [1]. The triple vaccine against
diphtheria, tetanus and pertussis (DTP3) is used as the
key metric for global vaccination coverage, because it is
a good indicator for access to routine immunization ser-
vices [1]. Global target coverage of children according
to the World Health Organization (WHO) should be not
less than 90 % with three doses of DTP3 [2]. In conform-
ity with WHO the health Mission Indradhanush of Indi-
an Government has an aim to increase full immunization
coverage to 90 % through focus on unvaccinated and
partially vaccinated children in pockets of low immuni-
zation coverage in high risk and hard-to-reach areas [3].

The rates of vaccination of children around the world
and in India inter alia are not sufficient. According to re-
cent reports in 2022 the global vaccination coverage
was 84 %, in 2021 - 81 %, in 2020 - 83 % [4], and such
low coverage may be explained by impacts of the COV-
ID-19 pandemic. India has not achieved 90 % coverage
during the COVID-19 pandemic showing 85 % in 2020
and 2021, in comparison with 91 % in 2019 [1]. Interesting-
ly, at the same time attitude to vaccination remains posi-
tive, because 92 % people in the world, and 98 % of Indi-
ans think that it is important for children to be vaccinat-

Trust in doctors and nurses vs. disagree that vaccines are safe, 2020

The share of people who responded “a lot" or "some" to the question "How much do you trust doctors and nurses in your country? Do you

ed [1]. Besides 98 % Indian parents think vaccines are safe,
and 78.9 % trust healthcare specialists (Fig. 1).

The Universal Immunization Programin India is provid-
ed free of cost by Ministry of Health and Family Welfare. Na-
tional Immunization Schedule includes 11 vaccines against
diphtheria; pertussis; tetanus; polio; measles; tuberculosis;
hepatitis; meningitis and pneumonia caused by Haemophi-
lus influenza type B; rubella and rotavirus diarrhea in select-
ed states and Japanese encephalitis in endemic districts [3].

India does not have mandatory vaccination on a na-
tional basis; however, vaccination policies differ across
states [5]. Even though vaccination policies in India is rec-
ommended, not mandatory, because of rumors about
health risks on social media, in 2018 Kerala state required
schools to submit students’ annual vaccination records as a
response to a poor turnout for a new measles-rubella vac-
cine [6]. India puts efforts for creating awareness and com-
munity engagement via engagement with key media hous-
es, advocacy with important opinion makers including reli-
gious leaders and local influencers, development of a pic-
torial National Immunization Schedule [3].

This work is a part of the survey of the Laborato-
ry of Infectiology and Immunoprophylaxis in Pediat-
rics (The Scientific Centre for Family Health and Hu-
man Reproduction Problems, Irkutsk, Russia) about at-
titudes towards children’s vaccination of parents from
Russia (Irkutsk region) and India (Kerala state) [7-10].
Since we already made in-depth study that involved Rus-

Our World
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trust them a lot, some, not much, or not at all?". This is measured against the share of people who answered "strong disagree" or

"somewhat disagree” to the statement "Vaccines are safe.
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The opinion of people in India about vaccine safety and their trust in healthcare specialists (The Welcome Global Monitor, 2020) [1]
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sian parents [7] a purpose of this work was to describe
in detail the attitude and awareness of parents from In-
dia towards children’s vaccination on the background
of COVID-19 pandemic.

METHODS

Two hundred and fourteen participants from India
(Kerala state) took part in the descriptive cross-section-
al study. The survey was prepared with Google form ac-
cording to the principles of anonymity. Data were col-
lected during the COVID-19 pandemic from April 1
to July 6,2020. The questionnaire contained 17 questions
with multiple choice optionsincluding age (< 20y.o0., 21—
30y.0.,31-40y.0., > 40 y.0.) and gender of participants,
their educational stage (school, college, university), fi-
nancial situation (lower middle class, middle class, up-
per middle class, wealthy), occupational status of fami-
ly members (health worker, teacher, kindergarten work-
er), number of children (one, two, three, four or more);
and questions about awareness and attitude towards
vaccination. The link was sent to the heads of the univer-
sities and via social media. We obtained 214 responses,
and a total of 214 participants were included for final sta-
tistical analysis, so the effective response rate was 100 %.
There were no responses missing data and responses
with obviously false answers.

The study protocol, questionnaire and consent form
were approved by the ethics committee of the “Scien-
tific Center for Family Health and Human Reproduc-
tion Problems”. Qualitative data were reported as ab-
solute values and percentages. 95 % confidence inter-
val (95% Cl) was calculated using the website for statis-
tical computation “VassarStats” [11].

RESULTS AND DISCUSSION

Sociodemographic characteristics of participants
are presented in the Table 1. Most of them were wom-
en (68.2 %; 95% Cl: 61.7-74) and young adults aged 21
to40y.0.(79.9 %; 95% Cl: 74.0-84.7), university graduates
(61.7 %: 95% Cl: 55-67.9), belonging to the middle class
66.8 % (95% Cl: 60.2-72.7) with one child (65.9 %; 95% Cl:
59.3-71.9). Family members of respondents had high ed-
ucation, were health workers (44.9 %; 95% Cl: 38.3-51.5),
teachers (57.9 %; 95% Cl: 51.2-64.3) or kindergarten work-
ers (30.4 %; 95% Cl: 0.16-0.24).

Attitude and awareness of Indian parents towards
vaccination is shown in the Table 2. Parents’ attitude to-
wards vaccinations during the COVID-19 pandemic was
positive. Almost all Indians in Kerala state supported chil-
dren’s vaccination and vaccinated their children (n=211;
98.6 %; 95% Cl: 95.9-99.5), and only 1.4 % (n = 3; 95% Cl:
0.48-4.04) of parents did not. This data exceeds official
numbers of vaccination coverage date cross the coun-
try in 2020 (85 %) [1].
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Among those parents who vaccinated children
(n=211) 92.5 % (95% Cl: 88.2-95.3) followed the In-
dian Immunization Schedule and knew about the time
of vaccinations, but 6.1 % (95% Cl: 3.5-10.1) preferred
not to care about the schedule. If vaccination appoint-
ment had to be rescheduled 84.6 % (95% Cl: 79.1-88.8)
of Indians vaccinated children later, and just 5.6 %
(95% Cl: 3.2-9.5) did not want to overload the child’s
immune system and cancelled vaccine intake.

The sources of information about vaccination for In-
dians were numerous. Pediatricians provided parents
with all necessary information (98.1 %; 95% Cl: 95.2-99.2).
Among these 47.2 % pediatricians worked in the public
health system (95% Cl: 40.6-53.8), and 50.9 % (95% Cl:
44.2-57.5) - in private clinics. According to The Welcome
Global Monitor, Indians consider healthcare specialists
as a reliable source of information (Fig. 1), and our re-
sults confirm this. Besides, it is worth noting that 10.3 %
(95% Cl: 6.8-15.0) of parents got informed about vaccina-
tion from homeopaths as complementary and alternative
medicine practitioners. Homeopathy is included in the six
Indian systems of medicine prevalent and practiced in In-
dia that is called AYUSH (Ayurveda, Yoga and Naturopa-
thy, Unani, Siddha, and Homeopathy) [12]. Positive atti-
tude towards vaccination from the alternative medicine
specialists whom people trust besides healthcare pro-
fessionals provides adherence to national immunization
in India.

Along with this most of Indians got informed about
vaccinations through mass-media (83.6 %; 95% Cl: 78.1-
87.9), especially Internet/online social media (52.8 %;
95% Cl: 46.1-59.3). There is a global trend when peo-
ple are asking questions about vaccines and are look-
ing for answers online [1]. Since India has high im-
munization coverage our data demonstrates excel-
lent work of mass communication in India during
the COVID-19 pandemic.

All vaccines are given free of charge under the Na-
tional Immunization Schedule, and so most of Indians
(68.7 %; 95% Cl: 62.1-74.5) preferred to vaccinate chil-
dren in state clinics without a fee, however, some of
them chose private-pay clinics 28.5 % (95% Cl: 22.8-
34.8). Private clinics provide around 21 % of vaccinations
in urban centers of India and are important partners in
achieving high vaccination coverage [13]. Meanwhile
private physicians may contribute to the low vaccina-
tion coverage, because they do not strictly follow vac-
cination schedules if there are concerns about parents’
ability to pay (45 % of physicians), and do not adminis-
ter more than two injections in the same visit (60 %) [13].

Before vaccination 65.4 % (95% Cl: 58.8-71.4)
of parents had been warned by a doctor about diseas-
es that can be prevented by vaccines and risks of vacci-
nating kids; 13.1 % (95% Cl: 9.2-18.2) of parents were in-
formed only about diseases that vaccines can prevent;
21.5% (95% Cl: 16.5-27.4) of parents were not informed
by a doctor at all. Getting no information from doctors
in turn leads to poor parental awareness. Reasonably



TABLE 1

SOCIODEMOGRAPHIC CHARACTERISTICS OF PARTICIPANTS

Variables N=214 % 95% ClI
Gender
Male 68 31.8 25.9-38.9
Female 146 68.2 61.7-74
Age
<20y.o0. 3 1.4 0.5-4.0
21-30y.o0. 85 39.7 33.4-46.4
31-40y.o. 86 40.2 33.8-46.8
>40y.o0. 40 18.7 14.0-24.4
Educational stage
School 17 79 5.0-12.3
College 65 30.4 24.6-36.8
University 132 61.7 55-67.9
Financial situation
Poverty 1 0.5 0.08-2
Lower middle class 7 33 1.5-6.6
Middle class 143 66.8 60.2-72.7
Upper middle class 47 22 16.9-27.9
Wealthy 16 7.5 4.6-11.8
Occupational status of family members
Health workers 96 44.9 38.3-51.5
Teachers 124 57.9 51.2-64.3
Kindergarten workers 65 304 0.16-0.24
None of these 37 173 24.6-36.8
Number of children
One 141 65.9 59.3-71.9
Two 56 26.2 20.7-324
Three 15 7 4.2-11.2
Four and more 2 0.9 0.2-33

Note. y.o.—years old; 95% Cl - 95 % confidence interval; N — number of participants.

63.1 % (95% Cl: 56.4-69.2) of Indian parents in our survey
wanted to know more about vaccination. It may be ex-
plained by low awareness of doctors themselves
about vaccination health benefits. Multicenter cross-sec-
tional survey revealing awareness and attitude of Indi-
an healthcare providers towards annual influenza vacci-
nation showed that 42.95 % of physicians had low level
of awareness about influenza vaccination (n = 780) [14].
Physicians did not prescribe influenza vaccines to pa-
tients due to fear of side effects (16.54 %), cost (15.64 %),
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lack of awareness about availability (15.38 %), absence
of belief that it is beneficial (14.36 %), history of side ef-
fects (13.46 %), and patients’ fear of needles (11.28 %)
[14]. This indicates the need to expand vaccine aware-
ness campaigns in India and pay attention to education-
al strategies among physicians. From the experience
of Russian colleagues (S.D. Timoshkova et al.), the im-
munization training course for doctors not only rais-
es their vaccination awareness but improves vaccina-
tion coverage [15]. After two years training of pediatri-



TABLE 2
ATTITUDE AND AWARENESS OF INDIAN PARENTS TOWARDS VACCINATION

Variables N %
Describe your attitude towards vaccinations.
| follow Immunization Schedule and know about the time of vaccinations 198 925

| don't follow Immunization Schedule and don’t know about the time of vaccinations, our doctor

cares about the Immunization Schedule 13 6.1

| don't vaccinate my child 3 14

If you ever rescheduled vaccinations, have you vaccinated children after resolving conditions?

Yes, | try to vaccinate my child as soon as possible 181 84.6
No, | don't want to overload the child’s immune system 12 5.6
No, | never reschedule vaccinations 21 9.8

Where do you go to get vaccinated your child?

State clinics without a fee 147 68.7
Private clinics with a fee for getting vaccinated 61 285
Other 6 2.8

Before vaccination

A doctor informs about the disease that can be prevented by the vaccine, about vaccine safety,

and side effects 140 654
A doctor informs only about the disease that can be prevented by the vaccine 28 13.1
A doctor gives no information 46 21.5
Where do you get information about vaccinations?
From a pediatrician working in a private clinic 109 50.9
From a pediatrician working in the public health system 101 47.2
From doctors of other specialty 62 29.0
From a homeopath 22 10.3
From friends/relatives with a medical background 129 60.3
From friends/relatives without a medical background 18 8.4
From mass-media (television, radio, newspapers, and magazines) 179 83.6
From Internet/social network 113 52.8
From Flyers and disk 2 0.9
Do you want to know more about vaccination?
Yes 135 63.1
No 79 36.9

Note. y. 0. —years old; 95% Cl — 95 % confidence interval; N — number of participants.
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95% CI

88.2-95.3

3.5-10.1

0.48-4.04

79.1-88.8

3.2-95

6.5-14.5

62.1-74.5

22.8-34.8

1.2-5.9

58.8-714

9.2-18.2

16.5-27.4

44.2-57.5

40.6-53.8

23.3-35.3

6.8-15.0

53.6-66.6

5.3-129

78.1-87.9

46.1-59.3

0.25-3.3

56.4-69.2

30.7-43.5



cians at the Moscow Outpatient Department immuniza-
tion coverage of children attached to this department
increased for whooping cough and measles by 11 %
and for rubella by 4 %.

When analyzing sociodemographic characteristics
of participants, their attitude and awareness towards
vaccination we have found some studies demonstrating
that younger and more educated parents are less positive
about vaccination [16], but we did not find any confirma-
tion of that. In our study, most parents (more than 60 %)
were young and well educated, however they had good
adherence to children vaccination.

CONCLUSION

Indian parents supported children vaccination
and had good attitude towards vaccines of the National
Immunization Schedule in the COVID-19 pandemic. Mass
media along with healthcare specialists promoted adher-
ence to childhood immunization for Indians. However,
parents consider their awareness about children’s vac-
cination as poor, which may be explained by insufficient
knowledge of doctors in vaccination questions. Increas-
ing vaccination compliance of Indian healthcare special-
ists will provide better awareness and vaccination cov-
erage in India.
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ABSTRACT

Background. Adequate sleep ensures a person’s physical and psycho-emotional
well-being. Adolescence is one of the critical stages of life. The exclusive attention
of specialists and leveling the impact of adverse factors on the body during this period
is the key to the proper development and preservation of the health of adolescents.
Meanwhile, sleep problems in teenage girls remain poorly understood.

The aim. To study the features of the sleep regime and quality of sleep of teenage
girls in the city of Irkutsk.

Materials and methods. Asurveyof422teenage girlsin the city of Irkutsk was con-
ducted using a translated version of a questionnaire about adolescent sleep habits
to subjectively assess their sleep and wakefulness. Two groups were formed: group | -
girls with sleep problems (n = 171); group Il - girls without sleep problems (n = 251).
Results. Sleep disorders among teenage girls in the city of Irkutsk occurred with a fre-
quency of 40.52 %. In most cases, a complex effect of various unfavorable factors
on the sleep process has been identified. The features of sleep hygiene of teenage girls
are reflected. The adolescents with sleep disorders we examined were characterized
by higher rates of sleep latency, later bedtime, earlier awakening, decreased time
of night sleep, as well as changes in the sleep shift indicator towards its increase.
Conclusions. The conducted survey allows us to draw a conclusion that the is-
sues of sleep schedule and quality of female adolescents in Irkutsk are relevant
and should undergo a more detailed comprehensive study. Considering the poten-
tial risks to health formation, including reproductive health in female adolescents,
more attention should be devoted to proactively identifying sleep-related disorders
in adolescents and providing timely interventions to address them.

Key words: female adolescents, sleep disorders, impaired sleep-wakefulness,
reproductive health
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PE3IOME

O6ocHoeaHue. [losHoyeHHbIU COH obecnequsaem husuyeckoe U NCUXoImMoyu-
OHasIbHOe b/1azonosyyue Yesnosekd. [loOpocmkosebili 803pacm A8s1Aemcsa 00HUM
U3 Kpumuyeckux 3manoe Xu3Hu. VIckioyumenbHoe 8HUMAaHuUe cneyuaaucmos
U HugesluposaHue 8o3delicmaus Heb/1a20NpUSMHbIX (haKmMopos Ha Op2aHu3m
8 3Mom nepuoo0 A8/19emcs 3as020M NPABUIbHO20 PA38UMUS U COXPAHeHUS 300-
po8bsa NoOpocmkos. Tem 8pemeHeM npobsiemMbl CO CHOM y 0e8o4eK-noopoCmKo8
ocmaromcs MaaousydeHHeIMU.

Llens uccnedosarus. Vi3yyums 0cobeHHOCMU pexuMa u Kayecmed cHa 0egoyex-
nodpocmkos 20poda Mipkymcka.

Mamepuanoi umemoosl. [posedeHo aHkemuposaHue 422 0esoYeK-N0OPOCMKO8
20p00a Vpkymcka ¢ ucnosib308aHuem nepesoo0Hol 8epcuu oNPOCHUKA O NPUBbLIY-
Kax cHa N0OpoCcMKo8 0715 CybveKmueHOU OYeHKU C80€20 CHA U 600pcmeosaHus.
CopmuposaHrsel dse epynnei: | epynna — 0esouku, umetowjue npobsieMol CO CHOM
(n=171); ll 2pynna — 0egouku, He umeroujue npobsiem co cHom (n = 251).
Pesynemamel. O npobnemax co cHom coobwjunu 40,52 % onpouweHHbIX. Bbisg-
JIeHO KOMNJIeKCHoe 8o30elicmeaue pas3iudHbIX Heb1azonpusamHoix pakmopos
Ha Kayecmeo cHA. OmpakeHbl 0COb6eHHOCMU 2u2UeHbl CHA 0e804EK-NOOPOCMKOB.
[1nd 2pynnel 0esouek, umerouwux npobieMbl CO CHOM, 6bl10 XapaKkmepHO Nogblule-
Hue nokazamerneli JaMeHMHOCMU CHa, 6o/1ee N030Hee 8peMsa OMXOXO0eHUS KO CHY,
6os1ee paHHee NpobyxOeHue, COKpaweHUe 8pemMeHU CHA, d MAKXe ysenuyeHue
c08u2a cHa.

3akmoyenue. [lpo8edéHHbIl onpoc no38osisem coesams 8bi8000 MOM, YmMOo 80NPo-
Cbl peXXUMA U Ka4ecmaa cHa 0e8o4YeK-no0poCcmKos 20p00a Vipkymcka akmyarsbHsl
U 00J1KHbI GbIMb NO0BEP2HYMbI 6O/IEE 0eMAsIbHOMY KOMNJIEKCHOMY U3ydeHuro. Ydu-
msI8asg NOMeHYUAasIbHYI0 0NACHOCMb 018 (hOpMUPOBAHUS 300p08bS, 8 MOM YUCJ1e
penpodykmusHoU (yHKYuUU, 0eso4ek-no0poCcmkKos, criedyem yoensmes 6osbLue
B8HUMAHUS AKMUBHOMY 8biSI8/IEHUIO Y HUX NPO6JIeM, CB8A3AHHbLIX CO CHOM, U C80€8-
pemMeHHO Npo8oOUMb MepoNPUSMUS NO UX YCMPAHEHUIO.

Knioueewle cnoea: 0eso4ku-noOpoCMKU, paccmpolcmed CHA, HapyuieHue YuKaa
«COH-600pcmaeosaHue», penpooykmusHoe 300p08be

Ona yntnpoBaHua: bonbwakosa C.E.,, Magaesa V.M., bepanna O.H., Xpamosa E.E.,
ByryH O.B., PbiukoBa J1.B. Oco6eHHOCTY pexrMa 1 KayecTBa CHa [eBOYEK-MOLPOCTKOB
ropopa MpkyTcka. Acta biomedica scientifica. 2023; 8(6): 186-193. doi: 10.29413/ABS.2023-
8.6.18

187



INTRODUCTION

Sleep is one of the basic components of any person’s
health. No one can overestimate the role of sleep in en-
suring the vital activity of the human body at any age [1,
2]. It is of particular importance in childhood and ado-
lescence, a period of intense organism formation, phy-
sical and psycho-emotional maturation [3, 4]. Currently,
sleep disorders in adolescents are quite widespread, oc-
curring in about half of those examined and tending to in-
crease, which cannot but cause concern about their fur-
ther development and preservation of health, as the ad-
verse consequences can be very serious [5-7]. A decrease
in the quality of sleep is associated with the formation
of many pathological processes. In particular, it has been
proven that sleep disorders can cause cognitive impair-
ment, social maladjustment, acute and exacerbation
of chronic diseases [8, 9]. Multiple studies have shown
that at any age period, the incidence of various sleep
disorders is higher among females compared to males,
which is associated with the activity and gender diffe-
rences in the functioning of the hypothalamic-pituitary-
gonadal system at different periods of life and its subor-
dination to circadian rhythms [6, 10]. That is why active
identification of sleep-related disorders among ado-
lescent females is extremely important and necessary
for timely implementation of a set of measures to pre-
vent the development of unfavourable consequences
for the forming female organism.

THE AIM OF THE STUDY

To study the features of sleep schedule and quality of fe-
male adolescents living in the city of Irkutsk.

MATERIALS AND METHODS

A questionnaire survey was conducted among 422 fe-
male adolescents 15-17 years old, students in grades 9-11
of 16 schools in Irkutsk, between January and March 2023.

Inclusion criteria: female sex; age 15-17 years; volun-
tary informed consent to participate in the study; residence
in the city of Irkutsk. Exclusion criteria: male sex; age less
than 15 years and more than 17 years; refusal to partici-
pate in the study.

We used the translated Russian version of the Adoles-
cent Sleep Habits Survey [11] to assess sleep quali-
ty. The questionnaire was developed and validated
by A.R. Wolfson et al. [12] specifically to study sleep hy-
giene in adolescents aged 12 to 18 years. It contains ques-
tions related to self-assessment of sleep hygiene during
the last month, to which one or more answers can be sub-
mitted. The questionnaire was to be filled out in a calm en-
vironment, at home, at a time convenient for the child, with-
out a time limit. In the survey, the girls made value judge-
ments about their sleep and wakefulness during weekends
and weekdays over the past month.
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According to the results of the questionnaire, all fe-
male adolescents were divided into 2 groups. Group | - girls
with sleep disorders (n =171); Group Il — girls without sleep
disorders (n = 251).

The study was conducted in accordance with the provi-
sions of the World Medical Association Declaration of Hel-
sinki (1964, revision 2013) and approved by the Biomedi-
cal Ethics Committee of “Scientific Centre for Family Health
and Human Reproduction Problems” (Minutes No. 2 dated
08.06.2022). All girls signed informed voluntary consent
to participate in the study.

Statistical data processing was performed using Excel
spreadsheets (Microsoft Corp., USA) and Statistica applica-
tion software package, version 6.1 (StatSoft Inc., USA) (li-
cense holder - “Scientific Centre for Family Health and Hu-
man Reproduction Problems”). The type in the distribution
of a characteristic was determined using the Shapiro - Wilk,
Lilliefors and Kolmogorov — Smirnov criteria. For variables,
median (Me) and 25th and 75th quartiles were calculated.
Statistically significant differences between two unrela-
ted groups on variables were determined using the para-
metric Student’s t-criterion in case of normal distribution
of a characteristic and the non-parametric Mann - Whit-
ney U-criterion — in case of distribution of a character-
istic other than normal. Differences between unrelated
groups by attributes were determined using the x? crite-
rion with Yeats’ continuity correction and Fisher’s exact
test when the number of at least one of the groups was less
than 5. All differences were considered statistically signifi-
cant at the p < 0.05 level.

RESULTS

Sleep disorders among the respondents were found
in 171 female adolescents, which was 40.52 %. Among
them, 16.96 % girls reported having these disorders for less
than 1 month, 33.33 % - for 1 to 6 months, 19.88 % - for 6
to 12 months, 20.47 % - for 1 to 5 years, and 9.36 % -
for more than 5 years. However, 36.84 % of the respond-
ents reported worsening sleep disorders in the last 2 weeks,
31.58 % had no worsening and 31.58 % found it difficult
to answer.

More than one cause of sleep disorders was reported si-
multaneously by 73.10 % of adolescents, and only 26.90 %
gave one definite cause (x> = 44.62; p < 0.0001). Stressful
situations (77.78 %), lack of sleep and wakefulness (67.84 %),
problems in relationships with classmates (46.78 %) and pa-
rents (19.88 %), poor eating habits (31.58 %), health prob-
lems (15.20 %) were the most frequently observed by girls.

