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3a nepuox ¢ 06.04.2020 no 24.05.2020 cneuna-
mucramu OBYH [MHUU snunemuonoruu Pocriorped-
HaJ30pa IPOBENEHO MOMYISIIMOHHOE HCCIIEI0BaHUE,
KOTOPOE TMO3BOJIMJIO OLIGHUTHh YPOBEHb LHUPKYISALUH
SARS-CoV-2 cpeau Hacenenus MockBel 1 MockoB-
ckoii obnmactu. Beero oGcnenosano 75 940 ycnoBHO
370POBBIX JIMIl, HE HMMEIOIIMX CHUMITOMOB pECIH-
paropHbIx 3abojeBanuil. Tarke ¢ Hadanda moxbeMa
3aboneBaemoctT COVID-19 B MOCKOBCKOM perHoHe
o0cIieIoBaHbl OTHENbHBIE KaTeTOPUU MAIlUEHTOB (1 =
83 699). UccnenoBanus BHITIONHSIIN C MOMOIIBIO Pa3-
paborannoii n npoussonumoi B ®5YH LIHUU snimne-
muosnorun PocriorpedHan3opa TecT-CuCTeEMbI « AMILITHU-
Cenc® Cov-Bat-FL» (perucrpannoHHoe yA0CTOBEpe-
Hue Ne P3H 2014/1987 ot 25.03.2020).

U3 o6cnenoBaHHON KOTOPTHI YCIOBHO 340POBOTO
HaceneHust Mockockoro peruona PHK SARS-CoV-2
BeistBIIM ¥ 5321 (7,01%) uemoBeka (95% AN 6,83—
7,19%), gactora obHapyxenus PHK SARS-CoV-2 B
Mockse coctaBuna 7,12% (6,87-7,37%) u B8 Mockos-
ckoit obnactu — 6,87% (6,60—7,14%), 4T0O MO3BOJSACT
KOHCTAaTHPOBAaTh OTCYTCTBUE Pa3IMIMIi B YACTOTE OMpe-
nenennss PHK SARS-CoV-2 B atux cyonekrax Poccuu.

BaxxHoe 3HaueHue 17151 OLIEHKH SITHIEMHOJIOTHYEC-
KOW CHUTyallMu M OTIpeeSICHHs] HallpaBJIeHHUs ee IBOITIO-
UM MMEeT IMHAMHKa aHaJM3HPYEeMOro IOKazaTes
(prcyHOK).

Crenyer OTMETHTh, YTO 3HAYEHUS IOKa3arels
ypoas nupkynsiun PHK SARS-CoV-2 Ok BecbMa
BapuabenbHBIMU, TpUdeM B MOCKOBCKOM 00JIacTH KO-
nebanusg HocwiM OoJiee BBIPAKEHHBIA XapakTep, 4eM
B Mockse. Tak, B MockoBCkoi oOnacTu oOpamaroT
Ha ce0s BHUMaHUE 5 mUKOBBbIX 3HadeHuid: 11.04.2020

! 3nech u manee B CkoOKax npuBeeH 95% NOBEPUTEIbHBIH
HHTEpBAJ.
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(15,2%), 28-29.04.2020 (15,4 u 17,9% cooTBeTCTBEH-
HO), 03.05.2020 (13,5%) u 07.05.2020 (14,7%).

MuHMMaTbHBIC 3HAYCHUST OTMEYCHBI Ha QoHe 00-
mero cHmkeHus yactoTel neteknuu PHK SARS-CoV-2
u cocraBuwi 2,7% (20.05.2020), 2,5% (21.05.2020) u
2,8% (24.05.2020). B MockBe nMuKoBbIe 3HAYCHYSI ObLITH
HECKOJIKO HIKE U 3adukcupoBaHbl Ha ypoBHe 11,9%
(16.04.2020), 11,0% (17.04.2020), 11,9% (21.04.2020),
11,2% (28.04.2020) u 10,4% (08.05.2020). Munumy-
MBI TaK)Xe MPHUILUIUCH Ha 3aKIIOYUTEIbHBIC JHU MEpHU-
oma Habmogenus — 23-24.05.2020 (1,8 u 1,9% coot-
BETCTBEHHO).

ITo xapakrepy KpUBBIX 3HAUEHUI YaCTOTHI IE€TEK-
uuu PHK SARS-CoV-2 cpenu HaceneHus HaMu BBIJe-
JIeHBI TPU BpeMeHHbIX oTpe3ka (06—28.04.2020, 29.04—
12.05.2020 u 13-24.05.2020), misi KOTOPBIX OBLTH
paccuuTaHbl BEIMYUHBI TEHACHIMNA AWHAMHUKH aHaJIH-
3upyemMoro nokasarens. Tak, B nepuoxn 06-28.04.2020
B Mockse 1 MockoBcKkoit 001acTu 3a(huKCUPOBaH yMe-
peHHbIN pocT ¢ Temnamu npupocta Tpocra = +1,3%
u Tpocra = +3,0% B neHp coorBercTBeHHO. C Hamei
TOYKM 3pEHMs, BO3pacTarollee KOJIWYECTBO IOTEH-
LOUABHBIX HCTOYHUKOB HMH(MEKIUH CBHUIETEIbCTBY-
eT 00 HMHTeHCHU(HKALWU SMUAEMHUYECKOr0o IMpolecca
COVID-19 B uccrnenyembix cyobekrax Poccuu.

B cepenune mnepuoma HaOmomenus (29.04—
12.05.2020) B MockBe u MOCKOBCKO# 0071aCTH BBISIB-
JICHBl pa3Nu4Ms B JUHAMHUKE aHAIM3UPYEMOTO MOKa-
3arensi. Tak, B MockBe uactora oOHapyxeHuss PHK
SARS-CoV-2 B monynsiiuu cTajna CHUXKATbci C yMe-
pennoil nareHcuBHocThiO (TcHmk. = —1,8% B neHs),
Toraa Kak B MOCKOBCKOM 00JacTH MPOJOKUIICS yMe-
pennsriii poct (Tpocta = +3,3% B 1eHB).

3akmountenbubie 10 nHEH neprona HaOmOAEHUS
XapaKTepPU30BAIUCh BBHICOKUMH TEMIIAMU CHHKECHUS
gactoTsl onpenenernss PHK SARS-CoV-2, xotopsie B
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YpoBeHb umpkynauum SARS-CoV-2 cpeam ycnoBHO 300poBoro HaceneHus Mocksbl 1 MockoBckor obnactu
B nepwvog pa3sutns anngemmm COVID-19.

The rate of SARS-CoV-2 circulation among relatively healthy residents of Moscow and Moscow Region
during the COVID-19 epidemic outbreak.

MockBe u MocKkoBcKoii o0nacTu coctaBmwin Tpocra =
—5,9% u Tcamxk. = —11,1% B 1eHb COOTBETCTBEHHO.

BwMmecTe ¢ TeM NoNOKUTEbHAS TCHICHIUS pa3BU-
TUs ’mmaemudeckoro npouecca COVID-19, ycranos-
JICHHAs! HA OCHOBaHMU JTUHAMHUKHU YaCTOTHI OOHApYyKe-
Hus SARS-CoV-2 B nonymsinyy, He aeT MmpeacTasiie-
HUs 00 OOIIEM 3MUIEMHOIOTMYSCKOM OJIaromnoiydnu.
OpuuMm U3 MoKa3zareneil, KOTOPHIM, MO HalleMy MHe-
HUIO, KOJIMYECTBEHHO XapaKTepH3yeT MUAEMHOIOTH-
YECKYIO0 CHTYalHuIO, SIBJISIETCS YPOBEHb LUPKYJISILIUU
SARS-CoV-2 B momynsauuu. Hamu mpoBeneHo cpas-
HeHHWe cpemHell dacToTrbl oOHapyxkenns PHK SARS-
CoV-2 y o0ciiefioBaHHBIX JIUIL 32 7—9-THEBHBIC UHTEP-
Banel ¢ 06.04.2020 mo 24.05.2020 (Tadnauua).

MOXHO KOHCTaTHpOBaTh, YTO B TEUYECHHE BCETO
nepuoaa HadmroaeHus: B Mockse 1 MockoBckoli obna-

CTH IOCTUTHYTO cymiecTBeHHOE (B 3—4 paza; p < 0,001)
CHIDKEHHE YIENFHOTO Beca JIML, KOTOPbIE SIBISUIUCEH
MOTEHIUAIEHBIMH UCTOYHMKAMH WH(EKIHH, YTO, IO
HallleMy MHEHHIO, MOXKET CIIY)KUTh MPETUKIHen Nallb-
HEHIIero yayqleHns SITHIeMUOIOTHYECKOM CHTYaIHH.

[Tonmy4yeHHble AaHHBIE CBUICTEIBCTBYIOT 00 3¢-
(DEeKTUBHOCTH TPOBOIUMBIX IPOTUBOIUAEMHYECCKUX
Meponpustuil. Tak, npunATeI B Mockse ¢ 25.03.2020
PEKMM CaMOM3OJBSIMK Hayall OKa3blBaTh 3HAYMMBIN
3¢ deKT, BeIpakaromuiics B CHIKEHUH YIEJIbHOTO Beca
yvn, uHbunupoBaHHbIX SARS-CoV-2, mpumepHo Ha
6—7-i1 Henene (pucyHok). [lo HanieMy MHEHHUIO, CPOKH
Havaja BIUSIHUS PeXHMa caMoM30isiuud B MoCKBe U
Havaja CHU)KeHHUS 4acToThl oOHapyxeHus SARS-CoV-2
MOT'YT YKa3bIBaTh Ha MPOIOIDKUTELHOCTh HHKYOAIIMOH-
Horo niepuona COVID-19 Gonee 14 mHeii, a Takke Ha

CpeaHss yactorta o6HapyxeHuss PHK SARS-CoV-2 B MockBe n MockoBckon o6nactu 3a nepuopg 06.04-24.05.2020
The mean frequency of detection of SARS-CoV-2 RNA in Moscow and Moscow Region, 6/4/2020-24/5/2020

Mocksa / Moscow
Cpok uccnegoBaHus

MockoBckasi obnactb / Moscow Region

Duration of study %
("]

95% N
95% confidence interval

95% AU

0,
t 95% confidence interval

06-12.04.2020 7,04 6,13-8,04 11,66 10,09-13,39
28.04-04.05.2020 7,60 6,90-8,35 8,53 7,63-9,50
16-24.05.2020 3,30 2,93-3,70 3,39 3,06-3,75
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JUTUTENFHOE BBIIENICHHE BUPYCA Y PEKOHBAJIECLICHTOB,
41O TpeOyeT TIIATEeNbHOro Hay4HOoro aHamm3a [1].

BMmecrte ¢ Tem Takoe ynydileHHE 3MUAEMHOIO-
TUYECKOW CUTyallud HEAOCTAaTOYHO ISl paJuKalbHOMN
OTMEHBI OTPaHUYUTEIBHBIX MEPONPUSITHI, TOCKOJIBKY,
KaK OYEBUIHO, elle He copMHpOBaH NOCTATOYHBIH
nonyasuuoHHeld uMMyHuTeT K PHK SARS-CoV-2.
[To mnpeaBapuTeNnbHBIM [aHHBIM, Ha OJTale SIuae-
MUH, ONpeNeNsieMOM Kak cTabumimzanus (1o IuHaMU-
ke 3aboneBaemoctu COVID-19) — ¢ 16.05.2020 1o
24.05.2020, wactoTa OOHapyXeHUsS CHEIH(YUICCKHX
anTuten kK SARS-CoV-2 y cnyualiHoii BEIOOpKH JTFOICH
B MockoBckoM pernone cocrapinseT 12—15%, uro mon-
HOCTBIO KOPPENHPYET € TONyYeHHBIMA HAMU JaHHBIMH
0 4acTOTe UUPKY/ISIIUU BUPYCa CPEIH HACEICHHS.

Onpenenenne PHK SARS-CoV-2 B pa3znuuHbIx
rpynnax TMalueHTOB HWMENO0 BBICOKYIO AMAarHOCTHYe-
CKYIO 3HAaUUMOCTb. Tak, y alnueHToB ¢ IpeABaPUTEIb-
HBIM JIMarHO30M «OCTpasi peclupaTropHas BUpYCHas
uHpekuus» B 81,65% (81,18-82,11%) ciryuaes Obuia
BesiBiieHa PHK SARS-CoV-2. D10 maer ocHOBaHHSA
cuuTarh, yTo Ha Qoue nuaemun COVID-19 3toT 3TI-
OJIOTMYECKHI areHT SBISETCS OCHOBHBIM JJIsI TAHHOM
Ho30J0THYecKoi popMmbl. Cpey MAIUSHTOB C IUArHO-
30M «IHEBMOHHS», YCTAHOBJIEHHBIM Ha OCHOBAaHUH
knuHnueckoi kaptuubel, PHK SARS-CoV-2 o0Hapy-
skuu B 70,92% (70,22-72,61%) cnyuaeB. BecsMma BhI-
COKOW ClIeflyeT cuMTarh 4acToTy oOHapyxkeHus PHK
SARS-CoV-2 y nuIl, UMEBIIMX KOHTAKT ¢ 3a00JICBIIIH-
mu COVID-19, — 65,78% (65,23-66,33%). Tot ¢axr,
4TO 2/3 KOHTaKTHBIX JIMI OKa3aJIMCh MH(OUIMPOBAHHI,
CBUJICTEILCTBYET O BBHICOKOH CTETEeHN BUPYJICHTHOCTH
SARS-CoV-2, 4To cOOTBETCTBYET O0JIee MO3IHEH MO-
nenu pactpoctpanenus COVID-19 [2, 3]. OtnenbHyto
IpyIIy COCTABWIIN MALUEHTHI, 00CIeJ0BaHIE KOTOPBIX
MPOBEJEHO MO Ha3HaueHWIO Bpada. B mepuon smune-
mun yactora ooHapyxenuss PHK SARS-CoV-2 cocra-
Buna 77,34% (76,53-78,13%).

[Nony4eHHble pe3ynbTaThl MO3BOJSIOT KOHCTAaTH-
poBarb, uto auarnoctuka SARS-CoV-2 merogom 1P
B ycloBUsX pa3BuBatomieiics anuaemun COVID-19 Ha
Teppuropuu Poccun MMeer kpaliHe Ba)KHOE U CaMo-
CTOsITEeNbHOE 3HaYeHue. Bo-mepBrix, obcnenoBanue Ha
Hanuune PHK SARS-CoV-2 no3Bomnsier cBoeBpemMeH-
HO BBISBJISITH U M30JIMPOBATH MOTEHIMAIBHO OMAaCHBIX
B OIUAECMHOIOTUYECKOM OTHOILICHUHW JIMI, a TaKKe
o0ecreunBaTh ATHOJOTHYECKYIO AU PepeHINATBHYTO
JUAarHOCTHKY C JAPYTMMH OCTPBIMH PECIHUPATOPHBIMHU
3a00JIEBaHUSAMH U TPUIIIIOM, YTO UMEET NPUHIIHITHAIIb-
HO B2)KHOE 3HaU€HHE B KaueCTBE MEPbI MPOQUIAKTHKH
pacnpoctpanenuss SARS-CoV-2. Bo-BTopbiX, TouHOE
oTpeesieHHe ATUOJIOTHU 3a0olieBaHus — HEO0OXOoau-
MO€ yCJIOBHE IS TPaBUIIBHOTO BBIOOPA TAKTHKH BeJie-
HUS TMalueHTa. B-TpeTbux, NMpoBeJeHHOE TUHAMUYE-
CKO€ MOMYJIALNOHHOE UCCIIeZIOBaHUE TI0KA3allo, UTo I10-
Jy4aeMble pe3yJbTaThl MO3BOJISIOT OLIEHUBATH CTAIUIO
passuTHs nuaeMudeckoro npomecca COVID-19 [4].
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B wamem cayuae B mepByto Hemenmo (06—
12.04.2020) uacrora ooHapyxenus PHK SARS-CoV-2
cpear CiydailHO BBIOpaHHBIX 3[OPOBBIX JIOACH CO-
craBuna B Mockse 7,04%, B MOCKOBCKOM 00/1aCTH —
11,66%. D10 o3Hauano, uro 1 u3 10—13 yenoBek, KO-
TOpBIE CUUTAIOT ceOsi 3J0pPOBBIMH, MHOUIMPOBAH W
SIBIISIETCS. TIOTCHUUAIBHBIM HMCTOYHUKOM 3apaskeHHUs
s apyrux jaropeil. IMeHHO Takue HOCUTENH BUpyca
MOJIEPKUBAJIA BHICOKYIO HHTEHCUBHOCTB DUAEMHUYC-
cKkoro mnporecca B Mockse 1 MOCKOBCKOH 00acTH.

B cepenune anammsupyemoro mnepuona (28.04—
04.05.2020) B Mockse uactora oOHapyxkeHuss PHK
SARS-CoV-2 ocranace Ha npexxkneM ypoBHe (7,60%),
Toraa Kak B MOCKOBCKO# 00JacTH OTMEYEHO HEKOTO-
poe ee cumxkenue (8,53%). [IpuHIUIUaILHO Ba>KHBIM
SIBIISIETCSl CYIIECTBEHHOE CHIDKEHHE YIESIBLHOTO Beca
WHOHUIMPOBAaHHBIX JIMI B TMOCHenHIO Hepemo (16—
24.05.2020). B Mockee u MockoBckoii obmactu PHK
SARS-CoV-2 BeisiBniena y 3,30 u 3,39% obGcnemyeMbix
JIUI] COOTBETCTBEHHO.

Takum o0Opa3zom, vacrora upkyasiuun SARS-
CoV-2 B momymnsiiuu — UCKIIOYUTEIHFHO BAXKHBIN HH-
TETPaTUBHBIA SMUAEMUOIOTMYECKHUN 10KA3aTeNb, KOTO-
PpBIi TO3BOJISIET OOBEKTHBHO OLIEHUBATH MHTEHCUBHOCTD
AMUAEMHUYECKOTO0 Tporiecca U 3QHEeKTHBHOCTD TPOBOAN-
MBIX IPOTUBOAHIEMUYECKIX MEPOIPUATHiL [5].

MaccoBblil NONYNSALUOHHBIA CKPUHUHI Ha Ha-
muure PHK SARS-CoV-2 sBnsiercs BaxkHeHIIUM mpo-
TUBOSIHJIEMHYECKIM MEPONPHUSITHEM, O3BOJSIOMINM
MOJYYHTh OOBEKTHBHYIO WH(POPMAIHMIO O Pa3BUTUU
3MUIEMUYECKOT0 MPOIEcca B PeXUME PEAIbHOTO Bpe-
MeHH. C y4eToM ero 3HaYMMOCTHU JJIsl OLIEHKH JIuje-
MHOJIOTUYECKOW CUTYAIMH ITOKa3aTeNb YAeIbHOTO Beca
WHOUIMPOBAHHBIX JIMI CPEIU 3[0POBOH MOMYJALHNY,
CBUJIETENBCTBYIOLIMH 00 ypOBHE IHUPKYISIUA BHpYCa
Cpear HaceNleHHs, OYEBHIHO, OyIeT MUCIONb30BaThCs B
CHUCTEME 3IUJEMHOJIOTHYECKOT0 Ha/a30pa B KadecTBe
OJTHOTO M3 ITapaMeTpOB MOHUTOpPHHTA |5, 6].
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KnroueBble cnoBa: PHK; SARS-CoV-2; nonynsyuoHHoe uccriedosaHue; ycri08HO 300p080e HacerieHue;

COVID-19; anudemuyeckud rpouyecc.

UcmoyHuk ¢huHaHcupoeaHusi. ABTOpPbI 3asiBNSAOT 06 OTCYTCTBUU (PMHAHCUMPOBaHWS NPU NPOBEAEHUM UCCTE-

[oBaHUA.

KoHgbriukm uHmepecoe. ABTOpbI AEKIapUPYIOT OTCYTCTBME SIBHLIX U NOTEHUMAnNbHbIX KOHNUKTOB MHTEpe-
COB, CBA3aHHbIX C Mybnukawumen HacTosILLEN CTaTbMy.

Ans yumupoeaHusi: AkumknH B.I", KyanH C.H., Wunynnha O.10., AubiwnHa C.b., TueaHosa E.B., Kaner-
ckasa A.B., ConoebeBa /.B., BepwuHuHa M.A., KBacosa O.A., lNMnockupesa A.A., MamowurHa M.B., Enbku-
Ha M.A., AHgpeeBa E.E., ViBaHeHko A.B., Mukannosa O.M. Snugemuonormyeckoe 3Ha4eHne onpeaeneHms
PHK SARS-CoV-2 cpeau pa3nuuHbix rpynn HaceneHnss Mockebl 1 MockoBckown obnacty B nepuog anngemmim
COVID-19. XKypHan mukpobuomnoauu, anudemuonoauu u ummyHobuonoauu. 2020; 97(3): 197-201.

DOI: https://doi.org/10.36233/0372-9311-2020-97-3-1

From 6/4/2020 to 24/5/2020, scientists from the
Central Research Institute of Epidemiology conduc-
ted a population-based study, which made it possible
to estimate the rate of SARS-CoV-2 circulation among
residents of Moscow and Moscow Region. The study
included a total of 75,940 relatively healthy individuals
displaying no symptoms of respiratory diseases. In ad-
dition, with an increase in the number of COVID-19
cases in Moscow Region, different categories of pa-
tients were examined (n = 83,699). The studies were
performed by using the AmpliSens® Cov-Bat-FL test
system (Registration Certificate RZN 2014/1987 of
25/3/2020) designed and manufactured by the Central
Research Institute of Epidemiology.

In the examined cohort of relatively healthy res-
idents of Moscow Region, SARS-CoV-2 RNA was
detected in 5,321 (7.01%) individuals (95% CI'! 6.83—
7.19%); the detection frequency for SARS-CoV-2 RNA
was 7.12% (6.87-7.37%) in Moscow and 6.87% (6.60—
7.14%) in Moscow Region, thus demonstrating no dif-
ference in the SARS-CoV-2 RNA detection frequency
in these constituent territories of Russia.

The dynamics of the analyzed indicator is highly
important both for assessment of the epidemiological
situation and for identification of its evolution pattern
(Figure).

It should be noted that the rates of SARS-CoV-2
RNA detection varied quite considerably; the fluctu-
ations were more noticeable in Moscow Region than
in Moscow. For example, in Moscow Region, 5 peak
values call for special attention: 11/4/2020 (15.2%),
28/4/2020-29/4/2020 (15.4 and 17.9%, respectively),
3/5/2020 (13.5%) and 7/5/2020 (14.7%).

! Hereinafter parentheses contain a 95% confidence interval.

Moctynuna 25.05.2020
MpuHaTa B nevatb 26.05.2020

The minimum values were observed during the
overall decrease in the detection frequency of SARS-
CoV-2 RNA and amounted to 2.7% (20/5/2020), 2.5%
(21/5/2020) and 2.8% (24/5/2020). In Moscow, the
peak values were slightly lower and amounted to 11.9%
(16/4/2020), 11.0% (17/4/2020), 11.9% (21/4/2020),
11.2% (28/4/2020) and 10.4% (8/5/2020). The mini-
mum values were also registered during the last days
of the monitoring period from 23/5/2020 to 24/5/2020
(1.8% and 1.9%, respectively).

Based on the curve values of the frequency of
SARS-CoV-2 RNA detection among the population, we
singled out three time segments (6/4/2020-28/4/2020,
29/4/2020-12/5/2020 and 13/5/2020-24/5/2020), for
which dynamic trends of the analyzed indicator were
estimated. During 6/4/2020-28/4/2020, the moderate
increase at positive growth rates of 1.3% and 3.0% per
day was registered in Moscow and Moscow Region,
respectively. In our opinion, the increasing number of
potential sources of infection is indicative of intensifi-
cation of the COVID-19 epidemic process in the stu-
died territories of Russia.

In the middle of the monitoring period (29/4/2020—
12/5/2020), Moscow and Moscow Region showed dif-
ferences in the dynamics of the analyzed indicator. In
Moscow, the frequency of SARS-CoV-2 RNA detec-
tion in the population began decreasing at a moderate
negative rate of 1.8% per day, while Moscow Region
continued demonstrating moderate increase at a posi-
tive rate of 3.3% per day.

The last 10 days of the monitoring period were
characterized by rapidly decreasing frequency of
SARS-CoV-2 RNA detection, demonstrating negative
growth rates of 5.9% and 11.1% per day in Moscow and
Moscow Region, respectively.
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The rate of SARS-CoV-2 circulation among relatively healthy residents of Moscow and Moscow Region
during the COVID-19 epidemic outbreak

In the meantime, the positive trend in develop-
ment of the COVID-19 epidemic process, which was
suggested by the dynamics of the frequency of SARS-
CoV-2 detection in the population, does not imply over-
all epidemiological welfare. In our opinion, the rate of
circulation of SARS-CoV-2 in a population is one of
the indicators that can provide a quantitative assess-
ment of the epidemiological situation. We compared
mean frequencies of detection of SARS-CoV-2 RNA
in the examined individuals at 7-9-days intervals from
6/4/2020 to 24/5/2020 (Table).

It can be said that during the entire monitoring
period, Moscow and Moscow Region demonstrated a
substantial (3—4-fold; p < 0.001) decrease in the pro-
portion of the individuals who were potential sources
of infection, which, in our opinion, can serve as a pre-
diction of further improvement of the epidemiological
situation.

The obtained data indicate the effectiveness of the
implemented epidemic control measures. The manda-
tory self-isolation imposed in Moscow on 25/3/2020
began to have a significant effect resulting in a decrease
in the proportion of individuals infected with SARS-
CoV-2 approximately by the 6™ —7" week (Figure). We
assume that the time when the self-isolation in Mos-
cow started having its impact and the time when the
frequency of SARS-CoV-2 started decreasing can be
indicative of the COVID-19 incubation period lasting
more than 14 days as well as of the long duration of
virus shedding in convalescent patients, though our as-
sumption requires a thorough study [1].

At the same time, this improvement of the epide-
miological situation is not sufficient for immediate and
total lifting of the restrictive measures, as herd immu-
nity against SARS-CoV-2 RNA has not been achieved
yet. The preliminary data indicate that at the epidemic

The mean frequency of detection of SARS-CoV-2 RNA in Moscow and Moscow Region, 6/4/2020-24/5/2020

Moscow Moscow Region
Duration of study
% 95% confidence interval % 95% confidence interval
6/4/2020-12/4/2020 7,04 6,13-8,04 11,66 10,09-13,39
28/4/2020-4/5/2020 7,60 6,90-8,35 8,53 7,63-9,50
16/5/2020-24/5/2020 3,30 2,93-3,70 3,39 3,06-3,75
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stage defined as stabilization (by the dynamics of the
COVID-19 incidence), from 16/5/2020 to 24/5/2020,
the frequency of detection of specific antibodies to
SARS-CoV-2 in the random selection of individuals in
Moscow Region was 12—15%, thus totally correlating
with our data on the virus circulation rate among po-
pulation.

The detection of SARS-CoV-2 RNA in different
groups of patients had high diagnostic significance.
SARS-CoV-2 RNA was detected in 81.65% (81.18—
82.11%) cases among the patients provisionally diag-
nosed with acute respiratory viral infection. It means
that amid the COVID-19 epidemic this etiological agent
is the primary one for this specific disease. Among the
patients diagnosed with pneumonia, which was sup-
ported by the clinical evidence, SARS-CoV-2 RNA
was detected in 70.92% (70.22-72.61%) cases. The fre-
quency of detection of SARS-CoV-2 RNA in individu-
als who were in contact with COVID-19 patients was
quite high, amounting to 65.78% (65.23-66.33%). The
fact that 2/3 of the exposed individuals were infected
indicates a high level of SARS-CoV-2 contagiousness
and corresponds to the later model of the COVID-19
spread [2, 3]. The separate group included patients ex-
amined by the doctor’s order. During the epidemic, the
frequency of SARS-CoV-2 RNA detection was 77.34%
(76.53-78.13%).

The obtained results demonstrate that PCR-based
detection of SARS-CoV-2 during the COVID-19 epi-
demic outbreak in Russia has critical and independent
significance. Firstly, the examination for presence of
SARS-CoV-2 RNA is important for timely identifica-
tion and isolation of potentially infectious individuals
as well as for etiological differential diagnosis to distin-
guish from other acute respiratory diseases and influen-
za, which has fundamental significance in prevention of
SARS-CoV-2 spread. Secondly, the accurate identifica-
tion of the etiology of a disease is an essential prerequi-
site for the correct decision regarding case management.
Thirdly, the performed dynamic population-based study
showed that obtained results are important in assessing
the stage of the COVID-19 epidemic development [4].

In our study, during the first week (6/4/2020-
12/4/2020) the frequency of detection of SARS-CoV-2
RNA among randomly selected healthy people was
7.04% and 11.66% in Moscow and Moscow Region,
respectively. It means that 1 of 10-13 individuals who
consider themselves healthy is infected and is a po-
tential source of infection for other people. Such virus
carriers are responsible for the high intensity of the epi-
demic process in Moscow and Moscow Region.
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In the middle of the studied period (28/4/2020-
4/5/2020) the frequency of detection of SARS-CoV-2
RNA remained unchanged (7.60%) in Moscow, while
the detection frequency in Moscow Region demon-
strated a slight decrease (8.53%). The highly important
fact is that the proportion of the infected individuals
reduced significantly during the last week (16/5/2020—
24/5/2020). In Moscow and Moscow Region, SARS-
CoV-2 RNA was detected in 3.30 and 3.39% of the ex-
amined individuals, respectively.

Thus, the frequency of SARS-CoV-2 circulation
in a population is an essential integrative epidemiolo-
gical indicator providing reliable assessment of the in-
tensity of the epidemic process and effectiveness of the
epidemic control measures [5].

The mass, population-based screening for pres-
ence of SARS-CoV-2 RNA is a vitally important epi-
demic control method providing real-time and unbi-
ased information about development of the epidemic
process. Considering their significance for assessment
of the epidemiological situation, proportions of infec-
ted individuals among healthy groups, which demon-
strate rates of virus circulation among the population,
most likely, will be used as one of the monitoring
parameters in the system of epidemiological surveil-
lance [5, 6].
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MpeaBapuTeNnbHbIN KNTNHUKO-3NNAEMUNONOTNYECKUIA aHanuns
nepsbix 1000 cnyyaes COVID-19 y geten B MockoBcKom obnactu

MeckunHa E.P. ™

I'BY3 MO «MoCKOBCKMI 061aCTHOM HayYHO-UCCNeA0BaTENbCKUIA KIIMHNYECKUI MHCTUTYT M. M.O. Bnagmmunpckoro,
129110, MockBa, Poccuiickaa Gepepauus

AxTyanbHocTb. HoBasi KopoHaBupycHas nHdekums, BbidzBaHHas SARS-CoV-2 (COVID-19), npogomkaeT pac-
NPOCTPaHATLCSA MO MUPY, OAHAKO 3NMAEMMONOrmyeckas cuTyaums OTNMYaeTca B pasHbix cTpaHax. lNpeacTas-
NSIET MHTEPEC OLEHUTb NeguaTpuyeckyto 3aboneBaemMocTb B OTAeNbHOM cybbekte Poccun — MockoBckol 06-
nactn (MO), TecHo B3aMMOCBSAA3aHHOM ¢ MoCKBOW (rae 3aperncTpMpoBaHO MakCMMaribHOe KONMYECTBO CriyYaeB
COVID-19 B Poccum). OueHka anMaeMmonornyecknx AaHHbIX MHTepecHa B CBA3M C MO3OHWM Havanom anuae-
MUWYECKOro nogbema, BHeApEeHEeM Ha paHHUX 3Tanax NPeBEHTUBHOIO NOKAAyHa, LWMPOKUM TECTUPOBaHUEM BCEX
BbISIBMEHHbIX KOHTAKTHbIX L.

Lenb paboTbl — oueHUTb NegnaTpuyeckyto 3abonesaemocts COVID-19 ¢ onpegeneHmem ee BegyLUmMX KNMHKU-
KO-3MMAEMUOIOTMYECKUX XapakTEPUCTMK Ha MaTepuanax ouumnanbHOro MOHUTOPUHIA 3a TEKYLLEN cuTyaunen
B MO.

Matepuanbl n metoabl. [TpoBegeH PeTPOCNEKTMBHBIN aHanNM3 BCeX negmatpuyeckmx criydyaeB nabopaTtopHo
noaTeepxaeHHon COVID-19 B MO (1047 getel Bcex BO3pacToOB) C MOMEHTa Havana peructpauum B nopsigke
€XXEeHEBHOTO MOHWTOPUWHIa 3a 3NMAEMUOIONMYECKON CuTyaumen (CymmapHo B TedeHune 53 aHewn). MHdopmauns
n3sneyveHa n3 6asbl AaHHbIX TeppuTopransHoro ynpasneHus PocnotpebHaasopa MO 1 cobpaHa B pamkax cBo-
Aa no gopmMe «ExeaHeBHbIN MOHUTOPUHT AETEWN C KOPOHABUPYCHOW MHMbeKLmely», npunoxernue MAC «Ynpaene-
Hue» MO.

Pesynsratbl. [ons neguatpuyeckux cnydaes COVID-19 cpegu Bcex 3apeructpupoBaHHbiX Ha 06.05.2020
(16 590) coctaBuna 6,3% (95% W' 5,9-6,7), o6Liasi MHPULMPOBAHHOCTL NeauaTpPUYECcKon nonynaumum cybbek-
Ta — 0,07% (0,06-0,09). CpegHuii HOeKc penpoaykumm konedancsa B npegenax ot 4,8 (Ha aTane AByxXHeOeNb-
HOro 9KCMOHEeHUManeHoro pocrta) oo 2,7 (B nocnegytowem nepuoge 6onee megneHHoro npupocrta 3abonesae-
MoCTW) 1 coctaeun B cpegHem 3,8 (3,0—4,57). KoacpduumeHT odaroBoctn COVID-19 cpean neten Gbin BbiCo-
knm — 82,8% (79,7—85,6) ¢ HebONbLWIMM CpeaHMM YMCIOM BbISIBIIEHHbLIX criyqaeB B odare — 1,21 (1,16-1,26).
3HaunTenbHO npeobnaganu 6eccumnTomHble popmbl COVID-19 — 62,2% (59,2—-65,1), B TOM Yncrne y HOBOpoO-
XAOeHHbIX — 73,1%, ¢ HU3KoM YacToTon Taxenbix hopm — 0,38% (0,35-0,41) 1 HN3KMM MHAEKCOM rocnuTanuaa-
uum — 12,0 (10,1-14,2). letanbHoCTb OoTCyTCTBOBana. CpegHuin Bo3pacTt 3a60neBLnx n MHpMUMpoBaHHbIX — 8
[4; 13] neT. Manbunkm npeobnaganu HeaHauntensHo (53,2%).

BbiBoabl. [lpocnexvBaeTca oT4eTNUBas 3TanHOCTb Pa3BUTUS ANUMOEMUYECKOW cuTyaumm cpeaun aeten B MO.
Mepenaya COVID-19 B geTckom nonynsumMm ocyLecTBrsnach rmaBHbIM 06pa3oM B CEMENHbIX ovarax ¢ BTOpuY-
HbIM pacnpocTpaHeHneM. brnarogaps paHHUM NPEBEHTUMBHBIM MepPaM Y LUMPOKOMY TECTUPOBAHUIO NEPUOL, SKCMO-
HeHUManbHOro pocta 6bIn KOPOTKMM, yAanoch n3bexatb KpYMHbIX 04aroB MHEKLMU, ONOMHUTENBHO BbISIBIIEHO
17,2% ouaroB COVID-19, B KOTOpbIX NepBbiM 3aboneBwmM Obin pebeHok. Heobxogumo B AanbHenwem cobnto-
AaTb AucTaHumpoBaHue n obecneynBaTb 3PHEKTUBHYIO N30NALMI0 3ab0MNeBLUMX AETEN N B3POCIbIX, MOCKOMNbKY
BEPOSATHOCTb BbICOKOW NeamaTpuyeckor 3aboneBaeMocT MOXET 3anasfblBaTb MO CPaBHEHMIO CO B3POCTIbIMM.

KntoueBble cnoBa: demu,; kopoHasupycHas uHgpekyusi; SARS-CoV-2; anudemuonoeaussi COVID-19; snudemuo-
io2udecKuli aHanu3.

UcmovHuk ¢puHaHcupoeaHusi. ABTOpPbI 3asBNAT 06 OTCYTCTBUM (hMHAHCMPOBaHWSA NPY NPOBEAEHUN Ncche-
AOBaHus.
KoHdbnukm uHmepecos. ABTOPbI AeKNapUPYHOT OTCYTCTBME SIBHbIX U MOTEHLMANbHbLIX KOH(IUKTOB NHTEpe-
COB, CBSI3aHHbIX C Ny6nuKauunen HacTosLen cTaTbu.
Ans yumupoeaHusi: MeckuHa E.P. NpeasapuTenbHbIA KIMHUKO-anuaemMmuonorndyecknii aHanma nepsbix 1000
cny4daeB COVID-19 y geten B MockoBckon obnactu. XKypHan mukpobuonoauu, anudemuonoauu u uMmyHobuo-
noeuu. 2020; 97(3): 202-215.
DOI: https://doi.org/10.36233/0372-9311-2020-97-3-2
Moctynuna 20.05.2020
MpuHsaTa B neyatk 25.05.2020

! 3nech u manee B ckoOKax npuBeaeH 95% MOBEPUTEIbHBII HHTEPBAIL.
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Preliminary Clinical and Epidemiological Analysis of the First
1,000 Pediatric COVID-19 Cases in Moscow Region

Elena R. Meskina®

M.F. Vladimirsky Moscow Regional Research and Clinical Institute, 129110, Moscow, Russian Federation

Rationale. The novel coronavirus infection caused by SARS-CoV-2 (COVID-19) continues to spread worldwide,
though the epidemiological situation varies across countries. It is of interest to estimate the pediatric incidence in
a separate constituent entity of the Russian Federation, Moscow Region (MR) closely connected with Moscow
(accounting for the highest number of COVID-19 cases in Russia). Assessment of the epidemiological data is
interesting due to the late onset of the epidemic outbreak, the preventive lockdown imposed during the early
stages, and extensive testing of all the identified contacts.

Purpose of the study: Assessment of the pediatric incidence of COVID-19, including identification of its main
clinical and epidemiological characteristics, based on the monitoring data for the current situation in MR.
Materials and methods. A retrospective analysis of all pediatric cases of laboratory-confirmed COVID-19 in MR
(1,047 children of all ages) was performed. The time span covered the data of the daily monitoring of the epi-
demiological situation from the beginning of reporting (53 days in total). The information was obtained from the
database of the Rospotrebnadzor Territorial Administration of MR and collected in compliance with the regulations
on Daily Monitoring of Children with Coronavirus Infection, Management Section, State Information System, MR.
Results. The pediatric cases of COVID-19 accounted for 6.3% (95% CI? 5.9-6.7) of all the cases reported by
6/5/2020 (16,590); the total infection rate of the pediatric population in the region was 0.07% (0.06—-0.09). The ba-
sic reproduction number ranged from 4.8 (during the two-week exponential growth phase) to 2.7 (during the later
period characterized by a slowdown in the incidence rate) and averaged 3.8 (3.0-4.57). The clustering rate of
COVID-19 among children was high, reaching 82.8% (79.7—85.6) with a small average number of cases detected
in the cluster — 1.21 (1.16-1.26). Asymptomatic COVID-19 cases prevailed significantly, amounting to 62.2%
(59.2-65.1), including 73.1% in newborns; severe cases accounted for 0.38% (0.35-0.41) and hospitalized cases
totaled 12.0 (10.1-14.2). No death cases were reported. The mean age of the diseased and infected was 8 [4; 13]
years old. Boys prevailed insignificantly (53.2%).

Conclusion. There is a distinct stage-by-stage development of the epidemic situation among children in MR. In
the pediatric population, COVID-19 was generally acquired from a secondary household transmission within fam-
ily clusters. Early preventive measures and extensive testing helped to reduce the period of exponential growth
and, therefore, to avoid large clusters of infection. In addition, 17.2% of the COVID-19 clusters were identified as
those where the child was the first to become sick. In the future, it is necessary to practice distancing and provide
effective isolation of diseased children and adults, since the high rate of incidence in children can lag behind the
incidence rate in adults.

Keywords: children; coronavirus infection; SARS-CoV-2;, COVID-19 epidemiology; epidemiological analysis.
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AKTyanbHoOCTb

[Tangemusi, BpI3BaHHAST HOBBIM KOPOHABUPYCOM,
ACCOIIMUPOBAHHBIM C TSKEIIBIM OCTPHIM PECIUPaTOp-
HbIM cuHApoMOoM (SARS-CoV-2), 6sicTpo pacmpocTpa-
HAETCSI M1 BO MHOTHX CTpaHaX XapaKTepU3yeTCs SKCIIO-
HEHIMAJILHBIM POCTOM. B TeueHue HemHOrmM Oosiee
4 Mec maHAeMus MOI0pBalia IaXe CaMble yCTONYNBBIC
CHUCTEMBI 3/IPaBOOXPAHEHUS, UMEET 3HAYUTEIIbHBIC He-
raTUBHEIC ITOCIIEACTBHS JJIS OTJENIBHBIX JIFONEH, BCEro
YEJIOBEUSCKOrO COOOIIECTBA U yXkKe MPHUBENia K COLH-
AJIBHOM M PKOHOMHYECKOM JeCTa0WIM3allid BO BCEM

2 Hereinafter parentheses contain a 95% confidence interval.
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mupe’. BMmecte ¢ TeM oHa WHUIMHpOBaia Oecrperie-
JIEHTHBIN POCT YUCJIa HAYYHBIX UCCIICAOBAHUM, TIOCBS-
IICHHBIX PA3JIMYHBIM aclieKTaM MpOOIeMbl, HauuHAas
ot u3yuenus reHoma SARS-CoV-2, snupemwuonoru-
YECKUX U KJIMHUYECKUX XapPaKTCPUCTHK 3a00JieBaHUS
(COVID-19) no pa3paboTKu aKTyalbHBIX TEPAINEBTH-
YeCKUX cTpareruii u BakuuH. HoBas HaydHas uH(Op-
MaIlsi CTaHOBUTCS JOCTYIMHOW HCKJIIOYUTEIHHO ObI-

3 BO3. O6uosnenHas crparerust 6opsost ¢ COVID-19.
14.04.2020. URL.: https://www.who.int/ru/emergencies/diseases/
novel-coronavirus-2019/strategies-plans-and-operations
(mara obparenus 20.05.2020).
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CTpPO, YTO TMHAMHYHO MEHSET B3I/ Ha 3MHUEMHOJIO-
THUYECKYIO CUTYalMIO U TIOTEHIHPYET OOHOBIICHHUE Mep
o caepxuBaHuio pacrnpocrpaHenus SARS-CoV-2.

ONUAEeMHOIOTHYECKUE KPUBBIE, AEMOHCTPUPYIO-
e guHamuky COVID-19 B pa3HBIX CTpaHax, UMEIOT
reorpauyeckue OTIMYHA', KOTOpPbIE OO0YCIOBICHBI
B3aMMOJICHCTBHEM 1IETIOTO psifa (PakTOpoB (BHEIIHUMHU
Y BHYTPEHHUMH KOMMYHUKAIIUSAMU, pa3MEPOM CTPaHBI
Y IJIOTHOCTBIO HACENICHHS, TeorpaduuecKuM MOJIoXKe-
HHUEM, XapaKTepOM U CKOPOCTBbIO MPUHATHUS paJHuKalIb-
HBIX OTPaHUYUTENBHBIX MEp, UCTIOJIb30BAHUEM CPEJCTB
CaMO3alllUThl ¥ COLIMAIbHON OTBETCTBEHHOCTHIO Hace-
nenust). Kpome Toro, 3aperucTpupoBaHHOE YHCIIO CITY-
gaes COVID-19 HenocpencTBeHHBIM 00pa30M 3aBUCUT
OT KpUTEpPHEB TECTUPOBAHU, pPErIaMEHTHPOBAHHBIX
HAI[MOHAJIBHBIMU  TIPOTpaMMaMHU  MPOTUBOJACHCTBUS
nangemuu. B Poccun tecTupoBaHue MpPOBOAUTCS IO
pacIIMpeHHbIM NTOKa3aHUSAM C 0XBAaTOM HE TOJIBKO IPH-
OBIBIIMX M3-3a pyOexka U 3a00JIEBIIMX C CHUMIITOMAMH,
He uckirouaronmMu COVID-19, Ho ¥ KOHTaKTHBIX JIUIL B
oyarax, MEJMIIUHCKUX PabOTHHUKOB, JIUI cTapiie 65 e,
JIeTe W B3POCIBIX U3 YUPESKICHUH KPyIIOCYTOYHOIO
npeObIBaHKs TPH HAIWYUN PECIUPATOPHBIX CHUMIITO-
MoB’. Takoil moaxoa Mmo3BossieT Gojiee TOYHO OLICHUTH
SMUJIEMHUOJIOTHUECKYIO CUTYallUI0, KOTOpas MOXET OT-
JIMYaThCS OT APYTUX CTpaH Onaromapsi MUPOKOH peru-
CTpALH JIETKUX B 0ECCUMITOMHBIX (HOPM HHPEKIHH.

B Hactosimee Bpems yxe u3BecTHO, uto SARS-
CoV-2 pasBuBaercsa 3a mpenenamu FOro-BocrouHoi
A3sun, 17I€ 3aperucTpUpPOBAHO Hayallo MaHAEMUH, IPU-
4yeM crieliuUIHbIe I pETMOHOB €BpPOIEHCKHE, ceBe-
poaMepHUKaHCKHE U a3MaTCKUE IITaMMBI COCYIIIECTBYIOT
[1]. Bupyc oOHOBsI€TCS BHYTPHU XO35IMHA M HBOJIIOLHO-
HUPYET BO BpeMs SMHUAEMUYECKO nepeaadu B pa3HbIX
CTpaHax, MpuyeM HaOJroaeMas 4acToTa MyTaluid, u3-
MEHYUBOCTh IITAaMMa, TEHETHUECKUI OTOOp CO3AaI0T
CIOXHBINA KIuHUYecku creHapuii [1-3]. Ilo MueHuIO
HEKOTOPBIX MCCJIENOBATENEH, B HACTOALIUA MOMEHT
oOHapy>XeHbl TPH IIABHBIX T€HOMHBIX BapHaHTa, KO-
TOpBIE MOTYT MOJYJIUPOBaTh KIMHUUECKYIO KapTUHY U
SMUAEMHUOJIOTHIO 3a00eBanus [4]. OleHKa MMHUaeMUo-
norudeckoro craryca Poccun, B kotopoit SARS-CoV-2
pacmpoctpanwics nodke Esponsl u CIIA u e Ha
paHHEM 3Tare OblJ BHEIPEH MPEBEHTHBHBIN JIOKAAyH,
CYIIECTBEHHO JOTMOJHSET MIO0ATbHYI0 XapaKTepUCTH-
Ky MaHJIEMHH.

4 Geographic distribution of COVID-19. European Centre for Dis-
ease Prevention and Control. URL: https://www.ecdc.europa.eu/
en/geographical-distribution-2019-ncov-cases (ara oopameHus
20.05.2020).

5 Meroguueckue pexomenaanin MP 3.1.0170-20. Dnuaemuorno-
rus 1 npodpmnakruka COVID-19 (B pepakuun MP 3.1.0175-20
«M3menenust Ne 1 B MP 3.1.0170-20 «3nunemMuonorus u mpo-
¢unaktuka COVID-19», ytB. Pocniorpedbnanzopom 30.04.2020).
URL: https://www.rospotrebnadzor.ru/upload/iblock/070/
metod_recomend 3.1.0170 20 v_1.pdf (zara obparienns
20.05.2020).

OnuIeMHOIOTHYECKHE HUCCeoBaHus  3aboie-
BaemMoct COVID-19 B meauarpuyeckoi MOMyISAINU
MPEACTaBISAIOT UHTEPEC, TOCKOIBKY OHOW U3 0COOCH-
HBIX W HESICHBIX KITIOUEBBIX XapaKTEPUCTHK MaHICMUU
SARS-CoV-2 spnsercsi Gonee HU3Kash BOCHPUUMYH-
BOCTb JIETEH 10 CpaBHEHMIO CO B3pOCIbIMU. CUCTEMHBIE
0030psI J.F. Ludvigsson (45 nmyonukaruii) [5] u «0onee
no3nHss» padota I. Liguoro u coaBr. (65 myOnukarmii)
[6] HamIAqHO TPOJEMOHCTPUPOBAIU MEHBIIYIO 4acTO-
Ty ciyd4aeB, OoJiee JIeTKoe TeUeHUe C KpaiiHe peIKHUMHU
JeTalbHBIMUA MCXOJaMU. DTO CYIIECTBEHHO OTIMYaeT
COVID-19 ot apyrux pecnupaTopHBIX WH(EKIHH, B
TOM YHCJIE BEI3BAHHBIX HHBIMU BapHaHTaMH KOPOHABHU-
pycoB. [IpuurHa 3TUX COOBITHI 00CYXKIAETCs JIUIIIb HA
ypoBHe rumnote3. Cpenn HUX — Ka4eCTBEHHO OTIUY-
HbII UMMYHHBIN oTBeT y aereit Ha SARS-CoV-2 no
CPaBHEHHIO CO B3POCIBIMH, KOHKYPEHIHS C IPYTUMH
pECIMPAaTOPHBIMU BUPYCaMH, Pa3IHuUsl SKCIPECCHU
peuenTopa aHrMOTeH3WHIpEBpalaoero ¢epMeHTa
2, HeobxoaumMoro ais cesa3eiBanus SARS-Cov-2 u un-
(exun, UCroiIb30BaHUE B3POCIBIMU JIEKAPCTBEHHBIX
[penaparoB, OIOKUPYIOIIUX PEeNTOPbl AaHTHOTEH3MHA
npu JedeHuu runepronuu [7, 8]. Cienyer OTMETUTH,
YTO B OCHOBHOM IIPEACTaBICHBI HAOIIOICHUS, OXBa-
TBHIBAIOIINE HEOOINBIIOE KOIMYECTBO METUATPHUCCKUX
ciyuaeB. Haubonee 3amerHas pabora Y. Dong u coasr.
[9] Braroumna Gosnee 2135 manueHToB, IIIaBHBIM 00pa-
30M C CUMIITOMaMH 3a00JIeBaHus, OTHAKO TOJILKO y 728
u3 Hux COVID-19 Obuta noaTBepskcHa 1a00paTopHO
u 1407 ObUIM TONO3PUTETHHBIMH CITyYasiMH.

[TosTOMy pe3ynsTaThl KIMHUKO-3MUAEMHOIOTH-
YECKOro aHalln3a KPYMHBIX KOTOPT AETel ¢ MIMPOKUM
tectupoBanueM Ha COVID-19 cmoryt Oonee Tou-
HO OTOOpPa3UTh COCTOSIHUE JIETCKOH 3a00JIEBAEMOCTH.
B nononnenue cieayeT Noq4epKHyTh elie 0THO 00CTo-
SITENIbCTBO, MOBBIIIAIONIEEe 3HAYCHUE TAKOTO aHaJIM3a.
Mockosckasi obmacts (MO) — oTnenbHBI CyOBEKT
Poccun, HenmocpeACTBEHHO rpaHuvamuii ¢ MocCKBoO,
B KOTOPOI 3apErHCTPUPOBAHO HAUOOIbILIEEe YHCIIO CITY-
gaee COVID-19 B Poccun®. MO 3anumaer 2-¢ pas-
roBoe Mecto B PoccuM Mo 4HMCIEHHOCTH HaceleHUs
nocie MOCKBBI, OAHAKO TUIOTHOCTH HACENICHHsl B HEH
3HAUUTETHLHO MEHbIIE. TecHble SKOHOMUYECKUE, COLIU-
aNbHBIE W KYJIBTYpHBIE CBS3H, €IWHas TPAHCIOPTHAsS
crcreMa 0003HAYaIOT PUCKH PacIpOCTPaHEHHsI HOBOM
KOpPOHABHPYCHOH HH(MEKIUH B PETHOHE.

BrimeckazanHoe onpeaessieT akTyalbHOCTh MPo-
BEJICHHOU paboTEHI.

Heanb padoTbl — OLECHUTH NMEIUATPUUYECKYIO 3a-
ooneBaemocts COVID-19 ¢ ompeznencHuem ee Bedy-
OIMX KIMHUKO-3MUAEMUOJIOTMYECKIX XapaKTePHUCTHK
Ha Marepuanax oQUIHaIbLHOTO MOHHUTOPHHIA 32 TEKY-
et cutyarueit 8 MO.

¢ OdunpansHelil calT MUHHCTEPCTBA 3[PaBOOXPAHEHHUS [0
COVID-19 B Poccun. URL: https://covid19.rosminzdrav.ru
(nara obparmenus 20.05.2020).
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MaTepman bl 1 MeToAbl

[IpoBeneH peTpoCNEKTUBHBIN aHAIU3 BCEX MEIU-
aTpuueckux ciydaeB moarBepxkaeHHoi COVID-19 B
MO c MOMeHTa Hayala PerucTpallui B MOPSJIKE exe-
JTHEBHOTO MOHMTOPHWHTA 3a 3MUJAEMHOIOIMYECKON CH-
tyanueil (nmposoauics ¢ 02.04.2020) na 06.05.2020.
Wudopmanus o nanueHTax (BO3pacT, MoJl, MECTO K-
TEJILCTBA, IOBOJ M Jara 00CIIenoBaHus, KIMHUYECKAs
(hopma 3ab0sieBaHus) M3BJICUCHA U3 0a3bl JaHHBIX Tep-
putopuansHoro ympasieHnus Pocnorpednanzopa MO.
Ceenenust 0 popMe TSHKECTH, CPOKAX TOCIIUTATU3AIIH
ni amOynaTopHOM HaOMIOAEHUH COOpaHbl B pamMKax
cBoga mo ¢opme «EkeaHEBHBIH MOHHUTOPHHT AETEH
C KOpoHaBUpyCHOW wuH(pekuuen», npuoxkenne ['AC
«Yupapnenue» MO. Yuer ciayyaeB OCYyIIECTBICH Ha
JlaTy perucTpaluy (Jaty noiay4yeHus CBeACHUH O Too-
xkutenpHoM Tecte Ha COVID-19).

Hns muarnoctuku COVID-19 B akkpenutoBaH-
HBIX Jaboparopusix MO HCHONB30BaIUCh Pa3IHYHbIE
TeCT-CHUCTEMBI, 3aperuCTPUPOBAHHbIE HA TEPPUTOPUU
Poccuu: TIHP ¢ rubpuanzannonHo-(III00peCeHTHOR
nerexmuei «Bekrop-I1LIPpB-2019-nCoV-RG» (PBYH
I'HII BB «Bekrop» Pocniorpebnanzopa, HoBocubupck,
Komnbuogo), [P ¢ rubpunuzanuoHHo-(iroopecenT-
Hoit perexuuenr «Bextop-OneStep IIIP-CoV-RG»
(O®BYH I'HI] Bb «Bekrop» Pociorpednanzopa, Hoso-
cubupck, KonbiioBo), «OT-IILP B pexxume peaibHOTO
Bpemenu Peanbect PHK SARS-CoV-2» (AO «Bexk-
top-bect»), «OT-IILIP B pexxume peaqbHOTO BpeMeHU
SARS-CoV-2/SARS-CoV» (000 «JIHK-TexHosmo-
rus-TCy», Mocksa), [11IP ¢ rubpuau3zaiuoHHo-(IIH00-
pecuentHoit mereknumeit «AmmmmnCenc® Cov-Bat-FLy»
(IHUM1 DBnupemuonoruu PocnorpedHam3opa, Mo-
ckBa). B Teuenne mepBhIX 3 HEA TMOJIOXKUTEIBHBIC U
COMHHTEJIbHBIE OMONIOTHYECKUE 00pa3bl ObUIN TECTHU-
posansl nosropHo B ®bYH I'HI] Bb «Bekrop» Pocno-
TpeOHaa3opa, HoBocuOupck.

Y4uTeIBasi, 4TO CBEIEHUS O MAaIlMEHTaX CoAepiKa-
JIUCh B CTaHJApPTHOM HalpaBIEHUU Ha TECTHPOBaHUE
COVID-19, a Tak:ke ObUIH HEOOXOIUMEI IJIsI CIACKEHUS
3a AMUAEMHOIOTHYECKON CUTyallMed C LENb0 MPUHS-
TUSl OPraHU3AIMOHHBIX Mep (IpU HEOOXOOUMOCTH),
THYECKYIO IKCIIEPTH3Y paboTa He MPOXOIUIIa.

Craructuyeckas 00paboTKa JTaHHBIX MTPOU3BOJIHU-
Jach C MOMOIIBIO TPOTPAMMHOTO TakeTa «Statistica
6.0» («StatSoft Inc.», CIIIA). KayecTBeHHBIE TPU3HAKH
MPEACTaBICHBl B BUJIE CPEAHET0 apu(METHUECKOro +
CTaHIapTHOE OTKJIOHEHHE (G) WIH B BHUJE MeEAHaHBI
(Me), HUXKHETO M BepXHero kBapTwiel. /[uckperHsie
MPU3HAKK TMPEACTABIECHBl B BHIE YacTOTHI COOBITHH,
BBIpaX€HHOH B mpoueHTax (%) WM NMpoCaHTUMUIIIE
(0/0000) ot obmiero ymcia manueHTOB. CpaBHEHHE
JIBYX TPYIIII [10 Ka4€CTBEHHBIM ITPU3HAKaM IIPOBEIEHO C
UCIIOJIb30BAHUEM KPUTEPHs )%, CPaBHEHHE HECKOJIBbKUX
TpyMNIl OMHOBPEMEHHO — C UCIOIB30BAHUEM KPUTEPHS
¥* Ul POU3BOJIBHBIX TaOmui. CTaTHCTHYECKH 3Ha-
YUMBIMH cuuTanu paznuuus npu p < 0,05. [Ipu namu-
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YUM CTAaTUCTHUYECKON pa3HUIIbl JalbHENIIee onapHoe
CpaBHEHHE TPy IPOBOJIMIN C TPUMEHEHUEM TOTpaB-
xu Merca. JI1s KauecTBEHHOI OLIEHKH 3HAUCHHUS pa3Hu-
1Bl OBUTH paccunTanbl 95% NOBEpUTENbHBIN HHTEPBAI
JUTSL CPETHUX BEJIMYUH, JOJIU U OTHOILIEHHE LIIaHCOB.
Paccmotpensl k03¢ HUIMEHTHI, XapaKTepH3YIo-
e snuiaeMudeckuid mpouecc. MHaekc penpomyk-
mun (R, 6a3oBoe penponyKkTuBHOE 4HCI0) MH(PEKINU
[10] paccuuThIBaI N C YYETOM TOTO, YTO JUIUTEIHLHOCTH
MHKyOaIMoHHOro W 3apazHoro mnepuoga COVID-19
cocraBisgeT npuMepHo 4 nHs [11]. B xauectBe obs3a-
TEJIBHOTO YCJIOBUSI OBUIO MPHHATO, YTO MH(MEKUIUS B
MOMYJISALUY MTOoJIepkKUBaeTcs, eciu R > 1, T.e. cpenHee
YHCJIO BTOPUYHBIX CIIydaeB HMH()EKIUH, BBI3HIBAEMBIX
OJHUM HHGHUIUPOBAHHBIM HWHAMBHUIOM B MOIMYJISALUU
BOCIIPHMMYHMBOTO HACEJICHUsI, JOJDKHO OBITH Oonee 1.
Cuna uH(pekuuu (A) paccMaTpuBaliach Kak yrueibHas
CKOPOCTh WHPHUIUPOBAHUS BOCIPUUMYMBOIO Hacele-
HUS B exuHuIy BpemeHu [12]. MHUOMpOBaHHOCTSH
neauaTpudeckoi momyasuuu (%) paccUUTHIBAIN Kak
gucio ciayyaeB noarsepxaeHHod COVID-19 Ha uuc-
JICHHOCTh AeTer muasuie 18 ner B MO, uHaekc rocuu-
Tanu3anuu — Kak 7oito (%) dmcia rocinuTaln3auil
K o0IIeMy 4HCITy BBISBIEHHBIX ciiydaeB. OleHUBaIu
04aroBocTh — OTHOIIEeHHE (%) Yucia BBISBIEHHBIX
K 4YUCIIy O4aroB WHQEKIHH, KOIPPHUIUEHT O4aroBo-
¢ty — 1101110 (%) o4aroB ¢ BTOPUYHBIM paclpoCTpaHe-
HUEM K 00IeMy KOIUYECTBY 04aroB, MHIEKC 04aroBo-
CTH KaK CpeJHEe YHCIIO CliydaeB B onHOM oduare [13].
Pacuer ouaroBocTH THpOBEAEH TOJBKO CPEI JeTeil.
BocnpuuMuyuBEIM cUMTanu BCE JETCKOE HacelleHHe,
yUUTHIBast, 4To WHQeknus, BeizBaHHas SARS-CoV-2,
SIBJISIETCSI HOBOM JJIS1 YEJIOBEUECKON MOMYJISILIVH.

PesynbraTbl

Ha 06.05.2020 8 MO 3apeructpuposano 1047 ne-
nmuarpudeckux ciaydaeB COVID-19 paznuunoit Gpopmbl
TskectH, 6,3% o0miei 3aboneBaemoctu (16 590 ciy-
vaes’, Tabu. 1). KymynsatuBHas MHOUIMPOBAHHOCTD
JIETCKOTO HACEJICHHs 32 3TOT IepHoJ OblIa TOCTaTOYHO
HU3KOH (cM. Tabm. 1).

ITepBrie nenuarpuueckue ciaydan COVID-19 BoI-
siBiIeHbI B cepeanne Mapta 2020 . y 3 moapocTKoB, Ho-
cemasmux EBpory.

MOXHO BBIACIHUTH TPU dTama 3MUAEMHUYECKOTO
nogbemMa 3a00JIeBA€MOCTH € JIOCTaTOYHO YETKO Orpa-
HUYEHHBIMH BPEeMEHHBIMH HHTEPBaJIaMU:

* nepeuvii oman — ot Havana 1o 02.04.2020, xor-

Jla PETUCTPHUPOBATUCH eauHUYHBIe ciydan (11
4enoBek) cpeau nocemasmux Espony u OAD
(8 cirydaeB, B TOM 4mCIlie MiIafieHel 9 Mec) Win
nocjie KOHTAaKTa ¢ MPUEXaBUIMMHU U3-3a pyOexa
(3 genoBeka);

7 OduunanpHbIi callT MUHHCTEPCTBA 3paBOOXPaHEHHUSI
COVID-19 B Poccuu. URL: https://covid19.rosminzdrav.ru
(mara obparenus 20.05.2020).



JOURNAL OF MICROBIOLOGY, EPIDEMIOLOGY AND IMMUNOBIOLOGY. 2020; 97(3)

DOI: https://doi.org/10.36233/0372-9311-2020-97-3-2

ORIGINAL RESEARCHES

Tabnuua 1. OCcHOBHbIE anNuaemMuonornyeckne Kputepun anugemmdeckon cutyaummn no COVID-19 B negnatpuyeckon

nonynsiuumn MockoBckow obnacTtu Ha 06.05.2020

Table 1. The main epidemiological criteria for the epidemic situation of COVID-19 in the pediatric population of Moscow

Region by May 6, 2020

Mokasarenb 3HauyeHue nokasartens 95% On
Indicator Indicator value 95% CI

[ons neguatpuyecknx cryvyaes B 06LLEM KONUYECTBE 3aperncTpupoBaHHbIX criyyaes, % 6,3 5,9-6,7
The proportion of pediatric cases in the total number of reported cases, %
MHduumpoBaHHOCTE NegmaTtpuyeckon nonynaumu, % 0,07 0,06-0,09
Pediatric infection, %
3abonesaemocTb Aeten B anpene 2020 ., %/ 52,0 50,9-53,1
Incidence in children, April, 2020, 0/OODO
MHpekc penpoaykuun, M = o 3,8+0,91 3,0-4,6
Reproduction number, M £ o
OuvaroBocTb, % 121,2 97,7-149,2
Clustering, %
KoadduumeHT ovarosoctut, % 82,8 79,7-85,6
Focal rate, %
Wnpekc ovarosoctn, M+ o 1,21 £ 0,61 1,16-1,26
Clustering index, M + o
CpepHuii Bo3pacT, Me [HWKHUWI; BEPXHUIA KBApTUIb) 8[4;13] 8,13-8,77
Mean age, Me [lower; upper quartile]
WHpekc rocnutanusauun, % 12,0 10,1-14,2
Hospitalization rate, %
Tsaxenble popmbl, % 0,38 0,35-0,41
Severe forms, %
BeccumnTomHble dopmbl, % 62,2 59,2-65,1
Asymptomatic forms, %
MHeBMOHUSA, Y% 1,7 9,8-13,8
Pneumonia, %
MHdekummn BepxHUX abixaTenbHbIX nyTen, % 26,1 23,4-28,9
Upper respiratory tract infection, %
JleTanbHoCTb 0 —
Mortality

* 8mopotl sman — 2 HeJl SKCIIOHEHITUATBHOTO PO-
cra 3aboneBaemoctH (R = 3,85-4,77) ¢ ynBoe-
HUEM YHCJIa CTy4aeB B CPEIHEM 3a 2—3 THS;
* mpemuil sman — 0oliee TPOAOIKUTEIBHBIA 1
HE 3aKOHYMBIIMICSI K MOMCHTY HNPOBEACHHOIO
aHaln3a, XapaKTepU30BaJICsl 3aMeIJICHUEM WH-
TEHCUBHOCTU 3apa)KCHUs, a0CONIOTHBIA MpH-
pocT HMHOUIMPOBAHHBIX TNPHOOpEN XapakTep
noMaHoi kpuBoi (R =2,92-2,69; puc. 1).
D¢ dexTrBHAsS CKOPOCTb PENPORYKIHHA WH(EK-
UM 33 aHaJU3UPYEMBIi MepuoA Konedanach B Ipene-
nax 4,77-2,69 co cpegHUM HHAEKCOM PENpOAyKLUU
3,8 (95% U 3,0-4,57). HemHorouucieHHsle ciydau
COVID-19, accomuupoBaHHBIE C TOE3AKAaMHU U KOH-
TaKTaMH C BbBIC3KaBIIMMHU, PETUCTPUPOBATIUCHL OO
15.04.2020, vo yxxe HauuHas ¢ 02.04.2020 oTrmeTmiics
poct 3a00JieBaHU cpenu AeTel ¢ BTOPUYHBIM PacIpo-
CTpaHeHueM WH(PEKIUU B CEMEHHBIX Oo4arax, KOTOPHBIit
1 00eCTIeYrI OCHOBHYIO 3a00JIeBaEMOCTh JICTCKOTO Ha-
cenenus MO.

Ha BpeMeHHYI0 TOYKY MPOBEICHHOTO aHAJIU-
3a cayqan COVID-19 6butn 3aperucTpupoBaHbl B 55
(82,1%) TopoACKHX OKpyrax U MyHUIHUIAIBHBIX paio-
Hax MO. Onnako 43,2% oOuieit 3a001eBaeMOCTH Cpe-
o pereit obecreumm 8 (11,9%) TepputopHaibHBIX
00pa3oBaHU, OKpYXKarOIUX MOCKBY.

Cpennuii BO3pacT WHQUIUPOBAHHBIX COCTABHII
8 [4; 13] nmet, B BO3pacTHON CTPYKType 3HAYUTEIHHO
npeobnaaanu aetu crapiie 3 yieT. Bo3pacTHoll cocTas
BKJIFOUCHHBIX B aHAJIU3 ObLT CICTYFOIIUM: JIETH 1-T0 TO-
na xu3Hu — 7,3% (76), B TOM 4HCIIe HOBOPOXKICHHBIC
2,5% (26), pannero Bospacta — 10,3% (108), 3—10
ner — 38,0% (398), mompoctku — 44,4% (465). 3a
HCKITIOYEHUEM OJTHOTO MIJIAJICHIIA, BHIC3)KABIIIETO HA OT-
Ieix ¢ poaurensmu B OAD, HoBeie ciryyau COVID-19
cpenu JAeTell MitajIie roja MosSBIIKCH K KOHITY 4-i1 He-
JICI MOHUTOPHUHTA, a MIEPBBIC CIIy4au CPeau HOBOPO-
JKJICHHBIX — €IIIe MO3Ke, K KOHILy 5-if Hepenu (puc. 2).
Ha puc. 2 BuaHo, yTo 3a00n€BaeMoOCTh AeTeil paHHe-
ro Bo3pacTa M MJaJleHIeB 3HAYUTEIbHO OTCTaBaia OT
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Puc. 1. KymynatusHbI utor abcontoTHOro ynucna m npupoct cnyyaes COVID-19 B neguatpuyeckon nonynsuum MO.

YepHble cTonbukm — yasoeHne yncna cnyyaes COVID-19.

Fig. 1. The cumulative total of the absolute number and increase in COVID-19 cases in the pediatric

population of Moscow Region.
Black bars indicate the doubling in the number of COVID-19 cases.
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Fig. 2. Cumulative result of the absolute number of COVID-19 cases among children of different age in Moscow Region
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by the date of reporting.
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TaKoOBOM cpeny jAerelt crapiie 3 JIeT, IpUYeM 10 Mepe
Pa3BUTHUS SMHUIEMHYECKON CUTYAIIUH 3TOT Pa3phbIB yBe-
JIM4YuIICs, XOTs Bo3pacTHas cTpykrypa COVID-19 B nu-
HaMHUKe MOHUTOPHMHIA CTaTUCTUYECKU HE MU3MEHUIIAch
(puc. 2; Tada. 2). B renaepHoil CTpyKType He3Hadu-
TeJIbHO Tpeodnanany Maasauku — 53,2% (1eBouKu —
46,8%).

ONUIeMHOIOTHYECKUI aHaMHe3 ObUT AOCTYICH
ananu3y y 808 mereii. [IpocnexuBaercss oTueTIMBAS
ouaroBocth COVID-19 (Tada. 3). MakcumanbHOE KO-
nudecTBO ciaydaeB COVID-19 BrIsIBIEHO B CEMEMHBIX
ouyarax — 665 (82,3%). 3HauuTENBHO peXxe MPOCIEKH-
BAJIMCh MHBIC KOHTAKTHI: BBIE3KaNH 3a pyoex 12 nereit
(1,5%), xkonTakTupoBanu ¢ npuexasmumu — 3 (0,4%),
B MEIMUMHCKUX yupexneHusx — 4 (0,5%), ¢ apyrumu
moneMu — 11 (1,4%). beutu 00ciieoBaHbI B CBS3U C
cuMnTOMaMu pecriuparopHoi nadekimu 42 (5,2%) pe-
Oenka, o ooy nmaeBMoHuE — 71 (8,8%).

