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UnniocTpauums K ctatbe «CTpaTernm BbXUBaHUS, pacnNpoCcTpaHeHUs U BUPYJIEHTHOCTU BO30OyauTens
Tynapemun» (aBTopbi: T.10. Kyapssuesa, A.H. MokpueBuy) (c. 9-23)

lllustration for the article “Strategies for tularemia pathogen survival, spread and virulence”

(authors: Kudryavtseva T.Yu., Mokrievich A.N.) (pp. 9-23)
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PucyHok 2. 0co6eHHOCTM CTPOoeHUs 060/104KM NaTOreHHbIX ANA YenoBeka noaBuaos F. tularensis v ee
ponb B BUpYyneHTHocTu [104]
Figure 2. Features of shell structure in F. tularensis subspecies pathogenic to humans and its role in virulence [104]

Mpumeyvanue. Kancyna F. tularensis, napeHtnaHas O-aHTureHy JINC, 610kmMpyeT cBsS3biBaHNE aHTUTEN 1 KOMMoHeHTa C3
komnnemenTa. JINC F. tularensis oTnM4aeTCcs TEM, YTO OH TETPAALMAMPOBAH, UMEET AJIMHHOLLENOYEYHbIE aLUbHbIE Lienm
(anunHoi 16-20 aToMoB yrnepoaa), nmbo He docdopunmpoBaH, 60 MOHOPOCHOPUNNPOBAH, @ TakXe ABNSeTCA CnabbiM
aroHucTom TLR4. Munn tuna IV 06pasyioT poroBrAHbIE BbICTYMbI HA MOBEPXHOCTW BakTepuiA, 1 XOTS OHU KOPPENUPYIOT

C BUPYNEHTHOCTbIO, ToUHasa dyHKUMS nuneit Tuna IV F. tularensis HemaecTHa. Cuctema cekpeunm Tvna Vv, kogvpyemas
Francisella Pathogenicity Island (FPI), BkntoyaeT asa nosTopa oT 16 o 19 reHoB, 0TBETCTBEHHbIX 32 CUHTE3 COOTBETCTBYIOLLENO
yncna cekpeTrpyemblx HENIKOB «0CTPOBA NATOreHHOCTW». F. tularensis cekpeTupyeT Takxe pa3nuyHble 6enku, Bkoyas AcpA,
KatG 1 SodB, HO MexaHn3Mbl X cekpeLmmn Henm3BecTHbl. HapyxHas membpaHa (OM) F. tularensis conepXuT MHOO HapyXHbIX
mMeM6paHHbIx 6enikoB (OMP) 1 niMnonpoTenHOB HapyXHo meMbpaHbl (OMLpS), koTopble HEOOXOAUMbI ANt BUPYIEHTHOCTH.
Mepunna3amaTnyeckue H6enkm 1 6eskn BHyTpeHHen membpaHnbl (IMPS) Takxe urpatoT posib B BUPYNEHTHOCTW F. tularensis,

HO O HVX M3BECTHO ropaszio MeHbLLE.

Note. The F. tularensis capsule, identical to the LPS O-antigen, blocks the binding of antibodies and complement component

C3. F. tularensis LPS is distinctive in that it is tetraacylated, has long-chain acyl chains (16-20 carbons in length), being either
unphosphorylated or monophosphorylated, and is a weak TLR4 agonist. Type IV pili form horn-like projections on the surface

of bacteria and, although they correlate with virulence, the precise function for type IV piliin F. tularensis is unknown. The type

VI secretion system, encoded by the Francisella Pathogenicity Island (FPI), includes two repeats of 16 to 19 genes responsible
for production of relevant number of secreted pathogenicity island proteins. F. tularensis also secretes various proteins, including
AcpA, KatG, and SodB, but the underlying mechanisms are unknown. The outer membrane (OM) of F. tularensis contains many
outer membrane proteins (OMPs) and outer membrane lipoproteins (OMLps) that are essential for virulence. Periplasmic proteins
and inner membrane proteins (IMPs) also play a role in the virulence of F. tularensis, but much less is known about them.
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CTPATErnn BbDKUBAHUA,
PACMPOCTPAHEHUSA U BUPYJIEHTHOCTHU
BO3BYOUTENA TYIAPEMUA

T.JO. KynpsasueBa, A.H. MoxkpueBu4

DbYH locydapcmeeHnblil HAy4HbLI YeHMP NPUKAAOHOU MUKPOOUoao2uu u buomexnosoeuu, n. Obonrenck, Poccus

Pestome. bakrepus Francisella tularensis — TUOJOTUYECKUI areHT TYJISIPEMUH, IIPUPOTHO-0YArOBOM, 0000 ormac-
HOI1 nH(peK LU, KoTopas, «b1arogaps» HU3K0M MHPEKIIMOHHOM 103€ 1 CIIOCOOHOCTH IIepeaaBaThCs YeJI0BEKY BCEMU
BO3MOXHBIMU ITyTSIMHU, SIBJISIETCS TIOTCHIIMAIBHBIM areHTOM OMoTeppopusMa. YeroBeuecTBy yxKe OoJiee CTa JIeT 13-
BECTEH 3TOT BO3OYIMUTENIb, OMHAKO IO CHX ITOP MPEIOTBPATUTh MaCcCOBEIEC BCITBIIIKY 3a00JIeBAaHNU S JTIONCH HE yaaeTcs,
a JUTS TIOITBEPK ICHU ST TUATHO3a «TYJISIPEMUsI» TPeOyeTCsT OT HECKOJbKUX JTHEI 0 HECKOJNIBKUX Hefle b, lnarHocTuka
TYJSIPEMUH U JieueHUe, 0COOCHHO MPU CIIOpaandeckoil 3a001eBaeMOCTH, M3-3a OJMMOp(U3Ma KIMHUIECKUX CUM-
IITOMOB, Pa3HOOOPa3HOI JIOKAIN3aluK WHGEKIIMOHHOTO MPOoIlecca M MHOXECTBEHHOW TTPUPOTHON YCTOMUYMBOCTHI
BO30OYIMTENSI KO MHOTUM aHTUMUKPOOHBIM IIperaparaM BhI3bIBaeT OYeHb OoJblive 3aTpyaHeHus. OCHOBA BUPY-
JIGHTHOCTU BO3OYIMTENS TYASIPpEMUU — CIIOCOOHOCTH HapywaTh (yHKIMIO (arouuToB. B opraHu3me XKMBOTHO-
IO ¥ YeJOBeKa pa3iuvyHble OaKTepUaJbHbIC CUCTEMbI TYJISIPEMUIHOIO MUKpPOOa paboTalOT BMECTE, YTOOBI 000MTH
MMMYHHYIO CUCTEMY, IPUKPENUTHCS K 3YKAPUOTUYECKUM KJIETKAM U IPOHUKHYTh B HUX, OJIOKMPOBATh CIUSHUE
(harocombl ¢ 1M30COMOM, PA3MHOXKHUTHCS B pa3IMYHBIX KJIETKAX X035IMHa, He Oya1y4u 0OHapyKeHHbIMU, UHIUOUPYS
CBOE YHMYTOXEHUE U BbI3bIBasi TU0E/Ib KJIETOK-X035I€B IJIs1 BEICBOOOXICHUS OaKTepuil U MHPULIUPOBAHUS COCE-
HMX KJIETOK TKaHeil, pa3BuBasi TaKiUM 00pa3oM MH(GEKIMOHHOe 3a00eBaH1e B Pa3HbIX OpraHax. [Jjis 3Toro ciyxar
Y YHUKAJIBHBIH, 3aBUCUMBII OT KOMILJIEMEHTA, TIPOLIeCC TPOHUKHOBEHHUS B KJICTKY X035 IMHA, Ha3BaAHHBIN TICTIICBEIM
(barorrmTO30M, M HEOOBIYHBI MHEPTHBIM SHIOTOKCHH, M BAPhHPOBaHNE Pa3HOOOPAa3HBIX MOAN(MUKAIINI (DOPM «CBO-
6omHoro» unuaa A u tununa A B coctase JITIC, u nmHaMuyeckoe peryJMpoBaHUe IJTUHBI €r0 alliJIbHBIX LIETei,
" crienrpuIHas KOMOMHAIIUS PETYASITOPHBIX (PAKTOPOB IJIsI MHIYKIMU CUHTE3a OEJIKOB «OCTPOBA ITATOT€HHOCTM».
HaxomnjieHHBIC TOUeUHBIE MyTalliW, BHYTPUTEHOMHBIC TIEPECTPONKH, ACJCIINH, BCTABKY, TYTIJINKAIIUY, TPAHCIIO3H-
LIMU, Aerpaaalus TeHOB, BApbMPOBaHME YUCIa KOMUA B MOBTOpsitoluxcs nociaenoBateabHocTsax JAHK, a Takxke ro-
MOJIOTMYHAsI ¥ HETOMOJIOTUYHAsI PEKOMOMHAIIMK SIBJISIIOTCS OCHOBOM 3HAYMTEIBHOTO PACHIMPEHUST BO3MOXHOCTEM
CYILIECTBOBAHU S BO30OYAUTES TYJAIPEMUU: CIIOCOOCTBYIOT BBIXKMBAHHU IO IIITAMMOB IOJJAPKTUYECKOT0 MOABM 1A B pa3-
JIMYHBIX YCIOBUSIX, B TOM YMCJE B YCIOBUSX OCMOTUYECKOIO II0Ka, GOPMUPYIOT MHOXECTBEHHYIO YCTOMYMBOCTD
K pa3JIMYHBbIM TOKCMYECKUM BEILECTBAM, MEHSIIOT BUPYJICHTHOCTb OABUIOB F. tularensis. AHaI13 3HAYUTEIBHOTO KO-
JIMYECTBA MyOJUKAIMIA 11O KaXXIOMY M3 TIEPEIMCICHHBIX aCTIEKTOB KU3HEACATSIBHOCTHA BO3OYIUTEIIS TYISIPEMUAY —
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MOMBITKA O0bEAMHEHUS OTINYNI, OCOOEHHOCTEN CTPOEHUS U «YJIIOBOK» KJIE€TOK Buaa F. tularensis, IO3BOJISIONINX
JAHHBIM OaKTEPUsIM SIBISITHCS MOITHBIM MATOT€HOM, 00JIalaTh BHICOKON CITOCOOHOCTBIO K aganTalliy IpU HU3KOM
M3MEHYMBOCTH BO3OYIMUTES M OrPAHMYEHHOM F'€HOME 110 CPAaBHEHMIO C IPYTUMM 0CO00 ONTACHBIMU OaKTEPUIMMU.

Karouesvie caosa: Francisella tularensis subsp. holarctica, éupysenmuocms, 5SHOOMOKCUH, 6HYMPUKACTNOUHAS N0KAAUZAUUS
U PenAUKayUsl, MHOJICECMBEHHAS NeKAPCMBEHHAS YCMOUYUBOCHb.

STRATEGIES FOR TULAREMIA PATHOGEN SURVIVAL, SPREAD AND VIRULENCE
Kudryavtseva T.Yu., Mokrievich A.N.
State Research Center for Applied Biotechnology and Microbiology, Obolensk, Russian Federation

Abstract. The bacterium Francisella tularensis is the etiological agent of tularemia, a natural focal, especially dangerous
infection, which, “thanks to” its low infectious dose and ability to be transmitted to humans via all possible routes, is a po-
tential bioterrorism agent. This pathogen has been known to mankind for over a hundred years, but it is still impossible
to prevent massive human disease outbreaks and sporadic incidence cases, whereas tularemia diagnosis may be verified
within several days-to-weeks. The basis for tularemia causative agent virulence is based on its ability to disrupt phagocyte
function. In animals and humans, the various Francisella tularensis systems work together to bypass host immune sys-
tem, attach to and enter eukaryotic cells, block phagosome-lysosome fusion, multiply in various host cells without being
detected, inhibit their destruction and cause host cell death to release bacteria and infect neighboring tissue cells, thus
developing an infectious disease in different organs. This is achieved through a unique complement-dependent penetra-
tion process into host cell, called loop phagocytosis, and an unusual inert endotoxin as well as variation in diverse forms
of “free” lipid A modifications and lipid A in the LPS composition, its dynamic acyl chain length regulation, and specifi-
cally combined regulatory factors to induce the “pathogenicity island” protein synthesis. Accumulated point mutations,
intragenomic rearrangements, deletions, insertions, duplications, transpositions, gene degradation, variation in the num-
ber of copies in repeated DNA sequences, as well as homologous and non-homologous recombinations underlie a mark-
edly expanded potential for existence of the tularemia causative agent: they contribute to the holarctic subspecies strain
survival in varying conditions, including osmotic shock, to form multiple resistance to various toxic substances and alter
F. tularensis subspecies virulence. Analyzing a whole body of publications on the abovementioned aspects for tularemia
causative agent life activity attempts to combine the differences, structural features and “tricks” of the F. tularensis species
cells allowing them to be a powerful pathogen, with a high potential to adapt upon low pathogen variability and a limited
genome length compared with other specially dangerous bacteria.

Key words: Francisella tularensis subsp. holarctica, virulence, endotoxin, intracellular localization and replication, multidrug resistance.
holarctica, KOTOpble BBIICISIOTCS Ha TEPPUTOPUSIX

pa3IMYHBIX IIPUPOAHBIX o4yaroB EBporbl, Asuu,
CeBepHOil AMepUKM, ABCTpaauu, OT BOIHBIX

okonormnyeckasa ctabunbHOCTb

Francisella tularensis — mMenkuii, rpaMoTpuLa-

TeJIbHBI, HEMMOABUXHBIN, (DaKyJbTaTUBHBIN BHY-
TPUKJIETOYHBIN OaKTepUaabHbI MATOTEH — UMEET
BIICYATIS IOLI M AMATIa30H X03s1€B, KOTOPBI BKJTIO-
YyaeT COTHU BUJIOB: TO3BOHOYHBIX (B OCHOBHOM, 3TO
TPBI3YHBI U 32 11bI), 06CITO3BOHOYHBIX (B OCHOBHOM
9TO YJICHUCTOHOTHE) U Jaxe CBOOOMHOXMUBYIIIMX
npoctenmux [3, 5, 54, 87, 132]. Hanuuyue HeCKOIb-
KUX X03sieB (IOJUTOCTAJIbHOCTh) U MEPEHOCUNKOB
(MMOIUMBEKTOPHOCTH) ¥ MUKpOOpraHu3Ma obecrie-
YyrBaeT YCTOMYMBOCTL MapasuTapHOl CHUCTEMBbI
3a CYET UHTEHCUBHOU LIUPKYJISLUU BO3OYAUTEN S,
0COOEHHO B YCJIOBUSIX BHICOKOI YMCJIEHHOCTU HO-
cuteneii. Hanmpumep, B 2022 I. B IIpolecce 3M1u300-
TOJIOTO-3MUAEMHUOJIOTUYECKOTO MOHUTOPUHTA
Ha Ttepputopumn Poccuiickoii Penepaniuu OBLIO
BBISIBJICHO 42 BUJa MEJKUX MJIEKONUTAOMIMX U 13
BUOOB KJeleil, MHGUIMPOBAaHHBIX BO30yIHUTEIEM
Tyasgpemuu [1].

Hawubonee pacripocTpaHeHbl B MUPE U Ha Tep-
putopuu Poccuu mTaMMbl BUPYJIEHTHOTO A1 Ye-
JIoBeKa M XXUBOTHBIX TMoaBuaa F. tularensis subsp.

JIO MIYCTBIHHBIX, CO CBOMMU X03s1€BaMU U IIEPEHOC-
yukamu [32, 55, 93, 111, 113].

B mpupone mmeercsa orpoMHOe pa3zHOOOpas3ue
MUMKPOOPraHMU3MOB, U3 KOTOPOT'O KYJIBTUBUPYEMbIC
B MCKYCCTBEHHBIX YCJIOBUSIX OAKTepUU COCTABIISI-
10T okoJio 1% [4]. KneTku Bo3OyauTesss Tyjasipe-
MWU, NO-BUAMMOMY, 3aHUMAIOT MPOMEXYTOUHOE
nojoxeHue. bakTepuio, HaxomasIIylocss B 00beK-
Tax BHEIITHEH Cpelbl, MOKHO BUJIETh B MUKPOCKOII,
OOHapyXKMBaTh MMMYHOJIOTUYECKUMU MeTOodaMU
u BeIgBAATHL JJHK Bo30yauTens ¢ momoibio ITLP,
HO BBIPAaCTUTH KYJIBTYPY BO3OYAUTEIST TYJsIpe-
MMM U3 BOJBI, YJICHUCTOHOTUX, MHMPUIIMPOBAH-
HBIX IIPEAMETOB HAa UCKYCCTBEHHOM ITMTATEIbHOM
cpene mpakTuyecku He ymaeTcsa. OmHako BBele-
HUE CYCIIEH3UU 3TUX 00pa3l0B YYBCTBUTEIbHOMY
KMBOTHOMY, HaIlIpUMep, MBIIIU, IIPUBOAUT K pa3-
BUTHUIO TUIIMYHOTO 3a00JieBaHMS, U TIPU BBICEBE
M3 OpraHoOB MOTMOIIEro MJM 3BTaHA3MPOBAHHOTO
rpbi3yHa MeIJIEHHO, B TeueHue 2—3 nHei, BeIpacTa-
IOT KOJIOHWU BO30yauTens Tyjlsspemun. [TokasaHo,
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CtpaTteruv BbiXxuBanus F. tularensis

YTO BO BHEITHEU cpene 0aKTepus IePEeXOanT B MH-
GdeKIIMoOHHOe, XM3HECIOCOOHOEe, HO <«HEKYJb-
TUBUPYEMOE» COCTOSTHHE, COXpaHssI IIPU BTOM
CITOCOOHOCTh pEBEpPCUM B BeTreTaTUBHBIE BUPY-
JIEHTHBIC (POPMBI TIPY U3MEHEHUHU YCIIOBH CyIIle-
ctBoBaHus [21, 43]. I[1pu aTOM GoJiee NpeBHUE aBU-
pYJIeHTHbIE OaKTepuu — MoABULI F. tularensis subsp.
novicida v Bun F. philomiragia — KyJ1bTUBUPYIOTCS
Ha MCKYCCTBEHHBIX MTUTATEIILHBIX CpPelaxX U3 BOIBI
€CTECTBEHHBIX BOJOEMOB M JIPYTUX OOBEKTOB
oKpyXkarolei cpeas [2, 19, 121]. DnuzooTuvyecKkuii
MpoIlecC B IIPUPOJTHOM Oodare TyJIsIpEeMUM CKJIaIbl-
BaeTCs M3 IBYX COCTABJISIOLINX: COXPAHEHUS BO3-
OyIUTENsT B MEXIMUIASMUYCCKUI TIEPUOA U IIUP-
KYJSIIUT BO3OYOUTEIIST B SITUACMHUYECKH I TIEPHUOI.
Mexxay BCHBIIIKAMHM BO30YIMTENIb COXpaHSETCS
B OKpY:Kalollleil cpele B HEAaKTUBHOM COCTOSTHUW
NpakTUUYeCKU 0e3 penjaukKaluuu. DTUM OOBSICHSI-
OT UICHTUYHOCTh TEeHOTHUIIA TTPU BO3ZHUKHOBEHU N
BCIIBILIKY uepe3 necatuietus [10, 118].

F. tularensis imMeeT HU3KYIO METa0OJIUYECKYIO
aKTUBHOCTB, YTO TOBOPUT O TOM, UYTO 3TO 3aBUCH-
MW OT X03s11Ha naToreH. [lokazaHa BO3BMOXHOCTh
CYIIECTBOBAHMS TIONYJISINNN OaKTePUd B BOIHO-
0OJIOTHOI cpeJe, HACBIIIEHHON MpPOCTENIINMU,
C BBICOKOM MUTATEJbHOM 1O0CTYyNHOCTHIO [87, 105].

CriocoOHOCTh BBIJAEpPXUBATh OCMOTUYECKUI
IIOK TIPH TIepexoae OT BHYTPUKIIETOUYHOTO oOpasa
XKHW3HU K CYIIECTBOBAHUIO B COJIECHOW W TPECHOM
BOJIC 3HAUYMTEJBHO pacIIvpria BO3MOXHOCTH pac-
MPOCTPAaHEHHUSI W BBIKMBAHUS TOJIAPKTHUUECKOTO
MOABUAA [0 CPABHEHUIO C APYTUMU BUPYJIEHTHBI-
MU TionBuaamMu. KaHaj, KOTOPBHIM IHEMCTBYET KakK
«KJIamaH cOpoca JaBjeHUs», KOTUPYETCS KOHCEP-
BatuBHbIM TeHoM (FTL _1753), ¢ emmHCTBEHHOU
u3 165 aMUHOKUCIOT 3aMEHOM MEXKIY IITaMMaMU
noaBuaoB F. tularensis subsp. holarcticawn F. tularensis
subsp. tularensis [131]. CriocOOHOCTb KJE€TOK BO3-
oyautens tyasipemuu F. tularensis subsp. holarctica
CYIIECTBOBAaTh B MPUPOAHBIX BOJOEMAaX SIBJISIETCSI
KJIIOUeBBIM MOMEHTOM HE TOJIBKO JIJIST BBISKMTBAH U ST
0akTepuu, HO U U ee Oojiee IMIUPOKOro pacipo-
CTpaHEHU s, COXpaHCHM I U B3aMMOICUCTBUS C pa3-
BUBAIOIIMMMUCS B BOAE MPOCTEHITNMU U TUIMHKA-
MU HacekoMmbix [20, 21].

TTokazaHo, 4TO BO30yIUTENb TYJISIPEMUU HE pa3-
MHOXAaeTcs B KJellaX, HACEKOMBIX, He TIepeaaeTcst
TpaHCOBApHAJIBHO, HO ITPU MUTAaHUU KPOBBIO 00JTh-
HBIX TYJISIpEMUE KUBOTHBIX YJICHUCTOHOTHUE CITO-
COOHBI COXpaHATh MHWKPOOPTraHW3M JIUTEIBHOE
BpeMs U IlepelaBaTh €ro IIPU yKycaxX APYroMYy KU-
BOTHOMY M 4eJIoOBeKYy. KoMaphl moydyaioT TyJsipe-
MUWHBI MUKpPOO Yepe3 TUUYNHKY, KOTopasl pa3Bu-
BaeTcs B MHGUIIMPOBAHHOM BOJIE, NIV ITUTAsICh KPO-
BbIO MH(PULIMPOBAHHOIO KMBOTHOTO [6, 11, 73, 120].

bakrepuu F. tularensis subsp. holarctica saBnsi-
IOTCSI MOIIHBIM MaTOTe€HOM, 00JialaloT BBLICOKO
CITOCOOHOCTBIO K aJalTalluu NMpU HU3KOW M3MEH-
YUBOCTH BO3OYOMTENST WM YPE3BBIYATHO OrpaHU-

YEeHHOM T'€HOME M0 CPaBHEHUIO C IPYTMMHU 0CO00
OIMacHbIMU OakTepusiMU. Tak, TeHOM BO30yAUTe-
JIsl TYJASIpEMUU COCTOUT U3 OJHOM XPOMOCOMHOM
JIHK pasmepom okosio 1,9 Mbp (megabases), B TO
BpeMsl Kak reHoM Yersinia pestis COCTOUT U3 XPO-
MOCOMBI pasmepoM 4,65 Mbp u Tpex IIasMun
BUpYJeHTHoCcTH 96,2 kb (B cpegHem 1,8 komuii
Ha KJIeTKY), 70,3 kb (4,3 xonuu Ha KJIETKY) 1 9,6 kb
(186 xomnuii Ha kJeTKy) [88]. 'eHOM BO30OYyIUTENS
CUOMPCKON SI3BBI COCTOUT M3 XPOMOCOMBI pa3Me-
pom 5,23 Mbp u AByX IJ1a3MuA BUPYJAEHTHOCTU
pXO1 = 181 677 kbp, B cpenHeM 3 KOITUU TIJIa3MU-
JIbl Ha KJeTKYy, 1 2 konuu pX02 = 94 830 kbp [102].
baktepuu Brucella melitensis UMEIOT IBE XPOMO-
coMbl padmepoM 3294931 Mbp (2117 144 Mbp
u 1177 787 Mbp) [40].

OO01Mii MexaHUu3M MPUOOPETEHUSI FeHEeTUYeC-
KO M3MEHUYMBOCTU y OAKTEpUil yalle BCEro npo-
WCXOIUT ITyTEM TOPU30HTAJIBHOIO TMepeHoca Te-
HOB. DTO MOKa3aHO IJIsI MHOTUX BUJIOB OaKTEPUIA.
IIITaMMBI BUPYJIEHTHBIX JIJIsI YeJOBeKa U XKUBOT-
HBIX NOABUAOB F. fularensis oTANYaOTCI OT MHO-
TUX TPaMOTPHUILIATEIBHBIX MUKPOOPTAaHU3MOB TEM,
YTO HE colepXKaT Mjaa3Mua. Y BUPYJEHTHBIX ITO/I-
BUIOB F. tularensis reHeTuueckasi BApuabeabHOCTb,
B TOM YMCJI€ YCTOMYMBOCTD K TOKCUYECKUM aTaKaM
BHEIIHEN Cpelbl U IPOAYKTaM KU3HEIeSITeIbHO-
CTU APYTUX OPraHU3MOB, BO3ZHUKJIA B pe3yJbTaTe
MyTaluii, a He TpUOOpPEeTEeHWsI HOBBIX T€HOB C I10-
Mollblo Iasmun [23].

IlpoBeneHHbIl in silico aHanu3 ToKasasl, 4TO
mramMMbl F. tularensis subsp. novicida ob1anaioT cu-
cremoit CRISPR/Cas njist 3a1IMThl OT BTOPXKEHU S
FeHEeTUYECKUX DJIEMEHTOB, HO Y TPEX BUPYJCHTHBIX
51 denoBeka TonBunoB F. tularensis (tularensis,
holarctica v mediasiatica) TeHbl, OTBETCTBEHHbIE
3acucreMy CRISPR/Cas, He dyHKIIMOHaJIBHBI [52].

Bce 61u3kopoacTBEHHBIE TTPEACTaBUTENN poja
Francisella oGHapyXMBalOT 3HAUYUTEJbHYIO Tepe-
CTPOMKY CBOMX TE€HOMOB II0 OTHOIIEHUIO APYyT
K apyry [91]. YyMHoOI# MUKpPOO 1 BO3OYIUTEIb TY-
JSIPEMUN SIBISIOTCS ABYMS SIDKUMHU TIpUMepaMu
pe3Koro yBeJaudeHHus KoauudecTBa [S-aeMeHTOB
M XPOMOCOMHBIX TI€PECTPOEK, OINOCPEIOBAHHBIX
BTUMU  TIOBTOPSIIOIIMMUCS  TMOCJIeOBATEIbHOC-
TIMH, B NONYJISLUSIX, KOTOPBIE B TIPOTUBHOM
cilydyae HWMEIOT O4YeHb Majio MHOJIMMOP(U3MOB.
WHTepripeTalins MOBBIIIIEHHO YaCTOTHI TAKUX W3-
MEHEHUI 3aKJII09aeTcsl B TOM, YTO OOJIbIIast 4acTh
reHoMa OCBOOOXJAaeTcsl OT CEJIEKTUBHOTrO JaBlie-
HUSI M3-3a «CIBUTA HHUIIHW», B KOTOPOI OKa3aJICs
MUKPOOPraHu3M. B OTHOCHTENIbHO Y3KOIl HOBOM
HUIIIEe OOJIbIIIasl YacTh TeHOMa OoJIbllle He HYXXHa
M OTKPBITA LISl CIyJdailHbIX MyTaLuii [14, 24, 69].

ITokazaHo, 4TO B pe3yJibTaTe SBOJIOIMUA CBO-
OOMHOXMBYIIIME aBUpPYJEHTHBIE Oojice JIpeBHUE
Bunbl F. philomiragia u F. novicida npeBpaTuinuch
B ITaTOTeHHBIE, 3aBUCUMBbIC OT XO3sIMHA IITAMMBbI
noaBUAOB F. tularensis, 1 9TOT MPOLIECC COMTPOBOXK-
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najacsl 3HAYUTENIbHOWM, HE3aBUCUMOM IOTEpPEN
GYHKIUIA TeHOB U IIPUOOPETEHHEM 3JEMEHTOB
BCTAaBOK, OOECIEUMBAIOIINX MEXaHU3MBbl TpPaHC-
JIOKAIIUH IIPU T€HOMHBIX TIEPEeCTPOiiKax, KOTOPHIS
B OOJIBIIIMHCTBE CJIy4aeB OTHOCSTCSI K TOMOJIO-
ruyHoit pekomouHauuu [103, 128]. [TokazaHo, 4TO
naToTeHHbIe IITaMMBbl OTIMYaloTCsI Ha 148 TeHOB,
KOTOpBIC OB OAeTEKTUPOBAHBI TOJHLKO B CBOOO/I-
HOXWBYIINX IITaMMaX, Y BUPYJICHTHBIX ITOABUIOB
F. tularensis oTCyTCTBYIOT IyTHU OMOCUHTE3a psiaa
aMMHOKMCJIOT, a TaKXKe CHUXKeHa aKcrpeccus 352
TeHOB IO CpPaBHEHUIO CO CBOOOIHOXWBYIIUMU
mramMamMu noasuaa F. novicida [85, 110].

OcobeHHOCThIO pona Francisella siBnsieTcst He-
OOBIYHBIN COCTaB XXUPHBIX KUCIOT U BBICOKOE CO-
JnepxKaHue JIUTUI0B B KJIeTOUHOM cTeHke [33, 112].

bakrepus nonsuna F. fularensis subsp. holarctica
CITOCOOHA MEHSTH CBOI CTHMIJIb XKW3HU Ha BHYTPU-
KJIETOYHBII, MEPCUCTUPYIOIINI, «<HEKYJIbTUBUPYE-
MBblii», CHMOMOTUYECKUI UJIU CBOOOAHOXKUBYILLIUIA,
B 3aBUCUMOCTH OT Cpeabl, B KOTOPYIO OHa IToITa1a-
et [20, 53, 73].

Bbicokada nHBa3MBHOCTb

F. tularensis siBnsieTcsi BBICOKOMH(MEKIITMOHHBIM
opranusmoM. Babsixanue Bcero 10 KonoHneoopasyio-
X SIUTHUIL TOCTAaTOYHO, YTOOBI BRI3BATh 3a00JIeBa-
HUe Yy JI0Ae coO cMepTelbHBIM ucxoiaoM B 30—60%
cJIy4aeB IIpY HENPaBUJILHOM JIeYeHU U [66].

Boz0ynuTenb TyasipeMuu CoCOOeH MPOHUKATh
B OPTaHU3M YeJI0BeKa M XKMBOTHOI'O BCEMU BO3MOX-
HBIMHU ITyTSIMU: TPAHCMUCCUBHBIM, KOHTaKTHBIM,
aJMMEHTApHBIM W adpOTeHHBIM, HO WHMEKIINSI
He KOHTarvo3Ha — He MepeaaeTcs OT YeJoBeKa 4eso-
BeKy. B opranusme yenoBeka MUKpPOO pa3MHOXAETCS
B MECTE BXOITHBIX BOPOT, BBI3bIBAsI HEKPOTUIECKU-
BOCHAJIUTEIILHYIO PEaKIINIO C Pa3BUTHEM Ha KOXKE —
S13Bbl, HA MUHAAJMHAX — HEKPOTUUECKOI aHTUHBI,
B JIETKMX — O4YaroBOM HEKPOTUYECKOW IMTHEBMOHUWH,
BCE COCTOSTHUSI COITPOBOXKIAIOTCS BOCITAJICHUEM Pe-
TMOHAPHBIX TUM@PaTUUeCcKUX y370B [113].

bakTepus npoHUKaeT B pa3MYHbIC TUITBI KJIe-
ToK. [TomuMo makpodaros, F. tularensis MOXeT UH-
dbuMpoBaTh MNOJIUMOpPPHO-SIAepHbIe HeHTpoduU-
JIBI, MOHOLIUTHI, TEHAPUTHBIC KJICTKU, SHIOTEIIN-
ajibHbIC 1 aJIbBEOJISIPHbIEC SMUTEIMATbHbIE KJISTKU
tuna I, remaTouUTHl U gaxe 3pUTPOLUTHI [18, 46,
49, 58, 72,78, 81, 94, 107, 108].

Ucnonb3ys TnHKI0 MaKpodarornoao0HbIX KJIETOK
yenoBeka (THP-1), moka3zanu, yto 6akTepuu F. tula-
rensis subsp. tularensis SCHU S4 u subsp. holarctica LVS
NPOHUKAIOT B Makpodaru 4ejoBeKa MOCPEICTBOM
YHHUKAJBHOI'0, 3aBUCUMOI'0 OT KOMILIEMEHTa IIpO-
ecca, Ha3BaHHOTIO MeTJIEBbIM (parourTo3oM [28].

Ilpununanue u norioiueHue F. tularensis ma-
KpodaraMu CHJIBHO 3aBUCHUT OT PEIIEIITOPOB KOM-
MJIEMEHTa U OT CBIBOPOTKM C MHTAKTHBIM (PAaKTO-
poM koMmriemeHTa C3. KoMmjeMeHT U pelenTo-

pPBl KOMIJIEMEHTA UTPAOT JOMUHUPYIOUIYIO POJIb
B orocpeaoBaHUU 3((GEKTUBHOTO MOTJOIIEHMU ST
BUPYJEHTHBIX MOABUAOB F. tularensis [64, 65].
I[Ipy He ONCOHWYECKOM TIOIVIOIIEHUU IITaMMOB
F. tularensis 3Ha4nTEeNbHYIO POJIb UTPaeT harou-
TapHBI PELIETITOP MAaHHO3bI, KOTOPBIII 0OecreYm-
BaeT 0AKTEPUIO CPEACTBAMMU JIJIsI OTPAHUYCHM ST T10-
rJOIEeHU T OaKTEpULIUAHBIMU (parouuTamu [28].

BHyTpuKneToyHas nokanmaaums
1 pennuKaums

Bo30ynutenb TyJsspeMun He TOJBKO IMMPOHUKA-
€T, HO Y PEIJIMLMPYETC B LIUTO30JI€ KJIETOK JyKa-
puoTuyeckoro xossinHa. Ilocie 3axBaTa Makpo-
¢daraMy MOCPEACTBOM YHUKAJbLHOIO IIETJIESBOTO
darouuTo3a O0aKTepuu TMepBOHAYATBHO HAXOISIT-
cs BHYTpU ($arocomMmbl, CBsI3aHHOI ¢ MeMOpaHOIi.
IMornomenune TpedyeT aKTUHOBBIX MUKpodUIa-
MEHTOB, 00pa3ymiunx GUOpUIISIPHOE TTOKPLITUE
(barocombl, KOTOpPOE 3alLUMIIAET OT CAUSAHUS C JTU-
30COMOM M CITOCOOCTBYET OrpaHUYEHHOMY MPUOO-
pETEHUIO TU30COMHBIX MapKepoB [28, 30].

Ilocne nmorJioleHus1 TyasIpeEMUMHOro MUKpooOa
MakpodaraMm MJIEKONTUTAIOIMUX (arouuTapHas
BaKyoJib HE IepepacTaeT B (arojim3ocomMy, a mpe-
BpalllaeTCsl cHavyaja B PaHHIOK YHIOCOMY, 3aTeM
B MO3IHIOI 3HIOCOMY, KOTOPBIE XapaKTepU3yIOT-
ca creundudeckumMu Mapkepamu. C MHOMOIIBIO
OPUBIICYCHUSI TPOTOHHOIO HAcOCa IIPOUCXOIUT
cHukeHue pH cpenbl, pa3pymieHue darocomaib-
HO MeMOpaHBI M BBIXOJ MUKPOOOB B IIMTO30JIb,
rae ¥ mpoucxoauT perukanug [27, 29]. KopoTkoe
BpeMs, IIPOBEICHHOE B (DarolnMTapHOil BaKyoO-
au (30—60 MUH), SIBASIETCS IIPOTUBOMUKPOOHBIM
CPEICTBOM 3alllUThI, OT aKTUBHBIX (OpM KHCIIO-
pola M aHTUMUKPOOHBIX TentTuAoB [59]. TTo3naHue
3Tanbl BHYTPUKJICTOYHON ITpoardepalinu COIpo-
BOXIAIOTCSI THUOEIbI0 MHPUIMPOBAHHBIX MaKpoO-
¢daroB MM 3MOPOBBIX KJIETOK, YTO OIOCPEIYETCS
YHUBEpPCAJIbHBIM IIYTEM alloliTo3a WM ITHUPO-
nrto3a [18, 87]. 3a HuM crenyeTr BbIXOH OaKTepUii
W3 KJIIETKH.

YToObl n30exaTh CIUIHUSA (PAarocoOMbl C JTU30-
comolii, 6akTepun F. fularensis akTHBUPYIOT CBOIO
CHCTEeMY ceKpeluu, mogobHywo tuny VI (type 6
secretion system, T6SS), koTopasi KoOZMpyeTCs
octpoBoM mnaroreHHoctu (FPI). PerynsatopHble
TeHbI U JIOKYC, Ha3bIBa€MBbIil «OCTPOBOM MATOI'CH-
HOCTW», BKJIIOYAET B Ce0s B IITAMMAaX MaTOTEHHBIX
MOJBUIOB BO3OYAMTENs TYyJIsIpeMUM 1Ba ITOBTOpA
oT 16 10 19 reHOB, OTBETCTBEHHBIX 3a CUHTE3 CO-
OTBETCTBEHHOTO YHCJIa CEKPETHUPYEMBIX OEJIKOB
«OCTPOBa MATOT€HHOCTU», KOTOPbIE UTPAIOT BaK-
HYIO pOJIb B CIIOCOOHOCTM MMKPOOpPraHM3Ma W3-
Oerarb paronMTO3a U Pa3MHOXKATHCS B UMMYHHBIX
KJIeTKaXx opraHusma xo3sinHa [67, 83, 84].

Heob6xonuMbim 3TaIroM BUPYJIEHTHOCTH
F. tularensis siBnsieTcst BbIXOA KJIETOK U3 (paroco-
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MBI B IUTO30JIb, IIe OaKTepusl CIIOCOOHA OBICTPO
JNEJUThCS U PAcCIpPOCTPaHSATHCS B OKpyXKaloliue
TKaHu. [nga satoro F. tularensis NCIONb3yeT pery-
JIITOPHYIO CXeMY IJIsI aKTUBAIIUM ITaTOreHe3a Mo~
CPEeICTBOM MHIAYKIIMU CUHTE3a 0EJIKOB «OCTPOBa
MaTOT€eHHOCTU», KOTOpasi BKJII0YaeT YHUKaAJIbHYIO
PHK mnonumepasy, cocTosiiy HU3 ABYX KpyII-
HBIX CYOBEIMHUI, W YHUKAJbHYIO KOMOMHa-
U0 PeryJIaTOpHbIX (hakTOopoB. KitoueByto posib
urpaet rerepoaumep MglA (macrophage growth
locus protein A) m SspA (stringent starvation
protein A), KOTOPBIN BHITIOJIHSET ABE POJIN B aK-
TUBAllMM TEeHOB BUPYJEHTHOCTU. Bkiiouaer
GYHKIMIO aKTUBAllMU MOCPEACTBOM KOMILJIEK-
ca RNAPG70-(MglA-SspA) ¢ dbakTopoM crielu-
GUIHOCTH, HEOOXOOMMBIM MJisI pacIiO3HaBaHUS
rmpoMoTtopa (670) U OCHOBHOI B’-cyObenMHUIIECIH
PHK-nmonumepassl (RNAP). JlonmoaHUTEIbHbIM
aKTHUBAaTOPOM TPAHCKPUMNIIMU T€HOB OCTpOBa Ia-
TOTEHHOCTH SIBasIeTCs KoMIIIeKe (MglA-SspA) —
ppGpp (cTpeccoBblii amapMOH, TyaHO3UH Te-
tpadocdar) — PigR (pathogenicity island gene
regulator) [122].

CriocoOHOCTH MOpazkaTh U Ppa3MHOXKATHCS B pa3-
JIMIHBIX KJIETKAX-X035IeBaX MPEICTaBIISIETCS OTHOM
W3 TJIABHBIX OCOOEHHOCTEW SKOJIOTUM W SITUJIC-
muonoruun F. tularensis. Tlocne mHGULIMPOBAHUS
SYKapUOTHUUECKHUX KJIETOK Oaktepum F. tularensis
OBICTPO IMCCEMUHUPYIOT B HOPMaJTbHBIE 3[IOPOBHIC
KJIETKHU CEJIE3EHKU, TIeYeHU, JIETKUX, JIUMbaThudec-
KHUX Y3JIOB MU KOCTHOTO MO3Ta U Pa3sMHOXKAaIOTCS
B 9TUX opraHax [34, 36, 44, 70].

ITockoabKy 3pUTPOLIUTEI HE CTOCOOHBI K (haro-
IIAUTO3Y UJIM SHAOILMTO3Y, OCTAETCSI HEM3BECTHBIM,
Kak F. tularensis mpoHUKaeT B 3TU KJIETKU. boJiee
TOT'O, TTOCJICACTBUS 3aCeICHUsI BO BHYTPUKJICTOY-
HOM IIPOCTPAHCTBE ISPUTPOLMTOB HE OIIpeaesic-
Hbl. MI3BECTHO TOJIBKO, YTO MpeObIBAaHUE B 3pU-
TPOLIUTE YyBEIUMUYUBACT CIIOCOOHOCTb F. tularensis
KOJIOHU3MPOBATh KJICIIeil. DPUTPOLIUT 3alIUIIaeT
OaKTepuM OT Cpedbl ¢ HU3KUM pH, aHaIOTMIHONK
cpeie KMIIEYHBIX KJIETOK ITUTAIONIETocs KJiela.
WccnenoBaHus nmokasajiv, 4YTO cUCTeMa CEKpeluu
F. tularensis Tuna VI (type 6 secretion system, T6SS)
HeoOXonmMa JIJ1sI THBa3UH SPUTPOIIUTOB, ITOCKOJIb-
Ky MyTauus mglA (peryasitopa TpaHCKPUIIIIUY Te-
HoB T6SS), dotU unm ig/lC (1Ba reHa, KOTUPYIOIMINX
MexaHu3M T6SS) pe3ko CHUXKAaeT MPOHUKHOBEHME
OakTepuii B 3puTpouuTsl [107].

V TynaspeMuiiHOro MUKpoba OTCYTCTBYIOT 3K-
30TOKCHHBI (cucTtema cekpenuu tumna I11). Bmecto
atoro F. tularensis moBpexaaeT TKaHU TyTEM WH-
Ba3nWU W paspylreHus. HeKoHTpoampyeMbIii pocT
B CUCTEMHBIX OpraHax MPUBOIUT K MOBPEXKICHU-
SIM KJIETOK, TUTIEPCEKPEIIMU [IMTOKUHOB U CMEPTU
OT LIUTOKMHOBOTO 1TopMa [37, 38].

3allUTHBIT WMMMYHUTET, BBI3BAHHBIA ecCTe-
cTBeHHOU nHbekuuen F. fularensis niv BakMHa-
uuei mramMmmom LVS y nioaeit, 3aBUCUT B TEPBYIO

oyepenb OT KJIETOYHO-OMOCPEAOBAaHHBIX UMMYH-
HBIX oTBeTOoB Thl-Tumna, Bkawouyass MHTEpPEpOH-
ramMma, akTop HeKpo3a ONMyXoJin-aabda U UHTEP-
neitkuH-12 [57]. Tlo ceii neHb ocTaeTcsl OOJbIION
npo6es B IOHMMaHWU PO B-KJIeTOK M UX Mpo-
NYKTOB — aHTUTE]I U LIMUTOKMHOB — B OMNOCPEIO-
BaHUU 3aIIMTHOTO OTBEeTAa Ha MH(EKIINIO, BRI3BaH-
Hyto F. tularensis [64, 65].

HecMmoTps Ha XOpoIlllo U3BECTHYIO POJb MUJei
B aAre3uu, arperaiuu, NOABUKHOCTU U MOTJIOIIIE-
Hun JHK apyrumum rpamoTpuuiaTeIbHBIMU Oak-
TepusiMu (cucteMa cekpenuu Tuiia ['V), mogoOHbIe
GYHKIIMU HEe TPUIHNCHIBAIOTCS POTOBUIHBIM BBI-
CTyIlaM Ha MOBEPXHOCTU OakTepuii F. tularensis |24,
41, 42].

HeoObI4HbIA, NHEPTHBIN SHA0TOKCUH

Monekynbl nunonojnucaxapuga (JITIC, sHpo-
TOKCUH) TPaMOTPHIATEIIbHBIX OaKTepUUl UTpaloT
penaoIlyo pojib B IMOAIECPXKAaHUM IIEJOCTHOCTH
BHEIIHEW MeMOpaHbl, peryasiiuy MPOHULIAEMOCTU
KJIETOK, PETyJSIIMU MMMYHHBIX OTBETOB XO3sIM-
Ha, YCTOMYMBOCTUA K aHTUMUKPOOHBIM MENTUIAM,
YCTOMUYMBOCTU K aHTUTENAM XO3siMHA U TIPENOT-
BpallleHWHW aKTHWBAIIUW KOMIUJIEMEHTa. MyTaHTHI,
numeHHble JITIC, yacTo nmposgBasioT GEHOTUIIHI,
KOTOpBIC BKJIIOYAIOT CHUXKEHME XM3HECIIOCOOHO-
CTU, MEIIJIEHHBI POCT U TOTEPIO BUPYJICHTHOCTH.
YcTaHOBJIEHa TeCcHasl CBsI3b MeEXJY CTPOEHHEM
JITIC xnerok F. tularensis subsp. holarctica u yxio-
HEHMEM OT UMMYHHOI CHUCTEeMBI X03s1MHa. Bece n3-
MEHEHUS SHIOTOKCHMHA BO30OYIUTEINS TYJISIPEMUN
NPUBOISIT K O4eHb HU3KOMY YPOBHIO TOKCUIHOCTH
JITIC 1 OoTCYyTCTBHUIO UMMYHHOTO pacro3HaBaHUs
aunuaa A xiuetok F. tularensis. UMMYHHBI OTBET
OopraHM3Ma MIJIEKOIMUTAIOIIET0, YYBCTBUTEIBHOTO
K BO30OYAUTEIIO TYJISIPEMU M, UJIW OTTa3bIBACT, NJIN
3HAYMTENbHO cllabee, YeM HYXKHO [58].

JIummonionucaxapun  F.  tularensis  COCTOUT
n3 1) nunuma A, KoTopwlii mpukperisger JITIC
K BHellIHel MeMOpaHe; 2) siapa, U1 KOpOBOTro OJIU-
rocaxapuga (Kdo), u 3) O-nonucaxapuga (tTakxke
M3BEeCTHOTO KakK O-aHTUTEH), KOTOPbI COAEPKUT
pPa3IMIHOE KOJIUUYECTBO ITOBTOPSIOMINXCS SAUHUIII
terpacaxapuaa. JITIC kieTok BO30ynuTenss Tyasi-
peMuu HeobOblueH mo cpaBHeHuto ¢ JITIC apyrux
rpaMOTpULIATEIBHBIX OaKTepUil, MOCKOJbKY OH
HE MOXET aKTHUBHpOBaTh Toll-momoOHBIN peremn-
Top 4 (TLR4) mpu Bcex TemnepaTtypax pocrta, KO-
TOPBI B 3HAYMTEJIBHOU CTEIEHUW OTBETCTBEHEH
3a BOCITaJIeHUEe B OTBET Ha OaKTepuaJbHBII SHIO-
TOKCHUH [51, 71].

PacnosznaBaHme nummmaa A KakK 4yXKepOITHOIO
SIBJISIETCSI BaKHBIM TTPU3HAKOM 3alMTHl OPTaHU3-
Ma MJIeKOIUTaroIuX. MHorue KjieTku, TakKue Kak
Makpodaru anuTenaJIbHble KJIeTKH, PACIIO3HAIOT
JTUOUI A C TIOMOIIBIO MEXaHW3MOB BPOXKICHHO-
ro UMMyHUTeTa. B oTinuue ot npyrux, aunug A
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F. tularensis subsp. holarctica siBasieTcst o4eHb cia-
ObIM CTUMYJIITOPOM BPOXKJIEHHOTO MMMYHUTETa
xo3sguHa. OTCYyTCTBME MMMYHHOIO pacno3HaBa-
HUS gunuga A kjeTtok F. tularensis oObsSICHSIET-
Csl HECKOJIbBKMMU CTPYKTYPHBIMU Pa3IUudUSIMU
MO0 CPaBHEHWIO C MOIIHBIM MMMYHHBIM aKTHUBa-
TopoM — JunuaoM A E. coli. Bo-niepBbix, tunug A
KJIETOK BO30YyIUTENS TYJASIPEMUU SIBISIETCSI TeTpa-
allUJIMPOBAHHBIM I1I0 CPAaBHEHUIO C rekcaaluau-
POBAaHHBIM JIUIIUIOM A, OOBIYHO BCTPEUYAIOIIMMCS
y OOJBIIMHCTBA T'PaMOTPUIIATEIBHBIX MUKPOOP-
raHu3MoB. Bo-BTOpBIX, anMWJbHBIC LIENU JTUIIU-
na A 6axkrtepuii F. tularensis subsp. holarctica umeioT
IIUHY OT 16 10 18 aTOMOB yTIyiepoaa 1o cpaBHEHUIO
Cc uensiMu AJuHoi oT 12 go 14 aTomMoB yriepoaa
obbruyHoro JITIC. B-TpeTbux, 1unua A KJIeTOK BO3-
OynuTeNs TYJASIPEMUHU SIBJsSIeTCsI AM00 Hedochopu-
JIUPOBAHHBIM, MO0 MOHOMOCHOPUTUPOBAHHBIM
(B mosioxxeHUU 1), IO CpaBHEHUIO C TIPOTOTUIIOM
aunuga A, KOTopblil docdhopujvpoBaH B MO-
JoxeHusix 1’ u 4’ IUTII0KO3aMHUHOBOIO OCTOBA.
B-ueTBepThiX, maToreH Mackupyet cBoit 1’-doc-
dat, ecau OH MPUCYTCTBYET, MyTeM A0OaBICHUS
rajakto3amuHa (puc. 1). CHUXeHHUe UJIU OTCYT-
CTBUE OTPULIATEIBHO 3apsiXXeHHBIX dhocdaToB, Be-
posiTHO, BauseT Ha obmuit 3apsn JITIC 6aktepuit
F. tularensis, yacToil MUIIeHU KAaTUOHHBIX aHTU-
MUKPOOHBIX TIETITUIOB, U MPUIAET YCTOMUYUBOCTh
K IPOTUBOMUKPOOHBIM TreriTuaam [71, 86, 92, 98,
99, 123, 127].

MeHee pacrpocTpaHeHHbIE BapUaHTbl JTUIIU-
na A F. tularensis MOTYyT UMETb pa3JUYHbIE MOIU-
dukanumu cocraBa caxapa, KakK MOKa3aHO MyHK-

(16/18)
(14/16/18) (18)
(16/18)

TUPHBIMU KpyxXkKamu (B). M3MeHeHue AJIMHBI
alUabHbIX 1emneit (14/16/18) pu pa3aTUYHBIX TEM-
nepatypax ykaszaHa B ckobkax (GIcN — riroko3a-
MuH, GalN — rajgakTo3aMUH).

T'en N-anwuna-tpancdepassl LpxDI1 npuBoaut
K BKJIIOYEHU IO Oo0Jiee NJIMHHBIX allMJIbHBIX LIEMei
(nnuHoI 18 aToMOB yriiepoaa) Bo 2 U 2’ TTIOJ0XKEH -
X Junuaa A, Toraa Kak skcrnpeccus GepMeHTOB
LpxD2 nobaBiisieT XUpHbIE KUCJIOTHI ¢ Oojiee KO-
poTKoOIii Hemnbio (16 aToMOB yriieposa B IJIMHY) B TeX
>Ke MecTax. [lnHaMuyeckoe peryaiupoBaHue IIUHbI
allMJIbHOM LIEMU TUTIAA A ¢ TTOMOIIbIO (DEPMEHTOB
LpxD1/LpxD2 npu pa3in4HbIX TEMIIepaTypax, Imo-
BUAMMOMY, BaXKHO JJIsl MOAAEPXKaHUS MPOHUIIAE-
MOCTH MeMOpaH M BOCIIPUMMYMBOCTU K KaTHUOH-
HBIM aHTUMUKPOOHBIM nenTuaam [71].

Kpome Toro, HeOOBIYHBIM OKa3ajloCh TO, UTO
ot 60 10 95% oGuiero Tunuaa A CylecTByeT B «CBO-
0oaHoI» hopme, B KOTOPOI OTCYTCTBYIOT KOPOBBII
ojurocaxapua U nonucaxapuabl O-aHtureHa [13,
68, 129].

B otnuyue ot unuaa A, KOTOPbIN TpUCOeIU-
HeH K s1apy 1 O-aHTUTeHY, «CBOOOIHBI» TUIUI A
HaxoauTcsl B ABYyX opmax, o6e U3 KOTOPBIX CO-
nepxat I’-pocdar, MoaudUIIMPOBAHHBIN Tajgak-
TO3aMUHOM, NMpu 3ToM Al (6e3 rIoKo3bl), a A2
C TJIFOKO30i UM MAaHHO30M B 6’-nooxeHuu [129].
CriocoOHOCTh KJIETOK BO30yIUTENs TYJIsSIpeMuu
PEeNIuIMPOBATbCSI BHYTPUKJIETOYHO, COIMPOTUB-
JIATbCSI TIPOTUBOMUKPOOHBIM IIpemaparaM B da-
rocoMe M BbI3bIBaTh 3a00jieBaHUE TpeOyeT pa3Ho-
0o0pa3HbIX MoAu(UKALMI CBOOOJHOIO Junuaa A
n mununga A B coctase JITIC [59, 62].

no CH;OH HO MO _cH,oM
HO
2 G!cN
HO—P—0O
| GIcN
oM o]
o]
o
o] NH
(o] o] © ) O——ﬂ——OH
o HO (I)“
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(14)
(14)
12
(19) (12) (14) R

PucyHok 1. CpaBHeHue cTpoeHus nunupa A F. tularensis (A) v E. coli (B) [86]
Figure 1. Comparison of the F. tularensis (A) and E. coli (B) lipid A structure [86]
MpumeyvaHune. MeHee pacnpocTpaHeHHble BapuaHTbl iunuaa A F. tularensis MOryT UMeTb pa3ninyHble Mmogudukaumm

coCTaBa caxapa, kak moka3aHo MyHKTUPHBIMU KPyxKamu (A). M3meHeHne aaviHbl aumnbHbix Lenen (14/16/18) npy pasnnyHbix
Temneparypax ykasaHa B ckobkax (GIcN — rntokosamuH, GalN — ranaktos3amuH).

Note. Less common F. tularensis lipid A variants may have different sugar composition modifications denoted by the dotted
circles (A). The change in acyl chain length (14/16/18) at varying temperatures is indicated in parentheses (GIcN — glucosamine,

GalN — galactosamine).
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B momudukanuu JITIC HapyXHOI MeMOpaHBI
LIEHTpaJIbHasl POJIb IPUHAJICKUT CEMENCTBY (pnT-
a3, KOTOpoe BKJIIOUaeT OeJIKW, MePeHOCSIINe JIn-
MU I-CBSI3aHHBIE KOMTIOHEHTHI 000JI0YKY Yepe3 MeM-
opanbl. FImX npeacrasisier coboit daumnmasy mis
Monudukanuu cBobomHoro aunuaa Ay Francisella.
FImX Bausier Ha sapo u cTpykKTypy O-aHTUTeHa
JITIC. FImX HeobxoauM AJs1 MaToreHe3a BbICOKO-
BUPYJEHTHBIX ITaMMOB. dedunuut reHa fimX, ko-
nupytoniero ¢gaunmnaldy FlmX, Bbi3biBaeT neheKThl
MoaubUKaIMY JTUITKUIA A, peMOIEIUPOBaHUS SIIpa
U nobasyieHuss O-antureHa. bbeuio oOHapyXeHo, UTO
MyTaHT F. tularensis, TulueHHBIN fImX, aTTeHyUpOBaH
o6osnee yem B 1000000 pa3, © HE MOXET MPOTUBO-
CTOSITh BPOXJICHHOMY aHTUMUKPOOHOMY JEWCTBUIO
nentuga LL-37 1 aHTUOMOTHKA TTOJIMMUKCHHA [26].

KopoBeiit onurocaxapua (KDO) obecrneuu-
BaeT mpucyTcTBue O-aHTUTeHa Ha ITOBEPXHOCTU
KJIETKHU. Y OOJBIIMHCTBA TPaMOTPUIATEIbHBIX
OakTepuit TUMUI A CBSI3aH C SIAPOM Yyepes3 IBE MO-
sgekysqbl KDO. Heobb1uHOIT 0COOEHHOCTBIO KOPO-
Boro peruvoHa JITIC kjeTok BO30yaUTENs TyaAsipe-
MUU SIBJISIETCSI HAJIM4YWe eIMHCTBEHHOW eIMHUIIbI
KDO (BocbMMYTJIEpOAHOrO caxapa, 3-Ie30KCHU-
D-MaHHOOKTYJT030HOBO KMCJIOThl (3-deoxy-D-
manno-octulosonic acid), npucoeAMHEHHON K JIU-
nuny A [86, 125, 126, 127].

O-noaucaxapud. baxktepuanbHble O-aHTUTEHBHI,
KaK M3BECTHO, BBI3BIBAIOT CUJIBHBIM OTBET aHTH-
TeJ U3-3a UX MOBTOPSIIONIEUCS CTPYKTYPhl M KOH-
CTUTYTUBHOI 3Kcmpeccuu. O-aHTUTEH IITaMMOB
noaBuaa F. tularensis subsp. holarctica upeHTUYEH
mwramMaM nioaBuaa F. tularensis subsp. tularensis
W COCTOMT M3 YETHIPEX IOBTOPSIONINXCS CaXapos,
HO OTJIMYaeTcsl OT TakoBoro y F. tularensis subsp.
novicida [130]. Kak u y MHOTUX ApYTuX OakTepu-
aJIbHBIX MaToreHoB, O-aHTUTreH KJeToK F. tularensis
subsp. holarcticanrpaeT poJibBCOMPOTUBICHUU €~
CTBUIO CHIBOPOTKM KpoBU. MyTaHThl F. tularensis,
B KOTODPBIX OTCYTCTBYyeT O-Iosicaxapuji, OYeHb
YYBCTBUTEIbHBI K YHUUTOXEHUIO KOMITJIEMEHTOM
CBIBOPOTKM. AHTUTeNIa K O-aHTUTEHY obecrneuu-
BalOT 3allUTy MBbIIIEH, 3apa’keHHBIX IITaMMOM
LVS [31], HO He 3alUMIIAIOT OT 3apakeHUsl LITaM-
Mmamu F. tularensis subsp. tularensis [35].

Kancyaa. DneXTpOHHO-TIJIOTHBIN TTOBEPXHOCT-
HBbII MaTepuas, HAaNOMHWHAIOLIUKN Kamcynay, ObLI
MPOAEMOHCTPUPOBAH BOKPYT KJIETOK BHMPYJICHT-
HBIX NOABUAOB F. tularensis ¢ MOMOIIbIO JIEKTPOH-
HOIf MMKPOCKONMH, YTO TIPUBEJIO K BBIBOAY, YTO
9TU TIOABUABI MOTYT OBITH MHKAICYJIWPOBaHBI.
OnHako 3TU BJIEKTPOHHO-TIJIOTHBIE TTOBEPXHOCT-
HBIe CTPYKTYPhI HE BCerna BUIAHBI, UTO TTO3BOJISI-
eT TIPEAIOJIOXKUTh, UTO 3TOT KaIlCYJOIOIOOHBI
KOMITJIEKC aKTHUBUPYETCS B ONPENCICHHBIX yCJIO-
BUSIX POCTA WJIM OKpYXKalolieil cpeabl. JeTanbHbIi
aHanm3 Karicyibl F. tularensis BbISIBUJ TIOJMcaxa-
pua, MASHTUYHBIM O-aHTUTeHHOW CyObeInHUIIC
LPS [9]. Kancyna oOblYHO 3aliuinaeT GakTepuu

OT KOMITJIEMEHT-0IOCPEAOBAaHHOTO Jin3uca, daro-
IMTO3a U MMMYHHOro pacrno3HaBaHus. Kamcyia
onokupyeT cBsidbiBaHue IgM u kommoneHTa C3
KoMILIeMeHTa. J1Jiss BHYTPUKJIETOYHOrO MaToreHa,
Takoro Kak F. tularensis, aHTUdarouTapHble CBOI-
CTBa KariCyJbl MOIYT MOKa3aThCsl KOHTPIPOAYK-
TUBHBIMU, U BO3MOXHO MMEHHO IO3TOMY CUHTE3
KancyJibl moaasiasiercs. OgHakKoO BO3MOXHO, 4YTO
M3MEHSISI CUHTE3 MOBEPXHOCTHBIX CTPYKTYp Kar-
CYJIbI, MAaTOT€H MAaHUNYJIUPYET MEXaHU3MaMU MPO-
HUKHOBEHUS B KJIETKY-X03sIMHA U BHYTPUKJIETOY-
HOTO TpaHCIOPTa, YTOOBI OTPAHUYUTH BOCTIAJIEHHE
M CIIOCOOCTBOBAaTh BHYTPUKJIETOUHOMY BBIKMBa-
Huto [39, 45]. EcTb maHHBbIE, YTO pa3JIMYHbIEe Kall-
CyJIONOJOOHbIE BEIIECTBA MOTYT ITPOAYLIMPOBATHCS
pa3HbIMU lITaMMaMU F. tularensis 1 4TO cOCTaB Kar-
CYJI MOXET BapbUPOBATHCS B 3aBUCUMOCTH OT YCJIO-
BUI KYJbTUBUPOBAHUS MU (PAaKTOPOB OKpPYyKalo-
meid cpeabl. Eciy medCTBUTENBHO CYIIECTBYIOT
pa3auYHble KOMITO3UIIMM KallCyJl, 3T BapuaHThI
MOTYT OBITh Ba’KHOM 4aCThIO OOIIIEH CTpaTeruu BU-
PYJIEHTHOCTH BO30ynuTeas Tyasipemun [12].

B reHome kietok F. fularensis HaiiieH JIOKYC
u3 Tpex reHoB, capBCA, TOMOJOTUYHBIA JOKYCY
KarcyJibl ToJu-Y-D-mIyTaMMHOBOI KUCJIOTHI BO3-
OyauTesIsI CMOMPCKOM 13BbI B. anthracis. OnHaKo J0-
KYyC HE y4acTBYET B CUHTE3€ KarlCyjabl, a MOKa3aHo,
4TO TeH capAMOXeT KOIMPOBaTh MHTETPaJIbHBIi Oe-
JIOK BHYTpPEeHHe MeMOpaHbl, KOTOPbIi B3auUMOAe-
ctByeT ¢ CapB u CapC a8 aKkCcTpaueIIoasIpHOro
aKcropra yrieBonos [76]. Jlokyc capBCA xoHcepBa-
TUBEH IS IITaMMOB TUIla A 1 B, a uccinenoBanus
myTareHesa B mitaMMmax Schu S4 u LVS noareepau-
JIU, YTO MYTaHThI capBCA vunu capB Obl1U aTTEHYU-
pOBaHBI KaK in vitro, Tak U in vivo [56, 80, 115].

TTockosibKy 0boJsiouKa SIBJSIETCS CaMbIM Hapy:K-
HbIM cioeM F. tularensis, MHOT Y€ ICCIIENOBAH U S ObLITU
HarpaBJeHbl Ha UICHTU(PUKAIIAIO U XapaKTePUCTH-
KY KOMITOHEHTOB OOOJIOYKH, YUUTHIBAST UX TTOTEH-
LIMaJIbHOE BO3JIECTBHE Ha TIOBEPXHOCTh, BEPOSITHOE
MpPsSIMOE B3aMMOJIEICTBUE C MOJIEKYJIaMU KJIETKU-XO-
35iMHA U CITOCOOHOCTh M (MEKTUBHO MPOHUKATh Ye-
pe3 MmemOpaHbl 3yKapuoT (puc. 2, I1 o610k ka). belio
OOHapYKEeHO, YTO KJIETKU BO3OYIUTENS TYJISIPEMUN
conepxat cBbille 20 6eJ1KOB Hapy>KHOW MeMOpaHbI
(OMP), u3 KOTOPBIX HE MEHEE IECITU TPEOYIOTCS ISl
BUPYJAEHTHOCTU. benku HapyxHo MemOpaHbl TolC
(FTL_1865), FtlC (FTL _1107) u SilC (FTL_0686)
(GYHKIIMOHUPYIOT KaK CUCTeMa ceKpeluu tuma |
J1J1s1 BBICBOOOXAEHU ST 2(DMOEKTOPHBIX MOJEKYT U UX
JIOCTaBKM B KJIETKY-XO03svHa. [MOpUIHBINA OeoK
FupA/B (FTL_0439), HeoOXOonOMMBbIi IJisI BHYTPU-
KJIETOYHOTO BBIXKUBAHU S, SIBJISIETCSI TPAHCTIOPTEPOM
xkenesa [101, 109]. UutepecHo, uto fupA/B B liTamme
LVS aBnsercs pesyabraToM aejaenuu 1,5 T.1L.H. MeX-
Iy IByMSsI TeHaMU, OOHApY>KEHHBIMU y BUPYJICHTHBIX
mrtaMMoB Francisella, KoTopble y4acTBYIOT B TpaHC-
nopte kenesa [100]. beaok HapyXHOIl MeMOpaHBHI,
numnionpotenH Flpp3 (FTL_0645), HeoOxomuM IJIsT
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BbIXKMBaHUS MaToreHa B JIeTKUX Mbiu [115], ctu-
myaupyeT TLR2, B3auMoaeicTByeT C aHTUChIBOPOT-
Koit [89]. benok OmpA (FTL_0325) nogasisieT npo-
BOCITaJIUTEJIbHBIC IINTOKWMHOBBIE OTBETHI B KJIETKAX-
xo3sieBax [75]. DKcnoHUpyeMblii Ha TOBEPXHOCTU
oenok FsaP (FTL_1658) BaxkeH Ais MPUITAITAHUS
K SOUTeJralbHbIM KjeTkaM [79]. beaok Hapyx-
Hoit memOpaHbl DsbA (FipB) (FTL _1096) siBnsiercs
OM(pYHKLMOHAABHBIM O€JIKOM, 00JagalollnuM KakK
OKCUJOPENYKTa3HOU, TaK M M30MEpa3HOWl aKTUB-
HOCTBIO JIJISI TPaBUJBHOTO 00pa30BaHUSI CIOXKHBIX
OUCYNbPUAHBIX cBsI3eil ¢ 6oaee yeMm 50 cyOcTpara-
MU, BKJIIOYasl U Ipyrue OeJIKU Hapy>KHOW MemOpa-
Hbl, Takue Kak DipA (FTL_1306), FopA (FTL 1328),
OmpA, GeJK1 OCTpOBa MAaTOI€HHOCTU U 25 TUIMo-
TeTUYecKux 0enkoB [94, 95, 96, 97, 104, 106, 119].
JlanpHelue ucciaenoBaHus Mo MASHTUhUKALIUU
M XapaKTepUCTUKe OEJIKOB Hapy>KHOW MeMOpaHBbI
MOMOTYT Jy4Yllle TTIOHSITh BBICOKYIO BUPYJIEHTHOCTH
BO30OYIMUTEIIS TYJISIPEMUN.