In the vast majority of cases, girls from both study
groups slept alone in the room (77.78 % - in Group |,
84.46 % - in Group ll). A tendency was revealed among
the group of those with sleep disorders for girls to sleep
with a family member, 22.22 and 15.54 %, respectively
(x? = 3.05; p = 0.08).

In Group |, 77.78 % of the adolescents slept in the same
bed every night, almost every night — 18.13 %, quite a few
nights - 3.51 %, constantly in different beds - 0.58 %.



In Group Il, these indices were 84.46 %, 11.16 %, 3.59 %,
and 0.79 %, respectively. Consequently, a tendency towards
a higher incidence of sleeping in the same bed among girls
without sleep disorders was revealed.

In both study groups, the main reason for going
to bed on weekdays was identified by girls as “l want
to sleep” (52.05 % - in Group |, 68.13 % — in Group I;
p = 0.0009), with the second most frequent reason being
“finishing my homework” (28.07 and 18.73 %, respective-
ly; p = 0.02), in the third place - “finishing social network-
ing” (16.96 and 7.57 %, respectively; p = 0.003). Therefore,
we can assume that girls with sleep disorders are more like-
ly to perform mental activities immediately before going
to bed, which negatively affects the sleep process.

On weekends, the desire to sleep was also the main
reason (57.89 % - in Group |, 74.50 % - in Group lI;
p = 0.0003), followed by “finishing social networking”
(18.13 and 13.15 %, respectively; p = 0.16) and “finishing
homework” (9.94 and 4.78 %, respectively; p = 0.04). In ad-
dition, 4.60 % of adolescents in Group | reported that they
finished watching TV programs immediately before going
to bed, while in Group Il only 2.79 % of respondents gave
that answer (p = 0.02).

Assessment of sleep latency indicators revealed a sta-
tistically significantly longer process of falling asleep in girls
with sleep disorders compared to adolescents without these
disorders (Table 1).

Analyses of nocturnal sleep timing during the school
week revealed that girls with sleep disorders tended to go
to bed later than girls without such disorders (p < 0.0001).
In addition, their maximum bedtime was also significantly
later (p < 0.0001). Indicators of morning wake-up time also
had statistically significant differences between groups: ad-
olescents from Study Group | had a statistically significant
earlier wake-up time (p = 0.02). Differences were also found
on weekends when school was not required: girls with sleep
complaints went to bed later (p < 0.0001) and woke up
later (p = 0.02 - for usual time, p < 0.0001 - for the latest
time) than those without these complaints. The average
and minimum sleep duration indices during the school
week in both study groups were below the recommended
norms, and in the group of girls with sleep disorders they
were statistically significantly lower than in girls with nor-
mal sleep (p <0.0001 and p < 0.0001, respectively). At week-
ends, sleep in both groups was expectedly longer and fell
within the range of normative values for this age group -
8-10 hours, but its minimum duration tended to decrease
in adolescents with sleep disorders (p = 0.08), and its max-
imum duration in this group was statistically significant-
ly higher than in female adolescents without sleep disor-
ders (p < 0.0001). Sleep shift indices in the groups also had
statistically significant differences in the direction of its in-
crease in those with sleep disorders (p < 0.0001) (Table 1).

DISCUSSION

Therecentincrease in the number of people with sleep
disorders, including children and adolescents, requires more

attentive attitude of physicians of various specialties, pri-
marily pediatricians, to this problem [13, 14]. Of utmost im-
portance to remember that adolescence is one of the criti-
cal stages of human life, when the key processes of matu-
ration and restructuring of all systems of the body, accom-
panied by various hormonal shifts. Of particularimportance
is the close relationship between the sleep- wakefulness
and the menstrual cycle, including through the hypothalam-
ic-pituitary-gonadal system, the activity of which becomes
more pronounced during puberty in adolescents and deter-
mines gender differences in the characteristics of sleep dur-
ing this period of life. This stage is characterised in particular
by a wave-like secretion of luteinising hormone, with an in-
crease in both the amplitude and frequency of its secretion
pulses during night sleep, leading to an increase in estra-
diol and progesterone levels in girls in the morning hours.
Melatonin secreted during sleep has a direct suppressive
effect on the secretion of luteinising hormone, and chang-
es in its concentration in female adolescents can cause
both sleep disorders and disturbances in the mechanisms
of functioning of the hypothalamic-pituitary-gonadal sys-
tem [15]. Exceptional attention of specialists and levelling
the impact of various unfavourable factors on the organism
during this period of life is the key to proper development
and preservation of female adolescent health, including re-
productive potential [16].

The adolescent period is also critical in the process
of shaping a child’s sleep. A significant proportion of ad-
olescents nowadays have problems related to sleep dis-
orders, either short-term or over a long period of time
[3, 7]. The incidence of sleep disorders that was revealed
by this study was quite high and comparable with the rates
obtained earlier in similar studies. For instance, according
to various sources, sleep disorders among adolescents occur
with a frequency ranging from 7 to 40 % [13, 17]. Anumber
of studies have reported higher rates. According to K.A. Ga-
zenkampf et al. (2019), nocturnal sleep disorders were ob-
served in 52 % of high school students [18], and according
to F.Brooks et al. (2015), among female adolescents in Eng-
land, 49 % reported sleep disorders [19]. It should be empha-
sised that the female adolescents who were surveyed more
often reported sleep disorders for quite along time, namely
from 1 to 6 months, which suggests a prolonged influence
of unfavourable conditions on the development of the or-
ganism. At the same time, there was a tendency for sleep
problems to worsen over time, which probably indicates
the occurrence of any functional disorders of the organism.

It is known that the important factors influencing
the quality of sleep are compliance with the sleep and wake-
fulness schedule, daily sleep time, room temperature du-
ring sleep, lighting and noise level in the room during sleep,
the impact of so-called blue radiation (use of social networks
just before going to bed, watching TV, studying at the com-
puter), psycho-emotional stress, the level of physical activ-
ity, the nature of nutrition, the use of tonic drinks, alcohol,
smoking [4, 20]. Having studied the sleep habits of the sur-
veyed girls, it was concluded that in the vast majority of ca-
ses there was a complex impact of various unfavourable fac-
tors on the sleep process, which often have the possibility
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TABLE 1
PECULIARITIES OF FEMALE ADOLESCENT GIRLS’ SLEEP PATTERNS AT WEEKDAYS AND WEEKENDS

Indicators Group I (n=171) Group Il (n=251) P

Sleep latency during the school week (min)

Mean 30.00 (15.00; 60.00) 15.00 (10.00; 30.00) 0.0001*
Minimum 10.00 (5.00; 30.00) 10.00 (5.00; 15.00) 0.0001*
Maximum 60.00 (30.00; 120.00) 40.00 (20.00; 60.00) 0.0001*

Weekend sleep latency (min)

Mean 30.00 (12.00; 60.00) 15.00 (10.00; 30.00) 0.0001*
Minimum 10.00 (5.00; 30.00) 10.00 (5.00; 15.00) 0.0004*
Maximum 60.00 (30.00; 120.00) 60.00 (20.00; 60.00) 0.0001*

Bedtime during the school week

Regular 23:40 (23:00; 00:30) 23:00 (22:30; 24:00) 0.0001*
Earliest 22:00 (21:00; 23:00) 22:00 (21:05; 22:40) 0.81
At the latest 02:00 (01:00; 03:30) 01:00 (23:40; 02:00) 0.0001*

Wake-up time during the school week

Regular 06:30 (06:00; 07:00) 06:30 (06:05; 07:00) 0.93
Earliest 06:00 (05:30; 06:30) 06:00 (05:40; 06:30) 0.02*
At the latest 07:00 (06:40; 07:30) 07:00 (06:40; 07:30) 0.45

Bedtime on weekends

Regular 00:00 (23:00; 01:30) 00:00 (23:00; 01:00) 0.18
Earliest 22:30(22:00; 23:00) 22:30 (22:00; 23:00) 0.76
At the latest 03:00 (01:00; 04:00) 02:00 (00:00; 03:00) 0.0001*

Wake-up time on weekends

Regular 10:00 (09:10; 11:30) 10:00 (09:00; 11:00) 0.02*%
Earliest 08:40 (07:30; 09:30) 08:30 (08:00; 09:00) 0.93
At the latest 12:30 (11:30; 14:00) 12:00 (10:30; 13:00) 0.0001*

Length of night sleep during the school week (h)

Mean 6.00 (5.50; 7.00) 7.00 (6.20; 8.00) 0.0001*
Minimum 4.00 (3.00; 5.50) 6.00 (5.00; 7.00) 0.0001*
Maximum 8.00 (7.50; 10.00) 8.40 (8.00; 9.00) 0.86

Night sleep duration on weekends (h)

Mean 9.00 (8.00; 10.00) 9.00 (8.00; 10.00) 0.62
Minimum 8.00 (6.00; 8.00) 8.00 (7.00; 9.00) 0.08*
Maximum 12.00 (10.00; 12.00) 10.00 (10.00; 12.00) 0.0001*
Sleep shift, min 150.00 (90.00; 240.00) 120.00(60.00; 180.00) 0.0001*

Note. Bedtime and wake-up time are presented in 24-hour format; data are presented as Me (25th; 75th quartiles);* — statistically significant differences between groups, p < 0.05.
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of levelling. Of particular note, this study has demonstra-
ted increased social media communication using a smart-
phone by girls with sleep disorders just before bedtime,
contributing to increased sleep latency and decreased sleep
duration. To avoid negative effects to the sleep quality,
itis recommended to avoid any use of screens for 1 hour be-
fore going to bed. The measures undertaken to correct sleep
hygiene, in our opinion, can reduce the prevalence of sleep
disorders in female adolescents, thereby reducing the risk
of adverse effects on the organism. Our results are consist-
ent with findings in other studies. Specifically, O.P. Gritsina
etal. (2019) in a recent study have revealed that the majo-
rity of students do not comply with the sleep regime and hy-
giene, which affects its qualitative characteristics [2].

Modern living conditions and the development of new
technologies make adjustments to the organisation
of the daily routine and lifestyle of both adults and children,
often leading to a shortening of the daily sleep time. In ad-
dition to schoolwork, teens are loaded with extracurricular
activities and sports. Besides, nowadays there is an increase
in the duration of children’s stay at the computer, watch-
ing TV, and doing school homework [2, 18, 20]. The increased
mental activity just before bedtime in girls with sleep disor-
ders revealed in this study may be one of the factors trig-
gering the development of sleep-related disorders, and may
also lead to increased daytime sleepiness, emotional and be-
havioural disturbances, increased fatigue, reduced atten-
tion span and other consequences.

The average duration of sleep required for adolescence
has been defined to be between 8 and 10 hours [21]. Fur-
thermore, longer sleep duration is known to occur on week-
ends than on weekdays as a result of the need for early
awakening associated with the start of school activities [22].
Meanwhile, sleep in adolescence is characterised by a num-
ber of features such as delayed sleep onset, longer sleep
latency and longer wakefulness duration. A later secretion
of melatonin and slower accumulation of the homeosta-
tic urge to sleep are associated with these effects [4]. Ac-
cordingly, adolescents develop an “evening” chronotype
with a tendency to go to sleep later and wake up later [23].
One should consider that the fascination in the late even-
ing hours with various gadgets that produce blue radia-
tion has an even more negative effect on the process of fal-
ling asleep and leads to a shorter night’s sleep. This study
also confirmed a decrease in female adolescent sleep du-
ration scores, but these changes were most pronounced
in the group with sleep disorders. These girls had high-
er sleep latency scores and later bedtimes during both
the school week and weekends, resulting in shorter sleep
durations. Additionally, as a result of a later wake-up time,
the sleep shift values in this group of respondents were
higher, reflecting the uneven distribution of sleep time du-
ring the week. These findings indicate pronounced impaired
sleep-wakefulness in female adolescents with sleep disor-
ders, which increases the risk of adverse effects. The results
of this study are consistent with the studies of other authors
[2, 13]. In particular, it was previously revealed that about
60-70 % of adolescents sleep less than 8 hours on week-
days, and according to the work of K.A. Gazenkampf et al.
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(2017), this indicator reached the level of 87 % [18]. Reduced
sleep duration in adolescents is also reflected in the work
of S.N. Kolomeichuk and L.I. Teplova (2019), where adoles-
cents living in Karelia were surveyed. Gender peculiarities
were also revealed in the form of more unfavourable quali-
tative and quantitative characteristics of sleep in girls com-
pared to boys [7].

CONCLUSION

Notwithstanding all the advances made in recent dec-
ades in the study of sleep-related issues, sleep disorders
are increasingly common among adolescents and espe-
cially among female adolescents. The conducted survey
allows us to conclude that the issues of sleep schedule
and sleep quality of female adolescents in Irkutsk are impor-
tantand should be subjected to a more detailed comprehen-
sive study. Considering the potential danger to the health
of the growing adolescent organism, in particular the neg-
ative impact on the formation of female adolescent repro-
ductive function, more attention should be paid to the ac-
tive identification of sleep-related disorders in adolescent
females and to the timely implementation of a set of meas-
ures to address them. As we believe, normalising sleep du-
ration, improving sleep quality and improving sleep condi-
tions can have a significant positive impact on the health
of female adolescents.

Limitations of our study may include the small sam-
ple size as well as the subjective assessment of sleep
of the female adolescents surveyed. We therefore be-
lieve that it is necessary to continue studying this problem
and additionally apply methods of objective study in fe-
male adolescent sleep.
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ABSTRACT

Background. The rational nutrition of the child population is given great medical
importance as a factor in preserving the health and development of the child. A com-
plete and balanced diet in terms of the content of basic nutrients ensures the normal
growth and development of the child’s body.

The aim of the study. To analyze the actual nutrition of adolescents living in rural
areas of the Irkutsk region.

Materials and methods. The study involved 69 rural adolescents aged 11-17 years
(34 boys, 35 girls). The actual nutrition was studied by the method of 24-hour nutrition
reproduction. The energy value of the diet was determined, the nature of the provision
of the diet with basic macro- and microelements was studied. The obtained values
were compared with the norms of physiological needs for energy and nutrients
in 2008 and 2021.

Results. The analysis of actual nutrition revealed deviations from the principles
of healthy nutrition: insufficient energy value of the diet, deficiency of proteins
and fats. The diet of adolescents was characterized by an insufficient content
of the main groups of macro- and micronutrients — vitamins A, C and D, essential
trace elements, and a deficiency of dietary fiber. The diet of adolescents was character-
ized by increased sodium intake. The calculated ratio of proteins, fats, carbohydrates
indicated a carbohydrate type of diet.

Conclusion. Despite the great attention to the problem of balanced nutrition
of adolescents, the question of the impact of nutrition on the health of a teenager,
considering the regional factor, remains open. Recommendations for the develop-
ment of a regional program for the organization of proper nutrition for school-age
children are of great practical importance.

Key words: rural adolescents, actual nutrition, nutrient intake
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of the actual nutrition of rural adolescents of the Irkutsk region because of revision
of the norms of physiological needs for energy and nutrients. Acta biomedica scientifica.
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PE3IOME

O6o0cHosaHue. PayuoHanbHOMY NUMAHUK0 0emcKo20 HaceseHuUa npudaémcs
02pPOMHOE npakmuyeckoe 3Ha4eHUe KaK OCHOBHOMY hakmopy yKpenseHus 300-
pO8bSA U NOJTHOYEHHO20 pd3sumus Noopacmaroujezo nokoseHus. lonHoyeHHoe
U c6anaHcuposaHHoe No COOePXAHUIO OCHOBHbIX NULLEBLIX 8eLecms numaHue
obecneyugaem HOpMasbHeIl pocm U pazgumue 0emcKo20 0p2aHU3MA.

Lene uccnedosanusa. AHaAnu3 hakmuyecko2o NUMAaHus NOOPOCMKO8, NPOXUBA-
ouux 8 ceslbckol MecmHocmu Mipkymckol obnacmul.

Mamepuanel u Mmemoobsl. B uccrnedosaHuu npuHaaU yyacmue 69 cenbckux
nodopocmkog 11-17 nem (34 manvyuka, 35 degoyek). Dakmuuyeckoe numaHue
661710 U3y4eHo Memooom 24-4aco8020 8ocnpousgedeHus numaxus. OnpedeneHa
3HepzaemuyecKas YeHHOCMb payuoHa, U3ydeH xapakmep obecne4eHHOCMU payuo-
HA 0OCHOBHbLIMU MAKPO- U MUKpO3ieMeHmamu. [1os1ydeHHble 3Ha4yeHus CpagHUB8anu
C HoOpMamu ¢husuosiozudeckux nompebHocmel 8 SHep2uU U NUWesbIX 8eliecmaax
2008 u 2021 2.

Pesynemamel. AHAnu3 akmuyecko2o NUMAaHus 8bis8UJ1 OMK/IOHEeHUs 0m NPUH-
yunos 300p0B80O20 NUMAHUA: HEOOCMAMOYHAA SHepeemuyecKkas YeHHOCMb
payuoHa, decpuyum 6es1Kk08 U Xupos. PayuoH noOpocmkos xapakmepusyemcs
HedoCMamouHbIM COOePXXaHUEeM OCHOBHbIX 2pyNn MAKpPo- U MUKPOHYMPUEHmMos —
sumamurog A, C u D, 3cceHYuanbHbIx MUKpO3ieMeHmos, 0ehuyumom NUUesbIx
80J10KOH. PayuoH no0pocmkos xapakmepu3syemcs N08blueHHbIM nompebrieHuem
Hampus. PacuémHoe coomHoweHue 6es1Kos, XUpos, y2s1e0008 caudemesibcmayem
006 y211e800HOM mMune NUMAHUSA.

3aknryeHue. Hecmomps Ha 60/1bUIOe BHUMAHUE K npobrieme c6anaHcupo8aHHo-
20 NUMAHUA NOOPOCMKO8, B0NPOC O BJIUSHUU NUMAHUA HA COCMOsIHUE 300p08bA
noO0pocmKa ¢ y4mom pe2uoHasnbHo20 (hakmopa ocmaémcsa omkpbimoiM. bosb-
woe npakmu4eckoe 3HayeHue npuobpemairom pekomeHoayuu 0J18 paspabomku
pe2uoHanbHol Npo2paMmmel N0 OP2AHU3AYUU NPABUSIbHO20 NnuMaHus demedl
WKOJIbHO20 803pacma.

Knroyeable cioga: cesibckue noOpoCMKuU, (hakmuyeckoe numaue, nompebeHue
HympueHmos

OnauntupoBaHma: Poiukosa/l.B., MoroguHa A.B., ActaxoBa T.A., Jlebepesa J1.H. OueHka
baKTMUYeCcKoro NUTaHKA CeNibCKUX NOJPOCTKOB MpKyTCcKoi 06nacTu B CBA3M C Nepecmo-
TPOM HOPM GU3NONOTMUYECKMX NMOTPEOHOCTEN B SHEPIM 1 MULLEBbIX BellecTBax. Acta
biomedica scientifica. 2023; 8(6): 194-203. doi: 10.29413/ABS.2023-8.6.19
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INTRODUCTION

Balanced nutrition is one of the main factors in sup-
porting the health of the younger generation. The nutri-
tional structure of the population has changed in the last
decade: energy expenditures have sharply decreased, and
the consumption of the main macro- and microelements
has decreased [1]. Russians began to consume less meat,
dairy products, vegetables and fruit, while consuming
more bakery products and refined products. This has re-
sulted in an increase in the number of nutrient-depend-
ent diseases [2].

Actual nutrition is assessed in most cases among res-
idents of large industrial centres, while research about
the actual nutrition of rural residents is fragmentary. A neg-
ative trend of decreasing consumption of essential nu-
trients — dietary fibres and vitamins — by schoolchildren
has been revealed according to the studies of the actu-
al nutrition of urban adolescents in different regions
of Russia [3]. Similar changes were also revealed in ado-
lescents living in rural areas. Feeding habits are shaped
by the child's immediate environment. Ethnicity, family
affluence and parents’ knowledge of balanced nutrition
are essential in this process.

In assessing actual nutrition, the values of the aver-
age daily energy and nutrient intake are used and com-
pared with the Physiological Requirements Standards
(PRS) adopted in Russia. PRS, approvedin 1951, 1968, 1987,
1991 and 2008, periodically undergo the procedure of re-
vision, which is associated with changes in the structure
of morbidity of both adult and child population, changes
in the socio-economic structure of society and other fac-
tors [4, 5].

The study of regional peculiarities of the children’s
and adolescents’ actual nutrition, based on the place of res-
idence, ethnic characteristics, together with the analysis
of morbidity is an urgent task.

THE AIM OF THE STUDY

An assessment of the actual nutritional status of rural
adolescents.

METHODS

Study design: a single-stage continuous cross-sectional
study.

Inclusion criteria for the study group:

e 11-17 years of age;

e permanent residence of the child in the territory
of the settlement since birth;

¢ informed voluntary consent from parents/legal rep-
resentatives and adolescents over 15 years of age to par-
ticipate in the study.

Exclusion criteria for the study group:

* age less than 11 years and older than 17 years;

¢ Failure to thrive (SDS (standard deviation score) < 2
forage and sex according to the World Health Organisation
(WHO) reference tables);

* weight deficit (SDS body mass index (BMI) < 5th per-
centile).

Procedure situation. The study was conducted in No-
vember 2020 on the territory of Bayandai settlement, Ir-
kutsk region. Adolescents who attended school during
the survey days participated in the study. Informed volun-
tary consent for participation in the study and processing
of personal data was obtained from the participants’ legal
representatives (parents or guardians) and from children
over 15 years of age.

Duration of the study: from November 1,2020, to De-
cember 1, 2020.

Outcomes of the study: the dietary intake - energy
value, chemical composition (proteins, fats, carbohydrates,
vitamins, microelements, dietary fibre) was assessed.

Ethical review. The study was approved by the Ethics
Committee of the Scientific Centre for Family Health and Hu-
man Reproduction Problems (Protocol No. 2 dated Febru-
ary 18, 2020).

Assessment of actual nutrition

Actual nutrition was assessed using the 24-hour
nutritional replication method [6]. Adolescent surveys
were conducted by physicians. According to the instruc-
tions received, the physician filled out food diaries that re-
corded the meals and foods that the adolescent consumed
at the main and additional meals during 2 days (1 school
day and 1 weekend). Food portion size was assessed using
the Food and Meal Portion Album tool, which was shown
to the adolescent during the survey [7].

Results obtained by summing the data from the two-
day recordings were then averaged. In order to ana-
lyse the obtained information about the energy value,
quantitative composition of each dish, the data con-
cerning the chemical composition of Russian food prod-
ucts [8] in the information supplement “My Healthy
Diet” [9] were used. The data available on the Internet
service “My Healthy Diet” regarding the composition
of foods are based on the reference book of I.M. Skurikh-
in and V.A. Tutelian [8].

The data obtained in the study were verified for plau-
sibility. To determine the plausibility of the provided in-
formation about the actual nutrition, thresholds corre-
sponding to one standard deviation of the ratio of en-
ergy consumption calculated from the questionnaire
to the required energy expenditure in per cent for a giv-
en sex and age were calculated using the formula:

Jov2
+1SD = d’E’ + V2 + Ve,
where CV,, is the variation coefficient of actual energy
intake; CVPER - the variation coefficient of the required
energy expenditure for a particular age, sex and corre-
sponding physical activity; CV ;.. - the error variation
coefficient of daily biological changes in total energy ex-
penditure measured by the water method [10]. If the per-
centage ratio of actual energy intake to required energy
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expenditure was within one standard deviation, the data
were considered plausible.

A total of 75 food diaries were included in the study,
which provided information about the adolescent’s diet.
Sixty-nine diaries with plausible information provided
were considered for further study.

Energy value and chemical composition data were as-
sessed with consideration of methodical recommenda-
tions 2.3.1.2432-08 and 2.3.1.0253-21 “Physiological re-
quirements standards in energy and food substances
for different population groups of the Russian Federa-
tion” [4, 5].

Statistical analysis

Data were analysed using the IBM SPSS Statistics 21
statistical software package (IBM Corp., USA). The medi-
an (Me) and 95 % confidence interval (95 % Cl) were cal-
culated to compare daily energy and nutrient intake
between the formed groups and the general popula-
tion. A statistically significant difference was consid-
ered if the calculated 95 % Cl did not include the pop-
ulation mean.

RESULTS

Study sample characteristics
A total of 69 rural adolescents were involved
in the study and they provided complete and plausible in-
formation about dietary intake: 50.7 % girls, 49.3 % boys
(Table 1). Adolescents were divided into age groups:
younger schoolchildren - 11-14 years old; older school-
children — 15-17 years old [5].

Actual consumption of nutrients and energy

The study results of adolescent actual dietary intake are
summarised in Tables 2 and 3.