W3 Tabn. 1 u 3 BugHO, yto B MO Ha cTaauu pas-
BUTHS SIHIEMHYECKOTO NOABEMa Npeodaiand odaru

¢ pacapoctpanenuem COVID-19, onnako uHAEKC ova-
TOBOCTH OBUT HEOOJNBIIMM. BhISIBIEHBI O4ard B OCHOB-
HOM C OJHUM CIIydyaeM 3apa)KeHHs JIETeH, 4TO OBLIO
00yCJIOBJICHO MX pa3MepaMu. B MHOTOIETHBIX CEMBIX
HEPEIKO WHPHUIMPOBAIUCH BCE JETH, C HAUOOJIBIIUM
KOJIUYECTBOM 3aboiieBIInx — 8 yenoBek. OTCyTCTBO-
BaJIM KPYITHBIC OYaru ¢ MHO)KECTBEHHBIMU BTOPUYHbI-
MU 3apaKCHUSAMU B JIETCKUX MEIUIIMHCKUX U JIPYTUX
OpraHM3aIUAX, a TAKXKE YUPEKICHUSIX C KPYIIIOCYTOY-
HbIM yXOJoM. biaromaps mmpokoMy 0O0CIIEI0BaHUIO
nereii ¢ cumnromamu OPBU 1 MHEBMOHUY, HE MCKIIIO-
garormmu COVID-19, 65110 JOTOIHUTEILHO BEISBIIE-
HO 17,2% o4aroB HHGUIHUPOBAHHS.

B crpykrype knnanueckux gpopm COVID-19 3Ha-
YUTEJIBHO MPe00Jaaano 0ECCUMITOMHOE TCUCHHE WH-
dexuun (62,2%; Tada. 4). Yactora mHeBMOHNUHU Obliia
Hebonbmoi — 11,7%. Y Tonbko y 4 IOJApOCTKOB CTap-
mie 12 et AuarHocTUpoBaHa TsoKenas popMa ITHEBMO-
HUU, IPUYEM B MHBA3UBHOM MCKYCCTBEHHOW BEHTHJIS-
LMY JIETKUX HYXIaJcs ToJbKo 1 marueHt. B Tom yucie

Tabnuua 2. Cuna (A) n Bo3pacTtHas cTpyktypa COVID-19 B TedeHne 4 Heq nogbemMa neguatpudeckon 3abonesaemocty B8 MO
Table 2. Force (A) and COVID-19 age structure during the four week increase in pediatric incidence in Moscow Region

BospactHas ctpyktypa COVID-19, a6e. (%)
Hepens Cuna uHdekumn | Yucno crnyyaes Age structure of COVID-19, abs (%)
MOHUTOPWHra (Aathl) N, 5000 3a Hegento p (age
Monitoring week Force of infection Number of <1 1-3 ropga ot 3 go 10 net 210 net structure)
(dates) (A)s 4000 cases per week <1 roaa from 1 to from 3 to 10 210 years
year
3 years old years old old

06.04-12.04.2020 5,71 74 4(5,4) 4 (5,4) 25 (33,8) 41 (55,1) >0,05
df=9

13.04-19.04.2020 18,46 190 12 (6,3) 25(13,2) 82 (43,2) 71 (37,4)

20.04-26.04.2020 35,58 255 21 (8,2) 25 (9,8) 104 (40,8) 105 (41,2)

27.04-03.05.2020 59,69 359 26 (7,2) 35(9,7) 128 (35,7) 170 (47,4)

Tabnuua 3. Oyarn COVID-19 B neguatpuyeckor nonynaumumn MO
Table 3. COVID-19 clusters in the pediatric population of Moscow Region

KonuyecTtBo o4aros
Number of clusters

KonunyecTtBo geten
Ouvaru COVID-19 Number of children

COVID-19 clusters

abe. / abs % abe. / abs %

Bcero ovaros 657 100 796 100
Total clusters
Ouvaru ¢ ogHuM cnyyaem 3aboneBaHus (pebeHOK — eQUHCTBEHHbIN 113 17,3 113 14,2
3abonesLwui B ovare)
Single-case clusters (the child is the only case in the cluster)
Ouvaru ¢ pacnpocTpaHeHnem MHdEKLMK, 544 83,3 683 85,8
Clusters with the infection transmission,
B TOM 4Yucne
including

€ONHCTBEHHbIN 3aboneBLunii peGeHoK B odare 447 68,5 447 56,2

the only sick child in the cluster

2 1 6onee 3aboneBLUNX AeTel B ovare 97 14,8 236 29,6

2 or more sick children in the cluster

Npumeyanue. MprBeaeHHbIE AaHHbIE aHANM3NMPOBaHbI Y AeTel ¢ AOCTYNHbIM 3NUAEMUoNornyeckum aHamHesom (n = 808).
Note. The presented data were analyzed in children with an available epidemiological history (n = 808).
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Tabnuua 4. Cuna (A) u cTpykTypa knuHmndeckmx gopm COVID-19 B TeueHne nepsbix 4 Hed nogbeMa neavaTpuyecKkomn
3abonesaemoctn B MO

Table 4. Force (A) and structure of the COVID-19 clinical forms during the four week increase in pediatric incidence

in Moscow Region

Knunuueckas ctpyktypa COVID-19, a6e. (%)
Cuna nHgeKumm Clinical structure of COVID-19, abs (%)
Hepens moHuTO- (A), o/ Yucno cnyyaes
puHra (gatbl) Fo‘rc ef’ﬂg% 3a Hegenwo p (clinical
Monitoring week o Number of VHCPEKLMN BEPXHUX 6eCCUMNTOMHBIE structure)
(dates) infection (A), cases per week NMHEBMOHUS AblxaTternbHbIX nyTen opmbl
% 3000 pneumonia upper respiratory tract pmt ;
infection asymptomatic forms
06.04-12.04.2020 5,71 74 6(8,1) 15 (20,3) 53 (71,6) <0,01
df=6
13.04-19.04.2020 18,46 190 16 (8,4) 44 (23,2) 130 (68,4)
20.04-26.04.2020 35,58 255 24 (9,4) 61 (23,9) 170 (66,7)
27.04-03.05.2020 59,69 359 42 (11,7) 125 (34,8) 192 (53,5)

B 2 cliyyasix JibIXaTelibHas HEJI0CTAaTOYHOCTD | cTenenu
COTPOBOXKIANACh JTUPPY3HBIM TIOPAKEHUEM JITKUX
(>75% nnmomaau nerkux Ha KT), 9ro mociyxuino oc-
HOBaHHMEM JUIS JUATHOCTUKH TSOKENIOH (hopMblI 3a00-
neBanusi. Y OompmmHCTBa (73,1%) HOBOPOXKIEHHBIX
noaTBepxaeHa Oeccumnromuas Gopma COVID-19, y
23,1% — nerkas, y 1 mianenna (3,8%) nuarHocTupo-
BaHa ITHCBMOHHUS.

B nunamuke pa3BUTHS 3MUAEMUYECKON CUTYyaIlUU
OTMEYEHO OTHOCHUTEIILHO TMPOIMOPIUOHAILHOE YBeE-
JIMYCHUE YHCIa KIMHUYeckuX popm (puc. 3), oqHako

ABconTHOE YnCno crnyyaes

JoJisi 0ECCUMNTOMHBIX (DOPM, OCTaBasCh CTaOWIBHOM
Ha MpOTsHKEHUU 3 Helnl, Ha 4—5-i1 Helene MOHUTOPUHTA
CTaTUCTUYECKH YMEHBIIWIACh TI0 OTHOIICHHUIO K Mpe-
neiaymemy nepuoay (p = 0,0014; tabn. 4), a gons yer-
kux popm — yBenmumnacsh (p = 0,005). YnenbHsbIi Bec
MTHEBMOHUHU CTAaTHCTUYECKH He MeHsuics. JleTanmbHble
HCXOJIbI OTCYTCTBOBAJIH.

BospactHas u reHaepHas CTpyKTypa KIMHHYe-
ckux ¢popm COVID-19 npencrasnena B Tada. S. Bos-
pacT MoJOBUHBI 3a00JIEBIIMX THEBMOHHUEH OBLT cTap-
me 5 ner (p = 0,007), a cpenu manMEeHTOB € JIETKON U

1200 4
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Puc. 3. KymynatusHbin

ntor abcomntTHOro Ymcna knuHuyecknx opm COVID-19 B neamaTtpuyeckon nonynsaumm MO

Ha aaty perncrpauuin.

Fig. 3. The cumulative result of the absolute number of COVID-19 clinical forms in the pediatric population
of Moscow Region by the date of reporting.
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Ta6bnuua 5. BospacTtHasi n reHgepHas cTpykTypa knuHnydeckmnx oopm COVID-19 y getent B8 MO, a6c. (%)
Table 5. Age and gender structure of COVID-19 clinical forms in children in Moscow Region, abs (%)

n MHdekumnm BepxXHNX
Na HEBMOHNS M BGCCMMI'ITOMHb‘Ie dopmbl linical
pameTp Pneumonia OblXaTenbHbIX NyTen Asymptomatic forms p (clinica
Parameter (n=123) Upper respiratory tract infection (n=651) structure)
(n=273)
Boapacr, rogbl <0,01
Age, years df=6
<1 11 (8,9) 23 (8,4) 42 (6,5)
1-3 15 (12,2) 34 (12,4) 59 (9,1)
3-10 30 (24,4) 113 (41,5) 255 (9,2)
210 67 (54,5) 103 (41,5) 295 (45,3)
Mon
Gender
Manb4uKu 62 (50,4) 153 (56,0) 342 (52,5) >0,05
boys df=2
[EBOYKM 61 (49,5) 120 (44,0) 309 (47,5)
girls

OeccumnToMHON QopMoii mpeobaagau IeTH crapiie 3
net (p = 0,004). YactoTa MaieHIIeB U JETEl paHHETO
BO3pAcTa, a TaKKe TeHAEpHas CTPYKTYpa KIMHUYECKHX
¢dopm COVID-19 He paznuyanuck (cMm. Tadm. 5). Puck
MTHEBMOHHH Y JeTeid crapue 10 jer ObuU1 He BhILIE, YeM
y JleTeil npyroro Bo3pacTa (OTHOIIEHHE ITaHcoB 1,34;
95% AU 0,92—1,95).

HOI‘I/I‘IHO, 4YTO Cpe€au roCruTalIn3npoOBaHHbIX I1a-
UEHTOB IMpeobnagany AeTH paHHero Bo3pacta (p <
0,001; Tadn. 6), mpuueM JaEBOYEK CpeAM HUX OBLIO
oonbme (p = 0,003). Jletu ¢ COVID-19 rocnuranu-
3MPOBAIUCH HE TOJBKO IO KIMHUYECKUM W JMUICMH-
OJIOTUYCCKHUM IIOKa3aHHUsAM, HO MW II0 COLMAJIbHBIM,
KOTJIa HEOOX0MMMO OBbLIIO HANIPABHUTh HA CTAIIMOHAPHOE

JiedeHue BCIO ceMblo. J{osi MHEBMOHUU Cpely TOCIH-
TaJIM3UPOBAaHHBIX MAIMEHTOB ObUTa BecomMoil — 53
(42,1%) cnydas. Bmecte ¢ TeM, HECMOTpsI Ha 3HA4H-
TEJIbHO MEHBUIMH YIEeNbHBIA BEC MHEBMOHHU CpEIU
amOynaropHo HaOmomaBmuxcs nereu (7,9%), abco-
JFOTHOE YHUCIIO CIy4aeB OKa3aJloch He MeHbIIUM (73,
win 57,9% OT 0011ero yucia cirydaes).

O6cyxpeHne

Crnenyer akLEHTHPOBaTh BHUMAaHHE Ha CIEIyO-
LIMX KIIOUEBBIX MOMEHTAX, KOTOpBIE, BEPOSITHO, OKa3a-
T BIIMSIHUE HA MOTyYEHHBIC PE3yJIBTaThI.

1. MockBa u MO — pa3nu4Hblie CyObeKThI C MaK-
CHMaJIbHOH YHMCIIEHHOCThIO HaceneHus B Poccun, TecHO

Tabnuua 6. Bo3pacTHas v reHaepHasi CTpykTypa knuHuyeckmx cpopm COVID-19 y pneten B MO, abce. (%)
Table 6. Age and gender structure of COVID-19 clinical forms in children in the Moscow Region, abs (%)

[ocnuTanusmpoBaHHble AmbBynaTtopHoe HabntofeHve .
g:%ax:; F; Hospitalized Outpatient Is) tfﬁgm(;:;
(n=126) (n=921)
Bospacr, rogpl <0,001
Age, years df=3
<1 17 (13,5) 59 (6.,4)
1-3 19 (15,1) 89 (9,7)
3-10 32 (25,4) 366 (39,7)
210 58 (46,0) 407 (44,2)
Mon
Gender
Manb4uKm 56 (44,4) 501 (54,4) 0,036
boys df =1
[EBOYKM 70 (55,6) 420 (45,6)
girls
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B3auMOcBA3aHbl. MHorue xuren MO Tpy1oycTpoeHbI
B MocCKkBe, a MHOTHE MOCKBUYH PETYIISIPHO BBIE3KAIOT
B MO, umes 31ech 3aropogHble 1oMa U prycageOHbIe
ydacTku. KoMMyHUKalMst HaceleHus 3THX JIByX Teppu-
TOpUN MakCUMajibHO TecHasd. 1lo3Tomy, HayaBUINCH B
Mockage, snunemudeckuit mogbem COVID-19 6vicTpo
ctas cuHXpoHHBIM. Ha Tepputopuu MO pacnionoxeHsl
MOCKOBCKHE a3pOIOPThI, YTO TAK)KE BaXKHO, IOCKOJIBKY
nepsbie cnydyan COVID-19 Obutn MMIOPTHPOBaHBI B
MO wu3 Espons! u ¢ bamxknero Bocroka.

2. DnuaeMuYecKuii moxbeM 3ab0IeBaeMOCTH B
Mockse 1 MO Hayajics mo3xe, yeM B FOro-BocTou-
Holt Azuu, Ha bmmkaem Boctoke, B EBpomnie u CIIIA,
YTO, TEOPETHUUYECKH, YUYUTHIBAs MOCTOSHHOE pa3BUTHE
SARS-CoV-2, Morio noBnusTh Ha ero ciieHapuii [ 1-3].

3. loctanoBineHnneM InaBHOrO  CaHHUTapPHOIO
Bpaua® u Pacnopspkenuem IlpaBurtensctBa PO’ Obita
opraHu3oBaHa OecIpelielieHTHasi 1Mo MacmTaly mpo-
¢unakTryeckas paboTa, HapaBIeHHAs Ha HEAOMYyLIe-
HUE pacnpocTpaHeHus] HHPEKIH, BbI3BaHHOH SARS-
CoV-2, B Poccun, BrItoYasi MUPOKOE OOCIEIOBaHUE
T, TIPUEXaBIINX M3-3a pyOeka, KOHTAKTHBIX U JpY-
rux koHTuHreHToB. C 28.03.2020 B Mockse 1 MO Obn
BBEJICH MPEBEHTUBHBIA JIOKAAyH, NMPHUYEM OIpaHUYH-
TEJIbHBbIE MEPHI ObLITH €IUHBIMH.

buonorus Bupyca, KOTOPBIN SBIISIE€TCS HOBBIM IS
YeJI0BeYeCKON MOMYISIMK, BO MHOTOM OIpeeNnseT Xa-
PAKTEpUCTHKH 3IUIEMUUYECKOT0 Mporecca. PacueTHbIi
cpennuii naKyoanmonnsiit nepuog COVID-19 cocras-
nset 5,4 nus (4,1-7,0), 95% nponeHTuns pacmnpene-
nenust — 12,5 nueit (9,2-18,0) [14]. V nereit uHKy-
OalMOHHBIN TIEPUOJT MOXKET OBITh OOJiee JJTUTEIIbHBIM
[15]. Cpennue cpoku mnepemadud MHGEKIUH B oyarax
HECKOJIbKO MeHbllle — B cpeaneMm 4,6 mus (3,5-5,9)
[11]. TTuk nHGUIMPOBaHKUS BO3HUKACT JI0 WJIH BO BpPE-
Msl TOSIBJICHHSI CHMIITOMOB Y 3a00JIEBILIEro, MpUYeM
0Ka3aJock, uTo B 44—62% ciydaeB BTopuuHOE MH(DU-
uupoBanue COVID-19 npousonuio Ha NpeacHMIITOM-
HOU cTanuu 3a00JieBaHUS UCTOYHMKA 3apaxenus [11,
16, 17].

ManocuMOTOMHBIE MM OECCUMIITOMHBIE WHIU-
BUZBI BBIACTSIOT MOTEHIUANEHO WHQEKIMOHHBIH BU-
pyc HapaBHE C HMEIOUINMH SBHYIO KIMHUKY M, TIO BCei

ITocranosnenue [maBHoro canurapHoro Bpada P® ot
31.01.2020 Ne 3 «O npoBeaeHNH AOTIOTHUTENBHBIX CAHUTAPHO-
HPOTHBOAIHAEMHYECKUX (MPODUIAKTHYECKHX) MEPOIPHUSTHH
0 HEIOMYIIEHHIO 3aB03a U PACIIPOCTPAHECHHsI HOBOIT KOpOHa-
BUpYCHO# nH(ekuun, Bb3BaHHOH 2019-nCoVy.

URL: https://www.rospotrebnadzor.ru/deyatelnost/
epidemiological-surveillance/?ELEMENT ID=13625

(mara obpamenus 21.05.2020).

Pacnopsxenue IIpaButenscrea PO ot 16.03.2020 Ne 635-p
(pen. ot 15.05.2020) «O BpeMEeHHOM OTpaHWYCHHUH BBE3/A B
Poccuiickyro @enepannio HHOCTpaHHBIX IpakJaH U JuLl Oe3
IPaXkIaHCTBA U BPEMEHHOM HMPUOCTAHOBICHUH O()OPMIICHUS
U BEIJauy Bu3 1 npurnamenui». URL: http://www.consultant.
ru/document/cons_doc LAW 347693 (nara obpaieHus
21.05.2020).
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BEpOSATHOCTH, ONACHBI B CPEIHEM 3a 2,5 JHS JI0 Hayajia
3a0osneBanust U B TeueHue S5—11 aHeW mocie 3apaxe-
HUA uinu Havana cumntomoB [18, 19]. Tlo HekoTOpsIM
JIAHHBIM, CBOETO MHKa BUPYCHAs Harpy3ka MOXeET J0-
cTurarh Ha 2-i Hemese oT Hadana Oonesnu [20]. Iloa-
TBEp)KJ€HAa BO3MOXKHOCTH [UINTENBHOTO BBIJCIEHUS
Bupyca (30 nHeit u 6onee) ¢ 3aBUCHMOCTBIO OT KIIMHU-
yeckoro coctosinus naruenta [20]. B HacTosiiee Bpe-
Mmsi PHK Bupyca oOHapyxeHa y aeTeil U B3pOCIBIX He
TOJIBKO B Ma3KaxX M3 HOCa U POTOINIOTKH U B MOKpOTE,
HO U B KpOBH, Moue u ¢pexanusx [19, 21, 22].

BrleckazanHoe WILTFOCTPHPYET OOIIUPHBIE BO3-
MOXHOCTH Tepelaud HOBOW HMH(EKIHWU B YCIOBHAX
BBICOKOI BOCIIPHUMYHBOCTH, BKJIIO4Yas o4aru c Oec-
CUMNTOMHON WH(EKIMEeH, 4TO 0COOCHHO BaXKHO IS
NEeAUaTPUYECKON IIPAKTUKH, ITOCKOJIBKY Yy JETEN COLu-
aNbHbIE HABBIKU €llle HeJOCTaTOYHO pa3BUTHL. Hactos-
mrast paboTa OleHMIIa Pe3yNIbTaThl ITUPOKOTO TECTHPO-
BaHHS B Oo4arax U JE€MOHCTPHUPYET NMPUONMKEHHYIO K
peanbHOM SMUIEMUOTIOTHYECKYIO CUTYaLINIO, YTO SIBJIS-
€TCSl OJJHOM W3 CHJIBHBIX CTOPOH paboThl. OOHApYKEeH-
HbI€ B HACTOSIIEM MCCIEJOBAHWU YeTKas ITAlHOCTb
SMHUIEMHUYECKOTO TIpoliecca M CHIKeHHE 3aboreBae-
MOCTH 4epe3 2 Hejl Mociie MPUHSITHSA CTPOTUX OrpaHu-
YUTENBHBIX Mep ObUIH OTMeueHbl B Kurtae, rie 3aperu-
CTPUPOBaH cTapT nanaemun. MlHTepecHo, uro Ha GoHe
Hayasa CHIKEHHS 3a00JIeBa€MOCTD JI€TeH MpoJoimKaa
yBenuuuBarees [23].

Jnst GONBIIMHCTBAa PECIHUPATOPHBIX WHQEKIUH,
BKJIFOYAsI TPUIIT, PEIPOYKTUBHBIN MHICKC HAXOIUTCS
B Auama3one oT 1 mo 2 [24], yTO 3HAYUTETHHO HUXKE
OILIEHEHHOTO Ha (DaKTHUECKUX AaHHBIX U PACCUYUTaHHO-
ro B Matemarnueckux moxensax ans COVID-19. Ilep-
BOHAYAJIbHBIC OIEHKW PaHHEW ITUHAMHUKHU BCIIBIIIKU B
Vxane (Kuraif) mpeamnonaranu yaBoeHne yucia ciyda-
€B 3apaXCHMS JIFOJICH B TeueHHe 6—7 qHEH ¢ 0a30BbIM
penponyktuBHbIM yncioM (RO) B mpenmenax ot 2,24
(1,96-2,55) no 3,58 (2,894,39) [14, 25, 26]. Onnako
B PEAJIbHBIX YCJIOBUSAX BpEMsl YBOCHHUS YHCa CIydacs
coctasmsuio 2,3-3,3 nus co 3Hagenuem RO 5,7 (3,8-8,9)
[25], uto 6pUTO TOATBepkaeHO B Cunramype u Kopee
[17, 27]. B eBpomneiickux cTpaHax, II€ MEPONPUATHS
MO CACP’KUBAHUIO OBLTH HAIPABJICHBI HA JOKAIN3AIHIO
pacmpoctpanenus: uHpeknun, RO ObII0 3HAYNTENHHO
BBIIIE, JocTuras 6,3 [28], mpuueM, B ominuue ot 1-2-i
Henenu, Ha 3—5-i1 Hemene MpUpOCTa IUIOTHOCTH Hace-
JIEHUsI UTpajla CyIIECTBEHHYIO pOJib B paclpocTpaHe-
Huu uHbpeknuu [29]. KoCBEHHBIM TOATBEPXKICHUEM
MOCTIETHETO MOXKET CIYKUTh TOT (DaKT, 4TO 8 TeppUTO-
puanbHbIx oopazoBanuit MO (11,9%) ¢ makcuManbHOM
IJIOTHOCTBIO HAaCEIeHUs, OKpYKaromux MockBy, k 8-it
HeJese SMUIeMHYECKOro moabeMa obecneunn 43,2%
0011eit 32a0071eBAEMOCTH CpEIU JACTEH.

Pacuer mHzmekca pempoayKUMH MPOJEMOHCTPH-
poBai, uro paszutue COVID-19 B memuarpuueckoit
MOMYJISALIUH B LIEJIOM TOAYUHSETCS TEM K€ 3aKOHOMep-
HOCTAM. Hauyano sKcrnoHeHIHaIbHOTO pachpocTpaHe-
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Hus (R = 3,8-4,8) coBmagano ¢ HauaaoM BTOPUYHOTO
3apa)KCHUS B CEMEHWHBIX o4arax, 3aTeM 4epe3 2 HeJ To-
clle JIOKJjayHa HaOII0aoch 3aMeJICHHE pacipocTpa-
Henus (R = 2,6-2,9). leiictBurenbHO, O0ee MIOCKHIt
xapakTep kpuBoii B Kurtae u Kopee Ob11 1OCTUTHYT OBI-
CTpOH M30JIsIIMeN BCeX 3a00JICBIINX C UCIONIB30BaHU-
€M HOBBIX HU(PPOBBIX TEXHOIOTHH ISl MAKCUMAabHOTO
OTCJIC)KMBaHUsI KOHTAKTOB B CAMOM Hadajie BCITBILIKH
[30]. Cnenyer OoTMETHTH, YTO NPOBEACHHBIN pacder
MOKET UMETh CMEIICHHNE 13-3a 3HAYUTEIbHO MEHBIIIETO
gucna caydaeB COVID-19 B nerckoit nomynsanuu. Tem
HE MeHee IMHAMHKa 3aperuCTPUPOBAHHBIX CIIydyacB
ObLIa HAIVISITHOM.

[IpeacraBnsercs, YTO WMEHHO TNPEBCHTUBHBIH
JIOK/IayH CIIOCOOCTBOBAJI TOMY, YTO yAQJIOCh U30€kKaTh
KPYITHBIX 0YaroB ¢ MHOXXECTBECHHBIMH BTOPHYHBIMU 3a-
PaKEHUSIMU B JICTCKUX MEIUIIMHCKUX W JIPYTHX Opra-
HU3ALMAX, a TAKKE YUPEKICHUSIX C KPYyIIIOCYTOYHBIM
yxomoM. MaremaTrinieckoe MOAETUPOBAHIE CBHCTENb-
CTBYET, YTO UMEHHO HU3KHUI ypOBEHb U3MEHEHHsI TIOBE-
JEHUST MOXKET MPUBECTH K KPYITHOMACIITAOHOM nepeaa-
ye SARS-CoV-2 na nymry Hacenenus [31, 32].

AHanM3 TOATBEPIWI  YETKYK  OYaroBOCTb
COVID-19, xotopas Obuta ormeueHa panee [15, 33].
BwMmecTe ¢ Tem yacToTa 04aroB ¢ BTOPUYHBIM pacipo-
CTpaHeHHeM cpenu jaerei cocraBmia 83,3% mpu HU3-
koM ypoBHe nHpuuuposanus (0,07%), 4To 3HAYUTEIB-
HO BBIIIE paHee NMpeAcTaBIeHHbIX JaHHBIX (11% co 3Ha-
YUTENILHO Oo0Jiee BBICOKMM YPOBHEM HH()UIIMPOBaHUS
nereir 7,4%) [33]. D10, MO-BUIUMOMY, OOBSCHSAETCS
AKTHBHBIM BBISIBICHHUEM CIIy4aeB C Y4€TOM MaKCUMallb-
HO BO3MOXKHBIX KOHTAKTOB, TECTUPOBAaHUEM HE TOJBKO
3a00JICBIINX, HO U OECCUMNITOMHBIX Jiull. Kpome Toro,
yIaJI0Ch BBIABUTH 17,2% 04yaroB ¢ MepBUYHBIM CIIyda-
eM 3a0os1eBaHusl y peOCHKa, YTO MOXKET ObITh apryMeH-
TOM JJIsl IPOBEJCHUSI TECTUPOBAHHSA B CITyyae HU3KOTO
YPOBHS COL[MATILHOTO BOCTIPHATHS KAPAHTHHHBIX MEp B
oOmiecTBe, 0co0eHHO yuuThiBas, uto SARS-CoV-2 sB-
JSIeTCS HOBBIM M CHJIBHO 3apa3eH. 3HauyeHne CeMeHbIX
04aroB B pacnpoCTPaHEHNH WHPEKIINU TOTIePKUBAECT-
Csl TeM, YTO HE MEeHee MOJOBUHBI MAllMEHTOB WH(HIIU-
POBaHbI Ha MPEJCUMITOMHOW CTaJUU MHIEKCHBIX CITY-
YaeB B YCJIOBUSIX KapaHTHHHBIX Mep BHe JoMa [16].

B nenom ananu3 moaTBEpAMII, YTO BOCIPUUMYH-
BocTh kK COVID-19 neteit Hinke, 4eM B3pOCIBIX, a TaK-
e TO, YTO JbIXaTelbHas HEJOCTATOYHOCTH M JIeTalb-
HBIE UCXO/bI IPU 3TOM 3a00JIEBAHNH SIBIISIOTCS PEAKUMH
coObITHsiMU [5, 6, 15]. MHPUIMPOBAHHOCTL JETCKOTO
Hacenenust MO 06sbia Boimie, ueM B Wrtanuu [34], u npu-
MEpHO Ha TakoM e ypoBHe, kak B CIIIA [35].

OOHapyeHa  HHU3Kas 4YacToTa THEBMOHHH
(11,7%), B ToM uucie y HOBOPOXKIECHHBIX, YTO TO-
pasno HWXKE Ppe3ylbTaToB CHCTEMaTHUecKoro o63opa
I. Liguoro u coaBrt. [6] — 29 u 48% COOTBETCTBEHHO.
C 0mHOI CTOPOHBI, 3TO MOXKET OBITH CBUIETEIHCTBOM
HEKOTOPOTO 4YKCia YMYHICHHBIX CIIy4aeB, MOCKOJIBKY
ONHKCAaHbl PEHTTCHOJOTMYECKUEe HM3MEHEHHs B Kade-

CTBE CIy4YailHOW HaXOJKH y AETeH C Jerkoil Gpopmoit
3a00J1eBaHMs WK Jake OECCUMITOMHBIX [6], ¢ mpyroi
CTOPOHBI — OBITh PE3YJABTATOM IIUPOKOTO TECTHPOBA-
Hus. CaMH aBTOpPBI OTMEYAIOT, YTO JIETU MEHBIIE Te-
CTHPYIOTCS 110 CPaBHEHUIO CO B3pOCIBIMU. JlaHHBIE O
MO oTpaxaroT OJJUHAKOBBIN MOAXOMA K 00CIIEI0BaHUIO
neted M B3pocibix. JlokazareabcTBOM 6oliee Jerko-
ro teueHuss COVID-19 y nereill Takxe MOXET OBITh
HU3KUH ypOBEHb FOCHUTAIM3ALMU U €€ CTPYKTypa C
JOCTAaTOYHO OONBIION noyieldl Jerkux (opMm y aerei
paHHero Bo3pacra.

Crnenyer OTMETHTb, YTO Ha TMOCIETHUX HEIeNIX
MoOHHUTOpUHTa B MO 0TMEUeHO yBEJIWYEHHE CHUMIITO-
marudeckux ¢opm COVID-19. Ilpencrasisiercs, 4To
B JJAaHHOW BPEMEHHOH TOUKE MMONyYeHHBIH (PaKkT MOXKET
CBUJIETEIHCTBOBATh O HEKOTOPOM CHM)KEHUHU KOHTPOJIS
CUTYyaIlMH U JIOJDKCH OBITh YUTEH B JalibHEHIIEH mpak-
TUYECKOH paboTe.

OrpanuueHneM IpOBEIEHHOTO aHaJIK3a SBISAeTCs
MIPUMEHEHHE HECKOJIBKUX TeCT-CUCTEM JUIs THarHOCTH-
k1 COVID-19 ¢ pa3Hoii 4yBCTBUTENBHOCTHIO. TeM He
MeHee 3a(MKCUPOBATh HayaJIbHBIE dTalbl MOXHO JIO-
CTaTOYHO TOYHO B CBSI3U C MOBTOPHBIM TE€CTHPOBAHU-
eM o0pasnoB B pedepenc-nienTpe PocnorpebHam3opa
Poccun. be3ycnoBHO, Ha pacdeTHbIE NEAUATPUUYECKHE
NOKa3aTelu OKa3blBajia BIHMSHUE HHOUIMPOBAHHOCTD
U 3a005IeBaeMOCTb B3pOCIBIX, a oOIiee pa3BHUTHE
COVID-19 ne 6bu10 TpocnexeHo. Hecmotps Ha 310,
HAaJI0 TI0JIaraTh, YTO BISBJICHHBIC TEHACHIIMH OBLTH J0-
CTaTOYHO OIpPEEIEHHBIMU U MOTYT OTpaXaTh pe3yib-
TaThl NpUHATHIX B Poccun 1 MO npeBEeHTUBHBIX Mep.
Bunumo, 3TH Mephl OTOABUHYIM Hadajo 3MHAEMHYe-
ckoro mogbema 3aboneBaemoct COVID-19 u 3amen-
JINIIM €€ paclpOCTpaHEHHE.

BbiBOAbI

1. Ha mpumepe anammza 1047 cmyuaes COVID-19
B YCJIOBUAX PAHHCTO BHCAPCHUA MNPCBCHTHBHOI'O
JIOKJIayHa W IIUPOKOTO TECTUPOBAHUS OTMEUYACTCS
YeTKash ATAHOCTh SMUJACMUYECCKOrO IMOIbeMa Iie-
nuarpudeckoir 3aboneBaemoctn COVID-19. Dxc-
HOHCHHI/IEUII)HI)II\/'I PoOcCT, CBSI3aHHBIN C BTOPUYHBIMHA
CIIy4asiMU 3apa)K€HUsl B CEMEMHBIX O4yarax, pomaoJi-
JKaJcs 2 Hefl U 3aTeM 3aMeJUTUIICS, XOTsI YMCIIo 3ape-
TUCTPUPOBAHHBIX CIy4aeB IPOAOIDKAIO pacTh. bo-
Jiee BbICOKasi 3a00J1eBaeMOCTh JieTell OTMEeYeHa B Tep-
pHUTOpHANBHBIX 00pa3oBanusix MO, npuieraomumx K
MockBe U ¢ BBICOKOH IIIIOTHOCTBIO HACEJICHUS.

2. Cpennuii uHAEKC penponaykiuu coctasun 3,8 (3,0—
4,57).

3. Koaddunuent ouarosoctu COVID-19 cpenu neteit
0b1 BeICOKMM — 82,8% (79,7-85,6) — ¢ HeOOIb-
M CpE€AHUM YHCJIIOM BBIABJICHHBIX CITy4a€B B O4a-
re — 1,21 (1,16-1,26), xoTopblif OrpaHHYMBAICS
pasmMepaMu CeMeHHOro ovara.

4. PaHo mpeAnpuHSATHIE Mephl, HAalpaBJIeHHbIE HA He-
pacnpoctpanenue COVID-19, mno3ponwiu wu30e-
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10.

11.

JKaTh KPYyIHBIX 04aroB C MHOXKECTBEHHBIMU BTOPHY-
HBIMHU 3apaKCHUSIMU JIETEM.

. 3HaYUTEeNnBHO Tpeolnananu 0ecCUMIITOMHBIC (op-

mbl COVID-19 — 62,2% (59,2-65,1), B ToM umcie
Yy HOBOPOXJEHHBIX — 73,1%, ¢ HM3KOM Y4acTOTOMU
Tsixensix hopm — 0,38% (0,35-0,41) 1 HU3KUM UH-
nexcoMm rocmutanusanuu — 12,0 (10,1-14,2). Jle-
TallbHOCTh OTCYTCTBOBAJIA.

. Cpennwuii Bo3pacT 3a00JIeBIINX U HHOUIIMPOBAHHBIX

neteit — 8 [4; 13] nmet. Manpunku npeoOnaiany He-
3HaUYUTEIbHO — 53,2%.

. YuuThIBas COXPaHSIOLIUNCA BBICOKHH pEnpoayK-

TUBHBII MHJICKC U BEPOATHOE yBEIMUCHHE WH(H-
LIMPOBAHHOCTHU JieTel Ha (OoHE CTadWIM3anuu, He-
00X0MMMO TPOAJICBATh MEPHI, HAMpPAaBICHHBIC Ha
nokanuzanuio COVID-19. B ciny4ae HU3Kkoro ypos-
HA COLHUAJIBHOI'O BOCHpI/ISITI/ISI KapaHTI/IHHI)IX Mep B
00IIIeCTBEe MIUPOKOE TECTHPOBAHUE METeH MOXKET
ITIOBBICUTH BBISABIIIEMOCTDH JOIIOJHUTCIIBHBIX O4aroB

COVID-19.
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Preliminary Clinical and Epidemiological Analysis of the First
1,000 Pediatric COVID-19 Cases in Moscow Region

Elena R. Meskina®
M.F. Vladimirsky Moscow Regional Research and Clinical Institute, 129110, Moscow, Russian Federation

Rationale. The novel coronavirus infection caused by SARS-CoV-2 (COVID-19) continues to spread worldwide,
though the epidemiological situation varies across countries. It is of interest to estimate the pediatric incidence in
a separate constituent entity of the Russian Federation, Moscow Region (MR) closely connected with Moscow
(accounting for the highest number of COVID-19 cases in Russia). Assessment of the epidemiological data is
interesting due to the late onset of the epidemic outbreak, the preventive lockdown imposed during the early
stages, and extensive testing of all the identified contacts.

Purpose of the study: Assessment of the pediatric incidence of COVID-19, including identification of its main
clinical and epidemiological characteristics, based on the monitoring data for the current situation in MR.
Materials and methods. A retrospective analysis of all pediatric cases of laboratory-confirmed COVID-19 in MR
(1,047 children of all ages) was performed. The time span covered the data of the daily monitoring of the epi-
demiological situation from the beginning of reporting (53 days in total). The information was obtained from the
database of the Rospotrebnadzor Territorial Administration of MR and collected in compliance with the regulations
on Daily Monitoring of Children with Coronavirus Infection, Management Section, State Information System, MR.
Results. The pediatric cases of COVID-19 accounted for 6.3% (95% CI' 5.9-6.7) of all the cases reported by
6/5/2020 (16,590); the total infection rate of the pediatric population in the region was 0.07% (0.06—0.09). The ba-
sic reproduction number ranged from 4.8 (during the two-week exponential growth phase) to 2.7 (during the later
period characterized by a slowdown in the incidence rate) and averaged 3.8 (3.0-4.57). The clustering rate of
COVID-19 among children was high, reaching 82.8% (79.7—85.6) with a small average number of cases detected
in the cluster — 1.21 (1.16-1.26). Asymptomatic COVID-19 cases prevailed significantly, amounting to 62.2%
(569.2-65.1), including 73.1% in newborns; severe cases accounted for 0.38% (0.35-0.41) and hospitalized cases
totaled 12.0 (10.1-14.2). No death cases were reported. The mean age of the diseased and infected was 8 [4; 13]
years old. Boys prevailed insignificantly (53.2%).

Conclusion. There is a distinct stage-by-stage development of the epidemic situation among children in MR. In
the pediatric population, COVID-19 was generally acquired from a secondary household transmission within fam-
ily clusters. Early preventive measures and extensive testing helped to reduce the period of exponential growth
and, therefore, to avoid large clusters of infection. In addition, 17.2% of the COVID-19 clusters were identified as
those where the child was the first to become sick. In the future, it is necessary to practice distancing and provide
effective isolation of diseased children and adults, since the high rate of incidence in children can lag behind the
incidence rate in adults.

Keywords: children; coronavirus infection; SARS-CoV-2; COVID-19 epidemiology; epidemiological analysis.
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AxTyanbHocTb. HoBasi kopoHaBupycHas nHdekums, BbisBaHHad SARS-CoV-2 (COVID-19), npogomkaet pac-
NPOCTPaHATLCA MO MUPY, O4HAKO 3NUAEMMUONOrMYeckas CUTyauust oTnM4aeTcs B pasHbix cTpaHax. [Mpeacras-
NSIeT HTEPEC OLEHUTb neguaTpuyeckyto 3aboneBaeMocTb B OTAeNbHOM cybGbekTe Poccun — MockoBckor 06-
nactn (MO), TecHo B3aumocBsidaHHOM ¢ MockBoW (rae 3aperncTpMpoBaHO MakCUMarnbHOE KONMMYECTBO CriyyaeB
COVID-19 B Poccum). OueHka anMaeMrMonornyecknx AaHHbIX MHTepecHa B CBSA3M C NO3QHUM Hayanom anvae-
MUYECKOro nogbema, BHEAPEHVEM Ha paHHUX aTanax NPeBEHTUBHOIO NOKAAyHa, LUIMPOKMM TECTUPOBaHNEM BCEX
BbISIBNIEHHbIX KOHTaKTHbIX NUL,.

Llenb pa6oTbl — oLeHNTb NeamaTpuyeckyto 3abonesaemocte COVID-19 ¢ onpeneneHnem ee BeayLLUX KMUHK-
KO-3MMAEMMNONOrMYECKNX XapaKTepPUCTUK Ha maTtepuanax ouumManbHOro MOHUTOPUHIA 3a TEKYLLEN cuTyaumen
B MO.

MaTtepuanbi U metoAbl. [TpoBeeH PeETPOCNEKTUBHLIN aHanu3 BCEX NeauaTpuyeckux criyqyaeB nabopatopHo
nogTeepxaeHHon COVID-19 B MO (1047 peten Bcex BO3pacToOB) C MOMEHTa Hayana perucrpauuv B nopsake
eXeHEeBHOro MOHWTOPUWHra 3a 3NMAEMMNONOrMYECcKon cuTyaumen (CymmapHo B TedeHune 53 gHen). Mndopmaums
n3BneyveHa u3 6asbl AaHHbIX TeppuTopuransHoro ynpaeneHust PocnotpebHagsopa MO u cobpaHa B pamkax CBO-
na no cdopme «ExxegHeBHbI MOHUTOPUWHE AETEN C KOPOHABUPYCHOW MHpeKLmeny, npunoxernve NMC «Ynpasne-
Hue» MO.

Pe3ynbratbl. [Jona neguatpudeckmx criyyaeB COVID-19 cpeaom Bcex 3apernctpupoBaHHbix Ha 06.05.2020
(16 590) cocraBuna 6,3% (95% AW 5,9-6,7), obwas MHOULMPOBAHHOCTbL NeaUATPUYECKON NOMyNAUMN CcyObek-
Ta — 0,07% (0,06-0,09). CpegHuit nHaekc penpogykumm konebancs B npegenax ot 4,8 (Ha atane AByXHeAerb-
HOro 3KCMOHEeHLManbLHOro pocta) Ao 2,7 (B nocreayolleM nepuone 6onee MeaneHHoro npupocrta 3abonesae-
MocCTK) 1 coctaBun B cpegHem 3,8 (3,0—-4,57). KoacpdumumeHT odaroBoctu COVID-19 cpeaun petent 6bin BbiCO-
kum — 82,8% (79,7-85,6) ¢ HeGoNbLUNM CPEAHUM YMCIIOM BbISIBNIEHHbIX cnyvaes B odare — 1,21 (1,16-1,26).
3HauuTensHo npeobnaganu 6eccumntomHble dpopmMbl COVID-19 — 62,2% (59,2-65,1), B TOM 4ucne y HOBOpoO-
XaeHHbIX — 73,1%, ¢ Hu3kon yactoTon Taxenbix opm — 0,38% (0,35-0,41) 1 HU3KMM MHAOEKCOM rocnuTanunsa-
umm — 12,0 (10,1-14,2). NletanbHoCTb oTcyTcTBOBana. CpeaHuii Bo3pact 3aboneBLumnx n MHMULMPOBAHHbIX —
8 [4; 13] neT. Manb4unku npeobnaganu HeaHaunTenbHO (53,2%).

BbiBoabl. [1pocnexnBaerca oT4eTNMBas 3TanHOCTb Pa3BUTUSA ANMMOEMUYECKOW cUTyaummn cpegu aeten B MO.
Mepenaya COVID-19 B geTckon nonynsaumMm ocyLLecTBrsnach rmaBHbIM 06pasomM B CEMENHbIX ovarax ¢ BTOpUY-
HbIM pacnpocTpaHeHneM. bnarogaps paHHUM NPEBEHTUBHLIM MEPaM U LUMPOKOMY TECTUPOBAHUIO NEPMOo 3KCMo-
HeHUManbHOro pocTa 6bin KOPOTKMM, yAanock n3bexartb KpYnHbIX 04aroB MHPEKLMN, OMONMHUTENBHO BbISBIIEHO
17,2% o4aroB COVID-19, B koTOpbIX NepBbiM 3aboneBlwmnm 6bin pebeHok. Heobxoammo B gansHenwem coobnto-
[atb AucTaHumpoBaHue u obecnevmBatbh 3HEKTUBHYIO N30MALMI0 3a00NEBLUNX OETEW U B3POCHbIX, MOCKOMbKY
BEPOSITHOCTb BbICOKOW NegmaTpruyeckon 3aboneBaeMoCcT MOXET 3anasabiBaTb MO CPABHEHMIO CO B3POCHbIMMU.

KnroueBble cnoBa: demu; kopoHasupycHas uHgpekuyusi; SARS-CoV-2; anudemuonoauss COVID-19; anudemuo-
fioeudecKkuli aHanu3.

HNcmoyHuk ¢pbuHaHcuposaHusi. ABTOpbLI 3asiBMSIOT 06 OTCYTCTBMU (DMHAHCMPOBaHNA NPy NpoBeAeHNn nccre-
[OBaHus.
KoHdbriukm unmepecos. ABTOPbI AeKNapUPYOT OTCYTCTBUE SBHbIX U MOTEHUMarbHbIX KOH(MKTOB MHTEpe-
COB, CBAI3aHHbIX C Ny6nmKaLuen HacTosLWe cTaTbi.
Ans yumupoeaHusi: MeckuHa E.P. MNpegBapuTenbHbI KNMHUKO-3NnaeMmnonorniyeckmini aHanma nepsbix 1000
cnyyaeB COVID-19 y getet B MockoBckor obnactu. XKypHan Mukpobuonoauu, anudéemuonoauu u UuMmmyHobuo-
noeuu. 2020; 97(3): 202-215.
DOI: https://doi.org/10.36233/0372-9311-2020-97-3-2
Moctynuna 20.05.2020
MpuHaTa B nevats 25.05.2020

Rationale the disease (COVID-19) to development of effective

The pandemic caused by a novel coronavirus
associated with severe acute respiratory syndrome
(SARS-CoV-2) is rapidly spreading, with many coun-
tries reporting exponential growth. Over a little more
than four months, the pandemic overwhelmed the most
resilient health systems; it is exacting a huge toll on
individuals, communities and societies across the world
by bringing social and economic life to a near stop®. At
the same time, it triggered an unprecedented increase in
the number of scientific studies addressing various as-
pects of the problem, from studies on the SARS-CoV-2
genome, epidemiological and clinical characteristics of

2 'WHO. COVID-19 Strategy Update. 14/4/2020. URL: https://
www.who.int/ru/emergencies/diseases/novel-coronavirus-2019/
strategies-plans-and-operations (reference date 20/5/2020).
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therapeutics and vaccines. New scientific information
becomes accessible extremely rapidly, thus dynamical-
ly changing the response to the epidemiological situa-
tion and contributing to upgrading measures aimed at
suppression of the SARS-CoV-2 spread.

The epidemiological curves demonstrating the
COVID-19 dynamics in different countries can capture
geographical differences® caused by a number of factors
(external and internal transport communication, the size
of a country and the density of population, geographical
locations, the type and the swiftness of adopting critical

3 Geographic distribution of COVID-19. European Centre for
Disease Prevention and Control. URL: https://www.ecdc.europa.

eu/en/geographical-distribution-2019-ncov-cases (reference date
20/5/2020).
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restrictive measures, use of personal protective equip-
ment and the level of social responsibility of popula-
tion). Furthermore, the reported number of COVID-19
cases directly depends on the testing criteria specified
by the national pandemic response programs. In Rus-
sia, testing is extensive and is performed not only on
individuals who came recently from other countries and
on patients displaying symptoms that may be associat-
ed with COVID-19, but also on exposed individuals in
disease clusters, healthcare workers, people older than
65 years old, children and adults from boarding facili-
ties, if any respiratory symptoms are present*. This ap-
proach enhances the accuracy of the assessment of the
epidemiological situation, which can be different from
those reported by other countries due to a wide-scale reg-
istration of mild and asymptomatic forms of infection.

At present, SARS-CoV-2 is developing outside
Southeast Asia that was first to hit by the pandemic.
Region-specific European, North American and Asian
strains co-exist [1]. The virus is replicated inside the
host and evolves in different countries during epidemic
transmission; the observed mutation frequency, strain
variability, and genetic selection produce a complex
clinical scenario [1-3]. Some scholars believe that at
the moment there are three main genomic variants that
can modulate the clinical presentation and epidemiol-
ogy of the disease [4]. The assessment of the epidemi-
ological status of Russia, which was hit by the spread
of SARS-CoV-2 later than Europe or the United States
and which imposed a preventive lockdown at an early
stage, can significantly contribute to the global profile
of the pandemic.

Epidemiological studies on COVID-19 incidence
in the pediatric population are of high importance, as
the lower susceptibility of children as compared to
adults is one of the distinctive and unclear features of
the SARS-CoV-2 pandemic. The systematic reviews of
J.F. Ludvigsson (45 publications) [5] and the "latest"
work by 1. Liguoro et al. (65 publications) [6] clearly
demonstrated the lower frequency of cases, the milder
form of the disease and extremely rare fatal outcomes.
In this way, COVID-19 is markedly different from oth-
er respiratory infections, including infections caused by
other coronaviruses. The discussion of causes of these
phenomena is based on assumptions. Some of them are
as follows: Children have a qualitatively different im-
mune response to SARS-CoV-2 as compared to adults;
competition with other respiratory viruses; differenc-
es in the expression of the angiotensin-converting en-
zyme-2 receptor required for binding SARS-Cov2 and

4 Methodological Guidelines MR 3.1.0170-20. Epidemiology and
Prevention of COVID-19 (read with MR 3.1.0175-20, Amend-
ment No. 1 in MR 3.1.0170-20, Epidemiology and Prevention of
COVID-19, approved by Rospotrebnadzor on 30/4/2020).

URL: https://www.rospotrebnadzor.ru/upload/iblock/070/metod
recomend 3.1.0170 20 v_1.pdf (reference date 20/5/2020).

infection; pharmaceuticals used by adults and blocking
angiotensin receptors in treatment of hypertension [7,
8]. It should be noted that the observations general-
ly cover a small number of pediatric cases. The most
noteworthy work by Y. Dong et al. [9] covered more
than 2,135 cases; most of them had disease symptoms,
though only 728 of them had laboratory-confirmed
COVID-19, while 1,407 patients were suspect cases.

Thus, results of the clinical and epidemiological
analysis of large cohorts of children and extensive test-
ing for COVID-19 will be able to give better insights
into children incidence. There is another factor enhanc-
ing the significance of such analysis. Moscow Region
(MR) is an individual constituent entity of the Russian
Federation; it borders Moscow that reported the larg-
est number of COVID-19 cases in Russia’. MR ranks
second in Russia in total population, yielding only to
Moscow, though having much lower density of popu-
lation. Close economic, social and cultural ties as well
as the integrated transportation system suggest risks of
spreading the novel coronavirus infection in the region.

The above said defines the significance of the per-
formed study.

The purpose of the study is to assess pediatric
incidence of COVID-19 and identify its main clinical
and epidemiological characteristics based on the data
obtained from the official monitoring of the current sit-
uation in MR.

Materials and methods

A retrospective analysis was performed for all the
pediatric cases of confirmed COVID-19 in MR; the an-
alyzed data covered the time span from the beginning of
the registration and captured the daily monitored (from
2/4/2020) epidemiological situation as of 6/5/2020. The
information about patients (age, sex, residence, reasons
for examination and its date, clinical form of the dis-
ease) was retrieved from the database of the Rospotreb-
nadzor Territorial Administration of MR. The data on
the disease severity, duration of hospitalization or out-
patient observation were collected and consolidated in
compliance with the regulations on Daily Monitoring
of Children with Coronavirus Infection, Management
Section of the State Information System, MR. The ca-
ses were recorded on the date of their reporting (the
date when the data on the positive test for COVID-19
were received).

To diagnose COVID-19 the MR accredited labo-
ratories used different test systems registered in Russia:
PCR testing with hybridization-fluorescence detection
by using the Vector-PCRrv-2019-nCoV-RG test sys-
tem (Vector State Research Center of Virology and
Biotechnology, Novosibirsk, Koltsovo), PCR testing

> Official website of the Ministry of Health, COVID-19 in Russia.
URL: https://covid19.rosminzdrav.ru (reference
date 20.05.2020).
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with hybridization-fluorescence detection by using the
Vector-OneStep PRC-CoV-RG» (Vector State Research
Center of Virology and Biotechnology, Novosibirsk,
Koltsovo), the RealBest RNA SARS-CoV-2 assay kit
based on real-time RT-PCR (Vector-Best JSC), the re-
al-time RT-PCR based SARS-CoV-2/SARS-CoV test
kit (DNA-Technology LLC, Moscow), PCR testing
with hybridization-fluorescence detection by using the
AmpliSens® Cov-Bat-FL (Central Research Institute of
Epidemiology, Moscow). During the first 3 weeks, pos-
itive and equivocal biological samples were retested at
the Vector State Research Center of Virology and Bio-
technology in Novosibirsk.

No ethical review was performed, as the infor-
mation about the patients was provided in a standard
referral for the COVID-19 test and was required for
monitoring of the epidemiological situation for taking
organizational measures (if applicable).

The statistical processing of the data was per-
formed by using a Statistica 6.0 software package
(Stat Soft Inc., USA). Qualitative variables are given
as the mean value + standard error (o) or as a median
value (Me) of the lower and upper quartiles. Discrete
variables are given as an event rate expressed as a per-
centage (%) or percent mille (%) of the total number
of patients. The y* criterion was used to compare two
groups by their qualitative variables; several groups
were compared at the same time by using the y? criteri-
on for random tables. The differences at p < 0.05 were
deemed statistically significant. If any statistical differ-
ence was found, the further pairwise comparison of the
groups was performed by using Yates’ correction. To
ensure high-quality estimation of the difference value,
the 95% confidence interval for mean values and pro-
portions as well as odds ratios were calculated.

The rates characterizing an epidemic process were
analyzed. The reproduction rate (R, the basic repro-
duction number) of an infection [10] was calculated by
assuming that the duration of a COVID-19 incubation
and contagious period is approximately 4 days [11]. As
the prerequisite, it was agreed that the infection in the
population was maintained, if R > 1, otherwise the av-
erage number of secondary cases of infection, which
are caused by one infected individual in the population
of susceptible residents, must be more than 1. The force
of infection (A) was seen as an infection incidence for
the susceptibles per unit time [12]. The infection rate
for the pediatric population (%) was calculated as the
number of confirmed COVID-19 cases per the total
number of children under 18 in MR; the hospitalization
rate was calculated as a proportion (%) of the number
of hospitalized cases in the total number of the detected
cases. The clustering was estimated as the ratio (%) of
the number of detected cases to the number of infection
clusters; the clustering rate represented a proportion (%)
of clusters with secondary transmission as compared to
the total number of clusters; the clustering index was
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calculated as the average number of cases in one cluster
[13]. The clustering was estimated only among children.
The entire children population was deemed susceptible,
considering that the infection caused by SARS-CoV-2
is novel for the human population.

Results

By 6/5/2020, MR had reported 1,047 pediatric
cases of COVID-19 varying in severity, 6.3% of the to-
tal incidence (16,590 cases®, Table 1). The cumulative
infection rate of the children population was rather low
during that period (Table 1).

The first pediatric cases of COVID-19 were de-
tected in the middle of March 2020 in 3 teenagers who
visited Europe.

We can single out three stages in the epidemic out-
break, which are characterized by clearly defined time
intervals:

* the first stage — from onset to 2/4/2020, when
only a few cases (11 people) were reported
among those who visited Europe and the United
Arab Emirates (8 cases, including a 9-month-old
baby) or who were in close contact with someone
who came from another country (3 people);

* the second stage — 2 weeks of exponential
growth in case incidence (R = 3.85-4.77) when
the number of cases doubled on average within
2-3 days;

* the third stage — a longer period that did not end
by the time of the study and was characterized
by a slowdown in the intensity of infection;
the absolute increase in the infected cases is
expressed by a broken curve (R = 2.92-2.69;
Fig. 1).

Within the review period, the infection reproduc-
tion rate ranged from 4.77 to 2.69, and the basic repro-
duction number was 3.8 (95% CI 3.0-4.57). Rare cases
COVID-19 associated with travel exposures and close
contacts with travelers were reported before 15/4/2020;
however, starting from 2/4/2020 there was an increase
in disease cases among children due to a secondary
spread of infection in family clusters, accounting for
most cases in the pediatric population of MR.

At the time-point of the conducted analysis,
COVID-19 cases were reported in 55 (82.1%) urban
and municipal districts of MR. However, 43.2% of the
total incidence among children was contributed by 8
(11.9%) territorial units surrounding Moscow.

The average age of the infected was 8 [4; 13] years
old; the age structure showed that children older than
3 years old accounted for most cases. The age compo-
sition of those included in the study was as follows:
children of 1 year of age — 7.3% (76), including new-

¢ The official website of the Ministry of Health, COVID-19 in
Russia. URL: https://covid19.rosminzdrav.ru (reference date
20/5/2020).
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Table 1. The main epidemiological criteria for the epidemic situation of COVID-19 in the pediatric population of Moscow

Region by May 6, 2020

Indicator Indicator value 95% CI
The proportion of pediatric cases in the total number of reported cases, % 6,3 5,9-6,7
Pediatric infection, % 0,07 0,06-0,09
Incidence in children, April, 2020, °/ . 52,0 50,9-53,1
Reproduction number, M £ o 3,8+0,91 3,0-4,6
Clustering, % 121,2 97,7-149,2
Focal rate, % 82,8 79,7-85,6
Clustering index, M £ o 1,21 £ 0,61 1,16-1,26
Mean age, Me [lower; upper quartile] 8 [4;13] 8,13-8,77
Hospitalization rate, % 12,0 10,1-14,2
Severe forms, % 0,38 0,35-0,41
Asymptomatic forms, % 62,2 59,2-65,1
Pneumonia, % 11,7 9,8-13,8
Upper respiratory tract infection, % 26,1 23,4-28,9
Mortality 0 -

borns — 2.5% (26); infants — 10.3% (108); 3—10 year-
olds — 38.0% (398), adolescents — 44.4% (465). Ex-
cept for one baby who was with his parents on vacation
in the UAE, new cases of COVID-19 among children
under one year of age were reported by the end of the
4" week of the monitoring, while the first cases among
newborns were reported even later, by the end of the 5
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week (Fig. 2). As can be seen in Fig. 2, the incidence
among infants and newborns lagged far behind the in-
cidence among children older than 3 years old, the gap
increased with the further developing of the epidemic
situation, though the age structure of COVID-19 re-
mained statistically unchanged during the monitoring
(Fig. 2; Table 2). In the gender distribution, the per-
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. 1. The cumulative total of the absolute number and increase in COVID-19 cases in the pediatric

population of Moscow Region.
Black bars indicate the doubling in the number of COVID-19 cases.
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Fig. 2. Cumulative result of the absolute number of COVID-19 cases among children of different age in Moscow Region
by the date of reporting.

centage of boys was insignificantly higher, amounting
to 53.2% (girls accounted for 46.8%).

The epidemiological history was available for the
analysis in 808 children. It shows a clear clustering na-
ture of COVID-19 (Table 3). The maximum number
of COVID-19 cases were detected in family clusters —
665 (82.3%). Other exposures were observed much
more rarely: 12 children (1.5%) visited other countries,
3 children (0.4%) had a close contact with travelers,
4 children (0.5%) were exposed at healthcare facili-
ties, 11 children (1.4%) had close contacts with other
people. 42 children (5.2%) were examined due to the
presence of symptoms of respiratory infection, and 71
children (8.8%) were examined for pneumonia.

As can be seen in Tables 1 and 3, clusters of
COVID-19 transmission prevailed in MR during the
development of the epidemic outbreak, though the
clustering index was low. Among the detected clusters,

there were those with one case of children infection,
which can be explained by the cluster sizes. In multi-
child families, all the children were often infected; the
largest number of the diseased was 8 people. There were
no large clusters with multiple secondary infections in
children healthcare facilities and other organizations as
well as in day-and-night care facilities. The extensive
examination of children displaying symptoms of acute
respiratory infection and pneumonia, which did not ex-
clude the COVID-19 infection, made it possible to de-
tect another 17.2% of infection clusters.

In clinical forms of COVID-19, asymptomatic
cases prevailed significantly (62.2%; Table 4). The in-
cidence of pneumonia was low — 11.7%. Only 4 teen-
agers older than 12 years old were diagnosed with a
severe form of pneumonia; only 1 patient needed inva-
sive mechanical ventilation. In 2 patients, the acute re-
spiratory distress syndrome of Type I was accompanied

Table 2. Force (A) and COVID-19 age structure during the four week increase in pediatric incidence in Moscow Region

Age structure of COVID-19, abs (%)
Monitoring week Force of infection Number of p (age
(dates) (N), %3000 cases per week <1 from 1 to from 3 to 10 210 years structure)
year
3 years old years old old

06.04-12.04.2020 5,71 74 4 (5,4) 4 (5,4) 25 (33,8) 41 (55,1) >0,05
df=9

13.04-19.04.2020 18,46 190 12 (6,3) 25 (13,2) 82 (43,2) 71(37,4)

20.04-26.04.2020 35,58 255 21(8,2) 25(9,8) 104 (40,8) 105 (41,2)

27.04-03.05.2020 59,69 359 26 (7,2) 35(9,7) 128 (35,7) 170 (47,4)
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Table 3. COVID-19 clusters in the pediatric population of Moscow Region

COVID-19 clusters

Number of clusters

Number of children

abs % abs %
Total clusters 657 100 796 100
Single-case clusters (the child is the only case in the cluster) 113 17,3 113 14,2
Clusters with the infection transmission, 544 83,3 683 85,8
including
the only sick child in the cluster 447 68,5 447 56,2
2 or more sick children in the cluster 97 14,8 236 29,6
Note. The presented data were analyzed in children with an available epidemiological history (n = 808).
Table 4. Force (A) and structure of the COVID-19 clinical forms during the four week increase in pediatric incidence
in Moscow Region
Clinical structure of COVID-19, abs (%)
- Force of -
Monitoring week infection (A) Number of : p (clinical
(dates) %000 cases per week pneumonia upper respiratory tract asymptomatic forms structure)
infection
06.04-12.04.2020 5,71 74 6 (8,1) 15 (20,3) 53 (71,6) <0,01
df =6

13.04-19.04.2020 18,46 190 16 (8,4) 44 (23,2) 130 (68,4)

20.04-26.04.2020 35,58 255 24 (9,4) 61(23,9) 170 (66,7)

27.04-03.05.2020 59,69 359 42 (11,7) 125 (34,8) 192 (53,5)

by diffuse alveolar damage in the lungs (>75% lung in-
volvement on CT imaging), thus being the reason for
diagnosis of a severe form of the disease. Most (73.1%)
of the newborns had a confirmed asymptomatic form of
COVID-19; 23.1% had a mild form; 1 newborn (3.8%)
was diagnosed with pneumonia.

The dynamics of the epidemic situation shows a
relatively proportional increase in the number of clini-
cal forms (Fig. 3), while the proportion of asymptomat-
ic forms, after remaining stable during 3 weeks, statisti-
cally decreased during the 4™ and 5" weeks of the mon-
itoring as compared to the previous period (p = 0.0014;

Table 4), and the proportion of mild forms increased
(»p = 0,005). The proportion of pneumonia cases re-
mained statistically unchanged. Fatal outcomes were
absent.

The age and gender structure of COVID-19 clin-
ical forms is shown in Table 5. Half of the pneumo-
nia patients were older than 5 years old (p = 0.007);
mild and asymptomatic forms were most common in
children older than 3 years old (p = 0.004). The rate
of clinical cases in newborns and infants as well as the
gender structure of COVID-19 clinical forms did not
show any differences (Table 5). The risk of developing

Table 5. Age and gender structure of COVID-19 clinical forms in children in Moscow Region, abs (%)

Parameter Pneumonia Upper respiratory tract infection Asymptomatic forms p (clinical
(n=123) (n=273) (n=651) structure)
Age, years <0,01
df=6
<1 11 (8,9) 23 (8,4) 42 (6,5)
1-3 15 (12,2) 34 (12,4) 59 (9,1)
3-10 30 (24,4) 113 (41,5) 255 (9,2)
210 67 (54,5) 103 (41,5) 295 (45,3)
Gender
boys 62 (50,4) 153 (56,0) 342 (52,5) >0,05
df =2
girls 61 (49,5) 120 (44,0) 309 (47,5)
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Fig. 3. The cumulative result of the absolute number of COVID-19 clinical forms in the pediatric population
of Moscow Region by the date of reporting.

pneumonia in children older than 10 years old was as
high as that one in children of another age (the odds
ratio was 1.34; 95% CI 0.92-1.95).

Logical enough, infants accounted for most of the
hospitalized patients (p < 0.001; Table 6), with girls
prevailing (p = 0.003). Children with COVID-19 were
hospitalized not only for clinical and epidemiological
reasons, but also based on social grounds, when the
whole family had to be hospitalized. The proportion of
pneumonia cases among the hospitalized patients was
substantial — 53 (42.1%) cases. At the same time, al-
though outpatient children made up a considerably low
proportion of pneumonia (7.9%), the absolute number
of cases was also high (73 or 57.9% of the total cases).

Discussion

The emphasis should be put on the following key
factors that may have affected the obtained results.

1. Moscow and MR are different entities having
maximum population in Russia and closely intercon-
nected. Many MR residents are employed in Moscow,
while many Moscow citizens go regularly to MR to
their country houses and allotments. The communica-
tion between these two territories is extremely close.
Therefore, having started in Moscow, the COVID-19
epidemic outbreak started synchronously gathering
pace. The MR territory hosts Moscow airports, which
is also important, as the first COVID-19 cases were im-
ported to MR from Europe and the Middle East.

Table 6. Age and gender structure of COVID-19 clinical forms in children in the Moscow Region, abs (%)

Parameter Hospitalized (n = 126) Outpatient (n = 921) p (clinical structure)
Age, years <0,001
df=3

<1 17 (13,5) 59 (6.4)

1-3 19 (15,1) 89 (9,7)

3-10 32 (25,4) 366 (39,7)

210 58 (46,0) 407 (44,2)
Gender

boys 56 (44,4) 501 (54,4) 0,036

girls 70 (55,6) 420 (45,6) ar=1
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2. The epidemic increase in the incidence in Mos-
cow and MR began later than in Southeast Asia, the
Middle East, Europe and the United States, and, hypo-
thetically, considering continuously evolving SARS-
CoV-2, could have an impact on its scenario [1-3].

3. The Ordinance of the Chief Sanitary Inspector’
and the Decree of the RF Government® were issued to
organize and implement measures unprecedented in
their scale and aimed at prevention of any spread of
infection caused by SARS-CoV-2, including extensive
examination of people who came from other countries,
contact persons and other groups of population. The
preventive lockdown was imposed in Moscow and MR
on 28/3/2020, and the restrictive measures were uni-
form.

The biology of the virus, which is new for the hu-
man population, contributes significantly to the pattern
of the epidemic process. The estimated median incu-
bation period of COVID-19 is 5.4 days (4.1-7.0), the
95" percentile of distribution — 12.5 days (9.2-18.0)
[14]. In children, the incubation period can last longer
[15]. The mean time of infection transmission in clus-
ters is slightly shorter — averaging 4.6 days (3.5-5.9)
[11]. The peak of infection takes place before or during
occurrence of symptoms in a patient; it turned out that
44-62% of the secondary COVID-19 cases were infec-
ted during the pre-symptom stage of the disease of the
infection source [11, 16, 17].

Like clinically apparent cases, pauci-symptoma-
tic and asymptomatic individuals shed a potentially in-
fectious virus and, most likely, pose a threat generally
2.5 days before the beginning of the disease and during
5-11 days after being infected or after starting to ma-
nifest symptoms [18, 19]. Some data show that the peak
viral load can be reached during the 2™ week from the
onset of the disease [20]. It has been confirmed that
the virus shedding can last for a long time (30 days
and longer), depending on the patient’s clinical condi-
tion [20]. At present, the viral RNA has been detected
in children and adults, not only in nasal, deep throat
swabs or sputum samples, but also in blood, urine and
feces [19, 21, 22].

The above said demonstrates that the novel infec-
tion can be easily transmitted in a highly susceptible
environment, including clusters with asymptomatic

7 The Ordinance of the Chief Sanitary Inspector, adopted on

31/1/2020, No. 3 On Additional Sanitary and Epidemiological
(Preventive) Measures Aimed at Prevention of Importation and
Spread of the Novel Coronavirus Infection Caused by 2019-
nCoV. URL: https://www.rospotrebnadzor.ru/deyatelnost/epide-
miological-surveillance/7ELEMENT ID=13625 (reference date
21/5/2020).

8 The Decree of the RF Government, adopted on 16/3/2020, No.
635-1 (revised on 15/5/2020) On Temporary Restrictions of En-
try to the Russian Federation for Foreign Citizens and Stateless
Persons, and Temporary Suspension of Issuing Visas and Invi-
tations. URL: http://www.consultant.ru/document/cons_doc_
LAW 347693 (reference date 21/5/2020).

infection, the latter being especially important in pe-
diatric practices, as children do not have sufficiently
developed social skills. Among strong points of the
conducted study is the evaluation of the results of ex-
tensive testing in clusters and demonstration of a highly
realistic epidemiological situation. This study revealed
a distinct stage-by-stage pattern of the epidemic process
and the decrease in the incidence 2 weeks after strict re-
strictive measures had been adopted; the same findings
were reported by China where the local outbreak spi-
raled into the pandemic. Note that the incidence among
children continued to increase when the decrease in the
total number of cases was reported [23].

For most of the respiratory infections, including
influenza, the reproduction number ranges from 1 to 2
[24], thus being much lower than the number estimated
for COVID-19 by using actual data and mathematical
models. The initial estimates of the early dynamic of
the outbreak in Wuhan (China) suggested the doubling
in the time of infection during 6—7 days, with the ba-
sic reproduction number (R ) ranging from 2.24 (1.96—
2.55) t0 3.58 (2.89-4.39) [14, 25, 26]. However, in real
life, the time of doubling in the number of cases was
2.3-3.3 days at R 5.7 (3.8-8.9) [25], and the same was
observed in Singapore and Korea [17, 27]. In European
countries where control measures were aimed at loca-
lization of the infection spread, R  was much higher and
reached 6.3 [28]; in contrast to the 1* and 2ns weeks,
during the 35" week of the increase, the density of
population played a significant role in the spread of in-
fection [29]. The indirect evidence of the latter is the
fact that 8 units of MR (11.9%) surrounding Moscow
and characterized by the highest density of population
accounted for 43.2% of the total incidence among chil-
dren by the 8" week of the epidemic upsurge.

The estimation of the reproduction number
demonstrated that COVID-19 develops in the pediat-
ric population in conformity with the same laws. The
beginning of the exponential spread (R = 3.8—4.8) coin-
cided with the beginning of the secondary infection in
family clusters; then, 2 weeks after the lockdown, the
spread started slowing down (R = 2.6-2.9). Indeed, in
China and Korea, a flatter curve was reached through
rapid isolation of all the diseased, along with the us-
ing of advanced digital technologies to trace the maxi-
mum number of contacts at onset of the outbreak [30].
It should be noted that the performed estimation may
need correction because of the significantly lower num-
ber of COVID-19 cases in the children population. Yet,
the dynamics of the reported cases was very noticeable.