Kancyna F. tularensis, nunenHtTnuHass O-aHTUTEHY
JITIC, 6nokupyeT CBSI3bIBaHUE aHTUTE U KOMIIO-
HeHTa C3 xommuiemeHTa. JITIC F. tularensis oTnuya-
€TCsI TeM, YTO OH TeTpaalluJMPOBaH, UMEET IJIUH-
HOLIEIIOYeYHbIe allMabHbIe Lenu (AauHou 16—20
aTOMOB yrIjiepona), Jubo He dochopuanpoBaH,
nnb6o MoHodochopuIMpoBaH, a TaKKe SIBISIETCS
cnabbiM aroHuctoM TLR4. [Munu tumna IV o6pa3sy-
IOT pOTOBUIHBIC BBICTYITHI HAa TIOBEPXHOCTU OaKTe-
pHi1, M XOTS OHU KOPPEIUPYIOT C BUPYJICHTHOCTHIO
TouHasg pyHKkuug nuieit Tuna IV F. tularensis ne-
n3BecTHa. Cucrtema cekpeumum tumna VI, komu-
pyemast Francisella Pathogenicity Island (FPI),
BKJIIOUAET ABa MOBTOpa OT 16 10 19 reHoB, OTBET-
CTBEHHBIX 3a CHMHTE3 COOTBETCTBYIOIIETO YHCJIa
CEKpETUPYEMbIX O€JIKOB «OCTPOBA MATOT€HHOCTU».
F. tularensis cekpeTUpyeT TaKxXKe pa3InudHBIe Oe-
ku, Bkiaodas AcpA, KatG u SodB, Ho MexaHU3MBI
MX CeKpelnu Heus3BeCTHHI. HapyxkHas memOpa-
Ha (OM) F. tularensis comep>XUT MHOTO Hapy>KHBIX
MeMOpaHHBIX O0enkoB (OMP) m nUITIOIIPOTEHMHOB
HapyXHoit MeMOpaHBI (OM Lps), KoTopble HEOOXO-
ITUMBI IJI1 BUpYJAeHTHOCTH. [lepurriazMaTudaecKme
Oenku u Oenku BHYTpeHHel MemOpanbl (IMPs)
TaKKe UTPAIOT POJIb B BUPYJICHTHOCTH F. fularensis,
HO 0 HUX M3BECTHO TOpa3a0 MEHBIIIE.

BpoxaeHHast MHOXeCTBEHHAS
NleKapCTBEHHAS YCTOMYNBOCTb

):[I[H TOTO, 4TOOBI BBIXKNUTb, MUKPOOPIraHMU3MbI
JIOJIXKHBI OBITh B COCTOSIHUU IIEPEXKUTb TOKCHUYECC-
KHNC aTaKM U MPOAYKThI JKUBHCACATCIbHOCTU OPYy-
TNX OpraH"u3MoB N OBITH CITTOCOOHBIMU CIIpaBJIATbLCA
C pa3JIMYHbIMU AOO0OBUTBIMU BCIICCTBAMU (I[C3I/IH—
(I)CKHI/IOHHBIMI/I n MOIMMHN CpeacTBaMM, aHTU-
6I/IOTI/IKaMI/I, KpaCUTCjadaMu, TAXCIbIMU METaJljaa-
MU, paCTBOpHTCJ’IHMI/I). MHoxxecTBeHHast IIpupoa-
Had YCTOﬁqHBOCTB K pa3jiM4YHbIM TOKCHUYCCKHUM

BellecTBaM B KJeTkax F. tularensis oOycinoBlieHa
HE MPUOOPETEHUEM TIJIa3MU, a SIBJISETCS Pe3yib-
TaTOM MYTallMii, KOTOpPbIe MPOMU3OILIN B TeHAaX,
KOOV PYIOIINX PETYJISITOPHI, MUIIIECHH, IIEPEHOCUM -
K1 1 (pepMeHTHI, MOTUMDUILINPYIOLINE TTIPOTUBOMMU-
KpoOHBIe rpernapatsl [48, 61, 77].

Bozoynurens tynsipemuu, Francisella tularensis,
TIPOSIBJISICT 3HAUNTEIBHYIO YYBCTBUTEIBHOCTD TOJIb-
KO K Tp€M OCHOBHBIM IpyIIIaM aHTUOMOTUKOB — Te-
TpalMKJIMHAM, aMUHOTJIMKO3UIaM U (PTOPXUHOJIO-
HaM. OgHaKo mouTu B 25% cirydaeB jiedeH e 3a00JIeB-
LIUX TYJISIPEMUENA OTHOCSIIIUMUCS K 3TUM Tpynnam
aHTUOMOTHMKAMU OKa3bIBaJIOCh TaKke Hea(hEKTUB-
HbIM [17, 22, 90]. HamomuuM, noasua holarctica ume-
eT BPOXIECHHYIO YCTOMYMBOCTh K MEHUIIMIJINHAM,
HOINMUKCHHAM, IledasocrmopmHaM, JIMHKO3aMU-
JaM (KJIUMHAAMUILMHY), KO-TPUMOKCa30y (Cyabdo-
MeToKca3zoJjia TpuMeTonpumy). K Mmakpoaumam, kap-
OomeHemMaM, MOHOOaKTaMaM (a3TpeoHeMy) HabJ10-
TaeTCs IMITaMM-3aBUCUMAsT YCTOMUMBOCTD U30JISITOB
TrOJIAPKTUYECKOTO TTOABUIA.

YacTnuHasi YCTOMYMBOCTh K aHTUOMOTHKAM,
KOTOPBIE UCITOJIB3YIOTCS IJIS JICUEHU S TYJISIPEMUN
oOycJioBJIeHa pa3HBIMU IIpuYMHaMu. B ciaydae
(bTOPXMHOJIOHOB — 3TO WHAYIIMPOBAaHHBIE aHTU-
OMOTHMKOM MYTallUd B OaKTepWaJIbHBIX THpa3ax
tuna Il GyrA n GyrB, a Takxxe myTalnuu B TOMNO-
n3omepasax tuma IV ParE mnmu ParC (MumreHsix
JIEKapCTBEHHOTO CpEACTBa), KOTOpBIC IIPUIAIOT
MOBBIIICHHYIO YCTOMYMBOCTH MTATOTeHa K (hTOPXU-
HoJioHawm [116, 117].

I'eHTamMuMH He cnocoOeH IIPOHUKATh Yepe3
MeMOpaHy, IT0O3TOMY BHYTPUKJIETOUHAS JIOKATN3a-
O BO30OYIUTEIST B OpraHM3Me JeJIOBeKa WJIU KU-
BOTHOTI'O — 3TO 3alllMTa OT JAHHOTO JIEKAPCTBEHHOT'O
CpencTBa, HO JIIOObIE BHEKJIETOUHBIC, He(DaromnuTu-
poBaHHBIE OaKTepUU OYIyT YHUITOXKECHBI TeHTAMU-
LIMHOM. XOT$I UBBECTHBI O€IKU, MOAUDPULIUPYIOIIUE
AMUHOIJIMKO3UIbI, Y TMPEACTaBUTEICH APYTrUX po-
OB, HO Y Francisella onu oTcyTcTBYIOT. I3BecTHBIC
MeXaHM3MBI ycToiuuBoCTU Francisella K aMAHOTIIN -
KO3MJIaM OCHOBAHBI Ha 3D (ITIOKCHOI TTOMTIE.

Haunbonee pacnpocTpaHeHHBIMM  OaKTepu-
aJbHBIMM MEXaHM3MaMM, BOBJICUYCHHBIMU B PE3U-
CTEHTHOCTD, SIBJISIIOTCS CHUXXCHHE ITPOHUIIAEMOCTH
Hapy>XHO MeMOpaHBI U €CTeCTBEHHasI U WMHIY-
LMpOBaHHAsT aKTUBHOCTb 3(h@OIIOKCHBIX HAaco-
coB [114]. Bunwl Francisella conep>at reHbl OYeHb
HEeOOIBIIOro Yrcia HacocoB. B 11e1oM cymiecTByeT
TPU TECHO CBSI3aHHBIX, TIEPEKPBIBAIOIINXCS HACO-
ca, KJacCU(PULUPYEMbIX KaK CUCTEMBI CEKpEIU
I tumna (T1SS), KoTopbIe IPEACTABIISIOT COOO0I acco-
OUaIunio 0eJ1Ka OTTOKa Hapy>KHOW MeMOpaHBHI, TIe-
pura3MaTuieckoro 6ejaka, Ha3pbIBAEMOTro OEJTIKOM
causiHusg MmeMopaH (M FP, membrane fusion protein)
u benkoM-TpaHcriopTtepoM. ['enom F. tularensis co-
JIEP>XKUT OMEPOHBI, KOAUpYylolue 3 oproyiora Gen-
KOB OTTOKa HapyxHoil MemOpaHbl — TolC, FtlC
n SilC [8, 74]. Aeneuns to/C (FTL_1865) niu ero ro-
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MoJioToB B miTamMe LVS mpuBoIUT K MOBBILLIEHHO
YYBCTBUTEIbHOCTU KO MHOTUM aHTUOMOTUKAM [47].
Hacoc orToka, cogepkaiinii 0eJIoK BHEILIHE MeM-
opanubsl TolC/AcrA/AcrB, urpaetr BaXXHYIO pPOJb
B 00ECICUYCHNUHN YCTOMYUBOCTU K BPUTPOMUIINHY,
SDS u yCcTOMYMBOCTU K aMUHOIIMKO3UIaM U TJIU-
konentuaam [63]. Apyroit TolC-nmogoOHBI OEOK,
FtlC (FTL_1107), yacTHYHO OTBEYAaeT 3a aHTUOMO-
TUKO-PE3UCTEHTHOCTh K KAHAMUILIMHY U CTPEIITO-
muiMHy. Hacoc orToka ¢ yuactuem optoJiora SilC/
EmrAl/ EmrB (FTL 0686, FTL 0687, FTL 0688)
UTpaeT BaXHYIO POJIb B YCTOMUYMBOCTHU K CTPEITO-
MUIMHY 1 HEOMULIMHY [8].

MuiieHblo AeiicTBUsI OeTa-TaKTaMHBIX aHTHU-
OMOTHUKOB SIBJISIETCSI CUHTE3 KJETOYHOU CTEHKU
OakTepuun. YCTOWYMBOCTL BO30OYIUTENST TYIsIpe-
MHHU K OeTa-JJaKTaMHBIM aHTUOMOTHUKAM CBSI3bIBa-
IOT C IeICTBUEM TPEX MEXaHU3MOB. DTO HapyllIeH1e
MPOHUIIAEMOCTH BHEIIIHE MEMOpPaHBbI C TIOMOIIIbIO
JITIC, neiicTBueM YeThIpeX ITCHUIIMJIJINH-CBI3bI-
Baroimux 6enkoB (PBP) u ux aktuBatopa (LpoB),
a Takxe (pepMeHTaTMBHOE pa3JioKeHUe JieKap-
CTBEHHOTO CpPeJCTBAa CEPUHOBBIMM OeTa-laKTaMa-
3aMu KJacca A [16].

YCTOMYMBOCTh K TIOJJUMUKCUHAM CBSI3bIBAIOT
¢ MonuduKaluen aHMOHHBIX DochaTHBIX T'PYIIT
JUNUIa A BO30OYyIUTENS TYISIPEMUU MOJTOKUTEIb-
HO 3apsKeHHBIMU (pparMeHTaMHM, TaKUMHU Kak
rajakTo3aMWH, YTO IIPUBOAUT K YMCHBIICHUIO
OTPUILIATEJIBHOTO TMOBEPXHOCTHOrO 3apsiia U OT-
TaJKMBaHUIO KAaTUOHHBIX IPOTUBOMUKPOOHBIX
npenapatos [71].

MexaHU3MOM YCTOMUYMBOCTU K SPUTPOMULINHY
sBJIsseTCs MoauduKauus reHa rrl/ 23S pudbocomab-
Hoit PHK. BBeaeHue TouyeyHOl HYKJICOTUAHON
3aM€EHbl LIUTO3MHA Ha aJecHUH B moJyiokeHuu 2059
TpexX KOIMHI 3TOro reHa CAeJiajio YyBCTBUTEIIbHBIC
K SpUTPOMULIMHY 1UTaMMbl F. tularensis ycToii-
YUBBIMU. DTa MyTalldsl oKa3ajach F€HETUYECKOU
OCHOBOI1 0MOBapHOI, (PEHOTUITUUYECKOI U TaKCO-
HOMMYeCKOll auddepeHOIMAINN OOJIBIION (UIO-
reHeTu4yeckoi rpymnmsl B.12 miTaMMoOB rojapkTu-
yeckoro noasuaa [60].

IMockonwky F. tularensis sBnsiercss (akynabTa-
TUBHOW BHYTPUKJETOUHOU OakTepueut, Jtoodoi
npeajaraeMblii aHTUOMOTUK MOJXKEH o00JiagaTh
BHYTPUKJIETOYHOU hapMaKOKMHETUYECKOU U hap-
MaKOAMHAMUYECKOl aKTUBHOCTbIO. AHTUOMOTUK
TPYIIIBI MaKpPOJHWIOB — a3UTPOMHUIIMH — oOO0JIa-
naeT GapMaKOKMHETUYECKOU CIOCOOHOCThIO KOH-
LHEHTPUPOBAThCI BHYTPU MaKpodaros mpuMepHO
B 1000 pa3 BbIllle KOHLEHTPALIUUM B CHIBOPOTKE,
BCJICICTBUE Yero OAKTECpUM BO3OYIUTEIS TYJsIpe-
MHHU MOTYT OBITH YOUTHI BO BHYTPUKJIECTOYHOM CO-
CTOSTHUU 3TUM aHTUOUOTUKOM [7].

PudamnuumH Takxe wumeeT dapMaKOKUHE-
TUYECKUN TpoduIb, KOTOPBIM BKJIIOYACT HAKO-
MJICHWE BHYTPU 3YKAPUOTHUUECKUX KJIETOK M, Ta-
KUM o00pa3oM, MOXET OKa3blBaThb aHTUOaKTe-

pyalibHOE IeWCTBHE TPOTHUB BHYTPUKIIETOUHBIX
Ooaktepuit. IlomaBiaeHue pudaMIIMIIMHOM pOCTa
OakTepuit F. tularensis sBIiseTcsa OaKTepuoOCTa-
TUYECKUM, HO €ro MOXHO MCIIOJIb30BaTh B COYe-
TaHUU C OPYTUMU aHTUOMOTHMKAMM, HaIpuMmep,
¢ uunpodaokcalnuHom [25].

deHoTMNMYecKan yCTONYNMBOCTb

PaznuyaloT TeHOTUIMMYECKYIO YCTOWMUYMBOCTD,
KOoTopasi SIBJISICTCSI HaclieayeMoi, U (eHOTUIIH-
YeCKy[0, KOoTopas He TiepefaeTcs II0 HACICACTBY
U 3aKJII0YaeTcsl B U3MEHEHUUM SKCIIPECCUU T'EHOB.
DdeHoTUNIMYECKAST YCTOMYMBOCTh OOECIIEYMBAETCS
JMOTOTHUTEIbHBIMU MEXaHM3MaMU1 OaKTepHuaJIbHOMI
YCTOMUYMBOCTH, IPOSBISIEMOl MM 00pa3oBaHUEM
OUOITJIEHKU, WU BKJIIOUEHUEM MEIJIEHHON CKOpO-
CTU pOCTa U MHAYKIIMEU MePpCUCTEHIIN U KJETOK, UJIU
WHIYKIIUEH aKCcIIpeccuu 3(PpPIIoKCHOM moMIthl [114].

CuunTaeTrcs, 4TO IOBBIIIEHE aHTUMUKPOOHOI
YCTOMUYMBOCTU MOXET MPOUCXOAUTH U3-3a TJIOXOUN
nudby3un aHTUOMOTUKOB UYepe3 BHEKJIETOUHBIN
noJincaXxapuIHbIM MaTPUKC, COCTABISIONINI OMO-
miIeHky. HescHo, Kakyio pojib OMOIIJICHKH MIpa-
IOT B XKMU3HEHHOM LIUKJI€ BO30OYIUTENS TYyJISIPEMUN
U OoJie3HU yesioBeka. KieTku BUPYJIEHTHBIX MOJI-
BUIOB BO30OYIUTEJIS TYJISIPEMUM 3HAUYUTEBHO Clia-
Oee 00pa30BBIBAIOT OMOITJICHKHU, YEM CBOOOIHOXK M-
BYIIIHE 9KOJIOTUYCCKME BUABL. JIByXKOMITOHEHTHAS
cucTeMa, peryjauvpyolilasi Ipou3BOJICTBO OuoILIe-
Hok (qseBC), BaxkHa aJyist BUPYJAEHTHOCTU, HO CUU-
TaeTcsl, YTO OUoMnaeHKa 00Jblile CHOCOOCTBYET BbI-
KWUBAaHUIO B Pa3JIMYHBIX SKOJIOTMYCCKUX HUIIAX
u ee GoOpMUpPOBaAHUE, MO-BUAUMOMY, BBI3BAHO
cTtpeccom [15, 50, 124].

3ak/oyeHme

CnocoOHOCTh ITaMMOB TonBuaa F. tularensis
subsp. holarctica 3aHUMaTh pa3IMYHBIE DKOJIOTH-
YeCcKHe HUIIU W pe3epByapbl U, COOTBETCTBEHHO,
MEHSITh CTUJIb XU3HU (BHYTPUKJIETOUYHBIN, CUM-
OMOTUYECKUI, «HEKYJbTUBUPYEMbIli», TTEPCUCTU-
pyIOIINii, CBOOOAHOXMWBYIINiI) OOBSICHSIET €ro
BBICOKYIO 3KOJOTMYECKYIO CTaOMJIBHOCTh U OoJee
IIMPOKOE U JUTUTEIbHOE paclIpOCTpaHEHUE B OKPY-
JKarolei cpee B CpaBHEHUU C IPYTUMU MOABUAA-
MM BO30OYIUTEIIS TYASIPEMUU.

LleHTpalbHBIM acCIEKT BUPYJICHTHOCTU BO3-
OynuTens TyJsIpeMUU — 3BTO CIIOCOOHOCTH pas3-
pyumiath GyHKIMIO MakpodaroB u HEUTpoduUIoB,
npeaoTBpalllaTh HOpMaJdbHbI 3HIOCOMAJIbHO-U-
30COMaJIbHBIN ITyTh (aronmTo3a, KOTOPHIi SIBIISI-
eTCsl HEOOXOAUMBIM KOMTIOHEHTOM TTPUPOTHOM 3a-
IIATHl OpraHM3Ma 4YeJIoBeKa M XXMBOTHOTO OT Oak-
TepuaJbHbIX TaTOI'€HOB.

Cy1iecTBOBaHHE OCOOEHHOCTEI CTpOCHUS U Ba-
pbUpOBaHUE pa3HOOOpPa3HbIX MOoAUdUKaLUi HopM
«cBoOogHOTO» MUuNuaa AuaunuaaAscoctaBe JITIC,
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a Tak>ke peryJiMpoBaHue MJWHBI allMJIBHBIX LIernei
9HJIOTOKCMHA O0YCJIaBJIMBAEeT OTCYTCTBME MMMYH-
HOTI'0 pacrio3HaBaHU s Jumnuaa A KiaeTok F. tularensis,
noaaepKaHUue MPOHUIIAEMOCTU MEeMOpaH, CIoco0-
HOCTM KJIETOK BO30YIMTEJIST TYJISIPEMUM PETLIAIIM-
poBaThCs BHYTPUKJIETOUHO, BBI3bIBaTh 3a0o0JjieBa-
HUE U COMMPOTUBISITHCI MPOTUBOMUKPOOHBIM TIpe-
naparaM. Takske K MYJbTUPE3UCTEHOCTU U OTOOpY
Haunbosee 3(POEKTUBHBIX U YHUBEPCATbHBIX MeXa-
HU3MOB TMPUBEJIO IIIMPOKOE pacpOCTpaHEHUE BO3-
oynutens tyasgpemuu F. tularensis subsp. holarctica
B Pa3JIMYHBIX OMOCUCTEMAX.

TakuM obGpa3oM, pa3iuyHble OaKTepUadbHbIE
cucteMmbl F. tularensis paboTalOT BMecTe, co3da-
IOT YHUKaJbHbIE META0OIMYECKHE IIPOTPaMMBI,
4yTOOBI OOOUTM MMMYHHYIO CHUCTEMY uYejoBeKa
M KWBOTHOI'O, MPUKPEIMUTHCI K 3yKapuOTHYEC-
KUM KJIETKaM 1 IPOHUKHYTh B HUX, OJIOKHPOBAaTh
cJimstHue (parocoMBbl € JIM30COMOM, Pa3MHOXUTHCS
B Pa3JIMUYHBIX KJIETKaX X03siMHa, He Oyaydm 00-
Hapy>XeHHBIMU, UHTUOUPYS CBOE YHUUYTOXEHUE,
M BBI3BATh TMOEJIb KJIETOK-X035IeB JIJIsT BHICBOOOXK-
IeHus1 OakTepuil M MHOUIIMPOBAHMS COCEIHUX
KJIETOK, ITPUBOJISI K pa3BUTUIO 3a00JIeBaHUSI.
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WCCJIEAOBAHUE OCOBEHHOCTEM
TPAHCIMOPTA BUPYCHOIO MATEPUAIJIA
SARS-CoV-2 B HENPOHAX HEOKOPTEKCA
CUPUACKUX XOMAKOB

C.B. Yenyp', H.M. I1apamonoBa'?, 1.A. Msacuukosa', H.H. Ilnyxxuukos!, M.A. Tionun',
B.A. Kanenckuii', H.C. UabnHcKui!

'@I'BY TocydapcmeeHnblil HAYYHO-UCCAC0068aAMeNbCKULL UCAbIMAMEAbHbLH UHCMUMYM 60eHHOU Meouyutvl Munucmepcmea
o6oponvt P®, Cankm-Ilemepbype, Poccus
2@I'YH Hucmumym 36oat0uuoHH0il pusuonroeuu u ouoxumuu um. .M. Ceuenosa PAH, Cankm-IlemepOype, Poccus

Pe3iome. Bsedenue. CydeToM onbITa MaHAEMU Y HOBOI KopoHaBupycHoi nHbek1mu COVID-19 BHacTosiiee Bpemsi 3Ha-
YUTEJIbHO BO3pOC/a aKTyaJbHOCTb UCCIEA0OBAHMIT KJIETOUHBIX TPOILIECCOB COOPKU 1 TpaHcnopTa Bupyca SARS-CoV-2
IIJ1s1 000CHOBaHM S BbIOOPA TOUEK (hapMaKOJIOrMyecKoro Bo3aeicTBus. [pociaekxeHHas 1poKas pacnpoCcTpaHEHHOCTh
Bupyca SARS-CoV-2 B opraHusme 1 ero ciocoOHOCTb MPOHUKATD Yepe3 reMaToaHLeda nueckuii 6apbep, onpeaesieT
BO3MOXHOCTbh MOP(OJOrNYeCcKOii OLIEHKHU MPOLIECCOB €ro XKM3HEHHOTO 1IMKJa B HEfpOHaX HEOKOPTEKCa C UCIOJIb30-
BaHUEM METOJa 3JEKTPOHHON MUKPOCKOIIMH, YTO U CTAJIO LIeJIbI0 HacTOsI el paboThl. Mamepuans: u memodsl. Bupyc
SARS-CoV-2 nonyyanu ot 00IbHBIX, HAKAIJIMBAJIU Ha KyJIbType KJIeToK Vero(B). DnekTpoHHOMUKPOCKOIMMYECKOE
ncciaenoanue (ODMU) TpaHCopTa BUPYCHBIX YaCTHIL IPOBOAUIN Ha caMIlaX CUPUIACKUX XOMSIKOB. 2KUBOTHBIM MH-
TpaHa3aJbHO BBOAMJIM 110 26 MKJI KYyJIbTypbl BUpyca B Konnuectse 4 X 10* TL[ds,/Mi1. DBTaHA3MS XKUBOTHBIX IIPOBO-
nunack Ha 3, 71 28 cyTKM mocJie 3apaxkxeHus1. 3BeueHHBII MO3T ToATOTaBIMBaIM 111 DM U cortacHo paHee ommcaH-
HBIM B INTepaType MeTONMKaM. Pe3yIbpTaTsl peTuCcTprpOBan ¢ IOMOIIBI0 3/1eKTpoHHOT0 MuKpockoma FEI Tecnai G2
Spitit BioTWIN. Pezyasmamui. [Ipu O9MU npociexeHbl MOphOIOrMYecKre 5KBUBaJEHTHl BADUAHTOB TPAHCIIOPTA BU-
pyca B HelipoHaxX HEOKOpTeKca B TMHaMUKe MHGEKLIMOHHOTO Mpolecca y CMpUiickux XoMskoB. [Tocie cuHTe3a 6enku
BUPYCHOIT MEMOpaHBI BKJIIOYAIOTCS B TPAHCIIOPTHBIE BE3UKYJIBI B TEPMUHAIBHBIX KaHAJIblIaX 9HI0TIa3MaTUIeCKOTo
petukyayma (OP) 1 mocTynaroT B mpoMexXyTouHbiif KoMmapTMeHT (ITK) — coBOKYMHOCTb IMTaIKOCTEHHBIX MEMOpaH-
HBIX BE3UKYJ MEXIY dHIOMIa3MaTu4eckuM petukyiaymoM (OP) u anmapatom lonbaxu (ATl). B mepsbie 3-e cyTok
MocJIe 3apakeHusl BUPYCHbIe KOMUHU BKJItoYaloTcs B AI' B TpaHCIOPTHBIX BE3UKYIaX, C(hOpMUPOBAHHBIX MeMOpaHa-
mu [TK. U3-3a 6osblnx pa3zMepoB BUPYCHBIE YaCTU LIl OTPAHUYEHBI PACIIMPEHHBIMU KOHLAMU MTOJIBUKHBIX IUCTEPH
AT. Mopdonoruuecku BoisiBIeHa aecTpykKiusi MeMopaH Al Ha 7-¢ cyTKM MH(pEKIIMOHHOro mpoliecca, YTO CBUIE-
TeJIbCTBYET 0 B3auMoneiicTBuu Be3ukyin [1K ¢ coxpaHuBIIUMuUCS MeMOpaHHBIMU 31eMeHTaMu Al 1n o peanu3anuu
MX CAaMOCTOSTEIbHON TPAHCMOPTHON (DYHKITMU MO IOCTaBKe BUPYca K Mepudepun KIeTKU U Jajee B MEXKIETOUHOE
MIPOCTPAHCTBO. B 0TpocTKax HEITPOHOB MIPOCIIEKEH TPAHCIIOPT 3PEJIBIX BUPYCHBIX YACTHUII, ACCOIIUMPOBAHHEBIX C 3JIe-
MEHTaMM IIUTOCKEJIeTa, UTO He BEISBIISINA B IPYTUX JIOKYCaX MIEPCUCTUPOBAHNUS BUpyca. 3akarouenue. [1o pe3yabratam
MTOJIYYeHHBIX JaHHBIX MOXHO C(hOPMHUPOBATH IIPEACTABICHNE O HAKOIUTEIbHOM 3HAYCHUU IJIST IIPOTPECCUM U TIep-
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cuctupoBaHusi SARS-CoV-2-nuHbeKnu B KOpTUKAIbHBIX HelipoHax. PaHHMe MpU3HaKK 3apaxeHusT HelipoHa mpen-
CTaBJIEHbI XapaKTePHBIMU U3MEHEHUSIMU sifiep, runepTpodueit OP u hopmMupoBaHreM «BUPYCHBIX (pabprK» Ha OCHOBE
9P, T[1K u AT. BHyTpu HelipoHa MPOUCXOAUT (popMUpPOBaHUE BUPYCHOI OMOMACCHI, BLIXOJ BUPMOHA U3 KJETKHU B 00JIb-
1Ieii CTENEHU COMTPOBOXKAAETCS €€ TUOEIbIo, HEXEU MPU BKIIOUYEHU N BUPYCa B IM30COMHO-3HIOCOMHYIO CUCTEMY.

Karwueesvie caosa: kopornasupyc, annapam Ioab0xcu, npOMENCYMOUHbLE KOMNAPMMEHM, IHOOCOMHO-AU30COMHAS CUCMeMd,
SHOONAAZMAMUMECKULL PeMUKYAYM, HEUPOHD.

INVESTIGATING SARS-CoV-2 VIRION MATERIAL TRAFFICKING IN SYRIAN HAMSTER
NEOCORTECAL NEURONS

Chepur S.V.?, Paramonova N.M.**, Myasnikova I.A.?, Pluzhnikov N.N.?, Tyunin M.A.?, Kanevsky B.A.?, Ilyinsky N.S.?
a State Scientific- Research Test Institute of Military Medicine of Defense Ministry of the Russian Federation, St. Petersburg,

Russian Federation
b Sechenov Institute of Evolutionary Physiology and Biochemistry of the Russian Academy of Sciences, St. Petersburg, Russian Federation

Abstract. Introduction. Taking into account the experience on the new coronavirus infection COVID-19 pandemic,
the relevance of studies assessing the cellular processes of SARS-CoV-2 virus assembly and transport to justify the choice
of pharmacological action points has now markedly increased. The study was aimed at analyzing morphologically assessed
events of SARS-CoV-2 life cycle in neocortical neurons using electron microscopy based on its traced wide prevalence
in vivo and ability to penetrate the blood-brain barrier accounts. Materials and methods. Patient-derived SARS-CoV-2
virus was obtained and accumulated in Vero(B) cell culture. An electron microscopy study (EMR) of the viral particle
transport was carried out in male Syrian hamsters. Animals were inoculated intranasally with 26 pl of virus culture in an
amount of 4 x 10* TCID,/ml. Animals were euthanized on day 3, 7, and 28 post-infection. The extracted brain was
prepared for EMR according to methods previously described in the literature. The results were recorded using an FEI
Tecnai G2 Spitit BioT WIN electron microscope. Results. Using EMR, the morphological equivalents of virus transport
variants in neocortical neurons were traced dynamically during infectious process in Syrian hamsters. After synthesis,
viral membrane proteins are included in transport vesicles in the endoplasmic reticulum (ER) terminal tubules and enter
the intermediate compartment (IC), a collection of smooth-walled membrane vesicles between the endoplasmic reticulum
(ER) and the Golgi apparatus (AG). In the first 3 days post-infection, viral copies are included in the Ag in PC membrane-
formed transport vesicles. Due to the large size, viral particles are restricted to the expanded ends of the mobile AG tanks.
Morphologically, destruction of AG membranes was revealed on day 7 post-infection, which indicates an interaction
between PC vesicles and preserved AG membrane elements or the implementation of their independent transport func-
tion to deliver SARS-CoV-2 virus to the cell periphery and further into the intercellular space. In the neuronal processes,
the transport of mature SARS-CoV-2 viral particles associated with cytoskeletal elements was observed, which was not
detected in other loci of virus persistence. Conclusion. Based on data obtained, it is possible to hypothesize about a cu-
mulative importance for progression and persistence of SARS-CoV-2 infection in cortical neurons. Early signs of neuron
infection are represented by characteristic changes in the nuclei, ER hypertrophy and formation of “viral factories” based
onthe ER, PC and AG. The formation of viral biomass occurs inside neurons; virion exit from target cells is more accom-
panied by cell death rather than if a virus becomes incorporated in the lysosomal-endosomal system.

Key words: coronavirus, Golgi apparatus, intermediate compartment, endosome-lysosome’s system, endoplasmic reticulum, neuron.

BeepneHne

IMannemunueckas cymHocTh SARS-CoV-2 B 3Ha-
YUTEJIbHOM CTENEHU ONpeaeiniia aKLeHThl UcCiie-
JIOBaHUSI OMOJIOTMM BUpYyCa, CMECTUB MUX B ILJIOC-
KOCTh IPOMUIAKTUKU M Tepanuu 3a00JieBaHUS,
pa3paboTKy Mep MO IIPEePbIBAHUIO TN IEMUYECKOTO
npouecca. Bmecte ¢ TeM Bupyc SARS-CoV-2 kpome
MAaTOJIOTMYSCKOU CYIITHOCTH MPEICTaBIsICT UHCTPY-
MEHT [JIsI UCCaedoBaHUs (YHKIUI KJIETOUHBIX
OpraHe/uI U TPAHCIOPTHBIX CUCTEM KJIETKU. DTO
MOATBEPXKIAET LIMPOKAas pACIPOCTPAHEHHOCTb BU-
pyca B OpraHu3sMe, 1 ero JoKa3aHHasl CIIoCOOHOCTh
IIPOHUKATH Yepe3 reMaTosHLedaindecKuii 6apbep
(I'DB), BEI3BIBasI TIOBPEXICHUS HEMPOHOB [4].

BoJIbLIMHCTBO BHOBb 00Pa30BaAHHBIX BUPYCHbBIX
YAaCTHUIL B HEPBHBIX KJIETKAaX ABUXETCS 110 KOH-

CTUTYTUBHOMY CEKPETOPHOMY MYTHU 4Yepe3 arra-
pat Tonbmxu (ATl') K mya3MaTruyeckoil MeMOpaHe.
BMmecTte ¢ TeM HeobpaTuMble U3MEHEHU ST CTPYKTY-
pol nuctepH Al onpenenssioT HeOOXOAUMOCTh U3-
YUYEHUS MyTel CeKpelUuU, aJIbTePHATUBHBIX KOH-
CTUTYyTUBHOMY. HekoTopbie BHUpPYCHl MPOHUKAIOT
B TMPOCBET HHAOIIA3MaTUYECKOr0 pPEeTUKyIyMa
(BP), Be3UKYyJIbl TPOMEXYTOYHOTO KOMIApTMEHTA
(ITK)) unu ocratorcsa B AT [17].

CunuTamT, 4TO cOOpKa KOPOHABUPYCOB BO3-
MmoxkHa B Besukynax [1K [20], B Oonbuieit crerneHu
B €r0 BE3UKYJISIPHO-TPYyOUYAThIX CKOTJIEHUSIX — CO-
BOKYIMHOCTU HEOOJBIINX BE3UKYJT U KaHAJbIIEB,
Jnokaiu3oBaHHbIX Mexay OP u AT [10]. B Hux
NPOUCXOAUT NEKOPUPOBAHUE BUPYCHBIX OEJIKOB
nocpeactBoM O-TIUKO3WJINPOBAHUS, B YaCTHO-
ctu N-aneTujarajlaktro3ammuHoM [22]. B Be3ukymnax
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ITK nmpucyTcTBYIOT U Apyrue ¢hepMEeHTHBIE CUCTE-
MBI, B 9acTHOCTH p5S8/ERGIC-53 [12] u T'Tda3zwr
Rabl u Rab2 [13, 17]. KopoHaBUpyChl, HUCIHOIb-
sytomre 1K nias cOopku BUPUOHOB, NpUHAIJE-
XaT K pasHbIM pomaM (o-, B-u y-CoVs) [12]. D10
CBOMCTBO OIMUCAHO W NJI51 BO30YyIUTENEU TSKea0-
ro octporo pecrnuparopHoro cuHiapoma (SARS)
U OJTMKHEBOCTOYHOTO PECTTUPATOPHOIO CUHAPOMA
(MERS) [19].

ITneomopdHbBIE BUPUOHBI KODOHABUPYCOB UME-
IOT 3HAYUTEJbHYIO pa3MEpHYIO T'e€TepOreHHOCTb,
ot 100 10 160 Hm B iuameTpe [17]. OnHoOLemOUeUHAasT
BupycHasis PHK komrmiekcupyeT ¢ HECKOJbKUMU
KonusMu N-0eKa, Mmocjiae 4ero pudboHyKJIeOonpo-
TEUH CBOpayMBaeTCs, 00pa3ysl CIUpajbHbIA HY-
kaeokaricun [11]. S-6enok mpeacrtaBasieT cobou
0OJIBIIION TPUMEPHBIN TNIMKONPOTEeUH. beok moj-
BepraeTcs 3HAUYUTEJIbHOW TEPMUHAJIbHOU MOAM-
dukanuu pepmeHntamu AT ¢ N-gekoprupoBaHUEM
pa3JnYHbIMU ThuKaHamu [9, 15]. M-06enok cuu-
TalOT OCHOBHBIM O€JIKOBBIM KOMIOHEHTOM BUPYC-
HOU 000J0YKHM, TPUAAIOIIUM BUPUOHY ero ¢op-
My [5]. OH no-pazHomy MoauduLupyeTcs N- uiu
O-cBsi3aHHBIMU caxapamu. E-06eiku 000JI04KH
MpeacTaBJeHbl HEOOJbIIMMU OAHONPOMUIBHBIMU
UHTErpaJJbHBIMM MEMOpaHHBIMU MPOTEMHAMU,
KOTOpbIE OOBIYHO MOAMGUIIMPOBAHBI MAJIbMUTO-
uivpoBaHueM. OHU MPUCYTCTBYIOT B HEOOJIBIINX
KOJIMYeCTBaX B BUPYCHBIX YacTUIlAX, HO UTpPaloT
CYILIECTBEHHYIO pOJib B COOpKe BUPUOHOB [18], 00-
pa3ysi IeHTaMepUYEeCKU I MOHHBIN KaHaJ (BUPOIO-
PUH), HEOOXOMUMBIN NJ151 BHICBOOOXIEHUS BUDY-
COB. YUuThIBasi KOMMOAapTMEHTaIU3aluio COOPKU
KOPOHABUPYCOB B BE3UKYJSIPHO-TPYOUATBIX CKO-
miaeHusx [NK, umenHo E-6eyiok obecrieurBaeT no-
JocTHoe u3MeHeHue pH [25] ¢ cakKyJasipHBIM pac-
IIUPEHNUEM BE3UKYJ, HEOOXOIMMBIM J151 HAKOTILJIE -
HU S BUPYCHBIX YacTuir [23].

CakkyasgapHble gomeHbl IIK, rme mnpowucxo-
IUT cOOpKa BUPUOHOB, MOTYT 000COOASThCS NS
nepeHoca KpynHOrabapuTHBIX BUPYCHBIX YAaCTUILL
B LeHTpajbHYl0 obnactb A’ uau B MeraBe3uKy-
Jbl [24], mOoCpeacTBOM KOTOPbIX BO3MOXKEH TpaHC-
MOpT BUpYca Mo nepudepuu MIacTUHYIATOro KOM-
MJieKca, a TakXe B 2JIEMEHThl CaMOCTOSITEeJIbHBIX
ceKpeTopHbIX TyTeit B 0oxon AT [8] mpu pa3pylie-
HUM ero uuctepH. DnemeHThl 1K, onpenensembie
MO0 COOTBETCTBYIOIEH (hepMEHTATUBHOW AaKTUB-
HOCTHU, MPOCJIEXKEHbI B MEPULIEHTPOCOMAJIbHOU 00-
JIacTU ¥ Ha Tniepudepuu KiaeTku [16], 1 oHU ObLIN
MPOCTPAHCTBEHHO CBSI3aHbI C PELIUPKYIUPYEMbI-
MU 3HJ0coMaMU. TakuMm oOGpa3oM, Npu paspylie-
HUuu Al BBICBOOOXIEHUE BUPUOHOB HE 3aBUCUT
OT KJIAaCCUYECKOr0 CEKPETOPHOro IMyTH U MOXKET
NPOUCXOOUTh Yepe3 DHIOCOMHO-TU30COMHYIO
cucremy [6].

CdhopMupoBaHHbBIE TEOPETUYECKUE IPENCTaB-
JIEHU ST Ba>XKHbI AJ1s1 BBIOOpaA ToYeK (papMaKkoJornyec-
KOTro BO3JEUCTBUS Ha Y3J0Bble MOMEHTHI BUPYCHOM

NPOAYKIIMU U aHaTu3a MOpdOJTOrnyecKkrx Habro-
JMEeHW I pa3JIMIHON JTIOKAaIN3aIlM BUPYCHBIX YACTUIL
B HEMpOHAX HEOKOPTEKCa CUPUIHCKNX XOMSTKOB.

Matepuanbl n MeTobl

DKCIepuMEeHTaIbHOE HCCIeA0BaHNE MPOBOIU-
I Ha 24 caMIlaX CUPUICKHNX XOMSIKOB B BO3pacTe
4—6 nenmenp maccoit tena 80—100 r, TTOJTyYEeHHBIX
u3 nutomMmHuka 3A0 <«HITO “Jlom dapmanyu”™»
(Cankrt-IletepOypr). 2KUBOTHBIX  comepKalin
B CTAaHIAPTHBHIX YCIOBUSX BUBApUSI.

Boidenenue u Hakonaenue u3041moe 8upyca.
O06pa3ibl HOCOTJIOTOYHBIX CMBIBOB, ITOJYUYEHHBIC
ot 6onbHbIXx COVID-19, ocBetnsinu ueHTpudy-
rupoBaHUeM, (GUIBTPOBAIM Yepe3 IIIPUIEBYIO
Hacanky Jet Biofil ¢ mmamerpom mop 0,22 MKM
(Biofil, KuTait) n BeICeBaan Ha MOHOCJION KYJIbTY-
pbl KjaeTok Vero(B), BeipallleHHbIX B KYJIbTYpaib-
HbIX (hJIaKOHAX IJIOLIAAbI0 ITOBEPXHOCTU 25 cMm?.
MNukybanuwo MHEULIUPOBAHHBIX KYJAbBTYp Kie-
TOK IIPOBOAMIIN TIpu TeMIiepaType 37°C B TeueHHE
5 CYTOK WJIM 1O TIOSIBJICHUSI U TOMATUISCKOTO ICH-
crBus (LIIT1) BupycoB, corjlacHO paHee ONHMCaH-
HBIM B 1uTeparype Metonukam [21, 26]. Haanune
BUpYyCa B KYJBTYpPaJbHON XMIKOCTH ITOATBEPK-
najau, UCrojb3ys Habop peareHToB Detection Kit
For 2019 Novel Coronavirus (2019-nCoV) RNA
(PCR-Fluorescence Probing) (DAAN GENE LTD,
Sun Yat-Sen University, Kurait). Ha aToit ke Kie-
TOYHOI JJMHUU ONPEACIISIIN TKaHEeBYIO IUTOITaTH-
yeckyto mo3y Bupyca (TLs,/Ma) mo metony Puma
u Menua [14].

Anst nAEGUIMPOBAHUS XWUBOTHBIX MCIIOJIbB30-
Banu mramMm hCoV-19/StPetersburg-SC-2-05/2022.
IItamMmMm OblI BbIgedeH coTpyaHukamu POI'BY
IT'HUMUNU BM MO P® B 2022 1. Ha TEeppUTO-
puun Cankt-IleTepOypra oT mmammeHTa OOJBHOTO
COVID-19. lanHbI# IITaMM ASIOHUPOBAH B KOJI-
nexkuuio supycoB ®PI'bY THUMHU BM MO PO.

Bberin cpopMupoBaHbl KOHTPOJIBHASI M OIBIT-
HBIC TPYIIITHI XXUBOTHBIX. Maccy XKUBOTHBIX PErU-
CTPHUPOBAJIU IO 3apakeHM I 1 eXKEeTHEBHO B TCUCHNE
nocaenyromux 28 cytok. Ilepen 3apakeHUEeM Xu-
BOTHBIX HapKOTU3UPOBAJIH PACTBOPOM «30JICTUI
100» B mo3e 40 MT/KT BHYTpUOpPIOIIMHHO. Jlanee Me-
XaHWUYEeCKUM J03aTOPOM MHTpaHA3aJIbHO KaxKIO-
MY XOMSIKY OIIBITHOM IPYMIIbl BBOAUIN MO 26 MKII
KyJAbTYpBl BuUpyca, conepxaieii SARS-CoV-2
B kosnnyectBe 4 x 10* TLds,/Mn [2]. DBTaHa3uio
KWBOTHBIX Ha 3, 7 UM 28 CYyTKHU TIOCIE 3apakeHU T
IPOBOIUJIN TIEPEIO3UPOBKONM OOIIIETO aHECTEeTH-
Ka (pactBophl «Kcuma» 20 mr/mi u «3ometua 100»
50 mMr/M7, cooTHomreHue 1:1) B oobeme 1 Mt Ha 1 KT
Macchl TeJla BHYTPUMBIIIICIHO.

Boidenenue PHK eupyca uz obpasyoe 20408HO-
20 Mo03ea cupuilckux xomskog. TKaHb TOJOBHOTO
mo3sra romorenusupoBanu (FastPrep-24 5G, MP
Biomedicals), B necaTuKpaTHOM 00BEME CTEPUJIb-
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Horo PBS um uenTpudyruposanu npu 3000 006/
MUH B TeuyeHue 10 muH. I[lonydyeHHY10 Hamocaaou-
HYIO SKUJIKOCTb MCHOJb30BaJIM [JIsl BBIICICHUS
PHK. Boigenenne PHK us 10% cycneHs3uu o00-
pa3lioB TKaHEW TOJIOBHOTO MO3Ta CUPUUCKUX XO-
MSIKOB, TIPOBOIMJIM C TTOMOIIBIO KOMMEPYECKOTO
Habopa «AllPrepDNA/RNA/miRNAUniversalKit»
(Qiagen, TepmanHus). Bce aTanbl 3KCTpak-
uuu PHK BBINOAHSAM COTJIACHO MHCTPYKLMU
MTPOU3BOIUTENS.

Jnsa onpenenenust Bupyca SARS-CoV-2 B TKa-
HSIX TOJIOBHOTO MO3Ta 3apa*XeHHBIX >XMBOTHBIX
Ucroab30Baau Habop peareHToB Detection Kit
For 2019 Novel Coronavirus (2019-nCoV) RNA
(PCR-Fluorescence Probing) (DAAN GENE LTD,
Sun Yat-Sen University, Kurait).

st 37eKTPOHHO-MUKPOCKOITMYECKNUX MCCe-
noBaHuit (DMW) u3BJieYeHHBIM MO3I paccekaau
Ha (poHTalabHbIE Cpe3bl TOJAIIMHON B 1—1,5 MM
U npedukcupoBaau B oxJjaxjaeHHo g0 4°C cme-
cu 4% mnapadopmanbaeruga u 0,5% riayrapoBoro
ajgpaerujaa, npurotonieHHo Ha 0,1 M kakoau-
natHoMm oydepe (pH 7,2—7,4). BoiaenieHHbIe KycOU-

K CEHCOMOTOPHOTO OTIejla HEeOKOpTeKca 4epes
1,5—2 4 nopukcupoBanu 1% pacTBOPOM YEeThIpEX-
oKuCU ocMusl (Bce peakTuBbl — Sigma-Aldrich,
T'epmanus). OGe3BOXMBAJIU MaTepUall B pacTBoOpax
3TUJIOBOTO CHMPTa BOCXOJSIIE KOHIIEHTpAaIlUuU
1 abcoyrtoTHOro ametoHa. B mpomecce mermapa-
TallMu KOHTPACTUPOBAIU TKaHb B Kycoukax 3,5%
ypaHuiauetratoM Ha 70° ataHose. [TponuTky u 3a-
JIUBKY C OpUEHTaIlMell KyCOYKOB IO JIYIIOi Ipo-
Bonuiau cMmechblo apaaauTtoB (Fluka, IIBeiiuapus).
TMonumMmepu3anuio OCYIIECTBISIIM B TEpMOCTaTe
npu 37°C 1 60°C B TeyeHUe Tpex CyTOK [1].
Vinerpatonkue cpe3nl 50—60 HM TOTOBU-
aun Ha yabTpatome LKB-IIT (LKB, IIBeuus).
Perucrpanuio wu3MEeHEHMI CTPYKTypbl TKaHel
OCYIIECTBJISIM Ha 3JEKTPOHHOM MUKPOCKOIIe
FEI Tecnai G2 Spitit BioTWIN (FEI Company,
Hunepnannbsl) mpy  yCKOPSIIOIIEM  HaIpsixKe-

auun 80 kB, mpenocraBienHoM LIKIT MDD nwm.
N.M. CeuenoBa PAH.

CpaBHeHMUE ITPOBOAMIIN C aHAJOTMYHBIMHU Xa-
PaKTepPUCTUKAMHU KUBOTHBIX T'PYIIIBI BUBAPHOIO
KOHTPOJIS.

PucyHok 1. CBoGoaHble copa3sMmepHble KopoHaBupycy (80—100 HM) onyLueHHble 6enkamu Be3nKyJbl

B oTpocTKax (A, B) n B nepukapuoHax (B—I') HelipoHOB, 4acTo B6JIN3U M3MEHEHHbIX nonocTteii AP unu AT,
nocne 3apaxeHus SARS-CoV-2 4 x10* TUA;,/mMn (26 Mkn/0coOb MHTPaHa3aNbHO). NIEKTPOHHOrPaAMMBbI.
YBenuyenue: A— 105000, 6 — 135000, B — 43 000, — 16 500

Figure 1. Free SARS-CoV-2-sized (80—-100 nm) protein-pubescent vesicles in the processes (A, B) and neuronal
perikarya (C-D), often near altered cavities of the ER or AG, after infection with SARS-CoV-2 4 x 104 TCD4,/ml

(26 wl/individual intranasally). Electronograms. Scale: A— 105 000, B — 135000, C — 43 000, D — 16 500
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ABTODHI TIOATBEPXKIAIOT COOJIOIEHUE WHCTHU-
TYLIMOHAJBHBIX W HAIMOHAJIBHBIX CTAaHIAPTOB
0 WCHOJb30BAaHHUIO JIAOOPATOPHBIX IKWBOTHBIX
B cooTBeTcTBUMU C «Consensus Author Guidelines
For Animal Use» (IAVES, 23 July 2010). IIpoToxkon
ncciaeaoBaHusg omobpeH KomMuTeToM 1o 3THKeE
OMOMEIMIIMHCKUX WCCICAOBAaHUI OpraHW3alluu
(ITporokoa Ne 21 ot 23.11.2020).

PeaynbraThl

BeccriopHo, caMbIM MTPOTHMBOPEYMBBIM aCITeK-
TOM CYIIECTBYIOIIMX Teopuil mponudepanumn
SARS-CoV-2 B HelipoHax CcTaJl0 HaJIW4We B IIU-
TO30JIe MepuKapruoHa U JlaXe B OTPOCTKAaX copas-
MEPHBIX BUPYCY BE3WKYJI, 3aMETHO TIPEBBIIIAIO-
IIUX pa3Mepbl KJIATPUHOBBIX MY3BIPHKOB (puc. 1).
CBOOOAHBIE BUPYCOTIONOOHBIE BE3UKYJIbI BHISIBIIC-
HBI B IIUTOIJIa3Me TeJl U OTPOCTKOB HEMPOHOB B ac-
COlMAlINY C 9JIEMEHTAMU IIUTOCKeeTa: Helpohu-
JIJaMeHTaM¥ U MUKPOTPYOOUKaMU, OTBETCTBEHHbI-

MU 3a HampaBjieHHWE BHYTPUKJIETOUHOTO TpaHC-
nopTa, aKTUBHOE ABUKEHNE OTPOCTKOB, KWHETUKY
(GopMbl HEMIpOHa.

Ilpn ananu3e mMyTu U crocoba IMPOHUKHOBE-
HHUSI BUPYCOB B HEMPOHBI oOpaliajid BHUMaHUE
Ha TIPOIIeCChl MTMHOIMTO3a. B 3TOM cirydyae BUpyC-
HBIE€ YaCTUIIBI OKPYKEHBI MEMOPaHHOI 000JI0YKOI
MUHOLIMTO3HBIX BE3UKYJI, Ha TTOBEPXHOCTU KOTO-
PBIX TaKXe OTMeYa M MPEelrITuTanio 0eaKa, of-
Hako 0oJjiee KPYMHO-TJILIOYATYI0 MO CpaBHEHUIO
CO CTPYKTYPOI BUPYCHOI «KOPOHBI» (puc. 2).

®durypbsl TUHOIIUTO34a, ITPOCJICXKEHHBIE B OTHOM
M TOM Xe BOJOKHE Ha TPOTSKEHUU, TO3BOJISIOT
CUMTaATh, YTO IMOCPEACTBOM IMMHOIIMTO3a/3K301H-
TO3a BUPYCHI MOTYT ITPOXOAUTH TPAH3UTOM Yepe3
OTPOCTOK, HE BBI3bIBasi U3BMEHEHU €ro CTPYKTY-
pbl. DTO yTBEepXIAeHUEe clpaBeauBo U ajs1 ['Db
(puc. 2B).

C TOYKM 3peHUs perIMKalluu BUpyca 3apake-
Hue HeiipoHa SARS-CoV-2 npuBOaUT K XapaKTep-
HBIM U3MEHEHUSIM CTPYKTYPHI SIApa, CYyTh KOTOPBIX

PucyHok 2. BapuaHTbl TMHOLUTO3a COpa3MepHbIX BUPyCaM «ONMyLUEHHbIX» YacTUL, B Heliponune
HeokopTekca nocre 3apaxeHus SARS-CoV-2 4 x 104 TLs,/Mn (26 mkn/oco6b UHTpaHa3asbHO).
®dopmupoBaHue fEeKopUPOBaHHbIX 6€/IKOM NMMHOLMTO3HbIX Be3ukyn (A-B), copepXalmx OKpyXXeHHbIi
MemOpaHoii MaTepuan MeXkKJeTo4Horo npoctpaHcTea. Hecneuuduyeckue npouecchbl NMHOLUTO3A

M 3K30LMTO3a B TOM YMCJlIe BUPYCHOIO MaTepuana CTPYKTYp COCYAUCTbIX CTEHOK (B) M MOBEPXHOCTHbIX
knetok mo3ra (I'). dnekTpoHHorpammsi. Yeenuyenue: A — 105000, 6 — 60 000, B — 26 500, ' — 60 000
Figure 2. Pinocytosis variants for “pubescent” particles commensurate with viruses in neocortical neuropil

after infection with SARS-CoV-2 4 x 10* TCD,,/ml (26 pl/individual intranasally). Formation of protein-decorated
pinocytotic vesicles (A-B), containing membrane-surrounded material of the intercellular space. Nonspecific
processes of pinocytosis and exocytosis, including viral material of the structures of vascular walls (C) and cortical
surface cells (D). Electronograms. Scale: A— 105 000, B — 60 000, C — 26 500, D — 60 000
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CBOIUTCSI K YBEJIMUYCHUIO YICTBHON ITOBEPXHOCTU
M HaKOIIJICHUIO PHUOOHYKJICONPOTEUHOB, ¢op-
MHUPYIOIIUX MHOXECTBEHHBIE SAPBIIIKU (puc. 3).
HauuHas ¢ 3 cyTok mocie 3apakeHus JKUBOTHBIX
KYJBTYPOI KJIETOK C HAKOIIJIECHHOU BUPYCHOI Mac-
COM, TPaKTUYECKHU B KasKIOM SIIPE MTPOCICKUBAINA
SIPBIIITKOBBIN aIrrapaT, MIOBEPXHOCTH HYKJIEOJIeM-
MBI PE3KO YBEJIMUYMBAJIaCh BCIEACTBUE YETO OKPY-
IJI0€ B HOpPME sIIpO HEipoHa IMprUoopeTaIo JIoIacT-
HYI0 pOpMY CO MHOXKECTBOM y3ypaluii paciIipeH-
HOro TMepUHYKJIeapHOTO mpocTpaHcTBa (puc. 3b).
CTpyKTypa Kapuo- W LHUTOIIa3Mbl B 3HAYUTEb-
HOW CTENeHM OBlJIa COXpaHeHa, YTO MO3BOJISIJIO OT-
HOCHUTh U3MEHEHUS s1ep K PeaKTUBHBIM, HO CO-
MPSIKEHHBIM ¢ TTPoLieccoM Mpoandepaii Bupyca
N3MEHCHM SITM.

BceencTBre HachIeHUST puOOCOMaMU TTOBEPX-
HOCTb MeMOpaH DP mpuobpeTana MoguyepKHYTYIO
KOHTPAaCTHOCTh, HEPaBHOMEPHO pacIIVpeHHBIe
KaHaJILIBI ITPOCJICKUBAJIN Ha 3HAYUTEIBHOM ITPO-
TSIKEHWW, HadWHasI C COYCThSI C NEepUHYKJeap-

HbBIM TmpocTpaHcTBOM (puc. 3I'). «AMITyJabHBIE»
paciuiupeHus1 KaHajblieB OP ¢ mpeuumnuranuei
Oesika Ha MUX LMUTOIJIa3MaTUYECKOU MOBEPXHOCTU
MO0 CYTU WJJTIOCTPUPYIOT OTIMOYKOBAHUE BUPYC-
HBIX YacTHUll omNpelaeaeHHOU 3pesiocTu (puc. 4).
HapaboTtaHHble KOMIIOHEHTbHl BUPYCHOI'O IeéHOMa
MOCTYyMaloT U3 SiApa B KaHaJbIbl IIEPOXOBATOTO
OP mo KOMMYHUKAIIUSIM, CBSI3bIBAIOIIUM UX C TIe-
PUHYKJEapHbIM MOpoCcTpaHCTBOM. Ompenensercs
HeperyasipHoe CaAullaHue MeMOpaH pacluIupeHHBIX
yyacTkoB DP u 3anonHeHue GOpMUPYIOLINXCS Be-
3UKYJ CJIA0OKOHTPACTHBIM TOMOT€HHBIM COJep-
KUMBIM (puc. 4A). IIpociexxeHo OTIIHYPOBbIBAHUE
«OMyLIEHHBIX» BE3UKYJ, COPA3MEPHBIX BUPUOHAM,
Ha rpaHulaXx TaKUX MeMOpaHHBIX KOHIJIOMEPATOB
M JIOKaJIU3alusi CBOOOMHBIX BUPYCHBIX YACTHUIL BO-
Kpyr HUX (puc. 4b), To ecTb hopMuUpoOBaHUE BUPYC-
HBIX «(adpUK» Ha OCHOBE CTPYKTYPHBIX U (PyHK-
LIMOHAJbHBIX U3MEHEHU U DP.

PaccmarpuBass BapuaHThl MOP(MOTOTrMYECKUX
MNPOSIBJICHU BUPYCHOW Mporpeccuu, obpaliaiu

PucyHok 3. YnbTpacTpyKkTypa HeiipoHOB nocie 3apaxeHus SARS-CoV-2 4 x104 TUAs,/mn (26 mkn/ocobb
MHTpaHa3anbHOo). B kapnonnasme HEMPOHOB NMNPOCIEXEHbI MHOFOYUCIEHHbIE AAPBILKU, TOKaNU3YIOLWUecs
NpumMeMOpaHHO; KOHTYP SA4ep 4acTO USMEHEH C OKPYIIoro Ha nonacTHoli (A-B) ¢ pacwupeHuem
nepuHyKneapHoro npoctpaHcTea (B) u ckonneHmem pubéocom B npuaexailuei K aapy uuronemme (A-B).
Kananbubl 9P Hepeko coeauHeHbl ¢ SaepHoil MemOpaHoii, uucTepHbl Al HaOyxwue u cnunaiorces ().
AnekTpoHHOrpammsbl. YBenumyenue: A— 6000, 6 — 20 500, B — 9900, ' — 26 500

Figure 3. Neuronal ultrastructure after infection with SARS-CoV-2 4 x 10* TCDs,/ml (26 ul/individual, intranasally
inoculated). In neuronal karyoplasm, numerous nucleoli were traced, localized near the membrane; nuclear contour
is often changed from round to lobed (A-C) with expanded perinuclear space (B) and accumulated ribosomes in the
cytolemma adjacent to the nucleus (A-C). ER tubules are often connected to the nuclear membrane, AG cisterns are
swollen and stick together (D). Electronograms. Scale: A— 6000, B — 20 500, C — 9900, D — 26 500
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BHUMaHUe Ha XxapakTepHble uaMeHeHust AI” Bo Bcex
KJIETOYHBIX 3JIEMEHTaX HEOKOpPTeKCa CHPUMCKHX
XOMSIKOB, MpPEXJe BCEero B Heilpouurtax (puc. 5).
Yucio KOMIIEKCOB M TUIONIA b, 3aHUMaeMasi MU,
B npoduiie HEWPOHAJILHOTO Ccpe3a BCIECACTBUE MX
TUTIePIUIa3UM BO3pacTaiud ¢ TedyeHUeM MHOEKIIM-
oHHoro npoiiecca. Eciu K 3 cyTkam 1ociie 3apaxe-
HUS B KaxaoM 3—4 HelipoHe oOHapy>KMBaJll pa3-
pactanue AT’ u npoaudepauunio Bupyca, To K 7 cyT-
KaM 3TO sIBJ€HHWE HOCWJIO TOTAaJIbHBII XapaKTep.
IMpakTryeckM B KaxKJI0M COXpaHUBIIIEMCSI HEipOHe
Ha (oHe TunepTpodUU MUTOIMIA3MaTUIECKUX Op-
raHeJsJ1 mpeo6aanasu U3MEeHEHHbIe KoMIIeKChl AT
Hepenko oTnenbHbIE X 2JIEMEHTBI PacCIpOCTPaHsI-
JIVCh TTyOOKO B OTPOCTKM HEPBHBIX KJIETOK.
JledbopMauiiu B OGoJibllIel CTENEHU MOJABEPXKE-
HBbI TaacTUH4YaTble nUcTepHbl AL OHM Hepery-
JISPHO paclIMpsIIuCh B pa3Mepax, AEMOHCTPUPYS

N e

Fi

MpPONyJIbCUBHYIO aKTUBHOCTh, XapaKTepHasl 111uc-/
TpaHCc-TIOJsIpHOCTb AT" HUBenaupoBajach (puc. 5A,
b, B). 3HauuTe/IbHOE KOJUUYECTBO KPAeBbIX LIUC-
TEpH YyBeIMYEeHO B pasMmepax. [IpociexuBanu
cJUMIlaHrue MeMOpaH IIaCTMHYATOro KOMILIeKca
M 3all0JIHEHHE eTOo MaTPUKCa TOMOT€HHBIM COIep-
JKUMBIM, KOTOPOE C y4eTOM BUPYC-TTpoJincepaTuB-
HOI aKTMBHOCTU U3MeHeHHBIX AT, mo-sBuanmomy,
npeacTaBiisieT codoii BUpycHble o6enku (puc. ST, 1,
E). PeructpupoBajii oTUIHYpOBaHHE OT MOAUDU-
nupoBaHHBIX Al Be3uWKys, copa3MepHbBIX BUPYC-
HBIM YaCTUIIaM, TeKOPUPOBAHHBIX OCMHUO(MUITBHBI-
mu oenkamu (puc. SA—E). HecMoTpst Ha BapuaHTbI
dyHKIMoHupoBaHus Al npu ¢opMuUpOBaAaHUU BU-
pyccoaepxalux Be3ukya [17], cieqyeT nmpusHaThb,
4TO K 7 CyTKaM Iocjie MHMUITMPOBAaHU S TpaKTHUYE -
CKHM BO BCeX 3apakeHHbIX HelipornTax Al yrpaun-
BaeT MJIACTUHYATYIO CTPYKTYPY Y GYHKIIMOHUPYET

PucyHok 4. ®opmMupoBaHue BUPYCHbIX «pabpuk» Ha OCHOBaHMU AePOPMaLMOHHbIX UBMEHEHUI CTPYKTYP
9P nocne 3apaxeHus SARS-CoV-2 4 x 10* TUA,,/mn (26 Mk/oco0Ob MHTPaHa3anbHo). Paclumpexnne
KOHL,eBbIX Y4aCTKOB TOHKMX KaHanbLeB AP (A), ¢ «onyweHnem» BUPYCHbIM GEIKOM Ha «aMnyJIbHbIX»
pacwupeHnusx (B). FTmnepTpodus u cnunaimne pacwmpeHHbix kaHanbues AP (B). CnuaHue mem6paH 9P

c o6pasoBaHueM BUPYCHbIX «HabpuK» U OTNOYKOBaAHUEM BUPYCHbIX YacTul, (). AneKTpoHHOrpamMMmbl.

YBenunyenue: A—43 000,56 —60000,Bul — 26 500

Figure 4. Formation of viral “factories” based on deformation changes in ER structures after infection with SARS-
CoV-2 4 x 10* TCD,,/ml (26 pl/individual intranasally). Expansion of the terminal sections of the ER thin tubules (A),
with “pubescence” of the viral protein on the “ampullary” extensions (B). Hypertrophy and adhesion of dilated ER
tubules (C). Fusion of ER membranes resulting in viral “factories” and viral particle budding (D). Electronograms.