The results of the performed study showed that the en-
ergy value of diets, the content of proteins, fats and car-
bohydrates do not meet the PRS in all adolescents, except
for boys 11-14 years old. In this group, the median values
of dietary calories as well as protein and fat were above
the physiological requirements.

Median values of vitamin intake were below
the recommended standards for both boys and girls:
there was a deficiency of vitamin A (in terms of retinol
- by 41.5-50.2 %) and vitamin C (by 41.2-68.6 %). Con-
sidering the fact that the prevalence of vitamin D defi-
ciency is high among the child population of the Rus-
sian Federation (RF) and in order to reduce the risk
of developing a number of non-communicable diseas-
es, the value of the physiological requirement in the me-
thodical recommendations of the new revision (2021)
[5] for this vitamin was increased from 10 to 15 pg/day;
thus, the median values of vitamin D intake in our study
are 0.7-2.9 pg/day, which is 4.6-9.3 % of the PRS. Mean
vitamin E values were within normal limits only in boys
in all age groups.

A number of studies have shown an association
between insufficient potassium content in the diet
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TABLE 1
CHARACTERISTICS OF THE STUDY PARTICIPANTS

Adolescents
Parameters

(n=69)

Male, n (%) 34 (49.3)
Female, n (%) 25(50.7)
Age, years 15.1+£0.8
Sports activities, n (%) 16 (23.2)
PAL, n (%)

low 13(18.8)

average 39 (56.5)

high 16 (23.2)
Body weight, kg 60.6 £ 9.0
BMI, kg/m? 219+28
SDS BMI 03+09
Obesity, n (%) 5(7.2)
WC, cm 739+6.8
SDS WC 03+0.8

Note: PAL — physical activity level; WC — waist circumference.

of the child population and an increased risk of cardi-
ovascular pathology in adulthood [11-13]. Therefore,
the value of the physiological requirement of potassi-
um was increased from 1500 to 2500 mg/day for adoles-
cents in the age group of 11-14 years [5] and from 2500
to 3200 mg/day for adolescents aged 15-17 years; thus,
the diet of the studied adolescents was characterised
by a deficiency of this element by 18.6-34.1 %. To op-
timise the calcium : phosphorus ratio, the physiological
phosphorus requirement in the methodical recommen-
dations of the new revision was increased to 900 mg/day
for all age and gender groups [5]. Considering these
changes, the median intake values of this micronutri-
ent were lower than the PRS in the diet of the studied
schoolchildren.

A study of mineral intake revealed significant calcium
and iodine deficiency in all age and gender groups. Devi-
ations from PRS are more observed in girls in the older age
group. The significant excess of sodium intake in all age
groups of adolescents is noteworthy.

Physicians have recently started to pay great at-
tention to dietary fibre as one of the important compo-



TABLE 2

ENERGY VALUE AND CHEMICAL COMPOSITION OF ADOLESCENT BOYS’ DIETS

Boys aged 11-14 (n=9)

Boys aged 15-17 (n = 25)

Indicators
PRS-2021/PRS-2008  Me 95 % Cl PRS-2021/PRS-2008  Me 95 % Cl

Energy value, keal 2500.0/2500 26155 22891 29418 2900.0/2900.0 27144 26082 2820.7
Proteins, g 75.0/75.0 791 696 886 87.0/87.0 770 689 852
Fats, g 83.0/83.0 855 746 964 97.0/97.0 911 835 988
Carbohydrates, g 363.0/363.0 3242 2805 36738 421.0/421.0 3557 3302 3812
P:F:C 1:1.2:4.2 1:1.2:4.6
Dietary fiber, g 20.0/20.0 130 107 153 22.0/20.0 164 146 183
Vitamin A (estrogen
recepton, g 1000.0/1000.0 4331 1224 7438 1000.0/1000.0 568.1 4160  720.1
Vitamin B,, mg 13/1.3 0.8 0.6 0.9 1.5/1.5 1.1 0.8 15
Vitamin B,, mg 15/1.5 0.9 0.7 1.0 1.8/1.8 1.1 0.9 13
Vitamin B,, mg 3.5/35 2.0 15 24 5.0/5.0 26 2.0 32
Vitamin B,, mg 17117 1.1 0.8 13 2.0/2.0 13 1.1 15
Vitamin B, ug 300.0/300.0 628 483 773 400.0/400.0 1234 731 1738
Vitamin B, , ig 3.0/3.0 3.1 16 46 3.0/3.0 3.1 24 39
Vitamin C, mg 70.0/70.0 357 115 599 90.0/90.0 371 257 486
Vitamin D, pug 15.0/10.0 0.7 0.1 13 15.0/10.0 0.7 0.4 1.1
Z:ﬂ:::l‘eig,";‘;phem' 12.0/12.0 12.2 83 16.2 15.0/15.0 15.1 116 186
Potassium, mg 2500.0/1500.0 20139 15865 24414 3200.0/2500.0 23424 20393 26454
Calcium, mg 1200.0/1200.0 4943 3637 6248 1200.0/1200.0 6124 5189  706.0
Magnesium, mg 300.0/300.0 2223 1827 2619 400.0/400.0 3185 2634 3737
Sodium, mg 1100.0/1100.0 24812 17164 32459 1300.0/1300.0 25886 22789 28983
Phosphorus, mg 900.0/1200.0 8567 6805 10329 900.0/1200.0 11314 10014 12614
Ferrum, mg 12.0/12.0 179 133 226 15.0/15.0 20.1 164 237
lodine, pg 130.0/130.0 257 190 324 150.0/150.0 419 281 556

Note. PRS-2021and PRS-2008 - physiological requirement standards (tabular data according to “Physiological Requirement Standards for Energy and Nutrients for Different Population Groups of the Russian Federation”)
as of 2021 and 2008, respectively; Me — median; 95 % Cl — 95 % confidence interval for the sample median; P : F : C— protein, fat and carbohydrate ratio.
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TABLE 3

ENERGY VALUE AND CHEMICAL COMPOSITION OF DIETS OF ADOLESCENT GIRLS

Girls aged 11-14 (n = 13)

Girls aged 15-17 (n = 22)

Indicators
PRS-2021/PRS-2008  Me 95 % Cl PRS-2021/PRS-2008  Me 95%Cl

Energy value, keal 2300.0/2300.0 22757 20777 24738 2500.0/2500.0 23736 22306 25167
Proteins, g 69.0/69.0 689 640 738 75.0/75.0 722 668 777
Fats, g 77.0/77.0 746 660  83.1 83.0/83.0 793 732 854
Carbohydrates, g 334.0/334.0 3114 2821 3407 363.0 3150 2930 3370
P:F:C 1:1.1:5.1 1:1.2:49
Dietary fiber, g 20.0/20.0 135 111 16.0 22.0/20.0 145 129 162
Vitamin A (estrogen
recepton 1y 800.0/800.0 3321 2449 4193 800.0/800.0 4013 2824 5202
Vitamin B,, mg 13/1.3 0.7 0.6 0.8 13/13 13 03 24
Vitamin B,, mg 15/1.5 0.9 0.7 1.1 15/1.5 0.9 0.8 1.0
Vitamin B, mg 3.5/35 19 16 23 4.0/4.0 47 13 108
Vitamin B,, mg 16/16 2.7 1.0 6.4 16/1.6 1.1 0.9 13
Vitamin B, ug 300.0/300.0 697 476 918 400.0/400.0 868 591 1145
Vitamin B, , ig 3.0/3.0 3.1 14 47 3.0/3.0 47 0.1 93
Vitamin C, mg 60.0/60.0 412 100 724 70.0/70.0 363 262 465
Vitamin D, pg 15.0/10.0 14 0.7 35 15.0/10.0 1.0 03 23
Z:jirc;?eig’o;‘;phem' 12.0/12.0 10.0 7.7 124 15.0/15.0 12,5 9.2 15.8
Potassium, mg 2500.0/1500.0 2037.6 16436 24316 3200.0/2500.0 21317 18499 24136
Calcium, mg 1200.0/1200.0 6250 4368 8132 1200.0/1200.0 5615 4540  669.0
Magnesium, mg 300.0/300.0 267.7 2226 3128 400.0/400.0 2509 2082 2937
Sodium, mg 1100.0/1100.0 1799.8 13797 22199 1300.0/1300.0 20647 17467 238238
Phosphorus, mg 900.0/1200.0 9147 8004  1029.0 900.0/1200.0 9029 7994 10063
Ferrum, mg 15.0/15.0 145 126 164 18.0/18.0 178 142 213
lodine, pg 130.0/130.0 410 154 667 150.0/150.0 200 212 368

Note. PRS-2021and PRS-2008 — physiological requirement standards (tabular data according to “Physiological Requirement Standards for Energy and Nutrients for Different Population Groups of the Russian Federation”)
as of 2021 and 2008, respectively; Me — median; 95 % Cl — 95 % confidence interval for the sample median; P : F : C— protein, fat and carbohydrate ratio.
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nents of nutrition, which contributes to the normalisation
of gastrointestinal tract function, reducing the risk of car-
diovascular pathology in adulthood, therefore, in the me-
thodical recommendations of 2021 the PRS of dietary fi-
bre constitutes 22 g/day in the age group of 15-17 years
[5]. In our study, the median values of dietary fibre intake
range from 13.0-16.4 g/day.

In a balanced diet, the calculated ratio of pro-
teins:fats: carbohydrates (P : F : C) should be 1:1:4.This
ratio in our study indicated the predominance of carbo-
hydrate component in the diet of adolescents, especial-
ly in girls of 11-14 years of age.

Analysis of consumption of individual products has
shown that protein-rich products (meat, fish, poultry)
are consumed by an insignificant number of adoles-
cents. For instance, fish is included in the diet in 8.8 %
of the studied adolescents, poultry meat - in 17.5 %
(Table 4).

TABLE 4

DAILY DIETARY INTAKE CHARACTERISTICS
OF THE STUDIED ADOLESCENTS

Indicators Adolescents (n = 69)

1 portion of vegetable/fruit intake,

n (%) 42 (60.1)
1 portion of fish intake, n (%) 5(7.2)
1 portion of red lean meat intake,

n (%) 33(47.8)
1 portion of dairy products intake, 13(18.8)
n (%)

1 portion of poultry meat intake,

n (%) 15(21.7)
1 portion of sweets and sweetened 63(913)

drinks intake, n (%)

The leading positions are occupied by sweets and sweet-
ened beverages - 91.3 %.

DISCUSSION

Many studies indicate the presence of changes
in the structure and nature of nutrition of the child popula-
tion in different regions of Russia [14, 15], which is expressed
in inadequate intake of energy, macro- and microelements.
The results of this study support this fact. In particular, ac-
cording to L.l. Saldan et al., among adolescents of Altai Ter-
ritory there is a decrease in the energy value of the diet to-
gether with a low consumption of proteins and fats [16].
There are similar changes characterising the diet of ado-

lescents in the Tomsk, Saratov regions and the Republic
of Sakha (Yakutia) [17, 18].

Deficiency of vitamins is one of the reasons
for the deterioration of children’s health, which is as-
sociated with impaired metabolism and reduced phys-
ical and mental performance. According to Federal Re-
search Center of Nutrition and Biotechnology, the popu-
lation of the Russian Federation is increasingly deficient
in vitamins and microelements. Deficiency of vitamins B
is found in 30-40 %, beta-carotene in more than 40 %,
and vitamin C in 70-90 % of studied children and ado-
lescents [19]. The results of this study revealed the high-
est deficiency in vitamins A, Cand D among rural adoles-
cents. Similar findings have been revealed by other stud-
ies as well. H. Wang et al. revealed vitamin A and C defi-
ciency in Chinese adolescents - 36.1 and 75.5 %, respec-
tively [20]. According to the NHANES (National Health
and Nutrition Examination Survey), 95 % of the adoles-
cents studied were diagnosed with vitamin D deficien-
cy [21].

Low vitamin D sufficiency in the child population
is a “global, silent, non-communicable pandemic”. The re-
sults of Russian and international epidemiological stud-
ies convincingly prove that the frequency of low vita-
min D concentration is at least 70 % (50-90 %) in both
adult and child populations [15, 22]. In particular, ac-
cording to the data of D. Wahl et al., vitamin D deficien-
cy was found in 23.3 % of adolescents under 18 years
of age living in Southeast China [22]. A UK study revealed
that 70 % of adolescents aged from 14.7 to 16.6 years
were vitamin D deficient [15, 23]. Insufficient intake
of fatty fish and seafood is one of the causes of this vi-
tamin deficiency.

Micronutrient deficiency in the diet of a modern ado-
lescent is an objective reality of the present time. The or-
ganisation of rational nutrition, oriented to adolescent’s
individual health characteristics, is the foundation for re-
ducing deficiencies in essential nutrients.

An assessment of the micronutrient intake of the ru-
ral adolescents’ diet revealed an increased intake of so-
dium. Among rural adolescents in Primorsky Territory,
sodium excess significantly exceeded PRS; 72 % of Omsk
adolescents were found to exceed the recommended
sodium intake standards; about 30 % of adolescents
in the Republic of Belarus prefer to salt their food [24].
The proportion of average daily sodium intake in 12—
17 years old Chinese adolescents exceeded the corre-
sponding intake rate by 94.4 % [25]. The standard of salt
intake in adolescents recommended by WHO experts
should be no more than 5 g/day, which is equivalent
to 2 g of Na [5].

Itis proved that excessive salt intake with food is one
of the leading determinants of the formation of high
blood pressure and the risk of cardiovascular diseas-
es in adulthood [26, 27]. A number of studies have evi-
denced an indirect association of excess salt intake
on the development of excess body weight: each ad-
ditional 1 g of salt increased the volume of fluid drunk
and also led to anincrease in the volume of portions eat-
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en [27]. In a number of countries, salt intake is several
times higher than the recommended levels, and the ad-
dition of salt to cooked food is part of a family tradition
rather than a physiological necessity [28].

Calcium intake of the adolescents studied was below
the PRS, which may be associated with inadequate intake
of milk and dairy products. Low calcium intake is noted
among adolescents in Penza and the Republic of Adygea
[29]; among adolescents in the Irkutsk Region, calcium
content is two times lower than the PRS for adolescents
of primary school age [18].

One of the main natural sources of iodine for hu-
mans are products of plant and animal origin - milk, eggs,
meat, cereals, vegetables. The Irkutsk Region is an io-
dine-deficient area, and local products cannot fully serve
as a source of sufficient intake of this trace element into
the body. According to WHO recommendations, iodised
salt is used for mass prophylaxis of iodine deficiency,
but despite these measures, a significant deficiency of this
essential trace element is being observed everywhere
among children and adults.

CONCLUSION

The actual nutrition of school-age children remains
currently an urgent topic. The results of the study reveal
that in rural conditions the diet of adolescents is char-
acterised by imbalance in the main macro- and micro-
elements. Low energy values and predominance of car-
bohydrate type of nutrition are observed. Deficiency
of the most important vitamins (A, C, D), as well as micro-
elements (calcium, iodine) has been revealed. Excessive
sodium intake is particularly alarming. Data on the ac-
tual diet of rural adolescents may become an important
component for the development of methodological rec-
ommendations for improving the nutrition of children
and adolescents, followed by health education among
the child population.
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ABSTRACT

Background. Overweight and obesity significantly increase the risk of premature
death and the development of chronic diseases. Many anthropometric indices
have been developed to verify obesity, although the best among them remains
undetermined.

The aim of the study. To determine the sex and age specificities of the dynamics
of anthropometric indicators characterizing obesity.

Materials and methods. The program was implemented in the period
from 2015 to 2020. It provided for the implementation of sample research.
The baseline research included 1,124 women and 476 men. The average age
was 54.9+9.75 years and 52.6 + 10.0 years, respectively. To identify gender specifici-
ties, all participants were divided into three age groups: 35-49 years old, 50-59 years
old, and 60-70 years old. The observation period was 3 years.

To determine the level of visceral fat, the VS-532 fat mass analyzer (Tanita Health
Equipment HK Ltd., Hong Kong) was used. Body mass index (BMI), waist-to-hip
ratio (WHR), visceral obesity index (VOI) were also calculated. Statistical processing
of the results was carried out using the program Statistica 6.0 (StatSoft Inc., USA).
Results. New cases of obesity developed in 30.6 % of the surveyed. There was an in-
crease in the prevalence of obesity according to the criteria of waist circumference
(by 8.9 %) and visceral fat level (by 5.4 %) and a decrease in the number of people
who are obese according to WHR — by 4.2 %. Of all the indicators, only VOI showed
a statistically significant decrease in the mean values over the observed period,
while BMI, waist circumference and visceral fat level showed an increase.
Conclusion. It is necessary to apply various criteria for the diagnosis of obesity,
since individual indices are not able to fully reflect the gender and age specificities
of the distribution of fat in the body.

Key words: obesity, anthropometry, epidemiology, diagnostics
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PE3IOME

O6ocHoeaHue. V366imoyHbIli 8eC U OXXUpeHUe Cyuecma8eHHO y8eiuyusaom puck
npexoespemeHHOU CMepmu U pd3sumus XpoHu4eckux 3abonegarudl. Paspaboma-
HO MHOXeCmao aHmponoMempuy4ecKux UHOEKCo8, N03BO/IAIWUX 8epupuyupo-
8amMb OXXUpeHUe, Xoms J1y4wuli cpedu Hux 00 CUX NOp 0CMaémcs He onpeoesiéHHbIM.
Lene uccnedosanusa. Onpedesiums nos0803pacmHble 0CO6eHHOCMU OUHAMUKU
aHmponomMmempuyeckux nokazamerseu, Xapakmepusyoujux OXXUpeHUe.
Memooel. pozpamvma peasnu3ossigandce 8 nepuod ¢ 2015 no 2020 2. u npedyc-
Mampueasnda 8binoJiHeHuUe 8bI60POYHO20 UCC/1e008aHUSA. B 6a3osoe uccnedosaHue
6b110 8KIIOUEHO 1124 eHWuHbl U 476 Myxx4yuH. CpeOHUl 803pacm cocmassnssi
54,9 + 9,75 u 52,6 £ 10,0 200a coomeemcmaeHHoO (p < 0,001). Jns evisgneHuUs
0cobeHHOCmMeU, C8A3AHHbIX C NOJIOM, 8Ce YHACMHUKU Obl/lu pa3oesieHbl HA mMpu
803pacmHsle epynnei: 35-49 nem, 50-59 nem u 60-70 nem. lepuod HabndeHus
cocmasnan 3 200a.

Jna onpedenieHus yposHs 8UCYepasIbHO20 XUPA UCNOb308AJICA AHAIU3AMOpP
XXupoeol maccel BC-532 (Tanita Health Equipment HK Ltd., [oHKoHe). Takxe pac-
c4YUMbIBANUCL UHOeKC maccel mena (MMT), undoekc «manus — 6é0pa» (OT/OBb,
OKPYXXHOCMb Manuu/oKpyxxHocms 6é0ep), UHOeKC 8UCYepasbHO20 OXUPeHUs
(MBO). Cmamucmuyeckas 06pabomka pe3ysimamos nposoousidcb Npu NOMOWU
npozpammul Statistica 6.0 (StatSoft Inc., CLLA).

Pe3synemamel. Hogvle ciydau oxupeHus pazsusuce y 30,6 % 06¢/1e008aHHbIX.
Hab6ntoodanoce ysenuyeHue pacnpocmpaHéHHOCMU OXUpeHUs NO Kpumepusam
OT (Ha 8,9 %) u yposeHb sucyepanbHo20 xupa (YBX; Ha 5,4 %) u cHuxxeHue Yucaa
nuy, umeroujux oxuperue no OT/Ob, Ha 4,2 %. V13 scex nokazamesnel monsko VIBO
npo0eMoHCMpUPOB8A CMAMUCMUYECKU 3HaAYUMOE CHUXeHUe CPeOHUX 3HaYeHul
3a Habooaemsbil nepuod, 8 mo spems kak UMT, OT u YBX - ysenuueHue.
3aknioyeHue. Heobxo0umo npumeHeHuUe pasauyHbIX Kpumepues 0/19 0UazHO-
CMUKU OXXUpeHUs, mak Kak omoesibHble UHOeKCbl He CNOCObHbI 8 NOJIHOU Mepe
ompasums No10803pdcmMHble 0CO6EHHOCMU pacnpedesieHUs XUpa 8 Op2aHu3Me.

Knioueewle cnoea: oxupeHue, aHmponomempus, 3nudemuosio2us, 0UAZHOCMUKA

Ona yntnpoBanumsa: Lbirankosa .M., ba3gbipes E.[., Haxpatosa O.B., LleHTep N.M.,
lasnes T.0., Hpykaesa E.B., AptamoHoBa I'B., Bap6apalu O.J1. [lonoBo3pacTHble 0CO6eH-
HOCTM AMHAMUKN aHTPOMOMETPUYECKMX MOKa3aTesNiel, XapaKTepusyoLmx oxXnupeHne
(No paHHbBIM NPOCMNEKTUBHONO 3MNNAEMUONOIMYECKOro nccneaoBaHus). Acta biomedica
scientifica. 2023; 8(6): 204-211. doi: 10.29413/ABS.2023-8.6.20
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INTRODUCTION

Worldwide, the prevalence of overweight and obesity
is high and continues to rise steadily. While approximate-
ly 13.0 % (650 million) of adults worldwide were obese
in 2016 [1, 2], by 2030, experts estimate that this figure
will be as high as 20.0 % [3]. This condition is known to sig-
nificantly increase the risk of developing a large number
of chronic diseases, including metabolic, cardiovascular,
musculoskeletal, neurodegenerative and psychiatric diseas-
es, as well as several forms of cancer [4]. Abdominal obesi-
ty is an independent risk factor for metabolic and cardio-
vascular disease and mortality [5]. Obesity-related non-
communicable diseases account for more than 5 million
deaths worldwide each year, with more than half occurring
in people under the age of 70 years [6]. Additionally, obesity
is a major cause of reduced quality of life, disability and so-
cial disadvantage, and it is closely associated with various
social factors [3, 7].

Currently, body mass index (BMI) and waist circum-
ference (WCQ) are still considered the main epidemiologi-
cal indicators of general and abdominal obesity [8]. How-
ever, their usefulness is diminished by the inability to ac-
count for body fat distribution [9]. Differences in adi-
pose tissue distribution may contribute to heterogenei-
ty in the clinical and biological manifestations of obesity.
Several anthropometric indices have been developed
specifically to describe fat distribution, including waist-
to-height ratio, BMI, visceral adiposopathy index (VAI),
and visceral fat level (VFL). Some studies were report-
ed that waist-to-height ratio was a better predictor of ar-
terial hypertension, diabetes mellitus and hyperlipidae-
mia than BMl and WC. Body shape index was a significant
risk factor for premature mortality in the general popula-
tion. Some studies have demonstrated that VAl is superi-
or to BMl and WC in predicting arterial hypertension [10].
However, the best obesity verification index that predict-
ed or was closely related to metabolic factors is still con-
troversial and inconclusive [8, 11].

THE AIM

To determine sex and age peculiarities of the an-
thropometric indicators dynamics which characterise
obesity.

MATERIAL AND METHODS

The research program has been organised and imple-
mented between 2015 and 2020. It involved performing
asample survey, for which groups of respondents aged 35—
70 were formed. All surveys were conducted in compliance
with the "Ethical Principles for Medical Research Involving
Human Subjects" in accordance with the "Rules of Clini-
cal Practice in the Russian Federation". The study record
was approved by the local ethical committee of Research
Institute for Complex Issues of Cardiovascular Diseases

(Minutes No. 7 as of 2015). Patients signed informed con-
sentin the prescribed form prior to inclusion in the study.
The representativeness of the sample was ensured by ran-
dom selection in three consecutive stages using the Kish
method. Inclusion criteria: age between 35 and 70 years
inclusive; stable residence in the selected area for the next
4 years. Individuals under 35 and over 71 years of age,
as well as respondents planning to move from their cho-
sen residence in the next 4 years who declined to partici-
pate, were not included in the study.

A total of 1124 women and 476 men were includ-
ed in the pivotal study. The median age for 444 males
was 53.5 (44-61) years and for females 57.0 (47-63) years
(p < 0.001); therefore, all respondents were divided into
three age groups to identify sex-age differences: 35—
49 years, 50-59 years, 60-70 years. Follow-up lasted 3 years
from the first visit. However, during COVID-19 pandemics,
it was not possible to adhere to the surveillance time frame
due to restrictions on medical preventive examinations.
Finally, the prospective phase ended with 60.0 % of par-
ticipants from each age group at baseline who had a fol-
low-up period of 3 years or less visiting the research cen-
tre. As the project progressed, it was found that 807 indi-
viduals had follow-up dates that met the above inclusion
criteria (84.1 % response rate). Meanwhile, 44 individuals
died, 32 moved to another location, and 157 individuals
refused further participation in the study; 731 individuals
completed the entire list of surveys.

