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Figure 2. Taxonomic composition of the intestinal microbiota in the TB groups at the level of phylum, order, family,

and genus

MpumevaHue. * — ykazaHbl CTaTUCTUHECKU 3HAYMMbIE pasnnyms (p < 0,05).
Note. * — significant at the 0.05 level (p < 0.05).
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MHBA3UBHASA CTPENMTOKOKKOBAS
MHOEKLUWUA rPynrnbl AC MOJIHUEHOCHBIM
TEYEHUEM Y OETEN

C.b. Aupmmuna, M.B. Mamomuna, M.A. Eaxskuna, O.A. Iloasgesa, 10.B. Muxaiijiona,
A.A. lllenenkos, A.E. Eroposa, B.B. MaJeen

DbYH llenmpanvuoiii HUH snudemuonocuu DedepanrvHoii cayncovl no Had3opy 6 cgepe 3aujumot npag nompeodumeneil
u bnaeonoayqus yweaosexka, Mockea, Poccus

Pesiome. CTpenITOKOKKOBBIC MHGDEKIIUN TPYIIIB A TOMUHUPYIOT CPEIM MHBA3UBHBIX CTPEIITOKOKKOBBIX MH(PEKIIHIA.
OCHOBHOI1 X BO30OYIUTENb, Streptococcus pyogenes, TOCTaTOYHO YCTONYMB BO BHEITHEH cpelie ¥ MMeeT OOJIbIIIOe YHC-
710 (haKTOPOB MATOTCHHOCTH, KOTMPYEMBIX XPOMOCOMOM WJIM TIepeIaloIMXCsl MMyTeM TOPU30HTAIBHOTO TlepeHoca
IToCpencTBOM OakTeprodaros. PasHble TeHeTMUeCKIEe BAPUAHTHI S. pyogenes MOTYT UMETh Pa3IMIHBINA HA0Op (dak-
TOPOB MATOT€HHOCTU, KOTOPBIA MOXET MEHSIThCS B MTPOLIECCE IBOTIOLMY BO3OYIUTESI U OMIPEesieT BUPYJICHTHOCTh
KOHKPETHOTO n30isiTa. [1pyn KOpoTKOM MHKYOAIIMOHHOM Tiepuoie 3a00JeBaHE MOXKET MPOTeKaTh C PA3BUTUEM UH-
Ba3UBHON MH(MEKUMU U CUHIPOMAa TOKCMUYECKOTO 110Ka ¢ HEOJaronpusiTHbIM UCXOIOM B TeueHue 7 AHei oT Hauaa
3a0oseBaHus. Llenbio 3Toil cTaThby SIBJSIETCS MOBBILIEHWE HACTOPOXEHHOCTU Bpayeil B OTHOIIEHUM CTPENTOKOK-
KOBOU MH(MEKIIMN: CBOEBPEMEHHOTO PACIIO3HABAHUS U MTPOBEJCHU S paHHEH 1TabopaTOpHON TMAaTHOCTUKHU, OT YETrOo
HampsIMYIO 3aBUCST CBOEBPEMEHHOE Havyajlo afeKBaTHOIO JIeUeHUSI U UCXOJ 3a0ojieBaHus. B cTaThe mpeacTaBieHbI
JlaHHbIe aHaJIM3a 3a00JIeBaeMOCTH CTPENTOKOKKOBOI MH(peKIueit B Poccuu n B Mupe, 0030p METOAOB JlabopaTop-
HOM IMArHOCTUKY U TeHETUUYECKOTO TUTTUPOBAaHU S BO30yauTeNsl. MaKCMMaIbHOE YHMCIIO CIYyYaeB CTPENTOKOKKOBOM
centuueMun B Poccuu 6b110 3apeructpupoBato B 2022 I., 4To cocTaBujio 69% Bcex ciaydaeB 3a BpeMsi HaOJII0IeHU S
¢ 2014 o 2022 r. Takke B cTaTbe MPUBOIUTCS OIMMCAHUE IBYX KJIMHWUECKUX CIIy4aeB MOJHUEHOCHOTO TeUYEeHUS
WHBA3WBHON CTPENTOKOKKOBOM MH(MEKIINK T'PYIIH A y mereid, nmeBimmux cumntomMbl OPBU B nebrote 3a0071eBa-
Hus. [IpeacTaBiaeHbl pe3ynbTaThl Pa3IMIHBIX METOIOB Ja0OPATOPHOI TMAaTHOCTHKH, MTOATBEPKAAIOIINX JUATHO3
BrinosHeHa reHeTHYeCcKash XapaKTePUCTUKA U30JIITOB MUKPOOPTAHU3MOB METOIOM TIYOOKOTrO CEKBEHUPOBAHU S
JHK. B O0uonornyeckom Marepuajie MallMeHTOB (BKJIIOYasl ayTONCUMHBIA B OAHOM ciydyae) UASHTUMDULIMPOBAH
S. pyogenes cukBeHc-tun ST-28, cepotunsl emm-1.25 u emm-1.0. Bo3pacTtaroiiasi 3Ha4MMOCTb MHBAa3UBHOM CTpeI-
TOKOKKOBOW WH(EKIINY IJIS 3ApaBOOXpaHeHU ST Poccuy M ApyTMX CTpaH MOXET ObITh CBSI3aHa C BOBMOXHOI CMEHOM
JTOMUHUPYIOIIMX TeHETUUECKUX BapUAHTOB S. pyogenes. B cB31 ¢ 9TUM HEOOXOAMMBI M3yUYEHUE LIUPKYIUPYIOLINX
TeHOTUIIOB . pyogenes Ha TOCTOSIHHOM OCHOBE B paMKax HaJ30pa 3a CTPENTOKOKKOBOI MHbeKIIMel u pa3paboTKa
BaKLIMHBI IJ15 crieliuuIecKoi MpoPuIakTUKH.

Karouesnle cro6a: uneazusnas cmpenmokokkoeas ungexyus epynnol A, demckue ungexyuu, snudemuosoeus, 1a60pamopras
duaeHocmuka, munuposanue S. pyogenes, MOAHUEHOCHOe MedeHuUe, HeOAa2ONPUIMHbLY UCXOO.
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FULMINANT INVASIVE GROUP A STREPTOCOCCAL INFECTION IN CHILDREN
Yatsyshina S.B., Mamoshina M.V., Elkina M.A., Polyaeva O.A., Mikhailova Yu.V., Shelenkov A.A., Egorova A.E.,
Maleev V.V.

Central Research Institute of Epidemiology of the Federal Service for Supervision of Consumer Rights Protection and Human Well-being,
Moscow, Russian Federation

Abstract. Group A streptococcal infections dominate among invasive streptococcal infections, with the major causative agent,
Streptococcus pyogenes, being quite stable in the environment and bearing a large number of chromosome encoded pathogenic-
ity factors or transmitted by horizontal transfer through bacteriophages. Different genetic variants of S. pyogenes can have a dif-
ferent set of pathogenicity factors able to change during pathogen evolution and determine virulence level for specific isolate.
With a short incubation period, the disease can proceed with developing invasive infection and toxic shock syndrome with
unfavorable outcome within 7 days from disease onset. The purpose of this article is to increase the doctors’ alertness to ear-
ly recognition and diagnosis, which directly affects adequate treatment in a timely manner and disease outcome. The data
on streptococcal morbidity in Russia and worldwide, review of laboratory diagnostic methods and pathogen genetic typing
are presented. The maximum number of cases of streptococcal septicemia in Russia was registered in 2022, which accounted
for 69% of all cases during the 2014—2022 observation period. The article also describes two clinical cases of fulminant in-
vasive group A streptococcal infection in children with symptoms of acute respiratory viral infections at the onset of the dis-
ease. The results of various laboratory diagnostics methods verifying the diagnosis are presented. The genetic characterization
of microbial isolates was performed by deep DNA sequencing. In the biological material from patients (including autopsy
in one case), S. pyogenes sequence type ST-28, serotypes emm-1.25 and emm-1.0 were identified. The increasing importance
of invasive streptococcal infection for health care in Russia and other countries may be associated with a possible change
in dominating S. pyogenes genetic variants. In this regard, the study on circulating S. pyogenes genotypes on an ongoing basis as

part of surveillance of streptococcal infection and development of vaccine for specific prevention are required.

Key words: invasive group A streptococcal infection, childhood infections, epidemiology, laboratory diagnostics, S. pyogenes typing,

Sfulminant course, poor outcome.

BeepneHue

CTpenTOKOKKOBbIE MH(PEKIIN — 3TO IpyIira 3a-
OojieBaHUIi, BO3OYOUTEISIMU KOTOPBIX SIBJISIFOTCSI
CTPEINTOKOKKH Pa3INIHBIX BUIOB U ceporpyImn. OHu
XapaKTePU3YIOTCS MOpakeHNEeM BEPXHUX ITbIXaTeIb-
HBIX ITyTeit (aHTUHBI, hapuHTUTHL, OP3, oTUTHI 1 11p.),
KOXHBIX TTOKPOBOB (MMITETUTO, SKTHUMa), TIPOBOLIM-
PYIOT pa3BUTHE TaKMX 3a00JIEBaHMI, KaK CKapJiaTh-
Ha, poXa, a TaK>Ke CIIOCOOHBI IIPUBECTH K IOCTCTPEII-
TOKOKKOBBIM ayTOMMMYHHBIM (TJIOMEPYJIOHE(PHUT,
PEeBMAaTHU3M) U TOKCUKO-CEIITUICCKUM (CUHIPOM TOK-
CHYECKOTO IIT0Ka, MUO3UT 1 JIP.) OCIOKHCHUSIM.

CrpenToKoKKOBbIe MHGeKIuu rpynmnsl A (CTAN)
3aHUMAIOT TOMUHUPYIOLIYIO IO3ULIAI0 B I1aTOJIO-
TUU YeJIOBeKa OTHOCHUTEILHO IPYTMX WHBAa3WBHBIX
CTPETNTOKOKKOBBIX WH(MEKIINN, XapaKTepusyloTcs
KOPOTKMM MHKYOAIIMOHHBIM NepUoIoM (2—5 mHel).
OCHOBHOIT UX BO30yIuUTeNb — Streptococcus pyogenes
(S. pyogenes) — MOCTaTOYHO YCTOWMYUB BO BHEIIIHEH
cpene, o0JlagaeT IIMPOKUM CIIEKTPOM (haKTOPOB BU-
PYJICHTHOCTH. S. pyogenes TUPKYIUPYeT B IIOMYJIsI-
OUU JIIOAEH, IIepemaBasich BO3AYIITHO-KamNeIbHBIM
IyTeM OT OOJIbHBIX 1 HOCUTEJICH, Yallle BCTpedaeTCs
y IeTeil B Bo3pacTe OT 5 10 15 JieT, MUK IMPpUXOAUTCS
Ha 7—8 jet [7]. Bo MHOTHUX ciiy4dasix S. pyogenes CBSI-
3aH C JISTKMMHM, cCaMOpa3pelIaoinMucsI MTHOEKITU -
MU KOXH 1 poTOorIoTKU. OMHAKO pacipocTpaHEeHUE
OakTepuii Ha OOBIYHO CTEpPUJIbHBIE JIOKYChl Opra-
HHM3Ma MOXKET IIPUBECTU K Pa3IMIHBIM NHBAa3UBHBIM
COCTOSTHMSIM, CBSI3aHHBIM C BBICOKOI 3a0ojieBae-
MOCTBIO 1 ieTa’abHOCTBIO [16]. [Topsiaka 44% cirydaeB

CUHJIpOMAa CTPENTOKOKKOBOTO TOKCHMYECKOTO IIOKa
(CTHI) u 19% cinyyaeB MHBa3MBHOM CTPENTOKOKKO-
BOU MH(pEKIINMU B 11eJIOM 3aKaHYUBAIOTCS JIETAJTbHO
B TeUeHUE 7 NHel OT HavaJia 3a0oneBanus [1]. I1o mo-
CJIEITHUM OIIEHKaM €KeroJTHO B MUPE PETUCTPUPYET-
cs o MeHblIeit mepe 517 000 cmepTteit uz-3a 3abosne-
BaHUI1, BBI3BIBACMHEIX S. pyogenes [5].

B marorenese mHbeKkIIMU, BBI3BAHHOU S. pyo-
genes, y4acTByeT OoJibllIoe 4yucao (GaKTOpOB Ma-
TOTEHHOCTU ((pakTOpoB anre3uu, IUPOTEHHBIX
9K30TOKCUHOB, 9K309H3MUMOB U MOJYJISITOPOB UM-
MYHHOW CHUCTEeMBblI 4YeJ0BeKa), KOIUPYEMBIX XPO-
MOCOMOW WU TIepefalolinxcsl MyTeM TOPU30H-
TaJIbHOTO TIEpeHOCa IIOCPENCTBOM OakTepuoda-
roB [5]. [Ipu 5TOM pa3Hble TEHETUYECKHE BApUAHTHI
S. pyogenes MOTYT UMETh pa3IUYHBINA HabOp (ak-
TOPOB MAaTOTE€HHOCTHU, KOTOPBII MOXET MEHSIThCS
B TIPOIIECCE IBOJTIOIIMU BO3OYAUTEIIST U OTIPEETsieT
BUPYJEHTHOCTh KOHKPETHOTO U30JIsTA.

B nmannHoli myOGnukanuu TPOBOAUTCS aHaU3
3200JIeBa€MOCTU, 0030p METOJAOB J1abOpaTOPHOU
JMIMaTrHOCTUKU Y TEHETUYECKOTO TUTTMUPOBAHU ST BO3-
OynuTesnsl, a TakxXKe MPUBOMUTCS OTNMUCAHUE JBYX
KJIMHUYECKUX CJIy4aeB MOJTHMEHOCHOTO TEUYEeHUS
MHBA3UBHOW CTPENTOKOKKOBOW MHMEKIIUU TPyT-
nbl A (MCIT'AWN) y nereit, pe3yabraThl 1a00paTOPHOM
JNMarHOCTUKMU W TEHETUYECKOU XapaKTEepUCTUKU
BO30OYIUTENS C 1IEbIO MOBBIIIIEHUS] HACTOPOXKEH-
HOCTHU Bpaueil B CBOEBPEMEHHOM paclo3HaBaHUMU,
MpPOBENEeHUSI paHHE NUAarHOCTUKU U He3aMeIIu-
TEJIBHOTO aJIeKBAaTHOTO JIEYEHMsI, OT Yero Harmps-
MYI0 3aBUCUT UCXOJ 3a00JIeBaHUS.
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AHanun3s 3abosieBaeMocTu

ITo manHbIM BcemupHOU opraHuzanuu 31paBoO-
oxpaHeHus B 2022 1. (ocobeHHOo ¢ ceHTs0ps 2022 T.)
B psIZIe €BPOIICMCKMX CTPAH OTMEYAJICS POCT CIyJdaeB
uCI'AWy neteii B Bo3pacte 1o 10 jieT. 3a TOT ke nepu-
011 OBLJIO 3apervCTPUPOBAHO HECKOJILKO JIETaTbHBIX
HWCXOJIOB y JeTell B Bo3pacTe 10 10 jeT, CBI3aHHBIX
¢ uCIrAmu, B Tom uncne Bo ®panuun, Mpmanauum,
HUcnanuu u Benukobputanuu. B Benvkodbputanuu
n @panHumu Habmonaemoe duciio ciaydaeB nCIrAN
cpenu AeTeil B HECKOJIbKO pa3 IMPEeBbIIIAIo JoMaHae-
MMUeCKMe IToKa3aTesIn 3a aHAJIOTrMYHbIH rtepuoz [20].

Bo ®paH1uIM HEOOBIYHBIN POCT YHCIIA CyJacB
UCI'AUW 66111 OTMEUEeH ¢ cepearHbl HOs10ps 2022 T.,
a B Hupepnangax HaumoHanbHBIM MHCTUTYT 0O0-
IIECTBEHHOTO 3paBOOXPaHEHUS M OXPaHBI OKPY-
xaroureit cpenbsl (RIVM) BBISIBAT pOCT YKCIIA CITYy-
yaeB UCT'AU cpenu neteit HauuHas ¢ mapta 2022 1.
B IIBeuuu, HaunHas ¢ okTA0psa 2022 T., TaKxXKe
oTMmeuascsa poct ciydyaeB UCI'AU y nereii B BO3-
pacte 1o 10 JeT Mo cpaBHEHUIO C TEM K€ IePUOI0M
no nangemuun COVID-19. ITo naHHBIM ATeHTCTBa
CaHUTapHO-3MUAEMHUOJOTNYECKON 0e30IMacHOCTU
BennkoObpuTaHuM nocjie HabMogaeMoil B AHTIINNA
HeoObIUHO BbIcOKOI 3aboseBaemoctu CI'AUN B seT-
HUE Mecslbl U ee CHUKeHU s B aBrycte 2022 r. Ko-
JINYECTBO 3aperucCTPUPOBAHHBIX ClydyaeB 3aboje-
BaHUSI CHOBAa BO3POCJIO B IIEPUO C CEPEIUHBI CeH-
TSIOPS 10 Havyaja AeKaOpsI U OCTAaeTCs BBIIIE YPOB-
H$1, 0OBIYHO HaOJ101aeMOr0 B 3TO BpeMs roaa [21].

B lanuu HaO1100a/11MCh UICTOPUYECKU HU3KUE TT0-
Kaszartenu 3abosieBaecmMoct UCI'AUM Bo BpeMmd orpa-
Hu4YeHui, cBg3aHHbIX ¢ COVID-19. OnHako yucio
cJiydaeB 3a00s1eBaHU Sl Ha4aJ 10 ObICTPO PacTU B HOSIO-
pe 2022 r., nocTUTrHYB n1Ka B ssHBape 2023 ., Koraa
exemecsaHast 3aboseBaemoctb CIAM cocraBisiia
118 cmydaeB Ha 100 ThIc. HaceqeHUsd, 4YTO B 3,5 pa3a
OoJibllle, YeM HaOJromaeMble MUKOBBIE TOKa3aTeau
B 2018—2019 rr., a exkeMecsIUHbIN ypOBEHb 3a00J1eBa-
emoctu UCT'AU cocrasnsin 1,7 Ha 100 TBIC. Hacele-
HHSI, 9TO B 3 pa3a MpeBhIIIaeT ITMKOBEIE TTOKa3aTel!,
Haobmonaembie B 2018—2019 rr. V neteit B Bo3pacTe
0 5 net HaOmI0maNCd BBICOKUI POCT 3a00JIeBaeMO-
ctu nCTI'AUM o cpaBHEHMIO C «TOKOBUIHBIM» TTIEPUO-
nmom. IlokazaTenm cMEpTHOCTH OBIJIM aHAJIOTUIHBI
NpeabIAYIINM ToJaM BO BCeX BO3PACTHBIX IPyIIIax:
30% cpenu nroneit 85 et U crapiie U MeHee 5% cpe-
IV eTeil B Bo3pacTte 10 5 jeT. CyIiecTBEeHHBIX pas3-
MY B 32001¢Ba€MOCTH MEXIY ITOJIAMU B TEUCHUE
3MMHEr0 Ce30Ha He HaO0II0[aJIoCh: >KEHIIUHBI CO-
craBisuiu 47,5% (222/467) ot o0l1iero 4uciia ciydaes,
41,7% (15/36) cpenm neteit no 5 net, 52,8% (105/199)
B Bo3pacte 5—64 net u 44% (102/232) cpenn Juil
B Bo3pacTe 65 jieT u ctapiie [13].

B Poccuu ¢ 2014 r. Ha ocHoBanum Ilpukasza
Poccrata Ne 52 ot 28.01.2014 1. B odulIMaIbHYIO
perucTpalnio ObLIAa BKJIIOYEHA CTPEITOKOKKO-
Bas centuueMust (A40). OnHako 3a00JieBaeMOCThb

CTPEINTOKOKKOBOM (Ipymiibl A) nHMEKIIMe 1o naH-
HBIM (opMbl No 2 OLIEHUTH HEBO3MOXKHO B CHUITY
TaJIEKO He TOJIHOW PernucTpaliyd M ydeTa BCeX ce
cayuaeB [2]. Bmecte ¢ Tem Bkyag uCI'AU B 3a60-
JIEBAEMOCTh CTPEIITOKOKKOBOI centulieMueit (A40)
TaKXe OILCHUTh HE IPEACTABIISICTCS BO3MOXKHBIM.
OIHaKO MO UMEIOIITMMCS JTaHHBIM MOKHO KOCBEHHO
cyauTh o pocte 3abosieBaemoctu UCI'AU B Poccun
B 2022 1. B cpaBHeHuu ¢ 2020—2021 rr.

Tak o naHHBIM HabmoneHus 3a 2014—2022 rr.
OBbLJIO 3aperucTpupoBaHo Bcero 194 ciayuas crpern-
TOKOKKOBOWI CENTULEMUU, U3 HUX 26 CllyyaeB —
CO CMEpTEeIbHBIM HcxomoM. Hamboirbiiee 4umcio
cJIy4aeB CTPEINTOKOKKOBOM centuuieMun (69, 35%)
ObLJ10 3apeructpupoBaHo B 2022 1., u3 HUx 4 ciy-
Jasi — CO CMePTEJIbHBIM NCXOI0M. Torma Kak B IIpe-
JBITYIIIM€ TOJBI OBLIIO BBISIBJICHO OT 8 10 26 ciiyyaeB
CTPENTOKOKKOBOI CENTULIEMUU B TOI.

JlaHHbIe cTaTUCTUYECKOTO HabmwoaeHus (pop-
MBI No 2) 1Mo 3a00JIeBaeMOCTH CTPEHTOKOKKOBOM
uHbek1eld (BoepBble BbISIBJICHHOW), CKapjaTu-
HO 1 CTPEeNTOKOKKOBOM centunemueii Ha 100 ThIC.
HaceJieHus 3a nepuog ¢ 2014 mo 2022 r. ipencraB-
JICHBI Ha pUC.

Ha ocHoBaHuu 3Tux maHHbIX B 2022 1. Temn
pocTa BIICPBBIC BBISBICHHBIX CTPEITOKOKKOBBIX
nHbekuii cocraBusl 277%, a aGCOMOTHBINA TIPU-
pocT — 13,9 (na 100 ThIC. HaceJaeHU ).

JTabopaTtopHas aMarHocTtumka

JlabopaTopHasi AMarHOCTUKA CJAYXUT OCHOBa-
HUeM 1J1s1 mocTaHOBKM nuarHo3za CTAN.

KynprypanbHOe nccaeqoBaHE UMEET BHICOKYIO
CITETM(PUIHOCTH M UYBCTBUTCIILHOCTD, OMTHAKO IJIS
BbIICJICHUSI U MIACHTUGUKALMU OaKTepuaJlbHOU
KYJBTYphl TpeOyeTcsl ompeneieHHOe KOJIUYEeCTBO
BpeMmeHu (24—48 4, mpu omnpeneseHUr 4yBCTBU-
TeJbHOCTU K aHTUOUOTUKAM BIJIOThH OO0 7 AHEIl),
4YTO YAJMHSET CPOKM A0 Havaja JiedeHus [7].

B cooTrBercTBUM ¢ «MYVY 3.1.1885-04.3.1. IIpodpu-
JaKTUKa WHOEKIMOHHBIX OoJie3Hel. DnuaeMuo-
JIOTUYECKU U HAA30p U MpoduIaKTUKA CTPEITTOKOK-
KOBOI (IpyIiel A) mHDeKIInu. MeTognyecKue yKa-
3aHUST» C LIeJIbIO Ha3HAUYCHM S YKe Ha paHHUX dTarax
3a007eBaHUsl Haubojiee 3(PEPEKTUBHBIX METOAOB
JICUCHUSI, CITOCOOHBIX MPEAYIPEAUTD TSIXKEIbIC I10-
CJIEICTBUST CTPEITTOKOKKOBBIX MH(MEKIINI, UCITOJb-
3yIOTCS METONBI 3KCIpecC-UACHTU(MDUKAIINHI CTPEIT-
TOKOKKa TPYNnbl A, ¢ MOMOIIBIO KOTOPHIX MOXHO
B TeueHHe 15—20 MHMH DUArHOCTHUPOBATH OCTPYIO
CTPETNITOKOKKOBYIO MHMEKIINI0 0e3 MpeaBapuTeIb-
HOT'O BBIAEJIECHU S YMCTOM KYJIbTYPbl BO3OYIUTEIS.

Crieu(UYHOCTh U YYBCTBUTEIBHOCTL COBpE-
MEHHBIX 3KCIIPECC-TECTOB ISl OIIPEACACHUS aHTH-
TeHOB S. pyogenes B cpeaHeM cocTaBisaioT 94 u 97%
COOTBETCTBEHHO [6]. DTO 0O3HAyaeT, 4TO ITOJIOXKM-
TEJABHBIM pe3yJbTaTaM 3KCIIPECC-TeCTa MOXHO T0-
BEpSTh, M MOATBEPKIATh X KYJIBTYPaJIbHBIM UCCIIC-
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Figure. 2014-2022 incidence of streptococcal infection (newly detected), scarlet fever and streptococcal septicemia

per 100 thousand population

JIOBaHMEM He TpeOyeTCs M3-3a BEICOKOM crierndma-
HOCTHU TecTOB. OTHAKO IPH ITOJTYYCHUH OTPUIATEITb-
HOTO pe3yJIbTara 3KCIIPECC-TecTa MO OIPeAcICHUIO
aHTUTCHOB S. pyogenesy NeTel ¢ TOOO3pEeHUEM Ha 3a-
OoJsieBaHME, BbI3BAHHOE P-TeMOJIMTUYECKUM CTPET-
TOKOKKOM TPYIIBI A, €ro CJeayeT IIOATBEPIUTH
KYJIBTYpaJIbHBIM UCCIICIOBAHUECM.

Cy1iecTByeT 2 MTOKOJEHU ST 9Kcrnpecc-TecToB [3]:

— I nokoJsieHre — BbISIBJIEHHE aHTUTeHA C TTOMO-

1IbI0 peakIlMy arrjloTUHALIUU (J1aTeKC-arriaro-

TUHALMs WJINA KOAarrIIOTUHALMS), OTJINYAIOTCS

HU3KON 4YYBCTBUTEIBHOCTBHIO U HEAOCTATOYHO

BBICOKOM criennduaHocThio (55 1 90% cooTBeT-

CTBEHHO) OTHOCHUTEJbHO KYJBTYpPaJbHBIX MC-

CJIEJOBAHUM;

— Il mokoyieHne — BBISIBIICHUEC aHTUTEHA C IO~

MOIIIbI0O MMMYHO(DEPMEHTHOTO aHajlu3a WU

MMMYyHOXpoMatorpaduu, objaaaroT 0oJjice BbI-

COKMMH TOKa3aTeJISsMU 4YyBCTBUTEJIbHOCTU

u crieuuduuHoctu (> 95%).

K HacrosiieMy BpeMeHU B MUPE BBIITYCKACTCS
0O0JIBIIIOE KOTMYECTBO IKCITPECC-TECTOB, TpemaHa-
3HAYEHHBIX JJI51 OTIpeNieJICHU I aHTUTeHa S. pyogenes
(Tabn.).

IToMuMO 3KCIIpecc-TeCTOB IJIST ONpele/ICHUS
aHTureHoB S. pyogenes UCI'AM MOXHO AuUarHo-
CTUPOBATh METOOAMU aMITIN(PUKAIINN HYKJIECHHO-
BbIX Kucjior (MAHK), oonapyxusatomumu JJTHK
S. pyogenes ¢ UCIIOJIb30BaHMEM TUArHOCTUYECKUX Ha-
0OpOB, pa3pelleHHBIX K TpuMeHeHU10 B Poccuiickoit
Ddenepaliiu B ycTaHOBJIeHHOM nopsinke. Mccieno-
BaHUE W UHTEPIIpEeTalusl pe3yJIbTaToOB MPOBOIUTCS
COIJIaCHO MHCTPYKLIMU W APYroi 9KCIaIyaTalunoOH-
HOI JOKYMEHTAIlMU K HAOOpYy peareHToB.

ITpumenenne MAHK Tak:ke mo3BojsieT onpe-
JIeIUTH MOCJEA0BaTEIbHOCTh TeHa emm, KOTUPYIO-
IIEro MOBEePXHOCTHBIT M-0enok S. pyogenes, 4TO
SIBJISIETCS «30JI0THIM CTaHIAPTOM» MOJIEKYJISIPHOTO
TUMUPOBAHUS CTPENTOKOKKOB [4], TOCKOJBKY TH-
nepBapruabeaIbHbIA aMUHO-TEPMUHAJIBHbII KOHEIL
M-6enka (40—50 aMMHOKMCIIOT) CAYKUT TJIaBHBIM
MUMMYHOTEHHBIM 3ITUTOIIOM S. pyogenes [12].

IIpouenypa BkiatouaeT BoiaeaeHue JAHK uccre-
JIyeMOro u30JisiTa S. pyogenes, aMIanUKaII IO TeHa
emm C TIOMOILbIO IOJTMMEPA3HOM LIEMTHOM peaKIIuu
(ITILP) u cexkBeHUpoBaHUe (pparMeHTa aMIanGpu-
Kauuu MetoaoM CaHrepa B COOTBETCTBUU C ITPOTO-
koaom CDC [18]. TTocnenoBaTe1bHOCTb T€Ha emm

Ta6nuua. CpaBHUTENbHAs XapakTepUcTMKa UMMyHOXpomaTorpaguyeckmx akcnpecc-recTos*

D9 BbISIBJIEHUS aHTUTE€HOB S. pyogenes

Table. Comparative characteristics of immunochromatographic rapid tests* for detection of S. pyogenes antigens

narHoctuyeckas narHocTuyeckas
Hangr?:aue n'?\;’::;:gﬁ:::b qyﬂcmmenbuocrb, % cﬂeuuquuocn, %
Diagnostic sensitivity, % Diagnostic specificity, %

P3[ ctpentokokk A/RED Streptococcus A |Poccusa/Russia >99 >99
UXA-CtpenTtoA/IHA-StreptoA Poccus/Russia 98,81 99,18
CtpentaTecTt/Streptatest ®paHuumga/France 97 95

OSOM Strep A Test CLLUA/USA 96 98
BinaxNOWP® Strep A Card CLUA/USA 92 100

Hexagon Strep A Fepmanua/Germany 91,8 97,7

Ctpen A Ctuk/Strep A Stick WUspauns/Israel 89,8 97

Mpumeyanue. *3aperncTprpoBaHHbix B Poccuiickoit Pepepaumn.
Note. *Registered in the Russian Federation.
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MOXHO TaKXe OINpPeaeIUTh C MOMOIIbIO CEKBEHM-
poBaHu s HoBoro nokojieHus1 (NGS). OnpeneneHue
MPUHAJIEXXHOCTU K TOMY WJIU WUHOMY CEpPOTUITY
MOJyYEHHOW TOCJIeA0BaTEeIbHOCTU T€Ha emm OcC-
HOBBIBA€TCSI Ha CPAaBHEHUU C TTOCTOSIHHO TOMOJ-
Hsiemoit 6a3oit nanubeix CDC [17].

WN3BecTtHO 60J1ee yem 200 TumoB reHa emm [15].
IMoka3zana Beicokas (6osee 80%) cTeneHb coBNae-
HUS HEHOTUNNYECKOTO M-TUTIMPOBAHUS U TUTIU-
pOBaHUs HA OCHOBE OTIPEETICHU S TeHA emm.

Euie omHOI reHeTM4YecKol XapaKTepUCTUKOUN
OakTepuii, UMEIOLIEN SMUAEMUOJOTMYECKOEe 3Ha-
YyeHue, CIYXUT OoNpeaesieHne KOMOMHAIMM ajljie-
JIell HECKOJIbKMX T'€HOB «IOMAaIllHEr0 XO3sSMCTBa»,
Tak Ha3biBaeMblii cukBeHC-TUI (ST).

B cnyuae S. pyogenes CUKBEHC-TUI U CEPOTHII,
OIpEeNeNICHHBIN TI0 TEHY emm KOPPEIUPYIOT APYT
c npyrom [14, 15].

OnucaHmne KNMHNYECKNX CNyYyaes

NCIrAM ¢ MONTHMEHOCHBIM TEYEHUNEM,
pe3ynbraThl 1ab0PaTOPHON ANArHOCTUKMN
N reHETUYECKON XapakTePUCTUKN
BO30OyouTenemn

B mexabpe 2022 r. u3 I[lepmckoro kpas B pede-
PEHC-IIEHTP MO0 MOHUTOPUHTY MH(MEKIINI BEPXHUX
M HUXHUX ApixatenabHblx nyteii BYH IHHUUA
snuaeMuosorun PocnorpedbHan3zopa O6bls1 HanpaB-
JIEH ayTONCUUHBIA (MOCMEPTHBIN) MaTepual mjs
onpeaesieHus 3TUOJIOTUM WHMEKIIMU U MpoBene-
HUSI YIIYOJEHHBIX MOJIEKYJISIPHO-TEHETUYECKUX
ucciegoBaHuii ee Bo3oyauTensa. [lo naHHbIM Ha-
MpaBJeHUsI CEKIIMOHHOIo MaTepuajia U3BECTHO,
YTO MallMEHTOM SIBJsIcS Manbuuk 10 jet, 3aboe-
BaHUE KOTOPOro HavyaJoCh OCTPO, MPOTEKAJIO MOJI-
HUEHOCHO M KpalHe TSXKeo.

IMoctynun B crammoHap Ha 10-ii neHb OOJIe3HU
C MOpU3HAKaMU TIPOTPEeCCUPYIOIETO WHMEKIIMOH-
HO-TOKCUYECKOI'O IIIOKa C HeompenesieMbIM apTe-
pHaIBHBIM TaBJICHUEM, YMCIIO CePACYHBIX COKpaIlle-
Huit — 104 B 1 MuH, nyJibc Ha Tiepudeprn cIadboro
HAmnoJIHEHUSI U HaNpSKeHUS, YacTOTa NbIXaHUS —
25 pa3/mMuH, Temneparypa tena — 37,4°C. KoxHBIe
MOKPOBbI ObLIM OJEAHBIMU C ILIMAHOTUYHBIM OT-
TEHKOM, HaOJIOAaJICs BBIPAXXEHHBIN aKpOIIMaHO3,
0arpoBO-CUHIONIHBIE TISITHA 10 BCEMY Tely, Ha IlIee,
TPyIu, TYJOBUIE MEJIKOTOUEUHAas reMopparuyeckast
coinb. B obmactu Genep, MOSICHUYHO-KPECTLIOBOTO
OTIeja BUAMMBIX U3MEHEHUI He ObLI10. CIu3ucThie
POTOBOI TTOJIOCTY OBLTY IMAHOTUIHBIMU, CYXOBaThI-
MU, BepxHee HeO0 — TUIIepeMUPOBaHO, O€3 HAJICTOB.
CHnoHTaHHOE ThIXaHHUE COXPAHSIJIOCh, HO OBLIIO HEA(-
(GEeKTUBHBIM, HAOIIOIAIach ONBIIIKA CMEIIaHHOTO
XapakTepa, ayCKyJIbTaTUBHO JbIXaHUE CIIpaBa PE3KO
ocynabneHo. ZKuBOT ObLT B3AYT, MPU MajablalluU Ha-
MPSI>KEeH; HUKHUM Kpall IedeH U OIpeesisiics Ha 2 CM
HUXe Kpasi peOepHOi Tyru, cejie3eHKa He MaJibIiv-

poBaJjiach, Mpy 30HIMPOBAHUH KeTyIKa OTACISIEMOe
uMeJIo BUJI «KoeitHoil rymm». Obpaiiano Ha cebs
BHUMaHME HapacTaHNE OPraHHON HEeIOCTaTOYHOCTH
(SOFA — 17 6annoB), co3HaHUE OBIJIO COMTOPO3HBIM,
oleHKa 1o mkasjie ['masro — 10 6amioB. I1pu n1abopa-
TOPHOM MCCJIEIOBAaHUM KPOBM OTMedasach aHEeMMUSI,
TPOMOOIIMTONICHHUSI, YBEJIMUCHNE TTaJIOUKOSICPHBIX
HEUTPO(UIIOB, pe3KO BBIpaKEHHEBIN MeTadoImdec-
KU anuao3, THUIOKCUSI, TWIEPIITUKEMUs, 3Hadu-
TEJIbHO YBEJIMYEHHbBIE MMOKa3aTeJ CUCTEMHOIO BOC-
najeHus. B aHannze Moum onpenessijiach NpOTeHH-
ypusi, 3pUTPOIUTHL B ocagke. Ha peHTreHOrpamme
OpraHOB IPYIHOU KJIETKH OBIJT BBISBJICH IBYCTOPOH-
HU MHPUABTPAaTUBHBIN Mpoliecc, 00Jiee BbIpaKeH-
HBII B TIPUKOPHEBBIX OTmenax. PeHTreHorpadus
Ta30BBIX CYCTABOB U OCIPEHHBIX KOCTECH MaTOJIOTUH
HE BBISIBIIA.

W3 aHaMHe3a BBISICHUJIOCH, YTO Pa3BUTHE pe-
OeHKa MpOoTeKaJo ONTUMAaJIbHO COIVIAaCHO BO3pacCTYy,
Ha IUCITAHCEPHOM ydYeTe HE COCTOSI, NPUBUBKU
OCYIIECTBJISIMCH B CPOK, ajlJleproaHaMHe3 — CIT0-
koeH. Co cioB MaTepu 3—4 Heneau 10 3a00JeBaHUS
ObLJI TIEPBUYHO BAaKILIMHUPOBAH MPOTUB KJIEIIEBOTO
sHIle(aanTa, TaK KaK MPOXUBAJI B SHISMUIHOM
paitoHe. B okpyxxeHuu pebeHKa Bce ObLJIU 3I0POBHI,
KOHTaKT ¢ MH(MEKIITMOHHBIMU OOJIBHBIMU OTPHUIIAT-
cs1. 3aboJieBaHME HaA4vaJloCh OCTPO C TIOBBILLIEHUS
TeMIlepaTtypsl Teaa mo 38,5°C, KoTopoe COxXpaHsI-
J10¢h B TeueHue AByx aHeii. C 3-ro 1o 6-i1 gHu 60J1e3-
HU TeMIlepaTypa HOpMaJin30BaJach, OMHAKO Ha 7-i
JIeHb OHa BHe3aImmHo ToBbIcuachk A0 39,5°C, Ha cie-
NYIOLINI IeHb Ha (DOHE BBICOKOI TeMIepaTyphl O~
SIBUJIMCHh OOJIM B 00J1aCTU MpaBoro Oeapa, MpUHU-
MaJI IIpOTUBOBOCHAJIMTEIbHBIC M 00€300IMBaIOIIE
npenapaTtbl, B TOM yucie u MmecTHo. [Ipu obpaine-
HUM 32 MEOUIIMHCKON MOMOIIBIO B MOJUKINHU-
Ky Obln BeIcTaBJieH nuarHo3 OPBU. Ha 10-it meHsn
00JIE3BHU HOUbBIO PeOEHOK CTasl OECIOKOMHBIM, OT-
Meyajgoch BO30YyXIeHHue, 03HOO, MaThb OTMeTuJia
MOXOJOAAHUE BEPXHUX M HUKHUX KOHEYHOCTEH,
CKOpPOIi TIOMOINBIO TOCTaBJIcH B MH(PEKINOHHYIO
OOJILHUILY, TIIe BBICTABJICH NEpBOHAYAIBHBIN IHa-
rHo3 «DHuedanut? IlocTBakuMHaAbHAs peaKLMs
Ha ITPUBUBKY ITPOTUB KJICIICBOTO dHIIedamnTar.

B cBsa3u ¢ HapacTaHUEM YTPOXKAIOIICTO KM3-
HU COCTOSHUSI 3KCTPCHHO MPOBOIWJINCH PEaHU-
MallMOHHbIE MEPONPUSTHUSI, KOTOPbIE HEe Jau 3 -
dexTa n yepe3 1,5 4 mpeObIBAHUS B CTallMOHApE
KOHCTaTHpPOBaH CMePTEIbHBIN Mcxon. B HampaB-
JICHWY Ha TaTOJIOT0aHAaTOMUYECKOEe CCIIeJOBaHUE
yKa3aH auartos: «BHeOoabHUYHAsI IBYCTOPOHH SIS
BUPYCHO-0aKTepualbHas MTHEBMOHM ST HEYyTOUHEH-
HoM aTroornn. Cericuc. OCTeOMHUETUT OeAPpEHHOMU
Koctu crpasa?». OcinoxHeHus: [THeBMOTOpakc
crpaBa. JbixatenbHasi HemocTtatodHocTh III cT.
WTIL III ct. OTexk rojioBHOro Mmosra. OTeK JIerkKux.
JABC III ct. CuHApPOM NMOJIMOPTAaHHOM HEAOCTATOY-
HOocTH. [laTonmoroaHaroMmu4YecKuit AuarHo3 (IIpea-
BaputesibHbIl): Cencuc. [THeBMOHUS.
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MHdekumns n uMmyHuTeT

B PedepeHc-1ileHTpe MO MOHUTOPUHTY 3a WH-
GeXIUSIMI BEPXHUX U HUKHUX IBIXaTeIbHBIX ITY TEU
®OBYH ITHU NS PocrioTpebHam30pa mpoBEIeHO HC-
clegoBaHUe MoJIydyeHHbIX 00pa3oB MetoaoM ITLLP
C MCMOJIb30BaHUEM CJICIYIOIIMX HAOOPOB pearcHTOB
naboparopHbiXx MeTOIUK: «AMIInCeHc® Influenza
virus A/B-FL», «<xAMnaunCenc® OPBU-ckpuH-FL»,
«AMmminCenc® COVID-19-FL», <«AmmuinCenc®
Mycoplasma pneumoniae/Chlamydophila pneumo-
niae-FRT», «AmMnuCenc® Streptococcus pyogenes-
ckpuH/MoHuTOp-FL», «AMnauCenc® ITHeBMO-
kBaHT-FL» nns oOHapykeHusi konuuyectBa JHK
Streptococcus pneumoniae i Haemophilus influenzae,
«AMnanCenc® MRSA-ckpuH-TuTp-FL» A1 006-
HapyxeHuss JJTHK MeTuLMIJIMH-4yBCTBUTEIbHO-
ro U MeTULMWJJIMH-pPE3UCTeHTHOro Staphylococcus
aureus, METUIMJUIMH-PE3UCTEHTHBIX KOaryJja3o-
HeraTuBHbIX Staphylococcus spp., nadbopaTopHasi
MeToAuKa aJisd onpeaeneHus: koaudectBa JIHK
A. baumannii, K. pneumoniae, P. aeruginosan E. coli.

Bo Bcex obpa3siiax ayToncuitHOro marepuana ob-
HapyxeHa JJHK S. pyogenes: B 1erkoMm — B KOHILIEH-
Tpauun 6,4 x 10° Komuii/MJI, B MSITKMX MO3TOBBIX
obosoukax — 1,5 x 107 konwuii/mMJj, B KOpe TOJIOB-
Horo Mosra — 4,5 x 10° Koruii/MJ1, B TTOAKOPKOBBIX
cTpykTypax — 9,0 x 10° Koruii/mMJ1, B CTBOJIE TOJIOB-
HOI'0 MO3ra — B KOHIeHTpauu 4,5 X 10° Kormuii/MiI.
HyksnenHoBbIE KHCIOTBI APYTMX MCKOMBIX BO3-
oynuteneit, Bkawouas Bupyc SARS-CoV-2, Bupy-
col rpunna, IHK M. tuberculosis complex, JJTHK
Neisseria meningitidis, BO30yauTeaeii MNPUPOIHO-
ouaroBbix 3abosieBaHuii (PHK Bupyca kieiieBoro
sHuedanura JHK Borrelia spp., AHK Anaplasma
phagocytophillum, NHK FEhrlichia muris/chaffeensis,
HHK Listeria monocytogenes, IHK Toxoplasma gondii,
JAHK Leptospira spp., AHK Brucella spp., JHK
Coxiella burnetii) oOHapy>kKeHbl HE ObLIU.

M3 00pa31i0B BEHO3HOUW KPOBU, B3SITON y ma-
MEeHTa NPUKU3HEHHO, TKAaHU JISTKUX U MO3TO-
BbIX 000JIOYEK B OaKTepuOJIOrMYecKoi Jabopa-
Ttopuu I'bBY3 TIK «[IKKWBb» no3aHee OblIU BbI-
JeJIeHbl OaKkTepuaibHble KYJIBTYPbl M TaKke Ha-
npaBieHBI 1Jisg ucciemoBanus 8 ®bYH LITHUND
PocnorpedbHanzopa. Ilpobonoaroroska, moJiHOIre-
HOMHOE€ CEKBEHMPOBAaHME C MCIOJIb30BAHUEM CEK-
BeHatopa MiSeq u nocienyromuit ouonHbopmMaTu-
YeCKMii aHaau3 O0aKTepruaibHBIX KYJIbTYp MPOBO-
JIVJIMCH COTpyTHUKaMu JlJabopaTtopuu MoJIEKYJIsIp-
HBIX MEXaHM3MOB aHTHOMOTUKOPE3UCTEHTHOCTHU
(IMMA) ®BYH ITHMNH sniuieMIOIOTUH.

COopka u nocjiaenyruii ononHbopMaTUIECK Ut
aHaJIM3 TEHOMOB MCCJIEIOBAaHHBIX OaKTeprabHBIX
KYJBTYP MOATBEPAWJI UASCHTUIHOCTD M MPUHAIJIEK-
HOCTb M3OJISITOB K S. pyogenes, a TaKXe ITO3BOJIII
onpeneuTbh cukBeHc-Tun ST-28 u cepotun emm-
1.25. CUKBEHC-TUIT aHAJIU3UPYEMbIX 00pa3lOB ObLIT
OITPE/IEJIeH COTJIACHO N3BECTHOM CXeMe TUTTMPOBAHU ST
S. pyogenes 110 KOMOMHAIIMY aJLJIeJICi CIeTYIOIINX T'e-
HOB JIOMAIITHETo XO3s1icTBa: gki, gtr, murl, mutS, recP,

xpt n yqil. [11]. C uenplo yCTaHOBJIEHUSI emm-TUIIA
U emm-TIOATUIIA TIOJIYYEHHBIE ITOCJIEIOBATEIbHO-
CTM CpaBHUBAJIM C JaHHBIMU, OINMYOJMKOBAHHBIMU
B 0a3e maHHBIX Streptococcus pyogenes emm sequence
database [17] ¢ momoriibio mporpamMmMbl BLAST 2.

T'eHOB pe3UCTEHTHOCTU K aHTUOMOTUKAM B 000-
HUX KYJIbTypax S. pyogenes BbISIBIICHO He OBLIO.

Becnoit 2023 r. B pedepeHc-1eHTp u3 Pecryo-
auku KomMu moctynuiu obpasibl OMomarepuala,
noJiyueHHbIe OT pebeHKa (IeBOYKHM) B BO3pacTe
14 Mecs1ieB ¢ MOJITHUEHOCHBIM Te€YeHUEM TIeHepa-
JIN30BAHHOU CTPENTOKOKKOBOI MH(MEKIINH, 1 OaK-
TepuajibHasi KyJbTypa S. pyogenes, BblAeJIeHHas
U3 MOKpPOTHI 00JibHOU B jsabopatopuu B [ BY3PK
«PecniybnukaHckass WHGpEKIMOHHAs OOoJbHULIA»
Ha OakaHasu3aTope «Vitec 2», oxapaKTepHU30BaH-
Hast CTaHTaPTHBIMU METOIAMMU.

PebeHoK mocTynuJl B cTallMOHAP B TSKEJIOM CO-
CTOSTHUM, OOYCJIOBJICHHOM ITOJIMOPTaHHOM HeaoCTa-
TOYHOCTBIO U TeKTUYECKOU amxopanakoi. KoxkHbie
MOKPOBBI 0BTV ITMAHOTUYHBIMHU C HAJIMYUEM DKXU-
MO30B. JIpIxaHue — CIIOHTaHHOE, OCIabJICHHOE CITpa-
Ba, IJ¢ BBICIYIIMBAJIUCh KPEITUTUPYIOIINE XPUITHI,
apTepuajibHOE JaBJICHUE He OIpPenesIsijIoch, OTMeda-
Jlach TaxuKapaus. B TedeHru CyTOK IporpeccrupoBa-
JIa moJiuopraHHasi TucyHKIIMS, HapyIIeHUs MeTa-
0osiM3Ma, HapacTaJia IbIXaTeJbHast HeTOCTaTOYHOCTh
M TIOBPEXJICHWSI MEHTAJIbHOTO CTaryca, B TEYCHUU
rnoJjiyyaca perucTpupoBajach OCTAaHOBKA CepAeYHOM
JIeITETbHOCTU TI0 TUITY aCUCTOJIMU, BOCCTAHOBJICH-
Hasl B pe3yjibTaTe peaHUMallMOHHbBIX MEPOIPUSITHIA.
W3 anaMHe3a BBISICHUJIOCH, YTO 3a HEIEII0 IO 3a-
OoJsieBaHUSI JeBOYKAa KOHTAaKTHpOBajia CO CTapIliuM
pebeHKOM B ceMbe, Yy KOTOPOro ObLu pusHaku OP3
M TIomo3peBajiach aHTMHA. 3abojieBaHUE HavaJloCh
C KaIJjisl, MOBBIIIEHW ST TEMIIepaTyphl Teja, CJ1aboCTH,
Ha 4—5-i1 THU 0OJIe3HNU OTMedYaach MHOTOKpaTHas
pBOTa, OfBIIIKA, OECITIOKOMCTBO, ObLJIa TOCTIUTAJIN3H-
poBaHa Ha 6-11 IcHb OOJIE3HU.

TToce BOcCCTaHOBJIGHUSI CEpPASYHOUN JesTeNb-
HOCTM Ha (pOHEe MHTEHCUBHOM Teparuu B TIOCIE-
IYIOIIME THU COCTOSTHHE OCTaBaJIOCh TSIXKEJIbIM,
peructpupoBalics cyopeOpuanTeT, HapacTaJja Mnoja-
KOXHast aMpur3emMa IpyaHOI U OPIOITHOM TTOJIOCTH,
IbIXaHWE — OCJIa0JIeHHOE, KPETTUTUPYIOIIUE XPUITHI
crpaBa, Tape3 XKeJyTOoYHO-KHUIIIEYHOro TpaKTa, Ha-
OJirogauch TpoUYeCKre UBMEHEHUST KOXU B 00-
JIACTH TUCTAJIBHBIX OTIEJIOB MaJIbIEB HOT U TOJICHO-
CTOMHBIX CYCTAaBOB, a TAKXKe TeMaTroMa ¢ Mpu3HaKa-
MU HarHOEHWsI Ha MepeaHell ITOBEPXHOCTU IPyTHOM
KJIETKU, TUYPe3 COXpaHsJcs Ha (hOHE CTUMYJISITIM .

TTpu nmocTymjieHun 00CaeI0BaHNE SKCITPEeCC-TeC-
TOM Ha CTPENTOKOKK J1aJIO MOJIOXKUTEJIbHBIN PE3yTh-
TaT, B aHAJIM3e KPOBU OTMeUaiach aHeEMMUsI, JICHKOIIU-
TO3, yckopeHHoe COJ, npyrue rokasaTeiau, Xapak-
TEePHBIE )11 BBIPaXKEHHOI0 CUCTEMHOT'0 BOCTIAJICHUSI,
ABC-cuHapoma, B aHaJIM3€ MOYU — TIPOTEUHYPUSI,
OGaKkTepuypusi, SPUTPOLIUTHI U JICHKOILIUTHI B OCAIKE.
IIpy peHTreHOJIOrnYecKOM HCCJIEJOBAHUM OPraHOB
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MHBa3nBHas CTPENTOKOKKOBas MHbEKLUMS

TPYJAHOW KJIETKM — JBYCTOPOHHSISI TOJIMCETMEH-
TapHasl IeCTPYKTUBHAsl THEBMOHMSI, ITHEBMOTOPAKC
crpaBa, MoJKOXHast aMduzeMa ¢ 00enx CTOpoH. bblt
yCTaHOBJIeH AuarHo3 «CTpenTOKOKKOBass WMHMEK-
1YsI, TeHepaJu3oBaHHasE (opMa, KpaiiHe TsKeloe
TedyeHue. OCIOKHEHUS: CETICUC, CENTTUYECKUI I110K,
SOFA = 16 6annoB, OPIC, octpast BHEOOJIbHUYHAS
JIBYCTOPOHHSISI TTIOJIMCETMEeHTapHas ITHEBMOHUS, Jie-
CTPYKTHMBHasl CIipaBa, OPOHXOIIEBPaJbHBIN CBUIII
cIipaBa, ITHEBMOTOPAKC CITpaBa, MUOKApIUT, HE(DPHUT,
TeIaTUT, CUHAPOM ITOJIMOPTaHHOM HeA0CTaTOYHOCTH,
ABC-cuHapoMm, KJIWMHUYECKasE CMEPTh, MOCTPEaHU-
MallMoHHasi OoJie3Hb». [IpeanpuHSITBHIE peaHuMa-
IIMOHHBIC 1 TIOCJIEAYIOIINE JeueOHbIe MEPOITPUSITHUS
IIPUBEJIN K BBI3IOPOBJICHUIO peOeHKa.

Ilpu uccnegoBanuu metogom IIIIP obpasuos
OMoJIOTMYEeCKOro MaTepuasia (Ma3oK 13 3eBa 1 MOK-
poTa), a TaKKe 0aKTepuaJIbHOU KyJIbTYpbl, OOHAPY-
xkeHa [IHK S. pyogenes B KOHILIEHTpallMU: Ma30K —
9,9 x 103 koruit/mi1, MokpoTa — 1,1 X 10* kormuii/mu
U KyJabpTypa — 5,6 X 10° konuii/mi. JIpyrux nucko-
MbIX Bo30yauteseit rpunma, OPBU u 6aktepuaib-
HOIf MHEBMOHUM B oOpa3iiax ImaleHTa o0HapyxKe-
HO He ObLJIO.

CekBeHUpOBaHUe, COOpKa 1 MOCEaY IO O10-
nHOOPMATUUECKH I aHaIN3 TeHOMa UCCJIeIOBaHHO-
ro M30JIsiTa 0aKTepHaJIbHON KYJIBTYPbI TTOATBEPIII
MPUHAAJIEKHOCTDb U30JsTa K S. pyogenes, CHKBEHC-
tuny ST-28, cepotuny emm-1.0. TeHOB pe3UCTEHT-
HOCTM K aHTMOMOTHKAM BBISIBJIEHO HE OBLIIO.

3ak/4yeHne

Ipuuyunbl nogbema BenbiieKk CIAM B pa3HbIX
CTpaHax OCTalOTCs HE YCTAHOBJICHHBIMU.

He uckiiioueHo, 4To Mepbl COLIMAIBHOIO AUCTaH-
LIUPOBaHMS, IPUHSTHIE BO BpeMsl MaHAEMUU KOPO-
HaBUpyca, MOINIM MpepBaTh LUKJI paclpocTpaHe-
HUS TIATOTE€HOB, a 3HAYMT, ITOBJIMSTH Ha TTACCUBHYIO
MMMYHM3ALIMIO IeTeil MyIaallero Bo3pacra, CHUXKasi
YPOBEHb UX 3alluileHHOCTU. [ToMMMO 3TOro, pocT
3aboneBaemMoctu CIAM u ee MHBa3MBHOI (DOPMBI
MOT OBITh CIIPOBOLIMPOBAH ITOSIBJICHUEM HOBBIX Bapu-
aHTOB BO30YIMTEJISI C UBMEHEHHBIMM aHTUT€HHBIMU
XapaKTEePUCTUKAMU U CBOMCTBAMM BUPYJEHTHOCTU.
HM3MeHeHUe NOMMHUPYIOIIETO emm-CepoTUuIla Mjin
MOSIBJICHUE HOBBIX BAapUAHTOB emm-CEPOTUIIOB MO-
TYT CJYKUTb MHAMKATOPOM COOBITHUI TAKOTIO POJIa.

Taxk Ha ¢oHe pocrta 3ab6oneBaemoctu MCIAN
B Hunepnannax B HayaJjie 2022 r. Obl1a 3apuKCUPO-
BaHa CMeHa JOMMWHUPOBABIIIEr0 paHee CPeaU TaKUX
¢dopM 3aboeBaHUs cepoTHUIia S. pyogenes Ha emm-4
U BBISIBJICHA HOBas TeHETUYECKas JIMHUS, KOTOpas
nonayuusa Ha3zBaHue M4 NL22 [19], BeITecHUBIIAS
HMpKyaupoBaBiive no nanaemuu COVID-19 Ba-
pUaHThI emm-4.

B Poccuu panee (B2008—2011 rr.) cpeau M30JITOB
S. pyogenes, BbIAeIEHHBIX OT nanueHToB ¢ UCIAN,
OTMe4aJjlach BbICOKasl CTEIIEHb '€HETHMYECKOI TeTe-

POreHHOCTHU, TIpeodianaiu TuNnsl emm-28, 66 u §8,
pexxe oOHapyxkuBanuchk emm-1, 64, 84 u st1731, me-
TaJIbHBIC NCXOAbI 3a(bMKCUPOBAHBI B CITydassx MHMU-
nupoBaHust emm-1.47, 64.0, 66.1u 77.0]1].

WccneqgoBaHHbBIE HAMU U30JSITHI S. pyogenes, Bbl-
JieJieHHbIe B OoMmaTtepuaie oooux aereit mpu uCrAm
MOJIHUEHOCHOT'O TeUeHMsI, TIPUHAJJIeKaaIn K OIHO-
My cukBeHc-Ttuny — ST28, ceporuny emm-1.0 u ero
noatuny emm-1.25. CornacHo JuTepaTypHbIM JaH-
HBIM, TaKHWe U30JISITHI S. pyogenes, IpUHaIJIeXKaIle
K cukBeHc-Tumy ST28 u ceporuny emm-1.0 uau ero
MOATHUIIAM, aCCOLIMMPOBAaHbI C UHBAa3UBHOCTHIO [9].

Kak MbI BUaMM, S. pyogenes TaKoro reHeTU4eC-
koro BapuaHTta ST28/emm-1.0v ero MOATUTIOB U pa-
Hee HMpKyJupoBaau B Poccum um apyrux crpaHax
MHpa, OHAKO B TOABI ITOCJe MaHAEMHUHN UX JTOJIS
OTHOCUTEJILHO NPYTMX TFeHeTUYECKUX BapUaHTOB
B M PKYJISIIIAY BbIPOCIIA.

Mo maHHBIM BNUAEMHUOJOTUYECKUX HCCIIEI0-
BaHUWi, IpOBeIeHHBIX B ['pelnu, IoJIoBUHA BCeX
uHBa3uBHbIX ciaydyaeB MCIAW, uaeHTUDULIMPO-
BaHHBIX 3a nepuon 2011-2017 rr., mpuxoauach
Ha cepoTuIl emm-1.0 Wiy ero NoATUIIHI [12].

CrenyetT OTMETUTbh, UTO BO BpeMs ToabemMa 3a-
oosieaemoctu UCI'AWM B I'epmMaHuu, MUK KOTO-
PBIX TIpUlliescsa Ha sHBapb-deBpaib 2023 1., cpenu
BBIJICJICHHBIX W30JISITOB S. pyogenes Takke TpeBa-
JupoBasiv NMpuHaaiaexamue Kk ST28, ceporpymnme
emm-1.0, coctaBuB 57% cinydaeB 3a0oneBaHus [13].

YToObI OTBETUTH HAa BOMPOC, BHI3BAHO JIM TTOBBI-
IIeHHWe 3a00JIeBAEMOCTH TTOSIBJICHUEM HOBBIX, OoJiee
BUPYJICHTHBIX BapMaHTOB BHYTPU TE€HETHMYECKOU
auHun ST28/emm-1.0 vnv ApyTMMU NPUYWHAMU,
HEOOXOIMMO ONpeAeasITh TOJTHBIM CIIEKTpP T'€HOB
BUPYJICHTHOCTH, JJISI YErO MOTPEOYIOTCS JTOMOJTHU-
TEJIbHbIE UCCJIENOBAaHUS METOJaMU TTOJTHOTE€HOMHO-
0 CeKBEHUPOBAHUSI U30JISITOB S. pyogenes.

CrnenyeT UMeTh B BUJIY, YTO HavaJIbHasl CTaau sl
CI'AUM xapakTepusyercsl TpUIIIIONOA00OHBIM JUXO-
paloyHbIM cocTosiHUEM [1] 1 4yTO TsKenast hopma
3a00JIeBaHUST MOXET Pa3BUBATHCS CTPEMUTEIIBLHO,
0oco0eHHOo y neTeil. BaxkHO, YTOOBI pOAUTENU U APY-
THe JIN1a, OCYIIeCTBIISIOIIME YXO/I 3a IeTbMU, 3HATN
O TPEBOXHBIX CUMIITOMaxX M O0palajinuch K Bpady
B clydae, eciiu pebeHKY He cTaHOBUTCs ayulie [20].

Y nereil ¢ TSXKEJIbIMU CHUHIPOMaMM pecIiupa-
TOPHOM MH(MEKIINY WIJIY TTPU JINXOPaJTKe He0OX0I -
MO TIPOBOAUTH AUPdepeHIInaTIbHY IO IUAaTHOCTUKY
CI'AU (ocobGeHHo npu paHee NepeHeCceHHO BUPYC-
HOI MH(MEKIINU, B TOM YMCJIe IPU BETPSTHOM OCTIE).

Y4uThIBasi BOBMOXHOCTb TSIXKEIBIX ITPOSIBJICHU I
y neTeid, HeoOXOAMMO KaK MOXHO CKOpee Hauu-
HaTh aHTUOAKTepuaJbHOE JIedeHUe, YTOOBl MUHM-
MU3MPOBaTh PUCK MOTEHIIMAJbLHBIX OCJIIOXKHEHMI
y OOJIBHBIX, a TaK>Ke OTpaHUYUTh HajibHeIIee pac-
npocTpaHeHUe MHMeKIMu. BMecte ¢ TeM He CcTo-
WUT 3a0bIBaTh, YTO HEKOTOPBIE MU3OJISITH S. pyogenes
OPOSIBJISIIOT YCTOMYMBOCTh K Makpohaunam [12],
a Tak>Ke CooOIIaeTcs O MEPBBIX MYTAllMSIX, KOTO-
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pbIe TIPUBOISIT K CHUKEHUIO UX YYBCTBUTEIBHOCTH
K NEHULMJJIUHY [8].

Heo0xonmuMo BBISIBASTD JI0OAEi, TECHO KOHTaK-
TupoBaBIUX ¢ O0oabHbIMU UCITAW u ckapaatu-
HOW, C MOCJIEAYIOIEN TUAarHOCTUKOU U BelICHUEM
B COOTBETCTBUU C HAITMOHAJbHBIMU KJIMHUYECKM-
MM TIPOTOKOJIAMU.

Kpome Toro, BakHO MHUIIMUPOBATh U3yUYEHUE
HUpKyaupyromux B Poccuu reHotumnos S. pyogenes
Ha MOCTOSTHHOI OCHOBE B paMKax HaJ30pa 3a CTpell-
TOKOKKOBOI MH(MEKIIMEI.

B ycioBusix oTcyTCTBUS crienuguyeckon mpohu-
nakTuku CI'AUW ToibKO paHHEee U aKTUBHOE BbISIBJIE-
HUeE, U30JIS1M S 3a00JIeBIIMX U Oe30TIarareJibHOe Ha-
YyaJjo cnelnrduyecKoi U noaaep XK uBatoniei Tepanuu
MOMOTYT CHU3UTh puck Tsxkenonn uCIrAM. B nep-
CIIEKTUBE KpaiiHe HEOOXOAMMO CO31aHUE BAKLIMHBI.

OnHako, HECMOTpPsI Ha CYIIECTBEHHBIN ITporpecc
B IIOHMMaHUWU MOJIEKYJISIPHOTO MTaTOreHe3a CTPErTo-
KOKKOBBIX MH(MEKIIU IpyIIibl A U TOKJIUHUYECKHE
WUCIIBITAaHUS psiia MOTEHIMaIbHBIX BaKIIMH-KaH -
JaTOB, pa3paboTaTh XOPOIIO MEPEHOCUMYIO U 3h-

¢deKXTHUBHYIO BaKILIMHY ITOKa He yaaeTcs. OTCyTCTBYUE
YeTKO C(hOPMYIMPOBAHHBIX KPUTEPUEB UMMYHO-
Jlornyeckoi a3(pheKTUBHOCTU, aAeKBaTHON MoOJaeau
3apakeHusl XKUBOTHBIX, HEOIIPENCICHHOCTh B OT-
HOIIICHUH CITPOCa M KOMMEPUYECKOro MHTEpeca, Ora-
CEHUSI MO TTOBOMY PUCKA Pa3BUTHUS ayTOUMMYHHBIX
OCJIO(KHEHUIT — JIMIIb MaJjias 9acTh MPEMSITCTBUM,
C KOTOPBIMU MPUIIJIOCH CTOJKHYThCS pa3paboTdu-
Kam BakuuH [10]. Tem He MeHee B HACTOSI1LIEE BpeMsl
OPeaANPUHUMAIOTCS IJI00aJbHBIC YCUJIUS TIO IIPO-
IOJIKCHUIO pa3pabOTOK BAKIIMHBI ISl ITpOoUIak-
TUKM CTPETITOKOKKOBBIX MH(MEKIIN TpyIIITHL A [8].

BnarogapHocTn

ABTOpBI BbIpaXkaloT MPU3HATEJIbHOCTh COTPYI-
Hukam Y3 PK «PecniyonmnkaHckas nHpeKIIMOHHAa
oosbHuLIa», I'BY3 TIK «Ilepmckast kpaeBast Kiau-
HU4YecKass MHPeKnnoHHas OoxbHUIIa» 1 OBY3
«HeHTp rurvueHsl U anujaeMuoioruu B Ilepmckom
Kpae» 3a IpeaoCTaBJIeHHYIO BO3MOXHOCTb BbIMOJI-
HEHMU ST JaHHOI pabOTHI.
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ONTUMU3ALIUA CBONCTB PEACCOPTAHTHbIX
LUTAMMOB XXUBOW rPMNNO3HON BAKLIWHbI,
MOJTYYEHHbIX METOZIOM OBEPATHOW MrEHETUKU

H.B. Jlapuonosa, 11.B. Kucenesa, E.A. baxkenosa, E.A. CrenanoBa, JI.I. Pynenko

OI'EHY Huecmumym sxcnepumenmanvhoil meduyunst, Cankm-Ilemep6ype, Poccus

Pestome. Kiraccmueckasi peaccopTanusi B pa3BUBaOIIMXCS KYPUHBIX 3MOPHOHAX SBJISIETCS XOPOIIO OTpabOTaHHOI
METOIUKON IS TONyYeHHUs IITAMMOB XWBOI TPHUIIO3HOM BakKIMHEL. ChoOpMUpPOBAaHHBIE CTCCTBEHHBIM ITYTEM
peaccopTaHTHBIC BaKIIMHHEIC IITaMMBl XapaKTePU3YIOTCS BHICOKOUM PEPOAYKTHBHOCTBIO, TEHETUUECKU CTAOMIIb-
HBIMU TIPU3HAKAMM TEMIIEPATyPOUYBCTBUTEILHOCTU U XOJIOAOYCTOMYMBOCTH, TIOJTHOCTHIO COOTBETCTBYIOIIMMU
XapaKTepuCcTUKaM JIOHOpa aTTeHYallM1, YIacTBYIOIIETO B CKPEIIMBAHUY C SMUAeMUYEeCKUM BupycoM. Hapsiay ¢ aH-
TUTEHHOM aKTyaJbHOCTBIO, €CTECTBEHHAsI peaccopTallus rapaHTUPYeT aTTeHyallMio BaKIIMHHBIX IITAMMOB, XOPO-
IIYI0 PENPOAYKTUBHOCTH B KJIETKAaX BEPXHUX IbIXaTebHBIX IMTyTei M HECITOCOOHOCTD K PENPOAYKIINM B HUKHUX OT-
Jiesiax pecrpaTopHoro Tpakta. OqHako Mpy KJaaccu4eckoil peaccopTaliiyi cKopocTb U 9 GEKTUBHOCTD MOJYyYEHU S
BaKI[MHHBIX PEACCOPTAHTOB B CYLIECTBEHHOM CTENEHU 3aBUCST OT YHUKAJbHBIX CBOMCTB 3MUIEMUYECKOI0O BUpYyca,
1 TTIO3TOMY HEe MOTYT OBITh CTAaOMJIbHBIMU. BO3MOXHOCTH T€HHO-UHXKEHEPHBIX TEXHOJOTUI MPUBJIEKAIOT TEM, UTO
MTO3BOJISIOT MOJIyYaTh BAKIIMHHBIE PEaCCOPTAHTHI OBICTPO U 3(PHEKTUBHO, CHUXKAIOT BEPOSITHOCTD IMOSIBICHUSI CITOH-
TaHHBIX MYTaIlMii, TO3BOJISIOT PabOTaTh C BHICOKOIIATOT€HHBIMM BUPYCAMU, OAHAKO BAaKIIMHHBIN IITAMM JIUIIACTCS
MIPEUMYIIECTB €CTECTBEHHOTO 0TOOpa, IMPHU KOTOPOM IIPOMCXONMT CEJIeKIIUs Hanboiee XXM3HECITOCOOHBIX KJIOHOB.
B Hacrosimem McciaemoBaHMM TIPENCTaBICHBI Pe3yAbTaThl CPAaBHUTEIBHOM OLIEHKH IITAMMOB XXUBOW TPHUITIIO3HOMN
BakiHH A(H3N2), momy4eHHBIX MapajjiebHO METOZaMU KJIACCMUYECKON peaccopTallMi M TeHHO-WHKEHEepHOI
COOPKM TT0 KPUTEPUSIM, TIOATBEPK IAIOIIUM HACJIeMOBaHNE BAKIIMHHBIMU ITAMMaMU1 HEOOXOIMMBIX CBOMCTB, TapaH-
THUPYIONINX UX 0€3BPETHOCTD U BEICOKYIO PETIPONYKTUBHOCTD B KYPUHBIX SMOproHaX. PeaccopTaHTHBIE IITaMMBI 7151
>KWBOM TPUTITIO3HON BaKIIMHBI, TOJIyY€HHBIE 00OMMU METOIAMU, COXPAaHSIJIN BCE aTTCHYUPYIOITUE MYyTallM1, yHACJIe-
JIOBaHHBIE OT IOHOPA aTTeHYaInu, ObLIM BEICOKOPETTPOAYKTUBHBIMM TTPU ONITUMAJILHOI TeMIIepaType, X TeMIlepa-
TYPOUYYBCTBUTEIBLHOCTh COOTBETCTBOBAJIA ITOMY MPU3HAKY Y IOHOPA aTTeHyaluu. OMHAaKO Y IITAMMOB, MTOJTYYEHHBIX
METOJOM 00OpaTHOI reHeTHKH, Habiroaadach YacCTUYHAs yTpaTa X0J0A0yCTOMUYMBOCTU TI0 CPaBHEHUIO C XOJOA0YC-
TOMYMBOCTHIO TOHOPA aTTEHYALlMU M PEacCOPTAHTOB U3 KJIaCCMUECKOro cKpelnuBaHus. CHUXEHME X0J0A0yCTONI-
BOCTH MOKET HETaTUBHO MOBIUITH Ha 3P OEKTUBHOCTb BAKIMHBI. BaskHO, UTO 32 HECKOJIBKO JTOMOJHUTEIbHBIX TTac-
caxeil B KYpMHBIX SMOPHOHAX TP MMOHMXKEHHOM TeMIIepaType X0J0A0yCTOMYMBOCTD BAKIIMHHOTO PeacCOPTaHTHOTO
IITaMMa, COOpaHHOTO TeHHO-MHXKEHEPHBIM ITYTEM, YIaJI0Ch MOBBICUTH. M3 3TOTO clemyeT, 9TO XOJI0M0YCTOMINBOCTD
BHUPYCOB SIBJISICTCS (PEHOTUITMISCKUM ITPU3HAKOM, CTEIICHB IIPOSBICHUS KOTOPOTO 3aBUCUT OT TEMIIEPATyPHBIX YCIIO-
BUI KyJBTUBUPOBAHUS BUpyca. [Ipy KOHCTPpYMPOBaHUM PeacCOPTAHTOB METOAAMM 00pPATHOM TeHETUKHU OTCYTCTBYET
HEOOXOMMMBIH CEEKTUBHBIN (haKTOp — MOHUXKEHHAs TeMIieparypa MHKyoauu. YToObl X0I0n0yCTONYNBHIT (heHO-
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THII peajn30Bajcs B TIOJHOM Mepe, HEOOXOIMMO IOTIOJTHUTEIbHOE KYJIbTHBUPOBaHYE TEHHO-MHKEHEPHBIX peaccop-
TAaHTOB IPU MTOHMXKEHHOI TeMIepaType. TakuM 00pa3oM, MeTOI 00paTHOI TeHETUKH C MCITOTb30BaHUEM TIJIa3MUI-
HOI TEXHOJIOTUU 1aeT BOZMOXHOCTb 3(h(heKTUBHOI MOATOTOBKY PeacCOPTAHTHBIX IITAMMOB 7151 XK MBOU T'PUTIIIO3HOMN
BaKI[MHBI. BaXXHBIM 3TamoM Moay4YeHusI BaKIIMHHBIX IITAMMOB C MIOMOIIbI0O T€HHO-MHXEHEPHBIX MTPUEMOB T0JIKEH
OBITh KOHTPOJIb X X0JIOA0aAaNITUPOBAHHOIO (DEHOTHUIIA U, TPU HEOOXOAUMOCTH, ONITUMHU3ALIMS XOJO0A0YCTOMUYMBOTO
(beHOTHMTIA MOTTOTHUTEIBHBIMY MTaCCaXXKaMU P MTOHMKEHHO TeMIiepaType.

Karouesnie caosa: eupyc epunna, scusas epunnosnas eaxyutna (XKI'B), xonodoadanmuposannocms (ca-npusHak),
memnepamypouyecmeumenbHoCms (1s-npu3Hax), ammenyayus (att), kaaccuveckas peaccopmayus (NR), eenno-unscenepnas coopka
peaccopmanmos (RGR).

OPTIMIZED PROPERTIES OF LIVE VACCINE INFLUENZA REASSORTANT STRAINS
OBTAINED BY REVERSE GENETICS
Larionova N.V., Kiseleva 1.V., Bazhenova E.A., Stepanova E.A., Rudenko L.G.

Institute of Experimental Medicine, St. Petersburg, Russian Federation

Abstract. Classical reassortment in developing chicken eggs is a well-established technique for obtaining LAIV strains.
Naturally generated reassortant vaccine strains are characterized by high reproductive capacity, genetically stable character-
istics of temperature sensitivity and cold resistance, which correspond to the characteristics of the MDV involved in crossing
with the epidemic virus. Along with antigenic relevance, natural reassortment ensures attenuation of vaccine strains, good
reproduction capacity in upper respiratory tract cells and inability to reproduction in the lower respiratory tract. With clas-
sical reassortment, the speed and efficiency of obtaining vaccine reassortants largely depend on the properties of epidemic
virus, and therefore cannot be stable. The potential of reverse genetics is attractive because it allows to obtain vaccine reas-
sortants quickly and efficiently, reduce the likelihood of spontaneous mutations; however, the vaccine strain is deprived of the
advantages of natural selection, in which the most viable clones are selected. This study presents the results of comparatively
assessed A(H3N2) LAIVs obtained in parallel by classical reassortment and reverse genetics according to criteria confirming
that vaccine strains inherit the necessary properties that guarantee their harmlessness and high reproduction in chicken em-
bryos. Strains for LAIV obtained by both methods retained all attenuating mutations inherited from the MDV, were highly
reproductive at the optimal temperature, with temperature sensitivity corresponded to the MDV. However, strains obtained
by reverse genetics, was observed to have partial loss of cold resistance in comparison with that of the MDV and classical
reassortants. Reduced cold adaptation may negatively affect vaccine effectiveness. It is important that after several additional
passages in chicken embryos at low temperature, the cold resistance of the vaccine strain, assembled by reverse genetics, was
increased. Credibly that cold resistance is a phenotypic trait, the degree of manifestation of which depends on the tempera-
ture conditions of virus multiplication. The selective factor of reduced incubation temperature is missing in reverse genetics.
In order for the cold-adapted phenotype to be fully realized, additional passages at low temperature of RG-reassortants
are necessary. Thus, the reverse genetics method using plasmid technology allows to effectively prepare reassortant strains
for LAIV. An important stage in obtaining vaccine strains using genetic engineering techniques should be the control of their
cold-adapted phenotype and its optimization by additional passages at low temperature.

Key words: influenza virus, live attenuated influenza vaccine (LAIV), cold adaptation (ca-sign), temperature sensitivity (ts-sign),
attenuation (att), natural reassortment (NR), reverse genetic reassortment (RGR).

BeepneHne

Kusas rpunmnosHas BakiuHa (XKI'B) — ad-
(GeKTUBHOEe M 0Oe30MacHoe CpeacTBO IpoduIak-
TUKM CE30HHOTO U MaHAEeMUUYECKOro rpurima [24].
BBoaumasi MHTpaHa3aJlbHO, AaTTEeHyMpOBaHHasl
BaKIIMHA MMMTUPYET €CTECTBEHHYIO MHMEKIINIO
U CTUMYJIMpPYET aKTUBAIIMIO TEX XK€ 3BEHbEB MM-
MYHHOI'O OTBE€Ta, 4YTO U BO30OyIUTEIb TIpPUIIINA.
bosnee mmpokuit 3alIUTHBIN 3P@PEKT HEe TOJbKO
MIPOTUB BO3OYAMUTENsI, K KOTOPOMY OHa II0JIy4yeHa,
HO U IIPOTUB €ro ApeiipoBbIX BapUaHTOB SIBJISICT-
cs1 npeumyinectBoM 2KI'B B cpaBHEHUM ¢ MHAKTU-
BUpPOBaHHOW BakuuHOM [2, 8]. JOMOJTHUTETbHBIM
ooHnycoM KI'B sBisieTcst ierkoe HeTpaBMaTU4YHOE
BBelIeHUE ITpenapaTa BIPbICKMBaHUEM B HOC.

Iltamm 2KI'B npencraBasier coboii peac-
cOpTaHT ¢ QopMyJ0il reHoMma 6:2, comepKalluii
2 rena, kogupylomnx HA m NA akTyaabHOTO
SMMUIECMUYSCKOTO BUPYyCa, YTO HECOOXOMMMO IJIs
BBIPA0OTKM COOTBETCTBYIOIIETO MMMYHHOI'O OT-
BeTa, a MIeCTh T'€HOB, KOMUPYIOIINX BHYTPEHHUE
0eIKM — OT ImTaMMa-IOHOpa aTTeHyalluHW, UTO
obecneunBaeT 0€30ITIaCHOCTH (aTTeHyallMio, att)
BaKILMHHBIX BUPYCcOB. B pe3ynbraTe oO0beguHE-
HUS HEOOXOOMMBIX IJIs BAKIIMHHOTO BHpyca Xa-
PaKTEepUCTUK PEacCOPTAHT IIpUOOpEeTaeT SIIUIC-
MHOJOTUYECKYIO0 aKTyaJbHOCTh M 0E€3BPEIHOCTH
IIJIsI 9eJIOBeKa.

B HacTostiiee BpemMs M3BECTHEHI ABa METOIMYICC-
KUX IpueMa MOJYYEeHUSI peacCOPTaHTHBIX IITaM-
moB s KI'B: 1) MeTon Kiaccmueckoil peaccop-
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MHdekumns n uMmyHuTeT

Tallud B Pa3BUBAIONIMXCS KYPUHBIX 3MOpHOHaAX
(PK®) [1, 23]; 2) MeTon oOpaTHO-TeHETUUYECKOM
cOopkU ¢ ucnojb3oBaHuem naasmun [10, 11, 25].

OT BBIOPAaHHOTO METOAUYECKOTO IpuemMa 3a-
BUCUT ObICTpOTa mnoJiydeHusi mramMmmoB 2KI'B.
IMonroToBKYy reHHO-MHXXEHEPHBIX IITAMMOB ISl
XKI'B ocymectBaser kKommaHus MedIlmmune
(CIA). Irammelr KI'B B Poccuum (B otaene
pupycojjorun DIBHY «MHCTUTYT »dKCcIlepu-
MEHTaJIbHOW MEIMIIMHBI») TOJIy4aloT METOI0M
KJIacCUYeCKOl peaccopTallid B pa3BUBAIOIIUX-
csl KypUHBIX dMOpuoHax. MeToa KJaccuyecKou
peaccopTallMM JIOCTaTOYHO TPYIOEMKUI U He
rapaHTUPYeT OBICTPOro MOJIy4eHUS MITaMMOB
¢ Tpedbyemolii ¢hopmyJioii reHoma [5, 17].

OTIBIT UCTIOJIb30BAaHU S B HAILIEH CTpaHe U B MUPE
TeHHO-WHKEHEPHBIX BAKIIMH, B YaCTHOCTU IPOTUB
SARS-CoV-2 [18], oTKpbIBaeT MEPCIEKTUBBI A5
UCMOJb30BAHU ST TEXHOJOTMU OOpaTHON TeHEeTUKU
Tak>Xe npu pazpaborke mrammoB 2KI'B, uto MmoxeT
JaTh BO3MOXHOCTb TosiydyaTh mTaMmMbl 2KI'B cy-
1IECTBEHHO ObICTpEE.

B HacTosleM ucciegoBaHUU MPEaCcTaBICHBI
pe3yabTaThl CPaBHUTEIbHOU OLIEHKM IO OHOJO-
TUYECKUM KpuUTepusiM, crietnududHbiM s KI'B,
KayecTBa MpernapaToB, IMOJYYEHHbBIX MapasieIbHO
METONOM KJlaccuuyeckol peaccopTtauuu (Natural
Reassortment, NR) u ¢ nmomoiibio npuemMoB obpar-
Holi reHeTukU (Reverse Genetic Reassortment, RGR).

Matepuasbl 1 METOAbI

Bupycor epunna. B paboTe MCIIOAb30BaHbl BU-
pycel rpuriiia A(H3N2), monydyerHbie n3 LleHTpa
0 KOHTPOJK W TPEAYNpPEeKICHHUIO 3aboJieBa-
emoctu (CDC, CIIIA), u3 kommekoum NIBSC
(Benukooputanus) u mieHTpa BO3 (ABcTpanms).

B mpenctaBieHHOM HCCIeOOBAaHUU pPeaccop-
TaHTHBIM ITaMMaM 2KI'B naBaiu Ha3BaHUS 1O UX
MU ASMHUYECKOMY ITPEIIIIeCTBEHHUKY M METOY I10-
JIy4eHUs peaccopTaHTa (Hampumep, mrtamm KI'B
Ha ocHoBe Bupyca A/Darwin/09/2021 Ha3biBaiu
A/Darwin/2021-NR nnu A/Darwin/2021-RG).

KynsTuBHpOBaHUE  BHUPYCOB  OCYILIECTBIISIIIN
B 10—11-gHEBHBIX pa3BUBAIOLINXCSI KYPUHBIX BM-
opuoHax, moaydeHHBIX u3 AO <«[Itunedadbpuka
CunsgBuHcKas» (JlenmHrpanckast odiacts, Poccust).
B 3aBucuMOCTH OT 3a1a4 MCCIeTOBaHUS NH(MUIIIPO-
BaHHBIC SMOPUOHBI THKYOMPOBAIU IIPU IIEPMUCCHB-
Holi Temneparype 32—33°C B TeueHHne 2—3 CYTOK, TIPH
MOHMKEHHOMI TemnepaType 26°C B TeyeHue 5—6 cy-
TOK ¥ TIOBbITIIeHHO# 10 39°C Temmneparype B TeueHue
2—3 CYTOK, MOCJIe YeT0 SMOPHOHBI OXJIaK AN 1 CO-
Oupanr BHUpycCCOACPXKAIIYyI0 aJUITAaHTOUCHYIO SKWII-
KOCTb. THUTPBI BUPYCOB PACCUMTHIBAJIM IO METOIY
Reed & Muench [20] u Beipaxkanu B 1g DU [ 5,/MI1.

TemnepaTypo4yBCTBUTEIBHOCTh BUPYCOB T'PUII-
na oueHuBau B PKD no pazHocT HGEKIIMOHHBIX
TUTPOB Tipu onTuMaabHOU (32—33°C) 1 MOBBIIIICH-

Hoit go 39°C temmeparype WHKyOauuu. Bupycel
CUUTAJN TEMIIEPaTypOUyBCTBUTEIbHBIMU, TO €CTh
JNEMOHCTPUPYIOIIUMU tS-MIPU3HAK, €CJAM 3Ta pas3-
Huua (RCT — reproductive capacity at different
temperatures) coctaBJsiyia He MeHee 4,5 1g DU [15,/mut,
U TEMIIepaTypOyCTOHYUBBIMU (NON-ts-rmpusHaK),
eciii RCT He npesiana 3,5 Ig DU 5,/Mo.

CreneHb X0JIOI0YCTOMUYMBOCTU BUPYCOB TPUII-
na oueHuBaau B PKD mo pasHocTu MHMEKIIMOH-
HBIX TUTPOB Npu ontumaibHoil (32—33°C) u mno-
HUXEHHON no 26°C temmneparype MHKYOaLlUU.
Bupycel cuuTanm XoJOAOYYBCTBUTEIBHBIMU, TO
€CTh IEMOHCTPHUPYIOIIMMHU NON-ca-npu3HaK, eciiv
RCT26 cocraBisima He meHee 4,5 lg DU ,,/™Ma,
M XOJIOIOYCTOMYMBBIMU (ca-npu3Hak), eciiu RCT26
He nipeBbIana 3,5 Ig O ds,/Mo.

Tloayuenue wmammos 2KI'B memodom kaaccuue-
ckoll peaccopmayuu ¢ PKD. Peaccoprauuio anuae-
MMUUYECKMX BUPYCOB IpuUIllla A C OTEUYECTBEHHBIM
moHopoM arteHyauuu A/Jlenunrpan/134/17/57
(H2N2) nnsg nmonydyeHuss NR-BaKIIMHHBIX IITaM-
moB npoBoausiv B 10—11-gHeBHBIX PKD no craH-
napTHoi Metonuke [1, 23]. DTamnbl pabOThl BKJIIO-
yaJii: ofHOBpeMeHHoe nHbuupoBanue PKO npu
ONTUMAJIbHOW TeMmIlepaType pPEeKOMEHJIOBaHHbBIM
BO3 axkTyajlbHBIM DSNUAEMUYECKUM BUPYCOM
u JoHopoM artenHyauuu A/Jlenunrpan/134/17/57
(H2N2), cenekTuBHBIE MaccaXu U KJIOHUPOBaHUE
B TMPUCYTCTBUU CEJIEKTUPYIOMIUX (PAaKTOPOB: IO-
HUXEHHON 10 25—26°C TteMIieparypbl U HeWTpa-
JIU3YIOIMX aHTUTEJ MIPOTUB IMMOBEPXHOCTHBIX TJIM-
KOIMIPOTEMHOB JOHOPA aTTeHYyallMU, TOCJIeayoIIe
1—2 MOMOJTHUTEIbHBIX KJIOHUPOBaHMS MPU OINTH-
MaJibHOW TeMIlepaType U HaKOIlJIEHUE T'OTOBOIO
BakiMHHOro NR-1mmrtamma.

Tenno-unscenepnas coopka wmammos KI'B c no-
Mmougvto naasmud. RG-peaccopTaHThl MoJydyaslud
no npoTtokoay Isakova-Sivak ¢ coaBr. [13] ¢ ucnosnb-
30BaHMEM KOMILJIeKTa TIJ1a3MUJ, KOAUPYIOIIUX
reHbl JoHOpa arTenyauuu A/Jlenunrpan/134/17/57.
T'enbl HA 1 NA sniuaeMunuyecku akTyajabHOIO BUPY-
ca KJIOHUPOBAJU B BEKTOP AJ51 OOpaTHOI reHeTU-
ku Bupyca rpunmna (pCIPollSaplIT) no caiitam pe-
ctpukiuu Sapl. lnsg atoro usz 6uomarepuala, co-
nepxalero BUpyc rpurnmna, Beiaenasiau PHK Hato-
poMm «Ammu-IIpaiim PUBO-ITPEIl» (Hekctbuo,
Poccus), nocranosky I1LIP ocymecTBiasiiu ¢ uc-
noJjib3oBaHueM Habopa «OneTaq One-Step» (New
England Biolabs, CIIIA) u kommuiekTa cneruduye-
CKMX MpaiiMepoB, BHOCSIIIMX Ha KOHIbl CETMEHTOB
CAMTHI NJ151 KJIOHUPOBAHUS T€HOB 9HJIOHYKJIea30i
Sapl [11]. ®dparMeHTHl OYMIIIAJIN U3 TeJsl, TIPOU3-
BOJIUJU PeCcTpUKLMIO d3HAOHYKIea3oi Sapl (New
England Biolabs, CIIIA) u nurupoBajiu B BEKTOP
pCIPollSaplT, o06pabGoTaHHBIII PEeCTPUKTA30M
Sapl, ¢ ucnoar3zoBaHuem naurasel T4 (EBporeH,
Poccus). TlonyyeHHBIM MaTepuajioM TpaHchOop-
MUPOBaJU KJETKU E. coli © IPpOU3BOAUIU CKPU-
HUHT KoJioHuUi. OTOMpanu KOJOHUU OaKTepuid,
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coaepxallue IMiaa3Muabl, Kogupytomue reHsl HA
u NA 1eysieBoro Bupyca, U He colaepxkaliiue 3aMeH
B TocjienoBaTebHOCTU. M3 KOJOHMU Hakarau-
Bajsiu O6uomaccy u Boiaensinu nJIHK B mpenapa-
TUBHBIX KoOJW4YecTBax Habopamu «buomadbMukc
Mmakcu-tnipen» (HoBocubupck, Poccus). KoHntponb
MOCJeO0BaTEIbHOCTU BCTaBKM B IJIa3MUAY OCY-
IIECTBJSIIU METOJIOM CIHIE€POBCKOTO CEKBEHUPO-
BaHus [21] (neTtaysii MeToaa MPUBEACHBI HUKE).

COopKy BUPYCOB TpHUIIlla MPOBOAMJIU MO Me-
ToauKe [22] mnyTem BJeKTpoIriopalliyd KJIETOK
Vero HabopoM U3 8 11asMul, KOAUPYIOLIUX 6 re-
HOB noHopa arteHyauuu (PB2, PB1, PA, NP, M,
NS), a takxxe HA 1 NA snuaeMuyeckoro Bupyca.
TpaHchunMpoBaHHbBIE KJETKHM WHKYOWPOBaIU
npu 33°C nipu 5% CO, B 6eCCHIBOPOTOYHOI cpele
OptiPRO SFM (Thermo Fischer Scientific, CIIIA)
B pUCYTCTBUU TpuIlicuHa (Sigma, CIIIA). Yepe3 724
KJIETKM COCKaOJMBaIu, peCyCleHAMPOBaJIU B Cpeie
M B3BEChIO KJIeTOK 3apaxanau PKO. MukyoupoBanu
PKO® nipu 33°C B TeueHue 72 4, ocJje 4ero oleHuBa-
Jii Haauuyue Bupyca metogoM PTA.

CxkpuHuHr NR- u RGR-mtaMmMoB fyist ot6opa
KaHIUJATOB C HY>KHOI (popMyJioil reHoMa, a TaKKe
IS TIONTBEPXIeHUsT GOPMYJIbl FeHOMa, MPOU3BO-
JIAJIU C MCIIOJb30BaHUEM METOAA MUPOCEKBEHUPO-
BaHus [6]. PHK u3 Bupyccomep:xkaliieii xopuoa-
JIJAHTOMCHOM XXKMIKOCTHU BBIACJISIIIN C TIOMOIIbIO Ha-
oopa «Ammiu-npaitm PUBO-ITPEIT» (Hekctbuo,
Poccus), npoBoaunau nocraHoBky TP HaGopom
«OT-TTP Bbuomacrep» (buomnadbmukc, Poccus),
nocje 4Yero IPOBOAUIM ITHMPOCEKBEHUPOBaHUE
¢ nomolbio PyroMark Q24 B COOTBETCTBUU C MPO-
TOKOJIOM TTPOU3BOAMUTE 5.

IloanocenomHoe cexeeHupoganue 8upycos epun-
na. KangunatHele mrtamMmMmbl B 2KI'B nmoasepranu
MOJTHOT€HOMHOMY CEKBEHUPOBaHUIO. BriaeneHue
BupycHoii PHK mnpoBoauiu npu nmomouiyd Habo-
pa <«Ammau-npaitm PUBO-ITPEIl» (Hekctbuo,
Poccust). AMnnucdukanuio TeHOB Mepen Cek-
BEHUPOBAHWEM OCYIIECTBJSIJIA  OJAHOLIATOBBIM
Habopom miast OT-TITLP «OT-ITLIP buomacrtep»
(buonadbmukc, Poccus), dparmMeHTHl pasaeisiiv
B 1% arapo3HoM rejie, IOCJie Yero MpOM3BOIMIIN
ouunctky HabopoMm «Cleanup» (EBporeH, Poccus).
IMonyyeHHbIe (PparMeHTHl CEKBEHUPOBAJIMU C IIO-
MOIIIBIO KaMWJUISIpHOTO cekBeHatopa «3130xl
Genetic Analyzer» (Applied Biosystems, CIIIA)
B COOTBETCTBUU C ITPOTOKOJOM MPOU3BOAUTEIS
¢ ucrioiab3oBaHueM Habopa «BigDye™ Terminator
v3.1 Cycle Sequencing Kit» (Thermo Fischer
Scientific, CIIIA). AHalu3 TMocaea0BaTeIbHOCTU
npoudBoauan B mnporpamme Unipro Ugene [19].
IMocnenoBaTeIbHOCTU  BMUAEMMUYECKUX  BUPY-
COB Tpumra rnojaydanau u3 6a3sl gaHHbIX GISAID
(https://gisaid.org).

JlOoCTOBEpHOCTh PE3YyJbTAaTOB MCCEIOBAHU I
OlLIEHWBAJIM MpU NMoMolnu t-kputepusi CThlofieHTa
JI151 3aBUCUMBIX TTEPEMEHHBIX.

Pesynbrarhl

IlpoBeneHa mapaJsuienbHasi MOATOTOBKA IHITaM-
moB 2KI'B Ha ocHOBe pa3HbIX CyOKJIad BUPYCOB
rpunina A(H3N2) MeTomamu Kjaccuyeckou peac-
coprauuu B PKD 1 00paTHOI reHeTUKU.

MonekynsIpHO-TEHETUYECKUI aHaJu3 T0JaYy-
yeHHbIX NR- 1 RGR-mtaMMoB noaTBepau, 4To
B UX COCTaBE COJiepXkKaTcs reHbl, KOAUpYyolie 0e-
ku 06004k HA u NA oT snuneMuyecKkux BUpY-
COB M 6 TeHOB, KOIUPYIOIINX BHYTPEHHUE OCIKU,
ot noHopa artenHyanuu A/Jlenunrpan/134/17/57
(BakuuHHasg dopmyna reHoma 6:2). BakuuHHEBIE
peaccopTaHThl yHACJeI0Balu OT JOHOpA aTTeHya-
LIUU MYTallMy, OMpPEeNeIaoliie TeEMIEepaTypouyB-
CTBUTEJIBHOCTb, XOJOJOYCTOMYUBOCTh U aTTeHya-
nuio (ts/ca/att) (tad. 1).

IMonnoreHomHoe cekBeHUpoBaHue NR- 1 RGR-
mramMoB ajis1 ZKI'B Tak:ke moaTBepaunio COXpaH-
HOCThb Y HHMX BCE€X aTTEHYUPYIOLIUX MYyTalUui
U OTCYTCTBUE CIIOHTAHHBIX MYTallUi (ITaHHbIE
HE MPEJICTAaBJICHBI).

CpaBHEHUE POCTOBBIX XapaKTEPUCTUK peac-
copTaHTHBIX wTaMMOB KI'B mpoBomuiu mpwu
ontuManbHOl (32°C) M MOrpaHUYHBIX TEeMIe-
paTypax: HOHUXeHHOU 10 26°C U MOBBIIICHHOM
no 39°C. UccnenoBanu NR-mrammel 2KI'B, ko-
Topble mpouiu 7—8 nmaccaxeit B PKD B mpouecce
ux nnonyuyeHusi, 1 RGR-mtammbr 2KI'B, koTopsie
nocyie cOOpKM B KJETKax Vero Mu3-3a OCOOEH-
HocTeld Metonuku npouuyiu B PKD Bcero 2-3
naccaxa.

Pe3ynbpTaThl OLIEHKU XapaKTePUCTUK PENPOTYK-
TUBHOCTU BAKIMHHBIX IITAMMOB, MOJYYEHHBIX
1o NR- 1 RGR-TexHOJIOTUSAM, TPU pa3HbIX TEMIIE-
paTypax IpeacTaBJeHbI B Ta0JI. 2.

NR- 1 RGR-BakIIMHHBIE peacCOPTAHTHI UMEJIU
JIOCTATOYHO BBICOKWE TUTPHI PENPOAYKIIUU MOPU
ontuMaabHOl Temnepatype 32°C u mMexay coboit
OTJINYAJIMUCh HE3HAUYUTEIBHO.

Bo Bcex ciiyyasix penpoayKTUBHOCTb BaKIIMH-
HBIX PEacCOPTAHTOB MpEBbINIAIa PENPONYKTUB-
HOCTh WX DJMNUAEMUYECKUX IPEIIIeCTBEHHUKOB
U COOTBETCTBOBaJIa BHICOKOU MH(EKIIMOHHOW aK-
TUBHOCTU JIOHOpPA aTTEHYAllUH.

Bce mrammbr 2KI'B-NR oGnaganu BbelpaxkeH-
HBIMU ts- U ca-XapakKTepUCTUKAMU, COOTBET-
CTBYIOIIIUMU ts/ca-xapakKTepucTUKaM JOHOpa aT-
TeHyauuu (tabn. 2). Crenyet 3aMeTUTh, YTO BCE
HUCCJIEOBAHHbBIE BUPYChI, HE3aBUCUMO OT UX MpPU-
HAIJIEXXHOCTU K OMpeNesIeHHON cyOKJaae, okasa-
JIUCh MPUPOAHO TEMIIEPATypPOUYBCTBUTEIbHBIMU,
HO B MEHbIIIel CTETIeHU, YeM IOHOp aTTeHyalu A/
Jlenunrpan/134/157 (H2N2). CteneHb Temniepary-
pouyBcTBUTeAbHOCTU IITaMMOB 2KI'B-NR u 2KI'B-
RGR cooTBeTcTBOBaa TEMOEPaTypPOYYyBCTBUTE b-
HOCTU IOHOPA aTTeHYyaluU.

Yro xe kacaeTcs oueHKM penpoaykuuu RG-
peaccopTaHTOB MNpPU TMOHUXKEHHOW TeMIlepaType,
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TaGnuua 2. PenpoayKkTUBHbIE CBOMCTBA peacCOpPTaHTHbIX LUTaMMOB ce30HHOW XXI'B, NoAroToBsIeHHbIX
MeToAaMM KJIaCCUYECKOW peaccopTaL iy B Pa3BUBAIOLLUXCH KYPUHbIX 3MOPUOHAX U TEHHO-UH)XEHEPHOW

c6opku

Table 2. Characteristics of reproductive capacities of seasonal LAIV reassortant strains prepared by classical

reassortment in developing chicken embryos and reverse genetic method

Bupyc UHDEKLMNOHHDBIN TUTP
A(H3N2) |Knapa |WT*/PeaccopTaHT (g SMASO/ MF) RCT **m(lg MAs,) deHoTUN
) Infectious titer RCT (Ig EIDg)
Virus Clade | WT*/Reassortant I EID L)*#* Phenotype
(Ig EIDgo/mL)
A(H3N2)
32°C 26°C 39°C 26°C 39°C
oe wT 7,8+0,1 2,0£0,1 1,740,3 5,8 6,1 non-ca | ts
2y I
§§ S |NR™ 8,6+0,2 6,2+0,1 1,240,0 24 74 ca ts
» O ©
<& RGR*** 9,1£0,2 57¢0,2 | <1,2¢0,0 3,4 >79 ca ts
5 WT 7,7+0,3 2,0£0,2 2,1x0,1 5,6 >5,6 non-ca ts
N~
as | &
&N S NR 8,0+0,2 4,9+0,3 <1,2+0,0 3,1 >6,8 ca ts
x| ¢
RGR 8,0+0,2 3,4%0,1 <1,2%£0,0 4,6 >6,8 non-ca ts
T~ WT 7,70,3 2,0£0,1 1,2+0,0 57 >6,5 non-ca ts
€ - N
T o @©
2 g S [NR 8,5+0,1 55¢0,2 | <1,2+0,0 3,0 >73 ca ts
m o (+]
< RGR 79:02 | 47:01 | <1,2¢0,0 3,2 >6,7 ca ts
T wT 6,8:04 | 12¢01 | 2,50, 5,6 43 | nonca | ts
[ 1y N
=9 >
85 | S |wR 9,2¢01 | 62:02 | 1201 3,0 8,0 ca ts
38 g
e RGR 9,2¢01 | 5502 | <12¢00 | 37 >80 |nonca | ts
5 WT 6.8+0,2 2,0+0,1 2,2+0,3 4.8 46 non-ca ts
@© °.2 £
& b
= g N NR 9,1£0,1 6,7+0,1 1,7+0,2 2,4 74 ca ts
2% o
< (2]
< RGR 8,5+0,1 4,0+0,2 1,220,1 4,5 73 non-ca ts
- WT 7,70,1 2,701 1,2+0,0 50 >6,5 non-ca ts
£ 3O o
385 | &
=N N NR 8,2+0,2 6,0+0,4 <1,2+0,0 2,2 >7,0 ca ts
Qo o
<3 ® ™
RGR 8,9+0,1 6,2+0,2 <1,2+0,0 2,7 >77 ca ts
- ?Ié WT 8,2+0,2 2,2+0,0 1,7+0,4 6,0 6,5 non-ca ts
£ N
=8 3
58 = |NR 9,240,1 6,3%0,2 1,2%0,0 2,9 8,0 ca Ts
iz | 3
™ RGR 9,0+0,1 4,4+0,2 1,2£0,1 4.6 7.8 non-ca ts
A/Leningrad/
134/17/57 (H2N2) |NR 9,4+0,1 74400 | <1,2%0,0 2,0 >74 ca ts
MDV

Mpumeyanue. *WT — (wild type) annaemunyeckunii Bupyc; **NR — (Natural Reassortment) nonyyeHHble knaccmyeckum METOAO0M peaccopTaumuy;

***RGR — (Reverse Genetic Reassortment) nonyyeHHble 06paTHO-reHeTUYeCKUMU METOAOM; ****3U[5/Mn — 50% ambpuroHanbHas UHGEKLMOHHas

[no3a Bupyca; *****RCT — (Reproductive Capacity at Different Temperatures) pasHoCTb penpoayKTUBHON aKkTUBHOCTU NPy onTUMansHoi 32°C

1 NPy MOHMXEHHOM 10 26°C Temnepartype.
Note. *WT — wild type virus; **NR — (Natural Reassortment) obtained by classical reassortment method; ***RGR — (Reverse Genetic Reassortment)

obtained using reverse genetic method; ****EID;, — 50% embryo infective dose; *****RCT — (Reproductive Capacity at Different Temperatures)

the difference in reproductive capacity at an optimal temperature of 32°C and at a temperature reduced to 26°C.

1023



H.B. JlapnoHoBa n gp.

MHdekumns n uMmyHuTeT

O6cyxaeHne

tamMmer Bupyca rpunna A(H3N2) 3a giu-
TEJIbHBIN MEePUON LUPKYISILIUU BbIpabOTalu pas3-
HOOOpa3Hble AaHTUTEHHBbIE U T€HETUYECKUEe CTpa-
TErMU yxola OT TOMYJSILIMOHHOTO UMMYHUTETA.
IMpouzonin M3MeHEHUS B UX B3aUMOAECUCTBUU
C OTUYbUMU U YEJIOBEUECKUMMU KJIIETOUYHBIMU pE-
LEeNTOpaMu, B 3TOM B3aUMOAEUCTBUY BUpPYyCcHast NA
HayuuJsach 3amemiatb HA, 4To MpUBOAUT K CIIOX-
HOCTSIM C HAaKOMJIEHUEM BUPYCOB, TOAOOPOM BpU-
TPOLIMTOB JUUISI aHTUT€HHOTO aHaTu3a, UCKaXaeTcs
AHTUTEHHAas XapaKTePUCTUKA U30JISITOB B CEPOJIO-
ruyeckux peakuusx [7]. B pe3yabrate 3TOro BUpy-
col A(H3N2) ctanu caMbIMU OPOOJEMHBIMU TTPU
MOATOTOBKE Ha UX OCHOBe TaMMoB 2KI'B meTogom
KJaccnyeckol peaccoprauuu. [Toatomy B HacTosI-
e padoTte 1Jisd CPaBHUTEIBHOMN OLIEHKU METOIOB
MOJYYEHU ST BAKIIUHHBIX IITAMMOB ObLJIA BEIOPAHbI
numeHHo Bupycol A(H3N2).

MeTton kinaccuyeckoii peaccoptauuu B PKD mo-
3BOJISIET MOJIy4YaTh C(OPMUPOBAHHBIE €CTECTBEH-
HBIM Iy TEM BBICOKOPEMPOAYKTUBHBIE PEACCOPTAHT-
HbIe LITAMMBI [IJIS KMBOW TPUMNMNO3HON BaKIIMHBI
C TEHETUYECKU CTAOUJbHBIMU XapaKTePUCTUKAMU
TEMIIEPATYPOUyBCTBUTEIBHOCTA U XOJOAOYCTOM-
YUBOCTU, MOJTHOCTHIO COOTBETCTBYIOIIMMU Xapak-
TEPUCTUKAM JIOHOpa arTeHyauuu. OoHakKo MOpu
KJIaCCUUYECKOW peaccopTalluu CKOPOCTh U 3ddek-
TUBHOCTb TTOJIYYEHUSI PEACCOPTAHTOB C HEOOXOI -
MBIM COCTaBOM T'€HOMa HE MOTYT ObITh CTAOUJIbHBI-
MU, MOCKOJIbKY B CYIIIECTBEHHOI CTENEHU 3aBUCST
OT YHUKAJIbHBIX CBOMCTB yYaCTBYIOIIETO B CKPEIIH-
BaHUU SIUJIEMUYECKOT0 BUpPYycCa.

ITpremMbl 0O6paTHOI F€HETUKHU MO3BOJISIIOT MOY-
YaTh BaKIIMHHBIE PEACCOPTAHTHI OBICTPO U 3P dhek-
TUBHO, CHUXXAIOT BEPOSTHOCTH TMOSBJIEHUS CIOH-
TAaHHBIX MYTallUil, MO3BOJISIOT padoTaTh C BBICO-
KOMAaTOT€eHHBIMU BUPYCAMU, OJHAKO BAaKIIWHHBIN
LITaMM JIUIIAETCS MIPEUMYIIECTB €CTECTBEHHOIO OT-
0Oopa, Mpyu KOTOPOM MPOUCXOAUT CeJIEKIIUS Hanubo-
Jiee XKM3HECTIOCOOHBIX KJIOHOB, CIIOCOOHBIX, B 4aCT-
HOCTH, 3(phekTuBHO pazmMHOXaThcst B PKD [4, 25].

Ilpu oTGope peaccOpPTaHTHBIX IUITAMMOB IS
XKI'B cyuectByloT HOpMaTUBHBIE TpeOOBaHWUS,
Kacaroluecs BBICOKOW PEenpoayKTUBHOCTU, Oe€3-
OMAaCHOCTU U UMMYHOT€HHOCTU. B HacTos1em uc-
clief0OBaHWU U3YYEHBbI MPU3HAKHU PENPOILYKTUBHO-
CTU MPU ONTUMAJbHON TeMIepaType, TeMIepary-
POYYBCTBUTEJIILHOCTU M XOJIONOYCTOMYMBOCTHU (tS/
ca), KOTOpbIE SIBJSIOTCS HEOTHEMJIEMBIMU Xapak-
TEPUCTUKAMU BAKIIMHHBIX PEACCOPTAHTOB U CITy-
XKaT MapKepaMU UX aTTeHYalluu.

Hauiu uccienoBanusi mokasaju, 4TO 00a METO-
MIUYECKUX MTpreMa NOJYYEHU I BAKIIMHHBIX [ITaM-
MoB NR 1 RGR mo3Bosigi0T moJjiyyatbh BBICOKOpE-
NPOAYKTUBHBIE TPU ONTUMAJIBHOU TeMIiepaType
mrtaMMbl KI'B. IIpu o6oux cnocodax MoayyeHus
BaKIIMHHBIX IITAMMOB OOECHeYUBAETCS TE€HETU-

yecKasi CTaOUIbHOCTh aTTEHYUPYIOLIUX MYTalluid,
ats-peHorun mrrammoB 2KI'B-RGR B nosiHoii Mepe
COOTBETCTBYET ts-peHoTUIy mTaMMoB 2KI'B-NR.

X0J1010yCTOMYNBOCTD SIBJISIETCS HEOTHEMJIEMbIM
CBOICTBOM JOHOPOB aTTEHYallUU U TepenacTcs BaK-
[UHHBIM IIITAMMaM C TeHaMU, KOAUPYIOIIUMH BHYT-
peHHUEe OeJKUu. DTOT MPU3HAK SIBISETCS Ba>KHBIM
¢dakTOpOM, CITIOCOOCTBYIOIIMM XOpOILIe periika-
LMY BAKIIUHHBIX PEACCOPTAHTOB B KJIETKAX BEPXHUX
OTIEJIOB pecrupaTOpHOro TpakTa. HeoxxuaaHHOCTBIO
SIBUJIACh YACTUYHAs MOTEPSI CBOMCTBA XOJIOJOYCTOM-
ynuBocTu ¥ RG-peaccopTaHTOB Ha OCHOBE BUPYCOB
rpunna A(H3N2) mo cpaBHEHUIO CO IITaMMaMU
KI'B-NR u ¢ noHopoMm arteHyaumu. CHUXKeHUe mo-
KazareJisi X0J0I0yCTONYMBOCTH [IJ1sl BAPYCOB I'pUIIIa
A(H3N2) coctapnsio ot 0,5 no 2,1 1g O s, y pa3HbIX
mramMmmoB. MHTepecHO, 4TO CHUKEeHUE ca-(peHoTUuIa
ObLJIO OTMEYEHO paHee MPU KOHCTPYUPOBAHUU XU-
MEPHBIX IIITAMMOB BUpYCa I'PUIIIIA, KOTJA B KaueCTBE
BekTopa ucnonb3zoBanu KI'B-RGR. I1pu atom nsme-
HeHue ca-(heHOTUIAa He CHUXXAJO aTTeHyallulo XU-
MEPHOIr0 BaKIIMHHOIO IITaMMa JIIs Mblieit [12].

YactuuHas yTparta ca-deHoTuIlla ITaMMaMM,
MOJTyYEHHBIMU Te€HHO-UHXEHEPHBIMU METOIaMMU,
MOXeT NOBJAUATh Ha ahdekTruBHOCTH 2KI'B. OnHako
NpeacTaBiIeHHbIE B paboTe pe3yabTaThl OBICTPOI
u sddexkTuBHoi amantauuu RG-peaccopraHTa
A(H3N2) k penpoaykuuu npu 26°C cBUAETEIb-
CTBYIOT O TOM, UYTO XOJIOJOYCTOMYMBOCTbH JIETKO yia-
eTCsl MOBBICUTh 3a HECKOJbKO MOCJeA0BATEIbHBIX
naccaxei nNpu MOHUXXEHHOU TeMIlepaType.

B cBs3U ¢ BBISIBJEHHBIM CHUKEHUEM XOJIOIO-
YCTOMUYMBOCTU CKOHCTPYUPOBAHHBIX METOMAMU
00paTHOW TeHEeTUKU BAKIMHHBIX IITAMMOB, BaXK-
HO OTMETUTh, YTO HUCCJIENOBAHUS OTEYECTBEHHO-
ro goHopa arteHyanuun A/Jlenunrpan/134/17/57
(H2N2), kak 1 1oHOpOB 151 amepukaHckoii 2KI'B
Ha OCHOBe BUpYycOoB A/DHH Apb6op/6/60 (H2N2)
u B/DHH Ap6op/1/66, mokaszaiu Haludue B3au-
MOCBSI3U MEXJAY aTTeHyallueil HJIsi XOPbKOB U ts-
¢deHOTUTIOM peaccopTaHTOB, TOTJAAa KaK MEXAy aT-
TeHyalueid U ca-¢heHOTUIIOM TaKO B3aMMOCBSI3U
He HaOmonanum [9, 14, 16].