It can be assumed that it was the preventive lock-
down that helped avoid large clusters with multiple sec-
ondary infections in children healthcare facilities and
other organizations as well as in day-and-night care fa-
cilities. Mathematical modeling proves that the low le-
vel of changes in the behavior can lead to a large-scale
SARS-CoV-2 transmission per capita [31, 32].
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The analysis confirmed the distinct cluster pattern
of COVID-19, which was mentioned previously [15,
33]. At the same time, the frequency of clusters with
secondary transmission among children amounted to
83.3% at the low rate of infection (0.07%), which is
significantly higher than the data reported earlier (11%
at the much higher rate of infection among children —
7.4%) [33]. It can be explained by the active detection
of cases, including all the possible contacts, as well as
by testing not only the diseased, but also asymptomatic
individuals. In addition, 17.2% of the clusters were de-
tected; all of them had a child as the primary case, thus
evidencing the necessity of tests if society tends to be
socially irresponsible in its perception of the quarantine
measures, especially taking into account that SARS-
CoV-2 is a novel and highly contagious virus. The role
of family clusters in the spread of infection is empha-
sized by the fact that nearly half of the patients were
infected during the pre-symptom stage of index cases
outside their household when the quarantine measure
were put into effect [16].

On the whole, the analysis confirmed that children
are less susceptible to COVID-19 than adults and that
respiratory distress and fatal outcomes are rare for this
disease [5, 6, 15]. The infection rate among the children
population of MR was higher than the rate observed in
Italy [34], and was approximately the same as the rate
in the USA [35].

The frequency of pneumonia cases was low
(11.7%), including pneumonia in newborns, thus being
much lower than the levels reported by I. Liguoro et
al. [6] — 29 and 48%, respectively. On the one hand,
it may evidence a certain number of missed cases, as
the described radiologic abnormalities were accidental-
ly found in children with a mild form of the disease or
even in asymptomatic cases [6]; on the other hand, it
could result from extensive testing. The authors note
that children are tested less frequently than adults. MR
has the similar approach to examination of children
and adults, and this approach is integral to data collec-
tion. Mild forms of COVID-19 in children can also be
proved by the low rate of hospitalization and by a large
proportion of mild forms in infants.

It should be pointed out that the last weeks of
monitoring in MR demonstrated an increase in symp-
tomatic forms of COVID-19. It may be assumed that
at this time-point the above fact can evidence certain
weakening of the control over the situation and should
be taken into consideration in further practical work.

The performed analysis has some limitations due
to differences in the sensitivity of several test systems
used for diagnosis of COVID-19. Nevertheless, the first
stages can be captured fairly accurately thanks to the re-
peat testing of samples at the reference center of Rospo-
trebnadzor of Russia. Undoubtedly, the pediatric esti-
mates were affected by the infection and incidence rates
in adults, while the general development of COVID-19
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was not monitored. Nevertheless, we can assume that
the trends were quite accurately identified and can rep-
resent the results of the preventive measures adopted
in Russia and MR. Apparently, these measures delayed
the beginning of the increase in COVID-19 incidence
and slowed down its spread.

Conclusion

1. The analysis of 1,047 COVID-19 cases during the
early imposed preventive lockdown and extensive
testing demonstrated a distinct stage-by-stage pattern
of the epidemic increase in the pediatric incidence
of COVID-19. The period of exponential growth
associated with secondary cases of infection in family
clusters lasted 2 weeks and then slowed down, though
the number of reported cases kept growing. The
higher incidence rate among children was observed
in the MR territorial units neighboring Moscow and
characterized by a high density of population.

2. The basic reproduction number was 3.8 (3.0-4.57).

3. The clustering rate of COVID-19 among children
was high and amounted to 82.8% (79.7-85.6),
though the average number of the detected cases in
clusters was quite low — 1.21 (1.16-1.26), being
limited by the size of a family cluster.

4. The early measures aimed at prevention of the
COVID-19 spread helped avoid large clusters with
multiple secondary infections of children.

5. Asymptomatic forms of COVID-19 prevailed sig-
nificantly, totaling 62.2% (59.2-65.1), including
73.1% in newborns; severe cases accounted only for
0.38% (0.35-0.41) and hospitalized cases accounted
for 12.0 (10.1-14.2). No death cases were reported.

6. The mean age of the diseased and infected children
was 8 [4; 13] years old. Boys prevailed insignifi-
cantly, accounting for 53.2%.

7. Taking into account the persistent high reproduction
number and the likelihood of the increased infection
rate among children amid the ongoing stabiliza-
tion, it is important to maintain the measures aimed
at localization of COVID-19. Extensive testing of
children can increase the detectability of additional
COVID-19 clusters, especially if society does not
show high social responsibility in its perception of
the quarantine measures.
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TeTpaHykneoTuaHbiii npodpunb repnecsnpycHbix IHK
O®unartos O.M."%, lapryHos A.B.

'OIBHY «HayuyHo-uccnefoBaTenbCKMn MHCTUTYT BaKUUH U CbIBOPOTOK UM. V.V MeuHukoBa», 105064, Mocksa, Poccus;
2QIbY «HaumoHanbHbIN NCCNeaoBaTENbCKUI LIEHTP ANUAEMUOSIOTN U MUKPOOMONOTUN MMEHN NMOYETHOMO aKageMmnKa
H.O. lamanen», 123098, MockBa, Poccua

BeepeHue. lepnecsupycHble [OHK (okorno 90% Bcex MNONMHOreHOMHbIX MOCreaoBaTenbHOCTEN CeMencTBa
Herpesvirales, npeactasneHHbix B GenBank) cogepxaT B MMHMMAarbHOM KOHLEHTPaUMM OOUH N3 ABYX TETpaHy-
kneotngoB — CTAG unu TCGA. «HeponpeactasneHHocTb» CTAG paHee Habntoganack Tonbko B [JHK HekoTo-
pbix 6akTepuin n caros. PaHee BbiSBNEHHasA «HeaonpeacTaBneHHOCTb» meTunupyemoro aumepa CpG Haxogut
CBOe BblpaxeHue B H13kon koHueHTpauun TCAG B JHK repnecsupycos.

Llenb paboTbl — npogomkeHve aHanusa chopmarnbHbIX XapakTepuctuk repnecsupycHbix IHK, a Takke conocras-
neHne ux ¢ NNoTHocTbio HK-MrkporoMonorunin BUpPYC/Xo3suH 1 ¢ FeHOMHOIM MaKpOCTPYKTYPOW reprnecBupycoB.
Martepuanbl u metofbl. [poaHanuaupoBaHbl No 20 LWTaMMOB M MU30OMATOB KaXO0ro U3 NATM TUNOB BMPYCOB
repneca yenoseka (HHV1, HHV2, HHV3, HHV4, HHV5), 10 wtammo HHVS, 5 wrammoB HHV6A, 4 wram-
ma HHV6B u 3 wramma HHV7. [Ing onpegeneHvs 4acToTbl TETPAHYKNEOTUAOB MCNOMb30BaNM MHCTPYMEHThI
GenBank, a ans cpaBHeHus — cpparmeHTbl [JHK yenoseka pasvepom ¢ [IHK repnecsupycos.

PesynbraTtbl. MuHumManbeHas koHueHTpauuss CTAG B [JHK repnecBupycoB B OCHOBHOM XapaKTepHa Anst ABYX- U
OOHOCErMEHTHbIX FEHOMOB C NMPAMbIMU UMW MHBEPTMPOBAHHBIMU KOHLEBbIMU noBTopamu (knaccos A, D u E),
Torga Kak MuHMMarnbsHas nnotHocTb TCGA — rnaBHbIM 06pa3oM Ans 3HaYMTENbHO MEHEE CTPYKTYPUPOBaHHOM
OHK (knaccos B, C u F). Mo HapacTtaHuto nnotHoct CTAG reHoMbl repnecBrpycoB YenoBeka obpasytoT nocrne-
AoBaTenbHOCTb, 6nM3Kyto k nocnegosatensHocTu 20 HT-romonoruii IHK repnecsupyc/yenoBek, opraHn3oBaHHOM
Nno HapacTaHWI0 NIIOTHOCTU, YTO Takke KoppenupyeT ¢ MakpocTpykTypor OHK. Mapannenb aTol MUHUMU3aLIMK
co ctpykTypow [JHK BupycoB reprneca nnm ¢ ux NpuHaganexHocTbo K TOMY UM MHOMY NOACEMENCTBY B nNMTepa-
Type He oTmedeHa. XoTa repnecsupycHble [JHK gosonbHo Benukn (125-295 K6), HekoTopble 13 HUX (Hanpumep,
OHK HHV4, HHV5 1 HHV7) eMoHCTpupytoT 3aMeTHbIe OTKITOHEHMS OT BTOporo npasuna YyetHoct OHK n, Takum
06pa3om, MOryT CMy>XuUTb KOMMNOHEHTOM BUPYCHbIX MOMNEKYIAPHBIX CUTHATYp.

B O6cyxaeHumn npegnaratoTCa BO3MOXHbIE TMNOTE3bl MPOUCXOXAEHNS HEKOTOPbIX U3 OTMEYEHHBIX SBEHUN.

KnioueBble cnoBa: eepnecsupycHas [AHK; mempaHykneomudHbll npogusb; «HedonpedcmaeneHHOCMb»
CTAG/TCGA; smopoe npasusno yemHocmu [JHK.

UcmoyHuk ¢huHaHcupoeaHusi. ABTOpPbI 3asiBNSAOT 06 OTCYTCTBUMU (PMHAHCUMPOBAaHWS NPU NPOBEAEHUM UCCIe-
OOBaHus.

KoHgbnnukm uHmepecoe. ABTOPbI AEKNAPUPYHOT OTCYTCTBUE SIBHbIX U MOTEHLMANbHbLIX KOH(IUKTOB MHTEPE-
COB, CBA3aHHbIX C Nybnukawumen HacTosiLLen cTaTbMm.

Ansa yumupoeaHusi: dunatos .M., WapryHos A.B. TeTpaHykneotuaHbein npodunb repnecsupycHeix JHK.
XKypHan mukpobuomnoauu, anudemuonoauu u ummyHobuonoauu. 2020; 97(3): 216-226.
DOI: https://doi.org/10.36233/0372-9311-2020-97-3-3
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Tetranucleotide Profile of Herpesvirus DNA
Felix P. Filatov'**, Alexander V. Shargunov'

"Mechnikov Federal Research Institute of Vaccines and Sera, 105064, Moscow, Russia;
“National Research Centre for Epidemiology and Microbiology named after the honorary academician N.F. Gamaleya,
123098, Moscow, Russia

Introduction. Herpesvirus DNAs (about 90% of the total genomic sequences of the Herpesvirales family
presented in GenBank) contain at a minimum concentration one of the two tetranucleotides, CTAG or TCGA. The
“underrepresentation” of CTAG was previously observed only in the DNA of some bacteria and phages. The aim
of the study was the further analysis of the formal characteristics of herpesvirus DNA, as well as their comparison
with the density of the virus/host DNA microhomology and with the genomic macrostructure of herpes viruses.
Materials and methods. Twenty strains and isolates of each of the five types of human herpes viruses (HHV1,
HHV2, HHV3, HHV4, HHV5), 10 strains of HHVS8, 5 strains of HHV6A, 4 strains of HHV6B and 3 strains of
HHV7 were analyzed. GenBank tools were used to determine the frequency of tetranucleotides, and human DNA
fragments with size matched herpesvirus DNA were used for comparison.
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Results. Minimum CTAG concentration in DNA of herpes viruses is mainly characteristic of two- and single-
segment genomes with direct or inverted terminal repeats (classes A,D,E), while the minimum TCGA density is
characteristic mainly for DNA that is significantly less structured (classes B,C,F). By increasing CTAG density,
human herpes viruses form a sequence close to the sequence of increasing the homology density of 20 nt with
human DNA, which also correlates with the macrostructure of DNA. A parallel of this minimization with the DNA
structure of herpes viruses or with their belonging to one or another subfamily — as well as the context of the
“minimal” CpG (that is, TCGA) — is not noted in the literature. Although herpesvirus DNA is quite large (125—
295 Kb), some of them (for example, HHV4, HHV5 and HHV7 DNA) show noticeable deviations from the second
DNA parity rule, and can thus serve as a component of the molecular signature.

The Discussion suggests possible hypotheses for the origin of some of the observed phenomena.

Keywords: Herpesvirus DNA; tetranucleotide profile; CTAG/TCGA deficiency; Chargaff Second Parity Rule.
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BeBepeHune

I'epniecBupychl cemelictBa Herpesviridae, BKIto-
yas HHV, nensrcs Ha Tpu noncemeiictpa: anbga-HYVY,
6era-HV u ramma-HV [1]. Hdpyroit knaccuduxanmei
HV sBnsercst kinaccudukanus Mo MakpOCTPYKType
JHK (puc. 1). OHa He coBceM coBMagaeT ¢ JAeICHUEM
Ha TOJICEMENCTBA U, B COOTBETCTBUU C OOLICTIPHHSTHI-
MU B3DIsiAaMu [2], oOpasyet 6 knaccoB — oT A 1o F.

Anpdpa-HHV (HHV1, HHV2 u HHV3), a Tak-
xe Oera-HHV (HHVS) comepkar NBYXCErMEHTHYIO
JHK; xaxnaplii cerMeHT OrpaHHMYeH B3aWMHO WHBEp-
THPOBAaHHBIMH MOHOMEPHBIMH KOHIIEBBIMU [TOBTOpaAMHU
TR, (IHK xnaccos D u E). JHK HHV xnacca A (Ge-
ta-HHV: HHV6A, HHV6B u HHV7) npencrasnser
c000H HECETMEHTHPOBAaHHYIO YHUKANBHYIO TUHEHHYIO
[0CJIEeI0BAaTENIbHOCTh, OIPAHUYEHHYIO NMPSMBIMH MO-
HomeprbiMu Konyesvlmu nosmopamu TR, conepixa-
LIMMH TI0 /IBa «OCTPOBKa» TEJIOMEPOINOA0OHBIX TeKCca-
nykieotusoB. ['amma-HHYV conepxxar JHK knaccos
B u C, xoTOpBIE HMEIOT YHUKAJIBHYIO IIOCJIEI0BATEb-

Received 22 April 2020
Accepted 25 May 2020

HOCTb, OTPAHUYCHHYIO MPSMBIMUA TaHIAEMHO OpTaHH-
30BaHHBIMU KOPOTKUMHU (T.€. HE MOHOMEPHBIMH) TIO-
BTOpamu, TR,.

Cermentsl u koniessle nosropel JIHK kmacca
F ne cTpykTypupoBaHbl, XOTS WHOTAA OHU MPOCTO HE
nokazansl B GenBank. CymectByror reprecBupyc-
weie JIHK c Oosnee 3k30THYECKOH MaKpOCTPYKTYpOit
(HampuMep, CKyTaBUPYChI), HO WX OYCHb HEMHOTO.
JanHble, mony4YeHHbIE HAMU B MpejiaraeMon pabore,
MO3BOJIWIIA HaM O00beAMHUTH Kitacchl A, D u E B onHy
rpynny (cermentsl JJHK, orpannyennsie MOHOMEpHBI-
MU KOHIIEBBIMU TOBTOpamu), a B, C u F — B apyryio
(oTcyTCTBHE MaKpOCTPYKTYPHI MIIM HE(PUKCHPOBAHHOE
YUCJIO TAaHJEMHO OPTraHU30BAHHBIX KOPOTKHX KOHIIE-
BBIX TIOBTOPOB).

Panee mbl 3amermnn, uto monekyiasl JJHK rep-
MECBUPYCa U €ro X03siuHa cojepxkar koporkue (20—29
HT) UACHTUYHBIC MOCIENOBATEIBHOCTH — MUKPOTO-
MOJIOTHH, KOHIICHTpAlMsI KOTOPBIX HE Ciy4aiiHa W,
KaK MbI TojlaraeM, oObSICHIETCS JUIUTEIBHBIMU (B 3BO-

DNA macrostructure class | TR HHV subfamily
[— | [— [ —]=—] D TRy | 1/2,5 alpha, beta
|]_> T—>] <) E TRy |3 alpha
[— | — ] A TR, | 6A/B, 7 beta
(T ([ | B TR, |8 gamma
— > - e
1l 11113 a0 C TR, |4 gamma
—> E— —>

F TRy | — -

Pwuc. 1. OcHoBHble MaKkpoCTpyKTypHble knaccbl HK HHV (nponopumn AnvH reHOMHbIX dhparMeHTOB MPOW3BOSIbHbI).

TR, — MOHOMEpHbIE TEPMUHATIbHbIE NOBTOPbI (OAMHOYHbIE MPSAMOYrONbHUKN); TR, — TaHAEeMHbIe NOBTOPbI (C HE(MKCUPOBAHHBIM
yucrom nosTopos); TR, — TepMuHanbHbix nosTopos Het. pynna BC[F] AHK HHV BbifeneHa cepbim useToM.

Fig. 1. Basic macrostructural classes of HHV DNA (the proportions of the lengths of the genome fragments are arbitrary).

TR, — monomeric terminal repeats (single rectangles), TR, — tandem organized repeats (non-fixed number of repeats),
TR,— no terminal repeats. BC[F] group of the HHV DNA (see text) is highlighted in gray.
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JIIOIIMOHHOM MacIiTade) OMU3KUMU MEKTCHOMHBIMU
oTHOIIeHUSIMHU Mexay naptHepamu [3]. Tlozxe [4, 5]
MbI OOHAPYKUIIH, YTO TAKUE MUKPOTOMOJIOTHH UMEIOT
XapaKTepHbIe 0COOCHHOCTH pacIpelesieHHsI B TEHOME
TepIIeCBUPYCA, KOHIEHTPHUPYSICh B OCHOBHOM B €ro
KOHIIEBBIX (TPAMBIX WM WHBEPTHUPOBAHHBIX) TOBTO-
pax, ocobeHHO B Tex obOmactsax TR, B KOTOpBIX HET Te-
HOB. CaMO€ MHTepecHOe — 3TO IMOCIIEN0BATENbHOCTD
BuoB HHV 1no HapacraHuio INIOTHOCTH T'€HOMHBIX
MHUKPOTOMOJIOTHI BUPYC/XO3SIMH, KOTOPasi COIIacyeTcst
¢ makpoctpykrypoit JJHK: MeHbias mioTHOCT — B
nByxcermMeHTHbIX JIHK, Gonbiias — B HECETMEHTHUPO-
BaHHBIX. B KadecTBe paboueii rumoTe3bl Mbl HPEAIO-
JIOKWJIM, YTO JIByXCEIMEHTHBIE BHUPYCHBIE TEHOMBI, y
KOTOPBIX TEPMHUHAIBHBIE MTOBTOPHI B3aUMHO WHBEPTH-
POBaHbI, CKIIOHHBI B JATCHTHOM COCTOSIHUM 3aMBIKATh-
cs, ckopee, Ha ce0st (TIOMOOHO SMUCOMaM) U MEHBIIIE
B3aUMOJIeHCTBOBATH ¢ xo3siickoit [JTHK, B To Bpems kak
OJTHOCETMEHTHBIE, UMEIOIIUE MPSIMBIC TIOBTOPHI, MOTYT
BBITATHUBATHCS BIONb Xo3siickoi JIHK, uTto obnerdaer
MEXT'€HOMHOE B3aUMOJICHCTBHE.

B kagecTBe moaxoma Ui aHAIN3a MBI HCIOJb-
30BaJIM CpaBHEHHE YacTOT HYKJIEOTHJIOB B MOJEKYJIax
JIHK u Bropoe mpasmio uetHoctu JIHK Yapraddoa,
CPR2 [6], xoTopoe ctaHoBuTCS HarmsigaeiM B JIHK
pasmepom 6onee 100 000 vt [7, 8]. CPR2 dhopmynupy-
eTcs Tak ke, kak nepsoe (CPR1), Ho oTHOCHUTCS TOMB-
ko k onHoit nenu JIHK. OHo nMeeT npubIn3uTeIbHy0
TOYHOCTh, KOTOpash yBEIMUYMBACTCA 1O MEpe YIJIUHE-
HUs aHanu3upyemoit menu. OHO OTHOCUTCS HE TOJBKO
K MOHO-, HO ¥ K ofuronykieorugam a0 10-15 at — ¢
YMEHBIICHHEM CTPOTOCTH IO MEpE YUTMHEHHSI aHaJIH-
3UpPyeMOro oauronykieoruaa [7, 9]. B merarenomuke
YaCTO UCIONB3YETCS TETPAHYKICOTUIHBIN aHATU3 IS
¢dopmupoBanus MoJeKyIsipHbIX curHatyp [10]. Yacto-
Ta TerpanykieoTunoB (TN) B reHOMax reprecBHpPyCcOB
nmoctroBepHo coorBercTBYeT CPR2 1 obGecneunBaer 60-
nee netanpHyto xapakrepuctuky JAHK, wem moHo-, nu-
U TpuHykieotuzas! [7, 11]. B npuHimne, cuMMeTpuu
TN renoma HHV Obutu onucansl panee [12], HO oHU
TONBKO ToaTBepauian coorBerctBue CPR2. Ham non-
XOJl OOHApPYKUBACT IPyTrUe HEOOBIYHBIE CBOWCTBA 3TUX
TEHOMOB.

Hess HacTosmeil paboTel — MPOIOKEHHUE aHa-
nu3a (HOpMaNbHBIX XapaKTEPUCTUK TePIECBUPYCHBIX
JHK, a Takxke comocTaBieHHE WX C ILIOTHOCTBIO
JHK-MukporoMmosnoruii BUpyc/X03SMH U C TEHOMHOMN
MaKpOCTPYKTYpPOU TepIIECBUPYCOB.

Ma‘repman bl 1 MeToAbl

Ms1 mpoananusupoBaiu okoio 90% HyKIeoTHI-
HBIX TOCIEAOBATEIHFHOCTEH MOTHOPA3MEPHBIX MOJe-
kyn BupycHot JIHK xaxmoro poaa Bcex Tpex CeMeucTB
TepIEeCBUPYCOB TMO3BOHOYHBIX W OECIIO3BOHOYHBIX,
comepxamuxcsi B GenBank. IIpoananusupoBaB 1o
20 mTaMMOB U U30JATOB Kaxaoro u3 5 tunos HHV
(HHV1, HHV2, HHV3, HHV4, HHVS), 10 mtamMmMoB

HHVS, 5 mrammoB HHV6A, 4 mramma HHV6B u 3
mramma HHV7, Mbl yOeannucey B pakTHUECKOH UCH-
TUYHOCTH BHYTPHUBMIOBBIX PE3YJIBTaTOB U IOITOMY
MPUBOAMM B Tabnuiax aaHHbie Toibko o JJHK pede-
pEeHC-IIITaMMOB KaX/I0TO BUJa FepIieCBUPYCOB.

Hns cpaBHenust wucnonszoBain JIHK uenose-
ka JuuHOK 1,5 meranykieoruna (5 ¢parMeHTOB IO
300 000 HT KaXKIBIi):

* ¢parment Chr 03 163229646-163529646;

* ¢parment Chr 05 29372672-29672672;

* ¢parment Chr 14 64016329-64316329;

* ¢parment Chr 21 15306102-15606102;

* ¢parment Chr 21 33931862-34231862.

Jns onpenenenus yactorsl TN MBI HCIIONB30BAIN
uHcTpymenTsl GenBank.

Pe3synbraTtbl

Ms1 npoanamusupoBanu TN-cOCTaB MOJHOCTBIO
cexBeHupoBaHHblx JIHK mpaxrtuueckn Bcex repmec-
BUPYCOB OTpsna Herpes virales, comepxammxcs B
GenBank. Knacc JIHK, t.e. npeobnaganue G + C niu
A + T B oiHOM M3 ee Lienel, He JAaeT CIUIIKOM MHOTO
B 3TOM OTHoOIeHUH, pa3aenss HHV na nee rpynmnsl no
KJ1accam:

» wiacc AT — HHV3 (ansda) u HHV6A, 6B, 7

(6era);
» kmacc GC — HHV1,2 (anbda), 5 (6era) u 4,8
(ramma).

BmecTe ¢ TeM QUHYKJIEOTHUAHBIA aHAJIU3 XOpO-
o wutroctpupyetr CPR2 [8], mo kotopomy A= T, C =
G, C+T=A+T'uC+A=T+T gna ogHoii HUTH
JHK. Oto onpenensercs pasMepoM reprnecBUPYCHBIX
JHK — 125-295 K6.

Oo6ree kommuectBo TN cocraiset 256 (4*). Uro-
0b1 u3bexkarh BiusHus knacca JJHK (GC unu AT) Ha
pe3ynbTarhl MojicyeTa, MoKa3aHHoTo paHee [8, 13, 14],
MBI IIPOAaHAIM3UpPOBaNIHU TONbKO Te TN, KOTOphIE CO-
JiepKar Bce 4 pa3nuyHBIX OCHOBAHUS, T.€. «IIOJHBIE»
TN — 4TN. B IHK HHV1 (xnacc GC) HanMeHbIIUM
(«HEmoOmpeACTaBICHHBIMY) SBIAETCI HMEHHO TaKou
4TN — CTAG (91 ut Ha rerom u3 ~150 TbIC. TIAp OC-
HoBanuit). B JIHK HHV6A (xnacc AT) uucno CTAG
Takke Omm3ko kK HauMmenbliemy (303 HT) cpeau Bcex
TEeTpaMepoB U ABIsAeTCS HauMeHbITUM u3 4TN. MeHb-
e Tonsko AGGG (287) u GGCT (296) — B cooTBeT-
ctBuM ¢ knaccom JJHK. D10 obcTOsITENHCTBO eie pas
000CHOBBIBAET BEIOOP IMEHHO «IIOJTHBIX» HA0OPOB ISt
aHanu3a TN.

N3 256 TN tonbko 24 cocTodat u3 Bcex 4 HyKIeo-
0B (P, = 4! =24). O1n 24, B CBOKO 0O4€PEb, NENATCH
Ha JIBE TPYMIIbL: 8 U3 HUX (OKTET A) IpY UHBEPCUM HE
menstores, Hanpumep CTAG|CTAG, ocranbHble (OK-
teT B) cocramnstor napet B1 u B2 B3aumMHonHBepTHPO-
BaHHbIX HenaeHTHYHBIX TN, Hanpumep, CTAG|TCAG.
B tabmuiax u Ha pucyHkax okTeThl A U B mokazaHbl
pasgenpHO. [l KOPPEKTHOTO CpaBHEHHs JaHHbBIE
MPEACTABIIEHBI B TPOLIEHTaX OT CyMMBbI 4acToT TN kax-
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noro oktera, A u B. B Tada. 1 cpaBHMBaoTCS JaHHBIE
o BceM 24 obcyxmaaembiM TN oktetoB A u B (pede-
peHc-mTaMMbl) Beex u3BecTHbIX ThnoB HHV. JlanHbie
tabn. 1 mokaseiBatot, uro Terpamep CTAG «Heno-
npeacrasiien» B reHoMax Bcex HHYV, 3a uckimouennem
HHV7; B nocienHemM «HEIONPEACTABIEH» TETpamep
ACTG. B IHK HHV4 «uenomnpencraBien» TeTpamep
TCGA (xak u B TeHOME YEJIOBEKA).

B cooTBeTCTBUM CO CHMKEHHEM «HEAOIPENICTAaB-
neaHoct» CTAG renomb HHV o6pa3yrot nocienopa-

ORIGINAL RESEARCHES

TEJIbHOCTh, KOTOPask HAlIOMUHAET MOCIIeI0BaTeIbHOCTh
JHK-MukporoMosnoruii BUpyc/X03si1MH M0 HApaCTaHUIO
WX TUIOTHOCTHU (PHC. 2): HAaUOOJIbIIAS «HEOMPEICTaB-
nenHocTh» CTAG xapakTepHa A JABYXCEIMEHTHBIX
JHK, nHanmenbIas — Jj1s1 OTHOCETMEHTHBIX.

B 10 xe Bpemsa JJHK kaxmoro HHV conmepxur
«cBepxIpencTaBieHHbIe» TN, KOTOpble Takke Xapak-
TEpHHI JIs TEHOMOB ONPEAEICHHON MaKpOCTPYKTYpBI:
ACGT — nmnsa asyxcermentHod JIHK (xnmaccer D, E),

Tabnuua 1. Npodunb naeHTUYHbIX (OKTET A) N HenaeHTuYHbIX (okTeTbl B1 1 B2) Tetpamepos, cogepxawmx 4TNT 8 Tunos
HHYV (pedepeHc-LuTaMMbl), BbIpaXEHHbIN B NPoLEHTax oT obLuero yncna pesynsratoB no oktetam A u B pasgenso

Table 1. Profile of identical (octet A) and non-identical (octets B1 and B2) tetramers containing four different nucleotides
(4TN) of eight types of HHV (reference strains), expressed as a percentage of the total number of the octets A and B

separately

HHV 1 2 3 5 6A 6B 7 4 8

. 4TN

subfamily alpha beta gamma Human
TR TR, TR,
4TN octet A
CTAG 2,8 2,6 49 50 7,5 7,3 13,9 9,2 8,3 12,2
TCGA 14,5 15,1 10,6 10,9 15,0 14,7 9,1 6,6 8,6 2,4
AGCT 12,7 13,7 8,2 11,2 10,3 11,2 17,7 18,4 15,1 18,9
GATC 13,2 13,5 12,9 11,6 13,6 14,0 10,8 10,3 10,0 11,4
CATG 15,1 13,1 15,7 13,7 13,8 14,4 14,1 19,6 16,2 21,6
TGCA 11,2 11,7 15,6 12,6 15,0 14,9 17,9 17,9 15,9 22,3
ACGT 16,9 17,5 18,7 20,9 14,8 14,1 8,1 9,6 13,7 3,0
GTAC 13,6 12,8 13,4 14,1 10,0 9,4 8,4 8,4 12,2 8,2
4TN octet B1
CTGA 53 54 3,9 59 6,9 71 7,6 8,9 7.4 11,2
TACG 7,2 7,0 8,3 7,6 59 53 3,4 2,6 4,8 1,0
GCAT 7,2 6,8 8,5 53 6,8 6,8 7,3 7,6 6,6 7,6
AGTC 55 54 4,3 59 57 57 59 7.9 5,8 6,3
CAGT 5,2 4,6 6,1 59 6,0 6,3 7.8 8,9 8,0 9,6
ATCG 8,2 7,5 8,3 6,5 7,7 7,2 4,9 3,0 4,5 1,1
GCTA 34 3,2 4,4 4,4 41 4,0 4,9 4,8 51 6,3
TGAC 6,9 7.1 57 8,0 6,5 6,6 6,9 8,2 8,0 6,7
4TNs octet B2

TCAG 6,3 6,0 4,9 6,0 6,7 7,3 7.9 10,6 7,3 10,9
CGTA 7,5 8,0 7.9 7,7 6,1 6,0 4,0 3,3 4,7 1,0
ATGC 7,7 8,8 8,1 5,6 6,1 6,7 7,5 7,0 6,7 7,5
GACT 5,0 57 52 5,0 54 57 4,9 54 6,3 6,7
ACTG 5,0 4,5 6,3 59 6,9 6,7 7,3 6,2 8,7 10,0
CGAT 7,2 6,8 8,5 53 6,8 6,8 5,0 3,0 6,6 1,1
TAGC 3,7 3,1 4,7 52 53 51 7,8 4,8 4,4 6,3
GTCA 7,6 7,2 5,6 8,3 6,6 6,2 6,9 8,4 7,7 6,7

Mpumeyanue. XKupHoimu 6ykBamm o603HadeHbl TeTpamepbl CTAG n gumepbl CpG B obcyxaaembix B TEKCTE TeTpamepax (COOTBETCTBYHO-

Lime syerikn 060mnx OKTETOB BblAEMNEHbI cepbiM LlBeTOM).

Note. Bold letters are tetramers CTAG and dimers CpG in the tetramers discussed in text (corresponding cells of the both octets are

highlighted in gray).
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Puc. 2. YacTota (%) CTAG cpean 4TN okteta A
B [JHK repnecsupycos yenoseka.

HHV4 n HHV8 (knaccel AHK BC[F]) oTmeueHbI cepbiM.
B npsimoyronbHuke — yeTbipe HHV knacca DE.

Fig. 2. Frequency (%) of CTAG among other 4TNs of the
octet A in human herpesvirus DNA.

HHV4 and HHV8 (BC[F] DNA classes) are marked in gray.
In the rectangle there are four HHVs of DE classes.

TGCA — nns 0THOCETMEHTHOM (KJ1acc A, po3e0JIOBU-
pycel) u CATG — my1s omHOCErMEeHTHBIX (Kjacchl B,
C). Onnaxo, nockonsky JIHK BupycoB repneca, oTinuy-
HBIX OT YEeJIOBEeKa, OUeHb cabo MpeacTaBieHa 1Jisl BU-
noB-xo03sieB B GenBank, MBI HEe IPUBOAMM pE3yNIBTATHI
aHaJin3a no «MakcuMaibHbIM» TN.

Konounku wncen, ornocamuxcs k JJHK kaxnmo-
ro Bupyca, npeacrasistor coboit TN-npodmmm JTHK,

u onn — B ciyqae HHV4, 8 u 7 — nemoHCTpupyroT
onpenenaeHHoe cxoacTro ¢ npodmiem JJHK gemoseka.
B nexotopsix cnyuasx (HHV4, 5, 7) npeacrasneHusie
nonapHo TN okretoB B1 u B2 nemoHcTpupyroT Xa-
pakrepHblie oTknoHeHust oT CPR2, koTopsble, BeposTHO,
CBf3aHbl ¢ HenocTaroyHsIMU pasMepamu JIHK stmx
BHUPYCOB WJIM C HEIOCTaTOYHBIM YHCJIOM ILITAaMMOB B
GenBank, xoropoe He obecrednBaeT ITOCTOBEPHOCTD
COOTBETCTBYIOIIMX JaHHBIX. [lo3uTHBHAS cTOpOHA Ta-
KHX OTKJIOHEHUH 3aKJII04aeTcsi B TOM, YTO OHM MOTYT
OBITH HCIOJH30BAaHBI B KAY€CTBE KOMIIOHEHTOB MOJIEKY-
JISIPHBIX CUTHATYp 3THX BUPYCOB.

OO0pamiaet Ha ce0st BHUMaHUE, YTO Pa3HHUIIA MEXK-
Iy MakCUMaJbHBIMM M MUHHMAaJbHBIMH 3HAYEHUSIMHU
B OKTET€ A CYIIECTBEHHO Ooibllie, 4eM B OKTeTe B.
B tex cnyuasx, korga nokasarenu miotHocTd TN ok-
teta B MeHblIe, yeM okTeTra A, UX «HEAONPEACTaB-
JIEHHOCTB» HampsAMylo cBs3aHa ¢ kiaccom JHK, T.e.
oun umeroT Bua [TA/AT|GC/CG]; neBas u npaBas na-
pBI TETpaMepa MOTYT MEHATHCSI MECTaMH, a 3HaK «/»
o3HauaeT «wim». Takux TN — 8, 1 uX NpUIacTHOCTH
Kk (opmuposanuto kinacca JIHK He umeer 3HaueHUS
JUTSL UCTIONB30BaHUSL — BMECTE C APYTUMH IMOJIHBIMU
TeTpaMepaMl — B KaueCTBE MOJEKYISPHBIX CHTHa-
Typ. B Tada. 2 cyMmMupoBaHbl JaHHBIE IO «MUHHUMAaJIb-
HBEIM» («HemonpencraBieHHsiM») 4TN JTHK repmec-
BHUPYCOB YelloBeka. AHanu3 cepuil mrammoB (110 20)
onHoro u toro ke tuna HHV nokasan no4tu noiany:o
HWICHTUYHOCTh PE3yJAbTaTOB, YTO B NEPBOM MpHOIH-
JKEHUH TIO3BOJIMJIO CUUTATh MOITYYEHHBIE PE3yabTaThl
JIOCTaTOYHO Ha/eKHBIMH.

Hanee mbl npoBenu TN-aHan3 NOJHOCTBIO CEKBE-
HupoBaHHbIX JJHK mouTtn Bcex apyrux BUIOB BUPYCOB
cyniepcemetictea Herpesvirales (Tada. 3).

Tabnuua 2. O606LeHHas Bepcusi fanHbix o JHK HHV (cemelictBo Herpesviridae)
Table 2. A generalized version of the data on the human herpesviruses DNA (family Herpesviridae)

«Heponpea- Konuuyectso
Moacemeincteo Pon Bua Howmep PasmegizﬂeHK, K6 Knacc | Twun CTaBMneH- | U3yYeHHbIX LUTaMMOB
Subfamily Genus Species | Reference Class | Type | Hble» 4TN Number
of the DNA, Kb . .
4TN . of studied strains

alpha Herpes simplex virus HHV1 NC_001806 155 E GC CTAG 20
Herpes simplex virus HHV2  NC_001798 155 E GC CTAG 20
Varicella-Zoster virus HHV3  NC_001348 125 D AT CTAG 20
beta Cytomegalovirus HHV5  NC_006273 236 E GC CTAG 20
Roseoloviruses HHVB6A NC_001664 159 A AT CTAG 5
HHV6B NC_000898 162 A AT CTAG 4
HHV7  NC_001716 153 A AT ACGT 3
gamma Lymphocryptovirus HHV4  NC_007605 172 C GC TCGA 20
Rhadinovirus HHV8  NC_009333 138 B GC CTAG 10

Mpumeuanue. He-CTAG , OHK Bbigenerbl kypcusom (CpG — »xupHbim kKypersom). HHV, B IHK kotopeix CpG>GpC, BblaeneHsl cepbim

LIBETOM.

Note. Non-CTAG , DNAs are highlighted in italics (CpG — in bold italics). HHVs in the DNA with CpG>GpC are highlighted in gray.
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Tabnuua 3. «HeponpepactasneHHsle» TN B IHK repneceupycoB xunBoOTHbIX (cemencTsa Herpesviridae, Alloherpesviridae
n Malacoherpesviridae)

Table 3. A generalized version of the data on the DNA of animal herpesviruses (families Herpesviridae,
Alloherpesviridae and Malacoherpesviridae)

HoqcemeﬂpTBo Pon BM,q Homep _Paamep OHK, K6 Knacc | Tun «ﬁzﬂgzg‘i”ﬂ.?\;}
Subfamily Genus Species Reference | Size of the DNA, Kb [ Class | Type 4TN
CemencTtBo: Herpesviridae (eepneceupyc XueomHhbix)
Family: Herpesviridae (animal HV)
alpha llitovirus Gallid AHV1 NC_006623 149 D AT CTAG
Psittacid AHV1 NC_005264 163 D GC CTAG
Mardivirus Anatid AHV1 NC_013036 158 F AT CTAG
Columbid AHV1 NC_034266 204 E GC CTAG
Falconid AHV1 NC_024450 204 E GC CTAG
Gallid AHV2 NC_002229 178 E AT CTAG
Gallid AHV2 MF431495 178 E AT CTAG
Gallid AHV3 NC_002577 164 E GC CTAG
Meleagrid AHV1 NC_002641 159 E AT CTAG
Sphenicid AHV1 NC_033464 165 D AT CTAG
Scutavirus Testudinid HV3 NC_002794 196 D* AT TGCA
Simplex virus Ateline AHV1 NC_034446 147 D GC CTAG
Cercopithecine AHV2  NC_006560 151 E GC CTAG
Panine HV3 NC_023677 153 E GC CTAG
Leporide AHV4 NC_029311 124 E GC CTAG
Macacine AHV1 NC_004812 157 E GC CTAG
Macropodid AHV1 NC_029132 140 D GC CTAG
Papiine AHV2 NC_007453 156 E GC CTAG
Saimiriine AHV1 NC_014567 157 D GC TGCA
Fruit bat AHV1 NC_024306 149 E GC GTAC
Varicella virus Bovine AHV1 NC_001847 135 D GC CTAG
Bovine AHV5 NC_005261 138 F GC CTAG
Bubaline AHV1 NC_043054 137 F GC CTAG
Cercopithecine AHV9  NC_002686 125 D AT CTAG
Equid AHV3 NC_024771 184 E GC CTAG
Suid AHV1 NC_006151 143 D GC CTAG
Canid AHV1 NC_030117 125 D AT TCGA
Equid AHV4 NC_001844 146 D GC TCGA
Felid AHV1 NC_013590 136 D AT TCGA
Equid AHV1 NC_001491 150 D GC GATC
Equid AHV8 NC_017826 149 F GC GATC
Equid AHV9 NC_011644 148 D GC GATC
beta Cytomegalovirus Aotine BHV1 NC_016447 219 E GC CTAG
Caviid BHV2 NC_020231 234 A GC CTAG
Cercopithecine BHV5 NC_012783 226 A GC CTAG
Papio ursinus CMV NC_027016 226 F GC CTAG
Cynomolgus CMV NC_033176 224 A AT CTAG
Macacine BHV3 NC_006150 221 F AT CTAG
Panine BHV2 NC_003521 241 D GC CTAG
Saimiriine BHV4 NC_016448 197 E AT CTAG
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OkoH4aHue Tabn. 3/ End of Table 3

MNoacemencTeso Pon Bua Howmep Pasmep OHK, K6 Knacc | Tun «ﬂgﬁggxﬂ:‘}?\l&
Subfamily Genus Species Reference | Size of the DNA, Kb | Class | Type 4TN
Muromegalovirus Murid BHV1 NC_004065 230 F GC CTAG
Murid BHV8 NC_019559 203 F AT CTAG
Rat CMV Maastricht ~ NC_002512 230 A GC CTAG
Proboscivirus Elephant BHV4 NC_028379 206 F GC CTAG
Elephant BHV5 NC_024696 181 A AT CTAG
Elephantid BHV1 NC_020474 180 A AT CTAG
Roseolovirus Murine roseolovirus NC_033620 174 F AT CTAG
Macaca nemestrina NC_030200 137 A AT CTAG
Suid BHV2 NC_022233 128 A AT CTAG
gamma Macavirus Alcelaphine GHV1 NC_002531 131 F AT TCGA
Alcelaphine GHV2 NC_024382 137 F AT TCGA
Bovine GHV6 NC_024303 145 F AT TCGA
Ovine GHV2 NC_007646 135 F AT TCGA
Percavirus Felis catus GHV1 NC_028099 123 F AT TCGA
Equid GHV5 NC_026421 182 B GC TCGA
Equid GHV2 NC_001650 184 A GC TCGA
Rhadinovirus Ateline GHV3 NC_001987 108 F AT TCGA
Cricetid GHV2 NC_015049 124 F AT TCGA
Murid GHV4 NC_001826 119 F AT TCGA
Saimiriine GHV2 NC_001350 113 F AT TCGA
Dolphin GHV1 NC_035117 167 F AT CTAG
Macacine GHV5 NC_003401 134 F GC CTAG
Lymphocryptovirus Callitrichine GHV3 NC_004367 150 F AT TCGA
Macacine GHV4 NC_006146 171 F GC TCGA
Unclassified gamma  Rhinolophus GHV1 NC_040539 148 A AT TCGA
Unclassified gamma Eptesicus fuscus GHV  NC_040615 167 F GC CTAG
CemelictBo: Alloherpesviridae (repnecBupyc pbi6 U 3eMHOBOAHbIX)
Family: Alloherpesviridae (pisces and amphibia HV)
Cyprinivirus Anguillid HV1 NC_013668 249 A GC CTAG
Cyprinid HV2 NC_019495 290 A GC CTAG
Cyprinid HV3 NC_009127 295 A GC CTAG
Cyprinid HV1 NC_019491 291 A GC TCGA
Ictalurivirus Ictalurid HV1 NC_001493 134 F GC CTAG
Ictalurid HV2 NC_036579 143 A GC CTAG
Batrachovirus Ranid HV1 NC_008211 221 A GC CTAG
Ranid HV2 NC_008210 232 A GC CTAG
CemeinctBo: Malacoherpesviridae (repnecBupyc 6eCno3aBoHOYHbIX)
Family: Malacoherpesviridae (invertebrates HV)
Aurivirus Haliotid HV1 NC_018874 212 E AT CTAG
Ostreavirus Ostreid HV1 NC_005881 207 F AT CTAG
HeknaccuduumpoBaHHbIn repnecBupyc / Unclassified Herpesvirales
Unclassified Bufonid HV1 NC_040681 158 F AT TCGA

MpumeyaHue. Cepble suenkn — OHK knacca BC[F] u «mnHumanbHblie» He-CTAG TN. D* — HeobbluHas MakpocTpykTypa OHK Bupyca
Testudinid HV3, B koTOpoW ABa NPMMEPHO paBHbIX CErMeHTa, OrpaHNYEHHbIE KOHLIEBbIMM MOBTOPaMW, pa3ferneHbl KOPOTKOW YHUKanbHOM
nocnegoBaTeflbHOCTbHO.

Note. Gray cells — BC [F] class DNA and “minimal” non-CTAG TN. Asterix in D* denotes the unusual macrostructure of the Testudinid
HV3 DNA, in which two approximately equal segments bounded by terminal repeats are separated by a short unique sequence.
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Tabanna 3 moka3pIBacT, YTO BCE T'ePIIECBUPYCHI
paszeneHsl Ha JBE TPYHIBl B COOTBETCTBUHU C ABYMs
OCHOBHBIMU «HenonpeactaBieHHsiMm» TN — CTAG
ni TCGA. PasHuna Mexay 3TUMH JBYMS TpyIaMu
ClelyeT U3 UX T€HOMHOM MaKpOCTPYKTypbl. MuHU-
manbHbli CTAG (CTAG, ) XapakTepeH ajis KIIacCoB
A, D, E crpykrypupoBannoii IHK ¢ Gonpmmmu mo-
HOMEPHBIMU KOHIEBbIMU noBTOpamu — TR, TCGA
XapakTepeH AJs MEHee CTPOro CTPYKTYpHPOBAaHHBIX
knaccoB JJHK B, C[F] ¢ He¢uKkcupOoBaHHBIMU TaHAEM-
HBIMU KOHIIEBbIMHU moBTOpamu — TR,

O6cyxpeHune

«Henompencrapnennocts» TN CTAG (CTAGm].n)
B T€HOMAX 2uepuxuti U calbMOHell, a TaKKe HeKOTO-
pBIX QaroB m3BecTHa AaBHO [15] u mpomomxkaer uzy-
yatbces [16]. MBI BIepBbIie CHCTEMATHUYECKH TTOKA3bIBa-
€M 3Ty 0COOCHHOCTB U BCEX M3BECTHBIX I'epIIeCBU-
pycubix IHK u npeanonaraem ee BO3BMOXKHYIO CBSI3b C
ux crpykrypoil. CTAG . xapaxrepen ans JIHK 6omb-
e rpynmnsl reprecBupycos (xiaccel A, D, E) ¢ Ha-
JUYUEM OTHOTO WMJIHM JBYX CErMEHTOB, OTpaHUYEHHBIX
MOHOMEDPHBIMH KOHIIEBbIMH 110BTOpamMHu (TR, mpsambI-
MM WM B3aMMHO HMHBepTUpoBaHHbIMH). TCGA _  xa-
pakrepen Uit JIHK MeHbIel rpymnmnsl reprnecBUpycoB
(xmaccet B, C[F]) ¢ omHOCErMEHTHBIM T€HOMOM, OTpa-
HUYEHHBIM HEONpeAeIeHHBIM YHCIIOM TaHAEMHO Opra-
HHM30BAHHBIX MPAMBIX KOHLEBBIX OBTOPOB (TR).

Ha wmbicnb o Gosee oOrieli mpupoje mapajienei
CTAG . |ADE u TCGA . [BC[F] cpenu BUPYCOB KH-
BOTHBIX HAaBOIUT «HemompencraBaeHHOCTEY CTAG 3a
pamkamu otpsina Herpesvirales, B yactnoctu B JIHK
BHUPYCOB a(puKaHCKOW 4yMbl CBHHEH (Asfarviridae)
u ¢udpombl Shope y kponukoB (Poxviridae), cTpyk-
TYpUpPOBaHHBIX aHAJOTHYHO reprnecBupycam A, D, E.
B TO ke Bpemsi TeHOMBI BUPYCOB OCIBI H OCIIOBAKIIU-
HBI (Poxviridae) He CTPYKTYypHpOBaHBI MOJOOHBIM 00-
pa3oM, B HHUX HeT «HenompenacraBieHHocT» CTAG.
Ortu HaOmoneHus: TpeOyIT CePhe3HOTO PACIIUPCHHS
00CyXJaeMbIX UCCIECJOBAHUI B IPYTUX TAKCOHOMHUYE-
CKHUX TPYIIax BUPYCOB )KUBOTHBIX.

Tepmonunamuueckass monens CTAG B cocrtaBe
PHK mnokaspIBaet, 4To 3TOT TeTpamep HapyIlIaeT OnTH-
MaJbHYIO CTPYKTYPY CTBOJIOBBIX IIETEITb MOJIEKYIbI, KO-
TOpBIE KOHTPOJIUPYIOT SKCIIPECCHUIO TE€HOB, YBEIUYUBAs
UX CBOOOJHYIO SHEPTHUI0. ABTOPBI ATOM TUMOTE3HI [15]
MPEATNON0KUIIH TaKXkKe, YTO o0Inil npenok Salmonella
u Escherichia wmen 3HayWTeNnbHO OONee BBICOKYIO
miotHOCTs CTAG, HO 3BONIOIMOHHOE BBIPOKICHHE
npuseno k 3aMmeHe CTAG y ero motoMkoB, U 3Ta TEH-
JeHIMsT B HacTosIlee BpeMms coxpasserca. B cepuu
TCHOB U B MEXICHHBIX MPOCTPaHCTBaX y Escherichia
u Salmonella 310 BRIPOXKIIEHUE BBIPA3HIIOCH B YBOJIIO-
uuonHoit 3amere CTAG, B nmepsyro ouepens Ha CTGG.

B sTtom oTHomieHnu Haubojee YMECTHO CpaB-
HUTh (PUIIOTEHETHYECKU POJICTBEHHBIE (OHOTO POJIA)
poszeonoBupychl uenoBeka HHV6 u HHV7. B JJHK
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000HX BHUPYCOB — MO CPaBHEHHUIO C APYTHMH BHPY-
camu reprneca — yactoTel CTAG u CTGG naunbonee
pasznuuHbl. CpaBHEHHE MMOKa3bIBaET, uTo eciii B HHV7
(NC _001716) ornomenue yactror CTAG:CTGG co-
craBiageT 530:301 coorBercTtBenno, To B HHVO6A
(NC _001664) ono maxke MpOTHBOIIOIOXKHOE U COCTaB-
qsiet 303:391 — mpu Gnuskux pasmepax JJHK oGoux
BupycoB. Eciu nabnronenne Le Tang c coasr. [16] B
KaKoH-TO Mepe MMPUMEHUMO U K 00CYyKIaeMbIM Tepriec-
Bupycam, To HHV7, oueBuaHo, Onike K 9BONIOLMOH-
HOMY TNPEIIECTBEHHUKY 000MX PO3E0JIOBUPYCOB, UM
HHV6, B xotropom MHOrHe CTAG ObUIM 3aMEHEHBI Ha
CTGG. B 1o e Bpemss HHV6 nprobpen cnocoGHOCTS
WHTETrpUpOBaTh CBOW F'€HOM B T€HOM XO35IMHA, YTO, KaK
MPaBUIIO, HE SIBISIETCS OOsI3aTEIbHBIM YCIOBHEM IS
Oonee TecHbix otHoleHul ¢ JIHK xo3siuna [17], 0 uem
cBujeTenscTByeT cxoacTBo npoduns TN HHV7 (1o He
HHV6) u JHK uenoseka (puc. 3), a Takxke 0ojee BhI-
cokuii yposenb JJHK-mukporomonoruu Bupyc/xo3ssua
B HHV7, uem B HHV6, uiu Oonee HU3KUil ypOBEHB Ta-
KO MUKPOTOMOJIOTHH Y MapAUBUPYCOB C BBIPAKEHHbI-
MU TEJIOMEPHBIMH OCTPOBKAaMHU B KOHIIEBBIX ITOBTOpPAX
cermenToB JIHK [5, 18].

Ha pue. 3 nonomHUTENHHO MOKa3aHbl HEKOTOPHIE
0COOCHHOCTH TPOAaHANM3UPOBaHHBIX Mpoduneit 4TN
BupycHbix JJHK. B coorBerctBum ¢ CPR2 cxonctBo
mexxay Bl u B2 B IHK uenoBeka HamHoro Oosblire,
yem B JIHK Bupycos, mockonbky ¢pparmentst JJHK de-
noBeka uMeroT 3aeck anuay 300 K6, a resomsr HHV
HamHoro kopoue. B HHV7 paznuuus mexnay Bl u B2
JIOCTaTOYHO XapaKTepPHBI U MOTYT UCIIOJIB30BaThCS B Ka-
YecTBe IeMeHTa MoneKyssipHoi curnaryps! JJHK sto-
ro BUpyca (To e oTHocutcs K npodumo 4TN HHV4;
puc. 4). Tor dakr, uto GenBank nipencrapinsier moaHeie
(moutn momHble) mnocnenosarenbHocTH JHK TOnbko
Tpex mrammoB HHV7, no3Bonser npuMeHsTh CTaTUCTH-
YecKHe MEeTOJIbl Ul MOATBEPKACHUS MPE/ICTABICHHBIX
37I€Ch JIAHHBIX ¢ OOJBIIMME Ooropopkamu. [1o 3toli npu-
YIHE MbI HE UCTIOIb30BAJIH 3/1€Ch 3TH METO/Ibl, OTMETHB,
YTO CEroJHS ATO JIUILb MTOX0KE Ha (AKT.

Ha puc. 4 npuseneno cpaBuenue 4TN-npodus
JHK npyroit napst Bupyco — HHV1 u HHV4. B cny-
yae HHV1 nuskoe copepxanune CTAG no3BomusieT BU-
PYCY BBI3BIBATH OCTPYIO MPOAYKTUBHYIO WHPEKIHIO U
HaKaIUIMBaThCsl B KJIETKAaX BXOAHBIX BOPOT (B TEX XKe
¢ubpobnacrax), a 3aTeM MEPEeXOAUTh B HEHPOHEI, Te
OH OyIeT ocTaBaThCsl HAa BCIO )KM3Hb — B YaCTHOCTH,
W3-32 MHTHOMPYIOMIETO NEHCTBUS JMUTEHETUYECKHX
MEXaHU3MOB XO35IMHA, OJHUM M3 KOTOPBIX SABIAETCS
MetminpoBanue BupycHoil /IHK. Konnenrpamnus nu-
nykneoruoB CpG B renome HHV 1 cymecrsenHo npe-
BBIIIIAET cpesiHee 3HaueHue (Taod. 1).

Huskue ypoau CTAG MoryT urpars poib B 000-
CTpEHHH JaTeHTHBIX nHpeknuid. B ciryuae HHV4 nep-
BUYHAsl JIUTHUYECKas MH(MEKIUS HE XapaKTepu3yeTcs
BBICOKMM YPOBHEM BHMPYCHBIX CHHTE30B, a IMOCIE Ie-
pexona B XpOHUYECKYIO (pasy OHa TaKkKe peryinupyercs
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Puc. 3. 4TN-npodunb AHK HHV6A n HHV7 no cpasHeHnuto ¢ npocpmunem 4TN [HK yenoseka.

OkteT A: IHK yenoBeka BblgeneHa cepbiM, BupycHas JHK — uepHbim. OkTeT B: rpadwmk B1 [JHK yenoseka BblaeneH CBETNO-CEPbIM,
B2 — temHo-cepbiv; rpacdmk B1 IHK Bupyca BbigeneH XunpHbIM YepHbIM, B2 — TOHKMM YepHbIM.

Fig. 3. 4TN profile of HHV6A and HHV7 DNA compared to human DNA 4TN profile.

Octet A: human DNA is highlighted in gray, viral DNA — in black.
Octet B: human B1 is highlighted in light gray, human B2 is highlighted in dark gray, virus B1 is highlighted in bold black, B2 — in thin black.

SMUT€HETHYECKUMH HMHCTPYMEHTaMH, BKJIIOYas METH-
nupoBanue 1uTo3uHa B coctaBe CpG [18, 19]. B 1o xe
Bpemsi oueBuiHas Onuszocth 4TN-npoduieit reHoma
HHV4 u xo3simHa yKa3pIBaeT Ha CXOAHYIO PEaKIUIO Ha
3TH PETryIUpPYIOLINe HHCTPYMEHTHI. T0 jke caMoe MOX-
HO ckazatb 0 HHVS u snurenerndeckoil perynsuu
eroreHoB [19, 20]. I3 MHOTMX 3TTUTEeHETHYCCKUX MeXa-
HU3MOB, KOTOPbIE MOJU(PHUIUPYIOT IKCIPECCHIO TEHOB
BHpYCa U X031HMHA, MBI pacCMaTpHBaeM 3/1€Ch TOJIBKO
MetuupoBanue JIHK, Tounee, MeTuinpoBaHue 1UTO-
3uHa B CpG, MOCKOJIBKY 3TOT TUMED SIBIISETCS YacTbIO
terpamepa TCGA, 4TO MO3BOJIAET CpaBHUBATh €r0 C
npyruM terpamepoM, CTAG, B mpeiokeHHOM 3/eCh
acreKxTe.

l'unotesa o Hu3Koit ioTHOCTH TeTpamepa CTAG
M3-32 €r0 BOJIOLUOHHOTO BBIPOXKICHUS HE OOBICHSET
OYEBU/IHBIX OIPAaHUYEHUN €ro HCIOIb30BaHMUS U BO-
BCE HE KacaeTcs NMPHYMH HU3KOW IIOTHOCTH JIPYTroro
terpamepa okrera A, TCGA, B IHK npencraButeneit

atoro ke cynepcemeiicra. Okono 40% CpG, neHTpass-
HOM Mapbl 3TOTO TETpaMepa, HAXOTUTCS B TPOMOTOPHBIX
30Hax MyIekonuTarmux [21, 22] u uMeeT ropasio colee
HU3KYIO TJIOTHOCTH B TOJIHBIX IOCIIEAOBATEIBHOCTIX
TCHOMOB TIO3BOHOUYHBIX, YEM MOKHO OBLIO ObI OXKHIATh
[23, 24]. OTa «HEeAONPEACTABICHHOCTEY SIBIISIETCS CIIE-
CTBHEM BBICOKOW YaCTOThI MyTallMii METHIIUPOBAHHBIX
caiitoB CpG B reHOMax X035€B U UX BUPYCOB, OCOOCHHO
TeX, KOTOphIe TecHO B3aumoercTBytoT ¢ JJHK xo3suna.

[Ipuunnsl monmwxkeHHoro coxaepxanus CpG He-
OJTHOKPATHO OOCYKIAJIUCh U mpexe [25], oqHako Bo-
MIPOC 3aKJII0YaeTcsd HE CTOJNBKO B HU3KON IUIOTHOCTH
CpG, CKOIBKO B KOHTEKCTE ITON Maphl, T.€. B COCTaBE
TCGA, nockonbKy 3TOT TeTpaMep IpeACTaBieH B Tep-
necsupycHbeix JJHK B 3HaunTensHO MEHbIIIEH KOHIICH-
Tpauuy, Hexxenn ACGT.

Jannsie Le Tang u coaBt. [16] moka3bsIBaroT, 4TO
camo mo cebe MuHuManbHoe conepkanue CTAG (u
TCGA) ne orpanuunBaercs reprnecsupycHoii JJHK.
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Puc. 4. 4TN-npodunb HHV1 1 HHV4 HK no cpasHeHuto ¢ npocdmnem 4TN HK yenoseka.

Okret A: [HK 4enoBeka BbigeneHa cepbiM, BupycHas JHK — yepHbiMm. OkTet B: rpadpmk B1 OHK yenoseka BbigeneH cBeTno-cepbim,
B2 — temHo-cepbiv; rpachuk B1 HK Bupyca BbiaeneH XupHbIM YepHbIM, B2 — TOHKMM YepHbIM.

Fig. 4. 4TN profile of HHV1 and HHV4 DNA compared to human DNA 4TN profile.

Octet A: human DNA is highlighted in gray, viral DNA — in black.
Octet B: human B1 is highlighted in light gray, human B2 is highlighted in dark gray, virus B1 is highlighted in bold black, B2 — in thin black.

Ms! npoananuzupoBasii TN-poduns 6ompmx JJHK
C KOHLIEBBIMH ITOBTOPaMU HEKOTOPBIX APYTUX BUPYCOB.
Oo6napyxeno, uto CTAG sBIseTCS «MHUHUMATIbHBIMY
y BHPYCOB a(pUKaHCKOW YyMbl CBHHEH (CeMEHCTBO
Asfarviridae) n Bupyca ¢pubpomsr Shope (cemeiicTBO
Poxviridae), HO He y BUPYCOB OCIIbI M OCIIOBaKI[UHBI
(taxke cemeiictBa Poxviridae), JIHK koTopbix HEe ume-
€T TEePMHUHAIBHBIX TIOBTOPOB. DTO O3HAYaeT, YTO MPH
MOCTPOCHUH (PHIIOTCHETUYSCKUX JIEPEBHEB HEOOXOIH-
MO YUYHTHIBaTh HE TOJBKO N3MEHEHHS B TeHaX U OeJKax,
HO 1 3Bomonui0 Monekyinsl JIHK, Bkimouas ee oO6cyx-
JaeMble 3/1€Ch XapaKTePUCTHKH.

B nepBoM npuOnvkeHNH A7 aHAIIN3a TIOTHOCTH
MOTEHIUAIEHO METHIMPYEMOTO LUTO3MHA B T€HOMAax
TepIEeCcBUPYCOB JIOCTAaTOYHO OLEHUTh COOTHOILIEHHE
CpG:GpC (1.e. mpoaHaNM3UPOBATh TUHYKICOTHUIHBIN
npoduns IHK), koTopoe He CBS3aHO C THIIOM T€HO-
Ma (AT unu GC). DTy OLIEHKY MOYKHO MpOCIIEANTH B
tabn. 2: IHK HHV ¢ CpG>GpC (B cepbix suciikax).
B atoMm cnydae pe3ynbTarhl, Npe/CTaBIEHHBIE 3/ECh,
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OymyT KacaThbcs TOJIBKO KOHLEHTPALKHU U COOTHOIICHHS
CTAG/CpG B repnecupycHbix JJHK, koTopbie MmoryT
BJIMATH Ha YPOBEHb BUPYCHBIX CHHTE30B. B Hanboinee
o0mieM (HE CTPOTroM) BHUJE 3TO COOTHOILICHHE UMEET
3epKaJbHBIN XapakTep: HauOoiee HU3Kas KOHIIEHTpa-
nusa CTAG compoBOXKIAETCSl caMOil BEICOKOIM KOHIICH-
tpanuein CpG (Tada. 1). TeM He MeHee COOTHOIIEHNE
CTAG/CpG obenHsieT moilydaeMyr WH(POPMAIIUIO,
KOTOpPasl yKa3blBaeT Ha pasinuue umMeHHO B TN-mpo-
¢une repnecsupycHeix JHK, CTAG/TCGA. dpyrumu
CJIOBaMH, COCTABIISIOIIEH 3TOTO OTHOLICHHS SIBIISAETCS
TCGA/ACGT, ueTko BBIpa)KEHHOE B PaMKaX KJaccoB
DE/A/BC[F] (Tada. 1). B cBot0 ouepesip, 3TO yKa3biBa-
€T Ha HEOOXOJMMOCTh YYHUTBIBATh KOHTEKCT, KOTOPBIH
onpenenseT PyHKIMOHATBHYI0 IeHHOCTh quMepa CpG.
B03MOXXHO, 3TOT KOHTEKCT BBIXOAMT 332 PaMKH TETpa-
Mepa. s HaJge)KHBIX BBIBOJOB HEOOXOAMMO pPacIId-
PHUTH UCCIIETOBAHUS 32 PAMKU TE€PIIECBUPYCOB — MpPU
cepbe3HoM momnonHeHnn GenBank HOBBIMH TOJNHBIMHU
nocnenoBareabHOCTAMHU BUpycHbIX JTHK. Ho B mo6om
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Clly4ae pe3ynbTarbl, NPOAEMOHCTPUPOBAaHHBIE 37€ECh,
YKa3bIBarOT HAa TO, YTO OHOJIOTHYECKHI CMBICIT MakKpo-
cTpyktypsl reprnecBupycHoit JJHK ropazgo miyOike,
4YCM IPUHATO CUUTATD.
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Tetranucleotide Profile of Herpesvirus DNA

Felix P. Filatov'*, Alexander V. Shargunov'
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“National Research Centre for Epidemiology and Microbiology named after the honorary academician N.F. Gamaleya,
123098, Moscow, Russia

Introduction. Herpesvirus DNAs (about 90% of the total genomic sequences of the Herpesvirales family
presented in GenBank) contain at a minimum concentration one of the two tetranucleotides, CTAG or TCGA. The
“underrepresentation” of CTAG was previously observed only in the DNA of some bacteria and phages. The aim
of the study was the further analysis of the formal characteristics of herpesvirus DNA, as well as their comparison
with the density of the virus/host DNA microhomology and with the genomic macrostructure of herpes viruses.
Materials and methods. Twenty strains and isolates of each of the five types of human herpes viruses (HHV1,
HHV2, HHV3, HHV4, HHV5), 10 strains of HHVS8, 5 strains of HHV6A, 4 strains of HHV6B and 3 strains of
HHV7 were analyzed. GenBank tools were used to determine the frequency of tetranucleotides, and human DNA
fragments with size matched herpesvirus DNA were used for comparison.

Results. Minimum CTAG concentration in DNA of herpes viruses is mainly characteristic of two- and single-
segment genomes with direct or inverted terminal repeats (classes A,D,E), while the minimum TCGA density is
characteristic mainly for DNA that is significantly less structured (classes B,C,F). By increasing CTAG density,
human herpes viruses form a sequence close to the sequence of increasing the homology density of 20 nt with
human DNA, which also correlates with the macrostructure of DNA. A parallel of this minimization with the DNA
structure of herpes viruses or with their belonging to one or another subfamily — as well as the context of the
“minimal” CpG (that is, TCGA) — is not noted in the literature. Although herpesvirus DNA is quite large (125—
295 Kb), some of them (for example, HHV4, HHV5 and HHV7 DNA) show noticeable deviations from the second
DNA parity rule, and can thus serve as a component of the molecular signature.

The Discussion suggests possible hypotheses for the origin of some of the observed phenomena.

Keywords: Herpesvirus DNA; tetranucleotide profile; CTAG/TCGA deficiency; Chargaff Second Parity Rule.
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TeTpaHyKkneoTnaHbin npodunb repnecsmpycHbix IHK
Ounartos O.."*, lapryHos A.B.’

'OIBHY «HayuHo-uccnenoBaTeNbCKMN MHCTUTYT BaKLUH U CbIBOPOTOK UM. V.U, MeuHukoBa», 105064, Mocksa, Poccus;
2QIbY «HaumnoHanbHbIN NCCNeaoBaTENbCKNI LIEHTP SNUAEMUONIOTN U MUKPOOKONOTUN MEHN NMOYETHOIO aKageMuKka
H.®. lamanen», 123098, MockBa, Poccus

BeepeHue. epnecBupycHble OHK (okorno 90% Bcex MNONMHOreHOMHbIX MOCreAoBaTeNbHOCTEN CeMencTBa
Herpesvirales, npeactaBneHHbix B GenBank) cogepxaTt B MUHUMarnbHOW KOHLEHTpaLMM OAWH U3 ABYX TeTpaHy-
kneotngoB — CTAG unu TCGA. «HeponpeactasneHHocTb» CTAG paHee Habntoganack Tonbko B [JHK HekoTo-
pbix 6akTepun n caro. PaHee BbIsiBNEHHasA «HeAonpeacTaBneHHOCTb» MeTunmpyemoro aumepa CpG HaxoauT
CBOE€ BblpaxeHue B H13komn koHueHTpauum TCAG B [JHK repnecsupycos.

Llenb paboTbl — npogomkeHve aHanuaa hopmarnbsHbIX XapakTepuctuk repnecsupycHbix IHK, a Takke conocras-
neHue nx ¢ NNoTHocTb [JHK-MrKporomonoruii BUpyc/xXo3amnH u ¢ reHOMHOW MakpOCTPYKTYPOW repnecBupycoB.
Martepuanbl n metoabl. poaHanuanpoBaHbl Mo 20 WTaMMOB M U3ONATOB KaXAoOro M3 NATUM TUMNOB BUMPYCOB
repneca yenoseka (HHV1, HHV2, HHV3, HHV4, HHV5), 10 wrammoB HHV8, 5 wrammos HHV6EA, 4 wram-
ma HHV6B u 3 wrtamma HHV7. [na onpegeneHns 4acToTbl TETPAHYKNEOTUAOB MCMNOMb30Bann UHCTPYMEHTI
GenBank, a ans cpaBHeHus — cparmeHTbl [JHK yenoseka pasvepom ¢ [IHK repnecsupycos.

Pe3ynbraTtbl. MuHumanbHas koHueHTpauma CTAG B JHK repnecBupycoB B OCHOBHOM XapakTepHa Anst AByX- U
OOHOCErMEeHTHbIX FEHOMOB C NPSAMbIMU U MHBEPTMPOBAHHBIMU KOHLEBbIMU noBTopamu (knaccos A, D u E),

216



JOURNAL OF MICROBIOLOGY, EPIDEMIOLOGY AND IMMUNOBIOLOGY. 2020; 97(3)
DOI: https://doi.org/10.36233/0372-9311-2020-97-3-3

ORIGINAL RESEARCHES

Results. Minimum CTAG concentration in DNA of herpes viruses is mainly characteristic of two- and single-
segment genomes with direct or inverted terminal repeats (classes A,D,E), while the minimum TCGA density is
characteristic mainly for DNA that is significantly less structured (classes B,C,F). By increasing CTAG density,
human herpes viruses form a sequence close to the sequence of increasing the homology density of 20 nt with
human DNA, which also correlates with the macrostructure of DNA. A parallel of this minimization with the DNA
structure of herpes viruses or with their belonging to one or another subfamily — as well as the context of the
“minimal” CpG (that is, TCGA) — is not noted in the literature. Although herpesvirus DNA is quite large (125—
295 Kb), some of them (for example, HHV4, HHV5 and HHV7 DNA) show noticeable deviations from the second
DNA parity rule, and can thus serve as a component of the molecular signature.

The Discussion suggests possible hypotheses for the origin of some of the observed phenomena.