Visceral fat levels were determined with a BC-532
fat mass analyzer (Tanita Corporation, Japan). A level
of 1 to 12 conventional units was defined as a healthy le-
vel of visceral fat; 13 to 59 conventional units was defined
as an elevated level. BMI, waist-to-hip ratio (WC/HC (hip
circumference)) were determined using traditional for-
mulas. Visceral adiposopathy index (VAI) was calculated
using the formulas:

in men: VAl =WC/ (39.68 + (1.88 x BMI)) x
(TG/1.03)x(1.31/HDL)
in women: VAl =WC/ (36.58 + (1.89 x BMI)) x
(TG/0.81) x (1.52/HDL),
where: TG - triglycerides; HDL - high-density lipopro-
teins.

Statistical processing of the obtained data was per-
formed using Statistica 6.0 software (StatSoft Inc., USA)
(License No. AXXRO03E608729FAN10 dated March 31,
2010). Quantitative variables are presented as median (Me)
and percentiles (25 %-75 %), while qualitative attributes are
presented as frequencies (percentages). The Wilcoxon test
was used to compare quantitative variables (baseline and
prospective measures); Pearson’s Chi-square test was used
to compare qualitative variables. The critical level of signif-
icance was < 0.05.

RESULTS

The incidence of obesity among women at pivotal
study varied from 20.9 % by VFL to 76.5 % by WC, among
men from 33.4 % (VAI) to 73.9 % (WC/HC). The prevalence
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of obesity by the selected criteria has been summarised
in more detail by the authors previously [12]. One should
be mentioned that in a comparative analysis, among all
the analysed parameters characterising the presence
of obesity, only VAI showed a statistically significant
decrease in mean values over the observed period,
while BMI, WC/HC, WC and VFL increased (Table 1).

In the prospective stage of the study, 247 new cases
of obesity were diagnosed (30.6 % of the surveyed pop-
ulation). Sex differences were determined using WC/HC
and VFL criteria. Specifically, men were more likely than
women to be diagnosed with an increase in this condi-
tion by WC/HC (64.9 % vs. 35.1 %, respectively; p < 0.001).
Meanwhile, an increase in the proportion of VFL obese
individuals was recorded more in women than in men
(53.7 % and 46.3 %, respectively; p = 0.003). The differences
did not reach statistical significance for the other parame-
ters studied: for BMI, new cases of obesity were diagnosed
in 26.8 % of men and 73.2 % of women (p = 0.617); for WC,
obesity was almost twice as common in women as in men
(65.4% vs. 34.6 %, respectively; p = 0.382); new cases of obe-
sity according to VAl were recorded in 26.6 % of males
and 73.4 % of females (p = 0.494). Statistically significant
age differences were revealed only in the case of WC cri-

TABLE 1

terion: the maximum increase of this indicator was ob-
served in the group of 50-59 years — 47.4 %, in the young-
erage group it was 35.9 % and the minimum increase was
observed in the group of 60-70 years (16.7 %) (p = 0.001).
It was also observed that the maximum prevalence of obe-
sity according to BMI, VFL and VAI criteria was in the age
group of 60-70 years (36.6 %, 44.8 % and 40.6 % respec-
tively) and according to WC/HC criteria in the age group
of 35-49 years (40.3 %).

Between 2015 and 2019, there was a decrease
in the prevalence of obesity assessed by WC/HC
from 74.6 % to 70.4 % (p = 0.034) (Fig. 1). An increase
0of 8.9 % (p < 0.001) and 5.4 % (p = 0.010) in the detection
rate of this pathology was observed as per WC and VFL
criteria, respectively.

When analysing the sex- and age-specific dynamics
of obesity assessed by various criteria, statistically
significant differences were revealed when studying WC
and WC/HC parameters (Table 2). Specifically, the pre-
valence of abdominal obesity in young women increased
by 11.8 %. Furthermore, both sexes aged 50-59 years also
showed an increase in the incidence of obesity detection
by this criterion (by 13.9 % and 12.3 %, respectively).
An interesting pattern was observed when examining

DYNAMICS OF OBESITY RATES DURING THE STUDY PERIOD, Me (25 %-75 %)

Indicators Basic stage Prospective stage p value
Body mass index 29.0 (25.2-33.1) 29.3(25.8-33.2) <0.001
Waist-to-hip ratio 0.88 (0.8-0.9) 0.92 (0.8-1.0) < 0.001
Waist circumference 93.0 (83.0-103.0) 98.0 (88.0-108.0) < 0.001
Visceral fat level 10.0 (7.0-13.0) 11.0 (8.0-14.0) <0.001
Visceral adiposopathy index 1.58 (0.9-2.6) 1.47 (0.9-2.4) 0.001
0 <0,001
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FIG. 1.
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TABLE 2

GENDER AND AGE-SPECIFIC DYNAMICS OF OBESITY ASSESSED BY DIFFERENT ANTHROPOMETRIC INDICATORS (%)

A BMI wcC
eier; Sk va’I’ue value
y B P B P
Male 33.7 45.1 0.093 539 620 0.248
35-49
Female 275 299 0.605 559 67.7 0.021
Male 373 313 0353 608 747 0.030
50-59
Female 479 492 0.775 76.6 889 0.001
Male 371 388 0817 679 70.1 0.740
60-70
Female 572 56.5 0.861 919 94.0 0.339

Note. B - baseline stage; P — prospective stage.

trends in the prevalence of obesity by WC/HC criterion:
in females, there was a decrease regardless of age group
(by 14.1 %, 12.2 % and 10.8 %, respectively). Meanwhile,
in men, an increase in the prevalence of obesity was
revealed at the ages of 35-49 and 50-59 years (by 13.5 %
and 12.6 %, respectively).

DISCUSSION

Theresults of a single-centre, three-year study revealed
anincrease in the prevalence of obesity by WCand VFL cri-
teria and a decrease by WC/HC criteria. The sex- and age-
specific dynamics of obesity according to the studied cri-
teria consisted in an increase in the prevalence of abdo-
minal obesity in women of 35-59 years old, but a decrease
in the frequency of detection in all age groups according
to the WC/HC criterion. In males, there was an increase
in the detection of obesity by WC at age 50-59 years
and by WC/HC at age 35-59 years. The median values of all
studied indicators (except VAI), however, statistically signif-
icantly increased. This fact evidences the need to apply dif-
ferent criteria for the diagnosis of obesity, as BMl is proba-
bly not able to fully reflect the sex- and age-specific distri-
bution of body fat [13].

Theincreasing prevalence of obesity has been observed
in most countries of the world during the last decades.
Forinstance, in a study of the Korean National Health Insur-
ance Service’s national health check-up database, the pre-
valence of obesity increased steadily over a 10-year period
from 2009 (29.7 %) to 2018 (35.7 %) among the entire pop-
ulation and in all age groups. The prevalence of abdominal
obesity has also increased, from 19.0 % in 2009 to 23.8 %
in 2018. The increase in the prevalence of abdominal obesi-
ty was most evident in men (from 20.7 % to 28.1 %, respec-
tively). In women, the prevalence of abdominal obesity in-
creased from 16.2 % to 18.2 % overall, but decreased be-
tween the ages of 50-60 years [14].

WC/HC VFL i VAI .

B P value B p value B P value
640 775 0.041 286 394 0.099 33.1 408 0.251
535 394 0.007 3.0 3.1 0943 278 228 0.281
766 89.2 0.018 519 626 0.110 399 33.7 0.350
755 63.0 0.002 214 238 0530 437 420 0.704
836 910 0056 77.1 806 0573 264 149 0.065
90.3 79.5 0.0002 339 375 0381 475 43.0 0.288

Among 20 populous countries, Egypt had the highest
adult obesity rate in 2015 with a rate of 34.9 %, while Viet-
nam had the lowest with a rate of 1.6 %. The prevalence
of obesity more than doubled in 13 of these 20 countries
between 1980 and 2015, and only the Democratic Re-
public of Congo did not show an increase in this patholo-
gy [15]. In Africa, between 1980 and 2014, the age-stand-
ardized mean BMI increased from 21.0 kg/m? (95 % confi-
dence interval (95 % Cl): 20.3-21.7) to 23.0 kg/m? (95 % Cl:
22.7-23.3) in men and from 21.9 to 24.9 kg/m? in women
[16]. There are few large epidemiologic studies in the Rus-
sian Federation. The study of obesity in the regions
of the country is mostly one-sided and ignores the full
range of factors affecting the incidence of these pathol-
ogies. There is currently a low efficiency in the diagnosis
and treatment of obesity [17]. According to the study “Epi-
demiology of cardiovascular diseases and their risk fac-
tors in the Russian Federation” (ESSE-RF), the prevalence
of obesity reached 29.7 % [18]. Meanwhile, in different re-
gions of the Russian Federation, this indicator varies from
22.5% to 44.5 % for BMl and from 43.0 % to 67.0 % for WC.
Abdominal obesity was more closely associated with high
risks of cardiovascular disease (CVD) and diabetes melli-
tus and had a significantly higher prevalence of 55.0 % vs.
33.4 % for BMI [19].

If the above trends in the prevalence of obesity per-
sist, the chances of stabilising body weight in the general
population are nil [20]. Scientists estimate that in the next
five years, the global prevalence of obesity will reach 18 %
and 21 % in men and women, respectively [20].

Overall, the prevalence of obesity and over-
weight in Middle Eastern countries remained stable
from 2000 to 2020 with an average prevalence of 23 %.
The prevalence of overweight, however, decreased from
34.8 % (95 % Cl: 32.4-37.4) to 32.8 % (95 % Cl: 31.4-34.4)
over these time intervals. Meanwhile, in women, the pre-
valence of obesity and overweight decreased from 26.6 %
(959% Cl: 22.9-30.9) and 32.3 % (95 % Cl: 29.8-35.0) between
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2000 and 2006 to 23.1 % (95 % Cl: 20.8-25.7) and 32.8 %
(95 % Cl:31.39-34.38) between 2014 and 2020, respectively.
In contrast, the prevalence of obesity in men increased from
20.1 % (95 % Cl: 16.24-24.82) from 2000 to 2006 to 23.5 %
(95 % Cl:20.3-27.2) from 2014 to 2020. Although, the prev-
alence of overweight in males remained stable (39.0 %) dur-
ing these periods [21].

The rate of obesity increase in Europe is higher
in men than in women (3.1 % vs. 1.9 % per year). If the in-
crease rate remains at the estimated level in 2030, Po-
land is likely to have more obese men (38.1 %) than wo-
men (32.7 %) and Europe will have 36.6 % and 32.0 %,
respectively [22].

According to these trends, the main driving force
behind the obesity epidemic, according to the authors,
is the westernisation of lifestyles in countries [23, 24]. Po-
licies implemented in society should promote behaviou-
ral change at the personal level with a focus on increasing
consumption of healthy diet and physical activity [15]. Ho-
wever, the heterogeneity in obesity rates between coun-
tries may mean that social and other factors and their
differences are associated with obesity status. Increases
in obesity have more often been accompanied by improve-
ments in the economy, especially in a number of develop-
ing countries [15].

The foregoing data suggest that there are inconsis-
tencies in the assessment of current anthropometric in-
dexes, and they cannot provide a comprehensive predic-
tion of metabolic risk factors. Consequently, further stu-
dies should be conducted to elucidate the association
of anthropometric parameters with cardiovascular risk fac-
tors [25, 26].

CONCLUSIONS

New cases of obesity were identified in 30.6 % of re-
spondents during the period analysed: an increase in pre-
valence was observed using WC and VFL criteria (by 8.9 %
and 5.4 %, respectively). While at the same time, the WC/
HC criterion showed a 4.2 % decrease in the number of per-
sons with this pathology. The median of all studied in-
dicators (except VAI) increased statistically significantly
over the three years of follow-up. Men were more likely
than women to be diagnosed with an increase in this con-
dition by WC/HC (64.9 % vs. 35.1 %, respectively; p < 0.001).
Meanwhile, an increase in the proportion of VFL obese
individuals was recorded more in women than in men
(53.7 % and 46.3 %, respectively; p = 0.003). Age differ-
ences were only observed when the WC criterion was ap-
plied: the maximum increase was observed at 50-59 years
(47.4 %) and at 35-49 years (35.9 %), while the minimum
increase was observed at 60-70 years (16.7 %; p = 0.001).
The maximum prevalence of obesity according to BMI, VFL
and VAl criteria was in the age group of 60-70 years (36.6 %,
44.8 % and 40.6 %, respectively) and according to WC/HC
criteriain 35-49 years (40.3 %). The choice of the best meth-
od to measure obesity for predicting CVD risk factors re-
mains controversial. Further studies are required in popula-

tions for which the various anthropometric measures have
not been thoroughly analysed and compared. A compre-
hensive approach to diagnosis is required, considering tra-
ditional, socio-economic and behavioural factors specific
to a particular region. Targeting obesity risk reduction will
help reduce the burden of circulatory disease in the adult
population.
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PSYCHOLOGY AND PSYCHIATRY

ABSTRACT

Nerovnykh M.S. The problem of human individual development requires not just the accumula-
tion and generalization of data, but also clarification, a systematic understanding
of the individual variability of higher mental functions in relation to environmental

Katanov Khakass State University factors and taking into account the risks associated with their formation.
(Lenina Ave. 90, Abakan 655017, The aim of the study. To identify systematic patterns of correlation between indi-
Russian Federation) vidual variability of higher mental functions of preschool children and the material

prosperity of their families.

Materials and methods. Traditional neuropsychological tests developed by A.R. Lu-
ria and adapted in the neuropsychology laboratory of the Faculty of Psychology
at Lomonosov Moscow State University were used. We examined 180 preschool

Corresponding author: children from families with high, average, and low income.
Marina S. Nerovnykh, Results. The greatest individual variability in the period of preschool age in rela-
e-mail: s.mariana@list.ru tion to the level of material prosperity of the family, are the functions with a long

period of formation, these are functions of block Ill of the brain, and the functions
provided mainly by the left hemispheric parts of the brain. Children from the most
affluent families have the highest indices of brain block Il functions (p < 0.001)
and left hemispheric functions (p < 0.001). Preschoolers from low-affluence families
had indexes of both front brain function (p < 0.001) and left hemispheric function
(p < 0.001) in the zone of negative values.

Conclusion. The empirical results of the study allow us to clarify that the factor
of material prosperity of the family, both directly, factor-wise, and indirectly, cumu-
latively, through the system of proximal factors, can make its selective contribution
to the variability of indicators of children’s higher mental functions.

Key words: higher mental functions, material prosperity, preschoolers, variability,
socio-demographic characteristics, neuropsychological analysis
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PE3IOME

PeweHue npobnem uHOUBUOYasIbHO20 pA38UMUSA Yesioseka mpebyem He NPpocMo
HaKonsieHus U 0606WeHUsA OaHHbIX, HO U YMOYHEHUs, CUCMeMHO020 NOHUMAHUsA
UHOUBUOYAIbHOU U3MEHYUBOCMU 8bICLIUX NCUXUYECKUX hyHKYUL 8 COOMHOWeHUU
¢ hakmopamu cpedbl U y4éma puckos, Conymcmayouux ux popMmuposaHuro.
Llens uccnedosaHus. Buisgums cucmemMHsle 3aKOHOMePHOCMU COOMHoWeHUU
UHOUBUOYAsIbHOU U3MEHHYUBOCMU BbICLUUX NCUXUYECKUX (hyHKYUU Oemeli OOWKO/1b-
HO020 803pacma c MamepuasbHsiM yposHem ux cemed.

Memooel. [pumeHaIuCL MpAaouyuoOHHble Heliponcuxosioeudyeckue Npobwl, pas-
pabomatHsie A.P. Jlypueli u npowedwue adanmayuio 8 1abopamopuu Heliponcu-
xonoeuu pakynemema ncuxonozauu Mry um. M.B. JlomoHocosa. buisio o6¢criedosaHo
180 0emeli 00WKO/IbHO20 803pacma u3 cemeli C 8bICOKUM, CPeOHUM U HU3KUM
yposHeM 00X0008.

Pesynemamel. Haubonbwel uHOUBUOYasbHOU U3MEHYUBOCMbIO 8 Nepuoo
O0OWKOJIbHO20 803pACMA 8 COOMHOWEHUU C MAMepUAsibHbIM ypOBHEM CeMbU NOO-
8epxeHbl PyHKYUU € 0012UM Nepuo0oM opmuposaHus —3mo ¢yHkyuu lll 6ioka
Mo3e2a, u ¢pyHKyuU, obecneyusaemvle nNpeuMyujeCmeeHHO J1e80NoyUapHbIMU
omaoesiamu 20/108H020 Mo32d. [lemu u3 Haubosiee obecneyeHHbIx cemell umeom
camele 8bicoKUe nokazamesiu uHoekcos pyHkyul Il 6noka mo3seza (p < 0,001)
u niegonosnywapHelx pyHkyul (p < 0,001). Y 0owKonbHUKO8 U3 cemell HU3KO20
MamepuasnabHO20 ypOBHA 8 30He ompuyamesibHbIX 3Ha4eHUl 0KAa3aaucb UHOeKChI
hyHKYUU Kak nepeOHUX om0esio8 20/108H020 Mo32d (p < 0,001), mak u ¢yHkyul
niegonosywapHeix omoesos (p < 0,001).

3aknioyeHue. [losydeHHble SMNUpUYECcKUe pe3yibmamel UCC1e008aHUS NO380-
JIAI0M yMOYHUMb, YMO (haKkmop MamepuaabHO20 00CMAMKa cemMbU — KaK Heno-
CcpedcmeeHHO, hakmopHO, MAK U ONOCPe008AHHO, KYMYJIAMUBHO, Yepe3 cucmemy
NPOKCUMAJIbHbIX (haKmMopos, — MOXem 8HOCUMb c80U U3bUpamesibHbil 8K1ao
8 U3MeHYUB0CMb Nokazamesiell 8bICLUUX NCUXUYECKUX hyHKUUU demell, Ymo npo-
Asaemca 8 6osiee UHMeHCUBHOM memMne (hOpMUPOBAHUSA OOHUX 2pynn (yHKYuUU
U MeHee UHMeHCUBHOM — Opyaux, a makxe 8 8bibope 8edyujeli cmpameauu
06pabomku UHgopmayuu, onuparouelica Ha akmusHOCMb J1e8020 UJIU NPABO20
nonywapus.

Knrouesbie cnosa: gvicluue ncuxudyeckue pyHKUUU, MamepuasbHbil ypOBeHs,
O00OWKOTbHUKU, U3MEHYUBOCMb, COUUAIbHO-0eMozpaguyecKue Xapakmepucmuku,
Heliponcuxono2u4yeckul aHanu3

Ona umtnposBanma: HeposHbix M.C. IHauBMAYyanbHaa N3MEHUYNBOCTb BbICLIMX NCUXM-
yeckmx GpYHKLUIA AOLIKONBbHMKOB B acreKTe MaTepuasnbHOro focTaTtka cemby (Hepon-
cuxonoruyeckui aHanms). Acta biomedica scientifica. 2023; 8(6): 212-222. doi: 10.29413/
ABS.2023-8.6.21
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INTRODUCTION

Since the second half of the 19th century, the fo-
cus of the central problems of psychology has been de-
voted to the study of the sources of individual variations
in mental processes. It has been revealed that individual
differences are in a complex relation of the complemen-
tary action of heredity and environment, as well as the ac-
tivity of the individual himself. Heredity allows to ensure
the stability of psychological properties of biological spe-
cies, to transmit individual traits to the next generation;
the environment provides variability of individual traits
and the ability to adapt to changing conditions of life [1].
At the same time, heredity allows a very wide range of var-
iations in the path of ontogenetic development, which are
the result of various reactions of the organism - biochem-
ical, physiological, psychological [2]. An obvious insight
in this research context is the understanding that chang-
ing environments unfold the innate programmes of human
manifestation in different ways. Along with this, in the pro-
cess of development of human individuality there are are-
as more variable and sensitive to environmental influence,
and relatively stable.

The functional brain activity organisation is one
of the most important individual properties of a human
being, objectively formed at the early stages of ontogen-
esis. Functional systems have a lifetime path of formation,
are transformed in the process of realisation of a particu-
lar mental activity and are conditioned by social expe-
rience [3]. Itis the early experience that largely determines
which of the possible trajectories a person’s developmen-
tal path will follow. The theory of “afferent field”, intro-
duced by P.K. Anokhin reveals the idea that a functional
system possessing a certain complex of afferent impuls-
es has a significant degree of maturity already in the pe-
riod of early ontogenesis, and for a number of systems
- already in the embryonic period [4]. At the same time,
the afferentations included in the activity of a functional
system, which are not involved in the process of realisa-
tion of a particular mental activity, begin to narrow down
and pass into a latent state; meanwhile, only a small circle
of active afferentations remains relevant [5].

Consequently, in the process of ontogenetic devel-
opment, functional systems undergo intensive changes,
as a result of which the same tasks are being implemented
by completely different means, and the choice of strategies
for solving tasks is conditioned by the factors of the child’s
social environment.

Considering that the social environment of early
childhood is primarily the family, it is necessary to know
which family environmental variables are of primary im-
portance in the functional development of the child and
what is the nature of their impact over the course of de-
velopment. Having analysed scientific literature, it can
be concluded that the variability of the morphofunction-
al state of the child’s brain has a significant relationship
with the socio-demographic characteristics of the family,
including its integral component - socio-economic sta-
tus [6, 71.

In considering the problems related to the socio-eco-
nomic status of the family, two opposite strategies of its ex-
amination can be found in foreign studies. The first ap-
proach considers socio-economic status as a set of several
interrelated factors combined into a common index (edu-
cation, parents’ profession, material prosperity) [6]. A differ-
ent research strategy is presented by the authors [8], who
insist that the relationship between these two variables (in-
come and education), is not rigidly deterministic. For exam-
ple, higher levels of education are associated with more fa-
vorable economic opportunities, including through higher
income, more extensive social and psychological resources
(higher social support, higher levels of control). That said,
there are examples of people who are educated but earn
relatively little; there are also reverse examples of peo-
ple with no education who have achieved financial pros-
perity. Thus, different indicators of socio-economic status
are notinterchangeable, so there is a need to measure sep-
arate components of socio-economic status and separate-
ly assess the contribution of each of them - this approach
gives a more detailed picture of the social status of a par-
ticular individual.

In our opinion, insufficient attention is paid
to the study of the influence of such socio-demographic
parameters of the family as its material status on the pro-
cess of development of higher mental functions. The pub-
lished data related to the problem under consideration
are presented to a large extent in the works of foreign au-
thors; there is a certain empirical deficit in Russian stud-
ies. It is important to note that this dependence (of eco-
nomic status and individual differences) is not direct
but mediated. The available literature notes that families
with different material levels are characterized by spe-
cific environmental conditions, which affects various as-
pects of family functioning and, consequently, the process
of ontogenetic development [9]. A certain part of stud-
ies [10, 11] points to unequal access to material and cul-
tural resources to stimulate children’s cognitive devel-
opment, including through the opportunity to purchase
a variety of educational games, books, joint leisure ac-
tivities (visiting the theatre, museums, libraries, exhibi-
tions, travel), etc. Moreover, as some authors note [12],
there are significant differences between families with dif-
ferent economic status in the ability to give their children
a continuous and quality education. D.N. Chernov [13]
emphasizes that if parents have difficulties in the imple-
mentation of educational and developmental functions,
they begin to “include” in these processes such social in-
stitutions as the system of additional education, hobby
groups, music, art, sports schools, sections, etc., which, ac-
cording to the author, partially compensates for the lack
of parental attention.

An important aspect of a child’s development
is his or her language environment. The process of a child’s
language socialization occurs through the natural inclu-
sion of the child in the community spoken by his or her
immediate environment. Thus, being oriented to the style
preferences of the speakers of a language variant (dia-
lect), it internalizes social standards and ideas about de-
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sirable forms of communication [14]. The relationship be-
tween the volume of the child’s vocabulary, the complex-
ity of grammaticalization of utterances and various com-
ponents of socio-demographic parameters of the fami-
ly, such as income, parents’ education, their profession,
and quality of care, has been confirmed by empirical ma-
terial from many studies [15, 16].