Scale: A— 43000, B— 60000, C and D — 26 500
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Kak «BUpycHas1 pabpuka». [IpruyeM B cocTaB BU-
pUOHA BKJIIOYAIOTCSI HE TOJBKO CUHTE3UPOBaHHbBIC
BUPYCHBIE O€JIKM, TMpeTeprieBallue MOCTTpaH-
CISAIIMOHHBIE MOAUMUKAIIMU, HO U IKCTPYAUPO-
BaHHbIe (ochoaunuaHbie (pparMeHTbHl MeMOpaH
AT, a takxxe OP u I1K. MeMOpaHbl B UBMEHEHHOM
TUIIEPAJTre3UBHOM COCTOSIHUM, IIO-BUAMMOMY,
cJIy>kaT MaTpUIEel IJISI MHTerpupoBaHUS OEJIKOB
BUPYCHOI YacCTUIIbI, 0OecreunBasi 3a CYET MOBEPX-
HOCTHO-aKTUBHBIX CBOMCTB MX pa3Mep U KOpOHa-
BUJHOE TJIMKO3WJIUpoOBaHUEe S-0eska. BupycHble
JacTuilbl, popMupyeMble MOIUGUIIMPOBAHHBIMU
AT u DP, oTIIHYPOBBLIBAIOTCSI B LIUTO30Jb, B CBSI-
31 ¢ YeM MOXKHO CUUTATh, YTO CBOOOAHBIE (hOPMBI
BUPYCHBIX YACTUII ITPEACTABISIOT BAPUAHT PETpo-
IYKIIMKU BUpYyCa C €ro HaKOIJIEHUEM B IIMTOTLIA3-
Me TIepMKapuoHa M OTPOCTKOB HEPBHBIX KJIETOK.
Bbixon BUpPYCOB, COOTBETCTBEHHO, MOXKET IpPO-
W30MTU TIpU TUOEIM KJIETKHU I10 Mepe HaKoIlIe-
HUSI KPUTUYECKUX IMATOJIOTMYECKUX W3MEHEHUM.

500 nm

MHTerpaiyss B BUPUOH KOMIIOHEHTOB KJIETOYHBIX
MeMOpaH HEPBHBIX KJIETOK MOXET CITOCOOCTBOBAaTh
GopMUPOBAHUIO ayTOMMMYHHBIX KOH(MJIUKTOB,
CBOMCTBEHHBIX KIMHUKE JJOHT-KOBU/I.

OTaenbHBI WHTEpPEC IPEACTABISIIIM MYJIbTH-
Be3uKyasipHble Teabla (MBT), Tak kak aTa (¢popma
MeMOpaHHBIX CTPYKTYp ObliIa paHee OImucaHa mpu-
MEHUTEJIbHO K BHYTPUKJIETOYHOMY TPAHCIIOPTY
BUpycHbIX 4dacTull [27]. CoO6CcTBEHHO, BHUMaHUE
npuByiekaau He Bce MBT, a Toibko Te, KOTOpbIe
collepXKaJd copa3MepHbIe BUPYCcaM «OMYIIIEHHBIe»
Be3ukyJabl (puc. 6). Ilpocaexennsie MBT moriun
MPeaCcTaBIsITh CO00I MYJIBTUBE3UKYJISIPHYIO TJIO-
OyJay Kak TpaHCIOpPTHYIO (opMy, cdhopMUpOBaH-
HYy10 1160 MmemOpaHoiit AT, OP unu I1K, nudo ¢ppar-
meHToM uctepH Al unm I1K, a Takxke, ¢ ropasao
MEHBIIIEHl BEPOSTHOCTBIO, SIBISITHCS ITPOAYKTOM
sHaonuTo3a. Cienyer OTMETUTh, YTO B HEMPOIIH-
Tax HeokopTekca MBT Obliv cpaBHUTEJIBHO pel-
KWMMU, BBISIBJISLJIUCH B MEPUKApUOHE M B MHUIIM-

PucyHok 5. UameHeHnus AT nocne 3apaxenus SARS-CoV-2 4 x 104 TUAs,/mn (26 mkn/ocobb
MHTpaHa3anbHo). HepaBHOMepHoe HabGyxaHue uucTepH AT (A), konbueoOpasHbiii AT ¢ noTepeii uuc-/
TpaHc-nonspHocTu (B); runeptpocdusa Al B nepmkapuoHHoii 061acTu HeiipoHa (B); moanduumpoBaHHbIi
AT npocTupaeTcs BHyTPpU AieHAPUTA HAa OTAANIEHHOM paccTosSHUMU oT combli (I); cnunaHue pasdyxwmx
uucTepH Al (B), o6pa3oBaBLuMiica KOHrnomepar BupycHoii ¢pabpuku (E) ToTanbHas nponudepauus
copa3MepHbIx Bupycy CoV «onyLueHHbIX» Be3UKYJ1 Ha OCHOBE peopraHu3auuii NacTUHYaToro KoMrnaekca
(A-E). QnekTpoHHOrpammbi. YBenumyenume: A— 60000, 6 — 20500, B — 16 500, F — 26 500, O, — 43 000,

E— 60000

Figure 5. Changes in AG after infection with SARS-CoV-2 4 x 10* TCD,,/ml (26 ul/individual intranasally). Uneven
swelling of AG cisterns (A), ring-shaped AG with loss of cis/trans polarity (B); AG hypertrophy in neuronal

perikarya (C); modified AG extends inside the dendrite distantly from the soma (D); adhesion of swollen AG tanks (B),
the resulting conglomerate of the viral factory (F) total proliferation of “pubescent” vesicles commensurate with

the CoV virus based on lamellar complex reorganizations (A-F). Electronograms. Scale: A — 60 000, B — 20 500,

C — 16500, D — 26 500, E— 43 000, F — 60 000
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aJIbHBIX OTPOCTKAX KJIeTOK. KoJinmyecTBO Be3UKY.JI,
UICHTU(GUIMPOBAHHBIX KaK BUPYCHBIE YaCTUILBI,
B HUX 3aMETHO yCTyIaJlo CBOOOAHBIM (hOopMaMm, OT-
IIHYpoBaHHBIM OT AT uau DP.

O6cyxaeHne

Copa3MepHBIe BUPYCY BE3UKYJIBbl B OTPOCTKAX
M B Te€JlaX HEMPOHOB paclieHeHbl HAMU KaK BUPYC-
HbI€ YaCTULIbl B CUJ1Y OTCYTCTBHUS TaKOBBIX Y He3a-
paxXeHHBIX XMWBOTHBIX. OHU pacmoJjilarajJuch CBO-
00/HO, YTO BBI3BAJIO psiA TPeOyIOIIMX YTOUYHEHU S
BorpocoB. [ToueMy BUpycHas yacTulia B LIMTO30J€
HEPBHOM KJIETKU HE CBSI3bIBAETCS C KJETOUHBIMU
MUIIEHSIMU U MOXKET CylLIeCTBOBATb B CBOOOIHOM,
He KOMITapTMEHTAJIU3UPOBAHHOM MeMOpaHOoU co-
ctossHUM? YTO mpeacTaBIsIroT COOO0I BRISIBIICHHBIC
JaCTHUIBI: 3JIEMECHT (pa3bl 3apakeHUs WU CTaIUIO
NUCCEMUHALMX BHOBb MPOU3BEAEHHBIX BUPYCHBIX
gactun? Kakum o0pa3oM MPOUCXOOUT BBIXOA He-
OTpaHUYEHHON MeMOpaHOM BUPYCHOM 4YaCTUILIbI

yepes KJIeTouHYyo MeMOpaHy? OTBEThl Ha 3TU BO-
MPOCHI COCTABUJIU MTPEIMET MPOBEIEHHOT0 MOphO-
JIOTMYECKOTo aHaIn3a.

Ha camom nene, cBOGOAHBIE BUPYCOINOAOOHbBIE
BE3UKYJIbI B [IUTO30JI€ BCEI1a CBSI3aHbI C DJIEeMEHTAa-
MU IIATOCKEJeTa, NeTePMUHHUPYIOIIMMHU HalpaB-
JICHUSI UX TpaHCIOpTa. YYUThIBasi, YTO HEUPOTY-
OyJIbl M HeMpo(UIIaMEHTBI OTIPEICISIIOT KUHETUKY
(GopMBbI HEMIPOHOB U MX OTPOCTKOB MOCPEICTBOM
cO0pKM,/pa3zdbOpPKM MOJIUMEPHBIX CTPYKTYP, a TaK-
K€ aKTMH-MWO3MHOBBIX TIPOIECCOB KOHTpaK-
TUJIBHOCTH, MOXHO MPEAINOI0XUTHh BO3MOXHOCTH
BUpYca NPOSBIIATh apGUHUTET K TMHAMUYHO OT-
KpPBIBAIOIIMMCST caliTaM CBSI3BIBAHUSI M Y4acCTBO-
BaTh B TAaHHBIX ITpoleccax.

AHTHUOTEH3WHOBAsI CUCTeMa MoO3ra, KakK OJaHa
M3 MEIMAaTOPHBIX CHCTEM, IIMPOKO pacHpocTpa-
HEHa B KOPKOBBIX U IOIKOPKOBBIX CTPYKTYpax.
COOTBETCTBEHHO, AaHTMOTEH3WHITPEBpaIlaroIIi
depmeHT, gapastoumniics MmuiieHblo SARS-CoV-2,
MMMYHOTUCTOXMMUYECKHN BBISIBJIEH KaK Ha IIO-

PucyHok 6. MynbTuBE3MKYNSIPHbIE TEJbLIA B HEMPOHaX HeOKopTeKca noce 3apaxeHus SARS-CoV-2

4 x 10* TUAs,/mMn (26 Mk/0co0Ob MHTPaHa3anbHO). KoMmnnekcbl MynbTMBE3UKYNSPHbIX TENew,

c anemeHTamu uutockeneta (A, M), ux npeactaBuTeNnbLCTBO B cOCTaBe uaMmeHeHHoro Al (B) n B yyacTkax
LMTO3015 C NOBbILLEHHOW 0€JIOKCUHTETUYECKO aKTUBHOCTLIO (B). NeKTPOHHOrpamMmbl.

YBenunuyenue: A— 105000, 6 — 26 500, B — 20 500, ' — 43 000

Figure 6. Multivesicular bodies in neocortical neurons after infection with SARS-CoV-2 4 x 10* TCDs,/ml (26 ul/
individual intranasally). Complexes of multivesicular bodies with cytoskeletal elements (A, D), their representation
within altered AG (B) and in cytosolic areas with enhanced protein synthetic activity (C). Electronograms.

Scale: A— 105000, B — 26 500, C — 20 500, D — 43 000
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BEPXHOCTH, TaK U BHYTPU HEPBHBIX KJIETOK, B TOM
yucjie Ha MeMOpaHe MUTOXOHIPUN M KapuoJieM-
Mme [4]. BMecTe ¢ TeM ucciienoBaHue MPpoLeCcCOB MU-
HOIIMTO3a B HelipomnuJje 6eJ0ro BelecTBa KOMUC-
CypaJibHBIX BOJIOKOH MO3BOJIMJIO MHPEIIIOJOXUTh,
YTO MPOHUKHOBEHME BUpPYCa B KJIETKY OAHO3HAYHO
He O3HayvaeT ee MopaxKeHue.

I[MpuMeHUTETbHO K KOPTUKAJIbHBIM HEWpOHaAM
MOXHO c(OpMHpOBaTh MpeAcTaBieHrue o0 WX Ha-
KOITMTEJIbHOM 3HAUYCHU U JIJIST ITPOTPECCUU U TIEPCHC-
TupoBaHusd SARS-CoV-2-uHbeKuu B opraHu3me.
K panHuM npu3HakaM 3apaskeHust HeiipoHa BUPYCOM
cJieyeT OTHECTM XapaKTepHble W3MEHEHUS sIep,

CBUAECTEJbCTBYIOIIME O BBICOKOW IJIaCTUYECKON
aKTUBHOCTHU, runeprpoduio BP u dopmupoBaHue
BUPYCHBIX (pabpuk Ha ocHoBe DP, IIK u AT, mem-
OpaHbl KOTOPBIX pacxomyloTcs Ha (hopMHUpOBaHUE
BUPYCHBIX YaCTUll, O0ecrieurnBast MHTErpaluo CUH-
TE3UPOBAHHBIX BUPYCHBIX 0eJIKOB. [IpruMeHuTe1bHO
K KJIETKaM HEPBHOM CUCTEMbI HEJb3s1 CYAUTh O BbI-
cokoit akTuBHOCTH AT~ niu [TK-accoummpoBaHHBIX
TPaHCIIOPTHBIX cucTeM. DopMUpoBaHUE BUPYCHOM
Oromacchl MPOMCXOMAUT BHYTPU HEMpPOHaA, a BBIXOIH
BUPUOHA U3 KJIETKU B OOJbIIEH CTENEHU MPOUC-
XOJIUT TIPU €€ rMOesin, YeM IPHU BKJIIOUEHUU BUpyca
B JIMU30COMHO-3HIOCOMHYIO CUCTEMY.
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COXPAHEHME UMMYHOJIOM'MYECKOMW
NAMATU KAHTUTEHAM SARS-CoV-2.
TPUTOOAA HABJIIOAEHUA

3.9. Appunonosa!, A.Il. Tonteiruna'3, E.JI. Cemukuna®*
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Pestome. [Manmemuss COVID-19 3aBepmmitach, omHako SARS-CoV-2 mpomonkaeT akTUBHO IIUPKYIUPOBATh U MY-
THPOBATh B YEJIOBEUCCKON MOMYMSLINU. B CBSI3M ¢ 3TMM BaXKHO IMOHSITH HACKOJIBKO ITUTEIBHO OYICT COXPaHSThCS
MOCTUH(GEKIMOHHBINA 1 TTOCTBAKIIMHAIBHBIN UMMYHUTET U HACKOJBKO 3(P(PEKTUBHO yKe c(OpMUPOBAHHBIN M-
MYHUTET OyaeT padoTaTh MPOTUB HOBBIX MyTaHTHBIX MITaMMOB SARS-CoV-2. Lenblo faHHON paboThl OBLIO UC-
CJIe0BaTh TYMOPAJbHBIN U KJIETOYHbIE UMMYHUTET y Ipynibl nepedoseBmnx COVID-19 B TeueHue Tpex et mo-
cJie IepBUYHOTO 3a00J1eBaHus. B mponoibHOe rccaenoBaHye ObLIM BKJTIOUEHBI 38 B3pOCHbIX B Bo3pacte 23—72 roxa,
nepeHeciux [TIP-moatBepxaeHHbit COVID-19 Bo BTopoii mojoBrHe 2020 T. B IErKOi UJIM CpeaHETIXKe0ii hopme.
Kaxnpie 6 Mec. B TeueHMe 3 JIeT Tocjie 3a00IeBaHMs TH JIIOAU MPOXOAMIN 00CIeI0BaHNEe Ha HAJIMYKe TyMOpab-
HOT'O U KJIETOUHOTro uMMyHuUTeTa K aHTureHaMm SARS-CoV-2. TTapameTpbl ryMOpabHOrO UMMYHUTETA ONpeAe sl
METOIOM MMMYHO(MEPMEHTHOrO aHajm3a ¢ moMoIlisio HabopoB «SARS-CoV-2-1gG konnuecTBeHHBIN-UDA-BECT»
(AO «Bexrtop-bect», HoBocubupck, Poccust) pinsa S-6enka u «N-CoV-2-IgG PS» (DBYH HUMNDM uwm. Ilacrepa,
Cankr-ITetepoypr, Poccus) nng N-6enka, KJIeTOUHBI UMMYHHUTET OLIEHUBAIU IO 3KcIpeccuu Mosekynsl CD107a
na CD8"" numdouurax mpu pacnosHaBanuu S- uan N-antureHoB SARS-CoV-2. [Toka3aHo, 4T0 fIMHAMUKA YPOBHEN
aHTtuTen K antTureHaM SARS-CoV-2 3aBucur ot Buga aHntureHa (S- mian N-6e1oK), kinacca antuten (IgG nmm IgA)
Y MHIWBUAYAJIbHON MCTOPUY KOHTAKTOB YeJOBeKa ¢ HOBEIMM ImTaMMaM# SARS-CoV-2. JImHaMuKa IIpOIeHTa 11~
toTokcnueckux CD8"e'CDI107a™ 11uMbOILUTOB YMEPEHHO MTOJOXKUTEIHHO KOPPEIUPYET C IMHAMUKON YPOBHS COOT-
BETCTBYIONIMX aHTU S- niu N-aHTuTel. B TO e BpeMst u3MeHeHUs1 ypOBHel KaK TyMOpPaJIbHOT0, TakK U T-KJIETOUHOTO
oTBeTa Ha aHTUTeHBI S- uiu N-6enka SARS-CoV-2 cinabo orpuuaTebHO KOPPEaupyoT Mex 1y coboit. O6HapyxeHa
CUJIbHAS TIOJIOKUTEbHAST KOPEISIIUS MEX Y U3MEHEHUSIMU YpoBHel aHTH-S IgG-aHTUTeN M aBUTHOCTY 3TUX aHTH-
TeJ. Yckonb3aHue HOBbIX ITaMMOB SARS-CoV-2 3a cueT yacThiX MyTauMit OT HeliTpanau3auuu aHTu-S IgG npuso-
JUT K MHAYKLIMYA HOBBIX MEPBUYHBIX UMMYHHBIX OTBETOB Ha S-aHTUTeHbl SARS-CoV-2 HapaBHe ¢ akTUBaLIUE yxe
CYILECTBYIOIIMX OTBETOB, CHOPMUPOBAHHBIX Ha MPEABIAYIME IITaMMbl KOpOoHaBUpyca. MccienoBaHue UMMYHHBIX
oTBeTOB Ha aHTUTeHBl SARS-CoV-2 1o3BoJisieT He TOJIBKO MPOrHO3UPOBATh COXpaHEHME BBICOKMX YPOBHE aHTH-S-
aHTUTEN U T-KJIeTOYHBIX OTBeTOB Ha aHTUTeHBl SARS-CoV-2, Ho 1 maeT GeclieHHBII MaTepua IJs YIayOJeHHOTO
HCCICIOBAHMUS TIPOLIECCOB (POPMUPOBAHUS U IO A PXKAHUS MMMYHOJIOT MIECKOM TTaMSITH.

Karoueevte caosa: COVID-19, SARS-CoV-2, anmumena, kaemo4Hblil UMMYHUMeEM, UMMYHOA02UYECKAs NAMAMb, NPOPbIBHOU UMMYHUMEN.
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SUSTAINED IMMUNOLOGICAL MEMORY TO SARS-CoV-2 ANTIGENS. THREE YEARS

OF OBSERVATION

Afridonova Z.E.?, Toptygina A.P.*¢, Semikina E.L.>¢

*G.N. Gabrichevsky Research Institute for Epidemiology and Microbiology, Moscow, Russian Federation
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4 ].M. Sechenov First Moscow State Medical University, Moscow, Russian Federation

Abstract. The COVID-19 pandemic has ended, but SARS-CoV-2 continues to actively circulate and mutate in the human
population. In this regard, it is important to understand for how long post-infectious and post-vaccination immunity may
last and how effectively established immunity could act against new mutant SARS-CoV-2 strains. The aim was to study
humoral and cellular immunity in a group of COVID-19 convalescent subjects within 3 years after the primary infection.
The longitudinal study included 38 adults aged 23—72 years with PCR-confirmed mild or moderate COVID-19 in the
second half of 2020. Within three-year follow-up after the onset, the subjects were examined every 6 months for the level
of humoral and cellular immunity against SARS-CoV-2 antigens. The parameters of humoral immunity were assessed
by enzyme immunoassay using “SARS-CoV-2-IgG quantitative-ELISA-BEST” kits (Vector-Best JSC, Novosibirsk,
Russian Federation) for S-protein and “N-CoV-2-IgG PS” (Saint-Petersburg Pasteur Institute, St. Petersburg, Russian
Federation) specific to the N-protein. Cellular anti-SARS-CoV-2 immunity was analyzed by evaluating surface CD107a
expression on CD8"e" [ymphocytes stimulated with the SARS-CoV-2 S- or N-antigens. It was shown that the dynamics
of antibody levels against SARS-COV-2 antigens depends on antigen (S- or N-protein) type, antibody class (IgG or IgA)
as well as individual contact history with new SARS-CoV-2 strains. The dynamics of cytotoxic CD8"e"CD107a* lympho-
cyte percentage is moderately positively correlated with that of the corresponding anti-S or N antibody levels. At the same
time, change in the levels of both humoral and T-cell responses to SARS-CoV-2 S- or N-protein antigens are weakly
negatively correlated with each other. A strong positive correlation was found between changes in the anti-S IgG antibody
level and avidity. Avoiding the anti-S IgG neutralization due to frequent mutations of new SARS-CoV-2 strains leads
to induced new primary immune responses against SARS-CoV-2 antigens along with the activation of existing responses
formed to previous coronavirus strains. The study of immune responses against SARS-CoV-2 antigens allows to predict

the persistence of high SARS-CoV-2 anti-S antibody and T-cell response levels.

Key words: COVID-19, SARS-CoV-2, antibodies, cellular immunity, immunological memory, breakthrough immunity.

BeepgeHue

IMangemus COVID-19 ¢ 0o4eBUAHOCTBHIO TOKa-
3aja, YTO HU JIOKJayHbl, HU TOTAJIbHOE HOIICHUE
MAacoK, M Jaxke HU IMPOTHUBOBUPYCHBIE MperapaThl
He CIOCOOHBbI MUCKOPEHUTh LUPKyasanuio SARS-
CoV-2 1 UCKIIYUTh 3a00JiIeBa€MOCTbh HOBOM KO-
poHaBUpYyCHOU MHpekuei. CTtago MOHSITHO, YTO
OCHOBHAas HaAeX/Jda — Ha UMMYHUTET, UHIUBUIY-
aJIbHBINA Y TOMYJSILIMOHHBIA KaK CyMMY WUHIVBU-
nyajabHBIX. B ¢BSI3U ¢ 3TUM nBa BaXXKHBIX BOITpoca
HE0OXOMMO pa3pelIuTh, YTOOBI IIOHSITh, HACKOJIb-
KO IOCTHUKMMa 3Ta Hajaex na. [TepBoe — HAaCKOJIBKO
JUTUTEJILHO OyIeT COXPaHSThCS MOCTUHMEKIIMOH-
HBIM M MOCTBAaKIIMHAJbHBIA UMMYHUTET, U BTO-
poe — HAacKoOJbKO 3(P(PEKTUBHO yxKe cHOpMUPO-
BaHHBIM UMMYHUTET OyaeT paboTaTh MPOTUB HO-
BbIX IITaMMOB SARS-CoV-2, BeI3bIBAIOIIMX OIlace-
Hue (VOC).

VpoBeHb BUPYCHEUTPAJIU3YIOIIUX aHTHUTEN
HaWJIy4YIIuM oOpa3oM KOppeJMpyeT C 3alluIneH-
HocThlo oT COVID-19 [12]. IlepBoHayaJibHO OBLIO
MMOKa3aHo, YTO aHTUTEJIbHBI OTBET HAa MH(MEKIINIO
SARS-CoV-2 6sicTpo HapacTal, a yepe3 1—2 Mme-
csila Takxke ObIcTpo cHuUKajcsa [27]. JanbHeliue
HaOJIIOAEHM S TIPOIEMOHCTPUPOBAJIM, YTO YPOBEHb
aHTUTEJI XOTh U CHUKAJICS B HECKOJIBKO pa3, HO CO-

XpaHSJICS Ha AeTEKTHUPYEMOM YPOBHE 1O roaa |[3,
31] u 6onee [4, 6]. bonee BrIcOKME ypoBHU IgG-
antutesl K SARS-CoV-2 Oblin CBsA3aHBI ¢ OoJice
CTapIIMM BO3PAacTOM, MYXKCKHUM ITOJIOM U TSIXKe-
JIBIM TeueHueM 3aboneBaHus [13]. MU3BecTHO, 4TO
T-zaBucUMBIN TIyTh (QOPMUPOBAHUS aAHTUTEN
BKJIIOYAeT 2 He3aBUCUMBIX BapuaHTa: 3KcTpadoi-
nmukynsapHeii (EF) myTe mocie KOopoTKOro KoH-
TakTa ¢ T-(OTIUKYJISIPHBIM XEJIIIEPOM IIPOTEKaeT
B B-30He BHE 3aponbIIIEeBBIX IHEHTPOB U (POJIIU-
KYJSpHBI NyTh B 3apoabiiieBuix lieHTpax (GC).
dopmMmupyemMble B pe3yJbTaTe IJIa3MaTH4YeCKUe
KJeTKU U UX aHTHUTeJa MPUHIMUIIAAJIBHO pa3jiu-
qatorcsa. [Ipu EF nmytu passutusg ¢opmMupyoTcs
KOPOTKOXUBYIIIME IIJ1a3MOIIMTBI, CHUHTE3UPYIO-
e HemepecTPOSCHHBIC, C MaJblM KOJWYECTBOM
MyTanuii, Hu3KoadPUHHBIE aHTUTEJA IIPEUMY-
mectBeHHO IgM, IgA u IgG3 [32]. [TokaszaHo, 4TO
npu Tsxenom tedeHun COVID-19 mmenno EF
KJIETKU BeChbMa aKTUBHO CUHTE3MPYIOT aHTUTENA,
TOTIa Kak ITPU JIETKOM U CPETHETSIKEJIOM TeUCHUU
npeumyiiectBo numeroT GC kietku [33]. bricTpas
HapaboTka EF xopoTkoXwuBymmx Ia3mooiac-
TOB COIIPOBOXIAETCSI OBICTPBIM HapacTaHUEM
KOHIeHTpauuu HuskoapuHHbIX IgM, IgA, 1gG3
M JOCTaTOYHO OBICTPBIM CHAJOM, TOrma Kak ¢op-
mupoBanue GC 11a3mMo071acTOB XapaKTepU3yeT-
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CcsI BBICOKMM a(d@UHHUTETOM, NPEUMYIICCTBEHHO
IgGl-cyOkiiaccoM aHTUTEN U 3aBepliaeTcss odpa-
30BaHUEM MyJia JOJTOXUBYIIMX IT1a3MonuToB [10,
17]. Ilpu aTOM YypOoBeHb B-K1€TOK MaMsTU TPOAOT-
JKAeT HapacTaTh U CO3peBaTh axe MOCJe IUMU-
Haluu BUpyca us opranusma [20]. [Tomumo Bupyc-
HEeUTpaIu3yIIINX aHTUTE], KOTOPbIE CUUTAIOTCS
OCHOBHBIM MEXaHWU3MOM MMMYHHOM 3amIuTHI [21],
B TIpollecCe MMMYHHOTO OTBeTa (OpMUPYIOTCS
He HeWTpaJu3ylollre BUPYyC aHTUTela, IPUMEePOM
KOTOPBIX SIBJISIOTCSI aHTUTEa IIPOTUB HYKJICOKaTIl-
cugHoro N-oenka SARS-CoV-2. [Insg 3Tux aHTU-
TeJ TUTIMYHO 0oJiee ObICTpOe HapacTaHUE U TaKke
0ojiee OBICTPOE CHUXKEHUE KOHLEHTpaluu, 4YeM
nns aHtu-S-antuten [15]. Bce eme HesacHa ponb
TaKUX HE HEMTPaIM3yIOIINX BUPYC aHTUTENI B 3a-
mute oT nHbuupoBaHusd SARS-CoV-2.

B Hauvane maHAeMUM TIOCTUH(QEKIIMOHHBIN
U MOCTBaKIMHAJIbHBIA UMMYHUTET 3DGEKTUBHO
caepxXuBaja NoBTopHbIe 3abosieBannss COVID-19,
ONHAKO C MOSBJICHWEM IITaMMa OMHUKPOH CTaJio
MOHSTHO, 4TO 3TOT U nocJjeaytoimure VOC croco0-
HBbI TIpOpBaTh CHOOPMUPOBAHHBIN paHEee UMMYHMU-
TeT [7]. XapakTepHO, 4TO B 3TOM cjiyuyae 3a00JjieBa-
HUE IIPOTEeKaeT BJICTKOM MJIN 06 CCUMITOMHOM hop-
Me. DTO MOXET ObITh O0OBSICHEHO KaK TepeKpecT-
HBIMU 3P deKTaMu aHTUTEeN, TaK U T-KJIeTOYHBIM
UMMYHHBIM OTBETOM, KOTOPBIII MEHEe 3aBHUCUM
ot myTauuii Bupyca [9]. HecMoTpst Ha oOIIMIpHEIE
ucciaegoBaHusi uMmMmyHutera K SARS-CoV-2, Bce
elle HeAOCTaTOYHO 3HAaHUI O MPOMOJKUTEIbHO-
CTU U 9P HEKTUBHOCTY TAKOW MMMYHHOM 3alIIUTHI.

Lenblo naHHOI paboThl OBLIO UCCIIEAOBATh TI'y-
MOpPaJIbHBIA U KJICTOUYHBI UMMYHUTET Yy TPYIITBI
nepeodosieBmiux COVID-19 B TeueHue Tpex JieT Mo-
cjie MepBUYHOTO 3a00JIeBaHU .

Matepuasbl 1 METOLbI

B nponoJsibHOE HcciienoBaHue ObIJIM BKJIIOYEHbI
38 B3pocabIX B Bo3pacTe 23—72 roga, TepeHecImnx
ML P-nonTBepxxaeHHbii COVID-19 Bo BTOpOIit
noyioBruHe 2020 1. B JIETKOW WU CpeaHETSIKeoi
dopme. Kaxapie 6 mec. B TedyeHHe 3 JIeT nmocJje 3a-
OoJIeBaHUS ATH JIIOOU ITPOXOMIUIN O0CIeHOBaHNE
Ha HaJW4ue TYMOpPaJIbHOTO M KJIETOYHOI'O UMMY-
HuTeTa K aHTureHam SARS-CoV-2. UccnenoBaHue
ObIJI0O 0J0OPEHO JIOKAJIbHBIM 3TUYECKUM KOMMUTE-
TomMm ®BYH MHUUDM nwm. I'H. 'abpuyeBckoro
(mpoTtokon Ne 58), oOciiemoBaHHBIE TTOAMUCHIBATTN
nHpoOpMUpoBaHHOE coriacue. KpoBb miisg mccie-
JIOBaHUS OTOMpPAIu B BaAKyyMHBIe MPOOUPKU C re-
HapyuHOM UJIM C aKTUBAaTOPOM CBEpPTHIBAHUS.

Jnst ompemencHUST TYMOPaJdbHOTO WMMYHU-
TeTa CBHIBOPOTKY KPOBH IOJyYad ILIEHTPUPYTru-
poBaHUuEeM, pas3JUBaJid B MPOOUPKU DrrieHIopd
n xpanunu npu —70°C. Aatu-S IgG-anturena
OmpeaessIin ¢ moMolnbio HabopoB «SARS-CoV-2-
IgG komuuectBeHHBIN-DA-BECT» (AO BekTop-

bect, HoBocubupck, P®), a antu-N IgG Ha Ha-
6ope «N-CoV-2-IgG PS» (PBYH HUUDM wuwm.
IMacrepa, Cankr-IleTepOypr, P®) [2]. CybOkiacchl
IgG-antuTten k antureHam Bupyca SARS-CoV-2
HWCCJIeIOBAIM C TIOMOIIbIO paHee pa3paboTaHHOM
Hamu moagmpukanmm MDA-metoma [5]. Kparko:
MBI MCIIOJIb30BaJId 96-T1yHOUYHBIE ITaHEIU C COp-
OMpPOBAaHHBIM TOJHOPA3MEPHBIM S-aHTUTCHOM
Bupyca SARS-CoV-2 or kKomMMepuyeckoro Habo-
pa <«SARS-CoV-2-IgG konnuecTBeHHBIN-DA-
BECT» (AO Bektop-bect, HoBocubupck, P®D)
unn ¢ N-6eakoMm Bupyca SARS-CoV-2 oT KoM-
Mmepdeckoro Habopa «N-CoV-2-IgG PS» (ODBYH
HUHNDM um. Ilacrepa, Caukrt-Iletepoypr, PD)
BMmecTo aHnTu-IgG KOHBIOTaTOB, BXOASIIIIMX B TECT-
CHCTEeMBI, UCTIOJIb30BaJIM MEUCHHBIC TIEPOKCUIA30M
antu-IgGl, IgG2, I1gG3 u IgG4 MOHOKJIOHAIbHbIE
antutena (IlonurHoct, Poccusi) B KoHLEHTpa-
uuu 1 MKr/mi. Bce ocTanbHBIe 3TaIlbl OIpeaesie-
HHUSI aHTUTEJI NPOBOIUIM COIVIACHO WHCTPYKIIUU
K HabopaM. AHaJlorTu4HO nJs1 onpenejieHus IgA-
aHTHUTEJ BMECTO KOHBIOTaTa M3 TeCT-CUCTEMBI MC-
MOJIb30BaJIM MeYeHble TepoKcuaa3oi aHTu-IgA
antutena (ITomuraoct, Poccust) B KOHIEHTpaluu
1 Mmxr/™mn. dns onpeneneHUs: aBUAHOCTU UCITOJIb-
30BaJIM BBIIIEyKa3aHHbIE HAOOPHI AJIST ONpeelie-
Hus IgG B Mmoaudpukanuu [4]. CIBOPOTKY KazKa0-
IO UCHIBITYEMOT'O BHOCHJIU B TYHKH IBYX COCETHUX
CTPUIIOB, MOCJIe MHKYOAIIMW U OTMBIBKM B JIYHKH
nepBoro ctpuma BHocuau no 200 Mk dusuono-
TMYEeCKOTo pacTBOpa, B JYHKHU BTOPOro cTpumna —
no 200 MKJI IeHaTypUPYIOLIETO pacCTBOpPa MOUYEBHU-
HBI, UHKyOUpoBanu 10 MUH mpu KOMHATHOMN TeM-
neparype M oTMbIBaJiu 3 pa3a. [lajee BBIMOTH SN
BCe MpPOLEAYPHI IO MPOTOKONAY K Habopy «SARS-
CoV-2-IgG xonuuectBeHHBIT-UDA-BECT>.
BoblaeneHHble Ha TrpaiueHTe MJIOTHOCTU (p =
1,077; OO0 «ITan®Kk0», PD) MOHOHYKJIEAphI B CpE-
ne RPMI-1640 ¢ no6aBienunem 2MM L-rinroramMiiHa,
reHramMmuimHa u 10% sMOproHaIbHOMI TEJISTYbEN ChI-
Bopotku (OO0 «ITandDko», PD) BHOCHIN B KOJIU-
yecTBe 2,5 X 10° B IyHKU 96-TyHOYHO# CTEPUITbHOM
MaHeJ U, 100aBJIsIJIM PaCTBOP MOHEHCHHA B KOHEY-
HOM KoHuleHTpauuu 10 MKM M MOHOKJIOHAJIbHBIE
antutena K antureny CD107a-PE-Cy5 B KoHeYHOM
pa3Beaenuun 1:100 (koHTposbHaAsE Mpoba), KOHEY-
HbIN 00beM B JIyHke coctaBui 200 mxJi. s cTu-
MYJSIUMU MOHOHYKJIeapoB S- um N-aHTUreHamMu
SARS-CoV-2 wucnojib30Baau JIYHKW TIaHedei
ot HabopoB «SARS-CoV-2-IgG-UDPA-BECT» (AO
Bekrtop-bect, HoBocubupck P®) u «N-CoV-2-
IgG PS» (PBYH HUUDM um. Ilacrepa, CaHKT-
ITeTepOypr, P®) B KOoTOphrIX HA OHO JYHOK COp-
o6upoBaH S- uiau N-06enok Bupyca SARS-CoV-2,
cooTBeTcTBeHHO. [lepen HayajoMm 3KcIiepuMeHTa
MCMOJIb3yeMble CTPHUIIBI OBIJIU IIPOCTEPUIU30BA-
HBI C MOMOIIBIO YIBTPa(PUOICTOBOTO OOIYUYECHUS
30 MuH. ONBITHBIE U KOHTPOJbHBIE TTPOOBI UHKY-
ouposaiu rpu 37°C Bo BiaxHoU aTtMocdepe u 5%
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CO, 20 4, mepeHOCUJM B MPOOUPKU IJisl LIUTO-
dayopumetpuu, ormbiBaau CellWash (300g 5 MmuH),
oKpamuBaau aHtuteaamu K antureny CDS8-FITC
20 MmuH B TeMHOTe Tpu 4°C U OTMBIBAJU IPU TEX
XKe ycJioBUsX. UMMyHO(eHOTUTMPOBaHUE TTPOBO-
auiu Ha mpotoyHoM nutoMerpe BD FACS Cantoll
(Becton Dickinson, CIIIA). B ntumdouaHoM reiite
BBIIEISIJIA TEUT TUMGOILIUTOB BBICOKO DKCIPECCH-
pytomux antureH CD8 (CD8"¢") u mogcuuThiBaIn
npoueHT kJjerok CD8"e'CDI107a*, mpeacrasisio-
HIMX COOO0M IUTOTOKCUYEeCKUEe T-TUMM@POLIUTHI, pac-
no3HaBiuue S- uau N-antureH SARS-CoV-2 u oT-
BETHUBIIMX Ha 3TO paclio3HaBaHUE ILIUTOTOKCHUYE-
CcKolt aTakoi. 'paHMIIell CMIOHTAHHOI KCIIPECCUU
MoJiekyabl CD107a nHa CD8Meh numponmnTax cumuTa-
JI ypoBeHb 1% [5].

PesynbraThl HcciegoBaHUI MOABEprajud cTa-
TUCTUUYECKOI 00paboTKe. HopManbHOCTH pacripe-
JIeJIeHUsI UCCJIeNyeMbIX IapaMeTpoB MpPOBEPSIU
metoaoM KomamoropoBa—CmupHoBa. KonnuectBo
IgG-anTuTen Boipaxkanu B BAU/mi. YpoBeHb aH-
TUTEJ TpeacTaBjieH B BuJe MeauaHbl (1—3 xkBap-
tuab): Me (LQ—HQ). Paznuuusa Mmexny rpynmnamMmu
oleHUBaJIU MeTogoM MaHHa—YuTHu. Jis napa-
METPOB MNPOLIEHTHOTO YpoOBH$ cyOkyaaccoB IgG,
aBUJTHOCTM U KJETOYHOrO HWMMYHUTETa Oblia
NOATBEpPXKJAeHa TruroTe3a O HOPMaJbHOCTU pac-
npeaeneHus. YpoBeHb IgA mpenacraBiieH B KOa3g-
dunumenTax no3utuBHocTtu (KIT) Kak oTHoOLIeHHE
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= === antn-SigG/anti-S IgG —l— an1u-N IgG/anti-N IgG
PucyHok 1. UsmeHeHue ypoBHeW IgG-aHTuten

B 3aBMCUMOCTMU OT BpeMeHu nocne 3aboneBaHus
CoviD-19

Figure 1. Temporal post-COVID-19 change in IgG
antibody levels

Mpumeyvanue. *p < 0,05 mexay ypoBHEM aHTU-S 1 aHTK-N
19G; #p < 0,05 o aHT-S 1 aHTU-N IgG No cpaBHeHWIO

C YPOBHEM Ha cpoke 1 rof.

Note. *p < 0.05 between anti-S and anti-N IgG levels; #p < 0.05
for anti-S and anti-N IgG vs 1-year follow-up levels.

K OTpUIlIaTeJIbHOMY KOHTpoJIt0. Pe3ynbraTsl mpea-
CTaBJIEHbl B BUJE CpedHell apudMeTUUeCcKol 1 ee
o6k (M=SE). Koppensiuuu oueHuUBaIU Me-
TomgoM ITupcona. Paznuuus npu p < 0,05 cuuranu
3HAYMMBIMU.

PesynbraThl

Jdnnamuka ypoBHeir aHTU-S m aHTu-N IgG-
AHTUTEJI B CBLIBOPOTKE KPOBU 0OOCJIeIOBAHHBIX pe-
KOHBAJIECLIEHTOB IIpeAcTaBjieHa Ha puc. 1. 3 pu-
CyHKa BHOHO, 4YTO KOHLeHTpauus aHTu-S IgG
B MHTepBaJjie 6—12 Mec. mocie 3a0o0jieBaHUs Iep-
Kajgach Ha ctabuapHOM ypoBHe 700—800 BAU/
MJI, TOraa Kak KoHueHTpauus antu-N IgG 3a aToT
nepuoa cHusmiaach ¢ 945 (376—2525) no 273 (171—
687) BAU/mia. Yepe3s 1,5 roga mocie NepBUYHO-
ro 3a00jeBaHMs, 3MMOI U B Hadyajie BecHBI 2022 T.
o0ciiefoBaHHbIE IIEPEHECIU ITIOBTOPHOE 3a00ieBa-
HME, BbI3BAHHOE IITAMMOM OMMKPOH, 4YTO IIpUBE-
J0 K 3HauuMoMmy (p < 0,05) mOBBIIICHUIO YPOBHS
antu-S IgG mo 1524 (725—2213) BAU/Ma, a antu-N
I1gG 1o 1492 (575—3117) BAU/mn. Yepes nonroaa mo-
ciie aToro KoHueHrpauus antu-N IgG cHusuaach
10 296 (182—538) BAU/MJT 1 coxpaHsiiach Ha CpOKe
JIO TpeX JIET MOCJIe IEPBUYHOrO 3a00J1eBaHUST OKO-
70 200 BAU/Mmi1. Ha Tex XXe cpokax ypoBeHb aHTH-S
IgG nponoJsixkan miaBHo HapactaTh oo 2069 (751—
3719) BAU/mn B 3 rona mocie iepBUYHOTO 3a0071e-
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PucyHok 2. UsmeHeHue BO BpeEMEHU aBUAHOCTHU
aHTUTen Kk S-6enky SARS-CoV-2 B cbiBOpOTKE
KpoBu nepe6oneswnx COVID-19

Figure 2. Temporal serum change in SARS-CoV-2

S protein-specific antibody avidity of COVID-19
convalescent patients

Mpumeyanue. MyHKTUPHOW NMHMEN 0603HAYEH YPOBEHD
cut-off ona pasgeneHns BbICOKO U HN3KO aBUOHbIX aHTUTEN.

Note. The dotted line indicates the cut-off level to distinguish
between high and low avidity antibodies.
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BaHus. Paznuuus B ypoBHsIX aHTU-N 1 aHTU-S IgG
Ha cpokax 2 u 6osiee rona ObIU 3HAYUMBIMHU (p <
0,05). BreisiBieHa yMepeHHasl oTpUllaTeibHas KOp-
pensnmus TWHAMWUKU YpPOBHeM aHTH-S u aHTu-N
IgG-antuTen (r = —0,37).

N3meHeHue aBugHocTtu aHTU-S IgG-aHTUTEN
CTEeYeHUEM BpeMeHU MpeacTaBieHo Hapuc. 2. Yepes
6 Mec. mocJjie MepBUYHOTO 3a00JeBaHMUST AaBUTHOCTD
aHTUTEJ BCce elle Oblia Huskoin: 34,65%£2,11%.
B mpenbiaymux ucciaenoBaHUSIX Mbl pacCUMTAIN
cut-off MeXX1y HU3KO- M BHICOKOAaBUJIHBIMU aHTH-
TeJIaMU, KOTOPBII oKa3aJjcs paBHBIM 48,5%. K rony
aBUAHOCTh gocturiaa 51,02%3,61%, udto clienyer
paclieHUTh KaK BbICOKOaBUIHbBIC aHTUTea. [Tocie
IMMOBTOPHOTO 3a00JieBaHUSI IIITAMMOM OMMUKPOH
B 1,5 roga aBUIHOCTH TOCTUTIIA YPOBHS 74,5+3,08%
U COXpaHsJlaCb Ha 2TOM YPOBHE IIOCJEnyIolIue
1,5 roga HabmoaeHus. O6HapykKeHa CUJIbHasI MO-
JIOKUTEJIbHASI KOpEJSIIUs MeXAy AUHAMUKONI
ypoBHeit aHTU-S IgG-aHTuUTea U aBUAHOCTU ITUX
aHtuten (r = 0,89).

JdvHaMuka ypoBHsI aHTU-S [IgA-aHTUTEN B 3a-
BUCUMOCTH OT BpeMEHHM Iiocjie 3abosieBaHMS,
MnpeacTaBjieHHass Ha puc. 3, cKopee HaloMuHaja
KpuBylo nuHamMuku aHTu-N IgG. B Havane Ha-
OrofeHUsI OTMeJasicsl BBICOKWI YpOBEHb aHTHU-S
IgA: 13,79+2,34 KII. K rogy Haba0aeHU S YPOBEHb
3HauyuMo (p < 0,05) cHusuaca oo 2,18+0,59, zatem
rmocJjie MepeHeCceHHOro IMOBTOPHOIO 3a0o0JieBaHM S
IITaMMOM OMHUKpPOH BHOBbL 3Hauumo (p < 0,05)
noaHsiacsa go 8,3+1,72 ¢ mociaeayoluM CHUXe-
HueM 1o 3,72+0,63 Ha cpoke 2 roma M IJIaBHBIM
noabeMoM 10 6,1+0,55 gepes 3 roma HaOIIOACHMS.
BoisiBieHa ymepeHHast IIOJIOKUTebHAsI Koppe-
JSAUUST MEXIY U3BMEHEHUEM ypoBHeil aHTu-S IgA-
antuten u aHtu-N IgG (r = 0,67).

M3BecTHO, 4YTO KOPOTKOXMBYIIIME TLIa3MO-
LUTHl CUHTE3UPYIOT MpeumylnectBeHHO IgG3-
cyOKJtacc, Toraa Kak JOJTOXUMBYIIME — IIPEUMY-
mectBeHHo IgGl-cyOknacc. M3meHeHuss ¢ Te-
YeHUEeM BpPEMEHM CHeKTpa CyOKJIaccoB aHTU-S
n aHTu-N IgG-aHTUTEN NpeacraBjeHbl Ha puc. 4
u B Taby. MuTepecHo, uto IgG-aHTUTENa K aHTU-
reHaM N-6esnka SARS-CoV-2 6b111 TipeacTaBIeHbl
BCEMU YEThIpbMS cyOkJyiaccamu, npu sTtoM IgG2
1 [g(G4 ObIIM MUHOPHBIMU, 2 HA aHTUTEHBI S-0eyika
SARS-CoV-2 chopMupoBalucCh TOJbKO aHTUTENA
cyoknaccoB IgGl u IgG3 ¢ mopaBasiiOIIUM TIpe-
umyiiectBoM IgGl. BaxHo, 4TO mocjie MoOBTOPHOTO
3a00JieBaHUSI LLITAMMOM OMUKPOH, yepe3 1,5 roga
nocye mnepsuuHoro COVID-19 B anTu-N oTBeTe
ctanu npeo6aagate IgGl-anturtena. DTo Xxapak-
TEPHO IIJIsI BTOPUYHOTO THUITA UMMYHHOTO OTBETA.
ITpu aTOM Ha 60Jee MO3THUX CPOKAX BHOBb MOSIBU-
JIUCH U Agaxe mpeodnamanu (55,23+12,84% Ha cpoke
2,5 roga) IgG3-anturtena. IgG2- u 1gG4-anTurena
B oTBeTe Ha N-0€JI0K BHOBb OIPEEIsIJIUCh KaK MU-
HOpHBIe, MeHee 3%. HanmpoTuB, aHTU-S-aHTUTEIA
y3Ke Ha CpoKe 1 TOJ IMOJTHOCThIO ObLIIM MpeacTaBIIe-

KN | Positive rate
16

14

12 4

#
8 -
&
6 -
4 -
*

2 -
0 T T T T T

6 mecsueB 1ron 1,5ropa 2ropa 2,5ropa 3rona

6 months 1 year 1.5 year 2 year 2.5year 3vyear

PucyHok 3. U3aMmeHeHue ypoBHS aHTU-S IgA-
aHTUTEN B 3aBUCUMOCTU OT BpeMeHU nocne
3abonesaHusa COVID-19

Figure 3. Temporal change in post-COVID-19 anti-S IgA
antibody levels

Mpumeyanue. *p < 0,05 N0 CpaBHEHUIO C YPOBHEM Ha CPOKe
6 mec.; #p < 0,05 no cpaBHEHMIO C ypoBHEM Ha cpoke 1 rop;

&p < 0,05 N0 cpaBHEHUIO C YPOBHEM Ha CPOKeE 2 roaa.

Note. *p < 0.05 compared to 6 month-level; *p < 0.05 compared
to 1-year level; ¢p < 0.05 compared to 2-years level.

HbI IgGl-cyOKiaccoM, YTO TUITUYHO IJIsI TPOPUIS
CUHTE3a aHTUTEJ MOJIOXWBYIIMMU IJIa3MOLIMTA-
MU. OgHAaKO MOCJIe TOBTOPHOTr0 3a00JIEBaHU S IIITAM-
MOM OMMKpPOH BHOBb mosiBuauch IgG3-aHturena
(9,36+1,26%) u npu nocienywoiux oycrepax VOC
MX yPOBeHb noapoc a0 22,73+1,87% Ha cpoke yepes
3 roga, 4TO TUIIMYHO JJISI HOBBIX IIEPBUYHBIX OTBE-
TOB HAa KOHTAKT C HOBbIMU IITaMMaMu. UHTepecHO,
YTO MOCJE MPOPBLIBHBIX MH(MEKIUN cpeau aHTU-S
IgG mogBunauck Takxke aHturena IgG2- n IgG4-
cyokmnaccoB. Ilpu stom IgG2-aHTuUTena coctaB-
s 3—5% ot antu-S IgG, torna xkak IgG4 nocie
MPOPBIBHOTO 3a00JIeBaAHMSI, BBI3BBAHHOI'O IITAMMOM
OMUKPOH, noaHsinchk 10 10,68+0,93% ot aHTHU-S
IgG, uto cocraBasiio 142,61 (68,73—338,4) BAU/
M. Y 50% o6ciienoBaHHBIX IO yPOBEHb aHTU-S
1gG4 npesbiian 100 BAU/Mi, MenuaHa T10 3TOM
noarpymnmne cocraBuia 285,7 (126,8—615,4) BAU/mn
unn 15+1,57% ot autu-S IgG. Ilpu naabHeiileM
oyctupoBaHuu HoBeIMU VOC nong 1gG2- n IgG4-
cyokiaccoB B aHTU-S IgG nmocTeneHHO CHUKalach
1o 0,65+0,11 u 2,924+0,27% cOOTBETCTBEHHO, Yepe3
3ronamnocie nepsuuHoro 3abosieBanus. dous [gGl-
cyOKacca Ha BpeMeHHOM oTe3Ke 1,5—3 roma nmocie
3a00J1eBaHMs cCOXpaHsiaach Ha ypoBHe 70—75%.
KneTouyHblli UMMYHHBINI OTBET Ha aHTUTEHBI
S-u N-6enka SARS-CoV-2 nipeacraBiieH Ha puc. 5.
Yepes 6 mec. mocie IEPBUMYHOro 3aboseBaHUS
OBbIJT BBISIBJIEH BBICOKUI YpPOBEHb T-KJIIETOYHOTO
oTBeTa Ha aHTUTeHBl N-0enka SARS-CoV-2, co-
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PucyHok 4. UsmeHeHue cnekTpa cyoknaccoB IlgG-aHTuten k antureHam SARS-CoV-2 B 3aBucuMocTu

OT BpeMeHu nocne 3abonesaHua COVID-19

Figure 4. Time-dependent change in SARS-CoV-2 antigen-specific IgG subclass spectrum
Mpumeyanue. A. N-6enok Bupyca SARS-CoV-2; b. S-6enok Bupyca SARS-CoV-2.

Note. A. SARS-CoV-2 N-protein; B. SARS-CoV-2 S-protein.

craBuBiunii 15,49+1,42%, KOTOpPbBIi IJIaBHO CHH-
JKaJICS ¢ TedeHUeM BpeMeHu A0 6,7%1,15% Ha cpoke
2,5 roga u sHaunmo (p < 0,05) Boszpoc 10 9,15+1,2%
yepe3 3 roga oT HavaJjia 3abojieBaHus. BbisiBieHa
yMepeHHas ITIOJIOXKUTEIbHAS KOPPEISIIUs MEXIy
usMeHeHueM ypoBHeli aHTU-N IgG 1 nuHamMukoi
ypoBHeit oTBeToB CD8' TuMbOILINTOB HA AaHTUTEHBI
N-6enka SARS-CoV-2 (r = 0,49). KneTouHbIN OT-
BeT Ha aHTUreHbl S-06eaka SARS-CoV-2 meHsiics
BO BpeMeHU nHaue. Yepes 6 Mec. mocjie IepBUYHO-
ro 3aboJieBaHus OH cocTaBisa 6,49+0,88%, a no-
cJie MOBTOPHOTI0 3a00JIeBAaHU ST LITAMMOM OMUKPOH

BO3pOC nmouTu BaBoe 10 12,25+1,43%, B nocienyio-
A Tof OH IIJIaBHO cHuXaincsa no 7,73%1,32%
u 3Hauumo (p < 0,05) Bospoc 10 9,79%,56% Ha cpo-
Ke 3 roja oT nepBUYHOTO 3a0o0sieBaHusI. BoisiBiieHa
yMepeHHas TIOJIOKUTEIbHAsS KOPPEISIIUs MEXIy
IVHAMUKONW u3MeHeHUus ypoBHeu aHTu-S IgG
W TUHAMUKOW ypoBHel oTBeToB CD8" numdonm-
TOB Ha aHTUTreHbl S-0enka SARS-CoV-2 (r = 0,41).
MHTepecHO, YTO KOppEaInus MeXIy TUHAMUKOMN
T-K1eTOYHBIX OTBETOB HAa aHTUTEHBI S- 1 N-0enKa
SARS-CoV-2 Oblna cnaboii oTpuuaTeJbHOU (r =
—0,27).

Ta6auua. luHamuka cnekTpa cyoknaccoB IgG k S- n N-6enky SARS-CoV-2 Bo BpeMeHu nocne
3ab6oneBaHus (% ot o6wero ypoeHs IgG kK aTum 6enkam)

Table. Temporal post-infection pattern of IgG subclass spectrum against SARS-CoV-2 S- and N-proteins (% of IgG

total level to these proteins)

N-6enok/N-protein S-6enok/S-protein

1gG1 IgG2 1gG3 1gG4 1gG1 1gG2 1gG3 1gG4
Gmecsues | gg 351545 | 2,3:0,14 | 2665:1,37 | 275015 | 97.4+11 0 2,6+0,73 0
6 months
1ron
1 year 71,38+3,68 | 2,4+0,13 | 23,62+1,34 | 2,6%0,13 100 0 0 0
1,5roaa
1.5 years 83,37£3,94 | 0,6+0,02 14,03+1,15 2£0,18 74,44+2,78 | 5,52+0,87 | 9,36%1,26 | 10,68+0,93
:;g‘::‘s 55,35+2,73 | 0,58+0,10 | 42,43+1,17 | 1,64+0,12 | 77,54%215 | 4,42+0,68 | 12,36+147 | 5,68+0,65
2,5ropa
2.5 years 41,61£212 | 0,61x0,11 | 55,23+2,84 | 2,55+0,25 | 69,76+2,07 | 3,04+0,35 | 20,61+1,88 | 6,59+0,84
g;g:z 48,42+2,29 | 0,85+0,23 | 48,03+2,26 2,7+0,23 73,7+2,95 0,65+0,11 2273+1,87 | 2,92+0,27
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Ob6cyxaeHne

3a mepuoa HaOJIOIeHU S 3a KOTOPTOW PEeKOHBA-
necueHToB nociae COVID-19 B Poccun oTMeyeHo
8 BOJIH TTogbeMa 3a001eBaeMOCTH 3TOM MHPEKII M-
e, BBI3BAHHBIX CHaydaJla MCXOOHBIM YXaHBbCKUM
LI TaMMOM, 3aTeM ajabda, 0eTa, 1eJbTa U MHOTUMU
BapuMaHTaMU IITaMMa OMUKPOH. OOcjienoBaHHbBIE
HaMU JIIOAM HaXOAWJIMCh BHYTPHU MaHAECMHUH, KOH-
TAaKTUPOBAJIM IIOCJIENOBATEIbHO C pPa3IMIYHBIMU
mramMmMaMu SARS-CoV-2, nHornac Haau4dueM Kjiu-
HuYeckux nposBiaeHuit u [N P-noaTBepX AeHHBIX
MOBTOPHBIX 3a00JIeBaHU, a B APYTUX clydasix oec-
CUMIITOMHO, TaK YTO Ha JaHHBIM MOMEHT TPYIHO
onpeaeanuTh KOJIMYeCcTBO Takux 0yctepoB. Borpoc
O NIPOAOXKUTEIBHOCTU COXPAaHEHU ST TYMOpPaIbHO-
ro U KJICTOUHOTO UMMYHHUTETa BOJTHOBAJ UCCIIEIO-
Barejieil ¢ MOMEHTa BO3HMKHOBCHUSI MaHICMUMU,
HO TIOCKOJIBKY 3TO OBIJI HOBBI BHPYC, IPSIMOTO
oTBeTa Ha Hero He Oblno. HaGnromeHus 3a amam-
TUBHBIM MMMYHUTETOM K IPYTUM paHee M3BECT-
HBIM KOpPOHABHpycaM MOKa3aJid, YTO IPH JIETKOU
MHGEKIINN, BBI3BAHHOM ITPOCTYOIHBIMM KOpOHAa-
BUpYyCaMU, aHTUTEJIbHBII OTBET UcUe3asl yepe3 rom
nocJiie 3aboyieBaHUs, a y I, nepeHecmnx SARS-
CoV-1 u MERS nH(pekuu aHTUTEIa NOCTENEHHO
CHUKAJIMCh U HE OTIpeIeIslJIMCh Yepes 4 Toia rmocje
3ab0o0yieBaHUs, Torga Kak T-KJIETOYHBI UMMYHU-
TeT onpenensiacsa naxe cnycts 11 gert [28]. OnHako
9TU HAOMIOACHUS ITPOXOAMIN B YCIOBUSIX IUMMU-
Hauuu BupycoB SARS-CoV-1 u MERS. B npeabi-
OYIIAX MUCCIAEAOBAHUSIX Ha OCHOBAaHUU MOMAEJIM-
pOBaHMSI M3MEHEHUs YpPOBHEHW aHTU-S U aHTHU-N
IgG ¢ TeueHneM BpeMeHU Ha 3Talle OO ITOSIBJICHM S
IMTaMMa OMUKPOH HaMM OBIJIO pacCYMTAHO, YTO
yepe3 2 rojga mnocje 3abojieBaHUSI YPOBEHb aHTU-
S-aHTUTEN JOJIKEH OB OBl YIacTh 4YyTh HUXKE
300 BAU/mi, depe3 3 roma cocTaBUJ ObI OKOJIO
40 BAU/Ma, a yepe3 4 Troma ONMYCTUJICST OBl HUKE
10 BAU/mu1, uTo cuuTtaeTcs cut-off Mmexxny orpuiia-
TEJIBHBIM 1 MOJIOXKUTEIBHBIM YPOBHEM 3TUX aHTH-
ten [1]. UHbIM cioBaMU pacuyeTHas fTUHAMUKA U3-
MeHeHus1 ypoBHSA aHTU-S IgG Kk SARS-CoV-2 npu
YCJIOBUM JIMMUHAIIMU BUpYyca HAIIOMHHaja Obl Ta-
KOBY10, BbIgBIeHHYIO 1151 SARS-CoV-1 u MERS.
Onnako SARS-CoV-2 npomonxaeT LUPKYJIUPO-
BaTh U aKTMBHO MYTHUPOBATh B UEJIOBEYECKOM ITO-
nyasiuyuy. B HacTosMX McclefoBaHUSX yaaJIOCh
nokKasaTh, 4TO ypoBHM aHTU-S m aHTuU-N IgG-
aHTUTEI I0-Pa3HOMY U3MEHSIJINCh B TECUCHHUE TPEX-
JeTtHero HabmoaeHus. ChopMupoBaBIIMEcS MO-
ciae nepBuuHoro 3aboneBaHus COVID-19 antu-S
IgG nmepxauch Ha OMHOM YPOBHE B TEUCHHUE roja,
a TrocJjie TIepeHeCeHHOr 0 TOBTOPHOTO 3a00JIeBaHUSI,
BBI3BAHHOI'O IITAMMOM OMUKPOH M MOCIEAYIOIMINX
OycTepoB B pe3yJbTaTeé KOHTAaKTOB C LUPKYJIU-
poBaBmiuMu B 2022—2023 rr. HoBBIMU VOC, 11po-
rpeccuBHO Hapactamau. QUeBHUIHO, ITOBTOPHEIC
KOHTaKThl ¢ HOBbIMU 1mTaMMaMu SARS-CoV-2

%
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PucyHok 5. U3meHeHune ypoBHEN KJIeTO4YHOro
MMMyHHOro oteeta Ha N- u S-6enok SARS-CoV-2
B 3aBUCMMOCTHU OT BpeMeHu nocne 3abonesaHus
COvID-19

Figure 5. Time-dependent change in levels of cellular
SARS-CoV-2 N- and S-protein-specific immune
response

Mpumeuanume. *p < 0,05 mexay ypOBHEM KJIETOYHOIO
oTtBeTa Ha S- 1 N-6enok SARS-CoV-2; *p < 0,05 onst ypoBHS
KneToyHoro oteeTa Ha S-6enok SARS-CoV-2 no cpaBHEHUIO
¢ ypoBHeM Ha cpoke 1rog; ép < 0,05 no cpaBHeHWIO

C YPOBHEM Ha cpoke 2,5 roga.

Note. *p < 0.05 between cellular response levels against
SARS-CoV-2 S- and N-protein; #p < 0.05 for SARS-CoV-2
S-protein cellular response compared to 1-year level;

&p < 0.05 compared to 2.5-year level.

CTUMYJIMPYIOT aKTUBHOCTb JOJTOXMUBYIIUX I1J1a3-
MouLUTOB, chopmupoBaHHbIX B GC. AHaJIOrM4YHbIE
pe3yabTaThl ObIIM IMOJAYYEeHbl U APYTUMU HCCIe-
noBaTensgaMu, HanboJiee 3(PPEeKTUBHBIMU B TeCTaxX
BUPYCHEUTpaAIN3aILIUU OBIJIN CBIBOPOTKHU OT JTIIOACH
C MMPOPBIBHBIM UMMYHUTETOM, MEPEHECIIUX 2 UIU
6oiee 3aboneBanuii COVID-19 [24]. DTo 3aKkiio-
YeHWe TOATBEPKIAAcT ITOIaBJISIONIee KOJIMYECTBO
antuten IgGl-cybkinacca B coctaBe aHTU-S IgG,
KOTOpBIC CUHTE3UPYIOT NPEUMYIIECCTBEHHO KJIET-
KU naMstd. OgHako Mbl IIpearoJaraiu, 4To Io-
BTOpHBIEe OycTepbl HOBEIMU VOC OyayT COITPOBOXK-
JaTbCsl MCKAKOUYUTENbHO 3penbiM IgGl-oTBeToM,
a Ha JeJie okasaJioch, 4YTo npu oyctepax VOC cHo-
Ba mogBuiicsa IgG3-orBeT. MBI cuMTaeM, 4TO 3TO
cjien OT HOBBIX TIEPBUYHBIX OTBETOB HAa MyTaHTHBIE
yyacTtku S-6enka. Kpome Toro, rmocie npopbIBHBIX
uHdexuui B cocraBe aHTU-S IgG-aHTUTEN MO-
aBunuck 1gG2- u IgG4-cyoknaccel. UHbIMU CJlO-
BaMU, IIPpU OTBETe UMMYHHOM CHUCTEMBI Ha HOBBIC
VOC mnapannenbHo HabA0AaJIOCh ABa SBJIEHUS:
BTOPUYHBIN TUIT UMMYHHOI'O OTBETa Ha paHee Cy-
IECCTBOBABIINE BIUTONBI (IOJTOXMUBYIIINE ITIIa3-
MouuThl, aHTutena IgGl-cybknacca) u ¢popmMupo-
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MHdekumns n uMmyHuTeT

BaHWE MEPBUYHOTO MMMYHHOTO OTBETa HAa HOBBIE
MYyTaHTHBbIE anuTon bl (aHTUTena IgG3-cybKkmacca).
KocBeHHO 3TO moaTBepXKaaeT aBUIHOCTh aHTHU-S
IgG-aHTUTEN, KOTOpAS ITOCTIe TIEPeHEeCEHHOT'O TTOB-
TOPHOIr'0 3a00JIeBaHUSI IITAMMOM OMMKPOH Iep-
>KaJlach Ha ypoBHe okoJio 75%. Ilpu HabJoneHumn
3a OTOSJIbHBIMHY JIOABMU 13 00CIeNOBAHHOM IpyTI-
OBl MOXHO OBIJIO BUIETh, UYTO IIOCJIE OUYEPEIHOTO
koHTakTa ¢ VOC wuHauBUayaJibHasi aBUJAHOCTb
aHTu-S IgG-aHTUTEN HECKOJbKO CHMXalach, a
CITYCTsI BpeMsI CHOBa Bo3pacTajia. Takue KoJjeba-
HUS B aBUITHOCTH aHTUTEJ MBI paccMaTpuBaeM Kak
OTpaskeHNe MPOIIECCOB CYMMAaIIN BBICOKOI aBH/I-
HOCTHM aHTUTEJ OT BTOPUYHOTO MMMYHHOT'O OTBETa
Ha «CTapble» SMUTOIBI U HU3KOW aBUAHOCTU aHTU-
TeJl IEPBUYHOTO MMMYHHOTO OTBeTa Ha «HOBBIC»
MYTaHTHBbIE BMUTOMNbI. OTAEABHO cleayeT o0cCy-
IUTH MosiBJieHue aHTuTen cyoknacca IgG4. B psne
paboT B Hayaljie MaHIEMUU ObLJIO IMOKA3aHO, YTO
anTu-S IgG mpeumymecTBeHHO cocTostiu u3 IgGl-
u IgG3-antuten [10, 19], HO mocyie MPOPBIBHBIX
MHGEKIWI IITAMMOM OMUKPOH CTaJIU MO BIISITHCS
Takxke n IgG4 antu-S-anturena. opmupoBaHue
aHTUTeN 3HaunMoro ypoBHs IgG4-cyOkiacca Ha-
OJrroiaii TIpyU MOBTOPHBIX BakuuHauusax MPHK-
BakuuHamu [11]. Okazanoch, 4TO CUHTE3 3HAYU-
moro ypoBHs IgG4 aHTM-S-aHTUTEN TECHO KOp-
penupyer ¢ ypoBHeM IL-6, TSXeCTblO TeUeHMUS
U JeTajabHbiMU ucxogamu npu COVID-19, a coot-
HomeHue IgG4/1gG1 > 0,05 ObLIO TTPEATOKEeHO KakK
NpeauKTOop JeTtajabHoro ucxoaa rnmpu COVID-19 [8].
B Haie uccienoBaHue ObIJIM BKJIOYEHBI JIOIU,
neperecmue COVID-19 Tosbko B JIeTKOW WJIN
CpeIHEeTsIKeI0l (popMe 1 TToCJIe MEPBUYHOTO 3a00-
neBaHus [gG4 aHTU-S-aHTUTEI HE OBIJIO BBISIBJIEHO
HU y ogHoro u3 Habmwogaembix. [TosgBaenne I1gG4
aHTHU-S-aHTUTEN OBLIIO OOHAPYXXEHO IMOCje MPOo-
PBHIBHOM WH(MEKIINKA IITAMMOM OMUKPOH U Jajiee
MOCJie MOBTOPHBIX MPOPBIBHBIX MHMPEKIIMI HOBbI-
mu VOC. BaxHo, 4TO mocJie IpOpbIBHOTO 3a00J1e-
BaHUS IITAMMOM OMUKPOH y 67% 006ciiemoBaHHBIX
moneit cootHomrenue 1gG4/IgGl npessrmrano 0,05
U B cpeaHeM coctaBuio 0,183+0,022, TeM He MeHee,
9TH JIIOAU OBLJIN XXUBBI U IEPESHOCUIN MPOPHIBHBIC
nHpexkuun HoBeIMU VOC Jerye, 4yeM mepBUYHOE
3aboseBaHme. Eme yepes rox cootHomrenue 1gG4/
IgG1 npessimano 0,05 y 33% u3 oGciienoBaHHOMI
koroptsl u cocraBuiio 0,155+£0,016, a yepes 3 roma
ocjie MEepBUYHOTO 3a00JIeBaHMUS TOJBKO y S5 de-
noBek cooTHomeHne IgG4/IgGl npeswimano 0,05
u obuto 0,12+0,02. HukTo u3 HabmwogaemMoil Ko-
TOpTHI 32 3TO BpeMs HE yMep, XOTSI UMeJU HEeO-
HOKpaTHBIe TTOBTOpHBIE BcTpeun ¢ SARS-CoV-2,
KaK C IPOSBJICHWEM CHUMIITOMOB, TaK U 03 HUX.
WN3BecTHO, uTOo nepekiatoueHue Ha IgG4 mpowuc-
XOAUT B KOHIIE MH(MEKIIMOHHOI'O ITpollecca, Koria
MaToreH SJIMMUHUPOBAH U TPpeOyeTCs 3aBepIlicHIE
MMMYHHOTO OTBeTa. DTO MEepeKITIOUCHNE MHAYIIN-
pyeT MoBbILIEHHBIN ypoBeHb 1L-10, mponyuupye-

MOT0 WHAYIUPOBAHHBIMU PETYIITOPHBIMU KJIET-
kKamu (iTreg), KoTopble U 3aBeplIAIOT UMMYHHBIH
OTBET U MHAYHMUPYIOT percHepanuio TKaHeir [29].
DTO ecTeCTBEeHHBII TIpoliecc, CIea0BaTeIbHO, TT0-
aBiaeHue IgG4 aHTU-S-aHTUTEN, OCOOEHHO Ioce
MOBTOPHOTO IMPOPBLIBHOI'O 3a00JIeBaHU S, HE SIBJISI-
eTcs narojorueit. Tem He MeHee, OblJla BbICKa3aHa
runote3a, 4To SARS-CoV-2 nipu Tsixe1oM TedeHun
3a00yieBaHUsI MOXET MHIYLMPOBATh IIPEXIeBpE-
MeHHOe nepekaodeHue Ha cuHTe3 [gG4-antuTen,
YTO MPUBOIUT K TOPMOXKEHU IO UMMYHHOTI'O OTBETA,
XOTSI BUPYC BCE €Ille He IMMWHUPOBAH U3 Opra-
HU3Ma, U (GOPMUPYETCSI CBOeoOpa3Hasi TOJepaHT-
HocTh K SARS-CoV-2, npuBozasias K jJeTajabHO-
My ucxony [26]. B pamkax 3Toil TUIioTe3nl, HAIKU
5 oOcliemyeMBIX C BCe ellle BEICOKUM ypoBHeM 1gG4
AHTU-S-aHTUTEJ MOTYT ObITh MOABEPXKEHBI OoJice
TSIKEJIOMY TEUEHMIO CJICNYIOIIMX MPOPBIBHBIX Ba-
puanToB COVID-19 n3-3a BO3MOXHOTO (DOPMUPO-
BaHU ToepaHTHOCTH K SARS-CoV-2, uto Tpedy-
€T HACTOPOXXEHHOCTHU U 00Jiee BHUMATEJILHOTO Ha-
OJIIOJIeHN S 32 STUMU JIIOJIbMHU.