B Bupycojiorun 3adacTylo UCIIOJb3YIOT IIO-
HATUE <«(EHOTUIl», OOBABJSASA (HPEHOTUITUUYECKUM
NpU3HaK BUpPYyca, KOTOPBHIA Ha caMOM JeJie TaKo-
BbIM HE SIBJISIETCS, a SIBJISIETCS T€HETUYECKUM, 00-
YCJIOBJIEHHBIM HacjieMIOBaAaHUEM OTPEAEICHHbIX MY~
Tauuii B reHomMe. Tak, MpuU3HaKU tS U ca Ha3bIBAIOT
¢GEeHOTUTTMYECKUMU, B TO BpeMs KakK 3a MPU3HAKOM
TEeMNepaTypoOuyyBCTBUTEIbHOCTU HE HaOJ1ogaeTcs
¢deHOTUTTMYECKUX NMPOSIBJACHU, MPU3HAK OCTaeT-
Cs1 CTAOUJIBbHBIM U HEM3MEHHBIM B JTIOOBIX YCIOBUSIX
KyJabTUBUpPOBaHUs. PaHee HaMu ObIJIO MOKa3aHO,
YTO TEeMMOepaTypOuyyBCTBUTEIbHbIE BaKIIMHHBIE
IITAaMMbl HE CIIOCOOHBI K PENPONYKIIMUA MPU TO-
BBIIIEHHBIX TeMIlepaTypaX M HE MEHSIOT CBOMX
CBOUMCTB B HEMEPMUCCUBHBIX [JIsI HUX YCJIOBUSIX
MOBBILLIEHHOI TeMmIiepaTyphl [3].
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IlpencraBieHHble  apryMEHTbl  MO3BOJSIOT
MPEeAnoaoX1UTh, YTO MPU3HAK XOJOAOYCTONYNBO-
CTU NEUCTBUTEJIBHO MPOSIBISET ceds Kak (heHOo-
TUIMUYECKUI, CIIOCOOHBIN TOACTpauBaThCsI K yC-
JIOBUSIM OKpyxkatouieid cpeabl. [IpusHak ca umeer
HOPMY peaklliu, 3aBUCSIIIYI0 OT TEMIEPaTypPHBIX
YCJIIOBUM KyJAbTUBHUPOBaHUS BUpyca. [IposiBieHue
MpU3HaKa CHUXXAETCS MPU CHUXEHUU POJIU yda-
cTUsl oKpyxatoueil cpeabl. [Ipy KoHCTpyupoBa-
Huu peaccoptaHToB KI'B Metomamu oOGpaTHOM
TeHETUKU OTCYTCTBYET CEJIEKTUBHBIU (hakTOp —
MOHMXKEHHas TemIieparypa. YToObl ca-deHoTum
y KI'B-RG peanun3zoBajicsd B MOJTHOM Mepe, HEOOX0-
MO TOTMOJHUTEIbHOE KYJIbTUBUPOBAHUE BUPYCaA
MpU TIOHWKEHHOI TeMIlepaType.

OnHa U3 MPUYUH, IO KOTOPOU TPaaAUIIMOHHBII
METOJ KJIaCCUUYECKOU peaccopTalluy Mpu Mojyye-
Huu mrtamMmmMoB KI'B-NR npennoututenbHein AJs
KayecTBa BaKIIMHHOTO Ipernapara B CpaBHEHUU
¢ RG-TexHonorueii, 3akjoyaeTcss B TOM, 4YTO OH
npeanojgaraeT eCTeCTBEHHbIA OTOOp TaKWX Bapu-
aHTOB, KOTOpPbIE HMMEIOT KOHCTEJJISIIUI0O TEHOB,
ONTUMUBUPYIOIIYIO POCTOBbIE CBOIWCTBA BUPY-
ca B PKD, uto gaBasieTcsa BaXHEWIIUM acIIEKTOM
MPOU3BOJACTBEHHOTO Tpolecca. OTCyTCTBUE ecTe-
CTBEHHOI CeJeKIIMU MOXKET OTpUIaTeIbHO CKa-
3bIBaThCSI Ha OWMOJOTMYECKUX XapaKTepUCTUKAaX
RG-peaccoprantoB mis 2KI'B. OnHako HoBaTop-
ckue RG-TexHoJorum 6eccriopHo SIBASIOTCS MpPU-

Cnucok nutepatypsbl/References

BJIEKATEJIbHBIMU, MOCKOJbKY ITO3BOJISIIOT TapaH-
TUPOBAHHO II0OJlyyaTh peaccCoOpTaHTHBbIE BUPYCHI
BaKILIMHHOU (pOpMYJIbl TeHOMa, CBOOOAHBIE OT He-
HYXHBIX MYyTalllii, KOTOpPbIE MOTYT IOSIBUTHCS
B T€HOME B pe3yjbTaTe CEPUIHOI0 MacCUpPOBaAHUS
B PKD®. TlpencraBieHHble JaHHBIE MOATBEpPKOAa-
IOT MepcreKTUuBHOCTh RG-BaKLIMHHBIX LITAMMOB
KI'B, ogHako MX MOATOTOBKA JOJIXKHA OCYIIECT-
BJISITbCSI IO, CTPOTUM KOHTPOJIEM U, MIPU HEOOXO-
JTHUMOCTHU, COMMPOBOXIATHCS KOppeKIIUe (heHOTU-
na MoJy4YeHHbIX PeacCOPTaAHTOB.

TakuM o0Opa3oMm, MeTon OOpaTHOW TeHEeTU-
KM C MCIIOJIb30BaHUEM IJIa3MUJIHON TEXHOJIOTUU
JlaeT BO3MOXHOCTb 3(G@HEKTUBHOU MNOATOTOBKU
peaccoptaHTHBIX ITamMmMoB A 2KI'B. Tlo xapak-
TePUCTUKAM PENpPOAYKILUMU TIPU TOBBILLIEHHON
U ONTUMAJbHOU Temmepatypax mTamMmMmbl KI'B-
RG cpaBHUMBI ¢ BAKIIMHHBIMU LITAMMaMU, MOJIY-
YeHHBIMU B pe3yJibTaTe KJIacCUUeCcKOl peaccopTa-
MU, YTO TapaHTUPYET UX aTTeHYyallMI0 U BaxKHYIO
JIJIs1 TIPOU3BOJICTBA BBICOKYIO PENPOAYKTUBHOCTb.
CrabunbHocTu reHoTumna RG peaccopTaHTOB OKa-
3aJI0Ch HEIOCTATOYHO AJISI ONITUMAJIbHOTO MPOSIB-
JeHus ux ca-@peHoTuna. BaxxHbIM 3Tarom nojayde-
Hus mrtaMMmoB 2KI'B-RG noyixkeH ObITh KOHTPOJIb
UX XOJOoAOoaJanNTUPOBAHHOro (eHOoTHuIla U, MNpu
HeOoOXOAMMOCTH, ONTUMU3ALMs ca-(heHOTUIa 10-
NOJIHUTeNAbHBIMU TlaccaxamMu B PKD mpu noHu-
XE€HHOI TeMmeparype.
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BJIUAHUE NOJINMMOP®HbIX
BAPUAHTOB rEHOB UHTEP®EPOHOBbIX
PELEMTOPOB HA TAXXECTb COVID-19

N AHTUBUOTUKOPESUCTEHTHOCTb

E.A. Kpurep', O.B. Camonosa!, O.A. Ceuruu**, P.B. Camoiisinkos?, E.A. MepeMbssHinHA>>,
JI.B. UBanosa!, H.A. Beosgkona', E.H. Uabuna3, A.B. I1aBaenko’, 10.U. Ecun3,
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Pestome. Bgedenue. OMHOHYKIEOTUIHBIE 3aMEHBI B CTPYKTYpE I'€HOB, aCCOLIMMPOBAHHbBIE C U3MEHEHHEM KOHDOpMa-
MK OesiKa-pelenTopa uian 3KCIPecCuy peLernTopoB K MHTepdepoHaM, MOT'YT OOBbSICHUTH Pa3aduMs B BOCIPUUMUK-
BocTHu U TskecTu COVID-19, Hapsiay ¢ o01ien3BecTHBIMU (pakTOopaMu pucka. Lleab: u3yyeHne B3auMOCBSI3U MEXKIY
MOIMMOP(MHBIMK BapraHTaMM I¢HOB MHTEP(HEPOHOBBIX PEIIETITOPOB, TsxkecThio TedeHust COVID-19 u pacmpocTpa-
HEHHOCTBIO T€HOB aHTUOMOTHKOPE3UCTEHTHOCTH B MUKPOOMOTe KUIeUHUKA. Mamepuaas: u memoost. [IpoBeneHo
HCCIIeOBaHME C BKJIIOUEHMEM CIIy4aiiHOi BhIOOPKM HacellieHMsI ApXaHrejabcka B Bospacte oT 42 mo 76 jiet (n =
305). IIpouenypa nccnenoBaHus BKIoYana coop naHHEIX 0 COVID-19 u3 ®MemepaabHOTO perucTpa mepedoNeBITNX
COVID-19, 3a60p KpoBH AJIS1 CEPOJIOTMYECKOTO UccaeqoBaHN s Ha Hannuue aHTutea K SARS-CoV-2, uccienopanue
MOJMMOP(HBIX MapKEPOB PELIENTOPOB K MHTepdepoHaM 1 cO0op 00pa3iioB Kajia JJisl BHISIBIEHWS] TEHOB aHTUONOTH-
KOPE3UCTEHTHOCTH. Pe3yavmameui. B reuenne 12—15 mecsiues mangemun COVID-19 17,4% y4acTHUKOB UCCIIENOBAHUS
neperecin COVID-19 ¢ cumntomamu, 32,8% 6onenn 6eccumntoMHo. K ocern 2022 T. moyst y4acTHUKOB, Tiepe6o-
JIEBIIUX C CHMIITOMaMH, yBeJIMYUach 10 36,4%, a mosst mepeboieBIINX 0ecCUMMITTOMHO — 10 61,3%. BrisiBieHa B3a-
nMocBs3b Mexy reHotuniom CC BapuaHTa rs2257167 rena IFNARI, nanuuuem ajnens T BapuanTa 152229207 reHa
IFNAR2, rannotuna CCTT u manudectHboiM TeueHrueM COVID-19. BrisiBieHa B3aUMOCBSI3b MEX1Y TarJIOTUIIOM
GCTC, nannuneMm mMHeBMOHUM U TskecThio TedueHUs1 COVID-19. B Hosiope 2022 1. pe3MCTEeHTHOCTh K MaKpoJauaamM
Habmoganack B 98,4% ciiydaeB, yCTOMUMBOCTD K OeTa-makTamaM — B 26,9%, pe3CTEHTHOCTD K TIIMKOIENTHAAM —
B 13,8%. Pe3ncTeHTHOCTD K TpeM KJlaccaM aHTHOMOTUKOB Ha0moganach y 4,9% o6cnes0BaHHbBIX 1 Yallle BBISBIISIACH
y a1 ¢ rartoturiom CCTT. IeHsl, Kogupytoiiue 0eTa-TakTaMasbl, Jalie BeISIBISINCE y aull ¢ TarotunoM GCTC,
qarie 6oeBmux COVID-19 ¢ mHeBMOHUMEH U MTONIYYaBIINX CTallMOHApHOE JIedeHue. [eHbl pe3NCTEHTHOCTHU K TJIH-
KOTIENITUAaM OblIM accouuupoBaHbl ¢ reHoTuniom CC BapuaHTa 152257167 rena IFNARI. Bovigod. Takum o6pasom,
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BBISIBJICHbI T€HETUYECKME AETePMUHAHTBHl BOCIPUMMYMBOCTU, MaHUpecTHOro TeueHus u Tsaxectu COVID-19.
B3auMocBs13b moauMOpdHBIX BAPMAHTOB T€HOB MHTEP(MEPOHOBBIX PELIeNTOPOB U TsixkecTu TedeHust COVID-19 moxeT
WCTIOJIb30BAThCSI JISI BBISIBJICHUSI JIIOAEH ¢ TEHETUYECKOM MPEapacnoOoXeHHOCTHIO K TSIXKEIOMY TeUeHN 10 MHGEKIUY
U OMpeAeeHUsI MPUOPUTETHBIX TPYIII 715l MPOBENCHUST BAKI[MHAIIUU, B TOM YMcie 1151 MPodUIaKTUKU aHTUOUO-
TUKOPE3UCTEHTHOCTHU MPU OCIOXHEHHOM TeUeHUU BUPYCHbBIX MHPEKITUA.

Karouesnie caosa: nosumopghuvie éapuanmol, unmeppeporoswvie peuenmopsl, anmubuomurxopesucmenmuocms, COVID-19,
eenemuueckue mapkepot, maxcecms COVID-19.

THE IMPACT OF POLYMORPHIC VARIANTS OF INTERFERON RECEPTOR GENES ON COVID-19
SEVERITY AND ANTIBIOTIC RESISTANCE
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Abstract. Background. Single nucleotide substitutions in gene sequence associated with conformational changes in protein
receptor or in expression of interferon receptors may explain variations in human susceptibility to infection and severity
of COVID-19 along with other well-known risk factors. The study aimed to investigate associations between polymor-
phic variants of interferon receptor genes, COVID-19 severity and prevalence of antibiotic resistance genes in the gut
microbiota. Materials and methods. The study was conducted using a random sample of Arkhangelsk population aged 42
to 76 years (n = 305). The research involved gathering COVID-19 data from the Federal Register, conducting blood tests
for SARS-CoV-2 antibodies and polymorphic interferon receptor gene variants, and identifying antibiotic resistance genes
in stool samples. Resuits. During the first 12—15 months of the COVID-19 pandemic, 17.4% of the study participants had
symptomatic COVID-19, while 32.8% were asymptomatic. By the Autumn of 2022, symptomatic COVID-19 cases rose
up to 36.4%, while asymptomatic cases increased to 61.3%. We reveal an association between the CC genotype of the
IFNARI gene rs2257167 variant, the presence of the T allele of /FNAR2 gene rs2229207 variant, the CCTT haplotype and
symptomatic COVID-19. The GCTC haplotype was associated with pneumonia and COVID-19 severity. In November
2022, macrolide resistance genes were observed in 98.4% of cases, whereas those to beta-lactams and glycopeptides —
in 26.9% and 13.8% cases, respectively. Resistance to three classes of antibiotics was observed in 4.9% and was more
frequently detected in individuals with the CCTT haplotype. Genes encoding beta-lactamases were more often found
in individuals with the GCTC haplotype, those who had COVID-19 with pneumonia and those who received hospital
treatment. Glycopeptide resistance genes were associated with the CC genotype of the 1s2257167 variant of /FNARI gene.
Conclusion. We identified genetic determinants of susceptibility, symptomatic infection and COVID-19 severity. The as-
sociations between polymorphic variants of interferon receptor genes and COVID-19 severity can be used to identify
people with a genetic predisposition to severe infection and to determine priority groups for vaccination, including the pre-
vention of antibiotic resistance in complicated course of viral infections.

Key words: polymorphic variants, interferon receptors, antibiotic resistance, COVID-19, genetic markers, COVID-19 severity.

BeeneHue HETUYEeCKUE NETePMUHAHTHI. TsgxXecTh 3aboJieBa-
HUS MOXET ObITh O0YCJIOBJIeHA WHAWBUIYaTbHBI-

Hogas KOpOHaBUpYyCHasI vH(peKIIMsa MU BapuallusIMU B CTPYKTYpPE T€HOB, OTBEYAIOIINX
(COVID-19) — wmynbpTUCUCTEMHOE 3a00J7eBa-  3a UMMYHHBINH oTBeT [24]. OcobGeHHOEe 3HaYeHUE

HHE C IMIUPOKHUM CHEKTPOM KJIMHUYCCKHUX TIPO-
SIBJICHUI, OT 0€CCUMIITOMHOTO WH(MUIIMPOBAHUS
JI0 KpallHEe TSIKEJIOT0 TeYCHUSI, TPEOYIOIIeTo IIPpo-
BeIeHUS WHTEHCUBHOI Tepamuu [29]. TsxecTs
COVID-19 3aBucuT oT MHOTUX (haKTOPOB, B TOM
yucye ot mramMma SARS-CoV-2, nnpuunpyonieit
JIO3BI BUPYyCa, HAJIMYM S y TTallMeHTa (DaKTOPOB pUC-
Ka, TaKMX, KaK MOXMJIOW BO3PacCT, CEpAeIHO-CO-
CYIHMCTBIC 3a00JIeBaHMS, XpPOHUUECCKHNE 3a00JiecBa-
HUS JeTrKUX, caXapHbIi auabeTr, oxupeHue [25].
HemanmoBaxkHyl0 podab B  BOCIPUUMYMBOCTHU
K SARS-CoV-2 urpalor UMMYyHOJIOTUYECKIE U Te-

B 3amuTte npotuB SARS-CoV-2 umerTt ¢pakTo-
pbl, OOyCJOBIMBaIINE UHTEPHEPOHOBBINA OTBET
Ha UH@pexkuuio: nHTepdepoHsl | Tuna gABISOTCA
OCHOBHBIM CBSI3YIOLIUM 3BEHOM MEXAY BPOXICH-
HBIM U aJalTUBHBIM MMMYHHBIM OoTBeTOM [19].
HNuTepdepons! I Tuna (IFN o/B) npoayupyooTes
NPEUMYIIECTBEHHO MUTEIUATbHBIMU U NEHIPUT-
HBIMU KJIETKAMU B TEYEHUE TTEPBBIX 24 4aCOB MOCJIe
nHbuuposanus [6]. [IpoTUBOBUPYCHOE NeiicTBUE
uHTtepdeponoB | Tuma ocyuiecTBasieTcs 3a CUeT
aKTHUBallMU TPAHCKPUIILIUU T€HOB psila MPOTUBO-
BUPYCHBIX O€JIKOB, MOAABJSIONINX PEMIUKAIIUIO
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BUpyca B TOPaXKEHHBIX KJIETKAaX M IIPEHSITCTBYIO-
KX MHQULIMPOBAHUIO COCETHMUX KJIETOK [16, 18].
Hurepdeponnt Il tuma (IFNy) cuntesupyiorcs
K 3—5 THIO KJIETKAMU UMMYHHOI CUCTEMBI M 06ec-
MEeYMBAIOT UMMYHOPETryJIsaTOPHYIO GyHKIUIO [5].
IFNYy ctumynupyeT Kak BpOXIEeHHbIE, TAaK U alar-
TUBHBIC UMMYHHBIC peaKII1, ITOBBIIIAS YCTOMYM-
BOCTB KJIETOK K BUPYCHOUN MH(MEKIINHU U aKTUBHUPYST
BOCHAJIUTENbHbBIN OTBET [14].

Csou ¢pyHkuuu nHrepdeponsl I u Il Tuna pe-
aJu3yIOT IIyTeM CBS3BIBaHUS C TpaHCMeMOpaH-
HBIMHU pCLENTOpPaMM Ha KJIETOYHON ITOBEPXHO-
CTH, YTO IIPUBOAMT K aKTUBAIIUU U BKCIPECCUN
UHTepDEPOH-CTUMYJIUPYEMbIX TeHOB. PeriernTopnl
K uHTepdepoHaMm | Tuma, cocrosinme M3 IBYX
cyobpenmanil — IFNARI u IFNAR2, skcnipeccu-
PYIOTCST OOJIBIIMHCTBOM TUTIOB KJIETOK, TOT/Ia KakK
peuenTopbl uHTepdepoHoB Il Tuma, B yacTHOCTU
IFNGRI, NPEUMYIIECTBEHHO KJIETKAMU MHM-
MYHHOI1 cucteMbl [20].

BuipazkeHHOCTh ITPOTUBOBUPYCHBIX MMMYH-
HBIX peaklIiii, OMoCpeIOBaHHBIX MHTepdepoHa-
MM, KOPpPEJUPYyeT C KOHILIEHTpalueili nHTepdepo-
HOBBIX PELENTOPOB Ha MOBEPXHOCTU KJjeTok [11].
KosnmaectBO M cTpyKTypa MHTEPpDEPOHOBBIX pe-
IIETITOB BO MHOTOM 3aBHCUT OT T€HETUYECKNX OCO-
OEHHOCTe MHAUBUIA, YTO B CBOIO OUepeIb BIUSI-
€T Ha BBIPaKEHHOCTh MMMYHHOT'0 oTBeTa. CaMbIe
pacrnpocTpaHeHHbIe U3MEHEHU ST B TEHE YeJIOBeKa —
3TO TOJAUMOPGU3IMBI, KOTOPBIE 3aKJI0YAIOTCS B 3~
MEHEHUU OTHOT0 HYKJIEOTH1a B MOCJIeA0BaTEIbHO-
ctu JHK (single nucleotide variation — SNV) [17].
IMonumopdusbrit BapuanT rena /IFNARI peuenrtopa
IFNo npossiasercs B 3ameHe ajienass G Ha C B o-
aunuu 34715699 xpomocombl 21 (rs2257167), 4rto
NPUBOIUT K 3aMeHe BaJIMHA HA ISUIIMH ITPU CUHTE-
3€ MOJIeKYJIbl O6esika-penentopa. [Ipu noaumopd-
HoM BapuaHTe reHa [FNARZ2 peuentopa IFNo
npoucxonut 3aMeHa amjaenas T Ha C B mo3uuuu
34614250 xpomocomnl 21 (rs2229207), 4TO IIPUBO-
IUT K 3aMeHe (peHMIaJaHnHA Ha CEpUH B OCTIKOBOM
Mosiekyse. OnucaH TakXke MoJUMOpGdU3M B TIPO-
MoTopHoM o6actu reHa IFNGR 1 peuentopa [FNy,
npeacTaBisomuii coboit 3ameny amenss C Ha T
B mo3uuuu 137541075 xpomocombl 6 (rs1327474),
KOTOpasi MOXeT NPUBOIUTH K CHUKEHH IO 9KCITpecC-
CUU PELEeNITOPOB U HE BIUSIET HA UX CTPYKTYDY.

TMonumopdur3M reHoB UHTEeP(PEPOHOBBIX PElIETI-
TOPOB UMEET IIPOTHOCTUICCKOE 3HAYCHUE U MOXKET
OOBSICHUTHh BPOXICHHYIO BOCIPUUMYUBOCTh WJINA
TOJIEPAHTHOCTh K WH(MEKIMOHHBIM 3a00JeBaHM-
aM, B ToM uyucie Bupycy SARS-CoV-2 [10, 12, 22,
26]. W3meHeHue CTPYKTyphl Oejika perentopa
BCJIEJICTBUE OJHOHYKJCOTUIHOTO TOIUMOPhU3-
Ma MOXET CHUXaTh YyBCTBUTEJIBHOCTHb KJETOK
K mHTepdepoHaM, co3maBas 0ojiee OJaronpusT-
HYIO Cpeny IJIs perIMKalluu BUpyca, YTO IIPUBO-
IUT K OOJbIIeil BEepPOSTHOCTH WHMUIMPOBAHUS,
YBEJIUUYCHUIO WHOUILMPYIOIIEHA 1T03bl, TIXECTHU

3a00JieBaHUsI W BEPOSITHOCTH HEOJIarONpPUSITHOTO
ucxona [27]. JIuna ¢ reHeTUYECKOM MpeapacIiono-
JKEHHOCTBIO K PEeIIMIUBUPYIOITNM 1/WUIU TSIKEJIBIM
UHGEKIIMAM yallle TpeOyoT Ha3HAYEHU ST aHTUOUO -
TUKOTEPANMU, YTO SIBJISIETCS OMHUM U3 (haKTOpPOB,
BJAMSIIONIMX Ha KOJTMYECTBEHHBIN 1 KaueCTBEHHbII
COCTaB KMIIIEYHOI0 MUKpoOroma 1 pe3uctoma [9].
Llenb: OLICHUTH B3aMMOCBSI3M MEXIY ITOJIU-
MOp(HBIMU BapraHTaMU I'eHOB MHTEeP(PEPOHOBBIX
pelenTopoB, TsaxecTblo TeueHUs1 COVID-19 u pac-
NPOCTPAHECHHOCTHIO TEHOB aHTUOMOTUKOPE3NC-
TEHTHOCTHU B MUKPOOHMOTE KUIIIEUHUKA.

Matepuanbl n MeTOOb!

Yuacmuuku uccaedosanus. 11 yaacTust B UC-
caenoBaHuu Obla chopMUpOBaHa BEIOOPKA XXUTE-
Jieli ApxaHTelbcKa B Bo3pacTe oT 42 1o 76 et (n =
305), oToOpaHHBIX ClIyYaiiHBIM O00Opa3oM M3 YHC-
Jla YYaCTHUKOB IIOITYJISIIIMOHHOTO WCCJICIOBAHM S
CEepIAEYHO-COCYAUCTHIX 3a00JIeBaHUN «Y3Hail cBOe
cepaie» (n = 2380), npoBeneHHOro Ha 6aze ®I'bBOY
BO CeBepHblii rocygapCTBEHHBINT MeIULIMHCKUIA
yHUBepcuTeT (ApxaHrenabck) MuH3npaBa Poccun
(CI'MY) B 2015-2017 rr., HaGamgaeMbIX MpPO-
CIIEKTUBHO Ha IIpPeAMET IMOCTAaHOBKW KJIMHMWYEC-
KUX TUArHO30B M CMEPTHOCTU OT BCEX MPUUYMH.
Bce yyacTHUKM mNpegocTaBUJIU J0OPOBOJIBHOE
MH(GOPMUPOBAHHOE COTJIacUe Ha y9acTUE B UCCIIE-
noBaHuu. [IpoBeneHMe BCex 3TANlOB UCCIIEIOBAHUS
ObLJIO ONOOpeHO 3TUYecKMM Komutetrom CI'MY
(mpotokon Ne 01/02-21 ot 17.02.2021, mpoTokon
Ne 07/09-2022 ot 28.09.2022, ipoTokos Ne 06/09-
23 o1 27.09.23).

Ilpoyedypa uccaedosanuss u co6op OaHHbIX
o COVID-19. Tlpouenypa uccieagoBaHUs BKJIIOYa-
Ja c6op JaHHBIX O aKTe 3a00J€eBaHUS U TIKECTU
COVID-19, B3dTHe KpOBU IJII CEPOJOTMUYECKUX
U MMMYHOI€HeTUYECKMX HCCIeAOBaHUI, a Tak-
Xe cOop o0pa3loB Kaja AJis BBISIBJICHUS T'€HOB
aHTUOMOTUKOPE3NCTEHTHOCTH.

COop JnaHHBIX O MEePEeHECEHHOI yYyacTHUKaMU
COVID-19 ocyiecTBJsiJICs B TeUeHUE ABYX MTEPUO-
noB: I mepuon — ¢ 17 maprta 2020 1. (naTa BBISIBIIE-
Hus nepBoro ciaydas COVID-19 B ApxaHTeIbCKe)
1o 30 uronsa 2021 r. (manee B TeKCTEe yIIOMUHAETCS,
Kak nepBble 12—15 mecsiieB maHAeMU ) COOTBET-
CTBYET MEPUONY LUPKYISILUMNNA YXaHbCKOTO IITaM-
ma SARS-CoV-2; Il nepuon — ¢ 1 nrong 2021 r.
no 10 Hos6psa 2022 1., coBmagaeT MO BpPEMEHU
¢ uupkyasuueit mrammoB Heabra u OMukpoH [1].
Nudopmanus o nepeHecenHHom COVID-19, Bkitto-
qJalolasi JaHHBIE O TSXKECTH 3a0ojeBaHUs, Ha-
JINYUY ITHEBMOHUU, (paKTe TOCIIUTAIU3ALUH, CO-
oupasach 1o naHHbiM DenepanbHOro perucrpa
nepeodosieBminx COVID-19, Ha ocHOBaHUU Mpeno-
CTaBJICHHOTO yYacTHUKaMU WHOOPMUPOBAHHOTO
coracus Ha OOCTYH K MEIUIMHCKUM TaHHBIM.
CaeneHus o BakUMHaUKU NpoTuB SARS-CoV-2
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nonydyeHbl n3 PeaepaabHOro perucTpa BaKIMHM-
poBaHHbIX oT COVID-19.

Cbop 6uoobpasyos. 3a00p KpoBHU JJisl OLEHKU
CEPOJIOTMYECKOTO CTaTyca y4aCTHUKOB MPOBOAUII-
cs1 IByKpaTHO: B mepuof ¢ 24 ¢pespas o 30 uioHs
2021 1. (uepe3 12—15 Mecs1eB oT Hayaja MaHJe-
MWU), U B TIepron ¢ 3 okTs10ps 1o 10 Hos10pst 2022 1.
(okoHUYaHMe mepuoda HaOJIOAeHUS]) B KJIMHUKO-
auarHoctudyeckoi Jsadopatopuu CI'MY. 3a6op
KPOBM IIPOBOIMJIN HaToIIaK. BakyTaiiHepHI ¢ Kpo-
BBIO LICHTPU(YTUPOBAJIY JIJIsI OTACJICHUST CBIBOPOT-
KU, 3aTeM aJIMKBOTUPOBAJIM B CTPUITOBAHHBIE TTPO-
oupku. O6pa3ubl CbIBOPOTKU, NpeaHa3HAUYEHHbIe
JUISI CEPOJIOTUYECKMX HCCIeIOBaHUI, U 0Opa3Iibl
LEeJBHON KPOBU AJISI UMMYHOT€HETUYECKHUX UCCIIE-
JOBaHM 1 3aMopaxxuBaiau u xpaHuju npu —80°C.

OO0Opa3subl Kaja AJis U3ydeHus1 aHTUOMOTHUKOpe-
3UCTEHTHOCTU COOUMPATUCH OMHOKPATHO C 3 OKTSI0-
ps no 10 Hoss6ps 2022 1. mocje MojaydyeHus yJyacT-
HMKaMM TI0JpOOHOTrO0 MHCTPYKTaXka MO TEeXHHKE
cbopa M B TeUYEeHHE CYTOK AOCTABJISIMCH B JJabopa-
Topuio CI'MY, rne oHM nomelajauch B KpUOIpo-
OMpKU, 3aMOPakKUBAJIUCh U XPAaHUJIUCH MPU TEM-
neparype —80°C.

Cepoaoeuveckoe uccaedogaHue HA anmumena
Kk SARS-CoV-2 u unmepnpemauyus ux pe3yabmamos.
O06pasibl CBIBOPOTKY KPOBU YYaCTHUKOB, COOpaH-
Hble B 2021 1., ObIIM UCCIIeTOBAHBI C UCITOJIb30BAH U~
eM Habopa peareHTOB JJISI TTOJYKOJIUYECTBEHHOTO
onpeneneHus IgG K cnaiik (S)-6enky SARS-CoV-2
METOA0M UMMYHOMepMeHTHOro aHanusa (Bektop-
bect, Poccus). TMosoxXuTenbHbI pe3yabTaT ce-
pOJIOTMYECKOIO MCCIeAOBaHUS Y YYaCTHUKOB,
HE UMEIOIINX CBEIeHUI O TepeHeCEHHOM 3aboJie-
BaHuu B DenepaibHOM perucrpe nepedoaeBIINX
COVID-19, paccmaTtpuBaics Kak 6ecCUMIITOMHAas
nuHbekuusg. I[lockonbKy ucciaegoBaHUE aHTUTEN
TOJIBKO K S-0ejiKy He Mo3Bojsjao auddepeHu-
poBaTh yYaCTHUKOB Ha IepeOOoJIeBIINX M BaKIIM-
HUupoBaHHbIX NOpoTuB COVID-19, yyacTHUKH,
MOJTYYMBIIME XOTSI ObI OHY 103y BAaKIITMHBI T10 TaH-
HbIM DenepanbHOTO peTucTpa BaKIIMHUPOBAHHBIX
ot COVID-19, 6b1J11 OTHECEHbI K KATEropruu He 60-
nesmux COVID-19.

OO0Opa3ubl CHIBOPOTKM, MoJiydeHHbie B 2022 T.,
uccaenoBaauck Ha Haauuue IgG K pelenTop-cBs-
3bIBalollleMy AoMeHy (receptor-binding domain —
RBD) u S2-cyobeauHulie S-6e1Kka M HYKJEO-
karncugHoMmy (N)-06enky SARS-CoV-2 metomom
uMMyHodepMeHTHoro aHanusa (Jlutex, Poccus).
BoisiBeHME CEpOJIOTMYECKMX MapKepoB Mepe-
HeceHHoit COVID-19 (antutena xk S2-, N-06eKy)
y Jauu, He OoaeBmiux COVID-19 no maHHBIM
DenepanbHOTO perucTpa, pacleHnBaJIOCh Kak 6ec-
CUMITOMHOE MHDUIIMPOBAHUE.

Hccnedosanue noaumopguszma eenos unmepghe-
POHOBBIX peyenmopos. 1 s n3ydeH st HonnuMopdu3-
Ma T€HOB MHTep(EPOHOBBIX PEIENTOPOB 00Pa3Ibl
LeJbHOW KPOBU YYaCTHMKOB OBLIM TPaHCIOPTH-

pOBaHBI Ha CYXOM Jibay B Jjabopatopuio ®I'BHY
HWMUM BakuuH u ceiBopoTok uM. M.1. MeuHukoBa
(MockBa) ¢ cobitoieHueM TeMIepaTypHOTro PexXu-
Ma Ha ypoBHe He Bhilie —50°C.

WccnenoBanme  M3BECTHBIX  MOJTUMOPQMHBIX
BapuaHTOB TeHOB peuientopoB IFNo (rs2257167
u 1s2229207) u IFNy (rs1327474) nmpoBoauiaoch Me-
Tonom ITHP B pexxume pealbHOro BpeMEHU Ha aM-
mindbukarope «DTprime 5» (JAHK-TexHosorus,
Poccus). Ilo pesyiabraTaM ucciiefoBaHUs MOJIU-
mopgHoro BapuaHTa reHa IFNARI (rs2257167)
YYaCTHUKHU OBIJIM pas3liesieHbl Ha TPYIITbl MO Ha-
nnuuio anneneir G n C u o renorunam: GG, GC,
CC. Ilo nonumopdHoOMy BapuaHTy reHa [FNAR2
(rs2229207) 6bL1u chOpMUPOBAHBI TPYIIIIHI 110 Ha-
nnunito anneyer Tu Cunoredorunam: TT, TC, CC.
TTockonbky reubl IFNARI v IFNARZ2 nokanu3oBa-
HbI B OJJHOU XpOMOCOME HE MCKJIIOYaeTCsl BO3MOX-
HOCTb CLIEMJIEHHOTO HacJeIOBaHU S BO3ZHUKAIOIIUX
B HUX MyTaluii. C ydyeToM 3TOro yYaCTHUKU UCCIIe-
JoBaHUs ObLIU pa3aeneHbl no rarmiorunam: GGTT,
GCTT, CCTT, GGTC, GCTC, CCTC, GGCC,
GCCC, CCCC. TIlo pesyabraTaM ucCCJIeIOBaHUS
nonumopdHoro reHa IFNGRI1 (rs1327474) cpopmu-
poBaHbI TPynnbl o Hajnuguto ajuieneid T u C u o
renotunam: TT, CT, CC.

Hccaedosanue anmubuomuxope3ucmeHmHoCmu.
s n3ydeHu st TeHOB aHTUOMOTUKOPE3UCTEHTHOC-
TU 3aMOPOXEHHBIE 00pa3lbl Kajga TPaHCIIOPTUPO-
Baau B ®DBYH HUMUW cucteMHOir OMOJIOTUHN U Me-
auuHbl PocnorpedbHanzopa (MockBa) B KpUOKOH-
TeliHepax Ha CYXOM JIbJlY, C MOAJepXKaHUEeM TeMIIe-
paTypHOro pexxruMma Ha ypoBHe He Bbile —50°C.

Briaenenue JHK npoBoauau ¢ ucrnoab30BaHU-
eMm Habopa «<HK-marnut» (Jlutex, Poccus) Ha aBTO-
MaTu4decKoi BelaeauTeabHol ctaHuuu «KingFisher
Flex» (Thermo Fisher Scientific, CIIIA). dns onpe-
neneHus: kKoHueHTpauuu JHK wucnonb3zoBajics
cnektpodoromeTp «UV-Vis NanoDrop» (Thermo
Fisher Scientific, CIIIA). O6pa3siibl UCCaeI0BaIUCH
HaHaJM4YKe FeHOB PE3UCTEHTHOCTU K MAKPOJIUIaM:
Erythromycin ribosomal methylation gene (ermB),
Macrolide efflux gene (mefA), OGeta-nakTaMHBIM
aHTUOMOTHUKAM, BKJIIOUAasl TeHbI, KOJIMpPYIOIIue
Cefotaxime-beta-lactamase (blactx.y), Dhahran
beta-lactamase (blapy,), Oxacillinase 10 (blagxa._y),
Oxacillinase 23 (blagy»;), New Delhi metallo-beta-
lactamase (blaypy); TIMKoNenTuaam (vanA u vanB).
WccnenoBaHue reHOB aHTUOMOTUKOPE3UCTEHTHOC-
TU B oOpas3uax Kaja rnmpoBoauaoch metoaom ITLP
B pPeX1Me peabHOTrO BpeMeHHM ¢ TIpUMeHEeHeM Ha-
o6opa peareHTOB «Pe3uctom komriekc ESKAPE-V»
(JIutex, Poccms) nHa ammniaupukarope «CFX96
Touch» (Bio-Rad Laboratories, CIIIA) [4].

Cmamucmuueckuil anaau3 oannsix. Konnuect-
BEHHBIC JaHHbIC, MMEIOIINEe HerapaMeTpUuIecKoe
pacmnpenejieHde, MpencTaBieHbl B BUIE Meaua-
Hbl. KauecTBeHHbBIE XapaKTEPUCTUKU TTPUBEICHbI
B BHUJIE IPOLICHTHBIX mojieii. CpaBHEHUS Kade-
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CTBEHHBIX XapaKTEePUCTUK YYaCTHUKOB, pasJe-
JICHHBIX Ha TPYNIbl MO HAaJIWYUIO/OTCYTCTBUIO
ajjeseil Te€HOB WHTEPHEPOHOBBIX PELENTOPOB,
FeHOTUTIaM, TallJIOTUIIaM, TSIKEeCTHU IMepeHeCeHHOM
COVID-19 1 Hanuyui TEHOB PE3MCTEHTHOCTU
K aHTMOWOTHUKAM, ITPOBEACHBI C MCIOJIb30BAaHUEM
Tecta Xu-kBaapaT [TupcoHa MM TOYHOTO KPUTE-
pust @umepa. CTaTUCTUYSCKUN aHaAIU3 JaHHBIX
MpOBeAeH C IIOMOIIbIO ITTaKeTa CTAaTUCTUYECKUX
nporpamMm SPSS v.23 (IBM).

Peaynbrathl

Bo3pacT y4acCTHUKOB UCCIEOOBAHUS BapbUPO-
BaJ oT 42 1o 76 jetr, MeauMaHa Bo3pacTa COCTaBUJjIa
60 e, 63,0% — xeHiuHbl. YacToTa BCTpeyaeMo-
ctu annenss C BapmaHTa 152257167 rena IFNARI
(rs2257167) B wuccleayeMoil TrpyIllle cocTaBua
0,135, anmenp C BapuanTa 152229207 rena /FNAR2
BcTpeyascs ¢ dactoroir 0,167, pacrpocTpaHeH-
HocTh annenigs C BapuaHT rs1327474 rena IFNGRI1
coctaBuia 0,325. B BeIOOpKe TIpeobiagajil roMo-
surotel mo ajuienio G BapuaHTa 1s2257167 rena
IFNARI, romMo3uroTel To aiemio T BapuaHTa
12229207 rena IFNAR2 n retepo3urotsl CT Bapu-
aHTa rs1327474 rena IFNGRI1 (puc. 1).

ITo ganubiM DenepalbHOro perucTpa Iepedo-
neBmux COVID-19 MmanudecTHYIO (CMMIITOMATH-
yeckyt) dopmy COVID-19 B TeueHmMe 12—15 Mecs-
LeB IMaHaeMuu (IIepUOoa UUMPKYJISILUNA YXaHbCKOTO
mwramma SARS-CoV-2) nepeneciu 174% (n =
53/305) ygacTHUKOB HcCeaoBaHUs (puc. 2).

Y tpetu yyactHukoB (32,8%, 100/305), He 10-
JIYYUBIIMX BaKLMHALIMIO B TeYeHUE IEPBBIX
12—15 MecsilieB, He BHECEHHBIX B PETUCTpP IHepe-
00JIEBLIMX U HE COOOIIMBIIMX IPU OIPOCE O CUM-
ntomax COVID-19, 6p11m 0OHapy:KeHbl aHTUTEIa

IFNGR1

151327474 TTE6.7)

IFNAR2

152229207 TT{741)

IFNAR1

rs2257167 GG (75,8)

0 10 20 30 40 5 60 70 80 90 100

PucyHok 1. FeHOTUNbI y4aCTHUKOB

no NoNAMMOP@HbIM BapuaHTam reHOB
MHTEePhEpPOHOBLIX PELLENTOPOB

Figure 1. Genotypes of participants based

on polymorphic variants of interferon receptor genes

K S-6enky SARS-CoV-2, 9T0 O6BIJI0 paclieHeHO KaK
oeccumntomuas ¢opma COVID-19. Hocurenu
romosurot mno arento C BapuanTa rs2257167 rena
IFNARI (renotun CC) yame 6onean COVID-19
C CUMIITOMaMU B Te4eHUe TepBhIX 12—15 Mmecsiien
oT Hauvajna nanmemuu (83,3%, 5/6) B cpaBHEHHU
¢ renoruniamu GG+GC (32,7%, 48/147) (ta6a. 1).
VY y4yacTHUKOB, UMeKLIUMX ajieab T BapuaHTa
1s2229207 rena IFNAR2, COVID-19 tak:ke yarie
npotekaia maHudecto (37,3%, 93/249) B cpaB-
HeHMHU ¢ He uMeloiumu atens T (22,8%, 13/57).
COOTBETCTBEHHO, OIHOBPEMEHHOE IIPUCYTCTBUE
annenss C BapuanTa rs2257167 rena IFNARI v an-
nenst T BapuaHTa 152229207 rena IFNARZ2 y nuig
¢ rarutotuniomM CCTT 6bI10 acCOIMUPOBAHO C Ma-
HU(ECTHBIM TeUeHUEM NHGPEKLIUHU.

B TeyeHmMe BTOpOro nepuoaa HabaoaeHUS (T1e-
puon nupKyJasnouu mramma Hdeapra 1 OMUKPOH)
enle 68 y4YacTHMKOB IiepeboJiein MaHudecT-
Hoit popmoit COVID-19. U3 Hux 42 (61,8%) ue-
JoBeka paHee He BcTpedanauch ¢ SARS-CoV-2,

0 He nHduumposaHsl SARS-CoV-2 m Beccumntomuaa COVID-19 | Mepebonenn COVID-19

Had not contracted SARS-CoV-2

Asymptomatic COVID-19

Svymptomatic COVID-19

PucyHok 2. lonu yyacTHuKOB, nepe6oneewmnx COVID-19 c cumntomamm 1 6e3 CUMNTOMOB B Te4YEeHUe
12-15 mecsueB oT Hayana naHgemum (A) n B TeyeHue 2,5 net ot Hayana naHgemuu (B)

Figure 2. Percentage of COVID-19 participants with and without symptoms 12-15 months (A) and 2.5 years after

the onset of the pandemic (B)

MpumeyaHwme. Ha puc. 2A — BakuUMHMPOBaHHble NPoTMB SARS-CoV-2 oTHeceHbI K kateropun He 6onesumnx COVID-19.
Note. On Fig. 2A — vaccinated subjects against SARS-CoV-2 are classified as not contracted COVID-19.
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16 (23,5%) uenmosek paHee nepeHecan COVID-19
o6eccumntoMHo u 10 (14,7%) yenoBek mepeboJie-
au COVID-19 ¢ cumnTtomaMu mOBTOpHO. MaHU-
dectHoe teuenne COVID-19 B TeueHue maHHOTO
rneproga HaOJIIOJEHUST Yallle OTMEeYasioch y JIWII
¢ rarmotunom GCTT, umeBmux annaenb C Bapu-
aHTa 152257167 rena IFNARI v annens T BapuaH-
Ta rs2229207 rena IFNARZ2. DTu Xe reHeTUYeCKUE
IEeTEpPMUHAHTBI OBIIM ACCOLIMMPOBAHBI C MaHU-
(GEeCTHBIM TeueHUEeM MHGpEKLIUN MTpu UHULIUPO-
BaHUU B TeYeHUE TepBbIX 12—15 MecsleB maHmae-
mun. CepolormdyeckKne MapKepbl MHepeHECEHHOM
uHpexkuum (IgG k S2-, N-6enkam SARS-CoV-2)
B TeuyeHue BTOporo Irepuona mnosgBuauch y 103
YYaCTHUKOB, paHee cepoHeraTuBHBIX K SARS-
CoV-2. IMockoabky cummntomoB COVID-19 y aTtux
YYaCTHUKOB HE OTMEYajaoCh, MOSIBJIEHUE aHTUTEN
K O0enkKaM BUpyca OblJIO paclieHeHO KakK OeccuM-
NTOMHOE MH(pUIIMPOBAHUE.

Takum o6Gpa3oM, K OKTI0pio-Hoss0pio 2022 T.
JIOJIsT  YYaCTHUKOB, MaHUMECTHO TmepedoJieB-
mux COVID-19, yBenmmuunace no 36,4% (n =
111) (puc. 2). Honss y4aCTHMKOB, He OOJIeBIIMX
COVID-19, HO WMeBIINX CEPOJIOTUYSCKHE Map-
Kephl TIepeHeceHHOoM nHdeknnu coctaBuia 61,3%
(n = 187). Cemb 3 305 yuacTHukoB (2,3%) He 60-
geau COVID-19 um ocTtaBaiuch cepoHeraTuB-
HbeIMU K SARS-CoV-2 B TedeHMe BcCero mnepuoaa
HaOJIIOAEHUSI.

ITo maHHBIM peructpa OOJBITMHCTBO Yy4YacT-
HUKOB, MaHudecTHo mnepedoneBnx COVID-19
3a BeCh Ilepuod HaOJIoAeHUsI, IepeHecau 3a00-
JIeBaHUe B JeTKoil dopme, y 6,3% (7/111) mabiio-
najach cpemHeTsikenas ¢opma 3aboJieBaHUSI.
Tsaxenvix popm COVID-19 cpenu yyacTHUKOB UC-
cJae0BaHUS He OblJ10. BOJABIUIMHCTBO yYaCTHUKOB
JICYMIINCh aMOyJIaTOPHO, TOCHUTAJIN3UPOBAHO —
18,0% (20/111). TIHeBMOHUSI IMarHOCTUpPOBaHa
y 27,9% (31/111) nepedonesunx COVID-19. ¥ nu,
WMEIOIINX TeTEPO3UTOTHBIC TE€HOTUIIBI OJHOBpE-
MEHHO Mo BapuaHTy 1rs2257167 rena IFNARI u Ba-
puaHty 152229207 IFNAR2 (ranjmotun GCTC),
COVID-19 vame nporekajia ¢ ITHEBMOHUEH, UM
yalie TpeboBaaach rocruTaau3anus (tadi. 2).

K xoH11y repmroma HabaroaeHus (HOsI0pb 2022 1.)
TeHBbl PE3UCTEHTHOCTU K aHTHOMOTUKAM OBLIN
oOHapyXeHbl B COCTaBe pPe3UCTOMa MUKPOOUO-
Thl KumeyHuka y 98,4% (300/305) yyacTHUKOB.
Y 4,9% (15/305) o6cnenoBaHHBIX BBISIBJICHBI TEHBI
PE3UCTEHTHOCTH K TpeM pa3HbIM KJjlaccaM aHTH-
OMOTHKOB. Pe3uCTEHTHOCTB K TPpeM KJlaccaM aHTH-
OaKTepualibHBIX TTIPEIapaToB ¢ OOJbIIE YacTOTOM
Habmonanack y nuil ¢ rarroturiom CCTT B cpas-
HEHUWU C APYTUMU rarioTurnamu (taodJ. 3).

I'eHBI PE3UCTEHTHOCTH K MaKpOJHUIAM BBISIB-
JIEHBI MPaKTUYECKMU y BcexX ydyacTHHUKOB (98,4%).
PesncTeHTHOCTh K MakponugaM (TeH ermB) pexe
HabJIIoa1ach y y4aCTHUKOB, UMEIONINX ajuieab T
u reHotun TT BapuanTa rs2229207 rena IFNAR2

Ta6auua 1. Bsaaumoces3b Mmexay nonumopdHbIMU BapuaHTaMu reHoB MHTEpPdepPOoHOBLIX PpeL,enTopoB U BOCNPpUUMYMBOCTbIO K SARS-CoV-2/

maHudecTHocTbio COVID-19 B TeueHue nepeBbix 12-15 mecsueB naHgeMmuu, n

=305

Table 1. The associations between polymorphic variants of interferon receptor genes and susceptibility to SARS-CoV-2/manifestation of COVID-19 during

=305

the first 12-15 months of the pandemic, n
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(ta6na. 3). B cpaBHeHUU ¢ APpYyrMMU ramnjoTumnaMu
reH ermB gaie oOHapyXXMBaJCs y JIUIL C TaIlJIOTHU-
noM GGTC u pexxe — y y4aCTHUKOB C TallJIOTUIIOM
GCTT.

YeTBepTh y4acTHUKOB (26,9%, 82/305) nmenn
B COCTaBe pEe3MCTOMa MUKPOOMOTHI KUIIEUHUKA
reHbl 6eta-nakramas. [eHbl blacry , KOAUPYIOLITE
OeTa-yakTaMa3bl IIMPOKOTO CHEKTpa IEUCTBUS,
CTIOCOOHBIE TUAPOJIN30BATh TIEHUILIUIJIMHBI, 00JIb-
IIMHCTBO 11e(haJOCIIOpUHOB M MOHOOAKTaMBbl,
¢ 0OJIBIIE YaCTOTOM BHISIBJISIIUCH Yy JIUIL C TaTlJIo-
Tuniom GCTC, yvanie 6osieBmux COVID-19 c nHeB-
MOHUEH M TIOJyYaBIIMX CTAallMOHApHOE JIeUeHUe
(rabn. 2, 3). T'en blapy,, Xonupytomunii Amp-C

OeTa-JlakTamMady C MOBBIIIEHHOW aKTUBHOCTHIO
K 1nedaJiocnopruHaM I0 CPAaBHEHUIO C TIEHUIIWJI-
JIMHAMHM ¥ MaJIO YyBCTBUTEIbHYIO K MHTUOUTOPaM
OeTa-makTaMas, U T'eH blagy s »;, ACCOLIMMPOBAHHBIIA
C YCTOMYMBOCTBIO K KapbareHeMaM, NeHUIINJIIN-
HaM, 1edaJIoCIIopruHaM y3KOTo CleKTpa JeUCTBUS,
pexXe BBISIBJISIINCH CPEeIU YYaCTHUKOB, MMEIOIINX
amnens T BapuaHnTa 1s2229207 rena IFNAR2.

T'eHBI pPE3UCTEHTHOCTHU K IIIMKOMENTUAAM ObLITN
BoIsiBIeHBI ¥ 13,8% (42/305) u valie BCTpevauch
B pe3MCTOME y4acTHUKOB ¢ reHoturiom CC Bapu-
aHTa rs2257167 rena IFNARI, gaiie apyrux MaHu-
dectHO GoseBminx COVID-19 B TeueHHe nmepBOro
roja naHaeMuu (taod. 3).

Ta6nuua 2. Bsaumoceasb Mexay nonmmopdHbIMU BapMaHTamMu reHOB UHTEP(hEPOHOBBIX PELLENTOPOB
u TaxecTblo COVID-19 y nuy, ¢ maHudecTHbIM TeueHuem 3aboneBanus, n = 111

Table 2. The associations between polymorphic variants of interferon receptor genes and COVID-19 severity

in individuals with symptomatic infection, n = 111

. Focnutanusauus
MonumopdHbI BapuaHT ngg;?g?:'; :V::ﬁ g;ﬁ;‘;}? - c COVID-19L§ o Bcero
Polymorphic variant Hospitalization with COVID-19* Total
N (%) N (%)

IFNAR1 — rs2257167
G 49 (26,5) 0,284 30(16,2) 0,118 185 (100)
C 13(35,1) 10 (27,0) 37 (100)
GG 21(26,6) 0,620 11 (13,9) 0,078 79 (100)
GC+CC 10 (31,3) 9(28,1) 32(100)
CcC 3(60,0) 0,132 1(20,0) 0,637 5(100)
GG+GC 28 (26,4) 19 (17,9) 106 (100)

IFNAR2 — rs2229207
T 50 (26,0) 0,113 32(16,7) 0,185 192 (100)
C 2(40,0) 8(26,7) 30 (100)
LIl 21(24,1) 0,090 13 (14,9) 0,108 87(100)
TC+CC 0(41,7) 7(29,2) 24 (100)
cC (33,3) 0,538 1(16,7) 0,705 6 (100)
TT+TC 29 (27,6) 19 (18,1) 105 (100)

IFNAR rs2257167 & rs2229207

GGTT 16 (25,8) 0,363 8(12,9) 0,115 62 (100)
GGTC 4(30,8) 0,519 2(15,4) 0,573 13 (100)
GGCC 1(25,0) 0,689 1(25,0) 0,554 4(100)
GCTT 3(14,3) 0,097 4(19,0) 0,554 21 (100)
GCTC 4(80,0) 0,021 4(80,0) 0,004 5(100)
GCCC 0(0,0) 0,721 0(0,0) 0,820 1(100)
CCTT 2(50,0) 0,311 1(25,0) 0,554 4(100)
CCTC - - - - -
cccc 1(100) 0,279 0(0,0) 0,820 1(100)

IFNGR1 — rs1327474
C 15 (21,1) 0,121 12 (16,9) 0,767 71(100)
T 47 (31,1) 28 (18,5) 151 (100)
cC 0( 0) 0,518 1(50,0) 0,329 2(100)
CT+TT (28 4) 19 (17,4) 109 (100)
1T 6 (38,1) 0,062 9(21,4) 0,314 42 (100)
CC+CT (21 7) 11 (15,9) 69 (100)
Bcero/Total 31(27,9) 20(18,0) 111 (100)

Mpumeuanue. *Mo gaHHbiM DegepanbHoro perncTpa nepedoneswnx COVID-19; **Xu-ksagpat MupcoHa/TouHbIi kpuTepnii Puiiepa.
Note. *According to the data from the Federal Register of COVID-19 patients; **Pearson Chi-square/Fisher’s exact test.
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E.A. Kpurep n gp.

MHdekumns n uMmyHuTeT

O6cyxaeHne

B TeuyeHue nepBbix 12—15 MecsueB naHaeMuu
17,4% y4aCTHUKOB MCCJEOOBAaHUS II€PEHECIU
COVID-19 ¢ cumnitomaMu, 32,8% GoJieiu 6eccruM-
ntoMHo. K ocenu 2022 1. 10151 y4aCTHUKOB, Nepe-
Hecmiux COVID-19 ¢ cumnTtomamMu ujin 6eccuM-
NTOMHO, YBeJIMUMJIach BABOE.

Yactora BcTpeuaemoctu ajurenss C BapuaH-
Ta 152257167 rena IFNARI B uccienyemMoii rpyri-
ne (0,135) Obula comoctaBMMa C pacnpocTpa-
HEHHOCTBHIO JaHHOIO aJUIejsI CpeaMu KUTeaeu
Espomer (0,137) [7]. YacToTa annenss C BapuaHTa
rs2229207 rena IFNAR2 cocraBuia 0,167, B To Bpe-
Msl KaK 4YacToTa MaHHOTO aJljlejisl B 3allaiHO-eB-
pomneiickux crpaHax, mo gaHHbIM 6a3bel ALFRED,
konebnercs ot 0,040 no 0,220. O6pamiaeT BHUMAa-
HHE, YTO B POCCHUMCKHUX MOMYJISIIUSIX TOJIS ajljie-
as C 6onabure (0,220), yeM B APYTUX €BPOIMEUCKUX
HOMyASLHMSX, TIe MaKCUMaJbHasl paclipoCTpaHEeH-
HocThb — 0,150. 51 00BbSICHEHU S TIPUYUH TOTO, MO~
yeMy MMEHHO B POCCUIMCKUX IMOMYJISIIIUSIX COXpa-
HUJICS 3TOT aJlJIeJIb, & B €BPONEUCKUX MOMYISIIINSIX
9JMMUHUPOBAJ, TpeOyeTcss MpoBeNeHUE OTAC/b-
HOT'O MUCCJICAOBAaHUS C aHAJM30M Pa3HBIX MOITYIsI-
nuit. CiriemyeT 3aMeTUTh, UYTO B a3MATCKUX TTOITYJISI-
OUSIX TaHHBIW ajjieb BCTpedaeTcs 3HAYUTEIbHO
qame — ot 0,040 mo 0,340. PacripocTpaHeHHOCTb
anneng C BapuanTa rs1327474 rena IFNGRI cpenu
y4acTHUKOB uccienoBaHus (0,325) Obl1a HECKOJIb-
KO HMXE, YeM B €BPOIECUMCKUX TIOIYJISIUNSIX, TIe
yacToTa BCTPEYaeMOCTH JaHHOTO ajlJiesisl BApbUPO-
BaJia ot 0,411 mo 0,710. ITo nanubIM 6a361 ALFRED
B POCCHMCKHX ITOMYJISILMUSIX PAaCIPOCTPAHEHHOCTh
JTAHHOTO aJIJieJisi TakXKe Oblla HECKOJIBKO BBIIIE
(0,480—0,658), yuem B HallIeil BEIODOPKE.

OO6JragaTesin caMoro peIkKoro B BbIOOPKE TeHO-
tuna CC BapuaHTa 152257167 rena IFNARI 4gaiue
oosenu COVID-19 mManudecTHO B Hayalie IaH-
JeMuHr. Y JaHHOM KaTeropuu y4acTHUKOB (FeHO-
tun CC, rs2257167, IFNARI), y 1uil ¢ TeHOTUIIOM
TT BapuanTa 1s2229207 rena IFNAR2 n rarjioTu-
nomu CCTT u GCTT yauie HabJ0galuCh MaHU-
dectHble popMbl 3a0oneBaHusd. I'enotun GCTC
OBLJT ACCOLIMMPOBAH C HAaJIUYMEeM MHEBMOHUHU IIPU
COVID-19 u rocnutanusanyen B ctalluoHap.

PaHee mpoBeneHHBIE MCCIIEIOBAHUST TTOKA3alu,
4TO MoauMop(duaMbl B CcTpykType reHa [IFNAR2
MOTYT IIPUBOIUTH K M3MEHCHHUIO KOH(MOPMAIIUU
OeKa-pelenTopa, CHMUXast YyBCTBUTEIBHOCTD KJIe-
TOK K MHTepdepoHaMm I Thma 1 TeM caMbIM YBEJIV-
yuBasi BOCIIPUUMYMBOCTh U TsxecTb COVID-19,
YTO TIOATBEpXKIAeTCd HaIIMMM AaHHBIMU [21].
Tsaxects COVID-19 TecHO cBsI3aHa ¢ MOIaBJIEHUEM
U aucperyiasiuueii nuHtepdepoHoBoro orseta [15].
WNnutepdeponsbl | Tumna urpaloT KpUTUUECKYIO POJIb
B matoreHeze COVID-19 [8]. CurHanbHBIN MyTh,
3aIrycKaeMblii mHTepdepoHamMu | TuIra, urpaer pe-
IIAIOIIYI0 POJb HE TOJIBKO B MIPOTUBOBUPYCHOI 3a-

IIMTE Ha paHHUX CTaausIX 3a00JIeBaHMsI, HO U B pe-
TYJASLIMU aKTUBAllMM MOHOLIMTOB M OTrpaHUYECHUU
Ype3MepHOl MUTpALlUM HEUTPOdUIIOB B oUar BocC-
najseHus Ha one COVID-19 [28]. B uenom nona-
rarmT, YTO F'eHETUYEeCKHNE M HereHeTUYeCKUe ToKa-
3aTenu geduinTa B CUCTEME MHTepdepoHa MOryT
ObITh MapKepaMu 15% XKU3HEYTPOXKAIOIIUX C/IydaeB
COVID-19 [23].

Penkue monumMopdHble BapuaHThI TE€HOB CHU-
CTeMbl HHTepdepoHa uYejoBeKa, YYacTBYIOIIUX
B pacrmo3HaBaHUM BUPYCHBIX MHMEKIIUNA, CTUMY-
JISOUU BBIPAaOOTKM MHTep(epoHa U Iepeaadu IIpo-
TUBOBUPYCHBIX CUTHAJIOB, B TOM uucie [FNAR2,
ObLIM CBSI3aHBI C Pa3BUTHUEM TSKEJIOro TEUYCHM S
COVID-19 [23]. OgHako OITyOJMKOBAaHHBIX pe-
3yJILTAaTOB HcclieqoBaHuii B3anmMocBsa3u COVID-19
¢ noauMopdGHBIMU BapuaHTaMu IFNARI
(rs2257167) u IFNGR1 (rs1327474) He HaligeHO.

Cpenu y4YacTHMKOB HCCJIEIOBaHUSI BbISIBJICHA
BBICOKAsI PacpOCTPaHEHHOCTh T'€HOB PE3MCTEHT-
HOCTU K MaKpoJiujaM, 4YTO MOXET ObITb 00YyCJIOB-
JICHO IIMPOKUM IIPpUMEHEHUEeM JaHHOIro KJjacca
aHTUOMOTUKOB B Tiepuon mnanaemuu COVID-19.
B TeueHnue mepBoro roma IMaHASMHUH a3UTPOMUIITH
Ha3HayvaJicsl B KauecTBe Tpernapara Jijiss 3TUOTPOTI-
Horo JjieueHust COVID-19, u Ttonbko c¢ eBpans
2021 r. ero mpuMeHeH1e ObIJIO OTPAaHUYEHO TSKEbI-
Mmu ¢popMmamu 3abosieBaHus [2, 3]. Pe3auctreHTHOCTH
K MakpoJujaM Io reHy ermB pexe Habiioganach
y ydacTHUKOB, 6oieBmiux COVID-19 manudect-
Ho (ayutenbp T BapuaHTa 1s2229207 reHa IFNAR?2).
BaxkHO OTMETHTB, YTO YAaCTOTa OOHAPYKEHMS TeHa
ermB Obla HuXe y naul ¢ reHotunoMm TT BapuaH-
Ta 152229207 reHa IFNARZ2, XoTopble HECKOJBLKO
yaiie 6osenn COVID-19 mMmaHudecTHO B TeuyeHUe
12—15 mecsiueB manaemuu (39,1%, 44/111) B cpaBHe-
Huu ¢ reHorunamu TC+CC (23,3%, 10/43) (tabu. 1),
HO yactoTa mHeBMoHuU npu COVID-19 cpenu Hux
Obla Oosiee HM3Kou (24,1%, 21/87) B cpaBHeHUU
C IPYTMMHU TEHOTUIIAaMU MaHHOTO BapuaHTa IeHa
IFNAR2 (41,7%, 10/24) (taba. 2). OgHako ypOBEeHb
CTaTUCTUYECKON 3HAYMMOCTHU B YaCTOTE MaHUMeCT-
HBIX (DOPM M MHEBMOHMMU MJIs1 JAaHHOTO TFeHOTHUIIa
(remotunt TT BapuanTa rs2229207 rena IFNAR2)
npesbIacT ypoBeHB 0,05. 'eH erm B TakKe peske BbI-
apisicsa y aun rariotunoMm GCTT, nepebdoneBLInx
MaHudecTHO B riepuoa nocie 2021 1., Kkorma a3uTpo-
MMIIMH IepecTal UCTI0JIb30BaThCs B KaUeCTBE 3TUO-
TPOMHOU Tepallny Ha aMOyJIaTOPHOM 3Talle.

Pe3ucTeHTHOCTh K HECKOJBKUM KJjlaccaM aHTH-
OMOTUKOB Yallle BbISIBJISIIACh CPEIU JUILL C TaIlJIOTHU -
noMm CCTT, accouMupoBaHHBLIM C OOJIBIIEH YacTO-
TOI MAaHUMECTHBIX (DOPM, Y YIACTHUKOB, UMEIOIITIX
reHotun TT Bapuanrtarsl327474rena IFNGR 1. bonee
yacTtoe BbIsiBJeHUE THeBMoHUM TIpu COVID-19
cpeaM y4yacTHUKOB ¢ reHotunoM TT maHHOTrO 1o-
numopdHoro BapuanTa (38,1%, 16/42) B cpaBHEHUM
¢ reHotunamu CC+CT (21,7%, 15/69) BeposiTHO
OBIJIO COTPSIXKEHO ¢ 00Jiee BLICOKOI YaCTOTOM Ha3Ha-
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YeHUSI aHTMOAKTepHaJbHBIX IIPEIapaToB IaHHOMI
TpyTIe TalMeHTOB, OMHAKO pa3jnYusI B 4YacTOTE
THEBMOHWH HE JOCTUTAIOT YPOBHS CTATUCTUYECKOM
3HAYMMOCTH. Pe3ymbraThl MCCIenoBaHUA, TPOBE-
JIEHHBIX IPYTUMU aBTOPAaMH, IIOKA3bIBAIOT OOJIBIIICE
KOJIMYECTBO U pa3HOOOpasne reHOB aHTUOUMOTHUKO-
PE3UCTEHTHOCTU y peKoHBajecueHToB COVID-19,
MoJydyaBLUIMX aHTUOaKTepuaabHylo Tepanuio [13].
I'eHbl pE3UCTEHTHOCTU K OeTa-JaKTaMHbIM aHTU-
OMOTHKAaM Yallle BbISIBJISIIUCH Y JIUIL, TIepeOOIeBIINX
COVID-19 c mHeBMOHUEH 1 Yallie MoJlyJaBIIuX CTa-
nuoHapHoe jedyeHue (rarotunn GCTC), yTo TakKe
corjacyeTcsi ¢ pesyJbTaraMu, OIyOJMKOBaHHBIMU
OpYyTrUMU uccaenoareasimu [13].

B crarbe mpencrtaBiieHbl pe3yJbTaThl II€PBOrO
B Poccuu mccrnenoBaHusl B3aMOCBSI3€il OMHOHYK-
JICOTUHBIX BapMaHTOB T'€HOB MHTEP(PEPOHOBBIX
peuenTopoB ¢ BocnpuuMuuBocThio K COVID-19
U HOCHUTEJBCTBOM T'€HOB aHTHOMOTUKOPE3UCTEHT-
Hoctu. CieayeT OTMETUTh, UTO B paMKaX IPOTO-
KOJla JaHHOTO WCCJIEIOBAaHUS M3Y4aJuCh JIMIIb
HECKOJIBKO TTOJMMOPGHBIX BapuaHTOB TI'€HOB WH-
TepdhepOHOBOro 3BeHa UMMYHUTETA, a TaKXKe T'eHBI
PE3UCTEHTHOCTHU K aHTUOMOTHUKaAM, HanboJiee 9acTo
MPUMEHSIEMBIM B KJIMHUUYECKOU ITpakTuke. [Tomrumo
9TOro, IMpeACTaBJCHHBIC PE3yJbTaThl ClIeINyeT WH-
TEPIIPETUPOBATH C YYETOM OrPaHUUYCHMI JaHHOTO
nccienoBaHus. [ToCKONMbKY IJIsT y4acTHsI B MCCJIe-
JoBaHUM ObLIM OTOOpaHbI B3pPOCJbIE B BO3pacTe
ot 42 no 76 net, mony4eHHbIE PE3yJILTATHl HE MOT'YT
OBITH AKCTPAIOJIMPOBAHBI HA BCIO TOITYJISIIIAIO K1~
Teyeit ApxaHrenabcka. CBeleHUS O NepeHeCeHHOM
COVID-19 cooupanucek u3 @eaepaabHOro perucTpa
nun, repedoneBmmx COVID-19, n 3aBUCAT OT NoJI-
HOTBI ¥ KaUeCTBAa BHECEHHBIX B HETO JaHHBIX.

COop 00pa3lioB I TIEPBOrO CEPOJIOTUUECKOTO
obcnenoBaHMS (Yepe3 12—15MecsieB OT Havaia maH-
JIEMUH) TIPOBOAMIICSI B TEUCHME YCTHIPEX MECSIICB,
¢ 24 peBpans o 30 moHg 2021 1., B paMKaX TpeThero
SITUIEMHUOJIOTTUYECKOTO MOITYJISIITMOHHOTO UCCIIEI0-
BaHUS TI0 BEISIBIICHUIO (haKTOPOB PHCKa CEPACIHO-
COCYIUCTBIX 3a007€BaHUll B peruoHax Poccuiickoi
®Denepanuu (DCCE-P®3). B arot niepuon Koinue-
ctBo ciryyaeB COVID-19 B ApxaHresibcke ObIIO OT-
HOCHUTEJIBHO HU3KUM U BapbHpoBajio oT 51 mo 149
ciiydaeB Ha 1 082 622 HacejleHUsI, HO TEM He MEHee
0TOOp 00pAa3LIOB B TEYEHUE MPOAOIXKUTEIBHOTO Te-
puona BpeMEeHU MOT IPUBECTU K HETOOIIEHKEe pac-
MPOCTPAaHEHHOCTU MH(PEKIINH.

leHeTnyeckMe AETEPMHUHAHTHI BOCHPUUMYU-
BOCTHM K WHMEKOWMW TIPOSIBUIN ceOs B IIepBbIC
12—15 mecsueB nmaHAeMuU, KOrja pacipocTpaHeH-

Cnucok nutepatypbl/References

HOCTh BaklMHauuu npoTtuB SARS-CoV-2 cpeau
YYaCTHUKOB MCCJIEIOBaHUSI OblIa OTHOCHTEJIBHO
Huskoit (9,8%, 30/305). Ilpu oneHke B3aMMOCBSI-
3¢l MeXIy M3ydaeMbIMH ITOJJUMOP(MHBIMU Bapu-
aHTaMu U MaHubecTHOCThI0O COVID-19 B TeueHue
12—15 wMecsiueB NaHAeMWUU BaKLMHUPOBAHHbIE
ydyacTHUKU (n = 30) ObLJIM OTHECEHbI K TpyImrmne
He 6oseBx COVID-19. B Buny BeicOKOi pacnpo-
CTPAaHEHHOCTU Cpelr YYaCTHUKOB MCCJIEIOBaHUS
CEpOJIOTMYECKUX MapKepoB MepeHeCEHHOU nHMeK-
uuu (97,7%, 298/305, umenn IgG k S2- u N-6enkam
SARS-CoV-2) npu oLieHKe U3yyaeMbIX B3aUMOCBSI-
3eil 3a Bech Mepuoa HaOJIONeHUS BaKIIMHAJIbHBIN
CTaTyC He YUYMTBIBAJCS, a pa3ae/ieHue yYaCTHUKOB
Ha TPyl IPOBOAUIOCH HA OCHOBAaHUM HAaHHBIX
peructpa mnepeodoseBminx COVID-19 ¢ yyetom
pe3yJbTaTOB  CEPOJIOTMUYECKOro  HMCCJeIOBaHUSI.
CiienyeT OTMETUTb, YTO TOYHOCTb OINpEAceHU S
ceposiornyeckoro craryca K COVID-19 3aBucena
OT XapaKTepUCTUK (4yBCTBUTEIbHOCTh/CIELIU(PUY-
HOCTb) MCHOJb3YeMbIX TECT-CUCTEM, YTO MOIJIO
OTpPa3uThCs Ha MOJYYEHHBIX pe3yiabTaTax. Kpome
TOT'0, HUCIIOJIb30BaHUE MOHOBApUAaHTHOIO aHaJlv-
3a Ui WU3YYEHUs] B3aMMOCBSI3el MOJTUMMOPMOHBIX
BapuaHTOB TI'€HOB MHTEPMOEPOHOBBIX PELENTOPOB
C BOCIPUUMUHNBOCTHIO, TsaxKecThio COVID-19 1 Ho-
CUTEJIbCTBY F'€HOB aHTUOMOTUKOPE3UCTEHTHOCTH,
He MO3BOJISIJIO UCKJTIOUUTD BAUSHUS TTOTEHIIUATb-
HBIX KOH(ayHaepoB (BMelIMBatouXcs GakToOpoB).

B uccnenyemoii rpynre He ObLJIO YYaCTHUKOB,
nepeHeciiux COVID-19 B Ts1:xenoii hopme, clieno-
BaTeJIbHO, TPEOYIOTCS NaJibHEeHIIIe NCCIeA0BAHUS
N5 U3yUYEeHU s B3aMMOCBSI3eil OMHOHYKJIEOTUAHBIX
BaprMaHTOB TI'€HOB WHTEPGMEPOHOBBIX PELIENTOPOB
C TSXeJIbIMU (popMaMU MHPEKILIUU.

3akJ/yeHme

BoIsiBIEHBI TeHETUYECKUE NEeTePMUHAHTBI BOC-
MPUUMMYNBOCTA U MaHU(ECTHOro TeueHus: (reHo-
tun CC BapuaHTa rs2257167 rena IFNARI, annens T
BapuaHTa 152229207 rena IFNAR2, rantotunnt CCTT)
u tskect COVID-19 (rarutorun GCTC).

BzanmocBsizb monmmopdusMa TEHOB, OTBET-
CTBEHHBIX 32 UMMYHHBIN OTBET, W TSIXKECTU Tede-
Husg COVID-19 MoXXeT UCIT0Ib30BaThC TSI BHISIB-
JICHUS JIIOAEN C TeHeTUYECKOUW ITpeapacIiooXKeH-
HOCTBIO K TSIKEJIOMY TeYEeHU 0 NH(MEKIINY U oTpe-
JIeJICHUST TIPUOPUTETHBIX TPYIII ISl TIPOBEACHUS
BakIIMHAIIMM, B TOM YHCJIe JJIST TMPODUIAKTUKA
aHTUOMOTUKOPE3UCTEHTHOCTU TIPU OCITOXHEHHOM
TEYEHU U BUPYCHBIX MH(DEKITUIA.
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MOLECULAR AND GENETIC

CHARACTERIZATION OF LEPTOSPIRA spp.
COLLECTION STRAINS FROM

THE ST. PETERSBURG PASTEUR INSTITUTE BASED
ON 16S rRNA GENE SEQUENCING DATA

R.R. Baimova, Yu.V. Ostankova, O.V. Blinova, N.A. Stoyanova, N.K. Tokarevich

St. Petersburg Pasteur Institute, St. Petersburg, Russian Federation

Abstract. Leptospirosis is a zoonotic disease found virtually worldwide. Microscopic Agglutination Test with live leptospi-
ra (MAT) is the reference method for the serological diagnosis of leptospirosis. MAT is based on assessing serum potential
to agglutinate live reference serovar Leptospira maintained at a reference laboratory. At some laboratories having own col-
lections of isolated and reference Leptospira strains applicable for serological diagnosis, those microorganisms are main-
tained for many years by repeated subculturing, that increases markedly a chance of strain cross-contamination. The lack
of adequate quality control for reference strains may affect data of epidemiological studies. Control of Lepfospira spp. refer-
ence strains purity and stability of their antigenic composition is very important for diagnosis of leptospirosis. The study
objective was to compare the 16S rRNA gene nucleotide sequences of some Lepfospira strains from the collection of the
St. Petersburg Pasteur Institute to with relevant sequences uploaded to GenBank. In this study, 38 Leptospira strains were
investigated. Nucleotide sequences of 36 strains were deposited in the international GenBank database, inconsistencies
were revealed in two strains. The study found that the control Leptospira strains from the collection of the St. Petersburg
Pasteur Institute had minimal dissimilarities from international control strains. The analysis of the resultant 16S rRNA
sequences has shown the presence of point mutations, transitions, deletions and insertions, regardless of the strain spe-
cies. The open leptospira pan-genome demonstrates high genomic variability in species due to the capability of leptospira
for lateral gene transfer in order to adapt to changing environmental conditions. The massive acquisition and loss of genes
give rise to an increased species diversity. The 16S rRNA gene is suitable for screening diagnostics; however, high level
of the fragment similarity and close phylogenetic relationship between different species put bounds to its use in genotyp-
ing. The presence of point nucleotide mutations is most likely associated with the evolutionary mechanisms of leptospira,
their ability to horizontal gene transfer and crossing-over, including ribosomal genes, but this assumption necessitates
additional research. For specimen genotyping it is necessary to select alternative genes with high specificity and sufficient
level of nucleotide divergence. The study shows a need for genetic analysis of collection strains in order to control the purity
of cultures.

Key words: leptospirosis, leptospira, 16S rRNA, collection, zoonotic disease, cultivating.
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MOJIEKYNAPHO-TEHETUMECKASA XAPAKTEPUCTUKA KOJIJTIEKUWAOHHbIX LULTAMMOB
LEPTOSPIRA spp. CAHKT-NMETEPBYPICKOro UHCTUTYTA MACTEPA HA OCHOBE AAAHHbIX
CEKBEHUPOBAHMS FEHA 16S pPHK

baunmosa P.P., Ocrankosa 10.B., Baunosa O.B., CrosinoBa H.A., Tokapesuy H.K.
ObYH HUH snudemuonoeuu u mukpoobuonoeuu umenu Iacmepa, Cankm-Ilemepoype, Poccus

Pestome. JlenTocrnupo3 SBISIETCS paclpOCTPAaHEHHBIM MMPAKTUYECKH 110 BCEMY MUPY 300aHTPOIIOHO3HBIM 3a00JIeBa-
HHUEeM. DTaJOHHBIM METOIOM JIJISI CEPOJIOTMIECKOM TMAarHOCTUKM JICTITOCITMPO3a SIBJISICTCS peaKMs MUKPOCKOITUYEC-
KOM aTrTIIOTUHAIINK C XUBBIMH JernTocupamu (PMA). DToT MeTon OCHOBaH Ha OIIEHKE CITOCOOHOCTU CBIBOPOTKH
arTTIOTUHUPOBATh XXUBHIC 0aKTepUU Leptospira 3TaJOHHBIX CEPOBAPOB, TIOAAEPKMNBAEMBIX B pe(pepeHCc-Tad0paTopuu.
B 1aboparopusix, KOTOpble UMEIOT KOJJIEKIINIO COOCTBEHHBIX M30JUPOBAHHEIX M pe(pepeHCHBIX ITaMMOB Leptospira,
WCITOJTB3YEMBIX IJISI CEpOJIOTMIECKOM TMAaTHOCTUKU, 3T MUKPOOPTAaHM3MBI COXPAHSIOTCS B TCUCHHE MHOTHX JICT
IIyTeM ITOBTOPHOTO ITACCHPOBAHMUS, UTO 3HAUYMTENBHO YBEIMUYMBACT IIAHCHI KPOCC-KOHTAMHWHALIMU IITAMMOB.
OTCyTCTBHE aleKBATHOTO KOHTPOJIS KauecTBa peepeHCHBIX IITAMMOB MOXET OTPULIATEILHO TIOBIHSATH Ha SITHIE-
MHOJIOTMYeCKHe ncceqoBanmst. KOHTPOJIb YMUCTOTH M MTOCTOSTHCTBA aHTUTEHHOTO COCTaBa peepeHCHBIX IITAMMOB
Leptospira spp. umeeT 060JblI0e 3HaYCHUE IJI AMAarHOCTUKHU JenTocnuposa. Llenbio 1aHHOTro uccienoBaHus ObLIO
CpaBHEHME HYKJEOTUIHBIX TOCJIEI0BaTeIbHOCTEN TeHa 16S, HEKOTOPBIX KOJUIEKIIMOHHBIX IITAMMOB JICITOCIIHP
Cankr-Ilerepoyprckoro Muctutyta um. Ilactepa, ¢ mocienoBaTeIbHOCTIMU, 3aTPy>KEHHBIMU B MEXIyHAPOAHYIO
0a3y gaHHbIX. B pabore ObLIM M3ydeHbl 38 mtaMMoB JenTocnup. HykieoTuaHble mocienoBarebHOCTU 36 MITaM-
MOB OBIJTM IETIOHMPOBAHBI B MEXXIyHapomHyIo 0a3y naHnHbix GenBank, B AByX mTaMMax OblIM 0OOHAapy>KEHBI HECOOT-
BeTCTBUS. B pesyibrare mcciaenoBaHUs YCTAHOBIEHO, UTO KOHTPOJIBHBIC IITAMMBI Leptospira n3 Konnekiuun CaHKT-
[TetepOyprckoro nHCTUTYTA [1acTepa MMEIOT MUHUMAIbHBIC OTMYMS OT MEXKIYHAPOIHBIX KOHTPOJIBHBIX IITAMMOB.
AHau3 MoJlyuYeHHbIX TocienoBareabHocTell peruona 16S pPHK, mokasan Haniuuue TOYEUHBIX MYTALMii, TPaH3U-
LW, TeJelnii 1 MHCEePIii, He3aBUCUMO OT BUIOBOI IMPWHAIJICKHOCTH TaMMa. OTKPBITHII TAaHTEHOM JICTITOCITUP
JEMOHCTPUPYET BBICOKYIO TEHOMHYIO BapuabeSbHOCTh Y BUAOB, UTO 0OYCIOBAEHO CIIOCOOHOCTBIO JIENTOCIIUD K JIa-
TepajbHOMY MEPEHOCY T'€HOB, C LIEJIbI0 MPUCTIOCOONEHUST K U3MEHSIOIIUMCS YCIOBUSIM cpenbl. MaccoBoe mpuoo-
peTeHNE U TIOTePst TEHOB BEAYT K YBEIMUYEHUIO pasHooOpasus BumoB. I'eH 16S pPHK mogxomuT niist CKpHHHHTOBOM
JMMarHOCTUKM, OJHAKO BEICOKOE CXOACTBO JaHHOIO (hparMeHTa U TeCHOEe (hMJIOTeHETUUECKOE POICTBO Pa3HbIX BUIOB
OTpaHUYMBAET €ro MCMOJIb30BaHUE ISl TeHOTUNMpPOoBaHU . Hanuure ToueuHbIX HYKJACOTUAHBIX MyTallliil BEPOSIT-
Hee BCEro CBSI3aHO C ABOJIOLIMOHHBIMU MEXaHM3MaMU JITITOCIIUP, UX CIIOCOOHOCTHIO K TOPU30HTATILHOMY TMIEPEHOCY
T€HOB U KPOCCHHIOBEPY, B TOM UMCJIe M pUOOCOMAJIbHBIX T€HOB, OMHAKO 3TO IMPEATIOIOKeHE 00yClIaBIMBaeT He-
00XOAMMOCTb MPOBEAEHUS AOMOJHUTEAbHBIX UCCAeI0BAHUM. 11 reHOTUuNMpoBaHKs 00pa3lioB HEOOXOAUM IOJ-
00p aNbpTepHATUBHBIX T'€HOB, C BRICOKOH CITEIM(UUHOCTHIO M JOCTATOYHBIM YPOBHEM AMBEPreHIINN HYKIJICOTUIOB.
[IpoBeneHHOE MCCIeIOBaHNE MTOKA3hIBaeT HEOOXOMMMOCTh IIPOBEACHMS TeHETUUSCKOTO aHaIM3a KOJJICKIIMOHHBIX
IITAMMOB C IIeJIbI0 KOHTPOJISI YUCTOTHI KYJIBTYD.

Karouesvle caoea: nenmocnupos, aenmocnupa, 168 pPHK, koanexyuu, 300n03Hbie 3a001€8aHUS, KYALMUBUPOBAHUE.

Introduction

Leptospirosis is a zoonotic disease occurring
worldwide. The manifestations of its epidemic pro-
cess are most typical for countries with humid, es-
pecially tropical and subtropical climates, as well
as for the so-called developing countries, however,
the disease cases occur as well in countries with tem-
perate climates [21, 43]. Leptospirosis is endemic
in tropical regions of Asia, Africa, Central and South
America [45]. Numerous animal species including
those synanthropic and farm livestock are considered
as reservoir hosts of pathogenic Leptospira.

The epidemic state of leptospirosis varies sig-
nificantly in European countries. In recent years,
in non-endemic countries, there was an increase
in imported leptospirosis due to the rise in popularity
of ecotourism in regions with humid subtropical or
tropical climates [1]. In Russia leptospirosis remains
one of widespread zoonotic infections due to the exis-

tence of both natural and anthropurgic foci of lepto-
spirosis in many administrative regions [2, 3, 4, 5,
6]. Some assessments come to more than 1 million
severe cases of leptospirosis and about 60 000 fatal
outcomes occur annually worldwide [16].

According to the serological classification, all
currently recognized species of pathogenic Leptospira
are categorized into more than 260 serovars [10].
Based on the phylogenetic classification, the genus
Leptospira is divided into 64 species. In line with ge-
nome-wide analysis, the genus is divided into 2 clades:
pathogens and saprophytes, which, in turn, are di-
vided into 4 subclades (P1, P2, S1, S2). Subclades P1
and P2 involve 17 pathogenic and 21 intermediate
species, respectively. Subclade S1 includes 22 sapro-
phytic species, while subclade S2 includes 4 [37].

Leptospirosis in humans is mostly caused
by Leptospira interrogans, Leptospira borgpetersenii
or Leptospira kirschneri |9, 26, 35]. The pathogen can
circulate in the environment for a long time thanks
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to sensitive or reservoir hosts that shed bacteria
in their urine, contaminating soil and water. Humans
usually get infected through direct contacts of their
damaged skin or mucous membranes with the urine
of infected wild or domestic animals, or through in-
direct contacts with contaminated environment [8,
29, 36]. In humans, there is a variety of possible clini-
cal manifestations of the disease, ranging from sub-
clinical infection to severe progressive forms that can
lead to death [19, 29, 39].

Laboratory confirmation of suspected cases is es-
sential for the diagnosis of leptospirosis, as there
is significant polymorphism of its clinical manifesta-
tions. Most cases are diagnosed through serological
tests of patients’ blood. Microscopic Agglutination
Test with live Leptospira (MAT) is the reference
method for the serological diagnosis of leptospirosis.
MAT is based on the assessment of the serum abil-
ity to agglutinate live Lepfospira of reference serovars
maintained at a reference laboratory [22, 32, 42, 44].
At some laboratories that have their own collections
of isolated and reference Lepfospira strains applicable
for serological diagnosis, those microorganisms are
maintained for many years by repeated subcultur-
ing, that increases significantly the chance of strain
cross-contamination [13, 14, 19, 26].

Contamination of strains in Leptospira refer-
ence collections may entail severe consequences.
In an outbreak investigation, the pathogen serogroup
is usually identified with the help of MAT. The lack
of adequate quality control of reference strains
may affect the results of epidemiological studies.
Conventional serogroup control of reference strains
is carried out using monoclonal antibodies or control
sera samples [7, 28, 46].

Control of Leptospira spp. reference strains purity
and stability of its antigenic composition is very im-
portant for the diagnosis of leptospirosis. Sequencing
of 16S rRNA gene is a reliable method for molecular
characterization of bacteria species, and it is appli-
cable to Leptospira spp. [15, 25, 31, 38]. The method
was considered to be an effective and simple tool
for Leptospira species identification in the clinical
setting. Its important advantages are fast analysis,
wide availability, and relatively low cost. The study
objective was to compare the 16S rRNA gene nucleo-
tide sequences of some collection Leptospira strains,
including reference strains, with sequences uploaded
to GenBank.

Materials and methods

In this study, we investigated 38 Leptospira strains
from the collection of the Laboratory of Zoonotic
Infections at the St. Petersburg Pasteur Institute.

The cultures were characterized by serological
tests using MAT [18]. The strains have undergone re-
peated subculturing at the laboratory for many dec-
ades. Cultivation was carried out in a liquid nutrient

medium based on distilled water containing 10%
phosphate buffer with the addition of 10% rabbit blood
serum. The strains were cultivated at 29°C. We used
7- to 14-days grown Leptospira cultures, containing
at least 107 microbial cells/ml. Genomic DNA was
extracted using a QiaAmp DNA Mini kit (Qiagen,
Germany) in compliance with the manufacturer’s
instruction. For PCR, two pairs of primers flanking
a 1423 bp fragment were used. Primer sequence: 16S
Out F 5-AGAGTTTGATCCTGGCTCAG-3’, 16S
Out R 5-GGYTACCTTGTTACGACTT-3’ [28, 33].
A clinical sample was used for a positive amplifica-
tion control. The presence of Leptospira DNA in it
was confirmed by two commercial kits: AmpliSens®
Leptospira-FRT (InterLabService Ltd., Russia),
and BactoReal® Kit Leptospira spp. Multiplex (16S
rDNA+LipL32) (Ingenetix GmbH, Austria). Clear-
Band Nuclease Free Ultra-Pure Water (EcoTech Bio-
technology Turkey) was used for a negative control.

PCR amplification was carried out in 25 ul of the
amplification mixture with the addition of primers
(15 M each) 67 mM plus Tris HCI (pH 8.8), 16.6 mM
ammonium sulfate, 6.7 mM MgCl,; 6.7 mM EDTA;
10 mM mercaptoethanol; 170 mg BCAA; 1.0 mM
each dNTP; 1 unit Taq DNA polymerase (Fermentas).
Denaturation (5 min at 94°C) was followed by 40 cy-
cles of amplification: 30 s at 94°C, 30 s at 55°C, 1 min
20 s at 72°C, final elongation 7 min at 72°C.

The PCR products were separated on 2% agarose
gel stained with ethidium bromide, in comparison
with the GeneRuler 1Kb molecular weight marker
(Thermo Scientific, USA). Electrophoresis was con-
ducted for 40 minutes at 120V and visualized by UV
radiation.

The amplification products were purified accord-
ing to the procedure as follows: the mixture (includ-
ing 2 ul of 3 M sodium acetate and 2 pl of 0.125 M
EDTA, and 1 pl of glycogen) was added to 20 pl of the
amplification product and incubated for 15 minutes
at room temperature in the presence of chilled 96%
ethanol. Centrifugation was carried out for 15 minu-
tes at 4°C, 14 000 rpm/min. Then supernatant was
removed and the precipitate was washed twice with
cold 70% ethanol, repeating the cold centrifugation
procedure. The washed precipitate was dried in the
air at room temperature. For the quality analysis,
the purified precipitate was dissolved in 30 ul of TE
buffer and visualized on an agarose gel. The purified
fragment of sufficient concentration was used to set
up a sequence of reactions with forward and reverse
primers. For analysis, the reaction product was dis-
solved in formamide and placed in an ABI Prism
3500 genetic analyzer (Applied Biosystems, USA).

The resulting strain sequences were compared
with those available from the GenBank database.

For phylogenetic analysis, the MEGAI1I software
was used, the resulting sequences were aligned us-
ing the ClustalW algorithm. The sequence cover-
age length was 1144 bp. When constructing the tree,
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the sequences of 16S region of Borrelia spp. from
the international GenBank database, were chosen
to be used for the outgroup. Based on the alignment,
a tree was built using the Neighbor-joining method,
bootstrap N = 1000.

Results

Nucleotide sequences of the 16S rRNA gene
of 38 strains were obtained. The length of the se-
quences ranged from 1186 to 1423 bp. The sequenc-
es of 36 strains were deposited in the international
GenBank database. For some details, such as sero-
group of strain, date of isolation, origin and location
see Table. The overall sequence similarity is 99%,
the number of polyform variants of the gene among

the obtained sequences ranges from 1 to 20 nt, which
is consistent with the results of previous studies [34].

Strain sequences were identified and validated using
NCBI BLAST and by alignment in MEGA 11 (Fig. 1).

The sequence of the L. borgpetersenii strain
Perepelicin, obtained at our laboratory, forms a clus-
ter with foreign reference strains, although it differs
by one nucleotide.

Reference strains of L. kirschneri and L. inter-
rogans species, obtained by foreign researchers, are
clustered together, indicating their high similarity
and inapplicability of 16S rRNA gene to typing.

The results of comparison with nucleotide se-
quences of the 16S rRNA gene, obtained by other
researchers, were mostly concordant, although some
discrepancies were observed.

Table. Leptospira strain sequences deposited in GenBank

ggbgfs?tterg';:]sgg:;:ﬁf Serogroup Date of isolation Origin Location
0L703051 Canicola 1985 Human Leningrad
0L703052 Icterohaemorrhagiae 1999 Human Saint Petersburg
OL703053 Canicola 1962 Human Kaliningrad
0L703054 Canicola 1969 Human Kaliningrad
0OL703055 Icterohaemorrhagiae 1992 Human Leningrad
0OL703056 Icterohaemorrhagiae 1991 Human Leningrad
OL703057 Icterohaemorrhagiae 1992 Human Leningrad
0L703058 Canicola 2008 Human Saint Petersburg
OL703059 Icterohaemorrhagiae 1968 Human Leningrad
0L703060 Canicola 1968 Human Kaliningrad
OL703061 Canicola 1985 Human Leningrad
0L703062 Icterohaemorrhagiae 1990 Human Leningrad
0OL703063 Icterohaemorrhagiae 1990 Human Leningrad
0L703064 Autumnalis 1925 Human Japan
0L703065 Australis 1951 Erinaceus europaeus Moscow
0OL703068 Icterohaemorrhagiae 2018 Human Saint Petersburg
0L703069 Icterohaemorrhagiae 1990 Human Leningrad
0L825730 Icterohaemorrhagiae 2009 Human Saint Petersburg
0L825731 Icterohaemorrhagiae 1980 Rattus norvegicus Leningrad
0L825732 Icterohaemorrhagiae 1954 Rattus norvegicus Leningrad
0L825733 Icterohaemorrhagiae 1961 Rattus norvegicus Leningrad
0L825734 Icterohaemorrhagiae 1991 Human Leningrad
0L825735 Icterohaemorrhagiae 1997 Human Saint Petersburg
0L825736 Icterohaemorrhagiae 1990 Human Leningrad
0L825737 Icterohaemorrhagiae 1991 Human Leningrad
KR080516 Canicola 1931 Canis lupus familiaris Holland
KY075908 Tarassovi 1938 Human Moscow
KY075909 Pyrogenes 1923 Human Indonesia
KY075910 Javanica 1938 Rattus rattus Indonesia
KY075911 Australis 1937 Human Australia
KY075912 Bataviae 1938 Human Indonesia
KY075913 Autumnalis 1938 Human Congo
KR107202 Sejroe 1944 Apodemus flavicollis Denmark
KR091970 Icterohaemorrhagiae 1935 Human Denmark
KR091971 Pomona 1936 Human Australia
KR091973 Grippotyphosa 1929 Human Moscow
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The analysis of the resultant sequences of 16S
rRNA region has shown the presence of point muta-
tions, transitions, deletions and insertions, regardless
of the strain species.

Three points with a variable nucleotide were found
in 10 L. interrogans sequences obtained by us. In the
sequences of GenBank strains thymine is more com-
mon at position 38, however, there are some strains
with cytosine. The reverse is true for the strains here

studied: only 8 of 36 strains contain thymine at this
point, while the rest of them contain cytosine (Fig. 2).
The sequence of the L. kirschneri strain is 99.0%
similar to that of the L. interrogans species, but 99.72%
sequence identity was found by NCBI BLAST analysis.
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Figure 1. Phylogenetic tree built on the obtained Leptospira spp.

of reference strains taken from GenBank

In two strains out of 38, inconsistencies were re-
vealed. The sequences of the collection strains of the
species L. borgpetersenii and L. noguchii were ana-
lyzed and proved to be identical to the strains belong-

ing to L. interrogans.

Discussion

Historically, Lepfospira strains were classified ac-
cordingto theirvirulence, all saprophytic strains were
assigned to L. biflexa, and pathogenic strainsto L. in-
terrogans [41]. Further subdivision of Leptospira, tak-
ing into account their antigenic determinants, was
based on serological techniques [28].
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16S rRNA sequences and sequences

Note. REF — sequences of reference strains from GenBank. * — sequences of reference strains obtained at our laboratory.

The studied strains are described in Table.
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Leptospira classification was significantly expanded
due to the introduction of such genetic techniques as
DNA-DNA hybridization, pulsed-field gel electro-
phoresis (PFGE), and Multilocus sequence typing [11,
13, 20]. Serological characteristics do not correlate
with genovariants, one species of Leptospira may con-
tain several serogroups, while one serogroup may in-
clude strains of different species. The open pangenome
of Leptospira demonstrates high genomic variability
in species due to the capability of Lepfospira for lateral
gene transfer in order to adapt to changing environmen-
tal conditions. The massive acquisition and loss of genes
give rise to an increase in species diversity [24, 36].

Sequencing of the 16S rRNA region is currently
the most accessible method for genotyping. This gene
provides distinction between pathogenic, intermedi-
ate, and saprophytic clades, but its discriminatory
ability is too low to distinguish between Leptospira
genotypes. For example, it is impossible to differen-
tiate L. interrogans, L. kirschnerii, and L. noguchii,
since they differ by one or two bases only and belong
to the same operational taxonomic unit (mOTU)
that is shown by the phylogenetic tree (Fig. 1) [23].
The sequence of the L. kirschneri strain obtained
in our study also has a minimal difference only from
the type strains of L. interrogans.

A large number of 16S rRNA sequences uploaded
to GenBank are not full-length (< 1400 bp), therefore
it is difficult to identify strains correctly. Long-term
subculturing of Leptospira in collections does not ex-
clude erroneous identification of sequences upload-
ed to public databases, it also can give rise to single
mutations [12].

When sequencing this gene, it was found that
the control strains of Leprospira from the collection
of the St. Petersburg Pasteur Institute have minimal
dissimilarities from international control strains and
are applicable in serological diagnosis of leptospirosis.

In this study, two out of 38 strains did not match
the sequences of similar strains uploaded to GenBank,
which may be due to its contamination or mislabe-
ling. Long-term storage of Leptospira by freezing
is not available at all practical laboratories owing to its
high price, therefore collection strains of Leptospira
for many years undergo repeated subculturing, pos-
sibly resulting in strain mutations and increasing
the risk of cross-contamination or erroneous labeling
of samples. This justifies the need for genetic analysis
of collections in order to circumvent the possible risks
associated with under- or overdiagnosis.

The 16S rRNA gene is suitable for screening diag-
nostics; however, high level of the fragment similarity
and close phylogenetic relationship between different
species put bounds to its use in genotyping.

The presence of point nucleotide mutations is most
likely associated with the evolutionary mechanisms
of Leptospira, their ability to horizontal gene transfer
and crossingover, including ribosomal genes, but this
assumption necessitates additional research [34].

For genotyping of samples, it is necessary to se-
lect alternative genes with high specificity and a suf-
ficient level of nucleotide divergence.

Nowadays numerous genetic targets have been pro-
posed for Leptospira diagnosis and typing. The gene
encoding the outer membrane lipoprotein of patho-

2 34 36 38 40 4 189 191

AGATCAT A AG cTcCccCcT
REF EU349495.1 Leptospira noguchii strain Cascata . | . . . . . . . . . . . . . . ..
REF NR_043050.1 Leptospira noguchii strain CZ 214 K . . . . . . . . . . . . . . . ..
REF MK726126.1 Leptospira noguchii strain CES . . . . . . . . ..
REF F]154582.1 Leptospira noguchii strain CZ 214 K . . . . . . . . . ..
REF AY631886.1 Leptospira noguchii strain CZ 214 | | | . . . . . . . . .. ..
REF KP125531.1 Leptospira kirschneri strain 3759 . . . . . . . . . . .
REF KP114456.1 Leptospira kirschneri strain 61H . . . . . . . . .
REF FJ154595.1 L.borgpetersenii strain Perepelicin P G . . . ...
REF MK726123.1 Leptospira kirschneri strain CES . . . . . . . . ..
REF AY631895.1 Leptospira kirschneri strain 3522 . . . . . . . ..
REF AM050577.1 L.borgpetersenii strain Perepelicin oG o G . . . . ...
REF AY461861.1 L.borgpetersenii strain Perepelicin .G o G . . . ..
REF FJ154552.1 L.interrogans strain Salinem . . . . . . ..
REF AY996793.1 L.interrogans strain Salinem . . . . . . ..
REF AY996798.1 L.interrogans strain Hond Utrecht1v. | | | C . . .
REF F]154542.1 L.interrogans strainM20 L,
REF AY996790.2 L.interrogans strain M 20 . . . . .. ..
REF AY996800.1 L.interrogans strain Pomona | | . | | | C . v v
REF AM050575.1 L. interrogans strain Pomona | | | | C . . e
REF AM050567.1 L.kirschneri strain Moskva V. . . . . . . ..
REF FJ154572.1 L.kirschneri strain Moskva V. . L.
REF FJ154547.1 L.interrogans strainJez . . . . . ...
REF AM050583.1 L.interrogans strain Jez . . . . . . . ... ..
REF AY461863.1 L.interrogans strain Jez . . . . . . ... ..
REF AY461864.1 L.interrogans strain Akiyami A . . . . . . . . ...
REF AM050580.1 L.interrogans strain Akiyami A . . . . . . . ..
REF AY996791.1 L.interrogans strain Akiyami A . . . . . . . ...
REF AY461865.1 L.interrogans strain Van Tienen . . ., ..
REF F]154566.1 L.interrogans strain Van Tenen .
KR091973 L.kirschneri strain Moskva V* | CT . .« . . . .
OL703051 L.interrogans strain Vikulina | C . . ... YYY
OL703052 L.interrogans strain Polenkov | C . . e
OL703053 L.interrogans strain Pozhevanyuk | C . v e
OL703054 L.interrogans strain Kulikova | c . . .. .. YYY
OL703055 L.interrogans strain Bolshakova | | | C . . . e
OL703057 L.interrogans strain Demidkin | C . v v
OL703058 L.interrogans strain Mukhin | C . v v
OL703059 L.interrogans strain Morzhukhin | C . . e
OL703060 L.interrogans strain Boukreev | C . v oo
OL703061 L.interrogans strain Grigorieva | C . . . ... Y Y
OL703062 L.interrogans strain Sazhnev | C .« . . Y
OL703063 L.interrogans strain Prokofieva | C . . .. YvYy
OL703064 L.interrogans strain Akiyami A* | C . v v
OL703065 L.interrogans strain Jez* 0L
OL703068 L.interrogans strain Taganrog-2018 | | c . ... .. YYy
OL703069 L.interrogans strain Kutuzova | | C . . . e
OL825730 L.interrogans strain Belkin
OL825731 L.interrogans strain20 C . ... YYy
OL825732 L.interrogans strain 100 C . . .. Yy
OL825733 L.interrogans strain 34_Bugri . | | c . . . ... Y
OL825734 L.interrogans strain Blohina | C . . .. e
OL825735 L.interrogans strain Danilova | C . . . . e
OL825736 L.interrogans strain Voronova C . . .
OL825737 L.interrogans strain Gumilenkov | C . v v
KR080516 L.interrogans strain Hond Utrecht Iv* . . . . . ..
KY075908 L.borgpetersenii strain Perepelicin* P G . . . . ...
KY075909 L.interrogans strain Salinem* | C . v v
KY075910 L.interrogans strain VB L.
KY075911 L.interrogans strain Yezh | C . v v
KY075912 L.interrogans strain Van Tienen* | C . . o
KY075913 L.interrogans strain EA 00 0 L.
KR107202 L.interrogans strain Mus-24
KR091970 L.interrogans strain M 20%* L
KR091971 L. interrogans strain Pomona* | C . . ..
OL703056 L. interrogans strain Maister | C . . ... YvYYy

Figure 2. Multiple alignment of the obtained
sequences with reference strains obtained from
the international GenBank database

Note. The main differences are shown.
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genic Leptospira lipL.32 is one of the most common al-
ternatives to 16S rRNA, however, its use is also limited
by its discriminating abilities, and it is mostly applied
in screening diagnostics.

The housekeeping gene encoding the secY preprotein
translocase is next in frequency of use; the use of this
gene for Leptospira genotyping seems to be the most
promising at the moment. Other proposed targets are:
the gene encoding flagellin, the class B polypeptide
subunit of periplasmic flagella flaB, the gene for the

B-subunit of RNA polymerase rpoB, and the genes
gyrB, Adk, glmU, LigB, etc. [17, 27, 30, 40].

As a variety of targets is used by many research-
ers, the comparison of their results is hardly possible.
Therefore, the lack of standardization is currently
the main restriction on the molecular diagnosis
of leptospirosis.

This study shows the need for genetic analysis
of collection strains in order to control the purity
of cultures.
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OpMFVIHaﬂbeIe CTaTbu
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ObYH Tromenckuii HUH kpaesoii unpexyuonnoii namonoeuu Pedepanvroii cayxncdvl no Hadzopy é cepe 3auumol npas
nompebumeaeii u 6aaeonoay4us yenogeka, e. Tromennv, Poccus

Pestome. Bsedenue. UaBazus Opisthorchis felineus B opraHn3Me UelloBeKa BBI3BIBAECT BOCIIAIUTEIBHBIC Y JUCKUHETHYEC-
KHWe HapyIIeHUS XeJTyI0UHO-KUIIETHOTO TPaKTa, COMTPOBOXAAIOIINECS M3MEHEHUSIMU (DeHOTUITHUECKUX 0COOEHHOCTEH
MHUKPOOMOTHI TOJICTOM KUIIKW. Llenb mccaemoBaHuss — M3ydeHUe BIUSHUS (PEHOTUITNUIECKUX XapaKTePUCTUK 30~
ToB Escherichia coli B oTHoteHuu 6akrepuit Klebsiella spp., BbIAEIEHHBIX U3 CONSPXMMOrO TOJCTON KUIIKHU MallUEHTOB
¢ IuarHo3oM «OmucTopxo3», Ha MX aHTarOHUCTUYECKYI0 aKTUBHOCTh. Mamepuansi u memoost. VI3yueHbl (heHOTUTTMYECK e
cBolicTBa 54 u30a4T0B E. coli u 8 — GakTepuii pona Klebsiella, BbIIeICHHBIX U3 COOSPXXMMOTO TOJCTON KMILIKHU MallMeH-
TOB C 1MarHo3oM «OnucTopxo3». MaeHTrduKaius u30aaToB, aHAI13 IIPOTEOMHBIX IPOdUIIeii BBIIOIHEH C UCIIOIb30Ba-
HUeM nporpamMmHoro obdecrieueHust Maldi BioTyper 3.0. IIposenero 204 ncciaenoBaHust aHTaTOHUCTUYECKOM aKTUBHOC-
TH U30ITOB E. coli ¢ pa3MMUHBIMU CBOMCTBAMH B OTHOIIeHUU Klebsiella spp. METOIOM COBMECTHOTO KYJIETHBIPOBAHNSI.
Wzomnster E. coli u Klebsiella spp. n3y4eHBI METOIOM TIOJTHOTCHOMHOTO CeKBEeHUPOBaHUS. Pesyasmamst. bakrepun E. coli
C TUIMMMYHBIMKA (DEHOTUITMISCKUMU XapaKTEePUCTUKAMU TIPOSBIISIIN JOCTOBEPHO 00Jice BBIpAXKEHHYIO aHTaTOHUCTHYC-
CKYI0 aKTUBHOCTb B OTHOLLIEHUU Klebsiella spp. YcTaHOBIIEH CTATUCTUYECKU TOCTOBEPHO 00Jiee BEICOKU I yPOBEHb aHTAro-
HUCTUYECKON aKTUBHOCTHU B OTHOLIEHWU OakTepuiil K. oxyfoca, 4yeM Mpyu B3aUMOJEUCTBUU cO mTammMamu K. pneumoniae.
ITpoTeoMHBIe TTPOMIIIN IITAMMOB Pa3Ie/IMIACh Ha KJIACTEPHI B 3aBUCUMOCTH OT YPOBHSI aHTATOHUCTUYECKOM aKTUBHO-
ctu. MonexynsipHoe cepoturnpoBanue E. coli mo O- u H-aaturenam B 60,0% ciydyaeB BBISIBIIIO T€HBI SHTEPOTOKCUTEH-
HbIX, SHTEPOMHBA3MBHBIX U BHEKUILIEYHbIX MaTOTeHOB. OMpeaeieHbl IITaMMbl, 00J1aalolIie MAaKCUMaJbHO BEICOKMMU
MoKa3aTeJsIMU MHIEKCa aHTarOHUCTUYECKOM aKTUBHOCTH, SIBJISIIOLINECS HOCUTEISIMU T€HOB SHTEPOTOKCUTEHHBIX E. coli
cukBeHc-cepotumioB O6:H1 n O6:H5. I'eHoM 3TUX 1ITaMMOB BKITFOUYAJT HaU0OJIbIIIEe KOJIMYECTBO KOMIIEKCOB T'€HOB BH-
PYJAEHTHOCTHU: aAT€3MHOB, MHBa3MHOB, TOKCHHOB, 0aKTEpUOLIMHOB. MyIBTUIOKYCHOE CUKBEHC-TUITMPOBAHKE M CUKBEHC-
cepoTHNMpoBaHue IMTaMMOB E. colin K. pneumoniae ycTaHOBIIIO X T€TEPOTeHHOCTD, M30JISATHI K. 0xyfoca OTIpeneeHbl Kak
ST242 u ST176. 111 Bcex ITaMMOB ObLjIa XapaKTepHA FOMOJIOIMSI MAPKEPOB aHTUOMOTUKOPE3UCTEHTHOCTH (0gXA, 0gxB,
fosA) 1 pa3HOOOpa3Ke BAPMAHTOB TeHOB PE3MCTCHTHOCTH K OeTa-TaKTAMHBIM aHTUOMOTHKAM. 3akar4erue. YCTAHOBICHO

4T0 M30JISITH E. coli, 00nmagaromye THMTMYHBIMIA (CHOTUITMUECKAMHY XapaKTePUCTUKAMU U SIBJISTIOLINECS HOCUTEISIMU
KOMTLJIEKCOB T€HOB BUPYJICHTHOCTH, TIPOSIBIISLITN IOCTOBEPHO O0JIee BRIPAXKEHHYIO aHTaTOHUCTUYECKYIO aKTUBHOCTD B OT-
HoueHuu Klebsiella spp., U30J1UpPOBAaHHBIX U3 COAEPXKUMOTO TOJCTON KUIIKY MALIUEHTOB C IMarHO30M «OTUCTOPX03».

Karoueesnie caosa: anmaconucmuueckas akmugnocmo, Escherichia coli, Klebsiella pneumoniae, npomeunoepammol, MOAeKYAAPHOE
Cepomunuposaue, CUKBeHC-munbl, KOMNAEKCbL 2eHO8 UPYACHMHOCIU, MAPKePbl Pe3UCHMEHMHOCHU.
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ESCHERICHIA COLI PHENOTYPIC CHARACTERISTICS AND ANTAGONISTIC ACTIVITY
IN OPISTHORCHIASIS INVASION

Kataeva L.V., Karpukhina N.F., Vakarina A.A., Kolotova O.N., Stepanova T.F., Stepanova K.B.
Tyumen Region Infection Pathology Research Institute, Tyumen, Russian Federation

Abstract. Opisthorchis felineus invasion in human causes inflammatory and dyskinetic disorders of the gastrointestinal
tract accompanied by altered phenotypic characteristics in colon microbiota. The aim of research — study an impact of the
Escherichia coliisolate phenotypic characteristics on Klebsiella spp. bacteria, isolated from colonic contents of patients with
diagnosed opisthorchiasis as well as E. coli antagonistic activity. Materials and methods. The phenotypic properties of 54
E. coli isolates and 8 genus Klebsiella isolates obtained from colonic contents of patients with diagnosed opisthorchiasis
were assessed. Identification of isolates and analysis of proteomic profiles were performed using Maldi BioTyper 3.0 soft-
ware. 204 co-cultivation datasets were analyzed investigating antagonistic activity of E. coli isolates with varying properties
on Klebsiella spp. E. coli and Klebsiella spp. isolates were examined by whole genome sequencing. Results. E. coli bacteria
with typical phenotypic characteristics showed significantly more prominent antagonistic activity against Klebsiella spp.
A significantly higher level of antagonistic activity against K. oxyfoca bacteria vs K. pneumoniae strains. The proteomic
bacterial strain profiles were divided into clusters depending on the level of antagonistic activity. E. coli molecular serotyp-
ing for O- and H-antigens revealed the genes of enterotoxigenic, enteroinvasive and extraintestinal pathogens in 60.0%
of cases. Strains with the highest antagonistic activity index, which are carriers of the genes typical to enterotoxigenic
E. coli sequence serotypes O6:H1 and O6:H5, were identified. The genome of such strains consisted of the largest number
of virulence gene complexes: adhesins, invasins, toxins, bacteriocins. Multilocus sequence typing and sequence sero-
typing of E. coli and K. pneumoniae strains established their heterogeneity; K. oxytoca isolates were identified as ST242
and ST176. All strains were characterized by homology of antibiotic resistance markers (ogxA, ogxB, fosA) and a variety
of beta-lactam resistance gene variants. Conclusion. It was found that E. coli isolates with typical phenotypic characteristics
and carriers of virulence gene complexes exhibited significantly more pronounced antagonistic activity against Klebsiella
spp. isolated from colonic contents of patients with diagnosed opisthorchiasis.