A cycle of research is devoted to the study of the psy-
chological climate of families with different economic
conditions. The authors note that the effect of emotion-
al stability, sensitivity to the child’s needs can be condi-
tioned by the social position of parents [17]. For instance,
the effect of emotional and psychological tension in low-
income families due to financial instability, inconsistent
employment of parents has been revealed, which in turn
affects the quality of parental behavior [18]. Other stud-
ies have concluded that low family socio-economic status
is associated with the presence of chronic stress and co-
occurring anxiety [19]. Researchers have concluded that
during critical periods of brain maturation, stressful con-
ditions can have a “programming” effect and lead to irre-
versible and long-lasting changes [20]. Therefore, the ef-
fect of the stress response arising as a result of the pen-
etration of various pathogens into the organism leads
to a“programming” effect on the development of the brain.
A pronounced stress response resulting from the admin-
istration of bacterial lipopolysaccharide to baby rats led
to significant rearrangements in the central nervous sys-
tem. The outcome of such stressful influence in the early
postnatal period is the manifestation of behavioural disor-
ders in sexually mature individuals [21]. The most specific
consequences of such stress exposure in rodents include
impaired stress tolerance, symptoms of anxiety, depressed
state, decreased cognitive activity, and disorders of neuro-
plasticity processes that underlie learning and memory for-
mation [22, 23]. The authors extrapolate that these kinds
of stressors include disruption of their parental care of off-
spring, including maternal depression, changes in feeding
patterns, and emotional upheaval [24].

Numerous data have been accumulated that suggest
a strong correlation between anthropometric indicators
of the newborn and the socio-economic status of the moth-
er [25]. According to Yu.E. Veltischev [26], lagging anthropo-
metric indicators of newborns (low weight, small head vol-
ume) are significantly common in families with insufficiently
high socio-economic level. Low birth weight has long-term
effects on mental and physical development in all subse-
quent stages of ontogenesis. Such consequences include,
for example, problems in the formation of spatial functions
and programming as well as control functions at school
age [27]. There is a consensus of researcher’s opinion that
it is not the poor financial situation of the family itself that
leads to poorer development, but a number of concomi-
tant circumstances.

This analysis of the sources of the problem under
study is not limited to this. Additionally, there are stud-
ies that consider the amount of time spent with the child
and the number of books read, value orientations and atti-
tudes, nutritional quality, living conditions [28], and many
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others as the main mechanisms of mediating the impact
of family material prosperity in children’s morphofunction-
al development.

Despite the fairly well-developed problem of explanato-
ry mechanisms that influence the considered factors in chil-
dren’sintellectual and physical development and their per-
formance in school, there are few studies devoted to chil-
dren’s neurocognitive development in our country. Essential
isthe understanding that the problem is interdisciplinary: in-
dividual differences of children in relation to material pros-
perity of the family are recognised as an acute problem from
the point of view of general psychology, neuropsychology
of individual differences, psychophysiology, paediatrics, so-
ciological and economic sciences.

Therefore, the theoretical analysis of the problem made
it possible to define the purpose of the study - to identi-
fy systemic regularities of correlations between individual
variability of higher mental functions of preschool children
and the material level of their families.

METHODS

Traditional neuropsychological tests developed
by A.R. Luria [29] and adapted in the Laboratory of Neu-
ropsychology of the Faculty of Psychology at Lomonosov
Moscow State University were included in the study. Sta-
tistical processing of the data was performed using Uni-
variate Analysis of Variance, with pairwise multiple com-
parisons with Scheffé correction. Data processing was per-
formed using the IBM SPSS Statistics 26 software pack-
age (IBM Corp., USA).

180 preschool children were examined, the average
age was 6.5 years. Neuropsychological diagnostics was car-
ried out individually with each child. The duration of the ex-
amination was 55-70 minutes.

Distribution of children into groups was carried out
by means of stratometric modeling strategy of the sam-
ple — with the help of a specially designed questionnaire.
Strata were material level of the family: high level of in-
come (more than two subsistence minimums per fami-
ly member) - 26 % of families; average level of income
(from one to two subsistence minimums per family
member) — 35 % of families; low level of income (less
than one subsistence minimum per family member) -
39 % of families.

The methodology of families (respondents) distri-
bution by income level is based on the normative crite-
rion. The classification of population groups by income,
developed by experts of the All-Russian Center for Liv-
ing Standards, is taken as a basis: the least well-off (low-
income), well-off below the average level, middle-in-
come, high-income [30]. In contrast to this classification,
we have identified three groups of families by income
level - low, average and high. The average-income fam-
ily group combined lower-middle-income and average-
income families.

The criterion for assignment to a certain group are so-
cial standards - subsistence minimum, socially accept-



able (restorative) consumer budget, consumer budget
of average income and consumer budget of high income
[30]. When classifying families to the low-income group,
we follow the absolute monetary approach (house-
holds with average per capita monetary incomes be-
low the subsistence minimum are recognized as poor).
As a threshold value separating the group of families
with low and average income, the value of two subsist-
ence minimums is adopted, since the socially acceptable
(recovery) consumer budget is not less than 2-2.5 sub-
sistence minimums.

All children were pupils of municipal budget preschool
educational organizations. The following facts were the cri-
teria for selection of the participants: absence of diagnosed
neurological disorders, cerebral-organic pathology, and de-
velopmental deviations. All lived in a two-parent full fam-
ily where they were the only child (42 %), or had one sib-
ling (51 %), less frequently — two siblings (7 %). The sample
population, allocated with regard to stratification of fam-
ily material status, was equalized by sex of children (50 %
of boys and 50 % of girls, respectively). Mothers of 47 %
of children have higher education, 36 % have specialized
secondary education, and 17 % have secondary educa-
tion. 31 % of preschool children are brought up by fathers
with higher education, 26 % — with specialized secondary
education, 42 % - with secondary education.

The analysis of children’s higher mental functions
was carried out in accordance with the approach proposed
by A.R. Luria [3], based on the idea of a structural-functional
model of the three brain blocks activity considering inter-
hemispheric asymmetry. To this end, during the process-
ing of the quantitative parameters of the samples, a pro-
cedure was performed to calculate generalised (aggregat-
ed) indicators — neuropsychological indices, which included
the most unambiguously interpretable parameters of per-
formed samples (a total of 122 parameters).

Functional features of movements and speech serial
organisation, as well as programming, control and regu-
lation of arbitrary forms of activity are presented in a gen-
eralised index — the index of the Il block of the brain (cer-
ebrum anterior). This indicator includes a quantitative as-
sessment of test performance: graphomotor coordination,
dynamic hand praxis, reciprocal coordination, choice re-
action, rhythms according to instructions, syllabic struc-
ture of words, text retelling (the criteria of programming
and grammatical design of the utterance, as well as the se-
mantic adequacy of the utterance were assessed).

The index of Block Il functions reflects the state of ki-
naesthetic functions (oral and manual praxis), functions
of visual-spatial, visual and auditory information proces-
sing.

Since Block Il of the brain (block of reception, stor-
age and processing of information, posterior cortex of cer-
ebrum) is functionally lateralised, it includes two indi-
ces - index of information processing by left-hemispheric
and by right-hemispheric type.

The left hemisphere function index (sinistrocerebral
index) is represented by quantitative assessments of oral
praxis, lexical components of text processing, right hand
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finger posture praxis, comprehension of complex logical
and grammatical constructions, and auditory-verbal mem-
ory (short-term and long-term).

Theright hemisphere function index (dextrocerebral in-
dex) was assessed by the performance of left-hand finger
posture praxis, copying a table, recognising undrawn ima-
ges, and the volume of involuntary auditory-spatial and vi-
sual-spatial memory.

The obtained index values have undergone a stand-
ardization procedure. Standardized z-scores were calculat-
ed using the formula: z = (x - p) / 0. According to the pre-
sented formula, the sample mean for this parameter
was subtracted from the value of the individual indica-
tor for the parameter, and the obtained result was divid-
ed by the standard deviation. The correlation of these in-
dicators made it possible to obtain neuropsychological
profiles reflecting the functional state of children’s high-
er mental functions.

RESULTS

The presented standardized indices allow us to see how
much and in what (better or worse) direction the individual
value of the index of functions of Blocks Ill or Il (left or right
hemisphere) of the preschoolers’ brain deviates from the av-
erage group value (Fig. 1).

The presented indices’ values and their deviations
from group averages indicate the unevenness in the devel-
opment of functions of Block Ill of the brain, as well as the left
hemisphere within the population of preschoolers in cor-
relation with the material level of the family. The most sta-
ble indices are presented in the right hemisphere function
indices.

Functional indices in preschoolers from low-income
families are significantly reduced (Block Ill and left hemi-
sphere index), which can be regarded as a manifestation
of a sign of deficit of these functions. It should be empha-
sised that the relative decrease in the indices is not evidence
of fatal impairment of certain functions, but of signs of par-
tial deficiency and insufficiency of their formation to the lev-
el of the same-age population.

By applying single factor analysis of variance with pair-
wise multiple comparisons with Scheffe’s correction,
the following results were obtained as summarised in Ta-
ble 1.

Preschoolers from the most affluent families
had the highest indices of brain Block Il function indi-
ces (differences with Group 2 (p = 0.046) and Group 3
(p < 0.001)) and sinistrocerebral indices (differences with
Group 3; p <0.001). Compared to them, preschoolers from
average-income families have uniformly stable indicators
of all functions, but their index values are lower than those
of children who are more successful in functional develop-
ment. In preschoolers from families of low material pros-
perity, the function indices of both cerebrum anterior (dif-
ferences with Groups 1 and 2; p < 0.001) and sinistrocer-
ebral indexes (differences with Group 1; p < 0.001) were
in the range of negative values.
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FIG. 1.
Standardized average values of the indices of higher mental functions in preschool children in relation to the level of material prosperity
of the family
TABLE 1

LEVELS OF DIFFERENCES IN THE INDICATORS OF THE FUNCTIONS OF PRESCHOOL CHILDREN IN RELATION TO THE LEVEL

OF MATERIAL PROSPERITY OF THE FAMILY

Material prosperity (1 - high; 2 - average; 3 - low)

Indicators Level of difference ANOVA
1-2 1-3 2-3 Sig F
Brain Block Ill indices 0.046 < 0.001 < 0.001 < 0.001 15.57
Brain Block Il indices 0.050 < 0.001 0.014 < 0.001 9.35
Sinistrocerebral indices of the brain - <0.001 0.002 < 0.001 11.00

Dextrocerebral indices of the brain -

The obtained results indicate individual unevenness
of children’s higher mental functions and require a more
differentiated analysis of individual indices of higher men-
tal functions, which will enable us to determine the reason
of increased or decreased overall indices of brain block indi-
ces and to obtain neuropsychological profiles of preschool
children of the selected groups (Fig. 2).

The neuropsychological profiles and the results
of the analysis of variance presented in Figure 2 confirm
the significant effect of the material prosperity of the family
in terms of programming and control functions (p < 0.001),
serial organisation of movements and speech (p = 0.004),
visual (p < 0.001) and auditory (p < 0.001) functions, and ki-
naesthetic praxis (p =0.053). Less differentiated index scores
are presented in the functions of visual-spatial information
processing.

Children from high-income families (Group 1) have
high indices of function: serial organization of move-

- - - 0.64

ments (differences with Group 3; p < 0.001), arbitrary reg-
ulation of activity and speech (differences with Groups 2
(p=0.008) and 3 (p < 0.001)), auditory functions (differenc-
es with Groups 2 (p =0.011) and 3 (p < 0.001)), and visu-
al functions (differences with Group 3; p < 0.001). Against
the background of high indices of almost all higher men-
tal functions, preschool children from the most affluent
families show a decrease in the indices of kinaesthetic in-
formation processing functions (differences with Group 3;
p =0.042).

Analysis of the results of neuropsychological tests
for the study of the functions of serial organisation
of movements and speech gives the following picture:
preschoolers from high-income families (Group 1) dem-
onstrate advantages in the characteristics of dynamic
praxis — this is manifested in a better ability to automate
a motor skill (p = 0.017), fewer errors in the reproduc-
tion of the motor programme and a faster rate of work-
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FIG. 2.

Indices of various components of the higher mental functions associated with the functions of blocks lll and Il of the brain in preschool chil-

dren from families with high (1), middle (2) and low (3) income levels

in-progress (p = 0.004). High indices also differentiate
this group of children in the ability of serial speech or-
ganisation, namely in grammatical structuring when re-
telling a text (p < 0.001). Children from average-income
families (Group 2) have some difficulties in automating
the motor skill: in the dynamic praxis test, in most cases,
their programme execution varies from individual series —
“packs” —to smooth change of programme elements (dif-
ferences with Group 1; p = 0.040). However, they make
no errors whatsoever in the execution of the programme,
or there are isolated difficulties associated with the viola-
tion of the movement sequence. The arising difficulties
in children of this ontogenesis norm are also connected
with the grammatical design of the utterance: in retelling,
the text is most often composed in a rather monotonous
way, without using complex sentences or with violation
of word order (differences with Group 1; p = 0.006). Chil-
dren from low-income families (Group 3) are less efficient
in learning and automatising motor skills (differences with
Groups 2 (p =0.040) and 1 (p = 0.005)) and have the low-
est indices of speech utterance serial organisation (differ-
ences with Groups 2 (p =0.006) and 1 (p < 0.001)), mainly
associated with the presence of single non-coarse agram-
matisms or paragrammatisms.

Sample analysis of the programming and control func-
tion tests showed that children from families with high
material prosperity demonstrated higher speed charac-
teristics of the choice reaction (differences with Group 3;
p <0.001). In goal-directed activities programmed by ver-
bal instruction, they have the highest productivity (differ-
ences with Groups 2 (p=0.019) and 3 (p =0.001)). Group 1
children were also more successful in constructing the se-
mantic programme of an utterance (p < 0.001); they made
fewer errors caused by inertia. Their productivity of free
association actualisation is more productive (differences
with Groups 2 (p = 0.04) and 3 (p = 0.04)). Children from
average-income families show relative weakness of func-
tions of activity arbitrary regulation, associated main-

ly with programming of speech utterance (differences
with Group 1; p =0.001) and actualisation of free associa-
tions (differences with Group 1; p = 0.04) with rather sta-
ble high indicators in the choice reaction test. The results
of all samples measuring arbitrary regulation of activity
and speech by children from the least affluent families in-
dicate insufficient involvement of prefrontal mechanisms
of attention to stimulus presentation (differences with
Groups 2 (p = 0.002) and 1 (p = 0.001)), as well as in sen-
tence and text construction (differences with Groups 2
(p=0.004) and 1 (p < 0.001)).

Individual differences in kinaesthetic praxis condition
were caused by higher productivity of left-handed finger
poses by preschoolers from low-income families (differenc-
es with Group 1; p =0.042).

Auditory-verbal functions in children from maximally
affluent families are characterised by high amounts of in-
voluntary (differences with Group 3; p = 0.050) and ar-
bitrary short-term memory (differences with Group 3;
p = 0.001), as well as delayed reproduction and resist-
ance to interference (differences with Group 3; p < 0.001).
Children from average-income families are comparable
to those from materially prosperous families in terms of au-
ditory-verbal memory capacity, but errors (verbal substitu-
tions based on semantic proximity) indicating difficulties
in the left-hemispheric strategy of information processing
are quite frequent among them (differences with Group 1;
p =0.039). Deterioration of auditory information process-
ing in the preschoolers from low-income families occurs
as a result of a decrease in memory indices of this modali-
ty (differences with Groups 2 (p = 0.004) and 1 (p =0.001))
and, in addition, an increase in word distortions dur-
ing their reproduction (differences with Groups 1 and 2;
p < 0.001), an increase in the number of errors associat-
ed with verbal substitutions based on semantic proximi-
ty (differences with Group 1; p = 0.032).

The visual functions of preschoolers from fami-
lies with a high material level of family are character-
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ized by the predominance of analytical, left-hemispher-
ic strategy of visual information processing, which is well
traced in the productivity of samples on identification
of crossed-out (differences with Group 3; p = 0.011)
and superimposed images (differences with Group 3;
p < 0.001). Children from average-income families have
the same productivity of recognising perceptually com-
plex images as the preschoolers from maximally afflu-
ent families, but they more often make verbal-percep-
tual errors in the form of forgetting exact names and us-
ing semantically similar words (differences with Group 1;
p = 0.040), which is an indicator of left-hemispheric com-
plexities. Preschoolers from the least financially affluent
families have difficulties recognising both crossed-out
(differences with Group 1; p = 0.011) and superimposed
images (differences with Group 1; p < 0.001). In addition,
there was an increase in verbal-perceptual errors (differ-
ences with Group 1; p = 0.020).

Indicators of visual-spatial functions in preschool
children in general have low values and do not differ-
entiate the preschoolers by the level of their formation,
but some components of these functions (projection rep-
resentations) in children from families with a high mate-
rial level of family tend to decrease. Since preschool age
is not a sensitive period for the formation of these func-
tions, children of this age are characterised by a low level
of their formation. An intensive leap in their development
should be expected at a later age in the process of pur-
poseful learning.

DISCUSSION

As to the results obtained in general, it should be not-
ed that the empirical data of this study suggest that
a significant proportion of the environmental dispersion
(from 6 to 23 %) of individual differences in the develop-
ment of structural components of children’s higher men-
tal functions is determined by the factor of family afflu-
ence. Individual variability of preschool children’s men-
tal functions in relation to the level of family affluence
is associated with the preconditions of a more accele-
rated rate of development of some functions, associat-
ed with the risk of “weakening” or “stealing” of other de-
veloping functions or with a significant decline in func-
tional capabilities.

The most dynamic restructuring of functional systems
occurs in the sensory periods of development and leads
to significant changes in the mental component of on-
togenesis. Each such developmental period is task-ori-
ented. If in the sensory period of certain functions for-
mation the society offers conditions not corresponding
to the real preconditions of the child’s development,
the formation of functional systems of the brain may fol-
low a disharmonious path of development. As a result,
more intensive and advanced development of some func-
tions can lead to increased differentiation of the brain
and “stealing” in the development of those functions
that are at the stage of their optimal formation. Oth-
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erwise, as a result of insufficient impact of external so-
cial factors, there is underdevelopment of higher men-
tal functions and a decrease in the rate of their forma-
tion in relation to the average population level of de-
velopment, which allows us to talk about partial deficit
of mental processes.

According to the results of this study, the functions
with a long period of formation - these are the functions
of the brain Block I, and the functions provided main-
ly by the left hemispheric sections of the cerebrum -
are subject to the greatest individual variability during
preschool age in correlation with the material prosperi-
ty of the family.

The most intensive rate of development of arbitrary
activity regulation functions and serial organisation
of movements provided by the work of the cerebrum ante-
rior, as well as functions provided by the left-hemispheric
strategy of information processing (auditory-verbal func-
tions and analytical components of visual perception me-
diated by speech) with relatively isolated lag of motor
functions and right-hemispheric components of visual-
spatial information processing is observed in preschool-
ers from families with high material prosperity. Evidently,
a targeted intensive speech exposure leads to increased
verbal loads upon the child, thereby stimulating the devel-
opment of the speech areas of the brain. According to sev-
eral data [31], the classificatory method associated main-
ly with the work of the left hemisphere reaches a prop-
er level of development only by the end of adolescence,
and the structural method, carried out by the right hemi-
sphere, has a certain degree of maturity already in the pe-
riod of preschool age. Early intensive verbal load can be
considered to create prerequisites for the active develop-
ment of left hemisphere functions and “steal” right hem-
ispheric capabilities, including kinaesthetic functions
and some components of visual-spatial information pro-
cessing. Since visual and spatial functions are associated
with the work of long-forming tertiary sections of the cor-
tex of the brain Block Il, including the right hemisphere,
which reach their developmental optimum at an older age
and are closely related to the learning process, it is essen-
tial to further investigate the dynamics of their develop-
ment, which would enable us to clarify the distant con-
sequences of a more intensive rate of formation of func-
tions provided by the left hemisphere.

As family material prosperity decreases, the risk
of “weakening” most of children’s functional abilities in-
creases. Children from low-income families are likely
to have deficits in the functions of programming and con-
trol of arbitrary forms of activity, serial organisation
of movements, mainly speech, as well as impaired ability
to process auditory information and some speech-medi-
ated analytical components of visual perception. Notwith-
standing the fact that the decrease in material prosperi-
ty of the family is accompanied by a weakening of verbal
functions and activity arbitrary regulation, it has a pos-
itive effect on the formation of kinesthetic hand prax-
is and some aspects of visual-spatial functions. Consid-
ering this variant of the child’s norm, one may consider



that the decrease in the functional capabilities of the an-
terior and sinistrocerebral parts of the cerebrum reflects
a variant of the partial deficit of the mental component
of ontogenesis.

CONCLUSION

Every society is characterised by socio-economic ine-
qualities, but the most effective social strategy that can im-
prove the quality of life of the population in any country
is to invest in child development: the earlier in childhood
this contribution is made, the more effective the social re-
turns will be years later.

Since the cerebrum in the early period is highly plastic
and represents an open system capable of restructuring,
the preschool age is such an important period for stud-
ying systemic regularities of correlations between indi-
vidual variability of higher mental functions and factors
of the family environment. It is in the preschool age that
the variability in morphofunctional cerebral development
reaches more than 30 %, and then there is a gradual de-
crease in the “plasticity” of the cerebrum, and the envi-
ronmental influence begins to inevitably lose its relevance
[32]. Thus, remedial interventions become less effective.
Consequently, it is important that early experiences meet
children’s developmental potentials and that the differing
socio-demographic characteristics of the family are tak-
en into account in the design of the teaching and learn-
ing process.

The presented conceptual approaches, within
the framework of which the search for connecting links
between socio-demographic parameters of the family
and structural and functional self-organisation of higher
mental functions is conducted, were supplemented by em-
pirical data of our study, which made it possible to speci-
fy that the factor of material wealth of the family both di-
rectly, factor-wise, and indirectly, cumulatively, through
the system of proximal factors, can make its selective con-
tribution to the variability of indicators of children’s high-
er mental functions, which is manifested in more intensive
formation of some groups of functions, and less intensive
- others, as well as in the choice of the leading strategy
of information processing, relying on the activity of the left
or right hemisphere.

In conclusion, we note that the unevennessin the de-
velopment of structural and functional components
of children’s higher mental functions is normative,
not pathological. Such unevenness has a large adap-
tive effect: the population as a whole benefits from
the presence of different abilities in different individu-
als. On the other hand, the transition to a new world or-
der and a new technological mode, to new principles
of social selection puts high demands on the psycho-
physiological characteristics of children. Under these
conditions, the uneven development of higher mental
functions can lead to the fact that weak structural links
of the functional system can become a deterrent to fur-
ther development and successful learning of the child.

The results of this study can be useful to parents, teach-
ers, specialists of preschool and other educational or-
ganizations. Analyzing the development of children be-
fore school and identifying their living conditions makes
it possible to identify different groups of children who
need help from the first days of school life.
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ABSTRACT

Background. In Russia, of all detected cases of COVID-19, 18 % were in the pediatric
population. According to a number of studies, adolescents develop long-term clini-
cal and psychological consequences after an illness. Therefore, at present, the most
relevantis a thorough study of the structure and severity of consequences of COVID-19
in adolescents.

The aim of the study. To assess the severity of consequences of COVID-19 in ado-
lescents depending on the time after the disease.

Materials and methods. The sample included 96 people aged 11-16 years:
48 adolescents who have undergone COVID-19 (main group); 48 adolescents who did
not have COVID-19 (control group). The main group was divided into six subgroups,
depending on the period after COVID-19. The following research methods were used:
clinical history using a standardized interview method; “Correction test” method
by B. Bourdon; Beck’s Depression Inventory (BDI-1A); Adolescent’s Form of Manifest
Anxiety Scale by A.M. Prikhozhan.

Results. Clinical symptoms of COVID-19during the acute phase ofthe disease were
considered in adolescents. It has been established that the most common symp-
toms include fever, runny nose, cough, sore throat, severe fatigue, impaired sense
of smell,impaired taste, headache (most often localized in the frontal region). Clinical
and psychological symptoms characteristic of post-COVID syndrome were consid-
ered as consequences of COVID-19 in adolescents. The majority of the examined
adolescents showed the following clinical symptoms of COVID-19 after discharge:
asthenia, disturbances of smell and taste; lasting from 2 to 64 weeks. As psychological
symptoms, adolescents were characterized by reduced attention span, reduced speed
of information processing and concentration, as well as the presence of symptoms
of severe depression and high anxiety. The most unfavorable emotional state was re-
vealed in adolescents during the second month after COVID-19.

Conclusion. The data obtained made it possible to determine that post-COVID
syndrome in adolescents is characterized by the presence of an asthenic condition,
impaired attention, high anxiety, severe depressive symptoms.