VYposenb anTu-N IgG MeHsJICS ¢ TeueHueM Bpe-
MeHHU nHade. CirenyeT mog4epKHYTh, YTO 3TH aHTH -
Tejla He SIBJISIIOTCSI BUPYCHEUTPATU3YIOIUMHU U HE
NPENITCTBYIOT TIOBTOPHOMY WH(MUILIMPOBAHMIO.
OtmMmevaics 60osee BhICOKMI ypoBeHb aHTU-N IgG
nocJie TiepBuuHoro 3aboneBanusg COVID-19, yem
y anTu-S IgG, u 60ee 6bICTPOE CHUXEHUE YPOBHS
aHTu-N IgG. [loBTOpHBII OCTpHIA MUK HapacTa-
HUs KoHueHTpauuu aHTU-N IgG 1 Takoe ke ObI-
CTpPOE CHMKEHUE HaOII0IaI0Ch B OTBET Ha ITOBTOP -
Hoe 3a0o0JieBaHME IITAMMOM OMUKpPOH. [loxoxkue
JTaHHBIC OBIIM MOJYYECHBI APYTUMU HE3aBUCUMBI-
MU TpyIlnnamMu ucciegoBateneit, aHntTu-N IgG ne-
MOHCTPHUPOBAJIA OBICTpOE HapacTaHUE M CHUXKE-
HUE KOHIEHTPAllUH B KPOBU ITOCIIe MH(PEKIIN T NN
BakuuMHauuu [15, 18, 25]. [To-BuaumMomy, aHTu-N
IgG-aHTUTEIa CUHTE3UPYIOTCS TIPEUMYIIECTBEH-
HO KOPOTKOXWBYIIMMU IIJIa3MOLIUTaMU, (DOPMHU-
pywoumumucd mo EF nytu. B nonbs3y Takoro 3akiito-
YEeHU ST CBUJETEIbCTBYET BbICOKHI MpoueHT IgG3
B coctaBe aHTuU-N IgG. IlpeBanupoBaHue cyo-
kjacca IgG3 B aHTu-N MUMMYHHOM OTBETE OTME-
JaJIi TaK3kKe U Apyrue ucciaenonatenu [14]. [Tpu mo-
BTOPHBEIX UMMYHHBIX OTBETaxX Ha cpoke 2—3 roma
npu HU3KoM ypoBHe aHTU-N IgG-oTBeTa BHOBb Ha-
osronaeTcs ToBbiieHue npoiieHTa IgG3 B 061IeM
aHTu-N OTBETe, YTO TOBOPUT O HOBBIX IIEPBUUHBIX
oTBeTax Ha N-06e10K. B03MOXHO, BBISIBJIEHHBbIE
paszauuusa B npoduisax cyokiaaccoB IgG cBsizaHbI
C pa3Hoil poJibio aHTU-N- U aHTU-S-aHTUTE] B 3a-
UTEe OT ITOBTOPHOTO 3apaxkeHuss SARS-CoV-2.

CxonHyto auHaMuky ¢ aHTU-N IgG nokazanu
aHTU-S IgA-aHTuTena, KOTOpble Takxke, BUAMUMO,
CUHTE3UPYIOTCSI TMPEUMYIIECTBEHHO KOPOTKO-
XKHUBYIIUMH TIJIA3MOLIMTAaMH. BBICTpBIC MOXBEMBI
U craabl KOHLEHTpaluu aHTU-S IgA oTMedanuch
U IPYTUMU ucciienoBaTenasimu [24].
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T-xneTouyHbI OTBET HAa AaHTUTeHBI S- U N-0Oeka
SARS-CoV-2 paznuuanuch Bo BpeMeHU. Tak mocie
nepBuyHoro 3aboneBaHusi COVID-19 otmeuarn-
Cs1 BBICOKU T OTBET LUTOTOKcUYeckux CD8* num-
douuToB Ha aHTureHbl N-0eika SARS-CoV-2,
KOTOPBI TIOCTEMEHHO CHUXAJICSI C TeYeHUEM
BPEMEHH, YTO XOPOIIO KOPPECIIOHAUPYET C pe-
3yAbTaTaMM, MOJYYCHHBIMHU B HE3aBUCUMBIX HC-
cnepoBaHusix [23]. [Ipy noBTOpHOM 3a00JieBaHUU
IITAMMOM OMUKPOH T-KJIETOYHBIN OTBET HAa aHTU-
reHbl S-0ejika 3HAYMMO HapacTaJ, a Ha aHTUTEHbI
N-6enka SARS-CoV-2 mnpogonaxall CHHUXKaATbCH.
W Tonbko uepe3 3 roga mocjie MepBUYHOIO 3a00-
JIeBaHUSI OTMEUYEH ITPUPOCT T-KJIETOYHBIX OTBE-
TOB KaK Ha aHTUreHbl S-, Tak 1 N-0enka SARS-
CoV-2, 4To, MO-BUAMMOMY, CBSI3aHO C OycTepoM
HOBBIM, CUJIBHO OTJMYAIOUIMMCS OT TMepBOro,
mraMMoM SARS-CoV-2. Panee ObIJIO IOKa3aHoO,
4yTO T-KJI€TOYHBI# UMMYHHBI OTBET B MEHbIIE
CTeMeHU cTpalaeT U3-3a MyTallMil BUpyca 3a cueT
NepeKpecTHOM peakKTUBHOCTU T-KJIETOK Tamsi-
™ [16]. OmHakKo MpuU MOBTOPHBIX 3a00JIEBAHMSIX
Ha ¢oHEe aKTUBHOIO MYTAIlMOHHOI'O TIIpoliecca
SARS-CoV-2, no3Bossoniero BUpycy ooouTu Bu-
PYCHEUTPaTU3YIOIIYI0 aKTUBHOCTb aHTUTEJ, POJIb
T-xn1eTouHOro UMMYHUTETA B 3alllUTEe OpraHu3Ma
ot HoBbIX VOC Bo3pacraert [22].

Takum ob6pa3zoM, B pe3yJibTaTe TPexXJEeTHEro Ha-
OJItoIeHU ST 32 KOTOPTOW PEKOHBAJIECIIEHTOB MOCJIe
nepBruyHoOro 3adoseBanuiit COVID-19, BeI3BaHHOTO
yxaHbCKUMM 1TaMMOoM SARS-CoV-2, B yclioBUSsIX
npoaoJiKarleicss HUPKYJIIIUuu BUpyca U ¢hop-
mupoBaHUsl HOBbIXx VOC, MpoOBOLUPYIOIIUX HO-
BbI€ ATMTU30/Ibl 3a00J€BaHUS UJIU OECCUMIITOMHOIO

Cnucok nutepatypbl/References

OycTepa, ynajoch mokas3aTb, UTO alallTUBHBIN UM-
MYHUTET Ha aHTUTreHbl S- 1 N-0eaka SARS-CoV-2
aKTUBHO (GopMUpyeTCd M HUKYyAa He HCcYe3aeT.
JluHaMuKa ypoBHel aHTUTea K aHTUureHaMm SARS-
CoV-23aBucutoT BUaa aHTUreHa (S- uiau N-06eJ10K),
knacca antuten (IgG unu IgA) 1 UHAUBUAYAJTbHONU
WCTOPUU KOHTAKTOB YejoBeka ¢ HoBbiMU VOC.
JduHamuka T-KJIETOUYHOTO HMMYHHOIO OTBeTa
Ha aHTUreHbl S- U N-6enka SARS-CoV-2 ymepeHHO
MOJOXUTEJIbHO KOPPEJIUpyeT C TMHAMUKON YPOBHS
COOTBETCTBYIOIIUX aHTU S- uau N-aHtutena. B to
JKe BpeMs U3MEHEHHUs yPOBHEl, KaK ryMOpaJbHO-
ro, Tak u T-KJIETOUHOro OTBE€Ta Ha aHTUIEHBI S-
uau N-6enka SARS-CoV-2 cnabo oTpuliaTeIbHO
KOPPEIUPYIOT MeXAy co00li. YCKoJb3aHUE HOBBIX
VOC 3a cyet yacThiXx MyTallUil OT HEUTpaau3aluu
aHTU-S IgG MpUBOAUT K MHAYKIIMHA HOBBIX MEPBUY-
HbIX UMMYHHBIX OTBETOB Ha S-aHTUTeHbl SARS-
CoV-2 HapaBHe ¢ aKTHUBallMell yXKe CYIIECTBYIO-
LIUX OTBETOB, COOPMUPOBAHHBIX HA MPEAbIAYIIINE
HITaMMbl KOpoHaBupyca. MccienoBaHue MMMYH-
HbIX OTBETOB Ha aHTUTeHbl SARS-CoV-2 no3BonsieT
He TOJIbKO MPOTHO3UPOBATh COXPAHEHUE BBHICOKUX
YPOBHEU aHTU S-aHTUTEN U T-KJIETOUHBIX OTBETOB
Ha aHTUreHbl SARS-CoV-2, HO u naeT GecleHHbI
Martepuan AJisl yIIyOJeHHOro MCCleloBaHUSs Mpo-
neccoB GopMUPOBAHUS W MOAACPXKAHUS UMMY-
HoJjiornyeckoil mamsatu. HemoctatouHble 3HaHUS
B 9TOH 00JIaCTU TPEensITCTBYIOT OBICTpOIl pa3spa-
060TKe 2 (PEeKTUBHBIX BaKIWH, CIIOCOOHBLIX (op-
MUPOBATh JTOJTOBPEMEHHYI0 UMMYHOJOTUYECKYIO
naMsTh, KakK IOKa3ajJu HCCIeNOBaHUS adarTUB-
HOrO0 UMMYHMUTETA IOCJe UCTOIb30BaHUS BaKIIUH
Ha ocHoBe MPHK [11, 30].
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Pestome. AxkmyanrsHocms. B cBSI3U ¢ IpoBeneHNEM MacCIITaOHBIX BAKIIMHAIIMOHHBIX KAMIIAHUM IIPOTUB KOPOHABHpYCa
SARS-CoV-2 o BceMy MHUpY BO3HMKAET BOIIPOC O TOM, KaK MMMYHHU3AIMSI MOXKET TTOBIMSTH Ha Pe3yIbTaThl OOIIETO
aHanm3a Kposu mipu COVID-19. Lienp nccnemoBaHus: U3YINTh pa3IMIMs TIOKa3aTesIei 00IIero aHaamu3a KpOBH y ITaIli-
eHnToB ¢ COVID-19-unbek1ueii B 3aBUCMMOCTH OT cTaTyca BakimHauu. Mamepuaast u memods.. [IposeneH o63op my-
OnMKaluii, rae ObLIU OMMMCAHBI M MTPEeCTaBIEHbI oKa3areau obuiero ananausa kposu (OAK) y maiiueHToB ¢ MOATBEPXK-
neHHbpIM COVID-19 ¢ pa3meieHreM Ha BAKIIMHUPOBAaHHBIX M HE BAKIIMHUPOBAHHBIX OT MH(EKIIMOHHOTO 3a00JIeBaHMS,
obycnopieHHoro BupycoM SARS-CoV-2. BriocieacTBuu ObLT1 MpoBeAeH aHaJIU3 Pe3yJbTaTOB 3apyOekKHbIX UCCIea0-
BaHMIi1 10 TIPEACTaBIEHHBIM OCHOBHBIM moka3arenssMm OAK ¢ omucaHueM MMEIOIIMXCST pa3Induil cpeay MalueHTOB
C JITKUM M CPEIHETSIKeJIbIM TeueHueM NoaTBepxaeHHoi nHdekuu COVID-19. [lns aHanu3a pe3yabTaToB yUUThI-
BaJIMCh TPYIIIBI MALIMEHTOB ¢ OTCYTCTBUEM COITYTCTBYIOIIMX 3a00I€BaHUI, CHOCOOHBIX MPSIMO UJIM KOCBEHHO BIUSIThH
Ha nokasateau OAK. Pesyssmameor. [IpoBeneHHBINM aHaIM3 TTO3BOJMI ONPEeNeanTh, 4YTo Mmoka3zarean OAK He BbIxomsT
3a Tpeesnl peepeHCHBIX 3HaYeHH I B OOJNBIIMHCTBE CyyaeB B 00eHUX TPYIINax, KpoMe IoKaszaTeaeit y JIUII C TKeJIbIM
TeueHreM 3a00j1eBaHUs. VICKITIOUeHIE COCTaBIIsIeT CKOPOCTh ocenanus aputpouuton (COD) (42 [20,5—-63,5] (Xn =107,
Me [Q,—Q;,])) MM/4 y HEBaKIIMHMPOBAHHBIX JINII. TaKKe HECKOJIBKO MEHBIIIee a0COMIOTHOE 3HaYeHNE TUMQOIIMTOB Ha-
6momaeTcst y BakumHupoBaHHBIX (0,95 [0,58—1,62] x 10°/m (Xn = 441, Me [Q,—Q;])). OTMeueH BaBoe 60JbIINI pa3opoc
3HAUCHM T KBapTUJIEH JIEHKOLIMTOB y BAKIIMHUPOBAHHBIX, YeM Y HeBaKIIMHUpoBaHHBIX: 7,07 [4,07—12,31] x 10°/n (Xn =
555, Me [Q,—Q;]) mpotuB 5,68 [4,02—8,34] x 10°/1 (Xn = 2202, Me [Q,—Q;]). [TonoGHas cuTyalust HabaOAaETCS U B 3HA-
YEHUSIX MOHOLIUTOB. 3ak.aoyerue. [IpoBeneHre MeTaaHAIUTUYECKUX UccenoBaHuii mokasareseit OAK B ciyvasix 3a60-
neBaHust COVID-19 no3BossieT onpeaeanTb 3G (PeKTUBHOCTh UMMYHU3allUU, 0COOEHHOCTU UMMYHHOI'O OTBETA, a Tak-
K€ BBISIBUTb OCHOBHBIE TEHAEHIIMU B AMHAMUKE 3HaYE€HW i OCHOBHBIX ITOKA3aTeJIeii KPOBH CPEIY HEBAKIIMHUPOBAHHBIX
1 BAKIIMHUPOBAHHBIX JIMII B LIEJIOM UJIM OTNIpeaeleHHBIMY UMMYHOOMOJOTMYECKUMMU TIpernapaTaMu.

Karouesvte caosa: COVID-19, 0bwuii anaru3s kposu, 6aKUUHAYUS, AUMPDOUUMDL, ACUKOUUMbL, MPOMOOUUMDL.
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DIFFERENCES IN COMPLETE BLOOD COUNT PARAMETERS IN PATIENTS WITH COVID-19
DIAGNOSIS BASED ON VACCINATION STATUS (LITERATURE REVIEW)

Konyuhov A.V.*?, Kostinova A.M.*¢, Loktionova M.N.*¢, Kostinov M.P.*¢, Pechenik A.S.f

@ [.M. Sechenov First Moscow State Medical University of the Ministry of Health of the Russian Federation (Sechenov University),
Moscow, Russian Federation

b Izmerov Research Institute of Occupational Health, Moscow, Russian Federation

¢ National Research Center — Institute of Immunology of the Federal Medical- Biological Agency of Russia, Moscow, Russian Federation
4 Central Research Institute of Epidemiology and Microbiology of Rospotrebnadzor, Moscow, Russian Federation

¢[.1. Mechnikov Research Institute of Vaccines and Sera, Moscow, Russian Federation

/N.E. Bauman Clinical City Hospital No. 29, Moscow, Russian Federation

Abstract. Relevance. Due to the large-scale vaccination campaigns against the SARS-CoV-2 coronavirus taking place
worldwide, the question arises as to how vaccination may affect complete blood count (CBC) parameters in COVID-19
cases. Research objective: assess differences in complete blood count parameters in COVID-19 patients based on their
vaccination status. Materials and methods. A review of publications was conducted describing and presenting the com-
plete blood count parameters in patients with verified COVID-19, by stratifying them into vaccinated and unvaccinated
individuals against the SARS-CoV-2 virus-caused disease. Subsequently, a meta-analysis of the results for each CBC
parameter was carried out by describing identified differences among patients with mild and moderate COVID-19, lack-
ing comorbidities affecting CBC indicators. Results. The analysis conducted allowed to determine that the complete blood
count parameters do not exceed the reference range in most cases in both groups, excepting those of individuals with
a severe disease course. The exception is the erythrocyte sedimentation rate (ESR) (42 [20.5—63.5] (Xn = 107, Me [Q,—
Q;])) mm/h in unvaccinated individuals. Also, a slightly lower absolute lymphocyte count is observed in vaccinated indi-
viduals (0.95 [0.58—1.62] x 10°/L (Xn = 441, Me [Q,—Q;])). There is a twofold greater range of leukocyte quartile values
in vaccinated individuals compared to unvaccinated individuals: 7.07 [4.07—12.31] x 10°/L (Xn = 555, Me [Q1—Q3]) vs
5.68 [4.02—8.34] x 10°/L (Xn = 2202, Me [Q,—Q;]). A similar pattern is observed for monocytes. Conclusion. Conducting
a meta-analysis of laboratory parameters in COVID-19 cases among vaccinated and unvaccinated individuals allows
for determining the effectiveness of vaccination as well as identify the major trends in dynamic changes for essential blood
parameters among unvaccinated and vaccinated individuals in general or with certain immunobiological preparations.

Key words: COVID-19, full blood count, vaccination, lymphocytes, leucocytes, thrombocytes.

BeepneHue

Kak u nob6asg uMMyHM3aluvs, BaKIWHAILIUAS
MPOTUB KOPOHABUPYCHOU WHMEKIINU SBIISIETCS
3¢ HeKTUBHBIM METONOM MPOGdUIAKTUKHU 3a00Jie-
BaHus. Ha MOMEHT mpoBeaeHus HACTOSIIEro Mc-
cliefOBaHU S U3BECTHO O 44 pa3IMYHBIX BaKIIMHAX,
MPUMEHSTIOIIIMXCS AJI5T TIPO(PUTAKTUKYN KOPOHABU-
pycHO MHMEKIINY UIN TTPOXOASIINX UCITBITAHUS
B LIeJISIX TaJIbHEMIIIero mpuMeHeHus [36]. BakiuHbI
or COVID-19, kotopble ObLJIM OAOOpPEHBI K HUC-
MOJb30BAHUIO, JMOKa3aju CBOWO 3(PHEKTUBHOCTH
B MPEIOTBPALLIEHUU TSIXETbIX (popM 3a00JieBaHUS
U cMepTHOCTU. Hampumep, mo maHHBIM TIepBUY-
HbIX ucciaegoBanuii, Pfizer-BioNTech BakmmnHa
uMeeT 95% 3(hpGeKTUBHOCTL B MpPeAOTBpallleHUU
3aboneBanusgs COVID-19 [1], Moderna — mo 94%
apdexkTuBHocTtu [28], Johnson&Johnson — 6oJjee
66,5% »ddexTuBHOCTU [34], OTeueCTBEHHAasI Ke
BakuuHa 'am-KoBun-Bak (CriyTHUK V) B Xoze Ha-
JaJbHBIX UCITBITAaHUN — 92% [26]. Tem He MeHee,
HECMOTpsI Ha oTauvawilylcsa 3(pdEeKTUBHOCTh
MPUMEHSIEMbIX BaKIIMH, B MHOTOYMCJICHHBIX ITH-
POKOMAacCIITaOHBIX CPAaBHUTEIbHBIX UCCIIENOBAHU-
SIX 11eJIeCOO0Pa3HOCTU BaKIIMHALIUU OBLJIO MPO-
JIEMOHCTPUPOBAHO CHUXEHUE 3ab0JeBaeMOCTU,
KOJIMYECTBA TSKeNAbIX POPM U OCTOXKHEHU M (MTHEB-
MOHMMU, [ObIXaTeJbHasl HENOCTATOYHOCTb, TPOM-

003bl, HEBPOJOIrMYECKHME OCJIOKHEHUS), a TaKKe
CMEPTHOCTHU OT KOPOHABUPYCHOU MH(MEKIIUU Cpe-
Y BaKUMHUPOBaHHBIX [3, 5, 7, 17, 30, 34, 38, 41].

OnHako AOOUTBHCS CTOMKOro CHMXKEHMS 3a00-
JIEBAa€MOCTH 3a CYET MAaCCOBOM BaKIIMHAIIMM Ha Ce-
TOAHSIIIHUKM JAEHb HE IIPEACTAaBISIETCS BO3MOXK-
HBIM: U3BECTHO, YTO KaK paHee IepeboJieBlIne, Tak
M BaKIIMHUPOBaHHBbIE JIMIAa TOBTOPHO 3apakaloTcs
kopoHaBupycoMm [10, 29, 31]. Kpome Toro, acdhdek-
TUBHOCTb BaKIIMHBI MOXET 3aBMCETh OT MHOTHUX
dakTOpoB, TaKMX KaK BO3PacT, COMYTCTBYIOIAS
MaToJIOTUsl, O0a3UCHBIA IIPUEM ONpeaeICHHBIX
TPYII JIGKApCTBEHHBIX IIperapaToB, o0pa3 XKu3-
HM U 1ap. TakKe CTOUT yYUTHIBAaTb OCOOEHHOCTHU
cTpoeHusi camoro kopoHaBupyca SARS-CoV-2,
a UMEHHO — €ro CIIOCOOHOCTb K MYTaIlMsIM, YTO
MOXKET MPUBOIUTH K CHUXKEHUIO crellu(UIeCKOro
MMMYHHUTETa MOCJIe BBEASHHON paHee BaKIIMHBI
Ha OCHOBe apyroro mrtamma [20].

COVID-19 — 310 ocTpoe nHGbEeKIIMOHHOE 3a00-
JIEeBAHME IbIXaTeJIbHBIX MyTel, BO30YAUTEIEM KOTO-
poro siBasieTcst HoBbI KopoHaBupyc — SARS-CoV-2.
IMomamas BKJIETKHY YeloBeKa Yepe3 S-TJIMKOIPOTEUH,
OH CBSI3BIBAETCS C PELENITOPOM aHTMOTEH3WHIIPEB-
pamaroniero epmenta 2 (AIIM2), KOoTOpbIil 3KC-
MpeccUupyeTcsl B pa3IMYHbBIX OpraHax, BKJII0Yasi Jier-
KUe, MOYKHU, IMOJKEIYIOUHYIO XKeae3y, KUIIeUYHUK
M ceplle, YTo 00ycIaBIMBaET MOBBIILIEHE BUPYCHOMU
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MHdekumns n uMmyHuTeT

Harpy3ku Ha MHOTHM€ OpraHbl M TKaHW OpraHu3Ma.
Hanuuyue XpoHWYECKUX COIMYTCTBYIOLIMX IaTOJO-
Ui BBUAY HapylIeHUs PEryIsiiud UMMYHHOIO OT-
BETa OCJIOXKHSIIOT TeYEHEe OCHOBHOI'O 3a00JIeBaHUSI.
Tak, Hanpumep, MpU caxapHOM auabeTe U oXupe-
HUU yBEeJINYUBAETCSI 00pa3oBaHUEe aAUMOLUTAPHbBIX
KJIETOK, OOYCJIOBJIEHHOE MOBBIIIIEHHOW dKCIpecCcuen
ATI®D2, KoTopble ITpeBpaIialoT aAUITOLUTHI U JIUTIO-
GubpobaacTel B pe3epByaphbl 1 Bupyca [12], uto
WUTpPaeT CYLIECTBEHHYIO POJIb B MaTOT€HHOM OTBETE
Ha KOPOHABUPYCHYI0 NHMEKIIHUIO.

Ipu KopoHaBUPYCHOI MH(EKIINN, BHI3BAHHOMI
BupycoM SARS-CoV-2, Hepeako HaOJwogarTcs
HapylIeHus UMMYHHOI CHUCTEMbl: U3MEHEHUE pa-
0OThl KJIETOYHOrO HMMYHUTETa, JUMMONEHUS,
«IUTOKWHOBBIN mTOpM» [9]. Hapyirenus B pyHK-
LIMOHUPOBAHUY MMMYHHOU CUCTEMBbI MPOCJEKU-
BaroTcs U B roka3zaresisix OAK.

Hawubosee nongaaromumMucs U3y4yeHUIo mokasa-
TEJSIMU BOCHAJTUTEIbHOU peakllu SIBJISIOTCS Ta-
pameTtpbl OAK u ypoBeHb C-peakKTUBHOro 0ejika
(CPDB), B TO BpeM# Kak cojiepkKaHHe MTPOKaJIbIIUTO-
HUHa U peppUTHUHA B CBIBOPOTKE KPOBU 0Ka3aJ10Ch
MeHee MH(pOpPMaTUBHBIM, B TOM YHUCJE B IJIaHe
nporHo3sa, daktopoM. Ilo fTaHHBIM HUCCAEAOBaHUNA
ypoBeHb CPD siBJ1sIeTCS KJTI0UEBBIM JTaOOPaTOPHBIM
OMoOMapKepOM-UHAUKATOPOM, KOTOPBI CUTHAIU-
3UpPYyeT O HEOOXOAMMOCTU Teparuu MPOTUBOCIA-
auTtenbHoro xapakrtepa [1, 8]. OmHako oGopyno-
BaHUE ISl €ro ONpeAesieHUsI UMEeTCsI HE BO BCeX
MEAUILMHCKUX YUPEXKICHUSIX, B OTIMYME OT 000-
pynoBaHus ais nmpoeaeHust OAK.

COVID-19 — at0 cuctemHast uHOEKIU ST, OKa3bl-
Barolllasi 3HAYMTEIbHOE BJIMSIHHAE Ha KPOBETBOPHYIO
cucteMy U remoctas. OmHUM U3 HauboJiee pacipo-
cTpaHeHHBIX ocioxHeHuit COVID-19 sgaBnsercs
runepkoaryasiust [6]. I[locTreneHHOE TMOBBIIIEHUE
ypoBHs D-auMepa B xoze 3a00JieBaHU I TECHO CBsI3a-
HO C YXYIIIEHUEM COCTOSTHUS MallueHTa U Hebiaro-
MPUSTHBIM TPOTrHO30M. [Ipyrue Mapkepbl TMIIepKoa-
TyJAsSLUU, TaKUe KaK yAJIUHEHe TPOTPOMOMHOBOTO
BpemeHu (I1B) W akKTUBUPOBAHHOIO YacCTUYHOIO
TpomOoriacTuHoBoro BpemeHu (AUTB), yBeaunue-
HME MPOAYKTOB pacnanapudpuHa, Tsxeaass TpoMoo-
LIUTONEHUS, MPUBOIST K Pa3BUTUIO CUHAPOMA JUC-
CEMUHUPOBAHHOIO BHYTPUCOCYIUCTOIO CBEPThIBA-
Hus (JABC-cunapoma), Tpedytolliero HeMeajadeHHOro
MEIUIIMHCKOTO BMelIaTeabcTBa. [latimeHTsl, nuHbU-
nupoBaHHble KopoHaBupycoM SARS-CoV-2, Hesa-
BUCUMO OT TOTO, HAXOMSITCS JIU OHU B CTallMOHape
WUJIU JieyaTcs aMOy1aTOPHO, MOJABEP>KEHbI BHICOKOMY
PUCKY pa3BUTUS BEHO3HOU TpomMOoamMbonnu (BTD),
B CBSI3U C YEM HACTOSITEIbHO PEKOMEHAYeTCs paHH 5151
U TATebHas (papMakosiornyeckasi Tpomodonpodu-
JIJaKTUKa HU3KOMOJEKYISIPHBIM renapuHom [2, 11].
OnHako B 00630pe 9 onyonukoBaHHbIX B 2020 1. uc-
cJIeIOBaHU I, HAMPOTHUB, COOOIIAI0Ch O bojiee HU3-
KOM KOJIMYeCTBE TPOMOOIIUTOB Y MAlIUEHTOB C TSIXKe-
Joi ¢popmoit COVID-19 [25].

Bo BpeMst uHKyOalMOHHOTO Iepruojia, KOTOPBI
COCTaBJISIET OT OJHOI'O AHS IO IBYX HElEJb, a TaK-
’Ke B HaydaJie TPOSIBJICHUI 3a00JieBaHU ST, KOJUYe-
CTBO JielikoluToB U JuMdounutoB B OAK B Hopme
WJIU cJIeTKa CHUXKEHO y BaKIIMHUPOBAHHBIX M HE-
BakKIIMHUPOBAHHBIX IallMEHTOB. [lpu BuUpemMun
SARS-CoV-2 B OCHOBHOM moOpaxkaeT TKaHU, IKC-
Mpeccupymollue BBICOKHME YPOBHU PELEIITOPOB
ATID2, Takme Kax JIeTKHe, Cepllie W KeJTyIOIHO-
KUIIEYHBIN TpakT. Yepes 7—14 nHel mocie nposiB-
JICHUSI TIEPBUYHBIX CUMIITOMOB OOHAapYy>XXMBAIOTCS
KJIMHUYECKUE CUMIITOMbBI, CBSI3aHHBIE C CHUCTEM-
HBIM TIOBBIIIIEHWEM B KPOBU IIMTOKMHOB. B 3TOT
nepuon JMM@ONeHUsI CTAHOBUTCS SIBHO BbIpaskeH-
Holi [23]. Tak, B peTpOCHEKTHUBHOM HUCCIEI0OBaHUHU,
npoBenecHHOM B YxaHe B 2020 1., y 85% TalimeHTOB
Cc Tsaxesoil (opMoii 3abojieBaHUSI HaOJtogaach
aumdoneHus [39]. AHaloruuHbie JAHHBIE O JIUM-
dormeHnn cooOIIal0TCs B UCCAECTOBAHU X KIUHUK
Cunramnypa u Bamunrrona [13, 16, 40].

AnoHckumu uccaeposareasasmu B 2023 r. mpo-
BeJeH aHaJIU3 MO OlleHKe M3MEHEeHU ST KOHIIEHTpa-
U JISHKOIIMTOB Y TPOMOOIIMTOB CPEIU 3MOPOBBIX
BaKLIMHUPOBAHHBIX JULL U O00JbHBIX COVID-19
(6e3 yTOuHeHHs cTaTyca BaKIMHAlMW B IIPOII-
JioMm). Pe3ynbraThl MCCleNOBaHUSI TOKa3adW OT-
CYTCTBHME 3HAYMTEIBHOIO pOCTa JICHKOIIMTOB
1 TPOMOOIIMTOB ITIOCJIe BCEX ATAOB BaKIIMHAIIUU
O CpaBHEHUIO C UX YPOBHEM IMepe/ BaKIMHAlIIeH,
M, OJTYYEeHHbIE PE3YIbTaThl UMEJIU CTEIIeHb JJOCTO-
BepHOCTHU, paBHYI0 p < 0,01 (mocne TpeThero ata-
na Mo CpaBHEHMIO C KOHTPOJIbHBIM, TIPEIITPUBU-
BOYHBIM, aHaJin3oM). [1o JaHHBIM MCCleTOBaHUM
KOHIIEHTpAIlMi JIEMKOIIUTOB U TPOMOOIIUTOB Yy 3a-
ooseBminx COVID-19 MOXHO cuuTaTth, YTO JaH-
HBbIE TTOKAa3aTeJIM TeM BBIIIIE, YeM TsKeJiee TeUeHUe
3a0ojeBaHU . Tak, y MallMeHTOB B JIETKOUl opMme
COVID-19 noka3zarenu JeiKOIUTOB U TPOMOOIIU-
TOB HE OTJIMYAIOTCS OT BAaKIIMHUPOBAHHBIX TPEMSI
nozamu MPHK-BaknuHoii. Ho cpeanee 3HaueHue
JICUKOIIMTOB M TPOMOOIIMTOB Yy JIUII C TSIKEJIOMN
dopmoit COVID-19 Bbillie Gosiee yueM B 2 U 4 pa3sa
COOTBETCTBEHHO, YeM Yy 3HO0POBBIX, IOJHOCTHIO
NPUBUTHIX aull [43].

Konneramu u3 Y3dekucrtaHa ObLJI0 TIpeACTaBIe-
HO uccienoBaHue ¢ nanHbiMu OAK y maireHTOB
¢ pazauuyHbiMU hopmMamu COVID-19 1 KOHTpOJIb-
HOI TPYIIITHI 3IOPOBBIX JIMII, OJHAKO CTAaTyC BakK-
HUHAIMK B 00CJIeNyeMbIX TPyTnax yKa3aH He ObLI.
Tak, y Ju1l co cpenHeTsKeaou (Gopmoil TedeHus
3a00JIeBaHUSI TI0Ka3aTelb JICHKOIIMTOB COOTBET-
ctBoBan 16+1,3 x 10°/L (p < 0,001), y 80+8,2% (p <
0,01) ormeuasiach HeliTpoUAUS, a AMMEPOLIUTONE-
HMS ObLIa BbIsIBIeHa Bcero y 14+2.5% (p < 0,001)
ManMeHTOB. Y MallMeHTOB C TsXeyoil (hopMoit Te-
YeHM S 3HAUCHU S TIepeYrCICHHBIX IToKa3aTeseil He-
CKOJIBbKO BbI1IIE [21].

OTeyeCTBEHHBIMU MCCIIEA0OBATENSIMU  TIPOBO-
OWJICS aHaJIu3 pe3yJbTaToB obciuenoBaHus 206
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ManMeHTOB, KOTOPbIE IOCTYIalu B CTallMOHAPbI
I. MockBbl U MOCKOBCKOT 00J1aCTU ¢ AUarHO3aMU:
U07.1 KoponaBupycHast uHgexkuus COVID-19, Bu-
pyc uaeHtuduuuponaH; U(07.2 KopoHaBupycHas
nHdexkursgs COVID-19, Bupyc He UAeHTUDULIUPO-
BaH; J12.9 BHebonbHMYHAsA MHEBMOHUS. Bo3pact
NalMeHTOB cocTaBsal 25—98 netr (cpeaHU BO3-
pact 54,8+7,4 roma). VI3 cTaluimoHapa Iocje Bbl-
340pPOBJIEHUS ObLIM BhINKUCaHbI 197 mauueHTOoB, 6
OBLIY TIepeBeACHBI B peaHUMAalIMOHHOE OTIeJIeHHE,
rie CKOHYaJIMUCh, 3 OOJbHBIX YMEPIU B OTACICHUM.

V Bcex OOJIbHBIX, BHE 3aBUCUMOCTU OT CTaTy-
ca, ObLIM BBISIBJICHBI M3MEHEHUSI MeraKapuoIllM-
TapHOTO, 3PUTPOILIUTAPHOIO 1 T'PaHYJIOLUTAPHOTO
pocTKOB KpoBu. [TyTemM comocraBieHUs aHaMHe3a
TedeHUs1 3a0ojeBaHMSI, OIEHKW TI'eMaTOJIOTHMYeC-
KUX TToKa3aTeJieil ObLJIN BhISIBJIEHBI OCHOBHBIE M3-
MEHeHU s, o0ycioBiaeHHbIe BausHueM COVID-19.
Hawubosee cyiiecTBEHHbIM U3BMEHEHUEM B SPUTPO-
LIUTAPHOM POCTKE KOCTHOro Mo3ra (28,6%) oTMmeue-
HO U3MEHEHHE MapaMeTpOB reMoryioonHa. JlaHHbI
daxkT nmokaspIBaeT CHUXEHUE MOKa3aTejeil B Iepu-
o rocnuTanu3anuu MeHee 4yeM y 20% IaliieHTOB.
VYV 6oitee 9% GOBHBIX JTaHHbIC U3MEHEHU ST TIPUCY T-
CTBOBAJIM JIO TOCTIMTAIM3AIINH.

YV 19-20% nanueHTOB YUCJIO 3SPUTPOILIUTOB
U MoKa3aTeJy reMorjio0rMHa B KPOBU ObLJIN YBETU-
YeHbI, YTO YKa3bIBaeT Ha yCUJICHUE 3PUTPOINO33a
B KOCTHOM Mo3re. boJiee MHTEHCHBHBINM TIpoliecc
OTMEUEeH Y IallMeHTOB C TsIXXeJoi (pOopMOit TUITOK-
CUM, paHee HeBaKIIMHUPOBAaHHBIX. M3MeHeHU s
B MerakapuollMTapHOM POCTKE BbIpaXkaJWCh TEH-
JNeHIIMEe K CHUKEHMIO Yrcjia HOpMadbHBIX TPOM-
OOLIMTOB M YBEJIWYEHMIO MaKpPOIMTApHBIX (OpM
(41%). Jannblii (hakTOp yKa3blBaeT Ha IOBBIIIIE-
HME pacxojla KJIETOK, pa3BUTHE IMpolecca TPOM-
0000pa3oBaHUsI BHYTPU COCYAOB U BbIJIEJEHUE
MOJIOAbIX (DOPM TPOMOOIIMTOB MEHBIIIEr0 00beMa.
N3menenue yucaa jJeiikouutoB B OAK y 601bHBIX
COVID-19 u nHeBMOHMEN moka3aJjio, 4YTO clydyau
JICHKOTIEHU U BCTpeUauch y 7% nalmeHTOB, MOBbI-
LIEHHE Yrcia JeHKOLUTOB — y 21%, B TO BpeMsI Kak
nuMmborneHus HaoGaomagack B 40% ciiydyaeB, 4ToO
Ha 14% Gobliie ciydaeB TMMGOIIUTO3a [4].

Matepuainbl 1 METOLbI

IpoBeneH aHanu3 12 3apyOeKHBIX UICTOYHUKOB,
comepxamux nanHble OAK, B3sTeie Ha 3—10 neHb 1O-
CJIe TOCITUTATU3aIIA N Y B3POCIIBIX M OXKMJIIBIX TTall-
€HTOB C J1a00paTOPHO ITOATBEPKACHHBIM IMATHO30M
COVID-19 nerkoii, cpenHeil 1 TSKeJIOM (pOPMEBI Te-
YeHM S, HAXOOWBIINXCSI Ha CTAlIMOHAPHOM JICUCHUH.
JI1st cpaBHEHU S TTIOKa3aTesiell y BAKIIMHUPOBAHHBIX
1 HeBaKIIMHUPOBAHHBIX OBIJIM COMOCTABJICHBI CyM-
MUPYIOIINE BRIOOPKH 13 UCCIIemOoBaHMt. Takke mo-
kazarenu OAK cpaBHUBanuch ¢ pedepeHCHBIMU
3HAYCHUSIMU JIJIsI B3POCJIOro YejioBeKa. Bkirtouanich
WCCIIEIOBAaHM S, N3YJaloIllne BIMSTHAC BaKIIMHAIIUN

Ha TSIKECTh TEUEHUSI M KOJMYECTBO OCJIOXKHEHUI
ot COVID-19, B TOM yucJjie C CONYTCTBYIOLLIUMU CO-
MaTUYeCKUMU 3a00JIeBaHUSIMU, a TAKXKe MCCIIeI0Ba-
HUS ¢ pa300pOM KJIIMHUYECKUX ciydyaeB. B yueT Opa-
JIUCh pe3yabTaThl MccaenoBaHut mokasareneit OAK,
BBITIOJIHEHHBIE 110 3HAYEHUSIM MeIUaHbI ¢ yuyeToM 1
u 3 xBapTuas. CpaBHUTEIbHBIN aHAJIU3 pe3yJibTa-
TOB UCCJIEAOBAHUW MPOBOAUIICS ITPU TIOMOIIY CyM-
Mallii MEIMaHHBIX 3HAYEHW M pacyeTa CpeaHei
apuGMETUYECKOM.

Wcknrouancs yJer:

— noka3zareneit OAK cpeau mauueHTOB ¢ Je-

TaJbHBIM HcxoaoM Bcaeactsue COVID-19 (kak

cpeay BaKIIMHUPOBAHHBIX, TaK U HEBaKIIMHM-

POBaHHBIX);

— noka3zareneit OAK y maumMeHTOB ¢ MUKCT-

uHbekuuein (COVID-19 B couetaHuu ¢ npyru-

MU UH(PEKIMOHHBIMU 3a00JIEBAHUSIMU);

— nokazareneitr OAK cpeaum  maluMeHTOB

¢ COVID-19, mnapaajieibHO HaXOASIIUXCS

Ha JIeYeHUH psiga 3abojieBaHU B cTaauu 000-

cTpeHusT (IMAIlMEHTBI C OHKOJIOTMYECKUMH,

ayTOMMMYHHBIMU 3a00JieBaHUSIMU U T.1.),

Wy JIUI] TIOCJIe TPaHCTUIAaH Tl U,

Pe3ynbrarbl  BBIIEYIIOMSHYTBIX — KCCJIEIOBa-
HMI CTHpAOT MNPUYMHHO-CJICICTBEHHYIO CBSI3b
MEXIYy BIMSHUEM BaKIIMHBI OT KOPOHABUPYCHOM
uHdexkuu Ha nokazateau OAK u g0JKHBI BblAe-
JIATHCS B OTAEJIbBHYIO KaTeropuio aHajln3a JaHHbBIX
MO BJAMSHUIO BaKIIMHAIIUM Ha TSKECTh TEUCHUS
uinu cmeptHocTh oT COVID-19. OnHako mokasa-
Teau OAK y nmauueHToB, HaxoauBiuuxcsa Ha MBJI
W IPYTUX PeaHUMALMOHHBIX MEPOIIPUITUSIX YUU-
TBHIBAJICS B HACTOSIIIIEM UCCIIEIOBAHUU.

B yuyeT BakKIMHMPOBAHHBIX OT KOPOHaBUPYC-
HOW MHGpEeKI Y MalMeHTOB Opaiuch B TOM YUCJIE
KOTOPTHI, IJie BaKIIMHALIMS OblJla HE CTOIPOLICHT-
Hoi. [lomyckanuch B JaHHYIO KaTerOPpUIO KOTOPThI
C OOIIMM TPOLICHTOM BaKIIMHALIMU CBbIlIe 85%.
IIpu 3TOM B yueT BaKIIMHUPOBAHHBIX ITPOTUB KO-
poOHaBUpPYCHOI WHGMEKINKA ITallMeHTOB OpaJiuch
BCE JIMIIa, WMMYHU3MPOBAHHBIC, II0 MEHbBIIECH
Mepe, OMHOW J0301 000 M3 3aperucTpupoBaH-
HBIX B MUPE BaKIIMH 32 BCE BpeM I ITaHIEMUH.

CraTuctuyeckasi oopadboTka pe3yabTaToB MPo-
Boauiack 1pu romoinu IBM SPSS Statistics 26.0
u Microsoft Office Excel 2019. JlanHble OblIM
MpOBEpeHbl HAa HOPMAJbHOCTH  pacHpeelie-
HHUSI TIPU TTIOMOIIM OJIHOBBIOOPOYHOTO KPUTEPUS
KonmMoropopa—CMUpHOBA € YYETOM KOPPEKLIUU
3HaunMocTu Jlunwedopca. CraTuctuueckasi 3Ha-
YUMOCTbh Pa3JINIM il HE3aBUCUMBIX BBIOOPOK C HOP-
MaJIbHBIM pacIipefie/IeHueM OIleHUBajdach C II0-
MOIIIbIO HeTtfapHoro t-kputepuss CThIOAEHTA ¢ yUe-
TOM KPpHUTEpHUsI paBeHCTBa nucriepcuii JIMBUHSI.
CraTuctudeckasi 3HAYMMOCTDb Pa3IMdMil HE3aBU-
CUMBIX BBIOOPOK C HEHOpPMaJbHBIM pacrpeelie-
HHMEM OIIEHMBAJACh C TOMOIIIbIO HelmapaMeTpuiec-
Koro Kkputepuss MaHHa—YUTHU.
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PucyHok 1. MepnaHHble 3HaYeHUS KonM4yecTBa
NEeNKOLUTOB Yy BaKLLMHMPOBAHHbIX (A)

M HeBaKLMHUPOBaHHbIX (B) 60nbHbIX COVID-19 1 nx
cpaBHeHue (B)

Figure 1. Median values of WBC in vaccinated (A) and
unvaccinated (B) patients with COVID-19 and their
comparison (C)

Pesynbratbl 1 06CyXaeHne

MenuaHa mnoka3aTensl JIEHKOLMTOB Y BaKIIM-
HUpOBaHHBIX paBHa 7,07 [4,07—12,31] x 10°/n (Tn =
555, Me [Q,—Q;]), y HeBaKIIMHUPOBAaHHBIX COCTaBJISI-
eT 5,68 [4,02—8,34] x 10°/n (Xn = 2202, Me [Q,—Q;)).
HecMotpst Ha YeThIpexXKpaTHOE pa3inuue 10 KOJIU-
YEeCTBY JIUII B BHIOOPKAX MOXKHO CYIUTh O 00Jiee BBICO-
KOM yPOBHE JIEMKOLIUTOB Y BAKIIMHUPOBAHHBIX, YeM
Yy HeBaKIIMHUPOBAaHHEIX. [lonydeHHBIC pe3yIbTaThl
HEe BBIXOIST 3a TPaHUIILI peepeHCHBIX 3HAYCHU
B 00oMX citydasix. Takoke MOXKHO ITPEIOJIOKUTh, 4YTO
OoJiee BBICOKOE CpEIHEe COAepKaHUE JIEUKOIIMTOB
B TpynIe BaKIMHUPOBAHHBIX ITO3BOJISIET 3 deK-
THUBHEI pearupoBath Ha KopoHaBupyc SARS-CoV-2,
a 3TO B CBOIO OYEpPEIb MOXET 00yC/IaBJIMBaTh I10J10-
KUTEeNbHBIN 9 dekT BakiimHauu. B kauecTse anb-
TEPHATUBHON TOYKMW 3PEHUS IIPEAIIOIaracTcs, 4TO
0oJiee BEICOKH I YPOBEHbD JISKOIIMTOB CBSI3aH C 00JIb-
IIIMM BKJIAJIOM KOTOpT TsKeabix caydaeB COVID-19
B I'pyIle BaKLIMHUPOBAHHBIX, IIOCKOJIBKY B IIEPBO-
MCTOYHMKAX CUCTEMaTUICCKU COOOIIacTcsI o Ooiee
BBICOKOM YPOBHE JICHKOLIUTOB Y JIMII C TSKEJIBIM
teueHueM COVID-19. 3nayeHus 1 u 3 KBapTUJIEH,
a TaK>Ke MeAMaHbl MEXIY pa3HbIMU UCCIIEI0BAHUSI-
MU 3a49acTyIo He Tiepecekatored [14, 15, 18, 19, 27, 32,
35, 37,42, 44]. PactipenejieHue JaHHbBIX O JISMKOLIMTax
y 3a00JICBIIMX B U3yYEHHOM JUTEpaType IpeacTaB-
JneHbl Ha puc. 1A u 1B, cpenHeMeaaHHBIE 3HAYECHU ST
o BCEM yKa3aHHBIM MCTOYHUKAM — Ha puc. 1B.
JaHHBIe TPYIITEI HEBaKIIMHUPOBAHHBIX JINI OTHO-
cATCsS K HEHOPMAaJIbHO pacIpenejeHHbIM. JlaHHbIe
BaKLMHUPOBAHHBIX JIML pacipeae/ieHbl HOpMaJIbHO.
CrartuctTrdeckast 3HAUYMMOCTb Pa3JIMUN IBYX TPYIIIT
orcyTcTByeT (p > 0,05).

ITokazaTrenp MeauaHbl BPUTPOLIUTOB Yy BaK-
LMHUPOBAaHHBLIX paBeH 4,46 [4,14—4,89] x 10'%/n
(2n =210, Me [Q,—Q;]), y HeBaKILMHUPOBAaHHBIX —
coctaBaser 4,51 [4,12-5,44] x 102%/n En = 21,
Me [Q—Q;D) [24].

B HacTosiee BpeMsi M3BECTHO, YTO KOPOHABU-
pycHast UHGEKLM S MOXET IIPOBOLIMPOBATH FEMOJIU3.
OnHaKo McClIeIoBaHU M, IEMOHCTPUPYIOIINX KOJIH-
YECTBEHHOE CO/IepXKaHKUe S3PUTPOLIMTOB B KPOBU I1a-
nueHToB ¢ COVID-19, HemocTaTOYHO, YTO MOKAa3bI-
BaIOT pe3yibTaThl JAHHOTO aHaan3a. Beroopka ami
B TPYyIITe HEBaKIIMHUPOBAHHBIX cocTaBiseT 21 Je-
JIOBEK, UYTO cpaBHUBATh ¢ 210 BaKLIMHUPOBAHHBIMU
He 00beKTUBHO. OmHAKO 00a 3HAUYCHU ST CPEIHEH Me-
ITUaHBI SpUTPOLIUTOB MOKA3bIBAIOT TaKOE 3HAUCHNE,
KOTOpO€e OJIM3KO K HUXXHEW T'paHUIle HOPMBI, UTO
MOXET KOCBEHHO ITOATBEPXKIATh (PAaKT 4YaCTMYHOIO
remonm3zay juilr ¢ COVID-19.

MenuaHa ypoBHSI TeMOIJIOOMHA Y BAKLIMHUPO-
BaHHBIX paBHa 134 [118—146] r/n (Xn =490, Me [Q,—
Q;]), y HeBakIMHMpPOBaHHBIX cocTaBjsieT 132 [118—
148] t/n (Zn = 1774, Me [Q,—Q;]). Pazanuwns B 1mo-
KasaTessiX TeMOmIO0rMHA MEX 1y I'pyIinaMy He3Ha-
YUTEJbHBI KaK IT0 MeAWaHe, TaK W II0 KBapTHUJIISIM.
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IMTomy4yeHHBIC 3HAYEHUS HE BBIXOISIT 3a ITpEIebl
pedepeHCcHBIX B 00oux rpy1mnax. [Ipu3HakoB remo-
Jn3a Ha OOJBIIMX BBIOOpPKAX He OoOHapyxXeHOo [14,
15,19, 24, 33, 37, 42, 44].

PacnipeneneHue maHHBIX O TEMOIJIOOMHE Yy 3a-
0oJIeBIIMX B U3yYEHHON JiuTepaType NpeacTaBiie-
HbI Ha puc. 2A u 2b, cpenHeMenaHHbIe 3HAYCHU ST
0 BCEM yKa3aHHBIM MCTOYHMKaM — Ha pwuc. 2B.
Pacuer maHHBIX TPYIIITBI HEBAKIIMHUPOBAHHBIX
JIUI] HEBO3MOXHO TPOBECTHU B CBSI3U C MaJIbIM KO-
JINYeCTBOM (MEHBIIIC MSITU) 3HAUYCHUI B BHIOODKE.
JlaHHbBIe BaKIIMHUPOBAHHBIX JIUIl pPacCIIpeac/ICHBI
HopMmaJibHO. CTaTUcTUYeCKasl 3HAYMMOCTb pa3iiu-
YU ABYX rpynn oTcyTcTByeT (p > 0,05).

CpenHeMeaMaHHBIC MOKa3aTeJIU IeMaTOKpHUTa,
pa3sMepa 3pUTPOLMTOB, COAEPKAHUS M KOHIICH-
Tpally TeMOTJIOOMHA B 3PUTPOLIMUTAX HE BBIXOIU-
JIK 3a Tpenenbl pedepeHCHBIX BO BCEX CiaydasiX.
CpaBHeHME MeXy I'pynnaMy BaKIIMHUPOBAHHBIX
W HeBaKIIMHUPOBAHHBIX JINII TaHHBIX ITOKa3aTeIeh
HE MPOBOJIMUJIOCH U3-3a MAJIOTO 3HAUYE€HU S BBIOOPKU
HEBaKIMHUPOBAHHBIX (Xn = 21) BO Bcex Mmokasa-
Tensax [24]. MoXXHO MpearnogoXuTh, YTO HaJlnu4due
¢dakTa BaKIIMHAIIU HE BIUsIET (MJIU TTOJIOXUTEIIb-
HO BJIMSICT) Ha KOJIMYSCTBEHHBIN 1 Ka4eCTBCHHBIN
COCTaB PPUTPOLIUTOB Yy JUII JIUIIb B epuos 3a60-
neBaHus COVID-19.

Menuana mokazateasi TPOMOOLIUTOB Y BaKIIU-
HUPOBaHHBIX paBHa 202 [152—276] x 10°/n (Xn =
733, Me [Q,—Q;]), y HEBaKIIMHMPOBAHHBIX COCTaB-
nstet 173 [139-219] x1 0°/x (Zn = 2182, Me [Q,—Q;]).
HecmoTpst Ha n3BeCTHBIE U YacThbie (haKThl TPOMOO-
3a y 6onbabix COVID-19 nokazarenu TpoMOoIu-
TOB B ABYX I'PYIIITax He BBIXOISIT 3a Mpeacibl pede-
PEHCHBIX 3HaYeHU 1. BeposiTHO, B pa3BUTUU TPOM-
003a UTrparoT PoJib IpyTrue GakToOpbl CBEPTHIBAEMO-
CTH, HAIIpUMEp BKCIpeccusi TKaHeBOro (akTopa
Ha MOHOLIMTax ¥ Makpodarax [6]. OgHako B rpyIiie
BaKIIMHUPOBAHHBIX CpeIHEeMeIWaHHbIe 3HAYCHUS
TPOMOOIIMTOB HECKOJILKO BBIIIEC, YeM y HEBaKIIU-
HHpPOBaHHBIX. HeKoTOphIC KBAPTUIILHBIC 3HAYCHU ST
BBIXOAST 3a Mpeaenabl pedepeHcHbiXx. bosee BbICO-
KUl ypOBEHb TPOMOOIIMTOB B Ipynne BaKIMHU-
POBaHHBIX TaKKe MOXKET OBITH CBSI3aH C OOJBIIUM
BKJagOM KOropt Tsxenblx ciaydaeB COVID-19
B JaHHOU rpymme. i o0beKTUBU3ALNN JaHHBIX
PEKOMEHAYETCs COMOCTaBJeHUWE MaHHBIX Ha paB-
HBIX BbIOOpKax [13, 14, 15, 19, 24, 27, 32, 33, 37,
42]. PacnipeneneHue JaHHBIX O TPOMOOLIUTAX Yy 3a-
0OOJIEBIIMX B M3YUYEHHOU JUTEpaType MpeacTaBiie-
Hbl Ha puc. 3A u 3b, cpeqHeMenUaHHbIE 3HAYEHU S
MO BCEM YKa3aHHBIM MCTOYHMKaM — Ha puc. 3B.
JlaHHBIC TpPynmnbl HEBAKIIMHHPOBAHHBIX M BaK-
LHUHUPOBAHHBIX JMIL pacnpenesieHbl HOpMaJbHO.
OnHako pacyeT CTaTUCTUUYECKON 3HAUMMOCTH pa3-
JUYU ABYX TPYII IO HEeMapHOMY t-KpUTEpUIo
CTpI0AcHTa HEIPUMEHUM B CUJTY MaJIOTO KPUTEPU S
paBeHcTBa aucnepcuii JJusuus: p = 0,046, B cBs-
31 C YeM NPUMEHUMBI HellapaMeTPUIeCKUEe METO-
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Figure 2. Median values of HGB in vaccinated (A) and
unvaccinated (B) patients with COVID-19 and their
comparison (C)
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PucyHok 3. MepunaHHble 3Ha4eHUs KONIM4ecTBa
TPOMOOLUTOB Y BAKLLMHMPOBAaHHbIX (A)
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Figure 3. Median values of PLT in vaccinated (A) and
unvaccinated (B) patients with COVID-19 and their
comparison (C)

IbI OLIEHKY YPOBHS CTAaTUCTUUYECKON 3HAUYMMOCTH.
AHanu3 no Kputepuio MaHHa—YUTHU nokaszaap <
0,05, 4TO CBUIETEIBLCTBYET O HATUYUNU CTATUCTUYC-
CKOIT 3HAUMMOCTH pa3IMINU IBYX TPy — BaKIIU-
HUPOBAHHBIX 1 HEBAKIIMHUPOBAHHBIX.

CorJyiacHO MOJYYEHHBIM TaHHBIM, BaKIIMHAII WS,
npenmiecTBoBaBiias 3aboneBaHnio  COVID-19,
HEe OKa3bIBaJla BJUSHUS Ha CPEIHUN 00BEM TPOM-
o6onuToB [14, 15, 19, 24, 24, 32, 35, 37, 42, 44].

IMonyyeHHble cpeaHeMenaHHbie 3HaueHus1 COD
y BaKIMHUPOBAHHBIX cocTaBisgeT 24 [11,5-37,5]
mMMm/a (Xn = 210, Me [Q,—Q;]), Yy HEeBaKIIMHUPOBaH-
HBbIX — 42 [20,5—63,5] mm/9 (Xn = 107, Me [Q—Q;]).
MMeeTcs OTKJIOHEHUE CpeaHeMeoUaHHOI'o 3Haye-
HUS1 y HeBakumHupoBaHHBIX. Ilokazarenr COD
Y BaKIIMHU POBAaHHBIX HECKOJIBKO TTOBHIIIICH, HO BXO-
JUT B HOpMaTtuBHble TpaHuubl. COD kKak oauH
M3 MapKepoB BOCHAJICHUSI B TaHHOM CJIydyae MOXET
CBUIETEJILCTBOBATD, UTO BAKLIMHMPOBAHHBIE OT KO-
poHaBupyca SARS-CoV-2 nuna nerye TepeHOCST
camo 3aboneBaHue COVID-19. [Ins oObeKTHUBU3A-
UK JaHHBIX PEKOMEHIYETCS COMOCTaBJIEHUE HaH-
HBIX HAa paBHBIX BBIOOPKaX € OOJIBIINM KOJINYECTBOM
YYaCTHUKOB UccienoBanms [24, 37].

MenuaHa HEHTPOGUIIOB y BaKIIMHUPOBAHHBIX
paBHa 4,88 [3,19—6,88] x 10°/n (Xn = 695, Me [Q,—
Q;]), y HeBaKIIMHUPOBAaHHBIX cocTaBisieT 3,99 [2,63—
5,89] x 10°/n (Xn = 614, Me [Q,—Q;]) . IToka3zarenb
TPYIIIIOBOTO PAa3ININsI HEUTPO(DUIIOB B TAHHOM CITY-
yae sIBJsieTCs HauboJiee 00beKTUBHBIM B CUIY OAM-
HAaKOBBIX BEIOOPOK BaKIIMHUPOBAHHBIX U HEBAKIIU-
HUpoBaHHBIX. CpegHeMeIMaHHbIe JaHHBIE HEUTPO-
¢uI0B Yy HEBAaKIWMHUPOBAHHBIX CBHICTEIBCTBYIOT
0 HEKOTOPOM CHUKEHHMH ITOKa3aTelIsT, He3HAYNTEITb-
HO BBIXOSIIIErO 3a HUKHIO IPaHUILy YCTAaHOBJICH-
HoIi HOpMbI. HO MOCKOJIbBKY M 00lliee KOJUUYECTBO
JICHKOIIMTOB Y BAKIIMHUPOBAHHBIX BBIIIIE — MOXHO
HaOII0IaTh KOPPEISINio HEUTPODUIOB ¢ TuMpO-
LUTaMU1 MEX 1y TpyTIIaMy BAKIIMHUPOBAaHHBIX U HE-
BaKIIMHUPOBAHHBIX [14, 32, 33, 35, 37, 44].

INoka3aTenp MemuaHbl TUM@OIMTOB Y BaKIIM-
HUpoBaHHBIX paBeH 0,95 [0,58—1,62] x 10°/1 (Xn =
441, Me [Q,—Qs]), y HEeBaKLIMHMPOBAHHBIX COCTaB-
astet 1,01 [0,65—1,42] x 10%/a (n = 2151, Me [Q,—
Q;]). Paznuuume cpenHemMenuaHHBIX MOKa3aTesel
JTUM@ONNTOB Y BaKIIMHUPOBAHHBIX W HEIIPUBU-
TBIX HE3HAYUTEJIbHO, YTO MOXKET OBITH CBSI3aHO
B TOM YMCJI€ U C NITUKPATHOM pa3HUILIEH IO KO-
JINYECTBY TIOJTYUYeHHBIX BBIOOPOK. OTMmeuaeTcs
MEHBIIUN KBapTUJIBHBIA pa30dpoc ITOJTyYEeHHBIX
nokasaTejeil B Ipyriiie HeBaKIIMHUPOBAHHBIX [14,
15, 19, 27, 33, 35, 37, 42, 44]. PacnipeneyieHue naH-
HBIX O JIuUMdonuTax y 3a00JeBIINX B M3yYCH-
HOU JuTepaType MpeacTaBieHbl Ha puc. 4A u 4b,
cpeaHeMeIaHHBIC 3HAUEHUS 110 BCEM YKa3aHHBIM
MCTOYHMKaM — Ha puc. 4B.

PacueT maHHBIX T'PYIIITBI HEBaKIITMHUPOBAHHBIX
JIVI] HEBO3MOXHO ITPOBECTH B CBSI3M C MaJIbIM KO-
JINYEeCTBOM (MEHbIIIe TMSITHU) 3HAYEHUU B BBIOOPKE.
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JlaHHbBIe BaKIIMHUPOBAHHBIX JIUI pacIIpeaesIcHBI
HopMaJibHO. CTaTUCTHUYECKasl 3HAYUMOCTh pa3Jjiu-
YU ABYX IPYIII OTCyTCTBYeT (p > 0,05).

IMToka3zaTenp MeaMaHBI MOHOLIMTOB y BAKIITMHU-
poBaHHBIX paBeH 0,52 [0,29—1,01] x 10°/n (Xn = 160,
Me [Q,—Q;]), Y HEeBaKIMHUPOBAHHBIX COCTABIISICT
0,48 [0,28—0,58] x 10°/n (Xn = 235, Me [Q—Q,]).
CpenHeMeaMaHHbBIE 3HAYEHWSI MOHOLIMTOB y BakK-
LIMHUPOBAHHBIX HECKOJIBKO BBIIIE M HE3HAUYUTEIIb-
HO BBIXOISIT 3a Mpeaesibl pedepeHCHbIX 3HAYEHUIA.
Habnropgaetcss Koppeasiuiys JaHHBIX ¢ OOLIUM KO-
JIMYECTBOM JICUKOLIMTOB B OITMCBhIBAEMBIX I'DYII-
nax [27, 35, 37, 44].