Key words: antagonistic activity, Escherichia coli, Klebsiella pneumoniae, proteinograms, molecular serotyping, sequence types, virulence

gene complexes, resistance markers.

BeeneHnue

Kumeuynass MukpobmoTra — oOmHA M3 OCHOB-
HBIX TOMEOCTaTUUECKUX CUCTEM OpraHu3Ma, IVC-
OajlaHC KOTOPOW CTAaHOBUTCS MPUUYMHOU MHOTHX
COMATMYCCKUX M MHMEKIMOHHBIX 3a00JeBaHUMA.
IMTapasutupoBaHUe TeIPMUHTOB B OpTaHU3ME XO-
3siMHA, BBI3BIBACT MATOJOTUUYCCKHE W3MEHECHUS
TKaHEl M OpraHoB, yCYTyOJsIs HapylIeHUEe MUK-
poomorieHo3a [15]. OmwucTOpx03, OTHOCAIIUMICS
K TpyIIIe OMOreIbMUHTO30B, HAHOCUT HEMaJIbIi
yiiep0 3I0pOBbIO HacelieHUsl. TeueHue OOJIe3HU
Opy JaHHOW HO30JIOTMM HEPEeAKO COIPOBOXKIa-
eTCcsI XpOHM3alluel mpollecca W HeoOpaTUMBIMU
OCJIOXXKHEHUAMU [3].

PaznuuHBle BUABI 1 OMOTOIBI MUKPOOPTaHU3-
MOB HaXOOSTCS B COCTOSSHWUM TOIMMYECKON W MH-
IMEBOM KOHKYpPEHIIUU, o0ecIieanBalolieit oopaso-
BaHUE CUHTPOMHBIX CBsA3ei, 0OMEH reHeTUIYeCKUM
MmatepuajoM, GOpMUPOBaHHE KOHCOPIIUYMOB,
peanm3yolIrecss B MeXaHM3Me aHTaroHm3Mma [2].
MdeHOMEH OIMITO3UTHOTO BIMSHUS MUKPOCUMOMOH-
TOB Ha WX OMOJOTMYECKHE CBOMCTBA (AHTAarOHWUC-
TUYECKU, AHTUJIWU3OLUUMHBINA, MEPCUCTEHTHBINA
NOTEHOMAJl W OWOIJICHKOOOpa30BaHME) II03BO-
JISIeT peajii30BaTh paclo3HaBaHWE UYYyKEPOTHBIX
naToreHOB B MUKpoobuoTte [4]. B wacTHOCTH, XU3-
HeIesITeTbHOCTD TeabMUHTa O. felineus B opraHn3-
Me «XO3siMHa» OKa3bIBaeT CHUCTEMHOE BIIUSHUE
Ha MHKPOOUOTY KETUEBBIBOASINNX ITyTeHl Ku-

IIEYHOTO OMOTOIa, MPUBOJSIIECE K UBMEHEHUIO €€
BUPYJICHTHBIX CBOMCTB W HapyIIeHUIO O0apbepHOM
dynkuuu [15]. [TapazutapHble MHBAa3UM CIOCOO-
CTBYIOT HapyIICHUIO CHUMOMOTUYCCKUX U CHHEp-
TMYECKHNX B3aMMOOTHOIICHU I OaKTEpHil B MaKpO-
opraHusMe, odecrnednBasi TpaHC(pOpPMaIMIO TAKCO-
HOMHWYECKOTO COCTaBa MUKPOOMOTHI, U3MEHEHUE
¢dakTOpOB I MEXaHU3MOB MUKPOOHOI pEryasIIIiu.
AKTHBalIUg aHTAarOHUCTUYCCKUX CBOMCTB KYJIb-
TYpPBI OCYIIECTBIISICTCS TIPHU YCIOBUU YIYUIICHUS
€e MeTabOJIMIECKUX U POCTOBBIX XapaKTePUCTUK.
MurnbupoBaHne aHTaTrOHUCTUYECKON aKTUBHO-
CTH OaKTepUil — MpeacTaBUTEICH HOPMOOMOTHI
CBSI3aHO C ITOJaBJICHUEM NX aHTUMUKPOOHBIX (haK-
TOPOB M (PYHKIIMOHAJIBHBIX CBOWCTB MMAaTOTCHAMMU,
a TaKXe ¢ HeTaTUBHBIM JeiCTBUEM Ha aKTUBHOCTh
T€HOB, SKCITPECCUPYIOLINX MPOAYKThI oOMeHa [12].

I[MocTOSTHHBIN TIPEACTABUTEIIb KUIIEYHOU MU-
KpoOMOTHI MJIeKoTUTamomux E. coli, npeuMyiie-
CTBEHHO HE MPOSIBJISICT MaTOreHHOW aKTUBHOCTH,
OIHAKO B MOCJIeTHEE BPEMSI OTMEUAETCS €€ CIoco0-
HOCTh K MPOAYKIIUU TOKCUHOB [6]. YcTaHOBJIEHO,
YTO IIPU OMMCTOPXO3HOW MHBA3UU B COCTaBE KU-
IMICYHON MUKPOOMOTHI 4YeJIOBEKA BBISBIISTIOTCS
E. coli, B reHOMe KOTOPbIX OOHAPY>KMUBAIOTCS Map-
Kepbl MaToreHHbIX E. coli — HOcuTeNel KiacTepoB
O-anTureHoB M H-aHTUTEeHOB, acCOLMHPOBAH-
HBIX C BUPYJEHTHOCTbIO. OOMEH MOOUJIBbHBIMU
TeHEeTUUYECKUMMU BJIEMEHTAMHM BeACT K MOSBIICHUIO
HOBBIX BapuaHToOB FE. coli, obnagawlux reHaMu,
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KOAMPYIOIIMMHU pa3IndHbie (haKTOPHI MaTOT€HHO-
ctu [15], mpoBoLMpPYysT aHOMAaJIbHbIE BOCAIUTE b-
HBIE peakIlMM, pa3JInIHbIC IeTeHepaTUBHBIC U 3J10-
KadyecTBeHHbIe 3(DEKTHI B ITOpa’keHHOM OpraHe.

Hekotopble KOMMeHCaJIbHbIE IIITaAMMBI Oak-
TepUii MOTYT KOHTPOJUPOBATh POCT MAaTOT€HHBIX
OakTepuii, ogHako npu uHBazuu O. felineus Ko-
JIMYECTBO MX OaKTepuabHBIX KJIETOK CHUXKaeTCs
W MIPUBOIUT K M3MEHEHUIO MUKPOOMOTHI KUIIIEU-
HMKa, YTO MOKa3aHO Ha 3KCIIEPUMEHTAJIbHON MO-
nenu (MHBa3upoBaHHBIE XoMsiku) [20].

OnHUM M3 OCHOBHBIX MUKPOOHBIX MaTOTE€HOB
MPpU OMMCTOPXO3HOW WMHBA3MU SIBJISIIOTCSI OaKTe-
puu pona Klebsiella spp. (B 19,6£7,4% cnyudaes) [15].
Knaccuueckuit tun K. pneumoniae dyaiie BbI3bIBa-
eT MHPEKIINU Y 0CIabJeHHBIX PeaHUMAIIMOHHBIX
ManMeHTOB, B TO BpeMs KaK TUIIepBUPYJICHTHBIC
MITAMMBbI C THUIIEPMYKOWUJIHBIM (DEHOTUIIOM BBI-
3bIBAIOT TSIXKeJIble MHMEKIIMU y paHee 3T0POBBIX
nanueHToB [10]. K. oxyfoca Tak>Xe BbI3bIBAET HO30-
KOMHUaJIbHbIe U BHEOOJTbHUYHBIC MHMEKIINU, MO-
JKeT ObITh MIPUYMHOM TSKEJIOro reMOopparndeckoro
KoawurTa [8].

Takum o6pa3oM, udyuyeHue PyHKIITMOHUPOBAHU S
MUKpOIlapa3uTolieHo3a Mpu WHGEKIIMOHHO-NHBa-
3MOHHOM TIpoliecce TPEACTaBIsSeTCS aKTyaJbHOU
npo06yieMOoil, B TOM 4YHCJe C MO3UILIUIA MOJEKYJIsIp-
HO-TeHETMYECKUX uccienoBaHuii. Ype3BblyaiiHO
Ba’XHO WM3bICKAaHWE HOBBIX ITOAXOAOB IJIsT TTpodu-
JIAKTUKUY UHPEKIUNA U TaJIbHEN X UCCIIeTOBaHU
MO0 CHUXXKEHUIO pUCKa OCJOXHEHU BOCHAJIUTEb-
HOTI'0 XapaKkTepa MocJje AereJIbMUHTU3AL U .

Llenp wcciaenoBaHUsT — OMNpPENeIUTb aHTaro-
HUCTUYECKYIO aKTUBHOCTb U30JIITOB E. coli B OT-
HouleHUuu Oaktepuii Klebsiella spp., BblIEIEHHBIX
W3 COAEPXKMMOIO TOJCTONW KHWIIKKA TallMeHTOB
¢ AnarHo3oM «OTHCTOPX03».

Marepwmanbsl n MeToapl

WN3yuyeHbl (heHOTUITNYECKHME CBOICTBA 54 M30-
nsatoB E. coli m 8 — 6akTepuii poma Klebsiella (3 —
K. oxytoca; 5 — K. pneumoniae), BbIA€JIEHHBIX U3 CO-
JIEPXKUMOTO TOJCTOW KHWIIKU TIAIIUEHTOB C AMa-
rHO30M «OmucTtopxo3». Llltammer E. coli pa3meaeHBI
Mo OMOXMMUUYECKUM CBOMCTBAM Ha Trpynmbl: ¢ep-
MEHTUpYIolue/He (GepMEeHTUPYIONIUe  JIaKTO-
3y (Lact+/Lac—); oOmanatomiue/He obOaamaoiime
reMOJIUTUYeCKOl akTuBHOCThIO (Gem+/Gem-—);
HOABUKHBIe/HeNMOABUKHBIE (TTOAB.+/TIoAB.—). Mu-
KpOOHOJIOTUUEeCKNE MCCIEAOBAHUS TTPOBOIUINUCH
KJIACCUYECKUM OaKTepUOJOTUYECKUM METOIOM.
BunoByio naeHTUGUKALIMIO OaKTEPU TTOATBEPK-
JlaJli METOJIOM MacC-CHeKTPOMETPUU C WUCIIOJIb-
30BaHUEM MporpaMMHoro obecrneueHus Maldi
BioTyper 3.0. YpoBeHb ugeHTUGUKAIIUYA U30JISITOB
BhIlIe 2.0 CBUAETETbCTBOBAJ O BHICOKOI TOCTOBEP-
Hoctu. [lakeT MpUKIaAHBIX TPOTPAMM TTO3BOJIMII
U3YYUTh ITPOTEOMHBIN MPODUIb BCEX NCCIENOBaAH-

HBIX IIITAMMOB, CBUJETEIbCTBYIOIIN O TOMOJIOTU U
MX OEJIKOBBIX CIIEKTPOB M BhIpakalomIniics Ko3d-
(GUIIMEHTOM KOPPE SN,

IIpoBeneHo 204 wucclienoBaHWsI aHTAarOHUCTU-
YeCKOUM aKTUBHOCTU U30JISITOB E. coli ¢ pa3uYHbBI-
MU CBOWCTBaMU B OTHoIUeHUU OakTepuit Klebsiella
spp. OnpeneneHue AA OakTepuil NPOBOAUIU
MO METOAMKE COBMECTHOIO KYJIbTUBHPOBAHUS
B >KMJKOW muTaTeabHOU cpene. sl 3TOro cyTou-
HYIO arapoByIO KYJBTYPY CMbIBAJIM CTEPUJIbHBIM
(GU3MOJIOTMYECKUM PAacTBOPOM U TOTOBUJIU CYC-
neH3u1o, coaepxanryo 500 MJIH MUKPOOHBIX KJie-
ToK B 1 M. B 5,0 M1 Msico-menTOHHOIro OyJbOHA
(MIIDB) ¢ pH 7,2—7,4 BHocunu 1,0 mu B3Becu E. coli
u 0,1 man — Klebsiella spp. CycneH310 UHKYOUPO-
Banu npu 37°C u uepes 24, 48 u 72 4 u3 OyIbOH-
HBIX KYJBTYpP TOTOBMJIM PSIJT TMOCJEIOBATEIbHBIX
JIeCITUKPATHBIX pa3BeaeHuil. M3 passenenuii 103
u 10~° mpousBoauau BbiceBbl Mo 0,1 MJI, B ABOMHOI
NoBTOpHOCTU Ha yaluku [letpu co cpenoii JleBuHa.
TToceBsbl BeIAEpKMBaaU B TepMocTate ripu 37°C 18—
20 9, mocJie Yero MmoACYMTHIBAJIN YUCIIO BBIPOCIITNX
KonoHui E. coli n Klebsiella spp. Ha KaxX 1011 yalike
OTIEJIbHO. 3HaUYeHMe MHIeKCa aHTarOHUCTUYECKOMI
akTuBHOCTH (MAA) BEIuucisiiu mo popmyie (%):

K

VAA = ——
K+ @

x 100,

rne K — yucno xononnii E. coli; ® — 4yuciao Ko-
nonumt Klebsiella spp. (00beKTa aHTaroHU3Ma), Bbl-
pOCIIVX Ha TJOTHOU MUTATEJILHON cpeje TP BbI-
ceBe u3 MIIDb nocje coKyTbTUBUPOBAHUS.

Bce mtammbl E. coli mo BbIpaxXeHHOCTU AA
OBbLJIM pa3niesieHbl Ha TPU TPyIITbl. B rpyrimy ¢ Hu3-
Koii AA ObIJIM OTHECEHBbI ILITAMMBI C IMOKazaTe-
aem < 29; mramMmebl ¢ iokasateieMm ot 30 go 70 co-
CTaBUJIM CPEIHIO TPYIITy; IITaMMBbI, KOTOpBIE
umenu MAA 6osee 70, xapakTepu3oBaJiid KaK 00-
Jlafaolire BbICOKOH AA.

OmpeneneHne MW OlIEHKA YYBCTBUTEJIBHOCTH
K aHTUOUOTUKaAM u3odaToB E. coli u Klebsiella spp.
OCYIIECTBJISJIUCHh TI0 MUHMMAaJbHOUW TIOAABIISIO-
meid koHueHtpauuu (MIIK) B aBTOMarnyeckom
pexumMme (Sensititre Aris 2x).

Irammbl E. coli u K. pneumoniae n3y4eHbl Me-
TOJIOM TIOJTHOTEHOMHOTO ceKBeHupoBaHus. [lo-
JIy9eHHbIE €IWHUYHBIC TPOUTCHUS IJISI Ka>KJIOTO
mTamMMa ObUIM COOpaHbl B KOHTHUTHU TTPU TTOMOIIIA
nporpammbl Unicycler v.0.4.7. O6pa3ibl ¢ BeIU4U-
HOW CpeAHUX MOKPBITUI reHomMoB Bbilie 200 cBU-
JIETeJIbCTBOBAIN O JOCTAaTOYHOM OOBEMe NTaHHBIX.
O0paboTka pe3yJibTaTOB IOJHOTM€HOMHOTO CeKBe-
HUPOBAHUS TTPOBOANUIACH C TIOMOIIBIO TIPOTPAMM-
HOTO oOecIieueHU s aHaIn3a METareHOMHBIX 00pa3-
noB Kraken Metagenomicsversion 2 (ksiaccudukatop
PUI0B — KOPOTKUX HYKJICOTUAHBIX ITOCIIEA0BATEIb-
HocTeit). PuaoreHeTUYECKUE MCCIEAOBAHUS OCY-
1ecTBsJIU B iporpamMmme Wombac 2.0, koTopasi mo-
3BOJIslJIa HAXOAUTh KopoBble SNP B HyKJIEOTUIHBIX
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MOCJIENOBATEILHOCTIX M TPOU3BOAUTH BbIPaBHU-
BaHUE 3TUX TMoJuMopdu3MoB. st ompeaenaeHus:
O-aHTUTEHOB W KaIlCyJIbHBIX QHTUICHOB IIITaM-
MoB K. pneumoniae vuicrionb3oBaiau cepep Kaptive.
OmnpenefieHWe CUKBEHC TUIIOB OCYIIECTBIISIIIA C UC-
nonb3oBaHueM cepBepa MLST 2.0 (Multi-Locus
Sequence Typing) (https://cge.cbs.dtu.dk/services/
MLST), a Takzke mporpammoii Lasergene.
Cratuctuueckas o6padboTKa MOJyYeHHBIX JaH-
HBIX W BU3yaju3allusl pe3yJIbTaTOB ObLINM TPOBE-
JEHbI B 2JIEKTPOHHBIX Tabauuax Microsoft Office
Excel 2016. [Ins aHanu3za NPUMEHSIJIUCH METOIBI
CTaTUCTUYECKON 00pabOTKM C IIPUMEHEHUEM TTPO-
rpammbl SPSS, Bepcus 22. HomMmuHaibHbIe JaHHbIE
ONMUCHIBAJINCh C YKazaHMEM aOCOITIOTHBIX 3Hayde-
HW, TPOLIEHTHBIX JIOJICI ¥ TOBEPUTEIbHBIX UHTEP -
BajoB (95% AWN) — meron Kiomnmepa—IInpcoHa.
AHaJIM3 CTaTUCTUYECKOW 3HAYMMOCTHU Pa3IUudMii
M AA nipoBeneH ¢ UCIoIb30BaHUEM HeapaMeTpU-
yeckoro Kputepuss MaHHa—YUTHU U TaOJUIL CO-
MPSIKeHHOCTH 10 KPUTEepU o XM-KBaapaT [Tupcona
()%). Paznuuust mosry4eHHBIX 3HAYCHU W CIUTATINCH
CTaTUCTUYECKU 3HaUUMbIMU ITpu p < 0,05.

PeaynbraThl

deHOTUTIMYECKNE WCCIIEIOBAHUS  M30JISITOB
E. coli, BBIIEIIEHHBIX 3 COIE PXKMUMOT'0 TOJICTOM KU III-
KUY MAIlMEeHTOB C AMAarHO30M OITMCTOPX03 MOKAa3aJlu,
4TO B UX CTPYKType IIpeodyiamaiv JIAKTO30MO03M-
TUBHBIC, HE 00J1aTal0IINe TEMOJIUTUIECKON aKTUB-
HOCTBIO M OABUXHBIC IITaMMBI (puc. 1). M30asaThI
K. pneumoniae n K. oxytoca, nieHTU(ULMPOBAHHbIE
B 9TOM K€ TPYyIIe MallMeHTOB, XapaKTePU30BaINCh
MPOSIBJICHMEM TUTIIMYHBIX JIJISI STUX BUIOB CBOICTB.
Ipu uccnenoBanuu U30aaToB E. colint Klebsiella spp.
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PucyHok 1. CTpykTypa nsonsatos E. coli,
BblAEeJIeHHbIX U3 COAEPXNMOro TONICTOM KULLUKW
naumMeHToB C AMarHo3om <<0I1VICTOpXO3>>,

no GeHOTUNUYECKUM XapakTepuctukam, %

Figure 1. The pattern of E. coli isolates obtained from
large intestine contents of patients with diagnosed
opisthorchiasis based on phenotypic characteristics, %

Ha YyBCTBUTEIBHOCTh K aHTUOMOTHUKAM YCTAHOBJIC-
HO, YTO BCE OHU OBIJIM YYBCTBUTEIBHBI K Iiedaio-
coprHaM, KapOarieHeMaM, 3alllMIIeHHBIM ITeHU-
OWJUTMHAM, XJIOpaM(MEHWKOIIy, TPUMETOIPpUMY/
cybhaMeToOKCa301y 1 aMUHOTJIMKO3UIaM.

M3ydyeHne aHTAarOHUCTUYECKON aKTUBHOCTH
u3onsaToB E. coli B oTHolIeHUM OakTepuili poaa
Klebsiella BoisiBuno noseiieHue MAA ¢ 33,7% (95%
JAW:17,5-28,5) B1IiepBble CYTKU COBMECTHOTO KYJb-
TUBUPOBaHUS OGakTepuii no 54,1% (95% AW: 17,5—
28.,5) x 3-m cytkam. CpeaHuil nokazateaib MAA
cocraBui 45,4% (95% AWN: 17,5—28,5). YBeaudeHue
3HaueHUl mHaekca AA mrammoB FE. coli He 3a-
BUCEJIO OT X (PEHOTHUIHNUYECKNX CBOMCTB 3a BECh
nepuond HabaoaeHus (puc. 2). Bmecte ¢ Tem cpaB-
HUTEJIbHBIN aHaau3 nokasareneit MAA mramMmmMoB
E. coli B rpynmnax, (GpepMEHTUPYIOIIUX JaKTO3Y
U o0JaJalolIMX MOJABUXKHOCTBIO, B 1,3 pa3a Bbllle
Ipy CpaBHEHWM C aHAJJOTMYHBIMU IOKa3aTels-
MM U30JISITOB C IPOTUBOITOJIOXKHBIMU CBOMCTBAMHU
Ha BTOpbIe CYTKM HaOmmoaeHus. CTaTUCTHUYECKH
3HauYMMBble O0oJiee BbicoKue noka3atenn MAA ycra-
HOBJICHBI Ha BTOPbIC W TPEThU CYTKHW HAOJIOICHMSI
TOJIBKO II0 TOABWIKHOCTU INTAaMMOB (HeIapaMe-
Tpuueckuii kpurepuit Manna—Yutuu, p = 0,002
up=0,001 COOTBETCTBEHHO).

B cTpykType Bcex mitaMMoB Ha noito E. coli, 06-
JagarolnX HU3KOW aHTaroHMCTUYECKOW aKTUBHO-
creio (MAA<20), npuniocs 22,2% (95% AW: 12,04—
35,6), ¢ BLICOKOI aHTATOHMUCTUYECKOI aKTUBHOCTBIO
(MAA >70) —48,1% (95% A W: 34,34—62,16).

Takum obpazom, Bce mwitaMmbl E. coli ¢ Tununy-

HBIMA  (PEHOTUITMYECKUMU XapaKTEPUCTUKAMU
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PucyHok 2. CpaBHUTeNbHAs XapaKkTepucTmka
WUAA nsongaros E. coli, otnnyaiowmxcs

no ¢peHOTUNN4YEeCKUM CBOMNCTBaAM, B AUHAMUKE
no cytkam, %

Figure 2. Comparative characteristics of IAA of E. coli
isolates differing in phenotypic properties, daily
dynamics, %
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(Lact+, Gem—, monB.+), MposIBJIsIJIU Oojiee Bblipa-
J)KeHHYIO0 aHTarOHWCTUYECKYI0 aKTUBHOCTb B OT-
HowieHuun Klebsiella spp. mpu cpaBHeHuu ¢ MAA
IITAMMOB, TIPOSIBJISIIOIIMX  ITPOTHBOIOJOXHBIE
npusHaku. JlJaHHbIE MOATBEPKACHBI CTATUCTUYEC-
KVM aHaJIM30M ¢ IPpUMEHEHNUEeM HelapaMeTpuiec-
Koro kputepuss ManHa—YutHu, p = 0,027.

Bce mitammel E. coli, uccieqoBaHHbIe Ha aHTa-
TOHUCTUUYECKYIO aKTUBHOCTb, U Klebsiella spp. on-
BEPIJU MPOTEOMHOMY aHaau3y. CpaBHEeHUE 6€J1KO-
BBIX CIIEKTPOB IITaMMOB E. coli, obnanamuinx H1u3-
KO aHTarOHUCTUYECKOW aKTHUBHOCTBIO, BBISIBUIIO
nBa kyaactepa (puc. 3A). KoadduuueHT Koppesi-
U TIPOTEeMHOrpaMM OaKTEpHii TIEPBOTO U BTOPO-
ro kjaactepa coctaBuia 0,80, 4To CBUAETEIbCTBYET
0 3HAYUTEJTBLHON CXOXECTU 3TUX IIITAMMOB.

Hennporpammsbl mtamMmmoB E. coli, o0namaommux
BBICOKOM aHTarOHMCTUYECKOW aKTUBHOCTBIO, pa3-
JIMYAJIUCH IO CTENeHU (bUJIOTeHETUYECKOTO POICTBa
U pacripeaenanch Ha 4 knactepa (puc. 3b). AHanus
MPOTENMHOTPaMM YCTaHOBMJI T€TEPOreHHOCTH OETKO-
BbIX poduieit aToii rpymnisl E. coli, 4TO MOATBEPXK-
JlaeTcss YMEpPEeHHBIM IIoKasaTeiaeM KoadduineHTa
koppenguun — 0,65. YeTBepThlii KJjacTtep IIpel-
CTaBJICH MaKCHMMaJIbHbIM KOJIMYECTBOM IIITAMMOB
(15), koTopble 110 GEHOTUNUYECKUM CBOWCTBAM OT-
JIMYAIUCh HE3HAYUTEIBHO, KO3(MDDOUIIMEHT KOppeIsi-
MU uX npotenHorpamm coctaBui 0,7. leHeTHuYeckun
CXOAHBbIE IITaMMBbI (OOJIbILIIAsI UX YacTh) pasjaraiu
JIAKTO3Y, ObLIV MOABUXXHBIMU 1 HEe 00JIagaii TeMo-
JIMTUYECKOU aKTUBHOCTBIO.

AHanu3 CHeKTpaJdbHBIX Tpoduieil IMTaMMOB
Klebsiella spp. moka3an pasaejieHUe UX IO BUIaM:
K. oxytoca v K. pneumoniae. N3onatsl E. coli npo-
SIBJISIIU BBICOKYI0O AA B OTHOLIEHWU OakKTepuiu

JeHnporpaMmma mMacc-cnekTpos
MSP Dendrogram

)
)
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K. oxytoca 3HaYMTENbHO Yallle, YeM ITpU B3aMMO-
neicTBuu co mrammamMu K. pneumoniae, pa3nuaus
CTaTHCTUYECKU nocTtoBepHBbIe (}* = 7,113; p=0,008).

Nzonarer E. coli (13), obnagamoniue BbICOKUM
ypoBHEeM AA, ObLJIM U3YyUYEHBI MOJIEKYISIPHO-TEHE-
TUYECKUMU MeTomaMu. MOJIeKyJIsSIpHOe CEepOTH-
nupoBaHue no O- u H-anturenam B 60% ciyua-
€B BBISIBUJIO HaJIMYKWE I'€HOB SHTEPOTOKCUTEHHBIX
(O6:H1, O6:H5, O6:H31, O8:H30, O25:H4), sHTe-
pouHBa3uBHBIX (0144:H45) 1 BHeKUIIIEUHBIX TATO-
redHbix (O1:H7, O2:H6) E. coli. MyJIbTUIIOKYCHOE
CUKBEHC-TUIIMPOBAaHUE IO ceMUu JoKycam (adk,
JumC, gyrB, icd, mdh, purA, recA) 3TUX I TAaMMOB
YCTaHOBMJIO, YTO TOJIBKO Ba IITaMMa OTHOCUJIVCh
K cukBeHC-TuIy ST10 ogHOro KJIOHAaJIbHOI'O KOM-
mjeKca; y 5 mTaMMOB TPUHAAIEKHOCTh K KJIO-
HaJbHOMY KOMILIEKCY He oIlpenessiiaach. Takum
00pa3oM, MO CUKBEHC-THIMAaM IITaMMBbl XapakKTe-
PU30BaJIMCh T€TEPOr€HHOCTBIO.

Pe3ynbraThl MOJHOT€HOMHOI'O CEKBEHMPOBA-
HUS mTaMMOB E. coli, N30IUPOBaAaHHBIX OT IMaIM-
€HTOB C OITMCTOPXO3HOM WHBa3uei, CBUIETEIb-
CTBOBAJIM O HAJIMIUU Y HUX 25 KOMITJIEKCOB I'€HOB,
aCCOLIMUPOBAHHBIX C BUPYJICHTHOCTBIO: aAre3u-
HOB — pic, sfaS, iha, IpfA; unBasuHoB — mchfF, iroN,
ireA; TOKCUHOB — astA, cnfl, vat, sat, senB, eilA, sigA;
6akTepuounHoB — mchB, mchC, mcmA, cba, cma,
selB. TlpakTuyecku y Bcex mramMmMoB (80%) oGHa-
pPyXeH reH increased serum survival (iss) — reH mo-
BBIIIEHHOU BBIXKMBA€MOCTHU B CHIBOPOTKE KPOBH,
a Takxke reH glutamate decarboxylase (gad) — dep-
MEHT, KaTaJU3UPYIOLINI Tpoliecc 1eKapOOKCUIH-
poBaHUs B MUKPOOHOW KJjeTke. JIBa mitamma, 00-
Jagalole MakKCMMaJabHO BBICOKMM ITOKa3aTesieM
NAA, gBASIUCh, HOCUTENSIMU HauOOJIbIIEro KO-

[JeHpporpamma mMacc-cnekTpos
MSP Dendrogram
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PucyHok 3. leHgporpammbl witamMmoB E. coli, o6napatowmx Hu3kum nokasatenem MAA<20 (A)

u Bbicokum — UAA > 70 (B)

Figure 3. Dendrograms of E. coli strains with low IAA <20 (A) and high — IAA > 70 (B)
Mpumeyanue. *Lindpamm 0603Ha4eHbI OTAENbHbIE KNlacTepsl E. coli.

Note. *Numbers indicate separate E. coli clusters.
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MHdekumns n uMmyHuTeT

JIMYeCcTBa KOMIIJIGKCOB TE€HOB BUPYJEHTHOCTH
(48% w1 36%): anre3nHOB (pic, sfasS, iha); THBa3MHOB
(mchF, iroN); TOKCUHOB (astA, cnf1, vat, sat) u 6ak-
TepuoUUuHOB (mchB, mchC, mcmA), © OTHOCUJIUCH
K DHTEPOTOKCUTEHHBIM E. coli CUKBEHC-CEepOTH-
nmam O6:H1 u O6:H5.

CHKBEHC-CepOTUIIMPOBaHME IITAMMOB K. pneu-
moniae, BBISIBUJIO OTJINYME UX 110 O- 1 KarCyJIbHOMY
(KL)anturenam: KL2:01v2; KL1:01v2; KL47:01vl;
KL139:01vl; KLI125:05. MynabTUJIOKYCHOE CHK-
BEHC-TUNMpOBaHue (gapA, infB, mdh, pgi, phoE,
rpoB, fonB) ycTaHOBMJIO MPUHAIJIEXHOCTh K pa3-
HBIM CHUKBEHC TuIam. JLJIss Bcex IITaMMOB Oblja
XapaKTepHa TOMOJIOTUSI MapKepoB aHTUOMOTH-
KOPE3UCTEHTHOCTU 0gxA, ogxB (chloramphenicol,
benzylkonium chloride, cetylpyridinium chloride,
nalidixic acid, ciprofloxacin, trimethoprim) u fosA
(fosfomycin) u pazHooOpa3ue BapuaHTOB I€HOB pe-
3UCTEHTHOCTU K OeTa-TaKTaMHBIM aHTUOMOTHUKAM.

CukBeHc-TUIIBI OakTepuii K. oxytoca onpenene-
HbI Kak ST242 (aBa mtamma) u ST176. [To mapke-
paM pe3UCTEHTHOCTU K pa3JIMYHbIM I'pyIIlaM aH-
TUMUKPOOHBIX ITPEapaToB OAWH IIITAMM B TeHOME
UMeJI MaKCUMaJIbHbI Habop (ogxA, ogxB, gqnrBl,
JosA, fosA3, rmtB, dfrA 14, tet(A), blacrx w.ss, blagyv-1o6
blatgyanu, blartenage, blanpw.s blasyy.as, blateyi s,
blarey.1s, blatey.141); Y IBYX IPYTHX BbISIBJICHBI T€HbI
TOJBKO IPYNNbI blagyy,.s, blagxy.s.i, blaoxy.s.»-

TakuMm ob6pazom, uzonsdaTel E. coli, BblAEIEHHBIE
W3 CONEPKMMOTO TOJICTON KUIIKHU ITAllMEHTOB C M-
arHo3oM «OmuCcTOpX03» MoKa3aiu, YTO B UX CTPYK-
Type npeobsiagaiu KyJbTypbl (hepMEeHTUPYIOIINe
JIaKTO3y, 00J1aafolIe MOABUXKHOCTBIO U He TIPO-
SIBJISTIONIE TeMOJIMTUYECKYI0 aKTUBHOCTh. YcTa-
HOBJICHO, YTO M30JISITHI 3TOW T'PYIIIbI ITPOSBISIIN
BBICOKYIO aHTarOHUCTUYECKYIO0 aKTUBHOCTh B OT-
HollleHUU OakTepuit pona Klebsiella u xapakTepu-
30BaJINCh HOCUTEJIbCTBOM T'€HOB CUKBEHC-CEPOTH-
noB 1o O- u H-aHTUreHaM 3HTEPOTOKCUTEHHBIX,
SHTEPOMHBA3WBHBIX 1 BHEKUIIIEYHBIX TATOTeHHBIX
E. coli. Kpome TOro, oHu sSIBASIIUMCh HOCUTEISIMU
TeHOB, ACCOLIMMPOBAHHBIX C BUPYJEHTHOCTBIO.

O6cyxaeHne

MukpobroTa wurpaeT CYIIECTBEHHYIO pPOJIb
B XM3HEIESITEeJIbHOCTH opraHm3ma. OmHa U3 OcC-
HOBHEBIX ¢e GyHKOUi — dopmMupoBaHue Oapbepa
KOJIOHM3AIIMOHHON Pe3MCTeHTHOCTH, MPeaoTBpa-
marmmnas KOHTaMWHAIUWIO CJIM3UCTBIX 000JI0UeK
maToreHaMu MyTeM MPOSIBJICHU ST aHTaTOHUCTUYEC-
KO aKTHUBHOCTU aBTOXTOHHOW MMKPOOUOTHI [7,
14]. UMMyHOJIOTMYECKU I CTaTyC MaKpoopTraHU3Ma
obecneuyrBaeT ONTUMAJIbHbIE 1J151 KOHKPETHBIX CU-
Tyaluii CMMOMOTUYECKNE M aHTarOHUCTHUUYECKUE
OTHOIIEHUSI MHMKPOOPraHU3MOB, CIIOCOOCTBYIO-
mue GOPMHUPOBAHUIO HOBBIX (PEHOTHIHYECKHUX
M TeHOTUNIMYECKNX CBOMCTB [9]. Tak Ha3bpIBaeMBbI
«MHUKPOOHBIN OpraH» XapakKTepusyeTrcs (GeHOTH-

MUYECKON TeTepOreHHOCThIO, TeHETUYECKOM pa3-
HOPOIHOCTBHIO U CJIOKHBIMU CKOOPAMHUPOBAHHBI-
MU cBI3aMu. PakTOpbI, ONIPENEISIONINe CTPYKTY-
Py MUKPOOHBIX COOOIIECTB M UX AaHTAaTOHUCTUYEC-
KHe B3auMOJACHCTBUS B KUIINEYHMKE, €Ile MaJio
usyueHsl [1, 16].

TUNMYHBIMKA TIPEACTABUTEASIMU MUKPOOMOTHI
MJIEKOIMUTAIOIUX ABISIOTCA E. coli, xapaKTepu3yo-
myecss IHUPOKHUM CHEeKTpoM (epMeHTAaTUBHOM
aKTUBHOCTU, MOABUXKHOCTHU, OHOIJIEHKOOOpa3o-
BaHUsI, y4acTHEeM B TOPU30HTAJIbHOM MEPEHOCE Te-
HeTuyecKoi nHopmauuu [5]. Pe3dyabTaThl HaCTO-
SIIIIETO UCCJIeIOBaH M I CBUIETEBCTBYIOT O TOM, UYTO
u30JAThl E. coli, BelaeneHHbIEe U3 DeKaJauil mamu-
€HTOB ¢ nuarHo3om «OIMUCTOPX03» 00JIamaIv Ipe-
MMYIIECTBEHHO TUIUYHBIMU (hEHOTUITUIECKUMU
CBOICTBAMU, HO TIPU 3TOM SIBJISIIUCh HOCUTEISIMU
KOMIIJIEKCOB T'€HOB BUPYJIEHTHOCTHU. [TouTu moso-
BMHA M3YYEHHBIX HAMU U30JISITOB 00J1a/1aJiu TeHa-
MM, OTBETCTBEHHBIMM 3a MPOAYKIINIO O0aKTEpHUO-
UHOB. MI3BeCTHO, YTO reHbl CUCTEMBI IPOAYKIIUU
0aKTEepUOILIMHOB, SIBISIIOTCS BaXKHBIMU (haKTOpamMu
KOJIOHM3AIlMOHHOI pPEe3MCTEHTHOCTU KUIIEYHM-
Ka 1 CBSI3aHBI C UX TPOOMOTUIYECKUMU CBOMCTBA-
MU [14]. AHTUMUKpPOOHAsI aKTUBHOCTb OaKTEpU-
OILIMHOB, OOyCJaBJIMBalOIas aHTAarOHU3M MEXIy
OakTepusiMU, HaIlpaBjieHAa HE TOJIBKO Ha IITaMMBbI
(bunoreHeTMYECKY POICTBEHHBIX BUIOB OAKTEPUIiA,
HO U APYTUX BUAOB U poaoB. PeuieHue mpobiie-
MBI PE3UCTEHTHOCTH K aHTUOMOTHUKAM OaKTepuid
MHUIIMAPYET MHTEPEC K €CTECTBEHHBIM aJibTepHa-
TUBaM — KOJMIIMHAM U MUKPOIIMHAM, TIPOIYIIH-
pyembiM E. coli [18, 19]. B 80% cnydyaeB IITaMMBbI
E. coli, uzonupoBaHHbIE OT MAaLlUEHTOB C OITUCTOP-
XO3HOW WHBa3ueu, SIBISIUCh HOCUTEJISIMU TeHa
glutamate decarboxylase (gad) — depmeHTa, KaTa-
JIU3UPYIOIEro HeobpaTuMoe IeKapOOKCUITUPO-
BaHUE |-rTyTaMWHOBOW KWCJIOTHI, y4YacTBYIOIICH
B BBIMOJJHEHUW Pa3JIMYHBIX (HU3NOJTOTNIECKUX
dbynkumii 21, 22].

B kuIreyHoit MUKpOOMOTE YesioBeKa IIpu OIMTh-
CTOPXO3HOI MHBA3MM HanOOJIee YacCTO BCTPEUYaIOT-
cqa 6aktepuu K. pneumoniae, KOTOpble MOTYT ObITh
MpencTaBlieHbl KAK KOMMEHCaJIbHBIMU, TaK U BbI-
COKOTIAaTOT€HHBIMM IITAMMaMW C THIEPMYKOUI-
HbIM (eHoTunoM. [eHeTUYecKUe AeTePMUHAHTHI
MaTOTeHHOro IOTeHIMaJa 3TUX IITaMMOB (T€HBI
BUPYJEHTHOCTH, CBSI3aHHBIC C aare3ueii m Mmy-
KOMIHBIM (DEHOTUIIOM) 3HAYUTEIBHO 4Yallle BbI-
SIBJISTIOTCSI TIPU  BOCITAJIMTEIbHBIX 3a00JIEBAHUSIX
kuineyHuka [11]. Hauboaplryo ornmacHOCTb Ipea-
CTaABJISIIOT CJIydaM, CBSI3aHHBIE C TUIIEPBUPYJICHT-
HBIMU IIITAMMaMU, CIIOCOOHBIMU OJHOBPEMEHHO
NpOAYHMPOBATh U GeTa-TakTaMasbl paclIMPEeHHO-
ro criekTpa aerictBus. CoueTaHue BUPYJICHTHOCTHU
Y MHOXECTBEHHOM JIEKAPCTBEHHOMN PE3UCTEHTHOC-
T TIPEICTABIISIET BBICOKMI PUCK pa3BUTHS OaKTe-
puanbHOU MHbekuu [13, 17]. PesyabraTel npo-
BEJICHHBIX MCCJIeIOBaHU I U30a9TOB K. pneumoniae
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BBISIBUJIM HaJIM4KMe B X TeHOMaX (haKTOPOB BUPY-
JICHTHOCTU — KaIlCYJbHBIX aHTUTeHOB. HecMoTpst
Ha 9TO, HEKOTOphble ITaMMbl E. coli, obmanaromiue
aHTAarOHUCTUYECKOW aKTUBHOCTHIO, MOMaBISIN
pPOCT BUPYJICHTHBIX IITAMMOB K. pneumoniae.

3ak/o4yeHne

IMonydyeHHbIe TaHHbBIE CBUAETEILCTBYIOT O TOM,
YTO aHTArOHUCTUYECKass aKTUBHOCTh ILITAMMOB
E. coli ¢ TunuyHbpIMU (PEHOTUNUYECKUMHU IIPU-
3HAKAMMU SIBJISIETCS OMHUM U3 BaxKHbIX (aKTOPOB
KOJIOHM3AaLMOHHOM PEe3MCTEHTHOCTU OMOTOMNA Op-
raHm3Ma 4ejioBeKa OT MAaTOr€HOB IMpU MHGEKIU-
OHHOM 3a00JiIeBaHMU. YCTAHOBJIEHO, YTO I'€HOMbI
TUIIMYHBIX [IPEACTaBUTEIe HOPMOOMOTHI KUIIEY-
HuKa (E. coli) ipu onncTOpX03HOM MHBA3UU COMIEP-
JKaT KOMITJIEKChI T€HOB BUPYJIEHTHOCTU U MATOT€H-
HoCTU. BO3MOXHO, 3TU XapaKTEpUCTUKU OOecIie-

YKMBAIOT BEICOKU I YPOBEHb UX AaHTATrOHUCTUYECKOM
aKTUBHOCTU B oTHoLIeHuu Klebsiella spp.

PesynbraThl UccienoBaHMA TTO3BOJIMIN ONpeae-
JIUTH IITaMMBbI, OTJIMYAIOLIUECS BhIpaXXeHHbIMU aH-
TaroHUCTUYECKMMU CBOMCTBAMU, U AEMOHUPOBATh
MX BToCyaapcTBeHHOI Koiekuuu. HykimeoruaHeie
NOCeI0BaTEIbHOCTU pPEIKNX IITaAMMOB pa3Mme-
meHbsl B GenBank NCBI. Pe3ynbsraTsl ucciaegoBa-
HUS TeHoMa mTaMMoB E. coli moJIoXeHbl B OCHO-
BY M300peTeHuUsI, MmojydeH nateHT PD No 2756794
«[ITamm HOBOTO TeHOoTUTA Escherichia coli 1654-1
JIJIST MOJIEKYJSIPHO-T€HETUYECKOro TUIMPOBAHUS
OaxkTtepuii pona Escherichia».

TTonumaHue MOJIEKYASIPHO-0MOJIOrMYeCKUX
O0COOEHHOCTEl Ha YpOBHE (PEHOTUITUUYECKUX
CBOMCTB OTAEJbHBIX U30JIITOB JACT BO3MOXHOCTb
NPOrHO3UPOBAHUS KOJTOHU3ALIMOHHON PE3UCTEHT-
HOCTHU OMOTOMNA U yrpaBiaeHUs] UHPEKIIMOHHO-UH-
Ba3UOHHBIM MPOLIECCOM.
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OCOBEHHOCTW BA3AJIbHOM

U IMNONONIUCAXAPUA-UHAYLUPOBAHHOMU
CEKPELUWUN ULUTOKUHOB B KYJIbTYPAX
MOHOHYKJIEAPHbIX JIEUKOLIUTOB KPOBU
BOJIbHbIX C 3PUTEMHOW ®OPMOW OCTPOIO
MKCOA0BOI0 KJEWEBOIO BOPPEJIMO3A

B SABUCUMOCTU OT KJIIMHUHECKUX NAPAMETPOB

E.H. Unabnuckux, O.B. Boponkosa, P.P. Xacanosa, K.B. Camoiinos, A.B. CemenoBa,
N.E. EcumoBa, E.A. MoTtioxosa, O.B. fIMnoasckas, A.B. SAmnoabckas

DI'BOY BO Cubupckuii eocyoapcmeennutii meduyunckuil ynugepcumem Munzdpasa Poccuu, e. Tomck, Poccus

Pestome. Bseodenue. B HacTosilee BpeMsi OCTAIOTCS MaJIOM3yYeHHBIMU OCOOEHHOCTHU MPOAYKIIMY LIMTOKUHOB B KYJIBTypax
MOHOHYKJICAPHBIX KJIETOK OOJbHBIX NKCOTOBBIM KJICIIEBBIM OOPPEIN030M B 3aBUCUMOCTH OT KJIMHUYECKUX TaHHBIX.
Lenplo uccnenoBaHus SIBISIOCH M3YYeHME 0COOEHHOCTEl 0a3aIbHOM 1 TUTIONOIMCaXapua-UHAYIIMPOBAHHOM ITUTOKH-
CEKPETOPHOI aKTUBHOCTU MOHOHYKJICAPHBIX JICHKOIIMTOB TepreprIecKoil KPOBU OOJIBHBIX ¢ OCTPBIM TE€YEHHEM IPH-
TEMHO (POPMBI MKCOIOBOTO KJICIIIEBOTO OOppero3a B 3aBUCMOCTH OT KIIMHUYECKUX TTapaMeTpoB. Mamepuanst u me-
moost. I'pymmibl u3 22 1 12 60IBHBIX ¢ AMaTHO3aMU JISTKOM UJTU CPeIHEl CTEIICHH TSKeCTU N30IMPOBAHHOM 1 CMEIIIaHHOM
C KJICIIEBBIM 3HIIE(aTUTOM SPUTEMHON (POPMBI MKCOIOBOTO KJIEIIEBOro OOppeno3a ObLIN 00CIeIOBAHbI IBAXKIbI —
B TIEPBYIO HeNleTto 00JIe3HN U B TMHAMUKe yepe3 14 nHelt mocie Tepanuu. KoHTposibHas rpyIina BKitovaia 17 3mopoBbix
JoHOPOoB. C MOMOIIBI0 UMMYHO(MEPMEHTHOTO aHAI13a B CyMEepHATAHTaX KYJIbTYP MOHOHYKJIEAPHBIX JIEHKOIIMTOB ObLIN
WCCJICIOBAHBI Oa3aibHbIe W JIMTIONOIMCAXapUI-MHAYIIMPOBAHHbIE YPOBHU MPOAYKIIMY nHTepeiikiuHoB (IL)-6, 1L-10
u dakropa Hekposa onyxonu (TNF)-o. lns cratucTryeckoro aHanausa ucnojb3obanu U-kputepun MaHHA—YUTHH,
Kputepuit BunkokcoHa u panroylo koppensiiuio CnupmeHa. Pesyasmamet. I'pyIina MaliueHTOB CO CPEIHETSIKETbIM Te-
yeHHeM 0oppesino3a KIMHUUYECKH OTJIMvaiach 0osee BhIpaXkeHHBIMU MPOSIBACHUSIMU JIMXOPaT0YHO-UHTOKCUKAIIIOH-
HOTo CMHAPOMA. B KJIETOUHBIX KYJIbTYypax 00JbHBIX 00PPEINO30M CO CPEAHETSKEIBIM TeUCHUEM B HauaJsie 3a00JeBaHU S
yposHu 0azanbHoi cekpeun TNFa, IL-6 u IL-10 Gblin cyliecTBEHHO MOBBILIEHBI KaK M0 CPABHEHUIO C MallMEHTaMU
C JISTKUM TeUeHHUEM, TaK ¥ CO 3IOPOBBIMH TOHOpaMU. B mmHamMuKe mociie aHTUOMOTUKOTEpaNIiK YPOBHU CIIOHTAHHOM
cexkperuu TNFo u IL-10 nMenu TeHOSHINIO K CHUKEHIIO. B mepByto Henento 001e3H1 100aBIeHIE JTUTIONONICaXapyia
B KYJIBTYPHI KJIETOK OOJIBHBIX CO CPETHETSKEIBIM TeUCHUEM ITPUBOAMIIO K 3HAUNTEILHOMY TIONABICHUIO ITPONYKIINT
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TNFo u noseiieHuto cekperuu IL-10, kak Mo cpaBHEHUIO ¢ MAaLIMEHTaAMU C JIESTKMM TE€UeHMEM, TaK U CO 3J0POBbIMU
JIoHOpaMu. JIuTononrcaxapuI-uHIAyIMpoBaHHas cekpeunst IL-6 B cymepHaTaHTaX KyJIbTyp 3THX OOJBHBIX ObLIA Cy-
IIECTBEHHO HUXeE, YeM Y MALIMEHTOB C JIETKUM TeueHUeM. B nrnHaMuke ypoBeHb MHAYIIMpoBaHHOU nponykuuu TNFa
y OOJIBHBIX CO CPEIHETSKENbIM TeUEHUEM MOBBIIAJCS, TPEBOCXOS 3HAUCHUSI B KOHTPOJIbHOM TpyIiIe. Y 00JbHbBIX BbI-
SIBJIEHBI MTPSIMbIE KOPPEISLIMOHHbIE 3aBUCUMMOCTH MexX 1y 0a3abHou cekpenneit IL-6 1 TNFou B KJIeTOUHBIX KyJIbTypax
1 MaKCHUMaJIbHOM TeMIIepaTypoii Tesia MIu KOHIIeHTpalreil C-peakKTUBHOTO OeiKa B CBIBOPOTKE KPOBH. YPOBHU KOHIIEH-
tpauuu TNFo B mpo6ax ¢ aunonoancaxapuaioM UMeJr 00paTHbIE 3aBUCMMOCTU OT BbICOTbI IMXOPAIKU UM OT YPOBHEH
cekpeunn 1L-10. Bbioowt. [lokazaHo, uto ypoBHu 6a3aibHoii cexpenn TNFo, 1L-6 u IL-10 B K€ TOYHBIX KYJIbTypax
OOJTBHBIX OCTPBIM MKCOMOBBIM KJICIIIEBBIM OOPPEIMO30M TOBHIIIAINCH C YBETMICHUEM TSKECTH TCUCHMST 3200 IeBaHMS.
[NonaseHre MumoONoOINCaXapuI-MHAYIHpoBaHHOM mponykuu TNFo B KyabTypax KJIeTOK OOJTBHBIX CO CpETHETSIKe-
JIBIM TeYeHUEM BO3MOXKHO CBSI3aHO ¢ 3 peKTamMu peryasaTopHoro 1utokuHa IL-10.

Karoueeuie cao6a: ukcooosulil kaeujegoii 6oppenuos, spumemnasn Gopma, UUmoKUuHsl, AUNONOAUCAXAPUD, KYAbMYPA KAeMOK KPO8U,
MOHOHYKAeapHble NelKOoyUmbl, KAUHUYECKOe meyeHue.

FEATURES OF BASELINE AND LIPOPOLYSACCHARIDE-INDUCED CYTOKINE SECRETION

IN MONONUCLEAR LEUKOCYTE CULTURES FROM PATIENTS WITH THE ERYTHEMA MIGRANS
FORM OF ACUTE LYME BORRELIOSIS BASED ON CLINICAL PARAMETERS

Ilyinskikh E.N., Voronkova O.V., Hasanova R.R., Samoylov K.V., Semenova A.V., Esimova 1.E., Motlokhova E.A.,
Yampolskaya O.V., Yampolskaya A.V.

Siberian State Medical University, Tomsk, Russian Federation

Abstract. Introduction. Features of cytokine production in mononuclear cell cultures from Lyme borreliosis patients based
on clinical data remained poorly studied. The study aim was to estimate the patterns of baseline and lipopolysaccharide-
induced cytokine-secretory activity of peripheral blood mononuclear leukocytes from patients with erythema migrans form
of acute Lyme borreliosis based on clinical parameters. Materials and methods. Groups of 22 and 12 patients with the diag-
noses of mild or moderate severity of monoinfection and co-infection with tick-borne encephalitis of Lyme borreliosis with
erythema migrans were examined twice: on week 1 after disease onset and day 14. The control group included 17 healthy
donors. Basal and lipopolysaccharide-induced 1L-6, IL-10, and TNFa secretion levels were assessed in mononuclear
leukocyte culture supernatants applying enzyme immunoassay. Statistical analysis was performed by using the Mann—
Whitney U-test, Wilcoxon test, and Spearman’s rank correlation. Results. The group of moderate severity patients was
clinically distinguished by severer fever and intoxication manifestations. At the disease onset, the basal TNFa, IL-6 and
IL-10 secretion levels in the moderate severity patient cultures were significantly higher than in those of the other groups.
After antibiotics treatment, the baseline TNFo and IL-10 levels tended to decrease. At the onset, lipopolysaccharide-in-
duced cultures from the moderate severity patients showed significantly suppressed TN Fo production and increased 1L-10
secretion as compared to the other groups. Lipopolysaccharide-induced IL-6 secretion in the moderate vs. mild severity
group supernatants was significantly lower. In dynamics, the induced TNFo levels in the moderate severity patients were
increased to the magnitude exceeding that in the controls. Positive correlations between the 1L-6 and TNFo basal levels
and maximum body temperature or the C-reactive protein serum concentrations were revealed in the patients. Induced
TNFo levels showed negative correlations with fever levels or with IL-10 secretion. Conclusions. It was demonstrated that
basal TNFa, IL-6 and IL-10 secretion levels in the mononuclear cell cultures of acute Lyme borreliosis patients increased
with the increasing disease severity. Suppression of lipopolysaccharide-induced TN Fo production in the moderate sever-
ity patient cultures was presumably associated with the regulatory cytokine IL-10 effects.

Key words: Lyme borreliosis, erythema migrans form, cytokines, lipopolysaccharide, blood culture, mononuclear leukocytes, clinical course.

OEHHOCTM B 3aBUCUMOCTM OT KJMHHUYECKUX (popm
M TSIXKECTU TeueHu s 3a0osieBaHus [1]. MHorue uccie-
JIOBaTeIM MpearoaraloT, YTO OCOOEHHOCTU BPOXK-
JICHHOTO UMMYHHOTrO OTBETA, HAIlpaBJIEHHOrO Mpo-

BeepneHne

M3BecTHO, UTO UKCOIOBbIE KJIeleBble 0OppeIo-
361 (MKDB) sBistioTest HanboJjiee pacipocTpaHeHHBI-

MU B Poccun mpupoaHO-04YaroBbIMU MHMEKIUSIMU
C TPAHCMMCCUBHBIM MeXaHU3MOM Nepenaun [8]. XoTs
0COOEGHHOCTU LMTOKMHOBOIO cTaTyca y OOJbHBIX
HNKDb uccrenyroTrcst 10CTaTOYHO JaBHO, MO-TTPeXHE-
MY IIPaKTUYECKH OTCYTCTBYIOT pabOThI, CBSI3aHHbBIE
C aHAJIM30M 3aKOHOMEPHOCTEI 0a3ajlbHOU U CTUMY-
JIMPOBAHHON CEKpEelUU LUTOKWMHOB MMMYHOKOM-
MNETEHTHBIMU KJIETKAMU B YCJIOBMSIX in Vitro, B 0CO-

TUB OOPpPEIUii, UMEIOT CyIIECTBEHHOE 3HAYCHUE 15
kauHuuyeckoro TeyeHus1 MKb B ocTphlit iepuon 3a-
0oJeBaHUS, BKJIIOYAs PUCK JUCCEMUHALIMU CIUPOXET
U3 TIEPBUYHOrO 04Yara B KOxe BO BHYTPEHHUE OPTaHbl
U HEpBHYIO cucteMy [2, 11, 17]. Kak u3BectHO hakTO-
Pbl BPOXJIEHHOTO UMMYHUTETA CIIOCOOCTBYIOT paH-
HEMY CHEPXUBAHUIO PACIPOCTPAHEHUS ITaTOTEHa,
Onaromapst ObICTpOU HecmelUdUUIEeCKO BoOCHaIU-
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TEJILHOW peakllMM C y4aCTMEM MOHOIIMTOB/MaKpO-
¢daroB U Opyrux aHTUTCHITPE3EHTUPYIOLINX KJIETOK
(ATIK) [11, 17]. 1 mMomenupoBaHUSI B YCJIOBUSIX
in vitro mpoaudepaui MOHOHYKJIEAPHbIX KJETOK
W ITPOAYKIIMY UMH [TUTOKMHOB KJIETOYHBIE KYJIBTYPbI
CTUMYJIUPYIOT HecnelndUIeCKUMHU MOJUKJIOHAIb-
HBIMU MUTOT€HaMM PACTUTELHOIO WJIM OaKTepu-
aJIbHOTO MPOUCXOXIAECHUS, OMHUM U3 KOTOPbIX SIBJISI-
ercs aunononucaxapua (JITIC). JITIC npeacrasiisieT
co00lf SHAOTOKCUH U SIBJISIETCSI OCHOBHBIM KOMIIO-
HEHTOM BHEIIHEW MeMOpaHbl rpaMOTPULIATEIbHBIX
OakTepuii, CTUMYJUPYIOLIUM, MpeXe BCero, pe-
aKIMu BpoxAeHHoro mMmyHuteta [5]. TlokasaHo,
yto npu BBeaeHuu JITIC B opraHru3Me sKCIiepuMeH-
TaJbHBIX XXMBOTHBIX Pa3BUBAIOTCS PEaKIIUK OCTPOM
da3pl, BKJIIOYAIOIIWE JUXOPAAKY, OOYCIOBJIEHHYIO
nuporeHHbIMU 3 dekTamu kKak camoro JITIC, Ttak
U TIPOBOCHAJUTEIbHBIMU IIUTOKUHAMU BPOXICH-
HOro MMMYHHOI'O OTBeTa — (haKTopa HEKpo3a OIy-
xomu (TNF)-o, a takxke wHTepieiikuaoB (IL)-1B
u IL-6 [5, 14]. Kpome Toro, JITIC o6nagaeT cBoiicTBa-
MU TUMYC-HE3aBUCUMOIO aHTUIEHA, MOCKOJbKY OH
Ccnoco0eH BbI3bIBATh MOJUKJIOHAJIBHYIO aKTUBALIUIO
B-numdonuToB 1 aHTUTENI000pa30BaHNE B OTCYT-
CTBHE XeJTEePHbIX KJTOHOB T-muMdouuTos [5].

Crumynsguus JITIC nepBUYHBIX KYJIBTYD Jieli-
KOLIMTOB Tepudepruyeckoil KpOBU IMPUMEHSIETCS
NS OLIGHKU B YCJIOBUSIX in Vitro COCTOSITeJIbHOCTU
U HaOpsIKeHHOCTU (haKTOPOB MPEUMYIIECTBEHHO
BPOXJIEHHOTO MMMYHHOIO OTBETa, a TakKXe IJIs
U3y4YeHUs TIOJUKJIOHAJbHOU HecmeuuduyecKomn
npoaudepanu B-k1eTok mpu pa3aMdyHbIX OCTPO-
BOCTIAJIUTEJIbHBIX, Qy TOMMMYHHBIX U MH(MDEKIIMOH-
HBIX 3a00JieBaHUX [5, 15, 24].

Llenbro ucciienoBaHU S SIBISITIOCH U3YUYEHUE OCO-
oeHHocTelt 6azanpHOi U JITIC-uHAYLIMPOBAaHHOU
LIMTOKWH-CEKPETOPHONH aKTUBHOCTU MOHOHYK-
JieapHbIX JEUKOLMTOB Tepudepruyeckoil KpoBuU
OOJIBHBIX C OCTPBIM TEUEHUEM BSpUTEMHOU Gop-
Mbl (D®) UKD B 3aBUCUMOCTU OT KJIMHUYECKUX
napamMeTpoB.

Matepuaibl 1 METOLbI

B uccinenoBaHue ObLIO BKJIIOUEHO 34 malMeHTa,
MMEBILIKX JUATHO3 OCTPOI0 TeUeHUsI MOHOMH(pEK-
o OP® UKD unn mukcr-undpexkuuun 9O UKD
C IMXOPaJ0YHOM (hOPMOIL KJIEIEBOIo dHILIedanuTa
(KD), rociutann3dnpoBaHHBIX B MHMEKIIMOHHYIO
KIMHUKY CHOMPCKOTO TOCYIAapCTBEHHOTO MeEIau-
nuHcKoro yHuBepcutera (Cu6I'MY) Mun3snpasa
Poccum B miepBy1o Hefeso OT Havyajia 3a00JIeBaHM .

B uccnepoBaHue BKIIIOYeHBI 22 OOJIbHBIX
¢ MOHO- 1 MukcT-uHpekuuen P UKD c merkoii
CTEIEHbIO TIXeCTHU 3a00eBaHus, U 12 MallMeHTOB
CO CpeHETSIKEJIbIM TeueHueM 0one3Hu. M3 obcne-
MOBaHHBIX MalueHTOB 19 (55,88%) ObLin My:K4u-
Hbl U 15 (44,12%) — XeHIIUHbI, CPEIHUI BO3paACT
KOTOpPbIX cocTaBu 43,41+1,89 1 48,12+1,63 sieT co-

OTBETCTBEHHO. JIJIs1 cpaBHEHMSI U3YyUYEHHBIX Mapa-
METpOB Oblia obOcjieoBaHa KOHTPOJbHAs rpyIa
u3 17 yCI0BHO-310POBBIX JOOPOBOJIBIIEB, COMTOCTA-
BUMBIX C OCHOBHOU T'PYIINON 10 TI0J1Yy U BO3PACTY,
KOTOpble He OoJjiesii MH(PEeKIUIMHU, Mepeaatonim-
MMUCSI UKCOMOBBIMU KJICIIaMUW, W UMEJIU OTpHulia-
TeJIbHbIE Pe3yJIbTAThl TA0OPaTOPHBIX TECTOB HA Ha-
JIM4re TaHHBIX 3a001eBaHuil. KOHTpoabHas TpyII-
ma cocrosiia u3 9 (52,94%) myxuun u 8 (47,06%)
SKeHIIMH, CPEeAHMI BO3pPacT KOTOPBIX COCTAaBUJI
44,44+2,39 u 44,75+3,16 1€T COOTBETCTBEHHO.

Huarnoz D@ octporo MKB Obl1 mocraBieH
B COOTBETCTBUU ¢ Kaaccudukanueii FO.B. Jlo63mHa
¢ coanT. [4]. Kputepusimu jerkoro teueHuss MUKb
SIBJISTIOTCSI cJa0ast BBIPakeHHOCTh CUMITTOMOB MH-
TOKCHKAIIUW Y TeMIIepaTypa TeJjia, He ITpeBbIIIalo-
mast 38,0°C, nmpoaoJXKUTEeAbHOCTbIO A0 3 JHEM,
a JUISI CPETHETSIKEJIOTO TeYSHU I XapaKTePHBI yMe-
pEeHHBbIE NMPU3HAKM WHTOKCUKAIIMM W JIMXOpajaKa
ot 38,1 no 39,1°C [4].

Bce yyacTHMKM HaACTOSIIEro MCCIEIOBAHUSI,
NpoBeAeHUE KOTOPOro ObLIO OJNOOPEHO 3TUYEC-
KkumM komutetom CubI'MY MunsnpaBa Poccuu
(mpoTtokossl Ne 9119/1 ot 30.05.2022 1. 1 Ne 9349
ot 23.01.2023 r.), Jaau NUCbMEHHbIE TOOPOBOJb-
HbIe TH(POPMUPOBAHHBIE COTJIACHS.

KpurtepusiMmu BKJIIOYeHHMsI B MCCJEIOBaHUE IS
6osibHBIX UKD gaBISIMCh TTOCTYIIJIEHUE B CTallMO-
Hap B CPOK He IMo3aHee 7 MHS OT Hauyaja 3aboJjieBa-
HUs, HaJW4ude ITaTOTHOMOHWYHOIO CHUMIITOMA —
MUTPUPYIOIIE 3PUTEMBbl Ha MECTe IPUCAChIBAaHUS
KJella, KIMHUKO-3IUAEMUOJIOTUYecKoe 1 Jlabopa-
TOPHOE MOJATBEPKICHHUE TMarHo3a OCTPOro TeUEHU ST
MoHonHGMpekuuu 9P UKD nim MUKCT-WHGOEKINHT
9@ UKD ¢ K3, Bo3pact ot 20 1o 55 net, Hamm4ame
MHOOPMUPOBAHHOIO COTJIacHsl Ha y4acTue B UCCIe-
noBaHuU. KputepusiMmu UCKIIOUeHMSI AJ1s1 OOJIBHBIX
MKDB 1 KOHTpOJIbHOU rpy bl ObLIN O€PEMEHHOCTb,
JIaKTanus, OTKa3 OT y4acTusl B UCCJIEIOBaHUM, Ha-
Jmuue (POHOBOM JEKOMIIEHCUPOBAHHOM cOMaTHYeC-
KOM TIaTOJIOTMU WU XPOHUUECKUX MH(MEKITMOHHBIX
3aboneBanuii (BUY-undekus, Tydoepkyaes u ap.),
a TaKXXe BaKIMHAIIUH, OCTPBIX BOCHAJMUTEILHBIX
1 MH(EKIITMOHHBIX 3a00JIEBAaHUI B CPOK MEHEE IBYX
MeCS1EeB J0 Hayasia UCCAeAOBaHUSI.

Bce 6onbabie KB Haxoauauch B cTaliioHape
o HaOJIoIeHUEeM OIBITHBIX KJIWHUIIMCTOB, ITO-
JIYYUJIU KypC aHTUOUOTUKOTepanuu (uedrpuak-
COH) B COOTBETCTBHUE CO CTAaHIAPTHBIMU CXeMaMMU.
KinnHuyeckoe oOcieqoBaHue BKJIKOYAIO aHaJIU3
25 KJIMHUKO-aHAMHECTUYECKUX U JabopaTOpHBIX
napaMeTpoB, B TOM YMCJIE TaHHBIX O ITPOSIBICHUSIX
CUHJPOMOB JINXOPAAKW U MHTOKCUKAIIUY MIPH T10-
CTYILJIEHUM MalMeHTa B ctauuoHap. OO0Luii cpok
HaOJIIOJIeH WS 3a MallMeHTaM1 B aMOyJIaTOPHBIX yC-
JIOBUSIX coCcTaBMJI 12 Mec.

JlabopaTopHoe nmoaTBepxkaeHue nuarHosza MKb
MPOBOAMUIIOCH METOAOM TBepAoGha3HOro UMMY-
HodepmeHTHOTO aHanuida (MMDA) Ha ocHOBaHUU
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omnpeneaeHus: Koa(pOUIMEHTOB TO3UTHUBHOCTU
(KIT) B iMmHaMKKEe B I€Hb MOCTYIJEHUS MallMeH-
Ta B cTallMoHap, Ha 14 u 21 geHb, a Tak:Ke yepe3 3
u 6 mec. Bece GonpHbie D® MKB, BKIHOYEHHEBIE
B MCCJeOBaHUE, HWMEIU TIOJOXUTEIbHbIE pe-
3yJITaThl OOHapyXeHUs CIeunGUIeCKuX UM-
MyHornooyiauHoB (Ig) knaccoB M u G x Borrelia
burgdorferi s. I. [lonTBepXIeHUE MUKCT-UHMDEKIIUU
MNPOBOIMJIOCh Ha OCHOBaHUU omnpeaeeHus IgM
n IgG K Bupycy KJelleBOro sHIedalnuTa U ero
aHTUTEHa C MCHOJb30BaHUEM TecT-cuctemM AQO
«Bektop-bect» (Poccust). DTu Xe MeToabl ObLIU
MPUMEHEHBI JJISI MCKJIIOYEHUST JIMIl, CEePOITO3M-
TUBHBIX 110 KJICHIEBBIM UHMEKIIUIM, ITpu (hOpMU-
pOBaHUU KOHTPOJBHOUW Ipynibl. JIOMOJHUTEIEHO
B rpynmne 6oabHbix MKDB ¢ momouibio moaume-
pa3Hoii uenHoi peakuuu (ITLP) 6pu1n uckioue-
HBI: BO3BpaTHasl KJIeIeBasl JIMXOpaaKa, BbI3bIBac-
mast Borrelia miyamotoi, pukkeTcuosnl (Rickettsia
sibirica, Rickettsia heilongjiangensis), a Takxxe rpa-
HYJIOLIMTAapHBIA aHATI1a3MO03 YeJIOBEKa U dPJIUXUO-
3bl (Anaplasma phagocytophilum, FEhrlichia muris,
Ehrlichia chaffeensis) ¢ ucnojib3oBaHueM HabOpPOB
cepuu «Peanbect» (AO «BekTop-bect», Poccus).

Martepuajsiom AJis1 UcCieloBaHUs ObLia nepude-
puyeckasi BeHO3Hasi KpOBb, B3sITasl HaTOIIAK B Ba-
KYYMHbBI€ TPOOMPKU C TeNapyuHOM B Ka4eCTBE aHTU-
koaryiagHTa. Y 6onbHBEIX D® MKB kpoBb Opajach
JNIBYKPaTHO: B TEPBYIO HeAedato 3abosieBaHUS IpU
rocnuTaan3alivy MalMeHTa 10 Hadyajla Kypca aHTH-
OMOTMKOTEpaiiM W TOBTOPHO B AWMHAMHMKE 4Yepe3
14 mpHeit mocne yiedeHus. QUi MOMydeHUsT KYJIbTYD
MOHOHYKJICAPHBIX JIEHKOILIMTOB MPOObI KPOBU IICH-
TpUMYTrUpoBaJ B TPaJUEHTE TUIOTHOCTU (DUKOJI-
aa (OO0 «buonoT», Poccus). BeineneHHble MOHO-
HyKJIeapHble KJIETKM, CHaJyaJla TPUXKJIbl OTMbIBAIN
U pecycreHAMpoBalu, a 3aTeM KyJIbTUBUPOBAIU
B ITOJTHO# MUTAaTeIbHOM cpeae Ha ocHoBe RPMI-1640
¢ L-mnyramubdoMm u noGasieHueM 10% wHaKTUBU-
POBAHHOI CTEPUJIbHON 3MOPUOHAJILHOI TesIubeil
CBIBOPOTKH, 10 MT/MJI TeHTaMMIIMHA, a Takke 10 MM
HEPES (OOO «buonoT», Poccus) B CO,-unkyo6aTope
HF90 (Heal Force, KHP) npu 37°C u 5% KOHLIEH-
tpauun CO, B TeueHue 24 4. KusHecnmocoOHOCTH
MOHOHYKJIEapOB MPeIBaAPUTEIBHO OLIEHUBAJIHU TTOC/Ie
OKpalllMBaHUs TPUITIAHOBBIM CUHUM (He MeHee 95%
kjeTok). KierouHble cycrnieH3uu pa30aBisiivd ISt
TTOJTYYeHUST KJIETOUHOW KOHIeHTparmu 2 X 108/mr
W KYJBTMBUPOBaIU 0e€3 TPUMEHEHUS WHIYKTOpa
JUIST U3yYeHUsT YpOBHEW 0a3ajibHON TPOAYKIIUU 11~
TOKWHOB WJIM C I00aBJIEHUEM B Ka4eCTBEe MHIYKTOpa
10 Hr/mut pactBopa 6aktepuaiibHoro JITIC Escherichia
coli (Servicebio, KHP).

IMosydyeHHBIE aJIMKBOTHI KYJIBTYPaJIbHBIX CyTIep-
HaTtaHTOB XpaHuau npu —70°C no npoBeAeHUs aHa-
Jnu3a. YpoBHHU 6a3asibHOM U JITIC-uHAyHIMpOBaHHOMN
nponykuuu TNFa, IL-6 n IL-10 onpeaensian MeTo-
oM TBeprodazHoro MDA ¢ ncronb3oBaHUEeM HA0O-
poB peareHTOB AO «BekTop-bect» (Poccus).

s cTaTUCTUYECKOTro aHaJiu3a MCHOJb30-
Banack nporpamma STATISTICA 12.0 (StatSoft,
CIIIA) [3]. B pesyabTaTe MpoBepKU JAHHBIX C MO-
moiibio  Kputepuss  KosmoropoBa—CmupHOBa
ObILJIO OOHAPYKEHO, UTO 3HAYEHU ST KOHLEHTpalUuu
LIMTOKMHOB HE COOTBETCTBOBAJIM HOPMAaJbHOMY
pacrnipenesieHu0. AHajau3 B3aUMMOCBSI3U MEXIY
napamMu AMCKPETHBIX KauyeCTBEHHBIX MPU3HAKOB
NPOBOIUJCS C UCHOJb30BAHUEM TOYHOI'O KPUTE-
pust @umepa (TKD) [7]. i1 cpaBHEHUIT KOJU-
YEeCTBEHHBIX IMOKa3aTesieii B HE3aBUCHUMBIX TPYIl-
nax v MoArpynmnax npuMeHsJId HerapaMeTpuyec-
kuii meron — U-kputepuit ManHa—YutHu [7].
JIJ1s1 CTaTUCTUYECKOro aHaau3a mapaMeTpoB B CBSI-
3aHHBIX Tpynnax B JUHAMWKE IMPUMEHSIICSI KpH-
Tepuit BunkokcoHa [7]. 151 oleHKY B3aMMOCBSI3U
MEXJy MapaMeTpaMy HCIOJb30Baau Ko3dduim-
€HT paHToBoli Koppeasuuu CnupmeHa. JlaHHbIe
ObLIM IMpeacTaBJAeHbl Kak MearaHa (Me) u nepBbIii
u Tpetuil kBaptuau (Q;; Q,). Kputruueckoe 3Ha-
YeHUEe YPOBHS CTaTUCTUYECKOU 3HAUYUMOCTHU MpPU
MpoOBepPKe HYJEeBbIX TUNOTE3 Ob1JI0 paBHO 0,05.

PesynbraThl

B tabn. 1 mpuBeneHa xapaKTepuUCTUKa OCHOB-
HBIX KJIMHUKO-aHAMHECTUYECKUX IlapaMeTpPOB
OOJIBHBIX, UMEBIINX U30JIMPOBAHHYIO I MUKCT-
nHpexkmo DD octporo MKB ¢ nerkoii u cpenneit
CTETICHBIO TSIKECTH TeUCHMS 3a00JICcBaHU .

Hnst Toro, 4T00OBI MUHUMHU3UPOBATh BO3MOXK-
Hble MEXXUHAWBUAYaIbHbIe pa3nuuus [18], KoTo-
pBIe MOTYT OKa3bIBaTh BJIWSHUEC HA MPOTYKIIUIO
nuToknHOB B oTrBeT Ha JITIC, rpynnel o6ciaeno-
BaHHBIX OOJBHBIX OBIJIM COMOCTAaBUMBI MO ITOTY
u Bo3pacTy. Bce mammeHTH rocnuTajnd3vpoBa-
JINCh B CPOKM HE TI03aHEe 7 ITHe# Imociae Hadajaa
3ab6oneBaHus. [IpomoOIXUTENTPHOCT, MHKYOAIIM-
OHHOI'O Mepuoaa Takxke He MMeJia CTaTUCTUYeC-
KM 3HAaYMMBIX Pa3JIMUYUU MeXIy CpaBHHBaeMBbI-
MU rpynmnamMu. ¥ Bcex o0ciaenoBaHHbBIX OOJbHBIX
nunarHo3 O® UKD Obl1 moaTBepXaeH Halu-
YUeM MUTPHUpPYIOIIEeH 3pUTeMbl TUAaMETPOM OT 5
mo 32 ¢cM B MeCTe NIpHCcachIBAaHMS KJella W TOo-
JIOXXUTEIBHBIMU  pe3yJibTaTaMM KadeCTBEHHO-
ro meroga MDA Ha cneumduyeckue aHTUTENA
kmacca IgM x Borrelia burgdorferi s. . B Hauale
3ab0oseBaHUS (pe3yabTaThl aHaAJIM3a Ha aHTUTE-
na kiacca IgG x OoppenusaM B Hadajae OOJIE3HU
OBLIM OTpPUIIATEIIbHBI), a TaKkKe OOHapyXKeHUEM
crienndpuaeckux IgM wm/munu IgG B muHaMHKe.
Y OosbmmHCTBA MAalIMeHTOB (y 32 OOJMBHBIX WJIN
94,12%) uyepe3 14 gHeii mociie Hayajaa Kypca aHTH-
OMOTHKOTEpaIIuM aHTUTeNa Kiacca IgM k Borrelia
burgdorferis. I. 6111 oTpULIaTebHBI. Bee nmaliueH-
THI OBLUITM BBITTMCAHBI U3 CTAllMOHApa C BHI3TOPOB-
JICHUEeM, HOPMaJIbHBIMU pe3yjbTaTaMM OOIIEero
1 OMOXMMHWYECKOTO aHAJIN30B KpOoBU. Pe3ynbraTsl
NDA Ha crrenudpuueckre aHTUTENIa K OOppenu-
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IM B IMHAMWKe OBIJIM OTpHUIIaTeIbHBI. B TeueHMEe
cpoka HaOJIIOIEHWsI HU Y OAHOrO M3 IallMeHTOB
He OBLIM BBISIBJICHBI KJIMHUUYECKHWE U JITabopaTop-
HbIC TIPU3HAKH pelluanBa 3a00JIcBaAHU .

BwMmecTe ¢ TeM o6cieqoBaHHbBIE TPYINbI MallMEeH-
TOB pa3INYaliiCh MO HEKOTOPHIM KJIMHUYECKUM
1 1abopaTopHBIM NapaMeTpam (Tabdi. 2).

BoapHEBIE C JIETKUM U CPETHETSIKEJIBIM Tede-
HUEM ITOKa3aJIu CYIIeCTBEHHBIC PAa3INUMST BEICOTHI
MaKCUMaJIbHOM TeMIlepaTyphl Tejla W ITPOHOJIKU-
TeabHOoCcTH Juxopaaku (p < 0,001 B oboux cinyya-

sx). B rpymnre 6oibHBIX D® UKD c terkum tede-
HUeM cyodeOpusibHas JUXopaaKa He IMpeBbllalia
37,6°C, ee TIPOHOIKUTEIBHOCTh COCTaBJIsIIa OT 1
no 3 nHeit. Y 7 u3 22 (31,82%) nanuentoB DP UKD
C JIETKUM TeYeHHWEM TeMmIlepaTypa TeJla ocTaBa-
Jlach B HOpM€ Ha MIPOTSKEHU U BCEro 3a00JIeBaHMSI.
B T0 ke BpeMs y Bcex oOCeqoBaHHBIX MAallMEHTOB
CO CpEeIHETSIKEJIBIM TeUueHueM Oblja BbIsSIBJIEHA
YMeEpeHHO BblpaxkeHHas ¢heOpuibHast Juxopaaka,
Bapbpupymomias ot 38,1 o 38,9°C, npoaoaXUTeb-
HOCTBIO He MeHee 4 THei.

Ta6nuua 1. XapakTepucTuka rpynn NnaLyMeHTOB C JIErKOW U cpepHeil CTENEHbIO TAXXEeCTUN TeYeHUs
apuUTemMHoii ¢opMbl OCTPOro MKCOA0BOIO KileleBoro 6oppenvosa
Table 1. Characteristics of mild or moderate severity patient groups during acute Lyme borreliosis with erythema migrans

BonbHble/Patients
Jlerkag cteneHb | CpepnHsas cTeneHb
Mapamerp/Parameter Mild severity Moderate severity P
n=22 n=12
Myxckoii/Male 12(54,55) 7 (58,33) > 0,05
0y 0,

Mlon, aGe. (%) | Sex,abs. (%) (3 un Female 10 (45,45) 5 (41,67) >0,05
Boapac, et | Age, years My>xunHbi/Men 46,00 (37,00; 49,00) | 40,00 (37,00; 50,00) | > 0,05
pact, ge.y XeHwwrb/ Women 51,50 (40,00; 55,00) | 46,00 (41,00; 53,00) | > 0,05
Cpok rocnutanusauuu, oeHb 6onesnun/Hospitalization, day of disease 4,50 (4,0; 6,00) 4,00(3,00;5,00) |>0,05
WHKyGaumoHHbIi nepuoa, aHu/Incubation period, days 10,50 (8,00; 15,00) | 14,00 (9,00; 14,00) | > 0,05

MpumeyaHme. p — ypoBeHb 3HAYMMOCTY PA3NNYNIA MEXAY rPynnamu 60MbHbIX C NETKUM V1 CPEAHETSKENbIM TEYEHNEM.
Note. p — significance level of differences between groups of the patients with mild and moderate severity.

Tabnuua 2. KnuHnyeckue v nabopaTopHble napaMeTpbl FPyNn NauMeHTOB C NEerkoi u cpenHeii CTeneHbio
TAXECTU TeYEeHUs SPUTEMHOI (OPMbl OCTPOro MKCOA,0BOrO Kneleeoro 6oppenuosa

Table 2. Clinical and laboratory parameters of mild and moderate severity patient groups during acute Lyme

borreliosis with erythema migrans

BonbHble/Patients P
Jlerkas cteneHb | CpepHasa cTeneHb nnm
Mapamerp/Parameter Mild severity Moderate severity | TK®

n=22 n=12 porFET
MakcumanbHasa Temneparypa Tena, °C | Maximum body temperature, °C | 37,30 (36,70; 37,50) | 38,40 (38,20; 38,70) | < 0,001
MpoponxutenbHOCTb NMXOpaAku, aHu | Fever duration, days 2,00 (0,0; 2,00) 4,00 (4,00; 5,00) < 0,001
Yucno cumntomos | Number symptoms 2,00 (1,00; 3,00) 5,50 (4,0; 6,50) < 0,001
O6uiag cnabocTb, abe. (%) | Weakness, abs. (%) 17 (77,27) 10 (83,33) > 0,05
03H06, a6c. (%) | Chills, abs. (%) 0 7 (58,33) < 0,001
FonoeHas 6onb, abe. (%) | Headache, abs. (%) 13 (59,09) 12 (100,0) 0,013
FonoBokpyxeHue, abe. (%) | Dizziness, abs. (%) 1(4,55) 6 (50,0) 0,004
TowHoTa, abe. (%) | Nausea, abs. (%) 0 4 (33,33) 0,011
Muanrum, a6e. (%) | Myalgia, abs. (%) 5(22,73) 8 (66,67) 0,025
ApTpanrum, aéc. (%) | Arthralgia, abs. (%) 4(18,18) 7 (58,33) 0,026
XOkeHne Ha mecTe apuTeMbl, abe. (%) | Burning in the erythema, abs. (%) 2(9,09) 7 (58,33) 0,004
CPB, mr/n | CRP, mg/I 1,98 (1,12; 3,45) 6,00 (5,00; 7,50) <0,001
ANT, ME/n | ALT, IU/I 21,00 (15,0; 34,00) | 24,50 (23,00; 31,00) | > 0,05
ACT, ME/n | AST, IU/| 14,00 (10,0; 25,00) | 21,00 (16,0; 26,00) | > 0,05
JleiikoumTbl, X 10°/n | Leukocytes, x 10%/I 6,62 (5,80; 7,87) 5,35 (5,25; 6,42) > 0,05
Heiitpodunsl, % | Neutrophils, % 56,45 (51,20; 64,30) | 57,70 (51,50; 62,00) | > 0,05
JNiumdoumtsl, % | Lymphocytes, % 26,00 (24,90; 33,80) | 28,20 (24,80; 36,00)| > 0,05
MoHouuTbl, % | Monocytes, % 10,30 (8,30; 11,30) | 9,50 (7,80; 10,90) > 0,05

Mpumeyanune. CPE — C-peakTusHblii 6enok; AJIT n ACT — anaHuH 1 acnapTat aMyHOTPaHChEPasbl; P — YPOBEHb 3HAYMMOCTY Pa3fuyunii
MpU CPaBHEHW KONMYECTBEHHbBIX NAapaMeTPOB MeXAY rpynnamu 60/bHbIX C NErkuM 1 CpeaHeTsXeNbiM TedeHneM, U-kputepuii MaHHa-YuTHu;
TK®D — TouHbIN KprTEpUin Puilepa, KOTOPBIA NCMONL30BANCS. NPV CPABHEHUM KAQYECTBEHHBIX.
Note. CRP — C-reactive protein; ALT and AST — alanine and aspartate aminotransferases; p — significance level of differences comparing numerical

parameters between groups of patients with mild and moderate severity, Mann-Whitney U-test; FET — Fisher’s exact test while comparing categorical

parameters between groups of patients with mild and moderate severity.
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KpoMe Toro, rpymnmnbl IMalMEHTOB C JETKUM
n cpegHeTskeabiM TeueHueM DD WMKDB umenn
CYIIECTBECHHBIC Pa3JIMuMs B OOIIEM YMCJIE CHUMII-
TOMOB B HauaJie 3aboneBanus (p < 0,001), cpean
KOTOPBIX JTOMMHMPOBAJIMN TIPOSIBICHUS JMXOpa-
JIOYHO-MHTOKCUKAIIMOHHOTO CUHApPOMa — O3HOO,
roJioBHasi 00Jb, TOJIOBOKPYKEHUE, TOITHOTA, MU-
aJITUM U apTpaJTuH. BelmenepednciIeHHbIE CUMII-
TOMBI, @ TaKXe ONIYIIEHUE XKEeHUs/00Je3HeH-
HOCTHU B 00JIaCTU MUTPUPYIOIIEN 3pUTEMBI 3HAYU-
TEJBHO Yallle ObLINU BBISIBJICHBI B TPYIIIIE OOIBHBIX
D@ UKD co cpemHeTIKEITBIM TEYSHUEM.

N3  KIMHUKO-TaOOpaTOPHBIX  MOKa3aTesei
B rpyimrax 0oabpHbIXx D® UKD ¢ nerkum m cpen-
HEeTSKeJIbIM TeYeHMEeM B HauvaJie 3a0ojeBaHUS
OBLIM BBISIBJICHBI CYIIIECTBEHHBIC Pa3IN4YUsI KOH-
LEHTpaluuil OMHOTO U3 OeJKOB OCTpoi (a3pl —
C-peaktuBHoro 6enka (CPB) B chiBOopoTKe KpoBU
(p <0,001). BuactHOCTH, YCTAaHOBJIEHO, UTO Y O0JIb-
HBIX D® UKD ¢ 1erkuM TeueHrneM 3TOT MoKa3aTeib
He ripeBbIina 4,0 Mr/J1, B TO BpeMsi Kak y MaijueHTOB
CO CpEeIHeTSIKEeJbIM TeYeHHeM 3a0oJieBaHUST 3Ha-
yeHus1 CPb BapbpupoBanu ot 4,0 no 7,9 mr/a, npe-
BhIIAasT peepeHTHYIO BEIUYMHY KOHIICHTPAILIUU
B CBIBOPOTKE KPOBU (MeHee 5 MT/J) y OOJBIITMHCTBA
0OJILHBIX B 3TOM rpyIire. BMecTe ¢ TeM aKTMBHOCTD
¢dbepMEeHTOB — ajlaHMH- M acnapTaTaMWHOTpaHC-
depas (AJIT u ACT) B cBIBOPOTKE KPOBH, a TaKKe
abCOIOTHOE YWCIIO JIEWKOIIUTOB, OTHOCUTEIh-
Hoe uucjo Heitpodunos (NEUT), numbouuTon
(LYMPH) u moHouutoB (MONQO) B remorpamme
HEe MMEJIM CTAaTUCTUYCCKU 3HAYMMBIX Pa3TUIui
MEXKIYy TPyIIiaMU MallUeHTOB C JISTKUM M CpeIHEe-
TsKeJbIM TedyeHueM (p > 0,05 Bo Bcex ciyyvasx).

B pesynbraTe cTaTMCTMYECKOTO aHaau3a pas3-
nuuuii ypoBHeinr npoaykuuu 1L-6, TNFo u 1L-10
B CyIlepHAaTaHTaX KYyJAbBTYP MOHOHYKJIEApPHBIX
JIEHKOLIMTOB Tiepudepruueckoil KpoBM, TOJYyUYEH-
HBIX B MEPBYIO Hemearo 3abojeBaHUs OT TMallMeH-
TOB C M30JMPOBAHHOM M MUKCT-MHpeK1nein DD
octporo MKB, 661510 ycTanoBineHo (taba. 3), 4To
YPOBHU 0a3ajbHOM CEKPEIIMU BCEX TPEeX M3YyUYeH-
HbIX HIMTOKMHOB B I'PYyIIe MallMeHTOB CO CpelHe-
TSIKEJIBIM TeYeHUEeM 3a00JeBaHUsI OBLIM CYIIECT-
BEHHO BBIIIIE IO CPABHECHHUIO C COOTBETCTBYIOIIN-
MU 3HAUYEHUSIMU KaK y 3J0POBBIX TOHOPOB, TaK
Uy O0JIBbHBIX C JIETKOI CTEMNEHbIO TSKECTU.

bosnee Toro, y OONBHBIX C JIETKUM TEUYEHUEM
3a00JIeBaHUSI YPOBHM CIIOHTAHHOW NPOMXYKIIUN
MPOBOCHAIUTENbHBIX UUTOKMHOB IL-6 u TNFo
HE MMEJM CTAaTUCTHUYECKM 3HAYMMBbIX pa3uduii
C COOTBETCTBYIOIIMMU 3HAYEHUSIMU Yy 3IOPOBBIX
moHopoB (p > 0,05 B o0oux ciaydasix), a YpOBHU
koHueHTpauuu IL-10 B cymepHataHTax KJeTOY-
HBIX KYJIBTYp 3TUX MallICHTOB OBIJIM BBHIIIE, YeM
B KoHTpoJe (p < 0,001).

AHanun3 U3y4eHHBIX IMapaMeTpoB MOCJIe Kypca
Tepanuu B NUHaMuke (4epe3 14 mHeil) mokasal,
YTO B KYJbTYypaxX MOHOHYKJEapHBIX JEUKOIIUTOB

60nbHBIX DD MKDB cpemHeit cTermeHU TIKEeCTH
NpU MOBTOPHOM MCCJEIOBAHUU YPOBHU CIIOHTAH-
Hoit mpoaykuun TNFo mn IL-10 nmenn TeHaeH-
LUIO K 3HaUYUTeJIbHOMY CHUXEeHUIO (p = 0,032 up =
0,024 cooTBeTCTBEHHO), a ypoBHU cekpenuu 1L-6
ocTaBajauch Heu3mMeHHbIMU (p > 0,05).

Jlo6aBneHue B KYyJbTYPbl MOHOHYKJICAPHBIX JICI-
KouuToB Tepudepndeckoit kposu JITIC npuBoau-
JIO K 3HAYUTEIbHOMY pocTy cekpenuu 1L-6 u 1L-10
y TTALIMEHTOB C JIETKMM U CPEIHETIXKEIbIM TEYEHU -
em D® UKD B npobax, B3ITEIX B Ha4aJie OOJIE3HU,
0 CPaBHEHMIO CO 3HAYCHUSMU COOTBETCTBYIOIINX
nokasarejieil y 3J0pOBBIX JOHOPOB. YPOBHU WH-
NYLUPOBAHHON CEKpelrUd MNPOBOCHAJIUTEIBHOTO
nuToknHa — IL-6 B KyJbTypax MOHOHYKJI€apHBIX
KJIeTOK 001bHBIX DD UK B cpenHeii cteneHu Tsxke-
CTU OBIJTU JOCTOBEPHO HUKE, UeM Y OOJIbHBIX C JIeT-
KHUM TedyeHUeM 3a0ojieBaHUs, a YPOBHU KOHIIEH-
TpalluM PeryasiTopHOro MHTepJieiikuHa — IL-10,
HAIIpOTUB, OKa3ajJach 3HAYMTEIBHO BEIIIE, YeM
y OOJIBHBIX C JIETKOM CTEMEHbIO TIXKECTU.

Nzyuenne nuHamuku JITIC-uHayLupoBaHHOM
CeKpeluu 3TUX IUMTOKMHOB MOKa3aJio, 4TO 4yepe3
2 Hemelmu ITIOCJIE HadaJla 3TUOTPOITHOM Tepamuu
B KyJIbTypax obeux rpymnmn 60JabHBIX YypoBHU IL-6
CTaTUCTUYECKU 3HAYMMO HE U3MEHSIJIUCh, a YPOB-
Hu IL-10 cymecTBeHHO CHUKaJIUCh TOJAbKO B CY-
nepHaTaHTaX KYJIbTYp, MOJYYEHHBIX OT OOJBHBIX
C JIETKUM TeYeHUEM 3a00JIeBaH U .

Ho6asnenue JITIC B KyabTypbl MOHOHYKJIEAPHBIX
KJIETOK TepudepryecKoil KpoBU, IMOJIYYeHHBIX B Ha-
yajie 3a0oneBaHus oT 60abHBEIX DM UKD cpenneii
CTEMEeHU TSIXKECTU, MPUBOAWIJIO K CYIIECTBEHHOMY
MOMABJICHUIO MNPOAYKIMU APYroro MnpoBOCHAJIM-
TeabHOro HMToKuHa — TNFo — Kak mo cpaBHeHUIO
Cc OONBHBIMU JIETKOM (POpMOit OGOJIE3HU, TaK U TIO
CpPaBHEHMIO C KOHTPOJBHON TPYMIIOi, UYTO MOTJIO
CBUJETEbCTBOBAaTh O CHUKEHUU DPE3EPBHBIX BO3-
MOXHOCTEM MOHOHYKJIEAPHBIX KJIETOK B 3TOM I'pyII-
ne 601bHBIX. BMecTe ¢ TeM yepes 2 Hefem 1mocie Ha-
qaja Tepanuu ypoBHU JITIC-mHIYIMPOBaHHOM IPO-
nykuyu TNFo v unaekcel ctrumyisiuuu (MC) satoro
LIUTOKMHA B KYJbTypaX MOHOHYKJEapHbIX KJETOK,
MOJTYYEHHBIX OT OOJIBHBIX CO CPEIHETSIKEIBIM TeUe-
HueMm D@ UKD, 3HaunTe1hbHO MOBBITIIAJINCH B JUHA-
MuKe. B To ke Bpemsi B rpy1ire 60JbHBIX C JISTKUM Te-
gyeHneM D® MKB yposun JITIC-uHIYyIMPOBaHHOMI
nponykunu 1 UC TNFo B Hauase 60J1e3H1 ObLIU CY-
IECTBEHHO BHIIIIE, YeM B TUHAMUKE ITPH ITOBTOPHOM
HUCCJIENOBAaHUM Tocie Kypca Tepanuu. Kpome Toro,
WC B orer Ha JITIC IL-6, TNFo n IL-10 B KyJIbTY-
pax, nmoay4eHHbIX OoT 0oJibHbIX DD MKDB cpenHeit
CTCIICHMW TSKECTU B Hadajie OOJIe3HU, OBLIM CYIIe-
CTBEHHO CHUEHBI, KaK MO CPABHEHUIO C OOJIbHBIMU
c ierkoii (popMoii 3a00J1eBaH M1, TaK U IO CPAaBHEHU 1O
C KOHTPOJIbHOM I'PyMIION.

Bonee Toro, orpunarenbHass KOppeasIuOHHAas
cBia3b Mexay ypoBHaMU JITIC-uHAYUMPOBAaHHONI
nponykuuu IL-10 u TNFo B KyabTypax MOHOHY-
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KJeapHbIX JIeHKouuToB O001bHBIX D® MKB (r =
—0,64, p < 0,001), BO3MOXHO, CBUIETEIbCTBYET
O TOM, UTO peryiasiTopHblii nuuTokuH IL-10 numeet
oTHouieHue K nopasyieHuto JITIC-uHaynuupoBaH-
Hoil cekpeuuu TNFa.

KoppenasunoHHbI T aHAaTU3 MoKa3aJ, 4YTO YPOB-
HM 6a3anpHOU cekpernu IL-6 1 TNFo B Kynbry-

pax MOHOHYKJIEApHBIX JIEHKOLIMTOB y OOJBbHBIX
DD octporo MKbB B Havaie 3a001eBaHNS HAXOAM -
JIUCh B MPSMOI 3aBUCMMOCTU OT MaKCHMaJIbHBIX
3HayeHM 1 TemriepaTypsl Teaa (r = 0,73 u r = 0,64,
p < 0,001 B oboux cinyuasix). bonee Toro, ypoBHu
CINOHTAHHOW MPOAYKIIUU DTUX MPOBOCHATUTEb-
HBIX IIUTOKMHOB B KYJIbTypax 60oabHbIX D® NKbB

Ta6auua 3. Pe3ynbraTthbl ou,eHKM 6a3anbHOM M AMNONoOAMcaxapua-uHAYLUPOBAHHOW CeKpeLnum LUTOKMHOB
B KYJIbTYypax MOHOHYKJ1IeapHbIX KNeTokK nepudepryeckoit KpoOBU NaLMEHTOB C JIErkoi U cpeaHel CTeneHblo
TSXKECTU TeYeHUs apuTemMHoii hpopMbl MKCOAOBOIO KJlewweBoro 6oppennosa B guHamuke, Me (Q,; Q;)

Table 3. Dynamic results after assessing baseline and lipopolysaccharide-induced cytokine secretion in peripheral blood
mononuclear cell cultures from patients with mild and moderate acute Lyme borreliosis with erythema migrans, Me (Q;; Q,)

BonbHble/Patients 30DOBLIE HOHODBI
MapameTp Jlerkas cteneHb CpepHaqa cTteneHb Aop A P
) . . Healthy donors
Parameter Mild severity Moderate severity -
n=17
n=22 n=12
6as. |, nr/mn ) 517,05 (331,80; 572,00) )
bas., pg/ml 257,05 (162,00; 296,90) 5, < 0,001, p, < 0,001 199,20 (92,20; 331,40)
6as. I, nr/mn ) 478,90 (258,70; 553,14)
bas., pg/ml 233,00 (106,30; 265,10) D, = 0,004, p, = 0,021
uHa. |, nr/mn 569,97 (543,20; 591,17) 498,54 (486,98; 587,25) .
IL-6 ind., pg/ml p; < 0,001 p, =0,039, p,=0,011 489,40 (475,80; 500,60)
ura. I, nr/mn 555,66 (499,60; 572,81) 527,80 (524,48; 560,93)
ind., pg/ml
nuci ) 1,09 (0,98; 1,18) .
ratio 2,20 (1,64; 3,54) 0, < 0,001, p, < 0,001 2,50 (1,51; 5,40)
uci ) 1,26 (0,98; 2,29)
ratio 1,65 (0,97; 3,09) 0, < 0,001
6as. |, nr/mn ) 52,60 (29,70; 70,23) )
bas., pg/ml 3,95 (1,37, 7,10) 0, < 0,001, p, < 0,001 3,29 (2,64; 10,81
6as. Il, nr/mn ) 15,59 (11,34, 39,25)
bas., pg/ml 3,89(3,03, 7.49) p, =0,016, p,=0,032
uuga. |, nr/mn 353,76 (262,04, 661,32) 120,90 (112,93; 153,40) )
NFq  Lind-pg/mi b, = 0,034 b, = 0,022, p, = 0,001 312,60 (202,30; 361,70)
uHa. I, nr/mn 233,30 (134,30; 532,34) 615,96 (243,67; 635,94)
ind., pg/ml p;=0,001 p, = 0,030, p, = 0,025, p, = 0,002
ucl , 2,32 (1,72; 5,16) ,
ratio 74,20 (21,53; 381,63) b, < 0,001, p, < 0,001 96,21 (30,94; 157,54)
uci 32,25 (12,46; 43,85) 24,99 (6,23; 40,78)
ratio p; < 0,001, p,=0,021 p; < 0,001, p,=0,020
6as. |, nr/mn 33,48 (24,11; 123,00) 138,70 (84,16; 181,30) )
bas., pg/ml b, < 0,001 b, < 0,001, p, = 0,002 8,89(3,06;12,03)
6as. I, nr/mn 20,14 (12,30; 27,00) 34,50 (30,63; 67,40)
bas., pg/ml p, =0,026, p, = 0,042 p, =0,020, p,= 0,024
uua. |, nr/mn 164,90 (126,80; 197,30) 272,90 (153,50; 389,60) i
1o | ndpg/mi b, < 0,001 b, < 0,001, p, =0012 00,29 (39,02, 108,%0)
uHa. Il, nr/mn 129,70 (81,67; 164,30) 210,40 (120,80; 234,35)
ind., pg/ml p, = 0,041, p;=0,002 p, =0,002
uci 4,72(2,34;9,14) 1,69 (0,99; 1,82) .
ratio b, = 0,001 b, < 0,001, p, < 0,001 9,05(3,71;25,43)
ucil , 5,27 (1,17, 7,04)
ratio 4,99 (3,64, 21,49) p; < 0,001, p,=0,007

Mpumeyanme. 6a3. — 6a3anbHblii YPOBEHL; MHA. — WHAYLMPOBAHHDIA UNononncaxapuaom yposeHs; IC — uHaeke ctumynaumm; | — ypoBeHb

B Havane 3abonesaHus; Il — ypoBeHb B AMHaMuKe, Yepes 14 [Hel; p, — yPOBEHb 3HAYMMOCTMN PA3NNYNiA MPY CPABHEHUM C NaPaMEeTPOB Mexay
60N1bHBIMM 1 30,0POBLIMM loHOpamK, U-kputepuit MaHHa-YUTHU; p, — YPOBEHb 3HAYMMOCTY PA3NNYKIA NPY CPABHEHUN MEXAY rpynnamMu 60NbHbIX

C NNErkKUM Un CPeaHeTaXeNbIM TeqeHneM, U-kpntepuiit MaHHa-YUTHU; p; — YPOBEHb 3HAYMMOCTM Pa3Nnymnii Npy CPaBHEHWW MapaMeTpOB Y 60/bHbIX

B IMHaMUKe B Hayane 601e3Hn 1 Yepes 14 aHeit, kpuTepuii BunkokcoHa.

Note. bas. — a basal level; ind. — a lipopolysaccharide-induced level; ratio — the ratio of induced to basal level; | — a level at the onset of the disease;
Il — alevel in dynamics, 14 days later; p, — significance level of differences comparing parameters between patients and healthy donors, Mann-Whitney
U-test; p, — significance level of differences comparing parameters between groups of patients with mild or moderate severity, Mann-Whitney U-test;
p; — significance level of differences comparing parameters in patients in dynamics between I and II: at disease onset and 14 days later, Wilcoxon test.
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MOJOXUTEJIbHO KOPPEJIUPOBAIU C KOHIIEHTPALIUEH
CPB B chiBOopoTKe mnepudepuyeckoil KpoBu (r =
0,62ur=0,66,p <0,001 BobOoOux cinyyasx).

B 10 xe Bpemsa JIIIC-mHIymmpoBaHHAsS ce-
Kpeuusi MOHOHYKJIEApHBIMU KJIETKAMU OJHOTO
U3 OCHOBHBIX IPOBOCHATUTEIbHBIX IINTOKUHOB —
TNFo B KymbTypax, MOJIYYEHHBIX OT OOJBHBIX
octpeiM MKDB, mnpomeMoHcTpupoBansa oOTpulla-
TEJBbHYIO KOPPEJSLIUOHHYIO CBS3b CO 3HAUYCHUSIMU
MaKCUMaJIbHO# BBICOTHI JInxopaaku (r = —0,62, p <
0,001). XoTg cTaTUCTUYECKU 3HAUMMOI KOppesi-
OMOHHOM 3aBUCHUMOCTH MexXnay ypoBHsamu JITIC-
CTUMYJUPOBAHHON CEKPELIMU B KYJbType APYTroro
MPOBOCHAJIUTEIbHOIO MHTepaelikuHa — IL-6 —
U MAKCUMAJIbHOM TEMIIEpaTypoOid Tejla BBISIBUTH
He yaanock (r=—0,19, p > 0,05), nvo UC npogykunu
kak IL-6, tak 1 TNFo B rpymnme 6oibHbix MKB
TaK>Xe HaXOIUJUCh B 0OpaTHOI KOppPeJSIIIMOHHOMN
CBSI3M C BBICOTOM JIMXOPAAKHU B IIEPBbIe THU 3a00J1¢-
BaHus (r = —0,65, p < 0,001 ur=-0,58, p=10,001).

O6cyxaeHne

HccnenoBaHme ceKpeliny IIUTOKMHOB B YCIIOBU-
SIX in Vitro I03BOJISIET MOJYYUTh MH(POPMALIMIO O TT0-
TEHIMAJIbHBIX CEKPETOPHBIX BO3MOXHOCTSIX MOHO-
HYKJI€apHBIX KJIETOK B OTBET Ha pa3JIMYHbIC CTUMY-
JIBI, BKJIIOUAIOIINE aHTUTCHBI UM MUTOICHBI, KO-
TOpBIE B 1IEJIOM OTPaXKaloT U3MEHEHUSI UMMYHHOTO
OTBeTa y MalMeHTOB C u3ydyaemMoi maroJjiorueit [5].
OCHOBHBIMHU peLENTOpPaMM paclo3HaABaHUS BPOXK-
JIEHHOTO MMMYHUTETa, KOTOPhIC B3aMMOICHCTBY-
IOT C MAaTOTreH-CIeUN(PUUISCKUMU MOJICKYJISIPHEI-
MU cTpyktypamu, Bkiawydas JITIC, asastorcs Toll-
nogooHbie peuentopsbl (TLR) [5]. bakTepuanbHbli
JITIC pacmniosnaercs TLR4 npu ydactum OelKoB
MD-2 u CDI4, nnocyie 4ero BO3MOXHAa aKTUBaLMs
JIByX CUTHaJIbHBIX ITYTEH: OAWH Iy Th, OMIOCPEI0BaH-
HBbII aganTepHbIM O0eJIKOM — (haKTOPOM MUEJIOUI-
Hoit nuddepeHnupoBku 88 (myeloid differentiation
factor 88, MyD88), mTHUIIMHPYET 3KCITPECCUIO TCHOB
mpoBocnaanuTeNbHbIX TUuTOKMHOB TNFo, IL-1[B,
IL-6 w IL-12 1mocpencTBOM TpPaHCKPUIIIIMOHHOIO
aaepHoro ¢akrtopa kKanma (nuclear factor kappa-
light-chain-enhancer of activated B-cells, NF-«xB),
a npyroit — MyD88-He3aBUCUMBIl TyTh MPUBOIAUT
K CEKpelLr IMPOTHUBOBUPYCHBIX MHTEp(hepoHOB |
tuna (IFNo u IFN) [14]. B pe3ynbrare B3aumoseii-
ctBug ¢ TLR-4 peuenropamu 6aktepuanbHbiii JITIC
WHUOUHUPYET U3MEHEHUST B MaKpodarax, MOHOII-
tax u apyrux AIIK, BbI3bIBas 3KCIIPECCUIO TE€HOB
IL-1B, IL-6 u TNFo, uHayuupyer nojJuKJIOHab-
HYIO aKTUBalInio B-KJIETOK, a TaK>Ke B IIPUCYTCTBUU
MakpodaroB/MOHOIIMTOB CIIOCOOCTBYET BBHIXKHMBa-
Hu1o U akTuBauuu CD4* T-numdouuTos [5, 14].

W3BecTHO, yTO OOppenuu Borrelia burgdorferis. .
He umetotr JITIC, HO o6JMamarOT JAUIIONIPOTEMHA-
Mmu — outer surface proteins (Osp) A u OspB, koTo-
poie pacno3HatoTcss TLR2, uHULIMUPYST BPOXIAEH-

HBIA UMMYHHBIN OTBET, KOTOPbI1 BO MHOTOM MME-
eT cxoacTBo ¢ appexkramu JITIC, yTo 0OyCIOBACHO
YHUBEPCAJIbHOCTHIO MyD88-onocpenoBaHHOTO
cUrHajibHoro nytu ajis Bcex TLR, 3a uckiioue-
HueM TLR3, npuBoasiero K CTUMYJSILIMU CEKpe-
LIMU MTOXOXEro CHeKTpa MPOBOCHAaIUTEIbHbBIX 1IU-
ToKMHOB nocpeactsoM NF-kB [13, 14, 25].
YCcTaHOBJIEGHO, YTO B CyHNepHaTaHTaX KYJIBLTYp
MOHOHYKJIEApHBIX JIEMKOLIMTOB 310POBBIX JTOHO-
poB, nnayuupoBaHHbIX Kak JITIC, Tak u aHTUTE-
HaMU XXUBBIX OOppenii pa3HbIX BUAOB (B. garinii,
B. afzeliivnn B. burgdorferi), CXOmHBIM 00pa30M y3Ke
B TI€pPBbI€ YacChl MOCJAE CTUMYISIIUU 3HAUUTETbHO
MOBBIIIAETCS CEKPELMS TMTPOBOCIIAJIUTEIbHBIX 1IU-
ToKMHOB, BKIo4ass TNFo u 1L-6, a 3aTem — pery-
ngropHoro mHTepaeiikuHa IL-10, yTo coriacyercs
C TTOJIyYeHHBIMU HaMU JaHHbIMU [16, 22].
IIpoBocnanuTeibHbIe HMTOKWHBI, TPOAYLIUPYE-
Mble MakpodaramMm U OEHAPUTHBIMHU KJETKaMU
B otBeT Ha JITIC nnu nunonpotenHsl OspA 1 OspB,
Borrelia burgdorferi s.l. SIBASIOTCS SHIOTCHHBIMU
NUpOreHaMu W BbI3bIBAIOT CUCTEMHYIO peakiluio,
M3BECTHYIO KaK peaklus ocTpoii ¢da3sbl [5, 23, 25].
YcTaHOBIEHO, UTO YaCTh MalMeHTOB ¢ ocTpbiM MK B,
BKJTIIO4ast 00J1bHBIX ¢ DM 3TOrO0 3a00IEBAaHN ST, UMEET
noBbIlIeHHbIe KOHIIeHTpauuu CPb — 6onee 3 Mr/n
unu naxe 6osee 10 Mr/1 B CbIBOpOTKE KpoBH [9, 23].
N3BecTHO, UTO B CBIBOPOTKE KPOBU OOJIBHBIX
octpbiM MKbB B Hauase 3a001eBaHUs CylIEeCTBEH-
HO TIOBBIIIIEHBI YPOBHU MPOBOCHATUTEIIBHBIX -
tokuHoB IL-2, IL-18 IL-6, 1L-8, TNFo, IFNy
n T-xnerounsrx xemokmHoB (CCLI19, CXCLD9,
CXCLI10) 1o cpaBHEHUIO CO 3MOPOBBIMU JIIOJb-
mu [10, 21]. HccnemoBanue M.J. Soloski ¢ co-
aBT. [21] MO3BOAMIO BBIAEIAUTH ABE TPYIINbl 00Jb-
HBIX OCTPbIM U ogocTpbiM MK b ¢ BbiIcOKMMU uiun
HU3KuMHU ypoBHsaMu CPb 1 npyrumu nokasarens-
MU OCTpOIi (ha3bl BOCIaJeHUs B CBIBOPOTKE KPOBU,
KOTOpPbIE OTJINYAJUCH IO TSIXKECTH TEUESHU s 3a00J1e -
BaHUSI, a TaKKe MMEJIU CYIIECTBEHHBIC pPa3Indns
YpOBHE! KOHIIECHTPAIIUU ITPOBOCIATNUTEIBHBIX IT1-
TOKWHOB, TJIaBHBIM 06pa3oM IL-6, u T-KJIeTOYHBIX
XeMOKHWHOB. [lallMeHThl ¢ paHHEll JOKaJM30BaH-
HOM MJIM TUCCeMUHUpoBaHHON nHpeknueit UKD,
MMEIINe MOBHIIIeHHBIe ypoBHU CPB B chIBOpOT-
K€ KPOBU, OTJMYAJIUCH OOJBIIUM YHUCJIOM CUMIOTO-
MOB B Hayaje 3abojieBaHUs, YaCTbIM Pa3BUTUEM
TuM@ONeHN B TeMorpaMMe, OBICTPOl CEPOKOH-
BepcHeil 1 0oJjice YacTBIM MOBBIIICHUEM yPOBHEU
aKTUBHOCTHU ITEYEHOYHBIX (DEPMEHTOB B CHIBOPOT-
Ke KpoBu [21]. Kpome Toro, B 3Toi rpyrme 00Jib-
HBIX YPOBHM KOHUeHTpauuii IL-6 B chIBOpOTKE
KPOBU HJIMTEIBHO COXPAHSIINCHh TMOBBIIICHHBIMU
nocJje Kypca aHTUOMOTUKOTEepanuu, BO3Bpallasich
K HOpMaJIbHbIM 3HAYE€HUSIM CITYCTSI HECKOJIBKO Me-
cs1IeB Mocje Havajia 3aboyieBaHus [21].
B pesynbraTe HacTOSIIErO UCCICIOBAHUS OBIIIO
nokKazaHo, 4YTo ypoBHU 0azanbHoil u JITIC-ctumy-
mupoBaHHoi mpoaykuuu TNFo, IL-6 u IL-10,
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MO-BUJIVMMOMY, 3aBUCSIT OT CTEIIEHU TSIXKECTH Te-
YeHUsI U30JMPOBAHHON U CMeIIaHHONH MH(MEKIUU
DO KB, mockonbKy cpeay o0cjienoBaHHBIX HAMU
MaIlMeHTOB KJIMHUYECKU MOXHO OBLJIO BBHIICIUTH
TPYIITY OOJIBHBIX, KOTOPbIE OTJINYAINCH OOJiee BbI-
Pa>keHHBIMU ITPOSIBJICHUSIMU JTUXOPATOUYHO-UHTOK-
CUKAIIMOHHOTO CHUHIPOMA, COOTBETCTBYIOIIUMU
CPEOHETSIKEIOMY TSUSHUIO 00JIE3HU, TTOBBIIIICHUEM
ypoBHeil CPb B cbIBOpOTKE KpOBU, CBUJIETEIbCTBY-
IOIIMM O BOCIAJIeHUU HM3KOU MHTEHCUBHOCTH,
a TaKXe€ YBEJIMYEHUEM YPOBHEW CIIOHTAHHOM CEK-
pelnmM BCeX TPeX M3YUYCHHBIX IUTOKMHOB B KYJIb-
Type MOHOHYKJIEapHBIX KJIeTOK. BMecTe ¢ Tem, Ham
He YJIaJioCh BBISIBUTh pa3juuus yuciaa JumMboiu-
TOB B TeMorpaMmme, ypoBHeit aktuBHocTtu AJIT nin
ACT B CBIBOPOTKE KPOBH, a TaKXKe CYIIeCTBEHHBIX
pa3InYMii B CEPOKOHBEPCUU MEXIY IMallueHTaMU
C JIETKUM M cpeaHeTskelIbiM TedenneM DD MKB.
Nsmenenus 6aszanbHoii 1 JITIC-uHaynupoBaHHOMI
npoaykuuun TNFo, IL-6 u IL-10 mocie kypca
aHTUOMOTUKOTEPATIUU, TMO-BUIMMOMY, OTpPaXaroT
0COOEHHOCTH pa3BUTHUS U TUHAMUKY (OpMUpPOBa-
HUS 9 (GEKTUBHOrO UMMYHHOTIO OTBeTa Ha BO30y-
IUTENb Y OOJIBHBIX C Pa3JIMIHOM CTEIICHBIO TSIKEe-
CTU TeYeHUs 3a00JIeBaHU S, TTOCKOJIBKY B TIEPUO
HaboneHus y 00cefOBaHHBIX HAMHU MallMeHTOB
He OBIJIO BBISIBJICHO MPU3HAKOB pEeLIMI1Ba OOJE3HU.