Key words: COVID-19, long-COVID, post-COVID, adolescents
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PE3IOME

O6ocHosaHue. B Poccuu u3 scex goifsnieHHbix ciydaes COVID-19 18 % npu-
X00SMcA Ha HacesneHue 0emckoz2o 803pdcma. 1o 0aHHbIM pada ucciedosaHud,
y nodpocmkos hopmupyromcs 00/120CPOYHbIE KTUHUYECKUE U NCUxooeudeckue
nociedcmaus nocsie nepeHecéHHo20 3abonesarus. Criedo8amesibHO, 8 Hacmosujee
spems Haubosiee akmyasbHbIM A8/19eMcs muwamesibHoe usydeHue cmpyKmypbi
U cmeneHu sbipaxxeHHocmu nociaedcmauti COVID-19 y nodpocmkos.

Lene uccnedosanusa. OyeHums cmeneHs 8bIpaXXeHHOCMU nocsiedcmeul
COVID-19 y noOpocmkoes 8 3a8ucumMocmu om 8peMeHH020 hepuodd nocJsie nepe-
HecéHHO20 3a60/1e8aHUS.

Memooel. Bvibopka sknouana 96 4enosek 8 ospacme 11-16 1em: 48 noopocm-
ko8, nepeHécwux COVID-19 (ocHosHas 2pynna); 48 nodpocmkos, He 6osesluux
COVID-19 (koHmponsHas epynna). OcHOBHAsA 2pynna paszoenieHa Ha 6 noozpynn
8 3asucuMocmu om 8pemeHHo20 nepuoda nocse COVID-19. B kauecmee memo-
008 UCC/1Ie008aHUSA UCNOIb308AIUCH: KITUHUYECKUU dHAMHe3 C UCNO/1b308aHUEM
Memoda cmaHOapmMu3upo8aHHO20 UHMepP8bIo; Memoouka «KoppekmypHas npo-
6a» b. bypdoHa; wkana denpeccuu A. beka (BDI-1A); wikana asHol mpegoxHocmu
019 noopocmkos A.M. [Tpuxoxa-.

Pesynemamel. PaccmompeHel knuHudeckue cumnmomsl COVID-19 8o epemsa
ocmpoli ¢asel meyeHUs 3a60/1e8aHUSA. YcmaHoseieHo, Ymo K Haubosiee pacnpo-
CMPAHEHHBIM CUMNMOMAM OMHOCAMCA: NOBbIWEHHAA meMnepamypa mend,
HAcMopkK, kawesib, 60/1b 8 20pJie, CUMIbHAA YCMAoCMb, HAPYUWeHUs 06OHAHUS,
HapyweHus 8Kycd, 20/108HAs 601b (Haubosiee 4Yacmo JI0KAU308aHHAA 8 JI0O6HOU
obnacmu). B kauecmese nocnedcmeuti COVID-19 y nodpocmkog paccmompeHsi
KJIUHUYeCcKue U ncuxosioeudeckue CUMNMOMbI, XapakmepHsle 0151 NOCMKOBUOHO20
CUHOpoma. Y 60s16lUHCMBa 06¢/1e008aHHbLIX NOOPOCMKOB 8biABIEHbI C/Iedyowue
KnuHu4eckue cumnmomsl COVID-19 nocie 8binucku: acmeHus, HapyuleHus 060Hs-
HUS U 8KYCa NpOOoJIXKUMeIbHOCMbio om 2 00 64 Hedesnb. B kauecmae ncuxonozuye-
CKUX CUMNMOMO8, 0719 NOOPOCMKO8 XapaKmepHbl: CHUXeHHbIU 065EM BHUMAHUS,
NOHUXeHHbIU ypo8eHb CKOpoCMu nepepabomxu UHGOpMAayuu U KOHYUeHmpayuu
B8HUMAHUSA, a MAKXe Hasu4due CUMNMOoMO8 8bIpaxXeHHOU 0enpeccuu U 8bICOKOU
mpegoxHocmu. B nepuod emopozo mecaya nocsie COVID-19 evisisnieHo Haubosee
HebnazonpusmHoe SMOUUOHA/IbHOE COCMOsAHUe.

3akmoyeHue. [losyyeHHble OaHHbIe NOKA3AsIU, MO 0718 NOCMKOBUOHO20 CUHOPO-
May nodpoCcmKo8 XapakmepHO Hasu4ue dcmeHUYeCcko20 COCMOsAHUSA, HapyweHUs
B8HUMAHUS, 8bICOKOU MpPesoXXxHOCMU, CUMNMOMOB8 8bIpAXeHHOU Oenpeccuul.

Knioueevie cnoea: COVID-19, npodomxkeHHbili COVID, nocmkogud, noopocmku

Ona yntuposaHua: Yepesukosa M.A., Tkauyk E.A., Monakos B.M., Bacunbesa H.C., lMpo-
xopoBa .B., BotuHesa A.C., Macuwes H.A. OueHka nocneactauin COVID-19y nogpocTkos
METOLOM aHKeTupoBaHuA. Acta biomedica scientifica. 2023; 8(6): 223-233. doi: 10.29413/
ABS.2023-8.6.22
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INTRODUCTION

In Russia, cases of COVID-19 infection among the pop-
ulation have been recorded from 2020 onwards. Thus, ac-
cording to official statistics, more than 18 million cases
of COVID-19 infection have been detected in Russia since
the beginning of the pandemic. At the same time, 18 %
of diagnosed cases of COVID-19 infection are in the pedi-
atric population, of which 6 % are pre-school children
and 12 % are school-aged children. It is important to note
that COVID-19 prevalence in the population is currently de-
clining, which has allowed the removal of earlier restrictive
measures (e. g., wearing masks). Nevertheless, at the same
time, the effects of the disease in the population are still
being felt. This is associated with the fact that COVID-19,
in contrast to “classical” acute respiratory viral infections,
is characterised by peculiarities of course and complica-
tions that can affect almost all human organs and sys-
tems [1-3]. In particular, the National Institute for Health
and Care Excellence (NICE) has proposed a classification
of COVID-19 course periods, according to which they dif-
ferentiate: (1) acute period, when signs and symptoms
of the disease persist for no more than 4 weeks (the diag-
nosis is removed when a negative PCR test for SARS-CoV-2
carriage is obtained); (2) long-COVID - persisting symptoms
of the disease for 1-3 months; (3) post-COVID — when signs
and symptoms that develop during and/or after the disease
last for more than 3 months and are not explained by an al-
ternative diagnosis [4]. These symptoms can change over
time, disappear and reappear, affecting many body systems
[5-7]. At the same time, it is noted that even those people
who have experienced COVID-19 in a mild form are notim-
mune to adverse effects [5, 8].

According to a number of studies, symptoms occur-
ring during the acute period of COVID-19 course include
fever, runny nose, cough, sore throat, gastrointestinal dis-
orders, conjunctivitis, headache, severe fatigue, sleep dis-
ruption, smell and taste disorders [6, 9-11]. Various disor-
ders of smell and taste were the most prominent symp-
toms of the acute period of COVID-19, and their prevalence
reached 73-98 % [10-12]. The duration of these disorders,
asarule,is no more than 10-20 days, but cases of longer loss
of sense of smell and taste — more than 60 days - are com-
mon [13], which are part of the structure of the so-called
“long-COVID" and “post-COVID” [14].

A number of clinical and psychological symptoms
characteristic of the long-COVID and post-COVID course
of the disease are also distinguished. Currently, the symp-
tomatology of these periods of the COVID-19 course is com-
bined into a single nosology, post-COVID-19 syndrome.
The diagnosis of post-COVID syndrome is listed in the In-
ternational Classification of Diseases 10th Revision (ICD-
10) under the code U09.9 “Condition after COVID-19 un-
specified”, which also includes post-COVID. In this case,
post-COVID syndrome is defined as a complex of symp-
toms occurring during and/or after the disease, which
persist for more than 3 months and are not explained
by an alternative diagnosis [15, 16]. According to a study
conducted in the Volgograd region, the prevalence
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of post-COVID syndrome among re-infected adolescents
is 25 %, with symptoms persisting for 5 or more months
[17]. That said, the various symptoms of post-COVID
manifest with a different frequency and can vary. Thus,
the most common clinical and psychological symptoms
of post-COVID in adolescents include headache (3-80 %),
abdominal pain (1-76 %), taste and smell disorder (3-74 %),
sleep disruption (2-63 %), fatigue (3-87 %), depressive
state (43-87 %), high anxiety (41-84 %), reduced attention
concentration (2-81 %) [8, 18]. At the same time, however,
the duration of symptoms has an individual severity. Thus,
according to N.R. Magson et al. [19], the following symp-
toms are observed in adolescents during 4 to 12 weeks after
the acute phase of COVID-19: headache, fatigue, sleep dis-
ruption, and difficulty concentrating. Different results from
the previous study were obtained in a study by Q. Han et al.
[20]. According to the authors, 8591 patients had symptoms
such as fatigue/weakness (28 %), dyspnoea (18 %), arthro-
myalgia (26 %), depression (23 %), anxiety (22 %), memo-
ry disorder (19 %), decreased concentration (18 %) and in-
somnia (12 %) for at least 1 year [20].

Despite the significant contributions of these authors,
the problem of identifying and studying the effects of COV-
ID-19in adolescents remains unresolved. Therefore, the aim
of this study was to evaluate the severity of the COVID-19
consequences in adolescents according to the follow-up
intervals.

MATERIALS AND METHODS

The study, conducted between November 2021
and June 2023, included adolescents from among the pa-
tients of the Clinic of the Scientific Centre for Family Health
and Human Reproduction Problems (Irkutsk) who met
the inclusion criteria. Inclusion criteria: age 11-16 years;
informed consent of the adolescent’s legal representa-
tive to participate in the study. Exclusion criteria: failure
to meet the inclusion criteria; presence of comorbid dis-
ease (asthma, arterial hypertension, etc.); presence of dis-
order of mental development (mental retardation, autism
spectrum disorder, cerebral palsy, etc.); refusal of the ad-
olescent or his/her legal representative to participate
in the study.

The pilot study was a prospective, non-randomized,
case-control study. The study sample consisted of 96 ad-
olescents: 18 (18.7 %) boys and 78 (81.3 %) girls aged 11-
16 years (mean age — 14.6 £ 1.6 years). All the study par-
ticipants were divided into two groups — main and con-
trol. Inclusion criteria in the main group: a history of a posi-
tive PCR test for SARS-CoV-2 carriage and evidence of mild
or moderate COVID-19. Inclusion criteria for the control
group: no history of a positive PCR test for SARS-CoV-2 car-
riage and no evidence of mild or moderate COVID-19. In or-
der to assess the severity of the COVID-19 consequences
in adolescents according to the follow-up interval, the main
group was divided into six subgroups: (1) one month after
COVID-19; (2) two months after COVID-19; (3) three months
after COVID-19; (4) four months after COVID-19; (5) six



months to one year after COVID-19; (6) more than one year
after COVID-19. Table 1 summarizes the general character-
istics of the study groups of adolescents. The main and con-
trol groups of the study were comparable in sex and age
characteristics.

All respondents were surveyed using the following
methods: clinical history using the standardised interview
method; B. Bourdon's Test [21]; Beck Depression Inventory
(BDI-1A) adapted by N.V. Tarabrina [22]; A.M. Prikhozhan’s
manifest anxiety scale for adolescents [23].

Clinical history using standardised interview method in-
cluded collection of anamnestic information about respond-
ents (sex, age, presence of COVID-19 cases in the family, fea-
tures of the course of the acute phase of COVID-19, features
of the condition after COVID-19 diagnosis removal, pres-
ence of stressful experiences at the time of examination).

To assess the properties of respondents’ attention,
the method of B. Bourdon's Test was used [21]. The survey
was conducted using special forms with rows of letters ar-
ranged in random order. Each respondent viewed a series
of letters and crossed out certain letters indicated in the in-
structions for 7 minutes. At the end of each minute, the re-
spondent made a mark where he/she held the pencil/pen.
The following indicators were determined based on the re-
sults of the method: attention span, attention concentra-
tion, accuracy and speed.

The “attention span” indicator corresponded to the to-
tal number of letters viewed by the respondent in 7 minutes.

To determine the “concentration of attention” indica-
tor (P), the “concentration of attention in 1 minute” indica-
tor was first calculated for each of the 7 minutes according
to the formula:

P=KxQ,
where: P - attention concentration in 1 minute; K-accura-
cy in 1 minute; Q - number of letters viewed in 1 minute.

TABLE 1

Then the “concentration of attention” indicator (Pt)

was calculated using the formula:
Pt=(P1+P2+P3+P4+P5+P6+P7)/7,
where: P(1-7) is the concentration for each individual minute.

To determine the “accuracy” indicator, the “accura-
cy in 1T minute” indicator (K) was first calculated for each
of the 7 minutes according to the formula:

K=(n-x)/n,
where: n — number of letters to cross out in 1T minute; x —
number of errors in 1 minute.

Then the “accuracy” indicator (Kp) was calculated us-
ing the formula:

Kp=(K1+K2+K3+K4+K5+K6+K7)/7,
where: K(1-7) is the accuracy for each individual minute.

To determine the “speed” indicator (S), the formula
was used:

$=(0,5936 x Qt - 2,807 x xn) / t,
where: Qtis the total number of letters viewed in 7 minutes; xn —
the total number of errors in 7 minutes; 0.5936 — the average
volume per letter; 2.807 - the loss of information per missed
letter; t - the total time of the technique (in seconds).

To assess the presence of symptoms of depression in ado-
lescents, the Beck Depression Scale (BDI-1A) was used, devel-
oped by A. Beckin 1978 and adapted by N.V. Tarabrina in 2001
[22]. The scale contains 13 groups of statements correspond-
ing to groups of depression symptoms. Each item on the scale
is rated from 0 to 3 points according to increasing severi-
ty of symptoms. Thus, the final result of the method from 0
to 9 points indicates the absence of symptoms of depression;
from 10 to 15 points — the presence of symptoms of mild de-
pression (subdepression); from 16 to 19 points - the presence
of symptoms of moderate depression; more than 20 points -
the presence of symptoms of severe depression [23].

A.M. Prikhozhan's manifest anxiety scale for adoles-
cents [24] was used to identify anxiety as a relatively sta-

GENERAL CHARACTERISTICS OF THE STUDIED GROUPS OF ADOLESCENTS

Sex, % (n)

Groups Age (years), M + SD Total, % (n)
boys girls

Main group 146+1.6 18.7(n=9) 81.3 (n=39) 100.0 (n = 48)
Subgroup 1 14.7 £0.1 143(n=1) 85.7 (n=6) 14.6(n=7)
Subgroup 2 152106 20.0(n=1) 80.0 (n=4) 104 (n=5)
Subgroup 3 147 +£0.3 143(n=1) 85.7(n=6) 14.6(n=7)
Subgroup 4 144 +0.1 3750 =3) 62.5(n=5) 16.7 (n = 8)
Subgroup 5 145+0.3 84(n=1) 91.6(n=11) 25.0(n=12)
Subgroup 6 144+04 222(n=2) 778(n=7) 18.7 (n=9)
Control group 146+1.6 18.7(n=9) 81.3 (n=39) 100.0 (n = 48)
Total 146+1.6 18.7 (n=18) 81.3(n=78) 100.0 (n = 96)
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ble personality formation in adolescents. The scale deve-
loped by A.M. Prikhozhan on the basis of adult and child
versions of the manifest anxiety scale (J. Taylor, 1951, 1953;
A. Castenada, B.R. McCandless, D.S. Palermo, 1956) con-
tains 65 items. Analyzing the respondent’s answers allows
us to calculate “raw” scores on the anxiety scale. “Raw”
scores are then converted to scale scores (walls) by compar-
ing the examinee’s data with normative scores of a group
of adolescents of the appropriate age and gender. Based
on the obtained scale score, the level of anxiety expres-
sion of the respondent was determined. Thus, 1-2 walls in-
dicate the presence of a low level of anxiety; 3-6 walls indi-
cate a normal level of anxiety; 7-8 walls indicate somewhat
elevated anxiety; 9 walls indicate high anxiety; 10 walls in-
dicate very high anxiety.

The study protocol was designed in accordance with
the World Medical Association Declaration of Helsinki “Ethi-
cal Principles for the Conduct of Scientific Medical Research
Involving Human Subjects” as amended in 2013.

TABLE 2

Statistical processing of the study results was per-
formed using Statistica 8 application software package
(StatSoft Inc., USA). The sample size has not been pre-
calculated. The Shapiro - Wilk test was used to check
the normality of the distribution of the studied indica-
tors. Arithmetic mean and standard deviation in M £ SD
format were used to describe quantitative data.
The Mann — Whitney U-criterion was used to analyze in-
tergroup differences. Differences in percentage or rel-
ative values were assessed using Pearson’s x? criterion.
The critical value of the level of statistical significance
was considered to be p < 0.05.

RESULTS

The frequency and duration of clinical symptoms
of COVID-19in adolescents during the course of the acute
period of the disease were determined based on the re-

FREQUENCY AND DURATION OF CLINICAL SYMPTOMS OF COVID-19 IN ADOLESCENTS

Clinical symptoms Detection frequency,

n (%)
Elevated body temperature 41 (85 %)
Severe fatigue 34 (71 %)
Runny nose 32 (67 %)
Olfactory disorders 28 (58 %)
Headaches, of which: 29 (60 %)
temporal region 3 (10 %)
occipital region 3 (10 %)
frontal region 12 (42 %)
frontal and parietal region 2 (7 %)
frontal and temporal region 2(7 %)
whole head 7 (24 %)
Cough 27 (56 %)
Abnormal taste 26 (54 %)
Sore throat 27 (56 %)
Sleep disruptions: 14 (29 %)
hard to sleep 10 (21 %)
nocturnal awakening 7 (15 %)
nightmares 3(6%)
hard to wake up 6 (13 %)
Gastrointestinal disorders 7 (15 %)
Conjunctivitis 4 (8 %)
Total period of iliness 48 (100 %)

227

Duration from disease onset Duration (day),
(days), M £ SD min-max
8.7+47 1-21
19+£6.9 7-38
6+43 1-21
19+6.9 7-38
19+6.9 7-38
6+43 1-21
19+£6.9 7-38
6+43 1-21
19+6.9 7-38
6+43 1-21
6+43 1-21
17+8.3 1-38



sults of the clinical history of the disease (Table 2). Specif-
ically, the acute period of the course of COVID-19 in ado-
lescents averaged 17 + 8.3 days (1 to 38 days).

Table 2 summarizes that more than half of the respond-
ents reported the following clinical symptoms: fever (85 %),
runny nose (67 %), cough (56 %), sore throat (56 %), severe
fatigue (71 %), olfactory disorder (58 %), taste disorder
(54 %), headache (60 %) (most often localised in the frontal
area). The following COVID-19 clinical symptoms were less
frequent: gastrointestinal disorders (15 %), conjunctivitis
(8 %), and sleep disruptions (29 %) (most commonly asso-
ciated with difficulty falling asleep).

TABLE 3

Based on the results of the clinical history of the dis-
ease, the frequency and duration of COVID-19 clinical symp-
toms in adolescents after the diagnosis was removed (dur-
ing the course of the post-COVID syndrome) were deter-
mined (Table 3). Specifically, 77 % of adolescents showed
COVID-19 clinical symptomatology after the diagnosis
was removed for a duration ranging from 0.5 to 64 weeks
(mean - 10.1 + 14.6 weeks).

The most common clinical symptoms of COVID-19 af-
ter the diagnosis has been removed are: asthenia, smell
and taste disorders, as can be summarised in Table 3. Symp-
toms such as headache, joint pain, runny nose, cough, ele-

FREQUENCY AND DURATION OF COVID-19 CLINICAL SYMPTOMS IN ADOLESCENTS AFTER THE DIAGNOSIS HAS BEEN

REMOVED

Clinical symptoms Detection frequency,

Duration after discharge Duration (weeks),

n (%) (weeks), M £+ SD min-max
Joint ache 2 (4 %) 1.8+04 1.5-2.0
Runny nose 1(2 %) 0.5+0.0 0.5-0.5
Elevated body temperature (37 °C) 3(6 %) 13.8+£133 1.5-28.0
Cough 1(2 %) 1.0+0.0 1.0-1.0
Diarrhea 1(2 %) 1.0+0.0 1.0-1.0
Severe chest pain 1(2 %) 1.0£0.0 1.0-1.0
Reduced appetite 2 (4 %) 26.0+2.8 24.0-28.0
Nausea 2 (4 %) 25+13 1.0-4.0
Dizziness 3(6 %) 50+4.6 2.0-12.0
Headache 2 (4 %) 5.0+4.8 1.0-12.0
Asthenia 15 (31 %) 14.0 £ 12.1 3.0-64.0
Abnormal taste 16 (33 %) 11.7+£10.5 2.0-56.0
Olfactory disorders 17 (36 %) 146 £10.3 2.0-64.0
General post-COVID period 37 (77 %) 10.1+£14.6 0.5-64.0
more than |5 56 %
6-12 months 1 l l l 67 % l l
4 months ‘24 % ‘ | ‘ ‘ 38 % ‘
3 months 14 %‘ | ‘ ‘ 43 % ‘ ‘ |
2 months 20l % l 40l % l
1 month [ : 57 O[/o [ [ | 1 %9 % ‘
0 % 10 I% 20I % 30I% 40 I% 50I% 60I % 70I % 8(3 % 90I % 100I %
Olow Onormal Oexcessive ®high mvery high

FIG. 1.
Anxiety levels in adolescents at different periods after COVID-19
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vated body temperature, dizziness, nausea, diarrhoea, se-
vere chest pain, and decreased appetite, were however rare
and ranged from 0.5 to 28 weeks after COVID-19.

An analysis of adolescents’ anxiety severity as a function
of time after COVID-19 is summarised in Figure 1.

High anxiety (high and very high levels) was observed
in adolescents between 1 and 3 months and six months
and more than 12 months after COVID-19, as can be found
in Figure 1. The majority of adolescents were character-
ised by high anxiety in the second month after the dis-
ease. Along with this, the detected differences in the val-
ues of respondents’ anxiety severity indices in correlation
with the time period after COVID-19 were not statistical-
ly significant (p > 0.05; x2 Pearson).

An analysis of depression symptom severity in ado-
lescents after COVID-19 is summarised in Figure 2.

Oabsence
mild
48 %
® moderate

® marked

FIG. 2.
The severity of depressive symptoms in adolescents after COVID-19

Figure 2 indicates that the majority of adolescents
(52 %) were diagnosed with symptoms of depression
after undergoing COVID-19. For instance, 29 % of sur-

veyed adolescents were diagnosed with symptoms
of marked depression, 10 % with symptoms of moder-
ate depression, and 13 % with symptoms of mild de-
pression.

The analysis of depression symptom severity in ado-
lescents as a function of time after COVID-19 is summa-
rized in Figure 3.

Figure 3 reveals that the majority of adolescents
(60 %) had symptoms of severe depression at 2 months
after COVID-19. Symptoms of moderate depression
were diagnosed in 29 % of adolescents in the first month
after COVID-19; in 12 % of adolescents in 4 months after
COVID-19;in 8 % of adolescents in 6 months to 1 year after
COVID-19;and in 11 % of adolescents in 1 year or more af-
ter COVID-19. Mild depression symptoms were diagnosed
in 14 % of adolescents at 1 month after COVID-19;in 40 %
of adolescents at 2 months after COVID-19;in 12 % of ado-
lescents at 4 months after COVID-19; and in 17 % of adole-
scents at 6 months to 1 year after COVID-19. The differ-
ences found are not statistically significant (p > 0.05; Pear-
son’s x2).

In order to reveal the features of the COVID-19 con-
sequences in adolescents, the properties of attention,
the presence of symptoms of depression and the level
of anxiety in adolescents of the main and control groups
were analysed. Characteristics of attention properties in ad-
olescents of the main and control groups are summarised
in Table 4.

Table 4 reveals that adolescents who had undergone
COVID-19 (main group) showed reduced attention span,
reduced information processing speed and concentration.
Statistically significant differences were revealed between
the respondents of both groups based on the level of at-
tention span, attention concentration and speed of infor-
mation processing (p < 0.05).

Figure 4 illustrates the mean values of depression
and anxiety symptom severity in adolescents of the main
and control groups.

7 \ \ \

A E—

6-—12 months 50 %

4 months - ‘ ‘ ‘64 %

3 months - ‘ ‘ 57 °‘A>

2 months 1 ‘ 40‘ % ‘

1 month 1 f 413 % f :
0% 10 I% 20 I% 30 % 40 % 50 % 60I% 7OI % 8OI% 90I % 100 I%
Oabsence Emild ®moderate ® marked

FIG. 3.