MeanaHa 303MHOGUIOB y BaKIOWHUPOBAH-
HbIx paBHa 0,15 [0,00—0,56] x 10°/1 (En = 44,
Me [Q,—Q;]), Y HEeBaKIIMHUPOBAHHBIX COCTaBIISI-
et 0,03 [0,00—0,04] x 10°/1 (Xn = 85, Me [Q,—Q,]).
HecMoTpst Ha MaJTble BBIOOPKH JINII, MOKHO CYIUTh
0 (hakKTUUECKOM HaAMPSIXKEHUU UMMYHHOI'O OTBETa
Ha KOPOHABUPYCHYI0O MH(MPEKLUIO Y BaKLUHUPO-
BAHHBIX JINII, TOCKOJIbKY 203MHOMUIIBI UTPAFOT HE-
MaJIOBaXKHYIO POJIb B IPOTUBOBUPYCHOM UMMYHM-
TeTe. OQHO3HAYHO MOXKHO YTBEPKAaTh, YTO 3HAYE-
HUSI 503MHO(MUIIOB B 00EMX TPYIIIaX He BBEIXOOSIT
3a npenenl pedepeHca [27, 37].

3akno4yeHne 1 BbiIBOAbI

ITpoBeneHHBIN aHAJINU3 MO3BOJUJI ONMPEAETUTD,
kakue nokaszatean OAK BBIXOAST 3a Tpelneibl pe-
depeHCHBIX 3HAaYeHUI Y BAKIIMHUPOBAHHBIX 1 HE-
BaKIIMHUPOBAHHBIX JIUL. B OOJBIIMHCTBE ClIyyacB
B 000X rpynmnax oTMeyajoch COXpaHEeHUEe 3Haye-
HUI1 B Ipeneaax HOPMBI, OOHAKO CTOUT YUUTHIBAaTh
OTJIMYMSI WCCIIEMYEMBIX TPYIIT, MOCKOJIBKY B HHUX
BKJIIOYAJIUCh KOTOPTHI C JIESTKUM, CPEIHUM U TS-
xeneiM TeueHueM COVID-19. Haubonee dacTbie
OTKJIOHEHUS OT HopMaJbHBIX 3HaueHNT OAK Ha-
OromaJIMCh B KOrOpTax TSIKEJIbIX cliydyaeB 3a00iie-
BaHUs. M3-3a BBICOKOI YaCTOTHI MPUCOSTUHEHUS
OakTepHaabHON MHMEKIINY BO BpeMs 3a00IeBaHUST
COVID-19, ocobeHHO B ciiyyasix HaXOXJIEHUS Ta-
HMeHToB Ha anmnapatax MBJI, caBur neiikouuTtap-
HOU (opMyJIBI MpHOOpeTaa HeCTaHIAPTHBIC IJIS
KOPOHABUPYCHOW WHMEKINNW 3HaUYeHUs. Takue
ciydyau ObLIM BKJIIOUEHBI B HACTOSIIIEEe UCCIea0Ba-
HME 1 UX BKJIAJ OBLJI CIOCOOECH U3MEHUTD IOy YCH-
HbIC JaHHBIC.

st OOBEKTUBHON OIEHKU PEKOMEHIYETCS
MPOBECTU aHAMU3 OOJIBIIEr0 KOJMYECTBA MCTOY-
HHUKOB U COCTaBJICHHE OMHOPOIHBIX ITO KOJIMICCT-
BY JIMII, @ TaKXe TIXKECTU TeUeHUs 3a00JIeBaHM S
CYMMMUPYIOLIUX BEIOOPOK.

HaocHoBaHUM TOJTyYeHHBIX JTaHHBIX MOXKHO CIIe-
JIaTh BBIBOJI O TOM, YTO OOIIINiT aHAJIN3 KPOBU MOXET
OoTpaxaTb MPOTHOCTUYECKU 3HAYUMbIE U3MEHEHU S
Yy NallMEHTOB ¢ MH(MPEKIIMOHHBIMU 3a00JIeBAHUSIMU.
Tak, HampuMep, BBISIBJICHHAST TUMMOIICHUS SIBJISI-
eTcsl OMHUM U3 XapakTepHbix udMeHeHuit OAK mpu
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Figure 4. Median values of LYM in vaccinated (A) and
unvaccinated (B) patients with COVID-19 and their
comparison (C)
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COVID-19-uHpexkum, 4To criocoocTByeT (popMu-
POBaHMIO MPOrHOCTUYECKOIO MOTEHIIMAA.
IMpoBeneHne MeTaaHAJIUTUYECKUX MCCIENO-
BaHUI ¢ u3ydyeHUEM JabopaTOpHBIX ToKazartesei
B CJIyYasiX 3a00JIeBaHUSI CpeAN BaKIIMHUPOBAHHBIX

1N HCEBAKIIMHUWPOBAHHBLIX IIO3BOJIACT ONPECACIUTD
3(1)(1)CKTI/IBHOCTI) MMMYHMU3aALlMU pa3JIMYHbIMU BaK-
IIMHHBIMU IIp€mapaTaMM pa3JIMYHbLIX TI'pyNni JWII,
a TaK>X€ BbIABUTDL OIIPCACTICHHbLIC TCHACHIIMUN B 11~
HaMHWKe 3HaYeHU 1 OCHOBHBIX TTOKa3aTeJieit KpOBH.
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YPOBEHb AHTUTEJ1 K LULTAMMAM BUPYCA
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Peswome. Bgedenue. Ha muk pacrnpocTpaHEHHOCTH KOPOHABUPYCHON MHGMEKIIMU MPUILIUCh aHOMaJTIbHO HU3KUE
MoKa3aTeJU BBISABISIEMOCTH TpuIlna mo Bcemy Mupy. B cezone 2021—2022 rr. rpumm Bo300HOBUJ UUPKYIALUIO,
a B iekabpe 2022 r. 3a60sieBaeMOCTh TpuninoM B P® BHOBB JocTHTIa MOKa3areneid ce3oHa 2015—2016 r., mo mupy —
MpeBbIcKIa HauboIblIee 3HaueHue, 3apeructpupoBanHoe B 2018 r. CyiiecTByeT HEOOXOAUMOCTh UCCTEIOBAHUS
M3MEHEHUST KapTUHH (HOPMUPOBAHUS MMMYHHUTETA ¥ HACCJICHUS MOCJIe BaKIIMHAIIMM OT I'PUIIIIA B KOHTEKCTE
BnusHus npomrenmeit mangemMmun COVID-19. Llenbio nccaenoBanmus ObLIO M3YyUeHUE YPOBHS aHTUTEIN K IITaM-
MaM BHpYyca TPHUIINA, BXOASIINM B COCTaB BaKUIHMHBI, C(hOPMHUPOBABIIEIOCSI Ha 3Talle 3aBepIICHUS MaHICMUU
COVID-19 y 3nopoBbix Jtoneit. Mamepuanst u memods.. Bcero B uccieoBaHUM MPUHSIK ydacTue 123 3M0poBbIX
JI00OPOBOJIbIIA, KOTOPBIE OBITM UMMYHU3UPOBAHBI IPUIIIIO3HOM YETHIPEXBAJEHTHOW MHAKTUBUPOBAHHOM CyObe 1 -
HUYHOI aIbIOBAHTHON BaKIIMHOM, 1 47 TOOPOBOJIBIICB, HE UMMYHU3UPOBAHHBIX BAKIIMHOM OT TpUTITa. AHTHUTEIa
K IIITAMMaM BUpYyca TPUIITIA OTPEeIsIJIM METOIOM ITOCTAaHOBKHY peaKIIuy TOpMOXeHus reMarraotTuHauu (PTITA)
yepe3 Mecsl] nocie BBeneHus1. Pezyaomamor. Yepes 1 Mecsll mocjie BaKIIMHAIMKM OTMEUYAETCsl 3HAYMMBI TIpU-
pocT ypoBHst ceponporekiuu (p < 0,05) B ocHoBHOI rpymie 10 78,9% k mrammy A/BukTopus/2570/2019(HIN1)
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pdm09, 94,3% x wrammy A/H3N2/Japsun/9/2021, 69,1% x mrammy B/TIxyket/3073/13 u 48,8% k mrtammy B/
ABctpusi/1359417/2021. @akTop cepokonBepcun (PCK) k Bupycam rpunna A(HIN1), B (BukTopus) u B (SImarata)
MpeBLICU HeoOXoauMoe MUHUMaabHoe 3HayeHue (p < 0,05) u cocrasun 4,1 (AU 3,68—4,54), 3,80 (AU 3,33—
4,33) u 4,76 (AN 3,87-5,47) coorBercTBeHHO. PCK K Bupycy rpunna A(H3N2) mocie BakKIIMHALIMK COCTAaBUI
2,45, yto HuXe Tpebyemoro ypoBHs B 2,50 (p < 0,05). YpoBHM CepOKOHBEpPCHH IO OTHOILIEHUIO K ITaMMaM A/
Bukrtopusi/2570/2019(HINT)pdm09, B/I1xyket/3073/2013 u B/ABcTpusi/1359417/2021 cocraBuiu 56,1%, 50,4%
u 51,2% cooTBeTCTBEHHO. YpOBeHb cepoKoHBepcuu K Bupycy rpunna A(H3N2), ananornuno ®CK, 6bl1 MUHM-
MaJieH cpenu yetbipex wraMMmoB (p < 0,05) u paBusiics 38,2%. Bvieodsbr. UMMYyHOreHHasi aKTHBHOCTD BAKI[MHBI CO-
OTBETCTBOBaJja TPEOOBAHUSIM, IIPEABIBISIEMBIM K MHAKTUBAPOBAHHBIM TPUIIITO3HBIM CE30HHBIM BaKIIMHAM KakK
MHUHUMYM II0 OMHOMY KPUTEPUIO.

Karoueguvie caosa: epunn, adsro8anmuas epunno3nas 6aKYUHa, UMMYHO2EHHOCMb, 3¢ heKmuerHocms 6aKyUuHbsl, 6e30nACHOCMY,
COVID-19.

LEVEL OF INFLUENZA VIRUS STRAIN ANTIBODIES IN HEALTHY VACCINATED PEOPLE AT THE END
OF THE COVID-19 PANDEMIC

Tushkova S.V.2, Kostinov M.P.**, Gladkova L.S.¢', Kameleva A.A.%, Kachnova A.S.¢, Kostinova A.M.*¢,
Solovyeva I.L.Y, Andreeva N.P.c, Dagil Yu.A.!, Nastaeva N.Yu.%, Kryukova N.O.", Loktionova M.N.*i
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Abstract. Introduction. Abnormally low global influenza detection rates were observed at the peak of ongoing
COVID-19 infection. In the 2021-2022 season, influenza resumed circulation, and in December 2022 its inci-
dence rate returned to the 2015—2016 season levels, which exceeded the highest value recorded in 2018 worldwide.
There is a need to assess changes in pattern of population immunity after influenza vaccination during the global
COVID-19 pandemic. The study was aimed at analyzing level of vaccine influenza virus strain antibodies in healthy
people formed during the COVID-19 pandemic. Materials and methods. A total of 123 healthy volunteers immunized
with influenza quadrivalent inactivated subunit adjuvanted vaccine and 47 unimmunized volunteers were enrolled
in the study. Influenza virus strains antibodies were assessed by performing a hemagglutination inhibition (HI) test
one month after vaccination. Results. A significantly increased seroprotection rate (SPR) (p < 0.05) was show in main
group that reached 78.9% against the A/Victoria/2570/2019(HIN1)pdm09 strain, 94.3% — against A/H3N2/Darwin
strain /9/2021, 69.1% — against B/Phuket/3073/13 strain and 48.8% — against B/Austria/1359417/2021 strain one
month after vaccination. The GMT ratio to influenza A(HIN1), B (Victoria) and B (Yamagata) viruses exceeded
the required minimum value (p < 0.05) and comprised 4.1 (CI 3.68—4.54), 3.80 (CI 3.33—4.33) and 4.76 (CI 3.87—
5.47), respectively. The post-vaccination GMT ratio to influenza A(H3N2) virus was 2.45, which is lower than the re-
quired level of 2.50 (p < 0.05). The seroconversion rate (SCR) for strains A/Victoria/2570/2019(HINI1)pdm09, B/
Phuket/3073/2013 and B/Austria/1359417/2021 was 56.1%, 50.4% and 51.2%, respectively. The SCR of the influenza
A(H3N2) virus like GMT ratio was minimal among the four strains (p < 0.05) and comprised 38.2%. Conclusion.
The vaccine-related immunogenic activity met the requirements for inactivated seasonal influenza vaccines by at
least one criterion.

Key words: influenza, adjuvanted influenza vaccine, immunogenicity, vaccine effectiveness, safety, COVID-19.

TPUNIIOM ITpuIIescs Ha nekadpb 2022 1., mpu 3TOM
B LUPKYJISLUKA [IPeBaJupoOBaii BUPYChl IpuUIlla

BeepneHue

I'punmt 1 OPBU B snuace3zone 2022—2023 rr.,
TakXe Kak M mnpeapaymieM ce3oHe 2021—
2022 rr., xapakTepu3oBaJICI pPaHHUM HadajJloM
anuaAeMuYecKoro nogbema. I[1uk 3abosieBaeMoCcTu

A(HIN1)pdm09. B nexa6pe 2022 1. K HUM IpHucoe-
NUHWUJIWCh BUpPYChl rpunima B (muHus BukTopusi),
KpoMe TOrO B €AMHUYHBIX CIIydasiX BBISIBISIIINCH
Bupychl rpunma A(H3N2). 3aboyseBaeMoCTb TpHUII-
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BakuuHaums ot rpunna nocne naHaemMum

oM B 2022 1. cocraBuia 60,80 Ha 100 Teic. Hace-
JIEHMSI, YTO BBIIIE MOKa3aTessl IIPOIIJIOTro roaa
B 4 pa3a (2021 r. — 14,96 Ha 100 TbIC. HaceJaeHU).
B snupnemunueckom cesone 2022—2023 rr. goMu-
HupoBan Bupyc rpunna A(HINI)pdmO09 noxa-
rpyrminbsl 6B.1A.5a.2, K KOTOpOif OTHECEH BaKLIMH-
Hbiit mramm A/Victoria/2570/2019(HIN1)pdm09,
pekoMeHOOBaHHBIN 1Jiss CeBepHOro ITOJyIIapus
Ha 2022—2023 rr. l'oMonorus uccienoBaHHbBIX BU-
PYCOB C BaKIIMHHBIM IIITAMMOM I10 T€HY T'eMarrio-
tunuHa (HA) cocraBuna 97,4—98,9%. 'omonorus
BUpycoB rpunmna B mo reny HA ¢ BaKIIMHHBIM
mtammMoMm  (B/Austria/1359417/2021) cocraBuia
99,1-99,6% |2].

ITo manubpiM BO3, BakumHanusga — camoe 3¢-
¢deKTUBHOE MEIUIIMHCKOE BMEIIATEIhCTBO, M300-
pETeHHOE YeJIOBEKOM, OHa €XEroJIHO COXpaHseT
KU3Hb 5 MJIH YeJIOBEK M cracaeT OT MHBAJIUAHO-
ctu 750 Toic. meteit [3]. OxBaT mpuUBMBKAaMU MPO-
TUB TpuIllia HacenreHus: Poccmiickoit Penepannnu
B anuaeMuyeckom ce3zoHe 2021—2022 rr. cocTaBul
47,3% (ipuBUTHI 69 122 430 ye10BEK), YTO HUXKE O~
KasaTes 3a NpeablAynii ce30H Ha 19,5%. Bo Bpe-
M$ MOATOTOBKM K ce30Hy rpunmna 2022—2023 rr.
B Poccuu GBIJIO BaKIIMHUPOBAHO ITPOTUB TPUIIITA
77 504 115 yenoBek, oXBaT MPUBUBKAMU COCTABUJI
52,8%, 4TO BBIIIE OKA3aTes 3a IIPEAbIIYIINIA IO
Ha 12,2% [5].

5 mas 2023 r. BO3 o0bsiBUIa 00 OTMEHe cTa-
Tyca Ype3BblYaHOU CUTyallMu B 00JacTU OOIIe-
CTBEHHOTO 3IpaBOOXPaHEHM S, CBSI3aHHOM ¢ MaH-
nmemueit COVID-19 [12]. Ha nuk pacripocTpaHeH-
HOCTU KOPOHABUPYCHON WHMEKIWU IIPHUIILINCH
aHOMAaJIbHO HM3KHUE MOoKa3aTeJU BBISIBISIEMOCTH
rpunmna no Bcemy mupy [7, 8, 9, 11]. Hauunasa
¢ 2009 r., korma BO3 BBesa cucteMy nMuHaMu4ecC-
KOTO KOHTPOJISI 3a pacOopocCTpaHCHHEM BHPYCOB
TpUIIa, HU OJWH CE30H HE MMEJ CTOJNb HU3KUX
ypoBHeii, Kak B 2021 r. mo JaHHBIM JlabopaTopuii
13 86 ctpaH. HecMoTps Ha nponoKarolieecs Ui
JTaxke yBeJIMUMBAIOIIeeCs TeCTUPOBAHNE Ha TPUTIIII
B HEKOTOPBIX CTpaHaX, aKTUBHOCTH TPUIITO3HOM
nHpekuu ¢ Hayaaa 2020 r. gepxajlach Ha criopa-
nudeckoM ypoBHe. B cezone 2021—-2022 rr. rpumn
BO300HOBMJI ILIUPKYISLHNIO, HO 3a00JIeBAEMOCTh
cocTaBiisijia 0KoJIo /5 oT ypoBHeit 2017—2020 rr.,
3aperucTpupoBaHHBIX B P® (0OKOJIO ITOJOBUHBI
OT ypoBHeii o mupy). B nekadbpe 2022 r. 3a6oie-
BaeMOCTh rpuIriioM B P® BHOBB mocTuUTIIA TTOKa3a-
Tenei ce3oHa 20152016 1., mo MUPY — MPEBBICU-
Jla HanOoJIblllee 3HAYeHUE, 3apeTUCTPUPOBaHHOE
B 2018 1.

B cBsI31 ¢ pacmpocTpaHeHUEM W ITAPKYJISIIUCH
KOPOHABUPYCHON WHMEKINU IIOSIBISICTCSI HOBOE
HampaBJeHUE [UIsd U3yYeHUs ITOMYJISIIIMOHHO-
ro UMMYHUTETA K TPUIIIY, BAUSHUS MUHYBIICH
naHaeMuu Ha 3Q@GEeKTUBHOCTh BaKIIMHOIPODU-
JIAKTUKM Tpulrna. Ha maHHBIT MOMEHT M3BECTHO,
YTO PacIpoOCTPAaHEHHOCTh I'PUIIIIA A0 U BO BpeMs

nangemun COVID-19 pasznuuanacs. K nmpumepy,
B Kurtae 3aperncrpupoBaH HM3KMI YypPOBEHb Ce-
POMO3UTUBHBIX K I'PUIIILY B3POCJIbIX JIOACH MOCIIe
Havajia nangemun COVID-19, ocobeHHO B OT-
HomeHun A/HIN1pdm09 u A/H3N2, uto coot-
BETCTBOBAJIO MaJIoMy KOJMYECTBY JIaOOpaTOPHO
NOATBEPXKACHHBIX ciaydyaeB rpurma [10]. B Ha-
CTOsIILIEC BPEMsl OCTAETCSI HEU3YyYeHHBIM 3(hdek-
TUBHOCTh TIPUMEHEHUS KBaIpPWBAJICHTHON BaK-
LMWHBI OT TPUIINA B MOCTIIAHAEMUYECKUI TIEPUOJT
B Poccuiickoii ®enepaunu. CylecTByeT Heo0-
XOOMMOCTh MCCJIEIOBAHUS M3MEHEHUSI KapTUHBI
GopMHUPOBAaHUS UMMYHHUTETA Y HaCEJICHUS TTOCIIE
BakKIIMHAIIMM OT TI'PUIIIIa B KOHTEKCTE BIMSHUS
npoienieit manaemuu COVID-19.

Llenb ucciaenoBaHust — U3YYUTh YPOBEHb aHTH-
TeJl K IITaMMaM BUpYyca TPUIINA, BXOASIINUM B CO-
CTaB BaKUWHBI, CHOPMUPOBABIIWICSI Ha 3Talle
3aBepuieHus1 naHgemuun COVID-19 y 3mopoBbix
JIIOAEN.

Matepuanbl n MeToapl

Hacrosimee wucciemoBaHMe TPOBOIMIN Cpe-
IU B3pOCHbIX B Bo3dpacTe 18—60 jer B MockBe
(Poccus). Bce ydyacTHUKU MccAeIOBaHUS ObIIU
HaOpaHBI B nepuon ¢ oKTs10ps 2022 r. 1Mo amnpeib
2023 r. Kputepuu BkIouyeHHUs: 1) Bo3pacT oT 18
10 60 jer; 2) OTCyTCTBUME UMMYHU3ALUU IPOTUB
rpurnmna B ce3oH 2022—2023 rr.; 3) HaaAU4YUe MUCh-
MEHHOI'0 J10OpPOBOJLHOTO MHGMOPMUPOBAHHO-
ro corjacus KaxXXmoro moOpoBoiiblia. Kpurepum
HEBKJIIOUCHU: 1) BaKOWHAILMS MPOTUB TpPHUIIIA
B ce30H 2022—2023 rr.; 2) ajajJeprudyeckue peak-
LMY Ha KYPUHBIN 0€J0K U KOMIOHEHTHI BaKIIM-
HBI; 3) anjepruyecKue peakimy Ha paHee BBOAM-
MBbIC TPUIIIIO3HBIC BAKIIUHBI; 4) CUJIbHAS pPeaKIIns
(temniepatypa Bbilie 40°C, OTeK U TUIIEpEMMU S
B MECTE BBEIEHMS CBBbIIIEC 8§ CM B AUaMeTpe) UJIU
OCJIOXKHEHMSI Ha TMpeablaylliee BBEICHHE TPUI-
MO3HBIX BaKIIMH B aHaMHe3¢e; 5) ocTpble WH(pEK-
OWOHHBIE MJIN HEeWH(EKIIMOHHBIC 3a00JIeBaHUS,
000CTpEeHUSI XPOHUUYECKUX 3a00JIeBaHUI Ha MO-
MEHT HayaJja IIPOBeAeHM S UCCIeA0BaHus; 6) BO3-
pact MmeHee 18 jer unam Gosee 60 ner. Kpurepun
UCKJIIOUeHUs: 1) HecobOnatoaeHnue MPOTOKOJa HMC-
claefoBaHUs; 2) OTKa3 OT JaJIbHEUIIEro yJyacTus
B MCCJICIOBAaHUU.

Bcero B uccnenoBaHMM NpUHSIN ydacTtue 123
BaKIIMHUPOBAHHBIX yYaCTHHKa (OCHOBHAsI TpPyI-
na) u 47 1oOpPOBOAbLIEB, HE UMMYHU3UPOBAHHBIX
BaKIIMHOM OT rpuiimna. B rpynmne BaKIIMHUPOBaH-
HBIX HacuuThIBajoch 67 keHmUH (59,35%) u 56
(40,65%) myxuumH. CpegHHMii BO3pPacT COCTaBUJI
38,0x11,5 neT. B rpyrnmne HeBaKLIMHUPOBAHHbIX KO-
JIMYECTBO XKEHIIMH cOCTaBIIsLIO 36 yesnoBek (76,6%),
MyK4uH — 11 yenoBek (23,4%), cpeaHuMii BO3pacT —
36x14,3 rona. McciepoBaHue npoBOAMIIOCH Ha Oa3e
®dI'bBHY «HayuyHo-mcciemoBaTeIbCKUM  WHCTH-
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TYT BaKLIMH U CbIBOPOTOK UM. .M. MeuHuKOBa»,
I'bY3 «I'Kbuwm. .4. [Tnetuesa A3M», ®PTAOY BO
IlepBoiii MI'MY um. U.M. CeueHoBa MuH31paBa
Poccuu (CeueHOBCKUIT YHUBEPCUTET).

Cbop dannbix u obpa3syosé kposu. IccnenoBaHue
OI00OPEHO JIOKAJbHBIM STUYECKMM KOMUTETOM
(BeImrcKa u3 TpoTokoida Ne 03-23 3acemaHus
JlokanbHoro aruvyeckoro Komurera ®IrAOY BO
IlepBriit MI'MY um. . M. CeyeHoBa MuH3apaBa
Poccuu (CeyeHOBCKUIT YHUBEPCUTET). YUaCTHUKU
OblIM  HaOpaHbl OOYYEHHBIM MEAMIIMHCKUM
NepcoHaJoM C WHOOPMUPOBAHHOIO COrJacusl.
Nudbopmanus o gemorpacduyeckux U KJIMHUYE-
CKMX XapaKTepUCTUKaX YyYaCTHUKOB, BKJIIOYas
WMSI, BO3pacCT, MOJ U UCTOPUIO OOJIE3HU, TIEPEHO-
CUMOCTbh BaKIIMHAIINU, PA3BUTHE PECTTMPATOPHBIX
vHdekMnit Obljla mojJydyeHa U 3arnucaHa Iocpe-
CTBOM OCMOTpPA U KOHCYJbTallMiA HA MPOTSIXKEHUE
6 MecsI1IeB.

O06pa3siibl BEHO3HOI KPOBU JJISI CEPOJIOTUYECKO-
ro aHanausa cooupaau ucxomaHo (0-i geHb, 10 Bak-
HuMHauuu) U yepes 28—40 mgHeil mocje BaklMHA-
uuu. Ilocae neHTpUudyrupoBaHus Mo 3 MJI CbIBO-
POTKM M3 KaXJI0ro obpaslia TpPaHCIOPTUPOBAIU
B ®I'bBHY HayuHo-uccienoBaTeabCKUid MHCTUTYT
BaKIMH U cCbIBOPOTOK uM. .M. MeyHuKoBa 1 Xpa-
Huau npu —50°C.

Bakyuna npomue epunna. BakunHa npeacTaB-
Jsijia cOOOi TPUIMNO3HYI YeThIPeXBAJEHTHYIO
MHAKTUBUPOBAHHYIO CYObEIMHUYHYIO aIbIOBAHT-
HYy10 Bak1iiHy 2022 I. IpOU3BOJACTBA U OblJa 0100-
peHa AJis1 ucnojib3oBaHusl MuH3npaBoM Poccuii-
ckoit @enepanuu. [Ipenapar comepxKaa Mo 5 MKT
aHTUTEeHOB BUPYCOB rputimna tuma A (A/Bukropus/
2570/2019 (HIN1)pdm09-nomoGHBIN Bupyc, A/
HapBun/9/2021 (H3N2)-mogo6HbII BUpYyc), TUIia B
(B/TIxyxket/3073/2013(munust B/SImarara)-1monoOHbIi
Bupyc, B/ABcTpusi/1359417/2021 (nuaus B/Bukro-
pus1)-nogoOHbIN BUpyc) u 0,5 mr 1,4-sTuneHnure-
pa3uH O6pomMuaa (MOJUOKCUIOHUS) B OJHOM m03e.
Jlo ynoTrpebjieHUs1 mpenapaT XpaHUJIU C COOJIIO-
JIEHUEM TeMIepaTypHOTO pexuMa CTPOro o WH-
cTpykuuu. Bakiuny B go3e 0,5 MJ BBOAMJIU BHY-
TPUMBIIIEYHO B AEIBTOBUIHYIO MBIIIIILY.

Ouyenka ummyHoeeHHOCMU. YPOBEHb IITaMM-
cnenndUIEeCKNX aHTUTEJ K MHTMOMPOBAHUIO Te-
MarrjiloTUHALlUM W3MEPSIIM C HCIOJIb30BAHUEM
CTAaHIAPTHBIX aHaJM30B WHIMOUPOBAHUS TeM-
armIlOTUHAIMU, KOTOpbIe IIPOBOAMJU B COOT-
BETCTBUM CO CTAaHIAPTHBIMU ONEpPallMOHHBIMU
npouenypaMu. AHTUTENa K IITaMMaM BuUpyca
rpurina ONpeneasijii METOAOM ITOCTAaHOBKU pe-
aKMu TopMoxeHus reMmarrmotuHauuu (PTTA)
C MOpUMEHEHUWEeM JUArHOCTUKYMOB TIPUIINO3-
HBIX JUIS TOPMOXEHMSI TeMarrIioTUHAIMKU CyXue
(ANT) A/Bukrtopus/2570/2019 (HIN1)pdmO09,
A/H3N2/Hapsun/9/2021, B/TIxyket/3073/2013,
B/ABcTpus/1359417/2021, CBIBOPOTKU JMArHOC-
TUYECKON TPUIIIIO3HOUW [UIs peakIuu TOPMO-

XKEeHUs reMarriatotTuHauuu cyxou (CAIN) A/
BuxkTtopus/2570/2019(HIN1)pdm09, A/H3N2/
Hapsun/9/2021, B/TIxyket/3073/2013, B/ABcTpus/
1359417/2021.

B kaudectBe 3TajloHa OLEHKM HMMMYHOT'€H-
HOCTU BaKIIMHBI OPUEHTHPOBAJIUCh Ha KPHUTE-
pun >bDGEKTUBHOCTU BaKIMH, pa3pabOTaHHbIE
IUIST CTAaHIApPTHOI'O B3POCJOTO 4YeJIoBeKa, YycTa-
HoBieHHble Komurerom mno IlateHTam wmeam-
nuHckux npoayktos (Committee for Proprietary
Medicinal Products [CPMP]) — npotokon CPMP/
BWP/214/96:

— YPOBEHb CEPOITPOTEKIIMU — ITPOLIEHT IPHU-

BUTBIX, Y KOTOPBIX TUTP TeMarrJIlOTUHUH-UH-

TUOUPYIOLIMX aHTUTEN cocTaBiisgeT 6osee 1:40

K 21 nmHIO mocjie mpoBeAeHMs BaKIIMHAIIUU

(monxxeH ObITH OoJiee 70%);

— YpOBE€Hb CEPOKOHBEPCUM WM WMMYHOJIO-

ruyeckasi aKTMBHOCTb BaKIIMHBI — OTHOCH-

TEJIbHOE YMCJIO MPUBUTHIX, ¥ KOTOPBIX THUTP

reMarTJIoTUHUH-UHTUOUPY IO X aHTUTET

MOBBICUJICS OoJiee 4YeM B 4 pasa 10 CpaBHEHUIO

C HCXOIHBIM YpOBHEM (JOJXEeH ObITh OoJiee

40%);

— (dakTop CEepOKOHBEPCHUM WM CPEIHHI Teo-

METPUYECKHUI MPUPOCT — TMOBBILICHUE CPEITHUX

reoOMeTPUYECKUX TUTPOB TIeMarrjJioTUHUH-NH-

TUOUPYIOLINX aHTUTEN Ha 21 IeHb IO CPaBHEHUIO

C MCXOIHBIM YPOBHEM, BbIpakalolIMiics B KparT-

HOCTH yBeJUYeHUS (IOJKEeH ObITh 0oJiee 2,5).

Ouenka be3zonacHocmu 6aKyuH. 3a BCEMU y4acT-
HMKaMM HaOJomaJii B TeYeHUEe KaK MUHUMYM
30 MUH TIOCJIe BaKIIMHALIU U AJ151 obecrieueHu s 6e3-
OIMaCHOCTH 1 (DUKCAIIUU OCTPBIX ITOOOYHBIX ITPOSIB-
JeHuit mocae ummyHuszauuu (ITIITTA). B nepuon
¢ 0 1o 7 meHb MPOBOAMIICS aKTUBHBIN OITPOC Y4acT-
HUKOB 110 Tejaedony. O ITTITN yyacTHUKU MOTJIHU
COO0O0IIIaTh UCCIEOBATEISIM B TeUeHue 28 THel 1o-
cJie BaKIIMHAII M.

Cmamucmuueckuii anaau3. ITlpoBepka HOp-
MaJbHOCTU paclipefesieHusl MPU3HAKOB MPOBO-
nunach kputepueM Hlanupo—Yunka. B pesyib-
TaTe OB BBISIBJIEHBI 3HAUYWUTEJbHBIE OTKJIOHE-
HU S pacrnpeneeHns IpU3HAaKOB OT HOPMaJbHOTO.
OmucaresibHas ctaTucTuka ypoBHs AT mpencraB-
JIeHa CpeIHUM TeOMETPUUYECKUM TUTPOM U €ro
95% noBepuTENbHBIM MHTEPBAJOM. TakxKe OBIJIO
paccuyMTaHO TeOMETPUYECKOe CpelaHee KpaTHOoe
yBeJIMYEHUE MO CPAaBHEHUIO C MCXOMAHBIM YPOB-
HeM ((bakTop cepoKoHBepcun) m ero 95% mnose-
puTenbHBIT MHTepBaJl. CpaBHeHUE (akTOopa ce-
POKOHBEPCUM MEXIYy TpylIlaMU HCCIIeTOBaAHUS
MPOBOIMIOCH C MOMOIIbIO KpuTepuss MaHHa—
YUTHU B ciiyyae HEeCBsI3aHHBIX BbIOOPOK. [ Ka-
YEeCTBEHHBIX MPU3HAKOB HAXOIWUJIU aOCOJIIOTHbBIE
U OTHOCUTEJbHBIE (B %) 4acCTOTHI, IJIsI OTHOCH-
TeJIbHBIX MOKa3aTeieil paccyuThiBajicsa 95% nose-
PUTEbHBI MHTEPBAJ, paCCUMTAHHBINI 110 METOAY
Buncona. CpaBHeHUS ABYX I'PYMI MO Ka4eCTBEH-
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BakuuHaums ot rpunna nocne naHaemMum

Ta6auua 1. YpoBeHb ceponpoTeKkuum K YeTbipem LUTaMMaM BMpyca rpunna UCXoaHo v yepes 1 mecsy,
nocne BakLMHauum B OCHOBHOI U KOHTPOJIbHOW rpynne
Table 1. Baseline and one-month post-vaccination seroprotection rate (SPR) for the four vaccine influenza virus
strains in main and control groups

YpOBEHb CEPONPOTEKLMN UCXOAHO YpoBeHb ceponpoTekumumn yepes 1 mecsi,
Wramm Baseline SPR SPR after 1 month
Strain OcHoBHas rpynna KoHTponbHas rpynna OcHoBHasi rpynna KoHTponbHas rpynna
Main group Control group Main group Control group
H1N1 43,9% (AN 35,4-52,7) 42,5% (4N 29,5-56,7) 78,9% (AN 70,8-85,1) 53,2% (AW 39,2-66,7)
H3N2 74,8% (O 66,4-81,6) 70,2% (AW 56,0-81,3) 94,3% (O 88,7-97,2) 78,7% (AW 65,1-88,0)
B/fimarata o _ 9 _ 0 _ 0 _
B/Yamagata 20,3% (4N 14,1-28,2) 14,9% (AN 7,4-27,7) 69,1% (AW 60,5-76,6) 19,1% (AW 10,4-32,5)
gﬁ;‘g:’i:"" 7,3% (O 3,9-13,3) 6,4% (N 2,2-17,1) | 48,8% (OM401-57,5) |  6,4% (M1 2,2-17,1)

HBIM HOMUWHAJIbHBIM MOKa3aTeJasiM MNPOBOAUIN
B XOJIe aHaJu3a TabJUI CONPSIXKEHHOCTU TOUHBIM
kputepuem duirepa.

I'pynnoBbie pa3inuusl aHAJIU3UPOBAJIUCH C UC-
MOJIb30BAHUEM JBYCTOPOHHEro t-KpUTepus WU
U-kputepuss MaHHa—YUTHU JJis HeNpepbIBHBIX
NepeMeHHbIX U KpuTepuss XMU-KBaapaT WUJIU TOY-
HOoro Kputepusi @uinepa s KaTeropUaIbHBIX
NepeMeHHbIX, B 3aBUCMMOCTU OT cuTyauuu. Bech
CTaTUCTUYECKUI aHan3 MNPOBOAUJICS C WUCHOJb-
3oBaHueM IBM SPSS Crarucrtuka 26.0, craTuctu-
yeckasl 3HaUMMOCTb Obljla yCTaHOBJIEHA Ha YPOBHE
p <0,05.

Pesynbrathl

HUmmynoeennocmo. 1151 OLLEHKU UMMYHOT€HHO-
CTU MHAKTHUBUPOBAHHOW KBaApPUBAJICHTHOU BaK-
LIMHBI CO LITAMMOBBIM COCTaBOM, OOHOBJIEHHbBIM
Ha ce30H 2022—2023 rr., ObLIM ITpOaHaJIU3UPOBa-
HBI TTapHBIe CBIBOPOTKU 123 nuir B Bo3pacte 18—
60 steT (cpenHuit Bo3pact 38,1+13,6 j1eT), MPUBUTHIX
¢ Hos1Opst 2022 1. 1o peBpanb 2023 1. B MockBe.

Ocenbto 2022 1. 10 TIpoBeAecHHUsS BaKIMHAa-
U1 YPOBEHb CEPOMPOTEKIIMU JIMI[ B OCHOB-
HOM M KOHTPOJIBHOM TIpyIllax COCTaBUJI. K BU-
pycam rpunna A/Buxkrtopusi/2570/2019(HIN1)
pdm09 — 43,9 u 42,6%; K Bupycam rpunma A/
H3N2/dapBut/9/2021 — 74,8 u 70,2%; K Bupycam
B/ITxyket/3073/2013 — 20,3 u 14,9%; k BUpycam
rpunna B/ABcTpus/1359417/2021 — 7,3 u 6,4%
COOTBETCTBEHHO.

Yepes 1 Mecsgu Iociae BaKLMHALMKA OTMeE-
YaeTcsl 3HAYMMBIil IIPUPOCT YPOBHSI CEPOIPO-
tekuuu (p < 0,05) B ocHOBHOI rpyiie a0 78,9%
K mramMmmy A/Buxkrtopus/2570/2019(HIN1)pdm09,
94,3% x mrammy A/H3N2/dapsun/9/2021, 69,1%
Kk mwrammy B/TIxyket/3073/13 u 48,8% x mramMmmy
B/ABctpusi/1359417/2021 (tabn. 1).

Ta6nuua 2. CpefHMiA reomeTpUYECcKuii TUTp
aHTuTten (CI'T) K yeTbipem WTaMMaM BUpyca
rpunna ucxoaHo u yepes 1 mecqay nocne
BaKLUHaLMU B OCHOBHOW rpynne

Table 2. Baseline and one-month post-vaccination
geometric mean titer (GMT) for the four vaccine
influenza virus strains in main group

w CI'T aHtuTten CI'T aHTuTen yepes

TaMM

Strain UCXOOHO 1 mecsy,
Baseline GMT GMT after 1 month

H1N1 25,8 (log, 4,69+0,36) | 105,6 (log, 6,72+0,52)

H3N2 63,9 (log, 6,00+0,18) | 156,7 (log, 7,29%0,22)

B/9marata

B/Yamagata 12,9 (log, 3,69+0,4) 49,1 (log, 5,62+0,6)

B/BUKTOPUS | ¢ & (10g,2,72+0,48) | 31,4 (log, 4,97+0,88)

B/Victoria ) g, 2,/2%0, ) g, 4,9/%0,

Ta6nuua 3. PakTop cepokoHBepcum (PCK)

K YeTblpeM LITaMMaM BUpyCa rpunmna yepes

1 Mecsy, nocne BakLyMHaLUU B OCHOBHOM

W KOHTPOJIbHOW rpynne

Table 3. Baseline and one-month post-vaccination GMT
ratio for the four vaccine influenza virus strains in main
and control groups

dCK yepes 1 mecqu, nocne BakUMHaLMN
WrTamm GMT ratio 1 month after vaccination
Strain OcHogHasi rpynna | KoHTponbHas rpynna
Main group Control group

H1N1 4,09 (3,68-4,54) 1,27 (1,09-1,58)
H3N2 2,45 (2,31-2,60) 1,30 (1,12-1,42)
B/9marata
B/Yamagata 3,80 (3,33-4,33) 1,13 (0,62-1,92)
B/BukTtopus 3 B
B/Victoria 4,76 (3,87-5,47) 0,99 (0,34-1,65)
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Ta6nuua 4. YpoBeHb CEpOKOHBEpPCUU K YeTbIpem
wTamMmmam Bupyca rpunna yepes 1 mecsiy nocne
BaKLMHaLMN B OCHOBHOM U KOHTPOJIbHOM rpynne
Table 4. Baseline and one-month post-vaccination
seroconversion rate (SCR) for the four vaccine influenza
virus strains in main and control groups

YpoBeHb cepokoHBepcum Yepes 1 mecsu,
nocre BakuuHauum
Wramm SCR after 1 month
Strain
OcHoBHas rpynna | KoHTponbHas rpynna
Main group Control group

H1N1 50,4% (41,7-59,1) 8,5% (3,4-19,9)
H3N2 38,2% (30,1-47,0) 10,6% (4,6-22,6)
B/fimarata o B o B
B/Yamagata 56,1% (47,3-64,6) 6,4% (2,2-17,1)
B/BukTopus o B o _
B/Victoria 51,2% (42,5-59,9) 2,1% (0,4-11,1)

CpenHuii reoMeTpu4ecKUidi TUTP AaHTUTEN
(CI'T) no BakuuHauuu o mrtammy HINI coctas-
asin 25,8 (log, 4,69+0,36), mocyie BaKIMHALIUUA —
105,6 (log, 6,72%0,52); mo mtammy H3N2 — 63,9
(log, 6,00%0,18) u 156,7 (log, 7,29%0,22) no u mo-
cJie BaKIIMHAIIMM COOTBETCTBEHHO; IO IIITaM-
my B/fImarata — 12,9 (log, 3,69+0,4) u 49,1 (log,
5,62%0,6) 10 U ITOCJIE COOTBETCTBEHHO; IO LITAMMY
B/BuxTtopust CI'T cocraBusua 6,6 (log, 2,72+0,48),
nociae — 31,4 (log, 4,9710,88) (Tabu. 2).

®dakTop cepokoHBepcuu (PCK) k Bupycam
rpunmna A(HIN1), B (Bukrtopusi) u B (SImarara)
MPEeBBICUJI HEOOXOAMMOe MUHUMAaJIbHOE 3HAYeHUE
(p<0,05) ucocraBun 4,1l (AU 3,68—4,54), 3,80 (AU
3,33—4,33) u 4,76 (AU 3,87—5,47) cOOTBETCTBEHHO
(tra6a. 3). ®CK x Bupycy rpuria A(H3N2) mocie
BaKILMHAILUU COCTaBUJI 2,45, 4TO HUXKE TPEOYEeMOro
ypoBH# B 2,50 (p < 0,05).

YpPOBHU CEPOKOHBEPCUM II0 OTHOIIEHUIO
kmrtamMaM A/Buktopusi/2570/2019(H1IN1)pdm09,

Ta6auua 5. MecTHble U cUCTEMHbIE NOCTBaKLMHAJbHbIE peakuumn y AO6POBObLER B TEYEHUE 28 CYyTOK

Ha0OnogeHns nocne BakLMHaLun

Table 5. Local and systemic post-vaccination reactions in volunteers during 28 days after vaccination

KonuuecTBo 06poBONbLLEB,
Y KOTOpPbIX ObIJIN 3apPErmcTPUpPOBaHbI
XapakTep nocTBaKUMHaNbLHON CTeneHb BbIPaXEHHOCTH nocTBaKUUHaNbHbIe peakuuu
peakuuun Intensity Number of volunteers
Pattern of post-vaccination reaction with post-vaccination reactions
a6c. %
?\chchTFyeT 78 63.4
JoGele peakummn o reactions
Any reactions
npucchTgyeT 45 36,6
Any reaction
OTcyTcTBYET 93 756
No
c’l‘\;‘.ﬁf" 30 24,4
MecTHble peakuum '
Local reactions
Cpegunﬂ 0 0
Medium
CvaHaa 0 0
Serious
OTcyTCTFyeT 109 886
No reactions
c’l‘\;lﬁa" 14 11,4
CucTteMHble peakuum ild
Systemic reactions
Cpegunﬂ 0 0
Medium
Cunkuaﬂ 0 0
Serious
MecTHble 1 CUCTEMHbIE peakLuu
) . 5 41
Local and systemic reactions
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B/TIxyket/3073/2013 u B/ABcTpusi/1359417/2021
cocraBuau 56,1, 504 um 51,2% COOTBETCTBEH-
HO. YpOBEHb CEPOKOHBEPCHMM K BHUPYCY TpHIIIIa
A(H3N2), ananoruuno PCK, Obl1 MUHUMAJICH
cpeau yetbipex mrtammoB (p < 0,05) u paBHsJICSA
38,2% (Taba. 4).

bezonacnocms. MecTHBIE TIOCTBaKIIMHAJIbHBIC
peakIy TPOSIBISIINCh B BHIE OOJC3HECHHOCTH,
MOKPACHEHUS W TIPUTTYXJIOCTH B MECTE BBEICHMU S
npenapata (Taby. 5). Peakuuu ciaaboii cTeneHu
BbIpakKeHHOCTH ObLIM BeIgABIIEHBI Y 30 (24,4%) npu-
BUTHIX. CUCTeMHBIC MTOCTBAKIIMHAJIbHEBIC PeaKIIUN
MPOSIBJISLIUCh B BUJZIE OOIIEro HEJOMOTAHUSsI, pU-
HWTa, MUAJTUH, TIOBBIIICHUST TeMIepaTyphl Tea,
YBEJIUYCHUS PErMoOHaIbHbBIX JUMMOY3J0B, YyTOM-
JISEMOCTH M COHJIMBOCTHU. Peak1inu cimaboii cTemne-
HU BBIPaXX€HHOCTU ObLIM BbIsABIEHBI y 14 (11,4%)
npuBUThIX. CoueTaHWEe MECTHON M OOlIel peak-
LMY BCTpedasioch B 5 (4,1%) cnyuaes. B 78 (63,4%)
cIydasix IepeHOCUMOCTD BaKIIMHAIIUY ObILIa XOPO-
IIei, MTOCTBaKIIMHAJIbHBIE PeaKIIMM OTCYTCTBOBA-
nu. B uenom y 45 yyactHukoB (36,6%) BO3HUKIU
MECTHBIE U OOLIIUE peakKlluU B TeueHue 28 qHei mo-
CJie BaKIIMHALUU.

B TeueHune Mecsiia He BO3HUKIIO HUKAKMX TSIKe-
JIBIX MTOCTBAKIIMHAJBHBIX peaKIInii UJIU COOBITUM,
TpeOyIoIMX MEIUIIMHCKOTO BMeEIIaTeJabCTBa, BCE
peakuu KyIMUupoBaJMCh CAMOCTOSITEJIBHO B TeUe-
HHue 1—3 mHell ¢ MOMEHTa BaKIIMHAIIMU 0e3 MIpu-
MEHEHUSI MeIMKaMEHTO3HBIX TIperapaToB, JM0O
¢ npumeHenuem HITBC.

Ob6cyxaeHne

Bonpiiasi yacTh COBpEeMEHHBIX MCCIENOBAHUM
IMOCBsIIIIeHa UMMYHOTEHHOCTH TeX WJIM MHBIX BaK-
IIUH CPeIUu Pa3JInYHBIX KOTOPT MalMeHTOB, BJIU-
STHUI0 Pa3IMYHBIX (PaKTOpOB Ha IMoKazaTesiu Io-
CTBaKIIMHAJbHOI'O OTBeTa. MMmelolivecs: JaHHbIE,
CBUIETEIbCTBYIOIIIME 00 MMMYHOJIOTMUECKO# adh-
(eKTUBHOCTU BaKIIMHAIIMK ITPOTUB T'PUTITIA, TTOI-
TBEPXIAI0TCS TTOJYYeHHBIMU HaMU pe3yJibTaTaMU.
OOHOBJSIIOIIMICA KaXXAblii TOA COCTaB BaKIIMH
IMPOTUB TPUIITA, & TaKXKe pas3iMuyHas MWHTEHCHUB-
HOCTh LIUPKYJISIIIUU IIITAMMOB SIBJISIETCSI OTpaHM-
YUBAIOIIUM (PAaKTOPOM JISI IKCTPATIONSIIUN pe-
3yJbTAaTOB HACTOSIIIETO UCCIEeTOBAHMUSI.

Ilepen mnpoBeneHMeM BaKIMHAIMKU IIPOTUB
rpUINia MEXIy TpyHnrnaMyd BaKIMHUPOBAHHBIX
W HEeBaKIIMHUPOBAHHBIX HE HAOJIOAal0oCh pas-
JIMYUA B COCTOSTHUM TyMOPaJIbHOIO MMMYHUTE-
Ta — [0JIM UCXOJTHO CEPOMO3UTUBHBIX JIUII B TPYM-
e MPUBHUTHIX W HENPUBUTHIX IS BCEX IITaM-
MoB (A/Bukrtopus/2570/2019(HINT)pdm09, A/
H3N2/Hdapsun/9/2021, B/Ilxyket/3073/13 u B/
ABctpusi/1359417/2021) ObLIM CONMOCTABUMBI.

3aKOHOMEpHO, YTO TOC/e BaKIIMHAILIMU, TPO-
BEICHHON B MPEIJIBEPUU CJIETYIOIIETO SMUICEe30Ha
oceHblo 2022 ., peaklidsl Ha BC€ HOBBbIE€ LIITAMMBbI

B IPYIIIIe BaKIIMHUPOBAHHBIX 3HAYMMO TTPEBbIIIA-
Jla TaKOBYIO B T'PYIIIIE HEIIPUBUTHIX JUIL IO TPeM
KPUTEPUSIM UMMYHOTEHHOCTHU.

JaHHBIe, MOJIlyYeHHBIC B X0 HAIIIETO UCCIIeIO-
BaHUS, CBUAETEIbCTBYIOT O CHUXEHHOM MMMYH-
HOM OTBETe Ha BMpPYChl Irpumnmna B mo cpaBHeHUIO
C TAaKOBBIM J1J151 BUPYCOB rpumniia A o0oux cyoTumnosn
o 3HaUYeHUsIM pakTopa cepokoHBepcun. 1o moka-
3aTeJIl0 YPOBHSI CEPOKOHBEPCUU OOHApYXKEHA CXO-
JKasi 3aKOHOMEPHOCTb: YPOBEHb CEPOKOHBEPCUU
Kk rpunmy A (H3N2) pasusiaca 38,2% (AU 30,1—
47,0%), 9TO 3HAYMMO MEHbIIIE TAKOBOI'O K T'PUIIY
B/Ilxyket/3073/13 (AU 47,3—64,6%), 11 ¢ 60IbLIOK
BEPOSITHOCTBIO CBSI3aHO C MpeobanaHueM LUPKY-
JISIMY BUPYCOB T'PUIIIa A 1O CpaBHEHUIO C BUPY-
camu rpunna B. B HacTosIemM nccieqoBaHuM OT-
MeueH HU3KMUI YpOBEHb CEPOMPOTEKIIMU K IITaM-
my B/Buxkropusi.

Pe3ynpTaThl OTEYECTBEHHBIX MCCJEIOBaHMIA
MMMYHOTEHHOCTH BaKIIMH OT TPHUIINA, IPOBEACH-
Hbie ¢ iepuos ¢ 2018 mo 2022 r., CBUIETEABbCTBYIOT
0 BapuMaTHMBHOCTU ToKa3aTejieli UMMYHOIeHHOCTH
B 3aBUCMMOCTHU OT PErMOHa U Iepruoa.

3aKOHOMEPHOCTb, OITMCAaHHASI BBIIIE, ITPOCIIC-
JXKWBAJIaCh TaKXe B paHee IPOBEICHHBIX OTeYe-
CTBEHHBIX U 3apy0e>KHOM UccaeaoBaHusIX: B CaHKT-
IletepOypre cpenu nwoaeit 18—60 jeT, BaKLIMHUPO-
BAaHHBIX HEATBIOBAHTHOU TPEXBAJICHTHOM BAKIIMHOM
B ce30H 2019—-2020 rr., Bce roka3ateJau UMMYHOTEH-
HOCTM JJisl mTaMMa Tuna B/Bukropusi He mocTur-
JIU HeOoOXOAMMBIX 3HaYeHUit [1]. MHoroueHTpoBOE
poccHiicKoe HCCedOBaHUE CPEAU B3POCHBIX (N =
82), BaKIIMHUPOBAHHBIX OT TPUIITIA HeaJbIOBAaHTHOM
TpexBaJIeHTHOI BakLMHON oceHbio 2020 T., BbISIBU-
JIO HOPMAaTUBHBIM YPOBEHb CEPOKOHBEPCUU U IPHU-
poct CI'T mmsa mrammoB A(HINI), A(H3N2) u B/
Buxkropus. INokazaTelrb ceponpOTEeKIIMN OKa3aJICs
HU30K JJIs1 BCEX YeThIpeX LITaMMOB [4].

WHuauniickoe paHIOMU3MPOBAHHOE KOHTPO-
JupyeMoe McciaenoBaHue, npoBeneHHoe B 2018 T.
cpear BaKIIMHUPOBAHHBIX HealbIOBAaHTHON de-
ThIPEeXBaJIECHTHOM BaKLMHOI OT rpummna Juil oT 18
1o 60 JeT, ycTaHOBMJIO, YTO YPOBEHb CEPOKOHBEP-
CUM OBIT HU3KMUM TOJIBKO AJISI IITaMMa JuHuu B/
Amarara [6]. DTu pe3yabTaThl COIIACYIOTCS C JaH-
HBIMM HACTOSIIIETrOo MCCAEAOBAHMUS O CHUXKEHHOI
MMMYHOT€HHOCTHU KOMIIOHEHTOB BUPYCOB I'puIina B
0 CpaBHEHMIO C KOMIIOHEHTaMH1 BUpyca I'pUIlia A
B COCTaBe MHAKTUBUPOBAHHBIX BakKUMH. Mcxomsa
W3 TIOJTYYCHHBIX HAMU TaHHBIX, U B TPYNIE BAKIIU-
HUPOBAHHBIX, U B IPYITIIe HEITPUBUTHIX HanboJjee
HU3KUI MoKa3aTesIb CEpONPOTEKIIMU BBISIBJICH JJIS
mtamma B/ABcTpusi/1359417/2021 BukTopuaHckoii
auHuu. Bupycel, npuHagiexaiiue K AmMararckoit
JUHUU, BBEJU B cocTaB BakuMH B 2019 r. Manas
JIOJISl UICXOAHO CEPOMO3UTUBHBIX JUIL K Tpunny B/
ABctpus/1359417/2021 cBuIeTENbCTBYET O HU3KOM
aKTUBHOCTU LUPKYJISIIAUA IITAMMOB TaHHOW JIU-
HUU B T€UEHME BCEro nepuoaa HabIoIeHus.

63



C.B. tOwkoBa u ap.

MHdekumns n uMmyHuTeT

Kpome Toro, cpeny y4yacTHMKOB Habyrogascs
HU3KUU YypOBEHb Pa3BUTUS MOCTBAKIIMHAJIbHBIX
peakuuii 060l creneHu Tsxkectu (36,6%), npu
9TOM IOOOYHBIX MPOSIBJCHUN IOCJe UMMYHHU3a-
LMY CPEHEN U TSXKeJIOl CTeTeHU He HAabJII01aJ10Ch.

3ak/yeHme

Pe3y.)'[bTaTbI OTOro McCcCJeaoBaHMA ITOKAa3bIBAlOT,
YTO YETbhIPECXBAJCHTHAA MHAKTHBUPOBAHHAA CY6T)-

eIVMHUYHAs alblOBaHTHAS BaKlIMHA MPOTUB I'PUIIIIA
OblJ1Ta *YMMYHOTE€HHA ¥ XOPOIIIO NEPEHOCUJTACH YUaCT-
HUKaMU UCCIeNOoBaHUsI, HAaOpaHHBIMU B MOCKBeE.
MMMyHOreHHasi akTUBHOCTb BaKIIMHBI, OLIEHEHHAas
C TIOMOIIbIO PeaKIIMU TOPMOXKEHUSI FeMarrioTUHa-
uuu (PTTA), mpy omHOKpaTHON BHYTPUMbIIIEYHOMU
WUMMYyHU3aIUKU 106poBosbleB 18—60 jeT cooTBET-
CTBOBaJjia TPEOOBAHUSIM, MPEAbIBISIEMbIM K MHAK-
TUBUPOBAHHBIM I'PUTIIIO3HBIM CE30HHBIM BaKIIMHAM
KaK MUHUMYM IO OTHOMY KPUTEPUIO.
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WOEHTUOUKALMUA OHK SALMONELLA
ENTERICA SEROVAR TYPHI METOAOM
NETJIEBOU UBOTEPMUYECKOM
AMMJINOUKALUN C DJTIOOPECLIEHTHOU
OETEKUUEN

A.C. Jloarosa, M.A. Kanutonona, A.B. Illadanuna, A.T. CanrTona, /I.E. Iloaes,
M.A. Makaposa, JI.A. Kadreipesa, B.I'. Jlenkos

DOHYH HHUH snudemuonoeuu u muxpoouonoeuu umenu Illacmepa, Cankm-Ilemepoype, Poccus

Pesiome. Bsedenue. Hapsiny ¢ mpuMeHsieMbIM 151 AUarHOCTUKM OproirHoro Tuda Metonom ITLP B peaqbHOM BpeMeHU
MOXHO HCIOJIb30BaTh METOJ MeTIeBoil u3oTepMuueckoin amriudukanuu (LAMP), KoTopbslii 03BOJISIET MPOBOIUTH
nccaenoBanue 3a 30—40 MuHyT. B nuTeparype onucaHo HECKOIbKO BapMaHTOB AM3aliHa TaKOM peakuu JJisl AeTEKIIUYT
Salmonella enterica serovar Typhi. [To tuTepaTypHBIM TaHHBIM 3TH ITpaiiMepbl ObLIN MTPOTECTUPOBAHBI Ha IITAMMAX, Xapak-
TepHBIX 11 Manaiizuu u Kutas. Ml B3si11 Ha ce0s1 TPy OLIEHUTD OIMMCAHHBIE BHIIIE BapuaHTHI ITpaliMepoB LAMP mis
BBIsIBIICHUST TITaMMOB S. Typhi xapakteprsix njst Poccuniickoit demepaliny 1 CpaBHUTH UX IyBCTBUTEIBHOCTD U CITEIN-
(raHOCTH MeXX Iy c000it. Mamepuanst u memodst. [IpoBeicH CpaBHUTEIBHBII i1 silico aHAJTN3 TIEJIEBBIX TIOCIEI0BATEIbHOC-
Teil KaK 1o OTKpHIToH 0a3e qaHHbIX NCBI, Tak 1 cpen reHeTUIeCKUX MOCTIeI0BAaTeIBHOCTEH KOJIJIEKIIMOHHBIX IITAMMOB
®OBYH HUWU snunemuonoruu 1 MUKpooronoruu uM. Ilacrepa. [IpoTecTupoBaHO HECKOJIBKO HAOOPOB IIpaliMepOB ISk
LAMP amniubukanuy pa3auuHbIX yuacTkoB reHoma S. Typhi. Anpobupyembie paitmepsl aMIIndULIMPYIOT (parMeH-
ol SalTypl — yuactok rera STY1607, SalTyp2 — yuacTtok rena STY2879, SalTyp3 — yuactok rena STBHUCCB 38510
wanepoHa PapD. Pesyavmamei. In silico ananu3 HabopoB npaiiMepoB aisi LAMP noka3san, uyto Tonbko Haoop SalTyp 3,
00J1a1aeT CTPOroi crnelupUIHOCTBIO B OTHOWEHUU Salmonella enterica serovar Typhi. J1nst Hadopos SalTyp 1 u SalTyp 2
MoKa3aHa BO3MOXKHOCTD JIOXKHOMOJOXKUTEbHBIX peaKIiii ¢ HeKOTOphIMU TaMMaMu E. coli. PazpabotaHa MeTonuka ne-
tekunu J]HK Bo3oynutens opromrnoro Tuga meronoM LAMP ¢ doopecueHTHOI aeTekneit. B kauecTBe MOJIEKYIIpHOIT
MUILEHHU ObLT BEIOpaH parMeHT reHa Salmonella enterica serovar Typhi STBHUCCB_ 38510, ammiudukanusi KOToporo
OCYILIECTBIISIIACH IIECTHIO CIIEIMGbUISCKUMHU TpaiiMepaMM. AHaJIUTHYeCcKash YyBCTBUTEIBHOCTh CHCTEMBI COCTAaBMJIA
20 KOTHiA B peakIInio, a BpeMs IMPOBEACHUS PeaKIINK COCTaBUIIO 35 MUHYT. Crien(pMIHOCTh METONUKHM ObLIa ITPOBepeHA
Ha JIHK 20 n3omsatoB S. Typhi 1 90 mrtaMMOB IpyTHX TeTEPOTOTUIHBIX OaKTepHii 24 pa3HbIX BUAOB. [1py 3TOM JIOXKHOITO-
JIOKUTEITBHBIX U JIOXKHOOTPHUIIATEIBHBIX PE3YIIBTATOB HE BBISIBICHO. 3akaio4erue. PazpaboTaHHass MCTOIMKA MOXKET OBITh
MpUMeHeHa B KJIIMHUYECKO TpaKTHKe IS TaOOpaTOPHOTO TIONTBEPKACHUST TUarHo3a OpIoIIHOi TU(, B paMKax amue-
MUOJIOTUYECKOTO MOHUTOPWHTA 0ObEKTOB OKPYXKAIOIIIEH Cpejibl, a TAKKe MPOMYKTOB TTUTAHMUSL.

Karoueesnie caosa: Salmonella enterica serovar Typhi, LAMP, moaexyaapras duaenocmuxa, STBHUCCB_ 38510, usomepmuueckas
amnaugurkayus, OproWHoOU mudg.
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IDENTIFICATION OF SALMONELLA ENTERICA SEROVAR TYPHI DNA BY LOOP-MEDIATED
ISOTHERMAL AMPLIFICATION WITH FLUORESCENT DETECTION

Dolgova A.S., Kapitonova M.A., Shabalina A.V., Saitova A.T., Polev D.E., Makarova M.A., Kaftyreva L.A.,
Dedkov V.G.

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

Abstract. Introduction. Real-time PCR may be used along with loop isothermal amplification method (LAMP) allowing to con-
duct the study in 30—40 minutes to diagnose typhoid fever. Several LAMP assay variations for detecting Salmonella enterica
serovar Typhi have been described. The studies report that relevant primers were tested on strains specific for Malaysia and
China. We attempted to evaluate the LAMP primers described above for identifying S. Typhi strains specific for the Russian
Federation and compare their sensitivity and specificity with each other. Materials and methods. A comparative in silico analysis
of target sequences was carried out both in the open NCBI database and among the genetic sequences of collection strains at
the St. Petersburg Pasteur Institute. Several sets of primers for LAMP amplification of various S. Typhi genome regions were
tested. The tested primers amplify the following fragments: SalTypl — region of the STY1607 gene, SalTyp2 — region of the
STY2879 gene, SalTyp3 — region of the STBHUCCB_ 38510 gene of the PapD chaperone. Results. In silico analysis of LAMP
primers showed that only the SalTyp 3 set has strict specificity for Salmonella enterica serovar Typhi. For the SalTyp 1 and
SalTyp 2 an opportunity of false-positive reactions with some E. coli strains was shown. A LAMP method for DNA fluorescent
detection of the typhoid fever causative agent was chosen. Assay has been based on a marker gene termed STBHUCCB_ 38510
and amplification with six specific primers. The detection limit was 20 copies/reaction in reference plasmids and the reac-
tion time lasted for 35 minutes. The specificity of the method was tested on DNA specimens of 20 S. Typhi isolates and
90 strains of other heterologous bacteria from 24 different species. No false positive or false negative results were identified.
Conclusion. The developed method can be used in clinical practice for laboratory confirmation of typhoid fever diagnosis
as a part of epidemiological monitoring of environmental objects as well as food products.

Key words: Salmonella enterica serovar Typhi, LAMP, molecular diagnostics, STBHUCCB_38510, isothermal amplification, typhoid fever.

BeepneHue

bprourHoit Tud — TAXenas cucteMHasi aHTPO-
MoHo3Hast WH(eKIus, BbI3bIBaeMas Salmonella
enterica subsp. enterica serovar Typhi (S. Typhi),
cnocoOHast K  LIMPOKOMY  SIMUJIEMUYECKOMY
pacnpocTpaHeHUo. ExxeromHo B MUpe PEerucTpu-
pyetcss 21 MJIH HOBBIX cjy4yaeB OpromiHoro tuda
u 216 000 cmepteit or Hero [19]. Ilpu sToM y ma-
LIMEHTOB C OPIOUIHBIM TU(MOM MOXET HaAOIIOIATh-
cd Hecneuuduyeckas KIWHUYECKass KapTHUHA,
TpeOylomas nuddepeHInaaibHON J1abopaTOpHOIA
MVArHOCTUKU C APYTUMHU JIMXOPAIOYHBIMU 3a00-
JIEBAHUSIMU, BBEI3BIBACMBIMH, HaTIpuMep, Salmonella
Paratyphi A, Leptospira interrogans wn Streptococcus
pneumoniae [12, 13], 4yToO moguyepKHUBaeT BaXKHOCTb
3TUOJIOTUYECKON TUAaTHOCTUKHU DTOTO 3a00JIeBaHNS.
T'ocynapcTBeHHas cucTeMa BbISIBJICHUS U PETUCTpa-
U UH(PEeKIMOHHBIX 3aboseBaHUl B Poccuiickoi
Denepaliit  TIO3BOJISIET OTHECTW HAIly CTpaHy
K TEPPUTOPUU C HU3KUM yPOBHEM 3a0071€BA€MOCTU
OpIOLIHBIM TU(GOM U HU3KUM PUCKOM MHOUIIUPO-
BaHUS MPU NoceleHuu Typuctamu. OHaKO 3a Mo-
clielHee JeCATUJIETUE OTMEUEH 3aBO3 OPIOIIHOTO
Tuda Kak MUHUMYM u3 13 ctpan LleHTpasibHOIA,
IOxHnoii u IOro-Boctounoii Aszuum u Adpuku
(TapxukucraH, Y3oekucrtaH, KbipreiactaH, Aszep-
OanmxaH, Abxaszust, banrnanem, Manus, Kamo6oma-
xa, Ilakucran, Henan, Eruner, O0beauHEHHbIE
Apabckue Dmupatsl, Manarackap u ap.) [8].