Keywords: Herpesvirus DNA; tetranucleotide profile; CTAG/TCGA deficiency; Chargaff Second Parity Rule.
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BeBepeHune

I'epniecBupychl cemelictBa Herpesviridae, BKIto-
yas HHV, nensrcs Ha Tpu noncemeiictpa: anbga-HYVY,
6era-HV u ramma-HV [1]. Hdpyroit knaccuduxanmei
HV sBnsercst kinaccudukanus Mo MakpOCTPYKType
JHK (puc. 1). OHa He coBceM coBMagaeT ¢ JAeICHUEM
Ha TOJICEMENCTBA U, B COOTBETCTBUU C OOLICTIPHHSTHI-
MU B3DIsiAaMu [2], oOpasyet 6 knaccoB — oT A 1o F.

Anpdpa-HHV (HHV1, HHV2 u HHV3), a Tak-
xe Oera-HHV (HHVS) comepkar NBYXCErMEHTHYIO
JHK; xaxnaplii cerMeHT OrpaHHMYeH B3aWMHO WHBEp-
THPOBAaHHBIMH MOHOMEPHBIMH KOHIIEBBIMU [TOBTOpaAMHU
TR, (IHK xnaccos D u E). JHK HHV xnacca A (Ge-
ta-HHV: HHV6A, HHV6B u HHV7) npencrasnser
c000H HECETMEHTHPOBAaHHYIO YHUKANBHYIO TUHEHHYIO
[0CJIEeI0BAaTENIbHOCTh, OIPAHUYEHHYIO NMPSMBIMH MO-
HomeprbiMu Konyesvlmu nosmopamu TR, conepixa-
LIMMH TI0 /IBa «OCTPOBKa» TEJIOMEPOINOA0OHBIX TeKCca-
nykieotusoB. ['amma-HHYV conepxxar JHK knaccos
B u C, xoTOpBIE HMEIOT YHUKAJIBHYIO IIOCJIEI0BATEb-
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HOCTb, OTPAHUYCHHYIO MPSMBIMUA TaHIAEMHO OpTaHH-
30BaHHBIMU KOPOTKUMHU (T.€. HE MOHOMEPHBIMH) TIO-
BTOpamu, TR,.

Cermentsl u koniessle nosropel JIHK kmacca
F ne cTpykTypupoBaHbl, XOTS WHOTAA OHU MPOCTO HE
nokazansl B GenBank. CymectByror reprecBupyc-
weie JIHK c Oosnee 3k30THYECKOH MaKpOCTPYKTYpOit
(HampuMep, CKyTaBUPYChI), HO WX OYCHb HEMHOTO.
JanHble, mony4YeHHbIE HAMU B MpejiaraeMon pabore,
MO3BOJIWIIA HaM O00beAMHUTH Kitacchl A, D u E B onHy
rpynny (cermentsl JJHK, orpannyennsie MOHOMEpHBI-
MU KOHIIEBBIMU TOBTOpamu), a B, C u F — B apyryio
(oTcyTCTBHE MaKpOCTPYKTYPHI MIIM HE(PUKCHPOBAHHOE
YUCJIO TAaHJEMHO OPTraHU30BAHHBIX KOPOTKHX KOHIIE-
BBIX TIOBTOPOB).

Panee mbl 3amermnn, uto monekyiasl JJHK rep-
MECBUPYCa U €ro X03siuHa cojepxkar koporkue (20—29
HT) UACHTUYHBIC MOCIENOBATEIBHOCTH — MUKPOTO-
MOJIOTHH, KOHIICHTpAlMsI KOTOPBIX HE Ciy4aiiHa W,
KaK MbI TojlaraeM, oObSICHIETCS JUIUTEIBHBIMU (B 3BO-

DNA macrostructure class | TR HHV subfamily
[— | [— [ —]=—] D TRy | 1/2,5 alpha, beta
|]_> T—>] <) E TRy |3 alpha
[— | — ] A TR, | 6A/B, 7 beta
(T ([ | B TR, |8 gamma
— > - e
1l 11113 a0 C TR, |4 gamma
—> E— —>

F TRy | — -

Pwuc. 1. OcHoBHble MaKkpoCTpyKTypHble knaccbl HK HHV (nponopumn AnvH reHOMHbIX dhparMeHTOB MPOW3BOSIbHbI).

TR, — MOHOMEpHbIE TEPMUHATIbHbIE NOBTOPbI (OAMHOYHbIE MPSAMOYrONbHUKN); TR, — TaHAEeMHbIe NOBTOPbI (C HE(MKCUPOBAHHBIM
yucrom nosTopos); TR, — TepMuHanbHbix nosTopos Het. pynna BC[F] AHK HHV BbifeneHa cepbim useToM.

Fig. 1. Basic macrostructural classes of HHV DNA (the proportions of the lengths of the genome fragments are arbitrary).

TR, — monomeric terminal repeats (single rectangles), TR, — tandem organized repeats (non-fixed number of repeats),
TR,— no terminal repeats. BC[F] group of the HHV DNA (see text) is highlighted in gray.
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viral genomes in which terminal repeats are mutually
inverted may be blocked on themselves and interact
less with host DNA. At the same time, single-segment
ones having direct terminal repeats can be extended
along the host DNA, which facilitates intergenomic
interaction.

As an approach to analysis we used the compari-
son of nucleotide frequencies in DNA molecules and
also the second Chargaff rule of parity, CPR2 [6],
which becomes evident in DNA of more than 100,000
nt [7, 8]. CPR2 is formulated in the same way as the
first one (CPR1), but refers to only one DNA strand.
It has an approximate accuracy, which increases as the
analyzed chain lengthens. It applies not only to mono-
but also to oligonucleotides up to 10-15 nt — with a
decrease in accuracy as the analyzed oligonucleotide
lengthens [7, 9]. In metagenomics, tetranucleotide
analysis is often used to form molecular signatures
[10]. The frequency of tetranucleotides in the genomes
of the herpes virus quite reliably corresponds to CPR2
and provides a more detailed characterization of DNA
than mono-, di- and trinucleotides [7, 11]. In principle,
the symmetries of the tetranucleotides of the herpes vi-
rus genome have been described previously [12], but
they only confirmed the correspondence of CPR2. Our
approach discovers other unusual properties of these
genomes.

The aim of the study is to continue the analysis of
the formal characteristics of herpesvirus DNA, as well
as their comparison with the density of the virus/host
DNA microhomology and with the genomic macro-
structure of herpes viruses.

Materials and Methods

We analyzed ~ 90% of the nucleotide sequences
of full-sized viral DNA molecules of each genus of
all three families of vertebrate and invertebrate her-
pes viruses contained in GenBank. After analyzing 20
strains and isolates of each of the five types of hu-
man herpes viruses (HHV1, HHV2, HHV3, HHV4,
HHVS), 10 strains of HHVS, all 5 strains of HHV6A,
all 4 strains of HHV6B and all 3 strains of HHV7,
we were convinced of the practical identity of intra-
specific results (especially expressed in percent) and
therefore, we present in the tables data only on the
DNA of the reference strains of each type of herpes
viruses.

For comparison, we used human DNA with a
length of 1.5 megatons (5 fragments of 300,000 nt
each):

* fragment Chr 03 163229646—163529646;

* fragment Chr 05 29372672-29672672;

» fragment Chr 14 64016329-64316329;

» fragments of Chr 21 15306102-15606102 and

33931862-34231862.

To determine the frequency of tetranucleotides,

we used GenBank tools.
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Results

We analyzed the tetranucleotide composition of
the fully sequenced DNA of almost all herpes viruses
of the Herpesvirales Order contained in the GenBank.
The DNA type, that is GC (the predominance of G+C)
or AT (the predominance of A+T) in one of its chains,
does not give too much in this regard, dividing all HH-
Vs into two groups according to the types:

* type AT — HHV3 (alfa) and HHV6A, 6B, 7

(beta);
* type GC — HHV1,2 (alfa), 5 (beta), and 4,8
(gamma).

However, dinucleotide analysis illustrates well
CPR2 [13], according to which A=T, C=G, C+T=A+G
and C+A=T+G for one DNA strand. This is determined
by the size of herpesvirus DNA — from 125 to 295 Kb.

The total number of tetranucleotides is 256 (44).
To avoid the influence of a type of DNA on the results,
which was shown previously [13, 14], we analyzed on-
ly tetranucleotides containing all four different bases,
4TNs. In HHVI1 DNA (type GC), the smallest (“un-
derrepresented”) is precisely such a tetranucleotide —
CTAG (91 nt for the whole genome instead of ~600 nt
in case of equal representation of all tetramers in the ge-
nome). In HHV6A DNA (type AT), the CTAG number
is also close to the smallest (303 nt) among all tetramers
and is the smallest of the tetranucleotides containing all
four different bases. Only four tetramers, GGGC (245),
ACCG (287), GGCC (288) and GGCT (296), are smal-
ler — according to the type of DNA.

Of the 256 tetranucleotides, only 24 consist of
all four nucleotides (P =4!=24). These 24, in turn, are
divided into two groups: 8 of them (octet A) do not
change during inversion, for example, CTAG|CTAG,
the rest 16 (two octets B) are pairs B1 and B2 of mutu-
ally inverted non-identical tetranucleotides, for exam-
ple, CTAG|TCAG. The tables and figures of octets A
and B are shown separately. For correct comparison,
the data are presented as a percentage of the sum of
the frequencies of the tetranucleotides of each octets A
and B. Table 1 compares the data for all 24 discussed
tetranucleotides for all known types of control strains
of human herpes virus. Table 1 shows that CTAG is
“underrepresented” in the genomes of all HHVs, with
the exception of HHV7. In HHV4 DNA, the TCGA te-
tramer is even more underrepresented (as in the human
genome).

In accordance with the decrease in the “underre-
presentation” of CTAG, the HHV genomes form a se-
quence that resembles the sequence of DNA microho-
mology virus/host by increasing their number (Fig. 2):
the greatest “underrepresentation” of CTAG is charac-
teristic of two-segment DNA, the smallest — for sin-
gle-segment.

At the same time, the DNA of each HHV contains
noticeably “overrepresented” tetranucleotides, which
are also characteristic of the genomes of a certain mac-
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rostructure: ACGT for two-segment DNA (classes D,
E), TGCA for one-segment (class A, roseoloviruses)
and CATG for one-segment (classes B, C). However,
since the DNA of non-human herpes viruses is very
poorly represented by host species in the GenBank, we
did not further analyze the “maximum” tetranucleo-
tides.

The columns of numbers related to the DNA
of each virus are tetranucleotide DNA profiles, and
they — in the case of HHV4, 8 and 7 — show a cer-
tain similarity with the profile of human DNA. In some
cases (HHV4, 5, 7), octet B tetranucleotides presented
in pairs (B1 and B2) demonstrate characteristic devia-

tions from CPR2, which probably are associated with
an insufficient DNA length of these viruses (HHV4,5)
or with an insufficient number of strains in the Gen-
eBank, which do not provide sufficient reliability of
the relevant data. The positive side of deviations from
CPR2 is that they can be used as components of the
molecular signatures of these viruses.

It is noteworthy that the difference between the
maximum and minimum values in octet A is much larg-
er, that is, more obvious than in octets B. In cases where
the minimum density indices of tetranucleotides of oc-
tets B are less than octet A, their "underrepresentation”
is directly related to type of DNA, that is, they have

Table 1. Profile of identical (octet A) and non-identical (octets B1 and B2) tetramers containing four different nucleotides
(4TN) of eight types of HHV (reference strains), expressed as a percentage of the total number of the octets A and B

separately

HHV 1 | 2 | 3 5 | 6A | 6B | 7 4 8

: 4TN

subfamily alpha beta gamma Human
TR TR, TR,
4TN octet A
CTAG 2,8 2,6 4,9 5,0 7,5 7.3 13,9 9,2 8,3 12,2
TCGA 14,5 15,1 10,6 10,9 15,0 14,7 9,1 6,6 8,6 2,4
AGCT 12,7 13,7 8,2 11,2 10,3 11,2 17,7 18,4 15,1 18,9
GATC 13,2 13,5 12,9 11,6 13,6 14,0 10,8 10,3 10,0 11,4
CATG 15,1 13,1 15,7 13,7 13,8 14,4 14,1 19,6 16,2 21,6
TGCA 11,2 11,7 15,6 12,6 15,0 14,9 17,9 17,9 15,9 22,3
ACGT 16,9 17,5 18,7 20,9 14,8 14,1 8,1 9,6 13,7 3,0
GTAC 13,6 12,8 13,4 14,1 10,0 9,4 8,4 8,4 12,2 8,2
4TN octet B1
CTGA 53 54 3,9 59 6,9 71 7,6 8,9 7.4 11,2
TACG 7,2 7,0 8,3 7,6 59 53 34 2,6 4.8 1,0
GCAT 7,2 6,8 8,5 53 6,8 6,8 7,3 7,6 6,6 7,6
AGTC 55 54 4,3 59 57 57 59 7.9 5,8 6,3
CAGT 52 4,6 6,1 59 6,0 6,3 7,8 8,9 8,0 9,6
ATCG 8,2 7,5 8,3 6,5 7,7 7,2 4,9 3,0 4,5 1,1
GCTA 3,4 3,2 4.4 4.4 41 4,0 49 4,8 5,1 6,3
TGAC 6,9 7.1 57 8,0 6,5 6,6 6,9 8,2 8,0 6,7
4TNs octet B2

TCAG 6,3 6,0 4,9 6,0 6,7 7,3 7.9 10,6 7,3 10,9
CGTA 7,5 8,0 7.9 7,7 6,1 6,0 4,0 3,3 4,7 1,0
ATGC 7,7 8,8 8,1 5,6 6,1 6,7 7,5 7,0 6,7 75
GACT 5,0 57 5,2 5,0 54 57 49 54 6,3 6,7
ACTG 5,0 4,5 6,3 59 6,9 6,7 7,3 6,2 8,7 10,0
CGAT 7,2 6,8 8,5 53 6,8 6,8 5,0 3,0 6,6 1,1
TAGC 3,7 3,1 47 5,2 53 5,1 7.8 4.8 4,4 6,3
GTCA 7,6 7,2 5,6 8,3 6,6 6,2 6,9 8,4 7,7 6,7

Note. Bold letters are tetramers CTAG and dimers CpG in the tetramers discussed in text (corresponding cells of the both octets are

highlighted in gray).
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Fig. 2. Frequency (%) of CTAG among other 4TNs
of the octet A in human herpes virus DNA

HHV4 and HHV8 (BC[F] DNA classes) are marked in gray.
In the rectangle there are four HHVs of DE classes.

the format [TA/AT|GC/CG]; the left and right tetramer
pairs can be swapped, and the “/” means “or”. There
are 8 such tetranucleotides, but for use — together
with other tetramers — as molecular signatures, their
involvement in the formation of a DNA type does not
matter. Table 2 summarizes the data on the minimum
(underrepresented) tetranucleotides of HHV DNA.
Next, we carried out a tetranucleotide analysis of
completely sequenced DNAs of almost all other virus-
es of the Herpesvirales Superfamily of the GenBank
NCBI. The data obtained are summarized in Table 3.
Table 3 shows that all herpesviruses are divided
into two groups according two main underrepresented
tetranucleotides — CTAG or TGCA. The difference
between the two groups is parallel to their genomic
macrostructure. Minimum CTAG (CTAGmin) is char-

ORIGINAL RESEARCHES

acteristic of structured DNA classes ADE, with large
monomeric terminal repeats, TR , TCGAmin is charac-
teristic of less strictly structured DNA classes BCF with
non-fixed tandem terminal repeats, TR..

Discussion

The “underrepresentation” of CTAG tetranucleo-
tide (CTAGmin) in the genomes of Escherichia and
Salmonella, as well as some phages, has been known
for quite some time [15] and continues to be studied
[16]. For the first time, we systematically note here
this feature for one of two large groups of herpesvi-
ruses and its parallel with their genomic structure. The
larger group (ADE) is characterized by the presence
of one or two segments bounded by TR, monomeric
terminal repeats, direct or mutually inverted. A smaller
group of herpesviruses (BC[F]) contains a single-seg-
ment genome, limited by an undetermined number of
tandem organized direct terminal repeats, TR, and is
characterized by the “underrepresentation” of another
tetranucleotide, TCGA. The more general nature of the
CTAG|ADE and TCGA|BCJF] parallels among animal
viruses can be evidenced by the “underrepresentation”
of CTAG beyond the Herpesvirales, in particular in the
DNA of African swine fever viruses (4sfarviridae) and
Shope rabbit fibromas (Poxviridae), structured simi-
larly to the herpes viruses ADE. At the same time, the
genomes of the smallpox and smallpox vaccines (Pox-
viridae) viruses are not structured in this way, and there
is no “underrepresentation” of CTAG in them. These
observations require serious expansion of the studies
under discussion in other taxonomic groups of animal
viruses.

An analysis of a series of strains (mainly up to
20) of the same type of HHV showed almost complete
identity of the results, which, to a first approximation,
allowed us to consider the results obtained quite reli-
able.

Table 2. A generalized version of the data on the human herpesviruses DNA (family Herpesviridae)

Subfamily Genus Species | Reference of thesl:i)zr\? A, Kb Class | Type 4TN of Stl’:‘ dL;glibstrrains
alpha Herpes simplex virus HHV1 NC_001806 155 E GC CTAG 20
Herpes simplex virus HHV2  NC_001798 155 E GC CTAG 20
Varicella-Zoster virus HHV3 NC_001348 125 D AT CTAG 20
beta Cytomegalovirus HHV5  NC_006273 236 E GC CTAG 20
Roseoloviruses HHV6A NC_001664 159 A AT CTAG 5
HHV6B NC_000898 162 A AT CTAG 4
HHV7  NC_001716 153 A AT ACGT 3
gamma Lymphocryptovirus HHV4  NC_007605 172 C GC TCGA 20
Rhadinovirus HHV8  NC_009333 138 B GC CTAG 10

Note. Non-CTAG , DNAs are highlighted in italics (CpG — in bold italics). HHVs in the DNA with CpG>GpC are highlighted in gray.
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Table 3. A generalized version of the data on the DNA of animal herpesviruses (families Herpesviridae,
Alloherpesviridae and Malacoherpesviridae)

Subfamily Genus Species Reference | Size of the DNA, Kb Class | Type 4TN .
Family: Herpesviridae (animal HV)

alpha llitovirus Gallid AHV1 NC_006623 149 D AT CTAG

Psittacid AHV1 NC_005264 163 D GC CTAG

Mardivirus Anatid AHV1 NC_013036 158 F AT CTAG

Columbid AHV1 NC_034266 204 E GC CTAG

Falconid AHV1 NC_024450 204 E GC CTAG

Gallid AHV2 NC_002229 178 E AT CTAG

Gallid AHV2 MF431495 178 E AT CTAG

Gallid AHV3 NC_002577 164 E GC CTAG

Meleagrid AHV1 NC_002641 159 E AT CTAG

Sphenicid AHV1 NC_033464 165 D AT CTAG

Scutavirus Testudinid HV3 NC_002794 196 D* AT TGCA

Simplex virus Ateline AHV1 NC_034446 147 D GC CTAG

Cercopithecine AHV2  NC_006560 151 E GC CTAG

Panine HV3 NC_023677 153 E GC CTAG

Leporide AHV4 NC_029311 124 E GC CTAG

Macacine AHV1 NC_004812 157 E GC CTAG

Macropodid AHV1 NC_029132 140 D GC CTAG

Papiine AHV2 NC_007453 156 E GC CTAG

Saimiriine AHV1 NC_014567 157 D GC TGCA

Fruit bat AHV1 NC_024306 149 E GC GTAC

Varicella virus Bovine AHV1 NC_001847 135 D GC CTAG

Bovine AHV5 NC_005261 138 F GC CTAG

Bubaline AHV1 NC_043054 137 F GC CTAG

Cercopithecine AHV9  NC_002686 125 D AT CTAG

Equid AHV3 NC_024771 184 E GC CTAG

Suid AHV1 NC_006151 143 D GC CTAG

Canid AHV1 NC_030117 125 D AT TCGA

Equid AHV4 NC_001844 146 D GC TCGA

Felid AHV1 NC_013590 136 D AT TCGA

Equid AHV1 NC_001491 150 D GC GATC

Equid AHV8 NC_017826 149 F GC GATC

Equid AHV9 NC_011644 148 D GC GATC

beta Cytomegalovirus Aotine BHV1 NC_016447 219 E GC CTAG

Caviid BHV2 NC_020231 234 A GC CTAG

Cercopithecine BHV5 NC_012783 226 A GC CTAG

Papio ursinus CMV NC_027016 226 F GC CTAG

Cynomolgus CMV NC_033176 224 A AT CTAG

Macacine BHV3 NC_006150 221 F AT CTAG

Panine BHV2 NC_003521 241 D GC CTAG

Saimiriine BHV4 NC_016448 197 E AT CTAG
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End of Table 3

Subfamily Genus Species Reference | Size of the DNA, Kb | Class | Type 4TN
Muromegalovirus Murid BHV1 NC_004065 230 F GC CTAG
Murid BHV8 NC_019559 203 F AT CTAG
Rat CMV Maastricht ~ NC_002512 230 A GC CTAG
Proboscivirus Elephant BHV4 NC_028379 206 F GC CTAG
Elephant BHV5 NC_024696 181 A AT CTAG
Elephantid BHV1 NC_020474 180 A AT CTAG
Roseolovirus Murine roseolovirus ~ NC_033620 174 F AT CTAG
Macaca nemestrina NC_030200 137 A AT CTAG
Suid BHV2 NC_022233 128 A AT CTAG
gamma Macavirus Alcelaphine GHV1 NC_002531 131 F AT TCGA
Alcelaphine GHV2 NC_024382 137 F AT TCGA
Bovine GHV6 NC_024303 145 F AT TCGA
Ovine GHV2 NC_007646 135 F AT TCGA
Percavirus Felis catus GHV1 NC_028099 123 F AT TCGA
Equid GHV5 NC_026421 182 B GC TCGA
Equid GHV2 NC_001650 184 A GC TCGA
Rhadinovirus Ateline GHV3 NC_001987 108 F AT TCGA
Cricetid GHV2 NC_015049 124 F AT TCGA
Murid GHV4 NC_001826 119 F AT TCGA
Saimiriine GHV2 NC_001350 113 F AT TCGA
Dolphin GHV1 NC_035117 167 F AT CTAG
Macacine GHV5 NC_003401 134 F GC CTAG
Lymphocryptovirus  Callitrichine GHV3 ~ NC_004367 150 F AT TCGA
Macacine GHV4 NC_006146 171 F GC TCGA
Unclassified gamma  Rhinolophus GHV1 NC_040539 148 A AT TCGA
Unclassified gamma Eptesicus fuscus GHV ~NC_040615 167 F GC CTAG

Family: Alloherpesviridae (pisces and amphibia HV)
Cyprinivirus Anguillid HV1 NC_013668 249 A GC CTAG
Cyprinid HV2 NC_019495 290 A GC CTAG
Cyprinid HV3 NC_009127 295 A GC CTAG
Cyprinid HV1 NC_019491 291 A GC TCGA
Ictalurivirus Ictalurid HV1 NC_001493 134 F GC CTAG
Ictalurid HV2 NC_036579 143 A GC CTAG
Batrachovirus Ranid HV1 NC_008211 221 A GC CTAG
Ranid HV2 NC_008210 232 A GC CTAG

Family: Malacoherpesviridae (invertebrates HV)
Aurivirus Haliotid HV1 NC_018874 212 E AT CTAG
Ostreavirus Ostreid HV1 NC_005881 207 AT CTAG
Unclassified Herpesvirales

Unclassified Bufonid HV1 NC_040681 158 F AT TCGA

Note. Gray cells — BC [F] class DNA and “minimal” non-CTAG TN. Asterix in D* denotes the unusual macrostructure of the testudinid
HV3 DNA, in which two approximately equal segments bounded by terminal repeats are separated by a short unique sequence.
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The thermodynamic model of RNA shows that
the tetramer CTAG(CUAG) violates the optimal struc-
ture of the stem loops of the molecule, which control
the expression of genes, increasing their free energy.
The authors of this hypothesis [15] suggested that the
common ancestor of Salmonella and Escherichia had
a significantly higher CTAG density, but evolutionary
degeneration led to the replacement of CTAG in its de-
scendants with a tetranucleotides neutral in this respect,
and this trend is currently maintained. In a number of
genes and in intergenic spaces in Escherichia and Sal-
monella, the indicated degeneracy led to the evolution-
ary replacement of CTAG, primarily with CTGG (to a
lesser extent with ATAG, CTTT, CTTG).

In this regard, it is most appropriate to compare
phylogenetically related (p.e. the same genus) human
roseoloviruses HHV6 and HHV?7. In the DNA of both
viruses — compared with other herpes viruses — the
frequencies of CTAG and CTGG are most different.
The comparison shows that if in HHV7 (NC 001716)
the frequency ratio CTAG/CTGG is 530:301, respec-
tively, then in HHV6A (NC_001664) it is even the op-

posite and is 303:391 with close DNA sizes of both vi-
ruses. [f the LeTang et al. [16] observation is also appli-
cable to herpesviruses, then HHV7 is obviously closer
to the evolutionary predecessor of both roseoloviruses
than HHV6, in which many CTAG was replaced by
CTGG. At the same time, HHV6 acquired the ability
to integrate its genome into the host genome, which is
not, as a rule, a prerequisite for closer relations with
the host DNA, as evidenced by the similarity of the
profile of the HHV7 tetranucleotide (not HHV6) and
human DNA (Fig. 3), as well as a higher level of virus/
host DNA microhomology in HHV7 than in HHV®6, or
a lower level of such microhomology in mardiviruses
with pronounced telomeric islands in terminal repeats
of DNA segments.

In Figure 3 some features of the analyzed 4TN
profiles are additionally indicated. In accordance with
the Second DNA Parity Rule, the similarity between B1
and B2 in human DNA is much greater (than in virus
ones), since the fragments of human DNA we have ana-
lyzed are 300 Kb long, and the HPV genomes are much
shorter. In HHV7, the differences between B1 and B2

4TN HHVG6A HHV7
octet]
25 25
20 20
15 15
A
10 10
5 5
0 0
< = O < = O = O — Q
235c288¢ 8335238 ¢
OFF << OO F<<O k}_.)lg<(lDU|—<((D
12 12
10 10
8 8
B1/B2 6 .
4 4
2 2
0 0
O << O F~F O EFE O <
IEOQFE 200 2EB5RETES
OWEZLLVOJE SOFE<I<Q00 X F
EO<OI<OF0 FO<UOU<I<OrO
<COEOREOIU
58<sr03r < S9cRGEY8ESR
F< QO < EOQQ EF OO0 EOOQ
OF OO0 - OF O IU<OF

Fig. 3. 4TN profile of HHV6A and HHV7 DNA compared to human DNA 4TN profile.

Octet A: human DNA is highlighted in gray, viral DNA — in black.
Octet B: human B1 is highlighted in light gray, human B2 is highlighted in dark gray, virus B1 is highlighted in bold black, B2 — in thin black.
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Fig. 4. 4TN profile of HHV1 and HHV4 DNA compared to human DNA 4TN profile.

Octet A: human DNA is highlighted in gray, viral DNA — in black.
Octet B: human B1 is highlighted in light gray, human B2 is highlighted in dark gray, virus B1 is highlighted in bold black, B2 — in thin black.

are characteristic enough and may be used as an element
of the molecular signature of the DNA of this virus (the
same applies to the 4TN HHV4 profile, see Figure 4
below). The fact that GenBank represents the complete
(almost complete) DNA sequences of only three HHV7
strains allows the use of statistical methods to validate
the data presented here with great reservations. For this
reason, we did not use these methods here, noting only
that today it looks like a fact.

Figure 4 compares the 4TN DNA profile of an-
other pair of viruses, HHV1 and HHV4. In the case
of HHV1, a low content of CTAG allows the virus to
cause an acute productive infection and accumulate in
the cells of the entrance gate (fibroblasts), and then go
into neurons, where it will remain for life — in par-
ticular, due to the inhibitory effect of host epigenetic
mechanisms, one of which is methylation viral DNA.
The concentration of CpG dinucleotides in the genome
of HHV1 exceeds the average value, Table 1.

Low levels of CTAG can play a role in exacerbat-
ing latent infections. In the case of HHV4, the primary
lytic infection is not characterized by a high level of
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viral syntheses, and after the transition to the chronic
phase it is also regulated by epigenetic tools, including
methylation C in CpG [17, 19]. At the same time, the
obvious proximity of the 4TN profiles of the genome
of HHV4 and the host indicate a similar response to
these tools. The same can be said about HHV8 and the
epigenetic regulation of its genes [20, 21]. Of the many
epigenetic mechanisms that modify the expression of
viral and host genes, we consider here only DNA meth-
ylation, more precisely, cytosine methylation in CpG,
since this dimer is part of 4TN (TCGA), which allows
it to be compared with another tetramer, CTAG, in pro-
posed here aspect.

The hypothesis of a low density of CTAG tetram-
er due to its evolutionary degeneration does not ex-
plain the obvious limitations of its use and does not at
all concern the reasons for the low density of another
tetramer of octet A, TCGA, in the DNA of the mem-
bers of the same superfamily. About 40% of CpG, the
central pair of this tetramer, is located in the promoter
zones of mammals [21, 22] and has a much lower den-
sity in complete sequences of vertebrate genomes than
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might be expected [23, 24]. This underrepresentation
is a consequence of the high frequency of mutations of
methylated CpG sites in the genomes of hosts and their
viruses, especially of those that interact closely with
host DNA.

The reasons for the lowered CpG content were
repeatedly discussed before [25], however, the issue is
not the low density of CpG, but rather the context of
this pair, i.e. in the TCGA, since this tetramer is present
in herpesvirus DNA in a much lower concentration than
ACGT.

Data from Le Tang et al. [16] show that the mini-
mum content of CTAG (and TCGA) alone is not limited
to herpesvirus DNA. We analyzed the tetranucleotide
profile of large DNAs together with terminal repeats of
some other viruses. CTAG was found to be “minimal”
in African swine fever viruses (Asfarviridae family)
and Shope fibroma virus (Poxviridae family), but not in
smallpox and vaccinia viruses (also in the Poxviridae
family), whose DNA does not have terminal repeats.
This means that when constructing phylogenetic trees,
it is necessary to take into account not only changes in
genes and proteins, but also the evolution of the DNA
molecule, including its characteristics discussed here.

In a first approximation, to analyze the density
of potentially methylated cytosine in the herpesvirus
genomes, it suffices to estimate the CpG:GpC ratio,
which is not related to the genome type (AT or GC).
This estimate is shown in Table 2: HHV DNA with
CpG>GpC (darkened cells). In this case, the results
presented here would concern only the concentration
and the ratio CTAG/CpG in herpesvirus DNA, which
may affect the level of viral synthesis. In its most gen-
eral (non-strict) form, this ratio has a mirror character:
the lowest concentration of CTAG is accompanied by
the highest concentration of CpG (Table 1) — at least
within the framework of the groups of classes ADE,
BCJF]. Nevertheless, the ratio CTAG/CpG depletes our
results, which indicate a difference in the tetranucle-
otide profile of herpesvirus DNA, specifying this ratio
to CTAG/TCGA. In other words, the component of this
ratio is the ratio of TCGA/ACGT, clearly expressed in
the framework of the classes DE/A/BC[F], Table 1.
In turn, this means the need to take into account the
context that determines the functional value of the CpG
dimer. Perhaps this context goes beyond the tetramer.
But for reliable conclusions, it is necessary to expand
the research beyond the scope of herpesviruses and se-
riously enrich GenBank with new complete viral DNA
sequences. But in any case, the results demonstrated by
us here indicate that the biological meaning of the mac-
rostructure of herpesvirus DNA is much deeper than is
commonly believed.

JUTEPATYPA/REFERENCES

1. Whitley R., Kimberlin D., Prober C. Pathogenesis and disease.
In: Arvin A., Campadelli-Fiume G., Mocarsky E., Moore P.S.,

10.

I1.

12.

13.

14.

15.

16.

17.

18.

Roizman B., Whitley R., eds. Human Herpesviruses: Biology,
Therapy and Immunoprophylaxis. Chapter 32. Cambridge:
Cambridge University Press; 2007.

. Pellett P., Roizman B. Herpesviridae. In: Knipe D.M., Howley

PM., eds. Fields Virology. Philadelphia: Lippincott Williams &
Wilkins; 2013: 1802-2.

. Zabolotneva A., Tkachev V., Filatov F., Buzdin A. How many

antiviral small interfering RNAs may be encoded by the mam-
malian genomes? Biol. Direct. 2010; 5: 62.
DOI: http://doi.org/10.1186/1745-6150-5-62

. Filatov F., Shargunov A. Short nucleotide sequences in her-

pesviral genomes identical to the human DNA. J. Theor. Biol.
2015; 372: 12-21.
DOI: http://doi.org/10.1016/}.jtbi.2015.02.019

. Filatov F., Shargunov A. Microhomology of Viral/Host DNAs

and macrostructure of herpesviral genome. Int. J. Virol. AIDS.
2018; 5(1): 042.
DOI: http://doi.org/10.23937/2469-567X/1510042

. Rudner R., Karkas J.D., Chargaff E. Separation of B. subtilis

DNA into complementary strands, 3. Direct Analysis. Proc.
Natl. Acad. Sci. USA. 1968; 60(3): 921-2.
DOI: http://doi.org/10.1073/pnas.60.3.921

. Forsdyke D.R. Symmetry observations in long nucleotide se-

quences: a commentary on the discovery note of Qi and Cutic-
chia. Bioinformatics. 2002; 18(1): 215-7.
DOI: http://doi.org/10.1093/bioinformatics/18.1.215

. Albrecht-Buehler G. Asymptotically increasing compliance of

genomes with Chargaff’s second parity rules through inversions
and inverted transpositions. Version 2. Proc. Natl. Acad. Sci.
USA. 2006; 103(47): 17828-33.

DOI: http://doi.org/10.1073/pnas.0605553103

. Baisnee P.F., Hampson S., Baldi P. Why are complementary

strands symmetric? Biolnformatics. 2002; 18(8): 1021-33.
DOI: http://doi.org/10.1093/bioinformatics/18.8.1021

Gori F., Mavroeidis D., Jetten M.S.M., Marchiori E. The impor-
tance of Chargaff’s second parity rule for genomic signatures
in metagenomics. Available at: http://www.biorxiv.org/content/
biorxiv/early/2017/06/04/146001 .full.pdf

Pride D.T., Blaser M.J. Identification of horizontally acquired
genetic elements in Helicobacter pylori and other prokaryotes
using oligonucleotide difference analysis. Genome Lett. 2002;
1(1): 2-15. DOL: http://doi.org/doi.org/10.1166/g1.2002.003
Prabhu V.V. Symmetry observations in long nucleotide se-
quences. Nucleic Acids Res. 1993; 21(12): 2797-800.

DOI: http://doi.org/10.1093/nar/21.12.2797

Albrecht-Buehler G. The three classes of triplet profiles of nat-
ural genomes. Genomics. 2007; 89(5): 596-601.

DOIL: http://doi.org/10.1016/j.ygeno0.2006.12.009

Zhang S.H., Wang L. A novel common triplet profile for GC-
rich prokaryotic genomes. Genomics. 2011; 97(5): 330-1.

DOL: http://doi.org/10.1016/j.ygeno.2011.02.005

Burge C., Campbell A.M., Karlin S. Over- and under-represen-
tation of short oligonucleotides in DNA sequences. Proc. Natl.
Acad. Sci. USA. 1992; 89(4): 1358-62.

DOI: http://doi.org/10.1073/pnas.89.4.1358

Tang L., Zhu S., Mastriani E., Fang X., Zhou Y.J., Li Y.G., et al.
Conserved intergenic sequences revealed by CTAG-profiling in
Salmonella: thermodynamic modeling for function prediction.
Sci. Rep. 2017; 7: 43565.

DOIL: http://doi.org/10.1038/srep43565

Bhende P.M., Seaman W.T., Delecluse H.J., Kenney S.C. The
EBV lytic switch protein, Z, preferentially binds to and acti-
vates the methylated viral genome. Nat. Genet. 2004; 36(10):
1099-104. DOI: http://doi.org/10.1038/ng1424

Kaufer B.B., Flamand L. Chromosomally integrated HHV-6:
impact on virus, cell and organismal biology. Curr. Opin. Virol.
2014;9: 111-8.

DOI: http://doi.org/10.1016/j.coviro.2014.09.010

225



JOURNAL OF MICROBIOLOGY, EPIDEMIOLOGY AND IMMUNOBIOLOGY. 2020; 97(3)

DOI: https://doi.org/10.36233/0372-9311-2020-97-3-3

19. Woellmer A., Hammerschmidt W. Epstein-Barr virus and host
cell methylation: regulation of latency, replication and virus re-
activation. Curr. Opin. Virol. 2013; 3(3): 260-5.

DOIL: http://doi.org/10.1016/j.coviro.2013.03.005

20. Lim C., Lee D., Seo T., Choi C., Choe J. Latency associated nu-
clear antigen of Kaposi’s sarcoma-associated herpesvirus func-
tionally interacts with heterochromatin protein 1. J. Biol. Chem.
2003; 278(9): 7397-405.

DOIL: http://doi.org/10.1074/jbc.M211912200

21. Pantry S.N., Medveczky P.G. Epigenetic regulation of Kaposhi's
sarcoma associated herpesvirus replication. Semin. Cancer Biol.
2009; 19(3): 153-7.

DOTI: http://doi.org/10.1016/j.semcancer.2009.02.010

22. Fatemi M., Pao M.M., Jeong S., Gal-Yam E.N., Egger G.,
Weisenberger D.J., et al. Footprinting of mammalian promot-
ers: use of a CpG DNA methyltransferase revealing nucleosome

Information about the authors:

Felix P. Filatov™ — PhD (Med.), D. Sci. (Biol.), leading researcher,
Laboratory of molecular biotechnology, Mechnikov Federal
Research Institute of Vaccines and Sera, 105064, Moscow, Russia;
leading researcher, National Research Centre for Epidemiology and
Microbiology named after the honorary academician N.F. Gamaleya,
123098, Moscow, Russia.

ORCID ID: https://orcid.org/0000-0001-6182-2241.

E-mail: felix001@gmail.com

Alexander V. Shargunov — leading engeneer, Laboratory of DNA-
containing viruses genetics, Mechnikov Federal Research Institute
of Vaccines and Sera, 105064, Moscow, Russia.

ORCID ID: https://orcid.org/0000-0001-5536-1557.

Contribution: the authors contributed equally to this article.

226

ORIGINAL RESEARCHES

positions at a single molecule level. Nucleic. Acids Res. 2005;
33(20): el76.
DOI: http://doi.org/10.1093/nar/gni1 80

23. Lander E.S., Linton L.M., Birren B., Nusbaum C., Zody M.C.,
Baldwin J., et al. Initial sequencing and analysis of the human
genome. Nature. 2001; 409(6822): 860-921.
DOTI: http://doi.org/10.1038/35057062

24. Stevens M., Cheng J., Li D., Xi M., Hong C., Maire C., et al.
Estimating absolute methylation levels at single-CpG resolution
from methylation enrichment and restriction enzyme sequenc-
ing methods. Genome Res. 2013; 23(9): 1541-53.
DOI: http://doi.org/10.1101/gr.152231.112

25. Nicholas J. Evolutionary aspects of oncogenic herpesviruses.
Mol. Pathol. 2000; 53(5): 222-37.
DOI: http://doi.org/10.1136/mp.53.5.222

UHopmayus 06 aemopax:

®unamoe @enukc Memposus™ — K.M.H., A.6.H., B.H.C. nab.
mMonekynsipHoun 6uotexHonorun ®IreHY HAMBC um. N.A.
MeuHukoBa, 105064, Mocksa, Poccus; BegyLwmnin Hay4HbIn
coTpyaHuk ®IbY «HWL| snngemmonorum n mmukpobronorumn nm.
noyeTtHoro akagemuka H.®. Mamanen», 123098, Mocksa, Poccus.
ORCID ID: https://orcid.org/0000-0001-6182-2241.

E-mail: felix001@gmail.com

LllapeyHos AnekcaHOp Banepbesuy — BeoyLMA MHXEHeP,
nab. reHeTtukv AHK-copepxaimx supycos Ir6HY HANBC
um. .W. Meunukosa, 105064, Mockea, Poccus.

ORCID ID: https://orcid.org/0000-0001-5536-1557.

Yyacmue aemopoe: Bce aBTOpbI cAenany 9KBMBareHTHbIN BKNaa B
noaroToBKy ny6ﬂI/IKaL|,VII/I.



*KYPHAJ1 MUKPOBNONOTUW, SNMMAEMMNONOTUN N UMMYHOBWUOJOTNW. 2020; 97(3)
DOI: https://doi.org/10.36233/0372-9311-2020-97-3-4

OPUTMHANBHbBIE UCCNEOOBAHUA

© WrHaTbes 'M., Kaa K.B., Okcanuu A.C., AHToHoBa J1.I.,
Camapuesa T.I., Meden K.M., Akosnesa [.A., MuperkunHa E.H., 2020 . Check for updates @ @
BY

Nuankauma n naeHTupmnkaumna BUpYycoB AieHre n YNKYHryHbs B
Komapax popa Aedes spp., OTNOBNEHHbIX B LleHTpanbHon Amepuke
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Llenbto paboTbl 6bino BbigeneHne apboBMpyCcoOB N3 KOMapPOB PasfUYHbIX BUAOB B KyNbType KNEeTOK U X NOEHTU-
drkaums MoneKkynapHbIMA U UMMYHOXUMWYECKUMIN METOAAMM.

Martepuansbi u metoabl. BuigeneHve BupycoB npoBoaunock Ha knetkax C6/36. Bo3byauTenein naeHtuduum-
poBanu c Mcnornb3oBaHWeM HabopoB ANS UMMyHodepMeHTHoro aHanmaa (M®A) onsa BbiSBNEHUS aHTUMEHOB
BMpPYCOB AeHre, YukyHryHbs, B3H n CuHabuc n nonumepasHow LenHow peakumm ¢ obpaTHOW TpaHCKpunumen
(OT-MNLUP) co cneuudpmyeckmm nparimepamm ¢ nocneayoLiMMm cekseHupoBaHueM no CeHrepy.

Pesynbratbl. Bcero 6bino nccnegosaHo 102 komapa, oTHocslmMxcs k Tpem pofam: Culex spp., Culiseta spp.,
Aedes spp. Komapsbl kaxgoro Buaa unu poga obinv pasgeneHsl Ha nynbl no 4—-5 ocoben. MNpu ncenegosaHnm
CyCMneH3uin Tonbko 2 NynoB KOMapoB, NOMNyyYeHHbIX OT Aedes aegypti u Aedes albopictus, HauuHasi ¢ 3-ro nac-
caxxa OTMeYeHbl n3MeHeHnst MmoHocrnos knetok C6/36. B maTtepnanax cycneHawu, nonyyYyeHHow us nyna Aedes
albopictus, HaunHas ¢ 4-ro naccaxa metogom NPA BbISBNANCS aHTUreH Bupyca YmkyHryHbs. B matepunanax,
nony4eHHbIx 13 nyna Aedes aegypti, Ha 5-m naccaxe onpeaensncs BUpyc AeHre. Takum o6pasom, TONbKo B 2
13 23 uccnefoBaHHbIX MyNIOB KOMAPOB Pa3HbIX POAOB ONpeaensanMcb aHTUreHbl BUPYCOB YMKYHIYHbS UNK eHre.
Martepwuanel 5-ro naccaxa 6binmn nccnegosatsl B OT-MLP co cneumdmyecknmmn npanmMepamm K BUpycam geHre
1 YukyHryHbs. MNoaTBepxaeHo, Y4To U30N4T, Nofny4veHHbIn oT komapoB Aedes albopictus, cogepxan PHK Bupyca
YukyHryHbs 1 cootBeTcTBoBan BoctouHomy/LleHTpansHomMy/KOxXHO-AdprKaAHCKOMY reHoTuny, a U3onaT, nosny-
YeHHbIN OT koMapoB Aedes aegypti, conepxxan PHK Bupyca geHre 2-ro tuna.

3akntouveHue. onyyeHHble HyKNeoTMaHbIE NOCNEnoBaTENBHOCTU BUpPYca YnKyHryHbst Obinu AeNOHUPOBaHbI B
mexayHapogHou 6a3e gaHHbIx GenBank nog Homepamu MN271691 n MN271692.

KnroueBble cnoBa: apbosupychi; deHeae;, YukyHayHbs;, komapbl, Aedes spp.; udeHmucpukauyus; UDPA; TLP;
CeKBeHUpoBaHUe.

HUcmoyHuk gpuHaHcupoeaHusi. PaboTa BbinonHeHa npy nogaepxke Poccuiickoro Hay4yHoro poHaa (rpaHT
Ne 17-15-01525).

KoHghriukm uHmepecoe. ABTOpbI AEKNAPUPYIOT OTCYTCTBUE SIBHBLIX U NOTEHLMAmNbHbLIX KOHMIIMKTOB MHTEpe-
COB, CBSI3aHHbIX C Nybnunkaumen HacTosLen cTaTbu.
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The purpose of study was to isolate arboviruses from mosquitoes of different species in the cell culture and to
identify them by using molecular and immunochemical techniques.

Materials and methods. Viruses were isolated in C6/36 cell cultures. The pathogens were identified by using
enzyme-linked immunosorbent assay (ELISA) kits for detection of antigens of dengue, Chikungunya, West Nile
and Sindbis viruses as well as the reverse transcription polymerase chain reaction (RT-PCR) with specific primers
and Sanger sequencing.

Results. A total of 102 mosquitoes belonging to three genera, Culex spp, Culiseta spp., Aedes spp., were studied.
Mosquitoes of each species or genus were divided into pools, each containing 4-5 mosquitoes. The study of
suspensions of only 2 mosquito pools obtained from Aedes aegypti and Aedes albopictus, starting from the 3
passage, showed changes in the C6/36 cell monolayer. Starting from the 4" passage, an antigen of Chikungunya
virus was detected using ELISA test in the suspension obtained from the Aedes albopictus pool. Dengue virus
was detected in the 5" passage from the materials obtained from the Aedes aegypti pool. Thus, antigens of
the Chikungunya and dengue viruses were detected only in 2 of 23 examined pools of mosquitoes of different
genera. Materials of the 5" passage were analyzed by RT-PCR with specific primers for dengue and Chikungunya
viruses. It was confirmed that the isolate obtained from Aedes albopictus mosquitoes contained RNA of the
Chikungunya virus and corresponded to the East/Central/South African genotype, while the isolate obtained from
Aedes aegypti mosquitoes contained RNA of the dengue type 2 virus.

Conclusion. The obtained nucleotide sequences of the Chikungunya virus were deposited in the GenBank
international database under accession numbers MN271691 and MN271692.

Keywords: arboviruses; dengue; Chikungunya; mosquitoes; Aedes spp.; identification;, ELISA; PCR; sequencing.

Acknowledgments. This work was supported by the Russian Science Foundation (grant 17-15-01525).
Conflict of interest. The authors declare no apparent or potential conflicts of interest related to the publication
of this article.

For citation: Ignatyev G.M., Kaa K.V., Oksanich A.S., Antonova L.P., Samartseva T.G., Mefed K.M., Yakovleva D.A.,
Zhirenkina E.N. Indication and identification of dengue and chikungunya viruses in Aedes spp. mosquitoes captured
in Central America. Journal of microbiology, epidemiology and immunobiology = Zhurnal mikrobiologii, épidemiologii
i immunobiologii. 2020; 97(3): 227-232. (In Russ.).

DOI: https://doi.org/10.36233/0372-9311-2020-97-3-4

BsepeHune

Komaps! pa3ianuHBIX POAOB SBIAIOTCA IEpPEHO-
CUMKaMHM LeJIoro psifa Bo3OyauTeneld BUPYCHBIX 3a00-
JIEBAaHUH, NPEXKJE BCErO OTHOCSIIMXCS K CEMEUCTBAM
Flaviviridae (pon Flavivirus) wn Togaviridae (pon
Alfavirus) [1, 2]. Apean pacnpocTpaHEeHHS KOMapoB
ponoB Aedes spp., Culex spp., Culiseta spp. He orpa-
HUYMBAETCS CTpaHaMM, PacIoOKEHHbIMH B TpOIHYe-
CKOW ¥ CcyOTpommuyeckor 30Hax. Komapwl 3TUX BHIOB
pacnpoCTpaHeHbl B CTpaHaXx C YMEPEHHbBIM KIMMaTOM
B lOxHOM 1 CeBepHoM nonymmapusix [2—4]. B cs3u ¢
3THUM BO3pacTaeT BEpPOATHOCTb CMEHbI NMEPEHOCUHKA,
YTO, B CBOIO OUEPEIb, MOXKET IPUBOAUTH K M3MEHEHHSIM
WH(EKIIMOHHOCTH BUPYCOB ISl UesoBeKa [5].

st Bupyca UuKyHIyHbSI ONIMCAHBI TPU I'€HOTH-
na: Bocrounsnii/LlenTpansubiit/FOxHO-ApprKaHCKH,
3amanHo-Adpukanckuii u Azuarckuii [6]. YBenuueHue
BBISBISIEMOCTH BHpyca UMKYHTYHBS B OTJIOBJICHHBIX
KOMapax M y 3a00JieBIIMX JIOAEW NMpHuBelo K Oolee
NOAPOOHOMY H3YYEHHIO HYKICOTHIHBIX MOCIeI0Ba-
TEIbHOCTEN €ro M30JATOB, M3-3a YEero H3MEHWIOCh
MpeJCTaBlIeHHe O TEeHOTHUIIaX JaHHOIo MaroreHa. B
YaCTHOCTH, HEKOTOPHIMH HCCIIEIOBaTEeNIIMU Tpeasa-
ralTCsl TEHOTUNBl JIMHUM WHIWICKOTO OKeaHa U Ka-
puOckuii [6-8]. [lns Bupyca JeHre OmucaHbl TONBKO 4
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cepotumna [5, 9]. YuuteiBas pacTyIyO BbISIBISIEMOCTb
BUPYCOB, IEPEHOCUMBIX KOMapaMH, U UX MaTOT€HHOCTb
IUIsL 4elloBeKa, pa3paboTka cpelcTB MPO(UIAKTHKH U
JiedeHus 3a00JIeBaHNH, BBI3BIBAEMBIX allb(a- u (raBu-
BHUPYCAMH, OCTAE€TCs aKTyallbHOU. BriieneHue Bupycos
HETNOCPEACTBEHHO OT MEPEHOCUYUKOB, OTIOBICHHBIX B
€CTECTBEHHBIX apeaiax OOMTaHWs, U M3y4YeHHUE BbIje-
JICHHBIX ITaMMOB SIBIISIIOTCS COCTaBHOW YaCThIO 3TOTO
mpoiiecca.

Henbio naHHOW pabOThl OBUIM BBIICICHHE U
UACHTH(UKAUS apOOBUPYCOB, MPUHAIIEKAIINX PO-
nam Flavivirus v Alfavirus, u3 xomapoB BUnoB Aedes
albopictus, Aedes aegypti, Culiseta spp., Culex spp.

MaTepman bl 1 MeToAbl

Komaps! ObUTH OTIIOBJICHBI B CYXOH CE€30H B JIECHOM
3oHe B Hukaparya (mynununanurter Tunurana) ¢ xo-
opauHaramu 12.325527N 85.974662W u 12.323326N
85.974275W. Cpenu OTIOBIEHHBIX KOMapoB ObLIH
mpeAcTaBuTeny ponoB Aedes (Bunbl Aedes albopictus,
Aedes aegypti), Culiseta spp. n Culex spp. llocne omnpe-
JeJICHHUs] BUJOB KOMapbl OBUTM pa3lelieHbl Ha MYJIbI 110
4-5 ocobeii ogHoro Buna. Kaxnpnii myn Obl1 romore-
HU3UPOBAH 0 MONyYeHHs CyclieH3un B o0beme 0,4 M
(dhocdarno-coneBoro Oydepa pH 7,4.
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OPUTMHANBHbBIE UCCNEOOBAHUA

Buvioenenue eupyca. llonydeHHYIO CYCHEH3UIO
KOMapoB HAaHOCHUJIM Ha MOHOCIJIOW KOMapHHBIX KIJIETOK
muann C6/36, BEIpaIlICHHBIH B KyJIBTypallbHBIX (1ako-
Hax («Corningy», CIIA) mromanasio 25 cm?. TTocne 1
azcopOLuK BO (IIaKoHBI JOOABISIN Cpey NOAACPKKH
DMEM (®I'BHY «®HIUPHUII um. M.I1. UymakoBay
PAH) ¢ 2% ¢eranbHOil 3MOpHOHAIEHON CBIBOPOTKOM
(«Gibcoy). drnakoHBl HAXOOWIUCH B TEPMOCTATe MPH
32°C ¢ 5% conepxanuem CO,. HaGmonenue 3a Mo-
HOCJIOEM ITPOBOJIMIIN €KE€AHEBHO 10JI MUKPOCKOIIOM J10
MOSIBJIEHUS LIUTONAaTHYECKOTO AeMCTBUS.

Onpedenenue anmuzenog eupycoe. Jlns ompe-
JIelIeHUsI aHTUIE€HOB BUPYCOB UMKyHryHbs, JleHre,
Cunnbuc u Bupyca 3anagHoro Huna B oOpasnax Kyib-
TYpaJbHOHM JKUAKOCTH MCIIONB30BaIn HAOOpBI pearcH-
ToB KomnaHuu «buocepBuc»: «buoCkpun-/lenre»
(xommiexT AG), «bnoCkpuH-UUKYHTYHBS» (KOMILIEKT
AQG), «bnoCxpun-B3H» (kommiexr AG), «bruoCxkpun-
Cunnbuc» (xomruiekt AG). IlocTaHOBKY peakuuu u
y4eT pe3yJIbTaToB MPOBOAMIIH COITACHO MHCTPYKLIHMHU K
HabopaM pearcHTOoB.

Honumepasnaa uennas peaxyus (I1LIP). U3
100 Mkxn BHpyccoiepxalell KyabTypajdbHON >KUAKO-
CTH C TIOMOIIBI0 KOMIUTEKTa peareHToB «AMmnCenc®
Marno-Cop0» («MutepJlabCepsucy) Boigensau PHK
COITIaCHO MHCTPYKLHHU IPOU3BOIUTEIIS.

[Hanee ¢ ncnonb3oBaHuEM OOpaTHBIX MpaiiMepoB
1t Bupyca Uukynrynss: pE2CHVrevl, pE2CHVrev2,
pE1CHVrevl, pEICHVrev2, pNS1CHVrevl, pNS1CH-

Vrev2, pNS1CHVrev3 (Taba. 1); 15 Bupyca aeHre —
pDV2rt (5°-CAGCCATGGCAGCGGTAGGTC-3’) n
HaOopa peareHToB A oOparHoit Tpanckpumnimu (OT)
(«Cunron») Ha Marpuue BupycHoit PHK mpoBonumm
peakmuio OT u momydanu k/IHK. Ha mepBom stame
CMeIIMBanu 2 MK obparHoro mpaiimepa (10 mkmosns/
MKJ) ¢ 6 Mk BeienenHodt PHK u nporpeBanu cmech
mpu 95°C 5 muH. Ilocne 3TOr0 MpOOUpPKU OXJIaXKIa-
JIM TIpY KOMHATHOW TeMmeparype 2 MUH, 100aBIsLIH B
Hux 22 vk cmecu st OT (9 MK fenoHu3upOBaHHON
BoObl, 12 Mkn 2,5-xpataoro Oydepa mis OT, 2,5 Mkn
MMLV-peBeprasbl) u uHKyOuposainu npu 42°C 30 MuH.
JInst ”HaKTHUBaIUKM peBepTa3bl CMECh MIPOrpEBAIU B Te-
yenue 5 muH mpu 95°C.

Hns momyuenus ¢pparmenToB reHoB E1, E2 u NSI
BHUpYyca UMKYHTYHBS U UX CEKBEHHUPOBAHHUS HCIIONbB30-
BaJIM OJIMTOHYKJICOTUIbI, OMTUCaHHbIE B Ta0M. 1.

[P na x/IHK, nomyuennoit nocie OT, npoBoau-
JIM C MCTIOJIB30BaHUEM CIIEAYIONIMX KOMOWHAIIMI Tpaii-
MepoB AJis Bupyca UMKyHTYHBSI:

*ten EI — pEICHVforl u pEICHVrevl,

pE1CHVfor2 u pE1CHVrev2;

*ten E2 — pE2CHVforl u pE2CHVrevl,
pE2CHVfor2 u pE2CHVrev2;

* ren NSI — pNSICHVforl u pNS1CHVrevl,
pNS1CHVfor2 u pNS1CHVrev2, pNSICHV-
for3 u pNS1CHVrev3.

Hns supyca genre P nposogunu npu panee

onucanHbix ycnopusix [10]: pDV2for (5°-CCAAAAA

Ta6nuua 1. MNpanmepsl, ncnonessosaHHble Ans OT, MNMLUP v cekBeHnpoBaHns Bupyca YnkyHryHbs
Table 1. Primers used for RT, PCR and sequencing of the Chikungunya virus

Homep komnnekta ex Pasmep LIP-
oAMEDnos Mpanmep Genka lMocnepoBatensHOCTL Npanmepa KoopawnHaTbl npoaykTa, mn.H.
P pc Primer index Protein Sequence of the primer Coordinates Size of the PCR-
Ref No. of primers gene product, b.p.
1 pE1CHVfor1 E1 5'-GAACTGACACCAGGAGCTACCGTCC-3  9745-10600 856
pE1CHVrev1 5-CGCCAAATTGTCCTGGTCTTCCTG-3’
2 pE1CHVfor2 5'-AACATGGACTACCCGCCCTT-3 10552-11313 762
pE1CHVrev2 5-GTGCCTGCTRAACGACACGC-3’
1 pE2CHVfor1 E2 5-TTCAATGTCTATAAAGCCACAAGACC-3 8560-9240 681
pE2CHVrev1 5-GTGATTGGTGACCGCGGCATG-3
2 pE2CHVfor2 5-GYCAGACGGTGCGGTACAAGTG-3’ 9125-9794 670
pE2CHVrev2 5-GCAGCATATTAGGCTAAGCAGGAAAG-3’
1 pNS1CHVfor1 NS1  5-ATGGATYCTGTGTACGTGGAYATAGAC-3’ 80-572 493
pNS1CHVrev1 5-GGTGRTATAGCGACGTGGGTGC-3
2 pNS1CHVfor2 5-CATGTAGACAGAGAGCAGACGTCGC-3’ 498-1139 642
pNS1CHVrev2 5-CCTCCGGCGTGACTTCTGTAGC-3’
3 pNS1CHVfor3 5-CGTGCCGGCGACCATTTGTG-3’ 1078-1710 633
pNS1CHVrev3 5-GCKCCTCTMGGAGTCTCTATTATTCC-3’
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CCCGCCACTCTAAGG-3’) u pDV2rev (5’-GTTAT
CACGACAGTGTATTCCA-3’). IILP-cmecy momy-
Yany CMEIIMBaHWEM 10 | MK mpsiMOro u oOpaTHo-
ro mpaiiMepoB ¢ KoHueHTpauuei 10 mkmoin/mki, 10
MKJI YHUBEpPCAJIbHON 2,5-KpaTHOW peaklHOHHON cMe-
cu anst [P («CuHTon»), 8§ MKII 1€MOHU3HPOBAHHOM
BOJBI C mMochenytommm nodasnenueM 5 mxia kJHK.
Awmrmndukanuo npopoawin Ha mnpubope XP Cycler
(«Hangzhou Bioer Technology») mo cieaytorieit mpo-
rpamMme: 95°C — 1 muH 30 c; 30 nukinos: 95°C — 20 c,
55°C — 15 ¢, 72°C — 30 c; punHanbHas 3JOHTALNS:
72°C — 10 muHn. [Iporpamma i aMruinpuKanuy Bu-
pyca nenre: 95°C — 1 muH 30 c; 40 uukinos: 95°C —
20 ¢, 57°C — 15 ¢, 72°C — 30 c; ¢puHaNbHAs dIIOHTA-
s 72°C — 10 MuH.

Omnpenenenre MHOUIOUPOBAHHOCTH (minimum
infection rate, MIR) uccieq0BaHHBIX KOMapOB MPOBO-
TIWJIH, Kak omucano panee [11, 12].

PesynbraTbl

Bcero obGcnenoBano 102 xomapa Tpex pOIOB
(TabJ. 2). Haubosbiee KoIM4eCTBO KOMapOB OTHOCH-
JIOCh K pony Aedes, mpencTaBieHHOMY BHIaMUu Aedes
aegypti u Aedes albopictus. Kaxnpiii oOpa3sel cycrieH-
31M Tpoien 4 Mocier0BaTeNbHBIX «CIETbIX) naccaxa
Ha kietkax C6/36. KoHTposib 3a COCTOSHUEM MOHO-
CJIOSL KJIETOK MTPOBOAMIIM MOJ] MUKPOCKOIIOM B T€UEHUE
5 IHeH mociie naccaxa.

B pesynbrare NmOATBEPAKAECHO, YTO H30JAT, MO-
Jy4eHHBIH W3 KoMapoB Aedes albopictus, comepxkan
PHK Bupyca Yukynrynsst u He comepxan PHK Bu-
pyca nenre. M30mdt, moydeHHbI OT KOMapoB Aedes
aegypti, conepxan PHK Bupyca nenre u He comepxan
PHK Bupyca UukyHryHbes. V301t AeHre mo pesyib-
TaTaM CEKBEHHPOBAaHHS OBbUI OTHECEH KO 2-My THITY.
ILP-npoxyxtel reroB £/, E2 u NS, nony4yeHHbIE IIPU
aMILTUHUKAIUN U30JsTa BUpyca UMKYHTYHbBS, TakKe
OBUIN OTCEKBEHUPOBAHEL.

[Nonyuenusie MOCJIE0BATEIBHOCTH npea-
crapnensl B GenBank mon nHomepamum MN271691 u
MN271692. C nomouipo KOMIbIOTEPHON TPOTrpaMMBbl
BLAST HyxkneoTuHbIE MOCIEI0BATENILHOCTH 30T

ORIGINAL RESEARCHES

ala 6/h
E1 E1 E2 E2 NS1 NS1 NS1 M M DV DV
1 2 1 2 1 2 3 2-1 2-3

e S e
wiapes  haBNK Dt

DD D

AnekTpodopes hparMeHToB reHoB BUpyca YnkyHryHbs (a) u
Aexre (6) B 1% araposHoMm rene.

a — lMNMuUP-npoaykTtbl dpparmeHToB reHos E1, E2 n NS1 Bupyca
YuKyHryHbs. 1-3 — HOMepa komnnekTa npanmepos (Tabn. 1);
6 — lMLP-npoaykTbl hparmeHTa reHa NoBepXHOCTHOrO 6enka BMpy-
ca fJeHre, nony4yeHHoro Ha 4-m (DV2-1) n 5-m (DV2-3) naccaxax.
M 100 bp — Becoson [IHK-mapkep, 100 n.o.

The electrophoresis of gene fragments of Chikungunya (a)
and dengue (b) viruses in 1% agarose gel.

a — PCR products of E1, E2 and NS1 gene fragments of the
Chikungunya virus. 1-3 — the reference numbers of primers
(Table 1);

b — PCR products of the gene fragment of the surface protein of the
dengue virus, which was obtained on the 4" (DV2-1) and 5" (DV2-3)
passages. M 100 bp — the DNA molecular weight marker, 100 bp.

BUpyca UnWKyHI'yHBSI ObUTH OTHECEeHBl K BocTtounomy/
HentpansHomy/HOkHO-ADprUKaHCKOMY TE€HOTHILY.

IIpu uccnenoBaHMM CyCIEH3WH TOJIBKO B 2 Iy-
Jax KOMapoB, MOJMYYEHHBIX OT Aedes aegypti u Aedes
albopictus, naunHas ¢ 3-r0 maccaxka ObUTM OTMEUYCHBI
HW3MEHEHHUs] MOHOCTOs KIeToK. Ha 4-m maccaxke myna
Aedes aegypti unTonaTuueckoe JEHCTBUE 0TMEYAIOChH
Ha 4-¢ CyTKH, a js nyna Aedes albopictus — Ha 3-u
cytku. Ilociie nOmoOMHUTENBHOrO, 5-r0 maccaxka Ha
knetkax C6/36 Matepuabl yKa3aHHBIX TyJI0B OBLIH HC-
cienoBanbl B IDA (Habopsl peareHToB «brocepBucy)
Ha OIpeZeicHue HaJN4Yusl aHTUTEHOB BUPYCOB JICHTE,
YukynryHss, 3anagnoro Huna u Cunabuc.

B niynax Aedes aegypti w Aedes albopictus B ma-
TepuaiaX BCEX MCCIICAOBAHHBIX TAacCakeil aHTUTEHBI
BupycoB 3amagnoro Huna u CuHIOHC HE BBISBICHBI
(Tabm. 2). B T0 %e BpeMsl B MaTepuaiax CyCleH3HH, I0-

Tabnuua 2. Pog komapoB, o6LLiee KONMYecTBO U KONMYECTBO UCCIEA0BaHHbIX MyroB
Table 2. Mosquito genus and total number of mosquitoes; number of studied pools

KonunyecTtBo NOA / ELISA nypP / PCR
Konunuectso
Pog komapos KOMapoB
) nynos
Mosquito genus Number of Number of pools AeHre YUKYHIYHbS feHre YUKYHIYHbA
mosquitoes dengue Chikungunya dengue Chikungunya
Culex spp. 16 4 0/4 0/4 0/4 0/4
Culiseta spp. 21 5 0/5 0/5 0/5 0/5
Aedes spp. 65 16 1/16 1/16 1/16 1/16
Aedes aegypti 28 7 117 0/7 117 0/7
Aedes albopictus 37 9 0/9 1/9 0/9 1/9
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nyueHHOU w3 nyna Aedes albopictus, HaunHas ¢ 4-ro
maccaXka BBISBISUICS aHTHTeH BHpyca YHMKYyHTYHBS.
B marepuanax, momyueHHbIX U3 nyna Aedes aegypti,
Ha 5-M maccaxe onpeessuics BUPYC JeHTe (PUCYHOK).
Takum 00pa3oM, TONBKO B 2 U3 25 UCCIeJOBAaHHBIX Iy-
JIOB KOMapOB Pa3HBIX POIOB ONPENENSINChH aHTUTECHBI
BUPYCOB UNKYHTyHbSI UK JICHTE.

WNuaduunpoBannocts (MIR) cocraBuna nis Aedes
aegypti 0,0357, nnst Aedes albopictus — 0,0270. Takum
00pazoM, IMyJbl, coepKalIie aHTUTeHbl YUKYHTYHbS 1
JeHre, Ha 4-M U 5-M MocJe0BaTeIbHbIX Maccakax Bbl-
3BIBAJIM LIUTONATHYECKOE JAeHCTBHE Ha KieTkax C6/36.
Marepuan 5-ro maccaxa 000MX IYJIOB KOMapOB ObLI
uccnenosad B OT-IILP co cnennduueckumu npaiime-
pamu K BUpycam JieHre 1 YUKYHTYHbA.

O6cyxpeHune

B crpanax llenTtpanbHoit AMepuKku pacmpocTpa-
HEHUE BUPYCOB JIeHTe U UHWKYHTYHbS CBS3aHO C KOMa-
pamu Buzaa Aedes. COOp HACEKOMBIX MPOBOAUTCS, KaK
MpaBUJIO, B MeCTax MPOXUBaHUS dYeloBeka [2-5, 9,
12]. B namem ucciaenoBaHUU KOMaphbl 3 BHJIOB ObUIH
OTJIOBJICHBI BHE HACEJIEHHBIX ITYHKTOB, B JICCHOU 30HE.
[Ipu onpeneneHun HHPUIMPOBAHHOCTH KOMAapOB 3TO-
IO BHJAa TEM HJIM WHBIM BHPYCOM BaXKHBIM (PaKTOPOM
SIBJISIETCSI KOJIMYECTBO KOMApOB B UCCIETYEMOM ITyJIIE.
OnTUMaIbHBIM SIBIISIETCS TTYJ, COCTOSIIUN U3 4 KoMa-
poB [2, 11, 12]. dnst AETEKIIUU BUPYCOB B MYJax KO-
MapoB ucnoiussyercs [IIP, B ciayyae MoIoKATEIbHOTO
pe3yibTara MPOBOIUTCS CEKBEHHUPOBAHUE TOIYUYCH-
HOTo aMIuInkoHa. JlaHHBIX 00 ucronb3oBannu MDA B
OIyOJIMKOBAHHBIX CTaThsX HET.

B cBsi3u ¢ orpaHUYEHHBIM 00BEMOM IEPBUYHOM
CYCIICH3UU KOMapoOB B HaIlleM HCCJIEIOBAaHUU IPOBE-
JIEHUE JETEKIIUU BUPYCOB IOCIE «CIIEIbIX» MOCIeNO-
BaTeNIbHBIX Naccakedl Ha kiertkax C6/36 MOIHOCTHIO
omnpapganHo. Vcmonp3oBaHue s JAETEKIIMH BUpPYyca
HN®A, kax u npoenenune OT-IILIP, mo3BomiseT mpose-
CTH JICTEKITUIO ABYMS HE3aBUCUMBIMHU METOTAMH.
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CocTosAiHMe rymopasnbHOro MMMyHUTETa K napBoBupycy B19
y HaceNleHUA oTAeNbHbIX reorpadpuuyecKnx permoHoB

JlaBpeHTbeBa U.H."™, XamuTtoBa U.B.', Camara J.3, AHTnoBa A.10.", BuuypmuHa M.A.’,
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'®OBYH «CaHKT-lNeTepbyprckuii HayYHO-UCCNefoBaTENbCKUA MHCTUTYT SNUAEMUONONMA 1 MUKPOBUONOrK
umenu MNactepa» PocnotpebHaasopa, 197101, CaHkT-MeTepbypr, Poccus;

2QOreBOY BIMO «BoeHHO-MeamumHCcKas akagemumsa um. C.M. Kupoea» MunHo6opoHbl Poccum, 194044,
CaHkT-lNeTepbypr, Poccus;

3YHuBepcuteT umeHn famans Abgenb Hacepa, BP 1143, KoHakpu, [BrHelickasa Pecny6nmka;

‘r'bOY BIMO «CeBepo-3anafHblli FOCYAapCTBEHHbIV MeANLMHCKNIA yHUBEpCUTeT um. V.M. MeuHukoBa»
MwH3gpasa Poccuu, 191015, CaHkT-MNeTepbypr, Poccusn

BBeaeHue. B psge ctpaH, B Tom yncne B Poccuum, OTCYTCTBYHOT perncrpaums u ydet 3abonesaemocty nap-
BOBMPYCHON MHMEKLMEN; O pacnpoCTPaHEHN 3TOW MHAEKLUN MOXKHO CyauTb MO rnokasatensmM rymopanbHOro
UMMYHUTETA.