Depression symptom severity in adolescents at different periods after COVID-19
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TABLE 4

ATTENTION FEATURES OF ADOLESCENTS IN THE MAIN AND CONTROL GROUPS

Indicator Main group, M + SD
Attention span 1060.40 + 240.27
Concentration (attentiveness) 138.28 £ 29.73
Accuracy 0.92 +£0.07
Speed/velocity 1.34+0.29
Note. * - differences are statistically significant by Mann — Whitney U-criterion.
14 13,31
12
10 9,31
8 6,76
6 5,23
4 I
2 |
0
Depression Anxiety
@Main @ Control
FIG. 4.

Depression and anxiety symptoms in adolescents of the main
and control groups

In assessing the depression and anxiety symptom se-
verity, higher levels of depression (p = 0.002) and anxiety
(p =0.033) were revealed in the group of respondents who
had undergone COVID-19 (Fig. 4).

DISCUSSION

The results obtained in this study allow the authors
to conclude that the clinical symptoms of COVID-19 cha-
racteristic of adolescents during the acute period of the dis-
ease include the following: fever (85 %), runny nose (67 %),
cough (56 %), sore throat (56 %), severe fatigue (71 %), olfac-
tory disorder (58 %), taste disorder (54 %), headache (60 %)
(most often localised in the frontal area). These findings
correlate with the results of a study by A. Nalbandian et al.
who found a similar incidence of COVID-19 clinical symp-
tomatology in adolescents during the course of the acute
period of the disease [9].

Compared to the data of a study conducted in the Vol-
gograd region [17], the prevalence and duration of clinical
symptoms of COVID-19 after the diagnosis was removed
were found to be higher. The incidence of these symp-
toms among overexposed adolescents, according to the re-
sults of our study, is 77 %, and their duration varies from
2 to 64 weeks. It is our hypothesis that this may be associ-
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Control group, M + SD Statistical significance level, p

1311.90 + 354.73 0.026*
164.90 +41.84 0.042*
0.87 +0.08 0.117
1.63+0.43 0.038*

ated, firstly, with regional peculiarities of PCR testing cov-
erage for SARS-CoV-2 carriage; secondly, with the fact that
this study did not retrospectively analyze data from patients’
ambulatory records and medical histories, but used infor-
mation about clinical symptoms COVID-19 during theillness
and after discharge, provided by the respondents them-
selves during the oral interview.

It has been revealed that the most common clinical
symptoms of COVID-19 after discharge include: asthe-
nia (31 %), olfactory disorder (36 %) and abnormal taste
(33 %). This is supported by the research data of K.I. Usov
[8] and A.M. Bogariu et al. [18], according to the data
of which, in adolescents in the post-COVID period are ob-
served: from 3 to 87 % - fatigue; from 3 to 74 % - disor-
der of taste and smell. Meanwhile, according to the results
of this study, the majority of respondents noted distortion
of the taste to meat and dairy products (“rotten”, “unpalat-
able”), which led to their complete exclusion from the diet
until the relief of the symptom.

Analyses of anxiety and depression symptoms in ad-
olescents based on the time period after COVID-19 re-
vealed the following trends: 1) at least 15 % of the stud-
ied adolescents showed high anxiety in the periods from
1 to 3 months and from 1 year and more after COVID-19;
2) the majority of the studied adolescents (52 %) showed
symptoms of depression after COVID-19; 3) symptoms
of severe depression were revealed in adolescents in all
the studied periods after COVID-19; 4) the most unfavour-
able emotional state in adolescents was revealed in the pe-
riod of the second month after COVID-19. The statistical
analysis of the detected differences in the values of anxie-
ty and depression symptoms of the respondents of these
groups did not show statistically significant differences.
The reason for this may be that COVID-19 disease in ad-
olescents may cause changes in the emotional sphere
atadeeper level, affecting issues of self-image, perception
of the world around and general stress tolerance, which
leads to the appearance of symptoms of severe depression
regardless of the time period after the disease.

The comparative analysis of attention properties, pres-
ence of depression symptoms and anxiety level in adoles-
cents of the main and control groups allowed to reveal
the peculiarities of the course of post-COVID syndrome



in adolescents. For instance, in the group of adolescents
who underwent COVID-19, compared to the respondents
of the control group, the following were revealed:

1. Reduced attention span, reduced level of informa-
tion processing speed and attention concentration, which
may be associated with the presence of a state of increased
vigilance and tension in respondents who have undergone
COoVID-19.

2. Presence of symptoms of severe depression and
high levels of anxiety. These conditions may be associated
with the neurotropism of the SARS-CoV-2 virus; the social
significance of the disease itself; social influence (news, be-
ing in quarantine and isolation, etc.); the emergence of feel-
ings of guilt, feelings of failure and despair, negative atti-
tudes towards oneself (in the case of infected relatives, old-
er generation).

Study limitations

Despite the obtained statistically significant differences
in the level of anxiety, depression symptoms and attention
properties in adolescents depending on the presence or ab-
sence of a COVID-19 history, this study was a pilot study
in this age group and has a number of limitations. These
include the small sample size and the predominance of fe-
male adolescents in the sample. Also, this study utilized in-
formation about existing COVID-19 clinical symptoms dur-
ing the iliness and after discharge provided by the respond-
ents themselves in an oral interview. This could have been
one source of inaccuracy in the study. The presence of these
limiting factors constrains the extension of the findings
to the general population of adolescents and requires ad-
ditional research.

CONCLUSION

The results of this study enabled assessment of the se-
verity of the COVID-19 consequences in adolescents de-
pending on the period after the disease. Clinical symp-
toms of COVID-19 in adolescents during the acute phase
of the disease course are considered. It has been estab-
lished that the most common symptoms include fever, run-
ny nose, cough, sore throat, severe fatigue, impaired sense
of smell, impaired taste, headache (most often localized
in the frontal region).

It has been revealed that 77 % of adolescent
post-COVID-19 cases exhibit post-COVID symptomatolo-
gy lasting between 2 and 64 weeks. Meanwhile, the most
common clinical symptoms of COVID-19 after discharge in-
clude: asthenia (31 %), olfactory disorder (36 %) and abnor-
mal taste (33 %). The most common psychological symp-
toms characteristic of post-COVID syndrome include: re-
duced attention span, reduced information processing
speed and concentration, as well as the presence of symp-
toms of marked depression and high anxiety. In summa-
ry, it can be said that the second month post COVID-19
revealed the most unfavourable emotional state in ad-
olescents. The severity of depression and anxiety symp-
toms did not statistically significantly change depending
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on the time after COVID-19. Therefore, the next stage
of this ongoing study is to increase the sample size in or-
der to observe the socio-demographic, psychological
and physiological determinants of health-related quality
of life in children who have undergone COVID-19.
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ABSTRACT

Background. The use of complexes of synthetic and herbal remedies as hepatopro-
tectors in the treatment of liver pathologies of various etiologies is an urgent task
of pharmacology. A promising type of medicinal plant raw material is an extract
of Hippophaes rhamnoides leaves. The hepatoprotective effect of extract of Hip-
pophaes rhamnoides leaves in combination with ademethionine has not been
studied to date.

The aim of the work. To study changes in biochemical markers of hepatic func-
tion in the application of complex schemes of pharmacotherapy of experimental
liver damage with paracetamol using Extractum foliorum Hippophaes rhamnoides.
Materials and methods. The experimental study was performed on Wistar rats.
The animals were divided into six groups. Group 1 (intact) — animals without a model
of liver damage and without treatment; in Group 2 (control) paracetamol was used
to create experimental hepatitis without treatment (positive control group);
in Group 3 (comparison) a combination of “silibinin + ademethionine” was used
on a model of paracetamol hepatitis; in Group 4 (experimental) extract of Hip-
pophaes rhamnoides leaves was used on the model of paracetamol hepatitis;
in Group 5 (experimental) ademethionine was used on a model of paracetamol
hepatitis; in Group 6 (experimental) a combination of extract of Hippophaes rham-
noides leaves and ademethionine was used on a model of paracetamol hepatitis.
The functional state of the liver of experimental animals was determined by bio-
chemical parameters.

Results. When using a combination of extract of Hippophaes rhamnoides leaves
with ademethionine, the studied biochemical parameters significantly (p < 0.05)
differed from the numerical values in the negative control group and were closest
to those in the intact group than in other experimental groups.

Conclusion. A comparison of the effectiveness of the use of extract of Hippophaes
rhamnoides leaves in combination with ademethionine by the total effect on blood
biochemical parameters determines this complex as a promising drug for further
research.

Key words: Extractum foliorum Hippophaes rhamnoides, paracetamol experimen-
tal hepatitis, complex pharmacotherapy regimens, paracetamol, ademethionine,
blood biochemical parameters
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PE3IOME

O6ocHosaHue. /cnosb308aHUE KOMNIEKCO8 CUHMemMuUYecKUX U padcmumesibHbixX
Ccpedcma 8 Kadecmae 2enamonpomeKmopo8 Npu jiedeHuu namosioz2uli neyeHu
pasauyHol amuoso2uu A8asemcs akmyasnsHol 3adauel ¢papmaxosnozuu. [lep-
CneKmMuUBHbIM 8UOOM JIEKAPCMBEHHO20 pACMUMEesIbHO20 Cbipbs A8/Aemca pumo-
npenapam —3kcmpakm aucmees obenuxu KpywuHosuoHoU (Extractum foliorum
Hippophaes rhamnoides). fenamonpomekmopHoe delicmaue 3KCmpakmaiucmoses
06/1enuxu KpywuHo8UOHOU 8 co4eMaHuu ¢ aoeMemuoHUHOM K Hacmoswemy
8pemMeHU He U3y4eHo.

Lenv pabomel. ViccnedosaHue usmeHeHUU 6GUOXUMUYECKUX MApKepos neyé-
HOYHOU (hyHKYUU NpU npUMeHeHUU KOMNJIEKCHbIX CXeM hapMakomepanuu 3Kc-
nepuMeHmMasnbHO20 NOBPeXOeHUs nNeYyeHU NapayemamosiomM C UCNO/Ib308aHUEM
Extractum foliorum Hippophaes rhamnoides.

Memooebl. SkcnepuMeHMAnbHOE UCC1e008aHUE 8bINOJIHEHO HA KPbICAX JIUHUU
Wistar. XKusomHele 6b11u pasoesieHbl Ha Wecms 2pynn: 1-a UHMAKMHas 2pynna —
XKUBOMHbIe 6e3 MoOesiu NoBpex0eHUs neyeHU U 6e3 iedeHus; 2-9 KOHMPOJsIbHAs
2pynna — ¢ npumeHeHuUeM napayemamosa 0718 co30aHUA SKChepuMeHMaabHo20
2enamuma 6e3 siedeHus (2pynna He2amueHo20 KOHMPOJs); 3-8 CpABHUMEbHAA
2pynna— ucnosb308aHue KOMOUHAYUU «CUMUBUHUH + adeMemuOHUH» Ha Mooesu
napayemamosiogo2o 2enamumd; 4-1 oNbIMHAsA 2pynna — UCNoJ1b308AHUE «IKC-
mpakma siucmees 0671enuxu KpywuHo8UOHOU» HAa MOOesIu Ndpayemamososo2o
2enamuma; 5-1 onbiImHas 2pynnad — ucnoss308aHue «ademMemuoHUHA» Ha Mooesu
napayemamosiogo20 2enamuma; 6-1 ONbIMHAA 2pyNNa — UCNO/b308AHUE KOM-
6UHAyUU «3KCMpakm ucmees 0bs1enuxu KpyuwuHO8UOHOU + adeMemuoHUH»
Ha mModesu napayemamosnogozo cenamumad. QyHKYUOHA/IbHOe COCMOsAHUE hevYeHU
3KCNepUMeHMAsIbHbIX XUBOMHbIX ONPeOesIeHO N0 BUOXUMUYECKUM NOKA3amesiam.
Pesynemamel. [Ipu onpedesieHUU 8 CbIBOPOMKe KPOBU KPbIC YPOBHA MAKUX
nokazamernel, KaK acnapa2uHoeas amuHompaHcghepasd, aaaHUHO8AA AMUOH-
mpaHcegepasa, weaoyHas gochamasa, 2amma-21romamuimpdaHcnenmuodsa,
a makxxe obujezo 6unupybUHa 6bII0 yCMAHOB/IEHO, YMO NPU NPUMeEHeHUU coYe-
MaHua 3Kcmpakma aucmees 06s1enuxu KpyuwuHo8UOHoU ¢ adeMemuOHUHOM
buoxumuyeckue nokaamesu cmamucmuyecku 3Haqumo (p < 0,05) omnudanuce
OM YUCJ/IeHHbIX 3HaYeHUl 8 2pynne He2amugHO20 KOHMPOJIA U bbliu Haubosiee
npubuXeHsl K MAKOBbIM 8 UHMAKMHOU 2pynne, 4em 8 Opy2ux OnbIMHbIX 2pYyNNax.
3aknioyeHue. CpasHeHue 3(hheKmuUBHOCMU NPUMEHEHUS SKCMPAakma iucmoes
0671enuxu KpywUuHOBUOHOU 8 COYEMAHUU C d0eMemuOHUHOM NO CYMMApHOMY
8JIUSHUIO Ha 6UOXUMUYeCKUe NOKA3amesiu Kposu onpedesisiem OaHHbIU KOMNJIeKC
KAk nepcnekmugHyro cxeMy mepanuu napayemamosiogo20 2enamuma.

Knroueevie cnoea: Extractum foliorum Hippophaes rhamnoides, napauemamo-
710861l SKCNEpUMeHMa’sibHbIt 2enamum, KOMNJIeKcHble CXxeMbl hapmakomepanuu,
napauemamor, adememuoHUH, bUOXUMUYecKue NoKaamesnu Kposu

Ona yntnposaHua: baryesa C.10., Jlamaxxanosa I, KanyctuHa t0.A.,, PogHaesa O.A,,
Yykaes C.A. BnnsaHve KomnnekcHbix cxem dapmakoTepannm ¢ UCnosnb3oBaHeM GpuToc-
pencTea u3 Hippophae rhamnoides Ha 6roxvmMmmnyeckne nokasaTenu KpoBu KpbIC C napa-
LeTaMosIoBbIM renatutom. Acta biomedica scientifica. 2023; 8(6): 234-240. doi: 10.29413/
ABS.2023-8.6.23
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BACKGROUND

Drug-induced liver injury is one of the important
problems of modern hepatology. Many drugs are toxic
to the body, even in therapeutic doses, which often leads
to acute liver failure [1, 2]. A rather diverse arsenal of drugs
that act differently against the liver cells is used for the the-
rapy of various liver diseases [3]. Plant-derived drugs have
a number of advantages over their synthetic counterparts
in their effects on the homeostasis system. The bioactive
metabolites produced by plants appear to be of interest
as platforms for the synthesis of combinatorial combina-
tions of synthetic and herbal drugs [4]. The use of various
combinations of hepatoprotectors in the treatment of liv-
er pathologies is quite in demand in modern conditions [5].
Pharmacological activity of Hippophae rhamnoides foliae
extract is caused by the presence of quercetin, kaempferol,
isoramnetin, catechins, flavone glycosides, etc. in the com-
position of the phytoextract [6, 7]. The evidence from var-
ious literature sources indicates that the presence of bio-
logically active substances belonging to the group of phe-
nols or polyphenols in pharmacological agents of natural
origin defines their antioxidant properties [8-10]. Mean-
while, it should be emphasised that in general the spectrum
of pharmacological activity of Hippophae rhamnoides foli-
ae extract, peculiarities of action in conditions of combined
use with other pharmacological agents have not been suf-
ficiently studied to date.

THE AIM OF THE STUDY

To study changes in biochemical markers of hepat-
ic function when applying complex schemes of pharma-
cotherapy of experimental liver injury with paracetamol
using Hippophae rhamnoides foliae extract.

MATERIALS AND METHODS

The experimental study was performed using 60 white
Wistar rats of both sexes weighing 180-200 g. The animals
were kept in the certified vivarium of General and Expe-
rimental Biology Institute (GEBI) of the SB RAS (the Sibe-
rian Branch of Russian Academy of Sciences). All expe-
riments were performed in accordance with the interna-
tional rules for working with experimental animals, GOST
33044-2014, Principles of Good Laboratory Practice (OECD
Guide 1:1998, IDT), according to the Order of the Govern-
ment of the Russian Federation dated November 8, 2013
No. 2067-r. Animals were kept with free access to food
and water on a diet that complied with GOST standards.
The protocol of the experiment was approved by the Eth-
ical Committee of the GEBI SB RAS (Minutes No. 2 dated
November 5, 2017).

Before commencing the experiments, rats fulfilling
the inclusion criteria for the study were allocated into six
groups:

I. Intact rats.

[l. Control group —animals with acute paracetamol-in-
duced hepatitis.

[ll. Experimental group - combination “silibinin +
ademethionine”.

IV. Experimental group - phytopreparation “Hippophae
rhamnoides foliae extract”.

V. Experimental group - pharmacopoeial preparation
“ademethionine” [10, 11].

VI. Experimental group - combination “Hippophae
rhamnoides foliae extract + ademethionine”.

Exclusion criteria for laboratory animals:

1) Presence or development of other somatic pathol-
ogies;

2) Immature, early age (up to 6 months);

3) With insufficient mass.

The experimental model of hepatitis in rats was repro-
duced by intragastric administration of paracetamol (aceta-
minophen) to animals once a day at a dose of 500 mg/kg
for 2 days [12].

To treat experimental hepatitis, animals of experimen-
tal groups were orally administered daily in the morning
hours (before feeding) for 14 days with aqueous solutions
of the tested agents: Hippophae rhamnoides foliae phytoex-
tract was dissolved in purified water at a dose of 100 mg/kg
of animal body weight (“the most optimal pharmacothera-
peutic” mode of administration [13]). Hippophae rhamnoides
foliae extract was obtained by triple extraction with 40 %
ethanol in GEBI SB RA; “silibinin” (“Vifitech”) was admin-
istered at a dose of 200 mg/kg according to the scheme;
“ademethionine” (“Veropharm”) was administered at a dose
of 200 mg/kg.

Distilled water in the first and second groups (intact an-
imals with normofunction of the liver and with experimen-
tal hepatitis) was provided in equi-volume quantities ac-
cording to the scheme.

Animals were removed from the experiment by imme-
diate decapitation under light ether anesthesia.

At the moment of animal discharge from the experi-
ment, blood was collected from the tail vein and the serum
content was determined of:

1) asparagine aminotransferase (AST) (BioSystem:s,
Spain; cat. no. 11830);

2) alanine aminotransferase (ALT) (BioSystems, Spain;
cat. no. 11832);

3) alkaline phosphatase (ALP) (BioSystems, Spain;
cat. no. 11832);

4) total bilirubin (BioSystems, Spain; cat. no. 11832);

5) gamma-glutamyl transpeptidase (GGTP) (BioSys-
tems, Spain; cat. no. 11832).

Enzyme studies were performed by the kinetic method
recommended by the German Society for Clinical Chemis-
try and the Clinical Manual for Laboratory Tests at 25 °C.

An automatic biochemical analyzer “Sapphire-400”
(TokyoBoeki, Japan) and Human test systems (Germany)
were used as a measuring instrument. Statistical data pro-
cessing was performed using Statistica 6.0 for Windows pro-
gram (StatSoft Inc., USA). Statistical significance of the dif-
ferences between the compared values was calculated
using the parametric Student’s criterion and the non-
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parametric Mann - Whitney U-criterion. Data differenc-
es were considered statistically significant at p < 0.05 [14].

RESULTS

According to the results of this study, it was found
that AST level was statistically significantly increased
in the group of animals with acute paracetamol hepatitis
by 49.4 % (p < 0.05) compared to that in the intact group
(Table 1).

The AST index in rats of the experimental groups
did not statistically significantly differ from the observed
values in the control group. However, the use of Hippophae
rhamnoides foliae extract in combination with ademetio-
nine contributed to a more significant decrease in AST
value in comparison with other studied groups.

Under conditions of simulated experimental hepatitis,
ALT levelin the negative control group was statistically sig-
nificantly increased by 22 % as compared to that in the in-
tact group during the development of paracetamol-induced
lesions than in the intact group, evidenced by the deve-
lopment of liver pathology. When comparing the studied
index in group lll with the same value in the control group
in paracetamol hepatitis, it was found that ALT level de-
creased by 11.2 %, in Group IV - by 15.4 %, in Group V -
by 11.1 %, in Group VI - by 12.4 %. However, statistically
significant differences were registered only in Groups IlI
and VI. In comparing the index of this aminotransferase
in Group VI rats with paracetamol-induces hepatitis that re-
ceived Hippophae rhamnoides foliae extract in combination
with ademetionine and Group lll rats that received silib-
inin with ademetionine, it can be seen that the ALT level
was found to be identical. At the same time in animals of VI
experimental group the smallest differences in ALT value
were registered in comparison with that in intact animals.

TABLE 1

The studies revealed that in animals with experi-
mental paracetamol hepatitis the activity of alkaline
phosphate and GGTP in serum was statistically signif-
icantly increased compared to the value in intact rats
by 37.7 % and 75.7 %, respectively, as is evident from Ta-
ble 1. The mean levels of alkaline phosphate and GGTP,
which are marker enzymes of cholestasis, in the ex-
perimental groups were statistically significantly low-
er than in the control group of animals. In these condi-
tions, the administration of Hippophae rhamnoides fo-
liae extract in combination with ademetionine caused
a statistically significant decrease in the level of alkaline
phosphate activity by 13.2 % compared to the control.
Similar changes were observed in the action of silibinin
with ademetionine, Hippophae rhamnoides foliae extract
and ademetionine separately: alkaline phosphate activity
decreased by 12.9 %, 10.8 % and 12.1 %, respectively, rel-
ative to the control. GGTP enzyme level data in different
experimental groups did not differ significantly from each
other, and all of them were statistically significantly differ-
ent from this index in rats of the control group.

After paracetamol administration, the bilirubin level
in the control group increased by 114.3 % (Fig. 1).

In comparing the index of bilirubin in rats of the experi-
mental group, administered silibinin with ademetionine,
with that in animals of the control group, it was found
that the level of bilirubin decreased by 31.1 %. With the va-
lues in Group IV this difference amounted to 24.4 %,
in Group V - 33.3 %, in Group VI - 37.7 %. Using a combi-
nation of Hippophae rhamnoides foliae extract with ademe-
tionine in rats with paracetamol-induced hepatitis resulted
ina 10.7 % decrease in bilirubin level compared to the same
indicator in the blood of rats of the Ill experimental group
receiving the combination “silibinin + ademetionine”.
At the same time, the level of bilirubin in the blood of ani-
mals of all experimental groups had statistically significant

BLOOD BIOCHEMICAL PARAMETERS OF RATS IN A MODEL OF ACUTE PARACETAMOL HEPATITIS
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ALT, U/L 172.16 £4.35 209.90 £ 1.07*  186.30 £ 17.37**  197.10£ 14.78 194.40 + 3.75 183.80 £ 13.08**
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Note. Differences are statistically significant compared to: * — intact group (p < 0.05); ** — control group (p < 0.05); n — number of animals in each group.
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FIG. 1.

Bilirubin concentration in rat serum in a model of acute paracetamol hepatitis. Differences are statistically significant compared to the va-
lues in: * - intact group (p < 0.001); ** — control group (p < 0.05); n — the number of animals in each group

differences with the indicators in the control. However,
it should be emphasised that the bilirubin level in Group VI
rats was restored to the values in intact rats.

DISCUSSION

One of the urgent problems of pharmacology
is the search for effective and safe hepatoprotectors
for the treatment of drug-induced liver damage. In particu-
lar, using a model of acute liver injury paracetamol is simi-
lar in pathogenesis to drug-induced hepatitis [15]. Accord-
ing to the literature, hepatotoxic doses of paracetamol lead
to centrilobular necrosis and liver failure [16-18].

It follows from the review article devoted to the com-
bined use of drugs by S.V. Okovitiy (2020) that there is cur-
rently little information about experimental and clinical
studies devoted to the study of the feasibility and possibil-
ity of combined use of hepatoprotectors [5, 19].

In a study by I. Giangrandi et al. (2016) it was shown
that taking a combination of silymarin (140 mg/day)
and ademetionine (200 mg/day) for 12 months (patients
with non-alcoholic fatty liver disease) without addition-
al dietary correction led to a decrease in the level of bio-
chemical indicators against the background of regression
of liver steatosis [20]. According to A.Y. Au et. al. (2013), “sili-
binin + ademethionine” combination inhibits both inflam-
mation and oxidative stress by affecting different signalling
pathways mediated by nuclear factor NF-B and transcrip-
tion factor Nrf2 [21].