OlleHKa WCTUHHOIO YPOBHS 3a00JI€BA€MOCTU
OpIOLIHBIM TU(POM OCTAETCS CIOKHOU MPOOJIEMOIA,
PELICHU 0 KOTOPOIl MeIaeT OTCYTCTBUE BO MHOTUX,

0COOEHHO pa3BUBAIOLINXCS CTpaHaX, COBPEMEH-
HOU n1abopaTOpHON AMArHOCTUKU. TpaauIIMOHHO
JJ151 IMaTHOCTUKY OPIOLIHOro THUda UCIOIb3yeTCs
MUKPOOMOJIOTUYECKU A METOJ, KOTOPbIIA CUMTAET-
Cs1 «30JI0TBIM CTaHAApPTOM», HO TpeOyeT 3Hauyu-
TEJbHBIX BPEMEHHBIX 3aTpar (He MeHee 3—5 mHeil)
U MMEET HUBKYIO YYBCTBUTENBHOCTH (30—60%) [15].
CorylacHo pekoMeHnanusiM BcemupHoil opraHu-
3auuu 3apaBooxpaHeHus (BO3), okoHUaTeIbHBIH
JIUarHo3 <«OpIOUIHOW TUd» OOJKEH OBbITh IOA-
TBEPKJEH BblAesieHUueM 0akTepuu Salmonella Typhi
U3 KpoBuU 00JbHOTrO. Tem He MeHee B psiie cliyJyaeB
NpoBeIeHUE MUKPOOUOJOTMYECKHUX UCClienoBa-
HUI BbI3bIBAET 3aTPYAHEHUS, KaK B CBSI3U C OT-
CYTCTBHEM HEOOXOAMMOro MUKPOOUOJOTUYECKOTO
000opynoBaHU S, TAK U B CBSI3U C OTCYTCTBUEM HEOO0 -
XOIMMBIX KOMIETEHIIUI y MepcoHaaa JUMarHoCTU-
yeckoil JJabopatopuu. Kak nmpaBujio, B permoHax
C BBICOKOIl 3a007€BaeMOCTbIO OPIOIIHBIM THU(HOOM
YPOBEHb Pa3BUTHUS JIAOOPATOPHON OUATHOCTUKU
HaXOIUTCSl Ha HU3KOM ypoBHE. B 3Toil cBsI3u ObI-
CTpbl€, MPOCTbIE W HEIOPOTrHEe METOIbl CHEIM-
duyeckoit MoneKyaspHoit nuarHoctuku S. Typhi
MOT'YT OBITh BOCTPEOOBaHbI B TAKMX PErMOHaX KakK
IS 1abOpaTOPHOrO TIOATBEPXKIACHUS AUarHosa
«OproimHO Tud», TaK U B paMKax 3MUIEMUOJIO-
TMYECKOr0 MOHUTOPUHIAa 0O0BEKTOB OKpY Kalollei
Cpelbl U MTPOJYKTOB MUTAHUSI.

Hnsa seigBiaeHus S. Typhi paspaboraHo He-
CKOJIbKO UMMYHOJIOTUYECKUX METOJ0B, OCHOBAaH-
HBIX Ha TUNTMpoBaHuuM aHTUreHoB O u H, Vi, BK10-
yag tect Bunmans, Typhi-Dot, Tubex [5], UXA [1]
u SPR-nmuarHoctvka Ha OCHOBE MOBEPXHOCTHOIO
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mja3MoHHoro pesoHaHca [l11]. HecmoTpsi Ha ux
MPOCTOTY U OBICTPOTY, UYBCTBUTEJIBHOCTH DTUX
METOA0B OTHOCUTEJIbHO HU3KA, U OLIEHKA UMMY-
HOJIOTMYECKON peakl MW 3aBUCUT OT MPOAYKIIUU
AHTUTEJ] U UX TUTPA, KOTOPbIE OOBIYHO WHAYIIU-
pYIOTCs, IO KpaliHEW Mepe, yepe3 HENEJI0 MOocye
uHbexkuuu S. Typhi, yTo AejlaeT HEBO3MOXHBIM
PaHHIO TWAarHOCTUKY C TTOMOIIbIO 3TUX METOJOB.
Kpome Toro, mnpoTuBOpeUrBbIE PE3yabTaTbl B OT-
HOIIEHUU CHEHU(PUUYHOCTU U YYBCTBUTEIBHOCTU
9TUX CEPOJOTMYECKUX TECTOB ObLJIU MPEICTABICH bl
B Pa3IUYHBIX SHAEMUYHBIX MO OpIOINIHOMY TUDY
paitonax [15, 16, 20, 21]. B 3Toif cBSI3M UMMYHOJIO-
TMYECKUE TECThI UCTIONB3YIOT AJI51 BBISIBJICHU ST XPO-
HUYecKMuXx bakTepuoHocuteneit S. Typhi, a He 60J1b-
HBIX B ocTpoit (paze. MeTon SPR nis1 obHapykeHuU st
S. Typhi elie He mpollesa MPoOBEePKY B MOJIEBBIX yC-
JIOBUSIX. MOJIEKYJISIPHO-TUATHOCTUYECKE METOAbI
Ha ocHoBe amrudpukauuu JHK metomom ITLLP
B peaJIbHOM BPEMEHU SIBJISIIOTCSI 60J1ee OBICTPBIMU,
crieUM(PUUYHBIMU U YYBCTBUTEJbHBIMU [3, 5, 10,
14, 17]. OnHako, orpanunyeHuem I[P B peanbHOM
BPEMEHU SIBJISIETCS TOTPEOHOCTh B JOPOTrOCTOS-
1eM o0opyIOBaHUM U BBICOKOKBaJUMPUIIMPOBAH-
HBIX crienuaaucrax. bojee mpuemMjaeMblM MOXKET
0Ka3aTbCsl METOJ, TETJIEBOU U30TEPMUUYECKON aM-
minbukanuu (LAMP), KOTOpbIi IIMPOKO UCTIOJb-
3yeTcs AJs1 OOHapyXXeHU I TaTOT€HOB B KJIMHUYEC-
KO NMAarHOCTHKE KaK ObICTPbIM, TOUHBIA U 3KO-
HOMMYHBIN MeTon [6, 18]. DTOT MeTOm MO3BOJSIET
sddektuBHo amrudunuposars JHK (mo 10°
konuit JHK-Muinenun), cneunduueckm u ObICTPO
(B TeueHue 60 MUHYT) B U30TEPMUYECKUX YCIOBUSIX
0e3 sIBHbIX Hecrienuduyeckux peakuii. Peakuus
LAMP nipocta B nmpoBeneHUU U TPeOyeT TOJBKO
MOAXOASIINX MpaitMepoB, moaumMepasbl Bst (JIHK-
noJimMepasa ¢ BBITECHSIOIEN aKTUBHOCTBIO) U BO-
JISTHOU OaHU UJIY TTPOCTOTO TepMOCTaTa, YTO AeaeT
aHaJM3 MOTEHIIMAJIbHO OBICTPBIM U MPOCTHIM MH-
cTpyMeHTOM oOHapyxeHus S. Typhi. IIpu Heobxo-
JTUMOCTHU NETEKIMIO0 MOXHO MPOBOAUTH B PeXUME
peabHOIo BpeMEeHU Ha 0oJiee CI0XKHbBIX Mpubopax,
Kak aTo nipuHsaTo aas [T P. bonee Toro LAMP no-
3BOJISIET TIPOBOAUTH OIpeaeieHUe B Oojiee cxkaTble
CPOKM, YKJIaJbIBasICh MeHee 4yeM B 60 MUHYT.

Ha maHHBIA MOMEHT B JIMTepaType OMNMCaHO
HECKOJIbKO Ha0opoB IpaliMepoB MAJisI BbISIBJIC-
HUS reHeTUudeckux mapkeposn S. Typhi B (popmare
LAMP [2, 7, 9]. HaHHbIe HAOOPHBI ITpaliMepoOB ObLIU
MPOTECTUPOBAHBI HA IITAMMAaX, XapaKTEPHBIX IJI5
Manaiizuu u Kuras.

Mbl B3siIM Ha cebsl TPyl OLIEHUTb OITMCaH-
HbI€ Bbillle BapuaHThl npaiitmepoB LAMP nns BbI-
saBaeHus wrtaMmoB S. Typhi, xapakTepHbIX I
Poccuiickoit @emepalinv, U CPaBHUTb MX YyB-
CTBUTEJABHOCTb U CHELUPUUHOCTh MEXAY COOOI,
a TaKXe C 3apEruCTPUPOBAHHOM A1MArHOCTUYECKON
cuctemoit Ha ocHoBe meTona [T P B peaibHOM Bpe-
meHn (ITLP-PB) «JIHK OM-Cxkpun-Xonepa/BbT-

PB» (BAO «CunTtoJ», Poccust (Ne P3H 2015/2865)),
C LIJIbIO OIpeNe/IEHU ST BO3BMOXHOCTHU MPUMEHEH U
metoguku LAMP B peanbHoM Bpemenu (LAMP-
PB) nis1 neneit KIMHUYECKON TMarHOCTUKU U DTTH-
JIEMMOJIOTUUECKOTro Haa30pa.

Matepuanbl n MeTobl

Xapakmepucmuka wmammos. JHK 30 mram-
MOB Salmonella enterica, npuHaajexammnx K 9 ce-
poJiormueckuM BapuaHTam (serovar): S. Typhi (20
IMTaMMOB BO30ymuTeneil OpiomHOro Tuda, BHI-
IeJeHHBIX Ha TeppuTtopun P®D), a Takzke BO30yI1-
Tesell caibMoHemie3oB S. Enteritidis (2 mramma
El425, ElI431), S. Typhimurium (2 mwtamma EI426,
El427), S. Newport (1 wrtamm EI429), S. Senftenberg
(1 mrramMm EI452), S. Kentucky (1 mramMm EI453),
S. Kottbus (1 mrramm), EI45), S. Muenchen (1 mramMmm
El454), S. Virchow (1 mramm EI424), a Takske
80mramMMoB OakTepuii23 pa3HbIX BUNOB (Escherichia
coli, Acinetobacter baumannii, Acinetobacter pittii,
Citrobacter braakii, Citrobacter diversus, Citrobacter
freundii, Citrobacter koseri, Enterobacter asburiae,
Enterobacter cloacae, Enterobacter kobei, Escherichia
vulneris, Hafnia alvei, Klebsiella oxytoca, Klebsiella
pneumoniae, Proteus mirabilis, Proteus vulgaris,
Pseudomonas putida, Pseudomonas mitroreducens,
Pseudomonas aeruginosa, Pseudomonas monteillii,
Shigella flexneri, Shigella sonnei, Stenotrophomonas
maltophilia), SBISIOIMINXCS BO3OYIUTEISIMUA OCTPBIX
KUIIEYHBIX WHAEKINH (IMUTEIIe30B UIN IU3CH-
Tepun). OctanbHble — Bo3oyauteaun MCMIT (mH-
dexnuu, CBsI3aHHBIC C OKa3zaHUWEM MEIMIIMHCKOM
noMoIin). Bergenexnre, TunupoBaHWe W MACIIOPTH-
3alldsl MITaMMOB (BKJIIOUasl ITOJTHOT€HOMHOE CeK-
BEHHMPOBaHMe) OBIJIM BBHITIOJTHEHBI HA Oa3e 1abopa-
TOPUU KUIIEUHBIX nHpeKIni 1 PedepeHc-ieHTpa
MO0 MOHUTOPUHTY 3a OpromHbiM TUdomM DOBYH
HWW snupeMuosorum 1 MUKpPOOMOIOTUU UMEHU
IMactepa (Cankr-IleTepOypr).

BunoByto naeHTUPUKAINIO MUKPOOPTAaHU3MOB
OPOBOIUJIN C MCIIOJIb30BaHMEM aBTOMAaTHUYECKO-
ro 6akrtepuosiornyeckoro anaauszaropa «VITEK-2
Compact» (bioMerieux, ®paHuns), a TakxXe Me-
TOIOM MAaTPUYHO-aCCOLIMMPOBAHHOMN Ja3epHON
IecCOpONM/UOHU3AIIN —  BPEMSIIPOJICTHOMN
macc-cnektpometpuu (MALDI-ToF MS) ¢ mo-
Moubio cuctembl «Microflex L'T» u nmporpaMMHO-
ro obecrreueHust «MALDI Biotyper v.30» (Bruker
Daltonics, I'epmaHus1) — 3HadYeHUs «Score» > 2,2
OBLIM WCHOJB30BaHBI B KadyeCTBe KPHUTCPHUS Ha-
IEeXHON HICHTUGUKAIIUN. AHTUTEHHYIO XapakK-
TEPUCTUKY IITaMMOB Salmonella spp. wu3ydyain
COTJIACHO MEUCTBYIOIIMM METOOMYECKHM YyKasa-
HUusaSM MY 4.2.2723-10 «JIabopaTopHast TMarHOCTHU-
Ka caJbMOHEIJIe30B, OOHapy:KeHUE CaJIbMOHEILT
B MHIIEBHIX MPOMYKTaX M OO0BEKTaxX OKpYyxXKaro-
1ieil cpeabl» ¢ AUATHOCTUYESCKMMU anacopOupo-
BaHHBIMU IIOJIUBAJCHTHBIMMA W MOHOBAJICHTHBI-

68



2024, T. 14, Ne 1

LAMP onsa netekuun S. Typhi

mu O- u H-cwiBoporkamu (PI'YIT CIToHMKMBC
«TETCAJI», 3AO «BKOmnab», Poccus).

In silico anaau3. AHanu3 yHUKaAJbHOCTU lieJie-
BBIX IOCJIEIOBATEIbHOCTEMN, NETEKTUPYEMBbIX Tpe-
M$ paccCMaTpuBaeMbIMU METOAMKAaMH Ha OCHO-
Be LAMP, npoBoauau MeTOAOM BbIpaBHUBAHUS
M TIOMCKa TOMOJIOTMYHBIX YYAaCTKOB B ITporpamMme
BLAST.

IMorick roMoJioruii 611 MPOBEAEH KaK Cpeiv FreHe-
TUYECKUX MOCJEN0BaTEIbHOCTEN 1IITAMMOB, COOpaH-
HBIX Ha TeppuTopuu PD, rpeacraBieHHBIX B KOJIJIEK-
uu PedepeHc-1ieHTpa MO MOHUTOPUHTY 3a OprOlI-
HbIM TUDoM PBY H HU M snmaeMuosioruu 1 MUKpO-
ouosoruu uMmeHu Ilactepa, Tak M MpeaCTaBISHHbBIX
B MEXXIyHapoaHOI reHeTuuyeckoi 6aze NCBI.

LAMP-PB. bbinu anpobupoBaHbl 3 Habopa
npaiMepoB, CTPYKTypa KOTOPBIX Obljda OIyOIu-
KOBaHa paHee. ApoOupyeMble TTpaitMepbl aMITIU-
dunupytor pparmeHtsl SalTypl — yyacTok reHa
STY1607 [2], SalTyp2 — yuactok rena STY2879 [7],
SalTyp3 — yuactokrenHa STBHUCCB_ 38510 mane-
poHa PapD [9]. IIpaiimMepsbl U AeTEKTUPYEMble UMU

MOCJEN0BaTEbHOCTU IMpeAcTaBjieHbl B TadJ. 1.
AMnaudukaluio MOPpOBOAUIU B pPeaKIIMOHHOMN
cMecH, cojaepxaBuiein 12,5 MK 2-KpaTHOI cMecu
«buoMactep LAMP SYBR Green» (Biolabmix,
HoBocubupck, Poccust), B coctaB KOTOpOI BXOJUT
Bst monumepasa, 40 nmons FIP u BIP npalimepos,
5 mmonb F3 u B3 npaiimepos, 20 nmonas LF u LB
(B SalTyp2 nBa mocienHux mpaiimMepa OTCYTCTBO-
Banu), 1 mMxa JHK. O0beM peakllMOHHON CMe-
cu gooauau go 25 mxa H,O (milliQ, Simplicity,
Millipore, CIIIA). IlpurotoBjieHUe peaKIIMOHHOM
CMECH OCYIIECTBJISIIM B OXJIAXIAOIIEeM IITaTHBeE.
Peaknuio npoBoauiin B amruinpukarope «CFX96
Touch 100» (Bio-Rad, Hercules, CIIIA) ripu 63°C
35 MmuH. PIOOPECLIEHTHBI CUTHAJI IeTeKTUPOBa-
au ¢ maroM B 1 MuH Ha kaHane FAM. B kauecTBe
oTpuuarteabHoro koutposis LAMP ucnonb3oBanu
H,0 (milliQ, Simplicity, Millipore, CIIIA).
Ilonoxcumenvuole  KOHmMpOAbHBIE — 00pA3UbI
LAMP-PB. B xadyecTBe MOJOXUTEIbHBIX KOH-
TPOJIbHBIX 00pa3loB ObIJIM CKOHCTPYUPOBAHBI
MJIa3MUIbl HA OCHOBE A€TEKTUPYEMBbIX MOCTIEN0 -

Ta6auua 1. MocnenoBaTenbHOCTU AETEKTUPYEMbIX Yy4acTKOB reHoB S. Typhi n npaiimepoB
ansa npoeeaexdus LAMP

Table 1. Sequences of target S. Typhi gene regions and primers for LAMP

MocnepoBaTenbHOCTU y4acTKa AeTekTupyemoro redHa Salmonella Typhi v onuroHykneotnpgos (3'-5°)

SalTyp1 Sequences of target Salmonella Typhi gene region and oligonucleotides (3'-5')
GACTTGCCTTTAAAAGATACCAGAGCCCGAATGACTCGACCATCAGGAACGAAGCCATCCGATAACTCCAAC
STY1607 TCTTCAGCAGCAAGTTTACCAGATAACTCCTCGGGAGCCTGGGGCCAAATGGCATTAACAAGGGTTTCAAGA
CTAAGTGGTTCACCAGCCTTACTTAGTGCATGTAAGTGTTCAAACGCACTCT
SalTyp1 F3 GACTTGCCTTTAAAAGATACCA
SalTypi1 B3 AGAGTGCGTTTGAACACTT

SalTyp1 FIP (F1c-F2)

AACTTGCTGCTGAAGAGTTGGA-CCGAATGACTCGACCATC

SalTyp1 BIP (B1c-B2)

CCTGGGGCCAAATGGCATTA-TGCACTAAGTAAGGCTGG

SalTyp1 Loop F (LF)

TCGGATGGCTTCGTTCCT

SalTyp1 Loop B (LB)

CAAGGGTTTCAAGACTAAGTGGTTC

MocnepoBaTenbLHOCTU y4acTKa AeTekTupyemoro reHa Salmonella Typhi u onuroHykneotngos (3'-5°)

SalTyp2 Sequences of target Salmonella Typhi gene region and oligonucleotides (3'-5')
GCCAAATTGTTTGACGAGATGATCACATCATCCATACACACACTTAGCTTGAGATCATGATGTTTGTTCAATCG
STY2879 GCGTAGTAAGCTACCAAAATAACTTTTATCTAAGCAGAGGGTTGCAAGTATTGGAGATTGAACAAAACCAAAA
GGGAGGACATGCTTATGTGGACTATGGGACAAGTTTCTTACAG
SalTyp2 F3 GCCAAATTGTTTGACGAGA
SalTyp2 B3 CTGTAAGAAACTTGTCCCATAG

SalTyp2 FIP (F1c-F2)

TACTACGCCGATTGAACAAACAT TGATCACATCATCCATAAACACA

SalTyp2 BIP (B1c-B2)

CTAAGCAGAGGGTTGCAAGTATT CCACATAAGCATGTCCTCC

SalTyp3

MocnepoBaTenbHOCTU yyacTka geTekTupyemoro reHa Salmonella Typhi v onuronykneotugos (3'-5')
Sequences of target Salmonella Typhi gene region and oligonucleotides (3'-5')

STBHUCCB_38510

TCTGGCACTCCTGTGCCTTAATCTTCCCTCTGCTTTTGCAGGTATTGTGGTCGGTGGAACTCGCGTCATTTTT
CATGGCAACGATCCTGACTCTACTATTTCTATTTACAATAAAGAAGTTGATTTGCCTTATCTAATACAAGTATGG
GTTGATCCTTTCAGTAAGGATGATAAGAGCAAACCACCTTTTACCGTCATTCCGCCTGTTTCTCGTCTTGAGC

SalTyp3 F3

CTGGCACTCCTGTGCCTT

SalTyp3 B3

GCTCAAGACGAGAAACAGG

SalTyp3 FIP (F1c-F2)

TAGAAATAGTAGAGTCAGG TTTTT GCTTTTGCAGGTATTGTGG

SalTyp3 BIP (B1c-B2)

TTGCCTTATCTAATACAAGT TTTTGTAAAAGGTGGTTTGCTCT

SalTyp3 Loop F (LF)

ATGAAAAATGACGCGAGTT

SalTyp3 Loop B (LB)

GTTGATCCTTTCAGTAAGG
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MHdekumns n uMmyHuTeT

BaTeJbHOCTEN, MpeacTaBleHHbIX B Tab. 1. C mo-
molnbio TP O6b11M moaydeHbl COOTBETCTBYIO-
mue pekomobmHaHTHBIe ¢pparmeHTsl JHK, ko-
TOpbIe najiee ObIIM KJIOHUPOBAHBI B MJIA3ZMUIY
«pGEM®-T Easy» (Promega, Madison, CIIA),
collepKalllylo TeH aMOUIUTJIMHOBONW YCTOMYU-
BOCTU — P-sakTtamasy. [11a3Muabl 661U TpaHC-
dopmupoBaHbl B Escherichia coli (Turbo cells)
(New England BiolLabs, BenukobputaHus).
PexoMOuMHaHTHBIE NJAa3MUIObl ObIIM OYMIIE-
HBI ¢ TToMoIIbI0o Habopa «Plasmid Miniprep kit»
(Zymo Research, CIIIA) u ncciaeqoBaHbl Ha Ha-
Jauyue MyTanuuii B KJioHupoBaHHbIX [TLIP dpar-
MEHTaXx C MOMOIIbIo Tpubopa A5k aBTOMaTHUYeC-
KOTO KaNuJJSIpHOTO cekKBeHuUpoBaHUusa <«ABI-
Prism 3100 XL» (Applied Biosystems, CIIIA).
Boisi oTOOGpaHBbI MJIa3MUIBI C OTCYTCTBUEM MY-
Taluii B 00J1aCTH MOCAaAKU MMpaliMepoB AJIsl MPO-
BeneHus peakuuu LAMP.

AHarumuueckas uyecmeumenvbHocms. AHa-
JIUTUYECKYIO YYBCTBUTEJBHOCTb OTPEASIsIIn
METOJIOM CepuliHbIX pa3BeneHuit. C aToil 1e-
JIbI0O KOHIIEHTPAIMM PEKOMOWHAHTHBIX I1JIa3-
MU OBIJIM M3MEPEHBI C TOMOIIBIO CIIEKTPOdO-
tomeTpa «NanoDrop OneC» (Thermo Scientific,
CHLIA). Ha ocHoBaHUM JOaHHBIX CIEKTpodo-
TOMETPUMU OBIJIM pacCUMTaHbl KOHIICHTPallUU
B KONUSIX/MJ C MCIOJb30BAHHEM MPOTPaAaMMBI
SciencePrimer (http://scienceprimer.com/copy-
number-calculator-for-realtime-pcr) u caeysaHbl
cepun pasBegeHuin 10’—100 konmuii/MKJI 15
KaxXaoi pekoMOuMHaHTHO#W nnasmunabl pGEM-
SalTypl, pGEM-SalTyp2 u pGEM-SalTyp3.
Jdna BapuantoB pGEM-SalTypl u pGEM-
SalTyp3 OblIM caeaHbl TaKXXe JOMOJIHUTEb-
HbIC pa3BEICHMU S AJISI ONIPEeAeIeHUS Mopora 4yB-
CTBUTENbHOCTU, cocTaBasiomue 80, 60, 40, 30
n 20 KO i1/MKJI.

AHasrumuueckas cneyugpuunocms. AHAIUTU-
YEeCKYIO0 CICHUMUYHOCTh M3yYaJu C ITOMOIIBIO
naHean ob6pasmoB JJHK, u3 mrrammos S. Typhi,
BBIJIEJIEHHBIX B pa3HbIe TOABI B Pa3HBIX PErMOHAX
Poccuiickoit @enepanum, a takxke JHK apyrux
OaKTepulii, BBI3BIBAIOIINX 3a00JIEBAaHMUS KUIIICU-
HUKAa U BHYTPUOOJIbHUYHBIC MH(MEKINU.

Cpasnenue memooux LAMP-PB u III[P-PB.
CpaBHUTEJIbHBIE HCCIeAOBaHUS pa3paboTaHHOM
metonuku LAMP-PB u metona ITILIP-PB npoBo-
UM C TIOMOIIBI0O Habopa peareHTOB HJIS BBISIB-
neHus S. Typhi metonom ITLIP B peasbHOM Bpe-
meHu «JIJHK OM-Ckpun-Xonepa/bT-PB» (3A0
«Cunromn», Poccust (Ne P3H 2015/2865), ucmonb-
3YIOIIET0 B KadyecTBE MMIIEHU yYacTOK JIOKyca
STY3672 S. Typhi. [1nst npoBefieHUs CpaBHUTEb-
HOTI'0 MCCJIeIOBaHUS IapauIe]IbHO TEeCTUPOBAaJIU
naHeab oOxapakTepu3oBaHHBIX ob6OpasuoB JIHK
n3 mramMMoB S. Typhi, a TakKe Ipyrux 0akTepuid,
BBI3BIBAIONINX 3a00JIeBaHUsI KUIIEYHUKA U BHY-
TPUOOJTBbHUYHBIE UHDEKIIUU.

Pesynbrarhl

In silico anaausz. JIns 1eneBoil mocyieaoBaTeb-
HocTu S. Typhi, neTekTupyemoii Habopom mpaii-
mepoB SalTypl BbISIBIEHBI TOMOJIOTH CpeIu psiaa
mtammoB E. coli: mitamm 90-9133 (CP042947.1),
mrtamm F16EC0617 (CP088374.1), mwtamm M-17
(CP068394.1), utamm H1998 (CP121347.1), mitamm
DLI.5a (CP103972.1), O78 mwramm 3 (CP084096.1),
mrtamM RIVM _C036569 (CP086627.1), mramMmm
18SCO5VL02-EC (CP063736.1), HITaMM
RHB30-C16 (CP057287.1), mramm RHB30-C17
(CP057281.1), muramm RHB30-C19 (CP055669.1),
mramm  RHB30-C20 (CP055945.1), 1utamm
RHBI14-C15 (CP057812.1), mrtamm RHBI14-C22
(CP057796.1), uramm CE0011 (CP119008.1), u3onsar
L4 _El1441 ETEC (LR883012.1) (puc. 1A). Takke
oOHapy>XeHa TOMOJIOTUSI ¢ T€HETUYEeCKOM mociie-
JIoBaTeJIbHOCThIO OakTepuodara Caudoviricetes sp.,
usonar cteI'N1 (BKO021514.1). s ueneBoil mo-
cnepoBatenbHocTu S. Typhi, gerektupyemoii Ha-
6opoMm tpaiimepoB SalTyp2, BBISIBIECHBI T'OMOJO-
ru cpeau mtammoB E. coli mramm Z0117EC0133
(CP098183.1), uramMm JLO5 (CP049936.1) u murtamm
EcPNKO004 (CP071439.1) (puc. 1b). dns ueneBoit
nocienoBateabHoctu S. Typhi, aeTekTupyemoii
HabopoMm npaiimepoB SalTyp3, coBnageHUit ¢ u3-
BECTHBIMU LITAMMAaMU IPYrUX MUKPOOPraHMU3MOB
HE BBISIBJICHO.

Kpowme Toro, 66171 pou3BeaeH MOUCK TOMOJIOTU i1
Cpeau TeHETMYCCKUX MOCIeIOBATSIbHOCTEN KOJI-
nexkunoHHbIX mrramMoB BYH HUMUM snunemuo-
Joruu U MukKpodbuosoruu wumeHu Ilacrtepa.
Jnsa neneBoit mocienoBaTenbHocTu S. Typhi, ne-
TeKTUpyemoii Habopom mpariimepoB SalTypl BbI-
sIBJIEH (pparMeHT C BBICOKOU CTEMEeHbIO TOMOJIOTUU
B TCHETUYECKOIl IIOCIeAOBAaTEIbHOCTH IIITaMMa
E. coli E10304, xoTopsiii conepxana 202 uaeHTUY-
HBIX HYKJEOTUIHBIX OCTaTKa, OJHAKO He Mepe-
KpbiBaJica npaiMmepom F3 (puc. 1A). Jas meneBoit
nocaenoBareabHOCTH S. Typhi, neTekTupyemoii Ha-
o6opom nipaitmepoB SalTyp2, Obla BbISIBJAEH MPaKTU-
YECKU TTOJITHOCTHIO TOMOJIOTUIHBIN (DparMeHT B Te-
HETUYECKOU MocjaeqoBaTeIbHOCTU TamMmMa E. coli
EI10386 (puc. 1b). OTianyus 3aKa104ainuch B OMHOM
HYKJeoTuae Ha 5'- u 3'-KOHIIaX COOTBETCTBEHHO.
Takue He3HAUUTEIbLHBIC OTIUINS, OUEBUITHO, MO-
TYT IPUBOAUTH K BOSHUKHOBEHUIO JIOKHOTIOJIOX U -
TEJILHOM peaKIInu.

s ueneBoit mocaenoBatesbHocTu S. Typhi,
IeTeKTupyeMoit Habopom mpaiimepoB SalTyp3,
OBLT BBISIBJICH TOMOJIOTMYHBIN (pparMeHT B Tre-
HETMUYECKOW  TIOCJIeIOBATEJIbHOCTU  IITaMMa
Escherichia coli E10274, conepXaBIIWi UASHTUY-
Hble 175 m3 221 HYKJIEOTHUOOB IIeJIEBOIM ITOCIIEe-
noBateqbHOCTU (puc. 1B). OmHako OH He mepe-
KpbiBajcsa npaiimepoMm B3, uTo mo3Bosnao npen-
MOJIOXKUTH OTCYTCTBUE KpOCC-peaKIUU C ITUM
I TaMMOM.
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Anarumuueckas uyecmeumenvHocms. s Ha-
0opa nparimepoB SalTyp2 aHanuTHyecKkasi YyBCT-
BUTEIBHOCTh cocTaBuya 10° Komuil B peakiivio,
B TO BpeMs Kak 1js1 HabopoB SalTypl u SalTyp3 no-
pOr aHAJIUTUYECKON UYBCTBUTEIBHOCTU COCTABU
20 xonuii B peakuuio (puc. 2).

PesynpTaThl HalIMX MCCIAEIOBAHMU MOKa3aju,
4TO yBEJIMYEHUE BpEMEHU peakLnu ¢ 35 10 60 mu-
HYT He BJMSIET Ha YYyBCTBUTEJIbHOCTh. Bce moso-
KUTEJbHbIE 00pa3libl 1eTeKTUPYIOTCS 10 30 MUHY-
Thl. TakuM obpazom, aHanus metogom LAMP-PB
3aHMMAaET 4YyTh OoJiee rojayyvaca.

Cpasunernue memooux LAMP-PB u IT11]P-PB. Ana-
Ju3 xapaktepuctuk meronuku LAMP-PB Ha ocHO-

SalTyp1

Be HaOopa npaitMepoB SalTyp3 nokazaa oTCyTCTBUE
JIOKHOTIOJIOKUTEJIbHBIX PEe3yJIbTaTOB IIPU TECTUPO-
BaHuu JHK 1mtaMMoOB reTeposIoruuHbIX OaKTEepU il
(90 06pasuoB 24 BUA0B) CHOPMUPOBAHHOI ITAaHEITH.
ITpu stom Bce ob6pasusl JHK mrammon S. Typhi
JIETEKTUPOBAJIUCh KaK MOJIOXUTEeJAbHbIe (Taba. 2).
Hnsa mramMma Escherichia coli E10274, B KoTopoMm
npu in silico aHau3e ObLJ BBISIBJIEH (DparMeHT C ya-
CTUYHOI TOMOJIOTHE K 1IeJIeBOMY Y4YacTKy TreHa
STBHUCCB_ 38510, ObJIO MOATBEPXkKIEHO OTCYT-
CTBHE HeCTIeIIM(DUIECKOTro CUTHaIa.

B To Xe BpeMs Ipu CKpUHUHTE ITaHeJu Habo-
pom peareHToB OM-Ckpun-Xonepa/BT-PB (3AO
«CHHTOJ1») BBISIBJEHO BOCEMb JIOXHOMOJOXUTEIb-
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PucyHok 2. fletekuus pnioopecueHTHOro curHana peakuum LAMP-PB Ha npu6ope «CFX96 1000 Touch»

AnﬂOHDEAeﬂeHMHaHanMTquCKOﬁquCTBMTeﬂbHOCTM

Figure 2. Detection of LAMP-RT fluorescent signal on the “CFX96 1000 Touch” to determine analytical sensitivity
Mpumevanue. Ocb Y — OTHOCUTESbHbIE eanHULbI dryopecueHumn (RFU), ocb X — MUHYThI. Pa3BefeHuns B KONUSX B peakL o

nokKa3aHbl N4 KaXX40ro sapmnaHta HpaMMepOB.

Note. Y axis — relative fluorescence units (RFU), X axis — minutes. Copy dilutions per reaction are shown for each primer variant.
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TaGnuua 2. CpaBHeHue meTogmuk LAMP-PB Ha ocHoBe ceTa npaimepoB SalTyp 3 u MNLP-PB
(OM-CkpuH-Xonepa/BT-PB (3AO «CuHTON»))

Table 2. Comparison of LAMP-RT method based on the SalTyp 3 primer set and RT-PCR (OM-Screen-Cholera/BT-RT
(JSC Synthol))

€ c|l. = S cle
Bupg Wramm E, E. o. ©| Bup LWrtamm E, Eh on ©| Bup Wramm E, E o. ©
Species Strain % % 5 S Species Strain % % S S Species Strain % % 5 S
< i a o < i a o < i a o
- - -
A. baumannii 16-60 - - 14-1009 | - - 16-465 - -
A. pittii 19-2 - - 20-226 - - |S. enterica 18-504 - -
16-93 - - 20-227 - - 19-235 - -
14-488 - - 20-238 - - _|S. enterica El425 - -
14-494 - - 20-239 - — | ser. Enteritidis El431 - _
p S. enterica
C. braakii 14-579 - - 20-240 - ~ |ser. Kentucky El453 - -
S. enterica
16-119 - - 20-241 - = | ser. Kottbus El455 - -
C. diversus 14-64 - - 16-48 | - | - |S:enterica EM54 | - | -
) ser. Muenchen
E. coll S. enterica
B 19-245 - - 15-158 - = |ser. Newport El429 - -
C. freundii S. enterica
15-1097 - - 22-574 - ~ |ser. Senftenberg El452 - -
C. koseri 14-78 - | - 22575 | - | - EI332 | 6,8 [ 21,1
E. asburiae 14-575 - - 22-576 - - EI333 6,4 |20,9
14-75 - - 22-577 - - EI334 6,5 (20,4
E. cloacae 14-92 - - 22-578 - - EI335 6,3 (20,3
14-478 - - 20-251 - - EI336 6,7 (20,5
14-591 - - 20-253 - - EI337 6,4 | 21
4-3 - 272 20-254 - - EI338 6,8 (20,3
4-6 - |26,5|E. kobei 14-572 - - EI339 6,3 (20,3
4-8 - | 26,6 | E. vulneris 15-233 - - EI340 70 | 277
4-9 - |287 H. alvei 14-555 - - |S. enterica EI341 6,5 (24,3
4-13 - 29,0 " 16-278 | - — | ser. Typhi EI342 6,6 [23,3
4-15 - | 277 14-551 - - EI343 6,4 |23,2
30316/23 | - |26,2|K. oxytoca 14-554 - - ElI344 6,3 |22,3
ElI274 - - 14-592 - - EI345 6,4 | 31,2
72/1 - - 17-508 - - EI346 6,7 | 21,1
72/2 - =1 k. pneumoniae 17-532 - - EI347 6,3 | 21,3
19-119 - - 14-559 - - EI348 6,4 | 251
14-640 - - 14-558 - - EI349 6,1 |22,6
20-228 - - 16-77 - - EI131 71 [ 311
14-860 - - | P. aeruginosa 14-576 - - EI132 6,4 | 28
E. coli 14-666 - - 16-61 - - |S. enterica El426 - -
14-432 - - 17-133 - — | ser. Typhimurium | EI427 - —
. enteri
20-229 | - | - o 17151 | - | - gef Vﬁcﬁsw El424 - |384
225 = [ = |P-mirabilis 12102 | - | - 18275 | - | -
20-230 - - 17-147 - - | S. flexneri 19-374 - -
20-231 - - 17-117 - - 19-375 - -
14-831 - - | P. mitroreducens | 14-581 - - 16-116 - -
14-848 - - | P. monteillii 14-591 - - | S. maltophilia 14-515 - -
14-477 - - | P. putida 14-574 - - 16-190 - -
15-1153 - — | P. vulgaris 14-582 - - 19-135 - -
16-292 - - 22-4 - - | S. sonnei 19-140 - -
15-681 - ~ 5. enterica 18-488 - - 18-670 - -
14-549 - - ) 22-9 - - |K+ 54 | 31,6
14-788 - - 16-401 - - |K- - -

MpumeyaHue. YucnenHble 3Ha4EHS B Cyyae NoNOXUTENbHON peakLmmy npeacTasneHs MuHyTamu ans LAMP-PB v noporoseiMy umknamm (Ct) ans MLP-PB.
Note. Numerical values for positive reaction are presented in minutes for LAMP-RT and threshold cycles (Ct) for PCR-RT.
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HBIX pe3yabTatoB (ceMb oOpasuoB JHK mrammoB
E. coli v onun obpazen JHK u3 mrtamma S. enterica
serovar Virchow ObIJIM J€TEKTUPOBAHbI KaK MO3U-
TuBHBbIE. [Ipu 3TOM BCce 00pa3ubl mTaMMoB S. Typhi
TakXke JeTeKTUPOBAJUCh KaK IIOJIOKUTEIbHbIE
(Tadu. 2).

O6cyxaeHne

In silico ananu3 HaAO60pPOB IIpaliMepoOB I
LAMP moka3sai, 4yTo Tojibko Habop SalTyp3 06-
JajgaeT CTPOroi crenu(pUIHOCTBIO B OTHOIIIE-
Huwn Salmonella enterica serovar Typhi. JIns Ha6o-
poB SalTyp 1 n SalTyp 2 nmoka3aHa BO3MOXHOCTb
JIOXKHOITOJIOXKHUTEIIBHBIX pPEaKIMit ¢ HEKOTOPBI-
MU mrTamMMmaMu E. coli, 9T0, BepOosITHO, 00yCIOB-
JIEHO MeXBUAOBBIM apeiidom renoB STY1607
n STY2879 BciaeacTBue IIJIACTUYHOCTH TEHO-
Ma OakKTepWil TpPyINbl KHUIIEYHBIX WHMEKIINA.
JlaHHOe TpenIoJoXKeHNe ITOIKPEeIJIeHO Tec-
TUPOBAaHUEM pPa3JIMYHBIX HAOOPOB IIpaiiMepoB
st LAMP nHa manenu JJHK u3 romonoruuyHbix
(mramMmebl S. Typhi) 1 TeTepOTOTUYHBIX IITAMMOB
OakTepmit 27 BunoB. [1py 3TOM TOJIBKO IJIsT HA0O-
pa SalTyp 3 mokazaHO OTCYTCTBME JIOSK HOITOJIOX M~
TEJIbHBIX peaKIIMii, YTO MTO3BOJISICT HAM PEKOMEH-
JIOBaTh MMEHHO 3TOT BapUaHT IMpaiiMepoOB IJIs Ae-
Tekunu S. Typhi. Beicokast cnennnpuaHOCTH Bapu-
aHTa npaiimepoB SalTyp 3 BepossTHO 0OyciOBIeHA
BBIOOPOM B KadeCcTBE MUIICHHU (parMeHTa TeHa
STBHUCCB_38510, MmeHee CKJIOHHOTO K MEXKBU-
IOBOMY TeHeTH4YecKoMy npeiidy. Tem He MeHee
MOJIHOCTBHIO NCKJIIOUYUTH BEPOSITHOCTHh TaKOTO TIE-
peHoca HEeBO3MOXKHO, YTO TpeOyeT maJabHEHIIero
N3y4YCHUS.

Ha ocHoBe CTpyKTyphI Tpex HaOOpOB ITpaiime-
poB nng BeigBieHus JHK S. Typhi namu Oblia
pa3paboraHa metoguka LAMP ¢ ucronb3oBaHuem
nHTepKanupyoiero kpacureas SYBR Green I,
TMO3BOJISIOIIETO ITPOBOMUTH YUYET PE3yJIbTaTOB B pe-
aJbOM BPEMEHU C HCITOJIb30BAaHUEM CTaHIAPTHOTO
ob6opynoBaHus ajs [1LIP-PB. I1pu 3ToM B KauecTBe
peareHToB as nposeneHuss LAMP-PB namu Obin
ucrnoJib3oBaH Habop «buoMactep LAMP SYBR
Green I» (Biolabmix, HoBocnoupck, Poccust), comep-
Xareit Bst-monmumepa3sy. st OLIEHKM aHaJTATHYC-
CKOIT YYBCTBUTEIBHOCTH OBIIM CKOHCTPYHWPOBAHBI
peKOMOMHAHTHBIE KOHTPOJBbHBIE 00pa3Iibl, COMEP-
JKalre COOTBETCTBYIOIINE KaxKIOMY HabOpy mpaii-
MepoB (pparMeHTHI IeTEKTUPYeMbIX TeHOB S. Typhi.

M3MmepeHHasi ¢ MOMOIIbIO TUX 00Pa3l0B YYBCTBU-
TeabHOCTh MeTonuku LAMP-PB B nHameit monu-
dukauum cocraBuia 10° konuii B peakuuio (10° xko-
MUii/MJI B UICXOJIHOM 00pa3slie) st Habopa mpaiime-
poB SalTyp2 u 20 xonuii B peakluio 1Jisi HAOOPOB
SalTypl u SalTyp3 (2 x 10* Konuii/MJ1 B UCXOTHOM
obpasue). I[Ipu a3TOM BpeMs MpoBeaeHUsl peaKluu
COCTaBWJIO 35 MUH. AHAJIMUTUYECKAsT YYBCTBUTEb-
HOCTb JJisi HabopoB npaiimepoB SalTypl u SalTyp3
corjacyeTcss ¢ JUTEepaTypHbIMU JaHHbIMU [7],
B KOTOPBIX aHaJIUTU4YECKass 4YYBCTBUTEIbHOCTb,
U3MEpPEeHHasi CXOOHBIM CIOCOOOM, COCTaBJsSET
15 xonuii B peakuuto. s Bapuanta SalTyp2 uyB-
CTBUTEJBHOCTh OKa3ajJach CYIIECTBEHHO HUXKe
NpuBeIeHHOUW B juTeparype [7], 4TO BEepOSTHO
CBSI3aHO C HEONTUMAJIbHBIM IJII JaHHOro Habopa
npaiiMepoB COCTAaBOM KOMMEPUYECKOU peakIIMOH-
HOI cMecHu.

CpaBHUTENbHBIM TecTUpoBaHeM LAMP-PB c Ba-
puaHTOM TpaiimMepoB SalTyp3 u Habopa peareHTOB
«OM-Ckpun-Xonepa/BT-PB» HaocHoBe meTona ITL[P
B peaJIbHOM BPEMEHM IOKa3aHO, UTO 00€ METOAUKU
MO3BOJISIIOT BBISBIATH Bce oopasubl JAHK u3 mram-
MoB S. Typhi, aktyanbHbix 111 Poccuu. Ipu aT0M Ha-
0op peareHToB «OM-CkpuH-Xosepa/bT-PB» umeer,
MO0 TaHHBIM Pa3pabOTUMKOB, OOJIBIIYIO AaHAJIUTUYEC-
Ky10 4yBCTBUTEIbHOCTh (10° KOmuii/Ma HCXOTHOTO
o6pasua). OgHako 8 obpasuoB JHK u3 rereposio-
TUYHBIX LITAMMOB JaHHBIM HaOOPOM ObLIU AETEK-
TUPOBAHbI KaK MoJjoxuTeabHble. [Ipu aToM 7 o6pa3z-
uoB gaBistauck JIHK u3 mrammos E. coli, a 1 — JHK
u3 mtamma Salmonella enterica serovar Virchow. Takum
00pa3oM MOXHO 3aKJIIOYUTh, YTO JAHHBIE IITAMMbI
u Salmonella enterica serovar Typhi nMelOT B cBoeM
T€HOME PsiJ OOLIMX FOMOJIOTUYHBIX TOCIenoBaTe/b-
HOCTEW, Haau4re KOTOPbIX MPUBOMUT K IMOSIBJICHUIO
JIOXKHOTOJIOKUTEJIbHBIX PE3YJIbTaTOB, a BIOOD pa3pa-
OOTUYMKaMM Habopa B Ka4yeCTBE MUIIEHU (hparMeHTa
reda STY3672 S. Typhi He siBj1sIeTCS ONTUMAIbHBIM.

bpromHoit Tud gBasieTcs couralbHO OMaCHbIM
3a00JieBaHUEM, XapaKTepusyrlnumcs dekaabHO-
OpaJIbHBIM MEXaHWU3MOM Iepeaayu.

i ycneurHoro anuaeMUuOJI0TMYECKOro KOHTPO-
J1s 3a uupkyasinueii S. Typhi, ToOMUMO 1MarHOCTUKU
OprolHOro THdhAa UJTU €r0 XPOHUYECKOI'O HOCUTEbCT-
Ba y JIIO/Ieil, HEOOXONMM W MOHUTOPUHI OOBEKTOB
OKpYyXKarollei cpeaibl (CTOUHbIE BOAbI, MUILIEBbIE TPO-
IYKTHI U T.1.). B 9TOl CBSI3U HaJIMuue COBPEMEHHBIX
CPEICTB MOJICKYISIPHON AMArHOCTUKU, MO3BOJISIO-
mmx onepatuBHO BbIABIATH [JHK S. Typhi, moxeT

Ta6nuua 3. Xapaktepuctuku metogoe LAMP u MLP B peansHom BpeMmeHu npu 95% noseputesibHoM

uHtepeane (Cl)

Table 3. Characteristics of LAMP and real-time PCR methods with 95% confidence interval (Cl)

MeTtopuka YyBCTBUTENBHOCTb, % 95% Aun CneundunyHocTtb, % 95% An

Method Sensitivity, % 95% ClI Specificity, % 95% ClI
LAMP 100 83,2-100 100 96,7-100
PCR 100 83,2-100 92,7 86,2-96,8

74



2024, T. 14, Ne 1

LAMP onsa netekuun S. Typhi

CYILIECTBEHHO OO0JIErYuTh IIOCTaBJIEHHYIO 3ajauy.
Hame uccinenoBanue nokasaso, 4yto meron LAMP-
PB, paBHo kak u meton ITL[P-PB, o6i1anatoT npuemM-
JIeMOM aHAJTUTUUYECKON YYBCTBUTEIBHOCTBIO U MOTYT
OBITh WUCIOJIb30BaHbI JJIsI MOAOOHBIX UCCAEIOBAHUIA.
Crenyet OTMETUTb, OMHAKO, UTO BhIsABAeHUE 5. Typhi
TpeOyeT TIpPOBeNeHMsI KOMILJIEKca OIlepaTUBHBIX
MOPOTUBOANMUAEMUYECKUX Mepornpusatuiti. IloaTomy
KPOCC-pEaKTUBHOCTh MOJIEKYJISIPHBIX JMarHOCTU-
KYMOB [JIS1 BBISIBJEHUSI TE€HETMUYECKUX MapKepoB
S. Typhi (0COGEHHO B OTHOLLIEHUU TeTePOJOrMYHBIX
MUKPOOPraHU3MOB <«KMIIEYHOH TpYyIMIbl») MOXET
NPUBOAUTH K HeXeJdaTelbHbIM COLIMAaTbHO-9KOHO-
MUYecKUM mnocieacTBusaM. C Leablo HUCKJIIOUEHU S
JIOXKHOTIOJIOKUTEJIbHBIX PE3YJIBTATOB 1IeJeCO00pa3HO

OJHOBPEMEHHOE MPUMEHEHNE HE MeHee IBYX MO-
JEKYISIPHBIX JUArHOCTUKYMOB, JETEKTUPYIOLINX
(dparMeHThI pa3inyHbIX reHoB S. Typhi. Hanuuue ke
(eHOMeHa TOPHU30HTATLHOIO MEXBUI0OBOIO MEPEHO-
ca NeHOB MEXIy OaKTepUsIMU «KUILEUHON TpyMmbl»
TpeOyeT MpOBEAEHUsI MOCTOSIHHOIO TIeHETUUYECKOIo
MOHUTOPUHTA BO30OYIUTEEN OCTPBIX KUILIEUHBIX MH-
ekl U peryJsspHoOil akTyaJau3alMU CTPYKTYpPbI
npaiiMepoB B UCHOJIb3YEMbIX CPEICTBAX MOJEKYISIP-
HOW AUArHOCTUKM.

bBnarogapHocTn

Pabora BBITIOJIHEHA B paMKax peaju3aluu
denepanpHoro nmpoekra «CaHUTAPHBINA LIIUT».
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TEPANMUAN Y BOJIbHbIX C BIMEPBbIE
BbIABJIEHHbIM UHOWUJIbTPATUBHbLIM
TYBEPKYJIESOM JIETKUX C AKTUBHOCTbIO
GEPMEHTOB NYPUHOBOIO METABOJIMSMA

U YUCJIEHHOCTbIO nonynaumn imnMmeoouuToB
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Pe3iome. MOHUTOPUHT aKTUBHOCTH BOCIIAIUTEIBHOTO TIPOLIEcca, CyOmomyasinuil TuMQOoIMTOB MOXET YXe Ha paH-
HHX 3Tarnax JIeIYeHUsI TIOMOYb OLIEHUTD 3P DeKTMBHOCTh MHTeHCUBHOMU (assl Tepanun (MDT). Llens nccnenoBaHms —
OTIPEICINTD CBSI3b U3MCHEHU S KOHIIEHTPAIIUM U aKTUBHOCTH (PePMEHTOB, CBSI3aHHBIX C METaOOIM3MOM ITYPHHOB,
1 CyOTOMyISIIMOHHOTO cocTaBa TMMGOIUTOB KpoBH ¢ 3¢ dekTuBHOCTHI0 UDT y O0NBHBIX C BIIEPBHIEC BHISIBICHHBIM
MHOUIBTPATUBHBIM TyOepKyie3oM jerkux (UTI). Mamepuaasr u memode. Y 141 obGcienoBaHHOTO OOJIBHOTO C Be-
pudbunrpoanubsiM auarno3oM UTJI pesynbraret UDPT npenctaBieHbl B CASAYIONIUX IpagalusX: «3HAYUTEIbHOE
yAy4lIeHe» — UCUe3HOBEHUE CUMIITOMOB MHTOKCUKAIINH, a0allMJIMPOBAaHKE, 3aKPBITUE ITOJIOCTEN pacraja; «Me-
Hee BbIpaXkeHHOE YJIy4dllleHue» — JIMKBUAALMS CUMIITOMOB MHTOKCUKAIIMHY, adalluIMpOBaHKe, BhIpakeHHOE pac-
cacblBaHUE 0YAaroOBbIX U MHMUIBTPATUBHBIX U3MEHEHU 1, yMEHbIIIEHHE MTOJoCTel pacnana. OueHuBalIu aKTUBHOCTh
aJIeHO3MHAe3aMUHa3bl B CIBOPOTKE KpoBU (€eADA-1, 2), MOHOHYKJIeapax U HEMTpoduaax, KOHLUEHTPALMIO 3KTO-5'-
Hykieotuaassl (eNTSE) B ceiBopoTke kKposu, CD26 (DPPIV) B chiBopoTKe (S, pacTBopuMasi hhopMa) 1 MOHOHYKJiea-
pax (m, meMOpaHHas hopma), CyOIOnyIsIIMOHHBII cocTaB TUMMOIIUTOB. Pezyasmamst. Y 6onbHBIX MU TJI BeIsIBICHO
yBennueHue KonueHTpauuu eNTSE, mCD26 (DPPIV), akruBHoctu eADA-2 1 HAIIPOTUB, CHUXEHNE BHYTPUKJIETOU-
Hoii aktuBHOCTU ADA-1. B X016 UDT oTMeuanoch nosbienue KonueHTpauuu sCD26 (DPPIV) B rpymie «<MeHee Bbi-
paxkeHHOE yIydIlIeHre». Mccmemyemble TPYIIBI pa3Indainuch M0 KOTuuecTBY TuMbonnToB 1 nose CD3*CD8" mum-
(ouutos. Kpome Toro, aktuBHOCTb eADA-2, 6071ee BbicOKas y O0JIbHBIX TPYIIIbI «MEHEE BBIPAXXEHHOE YJIyUIlIEHUE,
etre Bo3pocia nocie UDT, yero He HaOM0AaI0Ch Y OOJBHBIX TPYTITIBI «3HAYUTENbHOE yyulieHne». KoHieHTpaus
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mCD26 (DPPIV) 6bl11a Bbiliie y G0JBHBIX TPYIIIBI «3HAYUTETbHOE YIYUIIEHNUE» 10 Hauaia Teparuu, U, XOTs B TPy TIe
«MeHee BbIpakeHHoe yaaydiieHue» nmocie UDPT aToT nmokazaresib yBeIUUMJIICH, OH BCE Ke OCTaBaJICS HUXE, YeM B TPYII-
ne cpaBHeHus1. 3akatouenue. Takum oopasom, ucxon UDT y 6onbabix MU TJ cBsI3aH ¢ pacnpeaeaeHUeM MO YIS
T-nuM@OLMTOB B KPOBU M U3MEHEHNEM aKTUBHOCTU (PepMEHTOB MypuHOBOro Metabonusma. Mccnegosanue eADA-2,
CD26 (DPPIV) B MmeMOpaHHO#M 1 pacTBOPUMOIi (hopMax U oTHOCUTENbHOE KostnyecTBo CD3*CD8* T-nmumdonntos
B niepucepruecKoil KpoBU Ha PAaHHUX 3TAnax Tepanuu MOXeT JaTh HEOOXOAMMYI0 MH(MOPMAILIUIO 7151 KOPPEKIIUU
MepCcoHaIN3UPOBAHHON MaTOreHeTUYeCKOM Tepanuu 00JbHbIX BIiepBble BhisiBaeHHBIM U TJI.

Karoueesnie caosa: ghepmenmol nypunoeo2o memaboausma, NONYASUUY AUMPOUUMO8, UcXo0bl mepanuu, mybepkynes.

RELATIONSHIP BETWEEN THE OUTCOMES OF INTENSIVE PHASE THERAPY IN PATIENTS WITH
NEWLY DIAGNOSED INFILTRATIVE PULMONARY TUBERCULOSIS AND ACTIVITY OF PURINE
METABOLISM ENZYMES AS WELL AS CD3*CD8* LYMPHOCYTE LEVEL

Dyakova M.Ye.?, Serebryanaya N.B.®!, Esmedlyaeva D.S.?, Yablonskiy P.K.*?

@ St. Petersburg State Research Institute of Phthisiopulmonology, St. Petersburg, Russian Federation

b St. Petersburg University, St. Petersburg, Russian Federation

¢ Institute of Experimental Medicine, St. Petersburg, Russian Federation
¢ 1. Mechnikov North-Western State Medical University, St. Petersburg, Russian Federation

Abstract. Monitoring activity of inflammatory process and lymphocyte subsets can help assess the effectiveness of intensive
phase therapy (IPT) already in the early stages of treatment. The goal is to evaluate changes in the concentration and
activity of enzymes associated with purine metabolism and peripheral blood lymphocyte subset composition, and
to determine their relationship with IPT effectiveness in patients with newly diagnosed infiltrative pulmonary tuberculosis
(IPTb). Materials and methods. In 141 IPTb patients, the IPT data were presented as follows: “significant improvement”
(SI) — disappearance of intoxication symptoms, abacillation, closure of decay cavities; “less pronounced improvement”
(LMI) — eliminated symptoms of intoxication, abacillation, pronounced resorption of focal and infiltrative changes,
reduction of decay cavities. We assessed the activity of adenosine deaminase in blood serum (eADA-1, 2), mononuclear
cells and neutrophils, the concentration of blood serum ecto-5-nucleotidase (¢HTSE), CD26 (DPPV) in blood serum (s,
soluble form) and mononuclear cells (m, membrane form), subpopulation composition. Results. Patients exhibit increased
concentrationsof eNTSE, mCD26 (DPPIV) and eADA-2activity, and decreased intracellular ADA-1 activity. Inthe “LMI”
group, after IPT, an increased sCD26 (DPPV) level was noted. The groups differed in lymphocyte counts and percentage
of CD3*CD8* cells. eADA-2 activity was higher in the LMI group and increased after IPT, in contrast to comparison group.
mCD26 (DPPIV) concentrations are higher in PD patients before therapy and after IPT. Conclusion. Thus, the outcome
of IPT in IPTb patients is associated with altered T-lymphocyte populations and severity of the inflammatory process.
Studying the activity of membrane and soluble eADA-2, CD26 (DPPIV) and percentage of CD3*CD8" T-lymphocytes
in the early stages of therapy can provide the necessary information for correcting personalized pathogenetic therapy
of patients with newly diagnosed IPTb.

Key words: purine metabolism enzymes, lymphocyte population, the outcomes of therapy, tuberculosis.

BeeneHuve 0co000e BHMMaHME B IOCJIEAHEE ASCITUIICTHUE ITPU-
BJCKAeT aJCHO3UH — IPOTUBOBOCIIAIUTEIbHBIN

Crneuuduueckoe BocnajeHue Mpu TyoepKyje3e  IMypPUHOBBIN peryastop. M3BecTHO, YTO aaeHO3UH
BO3HMKAET B pe3yJbTaTe CIOXHOIO MHOroasHo-  MOAYJMPYET MHOTOYMCICHHBIE OWOJIOrUYECKUe

ro OTBeTa, HAIPaBJIEHHOro Ha 3alllUTy OPraHu3-
Ma oT Mycobacterium tuberculosis, oriocpeanyeMoro
B3aUMOJEUCTBUEM MEXAY UMMYHHBIMU KJIETKAMU
U pacTBOPUMBIMU MeauatopaMu. DpHEeKTUBHOCTh
3alIMTHBIX UMMYHHBIX peaklluii Mpu TyoepKyae3e
CYILIECTBEHHO 3aBUCHUT OT OIpPEAeJEeHHbBIX CyOIo-
nyassuuid T-numdbonutos [24]. MOHUTOPUHT akK-
TUBHOCTU BOCIAJUTEJIbHOTO Mpollecca, CyoroIy-
JSUUR TUM@OLMTOB MOXKET YK€ Ha paHHUX dTanax
JIEYEHU 51 TIOMOUYb OLIEHUTh 3P GHEKTUBHOCTb UHTEH-
CUBHOM (ha3bl MPOTUBOTYOEPKYJe3HOM Tepanui [1,
2, 35].

Cpenu MenuaToOpoB, pPEryJupyloluXx aKTHUB-
HOCTb BOCHAJIUTEJbHBIX KJETOK W JUMQOLIMTOB,

(yHKIIMM TIOCPEACTBOM CBSI3bIBAHMSI C YEThIPb-
Ms crienuduueckumu peuernrtopamu Pl-tuma (Al,
A2A, A2B, A3). AneHO3MH B OCHOBHOM CHUHTE3M-
pyeTcss BHYTPUKJIETOUHO, HO TakK>Ke BBICBOOOXK1a-
€TCSI C MOMOIIbIO HYKJICO3UAHOIO TpaHCIopTepa
ENT [26]. Tak:ke aieHO3MH 00pa3yeTcs BHEKJIETOU-
Ho u3 AT®D yepes Tpanchopmanmio 1o AM®D kacka-
oM 3KToHYyKJeoTuaa3d CD39 (3KTOHYKICO3UATPU-
docharnudochorunaponaza NTPD-ase) u CD73
(3KTO-5'-2KTOHYKJIEOTHUAA3a), M Je3aMUHUPOBa-
HueM AM® 1o MHO3MHA aAeHO3MHAC3aMUHA30M
(ADA). BHekJIeToOUHbIE KOHIICHTPALIUU aJeHO3MHA
B (bU3MOJOTUYECKUX YCJIOBUSIX MOMIECPKMBAIOTCS
Ha HU3KOM YPOBHE, HO MOBBIIIIAIOTCS B YCJIOBUSIX TU-
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MOKCHUU, TIOBPEXKASHUSI TKaHel 1 BocmajieHus [28].
CHUXXeHUe KOHIEHTpaluu aleHO3WHa BHYTPU
KJIETOK MPOUCXONUT MPH YBEINICHUU aKTUBHOCTU
akTouzodepmeHTa eADA-1, a B CBIBOPOTKE KpO-
BU — eADA-2, Ha KOTOpBIi1 TipuxoauTcs 6omee 75%
BHEKJIeTOYHOI akTuBHOCTHU [7, 12, 17, 30]. eADA-2
HE TOJIBKO CHMKAeT IMOBBIIIIEHHBIC KOHIICHTPAIIUU
BHEKJICTOYHOTO aI¢HO3WHA, HO MHIYIIUPYeT AUd-
¢depeHIIMPOBKY MOHOIIMTOB B Makpodaru u CTu-
myaupyetT npoaudepaunnio CD4* T-kjeTok U Mak-
podaroB [31, 34]. eADA-1 Ha MOBEPXHOCTHU KJIETOK
B3aMMOOCUCTBYET C AUMNCIITHUAWJIICTITAAA30M-4
(CD26 (DPPIV)), 3TOT KOMILJIEKC YCUJIMBAeT aK-
TUBaALMIO, aAre3nio U aupdepeHunpoBKyY JUMPO-
uutoB [10, 14, 25]. Mem6GpanHast dopma (m)CD26
(DPPIV) ompeneneHa KaK KOCTUMYJIMPYIOIIAs
MOJIeKYJIa, TIpelCTaBJIeHHAsl TIPEUMYIIEeCTBEHHO
Ha CD4" T-xknetkax namsatu [27].

B nononHeHue K cBoeii MeMOpaHHOI ¢op-
me ¢pepment CD26 (DPPIV) tak:ke mpHUCYyTCTBY-
eT B IlJlJa3Me€ KPOBM B pacTBOpUMOil ¢opme (s)
CD26 (DPPIV). Ilokasano, yro sCD26 (DPPIV)
MOXET CTUMYJIMPOBATh BOCIAJICHUE, YBEJIUYU-
Basi CEKPEeIMIO MPOBOCHATUTEIbHBIX ITUTOKHOB,
Takux Kak wHtepneiikuu (IL)-6, 1L-8 u MCP-1,
U ycunuBas akcrnpeccuto Toll-mogoO6HbIX pelenTo-
pos [22, 33].

Llesp HACTOSIIIETO MCCIEMOBAHMUSI — OLICHUTH
M3MEHCHMSI KOHIEHTPAllUM W aKTUBHOCTU (dep-
MEHTOB, CBSI3aHHBIX C METa0OJM3MOM IyPUHOB,
U CyOIOIyJSIMOHHBIN cocTaB JUMGOILIUTOB KPO-
BU, ONIPEJEIUTh UX CBSI3b C 9P (PEKTUBHOCTHIO NH-
TCHCUBHOMU ha3bl Tepanmuu y OOJBHBIX C BIICPBBIC
BBISIBJICHHBIM WHQUIBTPATUBHBIM TyOEpPKYJIe30M
JIETKUX.

Matepunasbsl 1 MeTOLbI

Oo6cnenoBaH 141 6onbHOI ¢ BepupULIMPOBAH-
HBIM JMarHO30M BIIE€PBBIC BBISIBJICHHOI'O MHMPUIIb-
TpaTuBHOTO Tyb6epkynesa jerkux (UTJ, 62 Mmyx-
YUHB U 79 XEHIIUMH B Bo3pacTe OoT 18 mo 65 jer,
Me — 29), HaXOoAUBIIMXCS Ha JICYEHUU B KJIMHUKE
dI'by CI16 HUNU®D M3 P®. Ananu3 poBOANIIN
B rpynmnax, c(opMHUPOBAHHBIX PETPOCIIEKTUBHO
COTJIACHO pe3yJibTaTy Tepaliuu B WHTEHCUBHOM
da3ze seyeHUs1. Y Bcex MallMeHTOB MOCJIE 3aBepliie-
HUS MHTeHCUuBHOI ¢a3bl Tepanuu (MPT) 3abuk-
CHUPOBaHO yayullleHue. Pe3ynbraTsl Tepanuu ObLIN
MpeaCTaBIeHbl B CJIENYIONIUX Tpajalmsax: «3Ha-
YuTeJbHOE YJydllleHue», n = 88 (Mcue3HOBEHUE
CUMIITOMOB MHTOKCHUKAIIMM, aballMJIIUpOBaHUE,
3aKpBITHE TIOJIOCTEH pacliama); «<MeHee BBIpakeH-
HOeE yJyJlleHue», n = 53 JIMKBUAALMS CUMIITOMOB
WHTOKCUKAIIMKU, abaluJUIMpOBaHWEe, BbIpakKeH-
HOE€ paccachlBaHHME OYaroBbIX W WHMOUIBTPATUB-
HBIX W3MEHEHUM, yMEHBIIICHUE TOJOCTEe pac-
nama). KnmHuyeckass xapakKTepucTUKa OOTBHBIX
aHaJM3UPYEMbIX TPYNI MpeacTaBjeHa B Tadd. 1.

OO0cyieqoBaHMEe MallMEHTOB MPOBOAUIM TIepea Ha-
yajoM MPOTUBOTYOEPKYJE3HON XMMHUOTEepanuu
u 1o okoHyanuu MPT. PedpepeHcHylo rpymnny co-
CTaBWJIU 310poBbIe NOHOPHI (PT) (n = 35).