ITo manueim JI.J. HlapudynnuHoii ¢ coasrt. [10],
nokKa3aHo, 4TO mauueHThl ¢ ocTpbiM UKD, nmes-
III1e CPEIHIOIO CTEeTIEHb TSIXKECTH O0JIE3HHU, TI0 CpaB-
HEHMIO C O0JIBHBIMU C ISTKUM T€YEHUEM ITPOAEMOH-
CTpUpPOBaJIM B Hadaje 3a00JieBaHUS CYIICCTBCH-
HO 0OoJlee BBICOKME YPOBHHM MPOBOCITAJIUTEIBHBIX
nutokruHoB — TNFo, IL-18 u IL-8 B chiBopoTKe
KPOBU C TIOCTENIEHHBIM CHUXKEHHUEM HX KOHIICH-
Tpaluii Mmocjie aHTUOMOTUKOTEpalTud B AMHAMMU-
ke [10]. YpoBHu IL-6 B CBIBOPOTKE KPOBM TaKKe
ObLJIM TIOBBIIIIEHBI 110 CPaBHEHUIO C KOHTPOJEM,
HO HE 3aBUCEJIM OT CTeNEHMU TSI XKEeCTU 3a00JIeBaHu s,
a xoHUeHTpauuu IL-10 cymecTBeHHO Bo3pacTau
TOJBKO Y MAIIMEHTOB, UMEBIIINX CPEIHETIKEIOC TS~
yenwue [10]. B npyrom rccienoBaHuu ObIJ10 MOKa3a-
HO, 4TO y 601bHBIX DD ocTporo MK b noBbITIIeCHHBIE
ypoBHU IL-2 B CBIBOpOTKE KpOBU (KOHLIEHTpallUU
TNFo u 1L-6 He ompeaensiiuch) IIOJOXUTEIbLHO
KOPPEJMPOBAJIU C BBICOTOMN TMXOpaaKu [6].

Takum o0pa3oM, BBICOKME KOHIIEHTpalluu
MPOBOCITAJUTEIbHBIX IIUTOKMHOB B CBHIBOPOTKE
KpPOBM WJIM B CylNepHaTaHTaX HECTUMYJIMPOBaH-
HBIX KYJBTYP MOHOHYKJI€APHBIX KJIETOK Yy OOJIb-
HbeIX ocTpbiM WMKDB, mo-Bumnumomy, sIBJISIIOTCS
KOCBEHHBIMHU ITOKa3aTeJsIMU, OTpakaroiuMu 00-
Jiee BRIpaXXKeHHYI0 aKT UBHOCTH BOCHAJIUTEIHHOTO
npoliecca v MpOosIBJICHU S IUXOPATOYHO-UHTOKCH -
KaIlMOHHOTO CUHIpOMa.

B cynmepHaraHTax KyJbTYp OOCJeIOBaHHBIX
HaMM OOJBHBIX C M30JMPOBAHHON M CMEIIaHHON
nHpexkmneit DD octporo UKB cpenneit crere-
HM TSIKECTW B Havajie 3abojieBaHUSI OBLIO BBI-

SIBJICHO CYIIECTBEHHOE TMOJaBJIieHUE YyPOBHEH
JITIC-cTuMyaupoBaHHOI TPOAYKIUU TIPOBOC-
nanuTeabHblX HUTOKMHOB TNFo m IL-6 1ipm
OOHOBPECMEHHOM MOBHIIIICHUN CEKPELIUU PeTyIIs-
TopHoro nutokuHa 1L-10. Yposuu TNFo JITIC-
UHIYUUPOBAHHOU CEKPELIMU B ITOU TpPyIIIE Ta-
HOUEeHTOB UMEJIHN TCHICHIIMIO K MOBBIIIICHUIO B AM-
HaMHKe Tocje Kypca aHTUOMOTUKOTEPAITUHU B TIE-
PYIOII pEKOHBAJIECIIEHIINH.

YcraHoOBIEHO, YTO Y OOJIBHBIX CENCHUCOM, a TaK-
Ke TSIKEJIBIMU MHMEKIINSIMU, BBI3BAHHBIMU T'paM-
OTPULATCIBHBIMUA OaKTEepPUSIMHU, B YaCTHOCTH,
y MallMeHTOB C OprIIHbIM TU(hOM, B Hayalle 3a-
ooneBaHusa JINIC-ctumynupoBaHHass NPOAYKIMS
mpoBocnaauTeabHbiX TUTOKMHOB TNFo u 1L-1B3
B KyJBTypax JICHKOIIMTOB TaKkKe ObIJIa TOOABJICHA,
HaXOsICh B 3aBUCUMOCTHU OT TSIXKECTU TEUCHU ST 3a-
OoJieBaHUSI UM MPOAOJKMUTEIBHOCTU PEKOHBaJeC-
LEHIMH, YTO aBTOPHI CBA3bIBAIM ¢ 3 deKTaMu UX
aHTaTOHMCTOB, BKJIIOYAs PETyISITOPHBIN HUTOKUH
1L-10 [15, 24]. U3BecTHO, 4TO x0T TNFo 00samaer
pSIIOM HeXeJdaTeJbHbIX CUCTEeMHBIX 3(MdheKTOoB,
ATOT HMTOKUH UTpaeT BaXXHYIO POJIb BO BPOXKICH-
HOM HMMYHHOM OTBETE, SIBIISSICh WHIYKTOPOM
MECTHOTO BOCIAJIMTEJILHOTO OTBETA, KOTOPHIiL TTO-
MoraeT cIep>KMBaTh MHMEKIINIO, yCUJIMBasi MUTpa-
LU0 HEUTPOGMUIOB W MOHOILIMTOB/MakKpodaros,
daronmTo3 GakTepHit U anmoNTo3 MHPUIIMPOBAH-
HBIX KJIETOK U UMEET CYIIIECTBEHHOE 3HAYeHUWE JJISI
apaaukauuu 6oppenuii [5, 11, 12].

He wuckiaioueHo, 4TO BBISIBJEHHass HaMU 00-
paTHasI KOppEJSIIMOHHAsI CBSI3b MEXIY ITPOIyK-
nuerr TNFo u IL-10 B JITIC-uHnynuupoBaHHBIX
KYyJbTYypaX MOHOHYKJI€aPHBIX JIEMKOIMTOB, MOy~
YeHHBIX OT 60abHBIX ocTpbiM MKDB B Hauane 3a-
0oJIeBaHM S, MOATBEPXKAACT POJb PEryISITOPHOTO
uuTtokrHa IL-10 B mogpaBieHUM CTUMYJIUPOBAH-
Hoit cekpeuuu TNFa. M3BectHO, uyTo IL-10 urpa-
eT KJII0UEBYIO POJIb B KOHTPOJE BOCHaJIeHU s, UTo,
npexJie BCero, oO0yCJIOBJIEHO €ro CIIoCOOHOCThIO
nonaBiATh GyHKuu AIIK, nHruobuposats npo-
aykuuio oatumMu kiaetkamu TNFo u IL-6, a Takke
cekpeuuto Thl-cneunduyeckux nuToKuHOB [19],
YTO, MO-BUAMMOMY, B HEKOTOPBIX CIIydasiX MOXET
OPEHSTCTBOBATh Pa3BUTUIO aleKBAaTHOTO BPOXK-
IEHHOTO WMMYHHOTO OTBeTa W SIUMHWHAIWUN
ooppenuu [11, 12, 20]. Tem He MeHee y obceno-
BaHHBIX HaMu nanueHToB ¢ D® UKD B TeueHue
CpOKa HaOJIIOOeHUSI He OBIJIO BBHISIBICHO CIydacB
peunanBa 3aboneBaHus. [lokazaHo, 4TO 9KCTIpeC-
cus IL-10 xecTko peryaupyercsl Bo usbexaHue
3a00J1eBaHUM, CBSI3aHHBIX C €ro U30bITKOM MU
HEIOCTaTKOM, C IIOMOIIbI0O MeXaHW3Ma OTpulla-
TeJbHOI oOpaTHOI cBa3u [19]. [ToaToOMy akTUBa-
uus NF-xB, unayuuposanHas JITIC uau nurno-
nporernHamMu Osp 6oppenunii, MpuBoOasSIIAsa K 9KC-
MPECCUU TeHOB ITPOBOCIIAIUTEIIBHBIX IIUTOKNHOB,
COTIPOBOXK/IA€TCSI CTUMYJISIIIUEN 9KCTIPECCUM TeHa
IL-10 B MOHOHYKJI€apHBIX KjaeTKax [17, 19].
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3akJiioyeHme

Takyvm o6pa3oMm, yCTAaHOBJIEHO, YTO B CyHep-
HaTaHTaX KYJbTYD MOHOHYKJIEAPHBIX JIEHKOIU-
TOB KPOBU OOJIbHBIX C U30JIUPOBAHHOW U MUKCT-
nHpexneit DO octporo MUKB B Hauane 3abo-
JeBaHUs ypoBHU OazanbHoli cekpeuuu TNFo,
IL-6 u IL-10 moBBIIIAINUCH C yBEJIWYCHUEM TSI-
XeCcTu TedeHUs 3a00jeBaHUS U BbIPAaXKE€HHOCTU
JINXOPAAOYHO-UHTOKCUKAIIMOHHOTO  CHUHJIPOMA,
NO-BUAUMOMY, OTpaxasi aKTUBHOCTb BOCHAaJIU-
TeJibHOrO Tiponecca. Kpome Toro, B mepBylo He-
neyito 6one3Hu JITIC-uHaynupoBaHHask MPOAYK-
uus npexae scero TNFo v, B MeHbIIEN CTeNeHu,
IL-6 B KyJabpTYypax MOHOHYKJICAPHBIX JIEHKOILIUTOB
6osbHBIX D® UK B, nMmeronmux cpeaHeTsIKeI0¢e Te-
YeHUe, CYIIeCTBEHHO MOAaBsIach, YTO, IMTPEATO-
JIOXXUTEJBHO, CBSI3aHO C PEryasiTOpHbIMU 3ddek-
tamu IL-10 1, BO3MOXXHO, 00YCIOBJIEHO Hapylle-

HUEM KOOIEPAaTUBHOIO B3aWMOACUCTBUS UMMY-
HOKOMITETEHTHBIX KJIETOK IMPU Pa3BUTUU PEaKIIUN
BPOXJIEHHOI0O MMMYHHOIO OTBE€Ta Ha BO30ydAM-
TeJib. TeM He MeHee, MOCKOJIbKY CTUMYJIUPOBaH-
Hag npoaykuusa TNFo BoccTaHaBauBaach rocliie
Kypca aHTUOMOTUKOTEpANUU, a Cpeau oOcieno-
BaHHBIX HaMU OOJIbHBIX HE ObIJIO BBISIBJIEHO pe-
LIMIUBOB 3a00JieBaHU S, TO U3MEHEHU 1 0a3aIbHOI
u JINIC-unayuupoBanHoit npoaykuuu TNFao,
IL-6 u IL-10, mo-BUAMMOMY, OTpaxkaloT 0COOECH-
HOCTH Pa3BUTUS U AMHAMUKY (HOPMUPOBaAHUS 3 -
(EKTUBHOI0O UMMYHHOTO OTBETa Ha BO30yIUTENb
y 60apHBIX D® UKD ¢ paznuuHoil cTeNeHbIO Ts-
JKECTH TeYeHU s1 3a00JIeBaHUS.

KOH®AMKT MHTEpPeCOoB

ABTOpBI JaHHOW CTaTbU COOONIAIOT 00 OTCYT-
CTBUU KOH(MPIMKTAa UHTEPECOB.
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MUKPOBHbIE ACCOLUALUA
BO3BYAUTEJIEN NTHEBMOHUW U YPOBEHb
MX PESUCTEHTHOCTU KAHTUMUKPOBHbIM
NPEMAPATAM B NEPUO NAHAEMWN HOBOMW
KOPOHABMUPYCHOW UHOEKLIUU

O.H. Koaorosa, JI.B. KaTtaesa, A.A. Bakapuna, T.®. Crenanosa, K.b. Crenanosa

DBbYH Tromenckuili HAyUHO-UCCACO08AMENbCKULL UHCIMUMYM KPAesoll uHpexyuorHoi namoaoeuu Pocnompebrnadsopa,
2. Tromens, Poccus

Pesiome. Bgedenue. baktepuaibHyo KOMH(MEKIINIO U BTOPUYHYIO OaKTepuasbHy0 WH(OEKIINI0 TPUHSATO CUU-
TaTh KPUTUUCCKUMU (PAKTOpPAMM PUCKA TSIKECTH TEUYCHUWS U CMEPTHOCTU OT BUPYCHOU ITHEBMOHWM, BHI3BaH-
Hoit SARS-CoV-2. lenb ucciaenoBaHus: aHaau3 CTPYKTYpbl MUKPOOHBIX accouuauuit Klebsiella pneumoniae
u Acinetobacter baumannii, 1301MPOBAHHBIX U3 OTAEISIEMOr0 HUXHMX JAbIXaTeJIbHBIX MYTe U CEKIIMOHHOTO Ma-
Tepuaia (TKaHU JIETKOTr0) MallueHTOB ¢ TUarHO30M «[IHEBMOHUS», U CPAaBHUTEIbHOM XapaKTePUCTUKM YPOBHSI
MX PE3UCTEHTHOCTU B MOHOKYJIbTYPE U B aCCOLMALIM X B IEPUOJ TAaHAEMU U HOBOI KOPOHABUPYCHON MH(EKIIUU.
Mamepuanvt u memoos:. IIpoBeaeHO GaKTepuoJOrMYecKoe ucciaenoBanue 2689 o6pa31ioB MOKPOThI U MPOMBbIB-
HBIX BOJ OPOHXOB OT MAllMEHTOB MH(MEKIIMOHHBIX rocnuTtaieii u 1411 o6pa3iioB maTo10roaHaTOMUYECKOTO Ma-
Tepuaja Jerkux. M30mxaTe 0aKTepuilt MACHTUDUIINPOBAHBI METOIOM MacC-CIeKTpOoMeTpUr. YyBCTBUTEIBHOCTD
OakTepuii K aAHTUMUKPOOHBIM ITpeTiapaTaM OTpeaeIsSIn TUCKO-I11ubGYy3MOHHBIM MeTonoM. [eHeTMYecKme neTep-
MHWHAHTH PE3UCTCHTHOCTH K OeTa-TaKTaMHBIM aHTHOMOTHKAM oOHapyxkeHBl MeTomoM ITLIP. Craructnueckas
00paboTka pe3yabTaToB BbIMONHEHa B mporpamme SPSS, Bepcus 22. Pezysvmamui. zonsatel K. pneumoniae
n A. baumannii TpenMyIIeCTBEHHO HAXOIMUJUCh B aCCOIMAIIMU U3 IBYX U TPeX MaTOTEHOB. YCTAaHOBJIEHO, UTO
YPOBEHb PE3UCTEHTHOCTU U30JISATOB K. pneumoniae B acconmanuu ¢ A. baumannii CTaTUCTUYECKU 3HAYUTEIBHO
BBIIIIE 10 CPABHEHUIO C PE3UCTEHTHOCTHIO MX B MOHOKYJIBTYPE 110 BCEM MCCJIEIOBAHHBIM aHTUMUKPOOHBIM TTpe-
napatam. [1pu aTom K. pneumoniae B couetanuu ¢ Candida spp. UMeIn CTATUCTUYECKM 3HAYMMO HU3KU 1 ypOBEHb
PE3UCTEHTHOCTH K HUIPOodI0oKCALMHY, aMUKALMHY, IehoTaKCUMYy, e(PTa3uaAUMy U aMOKCUIIMJIJIMH/KIaByaa-
HOBOI KMCJIOTEe, YeM B MOHOKYJIbTYpe. M30msThl K. pneumoniae siBNSIUCh HOCUTENSIMU A€TEPMUHAHT PE3UCTEHT-
HOCTH K OeTa-JIaKkTaMasaM paciiupeHHoro crekrpa geicteus: OXA-48 — (22,5%), OXA-51 — (5,6%), OXA-23 —
(4,2%), KPC —70,9%, NDM — 7%. W3 Hux 14,1% mramMMoB 06J1agaan ClIOCOOHOCTHIO KOIPOMYKLIMK CEPUHOBBIX
kapbameHeMas OXA-48 u KPC. BrigeneHHBIE 13 MOKPOTH M TKAHU JIETKOTO U30JSITH A. baumannii IpOsSBISIN
BKCTpeMaJIbHO BEICOKHE YPOBHU MHOXECTBEHHOUW PE3MCTEHTHOCTU BHE 3aBUCUMOCTHU OT HAJIMYMSI aCCOLMAIINI
C IPYTUMH MHKPOOpPTaHM3MaMU. BEISIBICHO BUIOBOE CXOACTBO MUKPOOMOMA OTAEISICMOTO HUKHUX IBIXaTEIb-
HBIX YTl ¥ TKaHU JIETKOTO. JIoNIST pe3UCTECHTHRIX IITaMMOB K. pneumoniae, A. baumannii, BBIIEIEHHBIX U3 TKAHU
JIETKOTr0, TOCTOBEPHO BhIIIE B CPABHEHUU C U30JMPOBAHHBIMU U3 MOKPOTHI. 3akawuenue. OOHapyXeHUe B 00-
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pasue buomarepuaa uzonasiToB K. pneumoniae u A. baumannii, 061anaoInX MHOXECTBEHHON Pe3UCTEHTHOCThIO
K aHTUMUKPOOHBIM IperaparaM, a TakKe WX acCOLMallinii, MOXeT CBUAETEIbCTBOBATh 00 YCYTYOJIIEHU Y TSIKECTH
TEYCHU ST THEBMOHUH.

Karouesvie caosa: nnesmonus, kournexyus, accoyuayuu namoeeros, Klebsiella pneumoniae, Acinetobacter baumannii, SARS-CoV-2,
Pe3UCMEeHMHOCb.

MICROBIAL ASSOCIATIONS FOR PNEUMONIA CAUSATIVE AGENTS AND LEVEL OF THEIR
RESISTANCE TO ANTIMICROBIAL DRUGS DURING A NEW CORONAVIRUS INFECTION PANDEMIC
Kolotova O.N., Kataeva L.V., Vakarina A.A., Stepanova T.F., Stepanova K.B.

Tyumen Region Infection Pathology Research Institute, Tyumen, Russian Federation

Abstract. Introduction. Bacterial coinfection and secondary bacterial infection are considered critical risk factors for the
severity and mortality of SARS-CoV-2-caused pneumonia. The aim of the study was to analyze a pattern of microbial as-
sociations between K. pneumoniae and A. baumannii isolated from the lower respiratory tract discharge and sectional mate-
rial (lung tissue) of patients diagnosed with pneumonia, and to compare resistance level in monoculture and associations
during new coronavirus infection pandemic. Materials and methods. A bacteriological study of 2689 sputum and bronchial
washing samples from patients at infectious diseases hospitals, and 1411 lung pathological material samples was carried
out. Bacterial isolates were identified by mass spectrometry. Antibiotic sensitivity for isolates was determined by the disk
diffusion method. Genetic determinants of resistance to beta-lactam antibiotics were detected by PCR. Statistical data
processing was performed using SPSS version 22 software. Results. K. pneumoniae and A. baumannii isolates were predomi-
nantly found in two- and three-pathogen associations. It was established that the resistance level of K. pneumoniae isolates
in association with A. baumannii is significantly higher compared to that in monoculture for all antimicrobial drugs studi-
ed. At the same time, K. pneumoniae in combination with Candida spp. vs monoculture showed significantly lower level
of resistance to ciprofloxacin, amikacin, cefotaxime, ceftazidime and amoxicillin/clavulanic acid. K. pneumoniae isolates
carried resistance determinants to extended-spectrum beta-lactamases: OXA-48 — (22.5%), OXA-51 — (5.6%), OXA-
23 — (4.2%), KPC — 70.9%, NDM — 7%. Of these, 14.1% of strains had the ability to co-produce serine carbapenemases
OXA-48 and KPC. Sputum and lung tissue 4. baumannii isolates exhibited extremely high multiple resistance regardless
of their associations with other microorganisms. Microbiome species similarity in the lower respiratory tract and lung tis-
sue discharge was revealed. The proportion of lung tissue vs sputum resistant strains of K. pneumoniae and A. baumannii
was significantly higher. Conclusion. The detection of of multiple drug resistant K. preumoniae and A. baumannii isolates
as well as their associations may indicate aggravated pneumonia severity.

Key words: pneumonia, coinfection, pathogen associations, Klebsiella pneumoniae, Acinetobacter baumannii, SARS-CoV-2, resistance.

BeepgeHue

BocrnanuTtenbHble MOpPOLIECCHl HWXHUX JIbIXa-
TEJBHBIX IIyTeil, OOYCJIOBJICHHBIE OaKTepHUaTbHbI-
MU BO3OYyIUTENSIMU, SBISIOTCS HauboJiee pacmpo-
CTpaHEHHBIMU cpeau joneit [24, 26]. Ilo maHHBIM
PocznpaBHagzopa, B 2020 r. (pasrap HnaHIeMUM
COVID-19) B Poccuu 3aukcupoBaH pocT 3aboJie-
BAa€MOCTH BHEOOJILHUYHOM ITHEBMOHMENH Ha 258%
MO CPaBHEHMIO C MPEAbIAYILINM rogoM [2]. B atrono-
TMU 9TOro 3a001eBaHUS TTPe0d1aaaloT KOMH(MEKIINU,
BO30YyIUTENISIMU KOTOPBIX SIBJISIIOTCSI BUPYCHI, OaK-
Tepun U Tpubkl [1, 15, 16]. OcoGeHHOCThIO MHMEK-
uu, BbI3BaHHOU BupycoM SARS-CoV-2, sasisieTcsa
CHUXXEHWE (QYHKIIMU 3alIUTHBIX OapbepHBIX TKa-
Hel U KJIETOK UMMYHHOM cucteMsl [3, 20], moaToMy
PUCK Pa3BUTUS OAKTEPHUATBHOTO MOPAXKEHUS JETKUX
BO BpeMsl MaHAEMUU aKTUBU3UPOBAJ Ha3HAYCHUE
AHTUMUKPOOHOU Teparuu sl JIeUeHU I THEBMOHUIA.
Iupokoe mnNpuUMEHEHUE AHTUOMOTUKOB TPUBEJIO
K PE3KOMY YBEIUYEHUIO KOJIUYECTBA LIUPKYIUPYIO-
IIMX PE3UCTEHTHBIX ITamMmoB [14, 17, 23]. Ocoboe
BHUMaHUE TIPUBJIEKAIOT OAaKTEepUU, OTHOCSIIUECS

K rpynne ESKAPE-naroreHos. Hanuuue y namueH-
TOB MUKPOOPIaHMU3MOB, 00J1aJaloInX MHOKECTBEH-
HOI JIeKapCTBEHHOI pe3ucTeHTHocThio (MDR),
MOXXHO paccMaTpMBaTh KaK OIWH M3 TPEAUKTOPOB
rocruTalibHoli jetaabHocTu [10, 21].

HaubGosiee 3HaYMMBIMU BO3OYAUTEISIMUA BTO-
PUYHBIX OaKTepUaIbHBIX MHMEKIIUI B OTACICHUSIX
MHTEHCUBHOI Tepanuu sBastoTcs O6aktepuu Kleb-
siella pneumoniae n Acinetobacter baumannii, o61anaro-
1€ MHOXECTBEHHOM 1 3KCTpeMaIbHON pe3UCTEHT-
HOCTBIO K aHTUMHMKPOOHBIM TIpernaparaM. 1o naH-
HBIM WCCJIEOBaHUI TPYIIITLI aBTOpoB [6, 11], aTH
BUIBI OaKTEepUii OMpenesieHbl KaK JOMUHUPYIOIITe
MaTOreHbl, CIOCOOCTBYIOIIME TIEPEXOAy BUPYCHOM
nHeBMoHuu nipu COVID-19 B BupycHO-0akTepu-
anbHy10. KpoMe Toro, onmucaHbl cIy4au BbISIBJICHU S
u30JIITOB Enterococcus faecium v Koaryja3oHeraTuB-
HBIX CTa(PUIOKOKKOB, YCTOMYMBBIX K IITHMPOKOMY
psily aHTUOaKTepuaabHbIX Mpenapatos [19]. Bmecte
C TeM y ITallMeHTOB ¢ TuarHo3om «[THeBMOHUSI, acco-
uuupoBaHHasi ¢ COVID-19», Bo3MoXXHa KaHAM103-
Hast MHMeK111s, 00yCIOBJICHHAsI UMMYHOCYTIPECCH-
el M MPOSIBIISIONIASICSI HEMHBA3UBHBIM OpPOHXOJIE-
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TOYHBIM TMopaxkeHueM [22]. B 1uTepaTypHbIX UCTOY-
HMKaXx IIMPOKO MPEACTaBICHBI JaHHBIE O CTPYKTYpe
BO30yauTeei ITHEBMOHMI, XapaKTepPUCTUKE UX pe-
3UCTEHTHOCTH, HO BCTPEYAIOTCS TOJIBKO SAMNHUYHBIC
WUCCJIEIOBAHU S, MIOCBSILIEHHbIE U3YUYEHUIO BIUSHUS
accolualuii maToreHoB BO30yauTeieil TTHEBMOHU
Ha YPOBEHb UX PE3UCTEHTHOCTU K aHTUMUKPOOHBIM
npenaparam [5, 6]. Bo3aMOXHBIIT OOMEH reHeTudec-
KVMU JEeTepMUHAHTAaMU PE3UCTEHTHOCTU B acco-
HUalMSIX OaKTepuil sIBAsIeTCsS IVIaBHOW MPUYUHON
BO3HUKHOBEHUS MHOXECTBEHHOU JIEKAPCTBEHHOM
YCTOMYMBOCTUA, YTO MOATBEPXKIACT aKTyaJIbHOCTH
HUCCJIeIOBaHUS U TPeOyeT JalbHEUIIEero N3yYeHu .

Takum oGpa3zoM, uU3ydyeHHE CTPYKTYpbl acco-
LMAILN 3TUOJOTMUYECKU 3HAUYMMBIX BO30YIUTEICH
W YPOBHS UX PE3UCTEHTHOCTU K aHTUMUKPOOHBIM
nperapataM MMeEeT MPAaKTUYECKOE 3HaueHUe OIS
noadopa KOPPEKTHOU Tepanmuu. DTo OyaeT cIo-
COOCTBOBATh IMOBBIIECHUIO 3(PPEKTUBHOCTU DTUO-
TPOMHOTO JICYSHUSI, COKPAIIEHUIO IINUTCIBHOCTH
0O0JIE3HHW U CHUKEHUIO YPOBHS CMEPTHOCTH.

Llenp wccnemoBaHuUs: aHAIU3 CTPYKTYPbl MMK-
poOHBIX accolauuii K. pneumoniae n A. baumannii,
M30JIMPOBAHHBIX M3 OTIEISIEMOr0 HUXXKHMX [IhIXa-
TEJIHBIX MyTell M CEKIIMOHHOIO MarepHalia (TKaHW’
JIETKOTO) TIAIIMeHTOB ¢ auarHo3oM <«[THeBMOHWMSI»,
U CPaBHUTEJILHOI XapaKTEPUCTUKU YPOBHS UX PE3UC-
TEHTHOCTH B MOHOKYJIBTYPE U aCCOIIMAIINSIX B TIEPUO]T,
MaHICMUY HOBOI KOPOHABUPYCHOI MH(MEKITN.

Matepuasnbl 1 METOLbI

IMpoBeneHo 6aKTEPUOJIOTUYECKOE UCCIIeIOBAHE
2689 0b6pasioB 6uoMarepuana (MOKpPOTa, MPOMbIB-
Hble BOAbLI OPOHXOB) IMMALMEHTOB, HAXOISIIMUXCS
Ha JIeYeHU U B UH(PEKIIMOHHBIX KOBUTHBIX TOCITUTA-
ssx ¢ anipesist 2020 . o Hos16pb 2022 1. B HampaBJe-
HUSIX K OMoMaTrepuay, MOCTYNMBIIEMY Ha UCCIIe-
JoBaHMWe, ObLI yKa3zaH AuarHo3 «BHeOGonbHUYHas
MHEBMOHUS». Bce mamueHThl BHE 3aBUCUMOCTU
ot Hanuuus y Hux Bupyca SARS-CoV-2 nposiBis-
JIM CUMIITOMBI ITHEBMOHUM W TIOJIydaJiu JIeYeHUE
B Pa3JIMYHBIX OTHEJIECHUSX CTAllMOHAPOB, B TOM
4yucJie B OTJEJICHUU NUHTEHCUBHOM Tepanuu. OTdop
MaTepuaja OCYIIECTBIISIIICS B pa3HbIe TIEPUOJIBI Jie-
yeHus naueHToB. [ToceB o6paslioB OMomaTepuaa
M BbIACJICHUE KYJIBTYPp MUKPOOPraHU3MOB ITPOBO-
JNIUJIMCh KJIACCUYECKUM O0aKTepPUOJOrMYecCKUM Me-
TomoM. BunoBasi maeHTUdUKAIIUS OCYIIECTBISI-
nack metonoM MALDI-ToF macc-criektpoMeTpuu
c nporpaMMHBbIM o6ecrieueHueM Maldi BioTyper 3.0.
YpoBeHb OCTOBEPHOCTH BhIIe 2,0 CBUIETEIbCTBO-
BaJl 0 TOYHOI BUJIOBOM NAeHTU(PUKALIMU. B 3TOT Xe
nepuop uccienoBaHo 1411 od6pa31ioB ayTONICUITHOTO
MaTepuaa (TKaHb JIETKOTO) OT TallMeHTOB C Jua-
rHO30M «ITHEBMOH U 5I».

WNzonarer K. pneumoniae (71) wucciaemoBaHBI
metonoM I[II[P B pexume peasibHOTO BPEMEHHU.
st onpenesieHr s FeHOB PE3UCTEHTHOCTU MOJICKY-

JAgpHBIX KaaccoB A, B, D Kk 6eTa-makTaMHBIM aH-
TUOMOTUKAM HCIOJb30Baau Habop «bakPe3ucra»
(000 «1HK-TexHonorus», Poccus). ITLP npoBo-
nunu Ha amiuindukarope «Tepuuk» (OO0 «JIHK-
Texnaomorust», Poccus).

YyBCTBUTEJIBHOCTh U30JIITOB K aHTUMUKPOO-
HBIM MpenaparaM OIpeaeiasiain AuckKo-auddy3u-
OHHBIM METOIOM, MCITOJIb30BaJll WHIUKATOPHBIC
IVCKM C JIGKAPCTBEHHBIMM MpeliapaTaMu: IIUIIPO-
dyiokcallMH, aMUKaluH, nedorakcuM, ledTasu-
ouM, uedenum, MMHUIEHEM, MEPOIEHEM, aMOK-
CULIMJIJIMH/KJIaByJlaHOBasl KMCJIOTa, aMITAIINAI-
nuH/cynbbakTaM, mpousBoactBa OO0 «HULID»
Poccust. OtieHKyY pe3yIbTaToB OCYIIECTBIISIIA B CO-
OTBeTCTBUM ¢ KIMHUYECKMMU pEKOMEHOALMSIMU
«OmnpeneneHrue 4YYBCTBUTEIBHOCTH MUMKpPOOpTa-
HU3MOB K aHTUMUKPOOHBIM IIperapaTamM», Bep-
cus 2018-03 (akTyajieH B TEepUOJ MCCIEAOBaHMUS
1o 2021 r.), a takxke Bepcus 2021-01.

ITomyyeHHBIE pe3yIbTaThl UCCIIEIOBAHUI MpEI-
CTaBJICHBI B BJICKTPOHHBIX TAOJIMIAX W TUArpam-
max Microsoft Office Excel 2019. Craructuueckas
00paboTKa MOJIYyYeHHbBIX Pe3yJbTaTOB BLITIOJHEHA
JULEH3UOHHBIM IIPOTPaMMHBIM OOecrneYyeHUeM
SPSS, Bepcus 22, mpemHa3HAYCHHBIM IS HAYIHBIX
ncciaenoBanuii. HoMuHanbHbBIe TaHHBIE OTIMCHIBA-
JIUCh ¢ YKa3aHUEM aOCOMIOTHBIX 3HAYEHU N U MTpo-
LICHTHBIX AOJICH ¢ yKa3daHueM 95% noBepuTeIbHbIX
nHTepBaioB (A1) — meton Kionmepa—IIupcoHa.
IIpu olleHKe HemapaMeTPUUECKHX BEJIIMYUH pac-
CcYMThIBanKM Kputepuit x> I[lupcoHa WM TOYHBIA
kputepuii @uinepa (ecaum YKUCIO HaOIIOIEHUN
B JII0O00M M3 sTYeeK YETHIPEXITOIBHON TaOIUIIBI 2X2
MeHblle 5). Pa3znmuuusg ToJydyeHHBIX 3HA4YeHUN
CUUTAJIMCh CTAaTUCTUUYECKU 3HAYUMMBIMU mpu p <
0,05. HemapameTrpuueckuii kputepuii Kpackema—
Yosnnuca npuMeHeH Ui OLIEHKU YaCTOThl OOHapYy-
JKEHU ST U30JISITOB B MOHOKYJIBTYPE M aCCOLIMAIINSIX.

Pesynbrarhl

BakTtepuonornyeckue McciaenoBaHUs MPoOO OT-
NIeJIIEMOr0 HVXXHMX JbIXaTeJIbHBIX ITyTEl ITOKa-
3aj1, 4To B 1668 (62,0%) obpa3uax ObLIM OOHapy-
XeHbl TpuObI pona Candida, 13 XOTOPBIX He MeHee
90% cocrasnsiniu C. albicans. I3 rpamMoTpuLiaTEb-
HBIX OaKTepuil TPEMMYIIECTBEHHO BCTPeYaiuCh
K. pneumoniae — 360 (13,4%), A. baumannii — 214
(7,9%), Escherichia coli — 59 (2,2%), Pseudomonas
aeruginosa — 54 (2,3%), Pseudomonas fluorescens —
6 (0,2%), Citrobacter freundii — 9 (0,3%). B rpyn-
e TIpaMIOJIOXUTEIbHBIX KOKKOB IIpeo0ianaiu
Staphylococcus aureusnt Staphylococcus haemolyticus —
218 (8,1%), E. faecium u E. faecalis — 79 (2,9%).

bakrtepuu K. pneumoniae B MOHOKYJIBTYpe U30JIU-
poBaHbl B 85 (23,6%) [95% AWN: 19,32—28,34] obpasiiax.
CrpykTypa accoumnannii K. pneumoniae ipeacTaBiacHa
MPEUMYILECTBEHHO IBYMSI, TPEMSI, PeKE — UYEThIPb-
Ms U MAThIO BUAAMU MUKPOOPraHU3MoOB (Tadu. ).
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Tak, rpyrimna U30JsITOB U3 ABYX ITAaTOI€HOB COCTaBUJIA
61,2% [95% A 55,05—66,89], Ha OJT10 TPYIIITBI U3 TPEX
M30JITOB IpUXoauock 36,4% [95% JAW: 30,67—42,35].
Haubonee yacteiMu accouuaHTamu K. pneumoniae
B IaHHBIX Tpynnax sBasauch rpudbl pona Candida
¥ TpaMOTpHIIaTeIbHbIe OakTepuu. [IpryeM B repBoii
TpyIIIe TpaMOTpUlIaTe/IbHbIE OaKTepuu mpeobdiiaaa-
J1 B 2,4 paza B CpaBHEHUHM C TPaMIIOJIOKUTETbHBIMMU.
Accolmalimy U3 4eThIpeX U MSITH MUKPOOPraHU3MOB
cocTaBisuiu 2,5% [95% AW: 1,03—5,17]. YcTaHOBJICHBI
CTaTUCTUYECKU 3HAYMMBbIE Pa3JIMIMSI KOJIMYeCTBa 00-
Hapy>kKeHHBIX M30JI9TOB K. pneumoniae B acColualiniv
C OIHUM, ABYyMsI 1 OoJIee TTaToreHaMH B OMHOM 00pa3-
e Ouomarepuana (HemapaMeTpUUeCKU KpUTepUuid
Kpackena—Yonnuca, p = 0,009).

Pesynbrarhl onpenesieHUsT 4yBCTBUTEIbHOCTH
K aHTUMUKPOOHBIM MpernaparaM MOKa3ajlH, 4TO
mraMMbl K. pneumoniae B 11eJIOM (B MOHOKYJIBTY-
pe ¥ B accolMaivu) MPOSIBISIN PE3UCTEHTHOCTH
K aMOKCUIIMJUIWH/KJIaByJIaHOBO# Kucjiote B 83,1%
ciyyaeB, nunpodiaokcauHy B 77,2%, 1ieporakcu-
My — 76,9%, nedprasunumy — 73,6%, aMuKaLuHy —
52,8%, xapbaneHeMaM (MMUIIEHEM, MEPOIIEHEM) —
55,6%. YCTAHOBJIEHO, YTO PE3UCTEHTHOCTH M30-
natoB K. pneumoniae B accouuauuu ¢ A. baumannii
CTaTUCTUYECKN 3HAYMMO BBIIIE IO CPaBHEHUIO
C PE3UCTEHTHOCTBIO B MOHOKYJIBTYPE T10 KaxKJIOMY
HUCCIeNOBAaHHOMY aHTUOMOTHUKY: LIUMpodIoKcall-
Hy (p = 0,004), amukauuny (p = 0,0001), uedorak-

cumy (p = 0,013), uedprazunumy (p = 0,0001), amok-
CUIMJUIWH/KJIaByJlaHOBoi Kuciore (p = 0,0001),
umurieHemy (p = 0,0001), meponieHemy (p = 0,0001).
PesucrtentHocts K. pneumoniae B accouualluu
¢ Candida spp. HOCTOBEpPHO HMXKE YPOBHS UX PE3U-
CTEHTHOCTU B MOHOKYJIBTYpe K IIUTTPOMIOKCAITUHY
(p =0,0001), amukauuny (p = 0,014), nedporakcumy
(p = 0,0001), uedprazuoumy (p = 0,014) 1 amokcu-
HUJIIMH/KJ1aBytaHoBoi kuciiore (p = 0,013) (puc. 1).
Bmecte ¢ Tem cpaBHMTeNIbHas XapaKTepHUCTHUKa
PE3UCTEHTHOCTU ITaMMOB K. pneumoniae B MOHO-
KYyJbType U B accouuauusx ¢ E. coli, E. faecalis,
S. aureus, S. haemolyticus CTaTUCTUUECKU 3HAUYUMBIX
pa3nuuuii He BeIsiBHIIA (p > 0,05).

OmnpeneseHe T€HOB PE3UCTEHTHOCTU K OeTa-
JakTaMHBIM aHTuOmornkaM metomom I[ILIP BEI-
SIBUJIO U30JATHl K. pneumoniae, CiOCOOHbBIE MPO-
IyIupoBaTh OeTa-JakTamMas3bl  pacIIMPEHHOIO
CHeKTpa NeMCTBMS MOJIEKYJISIPHOrO Kjacca A:
SHV — 65 (91,5%) [95% AW: 82,51—-96,84], TEM —
49 (69,0%) [95% AUN: 56,92—79,46], CTX-M-1 — 29
(40,8%) [95% HOMWN: 29,32—53,16]. WccnegoBaHue
STUX XK€ W30JIATOB HHUCKO-TUPPY3MOHHBIM Me-
TOJIOM YCTaHOBMJIO HaJW4YMe PE3UCTEHTHOCTU
K aMOKCHUIIMJITUH/KJaByJJAaHOBOU KUCJIOTE U lie-
danocnnopuHam Il moxkoneHust, 4YTO CBUIAETEJIb-
CTBYET 00 3KCIIPECCUU BBISIBJIEHHBIX TeHOB. Kpome
TOTO, OOHApPYXXEHO HECKOJbKO THIIOB T'€HOB Kap-
b6ameHeMas: NDM — 5 (7,0%); okcanuJIanHa3bI:

TaGnuua 1. BugoBas cTpykTypa MUKPOOHBIX accouuauuii K. pneumoniae, N301MPOBaHHbIX U3 MOKPOTbI

nauMeHToB (n = 275)

Table 1. Species pattern for microbial associations of K. pneumoniae isolated from patient sputum (n = 275)

Accoumauum n3onsaTos n % 95% An
Isolate associations 95% ClI

K. pneumoniae (Candida spp.) 92 33,5 27,9-39,37
K. pneumoniae (A. baumannii) 30 1 7,48-15,21
K. pneumoniae (E. coli) 24 8,7 5,67-12,71
K. pneumoniae (E. faecalis) 8 29 1,26-5,65
K. pneumoniae (S. aureus) 8 2,9 1,26-5,65
K. pneumoniae (S. haemolyticus) 6 2,2 0,8-4,69
K. pneumoniae (A. baumannii, Candida spp.) 18 6,6 3,93-10,15
K. pneumoniae (E. coli, Candida spp.) 16 5,8 3,36-9,28
K. pneumoniae (E. faecium/E. faecalis, Candida spp.) 16 5,8 3,36-9,28
K. pneumoniae (S. aureus/S. haemolyticus, Candida spp.) 14 511 2,81-8,39
K. pneumoniae (A. baumannii, S. aureus/S. haemolyticus) 1 4 2,01-7,04
K. pneumoniae (P. aeruginosa/P. fluorescens, Candida spp.) 6 2,2 0,8-4,69
K. pneumoniae (A. baumannii, E. faecium/E. faecalis) 5 1,8 0,59-4,19
K. pneumoniae (S. maltophilia, Candida spp.) 5 1,8 0,59-4,19
K. pneumoniae (A. baumannii, E. coli) 4 1,5 0,4-3,68
K. pneumoniae (E. coli, S. maltophilia) 3 1,1 0,23-3,15
K. pneumoniae (P. aeruginosa, C. freundii) 1 0,4 0,01-2,01
K. pneumoniae (A. baumannii S. maltophilia) 1 0,4 0,01-2,01
K. pneumoniae (A. baumannii, E. faecalis, Candida spp.) 3 1,1 0,23-3,15
K. pneumoniae (S. aureus, E. faecium/E. faecalis, Candida spp.) 2 0,7 0,09-2,6
K. pneumoniae (P. aeruginosa, E. faecalis, Candida spp.) 1 0,4 0,01-2,01
K. pneumoniae (E. coli, P. aeruginosa, S. aureus, E. faecalis) 1 0,4 0,01-2,01
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PucyHok 1. Pe3ucTeHTHOCTb K aHTUMUKPOOHbLIM NpenapaTtam wtaMmmMoB K. pneumoniae B MOHOKYNbTYype

u accoumaumax ¢ A. baumannii v Candida spp.

Figure 1. Antimicrobial resistance of K. pneumoniae strains in monoculture and associations with A. baumannii

and Candida spp.

OXA-48 — 16 (22,5%), OXA-51 — 4 (5,6%), OXA-23 —
3 (4,2%), ykasbIBalIIMX Ha CIIOCOOHOCTb Oak-
TepUil WHAKTUBUPOBATh KapOallcHEMBI, IpyTrue
OeTa-TaKTaMHble aHTUOMOTUKYU U MeTaJijlo-0eTta-
nakTtamMasbl. CaeayeT OTMEeTUTh, YTO y 55 ITaMMOB
(77,5%) [95% AWN: 66,0—86,54] oOHapyKeHBI I'e€HbI
ceprHOBBIX OeTra-naktama3 KPC, M3 HUX TOJb-
ko y 39 (70,9%) [95% OW: 57,1—82,37] obHapyxke-
Ha PE3UCTEHTHOCTh K MMUIICHEMY M MepOoIleHE-
MY AUCKO-IU(PY3MOHHBIM MeToaoM. BriaeneHbl
10 (14,1%) [95% HOWN: 6,97—24,38] mraMMOB
K. pneumoniae, nMeIOIIINX B COCTaBe JiBa reHa Cepu-
HOBBIX KapOarneHeMa3z — OXA-48 u KPC.

Nzonatel A. baumannii B MOHOKYJIBTypE
ObLIM OOHapyKeHblI B 53 mpobax, YTO COCTaBUJIO
24.7% [95% OWN: 19,04—30,97]. AHanu3 accouua-
Uit 6aktepuit A. baumannii BBISIBUJ UX COYETaHUE
NpeuMyllecTBeHHO ¢ rpubamu poaa Candida —
98 (60,9%), accoumauuu ¢ IrpaMOTPULIATEIbHBI-
MU 0aKTEpUSIMU BCTpeYyaJuCh B 3 pasa vaiie, 4yeM
C TPaMMoOJOXUTENbHBIMU. B cTpyKType accomnm-
aHTOB A. baumannii ipeoOJiaaia rpymnia u3 IByX
M30JTOB, oHa coctaBuia 70,8% [95% AWN: 63,13—
77,71], rpynna u3 tpex musonsatoB — 20,5% [95%
AWN: 14,55—27,56], pexxe peructTprpoBaiach rpyr-
ma u3 4eTbipex accouuaHToB — 8,7% [95% JU:
4,84—14,16] (tabu. 2). YCTaHOBJIEHBI CTATUCTUYE-
CKM 3HAYMMBIE Pa3JINIUS YaCTOTHEI OOHAPYXKCHUS
n30n5TOB A. baumannii B accolialiui ¢ OJHUM,
IByMs U OoJiee TaToreHaMHW B OJXHOM OOpa3siie
Oouomarepuasia (HermapamMeTpUUYECKUN KpUTepUn
Kpackena—Yonanuca, p = 0,0001).

AHaJIN3 pe3UCTEHTHOCTU K aHTUOMOTUKAM BCEX
N30I9TOB A. baumannii, BHE 3aBUCUMOCTH OT MU-
KPOOHBIX acCOIMAIINA, BHISIBUJ MX MHOXECTBEH-

HYIO YCTOWYMBOCTBH. Tak, K LUIIPOQIOKCAIIMHY
pe3UCTEeHTHOCTh MposBiasan 100% wucciemgoBaH-
HBIX IITAMMOB, K Hepenumy — 196 (91,6%), amu-
KauuHy — 142 (87,6%), umunenemy — 134 (82,7%)
u meponeHeMy — 137 (84,6%). 3aperucTpupoBaHO
HauMEHbIIlee KOJIMYECTBO IITAMMOB, PE3UCTEHT-
HBIX K aMIIMLIMJIJIMH/cyabbakTamy — 120 (74,1%).

Nzonsarel A. baumannii B MOHOKYJIBTYpe MPO-
SBJISLIN pe3ucTeHTHOCTh B 100% cnyvyaeB K Liu-
npodaokcanuny, nedanocnopuHam IV nokoe-
HUs, KapOarieHeMaM (MMUIIEHEMY U MEPOIIEHEMY);
K aMukanuHy — 98,1%; aMIUIIUIINH/CYTb0aK-
Tamy — 94,3% (tabia. 3). CiaegyeT OTMETUTD, YTO
B accolMalMsIX ¢ APYTUMU MHKPOOPraHU3MaMU
mraMMbl A. baumannii TakKXe NPOSIBISIIN DKCTPe-
MaJIbHO BBICOKME YPOBHU PE3UCTEHTHOCTH K HC-
CJIEIOBAHHBIM aHTUOMOTHUKAM.

AHanu3 M30JIATOB, BBIIEIEHHBIX M3 T1aTOJIOTOoa-
HATOMMYECKOTO MaTepuasia (TKaHU JIETKOro), moKa-
3aJI MpeobIaaHre Cpean TpaMoOTpUIIaTEIbHBIX OaK-
tepuii K. pneumoniae — 741 (52,5%), a Tak:ke HaIu-
uue A. baumannii — 368 (26,1%), E. coli — 130 (9,2%),
Proteus mirabilis — 70 (5,0%). B cTpyKType rpaMIiono-
KUATEJIBHBIX KOKKOB YaIlle OBLIN MICHTU(MUIIIPOBA-
Hbl E. faecium — 313 (22,2%) u S. aureus — 80 (5,7%).

N3 006pas31ioB TKaHU JIETKOTO OBbIJIM BbIJIEJEHBI
344 wzongara K. pneumoniae B MOHOKYJIBTYPE, UTO
coctaBuiio 24,4% ot 4duciia Bcex MCCIIENOBAHHBIX
npo6. Accounauuu K. pneumoniae ¢ rpaMoTpulia-
TEJILHBIMU U TPaMIIOJIOKUTEIbHBIMU OaKTePUSIMU
onpeaesIeHbl TPaKTUIECKU B PaBHBIX TOJIIX. [TouTn
B 90% cnyuaeB (352) K. pneumoniae HaxOmUJIUCh
B accollMalliy W3 JBYX MaTOT€HOB. YCTaHOBJICHBI
CTaTUCTUYECKU 3HAYMMBbIE Pa3IUIUS YaCTOTHI 00-
HapyxXeHus mTtaMMoB K. pneumoniae B accollva-
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MU C OAHUM, ABYMS 1 OoJiee U30JITaMU B OIHOM
obpa3ue Owuomarepuana (HermapamMeTpuuyecKui
kputepuii Kpackema—Yonnuca, p = 0,0001).

Bce wusongatel K. pneumoniae, BblAEIEHHBIE
13 00pa3lloB MaTOJOTOAHATOMUYECKOr0 MaTepua-
Jla, OTMEYaJIMCh BBICOKMM YPOBHEM pPE3UCTEHT-
HOCTM K IIHPOKOMY CIIEKTPY aHTUMHKPOOHBIX
npenaparoB: HunpodiaokcauuHy — 662 (89,3%),
K amMmuKauuHy — 461 (62,2%), uedrazuaumy — 649
(87,7%), uedorakcumy — 679 (91,6%), umuneHe-
My — 572 (77,2%), meponienemy — 570 (76,9%).

N3onsatsl K. pneumoniae B MOHOKYJIBTYPE TIPOSIB-
JISITA BBICOKU# YPOBEHb YCTOMYMBOCTH K aMOKCH-
LMJUTWH/KJIaByJaHoBo# KucioTte (92,4%), uunpod-
JIokcauuHy (86,9%), uedrasuaumy (88,4%), uedo-
Takcumy (88,4%), amukauuny (60,8%), umuneHemy
(74,1%) n meponieHeMYy (73,2%). BBIsSIBJICGH CTAaTUCTH-
YeCKM 3HAYMMBIil 0ojiee BHICOKMII YPOBEHb PE3UC-
TEHTHOCTU IITaMMOB K. pneumoniae, HaXOISIIINX-
cs B accouuauusx ¢ A. baumannii: K 1eoTakKCUMy
(p = 0,007), ueprazuaumy (p = 0,022), uMuneHemy
(p = 0,009) u meponeHemy (p = 0,011) B cpaBHeHUU

Ta6auua 2. CTpykTypa MUKPOOHBIX accouuauuin A. baumannii, \30NMPOBaHHBIX U3 MOKPOTbI NALUEHTOB

(n=161)
Table 2. Species pattern for microbial associations of A. baumannii isolated from patient sputum (n = 161)
Accouunauum n3onsaTos n % 95% Aun
Isolate associations 95% Cl
A. baumannii (Candida spp.) 51 31,7 24,56-39,46
A. baumannii (K. pneumoniae) 30 18,6 12,94-25,52
A. baumannii (E. coli) 13 8,1 4,37-13,41
A. baumannii (E. faecium/E. faecalis/E. durans) 8 5,0 2,17-9,56
A. baumannii (S. aureus/S. haemolyticus) 8 5,0 2,17-9,56
A. baumannii (P. aeruginosa) 4 2,5 0,68-6,24
A. baumannii (K. pneumoniae, Candida spp.) 18 11,2 6,76-17,09
A. baumannii (E. faecium/E. faecalis, Candida spp.) 7 4.3 1,77-8,75
A. baumannii (S. haemolyticus, Candida spp.) 5 3,1 1,02-7,1
A. baumannii (E. coli, Candida spp.) 3 1,9 0,39-5,35
A. baumannii (P. aeruginosa/P. fluorescens, E. faecalis, Candida spp.) 5 3,1 1,02-7,1
A. baumannii (E. coli, S. aureus/S. haemolyticus, Candida spp.) 4 2,5 0,68-6,24
A. baumannii (E. faecium/E. faecalis, S. haemolyticus, Candida spp.) 3 1,9 0,39-5,35
A. baumannii (E. coli, E. faecalis, Candida spp.) 2 1,2 0,15-4,42

Ta6auua 3. PeancteHTHOCTb LUTAaMMOB A. baumannii B MOHOKYNbTYpe U B accoLuyalm us AByX MUKPOOHbIX

KYNbTyp
Table 3. Drug resistance of A. baumannii strains in monoculture and dual microbial cultures
LWramm
Strain
AHTUOUNOTUK .. .. A. baum?nnii A. baumannii | A. baumannii
Antibiotic A. baumannii (I? 'pewaeltllnr:)i’::;ge) A. l();ug;alzgnu (”__.:- :::g:;’.':// (S. aureus/ (Candida
E. durans) S. haemolyticus) spp.)
n=53/% n=30/% n=13/% n=8/% n=8/% n=51/%
LiunpognokcauuH 53 30 13 8 8 51
Ciprofloxacin 100,0 100,0 100,0 100,0 100,0 100,0
AMuKaumH 52 28 12 8 8 47
Amikacin 98,1 93,3 92,3 100,0 100,0 92,2
Ledenum 53 30 12 8 8 47
Cefepime 100,0 100,0 92,3 100,0 100,0 92,2
ﬁ%l%ﬂ::;"/ 50 28 11 7 5 47
Ampicillin/sulbactam 94,3 93,3 84,6 87,5 62,5 92,2
Wmunenem 53 28 12 8 8 46
Imipenem 100,0 93,3 92,3 100,0 100,0 90,2
MeponeHem 53 28 12 8 8 47
Meropenem 100,0 93,3 92,3 100,0 100,0 92,2

MpumeyaHue. n — KONNYECTBO UCCNEN0BAHHbIX LUTAMMOB.
Note. n — is the number of studied strains.
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C PE3UCTEHTHOCTHIO U30JIITOB K. pneumoniae B MO-
HOKYJIBTYpe. Takske 3HaYMTEJIbHO BBIIIIE MOKa3aTe-
JIM PE3UCTEHTHOCTU K LIMIIPOIIOKCAIIMHY WU30JI5I-
TOB K. pneumoniae B accouunauuu ¢ E. coli (p =0,024).
Tammbl K. pneumoniae, Haxoasiuecs: B accoliya-
uusx ¢ Enterococcus spp., IposiBAsIIU Gojiee BbICO-
KWl YPOBEHb PE3UCTEHTHOCTU K IIMIPOdIOKCaII-
ny (p = 0,014), uedprazsuaumy (p = 0,012) u nedo-
takcumy (p = 0,012) B cpaBHEHUU C UX PE3UCTEHT-
HOCTBIO B MOHOKYJIBTYPE.

YCTaHOBJIEHO, YTO KOJMYECTBO PE3UCTEHTHBIX
mramMmmoB K. pneumoniae, BbIAEIEHHBIX U3 TKaHU
JIETKOTO, JIOCTOBEPHO OOJIbIllE B CPABHEHUU C M30-
JIMPOBAaHHBIMU U3 OTACISIEMOI0 HMXXHUX JIbIXa-
TeJAbHBIX ITyTEW MO BCEM MCCIENOBAHHBIM aHTH-
MUKPOOHBIM TMpemnapataMm: IUIIPOdIoKcalIuHy
(p = 0,0001), amukauuny (p = 0,003), ueporakcu-
my (p = 0,0001), ueprasuaumy (p = 0,0001), amok-
CULIVJIJIMH/KIaByiaaHoBoil kuciore (p = 0,0001),
umuneHemy (p = 0,0001), meponeHemy (p = 0,0001).
Jlonu pe3ucTeHTHBIX IuTaMMOB K. pneumoniae
npeacTaB/ieHbl HAa pUC. 2.

M3 naromoroaHaTOMUYECKOro MaTepuasia
BeIgeneHBl 148 (40,2%) mramMmMoB A. baumannii
B MOHOKYJbTYpe. B cTpyKType accouuamnmii:
186 (84,5%) n3onsatoB A. baumannii HaXOIUJINUCh
B IpyIllie u3 aAByX matoreHoB; 32 (14,5%) mtam-
Ma B IPYIIIEe U3 TpeX W 2 ITaMMa B accollMalluu
U3 YeThIpeX. YCTAaHOBJIEHBI CTAaTUCTUYECKU 3Ha-
YUMBbIe pa3jiMyus 4acTOThl OOHApY>KEHUS M30-
a9TOoB A. baumannii B accouualdu ¢ OJHUM,
IBYyMsI U OoJiee maToreHamMu B OJHOM oOpa3slie
Ouomartepuaja (HemapaMeTpUUYeCKUd KPUTEPUU

[
Ciprofloxacin

89,4

Amikacin 523

Ceftazidime

) 1
Cefotaxime 56

Amoxiclav 523

Imipenem

Meropenem

I T
0 20 40 60 80 100
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PucyHok 2. CpaBHUTeNbHAsA XapaKTepucTmKa
YPOBHS1 Pe3UCTEHTHOCTU WiTaMMoB K. pneumoniae,
M30/IMPOBAHHBIX U3 OTAENIIEMOIO HMKHUX
AbiXaTesibHbIX NyTEeN U TKaHu nerkoro (%)

Figure 2. Comparative characteristics of resistance
level for K. pneumoniae strains isolated from lower
respiratory tract and lung tissue discharge (%)

Kpackena—Yonnuca, p = 0,0001). Accoumauuu
U30J5ITOB A. baumannii ¢ TpaMOTpULIATEIbHBIMU
0aKkTepusIMM PErMCTpUPOBaAIUCh B 2 pa3a yvallie,
YyeM B COYETAaHWU C TPaMIIOJOXUTEIbHBIMM
KOKKaMMU.

bakrtepuu A. baumannii, BblAEJIEHHbIE U3 TKa-
HM JIETKOTO, BHE 3aBUCUMOCTH OT MUKPOOHBIX ac-
colMalrii MposSIBJISIIM BbICOKMI YPOBEHb pe3HC-
TEHTHOCTU K OCHOBHBIM T'pyIllIaM aHTUMUKPOO-
HBIX ITpenapaToB 6oJiee yeM B 97,0% ciyuaeB, uc-
KJIIOYEHUE COCTaBIsIeT aMITMIIMJUIMH/CyJIb0aKTaM,
PE3UCTEHTHOCTh K KOTOPOMY TMposiBisiiu 76,1%
HWCCJIeNOBAHHBIX IITaMMOB. CTaTUCTHUYECKU 3Ha-
yuMo 0Oojiee HU3KHMU YpPOBEHb PE3UCTEHTHOCTH
K aMIUOUWJUIMH/CyJIb0aKTaMy oIlpeaeieH Y H30-
asTOB A. baumannii, HaxoasIIMXCS B acCOLMallU
¢ Enterococcus spp. (> = 4,056, p = 0,044) B cpaB-
HEHUU C YCTOWYMBOCTBIO IITAaMMOB A. baumannii
B MOHOKYJIbTYpe. CTaTUCTUYECKHN 3HAUMMBIX pa3-
JIMYUA PE3UCTEHTHOCTU K aHTUMHUKPOOHBIM ITpe-
napaTtaM IITaMMOB A. baumannii B MOHOKYJIbTYpE
u B accoumnauusx ¢ K. pneumoniae, E. coli, S. aureus
He BBISIBJICHO.

YcTaHOBJIEHO, YTO PE3UCTEHTHBIE K aHTH-
MUKPOOHBIM IIpernaparaM IITaMMbl A. baumannii
JIOCTOBEPHO dYallle M30JMPOBAJIUCh W3 IATOJIOTO-
aHATOMMYECKOTO MaTepuajia, 4eM M3 MOKPOTHI:
uunpodiokcauud (p = 0,006), amukauuH (p =
0,00001), uedpennum (p = 0,014), umuneHem (p =
0,002), meporieHem (p = 0,010), uckiarouyeHue cocTa-
BUJI aMIIUOMWJIINH/cyapoakTaMm (p = 0,847). donn
PE3UCTEHTHBIX IITAMMOB A. baumannii npeacTaB-
JIEHBI Ha puc. 3.

Ciprofloxacin

Amikacin

Ceftazidime

Ampicillin/sulbactam

) 98,1
Imipenem

Meropenem
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PucyHok 3. CpaBHUTeNbHag xapakTepucTuka
YPOBHSI PE3UCTEHTHOCTU WTaMMOB A. baumannii,
WU30JINPOBaAHHBIX U3 OTAENIIEMOI0 HKHUX
AbIXaTesNbHbIX NyTEeNn U TKaHu nerkoro (%)

Figure 3. Comparative characteristics of resistance level
for A. baumannii strains isolated from lower respiratory
tract and lung tissue discharge (%)

1075



O.H. KonotoBa u ap.

MHdekumns n uMmyHuTeT

O6cyxaeHne

Cpean malMeHTOB, WHOUIMPOBAHHBIX pe-
CIIMPAaTOPHBIMU BUPYCAMM, CJAydyand BTOPUYHOM
KOMH(MEKINN WJIM BTOPUUYHONM OaKTepHalb-
HOM MHEeBMOHUU cocTaBiasior 11-35%. B me-
puon mnaHaemuu COVID-19 BozOynuteassMu
KouHdeknuii yaiie Oblau Ipudbl poma Candida
M TpaMOTpUIIaTeNIbHBIEe OaKkTepuu — A. baumannii
u K. pneumoniae [7, 8, 12], 4TO conocTaBUMO C pe-
3yJabTaTaMM Halllero mccienoBaHus. [1o gaHHBIM
Jleuenko K.B. [5], ABYX-TpeXKOMITOHEHTHBIE
OakTepuaJabHBIE accollMallid B MOKpOTE Iia-
IIUEHTOB OBLIM OOHapyXeHbl B 52% clyuaes.
Hacrosiiiee uccienoBaHue mokasajao, YTO Bedy-
lye rpaMoTpullaTeIbHble MaToreHbl — K. pneu-
moniae 1 A. baumannii — 6onee yem B 90% ciuy-
JyaeB HaAXOAWJINUCh B IBYX-TPEXKOMITOHEHTHBIX
MUKCT-KOJTOHU3AIUSIX.

Psan aBtopoB [5, 18] yTBepxXaamT, 4YTO ILITaM-
Mbl K. pneumoniae, N30JUPOBAHHBIE U3 MOKPOTHI
NallMeHTOB C AMAarHO30M ITHEBMOHHUS Ha (oHe
COVID-19 B 47,5-50% mnposiBAsiin PE3UCTEHT-
HOCTh K LedTasuauMy, HOpU 3TOM PE3UCTEHT-
HBIX K aMHUKAIIMHY IIITAMMOB He OBLIIO BBISIBJIICHO.
OmHako TpoaHAJIM3UPOBAaHHBIE HaAMWU M30JIS-
THl TIPOSBIISIIA PE3UCTEHTHOCTh K IieTa3uam-
My B 87,7%, x amukauuHy — B 62,3% ciydaes.
IIpu >TOM OIS PE3UCTEHTHBIX KO BCeM MCCIIEO-
BaHHBIM aHTUOMOTUKAM U30JIITOB K. pneumoniae
B accouuauuu ¢ A. baumannii 6vi1a cTaTUCTUYE-
CKM 3HAYMMO BBIIIE, YEM B MOHOKYJIBLTYpPE WJIU
B acCoIMalUsIX C APYTUMU MUKPOOHBIMHU IIAaTO-
reHaMu. BbIsiBJIeHO, 4TO ITaMMbl K. pneumoniae
B accouuanuu ¢ rpudbamu poaa Candida nposiBasi-
JIM CTAaTUCTUYECKU 3HAYMMO HU3KUI YPOBEHbB pe-
3UCTEHTHOCTH K LedTasuaumy, nedernnumy, aMmu-
KallHy W aMITUOWJIJINH/CyJIb0akTamMy. BeIcokmii
YPOBEHb YCTOMYMBOCTH K 1ieaIOCTTOpITHAM U TIe-
HULMJUIMHAM TOATBEPKAAETCS HaJMYUeM T'e€HOB
pE3UCTEHTHOCTH OeTa-TaKkTama3s Kiacca A. Takxke
oOHapyXeHbl u30asThl K. pneumoniae, obaanaro-
II1€ CITOCOOHOCTHIO K KOTPOAYKIIMU (PepMEHTOB
IBYX cepuHOBBIX KapbaneHema3 OXA-48 u KPC,
npu 3toM 60% M3 HUX HAXOAMJIUCh B accollva-
OUSIX C OPYTUMHU MUKpoopTraHU3MaMH. JlaHHOe
coYyeTaHMWE CEPUHOBBIX KapOolleHemMa3 B Te€HOME
OJHOTO IITaMMa CUYMTAaeTCs PEAKUM SBJICHUEM
n no nmangemuu COVID-19 He peructpupoBaioch
B Poccum [9].

WN3BecTHO, 4TO A. baumannii obnanaet ycToii-
YUBOCTBhIO K TaKUM aHTUMUKPOOHBIM Iperapa-
TaM, KakK aMUHONCHUIIMJUIMHBI, IiedhalIoCTIopu-
HBI, XJ0paM(pEHHUKOI, a TaKKe aMHHOTJIUKO3U-
IIBI, GTOPXUHOJIOHBI U TETPALMKIWHBI IIIUPOKOTO
crieKkTpa aevictBus [4, 25, 27]. Pe3yabTaThl HACTOSI-
Iero MCCICOOBAaHMS TaKxKe IoKa3ajlu, YTO M30-
JNATH A. baumannii IpOSIBSIIA BBICOKUU YPOBEHbB
MHOXECTBEHHOM PE3UCTEHTHOCTU K OCHOBHBIM

rpynmnaM aHTUMUKPOOHBIX ITperapaToB BHe 3a-
BUCUMOCTHU OT BHJA U KOJMUYECTBA aCCOILIMAHTOB
B oOpa3siax bumoMmarepuaja.

B nuTtepatypHbIX UCTOYHUKAX [22] yKa3bIBa-
€TCsI, YTO TIPU MCCJIETOBAHU U ITaTOJIOrOaHATOM M-
yecKuX MaTepuajioB (TKaHeil JIErKoro yMepiimx
B MEPUOJ TMTAaHICMMWH) BBISIBJICHBI IMTPU3HAKU MU-
KpOOHOI KOMH(MEKLUUHN. YCTaHOBJIEHO, 4TO 95%
JIETaJIbHBIX MCXOJOB SIBJISIJINCH CIEACTBUEM OaK-
TepuajbHON MTHEBMOHUU, a HE IEPBUYHOMN BUPYC-
HOIi. AHAJIOTUYHBIMU MCCICIOBAaHUSIMU MOKa3a-
HO, UYTO Yy 32% manueHTOB ObIJIM MTOTEHIIMAbHBIC
OakTepuandbHble cynepuHdexkuuu jgerkux [13,
28]. Hamu BBISIBJIEHO, YTO He MeHee 4eM B 52,5%
o0pa31o0B OMoMaTepuaia U30JIMPOBAJIUCh I'PaM-
oTpuIaTebHbIE OaKTepUU, TPaMIIOJJOXKUTEIb-
Hble BbIgBJIEHbI B 22,2%. WccienoBaHue Ioka-
3aJI0 CXOJICTBO BUJIOBOIW CTPYKTYpHI ITATOreHOB,
M30JIMPOBAHHBIX U3 MOKPOTHI U TKaHU JETKOTO.
B marosoroaHaToMM4YecKOM MaTepuaae 3ape-
TUCTPUPOBAHO KOJMUYECTBEHHOE MpeodyagaHue
oakTepuit K. pneumoniaeu A. baumannii (B 3 pasza).
I1pu 3TOM ypOBeHb PE3UCTEHTHOCTU K aHTUOMO-
TUKaM JaHHBIX ITaTOTEHOB, BBIACICHHBIX U3 TKa-
HU JIETKOTO CTAaTUCTUYCCKH 3HAYMMO BBIIIEC, UM
Y M30JI5ITOB, BBIJACJICHHBIX U3 OTAEISIEMOT0 HUX-
HUX AbIXaTeJbHbIX MyTei, YTO CBUAETEIbCTBYET
00 MX 3TUOJIOTMYSCKONM POJM B Pa3BUTHUU TsIXKe-
JIOTO TE€UEeHU S MTHEBMOHUWU, TIPUBOISIIETO K Jie-
TaJbHOMY UCXOLY.

Takum oOpa3zoMm, oOHapyxkeHUe OaKTepualab-
HBIX accoumanuit K. pneumoniae ¢ A. baumannii
WA IITaMMOB A. baumannii, 00agalolinx MHO-
JKECTBEHHOMN PE3UCTEHTHOCThIO, B OJHOM O0pa3siie
OuoMaTtepuasa IMalueHTOB SIBJISIETCS MPOTHOCTU-
YeCKM HEOJaronmpUsITHBIM IJI51 TeUYCHUsS ITHEBMO-
HUU U TpeOyeT KOPPEeKIINHU aHTUOMOTUKOTEPATIU .

JononHutenbHas nHpopmauus

Yyactue aBTOpoB. Bce aBTOpBHI BHECIHM CY-
MIECTBEHHBINI BKJaJd B IIPOBEIEHUE ITOUCKO-
BO-aHaJIUMTUYECKON pabOThl M MOATOTOBKY CTa-
TbU, TIPOYJU U OHOOPMJIU (DUHAJBHYIO BEPCHUIO
10 MyOIUKaLlUU.

DTHyeckoe yreepxaenne. McciemoBaHue npo-
BOJIUJIOCH MPU AO0OPOBOJBHOM HWHMOPMUPOBAH-
HOM coryjacuu maunueHToB. [IpoTokon uccaemo-
BaHUS omo0peH DTmdyeckuM KomutetoM PBYH
«TroMeHCKUIT Hay4YHO-UCCJIEA0BATEIbCKUI WH-
CTUTYT KpaeBOW MHQEKIIMOHHONW I1aTOJIOTHUN»
Pocrnorpednanzopa Ne 1 ot 15.03.2023 .

HNcToyHuK (puHAHCHMPOBAHMA. ABTOPHI 3asIBJSI-
IOT 00 OTCYTCTBUUM BHEITHET0 (DMHAHCUPOBAHM S
MpU ITPOBEJICHUU UCCICTOBAHM .

KoH(paukT mHTEpecoB. ABTOPHI JeKIapUPYIOT
OTCYTCTBHUE SIBHBIX U MOTEHIIMAJIbHBIX KOH(PINK-
TOB MHTEPECOB, CBA3aHHBIX C ITyOJMKAIIUC Ha-
CTOSIIEN CTAThU.
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Pe3tome. Vicnionb3oBaHMe AJIMTETHHON MHOTOKOMITOHEHTHON aHTUOMOTUKOTEPATTUN SIBJISIETCS caMbIM 3¢ deKTHB-
HBIM criocoboM JieueHust Tyoepkyiesa (Th). OnHako Maio U3BECTHO O BAWSIHUY JaHHON XMMUOTEpaNuy Ha KUIIey-
HY10 MUKpOGJIopy YenoBeka. Llebio JaHHOro UCCAeIOBAHMS SIBJISICTCS U3yYeHWe BIUSHUS IJIMTEIbHON MHOTOKOM-
MMOHEHTHOM aHTUOMOTUKOTEPAITMY HAa COCTaB U METa0OJMYESCKUI MPOGUIb KUIIEYHOrO0 MUKpoOKromMa 60abHbIX Th.
B uccnenoBanuum ucnoab3oBanuck oopasubl JHK dekanuit, moaydyeHHble OT 23 OONBHBIX TYOSPKYIE30M JIETKUX.
OT Kaxx10ro naireHTa ObLJIO IMOJYYEeHO ABe MPOoObl OMoMaTepraa: 10 Hauajla Je4eHU I M uepe3 IBa Mecs1ia Iocjie mpo-
XOXJIEHUSI MHTEHCUBHOI (ha3bl XuMuoTepanuu. CpaBHUTEIbHBIN aHATU3 METAaTeHOMHBIX JaHHBIX CEKBEHUPOBAHU S
MUKpoOroMa KuileyHuKa 601bHbIX Th mokasa, 4To IJINTeTbHbIII MHOTOKOMIIOHEHTHBIH pexkuMm tedeHnst Th He Ha-
pylIaeT o0IIero pa3HooOpa3ust MUKpoOMoMa KUIIIEYHNKA, OMHAKO OKa3bIBaeT BIMSHNE Ha OaKTepHUaIbHBIN COCTaB
1 MeTabonmaeckuit mpoduas Mukpobruoma. Ha dhoHe mpuema mpotuBoTy6epKyne3Hbix mpemnapatos (ITTIT) mepsoro
psima (M30HWA3N, puaMIIUIINH, 3TaMOyTO, THpa3uHAMUI) HAOIIOOACTCS CTATUCTUUCCKU 3HAUMMOE YBEINUCHIE
npenctaBuTeneit puayma Actinobacteria. [lapHoe cpaBHeHNE METaTeHOMHBIX TaHHBIX IMMAIIMEHTOB BBISIBUIIO 28 mud-
(bepeHLIMaNTbHO MIPEACTaBACHHBIX TAKCOHOB OaKTEPUIi, U3 KOTOPBIX TpU BUaa Bacteroides cellulosilyticus, Enterocloster
aldensis, Clostridium spiroforme npeo0nananu B Mukpoouome 601bHbIX Th mociie mpoxoxaeHusi XMMUOTeparnuu, Tor-
Jla KaK 25 BUAOB MPEBaJMPOBAIM B IpyTIe O0JbHBIX 10 JeueHus (Bifidobacterium catenulatum, Enterococcus faecium,
Bacteroides salyersiae, Bacteroides xylanisolvens, Bacteroides eggerthii, Lachnospira eligens, Akkermansia muciniphila,
Ruminococcus lactaris u ap.) (p < 0,05). Metabonuveckuii npoduab MUKpoOMOMa KUIIEYHUKA XapaKTepU30BaJcs
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M.M. IOHycb6aeBa un ap. MHdekumns n uMmyHuTeT

YCUIICHUEM MeTaboIMUeCcKUX npouecCcoB, HaNMpaBJICHHBIX Ha POCT U JCJICHUC MI/IKpO6HBIX KJIeTOK. 2KeJie30 sIBaseTcs
TJIAaBHBIM JTUMUTUDPYIOIIUM (I)aKTOPOM pocCTa 1 pa3MHOXKXEHU . KpOMe TOIo, Ba2KHO OTMETUTH NNPEBAJIUPOBAHUEC I'TIU-
KoJun3a u (I)epMCHTaHI/II/I JJaKTaTa Kak OCHOBHBIX CIIOCOOOB MOJIYYEHU I SHEPTUU KATIEYHOU MHKpO6HOTOfI.

Karouesoie caoea: mybepiynes, Mukpoouom KuuieyHuxa, 0ucouos, Kuuieynole GaKkmepuu, Memadoau3m, aHmubUOMuKuU.

INFLUENCE OF LONG-TERM ANTIBIOTIC THERAPY ON GUT MICROBIOME COMPOSITION
AND METABOLIC PROFILE IN PULMONARY TUBERCULOSIS

Yunusbaeva M.M.?, Terentyeva D.R.*", Borodina L.Ya.c, Zakirova A.M.¢, Bulatov S.E.¢, Bilalov F.S.%¢,
Yunusbayev B.B.f

@ ITMO University, St. Petersburg, Russian Federation

b St. Petersburg Pasteur Institute, St. Petersburg, Russian Federation

¢ Republican Clinical Antituberculous Dispensary, Ufa, Russian Federation

4 Republic Medical Genetic Centre, Ufa, Russian Federation

¢ Bashkir State Medical University, Ufa, Russian Federation

/St. Petersburg State University, St. Petersburg, Russian Federation

Abstract. The use of long-term multicomponent antibiotic therapy is the most effective way to treat tuberculosis (TB).
However, little is known about the effect of this chemotherapy on the human intestinal microflora. The purpose of this
study was to analyze an effect of long-term antibiotic therapy on gut microbiome composition and metabolic profile in TB
patients. We used deep sequencing of fecal samples from 23 treatment-naive TB patients to reconstruct the metabolic
capacity and strain/species-level abundance in the gut microbiome. Two fecal samples were obtained from each patient:
before and after treatment. We showed that TB treatment regimen does not disrupt the overall diversity of the gut mi-
crobiome but does have an impact on gut bacterial microbiome composition and metabolic profile. While taking first-
line anti-tuberculosis drugs (isoniazid, rifampicin, ethambutol, pyrazinamide), TB patients showed an apparent increase
in Actinobacteria abundance. Pairwise comparison of metagenomic data revealed 28 differentially represented bacterial
taxa, of which three species Bacteroides cellulosilyticus, Enterocloster aldensis, Clostridium spiroforme were strongly enriched
in TB patients post-chemotherapy, whereas 25 species were enriched in TB patients before treatment (Bifidobacterium
catenulatum, Enterococcus faecium, Bacteroides salyersiae, Bacteroides xylanisolvens, Bacteroides eggerthii, Lachnospira eli-
gens, Akkermansia muciniphila, Ruminococcus lactaris, etc.) (p < 0.05). The metabolic profile of the gut microbiome was
characterized by increased metabolic processes aimed at the growth and division of microbial cells. Iron is the main
limiting factor for growth and reproduction. In addition, it is important to note the prevalence of glycolysis and lactate

fermentation as the major means for energy production by intestinal microbiota.

Key words: tuberculosis, gut microbiome, dysbiosis, intestinal bacteria, metabolism, antibiotics.

BBeneHue

Jleuenue Tyoepkynesa (Th) mogpasymeBaet exe-
JTHEBHBINI TprUeM Kak MUHUMyM 4—7 mepopaib-
HBIX MTPOTUBOTYOEpKYyIe3Hbix TpenaparoB (ITTIT)
B Tiepuof oT 6 MecsitieB 10 ABYX JieT. lllupokoe mc-
MOJb30BAaHUE MAHHBIX PEXUMOB XWUMUOTEPAUU
(XT) genaeT UX OAHUMU U3 HaUOOJIee NJIUTETbHBIX
KYPCOB BO3JIEUCTBUS aHTUOAKTEPUATBbHBIX ITpena-
paToB Ha OpraHU3M 4yenoBeKa. OCHOBHOM ITyJI TTPO-
TUBOTYOEPKYJIE3HBIX TPEernapaToB, MNPUMEHSIEMbIX
nas nedyeHus Th, obGnamaeT MIUPOKUM CIIEKTPOM
nerictBrs U 2OPEeKTUBEH HE TOJIBKO B OTHOLICHUU
M. tuberculosis, HO 1 TPOTUB MHOTUX JIPYTUX OaK-
tepuii [4, 27]. 1o aToli MpUYMHE MOXHO CKa3aThb,
4YTO CTaHAAPTHOE JIEYEHUE KaK JIEKAPCTBEHHO-YYB-
ctButenbHOoro Th, Tak U TybepkyJieza ¢ MHOXe-
CTBEHHOI JIEKADCTBEHHOU YCTOMYMBOCTHIO BO30Y-
NUTENs1, OyOeT UMETh IIUPOKUI CrieKTp 3¢ HEKTOB
Ha KOMMEHCAJIbHYI0 MUKPOMJIOPY BCETO OpraHu3-
ma. IloaTrBepxkeHueM HaHHOTO (akTa SIBASIOTCS
MHOTOYUCJIEHHbIE UCCIIETOBAHUS, JEMOHCTPUPYIO-
1€ BJAUSHUE MpUeMa aHTUOMOTUKOB Ha TEUYEHUE

M UCXOJ, LieJIoTo psijga 3aboseBaHuit [1, 14, 21]. Xots
3TO BCEro JIUIIb HECKOJbKO MPUMEPOB, COBPEMEH-
Hasl MOJeJIb TaKOBa, UTO JIeUeHUEe aHTUMOMOTUKaAMU
MOXET MPUBECTU K YCTAHOBJIEHME ajlbTepHaTHB-
HOrO COCTOSIHUSI, KOTOPOE MOXET MMETb CUCTEM-
HbIe U TOTEeHLIMAAbHO TaryoHble MOCAEACTBUS 5
UMMYHUTETA, MUKPOOUOTHI 1 OpraHu3Ma B LI€JIOM.
HecmoTpst Ha MHOrouwuclieHHbIE HWCCAEAOBaHUS
KUIIEYHBIX OaKTepuaJbHbIX COOOILIECTB B HOpPME
U MPU Pa3JIUMUHBbIX MATOJOTUSIX, UMEETCSI OrpaHU-
YEeHHOE€ YMCJIO MCCJieIOBaHUM, MOCBSILIEHHbIX W3-
YUYEHUIO MUKpoOMOMa KUIledHUKa O0onbHbIX Th,
M KpaitHe MaJio JIOHTUTIOAHBIX UCCAeI0BaHUM, Ha-
npaBJIeHHbIX HAa U3yYeHUe KUIIEYHON MUKPOOUO-
Thl, TIOABEPrIICHCS JJIUTEJIbHOU MAaCCUBHOI aHTU-
OakTepuaJibHOI Tepanuu. IToCKoJIbKY MUKPOOMOM
KUIIEYHUKA SBJISIETCS KJIIOYEBbIM UTPOKOM B MOJ-
Jep>KaHUM MMMYHOJOIMYEeCKON TOJIEpaHTHOCTU
1 00J1a7aeT UMMYHOMOIYJIMPYIOLIEil aKTUBHOCTBIO,
TO MCCJIeloBaHUE MUKPOOMOMA KUIIeUHUKaA 00JIb-
HbIX Th 10 ¥ mocjie aHTUOUOTUKOTEPATIUM SIBJISI-
eTcsl Upe3BblualiHO akTyaJbHbIM. llenbio maHHOI
pabdoThl SBASIETCSI U3yYeHUE BJIUSHUS JJIUTEb-

1080



2023, T. 13, Ne 6

KuniueyHblin Mukpoburom npu Tybepkynese

HOM{ MHOTOKOMIIOHEHTHOM aHTUOMOTUKOTEpaITUU
Ha cocTaB U MeTabOoJIMYECKUI TPoPUIb KUILLIEYHO-
ro MUKpoOuoma OOJIbHBIX TyOEpKyJIe30M JIETKUX.
Jast 3Toro HaMM OBLJT IIPOBENEH CPaBHUTEIHLHBIN
aHaJIM3 METareHOMHBIX JaHHBIX shotgun ceKBeHU-
poBaHUsS MUKpoOMOMa KulIedyHuKa 0onbHbIX Th
no HavaJjia npuema I1TII u yepes gBa Mecsilia nocJie
MPOXOXICHU S MHTEHCUBHOM (Da3bl XUMUOTEPATTH.

Matepuasnbl 1 METOLbI

B pabote ObLIM MCTIONB30BaHBI 00pa3Lbl eka-
JIUM, MoJiydyeHHble OT 23 OOJIbHBIX TYyOepKyJae30M
nerkux. bonbHble Th orbupanucy Ha 6aze I'BY3
«PecnyOIMKAaHCKUIT  KJIMHUYECKUI TIPOTUBOTY-
oepkynesnsrii mucrancep» (I'bBY3 PKIITH), 1. Yoa,
B niepuox ¢ 2019 nmo 2021 r. B uccnenoBanue 61U
BKJIIOUEHBI TOJILKO MAllMEHThI C BIIEPBbIC BbISIBJICH-
HbIM TB 7nerkmx, coOOoTBETCTBYIOIIME CJICAYIOIIUM
KputepusMm: 1) Bo3dpacTt (25—55 71eT); 2) BOepBBIC
BeISIBJICHHBIN Th JIlerkux, moaTBep:KACHHBIN Tyde-
BBIMUA METOHAMM IMATHOCTUKM (peHTreHorpadusi,
KOMITbIOTepHasi ToMorpadus, 1mbpoBast GQIoopo-
rpacdus1) M TIOJOXUTEAbHBIMU pPEe3yJIbTaTaMUd MMU-
KPOOMOJIOTUYECKUX U MOJIEKYJTSIPHO-TEHETUIECKUX
uccaeaoBanuii MokpoTsl Ha Th (ITHP Tect, Mma3ok
¢ okpackoit o Huno—HwunbceHy, TIOMUHECIEHT-
Hast MUKpocKorus); 3) orcyrcrBue BUY-mHbeknnm.
B mccnenoBaHme He BKIIIOYAINUCH OOJBHBIC C paHee
neyeHHbIM Th, 60bHBIE C peLIMAMBOM UM OTMEHOMN
snedyeHusi. Kpome Toro, KputepusiMu MCKJIIOUCHU S
ObIJIM Cepbe3HbIe COIYTCTBYIOIIUE 3a00JeBaHMSI,
KpoBOXapKaHbe, TUITOKCH S, BHEJICTOYHEBI TYyOepKYy-
Jie3, 6epeMEeHHOCTb MJIM KOPMJIEHUE TPY/IbIO.

B cTpykType KIInHMYecKuX opM npeodiagaim
uHpuaprpatuBHblii Th nerkux (65,2%), nuccemu-
HupoBaHHbI Th (30,4%) 1 Kazeo3Hast THEBMOHU ST
(4,3%). Bcem maleHTaM, BKJIIOYUEHHBIM B HCCJie-
noBaHue, Obl1 HasHaueH | pexum XT (M3oHMa3um,
pudaMOUIIUH, TMpa3suHAMUI, TaMOYTOJI) B COOT-
BEeTCTBUU C (demepalbHBIMU KIMHUYSCKUMU pe-
KOMEHIAIMSIMH 10 AUATHOCTHKE U JieueHUio Th
opraHoB abixaHusi. CpegHUIl BO3pacT OOJbHBIX,
cpeaur KOTOphIX 06110 14 MmyxXuuH (61%) n 9 KeH-
wuH (39%), coctasisia 43 roga (IQR 34,5—55 ner).
B3saTtue obpasuoB dekanunit ot 60abHbIX Th ocy-
IIECTBJISJIOCH IBaXKIbI: IEPBOE — B MOMEHT ITOCTY-
MJICHUsI B CTallMOHaAp, CTPOro IO Hayaja mpuema
IITII, BTOpOE — uepe3 ABa Mecsilia ITPOXOKIACHUS
uHTeHcuBHOM (paszbl XT. CBexue obOpaslbl CTyjaa
YYaCTHUKOB CcOOMpaiM B CTEpUJIbHBIE OIHOPa30-
Bble KOHTEHHEpPHI, KOTOPbIE JOCTaBISIINCh B OaK-
Tepuoaorndeckypo jgadoparopuio I'bY3 PKIIT
M 3aMopaxuBaiuch Iipu Temneparype —80°C.
B3situe Omomarepmana OCyILIECTBIISIJIOCHh B COOT-
BETCTBUU C HOPMaMU U TPeOOBaHUSIMU 3aKOHOIA-
TeabcTBa P®. Bece manmeHTHl TTpenoCTaBUIM WH-
dopMUpoOBaHHOE cOTJIacue Ha yJacTHE B UCCIIEIO-
BaHUU U aHOHUMHYI0 00pabOTKY TaHHBIX.

MetareHomuyo JJHK skctparupoBanu uz 200 mr
dekanuii c ucrnonab3doBaHueM Hadbopa «QIAamp DNA
Stool Mini Kit» (Qiagen, I'epmanus). bubnnorexku
CEKBEHHMPOBAHMS OBLIM CO3IaHBI C MCIIOJIb30BaHU-
eM Habopa J1Jig moAroToBKU 06pa3ioB «ItuSeq DNA
PCR-Free» (Illumina, CIIIA) B COOTBETCTBUU C pe-
KOMEeHAAMSIMU ITpou3BoauTesisa. IlosHoreHoMHOE
CCKBEHHpPOBAaHMWE TIPOBOAMIOCh Ha IIaTdopme
Illumina HiSeq2500. B cpeaHeM ajist Kaxaoro oo-
pasua noaydeHo Oosiee 20 MJH PUIOB CEKBEHM-
pOBaHMS, 4YTO KjJacCU(MUIIMpPYyEeTCs KakK TIJIyOoKoe
CEKBEHHpPOBAHME.

TMepBoHaYaIbHBINM KOHTPOJIb KaueCTBA JaHHBIX
CEKBEHUPOBAaHUS, yAaJieHHWE aaarTepoB M 4pes3-
MEPHO KOPOTKHMX PUIIOB, a TAKXXe AeKOHTaAMUHAIIM ST
JAHK yenoBeka OblJIY BBITTIOJTHEHbI OCJIEA0BATEb-
HO ¢ momotbio mporpamm FastQC v0.11.9, fastp
v0.23.2 m KneadData v0.10.0 [6, 26]. OtipenencHue
TaKCOHOB MUKPOOPTaHU3MOB U OILIEHKAa OTHOCH-
TeJIbHOU YUCIIEHHOCTHU TIPOBOMIIACH HAa Oase Map-
KEpHBIX TEHOB C MCIOJB30BaAaHWEM IIPOTPaMMBI
MetaPhlAn4 [3]. Tlocnenyromuii aHaau3 meTare-
HOMHBIX JTaHHBIX TPOBOAMJICS C MCHOJb30BaHU-
eM TaKeTOB IIporpaMM microbiome mnporpamm-
HOMl cpenbl R (https://www.r-project.org). Mugekc
IllenHOHAa pacCYMTHIBAJIM B TIaKETE ITpOrpamMm
vegan R; 1oCTOBEpHOCTh pa3auuYMUil MEXAY UHICK-
camu llleHHOHa ompeneasiiu C IOMOIIBIO TecTa
Koamoroposa. CymMMapHOE CXOICTBO MHUKPOOUO-
Thl MEXY TOHOPaM¥ BU3YaJU3UPOBATIU METOIOM
riaaBHbIX KoMMoHeHT (PCA) Ha ocHOBe nucTaHL M
bpas—KepTtuca B nporpamme vegan. J1yis onpenene-
HUS nuddepeHIInaabHO IIPEACTaBICHHBIX TaKCO-
HOB B ITapHbIX JaHHbIX 601bHBIX Th 10 1 noce ye-
yeHu s ObL1 ucnoyab3oBaH T-kputepuii Bunkokcona
NJIS 3aBUCUMBIX BEIOOpOK (Matched-pair Wilcoxon
Rank Sum Test). MeTtabomn4yecKyio CIIOCOOHOCTh
MUKpPOOMOMA OTIpelessii C WCIOJIb30BaHUEM
nporpaMMmbl HUManN 3.6, koTopast cpaBHUBaeT
MOCJIEO0BaTEbHOCTU JOHOPCKUX METareHOMOB
C U3BECTHBIMU MUKPOOHBIMU T€HOMaMU 1 TeHAMU,
omnpeaeasiecT MeTabOJINMUeCKHe peakKIni, B KOTO-
pble BKJIIOYEHBI 3TU T€HBI, U arperupyetr ux B U3-
BECTHbIE MUKpPOOHBIE TyTU. B uyacTtHoCTH, a4
onomH@opmarnuecknux 3anpocoB HUManN 3.6
ncnojib3yetT 60a3y maHHbIX ChocoPhlAn 3, comep-
xKamyto 99,2 ThiC. aHHOTUPOBAHHBIX 3TAJIOHHBIX
reHoMOB 13 16,8 ThIC. BUTOB MUKPOOOB B 0a3e TaH-
Hbix UniProt (suBaps 2019 1.) 1 cooTBETCTBYIOLIIME
(YHKIIMOHAJIBHO aHHOTHUPOBaHHEIC 87,3 MJIH ce-
meiicTB reHoB UniRef90 [20].

Pesynbrarhl

B o01eit c1oXXHOCTU B ABYX I'pymnmnax OOJbHBIX
Tb no Hauana neyeHUsT U MOCe TTPOXOXKICHUS XU-
MUOTepanuu ObLI0 OOHapyxeHo 719 u 632 Gak-
TepUATbHBIX TaKCOHOB COOTBETCTBEHHO. AHAJIN3
pa3HooOpa3ust bakTepuasbHbIX COOOIIECTB C TOMO-
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PucyHok 1. O6Liag xapakTepucTuka 6akTepranbHOro coooLecTea KULWEeYHOro MUKPOoGroma 60sbHbIX
TB: cpaBHeHue anbda- (A) n 6eTa-pasHoobpa3us (B) 6akTepuanbHbix COOOLLECTB MUKPOOMOMA
6onbHbIX TB A0 HaYana siedyeHns u nocJie NPOXoXAeHUs xummoTtepanuu; (B) aHanus rnaBHbIX KOMMOHEHT
BapuabesibHOCTM MUKPOOHOro cocTaBa KuwieyHuka 6osbHbix Th (PCA)

Figure 1. General characteristics of gut bacterial microbiome community in TB patients: comparison of alpha (A)
and beta (B) diversity of gut microbiomes in two study groups: pre-treatment TB patients (before treatment), post-
treatment TB patients (after treatment); (C) principal component analysis of microbial variability in donors (PCA)

IIIBIO ITapaMeTPOB OlieHKM nHaekca IlleHHOHa (ab-
da-pazHOoOOpa3ue) U MHAEKCa HecxoacTBa bpes—
Keptuca (beta-pazHooOpa3ue) He mokasasl pas3Jiv-
4yuii Mexnay mcciaenyeMbiMu rpynmnamu (p = 0,888
u p = 0,241 cooTrBeTcTBeHHO) (puc. 1A, B). AHanus
IJIABHBIX KOMITOHEHT BapruadeIbHOCTU OaKTepHualib-
HbIX TakKcOHOB (PCA) TakxXe He BbISIBUJ pa3inuyuii
MexX Ay rpynnamu (puc. 1B).

CpaBHUTEIBHBIN aHAJIN3 TAKCOHOMMYECKOTO CO-
cTaBa MUKpoOuoMa KulledyHuka 6obHbIX Th 1o Je-
YeHUs 1 TIocjie TTpoxoxaeHus: X T 1mokasall, 4To J10-
MMUHUPYIOIIMMU B O00EUX TpyImnax ObLIU (PUIYMBI
Bacteroidetes n Firmicutes. CymmapHasi 10Jisl JaHHbIX
¢uaymoB nocturaia 90,5 m 89,8% coOTBETCTBEHHO
(p>0,05) (puc. 2A, Il o610k Ka). Ha poHe aHTUOMOTH-
KOTEepaItiy B IPYIIIe ITAallMEHTOB ITOCJIE TTPOXOXK ICH ST
XT nHabnomaeTcss CTaTUCTUYECKU 3HAUMMOE YBEIu-
yeHHe TpeacTtaBuTelieii duiyma Actinobacteria: 4,8%
npoTuB 1,9% BrpyIine 60abHbIX 10 JieueHust (p =0,02).
ITpryem ocHOBHO BKJIa1 B yBeIuueHUe Actinobacteria
BbI3BaH POCTOM MpeacTaBuTeeit pona Bifidobacterium
(puc. 2I', II obaoxka). HecmoTpst Ha, Kazayioch Obl,
BUIMMOE OTCYTCTBUE Pa3IMUMii B OaKTeprUaJIbHOM
cocTtaBe Ha ypoBHe (MJIIYMOB, CpaBHEHHE MUKPO-
OMOMOB Ha YPOBHE CEMEICTBA M pola IEeMOHCTPUPY-
€T HaM CTaTMCTUYECKU 3HAaUYMMBbIC CABUIU B CTPYK-
Type MUKPOOHBIX coobiecTtB (puc. 2, II obyoxka).
Tak, Ha ¢poHE aHTMOMOTUKOTEPANIMU B MUKPOOHUOME
0onbHbIX Th cTarucTuyeckyd 3HaYMMO yMEHbIIIAeT-
ca noist cemeiictBa Prevotellaceae (16,14% B Tpyrnne

110 JiedeHus1 mpoTuB 6,88% B rpynmne nocie XT, p =
0,009). CpaBHUTEIbHBIC aHAINU3 CTPYKTYPbl MUKPO-
OrMoMa Ha pPOJIOBOM YPOBHE JIEMOHCTPUPYET CTaTH-
CTUYECKU 3HAaYMMOe yBeaudeHue ponoB Phocaeicola,
Bifidobacterium, Blautia, Roseburia, Dialister 1 cHU-
xeHue Prevotella, Clostridium, Lachnospira B rpyrime
0o0JbHBIX nocie gedeHus (p < 0,05).

TTockoyibKy maHHBIE MUKPOOMOMA MpeACTaBIIsI-
IOT CO0OI1 TMapHble JaHHbIC IJIsI KaXKJI0ro IaireHTa
(mo u mocne), To A aHaauza auddepeHLaIbHO
MpPENCTaBJICHHBIX TAKCOHOB HaMM TaKe ObLI MC-
nojb3oBaH Kputepuii Buiakokcona (Matched-pair
Wilcoxon Rank Sum Test). [TapHoe cpaBHeHUe MeTa-
TeéHOMHBIX JaHHbIX TTO3BOJIUJIO BbISIBUTH 28 nudde-
PEHIIMAIbHO MPEACTaBJICHHbBIX TAKCOHOB OAaKTEpHii
(p < 0,05) (puc. 3, III obnoxka), U3 KOTOpPbLIX 25 BU-
JIOB TIPEBAJIMPOBAJIN B IPyIire 0OJbHBIX 10 JICYCHMUSI:
Bifidobacterium catenulatum, Enterococcus faecium, Bac-
teroides salyersiae, Bacteroides xylanisolvens, Bacteroides
eggerthii, Alistipes senegalensis, Lachnospira eligens,
Anaerotruncus rubiinfantis, Slackia isoflavoniconvertens,
Lentisphaeria bacterium, Clostridia bacterium, Akker-
mansia muciniphila, Ruminococcus lactaris v psin He-
aHHOTUPOBAHHBIX OakTepuii Ruminococcaceae unc-
lassified SGB15309 v SGBI15234, Lachnospiraceae un-
classified SGB4894, Dorea sp. AF24 7LB, Clostridium
sp. AF15 49 n np.). B rpynne 6oabHbix Th mocie
JIedeHU sl ObLJIM YBEJIMYEHBI TOJILKO TPU BUIA OaKTe-
puii Bacteroides cellulosilyticus, Enterocloster aldensis,
Clostridium spiroforme (puc. 3A, 111 o610k Ka).
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[anee Mbl MPOBEJIN UCCIIETOBAHM S, HAITPABJIEH-
HbIe Ha orpenesieHne PyHKIIMOHAJTBHOTO Mpodu-
JIst MUKpobuoma. [locie arperaliuv reHOB, UACH-
TudunupoBaHHbIX nporpammoii HUMANN 3.6,
B MeTaboJInuyecKue MyTHU, B OOIIEH CIIOXHOCTHU
OBLIO BBISBJICHO 412 METabOIMYIECKUX ITPOIIECCOB,
U3 KOTOpBIX 26 Obliu nuddepeHLInanibHO 000-
rameHbl B KHUIIEYHOM MUKpPOOMOME OOJbHBIX
Th (p < 0,05). I1puuem 24 MeTabOTUYIECKUX TIPO-
mmecca ObUIM UYpPE3MEPHO MPEACTABICHBI B MH-
Kpobuome OosibHBIX Tb TiOCiie TPOXOXIAECHUS
XUMUOTEpAIliuu IO CPaBHEHUIO C JBYMsSI MeTa-
OOJINYECKMMHU TYyTSIMU B MHUKpoOHOMe OOJb-
HBIX Th mo Hauama meuenus (ta6i.). Tak, Ha dpoHe
AHTUOMOTUKOTEPANIMU  YCUJIMBAIOTCS  ITPOIEC-
ChI, HampaBJIecHHBIe Ha OmocuHTe3 rema (heme b
biosynthesis Il (oxygen-independent)), OuocuHTE3
aMUHOKUCIOT (superpathway of aromatic amino
acid biosynthesis, superpathway of L-methionine
biosynthesis (by sulfhydrylation) u mp.), HyKJIeOoTH-
noB (superpathway of guanosine nucleotides de novo
biosynthesis [, pyrimidine deoxyribonucleotides
de novo biosynthesis III u np.), a Takxe yBeIn4In-
BaeTCs KOJIMYECTBO META0OJMUYECKUX TTPOIIECCOB,
HaImpaBJIeHHBIX Ha MOTpebJIeHNEe TIIIOKO3bI U (hep-
MCEHTaIMIio Jjakrtara (superpathway of glycolysis,

pyruvate dehydrogenase, TCA, and glyoxylate bypass,
heterolactic fermentation).

IIpoBens kiacTepu3alnio OOHAPYKEHHBIX Me-
TabOINYECKUX TIPOIIECCOB B MYyTHU 00JIee BHICOKOTO
YPOBHSI, MOXXHO YBHICTh YCUJICHHE METaOOIMIeC-
KUX IIPOLICCCOB, HAITPAaBJICHHBIX HA aKTUBHBIN POCT
U JeleHue OakTepuii maxke Ha (POHE IJIUTEIbHOMN
mHorokomnoHeHTHo#t XT (puc. 4). Kak xopomio
BUOHO Ha puc. 4, B 0aKTepuaJbHOM COOOIIECTBE
KMUIIedyHuKa OoabHbiX Tbh, moaBepriumxcst mac-
CUPOBAaHHON aHTUOMOTUKOTEpPAIIUU, AaKTHUBHO
NpOTEeKAlT MeTaboJIMYeCcKUue MPOLEeCcChl CUHTEe3a
aMUHOKUCJIOT U HYKJICOTUIIOB, a TaK>Xe YCUJIEHBI
MPOLECChl TeHepallud dHEePruu U CUHTe3a/nerpa-
nanuu yrieBoaoB. KocBeHHBIM moka3aTeieM pocTa
M IeJCHU S 0aKTEPU TaKKe SIBJISICTCS BBICOKOE KO-
JIMYECTBO PA3INUYHBIX META0OIMISCKUX ITPOIIECCOB
CUHTe3a KJIETOYHOM CTeHKH (puc. 4, TadI.).

O6cyxaeHne

B nanHOM mcciienoBaHUU HaMU ObLT MTPOBENECH
CPaBHUTEJIbHBIN aHAJIM3 METAar€HOMHBIX TaHHBIX
CEKBEHWPOBaHUS KUIIEYHOTO MUKpOOMOMa OOJb-
Hbix Th no Hauana npuema ITTII u yepe3 nBa Mme-
cs11a TocyIe ITPOXOXKIeHU ST UHTeHCUBHOM as3br XT.

BrocuHTes/nerpagaums HykneoTMaos
Nucleotides Biosynthesis/Degradation

Carbohydrates
Biosynthesis/Degradation

B1OCUHTES KNETOUHBIX
CTPYKTYP
Cell Structure
Biosynthesis

BuocuHTes
KobakTopoB, rema
Cofactors, Heme
Biosynthesis

Amino acids, amine
Biosynthesis/Degradation

BnocuHTes nunupoBs
Lipid Biosynthesis

BocctaHoBneHune cynbdaTtos
Sulfate Reduction

PucyHok 4. Uepapxusa meTabonM4ecKux nyTei, BbiB/IEHHbIX Y 00JIbHbIX TYOEpPKyne3om
Figure 4. Hierarchy of metabolic pathways enriched in TB patients
MpumevaHue. Pa3mep 6510Kka OTPaxXaeT KONMYECTBO YHUKASIbHbIX METAB0IMYECKMX MYTEN, NpUHaAeXaLmx K onpeneneHHoMy

TNy MeTaboM4eckoro nyTu.

Note. The block size reflects the number of uniqgue metabolic pathways belonging to a particular type of metabolic pathway.
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Ta6nuua. Metabonuuyeckue nytu, guddepeHumanbHo NpeacTaBieHHble B MUKpo6uomMe 00sbHbiX TB
Table. Metabolic pathways differentially represented in gut microbiome of TB patients

FDR (Jons noXHbIX

MeTtabGonuyeckue nyTu P-3HaueHne OTKPbITUIA) F'pynna
Metabolic pathways P-value FDR Groups
(False discovery rate)
Buocuu-rgs rema b.II (HesaBucu.Mbm OoT Kucnopopga) 0,00165 0,4928 Mocne neyeHus
Heme b biosynthesis Il (oxygen-independent) After treatment
MyTb GuocuHTE3a de Novo ryaHo3uHOBbLIX HYKNIeoTUAOE |
Mocne neve
Superpathway of guanosine nucleotides de novo 0,00241 0,4928 Aft:r trga:m:nvtm
biosynthesis |
BuocuuTes de novo
nMpuMmuauHae3okcupuboHykneotnaos Il 0,00433 0,4928 nAof(tmi ne:euvtm
Pyrimidine deoxyribonucleotides de novo biosynthesis llI ertreatmen
Buocuutes CMP-nernoHamunaral Mocne nevyeHus
CMP-legionaminate biosynthesis | 0,00584 0,4928 After treatment
BuocuHTes ypuaun-5'-moHopocoar lil Mocne neyeHus
UMP biosynthesis llI 0,00603 0,4928 After treatment
Derpapauusa 5'-ge3okcuageHo3uHa ll Mocne neyeHus
5'-deoxyadenosine degradation |l 0,00826 0,4928 After treatment
MyTb 6MocuHTE3a L-unctenHa (rpudsbi) Mocne nevyeHus
Superpathway of L-cysteine biosynthesis (fungi) 0,00837 04928 After treatment
MNeHto30docdaTHbIin NyTh (HeoKUCAUTENbHas BeTBb) I 001010 05206 [o neyeHns
Pentose phosphate pathway (non-oxidative branch) II ’ ’ Before treatment
BuocuHTe3s cTpouTenbHbix 6510koB O-anTureHa (E. coli) 001787 0.6619 Mocne neyeHus
O-antigen building blocks biosynthesis (E. coli) ' ' After treatment
MyTb GMOCUHTE3a apOMaTUYECKNX aMUHOKUCIIOT 0.01787 0.6619 Mocne nevyexnus
Superpathway of aromatic amino acid biosynthesis ’ ’ After treatment
MyTb GMOCUHTE3a L-MeTMOHMHA (NyTeM
cynbpruapunupoBaHus) Mocne neyeHus
Superpathway of L-methionine biosynthesis 0,02086 0,6619 After treatment
(by sulfhydrylation)
BunocuHTe3s nHo3uH-5-dpocdaral Mocne neyeHus
Inosine-5'-phosphate biosynthesis | 0,02137 0,6619 After treatment
Lerpapauus 4-ruapokcudeHnnauerara Mocne nevyeHus
4-hydroxyphenylacetate degradation 0,02249 0,6619 After treatment
Oerpapauus xougpouTtuncynbdara l (6aktepuanbHas) 0.02249 0.6619 Mocne nevyeHus
Chondroitin sulfate degradation | (bacterial) ' ’ After treatment
BudunpodakTepuanbHbii WWYHT Mocne neyeHus
Bifidobacterium shunt 0,02943 0,6816 After treatment
BuocunTes 4-ammHo-2-meTun-
5-andocdomeTnnnupumuaunalll Mocne neyeHus
4-amino-2-methyl-5-diphosphomethylpyrimidine 0,03266 0,6816 After treatment
biosynthesis Il
AccumunsiumoHHas cynbdatpepykuus IV Mocne nevyeHus
Assimilatory sulfate reduction IV 0,03543 0,6816 After treatment
BUOCKHTES3 XXUPHBIX KUCNOT C aHTe-130-pa3BeTB/IeHHOM
uenbio 0,03603 0,6816 n/f\’f(t::retrg::r::nvtm
Ante-iso-branched-chain fatty acid biosynthesis
MyTb rnukonuaa, nupyeataernpporeHassol, LTK v o6xona
ravokcunara Mocne nevyenus
Superpathway of glycolysis, pyruvate dehydrogenase, 0,03702 0,6816 After treatment
TCA, and glyoxylate bypass
reTeponalf'mqecKaﬂ q?epmeHTaum 0,03830 0.6816 Mocne nevyenus
Heterolactic fermentation After treatment
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FDR ([ ons nOXHbIX
MeTtabGonuyeckue nyT1 P-3HavyeHune OTKPbITUNA) Fpynna
Metabolic pathways P-value FDR Groups
(False discovery rate)
Buocuntes YAd-N-auetunmypamounnentanentugallll
(copepxaluini Me3oguammHonumenar) 0.03838 0.6816 Mocne neyenus
UDP-N-acetylmuramoyl-pentapeptide biosynthesis llI ’ ’ After treatment
(meso-diaminopimelate containing)
PaznoxeHue auetuneHa (aHa3poOHoe) Mocne nevyeHus
Acetylene degradation (anaerobic) 0,04082 0,6816 After treatment
MyTb Aerpapaumm opHUTUHA Mocne neyenus
Superpathway of ornithine degradation 0,04152 0,6816 After treatment
MyTb Aerpapaumm rnioKo3bl M KCUO3bl . 0,04152 0.6816 [o neyeHuns
Superpathway of glucose and xylose degradation Before treatment
PepaktupoBanue auundocdatngunxonmHa Mocne neyeHus
Phosphatidylcholine acyl editing 0,04487 0,6816 After treatment
Buocuntes YAd-N-auetunmypamounnentanentuaall
(copepxaluumii MesonuaMMHonumgnaT). ‘ 0.04844 0.6816 Mocne nevyeHus
UDP-N-acetylmuramoyl-pentapeptide biosynthesis | After treatment
(meso-diaminopimelate containing)

CpaBHeHUE pPa3HOOOpa3us HE BBISIBUJIO CYIIECT-
BEHHBIX pa3INn4YMii MHKPOOMOMOB IBYX TPYIIIT
0onbHbIX Th: 10 1 moce mpueMa aHTUOAKTEpUATb-
HBIX IIpenapaToB. [lomyyeHHBIE HAMU PE3yIbTaThI
COTJIACYIOTCS C paHee OITyOJIMKOBAaHHBIMU JaHHBI-
MM B KOTOPBIX TaKXKe OBIJIO TIOKAa3aHO MJIU MOJTHOE
OTCYTCTBUE PA3JIMIMil, NN BPEMEHHOE CHUKCHIE
MUKPOOHOTO pa3HooOpa3usi Ha (oHe aHTUOUO-
Tukorepanuu [16, 27]. AHaau3upys1 IOJydYeHHbBIE
HaMU TaHHBIC, MBI MOXKEM IPEAIIOJI0XUTD, YTO OT-
CYTCTBHME CHUXXeHU ajibda- u 6eTta-pa3HooOOpa3usd
B rpyriie 6oabHbIX Th mocie neuenus [ITII moxkHO
OXapaKTepU30BaTh aJalTallMeld KUIIEYHOro Oak-
TEpUAJIbHOTO COOOIIECTBA K JJIUTEIbHOMY MPUEMY
IPOTUBOTYOCPKYJIE3HBIX IIPEIIapaToOB U YCTAHOBJIC-
HHUIO aJIbTepHAaTUBHOTO OaKTepUaJIbHOIO COCTaBa
kuiregyHuka. [IpyyemM, CTOUT OTMETUTH, YTO BO3-
MOXHO B IIepBbIc Hemean gedeHus Th B KumedynoMm
MHUKpPOOMOME OOJBHBIX NEHCTBUTEIBHO IPOUCXO-
IUJIO CYIIECTBEHHOE CHMXKeHHue OnopaszHooOpa-
3Usl, a TaK3Ke HAOII0AaINCh CUJIbBHBIE (DIIYKTyalluu
OakTepmaabpHOTO cocTaBa. [loaTBepKIaeHUEM maH-
HOro ¢akTta SIBJISIIOTCSI MCCJICIOBAaHUS, KOTOPBIE
IPOIEeMOHCTPUPOBATIM pPEe3KOe CHMXEHUE OMo-
pa3HooOpa3usi OGakTepuii B IIEpBble ABE HEOCIU
npuema IITII [12, 16]. OagHako, BIIOCIAEACTBUM Ha-
OJoJaeMoe CHUXKEHHME BMJIIOBOrO pa3zHOOOpasus
BOCCTaHABJINBAJIOCh.