According to the results of the experiment, it was re-
vealed that the administration of paracetamol produced
changes in AST, ALT, ALP, alkaline phosphate, GGTP and
total bilirubin activities. Paracetamol and its breakdown
products in control animals with toxic hepatitis lead
to damage of lipid bilayer of hepatocyte membranes, ac-
tivation of cytolysis and cholestasis syndromes, disruption
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of protein, carbohydrate, bioenergetics metabolism and
inhibition of enzyme systems of xenobiotics detoxification.
When administering the combination of “silibinin + adem-
ethionine”, a statistically significant decrease in the level
of all studied parameters compared to the control was ob-
served. After administering Hippophae rhamnoides foliae
extract in the therapeutic regime, hepatoprotective acti-
vity was revealed. Thus, the course administration of phy-
toextract in monotherapy mode causes a decrease in to-
tal bilirubin and alkaline phosphatase. It was also revealed
that when the liver of rats was damaged by paracetamol
and “ademetionine” therapy, the indices of the studied pa-
rameters were close to those of the intact group. Correc-
tion of the disorders revealed by paracetamol exposure
with the combination of “Hippophae rhamnoides foliae
extract + ademethionine” led to the improvement of rat
liver functional status indices, as assessed by the stud-
ied markers of liver damage: AST, ALT, GGTP, total bili-
rubin and alkaline phosphatase. But in comparing all ex-
perimental groups of animals treated with different regi-
mens, it is worth noting that the groups of rats that re-
ceived combinations of drugs had better results com-
pared to rats treated with mono-medications alone. High
doses of paracetamol are commonly known to cause ne-
crosis of some liver hepatocytes, and it takes quite a long
time for hepatocytes to recover. Nevertheless, administra-
tion of the combination “Hippophae rhamnoides foliae ex-
tract + ademethionine” during the experiment contribut-
ed to significant improvement of liver condition in acute
paracetamol poisoning.

CONCLUSION

Thus, in toxic hepatitis caused by paracetamol admini-
stration, the combined use of “Hippophae rhamnoides fo-
liae extract + ademetionine” as well as “silibinin com-
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bined with ademetionine”, in contrast to “Hippophae
rhamnoides foliae extract” and “ademethionine” as mo-
no-medications, leads to better recovery of activity level
of some biochemical indices of blood serum in experimen-
tal animals and thus, as a result, has a more pronounced
hepatoprotective effect. The obtained data provide a pre-
requisite for further research and application of the com-
plex “Hippophae rhamnoides foliae extract + ademethio-
nine” for correction of liver diseases caused by various
toxic agents.
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ABSTRACT

Background. Antiorthostatic hypokinesia (ANOH) reproduces some of the effects
of weightlessness on the human body and is used to study adaptation to space flight
conditions. It is known that ANOH affects nighttime sleep, but there is no information
in the literature on the sequence of occurrence of sleep disorders in ANOH.

The aim. To study the dynamics of subjective changes in assessing sleep quality
under conditions of antiorthostatic hypokinesia.

Materials and methods. Six healthy male volunteers (age from 26 to 34 years)
participated in the experiment with 21-day ANOH. They were on a medical bed
with a body inclination angle relative to the horizon of -6° for 21 days. To assess
sleep quality, a structured questionnaire was used that assessed sleep duration, rate
of falling asleep, night awakenings, the presence of daytime sleepiness, and daytime
falling asleep.

Results. Based on the assessment of the dynamics of the sleep efficiency index (SEl),
three stages of adaptation were identified. At the stage of acute adaptation (the first
3days), thereis a decrease in SEl from 96.4 to 91.3 (p < 0.01), a statistically significant
prolongation of falling asleep from 17.6 to 33.6 minutes (p < 0.01), an increase dura-
tion of night awakenings up to 17.4 minutes, increase in daytime sleepiness by 11 %.
In the next 3 days (the “recovery” stage), there is a statistically significant increase
in SEI compared to the first stage to 94.7 (p < 0.01), but it remains statistically sig-
nificantly lower than the background values (p < 0.004). The number of complaints
about daytime sleepiness increases (up to 42 %), evening lights off term shifts later
by 26 minutes. At the third stage (the remaining nights) there is a relative stabiliza-
tion of the sleep-wake cycle.

Conclusion. Under conditions of 21-day ANOH, a gradual change in the pattern
of sleep disturbances occurs. The most negative changes in terms of subjective
assessment were noted in the first three days. Then there is an improvement in fall-
ing asleep, a decrease in night awakenings, combined with an increase in daytime
sleepiness and the formation of a schedule with later lights off.

Key words: antiorthostatic hypokinesia, sleep, space flight, sleep efficiency index

For citation: Kovrov G.V, Vlasova A.V, Popova O.V., Chernikova A.G. Changes in the pat-
tern of sleep disturbances in healthy subjects under 21-day antiorthostatic hypokinesia.
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PE3IOME

O6ocHosaHue. AHmuopmocmamudyeckas 2unokuHesus (AHOI) socnpou3so-
oum Hekomopele 3¢hchekmebl 8030elicmeus He8ecCoMOCMU HA OP2aHU3M Yes108eKa
U npumeHAemcs 071 U3y4deHUs aoanmayuu K yc08UsM KOCMUYECKO20 Noéma.
VMzsecmHo, umo AHOI 851usiem Ha HOYHOU COH, HO 8 luMepamype omcymcmayrom
cg8edeHus 0 Nocs1e008amMesIbHOCMU 803HUKHOBEHUS HapyweHul cHa npu AHOI.
Lens pabomel. Vi3ydeHue OUHAMUKU Cyb6beKMUBHbIX U3MeHeHUl OUeHKU Kade-
C€Meda cHa 8 yc/108UAX aHMUOpMocmamuyeckol 2uNOKUHe3UU.

Mamepuanel u memoosl. B3kcnepumeHme c21-cymoyHou AHOI yuacmeosasnu
6300p08bIX MyX4YUH-006p080sIbYES (803pacm om 26 00 34 1em). OHU HaX0OUIUCb
Ha MeOuyUHCKoU Kpo8amu ¢ y2/10M HaK/IOHA meJsid OMHOCUMes1bHO 20pU30HMA —6°
8 meyeHue 21 cymok. [l oyeHKU Kayecmaa cHa 611 Ucnosib308aH CMpyKmMypupo-
8aHHbIU ONPOCHUK, OUeHUBAW UL NPOOO/IKUMEIbHOCMb CHA, CKOPOCMb 3acbind-
HUS, HOYHble NpobYX0eHUs, Hau4ue OHe8HOU COHIUBOCMU, OHEBHbIX 3aCbINAHUU.
Pe3ynemamel. Ha ocHosaHuu oyeHKU OUHAMUKU UHOeKca 3ghgekmusHocmu
cHa (M3C) 6bino 8eideneHo 3 amana adanmayuu. Ha smane ocmpou adanma-
yuu (nepsele 3 cymok) npoucxooum cHuxeHue U3C ¢ 96,4 do 91,3 (p < 0,01),
cmamucmuyecku 3Ha4umoe yOsIuHeHue 3aceinaHus ¢ 17,6 0o 33,6 muH (p < 0,01),
ysenuyeHue npoooIKUMeIbHOCMU HOYHbIX NPobyx0eHul 00 17,4 MUH, ycuneHue
OHesHoU coHnugocmu Ha 11 %. B cnedytowue 3 cymok («eoccmaHosumernbHbil»
3man) ommeydaemca cmamucmuyecku 3Ha4umoe ysesudeHue VI5Cno cpasHeHuro
¢ 1-m amanom 00 94,7 (p < 0,01), HO OH ocmaémca cmamucmuyecku 3Ha4umo
Huxe ¢hoHosbIx 3HaYeHul (p < 0,004). Bosapacmaem konu4ecmao xanob Ha OHe8Hyo
COHIUBOCMb (00 42 %), CpoKU BeHepHe20 0Mb60s CMeWaromcs No3xe Ha 26 MUHym.
Ha 3-m 3mane (ocmasuwiuecs Hoyu) npoucxo0um omHocumesibHas cmabunusayus
YUK1a «COH — 600pCMB0o8aHuUE.

3aknioyeHue. Bycnogusx21-cymoyHol AHOI npoucxoOum nocmeneHHoe u3me-
HeHUue nammepHa HapyweHuli cHa. Haubonee HezamusHble 8 niiaHe cy6vekmugHoU
OUEHKU U3MeHEeHUs 0mMeydasnuce 8 nepable 3 OHSA. 3amem ommeyaemcs ysyduweHue
3AaCbINAHUSA, CHUXeHUE HOYHbIX NPOBYK0eHUU 8 COYemaHuu € ygesudeHuem OHe8HOU
COHIUBOCMU U (hOpMUPOBAHUEM pexxuma ¢ 6osiee NO3OHUM 0MOOeM.

Knioueesle coea: aHmuopmocmamuyeckas 2UunoKUHe3Us, COH, KocMuyeckuli
nos1iém, UHOeKC 3(hcheKkmusHOCMU CHA

AnauyntupoBanua: Kosposl.B., BnacosaA.B., lNonosa O.B., YepHukoBa A.l. U3meHeHne
naTTepHa HapyLeHUA CHa Yy 300POBbIX J0AeN B yCNIOBUAX 21-CYyTOYHON aHTMOPTOCTa-
TUYecKon runoknHesumn. Acta biomedica scientifica. 2023; 8(6): 241-248. doi: 10.29413/
ABS.2023-8.6.24
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INTRODUCTION

Sleep has arole in supporting psychophysiological ho-
meostasis at the proper level and plays an important role
in the level of physical and mental performance [1]. Astro-
nauts have reported sleep disturbances during spaceflight,
which become less with the time spent in space [2].

The effect of spaceflight conditions that affect human
sleep is also studied in ground-based modelling experi-
ments. To be specific, head-down bed rest (HDBR) reproduc-
es some of the effects caused by weightlessness on the hu-
man body and has been used to study adaptation to space-
flight conditions [3]. HDBR is an exposure that disrupts
nighttime sleep. Staying for a long time with the head tilted
downward reduces intracranial perfusion and leads to sta-
sis in the jugular vein [4, 5], decreased systolic blood pres-
sure and decreased heart rate [6], and increased intracra-
nial pressure [7]. Body position also has an effect on liquor
outflow and amyloid elimination activity [8]. It was previ-
ously shown with the use of polysomnography that under
HDBR conditions there is a lengthening of the latent peri-
ods of stages 1,2 and 3 of sleep, an increase in the duration
of nocturnal awakenings and stage 2, as well as a decrease
in the duration of stage 3 of sleep, the stage with rapid eye
movements [9]. Studying sleep during the first day of hy-
pokinesia has shown that there is a decrease in the stage 3
of sleep, the stage of sleep with rapid eye movements, an in-
crease in stage 1, as well as a deterioration in the subjective
quality of sleep[10, 11]. The other study observed a decrease
in stage 4 sleep and an increase in the frequency of awak-
enings during experimental bed rest when the head was til-
ted downwards by -6°[12, 13].

In a single study, the authors have observed that during
the first 3 days of HDBR, nocturnal sleep, level of daytime
vigour and psychophysiological functions were not im-
paired, although a slight deterioration of attention func-
tion was observed in the morning [13].

In HDBR conditions, along with deterioration of sleep
quality, daytime symptoms of circadian rhythm distur-
bance - the appearance of sleepiness, development
of physical and mental fatigue are also observed [14].

An absence of any evidence in the literature about
the consistency in the occurrence of sleep disturbanc-
es during HDBR determined the purpose of our work
as a study of the dynamics of subjective changes in the as-
sessment of sleep quality under conditions of head-down
bed rest.

MATERIALS AND METHODS

The study is an open pre-experimental, prospective re-
search. It was undertaken 5 days before HDBR (baseline as-
sessment) and daily under HDBR conditions in the evening
(for 21 days). Six practically healthy male volunteers aged
24to40years (mean age - 29.8 + 4.6 years) with body weight
75.2 + 8.8 kg, body length 177.8 + 5.3 cm, body mass index
(BMI) 23.8 + 2.7 kg/m? were enrolled in the study. All parti-
cipants had undergone medical selection by the medical ex-
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pert commission of the State Science Center of the Russian
Federation - Institute of Bio-Medical Problems of the Rus-
sian Academy of Sciences, during which no diseases and pa-
thologies preventing participation in the experiment
were found. Each participant had signed a voluntary in-
formed consent to participate in the experiment before be-
ing enrolled in the study. The study programme has been
approved by the Biomedical Ethics Commission of the State
Scientific Centre of the Russian Federation - Institute
of Bio-Medical Problems of the Russian Academy of Scienc-
es (SSC RF - IBMP RAS) (Protocol No. 621 dated August 8,
2022). The inclusion criteria for the study were the conclu-
sion of the medical expert committee and consent to par-
ticipate in the study.

The study was conducted on the basis of the SSC RF -
IBMP RAS. Volunteers were kept in an anti-orthostatic posi-
tion on a medical bed with a body angle relative to the ho-
rizon of —-6°, without exercise and with moderate restriction
of movement for 21 days.

Environmental factors: according to the study cy-
clogram, lights were turned off after 23:00. Additionally,
the gadgets remained close to the participants at all times,
but their use during the night was not monitored.

The study assessed data from questionnaires con-
ducted 5 days before HDBR and daily under HDBR condi-
tions in the evening (for 21 days). A structured question-
naire (non-validated) was specifically designed to identi-
fy sleep and wakefulness patterns, where participants an-
swered questions related to sleep quality and sleep-wake
cycle patternsin the evening. At its core were questions re-
flecting basic characteristics of sleep quality (sleep duration,
rate of falling asleep, nocturnal awakenings) and wakeful-
ness activity (presence of daytime sleepiness, daytime fall-
ing asleep, circadian distribution of activity). The question-
naire was not validated. The questionnaire is presented
in Figure 1 (non-validated).

From the questionnaire data obtained, a sleep effi-
ciency index (SEI) [1] was calculated as the ratio of the time
from lights off term to final awakening to the same time
minus the duration of falling asleep and nocturnal awak-
enings. The rest of the answers to the questions were
scored. Responses reflecting worsening sleep and wake-
fulness quality corresponded to an increase in point es-
timates.

Statistical processing was performed using Statis-
tica 10.0 program (StatSoft Inc., USA). In this analysis,
the rank, quantitative (non-normal distribution) nonpar-
ametric Mann - Whitney test was used to compare unre-
lated groups.

RESULTS

Asurvey of trial participants revealed that 5 out of 6 heal-
thy volunteers were bothered by long periods of falling
asleep and night wakings during the first days of the ex-
periment. Sleep disorders were associated by the partici-
pants with uncomfortable sleeping conditions and chang-
esin the horizontal axis of the body, redistributing body flu-



ids. In the following days at HDBR, their sleep problems be-
came less of a problem.

Based on questionnaire results during the entire HDBR,
all volunteers episodically reported difficulty falling asleep,
nocturnal awakenings, increased daytime sleepiness accom-
panied by daytime sleepiness and drowsiness.

A study of sleep patterns based on a questionnaire
we had designed revealed that during the 21-day HDBR pe-
riod, the trial participants established a regime with a sta-
tistically significant later lights off and later morning awak-
ening compared to background studies. The data are sum-
marised in Table 1.

Sleep

When the questionnaire has been analysed,
it was found that under HDBR conditions, falling asleep
for more than 30 minutes was observed to occur during
10 % of nights; in 24 % of cases, the time to fall asleep
was between 15 and 30 minutes, and only 66 % of cases,
the duration of falling asleep remained within the normal
range (quick guide).

In analysing the number of awakenings within the HDBR
condition, it was found that 10 % of the participants re-
ported nocturnal awakenings lasting more than 30 min-
utes, and 90 % of the participants slept without prolonged
awakenings.

Sleep-related questions refer to past sleep.
1. What time did you go to bed?
2. How long did it take you to fall asleep?

Up to 15 minutes
Up to 30 minutes
Up to 1 hour
More than an hour

3. Waking up at night for more than 30 minutes

0 times

1 time

2 times

More than 2 times

4. What time did you finally wake up?

Wakefulness

Wakefulness questions refer to the past day.
1. Have you had any drowsy states or daytime naps?

0 times
1 time
2 or more times

2. Have you had any daytime sleepiness?

Yes
No

3. Your activity during the day was higher

Until 12:00.
12 to 5:00 p.m.
From 5:00 p.m.
FIG. 1.
Structured “Sleep — wake” questionnaire (non-validated)

TABLE 1

MAIN ANALYZED INDICATORS OF THE “SLEEP - WAKE” QUESTIONNAIRE

Indicators Background data HDBR data p
Lights off (astronomical time) 23:35 00:47 0.001
Morning awakening (astronomical time) 07:25 07:52 0.01
lessgngi;irr::i\(;;ilel:ﬁ:;%)f,agling asleep and waking time 7:08 715 0.90
Sleep efficiency index, % 96.43 94.39 0.26
Falling asleep time, h 0:29 0:40 0.37
Representation of drowsiness, % 33 63 0.044
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An assessment of daytime wakefulness patterns re-
vealed that throughout the HDBR, participants reported
increased daytime sleepiness with occasional drowsiness.
The presence of sleepiness and daytime falling asleep during
wakefulness was noted in 61 % of cases, and in 8 % of cases
daytime falling asleep could be more than 2 times per day.

SEl values, time to fall asleep, wakefulness time during
nocturnal awakenings, and daytime sleepiness were used
to assess sleep quality. The dynamics of these indicators is
summarised in Figure 2.

The worst night was the first night of the HDBR stay.
Compared to background data 5 days before HDBR, sleep
on the first day was characterised by a decrease in SEl from
95 to 84 % (p = 0.013), a statistically significant prolonga-
tion of falling asleep from 17.55 to 42.1 min (p = 0.050),
and an increase in the duration of nocturnal awakenings
from 4.8 to 34.8 min.

Three stages of adaptive changes in the sleep-wake cy-
clein a21-day HDBR condition were revealed based on vis-
ual assessment of SEl dynamics, time to fall asleep, duration
of nocturnal awakenings, and daytime sleepiness.

Table 2 summarises the mean values of some indicators
reflecting the quality of sleep and wakefulness for the high-
lighted stages.

24 hours HDBR sleep; LS Means
F(20, 99) = 1,9928, p = ,01379
Vertical lines — 0.95 confidence interval

Stage 1 - stage of acute adaptation, where dur-
ing the first 3 days there is a decrease in SEl indices
from 96.4 to 91.3 % (p < 0.01), statistically significant
prolongation of falling asleep from 17.6 to 33.6 min
(p < 0.01), increase in the duration of nocturnal awak-
enings up to 17.4 min; there is no increase in daytime
sleepiness.

Stage 2 - recovery stage (next 3 days), where SEl sta-
tistically significantly increased compared to stage 1
up to 94.7 % (p < 0.01) but remained statistically signif-
icantly less than it was in the background (p < 0.004).
The number of cases of daytime sleepiness indices increas-
es by 38 %, the evening lights off time becomes even la-
ter by 26 min.

Stage 3 - the stage of relative stabilisation of the sleep-
wake cycle (remaining nights). It is observed here the la-
test time of lights off —at 1 a.m. (p < 0.003) - in comparison
with all stages of adaptation and background indicators
(lights off time in the background — 23:36, in stage 1 -23:54,
in stage 2 - 00:20); the latest awakening time was at 8 a.m.
(08:03) (in the background - 07:16, in stage 1 — 07:34,
in stage 2 - 07:31), while sleep quality indicators (falling
asleep time, night awakenings, SEl) and daytime sleepiness
did not differ compared to background.

24 hours HDBR sleep; LS Means
F(20, 103) = 1,6322, p = ,05
Vertical lines — 0.95 confidence interval
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Changes in sleep and wakefulness characteristics under 21-day HDBR conditions
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TABLE 2

STATE OF “SLEEP - WAKE” CYCLE INDICATORS AT DIFFERENT STAGES OF ADAPTATION ACCORDING TO QUESTIONNAIRE

RESULTS

HDBR stages Background 1st stage 2nd stage 3st stage

Lights off (astronomical time) 23:36 23:54 00:20 01:00
Falling asleep time, min 17.55 336 24.6 19.8
Wakefulness time during awakenings, min 4.8 17.4 6.9 0.09
Lights On (astronomical time) 07:16 07:34 07:31 08:03
Time in bed, h 7.63 7.66 7.15 7.04
Presentation of drowsiness, % of cases 33 44 82 62
SEl, % 96.33 91.32 94.73 94.91
HDBR Stage 1 HDBR Stage 2 HDBR Stage 3

o

= SEI

FIG. 3.

= drowsiness

= lights

Differences of sleep-wake cycle indicators with background in standardised units at different stages of HDBR

Since the indicators are multi-dimensional,
a data standardisation procedure was undertaken
where the sample mean of the indicator is assumed
to be 0 and its standard deviation is assumed to be 1. Dif-
ferences with background values for all selected HDBR
stages were calculated from standardised data. The re-
sults are summarised in Figure 3. The presented figure
shows that in the acute period of adaptation the great-
est changes are associated with a decrease in the sleep
efficiency index, in stage 2 - with a shift in lights off
time and an increase in daytime sleepiness, in stage 3 -
with a shift in lights off time to later.

DISCUSSION

The interest in studying the particularities and timing
of adaptation of somnogenic mechanisms to existence
in extreme conditions is of definite importance, being
able to predict the features of sleep in different periods
of adaptation [2]. The results obtained allowed this study

to identify successive stages of circadian system adapta-
tion to HDBR conditions. The selected stages and their ti-
ming are conditional, as this selection was made on the ba-
sis of visual assessment of some indicators of the ques-
tionnaire describing the peculiarities of the sleep-wake
cycle. Statistically significant differences have been re-
vealed between these stages, but it is not entirely cer-
tain that the adaptation time stages that were defined
are definitive, and further studies may present the time
required for habituation to HDBR conditions in a different
way. There is sufficient variation in SEl indices even during
the period of acute adaptation (during the first 3 nights).
Whereas on the first, worst night, SEI values are only
84 % (normal SEI should be more than 85 %), the follow-
ing two nights the quality of sleep begins to recover -
the average SEl value is 92 %. For this reason, it is possi-
ble that the acute adaptation phase may comprise only
a single night and the remaining days may be classified
as the sub-acute recovery phase.

Assessment of the state of the sleep-wake cy-
cle at stage 2 of adaptation (recovery stage) and analy-

246
Experimental researches



sis of its clinical manifestations is an important compo-
nent of the performed study. The gradual improvement
in sleep quality during the recovery phase was combined
with an unexpected finding of a 38 % increase in episodes
of daytime sleepiness. The diagnosis of insomnia in clini-
cal medicine is based not only on the assessment of sleep
quality, but also on the assessment of wakefulness quality,
including daytime sleepiness, as a characteristic indicating
the negative impact of poor sleep quality on subsequent
wakefulness [15]. This raises the suggestion that the in-
crease in daytime sleepiness with improved sleep quali-
ty and unchanged sleep duration is a characteristic inde-
pendent of sleep quality but possibly reflects an increased
need for nocturnal sleep on days 4-6.

The remaining nights associated with stage 3
of relative adaptation were closest to background val-
ues. The assessment of this stage showed that chan-
ges in the sleep-wake cycle consisted in approaching
the background values of the parameters that were as-
sessed, which is a positive sign of adaptation. The fact
that there is a significant shift in lights off and morning
rise and fall to later hours during the relative stabilisa-
tion phase appears to be of particular interest. A shift
to later bedtime is often revealed in healthy individuals
under different stressful situations [16, 17]. It is assumed
that the most likely reason for the development of lat-
er lights off time is probably caused by features of prior
wakefulness (low physical activity). Ultimately, shifting
the lights off time results in a later rise. The phenomenon
of regime shift to later dates appears to be an important
factor posing a potential threat to circadian rhythm sta-
bility in general [18].

Apart from the findings that were highlighted about
the stages of adaptation, a number of shortcomings
of the study have also been revealed, which impose a num-
ber of limitations. These include the small size of the group
and the use of subjective assessments of the quality
of the sleep-wake cycle.

CONCLUSION

Under HDBR conditions, there is a sequential occurrence
of various circadian rhythm disorders: a decrease in sleep
efficiency index as a result of lengthening of falling asleep
and the appearance of nocturnal awakenings, followed
by the development of hypersomniac symptoms (daytime
sleepiness) against the background of improved nocturnal
sleep, and then a gradual shift of the sleep regime to later
periods. At different stages of circadian rhythm adaptation
to HDBR conditions, the holistic picture of insomniac dis-
orders changes, constituting a pattern of sleep disorders
specific for each stage in healthy people under conditions
of 21-day head-down bed rest.
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