Llenb nccnenoBaHus: oLgHKa ceponpeBaneHTHOCTM k napeoBupycy B19 (PVB19) B pa3Hbix BO3pacTHbIX rpynnax
HaceneHus Poccum, CpegHent Asumn, 3anagHon Adpuiku.

MaTtepuansbi u metoabl. Ha IgG-aHtutena k PVB19 nccnegosaHbl 1732 cbiBOpoTku kKpoBu xuTtenen CaHkT-MNe-
Tepbypra, Hyp-CynTaHa, TpyooBbIX MUrpaHTOB M3 Y3beknctaHa n TampkukucTtaHa, rpaxaaH BuHenckon Pecny-
onukm.

Pesynbratbl. Hanbonbluve nokasatenu ceponpeBaneHTHOCTM BbisiBNeHbl B ropogax CaHkT-lMNetepOypre u
Hyp-CynTtaHe (62—65%); HaumeHbLUne — cpean TPYAOBbIX MUTPAHTOB K13 Y3beknctaHa n Tagxukmictana (47%).
MokasaTtenb ceponpeBaneHTHocTM K PVB19, nony4yeHHbin B MBUHenckon Pecnybnuke, coctaBun 53%. YctaHoB-
neHa o6Lasn TeHAEeHUMs NOBLILEHWS 4ONMU CEPOMNO3UTUBHbIX MWL, B CTApPLLUMX BO3PaCTHLIX rpynnax: go 55% —vy
murpaHToB 13 CpeaHewn Asum n rpaxkaaH eBuHerickon Pecnybnukm; no 80-85% — y xwutenen CaHkr-lNeTepbypra
n Hyp-CynraHa.

O6cyxaeHue. NMonyyeHHble pe3ynbTaThl NOATBEPXKAAT aKT pacnpocTpaHEHUs] MApPBOBUPYCHOW UHMEKLM B
pasHbIX CTpaHax Mupa. Hanmume BOCNPUUMUMBBIX K 32pPaXXEHMIO NUL, MOXET NPUBECTU K PAaCNpOCTPAHEHWIO UH-
dekummn B rpynnax pucka — cpegmn 6epeMeHHbIX XEHLMH, UL, ¢ MMMyHoAeduMTamMmn, peLMNUEHTOB Npenapa-
TOB KPOBM, OHKONOIMYECKUX BOMNbHbIX.

Knrodyesnlie cnoea: napsosupycHasi UHGheKUusi; 2yMoparbHbIl UMMyHUMem; cepornpesaneHmHocms; Poccul-
ckas ®edepayusi; CpedHsist Asus; [euHelickasi Pecrnybriuka.

HUcmoyHuk ghuHaHcupoeaHus. ABTOpbI 3asiBMsIOT 06 OTCYTCTBUU (hMHAHCMPOBAHWUS NPU NPOBEAEHUN Ucche-
[0BaHus.

KoHgbriukm uHmepecoe. ABTOpPbI AEKNAPUPYIOT OTCYTCTBUE SIBHbIX M NMOTEHUMArbHbLIX KOH(MKTOB UHTEPE-
COB, CBA3aHHbIX C Nybnukaumnen HacTosLLEN CTaTby.
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Introduction. In a number of countries, including Russia, there is no systematic registration and reporting of
parvovirus infection cases; the extent of its spread can be estimated by using humoral immunity rates.

Purpose of the study: Assessment of seroprevalence of parvovirus B19 (B19V) in different age groups of
population of Russia, Central Asia, and West Africa.

Materials and methods. A total of 1,732 blood serum samples from residents of St. Petersburg and Nur-Sultan,
migrant workers from Uzbekistan and Tajikistan, residents of the Republic of Guinea were studied for 1gG
antibodies to B19V.

Results. The highest seroprevalence rates were identified in St. Petersburg and Nur-Sultan (62-65%); the
lowest rates were registered among migrant workers from Uzbekistan and Tajikistan (47%). The results for the
Republic of Guinea showed a B19V seroprevalence rate of 53%. It was found that there is an increasing trend
of seropositivity with age; the percentage of seropositive individuals clearly increases in older age groups: up
to 55% — among migrant workers from Central Asia and residents of the Republic of Guinea; up to 80-85% —
among residents of St. Petersburg and Nur-Sultan.

Discussion. The obtained results confirm the worldwide occurrence of parvovirus infection. People susceptible to
infection can cause infection spreading in high-risk groups — among pregnant women, immunodeficient patients,
blood product recipients, and cancer patients.

Keywords: parvovirus infection; humoral immunity, seroprevalence; Russian Federation; Central Asia; Republic

of Guinea.
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BsepeHune

MeaunuHcKas 3HaYMMOCTb IAPBOBUPYCHOW HH-
¢exuuu (I[IBU) cesizaHa ¢ 0COOCHHOCTSIMHU BO30Y/IH-
Tenst — napBoBHpyca uenoseka B19 (PVB19). Bupyc
o0ajaeT TepaTOreHHBIM JICHCTBUEM, HAUOOJIee aKTHB-
HO mposiBisitomuMcs Bo 11 TpumecTpe GepeMeHHOCTH
[1-3]. IIpn BHYTpHUYTpOOHOM WH(PHUIMPOBAHWU TIOAA
pa3BuBaetcsi BpoxaeHHas [I1BU, kak Haubonee yactoe
ee MposBJIEHNE ONMCaHa HEMMMYHHas BOJSHKA IIofa
[4-7]. Bropast ocobennocts PVB19 — TponHOCTh K
KJIETKaM-TIpeIIIIECTBEHHUKAaM 3pUTPOLUTOB (Tpe3pu-
Tpobiacram) [8]. Beneacteue 3toro mHQHUUUpOBaHKE
PVBI19 BbI3bIBacT HapylICHUE IPUTPOIIOI3A, KOTOPOE
MOXKET IMPUBOJIUTH K TSHKEIBIM MOCIEACTBUIM Y JIMIL C
UMMYHOE(DUIUTAMH WM XPOHUYECKUMH aHEMUSMH
[9, 10].

[MoMrMO KIIMHUYECKH BBIPaXXCHHOUN (HOpMBI 3a-
OoJsieBaHMs, Pa3BUBAIOLICHCS TPEUMYIIECTBEHHO Y Jie-
Teil, 1 UMeroIel Ha3BaHue «MH(EKLIMOHHAS D)pUTEMAY,
nposisnenus [IBU nocrarouno pasHooOpa3Hbl: ot Oec-
cumntoMHbIX GopM (30-50% Bcex ciydaeB 3a0oneBa-
HUS) WIK JETKON 3K3aHTEMBI 10 apTPUTOB U apTPaITHii
(MpenMyIIECTBEHHO Y B3POCIHbIX), @ TaKXKe BBIPAKEH-
HBIX aHEMHUH BIUIOTH 0 Pa3BUTHS aIIACTUYECKOTO
Kpu3a (Jiiia ¢ *MMyHoxeuIuTaMu, O0JIbHBIE TeMaTo-
noruyeckoro npoduist) [11-17].

B Hacrosimee Bpems B psjie cTpaH, BKitodas Poc-
CHIO, OTCYTCTBYET PErHCTpals U yueT 3a001eBaecMo-
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ctu [1BU, orpannyensl cBeieHHUs O MacIiTadbax ee pac-
MPOCTPaHEHUs, B TOM YHCJIe B rpynmnax pucka (Oepe-
MEHHBIE JKEHIIMHBI, PEIUIHUEHTHl MpenapaToB KPOBH)
[15,18-21].

YuuThIBas, YTO METOMOB CHEIH(pHUUSCKON MpPo-
¢unaktuku [IBU He paspaboraHo, a criemuduyeckue
UMMYHOIIOOYynuHBL G COXPaHSIOTCS B CBIBOPOTKAx
KpOBHU TIepeOOJIeBIINX TOKU3HEHHO, O PacIpOCTpaHe-
HUM 3TOH MH(EKUUHU B MOMYISLHA MOXXHO CYAUTh IO
IOKa3aTeIsIM I'YMOPaJIbHOIO UMMYHHTETA.

IMeas HaACTOSIIETO WCCIEAOBAHUS — OIICHUTH
¢dbopmupoBaHHe TyMOpanbHOro nMMyHuTera Kk [1BU B
Pa3HBIX BO3PACTHBIX IpylIiax JHWIL, MPOXHUBAIOIIUX B
eBporneiickoit gactu Poccun, rocynapcrBax CpenHeit
Aznm u 3anagHoit AQpuKH.

MaTepman bl 1 MeToAbl

Ha IgG-antutena x PVB19 Owbutn uccienosa-
HbI 1732 CBIBOPOTKHM KPOBH YCIOBHO 370POBBIX JIUI[ B
Bo3pacre 18—87 net, B ToM uncie 817 CHIBOPOTOK KH-
teneir Poccuiickori ®enepanuu (Cankr-IlerepOypr),
114 cbIBOPOTOK TPYAOBBIX MUTpaHTOB 13 CpenHeit Asum,
480 ceBopotok >xutenei Kazaxcrana (Hyp-Cynran),
321 ceBopoTka TpaxaaH [BuHelckoi PecnyOmuku
(I'P). CriBopotku monyuensl B 2017-2018 rr. u3 koi-
Jekuuid Bupyconorudeckux naboparopuii Cankr-Ile-
TepOyprckoro PernoHajapbHOrO IEHTpa MO HAI30py 3a
Kophio U KpacHyxoi B C3P0, PernonanbHoro neHtpa
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o HaJ30py 3a Kopbio B ['P, maboparopuu atnonoruu u
nmmyHosnorud BUY HUMOM um. I1acrepa.

Hns onpenenenust [gG-antuten k PVB19 ucnomns-
30BaiM TecT-cucreMy «Anti-Parvovirus B19 ELISA
IgG» («Euroimmun AG», ['epmanus) B COOTBETCTBUU
C MHCTPYKLHUEH MPOU3BOAUTEIIS.

Crarucriyeckasi 00padOTKa JaHHBIX TPOWU3BOAM-
Jack ¢ MoMoIbio makera nporpamMmm MS Excel, Prizm
5.0 («GraphPad Software Inc.»). HomuHanbHbIC TaHHBIE
OITUCHIBAIUCH C YKa3aHHEM aOCONIIOTHBIX 3HAUCHUH |
MpPOLEHTHBIX Joniel. CpaBHEHWE HOMHHAIBHBIX JaH-
HBIX TIPOBOIMJIOCH MPH momolny kpurepus x> [Tupcona,
MO3BOJISIFOIIETO OLEHUTH 3HAYUMOCTh Pa3IHUUi MEXKIY
(haKTUYECKUM KOJMYECTBOM HCXOJOB WIIM KayeCTBEH-
HBIX XapaKTePUCTHUK BBIOOPKH, MOMAJAIOIIHNX B KKIYIO
KaTeropyuio, ¥ TEOPETHUECKHM KOJIMYECTBOM, KOTOPOE
MOKHO OXKHJATh B M3Y4aeMbIX TPYyIIaxX MpHU CIpaBes-
JIMBOCTH HYJIEBOM THUIOTE3bl. 3HAUYCHUE KpHUTEepus ¥
CPaBHUBAJN C KPUTHYECKUMH 3HAUCHUSIMH JIS1 COOTBET-
CTBYIOIIETr0 YMcia crerneHeld cBoOomsl. B Tom ciyyae,
€CIIM TIOJYYeHHOE 3HA4YCHHE KPUTEpHUs y° MPEBBIILIAIO
KPUTHUYECKOE, JENaicsi BbIBOA O HAJMYUU CTATHCTHYE-
CKOM B3aMMOCBSI3M MEXIY U3y4aeMbIM (DAKTOPOM pHCKa
1 UCXOJIOM TIPH COOTBETCTBYIOIIEM YPOBHE 3HAYUMOCTH.

B kavecTBe mokazaTessi TECHOTHI CBS3H MEXKIY KO-
JIMYECTBCHHBIMU TIOKA3aTEJISIMU X U Y, IMEIOIIIUMH HOP-
MaJIbHOE pacrlpefelieHre, UCIOoNb30Balcs KodpHuIu-
CHT KOPPEIALHIH 7 HI/IpCOHa.vOIIeHKa CTaTUCTUYECKOU
3HAYUMOCTH KOPPEJSALMOHHON CBSI3U OCYIECTBISIIACh
C TIOMOWIBIO #-KpUTepus. 3HaueHHs Kod(huImeHTa
KOPPEJISILHN 7, HHTEPIPETHPOBAIIN B COOTBETCTBHIH CO
mkano Yennoka. B kauecTse nopora AJOCTOBEPHOCTH
OTIIMYMI OBUIO OMNpenesieHO 3HaueHHE BEpPOSTHOCTH
p <0,05.

Pe3ynbratbl

CocmosHue 2yMopasnbHO20 UMMYHUMeMa
K hapeosupycy B19 cpedu ycnoeHo 300po8bix
xumenet Cankm-llemep6ypea (Poccus)

CBIBOPOTKH KPOBH YCJIOBHO 30POBBIX >KUTENEH
Cankr-IlerepOypra (n = 317) ObLIM OJTYYCHBI OT JIUI] B
Bo3pacte 18—87 net (cpemuuii Bo3pact 42,3 £ 12,09 ro-
na, menuana 39 net). OOmmas Ko My»KIMH COCTaBUIIA
32,8%, sxenmuH — 67,2%. CrIBOpOTKH OBLIH pacipe-
neneHbl Ha 4 Bo3pacTHele Tpynmbl. Crnennduueckue
antutena knacca IgG x PVB19 6butn 0OHapykeHbI, B
nenom B 62,1 £2,7% (197 u3 317) 00pa3iioB U BhISBIIS-
JIUCh B KaXKJOM U3 UeThIpex rpyil (Tadu. 1).

HavmMenbinasi 1oyt CEpONO3UTHBHBIX JIHI BBISB-
neHa B rpyne 18-20 net; ona cocraBmia 33,3 +11,1%.
C Bo3pactom goinst [gG-nonoxutensHbIX K PVB19 mpo6
yBenruuBaercsi. COBOKYITHO JOJIS MO3UTHUBHBIX 00pa3-
noB cpeau jmin 18-30 met cocrtaBuna 53,5 = 5,3%,
a MaxkCHMalbHas JOJI1 TOJOKHUTENBHBIX HaXOIOK
(72,5 + 3,6%) Obl1a 0OHapYXEHA B BO3PACTHON IpyIIe
41 ron u crapuie. BolsiBlIeHHbIE pa3iuyuus CTaTUCTHYE-
cku 3Haunmbl (df = 3; 42 = 17,623; p < 0,001).

T'eHepHbIil aHaIW3 HE BBISABAJ CYIIECTBEHHBIX
pasNIu4Uui MEXIY CEPOTNO3UTHBHBIMU JIHLAMH MYX-
CKOT'0 M JKEHCKOTO I1oJa: 66,5 u 62,0% cOOTBETCTBEHHO
(df =3; v*=2,399; p = 0,494). Jlonis cepono3UTHBHBIX
JIMI JKEHCKOTO TI0JIa HECKONIBKO Mpeoliiagaia B BO3-
pactHbIxX rpynmnax 1820 net u 41 rog u crapuie; cepo-
MO3UTUBHBIE JIULA MY>KCKOTO I10JIa Yallle BBISBISIINCH B
Bo3pacte 2140 ner.

Takum 00pa3oM, cpean YCIOBHO 3[0POBBIX KHUTeE-
neii Cankr-IlerepOypra B 11e710M BBIIBICHO OKoJo 62%
cepono3uTHBHBIX K PVB19 nun ¢ Tennenmnueit k ypenu-
YEHUIO UX JIOJIM B CTapIIMX BO3PACTHBIX Ipymmax, 0e3
CYIIECTBEHHBIX Pa3IMuuii 0 TEHAEPHOMY MTPU3HAKY.

Wnavye ¢dopmupoBaiicsi KOIIEKTHUBHBIH HMMYHU-
TeT kK PVB19 B oprann3oBaHHOM KOJIJIEKTHBE, KOTOPBII
COCTOsUI M3 TpernojaBaresied W KypCaHTOB (Haxons-
IIMXCS B CHELUANBHBIX YCJIOBUSX NPOXKHUBAHHA) OIl-
Horo u3 BoeHHBIX yuminil Caskt-IlerepOypra. beumn
uccnenoBadbl 500 cbIBOPOTOK KPOBH, MOJIYYEHHBIX OT
nun B Bo3pacte 18-60 net (cpemuuit Bo3pact 25,2 ro-
na, mequana 21 rox). [Mogasnstomee uncino obcneno-
BaHHBIX — MYX4HHBI (91,6%). CeponpeBaaeHTHOCTb
k PVBI19 B oprann3oBaHHOM KOJUIEKTHBE OKa3ajach
cymecTtBeHHO BhIte (p = 0,005), uem B cpeiHeM cpenu
JKUTENeH ropoja, u coctaBmia 85,8 = 1,56% (Tada. 2).
OTIM4UTENbHON OCOOCHHOCTBIO JaHHON MOIMYJISIHH
sBsieTcst OonbIioe komdecTBo (190 u3 223 yenosek)
cepono3uTuBHBIX K PVB19 nun cpenu kypcanros 18—
20 net: ux mons cocraBmia 85,2 + 2,38%. Bricokuii
YPOBEHb I'YMOPaJIbHOTO HMMYHHUTETA COXpaHsica 0e3
CTaTUCTUYECKH 3HAYMMBIX U3MEHEHHUH BO Bcex obcie-
JIOBaHHBIX BO3PACTHBIX TPYMIaX.

Homns [gG-nonokuTeabHbIX 00pa31oB y JHIl MYyXK-
ckoro moia (86,7 £ 1,59%) Obuia BbIIIE, UeM Y KESHIUH
(69,0 = 7,13%), ogHako BeChbMa HM3KOE KOJIHMYECTBO
00CIIeIOBaHHBIX B TAHHOM MOMYJISIINY JKEHIIUH (42 13

Tabnuua 1. BoiseneHve cneuududeckmx IgG k PVB19
B CbIBOPOTKaXx KPOBM YCIOBHO 300POBbIX XuTenen CaHKT-
Metepbypra (n = 317) B pasHbix BO3paCTHbIX rpynnax

Table 1. Identification of anti-PVB19 IgG antibodies
in the blood serum of relatively healthy residents
of St. Petersburg (n = 317) in different age groups

Konnyectso M3 Hux IgG+ k PVB19
Boapacr, roaw! MCCneaoBaHHbIX Of these, IgG+ to PVB19
Age, years CbIBOPOTOK
’ The number abc. % M+
. o, Tm
of examined sera abs.
18-20" 18 6 33,3+ 11,1
21-302 68 40 58,8+5,9
18-30 86 46 53,5+5,3
31-40° 78 40 51,3+5,6
2414 153 111 725+ 3,6
Bcero 317 197 62,127
Total

Mpumeyanme. [loctoBepHOCTL pasnuyuit: p, , < 0,001.
Note. Significance of differences: p, , < 0.001.
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Tabnuua 2. BuiseneHne cneuuduyecknx 1IgG k PVB19 B
obpasLax KpoBU YCIOBHO 340POBbIX NNL, U3 OpraHN30BaH-
Horo konnektusa (n = 500) B pasHbIX BO3paCTHbIX rpynnax

Table 2. Identification of anti-PVB19 IgG antibodies in
blood samples of healthy individuals from an organized
team (n = 500) in different age groups

M3 Hux IgG+ k PVB19

Konuuyectso uccneno- Of these, IgG+ to PVB19

BO3paCT, roabl BaHHbIX CbIBOPOTOK

Age, years The number a6e
of examined sera ’ %, Mt m

abs.
18-20 223 190 852+2,3
21-30 173 145 83,8+2,8
31-40 64 60 93,8+ 3,0
241 40 34 85,0+5,6
Bcero 500 426 85,8+1,5

Total

500 genoBeK) He MO3BOJISET CUNTAThH BHISIBICHHBIC T€H-
JIEpHBIE Pa3IUYusl 1OCTOBEPHBIMH.

Takum 00pa3om, B YCIOBHAX JUIMTEIBLHOTO TECHO-
ro KOHTakTa (IpoXMBaHHE B Ka3apMax) WHTCHCUBHOE
(hopMHUpOBaHHE KOJUIGKTUBHOTO UMMyHHTETa K PVB19
MPOMU30LIO YXKE CPEAU JUL EPBOM BO3PACTHOMW Ipym-
nbl (18-20 ner), 4To, BUOMMO, CB3aHO CO CKPBITOM
OUPKYJIALUEH BO30YIUTENS B JAHHOW TIOMYJISIIHH.

CocmosAHue 2yMopanbHO20 UMMYyHUMemMa
K PVB19y mpydosbix MuepaHmos
u3 2ocydapcme CpedHet Asuu

B mocnenHue rogpl HMeeT MECTO TEHCHIIUS pac-
NPOCTPaHEHUs] OaKTEPHATBHBIX W BHUPYCHBIX HH(QEK-
Ui, CBA3aHHAA C aKTUBHBIMH MHIPAIIMOHHBIMH IIPO-
neccamu. B Poccuio exxeromHo mpuObIBaeT OoJbIIOE
KOJIMYECTBO TPYAOBBIX MHUTPaHTOB U3 cTpaH CpenHeil
Azun. CBemeHHMsI O LUPKYISLHMU BO30yAWTeNeH HH-
(exmoHHbIX 3a00neBanwmii, B ToM uuciie [I1BU, B atoi
rpyIiIe, Kak IpaBuilo, OTCYTCTBYIOT.

Hwxe npezncraBneHsl pe3yabTaTsl U3y4eHHsT ypOB-
HSl TyMopasibHOoro uMMyHuTera K PVB19 y murpanros

Tabnuua 3. Boisienenne cneuudunyecknx 1IgG k PVB19 B
o6pasuax KpoBu TPyLOBbLIX MUrpaHTOB 13 CpeaHei Asun
(n = 114) B pa3HbIX BO3paCTHbIX rpynnax

Table 3. Identification of anti-PVB19 IgG antibodies in
blood samples of labor migrants from Central Asia
(n = 114) in different age groups

Konnyectso M3 Hux IgG+ k PVB19
Bo3pacT. rofb nccrnenoBaHHbIX Of these, IgG+ to PVB19
A pe éarg CbIBOPOTOK
ge.y The number abce. o
. %, M+ m
of examined sera abs.
18-30 50 19 38,0+6,8
31-40 33 18 54,5+ 8,6
241 31 17 54,8 +8,9
Bcero 114 54 47,4 £4,6
Total
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n3 Cpenneit Azun, HaxonuBmuxcs B Cankr-IlerepOypre
o TpyaoBo# Buze. Onenka nomu [gG-nonoKuTeIbHbIX
JIMILI Ba)KHA JJIs ONpe/IeIeH s 3HAYMMOCTH JaHHOH TOITy-
Uy B pacripoctpanennu [IBU kak cpeayu MUTPaHTOB,
TaK ¥ Cpeau NOCTOsTHHBIX XxuTeneit Cankt-IlerepOypra.

Hnsa BeiBnenus IgG-antuten k PVB19 6putn
uccnenoBanbl 114 00pa3noB CHIBOPOTKH KPOBH TPY-
JIOBBIX MUTPAHTOB M3 Y30ekuctaHa u TaKuKuCTaHa
(104 my>xxuunsl 1 10 xeHuH) B Bozpacte 18—56 net
(cpemuuit Bo3pact 33,4 rona, meauana 33,5 roga), pac-
MpeJieieHHble Ha TPU BO3pacTHbIE Tpymmsl (Tada. 3).
B nenom xonmuectBo u noist IgG*-00pa3nos cocraBu-
m 54 u3 114 (47,4 £ 4,6%). Cnenuduueckue [gG-an-
TUTENa OOHApYKEHBI B KaXIOW W3 MpPEACTaBICHHBIX
BO3PACTHBIX TPYIII.

CoBokynHo IgG-nonoxuTeNbHbIE CHIBOPOTKH, IO~
myuennslie ot nul 18-30 ner, cocrasmiu 38,0 = 6,8%
oOpasioB. Y nun crapme 30 et mons o0pasios, co-
nepxamux [gG x PVBI19, Bo3pocna B cpemHeM 10
54,6% u coxpaHsach Ha 5TOM YPOBHE.

Jlonst cepono3uTHBHBIX TPYIOBBIX MHUIPAHTOB B
Bo3pacte 30 et u Mianlle okazajgach HECKOJIbKO HU-
K€, 4eM JOJIsl CEpOIO3UTUBHEIX kuTeneit Caukr-Ile-
TepOypra Toii e BozpacTHOM rpynnsl: 38,0 u 53,5%
COOTBETCTBEHHO (Pa3JIN4Msl CTaTUCTUYECKH HE JOCTO-
BepHBI). JloctoBepHsie (p = 0,05) pa3nuyus BBISBICHBI
B rpymmne aun crapire 41 roga: 54% ceporno3uTHBHBIX
CpeIy TPYAOBBIX MUTPaHTOB U 72,5% cpenu MoCTOsH-
HbIX xurenein Cankr-IlerepOypra.

Jlomns1 cepOno3UTUBHBIX JIUI MY KCKOTO U KEHCKO-
o moja okazanachk conocraBuma: 48,1 = 7,1% nportus
40,0 = 7,1% coorBeTcTBeHHO. OIHAKO KEHILIMHBLI CO-
craBuin MeHee 10% ot ymcna oOcnenoBaHHBIX B AaH-
HOM TpyIe, 4To HE MO3BOJSIET CUUTATh MOTYyUYEHHBIE
pe3yabTaThl 3HAUUMBIMHU.

HccnenoBanHble 00pa3nbl KPOBU IONYYEHBI OT
TPYAOBBIX MUTPaHTOB, mpuObBIIMX B Cankt-Ilerep-
Oypr u3 paiioHoB CpenHeli A3uu ¢ HEBBICOKOW TIOTHO-
CTBIO HacelleHHA. JTHM, BUAUMO, OOBSCHSIETCS MEHb-
mee KOJIMYeCTBO cepono3uTuBHEIX K PVB19 mur cpe-
I TpaxkiaH Y30ekuctaHa u TaJKMKUCTaHa, YeM CPeIu
xureneit Cankr-IlerepOypra. Ho BO3MOXHO Taxxke
HaJIW4YHE KOPPEJSIHMU MEXAy WHTCHCHUBHOCTBIO (op-
MHpPOBaHUS KOJIJIEKTUBHOTO MMMyHHTeTa K PVB19 u
STHUYECKOW NMPUHAJICKHOCTHIO 00CIIETOBAHHBIX JIHII.

C uenplo MOATBEPXKACHUS [aHHOTO Te3Uca Ha
IgG-anTurena k PVB19 namu O6butn uccnenoBaHsl 00-
pasubl KpOBU JKHUTEJIEN APYrou crpaHel EBpasuiickoro
koHTHHeHTa — KazaxcraHa.

CocmosHue 2yMopanbHO20 UMMYHUMeMa
K PVB19 cpedu ycno8Ho 300po8six xumersnel
Hyp-CynmaHa (Pecnybnuka Kazaxcmat)

J11st CpaBHUTEIBHOTO UCCIICIOBAHUS ObLITH HCIIOJb-
30BaHbI O6pa3III>I, IMMOJIYYCHHBIC OT JIUII, ITPOKUBAIOIIUX
B crouiie Kazaxcrana Hyp-Cynrane, KOTOpBIi comocTa-
BuM ¢ Cankr-IleTepOyprom mo IjIOTHOCTH HaceeHUs,
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OPUTMHANBHbBIE UCCNEOOBAHUA

KOJIMYECTBY 0Opa30BaTeIbHBIX (CPEAHMX W BBICIINX)
YUPEHKICHUI, IPOMBIIIUICHHBIX MPEATNPHUITUI, BOCHHBIX
yuwinl 1 np. J{is ropoga xapakTepHa akTHBHAs BHY-
TPEHHSS ¥ BHEIIHSS MUTpalysi, Onaroapss akTHBHOMY
KEJIe3HOAOPO)KHOMY M BO3AYITHOMY COOOILICHHUIO.

beun uccnenoBansl 480 00pa3ioB CHIBOPOTOK
KpOBHM YCJIOBHO 3710poBbIX >kuTenedt Hyp-Cynrana B
Bo3pacte 18-59 ner (cpemuuit Bo3zpact 30,5 = 9,8 ro-
na, Mmenuana 28 net). KonnyecTBo My>K4HH COCTaBIIsIIO0
73,7%, xenmmH — 26,3%. PVB19-cnenuduueckue
aHTHTEIa OOHApYXeHBI B 65,2 + 2,2% o6pa3ios. ChI-
BOPOTKM OBUIM pa3liesieHbl Ha 5 BO3PACTHBIX TPy,
IgG-monoxwurenbHble 00pa3nbsl  OBUTM  OOHAPYKEHBI
B KaXXJOM M3 HUX. AHalM3 AaHHBIX Ta0J. 4 MoKa-
3a] TEHACHIHIO K POCTY JOJIM CEPONO3UTUBHBIX 00-
pasloB B CTaplIMX BO3pacTHBIX rpymmax (r = 0,225;
p = 0,000001). Haumenbias 107 CEpONO3UTHBHBIX
CBIBOPOTOK, a uMeHHO 48,6 + 5,8%, BbIsABIEHA cpeau
nur, B Bozpacte 18-20 ner. B Bo3pacTHBIX rpymnmax
21-30 u 31-40 neTt mons CEpONO3UTHUBHBIX IHUI[ BO3-
pocna go 62,0 = 3,3 u 69,9 = 4,3% COOTBETCTBEHHO.
B rpynne nun B Bo3pacte 41 rox u crapiie 10 o3u-
tuBHBIX IgG k PVB19 nocturna 80,5 + 4,2%. Beras-
JICHHBIE Pa3INuns CTAaTUCTUYECKU TOCTOBepHHI (df = 3;
v?=19,696; p <0,001). Tons myxunH, umerontux [gG-
antutena npotuB PVB19, okazanace BhIiiie, yeM 10
CEPOIO3UTUBHBIX >KEHIUH: 69,5 + 29 u 53,2 = 6,1%
cootBetcTBeHHO (df = 1; %2 = 10,368; p = 0,002).

HauOonpmue pasnuuus OTMEUANWCh B TPYIIE
Momnoaslx Jroned 18-20 jer, rae nois cepono3uTUB-
HBIX JIMI MY)KCKOTO Tiosia B 2,7 pasa mpeBbllana Jo-
JIFO 3aIUINEHHBIX OT MHPEKIUH KeHIUH: 67,5 + 2,9 u
25,0 £ 5,2% cooTrBeTcTBeHHO. Paznmuuus crarucTuye-
cku noctoBepHsl (p = 0,0004). B Bo3pacTHOil Tpyrmme
21-30 ner paznuumst ymenslatotrcs: 65,1 + 3,4% ce-
POTIO3UTUBHBIX JIUIl MYXCKOro mona u 47,2 + 6,1% —
YKEHCKOT0; B rpymIe jul oT 31 roxa u crapiie COOTHO-
IICHUE JIOJHM CEPOIO3UTUBHBIX JIUI] MYKCKOTO U JKCH-
CKOTO T10J1a BHIPABHUBACTCH.

CocmosAHue 2yMopasnbHo20 UMMyHUMema
K PVB19y ycnosHo 300poseix xumesnel [P

[Mony4eHHBIE pe3ybTaThl BEIIBUIIM OCOOEHHOCTH
(hopMupoBaHUsI KOJUICKTUBHOTO nMMyHHTeTa K PVB19
B cTpaHax EBpa3suilCKoro KOHTHHEHTA, CBA3aHHBIX TEC-
HBIMHM B3aUMOJICHCTBUAMU, MUTPALIMOHHBIMU TTOTOKA-
MH, TOPTOBBIMHU, KYJABTYPHBIMH M MEXJIUYHOCTHBIMHU
KOHTaKTamu. AQpPUKAaHCKHI KOHTHHEHT, reorpaduye-
CKM yJAJICHHBIN OT cTpaH EBpasum, xapakrepusyercs
SKOHOMHWYECKHUMH, COIMAIbHBIMU, 3THUYECKUMH OCO-
O6enHocTsamu. st oneHkH GopMUpOBaHUs KOJIJIEKTHB-
Horo uMMyHuTeTa K PVB19 6b1TH rcnonb3oBanHbl 00-
pasusl kpoBu xutener ['P, mpoxxuparomux B roponax
Konakpu u Kunnus, nposunnusx Mawmy, Jlade, H3epe-
kope, Kankan, @apana, boke.

HccnenoBanu 321 chIBOPOTKY KPOBH MYXKUUH U
YKEHIIUH yCTaHOBJIEHHOTO BO3PACTa, KOTOPbIE OBUIH MO-

mydeHsl ot aur 18—83 et (cpemnuit Bo3pact 35,6 rona,
MenuaHa 32 rozma) U pacrpeseneHbl Ha 4 BO3pacTHBIE
rpynmsl. KonuecTBo 00pasioB, pa3aeieHHbIX 110 TeH-
JIEPHOMY TIPHU3HAKY, MPAKTHYECKH HE pa3indanock. J{o-
st Mmyx4uH coctaBuia 50,1%, sxkenmmn — 49,9%.

Crnemuduueckne [gG x PVB19 Obutn BISBICHBI
B KaXII0# u3 BO3pacTHBIX Tpymm. B nemom nons I1gG-
MOJIOKHUTENIBHBIX P00 cocTtaBmiia 53,9 + 2,78% (173
u3 321). Pe3ynbTarsl npecTaBieHsl B Ta0JI. 5.

HawmmeHnbiuass oy CepomoO3UTHBHBIX TPOO pe-
ructpupoBaiacek B rpymnmne 18-20 ner (44,4 + 11,7%).
B Bo3zpactHOl rpymme 21-30 meT qons cepono3UTHB-
HBIX 00pa3moB yBenuumnack 10 53,8 + 5,6%. Coso-
KyITHO J0JIsl CepOTIO3UTUBHBIX JUI OT 18 1o 30 nert co-
craBmia 52,1 + 5,1% u CyIIeCTBEHHO HE U3MEHSIACH B
CTapIIMX BO3PACTHBIX TPYIIIaX.

Tabnuua 4. BuiseneHve cneuundudeckmx IgG k PVB19
B 06pa3uax KpoBW YCMNOBHO 34,0POBLIX XUTENEN
Hyp-CyntaHa (n = 480) B pa3Hbix BO3pacTHbIX rpynnax

Table 4. Identification of anti-PVB19 IgG antibodies in the
blood serum of relatively healthy residents of Nur-Sultan
(n = 480) in different age groups

Konnyectso M3 Hux IgG+ k PVB19
nceneaoBaHHbIX Of these, IgG+ to PVB19
Bcfp:CT‘e;?gbl CbIBOPOTOK
ge. y The number abc. o
. %, M+ m
of examined sera abs.
18-20" 72 35 48,6 +5,8
21-302 208 129 62,0 + 3,3
18-30 280 164 58,6 £2,9
31-40° 113 79 69,9+4,3
>414 87 70 80,5+£4,2
Bcero 480 313 65,2+2,2
Total

Mpumeyanme. [loctoBepHOCTL pasnuyuii: p, , < 0,001.
Note. Significance of differences: p, , < 0.001.

Tabnuua 5. Buisenerue cneundudeckmx IgG k PVB19 B
o6pasuax KpoBu YCNOBHO 340poBbIX xutenen P (n = 321)
B pa3HbIX BO3PACTHbIX rpynnax

Table 5. Identification of anti-PVB19 IgG antibodies in
blood samples of healthy residents of the Republic of
Guinea (n = 321) in different age groups

Konnyectso M3 Hux IgG+ k PVB19
Boapacr, roaw! MccneaoBaHHbIX Of these, IgG+ to PVB19
Age, years CbIBOPOTOK
’ The number abc. %. M+
. o, Tm
of examined sera abs.
18-20 18 8 444 + 11,7
21-30 78 42 53,8+5,6
18-30 96 50 52,1+5,1
31-40 88 47 53,4+5,3
241 137 76 55,5+4,2
Bcero 321 173 53,9+27
Total
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Jonn cepono3UTUBHBIX JIMI MY>KCKOTO M KEH-
CKOTO TI0Jla B IIEJIOM CYLIECTBEHHO HE pa3iHyajtCh:
57,4 u 47,9% cootBercTBeHHO. OHAKO B BO3PACTHBIX
rpynnax 18—20 u 31-40 et oTMeueHO 3HaYUTENbHOE
npeoOyiaiaHie CepONO3UTUBHBIX JIMII MY>KCKOTO T0Jia
M0 OTHOIICHUIO K 3allUIIEHHBIM OT MH()EKIUH KEH-
mmHaM: 57,1% npotus 36,4% u 59,4% npotus 31,6%
cooTBeTcTBeHHO. B rpymmax 21-30 ner u 41 rog u
CTaplle JO0IHU CEPONO3UTUBHBIX JIMIl MYKCKOTO M JK€H-
CKOTO TI0JIa CYIIECTBEHHO HE Pa3INn4aluCh, HAXOISCh
Ha ypoBHsX 51,2-57,1%.

Takum o6pazom, IgG k PVB19 61t 00HapyKeHbI
MOYTH B TIOJIOBHHE OOpa3lOB MEPBOM M3 HCCIENOBaH-
HBIX Bo3pacTHBIX Tpym (18-20 ner). ConocraBuMble
JAHHBIE TTOMYYEeHbI AJIS JUI 3TOH BO3PACTHOM TPYIIIBI
u B 1pyrux peruonax (Poccus, Kazaxcran).

O6cyxpeHune

[Tpu orcyTcTBHN cienupruecKoil MPOQUIAKTHKH
OYEBUHO HaJIM4YUe MOCTOSHHOM nupkymsiuuu PVB19
B pa3HBIX pernoHax mupa [22]. B mpoBeaeHHOM uc-
cinenoBanuu IgG-antutena k PVB19 BeIBISINCE BO
BCEX BO3PACTHBIX IPYIIAX YCIOBHO 3JJOPOBBIX >KHTE-
neit Poccun, Cpenneit Asum (EBpasus) u I'P (3anannas
Adpuka). [Ipu 5TOM 0TMeueHa o0Imasi TeHACHIHS MO-
BBIIIEHUS YPOBHS cepornpeBaieHTHOCTH K PVB19 cpe-
JTY JIUL CTapIIMX BO3PACTOB BO BCEX M3YUEHHBIX TPYII-
Max HaceJIeHUs, YTO KOppenupyeT ¢ JaHHBIMH JPYyTHUX
aBTopoB [12, 17, 18]. BmecTte ¢ TeM OBbLIH BBISBICHBI U
pasnnuns B (GOpPMHPOBAHUU KOJJIEKTMBHOTO UMMYHH-
TeTa CPEJId KUTEJIEH Pa3HbIX CTPaH.

Haubonpmme mnokazaTenn ceporpeBaJeHTHOCTH
BbisiBNieHbl B CaHkt-IlerepOypre u Hyp-Cynrane; Hau-
MEHBIIINE — CPEeIU TPYAOBBIX MUTPAHTOB U3 MajOHa-
CEJICHHBIX palloHOB Y30ekucTaHa u TaKUKHCTaHA.
IIpomexxyTouHOE MOJOXKEHHE 3aHSUI TOKa3arenb ce-
ponpeBaneHTHOCTH K PVB19 B I'P npu uzyuyenuun o6-
pa3loB KPOBH, MOTYUYEHHBIX KaK OT JKUTENEH CTOIHIIBI
(Konaxpn), Tak u ot xxutesneit ['P, npoxkuBaromux B Ma-
JIOHACEJIEHHBIX palflOHaX CTPaHBI.

B xkpymueix wmeramonucax (Cankt-IletepOypr
u Hyp-Cynran) ¢ BbICOKOH MJIOTHOCTHIO HaceleHHs,
BBIP@XEHHBIMM MUTPAIMOHHBIMHU MPOLECCAMH, BHI-
COKOM JI0JIed OpraHMW30BaHHBIX JETEH, MOCEIAININX
JOUIKOJIbHBIE W IIKOJIbHBIE 00pa3oBaTeibHbIE YUPEK-
JEeHUs, a TaKKe C OOJNBIIMM KOJIMYECTBOM YYAIIUXCS
CPEIHUX U BBICHIMX 00pa30BaTeIbHBIX YUpeKIeHUH (B
TOM 4YHCJE€ BOEHHBIX), C MPOKUBAHHEM WHOTOPOAHUX
yUaIuXxcs B OOLICKUTHAX M KazapMax, CO3IaloTCs yc-
JIOBMSI [T aKTUBHOM 1upkynsauuu PVB19.

HelictBuTenbHO, (OPMHUPOBAHUE KOJUIEKTHBHOTO
nmmynuteta K PVB19 y sxxureneit Hyp-Cynrana xoppe-
JIMPYeT C aHATOTUYHBIMU TIOKA3aTeNsIMHU, ITOTYYEHHBIMU
NP TECTUPOBAHUU CHIBOPOTOK KPOBH YCIOBHO 3710pO-
BbIx skuteneit Cankr-IlerepOypra. CoBokyIHasi OISt
ceporno3utuBHbIX Jull 18-30 et coctaBmna 58,6 + 2,9
u 53,5 = 5,3% COOTBETCTBEHHO, MPEBHIIIAs AHAIOTUY-
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HBII TOKa3arelnb, MOMyYeHHbIH pU UCCIEA0BaHUN ChI-
BOPOTOK KPOBH TPYJOBBIX MUTPAHTOB U3 Y30eKUCTaHa 1
Tamxukucrana, — 38,0 + 6,8%. Jlomst cepOno3UTUBHBIX
mur crapiie 40 et Takke cornocraBuma: 72,5 = 3,6% B
Canxr-IlerepOypre u 80,5 = 4,2% B Hyp-Cynrane.
PacnipocTpaHeHno UHQEKIUU  CIIOCOOCTBYIOT
JUTUTENbHbIE TECHBbIE KOHTAKTHI, YTO MOATBEPIKIAETCS
BBICOKHMHU TTOKa3aTesIMU CEPONPEBATIEHTHOCTH CPEIH
KypCaHTOB OJJHOTO M3 BOeHHbIX yuunuil Cankr-Ilerep-
Oypra, Iie WHTEHCHBHOE (OPMUPOBAHUE KOJJICKTHB-
Horo ummyHuTeTa kK PVB19 (85,2% cepono3nTuBHBIX)
peructpupoBanu yxe cpeau i 18-20 net, uto cyie-
CTBEHHO IMPEBBIIIANIO TOKa3aTelb CepONpPEeBaJIeHTHO-
CTU B TOW € BO3PACTHOM IPyMIIE YCIOBHO 3J0POBBIX
xuteneit Cankt-IletepOypra (33,3%).
OO0cnenoBaHHbIE HAMU TPYIOBBIE MHUTPAaHTBI W3
Cpennelt A3uu nmpuOBLUTH W3 PAOHOB C HEBBICOKOM
IUIOTHOCTBIO HACENIeHHs, C1a00 BEIPaKEHHOH BHYTPEH-
HEll Murpaiueit, HeOOJIBIIMM KOJIMYECTBOM CPEIHUX
CHEIMATBHBIX U BBICIINX Y4eOHBIX 3aBEACHUN. DTHM,
BUUMO, OOBSCHSIETCS CYLIECTBEHHO MEHBIIIeE KOJH-
YECTBO Cepono3uTUBHEIX K PVB19 nui cpenn rpax-
naH Y30ekuctaHa u TaKUKUCTaHA MO OTHOIICHUIO
K xurenaMm Cankt-IlerepOypra. MurpanTsl ¢ HU3KUM
YPOBHEM MOMYISIUOHHOTO HMMMYHHUTETa, 0e3ycJoB-
HO, SIBJISIFOTCSI MUILIEHBIO JUist HHGumpoBanust PVB19.
CKy4YeHHOCTh TMPOXKUBAaHHS STUX STHUYECKHX OOILVH,
xapakTepHas i ux npedsiBanus B CaHkr-IletepOypre,
MOXKET CHOCOOCTBOBAaTh aKTUBHOMY PacHpOCTPAHEHHIO
MH(EKMK ¢ BOBJICUEHWEM B MH(EKLMOHHBIN MPOLEcC
YyBCTBUTENBHBIX K MHQHULIUPOBAHUIO TTOCTOSHHBIX KH-
Telnel ropona, B TOM YHCIe TOHOPOB KpOBH, OepeMeH-
HBIX KEHIIVH, JIUI ¢ IEPBUYHBIMU U BTOPHUYHBIMH M-
MyHOZIe(HUIUTaMH, OOJBHBIX AaHEMUSIMH, PEUTIHEHTOB
KPOBU M KOCTHOTO MO3Ta, OHKOJIOTHYECKUX OOIBHBIX.
Hanuuue reHnepHbIx pa3nuyuii npu GopMuposa-
HUHM KOJUIEKTMBHOro MMMyHHTeTa K PVBI19 cBszaHo,
BUJIUMO, C COUUAIBHBIME (PaKTOpaMH U MPOSIBISUIOCH
IIPU UCCJIEZIOBAaHUH CHIBOPOTOK KpOBH xkuTeneit Kazax-
crada u I'P. B Hyp-CynTane rymopaibHblii UIMMYHH-
teT kK PVB19 Gosnee naTeHCcHBHO (hopMUpOBaCs cpeau
MY>K4rH B Bo3pacTe 18—20 neT. OTH pe3ynbTaTbl MOTYT
CBHUJIETENILCTBOBATh O 0ojiee aKTUBHOH IHUPKYISLIUH
BUpYyca cpenn Moaoabix MykunH Hyp-Cynrana.
Cpenu oOcienoBanHbIX xkuteneit ['P takxe BbI-
SIBJICHO TOYTH ABYKpaTHOE IMpeoliagaHue IO Cepo-
no3uTUBHBIX K PVB19 Monoasix My 4uH MO OTHOIIIE-
HUIO K 3alIMIICHHBIM OT HHQEKINH )KEHIINHAM TEX JKe
BO3PACTHBIX TPYIII, YTO COMOCTABUMO C I'€HJEPHBIMU
pa3IUunsAMU, BBISIBIEHHBIMU cpenu xuteneit Hyp-Cyn-
taHa. [Ipeobnananue ceporno3UTUBHBIX JIUI KEHCKOTO
noya ObUT0 OTMEUEHO B CTAPIIMX BO3PACTHBIX TPYIIIax
xuteneit ['P, uto, BeposTHO, CBsI3aHO C 00JIEe TECHBIM
KOHTaKTOM JKEHIIUH C I€TbMHU B CEMbSIX.
Opnako B Kaxaoi u3 naboparopHO oO0cCIieno-
BaHHBIX TPYIN HAacelleHWs pa3HbIX reorpaduuecKux
PErvOHOB BBIABJICHBI M CEPOHETAaTHBHBIE JIMLA, YTO
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OPUTMHANBHbBIE UCCNEOOBAHUA

MOXET CIIOCOOCTBOBATH BOBIICUCHHIO B MH(EKLIMOH-
HBIM Tpoliecc JIMIl U3 TPYMI pucka. PaHee mokasaHo,
4TO Ccpeau OOCIIEHOBAaHHBIX OEpeMEHHBIX JKCHIIMH,
npoxuBaronux B Cankt-IlerepOypre, okono 50% 4ays-
CTBUTENBHBI K 3apaxenuto PVB19 [23]. YcranosneHo,
4yT0 MH(UIMPOBaHKHE apBOBUPYcoM B19 mamnuenToB ¢
XPOHUYECKHMH aHEMHUSMH, & TAKKE OHKOJIOTHUYECKUX
OOJIBHBIX MOXKET OTATOLIATh TEYCHUE U YXY/IIATh TPO-
TCHO3 OCHOBHOTIO 3aboneBanus [24, 25].

[MomyueHHbIe pe3yabTaThl MONTBEPIKAAIOT aKTy-
anbHOCTh [IBU He Tonbko AJid 1eTel U MOAPOCTKOB, HO
U 1715 B3pocibIX. Tak, MOCTOSHHOE BBISBICHHE CITy4aeB
IIBU B pa3HbIX BO3PACTHBIX IPYyIIIAX JIUL, IPOKUBAKO-
mux Ha Tepputopusix Cesepo-3amnaaHoro gpeaepaibHOro
OKpyTa, MOATBEp)KJaeTCs MIPOBEICHHBIMU paHee uccie-
noBaHusMU [26]. Onpenenenue ceporpeBaeHTHOCTH K
PVB19 6bu10 npoBEACHO PAAOM 3apyOEKHBIX aBTOPOB
cpenu noHopoB kpoBu FOxHo#t Adpuku, Upana, Kuras,
Bbpazuwmuu [27-30]. CeponosutuBabie k PVB19 numa
OBUTH BBISIBIICHBI B KOKAOM M3 MPOBEACHHBIX HCCIEI0-
BaHMH, TOATBepkIas (HaKT MIMPOKOTO PacHpoCTpaHe-
uus [IBU. Ux mons B naHHOM 1enieBOM TpyIe Kojieba-
nack ot 27,6% (Upan) no 62,2% (KOAP), uto, B o0111eM,
KOPPEIUPYET C MOJyYSHHBIMU HAMU JIAHHBIMU U TAKIKE
CBHUIIETENHCTBYET O HATMYUH (PaKTOPOB, BIUSIOIINX HA
(hopMuUpoBaHHE KOJJICKTUBHOTO UMMYyHHTETa K PVB19.

3akniouyeHue

[MonydeHHble pe3yabTaTbl MOATBEPKAAIOT (aKT
pacnpoctpanenus [IBU B pa3HbIx reorpaguueckux pe-
ruoHax. Hanbonee HHTEHCHBHO KOJUIEKTHBHBIA HMMY-
HUTET (PopMHUpYETCs B YCIOBUSX AIUTEIHHOTO TECHOTO
KOHTAaKTa.

BMmecTe ¢ TeM OBCEMECTHO BBISIBIIEHBI CEpOHETa-
TUBHBIE TUIa. Hanuune BOCIpUUMYHBEIX K 3apayKeHUIO0
JIUII MOXKET TIPUBECTH K PACIPOCTPAHEHUIO WHPEKINN
B IpyIIax pucKa — cpean OepeMEHHBIX JKEHILH, JIL]
C NEePBUYHBIMH M BTOPUYHBIMH MUMMYHOAE(QUIUTAMHU,
OOJILHBIX aHEMUSIMH, PELUITUEHTOB KPOBU M KOCTHOTO
MO3ra, OHKOJIOTHYECKHX OOJbHBIX.
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XapakTepuctnka HasodpaprHreanbHOro HOCUTeNbCTBa
6aKTepuanbHbIX NAaTOreHOB Yy AieTeil N B3POC/bIX

C peunaNBUPYIOLMMI PeCcnpaTOpHbIMI 3a60neBaHNAMM
B XabapoBcke (2015-2018 rr.)

WmbineHko B.A."*, boHpgapeHko A.M.", TpoueHko O.E.!, TypkyTiokoB B.b.?, basbikuHa E.A.’

'®BYH «XabapoBcKuin HayYHO-UCCNeR0BaTENbCKUIA MHCTUTYT SNMAEMUONOTUN U MUKpobronorum» PocnotpebHazsopa,
680610, XabapoBck, Poccus;
2OrbOY BO «TnxooKeaHCKMI rocyiapCTBEHHbIN MeAULMHCKIIA YHMBepcuTeT», 690002, BnagneocTok, Poccua

Llenb paboTbl — no matepuanam YeTbIpEXNETHNX HabnogeHun NpeacTaBUTb XapakTepuCTUKy HasodapuHre-
anbHOro HocMTenbCTBa bakTepranbHbIX NAaTOreHOB Y AeTel 1 B3POCIbIX C PeLMANBUPYIOLLMMUY PECTIMPATOPHBLIMU
3aboneBaHnsiMu B I. XabapoBCK.

Martepunanbl u meToabl. Masku U3 pOTOrMOTKM U HOCOrnoTkn oT 7043 geten n B3pOCnbIX UCCregoBaHbl Krac-
cumyeckum BakTepuonornyeckuMm Metogom. [ns AnarHoCTMKM MUKPOOPTraHNM3MOB UCMOMb30BaHbl: KOMyMOUACKWIA
arap ¢ no6aeneHnem 5% aednbprHUpoBaHHOW KpoBM BapaHa ¢ MHKybaumen nocesos B atMocepe 5% CO,,
G6akTepuonornyeckuii aHanunsartop «Vitek 2 Compact», metog MNMLUP B peanbHOM BpemMeHn Ans NOATBEPXKAEHUS
KyneTyp S. pyogenes.

Pe3ynbraThl. BbisiBNeH BbICOKWI ypoBEHb HOCUTENBCTBA Ha3odapuHreanbHbIx natoreHoB (76,4%) co crneayto-
MM PaHroBbIM MONOXEHNEM OCHOBHbIX Bo3OyauTenewn: S. pneumoniae (47%), M. catarrhalis (30,4%), H. influ-
enzae (17,5%), S. pyogenes (5,2%). BospacTtHble rpynnbl pucka — aetn 0—6 net ana S. pneumoniae n fetu
7-12 net gna S. pyogenes. Hameyatowwmincsa poct ypoBHeln HocutenecTBa S. pneumoniae B 2018 r. conpoBo-
Xaancs noBblLLIEHEM percTpupyemon 3aboneBaemMocTi MHEBMOKOKKOBOW MHEBMOHUEN.

3akntouyeHue. HasodapuHreansHoe HOCUTENLCTBO S. pneumoniae 00yCNOBNMBAET BbICOKUIA PUCK Pa3BUTUS BHE-
BONbHNUYHBIX MHEBMOHWI U APYrMX MHEBMOKOKK-aCCOLMMPOBaHHbIX 3ab0mneBaHnin NPenMyLLECTBEHHO Y AeTeN.

Knroueenle crioea: pecriupamopHbie 3abornesaHusi; HazoghapuHaeasbHble 6akmepuarnbHble MamoaeHbl; MeH-
deHyuu yposHel Hocumerbcmea.

UcmoyHuk ¢puHaHcupoeaHusi. ABTOPbI 3asBNSIOT 06 OTCYTCTBUM (PUHAHCUPOBAHWS MPU NPOBEAEHWN UCChe-
[0BaHus.

KoHgpriukm uHmepecos. ABTOpbI AEKNAPUPYIOT OTCYTCTBUE SBHbIX U NOTEHLManNbHbIX KOH(MMKTOB MHTEpe-
COB, CBSI3aHHbIX C MyOnuUKaumen HacTosLWen cTaTbu.

Ansi yumupoearus: LWmbinenko B.A., BongapeHnko A.T., TpoueHko O.E., TypkyTtokos B.b., BasbiknHa E.A.
XapaktepucTuka HazoapuHreanbsHOro HOCUTENbLCTBA GakTepuarnbHbIX NATOreHOB Y AETEN N B3POCHbIX C
peunamBmupyoLLMMN pecnnpaTtopHeiMu 3abonesaHuammu B Xabaposcke (2015—-2018 rr.). XKypHan mukpobuorio-
auu, anudemuonoauu u ummyHobuomnoauu. 2020; 97(3): 242-250.
DOI: https://doi.org/10.36233/0372-9311-2020-97-3-6
Moctynuna 07.11.2019
MpuHsaTa B neyats 20.02.2020

Characteristics of Nasopharyngeal Carriage of Bacterial
Pathogens in Children and Adults Suffering from Recurrent
Respiratory Infections in Khabarovsk City in 2015-2018

Vlada A. Shmylenko'*%, Albina P. Bondarenko’, Olga E. Trotsenko’,
Vyacheslav B. Turkutyukov?, Elena A. Bazykina'

'Khabarovsk Research Institute of Epidemiology and Microbiology, 680610, Khabarovsk, Russia;
2Pacific State Medical University, 690002, Vladivostok, Russia

Objective. To designate the nasopharyngeal carriage of bacterial pathogens among children and adults diagnosed
with recurrent respiratory diseases residing in the Khabarovsk city during a four-year period.

Materials and methods. Nasopharyngeal and oral swabs obtained from 7,043 children and adults were tested
using classical bacteriological methods. In order to grow “difficult-to-culture” microorganisms a columbian agar
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with addition of 5% defibrinated sheep blood, incubation in the atmosphere rich with CO, (5%), bacteriological
analyzer Vitek 2 Compact were used. Real-time PCR was used to confirm the identification of S. pyogenes.
Results. A high level of nasopharyngeal pathogens carriage (47%) was detected. The most prevalent micro-
organisms were as follows: S. pneumoniae (47%), M. catarrhalis (30.4%), H. influenzae (17.5%), S. pyogenes
(5.2%). The age groups at risk were children aged 0-6 years for S. pneumoniae and children aged 7-12 years
for S. pyogenes. An emerging trend it the level of nasopharyngeal carriage of S. pneumoniae observed in 2018
was followed by the increase of registered incidence of pneumococcal pneumonia.

Conclusion. Nasopharyngeal carriage of S. pneumoniae imposes a high risk of community-acquired pneumonia
and other pneumococci-associated diseases, predominantly in children.

Keywords: respiratory infections; nasopharyngeal bacterial pathogens; tendencies of nasopharyngeal carriage

levels.
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BBepeHmne

Yacto Ooneromue NeTH — 3TO Tpylmna JeTeH,
XapakTepusylomascsa 6oyiee BHICOKHUM, YeM Y UX CBep-
CTHUKOB, YPOBHEM 3a00JIEBAEMOCTH OCTPHIMU PECIIH-
paropHbIMH HHeKIusmMu [1].

B coBpemeHHOI nuTepaType 4acTo OOJEIOINX
JEeTel OTHOCST K TPYIIIIE JIUL C PEUUANBUPYIOIIUM HITH
PEKYPPEHTHBIM TEUEHUEM OCTPBIX PECHUPATOPHBIX
3aboneBanuil. YacToTa BCTpEe4aeMOCTH 3TOM TPYIIIBI
JUCIIAHCEPHOTO HAOJIOACHUSI B ACTCKOM MOMYINSLUU
OONBIIMHCTBA CTpAaH MUPA HAXOAUTCS Ha ypoBHE 15—
50% [1, 2]. Ha momo 3aboneBanuii Iop-OpraHoB y ya-
cto Ooneromux aereit mpuxoautcs 50-70% cioydaes
[3-5].

O06cyxnaroTcst pa3In4YHble TOYKH 3pEHHS Ha TPH-
YHHBI YaCTBIX PeCUpaTOpHbIX uHpeKnuid. [lepBas —
JUCHYHKIIMS MMMYHHON CUCTeMbI. BTopas — reHeru-
Yyeckasi MpepacloioKeHHOCTb, HACJIEACTBEHHO O00Y-
CJIOBJIEHHBIN «TTO3IHUH CTAapT» UMMYHHON cUCTEMHI [ 1,
6]. B mocneqnue roas! 3Ta npodieMa paccMarpuBaeTcs
TaKXe C MO3UIHNH OIIEHKH MUKPOOHUOTHI BEPXHUX JbIXa-
TeNBHBIX MyTeH U peanu3alyuy e€ MaToreHHOro BIIUS-
HUS Ha OpraHu3M 4yejoBeka. BHenpeHre coBpeMeHHBIX
TEXHOJIOTUI M3Y4YeHUs] MHKpOOHOMa 4eloBeKa (BBICO-
KOIIPOIyKTUBHOE CEKBEHHPOBAHKE), HAJIMYHE OTKPHI-
ThIX 0a3 maHHBIX MuKpoopranm3mMoB (NCBI/BLAST)
MO3BOJIMJIM PACIIMPHUTh HAIIW MpeAcTaBieHus o ¢op-
MHUPOBaHUH MHUKPOOHOLIEHO3a BEPXHHUX IBIXaTEIbHBIX
myTeit, a Takke aucouosa. Tak, momyueHa uHGopMaLus
0 Upe3BBIYaHOH CII0KHOCTH MUKPOOHBIX COOOIIECTB B
sToM Jiokyce [3, 7, 8]. MUKpoOHOIIeHO3 pecTUpaTopHO-
IO TpakTa HAYMHAET (OPMUPOBATHCS B IEPUHATAILHBIN
Y HEOHATaJIbHBII NEPHO/IbI, B TOM YHCJIE 32 CUET NTPHCO-
eIMHEeHUs1 MEKPO(]IOpHI pOIOBBIX MyTeit Marepu. Hau-
Ooree OMU3KUI K MAaTEPUHCKOH (h1ope HOCOTIIOTOYHBIH
MHUKpOOHWOM OBbLI BBISBIICH y JE€TEH B AByXMECSIYHOM
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Bo3pacte [9]. OH mpencraBisieT cOO0H CIOKHYIO JTU-
HAMHYECKYIO CTPYKTYpY, B COCTaB KOTOPOW BXOIST
pe3uaeHTHbIe (0ONbIIast 4acTh) U TPAH3UTOPHBIC MH-
Kpoopranusmel. PesuenTHas guopa npucrnocodiaeHa K
KOJIOHM3ALlUU B 9TOM OHOTOIIE, y4acTBYeT B TIOAepIKa-
HUH 00ILIEr0o TOMEOCTa3a 1 3aliTe Oprann3Ma ot odce-
MeHEeHUsI 00JIC3HETBOPHBIMU MUKPOOpraHu3Mamu [3].
B nepuoa 1-ro rona >Ku3HU MPOUCXOIHUT TpOrpec-
CHUBHOE U3MEHEHHE MUKPOOHOMa HOCOITIOTKH B CTOPO-
HY 3aceJICHHS yCJIOBHO-ITATOTeHHOM (hiiopoii: Staphylo-
coccus aureus, Streptococcus pneumoniae, Moraxella
catarrhalis v np. [9]. [Ipu 3TOM yCIIOBHO-TIAaTOTEHHAS
¢utopa, B 4aCTHOCTH S. aureus, IMEET MHOXKECTBO (hak-
TOPOB MAaTOTEHHOCTH, CIIOCOOHOCTH MPOAYLIHPOBATH
arpeccuBHbIe ()EPMEHTBHI U BBICBOOOXKIIATh TMCTaMHH
W3 KJIETOK MakKpOOpraHM3Ma, 4TO SIBISETCS OCHOBOH
JUIL pa3BUTHS aJUIEPTHUYECKOTO BOCHAICHHS OPTraHOB
nbixaHus. HekoTopele mpencTaBUTENN TPaH3UTOPHOM
MHUKPOQIOPBl HOCOTIIOTOYHOTO JIOKyca (pomoB Pseu-
domonas, Acinetobacter, Haemophilus, Streptococcus
W Jp.) MOTYT MPOAYLHPOBAaTh T'MCTAMHH CaMOCTOS-
TEJBHO, YTO CIIY>KUT IYCKOBBIM MEXaHH3MOM JJIs aTo-
MUYECKOr0 BOCHAJICHUsS W MAaTOJIOTHH HOCA, TIIOTKH,
oponxoB [10]. R.P. Dickson u coasrt. [11] 3aocTpsitoT
BHUMaHHE Ha TOM, YTO BOCHAJICHHE MTPU XPOHUIECKHX
3a00JIeBaHUAX PECIUPATOPHOTO TPaKTa WHTEHCHBHO
MOAJICPKUBACTCS AUCOMOTUIECKIMHU HAPYILICHUSMH Ha
CIM3UCTBIX 000JI0YKaX JbIxaTenbHbIX myTed (dysbio-
sis — inflammation cycle). OTMeuaeTcst Ipu 3TOM, YTO
JIucOn03 OAepKUBAET BOCTIAJICHHUE, a BOCIIAJICHUE —
nucOno3. KInnHUYeckn 3To MPOSBIAETCS XPOHUYECKUM
PUHUATOM, CHHYCUTOM, OTHUTOM, aIeCHOUAUTOM, TOH3UII-
nodapuHruTOM u T.0. [lo MHEHUIO TeX K€ aBTOPOB,
dysbiosis — inflammation cycle — kitoueBoe 3BeHO
MaToreHe3a pPeUUANBUPYIOIIUX PECIUpPaTOPHBIX WH-
(dexuuil y nerei, yepe3 KOTOPOE MOXKET MPOUCXOAHUTh
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nepexo1 peuINBUPYIOMNX HHOEKIUI pecnupaTopHo-
TO TPaKTa B XpOHUYECKHE.

Takum 00pazom, M3yueHHE MUKPOOHOMa BEPXHUX
JIBIXaTeNIbHBIX MyTell B HOpME W NpU MaToJOTUU SBIA-
€TCsl CIIOKHOM, MHOTO(AKTOPHOW 3ajia4yeii, MO3BOJIIET
YCTAHOBHUTH MEXaHU3MBI M 3aKOHOMEPHOCTH (HOPMHUPO-
BaHUSI OaKkTepHANbHOH (JIOpHI B pa3iUyHBIX OMOTOMAX
aTuX myTeit [3]. YrmyOnéHHbIi aHaInM3 HOCUTENBCTBA Ha-
30(paprUHreanbHBIX MAaTOTEHOB TO3BOJNUT BBISIBUTH (hak-
TOPBI U TPYIIIBI PUCKa 3a00JICBaHUI OPraHOB JIBIXaHHSI.

HeoOxoauMbIM yCIIOBUEM ISl BHITIOJTHEHUS ITOMN
3aJ1a4¥ SIBJIETCS YCOBEPLIEHCTBOBAaHUE METOANYECKUX
NpUEMOB HCCIIEIOBAHUS MUKPOQIOPHI U MHAEMHUOIO-
THUYECKOTO aHalu3a Ha30(aprHIea]IbHOTO OaKTeprab-
HOTO HOCHUTEIBCTBA U €T0 MOCIEACTBUH.

Ilenp nccnenoBaHuii: MO MarepuallaM YEThIPEX-
netHux HaOmonmenuii (2015-2018 rr) mpencraBHTh
XapaKTEepPUCTHKY Ha30(apHHTreaIbHOr0 HOCHTEIhCTBA
OaKkTepuaNbHBIX MAaTOTCHOB y JAETEH M B3POCIBIX C pe-
IUIMBUPYIOLIIMMHI PECTIMPATOPHBIMU 3a00JI€BaHISIMU B
. XabapoBck.

MaTepman bl 1 MeToAbl

Nzyuena mukpoduiopa 3eBa u Hoca 7043 nereit
1 B3pOCIBIX C PECIUPATOPHOM MATOJOTMEN, HAXOIMB-
HIMXCS Ha aMOynaaTopHOM 3Tane HaOmoaeHus B 2015—
2018 rr., B Tom uncne 2820 mereii B Bozpacte 0—6 ner,
702 neteit Bo3pacTHOM rpynnsl 7—12 neT, 273 moapocT-
k0B 13—18 net u 3248 B3pOCIBIX NAITUEHTOB.

Ot0op mpo0O JuIs MCCIIEAOBAaHUS TPOBOAUICS B
COOTBETCTBUU C JIEHCTBYIOIIMMHU HOPMATUBHBIMU J10-
KyMmeHTaMmHu [12]. MarepuanoM Ais UcciaeJ0OBaHUs SIBU-
JIUCh Ma3KM C 3aJHEe CTeHKM TJIOTKM M MUHAAIUH, a
TaKXe U3 HOca, B3SAThIE MPH TIyOOKOM BBEIEHHH CTe-
PWIBHBIX TaMIIOHOB B HOCOBBIE XOZbl M NMOMELIEHHBIE
B TpaHcnopTHYI0 cpeny Ctroapra. Bpems mexmy 3a60-
pOM MaTepuana M Ha4aJOM HCCIIEOBAHUS HE NPEBBI-
mrano 2 4.

[ToceB Marepuana MpoBOIMIN TaMIIOHOM Ha OII-
TUMAaNbHBIN 171 BBIJIENECHNS THEBMOTPOITHBIX MHUKpPO-
OpraHU3MOB Ha0Op MHUTATEIBHBIX cpel] (KPOBSHOI arap
(KA) ¢ nobaenennem 3,5% nomiaguHo# CHIBOPOTKU M
5% spuTponuTOB GapaHa, MIOKOJIAJHBINA arap, JKeaTou-
Ho-coneBoii arap (PKCA), cpena Duno, cpena Cadypo,
caxapHblii OyJIbOH), TMO3BOJISIIOIIUN BBISIBUTH OCHOB-
Hele naroreHsl. [Ipu mocese Ha KA BHavase moceBHbIM
TaMIIOHOM JIeNIalli «IUIOMAJKy» Ha MOBEPXHOCTH '/,
YallKH, 3aTeM C IMOMOIIBI0 OAKTEpHUOIOTUIECKON TeT-
JIM «pacTSITUBAIN» MOCEBHOW MaTepual C IUIOIIAJKH,
npou3Bond mo 10—12 neprneHAUKYISpHBIX K TUIOMIAIKe
LITPUXOB Ha OCTAJbHYH IOBEPXHOCTh YalIKU. Takou
MPUEM MO3BOJISII MTOJIYYUTh Pa3pEKEHHBIA POCT U30JIH-
POBaHHBIX KOJOHUH. JIOMONMHUTENBHO MBI IPUMEHSITU
METOJ «IIOJKOPMKH» POCTa TeMO(UIBHBIX OaKTepuii
Ha KA [13, 14]. s storo no uentpy vamku [letpu ¢
MTOCEBOM Ma3KOB M3 HOCa MPOBOAWIM MOJCEB OYyIbOH-
HOW KYJIbTYPBI TEMOJUTHUYECKOTO cTadmiokokka. [Ipu
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pocTe cTaprIOKOKKa 1o 00€ CTOPOHBI IITpHUXa 00pa3y-
€TCsl 30Ha TeMOJIN3a, B KOTOPOil cosiepskaTcs MPOAYKThI
pacmaga SpUTPOLMTOB — POCTOBBbIE (akTopbl X U V,
HEoOXOAMMbIe TeMO(UITEHBIM OaKTEPHUSIM.

Y4€T pe3ynapraroB IOCEBOB IIPOBOAWIN YEpE3
18-24 4 ux unkybauuu B Tepmocrare (it KA — B
CO,-unxy6arope). Bropoii y4€T mpousBoauin vepes
48 4y XpaHEHUs YalleK Mpyu KOMHATHOM TeMIieparype.

Ha gamkax ¢ KA poct remoduios ¢popmupoal-
Cs1 BOKPYT ITHEBMOKOKKOB, CTA(QHIIOKOKKOB («CaTeJIUT-
HBIH pocT»). B ciydae reMmoduinbHO MOHOMH(DEKITUH
reMO(HIIBI BBIPACTAM B 30HE TEMOJIM3a BAOJb IITPUXA
MOACESHHOTO TeMOJHUTHYECKoro craduiokokka. Ilo-
BTOPHBIN MPOCMOTP YalleK yepe3 48 1 1o3BosuI Oonee
MOJIHO OLEHHUTH COCTaB BHIpOCIIEH (IOPHI M KOoJIH4e-
CTBEHHBIE COOTHOILIEHHS KOMIIOHEHTOB, PacTyIUX B
YCIOBUSAX CIIO)KHOTO B3aMMOJICHCTBHSI MUKPOOHBIX ac-
conuanuil. 1Ipu orcyTcTBUM poCTa B NPSIMOM IOCEBE
nposoauiu BeiceB Ha KA u JKXCA co cpensr oborarie-
HU (caxapHOTO OyJIbOHA).