JleTanbHbIi aHaIU3 OaKTepuabHOTO COCTaBa
KMILIEYHOro MuKpoOuoma 0OoyibHbIX Tbh BbISIBUI
CYILIECTBEHHbIE CIBUIM B MUKpPOOMOME KMIEY-
HuKa 6oabHBIX Th Ha ¢pone npuema I1TII mepBo-
ro psma (M3oHUa3ua, pudaMIIUIIAH, 3TaMOYTOJI,
nupasuHaMua). OGTHUM U3 CaMbIX BUIUMBIX W3-
MCHEHUI, PEerMCTPUPYEMBIX Ha ypoBHEe (HIIyMa,
SIBJISICTCSI CTAaTUCTUYCCKM 3HAYMMOE YBEJIMUYCHUE
Actinobacteria (B ocobeHHoCTU Bifidobacterium).
CTOoUT HAIIOMHUTH, YTO OOJBIIMHCTBO HCIIOIb-
3yeMBbIX CErogHsI aHTUOMOTHMKOB OepyT CBOE Ha-

yaJio OT aKTHHOOakTepuii, mpudyeM Imoudtu 80%
aHTHOaKTepUaJbHBIX IIpeHapaToB OBLIA TMOJY-
YeHBI M3 MMOYBEHHBIX OAKTepHii poma Streptomyces
(Actinobacteria) [2]. budunnodbakrepun ke BO MHO-
TOM aCCOLMUPYIOTCS C TOJOXUTEIbHBIM 3 dek-
TOM Ha 3[I0POBbE YEJTOBEKAa M YaCTO UCHOJIB3YIOTCS
B BUJE MPOOMOTHYECKUX MTPOayKTOoB [17]. OmHako
B MOCJIeHME TOAbl HaKAIJIMBAIOTCS JaHHBIS, yKa-
3pIBAIOIINEC HAa HAJIMYME T€HETUYCCKHUX HCTCPMMU-
HaHT YCTOMYMBOCTU B reHoMe Bifidobacteria [8, 10].
ITo 310l MpUYMHE BIIOJIHE BEPOSITHO, UTO IJIUTEIIb-
HbI Kypc XT MoxXeT crnoco6CcTBOBaTh OTOOPY OaK-
Tepuii pona Bifidobacteria (Actinobacteria), KOTOpbIS
MOT'YT BBICTYIIaTh Pe3€pByapoOM I'¢HOB aHTUOMOTH -
KOYCTOMYMBOCTU U, BO3MOXHO, Y4aCTBOBATh B T'O-
PU30HTAJIBHOM IIEPEHOCE TEHOB.

ITomapHoe cpaBHEHHME METareHOMHBIX JaHHBIX
6oabpHBIX T B BeIsIBUIIO 28 nuddpepeHIIaIbLHO ITpe/I-
CTaBJICHHBIX TaKCOHOB OakTepuii, 25 M3 KOTOPHIX
MOCTOBEPHO Yallle BCTPEUYAINCh B IPYIIIIe OOIBHBIX
Tb no neyeHusi. MHorue oGHapy>KeHHbIE B MUKPO-
ouome 6oabHbIX Th 10 Hauana jiedeHUst GaKTEpUU
SIBJISITOTCSI TIPEICTaBUTEIIIMU HOPMO(DIIOPHI TUIIIC-
BapuUTEIbHOrO TpaKTa yesioBeka. OqHaKko upe3mMep-
HBIW POCT 3TUX OAKTEPUU MOXKET CITOCOOCTBOBATH
Pa3BUTHIO U MOAAECPKAHUIO BOCITAJIUTEIBHBIX IIPO-
IIECCOB B KUIIICYHUKE, YTO, B CBOIO OUYEepeIb, MOXKET
HETraTMBHO CKa3aTbhCs Ha TeUCHUE TyOepKYJIe3HOTO
npoiiecca [7, 11, 13, 19].

HNHTepecHO, 4TO OaKTepuu, IMpeacTaBIeHHbIS
B KUIIEYHOM MUKpobuome 6oiabHbIX Th mocie ne-
yeHus (Bacteroides cellulosilyticus, Enterocloster alden-
sis, Clostridium spiroforme), B 11eJIOM XapaKTepHU3y-
OTCS TIaTOJOTMYSCKUM JEeHCTBMEM Ha OpraHu3M
xo3ssuHa. Tak, C. spiroforme, oOHapy>XeHHBII B K-
meuyHuke 6oabHbIX Th nocie XT, nponyLuupyet 3H-
TepoTokcuH CST, ocHOBHOe TIOBpekaalolee Aeii-
CTBHE KOTOPOTO 3aKJIIOUAeTCsI B HapylIeHUE opra-
HU3alM1 aKTUHOBOTO IIMTOCKeJIeTa KJIeTKH [18, 22].
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YcTaHOBJIEHO, YTO JaHHBIN TOKCUH BBI3BIBAET U3ME-
HEHUS B CUCTeMe MUKPOTpPYyOoUeK ¢ 0OpazoBaHUEM
BBHITISTYMBAHUI, KOTOPBIE PACHIMPSIOT KJIETOYHYIO
MOBEPXHOCTh, YTO, B CBOIO OYepellb, CIIOCOOCTBY-
eT ajare3uu OGakTepuil M obJierdyaeT KOJOHM3AIIUIO
KUIIeyHuKa [22].

O npyroit nuddepeHIMaabHO TTPeacTaBIeHHOM’
oaxktepuu E. aldensis, panee Clostridium aldenense,
KpaiitHe majno nHdopmanuu. M3BecTHO, YTO mHaH-
HBII BUJ OaKTEPUU YacCTO BBIACISIOT U3 KIMHM-
YEeCKMX U30JIITOB OOJbHBIX WHMEKIIMOHHBIMU
3aboneBaHusIMU [24]. KpoMme Toro, Hei1aBHO OBLIO
MmokazaHo, 4To TeHoM Enterocloster spp. conepXuTt
npocdaru uHoBUpYyca (cemeiicTBO Inoviridae) [5].
MHoBUPYCHI, COTJIACHO JIMTEPAaTYPHBIM JaHHBIM,
MOTYT AaBaTh IPEMMYIIECTBO CBOEMY OaKTepH-
aJbHOMY XO3SIMHY, BJIMSISI HA TakKve OMOJIOrnYec-
KHe€ IMPpOoIeCChl, KaK IMTOJBUXKHOCTb XO3sIMHA, TUHA-
MUKa pocTa, oOpa3zoBaHue OUOMJIEHOK, BUPYJIEHT-
HOCTb, YKJIOHEHHE OT MMMYHUTETa U CeKpelus
TOKCUHOB [5, 15].

CyliecTBeHHOe yBejqnyeHue noau B. cellulosi-
Iyticus B Mukpoouome OonabHbIXx Tbh mocae XT
MOXET OBITh CBSI3aHO C HAaJM4YMEM B WX T'eHOME
JIETEPMUHAHT YCTOWYMBOCTU. MHOrue mnpencra-
BUTENAU poaa Bacteroides, K KOTOPbIM OTHOCUTCS
B. cellulosilyticus, neMOHCTPUPYIOT caMble BBICO-
KHe ToKa3aTeJIl YCTOMYMBOCTU K aHTUOMOTHUKAM
Ccpeau BCeX aHadPOOHBIX MAaTOTeHOB [25]. DTu 6ak-
Tepuu 00JamaloT MOBBIIIEHHONW YCTOWYMBOCTBIO
KO MHOTMM aHTUOMOTHKaM, BKJIIouas Ie(OKCH-
TWUH, KIWHIAMUIIMH, METPOHUIa30]1, KapbareHe-
Mbl U pTOpxrHOJIOHBI [23]. Hanuuue B uX reHOMe
Pa3JIUYHBIX IETEPMUHAHT YCTOMYMBOCTU W MATO-
TeHHOCTU JaeT KOJOCCaJIbHOE MPEUMYIIECTBO MX
X03s5IeBaM B 3aXBaTe OCBOOOAMBIIEICS 3KOJIOTUYEC-
KOM HUWIIM, HAIIpUMep, BCJICACTBUE IUTEIbHOMN
aHTHOaKTepuaabHOMN TepaITuu.

AHanu3 MeTadboJIMuecKoro npoduiass Kuiued-
HOTro MukKpobuoma 6oabHbIX Th mokasas, 4To U3-
MEHEHUsI B CTPYKType KHWIIEYHOI'o COOOIIecTBa
OOJIBHBIX TYOEPKYJIe30M COITPOBOXKIAIOTCS CUJIb-
HBIMU CABUTAaMHM B META0OJIMUYECKUX ITpoIleccax.
B mepBylo ouepenb, HECMOTpsS Ha yXyAIICHHE
yCJIOBU#I OOMTaHM S, BHI3BAHHOE ITPUEMOM aHTH-
OakTepuaJbHBIX ITPeIapaToB, KUIIeYHas MUKPO-
ouota O0onabHBIX TH neMOHCTpUpPYET YyCUJIEHUE
MeTabOIMUYEeCKMX MPOIIECCOB, HalpaBJICHHBIX
Ha POCT U AeJIeHUe MUKPOOHBIX KJIETOK. OQHUM
M3 BaXXHBIX PECYPCOB JIJIsI pOocTa OAKTEePUId SABJISI-
eTcs XKeJie30. AHAIM3upyst MeTaboInIYecKue MmyTu
KUIIeYHOro Mukpodbuoma 0O6onabHbIX Th mnocie
JIEYEHUST MBI MOXEM KOHCTaTHMpPOBaTh YCHJICHHE
OMOXMMMUUYECKUX MPOLIECCOB CUHTE3a remMa b 6ak-
Tepuii. Keneso, Kak U3BECTHO, SIBISIETCS BaXXHBIM
MMKPO3JIEMEHTOM, YYaCTBYIOIIIMM BO MHOXECTBE
KJIETOYHBIX MDYHKIIMIA: adpOOHOM U aHa’pOOHOM
IBIXaHU U, MIEepEHOCe BJIEKTPOHOB, OTPOMHOM KO-
JuyecTBe OMOXMMUYECKUX MpeBpalleHU u pa-

ootre ¢epmeHToB (uuUTOoXpom P450, karanasa,
nepokcuaasa u ap.) [9]. Ilpoiue rosops, xenae3o
UMeeT pellalllee 3HauyeHue JJs1 penjauKaluu
M BBIKMBaHUWS MOUYTH BCeX OaKTepuil (MCKIIIOUeE-
Hue — Lactobacillus n Borrelia). IloaToMmy oaHOI
M3 CTpaTeTnil BEIXKMUBaHUS Ha (DOHE aHTUONOTH-
KoTepanuu sIBJsieTcss 60pbOa 3a fTaHHBINM MUKPO-
3JIEMEHT, KOTOPBI CTAHOBUTCS TJIABHBIM JIUMMU-
TUPYIOIIUM (HaKTOPOM POCTa U pa3MHOKEHUS.
Jpyrass BaxkHasl cTpaTerusi, HucCHojJb3yemas
YCJIOBHO-MIaTOT€HHOW (Jopoil nasl mojJydyeHus
NperuMyllecTBa B pOCTe, 3aKJ04aeTcs B criocobe
MOJAYyYEeHUST SHEpPruu. AHajlnu3 MeTaboauUYeCcKUX
MNPOLECCOB, MPEACTAaBJIEHHBIX B MUKPOOMOME KaK
o0osbHBIX THh Mo neueHust, Tak U OOJBHBIX ITOCJIE
npoxoxaeHus XT, 1eMOHCTpUPYET yCUJIEHUE TPO-
1LIeCCOB, HampaBJIEeHHbIX Ha MOJy4Ye€HUE DHEPruu
U3 MPOCTHIX yIriaeBoaoB. B HopMe, KakK U3BECTHO,
NpOCThie caxapa B OCHOBHOM BCAaChIBAIOTCS B TOH-
KOM KHIIIeYHMKE YeJIoBeKa, Tor1a Kak MUKPOOUO-
Ta TOJCTOro KUIIeYHMUKa NpodUuJInpoBaHa Ha Ie-
peBapuBaHUuE CJOXHBIX YIJeBOAOB (KjeTuyaTKa
U3 paCTUTEJbHON MUY UJIU CJIOXHbIE MOJUcaxa-
pUIBI, MOJIYYEeHHbBIC U3 OpraHM3Ma XO3suHa [My-
uurH]). bonee mnmpokas nmpeacTaBAeHHOCTD BbILIE-
yKa3aHHBIX META0OIMYSCKUX MyTel MOJyYeHUS
SHEPTUM M3 TMPOCTHIX CaxapoB, MO-BHUINMOMY,
yKasblBaeT Ha 0o0Jiee BbICOKYIO, UeM OOBIYHO, 10-
CTYMHOCTbD I'JTIOKO3bI B TOJICTON KHUIIKE OOJIBHOTO
Tb, uTo crmocoOCTBYET IepeKJIIUeHI0 MeTabo-
JIM3Ma Ha 3TU MeTabojndyeckue nporpaMmal [28].
NcTouHuUK Gosiee BLICOKOM JOCTYIMHOCTU TIHOKO-
3bl B KMIIeYHUKe 00abHbIX Th He sgceH. OaHako
yCUJIEHEe NPOLEeCCOB IMUKOoIM3a U pepMeHTALI MU
JlaKkTaTa MOXET KOCBEHHO CBUAETEJbCTBOBATh
00 u3MeHEeHHUsIX B OaKTepuaJIbHOM CTPYKType
MUKpoOuoMa. B yacTHOCTHU, 3TO MOXET TOBOPUTH
O CHUXXEHMU paHee JOMUHUPYIOLINUX OOUTATEISIX
TOJICTOM KWINKWU, ITPEAMOYNTABIINX PACIICIISATH
nojaucaxapuabl, U 00 yBeJIUYEHUU NOJIU OaKTepuii
(Bifidobacteria, C. spiroforme, E. aldensis), obnanaro-
mux (pepMEeHTHBIMHM CHUCTeMa KaTaboJim3Ma Kak
TMPOCTHIX, TAK U CITOXKHBIX YTJICBOIOB.
IIpoBeneHHOEe MccliefoBaHUE UMEET psii orpa-
HUYeHUuil. Bo-nmepBbiXx, HEOOJIbIIOI 00BbEM BBIOOD-
K1. Bo-BTOpHBIX, B3sITHE (DEKaJINil B KaXXKIO TOUKE
UCCIEAOBAHUS OCYILIECTBISIIOCh OJHOKPATHO, YTO
Tak>Ke MOXKET pacCMaTpuBaTbhCsl KaK OrpaHUYeHUue
HWCCIeIOBaHNUS. B-TpeTbnX, He YUUTHIBAJINUCH IPY-
rue nepeMeHHbIe, KOTOpbIE TaK>Ke MOTYT OKa3aTb
BJIMSTHUE Ha COCTOSTHUE MUKPOOUOTHI KMIIIEUHUKA
(Harmpumep, MpueM ajIkorojs, KypeHue U Ip.).
TakuM o6Gpa3oM, AJUTEJbHBII MHOIOKOMIIO-
HEHTHBIN pexxum JiedueHus1 Th He HapyliaeT 00-
1Iero pazHooOpasus MUKpoOHOMa KHUIIEUHUKA,
OJITHAKO CIIOCOOCTBYET M3MEHEHUSIM B CTPYKTYype
0aKTepuaabHOro cCoo0lIeCcCTBAa U META0OJMUYECKOM
npoduie KUlIeyHOoro Mukpooruoma. I[lpumeHeHe
AHTUOMOTUKOB BbI3bIBAET NUCOUO3, TO €CTh Ha-
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pylIeHHMe HOPMaJIbHOTO cocTaBa U (PYHKIIMU KU-
1eyHoit MUKpodJiopsl. B iepBylo ouepenab 3TO xa-
paKTepus3yeTcs pa3pacTaHUEM YCTOMYMBON K Aeli-
CTBUIO aHTUOAKTepUaJIbHBIX IpernapaToB (I0phI.
AHanu3 MeTadboJM4ecKoro npo@uis MUuKpoobruoma
KulleyHruka 60apHbIX Th 1eMOHCTpUPYET aKTUB-
HBIA POCT U Pa3MHOXEHUE OOJIBIIOr0 KOTMYECTBA
0akTepuii, rae OCHOBHBIM JIUMUTHUPYIOIIUM (hak-
TOPOM BBICTyHaeT xejae30. KpoMe Toro, BaxkHO OT-
METUTH NTpeBaJMPOBaAHUE IIIUKOIM3a U (pepMeHTa-
MU JaKTaTa KaK OCHOBHBIX CITIOCOOOB MOJYYEHU ST

SHEPTUU KUIIEYHOU MHMKpoOuoToi. Takum 00-
pa3oM, pe3yabTaThl Halllero MCCAeNOBaHUS TMOJ-
TBEPXKIAIOT BJIMSHUE TIPOTUBOTYOEPKYJIE3HBIX
npernapaToB Ha MUKPOOUOTY TOJICTOIO KMIIIEYHM-
Ka M yKa3bIBalOT Ha HEOOXOAMMOCTh JaJIbHEeMIIINX
HWCCIeq0BaHU B JaHHOM HallpaBJICHUU.
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Abstract. Purpose of the study: to study the dynamics of developing herd immunity against SARS-CoV-2 in the popula-
tion of the Republic of Kyrgyzstan during COVID-19. Materials and methods. The work was carried out using the meth-
odology for assessing population immunity developed by Rospotrebnadzor (Russia) as well as the Ministry of Health
(Kypgyzstan) and the St. Petersburg Pasteur Institute. The selection of participants was carried out by questionnaire using
a cloud (Internet server) service. To monitor population immunity, a cohort of 2421 subjects was formed, who partici-
pated in all stages of seromonitoring. Volunteers were randomized according to age groups (1—17, 18—29, 30—39, 40—49,
50-59, 60—69, 70+ years), regional and professional factors. Antibodies (Abs) against SARS-CoV-2 nucleocapsid (Nc)
and the receptor binding domain (RBD) of S-glycoprotein were determined by qualitative and quantitative methods.
The study was carried out in 3 stages according to a single scheme: 1st stage — 06/28—07/03/2021, 2nd — 21-25/02/2022
and 3rd — 31/10—04/11/2022. Since 2021, Kyrgyzstan has been vaccinating the population against SARS-CoV-2 mainly
using inactivated whole-virion vaccines. Results. Population immunity against SARS-CoV-2 was predominantly account-
ed for by both Ab types (Nc'RBD*). By the 3rd stage, the percentage of such persons reached 99.2%, Nc"RBD~ volun-
teers — up to 0.8%. At the 1st stage, middle-aged people dominated, but age differences were leveled out by the 2nd
stage. The greatest impact on seroprevalence was found among medical workers, the smallest — among businessmen
and industrial workers. Populational vaccination significantly impacted on the state of herd immunity that reached 25%
by the 3rd stage. The refusals of the population in Kyrgyz Republic from vaccination noted at the 2nd and especially 3rd
stages did not significantly affect level of herd immunity, which could probably be associated with asymptomatic cases
of COVID-19, against which primary vaccination had a booster effect. Conclusion. The dynamics of population humoral
immunity against SARS-CoV-2 included a number of changes in the level of circulating antibodies (Nc, RBD), caused
by both primary infection and vaccination. The herd immunity formed in population of Kyrgyzstan allowed to reduce
the incidence of COVID-19 to almost sporadic level.

Key words: Kyrgyz Republic, population, SARS-CoV-2, COVID-19, seromonitoring, herd immunity, antibodies, nucleocapsid, receptor
binding domain, vaccination, hybrid immunity.
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ITonosa A.10.!, Cmupuos N.C.2, Kaceimos O.T.3, Eroposa C.A.%2, Hypmaros 3.C.3, JIpo3n 1.B.2,
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T'®edepanvnas cayxucba no nadzopy 6 cpepe 3augumot npaé nompebumeneti u baazononryuus yeaosexa, Mockea, Poccus

2OFYH HUH snudemuonoeuu u mukpoouosoeuu umenu Illacmepa, Cankm-Ilemepbype, Poccus

I HIIO «[lpogpunaxmuueckasn meduyuna» Munucmepcmea 30pasooxpanenus u coyuarsHo2o paseumus, buwker, Koipevizckas
Pecnybauxa

* Munucmepcmeo 30pasooxpanenus u couuarvhoo pazeumus, buwkex, Koipevisckas Pecnybauxa

> Hayuonanwublii yenmp ummynonpogurakmuku Munucmepcmea 30pasooxpanenus u coyuanbHoeo paseumus, buukex,
Kwoipevizckasa Pecnybauka

Pestome. Llenb uccnenoBaHus: U3y4ynuTh IUHAMUKY HOPMUPOBAHUS MOMYISIIMOHHOTO UMMyHUTETa K SARS-CoV-2
y HaceneHus Pecnyonviku Keipreisctan Ha pore COVID-19. Mamepuans: u memoos:. Pabota mpoBeaeHa Mo MeTo-
JIMKe OLIEHKM MOMYJISIMOHHOIO UMMYHHUTeTa, pa3pabotaHHoit PocnorpedHanzopom (Poccust) 1 MuHuUCTEpCTBOM
3apaBooxpaHeHus (Kuipreizcran) u Cankt-IlerepOyprckum uHctutytoM um Ilactepa. [Togbop yyacTHUKOB OCy-
LIECTBIISIIICS aHKETHBIM OTMIPOCOM C MCIOJb30BaHUeM objauHoro (MHTepHeT-cepBepa) cepBuca. Jlyisi MOHUTOPUHTA
MOMYISIIMOHHOTO UMMYHHUTeTa chopMUpoBaHa Koropra u3 2421 yeaoBeK, yuacTBOBaBIlIasg BO BCEX dTalax CEpoOMO-
HUTOpHHTA. JI0OOPOBOJIBIIEI OBLIM PAaHIOMU3MPOBAHLI MO BO3pacTHBIM rpymnmam (1—17, 18—29, 30—39, 40—49, 50—59,
60—69, 70+ net), pernoHaJIbHBIM U MpodecCuoHaNbHbIM (pakTopaM. AHTUTENA (Abs) K HykJieokancuay (Nc) u pe-
LIeNITOp-CcBsI3bIBaromemMy foMeHy (RBD) S-rmukonporenHa ompenensiin KauyeCTBEHHBIM U KOJTMYECTBEHHBIM METOIa-
mu, MccaenoBanne mpoBoanIoch B 3 atara rmo eqnHoii cxeme: I aram — 28.06—03.07.2021 r., I1 aram — 21-25.02.2022 1.
u [T aram — 31.10—04.11.2022 r. C 2021 1. B KbIp3bI3cTaHe MpOBOAMIIYN BaKIIMHAIIMIO HaceseHust TpoTuB SARS-CoV-2
MMPENMYIIECTBEHHO MHAKTUBUPOBAHHBIMHY IeIbBHOBUPUOHHBIMU BaKIIMHAMHU. Pe3zyasmamer. TIOMyTSIIIMOHHBINA MM~
MyHuTeT HaceJdeHus K SARS-CoV-CoV-2 mpenMyiecTBeHHO 01T 00ycioBieH obonmu Abs (Nc*'RBD*). K 111 atamy
ot Takux nuil gocturia 99,2%, monst NcRBD~ BonmorTepos no 0,8%. Ha I aTane moMuHUpOBaIuM JINLA CPEIHETO
BO3pacTa, OMHAKO BO3pACcTHBIE pa3inumsi HUBeJupoBanuch Ko II atamy. Haubonbinee BIMsiHME Ha CepONpeBaICHT-
HOCTb BBISIBJIEHO Cpeard MEAULMHCKHUX paOOTHUKOB, HAUMEHbIIee — Cpeau OM3HECMEHOB M MPOMBILIJICHHBIX pa-
0ounx. 3HaYMMOE BJAMSHUE HA COCTOSTHUE MOMYJISIIMOHHOIO KNMMYHUTETa oKa3aja BaKIMHALMS HaCceJeHUsI, OXBAT
kortopoii Kk I1I aTany moctur 25%. OtmeuerHbie Ha 11 u ocobenHo 111 aTame oTka3bl HaceeHUs OT BaKIIMHALIUHU CY-
IIECTBEHHO HE TIOBIMSIM Ha YPOBEHb MOMYISIIMOHHOTO MMMYHMTETA, YTO, BEPOSITHO, MOIJIO OBITH CBSI3aHO C Oec-
cumntToMHbBIME cydassmu COVID-19, Ha ¢oHe KoTopoit ITepBUYHAS BaKIIMHALIMS OKa3biBaia OYCTepHBIM 3D DEKT.
3akarwuerue. [JMHAMKKA ITOMYISIIIMOHHOTO TyMOpanabHOro uMMYHHUTeTa K SARS-CoV-2 BKito4asa B ce0sl psiI M3Me-
HeHHI ypoBHe# nupkynupyiomux antuTel (Nc, RBD), 00ycioBiIeHHBIX KaK ITepBUYHON MH(EKINEH, TaK U BaKIIH-
Hanueit. CpopMHUpOBaHHBIN MOMYISIIMOHHBIN UMMYHUTET HaceleHUs KpIprei3craHa mo3BonI CHU3UTD 3a00J1eBa-
€MOCTb MTPAKTUYECKH J0 CIIOPaJINIECKOTO YPOBHSI.

Karuesnie caosa: Kvipevizckas Pecnybauka, nacenenue, SARS-CoV-2, COVID-19, cepomonumopune, KoareKmMUBHbLI UMMYHUMeE,
anmumena, HyKAeoKancuo, peyenmop-cea3vl8aiouil 00MeH, 6aKUUHAYUS, UOPUOHbLH UMMYHUMEM.

Introduction

Following its first identification in December 2019,
coronavirus disease (COVID-19), caused by a new
and highly-virulent strain of B-coronavirus (SARS-
CoV-2), turned out to be extremely contagious. It spread
almost instantly throughout the world, causing more
than 686 million cases of manifest infection by April
2023, including 6.8 million fatalities. In this context,
the epidemic situation in the Kyrgyz Republic (KR)
looks quite optimistic. As of mid-April 2023, 206 849
cases of COVID-19 were identified in the country,
amounting to 0.03% of the global level [10]. According
to this indicator, the KR occupies 115th place among
189 global countries [9]. As noted in our previous ar-
ticle [26], one factor could be the relatively low popu-
lation density, amounting to 35.2 km? in 2023 [28].
Regarding density, Kyrgyzstan is in 181st place in the

global ranking of countries prepared by the United
Nations [18]. The highest densities were noted in the
Osh and Chui regions (38.7 and 49 km?, respectively);
the lowest was in the Naryn region (5.5 km?) [23].

A second factor affecting COVID-19 incidence
could be the climatic and geographical conditions
of the country. The Republic is landlocked and sur-
rounded on all sides by territories with mountainous
or desert landscapes. Mountainous areas occupy up
to 94% of the territory, and 41% of them belong to the
harsh highlands located above 3000 m [2, 8]. The cli-
mate in these conditions is characterized by a sharply
continental character with significant annual tem-
perature fluctuations and low precipitation. In winter,
the temperature can vary from +2°C in the valleys
(Fergana, Chui valley, Issyk-Kul depression) to —50°C
in the highlands of the Inner Tien Shan. The average
temperature in summer varies from +27°C (Fergana
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Valley) to +4°C in mountainous areas. Annual pre-
cipitation is about 1000 mm in the Fergana Valley
and 180—250 mm in the mountains of the Central and
Inner Tien Shan [8]. The described conditions, com-
bined with low population density, do not contribute
to the active spread of infectious diseases [1].

The third factor could be the tactics used in the
fight against COVID-19 in the KR. Immediately after
the first cases appeared, unprecedented measures were
introduced in the Republic to curb the spread of the vi-
rus. Thus, already on March 22, 2020, checkpoints were
installed throughout the KR, public catering facilities
were temporarily closed, and all public events were pro-
hibited. The wearing of masks and maintaining social
distancing was encouraged [12]. Since the situation did
not improve, on May 25th (2020) a state of emergency
was declared in the three largest cities (Bishkek, Osh,
Jalal-Abad), a curfew was introduced, educational in-
stitutions were closed, and citizens were prohibited from
leaving home unless absolutely necessary (i.e., for pur-
chasing food or medicine). These and other activities,
consistently carried out by the authorities throughout
2020—2021, helped prevent the uncontrolled spread
of SARS-CoV-2 among the population [1, 12].

The result of these measures was a gradual decrease
in morbidity (Fig. 1). COVID-19 incidence peaked
briefly in weeks 29—30 of 2020, followed by a sharp de-
cline over the next three weeks to near sporadic levels.

In the subsequent period, three more incidence
peaks were noted in 2021—-2022. They were short-
term in nature and, starting from week 35 of 2022,

the number of patients with COVID-19 decreased
to a stable, sporadic level.

When analyzing COVID-19 incidence dynamics
in the Kyrgyz population, one cannot help but notice
a clear connection between the number of cases and
the share vaccinated (Fig. 1). Correlation analysis
made it possible to identify a stable inverse relationship
between the compared data with a correlation coeffi-
cient value of —0.68 (p < 0.0001). This indicates a sta-
tistically significant effect of vaccination on the inten-
sity of the epidemic process. The range of preparations
used throughout the epidemic changed due to the avail-
ability of certain anti-coronavirus vaccines in the KR.
Initially, three vaccines were used: Gam-COVID-Vac
(“Sputnik V”, Russia); EpiVacCorona (Russia); and
Sinopharm (PRC) [26]. Subsequently, an entire range
of vaccines supplied to the Republic was used.

In addition, the protective contribution of post-
infectious immunity, formed in response to manifest
COVID-19 or asymptomatic infections, cannot be
underestimated. It is generally accepted that follow-
ing an initial infection, a primary immune response
is formed in the body, yet it most often decreases
relatively quickly. This subsidence can be overcome
by repeated infection with a pathogenic virus, espe-
cially as a result of contact with a convalescent or
even a vaccinated subject with a mutated version
of the virus [5, 14, 33, 37]. One possible way to re-
duce the risk of reinfection is re-vaccination after
previous illness or asymptomatic infection. Booster
administration of vector or mRNA vaccines to indi-
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Figure 1. Dynamics of COVID-19 incidence and vaccination in the Kyrgyz population

Note. Grey line — incidence rates throughout the COVID-19 epidemic among the Kyrgyz population; black line — the share

of people who completed vaccination (%); left vertical axis — the number of patients per 100 000 population; right vertical axis —
share of individuals who fully completed vaccination; horizontal axis — week numbers of the year.
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viduals with a history of infection has been shown
to produce higher levels of total and neutralizing
antibodies compared to fully-vaccinated individuals
who have received two doses of vaccine but have no
prior overt or asymptomatic infection [5]. Such ap-
proaches contribute to the formation of hybrid im-
munity, featuring the most effective protection [6,
11, 24, 31]. Since, as noted above, the vaccination
tactics adopted in the KR led to a decrease in inci-
dence to a sporadic level (Fig. 1), it can be assumed
that the driving mechanism for this result was most
likely hybrid immunity.

The study summarizes a two-year project, the goal
of which was to analyze the formation of collective
immunity against coronavirus, and its associated dy-
namics, among the Kyrgyz population throughout
the COVID-19 epidemic.

Table 1. Distribution of volunteers by age

Age interval, years N %
1-17 123 5.1(4.3-6.1)
18-29 223 9.2 (8.1-10.5)
30-39 371 15.4 (13.4-16.9)
40-49 525 21.8 (20.2-23.5)
50-59 601 24.9 (23.2-26.7)
60-69 426 17.7 (17.4-19.2)
70+ 142 5.8 (4.9-6.8)
Overall 2411 100

Table 2. Distribution of volunteers by place
of residence

City or region N %
Bishkek City 287 11.9(7.5-13.3)
Osh Region 262 10.9(9.6-12.1)
Batken Region 208 8.6 (7.5-9.8)
Jalal-Abad Region 554 23.0(21.3-24.7)
Talas Region 334 13.8 (10.7-15.3)
Issyk-Kul Region 266 11.0(9.8-12.4)
Naryn Region 337 13.8 (10.7-15.2)
Chui Region 163 6.8 (5.8-7.8)
Overall 2411 100

Table 3. Distribution of volunteers by occupation

Occupation N % (95% Cl)
Healthcare 1393 57.8 (55.8-59.7)
Science, education,
the arts 163 6.8 (5.6-7.8)
Business, tr_ansport, 08 41(3.3-4.9)
manufacturing
Civil servants, office
military personnel 198 8.2(7.2-9.4)
Unemployed 132 5.5(4.6-6.5)
Pensioners 244 10.1(8.9-11.4)
Child, pupil, student 105 4.4 (3.6-5.2)
Other 78 3.2(2.6-4.0)
Overall 2411 100

Materials and methods

Formation and characteristics of the volunteer co-
hort. The study was conducted as part of the project
“Assessment of collective immunity to SARS-CoV-2
in the population of the Kyrgyz Republic”, carried
out using a methodology for assessing collective im-
munity developed by Rospotrebnadzor (Russia) and
the St. Petersburg Pasteur Institute (Russia) with
the participation of the Kyrgyz Ministry of Health, tak-
ing into account WHO recommendations. The lon-
gitudinal, randomized cohort study was conducted
in 3 stages in the period 2021—2022: 1st stage (28.06—
03.07.2021); 2nd stage (21.02—25.02.2022); and 3rd
stage (31.10—04.11.2022). Of the 9471 volunteers who
participated in Ist stage, only 2411 took part in all 3
survey stages; only these were used to assess the evolu-
tion of immunity during the pandemic. The metho-
dology for selecting and randomizing volunteers has
been detailed in our previous works [26, 27].

The study adhered to the requirements of the
Declaration of Helsinki. In addition, the studies were
approved by the ethics committees of the “Preventive
Medicine” Scientific and Production Association (cur-
rently the National Institute of Public Health, Kyrgyz
Ministry of Health) (protocol No. 7, ref. No. 01-288,
dated December9, 2020) and the St. Petersburg Pasteur
Institute (protocol No. 64, dated May 26, 2020).

Before the start of the study, all volunteers
were stratified by age (Table 1), place of residence
(Table 2), and occupation (Table 3). The cohort con-
sisted of 479 men and 1905 women (sex ratio 1:4).

The initial professional categories were hetero-
geneous, with large groups (medicine, unemployed)
and small groups (creativity — 6 people, military per-
sonnel — 8 people, etc.). As such, certain subgroups
were combined according to similarity of risk factors.
The combined groups are shown in Table 3.

Laboratory analysis of volunteer samples. At each
stage of the study, venous blood samples were taken
from volunteers for quantitative determination by
ELISA of antibodies (Abs) to the SARS-CoV-2 nu-
cleocapsid antigen (Nc) and the receptor binding
domain (RBD) of the S (spike) protein. The method
for determining Ab levels in peripheral blood plasma,
and the diagnostic systems used, are described in de-
tail in a previous work [26].

Volunteer vaccination. Some volunteers, as well as
the rest of the Kyrgyz population, received specific
vaccine prophylaxis during the survey period. During
the first stage, mainly Gam-COVID-Vac vector vac-
cines (Sputnik V, Sputnik Light, Gamaleya Research
Institute of Epidemiology and Microbiology, Russia)
and the BBIBP-CorV (Sinopharm, PRC) whole-viri-
on inactivated vaccine were used.

During the implementation of the 2nd and 3rd
stages of the study, the entire range of vaccine prepa-
rations available to Kyrgyz medical authorities was
used: vector vaccine ChAdOxl S (AstraZeneca),
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mRNA preparations BNTI162b2 (Pfizer) and
mRNA-1273 (Moderna), as well as the whole-viri-
on inactivated vaccines BBIBP-CorV (Sinopharm,
PRC), CoronaVac (Sinovac, PRC) and QuazVac
(Kazakhstan). Due to the fact that the set of prepara-
tions used in the KR included eight different prod-
ucts, they were combined, when necessary, into four
groups, based on design platform, for data analysis.
These categories were: inactivated (BIBP-Cor-V,
CoronaVac, QuazVac); vector (Gam-COVID-
Vac, Sputnik V, Sputnik Light, ChAdOx1-S);
mRNA (BNTI162b2, mRNA-1273); and peptides
(EpiVacCorona). The given categories are used
during analysis and discussion of the main aspects
of vaccination in this article.

Statistical analysis was carried out using Excel
2010. Confidence intervals (95% CI) were calculat-
ed by the method of Wald and Wolfowitz [35], with
correction as described by Agresti and Coull [4].
The statistical significance of differences in shares
was calculated using the z-test [32]. Unless otherwise
indicated, differences were designated as significant
when p <0.05.

Results

SARS-CoV-2 seroprevalence in volunteers of differ-
ent ages throughout seromonitoring. The main method
for assessing collective immunity in the population

was to determine the distribution among volunteers
of two specific Abs: anti-Nc and anti-RBD. Based
on the results of serological analysis at each stage
of the study, the cohort was divided into two groups.
The “negative serological group” (NSG) included in-
dividuals who did not have circulating Nc or RBD
Abs in their blood. The second group, the “combined
group of all positives” (CGAP), included volunteers
with circulating Abs to Nc, RBD, or both.

In the lIst stage, the share of CGAP individuals
averaged 82.0% (95% CI: 80.4—83.5), while the share
of NSG was 4.5-fold less, or 18.0% (95% CI: 16.5—
19.5). In the 2nd stage, the share of CGAP volunteers
increased to 98.2% (95% CI: 97.6—98.7), and NSG
decreased to 1.8% (95% CI: 1.3—2.4). Finally, by 3rd
stage, the CGAP reached a maximum (99.2%; 95%
CI: 98.8—99.5), while NSG decreased to a minimum
(0.8%; 95% CI: 0.5—1.2). Age-related differences in se-
roprevalence were noted only in Ist stage. The lowest
seroprevalence was observed in the children’s subgroup
(1—17 years), and the maximum was among individuals
in the age subgroup of 50—59 years (Fig. 2). By the 2nd
and especially the 3rd stages, the differences gradually
leveled out to statistically insignificant values.

In addition to cohort distribution according
to CGAP and NSG, we assessed the structural distri-
bution of Nc and RBD Abs in volunteers of different
age groups. For this, quantitative analysis results for the
CGAP group were further refined as subgroups: those
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Figure 2. Shares of seropositive (CGAP) and seronegative (NSG) individuals of different ages throughout

seromonitoring
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with only Nc Abs (Nc"RBD™); those with only RBD
Abs (RBD*Nc"); and those with both Ab subtypes
circulating simultaneously (Nc*RBD™) (Fig. 3A—C).

In the Ist stage of the study, conducted one and
a half years after the start of the pandemic, during
the period of decline in the 2nd moderate incidence
peak (Fig. 1), seropositive volunteers were predomi-
nantly represented by those who had Abs to both
antigens (Nc*RBD™), 51.3% (95% CI: 49.2—53.3)
on average. About a quarter of volunteers had anti-
bodies only to RBD (RBD"Nc¢-), 26.7% (95% CI:
24.9—28.4). The share of volunteers who had only Nc¢
Abs (Nc*RBD~) was 4.2% (95% CI: 3.4—5.0).

When analyzing individual age groups in the
Ist stage, differences in the structure of immuni-
ty were noted. Half of the volunteers over 40 years
old were Nc"RBD"*, and slightly more than 20%
were RBD*Nc™. In contrast, volunteer groups from
1 to 39 years old were represented approximately
equally (about a third of volunteers) by Nc"RBD™
and RBD*Nc~ (Fig. 3A).

By the 2nd stage, carried out in February 2022,
incidence remained at a consistently low level, and
vaccination coverage approached 20% (Fig. 1).
In this context, 88.7% (95% CI: 87.3—89.9) of volun-
teers on average for the cohort had antibodies to two
antigens (Nc"RBD™). The shares of monopositive
individuals decreased: RBD*Nc~ to 7.8% (95% ClI:
6.8—8.9); and Nc*RBD~ to 1.8% (95% CI: 1.3-2.4).
Moreover, age differences practically leveled out.
Only among children (1—17 years old), the relatively
low share of Nc"RBD ™ remained significantly higher
than the group average (p < 0.0001).

By the 3rd stage, the share Nc"RBD™ in the entire
cohort continued to be maximal, averaging 88.1%
(95% CI: 86.7—92.5). The share of Nc"RBD~ individ-
uals decreased to almost zero. The share of RBD*Nc~
subjects increased slightly (compared to 2nd stage)
to 10.6% (95% CI: 9.4—11.9). Differences were not-
ed only among volunteers monopositive for RBD
(RBD*Nc"), the shares of which were greatest among
those 18—29 years old (17.5%; 95% CI: 12.7—23.1) and
30—39 yearsold (15.4%; 95% CI: 11.8—19.4), although
the differences were not significant for any age group.

SARS-CoV-2 seroprevalence in volunteers living
in different Kyrgyz regions throughout seromonitoring.
As noted, the KR is a mountainous country located
in Central Asia. The geography of the KR is char-
acterized by two mountain systems, the Tien Shan
and Pamir, occupying almost 90% of the country.
The population mainly lives in intermountain val-
leys, each of which has its own climatic and geo-
graphic features. These, in principle, could have
an impact on seroprevalence. Based on these fea-
tures, we investigated the presence of Nc and RBD
Abs among volunteers from the main regions of the
Republic. At first, the proportions of seropositive
(CGAP) and seronegative (NSQG) volunteers were de-
termined in each region (Fig. 4).

In Ist stage, the share of NSG volunteers varied
from a maximum in Bishkek (27.6%; 95% CI: 22.7—
33.1) to a minimum in the Talas region (11.4%; 95%
CI: 8.2—15.3) reaching significance (p < 0.0001).
Accordingly, the proportion of CGAP subjects in the
Talas region was significantly higher than in Bishkek
(p <0.0001).

As noted earlier regarding 2nd stage, the share
of NSG individuals in the cohort expectedly de-
creased by an average of 10-fold, to 1.8% (95% CI:
1.3—2.4). Meanwhile, CGAP reached an average
0f 98.2% (95% CI: 97.6—98.7) for the cohort without
any significant differences in volunteer indicators by
region.

By the 3rd stage, the share of NSG decreased
to an average of 0.8% (95% CI: 0.4—1.2), while
the percentage of CGAP volunteers almost reached
the maximum possible value, an average of 99.2%
for the cohort (95% CI: 98.8—99.6). No regional dif-
ferences were noted.

In light of the data, especially for 2nd and 3rd
stages, it was logical to expect a similar seropreva-
lence structure of individuals with peripheral Nc
Abs, RBD Abs, or both (Nc"RBD™) (Fig. 5).

As described earlier, in 1st stage, half of the co-
hort (51.3%; 95% CI: 49.2—53.3) was represented by
Nc*RBD* individuals (Fig. 5A). The share RBD*Nc~
averaged 26.6% (95% CI: 24.9—28.4), and the share
Nc*RBD~ did not reach 5% (4.2%; 95% CI: 3.4—5.0).

By 2nd stage, the share Nc*RBD* increased
to 88.7% (95% CI: 87.3—89.9) due to decreases in mo-
nopositive volunteers: Nc*RBD~to 1.8% (95% CI: 1.3—
2.4);and RBD*Nc~to 7.8% (95% CI: 6.8—8.9). The dif-
ferences were significant at p < 0.0001. Furthermore,
regional differences in seroprevalence were seen in st
stage: significantly lower shares of RBD*Nc~ indi-
viduals in the Chui, Issyk-Kul and Jalal-Abad regions;
and lower Nc*RBD™ status in the Batken region and
Bishkek (Fig. 5A). By 2nd stage, however, these diffe-
rences leveled out to an insignificant level (Fig. 5B).

By the 3rd stage, the share of Nc* RBD* remained
high 88.1% (95% CI: 86.7—92.5), without significant
differences (Fig. 5C). However, regional differences
in share RBD"Nc~ increased, specifically: the shares
seropositive for RBD increased in the Osh and Jalal-
Abad regions; they decreased in the Chui, Issyk-Kul
and Naryn regions; and they remained virtually un-
changed in other regions. In other words, the differ-
ences that existed in the 2nd and 3rd stages of moni-
toring did not significantly affect the state of collec-
tive immunity to SARS-CoV-2, either nationwide or
by administrative region.

Influence of occupational factors on the structure
of SARS-CoV-2 seropositivity. Occupation could po-
tentially impact SARS-CoV-2 Ab distributions. There
is an extensive list of professions that require constant
wide contact with the surrounding population. Such
specialists include healthcare workers, consumer ser-
vices, public catering, social workers, etc. [19, 22].
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Figure 3. Changes in peripheral Nc and RBD Ab levels in volunteers of different ages throughout seromonitoring
Note. Letters above diagrams: A — 1st stage; B — 2nd stage; C — 3rd stage of the study.
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Therefore, the volunteer cohort was stratified by pro-
fession. Where sample sizes allowed, homogeneous
professional groups were formed (unemployed, health-
care, pensioners). Professional groups with a small
number of volunteers were joined into aggregate groups
(science + education + the arts, others).

As follows from Fig. 6, the proportion CGAP was
highest among healthcare workers in 1st stage (p <
0.001). In all other professional groups, the differen-
cesin Ist stagedid not reach the threshold of statistical
significance. By 2nd stage, all professional differences
were practically leveled out, and the share of CGAP
volunteers increased to a maximal level, amounting
to an average of 98.2% for the cohort (95% CI: 96.7—
98.7). By 3rd stage, it was 99.2% (95% CI: 98.9—99.6).

Based on seroprevalence distribution findings
in coarse groups (NSG, CGAP), similar patterns
would be expected forindividual SARS-CoV-2 Ab sub-
types. As noted, the CGAP group includes three sub-
groups of individuals seropositive for one (Nc*RBD-,
RBD*Nc~) or both (Nc*RBD™) Ab types. Their ratios
determine the structure of humoral immunity to path-
ogenic coronavirus [41]. Analysis of Ab distributions
among those in different professions largely confirmed
the previously identified trends (Fig. 7).

The share of Nc"RBD* individuals in all profes-
sional groups, as well as the share CGAP, in Ist stage
was the smallest among the three stages, ranging
from 31.7% (95% CI: 23.0—41.6) in children to 57.4%

95% CI. 54.8—60.3) among healthcare workers
(Fig. 7A). The share RBD*Nc~ in different profes-
sional groups ranged from 23.5% (95% CI: 15.5-33.1)
to 33.6% (95% CI: 24.7—43.6). In the 2nd and 3rd
stages, the same trend was observed in all professional
groups: the share Nc*RBD™ increased significantly
(exceeding 80%), while the shares of RBD™Nc¢~ and
Nc*RBD~ decreased to an average of 10.6% (95% CI:
9.4—11.9) and 0.6% (95% CI: 0.3—1.0) (Fig. 7B, C).
It can be assumed that this evolution of seropositiv-
ity is probably associated with features of vaccination
implemented in the KR during this period.
Quantification of the distribution of major antibodies
against SARS-CoV-2 among volunteers during the moni-
toring process. In addition to determining overall sero-
prevalence in the population, to assess collective im-
munity to the pathogenic coronavirus, it is necessary
to have an idea of Ab titers in volunteers throughout
seromonitoring. To obtain this information, we used
the corresponding quantitative ELISA test systems
described in previous work [26]. Blood samples were
analyzed quantitatively from all volunteers participat-
ing in the study. They were stratified only by age which,
in our opinion, made it possible to reduce the influence
of regional or professional factors on the results ob-
tained. Since the serological study used two kits intend-
ed for the quantitative determination of Abs only to Nc¢
or RBD, the results were analyzed separately for each
antigen. The results obtained are expressed in BAU/ml.
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Figure 4. Seropositive (CGAP) and seronegative (NSG) volunteers by Kyrgyz region throughout seromonitoring

Note. C — city; R — region.
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Quantitative Nc Ab levels during seromonitoring
in volunteers of different age groups. The results of quan-
titative Nc Ab determination are shown in Fig. 8.

In the 1st stage, the majority of volunteers did not
have detectable Nc Abs, meaning that when tested, lev-
els were below a minimum (< 17 BAU/ml). Negative
results were most often detected in children aged
1—17 years and young people aged 18—29 years, and
to a lesser extent among persons aged 30—39 years
(Fig. 8A). There were no significant differences between
the average shares of seronegative individuals within
these three age groups. Among volunteers in whom
Nc Abs were detected, concentrations were more often
moderate, ranging from 32 to 124 BAU/ml (from 15.3
to 34.6% of volunteers). The largest share of such indi-
viduals was identified in the age group of 50—59 years
(34.6%; 95% CI: 30.7—38.5). The differences compared
with other age groups, except for the groups 1—17 and
40—49 years old, were significant at p < 0.05. The share
of individuals with N¢ Abs in concentrations less than
or greater than the range of 32—124 BAU/ml were sig-
nificantly lower in all age groups.

By the 2nd stage, Nc Ab levels changed noticeably,
primarily due to a decrease in the share of seronega-
tive individuals by 4.6-fold, p < 0.0001 (Fig. 8B). This
process was most active in the middle and older age
groups from 40 to 69 years. At the same time, there
was a 10-fold increase in the share of volunteers with

100

maximum Nc¢ Ab content exceeding 667 BAU/ml (p <
0.0001). The share of individuals with very low Nc Ab
content (17—31 BAU/ml) decreased by 2.9-fold (p <
0.0001). In contrast, the shares of individuals with av-
erage (125—332 BAU/ml), high (333—666 BAU/ml),
and very high (> 666 BAU/ml) Ab levels increased by
2.0-fold, 5.4-fold and 10-fold, respectively. All differ-
ences were significant at p < 0.001. Thus, by the 2nd
stage there was an increase in the share of seropositive
individuals with medium and high Ab levels.

By the 3rd stage, the share of seronegative volun-
teers did not change significantly compared to the
2nd, but there was a two-fold increase in the share
of individuals with a moderate Ab level in the range
32—124 BAU/ml (Fig. 8C) with significance at p <
0.0001. The share of individuals with Ab levels with-
in 125—332 BAU/ml increased by only 1.4-fold, yet
it was significant (p < 0.001). In this context, decreas-
es in the share of individuals with high Ab levels were
unexpected: 333—666 BAU/ml by 1.9-fold; and in the
group with titers > 667 BAU/ml, by even 4.6-fold (p <
0.001). In other words, among seropositive volunteers,
individuals with low and moderate Nc Ab levels pre-
dominated in 3rd stage. Unfortunately, we were una-
ble to find a convincing explanation for this phenom-
enon. We can only assume that this is due to specifics
of the organized vaccination campaign, which we dis-
cuss further in the corresponding section.

T BT T
90 - TT g
B3 ‘
80 —
un
70 4 |-
X
8 60
c
o
S 50
o
(o
S 40 A
[}
[9p]
30
20
10
0 . T Tlapcm
CGAP NSG CGAP | NSG CGAP | NSG
1st stage 2nd stage 3rd stage
O] Medicine 86.9 13.1 99.3 0.7 99.6 0.4
Science, education, the arts 77 23 96.3 3.7 100 0
|:| Business, production, transport 70.4 29.6 92.8 7.2 98 2
. Civil servants, military, office 79.2 20.8 99 1 99 1
] Unemployed 69.5 30.5 94.7 5.3 99.2 0.8
[] Pensioners 79 21 97.5 25 99.2 0.8
B3 children, pupils, students 71.2 28.8 98.1 1.9 99.1 0.9
 Others 7341 26.9 96.2 3.8 94.9 5.1

Figure 6. Shares of seronegative (NSG) and seropositive (CGAP) volunteers in different professional

groups throughout seromonitoring
Note. Vertical black lines are 95% confidence intervals.
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Figure 7. Humoral immunity dynamics (Nc, RBD Abs) among volunteers by professional group

Notes. Vertical black lines are 95% confidence intervals. Letters above the diagrams: A — 1st stage, B — 2nd stage,
C — 3rd stage of the study.
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Figure 8. Distribution of Nc Ab levels in the volunteer cohort by age group
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Quantitative RBD Ab levels in volunteers of differ-
ent age groups throughout seromonitoring. Along with
Nc Abs, the leading component of the immune re-
sponse to SARS-CoV-2 is RBD Abs, which ensure
the mechanical stability of homotrimeric spines [7,
22, 39]. This aspect drives the constant attention
to the assessment of RBD Abs, which largely deter-
mine the protectiveness and intensity of the immune
response to COVID-19 vaccination [7, 13].

In the Ist stage of serological examination,
the largest number of volunteers were either nega-
tive (< 22 BAU/ml) or had low RBD Ab levels in the
range 22.6—220 BAU/ml (Fig. 9A), with a slight pre-
dominance in the group “1—17 years” of individuals
with low RBD Ab levels (22.6—220 BAU/ml), while
in other groups seronegative status predominated
(p > 0.0001).

By the 2nd stage, the volunteer cohort distribution
changed noticeably (Fig. 9B) primarily due to a sharp
decrease in the share of seronegative volunteers in all
age groups by an average of 16.7-fold for the cohort.
In addition, in all groups of seropositive subjects,
there was a significant increase in RBD Ab levels
(p <0.0001). The share of individuals with the high-
est Ab levels (> 450 BAU/ml) exceeded 70% in older
age groups (Fig. 9B). In age groups up to 39 years,
the proportions of individuals with average 221—
450 BAU/ml (about 30%) and high > 450 BAU/ml
(40—50%) levels were also significantly different.

In 3rd stage, the share of individuals with
the maximum Ab level (> 450 BAU/ml) decreased by
9.6% (p < 0.001). In the remaining groups, changes
in seropositivity were insignificant compared to 2nd
stage(Fig. 9C).

Thus, quantitative RBD Ab dynamics through-
out the analysis were characterized by several gradu-
al trends. The Ist stage featured a predominance
of RBD seronegative status which began to signifi-
cantly decline (fewer and fewer seronegative indi-
viduals) in subsequent stages. Meanwhile, the pro-
portion of seropositive individuals with both medium
and high Ab levels, on the contrary, increased sig-
nificantly. It can be assumed that a significant reason
for this increase could be vaccination of the popula-
tion against SARS-CoV-2 deployed by the Kyrgyz au-
thorities, which will be discussed in the next section.

Vaccination of the population
and volunteer cohort against SARS-CoV-2

The KR paid the utmost attention to the SARS-
CoV-2 vaccination program. During the 2021-2023
period, a total of 6 889 780 vaccine doses were ad-
ministered in the Republic. The result of this pro-
cess was the achievement of vaccination coverage
of almost 25% of the population by March 31, 2023.
Preparations for immunization came from different
sources, hence their distribution turned out to be
very heterogeneous. The largest share fell on three

inactivated vaccines types (74%). The share of vec-
tor vaccines was 12.6%, and mRNA designs repre-
sented 13.0%. Most vaccines (85.9%) were supplied
to the KR from various sources in 2021, while 13.5%
of preparations were imported in 2022. Only 0.3%
of vaccine materials, in the form of 20,160 doses
of BNT162b2, was delivered in March 2023. This
vaccine supply schedule determined the structure
of vaccine-based prevention for the Kyrgyz popula-
tion during the seromonitoring period (Fig. 10).

The graph omits minor shares of QuazVac and
SinoVac vaccines (< 1%). Gam-COVID-Vac prepa-
rations (Sputnik V, Sputnik Light) are combined
into one group. Of the entire set of preparations,
the inactivated whole-virion Sinopharm BIBP vac-
cine was most often used, likely due to its dominant
supply volume (71.8%). This assortment of vaccines
had an impact on vaccine administration to partici-
pants in the surveyed cohort, in which the proportion
of those vaccinated with inactivated whole-virion
preparations was expectedly the largest in all age
groups in all survey stages (Fig. 11).

The distribution by age of those immunized
turned out to share key features throughout all study
stages: maximum vaccination coverage was noted
among the middle-aged (39—69 yrs); and the mini-
mum was seen among children (1—17 yrs). It should
be emphasized that in the 1st stage, volunteers were
vaccinated more actively, especially among the ages
40—59 years, when vaccination coverage reached sig-
nificant differences (p < 0.0001). Among children,
only 5.8% (95% CI: 2.4—11.6) received vaccination,
which is 7.4-fold less than among adults (Fig. 11A).

By 2nd stage, the share vaccinated in the groups
18—29 and 30—39 years old increased, yet it decreased
in the groups 40—49 and 50—59 years old; all differ-
ences were insignificant (Fig. 11B). In general, the pro-
portion of people who received inactivated vaccines in-
creased slightly (by 2.1%). The bell-shaped distribution
characteristic of the 1st stage became flatter by the 2nd
stage. A significant increase in the share of individu-
als who received vector vaccines (mainly AZD1222)
was recorded, the total proportion of which increased
from 4.6% (95% CI: 3.8—5.5) in Ist stageto 10.0% (95%
CI: 8.8—11.2), p < 0.0001. In immunization practice,
mRNA types were also noted, the share of which was
a modest 4.6% (95% CI: 3.8—5.5).

By the 3rd stage, the majority of volunteers received
inactivated vaccines (24.8%; 95% CI. 23.1-26.5).
The significance of vaccine type differences (compar-
ison by stage) was: 3rd stage vs 1st stage at p < 0.0001;
and 3rd stages vs 2nd stage at p < 0.00001 (Fig. 11C).
Thus, the trend towards preferential use of inactivated
vaccines continued throughout the study.

We assessed the effect of vaccination on the level
and structure of volunteer humoral immunity (Fig. 12).
Pronounced differences in the structure of humoral
immunity were found only in the Ist stage of sero-
monitoring. In vaccinated volunteers, the individual
seropositivity types were higher than in unvaccinated
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volunteers: CGAP was 91.8% (95% CI: 89.9—93.4)
compared to 75.0% (95% CI: 72.8—77.3) in the unvac-
cinated; RBD" was 89.3% (95% CI: 87.2—91.2) versus
69.4% (95% CI: 67.0—71.8); Nc™ was 62.9% (95% ClI:
59.7—65.9) compared to 50.4% (95% Cl: 47.8—53.0); and
double-positive status (Nc*RBD™) was 60.4% (95% CI:
57.2—63.5) compared to 44.8% (95% Cl: 42.2—47.4).

In 2nd and 3rd stages, when vaccination cover-
age increased and the number of volunteers who had
manifest COVID-19 or an asymptomatic form in-
creased significantly, statistically significant differ-
ences between volunteers depending on vaccination
status were no longer detected.

Discussion

Intermsof COVID-19incidence, the KR isamong
countries with low severity of the infectious process.
The total number of reported cases by mid-2023 was
206 897, which translates to a population rate of 2807
per 100 000 people. According to this indicator,
the KR occupies 115th place in terms of the number
of infected people globally. However, the mortality
rate was 1.45% (2.8-fold higher than the global aver-
age). It is worth noting that the COVID-19 mortality
rate in the KR turned out to be higher than in neigh-
boring countries such as China (1.05%), Kazakhstan
(0.98%), Tajikistan (0.70%) and Uzbekistan (0.65%),
but noticeably lower than in Afghanistan (3.55%) [10].

The infectious process in the KR developed with-
out extreme “waves”. The first patients were identi-
fied in the 12th week of 2020. Only from the 26th week
(2020) was there an increase in incidence that lasted
for 7 weeks, with a sharp peak occurring in the 29th
week and amounting to 216.6 per 100 000 population.
Subsequently, there was a sharp decrease in incidence
to an almost sporadic level over the next 2—3 weeks
(Fig. 1). The next peak was noted a year later, and
it was already 1.4-fold lower than the initial one.
Subsequently, there was a gradual decrease in the in-
tensity of COVID-19 incidence. Starting from the 36th
week (2022), incidence reached a sporadic level (Fig. 1).
Such a “mild” epidemic course in Kyrgyz regions can
be explained variously: on the one hand, by the begin-
ning of vaccination; and on the other hand, by the ad-
ministrative measures of the Kyrgyz government men-
tioned in the introduction, the totality of which made
it possible to quickly localize the epidemic process.

A significant factor in assessment and analysis of the
epidemic process was the KR’s participation in the inter-
national project to study COVID-19 collective immunity
launched on June 21, 2021 (15 months after the outbreak
of the epidemic among the Kyrgyz population). By that
time, the total number of confirmed human infections was
119 873 [10]. Obviously, in addition to the symptomatic
cases registered, one should take into account the difficult-
to-estimate number of people who have had asymptomatic
infections [15, 30]. According to our data, seroprevalence
at the start of the study had reached 77.1% [26].

To determine seroprevalence levels in different
Kyrgyz age groups, we assessed the number of volun-
teers whose blood plasma contained Nc and/or RBD
Abs. This group was designated as the combined
group of all positives (CGAP), and naive individuals
(in whose blood Abs were not detected) were assigned
to the NSG group (Fig. 2). The results obtained gen-
erally confirmed the hypothesis about the significant
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Figure 10. Usage structure of vaccines used
to immunize the Kyrgyz population against
coronavirus throughout seromonitoring
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contribution of asymptomatic forms to total seroprev-
alence. The total share of CGAP volunteers by the Ist
stage was 82% (95% CI: 80.4—83.5). As mentioned,
the prevalence accumulated by the 1st stage amount-
ed to 119,873 people (1.63% of the total Kyrgyz
population), wherein the estimated share of asymp-
tomatic individuals will be about 80.4%, which fully
fits the lower limit of the CGAP confidence interval.
The share of seronegative individuals by this time was
18% (95% CI: 16.5—19.5). Differences between groups
were significant at p < 0.00001.

Antibody distributions in different age groups
showed a significant predominance of volunteers who
had Abs to both antigens or only RBD (Nc*RBD™,
RBD*Nc~) in all groups at p < 0.0001. The share
of those seropositive for RBD was greatest among
younger volunteers (1—17, 30—39 years). In older groups
(40—70+ years), it was significantly lower for the groups
50—59 and 60—69 years (p < 0.05) (Fig. 3A). The op-
posite trend was observed among Nc*RBD™ volunteers
(Fig. 3B, C). Among older volunteers, there was a sig-
nificant increase in the share of double-positive volun-
teers compared to younger groups (p < 0.001). By 2nd
and 3rd stages, these differences were smoothed out
due to a further decrease in the share of RBD*Nc¢~ and
an opposite increase in the share of Nc*RBD™ individ-
uals (p < 0.00001). Obviously, such a change in trend
could be associated primarily with vaccinations carried
out mainly with inactivated, and to a lesser extent vec-
tor vaccines (Fig. 11A—C). To some extent, this trend
can be explained by the wider antigenic composition
of inactivated vaccines compared to vector and mRNA
designs [36].

When assessing the structure of seropositivity de-
pending onregional and professional factors, the same
general trends were revealed as in the age group anal-
ysis (Fig. 4, 6). In the 1st stage, the share of CGAP
was lower than in subsequent stages. In the 1st stage,
there was still some heterogeneity in the distribution
across regions and professional groups. However, by
the 2nd and 3rd stages, it had smoothed out, wherein
an increase in the share CGAP was naturally ac-
companied by a significant decrease in NSG (p <
0.00001). The structure of immunity underwent sim-
ilar changes. The increase in the shares of Nc" RBD*
volunteers was accompanied by a natural decrease
in the corresponding shares of RBD*Nc~ (Fig. SA—
C, 7A—C). In all these cases, the main reason for the
increase in seroprevalence in 2nd and 3rd stages was
the active vaccination of the population, including
the cohort of volunteers (Fig. 1), as well as the likely
involvement of the majority of the population in the
infectious process via asymptomatic forms.

Indirect confirmation of the legitimacy of such
amechanism can also be provided by quantitative anal-
ysis of plasma Nc and RBD Ab content (Fig. 8A—C,
9A—C). In the 1st stage, Nc Abs (if determined) were
less than 17 BAU/ml (lower sensitivity threshold
of the method) in half of the volunteers (Me = 50.4;

Q25:Q75 = 38.6—58.6). By the 2nd stage, Nc Ab levels
in all age groups increased to 13—124 BAU/ml. In old-
er groups (40—49 to 70+), they reached the maximum
level (> 667 BAU/ml), although in general their total
share did not exceed 32.6% (95% CI: 30.8—34.6).

By 3rd stage, simultaneously with the increase
in CGAP, there was an increase in the share of those
with moderate Nc Ab levels in the range 32—124 BAU/
ml to 37.6% (95% CI: 35.7—39.5), alongside a statisti-
cally significant decrease in the share of those with high
Nc Ablevels (> 667 BAU/ml) to 7.1% (95% CI: 6.1-8.2).
This process seems unusual, and we were unable to find
a rational explanation for it. Regarding RBD Abs, their
dynamics fit well into the characteristics of collective
immunity development described above. In the Ist
stage, RBD negative individuals (< 22 BAU/ml) domi-
nated. As collective immunity formed, RBD Ab titers
naturally increased. This reached a maximum by 3rd
stage, wherein 64.9% (95% CI: 63.0—66.8) of volunteers
had high levels (> 450 BAU/ml), which is quite consist-
ent with vaccination dynamics (Fig. 1, 2).

The obtained results of assessing volunteer plasma
Nc and RBD Ab levels reflect the real state of col-
lective immunity formed both naturally (via manifest
and/or asymptomatic infection) and artificially (via
vaccination) ways [21]. Regarding Nc Ab content,
this largely reflects previous infection [3]. Insofar as
the share of symptomatic COVID-19 cases did not
exceed a sporadic level during the seromonitoring pe-
riod, this situation inevitably manifested itself as low
plasma Nc Ab levels in examined individuals [38].

The results of SARS-CoV-2 seroprevalence
analysis clearly indicate that collective immunity
is a cumulative response to the combined interac-
tion of two main factors: the natural reaction of the
immune system to the introduction of a pathogenic
agent into the body on the one hand; and the response
to the use of specific vaccines against SARS-CoV-2
on the other. The result of this process was the for-
mation of immune resistance, which consists of the
harmonious interaction of the cellular and humoral
components of the immune response [25, 29]. Since
a detailed consideration of cellular factors of the im-
mune response was not the scope of this study, we
focused only on the humoral component: circulat-
ing Abs. The most important step in the fight against
the COVID-19 pandemic is vaccine-based preven-
tion, whose origins date to the time of E. Jenner, fol-
lowed by the basic principles laid down in the XIX
century by L. Pasteur.

The unprecedented, rapid development of vaccines
on major technology platforms since the start of the
COVID-19 pandemic is a clear example of the results
of cooperation among the world’s technologically ad-
vanced countries. Currently, at least four main types
have been created: inactivated whole-virion vaccines,
vector vaccines, mRNA vaccines, and peptide vac-
cines [17]. In addition, development of other prepara-
tions, including live attenuated vaccines, continues [19].
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As the Kyrgyz Republic does not have its own tech-
nologies or capacity to produce immunomodulatory
drugs against SARS-CoV-2, vaccines obtained at dif-
ferent times and from different sources (purchases, hu-
manitarian aid, etc.) were used. At various times, eight
different vaccines were used from different platforms:
inactivated whole-virion vaccines, vector vaccines,
mRNA vaccines, and peptide vaccines (Fig. 10). In the
KR, preference was given to inactivated whole-virion
vaccines, the leader among which was Sinopharm-
BIBP (VeroCell). Its share, both in the KR overall and
in the surveyed cohort, was maximal throughout all
seromonitoring stages (Fig. 10, 11).

It was interesting to evaluate the attitude of volun-
teers towards vaccination, as reflected by the exam-
ple of 920 individuals vaccinated in the Ist stage. By
the 2nd stage, 41.4% of volunteers refused re-vaccina-
tion, and by the 3rd stage their share increased to 61%.
It can be assumed that the reason behind this was
the belief that there was no need for this procedure
against the backdrop of a decrease in COVID-19 inci-
dence to a sporadic level (Fig. 1). To be fair, it is worth
noting that the significant proportion of “refusers”
did not affect the state of collective immunity in the
cohort. CGAP status exceeded 99% by 3rd stage, with
88% being doubly seropositive (Nc*RBD™).

In this regard, it is logical to assume that vaccina-
tion of the population was carried out in the context
of significant incidence, with a tendency not so much
towards manifest COVID-19, but rather asympto-
matic infection [30]. In such cases, even the pri-
mary single immunization of a person who already
has some natural immunity after infection inevita-
bly causes the most durable and long-lasting hybrid
immunity [11, 31]. This thesis can be confirmed by
the absence of a noticeable influence of “refusers”
on the level of CGAP in the population (Fig. 2).
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FEATURES OF ESCHERICHIA COLI SAMPLES
FROM PATIENTS WITH DIARRHEAL SYNDROME
IN THE REPUBLIC OF GUINEA
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@ St. Petersburg Pasteur Institute, St. Petersburg, Russian Federation
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¢ Research Institute of Applied Biology of Guinea, Kindia, Republic of Guinea

Abstract. Introduction. Diarrheal diseases are a global public health issue and cause 15% of deaths in children under 5 years
old, of which about 80% occur in the regions of Africa and Southeast Asia. According to the Global Enteric Multicentre
Study (GEMS) conducted in a number of African countries, one of the leading pathogens of high risk of death in infants
and young children is diarrheagenic E. coli (DEC). In recent decades, antimicrobial resistance (AMR) has become
globally ubiquitous. The Republic of Guinea urgently needs large-scale studies devoted to assessing DEC distribution
and antibiotic resistance. The purpose of the study is to assess the pattern of E. coli infections and to test the susceptibility
to antibiotics in strains of diarrheagenic E. coli sampled from individuals residing in the Republic of Guinea. Materials
and methods. From 2019 to 2022, we studied 724 samples of faeces of patients with acute diarrhea, among them 72
(9.9%) children aged 1-5 years, 128 (17.7%) children aged 6—17 years, and 524 (72.4%) people aged 18 years and older;
a method of polymerase chain reaction (PCR) was applied with the use of the AmpliSense® Escherichioses-FL reagent
kit to identify the genetic determinants of DEC: EPEC, EHEC, ETEC, EIEC, and EAgEC (Central Research Institute
of Epidemiology of Rospotrebnadzor, Russia). Susceptibility to 15 antimicrobial agents was found by the disc-diffusion
method using Mueller—Hinton agar (Russia) and Oxoid discs (UK). Results were interpreted according EUCAST criteria,
versions 20192022 (https://www.eucast.org/ast_of bacteria/previous_versions_of documents). Results. For the period
from 2019 to 2022, the percentage of E. coli infections in the etiological pattern of acute intestinal infections amounted
to 51.7%. In the age-related manner, DEC was significantly more common in young children aged 0—5 (96.9%, p < 0.05)
as compared to school age children aged 6—17 (53.9%) and adults (45.6%). In all years of observation, EAgEC strains
prevailed, accounting for 38.4%. Other DEC pathotypes, EPEC, ETEC, EIEC and STEC, accounted for 27.2%, 17.5%,
11.8%, and 5.1%, respectively. DEC strains are susceptible to meropenem, amikacin, and nitrofurantoin. The activity
of other antibiotics ranged from 11.3% for ampicillin, 28.3% for trimethoprim-sulfamethoxazole, and 34.0% for tetracycline
to 73.6% for cephalosporins, 84.0% for aminoglycosides, and 98.1% for fluorinated quinolones. Conclusion. To reduce
the burden of diarrheal diseases in the Republic of Guinea, it may be necessary to conduct targeted epidemiological and
microbiological studies to identify DEC and monitor the development of antimicrobial resistance of E. coli infection
pathogens in the population.

Key words: diarrhea, diarrheagenic E. coli, pathogenicity, genetic determinants, susceptibility to antibiotics.
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XAPAKTEPUCTUKA ESCHERICHIA COLI, BbIAENEHHbLIX OT MALMEHTOB C AUAPEUHBIM
CUHOPOMOM B rBUHEMACKOW PECNYBJIUKE

Makaposa M.A.!2, Baans P.3, Byapo M.3, Marseesa 3.H.!, KadToipesa JI.A.!2

T®BYH HUU snudemuosoeuu u muxpoouonroeuu umenu Ilacmepa, Cankm-Ilemep6ype, Poccus

2@DBTI'BOY BO Cesepo-3anainutii 20cyoapcmeernbiil yHugepcumem umenu U.H. Meunuxosa, Cankm-Ilemepbype, Poccus
3 Huemumym npukaaduoii 6uonoeuu, o. Kunous, Teuneiickas Pecnyoauka

Pesiome. Bsedenue. [Inapeiinble 3a00eBaHUsT — r1o0anbHas TpodjiemMa 00IeCTBEHHOTO 31paBOOXpaHEHUS U TIPUYH-
Ha 15% neTajabHBIX UCXOMOB Y AeTEM B BO3pacTe [0 MSTH JIET, U3 KOTOPbIX 0K0JI0 80% MpUXOAATCS HAa PETMOHBI CTpaH
Adpuku u FOro-BocTounoit Asun. [1o pesyabratam ['modansHoro MHoromeHTpoBoro uccienoBanus (GEMES), mpose-
JIEHHOTO B psife cTpaH AQPHUKH, YCTAHOBJICHO, YTO OMHUM M3 BEIYIINX ITATOT¢HOB BBICOKOTO PHCKA CMEPTH ITAIIUCHTOB
B BO3pacTe JI0 IISITH JIET IBIIoTCS quapeereHHble E. coli (DEC). B mocnenHue necaTuieTHs pe3uCTeHTHOCTh MUKPO-
OpraHu3MOB K aHTUOMOTHKAM MpHroOpesia rodaabHbli XapakTep. B I'BuHelickoii PecriyOnnke cylecTByeT ocTpasi He-
00XOIMMOCTB B TIPOBEACHUH IMMPOKOMACIITAOHBIX HCCIeIOBaHMI TT0 M3ydeHuIo pactipoctpaHeHust DEC u ux pesuc-
TEHTHOCTHU K aHTUOMoTHKaM. Lleb ccemoBaHus: OLEHUTh CTPYKTYPY SIIEPUXU030B U M3YUUTh YYBCTBUTEIHHOCTD
K aHTUOMOTUKAM IITAMMOB IMapeereHHbIX E. coli, 6oideieHHBIX OT xXuTenei ['Buneiickoit Pecniyoauku. Mamepuaas
u memoods.. MetogoM noaumMepasHoit nenHoii peakuuu (ITLP) ¢ HabopoM peareHToB «AMIIMCeHC® DIIepUXUO3bI-
FL» ns sBersiBnenus reHetnyeckux nerepmuHantT DEC: EPEC, EHEC, ETEC, EIEC, EAgEC (PBYH LlenTpanbHbrit
HUWMW snuaemuonoruu PocrorpedHanzopa, Poccus) B nmepuon 2019—2022 rr. uccienoBaiu 724 mpoObl UCIpakHe-
Huii nanueHToB ¢ OKM, u3 Hux nereit B Bo3pacte 1-5 et — 72 (9,9%); 6—17 net — 128 (17,7%); 18 net u crapiue —
524 (72,4%). YyBCTBUTEIBHOCTD K 15 aHTUMUKPOOHBIM IIpenapaTaM OMpeneisiin AUCKO-I11u(hdOY3MOHHBIM METOIOM
Ha arape Mromnepa—XuHToH (Poccust) ¢ muckamu Oxoid (BenukoOpurtanus), cormacHo pekomeHmanusm EUCAST
(2019—-2022 r1.). Pezyasmamet. 3a iepuon 2019—2022 rT. B aTHONOrMYecKoit cTpyKType OKI mosst srrpuxmo30B cocTaB-
nsna 51,7%. B Bo3pacTHoit cTpykType 3HaunMo vaiie DEC Betpevanuch y neteit panHero Bodpacta 0—5 et (96,9%,
p < 0,05) o cpaBHEHUIO ¢ TPYIIION AeTel IKOIbHOro Bo3pacta 6—17 net (53,9%) u B3pocabiMu (45,6%). Bo Bce romsl
HaOJoneHUsI peobnananu mraMMbl martorpymnisl EAgEC, Ha 100 KoTopbix mpuxoauiock 38,4%. Ha nomio apyrux
natorpynn — EPEC, ETEC, EIEC u STEC — npuxonuiock 27,2, 17,5, 11,8 u 5,1% coorBercTBerHo. IlItammer DEC
COXPAaHSIM 9YBCTBUTEIBHOCTh K MEPOITEHEMY, aMUKAIIMHY W HUTPO(DYPAHTOMHY. AKTUBHOCTb IPYTHX aHTHOUOTH-
KOB BapbrpoBajachk ot 11,3% K aMmuuuuIuny, 28,3% — TpuMeToNpuM-cyibhameTokcazony, 34% — TeTpalluKJInHY,
110 73,6% — uedanocnopunam, 84,0% — amuHoraukosugaM u 98,1% — bropxuHoioHaM. 3akarouenue. J11s1 CHUKEHUS
OpeMeHU JuapeiiHbIX 3a00JieBaHU# Ha TeppuTopuu [ BuHelickoit Pecmyoimku HeoOXoaMMO MpoBeAeHUE 1ieIeHapaB-
JIEHHBIX MU AEMHUOJOTUYSCKMX U MUKPOOMOJOTNUECKMX HCCaeq0BaHMii 1o BeisiBIeHUI0 DEC n MOHUTOpMHTA pa3BU-
THS PE3UCTEHTHOCTH B TIOIYJISILIMY BO30YIUTENEH SIICPUXUO30B.

Karouesoie caosa: duapes, ouapeezennwvie E. coli, namozennocmy, eenemuueckue demepmMuHaHmol, 4y8CmeumesbHoCms
K aHMuoOuomuKam.

Overview

Diarrheal diseases are a global public health issue
and cause of high morbidity and mortality in many
countries, as well as one of the frequent reasons why
patients of all ages seek medical care [5, 6]. Every
year, about 1.6 million people die from diarrhea
globally, mainly in developing countries and eco-
nomically poor regions [1, 11]. Diarrheal diseases
cause 15% of deaths in infants and young children,
of which about 80% occur in the regions of Africa
and Southeast Asia [16, 21, 23, 29]. Even though
global mortality from diarrhea has decreased signifi-
cantly over the past 25 years, the incidence of acute
diarrhea in Africa remains high [10, 13]. Experts esti-
mate that, by 2030, 4.4 million children younger than
5 years will die every year from infectious diseases,
and 60% of cases will be recorded in Africa [19, 22].

According to the Population Division under
the UN Department of Economic and Social Affairs,
the population of the Republic of Guinea in 2023 will
increase by 379 285, whereas at the end of the year

it will be 14 411 299, of which 12.4% (1 788 459) will be
children younger than 6 years. [https://countrymeters.
info/ru/Guinea, https://bdex.ru/naselenie/guineal.
Based on results of the Global Enteric Multicentre
Study (GEMS) conducted in four African countries
(Kenya, Mali, Mozambique, and Gambia), it was
found that E. coli and Cryptosporidium are among
the pathogens causing a high risk of death in infants
and young children with moderate and severe diar-
rheal diseases [1].

Currently, diarrheagenic E. coli (DEC) caus-
ing acute diarrhea are classified into the following
pathogenetic groups (pathotypes): enteropathogen-
ic E. coli (EPEC), enterotoxigenic E. coli (ETEC),
shigatoxin-producing E. coli (STEC), enteroinva-
sive E. coli (EIEC), and enteroaggregative E. coli
(EAgEC). Diffuse-adherent E. coli (DAEC) have
also been described; however, evidence that is more
experimental is required to classify them into a sep-
arate group [8]. The DEC pathotypes differ in key
mechanisms of pathogenesis and the presence
of specific virulence factors.
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In recent decades, the issue of antimicrobial re-
sistance to antibiotics has become global in nature
and is considered as one of the threats to national se-
curity in many countries [3, 7]. In 2014, WHO includ-
ed E. coli in the list of seven species of bacteria that
cause life-threatening diseases, such as sepsis, diar-
rhea, pneumonia, UTI, etc., as indicators for moni-
toring the development of resistance antibiotics [25,
28]. Unified standardised methods for determining
susceptibility to antibiotics and interpretation crite-
ria based on modern knowledge of resistance mecha-
nisms will improve the quality of research and con-
duct effective monitoring not only at the local and re-
gional level but at the international level as well [18].

Presently there is an urgent need for large-scale
studies in the Republic of Guinea to discover the in-
cidence of diarrheagenic E. coli and their susceptibil-
ity to antibiotics

The purpose of this study is to assess the struc-
ture of E. coli infections and to test the susceptibil-
ity to antibiotics in strains of diarrheagenic E. coli
sampled from individuals residing in the Republic
of Guinea.

Materials and methods

The studies were carried out in the laboratory of the
Guinea-Russian Research Centre of Epidemiology
and Prevention of Infectious Diseases run by
Rospotrebnadzor (Kindia, Republic of Guinea) and
the Laboratory of Intestinal Infections at the Saint
Petersburg Pasteur Institute of Epidemiology and
Microbiology (Saint Petersburg, Russia). From 2019
to 2022, were studied 724 samples of faeces of pa-
tients with acute diarrhea, among them 72 (9.9%)
children aged 1-5 years, 128 (17.7%) children aged
6—17 years, and 524 (72.4%) people aged 18 years
and older; a method of polymerase chain reaction
(PCR), was applied with the use of the AmpliSense®
Escherichioses-FL reagent kit to identify the genetic
determinants of DEC: EPEC, EHEC, ETEC, EIEC,
and EAgEC (Central Research Institute of Epi-
demiology of Rospotrebnadzor, Russia).

Samples with fluorescence threshold signals cor-
responding to the genetic determinants of EPEC,
EHEC, ETEC, EIEC, EAgEC were examined by
the culture method. Endo agar was used to isolate
DEC strains.

For 15 antibiotics (B-lactam penicillins: ampi-
cillin, amoxicillin-clavulanic acid; cephalosporins:
cefotaxime, ceftazidime, cefepime; carbapenems:
meropenem; aminoglycosides: gentamicin, to-
bramycin, amikacin; tetracycline, chlorampheni-
col; quinolones and fluoroquinolones: nalidixic acid
and ciprofloxacin, nitrofurantoin, and trimetho-
prim-sulfamethoxazole), susceptibility of pathogens
to them was found by the disc-diffusion method using
Mueller—Hinton agar (Russia) and Oxoid discs (UK).
Results were interpreted according EUCAST crite-

ria, versions 2019—2022 (https://www.eucast.org/
ast_of bacteria/previous_versions_of documents).
Multidrug resistance (MDR) phenotype, in ac-
cordance with international criteria, included strains
resistant to three classes of antibiotics, specifically
producers of extended spectrum beta lactamase-
(ESBL) and carbapenemases; extensively drug resist-
ance phenotype (XDR) characterised strains resistant
to all antibiotics except for one or two classes [2, 15].
Statistical processing of results. The obtained
data were processed using the computer program
Excel (Microsoft Office). Fisher’s exact test was used
to assess the statistical significance of differences
in indicators (frequency, proportion). Differences
were considered statistically significant at a 95%
confidence interval (p < 0.05). The obtained data are
presented in the form of tables and diagrams.

Results

Genetic markers of DEC were detected in fae-
cal samples of patients of all age groups in all years
of study (Table 1). For the period from 2019 to 2022,
the total percentage of E. coliinfections in the etiolog-
ical structure of acute intestinal infections amounted
to 51.7% (a range from 32.5% to 58.3%). In the age
structure, DEC was significantly more common
in young children aged 0—5 (96.9%, p < 0.05) com-
pared to the group of school age children aged 6—17
(53.9%) and adults (45.6%).

In young children, DEC genetic determinants were
identified in 100% of cases in 2019 and 2020, com-
pared to 2021 (90.2%) and 2022 (91.7%). In children,
aged 6—17, the findings, were ranked as follows: 45.0%
in 2019, 57.1% in 2020, 60.7% in 2021, and 47.4%
in 2022. Thus, almost every second child of school age
had DEC as the cause of diarrhea.

In the age group over 18, DEC findings doubled
compared to 2019 (23.6%): 54.9% in 2020, 45.6%
in 2021, and 58.1% in 2022.

Fig. 1 shows the structure of E. coli infections.
Both according to the cumulative data and separately
by year, the EAgEC strains prevailed, accounting
for 38.4% (a range from 33.3% to 43.6%). In the aver-
age annual structure, the share of EPEC was 27.2%
(a range from 19.7% to 31.0%). ETEC ranked third;
according to the total data, their share was 17.5%,
whereas it ranged from 14.3% to 22.5% in other years
of observation. EIEC detection rate ranged from
11.1% to 14.1% with an average of 11.8%. STEC find-
ings were rarer compared to other DEC pathotypes,
cumulatively accounting for 5.1% (a range from 1.4%
to 13.9%).

According to the cumulative data, genetic deter-
minants of one pathotype were identified in 69.8%
of cases (mono-infection of DEC). One in three
(30.2%) of those surveyed exhibited a coinfection as
virulence markers of several DEC pathotypes were
found simultaneously (Table 2).
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In 2022, 53 DEC strains, were isolated and studied
by culture method, including 33 EAgEC, 10 EPEC, 8
ETEC, 1 STEC, and 1 EIEC. The strains were char-
acterized by typical species features of Escherichia coli:
they gave positive results with the methyl red test and
negative results with the Voges—Proskauer test, did not
split urea, did not form hydrogen sulfide or phenylala-
nine deaminase, did not ferment inositol and adonite,
did not grow on Simmons citrate agar, were indole pos-
itive, fermented mannitol and glucose to acid and gas,

and had B-galactosidase activity. In terms of enzy-
matic properties, DEC strains showed variability with
respect to carbohydrates: lactose, sucrose, arabinose,
maltose, xylose, rhamnose; alcohols: dulcite, sorbitol,
salicin; amino acids: ornithine, lysine, and arginine.
These variable properties did not allow to differen-
tiate DEC pathotypes except for the EIEC strain,
which did not ferment lactose and sucrose and did
not decarboxylate lysine, and the STEC strain, which
did not ferment sorbitol and gave a negative reaction

Table 1. Frequency of detection of DEC genetic determinants in individuals of various ages with diarrheal

syndrome residing in the Republic of Guinea

Year Age oysl,anr:‘bpe:;s Gen::tlc determinants o:‘%DEC 95% CI
0-5 8 8 100.0 63.1-100.0
2019 6-17 20 9 45.0 23.1-66.7
18 and older 89 21 23.6 15.2-33.8
Total 117 38 32.5 24.1-41.76
0-5 8 8 100.0 63.1-100.0
2020 6-17 14 8 57.1 28.9-82.3
18 and older 151 83 54.9 46.7-63.1
Total 173 99 57.2 49.5-64.7
0-5 4 37 90.2 76.9-97.3
2021 6-17 56 34 60.7 46.8-73.5
18 and older 241 110 45.6 39.2-52.2
Total 338 181 54.4 48.1-58.9
0-5 15 13 86.7 59.5-98.3
2022 6-17 38 18 47.4 31.0-64.2
18 and older 43 25 58.1 42.1-73.0
Total 96 56 58.3 47.8-68.3
0-5 72 66 91.7 82.7-96.9
6-17 128 69 53.9 44.9-62.8
2019-2022 18 and older 524 239 45.6 41.3-50.0
Total 724 374 51.7 47.9-55.4

%

40

30

20 -

10 -

O -
[l EAGEC 33.3 43.6 35.3 42.3 38.4
[[] EPEC 25 24.8 31 197 27.2
[l ETEC 16.7 14.3 17.9 225 175
EIEC 1. 12 1.1 14.1 1.8
[0 STEC 13.9 5.3 4.8 1.4 5.1

Figure 1. Structure of E. coliinfections in the Republic of Guinea, 2019-2022
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with B-galactosidase test; these properties can be
considered as a phenotypic “mark” of the EIEC and
STEC strains of the serological variant O157:H7.

The results of determining the susceptibil-
ity to antibiotics of all DEC strains and separately
by pathotypes are shown in Fig. 2 and Table 3.
According to the cumulative data, there was one
strain belonging to the ETEC pathotype that was
susceptible to all test drugs. Susceptibility to ampi-
cillin persisted in six (11.3%) strains. To cephalo-
sporins (ceftazidime, cefotaxime, cefepime) 73.6%,
75.5% and 73.6% of the strains, were susceptibility.
Pharmacodynamic benefits of inhibitor-protected
amoxicillin-clavulanic acid for cephalosporins,
were not identified. All the strains were suscepti-
ble to meropenem. 66.0% and 98.1% of strains were
susceptible to drugs of the group of quinolones (na-
lidixic acid) and fluoroquinolones (ciprofloxacin).
Of the aminoglycosides, amikacin was more active,
for 100% of the tested strains were susceptible to it.
Tobramycin and gentamicin showed lower suscepti-
bility of 86.8% and 83.0%, respectively. 34.0% and
28.3% of the studied strains remained susceptible
to drugs of the tetracycline groups and trimetho-
prim-sulfamethoxazole. The proportion of strains
susceptible to chloramphenicol and nitrofurantoin
was 96.2% and 100%, respectively. The DECs char-
acterised by multiple resistance to three or more
classes of antibiotics (M DR phenotype) were 54.7%.
No strains XDR were found.

Strains of the EIEC and STEC stayed 100%
susceptible to all antibiotics except for ampicillin.
Among the ETEC strains, 100% were susceptible
to ciprofloxacin, aminoglycosides (gentamicin, to-
bramycin) and chloramphenicol. Cephalosporins
(ceftazidime, cefotaxime, cefepime) and nalidixic
acid showed the susceptibility of 87.5%. Ampicillin,
amoxicillin-clavulanic acid, tetracycline and tri-
methoprim/sulfamethoxazole showed the least activ-
ity in this pathogroup — only 12.5% of strains were
susceptible to these antibiotics. The EPEC strains
were characterized by 100% susceptibility to cepha-
losporins, ciprofloxacin, and tobramycin. 90.0% and
60.0% of strains were susceptible to gentamicin and
nalidixic acid, respectively. 40.0% of strains remained
susceptible to ampicillin, amoxicillin/clavulanate
and tetracycline. Trimethoprim-sulfamethoxazole
showed the least activity in this pathogroup, with
30% of the strains being susceptible.

The EAgEC strains compared to the strains
of other DEC pathotypes were characterised by re-
duced susceptibility to all test antibiotics. In the group
of B-lactam antibiotics, the greatest activity was de-
tected in cephalosporins (60.3%) compared to inhib-
itor-protected aminopenicillin (30.3%) and ampicil-
lin with only 3% of susceptible strains. Susceptibility
to drugs of the quinolone/fluoroquinolone group
(nalidixic acid/ciprofloxacin) was noted in 60.6%
and 97.0% of strains. The activity of aminoglycosides
(gentamicin and tobramycin) was found in 75.8%

Table 2. Genetic determinants of different DEC pathotypes based on the results of laboratory molecular

diagnostics of E. coli infections

DEC pathotypes 2019 2020 2021 2022 Total
n | % n | % n | % n | % n | %
Mono-infection of DEC
EAgEC 10 26.3 35 354 40 217 18 32.1 103 275
EPEC 7 18.4 19 19.2 48 26.1 9 16.1 83 22.2
ETEC 4 10.5 6 6.1 17 9.2 5 8.9 32 8.6
EIEC 2 5.3 7 71 13 71 10 17.9 32 8.6
STEC 4 10.5 3 3.0 4 2.1 0 0 1 2.9
Total mono-infection 27 711 70 70.7 122 66.3 42 75.0 261 69.8
Coinfection of DEC

EAgEC+EPEC 2 5.3 7 71 18 9.8 4 71 31 8.3
EAgEC+ETEC 2 5.3 5 5.1 15 8.2 1 1.8 23 6.1
EAgEC+EIEC 2 5.3 5 5.1 8 4.3 5 8.9 20 5.3
EAgEC+STEC 1 2.6 2 2.0 6 3.3 1 1.8 10 2.7
EPEC+ETEC 1 2.6 3 3.0 5 2.7 1 1.8 10 2.7
EPEC+EIEC 1 2.6 1 1.0 1 0.5 0 0 3 0.8
ETEC+EIEC 0 0 1 1.0 1 0.5 1 1.8 3 0.8
EAgEC+EPEC+ETEC 0 0 1 1.0 1 0.5 1 1.8 3 0.8
EAgEC+EPEC+EIEC 0 0 1 1.0 0 0 0 0 1 0.3
EAgEC+ETEC+EIEC 0 0 0 0 1 0.5 0 0 1 0.3
EAgEC+ETEC+STEC 0 0 2 2.0 0 0 0 0 2 0.5
EPEC+ETEC+EIEC 1 2.6 1 1.0 2 1.1 0 0 4 1.1
EAgEC+EPEC+ETEC+EIEC 0 0 0 0 1 0.5 0 0 1 0.3
Total coinfection 10 26.3 29 29.3 59 32.1 14 25.0 113 30.2
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Ampicillin | 11.3
Amoxicillin-clavulanat 30.2 ——
Cephalosporins 736 ——
Meropenem 100 —
Nalidixic acid 66.0 ——
Ciprofloxacin 98.1 —H
Gentamicin 83.0 ——
Tobramycin 86.8 ——
Amikacin 100 —
Tetracycline 34.0 ——
Chloramphenicol 96.2 e
Nitrofurantoin 100 —
Trimethoprim-sulfamethoxazole 28.3 . —— | | | o
0 20 40 60 80 100
Figure 2. Antimicrobial agent susceptibility in DEC strains
Table 3. Susceptibility features in strains of various DEC pathotypes
DEC pathotypes, n=53
Antimicrobial agent EAgEC EPEC ETEC EIEC STEC
n=33 n=10 n=8 n=1 n=
n % n % n % n % n %
Ampicillin 1 3.0 4 40.0 1 12.5 0 0 0 0
Amoxicillin/clavulanate 10 30.3 4 40.0 1 12.5 1 100.0 0 0
Ceftazidime 20 60.6 10 100.0 7 87.5 1 100.0 1 100.0
Cefotaxime 21 63.6 10 100.0 7 87.5 1 100.0 1 100.0
Cefepime 20 60.6 10 100.0 7 87.5 1 100.0 1 100.0
Nalidixic acid 20 60.6 6 60.0 7 87.5 1 100.0 1 100.0
Ciprofloxacin 32 97.0 10 100.0 8 100.0 1 100.0 1 100.0
Gentamicin 25 75.8 9 90.0 8 100.0 1 100.0 1 100.0
Tobramycin 26 78.8 10 100.0 8 100.0 1 100.0 1 100.0
Tetracycline 12 36.4 4 40.0 1 12.5 0 0 1 100.0
Chloramphenicol 31 93.9 10 100.0 8 100.0 1 100.0 1 100.0
Trimethoprim-sulfamethoxazole 10 30.3 3 30.0 1 12.5 0 0 1 100.0

and 78.8% of EAgEC. As for phenicols, tetracyclines
and trimethoprim-sulfamethoxazole, susceptibility
was detected in 93.9%, 36.4%, and 30.3% of strains,
respectively.

Discussion

According to the World Bank, among the four
leading causes of impact on humanity caused by all
diseases and injuries, three are classified as infec-
tious and parasitic diseases (diarrhea, intestinal hel-
minthiases, and tuberculosis) [19]. 1.9 million chil-
dren die every year, accounting for 18% of all child
deaths in this age group and meaning that over 5000
children die every day from diarrheal diseases [17,
20, 24, 26, 27]. Studies conducted in the Republic
of Guinea found that the share of E. coli infections
in the etiological structure of acute intestinal infec-
tions amounted to 51.7% in 2019—2022. Analysis
of the age structure showed that infants and young

children (0—5 years) are the most exposed group
(91.7%), whereas almost every second child of school
age (53.9%) and persons over 18 years of age (45.6%)
had DEC as the key acute intestinal infection cause.

The use of molecular methods made it possible
to assess the structure of E. coli infections in dif-
ferent age groups of the population in the Republic
of Guinea and to establish the circulation of strains
of all known DEC pathotypes. According to the to-
tal data, the structure of E. coli infections in all years
of observation was dominated by EAgEC strains,
which accounted for 38.4%. In the average annual
structure, EPEC, ETEC, EIEC and STEC account-
ed for 27.2%, 17.5%, 11.8%, and 5.1%, respectively.
Studies conducted in Latin America, Asia, Africa,
and the former socialist countries of Eastern Europe
have shown that EAgEC is more likely than other
bacterial pathogens to cause diarrhea in children [14].
Evidence from the United States, Europe, and Israel
also suggests that EAgEC often causes diarrheal dis-
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eases in children [4, 9]. In the United States, the in-
cidence of EAgEC-related E. coli infections is high-
er in young children than campylobacteriosis and
salmonellosis [12].

Analysis of DEC genetic determinants made
it possible to establish that, in 2019—-2022, E. coli in-
fections in patients of the Republic of Guinea were
characterized by E. coli monoinfection (genetic deter-
minants of one specific pathogroup) in 69.8% of cas-
es. In every third examined patient (30.2%), virulence
markers of several DEC pathotypes were found.

A study of the susceptibility of DEC strains
to antibiotics in the Guinean population showed
that 100% of the strains were susceptible to mero-
penem, amikacin, and nitrofurantoin. The activity
of other antibiotics ranged from 11.3% for ampicil-
lin, 28.3% for trimethoprim-sulfamethoxazole, and
34.0% for tetracycline up to 73.6% for cephalospor-
ins, 84.0% for aminoglycosides, and 98.1% for fluori-
nated quinolones.

Conclusion

The study confirmed the relevance of diar-
rheagenic E. coli for the population in the Republic
of Guinea, as well as in other African countries [1, 11,
10, 13, 16, 22]. Laboratory diagnostics of said patho-
gens is possible only using molecular genetic methods.
To reduce the burden of diarrheal diseases in the
Republic of Guinea, it may be necessary to conduct
targeted epidemiological and microbiological studies
to identify DEC, study the contamination of the en-
vironment, including water and food, and identify risk
factors.

Decreased susceptibility of DEC to antibiotics
is an unfavourable prognostic sign, indicating a sig-
nificant decrease in the efficiency of antibiotics used
to treat acute intestinal infections, and confirms
the need to introduce constant monitoring of the
development of E. coli pathogen resistance in the
population.
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BAKTEPUEMUU N UHOEKLUWN LLHC Y OETEMWN,
ACCOLUMUNPOBAHHDBIE C KLEBSIELLA
PNEUMONIAE: MOJIEKYJIPHO-
FTEEHETUMECKASA XAPAKTEPUCTUKA

N KJIMHWYECKUWE OCOBEHHOCTH

3.3. Caneesa!, 1.LE. HoBukosa', A.B. JIazapesa', H.M. Angaobena', O.B. Kapacesa'?,
O.I. Anmomkuna®, M.I'. Bepmununa', A.I1. ®uceHko!

'®IAY HayuonanvHoiii MeQuuuncKuil uccaedosamenbckutl yeHmp 300posws demeii Munucmepcmea 30pagooxpaneHust
Poccuiickoii Pedepayuu, Mockea, Poccus
2HHUU neomaoxcnoii demckoti xupypeuu u mpagmamonozuu Jenapmamenma 3opagooxpanenus e. Mockewvt, Mockea, Poccus

Pesiome. Klebsiella pneumoniae aBAsieTCSI OMTHUM U3 HauboJiee 3HAYMMBIX U OMACHBIX JJIsI XKU3HU BO30YyaUTENei BHY-
TPUOOJBHUYHBIX UHOEKIIMA. DTOT ONIMOPTYHUCTUUSCKUIT MUKPOOPTaHU3M MOXET BbI3bIBaTh MHMEKIIUU KPOBOTO-
Ka, pecrmupaTOpHOro TpaKTa, MOYEBBIBOMSIIMX MyTei, KOXXM U MITKUX TKaHEW, BOCIaJeHHe MO3TOBOM 000JI0UYKHI
TOJIOBHOT'O ¥ CIIMHHOT'O MO3Ta, IPUBO/IS K YBEIUUCHUIO TOCITUTAIbHON JeTanibHOCTH. Llenbio Halllero uccieaoBaHus
OBLJIO PETPOCIIEKTUBHOE M3yUEHME MOJICKYISIPHO-TCHETUIECKIX XapaKTePUCTUK K. pneumoniae, BBIACICHHBIX U3 00-
pas3IoB KPOBH U JTMKBOpPA, a TAKXKe OMUCAaHNE KIMHNIeCKNX 0coOeHHOCTel mpu O0akTepuemun u nHpekunu [THC.
[o pe3yabTaTaM OLIEHKM KJIMHUYECKMX JAHHBIX U30JsIThl K. pneumoniae OblN BhIAEJIEHBI OT 64 neTeii, HabII01aB-
LIMXCS C XMUPYPrUUECKOii maTojiorueil (BpoxaeHHble Oopoku cepaua — 30%, abgoMuHanbHas naronoruss — 39%,
TSKeNast coueTaHHas TpaBMa — 12%) U ¢ coMaTUYeCKMMU 3a00J1eBAaHUSIMU, COMTPOBOX JAIOIIMMUCS aHTUOAKTEPU-
aJTbHOM /WM TTIOKOKOPTUKOCTEPOUIHON Tepanueil — 14%. MUHMMabHbIE TIOAABISIOIINE KOHIIEHTPALIMY aHTH-
OMOTHUKOB ONPEAE/ISIM METOIOM CEPUITHBIX MUKpPOpa3BeaeHu i B OyiboHe. KapOaneHeMassl BBISIBISIIIU METOIOM I10-
JIMMEPA3HOii LIETTHOI peaklMK B PEXMMe peaibHoro BpeMeHu. OnpeaeeHre reHoB BUPYJCHTHOCTH U KaTlCYJIbHBIX
cepotunoB K1/K2 npoBoaunu metogom myabsrumiekcHoit [P, BuonieHku BeipalinBaiu ¢ UCIOJAb30BAHUEM TLJIO-
CKOJIOHHBIX MOJUMCTHUPOJOBBIX MIAHIIETOB C MOCAeAYyIOIIel OKpacKol, GUKCUpPOBaHUEM, IIOMPOBAHUEM U IETEK-
1ueit pesynbraToB. [TonynsoHHOE pa3HOOOpa3ue OLIEHMBAIN METOIOM MYJIbTUIOKYCHOTO CUKBEHC-TUITMPOBAHHUSI.
bakrepuemun u nundexuun LIHC, accounupoBanusie ¢ K. pneumoniae, B 25% ciydaeB 3aBepIININCH JIETAIbHBIM
ncxonoM. 3HAUMTeIbHAS YacTh U30JISITOB IIPOACMOHCTPUpOBaia (PeHOTHUII ITUPOKOI JIEKApCTBEHHOIN YCTOMUMBOCTH
(LIOJ1Y) — 43%, peHOTUIT MHOXECTBEHHOI JleKapCcTBeHHO# ycToitunBoctu (MJIY) npostBuiu 16% usonsros. [en
1earocmopruHasbl blacry y ObLT 0OHApYKeH Y 85% mTaMMoB. [TTaBHOM eTepMUHAHTOMN YyCTOMYMBOCTHU K Kapbarie-
HeMaM ObLI TeH blaoy 45 (33%); y 9% 1ITAaMMOB BBISIBIICH TeH blaypy. CoueTaHue blagy s ¥ blaypy, 00HapyxeHo y 7%
M30J15TOB. M3yueHue npoayKimy OMOTIIEHOK TI0Ka3aio, YTO YMEPEHHYIO CIIOCOOHOCTH K 00pa30BaHMUI0 OMOTIIEHOK
npostBisii 61%, cunbHyio — 21% u cnabyio — 15% usossros. [Ia uzonsra (3%) He 06pa30BbIBaIn OMOIJIEHOK. [€HbI
BUPYJICHTHOCTY entB u mrkD Oblmy BoIsiBIIeHB! Y 100% u3onstos, ybtS —y 78%. Y 18% 1mtaMMoB ompenessiiicst TeH
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3.3. CapeeBaun gp. WNHbekums n UMMyHHUTET

iutA. IBa uzonsTa nokasaau Haauuue reHa kfu. K ceporuny K2 npuHannexanu ceMb U30J5TOB. Y U3YYEHHBIX HAMU
u30a4ToB K. pneumoniae 661710 0OHapyKeHO 27 pa3auWuyHbIX TeHOoTUIoB. Hanbosee yacTo BCTpevyaoIuMucs OblIu:
ST307 — 21%, ST395 — 12%, ST48 — 7%, ST39 — 6% u ST29 — 6%. UHdex1mm KpoBOTOKA U LIEHTPaIbHOI HEPBHOM
CUCTEMBI, accollMupoBaHHble K. pneumoniae, UMeIOT OOJIbIIOE 3HAUYECHUE B KJIMHMUYECKOM MPakKTUKE. DTOT MUKPO-
OpraHu3M CIOCO0EH JJIUTENbHO COXPAHATLCS Ha OMOTUYECKUX M aOMOTUYECKUX MOBEPXHOCTAX, 00J1aJaeT N POKOI
MPUPOAHOM U MPUOOPETEHHOM PE3UCTEHTHOCThIO K aHTUOMOTHUKAM.

Karoueenie caosa: Klebsiella pneumoniae, baxkmepuemus, H030KOMUanbHble UHBeKUULU, pe3UCmMeHmHOCMb, 8UPYACHMHOCHb, CeNCUC.

PEDIATRIC BACTEREMIA AND CNS INFECTIONS ASSOCIATED WITH KLEBSIELLA PNEUMONIAE:
MOLECULAR GENETIC CHARACTERISTICS AND CLINICAL FEATURES

Sadeeva Z.Z.*, Novikova I.E.?, Lazareva A.V.?, Alyabyeva N.M.?, Karaseva O.V.**, Yanushkina O.G.",

Vershinina M.G.?, Fisenko A.P.?

@ National Medical Research Center for Children’s Health of the Ministry of Health of the Russian Federation, Moscow, Russian Federation
b Clinical and Research Institute of Emergency Pediatric Surgery and Trauma, Department of Public Health of Moscow, Moscow,
Russian Federation

Abstract. Klebsiella pneumoniae is one of the most significant and life-threatening pathogen of nosocomial infections.
This opportunistic microorganism can cause infections of the bloodstream, respiratory tract, urinary tract, skin and soft
tissues, inflammation of meninges of the brain and spinal cord, leading to elevated hospital mortality. The purpose of our
study was a retrospective analysis of molecular genetic characteristics of K. pneumoniae isolated from blood and liquor
samples as well as to describe clinical features in bacteremia and CNS infections. According to the results of assessed
clinical data, K. pneumoniae isolates were selected from 64 children suffered from surgical pathology (congenital heart
defects — 30%, abdominal pathology — 39%, severe combined trauma — 12%) and somatic diseases accompanied by
antibacterial and/or glucocorticosteroid therapy — 14%. The minimum suppressive concentrations of antibiotics were
determined by the broth micro-dilution method. Carbapenemases were detected by real time polymerase chain reaction.
Virulence genes and capsule serotypes K1/K2 were assessed by multiplex PCR. Biofilms were grown using flat-bottomed
polystyrene plates, followed by coloring, fixation, elution and data detection. The population diversity was assessed by
multilocus sequence typing. Bacteremia and CNS infections associated with K. pneumoniae were fatal in 25% of cases.
A substantial portion of the isolates demonstrated the phenotype of extremely drug resistance (XDR) — 43%, the phe-
notype of multidrug resistance (MDR) was shown in 16% of the isolates. The blacry. cephalosporinase gene was found
in 85% of the strains. The main determinant of resistance to carbapenems was the blagy, 4 gene (33%); the blaypy, gene
was detected in 9% of strains. The combination of blagy 4 and blaypy Was found in 7% of isolates. The study of biofilm
production showed that moderate ability to form biofilms was shown in 61%, strong — 21%, and weak — 15% isolates. Two
isolates (3%) did not form biofilms. The virulence genes entB and mrkD were detected in 100% of isolates, ybtS — in 78%.
The iutA gene was found in 18% of the strains. Two isolates showed the presence of the kfu gene. Seven isolates belonged
to the K2 serotype. 27 different genotypes were found in K. pneumoniae isolates examined. The most common were:
ST307 — 21%, ST395 — 12%, ST48 — 7%, ST39 — 6% and ST29 — 6%. Infections of the bloodstream and central nerv-
ous system associated with K. pneumoniae have great importance in clinical practice. This microorganism is able to long
persist on biotic and abiotic surfaces, has a wide natural and acquired resistance to antibiotics.

Key words: Klebsiella pneumoniae, bacteremia, nosocomial infections, resistance, virulence, sepsis.

BBeneHune

Klebsiella pneumoniae SBIIsieTCSI OOHUM W3 Hau-
0oJiee 3HAYMMBIX U OTIACHBIX JIJISI SKU3HU BO30YIM-
TeJiell BHYTPUOOJIBbHUYHBIX UHOMEKIIUN. DTOT OIl-
MOPTYHUCTUYECKUUN MUKPOOPTaHU3M MOXKET BbI-
3bIBaTh MHMEKIINU KPOBOTOKA, PECIIUPATOPHOTO
TpakTa, MOUYEBBIBOASIINX TYTEH, KOXU U MSATKUX
TKaHel, BOCMaJeHNe MO3TOBOl OOOJIOUKH TOJIOB-
HOTO W CITMHHOTO MO3Ta, TMIPUBOIS K YBEJIMIYCHUIO
TOCIUTAJIBHOU JIETaJIbHOCTU, OCOOEHHO Y UMMY-
HOCYTIPECCUPOBAHHBIX TMAIIMEHTOB, HOBOPOXICH-
HBIX M TOXUJbIX manueHToB [19]. K. pneumoniae
Hapsay C APYTUMU TPENCTaBUTEJSIMU TIOpSIKa
FEnterobacterales imeeT MHOXeCTBO (DaKTOPOB, CITO-

COOCTBYIOIIMX KOJIOHU3AIIUW OpTaHU3Ma X035IMHa,
a TakXe CIIOCOOHOCTbh K MPUOOPETEHUIO YCTOM-
YUBOCTM K MHOTUM KJlacCaM aHTHMOWOTHUKOB [6].
I'enom K. pneumoniae MOXeT comepxkaTb OOJIbIIIOE
KOJIMYECTBO NETEPMUHAHT PE3UCTEHTHOCTU, Cpe-
I HUX 0C000€ 3HAaUYEHUE MMEIOT I'eHbl, KOIUPYIO-
mue GepMeHThI, pa3pyliamlire aHTUOMOTUKU.
C TOYKHM 3peHHUs BMUIAEMUOJOTUU HAMOOJBIITYIO
poJib urparT KapbaneHemassl rpynmn: KPC, OXA-
48, NDM w B-makTtamMasbl paclIipeHHOTO CIIeKTpa
nevictBus CTX-M tuna [9, 18]. PacnmpoctpaHeHue
MHOXECTBEHHO-PE3UCTEHTHBIX K. pneumoniae 9ac-
TO aCCOLIMMPOBAHO C MEXTYHAPOAHBIMU KJIOHAMU
BBICOKOTO PHCKa, KOTOPbIC SIBJISTIOTCSI HOCUTEJISIMU
reHoB KapOarnieHema3s [24]. MU3oasaThl, o01aga01I1e
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K. pneumoniae 13 KpoBu 1 IMKBopa

YCTOMYUBOCThIO KO MHOTHUM TpyIliaM aHTUOUOTHU-
KOB, a TaKxe MMeIol1e JOMOJHUTEeIbHbIE (aKTo-
PBI BUPYJICHTHOCTH, UTPAIOT OOJIBIIYIO POJIb B BbI-
COKOI CMEPTHOCTH ITPU MH(PEKIIUIX, aCCOLUUPO-
BaHHBIX C HO30KOMHUadbHbIMU MaToreHamu [10].

Llenblo gaHHOTrO MUCCAEOOBaHUS ObIJIO PETPO-
CIIEKTUBHOE H3yUYCHHE MOJIEKYISIPHO-TEHEeTUYeC-
KUX XapakTepucTuk K. pneumoniae, BBIICICHHBIX
13 00pa3l0B KPOBU U JIMKBOPA, a TAKXKE OMUCAHUE
KJIMHUYECKUX OCOOEHHOCTEW Mpu OaKTepueMUU
n nHpekuuu [THC.