IlypuHOBBIli MeTabOJM3M OLIEHUBAIU IO aK-
TUBHOCTHU afieHO3uHAe3aMuHa3bl (ADA-1 1 ADA-2)
B CBIBOPOTKE KpoBU (€ADA), nM3upoBaHHBIX MO-
HOHYKJIeapaX " HeUTpodMiIax, OIpeaeIsseMon
metonoM G. Giusti (1974) Ha cnekTpodoTomMeT-
pe PVI1251C (benapych). KoHleHTpauuwo 3KTO-
5'-nykneotunassl (eNTS5E) B chIBOpOTKE KpPOBH,
CD26 (DPPIV) B cbIBOpOTKE (S, pacTBOpUMasi
dopma) U B JIM3UPOBAHHBIX MOHOHYKJIeapax (m,
MeMOpaHHas ¢popma) onpenessiiu metogoMm ELISA
(Ecto NTS5E, USCN, Kwurait 1 Humans CD26
Platinum ELISA, eBioscience, ABcTpus), coriac-
HO TIPOTOKOJIY TIPOU3BOAMTEJNsI, Ha (oTromMeTpe
ST MUKPOIUIAHIIIETOB aBTOMAaTHMYECKUil cepuu
«ELx808» mpousBonctBa Bio Tek Instruments Inc.
(CILIA).

OmpeneneHne CyOMOIYyJISIIIMOHHOTO COCTaBa
JTUMGOIIMTOB KPOBU OCHOBBIBAJIOCH Ha OLIEHKE MX
MOBEPXHOCTHOTO (eHOoTUNa C HCIOJIb30BaHUEM
Habopa MOHOKJIOHAJILHBIX aHTUTeN GUpMbI Becton
Dickinson (CIIIA) k MmapkepaM KJieTouHOM nudde-
peHuupoBku (CD3*, CD4*, CD8") u npoTO4HOro
nutodaoopumerpa (FACS Calibur, BD, CIIIA).

MoHoHYyKJIeapbl BBIASASIN W3 Tepudepude-
CKOM KpPOBM B TpPagMeHTE IJIOTHOCTU Beporpa-
dunH — dukoin (1,077 r/m), U3 ocTaBIIErocs Ocaaka
(rmocJje JM3uca 3pUTPOLIMTOB U JOMOJIHUTEIbHOTO
HEeHTPUPYTrupoBaHUS) — HEUTPODUIIHI.

Cratuctudeckass o0paboTKa JaHHBIX IPOBOIU-
J1ach C MCTIOJIb30BAaHMEM TTaKeTa MPUKJIaJTHBIX ITPO-
rpamM Statistica 10. JlaHHBIe IpeAcTaBJI€HbI B BUIE
meauaHbel (Me) M HMHTEpPKBapTUJIBHOIO pa3Ma-
xa [Q1; Q3]. OueHnBaIu TOCTOBEPHOCTh PA3TUIUN A
METPUUYECKUX BEJIUYUH (KpuTepuii BuiakokcoHa),
UX KOPPEJSIIMOHHYIO 3aBUCMMOCTb MEXY COOOM
(kputepuit CnupMeHa) M C KOJMYECTBEHHBIMU
npusHakaMmu (Kputepuiit Kpyckama—Yoirieca).

Pesynbrathl

O1leHKa TI0Ka3aTrejieil IIypruHOBOTO METabO0JI3-
Ma 'y 6oabHbIX UTJI BhIsIBUIA CTATUCTUYECKU 3HA-
yumoe yBeandenue koHueHTpaiuu eNTSE, CD26
(DPPIV) B MoHOHYKJIeapaX, akTUBHOCTU eADA-2
W, HAIIPOTUB, CHUXXEHWEC BHYTPUKJIICTOYHON aK-
TuBHOCTU ADA-1 1o cpaBHeHUIO C pedepeHc-
HBIMU 3HaYeHUSAMU (Taba. 2). Takue pe3yabTaThl
CBUIIETEJAbCTBYIOT O TIOBBIIIEHHON aKTUBHOCTU
9KTO(EepMEHTOB, 00ECIIeYNBaIOIINX OOpa3oBaHUE
U TpaHchHOpMallMI0 BHEKJIETOYHOTO aAeHO3UHA.
I1pu 5TOM BBISIBUJIM, UTO B XOJ€ TEpAIUU 3HAYUMO
CHMXaJlach aKkTUBHOCTb eADA-1 B rpynmne «3Hauyu-
TeJIbHOE YIyUIlIeHWEe» U TMOBBIIIAaach KOHIICHTpa-
uus sCD26 (DPPIV) B rpynne «MeHee BbIpaskeH-
HOE yJIy4dllleHUEe».
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Ta6nuua 1. KnuHnyeckas xapaktepuctuka 60bHbIX B Fpynnax no pe3ynbratamM nevyeHus, aéce. (%)

Table 1. Treatment outcome-related clinical characteristics of patients, abs. (%)

Mpu3Hakun 3HauuTenbHoOE yny4llieHue MeHee BbipakeHHOe yny4lieHue
Sings Significant improvement Less pronounced improvement
PacnpocTpaHeHHOCTb Npouecca B JIierko
Magnitude of pulmonary process
OrpaHuYeHHbI
Limited 51(58) 24 (45,3)
PacnpocTpaHeHHbI
Extended 37 (42) 29 (54,7)
Hanuune nonoctu
Presence of a cavity
Het
No 21(23,9) 11 (20,7)
Ectb
Yes 67 (76,1) 42 (79,3)
BakTepuoBbiaeneHue
Bacterial excretion
HeTt
*(p=0,037)
No 25 (28,4) " 7(13,2)
Ectb
Yes 63 (71,6) 46 (86,8)
Pe3uCTeHTHOCTD K JIeKapCTBEHHbIM NpenapaTtam
Drug resistance
Het
No 40 (63,5) 20 (43,5)
Ectb
*(p=0,047)
Yes 23 (36,5) 26 (56,5)

Mpumeyanne. OueHka ka4eCTBEHHbIX MPU3HAKOB NPOBOAMNACH C MCMONb30BaHWeM TabnuL, conpsikeHHocTu (Crosstabulation tables); * — pasnanuns
CTaTUCTUYECKM 3HAYVMMBI MEXAY FPYNMNaMu «3HAYNTENbHOE YYYLLEHNE> N «<MEHEE BbIPAXEHHOE YNyHLIEHNED.

Note. The assessment of qualitative characteristics was carried out using contingency tables (Crosstabulation tables); * — significant differences
between the “significantimprovement” and “less pronounced improvement” groups.

Kak CBUIETENbCTBYIOT npeacTaBJeHHbIEe
B TabJI. 2 JaHHBIE, B TPYIITIE «3HAUYNTEIIBHOE YIyU-
1IeHue» aKTUBHOCTh eADA-2 OblJla YMEPEHHO MOo-
BbILlIEHA KaK J0 JISYeHU S, TaK U T10 OKOHYAHUU
DT, 94T0O MOKHO CBSI3aTh C YBEJIMUYEHUEM aKTUB-
HOCTU KJIETOK MOHOLMTapHO-MaKpodarajibHOro
3B€Ha B MPUCYTCTBUU MaTOreHa.

Y G0JIbHBIX ¢ MEHEe BbIpak€eHHBIM YJIYUYIIEeHU-
eM aKTUBHOCTb eADA-2 B xone Teparuu 3HAaYUMO
MoBBIIIandachk, a KoHneHTpauusgs mCD26 (DPPIV)
XOTs U TOBbIIIAJach, HO OCTaBajach 3HAYUMO
0OoJiee HU3KOI, YeM B I'pynne O0OJbHBIX CO 3HAYU-
TeJbHBIM yayudineHueM. Ilocie 3aBepmenuss UOT
y OOJIbHBIX C MEHEeE BbIpa*kKC€HHbBIM YyJy4dlleHUEeM
3aperucTpupoBaii Haubojee BHICOKUE 3HAYCHUS
akTUBHOCTU eADA-2, 3TOT nokasaTesib IPEeBbICUJI
He TOJIbKO pedepeHCHbIe 3HaUeHU s, HO U MoKa3sa-
TeJIU OOJbHBIX CO 3HAYNTEIbHBIM YIYUIIeHUEM KakK
JIo JIeyeHus, Tak 1 nocjie okoHdanus UDT. Takoe
NOBbILLIEHUE aKTUBHOCTU eADA-2 y G0JIbHBIX C Me-
Hee BBbIPa’KEHHBIM YJyUYIIeHUEM, IO-BUIMMOMY,
CBSI3aHO € 0oJiee TSIKeIbIM TeUYeHUEM 3a001eBaH I,
Npy KOTOPOM YBeJIMYeHUE KOHLIEHTPpALlM1 BHEKJIE-
TOYHOI'O aJIECHO3UHA MOXET YCUJIMBATh IMTPOAYKIIUIO
NPOBOCHATUTETbHBIX HIUTOKUHOB U aKTUBUPOBATh

TY4YHBbIE KJIETKW U Makpodaru, 4To CriocoOCTBYET
TKaHEBOMY MOBpexaeHuIo [7, 34].

IlpencraBieHHble B Taba. 3 maHHBIE CBUAC-
TEJIbCTBYIOT, UYTO y 607abHBIX 00eux rpynn MTII
Mo CpaBHEHUIO ¢ pedepeHCHOl Trpynmnoil craTu-
CTUYECKU 3HAYMMO YBEJIWYEHO OTHOCUTEJILHOE
cogepxxanue T-numdpouuTon, T-xeanepoB, a ad-
COJIIOTHOE conaepxXaHue T-TUM@OIUTOB W IIUTO-
TOKCUYECKUX T-TUMOOIMTOB 3HAYMMO HE W3-
MeHsochk. [lpu aToM B TpyIine «3HaAauyUTEJIbHOE
YAYYIIEHUEe» CTaTUCTUYECKH 3HAYMMO MOBBIIIIEHO
abcoJitoTHOE coaepxkaHue T-xeJarnepoB U UMMYHO-
peryasiTOpHbIN UHAEKC (CooTHOLIeHUe T-xearmnepoB
U T-IIUTOTOKCUYECKUX KJIETOK) KaK IO CPaBHEHUIO
¢ pedepeHCHOI TpyIIoi, TaK U C TPYNION «Me-
Hee BBbIPAXEHHOE yJyullleHue». A B IpyIlle «Me-
Hee BbIpaxK€HHOE YJyUIlIeHUue» 3HAYMMO CHUXKEHO
abCOJIIOTHOE YMCJIO JUMGOILIMTOB MO CPaBHEHUIO
C TPYIION «3HAYWUTEJbHOE YIAydllleHHWEe», U TakK-
>)K€ CHUXEHO OTHOCHUTEJbHOE YUCIO0 JUMGPOIMTOB
M0 CpaBHEHUIO KakK ¢ pedepeHCHOl rpymnIoi, Tak
W TPYIION CpaBHEHMUS U, HAPOTUB, MOBBIIIEHO
OTHOCUTEJIbHOE COAepKaHUE IIUTOTOKCUYECKUX
T-numM@pouUTOB MO CpaBHEHUIO KakK Cc pedepeHc-
HOI IpYIIION, TaK U TPYINNON CPABHEHUSI.
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IMpoenenne MADPT cymiecTBEHHO HE TOBIIMSI-
JIO Ha ToKa3aTejlu CyOomonmyasuuu JUM@OIUTOB,
MOXHO OTMETHUTb TOJIbKO HEOOJbIIOE CHUXKEHUS
OTHOCUTEJIbHOTO cofepxxaHus T-xeamnepoB B rpyI-
e «<MEHee BbIPaXXEHHOE YIYUIlIEHUE».

IlpencraBieHHble JaHHBIE B TabJd. 2 U 3 CBU-
JIETeIbCTBYIOT, UTO HCCJEAyeMble TPYIIIbl 0OJIb-
HbeIX UTJI paznuyarTcs 1Mo KOJUUYECTBY AuM@PO-
IIMTOB U A0J€ LMUTOTOKCUYECKUX JUM@POIUTOB
CD3*CD8", kpome TOro, akTuBHOCTbL eADA-2,
OoJsiee BbICOKasi B rpynmne OOJbHBIX C MEHEE BbI-
pPaXXeHHBIM YJyUYlIeHUEeM, elle BOo3pocja Mocje
N®DT, yero He HaAOIIOHANOCh B TpyIne OOJbHBIX
CO 3HAUYUTEJIbHBIM yJydllieHueM. HanpoTus, KOH-
neHtpaiusgs mCD26 (DPPIV) Oblia Bbille y 60J1b-
HBIX CO 3HAYUTEJIbHBIM YJyUllIeHHWEM OO0 Hayaja
Tepanuu, U, XOTs B TPYIIE C MEHee BbIpaxK€HHBIM
yAy4lIEHUEM TIOCjie Tepaluu 3TOT IoKa3aTelb
YBEJIUYUBAJICS, OH BCE K€ OCTaBaJICS CYIIECTBEHHO
HUXe, YeM B Tpynne cCpaBHEHUS.

IIpoBeneHHBIN aHAaIU3 BBISIBUJ B TPYINE «3HaA-
YUTEJbHOE YJYUIIEHUE» KOPPEJSIIIMOHHYIO CBSI3b
MEXJYy BHYTPUKJIETOUHON aKTUBHOCThIO ADA-1
u KoHueHTpauueirt eNTSE (r = 0,38; p = 0,01), uto

CBUIIETEJBCTBYET O COIVIaCOBaHHOI paborte dep-
MEHTOB IT0 00pa30BaHUIO U YTUJIM3ALUU aJeHO3U-
Ha, YTO MpeAOoTBpalllacT MOBbILIEHUE YPOBHS ajie-
HO3MHa B KJIETKaX U, YaCTUYHO, BO BHEKJIETOUYHOU
cpene. B aToil e rpyIine onpenesieHa B3aMMOCBSI3b
aktuBHOCTU eADA-1 ¢ ypoBHeM mCD26 (DPPIV)
mMoHouuToB (r = 0,3; p = 0,05), 4yTO, BEpOSITHO, CBSI-
3aHO ¢ 00pa30BaHUEM MOJIEKYISIPHOI'0 KOMILIEKCa,
KOTOpbIN 6071ee 2 (HeKTUBHO YMEHbIIAeT KOHIIEH-
Tpalli0O BHEKJIETOUHOTO alcHO3MHA U PETryJIupyeT
(YHKIMI0O UMMYHHBIX KJIETOK [15].

TToka3zaHo, YTO aKTUBHOCTb (hEPMEHTOB ITypHU-
HOBOro MeTaboau3Ma BirsieT Ha QYHKIIMOHAJIbHOE
COCTOSIHME KJI€TOK UMMYHHOW CUCTEMBI, TPUYEM
mCD26 (DPPIV) moxeT akTuBUpOBaTh T-KJIETKH,
Toraa kKak eNTSE saBnsiercd ux mHruouTopom |[3,
22, 23]. BoeisgBJIeHHasi HAMUW OTpUllaTeIbHAsI B3au-
MocBsa3b Mexny mCD26 (DPPIV) u eNTSE (r =
—0,34; p=0,037) NOJTHOCTBHIO COOTBETCTBYET ITpe/i-
CTaBJIEHUSIM 00 OTOU peryjasTopHoi QYHKIIUU
(bepMEeHTOB.

Hpyrasi ycTaHOBJIEHHasl B3auMMOCBSI3b MEXIY
aKTUBHOCTbHIO eADA-2 11 KOJINYeCTBOM MOHOIIMTOB
(r=0,3; p = 0,007), BeposITHO, OTpa>KaeT BbICBO-

Ta6nuua 2. MokasaTenu nypmHoBoro metabonuama y 6onbHbix UTJ1 B uccnepgyembix rpynnax, Me [Q1; Q3]

Table 2. Indicators of purine metabolism in IPTb patients in

study groups, Me [Q1; Q3]

Fpynnbi
Groups
Mokasatenu 3HauuTenbHOe yny4lleHue MeHee BbipaXXeHHOe yny4lieHne
Indicators PedepeHcHas Significant improvement Less pronounced improvement
Reference Ao neyeHus Mocne neyeHus Ao neyeHus Mocne neyeHus
Before treatment After treatment Before treatment After treatment
B cbiBOpOTKE KPOBU
In blood serum
0,06 0,58 (=002 1,4 "(p=0.001)
SNTSE, ng/ml [0,01;0.6] [0,4; 1,1 [07 1,6]
3’3 2,6 *(p=0,0007) 2’4 *(p=0,02) 2,8 2’3 *(p=0,002)
eADA-L, E/ [2.2:4,2] [1,6:3.1] [17:3.5] [2.1:3.7] [1,4:3,0]
o o 15,5 *(p=0,00000), 18’0 *(p=0,001), **(p=0,01),
eADA-2, E/I 11,2 13,1 "p=00000%0 13,1 "p=000000 *(p=0,002) **%(p=0,007)
[9,6; 12,1] [11,5; 15,5] [10,9; 15,5] [12,9: 18,2] [12,0: 25,0]
sCD26 (DPPIV), 692,5 555,5 1016,0 "(P=0,0009 491,2 "(°=0,004) 775,0 "'(P=0003
ng/ml [625,0; 875,0] [380,0; 977,3] [690,0; 1555,0] [312,5; 611,5] [493,5; 1653,7]
B moHOHyKkneapax
In mononuclear cells
2 0 O 91 *(p=0,000000) 1 1 *(p=0,000007) 1 0 *(p=0,000002) 1 2 *(p=0,0004)
3 s ; , ; ) ,
ADA-1, E/10°cells [1,1:3,0] [0,5; 1,5] [0,7:1,7] [0,5; 1,6] [0,6; 2,0]
CD26 (DPP'V), 19,2 53,3 *(p=0,03) 83,7 *(p=0,0009) 26’8 *(p=0,04), **(p=0,03) 70’4 *(p=0,005)
ng/106 cells [12,8; 25,0] [25,0; 101,7] [46,7; 110,9] [1,9; 53,3] [28,9; 105,0]
B HeliTpodunax
In neutrophils
1 5 0 6 *(p=0,0002) 0 5 *(p=0,0007) 0 6 *(p=0,0002) 0 7 *(p=0,007)
) 5 ; ; ; ; ;
ADA-LE/10%cells | 104. 1) 0,3 1,1] [0,3; 1,3] [0,3:1,2] [0,4; 1,2]

I'IpumeanMe. *— pas3nnyna CTatTncTn4eckn 3Ha4Mmbl No CPABHEHUIO C peq)epeHCHO|71 rpynn0|71, **— pasnnyna CTatTucTn4eckn 3Ha4MMbl Mexay

rpynnamu «3Ha4nTenibHOe yny4lleHne» U «<MeHee BblpaXXeHHOe yny4lleHne»,
nccnenosaHua.

kK

— pa3nuuns CTaTMCTUYECKM 3HAYMMBI BHYTPU FPYNM MEXAY CPOKamm

Note. * — significant differences compared to reference group, ** — significant differences between the “significantimprovement” and “less
pronounced improvement” groups, *** — significant differences within the groups between the study periods.
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Ta6nuua 3. Cyononynsauum numdoumnTtoB KpoBu y 6onbHbix UTJ1 B uccnegyembix rpynnax, Me [Q1; Q3]
Table 3. Peripheral blood lymphocytes subpopulations in IPTb patients, Me [Q1; Q3]

Fpynnbi
Groups
Mokasarenm 3HauyuTenbHoe yny4leHue MeHee BbipaXXeHHOe yny4lieHne
Indicators PedepeHcHas Significant improvement Less pronounced improvement
Reference Ao neyeHus Mocne neyeHus o neyeHus Mocne neyeHus
Before treatment After treatment Before treatment After treatment
JNumdouutsl, x 10%/n 1,7 1,8 1,7 1,5% (p=0,01) 1,3
Lymphocytes, x 10%/I [1,4;2,1] [1,5; 2,3] [1,2; 2,5] [1,2;2,1] [1,2; 1,6]
22 O *(p=0,0006), 21 5 *(p=0,0002),
Jumdountsl, % 29,0 32,0 31,5 “X(p = 0,00008) =000
Lymphocytes, % [28,0; 35,0] [25,0; 39,0] [25,0; 39,0] [17.0; 28,0] [17.0; 27.0]
. 1,2 1,4 1,4 1,2 1,0
€D3’, x 109/ [1,0; 1,6] [1,1; 1,8] [0,9; 1,6] [1.0: 1,6] [0,9: 1.4]
CD3". % 71,0 77,0 "P=0.002) 76,0 (=001 78,0 "(p=0001) 78,0 "(p=0009)
' [67,0; 74,0] [71,0; 80,0] [70,0; 82,0] [73,0; 84,0] [72,0; 82,0]
0,6 0,9 "(P=0.05),"(p=004) 0,76 0,77 0,7
+ + 9 ) ) ) ) )
Co3I"CO4", x 107 [05; 1,1 [07; 1,1 [06:10] [06;0,9] [0,5; 1,01
40 0 48 0 *(p=0,0001) 48 0 *(p=0,001) 47 0 *(p=0,0003) 46 0 ***(p=0,08)
N ‘o ) , , ) )
CD3'CD4", % [36,0; 45,0] [43,0; 54,0] [40,0; 54,0] [44,0; 53,0] [42,0; 49,0]
0,5 0,5 0,4 0,5 0,4
. . 9 ; ; , ; ;
cogeng’, x10°4 [0,4;06] [0,3;06] [0,3,06] [0,3,06] [0,3;06]
26,0 25,0 25,0 31,0 (=009, (p=0,007) 30,5 "p=001
+ + 0, ) ) ) ) )
CD3'CD8", % [23,0; 30,0] [21,0; 30,0] [21,0; 30,0] [25,0; 35,0] [24,5; 35,0]
R . 14 1,9 "(p=0006),"(p=004) 1,8 1,7 1,5
Cb47/cos [1,3; 1.8] [1,5: 24] [1,4;2,1] [1,3; 1.9] [1,2; 1.9]

MpumeyaHue. * — pasnnyns CTaTUCTUYECKN 3HAYMMbI MO CPABHEHIIO C PEEPEHCHOI rpynnoii, ** — pasnnyus CTaTUCTUYECKM 3HAYUMbI MEXAY

rpynnamu «3Ha4mMTesnibHOe yny4lleHne» N «<MeHee BblpaXXeHHOe yiy4lleHne»,

ncecnenoBaHus.

*kk

— pa3nuuns CTaTMCTUYECKM 3HAYUMBI BHYTPU FPYNN MEXAY CPOKamm

Note. * — significant differences compared to reference group, ** — significant differences between the “significant improvement” and “less
pronounced improvement” groups, *** — significant differences within the groups between the study periods.

OoxneHue pepMeHTa U3 MOHOILIMTOB/MakKpodaron
B OTBET Ha WHBa3uio Mycobacterium tuberculosis
U TIOBBIIIICHNE YPOBHS BHEKJETOYHOTO aIeHO3U-
Ha [16, 34]. OTMedeHHas1 oTpULIATEIbHAsT KOppe-
nauusa mexay yposaem sCD26 (DPPIV) u akTtus-
HocTbio ADA-1 B MoHOLIMTaX U HeliTpoduiax (r =
—0,35;p=0,02ur=-0,63; p=0,000008 cooTBeT-
CTBEHHO), BEPOSITHO, MOATBEPXKAaeT MPEANOJIOXKE -
Hue Gorell M.D. ¢ coaBr., uto sCD26, «oTBIEKas»
ageHo3uHAe3aMuHa3y [15], yMeHbIIaeT aKTHUB-
HocTh KomIuiekca mCD26 ¢ eADA-1, peryaupys
aKTUBHOCTb BOCIIAJIUTEIbHBIX KJIETOK.

VY GONIbHBIX ¢ MEHEE BbIPAXKEHHBIM YJIy4IleHK-
€M CYIIECTBEHHO yBeJMYeHa aKTUBHOCTH eADA-2
B CBIBOPOTKE KPOBU, M MOXHO HPEIIIOJOXUTb,
YTO YaCTUYHOE yBeJIMUYeHUEe aKTUBHOCTU eADA-2
B OTOM I'pyIlie OOJIbHBIX IIPOMCXOAUT BCJICACTBUE
pa3pylIeHUusI MOHOLIMTOB/MaKpodaroB, Tak Kak,
no MmHeHMnio Hashikawa T. ¢ coaBT., nTu3upoBaHHbBIE
KJIETKHU IIPU BOCITAJIUTEIbHBIX ITOPAKEHUSIX MOTYT
OBITh UCTOYHMKOM aJieHO3MHAe3aMUHa3kI [16].

B aT0i1 rpyIiie 00JIbHBIX BbISIBJICHA KOPPEIS LIS
MeXJy aKTUBHOCTbIO eADA-2 u KOoHUeHTpaluei
eNTS5E (r=0,35; p=0,03), koTopas MJILTIOCTPUPYET
MOSIBJIEHME COIVIACOBAaHHOI aKTUBHOCTH (hepMeH-
TOB, YYaCTBYIOIINX B O0pa30oBaHUU U Ae3aMHHU-

pOBaHUU BHEKJIETOUHOI'O aAeHO3MHA B YCJOBUSIX
MOBBIIIIEHHOTO BHEKJIETOYHOIO YPOBHS IMMypUHEP-
rudeckux peryasatopoB ATD, AM®D u ageHo3MHa.
HccnenoBaHusiMu psiia aBTOPOB IIOKa3aHa
criocooHocTh ADA CBSA3BIBATBCSI € MMMYHHBI-
MU KJeTKaMWu, ycuiaumBasg npoiudepaunno CD4*
T-xnerTox [20, 34]. BeisiBJIeHHbIE HAMU KOPPEIsI LU
B I'pyIIe «3HAYUTEIbHOE YIYyUIlIeHUEe» MEXAY aK-
TUBHOCTHIO eADA-2 1 aOCONIOTHBIM colepXXKaHUeM
T-mumbountos (r=0,26; p =0,04), T-xeamepos (r =
0,28; p = 0,03), nuToToKCMYeCKUX T-TMM@POLIIUTOB
(r=10,34; p = 0,006), BeposITHO, CBUAETEIbCTBYIOT,
yTo eADA-2 cTUMYIUpPYEeT aKTUBALMIO U MPOJIU-
depanuio T-kinetok. MHTEepecHO, UYTO B 3TOI IpyII-
e OOJIbHBIX («3HAYUTENbHOE YIyUYIlIeHUEe») aKTUB-
HocTh eADA-1 nMmesa o0paTHYIO CBSI3b ¢ aOCOJIIOT-

HBIM conepxxaHueM T-mumdborurton (r = —0,35; p =
0,006), T-xenmnepos (r = —0,36; p = 0,005) u uu-
ToToKkcuueckux T-nmumdouutoB (r = —0,38; p =

0,002). BouisiBIeHHBIE pa3HOHaNpaBJeHHbIE B3au-
MOCBSI3U TMO3BOJISIOT IPEATONOXUTh, YTO UMEH-
HO yMEpeHHOM aKTUBHOCTBhIO eADA-2, Onmu3Kkoii
K HOpMaJIbHBIM 3HaueHUsIM (Tabia. 2), co3maioTcs
ycJIoBUS AJis mpoaudepaunu T-TuM@OILIUTOB, B TO
BpeMsi KaK BHYTPUKJIETOYHbIE KOHIIEHTPALMU aJie-
HO3MHAa, KOTopble peryaupymoTcs eADA-1, oka3bl-
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BalOT MPOTUBOMNOJOXHBIA 3(D(HEKT B OTHOUIEHUU
npoaudepanuu T-TUMPOIUTOB U UX CYOMOIMYas-
it CD3"CD4* u CD3*CDS8". B 1ie10M Halile uc-
cjleqoBaHue MOATBEPXKAAeT 3aKJIOUeHUE, CAeJIaH-
Hoe Dhanwani R. ¢ coaBT., uyto eADA-2 gaBasieTcs
(GYHKIMOHATBHBIM PEryasiTOPOM MMMYHHBIX pe-
akuui u BocrajgeHus [11].

TosbimenHue noau CD3*CD8" T-numM@poLuTOB,
KOTOpoe 3a(prUKCUPOBAHO Y OOJIbHBIX C MEHEE BbIpa-
JKEHHBIM yJy4IllIeHWeM Kak JI0 JIeYeHU I, TaK U IMo-
cie 3aBepuieHus: UDT (tabn. 3), mo-BUAMMOMY,
BbI3BAHO HX 3KCIIAHCUEW B OTBET Ha MPOAYKTHI
Mycobacterium tuberculosis B yclI0OBUSIX MEePCUCTU-
pytouieit uHbekuuu [4]. Knopunr B.E. ¢ coaBsr.
clienanu MpearnoyoxXeHue 00 yyacTue HMTOTOKCHU-
yeckux T-TuM@OILIUTOB KaK B 3alllUTHBIX peaKIu-
sIX, TAK 1 B UMMYHOIIaTOTeHe3e TyOepKyIe3HON UH-
dexuuu [5]. B HalleM ciydae cTaTUCTUUYECKU 3HaA-
yumoe nosbitueHue goau CD3*CD8* nuMdouutoB
aCCOLIMMPOBAHO C COXPaHEHUEM MOJOCTel pacaaa
nocJie JiIedeHU s1. DTO COIrIacyeTcsl C UCCIAeOBaHU S -
MU Andersson J. ¢ coaBT., KOTOpbIe MMOKa3aau 3a-
BUCUMOCTh TipucytctBusi CD8" T-numdbouuton
U DKCIpeccuu MMU TiepdhoprHa U TpaHYJIU3UHA
B MHOUIIMPOBAHHBIX yyacTKaX C HaJU4YUeM IO-
jocreit pacnaga [6]. HyxXHO OTMETUTH, YTO ITOCIE
oxkoHuaHus UDT B aToii rpy1ime 601bHBIX ITPOCIIC-
JKUBAETCS KOPPETSALUS MEXAY M0JIei IUTOTOKCU-
yeckux T-TuMGOLUTOB U aKTUBHOCThbIO €A DA-2
(r =0,45; p = 0,47), koTopasi LIJTIOCTPUPYET CBI3b
MypUHEePruYecKux Iokxkasareseil ¢ nmpoaudepanu-
et aToi cyononyasiuuu T-TUMM@POLIMTOB.

Pan wuccinemoBaTeneil Ha MBIIIMHOW Mome-
JIU TIoKa3anau, 4To mnpusiedyeHue CD8* T-kiaeTok
UHTUOUpYeTCS TMpPU TOBBIIIEHUM aKTUBHOCTU
nunentunuanentuaassl-1V [18]. BeposTtHo, 3Ty
3aKOHOMEPHOCTh  WJUJIIOCTPUPYET  TMOJYyYEHHAas
HaMU OTpullaTedbHasl KOPpeasuus Yy OOJbHBIX
CO 3HAYUTENBbHBIM yiydllieHueM Mexay mCD26
(DPPIV) u nutorokcuyeckumu T-KJeTKaMu, Kak
o geyeHus (r = —0.,41; p = 0,02), Tak u roce jgeye-
Hus (r=—0,54; p = 0,02).
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Psan uccrnenoBateneil paccMaTpuBalOT pacTBO-
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MYTALUWN NIEKAPCTBEHHOW
YCTOWYNBOCTU BUPYCA TEMNATUTA C
Y BUH-UHOULIUPOBAHHbIX JIUL,

J.9. Peiiarapar’, 10.B. Ocrankosa!, E.B. Auydpuena', A.B. Cemenon?, JI.B. JIsiuna'3,
A.A. Toroasau'*

T®BYH HUU snudemuonoeuu u muxpoouonsoeuu umenu Ilacmepa, Cankm-Ilemep6ype, Poccus

2OBYH DedepanvHblii HAYHHO-UCCAC008AMENbCK UL UHCMUMYM 8UPYCHBIX UHGDeKyuil «Bupom» Pocnompebnadsopa,

2. Examepunbype, Poccus

J@I'BOY BO Cesepo-3anadnsiii cocydapcmeennniii yrusepcumem umenu U.H. Meunukosa, Cankm-Ilemepoype, Poccus
*@I'BOY BO Ilepsviit Cankm-Ilemepbypeckuii 20cy0apcmeeHHblil MeOUUUHCKUL YHUGepCUMem UMeHU AKA0eMuKa

U1 [lagrosa Munucmepcmea 30pagooxpanenuss P®, Canxm-Ilemepbype, Poccus

Pesiome. Ilenbio Hamieir paboThl ObljIa OLIEHKA PAacpOCTPAHEHHOCTU MYTalMi JJeKapCTBEHHON YCTOMYMBOCTU BUpYyca
renaruta C B reHax NSS4, NS5B, NS3y BUU-unpumpoBaHHbIX aul. MaTepraloMm UCCIeI0BaHUS CayXuiau 157 00-
pasloB I1a3Mbl KpoBH NarueHToB ¢ BUY, mpoxuBaonmx Ha TeppuToprun JISHUHTpaacKoil 00J1acTh, ¢ BUPYCOJIOTH-
Yyeckoit Hea(PheKTUBHOCTbIO aHTUPETPOBUPYCHOI Tepanuu. O0pasiibl 0ocaeaoBaiu Ha Hanuuue aHTu-HCV-anturen
n PHK BI'C ¢ momolibio KOMMepUYeCKHX TeCT-CUCTEM B COOTBETCTBUM C PEKOMEHIALMSIMU TTpou3BoauTens. B ciyyae
BoisiBeHUs PHK BI'C ocyiiecTBisiyn aMinduKaiuo ¢ HCIOIb30BaHUEM KOMILIEKTa MpaiiMepoB, COBMECTHO (iaH-
kupyomux reisl NS3, NS54, NS5B. Ilocne ceKBeHMpOBAaHUS HYKJICOTUAHBIX MOCIENOBATEILHOCTEN yKa3aHHBIX Te-
HOB OIpeaessiu cyoTun Bupyca. [Ias onpeneneHus] HaAU4IUsI MyTallnii JeKapcTBeHHOi ycroitunBocti BI'C k mpemna-
partam mpsiMoro ipotuBoBupycHoro aeiicteust (ITTTI1) ucronb3oBanu mporpaMmMHoe obecrieueHue Geno2pheno HCV
resistance (https://hcv.geno2pheno.org). BozpacT marneHTOB BapprpoBa oT 18 10 65 u coctasu B cpenHem 34,317,27 ner.
KonuyecTBo MyKUMH B IpyTITe MPEBOCXOAMIIO KOJMYECTBO KeHIIMH — 71 1 28% cooTBeTcTBeHHO. AHTUTENa K BI'C
ObuTK BoIsiBIEHBL Y 94,2% BUY-nnduimposanHbix auil. PHK BI'C BeisBuin y 98 (61,7%) mauueHToB. PacrpeneneHue
redorumnos BI'C B gaHHOi1 rpymie Obuto ciaenyomuM: la— 7% (n=7), 1b — 53% (n =52), 2 — 2% (n=12), 3a — 38% (n =
37). Pesyabrarhl onpeaeaeHusl BUPYCHOM HArpy3ky BapbupoBaiu ot 5,3 x 10° 1o 2,3 x 108 ME/ma. HykieoruaHas mo-
CJIeIoBaTeIbHOCTD Beex Tpex yuacTkoB NS3, NSS5A, NS5B onpenenena B 73 o6pasiiax. AHaIuU3 MyTalMii leKapcTBEHHOM
ycToiiunBocTH B pernoHe NS3 niposonuin 1jist 82 uzonsitoB BI'C renotumos 1b (n =46), 3a(n=31), la(n=4),2 (n=
1). B o011ieit cI0KHOCTH J0JIsI IITAMMOB, COlepKaIllX MyTaluu B peroHe NS3, cocraBuia 9,8%. Hanuuue 3HaYMMBbIX
aMHUHOKUCIIOTHBIX 3aMeH B perroHe NSS5A nposepsiiu mjis 83 uzossitoB BI'C reHotumnos 1b (n = 47), 3a (n = 30), la (n =
6). IIpolieHTHOE KOJMUYECTBO IIITAMMOB, COIEpKAIINX MyTaluK B pernoHe NSS5A, coctaBuiio 19,3%. AHaau3 MyTamui
pe3ucteHTHOCTH B perroHe NS5B mpoBonwnm mist 87 uzonsaroB BI'C renotunos 1b (n = 48), 3a (n = 32), 2 (n = 2), la
(n=13). loast LITAMMOB, cofepxKalux Mytauuii B perioHe NS5B, cocraBuia 11,5%. B uccienyemoit HaMu rpyIine MyTa-
LIMH, aCCOLIMMPOBAaHHbIE ¢ ycTOMYMBOCTHIO Bupyca rermatuta C x ITTTIT]1 Bo Becex pernoHax, OblJIn 0OHapyXeHbI B 16,6%
95% AW: 11,11-23,32%) ciaydaes (n = 26). B perrione NS3 — 6 3Ha4MMbIX aMUHOKKCJIOTHBIX 3aMeH, B peroHax NS5A
1 NS5B — 15 1 10 3HaUMMbIX aMUHOKHUCIOTHBIX 3aMEH COOTBETCTBEHHO.

Karouesvie caosa: eupyc ecenamuma C, koungexyus BUY+BIC, mymayuu sekapcmeenHoill ycmoiuueocmu, ceKkeeHuposanie,
npenapamol nPAM020 NPOMUBOBUPYCHO20 OeliCMBUS, 2eHOMUN.
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HCV DRUG RESISTANCE MUTATIONS IN HIV-INFECTED PATIENTS

Reingardt D.E.?, Ostankova Yu.V.?, Anufrieva E.V.?, Semenov A.V.", Lyalina L.V.*<, Totolian A.A.*¢
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b Federal Research Institute of Viral Infections “Virom”, Ekaterinburg, Russian Federation

¢ I.1. Mechnikov North-Western State Medical University, St. Petersburg, Russian Federation
4 Paviov First St. Petersburg State Medical University, St. Petersburg, Russian Federation

Abstract. The aim of our work was to assess prevalence in the HCV drug resistance mutations in the NS3, NS54, NS5B genes
in HIV-infected patients. The material of the study was 157 blood plasma samples collected from HIV patients living in the
Leningrad Region, with virological inefficiency of antiretroviral therapy. Samples were examined for the presence of anti-
HCYV antibodies and HCV RNA using commercial test systems in accordance with the manufacturer’s recommendations.
In the case of detecting HCV RNA, amplification reaction was carried out using a set of primers co-flanking the NS3, NS54,
and NS5B genes. After sequencing the nucleotide sequences of the above genes, the virus subtype was determined. To assess
HCYV drug resistance mutations to direct-acting antiviral agents (DA As), the Geno2pheno HCV resistance software (https://
hev.geno2pheno.org) was used. The age of the patients varied from 18 to 65 and averaged 34.31+7.27 years. The number
of males vs females prevailed comprising 71% and 28%, respectively. Antibodies against HCV were detected in 94.2% cases,
whereas HCV RNA — in 98 (61.7%) HIV-infected persons. The distribution of HCV genotypes in this group was as follows:
la—7% n=7),1b—153% (n=152),2 —2% (n=2), 3a— 38% (n = 37). The results of determining the viral load varied from
5.3x10°to 2.3 x 10® IU/ml. The nucleotide sequence of all three regions NS3, NS5A, NS5B was determined in 73 samples.
Analysis of drug resistance mutations in the NS3 region was performed for 82 HCV isolates of genotypes 1b (n = 46), 3a (n =
31), la (n =4), 2 (n = 1). In total, the proportion of strains containing mutations in the NS3 region was 9.8%. The presence
of significant amino acid substitutions in the NS5A region was tested for 83 HCV isolates of genotypes 1b (n = 47), 3a (n =
30), la (n = 6). The percentage of strains containing mutations in the NS5A region was 19.3%. Resistance mutations in the
NS5B region were analysed for 87 HCV isolates of genotypes 1b (n = 48), 3a (n = 32), 2 (n = 2), 1la (n = 5). The proportion
of strains containing mutations in the NS5B region was 11.5%. In the study group, mutations associated with hepatitis C virus
resistance to DA As in all regions were found in 16.6% (95% CI: 11.11-23.32%) cases (n = 26). In the NS3, NS5A and NS5B,

there have been identified 6, 15 and 10 significant amino acid substitutions, respectively.

Key words: hepatitis C virus, coinfection HIV+HCYV, drug resistance mutations, sequencing, direct-acting antiviral agents, genotype.

Beepnexne

CornacHo naHHbIM BO3, 6oee 50 MiIH yejioBeK
B MuUpe 3apaxeHbl BupycoMm renatuta C (BI'C), nmpu
9TOM €KEeTrOAHBIN TPUPOCT MHGUIIMPOBAHHBIX JINII
cocTaBysieT okoso 1,5 MiiH yenoBek. TakuM obpa-
3oM, BI'C nponosnikaeT octaBaTbCs OMHOW U3 IJIO-
OanbpHBIX MPOOJIEM 3apaBooxpaHeHus [17].

3apaxenue BI'C MoxeT mNpuBOAUTH Kak
K OCTpoii (hopMe 3a00JieBaHU S TTIEYCHU, TAaK U K XPO-
HMYECKOI, OTHAKO OCTpasl cTaausi 3abojieBaHMSI,
KakK IpaBMJIO, HE MaHM(ECTUPYEeT B BUJEC Xapak-
TEPHBIX CUMIITOMOB, JIM0O MOCJEeIHUE OTCYTCTBY-
10T BoBce [2]. ¥V 15—45% manueHTOB HabJII0aaeTCs
CIIOHTAaHHAas 3JIMMUHAIMS BUpyca U3 OpraHU3Ma
B TeueHUe 6 MecsiiieB. Bmecte ¢ TeMm y 55—85% ma-
IIMEHTOB MOXET pPa3BUTbCSI XPOHMUUYECKUU Tera-
tut C (XI'C) ¢ manpHeiei nporpeccueii B Lup-
poO3 TMeYeHHU, TeIaTOLEIIONSIPHYI0 KaplUHOMY
WJIU TIEYEHOUYHYIO HEAOCTATOYHOCTD [7].

PaznuyaroT BoceMb OCHOBHBIX reHoTurioB BI'C
n 6osiee 60 cyoTHITOB. OTHOCUTETBHO HYKJICOTHUIHBIX
MOCJICAOBATEILHOCTEM MOJIHBIX TEHOMOB, TeHETUYEC-
Koe pa3HooOpasue mexay reHotunamu BI'C cocras-
ssiet okoJio 30%, a paziuyne MEXIy cyoTunaMum —
15% [4]. T'moGayibHOE pacIpoCTpaHEHUE KaKIIOro
reHotuna BI'C reorpaguyecku aeTrepMUHUPOBAHO.
I'enotun 1 aBisieTcss HaMboJIee YaCTO BCTpeYaeMbIM
BO BCEM MHUPE M MMeEET IMPOKOe reorpacduveckoe

pacrpocTpaHeHue, cocTaBisasa 46% Bcex MHMEKLMNA
BI'C. T'enotun 3 sgBasieTcsa BTOpPBIM HauOoJiee pac-
NPOCTPAaHEHHBIM T€HOTUIIOM, Ha HEro IPUXOMUTCS
30% uHbekumnu, yaiie Bcrpedaercs B O HoI A3uu,
ABcTpanuu U B HeKoTopbix crpaHax Espombr [10].
T'enorunel BI'C 2 u 4 cocrasistior 9—13% nHbexmii
¢ 6oJiee orpaHMYEHHBLIM T'eorparUUeckKuM pacrpe-
nenenueM. PacripoctpanenHocth BI'C reHotuna 2
BbIIIe B A3uu 1 3aragHoii A¢ppuke, B TO BpeMsl KaK
BbIcOKasi 3aboseBaeMocTh BI'C reHotuna 4 HaOmi0-
JaeTcs B LIEHTPAJIbHOM M BOCTOYHOM YacTsaX AQpruKku
K 1ory ot Caxapsl, B CeBepHoit Adppuke 1 Ha bianskHem
Bocroke. I'eHoTunel 5, 6 u 7 nMeroT Hanbosiee orpa-
HMYEHHOE reorpaduyeckoe pacipocTpaHEHUE, TIPU
3TOM TeHOTUN 5 BcrpevaeTcs B HOxxHoi Adpuke,
a reHoturnn 6 — B BoctouHoit u IOro-BocrouHoii
Asznu, B TO BpeMsI KaK UH(PUIIMPOBaHUE TCHOTUIIOM
7 1 8 OBLIO 3aPETUCTPUPOBAHO Y HEOOJIBIIIOrO YHCiIa
nnu u3 demokparudeckoit Peciyonuku Konro n us
Wunum coorBeTcTBeHHO [9, 10].
Koundpunmuposanue BCI' u BUY (BI'C/BUY)
BeCbMa pacHpocTpaHeHO Kak B Poccuu, Tak U BO
BcemM wMmupe. BI'C Bctpewaercs uvame y BUY-
WHOGUIMPOBAHHBIX JIOACH, 4YeM Cpeau Hacele-
HUSA B 1egoM. CBsS3aHO 3TO CO CXOMHBIMU ITyTSI-
MU pacnpocTpaHeHUs OaHHBIX MHPeKnui [12].
HMMMyHHBIC peaKIIMM XO3sSMHA BIUSIOT Ha TeHe-
TU4deckoe pasHoooOpasue BI'C, ocobeHHO npu Ko-
nHbekuuu BUY, n HabmomaoTCsI TeHeTUYeCKIe
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MHdekumns n uMmyHuTeT

BapualMu B CTPYKTYpHBbIX reHax BI'C, koTopbie
MOTYT ITPUBOIUTH K BOBHUKHOBEHM IO MYyTalIWIi Jie-
KapCTBEHHOI YCTOMYUBOCTHU B TOM uucie [3].

Bo BceM Mupe cpeau malMeHTOB, UHOULIUPO-
BaHHbIX BUY, pacnipoctpaneHHocTs BI'C cocraB-
nsieT 72—92% cpenu moTpeduTesieil MHBEKIIMOH-
HbIX HapkoTudeckux Bemects (ITUH), 1-12% cpe-
I MY>KYWH, TPAaKTUKYIOIINUX CEKC C MY>XKUYMHaAMU
(MCM), n9-27% cpeau rerepocekcyalios [3]. B PD
pacnpocTtpaHeHHOCTh BI'C-uHpekuunu cpeau iato-
nmeit, xkxuBymux ¢ BMY, cocraBaster okoio 40%.
OcHOBHBIMU Trpymnmamu pucka sgpistorcs [NTHMH
(80—90%), maliMeHTHI, KOTOPBIM HEOOXOANMO TIe-
penuBaHue Kposu (60—70%), MCM (7—8%) [5].

Ho 2011 r. crangaptom JieueHust XI'C gBisiach
KOMOUWHAaIMSI TEeruJMpoBaHHOIO HWHTepdhepoHa
anbdha U NPOTUBOBUPYCHOIO Mpernapara pubaBu-
puna (ITET-INFo/PBEB) B Teuenue 24 unm 48 He-
nesib, B 3aBUcuMocTu oT reHotuna BI'C. JanHas
Tepanus COIMPOBOXAATaCh CEPbEe3HBIMU I100OOY-
HBIMU SIBJICHUSIMU, TIPUTOM UTO YCTOMYMBBIM BU-
pycojiornueckuii orBeT (Y BO) nocturaics ToabKo
y 55% 60nbHBIX, MHMUIITUPOBAHHBIX TEHOTUIIOM 1,
Torna Kak rnpu reHotune 2 u 3 apheKTUBHOCTH CO-
crasigna 80% u 6oiee [8]. PeBoironyieii B Teparmumu
XT'C cTana pa3zpaboTka IpernapaToB MPsSIMOTO MPo-
tuBoBUpycHoro aeiictBus (ITIIITA), HanmpaBiaeH-
HBIX Ha KJIIOYeBble OeJiK1 BUpyca: npoteasy NS3,
nonumepaszy NS5B u 6esok NSSA.

bnaromapss mnosiBjieHUI0 0e3MHTEePGhEPOHOBbBIX
CXeM Teparuu, 3HAYUTEeIbHO yBEINYMJIaCh YaCTOTa
noctuxkeHust Y BO (6osee 90%), cokpaTtuiiach npo-
JNOJIXKUTENbHOCTh Kypca (10 12 Heaenb), CHU3UIIOCH
KOJIMYECTBO TTOOOYHBIX SIBJICHUI W PEXUM TIpU-
eMa rnpemnapara craj 6oJjiee ynooeH 1Jis MallueHTOB
(BO3BMOXHOCTb TIpHUeMa JIEKAPCTBEHHBIX CPEACTB
nepopajbHo 1 pa3 B cyTKu) [6].

OnHakKo HaJTU4YKre TOYCUHbBIX MYTalluii U3-3a OT-
CYTCTBUSI KOppeKTupytouieit crocooHoctu 'y PHK-
3apucuMoii PHK-moaumepasbl sIBiasIeTCSI OCHOB-
HBIM 3JIEMEHTOM, CIIOCOOCTBYIOIIMM BBICOKOU
reHetuuyeckoili msmeHuuBoctu BI'C u, xak crnen-
CTBUE, IIpeapacIiioiaraloliiM K MOsIBJEHU IO YCTOM -
YUBBIX K JIEKAPCTBEHHBIM MperapaTtaM IeHOBapu-
aHToB [11]. JlaHHBII (heHOMEH MPUBOIUT K OTCYT-
ctButo YBO B ycinoBusx aedeHus IO unu xe
K BO3HUKHOBEHHUIO BUPYCOJOTMYECKOTO MPOphIBa
BO BpeMs Teparuu.

Lenblo Halleil paboThl OblJa OLIEHKA pacIpo-
CTPAaHEHHOCTU MYTallMi JIEKAPCTBEHHOW YCTOM-
yuBocTtu BI'C B renax NS3, NS5A, NS5B y BUY-
MHOUIITPOBAHHBIX ITAIITUEHTOB.

Matepuasbl 1 METOLbI

B paboTe ncnonb3zoBaHa mjasma KpoBu 157 manu-
eHToB ¢ BUY-uHbeKueit, mpoXnBarOIIMX Ha Tep-
putopuun JICHUHTPaACKON 00JIaCTHU, C BUPYCOJIOTU-
JyecKoit Hea(p(EeKTUBHOCTHIO aHTUPETPOBUPYCHOIM

Tepanuu (APBT). MUccrnenoBaHue ono0peHO KOMUTE-
ToM 110 3TKe PBYH HU W snimaeMuoioru 1 MUK-
pobuosioruu umenu Ilacrepa (Cankr-IletepOypr).

WccnenoBanue 00pa3110B HA HAJTUYHE CEPOJIOT U -
yeckux mapkepoB BI'C 3akJitouasoch B KaUeCTBEH-
HOM OITpeNe/IeHMM CyMMapHBIX aHTHUTEJl aHTH-
HCV ¢ ucnonb3oBaHueM KOMMepUYECKUX HAOOPOB
«bect anTH-BI'C» (BAO «BekTop-bect», Poccus)
n «MOA-AHTU-HCV» (HIIO «/IlmarHocTrnyeckue
cucTeMbl», Poccusl) B COOTBETCTBUU C peKOMEH Aa-
HUSIMU TIPOU3BOIUTEIICH.

Jsa seigBnedust Haanuusg PHK BI'C ucnonb3o-
BaJIM METOJ MoinMepa3Hoii ienHoi peakiuu (ITLLP)
¢ TUOpUAU3ALMOHHO-(JIYOPECLIEHTHON AeTeKIlInei
B PEXHME «peaJlbHOrO BPEMEHM» C TTOMOIIBI0 KOM-
mepueckoro Habopa «<AMminCenc HCV-FL» (DBYH
LHHWN WD, Poccus). BupycHyto Harpy3ky BI'C u BUY
OIPEEISIIIN C UCIIOJIb30BaHEM KOMMEPUYECKUX Ha-
6opoB mpousBoactBa PBYH IHHUHMD (Poccus)
«AMnnuCenc HCV-Monutop-FL» u «AmMninuCeHc
BUY-Monutop-FRT» cooTBeTCTBEHHO corac-
HO WHCTPYKLUSIM TmpousBoautens. Ienorun BI'C
OIpeneasiii C HCHOJAb30BAHUEM KOMMEPUYECKOTO
Habopa mpomsBoactBa PBYH IHHUUD (Poccus)
«AMrinCenc HCV-renotun-FL».

OOpaTHYIO TPAHCKPUIILMIO TPOBOIUJIU C UC-
MOJb30BAaHUEM KOMMEpPYECKOro Habopa peareH-
ToB «PeBepra-L» (DBYH LIHUUD, Poccus) mis
cuHTe3a nepsoit nenu kJAHK cornacHo MHCTpyK-
UM TIpou3BoauTesisi. Peaklinio ocTaHaBIMBaJIU
HarpeBaHUeM B TeUYeHUE 5 MUH IIpU TeMIlepaType
70°C. Janee ocylieCTBIISIIN aMIIIU(PUKALIMIO C UC-
MOJIb30BaHMEM KOMILJIEKTa ITpaiiMepoOB, COBMECTHO
daankupyromux redbl NS3, NS5A, NS5B BI'C.

Hnsa TTHP B obumieM BuUAe MCHOJb30Bald Clie-
OYIOIIWIA cocTaB aMIUIM(UKAIIMOHHON CMeCcH:
3—30 oM kaxnoro oauromnpaimMepa 1jisi Kaxaoro
reHotuna, 0,8—1,0 MM KaxXa0ro J1e30KCUHYKJIEO-
Tuaa, 5,8 MM MgCl,, 1 en. pekomOuHaHTHOI Taq
JAHK-nmonumepasnl (Fermentas, CIIIA), Oydep
nnsa Taq JAHK-nonumepasbl, 1 MKr MaTpullbl,
BoJa 0e3 HyKJea3 10 KOHeYHoro oowrema 30 MKII.
AMriudpukanroo B o01IeM BUIE TTPOBOAUIU TIPU
MaHHBIX YCJIOBUSIX: TTOCTEe AeHAaTypalluu IIpu TeM-
neparype 95°C B TeueHue 15 MUH ycTaHaBJMBaIu
30—40 uuknosB B pexume: 95°C — 20 ¢, 52—58°C —
20—30 ¢, 72°C — 120 c; 3aTeM ¢puHaIbHas 3JIOHTa-
uus npu temneparype 72°C — 5 muH. KaudectBo
TTILP onpenensinu BU3yaabHO METOIOM 3JIEKTPO-
dopesza B 2% araposnom reije (120 B, 40 muH;
1 x TBE), okpanieHHOM OpOMUIOM 3TUIMS.

s mociaenyromero ucciaeaoBaHus UCIOJIb30-
Bau crieiuuuHbIe mpaliMepbl. CEKBEHUPYIOIILY IO
peak1Irio ITPOBOIMJIN COTJIACHO MHCTPYKIIMU K Ha-
o6opy peareHToB «ABI PRISM BigDye Terminator
v3.1.» (Applied Biosystems, CIIA) Ha npsMbIx
u obpaTHbIX npaiimepax. I[IpoObl uccaenoBaIu
C TIOMOIIbIO TeHeTHYecKoro aHaauzatopa <«ABI
Prism 3500» (Applied Biosystems, CIIIA).
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INepBUYHBI aHaIW3 TPOBOAWJIN C MOMOIIbIO
nporpamMbl  NCBI Blast (https://blast.ncbi.nlm.
nih.gov/Blast.cgi) B cpaBHEHMM ¢ HYKJICOTUTHBI-
MU TIOCJIENOBATEJIbHOCTSIMU, MpPeACTaBICHHBIMU
B MeXyHapoaHoli 6a3e nanHbix GenBank (https://
www.ncbi.nlm.nih.gov/genbank). BbIpaBHUBaHUe
HYKJIEOTUIHBIX TIOCJEIOBAaTEIbHOCTE ITPOBO-
nunu B nporpamme «MEGAT1l», ucnonb3ys ajaro-
putMm ClustalW [14]. nsg onpenejeHus Haau4dus
MyTalMil JekapcTBeHHoU yctoiiuuBoctu BI'C
K IIIMIIJ wmcnonb3oBaju mporpaMMHoOe obecne-
yenue Geno2pheno HCV resistance (https://hcv.
geno2pheno.org).

CraTuCTUUECKYI0 00pabOTKy MaHHBIX MPOU3-
BOAMJIY C TOMOIIbIO makeTa nporpammMm MS Excel,
Prizm 9.5.1 (GraphPad Software Inc.). [Ipu oreH-
K€ CTaTMCTUYECKOU IIOTPEITHOCTH MCIOJIbh30Ba-
Ju «TouyHblil» uHTepBan Kronnepa—Ilupcona.
Pesynbrarsl mpeactaBieHbl ¢ yKazanueM 95% no-
BepuTelIbHOro nHTepBaia (95% AN).

Peaynbrathl

Bospacr nmanmeHToB BapbupoBas oT 18 1o 65 et
¥ cocTtaBui B cpenHeM 34,3+7,27 net. KonuyecTBO
MYXYHWH B TPYIIIEC MPEBBINIAT0 KOJIUISCTBO KEH-
mwuH — 70,7 n 29,3%, COOTBETCTBEHHO.

B nHamem uccnenosanuu anturesa Kk BI'C Ob1in
BoIsiBIIeHBl Yy 94,27% (95% JW: 89,40—97,35%)
BUY-unduumpoBaHHbIX TUL. M3 HUX XKEHIIIUH —
44 yenoseka (29,73%) (95% JAW: 22,50—37,79%)
n MyxunH — 104 genoseka (70,27%) (95% OAWU:
62,21-77,50%).

PHK BI'C BweissBuiu y 98 (62,4%) (95% JAW:
54,35—70,01%) nauumentoB. PacrnpeneieHue reHo-
tunoB BI'C B gaHHOIT TpyIiTie ObIJIO CAEAYIOIINM:
la — 7,14% (95% OAW: 2,92—14,16%) (n = 7), 1b —
53,06% (95% OUN: 42,71—63,22%) (n = 52), 2 —

2,04% (95% AW 0,25—7,18%) (n = 2), 3a — 37,76%
(95% OW: 28,16—48,12%) (n = 37).

Pesynbrarhl orpeneieHUs] BUPYCHOW Harpys-
KU BapbupoBaiu oT 5,3 x 10° 1o 2,3 x 108 ME/mu.
HyxkyieotumHasi mocjienoBaTeIbHOCTh BCEX TpeEX
yuacTtkoB NS3, NS5A, NS5B onpenesieHa B 73 00-
pasuax, y 9 o6pas3uosB yaajgoch aMILIMPULUPOBATh
M TIOJIYYUTh HYKJICOTUIHBIE TTOCIEN0BATeIbHOCTU
JIBYX PETHUOHOB U Yy 15 00pa3110B — OJTHOTO peruoHa.

Yacmoma ebisieaeHUss Mymayuil pe3ucmeHmuocmu
6 peeuone NS3. AHanu3 MyTaluii JieKapCTBEHHOM
YCTOHYMUBOCTU B perrnoHe NS3 mpoBoauu ajiast 82
nzojisitoB BI'C renorunos 1b (n = 46), 3a (n = 31), la
(n=4),2 (n=1). [IpoLiIeHTHOE COOTHOIIIEHUE TTOCTIe-
noBarejabHocTelt pernoHa NS3 BI'C reHotumnos 1b, 3a,
la, 2 B 00cJienoBaHHOI BbIOOpPKE cocTtaBuio 56,10%
(95% OW: 44,70—67,04%), 37,80% (95% AW: 27,32—
49,19%), 4,88% (95% AW: 1,34—12,03%), 1,22% (95%
JU:0,03—6,61%) coorBeTcTBEHHO. [ToTydyeHHBIE 11O~
KazaTeJd 4acTOThl BCTPEYaeMOCTH B 3aBUCHMMOCTHU
OT r€HOTU A MpecTaBAeHbI B Ta0. 1.

B o01eit cIoXHOCTH HOJsI IITAMMOB, COHEP-
Xallux MyTalnuu B pernone NS3, cocraBuia 9,8%
95% OWN: 4,31—18,32%) (8/82). Bcero comepxxanu
myTtauuu 50% (95% AW: 6,76—93,24%) (2/4) no-
ciegoBaTesibHOCTel reHoTuIa la, 8,7% (95% I U:
2,42-20,79%) (4/46) renoruna 1b, 6,5% (95% I WU:
0,79—21,42%) (2/31) renoTuna 3a.

Yacmoma @bis6AeHUS MYMAyuil  pe3ucmeHm-
Hocmu 6 peeuone NSS5A. Ananu3 myTauuii jekap-
CTBEHHOI yCTOMUYMBOCTU B peruoHe NS5A npoBo-
nunau s 83 uzonsatos BI'C reHotunos 1b (n = 47),
3a (n = 30), la (n=6).

IIpolieHTHOE COOTHOIIIEHUE IT0C/IeIOBaTEIbHO-
cteit peruoHa NS5A BI'C reHotumnos 1b, 3a, la cpenu
00cIemoBaHHBIX COCTaBUIIO 56,6% (95% AW: 45,29—
67,47%), 36,2% (95% AW: 25,88—47,43%), 7,2% (95%
AN: 2,70—15,07%) cooTBeTcTBeHHO. YacToTa BCTpe-

Ta6auua 1. YacToTa BbiIBIEHUS KIMHMYECKU 3HAYMMbIX MyTauuii B permoHe NS3 B uccnepyemoii rpynne
Table 1. Frequency of detected clinically relevant mutations in HCV NS3 region in the study group

FeHoTun BI'C/konuuecTeo .,
NOCNe10BaTENbHOCTEI MyTaHMa n % VCTOVI‘lIfIBOCTI: K v.mrlulﬁmopy
Mutation Resistance to inhibitor
HCV genotype/number of sequences
1545 1 o5 Tenanpgsup, .BOKcm.1anpeBup, rpasonpesup
1a (4) Telaprevir, Voxilaprevir, Grazoprevir

Q8oL 1 o5 Box.cunan.peaup
Voxilaprevir

V36M 1 2.2 Fpasonpegup, Boxcungnpesup
Grazoprevir, Voxilaprevir

1b (46) Y56F 5 44 rpasonpegwp, B'oxcun'anpeaup

Grazoprevir, Voxilaprevir

Q80K 1 22 Acyuanpeilmp,. Cumenpesup
Asunaprevir, Simeprevir

Q80K 1 3.2 Box.cunan.pesup
Voxilaprevir

3a (31)

nekanpeBup, Bokcunanpesup

Q168R 1 3,2 . . )
Glecaprevir, Voxilaprevir
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[.9. PeitHrapar v ap.

MHdekumns n uMmyHuTeT

YaeMOCTU MyTalluii JIEKAPCTBEHHOU YCTOMYMBOCTU
BI'C B peruone NS5A npencrtaBiieHa B TabJ. 2 B cO-
OTBETCTBUY C TEHOTUIIOM BHpYCa.

Jlonst (apMakope3MCTEHTHBIX IO YKa3aHHO-
MY permoHy mramMoB coctaBuia 19,3% (95% AU:
11,44%—29,41%) (16/83). Bcero coaepxaiud myTa-
uuu ycroiuuboctu 14,9% (95% AUN: 6,20—28,31%)
(7/47) nmocnenoBarenbHOCTel reHotuna 1b, 33,3%
(95% OW: 14,73—49,40%) (9/30) reHoTura 3a.

Yacmoma e6viaéreHus Mymauyuii pe3ucmeHm-
Hocmu 6 peeuone NSS5SB. AHalu3 MmyTaluii jJekap-
CTBEHHOI ycTollunBOCTU B peruoHe NS5B npoBo-
aunu aas 87 uzonsatos BI'C reHoTumnos 1b (n = 48),
3a(n=232),2(n=2), la(n=25).

IIpolleHTHOE COOTHOIIEHHE ITOCIIeIOBaTEIb-
HocTteir peruoHa NS5B BI'C renHorunos 1b, 3a, 2,
la B oOciemoBaHHOUW BBIOOpPKE cocTaBuo 55,2%
(95% OW: 44,13—65,85%), 36,8% (95% AW: 26,69—
47,80%), 2,3% (95% OW: 0,28—8,06%), 5,7% (95%
ON: 1,89—12,90%) coorBeTcTBeHHO. B TaGm. 3
npeacTaBjieHbl JaHHble 0 mTamMmax BI'C ¢ myTa-
uusimu B NS5B-peruone.

KiuHndyeckn 3HaYUMMBIE aMUHOKMCIOTHEIC 3a-
MeHBbI OblIM BbISIBJIeHBI B 10 mramMmmax u3 87, 4to
cocraBuio 11,5% (95% A W: 5,65%—20,12%). Bcero
coaepxanu mytaunu 60% (95% A W: 14,66—94,73%)
(3/5) mocnenoBaTenbHOCTEM TreHoTuna la, 8,3%
(95% OW: 2,32—19,98%) (4/48) renorurma lb, 9,4%
(95% OW: 1,98—25,02%) (3/32) reHoTtuIma 3a.

B obGcnepoBaHHOI HAMU TpyIine MyTalluu, ac-
coluupoBaHHbIe ¢ ycToiiunBocThio BI'C x TTITIT/]
BO BCEX peruoHax, OblIM OOHapyXeHbI B 16,6%
95% AW: 11,11-23,32%) cnyuaeB (n = 26). B pe-
ruoHe NS3 — 6 3HAUMMBIX HYKJIEOTUAHBIX 3aMEH,
B peruoHax NS5A u NS5B 15 u 10 3HaUUMBIX HY-
KJIEOTUIHBIX 3aME€H COOTBETCTBEHHO (Ta0J1. 4).

O6cyxaeHne

[To mraHHBIM JTUTEPaATypPHl, 9aCTOTA BBISBJICHUS
CEpPOJIOTUUYECKUX MapKepoB HMHOEKINU y MYXK-
YUH 3HAYMTEIbHO BBIIEe, YeM Y SKCHIIWH, Kak
cpenu BUY-mHGULUMPOBAHHOTO KOHTUHIEHTA,
Tak u cpeau OonbHBIX XI'C [17]. B Hamem wuc-
CICIOBAHUM CpEIu ITallMeHTOB C KOMH(EeKIIMei
BUY+BI'C cepomornueckue MapkKepbl 00enX MH-
ekl mpeBaarpoBaIn Yy MYXKYWH II0 CpaBHE-
HUIO C XKCHIIIMHAMM.