Bripociire MEKpOOpraHu3Mbl HICHTU(UIIHPOBA-
JIM C UCTIOJIb30BaHNEM HamboJiee palroHaIbHOrO B Ka-
KJIOM cllydae Habopa METO/IOB:

* KJIACCUYECKHE TECTHI C ONTOXHUHOM, KETYHBIMU

KHCJIOTaMH, CAalTOHMHOM, OallUTPauHOM;
* armIIOTHHUPYIOLINE CBIBOPOTKY ISl HICHTU(DH-
Kalliu CTPENTOKOKKOB;

* tect-cucteMsl [ILP nns monteepxxaenus Strep-

tococcus pyogenes,

* XpPOMOT'€HHBIE CPEIBI;

* NECTpBIE PSIBL.

OnopHbIMH TpU3HAKAMHU JJs1 HWACHTH(QHKALUH
MOpAKCEIJ BBIOPaHBI:

* CKOJIb)KEHHE KOJIOHMH MO TOBEPXHOCTH arapa

MpY CIABUTAHUU NETIEM;

* TIOJIOKUTENBHBIA TECT Ha OKCHa3y U Karajasy;

* oTCyTCTBHE (DEpPMEHTAIIUH TITIOKO3BI M JTAKTO3BI.

OxoHYATEIbHYI0 WACHTH()UKAMIO OCYILECTBIIS-
nu B 6akTepuonornieckoM aHanuzarope «Vitek 2 Com-
pact».

Craructuyeckas oOpaOOTKa IONYyYEHHBIX JaH-
HBIX MPOBOJWIIACH C MOMOIIBIO MporpamMmbl Statistica
6.0. BeicunthiBasiu cpeqHee 3HaYCHUE, OMIUOKY Cpe-
Hell Benn4uHbl, kputepuit y* [TupcoHa, B ToM ymcie ¢
nonpaskoii Merca (X jierea)» ¥ TOUHBIH KpuTEpHil Du-
WEPA (Ppior exact): A14THI B 3HAMEHATENE O0O3HAYEHUS
¥* O3HAYAIOT CPAaBHUBAEMbIC TOJbI, HATIPHMED, CPABHHU-
Banuch 3Hauenus 2015 n 2018 rr. (i, s015)- CPeIHUM
TEMII MPUPOCTA (Tnp) BBIUUCIISIIA METOJIOM HaUMEHb-
mux KBajpaToB. HyneBas rumoresa OTKIOHANACH MPU
ypoBHE 3Ha4UMOCTH p < 0,05.

Pe3ynbraTbl 1 06CyXaeHne

[lepeueHb OCHOBHBIX OaKTepHAJIbHBIX MAaTOT€HOB
M YacTOTa WX BBIJCICHUS y JIUI Pa3HBIX BO3PACTHBIX
rpynn B XabapoBcke npezcTasieHs! B Ta0a. 1. B teue-
Hue 4 neT Ha aMOyJIaTOPHOM dTare ObUTH 00CIIeIOBAHBI
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OPUTMHANBHbBIE UCCNEOOBAHUA

Tabnuua 1. YacToTa BblgeneHns OCHOBHbIX GakTepuanbHbIX MaTOreHOB Yy ML, Pa3HblX BO3PACTHBIX rpynn

B I. Xabaposck B 2015-2018 rr. (n = 7043)

Table 1. Frequency of isolation of the main bacterial pathogens in individuals of different age groups

in Khabarovsk city in 2015-2018 (n = 7043)

Bospact naumeHTa
A f patient
ge of patients Bcero
Total
BosbyauTtenu 19 n cTtapwe
Pathogens 0-6 =12 13-18 19 and older
abc. abc. abc. abc. abc.
abs. % abs. % abs. % abs. % abs. %
S. pneumoniae 683 24,2 60 8,6 7 2,6 55 1,7 805 11,4
H. influenzae 226 8,0 28 4,0 4 1,5 42 1,3 300 4,3
M. catarrhalis 443 15,7 39 5,6 4 1,5 36 1,1 522 7.4
S. pyogenes 42 1,5 22 3,1 3 1,1 22 0,7 89 1,3
S. agalactiae 0 0 4 0,6 0 0 8 0,3 12 0,17
S. aureus 1151 40,8 414 59 146 53,5 1037 32 2748 39,0
OHTepobakTepun 167 59 32 4,6 23 8,4 444 13,7 666 9,5
Enterobacteria
HedepmeHTtupyowme 130 4,6 15 2,1 5 1,8 69 2,1 219 3.1
rpamoTpuuaTensHbie 6akTepun
Non-fermenting
gram-negative bacteria
Ipnbbl poga Candida 498 17,7 112 16,0 51 18,7 508 15,6 1169 16,6
Fungi of the genus Candida
Yucno nsonsatos 3340 726 243 2221 6530
Number of isolates
OTpuuatenbHbIn pesynsrat 439 15,6 83 11,8 49 18 963 29,7 1534 21,8
Negative result
Bcero obcnenosaHo nu, 2820 84,4 702 88,2 273 82 3248 70,3 7043 100

Total number of persons surveyed

7043 manueHTa ¢ MaToJOrHeil BEepXHUX JIbIXaTeIbHBIX
IyTei.

[TarorenHas Mukpodiopa BbisiBiIeHa y 5509 na-
nuentoB u3 7043 oOcnenoBanubix (78,2 + 0,49%).
Yacrora oOHapyKeHHsI MaTOT€HOB Oblia BBICOKOU
y nmerel Bcex Bo3pacTtHbeIXx Tpynn (84,4 = 0,43%;
88,2 £ 0,38%; 82,0 = 0,46%) u HIKEe Yy B3pPOCIBIX
(70,3 £ 0,54%; y*> = 218,2; p < 0,00001). TTo cymmap-
HBIM JIJaHHBIM HauOoJiee 4acTo B IpyIIe HaOIoneHUs
O0TMEUaNoCh HOCUTENBHCTBO S. aureus (39,0 = 0,58%)
u rpuboB pona Candida (16,6 £ 0,44%). Yame Bcero
9TH ABa BO30YAHMTENs BBISBISUINCH B aCCOLMALUAX C
JOPYTUMH TaTOTCHAMHU.

B nocnenHue roasl B Hay4HOH JIMTEPATYPE TOSBU-
JIUCH JaHHBIE O TOM, YTO IITAMMEI S. aureus, U30IUPY-
eMble OT Ha30(papHHTeaIbHBIX HOCHTEINIEH, B TOM YHCIIe
0eCCUMITOMHBIX, MOTYT 00J1a1aTh TEHETUYECKUMHU JIe-
TEpMHUHAHTaM{ MaTOTEHHOCTH, YTO yKa3bIBaecT Ha MO-
TEHIUANBHYI0 ONaCHOCTh STHX MHUKPOOPTaHU3MOB Kak
BO3MOJKHBIX BO30YAUTENEH SHIOTEHHBIX W SK30TEHHBIX
WH(EKIMOHHO-BOCTIAJIMTENBHBIX MPOIeccoB. buoton
(cnu3ncTas TOJNIOCTH HOca) CIEAYyeT paccMaTpuBaTh

KaK BO3MOXXHBII MCTOYHHMK HITAMMOB C MAaTOr€HHBIM
MOTEHIINAJIOM, HYXAaIuiics B caHaruu [15]. Orta
npobiieMa MpoIoKAET OCTaBaThCsl AKTYalIbHOM U aK-
TUBHO 00CYKAaeTcsl BpadeOHBIM COOOIIECTBOM.
BMmecte ¢ TemM BHUMaHHE KIMHUIMCTOB (Tienua-
TPOB, OTOJIAPUHIOJIOTOB, TEPAIIEBTOB) MO Pa3HBIM IMPH-
YUHAM HalpaBJeHO Ha BBISBICHUE YPOBHEW HOCHTEIIb-
CTBa YeTHIPEX MaTOreHoB: S. pneumoniae, Haemophilus
influenzae, M. catarrhalis, S. pyogenes — kak Hau0o-
Jee 3HAYMMbIX B MATOJIOTMU PECIHPATOPHOTO TPAKTA.
Tpu u3 Hux (S. pneumoniae, H. influenzae, S. pyogenes)
NPUYACTHBI K TSDKEIBIM MHBa3UBHBIM (opmam. M. ca-
tarrhalis B MTHOCTpaHHOU NUTEpAType, KaK MPaBwiIo, OT-
HOCHTCS K 3HAYMMBIM BO30yAUTEISIM. B 0TeuecTBEHHBIX
HEMHOTOYHCIICHHBIX ITYOIUKAIHUAX UAET JIUIIb HAKOILIEe-
Hue nHdopmaiu o0 yuactuu M. catarrhalis B matomno-
TUU PECIUPATOPHOTO TPAKTA, MPAKTUYECKH OTCYTCTBY-
IOT CBEJICHUSI O YaCTOTE HOCHUTENBCTBA 3TOTO MATOTCHA.
OTCyTCTBHE OIBITA BBIICICHHUS MOPAKCEIUT KYJIBTYPallb-
HBIM METOJIOM, BBICOKasi CTOMMOCTh TOTOBBIX TECT-CH-
cTeM W HaOOpoOB Al MICHTH(UKAWHU, OTCYTCTBUE
[L[P-HabopOB AJ1s1 FKCIPECC-AUATHOCTUKU 3aTPYIHSIIOT
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MOUCK ¥ JCHTU(DHUKALINIO TaHHBIX MUKPOOPTaHU3MOB B
KJIMHUYECKOM MaTepuane sl MPaKTHUECKUX Oakrepu-
OJIOTOB M B HEKOTOPBIX CITydasix MPUBOAAT K a0COMOT-
HOMY MX UTHOPHPOBAHHUIO. DTH 00CTOSATENBCTBA HE TI0-
3BOJISIFOT OOBEKTUBHO OLEHUTH poiib M. catarrhalis B
MaToJIOTUH PECIUPATOPHBIX 3a0oneBanuii [16].

AHam3 COCTOSHUS IUATHOCTUKU CTPEITOKOKKO-
BBIX MH(EKIHH, TpOBEAEHHBIH HAMHU TPH BBIE3/1aX Ha
Tepputopru [ansHEBOCTOUHOTO (eepatbHOTO OKpY-
ra, a TaKkKe OpU MPOCMOTpe OTYETOB M J1abOpaTop-
HBIX J)KypHJIOB 0AaKTEpPUOJOTMYECKHX JadopaTropuil B
r. XabapoBcke, JEMOHCTPHUPYET IOJIHOE OTCYTCTBHE
JAHHBIX O BBIACTICHUU S. pyogenes WM PETHCTPALUIO
€IMHUYHBIX TIOJIOKUTENBHBIX c1y4aeB. Hamu ycranos-
JICHO, YTO Ha MPAKTUKE UMEIOT MECTO HAPYIICHHs KaK
Ha JTane 3a0opa W TPaHCHOPTUPOBKH MaTepHaia s
WCCIIeIOBaHMsI, TAK M Ha dTaIle ero mocesa. I1a nHHop-
Malusl TaKKe MOCTHYXKHiIa MOTHBAaLUEH K H3Yy4EHHIO
HOCHUTENLCTBA S. pyogenes.

S. pneumoniae O0bi1 BbIsBICH y 805 uenoBek u3
7043 ob6cnenoBannbix aui (11,4 £ 0,38%), npuuém
CTaTUCTUYECKH 3HAYMMO Yalle B BO3PACTHOH TpyIime
0-6 ner (24,2 + 0,51%), B cpaBHEHUH C TPYMIION J1eTeit
7—-12 ner (8,6 + 0,33%; x> = 48,2; p < 0,0001) u rpyn-
nmamu oapoctkoB (2,6 + 0,18%; > = 48,6; p < 0,0001)
u B3pocisix (1,7 +0,15%; y*> = 548,7; p < 0,00001).

M. catarrhalis 0 YpOBHIO HOCHTEIILCTBA 3aHU-
MaeT 2-e MecTo mocie S. pneumoniae U BBISIBIEHA y
522 (7,4 £ 0,31%) nun u3 7043 obOcnenoanubix. Ya-
e OHa BBIJeNsAIach B BO3pacTHOH rpymme 0—6 ner
(15,7 +0,43%), B 2,8 pa3a pexxe — B cpelHel BO3pacT-
Ho#t rpymme (5,6 £ 0,27%; x> = 48,2; p < 0,00001) u
peako — cpean noapoctkoB (1,5 + 0,14%; y* = 39,7,
p < 0,00001) u B3pocneix (1,1 + 0,12%; > = 440,6;
p <0,00001).

H. influenzae BuisBnena y 300 u3z 7043 oGcneno-
BaHHBIX JUll (4,3 £ 0,24%), Takxke yaiie B BO3PACTHOM
rpymme 0—6 net (8,0 £ 0,32%), BaBoe peske — B TpyImIe
nereit 7-12 ner (4,0 = 0,23%; x> = 12,7; p = 0,0004) u
emé pexxe — y moapoctkoB (1,5 + 0,14%; > = 14,4,
p=0,0001) u B3pocmsix mui (1,3 + 0,13%; y*> = 158,3;
p <0,00001).

S. pyogenes obHapyxeH y 89 mui u3 7043 obce-
noBaHHBIX (1,3 =£0,13%). B oTudne oT mHEBMOKOKKOB
1 TeMo(UIIoB S. pyogenes valie BHISIBISUICS B CpelHEH
Bo3pacTHoi rpynne 7—12 ner (3,1 + 0,21%), B npyrux
BO3PACTHBIX TPYyMIax HOCUTEIHLCTBO OTMEUYEHO B Mpe-
nenax 1,5 + 0,14%; 1,1 £ 0,12%; 0,7 + 0,09% coot-
BETCTBEHHO. [Ipuuém ecnu B cpeHEN ETCKOM Ipymie
OTMEYEH CTaTUCTHYECKU 3HAYMMO OoJiee BBICOKHIA MPo-
LEHT BBIACIICHHA S. pyogenes 1o CPaBHEHHIO C AETbMH
B Bospacte 0-6 ser (%, = 7,6; p = 0,006) u B3poc-
nbIM HacenenueM (. . = 29,4; p <0,00001), To Mex-
ny netbmu 7—12 u moapoctkamu 13—18 net sta pa3Hu-
11a oKaszanach HeCylmecTBeHHoH (i ... = 2,5; p = 0,1).

Takum 00pa3oMm, paHrOBOE IOJIOKEHHE OCHOB-
HBIX BO3OyOMTENEH, ONpeAeisIomuXx HazohapuHTe-
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aJbHOE HOCHUTEIBCTBO NIATOTCHOB Y JIMIL I. XabapoBcKa
(n = 1716), mpencraBnsieTcss TAKOBBIM: S. pneumoniae
(47,0 £ 1,2%), M. catarrhalis (30,4 + 1,11%), H. influ-
enzae (17,5 £ 0,92%), S. pyogenes (5,2 = 0,54%).

Ha crnenyromem stane ananu3a Oblia yCTaHOBIIE-
Ha TEHJCHIIMS HOCUTEIIbCTBA YETHIPEX OCHOBHBIX IIa-
TOTEHOB B OTACJbHBIC TOJbI U3 HAOIIOIACMBIX YETHIPEX
JeT. YpOBeHb HOCUTENBCTBA S. prneumoniae UMeeT TeH-
nenruio K pocty B 2018 1. (11,9 £ 0,65%:; 10,1 £+ 0,66%;
11,0 £ 0,84%; 13,3 £ 0,99% COOTBETCTBEHHO B
20152018 rr.). [na H. influenzae ormedeHa mpoTu-
BoronoxkHas TeHaeHmus (6,1 + 0,48%; 4,2 £ 0,44%,;
2,5+0,42%; 2,6 £ 0,47%). dnst M. catarrhalis nonnep-
JKUBACTCS OJIUH M TOT K€ YPOBEHb HOCUTEIILCTBA — OT
7,5£0,53% 820151 10 8,4+ 0,81% B 2018 . Hakoner,
st S. pyogenes, HECMOTPSI Ha HU3KUE TTOKa3aTenu HO-
CUTEJIBCTBA, OTMEUEH POCT BEHISBICHUS B 3,6-5,5 pasa
B niepuoj HaOmonenus B 2015-2018 rr.: 0,9 + 0,19%;
0,6 +0,17%; 1,2 £0,29%; 3,2 + 0,51%.

B nocnennem ciyuae ypoBHU BbLICICHHS S. pyo-
genes BoIpocnu B 2017-2018 rr. BCleACTBUE ONTUMU-
3alMK METOAMYECKUX MPUEMOB TMAarHOCTHKHU Ha 3Tare
MIEPBUYHOTO TIOCEBa (IOCTHXKCHHE pPOCTa H30JIMPO-
BaHHBIX KOJIOHWU Ha IUIOTHBIX MUTATEIBHBIX CpPENax,
WCIIOJb30BAHUE SPUTPOILIUTOB OapaHa JIs BbISIBICHUS
XapaKTEepHOTO -reMoin3a, IOTMOTHUTENbHOE oborariie-
nue KA myTéMm BBeeHUS JTOMIAANHON CHIBOPOTKH).

B ocHOBe cuTyanmu ¢ HapacTaHUEM IOKa3are-
Jeil HocuTeNnbCcTBa S. pneumoniae JeXaT U Apyrue
npuunrHbl. CTaTHCTHYECKH 3HAUYUMBIH POCT OTMe-
yeH 3a 2015-2018 rr. B mutaamei Bo3pacTHON rpyn-
ne — 0-6 ner (T = 3,9; Xzzms;zo]g =438; p =0,03),
B CpeaHel — 7-12 ser (T, = 1L7; )820]5;2018 =2,1;
p = 0,08) u mogpoctroBoiit — 13—18 met (T"p =19,62;
Prisherexact — 053) (12041, 2). HecMOTpsi Ha BBISBICHHbIN B
YKa3aHHBIX BO3PACTHBIX IPYIIax NPUPOCT 3HAYCHUH,
CTATUCTHYECKU 3HAYUMOTO W3MCHCHHMS MOKa3aTeyei
Mexay 2015 u 2018 1. cpeau oOmiero yncia exero-
HO 00CJIeyeMbIX JIMI] HE PETrUCTPHPOBAIOCH. AHa-
JOTUYHO M B rpynmne nuil 19 jeT u crapiie 3HaYeHUS
OCTaJINCh PAKTUYECKU HA OJJHOM YPOBHE (Tnp =3,19;
X217leTca2015;2018 = 0’08’p = 0’8)

MPEABLAYIIUX UCCICOBAaHUSAX HAMU ObLIA TO-
Ka3aHa CTATUCTUYCCKHU JOCTOBEPHAas B3aUMOCBS3b
MEXIY OSHUJACMHYECKUM TPOIECCOM BHEOOJIbHUY-
HOM ITHEBMOHWUU M HOCHUTEIILCTBOM ITHEBMOKOKKOB,
0TOOpaXaromiasi MPOSBICHUS CKPBITO MPOTEKAIOIIETO
3MUJEMHUYECKOTO MPOIEecca MTHEBMOKOKKOBOM MH(DEK-
uuu [17]. Takas ke TeHAEHIUS OTMEYeHA U B MHO-
cTpaHHOH JuTepatype [18].

[To manHBIM cratucTHyeckoit popmbel Ne 2 «Cae-
JeHust 00 MH(EKIIMOHHBIX W Mapa3uTapHbIX 3abolie-
BaHUSX», B I. XabapOBCKE OTMEYEH pPOCT 3aboJieBa-
€MOCTH ITHEBMOKOKKOBOW MHEBMOHHUEH B 7,3 pa3za B
2018 1. (12,01 na 100 ThIC. HaCENEHHUS) IO CPABHEHUIO
¢ 2017 r. (1,64 Ha 100 ThIC. Hacenenus). BnonHe Be-
pOSITHA CMEHa BEAYIIUX CEPOTHIIOB MHEBMOKOKKA, YTO
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7043)

Tabnuua 2. YpoBHM Ha3odapuHreanbHOro HOCUTENbCTBA MHEBMOKOKKA Y NUL, pa3HbIX BO3pacTHbIX rpynn B Xabaposcke B 2015-2018 rr. (n
Table 2. Levels of nasopharyngeal pneumococcal carriage in individuals of different age groups in Khabarovsk city in 2015-2018 (n
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Bcero

MOXeT O00YCIIOBHTH POCT 3a00JIeBAEMOCTH U ypOBHEH
HOCHTEIIBCTBA.

[IpencraBnenHble Marepualibl  0OOCHOBBIBAIOT
HEOOXOMMOCTh MPOJOJKEHUSI MOHUTOPHUHTA ITHEBMO-
KOKKOBOH MH(EKINH B I. XabapoBCKe.

Ha cnenyromem asrtamne uccienoBaHusl oIpesene-
Ha BO3pacTHasg CTPYKTypa HOCHTENIEH MHEBMOKOKKA.
[Tpu Takom anammse 3a 100% mnpuHATO OOIIEe YMCIIO
BBLJIENINTENeH (MICTOYHUKOB) MTHEBMOKOKKOBOH HH(EK-
1y (n = 805). OcHOBHast Macca HOCUTENeH UHPEKITUU
(84,8 + 1,27%) npencrasnena netbMu rpynmnsl 0-6 jer.
Heru 7-12 net u B3pocinsie auma 19 aet u crapiie co-
CTaBJISIIOT OJUHAKOBYIO JIOJIO B YKHCJIE HCTOYHUKOB MH-
¢dexuuu (7,5 £ 0,93 u 6,8 + 0,89%). CoBceM HeOOIb-
LIYIO YacTh B YUCIIE HOCUTENEeH MH(DEKINN COCTABIISIOT
noapoctku 13—18 ner (0,9 + 0,33%).

Panee BBIONHEHHOE HAMM HCCIEAOBAHUE TIO
aHaJIM3y BHYTPUCEMEMHON LUPKYIALUH S. pneumoni-
ae TOKa3aJio, YTO B TPYIIIE YacTo OOJICIOMMX AeTe —
BBIJICTUTENICH MTHEBMOKOKKa — MHMuUIMpoBansl 13,4%
YJICHOB UX CEMeil, B OCHOBHOM HE MOJYYHBLIHUX CIIe-
muduueckyro npodunaktuky. Haunbonee vacto nndu-
IUPOBaHUE PETHCTPUPYETCS cpedu OpaThbeB M CECTEp
(42,9%). BmecTe ¢ TeM Marepu U OTLBI TaKKe€ MOTYT
OBITh HOCHTEJISIMM TTHEBMOKOKKa B ouarax (10,7%), a
CJIe0BATENIHO, UICTOYHUKAMH HH(OUIIMPOBAHHS U pac-
npocTtpanenus nHpekuuu [ 19]. s orpaHudeHus BHY-
TPUCEMEHHON UPKYISIUK BO30OYIUTENS eTecoo0pas-
HO JIepKaTh MO/ KOHTPOJIEM U CAHHUPOBATh BCEX YJICHOB
ceMeli (ApyTux AeTel U B3POCIBIX), UMEIOIINUX TECHBIN
KOHTaKT ¢ HHOUIUPOBAHHBIMH JETHMH.

AHamm3 TOMeCSYHON IMHAMHUKH HazodapuHTre-
QJIILHOTO HOCHTENBCTBA ITHEBMOKOKKA, TPOCIEKECHHOM
npu obcnenoBanuu 1170 yur B 2018 1., mokasain, 4to
HanOojee BBICOKHE IOKAa3aTelld HOCHUTEIILCTBA pPeru-
CTpUpOBalu B (eBpase, Mae U OKTAOpe, HU3KUE — B
aBrycte (pPHMCYHOK). 3UMHE-BECEHHHE ITMKH HOCH-
TEJBCTBA COBNAJAIOT C TIOBBILICHUEM 3a00JI€BAEMOCTH
BUPYCHBIMU HHpeKnusiMu. Kak mokazaHo B mccieno-
Banusx B.K. Tarouenko [20], wactoTa BbLAEIEHUS U
KOHLEHTPALMsl THEBMOKOKKOB B MOKpOTe HazodapuH-
reajJbHbBIX HOCUTEIIEH YBETUUNBACTCS BO BPEMSI OCTPBIX
PECIUPATOPHBIX BUPYCHBIX MHPEKIHA, YTO CUATACTCS
OOHUM W3 (aKTOPOB, TMOBBIIIAIOIINX PHCK Pa3BUTHUS
MTHEBMOHUHU WJIM OTHTa MHEBMOKOKKOBOU 3THOJIOTHUHU Y
OonbHBIX. MI3BeCTHO TaKke, YTO HeHpaMHHUIa3a TPHUII-
MO3HBIX BUPYCOB pa3pyllacT CHaJlOBbIe KHCIOTHI TKa-
HEH opraHmsma, cocoOCTBYs aAre3ud IMTHEBMOKOKKOB
K KJIETKaM 3nutenus Opouxos [5, 10].

[oBbIIeHHEe ypOBHS HOCHUTEILCTBA ITHEBMOKOK-
KOB OCEHBIO (OKTSIOph) MOXET OBITH CBS3aHO C AeH-
cTBHEM (DAKTOPOB «IEpEeMEIINBaHUIY JeTell (OCHOB-
Has TpyIa HOoCUTeNel) B Iepruoa GOpMUPOBAHUS Op-
TaHW30BaHHBIX KOJJIEKTHBOB.

Takum 00pazoM, IO MarepranaM 4eThIPEXJIECTHUX
HaOmonenuii (2015-2018 rr.) u 6aKTepHOIOTHIECKOTO
oOcnenoBanust 7043 mereit TpEX BO3PACTHBIX TPYNI U
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Puc. 1. NomecsiuHas guHaMuka HasodapyHreansHOro HoOCUTENbLCTBA NMHEBMOKOKKA (B %), NpocrnexeHHas npu obcnenoBaHmm
1170 nuy B 2018 r. B XabapoBscke.

Fig. 1. Monthly dynamics of nasopharyngeal pneumococcal carriage observed during the survey of 1,170 individuals
in 2018 in Khabarovsk city.

B3pOCTBIX C PEUUAMBUPYIOIIUMH PECTUPATOPHBIMH
3a0oneBaHusAMU B Xa0apOBCKe YCTAaHOBJIEH 3HAadH-
TEJIbHBIN YPOBEHb Ha30(papHUHTeaIbHOIO HOCHTENBCTBA
OakTepuanbHbIX naroreHoB (78,2%) ¢ Oonee BBICOKU-
MU TOKa3aTeNsiMu y AeTel, 4eM y B3pocibix. ONTHMU-
3allMs METOJMYCCKHUX MPUEMOB OaKTEPUOIOTHYECKOM
JUAarHOCTHKH M SMHIEMUOJIOTHYECKOTO aHAIN3a MaTe-
pHana Mo3BOJIMIM YCTaHOBUTH CIIEAYIOLIEEe PaHTOBOE
MOJIOKEHHE OCHOBHBIX BO30YAUTENEH, ONPeNeNsTIONHnX
Hazo(dapHuHTeaTbHOE HOCHTEJIBLCTBO MATOTEHOB CPEIH
o0cieIoBaHHbBIX JIKI| T. XabapoBcka: S. pneumoniae
(47%), M. catarrhalis (30,4%), H. influenzae (17,5%),
S. pvogenes (5,2%). YcTaHOBIEHBI IBE BO3pPACTHBIC
rpynnsl pucka: getu 0—6 ner g S. pneumoniae,
M. catarrhalis, H. influenzae n netu 7-12 ner — s
S. pyogenes. B TeueHue 4 neT HaOMIONCHUST OTMEUCHA
TEHJIEHIINS K POCTY YPOBHS HOCHUTENbCTBA M. catarrh-
alis, a HOCUTENLCTBO H. influenzae UMeno TEHICHIIUIO
K cHIkeHH10. 11151 S. pyogenes npu cyMMapHOM HU3KOM
YPOBHE HOCHTEJILCTBA OTMEUEHa TEHACHIHUS K POCTY B
3,4-5,3 pa3za. B To xe BpeMs Ha poHe crerupuiecKoi
MPOTHBOITHEBMOKOKKOBOM BaKIIMHAIIMHY BBISIBIIEHA TEH-
JEHILUS K POCTY YPOBHSI HOCHTENLCTBA S. pneumoniae
B 2018 1. mo cpaBHenuto ¢ 20152017 rr. B Tpé€x BO3-
pacTHBIX Tpymmnax Aered (Miaamei, cpeqHei u mon-
POCTKOBOI), UTO COMPOBOXKIAIOCH MOBBIILIEHUEM 3200-
JIEBa€MOCTH IMTHEBMOKOKKOBOM ITHEBMOHUEH B 7,3 pasa
B 2018 r. mo cpasuenuto ¢ 2017 r. HocortorouHoe Ho-
CHUTEJBCTBO S. pneumoniae ONpeaensieT PUCK Pa3BUTHS
MMHEBMOHUU M JIPYyTUX MHEBMOKOKKACCOIMUPOBAHHBIX

248

3aboneBanuii y nereid [4]. Pactymwuii ypoBeHb HOCH-
TEILCTBA U 3a00JIEBAEMOCTH OOOCHOBLIBAIOT HEOOXO-
JMUMOCTb TIPOIOJIKEHUSI MOHUTOPHHTA C OTIPEIeICHIEM
CEpOTHIIOBOTO COCTaBa IITAMMOB M XapakTepa aHTHU-
OMOTHKOPE3MCTEHTHOCTH TAHHOTO BO30OYIUTEIS.
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PQFYHHU,I/IH MUKPO3KOJIOrn4yecKoro COCTOAHNA HNXXHNX OTAENOB
KEHCKOro penpoayKTuBHOIo Tpakta BurTammHamm

CrpokoBa 0O.A.", Kpemnéga E.A."?, KoHcTtaHTuHOBa O.[.", Crm6HeB A.B."?*

'®IBOY BO «OpeHbYprckuia rocyaapCcTBeHHbI MeULMHCKUA yHUBepcuTeT», 460000, OpeHbypr, Poccus;
2HCTUTYT KNETOYHOTO 1 BHYTPUKJIETOYHOIO CMMOMO3a YpanbCcKoro otaeneHnsa Poccuinckoin akagemmm Hayk,
460000, OpeHbypr, Poccus

Llenb nccnegoBaHnsa — n3yveHne N3MeHeHni MUKPO3KONorum Briaranuia noj BNnsH1eM npenapaTtoB ackopbu-
HOBOW KMUCIOTbI, a-Tokodhepona 1 peTvHona auerara.

Matepumanbl n metoabl. Onpegensny KONMYeCTBO BarMHasbHbIX NakTobaumns, yCrnoBHO-NATOreHHbIX MUKPOOP-
raHn3mMoB, KoHueHTpauwmio IL163, ralL1, INFy, TGFB1, naktocdeppuHa u sIgA B BarmHanbHOM XWAKOCTM KEHLUMH C
nedunumMTom ackopOUHOBOM KMcnoThl (n = 35), peTuHona auetata (n = 35) n a-tokodepona (n = 35) go u nocne
WHTpaBarmHanbHOro NMPUMEHeHWs yKasaHHbIX BUTAMWHOB. [MonyyYeHHble AaHHble CpaBHMBaNM C nokasatensmu
300pOBbIX XeHLWMH 6e3 gedpmunta BuTamuHos (n = 15).

PesynbraThl. BeisiBneHa cBsi3b gecduumta a-tokodepona, peTvHona auetara u ackopbuHOBOW KUCMOTbI C Ae-
dmunToM NakTodopkl, BLICOKON YaCTOTON GakTepnanbHOro BarmHo3a 1 KaHAnA03a, M3MEeHEeHUAMM NapaMeTpoB
MYKO3anbHOro MMMyHUTETa MPOBOCMAaNUTENBLHON HanpasreHHoCTU. [loka3aHo Hopmanusylllee BNUsHUE BCEX
nccnegyemblx BUTaMUHOB Ha COCTOsIHWE NakTodropbl Braranuia, BblpaXXeHHOCTb KOTOPOro yMeHbluanach B
psgy a-Tokodepon — peTuHona auerat — ackopbuHoBas kucnota. ButamuH A Bbi3biBan NoBbilLeHWE, @ BUTa-
MUHbI C 1 E — CHWXEHNE YNCNEHHOCTN YCNOBHO-NATOreHHbLIX MUKPOOPraHM3MoB, nNpu aTom addekT ButammHa C
6bIn BblpaXXeHHbIM, HO KpaTKOBPEMEHHbIM, @ BUTaMnHa E — mMeHee BbipaxeHHbIM, HO AnuTeneHbIM. [pumeHe-
HVe BUTAMWHOB Pa3HOHaMNpaBieHHO BNMAMO Ha COCTOSiHWE MYKO3anbHOMo MMMYHMUTETa: ackopbrHoBas kucnota
cnocobcTBOBarna yCcuUneHuo N3MeHeHnin NpoBoCnanmTenbHOW HanpaBreHHOCTH, O-TOKOeporn 1 peTuHona aue-
TaT — HanpoTWB, Bbi3blBanu M3MeHeHWs NPOTUBOBOCMNANUTENBHOW HanpaBneHHOCTHU.

3akntoyeHue. [laHHble O BAVUSHUM Ha MWKPO3KONOrMYECKOe COCTOsIHWE BarMHanbHOro 6moTona mpenapartos
ackopOGUHOBOW KMUCMOThI, O-TOKOdbepora, peTnHona aueTtara no3BonsioT paccMaTpyuBaTh 3TM BUTAMKHbI B Kaye-
CTBe perynsitopHbix hakToOpoB Kak ANsi KNETOK X03sinHa, Tak U Ans MUKPOCUMOWOHTOB.

Knrovesnle cnoea: aHmuokcuGaHmMbI; ackopbuHo8asi Kucrioma; a-mokoghepor; enazanuuie; 8UMamMuHbl; J1aK-
mob6auyursnsl; pemuHona auemam; YUMmOKUHbI.

HUcmoyHuk ghuHaHcupoeaHus. ABTOpbI 3asiBsIOT 06 OTCYTCTBUU (hMHAHCMPOBAHWUSA NPY NPOBEAEHUN Ucche-
[0BaHus.

KoHgbriukm uHmepecoe. ABTOpPbI AEKNAPUPYIOT OTCYTCTBUE SIBHbIX U NOTEHUMArbHbIX KOH(MKTOB UHTEPE-
COB, CBA3aHHbIX C Nybnukauunen HacTosLLEN CTaTby.

Ans yumupoeaHusi: Ctpokoa O.A., Kpemnésa E.A., KoHcTanTuHosa O.[., CrubHes A.B. Perynauusi Mu-
KPO3KOMOrM4eCKOro COCTOSIHUSI HWKHUX OTAENOB XEHCKOro PenpoayKTUBHOIO TpakTa BUTamuHamu. XKypHan
Mukpobuonozauu, anudemuonoauu u ummyHobuonoauu. 2020; 97(3): 251-257.
DOI: https://doi.org/10.36233/0372-9311-2020-97-3-7
Moctynuna 27.07.2019
MpuHaTa B nevats 03.03.2020

Regulation of the microecological state of the lower parts
of the female reproductive tract with vitamins

Olga A. Strokova’, Elena A. Kremleva'?, Olga D. Konstantinova', Andrey V. Sgibnev'?*

'Orenburg State Medical University, 460000, Orenburg, Russia;
2Institute of Cellular and Intracellular Symbiosis, Ural Brahch of the Russian Academy of Sciences, 460000, Orenburg, Russia

Aim. To study the changes in the microecology of the vagina under the influence of ascorbic acid, a-tocopherol,
and retinol acetate.

Materials and methods. The number of vaginal lactobacilli and opportunistic bacteria, the concentrations
of IL1B, ralL1, INFy, TGFB1, lactoferrin and slgA in vaginal fluids of women with deficiency of ascorbic acid
(n = 35) or retinol acetate (n = 35) or a-tocopherol (n = 35) were assessed before and after intravaginal applica-
tion of these vitamins. The obtained data were compared with those of healthy women without vitamin deficiency
(n=15).
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Results. An association between deficiency of a-tocopherol, retinol acetate and ascorbic acid with a deficiency of
lactoflora, a high frequency of bacterial vaginosis and candidiasis, and proinflammatory changes of the parame-
ters of mucosal immunity has been found. A normalizing effect of all vitamins on the lactoflora of the vagina was
identified. The severity of this effect decreased in the following order: a-tocopherol — retinol acetate — ascorbic
acid. Retinol acetate caused the increase, while ascorbate and tocopherol caused the reduction in the number
of opportunistic microorganisms. The effect of ascorbate was pronounced, but short-term, while the effect of to-
copherol was less pronounced, but long-lasting. The use of vitamins affected the condition of mucosal immunity in
different directions: ascorbic acid caused an increase in pro-inflammatory changes; on the contrary, a-tocopherol
and retinol acetate caused anti-inflammatory changes.

Conclusion. Our data on the effects of a-tocopherol, retinol acetate, and ascorbic acid on the microecological
state of the vaginal biotope suggest that these vitamins may be considered as regulatory factors for both host

cells and microsymbionts.

Keywords: antioxidants; ascorbic acid; cytokines; lactobacilli; retinol acetate; a-tocopherol; vagina; vitamins.
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BsepeHune

BarunanbHelii OMOLIEHO3 SIBISIETCS IBOIIOIMOH-
HO CJIOXKUBIIEHCS CUMOMOTHYECKOW cucrteMoit [1],
OCHOBAaHHOM Ha B3aUMOJEHUCTBHUM JIBYyX OCHOBHBIX
KOMITOHEHTOB: KJIETOK MaKpOOpraHW3Ma W MHUKPO-
(IIOPBI, ¥ HAXOAUTCS MO TOCTOSTHHBIM BO3/IEHCTBUEM
Pa3IUYHBIX PEryIATOPHBIX (akTopoB. [lo-Buammo-
MY, 3aJIOTOM LEIOCTHOCTH 3TOr0 OMOIEHO3a SIBIISET-
Csl BOBMOXKHOCTh COTJIACOBAHHOTO OTBETa Ha OJUH M
TOT K€ PETYJISATOPHBIH (AKTOp KJICTOK U XO35MHA, U
MUKPOCUMOUOHTOB. [IprMepoM CiTy)KUT peakiius Ba-
THHAJIBHOTO OMOIICHO3a Ha M3MEHEHHE YPOBHS IPO-
BOCIAJIUTEIIBHBIX TUTOKUHOB, BBICOKHE YPOBHHU KO-
TOPBIX OJHOBPEMEHHO C 3alyCKOM BOCHAJIUTEIIbHOMN
peaKuuu TOPMO3ST POCT MOMYISIIMU JTaKTOOALMILI,
obecrieunBas Ux BbDKHUBaeMocTh [2]. [lonoBeie cte-
POMJIHBIE TOPMOHBI TaK)Xe CIOCOOHBI PETyIUPOBATh
00a KOMITOHEHTa BaruHajbHOrO OmoreHo3a [3]. Iloxg
WX BIMSHUEM U3MEHSIOTCS (DyHKIIMOHAIBHOE COCTOS-
HUE KJIETOK XO35MHAa (MMMYHHBIX U MHUTEIUATBHBIX )
U OMOJIOTUYECKHE CBOWCTBA (POCT M MEPCUCTCHTHBIC
XapaKTePUCTUKH) MUKPOCUMOUOHTOB.

ButraMuHBl — Ba)KHBIA PETYISATOPHBIN (akTop
pocta, AUPGEPCHIMPOBKH U (YHKIMOHUPOBAHUS
KJIIETOK MakpoopranusMma [4], BeposTHO, TOXKE TOTK-
Hbl OKa3bIBaTh BIIMSHHUE HAa BCE KOMIIOHEHTHI Baru-
HaJIBHOTO OHWOLIeHO3a, TeM OoJjiee YTO CYLIECTBYIOT
JIaHHBIC, MTOJIYYCHHBIC B YCIOBUSAX N Vitro, O BIUSTHUU
HEKOTOPBIX BUTAMUHOB Ha POCT MHUKPOOPTAHHU3MOB
[5]. C nmpyroii cTOpOHBI, OCOOCHHOCTBHIO BarmHalb-
HOTO OMOIIeHO03a SIBIISIETCS MpeodiaaHne B HEM JIaK-
TOOAIMIUI, IPOIYIMPYIONIMX MEePOKCH Bogopozaa [1,
6], M30BITOK KOTOPOTO YI'POXKAET KaK BHIKHMBAEMOCTH
CaMUX JIaKTOOAIWIIJI, TaK ¥ [EJIOCTHOCTH KJIETOK Ma-
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Kpoopranusma. OTO JejlaeT aKTyaJbHBIM BOMPOC O
BJIUSHUU Ha COCTOSHUE BarMHAJIBHOTO OMOIICHO3a BU-
TaMHUHOB aHTUOKCHJIAHTHOTO KOMILUIEKCA, CIIOCOOHBIX
MPEAOTBPAIATh MOBPEKIAIOIIEE AEHCTBUE aKTUBHBIX
(dhopm kuciIOpOaa.

[ean gaHHOTO UCCIETOBAHUS — U3YYCHHUE U3ME-
HEHUH MHKPOSKOJIOTUYECKOTO COCTOSHUS BIarajuina
MOJ BJIMSHUEM TNPENapaTtoB acCKOPOMHOBOW KHCIIOTHI
(AK), a-Toxodepona u petuHona anerara (PA).

JIst HOCTHIKEHUS STOM LIEIH Mbl H3Y4YHIH OCOOCH-
HOCTH MHUKPO3KOJOTHMYECKOTO COCTOSIHHS BIarajviia
npu AeUIUTE dTHX BUTAMHHOB U JIUHAMHUKY COCTOS-
HUSL MUKPOOMOIIEHO3a M MYKO3aJIbHOTO UMMYHHUTETA
HUKHUX OTJIETIOB JKEHCKOTO PEMpPOAYKTHBHOTO TPaKTa
[IPU UHTPABArMHAIHLHOM BO3MEIICHUU JC(PHUIUTA ITUX
BUTAMHHOB.

MaTepman bl 1 MeToAbl

OTKpBITOE  HEpaHIOMU3UPOBaHHOE HaOIona-
TEJIbHOE HCcCcieoBaHue ObLIOo 0J00peHO DKCIEepTHON
xomuccueit ®I'bOY BO «OpI'MVY» u BBHINOIHSIOCH B
COOTBETCTBUH CO CTaHAApTaMH HaAJexallel KInHnYe-
CKOM IPaKTUKH U NPUHLUNAMU XENbCUHKCKON AcKia-
pauu.

B uccnenoBanuu yyacteoBanu 120 sxxeHiuH ¢ep-
TUJIBHOTO BO3pacTa, U3 KOTOPBIX ObLIM copMupoBa-
HBl TPH TPYIIH ¢ AeQUIUTOM BUTAaMHHOB A (1 = 35),
C (n=35)u E (n = 35) u xoHTpOIBbHAS TpyIIa C HOP-
MaJbHBIM cofiepkaHieM BUTaMUHOB (n = 15). KoH1en-
Tpauuu PA u o-Tokodeposa onpeaessuii B CHIBOPOTKE
KPOBHU cIleKTpodiroopumMeTpudecku [7, 8] ¢ ucnons-
3oBanneM «Dmroopar-02-AbJIDy», kounenTpamuo AK
OTPEIENISIIA B MOYE METOIOM TUTPOBAHUS 2,6-TUXIIOP-
¢denonmmaOpeHONSITOM HaTpus [9].
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KpurepusimMu HEBKIFOUCHUS CITYKHJITH:
* HaJM4Me COMaTHYeCKOW MaToNOrUH, B TOM YHC-
e cy0- WK IeKOMITIEHCHPOBaHHOM;

* Hanuuue MH(QEKUWH, rnepeaaBaeMbIX MOJIOBBIM

myTeMm;

* OEpEMEHHOCTD U JIAKTaIluUS;

* HapylleHHEe MEHCTPYaIbHOIO IUKIIA;

* MPUBEPKEHHOCTh K UHTPaBarMHAIbHBIM TUTHE-

HUYECKUM MPaKTHKaM;

* KypeHHe;

* MPUMEHEHHE TOPMOHAJBHBIX, POTHBOMHKPOO-
HBIX WM BUTaMHUHHO-MHHEpAaIbHBIX Mpenapa-
TOB B Te€UeHHE 6 MeC, MPEIIECTBYIOIINX BKIIIO-
YEHHIO B HCCIIEJOBAHUE.

Bce mamueHTKM HCCleAyeMBIX TpyNN HauuHas
¢ 7-8-ro gHS MEHCTpPYyaJbHOTO ILUKJa COIIaCHO BBI-
SIBICHHOMY JAe(UIUTy BUTAMUHOB B TeueHHE 7 THEU
1 pa3 B CyTKH MHTpaBarMHAJIBHO MOIYy4aJId Mperaparsl:

* «Barunopm C» («Artisan Pharma») — Baru-

HaJbHBIC TaOJIETKU, COACPIKAIINEe aCKOPOMHO-
BYI0 Kucnoty 250 mr, mo 1 tabierke;

* «Anbda-Tokodpepon ameratr B Maciae 50%,
karcynsl o 100 mr» (OOO «Jlromu»), 1o
1 xamcyne;

* «Perunona anerar B macie, karcyias 33000 ME»
(000 «JIromm»), mo 1 karcyre.

ITanMeHTKU KOHTPOJIBHOM TIpYIIBl IIPENapaToB
BUTaMUHOB HE TOITy4asIu.

Knunnueckoe, MUKpOCKOITMYECKOe, OaKTepHOII0-
THYECKOe U UMMYHO(EpPMEHTHOE HMCCiIeOBaHHUE IMPO-
BOJIWJIM JIO Hauaja Teparuu, Ha 1-e u 8- cyTKu mocie
Teparuu.

BbIpa:K€HHOCTh KIIMHUYECKUX IPOSBIECHUN Olle-
HUBaJIM TPU OCMOTpE TOJOBBIX MyTeH B 3epKaiax.
KucnorHocTh cpesbl 0TAeN1eMOro Biarajuila u3y4aiu
C MTOMOIIIBIO TECT-MOJIOCOK C OTPAaHUYEHHBIM JAMAIa30-
HOM 3HaueHuit pH.

CoctostHue MHUKpOQIIOpHl Blarajuiia OICHUBA-
JIU C UCTIONIb30BaHUEM MHUKPOCKOMYECKUX KPUTEPUEB
Hay-Ison. 3nauenue nelkonUTapHO-3MUTENNATHHOTO
HHJEKCa OTIpeNIeNsUTd KaK COOTHOIIEHHE YHucia JeiKo-
LUTOB K YHCITY KJIETOK SMHUTENHs, YITeHHBIX B 10-15
MIOJISAX 3PEHUSI.

OO0miee KOMUYECTBO YCIOBHO-IIATOTEHHBIX MHU-
kpoopranuzmoB (YIIM) u makroGaumin onpeaessuia
rocJje BbICeBa BarmHANBHOU kuakoct Ha cpensl CKC
n MRS cooTBeTCTBEHHO M KyNbTMBHPOBAaHHA (aTMO-
ctepa ¢ 5% conepxanuem CO,, 37°C, 48 u). TakcoHo-
MHUYECKYIO IPUHAJIEKHOCTh OaKTepUil ONpeeNnsuii Ha
OCHOBE UX MOP(}OJIOTHH, KYAbTYPalbHBIX 1 OMOXHMU-
yeckux xapakrepuctuk [10].

Jng momyueHusl BarMHaJIbHOTO JlaBa)ka OMBIBAJIN
CTEHKHU Biaranuia 2 mi crepmibHoro 0,15 M pactBo-
pa NaCl. B naBaxu g00aBiisiin (heHUIMETHUICYIb(O-
HWImoopua (KOHEYHass KOHIEHTpauus 5 MKM/mi)
JUTSI MTHTUOMPOBAHUS MPOTEA3, 3aTeM MPOOBI IICHTPUDY-
rupoBanu (3000g, 15 muH), codupanu HazOCaTOYHYIO

KHUIKOCTh U XpaHuiu ee npu —20°C He Oonee 1 mec.
Conepkanue JakToheppriHa U CEKPETOPHOIO HMMY-
HoroOynmuHa A (sIgA), uutokunos IL1J, ralL1, INFy
u TGFB1 ompenensuin ¢ moMoIbI0 UMMYHO(GEPMEHT-
HOTO aHaJIM3a COIIACHO MHCTPYKIUH ITPOU3BOAUTEIS C
ucnonszoBanuem HabopoB OO0 «utokuny, «Cloud-
Clone Corp.» u «BD Biosciencesy.

JaHHble MCClenoBaHHS NPEACTaBICHBI B BHIEC
CPEIHUX 3HAYEHUI IOKa3arene M CTaHIapTHBIX OT-
KJIIOHEHUH. J[OCTOBEPHOCTh pa3juyuil B MOKA3aTeNsX
MEXIY TPYNIaMH OLEHHUBAIN C TOMOIIBIO KPUTEPHUS
MaHHa—YUTHY, YPOBEHb 3HAYMUMOCTU p NPUHUMAIH
paBHbIM 0,05.

Pe3ynbraTbl

Conepxanue ButamMuHOB A u E B ChIBOpOTKe
KPOBH y MAIMCHTOK MCCICIYyEeMbIX TPYII XapakTe-
pU30BAIOCH 0O0JIee YeM JBYKPATHBIM CHUKCHHEM HX
KOHIICHTPALIUU 110 CPAaBHEHUIO C HOPMOW U COCTaBH-
7o coorBercTBeHHO st PA 0,1 + 0,03 mr/mn (Hopma
>0,3 mr/min), o-Tokodepona—4,0+ 1,15 mxr/mi (Hopma
>7 mxr/min). Oxckpenust AK ¢ Mouoii y manmeHToK ¢
nepuutoM BuTamuHa C Takke ObUIa 3HAYUTEIHHO
camwkena: 0,19 £ 0,03 mr/4 npu Hopme >0,7 mr/d.

CHMXCHHOE COJICPIKaHUE B OPraHU3ME KCHIUH
ButaMuHOB A, E n C compoBoxaanoch BbICOKON ya-
crorori (71,4-80,0%) BcTpeuaeMocTH AeduIMTa Ba-
TMHAIBHEIX JIakToOammul. OcOOEHHOCTBIO THIIOBHU-
tamuHo3a PA n AK sBnanach BbIcOKas dacToTa Oak-
TEpUAJIBHOTO BaruHO3a — y KaXKJOM 5-H MalUMeHTKH.
HanporuB, npu npedunure o-Toxodeposa ciaydacs
OaKkTepuanbHOTO BarmuHo3a He 3a(MKCHUpOBaHO, 3aTO B
25,7% ciyuaeB ObLIM BBIICIIEHBI TpHOBI pofa Candida
B oocemeHeHHOCTH Bhiie 3 Ig KOE/Mi.

BripakeHHOCTh JAUCOMOTUYECKUX HM3MCHEHUH B
BarvHAJILHOM OHOTOINE TPSMO 3aBHCENA OT TSKECTH
TUIIOBUTAMUHO3a. Hampumep, y MalMeHTOK ¢ BhIpa-
KCHHBIM Je(uiuToM BuTamMuHa E BarvHanbHbBIN nuc-
6103 0bLT 3adukcupoBan B 80% citydaes, y JIUIL C yMe-
PEHHBIM THIOBHUTAMHHO30M — B 28,6%, TOrja Kak B
KOHTPOJIBHOM Trpymmne — ToibKo B 13,3%.

Ha cnenyromem sTare Hamero UcciaeI0BaHUs MBI
OIICHUBAJIM OCOOCHHOCTH MYKO3aJIbHOTO UMMYHHUTETA
BJIArajuila y JKCHIIWH, CTPAAAIOIUX Ne(HUITUTOM BU-
TaMUHOB. Y UUTBIBasl, UTO BUAOBOU CIIEKTP MUKpPOOpra-
HU3MOB MOYKET OKa3bIBaTh BIIMSIHHUE HA HANPSKCHHOCTh
MYKO3aJbHOTO MMMyHHUTeTa [11], MBI mocuuTanu He-
00XOJMMBIM OILICHUBATh COCTOSHHE IapaMeTPOB My-
KO3QJIHOT0O UMMYHHUTETa pa3ieibHO B MOATPYIIAX C
JIMCOMO30M U HOPMOIIEHO30M.

OO0mieli 3aKOHOMEPHOCTBIO H3MEHEHHST MYKO3aJIh-
HOTO MMMYHHTETA JJIsi BCEX BUJOB TMIIOBUTAMUHO3a
B MOATPYIax ¢ HOPMOICHO30M SIBIISUIUCH W3MEHEHUS
MPOBOCHAIUTENIBHON HalpaBlieHHOCTU. JleuiuT Bcex
BUTAMUHOB COIIPOBOXKIAJICS YMCHBIIICHUEM KOHIICH-
tpaunu ralL1 u coorHomenus ralL1/IL1B (Tada. 1),
B JIOTNIOJHEHHE K 3ToMy nedunut AK conpoBokmaercs
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Tabnuua 1. MNapameTpbl MyKo3arnbHOro MIMMYHUTETa Bnaranuviia B uccnegyemoix rpynnax (M + m)
Table 1. Parameters of mucosal immunity of the vagina in the studied groups (M + m)

ﬂe(bMuMT PA (n = 35) [echuuuT AK (n = 35) Oeduvunt C(:TOKO(bepOJ'Ia
KoHTponb Retinol acetate deficiency Ascorbic acid deficiency (1 = 35) (n=35)
nPOKa3aTe”b (n=15) (n=135) a-Tocopherol deficiency (n = 35)
arameter 4
Control (n =15) hopmoueHos ancéros HOPMOLIEHO3 aucbuos HOPMOLIEHO3 amcbnos
normal flora dysbiosis normal flora dysbiosis normal flora dysbiosis
IL1B, nr/mn 233,4+654 226,6 +44,3 6150+185,0* 284,0+1,2 4350+444* 271,0£3,1 668,0+193,0*
IL1B, pg/ml
ralL1, nr/mn 2563,2 + 199,6 1371,6 £ 689,5* 1537,0 £ 604,3* 1949,0 + 111,6* 3162,6 + 853,7* 1246,6 + 86,9* 1469,6 + 635,3*
ralL1, pg/ml
ralL1/IL18 11,0+0,7 6,0 £ 0,4* 24+0,2* 6,9+ 0,4* 7,9+0,5* 4,6 +0,3* 2,2+0,2*
TGFB1, Hr/mn 8,68+0,6 8217 10,7 £ 3,0 5,0 £ 0,4* 5,0+0,3* 9,51+1,9 11,27 £1,8
TGFB1, ng/ml
IL1B/TGFB1 26,9+1,9 27,6 +3,7 57,4 +6,3** 56,8 +4,1* 87 +7,2* 285+2,9 59,9 + 4,3**
INFy, nr/mn 19,2+0,6 36,6 +4,2* 51,0 £ 5,6*" 22,0+£0,8 41,6 £2,4* 38,9 +4,3* 54,2 + 5,8*
INFy, pg/ml
NaktodeppwuH, Hr/mn  1087,4 +£132,2 236,6 + 137,1* 2381,5+ 977,0 £ 110,0 1878,3 £ 321,2 £ 95,2* 17815+
Lactoferrin, ng/ml 212,0* 585,9*+ 131,2*
sIgA, Mkr/mn 45+04 46+27 6,5+0,2* 3,56+0,4* 53+ 1,9* 3,805 7,1+0,3*
slgA, pg/mi

MpumeyaHue. p<0,05n0 cpaBHEHNIO *C KOHTPONEM, *C HOPMOLIEHO30M.

Note. p <0,05 compared to *control, *normal flora.

cHmwkenueM ypoBHs TGFf1, T.e. yBenuueHnueM kod¢-
¢unmenta IL1B/TGFBL, uto B 000uX ciydasix MOXKET
CBUJICTENILCTBOBATh O COXPAHEHUH IPOBOCIIAIUTEIb-
Horo noternuana IL13. OnHOBpeMEHHO C ATHM OTMe-
4yeHo noBkIIeHUe ypoBHs INFy, Habmonaemoe npu He-
JOCTaTKe )KUPOPACTBOPUMBIX BUTaMHHOB A 1 E.
3aKOHOMEPHOCTH M3MEHEHHS MYKO3aJHHOTO HM-
MYHHTETa /I BCEX BUIOB THIIOBUTAMHHO3a B IOATPYII-
nax ¢ AUCOMO30M B OOJIBIIMHCTBE CIYy4YaeB MUMENU TOT
JKe XapakTep, Ho ObLIH OoJiee BeIpakeHHBI (Tal. 1).
Takum 00pa3oM, MBI BBISIBIJIN CBS3b JeuIiuTa
a-Tokoepona, PA nu AK ¢ HapylieHusIMH MHUKPOIKO-
JIOTHYECKOTO COCTOSIHUSI BarMHaJbHOTO OmoToma. st
MOJTBEPKICHUS STOU CBSI3U HAMU OB UCCIICAOBaH 3(-
(EeKT MHTpaBaruHaJbHOTO TPHUMEHEHHS BUTaMHUHHBIX
NpenaparoB, COINIACHO BBISABICHHOMY Ie(QUIHTY, Ha

COCTOSIHHE MUKPOOHOIIEHO3a U MYKO3aJIbHOTO HMMY-
HUTCTA HWIKHUX OTACIJIOB KECHCKOI'0 pCHPOAYKTUBHOT'O
TpakTa. Ha MomeHT 3aBepuieHust Tepanuu (8- CyTKH
HCCJICIOBAaHMS ) TOTBEPKICHO HOPMAIIU3YIOIIEES BIIUS-
HHUEC BCEX UCCIICAYCMbIX BUTAMUHOB HAa COCTOSIHUC JIaK-
To(GIOpHI BIaranuiia (PUCYHOK).

Tak, Mbl HaOJOIATM JOCTOBEPHOE YBEIMYCHUE
KOJIMYECTBA JTAKTOOAIMILT B PE3yJIbTaTe TEPAITUH 0-TOKO-
(dheponom y 80% mnarmentox, PA —y 74,3% u AK —y
51,4%. UncneHHOCTh JaKTOOAIMIUT IO/ BIUSHUEM 0-TO-
ko(eposna Bo3pocna B 80 pa3, PA —B 25 u AK—38 10.

Ha 8-e cyTku mocrie 3aBepiiieHus Teparuu B TPyII-
nax ManueHTOK, MOJy4YaBIIUX MpCrnaparbl BUTAMHUHOB
A u E, npupoCT YHCICHHOCTH JIAKTOOAITUILI TIPOJIOJI-
JKaJics, Torna Kak B ciaydae ¢ AK Mbl HaOnronaim CHU-
JKCHHE YHCIICHHOCTH JIAKTOOAIMIUT (PUCYHOK, a).

a/a 6/b
Ig 10 KOE/mn Ig 10 KOE/mn
Ig 10 CFU/mlI Ig 10 CFU/ml
6 6
T
5 5
4 4
3 3 ’l‘
2- 2-
1 2 3 1 2 3
Jo Tepanum [1 Nocne tepanuv @ 7 axeit nocne Tepanuu
Before therapy After therapy 7 days after therapy

BnusHne npumerenns AK (1), PA (2) n a-tokodepona (3) Ha uncneHHocTb naktobauunn (a) n YIM (6).

The effect of the use of ascorbic acid (7), retinol acetate (2) and a-tocopherol (3) on the number of lactobacilli (a)
and opportunistic microorganisms (b).
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OPUTMHANBHbBIE UCCNEOOBAHUA

Takum 00pa3oM, BEIpRXKEHHOCTH BIUSIHUSI HHTpa-
BarHAJILHOTO MPUMEHEHHs BUTAMHHHBIX IIpErapaToB
Ha JakTo(UIOpy YMEHBIIAIAch B psaAy o-Tokodepon —
PA — AK.

B oTHOIIEHUM BIHMAHUS BUTaMHHOB Ha YHCIICH-
HocTh YIIM enuHOM TeHaEHIIMU He Ha0m0aaaoch. Taxk,
HMHTpaBaruHagpHoe npuMeHeHne AK k MoMeHTy 3aBep-
meHust Tepanmuu B 80% ciiydaeB yMEHbBIIAIO YHUCIICH-
Hocth YIIM B cpennem B 31 pas, ogHako uepe3 1 Hen
MOCJIE 3aBEPILICHUS TepAUK YUCIEHHOCTh Y IM BHOBB
BO3pacTala 10 UCXOIHOTO YPOBHsI (PUCYHOK, 0).

[Tocne mpumenenuss ButamuHa E mnpoucxoauiio
MeHee BBIpaKEHHOE CHIDKCHHUE TIOKa3aTessl MUKpOOHOH
obcemenennoct YIIM, oqHako OHO MPOAOIKAIOCH U
yepes3 HeAENIO ToCye 3aBeplIeHNs Tepanui.

Hcnons3oBanne PA npuBoauiIo K MpOTUBOIOIOXK-
HOoMY 3¢ dexry: uncneHHocTh YIIM mo cpaBHEHUIO C
HCXOMIHOM K KOHITy Tepanuu Bo3pacrana B 10 pas, uepes
1 Hex mocie 3aBeplIeHUs Tepanuu — B 25 pa3 (pucy-
HOK, 0).

Ha ¢one yBenmuuenus uucnennoctu YIIM mpu
npuMeHeHuu PA Mbl HaOMrOMAM BO3pacTanue B 3 pasza
JIEHKOIUTapHO-3IUTEIHATIBHOTO MHJEKCa, TOrna Kak
Ha ¢one npumenenus: AK u Tokodepona anerara oH
3HAaYUMO HE MEHSICS.

WHTpaBarnHagbHOE MPUMEHEHHWE BHUTAaMHHHBIX
MIpernapaToB OKa3bIBaJIO pa3HOHAINPABIEHHOE BIIMSHUE
Ha COCTOSHHE MYKO3aJIbHOTO MMMyHHUTETa (Tadua. 2).
Tak, mpumenenne AK cmocoOCTBOBaio YCHIICHHIO

M3MEHEHUM IPOBOCHAIUTENIBHON — HANPABICHHOCTH
(ymenbinenue otHomenus: ralL1/IL1J, ysennuenue
kod¢ppunuenta IL1B/TGFB1 u xonuentpauuu INFy)
Ha (oHEe CHIKEHUS ypoBHs Jaktodeppuna u slgA
(tabn. 2). Ilpumenenue a-Tokogepomna u PA, HanpoTus,
BBI3BIBAJIO M3MEHEHHS MMapaMeTPOB MyKO3aJbHOTO HM-
MYHHUTETa IPOTUBOBOCHAINTEILHON HAIIPaBICHHOCTH:
yBenuuenune otHomenus ralL1/IL1p u xoHIeHTpanmu
TGFB1, ymenpmenne xoddduuuenta IL1B/TGFB1 u
konuentpauuu INFy u IL1B (tabn. 2). Hecmotps Ha
o0mye TeHJeHLUH, MPUMEHEHHe a-Tokodeponaa mo-
3BOJIMJIO TOOUTHCS 3HAYCHUH MTOKa3aTesell mapaMeTpoB
MYKO3aJIbHOTO MMMYHHTETa, 3HAYUTEIBHO OoJee Onu3-
KHX K TIOKa3aTeJsiM TPYIIBI KOHTPOJIS, YeM IpUMeHe-
nue PA (tabm. 2).

O6cyxaeHne

Hecmotpst Ha To uto a-tokodepor, PA u AK mo
(U3UKO-XMMUYECKHM ~ XapaKTePUCTUKAM OTHOCSTCS
K TpyNIe aHTHOKCHAAHTOB [12] u mpu ux neduuute
HaOMIOAIOTCS CXOXKUE U3MEHEHHS, UX BIMSHHUE Ha Ba-
TMHANBHBIA OMOIEHO3 UMEET CBOM MHIMBHIYalIbHBIE,
3a4acTyl0 pa3HOHaINpaBlIeHHbIE OcoOeHHOCTH. Tak,
HaunOoJjee BbIpakeHHBIM d()(}EeKTOM B MEpHOA MpHMe-
HeHus oOmamana AK: oHa cTUMynMpoBajga MPUPOCT
YHCICHHOCTH JIAKTOOAlWIII, BBIPRKEHHO YrHeTasa
VIIM, HO npu 3TOM BbI3bIBAJIA U3MEHEHHs Iapame-
TPOB MYKO3aJIbHOI'O WMMYHHTETa MPOBOCHAIUTENb-
HOW HampaBieHHOCTH. CTHMYJSIIUS JTaKTOOAUMIT U

Tabnuua 2. MNokasatenu MYKO3aJ1IbHOIroO MMMYHUTETA HMXXHUX OTAEN0B PENPOAYKTUBHOIO TpaKTa XXeHLH 00 1 nocne

npumeHeHnst npenapartoB PA, AK n a-tokodepona (M + m)

Table 2. Parameters of mucosal immunity of the vagina of women before and after treatment with retinol acetate, ascorbic

acid, and a-tocopherol (M £ m)

PA (n = 35) AK (n = 35) a-Tokodbepon (n = 35)
KoHTpork Retinol acetate (n = 35) Ascorbic acid (n = 35) a-Tocopherol (n = 35)
Moka3atenb (n=15)
Parameter Control [0 neyeHuns nocne [0 rnevyeHns nocne [0 nevyeHuns nocne
(n=15) before neyeHus before neyeHus before neveHus
treatment after treatment treatment after treatment treatment after treatment
IL1B, nr/mn 2334+654 3375+127,8 168,1+32,9* 37461495 401,0£91,1* 468,5+ 81,1 278,1 £41,5*
IL1B, pg/ml
ralL1, nr/mn 2563,2+199,6 1418,8+650,9 832,0 +207,0* 2677,2+443,5 754,8 + 338,3** 1432,2+437,8 1198,9 + 321,3*
ralL1, pg/ml
ralL1/IL1B 11,0+ 0,7 3,7+0,19 54 +0,2* 84+04 2,1+0,3* 3,1+0,4 4,3+04"
TGFB1, Hr/mn 8,68 + 0,6 8,7+2,13 15,0 £ 9,1* 50+0,4 6,4+1,1* 6,7+1,8 9,8+24*
TGFB1, ng/ml
IL1B/TGFB1 26,9+1,9 82,9+6,2 26,6 +1,9* 75,5+5,3 82,6 + 6,8* 829+74 26,6 +2,4*
INFy, nr/mn 19,2+0,6 40,7 +5,3 27,5+ 5,5 33,8+4,7 60,0 + 5,2** 48,9+ 6,1 21,3+4,8*
INFy, pg/ml
JlakTopeppuH, Hi/mn  1087,4 £ 132,2 8494 +443,0 932,5+272,0 1517,8+538,0 755,6 +259,0* 786,1+ 147,3 998,8 +206,6
Lactoferrin, ng/ml
slgA, mMkr/mn 45+0,4 51+23 6,5+ 3,1* 46+1,9 3,8+1,2* 6,3+1,9 42+17°

sIgA, pg/ml

MpumeyaHue.p<0,05n0 cpaBHEHMIO *C KOHTPOMEM, *C NOKa3aTensaMmn 4o Tepanuu.
Note. p =< 0,05 compared to *control, *indicators before therapy.
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yraerenue YIIM AK cBsizaHbl HE TOIBKO C 3P PeKTOM
cHIkeHUs: pH BarmHanbHOrO COAECPKUMOTrO, KOTOPBIH
y)K€ HUCTONb3yeTcsl B KIMHHUYEeCKOM mnpaktuke [13].
Panee Obu10 mokazaHo, 4To AK crmocoOHa ycuianBaTh
NPOAYKLIMIO MEPOKCHAA BOIOPOAA JAKTOOAIMIUIAMH
[14], uTo sBNAETCS AOMONHUTENBHBIM (PAKTOPOM YT-
HeTeHus YIIM. OnHOBpeMEHHO ¢ 3TUM 3a CYET CBOUX
AHTHOKCUAAHTHBIX cBoWicTB AK crmocoOHa 3amuTHThH
JaKTOOAIMIUIBI OT YBEJIMYMBIIETOCS KOJIMYECTBa IPO-
OYUUPYyEeMBIX UMH aKTHBHBIX (opMm Kuciopona. He-
MPOJOJDKUTEIBHOCTD MONoKUTENbHOTO dPdekra AK B
OTHOUIEHUH MHUKPOOMOIIEHO3a, MTO-BUANMOMY, CBS3aHa
C ec CIOCOOHOCTHIO YCHIIMBATh MPOBOCHAIUTEIbHEIE
KOMITOHEHTBI MyKO3aJbHOro UMMyHHTeTa [15]. Brico-
KHH YpOBEHb ITPOBOCHAIUTENBHBIX INTOKUHOB OKa3bl-
BaeT CTUMYJIMpYIOLee AeiicTBUE Ha pocT YIIM u noxa-
BJISIFOIIIEE — HA BarMHAJIbHBIC JIAKTOOAIMILIBI [2].

a-Toxodepon okaspiBajg MeHee BBIpaKEHHOE, HO
3aTo OoJiee MPONOKUTENBHOE BIHMSIHAE HAa BarnHallb-
HBI{ OWOLIEHO3: YMEPEHHO CTHMYJIMPOBAN MPUPOCT
YHCIEHHOCTH JIAKTOOAIMIUT W CHHYKaJl YHCIIEHHOCTD
VIIM, npu 3TOM BbI3bIBasi U3MEHEHHUS [IaPaMETPOB My-
KO3aJIbHOTO MMMYHHUTETa IPOTUBOBOCIIAIUTEIHHOMN Ha-
MpaBileHHOCTH. MeHee BbIpaxkeHHoe, yeM y AK, Brus-
HHUE Ha MUKPO(QIIOPY CBA3aHO C OTCYTCTBHEM BO3MOXK-
HOCTH U3MeHATh pH 1 00yC10BI€HO, BEPOATHO, TOJIBKO
€r0 AaHTUOKCHJAHTHOM aKTUBHOCTHIO. JIUTENbHBIN
3¢ ekt a-Tokodepoia, mo-BUIUMOMY, 00YCIOBICH €ro
MPOTUBOBOCHANUTENBHBIM 3 dexToM. Takue ycinoBus
CHOCOOCTBYIOT YBEIWYEHHUIO YHCICHHOCTH JaKToOa-
LIUJIJI ¥ CHIDKeHU1o — YIIM.

PA oxa3piBas HEOMHO3HAYHOE BIUSHHE Ha Baru-
HaJILHBIA OMOIIEHO3: B IEpHOJ IPUMEHEHHS CTUMYIIHU-
POBaJI MPUPOCT YUCICHHOCTH U JlakToOaIut, u YIIM,
IIPYU 3TOM BBI3BIBAs U3MEHEHMS [TapaMETPOB MYKO3aJIb-
HOTO MMMYHMTETa MPOTHBOBOCHAINUTENBHON Harpas-
JIEHHOCTH. MBI monaraeM, 4To IpUPOCT YUCIEHHOCTH
naktobammut u YIIM cBsizan ¢ npsiMbIM BiusiHuEM PA
Ha CO3pEeBaHue BaruHaIbHOTO 3nutenus [16], uro yBe-
JIMYMBAJIO JIOCTYHNHOCTh INMHUTATEIbHBIX BEIIECTB IS
BCEX THUIOB MUKpocuMOnoHTOB. Habmromaemoe uepes
1 Hex mocne Tepanmuu CHIKEHUE YUCIeHHOCTH YIIM
CBSI3aHO, Ha HAaIll B3MJISAJl, C aHTarOHUCTUYECKON aKTHB-
HOCTBIO BOCCTAHOBMBILEHCS MOMYJIALNH JIAKTOOAIMILI.