Matepuasbl 1 METOLbI

bakmepuanvnvie xkyaromypo.. B mepuonm c 2014
1o 2021 T. U3 TTOJIOXKUTETBHBIX TEMOKYJIBTYP U TIPO0
JIMKBOpA ObLTU O0TOGpaHbl 67 U30JasITOB K. pneumo-
niae, KOTOpbIe ObLIU BbIACICHBI OT MALIMEHTOB U3 IBY X
MHOTONpPOMUIBHBIX AETCKUX cTalmoHapoB: PIAY
«HMMWL 3popoBwsi nereii» MuHn3apaBa Poccun
(Cl1) — otneneHue peaHMMalLlUU 1 UHTEHCUBHOM Te-
panuu (OPUT), OPUT HOBOpPOXAEHHBIX, COMaTU-
yeckue otneneHusa, 1 HMUM HeoTmoxXHOI IeTCKOit
XUPYPTUM W TpaBMaTojoruu JlemaprameHTa 3mpa-
BooxpaHeHus T. MockBbl (C2) — OPUT. O06pa3subt
KPOBHM MHKYOMPOBAJIN B aHAJIN3aTOPE TEMOKYJIBTYD
«BACTEC 9050» (Becton Dickinson, CILIA), «BacT/
ALERT» (bioMerieux, ®paHuus) no dukcammn
pocTa MUKPOOPTaHM3MOB, 3aTeM ITPOOy OTCeBaIN
Ha TIJIOTHBIE ITUTATEJIbHBIC CPEIbl IJIsI BBIICICHUS
YUCTOMN KYJIBTYpbl BO30yauTens. IToceBbl Mpon3Bo-
VT Ha IUTATeIbHBIC Cpelbl: KpoBsiHOM arap u Uri-
select arap (BioRad, CIIIA), najiee uHKyOuUpoBaiu
B TepMmocTtaTe Tipu TemIiepatype 37°C B TeuyeHUe
24—48 4. MpeHTudUKaLIMIO BO3OYOUTENST ITPOBO-
OUJIU MeToloM macc-criekTpoMmerpuu MALDI-ToF
(Bruker Daltonics, ['epmanust).

YyecmeumenvHocms K aHmMubAKmepuaibHolM npe-
napamam. bbuin onpeneseHbl MUHUMAaJbHBIE TO-
nmaBistonie KoHueHTpauuu (MITK) ciaemyrommx
aHTUOMOTHKOB: MEPOIIeHEM, MMUTICHEM, KOJIMCTUH,
a3TpeoHaM, TOOpaMHWIINH, aMUKAIIMH, TCHTAMHUILIAH,
dochomuninH, nedrazuaum, nedenum, TUKapLIuI-
JINH/KJIaByJ1aHaT, MUTepalluUInH/Ta300aKTam, TpU-
METOITPUM/CyIb(PaMeToKCca30d, HUIIPOMIOKCAIINH.
MIIK aHTMOMOTUKOB OIpPEAeIsIIu METOAOM CEpUii-
HbIX MUKpOpa3BeAeHU 1 B OyJiboHe Mionepa—XuH-
ToH (bioMerieux, ®panuus), Sensititre™ (Thermo-
Scinetific, Bemmkoopurtanus). MIIK wmeporeHema
OIpEeNIeISIIM METOIOM MUKPOpPa3BEACHUM B COOT-
BercTtBUM co crtanmaptoMm (FTOCT P MCO 20776-
1-2010). PesynbraTbl MHTEPIIPETUPOBAIA B COOT-
BETCTBUM C KPUTEpUSIMHU EBpormeiickoro KomMureTa
0 TECTUPOBAHUIO UYBCTBUTEIILHOCTH K aHTHUOMO-
tukam (EUCAST), Bepcus 10.0 (EUCAST: European
Committee on Antimicrobial Susceptibility Testing,
version 10.0, 2020, pp. 10—20).

Bce m3oiaTHI OBITM pa3gelieHbl Ha IMTaMMBI
C MHOXXECTBEHHOW JIEKAPCTBEHHOM yCTOMYMBOCTBIO

(MJIY) 1 mtaMMbl ¢ HIUPOKOH JieKapCTBEHHOM
ycroitunBocThio (LLIJIY) B cooTBeTCTBUU C pe-
kKomeHaauusimu [7]. Knaccudukauuss 6azupyer-
Ccsl Ha YYBCTBUTEJIIbHOCTU MHUKPOOPTaHU3MOB K 6
rpyniaM aHTUOMOTHKOB: aMUHOIIMKO3UAaM (TO-
OpaMUILIMH WJIM TEHTaMUIIMH), TNeHULUIMHAM
(MuIIepalluUInH/Ta300aKTaM), KapbameHeMaM
(MMUTIEHEM WJIM MepoIleHeM), ledaocnopruHam
(uedortakcuM, LedTpPUAKCOH UM LedTa3UuIUM),
dTopxuHONMOHAM (UUIIpOodJIOKCcCalluH), cyJabda-
HWIaMuaaMm (TpUMETOIIPHUM/CyIb(paMeToKca30JI).
M30aTH, TIPOSBIISIONINE YCTOMYMBOCTD K 3 1aH 4
MEPeUynCJIeHHbIM TIpynnaMm, Kiaaccuduiimpona-
au kak MJIY, mramMmMmbl, pe3UCTEHTHBIE K 5 niu 6
rpynmnam, orHocuau K HIJTY.

Boidenenue IHK uonpedenenue eenos kapbanere-
ma3z. s Beigenenus JJHK vcnonb3oBaiu cyTou-
HYyI0 KyabTypy. bakrepuansnyio JJHK Bweigensinu
COIVIACHO MHCTPYKIIMU ITPOU3BOAUTENSI C UCTIOJb-
30BaHHEM KoMmMepuecKuXx HabopoB «['K-akcmpece»
(HHWUN osnuaemuonoruu PocrnoTpebHanzopa,
Poccus). IMonyuyeHHbIe 00pa3ibl XpaHUIU IO UC-
noJib30oBaHUs ITpu TemIiepatype —20°C.

BrisiBieHMe TeHOB, OTBEUAIOIIMX 3a MPOMYK-
nuio 1edaaocnopruHas U KapodareHemas, TpOBOAM-
JIU C UCIOJIb30BAaHUEM HAOOPOB C TUOPUAU3ALIOH-
HO-(dayopeclieHTHOI aeTekiuei <«AmmanCeHc
ESBL CTX-M-FL» (CTX-M), «xAMminCenc MDR
KPC/OXA-48-FL» (KPC, OXA-48), «<AMmnuCeHc
MDR MBL-FL» (IMP, NDM, VIM) npousBox-
ctBa IIHWUMU snunemuonoruu PocriorpedbHanzopa.
IIpoBenenue I1LIP ocyiuecTBJIsIAM COTJIACHO MH-
cTpykuuu npousBonutens. [P nmpoBoaunu ¢ no-
Motk amrndukaropa «LightCycler 96» (Roche,
HlIBeitapusi/Tepmanus).

OnpedeneHue 2eH08 8UPYACHMHOCMU U KANCYAb-
Hoix  cepomunos KI/K2. TeHbl BUPYJIEHTHOCTU
W TIPUHAJICKHOCTh K KallCyJIbHBIM CEepOTHUIIaM
K1/K2 omnpenensaniyu MeTOAOM MYJbTUILJIEKCHON
TTLLP [4]. Beio onpeaeneHo HAJIMYUE CIIETYIOMINX
reHoB: magA, cnenuduaHoro mis ceporuna Kl;
rmpA, peryJIMpyoliero CMHTEe3 MyKOUIHOTO (heHO-
TUIa; entB, aCCOLIMMPOBAHHOTO C CUHTE30M DHTE-
pobakTuHa; ybtS, CBSI3aHHOTO C CUHTE30M Hepcu-
HUeOaKTWHA;, Kkfu, OTBETCTBEHHOTO 3a CBSI3BIBa-
HHE TpeXBaJeHTHOrO keJie3a; iutA, Konupyoliero
TpaHcIopTep aspobakTuHa; mrkD, accouuupo-
BaHHOTO ¢ (UMOpPUATLHBIMU aATre3nHaMU 3 TUTIA;
allS, cBsI3aHHOTO C METabOJIM3MOM aJlJIAHTOU-
Ha; wzi, crieuuduyHoro mas ceporuna K2. I'en
entB 1CIIO1b30BAJICS B KaUeCTBE IMOJO0XKUTEIbHOTO
KOHTPOJISI, TaK KaK IITMPOKO PacCIIpOCTPaHEH y U30-
ns1oB K. pneumoniae. Pe3ynbraThl OIEHUBAJIU ITPO-
BeleHUeM aJieKTpodopesa B 2% arapo3HoM Telie.
IlocnenoBaTesbHOCTU MpaiiMepoB NJs1 olpenesie-
HUS TeHoB BupyJieHTHocTU U K1/K2 6b111 onuca-
Hbel Compain F. u coaBr. [4].

buonaenxoobpazosanue. Ananu3 GopMUPOBAHUS
OUOIJIEHOK Ha aOWOTMYECKON TOBEPXHOCTU IPO-
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3.3. CapeeBaun gp.

MHdekumns n uMmyHuTeT

BOIMJIM C HCIOJb30BAHUEM CEpACYHO-MO3TOBOTO
oynboHa (BHB; Becton Dickinson, CIIIA) o paHee
ONMUCAHHOI MeTOAMKE ¢ MoguMpUKaALIMIMHU [12].

BuorieHky BhlpalliuBaau B 96-JIyHOUHBIX I10-
JIMCTUPOJIOBBIX TUIAHIIIETAX C TJIOCKUM JHOM B TPEX
noBtopax. AnukBoTy 20 MKJ 0OakTepuasbHON
cycrieHsuun ¢ MytHocThbio 0,8 mo Mak®apnanay
BHOCWJIM B JYHKH, comepxkammue 180 mxm BHB
Cc mocraenyloleir 24-dyacoBoii WHKyOalMeil mpu
37°C 06e3 nepememnBaHus. [locne ynaneHust Oy-
JIbOHA U TJIAHKTOHHBIX KJIETOK (PUKCHUPOBaIn OMO-
rieHku gooasiaeHuem 200 Mkt 2,5% rayrapoBoro
anpaeruga (MHKybOauus 5 MUH NpuU KOMHATHOM
TeMIiepaType). 3areM TPUXIbl MPOMBIBAJIU JIUC-
TUJIJTUPOBAHHON BoJo. ISl oKpalllMBaHUS BHO-
cunm 200 MKJI KPUCTaAJIJINYECKOro (PUOJIETOBOTrO
(0,1% cnupToBOil pacTBOp), MHKYOMPOBAaJIN B Te-
yeHue 10 muH. [locyie 3TOro TpUKIAbl MTPOMbIBA-
U AUCTUJIIMPOBAHHOM Bomoii. st pacTBOpeHUs
1 00eCIIBEeUMBAHUS CBSI3aHHOTO KPACUTEIST 100aB-
Jistiu 200 Mkt 95% aTaHosia — MHKyOGanust 30 MUH.
OnTUYECKYI0 MJIOTHOCTh UTOTOBOTO pacTBOpa W3-
MEPSIIM TIPU JJIMHE BOJHBI 590 HM C MCIIOJIb30Ba-
HHEeM IIJIaHIIeTHOTO cuuThiBaTels «Infinite 200M»
(Tecan, ABcTpus). MHTEHCMBHOCTH OMOIIJIEHKO-
obpa3oBaHUS OMNpPENessiiu COIJIaCHO pEeKOMEHa-
ousM APMIS 2007, Stepanovi¢ S. u coasT. [23].

Mynvsmunokycrnoe cexkgeHuposanue-munuposarue
(MJICT).TenotTurnmpoBaHue taMmMmoB K. pneumoniae
nposoauiau merogoM MJICT coriacHo cxeMe, mpe-
noxeHHoit UunctutytoMm Ilactepa (ITapux) [5]. bbin
MPOBEACH aHAJINU3 CEMU «T'€HOB IOMAIITHET'O XO3SMCT-
Ba»: rpoB (beta-cyorenmaNIE PHK-mmoanmMepassr),
gapA (tnuuepaypiaerua-3-dochaTaeruaporeHassbl),
mdh (ManatneruaporeHassl), pgi (dbocdoriokosa-
nzomepasbl), phoE (bochopuna E), infB (dbakto-
pa MHUOHWAOWW TpaHCIIOuu 2), fonB (mepurias-
MaTUYECKOTO  DHEPreTMYecKOoro  TpaHCAyliepa).
IMonydyeHHBIE HYKJICOTUAHBIE MOCEIOBATEIBHOCTHU
aHaJIM3UPOBAJM C UCHOJIb30BAHMEM MPOTrPpaMMbI
SeqMan (DNASTAR Inc.) u 3areM cpaBHUBaJIHA
C aJJIeJIbHBIMU TIpodunsamu 6a3bl faHHbIXx BIGSdb
(https://bigsdb.pasteur.fr/klebsiella).

Ouyenka KauHuueckux dannovix. PETpoCeKTUBHO
OBLIM ITPOaHAJIM3UPOBAHBI KINHUYECKNE JaHHBIC
MalMeHTOB, N3 KPOBU WJIN JIMKBOPA KOTOPHIX ObITa
BbleIeHa K. pneumoniae.

Cmamucmuyeckue memoodsl. CTaTUCTUUYECKYIO
00pabOTKy JaHHBIX MPOBOAUIMU C MOMOIIbIO
nporpamMm SPSS 20.0 (SPSS Statistics, CIIIA)
u Microsoft Excel 2010. Paznuuusa cuuTtanuch cta-
TUCTUYECKU 3HaUYMMBbIMU T1pu p < 0,05.

Pesynbrarhl

YyecmeumenvHocms K aHMUOUOMUKAM U heHoOmU-
net pezucmenmuocmu. YyBCTBUTEIBHOCTh K aHTU-
MUKPOOHBIM MperaparaM U30JaaToB K. pneumoniae
npeacTaBjeHa B TaoI. 1.

Ddenorun MJY npogsunu 11 (16%) usous-
toB, ¢eHorun Y umenu 29 (43%) mramMoOB.
IIpu stom HIJIY B coueTaHUM C YCTOMUYMBOCTHIO
K KOJIMCTUHY OblJia BbisiBJeHa y 17 (25%) miTaMMOB.
JlocToBepHBIE pa3uuus 10 YYBCTBUTEIBHOCTH
K aHTUOMOTUKAM MEXIY ABYMsl CTallMOHapaMu
OBLIM OMpeAeieHbl TOJABKO IS IUITPOMIOKCAIIH-
Ha. [{ns uzonsatoB u3 craunonapa Cl uurnpodiok-
CcalluH in vitro Ob1J1 6osee 3P GEeKTUBEH, UEM U3 CTa-
uunoHapa C2 (p = 0,0247).

lenvt  pesucmenmunocmu. I'eH, oOTBeYalOLIUN
3a TIPOAYKIMIO 1edaloCTIopuHasbl blacry y, OBLIT
oOHapyXeH y 57 M30J4TOB, 4TO cocTaBuyio 85%.
OCHOBHOI AeTePMUHAHTON YCTOMYMBOCTU K Kap-
OareHeMaM OBLT TeH blagy, 43 — 9acCTOTa €ro BBI-
apiaeHus cocraBuia 33%. 'en MBJI (mertammo-f3-
JakTamasa) blaypy OOHApYyXKUBAJICI 3HAYUTEIBHO
pexe — y 9% wuszonsatoB. KoMOMHALUIO blagys as
U blaypy iMenu 7% mtamMoB. TeHbl blaypc, blayyp
u bla,,, HalineHBI He OBIIIN. BBIJIO onIpeneeHo, 4To
blaypy TOCTOBEPHO Yallle OTIPENEsJICS B TIEPUO
¢ 2018 mo 2021 rr. (p = 0,003).

Bupyasenmnocms. Bce mtammbl K. pneumoniae
UMenIu TeHBl entB u mrkD. B 3HaunTeIbHOU
JIoJie cliydaeB omnpenensiyics red ybtS — 52 (78%).
AspobakTuH iutA Obl1 obHapyxkeH y 12/67 (18%)
mrTaMMoB. CITOCOOHOCTh K CBSI3bIBAHUIO TpeXBa-
JICHTHOTO Keje3a, Koaumpyemasi TeHOM kfu, Oblia
XapakTepHa Bcero Jjsi NByX usonsatoB (3%). I'eH
wzi, KONWUPYIOIIMI KamncyabHblil cepotun K2,
ObLJI ONpeaeseH Y ceMU U30J5TOB K. pneumoniae.
IITaMMBI, OTHOCSIIIIMECS K TUIIEPBUPYJICHTHOMY
cepotutry K1, B HallleM McclIeIOBAaHUH He BCTpeva-
auck. 'enbl rmpA v allS He onpeaensiiuch HU 'y Of-
HOTO M3 U3YYEeHHBbIX U30JisaToB. KoMOuHauum pas-
JIMYHBIX TCHOB BUPYJISHTHOCTHU Yy OAHOTO M30JIsSITa
npeacTaBieHBI Ha puc. 1.

buonaenxoobpazosanue. OCHOBHasI Macca U30-
ngatoB K. pneumoniae OblJla CIIOCOOHa K oOpa-
30BaHMI0 OuoIrieHoK. Bcero nBa mzonsta (3%)
He 00pa30BbIBAJIM OMOITJIEHOK. YMEPEHHYIO CITO-
COOHOCTh K 00pa30BaHUIO OUOMJIEHOK ITPOSIBIISII
41 (61%) nzonar; cuabHyo — 14 (21%) mwraMMoB
u cinabyo — 10 (15%) uzoinsatoB. belio onpenee-
HO, 4TO B niepuo ¢ 2014 mo 2017 . yale BHISIBISI-
JIUCh U3O0JISITHI, 00pa3ylonine CUJIbHbIe OUOTIIeH-
ku (p = 0,0005), a B nepuon ¢ 2018 mo 2021 r. npe-
ob6agaivi U30JSITHl C YMEPEHHON CITOCOOHOCThIO
K obpa3oBaHuio 6uonaeHok (p = 0,002).

Tenomunuposanue.yY n3ydeHHbIX HAMU U30JISITOB
K. pneumoniae 6b1710 0OHApPY>KeHO 27 pa3JIUYHbBIX I'e-
HoTuroB. HauboseeyacTo BCTpevyarommMuUcs ObIIN:
ST307 —21%, ST395 — 12%, ST48 — 7%, ST39 — 6%
u ST29 — 6% (puc. 2).

OcHoOBHasl Macca pe3UCTEHTHBIX K KapOarneHe-
MaM M30JISITOBMNpUHamIexkansakreHotunam ST307,
ST395, ST48, ST29, ST2975 1 ST198. YcroiiuuBhie
K KOJIUCTUHY U30JIITHl OTHOCUJINCH K TCHOTHUIIAM
ST395 (5/17), ST307 (4/17), ST2975 (3/17), no on-
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TaGnuua 1. YyecTBUTENbHOCTH K. pneumoniae K aHTUMUKPOOHbIM NpenapaTam
Table 1. K. pneumoniae sensitivity to antimicrobial drugs

o HYyBCTBUTENbHbIN o
. YyBCTBUTENbHbIN = Pe3ucTeHTHbIN
AHTUMUKPOOHBIN Npenapar Sensitive Npu NOBbILIEHHO 3KCNO3ULUN Resistant
Antimicrobial drug Sensitive at increased exposure
n % n % n %
Meponenem 37 55 7 11 23 34
Meropenem
Vmmnetem 39 58 5 8 23 34
Imipenem
Koqm.:mu 46 69 _ _ 21 31
Colistin
AsTtpeoHam 6 9 _ _ 61 91
Aztreonam
ToGpamup,uu 8 12 B B 59 88
Tobramycin
AMl.llKal..l.VIH % 39 _ _ 41 61
Amikacin
FeHTamiLium 16 24 - - 51 76
Gentamicin
¢oc¢omv.|uuu 37 55 B _ 30 45
Fosfomycin
Uedrasupum _ _
Ceftazidime ° 8 62 %2
Uedenmm 4 6 6 9 57 85
Cefepime
T,/IKap.l.l?lnnMH/KnaByﬂaHaT 3 5 1 1 63 94
Ticarcillin/clavulanat
I1.V|nepa'u'wnnuH/Ta306aKTaM 12 18 4 6 51 76
Piperacillin/tasobactam
TpuMeTonpr/cynbcbameToxcason 17 o5 _ _ 50 75
Trimethoprim/sulfamethoxazole
Lunpodnokcaumy 12 18 6 9 49 73
Ciprofloxacin

HOMY M30JTy — K reHotunam ST48, ST11, ST39,
ST29, ST985. Ha puc. 3 npeactaBiaeHbl TeHOTHUITbI
M30JIITOB, 00JaJaolIX KapbaneHeMa3aMU.

W3 tabn. 2 MOXXHO caesiaTh BBIBOJ, UTO (haKTO-
pbl, OTBeYalollMe 3a TUIEPBUPYJICHTHOCTh H30-
JIITOB, paclpoOCTpaHEeHbl B OMpPEIEJICHHBIX I'eHO-
tunax. Tak cugepodop aecpobakTuH (iutA) B 10/12
ciaydaeB olnpeaensiiacsa y npeactaButesieii ST307
(p <0,05). T'MnepMyKOoUIHbBII TUIEPBUPYJTEHTHbI i1
KarcyJibHblli K2 cepoTun B 1IECTU U3 CEMU CIIYy-
yaeB ObLI onipenesieH y uzonsatoB ST395 (p < 0,05).

IMpencraButenu ST307 ObLIM CHOCOOHBI K hOP-
MUPOBAHUIO OMOIJICHOK Pa3HOM MHTEHCUBHOCTU:
MOJIOBUHA M30JITOB (opMHpOBajia yMepeHHBbIe

JleTepMUHaHTbI BUPYNEHTHOCTH
Determinants of virulence

entB+mrkD+ybtS entB+mrkD+ybtS+iutA+wzi
OMOITJIEHK U, YEThIpE U30J151Ta — CUJIbHBIE U TPU — = Y = Y
cna6wie. ITonoBuHa usonssitoB ST395 Ttakxke pop- Wl entB+mrkD E<] entB+mrkD+ybtS+wzi
MMpOBaJia YMEpPEHHbIC OMOIJIEHKHU, TPU — CJa-

entB+mrkD+ybtS+iutA entB+mrkD+iutA
Oble M OOWH M30JST He (DOPMUPOBA OUOIIICHKY. A Y u Y
WN3zonsatel ST48 umenu cuibHbBIE U YMEPEHHBIE O1O0- [[] entB+mrkD+kfu

mjieHku. JIBa us Tpex usonsatoB ST2975 dopmupo-

BaJId yMEpEHHbIe OMOMJIEHKU U OIUH — CUJbHYIO. PucyHok 1. KomGuHaumm petepmmHaHT

Bce nipeacraBurenu ST39, ST29, ST198, ST6, ST4  BUPYNEHTHOCTU y u3onsitos K. pneumoniae
00Opa30BbIBaIM OMOMJIEHKN YMEPEHHOI MHTEHCUB- Figure 1. Combinations of virulence determinants
HocTu. O6a uzossrta reHorumna STI11 dopmupona- in K. pneumoniae isolates
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881

PucyHok 2. FleHoTunoBoii coctae K. pneumoniae npu 6aktepuemum n uidekumm LLHC
Figure 2. K. pneumoniae genotype composition in bacteremia and CNS infection

MNpumeuanue. CeeTno-cepbiM LBETOM 0003HAYEHbI M30M1ThI, YYBCTBUTENbHbIE K KapOaneHemMaMm; CepbiM — YyBCTBUTESbHbIE
NPU NOBbILLEHHOW 3KCMO3ULMW; TEMHO-CEPbIM — PE3UCTEHTHbIE. CexkTopamu 0603HAYEHO KOTMYECTBO U30JISITOB B rEHOTUNNE.
Note. Isolates sensitive to carbapenems are indicated in light grey; grey — sensitive at increased exposure; dark grey — resistant.

Sectors indicate the number of isolates in the genotype.

JIX CUJIbHbBIE OMOIIeHKU. [1onyIssiuoHHas CTPYK-
typa K. pneumoniae B pa3HbIX OTAEICHUSIX 10 CTa-
LOHAapaM IIpeacTaBiieHa B Ta01. 3.

B OPUT C1 B TeueHue 4eThbIpex jaeT, ¢ 2015
no 2018 r. mpu 6aktepuemnun n nHpekunuu 1THC

%
25

20

=

ST29 |

ST784 /1

ST377 /1

ST584 |—3

ST48 ——————

ST39 —1

S T < 9
ST307

(el e —
ST2975
ST198
ST4652
ST985
ST866
ST147

[Joxa-2s [ Nom [l OXA-48+NDM

PucyHok 3. PacnpocTpaHeHHOCTb kap6aneHemas
cpeau npeacTaBuTenei pasiniyHbIX reHOTUNOB
Figure 3. Carbapenemase prevalence among
representatives of various genotypes

y JeTeil 4acTo BhLaeIsIIuCh K. pneumoniae ¢ TeHO-
TurioM ST307. B 2018 1. TTOSIBUJICS €TO OTHOJIOKYC-
Helit BapuanT ST2975. U3onsarer ST395 Buimens-
much B 2017 m 2019 rr. I'eroTUmr ST29 BCcTpevacs
¢ 2018 mo 2019 r. Usonsarel ¢ reHotunamu ST6,
ST11, ST17, ST784, ST881, ST985 u ST4652 BcTpe-
YaJINCh TOJIBKO B 3TOM OTAEJIIEHUN.

B OPUT nosopoxaeHHbix Cl B 2014 1 2015 rT.
HabJoaaa0Ch Beiaenenue K. pneumoniae ¢ reHOTHU-
noMm ST48. Nzonsarer ST395 ompenensiiuck B 2018,
2019 u 2021 rr. I'evotunn ST39 BcTpeuancs B 2018
u 2020 rr. IlTamMmbl, nmeromue ST20, ObIIN BBIAEC-
nedbl BoTtoM otaeneHuu B 2020 u 2021 rr. [eHOTUTIBI
ST20, ST198, ST309, ST351 u ST736 onpenensiyiuch
TOoJIbKO B OPUT HOBOpoxaeHHBIX Cl.

Cnopaagnyeckue ciydad OaKTEpUEeMUU B ABYX
comatnueckux oraeixeHusax Cl B 2017 u 2020 rr.
accouuupoBaHbl ¢ K. pneumoniae pa3HbIX TEHOTH-
OB, KOTOPBIE HE BXOIST B YMCJIO KJIOHOB BBICOKOTO
MEXIYHApPOAHOI'O PUCKA.

B OPUT C2 B 2016, 2019 u 2020 rr. onpeaesi-
Jnuch u3oisaTel K. pneumoniae ¢ renoruriom ST395.
B 2017 u 2019 rr. Beroensiuch mraMmbl ST377.
B 2020 r. OBIT BBIBJIEH WM3O0JAT C TEHOTUIIOM
ST667, a B 2021 r. mOsSIBUJICS €ro OJHOJIOKYCHBII
BapuaHT ST39. Ilramwmser ¢ reHotumamu ST70,
ST147, ST377, ST584 u ST667 BBIAEISAINCH TOJIBKO
u3 ctanmoHapa C2.
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TaGnuua 2. leTepMuUHaHTbl BUPYJIEHTHOCTU Y NpeAcTaBUTenei pasinyHbix reHotunos K. pneumoniae
Table 2. Virulence determinants in representatives of various K. pneumoniae genotypes

Fenotun (n)

Genotype (n) n

K2 (wzi) ybtS

mrkD entB

kfu

iutA

—_
o

ST307 (14)

ST395 (8)

+|+[+]+

ST48 (5)

ST39 (4)

ST29 (4)

+|+|+[+]+

ST2975 (3)

ST377 (3)

ST45 (2)

ST198 (2)

ST4 (2)

ST6 (2)

+|+[+]+

S$T20 (2)

ST11(2)

ST784 (1)

ST309 (1)

ST866(1)

ST667 (1)

ST147 (1)

++[+[+]+

ST70 (1)

ST17 (1)

ST351 (1)

ST985 (1)

ST1079(1)

ST4652 (1)

ST736 (1)

ST881 (1)

UG (UG (NI JIN) I Juiry) purg qunrg) juirg quirg qpuiry) puirg gy G F STRSTOSI DS LSS RS ROV N N S [ QUG UG UG g, || I AN

ST584(1)

T QR [PUEY T R (ST NN (ST T R (R Y A T [ [RUEY TN [N (R R R (T [N (SR Y R (R R S QT S
B o I o e e I I o o I o I I IS I I (e I IS I I [ [ S I I

+

Bcero
Total

(o]
My

7 (10%)

52 (78%) 67 (100%)

67 (100%)

2 (3%)

12 (18%)

Ta6nuua 3. leHoTUNUYeckKoe pa3sHoobpa3ue K. pneumoniae B oTAeNEHUNX B pa3Hblie rofbl
Table 3. K. pneumoniae genotypic diversity in the departments in different years

OPHT C1
ICU H1

lopn
Year

OPUT HoBOpOXAeHHbIX C1
ICU of newborns H1

ComaTtuyeckue otaeneHua C1
Somatic departments H1

OPUT C2
ICUH2

2014 ST11++, ST48++

ST48+, ST307++

ST70+

2015 ST17+, ST307+++

ST48++, ST351+

2016 | ST307++++ ST4652+

ST395+

ST307++, ST395+,
ST784+ (DLV** ST17),
ST881+

2017

ST4+, ST45+,
ST307++, ST377++

ST6++, ST29+, ST307+,
ST985+ (SLV* ST29),
ST2975+ (SLV ST307)

2018

ST29++, ST39+
ST198++, ST309+
ST395+, ST2975++ (SLV ST307)

2019 ST29+, ST395+

ST395+

ST395+, ST377+

2020 -

ST20+, ST39+

ST866+, ST1079+

ST395+, ST584+,
ST667+ (SLV ST39)

2021 ST45+

ST20+, ST395+, ST736+

ST39++ (SLV ST667),
ST147+

Mpumeyanne. * — OQHONOKYCHBIA BAPUAHT; ** — ABYXIOKYCHbIN BAPUAHT; «+» — 4aCTOTa BbIAENEHNS.
Note. * — a single-locus variant; ** — a two-locus variant; “+” — frequency of allocation.

1123



3.3. CapeeBaun gp.

MHdekumns n uMmyHuTeT

IIpencraBuTe I KJIOHOB BBICOKOTO MEXIyHa-
pomHoro pucka ST48, ST29, ST198, ST2975 (SLV
307) BcTpeuyanuch ToabKo B ctanimoHape Cl. ST377
OBLJT XapaKTepeH TOJBKO I ctannoHapa C2. B To
JKe BpeMs TaK1e TeHOTHUIThI MeXXIYHAPOIHOTIO PUC-
Ka, kak ST39, ST307 u ST395, Oblau onpeneaeHbl
B 000UX cTallMOHapax.

Kaunuueckue odaumuvie. Ilo pesyrbraTaM OIICH-
KU KJINHUICCKUX TaHHBIX U30JISATHI K. pneumoniae
OBLJIM BBIIEJICHBI OT 64 neTeil B BO3pacTe OT S5 cy-
TOoK no 17 ner. MeauaHa Bo3pacta — 4 Mecsna
(1 m; 12 m). [TaneHTHI OBLIIN pa3aeeHBl Ha 4 BO3-
pactHble rpymnmnbl: 1 (0—1 rog) — 46 nereit (71,8%),
IT (1-3 net) — 3 pebGenka (4,7%), 111 (3—7 ner) —
3 pebenka (4,7%), IV (7—17 net) — 12 nereii (18,8%).
XapaKTepruCTHUKa U30JISITOB, BBIACJIICHHBIX OT AeTeit
pa3HbIX BO3pACTHBIX TPYMII, OTOOpaXxeHa B TadJI. 4.

tamMmebl K. pneumoniae ObIIU TIOJTYYEHBI OT A&~
Tei, HaOJIIOAABIIMXCS C XUPYPruyecKoii maToJIoru-
eil (BpoxaeHHbIe ITopoku cepaua — 30%, abnomu-
HajJbHas natoyiorust — 39%, Tsxenast CoOdeTaHHAas
TpaBMa — 12%) 1 ¢ coMaTUYeCKUMU 3a00JIeBaH U SI-
MM, COIPOBOXIAIOIIMMUCSI aHTUOAKTepUalbHOU
U/UIN TIIOKOKOPTUKOCTCPOUIHON Tepamueii —
14%. N3 60 manueHTOB C MOJIOKUTEIBLHON TeMo-
KyJabTypoit nuarHo3 «Cencuc» 611 y 19 (32%),
n3 Hux 10 uMenu HeGIaronpusiTHLIN Ucxod (BCEro
ObLJI0 16 HEOJAronpusITHBIX MUCXOH0B). B deTnIpex
cIyJdasiX MOJIOXKUTEJIbHBIC BBICEBBI K. pneumoniae
OBLJIM TTOJIYYEHBI U3 00pa31oB JIMKBOPA, IPU 3TOM
y IBYX TallMEHTOB C JIUarHo3oM <«MEeHUHTUT».
Mukpobuonormyeckas xapakTepucTUKa Heb1aro-
NPUSITHBIX UCXOIOB OTOOpaxkeHa B TalJI. 5.

Ilpu GakTepueMuu c JeTaJIbHBIM UCXOJOM, ac-
couuupoBaHHoU ¢ K. pneumoniae, 12 maliueHTOB
OBLIM B BO3pacTe A0 OMHOIO I'ofa, ABa MalyueHTa —
OT ToIa OO0 CEMU JIET, M ABa — OT CeMH O0 17 JeT.
15 nmanueHTOB HaOJIOAANUCh C XUPYPruUuecKou
naToJiorueit, ¥ OfMH — C coMaTuyeckoii, y 10 ObLa
BBISIBJICH CETICHC.

Ob6cyxaeHne

PesynbTarbl JaHHOrO MCCJIENOBAHUSI IIOM-
TBEPKAAIOT OOIIYI0O HETraTUBHYIO TEHACHIIUIO I10-
CJIEIHUX JIET — BO3pacTaHUE YPOBHS PE3UCTEHT-
HocTu y uzonsAtoB K. pneumoniae. VIHpexuuun
kpoBotoka u LIHC, accoumupoBaHHbIe ¢ KapOa-
MeHeM-pe3UuCTeHTHbIMU K. pneumoniae, pacnpo-
CTpaHEHbI Cpeau TAIlMEeHTOB OTHEJICHUI peaHU-
MallMu U UHTEHCUBHOU Tepanuu [29]. Ilpu wu3s-
YUYEHUU MOJICKYJISIPHO-TEeHETUYECKUX XapaKTe-
pucTuk mwrTamMmmoB K. pneumoniae, BbIIEICHHBIX
13 00pa3loB KPOBU M JIMKBOpA y JAETel, HaAMU
OBl OOHapy>keH BBICOKUU ypPOBEHb YCTOMYMBO-
CTU IITAMMOB K aHTUMMKPOOHBIM IMperapaTaM.
MHOXeCTBEHHO-PE3UCTEHTHbIE U IKCTPEMaJIbHO
PE3UCTEHTHBIE IUTAMMBbI cocTaBlistiu 16 u 43% co-
oTBeTCTBEHHO. OKOJIO YeTBEPTU U30JISITOB MIPOSIB-

JISJIM IIUPOKYIO JIEKAPCTBEHHYIO YCTOMYMBOCTD,
B TOM YMHCJE K KOJUCTHUHY, KOTOPBIi SIBISIETCS
nocjeaHei AMHUEeNW Tepanuu. B ucciaegoBaHusIx
HaIIMX KUTACKUX KOJJIET pacIipOCTPaHEHHOCTh
MHOXECTBEHHO-PE3UCTEeHTHBIX K. pneumoniae
npu MHGPEKIUSIX KPOBOTOKAa BapbupyeTcs oT 18
1o 61% [25]. B HameMm wucciemoBaHuu 10 88%
n3onsaToB K. pneumoniae TIPOSIBASIIN YCTOWIM-
BOCTh K aMHMHOTIIMKO3ugaM, 85% — K uedenu-
My, 91% — Kk aztpeoHamy. K kapbameHemam, Ko-
JIUCTUHY M OUCEITONY OBLIM HEUyBCTBUTEIbHBI
34, 31 u 75% wusonsatoB cooTBeTcTBeHHO. [lo-
JIy4eHHBIE Pe3yJbTaTbl BO MHOTOM OTJIMYAlOTCS
OT PE3UCTEHTHOCTU TPU MHOEKIUSIX KPOBOTOKA
B CIIA, rne K aMUHOTJIMKO3UAAM PE3UCTEHTHBI
okoJio 17%, k uedpenumy — 9%, K a3TpeoHaMy —
16%, k MmeporieHeMy — 9% u K 6ucenrtony — 33%
mrtamMmMoB K. pneumoniae. Tlpu 3TOM HalllU KOJJIE-
I'M OTMEYaloT 3HAUYUTEJIbHYIO POJb MHOXECTBEH-
HO-PE3UCTCHTHBIX M30JSITOB K. pneumoniae 11pnu
uHbeknuax kpoBotoka [15]. OcHoOBHOI mpuYU-
HOM pPEe3UCTEeHTHOCTM K KapOameHeMaM W30JIs-
TOB KJeOcueaibl U3 KpOBOTOKa M JIMKBOpa Obljaa
MPONYKIIMS KapbarieHeMas, B YaCTHOCTU blagy a_ug-
OHa pacrpocTpaHeHa BO MHOTUX cTpaHax [22],
B ToM yucJiie B Poccuum [1].

Panee cuutanoch, 4yTto OakTepuu, HMEIOLINUE
MHOXXECTBEHHYIO PE3UCTCHTHOCTb, HE CITOCOOHBI
NpPOSIBISITH TUIEPBUPYJICHTHOCTh. B Tociemnue
TOMBI TIOSIBJISIETCSI MHOTO COOOIIIEHW O BBIAEJIEHUN
OOHOBPEMEHHO TUIEPBUPYJICHTHBIX U MYJBTUDE-
3UCTEHTHBIX IITaMMOB K. pneumoniae (13, 16]. DTt
IMTaMMBI MOTYT MIPEICTABISITh OCOOYIO OITAaCHOCTH
JUTST TIAIITMEHTOB, TMOCKOJIBKY CITOCOOHBI BBI3BIBATH
TsIKeJible MHMEKIMU U AJUTEbHO MNEePCUCTUPO-
BaTh B OpraHM3Me MallMeHTa U B OOJTbHUYHOM Cpe-
ne. [Tpu n3yyeHnn (pakTOpoB BUPYJICHTHOCTH HAMU
ObLJIO OOHAPYKEHO, UYTO cunepodop SHTEPOOAKTUH
oInpenesiyics BO Bcex Kiyiebcueliax, Kak U BO MHO-
TUX ApyTUx uccienoBaHusx. Cuaepodop nepcuHu-
e0aKTHH ybtS, o pesysibTaTaM 3apy0eXXHBIX padoT,
HauboJilee 4YacTO acCOLMUPOBAH C WHGEKIUIMU
pecnupaTopHOIro TpakTa, a y U30JISITOB, BbIICJICH-
HBIX U3 KpPOBU, BcTpedaeTcs peako [3]. TIpu stom
B Haluei pabote 78% M30JIITOB UMEIU F'eH UEPCU-
HuebakTuHa. Cuaepodop aspoOAKTUH SBISETCS
OOHUM W3 MapKepoB TUNEpBUpPYJeHTHOCTU [20].
BcrpeuaeMocTh reHa aspobakTHHA iutA 1OoCTUTAET
56,8% y nanueHToB ¢ MeHuHruToM [11]. ITpu mmo-
TeHHBIX abclieccax IMeYeHU BCTPEUYaeMOCTh 3TOTO
dakTopa mocturaet 85,3% [28]. ¥V nccienoBaHHBIX
HaMHM M30JISITOB a3p0o0akKTUH ObI BhiaesieH B 18%.
T'en mrkD, xonupytomuii ¢umMOopun 3 THMIa, OTBE-
JaplIre 3a OWOIUICHKOOOpa3zoBaHME, BCTpedall-
csl Yy BCeX M3YYEHHBIX HaMU H30JISITOB, 3TO COOT-
HOCHUTCSl C JaHHBIMU IPYIUMX UcciefoBaHUM [28].
Cuuraercs, uto K. pneumoniae, oTHocsecs K K1/
K2 ceporumam, GoJiee BUpPYJCHTHBIC, YeM ITIPCI-
cTaBUTeNAU Apyrux cepotumnon [20]. Mbl He BbIs-
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TaGnuua 4. XapaktepucTtuka usonstoe K. pneumoniae B pa3HbiX BO3pacTHbIX rpynnax
Table 4. Characteristics of K. pneumoniae isolates in different age groups

rgynnbl Fpynna 1 Fpynna 2 F'pynna 3 Fpynna 4
n roups Group 1 Group 2 Group 3 Group 4
apamerpel =46 n=3 n=3 n=12
Parameters n
OXA-48 13 2 2 5
Kap6aneHeMasbl
Carbapenemases NDM 5 - - L
OXA-48+NDM 4 - - 1
YyecTBUTENbHbIE
" 8 - - 1
Sensitive
®eHotnn My 8 1 - 1
pe3aucteHTtHoctn | MDR
Resistance wny
phenotype XDR 16 2 3 /
Luny+CoL
XDR+COL 14 N N 8
Het GuonneHku ~ ~ ~ 5
No biofilm
Cnab6as
WHTEeHCUBHOCTB Weak 6 2 - 2
OGuonneHokK v
Biofilm intensity MepeHHas 31 1 2 5
Moderate
CunbHas
Strong 9 - 1 3
WepcuHuebakTuH
o ) 36 2 2 10
Yersiniebactin
Aepo6GakTuH 8 9 ] 1
BupyneHntHoctb | Aerobactin
Virulence K2 cepotun
5 - - 2
K2 serotype
Cuctemakfu 5 _ ~ _
System kfu
307 (n=10), 395 (n = 6),
48 (n=5),29 (n=3), 39 (n=2),
FeHoTunbl (ST) 2975 (n=3), 11 (n=2), 307 (n=2), 307 (n=2), 395 (n=2), 4, 29,
Genotypes (ST) 20 (n=2),39 (n=2), 198, 377 (n=1) 377 (n=1) 45,70, 147, 584,
4,6, 45, 309, 351, 736, 667, 1079
784, 866, 881, 985, 4652

Ta6nuua 5. Xapaktepuctuka K. pneumoniae npu HeGnaronpusiTHbix ucxopax 6akrepueMmumn

n uidpekumm UJHC (n = 16)

Table 5. Characteristics of K. pneumoniae in unfavorable outcomes of bacteremia and CNS infection (n = 16)

l'eHbl

XDR + R** to colistin — 50%

Aerobactin — 25%
K2 kancynbHbiii cepotun — 13%
K2 capsule serotype — 13%

dJeHOT}lln PEe3UCTEHTHOCTU PE3UCTEHTHOCTM BupyneHTHoch EI/IO.njjIeHKVI ST*Hwxxx
Resistance phenotype Resi Virulence Biofilms
esistance genes
OHTepobakTuH — 100%
Enterobactin — 100% 307 — 25%
YyecTBUTENbHBLIE — 25% ®umbpuanbHblii agreami — 100% 395 — 13%
Sensitive — 25% CTX-M — 100% Fimbrial adhesive — 100% Love _ 139 ‘151 2—91;’»;’? .5
Ly* — 25% OXA-48 — 31% NepcuHmnebaktnH — 88% cire roo | AR 7Ra BaE
. o o ) M**** _50% |48,784, 985,
XDR* — 25% NDM — 6 % Yers|n|ebact|n — 88% Grrkxx _ 370/ 2975 — no 6%
- OXA-48+NDM — 6% 0 0
LLNY + R** k konucTuHy — 50% Aapo6akTuH — 25% 6, 29, 39, 45, 48,

784,985, 2975 —
by 6%

Mpumeyanue. * — LUMPOKas IeKapCTBEHHAs YCTONYMBOCTb, ** — LUMPOKAs IeKapCTBEHHAs YCTONYMBOCTb, B TOM YUCTIE YCTONYMBOCTb K KOJIMCTUHY,
*** — cnabas Guonnexka, **** — ymepeHHas 6ronneHka, ***** — cunbHas GuonneHka, ****** — cukBeHCTMN.

Note. * — extremely resistant, ** — extremely resistant, including resistance to colistin, *** — weak biofilm, **** — moderate biofilm, ***** — strong

biofilm, ****** — sequenstype.
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3.3. CapeeBaun gp.

MHdekumns n uMmyHuTeT

Buau usonsatoB Kl-ceporuma, a xk ceporumny K2
npuHamiexano 10% wuzonsitoB. CTOUT OTMETHUTh,
yto 6 m3 7 uzoysitoB K2-cepoTuiia uMesim reHo-
tun ST395. DTu faHHBIE COTJIACYIOTCS C pe3yJibTa-
TaMM OTEYECTBEHHOrO MCCJIeOBaHWs, B KOTOPOM
KarcyabHbIl cepotunt K2 obHapyxusaicsa y 15,7%
mraMmMoB M accouuupoBalcs ¢ ST395 [14]. T'eH kfu,
OTBeyYalolMii 32 OOMEH XkeJie3a, BCTpeyaeTcs pel-
KO, Y M3YYEHHBIX HaAMU U30JISITOB — Bcero B 3%.
AHaJIOTUYHbIE JaHHBIE MOJYYEHbl POCCUNCKUMMU
U 3apyOeKHBIMU yUeHBIMH [6, 21].

Y HO30KOMMAJbHBIX M3OJISITOB KJIEOCUEIIBI
yalle BCEro HaoOJrogaeTcs MPOAYKIIMS YMEpeH-
HBIX U CUJbHBIX OuorieHoK [2]. Hamu pesyib-
TaThl COOTBETCTBYIOT 3TUM JaHHBIM — 61% u30-
JISTOB 0OOpa30BbIBAJU YMEPEHHbIE OUOIMJICHKU
u 21% — cunbHbBIE.

IlpenctaButenu reHotuna ST307, BeiaeaeHHbIE
U3 KPOBOTOKA, YaCTO UMEIOT MHOXECTBEHHYIO Jie-
KapCTBEHHYIO YCTOMUYUBOCTh W TUMNEPBUPYJIEHT-
HOCTb [15], OHU CIOCOOHBI BBI3BIBAaTH BHYTpPU-
GoJbHUYHBIE BebIIKHY [26]. ST307 B 3TOM Mcclie-
JIOBAaHMM OBIJI CAaMbIM pacIiipocTpaHeHHBIM (21%).
M3075THI 3TOro reHoTHUIIa Yallle OCTaJbHBIX 00J1a-
najau KapbarneHeMaszaMu U (pakTopaMu TMIEPBU-
PYJIEHTHOCTHU. DTOT F€HOTUIT ObLJT XapaKTEePEeH IJIs
000MX CTAallMOHAPOB U B HEKOTOPHIX OTACIECHUSIX
BBISIBJISIJICS HA MPOTSI)KEHU W HECKOJTBKUX JIET.

dakTopaMu prcKa IJisi BOBHUKHOBeHU S K. pneu-
moniae-acCOLIMMPOBAHHBIX MH(PEKIIUI KPOBOTOKA
u HHC gBnsgoTcs xupyprudyeckue BMelaTeabCT-
Ba, TPaBMBbI, HaJIUYME BHYTPUCOCYTUCTOIO KaTeTe-
pa, UHTyOauus Tpaxeu, rocnuTaau3alus B OTae-
JIEHWE peaHUMalliu, ITPpeaIIecTBYOlas aHTUOUO-
TukoTepanus [27]. B Hamieit pabGote Oosblias
YacTh MAallMEHTOB HaOI0Aaach C XUPYpPrudecKom
natojoruei (68%). Y 14% maumeHTOB A0 BbISIBJIC-
Hus 6akTepueMuu uau mHbekuuu LHHC nposo-
JIVJIACH KyPChl aHTUOMOTUKOTEPATTUY U/UJIH TTPU-
MEH SIJTUCh TJTIOKOKOPTUKOCTEPOU IbI.
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¢ K. pneumoniae, OTHOCUTEIILHO pacIpOCTpPaHCHBI
Yy neauaTrpuuyecKux MalreHTOB, YTO MPEACTaBJIs-
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pallMoHaJIbHOE MCITOJIb30BaHUE.
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Pestome. Llenbio Haliero mcciaeqoBaHusl ObLJIO OLIGHUTh PACIPOCTPAHEHHOCTh CKPBITON (DOPMbI XPOHUUECKOTO Terna-
tuTa B y noHOopoB KpoBu B CaHKT-IleTepOypre, a TakKe oXapaKTepM30BaTh BbISIBIEHHbIE U30JIAThl BUpyca. B pabote
rcrnob3oBaHbl 2800 00pa3loB Mia3Mbl KpOBH, MmoaydeHHbIe B 2019 I. 0T TOHOPOB KPOBH, MpoxkuBaroIux B CaHKT-
[etepbypre. Metomom MDA onpenensiu HBsAg, anti-HBs IgG, anti-HBcore IgG. IHK BI'B BbisiBisiIM MeTOnOM
rae3noBoii [P ¢ rubpuanzannonHo-¢yopeciieHTHON IeTEKIUeH B peXXUME «peaTbHOTO BpEMEHU» 10 TPEM MUIIIE-
H$IM, no3BoJistomnm onpenensatsh JIHK Bupyca npu HU3Koii BUpYCHOM Harpy3ke, B ToM uucie npu HBsAg-HeraTuBHOM
xpoHuyueckom renartute B. Ceponornueckue Mapkepsl rermatuta B BoissBuIN y 69,43% o6cnenoBaHHbiXx, HBsAg 06-
HapyxeH y 0,43% w1, mpuyeM Bce OHUM claBajy KPOBb BriepBbie. [10Ka3aHO JTOCTOBEpHOE MPEBBIIIEHNE BCTpevae-
MocTu aHTuTesn anTu-HBcore IgG cpenu mepBruHBIX 10HOPOB (15,1%) 1O CpaBHEHMUIO C MIOBTOPHBIMU/PETYISIPHBIMU
(7,48%). Betpeuaemocts JIHK Bupyca B rpymnme cocrasuia 3,14%, B Tom uucie 2,71% ciaydaeB, peacTaBIsIIONINX CO-
ooit HBsAg-HerarusHbiit XI'B. Ha ocHOBaHMM (huioreHeTUYECKOro aHaiu3a 88 U30JSITOB OMpeeIeHbl CyOreHOTUITbI
BI'B B cnenytomux cootHomeHusix: D1 u D2 — 1o 40,91%, D3 u A2 — no 9,09%. Ipu onpeneneHun ceposioruye-
CKOTO IMOATHITa 0OHAPYKEHHBIX U30JISITOB Mpeobagan cepotuit ayw3 (52,27%) mo cpaBHeHUIO ¢ ayw2 (46,59%) n adw?2
(10,23%). MyTaLuu JeKapCTBEHHOM YCTOMYMBOCTH, BKJII0Yasi KOMIIEHCATOPHBIE, BBISIBJICHBI Y IIECTU 00C/IeI0BAHHBIX
(6,82%). Bo Bcex u3oJisitax reHoTuma D onpeaeeHbl MHOXECTBEHHbIE aMUHOKHMCIOTHBIE 3aMeHbI B pernoHax RT, SHB,
MHB, LHB, Core, mytaiiuu preCore pernoHa BeisiBjeHbl y 21,59% o6pasiioB. BMHR o6:1actu renoma BI'B renotumna D
oIpeeaeHbl 26 MO3ULIMI, B KOTOPHIX IIPOMCXOAMIM aMUHOKUCIOTHbBIE 3aMEHbI, IPUUYEM Y BCEX U30JISITOB MTOKA3aHbI
monuduKkanuu B nmoaoxeHusx 113, 114, 131, 134, 159, 161, 168, y 76 — B nonoxenuu 122, y 68 — B monoxenuu 127,
y 36 — B monoxenuu 118, y 24 — B monoxenuu 128. Y uzonsitoB BI'B A2 onpenenensr myrtamuu T113S, S143T, Y161F.
B preCore pervioHe 1eBaTH M30JI5TOB BBISIBJICH TIOMMMOP(U3M, BKITIOUAIONINI cTON-KomoH W28*W, B 3T0ii ke o3uiinm
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y IISITU U30JISITOB MoKa3aHa 3aMeHa W28S, y erie omHoro odpasua onpenesneH BapuaHT W28*S. Beicokast yactoTta BcTpe-
yaemoctu HBsAg-HeratuBHbIx ciydaeB XI'B cpenu noHOpOB KpoBH, a Takxxe nmpeobianaHue uzosaTo BI'B, Hecymux
OITHOBPEMEHHO MYTallMU, MPUBOASINE K TUAaTHOCTUUYECKON Heynade TecToB Ha HBsAg u npodunaktndeckoit Head-
(beKTHUBHOCTH UMMYHOIJIOOYIMHA UJIM BaKIIMH M peaKTUBALIMU BUPYCa, a TAKXKe MyTalli1, CIIOCOOCTBYIOIIUE ITPOrpec-
CHUPOBaHMIO 3a00JIeBaHMSI, OUEBUIHO HECET YyTPO3Y 3MPaBOOXPAHEHUIO U HYKIAa€TCs B NaJbHEHIIIeM U3YYeHUN.

Karouesoie caosa: supyc ecenamuma B, ckpvimoiii ecenamum B, ceponoeuueciue mapieput, MoaeKyAapHO-0uos02uteckKue Mapiepol,
sapuabeavnocmy BI'B, eenomunvl, KAuHu4ecKu 3HaMuMble Mymayuu, 6e30nacHoCmy Kposu, 1a60pamopras OuaeHoCmuKda.

PREVALENCE OF OCCULT HEPATITIS B INFECTION AMONG BLOOD DONORS IN SAINT PETERSBURG
Ostankova Yu.V.?, Serikova E.N.?, Shirshova N.Yu.’, Kusevitskaya M.B.c, Gorskaya O.A.¢, Basina V.V.¢,

Mashkov I.A.f, Zueva E.B.?, Shchemelev A.N.?, Reingardt D.E.?, Davydenko V.S.?, Mukkel D.A.?, Totolian A.A.*#
aSt. Petersburg Pasteur Institute, St. Petrsburg, Russian Federation
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¢ St. Petersburg State Pediatric Medical University, St. Petersburg, Russian Federation

I City Polyclinic No. 99, St. Petersburg, Russian Federation

s I.P. Pavlov First St. Petersburg State Medical University, St. Petersburg, Russian Federation

Abstract. The aim of this study was to assess the prevalence of occult hepatitis B infection among blood donors in St. Petersburg,
as well as to characterize the identified virus isolates. The study material was represented by 2800 blood plasma samples col-
lected in 2019 from blood donors living in St. Petersburg. The ELISA study for HBV marker rate consisted of HBsAg, anti-HBs
IgG, anti-HBcore IgG. HBV DNA was analyzed by nested PCR with real-time hybridization-fluorescence detection on three
targets allowing to determine virus DNA at low viral load, including HBsAg-negative chronic hepatitis B. Hepatitis B serologi-
cal markers were detected in 69.43% of those surveyed, HBsAg was found in 0.43% of individuals, and all of which donated blood
first time. A significant excess of the anti-HBcore IgG antibodies occurrence among primary donors (15.1%) compared with
repeated/regular donors (7.48%) was shown. The prevalence of virus DNA in the group was 3.14%, including 2.71% of cases
in HBsAg-negative CHB. Based on phylogenetic analysis of 88 isolates, HBV subgenotypes were determined in the follow-
ing order: D1 and D2, 40.91% each, D3 and A2, 9.09% each. While determining the serological subtype in detected isolates,
the serotype ayw3 (52.27%) vs ayw2 (46.59%) and adw?2 (10.23%) prevailed. Drug resistance mutations, including compensa-
tory ones, were detected in six examined patients (6.82%). In all genotype D isolates, multiple amino acid substitutions were
identified in the RT, SHB, MHB, LHB, and Core regions; mutations in the preCore region were detected in 21.59% samples.
Inthe MHR of the HBV genotype D genome, twenty-six positions were identified in which amino acid substitutions occurred,
and all isolates showed modifications at positions 113, 114, 131, 134, 159, 161, 168, in 76 — at position 122, in 68 — at position
127, in 36 — at position 118, in 24 — at position 128. In HBV A2 isolates, mutations T113S, S143T, Y161F were identified. Nine
isolates in the preCore region showed a polymorphism including a stop codon W28*W; in five isolates the W28S substitution
was shown in the same position, and the W28*S variant was found in one more sample. The high incidence of HBsAg-negative
CHB cases among blood donors, as well as the predominance of HBV isolates that simultaneously carry mutations resulting
in diagnostic failure of HBsAg tests and prophylactic failure of immunoglobulin or vaccines and virus reactivation, mutations
that contribute to disease progression obviously pose a threat to health and require to be further examined.

Key words: hepatitis B virus, occult hepatitis B, serological markers, molecular biological markers, HBV variability, genotypes, clinically
significant mutations, blood safety, laboratory diagnostics.

BeepgeHue

Bupychuniit renatut B (I'B) npencraBasieT coboii
cepbe3Hoe MH(MEKIIMOHHOE 3a0oJieBaHUE IICYCHMU,
BbI3bIBacMoe BUpycoM rematuta B (BI'B), mepe-
JMAIOIIMMCST TTPU KOHTAKTe CJIM3UCTBIX 000JI0YeK
C 3apakeHHOM KPOBbIO UJIU APYTUMMU KUIAKOCTAMU
opranusmMma [45]. YacTtoTa pa3BUTUSI XPOHUUYECKOTO
BupycHoro renatuta B (XI'B) o6paTHo nponopuuo-
HaJIbHA BO3pacTy OOJIbHBIX: XpOHU3ALIUs TIPU UH-
duIMpoBaHMUHU B BO3pacTe 10 5 jieT nmpeBbiiaet 90%,
B TO BpeMsI KaK y B3pOCJBIX TOJBKO 5% nHbeKIIUN
npuBoaiaT K XI'B. ¥ 20—-30% 60apHbIX XI'B pa3Bu-
BaeTcs LIMPPO3 U pak nedyeHu. K HacTosIemMy Bpe-
MEHU B MUPE 0KOJIO 2 MJIpJ1 YeJioBeK 3apakeHbl BI'B

M, TI0 pa3HBbIM JaHHBIM, OT 290 10 360 MJIH U3 HUX
o6onbHbBI XI'B, mpuueM Tonbko okoio 30,4 MIH 3Ha-
0T 0 cBoeM 3abosieBaHuu [46]. HecmoTpst Ha necs-
TUJICTUS U3YUCHU S, BHEIpeHME 23(b(DEKTUBHBIX BaK-
LMH U Tepanuio, 00ecCIieunBalolIy0 KOHTPOJIb pe-
MJMKALIUA BUPYCa, COBPEMEHHbBIC ITPOTUBOBUPYC-
HbI€ IpernapaThl He CHOCOOHbBI IPUBECTHU K ITOJTHOM
snumMuHauuu BI'B y manimeHTOB ¢ XpOHUYECKUM
3a6oneBaHueM [29]. CBsI3aHO 3TO ¢ OCOOCHHOCTIMHU
JKU3HEHHOI0 I1MKJa IIaTOreHa, BKJIIOYAIOIIEro
JIUIMTEJIbHOE COXpaHEHME KOJIbLIEBOI KOBaJECHTHO
samkHyToir JIHK (kx3/IHK) Bupyca B siapax re-
MaTOLMTOB U €€ CIOCOOHOCTBIO CTAHOBUTBLCS Ma-
TpULei NJis1 cyoreHoMHBIX 1 npereHoMHbIX PHK.
Ucnonws3ys PHK-nmonumepa3sy Il xo3suna, k3ak IHK
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CkpbiTbii renatut B y goHopos B CIM6

TpaHcKpuobupyeT Heckoabko MPHK ¢ nmepekpniBa-
ouMcs 3'-KOHLIOM: precore U rmpereHoMmHyo PHK
MNPOTSXKEHHOCThIO 0KoJio 3500 HyKJIeoTUA0B (HT),
nosepxHocTHYI0O MPHK 2400/2100 5T 1 X-MPHK
pasmepom 700 HT. [TocpeacTBoM oOpaTHOI TpaHC-
kpunuuu npereHomHoi PHK, karanusupyemoii
BUPYCHOII moauMepasoit, peruuupyercs JHK
BI'B B nuroriazmatnyeckom Hykiieokamncumie [40].
B pesyabTrare 2TOro sIBJA€HUS OJHOU U3 €CTECTBEH-
HbIX ¢opM TedeHust XI'B saBasiercs ckpwiThiit ['B
(cxI'B), mpu koTopoM B mnepubeprIecKoil KpOBHU
0osbHOrO He oOHapykuBaoT HBsAg, onHako BuU-
pyc coxpaHsietcs B Buje Kk3IHK B remarouurax,
B cBs13u ¢ ueM JIHK BI'B BBISIBASIIOT B TKaHSIX Iie-
yeHU u/miu B KpoBu. OmHako BeisiBaeHue JTHK
BUpyca B IJIa3Me KPOBU 3aTPyIHEHO M3-3a Kpaii-
HE HU3KOW BUPYCHOW HArpy3Kud U OrpaHUYEHHON
YYBCTBUTEJIbHOCTU OOJIBIIMHCTBA MUCIOJb3YEMBbIX
B PYTUHHOI J1JabOpaTOPHOU MpakKTUKE TUATHOCTHU-
yecknx HabopoB [36]. B cBs3u ¢ Tem, uTo ripu ckI'B
ypoBeHb HBsAg B miasme KpoBuU OOJIbBHOTO He-
3HAYUTEJCeH, a BUPYCHasl Harpy3Ka He IMpeBbIlaeT
200 ME/Mn, B OONBIIMHCTBE CJIy4YaeB COCTaBJsIS
25 ME/Mn n MeHee, BBISIBIIsSIEMast pa3HBIMU HCCIIE-
JIOBATEJIbCKUMU KOMaHJIaMU1 PaclpOCTPAHEHHOCTh
MaHHOU (opMBbI 3a00eBaHUSI BAPBUPYET U 3aBUCUT
oT BcTpeuaemMocTu BI'B B m3yuaemoii monynsiiuun
B 1ICJIOM, NPOTpaMMBbl BaKIIMHAIIMU TPOTUB ['B,
ocoOeHHOCTel o0caeayeMblX rpynm, (akTopoB
pUCKa, YYBCTBUTEIBHOCTU WCIOJIbB3YEeMBIX METO-
noB. Kpome Toro, ogHOKpaTHOE TeCTUPOBAHUE MO-
XKET MPUBECTU K JOXKHOHETAaTMBHOMY pe3yJIbTaTy
aHaJIM3a, B TO BpeMs KaK MHOTOKpPaTHOE TeCTUPO-
BaHMe 00pa3loB B TMHAMUKE ONTUMAaIbHO IS A0-
CTOBEpHOro onpeneaeHus narorexHa [37]. Tak, HUX-
HUI1 Ipenea o0HapyXKeHUsI MHOTUX KOMMEPYECKHUX
nauarHoctuyeckux tectoB Ha HBsAg cocraBaser
0,05 ME/ma. BeLIO TI0OKa3aHO, 9TO Cpeay HeraTUuB-
HBbIX 00Opa3loB, MPOTECTUPOBAHHBIX C MOMOIIbIO
TakuX HabopoB, no 48% cilyyaeB OKa3bIBAIOTCS
TMO3UTUBHBIMU TIPU HMCIIOJIB30BAHUU TECT-CHUCTEM
¢ mpenenoM ooHapyxeHHs 0,005 ME/mo [35].
Knununueckasi 3HauuMocTh cKI B ocTaetcs nuc-
KYCCUOHHBIM BOIIPOCOM, TaK KakK, C OMHOM CTOPO-
HBI, HU3Kasl, He ompeneisieMasi pyTUHHBIMU THa-
THOCTUYECKUMU HabopaMu, BUpYCHasl Harpys3ka
n otcyTcTBUue HBSAgZ B KpoBU 00J1bHOTO — UMEHHO
TOT Pe3yJIbTaT, KKOTOPOMY CTPEMSTCS IPU JICICHU U
XTI'B. C gpyroit ctoponsl, ckI'B aBisercs ¢pakTo-
POM pUCKa YCKOPEHHOTO MPpOorpeccupoBaHus 3a60-
JIeBaHUS TeYEeHU, LUPPO3a U TernaToLes IS pHON
KapLMHOMBI TP XPOHUYECKOM BUPYCHOM reraTu-
Te C (XI'C) m npyrux 3a0ojeBaHUIX TICYSHU pa3-
JIMYHOro reHesa [24, 26, 44]. Iloka3zaH TaKXe MOBbI-
meHHbIN puck pa3Butus ['IIK y 6onbHbIX cKI'B 6€3
MHBIX COMYTCTBYIOIIMX 3a007eBaHU TIeueHu [41].
Kpome toro, nmpu HBsAg-nHeratruHom XI'B ectb
BEpPOSITHOCTh peakKTUBAIlMM BHpyca IIPU UMMYHO-
cynpeccuu. Tak, peakTUBallvs Oblja IOKa3zaHa

noutH y 40% mnanueHToB, MOJyJYalomnX UMMYHO-
CYIIPECCUBHYIO Tepamnuio 1/WJIh XUMUOTEepaIuio
NPpY OHKOJIOTUY U NHBIX 3a00eBanugx [22, 38, 39].

B cBs13u ¢ BBIIIIECKAa3aHHBIM, 0COOOT0 BHUMAHMS
3aCJTy>KMBAIOT JOHOPHI KPOBU, TaK KaK TepeTuBaHNe
KPOBU U €€ MPOAYKTOB MpPeACTaBsIeT COO0I 3HAUU-
MYIO 9aCTh T€pParuy IPU TSKETBIX COCTOSTHUSIX pa3-
JIMYHOIO TeHe3a, a JIOHOP CO CKpbhIThiM XI'B MoxeT
CTaThb WCTOYHWUKOM WHMUIIMPOBAHUS PELNITACH-
ToB [11, 19]. ITockonbKy MHGMUIIMpPYIOIas 103a CO-
cTaBiseT npuoausuTeabHo 3,5 ME/Mi, nast BBISIB-
nenus JJHK Bupyca y 1oHOpOB KpOBU HEOOXOIMMO
HCITOJTB30BATh BEICOKOCIICIIN(MDUIHBIC Y UYBCTBUTEITb-
Hble TTLP-HaGopbl (HUXKHUI TIpeaes OOHapysKeHU s
2—5 ME/Ma), a Tak>Ke He UCTTOIb30BaTh IIPU TUarHOC-
TUKE MWHUITYJIBI, 3HAYUTEIBHO CHIKAIOIINE JyB-
CTBUTENbHOCTh aHanu3a [20]. OmHako cTaHaapTu-
3UPOBAHHBIX METOIOB, 00ECIIEUEHHBIX MPOrpaMMOi
BHEIITHETO KOHTPOJIsSI KayeCcTBa, B HACTOSIIIEE BPEeMs
HE CYIIECTBYET, a O0IINe PEKOMEHIAIINY TTOIpa3yMe-
BaroT ucrnosb3oBaHue Bapuauuii [P (nested-TTLP,
KarnesabHas uudponas [TL[P), HampaBieHHBIX HA aM-
naudurKauo, Kak MUHAMYM, IBYX pa3In4YHBIX I'e-
HOMHBIX obGnacrteii BI'B. BaxkHo mipu 3TOM, 4TOOBI
aHanu3 ObLT OMUHAKOBO 3(P(peKTUBEH ISl pa3yiny-
HBIX T€HOTUITOB U cyoreHoTurioB Bupyca [10, 21, 36].
T'unoauarnoctuka BI'B B rpynnax pucka u rpymnmnax,
TMOTEHIIMAIbHO CBI3aHHBIX C PACIIPOCTpaHEHUEM BU-
pyca (B IepBYyIO odepeab — AOHOPHI KPOBU), OCTACT-
CSI Cephe3HBIM MPEMSITCTBUEM Ha ITYyTU JIMKBUIAIINHA
BUPYCHOTO Ieraruta B Kak yrpo3bl 001IeCTBEHHOMY
3apaBooXpaHeHmnIo [45]. Upe3BbIyaifHO BaxKHO OIpe-
IeJISITh BCTpedaeMocTh cKI B B pernoHax Mmupa cpenu
3JI0POBBIX TOHOPOB KPOBU JJIsl OLIEHKW BEPOSITHOCTH
nepengaun BI'B mocpeactBoMm mnepennBaHUsS KPOBU
¥ HEOOXOAMMOCTU MOAU(MUKALIMYM CTpaTeruii oToopa
JIOHOPOB IS CHM>XeHUST pucka. [lociemytomee re-
HOTHUITMPOBAHNE OOHAPYKECHHBIX U30JISITOB U BEISIB-
JIeHUEe KJIMHWYECKU 3HAYMMBIX MYTallMii MOTYT CITy-
KUTh BaXHBIM SMUACMHUOJOTUYECKUM MHCTPYMEH-
TOM JIJIsI M3YYEeHUS ITYyTEel pacIpoCTpaHeHUS BUpyca,
a TakKe ero reorpa(uyueckoit IBOTIOINH.

Lenbio Hamell pabGoThbl ObLIO OLIEHUTH pacrpo-
CTPaHEHHOCTb CKPBITOI (POPMBI XpOHUYECKOTO Irerna-
TuTa B y noHopoB kpoBu B CankT-IleTepOypre, a Tak-
JKe OXapaKTepH30BaTh BEISIBIICHHEIC N30JISITHI BUPYCa.

MaTepwuanbl 1 METOAbI

B pabote 6b1s11 uctnionb3oBaHbl 2800 o6pa3oB
mJjia3mMbl KpoBH, MojaydyeHHbIie B 2019 1. oT noHOPOB
KpoBH, nTpoxuBatomux B Cankr-Ilerepoypre. Bce
oOcieqoBaHHbBIE [daJii THUCbMEHHOE WH(OPMHU-
pOBaHHOE coTJIache Ha yJyacTue B UCCJIEAOBAHUU.
Ha nipoBeneHue maHHOTO MCCIeIOBaHU S OBLIO TT0-
JIy4eHO corjlacue JIOKaJbHOTO DTUUYECKOTO KOMU-
Teta PBYH HUMDM nmenn INacrepa.

B pamMkax uccnenoBaHUST OMpPeNesiu Cleaylo-
III1e CepOJIOTMYECKHE U MOJIEKYJISIpHO-OMOIornIec-
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10.B. OcTtaHkoBa 1 ap.

MHdekumns n uMmyHuTeT

kue Mmapkepbl XI'B: HBsAg, anturena antu-HBs
IgG, antu-HBcore IgG, IHK BI'B. TectupoBaHue
MPOBOAUIU B IBYX MOBTOpPaxX ¢ MPUMEHEHHUEM KOM-
Mepuecknx HabopoB «IC-MDA-HBsAg», « 1C-NDA-
AHTHU-HBsAg», «AC-UPA-AHTU-HBc» (HIIO
«dunarnoctuueckue Cucrembl», Poccus) u «Bekto-
ren B-HBs-anturen», «BekToHBsAg-anTutenar,
«Iemabect antu-HBC-1gG» (AO <«BekTop-bect»,
Poccus), cornacHO MHCTPYKIMSIM TTPOM3BOAUTES.

DKCTpPaKIUIO0 HYKJIEUMHOBBIX KUCJIOT OCYIIeC-
TBJISIJIU C UCITOJb30BaHUEM KOMMEPUYECKOTo Habo-
pa «Amnullpaiim Pu6o-tmipern» (PBYH LTHUND,
Poccus). ITlpegBapuTenbHO IS BCeX OOpa3lioB
MPOBOIMIU KOHILIEHTPHPOBAHUE BUPYCHBIX YACTUILL
YABTPALEHTPUDYTUPOBAHUEM MJIa3Mbl KPOBU B Te-
yeHue 1 9 ipu 24 000g, +4°C.

Boisisnenune BI'B MeTomom mojimmepasHoil 1iemn-
Hoii peakuuu (ITLP) ¢ rubpununszanmoHHo-dJyopec-
LEHTHOM IeTeKIINEH B pesKMMe «peaTbHOIO BpeMEHM»
MPOBOAUIU ABYMSI CIIOCOOAMU: C MCHOJb30BAHUEM
KOMMEpYECKOro JIMarHoCTUYECKOro Habopa pea-
renToB «AMmInCenc® HBV-FL» (PBYH LITHUUD,
Poccus), cormacHO WHCTPYKIIMM TMPOWU3BOAMUTENS,
a TakKe C MpuMeHeHueM pas3padoranHoit B DBYH
«Cankr-ITlerepoyprckuit HUM  snuaemuonoruun
1 MuUKpoOuosiorun uMmeHu IlacTepa» TexHOJOTMU
BbISIBJIEeHUST B Ouosornyeckom Mmarepuasie JHK ma-
TOreHa MPU HU3KOW BUPYCHOW HArpy3ke Ha OCHOBE
rHe3ngoBoit TP ¢ gerexkiyeit mo TpeM MUILIEHSIM,
no3BoJisttoleit BeisiBasSTh JIHK BI'B, B ToM uncie mpu
HBsAg-HeratuHoMm XI'B [5]. TIpsiMoe cekBeHUpoOBa-
HUE HYKJICOTUIHBIX MOCIEA0BATEIbHOCTEN TOTHBIX
reHOMOB BbISIBJIEHHBIX M30jsToB BI'B 1 dunoreHe-
TUYECKUIT aHAJIN3 TPOBOIMIN KaK OIMcaHo paHee [2].

CTaTuCTUUECKYyI0 00pabOTKy MaHHBIX MPOU3-
BOJIUJIM C MTOMOIIbIO TTakeTa nmporpaMMm MS Excel,
Prizm 5.0 (GraphPad Software Inc.). Ilpu oueH-
K€ CTaTUCTMUYECKOW MOrpelurHOCTU MCII0JIb30Ba-
U «TouyHblil» uHTepBan Krnonnepa—IlupcoHa.
Pesynbrarhl mpeacraBieHbl ¢ yKazanueM 95% no-
BepuTesbHOro nHtepnaa (95% JAWN). dns oneHKHU
JIOCTOBEPHOCTHU Pa3JUYUi YUCIEHHBIX TaHHBIX,

MOJIYYEHHbIX IIPU MMAPHBIX CPABHEHU SIX, UCIIOJIb30-
BaJiv, B 3aBUCUMOCTHU OT XapaKTEPUCTUK BBIOOPOK,
TOYHBIN Kputepuii Puiiepa WA KpUTepuii Xu-
KBaJpaT ¢ rornpaskoii MeiiTca. B kayecTBe mopora
JTOCTOBEPHOCTHU OTJANYM I OBLJIO OIIPEAETIEHO 3HAYE -
Hue BeposiTHocTH p < 0,05.

PesynbraThl

OLieHKa MOJIOBO3PACTHOM CTPYKTYpPhl ITOKa3a-
Jla npeBanupoBaHue MyxuuH (71,71%) B oGcieny-
eMoii rpymre. Bo3pact Bapbuposas ot 18 no 64 ner,
MpU paHKMPOBAHUU JOHOPHI B Bo3pacTe 18—20 et
cocraBuiu 3,14% (95% HOW: 2,53—3,86%) oOiueit
rpymrisl, B Bospacre 21-30 xetr — 35,57% (95% AU:
33,8—37,38%), 31—40 et — 32,57% (95% AW: 30,84—
34,34%), 41-50 ner — 22,57% (95% AUW: 21,03—
24.17%), 51—64 rona — 6,14% (95% AW: 5,28—7,1%).
B oGciienoBaHHOM rpyIine MepBUYHbIE JOHOPBI CO-
craBisyiv 768 desioBek, TO ecTb 27,43% cirydaes.

Ceponoruueckue Mapkepbl ['B  BoisgBUIM
y 69,43% (95% JAWN: 67,68—71,13%) o6caemoBaHHBIX
v (Tabo.).

VY 12 mepBUYHBIX HOHOPOB BhIsIBIIEeH HBsAg,
yto coctraBuio 0,43% ot obuieir rpymibl, 1,56%
95% A: 0,81-2,71%) OoT MOATPYIIIIbI IEPBUYHBIX
goHopoB, 0,62% oT Bcex CepONO3UTUBHBIX JIMII.
[Moka3aHO HOCTOBEpPHOE IIPEBBILLIEHUE BCTpedae-
moctn aHTuTen anTu-HBcore IgG cpeam mep-
BUYHBIX 1oHOPOB (15,1%; 95% AWN: 12,64—17,84%)
0 CPaBHEHUIO C IIOBTOPHBIMU/PErYIsIpHBIMU
(7,48%; 95% AW: 6,37—8,71%) — * = 37,428 nipu
p < 0,0001, yncno creneHell cBoGonmbl (degrees
of freedom — df) = 1. Cpeam obGcienyeMbIx IO-
HOPOB KPOBHU CEPOIMO3UTUBHbIE MYXUYMUHBI Ipe-
BaJMpoBanau B obuiei rpymre (48,14%; 95% OWU:
46,28—50,01%) no cCpaBHEHUIO C KEHIIMHAMU
(21,29%; 95% JAW: 19,78—22,85%), Kak 1 B TPYIIIE
CEPOIMO3UTUBHBIX JIOACH, TOe MYXUYMHbBL IIpEd-
craBjieHbl B 09,34% (95% JAW: 67,24-71,39%)
ciyyaeB. I[lpu »TOM BCTpedyaeMOCTb MapKepoB
I'B y xenmuH (75,25%; 95% AWN: 72,09-78,22%)

Ta6nuua. PacnpepeneHue ceponornyeckux mapkepos renatuta B (HBsAg, aHtu-HBc IgG, aHtu-HBs IgG)
B 00Cneg0BaHHOI rpynne u cpeny cepono3uTUBHbBIX UL,
Table. Distribution of the hepatitis B serological markers (HBsAg, anti-HBc IgG, anti-HBs IgG) in the examined group

and among seropositive individuals

BbiSiBNIeHHbIE
ceponornyeckue mapkepbl
B CbIBOPOTKE KPOBU
Revealed blood serum
serological markers

LoHopbl kposu (n = 2800), aons
oT 00Lw,ero yucna o6cnenoBaHHbIX UL,
Blood donors (n = 2800), percentage out
of total number of individuals

Cepono3nTuBHbIE A0HOPLI KPOBU (N = 1944),
[0Na OT YMcna Ny, ¢ CeponormieckKumm
mapkepamu renatuta B
Seropositive blood donors (n = 1944), percentage
of number of individuals with hepatitis B
serological markers

Seronegative individuals

HBsAg 12 (0,43%; 95% AV 0,22—0,75%) 0,62%, (95% AV 0,32-1,08%)
HBs IgG 1616 (57,71%; 95% AV 55,86-59,55%) 83,13%, (95% [I/1: 81,39-84,77%)
HBc IgG 268 (9,57%; 95% AV: 8,51-10,72%) 13,79% (95% AV: 12,28-15,4%)
HBc IgG + HBs IgG 48 (1,71%; 95% [I: 1,27-2,27%) 2,47% (95% [V: 1,83-3,26%)
CepOHel’aTMBHble nvua

856 (30,57%; 95% [W: 28,87-32,32%) -
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JIOCTOBEPHO BBIIIE, YeM y MYxX4uH (67,13%; 95%
AW: 65,03—69,18%) — x> = 17,648 nipu p < 0,0001,
df = 1, xaK 1 BcTpeyaeMoCTh aHTUTeN aHTu-HBs
IgG: 69,7% (95% OAWN: 66,36—72,88%) y KEeHIIUH
u 52,99% (95% OAWN: 50,78—55,19%) — x> = 64,976
npu p < 0,0001, df = 1. Hanpotus, pacnpoctpa-
HeHHoCTh aHTUTen aunTu-HBcore IgG Brimie cpenn
noHopoB-MyxunH (11,16%; 95% A W: 9,81—12,61%)
o cpaBHEHUIO ¢ XeHiuHamu (5,56%; 95% 1 U:
4,07-7,39%) — x> = 20,578 ipu p < 0,0001, df = 1.

Metonom rHesnoBoit IILIP ¢ merexkuueit B pe-
XKHUME «peaJiIbHOro BpEMEHI» IT0 TPEM BUPYCHBIM
muineHssMm JIHK BI'B 3apeructpupoBanu y Bcex
HBsAg-nmo3uTnBHBIX, a Takxe y 76 HBsAg-
HeratuBHBIX (2,71%; 95% AW: 2,14—3,39%) ueno-
Bek. Bcrpeuaemocts JIHK Bupyca cpeau moHopoB
KpoBu coctaBuia 3,14% (95% OAWN: 2,53—3,86%).
HawunbGonbmas yacts usonsgatoB BI'B Oblna nmoyye-
Ha oT My>kuuH — 90,91% (95% AWN: 82,87—95,99%),
pacripoctpaneHHocTh JJHK Bupyca cpeau MyX4yuH
(3,98%; 95% OWN: 3,17—4,94%) 1OCTOBEPHO IPEBbI-
maja TakoByio y xxenmuH (1,01%; 95% JOU: 0,44—
1,98%) — x> = 16,502 nipu p < 0,0001, df = 1. B rpymn-
ne JJHK BI'B-mio3auTuBHBIX JOHOPOB Mpeobiiagaiun
monu B Bo3pacte 31—40 net (45,45%; 95% AW 34,8—
56,42%), 3arem 4150 net (27,27%; 95% AW 18,32—
37,81%), 21-30 ner (18,18%; 95% AWN: 10,76—27,84%),
51—64 net (9,09%; 95% AWN: 4,01—17,13%), y mOHOPOB
B Bo3pacte 20 set u maanue JJHK Bupyca He BbI-
spusn. [Ipy aHanM3e CepoIOTMYECKUX U MOJIEKY-
JISIPHO-0MOJIOTMYECKOr0 MapKepoB TOIBKO Y 23,88%
(95% AW: 18,9—29,45%) HBsAg-HeraTUBHBIX JOHO-
POB C M30JIMPOBAHHBIMH aHTUTeIaMu aHTU-H Bcore
IgG omnpenenmunu JIHK BI'B. Hampotus, 84,21%
(95% OWN: 74,04—91,57%) cinydaeB ckI' B cepornosu-
TuBHEI 110 aHTU-HBcore IgG.

Ha ocHoBaHuUM GUIOTEHETUYSCKOTO aHaJIl-
3a 88 M30JISATOB MOKAa3aHO, UTO B OOCIEIOBaHHOU
rpynme npeob6naman BI'B renormma D (90,91%;
95% OW: 82,87—95,99%), B BOCbMU cCiIydasix BbI-
saBieH reHotun A (9,09%; 95% JAW: 4,01-17,13%).
IIpu sTom cpeau maunueHToB ¢ BI'B renoruna D
B PaBHBIX JOJSIX ObLIM MPEeAcTaBJeHbl CYyOreHOTU-
nbl D1 u D2 — no 45% kaxnwiii, D3 — 10%. Takum
obpa3oM, y JOHOPOB KPOBU IIPEACTAaBICHBI CyOTe-
Hotunbl BI'B B cienyiomux cooTHoueHusx: DI
u D2 — no 40,91% (95% AWN: 30,54—51,91%), D3
A2 — 10 9,09% (95% AWN: 4,01-17,13%) (puc.).

Ha ocHoBe aHanam3a HYKJICOTHIHON ITOCITIEIO-
BaTeJIbHOCTU KOHCEPBAaTUBHOI OOJIACTU IEeTEePMU-
HaHTbI «a» HBsSAg ornpenesieHbl CEpOTUTTBI BUPYCOB,
XapaKTepU3yIolIMe HUX aHTUTCHHYIO crienuduy-
HoCTb. [Ipu onpenesieHM CepoIOTUIECKOTO ITOATH-
ma oOHapy>XEeHHBIX U30JISITOB IIPe0dIamal CepoOTUII
ayw3 (52,27%; 95% O 41,35—63,04%), B HECKOJILKO
MEHBbIIIEM KOJIUYECTBE MPEACTABICH CEPOTUIT ayw?2
(46,59%; 95% NW: 35,88—57,54%) 1 B 3HAYUTEITLHO
menbiieM — adw2 (10,23%; 95% JAW: 4,78—18,53%).
ITpu aToMm st BI'B reHoTtuna A u cyoreHotuna D2

onpenesieHbl TOJAbKO cepoTUIlbl adw2 U ayw3 cooT-
BETCTBEHHO, B TO BpeMsI KaK Cpeau U30JISITOB Cyore-
Hotuna D3 o6Hapy>kKeHbI CEpOTUTTHI ayW2 U, B MEHb-
mei crereHu, ayw3. MHTepecHO OTMETHUTh, UTO,
x0Ts 6onbinHCTBO BI'B cybrenorumna D1 xapakre-
PU30BAJUCh CEPOTUIIOM ayw2, OAWH HU3OJIST IpHU-
HajJiexkall K cepotuny adw2.

Y HBsAg-HeraTuBHBIX U MO3UTUBHbBIX U30JISITOB
reHotumna D orpenesieHbl MHOXXECTBEHHBIE aMITHO -
KucaoTHbIe 3amMeHbl B pernoHax RT, SHB, MHB,
LHB, Core. MyTauun preCore pernoHa BBISIBJICHBI
y21,59% (95% N : 13,53—31,65%) o6pasoB. B To ke
BpeMsl y ofHOro u3 130J1s1ToB BI'B A2 B yKazaHHBIX
00J1acTIX BBISIBJICHO HE 00jiee TPeX eCTeCTBEHHBIX
3aM€H, a y IPYyTroro — IpeacTaBIeHbl KIMHUYCCKHA
3HAYNMBIC MYTall, CBSI3aHHBIC C YCTOMYNBOCTBIO
K JIeKapCTBeHHBIM mpenapartaMm. [lonruMopdusm
preCore obnactu 'y B'B A2 He nmoka3zaH.

MyTtauuunekapcTBeHHOI ycToliunBocTu L180M
n M204V (pe3uCTEHTHOCTD K JIAMUBYIUHY, TSJIOU-
BYIWHY, YACTUYHAS pe3UCTEHTHOCTH K 9HTEKaBUPY)
BBISIBJIEHBI Y ABYX U30JISITOB CyOreHoTumna A2 v oa-
Horo cyoreHotumna D2, ewie ajist oqHoro nsoJjisita D2
onpenenecHa myTanuss M2041. Kpome Toro, Bce 130-
na1el A2 nmenu 3ameHy L217R B S-peruvone. ¥ aByx
u30JTOB cyoreHoTuna DI oOHapyKeHa KoOMIIeHCa-
TopHas myTtauus S202G. Mytauusa M129L onipene-
JICHa B IBCHAIIATHU CIIyJasiX.

B pervoHe rnaBHOI ruapodUIbHON 00MaCTU
(Major Hydrophilic Region — MHR) BI'B renotuna D
orpezesieHbl 26 MO3UILIMIA, B KOTOPBIX ITPOUCXOININ
amMmHOKHUCIIOTHBIe 3ameHbl: C107G, 1110S/L, P111Q,
T113S, T114A/S, T118A/V, K122R, T125M, TI127P,
A128V, Q129R, G130A, N131T, F134Y, C138W, C139G,
S143P/L, GI45E, PI151H/R/S, A157G/P, Al159G,
Y161F, W163*W, E164K, W165*W, V168A. Ilpuuem
Y BCEX M30JISITOB MTOKa3aHbl MOOU(UKAIINN B ITOJIOXKE-
Husx 113, 114, 131, 134, 159, 161, 168, y 76 — B noJjioxe-
Huu 122, y 68 — B noyioxkenun 127, y 36 — B nosiozxke-
Hum 118,y 24 — Bionoxxenuu 128. Y nzonsitoB BI'B A2
onpenenenbl myTaituu T113S, S143T, Y161F.

B preCore peruoHe AeBATU U3OJSTOB BBISIB-
JieH mnoJuMopdu3M, BKIIOYAIOIINNA CTOM-KOIOH
W28*W, B 3TOI1 3Ke MO3UILIUU Y MSATU U30JISITOB MO~
Ka3aHa 3aMeHa TpunTodaHa Ha CEpHH, Y eIle Ol-
Horo obpasua omnpeaesieH BapuaHT W28*S. V ness-
TU U30JIITOB onpeneaeHbl myTtauuu G29D.

HernocpeactBenHo B peruoHe Core reHotumna D
oInpeIesIeHbI CJICAYIONINE TIO3UIINH, B KOTOPBIX ITPO-
WCXOMMJIM aMUHOKUCIIOTHBIe 3amMeHbl: T12S, S21T/
H/A/Q, F24Y, V27L, D29Q, A34T, E40D/Q, A41P,
P45H, S49T, L551, E64D, M66L/R, T67N/S, A69V/S,
N74G/V, E77D, D78H, P79Q, A80I/T, DS3E, N87S,
V89D, N90OH, TI9IN, N92H, M3V, LI95I, 197F/L,
1105V, T109S, F110L, E113Q/D, L116V/I, Y118D,
W125, 1126, P130A, A131T, P135S, N136D, T142L,
L143R, T147C, V1491, R151P, D153*, R154*, S157T,
QI79K, S183P. ¥ uzongaros BI'B A2 onpeneneHb My-
Tanuu PSOH, 159V, 11051, T109M, R151C, Q179K.
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O6cyxaeHne

INosyyeHHble HaMW JaHHBIE O 3HAYUTEIHHOM
mpeobJlalaHuM KaJgpOBbIX JTOHOPOB IO CPAaBHEHUIO
C TIEPBUYHBIMU HE TIPOTUBOPEYAT JTaHHBIM TTOKa3a-
TeJeil AesdTeNbHOCTU CIykObl KpoBu Poccuiickoit
Ddenepatu, coriiacHo KOTopbIM B 2019 1. ob111ee umc-
JIO TOHOPOB KPOBU U/UJTA €€ KOMIIOHEHTOB B CTpaHe
coctaBmyio 1278 520 gemoBek, B ToM uucie 343 555
MEePBUYHBIX JOHOPOB [8]. BeisiBieHHass HaMu Oosiee
BBICOKAST BCTPEUAEMOCTh CEPOJIOTUYECKNX MapKepOB
I'B y XXeHIIIWH 10 CPAaBHEHUIO C MY>KUYMHAMU, HECMO-
Tpsl Ha oOllee TTpeodIaaHe MY>KUYMH KakK B TPyTI-
e JIOHOPOB B IIEJIOM, TaK M CPEIU CEPOITO3UTUBHBIX
JuiL, o0yciioBieHa anTuTesamMu anTu-HBs IgG (69,7%
y XEeHIIUH, 52,99% y My>K4WH), SIBJISTFOILIMMUCS, Be-
POSITHO, TIO OOJIBINIEHl YaCcTU CJIEACTBUEM BaKIIMHA-

uuu npotuB BI'B. CBsi3aHo 3T0, 1O BCeil BUAMMOCTH,
¢ 0osiee OTBETCTBEHHBIM TTOAXOMOM XEHIIUH K CBO-
eMy 3I0pOBbI0O UM K JOHOPCTBY KpoBu. HampoTus,
npeobnamanue antutena antu-HBcore IgG B rpynmne
MYKUYUH MO CPaBHEHUIO C XKEHIIMHAMU KOCBEHHO
MOATBEPKIaeT 3TO MpeArnoJioxkeHre. BcrpedaeMocThb
antu-HBcore IgG B Hameir rpynme (9,57%) como-
craBUMa ¢ faHHbIMU 110 CaHKT-IletepOypry B 2019 1.
BapuabesbHOCTh  pacnpOCTPaHEHHOCTU Mapkepa
B Pa3HBIX I'PYIIIax JOHOPOB KPOBU 3aBUCUT OT MHOT X
¢akTOpOB M MOKa3aHa B IPyrux pernoHax mupa. Tak,
HampumMep, cpear 1oHOpoB B MpaHe pacnpocTpaHeH-
Hoctb anTu-HBc IgG cocrasisier ot 2,1 1o 11,5% [27].
Couetanue antu-HBcore IgG c antu-HBs IgG xapak-
TEPHO MJIs1 paHee UHOUIIMPOBAHHBIX U BbI3TOPOBEB-
LU X JIIOJIEN C ECTECTBEHHON UMMYHMU3AlIMEN, HO TaK-
K€ MOXET YyKasblBaThb Ha KOHTAaKT OOCJIeIyeMOro
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PucyHok. PunoreHeTuyeckuini aHanu3 HYKJI€eOTUAHbIX NOCief0BaTeNbHOCTEN NoJHbIX reHoMoB BI'B,
BbiAeJIEHHbIX OT JOHOPOB KPOBU, B CPAaBHEHWUM C NPEeACTaBNEHHbIMY B MeXAYHApPOAHOl 6a3e AaHHbIX

GenBank pedepeHcHbIMU NOCNIeaoBaTeIbHOCTAMU

Figure. Phylogenetic analysis of complete HBV genome nucleotide sequences isolated from blood donors compared
with the reference sequences presented in the GenBank international database

npumeqauue. Ped)epeHCHble nocnenoBaTesibHOCTU 00603Ha4€eHbl KooamMu GenBank ¢ yKa3aHueM reHotumna n permoHa
nponcxoxgeHna 06pa3u,a. B kayecTBe BHeLLHEeN rpynnbl NCNOJIb30BaHa HyKNeoTnaHasa NocnenoBaTesibHOCTb BB LLIepCTI/ICTOI7I
06e3bsiHbl AY226578. ViccnepnoBaHHble B HacTosLel paboTe 06pasusl 0603HaueHbl 6enbiMy pombamu (HBSAg+) 1 4epHbIMU

pombamu (HBsAg-). JaHbl 3HaueHuns bootstrap > 70.

Note. Reference sequences are designated with GenBank codes indicating the genotype and geographic region of the sample
origin. The Woolly Monkey HBV nucleotide sequence AY226578 was used as the outer group. The samples studied here are
marked by white (HBsAg+) and black diamonds (HBsAg-), respectively. Bootstrap values > 70.
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CkpbiTbii renatut B y goHopos B CIM6

C BUPYCOM TIOCJIe BaKIIMHAIWK. [IpencraBieHHOCTh
JIAHHOT'O CEPOJIOTUYECKOro IMpoduJisl B HAIlIEM UCCIIe-
JIOBAaHUM COIIOCTaBMMa C €ro PacIipoCTPaHEHHOCTHIO
y noHopoB KpoBu B CaymoBckoit Apasuu (6,3%) [13]
M TIPaKTUYECKN B 2 pa3a HUXe, yeM B MapoKKO
(14,12%) [23].

B nacrogmeit pabore HBsAg BuisiBiieH y 12 miep-
BUYHBIX JIOHOPOB, TO €cTh 0,43% OT 0O0LLEl IPYIIIbL,
YTO HECKOJILKO BbIIIE KOJUYECTBA OTBOJOB OT JO-
HOPCTBA B CBSI3U C OOHApYKEeHUEM JaHHOTO MapKepa
B2019T. (0,14%) |8], HO OTIMYMSI MOTYT OBITh CBSI3aHbI
¢ 00beMoM BBIOOpPOK. B 1O ke Bpemst B PO B 2019 1.
BoisiBiieHre HBsAg crajmo mpuuunoii 1,41% Gpaka
OT BCeX cilyyaeB Opaka KOHCEpBHMPOBAaHHOW KPOBU,
1,86% ot Bcex ciiyyaeB Opaka KJIeTOK KpoBu 1 1,8%
OT BCeX ciIydaeB Opaka IJIa3MBl, B TO BpeMsI KaK Opak
0 TIpUYHMHE TTOBBIIIeHHOM akTuBHOCTH AJIT cocTa-
Bu 22,2, 50,92 u 42,34% cooTBeTcTBeHHO. YMCiIO
JIOHOPOB, OTBEACHHBIX OT TOHOPCTBA B CBSI31 C OOHA-
pyxenuem HBsAg, cocraBuio 0,14%, nmpakTuieckn
B 2 pa3a HIKe, YeM OTBEICHHEBIX B CBSI3U C BBISIBJICHU-
eM antuTen K Bupycy renaruta C (BI'C) — 0,31% [8].
MuHUMaJIbHBIE OJIY MEPBUYHBIX U TOBTOPHBIX 10-
HOPOB, Y KOTOPBIX BhISIBJAEHBI Mapkepbl BI'B, Obliu
3aukcupoBanbl B CeBepo-3anagHoM Qeaepaib-
HOM oKpyTe. YacToTa OTBOIOB TIEPBUYHBIX JOHOPOB
o 3toit mpuunHe coctapuaa 0,11%, MOBTOPHBIX —
0,01%, Torna Kak OTBOJOB B CBSI3U C BbISIBJICHUEM aH-
turtes aHTu-BI'C — 0,45 1 0,06% cooTBeTCTBEHHO [9].
CXoHOE COOTHOIIIEHUE TI0Ka3aHO B OTACJICHUU
nepenuBaHust Kposu @PI'BOY BO «Ilepsblit CaHKT-
IleTepOyprckuii rocyaapCTBEHHBI MeAULIMHCKUMA
yHuBepcuteT uM. akaa. M.II. I1aBnoBa», rae oTBox,
JnoHopoB B 2019 r. B cBs13u ¢ BhisiBieHHueM HBsAg co-
craBui1 0,02%, a B cBsi3u ¢ BbIsIBIIeHUMEM aHTU-BI'C —
0,12% [6]. OmHako, Kak u3BecTHO, aHTUTeaa K BI'C
OTpeNesiioT Npubau3nTeabHo y 110 MJIH yenoBexk,
a 00JamaronInii PEerINKAaTUBHONM aKTHUBHOCTBHIO BU-
pyc — v 80 MytH u3 HUX [16], TO ecTh KaK MHMULIUPO-
BaHHBIX BI'C, Tak 1 XpOHU4YECKU OOIBbHBIX TeIlaTU-
ToMm C romeil 3HaAYMTEILHO MEHBIIE, YeM WHQUIII-
poBaHHbIX BI'B u 60npHBIX XI'B. 3ab6051eBaeMOCTh
Ke BUPYCHBIMU TenaTuTaMu B PP mocTaToyHO BbI-
COKa B 1IEJIOM, HO MHTEHCUBHOCTh 3MUIAESMUYECKO-
ro mpouecca rematuta C Hmke, yeM renatuta B [3].
Takum o06pa3oM, OoJsblliee KOJUYECTBO OTBOIOB
OT JOHOPCTBAa M3-3a BBISIBIEHHBIX MapkepoB BI'C,
yeM wu3-3a MapkepoB BI'B, momHummaer Bormpoc:
OblIM 11 OOHapy:KeHbI Bce ciaydau I'B, mocrarouHo
JIV OBIJIO MPUMEHSIEMBIX CKPUHWHTOBBIX METOIOB?
BoisiBnennast Hamu JJHK BI'B y HBsAg-HeraTuBHBIX
JIOHOPOB KPOBM OYEBUIHO OTBEYAET Ha 3TOT BOIIPOC
OTPUIIATEIILHO.

Cpenu HBsAg-HeraTuBHBIX JOHOPOB KpoBU (n =
2788) JHK BI'B BBIsIBIIcHA y 76 4eJlOBEK, TO €CTh
B 2,85% citydaeB. JlaHHOE OOCTOSITEJILCTBO YyKa3bl-
BaeT Ha HEOOXOOMMOCTh BHEAPCHUS B PYTHUHHYIO
IUAaTHOCTUKY MOJICKYJISIPHO-TEHETUUECKIX METOIOB
BBICOKOI YYBCTBUTEIBHOCTH, TTO3BOJISIONINX WUICH-

TUGHULIPOBATH BUPYC TIPU HU3KOM Harpyske. B coot-
BETCTBUM ¢ TAOPMMHCKUM KOHCEHCYCOM, JIJISI TOCTO-
BEPHOIO BBISIBJIEHUS TaToreHa ucnosib3oBayiv [TLP
¢ JIETEKIIMEN MO TPeM BUPYCHBIM MUIIICHSIM |5, 36].
CkpoiThiii 'B moapasaenissioT Ha cepoHeraTuB-
HBI, TO €CTb 0€3 BBISIBISIEMOIO0 YPOBHSI CEPOJIOTU-
YeCKMX MapKepOB B IJIa3Me KPOBU, U CEPOITO3UTHUB-
HBII, COITPOBOXIAIOIINICSI aHTUTEJIAaMH TIPOTHUB
HBcAg n/unu ipotuB HBsAg [36]. boibiimHcTBO
BBISIBJICHHBIX HaMU CJiyyaeB MpeacTaBJIEHO Cepo-
no3utuBHbIM 110 aHTU-HBcore IgG ckI'B (84,21%).
ITockoabpKy MEXaHU3M Pa3BUTHS CEPOIO3UTHUBHOTO
ckI'B cBs13aH ¢ notepeit HBsAg kak rocJie paspelue-
HU S OCTPOro remnaturta B, Tak v mocje 1JiMTeIbHOro
HBsAg-nosutuBHoro XI'B, 601bHBIE cCEpOHETATHUB-
HbIM cKI'B MOTryT ObITH TAKOBBIMU C MOMEHTA MH(DU-
OMPOBAHMS, HO MOTYT M TIOCTETICHHO TEPSITh aHTUTE -
Ja, a Ipu 6€CCUMIITOMHOM T€YEHUU obCeayeMble,
BEPOSITHO, HE 3HAJIM O CBOEM TMarHo3e, TO €CTh OTIpe-
JIETUTH 10 KAKOMY ITYTH IILJIO Ppa3BUTHE 3a00IcBaHU
HE MPEeNCTaBJISIETCS BO3MOXHBIM. XOTSI, COTJIACHO
JIATEepaTypHBIM HJaHHBIM, cKI'B He MeHee ueM B 80%
CJIydaeB SIBJISIETCSI CEpONO3UTUBHBIM, YTO COILJIACY-
eTCs C TIOJIyUeHHBIMH pe3ybTaTaMU, B HEKOTOPHBIX
rpyIIax U permoHax pacrnpoCTPaHEHHOCTh CEPOHE-
ratuBHoro ckI'B npesbimaer 20%. Tak, paHee HaMu
ObLJIO TOKa3aHO TMpeodjagaHue CepoHEeraTUBHOM
¢dopmnl ckI'B cpenu noHopoB KpoBu B KaszaxcraHe
(87,3%) [34]. He mckiiroueHO, YTO BbICOKAsI 4acTOTA
BCTpeyaeMocTu cepoHeratuBHoro ckl B B Kazaxctane
CBsI3aHA C SHAEMUYHOCTBIO PerMOHa IO BUPYCHBIM
rematuTam, ogHako B ' BuHeilickoi Pecniybiuike, rae
pacripoctpaHeHHOCTh BI'B kpaiiHe BbicoKka, cpenu
3HAYUTEJIBHOrO KOJIMYECTBAa JOHOPOB KPOBU C CKI'B
ToJIbKO 17,95% ciydaeB ObLIM cepoOHeraTMBHBI [1].
IIpryuHBI, MO KOTOPHIM B TeX MU WHBIX I'PYyIIIIax
HaceJICHUSI pa3HbIX CTpaH IpeobjagaeT cepoHera-
TUBHBIN cKI B, ele mpeIcToOnT BBISSICHUT.
OTnesbHOTO BHMMAaHMS 3aciayKMBaeT pacrpe-
nejieHue reHoBapuaHToB BI'B B o0cienyemoii rpyr-
ne. Hecmorpst Ha mecaTuneTws, IIOCBSIICHHBIC
M3YyYEHUIO BUpYyCa, B3aMMOCBSI3b MEXAY T€HOTHU-
namMu BI'B u kamHuuyeckuMm mpoduieM 3adolieBa-
HMSI OCTaeTCsl He 1O KOHIIA PacKPBITON M3-3a CIOXK-
HOTO B3aMMONEHCTBUS MEXAY BUPYCOM, XO3SMHOM
U akTOopamMu OKpyxXKarleil cpeapl. B mieaom, Hau-
OoJiee pacrnpocTpaHeHHble B Poccum reHotumnsl D
1 A dailie IpuBOISIT K XPOHU3ALIMU, IPUYEM T'eHO-
TUTT A aCCOIIMMPOBAH C JYYIINM OTBETOM Ha Tepa-
nuo UHTepGEepOHOM, B TO BpeMs KaK TeHOTUIlT D
MJIOXO MOAAAETCSl TaKOMY JICYEHUIO, YTO YyCYTyOJs-
eTCSd CBONCTBEHHBIM TE€HOTHNY OOJBIINM KOJIH-
yecTBOM MyTanmii [28, 43]. Ilpeobramanue TeHO-
Tumma D m Haauume HEKOTOPOU HOJIM TeHOTHHa A
TunmmaHo 115t Poccuu B tesoM u ajist C3MDO B yacT-
HocTH [42]. OmHaKO B TO BpeMsl KaK B KaueCTBE JOMU-
HAHTHOTO, JOCTUTAIOIIETO B PETMOHE paclpocTpa-
HenHoctu 80% u Bbllle, onucaH cyboreHorun D2,
cpeny HCCAeAOBAaHHBIX B HACTOSIIENH padboTe U30-
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JISITOB B paBHBIX MPONOPLIMSIX MTPEACTaBIeHbI CyOre-
Hotursl BI'B D1 u D2 — o 40,91%. Panee Mbl onu-
chIBaii reHoTuIMYeckue npodunn BI'B HekoTOpbIX
rpynmn Ha Tepputopuu C3PO. Tak, y BOeHHOCTyXa-
mux ¢ XI'B aHanu3 cyoreHoTUIoB I€MOHCTPUPOBAJ
HEKOTOpOE TIOBBILIEHUE BCTPEYaeMOCTU CyOreHo-
tumnoB D1 u D3, HO B mejioM pacrpeneyieHe ObLIO
CO 3HAYMMBIM IIpeolaganueM D2: D2 — 58%, D1 —
20,9%, D3 — 16,3%, A2 — 4,8% [4]. Y nuL ¢ BriepBbie
BeisiBIeHHbIM BUY 1 konHdexkueit BI'B, Bkitouas
CKpPBITYIO (hopMy 3a00JIeBaHUSI, pPacCOpOCTpaHEHUE
reHOBapuaHTOB cxonHoe: D2 — 55,6%, D1 — 22.2%,
D3 — 13,9%, A2 — 8,3% [7]. Tem He MeHee TIpH
CPaBHUTEJbHOM aHajIu3€ HE BBISBJICHO HOCTOBEP-
HBIX pa3Iu4uii B pacrmpeleiieHUd TeHOBapUaHTOB
B I'pyIne JOHOPOB KPOBU U B rpyIinax 60ojbHbIX XI'B
n BWY/BI'B. Takum o6pa3om, TOKazaHHOE HaMU
OTHOCUTEJIbHO MOBbIIIEeHHOe KosimdyecTBo BI'B DI
M TIOHM>XXeHHoe D2 MoxeT ObITh CBSI3aHO KaK ¢ orpa-
HUYEHHBIM O0BEMOM BBIOOPKU, YBEJIMYCHHUE KOTO-
poil TIpUBENeT K BBISIBICHUIO CBOMCTBEHHOTO sl
pervoHa pacrpeaeeH s reHoBapuaHTOB, TaK U C UC-
TUHHBIM pocToM BcTpedaemoct BI'B D1 B CaHkT-
IletepOypre 3a cueT mocrTositHHoro mnpuroka BI'B-
MHOUIIMPOBAHHBIX MHUTPAHTOB M3 cTpaH CpemHen
Azuu. [loHMMaHWe WCTUHHOIO pacrpeaeeHus
TeHETUYECKUX BapMaHTOB BHpyca HMMeEET OOJIbIIIoe
3HaYCHHE, TaK KaK, HECMOTPS Ha MOCTEIICHHBIC 13-
MEHeHUs reHotunuyeckux npoduneii BB B pas-
HBIX reorpamuecKnx peruoHax, CIIOCOOCTBYIOIINE
MOSIBJICHUIO Y LIMPKYJISILIMM BCE HOBBIX BapUaHTOB,
pacIpocTpaHeHue TeHOTUIIOB/CyOTeHOTUIIOB BCE XKe
OrpaHWYCHO, a XapaKTePUCTHUKA UX B MOIYISIIIUN
COCOOCTBYET SNUAEMHUOJOITMUYECKOMY aHaINU3y, OT-
ciexuBaHUIo Mofaeseit nepenayu BI'B u o6bema BBe-
JNEHWUSI UMTITIOPTUPOBAHHBIX IITAMMOB [33].

AHTUuTreHHas crieuududHocth BI'Bonpenenser-
CATPETUYHOU CTPYKTYPOI IETEPMUHAHTHI «a», BXO-
Osuiei B raBHbI ruapoduabHbiil peruod (MHR)
reHoMa BHpyca, Ha OCHOBE KOTOPOI BBIACISIOT
IEBSITh OCHOBHBIX CEPOTHUIIOB: aywl, ayw2, ayw3,
ayw4, ayr, adw2, adw4, adwq, adr, adrq. B uenom
MEXAY CepOTUNAaMU U TeHOTUIIAMM MOKa3aHa cTa-
TUCTUYECKU TOCTOBEPHAsl CBSI3b: adw CBsI3aH C Te-
sotunamu A, B, F, G, H,adr —cC,ayw —cDuE,
OJHAKO BO3MOXHBbI U UCKIoueHus [47]. B Haluei
paboTe Mpu omnpeacseHu CEepoJIOTMYECKOro Ioj-
TUIIa B TpyNIme TOHOPOB KPOBU IIpeodaagal cepo-
THUN ayw3 o cpaBHeHUIO ¢ ayw2 1 adw2. He BuisIB-
JieHO pa3HUILbl Mex 1y HBSAg-NO3UTHBHBIMU U HE-
raTuBHbIMU ciaydasiMmu I'B oTHocuTenbHO pacrpe-
nenenusi ceporunonB. Mzonsgat HBV_OBI_SPbl32
cyoreHotuna DI oGnagan HexapaKTepHOI 1S re-
HoTtuna D nociienoBaTebHOCTBHIO B pETUOHE IeTeP-
MUHaHTH «a» — AAAAAACCTGGAACC —u, co-
OTBETCTBEHHO, cepoTurnoM adw2. YHuKajabHOI
Takast HaXoaKa He SBJISIETCS, HO, HCCOMHEHHO, 3a-
CIY>XKWBAeT BHUMaHUsI, TaK KaK MOXET MPeICTaB-
JISITh COOOI1 3aBO3HOI cayyaii.

I[lokazaHHasg HaMW W3MEHYMBOCTH PETMOHOB
reHoma BI'B renotumna D cornacyercsl ¢ JaHHBIMU
0 BBICOKOIT €CTeCTBEHHOM BapnabeIbHOCTH TeHOMa
TaHHOTO reHOBapHhaHTa, aCCOIIMUPOBAHHOM C XpPO-
HU3allMel W MmporpeccupoBaHUEeM 3a00JieBaHUS,
a TaK>ke ¢ HU3KMM OTBETOM Ha TepaIlMio Ha OCHOBE
uHTepdepoHa [43]. BeisgsBaeHE KOMIIEHCATOPHOTO
nonumopdusma S202G cBUAECTEITBCTBYET O TIOTEH-
IMaJbHOU BO3MOXHOCTU PaclipOCTPaHEHM ST BapH-
aHTa BUpyca, pa3BUTUE B KOTOPOM MyTaLlU YCTOM-
YUBOCTU K DHTEKABUPY OyIeT COIIPOBOXKIATHCS
BBICOKOI pEeIJIMKAaTUBHOM aKTUBHOCTBIO aTOreHa.
B cBs13u ¢ 3TUM HEOOXOAMMO ¢ BHUMaHUEM OTHO-
CUTBHCS K OOHApyXeHHIO0 KOMIIEHCATOPHBIX MyTa-
Uil gaxke IMPU OTCYTCTBUM (hapMaKOPE3UCTECHT-
HBIX 3aMeH. MHTepecHO OTMETUTh, UTO, TIOMUMO
OOHapyXeHUsI MyTalluii YyCTOWYMBOCTU, BCE M30-
a7l A2 umenu 3ameHy L217R B S-peruone. Ot 8
10 15% nanueHTOB, HAYMHAKOLIMX JIedeHue aaedo-
BHPOM, M3HAYAJIbHO HE pearupyloT Ha Tepalruio;
psaa uccienoBaTesieidi cooOllaiu O CBSI3U €cTe-
cTBeHHOoro nojumoppusma L217R, xapakTepHOro
IJIsl TeHoTuna A2, ¢ TIOHUKEHHON YyBCTBUTEJIb-
HOCTHhIO K agedoBupy [17]. JOomOJIHUTETIHBHO MbI OT-
MeTuyin 12 ciaydaeB BhISIBJIEHUSI B pernoHe o0par-
HOM TpaHckpunTadbl MyTauuu MI129L, koTopas,
0 MHEHU IO HEKOTOPBIX aBTOPOB, MOXKET OKa3aThCs
CBSI3aHHOI C yCTOMYMBOCTHIO K TeHO(MaBupy [15, 31].

OT™MeTUM cpenun U30JsIToB cKI' B ciyyam BBISIB-
JeHus crorn-kogoHa W28* u samenbl W28S B preCore
pernoHe. HecMoTpsi Ha TO YTO ITypUH-ITyPHUHOBBIE
TOYECUHBIC 3aMEHBI OoJiee YacThl, YeM ITYpUH-TTHA-
PUMHUIMHOBBIE, HE UCKJIIOYEeHO, 4yTo 3aMeHa UGG
(rpunrodpan) Ha UCG (cepuH) npeacTaBiisieT cOO0M
mar B nepexone K UAG, To eCTb K CTOM-KOJIOHY, SIB-
JsmomemMycs caenctsueM myrtaunn GI896A, mpu-
BoAsIIEr K yceuyeHMIo TipealnectBeHHUMKa HBeAg
M OTMEHEe 3KcIpeccuu aHTureHa. Kak M3BecTHO,
9TOT MNOJIUMOPGMU3M XapaKTepeH s M30JISITOB
or HBeAg-orpuiiaTeIbHBIX OOJBHBIX, WHMUILIN-
poBaHHBIX BUpycoM reHotura D [28]. KocBeHHBIM
MOATBEPXKACHUEM TAKOTO TIPEATIOOXEHUS SIBISIETCS
oOHapyxXeHue odpa3slia c BapuaHTOM 3aMeHbl W28*S.

J1Jist OONBIIMHCTBA BBISIBJIEHHBIX B PEruoHe
Core aMMHOKHMCIOTHBIX 3aMEH JTOCTOBEPHBIX CBE-
JIEHU1 00 X KJIMHUYECKOW 3HAUMMOCTHU HE Cylle-
ctByeT. OmMHAaKO U3BECTHBI CAThl UMMYHHOTI'O pac-
no3HaBaHusi HBcAg, B TOM 4uciae 3IMUTOIBI-MU-
meHu miss CD4* T-xieTok 4yeroBeKa (AMUHOKMC-
JotHble nosuuuu 1-20, 50—69, 81-105, 117—131,
141—165), mutoTokcuueckux T-mumbornutos/CD8*
T-xneTok (aMMHOKUCIOTHBIE TTO3uLMKn 18—27, 88—
96, 130—140, 141—151), snutonsl B-kiaeTok (amu-
HOKMCJIOTHBIE mo3uuuu 74—89, 107—118, 127—138).
MyTanium B TaKMX WMMYHOAKTHBHBIX yYacTKax
HBCcAg nMmeroT XXM3HEeHHO BaxkKHOE€ 3HayeHue JJis
NEepCUCTEHIINU BUpyCca, UMMYHHOI'O OTBETa X035 M-
Ha ¥ mporpeccupoBaHusd 3aboneBanus [12]. Takum
o0pazoM, cpeaur OOHapy>KEHHbIX aM UHOKUCIOTHBIX
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3aMeH psiJi MyTalluii MeeT MOTEeHIIMaJIbHOe KJIM-
HUYECKOe 3HaueHUe, CocoocTBys pa3BuTuio XI'B,
HarnpuMep, J0KaJIUn30BaHHBIE B y9acTKaX STTMTOIIOB
T-knerok (T12S, S21T/H/A/Q, F24Y, V27L, L55I1,
E64D, M66L/R, T67N/S, A69V/S, D83E, NB87S,
V89D, N90H, T9IN, N92H, M93V, L95I, 197F/L,
1105V, Y118D, P130A, A131T, P135S, N136D, T142L,
LI143R, T147C, V1491, R151P, S157T) u B-kijeTok
(N74G/V, E77D, D78H, P79Q, AS80I/T, DS83E,
N87S, V89D, T109S, F110L, E113Q/D, L116V/I,
Y118D, P130A, A131T, P135S, N136D).

OCO0EHHO WHTEPECHBIM pPe3yJbTaTOM Cpeau
MOJIYYeHHBIX JaHHBIX HaM KaXXeTCsl MPeaCcTaBIICH-
HOCTb MyTallMii BakliIMHHOTO n3beranusi BI'B y Bcex
JIOHOPOB KPOBU co CKpbIThIM I'B. ¥V nzonsta HBV_
OBI_SPbl32 ¢ HexapakTepHBIM i TeHoTuna D
cepoTuriom adw2, MOMUMO 3aMeH, MOKa3aHHbIX 5
Bcex BI'B D, npucyTcTBOBaiu AOMNOJTHUTEIBHO TPU
myTtauuu R122K, T127P, Q129R, Tak:Ke U3BECTHBIE
KaK MYTalluM, CIIOCOOCTBYIOIIMEe WHOUIIMPOBA-
HUIO BaKIIMHUPOBAHHBIX JIUIL U CHUKEHHUIO BEPO-
SITHOCTU BbIsiBJIeHUsT HBsAg coBpeMeHHbIMU aua-
THOCTUYECKUMU Habopamu. Psam ucciiemoBarteneit
coo01anu, 4yTo nauueHTsl ¢ ckI'B HecyT Oomblee
KOJIMYECTBO MyTallMii B objractu pre-S/S, yeM ma-
nueHTsl ¢ HBsAg-nmosutusHbiM XI'B, uTo MoxeT
BBI3BIBATb CHUKEHUE WMJIM U3MEHEHUST B CEKpeluu
aHTUTEeHa, MPUBOAS K HEBO3MOXHOCTU €ro 00-
HapyxeHus [18, 25, 48]. OnHako BUpPYC MpPU STOM
OCTaeTCsl PEIUIMKAIlMOHHO KOMIIETEHTHBIM, MO-
JKeT TiepenaBaTbcsl IpU TpPaHCGHY3MOHHBIX MaHU-
MyJISIIUSIX U CITIOCOOEH TTPUBOIUTH K PeaKTUBALIUU
y TIOABEPralolIMXCcsl MMMYHOCYTIPECCUU PEeLITIH-
€HTOB, UTO 0COOEHHO BaXKHO, TaK KakK IepeIMBaHue
KPOBM U €€ KOMIIOHEHTOB Ha3HayaeTCs B IEPBYIO
ouepelb O0JbHBIM B TSIXKEIbIX COCTOSIHUAX. KpoMme
TOTO, 3HAYUTEJbHBIA IPOLIEHT PELUUNUEHTOB CO-
CTaBJISIIOT XKEHIIUHBI U JEeTU C OCJabJI€eHHbIM HUM-
MYHUTETOM, U TMepeJrBaHUE KPOBU OT JTOHOPOB
¢ c¢ckI'B OepeMeHHBIM >KEHIIMHAM MOXKET YBEIU-
4UTh PUCK BepTUKaJIbHOI nepegadyn BI'B, a y nereit
CTaTh NMPUYUHON pa3BUTHUS XPOHUYECKOro 3abose-
BaHUS 3a cYeT MHOUIIMPOBAHUS B paHHEM BO3pac-
Te [14]. XoTsa pacliupeHue oxBaTa BaKlMHalMenl
npotuB BI'B kak cpeau 1OHOpPOB, Tak U CpeAu pe-
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IMokazaHa pacOpoCTpaHEHHOCTb CKPBITOTO
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POJIb PEKOMBUHAHTHOIO UHTEPJIEMKUHA-2
B JIEHEHUU BOJIbHbIX XPOHU4YECKUM
FrENATUTOM B

A.®D. Hosukosa, JI.JI. ITonosa, /I.}0. KoncranTuHon

DI'EOY BO Camapckuii eocyoapcmeennuiii meduuunckui ynueepcumem Munszopasa Poccuu, e. Camapa, Poccus

Pestome. [ucperyasinuss MMMYHHOTO OTBeTa, BO3HMKalOIIAs Mpu XpoHudyeckoM renatute B (XI'B), mpenstcTByeT
SJMMUHAIUY BUpPYCa U CIOCOOCTBYET MPOTrpeccCUpoBaHNI0 MH(PEKIIMOHHOTO Tpouecca. Llenb — oueHUTh 3 dek-
TUBHOCTH (OMOXMMUYECKYI0, UMMYHOJOTUYECKYIO, BUPYCOJOTHUECKYI0) KOMILJIEKCHOI Tepamuu IMpernapaTaMu Te-
HOo(OBUP 1 peKOMOMHAHTHBIN MHTepaekKuH-2 (rlL-2) B 1eueHun 6onbHBIX XI'B. Mamepuanst u memodsi. IlpoBeneH
CpaBHUTEbHBIN aHAJIU3 pe3yJIbTaToB JlabopaTopHOro oocieaoBaHus 00abHBIX XI'B B 1BYX rpymnmnax cpaBHeHUsI, CO-
ITOCTaBUMBIX TI0 TIOJTY, BO3pacTy, cTaauu ¢hubpo3a, BUpyCHOI Harpyske: I rpymma (n = 27) moxydajia TeHOMOBHUD,
COTJIACHO MIPUHSTHIM pekoMeHmamusM, u rlL-2, II rpymma (n = 25) — npemnapat TeHOGoBUp. Pesyromamer. Ilepen
CTapTOM IIPOTUBOBUPYCHON Tepamnun y BceX 001bHBIX XI'B HabMI0mam0ch MOBBIIICHNE YPOBHS TIEUCHOUHBIX TPAaHC-
aMUHa3, MeJT0YHOM hocdaTasbl M TaMMATryTaMUJITPAHCTIETTTUIA3bI OT 1,2 10 S HOPM, a TAKKE TUCPETYISIIIN S KJIETOU-
HBIX (haKTOPOB UMMYHMTETA CO 3HAUMMBIM CHUXeHUEeM abcomoTHoro yncia CD4*-, CD8*-, CD16*- 1 moBbIlIEHUEM
CD20*-nmumbounToB. Yepes 12 MecsiieB JedeHUs Yy O0JbHBIX B HaOII0OAaeMbIX I'PyIIaXx OTMEUYEHa HOpMaJu3alus
rokasareJjieil IIMToIM3a U XoJiecTa3a ¢ He3HaUMMBbIMU MEXTPYIIOBBIMU pasinuyusmu. CoaepxaHue abCONIOTHOTO
gucaa CD4*, CD8* T-kietok n CD16"-muMdouuTtos B I rpymnme moseicuioch (Ha 24,7, 24,1, 34,5% cooTBEeTCTBEH-
Ho, Bce p < 0,001 OTHOCUTEIBbHO UCXOMHBIX BEJUUMH), YETO HE MPOM3OLIIO B TPpyIlNe cpaBHeHUS. YpoBeHb CD20-
nuMdounTtos B I rpynne nanueHtoB XI'B cHusuicsa Ha 35,9%, a Bo 11 — Ha 7,9% (p;_; < 0,001). B I rpymine 60nbHBIX
XTI'B ypoBenn HBsAg uepes 12 mecsiies seyenus ctan Huxe Ha 52% (p < 0,001). Betgoder. [IpoBeneHHOE MUIOTHOE
HCCIIeIOBaHMEe TT0KAa3ajl0, UTO KOMIIJIEKCHAsT 3TUOINAaTOreHeTuuecKas Tepanus 00abHbIX XI'B TenodoBupom u rlL-2
yay4diaeT ¢GyHKIMOHAIbHOE COCTOSTHME TIeYeHH, BOCCTaHABIMBACT HAPYIIECHHBIN 0alaHC UMMYHOKOMIICTEHTHBIX
KJeTOK: moBbimasi ypoeHb CD4*, CD8* T-numdouutos, CD16*-1umdbouutoB u cHuxasg unucio CD20*-KJeToK,
a TaKXe ITO3BOJIIeT YCTOMYMBO CHU3UTH ypoBeHb HBSAg B CBIBOpOTKE KPOBH.

Karouesnie caosa: xponuueckuii ecenamum B, menoghosup, npomusosupycnas mepanus, CD4*-aumpoyumol, pexomobunanmmuolii
unmepaeiikun-2, HBsAg.

THE ROLE OF RECOMBINANT INTERLEUKIN-2 IN TREATMENT OF PATIENTS WITH CHRONIC
HEPATITIS B
Novikova A.F., Popova L.L., Konstantinov D.Yu.

Samara State Medical University, Samara, Russian Federation

Abstract. Dysregulated immune response occurring in chronic hepatitis B prevents the virus elimination and contributes
to progression of the infectious process. The aim of the study was to evaluate the effectiveness (biochemical, immunologi-
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cal, virological) of combination treatment with tenofovir and Recombinant interleukin-2 in chronic hepatitis B patients.
Material and methods. A comparative analysis of the results from laboratory examination of chronic hepatitis B patients
in two comparison groups, comparable in sex, age, stage of fibrosis, viral load, was carried out: group I (n = 27) received ten-
ofovir, according to the accepted recommendations, and recombinant interleukin-2 (rIL-2), group II (n = 25) — tenofovir.
Results. Before the onset of antiviral therapy all patients with chronic hepatitis B had increased hepatic transaminases, alka-
line phosphatase and gammaglutamyl transpeptidase from 1.2 to 5 norms as well as dysregulated cellular immunity factors
with significantly decreased absolute count of CD4+*, CD8*, CDI16* and increased CD20* lymphocytes. After 12 months
of treatment, patients in observation groups showed normalized cytolysis and cholestasis with insignificant intergroup dif-
ferences. The level of absolute count of CD4*, CD8* T-cells and CD16* lymphocytes in the I group increased (by 24.7%,
24.1%, 34.5%, respectively, all p < 0.001 relative to the initial values), not observed in comparison group. The level of CD20*
lymphocytes in group 1 was decreased by 35.9%, and in group 2 — by 7.9% (p,_;; < 0.001). In group 1, the level of HBsAg
after 12 months of treatment became lower by 52% (p < 0.001). Conclusion. The conducted pilot study showed that the com-
bination etiopathogenetic therapy of patients with chronic hepatitis B using tenofovir and rIL-2 improves liver functional
state, restores the disturbed balance of immunocompetent cells: by increasing level of CD4+*, CD8*T-lymphocytes, CD16*

lymphocytes and reducing the count of CD20* cells, and also allows to steadily reduce blood serum HBsAg level.

Key words: chronic hepatitis B, CD4* lymphocytes, tenofovir, antiviral therapy, recombinant interleukin-2, HBsAg.

BeepgeHue

AKTyaJbHOCTb XpoHuueckoro renatuta B (XI'B)
00yCJIOBJIEHA €ro 3HAYMTEJIbHOI pacIipoCTpaHeH-
HOCTBIO B Mupe 1 B Poccun (okoso 260 MJIH ciryya-
€B BO BCEM MUPE), TSIXKECThIO MCXOHA0B U BECOMbBIM
BKJIaJ0M B OO0 JIETAJIbHOCTH (B MUPE A0 MUJITU-
oHa ciydaeB Brog) [2]. B Poccnn 90% G6onbpHbIX XI'B
cocTtaBasioT nmauueHTel ¢ HBeAg-HeratuBHoOl (da-
3011 3a00JIeBaH S, TOATOMY MOJIXOJIbI K UX JICYEHUIO
MMEIOT 0CcOo0yl0 3HAYMMOCTh [1]. MonekynspHbie
M KJIeTOYHbIe MeXaHU3MbI matoreHe3a XI'B obecre-
YMBAIOT JJUTEJIbHYIO IIEPCUCTEHIIMIO BUpYyCa rema-
tuta B (BI'B) B KJleTKax xo3s1MHa, CIIOCOOCTBYSI IMTPO-
rpeccupoBaHUI0 MH(PEKIIMOHHOrO mpoliecca [14, 16,
24, 27]. CoBpeMeHHasi TIPOTUBOBUPYCHAsT Teparus
(TTBT) cuHTeTMYECKMMM aHajgoraMu HYKJIE03(T)
unos (AH) He mpuBOAUT K 3paauKaluMu BUpYCa,
a JUIlb MHTUOUpyeT ero peruimkanuio [9, 10, 13].
YV HEKOTOpBIX MCCIIeI0BaTeIeil JaHHbBIE O Pa3BUTUU
MMMYHHOM aucperyasuuu Ha ¢poHe [1BT npoTtuso-
peuuBsl [9, 12, 17,22, 26]. Eme 8 2012 1. Boni C. ¢ co-
aBT. OTMETHUJA, 4TO 6oJibHBIe XI'B, monyJaBuiue jie-
yeHue AH u gocTturuive aBUpeMuu, Npu coxpaHe-
HUU B KpoBU ToBepxHocTHoro aHtureHa (HBsAg),
MMEJIU HU3KUI YpoBeHb peakTuBHOCTU BI'B-
crienpuuHbIX T-KJIETOK, B CBSI3U C Y€M aBTOPbI pac-
CMaTpMBAIOT 1IEJeCO00PaA3ZHOCTh IMPUMEHEHUSI UM-
MYHOTPOITHBIX IPENapaToB s Yy4YIIeHUSI TPOTHU-
BoBUpycHoro T-kiaetouHoro orseta [10]. Arasli M.
B CBOEM MCCJICIOBAaHUU JAejaeT BBIBOI O TOM, YTO
y nauueHToB ¢ XI'B B TeueHue ogHoOJIeTHETO Kypca
JIeueHUsI TeHO(hOBHUPOM 3HAYMTEILHO CHUKACTCS
He TOJIbKO BUPYCHasl Harpy3ka, Ho 1 npoueHT CD4*
CD25" FOXP3* nTreg [9]. Duan S.P. u coaBT. oT™Me-
YyaeT, YTo yepes3 48 Heaesb Tepanuu 0oJbHbIX XI'B
TeHO(OBHUPOM CTATUCTUUYECKU JTOCTOBEPHOI pas-
HULBI TTO coaepxkaHuo T-TuM@OLUTOB B cpaBHE-
HUU C UCXOMHBIMU JAHHBIMU U TPYIIONA KOHTPOJIS
He nmoayueHo [12]. Tiilek N. 1 coaBT. B cBoeli pabo-
Te YKa3bIBaIOT Ha TO, 4YTO y 001abHbIX XI'B 1 HOCH-

teneit HBSAg ypoBeHb pacTBOpMMOro pelenTopa
uHTepaeciikuHa-2 (1L-2) u uarepneitkua-10 (1L-10)
B KPOBM 3HAUYMTEJIbHO BBIIIIC 3HAUYCHU U T PYTIITHI 310-
poBbIX U1l [22]. Wu J. 1 coaBT. 0TMEUaIoT 00paTHYIO
KOPPENSIIMOHHYIO CBSI3b MexXay ypoBHem CD4*
T-numMpOnMTOB U TIUTEIBHOCTBIO MEPCUCTSHIINU
Bupyca npu XI'B [26]. IIpn usyyeHnn ocoOEHHO-
CTeit MUEJIOMIHBIX CyNpeccOopHbIX KieTok (MDSC)
Kak KJIIo4eBoro peryijstopa T-muMdonuToB ObIIO
noka3zaHo, uto 1mpu XI'B BI'B-cnenindpuansie CD4*/
CD8* T-nuMdouTH 3HAYUTETHHO OCIA0JISIIIN ITPO-
nykuuto [L-2/IFNy, npu aToM Ha ¢oHe ycrenrHoi
Tepanuu TeHohoBUpPoM (12 MecsI1ieB) BOCCTaHOBIIC-
HUS GyHKUIMU T-tTuMPomnToB He npousoiiio [17].
OrmrcaHHbIC HAPYIICHUSI B Pa3JIMIHBIX 3BEHBSIX UM-
MYHHOI CUCTeMbl OOOCHOBBIBAIOT HEOOXOIUMOCTb
MOMCKa UMMYHOOPUEHTUPOBAHHOTO JICUCHUSI.

PexomOuHaHTHBIN nHTepeKuH-2 (rIL-2) saBis-
eTCSI CTPYKTYPHBIM M (DYHKIIMOHAJIBbHBIM aHAJIOTOM
SHAOreHHOTo YetoBeueckoro I1L-2. BzanmoneiicTBys
C perenTopaMu KJIeTOK UMMYHHOM CUCTEMBbI, OH MH-
IyIupyeT pocT, nuddepeHIIMPOBKY U Npoundepa-
uuio T- u B-nuMdonnToB, MOHOLIMTOB, MaKpOdaros,
OJIUTONNECHIPOTINAJIBHBIX KJIETOK, 3MHUIASPMAaJIbHBIX
KJaeTok JlaHrepraHca, a TakxXXe CTUMYJIUPYET IIATO-
JIMTUYECKYIO aKTUBHOCTH HATYPaJbHBIX KHUJLJICPOB
M ILIUTOTOKCUYECKUX T-TMMGOIIUTOB, ITOBBIIIACT
YCTOMUYMBOCTD KJIETOK K anonTody [15]. B psiae kiu-
HMYECKUX HCCICHOBAHUI IIpU JIeUCHUU 3a0oJieBa-
HUI, BEAYIINM ITaTOTeHETUUYECKUM 3BEHOM KOTOPBIX
SIBJISIETCS HapyIIEHNe UMMYHHOM PEryJIsiiiny (ayTo-
VUMMYHHBIE, OHKOJOTMYeCKHe, WH(MEKIIMOHHEIL),
OITMICaHBbI MMOJIOKUTEIbHBIC PE3YIBTAThI IPUMEHEHU ST
rIL-2 [8, 11, 13, 15, 18, 19, 21, 23, 25, 28]. BkioueHne
rIL-2 B cxemy I1BT nipu neyenun 60abHbIX XI'B 00-
YCJIOBJICHO COOTBETCTBUEM €TI0 UMMYHOMOYIUPYIO-
IIMX CBOMCTB CTPYKTYpE MMMYHHBIX HApyIUICHUN
npu XI'B.

Kadenpa nHnpeknmoHHBIX 00JIe3HE ¢ amuae-
muojorneit ®I'bOY BO CamI'MVY Munsnpasa
Poccuu ¢ 2006 r. n3yyaeT BIUsSIHUE UMMYHOOpPHUEH-
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Ponb rlL-2 B neyeHnmn 60bHbIX XI'B

TUPOBAHHOW Tepaliud Ha COCTOSHUE KJIETOY-
HOro U T'yMOpPaJbHOIO MMMYHUTETA Yy OOJbHBIX
XpPOHMYECKMMHU BUPYCHBIMU rematutamu B, C.
ITpu nposenenuu [1BT y 601bHBIX XPOHUYECKUM
renatutoM C couyeTaHUEM IMETrMJIUPOBAHHOTO MH-
TepdepoHa anbdpa (PeglFNo) u rIL-2 6b1110 moka-
3aHO TOJIoXUTenbHoe BausgHue rIL-2 Ha nepeHo-
cuMocTb PeglFNao (kynmupoBaHUe HUTOINEHUYEC-
KOTO CUHJIPOMa) U mapaMeTphbl KJIETOYHOIO 3BEHA
MMMYHUTeTa (BoccTaHOBJIeHUe coaepxkaHus NK-
kaeTok 1 T-numdonuTos) [7]. C 11eab10 ONTUMHU3A-
LMY 3TUOTPOIHOIO jJeyeHUs1 y 00J1bHbIX XI'B Ob1110
HUCCIEIOBAHO COCTOSIHUE KJIETOYHOTO HUMMYHMU-
TeTa MPU Ha3HAYEHWHW JIAMUBYIWHA B COYETAHUU
¢ rlIL-2. UccnemoBaHue Tokasajo, 4YTO Hapsay
co cHuxeHnuem coaepxanus JJHK BI'B u HBsAg,
MMPOUCXOAUT BOCCTaHOBJIeHMEe ypoBHsS CD4*
u CD16" T-numdonuTos [5, 6]. PyHKIIMOHAJILHbBIE
ocobeHHoctu uupkyiasiuuu [FNo, [FNy n IL-2
Ha ¢doHe neuyeHus OonbHBIX XI'B sHTekaBUpOM
B peXXMME MOHOTEpAalNM OBIJTM OTPaskKeHBI B pa-
oorax Ilomosoit JI.JI., 3aitueBoii E.A. Bbeijo 1o-
KazaHo, 4To y 6onbHbIX HBeAg-Heratusueim XI'B
no Hauvana [IBT BeIBIIEHO 3HAUMMOE CHUIKECHUE
ypoBHS IL-2, CBIBOPOTOYHOI M UHAYLMPOBAHHOM
npoaykuuu IIFNo, croHTaHHOW M WHAYLUPO-
BaHHOU nponykuuu [FNy no cpaBHeHUIO € rpymn-
MOM KOHTPOJIS, TIPU 3TOM, Uyepe3 12 MecsiieB Jiede-
HUS COXPaHSJICSI CHUKEHHBIN YypoBeHBb 1L-2 1 nH-
nyurpoBaHHou mpoaykuuu [IFNao [3, 4].

C y4yeToM U3BECTHBIX UMMYHHBIX HapylLIEeHU,
Bo3HuKalomux mpu BI'B-undekiinu, Mbl TpoBenn
MHWJIOTHOE UCCIICAOBAHNE IO M3YUCHUIO pe3yabTraTa
BKJtoueHUs rIL-2 B kKauecTBe aablOBAaHTHOTO Tpe-
napara B cTaHIapTHY1 Tepanuio XI'B cuHTeTnuec-
KHUM HYKJI€03(T)UAHBIM aHAJIOTOM TeHO(MOBUPOM.

Llenp nccaenoBaHUSI — OLICHUTH 3(PPEKTUBHOCTH
(OMOXMMUYECKY10, UMMYHOJIOTMUYECKYI0, BUPYCOJIO-
TMYECKYI0) KOMITJIEKCHOM Tepaliuu IpernapaTaMu Te-
HodoBup u rlL-2 B neuennu 60abHbIX XT'B.

Matepwuasbl 1 METOLbI

B knnHuke nHeKUMOHHBIX Oosie3Heir GI'BOY
BO CamI'MY MunsnpaBa Poccuu 6b11n mpoaHa-
JIU3UPOBAHBl Pe3yJbTaThl NTMHAMUUYECKOTO KJI-
HUKO-1a00paTOPHOrO M MHCTPYMEHTAJbHOIO 00-
cnepgoBaHust 60onbHBIX XI'B, monyuarommx ITTBT.
Juarno3z XI'B Obin1 copmMyinpoBaH B COOTBET-
CTBUU C KIMHUIYCCKUMHU PEKOMEHIALIMSIMH T10 THa-
THOCTHUKE W JICYCHUIO B3POCJIBbIX OOJBHBIX IermaTu-
ToM B EBponeiickoit accoumanuu 1o M3Yy4YEHUIO
3aboneBanuii meyeHu (EASL, 2017). Kputepun
BKJTIOUCHU S B MCCJICAOBAHME: MYXKUYNHBI 1 SKSHIIT -
HbI B Bo3pacTe oT 18 1o 50 neT ¢ moaTBepKAeHHbBIM
nuarHo3dom XI'B (HBeAg HeraTuBHBbBIi, O3 Aes1bTa-
areHTa), He nmony4dasiuue paHee [1BT, ¢ moBbIlIeH-
HbIMU 3HaueHusIMU ATTAT, (pubpozom neuenu F2—
F3 cranuu nmo METAVIR, BupycHoil Harpyskoi

JHK BI'B 6onee 2000 ME/mi. B uccienoBanme
He ObLIM BKJIIOYEHBI OOJIbHbIE OCTPHIMU BUPYCHBI-
MM TeTlaTUTaMU, LIAPPO30M TTeUeHH, a TAKKe Iaru-
eHTHI ¢ MukcT-uHpekuueir (HCV, BUY), ayronm-
MYHHBIM, TOKCHUKO-aJUIEPTUUYECKUM IOpaskeHUeM
MeYeHU, TallMeHThI ¢ O0JE3HSIMU HAKOIJIeHUs (Te-
MoxpoMaTo3, Oone3Hb Buiabcona—KoHoBanoBa),
OHKOJIOTUYCCKUMHU 3a00JICBAHUSIMU, CUCTEMHBIMHU
3a00JIeBAHUSIMU COCMMHUTEJIbHOI TKaHM, caxap-
HBIM 1uabeToM, OEpEeMEHHOCThIO U JIaKTallue.

g nmMmyHodepMeHTHOTO orpeneyneHus: HBs-
aHTHUTEHA BUpyca renaruTta B (KkaduecTBEeHHO U KO-
auvectBeHHo) u JIHK BI'B Metomom mnonume-
pasHoii uenHoit peakuuu (ITLP) ucronn3oBan-
ca Habop peareHTOB <«BekTopHBsAg-anturena»
n «Peanm-bect IHK BI'B» cooTBeTCTBEHHO, 4yB-
crButenbHOCThIO 15 ME/Mn (BAO «BekTop-bect»,
Poccus). OnpeaeneHue OMOXMMHUYECKMX MOKa-
3aTesiell BBIMOJIHSIOCHh MPU MOMOIINA aHaJM3aTo-
pa «Hitachi-902» (Roche Diagnostics, fmonus).
A naeHTuGUKaumM nonyasauuii u cyononymnsi-
U TUMQOOILIMTOB MCIOJIb30BaJIM CTAHAAPTHYIO
naHeJlb MOHOKJIOHAJIbHBIX aHTUTEJ IPOU3BOI-
ctBa Becton Dickinson, BKJIO4alolylo aHTHU-
tena k CD3*, CD4*, CD8", CDI16%, CD20* nud-
(GepeHIIMPOBOYHBIM  aHTUTeHAM  JICKOIIMTOB
U COOTBETCTBYIOIIME HU30TUMUYECKUE KOHTPOJIU.
VYnbpTpa3ByKoBO€ HCCAEIOBaHNWE OPraHoB OpIOII-
HOW MOJIOCTU MPOBOAUJIOCH Ha cKaHepe «loshiba
370 A Powervision 6000». Ctaauio ¢pu6po3sa neyeHu
onpeaessiiu MeTOIOM 3jacTorpadru Ha anmnapare
«FibroScan FS 502». MatremMaTuKo-CcTaTUCTUUYECKA S
00paboTKa TaHHBIX IPONU3BOIMIACH C UCTIOJIb30Ba-
HueM npujioxeHuil Microsoft Excel makera Office
2016 u Statistica (StatSoft) Bepcuwu 10.0.

Bce manueHTHl B KaueCTBE MPOTHUBOBUPYCHOIO
JiedeHus1 noiaydanu mnpernapart teHogosup 300 mr
no 1 tabnetke 1 pa3 B I1eHb HE MeHee 12 mecs1eB.
B kayecTBe MMMYHOOPMEHTUPOBAHHOU Tepamuu
obin HaszHaueH rlIL-2 poccmiickoro mpousBoOI-
cTtBa. Cxema OblTa pa3zpaboTaHa M 3alaTeHTOBaHa
Ha Kadenpe MHGPEKIIMOHHBIX OOJIe3HEel C PIuje-
muojiorueit ®I'bOY BO CamI'MVY Munsnpasa
Poccun (mmatent Ha uszobperenue PD Ne 2365381
ot 27.06.2008). Kypc MMMYHOOPUEHTHUPOBAHHOM
Teparnuu BKJIOYaa B ce0s BHYTPUBEHHOE Karelb-
Hoe BBeneHue rIL-2 B no3e 500 000 ME, co ckopo-
CcThiO 1—2 MJI/MUH B TedyeHUe 4—6 4 2 pa3a B Helie-
0 — 1 Mecs1l, 3aTeM yKa3aHHBIN IIperapar BBO-
nuiau noakoxHo 1o 500 000 ME 2 paza B Henesio
B TeueHue 2 MecsilieB. [ToBTOpHBIN KypC BBEICHU S
rIL-2 (mopkoxHo o 500 000 ME 2 pa3za B Henemnto
B TeueHUe |1 Mecsiia) IIpOBOAMIICS Ha IBEHAAIIaTOM
Mecsie JedeHus: TeHodoBupoM. McciemoBaHue
ObLJIO OAOOPEHO JIOKAJbHBIM 3TUYECKUM KOMMU-
TeroM ®PI'BOY BO CamI'MYVY Munsapasa Poccun
C coOJIIoMeHEM 3aKOHA O TIEPCOHAIBHBIX TaHHBIX
P® u mpoBeneHO Ha OCHOBE MUCbMEHHOTO UHGOP-
MUPOBAHHOTO COIJIACU S ITallMEHTOB.
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Cpenu mauudeHToB (n = 52), MJIaHUPYIOLIUX
JedyeHnue TeHO(MOBUPOM, ObIIU CHOPMUPOBAHBI
JIBE TPYMIIBI CpaBHEHU S, COIIOCTABUMBIE TI0 TIOJY,
BO3pacTy, craauu (pudpo3a, BUPYCHOI Harpyske
(tra6a. 1). I rpynny (n = 27) cocTaBUIM HNALIUCHTHI,
KOTOpPBIC MOJIy9aar TeHO(GOBUP, COTIIACHO IIPUHSI-
ThIM peKoMeHAauusm, u rlL-2 B KauecTBe Tepanuu
compoBoxXaeHus; namueHTHl Il rpynmer (n = 25)
JICYNITCH TEHO(POBUPOM B peXKMMe MOHOTEPATIU .

151 cpaBHUTENbHOW OLIEHKM NTOKa3aTesei KJie-
TOYHBIX (PAKTOPOB MMMYHUTETa WCITOJIb30BaAIHN
pe3yabTaThl 00CIENOBAHUSI 3MOPOBBIX JOHOPOB —
rpynna K (n = 25).

Pesynbrathl

Pesynbrarbl uccaemoBaHUS OUMOXMMMUUYECKUX
nokasaTeJieli KpOBU y MallMeHTOB B IpyImIiax cpaB-
HEeHUS NpeAcTaBJIeHbl B Ta0. 2.

Ilepen ctapToM NPOTUBOBUPYCHOW Tepamuu
y Bcex 60bHbIX XI'B 3apeructpupoBaHO MOBBIILIE-
HHe TpaHCaMWHa3 J0 5 HOpPM. YBeJIMUYeHUEe ypPOB-
HS 1menodHoi ¢ocdaraser (IHP) m rammariayra-

Ta6auua 1. CpaBHUTENIbHAs XapaKTEPUCTUKA
60onbHbIX XI'B pa3Hbix rpynn HabniogeHus
Table 1. Comparative characteristics of chronic
hepatitis B patients in different observation groups

Fpynnbl nauneHToB ¢ XIB
Moxasares Chronic hepatitis B patients groups
Parameters | rpynna ) rpynna P
1st group 2nd group
n= 27 n= 25
39,6487 38,8474
:oapacr, net (0 33,1845- | (OM32,1788- |0,945
ge, years 48,1419) 46,1491)
~ [
mzre(c:)(/ou non, % 42% 44% 0,662
, /0
= 0
?g::;?:;, non, % 58% 56% 0,778
AHK BIrB, 2000-
20 000 1U/ml
[HK BrB,
;é\(/) gﬁ&Me/mn 85% 82% 0,765
> 20000 IU/ml
HBsAg, 2000-
KBshg 000 | 7% A
30000 IU/ml
HBsAg,
; g;)A(goo ME/mn 13% 14% 0,879
> 30000 IU/ml
oopuevn | % S Sl
Foopuenvn | 2% S bl

muatpancnentuaassl (I'TTIT) peructpupoBaioch
ot 1,2 1o 3 HopM B I rpynimie y 68 u 72% 0ONbHBIX,
aBo Il rpymie —B 66 1 73% ciydasix COOTBETCTBEH-
Ho. [Tokasarenu oluiero OuJInpyorHa y 00JdbHBIX
I rpyrinsl B 33%, a Bo 11 — B 37% ciy4aeB mMpeBbl-
11aJIM BEPXHIOI0 I'PpaHUIly pedepeHCHbBIX 3HAUSHU I
MaKcCUMaJIbHO 10 2,5 HopM. CTaTUCTUYECKU 3Ha-
YUMBIX OTJIWYHIN MEXIY OMOXMMHUYECKHUMH IIO-
KaszaTeJsiIMU UCCIIeAyeMbIX T'PYIII TIepea HauyajioM
I1BT He BoIsIBACHO (P,_f; > 0,05).

Yepes 12 MecsueB JiedeHUST Y BceX OOJIBHBIX
I rpynner Hopmanm3oBaics ypoBeHb AJIT u ACT,
o61ero 6miupyouna (p'; < 0,001). 3nauenus [TTIT
u 1P B 93% cinydaeB TakKe CHU3UIKUCH 10 pede-
peHCcHBIX 3HaueHuit (Bce p'; < 0,001), 1o cpaBHEHU IO
c mokazarteasiMu Ha ctapte Tepanuu. Bo Il rpynme
y 88% OonpHbix XI'B Takke 3apeructpupoBaHa
HopMau3alusl GYHKIMOHAJbHBIX MPOO IMEeYeHU:
AJIT, ACT, I'TTII (Bce p'y; < 0,001) u LD, p';; <
0,05, OTHOCHTENIBPHO WX 3HAYCHUI IO JICUYCHUSI.
IMIpu cpaBHEHUUM OUOXMMHUYECKUX TMOKa3aTesiei
yepes 12 mecsueB jgedyeHus | u Il rpynmn nmoaydyeHbl
CTaTUCTUYECKU 3HAUYMMBbIC pa3Juyus IO MoKasa-
TeasaM nuronusa u xonecrasa (p_; < 0,01 u p,_;; <
0,001 cOOTBETCTBEHHO).

bri1o mMccaenoBaHO abCOMIOTHOE CcoJepXKaHUe
CD3*-, CD4"-, CD8"-, CD16*-, CD20*-numdornu-
TOB B CBIBOPOTKE KpoBU 00abHBIX XI'B 10 neyeHust
u depe3 12 mecsueB HaOmoneHus Ha ¢goHe TTBT
B OMMCAHHBIX TPpyMax CpaBHEHUSI.

PesynbpraThl ucclenoBaHUSI YPOBHsI HauOoJiee
3HAUYMMBIX CYOmomyasiiuii JTUM@OIMUTOB IIpe-
CTaBJIEHBI B TA0JI. 3.

Ha crapte II1BT y nauuenTtos I u Il rpynmn 3Ha-
YEeHUSI OCHOBHBIX CYOINOMyJSLMil JUM@POIUTOB:
CD4* (B93 1 95% cnyuasix cooTBeTCTBeHHO), CD8"
(887 1 84%) u CDI16" (B 82 u 77%) — OBIIN y HUXK-
Hell rpaHuibl HopMbI, a CD20* (B 87 u 90%) pe-
TUCTPUPOBAJIUCH BbIIIIE HOPMbI U CTATUCTUUYECKU
3HAYMMO OTJIMYAJNUCh OT COOTBETCTBYIOIIUX IIO-
KasaTejeil TpyIIrbl KOHTpois (Bce p_x < 0,001),
Pu_x < 0,001).

Yepes 12 mecsieB JedeHus B | rpyrine nmaiueHToB
abcomotHoe conmepxkanue CD4Y u CD8" T-kieTok
MoBBICHJIOCH Ha 24 1 27% coOTBeTCTBEHHO (Bce ) <
0,001), uTo oka3zayioch B cpeaHeM B 3—4 pa3a BbIILE,
yeM Bo Il rpynmne (p,_;; < 0,01). Bo II rpynne nmauu-
€HTOB ITPU BHYTPUTPYIIIIOBOM CPaBHEHUU CPEIHUX
sHadyeHuit CD4" u CD8* T-numdouunToB 10 ctapTa
U yepes 12 MecsLieB JieueH sl pa3auuus ObIJIU CTaTU-
CTUYECKU He 3HaYuMbIMHU (p'}; > 0,05).

Yposenb CDI16" kieTok y 60abpHBIX XI'B uepes
12 mecsiueB JiedeHust B | rpyine nosbicuiics Ha 34%
U cTai Beile, yeM Bo Il rpymre (p,_;, < 0,001).

IToBbiieHHOe coaepxxaHue CD20"-numdboriu-
TOB, YCTaHOBJIEHHOE Yy OOJbHBIX O0EUX TPYIIIl
Ha crapte IIBT, uyepe3 12 mMecsdueB JsedyeHUS
B | rpyIime mauueHTOB CHU3MIOCHh Ha 31% u cTaio
COOTBETCTBOBATh 3HAYCHUSIM TPYIIIbI KOHTPOJIS,
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TaGnuua 2. Buoxummuyeckue nokasatenu Kpoeu y 6onbHbix XI'B pasHbix rpynn HabnogeHus nepeg NBT
1 yepes 12 MecsiLEeB OT Hayana ee NpoBeAEeHUs B 3aBMCMMOCTM OT cnocoba neyeHus (X=s)
Table 2. Blood biochemical parameters in chronic hepatitis B patients from various observation groups before AVT
and 12 months after the onset based on treatment approach (X+s)

Mokasatenu (Hopma)

Mepuop HabnoaeHus
6onbHbIX XI'B

Fpynnbl naumneHToB ¢ XIB
Chronic hepatitis B patients groups

Parameters (norm) Chronic hepatitis B patients I'rpynna ITrpynna p
observation period Ist group 2nd group
n=27 n=25
.0 NeYeHus 18,1+1,5 18,5%0,3 b, > 005
O61uuii GuANpPYGHH, before treatment (ON 17,5147-18,7812) (OM 17,9111-19,1265) e
MKMmonb/n (3,2-20,0) 12,1+1,3 17,1£0,7
Total bilirubin, ymol/I 4epes 12 Mecaues nedeHus | (1 115412-12,7811) | (M 16,5112-17.7835) | p <005
after 12 month of treatment He
p', < 0,001 p' < 0,05
0,0 NneYeHus 69,3+0,4 68,1£0,3 50.05
3 before treatment (AN 68,7412-71,0102) | (AN 67,5412-68,7813) Pr = s
protein, g Hepes 12 mecsues nedeHms | (169 7414-70,9125) | (AN 67,8145-69,0201) | p, <0,05
after 12 month of treatment '
p'<0,05 p'y > 0,05
D0 JieyeHus 50,1%0,2 49,9+0,7 >0.05
before treatment (4N 49,5247-50,7814) (AN 49,1245-51,5718) P > s
2r1bbu6ny]mMH/,lr/ﬂ (34—53) 52,4i0,1 51,8i0,8
9 Hepes 12 MecqiueB neuenms | (1151,8745-53,0214) | (AN 51,2147-52,4517) | p, > 0,05
after 12 month of treatment e
p' <0,05 p'y < 0,05
[0 NevyeHus 27,5+0,7 26,5+1,1 5005
before treatment (OV 26,9117-28,1215) | (M 25,9147-31,1265) | P17 "
o by -1
globulin. @ Hepes 12 MecsueB NeueHus | |y 20,5412-21,7965) | (IN123,2175-24,4514) | p, <001
after 12 month of treatment -
p', < 0,001 p', < 0,05
[0 NevyeHus 117,6+11,3 126,5%£19,5 >0.05
before treatment (AN 117,0103-118,2154) | (4N 125,9115-127,1423) Pru = s
Q’L‘ﬂ’] /'lz”/ " (o 38) 47,6+6,7 67,445,3
’ uepes 12 mecsaueB neveHns | 11 46 5412-48,2574) | (V1 66,8415-68,0203) D,y < 0,01
after 12 month of treatment e
p', < 0,001 p', < 0,001
L0 neYeHns 79,58,3 78,3+9,5 0.05
before treatment (AN 78,9124-80,1547) | (AN 77,6452-78,9116) Pru > s
zgfb';”/ " (no 40) 29,5+2,3 38,4+2,5
' Hepes 12 mecsiues nesenms | (1198 9147-30,1427) | (I)137,8456-39,0104) | p_ < 0,01
after 12 month of treatment e
p',< 0,001 p', < 0,001
[0 NevyeHus 253,5%6,8 252,4+8,7 5005
before treatment (AW 252,9115-254,1817) | (AN 251,8415-253,0013) Prw > S,
:.IlDQ’L,J/EIn/n (30-120) 53,5+7,8 87,4+9,5
' Hepes 12 MecsueB nedekus | |y 5 9418-54,1578) | (IV 86,8712-88,0021) |p, , < 0,001
after 12 month of treatment -
p', < 0,001 p', < 0,001
0.0 NneYyeHus 89,3%7,6 88,2+1,1 50.05
before treatment (V1 88,7541-89,9112) 11 87,6124-88,8114 Prn >,
[irc-irTn’Uljln/n (no=0) 57,8+4,1 78,34,3
’ uepes 12 mecsueB neweHns | (157 9113-58 4517) | (OW77,7145-78,9112) 0., < 0,001
after 12 month of treatment s
p', < 0,001 p', < 0,05

Mpumeyanue. 3aeck 1 Aanee: X+s — cpeHee=CTaHAaPTHOE OTKNOHEHIE; P — BEPOSTHOCTb OLIMBOYHOrO NPUHATUS aNLTEPHATUBHON FUNOTE3bI
0 HaNIMYMKM MEXTPYNMOBLIX PA3ANYNIA; P' — BEPOSTHOCTb OLUIMGOYHOIO MPUHATIS aflbTEPHATUBHON MANOTES3bI O HANIMYWN BHYTPUMPYNMOBLIX PA3NNYMIA:

p',— I rpynna, p‘“—_ll rpynna.

Note. Hereinafter: Xts — meantstandard deviation; p — probability of erroneous acceptance of an alternative hypothesis about present intergroup
differences; p' — probability of erroneous acceptance of an alternative hypothesis about present intragroup differences: p', — group I, p', — group Il.
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Ta6nuua 3. XapakTepucTvMka OCHOBHbIX NOKa3aTesieil KIeTOYHbIX pakTopoB MMMYHUTeTa y 00sbHbix XI'B
pasHbix rpynn HabnoaeHus nepep, NMBT n yepe3 12 MmecsaLeB OT Hayasa ee NPOBeAEHUS B 3aBUCUMOCTHU

oT cnoco6a neyenns (X+s)
Table 3. Characteristics of major cellularimmune parameters in chronic hepatitis B patients from various observation
groups before AVT and after 12 months after the onset based on treatment approach (Xts)

n n 6 Mpynnbi 06cnepyembix/Study groups
o(':;::)?\::;' " epggﬂ::bl; ?I{J‘Be Hus KoHTponbHasa I rpynna (XIB) Il rpynna (XIB)
Parameters | Chronic hepatitis B patients C r:)yll'lna, K K 1st ﬁrouf[).t(.chéomc 2ndhgr0u$t.(créromc P
(norm) observation period ontrotgroup, epatitis B) epatitis B)
n=25 n=27 n=25
NeiikouuTbl, | A0 NEYeHNs 4,80+0,08 4,59+0,02 Proe z g’%gl
x 10%/n before treatment ([V1 4,7431-4,8643) | (1M1 4,5314-4,6532) pS-K 5005
(4,0-9,0) 5,11£0,02 e
Leukocytes, Yyepes 12 mecsiLeB neyeHns 5,06x0,07 4,51:0,18 Py < 0,001
% 109/ or 12 o (/M1 5,0090-5,1169) | (A1 4,4435-4,5714) | p,., > 0,05
p1| < 0101 p1|| > 0105 pII—K < 0:05
JlumdouuTsl, A0 nevyeHus 1,69+0,01 1,67+0,08 Pi-k z (())’(())(())1
x10%/n before treatment (AM 1,6405-1,7536) | (OM 1,6201-1,7213) prg* 0,05
(1,2-2,5) 1,97+0,05 - 2> Y,
Lymphocytes, |yepes 12 mecsues neuexus 1,9220,05 1,73x0,03 P < 0,001
x 101 after 12 month of treatment (A11,8615-1,9814) | (M 1,6714-1,7956) | p.. < 0,01
p', < 0,001 p'y > 0,05 Pu < 0,001
110 neyeHus 1,230,01 1.25+0,04 Pk i (())(())(())11
CD3",x 10°/n | before treatment (I 1,1712-1,2045) | (A111,1912-1,3115) [P 0,05
(0,95-1.8) 1830,01 1,29+0,02 1,2520,01 - 0,01
CD3",x10%!  |yepes 12 MecsiLes neyeHus e £V, Prn <Y,
after 12 month of treatment (AN 1,1457-1,4373) | (AN 1,1948-1,3145) | p, < 0,01
p',<0,01 p'y > 0,05 Pix < 0,001
[0 fleYeHns 0,6520,05 0,63+0,07 Pk z (())g(())l
CD4",x 10°/n | before treatment (1 0,5912-0,7125) | (211 0,5713-0,6918) | P~ 5005
(0,57-1,1) 0.85+0,07 0,81%0,01 0,72+0,03 - < 0,01
CD4*,x10%/1  |4yepes 12 mecsiLeB neyeHus A e Pri< Y,
after 12 month of treatment (V1 0,7547-0,8712) | (11 0,6617-0,7825) | p,, < 0,01
p' < 0,001 p', > 0,05 P« < 0,001
AO neveHus 0,41£0,03 0,42+0,01 Pk i gggl
CD8",x 10°/n | before treatment (A1 0,3516-0,4719) | (1M 0,3618-0,4835) DS-K 5005
(0,45-0,85) 0,56+0,03 H
CD8',x 10%1 | 4epe3 12 mecsvueB neveHus 0:54:0,02 0,43+0,03 Pry < 0,001
(AN 0,4811-0,6002) | (AW 0,3614-0,4917) | p_ > 0,05
after 12 month of treatment
p',<0,001 p'; > 0,05 P« < 0,001
RO NeveHms 0,18+0,03 0192001 | P SO0%
CD16", x 10%/n | before treatment (41 0,1254-0,2413) | (AM 0,1356-0,2517) pF')'-K 00
(0,18-0,42) 0,35+0,03 S —
CD16%, x 10%1 |yepes 12 mecsiues nevenus 0,2920,02 0,210,01 Py < 0,001
after 12 month of treatment (AN 0,2345-0,3514) | (AN 0,1565-0,2748) | p., < 0,001
p1| <0,001 p1" > 0,05 Pk < 0,001
RO neveHu 0,39:0,01 038:002 | P SO0
€D20%, x 10°/n | before treatment (01 0,3378-0,4569) | (41 0,3214-0,4418) p‘g* > 0.05
(0,15-0,40) 0,29+0,02 STy
CD20%,x 10%/1 | yepes 12 mecaues neueHus 025£0,03 0,35+0,02 Pry < 0,001
after 12 month of treatment (110,1925-0,3156) | ([i10,2917-0,4165) | p, (> 0,05
p', < 0,001 p'y > 0,05 Pux < 0,001
AO neyenus 1,44%0,08 1,48+0,11 P < 2,001
before treatment (IV1 1,3814-1,5006) | (OM 1,4257-1,5463) | P+ 5005
CD4'/CD8"* 191£0.05 Piy > Y,
(1,5-2,5) 12 S 1,64£0,01 1,58+0,02 P, < 0,01
;ﬁgfﬁz m';'stch":fet‘r‘ :;:fe"n”t"' (OM 1,5812-1,7005) | (M 1,5214-1,6474) | p,. < 0,001
p',< 0,01 p', > 0,05 P < 0,001

Mpumeyanme. To xe, 4To 1 ans Tabn. 2.
Note. The same as for Table 2.
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Yero He MPOU3OIILJIO B Ipynne CpaBHEHU I, T€ CHU-
sxeHue coctaBuiio 8% (py_; < 0,001).

HanHble mo nuHamuke coaepxanus JHK BI'B
u ypoBHS HBSAg B ChIBOPOTKE KPOBU Y OOJBHBIX
XTI'B npencraBJiieHbI B Ta01. 4.

Jlo HavaJia TpOTUBOBUPYCHOIO JIeYeHU ST y OOJTb-
HbIX XI'B peructpupoBaiach BUpycHasi Harpyska
JAHK BI'B ot 2 x 10* no 2 x 107 ME/mi, ypoBeHb
HBsAg — o1 2000 mo 50 000 ME/ma. Ha ¢done Jte-
YyeHusT TEeHO(hOBUPOM ObLIa JOCTUTHYTA aBUpE-
mus y 100% 6oapHBIX B 00enx rpynnax (p'; < 0,001
n p';; < 0,001 cCOOTBETCTBEHHO).

Copepxanue HBsAg MeHsJ0Cch He OJHO3HAU-
Ho. B I rpynne 6oabHbix XI'B, moayyaBimx KoM-
MJIEKCHYIO0 Tepanutio, ypoBeHb HBsAg uepes 12 me-
CSIIIEB JIeYeHU I cTaja Ha 52% HUKe, 4eM 10 HadaJia
tepanuu (p'; < 0,001). ITpu a3TOM B TpyIIIIe CpaBHE-
HUS yBeJIUYUJIACh AUCIEPCUST ITOTO MoKasaTens,
TaK KaK Hapsnay co cHuxeHueMm ypoBHs HBsAg,
y 15% mauuenToB HabJrogaacs ero poct. B urore,
Mpu O0Iell TEHASHIIMU K YMEHBIIEHUIO CPETHUX
3HaueHuit HBsAg Bo Il rpymme, MeXrpymnroBble
pa3Inyus oKazaJauch 3HaUUMbIMU (p;_; < 0,01).

O6cyxaeHne

B HamemM NOHMJIOTHOM WHCCIIENIOBAaHUM 3aperiu-
CTpupoOBaHO Hanuuue y 0oJbHbIX XI'B nucbanan-
ca B colepXaHUHW OCHOBHBIX CYOMNOITY TSI JTUM-
douuToB co cHUXeHueM ypoBHs CD4" m CDS8*
T-nmumdponntos, CD16"-1MMOOLINTOB 1 MOBBILIE-
HueMm CD20*. DTo cornacyeTcs ¢ BBIBOJaAMU IPYTUX
uccliiegoBaresaei o HeraTuBHOM BiausiHUUM BI'B kak
Ha BPOXJICHHBIN, TaK 1 Ha aJalITUBHBI UMMYHU-
TET B IIPOIECCE MINTEIBHON MMEPCUCTEHIINHA B M-
MYHHBIX KJIETKaX Xo3sauHa [27].

Bo3MoOXXHOCTH ambIOBaHTHOI Tepalluu ¢ UMMY-
HOpeCTaBPaIllMOHHOM 1IeJTbI0 00CYKIaeTCsI HAyUHBIM
COOOIIIECTBOM, OMTHAKO €IMHOTO MHEHU S TI0 BEIOOPY

MMMYHOTPOITHOIO Mpenapara HeT. Tak, uccienoBa-
TeJIU, MMPUMEHSIBIIME MPU JiedueHUU O00abHbIX XI'B
AH B couetanuu ¢ PeglFNo, monyuyuau gaHHbIe
o cHuXeHuU ypoBHs HBsAg, a Takxke yBeIMYEHUU
akTuBHOCTU NK-kjetok [18]. Zhang X. B cBoeM 00-
3ope dokycupyercsd Ha poau BI'B-cnenuduyeckoro
oTrBeTa T-KJIETOK, OOCYyXJasi HOBbIE CTpaTeruu
B MIPUMEHEHUU WUMMYHOMOIYJUPYIOLIUX Tperapa-
TOB, HaIlpaBJEHHBIX Ha aKTUBAlIMIO MPOTHUBOBU-
PYCHOTO UMMYHMUTETA C LeJIblo u3aeueHuss XI'B [29].
Wang D. u coaBt., Ha3HauaBiue rIL-2 nocie npose-
nenHoi repanuu XI'B PeglFNo, oTMeualoT cHUke-
HUe KoJindecTBa Treg U cTereHb dKCIpeccuu b6enka
nporpaMmmupyemoi rudenu kiaetok 1 (PD-1), a Tak-
ke ycuineHue pyHkuuu BI'B-cnenubuunbsix CDS*
T-xnetok [23]. Qi W. u coaBT. coob1aloT 00 appek-
TUBHOCTHU paHHero BBeneHu s rlL-2 B npoTuBOBUPYC-
HYIO cxeMy jieueHus1 6obHbIX X I B, Tak Kak 2TO cro-
cobcTByeT cHUXXeHu1o ypoBHsI HBsAg B kpoBu [19]
B HaleM uccienoBaHUUM ObUIO MOKa3aHO, YTO
Npu KOMIIJIEKCHOM JieueHUM 0oJibHBIX XI'B TeHo-
doBupom c rIL-2 mo cpaBHeHHUIO C MalMEHTaMU,
NPUHUMABIIUMU TEHO(GOBUD B peXKUME MOHOTEpa-
MUU, CTATUCTUYECKU 3HAUUMO YMEHbIIAETCS TUC-
OajlaHC B cOlEepKaHUU OCHOBHBIX CyOMOMynsIIui
JAUM@OLMTOB, 32 CYET BOCCTAHOBJIEHUS YPOBHS
CD4* u CD8 T-numdpouutos, UPU u ymeHble-
Hus dyuciaa CD20"-kinetok. Takxke cienyeT oTMme-
TUTh O0Jiee 3HAUUTEJIbHOE U YCTOMUMBOE CHUXE-
Hue kojndectBa HBSAg. AHallOrMuHBIN pe3yJibTat
ObLI onucaH B padote Wu D. mpy KOMOMHUpPOBaH-
HOU Tepanuu UHTEepP(PEPOHOM, MHTEPICUKUHOM-2
M DHTEKAaBUPOM, IIPU DTOM B MpOliEcCe JeUYEeHUS
oTMeyvajach Koppeasiusi Hu3kKoro yposHsi HBsAg
C yacTUYHBbIM BoccTaHoBAeHUeM NK-kietok [25].
B Hacrosiliee BpeMsi CpPOKHM 3aBeplIeHUS Jie-
yeHus1 OonabHbix XI'B AH He onpenesieHBbl.
AAuTenbHblii (MHOTOJMETHUN) TpUeM 3TUX IIpe-
napaToB OPUEHTUPOBAH Ha JOCTUXEHUE CEPOKOH-

Ta6nuua 4. AuHamuKa BUpYCONOru4eckoro oteeTa n yposHs HBsAg y nuu, pa3nuuHbIxX rpynn HabnioaeHuni (X+s)
Table 4. Dynamics of virological response and HBsAg levels in individuals from different observation groups (Xs)

n 6 pynnbl naumeHToB ¢ XI'B
epuop HabnoaeHns . i ;
MokazaTenw GonbHbIX XI'B | Chronlao hepatitis B patlents"groupsa
Parameters Chronic hepatitis B patients 1 reynn ’ rde"" p
observation period stgroup nd group
n=27 n=25
Ao neena 1230 785:92 786,3 1345187+82548,5 | p,,>0,05
[HK BB, ME/mn before treatment
HBY DNA, u/ml neuyenue yepes 12 mecsues 0 0
' after 12 month of treatment P, > 0,05
) p', < 0,001 p', < 0,001
Ho neteH 28 475,3+1728 5 26 895,3+1121,3 by > 0,05
HBsAg, ME/m before treatment
HB:Ag, IU/ml ! nedenue uepes 12 mecsues 14756,3+1278,3 21646,5+2387,1
9 after 12 month of treatment a ’ T ' P, < 0,01
p' p', < 0,001 p', < 0,05

Mpumeuanue. To xe, 4o U Ans Tabn. 2.
Note. The same as for Table 2.
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Bepcuu no HBsAg, yTo mpoucxoauT KpaitHe peako.
B uccinenoBanuu Rivino L. moka3zaHa posib (pyHK-
nuoHaabHbIX BI'B-cnenuduunbix T-KJIeTOK B Ka-
YyecTBe KaHIuAaTa Ha WMMYHOJIOTUYECKUI Ouo-
Mapkep [Jisi 6€30MacHOro MpeKpalleHus Teparnuu
y 6oabHbIX XI'B [20]. DTO cornacyeTcsl ¢ JaHHBIMU
Halllero ucciieNoBaHU s 00 yMEHbIIIEHUU 11ucbaiaH-
ca B cogepxanuu CD4" u CD8" T-numbouuToB
B COYETAHUU C YCTOWUYMBBIM CHUXEHUEM YPOBHS
HBsAg, 4TO MOXET YUYUTHIBATHCS MpU OIpeaese-
Huu cpokoB [1BT y 6oabHbIX XI'B.

BbiBOAbI

HpOBCI[CHHOC IIMJIOTHOEC MCCJICOJOBAHUME IMTOKa3a-
JIO, YTO KOMIIJIEKCHAasA 3THOIIAaTOICHETNYCCKAasA TEpa-

nus 6onbHBIX XI'B TeHodoBupom u rlL-2 ynydnraer
(byHKIIMOHATPHOE COCTOSTHWE TI€YEHU, BOCCTAHAB-
JIMBAaeT HapyILICHHbIA 0ajaHC MMMYHOKOMIETEHT-
HBIX KJIETOK, MoBbllIas KoanudectBo CD4* u CD8*
T-numponuTtoB, CDI6T-TUMGOLIMTOB U CHUXKAs
yucyo CD20"-KJIeTOK, a TaK>Ke MO3BOJISIET YCTONYU-
BO CHU3UTb ypoBeHb HBSAg B CBIBOPOTKE KPOBU.

B nanpHeiimiem 1esiecoobpa3Ho HcCCIenoBaTh
COCTOSIHME APYTruX KOMIIOHEHTOB WMMYHOpeaK-
TUBHOCTU MPU MPOBENCHUU MTPEITOKEHHOU CXEMbI
JneyeHus XI'B.

s moBBIIIEHUSI MPaKTUYECKOW 3HAYMMOCTU
NPEeAJIOXKEHHOW KOMIUJIEKCHOW Tepanuu OOJbHBIX
XI'B TteHodoBupom u rlL-2 cienyeT oLeHUTH €€
3(pbHEKTUBHOCTh U MEPEHOCUMOCTH y OOJbIIETO
YurcJjia NalueHTOB.
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Abstract. Introduction. In Montenegro, vaccination against COVID-19 infection began with the use of Gam-COVID-
Vac, which was not approved for emergency use before the end of clinical trials, by the Food and Drug Administration
and the European Medicines Agency. Therefore, it is necessary to emphasize the adverse effects. Materials and methods.
For the purpose of this study, there were collected data from national adverse events reporting form for Gam-COVID-Vac
obtained from the Health Institution Pharmacy of Montenegro — Montefarm, as the holder of permits for these vaccines.
Results. For the period March 1, 2021 to February 13, 2022, after administration of 16 756 doses of vaccine Gam-COVID,
a total of 220 case reports, or 716 adverse effects were recorded. The mean age of vaccinated individuals who reported
adverse effects was 40.79+11.35 years. Totally, 79.55% females versus 20.45% males reported side effects post-vaccination.
The most common adverse reaction was pyrexia (79.55%). Other very common adverse effects were as follows: injection
site pain (38.18%), headache (33.18%), myalgia (32.27%), malaise (31.82%), fever (30.45%), arthralgia (22.73%) as well
as swelling and redness at the site of application (15.91%). Less common adverse effects were nausea, pain in extremity,
diarrhea, dizziness, fatigue, sore throat and labial herpes. Serious adverse effects were recorded in 8 cases including tin-
nitus, thrombophlebitis, hypotension, chest pain, palpitations and peripheral cyanosis related to specific comorbidities.
Conclusions. After the administration of Gam-COVID vaccine, the population in Montenegro experienced mild to mode-
rate adverse effects, with rare serious transient adverse effects related to specific comorbidities. The data presented here
on investigating Gam-COVID-Vac caccine verified good safety profile and high tolerability evidenced by the statistics
analysis as lacked COVID-19-associated hospitalizations or deaths.

Key words: COVID-19, vaccination, Gam-COVID-Vac, adverse effects, comorbidities, safety.

MNOBOYHbIE 3DDEKTbI MPU NTPUMEHEHUU Nam-KOBUA-Bak B YHEPHOIOPUU
Jlabanosuu B.

Yupeacoenue 30pasooxpanenus Anmexu Yepnocopuu «Monmegapm», Ilodeopuya, Yeproeopus

Pe3iome. Bseodenue. B UepHoropuu BakunHauus npoTuB uHekuu COVID-19 Hauanach ¢ ucnoab3oBaHus l'am-
KOBH/I-Bak, koTophblit HE ObLI 0OH0OPEH IJIs1 SKCTPEHHOTO MCIIOIb30BAHUS 10 OKOHYAHUS KJIMHUYECKUX UCTIBI-
TaHUI CO CTOPOHBI YIpaBJeHUs IO CAHUTAPHOMY HaA30pY 32 KaueCTBOM MHUILEBBIX MPOAYKTOB U MEAMKAMEHTOB
n EBpomneiickoro areHTCTBa IO JIeKapCTBEHHBIM cpeacTBaM. [1oaToMy He0OXOAMMO MOAYEPKHYTh MOOOUYHBIC (-
bexTel. Mamepuanst u memoos:. JlaHHBIC IS 1IeJei HACTOSILEro UCCIeI0BaHM S OBLIM COOpPaHBI M3 HAIlMOHAIbHOM
(hopMBbI coobIIeHMsI 0 HexenaTeabHbIX IBaeHUAX 11 [am-KOBU I-Bak, mony4yeHHoit oT YupexaeHUs 34paBOOX-
paneHus Anteku YepHoropuum — MoHTedapM KaK HOCUTEIISI pa3pelliecHUs] Ha 3TH BaKIIUHBL. Pe3yrsmamol. 3a 1ie-
puon ¢ 1 mapra 2021 r. mo 13 deBpana 2022 r. mocie npumeHeHus 16 756 1o3 Bakuuusl Gam-COVID 65110 Bcero
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2023, T. 13, Ne 6 Side effects of the Gam-COVID-Vac in Montenegro

3aperucTpupoBaHo 220 ciaydaes, TO ecTh 716 mo6ouHbIX 3 GekToB. CpenHU BO3PACT BAKIIMHUPOBAHHBIX, CO00-
HIMBIINX O HeXEJaTeIbHBIX ABIeHUsX, cocTaBu 40,79+11,35 net. B o6meit ciaoxkHOCTH 79.55% KEHIIWH 110 CpaB-
HeHuio ¢ 20,45% MyX4uH COOOIIMIN O MOOOYHBIX 3dekTax mocjie BakimHanuu. Haubosee yactoit mo6oyHo
peakuueii Obiia TemneparypHas (79,55%). JpyruMu o4eHb YacThIMU TOOOYHBIMU 3 heKTaMu ObLIN: 00JIb B MECTE
nabeknn (38,18%), ronosHas 6ob (33,18%), muanrus (32,27%), nenomoranue (31,82%), nuxopanka (30,45%), ap-
tpanrus (22,73%), otex 1 mokpacHeHUe B MecTe BBeaeHUs (15,91%). MeHee pactipocTpaHEHHBIMU IIOOOYHBIMU (-
(bexTaMu OBLTN TOIIHOTA, 0OJIb B KOHEYHOCTSIX, TUapesl, TOJIOBOKPYKEHME, YTOMISIeMOCTh, 00JIb B ropje u herpes
labialis. Cepbe3Hble M060YHBIE 3(DDEKTH — IIYM B yIIax, TpoM0o0dIeOnT, TMIIOTOHUS, O0JIb B TPYAH, YUallleHHOE
ceprnieoneHre u nepudepnIecKuii InaHo3 — ObUIN 3aDUKCHUPOBAHH B § c1ydasx. Bce OHU OBLINM CBSI3aHBI C HATH-
YUEeM COMYTCTBYIONIMX 3a00neBaHuit. Boieodel. [Tocne BBenenus Bakuuubl [aM-KOBU I y Hacenenus YepHoropuu
Habonanuch Mo00UYHbIE dG@MEKTHI JIETKOW U CpPeAHEN CTeMEeHU TIXECTU C PEAKUMU cepbe3HbIMU 3P dekTa-
MU TIPEXOASIIETO XapaKTepa, KOTOpble OBbLIM CBS3aHBI C OMPEICIEHHBIMU COMYTCTBYIOUIMMU 3a00JIeBaHUSIMMU.
ITo pesynbraTaM gaHHOro ucciaegoBaHus BakuuHa 'am-KOBU/I noareepaunia xopowmuii mpoduib 6€301MacHOCTU
1 BBICOKYIO MEPEHOCUMOCTb, O YeM CBHMAETEIbCTBYET CTATUCTUYECKUIT aHAIU3 C OTCYTCTBUEM TOCITUTAIU3ALMI
1 JIETaJIbHBIX CIYyUYaeB.

Karoueevte caosa: COVID-19, sakyunayus, lam-KOBHUJI-Bak, nobounvie s¢ppexmot, conymemeyioujue 3a604e6anus, 6e30naACHOCHD.

Introduction

SARS-CoV-2 virus infection, detected on De-
cember 31, 2019 in Wuhan (China), has rapidly
widespread and caused a global pandemic of acute
respiratory disease, defined as COVID-19 disease.
A high rate of transmission and ability to mutate are
the most distinctive characteristics of the SARS-
CoV-2 virus, as indicated by data on registered cases
of infection as well as the duration of the pandemic [9,
14]. From December 2019 until August 8, 2023 total
0of 695 063 811 cases of infection plus 6 913 777 deaths
were registered globally. Accordingly, COVID-19 has
been a public health problem worldwide [33].

The pandemic has forced policy makers, health
professionals, pharmaceutical industry and other or-
ganizations, at the level of diagnostics (development
of fast and reliable diagnostic methods), treatment
(application of effective therapeutic options, use
of existing and synthesis of new drugs) and prevention
(introduction of preventive measures, recommenda-
tions for protection and vaccination) to decree urgent
confinements to combat, stop a rapid and massive
contagion and reduce COVID-19 mortality [2].

After identification of SARS-CoV-2 genome se-
quence, pharmaceutical companies have designed
and developed considerable number of COVID-19
vaccines using either previously available vaccine
production technologies or new scientific approach-
es and methods. By the end of 2020, more than 280
different COVID-19 vaccines were in some stages
of development. In addition, according to the World
Health Organization (WHO), 63 vaccines and more
than 172 candidate vaccines were in preclinical de-
velopment [6, 18]. Vaccines, along with all drugs,
are subject to legal regulations for placing the drug
on the market, which, among other things, involves
providing documentary evidence of pharmaceutical-
chemical-biological testing, pre-clinical or pharma-
cological-toxicological testing as well as clinical trials
of drugs, which prove quality, efficacy and drug safety.

Assuming the urgent need to prevent the spread
of COVID-19 infection plus the fact that the devel-
opment of new drugs/vaccines is an enduring pro-
cess (around 10 years), conventional procedures
for approving the marketing of COVID-19 vaccines
could not be followed. Nevertheless, the WHO and
the European Medicines Agency (EMA), in public
health emergencies, such as pandemics, may also
authorize the use of certain medicines that do not
comply with regulatory legal procedures for placing
on the market if presented data indicate that the ben-
efits outweigh the risks. Depending on the regulatory
process for the evaluation and approval of vaccines,
certain vaccines against COVID-19 in the clinical
trial phase, received emergency use approval before
the completion of all three phases of clinical trials [8,
10]. Therefore, this fact is of particular importance
for collecting enough scientific evidence on adverse
events (AE), recording, evaluating and monitoring
the AE of the vaccinated population.

The first registered cases of SARS-CoV-2 virus
infection in Montenegro were confirmed on March
17, 2020. By August 8, 2023, there were 292 510
infected and 2828 deaths cases (0.97%) as a re-
sult of COVID-19 infection. The vaccine that
first arrived and with which the vaccination start-
ed in Montenegro on March 1, 2021, was Gam-
COVID-Vac, produced by FSBI “NRCEM n.a.
N.F. Gamaleya”, Russian Federation. The vaccine
was developed as a vector vaccine. It is meant to be
given as two doses (Gam-COVID-Vac component 1
and Gam-COVID-Vac component II) with different
adenovirus-based viral vectors (serotypes 26 and 5)
administered 21 days apart. Then other vaccines ar-
rived continuously (chronological overview):

— March, 16, 2021 — Vero Cell, SARS-CoV-2

vacc manufacturer Beijing Institute of Biological

Products Co., Beijing, China;

— March, 30, 2021 — AstraZeneca (Vaxzevria®)

Vaccine, manufactured by AstraZeneca Nijme-

gen B.V., Netherlands;
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— May, 4, 2021 — Comirnaty® Vaccine, manu-

factured by Pfizer BioNTech, Belgium;

— October, 29, 2021 — CoronaVac, COVID-19

Vaccine (Vero Cell) Inactivated (SINOVAC)

manufactured by Sinovac Life Sciences Co.,

Beijing, China;

— January, 24, 2022 — COVID-19 Vaccine Mo-

derna®, manufactured by Rovi Pharma Industrial

Services, S.A., Spain.

Amongst all procured vaccines in Montenegro,
WHO issued emergency use approval at the time
only for Comirnaty®, Vaxzevria® and Moderna®
vaccines. Vaccines from the Chinese manufacturer
Beijing were approved almost two months after their
use (May 7, 2021), while vaccines from the Russian
Federation are still not approved foruse. Nevertheless,
based on the Law on Medicinal Products (“Official
Gazette of Montenegro”, No. 080/20), Article 8,
the Government of Montenegro in cases of emer-
gencies and other special situations, takes measures
to supply medicines and prescribes special proce-
dures and conditions for granting approval for the
procurement and sale of medicines [34].

According to the WHO, Gam-COVID vaccine used
in Montenegro against COVID-19 infection was not
approved for emergency use. Therefore, it is necessary
to emphasize AEs, compare recorded AEs with those
in the summary of product characteristics as well as
with the results of clinical studies, and establish a pos-
sible association between AEs and premorbid back-
ground, which is the main goal of this study. The results
of this study will provide useful information to vaccine
recipients in terms of expected AEs in a specific popu-
lation depending on individual characteristics such as
age, sex, as well as existing medical conditions.

Materials and methods

Process of a comprehensive adverse drug reaction
(ADR) monitoring and reporting in Montenegro
is defined by the Rulebook on the Manner
of Collecting of Data and Reporting and Monitoring
AEs to Medicines for Use in Human Medicine
(46/2014). According to this Rulebook, monitoring
the safety of medicines in the market and detecting
any changes in the benefits and risks of their applica-
tion is done by establishing a pharmacovigilance sys-
tem by two entities — license holders and the Institute
of Medicines and Medical Devices of Montenegro
(CInMED) [28]. CInMED is an independent, na-
tional regulatory authority in the field of medicines
and medical devices, responsible for monitoring
AEs in Montenegro. In order to exchange informa-
tion in the field of pharmacovigilance, CInMED
is in the partnership with WHO Safe Use Program
and cooperates with its Uppsala Monitoring Center
(UMC), the European Medicines Agency (EMA) and
other professional and regulatory bodies in European
Union and other countries.

Adverse events are reported in safety reports of in-
dividual cases of AEs (ICSR) in the form of a stand-
ardized international form (CIOMS 1) for the ICSR
report, issued in 1990 by CIOMS and the working
group of the Council of International Organizations
for Medical Sciences. The form includes information
about the patient (age, sex), disease records, infor-
mation on the details of adverse events (beginning,
duration, severity, and outcome) and administrative
details (source of the AE report and association with
the vaccine received).

Every single report of adverse events by healthcare
professionals, pharmaceutical companies and patients
is forwarded by CInMED to the qualified person re-
sponsible for the pharmacovigilance of the marketing
authorization holder, i.e. the importer/distributor, with
the protection of the reporter’s data. The authority re-
sponsible for pharmacovigilance monitors the safety
profile and all safety issues related to licensed vaccines
and is obliged to forward the report of suspected AEs
after vaccination to vaccine manufacturers in order
to be included in global safety documents. Applications
from CInMED are entered into the VigiFlow database,
processed in such a way that the data on the suspected
vaccine and the reactions expressed are coded using
the MedDRA dictionary. VigiFlow supports data ex-
change of safety information with internal and external
stakeholders in different formats such as Excel, xml/
ICH E2B and provides secure, controlled and easy shar-
ing of adverse event reports to WHO through VigiBase,
WHO'’s global database of reported potential side ef-
fects of medicinal products, EMA (EudraVigilance)
and other systems such as DHIS2 and Vigilance Hub.

For the purpose of this study, we collected data from
national adverse events reporting form for vaccines
against COVID-19 infection — Gam-COVID com-
ponent I and Gam-COVID component II. The data
were obtained from the Health Institution Pharmacy
of Montenegro Montefarm, as the holder of permits
for these vaccines. All collected data were placed in ap-
propriate files — DBF (data base file), inserted into
Excel operating program and formed tables that for all
analyzed vaccines contained age, sex, medical condi-
tions, side effects, the relationship between side effects
and vaccines and the source of application. The record-
ed AE are, in relation to the prevalence, expressed as
a percentage and the obtained data are compared with
the data from the approved summaries (Table 1) [29].
For other AE, an association with available study results
was sought. Electronic databases — PubMed, Embase,
Cochrane Library and Google Scholar — were searched
using the descriptors “Gam-COVID”, “adverse ef-
fects” and “safety” in English, without time limit.

Data on the total number of vaccinated persons
with the first, second and third dose of analyzed vac-
cines were collected from the electronic database
of the Institute of Public Health of Montenegro, re-
lying on the calculated percentage of reported AE
to vaccines.
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Table 1. Adverse effects Gam-COVID-Vac from the approved summaries

AE

Symptoms

Very common and common — hyperthermia

Very common and common — injection site pain

Very common and common — injection site swelling

General injection site disorders

Very common and common — asthenia

and reactions

Very common and common — pain

Very common and common — malaise

Very common and common — pyrexia

Very common and common — decreased appetite

Common — nervous system disorders

Nervous system disorders —
Rare — dizziness, syncope

Musculoskeletal disorders

Very common and common — arthralgia, myalgia

Respiratory, chest, and mediastinal
disorders

Common — oropharyngeal pain, nasal congestion, sore throat, rhinorrhea

Common — nausea

Gastrointestinal disorders Common — vomit

Common — dyspepsia

Divergent deviations of immunological status indicators

—increased count of T-lymphocytes

—increase in the percentage of lymphocytes

- decreased count of natural killer cells

- increased count of CD4-lymphocytes

- decreased count of CD4-lymphocytes

- increased count of B-lymphocytes

- decreased count of B-lymphocytes

—increased count of natural killer cells

—increased count of CD8 lymphocytes

—increased level of immunoglobulin E (IgE) in the blood

—increase in the CD4/CD8 ratio

Lab test and instrumentation data

— decrease in the CD4/CD8 ratio

—increased level of immunoglobulin A (IgA) in the blood

- decrease in the percentage of CD8 lymphocytes

Abnormalities in the complete blood count

—increase in the percentage of lymphocytes

- decrease in the hematocrit

- increased count of lymphocytes and monocytes

—increase in the erythrocyte sedimentation rate

—increased platelet count

- decreased count of neutrophils

- decreased platelet count

Deviations in common urine analysis

- erythrocytes in the urine

This study included all AEs reported to the import
license holder, Montefarm, following the administra-
tion of any of the three doses Gam-COVID-Vac in the
period between March 1, 2021 and February 13, 2022.

Results

For the period March 1, 2021 to February 13, 2022,
a total of 8302 people had received Gam-COVID vac-
cine their first dose, 8,136 the second doses and 318
the third dose. Gam-COVID-Vac component I was used
as the first and third dose and Gam-COVID-Vac com-
ponent II as the second dose. In the mentioned period,

a total of 16 756 doses of Gam-COVID vaccine were
administered, namely 8620 Gam-COVID-Vac compo-
nent I and 8136 Gam-COVID-Vac component II.

98% of vaccinated with the first dose also received
the second dose though only 3.9% of the popula-
tion received the third dose. Public Health Institute
recommended mRNA vaccines as the third dose,
for reasons of well-documented immunity, espe-
cially in persons over 60 years of age which resulted
in small coverage with the third dose of the Gam-
COVID-Vac. As for the age structure of the vaccinat-
ed, the largest percentage of the vaccinated popula-
tion was in older than 50 years of age (65.9%) (Fig. 1).
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Table 2. Demographic characteristics of individuals vaccinated with Gam-COVID-Vac (component |

and component Il) with reported AE

Gam-COVID-Vac | dose Gam-COVID-Vac Il dose Total
Age Reported Percentage Reported Percentage Reported Percentage

cases (n) (%) cases (n) (%) cases (n) (%)
20-30 35 19.02 8 22.22 43 19.55
31-40 63 34.24 13 36.11 76 34.55
41-50 48 26.09 5 13.89 53 24.09
51-60 32 17.39 8 22.22 40 18.18
61-70 4 217 2 5.56 6 2.73
71-80 0 0.00 0 0.00 0 0.00
81-90 2 1.09 0 0.00 2 0.91
Total 184 100.00 36 100.00 220 100.00
Average valuetSD 40.85£11.26 40.44+11.97 40.79%+11.35
Min-max 21-81 22-65 21-81
Gender
Male 37 20.11 6 16.67 45 20.45
Female 147 79.89 30 83.33 175 79.55

After receiving of 16 756 doses of vaccine Gam —
COVID, a total of 220 case reports, or 716 AE, were
reported, equivalent to a reporting rate of 13,1 case re-
ports and 42,7 AE per 1000 doses received. Out of 220
reports of AE, 184 related to Gam-COVID-Vac com-
ponent I, and 36 to Gam-COVID-Vac component II.
The mean age of vaccinated individuals who reported
AE was 40.79£11.35 ranged between 21 and 81 years
with a median of 39 (Fig. 1). Statistically significant
gender difference in the percentage was reported,
20,45% in males vs 79,55% in females (Table 2).

Of the total number of individuals (220) who re-
ported AEs, 8.64% (n = 19) had at least one medical
condition recorded in the CIOMS form. The most
common condition was hypertension (3.18%, n = 7),
followed by myocardial infarction (1.36, n = 3), obe-
sity (1.36%, n = 3), thyroid disorder (0.91%, n = 2),
thrombophilia (0.91).%, n = 2) and thrombophlebitis
(0.91%, n = 2). Among other medical conditions, in-
sulin resistance (0.45%, n = 1), obstructive chronic
bronchitis (0.45%, n = 1), lupus (0.45%, n = 1), angi-

na pectoris (0.45%, n = 1), and one person had mul-
tiple comorbidities — overlap autoimmune hepatitis/
primary biliary cirrhosis, Sjogren’s syndrome, celiac
disease and chronic gastritis.

Case reports were submitted by health profes-
sionals, 219 from doctors and one from a pharma-
cist. The biggest number of applications refers to the
population under 60 years of age (96.4%) (Fig. 2).

Local and systemic AE after Gam-COVID-Vac
component I and Gam-COVID-Vac component 11
are presented in Table 3. The most common adverse
reaction was pyrexia reported with 175 of vaccinated
individuals (79.55%). The range in body temperature
was 37.1 to 40°C and most often occurred 8—12 hours
after vaccination. The estimated median total dura-
tion of pyrexia was 1 to 36 hours. Other very com-
mon AE were: injection site pain (38.18%), headache
(33.18%), myalgia (32.27%), malaise (31.82%), fever
(30.45%), arthralgia (22.73%) and swelling and red-
ness at the site of application (15.91%). Less com-
mon AE after administration of these vaccines were
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Figure 1. Age structure of those vaccinated with
the first, second and third dose of Gam-COVID-Vac

Figure 2. Age distribution of the study sample of AE
to Gam-COVID-Vac in Montenegro
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Table 3. Local and systemic AE Gam-COVID-Vac component | and component Il

Gam-COVID component| Gam-COVID component Il Total
AE (n=184) (n=36)
Number and percentage, n (%) | Number and percentage, n (%) | N=220 | %
Local adverse events
Injection site pain 67 (36.41) 17 (47.22) 84 38.18
Injection site swelling, erythema 31(16.85) 4 (11.11) 35 15.91
Systemic adverse events

Pyrexia 153 (83.15) 22 (61.11) 175 79.55
Headache 59 (32.07) 14 (38.89) 73 33.18
Fatigue 7 (3.80) 1(2.78) 8 3.64
Malaise 56 (30.43) 14 (38.89) 70 31.82
Myalgia 57 (30.98) 14 (38.89) 71 32.27
Fever 52 (28.26) 15 (41.67) 67 30.45
Arthralgia 44 (23.91) 6 (16.67) 50 22.73
Nausea 16 (8.7) 3(8.33) 19 8.64
Pain in extremity 14 (7.61) 2 (5.56) 16 127
Diarrhoea 8(4.35) 2(5.56) 10 4.55
Dizziness 7 (3.80) 2 (5.56) 9 4.09
Oropharyngeal pain 2(1.09) 2 (5.56) 4 1.82
Herpes simplex 3(1.63) - 3 1.36
Tinnitus 2(1.09) - 2 0.91
Thrombophlebitis 2(1.09) - 2 0.91
Hypotension 1(0.54) 1(2.78) 2 0.91
Chest pain 1(0.54) 1(2.78) 2 0.91
Paresthesia 2(1.09) - 2 0.91
Cough 1(0.54) - 1 0.45
Dysphonia 1(0.54) - 1 0.45
Neutropenia 1(0.54) - 1 0.45
Dyspnoea 1(0.54) - 1 0.45
Palpitations - 1(2.78) 1 0.45
Metallic taste 1(0.54) - 1 0.45
Peripheral cyanosis 1(0.54) - 1 0.45
Nasaloedema 1(0.54) - 1 0.45
Face swelling 1(0.54) - 1 0.45
Feeling of heaviness 1(0.54) - 1 0.45
Lymphadenopathy - 1(2.78) 1 0.45
Renal pain - 1(2.78) 1 0.45

nausea (8.64%), pain in extremity (7.27%), diarrhea
(4.55%), dizziness (4.09%), fatigue (3.64%), sore
throat (1.82%) and herpes labialis (1.36%).

Rarely reported AE, recorded in one or two vac-
cines included paresthesia (tongue, lips and face),
cough, hoarseness, neutropenia, bronchospasm, me-
tallic taste in the mouth, swelling of the nasal mu-
cosa, face and neck, heaviness in the body, supracla-
vicular lymphadenopathy and renal pain.

Among rare AE, serious AE were recorded
in 8 cases including tinnitus, thrombophlebitis, hy-
potension, chest pain, palpitations and peripheral
cyanosis.

Very common AE were in a significantly higher
percentage of population younger than 50 years of age
(pyrexia 87% vs 52%, fatigue 36% vs 17%, arthralgia
27% vs 8%) while dizziness, pain in extremity and
gastrointestinal discomfort (nausea, diarrhea) were

more common in the population older than 50 years
of age. Local AE were lower in males and systemic
reactions of pyrexia (86% vs 53%) and headaches
(37% vs 18%) were much more common in females,
while other AE were similar (Fig. 3 and 4).

The difference in reported AE after the applica-
tion of Gam Covid Vacc component [ and component
II mainly included rare effects, and of the frequent
AE, higher temperature appeared in a significantly
higher percentage after the application of the first
dose (Gam-COVID-Vac component I). However,
pyrexia and fever were reported in a higher percent-
age after the application of the second dose. AE such
as skin reactions at the application site and arthral-
gia were lower after the second dose, while site pain,
headache, malaise and myalgia were more common
after Gam-COVID-Vac component II administra-
tion (Fig. 5).
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Figure 3. Sex group-graded the most common
systemic vaccination reactions

Discussion

Based on the experience with the COVID infec-
tion, we are aware that vaccines are the most effec-
tive means of achieving control over the pandemic.
Given the pandemic circumstances of the COVID
infection, the urgent actions for vaccine synthesis,
the short time frame for efficacy and safety testing,
and their urgent approval for use before the comple-
tion of all three phases of clinical trials, there are pub-
lic concerns about the efficacy and safety of vaccines
against the COVID infection. Of particular impor-
tance is the dataset related to vaccines that for some
reason have not yet been approved by the Food and
Drug Administration and the European Medicines
Agency. Therefore, it is necessary to collect evidence-
based information on the effectiveness and safety
of vaccines. In terms of efficacy, the highest clinically
confirmed efficacy (> 90%) against COVID infection,
in preventing symptoms and reducing the risk of se-
vere forms of COVID and death [11], was shown by

mRNA-1273 Moderna (~94%) and adenovirus vac-
cine Gam-COVID-Vac (~92%) [7]. However, AEs
play a key role in public confidence in vaccination.

The first vaccine against COVID infection that
was administrated in Montenegro was Gam-COVID.
According to the recommendations of the National
Immunization Advisory Body of Montenegro, health
professionals (who came into contact with infected
persons and their contacts), along with the elderly and
those with chronic diseases had priority for the ad-
ministration of the first limited quantities of vaccines.
Accordingly, most health workers were vaccinated
with Gam-COVID vaccine. The high rate of reports
(13.1/1000 doses) and reported AE to Gam-COVID
vaccine (42.7/1000 doses) is the result of professional
responsibility and self-developed awareness of health
professionals about the importance of the vaccines
safety monitoring. These data are in agreement with
the results of studies where the rate of reporting AE
after vaccination of health care workers is higher [4,
26] compared to the rate of reporting AE after vac-
cination of general population [1].

According to the results of this study, a signifi-
cantly higher number of AE reports were related
to women compared to men (80.45% vs 19.55%),
which is in line with the results of observational stud-
ieson AE, in general, for all vaccines against COVID
infections [4, 23, 26].

Regarding age, AE were significantly more com-
mon in young people than in older adults, as found
in other studies. The old population was vaccinated
with the first vaccine, Gam-COVID vaccine as a high
risk group. Out of the total number of administered
doses (16 756 doses), 45.9% of the population over
60 years of age (7725 people) received the vaccine and
only 3.6% (8 people) reported AE; 3.3% after the first
dose and 5.5% after the second dose. According
to astudy by Montalti et al. [24] 43.7% population aged
60 and over reported AE after the first dose of Gam-
COVID vaccine plus 60% after the second dose

mRNA vaccines, BNT162b2 Comirnaty® (~95%) and  which is not in agreement with these results.
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Figure 4. Sex group-graded the most common systemic vaccination reactions
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Difference can be explained by a significantly higher
percentage of vaccinated persons 60 years of age and
older (76.1%) compared to the same age population
of this study (45.9%).

Regarding AE after the first and second doses
of Gam-COVID vaccine, the results are controversial.
In the observational study by Montalti et al. [24], side
effects increased after the second dose and in the study
by Babamahmoodi et al. [4], side effects significantly
decreased after the second dose compared to the first.
In this study, a much higher number of reports were re-
lated to the first dose compared to the second dose (5.1%
vs 1%) but the number of side effects in relation to the
number of reports was slightly higher after the second
dose received (3.4% vs 3.2%). This variability in results
may be due to the different Gam-COVID-Vac compo-
nent I and Gam-COVID-Vac component II vectors.

The most common AE in this study included
pyrexia, fever, application site reactions, headache,
musculoskeletal pain, general weakness (fatigue and
tiredness), consistent with the data collection and
the results of a randomized controlled trial of phase 3
efficacy and safety Gam-COVID vaccine [21],
in which the most common AE included influenza-
like condition, application reaction, headache and
asthenia. The frequency of AE, such as — injection
site reaction, headache, fever, arthralgia, nausea, di-
arrhea, in this study is similar to the results of a study
on AE after Gam-COVID vaccine in healthcare
workers in Iran [4].

The emphasis of the study was placed on AEs not
recorded in the summary of characteristics of the
Gam-COVID-Vac, with a special focus on AEs
that occurred in persons with present comorbidities,

in order to determine whether there is an association
of AEs with a premorbid background.

The recorded AEs in this study, which are not
found in the summary of characteristics, and char-
acterized as rare and serious, occurred in the largest
percentage as a consequence of the medical condi-
tions of the participants.

Obesity is a serious health concern that increases
the risk of many other health conditions. In this study,
specific AEs were recorded in three subjects who had
anincreased body massindex. The primarily observed
swelling of the face and neck, recorded in a woman
(37 years old, BMI 28.16), was found to be lymphede-
ma. Enlargement of lymph nodes is one of the pos-
sible reactions after vaccination, which was somewhat
more pronounced in this person due to being over-
weight, as a significant risk factor for the development
of lymphedema. Enlargement of lymph nodes is one
of the possible reactions after vaccination, which
was somewhat more pronounced in this person due
to being overweight, as a significant risk factor for the
development of lymphedema [22]. Kidney pain that
manifested itself 12 hours after the administration
of the second dose of the vaccine and lasted 24 hours,
in a 22-year-old man with a BMI of 31.79, the doc-
tor registered the link with the vaccine as “probable”.
This condition is probably a consequence of obesity,
as one of the most significant risk factors for kidney
disease is a high body mass index [17]. An obese man
(43 years old, BMI 32.22) developed herpes labialis,
which the doctor did not associate with the vaccine.
Research indicates a connection between obesity and
herpes simplex virus infection [13], that fat tissue can
participate in the body’s immune responses [15].
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After administration of the first dose of Gam-
COVID-Vac, thrombosis was recorded in two wom-
en, aged 56 and 65 years. Both women had throm-
bophlebitis in their medical history with other co-
morbidities (a 65-year-old woman had hypertension,
and a 56-year-old woman had hypertension and thy-
rotoxicosis). Thrombosis was reported in three cases
in the phase 3 study [21], two cases in the vaccine
group and one case in the placebo group. Research
results indicate that a possible cause of thrombo-
sis in vector vaccines is an immune response to the
vector, which leads to heparin-induced thrombocy-
topenia, which leads to the formation of antibodies
directed against the complex of platelet factor 4 with
heparin [12]. However, in this study, the reporters
do not link the manifested reaction to the vaccine,
precisely because of thrombophlebitis as a registered
medical condition in the medical history of these two
patients. That hypertension and thyroid disorders do
not affect thrombophlebitis is confirmed by cases
that had these medical conditions and only mild,
common effects from AE.

More serious adverse reactions after vaccination
with the first and second doses of Gam-COVID-Vac
were noted in a 44-year-old woman with multiple co-
morbidities — overlap autoimmune hepatitis/primary
biliary cirrhosis, Sjogren’s syndrome, celiac disease,
and chronic gastritis. After the first dose, the more se-
rious AEs included tinnitus and hypotension, result-
ing in collapse, and after the second dose, palpitations
and hypotension, lasting 48 hours. Studies indicate
that Sjogren’s syndrome can develop hyper orthos-
tatic hypotension [30], vestibular symptoms, such as
dizziness and tinnitus [25] as well as autonomic nerv-
ous system dysfunction that affects the cardiovascular
system [16]. But it is not known if the vaccine tempo-
rarily “enhanced” this medical condition or if it in-
teracted with the therapy, because the patient with an-
other autoimmune disease, lupus, had only a slightly
elevated temperature (37.3°C) from AE. Given that
the patient had several comorbidities, it is assumed
that she was also taking a large number of medica-
tions that the doctor did not list in the formulary.

Other patients included in this study, who had
a history of serious medical conditions — insulin re-
sistance, chronic obstructive bronchitis, myocardial
infarction and thrombophilia, had the expected and
short-term AEs (pyrexia, fever, pain at the applica-
tion site) in a milder form.

Tinnitus, which was reported by another female
case after the administration of the first dose of Gam-
COVID-Vac has not been reported in studies with this
type of vaccine. Cases of tinnitus after administration
of vector-based vaccines (Vaxzevria®) and mRNA
(Comirnaty®) have been reported in the literature [27,
32]. However, during the last two years, the number
of people who developed tinnitus after vaccination has
been increasing. The mechanism of tinnitus formation
is still unknown it is possible that it occurs as a conse-

quence of a hypersensitivity reaction with an abnormal
autoimmune response or vasculitis [27]. Also, study re-
sults indicate that the vaccine interacts with pre-exis-
ting risk factors for tinnitus and that there is a link be-
tween glaucoma and tinnitus, with glaucoma patients
having a 19% higher chance of developing tinnitus [3].
A report of a metallic taste (which was present for 21
days), accompanied by chest pain, pyrexia, fever, gas-
trointestinal complaints and myalgia in a 33-year-old
woman was submitted by a doctor with the comment
that the person was probably infected with a COVID
infection during the period when she was vaccinated.

Peripheral cyanosis of the fingers appeared
9 hours after vaccination and lasted half an hour,
in a 51-year-old woman with no history of Raynaud’s
phenomenon. There have been cases in the litera-
ture in which Raynaud’s phenomenon occurred af-
ter m-RNA-based COVID vaccines (BNT162b2-
Comirnaty® and mRNA-1273-Spicevax®) and ad-
enovirus vaccines (Vaxzevria®). The link between
COVID vaccines and cyanosis has not yet been clari-
fied, because the occurrence of Raynaud’s phenom-
enon has also been reported after vaccination against
human papillomavirus, hepatitis B and diphtheria-
tetanus. But the authors point to the possibility that
the spike protein may act as an additional trigger
in the development of Raynaud’s phenomenon [20].

Mild chest pain, which lasted 1 hour, accompa-
nied by fever and malaise also occurred in a 51-year-
old woman after the second dose. This short-term
pain can be psychological in nature.

Oral paresthesias, especially of a short-term,
transient nature, as described in this study where two
cases of paresthesia lasting 1 minute were recorded,
are most often the result of psychogenic disorders
(fear, anxiety, depression,...) [5].

In this study, reported adverse effects were mild
or moderate, and no serious AEs considered vac-
cine-related were reported, which is consistent with
the results of observational and survey studies with
low sample size. Recorded serious AEs were not re-
lated to the vaccine but to comorbidities. Medical
conditions that require caution and monitoring
of the patient after vaccination are obesity, throm-
bophlebitis and Sjogren’s syndrome. It is safe to use
Gam-COVID-Vac in patients with lupus, hyperten-
sion, thrombophilia, insulin resistance, chronic ob-
structive bronchitis and thyrotoxicosis.

Although it still does not have approval for use by
the Food and Drug Administration and the European
Medicines Agency, compared to other approved vac-
cines against COVID infection, Gam-COVID-Vac
has a much lower rate and incidence of AEs. It be-
longs to one of the three most effective vaccines, with
the difference that highly effective mRNA vaccines
lead to rare but very serious clinical manifestations such
as acute myocardial infarction, Bell’s palsy, cerebral
venous sinus thrombosis, Guillain—Barré syndrome,
myocarditis/pericarditis, pulmonary embolism, stroke,
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thrombosis with thrombocytopenia syndrome, lym-
phadenopathy, appendicitis, herpes zoster reactivation,
neurological complications, and autoimmunity (e.g.,
autoimmune hepatitis and autoimmune peripheral
neuropathies) [31]. In order to improve future vaccines,
studies are being conducted that try to clarify the mech-
anisms of the occurrence of side effects after the admin-
istration of vaccines against COVID infection. The re-
sults of these studies will provide evidence as to whether
there is a clear association between these effects and
vaccines and, if so, which vaccine components and/or
platforms are responsible for these reactions [19].

Conclusion

According to the results of this study, Gam-
COVID-Vac confirmed a good safety profile and high
tolerability, as indicated by the statistics that there
were no hospitalizations and no deaths. After admin-
istration of the Gam-COVID vaccine, the population
in Montenegro had mild to moderate AEs, with rare
serious AEs of a transient nature, which were associat-
ed with certain comorbidities. The most common side
effects were in accordance with the data from the sum-
mary of drug characteristics and the results of the ran-
domized controlled trial phase 3 trials. These included
fever, site reaction, headache and musculoskeletal
pain. The most important variables in the prevalence
of AEs were age, sex, and premorbid background.
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AEs were significantly more frequent in women and
the younger population and slightly more pronounced
in patients with certain medical conditions.

Future studies on the safety of the Gam-COVID vac-
cine should focus on the population with comorbidities,
who have an increased risk of infection with COVID-19,
in order to prove whether there is an association of the
vaccine with adverse effects or with a premorbid back-
ground and reliably assess and prevent risk of AEs.

Vaccination is the most effective form of protec-
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to reduce the risk of severe infection and death. Rapid
identification of potential health risks and effective
measures to reduce them is the basis for restoring,
gaining and strengthening the general population’s
trust in vaccination. That is why support, improve-
ment and strengthening of the pharmacovigilance as
well as cooperation at the global level are necessary.
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This study is limited by the small sample size and
insufficiently complete data from the CIOMS form
(therapy, comorbidities).
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Abstract. Background. In vitro studies have shown some effects for Hydroxychloroquine (HCQ) against SARS-CoV-2
virus. Despite effective vaccination program, relatively large proportion of population remains unvaccinated. So,
there still remains a need for other prophylactic measures. The present study aims to evaluate whether HCQ can pre-
vent severe COVID-19 outcomes among health-care workers. Materials and methods. In this randomized, double blind
placebo-controlled clinical trial 334 healthcare workers aged 18—65 years old were included of whom 278 individuals
completed the study. Participants were randomly assigned to the HCQ group (800 mg at day one, followed by 400 mg
weekly for the next 7 weeks); or the placebo group. Participants were followed three weeks after the last dose of drug
or placebo (10 weeks from the first dose of drug or placebo). The primary outcome was hospitalization or death from
COVID-19. Results. Of 148 people who received HCQ, none were hospitalized or died from COIVD-19, while of 130
people who received the placebo, 2 (1.5%) were hospitalized for COIVD-19 (p-value: 0.26). And, 22 (14.9%) people
in the HCQ group and 15 (11.6%) people in the placebo group contracted COVID-19 (p-value: 0.99). Adverse reac-
tions were reported by 5 (3.4%) of participants in the HCQ group and 5 (3.9%) of participants in the placebo group (p-
value: 0.99). Conclusion. We found that HCQ has no significant prevention effect on the incidence of mild COVID-19.
However, the low rate of hospitalization (the primary outcome) in this trial like most of the other clinical trials with
HCQ would have required increasing the sample size considerably to be able to comment on the effectiveness of HCQ
in prevention of severe forms including death rate. This justifies systematic reviews to include similar studies to further

investigate the issue.

Key words: SARS-CoV-2, severe COVID-19, hydroxychloroquine, pre-exposure prophylaxis, adverse reactions, outcome.
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BJINAHUE JJ,OKOHTAKTHOFI APODPUNAKTUKU TMAPOKCUXJTIOPOXMHOM HA PASBUTUE
TAXEJIOro CoviD-19: PAHOOMU3UPOBAHHOE KOHTPOJIMPYEMOE UCCJIEAOBAHUE
Bamuszane M.!, Tapmxkoman T.!, @apxynu B.":2, Yoynapu A.!, Mecrapau M.!, CeiienAaunaru C.2, 3anrene M.!,
Xanudesane 3.', Aramu X.A.!, Maccymu-Hannu X.!, AGosaracemu II1., Ie3pymuexan M.!, Xaranu II1.3

! Boavnuua Amup-anro-Momenun, Hcaamckuii ynueepcumem Azad, Teeepan, Upan

2 Upanckuii uccaedosamensckuii uenmp BUY/CIIH/la, Tecepanckuii ynusepcumem meduyunckux nayk, Teeepan, Upan
I Ucenedosamenvckuil yenmp cecmpunckoeo deaa u akyuiepcmea, Upaunckuii ynueepcumem meduyunckux Hayk, Teeepan, Hpan

Pestome. Hcemopus éonpoca. iccnenoBanus in vitro mokasanu psia addexToB runpokcuxiaopoxua (HCQ) npotus Bu-
pyca SARS-CoV-2. HecMoTpst Ha 3¢ (GeKTUBHYIO MpOorpaMMy BaK IMHAILIM U, OTHOCUTEIbHO 0O0JIbIlIast YaCTh HaceJIeHU s
ocTaeTcsl HelpuBUTOI. TakM 00pa3oM, MO-MPEKHEMY COXPaHSIETCS HEOOXOMUMOCTD B IPYTUX MPOPUIAKTHIECKUX
Mepax. Hacrosiee uccinenoBanue HalleJeHO Ha olleHKY Bo3MoxXHOCTU HCQ mpenoTBpaTUTh TSIKeJble MOCAeACTBUS
COVID-19 cpenu MenuMHCKUX paOOTHUKOB. Mamepuaast u memodsi. B HacTos111Iee paHIOMM3MPOBAHHOE ABOMHOE
cliernoe Mmiauebo-KOHTPOIMpPYeMOe KIMHUUYECKOe MCClieoBaHUe ObIIM BKIIOYEHBI 334 MeAMUMHCKUX pabOTHUKA
B Bo3pacte oT 18 10 65 sieT, U3 KOTOphIX 278 yesIoBeK 3aBEPIIMIN UCCIeI0BaHNe. YYaCTHUKY ObIM CIyYailHBIM 00-
pazom pacnipeaeneHsl B Tpynmy HCQ (800 mr B riepBbIii JeHb, 3aTeM 400 MT exkeHeIeIbHO B TeUeH e CIeAYIOImMnX 7 He-
JIeJIb) WK TPYITY Tia1e60. Db (GeKTUBHOCTh MEPOIIPUATHI OIIEHMUBAIM Yepe3 3 HeIeIH Toclie TIprueMa IoCaeIHeH
O3B TIpernapara uin miamebo (gepes 10 Hemenb mociie epBoii O3k IperapaTa WK 1miamne6o). OCHOBHAsI KOHETHas
Touka 3((HEeKTUBHOCTHU ObLJIA MPEACTaBeHA KaK YPOBEHb roCUTaIN3any uianm cMeptu nauurenta ot COVID-19.
Pezyrvmamur. 3 148 yenosex, noaydasiux HCQ, H1 oguH He ObLI rociuTaau3upoBaH u He ymep oT COVID-19, Tor-
Ja Kak u3 130 yesoBek, moydaBuiux miane6o, 2 (1,5%) 6putu rocnutanusupobanbl ¢ COVID-19 (p = 0,26). [Tpu sToM
22 (14,9%) yenoseka B rpynne HCQ u 15 (11,6%) yenosex B rpyiie miaue6o 3apasuinck COVID-19 (p = 0,99). O no-
OOYHBIX peakLusX cooommin 5 (3,4%) yaactaHukoB rpymnmsl HCQ u 5 (3,9%) yuacTHUKOB rpyminsl miamne6o (p = 0,99).
Buisod. Ilokazano, uto HCQ He oka3bIBaeT CylIECTBEHHOTO MpoduaakTuyeckoro a¢g@ekra Ha 3a00JeBa€MOCTD Jier-
koii hopmoit COVID-19. OnHako HU3KUI YPOBEHb TOCIIUTAIU3AL UM (OCHOBHOM pe3yabTaT) B 9TOM MCCISIOBAHUM,
KakK ¥ B OOJBIIMHCTBE APYTUX KIMHUYecKUX uccienopanuii ¢ HCQ, morpebdoBa Obl 3HAYUTEILHOTO YBEIMICHU S
pa3Mepa BBIOOPKH, YTOOBI UMETh BOBMOXHOCTH OLIEHUTD 3 dekTuBHOCT HCQ B mpenoTBpallieHuM TSXKEIbIX (hopM,
B TOM YHCJIe 3aKaHYMBAIOIIMXCS JIETaIbHO. DTO 000CHOBBIBAET HEOOXOMMMOCTH IPOBEACHMS CUCTEMAaTUUECKUX 00-

30POB C BKJIIOYCHHUEM aHAJIOTMYHBIX WUCCIIEIOBAHMIA IJIS JaJIbHEMIIIErO N3YyUYCHU A l'[pO6JICMI>I.

Karoueente caosa: SARS-CoV-2, maxceaas chopma COVID-19, eudpokcuxaopoxut, 00KOHMaKmuas npoguiakmuka, nobo4nsle

Peaxyuu, pezyibmanm.

Introduction

Coronaviruses are a group of RNA-coated viruses
that cause widespread respiratory, intestinal, liver, and
neurological diseases in humans and other mammals
and birds [1]. Coronavirus disease 2019 (COVID-19)
was first reported in Wuhan in December 2019 then
spread the world within weeks and initiated an ongo-
ing pandemic [3, 4, 5, 6].

As of October 28, 2021, about 299 million people
worldwide have been diagnosed with COVID-19 with
more than 5.4 million deaths [5]. Iran has 8th rank
in COVID-19 epidemic in the world where the num-
ber of infected patients is 6 204 925 and more than
131 847 deaths have occurred by 7/1/2022 [28].

Vaccination has had a substantial impact on case
numbers and hospitalization in many countries, but
limitations in global access to vaccines and reluctance
to receive vaccines among some people mean that many
populations remain vulnerable. Even in vaccinated indi-
viduals, uncertainties remain about duration of protec-
tion and efficacy of current vaccines against emerging
SARS-CoV-2 variants [27]. So, there remains a need
for more effective treatment and prophylactic measures.

Since the initiation of the COVID-19 outbreak,
necessary actions have been taken to decrease the virus

transmission and mortality [4, 13]. Nearly 2000 ongoing
clinical trials for the assessment of the efficacy of phar-
macologic therapy against COVID-19 infection have
been registered in the WHO International Clinical Trials
Registry Platform. Nonetheless, the efficiency of no
specific prophylactic drugs has been confirmed [15].
Available treatments are based on COVID-19 severi-
ty currently, which comprise corticosteroids, antivi-
ral drugs, immunomodulators, neutralizing antibody
therapies, cell therapy, and gene therapy [19].

Hydroxychloroquine (HCQ) was described
to possess anti-SARS-CoV activity in vitro in the
previous SARS outbreak. Therefore, HCQ may be
a potential pharmacological agent for COVID-19
prophylaxis [30]. HCQ is a well-known disease-
modifying anti-rheumatic drug (DMARDs) which
have been used for rheumatic diseases treatment as
well as malaria prophylactic agent for decades. HCQ
has immunomodulatory effects at cellular level.
Specifically, inhibition of autophagy can prevent
immune activation of different types of cells which
inhibits cytokine production and modulates CD154
expression on T cells [17, 18, 19, 20, 21, 22].

HCQ’s immunomodulatory profile, its ability
to inhibit viral replication, and large amount of knowl-
edge about the safety of this drug deriving from its use
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in malaria prophylaxis and in the treatment of rheu-
matologic diseases, lead us to conduct this clinical
trial to evaluate the pre-exposure prophylactic effect
of HCQ on the incidence of severe COVID-19 disease
in healthcare workers (HCW) in Iran.

Materials and methods

Study design. This study was a double-blind ran-
domized placebo controlled clinical (field) trial with
two parallel groups in 1 to 1 ratio. Written informed
consent was obtained from all participants. The study
was approved by the Iran National Committee
for Ethics in Biomedical Research.

Study participants. Participants were randomly
divided into HCQ and placebo groups. Healthcare
workers of three hospitals affiliated to Islamic
Azad University, Tehran Medical Unit (IAUTMU)
and two day-surgery clinics in Tehran were invited
to participate in the study. Between April 4, 2020 and
October 21, 2020, we assessed 440 people for eligibil-
ity and enrolled 334 participants, of whom 278 indi-
viduals completed the study.

We estimated sample size using G*Power version
3.1.9.2. We estimated the minimum sample size as-
suming an expected incidence of 15% of COVID-19
in healthcare workers in the control (placebo) group
and 5% in the HCQ group. Thus we required of a to-
tal 274 subjects (137 per group) for a significance level
of 0.05, statistical power of 80% and assuming a rate
of lost- to- follow up of 10%.

. (Zl_%+ ZI—B)(p]ql + pzqz)
= d2
_7.8x(0.15%0.85+0.05x0.95) _ |
0.1

n

37

Inclusion criteria. Healthcare workers aged 18—
65 years who registered for the call, consented to partici-
pate in the study, had no suspected COVID-19 symp-
toms at the time of enrollment, and no previous history
of COVID-19 disease were included in the study.

Exclusion criteria. Those with a history of allergy
or intolerance to HCQ, any known drug contrain-
dication including previous history of retinopathy
or long QT syndrome, porphyria, HIV-positive pa-
tients, patients with autoimmune diseases, current
use of immunosuppressive drugs, body mass index
(BMI) > 40, moderate to severe renal insufficiency,
history of arrhythmia and pregnancy were excluded
from the trial.

Intervention. For the assessed drug, placebo
was made in the same size, shape and packaging as
the original drug by the drug manufacturer (Tehran
Darou pharmaceutical Co.). Randomization was per-
formed by an epidemiologist and a statistician (com-
puter based randomization with blocks of 4). Drugs
and placebos were coded based on the codes specified
in the Balanced-Blocked Randomization table.

Participants entered the assigned groups based
on their entry sequence. The participant and the per-
sonnel who delivered the drugs and placebo were blind
to them. The person designated for coding drugs and
placebos had no role in drug delivery, data gathering
or data analysis. Individuals who measured the vari-
ables during the study were also blind about individu-
als belonging to the groups (two-way blindness).

All the participants were assessed on day 1 (enroll-
ment day) for eligibility according to the inclusion and
exclusion criteria and written consents were obtained.

The HCQ group received HCQ 800 mg (i.e. four
200 mg tablets in two divided doses) on day 1 at first
week, followed by 400 mg (i.e. two 200 mg tablets
in a single dose) weekly for the 7 doses. The control
group received placebo pillsinthe same way. Participants
were advised to take the pills after their meals.

Participants were evaluated weekly by trained staff.
Symptoms of COVID-19 disease, drug adverse reac-
tion (i.e. frequency and severity of drug related adverse
events), medication adherence (i.e. treatment and
number of drugs taken) were assessed in telephone in-
terviews and recorded on pre-printed questionnaires.
Participants were advised to call and see the designat-
ed staff in each facility within 24 hours if they expe-
rience any symptoms for assessment of health status
and collection of nasopharyngeal swabs if indicated.
Suspected cases of COVID-19 were managed accord-
ing to the protocol of the Iran Ministry of Health.

All participants were followed for 3 weeks after
the last received dose or more in cases of COVID-19
disease.

Outcomes. Primary outcome of the study was se-
vere forms of COVID-19 disease (shortness of breath,
persistent chest pain or pressure, decreased level
of consciousness, cyanosis of the lips and face) re-
quiring hospital admission (including ward or ICU)
or death. The secondary outcomes were confirmed or
probable COVID-19 and HCQ side effects. Probable
COVID-19 was defined based on compatible clini-
cal characteristics and/or computerized tomography
(CT) finding. Confirmed cases were those with posi-
tive SARS-CoV-2 PCR testing.

Statistical analysis. Data were presented as num-
bers and proportions for categorical variables and
meanztstandard deviation (SD) for continuous varia-
bles. For assessment of the difference of demograph-
ic data, COVID-19 status, symptom of COVID-19,
method of COVID-19 diagnosis, drug adverse re-
actions, and types of adverse drug reaction between
HCQ and placebo groups chi-square (y?) test, fisher
exact test, and independent t-test were used. To find
an equation for the best prediction of the probability
of COVID-19 incidence, multivariable logistic re-
gression was applied. Odds ratios (ORs) and its 95%
confidence intervals (Cls) were obtained. Two-sided
p-value less than 0.05 was considered statistically
significant. All analyses were conducted using SPSS
version 19.
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Results

Enrollment of participants was conducted as pro-
posed in the project. We enrolled 334 participants in the
study, 278 individuals completed the research (Fig.).