Takum 00pa3zoM, TMONyYEHHBIE B 3TOM HCCIIEI0-
BaHUM JaHHBIE O BJIMSHUU HA MHUKPOIKOJIOTHUECKOE
cocrosiaue Bnaranuma AK, PA u a-tokogepona no3so-
JISIOT paccMaTpuBaTh 3TH BUTAMHUHBI B Ka4eCTBE pery-
JSTOPHBIX (aKTOPOB Kak JIsl KIETOK XO35IMHA, TaK W
IUTSI MUKPOCUMOHOHTOB.

BbiBOAbI

BrisiBiena cBs3p neduiura o-tokodepona, PA
u AK ¢ nedunurom s1akrodaopsl, BEICOKOW 4acTOTOM
0aKTepuaNbHOTO BarnHO3a W KaHAMI03a, a TaKXKe W3-
MEHCHMSIMHM TIapaMETPOB MYK03aJbHOIO UMMYHHUTETA
MPOBOCHAJIUTEIILHON HANIPABICHHOCTH.
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[Ipumenenue npenaparoB ButamMuHoB A, E u C
WHTpABaruHajJbHO Y KEHIIMH C UX ACPHULIUTOM OKa3bl-
BaJI0 HOpMAaJIM3yIOIllee BIMSHHE HAa COCTOSHUE JIAKTO-
¢utopsl BIAraiMig, BHIPAKCHHOCTh KOTOPOTO YMEHbB-
manacek B psgy o-Tokogpepon — PA — AK.

Bnustaue Ha YIIM nmeno 0coOeHHOCTH: BUTAMUH
A BbI3BIBaN TOBHIIEHNE, a BUTaMuHbBl C 1 E — cHu-
xeHue yuciaeHHoctu YIIM, mpu stom 3ddekt BuTa-
MuHa C OBUI BBIpQ)KEHHBIM, HO KPAaTKOBPEMEHHBIM, a
BUTamMrHa E — MeHee BBIpayKeHHBIM, HO IIUTEIILHBIM.
[IpuMeHeHne BUTaMHUHOB Pa3HOHANPABICHHO BIHUSIIO
Ha COCTOsIHME MyKo3asibHOro mMmmyHurera: AK cro-
coOCTBOBaJIa YCHUJIEHHIO U3MEHEHHI MPOBOCTIATHTENb-
HOM HamnpaBJICHHOCTH, O-Tokodepon u PA — Hampo-
THUB, BBI3BIBAIM W3MEHEHUS MPOTHBOBOCIAIUTENHEHON
HaNpaBJIeHHOCTH.
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TpaHCMNCCMBHAA aHTNONOTUKOYCTOMUYNBOCTD,
obycnoBneHHana SXT-an1eMeHTOM, Yy XONnepHbIX BUOPNOHOB,
BblieNIeHHbIX Ha Tepputopun Poccun

CensaHckasa H.AX, BogonbsaHoB C.O., PbikoBa B.A., CokonoBa E.I1.

OKY3 «PocToBCKUIN-Ha-[JOHY MPOTUBOYYMHbIN MHCTUTYT» PocnoTtpebHaa3opa, 344019, Poctos-Ha-[loHy, Poccua

Lenb. [etekums SXT-anemeHTOB B XxonepHbix BubproHax O1 n nonO1/nonO139 ceporpynn u nccnegosaHue
3h(PEKTMBHOCTU UX KOHBIOTAaTUBHOW Nepefadn B KNeTku Escherichia coli.

MaTtepuanbl n meToabl. B onbiTax KOHblOraunm B Ka4ecTse AOHOPOB UCMoNb3oBanu wrammel Vibrio cholerae
O1 El Tor (n = 3) n V. cholerae nonO1/non0O139 (n = 3). lUTammbl (4OHOPLI, PELUMUMNUEHTbl U TPAHCKOHBIOraHThI)
TecTMpoBanv B MONMMepPasHoON LiEMHON peakumm B doopMaTe pearnbHOro BpeMEHU Ha YyBCTBUTENBHOCTb K aHTU-
OMOoTMKaM 1 Ha HanM4ne reHoB NIeKapCTBEHHOW YCTOMYMBOCTU M reHa uHTerpaasbl (int). Nposoannu anektpodopes
B 0,7% rene arapo3bl C OKpacko 6pOMUCTLIM ITUANEM.

Pe3synbraTbl. YCTOMYMBOCTb K NEBOMULETUHY, TPUMETONPUMY/CynbdameTokcasony, CTpPenToOMULMHY nepeaa-
Banacb B OMnblTax KOHbOrauum ¢ yactoton ot 2,1 x 10° go 7,1 x 10-°. Y GonbluMHCcTBa WTamMoB V. cholerae
06Hapy»xeHbl reHbl int n dfrA1 (yCTOWYMBOCTb K TPUMETONPUMY/CynbgamMeTokcasony), KoTopble CTabunbHo nepe-
Aasanuck knetkam E. coli QD Rif' u B o6paTHbIX kpoccax V. cholerae O1 El Tor 5879 Nal".

3aknroueHne. O6HapyxeHne SXT-anemeHTa B wtammax V. cholerae n ero ycneLHbIn ropu3oHTanbHbIN NepeHoc
noaYepKMBalOT HEOOXOAMMOCTb AETEKLMN TaknX MOBOUIbHBIX FEHETUYECKUX SNEMEHTOB AN KOHTPOMst HaA pac-
NpoCTpaHeHMeM aHTUBNOTUKOpe3ncTeHTHocTn y V. cholerae.

Knrodyeenie cnoea: SXT-anemeHm; Vibrio cholerae; koHbro2ayus.

UcmoyHuk ¢puHaHcupoeaHusi. ABTOPbI 3asBNSAIOT 06 OTCYTCTBUM (PUHAHCUPOBAHWS MPU NPOBEAEHWN UcChe-
[OBaHusl.

KoHepriukm uHmepecos. ABTOPbI AeKNapupyoT OTCYTCTBME ABHLIX U NOTEHUMANbHBIX KOH(IIKTOB UHTEpe-
COB, CBSA3aHHbIX C Mybrmkaumen HacTosLLel cTaTbu.

Ansi yumupoeaHus: CensaHckas H.A., BogonbsiHoB C.O., PeikoBa B.A., Cokonoga E.[1. TpaHcMuccrBHas aHTu-
BGUOTUKOYCTONYNBOCTb, 0ByCroBRNEHHas SXT-aN1eEMEHTOM, Y XONEPHbIX BUOPUOHOB, BbIAENEHHbIX HA TEPPUTOPUN
Poccun. XKypHan mukpobuonoauu, snudemuonozauu u umMmmyHobuonozuu. 2020; 97(3): 258—264.

DOI: https://doi.org/10.36233/0372-9311-2020-97-3-8
Moctynuna 15.11.2019
MpuHsTa B nevatb 18.12.2019

Transmissive Antibiotic Resistance, Associated with the SXT Element,
in Cholera Vibrios Isolated in the Territory of Russia

Nadejda A. Selyanskaya™, Sergey O. Vodop'yanoy, Violetta A. Rykova, Elena P. Sokolova

Rostov-on-Don Research Institute for Plague Control, Russia, 344019, Rostov-on-Don

Aim. Detection of SXT elements in cholera vibrios O1 and nonO1/nonO139 serogroups and study of the
effectiveness of their conjugative transmission to Escherichia coli cells.

Materials and methods. In conjugation experiments, Vibrio cholerae O1 El Tor (3) and V. cholerae nonO1/
non0139 (3) strains were used as donors. Donor strains, recipients, and transconjugants were tested in real-
time PCR for sensitivity to antibiotics and for the presence of drug resistance genes and integrase gene (int).
Electrophoresis was carried out on a 0.7% agarose gel with ethidium bromide staining.

Results. Resistance to chloramphenicol, trimethoprim/sulfamethoxazole, streptomycin was transmitted
in conjugation experiments with a frequency of 2.1 x 10°-7.1 x 10-°. The genes int and dfrA1 (resistance to
trimethoprim/sulfamethoxazole) were found in most V. cholerae strains, and were stably transmitted to E. coli QD
Rif cells and in reverse crosses of V. cholerae O1 El Tor 5879 Nal".

Conclusion. The detection of the SXT element in V. cholerae strains and its successful horizontal transfer
emphasize the need to detect such mobile genetic elements to control the spread of antibiotic resistance in V.
cholerae.

Keywords: SXT element; Vibrio cholerae; conjugation.
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BeBepeHune

B Hacrositiee BpeMsi BO BCEM MHUPE BBIAEISIOTCS
LITaMMBl XOJIEPHBIX BHOPHOHOB, OONafaroIye MHO-
KECTBEHHOH YCTOHYMBOCTHIO K aHTHOAKTepHAIbHBIM
npenaparam [1, 2]. UccnenoBanus, HanpaBlIeHHbIE HA
W3yUYEeHHE POJTU OTIIENIbHBIX JIEMEHTOB TeHOMa B yCTOM-
YUBOCTU K aHTUOMOTHKAM y OaKTepui, MOKa3ajau, 4TO
TeHbl aHTHOMOTHKOPE3UCTEHTHOCTU y Vibrio cholerae
MOTYT BXOJHTb B COCTaB TPAHCMHUCCHUBHBIX TIa3MH[ U
WHTETPAaTUBHBIX KOHBIOTATUBHBIX 3JIEMEHTOB [3].

BaxHyto poib B pOPMUPOBAHUU MHOKECTBEHHOM
YCTOWYMBOCTH BO3OYAHUTENS XOJNEpPhl K aHTUMHKpPOO-
HBIM COEIUHEHHAM Hrparor SXT-a1meMeHTHl, conepxa-
LIMe TeHBI, OTBETCTBEHHBIE 32 aHTHOMOTUKOPE3UCTEHT-
HOCTb M JIpyTHE aJalTHBHbIEC TPOSBICHUS y OaKTepuit
U CIOCOOHBIE WHTETPUPOBAThCA B OaKTepUALHBIN
TEHOM M IepeAaBarbcsi TOCPEACTBOM KOHBIOTalluU
[4, 5]. SXT-a1eMeHTHl IMIMPOKO pPacTpOCTPaHEHbI y
XOJIEpHBIX BHOPHOHOB pa3lWYHBIX ceporpynm [6—S8].
[Tpu 3TOM HaOMIOAAIOTCS PAa3MUUUs Kak B UX CTPYKTY-
pe, Tak U B XapakTepe JIOKaTU3allud [€HOB aHTUOWO-
THUKOPE3UCTEHTHOCTH [9]. B CBs3M ¢ 3TUM akTyanapHO
W3y4YeHHE MPOLECCOB MPHOOPETEHHS U YTPaThl TEHETHU-
YECKHUX JIEMEHTOB, OTBETCTBEHHBIX 338 YCTOHUYMBOCTH
V. cholerae k pa3nu4HbIM aHTUOAKTEPUAIILHBIM TIpeTia-
param [10].

Heano pgaHHOW paboOTHl sBHJACh JETEKIHS
SXT-anemeHToB B X0nepHbix BubproHax O1 u nonO1/
nonO139 ceporpynm u uccienaosanue 3pHeKTUBHOCTH
WX KOHBIOTaTUBHOM mepenayn u3 Kietok V. cholerae B
knetku Escherichia coli.

MaTepman bl 1 MeToAbl

B paboTe mcnonb30Baii MHOKECTBEHHO YCTOMH-
yuBsle mrammel V. cholerae O1 El Tor (n = 3) u V. cho-
lerae nonO1/nonO139 (n = 3), BLACTEHHBIE HA TEPPU-
topun Poccun, a taxxke V. cholerae O1 El Tor 5879 u
E. coli QD5003 Rif". Bce mrramMmmbl momy4eHst u3 My3est
#uBBIX KynsTyp ®KVY3 «PocroBckuii-na-JloHy nportu-
BOYYMHBIH HHCTHTYT.

YyBCTBUTENBFHOCTB/YCTOMYMBOCTD IITAMMOB K 22
aHTHOAKTEpUANbHBIM TpenaparamMm ONpeAessuTd MeTo-
JIOM CEPUHHBIX pa3BEAEHUU B IUIOTHOW MUTATENbHOMN
cpene B coorBeTcTBum ¢ MYK 4.2.2495-09 [11].

Konsbloraruenyio mnepenady r-Je€TEepMHHAHT pe-
3UCTEHTHOCTU B cocTaBe SXT OT mTaMMOB-IOHOPOB

Received 15 November 2019
Accepted 18 December 2019

KJIETKaM IITaMMOB-PELUITUEHTOB OCYIECTBIISUIN ITy-
TEM COBMECTHOTO KYJBTHBHUpOBaHHsS 18-4acoBbIX Oy-
JIBOHHBIX KYJBTYp IITaMMa-J0HOpa U IITaMMa-peLunu-
eHra (B cooTHomeHnu 1:2) B Teuenue 3—4 4y npu 37°C ¢
MOCTIeTYIOIINM BEICEBOM Ha IJIOTHBIE MUTATENIbHBIE Cpe-
IIbl, cofiepiKalie aHTHOAKTepUalIbHbIe TpenapaThl s
cenexkuuu TpaHckoHbiorantoB (TK) u koHTpcenexkuuun
JIOHOpa U perunuenTa. YacToTy nepeaadn BhIpakaiu
Kak OTHOIIeHHe yrcia Beipocmnx TK k obumiemy unciy
KHUBBIX OaKTepHil, UCTIONB30BaHHBIX JIsl BHICEBA.

Brinenenune JJTHK, ITLP u y4yeT pe3ynsraTtoB mpo-
BOJIWIIH, Kak omnucaHo panee [12]. B kauecTBe Mapke-
pa st ooHapyxkenuss SXT B mraMMax UCHOIB30BAIH
reH uHTerpassbl (int) [13]. Jns noarsepxneHus ¢ax-
Ta nepeHoca reHoB otoOpanHbele TK Tectuposanu Ha
YyBCTBHTEJILHOCTh K aHTHOMOTHKAM U HA HAJIMYUE Te-
HOB JIEKAPCTBEHHOW YCTOMYMBOCTHU K TETPALUKIMHAM
(tetR), ¢ropxunononam (qnrVCl), TpUMETONIPUMY
(dfrA1) u xnopampenuxony (floR), KOTOpbIE BBISBISIHA
¢ nomoisio TP B popmare peansHOTrO Bpemenu [ 14].

Jnst aHanmm3a aBTOHOMHBIX MOOWJIBHBIX T€HETH-
YEeCKHX DJIEMEHTOB C TIOMOIIBIO AnekTpodopeza JHK
M3 KJICTOK BBIICISUIM 1O Metomuke [15], anekrpodo-
pe3 mpoBoaunu B 0,7% rene arapossl ¢ MOCIETYIOIICH
OKpackoil OpoMHUCTHIM 3TuanMEM. KoHTpoiem B 3THX
SKCIEPUMEHTAX CIYKHIU KJIETKH BaKIIMHHOTO IITaMMa
Yersinia pestis EV, cogepxaiue 3 mia3MHuIbl ¢ MOJe-
KyJsipHOI Maccoii 6, 47 u 65 M/la.

Pe3ynbraTbl

Bce mtaMMbl X0NepHBIX BUOPHOHOB OBLIH yCTOM-
YHBHI K TPUMETONPUMY/cynbhameTokcazony (Tadu. 1).
YCTOMUMBOCTBIO K HAIHMIUKCOBON KHCIOTE M (Pypaso-
nuaoHy obnamanu 4 mramma u3 6, K CTPENTOMUITHU-
Hy — 5 mwtammoB. Onun wrtamm (V. cholerae O1 El
Tor 3265/80) umen NPOMEKYTOUHYIO YCTOHYUBOCTH K
JIEBOMUIETHHY: MUHUMAJIbHAS MTOJABISIONIAs KOHIIEH-
tpauus (MIIK) 8 mr/m.

CpaBHUTENBHOE H3y4YEHHE aHTHUOMOTHKOTpaMM
JIOHOPOB, penunuenToB, TK moka3ano oOTCyTCTBHE
nepegayd yCTOMUYUBOCTH K HAJUAUKCOBOM KHUCIIOTE U
¢dypazonuaony. [lo TaHHBIM TUTEPATYphL, TEHBI yCTOM-
YHBOCTH K 3THM aHTHOAKTepUAILHBIM Mpernaparam Jo-
KaIM3ylTcsa Ha Xxpomocome [16, 17].

Mapkepbl yCTOMUMBOCTH K JIEBOMHULIETUHY, TPH-
METONPUMY/CYIb(PaMeTOKCa301y, CTPEIITOMUIIMHY OKa-
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Tabnuua 1. 3HavyeHnsa MIMK (mr/n) wrammos V. cholerae
Table 1. MICs (mg/l) of strains of V. cholerae

ORIGINAL RESEARCHES

MorpaHuyHbie
3HaveHus MIMK, mr/n

AHTUBaKTepManbHbIi Npenapar MIC breakpoints,

V. cholerae nonO1/non0139

V. cholerae O1 El Tor

Antimicrobial agent mg/|
S R 372 375 117 301 6878 3265/80

L OKCUUMKNNH <2,0 >8,0 0,25 0,25 0,25 0,25 0,25 0,25
Doxycycline
TeTpaunknuH <4,0 >8,0 0,5 0,5 0,5 0,5 0,5 0,5
Tetracycline
JleBOMMUETUH <4,0 >16,0 4,0 4,0 4,0 4,0 4,0 8,0
Chloramphenicol
Hanuankcosas kucnota <4,0 >16,0 512,0 2,0 4.0 512,0 512,0 512,0
Nalidixic acid
LinnpodnokcaunH <0,1 >1,0 0,001 0,002 0,001 0,005 0,005 0,02
Ciprofloxacin
CTpenToMnLmH <16,0 >32,0 2,0 128,0 64,0 128,0 64,0 128,0
Streptomycin
[eHTaMuUMH <4,0 >8,0 1,0 1,0 2,0 1,0 1,0 1,0
Gentamicin
AMIULMNANH <4,0 >16,0 4,0 4,0 4,0 4,0 4,0 4,0
Ampicillin
LledTpuakcoH <1,0 >8,0 0,5 0,25 0,5 0,5 0,5 0,5
Ceftriaxone
PucdamnmuuH <4,0 >16,0 1,0 1,0 1,0 1,0 1,0 1,0
Rifampicin
dypasonuaoH <4,0 >16,0 4,0 16,0 16,0 16,0 64,0 4,0
Furazolidone
TpumeTonpum/cynbcpameTokcazon <2,0/3 >8,0/152,0 128,0/640,0 64,0/320,0 64,0/320,0 128,0/640,0 128,0/640,0 128,0/640,0

Trimethoprim/sulfamethoxazole

MpumeyaHune. S — 4yBCTBUTENBHLINA; R — yCcTONYMBLIN.
Note. S — sensitive; R — resistant.

3aJMCh TpaHCMUCCHBHBL. OHH NepeaBalIuCh B OMBITaX
KoHbBIOTaMu oT V. cholerae x E. coli QD5003 Rif' u
o0parHo k V. cholerae O1 El Tor 5879 Nal* ¢ yacroroii
2,1 x107°-7,1 x 107°. CTeneHp yCTOHYUBOCTH K TPHME-
TONIPUMY/CyTb(haMeTOKCca30JIy U CTPENTOMUIIMHY ObLIa
UACHTUYHOM Kak y 1oHOpoB, Tak U y TK. Onnako TK,
MOJTy4YeHHBIE TIPH MCIOJIb30BAaHUN B KauecTBE JIOHOpa
mrramMa V. cholerae O1 El Tor 3265/80, umenu 3Ha-
yenuss MIIK neBomunieTnna 6osee Boicokue (32 mr/i),
YeM JOHOPCKHI mTaMM (8 Mr/i). AHaJOTHYHBIE (PaKThI
JuddepeHInaNTEHONR IKCIIPECCUH MEXaHU3MOB YCTOM-
YUBOCTH K TETPALUKIMHY U XJIOPaM(PEHHUKOTY MEXKIY
V. cholerae n E. coli 6vinu onucanbl A. Sarkar 1 coaBT.
[18]. ABTOPBI IPENITONIOKUIU CBSI3b JAHHOTO SIBJICHUS
¢ 3¢ (eKTOM «I03MPOBKH T'€HOBY» MJIM OTCYTCTBHEM pe-
IIpeccopa B HOBOM I'E€HETUYECKON Cpelie PELMIIMEHTA.
OTOT aKT MOXKET OBITH CBSI3aH C Pa3IHYUsIMU B CTPO-
EHUM KJIETOUHOU cTeHku E. coli u V. cholerae, y xo-
TOPBIX MOKET OTCYTCTBOBaTh Oaphep MPOHUIIAEMOCTH
VI aKTUBHBII MEXaHU3M OTTOKA JIEKapCTB, yCUIINBAIO-
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OMi MOCTYyIJIEHWE aHTHMOMOTHKa B KJIETKy. B palo-
TaX HEKOTOPBIX 3apyOeXHBIX aBTOpoB omucaHbl TK,
JeMOHCTpHpYIolIre OoJiee BBHICOKYIO JIEKapCTBEHHYIO
YCTOWYHMBOCTH K Le(aloCTIOpUHaM U KapOaneHemam B
CPaBHEHUH CO IITaMMaMu-ToHOpamu [19, 20].

Takum 00pa3oM, MHOXECTBEHHO YCTOWYHBEIC
wrammbl V. cholerae O1 u V. cholerae nonO1/mon0O139
coJepXkaT B CBOE€M TeHOME Kak TpPaHCMHCCHBHBIC
(cTpenTOMHUINH, JIEBOMHUIETHH, TPUMETOIPHUM/CYIIb-
(dameTokcazon), Tak W HETPAHCMHCCUBHBIC (HAJHU-
JUKCOBas KHUCIOTa, (Qypa3oiHIIOH) I-AeTePMHUHAHTHI
PE3UCTEHTHOCTH K TpernaparaM, MNPUMEHSEeMbIM s
9KCTPEHHOW MPO(UIAKTUKHA M 3THOTPOIHOHN Tepanuu
XOJIEpHI.

[Tpu snexTpodopeTHuecKoM pa3aeIeHny CyMmmap-
seix JIHK mrammoB-noHopoB, penunuentoB u TK Ha
anekTpodoperpaMmMe OTCYTCTBOBAIU MOJIOCH BHEXPO-
mocomanbHoi JIHK, 3a wuckimroueHneM ITOHOPCKOTO
mramma V. cholerae nonO1/nonO139 372, umeroiiero
Ia3sMHULy MOJIEKYISIpHOI Maccoit okono 4 M/la, nepe-
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Jla4u KOTOpoii He 3adukcupoBaHo (pucyHok). OqHako
MOJIOKUTENbHBIE PE3ybTaThl KOHBIOTaTHBHOTO IEpe-
HOCa TCHOB PE3UCTEHTHOCTH MO3BOJISIOT MPEAIONO-
KHUTh MX MHTETPALUI0 B XPOMOCOMY, YTO IMOATBEPIH-
JIOCh HAJIMYMEM y OOJBIIMHCTBA IITaMMOB V. cholerae,
B3SITHIX B HCCJIEIOBAHUE, [€HA inf, KOTOPBIA CTAa0UILHO
nepenaBayics kietkaM E. coli QD Rif' u B oOparHbIx
kpoccax V. cholerae O1 El Tor 5879 Nal"

Jerekunsi TEHOB aHTUOMOTUKOPE3MCTEHTHOCTH
BBISIBUJIA, YTO (DEHOTUNHMYECKAs] YCTOWYHUBOCTh IITAM-

MOB K TpPUMETONPHUMY/CYyIb(paMeToKca3ony Koppenu-
poBaia ¢ HaIUM4YMeM B HUX T€HOB YCTOWYMBOCTH dfi'Al
(Tada. 2).

Cpenu M3yYeHHBIX MITaMMOB ()EHOTHIIOM JIEBO-
MUIIETUHOPE3UCTEHTHOCTH 00Jaan JUIIb mTamMMm V.
cholerae O1 El Tor 3265/80. OnHako reH yCTOHYHBO-
CTH K JIeBOMUIETUHY (floR) Obu1 0OHapy»XeH BO BCex
uccienoBaHubIx mwrammax V. cholerae O1 El Tor u B
ogHoMm mramme V. cholerae nonO1/monO139. T'enst
floR mepepaBanuch B OIBITaX KOHBIOTAllMU KIETKaM

Tabnuua 2. CnocoGHOCTb MapKepoB pe3ncTeHTHocTu wtammoB V. cholerae O1 El Tor u V. cholerae nonO1/non0139

K TPaHCMUccuBHoM nepepave E. coli QD5003 Rif"

Table 2. Ability of markers of resistance of V. cholerae O1 El Tor and V. cholerae nonO1/nonO139 strains to

transmission of E. coli QD5003 Rif"

[eHbl
LLITamMMbl MMKpOOpraH1u3moB deHoTunbI Genes
Microorganism strains Phenotypes

qnr dfrA1 floR tet int
R E. coli QD Riff Rif" - - - - -
D V. cholerae nonO1/non0139 372 Nal'Tmp/Smz - + + - +
T E. coliQD Rif+R,,, Rif Tmp/Smz - + + - +
D V. cholerae nonO1/non0139 375 Fur'SmTmp/Smz + + - - -
T E. coli QD Rif+ R,,, RifSmTmp/Smz - + - - -
D V. cholerae nonO1/non0139 117 FurSmTmp/Smz + + - - -
T E. coli QD Rif+ R, RiffSmTmp/Smz - + - - -
D V. cholerae O1 El Tor 6878 Nal'Fur'SmTmp/Smz - + + - +
T E. coli QD Rif'+ R . RifSmTmp/Smz - + + - +
D V. cholerae O1 El Tor 3265/80 Nal'FurSmCmTmp/Smz - + + - +
T E. coli QD Rif+ R ..o RifCmSmTmp/Smz - + + - +
D V. cholerae O1 El Tor 301 Nal'FurSmTmp/Smz - + + - +
T E. coli QD Rif+ R, , RifCmTmp/SmzSm - + + - +
R V. cholerae 5879 Nal Nal - - - - -
D E. coli QD Rif+ R,,, Rif Tmp/Smz - + + - +
T V. cholerae 5879 Nal'+ R, Nal'Tmp/Smz - + + - +
D E. coli QD Rif+ R, RiffSmTmp/Smz - + - - -
T V. cholerae 5879 Nal'+ R, Nal'SmTmp/Smz - + - - -
D E. coli QD Rif+ R,,, RifSmTmp/Smz - + - - -
T V. cholerae 5879 Nal'+ R, Nal'SmTmp/Smz - + - - -
D E. coli QD Rif'+ R, RifSmTmp/Smz - + + - +
T V. cholerae 5879 Nal'+ R .. Nal'SmTmp/Smz - + + - +
D E. coli QD Rif+ R, , RifSmTmp/Smz - + + - +
T V. cholerae 5879 Nal'+ R, , Nal'SmTmp/Smz - + + - +
D E. coli QD Rif+ R ... RifCmSmTmp/Smz - + + - +
T V. cholerae 5879 Nal'+ R ... Nal'lCmSmTmp/Smz - + + - +

MpumeyaHue. R — peumnuenT; D — poHop; T — TK. Mapkepsbl yctonumsoctu: Nal — k HanugukcoBow kucnote; Riff — k pudamnuuumHy;
Sm — k cTpenTomMuumHy; Cm — k neBomuLeTuHy; Tmp/Smz — k TpumeTonpumy/cynbameTokcasony. leHbl: int — nHTerpassl; gnr—
YCTONYMBOCTY K PTOPXMHOMNOHAM; dffA1 — yCTOMYMBOCTU K TpuMeTonpumy; floR — yCTOMYMBOCTU K NEBOMULIETUHY; tef — YyCTONYMBOCTU K

TeTPaAUUKIIUHY; +/— — Hanunune nubo OTCYTCTBME NPpU3HaKa.

Note. R — recipient; D — donor; T — transconjugant. Markers of resistance: Nal' — nalidixic acid; Rifr — rifampicin; Sm — streptomycin;
Cm — chloramphenicol; Tmp/Smz — trimethoprim/sulfamethoxazole. Genes: int — integrase; gnr — resistance to quinolones; dffA1 —
resistance to trimethoprim; floR — resistance to chloramphenicol; tet — resistance to tetracycline; +/— — presence or absence of the

marker.
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<«— 65kDa
€«— 47 kDa
Xpomocoma

Chromosome

<— 6 kDa

AnekTtpodopes no Kago.

1 — peuunuenT E. coli QD Rif'; 2 — peunnueHT V. cholerae
5879 Nal"; 3 — poHop V. cholerae O1 El Tor 3265/80; 4 — TK
E. coli QD Rif+ R ,,.....; § — TK V. cholerae 5879 Nal'+ R .. :
6 — poHop V. cholerae nonO1/non0139 372; 7 — TK V. cholerae
nonO1/non0139 372; 8 — TK V. cholerae 5879 Nal'+ R

9 — Y. pestis EV.

Electrophoresis by Kado

1 — recipient E. coli QD Riff; 2 — recipient V. cholerae 5879 Nal';
3 — donor V. cholerae O1 El Tor 3265/80; 4 — transconjugant
E. coli QD Rif+ R .. ..; & — transconjugant V. cholerae
5879 Nal'+ R ... .,; 6 — donor V. cholerae nonO1/non0O139 372;
7 — transconjugant V. cholerae nonO1/non0139 372;

8 — transconjugant V. cholerae 5879 Nal'+ R,.,; 9 — Y. pestis EV.

372’

E. coli QD5003 Rif" u B 0OparHbIx kpoccax V. cholerae
O1 El Tor 5879 Nal-

Hecmotpst Ha coo01eHnst 0 IPUCYTCTBUH ACTEp-
MUHAHT PE3UCTEHTHOCTH K TETPAIMKIMHY B MHTErpa-
TUBHBIX KOHBIOTATUBHBIX 3JEMEHTaX KIMHHYECKUX
M30JIATOB, BeIENEeHHBIX rociie 2000 I. B pa3HbIX peruo-
Hax mupa (Mo3zam6uk, banrmanem, Bwretnam, Jlaoc,
lautn) [21-23], y u3yueHHBIX ITAMMOB HEe 0OHApYKe-
HO F'€HOB YCTOMYMBOCTHU K TETPAIIUKIIVHY.

O6cyxpeHune

Ha6monenus G.J. Barcak u coaBr. [24] cBuneTelb-
CTBYIOT O HAJIMYUHM WHAYIMOCIBHON peBEepCHUpyeMOit
YCTOHYMBOCTH K TETPALMKIMHY U XJIOpaM(pEHUKOITY
y Flexibacter spp. I3BeCTHO U 0 HAJIMYMH MOJTYAIICTO
reHa JIeBOMUIETUHOPE3UCTeHTHOCTH y V. cholerae El
Tor [25]. B skcmepumeHTax, IpOBEACHHBIX HAMH pa-
Hee, MOKa3aHo, YTO YCTONYMBOCTh K JICBOMUIICTUHY U
TETPALMKINHY y XOJIEPHOTO BUOPHOHA MOXKET HE TPO-
SIBJISATHCS (DEHOTUITUYCCKH JaXKe NMPH HAJIUYUKM B T€HO-
Me T€HOB PE3UCTEHTHOCTH K ATUM Mpernaparam [26].

Tak>ke BBISIBJICHO HAJTMYUE T€HOB YCTOWUYHUBOCTH K
¢dTopxunonoHam (gnr) B wutammax V. cholerae nonO1/
non0139 375 u V. cholerae nonO1/non0139 117, xo-
Topele He mepemaBanuch TK. B nmureparype ommuca-
HBl TpaHc(hepadenabHble TeHBI gny, PacIONOKEHHBIC B
SXT-anemenTe xonepHOro BuUOpuoHa [27], oAHAKO B
HAIIeM DKCIIEPUMEHTE B 3THX IITaAMMaX He OOHApYKEeH
T€H int, YT0O MOKET CBUAETEILCTBOBATh 00 OTCYTCTBUU
SXT nubo 0 HATMYUKM HOBOTO TUIIA 3TOW TEHETHYECKOM
CTPYKTYPBI, KaK ObLIO IMOKA3aHO B MPEIbIIYIIUX UCCIIe-
nmoBaHusx [12, 28].
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BoisaBneHune wrammos Vibrio cholerae «<rantaHckom» rpynnbi
C NOMOLLbIO NOSIMMEepPa3HON LieNnHON peaKkLun Ha OCHOBe
INDEL-TunupoBaHua

BoponbaHoB A.C.%, BogonbaHoB C.0., OnenHukos W.I., NMncaHos P.B.

®KY3 «PocToBCKUin-Ha-[oHy NpOTNBOYYMHbIV MHCTUTYT» PocnoTpebHaa3opa, 344019, Poctos-Ha-[oHy, Poccua

Llenb paboTtbl cocTosna B ueneHanpasneHHoM noucke reHeTnyeckoro INDEL-mapkepa «rauTaHCKOW» rpynmbl
LUTAMMOB XOIepHbIX BUOPUOHOB, NMO3BOSSIHOLLENO NPOBOAUTL UX UOEHTUMUKALMIO METOAOM NONUMEPA3HOW Lien-
Hou peakumu (MUP).

Matepuansi n metoabl. [ing novcka INDEL-mapkepoB ncnonb3oBaHbl nonyyeHHble 13 cuctembl GenBank gaH-
Hble NOMIHOreHOMHOro CeKBeHMpoBaHus WwtammoB Vibrio cholerae El Tor, n3onnpoBaHHbIX Ha pa3HblX KOHTUHEH-
Tax B pa3nunyHble rogpl. [lna aHanusa npyuMeHsanm aBTopckoe nporpamMmmHoe obecnedeHne, HanMcaHHOE Ha s3blke
nporpammmpoBanus Java. [ina kaptorpadmpoBaHmsa ncnonb3osaHa cuctema NextGIS.

Pe3ynbraTthl U 06CcyXaeHue. YCTaHOBMNEHO, YTO aeneuns 8 Hykneotuaos B reHe VCA 1095, pacnonoxeHHOM Ha
marnou xpoMocome u kogupytoliem chemotaxis protein CheA, siBnseTca xapakTepHbIM reHETUYECKUM NPU3HAKOM
«KFanTSAHCKOW» rpynnbl WUTaMMoB. Pa3paboTtaHbl npavimepbl ANs BbigBNeHus gaHHon geneuunn B MNMLP.
3aknwouyeHune. PaspabortaHa MeToaMKa BbISIBEHWS LUTAMMOB XONEPHbIX BUOPUOHOB «FanTSIHCKOM» rpynnbl Ha
ocHoBe aHanuaa INDEL-mapkepoB 1 nokasaHo pacnpegeneHne Takux wrammoB B mupe o 1 nocrne 2010 r.

KnioueBble cnoBa: xosiepa; 2eHOmMunupoeaHue; xornepHbilti mokcuH; CTX; nonumepasHas uernHas peakyus;
INDEL.

UcmoyHuk puHaHcupoeaHusi. ABTOPbI 3asBNSAIOT 06 OTCYTCTBUM (PUHAHCUPOBaHKS MPU NPOBEeAEHUU Ucchne-
[0BaHus.

KoHgpriukm uHmepecoe. ABTOpbI AEKNAPUPYIOT OTCYTCTBUE SBHBLIX U NOTEHLMAmNbHbLIX KOHMIIMKTOB MHTEpe-
COB, CBSI3aHHbIX C Nybnunkaumen HacTosLLen cTaTbu.

Ans yumuposarus: BogonbsaHoB A.C., BogonbsiHoB C.O., Onenxukos W.I1., MNucaHos P.B. Beisenenne
wrammoB Vibrio cholerae «ranTsHCKoW» rpynnbl C NOMOLLLIO NOMMMEPasHoOW LIenHON peakumm Ha OCHoBe
INDEL-TunupoBanus. XKypHan mukpobuonoauu, anudemuonoauu u ummyHobuonoauu. 2020; 97(3): 265-270.
DOI: https://doi.org/10.36233/0372-9311-2020-97-3-9
Moctynuna 22.12.2019
MpuHsaTa B neyats 18.03.2020

Identification of Vibrio cholerae Strains of the «Haitian» Group
by PCR Based on INDEL-Typing

Alexey S.Vodop'yanov=, Sergey O.Vodop'yanov, Igor P. Oleynikov, Ruslan V. Pisanov

Rostov-on-Don Research Institute for Plague Control, Russia, 344019, Rostov-on-Don

The aim of the work was to find a genetic INDEL-marker of the Haitian group of Vibrio cholerae strains, what allow
carrying out their identification by means PCR.

Materials and methods. For searching INDEL-markers we used the data from GenBank database on complete
genomic sequences of V. cholerae strains El Tor isolated in different continents in different years. For the analysis
we used the author's software written in the Java programming language. The NextGIS system was used for
mapping.

Results and discussion. We found that the deletion of 8 nucleotides in the gene VCA1095 located on a small
chromosome and encoding chemotaxis protein CheA is a characteristic genetic feature of the «Haitian» group
strains. Primers have been developed to detect this deletion in PCR.

Conclusion. The method of detection of strains of cholera vibrions «Haitian group» on the basis of INDEL-
markers was developed and the distribution of such strains in the world before and after 2010 was shown.

Keywords: cholera; genotyping; cholera toxin, CTX; PCR; INDEL.
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PaccnenoBanue BCHBIMIEK OMACHBIX MH()EKIUOH-
HBIX 3a0osieBaHui TpeOyeT pa3paboTKu d(PPEKTUBHBIX
METOOUK BHYTPUBUAOBOH AuddepeHIMpoOBKH BO3-
OyauTeneil U MOWCKa TeHeTHUYECKUX MapKepoB TPYII
ITaMMOB, UMEIOIINX OONBLIOE SMHIEMUOIOTHYECKOE
3HaueHue. Tak, TIOJIHOTEHOMHOE CEKBEHHPOBaHHE
mramMMoB Vibrio cholerae, BbI3BaBIIMX MacIITAOHYIO
BCIIBIIKY XoJiepbl Ha 0. I'autu B 2010 1., mo3Boauio
BBISIBUTH €IWHUYHBIC HYKICOTHUIHBIE 3aMeHBl (SNP)
B T€HE cfxB, 4TO MpPHUBENIO K MOSABICHHUIO LITAMMOB C
YHUKaJIbHBIM TE€HOTUIIOM B7, XapaKTepu3yroumuxcs
MOBBIIIIEHHOM BUpyseHTHOCThIO [1, 2]. Bnocnencteuu
JUTSL BBISIBJICHMS INTaMMOB, HECYIUX XOJIEPHBIN TOK-
cuH «rauTsHckoro» tuna (B7), Obuta pa3paborana an-
nenb-crieMUYHAs TONIMMepa3Hasl LeNHas peaklus
(TTILIP) [3]. Omnako ucnons3oBanue Ut TUPPepeHIIn-
alyy ITaMMOB JIMIIb HeCKOJIbKUX SNP B rene ctxB, Ha
HaIl B3MJISAJ, ABJISETCS HEHAJEKHBIM METOIOM BBHILY
BO3MOXXHOCTH TIOSIBJIGHUS HOBBIX HYKJIEOTHIHBIX 3a-
MEH B I€HE X0JIEPHOTO TOKCHHA.

OnHUM M3 IPOCTHIX U YIOOHBIX METO/IOB MPH yue-
T€ pe3yJbTaTOB T'€HOTUIHMPOBAaHUS ¢ noMoupto [II[P
apisieTcst uzyuenne nonumoppuzma INDEL-mapkepoB.
Tak, pa3paboranbl cxembl INDEL-reHoTHnIUpOBaHMS
BO30yauTeNs Tyaspemuu [4] u xonepsl [5, 6]. Henag-
HO IpeJIoKeHa cXeMa TeHOTUIIMPOBAaHUS IITaMMOB Y.
pestis Ha ocHoBe INDEL-MapkepoB, mo3BoJistonias Obi-
cTpo ompenensats ouosap ¢ nmomoinsto [P [7]. B crs-
31 C 3TUM LieJIb HACTOSIIIEr0 UCCIeI0OBAHNS COCTOANIA B
neneHanpasiaeHHOM noucke INDEL-mapkepa «rauTss-
CKOW» TPyHIMBbl IITaMMOB, MO3BOJISIOLIETO MPOBOIUTH
HAJCKHYI0 UACHTU(UKAIIUIO 3TUX IITAMMOB B OHOJIO-
rudeckoM matepuane merogom [P ¢ sanekrpodopern-
YECKUM YUETOM Pe3YNIbTaToB.

MaTepman bl 1 MeToAbl

g noucka INDEL-MapkepoB HCHONB30BaHBI
TEHOMBI «TaUTSHCKUX» ImTamMMmoB V. cholerae El Tor
HC-38A1, HC-06A1, HC-23A1, HC-28A1, HC-43Al,
HC-61A1, HC-48B2 u reHOMBI IITaMMOB, HU30JHPO-
BaHHBIX Ha pa3HbIX KOHTUHEHTAxX paHee (V. cholerae El
Tor N16961, 0395, A186,A60,A217, CRC1106, E506,
E1162, M2140, E9120, 16241D, 41D, 169D, 1270D).
HaumenoBanuss resoB u mnosuuuio INDEL-mapke-
pa ykasplBand TO pedepeHCHOMY TIE€HOMY IITamMMa
V. cholerae N16961 (GenBank Accession Number
NC002505.1 u NC002506.1). Co0pKy reHOMOB, Mpej-
CTaBJICHHBIX B BHJIC PHUJOB, MPOBOIWIH C HCIOJb-
30BaHMEM mporpaMmbl «Spadesy» [8]. s anammsza
NPUMEHSJIM aBTOPCKOE IporpaMMHOe obecredeHue
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GeneExpert, PrimerM u VirtualPCR, nanucanHoe Ha
SI3BIKE TPOTpaMMUpOBaHus Java, 1uis KaprorpadupoBa-
Hus — cuctemy NextGIS. Berpedaemocts Mapkepa B
nonymsauun V. cholerae oueHnBay 10 JIOKaIbHOM Oase
JMaHHBIX, comepkarieit 900 reHoMOB.

JHK Bwimensy ¢ KCIONB30BAHHEM KOMMEpUe-
ckux Habopos peareHToB «[Ipoda HK» («JIHK-TexHO-
norus») U «JHK-Cop6-B» («AmmmuCeney).

[P npoBoguian B 00beMe 15 MK B OJIUCTHPO-
JIOBBIX MHUKPOLIEHTPH(]YNKHBIX MPOOHPKAaX Ha MPOrpam-
MHPYEMOM MHOTOKaHAJIBHOM TepMoLukiiepe «Tepuuk»
(«ITHK-Texnomorus»). Mukybarmonnas cMech (15 Mki)
st TP conepxxana 20 MM tpuc-HCI, pH 8,6; 7 MM
MgCI, 10 MM (NH,),SO,, 0,5 MM D/ITA, 100 MKr/ma
OBIYBETO CHIBOPOTOYHOTO ANTbOYMIHA, 10 250 MKM Kax-
J0TO U3 Ae30KcuHykneosuarpudocdaros, 0,1-1,0 MkM
COOTBETCTBYIOIIETO Mpaiimepa, 2 exa. Taq-monumepassbl 1
1-10 ur xpomocomansnoit JIHK ucciemyemoro mram-
Ma. Pexxum ammndukanmm nocie BHECEHNS] MUHEPaIb-
Horo Macina: neHaryparus — 94°C, 35 ¢, omxur — 60°C,
25 ¢, cunte3 — 72°C, 35 ¢ (Bcero 40 UKIIOB).

Banmupanuro pasmepa ammmukoHos INDEL-map-
kepa «1095» npoBoOIMIN C TOMOIIBIO AaBTOMATHYECKOM
anekTpodope3noit cranuun «Experion™y»  («Bio-
Rad») ¢ npumenenumem nHabopa «Experion DNA 1K
reagent and Supplies for 10 chips» cormacHo HHCTPYK-
UM IPOU3BOAUTEIIS.

JleTexnuio aMIUIMKOHOB M pazfesieHue ajuienei
T10 33/1aHHOMY JIOKYCY OCYIIIECTBIISUIA B HEJIEHATypUPY-
romieM 11% nonuaxkpunamugaoMm rene (ITAAT) (2 mxn
MOCTPEAaKLMOHHOM CMeCH Ha TI0POXKKY TeJlsl, JJTNHA TeIs
15 cm, 15-20 B/cm). B kadecTBe ayienbHOTO Jiajaepa
HCIOJIb30BAJIM CMECh BCEX BBIABICHHBIX ajulefieil aHa-
JU3UPYEMOro JIOKyca. ' @HOTHI mTaMMa OIpeaeNsiiu
IMyTEM CONOCTAaBIICHHUS UIMHBI MPOOera Mmoay4eHHBIX
aMIUTUKOHOB ayeneit ¢ naguaepuoit [JHK mocne oxpa-
MIMBAHHA Telisl OPOMHUCTBIM dTUAMEM (1 MKr/mi) u BuU-
3yalu3aluy B mpoxomsmeM ynbTpaduonere (220 HM)
TpaHcuutoMuHaropa «ViberLaurmaty («LKB»).

Pe3ynbraTbl 1 06CyxaeHne

[MepBeiii 5Tanm paboThl BHINONHSIA B HpOTrpaMMe
«GeneExpert», cpaBHuBas nomnapHo Bce INDEL-map-
Kepbl B OTKPBITBIX PaMKax CUHUTBHIBAHHS B T€HOMax
MITAMMOB, OOYCJIOBHBILUX 3MUAEMHYECKUE OCIIOXKHE-
HUS 110 XoJiepe Ha 0. ['auTu 1 UMEIoIUX «TAUTSHCKUI
BapuanT (B7) rena ct&xB [2]. DTO mo3BOAMIO OCTa-
BUTH JJISl JajbHEWIIero aHajlu3a TOJNBKO CTa0HMIIbHBIC
INDEL-nonumMop¢u3mbl, KOTOpble OBLTH OAWHAKOBBI Y
BCEX M3YUEHHBIX «TAUTSHCKUX» IITAMMOB.
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Bropoii 3Tan paboThI 3aKIIO4AJICS B CPAaBHUTEIb-
HoM aHanuze INDEL-mapkepoB, oToOpaHHBIX Ha mep-
BOM JTare, U aHaJOTMYHBIX MapKEpPOB TOKCHUTEHHBIX
mwraMMoB V. cholerae, Boigenennsix g0 2010 . D10
MO3BOJIMJIO YCTAHOBHUTD, YTO JENelHs 8§ HYKICOTHUI0B
B re"e VCA1095 (B no3uuuu 422-429), pacnonoxeH-
HOM Ha MaJIo¥ XpOMOCOME U KoaupymoieM chemotaxis
protein CheA, MpUCYTCTBYET y BCEX «TaMTIHCKHX» U
OTCYTCTBYET y APYTHMX TOKCUI€HHBIX (ctxAB+) mTam-
MOB.

Ha Tpetbem 3Tane paboTbl C TOMOLIBIO aBTOPCKOM
nporpaMmsl «PrimerM» Hamu ObIITH CKOHCTPYHPOBaHBI
npaiimepsl (mpsimoii  5'-ccatcagtctgectctgacac-3', 00-
patHbIil  5'-ttcgacaatcgtcagtageg-3'), (maHkupyroue
INDEL-mapkep «1095», uTo 1210 BO3MOXHOCTH BBISIB-
nath ero B [P in silico. Ins 1ol nenn Hamu ObLTH
MOJTY4eHBI IaHHBIE TIOJTHOTEHOMHOTO CEKBEHUPOBAHUS
n3 6a3pl ganHbIXx GenBank. OOpamraer Ha cebsi BHU-
MaHHe, YTO TEHOMBl HEKOTOPBHIX IITaAMMOB, BBIIEJICH-
HBIX B TTOCJICHUE TOABI, MPEACTABICHBI TOJIBKO B BU-
Jie TIEPBUYHBIX JTaHHBIX CEKBEHUPOBaHUS (PUAOB), YTO
MOOYIMIIO HAC CAMOCTOSITETILHO MPOBECTH UX COOPKY B
KOHTHUTH. B JI0KanpHOM 0a3e MOIHBIX TEHOMOB, UCITIOIE-
30BaHHBIX Ha 3TOM d3Tare padoThl, Obula HH(OpMALUs
0 900 renomax mrtamMmoB V. cholerae, 520 U3 KOTOPBIX
conepxanu npodar CTX (rensl ctxAB).

AHanu3 J0KaJbHOM 0a3bl JAaHHBIX C ITOMOIILIO
nporpaMmbl «VirtualPCR» mo3Boiua BBISIBUTH Jiele-
uuto 8 m.o. (INDEL-mapkep «1095») B rene VCA1095

Ta6nuua 1. ltammsbl V. cholerae, BbiaeneHHble o 2010 .
n cogepxalme «rantaHckuii BapmaHT» INDEL-mapkepa
«1095»

Table 1. Vibrio cholerae strains, isolated before 2010 year,
which contain «Haitian» variant of INDEL-marker «1095»

Ltamm o
Strain Year

MecTo BblgeneHus wramma
Place of strain isolation

Tun ctxB [2]
Type of ctxB [2]

2009V-1085 2009 CLUA, 3aBo3 13 Wpwu-JlaHka B7

USA, import from Sri Lanka
2009V-1096 2009 CLUA, 3aB03 u3 Hguu B7
USA, import from India
2009V-1131 2009 CLUA, 3aB03 u3 MHguu B7
USA, import from India

201EL- 2009 lOxHas Adppuka B1
1137 South Africa
3554-08 2008 CLUA, 3aBo3 n3 Henana B7

USA, import from Nepal

IDHO1_726 2009 WHouns B7
India

4519 2005 WHouns B7
India

MBN17 2004 Wuouns B1
India

4538 2007 WHans B7
India

(«rautsaHCKU# BapuaHT») y 184 mraMMoB, mpudeM ee
HaJIM4Me YETKO KOPPEIUpPOBAIIO ¢ reHoTunoM B7 rena
XOJIEPHOTO TOKCHHA ctxB. IIpu 3TOM HETOKCUTEHHBIE
(ctxAB-) wrammbl V. cholerae m mrammsr nonO1/
nonO139 ceporpynnsl UMeNnu «IUKHUID ajienb TeHa
VCAI1095 (ve comepxammmii nenenuio § 1m.0.). Ha Ham
B3MJISAJ, MCIIOJIb30BaHUE CKOHCTPYMPOBAHHBIX HaMH
npaiiMepoB siBiIseTcsl Oojiee MPOCTHIM M HAICKHBIM
METOZIOM BBISIBIIEHUS IITAMMOB «TaUTSHCKOMD TPYTIIbI
M0 CPAaBHEHHIO C M3BECTHBIMU IIPHEMaMHU CEKBEHUPO-
BaHUs Win ajuienb-cnenupuanoi [P [2, 3].

bonpuioli uHTEpeC BBI3BANIO IMPOUCXOXKACHUE
LITaMMOB C «TauTSHCKUM Bapuantom» INDEL-Mapke-
pa «1095». N3yuenune reHoMoB mrtamMMoB V. cholerae,
npeacraBieHHbIX B 0aze GenBank, ¢ momomipio mpo-
rpammbl «VirtualPCR» mo3Bonuiio BBISIBUTH €r0 MpH-
CyTCTBHE Yy 9 IITAMMOB, H30JIMPOBAHHBIX J0 BOSHUKHO-
BeHUs BCObIIKK Ha 0. ['autu B 2010 1. (Tada. 1). Ipu-
MeuarenbHo, YTo y Beex mTaMMoB (kpome 2011EL-1137
u MBN17) oOHapyxeH reH ctxB UMEHHO «TauTsSHCKOTO
reHotuna» (B7). BaxxHo oTMeTHTh, YTO paHee yxke OIu-
caHO 0OHApYXEHHUE IITaAMMOB, BbIJIeNIeHHBIX 710 2010 T. 1
UMeroImux amiens B7 reda ctxB [3], 4To KOCBEHHO TOJI-
TBEpyKAaeT HalM NaHHbIe. [loydeHHble HaMu pe3ynbTa-
ThI IO3BOJISIIOT paccMarpuBarh mrammsl 201 1EL-1137 u
MBN17 kak cBO€ro posia «IperauTsHCKUE).

He MeHee nHTepecHBIM SBIISETCS aHAINU3 IITaAMMOB
V. cholerae, Bbiaenennsix nocie 2010 . Ha o. 'autn. c-
nonb30BaHue nporpamMmsl « VirtualPCR» 1mo3Bonuio BeI-
aBUTh 74 mwtamma V. cholerae, Hecymux «rauTSHCKHN
Bapuant» reHa VCAI1095 ¢ namuuunem INDEL-mapkepa
«1095» (mpumepsl puBeneHsl B Ta01. 2). O0pamaer Ha
ce0sl BHUMaHUE, YTO UMEHHO 3TU IITaMMbI ObUTH 3aHe-
cenbl B roposia Mapuynons (2011 ) u Mocksa (2012 1).
Nmenno B 31oT niepuoy B PoctoBe-Ha-JloHy ObLTH BbI-
JIeNieHbl  TOKCUTeHHBIE IITaMMBl, HE Cojep Kalue
INDEL-mapkep «1095» B nokyce VCAI1095 u umero-
e ctxB renoruna B3, uyTo moaTBepxaaeT LUPKYI-
LMIO B HACTOAIEE BPEeMsI IITAMMOB «TaUTSIHCKOTO» U
JIpYTUX TeHOTHIIOB. Takke HEOOXOJUMO OTMETHTD, UYTO
LITAMMBI, €XKETOAHO BBIJENIEeMbIe OT JIIONIEH B OKpyTe
Hemn (Unaust) ¥ mosny4eHHbIe MPU BCIBIIIKE XOJIEPbI
B PecniyGmuxe MemeH, Toxe HECYT «TaMTSHCKMIl Ba-
puant» reHa VCAI1095 ¢ nammuuem INDEL-mapkepa
«1095» u ctxB, necymux amnens B7 [9].

Pa3mep onuceiBaemoit nenenuu B rene VCA1095
COCTaBIIsI€T 8 HYKJIEOTHIOB, YTO HE KPAaTHO CTaHIApT-
HOMY KOJHUPYIOIIEMY TPHUILIETY, €€ MOsBIeHUE B TeHO-
M€ «TaUTSHCKUX) IITaMMOB ITPUBOIUT K CABHUTY PAMKH
CUMTBIBaHUS M (POPMUPOBAHUIO CTOI-KO/OHA (puc. 1).
Takum 00pa3oM, COIIACHO JaHHBIM OnoMH(OpManu-
OHHOT'O aHaju3a, AeNenus § 1.0. MPUBOAUT K CHUHTE3y
TPYHKHPOBAHHOTO MPOTEHHA pa3MepoM 626 aMUHOKHC-
JI0T NMPOTUB 720 aMUHOKHCIIOT Y HITAMMOB «JIHKOTO»
BapuaHTa. Cy/s 10 IIMPOKOMY pacipOCTPaHEHHUIO 1aH-
HOU JeJielny, B MOMYJSIHUK OHA, BOZMOXXHO, CIIOCO0-
CTBYET BBDKHBAHUIO BHOPUOHOB.
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Ta6nuua 2. Ltammbl V. cholerae, BblaeneHHble nocne
2010 r., cogepxawme «rantsHckm» annene INDEL-mapke-
pa «1095»

Table 2. V. cholerae strains, isolated after 2010 year, which
contain «Haitian» variant of INDEL-marker «1095»

oA BblgeneHus
Isolation year

MecTo BblaeneHus, no gaHHbIM GenBank
Place of strain isolation based on GenBank data

2011 [omunHukaHckas Pecnybnvka
Dominican Republic
2011 Banrnagew / Bangladesh
2011 YkpauHa, [loHeukas obnacte, Mapuynons
Ukraine, Donetsk region, Mariupol
2011 KamepyH / Cameroon
2012 FanTn / Haiti
2012 Poccus, Mockea / Russia, Moscow
2013 MHous, wrat Kepana
India, Kerala
2014 Fantu, KOro-BocTouHbIn genaptameHT
Haiti, South-Eastern Department
2014 Yranga / Uganda
2015 TaH3aHusa, CuHrnga
Tanzania, Singida
2015 TaH3aHus, Mapa / Tanzania, Mara
2015 TaH3aHus, Oap-ac-Canam
Tanzania, Dar es Salaam
2015 TaH3aHuns, Moporopo
Tanzania, Morogoro
2015 MHaus, wrat 3anagHas beHranus, KanbkyTtta
India, West Bengal state, Calcutta
2016 Yranga, VictepH-YraHga, Mbane
Uganda, Eastern Uganda, Mbale
2016 MemeH / Yemen
2016 Wuawns, Oenn / India, New Delhi
2017 MemeH / Yemen
2017 Wuawns, Oenn / India, New Delhi

ORIGINAL RESEARCHES

CrnenyronmmM 3TarnoM padoThl ObUIO NMPOBEICHUE
IIIIP in vitro CO CKOHCTPYHPOBAHHBIMHU IpaliMepamy,
(mankupyromumu aenenuio 8 1m.0. B rene VCA1095.
[IpoBenenue anekrpodopesa va JJHK-unmax cucremsr
«Experion™) 103BOJUIO MOATBEPAUTH COOTBETCTBUE
pasmepa MOTYYEHHBIX AMIUTUKOHOB JaHHBIM OHOWH-
(dopmaronHoro ananusa: Hamuume INDEL-mapke-
pa «1095» — 87 m.o. u orcyrctBue INDEL-mapkepa
«1095» — 95 m.o. (HWKHUI U BepXHUH QparMeHTh Ha
aNeKTpodoperpaMme COOTBETCTBEHHO).

Jns nanpHeimed paboTel HaMK OBIT COCTaBIECH
aJUIeNBHBIN  Jajyep («ajulenbHas JECTHUIAY»), CO-
JepKalmuid  aMIUIMUIMPOBaHHbIE (QparMeHThl 000-
ux amneneir reHa VCAI1095, uyTto namo BO3MOXKHOCTH
poBOAUTh yueT pesyssraros [P ¢ momolsto anek-
Tpodopeza B 11% [MAAT (puec. 2). Ha Ham B3msz,
9TO MO3BOJISIET PEKOMEHJOBATh Pa3pabOTaHHYIO Mapy
npaiiMepoB Uil OBICTPOH HICHTU(UKALHMK IITAMMOB
«rauTaHckoro» tumna merogom [P,

Ham npeacraBnsiock WHTEPECHBIM H3YyUYUTh
mramMmmbl V. cholerae, Iyisi KOTOPBIX paHee ObUIH TO-
Jy4eHbl MPOTHUBOPEYUBBIE pe3yJbTaThl MPHU MpOBeEe-
HUU HUCCIIEJIOBAHUS pa3HbIMU TPYIIIaMH aBTOpOB. Tak,
paHee aHaJM3 JAaHHBIX ITOJHOTEHOMHOIO CEKBEHHMpPO-
BaHMs TO3BOJIMJI BBIABUTH, YTO M30IATHI V. cholerae
O1 Ne 19187 u 19188, Beinenennsie B 2010 . B Mo-
CKBE, cOIIacHO JaHHbIM SNP-TUMUpOBaHUS OTHOCHT-
ci K IITaMMaM «rauTsHckod rpymmel» [10]. Omnako
P aHAJIM3e ¢ UCIOJIb30BaHUEM JApyroro Habopa SNP
yKa3aHHbIE IITaMMBbl MOMAJN B TPYNITy «HEMAIbCKUX
IITaMMOB», JUCTAaHIIMPOBAHHYIO OT IITAMMOB, BBI-
3BaBIIMX BCHBIIKY Ha 0. ['autu [11]. [IpoBenenne kak
BuptyanbHoii [P in silico, Tak u nocnenyromeii [TLIP
in Vitro NO3BOJIUIIO YCTAHOBUTH Y JAHHBIX IITAMMOB
HaJM4Yue «TauTSHCKOro BapuaHTa» reHa VCAI095 c
npucyrcrBueM INDEL-mapkepa «1095». B momb3y

401 DLCGRLGEEV DLQIQSEQIE
FLVCLITIED TEEEITnnnd
DLCGRLGKKV DLQIQEEQTE

501 2QTQRSDLID KQIINLIFLP
FLVELITIED TEETITnntd
PQTGRSDLID KQIINLIFAP

601 QCQICGRRDR TLPILRRRKYE
| I | | [
NTASVEHAAG GIELYRLREE

TO] #rrnrnrnrs shxhsnnsns

GLIRHFMERS S555TTEGERR

LOKTVLERIV DFLVHLVENG IDHGVEMFLDV RLAKGKFETG VITLEAFHQG GSIIVEISDD GAGIDCDELW
LOETVLERIV DPLVHLVENG IDHGVEMPLDV RLAKGEFETG VITLERFHQG GSIIVEISDD GRAGIDCDELW
GFSTAEQWVSD ISGRGVGMDV VERNIEELGG QIEVDSELGE GSRFTISLEL TLAILDGRSG RSGLEHEATD
GFSTREQVSD ISGRGVGMDWV VRENIEELGG QIEVDSELGR GSRFTIISLEL TLAILDGQLV EVADQVYVIE

DFTFAR* %% % wdkdkdkhdhd dhdhdhdddd dhdkdddhdd dkdkdrdhd dhdddrvdhdd wddvdvdhdhs

NIPILELQDE LAMGRSGSLE KRLICFVESA GHEVGLLVDD LLDQQOVVIK SLESNYAKVA GISGATILGD

REEVEKGVLE 500
NARRAEAN
REAVEKGVLE

pcrInsogac 600
P 1 I [
LLTIVESIQI

sxxxxrnsxs ()0

GSVSLILDIF

Puc. 1. ®parmeHT BbipaBHMBaHUSA aMUHOKWUCIIOTHLIX NocnefoBaTtensHocTen 6enka, kogupyemoro reHom VCA 1095,
y wramma V. cholerae HC1037, cogepxallero «rantsaHckuii BapuanT» INDEL-mapkepa «1095» (BBepxy), 1 wTamma
V. cholerae N16961, He nmetowlero geneumm 8 n.o. (BHM3Y).
3Be3goykamMu ykasaH OTCYTCTBYHOLLMIA oparMeHT reHa.
Fig. 1. Fragment of alignment of amino acid sequences of the protein encoded by the VCA1095 gene in the V. cholerae
HC1037 strain containing the «Haitian variant» of the INDEL-marker «1095» (top) and the V. cholerae N16961 strain,
which does not have a deletion of 8 nucleotides (bottom).

Asterisks indicate the missing gene fragment.

268



*KYPHAJ1 MUKPOBNONOTUW, SNMMAEMMNONOTUN N UMMYHOBWUOJOTNW. 2020; 97(3)

DOI: https://doi.org/10.36233/0372-9311-2020-97-3-9

OPUTMHANBHbBIE UCCNEOOBAHUA

1 2 3 4 5 6 7

——
—

Puc. 2. Pesynetat anektpodopesa B 11% MNAAI npoaykTos
amnnudukaummn obpasuos OHK V. cholerae
CO creuuduyeckumu npamepamMm, praHK1pyoLwmnummn
INDEL-mapkep «1095».

3 1 7 — mapkepbl MOMNeKynspHOro Beca, Coaepxallue cMecb
amnnukoHoB pa3mepom 95 n 87 n.o.; 2 n 6 — pesynsrat amnnudu-
kaumu reHa VCA 1095, He cogepxatiero INDEL-mapkep «1095» (95
n.o.); 1, 4 n 5 — pesynerat amnnudukauum rena VCA1095 «ramtsiH-

ckoro» Tuna (87 n.o.) ¢ Hanu4mem INDEL-mapkepa «1095».

Fig. 2. Results of electrophoresis in 11% PAAG of fragments
of V. cholerae DNA amplified with specific primers flanking
the INDEL-marker «1095».

3 and 7 — markers of molecular weight, containing a mixture of
amplicons of size alleles 95 and 87 nucleotides; 2 and 6 — the
result of amplification of gene VCA 7095 not containing the
INDEL-marker «1095» (95 nucleotides); 1, 4 and 5 — the result
of amplification of gene VCA1095 «Haitian» type (87 nucleotides)
with the presence of the INDEL-marker «1095».

MIPAaBOMOYHOCTH TAKOTO pe3yJibTara CBUIAETEIbCTBYET
HajlM4¥e y JaHHbIX IITaMMOB ajuiens B7 rena ctxB, uto
TaKXKe SIBIISETCS MPU3HAKOM «TaUTSHCKHUX) HITAMMOB.

3akniouyeHue

B xone wuccienoBaHusi anpoOMpOBaHa METOTUKA
neneHanpasiaeHHoro noucka INDEL-mapkepoB s
BBISIBJICHUS 3apaHee U3BECTHON rpymiibl mTaMMoB. O0-
Hapy)XeH «TauTSHCKui» BapuaHT reHa VCAI095, co-
nepxamuit INDEL-mapkep «1095», sBnsromuiics ot-
JUYUTETHHBIM TPU3HAKOM IITaMMOB, OOYCIOBHBIIUX
3MUIEMUYECKHE OCIIOKHEHHUsS Mo Xojepe Ha o. l'am-
i B 2010 . u B Pecny6iuke HMemen B 20162017 rr.
CKOHCTpYHPOBaHbI MpaiMepbl U MOJOOpaHbl YCIOBHS
IS BIBIIEHUS Jenenuu 8 1m.o. meromom 1P, uto
[O3BOJIMJIO  TIOJTBEPAUTH MPHUHAUIEKHOCTh ILTaM-
MoB V. cholerae O1 Ne 19187 u 19188, BbIAeIeHHBIX
B 2010 . B Mockge, k «rautgaHckoil» rpymme. Iloka-
3aHO MHPOBOE paclpoCcTpaHeHHE IITAMMOB, HECYIINX
«TauTsSHCKUM BapuanT» reHa VCAI095 ¢ Hanuduem
INDEL-mapkepa «1095», no u mocne 2010 .
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MoneKynspHble MexaHN3Mbl NepcucTeHUUn 6aKkTepui

AngpiokoB B.I."*, Jlanyx U.H.

'®IBHY «HUW snngemuonorun n mukpobronorun nmexu M. Comosa» MuHobpHaykm PO, 690087, BnagmsocTok, Poccus;
2QrbOY BO «[lanbHeBOCTOUHbBIN dpefiepalibHbIii yHBEpCUTeT», 690087, BnagneocTtok, Poccus

BbICOKMII ypOBEHb CMEPTHOCTM OT MHMPEKUMOHHBIX BOMnesHelr B 3HaYMTENbHON CTENeHn onocpefoBaH NoBce-
MECTHbIM 1 GECKOHTPONBHBLIM MCMNOMb30BaHWEM aHTUOMOTMKOB, YTO MPUBENO K NOSIBNEHNIO NNEKAPCTBEHHO-PE3N-
CTEHTHbIX WTaMMoB H6akTepui. BeicTpas aBonoUMS Pe3UCTEHTHOCTM BakTepui K aHTUMKUKPODOHBIM Npenapatam
ABNSAETCHA Cepbe3HbIM BbI30BOM AJ15 COBPEMEHHOIO 34paBoOXpaHeHus, obycnosnuBaeT HeobxoaMMOCTb CO3aa-
HMS HOBbIX aHTMONOTNYECKUX CPEACTB, a Takke aKTMBM3aUMN U3YYEHNSs MOMNEKYNSAPHBIX MEXaHU3MOB, NexXallnx
B OCHOBe (pOPMMPOBAHUS YCTOMYMBOCTUM MUKpoopraHuamoB. OQHMM M3 TakuMx MexaHW3MOoB sBnsieTcs bakTe-
pvanbHas NepcucTeHums, KoTopas nposiBnseTcs obpa3oBaHMeEM B MUKPOOHON KynbType KMeTOK-NepcucTopoB,
ABNALNXCA PEHOTUMMYECKMM BapyMaHTOM U30reHHon nonynauun. MNepcucteHumsa 6aktepmin MOXeT BO3HUKATb
CamMOonpon3BONbLHO, HE3aBMCUMO OT BO3AENCTBUS aHTUMUKPOOHBLIX CPeACTB UMW MPUYMH, CBA3AHHBIX C OKpYXa-
foLLen cpedon (HedoCTaToK NUTaTeNbHbIX BELLECTB, OKUCIUTENbHLIN CTPECC Mnu rmnokeus). 3ta HebonbLuasa no
YNCMEHHOCTN reHepaums KNeTok cnocobHa CoXpaHATb XM3HeCNoCOOHOCTb AaXe B MPUCYTCTBUM aHTUMUKPOO-
HbIX CPeACTB B KOHLEHTpauMsX, MHOTOKpaTHO MpeBbilLalolmMx TepanesTnyeckme. Hanuune B opraHnsme nep-
CMCTOPHBIX KMETOK NaToreHHbIX GakTepuin CHxkaeT adpdeKTMBHOCTb aHTUOMOTUYECKOrO NEYEHNS He B CBA3M C
FEHOTUMMNYECKON NEeKapCTBEHHOW YCTONYMBOCTBIO MUKPOOPraHn3Ma, a BCneacTBue Hanmuunsa (OeHOTUNNYECKon
PE3VCTEHTHOCTU KNETOK-NepcucTopoB. Pasnuune npuHumMnuaneHoe, NockombKy NepcucTopbl HEYYBCTBUTESNbHbI
KO BCceM aHTMBMoTUKaM 1 Ans nx apagvkauum Heobxognma paspaboTka NPUHLMINANIBHO HOBbIX @aHTUMUKPOOHbIX
cTpartermin. Knetkn-nepcucropbl NpeacTaBnsaloT cobon (heHoTMNnMYeckne BapnaHTbl MaTePUHCKON KynbTypbl 6ak-
TepuiA, KOTOpble MPUCYTCTBYIOT BO BCEX NONYNALMAX MUKPOOPraHW3MOoB, a Nnocre HacTynneHns 6naronpuaTHbIX
YCMOBUiA CNOCOBHBI PEKYNBTUBUPOBATHECA U CCHOPMMPOBATL HOBYIO reHepaLmio BereTatuBHbIX 6akTepuin. B 0630-
pe pacCMOTPEHbl COBPEMEHHbIE KOHLIEMNLUMN MOMNEKYNSAPHO-TEHETUYECKNX MEXaHU3MOB NepcucTeHumnm bakrepuin
C aKLEHTOM Ha UX KNIMHUYECKOM 3Ha4YeHWUU A5 BOZHUKHOBEHUS NePCUCTUPYIOLLMX MHAPeKUMIA, a Takke obcyxaa-
0TCS NHHOBALMOHHbIE TEXHONMOMMM 3pagmnKaLnmn yCTONUMBBIX KIETOYHbLIX (hOPM MUKPOOPraHN3MOB.