Demographics characteristics. One hundred forty-
eight in HCQ group and 130 in placebo group com-
pleted the study. As it is shown in Table 1, there were
no statistically significant differences in the demo-
graphic characteristics of the participants between
the two groups.

COVID-19 status and adverse drug reaction. There
were no statistically significant differences in the
number of mild cases of COVID-19 between the two
groups (Table 2). Of 56 people who left the study, two
people developed mild COVID-19 disease as well.

We found no severe cases in individuals of HCQ
arm. Two cases of the placebo group required hos-
pitalization due to severe forms of COVID-19
disease which was not statistically significant.
However, it might be clinically significant as 11.7%
of COVID-19 cases in the placebo group required
hospitalization (Table 2) versus no cases in HCQ arm.

In total, about 50% of cases were diagnosed based
on clinical findings compatible with COVID-19 and
there were no statistically significant differences between
the two groups in the method of diagnosis of COVID-19
(P-value = 0.45, Table 2). Both cases of severe COVID-19
had positive PCR test results. Among patients with posi-

tive clinical plus positive chest CT scan findings, 3 cases
(37.5%) had negative PCR tests.

No statistically significant differences were ob-
served in the incidence and type of adverse drug re-
actions between the two groups (P-value = 0.99 and
0.94, respectively, Table 2). No serious HCQ related
side effects were seen.

COVID-19 symptoms. The most frequent symp-
toms were fever, musculoskeletal pain and chills
in both groups. There were no statistically significant
differences in the symptoms of the involved cases be-
tween the two groups (Table 3).

Considering that none of the variables were sta-
tistically significant in the chi-square analysis and
p-value was not below 0.1 in any of the analyzes, so
to predict the incidence of COVID-19 in the two
groups of HCQ and placebo, we entered all vari-
ables with a level of p < 0.5 into multivariable logis-
tic regression analysis by backward stepwise method.
However, in multivariable logistic regression analy-
sis, none of the variables were statistically significant
for predicting COVID-19 infection.

Discussion

In this randomized, double-blind, placebo-con-
trolled trial, we investigated the efficacy of HCQ as
COVID-19 pre-exposure prophylaxis. Our study
showed no statistically significant difference be-

Figure. Flow of the participants through study
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tween placebo and HCQ in preventing COVID-19
infection; however, we believe that the low event rate
of hospitalization in our study like many other stud-
ies could have affected the result of the study.
Contradictory results have been observed in various
studies investigating the effects of HCQ on COVID-19
outcomes [21, 22, 23, 24]. Currently, there are many
studies that reported no added benefit for the use of CQ
or HCQ in the treatment of COVID-19 patients [5, 6, 7,
8]. Howeverd most of these studies are reported to be un-
derpowered to comment on the mortality as primary out-
come because of the low event rate of mortality. Skipper
et al. mentioned increasing the sample size to about 6000
would have been needed to evaluate the effectiveness
of HCQ while they recruited 423 participants. For this
reason, they changed the primary outcome from severe
forms of COVID-19 to “change in overall symptom se-
verity over 14 days” [25]. A recent multicenter, popula-
tion-based national retrospective-cohort study of 28 759
adults with mild COVID-19 showed that the odds of hos-
pitalization or death was reduced significantly in patients

Table 1. Demographics characteristics
of the participants

who were given HCQ early in the course of COVID-19
disease [18]. Ip et al. also reported that in SARS-CoV-2
infected non-hospitalized patients, HCQ exposure was
associated with a decreased rate of subsequent hospitali-
zation (OR 0.53; 95% CI, 0.29, 0.95) [10].

On the other hand, the available evidence in-
dicates that the drug should be started early in the
course of the disease to show outcome benefits. Other
studies that investigated whether post-exposure
prophylaxis could prevent COVID-19 failed to show
preventive effect on the illness [2, 3,4, 5,6,7, 8,9, 10,
11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 23].

However, there is some concern that the post-expo-
sure drug may have not achieved adequate concentra-
tions early enough to show abenefit [23]. Rajasingham R.
et al. investigated the efficacy of HCQ as pre-exposure
prophylaxis for COVID-19 in healthcare workers and
reported no statistically significant difference. They
recruited the study from a broad geographic area to in-
crease the generalizability of the findings [20]. We also
tried to enroll our study participants from different

Table 2. Comparison of COVID-19 status and adverse
drug reaction in HCQ and Placebo groups

HCQ Placebo HCQ [Placebo OR
Characteristics (n=148) (n=130) |P-value Variables (n=148)|(n=130) (95%Cl) P-value
N (%) N (%) N(%) | N(%) °
3 Male 74 (50) 73 (56.2) 2N 126 13
2 031 o] ©51) | (86.9)
o |Female 74(30) | 57(438) o |Mild 22(149) | 15(11.6) | 0.96
S 2|Single 37 (25) 35 (26.9) 05 a
— “"“' . ;
S % |Married 1175 | 95(73.1) g [Severe 000 | 2(15
.-g Persian 77 (52) 72 (55.4) @
2 0.57 SlNo 143 125 0.99
= |Non-Persian 71 (48) 58 (44.6) e (96.6) | (96.1) | 44q
(]
. 2 (0.42-
o |Diploma 29 [
g (19.6) | 27(20.8) ] 3.27)
@ |andlower 2 |Yes 5(3.4) 5(3.9)
S |Bachelor 75 (50.7) 70 (53.8) 0.87 3
§ [Student 17 (11.5) 12(9.2) '
S [Master g | Clinical only 11(50) | 9(52.9)
S | and higher 27(18.2) | 21(16.2) :
inical+ . .
E No 134(905) | 118(90.8) E Clinical+PCR 6(27.3) | 6(35.3) ) o us
0.94 @[ '
g |ves 14095 | 12(02) S | Clinical+CT 3(13.6) | 0(0)
i ' ' e
% O |ClinicaHPCR+CT | 2(9.1) | 2(11.8
£ No 138(93.2) | 119(91.5) nica @1 ) 2018
2 129
g 0.59 ° None 142 (94) (94.9)
Yes 10 (6.8) 11(8.5) Q P
8 g :‘i;)stromtestmal 3(2) 2(1.5)
= c
S [No 138(93.2) | 120(92.3) 2 |Headache 1(07) | 1(07)
(3] _
g 0.76 3 | cardiac 107) | 1007 0.94
Q
2 |Yes 10(6.8) 10071 # |Glandheadache | 2(1.3) | 1(07)
Age (year), mean+ SD | 38.98+10.71 | 39.39£10.33| 0.74 § Eye 0(0) 1(0.7)
Note. *Including Diabetes Mellitus, hypertension, Chronic Obstructive :
Pulmonary Disease (COPD), Asthma. Fatigue 2(13) 107
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Table 3. Comparison of symptoms of COVID-19
patients in two HCQ and Placebo groups

HCQ group |Placebo group
Symptoms (n=22) (n=17) P-value
N (%) N (%)

Fever 15 (68.2) 14 (82.4) 0.46
Chills 14 (63.6) 11 (64.7) 0.94
Cough 10 (45.5) 6 (35.3) 0.52
Shortness

of breath 10 (45.5) 3(17.6) 0.06
Anorexia 11 (50) 4(23.5) 0.09
Running nose 6 (27.3) 1(5.9) 0.1
Decreased 9(40.9) 4(23.5) 0.25
sense of smell

Decreased taste 2(9.1) 0(0) 0.49
Headache 7 (31.8) 5(29.4) 0.87
Sore throat 4(18.2) 1(5.9) 0.36
Chest pain 3(13.6) 1(5.9) 0.62
Myalgia 16 (72.7) 13 (76.5) 0.79
Nausea 4(18.2) 1(5.9) 0.36
Vomiting 1(4.5) 0(0) 0.99
Diarrhea 5(22.7) 2(11.8) 0.44

health settings to increase the generalizability of our
study. In their study the total number of PCR confirmed
COVID-19 patients among total cases of COVID-19
were 18% [20], in comparison to ours of 36%. Another
randomized double-blind placebo-controlled clinical
trial reported no clinical benefit for HCQ when admin-
istered daily for 8 weeks as pre-exposure prophylaxis
in COVID-19 patients [1]. This study was limited by ear-
ly termination. The primary outcome of this study was
the incidence of SARS-CoV-2 infection as determined
by a nasopharyngeal swab. In comparison, in our study
the primary outcome was severe COVID-19. We decid-
ed to do that because our main hypothesis was that HCQ
as a disease modifying agent may prevent severe disease.
Another similar study was conducted by Berta et al.,
among healthcare workers. However, the community
incidence of SARS-CoV-2 events decreased during
their study. So this study was also deemed underpowered
to answer the main objective [7].

Similar to these studies [20, 21, 23, 24, 25, 27], our
study did not show any significant differences in in-
fection incidence between HCQ and control groups.
We did not also see a statistical difference in inci-
dence of symptoms of COVID-19 cases between
the two groups. The most frequent symptoms in both
groups were fever and chills. However, we found two
severe cases in the control group with no severe cases
in HCQ group. These may have clinical importance
and rationalize further investigations with more cases
in the future studies. At this time, with the current sta-

References

tus of pandemic and availability of effective vaccines,
it is unlikely to have the opportunity to run new origi-
nal studies that investigate the effect of HCQ prophy-
laxis on COVID-19. However, there are some studies
on the same issue not published yet. We recommend
systematic reviews to include the data of studies similar
to ours’ that are pending to be published and also in-
clusion of the studies that HCQ has started early in the
course of COVID-19 to further illuminate the issue.

Similar to other studies of HCQ for either proph-
ylaxis or COVID-19 treatment [21, 23, 24, 25, 27],
we found that the medication was generally well
tolerated. In our study we had advised the partici-
pants to take the medication after meal knowing that
the gastrointestinal side effect is the most frequently
reported side effect of the HCQ and we observed that
HCAQ is better tolerated after meal.

Study limitations. The most important limitation
of our study was the small sample size of the study.
Like many other studies with HCQ, our study suf-
fered from the exclusion of the old age group which
we know is the most vulnerable. The other limita-
tion was free testing shortages which made it impos-
sible to frequently check the PCR status to detect
the asymptomatic COVID-19 infections.

Conclusion

Our study showed no differences in COVID-19 in-
cidence between HCQ and control group. However, we
found no severe cases in the HCQ arm but in the pla-
cebo group two cases required hospitalization. The low
rate of hospitalization (the primary outcome) in this
trial like most of the above mentioned clinical trials
with HCQ would have required increasing the sample
size considerably to be able to comment on the effec-
tiveness of HCQ in prevention of severe forms includ-
ing death rate. It justifies systematic reviews to include
similar studies to further investigate the issue.
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Abstract. Introduction. Since May 2022, an unusually large number of new monkeypox infections-a previously rare viral
zoonotic disease, mainly reported from central and western Africa has been reported globally, and the World Health
Organization (WHO) declared a global health emergency in July 2022. We aimed to systematically review the monkey-
pox virus epidemiology, pathogenesis, transmission, presentations, and outcomes. Materials and methods. Our aim is to
systematically review the epidemiology, pathogenesis, manifestations, and outcomes of Monkeypox disease. We searched
the keywords in the online databases of PubMed, Embase, Scopus, and Web of Science and investigated all English
articles until December 2022. In order to ascertain the findings, this study adheres to the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) checklist. In order to optimize the quality, this review study ben-
efits from the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) checklist. To minimize
any probable bias risk, we utilized the Newcastle-Ottawa Scale (NOS) risk assessment tool. Results. The most prevalent
symptoms were rash and fever. The infection was accompanied by different complications such as, but not limited to, en-
cephalitis (mainly in children), septicemia, bacterial cellulitis, retropharyngeal and parapharyngeal abscesses, etc. A wide
range of hospitalization from 3.7% to 100% has been reported. The mortality rate ranged from 0% to 23%, which mainly
occurred in infants and children. High mortality of the monkeypox rate was reported among pregnant women. The mor-
tality rate of monkeypox is lower among women and those who received the smallpox vaccine compared to men and those
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who did not receive the vaccine. A wide range of the overall second-rate attack was reported, which is more pronounced
in unvaccinated patients. Conclusion. In our systematic review of 35 studies on monkeypox, we cast light on the existing
evidence on its epidemiology, pathogenesis, manifestation, and outcomes. Further studies are needed to elucidate the nat-
ural history of the disease in various patients’ population, as well as detailing the monkeypox attack rate.

Key words: monkeypox, monkeypox virus, monkeypox infections, epidemiology, pathogenesis, manifestations.

OCIMA OBE3bfAH: CUCTEMATUYECKNN OB30P ANMMAEMUOJIOTUN, NATOEHES3A,
NPOSAIBJIEHUU U UCXOA0B

CeiienAnunaru C.!, Apcaxu A.M.2, Ad3zanan A.3, Illaxuau P.4, Tamexpu-3age C.C.!, Bapmoun C.3, lamt M.5,
Tacemsane A.5, ITamau A."°, TTapanmxxy I1., Ilapmyn 3., ITapuxanu C.H.3, IlTamcadaau A.%, Axmaau C.3,
Ile3emru I1.°, Apaxmann I.7°, /zxaBaxepuan M.3, Dopaxumu X.!, Kapumu A.3, Mexpaun W.!!, xxaxaundap I11.!12
! Hpanckuit uccaedosamenvckuii yenmp BUY/CIITHa, Teeepanckuii ynueepcumem meduyunckux Hayk, Teeepan, Hpan

? Kaaugpopruiickuit ynusepcumem, Can-uezo (UCSD), Karugpoprus, CIIIA

I Teeepanckuii ynusepcumem meouyunckux nayx, Tecepan, Hpan

*Yuueepcumem meduyunckux nayk bywepa, Bywep, Hpan

> Tebpusckuil ynusepcumem meduyunckux nayx, Teopus, Hpan

¢ Vuueepcumem bpumanckoii Koaymouu, Bankysep, Kanaoa

" Amepuxanckuii ynueepcumem Apmenuu, Epeean, Apmenus

$ Daxysvmem meduyunckux Hayk dcapaiien, cpapaiien, Hpan

* Vuusepcumem meduyunckux nayk Mapaee, Mapaee, Hpan
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1 Xanaxanackuil ynueepcumem meduuunckux nayx, Xaaxan, Upan

2 Meoduyunckuii paxysvmem Ynueepcumema Tagpmcea, Bocmon, CIIIA

Pesiome. Bsedenue. C mast 2022 1. BO BceM MUpe ObLJIO 3aperMCTPUPOBAHO HEOOBIYHO OOJIBIIOE KOJMYECTBO HOBBIX CITY-
JaeB 3apaXkeHUsI OCIIO 00e3bsIH — paHee PeIKOil BUPYCHON 300HO3HOM 00JIe3HBIO, B OCHOBHOM 3aperuCTpUpPOBaHHOMN
B lleHTpanpHoii u 3ananHoii Adpuke, a B uroje 2022 r. BcemupHast opranu3saius 3apaBooxpaneHust (BO3) oobsBuia
I7100aJIbHYO Upe3BhIUaiiHy 10 cUTyanuio. Llenbio HacTosIIet paboThI OBLIIO TIPOBEICHIE CUCTEMATHIECKOe aHaIM3a JIT1-
JIEMMOJIOTHH, TIATOT€He3a, TIepeIadr, IPOSBICHUI 1 UCXOIOB OCITEI 00e3bsTH. Mamepuans: u memoodsi. BBLT TIpoBeaeH 10-
WCK TIO KJTIOUEBBIM CJIOBaM B OHJIaliH-0a3ax qanHbIXx PubMed, Embase, Scopus u Web of Science u nzyueHst Bce ctarbu
Ha aHIJIMIACKOM $I3bIKe, OMYyOJMKOBaHHbIE 10 Aekaopst 2022 1. B uensix onTuMKU3al K Ka4yecTBa UCIOJIb30BaICs KOHTPOJIb-
HbII criucok «[IpennouyTuTebHbIe 3J1eMEHTHI OTUETHOCTH JIJISI CUCTEMATUUECKMX 0030pOoB U MeTaaHa1u30B» (PRISMA).
J111 MUHUMU3aLWK TIOTEHIINAJIBHOTO PHCKAa CUCTEMATHUECKUX OIIMOOK MBI MCITOJIB30BAJIM OLCHKY PUCKA TI0 IIIKajie
Hpurokacna—OtraBel (NOS). Peszyavmamsi. Hanbonee pacmpocTpaHEeHHBIMM CUMITOMAaMU ObLIM ChIMb U JUXOpaaKa.
WNHpekuus conpoBoxnanach pa3niuyHbIMUA OCIOXHEHUSIMU, CPEU TTPOYETO MPEACTABIEHHBIMY 3HIIE(hATUTOM (TIPEU-
MYILECTBEHHO Y IeTeil), cenTUuleMueli, 0akTepuaabHbIM LETIOIMTOM, 3aTIOTOYHBIMU U MapadaprHIeaIbHbIMU adcLiec-
camu 1 ap. boui rocnuTanusupoBansl oT 3,7 10 100% GosibHBIX. YpoBeHb cMepTHOCTHU Kosebasics ot 0 1o 23%, npeumy-
IIECTBEHHO Cpenr MJIaACHIIeB U AeTeil. OTMeueHa BBICOKAsi CMEPTHOCTH OT OCITbI 00€3bsIH Cpelr OepeMEHHBIX KEHIITHH.
VpoBeHb CMEPTHOCTH CPEIU XKEHIIMH 1 TeX, KTO IMOJYYMJI BAKIIMHY OT OCITBI, OBLT HUKE TT0 CPABHEHUIO C MYKYMHAMU
1 HeBaKIIMHUPOBAHHBIMH TUIIAMU. 3a(pUKCUPOBAH TN POKHI T1ATIa30H BTOPUYHBIX CITydaeB MHPEKIINHI, KOTOpas 6ojee
BEIpakeHa y HEITPUBUTBIX TAIIMCHTOB. 3ak.ifoueHue. B HACTOSIIIIEM cCCTeMaTHYeCKOM 0030pe IIpoaHaTN3UPOBaHbI 35 nc-
CJIemOBaHMI OCITBI 00€¢3bsTH, ITO3BOJTUBIIINX IIPOJIUTH CBET HA UMEIOIIHECS JaHHEIE O e¢ SITMISMHOIOT MU, TIaTOTeHe3e, IIPO-
SIBJICHUSIX U Micxomax. HeoOXxommMBbl TambHEMIIe MCCIeI0BaHMS TSI BEISICHCHUS €CTECTBCHHOTO TeUeHU S 3a00JIeBaHMST
V pa3TMIHBIX TPYII MAIIUCHTOB, a TAK3Ke ICTaIM3aIli1 YaCTOTHI 3apaskeHH ST OCITOi 00€3bsTH.

Karoueewte caosa: ocna 06€3bﬂH, supyc ocnol 06€3b}1H, MH¢€ICI4MLI, 8bl36AHHbIE OCNOU 06€3b}lH, 9I’Zua€MLl0/IOZM}l, namoceexnes, npoAeaeHUs.

pox”, the primary source is unknown and rodents or
non-human primates-including monkeys-are mainly
considered the possible source for the spread of the
disease [8, 54]. Monkeypox was primarily known as
a rare zoonotic disease specifically reported from

Introduction

Monkeypox virus — an enveloped double-
stranded DNA virus with linear genome, from
the Orthopoxvirus genus of the Poxviridae family —

was first discovered in 1958 in Denmark after two out-
breaks of rash disease occurred among monkeys that
were kept for research purposes [52]. The first known
human infection was diagnosed in the Democratic
Republic of the Congo (DRC) in 1970 amid the lat-
est phase of intense smallpox eradication programs
in Africa [32]. Despite its nomenclature as “monkey-

forested regions of central and western Africa, with
almost all cases spreading from animals to humans.
Since its acknowledgment as a human pathogen,
in the twentieth century confirmed cases of the dis-
ease have been reported in 11 African countries, and
later, some self-restrictive human outbreaks occurred
inside and outside Africa as follows; The Republic
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of Congo in 2003 (6 cases), the US in 2003 (70 cas-
es), South Sudan in 2005 (9 cases), Nigeria in 2017
(200 cases) [16, 30, 41, 55] but approximately all di-
agnosed cases outside Africa reported a travel history
or a close link to this continent.

Additionally, according to the World Health
Organization (WHO) reports in the first two decades
of the 21st century the quantity of monkeypox sus-
pected patients was estimated to be approximately
18 000 cases in DRC, and between 2020 to May 2022
around 10 545 possible cases and 362 associated mor-
talities have occurred in DRC [57]. The most com-
mon transmission mode was via physical contact with
an infected animal’s body fluids, cutaneous or mu-
cosal lesions, respiratory aerosol droplets, and even
their meat or corpse [56]. In addition, human-human
infection can also occur via respiratory secretions,
cutaneous lesions, or contaminated objects [33, 55].

Since May 2022 — in the absence of travel histo-
ries or direct links to the endemic countries — an un-
usual large quantity of monkeypox new cases has
been reported, and unfortunately, due to the ascend-
ing numbers of new cases WHO declared a global
health emergency on July 23 2022. According to the
WHO report on August 10 2022, 27 814 laboratory-
confirmed cases of monkeypox and 11 deaths have
been reported in 89 countries/territories/areas [56].
Confirmed cases were from all six WHO regions as
follows; 375 cases and 7 deaths in Africa, 10 815 cases
and 1 death in region of the Americas, 31 cases and no
deaths in Eastern Mediterranean Region, 16 495 new
cases and 2 deaths in European region, 13 cases and 1
death in South-East Asia Region, and 85 cases and no
deaths in Western Pacific Region [56]. Of the afore-
mentioned cases that had available data (73%), inter-
estingly, 99% (16 839/17 052) are males, with a medi-
an age of 36 years. Monkeypox, affects males between
the age of 18 to 44 cases disproportionately, as they
account of 77% of cases, and less than 1% (98/17 426)
of cases were between 0—17 years [56]. With known
sexual orientation, 60% (1214/2025) identified them-
selves as gay, bisexual and other men who have sex
with men. In addition, in cases with known HIV sta-
tus, 39% (3204/8234) were HIV positive. Also, among
the reported cases, 33% (7741/23 290) had available
information on sexual orientation, and of these, 97%
(7541/7741) identified themselves as gay, bisexual, and
other men who have sex with men. In addition, among
cases with available information, 91% (4856/5315)
of patients reported transmission through sexual con-
tacts [56]. This has risen, worldwide concerns about
possible alterations in the disease’s mode of transmis-
sion and virulence [55].

Monkeypox can cause a spectrum of pox-like
signs and symptoms with a milder fashion, a better
prognosis, and rare mortalities. The most common
signs and symptoms were described as generalized
myalgia, headache, fatigue, back pain, and lym-
phadenopathy followed by a generalized centrifugal

rash, which could occur on the face (in 95% of cases),
palms, and soles (in 75% of cases), eyes (in 20% of cas-
es), mouth and throat mucous membranes (in 70%
of cases), groin, and genitals (in 30% of cases) — that
takes 2—4 weeks to resolve without any critical inter-
vention [9]. In this outbreak, widespread rash, fever,
and genital rash have been reported in 81%, 50%, and
41% of cases respectively [55].

In regards to the prognosis of the current out-
break as of the beginning of 2022, 73 mortalities
have been reported in Africa (endemic region), while
11 deaths have occurred among 27 814 cases reported
by WHO on August 10, 2022 [56]. Due to its unusu-
ally rapid spread, which could be due to the waning
efficacy of smallpox vaccinations worldwide, and
the declared global health emergency, this virus has
provoked global concerns amid the catastrophic on-
going COVID-19 pandemic, and people are afraid
to fall into another disastrous high-burden pandemic.
Therefore, we aimed to systematically review the cur-
rently available literature on the monkeypox virus,
and shed light on changes in its epidemiology, patho-
genesis, transmission, presentations, and outcomes.

Materials and methods

The mission of this comprehensive study is to
systematically review current literature pertaining
to monkeypox disease in terms of epidemiology,
pathogenesis, manifestations, and outcomes. In or-
der to ascertain the findings, this study adheres to the
Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) checklist.

Data sources. Online databases of PubMed,
Embase, Scopus, and Web of Science were consid-
ered as sources of data. We browsed the keywords
in these databases and inquired all English literature
up to December, 2022. The following is a prototype
of search strategy we applied in PubMed by using
Medical Subject Headings (MeSH). Search strategy
of other resources is included in Supplemental mate-
rial 1. The acronyms “ti” and “ab” stand for “title”
and “abstract” respectively.

Study selection. We selected the literature in two
steps. First, a group of five researchers screened and
initially selected the studies based on pertinence of ti-
tles and abstracts. At the next step, seven researchers
got through the full texts of these primarily selected
studies. The fitting publications fulfilling the eligibil-
ity criteria of the study were opted in to advance to the
next steps.

Being original, written in English language, peer
reviewed prior to acceptance for publication were
considered items of inclusion criteria for this study.

Studies in progress but without published data,
non-human studies, duplicated publications, review
papers, abstracts without available full texts, con-
ference abstracts, editorial letters, case reports, and
case series were excluded from our study.
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Data extraction. Once the second step of selection
process finalized and appropriate publications were
included seven researchers explored the full texts and
extracted the requisites for our study. These requisites
consisted of first author’s ID (reference), year and
country of publication, type of studies, study popula-
tion, gender and mean age of population, prevalence
of disease, type and route of diagnostic testing, ob-
served signs and symptoms, mortality rate, and sum-
mary of findings. Table 1 shows this data. To avoid
any remaining duplications and overlaps the finally
selected publications and extraction were checked out
by other team members.

Quality and risk of bias assessment. In order
to optimize the quality, this review study benefits
from the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) checklist.
To minimize any probable bias risk, we utilized
the Newcastle—Ottawa Scale (NOS) risk assessment
tool (Table 2). Worthy to mention that a total score
of nine in three categories is calculated in this nu-
merical bias assessment tool. These three categories
include selection, comparability, and exposure/out-
come. Numerical values of four, two, and three are
attributed to these categories respectively.

Results

In the present review, the initial search identified
a total of 5010 potential papers; after duplicates were
removed, 2133 articles remained, and the titles and ab-
stracts were reviewed for inclusion, leading to retrieval
of 593 papers for assessment. An additional of 514 pa-
pers was excluded in the full-text screening stage, leav-
ing a final pool of 79 papers that met inclusion criteria
for the final review. Ultimately, after full-text papers
were evaluated for selection criteria, 31 studies were in-
cluded in our systematic review (Fig.).

The included studies were performed mostly
in Democratic Republic ofthe Congo (DRC) (n=11),
followed by the USA (n = 5), Zaire (n = 4), Nigeria
(n = 3), Liberia (n = 1), Sierra Leone (n = 1), UK
(n = 2), Central African Republic (n =1), Portugal
(n = 1), Sudan (n = 1), and Spain (n = 1). Review
of these studies revealed that rash, fever, chills, nau-
sea, lymphadenopathy, mouth ulcer, sore throat,
headache, pruritis, fatigue, sensitivity to light, and
malaise are the most common symptoms of human
monkeypox. The most prevalent symptoms are rash
(ranging from 31% to 100%) and fever (ranging from
43% to 100%). The diagnosis was made using dif-
ferent assays, including PCR (mostly used), IHC,
ELISA, culture, electron microscopy, western blot,
hemagglutination-inhibition assay, radioimmuno-
assay (RIA), and the RIA adsorption.

The rate of hospitalization varied between 3.7%
and 100%. A number of complications following
the infection were reported including, but not limit-
ed to, encephalitis (mostly in children), septicaemia,

bacterial cellulitis, retropharyngeal and parapharyn-
geal abscess, mouth ulcers, corneal scar, keratitis,
unilateral conjunctivitis, bronchopneumonia, and
pulmonary distress.

The mortality rate was between 0% and 23%.
Jezek et al. observed no deaths in vaccinated group
and 27 (11%) deaths among 250 unvaccinated pa-
tients. All deaths happened in patients aged between
three months and eight years. The case-fatality rate
was twice in patients aged 0—4 years compared to pa-
tients aged 5—9 years. The majority of deaths (55%)
was occurred during the second week of the dis-
ease [27]. Pittman et al. reported the mortality rate
of 80% (4 out of 5) among pregnant women [40].

The incidence rate of the infection was lower
among women compared to men. Moreover, the in-
cidence rate of the infection was lower among those
who received the smallpox vaccine compared to those
who did not receive the vaccine [53]. Several studies
have investigated the attack rate of the virus. Jezek et
al. evaluated second attack rate among 245 patients
infected from an animal source. The overall sec-
ond attack rate was 3%, which was more prominent
in unvaccinated household contants and those aged
0—4 years [25]. In another study, Jezek et al., found
the attack rate of 7.2% and 0.9% for unvaccinated and
vaccinated patients, respectively [26]. However, later,
a study showed a much higher household attack rate
(50%) [34].

Discussion

The rapid increase of monkeypox cases around
the globe forced the World Health Organization
(WHO) to declare it an outbreak to Immerse prompt
attention toward this matter [19]. This rapid spreading
demands preparation and collaboration at different lev-
els, such as diagnosis, therapeutic, and preventive care
to avoid another potential pandemic’s emergence [31].
Herein, we tracked the course monkeypox since its dis-
covery to deliver a picture of its pattern over time.

Epidemiology. Since the first discovery of monkey-
pox infection in humans in 1970, concerns have
never been more profound, as it was particularly rec-
ognized to be endemic to West and central African
countries [42]. and contrary to the current outbreak,
monkeypox was rarely observed outside the African
continent [50]. As of December 7, 110 countries
have confirmed monkeypox infection, accounting
for more than 82 000 diagnosed cases. Almost 99%
of incidents occurred in locations with no history
of reported monkeypox [13].

The incidence of monkeypox infection was sig-
nificantly higher among men than women in our
review. This is aligned with other studies: Bunge et
al. evaluated that the presentation of monkeypox
is 50 folds higher in males than females in most out-
breaks in Africa and outside [6]. A systematic review
by Beer et al. has also represented that 18 of 26 stud-
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Table 2. Newcastle—Ottawa Scale (NOS) bias risk assessment of the study

. Selection Comparabilit Exposure/Outcome Total
D First author (out of 4) outot2) - i (out/of 3) (out of 9)
1 |CDC[9] 4 2 3 9
2 |CDC11] 4 2 3 9
3 |CDC[12] 2 1 2 5
4 |Reed K.D. [41] 4 1 3 8
5 |NolenL.D. [35] 3 2 2 7
6 |[AdlerH.[1] 3 2 3 8
7 |BremanJ.G. [5] 3 2 3 8
8 |DoshiR.H.[15] 2 1 2 5
9 |Duque M.P. [38] 3 2 3 8
10 |Formenty P. [16] 4 1 3 8
11 |Foster S.0. [17] 3 2 2 7
12 | Girometti N. [18] 4 2 3 9
13 |Huhn G.D. [21] 4 2 3 9
14 |Hutin Y.J. [22] 2 1 2 5
15 |Inigo Martinez J. [23] 3 2 3 8
16 | Jezek Z. [24] 3 2 3 8
17 | Jezek Z. [25] 3 2 3 8
18 | Jezek Z. [26] 2 1 2 5
19 | Jezek B.Z. [27] 2 0 3 5
20 | Kalthan E. [28] 2 1 1 4
21 | Ogoina D. [36] 2 1 2 5
24 | Reynolds M.G. [45] 2 0 3 5
25 [Rimoin A.W. [47] 2 1 2 5
26 | Whitehouse E.R. [53] 4 2 3 9
27 | Osadebe L. [37] 2 1 2 5
28 | Pittman R.R. [40] 4 2 2 8
29 | Reynolds M.G. [43] 2 1 2 5
30 | Rimoin A.W. [46] 2 1 3 6
31 | Yinka-Ogunleye A. [58] 3 1 3 7

ies reported more frequency of male cases than fe-
male [3]. On the other hand, the transmission of dis-
ease through sexual contact in this outbreak has been
relatively higher than in previous ones, mainly in men
with homosexual behaviors [55]. Tarin-Vicente E.J.
et al. recorded that 92% of patients were gay, bisex-
ual, or men who had sex with other men, and most
of them had no contact or recent travel to the endem-
ic regions [48].

Smallpox vaccination status. The resurgence
of monkeypox provoked controversies about the rea-
sons behind it. One contributing factor in the post-
smallpox era is the cessation of vaccination and
declining efficacy of the vaccine (Vaccina virus)
in the older generation, which was held account-
able for having a cross-protection against monkey-
pox [33]. An increase in the average age of cases
in DRC (Democratic Republic of Congo) can sup-
port this hypothesis [20]. Bragazzi et al. reported
that in endemic African and non-endemic regions,
the incidence rate of monkeypox infection in small-
pox-vaccinated subjects was significantly lower than
in unvaccinated ones [4]. This is in line with the re-
sult of this article. Worth mentioning that one Italian
case in his 30s was affected by monkeypox despite
being vaccinated for smallpox [2].

Presentation. The characteristic features of mon-
keypox resemble smallpox. However, smallpox symp-
toms are often more severe, and lymphadenopathy
is generally absent [39]. The most prevalent symp-
toms described in reviewed articles are rash and fever,
ranging from 31—-100% and 43—100%, respectively.
However, other symptoms were reported, such as
lymphadenopathy, chills, nausea, mouth ulcer, head-
ache, sore throat, pruritus, fatigue, and light sensitiv-
ity. Different studies claimed the atypical manifes-
tation of monkeypox in the current outbreak (2022).
Although the rash is still present, the involved areas
are more localized and limited, with mild or absent
prodromal symptoms, including lymphadenopathy,
fever, and often other non-specific symptoms such as
headache, malaise, and muscle pains [10, 51].

Complications. The rate and time frame of devel-
oping complications in monkeypox-infected indi-
viduals have not been scientifically determined [44].
Yet, a rare portion of this community can be affected
by complications such as conjunctivitis/keratitis,
bacterial superinfection, encephalitis, and pneumo-
nitis [14, 46]. As anticipated, the reported compli-
cations in reviewed articles are in line with previous
works. Moreover, septicemia, pharyngeal abscesses,
and corneal scars have also been reported.
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Case Hospitalization Rate (CHR), Case Fatality
Rate (CFR), and attack rate. Dewitt et al. system-
atically reviewed monkeypox-related studies from
1950 to 2022. As they declared, Combined CHR was
estimated to be 14.1%. Additional analysis during
the pre-2017, 2017—2021, and 2022 outbreaks indi-
cates CHRs 0f 49.8%, 21.7%, and 5.8%, respectively.
CFR was estimated to be 0.03%. However, studies
have high levels of heterogeneity [13]. The CHR
ranged from 3.7% to 100% within our research ar-
ticles. Also, the CFR was between 0% and 23%.
However, in one report, all the demises were under
eight years old, with a majority rate in the second
week of the disease [27].

The attack rate of the monkeypox virus was
significantly higher in unvaccinated individuals.
Previous studies achieved different attack rates in the
period of each outbreak. For instance, it estimated

9—12% of unvaccinated contacts within households
in the Africa outbreak; thus, in the US outbreak,
it was 0% [49, 58]. Although some epidemiological
links between cases are reported, no transmission
with non-sexual contacts has been yet documented
in this outbreak.

The contagiousness and severity of any infec-
tious disease can alter by genetic evolution. Only 2
known clades of monkeypox are responsible for all
cases [19] Although it is a gray area and needs fur-
ther investigation, some studies have shown that
genetic variations might intensify the disease’s
transmissibility [29].

Strengths and limitations. Our work faces the in-
herent limitations of all systematic reviews, which
include the risk of selection bias, attrition bias, and
selective outcome reporting as well as clinical or
statistical heterogeneity. In order to mitigate such
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risks, we diligently followed the PRISMA guidelines
for systematic reviews, and we quantified the risk
of bias using the Newcastle—Ottawa Scale (NOS)
risk assessment tool. In this way, we were able to pro-
vide an updated, comprehensive, systematic as well
as methodologically solid overview of the current lit-
erature on our chosen topic.

Suggestions/future implications. It is of outmost
importance — especially in high-risk countries —
to early detect and promptly diagnose individu-
als infected by the monkeypox virus. Future im-
plications of our work will hopefully pave the way
for large population studies aimed at defining
the incidence, prevalence, and attack rate of the in-
fection on a more granular as well as extensive level.
Further investigations are also required to elucidate
symptoms onset and pathophysiology of the infec-
tion in different age, sex, and socioeconomic strata
of the population, as well as in patients with pre-
existing comorbidities and specific viral infections
(e.g., HIV, HBV, HCYV, etc).

Conclusion

In conclusion, we performed a systematic review
of 31 published studies on the epidemiology, patho-
genesis, manifestations, and outcomes of monkey-
pox. We elucidated the most common symptoms as
well as complications, amongst which death usually
occurs during the second week of the disease mani-
festation. Further studies are needed to elucidate
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U3YYEHUE KATAJIASBHOW AKTUBHOCTU
MUKPOCUMBUOHTOB XXEHCKOI'O
PEMPOAYKTUBHOIO TPAKTA
XPOHOBUOJIOTMYECKAM METOOM

M.B. Huxkonenko, E.M. Bacesa, H.B. bappimnaukosa, O.1. MaaumeBcKas

KpaTtkue coobLieHuns

NHdekumns n uMmyHnTeT
2023, T. 13, Ne 6, c. 1187-1191

DI'bOY BO TromeHnckuii eocyoapcmeenHuiil meouyunckuil ynueepcumem Munzdpasea Poccuu, e. Tromens, Poccus

Pestome. Karamaza — remcomepxxaninii (pepMeHT, OTHOCSIINICS K (DaKTOpaM 3alIUTHI, pa3pyIIAONIUil ITepeKNCHBIE
coennHeHnsT. Hanmuume KaTtama3HOi aKTUBHOCTH SIBIISICTCSI BaXXHOM CITOCOOHOCTHI0O MUKPOOPTaHM3MOB, TTO3BOJISTIO-
IIeil UM 3aIIMINaThcs OT HEOJArOMPUSITHBIX (DaKTOPOB, a TaKKe aJdallTUPOBATHCS B YCIOBUSIX MaKpOOpPraHM3MA.
Karanaza Hapsimy ¢ CynepoKCUIANCMYTa30i UTPAIOT BaXXHYIO POJIb B YCTOWYNBOCTH MATOTEHOB K KUCIOPOI3aBUCH -
MBbIM 0aKTEepULIUAHBIM MeXaHU3MaM parouuTos. Llenbio uccienoBaHus IBASIOCh U3yUYEHUE KaTada3HO aKTUBHOCTU
MUKPOCUMOUOHTOB KEHCKOTO PEPOAYKTUBHOTO TPaKTa MPU HOPMOLIEHO3€ Y KaHIUIO3HOM AUCOMO03e XPOHOOUOJI0-
ruyeckuM MetonoM. McciaenoBaHue mpoBOAMIN Ha KIMHUYECKUX U30JISTaX, BbIIEIEHHBIX U3 MUKPOCUMOUOLIEHO-
30B JKEHCKOTO PernpoayKTUBHOIO TpakTa. AKTUBHOCTb KaTaaa3bl OMPEAe s CeKTPO(MOTOMETPUUECKUM METOIOM
1o yOBLIM MEPOKCUAA BOIOPOAA B TEUEHUE CYTOK C 3-4aCOBBIM MHTEPBAJIOM B 3UMHee BpeMs roga. JImuHaMuUKYy u3-
MEHEHMSI KaTaJla3HO aKTHUBHOCTH OLICHUBAJU ¢ 3—5-KpaTHBIM IIOBTOPEHUEM YCIOBUM SKCIIEpUMEHTa. Y OTAeIbHbIX
BUJIOB MOJIOUHOKUCJBIX OaKTepuii OOHapyXeHa Karajas3a, He cojepxalllasi TeMOBOW TPYIIbI — TICeBIOKaTanasa.
XPOHOOMOJIOrNYECKM I METOJ ITO3BOJIMII BBISIBUTH aKTUBHOCTD (hepMEHTa y BCeX MUKPOCUMOMOHTOB. JloMuHaHTHAS
1 accoIlMaTHBHAsI MUKPOOMOTA, BBRIIEICHHAS OT 3A0POBBIX XKEHIIMH, XapaKTeprU30Baiach IUpKaInaHHBIMHU (OKO-
JIOCYTOUYHBIMU) PUTMaMM KaTaJla3HOM aKTUBHOCTH B paHHUE yTpeHHHe 9ackl — 5:00 (p < 0,05). [Nepexuch Bomopona
pasyiaraeTcsl CIIOHTaHHO WJIM C YJacTHUeM He(epMEHTaTHMBHBIX KaTaJIN3aTOPOB, 1 MUKPOOPTAHU3MBI CIIPABIISIOTCS
C Hell B 3THX YCJIOBUSX. Y MUKPOCMMOMOHTOB, XapaKTEePHBIX IS IMCOM03a KEHCKOTO PEIPOIYKTUBHOIO TpaKTa
1 0OBIYHO OOHAPYXKMBAEMBIX B O0JIBILIOM KOJIMUeCTBE Ha (POoHe cHUXeHUs1 Lactobacillus spp., perucTpupOBaIUCh YiIb-
TpaAuaHHble PUTMBI C 12- U §- YaCOBBIMU FapMOHUKAMM KaTaja3HOW aKTMBHOCTHU ¢ akpoda3oii B YTPEHHUE U Be-
yepHue yachl (8:00; 20:00). MuHUMaNIbHbBIE 3HAUEHU S TPOAYKIMU (hepMeEHTa Y BCeX KYIbTYp puKcupoBaiuch B 12:00
n 17:00 yaco. Takum o6pa3oM, BKJIaJ pUTMa U3y4aeMoro rmokasaresis Mpy pa3JnyHON CTeNEeHW YUCTOThI Bjarajauiia
OTpaxaeT afanTallMOHHbIE BO3MOXHOCTHU MaTOI€HOB K YCJIOBUSIM CYILIECTBOBAHMS M MOXET JIeXaTh B OCHOBE IPU
M3YYCHUM MEXaHU3MOB UX PEryIsiuu. Me3op 1 aMILIUTYIHO-(ha30Bask CTAaOUIbHOCTD SIBISIOTCS YHUBEPCAIbHBIMU
PUTMOMETPUYECKHUMU MTapaMeTpaMu, OLIECHUBAIOIMMU COCTOSTHUE MAIlMEHTa U He 3aBUCSAIIIMMHU OT BUIOBOM MMpUHAI-
JIEXKHOCTH KYJIBTYPBI.

Karouesole caoea: kamanasznas akmugHocms, XpoOHOOUON0UYECKUT MemOd, pumMoMempuieckue napamempsl, HOPMOUeHo3, OUcOU03,
Lactobacillus spp.
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CHRONOBIOLOGICAL APPROACH TO STUDY MICROSYMBIONT CATALASE ACTIVITY IN FEMALE
REPRODUCTIVE TRACT

Nikolenko M.V., Vaseva E.M., Baryshnikova N.V., Malishevskaya O.I.

Tyumen State Medical University, Tyumen, Russian Federation

Abstract. Catalase is a heme-containing enzyme belonging to protection factors that destroys peroxide compounds. The presen-
ce of catalase activity is an important ability of microorganisms that allows them to be protected from unfavorable factors
as well as adapt to macroorganism conditions. Catalase along with superoxide dismutase plays an important role in pathogen
resistance to phagocyte oxygen-dependent bactericidal mechanisms. The aim of the study was to investigate microsymbiont
catalase activity from female reproductive tract in normocenosis and candidiasis dysbiosis using the chronobiological approach.
The study was conducted on clinical isolates, isolated from female reproductive tract microsymbiocenosis. The catalase activi-
ty was determined by spectrophotometry based on 24 hour-long hydrogen peroxide reduction with 3-hours interval in winter
season. Dynamic hydrogen peroxide was assessed in 3—5 experiment replicates. In some Lactobacillus spp., catalase was found
containing no heme group — pseudocatalase. Chronobiological approach allowed to reveal enzyme activity from all microsy-
mbionts. The dominant and associative microbiota isolated from healthy females was characterized by circadian (24 hours)
rhythms of catalase activity early in the morning — 5 a.m. (p < 0.05). Hydrogen peroxide decomposes spontaneously or via
non-enzymatic catalysts, and microorganisms cope with this situation under such conditions. In microsymbionts characteristic
of female reproductive tract dysbiosis, and usually found in large numbers along with decreased Lactobacillus spp. ultradian
rhythms with 12- and 8-hour harmonics of catalase activity with acrophase were recorded in the morning (8 a.m.) and eve-
ning hours (8 p.m.). The minimum values of enzyme production in all cultures were recorded at 12 p.m. and 5 p.m. Therefore,
the contribution of the rhythm of the studied parameter at varying degree of vaginal sterility reflects the adaptive pathogen ca-
pabilities to the conditions of existence and can be the basis for studying related regulatory mechanisms. Mesor and amplitude
phase stability are universal rhythmometric parameters used to evaluate patient’s condition independent of species assignment.

Key words: catalase activity, chronobiological approach, rhythmic parameters, normocenosis, dysbiosis, Lactobacillus spp.

BeepgeHue

MukpoOHBI OMOLIEHO3 KaK COBOKYITHOCTh OaK-
TEepUaJbHO-TPUOKOBBIX accolMaluii (GyHKIIUO-
HUPYET 3a CUeT Pa3IMYHBbIX OMOJOTMYECKUX Me-
XaHU3MOB, 00€CIIeUrBaIOIIUX POCT, PAa3MHOXEHUE
MUKPOCUMONOHTOB, paclipeieleHUue UX B IKOTOIIEe
U pa3jv4yHbIle B3aMMOIEHCTBUS BHYTPU IIOIYJIsI-
uuu. PerynupoBaHue u popMuUpoBaHUE MUKPO-
OMOlIeHO3a B CUCTEME acCOLIMaTHUBHOTO cCUMOMO3a
OCHOBAHO Ha SIBJICHUM aHTaroHU3Ma C OJTHOI CTO-
POHBI, MPOAYKILIUS OaKTEepUsIMU O0aKTEPUOLIMHOB,
CIPYyroil — CUHTE3 IM301IMMa, OpPraHUYECKUX KHC-
JIOT U TIEpEKUCU BOAOpoaa MaKpoopraHu3MoM [1].

B cBsI3M ¢ 3TUM BO3HMKAET BOIPOC O BIIMS-
HUU OMOJIOTMUYECKM AaKTUBHBIX BEIIECTB JIOMMU-
HaHTHOM, accoUMaTUBHON MHUKPOOMOTHI Ha OT-
neJibHble (epMeHTHI, OoOecrevnBaloliue 3alluTy
MUKPOCUMOUOHTOB OT CTPECCOBBIX BO3ACHCTBUIA
CO CTOPOHBI, KaK MHUKPOOHOI accouualuu, Tak
1 MakpoopraHusma. OmHUM U3 TaKUX (PEepPMEHTOB
SBJISIETCSl KaTaJjia3a, 3allMIlaionias OakTepuasb-
HYIO KJIETKY OT AeHCTBUS MEPEKMCU BOIOPOAA DH-
JIOT€HHOI'0 U 3K30T€HHOTO MpoucxoxaeHus [11].

Pemienune Bompoca o croCOOHOCTU MUKPOOP-
raHU3MOB BJMSTh Ha aKTUBHOCTb KaTaJia3bl MO3-
BOJIMJIO Obl PACHIMPUTH TPEACTABICHUS O POJU
Pa3JIUYHBIX BUJOB aBTOXTOHHBIX U aJJIOXTOHHBIX
MUKPOCUMOUOHTOB B (POPMUPOBAHUU MUKPOOHBIX
OMOILIEHO30B opraHu3mMa yejioBeka. Ha Hai B3rsi,
XPOHOOUOJIOTUYECKU I TOAXOJ K U3YUYEHHUIO JaH-
HOI MpoOJeMbl OTKPBIBAET HOBbIE BO3MOXKHOCTU
B PACKPBITUM MEXaHU3MOB MEXMUKPOOHBIX B3au-

MOJIEMICTBUM, a TaK>Ke MO3BOJISIET pa3paboTarh 00-
MOJIHUTEAbHbIE KPUTEPUU COCTOSIHUS 3A0POBbS
namnueHTa.

Llenp — wu3yuyuTh KaTajJla3HYl0 aKTHUBHOCTb
MUKPOCUMOMOHTOB >KEHCKOrO PernpoayKTHBHOIO
TpakTa MpU HOPMOILIEHO3€ U KaHIUJO3HOM JUC-
0103e XpOHOOMOJIOTUYECKUM METOIOM.

Martepuanbl 1 MeToab!

s BBISIBICHUSI MEKMHUKPOOHBIX B3aWMOJIECii-
CTBUIT MUKPOOPraHMU3MOB ObIJIO M3yuyeHO 10 MUK-
POCUMOUOIICHO30B  KEHCKOTO  PEINMpOayKTUBHOI'O
TpakTa (5 — HOPMOLIEHO30B U 5 — KaHAUA03HbIX TUC-
OMO030B), U30JIUPOBAHO 45 KYJILTYP MUKPOOPraHU3-
MOB, ITPEICTaBUTENIC OOJIUTaTHO- U (paKyTbTaTUBHO
aHa’pOOHOI MUKPOOMOTHI MAllMEHTOB B BO3pacTe
ot 19 no 35 net (Pemienue Komurera mo atTuke npu
®dI'bOY BO TroMeHCKOro rocygapCTBEHHOIO Me-
munrHcKoro yHuBepcuteta Ne 102 ot 22.10.2021 r).
KeHIIWHBI WMEJTM PETYJISIPHBIA MEHCTpPYaJIbHBIN
LUKJI, B aHAMHE3¢ OTCYTCTBOBAJIM I'MHEKOJOrnyec-
KHe OoIlepaTUBHEIC BMEIIATEIbCTBA, aDOPTHI, BHIKM-
IBITITN, TOPMOHATBHAS Teparst, THGEKIIMOHHBIE 3a-
OosneBaHUs, TiepenaBaeMble MoJoBbIM myTeM (BMY-
WHPeKIns, CcuuiInc, TOHOpesd, TPUXOMOHMUA3,
xJJaMuauno3). BugoBast uaeHTudUKaLuss MUKpOCUM-
OMOHTOB TPOBOAUIACH METOIOM BPEMSIMIPOJECTHON
MaccC-CIIeKTPOMETPUN C MaTPUIHO-aKTHBUPOBAH-
HOI na3epHoit necopouueii/uonusanuein (MALDI-
ToF MS) no nmpoTeMHOBBIM NPOMUIISIM.

MukpobHas accolMalus mpu HopmMoourose 61o-
Tona BkJwuana Lactobacillus crispatus (L. crispa-
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tus), Enterococcus faecalis (E. faecalis) w Enterococcus
faecium (E. faecium). Ilpu nucouose mpeoOdiaganu
Lactobacillus iners (L. iners), Lactobacillus jensenii
(L. jensenii), Enterococcus faecalis (E. faecalis) n Ente-
rococcus faecium (E. faecium), Klebsiella pneumoniae
(K. pneumoniae), Staphylococcus aureus (S. aureus),
Escherichia coli (E. coli), Candida albicans (C. albicans).

AKTUBHOCTh Karaja3bl OMNpPEACIsIA CIIEKTPO-
doToOMeTpUUYECKMM METOIOM I10 YOBbLIM TIEPOKCHUIA
BOJIOpOZia B TEUEHUE CYTOK C 3-4aCOBBIM MHTEpBa-
JioM [3] B 3uMHee BpeMs rona, IV ¢aza Jlyasr. K 0,2 Mo
B3BECU MUKPOOPTraHU3MOB 100aBasIIU 1 MJI pacTBO-
pa repekucu Bomopoaa ¢ KoHueHTpanuein 0,0120 M,
nHKyOupoBanu 10 MUH TpU KOMHATHOW TeMmmepa-
Type, 3aTeM npudasiasau 0,2 MJI pacTBopa XJIOpU-
CTOBOJOPOMHOI KMCJIOTBI C KOHIIeHTpauueir 2 M
n 1 M pacTBOpa Kanust Homuaa ¢ KOHIIEHTpaluei
0,025 M, nepeMeninBaau, LeHTPUDPYTUpOBaIU B pe-
xume 3000 06/MuH 1 15 MUH, TTOCTIE YeTO U3MEePSLIIN
ONTUYECKYIO TNIOTHOCTh HAJIOCAJ0OYHOMN XXUIKOCTU
He ro3aHee 10 MUH nocsie HeHTPUGYTrupoBaHus TIPU
JHe BOJHBI 492 HM. KOHTPOJABHBINA OMBIT TOTO-
BUJIM MO aHAJOTMYHOI Mpoleaype, 6e3 n1odaBaeHU s
B3BEeCH MUKPOOpPraHu3MoB. PacTBop cpaBHEHUS pu
creKTpodoToMepr — BOIA OUMIIIEHHAS.

JlaHHBIE OBLTM 00padOTaHBI IO METOAY HAaUMEHb-
X KBaIpaToB (KOCMHOpP-aHAJM3) MPU 3aJTaHHOU
3HaUYMMOCTH JocToBepHOCTU p < 0,05 [9]. st kaxk-
JIOrO IIITaMMa BITOCJICACTBUM OIPENeIeHbl OCHOBHBIC
napaMeTpbl pUTMOB c TieprogamMu T = 12u T =24 yaca:
me3op (M) — cpenHee 3HaueHUE TapMOHUYECKOM
KpHMBOI1 HAMJTYYIIel almImpoKcuMaum QyHKIUU (KO-
CUHYCOM[BI), aMIIJINTyaa putMa (A) — paccTosiHue
OT 2KCTpeMyMa A0 Me3opa U akpodasza (f) — MOMEHT
BPEMEHU OXXUAAEMOT0 SKCTpeMyMa (DYHKIIUH.

CratucTuyeckyio oO6pabOTKy MarepualioB OCy-
LIECTBJISIIM ¢ UCMOJb30BaHUEM TporpaMm: Primer
of Biostatics Version 4.03 by Stanton A. Glantz, 1998;
Microsoft Office Excel 2010.

Pe3ynbraThl 1 006CYXaeHne

MuKpoOnoTa KEHCKOTO PEIIPOMYKTUBHOTO TPaK-
Ta — yHUKAaJIbHas MONCIb IJISI M3YUYeHUS MEXKMU-
KpOOHBIX B3aMMOOTHOIICHUM MPU aCCOLIMATUBHOM
cnMOmMo3e, TaK KaK 3TO paBHOBECHas TMHAMMYCC-
Kas CcHCTeMa OpraHM3Ma YeJIoBeKa M HaCeSIOIIeH
€ro TOMWHAHTHOM M aCCOIMAaTUBHONM MUKPOMIIOPHI.
BaxHeimmumu mnpeacTaBUTeIM OOJIUTaTHON JIOMMU-
HAHTHOI MUKPOOMOTHI BiIarajuina siBisitorcs Lacto-
bacillus spp., moaae P>k BaroIIe HOpMaJIbHBIN MUKPO-
9KOJIOTMYECKU I CTaTyC 3aHMMAaeMOoro 01oTora.

I[lo maHHBIM aBTOPUTETHBIX WCCIACAOBAHUIM,
Y MHOTMX CTPOTUX M adpPOTOJEPaHTHBIX aHa’pPO-
00B OTCYTCTBYeT mpoaykuus Karanasbl [2]. K ux
YUCY OTHOCSIT MOJOYHOKHUCIIbIE OaKTepuu, y KO-
TOPBIX IMCMYTALINIO 0Opa3yIOIINXCS HOHOB KMCJIO-
ponxa o6ecIieYnBalOT MOHBI MarHusl, HaXOASIIIeCs
B KJIETKaX B BLICOKMX KOHLEHTpaLusx [4].

B NOMIOTHBIX B3KCHepUMEHTaxX TpaIulInOH-
HBIII TeCT Ha pacuierieHue 3% nepeKucHu BOIO-
poaa KyaerypaMu L. crispatus, L. iners, L. jensenii,
E. faecalis, E. faecium 1ioka3ajl oTpuniaTeIbHBIN pe-
3yabTar. OTCyTCTBUE KaTaja3bl Y MOJTOYHOKUCIIBIX
0akTepuil 1 PHTEPOKOKKOB CBSI3aHO C TeM, YTO OHU
HE MOTYT CHHTE3MPOBATh T'eM-TIPOCTETUUYECKYIO
rpynity pepMeHTa, HO CITOCOOHBI K CMHTE3Y allo-
depMmenTa [6]. Y OoTaeNbHBIX BUJOB MOJOYHOKHUC-
JIbIX OakTepuii oOHapyxkeHa Karajas3a, He coaep-
»Kallasi TeMOBO# TpYIINbI — TICeBIOKaTaa3a [8].

BBICOKOUYBCTBUTEIIBHBIN XPOHOOMOIOTMUCCKUIA
METOJI, TIO3BOJINJI BEISBUTHh aKTUBHOCTH TaKOTO hep-
MEHTa Y BCeX U3yYyaeMbIX KYJIbTYP MUKPOCUMOUOH-
TOB. JlIoMMHaAHTHAs U accollMaTUBHAsI MUKpPOOUOTA,
BBIZIEJICHHAS OT 300POBBIX KCHIITNH, XapaKTepPHU30Ba-
J1ach IMPKaIMaHHBIMHA (OKOJIOCYTOYHBIMH) pUTMAa-
MU KaTaja3HOU aKTUBHOCTHU C ONHUM ITMKOM B paH-
Hue yTpeHHue yackl — 5:00. Bkiag iupkaamaHHOTro
putrMma coctaBui 79,3—84,5% (p < 0,05). Hus Bcex
Kyabtryp Lactobacillus spp. u Enterococcus spp. xa-
pakTepeH OJMHAKOBBIM Ipodujb puTtMma. Me3op
M aMILIMTyda KaTaJla3HOWl aKTUBHOCTU KaK CTa-
OMIBHBIE PUTMOMETPUUECKIE TTapaMeTphl He 3aBU-
CeJiM OT BUJia MUKpPOOpraHu3Ma B momnyiasinu. Yem
OoJbIlle aMIUINTYIa, TeM TpyIHee WHAYIIMpOBaTh
caBur akpoda3sbl [10]. PesynbTarhl mpeacTaBieHBI
Ha puc. 1.

CrnenoBareibHO, IPU TOMUHUPOBAHUU B OMOTO-
e aHa’poOHBIX ITpoKapuoT L. crispatus 10°—10" KOE/
mi, E. faecalis n E. faecium 10>—10° KOE/mu, cno-
COOHBIX TTEPEHOCUTH KOHTAKT C KHMCJIOPOIOM M €TO
MPOM3BOIHBIMHA B OTHOCUTEIILHO HEOOJIBIIINX Mac-
mrabax, pojib KaTajaa3bl HE3HAYMTEJIbHAsI, C OMHUM
MMKOM aKTHMBHOCTU B yTpeHHHUE 4Yachl. Ilepekuch
BOIOpOAa pasjaraeTcsl CIIOHTAaHHO WUJIM C y4YacTH-
eM HedepMeHTaTUBHBIX KaTaJM3aTOPOB, I MUKPO-
OpraHM3MBI CTIPABJISTIIOTCSI C HEl B 3TUX YCJIOBUSIX.
Takum oOpaszoMm, IpU OCYIIECTBICHUU 3SHEpre-
TUYECKOTO MeTaboJM3Ma aHad’pOOHOTO TUMA s
yCTpaHEHMSI TOKCHMUYEeCKUX 3(MdEeKTOB KHUCIopoaa
JIOCTaTOYHO OMHOW (hepMEHTHOI Mperpanbl B BUAE
CYTEepOKCUAAUCMYTAa3kI [5].

Y MUKPOCMMOMOHTOB, XapaKTEePHBIX MIJsI THUC-
0103a XKEHCKOT'0 PEIIPONYKTUBHOTIO TPaKTa M OOBIU-
HO OOHapyXWBaeMbIX B OOJIBIIIOM KOJMYECTBE
Ha (oHe cHukeHust Lactobacillus spp. perucTpupo-
BaJIMCh YJIbTpaaaHHbIE PUTMBbI € 12- 1 8-4aCOBBIMU
rapMOHMKaMM KaTaJla3HO aKTUBHOCTH C aKpo-
¢dazoii B yrpeHHUe U BeuepHue yachl (8:00; 20:00).
MuHUMaIbHbIE 3HAYCHUS TMPOAYKLUUU (PepMeHTa
y BceX KyabTyp pukcuponaauck B 12:00 u 17:00 ya-
coB (pwuc. 2).

DKCNepUMEHTaIbHO  JOKa3aHO TOBBIIIIECHUE
CPEeIHECYTOUYHBIX IToKa3aTelieil cuHTe3a pepMeHTa
B 6—8 pa3 y Bcex acCOILMaHTOB B MUKPOCUMOMO-
nenose (p < 0,05) B ombITHOI TpyINe MpU IHC-
OMOTHMYCCKUX M3MEHCHUSIX M3y4yaecMOro OMOTOIIA,
MO CPaBHEHUIO C KOHTPOJbHOI rpymnrmoi. Takum
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PI/ICVHOK 1. CyTquaﬂ AUHAMUKa aKTUBHOCTU KaTana3bl MMKpOCMMGVIOHTOB JKXeHCKOro penpoayKkTuBHoOro

TpakTay 30,0POBbIX XXEHLUWH

Figure 1. Diurnal dynamics of microsymbiont catalase activity in healthy female reproductive tract
Mpumeyvanume. Mo ocu abcumMcc — BPpems CYTOK, Yachl; MO OCY OPAMHAT — aKTUBHOCTb KaTanasbl, MKMOJb/MVH.
Note. X-axis — time of day, hours; Y-axis — catalase activity, umol/min.

2,50

2,00 =

AKTUBHOCTb KaTanasbl, MKMOJb/MWUH
Catalase activity, umol/min
o
o
1

Bpems, yachl | Time, hour

—— L.iners 19 --- L.iners40

-—-— L.iners44 ... L.iners46 —-- L.iners 774

PI/ICVHOK 2. CYTO'-IHa‘iI AUWHaAMUKa aKTUBHOCTU KaTana3bl MI/IKpOCVIMGI/IOHTOB JKeHCKOro penpoayKkTuBHoOro

TpaKTa Y XXEHLUWH C KaHAUA03HbIM AUCOMO30M

Figure 2. Diurnal dynamics of microsymbiont catalase activity in female reproductive tract during candidiasis dysbiosis
Mpumevanue. Mo ocu abcuMcc — BPems CYTOK, Yachl; MO OCY OpAMHAT — akTUBHOCTb KaTanasbl, MKMOJb/MVH.
Note. X-axis — time of day, hours; Y-axis — catalase activity, umol/min.

obOpa3oM, Me30p M aMILJIMTYIHO-(a30Bast CTaOUJIb-
HOCTh SIBJISIIOTCSI TUATHOCTUYCCKUMU KPUTEPHUSI-
MM COCTOSTHHSI OMOTOIIa IMalleHTa.

IIpu yBenmM4YeHNH B HOITYASIIINU (haKyJIbTaTUB-
HO-aHa’poOHBIX IIpokapuoT E. faecalis, E. faecium,
K. pneumonia, S. aureus, E. coli, C. albicans B 10°—
10® KOE/mt u cHuxenue uucina L. iners, L. jensenii
no 10°—10* KOE/Mi1 HedepMeHTaTUBHbIE MNYTHU
yCTpaHCHHMSI TIePeKHWCH BOAOPOJAa CTAHOBSITCS
He 3 dekTuBHBIMA. JIJ1s1 pa3moXeHus cyocTpara,
HeoOXxoamMa KaTajasa, IIposIBISIONast aKTUBHOCTh
C IEepPUOANYHOCTHIO B 8—12 yacoB. Takum oOpasom,
B YCJIIOBHSIX aKTUBHOTO B3aMMOICHCTBUS KJICTOK
C KHCJIOPOIOM, IIeJaIoIIero BO3MOXHBIM a3po0-
HYIO XXU3Hb, CUCTeMa (DEPMEHTHOMU 3aIIUTHI OT €TO
TOKcHUIecKnX 3pheKToB chopMUpOBaHA C yIACTHU-

€M CYNepOKCUIINCMYTAa3bl, KaTaJaasbl U IMEPOKCU-
ITa3bl B KAYeCTBE HEOOXOMMMBIX KOMIIOHEHTOB.

BeposiTHO, B OMOTOIIE XKEHITUH C 3—4 CTeIIeHbIO
YUCTOTHI BJIaTraJNIa aHa’pPOOHBIC OaKTepHUaIbHBIC
KJIETKU KOOPIMHUPYIOT IKCIIpeccuio pakTopa Ia-
TOreHHOCTHU, O0EeCIIEYMBAIOIIYI0O MHOT0OOpa3HbIe
¢GOopMBI CYIIIECTBOBAHUS C IIOMOIIBIO CHCTEMBI
QS [7] 3a cuer obmuratHO- M (HaKyJIbTaTUBHO-
aspOOHBIX TPOKAPUOT [6].

BbiBOAbI

XPpOHOOUOMOTUYECKUIT METOM IMO3BOJUJ BhISI-
BUTb aKTUBHOCTH (DepMEHTa Y BCEX MUKPOCUMOU-
OHTOB, BBIJIECJICHHBIX U3 KEHCKOTO PErmpOnyKTHUB-
HOTO TpakTa.
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Joka3aHo, 4YTO BKJIAJT pUTMa M3y4yaeMoro Io-
KasaTeas IMPU pPa3IndHON CTETIEHW YUCTOTHI BJia-
rajuilna oTpakaeT agalTalliOHHBIE BO3MOKHOCTH
MaTOreHOB K YCJIOBUSIM CYIIIECTBOBAHUS U MOXKET
CIIYXKUTh METOOWYCCKUM KJIIOUOM IIPU M3YUYEHUU
MEXaHWU3MOB X PETYJIS NN,

Me3zop 1 aMIJIMTyaHO-(da3oBasi cTabUIbHOCTh
KaTaJla3HOW aKTUBHOCTHM MUKPOCHUMOMOHTOB SIB-
JISIOTCS YHUBEPCAJIBHBIMU PUTMOMETPUICCKUMU
napamMeTpaMH, OIECHWBAIOIINMH COCTOSTHHE IIa-

IMEHTAa, U He 3aBUCIT OT BUIOBOM MPUHAILIEKHO-
CTHU KYJIBTYPHI.

BnarogapHocTn

KomexTuB aBTOpOB BhIpaxkaeT 0J1arogapHOCTh
Tromenckomy I'MY 3a npengocrtaBlieHHOE (pUHAH-
cupoBanue u gupekropy ®Pb6YH THUUKMUII Poc-
notpeodHan3opa T.D. CtermaHoOBOI 32 ITIPOBEACHHYIO
UACHTUDUKALMIO KYJIbTYP.
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IMMUNOLOGICAL ASPECTS OF VACCINATION
IN HIV-INFECTED PATIENTS

A.V. Zhestkov, M.O. Zolotov, E.V. Kadantseva, T.R. Nikitina, A.D. Protasov

Samara State Medical University, Samara, Russian Federation

Abstract. Until recently, HIV infection does not lose its relevance. In 2022, 630 000 people died and 1.3 million peo-
ple became infected with the human immunodeficiency virus (HIV). HIV-positive persons develop more infectious
diseases than healthy people do; the causative agents are mainly opportunistic microorganisms. Streptococcus pneumo-
niae is the main causative agent of infection in the lungs in HIV-infected persons. In order to prevent the development
of severe pneumococcal infections and to overcome antibiotic resistance, vaccines have been developed. There are
polysaccharide (PPV) and conjugate (PCV) vaccines. According to clinical recommendations, vaccination of previ-
ously unvaccinated HIV-infected patients is carried out regardless of T-helper cell level. However, no data were found
on the effect of PCV13 on immunological memory cells. The purpose of this study is to assess an effect of PCV13 vac-
cination on the immune system in HIV-infected subjects. Materials and methods. The study included 200 patients with
HIV infection, which were divided into two groups: I — received a dose of PCV13 (n = 100) and control group (n =
100). During the first visit, immunological and microbiological studies were carried out. On the second visit, a PCV13
was injected into the deltoid muscle. The third visit was made a year later, where immunological and microbiologi-
cal studies were repeated. Participants were divided into 4 subgroups depending on CD4* T cell level. The microbial
study was done using a swab collected from the back of the throat. Results. During the immunological examination
at visit 1, abnormalities were detected in all examined populations and immune cell subsets. At 12 months post-
vaccination, the median levels of CD3*CD4* and CD45%%* T lymphocytes in the immunized group were higher than
pre-vaccination levels compared to control group, in which the values changed insignificantly. Our data confirm
the immunological effectiveness of PCV13 administration in HIV-infected patients. In patients with peripheral blood
CD19* lymphocyte deficiency, had increased microbial detection rate (p = 0.003). Conclusion. As a result, due to the
high risk of pneumococcal pneumonia, HIV-infected patients should be immunized with a 13-valent pneumococcal
conjugate vaccine.

Key words: HIV-infected, PCV 13, Streptococcus pneumoniae, vaccination, pneumococcal pneumonia.
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Pesiome. IIpoGnema BUY-mHpeknum He TepsieT CBOEM aKTyaJlbHOCTH [0 HacTosuiero BpemeHu. B 2022 1.
630 000 yenoBek yMepiu U 1,3 MJIH 4eJOBeK 3apa3ujiucCh BUPYycOM MMMYyHopeduiura yenoBeka (BUY). Y BUU-
WHOUIIMPOBAHHBIX, B OTJIWUYNE OT 3M0POBBIX JIUII, Yallle pa3BUBAIOTCI MH(PEKIIMOHHBIC 3a00JIecBaHMSI, BO30YIUTESI-
MM KOTOPBIX SIBJISTFOTCS B OCHOBHOM YCJIOBHO-ITATOTeHHBIE MUKPOOPraHU3Mbl. OCHOBHBIM BO30YyIHMTEIIEM ITHEBMO-
Huu y BUU-uHbu1mpoBaHHBIX SIBIIsSIeTCST Streptococcus pneumoniae. [1715 IpeoTBPALIeHUS Pa3BUTHUS TSIXKETbIX (hopM
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ITHEBMOKOKKOBOI ITHEBMOHWY U TIPEOIOJIEHUSI aHTUOMOTUKOPE3UCTEHTHOCTH pa3paboTaHbl BAKIIMHBI, COAepKaIINe
AHTUTEHBI U3 KaTCyisl S. pneumoniae. Co30aHbl M1 aKTUBHO TTPUMEHSIOTCS B KIIMHMYECKOM TTPAKTUKE ITHEBMOKOK-
koBble nonucaxapuaHbie (IT1T1B) u mHeBMOKOKKOBBIe KOHblornpoBaHHble BakuuHBI (ITKB). OnHako He oOHapyxe-
HO AaHHBIX 0 BausgHuM [TKBI13 Ha kjaeTKn uMMyHoJIorndyeckoi namstu. Llenbio JTaHHOTO McCliefoBaHMs SIBISIET-
cs uzyuenue BausHus BakuuHauuu [1KB13 Ha uMmmyHHY10 cucteMy y BUY-nHbunmpoBanHbix aui. Mamepuans
u memodsi. B uccnenoBanue ob11u BKItodeHbl 200 00abHBIX BUY-nH(peKIMel, KoTopble ObIIM pa3nefieHbl Ha JIBe
rpynmnsl: I, monyuuBmas go3y ITKBI13 (n = 100), u xoaTpoasHas (n = 100). Bo Bpems mepBoro Bu3uTa OBLIN IIPO-
BeJICHBI UMMYHOJIOTHUECKIE M MUKPOOMOIOTNIeCKIE NCCIeNOBaHM . Bo BTOpoil BUBHT OCYIIECTBIISITIOCH BBeICHUE
B nenpToBUAHYI0 MBIy [TKBI13. Tpetwit BU3UT OBLI BEITIOJHEH Yepe3 | rof, TOBTOPHO IIPOBOAUINCHE UMMYHOJIO-
IMYecKOe U MUKPOOMOJIOTNUECKOE MCCICIOBAHUS. YIaCTHUKY OBLIN pa3ieicHbl Ha 4 TTOATPYIIIEl B 3aBUCUMOCTH
oT ypoBHs1 CD4" xyieTok. MUKpoOUoornyeckoe ucciienoBaHue MpoBOAMIOCH B MaTeprase Ma3ka C 3aiHell CTeHKH
IIOoTKU. Pezyaomamer. TIpu MpoBeieHN UMMYHOJIOTHUECKOTO 00CIefoBaHNs Ha BU3UTE | OBLIN BBEISBICHBI OTKJIO-
HEHMS BO BCEX M3YUCHHBIX TOMYIISIIUAX W CYOTOMYISIUSIX KJICTOK MMMYHHOU crcTeMbl. Yepes 12 MecsimieB mocie
BakLMHaUuKU Mearana ypoHsa CD3"CD4" u CD45R%" nuM@ouuToB B UMMYHU3MPOBAHHOM IPYIINE CTaJia BhILIE J0-
BaKI[MHAJbHOIO YPOBHS, B OTJMYKE OT KOHTPOJIbHOU I'PYMIIbI, B KOTOPOI 3HAUEHU I CTATUCTUYECKM HE U3MEHUJIUCD.
Hamm gaHHbIe MOATBEPXKIAIOT UMMYHOJIOrMUecKy1o addekTuBHOCTh BBeAeHUs [TKB13 y BUY-uHpuIIMpoBaHHBIX
MaueHToB. Y 00JabHbBIX ¢ nepuntoM CD19* numbonuToB B nepudeprieckoii KpoBY BHISIBICHO YBEIUUEHHE YaCTO-
THI BeIIeIeHus] Mukpoopranusma (p = 0,003). 3akawuenue. Takum o0pa3oM, B CBSI3U C BBICOKUM PUCKOM Pa3BUTHUS
ITHEBMOKOKKOBOI TTHeBMOHNU BUY-nmHbuIIMpoBaHHBIE 0OJbHBIEC HOJIXKHBI OBITh BAKIIMHUPOBAHHI 13-BajJecHTHOMI

MMTHEBMOKOKKOBOI KOHBIOTHPOBAHHOM BAKILIMHOM.

Karoueesnie caosa: BUY-unghexyusa, [1KBI13, Streptococcus pneumoniae, 6akyunayus, nHe6MOKOKK08a s NHEBMOHUS.

Introduction

In 2022, 630000 people died and 1.3 million
people became infected with the human immuno-
deficiency virus (HIV), and there are 39 million
people living with HIV (PLHIV) in the world [14].
In the Russian Federation in 2022, 63 150 new cases
of infection were detected, 34 410 people died, which
is 0.9% more than in 2021 [6].

The causative agents of infectious diseases
in PLHIV are opportunistic microorganisms [11].
In 25—60% of HIV-infected patients, lung damage
of infectious origin (tuberculosis, pneumocystis and
bacterial pneumonia) is observed [3]. The most com-
mon causative agents of community-acquired pneu-
monia are S. pneumoniae (up to 20%), H. influenzae
(10—15%) and S. aureus (5—10%). Pneumonia caused
by Mycoplasma pneumoniae and Chlamydia pneumo-
niae also occurs, but is quite rare [1, 2, 4, 5, 7, 9].

To prevent the development of severe forms
of pneumococcal infections and to overcome an-
tibiotic resistance, vaccines have been created.
Polysaccharide (PPV) and conjugated (PCV) pneu-
mococcal vaccines have been developed. The 13-va-
lent conjugate pneumococcal vaccine contains anti-
gens from thirteen serotypes of pneumococcus, and
the 23-valent polysaccharide vaccine contains from
twenty-three serotypes [7]. PCV13 contains poly-
saccharide antigens conjugated to a carrier protein
(diphtheria toxoid CRM197). This binding of mol-
ecules allows one to attract T-lymphocytes to the site
of inflammation and increase the effectiveness of the
immune response. PCV13 is approved for use in chil-
dren from 6 months of age; it reduces the carriage
of pneumococcus on the mucous membrane of the

upper respiratory tract and does not require repeated
administration in adults.

According to clinical recommendations, vaccina-
tion of HIV-infected against pneumococcus, who have
not been previously vaccinated, is carried out regard-
less of the level of T-helpers. Previously unvaccinated
people are given PCV13, no earlier than 8§ weeks later
PPV23is given, after 5 years PPV23 is revaccinated [8].

Several studies have been conducted to evaluate
the effectiveness of PCVI13 in HIV-infected adults.
Research carried out at the University Hospital
of Reims to determine the immunological effica-
cy of PCVI13 in PLHIV. As a result was found that
a single vaccination leads to a positive immunologi-
cal response and protection 1 month after vaccina-
tion in a group of patients with an initial CD4" level
of 200 cells/ul and a CD4*/CD8" ratio more than 0.8.
After 6 and 12 months, the percentage of protected
patients decreases. In addition, after vaccination with
PCVI13, an increase in the opsonophagocytic reac-
tion of anti-pneumococcal antibodies was noted [12].

A study from South Korea examined the effec-
tiveness of PCV13 in PLHIV depending on base-
line T-helper cell levels [13]. A lower immune re-
sponse to the vaccine was found in individuals with
a T-helper cell count of less than 350 cells/uL. In ad-
dition, lower levels of specific IgG were reported
in this group.

A meta-analysis that included 28 cohort studies
and 11 randomized clinical trials examined the effec-
tiveness of different pneumococcal vaccination regi-
mens [10]. The immunological effectiveness of PCV13
administration has been demonstrated. At the same
time, multiple vaccination led to only a slight increase
in IgG and was not economically effective.
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Limitations of the different studies include
the absence of information about the effect of PCV13
administration on immunological memory cells.
In addition, the main attention was paid to the as-
sessment of the T-cell component of immunity and
the effect on B cells was not presented. However, it is
B-lymphocytes produce antibodies, which are a key
link in the fight against pneumococcus.

The purpose of the study is to evaluate the im-
munological efficacy of PCV13 vaccination in HI'V-
infected people.

Materials and methods

In the study were included 200 HI V-infected peo-
ple, which were divided into two groups: I — received
a dose of PCV13 (n = 100) and control (n = 100).

For the entire period of the study, for patients
were planned 3 visits. At the first visit, the following
studies were performed: microbiological examina-
tion of a smear from the posterior pharyngeal wall,
immunological examination of peripheral blood
(determination of CD3*CD4", CDI19", CD45R0*
Ilymphocytes). The second visit was only for the im-
munized group, where PCV13 was injected into
the deltoid muscle. The third visit was performed af-
ter 12 months, immunological and microbiological
studies were repeated.

Determination of populations and subpopula-
tions of lymphocytes was carried out by flow cytome-
try. Depending on the level of CD4" cells (T-helpers),
the participants were divided into 4 subgroups: Ist —
from 50 to 199 cells/pul of blood (immunized group
n = 19, control group n = 25); 2nd — 200—349 cells/
ul (immunized group n = 20, control group n = 14);
3rd — 350—499 cells/pl (immunized group n = 17,

1000

control group n = 21); 4th — 500 or more cells/ul.
(immunized group n = 44, control group n = 40).

To conduct a microbiological study, a smear was
taken from the posterior pharyngeal wall. The bioma-
terial was seeded on the following media: media: 5%
blood agar, chocolate agar, Sabouraud’s medium, uni-
versal chromogenic media. The isolated strains were
identified by matrix-activated laser desorption/ioniza-
tion time-of-flight (M ALDI-ToF) mass spectrometry.

Statistical data processing was carried out using
the Statistica 13.0 program (STATSOFT, USA; Ii-
cense 2883). All the studied samples were distributed
abnormally, so non-parametric statistics methods
were applied to their study. The results were consid-
ered statistically significant if the significance level
(p) was less than 0.05.

Results and discussion

At the first visit, the following median lymphocyte
levels were obtained in vaccinated patients (Fig. 1).
The median level of T-helpers in those examined in the
Ist subgroup was 115 cells/ul, in the 2nd subgroup —
254.5 cells/ul, in the 3rd subgroup — 421 cells/ul, in the
4th subgroup — 663.5 cells/ul. At the 3rd visit, there
was an increase in the 1st subgroup up to 205 cells/ul
(p = 0.001), in the 2nd one — up to 377 cells/ul (p =
0.001), in the 3rd one — up to 478 cells/ul (p = 0.004)
and in the 4th — up to 735 cells/ul (p = 0.096).

The dynamics of changes in the number
of B-lymphocytes in all the studied subgroups had no
statistical significance. At the same time, a statisti-
cally significant increase in the number of cells in-
volved in the mechanisms of immunological memory
(CD45R°* lymphocytes) was registered in vaccinated
PLHIV. The value of the median level of CD45R0*
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Figure 1. The value of the median parameters of the immunogram in patients of the immunized group

atvisits 1 and 3
Note. *p < 0.05.
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Figure 2. The value of the median of immunogram parameters in patients of the control group at visits 1 and 3

lymphocytes in the first subgroup increased from 556
cells/ul at visit 1 to 623 cells/ul at visit 3 (p = 0.030);
in the second subgroup from 778.5 cells/ul to 818
cells/ul (p = 0.028); in the third subgroup from 701
cells/ul to 749 cells/ul (p = 0.022); in the fourth sub-
group, from 848 cells/ul at the 1st visit to 924 cells/ul
at the 3rd visit (p = 0.01).

Participants in the control group showed no sta-
tistically significant changes in the median levels
of CD3"CD4*, CD19*, CD45R%* lymphocytes in all
four subgroups (Fig. 2). The dynamics of changes in the
content of T-helpers in peripheral blood was: in the ex-
amined in the Ist subgroup — from 102 cells/ul to 118
cells/ul (p = 0.322), in the 2nd — from 293.5 cells/ul
to 372.5 cells/ul (p = 0.164), in the 3rd subgroup —
from 432 cells/ul to 421.5 (p = 0.446), in the 4th sub-
group from 640 cells/ul to 634 cells/ul (p = 0.326).

A similar trend was found when assessing the me-
dian of B cells: in the first subgroup from 126 cells/ul
to 107 cells/ul (p = 0.717), in the second subgroup —
from 117 cells/pl to 135 cells/pl (p = 0.808). In addition,
there were no statistically significant differences in the
change in the level of median immunological memory
cells. In the Ist subgroup, their value decreased from
56410 499.5 cells/ul (p = 0.478), in the 2nd, 3rd and 4th
subgroups it increased from 706.5 to 743.5 cells/ul (p =
0.520), from 640 to 758.5 cells/ul (p = 0.542), from 864
to 884.5 cells/ul (p = 0.412), respectively.

Referenses

When conducting a statistical analysis, a corre-
lation was found between the level of B-cells in the
peripheral blood and the detection of pneumococcus
on the mucous membrane of the upper respiratory
tract. In those examined with a deficiency of CD19*
lymphocytes in the peripheral blood, an increase
in the frequency of isolation of the microorganism
was found (p = 0.003).

Thus, the obtained data correlate with literary
sources and confirm the immunological effectiveness
of PCV13 administration [10, 12, 13]. A pronounced
stimulation of the cellular link of the immune system
was revealed, which was expressed in a statistically
significant increase in the level of T-helpers in those
examined with a CD3*CD4* deficiency at the time
of the start of the study. It is important to note that
immunization led to an increase in the number
of immunological memory cells, which demonstrates
the effectiveness of the vaccination. At the same time
no statistically significant differences were found
in the control group.

Conclusion

Thus, the introduction of a 13-valent pneumococ-
cal conjugate vaccine to HIV-infected patients caus-
es immunological effects and can effectively reduce
the risk of infections caused by S. pneumoniae.
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NPABUJIA AJ19 ABTOPOB

CTaTbhy IPEACTABISAIOTCS B PEIAKIIMIO Uepe3 CUCTEMY 3JIeKTPOHHOTO0 n3naTeabeTBa (http://iimmun.ru) B cooTBeT-
CTBUHM C TpeOOBaHMAMM XypHana «MHbeKIusI 1 UMMYyHUTET» U «MHCTpyKIIMel 11T aBTOPOB», MPeaCTaBICHHOM
Ha caiite. C despans 2016 rona xxypHai «MHDEKIIMS 1 UMMYHUTET» TyOJIUKYET CTaTbU Ha IBYX SI3bIKaX (PYCCKOM
U aHTJIUIICKOM).

OcHOBHbIe BUbl cTaTeil, Nyo/IMKyeMbIX B XXypHane

OpHUruHaIbHAS CTAThA

CTaTbs A0JKHA OMUCHIBATH PE3YIbTaThl 3aKOHUEHHOT0 uccienoBaHus. Jlomyckaercss o0beM cTaTbi 10 20 Maliu-
HOTUCHBIX CTPAHUII, BKJOUast pUCyHKU, Tabauiibl. CTaThs JOJIXKHA colepkaTh: 1) BBeneHue; 2) MaTepuaibl U METO-
bl 3) pe3yabTaThl UCCIeAOBaHMI; 4) 00CyKIeHNEe Pe3yIbTATOB; 5) 6J1arogapHOCTH.

e BBenenne conepXxuT o00CHOBaHME 1eJIU U 3a]a4 ITPOBEIEHHOT0 UCCIeA0BAHUSI.

e MarepuaJibl 1 METObI MOTYT U3J1araThCsl B BUJAE OTEJIbHbIX (DPArMEHTOB C KOPOTKMMMU MOA3ar0JIOBKaAMU.

e Bce HeTpanuiimoHHble MOAU(PUKAIIMN METOIOB JOJIKHBI OBITH OTTMCAHBI C JOCTATOYHOI CTEIEeHbIO IO/~
pob6HocTH. JIJIsT BCeX UCIOJb3yeMBbIX B pab0Te PeaKTUBOB, SKUBOTHBIX, KJIETOYHBIX KYJBTYP M T.1. HEO0-
XOJIMMO TOYHO YKa3bIBaTh IPOU3BOIUTENEH /WU UCTOYHUKY MOTYyYeHU s (C HAa3BaHUSIMU CTPaHbI, hUp-
MBI, UHCTUTYTA).
PesyabTaThl ONMUCHIBAIOTCSI B JIOTUYECKOI MOCIEIOBATEILHOCTU B BUAE OTIEIbHBIX (DparMeHTOB, pa3je-
JICHHBIX MO/I3aTr0JIOBKaMU, 6€3 2JIEMEHTOB O0CYKAeHUsI, 6€3 MOBTOPEHUS METONUIECKUX ITOIPOOHOCTEM,
0e3 nyosimpoBaHU s HU(PPOBBIX JaHHBIX, IIPUBEICHHBIX B TAOJIMIIAX U PUCYHKAX.
B 00cyKaeHuM ITPOBOAMTCS AeTaJbHBIM aHAJINU3 TTOJYYEHHBIX JaHHBIX B COMOCTABJICHUM C TAHHBIMU JIU-
TepaTypbl, UYTO CIYKUT OOOCHOBAHUEM BbIBOJIOB U 3aKJIIOUYEHU T aBTOPOB.
Paznen «baaromapHocT» He sIBJIsIeTCS 00s13aTeIbHBIM, HO KpaiiHe xkeJiaTesieH. B aToM pasnese aBTOpbI MO-
T'YT BBIPA3UTh MPU3HATEIbLHOCTh OpPraHM3alli1, CyOCUINPOBaBIIEi TpoBeAeHUE UCCIEIOBAaHU M, KOJe-
ram, KOHCYJIbTUPOBABIIIMM pabOTYy B ITPOIIECCE €€ BHITTIOJTHEH U ST U/UJIM HATTUCAHU S, a TAKXKE TEXHUYECKOMY
TMepCcoHay 3a TMTOMOIIlb B BRIMOJTHEHU U UcciefoBaHu . biarogapHocTu 3a mpenocraBieHue crieiupuiec-
KUX peaKTUBOB UJIM 000pYyI0BaHMsI, KaK IIpaBUJIO, TIOMEIIAIOTCs B pasaeiie «MaTepuaibl U METOIbI».

Kparkue cooduenns

KypHan nyoinKyeT HeOoIblIKre 0 00beMY CTaTbU, KOTOPbIE UMEIOT 0€3YCIIOBHYIO HOBU3HY M 3HAUMMOCTh. DTHU
CTaThU IMPOXOMIST YCKOPEHHOE pelieH3UpOBaHNe U TyOJUKYIOTCS B KOPOTKHUE CpoKU. OOMit 00beM KpaTKOTO CO00-
IIEHU I OTPaHWYeH 8 MAITMHOMMCHBIMU CTPAHUIIAMHU, KOJTMYECTBO PUCYHKOB M/MJIW TaOIUI] HE MOXET OBITH OoJiee 3,
a CMUCOK MCMOJb30BAaHHBIX IMTEPATYPHBIX UCTOUHMKOB He JOJKEH MpeBbIIaTh 15. TUTYNbHBIN TUCT oopmseTcs,
Kak onucaHo Huxe (cM. «[Togroroska crareii»). Pazaenbl KpaTKoro cooOIIeH I aHAIOTMYHBI BBIIIIEOMTMCAHHBIM pa3-
JleJlaM OPUTUHAJIBHOM CTaTbU, HO HE BBIIEISIIOTCS 3aT0JIOBKAMU U TTOA3ar0JIOBKaMU, Pe3yJIbTaThl MOTYT OBITh U3J10-
JKEHBI BMECTE C 00CYXICHUEM.

O030pHbBIE CTATHY U JIEKIUU

O0630pHbIE CTAaTbU U JIEKIIMY B OCHOBHOM 3aKa3bIBaIOTCS pelaKIlMei UM MOTYT ObITh PEKOMEHI0BaHbI OMHUM U3 UJie-
HOB penkosuternu. bojee monpodHyo nHMOPMAIINIo O TpaBUIax 0(POPMIEHUS 3TUX CTaTei MOXKHO Y3HATh B pelaKIINU.

Bubnuorpacpuyeckmne ctaHgapTbl ONMCAHUS LUTUPYEMbIX NyGnukaumni

Onucanue CTaTbU U3 XKypHAJIA:

Casnuna T.1O., Mopososa T.1. UmmyHoormueckue MeTonbl B tuddepeHimaibHoil nuarnoctuke // Ty6epkyies u 601e3HU JTeTKHX.

2011. T. 88, Ne 11. C. 50-53.

Salina T.Yu., Morozova T.I. Immunological methods in differential diagnostics. Tuberculosis and Lung Diseases, 2011, vol. 88, no. 11, pp. 50-53.

Onucanue craTbu N3 KHUTH (MOHOTpadum):

Llypeiruna U.A., Yecnokosa M.B., Kinumos B.T. [IceBnoTybepkynes. HoBocubupcek: Hayka, 2003. 320 c.

Shurygina I.A., Chesnokova M.V., Klimov V.T. Pseudotuberculosis. Novosibirsk: Nauka, 2003. 320 p.

IIpumepsi npaBubHOrO 0hOPMJIEHUS AHIJIOA3BIYHBIX CCHLIOK:

Turenne C.Y., Wallace R., Behr M.A. Mycobacterium avium in the postgenomic era. Clin. Microb. Rev., 2007, vol. 20, no. 2, pp. 205-229.

Goodman J.W., Parslow T.G. Immunoglobulin proteins. Basic and Clinical Immunology. Ed. Stites D.P., Terr A.1., Parslow T.G. Appletion &

Lange, 1994, pp. 66—79.

CchLIKY Ha TUTEPATyPHBIE MICTOYHUKU B TEKCTE CTaThU, B PUCYHKAX M Ta0IM11aX 0003HAYAIOTCS apaOCKUMU M-
paMu B KBaJpaTHBIX ckoOkax [1, 2, 3,...]. He momyckaioTcs cChIIKM Ha nucCepTalluu, aBTopedepaThl AMCCEpTaLlnii,
nyoJaMKaluu B COOPHUKAX, METOAMYECKHE JOKYMEHTHI MECTHOTO ypOBH 1. Ko1MyecTBO NICTOUHUKOB HE OrpaHUYEHO.
B xax10ii cchlyike MpuBOASITCS BCe aBTOPbI paboThl. HeonyOanKoBaHHbBIE CTaThbU B CIIUCOK HE BKJIIOUAIOTCS.

00603Ha4YeHNs, COKpaLLEHUS U eAUHULLbI U3MEepPEeHNs

J1s CIOXKHBIX TEPMUHOB MJIM HA3BaHU M, HaK0OJIee YaCTO UCTOJIb3YeMbIX B TEKCTE CTATbU, MOXHO BBECTH (B KPY-
[JIBIX CKOOKAaX MocJje MepBOro ynoMMHaHUS TTOJTHOTO Ha3BaHUsI TepMUHA) He Oosiee 3—5 HeTpaauIIMOHHBIX COKpa-
IEHWIA. Y3aKOHEHHbIE MEXIyHapOTHBIMU HOMEHKJIATYpaMU COKpAIIeHUST WCIOJb3YIOTCS B COOTBETCTBYIOIIEH
TpaHcKpunuuu. Hampumep, 11 TEpMUHA «MHTEPIENKUH» UCIIONB3yeTCs cokpatenue «IL», a He pyCCKOSI3bIYHBII
BapuaHT «MJI»; aHaIornuHo sToMy ucrnonb3yrorcst cokpaineHus: < NF», a He <TH®» unu «®HO»; «CD», a He «C».
HasBaHus MUKPOOPTaHU3MOB MIPUBOISITCS B OPUTMHAIBHON TPAaHCKPUIILIMU C UCTIOIb30BaHUeM KypcuBa (E. coli,
Streptococcus pyogenes). ETUHWIIBI U3MePEHU I TPUBOASATCS 6€3 TOUKHU TTOCJIe X COKPAIIIEHHOT0 0003HaYeHM I, peryia-
MEHTHUPOBAHHOI'O MEXIYHapOIHBIMU IIpaBUIaMu (C, 4, cM, MJI, MT, kDa u T.1.).
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MpaBuna aAna aBTopos MHdekumns n uMmyHuTeT

Od)OpMHEHMe WINIOCTPATUBHOINO Matepuana

WnnocTpaTuBHbI MaTepua J10JKeH ObITh OPUTMHAJTBHBIM, T.€. paHee HUTJAE He onyOJMKoBaHHBIM. O0lee Ko-
JINYECTBO MJUTIOCTpALUii (TabJIUI] 1 pUCYHKOB) HE JIOJXKHO MpeBbIIaTh BOCbMU. [1pu 60JibIlieM KOJTMYECTBE UIIJTIO-
cTpauuii ux myoJuKanus onjadynBaeTcs aBTopoM. [1ydiukanums HBETHbIX MJUTIOCTpALIMi (HE3aBUCUMO OT UX KOJIM-
YeCTBa) TaKKe OIJIAYMBAETCS aBTOPOM.

Pa3meps! naocTpanmii:

* MakcuMaJibHasi Beicota — 210 MM

* MakcuMajbHas muprHa 18 1 crondua — 82 mwm, 1ist 2 ctoa61oB — 170 Mm

Ta6anupl. Kaxkaas Tabania mpenocTaBisieTcsl OTAeIbHBIM daiisom. Tabauiiel HyMepyloTcs apabckuMu nudpa-
MU OTAEJIBHO OT HyMepaluu PUCYHKOB (rpacdukoB u potorpacduii). HazBanue reuaraercs Han Tabauieii. Bech Tekct
Ha PYCCKOM sI3bIKe, colepKalluiics B Tabauile, BKIoYash eAUHUIBI U3MEPEHUsI, JOJKeH ObITh MepeBeaeH Ha aH-
TJIMICKUI S3bIK; TPU 3TOM MEPEBOJL CeAYET MOMEIIATh B SYEHKY C COOTBETCTBYIOLIUM PYCCKUM TEKCTOM OTAEIbHOMI
crpokoii. HazBaHue TabauIIbl M TEKCT IpUMEYaHUsI K Hell TaKkKe JOJIXKHBI ObITh MepeBeeHbl Ha aHTJIMMUCKUI SI3bIK
U TPUBEACHBI MO/l PYCCKUM TEKCTOM C HOBOW CTpOKU. [lJisl MOMETOK B TabJaMIIaX CleNYyeT UCIOJAb30BaTh OAHY WU
HecKoJbKo (*). [losicHeHMs TevyaTaioTcs IOoCje COOTBETCTBYIOIIEro KojauuecTna (*) monm tadbmuueit. EquHuIbI n3me-
peHusl, TPy HEOOXOAMMOCTH, BKJIOUAIOTCS B 3aTOJIOBKY CTPOK UJIM CTOJIOIIOB.

Pucynku (rpaduku u ¢ororpadun). B Tekcte ctaThu Ha3BaHUSI pUCYHKOB (rpadukoB, potorpaduii) u Tadbiuil pas-
MelaloTces cpasy nocje abzalia, rjae Ha HUX JaeTcs repBasi cchliika. Bce pucyHKU HyMepyloTcsl ociea0BaTe1bHO apad-
CKUMU UMpaMU TT0 Mepe MX BKJIIOYEHUS B TEKCT cTaTh. Ha3BaHUSI PUCYHKOB U MOATIMCHA K HUM BBIHOCSITCSI B BUIE
CITMCKa B OTASBHBIN aita. B crircke yka3eIBaloTCs: HOMEp pUCYHKa, Ha3BaHMe (C OOJIBIION OYKBHI), TEKCT ITpUMeYa-
Huii (111 MUKpodoTorpaduii 10JXKHO ObITh yKa3aHo yBeaundyeHue). [lonnucu K pucyHKaM JaioTcsl KpaTKue, HO 10cTa-
TOUHO MH(bOpMaTUBHbIe. HazBaHM S pUCYHKOB M TPUMEUYaHU I K HUM, HAPUCYHOUHbIE MOAMUCH, TEKCT JIETEHIbI JOJIK-
HBbI OBITH ITepeBeIeHbl HA AHTIIMICKUT SI3bIK M pa3MelleHbI TTOJl COOTBETCTBYIOIIMM TEKCTOM C HOBOM CTPOKU. PUCYHKM
MOTYT OBITh MpeACTaBICHBI B TpaduuecKuX hopmaTax ¢ pacimpernueM .tif (paspemenue He meHee 300 dpi ipu 100%
MaciTabe), .eps uin .ai. M3o0pazkeHuss, BCTpoeHHBIE B TOKyMeHThl Word, He mpuHuMaoTcs. ['paduku u guarpaMMbl
MPEAOCTABISIOTCSI BMECTE C TaOJIMIIaMU, Ha OCHOBE KOTOPBIX OHU ObLJIM CO3JIaHbl, UJIU C YUCTCHHBIMU 0003HAUEHM -
MM MoKasaTesieid, 0ToOpakaeMbIX COOTBETCTBYIOIIMMU TpadrUyecKMMU 2JIeMEeHTaMU (CTOJIOMKAaMU, CEKTOPaMU U T.I1.)
B BUJIe (DaiiJIoB ¢ paciiMpeHusiMu .doc Uiiu, pearnoyTuTeabHee, .XIs.

MnaTa 3a ny6nukauuio ctatei

[Ipu coGmromeHnM MpaBuUII MyOJIUKAILMs cTaTeil B XXypHaie «/HbeKInsa 1 UMMYHUTET» SIBJISETCS OecCIIaTHOMN
IUTS1 aBTOPOB M YUPEXIEHU I, B KOTOPBIX OHU paboTaloT. Penakiiys MoxXeT MoTpedoBaTh OIJIATY B CICAYIONIUX Cyyda-
sx: 1) 3a myO6aMKaLMIO IIBETHBIX UJLTIOCTPALIMii; 2) MTPpU 00JbIIOM KOJIUYECTBE HILTIOCTPATUBHOIO MaTepuaJa (CBbIlIe
8 mimocTpanuii).

MoprotoBka cTartei

IMpu penocTaBAeHNN CTATbU aBTOPBI TOJXKHBI pyKOBOJCTBOBATHCS TPEOOBAHUSIMU, TIPUBEICHHBIMU B HUXeCIIe-

nyomux nyHKTax. CTaThsl MOXET ObITh OTKJIOHEHA, €CJIM OHa UM He COOTBETCTBYET.

1. HampaBiisist cTaThIoO B >KypHaJ, aBTOPbI FapaHTUPYIOT, UTO MOJaHHbIE MaTepUasibl He ObIIU paHee OMmyOJIMKOBaHbI
MMOJTHOCTBIO MJIW TI0 YacTsIM, B JII000# hopme, B JII0OOM MeCTe MJIK Ha JTII0OOM si3biKe. Tak ke aBTOpbI TapaHTUPY-
0T, YTO CTaThsI He TIpeACTaBIeHA I pACCMOTPEHUS U MyOIUKaIlUuy B IpyroM XypHaie. C MOMeHTa TIPUHSTUS
CTaThU K TeyaTu B KypHayie «MHbeKIns 1 UMMYHUTET» TPUBEACHHBINM B Hell MaTepral He MOXET OBITh OITy-
OJIMKOBaH aBTOpaMU IOJHOCTBIO MJIM I10 YaCTsIM B 1100011 (hopme, B TI0OOM MeCTe 1 Ha J1I000M sI3bIKe O0e3 coria-
COBaHUS C PYKOBOJCTBOM XYypHasa. VICKTI0UeHEM MOXET SIBJAAThLCS: 1) MpeaBapuTeabHash UM MoCIeaylomas
MyOJIMKALIMsI MATePUAaIOB CTaThU B BUE TE3UCOB MJIM KOPOTKOT'O pe3ioMe; 2) UCITOIb30BaHE MaTePUAJIOB CTaThU
KaK 4acTH JIEKIIMW WM 0630pa; 3) UCTIOb30BaHUE aBTOPOM TPENCTABIEHHBIX B JKYpHAaJI MaTepHUaoB MPU Ha-
MYMCAaHUU IUCCEePTALMU MJIM KHUTH. Bocmpon3BeneHne BCero n3naHus UM 4aCcTH JTI0OBIM CITOCOOOM 3arIpeliaeT-
cs1 6e3 MUCbMEHHOr0 pa3pelneHus uznareneir. HapyiieHue 3aKkoHa OyaeT IpeciieaoBaThCs B CyaAeOHOM MOPSIAKE.
Oxpansiercss 3akoHoM PD Ne 5351-1 «O6 aBTOpCKOM IpaBe U CMEXHBIX TpaBax» oT 09.07.93 r.

2. @aiin oTIIpaBiIgeMOil CTaThbU MpeacTaBieH B ¢opmare .doc, .docx, .rtf.

3. [TomuMo (aiina co cTaThbeil, IIPeIoCTaBICHBI CIeaYIoIre (paitIb:

1) daiin ¢ MeTagaHHBIMU (IIPU 3aTPy3Ke B CUCTEMY eMY IpUCBauBaeTCsa UM «MeTagaHHBIC»):
e haMuIMsI, UM, OTYECTBO, YUueHasl CTelleHb, yUYeHOe 3BaHHe, NOJXKHOCTb aBTOpa, OTBETCTBEHHOTO
3a TaJIbHEN YO TIepernucKy ¢ peaakiiveit (Ha pycCKOM U aHTJIMCKOM $I3bIKaXx);
e Ha3BaHUE YUPEXKIECHUS, TOae paboTaeT OTBETCTBEHHBIN aBTOP (B pyCCKOM U OGUIIMATBHO MTPUHSITOM
aHTJIMICKOM BapuaHTax);
TMOYTOBBIN apec IS IEPENUCKY ¢ YKa3aHUEeM ITOYTOBOTO MHIeKca (Ha pyCCKOM M aHTJIMHCKOM SI3bIKaXx);
TesnedoH, akc (c yKazaHMeM Koja CTpaHbl U ropojaa), e-mail;
daMuIMsa U MHUIIMAJIBI OCTaJbHBIX COABTOPOB, UX YUEHbIE CTENeH U, yUeHbIe 3BaHU I, TOJXKHOCTH;
MOJTHOE Ha3BaHUE CTAThbU, HAIIPABJISIEMOM B peIaKIIMIO;
KOJIMYECTBO CTPAHUII TEKCTa, KOJTUYECTBO PUCYHKOB, KOJIMYECTBO TaOJIUIIL;
paszaena XXypHaia, IJisT KOTOpOro nmpeaHa3HavyeHa qaHHas paborta: «Jlekuuun», «O630pbl», «Opurn-
HaJIbHBIE CTAaThi», «KpaTKue coobIeHsI», «B MOMOIIL MTPaKTUYECKOMY Bpady»,
e /aTa OTIIpaBJeHU S PaOOTHI.
2) OTckaHUpOBaHHas KOMUs (haiija ¢ MeTaJaHHBIMU MOAMUCAaHHAs BCEMH aBTOpaMHu (ITPU 3arpy3Ke B CUCTe-
My eMy ImpucBauBaeTcst UMs «IToamucu aBTOpOB»).
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3) TuTyabHBIN IUCT (IIPpU 3arPy3Ke B CUCTEMY eMy MpUCBauBaeTCsa UMsl « [UTYJIbHBIN JTUCT»), 10 (hopMe:

e Ha3BaHUeE CTaThy (0€3 UCIOIb30BaAHU ST KAKUX-TMOO COKPAIIIEHU i, HA PYCCKOM U aHTJIMICKOM SI3bIKaX);

e (hamMuIMsl, UMSI, OTYECTBO, yUeHasl CTEIeHb, yUeHOe 3BaHUe, JOJIKHOCTD KaXXI0ro U3 COABTOPOB CTaTbU
(ITOJTHOCTBIO, HAa PYCCKOM U aHTJIMMCKOM SI3bIKaX);

e MopasaelieHue 1 yuapekjaeHure, B KOTOPOM BBITIOJTHsIJIaCh paboTa; B ciiydae, eCJIM aBTOpaMU CTaTbU
SIBJISTIOTCSI COTPYTHUKU Pa3HBIX YUPEXKJISHUI, TO MOCIeTHUEe HYMEPYIOTCS 110 MOPSAKY, HauMHas
C eAMHMUIIBI, U COOTBETCTBYIOIIAS IIMdpa pa3MmeliaeTcs nocje aMuany aBTopa, MpeacTaBsoero
NIaHHOE yupexIeHue; AJs1 MAapKMPOBKM aBTOPOB B aHIJIOSI3bIYHON YacTU CTaThbd BMECTO LMD UC-
MOJb3YITCS JIJAaTUHCKUE OYKBHI (a, b, ¢, d u T.11.);

e COKpalIeHHOE Ha3BaHUE CTAThbU [1JIsl BEPXHEro KOJOHTHUTYJIA (He 60jiee 35 CMMBOJIOB, BKJIIoUast po-
GeJIbl M 3HAKU MPperMHAHU S, HA PYCCKOM U aHTJIMICKOM sSI3bIKax);

e He MeHee 6 KITI0UEeBBIX CJIOB Ha pPYCCKOM M aHIUIMHCKOM SI3bIKaX;

e ajpec IJIs MEpeNuCcKU ¢ yKazaHueM HoMmepa TejiepoHa, (pakca u agpeca e-mail.

4)

Pesiome (mpu 3arpy3ke B cucTeMy eMy npucBauBaeTcs uMs «Pe3iomMe»). [IpenocTaBisieTcs B BUe OJHOI0 ad-

3alia 6e3 cChlIoK U crielududeckux cokpaiieHuii. Oo6bem — He meHee 300 cioB. Pe3tome B mojHOM oObeMe
MpeACTaBIsIETCS TaKKe B IepeBo/ie Ha aHIIMHCK U I3bIK. B OTHEIbHBIX CiTyyasix, 1Mo peleHu o peJaKIimoH-
HOM KOJIJIErnU, MOXET ObITh 3aTPe00BaH pa3BepPHYTHI BADUAHT PE3IOME Ha aHTJIUHCKOM SI3bIKE.

5) PUCYHKM, €CJIM OHU €CTh — KaXXIbIX OTAEIbHBIM (haitoM (IMTpu 3arpy3Ke B CUCTEMY KaXKJIOMY PUCYHKY TTpH-
cBauBaeTcs uMs «PucyHoxk IlopsiakoBbiii HoMep pucyHKa. Ha3zBaHue pucyHKa»).

6)

®aiin B popmare .doc, .docx, .rtf co cmuckoM, B KOTOPOM yKa3bIBalOTCS: HOMEp pUCYyHKa, Ha3BaHUe (C 00JIb-

1I0¥ OYKBBI), TEKCT IpUMEUYaHU i (1151 MUKpodoTorpaduii 1oakHO ObITH YKa3aHo yBennueHue). [oamucu
K pUCYHKaM Jal0Tcs KpaTKue, HO I0CTaTOYHO MH(MOPMaTUBHBIE.

7)

BeICHEBI 3aT0JIOBKOM B (haiijie ¢ caMoil Tabaulieit).
8) aiiy c HUTUPYEMOI TUTEpaTypoii (IIPU 3arpy3Ke B CUCTEMY eMy ITpucBauBaeTcs ums «JIuteparypa») B Buae
TaOJIMIIbI U3 YEThIPEX CTOJIOLOB (aJ1bOOMHAsI OpHUeHTaLl M), Te:

Tabnuibl, eci OHU €CTh — KakJast OTACJIbHBIM (haiiioM (Ha3BaHUe KaxKI0M TaOJIUIIbI JOJKHO OBITh TIPU-

ITopsakoBblit
HOMep CCHLIKH

ABTODDI, HA3BaHKeE MYOIMKALMH
1 HCTOYHHUKA, TIe OHA
OnyO0JMKOBAHA, BLIXO/AHbIE AHHbIE

®.1.0., Ha3BaHKe MyOIHKAIMA H HCTOYHHKA
Ha aHIJIMIACKOM f3bIKe

IToanbiii uHTEpHET-2/pEC
(URL) uurupyemoii cTaTbu
u/umm ee DOI

Pasmernatorcs

B Ta01M1Ie

B ajihaBUTHOM
MopsiiKe, BHavYaIe
PYCCKOSI3bIUHBIE,
3aTeM Ha sI3bIKax
C JIATUHCKOIA
rpacdukoi

VkasbIBaTh

1o 6ubarorpapuyecKkomy
CTaHJapTy, MPEACTABIEHHOMY
BbILLIE

OduiraabHOE aHTIOSI3bIYHOE Ha3BaHUE
ny6JIMKalMK U UICTOYHKKA, TJIe OHA
orny0JIMKOBaHA — JIJISI PYCCKOSI3bIUHBIX CTATEi.
B penkux ciyuasix, KOraa He CyLecTByeT
ouIIMaTbHBIX AHTJIOS3bIYHBIX HA3BAHUA,
penakius MPOCUT MPEAOCTABISATh X EPEBO/I,
0003Hayas ero KpaCHbIM LIBETOM HIpUQTa.
J11s1 aHTI0SI3BIYHBIX MYOMKANMIL M HCTOYHUKOB
B 3TOM CTOJI0IIe CTABUTCS MPOYEPK

B oM ciyuae, eciu
nHdopMalus o cTaTbe
He pa3MeleHa

Ha o(UIIMaTbHOM caiiTe
U3IaHUs, IOTTYCTUMO
ucnosnb3oBath URL ctatbu
CO CTOPOHHUX CAalTOB,

B T.4. CUCTEMBI
www.e-library.ru.

DOI cratbu npuBoaUTCS
B KBaJPaTHBIX CKOOKAxX
nocie URL-aapeca

4. TekcT moJKeH ObITh HAOpaH C ONMHAPHBIM MEXCTPOYHBIM MHTEPBAJIOM; UCIIOJIb3yeTCs Kerib mpudTa B 14 MyHK-
TOB; JIJIsI BBIZICJICHU ST UCTIOJIB3YETCSI KYPCHB, a HE TTOIUePKMBAaHUE; BCE CChIJIKY Ha UJLTIOCTpAluU, TpadKuy 1 Tad-
JIVIIBI PACTIOJIOKEHBI B COOTBETCTBYIOIIMX MECTaX B TEKCTE, a HE B KOHIIE TOKYMEHTA.

(9,

. TeKCT COOTBETCTBYET CTUJIMCTUYECKUM 1 OMOIrorpauuyecKuM TpeOOBaHUSIM.

6. Eciiu BBl OTIIpaBIIsIeTe CTaThiO B PELIEH3MPYEMbIil pa3/iel XKypHalia, TO Bbl COIIACHBI C TPEOOBAHUSIMU CJICIIOTO
peleH3MPOBaHMSI, TOAPOOHEEe 0 KOTOPOM MOXHO y3HAaTh Ha caiite xypHaja (http://iimmun.ru) B pyopuke «Pe-
HeH3upoBaHue» paszaeiia «O KypHaje».

Boi MokeTe 0(hOpMHUTH MOANMMCKY HA XKYPHAJT
«Andekuns 1 IMMMYHUTET» Yepe3 OTIAeJIeHUs CBS3H:

000 «¥Ypaa-ITpecc-Okpyr» u 21eKTPOHHBII KaTaJjor «Poccuiickas nepuoauka»

B ceTu Internet Ha caiite www.arpk.org.
TloanucHoii naaekc 41392.
IMoanucka Ha 3JIEKTPOHHYIO BEPCHIO XKyPHAJIa
Ha caiite www.elibrary.ru
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Figure 3. Percentage of differentially abundant taxa identified between pre-treatment and post-treatment TB pairs
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