KnioueBble cnoBa: riepcucmeHyusi bakmepud; nepcucmupyruwue UHekyuu; MOJIeKyIsdpHble MexaHU3Mbl;
Kriemku-riepcucmopabl; pe3ucmeHmHoCcms, 3pa6u;<auu,q; CO8peMeHHbIe mexHosiocuu.

HNcmoyHuk ¢punaHcuposaHusi. Pabota BbiNnonHeHa B pamkax rocy4apCTBEHHOro 3agaHns no teme

HWP Ne 0545-2019-0007 «MonekynsipHble MexaHu3Mbl 06pa3oBaHNs YCTONUMBBIX HEKYNBETUBUPYEMbIX

dopm bakTepuiny.

KoHdbnnukm uHmepecoe. ABTOpbI AEKNApUPYIOT OTCYTCTBUE SBHBIX M NOTEHUMArbHbIX KOH(MMKTOB UHTEpE-
COB, CBA3aHHbIX C NyOnukaumnen HacTosALEN CTaTby.

Ansa yumupoeaHusi: AHpprokoB B.I., NanyH N.H. MonekynsipHble MexaHn3Mbl nepcucTeHuun 6aktepuin. XKypHan
MuKpobuosioeuu, anudemuonoauu u ummyHobuonoauu. 2020; 97(3): 271-279.
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Molecular Mechanisms of Persistence of Bacteria
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A significant mortality rate from infectious diseases is largely mediated by the widespread and uncontrolled
use of antibiotics, which has led to the emergence of drug-resistant strains of bacteria. The rapid evolution of
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REVIEWS

bacterial resistance to antimicrobials is a serious challenge for modern health care, mediates the need to create
new antibiotic agents, as well as to intensify the study of molecular mechanisms underlying the formation of
microorganism resistance. One of these mechanisms is bacterial persistence, manifested by the formation of
persistent cells in the culture, which are a phenotypic variant of the isogenic population. The persistence of
bacteria can occur spontaneously, regardless of exposure to antimicrobials or environmental reasons, such as
lack of nutrients, oxidative stress or hypoxia. This small cell subpopulation is able to maintain viability even in
the presence of antimicrobial agents at concentrations many times higher than therapeutic. The presence of
persistent cells of pathogenic bacteria in the host organism reduces the effectiveness of antibiotic treatment, not
due to the genotypic drug resistance of the microorganism, but due to the presence of phenotypic resistance
of persister cells. The difference is fundamental, since cell-persisters are insensitive to any antibiotics and the
development of fundamentally new antimicrobial strategies is necessary for their eradication. Persister cells are
phenotypic variants of the maternal culture of bacteria that are present in all populations of microorganisms, and
after the onset of favorable conditions, they are able to reclaim and form a new generation of vegetative bacteria.
This review discusses modern concepts of the molecular genetic mechanisms of bacterial persistence with
an emphasis on their clinical significance for the occurrence of persistent infections, and discusses innovative
technologies for the eradication of resistant cell forms of microorganisms.

Keywords: bacterial persistence; persistent infections;, molecular mechanisms; persister cells; resistance;

eradication; modern technologies.
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BsepeHune

Bckope nocne oTKpeITHS M TpUyMaIbHOTO TPH-
MEHEHUS JJIs JIedeHUs] OaKTepuaibHbIX WHPEKIUN aH-
TUOMOTUKOB, O3HAMEHOBABIIMX Ha4yalo HOBOW HCTO-
PUYECKON 3MOXU B MEJULUHE, AMEPUKAHCKUN MUKPO-
ouonor Gladys L. Hobby (1942) BnepBbie oOparuia
BHHMMAHME HA 3araJIo4HOE SIBICHUE — OTCYTCTBUE IOJI-
HOW cTepUIN3allui NEHULIMNIMHOM KYJABTYPHI S. aureus
[1]. HeOompIrasi BBKUBIIIAS 4aCTh KJIETOK MIPOIOJIKAIIA
0CTaBaTbCsl KU3HECIOCOOHOW, a TpU HACTYIUIEHUH
OJarompusTHBIX YCJIOBUH JaBajla Hayajio HOBOW MHU-
KpPOOHOI MOMYJISAIUU — TaKOH K€ UyBCTBUTEIHHOU K
aHTHUOUOTHUKY.

OTo HAOIIONCHHE CTANO YOSAUTEIbHBIM JIOKa3a-
TEIbCTBOM TOTO, YTO HOBas MOMyNALUs OakTepuil co-
XpaHuia OMOJIOrHIeCcKHe CBOMCTBA MAaTEPUHCKOM KyIIb-
TYpBl M HE MpEACTaBIIeT cOO0i TeHETHYECKH MOIM-
(ULMPOBaHHBIA MEHUIMUTUH-PE3UCTEHTHBIH [ITaMM,
a BBDKMBIIME KJICTKU SIBISIIOTCS €0 ()eHOTUITHMYECKOM
Pa3HOBHUIHOCTBIO. BhIsSBIEHHAs reHEpaLHsl KIIETOK IO
BIIMSIHUEM aHTHOMOTHKOTEpAIIMKM BPEMEHHO M3MEHMIIA
CBOU OHMOJNIOTMYECKHE CBOWCTBA, CBEla K MUHHUMYMY
METa0OIMYECKYIO M PEITPONYKTUBHYIO aKTUBHOCTD JIJIsI
MOCTIEAYIOUIETO BO3POXKACHHS TOTUOIIEH MOMYISIHY.
YnuBHUTENbHAS YCTOMUMBOCTD 3TUX KIETOK K aHTHOMO-
THKAM HE CTaJla HACJIEAyEMbIM IIPU3HAKOM, a IIPUPOAA
9TOro ()eHOMEHa MMEET COBEPILCHHO WHBIE MEXaHU3-
MBI, YeM MPHUPOAHAS PE3UCTCHTHOCTh OAKTEpHil K aH-
TUMHKpPOOHBIM Mpenaparam, ornocpenyeMas reHeTnde-
CKHMH MYTallUsIMHU.
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Cuycts 2 roga J.W. Bigger (1944) nonyuun aHa-
JIOTMYHBIE Pe3yJbTaThl U Ha3Bal BBDKUBIIYIO CyOmo-
OyJSIIUI0 OaKTepHil KIETKaMU-TIEPCUCTOpaMK («Heze-
nsmuecs, 0e3neicTByronme kieTkuy) [2]. OqHako Ha
BOJIHE 3W(OpHUM OT YCIEXOB NPUMEHEHHS aHTHOUO-
tukoB B 1940-1970-¢ rr. pabotel G.L. Hobby u J.W.
Bigger He monmy4niy AOJHKHOTO BHUMAaHUSI, ¥ JalbHel-
M€ MCCIEeNOBaHMUs KJIETOUYHOW MEepCUCTEHLUHU IIpe-
Kpatuiuch |3, 4]. KpoMe Toro, KI€TKU-IEPCUCTOPHI HE
KyJTBTHBHPOBAINCH Ha OOBIYHBIX MHUTATEIBHBIX Cpeaax
Y HE MPOSIBIISUIA METabOIMUECKYI0 aKTUBHOCTD, YTO 3a-
TPYIHSIO UX BBISIBIICHUE M U3YYCHUE TPAIUIIMOHHBIMU
MUKPOOHOIOTHYECKUMHU MeTonamu [4, 5] (puc. 1).

Ha py0exe XX u XXI BB. MOSIBIICHUE YCTOMYUBBIX
K aHTHMUKPOOHBIM MpenaparaM IMITaMMOB NaTOreH-
HBIX OAaKTEePHIl CTAJI0 CEPhE3HOU Yrpo30i I0OaIBHO-
MY 3paBOOXpaHEHHI0, u ¢ TpuOyHBl BO3 3aroBopuinu
O TPSIIyLIEM 3aKare dpbl aHTUOMOTUKOB. B mocnennue
JecsTuineTus Ha (oHe pocTa WHPEKIIMOHHOW MaToJIo-
UM 3a00JIeBaHMs BCE Yallle CTajld MPUHUMATH 3aTsIK-
HOM WJIN XPOHUYECKUN XapaKTep U aCCOLIMUPOBATHCS C
YCIOBHO-NATOT€HHBIMH MHKPOOPTaHU3MaM{ W TOCIIH-
TalbHBIM 3apaKEHHUEM MAIUEHTOB [6].

B cnoxxuBIIMXcs ycloBusiX HOUCK U CO37aHHE HO-
BBIX aHTUOWOTUKOB CTaHOBHTCSI BCe O0Jiee CIOKHBIM,
BCE MCHEE IEePCIEKTUBHBIM M SKOHOMHYECKH HEpEH-
TabeNbHBIM TIporieccoM. A i 3((PEKTHUBHOM OOPHOBI
C PE3UCTEHTHOCTBIO OakTepuii TpeOyroTcsi pa3paboTka
WHHOBAIIMOHHBIX AHTUMUKPOOHBIX CTpPATeruii, HOBBIC
MUIlleHH U perieHus. OTHUM U3 TEePCIeKTUBHBIX IO/
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Puc. 1. Cybnonynsaums NnepCUCTOPHBIX KIETOK BakTepuin ABNAETCA YCTOMUYMBON K aHTUOMOTHKAM.

Mocne rmbenu Gonbluei YacTu BereTaTMBHbIX GaKTepuin U OKOHYaHUS aHTUBUOTVMKOTEPANUU KNETKN-NEPCUCTOPbI
BOCCTaHaBNMBaOT NOMYNSLMI0 MaTEPUHCKON KynbTYpbl KMETOK.

Fig. 1. A subpopulation of persistent bacteria cells is resistant to antibiotics.
After the death of most vegetative bacteria and the end of antibiotic therapy, persister cells restore the population of maternal cell culture.

XOZIOB SIBIISICTCS WM3YyYEHHUE MEPCHCTECHIIMU OaKTEpHid.
Pactymuii HaydHBII HHTEpEC K 3TOMY OHOJIOTHIECKOMY
(heHOMEHY cTan 0COOCHHO 3aMeTeH Ha (DOHE TIOSBIICHUS
HOBBIX CBEICHHH O MOJIEKYJISIPHO-TEHETUYECKUX MeXa-
HU3MAX, JISKAIIUX B OCHOBE UX yCTOMUYuBOCTH [3, 5, 6].

B aTom 0030pe paccMaTpuBaroTCs COBpEMEHHBIE
KOHIETIUU MOJIEKYJISPHO-TEHETUYECKIX MEXaHH3MOB
MEPCUCTEHIIMU OaKTEepHii C aKIEHTOM Ha WX KIMHUYe-
CKOM 3Ha4YCHUH JJI51 BOSHUKHOBEHHUSI TEPCUCTHPYIOLINX
nH}EKIHUHA, 00CyKAal0TCsI MHHOBAIIMOHHBIE TEXHOJIO-
THH 3PAJWKAIMHA YCTOWYMBBIX KJIETOUHBIX (hopM Mu-
KpOOPTraHU3MOB.

MepcucteHuus 6akTepuii

OHUMH U3 KIFOYEBBIX TPU3HAKOB JKU3HECIIOCO0-
HOCTH JTI000H MPOKapUOTHUECKON KIETKH SIBISIOTCS
COITIaCOBaHHOE BOCIIPOM3BEIECHUE HHTPALCIIIIOIP-
HBIX CTPYKTYp M CHHTE3 Makpomojekyn. OnHako oT-
KpbITHE B cepeanHe XX B. (eHOMEHa MEPCHUCTEHLINU
OakTepHaNbHBIX KJIETOK U MOCIEAYIOLIEE €r0 U3yYeHHe

MO3BOJIMJIA PACHIMPHUTH MpEACTaBlieHre 00 amanTanu-
OHHBIX CTPAaTErusx MHKPOOPTaHW3MOB M MEXaHU3Max
COXpaHEeHHUsI MU MaTOTeHHOTo moTeHImana [7—10].

BrnocnenctBun ObUIO MMOKa3aHO, YTO OONBIIMH-
CTBO OaKkTepHabHBIX KYJIBTYD, HAXO/SCh B CTallHOHAp-
HOU (paze pocTa M ONATONPHUSTHBIX YCIOBHAX, UMEET
Hebonbiyto (1-3%) Henensuyrocst HEHOTHITMIECKYTO
CyONOMMyJISIMI0 TIEPCUCTOPOB, OHONIOrHYeCKOr (yHK-
UEH KOTOPBIX SIBIISIETCS COXpaHEHWE TOMYISIUH B
Cly4ae BHE3AIHO HACTYNMBIIMX W3MEHEHUH YCJIOBHU
cpensl ooutanus |5, 6, 11].

IToMuMO DNOCTOSHHOTO NPHUCYTCTBUS 3TOM Kile-
TOYHOU CyOTOMYJISIUK B JIIOOOW KYJITYpe MPOKAPHUOT,
YBEIUYEHNE UX YNUCIIEHHOCTH MPOHMCXOINT B OTBET HA
BO3HHKAIOUIYIO YTPO3y JHOOBIX HEOIaronpUsITHBIX (ak-
TOpPOB cpefbl ooutanus. Kpome yxke 00Cy»xaaBiierocs
BIIMSIHUSL aHTUMHKPOOHBIX CPEACTB, 3TO MOTYT OBITH
nepuuUT (OTCYTCTBUE) MUTATENBHBIX BEIIECTB, OKCH-
JATUBHBIN CTpecc, TUMOKCHUS, U3MEHEHHE TeMIlepary-

pHI [6, 9, 10].

273



JOURNAL OF MICROBIOLOGY, EPIDEMIOLOGY AND IMMUNOBIOLOGY. 2020; 97(3)

DOI: https://doi.org/10.36233/0372-9311-2020-97-3-10

B 3aBucuMocTH OT yCIIOBHI CyliecTBOBaHuS, (a-
3Bl pOCTa U YCIOBHUH cpelsl 0OUTaHUSI MEKPOOHOH TO-
MYJISIUHA TPOUCXOANT NOCTOSTHHAS TpaHc(opManus Be-
reTaTHBHBIX (POPM B TE€HEPALUIO KIETOK-TIEPCHCTOPOB
u obOparHo [3, 4]. [Ipu 3TOM YHCICHHOCTH O€3/IEHCTRY-
oIl MOMYJSIIMK MOXET 3HaYUTEeNbHO BapbUPOBATh,
a B ycnoBusx aeduuura (OTCYTCTBHS) MUTATENBHBIX
BEIIECTB AOCTHUTaTh MOYTH TOTAILHOTO Mepexona Beei
MOMYJISIIIUA B cOcTOsiHUE Tiepcuctennuu [12]. buomno-
THYECKOe 3HAYCHHE MPUCYTCTBHS M 00pa30BaHHs STHX
aHaOMOTHYECKUX KJIETOUHBIX TeHEepaIMid 3aKITI09aeTCs]
B COXpaHEHHH MOMYISIIUHA MOocie JIMTEIBLHOTO U JKC-
TPEMABHOTO 10 BEIMYMHE BO3ACHCTBHS HeOIarompu-
ATHBIX (hakTOpoB [7, 8, 13].

B mponecce xKU3HENESITENbHOCTH BETETaTUBHEIE
(akTUBHBIE) OaKTEpUANBHBIE KICTKH MOMY/SIUNA MOTYT
TPaHC(OPMHUPOBATLCS B MEPCHCTEHTHBIA (EHOTHII U
00paTHO, TIPU 3TOM CKOPOCTh 3TUX PEBEPCUIl OPUEHTH-
poBaHa Ha (a3bl pocTa U YCIOBHS CpeAbl oOuTaHus [ 3,
7, 8].

Ha ocHoBaHMM MOTy4YeHHBIX JaHHBIX OB caenaH
BBIBOJl O Ooliee MIMPOKOW OMONOTHYECKOH (DYHKIUH
KJIETOK-TIEPCUCTOPOB U CBSI3M HMHAYKLUUH TeHEPaLUH
9TOH OaKkTepUuaNbHON CyONONMYIISIUH HE TOJIBKO C BIHS-
HUEeM aHTHOMOTHKOB. Hanpumep, eHOMEH nepcucTeH-
U OakTepuil B MOCHeIHHE TOAbI BCE Yalle paccMa-
TPUBAETCS B KAYECTBE YHUBEPCAIbHOU aallTAllMOHHOU
(«00OPOHUTENBHOI») CTPaTETHH MHKPOOPTaHU3MOB B
OTBET Ha KOHKYPEHTHBIH cTpecc, SBISIOMEHCS pe3ylib-
TaTOM MEXKBHUJOBBIX B3aUMOJCUCTBUH U HMEIONIESH
OoJbIIIOE 3HAYCHHE [Tl COXPAaHEHHUs MOIMYISIHUN B CO-
o01ecTBe ¢ JOMUHAHTHBIMU Bugamu [ 14-16].

3a pecsaTuieTus u3ydeHus eHOMeHa MepCucTeH-
UM OakTepuil yCTAHOBIEHO, YTO KJIIETKU-TIEPCHCTO-
pBl, B OTJIMYME OT BETETATHBHBIX KIETOUHBIX (OpM,
HaXOMSATCS B COCTOSHMHM METaOOJIMYECKOTO U PENpo-
OYKTUBHOTO TOKOSl. DTO IMO3BONAET MM YKIOHSTHCS
OT BPOXKACHHBIX MEXaHW3MOB UMMYHHOH 3allUTHI Op-
TaHW3Ma-X035MHAa W COXPaHATh >KU3HECHOCOOHOCTH
MocJie BO3ACHCTBUS DKCTPEMATBHBIX (PAKTOPOB CpPEbI
0oOUTaHus, B TOM YUCIIC BIUSHUS aHTHOMOTUKOB, MHO-
T'He U3 KOTOPHIX aKTUBHBI 10 OTHOILIEHHIO TOJNBKO K Je-
namMcs kinetkam [8, 13, 15]. MexaHu3Mbl OOJIbIITHH-
CTBa M3 HUX HalleJIeHbl HA MHTMOUPOBaHHUE KITFOUEBBIX
BHYTPHKJICTOYHBIX 3BEHbEB METa0O0JM3Ma U PENPOAYK-
[UH: CHHTE3a OENKOB, KIETOYHOW CTEHKH W PeIUIHKa-
MY HYKJIEUHOBBIX KUCIOT [17].

BesycnoBHO, HaTMuMe B OpraHn3Me HEAaKTUBHBIX
YCTOHYMBBIX KIETOYHBIX ()OPM MATOT€HHBIX OaKTepuit
B 3HAYMTEIHHON CTEIIEHU CIIOCOOCTBYET BOSHUKHOBE-
HUIO TIEPCUCTHPYIOIUX WHPEKIUH U WX BO3MOKHBIX
MOCIIEICTBUI: YBEINICHHUIO 3200JIEBAEMOCTH U CMEPT-
HOCTH OT caMO# MH()EKIHH, a TaKKe MOBBIIICHHOMY
pucky ee pacmpoctpanenus [13, 14, 18]. Hanuuue B
opraHusMe 3ToW Oe3jeiCTBylOIIEH TeHepanuu Oak-
Tepuil cCHMXKaeT 3PPEKTHBHOCTh aHTUOMOTHYECKOTO
JIeYeHMsI, YTO OMOCPEOBaHO HE TEHETHUECKOM JieKap-
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CTBEHHOU yCTOMYMBOCTBIO MUKpPOOpPraHU3Ma, a PE3H-
CTEHTHOCTbHIO ()€HOTUITMUECKOTO BAPHAHTA H30T€HHOM
HOMYJSINHA — KJIETOK-TIepcucTopoB. Takum o0paszom,
B OTJIMYUE OT TEHOTHIIMYECKOH PEe3UCTEeHTHOCTH MHU-
KPOOPTaHU3MOB, YCTOHYMBOCTh NpPU TMEPCHCTEHIUH
OakTepuil BpeMeHHa u oOpaTtuma. Paznuuue npuHLU-
NHUAIBHOE, TIOCKOJBKY MEPCUCTOPHI HE UYBCTBUTEIb-
HBI K JIFOOBIM aHTUOUOTHKAM, a JUISl UX dPaJUKaIiK
HeoO0XouMa pa3paboTKa MPUHIUITUATBLHO HOBBIX aH-
TUMHUKPOOHBIX cTpareruii. [loaTroMy neuenue nepcu-
CTUPYIOIIUX MH(GEKUUH 3aTPyOHEHO M, KaK IPaBUIIO,
CBSI3aHO C HEOOXOAMMOCTBIO MPONOIKUTEIBHBIX HITH
MHOTOKPaTHBIX KypCOB aHTHMHUKpPOOHOMW Tepamuu [3,
4,17, 18].

B mocnenHue necsATHIETHS YCTAHOBJIEHO, YTO
NEePCUCTEHINS SBISETCS YHUBEPCAIBHBIM SIBICHHEM.
Omna oOHapy»eHa He TOJILKO y OaKTepuil U apxei, HO
y BUpYycoB [19], rpu6oB [20], OAHOKIETOUHBIX BOAOPO-
cieit [21], pakoBBIX KJIETOK [22], ceMsiH pacTenuii [23],
YTO MpPEATNOoJaracT HaJlu4nue oOMMX 3aKOHOMEPHOCTEH
1 0011e0MO0I0THYeCcKOe 3HaUSHHE ITOTO (PEHOMEHA ISt
BBDKHBAHUS CUCTEM B Pa3IMYHBIX CTPECCOBBIX YCIOBHU-
sax [5, 7, 24].

dopmupoBaHue B OaKTEpPUANBHOW KYIBType Te-
HepalHuy KJIETOK-IIEPCUCTOPOB XOPOIIO OOBSICHSET
MHHOBALIMOHHAS TapagurmMa (QEeHOTUIIHMYECKO reTte-
POTCHHOCTH TOMYISLUHA, SBJSIOIICHCS dYalle BCEero
CJIC/ICTBUEM CIIOHTAHHOTO MEXaHU3Ma MOJIEKYJISIPHOTO
CTOXaCTUYECKOTO TEpeKTtoueHus (PEeHOTHIa BO BpEMsI
9KCIIOHCHIMAIFHON WM CTalMOHapHOW ¢a3bl pocra
MUKpoopranu3mos [5, 11, 12]. Onnako hopmupoBaHue
NEPCUCTOPOB MOXET OBITh OMOCPEOBAHO M aalTHB-
HBIMH MEXaHH3MaMH B OTBET Ha SKCTpeMaJbHbIE yCIIO-
BUS Cpelibl OOMTaHus, a TAKXKE B HaYalle CTAllHOHAPHOM
(a3el Ipu HyTpUEHTHOM HcTolIeHuH [5, 13, 15]. Oro
OPUBOANT K TIOSBICHUIO (DEHOTHITNYECKON Te€TepOreH-
HOCTH, KOTOpasl TIOBBILIAET KU3HECIIOCOOHOCTh OaKTe-
puanbHoi nonmynauuu [14, 25-27].

deHOMEH NepCUCTEHIINU OaKTEepHii COTIacyeTcs ¢
THIIOTE30M KOHTHHYYMa KJIETOYHOTo Mokosi. CorllacHO
9TO# TUTOTE3€e, 00pa3oBaHKUE KIETOK-IIEPCUCTOPOB Ha-
psay ¢ GopMUPOBaHNEM )KU3HECTIOCOOHBIX, HO HEKYJIb-
TUBHpYyeMbIX (viable but non-culturable, VBNC) xie-
TOYHBIX (JOpM OakTepuil paccMaTpuBaeTCsl B Ka4eCcTBE
OJTHOTO M3 HauOoJiee PacHpOCTPAHECHHBIX CIOCOOOB
BBDKMBaHUSI OaKkTepuili B HEONArompHATHBIX YCIOBHSX
[28-30].

CxoacTBo 00CTOATENBCTB (POPMUPOBAHUSI U MOP-
(donornYecKrx MPU3HAKOB YKa3bIBaeT Ha JOCTATOYHO
OJHM3KOE POACTBO STHX YCTOHYMBBIX KIETOUHBIX (QOPM,
OZIHAKO €CTh HSKCIIEPHUMEHTAJIbHBIE JaHHBIC, MOKa3bl-
Batonque, yto VBNC sBisercs gopmoii Oonee rirydo-
KOTO TOKOsl. [Iyisi BOCCTaHOBJICHHUSI TapaMeTPOB POCTa
3THUX JKU3HECTIOCOOHBIX, HO HEKYIETUBUPYEMBIX OaKTe-
PpHii TTOCIIe IpeKpalleHust ASHCTBHS cTpeccopa Heo0Xo-
JUMO OOJIbIIIe BpEMEHHU (JI0 CYTOK H OoJiee), Torna Kak
KJIIETKU-TIEPCUCTOPHI PEKYJABTUBUPYIOTCS TIOCTIE 3aBep-
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LICHUS] aHTHOMOTHKOTEPAalK Ha TUIOTHBIX MUTATENb-
HBIX Cpelax B TEUCHHE HECKOIBKUX "acoB [28, 30, 31].
3TO 00CTOSTENBCTBO MO3BOIMIO HEKOTOPBHIM aBTOpaM
MPEANON0KHUTb, YTO KJIETKU-TIEPCUCTOPHI SIBISIOTCS
nepexoaHoi Gpopmoii Tpanchopmannu B VBNC-cocro-
saue [12].

Hexotopsie aBropsr [28—30] cTaBAT 3HAK paBeH-
CTBa MeXIy KieTkamu-nepcucropamu 1 VBNC, oOne-
JIUHSISL UX HA OCHOBAHUU CXOJICTBA 00CTOATENBCTB (op-
MHUpPOBaHUS, MOPQOIOTUYECKHX, (HUZNOJIOTHIECKUX
MPU3HAKOB, a TaK)Ke MOJEKYISIPHO-TEHETHUYECKUX Me-
XaHU3MOB BO3HUKHOBEHHUSI.

MOﬂeKyﬂﬂpHO-I'EHETI/I'-IeCKI/Ie MexXaHN3Mbl
nepcucreHuun 6akrepuin

Eme B 1950-¢ rr. umcciemoBaTenu 3aJaBaliiCh
BOIPOCOM O (PYHKIIMOHUPOBAHUM OTACIBHBIX KIIETOK
MHUKPOOPTaHU3MOB. DJTOT HMHTEpec ObLI OCHOBaH Ha
WHTYUTUBHOM MOHMMAaHUHU TOTO, YTO (PU3UOJOTHS OT-
JICJIHBIX KJICTOK B U30TCHHBIX MOMYJSAIUSIX OakTepuit
MOXKET OTJIMYAThCSA OT OOJNBIIMHCTBA Apyrux. Hecmo-
TPS Ha TO YTO OaKTepuaabHAs MEPCUCTEHIUS U3BECT-
Ha yxe okosio 80 JeT, reHepanus KIeTOK-IIePCUCTOPOB
n3ydeHa Majo. TeXHUYeCKHe MpoOIeMBbI C MOJTyIeHUEM
J1a00PaTOPHON MOJICNIM JOPMAHTHBIX KJIIETOK M HEBO3-
MOXKHOCTh WX KYJbTHMBHPOBAaHHS Ha OOBIYHBIX IHTA-
TEJBHBIX Cpefax JOMOIHSIUCH OTCYTCTBHEM YyBCTBU-
TEJIBHBIX AaHATUTHYSCKUX UHCTPYMEHTOB JIJISl U3yUEHUS
nepcucteHmu 6akrepuii [11, 13, 28].

3HAYHUTEBHBIC IOCTHIKCHHS MOJICKYJISIPHOM OHO-
JIOTUH U TeHeTUKkd B Hayane XXI B. paciivpuinu nopes-
CTaBJICHUS O MOJEKYISIPHO-TCHETHUECKUX MEXaHU3-
Max, JIe)aluX B OCHOBE IEPCUCTCHIIMU OaKTepuil.
C nosiBIeHUEM U Pa3BUTHEM KOHIICTIIIUU MUKPOOHOJIO-
UM OTACIBHBIX KIeTOK (single-cell microbiology) ObI-
JI pa3pabOTaHbl HOBbIC aHATMTUYCCKUE HHCTPYMEHTHI
1 METOJIbI OMHOKJIETOUHOM M30s1UU (paMaH-CIIeKTPo-
MeTpHsi, MUKPO(IIOUANKA, MPOTOYHAS IUTOMETPUS,
koMrapTMeHTanu3zanus) [32—-34]. [losBuiack BO3MOXK-
HOCTb BBIJICJISITh U BBIPAIIMBATH PAHEE HEKYJILTHBHPYE-
MBbIC OJJMHOYHBIC KJICTKH I IPOBEICHUS OI[CHKH K3~
HECIOCOOHOCTH, a TAKIKE MOHUTOPUHTA (DU3HOIOTHU U
(GYHKIMHA OTAENBHBIX KIETOK, YTO OBLIO HEBO3MOXKHO
10—15 ner nazan [35-39].

B 3aBucumMoOCTH OT LEenel U 3a7a4 UCCIEA0BaHUMN
STH METONbI COYeTalTca C cekBeHupoBanuem PHK
(scRNA-seq), a Takke C FeHEeTUYECKUM, MaKpoMoJe-
KYJISIPHBIM, IPOCTPAHCTBEHHBIM, TPOTEOMHBIM MPOH-
JIUPOBAHUEM OMHOUYHBIX KJIeTOK [35-37]. C momombio
3THUX METOMOB YCTaHOBJICHO, YTO B PEryJsAlUU 0Opa-
30BaHUS KIJIETOK-TIEPCUCTOPOB MNPUHUMAIOT yYacTHE
pa3IuYHbIe HE3aBUCHUMBIE MOJIEKYISIPHBIE MEXaHU3MbI
[40-43].

Kaxxipiit U3 3THX MEXaHU3MOB NPUBOIUT K (op-
MHUPOBAHUIO B TMOMYJSIIIUM HEOOJBIION TeHEpaluu
JIpeMITIOIUX KJieTok. Hampumep, pearupys Ha pa3iny-
HbIC BHEIIHUE pa3ipakuTeNH, OAKTEPUU HCIIONb3YIOT

CEHCOpPHBIE CHUCTEMBI, TPaHCHOPMHUPYIOIINE BHEIIHUE
CUTHAJIBl B MOIYJISLIMIO BHYTPUKJIETOYHOIO COJEprKa-
HUS BTOPUYHBIX MECCEHIKEepPOB-UHIYKTOpOB. Cpemu
HUX BHYTPUKIETOYHbIE HYKJICOTHIHBIE MOJEKYIIbI-
anapmonsl (p)ppGpp (ryaHosun mnentadocdar u Ty-
aHo3uH Terpadocdar). OHM UTPAIOT KIHOUEBYIO POJIb
B OTBeTE€ OaKTepHalbHOW KIETKH Ha BHEIIHUE pa3-
JIPaXKUTENN, BBIMOMHASA (YHKIHMIO OJHOTO W3 OCHOB-
HBIX MEIUATOPOB «CTPOTOro KOHTPOJSD M peryastopa
aKTUBHOCTU MeTabonm3ma [42—45]. B cBoro ouepensp,
KOHLIGHTPALKs 3TUX MOJIEKYJ B KIIETKE PETyIHpyeTCs
ppGpp-cUHTa3aMH, aKTHBHOCTh KOTOPBIX 3aBUCHUT OT
colepXaHusl aMUHOKHCIIOT, MpPU HEMOCPEICTBEHHOM
y4acTHH cynepcemeiictBa TopMoHOB RelA/SpoT, cun-
tesupyromux ppGpp [42, 44, 46].

OTH MOJEKyNbl OMOCpeAyloT (OpMUpOBaHHE
KJIETOK-TIEPCUCTOPOB MyTEM H3MEHEHHS] aKTUBHOCTH
psina pepMeHTOB, B iepByto ouepens JHK-mpaiimassl,
nu3uHAekapookcunassl, PHK-momumepassl u np., a
TaKXe B Ka4YeCTBE CUTHAJBHBIX MOJIEKYJ PETYIHPYIOT
CKOPOCTh PeIIMKAlMKU OaKTepHil W MX MeTadosnye-
CKYIO0 aKTUBHOCTH [44, 47, 48]. Kpome Toro, Bropuy-
HbId Meccenpkep (p)ppGpp ObuT naeHTHGUIUPOBAH
KaK peryisaTop akTHUBHOCTH MHOTOYHMCIIEHHBIX T€HETH-
YECKHMX ONEPOHOB, KOAUPYIOMIMX TOKCHH-aHTUTOKCH-
HoBbIe cucTeMbl (TAC) npokapuoT, OTKPHITHIX B KOH-
ne XX B. [49]. Ux uzydeHue MO3BOIMIO YCTAHOBUTH
IIMPOKYIO PacHpOCTPaHEHHOCTh y OakTepuil 3THX
BaHemmx omepoHos [28, 50-52]. Ilocnenyromiee
yctaHoiienue cBsi3u TAC ¢ popmupoBanuem (heHo-
Tumna OakTepuaIbHON MEPCUCTEHLUU CTA0 MOIIHBIM
CTUMYJIOM M3YUYEHHUS 3TUX T'€HETUYECKHUX JIOKYCOB, B
3HAQUUTEJIBHOW CTEINEHHU ONOCPEAYIOIUX YCTONYU-
BOCTH IMPOKAPHOT K aHTUOAKTEPHALHBIM Ipenaparam
[42, 43, 48].

3a nocienHue AECITUIIETHS BBIIBIEHO, YTO TeHe-
Tuueckue onepoHsl TAC coCToAT U3 IByX MPOMOTOPOB,
PacMoN0oKEeHHBIX IO COCEACTBY Ha XpOMOCOMAax M IJ1a3-
muzaax. OHU PerynupyroT CHHTE3 CTaOUIBHOTO TOKCHU-
Ha ¥ HECTaOMJIBHOTO aHTUTOKCHHA, YYBCTBUTEIHHOTO
K KJIETOYHBIM TpoTea3aM. B HOpManbHBIX YCIOBHSAX
3T CUCTEMBI NMPEJICTABIISIFOT COOO0M HETOKCHUYHBIM KOM-
TUIEKC, B KOTOPOM aHTHTOKCHH OJIOKHPYET KOMILIEMEH-
TapHBIA TOKCHH MyTeM mpsiMoro cBssbiBaHuss MPHK
(42, 48].

VYBenuuenue ypoBHs (p)ppGpp BBI3BIBA€T CHHU-
KEHUE aKTHUBHOCTH OJK3omoiudocdaras u MOBbILIE-
HUE BHYTPHKJIETOYHOTO conepkanus nonudocdara.
OTU BBICOKOMOJIEKY/ISIPHBIE MOJUMEPBI MPHU yYaCTHH
Lon-nporeasbl onmocpeayroT Aerpajgaluio aHTUTOKCH-
Ha, JEMONISApU3alUI0 KIETOYHBIX MEMOpaH, a TakKkKe
3HAUUTEIbHOE HHIHOMpPOBAHUE AKTUBHOCTH MeTabo-
JU3Ma U yrHeTeHue penponykuuu [46, 47, 51] (puc. 2).

[Ipu HacTyTUIEHNH YKCTPEMANBHBIX YCIOBUH 00U-
TaHUS TIPOUCXOJUT Jerpajalys aHTUTOKCHHA TOMO-
onmuromepHorr AT®d-3aBucumoit Lon(La)-npoteasoii
U JBYXKOMIIOHEHTHBIMH TIPOTE€a3HBIMH CHCTEMaMH
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Pwuc. 2. MonekynspHo-reHeTu4eckme MmexaHmambl opMmnpoBaHms eHOTMNAa NEPCMCTEHLNN Y GakTepuii.
Fig. 2. Molecular genetic mechanisms of the formation of the phenotype of persistence in bacteria.

CIpXP u ClpAP, B pe3yinbrare yero ocBoO0XKIaeTcs 1
aKTUBUpPYeTCs TOKCHH. KieTouHOM MMIIEHBIO aKTHB-
HOT'O TOKCHHA CTaHOBSTCSl BHYTPHKIIETOYHBIE ()epMeH-
ThI, HHTHOMPOBaHNE KOTOPBIX OMOCPEAyeT 3HAYUTENb-
HOE 3aMeJICHHE CKOPOCTH CHHTE3a OeJika U KJIETOYHOM
CTCHKH, yTHEeTeHHUEe MeTabou3Ma u pertukaimu JJHK
OakTepui, YTO MPUBOAUT K YACTHYHOHN HMJIH MOTHOHN HX
YCTOWYMBOCTH K JTHOTPONHON aHTHOaKTepUabHON
tepanuu [43, 50].

Tak, aktuBarms TokcuHa RelE (;okyc RelEB), co-
[JIACHO JaHHBIM [51], moBkImaeT ycTOHIUBOCTh E. coli
K BaHKOMHIIUHY B 10 ThIC. pa3, a BHICBOOOXKEHUE TOK-
cuna YafQ (mokyc TA DinJ-YafD) cHuXaeT 4yBCTBU-
TEJILHOCTh 3TOH K& OakTepuu K 11edasocnopuHOBOMY
anTOnotuky 1 mokonenus, redasonuny, B 2400 pas.
IIpu s3ToM BaxkHo, uTo reHbl TAC, pacnosoxkeHHbIe Ha
TUIa3MHUIaX, CNOCOOHBI B OWOIUIEHKAX MEPEHOCHUTHCS
TOPU30HTAJIBHO K APYTUM IMaTOJIOTMYECKUM MHUKPOOpP-
raHd3Mam, IpuaaBasi UM YCTOHYMBOCTh K aHTHOMOTH-
kam [27, 48, 51].

K HacTosimmeMy BpeMeHH yCTaHOBIIEHO CYLIECTBO-
BaHue 6 tunos moxyinei TAC, koTopble OTIMYAIOTCS
CTPOEHHEM aHTUTOKCHHOB M XapaKT€pOM WX B3aMMO-
JIEUCTBUSA C KOMIUIEMEHTAPHBIMU TOKCHHAMU [42, 43,
48]. IlepBoHauabHO BeaylIas poib B (POPMUPOBAHUN
KJIETOYHOH MEepCUCTEHINN OTBOIWIACH Hanbosee n3y-
yennomy monyno TAC Il tuna u ero jokycy hipBA,
cozieprKalleMy IepBbIi OTKPHITHIN y E. coli TeH ycTol-
ynBoCTH Oaktepuii hipA. B stom tune TAC TokcuH u
AHTUTOKCHH SIBJISIIOTCS mporenHamu [42, 46, 51]. On-
HAaKo B JaJibHEHIIeM MOoKa3aHO y4yacTHe U APYTUX TH-
noB TAC B GopMUpOBaHMHN yCTOWYMBOCTH OaKTepuii
[27, 52-54].

B paznuunbix Tunax TAC ucnonb3yroTcst pa3Hbie
MEXaHU3MBbl aKTHBAllMU TOKCHMHA, YTO B MTOTe MPUBO-
JHUT K €r0 BBICBOOOXKICHHIO, 3aMEJICHHIO METa00In3-
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Ma ¥ OCTaHOBKE PENPOAYKTHBHOW aKTUBHOCTH, 00Opa-
30BaHHUIO KJIETOK-TIepcucTopoB. [locnenyromue uccie-
JIOBaHUS MMOKa3ajiH, 4To U Jpyrue tumsl moayaeit TAC
BBI3BIBAIOT CBEPXIKCIPECCHIO TOKCHHOB B JOPMaHTHBIX
KJIETKaxX AWKOro mramma E. coli (JIOKycel tisB-istR,
hokB-sokB w np.) [43, 46, 47]. Upe3amepHas akTUBaIUs
TOKCHHOB MPUBOJHT K Pa3pyLICHUIO ¥ THOEIH KIIETOK,
a 3TOT MEXaHW3M TIpelIaraeTcsi B KayecTBe OJHOM M3
MEPCHEKTUBHBIX CTPATETHii, HAPaBJICHHBIX Ha OOPHOY
C MepcUcTeHuel 6akTepuil u ux GpeHOoTUITHIECKOH pe-
3UCTEHTHOCTBIO K aHTHOMOTHKAM.

MepcneKkTnBHbIE cTpaTernn 60pb6bI
c nepcucteHumen 6akrepun

Bospacraromee KIMHHYECKOE 3HAUCHHE IEPCH-
CTeHIMH OaKTEepHid eNaeT Bce 0oee akTyallbHbIM TO-
WCK TPHHIMITHATIBHO WHBIX CTPATETHI, HAPaBICHHBIX
Ha 00pb0y ¢ JOPMAHTHBIMU (hOPMAMHK TTATOTEHHBIX MHU-
KPOOPTaHW3MOB, M aJbTCPHATUBHBIX KICTOYHBIX MH-
meHel (Tadanua).

C y4eToM YCTOHYMBOCTH KJIETOK-NIEPCHUCTOPOB K
TPaJAUIMOHHBIM AHTHOMOTHKAM JUIS WX JpaauKalliu
OBUIO TIPEIUIOKEHO HCIOIb30BaTh pa3pelleHHbIE K
MPUMEHEHUIO TMPOTHBOPAKOBBIE TMpernaparsl IHCILIa-
TUH U MuToMHLIUH C (00pa3yloT BHYTpHLENOUEUHbIE
cummBku  JIHK). Ucnonp3oBanuwe »>THUX mpemapaToB
MPOTHB YCTOMYMBBIX KJICTOK KIMHHUYESCKUX IITAMMOB
E. coli O157:H7 (EHEC), Pseudomonas aeruginosa n
Staphylococcus aureus oKa3ano BEICOKYIO 3P PEeKTHB-
HOCTb U MEPCIEKTHBHOCTD LIS JICUCHHUS XPOHHYECKIX
uHpeknui [55].

OTKpBITHE KIIOYEBOH pOJM TOKCHH-aHTHTOKCH-
HOBBIX MOZyJIeH B (pU3HOIIOTHH OaKTepHii, a Takxke (p)
ppGpp B popMUpOBaHUY reHEpaIlMK YCTOMYUBBIX K aH-
TUOMOTUKAM KIIETOUHBIX (POPM €CTECTBEHHBIM 00pa3oM
CBSI3QJI0 OJJHO W3 HAIPABJICHUH HAYYHOTO IIOMCKa MeXa-
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OB30PbI

CoBpeMeHHble cTpaTernn, HanpaeneHHble Ha MHIMBUpoBaHne GakTepuanbHON NEPCUCTEHLN

Modern strategies aimed at inhibiting bacterial persistence

MwuweHb MexaHnam Mopenb Ccbinka
Target Mechanism Model Link
KneTtkun-nepcucrtopsbl [OHK-clumnBatoLwme areHTbl MPOHMKAIOT B KINETKU-NEPCUCTOPLI U youBakoT E. coli 55
Persister cells ux (umcnnatuH u MutommumH C) Pseudomonas aeruginosa;
DNA cross-linking agents penetrate and kill persistor cells S. aureus
(cisplatin and mitomycin C)
BbnoknpoBaHue cuHTe3a CBs3blBaHWe kaTanuTuyecknx gomeHol RelA/SpoT cuHTeTMYecknm M. tuberculosis 47
(P)PPGpp aHanorom Relacin
Block synthesis (p)ppGpp The binding of the catalytic domains RelA/SpoT synthetic analog Relacin
JIntnyeckas npoteasa ClpP  AktuBaums (Mogynsumsa akTMBHOCTM) nuTuyeckon npoteassl ClpP Staphylococcus aureus 56
Lytic protease ClpP Activation (modulation of activity) of the lytic protease ClpP
TOKCUH-aHTUTOKCUHOBbIE MHrmbnposaHne obpasoBaHus komnnekca TAC, npsamas aktusauusi E. coli 52
mogynu tuna |l TOKCUHa nocre BBeAeHWs GUoMonekyn Ans cBsi3biBaHWUS aHTUTOKCUHA
Type Il toxin antitoxin Inhibition of the formation of the TAS complex, direct activation
modules of the toxin after the introduction of biomolecules for antitoxin binding
AKTMBaLMA TOKCMHA mazE nenTugHbIMu onuromepamm Neisseria meningitidis 53
HYKMEUHOBBIX KNCHOT
Activation of mazE toxin by nucleic acid peptide oligomers
dapmaneBTNYecKkoe NHIMBMPOBaHUE TPAHCHALMM aHTUTOKCUHOB E. coli 51
aHTMCMbIcnoBon PHK
Pharmaceutical inhibition of antisense RNA antitoxin translation
MckycctBeHHas aktnBaumsa TAC aHTUCMbICIIOBBIMU NENTUAHBIMU E. coli 57
OnMroMepamMm HyKnenHoBbIX KUCHOT
Artificial TAS activation by antisense peptide nucleic acid oligomers
3aKknioueHue

HU3MOB MHTHOMPOBaHUS 00pa30BaHUs KIIETOK-TIEPCHU-
CTOPOB C ATUMH aJapMUYECKUMH cuctemamu [43, 47,
48]. Hanpumep, K. Syal ¢ komneramu [47] nokasanu,
yro OnokupoBanue cuHte3a (p)ppGpp omocpemyercs
CBSI3bIBAHMEM AKTHBHOCTH KaTAJUTHYECKHX JOMEHOB
cunreraz/ruaponas RelA/SpoT astoro mecceHmkepa
y Mycobacterium tuberculosis CHHTETUYECKUM aHAJO-
rom Relacin.

B.P. Conlon u coaBr. [56] npuuuiu K BEIBOLY, YTO
anuiAencunenTuanbii antuouotnk (ADEP4), mony-
JUpys aKTUBHOCTH npoTeassl ClpP, youBaet nepcuctu-
pyroiue KieTku, pasnaras oonee 400 BHYTPUKIETOY-
HBIX OEITKOB.

B mocnenHue roapl Kak NepcreKTUBHAs WHHOBA-
LUOHHAsI CTpaTerus ObUIO MPeAIoKeHO NCTI0IB30BaHNE
TAC B KauecTBe aHTHOAKTEpUABHBIX BHYTPHKIETOU-
HbIX MueHen [52, 53]. Hayunsrit untepec x TAC B
KauecTBe aHTUOAKTEPUANBHBIX CTpaTernii 00yCIIOBIIEH,
C OIHOW CTOPOHBI, UX IIUPOKHM PacCHpOCTPaHEHUEM
cpean OakTepHaJbHBIX T'€HOMOB, a C JIPyrod — OT-
CYTCTBHEM B KJIETKaX 3yKapHoT, B yacTHOCTH TAC He
HWMEIOT aHaJIOTOB y uesioBeka. OCHOBHBIE MEXaHU3MBI
ucnonb3oBanusi TAC cBsizaHbI ¢ OJIOKMpOBaHUEM 00pa-
30BaHUs (Jierpajanyeii) aHTUTOKCHHA, YTO IPUBOAUT K
Pa3pyLEHUI0 KOMIUIEMEHTAPHBIM TOKCHHOM JTOYepHen
KIETKH («IIOCTCErperalioHHoe yOuncTBo»). Jpyras
rpylmna CTpaTeruii cBsi3aHa C MCKYCCTBEHHOM aKTH-
Balyell TOKCMHA WM MHTMOMpPOBaHHEM 00pa30BaHUS

TAC [46, 57].

OO0 OKOHYAaTeNbHOM PACKPBITHA MOJEKYJSIPHBIX
MEXaHU3MOB MEPCUCTEHIH OaKTepuii MOKa TOBOPUTh
MpexaeBpeMeHHo. X HM3ydyeHne HaxoIuTCs B aKTHUB-
HOM cTaguM, U BO3MOXKHO, YTO B CKOPOM BpEMEHH
MOSIBATCSI HOBbIE TIPOTUBOMHUKPOOHBIE CTpaTeruu, Ha-
MpaBJ€HHBIE HA 3paIUKaIUIO KJIETOK-IIEPCUCTOPOB, KO-
TOpBIE PACIIUPAT U JOMOIHAT CYIIECTBYIOLINE CXEMBbI
TPaIUIIMOHHOW aHTHOMOTHUKOTEPAITHH.

OnHako paccuuTHIBaTh Ha JIETKYI0 00phOy ¢ Oak-
TEpUAJIBHON MEPCUCTEHILINEN, 10-BUIUMOMY, HE CTOMT.
MexaHu3MBbl TEPCUCTEHIUH CIIMIIKOM H30BITOYHBI U
cnenrUYHBI JUT KaXXI0TO BUIa MUKPOOPTaHU3MOB, a
€IVMHBIIA ¥ YHUBEPCAJIBHBINA METOX 3PaJUKALUU YCTOM-
YHUBBIX KJIETOK ITOKa HE MPOCMaTpUBaETCsl.

Ha cerogusinnuii nens HauOojiee yCHEIIHbIC pe-
3ylBTaThl OBUIM TMOJYYEHBI MPU WCIIONB30BAHUM pas-
JUYHBIX META0OIHUTOB (HapUMep, MAHHNUTA, [JTFOKO3HI,
KapJUOJMIIMHA U Op.) AN PEKyJIBTHBUPOBAHHS KIle-
TOK-TIEPCUCTOPOB C TMOCIEAYIONel aMHHOTINKO3HUI-
OTMOCpeIOBaHHOM dpanukanuei [39, 40, 43].

AKTyalbHOCTh Pa3pabOTKH METONOB OOpBOBI C
OaKTepHAILHOW MEPCUCTEHIIMEH 000CHOBaHA C TO3M-
LMY Hay4YHOW M MPaKTHUECKOW 3HAYMMOCTH MPOOIeMbl
W SKOHOMHYECKOH 1ernecooOpaszHocTu. JleueHue mnep-
CUCTHUPYIOIIUX HH(DEKIUH, TAKHX KaK TyOepKyJe3, Tpe-
OyeT IJIMTENBHBIX KYpCOB MpHEMa 3HAYUTENIBHBIX J103
anTnOnoTukoB. Co3aaHue KOMOMHUPOBAHHBIX CXEM
JIeYeHNs], HANIPABJICHHBIX Ha 3paJuKannio HHPEKIINOH-
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HOTO MaToTeHa U €ro yCTOWYMBBIX KJIETOYHBIX CyOTO-
MYJISIIUHA, TO3BOJIUT ONTUMHU3UPOBATh CXEMBI JICUSHN S,
CHHM3HTH €r0 CTOMMOCTD U MOBBICUTH 3P ()EKTUBHOCTD.
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PeueH3nAa Ha KHUry akapemunka PAH @.U. EpwoBa

«Actopusa supyconorunm ot [1.1. iBaHOBCKOro Ao Hawmnx gHemn»
(MockBa: TO3TAP-Megua, 2020. DOI: 10.33029/9704-5354-4-1SV-2020-1-288)

MKnpHos O.I1.

NHHoBaumoHHbIN ueHTp «CkonkoBoy, 121665, Mocksa, Poccus;
NHcTuTyT BUpyconorum num. .U, eaHoBckoro OI'bY «HaumoHanbHbIN NCCNe[oBaTeNbCKIIA LIEHTP SNNAEMNONOTN
Y MUKpPOBMONOrny NMeHN noyeTHoro akagemrka H.Q. Ffamanewn», 123098, Poccna, MockBa

Tamamu eenuxozo pycckozo yuyenozo —
JImumpus Hocuposuua Heanosckozo
noceawaemcs

20 urons 2020 roga ucnonusercs 100 get co qHs
CMEPTH BEJIMKOTO PyCCKOTo yueHoro — Ouonora J{Mu-
tpus Mocudoruua Meanosckoro. JI.W. MBaHoBCkuit
OTKPBUT HOBYIO (popMy OHONIOTHUYECKOH KU3HI — Lap-
CTBO BHPYCOB, a €r0 TPYIbl MOJOXKHIIN HadaJlo HOBOM
Hayke — Bupyconoruu'. ITyonukarwus craten JI.11 MBa-
HOBcKoro «O aByX Oone3nsx tabaka»? B 1992 r. mpu-
3HaHA B MUPOBOM HayKe JaTOi OTKPBITHS BUPYCOB’.

[IpencraBnsercss CUMBOJIUYHBIM, UYTO BBHIXOJ B
CBeT KHHUTHU akaneMuka PAH, nu3BecTHOTrO poccuiickoro

' Xupuos O.I1., Teoprues I'I1. JI.1. IBaHOBCKHi — MEPBOOT-
KpPbIBaTeJIb BUPYCOB KaKk HOBOIT ()OpMBbI GHOIOIHUECKON JKH3HU.
Becmuux PAMH. 2017; 72(1): 84—6. DOI: 10.15690/vramn810.

2 Ivanowsky D. Uber die Mosaikkrankheit der Tabakspflanze.
Bulletin Scientifiqgue publié par I'Académie Impériale des Scien-
ces de Saint-Pétersbourg. Nouvelle Serie I11. 1892; 35: 67-70.

3 Lustig A., Levine J. Minireview: one hundred years of Virology.
J. Virol. 1992; 66: 629-31;

Lvov D.K. Century of Virology. In: Concepts of Virology: From
Ivanovsky to present. B.W.J. Mahy, D.K. Lvov. (eds.). Switzer-
land: Harwood Academic Publisher GmbH, 1993: 3—13.
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Y4E€HOro — BHUpycosora u ummyHosnora ®enukca Msa-
HoBnua Epmiosa «Mcropus Bupyconoruu ot J[. 1. 1Ba-
HOBCKOTO JIO HAalllUX JHE» COBMNAJI C MEMOPHUAIbHOMN
naroii B ku3HU JI.M. MBaHOBCckoro. B Monorpaduu
aBTOpP 00OOIIMII UCTOPHUIO CTAHOBJICHUS U DPAa3BUTHS
OTEUYECTBEHHON BUPYCOJIOTUYECKON HAYKH, €€ TIOJBUTU
U ITIABHBIE NOCTUXEHUS POCCHUCKUX BUPYCOJIOTOB Ha
3TOM HCTOPUYECKOM IIyTU. I €HepanbHas JIMHHS KHU-
T'Y, HA MOH B3IVISl, O4YEHb TOYHASI U COCTOUT B TOM, UTO
uneu, BoickazanHble .M. IBaHOBCKUM, HE yraciu Ha
ero poauHe — B Poccun, a noiayuuny MOIHOE pa3BU-
THe, U Poccns crana ogHUM U3 JIMIEPOB BUPYCOIOTU-
YECKOM HAYKU B MUDE.

B kHure BrepBble IS OTEUECTBEHHOW HAy4YHOU
HACTOPUU BUPYCOJIOTUU aBTOP BBIACIWII €€ NEPUOIb] U
CyMMMPOBaJ BKJIaJ POCCUNCKHUX YUYEHBIX HA TOM IIy-
TH, OXBATBIBAIOLIEM YXKE TPH cToIeTUs. BaxkxHbIM Ipen-
CTaBJISIETCS U TO, YTO OLIEHKY BKJIAJIa POCCUMCKUX yde-
Hbix caenan @.M. EpmioB — BbIIAIONIUICA YUYEHBIH,
o0nafalomui  OOIIMPHBIMA  BUPYCOJOTHYECKUMH |
AMMYHOJIOTHYECKUMU 3HAHUSIMU U BCECTOPOHHEN Ha-
YYHOU 3pyAMIMENH, YYACTHUK U OYEBMJELl MHOTUX U3
COOBITHH, KOTOPBIC JICTIM B OCHOBY KHUTH. {151 unTa-
Teseil OyneT MHTEPEeCHBIM MO3HAKOMHTHCS KaK C Hayd-
HBIM COJepKaHUEeM KHHUTH, TaK U ¢ (pakTaMu U3 TMIYHON
KU3HH OOJIBIINX POCCUICKHUX YUYEHBIX, CPEAN KOTOPBIX
JLA. 3unsbep, M.II. YymakoB, A.A. CMOPOIUHIICE,
B.J1. ConoBres, B.M. XXKmaHoB.

Kuura ®@.U. Epmosa «McTopust BUpycoloruu ot
J.W. iBaHOBCKOTO 0 HAIIMX JHEH» OyaeT MHTepecHa
1 TI03HABATEIbHA HE TOJNBKO JUISI MACTUTBIX YYEHBIX,
HO U JJI1 MOJIOZBIX, HAUMHAKOIIKUX CBOH IyTh B HayKe
HACCIIENOBATENICH, 4 TAKKE ACIHUPAHTOB, CTYNAECHTOB U
IIKOJBbHUKOB. HECOMHEHHO, BBILIEAIIYIO B CBET KHUTY
ClelyeT pEKOMEHJI0BaTh JUIsl BKJIIOUEHUS B IPOrPAMMY
00111e00pa3oBaTeIbHOMN MIKOJIBI U BBICIINX YUEOHBIX 3a-
BEJICHUI.
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IOBUNEN

IOBUJIEN

K 95-netuio npodeccopa Koctiokosont Hatanbu HukonaesHbi:

73 ropa cny»KeHus Hayke

6 mouas 2020 roma wuc-
nojHsercss 95 Jer co
JAHS POKACHHMSI JIOKTOpa
MeINIMHCKUX HayK,
npodeccopa, 3aciayxeH-
HOr0 JefiTeasl HAYKH
Poccuiickoit  ®enepa-
MM, OAHOTO U3 BeyIINX
CenHuaJucTOB B 00Ja-
CTH MEIUIMHCKOH MU-
KPOOHOJIOTHU U JNHje-
muosornun Kocrtiokosoii
Haranben HukonaeBHbI.

H.H. KoctioxoBa poaunacs B 1925 1. B ropoae Ilym-
kuH JIeHnHrpaackoi 061acTH B CEMbE PYCCKOTO IUcaTess U
nepeBogurka Hukonast KopHeeBuua UykoBckoro. 3aKoHUHMB
1-if MOCKOBCKUI MEAMLIMHCKUI HHCTUTYT C OTIAMYUEM, U3-
OpaJyia MyTh YYEHOTO U IHOCBSTHIIA CBOIO JKU3Hb CITYy)KCHUIO
MenuIHCKoN Hayke. B 1947 1. oHa nmoctynuiia B aciupaH-
Typy MockoBckoro HUMN um. .M. MeunukoBa o cremu-
anpHOCTH «MHKpPOOHOIOTHS), TOCEe YEero 3allluTHiIa KaH-
JUJATCKYIO0 quccepTranunto « Mukpodiiopa reMaToreHHbIX 0c-
TeoMUenuToBY». EE TpynoBas HesTenbHOCTh MPOJOIKUIACH
Ha Kadeape MUKpoOHosornu 1IBaHOBCKOTO rocyJapCTBEHHO-
r0 MEIMLIMHCKOTO MHCTUTYTa noj pykoBoacTsoMm M.I. Aku-
MoBa. B 1959-1961 rr. H.H. KoctrokoBa Tpyaunacs B Mo-
ckoBckoM HWU Bakiun u ceiBopotok um. .M. MeunukoBa
nof pykoBozacTBoM M.U. Xa3aHoBa, a 3aTeM cTajla CTapIIuM
Hay4YHBIM COTPYIHHKOM JIaOOpaTopuy OOILIEeH SMHAEMHOIIO-
run HUMOM um. H.®. 'amanen AMH CCCP. Ha atom a3ta-
ne HayuHoro craHosieHus H.H. KocriokoBa corpyanunyana
¢ GnectsammM uccnenosaresieM-anuaemuonorom JI.A. daso-
poBoii. CoBMecTHast paboTa JIByX He3aypsIHBIX TBOPYECKUX
JIMYHOCTEH CIocoOCTBOBaNAa (POPMUPOBAHHIO SIHIEMHUOIO-
THYECKOTO MBIIUICHHS, Pealn30BaHHOTO B 0000IIAOIINX
myOonuKanuax, Hanpumep, «Ypoku mudrepum», (1999),
«ONUIEeMUYECKHH TPOIecC TOHOKOKKOBOW WH(EKIUU —
aHaJM3 M coBpeMeHHble TeHneHuun» (2012) u npyrux o6-
30pax O COBPEMEHHBIX MEHHHIOKOKKOBBIX BakLnHax (2016),
o audrepuiiHoM OakrepuoHocuTenbeTe (2018) u ..

B 1972 r. H.H. KocTtiokoBa 3amuTuia JOKTOPCKYIO
muccepranuio «JludrepuitHoe 0aKTEPUOHOCHTEIBCTBO (MU-
KpPOOHOJIOrn4ecKoe U MMMYHOJIOTHYECKOE HCCIIEIOBAHHE)».

C 1976 no 1992 r. KoctiokoBa H.H. — pykoBoau-
TeJb J1Ta00paTOPUU ATHOJIOTHH M JIHUIEMUOJIOTHH OCTPBIX
meHuHrutoB B HUMOM um. H.®. 'amanen PAMH. Cymie-
CTBeHHBIM BknajgoM Haramsum HukomnaeBHBI B OTeueCTBEH-
HYIO HayKy sIBHJIach paciin()poBKa STHOJIOTUYECKOH CTPYK-
TypBl OCTPBIX THOMHBIX MEHUHTUTOB y A€TEH, B TOM YHCIIEe

HOBODPOXKICHHBIX, B PE3yJIbTaTe 4ero ObLI 3HAYUTEIHHO
pacuipeH CIeKTp BO3MOXKHBIX BO30ynuTenei aTux 3aboie-
BaHUH B Hamell crpaHe. B 30He cTpoutensctsa baiikano-
AMypCKOI MarucTpaiu e ObUTM MPOBEIEHBI ITUPOKOMAC-
mTa0HbBIE UCCIIEIOBAHUS 10 BBISBJICHUIO MEHUHTOKOKKOBOH
nHOpekuy. [IpakTuyecKkuM pe3yabTaToM Hay4qHO-HCCIen0-
BaTeJIbCKOM paboThI sIBUIJIACH OiecTsie MpOoBeAeHHAas I10J
e pPYKOBOJACTBOM BaKILUHAIM [JeTel, BIEpBbIE NpUMe-
HenHas B CCCP, mjis OCTaHOBKM HaJBHUTAIOILICHCS SIHJIC-
MHUHM MEHMHTOKOKKOBOH MH(EKIHNH B 30HE CTPOUTEIHCTBA
BAM u B Pecniyonuke Tysa. IIpodeccop H.H. KoctrokoBa
BIIEPBBIE JJOKa3ajga OTCYTCTBUE U3MEHEHUI TOKCUT€HHOCTH
B030yauTeNsT TUGTEPUH B YCIOBUIX MAacCCOBOW MMMYHH3a-
uuu aerckoro Hacenenus. H.H. KocriokoBa pa3paborana u
YCOBEPUICHCTBOBAIA Pl METOAOB OAKTEPUOJIOTHYECKOH 1
CEPOJIOTHYECKON TMarHOCTUKA MEHWHTOKOKKOBOW M au-
TepuiHON MH(QEKLHUIl, B TOM YHCIE IO BBISIBICHUIO OaKTe-
PUOHOCUTENEH.

B nacrosmee Bpems H.H. KoctroxoBa — Bemymiuii
Hay4yHblid coTpyaHUK OI'BY «HULBM um. H.®. Tamanen»
Munsnpasa Poccun. Eif npunamiexur cssiiie 250 HaydHBIX
pabot, B ToM uncie 2 moHorpaduu. ITox ee pykoBoacTBOM
3alUIIeHa OHa JOKTOpcKasd U 19 kaHaunaTckux auccepra-
nuil. Hatanes HukonaeBHa MHOTO CHJI U BHUMaHUS yJeNnseT
BOCIIMTaHUIO Hay4yHbIX KaJpoB. Ee nexuun, qokmaasl Beceraa
OTJIMYAIOTCSl YETKOCTBHIO MBICIH, TIIYOOKHM COJIep)KaHHEM U
ApPTUCTU3MOM.

B tpyausie 1990-¢ ronst H.H. KoctrokoBa 6buta I'nas-
HBIM YYEHBIM cekperapeMm Bcepoccuiickoro Hay4HOro 00-
IIECTBA 3IUIEMHOJIOTOB, MUKPOOHOJIOTOB M TIaPa3UTOJIOTOB
(BHITOSOMIT). B 3nak npusHanus 3aciayr B o0iacTu npodu-
JIAKTUYECKON MEIUIIMHBI 32 3HAYUTEIbHBIN BKJIaJ B ACATENb-
Hocte OOmectBa H.H. KocriokoBa otmeuena Jluriomom
ITouetHoro unena BHITOOMIL.

H.H. KocriokoBa HarpaxaeHa menansimu «Berepan
tpyaa» (1983), «3a crpoutennctBo baiikano-AMypckoi Ma-
ructpanm» (1986), «B namsarts 850-netust Mockb» (1997),
«3a 3aciayru mnepej OTEUYECTBEHHBIM 3IpPaBOOXPAHEHHEM)
(2015), umeer 3Ha40K «OTIIMYHUK 34PABOOXPAHEHHSD).

upoxuil Kpyro3op U BeICOKAs 3PYAULMS B COUCTAHUU
C OTPOMHOI TBOPYECKOH aKTUBHOCTBIO U TPYIOJIIO0OUEM I10-
spossitor mpod. H.H. KocTiokoBoit W ceromssi ocTaBaThCs
MIPU3HAHHBIM JIMIEPOM U aBTOPUTETOM B HayKe HE TOJBKO B
Hallel cTpaHe, HO U 3a e€ IpejesaMH.

Peoaxyua «Kypnana mukpobuonoeuu, snuoemuonocuu u
UMMYHOOUOTO2UUY, KOLTe2U, YieHuKu nosopasiaiom Hama-
nvio Huxonaesmy ¢ onem pooscoenus, scenaiom eti 300pogus u
OanbHeUWUX MEOPUECKUX YCNEXOs.
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MamaTtu BanenTuHbl bopuncosHbl lepBasneson

18 mas 2020 ronma yunuia u3 xu3HU Banentuna
bopucosna I'epBazueBa NOKTOp MEIULUHCKHX HAayK,
npogeccop, 3acayKeHHBIH AesTenb Hayku Poccuiickoit
®denepanuu, 3aMeyaTeNbHbI YUeHbld 1 Yuutens, Ye-
JIOBEK C HEYKPOTUMOM >KaXKJI0M MMO3HAHUS HOBOTO, LIU-
POKHMM Hay4HBIM KpPyTO30pOM U HEHCCAKaeMOM TBopUe-
CKOU aKTUBHOCTBIO.

B 1962 rony Banentuna bopucoBHa 3akoH4miIa
nieueOHbIN  (akyapTeT YEpHOBUIIKOTO MEIMIIMHCKO-
ro MHCTHTYTa, TONyYUB (QyHIAMEHTAJIbHBIE 3HAHUS,
npuoOpena BaKHEWIIMK ONBIT BpaueOHON pabOTHI.
Cgoit myTh B Hayke Banentuna bopucoBHa HaunHama
B ayutepronoruyeckoii taboparopun AMH CCCP nog
PYKOBOZICTBOM OCHOBOIIOJIOKHHMKA OTEYECTBEHHOH all-
neprosnorun A.J[. Ano. Auapeit ImutpueBud octaBai-
cs IpUMEPOM U YuuTenem, kotoporo Banentuna bo-
PHCOBHA ¢ ONArofapHOCTBIO U TEIIOTOM BCIIOMHHAIIA
BCIO CBOIO JKU3Hb.

B 1968 rony Banentmna bopucoBHa 3amuTiia
KaHJIUJATCKYI0 AuccepTaiuio, B 1984 romy — moxTop-
ckyro. B HMU BakuuH u ceiBopoTtok umenu .M. Meu-
HukoBa Banentuna bopucoBHa paborana 6omnee 50 ner.
B 1989 rony oHa co3nana u Bo3IIaBuiia J1a00paTOPHIO
aJJIeproJMarHOCTHKH, OCTaBasCh e¢ 0ECCMEHHBIM PY-
KOBOJIUTEJIEM.

Banentuna bopucoBHa Oblia BeAylIUM CHEIHa-
JUCTOM B OOJNACTH aJUIeProJIOTHM W HMMMYHOJIOTHH,
BO3MIABIANA HayyHoe HampasineHnue HMI BakuuH u
cbIBOpOTOK MMeHH W.M. MeyHukoBa IO HU3y4YEHUIO
(axTOpoB BHENIHEH Cpellbl, CIIOCOOCTBYIONINX (POPMH-
POBaHHIO aJulepruyecKoro GpeHoTuna y nerei u cozaa-
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HUIO TEXHOJIOTUH MOJTyYE€HHUS HOBBIX JTUarHOCTHYECKUX
TeCT-CHCTEM U aJUIepreHHBIX Mpemnaparos. Ilox pyko-
BOJICTBOM BaneHTnHbl BopucOBHBI cO31aHBI UMMYHO-
(epMeHTHBIE CHCTEMBI IS JUATHOCTHKH aJJIeprHu,
ayTOMMMYHHUTETa B OLUEHKH 3PPEKTUBHOCTH UMMYHO-
Tepanuy y OONBHBIX AJNIEpruIeCcKIUMHU 3a00ICBaHUSIMH.

Banentna bopucosna — aBrop 6osee 300 Hayuy-
HBIX Pa0oT, OMyOJIMKOBaHHBIX B BEIYIIHX OTEUECTBEH-
HBIX U 3apyOexHbIX u3aanuax. OHa co3jana HaydyHYIo
LIKOJTy aJJIEPToJIOroB, padOTAIOIIUX B Pa3IHYHBIX pe-
ruoHax Poccun u 3a py6exom. Ilox e€ pykoBoacTBOM
yCIIENIHO 3auuiieHbl oonee 30 TOKTOPCKUX M KaHAU-
JIaTCKUX IHCCEPTALUH.

3a BKJIaA B Pa3BUTHE MEAMLIMHCKOW HayKd U
NpaKkTUKy 34paBooxpaHeHus BamentuHa bopucosHa
I'epBa3ueBa HarpaxaeHa 3HaKoM «OTIMYHHUK 3APaBO-
oXpaHeHus», MenansaMu «BetepaH Tpyna», «B nmaMars
850-netuss Mockssl», [loueTHoit rpamoroii Poccwuii-
CKOM aKaJieMMH MEAMIMHCKHUX HayK. 32 MHOTOJIETHIOIO
IJIOAOTBOPHYIO JESTEIbHOCTh HarpaxkJaeHa IaMsT-
HeiMu Memansmu WM.M. MeunnkoBa B yecTbh 90-i1e-
tusd 1 100-nmetust HUM BakuuH U CHIBOPOTOK HMEHHU
N.N. Meunukosa.

OO6nagast yHHUKaJdbHOW Odpyaunued, TITyOOKUMH
3HaHUSIMHU, PO(ECCHOHATBFHON, HAyYHOH MHTYWIHEH,
BCce cBOM TasnaHThl BanentuHa bopucoBHa peannsoBa-
na B mosiHowM Mepe. Ho eii Obu1o 1aHo TO, 4TO aeTCs He-
MHOTHM, OBITH IIPUMEPOM, YUHUTeJeM, HO TIaBHOE —
OCTaBUTh NIIyOOYalIINK ciieA B CEpAlax yYECHHKOB M
BCEX, KTO C Hell compukacasucs, odpamiancs 3a IoMo-
LIbI0 U COBETOM.

Konnezu