Pacrnipoctpanenue reHotunos BI'C B P® pac-
npenesieTcsl CISAYIONINM o0pa3oM: TeHoTun 1 —
52,6% (1b — 48,9%, la — 3,7%); renorun 3 — 39,6%;
reHotun 2 — 7,8%. I'eHotunbl 4—6 BCTpeYarOTCsI
menee yeMm B 0,01% cinyugaes [9]. Uro kacaercs re-
HeTnyeckoro pasHoobpasusgs BI'C cpemun BHWY-
WHQPUIIMPOBAHHBIX JIUII, OHO aHAJOTMYHO TAKOBOMY
B OOLIEW MomyJsasiiyd — MNpeodJagaloT T€HOTUIbI
16 1 3a [3]. Pacnipenenenne renotunos BI'C cpenu
BUY-ununmpoBaHHBIX JUIL], TIOJIydeHHOE B Ha-

TaGauua 2. YactoTa BbiIBIeHMS KJIMHUYECKM 3HAaYMMBbIX MyTauuii B pernoHe NS5A B uccnegyemoii rpynne
Table 2. Frequency of detected clinically relevant mutations in HCV NS5A region in the study group

Fenoun BI'C/xonusecrso MyTauus YCTONYUBOCTb K UHTUOUTO
nocnepoBaTesibHOCTEN Myttl'l % Resist to inhibit Py

HCV genotype/number of sequences utation esistance o nhibitor
Daknataceup, OmM6utaceup, MubpeHraceup

1b(47) YO3H 149 Daclatasvir, Ombitasvir, Pibrentasvir
A30K 67 D,aKnaTagBMp, I'IMGper'lTach'lp, ngnwnacsup

3a (30) Daclatasvir, Pibrentasvir, Ledipasvir

Y93H 426 Laknatacsup, Om6utaceup, MuépeHTaceup

'~ | Daclatasvir, Ombitasvir, Pibrentasvir

Ta6auua 3. YacToTa BbiIBNIeHMS KJIMHUYECKM 3HaYMMbIX MyTauuii B pernoHe NS5B B uccnepgyemoii rpynne
Table 3. Frequency of detected clinically relevant mutations in HCV NS5B region in the study group

FenoTun BI'C/Koanecrgo MyTauus o YcTOYMBOCTb K UHTMOMTOPY
rocneaosarenbHocTeM Mutation % Resistance to inhibitor
HCV genotype/number of sequences u
L159F 40 CO(I)OCGVIBMp, }J,acaﬁysup
1a(5) Sofosbuvir, Dasabuvir
C316Y oo |Aacabysup
Dasabuvir
C316N 6,25 | Codocysup
Sofosbuvir
1b (48) Tacat
L159F o, |macavysup
Dasabuvir
3a(32) $282T 94 |Aacabysup
Dasabuvir
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Ta6nuua 4. 3HaunMMble HYKJ1IeoTUAHbIe 3ameHbl y BUM-nHpuumpoBaHHbIX naumeHToB ¢ HeaddekTuBHoi APBT
Table 4. Significant nucleotide substitutions in HIV-infected patients with ineffective ART

Ne oGpasua PernoH FeHoTun HykneotugHas sameHa YCTOYMBOCTb K UHTMOUTOPY
No. of sample Region Genotype Nucleotide substitution Resistance to Inhibitor

3 NS5A 3a A30K+Y93H p,aKnaTangp, Jjenwpacsup, OM.6MTaCBVIp
Daclatasvir, Ledipasvir, Ombitasvir

6 NS5A 1b Y93H naKnaTagBup, 3n§acaup, negunacsup
Daclatasvir, Elbasvir, Ledipasvir

6 NS3 1b V36M Bouenpegup, I'neKanpeBMp, I'paagnpesup
Boceprevir, Glecaprevir, Grazoprevir

7 NS3 1b Y56F Fpasonpesup
Grazoprevir

8 NS5A 3a A30K }J,axna-raqaup, 3n§ac3up, Hegunacsup
Daclatasvir, Elbasvir, Ledipasvir

11 NS5B 1b C316N Codpoctysup
Sofosbuvir

15 NS5A 3a YO3H ﬂ,aKnaTagawp, 3n§acaup, negunacswp
Daclatasvir, Elbasvir, Ledipasvir

15 NS3 3a Q168R rneKanpegup, Bpmungnpesup
Glecaprevir, Voxilaprevir

18 NS5B 1b c316Y Cogocbysup
Sofosbuvir

23 NS5A 1b YO3H p,aKnaTagBup, 3n§acsup, ne_pl,wnacaup
Daclatasvir, Elbasvir, Ledipasvir

25 NS5A 1b Y93H ﬂ,aKnaTanup, 3n§acsup, Hegunacaup
Daclatasvir, Elbasvir, Ledipasvir

26 NS5B 1b C316N Cogocbysup
Sofosbuvir

29 NS3 3a Q80K Bokcunanpesup
Voxilaprevir

29 NS5A 3a YO3H ﬂ,aKnaTangp, 3n§acsup, Hegunacawp
Daclatasvir, Elbasvir, Ledipasvir

29 NS5B 3a $282T Cogocbysup
Sofosbuvir

35 NS5B 1b L159F Codocbysup
Sofosbuvir

36 NS5A 3a YO3H p,aKnaTagawp, 3n§acsup, negunacawp
Daclatasvir, Elbasvir, Ledipasvir

39 NS5B 1a L159F Cogocbysup
Sofosbuvir

42 NS3 1b Y56F+Q80K fpasonpesup
Grazoprevir

44 NS5A 3a YO3H ﬂ,aKnaTagawp, 3n§acaup, negwnacswp
Daclatasvir, Elbasvir, Ledipasvir

46 NS5A 1b Y93H ﬂ,aKnaTanup, 3n§ac3up, Hegunacaup
Daclatasvir, Elbasvir, Ledipasvir

57 NS5B 3a $282T Cogocbysup
Sofosbuvir

57 NS5A 3a YO3H p,aKnaTagaup, 3n§acaup, ne_pl,unacaup
Daclatasvir, Elbasvir, Ledipasvir

71 NS5A 1b Y93H ﬂ,aKnaTanup, 3n§acsup, Hegunacaup
Daclatasvir, Elbasvir, Ledipasvir

72 NS5B 3a s282T Codocbysup
Sofosbuvir
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MHdekumns n uMmyHuTeT

OkoH4yaHue Tabnuubl 4. 3HaYMMbie HYKNeOTUAHbIEe 3amMmeHbl y BUY-MHDUUMPOBaAHHbIX NALMEeHTOB

c HeadPekTuBHOI APBT
Table 4. Significant nucleotide substitutions in HIV-infected patients with ineffective ART (continued)
Ne o6pa3ua Pernon FeHoTun HykneotnpgHas 3ameHa YCTOYMBOCTb K UHTUOUTOPY
No. of sample Region Genotype Nucleotide substitution Resistance to Inhibitor
75 NS5B 1a L159F Codocbysup
Sofosbuvir
75 NS3 1a T54S+Q80L Bouenpegup, Te"a".peBMp
Boceprevir, Telaprevir
81 NS5A 1b YO3H AaxnaTangp, 3n§acsup, negunacswp
Daclatasvir, Elbasvir, Ledipasvir
86 NS3 3a Q80K Bokcunanpesup
Voxilaprevir
89 NS5A 3a Y93H naKnaTanMp, anﬁacnup, negunacnup
Daclatasvir, Elbasvir, Ledipasvir
91 NS5B 1a c316Y Codocbysup
Sofosbuvir
94 NS5A 1b YO3H D,aKnaTangp, 3n§acsup, ﬂegunacswp
Daclatasvir, Elbasvir, Ledipasvir

CcTosIIIIEl paboTe, — IIpeBaJIupoBaHNe TeHOTUIIOB 1b
¥ 3a — He IIPOTUBOPEUIIIO TUTSPATYPHBIM JTaHHBIM.

JItonn ¢ xomHdeknueit BIC+BUY obnapaior
BBICOKOI BepOsITHOCTHIO Tepenadu BI'C moaoBeIM
nyteM. C KOMH(PUIMPOBAHUEM CBSI3aHBI IIOBBI-
IIEHHAsT BOCIIPUUMYMBOCTD CIM3UCTHIX 000JIOUEK
K nHpuuuposanuio BI'C. IIporpeccupoBanue 3a-
OoieBaHMT TIeyeHU, HUOpo3a U HUPpoO3a TaK XKe
CBSI3aHBI C OIHOBPEMEHHBIM WH(GHUIMPOBAHUEM
BI'C u BHMY, 4urto sBisieTcss ogHOil M3 Hambojee
pacnopoCTpaHeHHBIX IIPUYNH CMEPTHU Y JTIOACH, K1~
Bymux ¢ BUY-undexknmeit (JIZKB), momrygarommx
APBT, n, B 11eJIoM, CMEPTHOCTb MPU KOMHGPEKIIUN
BMY+BI'C BoIllIe, yeM nnpu MoHoMHpeKusax BI'C
unu BUY [15].

B otcyrcTrBHe crenmUYeCcKOM BaKIIMHOIIPO-
dunaktukun XI'C BaXXHBIM B3JIEMEHTOM CTpaTe-
TUil 3IIMMUHAIIUU BHpYycCa SIBISICTCSI CBOCBPEMEH-
HOE Ha3HAYCHUE Tepalliy IMallMeHTaM C BBICOKUM
puckoM mnepemauynm MHeKIuu. TakuM o0Opas3om,
K TpynmaM, B KOTOPBIX MPEACTABIISICTCS BO3MOXK-
Hoit MukposnumMuHanus BI'C, orHocsarcsa JIZKB.

Ha maHHBIII MOMEHT CYIIIECTBYIOT ITAaHTCHOTHII-
HBIe cxeMbl Teparmuu XI'C, omHaKo, B CBSI3U C MX BbI-
COKOM CTOMMOCTBIO, aKTyaJbHBIMHU ITPOJOJIKAIOT
OCTaBaTbCsl TEHOTUTI-CITCIU(DUYIHBIC JISKAPCTBEHHBIC
cpeacTBa. TakuM 00pa3oM KIIHOUEBBIMU JI€TePMU-
HaHTaMu BblOOpa cxeM Tepanuu [T ocrarorcs
renotun BI'C, cyOTUIT M HAaTU4YME aCCOLIMUPOBAHHBIX
¢ hapMaKOpe3NCTEHTHOCTHIO MyTaIlU A, B CBSI3U C UeM
OTCYTCTBHE OIIpPEACIICHUSI TeHOTUIIAa U HECBOEBpE-
MEHHOE€ BBISIBJICHHE MyTallMi JIEKAPCTBEHHOM YCTOM-
YUBOCTHU MOTYT IIPUBECTHU K BBIOOPY HEOITTUMAJIBHBIX
CXeM JICUCHUsI M, KaK CJCICTBUE, HEYTaYHOMY MCXO-
ny tepanuu [16]. B cBs13u ¢ 3TMM 0ocoboe 3HaYeHue
npuoOpeTaeT ornpeaeieHue TeHOTUIIOB, CYOTHUIIOB
u myTtauuiit BI'C B 3HaUMMBIX [IJIST pacIIpOCTPaHESHUST

BUpYyca BHYTPU CTPaHBI TPYyIIIaxX pUcKa, B TOM YHCIE
u cpean BUY-undunmnpoBaHHBIX JINLIL.

B Hacrosiee BpeMs TepaneBTUYSCKUE CXEMBI
Ha ocHoBe IIIIIIJ oGecrieunBarOT 3JIUMUHALIUIO
BUpyca y OompmuHcTBa naimeHToB ¢ XI'C. Tem
He MeHee y 5% mauueHTOB HaOJII0AaeTCsl BUPYCO-
JIOTUYSCKUI TPOPHIB Ha TepaluH, UYTO OOBIYHO
CBSI3aHO C HaJIMYMEM MYyTAaUMM JIEKApCTBEHHOM
YCTOMYUBOCTHU. Y MALIMEHTOB ¢ Hed(PPEeKTUBHOC-
thio IIIIIT Hanuuyue TaKuxX MyTallMii CTaBUT MO,
yrpo3y 3(pHeKTUBHOCTh TepaluM BTOPO JTUHUU
M, CJIEIOBATEIbHO, SIBJISICTCS MPEANKTOPOM Hajlb-
HEMIIIero HeyCIeurHoro JICYCHM .

B manHOM mcciienoBaHUM MBI ITIPpOaHaIN3UPOBa-
JIX HYKJICOTUTHBIE ITOCIEI0BATEIbHOCTHA PETOHOB
NS3, NS5A, NS5B Ha npeaMeT Haau4usI MyTalluii
JIeKapCcTBEeHHOM ycToiunBocTU. CeKBEHUPOBaHUE
Bcex Tpex pernoHoB cpeau PHK-nonoxureabHbIX
0o0pa3slioB ymaioch B 75% ciydyaes, ABYX U OIHO-
ro peruoHoB — B 9.2 u 15,5% cOOTBETCTBEHHO.
Heynauun ammaundukanmu, mo-BUIUMOMY, OBIIU
00YyCJIOBJIEHBI 00JIce BBICOKUM YPOBHEM MOJIMUMOP -
¢u3Ma mociaeaoBaTeIbHOCTEH, KOOUPYIOMINX 1Ie-
JIeBble O0enku, no cpaBHeHU1o ¢ 5'-HTO obnacTtshio,
WCTIOJIb30BABIICHCS M1 AeTeKIUU WHQEKIINH,
u ydacTkoM NS5B, ncronb3oBaBIIMMCS AJIs OTIpe-
neneHus renotuna BI'C.

Y 26 (16,6%) mnauueHTOB Oblla OOHapy:KeHa
II0 KpaliHEX Mepe OAHa MyTalus B OOHOM M3 Tpex
PETMOHOB BHMpYyCa, CBsSI3aHHAsI C YCTOMYMBOCTBIO
K Teparuu [TIIT1, y 4 manyeHTOB ObLIN OOHApY-
KEHBI MYyTallii OTHOBPEMEHHO B JIBYX pPeTMOHAaX
M Y OTHOTO MallMeHTa — B TpeX peruoHax. Y 3 ma-
HMEHTOB OblJIa BEISIBJIEHA (hapMaKOPE3UCTEHTHOCTD
K TIpernapaTtaM, OOyCJIOBJICHHAas HaJIW4YHeM cpa3y
IBYX MYTaIlMi1 B OMHOM PETrMOHE: Y ABYX ITAIIMCHTOB
B peruoHe NS3 1y omHoro — B pernoHe NS5A.
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Ilpu ompeneseHWr HaJIU4YMSI MyTallUi Jekap-
ctBeHHoI yctoiiunBoctu BI'C x ITITIIT/L B peruo-
He NS5B cpeau BnepBble BbIsIBIeHHBIX BUY-
UHGUIMPOBAHHBIX JUI[ 3HAaYMMble aMUHOKHUC-
JIOTHBIE 3aMeHbl ObLIM OOHapyXeHbl B 4,6% ciy-
yaeB [3]. B HallleM uccienoBaHUM 3TO MOKa3aTesb
coctaBun 11,5%. OrcyrctBue 3GHEKTUBHOCTU
APBT cpenu JIZKB MmoxkeT ObITh CBSI3aHO HE TOJIBKO
C HU3KUM YPOBHEM KOMITJIaeHCca TAKMX MAllUEHTOB,
HO U MPOAOJIXKEHUEM NPAKTUKU PUCKOBAHHOTO IO~
BEJeHN S, B TOM YMCJIE YIOTPEeOIeHUEeM HapKOTU-
YEeCKUX CPEACTB. Y TaKUX MAllMEHTOB BEJIUK PHUCK
rnepeaayu MepBUYHO PE3UCTEHTHBIX ITaMMOB BI'C
U3-3a UCMOJb30BAHUS HECTEPUJIbHBIX MEIUIIMH-
CKMX CPEICTB U OTCYTCTBHU S KOHTpPaLEMII1H.

Cpenu JIZKB ¢ HeadbdekTuBHoit APBT npobie-
Ma pesucteHTHocTu BI'C nmeeT Haubosiee BbIpa-
JKEHHBIN xapakTep. Hapsiny ¢ mpoaojikeHueM CHU-
JKEHUS YPOBHSI UMMYHHOM 3alllUTHI B pe3yjabTaTe
Bo3aeicTBUS ycToituuBoro mrtamma BUY, cocTos-
HUe TanueHTa ycyryonsercs Bo3aeiictsueM BI'C,
B YaCTHOCTU CHMXKasl GYHKIIMOHAJBHOCTD MTEYEHU.
Takoe KoMOpOUAHOE COCTOsIHUE 0€3 majbHeilie-
ro Jie4eHUusI HEMMHYEMO BeleT K HeoOpaTUMbIM
MOCJEACTBUSAM B BUAE NEKOMIEHCAIUW TEeYeHU
U TIPEXAEBPEMEHHOM TrMOe U MallueHTOB.

CTouT OTMETUTH, uTo TaMMbl BI'C ¢ myTauu-
et YO3H B pernone NS5A criocoOHBI COXpPaHSTHCS
JIJIUTEbHOE BpeMs B BUJIE MUHOPHBIX Jaxe IMocie
npekpaieHus gedyeHus ITTIITI [13]. DTo BaxkHO
B pa3pe3e BO3MOXHOCTU Mepeaadyu YCTOWUMBBIX
mrtammoB BI'C cpenu rpymnm maldeHTOB C BBICO-
KHUM PUCKOM Tepeaadyud MHMEeKI WU, B YaCTHOCTU
y JIZKB. BaxkHbIi1 BOITPOC 3aK1I0YaETCs B TOM, BO3-
MOXHO JU 3(pHEKTUBHO JIEUUTh TAKUX MAILlUEHTOB
MOBTOPHO IpernaparamMu 0oJjiee BBICOKOTO KJacca
MPU YCJIOBUM, UTO OTU IIpenapaThl JOCTYITHBDI.

B HacTosiiee BpeMsl MpoaoJixKaeTcs U3ydYeHUe
BAUSTHUS MOJIUMMOPGHBIX BapUaHTOB, HAa JTaHHBINU
MOMEHT H€ WMEIOLIUX J[I0Ka3aTeJIbCTB IIPSIMOTO
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nepegadym IITaMMOB C yXe c()OpMHPOBAHHOM Jie-
KapCTBEHHOM YCTOMYMBOCTBHIO B YSI3BUMBIX TPYII-
nax, a MMeHHO y nauneHToB ¢ BUY-undekneii.
HanHast cuTyanusl yCyTyOJIsIeT CYIIeCTBYIOIINE
OpoOJIeMBbl C JIeYeHUEM W JOCTUKEHUEM ITOJTHOU
spagMKali BHpyca Hapsay C BO3MOXHOI ero
YCTOMYMBOCTBIO K ITperrapaTaM, YTO MOKET ITPUBE-
CTH K MHBaJIMIU3allNH U IIPEKICBPEMEHHOM cMep -
TU TAKUX NAIIUCHTOB.

MonekysipHO-TeHeTUYeCKasT ~ XapaKTepUCTHUKa
nociienoBatesibHocTell BI'C OyneT criocoOcTBOBaTh
nocyenyoei naeHTUGUKAIINY ITyTell mepenadn na-
TOTeHa C 1IeJIbI0 KOHTPOJIST U/UJIH TIPEIOTBPAIICHUS
pacrpoctpaHeHUsI THGeKIUH. [TonydeHHbIe TaHHBIC
paIlMOHAJIBHO MCIIOJIB30BaTh IS OIEHKW TUHAMMU-
K1 pPacIpoCTpaHEeHHOCTH (hapMaKOpe3UCTEHTHOCTH
BI'C cpenn BUY-mHOUIIMPOBAHHBIX JIULI.

JononHutenoHas nHpopmaums

®dunancupoBanue. MccienoBaHue He UMEJO
CIIOHCOPCKOM MOJIIEPXKKHU.

ABTOpPBI TOATBEPKAAIOT, YTO OT BCEX YYACTHU-
KOB MCCJIEIOBAHUSI OBLJIO TOJYy4YeHO MH(MOPMUPO-
BaHHOE coTJlacue.

KoH(aukT uHTepecoB. ABTOpPHI MOATBEpPKAa-
IOT OTCYTCTBUE KOH(MIUKTa (DUHAHCOBBIX/HEehU-
HaHCOBBIX MHTEPECOB, CBA3aHHBIX C HallMCAaHHUEM
CTaThbU.
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Abstract. Background. With an estimated 38.4 million people worldwide living with HIV in 2021, including 2.73 million
children, there is a pressing need to understand and address HIV transmission and its impact on children’s health. This
study aims to describe the demographic characteristics, clinical profiles, and outcomes of Iranian children living with
HIV referred to one of the largest center for counseling HIV patients in Iran. Materials and methods. In this descrip-
tive cross-sectional study, we assessed clinical and biological markers in HIV-infected children treated at the counseling
center for behavioral diseases in a referral Hospital in Tehran. The study included a total of 60 records of children and
adolescents under the age of 18, spanning from 2004 to 2020. We collected detailed clinical and laboratory data, includ-
ing demographic information, treatment history, comorbidities, opportunistic infections, adherence to treatment, side
effects of HIV treatment, and laboratory test results. Additionally, the study investigated any history of COVID-19 in-
fection during the follow-up period, which coincided with the pandemic. Results. Out of the 60 patients included in the
study, there were 23 females (38.3%) and 37 males (61.6%), with a mean age of 10.03 years. About 16.7% of patients had
at least one comorbidity, including epilepsy, ADHD, autoimmune hepatitis, ITP, allergic asthma, alopecia areata, and
cystic fibrosis. Among the mothers of these children, 93.9% were HIV-positive. Out of the 60 mothers, 6.7% were not
infected with the virus, 60% were receiving treatment, and 10% had passed away. Treatment adherence was acceptable
in 93.3% of patients. Opportunistic infectious diseases were experienced by 36.7% of patients, with oral candidiasis being
the most common. Hospitalizations occurred in 21 patients, primarily due to pneumonia, fever, weakness, lethargy, and
oral thrush. Conclusions. Investigating the demographic, clinical profile, and long-term outcomes of pediatric HI'V is cru-
cial for policymakers to effectively address the ongoing HIV epidemic. Given the significant knowledge gap on pediatric
HIV in Iran, further studies in this area are necessary to improve understanding and inform strategies for the prevention,
management, and treatment of HIV in children in the country.

Key words: HIV, pediatric care, adolescents, HIV infection, antiviral therapy, Iran.
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XAPAKTEPUCTUKA OETEN, XXMBYLLIUX C BUY B UPAHE, MO AAHHbIM CNELUAJTM3UPOBAHHOW
KJINHUKW: NONEPEYHOE UCCJIEQOBAHUE

Xacannexan M.!, Aogoncanexu M.P.2, Manmaau C.A.JI.!, Acagu C.M.!, [llaxmoxamaau D.!, Aooacmiop D.!,
Jxaxanu II1.', CeitenAmnaru C.!

! Upanckuit uccaedosamenvckuii yenmp BUY/CITUIL, Hpanckuit uncmumym cHudcenus nogederus 8biCoK020 puckd,

Teeepanckuii ynusepcumem meduyurckux Hayk, Teeepan, HUpan
2 Tecepanckuii ynusepcumem meduyunckux nayx, Teeepan, Hpan

Pesiome. Hcmopus éonpoca. YautbiBas, uto B 2021 r. BO BceM MUpe MO MPUOIU3UTETbHBIM OLIEHKaM OyIeT HACUUThI-
Batbes 38,4 MuTH yesoBek, XUByIKux ¢ BUY, Bkatouas 2,73 MJIH aeTeii, CylIecTBYeT ocTpast HEOOXOAMMOCTh PEeLICHUS
npo6iaemMbl nepeaaun BUY u uzyuenus sausnus BUY-uHdexkumnu Ha 3mopoBbe AeTeil. Lleabio naHHOro uccieaoBaHus
SIBJISIETCS OMMUCaHKe IeMorparuieckKuX XapaKTepUCTUK, KIMHUYECKUX MPobuIeil U pe3yabTaToB JIEUEHU ST UPAHCKUX
neteit, xkupyiux ¢ BUY, HanmpaBieHHBIX B OAMH U3 KPYMHEHIIMX LIEHTPOB KOHCYJIbTHPOBaHUS ManueHToB ¢ BUY
B Mpane. Mamepuanst u memoos:. B HacTOsIIIIEM OnMcaTeIbHOM IIePEeKPECTHOM UCCIEA0BAaHUU MbI OLIEH UM KJIMHUAYEC-
Kue u ouojornuyeckue Mapkepsl y BUU-uHUIIMpoBaHHBIX AeTeil, HAXOASIIMXCS Ha JIEYCHUU B KOHCYJIBTallMIOHHOM
LIEHTpe 110 MOBeJeHUYeCKM 3a00IeBaHUSIM CrielMaJIu3upoBaHHOM OobHULIEI B TerepaHe. B uccienoBaHue BKIIOYEHO
B 0011€eit caoxHocTH 60 3amuceil o IeTIX 1 MoApocTKax B BospacTte 10 18 et ¢ 2004 mo 2020 . M bl coOpain moapoo-
HBle KIMHUYECKNUE U JTabopaTOpHBIC JTaHHBIC, BKITIOUAsT IeMorpadruyeckme CBEeACHUS, NICTOPHIO JICUCHUS, COITYTCTBY-
olI1e 3a00JICBaHMS, ONITOPTYHUCTHYCCKIE MHPEKIIUY, TIPUBEPKEHHOCTD JICUCHUIO, TTOO0UHBIC 3(D(PEKTHI OT ICUCHU S
BUY u pesynbrarhl 1aO0paToOpHBIX McclenoBaHuil. KpoMe Toro, B Xoie MccieaoBaHMsI U3ydyaiach J00ast UCTOPUS
3apaxeHuss COVID-19 B TeueHue nepuoaa HabJI0AeHMSI, KOTOPBIM coBMaaani ¢ maHaeMueit. Pezyasmamsir. B uccie-
JOBaHKe ObLIO BKII0YeHO 60 malueHTOB, B TOM uucie 23 pebenka xeHckoro mona (38,3%) u 37 — MyXcKoro moja
(61,6%); cpemamii BozpacT 10,03 roma. Oxoio 16,7% malmeHTOB MMEIH TTO KpaifHell Mepe OJHO COITYTCTBYIOIIEE 3a-
OoseBaHue, BKItouas snuiencuto, CHBI, ayTOMMMYHHBIN TenaTUT, MAMONATHYecKas TPOMOOIIMTONEHUYECKYIO
IypIypy, aJJIepruyecKyio acTMy, OUaroBylo aJioneluio 1 MykoBucuao3. Cpean Matepeit Takux aeteit 93,9% oka-
3anuch BUY-nonoxurensabiMu. M3 60 marepeit 6,7% He Obuin MHGULIIMPOBAHBI BUpYcoM, 60% monyvanu Je4eHue,
a 10% ckonvanuck. IIpuBepKeHHOCTD JIeueHUIO OblIa pueMiieMoii y 93,3% nauueHtoB. ONMIOPTYHUCTUYECKIE U H-
(bexuroHHbIe 3a00J1eBaHus HabM0nAIUCh Y 36,7% mallMeHToB, HauboJee YacTo BCTpeyasics KaHIUI03 MOJOCTH pTa.
locnuranu3anms numena MecTo BaHaMHe3e y 21 manueHTa, OCHOBHBIMHY €€ TPUIMHAMU OBLTH ITHEBMOHU S, JIMXOpaaKa,
¢1a00CTh, JIeTaprus 1 MOJIOYHUIIA TIOJIOCTH pTa. Boieod. ViccienoBanue neMorpadmnieckoro, KIMHUYECKOTO ITPOMUIIT
1 TOJITOCPOYHBIX TocheacTBuii BUY-uHbeknm y neTeil nMeeT pelaroiiee 3HaueHUe s 3(O(PeKTUBHOTO TTPOTHBO-
neiicTBud npoaosxatoueics anuaemun BUY. YuuteiBas 3HaunTenbHbIl Tpodes B 3HaHUsAX 0 BUY y neteit B Upane,
HEOOXOMMMBI IaJIbHE e UCCIeOBAHMS B 3TOW 00JJacTH ISl YIyUIIeH!sI TOHMMaHUsI 1 000CHOBaHUSI CTpaTeruit
npodunakTUKY, BeaeHus u nedenus BUY y nereit.

Karueesvie caosa: BUY, neduampuueckas nomoup, noopocmiu, BUY-ungpexyuu, npomusosupycrnas mepanus, Upan.

Introduction

In 2021, an estimated 38.4 million people world-
wide were living with HIV, of which 2.73 million were
children aged 0—19. Approximately 850 children were
being infected daily. In Iran, according to UNAIDS,
59 314 people were living with HIV in 2019 of which
862 were children under 15 years. Additionally,
the country experiences around 4100 new infections
and 2500 AIDS-related deaths each year [25, 27].

HIV transmission from a mother to her child
can occur during pregnancy, childbirth, or breast-
feeding, referred to as perinatal transmission [21].
The majority of children with HIV infection acquire
it through perinatal transmission or by breastfeed-
ing during their early years of immune, neuro-cog-
nitive, and physical development. Adolescents who
contract HIV typically acquire it through sexual
transmission [6].

The most typical symptoms and signs of HIV
in children include recurrent upper respiratory tract in-
fections, lymphadenopathy, and skin manifestations.

Furthermore, children with HIV are more susceptible
to various opportunistic infections such as tuberculo-
sis, bacterial pneumonia, diarrhea, oral candidiasis,
and Kaposi’s sarcoma [20]. Opportunistic infections
are a major contributor to both illness and death in in-
dividuals with HIV. Although antiretroviral therapy
(ART) has reduced the occurrence of opportunistic
infections, it still contributes to hospitalizations and
deaths in those with HIV. Thus, preventing opportun-
istic infections in those with HIV is crucial in reduc-
ing disease burden and associated mortality [24].

ART enables individuals with HIV to have a life
expectancy similar to the general population and has
a significant impact on controlling the progression
of HIV disease. However, it can also result in vari-
ous complications, such as metabolic syndrome,
dyslipidemia, cardiovascular disease, osteoporosis,
and renal disease. In the absence of ART, children
with HIV may face growth and puberty delays, long-
term immune dysfunction, neuro-developmental
delays, and other chronic complications of HIV
infection [11].
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The lack of comprehensive HIV statistics for chil-
dren in Iran is a significant concern that hampers
efforts to address and combat the virus’s impact
on this vulnerable population. Despite the growing
number of HIV cases among children in the coun-
try, limited research and data collection efforts have
been directed toward understanding the scale and
dynamics of this issue [18]. Without accurate statis-
tics, it becomes difficult to design effective preven-
tion and treatment strategies tailored to the specific
needs of children living with HIV in Iran. To address
the significant burden of HIV disease in Iran, par-
ticularly in Iranian children, we embarked on a study
to explore the demographic characteristics, clinical
profile, and outcomes of children living with HIV
referred to the behavioral disease counseling center
of Imam Khomeini Hospital, Iran. This research en-
deavor was prompted by the scarcity of studies con-
ducted in this specific population.

Materials and methods

Study design and participants. We conducted a ret-
rospective cross-sectional study to describe the de-
mographic characteristics, clinical and biological
markers, as well as the complications in HIV infected
children referred to the counseling center for behav-
ioral diseases in a referral Hospital in Tehran.

The study population consisted of all children
under the age of 18 who received treatment for HIV
from 2004 to 2020. Inclusion criteria included all
available files of children and adolescents younger
than 18 years old with HIV from the archives of the
counseling center. Patients with incomplete records
were excluded from the study. A total of 60 records
were assessed and entered into the study.

Data collection and variables. The study extracted
detailed clinical and laboratory information from
patients’ records using a structured form, which was
based on previous research [1, 5]. The form captured
data including demographic information (sex, current
age, age at diagnosis, height and weight), immuniza-
tion history, treatment history for HIV, history of ma-
ternal infection and treatment, and comorbidities
(such as cancers, renal, cardiovascular, dermatologic,
metabolic and neurological disorders). Opportunistic
infections included any history of infections that ex-
ploit an unnatural opportunity to induce diseases such
as a compromised immune system including pneumo-
nia, candidiasis, Tuberculosis (TB), cytomegalovirus
(CMYV), and herpes simplex virus (HSV) [20].

Adherence to treatment was defined, based
on previous studies, as the patient consistently at-
tended scheduled visits and followed the prescribed
medication regimen over the past year [12]. History
of treatment failures was defined as a viral load
of > 200 copies/ml after 6 months of treatment [4].
Moreover, we assessed for any side effects of HIV
treatment (such as allergic reactions — nausea/vom-

iting, loss of appetite, fatigue, lipodystrophy, mood
changes, and dermatological disorders).

Laboratory test results included the initial and final
CD4 count, HBS Ag — anti-HBS Ab (ELIZA), HCV
Ab (DiaSorin, Spain), CMV Ab (IgM, IgG), PPD
test, toxoplasma Ab (standard ELIZA), blood sugar,
creatinine and hemoglobin levels, and lipid profile.

In addition, as the patients’ follow-up took place
during the COVID-19 pandemic, we investigated
any history of COVID-19 infection in the study
population.

Ethical considerations. The study received ethi-
cal approval from the Ethic Committee of Tehran
University of Medical Science (The ethic code.
IR TUMS.IKHC.REC.1398.037). To protect par-
ticipant confidentiality, personal identifying infor-
mation was not collected and each participant was
assigned a unique identification number. This study
was observational and did not interfere with patients’
routine treatments.

Statistical analysis. The data analysis was performed
using the Statistical Package for Social Sciences (IBM
SPSS) version 26.0. Quantitative variables were de-
scribed using measures of central tendency such as
mean, and standard deviation, while qualitative vari-
ables were summarized using absolute frequency and
percentage. The results were presented in tables.

Results

There were 23 female patients (38.3%) and 37 male
patients (61.6%) with a mean age of 10.03 years and
astandard deviation of 4.60. The youngest patient was
one-year-old and the oldest was 18 years. Fifty-one
patients were under family care (85%), six patients
were receiving healthcare assistance (10%), and three
patients were under guardianship (5%). Ten patients
had at least one comorbidity (16.7%). Specifically,
amongst those diagnosed with comorbidities, there
were two cases of epilepsy (3.3%), two cases of atten-
tion deficit hyperactivity disorder (ADHD) (3.3%),
one case each of autoimmune hepatitis (1.7%), ITP
(1.7%), allergic asthma (1.7%), alopecia areata (1.7%),
and cystic fibrosis (1.7%).

Fifty-six children were born from HIV-positive
mothers (93.9%). Among the remaining four children
who were born from healthy mothers, two didn’t have
any identified risk factors, one had received a blood
transfusion after inguinal surgery and the last one
had been a victim of rape.

Out of 60 mothers of these children, four (6.7%)
mothers are not infected with the virus, 36 mothers
(60%) were receiving treatment, six (10%) mothers
had passed away while there is no information re-
garding the status of other seven mothers (11.7%).

Fifty-six patients (93.3%) had an acceptable ad-
herence to treatment and had regular visits to the
clinic as required. Out of four patients who were
not committed to treatment, three guardians were
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identified as addicts and the fourth child had lost his
mother and was under the supervision of the welfare
system and had regular visits but ever since he has
been under the guardianship of a family he had not
visited for check-ups. Patients’ characteristics were
listed in Table 1.

Twenty-two patients (28.37%) had experienced at
least one episode of opportunistic infectious disease
during their illness, including oral candidiasis (20%),
herpetic lesions (5%), and varicella zoster (3.33%).
In addition to these, there was one occurrence of each

Table 1. Demographic characteristics and clinical
profile of children living with HIV, 2004-2020

Characteristics Subcharacteristics N (%)
Age, year, mean=SD 10.03 (4.60)
Age at diagnosis
ygar, meagiSD ’ 3.81(3.53)
Sex Male 37 (61.6%)

Female 23 (38.3%)
Family care 51 (85%)
Child’s care Welfare care 6 (10%)
Guardianship 3 (5%)
HIV-positive mother 56 (93.3%)
Histor
of hos;italization 21(35.0%)
Positive PPD 2 (7.7%)
Positive Toxo IgG 7 (17.5%)
Positive HBs Ab 17 (41.5%)
Positive HBs Ag 0 (0%)
Positive HCV Ab 0 (0%)
Positive CMV IgG 34 (81%)
Positive CMV IgM 4 (11.1%)
Not available 7 (11.7%)
Mothers HIV- No treatment (11 71%)
treatment Under treatment 36 (60%)
Passed away 6 (10%)
Treatment Acceptable 56 (93.3%)
adherence Not enough adherence | 4 (6.7%)
CD4 count before 855.51
treatment, mean+SD (1153.46)
Latest CD4, 1074.39
meanzSD (619.38)
Length of ART, 69.96
month, mean+SD (40.29)
FBS, mean+SD (15364151 .
Cr, meantSD (8151%15%
Hg, meantSD (1.1517'585)
TG, mean=SD (&84%3)
Cholesterol, 132.9487
mean+SD (34.51007)
LDL, meantSD (337.32175?88)
HDL, mean+SD (1%66%%253)

of the following diseases: Candida vaginitis, mollus-
cum contagiosum, vaginitis, urinary infection with
Enterobacter, and warts on the lower limbs. Recurrent
otitis was observed in 3.33% of patients. Twenty-one
patients were hospitalized at least once with the fol-
lowing presentations and symptoms: Seven patients
(11.6%) had fever, weakness, lethargy, and Oral
thrush, seven patients were (11.6%) hospitalized due
to pneumonia, two patients (3.33%) had seizures and
at least one patient experienced one of the following
conditions: asthma attack (1.66%), diarrhea (1.66%),
herpes zoster (1.66%), syncope (suspected seizure)
(1.66%), TB (1.66%), to receive cell pack (1.66%),
ear surgery (1.66%), lethargy (1.66%), petechiae and
epistaxis (1.66%), shingles (1.66%), encephalopathy
(1.66%), Stevens—Johnson syndrome (1.66%) and in-
guinal hernia surgery (1.66%).

Patients records were screened for possible coin-
fections and the results are as follows: Out of 18 pa-
tients with PPD records, only two patients exhibited
positive PPD with dimensions of 16mm and 6mm
while others tested negative. The result of the other
virus’s immunoglobulin screening is documented
in Table 1. Also, the initial and final treatment re-
gime of patients is listed in Table 2 and 3. A sum-
mary of ART side effects, and regime change causes
is available in Tables 4, 5 respectively.

None of the included patients reported prior in-
fection with COVID-19. Two children passed away
between 2004—2020. One was under foster care,
and the guardians were unaware of the child’s medi-
cal condition, which resulted in a lack of treatment.
The second case was a known case of TB and Cystic
Fibrosis, who was hospitalized due to pneumonia and
passed away subsequently.

Discussion

This study aimed to investigate the demograph-
ic characteristics, clinical profile and outcomes
of HIV-infected children who received treatment
at the counseling center for behavioral diseases
in Imam Khomeini Hospital between 2004 to 2020.
The prevalence of opportunistic infections was found
to be (28.3%). While all HIV-infected individuals
are susceptible to a wide variety of opportunistic in-
fections [30], the prevalence and incidence of HIV-
associated opportunistic infections can vary consid-
erably [17, 19]. Most publications on the frequency
of opportunistic infectionsamong HIV-infected chil-
dren come from North America and Europe, leaving
the burden of opportunistic infections among HIV-
infected children in low- and middle-income coun-
tries inadequately reported [22]. In these regions,
TB, oral candidiasis, varicella zoster, pneumocystis
pneumonia, bacterial pneumonia, herpes zoster, and
dermatophyte infections are the most prevalent op-
portunistic infections [3, 15]. The present study iden-
tified oral candidiasis (20%) as the most common
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opportunistic infection, followed by herpes (5%), and
varicella zoster (3.33%).

Opportunistic infections are the primary causes
of morbidity and mortality in HI'V-positive children,
accounting for 94.1% of HIV-related deaths [20].
In this study, the hospitalization rate for HIV-
infected children was 35%, with the most common
reason being delayed diagnosis of infected children
and failure to identify infected mothers in a timely
manner, leading to candidiasis, weakness, lethargy,
and fever during their initial visit to the medical center
(11.6%). Another significant cause of hospitalization
was pneumonia, accounting for 11.6% of all hospital-
izations in the study population. Similar results were
observed in a study conducted in Thailand, where
35% of children were hospitalized [10]. Moreover, two
cases of pediatric HIV resulted in mortality (3.33%).
The first patient wasn’t receiving therapy, however,
there is no available record of the cause of the patient’s
death. The second patient was a known case of TB,
who died due to pneumonia while hospitalized.

Despite the advances in ART for HIV patients,
we are yet to reach the point of no mortality in this
disease. A recent systematic review of pediatric HIV
mortality showed 7.9% all-cause cumulative death
among patients [2]. In our study, 3.33% of patients
passed away, including one due to lack of treatment
and the other due to pneumonia.

HIV-infected children usually get infected verti-
cally through mother-to-child transmission during
pregnancy, delivery, or breastfeeding. Brahmbhatt
et al. [8] showed that more than 20% of children born
from infected mothers are infected with HIV at birth
and during breastfeeding. In our study, more than
90% of pediatric HIV cases were born from infected
mothers.

Although pediatric HIV treatment has made a lot
of advances since the beginning of the pandemic,
the general lack of well-tolerated age-appropriate
formulations remained a major challenge. There are
limited approved ART options for pediatric HIV in-
fection, and their possible effects on neurocognitive
development are still under investigation [23]. In our
study, the initial and final treatment regimens pre-
scribed for the patients were collected. Our results
demonstrated that 76.7% of patients received at least
zidovudine and lamivudine as their initial therapy
and 48.4% as their final treatment. Recent pediatric
guidelines suggest using two nucleoside/nucleotide
reverse transcriptase inhibitors (NRTIs) plus dolute-
gravir (DTG). Further studies could be done to assess
the reasons behind zidovudine and lamivudine being
the first choice of physicians on the NRTIs list and
the less frequent use of DTG in the treatment regimen
for children. Our results show an increase in mean
CD4 count from 855.5+113.46274 to 1074.393. As
more than 90% of patients had acceptable adherence
to treatment, we can suggest that ART treatment had
an impact on CD4 cell count.

Table 2. Current ART regimens among children
living with HIV, 2004-2020

ART Regimens N (%)
LPV/r, ZDV, 3TC 7(11.7)
ZDV, 3TC, NVP 13(21.7)
ZDV, 3TC, EFV 16 (26.7)
ZDhV, 3TC, DTG 3(b)
ZDV, 3TC, ATV/r 1(1.7)
LPV/r, TDF, FTC 2(3.3)
TDF, FTC, EFV 2(3.3)
EFV, 3TC, ABC 2(3.3)

3TC, LPV/r, TDF 117)
DTG, TDF, FTC, LPV/r 1(17)
3TC, LPV/r, ABC 3(5)
3TC, TDF, DRV/r
3TC, ABC, DRV/r
TDF, FTC, DTG
3TC, ABC, DTG 2
TDF, FTC, ATV/r

Note. LPV/r: Lopinavir/Ritonavir, ZDV: Zidovudine, 3TC: lamivudine, NVP:
Nevirapine, EFV: Efavirenz, DTG: Dolutegravir, ATV/r: Atazanavir/ritonavir,
ABC: Abacavir, TDF: Tenofovir disoproxil fumarate, FTC: Emtricitabine,
DRV/r: Darunavir/ritonavir.

Table 3. Initial ART regimes in children living with
HIV, 2004-2020

ART Regimens N (%)
ZDV, 3TC, NVP 24 (40.0)
ZDV, 3TC, EFV 22 (36.7)
ZDV, 3TC, LPV/r 4(6.7)
3TC, NVP, ABC 1(1.7)
TDF, FTC, EFV 3(5.0)
3TC, LPV/r, TDF 1(1.7)
3TC, EFV, ABC 3(5.0)
3TC, ABC, LPV/r 2(3.3)

Table 4. ART-related side effects in children living
with HIV, 2004-2020

effects Type N (%)
Nocenon” 5969
Vomiting 7 (33.3)
Diarrhea 3(14)
Decr in hemoglobin
le(\a/glsase emoglob 2(9.5)
Skin lesions 2(9.5)
Steven Johnson syndrome 1(4.7)
Side effects Insomnia and restlessness 2(9.5)
Aggressiveness 2(9.5)
Dizziness 1(4.7)
Urinary frequency 1(4.7)
Loss of appetite 1(4.7)
Sore throat 1(4.7)
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Table 5. Reasons for change of medication
regiment in children living with HIV, 2004-2020

Reason N (%)
No change 37 (61.7%)
Drug resistance 6 (10.0%)
Drug adverse reaction 9 (15%)
Both 5(8.3%)
Other reasons 2(3.3%)
Unknown 1(1.7%)

Failure of treatment is an important topic to address
both in adolescents and children infected with HIV,
as the risk of mortality significantly increases in this
condition. A recent meta-analysis by Endalamaw and
his colleagues [13] revealed that about 14.6% of chil-
dren experience this phenomenon. Moreover, another
study from a pilot cohort in South Africa [7] shows
that delayed start of ART treatment is a risk factor
for treatment failure, and many of these patients ex-
perience higher viremia periods, failing to reach viral
load suppression levels during their treatment.

The long-time therapy and treatment adherence
challenges in HIV disease as a chronic condition are
serious issues that should be addressed. This prob-
lem can eventually lead to drug resistance and severe
life-threatening side effects [14]. Shubber and her col-
leagues [26] specifically investigated how patients de-
scribe their barriers to adherence to ART and report-
ed forgetting and being away from home as the most
common reasons. A systematic review on HIV treat-
ment adherence in middle and low-income countries
reported more than 75% adherence in most of in-
cluded studies [29]. In our study, the adherence rate
to treatment was 93.3%, which is higher than in previ-
ous reports.

In this study, the researchers investigated drug-
related side effects. Among the participants, 65%
did not experience any identified drug-related side
effects. However, vomiting and diarrhea were found
to be the most prevalent among those who did.
Additionally, the study identified two life-threat-
ening side effects: Stevens—Johnson syndrome and
a decrease in hemoglobin.

Although ART is crucial and lifesaving for pedi-
atric patients with HIV, it can also result in various
complications such as metabolic syndrome, dyslipi-
demia, and renal disease. Vargas—Pacherrez’s study
highlighted that approximately half of the HIV-
infected patients in Bahia experienced metabolic syn-
drome [28]. In our study, although there were cases
with higher-than-normal levels of lipid profile and
blood sugar, the overall mean of cases in each of these
markers did not exceed the maximum value within
their respective ranges.

Determining the coexistence of TB and HIV is cru-
cial in pediatric HIV as studies have shown that about
17% of pediatric TB mortality occurs in HIV-positive
children. The complexity of the situation is further

compounded by the matter of drug interaction in these
patients and that these children may derive less benefit
from Bacillus Calmette—Guerin (BCG) vaccine [16].
In our study, only two cases of co-accordance of HIV
and TB were identified. However, this prevalence might
be underestimated as we encountered some missing
data in this aspect. Lack of available data regarding
the coexistence of HIV with other viral diseases includ-
ing hepatitis B virus (HBV), hepatitis C virus (HCV),
and CMYV was less common. None of the patients were
exposed to HCV. Although more than 40% of patients
had prior exposure to HBV, none of them were infected
with it at the time of data collection. More than 80%
of patients were previously infected with CMV but only
10% were actively infected. These results are consistent
with the results obtained in a study of Varo et al. who
found CMV IgG was the most common positive result
in all age groups (in 73% of children < 1 year, and 100%
in all other groups). Three patients were CMV IgM
positive (3.3%), suggesting acute infection. In a simi-
lar study from Malawi, HSV-2 IgG was positive in four
patients (4.4%), and HBs Ag in two (2.2%) among 91
HIV-Infected Malawian Children [9].

The results of the present study should be inter-
preted considering several limitations, such as a small
sample size, incomplete patient records, and the lack
of follow-up records in some cases. To address these
limitations, large-scale investigations with designs
ensuring the obtaining of complete patient records
and follow-up data are needed.

Conclusion

Our study contributes significant insights into
the demographic and para-clinical characteristics
of HIV-infected children in Iran, shedding light
on their long-term outcomes and potential complica-
tions. The findings from our research provide valu-
able information that can inform policymakers and
healthcare professionals in their efforts to address
the ongoing HIV epidemic within the country. This
may involve implementing comprehensive preven-
tion programs, expanding access to HIV testing and
treatment services, and providing specialized care
for HIV-infected children. Furthermore, our study
highlights the critical need for further research in the
field of pediatric HIV in Iran. Despite the progress
made in recent years, there remains a severe lack
of knowledge regarding the specific needs and expe-
riences of this vulnerable population. Future stud-
ies should aim to fill these knowledge gaps, focusing
on areas such as optimal treatment approaches, long-
term monitoring, and the impact of socioeconomic
factors on HIV outcomes in children.
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Pesiome. Klebsiella pneumoniae siBisieTcsl OMTHUM U3 OCHOBHBIX BO30yauTe el MH(PEKLIUIA, CBI3aHHBIX C OKa3aHUEM Me-
nuuurHckoit momoinu (MCMIT), Bo Bcem mupe. Llenb ucciaenoBaHus: MOJIEKYISIpHO-TeHETUYECKAs XapaKTepUCTUKa
YCTOMYMBOCTH K OeTa-TaKTaMHBIM aHTUOMOTUKAM KYJIbTYp K. pneumoniae, BBIICICHHBIX B YCJIOBUSX KapaIUOXUPYpP-
I'MYECKOTro CTal[MOHApa, BhISIBJIEHUE TUIIEPBUPYJIEHTHBIX M30JISITOB, a TAKXKE OLleHKA TeHETUYECKOTO POJICTBA KYJIBTYD.
bblny u3yyeHbl U30J1Thl, BbIASIEHHBIE U3 KIMHUUYECKOro MaTepraa naueHToB (n = 50) KapaAuoXxupypruyeckux oT-
JIeNIeHW 1 1 oTIeaeHu s aHecTe3noaoruu u peanuManuu (OAuP), HaxoguBIIMXCS HA JICUEHU U B KApAUOXUPYPrUIeCKOM
craumonape T. [Tepmu ¢ nronsa 2021 1. mo nekadbpsb 2022 r. bakTepuoaornueckue uccieaoBaH s ObIIY BBITIOJHEHBI HA aB-
ToMaTu4eckoM aHajuzaTope «WalkAway-96Plus» (Beckman Coulter, CILIA). OnpenesieHa 4yBCTBUTEIBHOCTD KYJIBTYD
K TPUMHAIIATH aHTUMUKPOOHBIM TIperapaTaM 1 MPOoayKIIKs OeTa-TakTamas paciiupeHHoro criekrpa (BJIPC), oneHeH
(beHOTHTT MHOXECTBEHHOM JIeKapcTBeHHOI ycToitunBoctu (MJIY). [Inst onpeneeHNs TUTIEPMYKOMITHOTO (PeHOTHIIA
K. pneumoniae nctionb3oBanu ctpuHr-TecT. PogctBenHocTs nzonstos (ERIC-ITLP), mpucyTtcTBue reHoB OeTa-nakTa-
Ma3 (blarpy, blacrxw, blagyy, blaoy s, blaypc, blayy., blaje.,, blaxpy.,), @ TAKKE TEHOB, aCCOIMUPOBAHHBIX C TUTIEPBUPY-
JIEHTHOCTBIO (prmpA, iucA, peg-344, wzyK2, magA), onpenensinu metogoM [TLIP o koHeuHo# Touke. AMIIUDUKAIAIO
npoBoauau Ha Tepmouukiepe «DNA Engine Dyad Thermal Cycler» (Bio-Rad, CIIIA), Bu3yanu3anuto mojuoc u 10Ky-
MEHTUPOBAHUE JaHHBIX OCYILECTBIISIM C MIOMOIIBIO CUCTEMBI reib-fokyMeHTanuu «Gel-Doc XR» (Bio-Rad, CIIA).
[To pesynbratam McciaenoBaHUs YCTAHOBJIEHO, YTO KapbaneHeMoycToiYuBbie K. prneumoniae COCTaBUIM 1ouTH 76%
Bcex Kyabryp, perotun BJIPC umenu 90%, a MJTY — 88% usonsatoB. Cpenu onpele/ieHHbIX OeTa-TakTama3 Hau-
OoJiee MPOKO B KOJIEKIIMM KYJIBTYp ObLIM mpenctaBieHbl epMeHThl TUNoB CTX-M, VIM-2 u NDM-1, reHsl Ko-
TOPBIX YaCTO JIOKAJIM30BaHbI HA MOOMIBHBIX TEHETUUECKUX BIEMEHTAaX, 00eCIeYnBaIOIINX ObICTPOEC BHYTPU- U MEX-
BUJOBOE pacnpocTpaHeHue. COrlacHO pe3yibTataM CTPUHI-TECTa, TUIEPMYKOUIHBIN (heHOTUI uMeln 8% M30JTOB
K. pneumoniae. B OTHOIIIEHUM TEHOB, aCCOLMMPOBAHHBIX C TUIIEPBUPYJICHTHOCTHIO, TIOKA3aHO, YTO Hambojee pac-
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M.B. Ky3HeuoBa un gp. MHdekumns n uMmyHuTeT

MPOCTPaHEHHBIM OKa3aJics I'eH iucA, aMmanduIpoBaHHbIN Yy 54% n30nTOB, prmpA netekTupoBaiun y 38% KyJbTyp,
48% xynbTyp uMenu reHsl wzyK2 unum magA, mapkupytomiue karcyibl Tuna K1/K2. IMoutu tpets K. pneumoniae co-
JIepKajii KOMOMHAIIUIO T€HOB rmpA W iucA, Ipy 3TOM BBIAEISIIM MX Yalle B IPYIIE MallMeHTOB C aKTUBHON MH(DEK-
nueit. ['unepmyKouaHblit heHoTun, KancyabHblil Tun K1 1 koMOMHaILUIO0 TeHOB prmpA, iucA, peg-344 uMenu TOJIbKO
YYBCTBUTEJNIbHbIE K KapbaneHeMaM KYJIbTYpbl, TOTAA KakK KancyabHblil Tun K2 Obl1 Haubosiee pacnpocTpaHeH cpeau
YCTOWYMBBIX K KapbaneHeMaM K. pneumoniae. Ha ocHOBaHUY MOJIEKYJISIPHO-TEHETUYECKOTO TUTTUPOBAHUSI BBISIBJICHO,
yto 24% KyabTyp K. pneumoniae pactpeeviuch B 4 TeHOMOIPYIIIBI UASHTUUHBIX U30JISTOB, 76% KYJIbTYp UMEIH
WHIUBUAYaTbHbIE Tpoduan. OOHapyKeHbI OJTM3KOPOACTBEHHBIE U30JISTHI y MAIIMEHTOB PAa3HBIX OTACICHU, UTO YKa-
3bIBAET HA BO3MOXHYIO IIMPKYJISIIIMIO BO30OYAUTEN ST B 3aMKHYTOM KOHTYpe «oTnenenne—OAunP—otnenenmes.

Karoueesnie caosa: Klebsiella pneumoniae, kapouoxupypeuueckuii cCmayuoHap, MoAeKYAapHoe MUnupoganue, 6ema-1aKmama3svl
paculuperHo2o cnekmpa, Kapoanenemasol, 2unepeupyaeHmHoCb.

MICROBIOLOGICAL AND MOLECULAR GENETIC CHARACTERISTICS OF KLEBSIELLA
PNEUMONIAE ISOLATES, EXTRACTED UNDER CONDITIONS OF CARDIAC SURGERY HOSPITAL
Kuznetsova M.V.*", Sergevnin V.1.*, Mihailovskaya V.S.?, Kudryavtseva L.G.¢, Pegyshina O.G.c

“ Institute of Ecology and Genetics of Microorganisms Ural Branch Russian Academy of Sciences, Perm, Russian Federation

b Perm State Medical University named after academician E.A. Wagner, Perm, Russian Federation

¢ Cardiovascular Surgery Federal Center named after S.G. Sukhanov Ministry of Health of the Russian Federation, Perm, Russian
Federation

Abstract. Klebsiella pneumoniae is one of the main causative agents of healthcare-associated infections (HAI) worldwide.
The study was aimed at molecular characterization of beta-lactam antibiotic resistance in K. pneumoniae isolated in the cardiac
surgery hospital, identify hypervirulent isolates and assess isolate genetic relatedness. K. pneumoniae isolated from the clinical
material of patients (n = 50) at cardiac surgery departments as well as anesthesiology and reanimation department treated at
the cardiovascular surgery hospital in Perm from July 2021 to December 2022 were analyzed. Bacteriological studies were per-
formed on an automatic analyzer WalkAway-96Plus (Beckman Coulter, USA). The sensitivity to thirteen antimicrobials, pro-
duction of extended-spectrum beta-lactamases (ESBL) and multidrug resistance (MDR) phenotype were assessed. The string
test was used to screen hypermucoviscous K. pneumoniae. 1solate relatedness (ERIC-PCR), presence of beta-lactamase genes
(blarpy, blacry i, blagyy, blagy s, blaypc, blayy,, blayyp.,, blaypy.,), as well as genes associated with hypervirulence (prmpA, iucA,
peg-344, wzyK2, magA) were analyzed by PCR. Amplifications were performed in a DNA Engine Dyad Thermal Cycler (Bio-
Rad, USA). Gel documentation system Gel-Doc XR (Bio-Rad, USA) was used for band visualization and data documentation.
According to the study results, it was found that carbapenem-resistant isolates accounted for almost 76% of all isolates, the ESBL-
phenotype had 90%, and MDR-phenotype — 88% of studied isolates. According to the string test results, 8% of K. pneumoniae
isolates had a hypermucoviscous phenotype. As for genes associated with hypervirulence, it was shown that the iucA4 gene was
the most common, amplified in 54% of isolates, prmpA was detected in 38% of isolates, 48% of isolates had wzyK2 or magA genes
encoding capsular type K1/K2. Almost a third of K. pneumoniae samples contained a combination of the rmpA and iucA genes,
and they were isolated more often in the group of patients with active infection. Only carbapenem-sensitive microorganisms had
hypermucoviscous phenotype, K1 capsular type, and a combination of prmpA, iucA, peg-344 genes, whereas the K2 capsular
type was most common among carbapenem-resistant K. pneumoniae. Based on molecular genetic typing, it was found that 24%
of K. pneumoniae isolates were assigned to four genome groups of identical cultures, 76% of the isolates had individual profiles.
Closely related isolates were found among patients from different departments that indicates a potential pathogen circulation
in the closed circuit “surgery department—department of anesthesiology” and “reanimation—surgery department”.

Key words: Klebsiella pneumoniae, cardiac surgery hospital, molecular typing, extended beta-lactamase spectrum, carbapenemase,
hypervirulence.

BBepneHune

Klebsiella pneumoniae (K. pneumoniae) SBAsieTCs OJI-
HUM 13 OCHOBHBIX BO30y 1M Te e MHDEKIINIA, CBSI3aH-
HBIX ¢ OKazaHueM MeaulnHcKkon oMo (MCMIT),
BO BceM mupe [8, 11, 32, 37]. B ycioBusix ctanimoHapa
KJaeocuesie3Hast UHPeK11s MOXKeT ObITh CJAEACTBUEM
9HJIOTEHHOro MH(MUIIMPOBAHUS, a TaKXe pe3yJibTa-
TOM MoMNaJaHusl BO30OyAUTEAs] U3 OOBEKTOB OOJb-
HUYHOI cpenbl [8]. M3BecTHO, 4TO mMpenBapuTeIb-
Hasl KOJIOHM3AIIWS KeJyJTOYHO-KUIIIEYHOro TpaKTa
OakTepusiMu K. pneumoniae CrioCOOCTBYET Pa3BUTUIO

SHJOreHHOI MH(EKIMU Yy TMallMeHTOB B IOCJeorne-
paumoHHblil nepuon [27]. TlauueHThI, TepeHecine
orepalyu Ha ceplle, MOABEPratoTcs MOBbIILIEHHOMY
pucky pazsutusi MCMII no cpaBHEHUIO ¢ APYyTUMU
rpyImnamMu XUpypruyecKkrx 00JIbHBIX B CBSI3U C BbIpa-
KEHHOI UMMYHocyTpeccueii [12, 18].

M3-3a BeicOKOIT crocobHOocTu K. pneumoniae
npuoOpeTaTh Pe3UCTEHTHOCTh K aHTUMUKPOOHBIM
npernapartaM JiedueHue HHGEKIIMOHHBIX OCJIOXKHE-
HUI TIpeacTaBiasieT NpodaeMy JJisl BCeX KaTeropui
0oabHBIX [29, 33]. [To MHEeHUIO psiga aBTOPOB, MPO-
OYKIMs OeTa-JakTamMa3 pacllMPEHHOIo CIeKTpa
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(BJIPC) gBnsieTcsi OCHOBHOII MPUUYMHON BBICOKO
CMEPTHOCTU Cpely MalMeHTOB C HHMEKIIUSIMU,
BbI3BaHHBIMU K. pneumoniae [10, 32]. B kadectBe
pe3epBHOTO BapraHTa JCYCHUS MAIIMCHTOB C TSIXKe-
JIBIMU WHGMEKIUSIMU B CTallMOHApax HWCIOJb3YIOT
KapOarieHeMbl, YTO IIPUBEJO K IOSIBJIEHUIO IIPO-
IYLEHTOB KapOaneHeMO-TUAPOJAU3YIOIINX JaKTa-
Mma3 (kapOamneHema3d) KaK OCHOBHOIO MeXaHM3Ma
PE3UCTEHTHOCTh K OTOW TIpyMnne aHTUOUOTUKOB.
CeronHsi oTMedaeTcsl BbICOKas pacHpoCTpaHEeH-
HOCTb HO30KOMUAJILHBIX IITaMMOB K. pneumoniae,
00JIamaromnx YCTOMUYMBOCTBIO K KapOalieHeMaM
W/UJIM MHOXECTBEHHOI JIEKapCTBEHHOM YCTONYM-
BocThlo (MJIY) kak B Poccuu, Tak u 3a pyoeskom |3,
10, 12, 27, 33].

MHOTOUYMCIEHHBIMU  UCCJIENOBAHUSIMU  TI0-
KazaHo, 4to MIJIY 4gBasieTcd XapaKTepHBIM
CBOWMCTBOM IIITAMMOB KJjeOCuena, MpuHaie-

XKalluxXx K SBOJIOIMOHHOW BETBU KJACCUYECKUX
K. pneumoniae, a cTtloCOOHOCTH BBI3BIBATH TSIKEJIBIC
dopMBl MHMEKIUit — IITaMMOB, OTHOCSIINX-
CsI K DBOJIIOIIMOHHOW BETBU THUIIEPBUPYJIEHTHBIX
K. pneumoniae [1]. BupyneHTHBIe CBOIicTBa OaKTe-
puit K. pneumoniae cBSI3aHBI C HAJIUYMEM MOJIHCA-
XapAHOI Karcyibl, pumMopuii, cucrem addamokca
n cekpennu VI Tuma, a Takxke ¢ MPpOAYyKIIUEeH CH-
nepodOpOB U CITOCOOHOCTHIO YTUIU3UPOBATH ajl-
naHTouH [27]. TunepBUpPYNEHTHBIN ITATOTUN BO3-
OynuTesns acCOIMMPOBAH C HECKOJIBKMMU TE€HOM-
HBIMHU KJIacTepaMW W WHIWBUAYaJIbHBIMU TeHaAMU
(iucABCD w iroBCDN, peg-344 wn peg-589, rmpA
u rmpA2), pacnoJoKeHHBIMI Ha IJIa3MHuAax, Ha-
JINYMe KOTOPBIX, KaK OBIJIO ITOKa3aHO, KOppeIr-
pYeT C BUPYJEHTHOCTBIO B MOAEHSIX WHGMEKINN
in vivo [37]. YcTaHOBJIeHA MPpUHAAJIEXKHOCTDb TUTIEP-
BUPYJICHTHBIX IITaMMOB K. pneumoniae K K1- u K2-
KaTmCyJbHBIM cepojornuyeckuM tumam (K-tumam),
MpeacTaBUTEIM KOTOPBIX HauboJiee pacnpocTpa-
HEeHbI B KJIMHUUYECKOM MpaKTHUKe U YacTo obanaioT
ruriepMmykouaHbeIiM ¢eHoTunom [31]. TlosiBieHue
W pacIpoCTpaHECHNE TUNECPBUPYICHTHBIX U aHTH-
OMOTHKOPE3UCTEHTHBIX IIITAMMOB YCYTyOUJIO TIPO-
0JieMy, CBSI3aHHYIO ¢ HO30KOMUAJbHBIM UHGMUIIU-
poBaHueM K. pneumoniae |2, 19, 22, 23, 24, 36].

KoMITmeKCHBIX HMCclIeNoBaHUIT MOJIEKYJISIPHO-
FeHETUUYEeCKUX CBOUCTB K. pneumoniae ¢ WCHOJIb-
30BaHUEM JAaHHBIX MUKPOOMOJIOTMYECKOTO MOHMU-
TOPUHIa B KapAMOXHUPYPruyeCKUX CTallMoHapax
HemocTaTouHo. PaHee HamMm Oblila M3ydeHaA TpyIl-
moBasi 3a00JIeBa€MOCTb THOWHO-CENTUYECKUMU
UHGEKIMIMU KIeOCUEIE3HOU STUOJOTUM Tallu-
€HTOB KPYMHOr0 KapAMOXUPYyPruueckKoro cTaluo-
Hapa [7]. TlokazaHo, yTo mtaMMbl K. pneumoniae
ObUIM TIOJIMPE3UCTEHTHBIMU, U, B OOJIBIIIMHCTBE
cJiydyaeB, yCTOMYMBBIMM K KapbaneHeMaM. B aToii
paboTe mpeacTaBjieHbl JaHHBIC O MOJIEKYJISIPHO-
TeHETUUYECKMNX CBOMCTBAaX MITaMMOB K. pneumoniae,
OUPKYIUPYIOIMIUX B KapANOXHPYPTUIECKOM CTa-
nuoHape T. [lepmu.

Llens ucciiemoBaHUST — ITPOBECTU MOJICKYJISIP-
HO-TEHETMYECKYIO XapaKTEePUCTUKY YCTOMYMBO-
CTU K OeTa-JJaKTAMHBIM aHTUOMOTUKAM KYJIBTYDP
K. pneumoniae, BbIEIEHHBIX B YCIOBUSIX Kapauo-
XUPYPrUUECKOTO CTAallMOHAapa, BBISBUTH TMITCPBU-
PYJACHTHBIC U30JISAThI, a TAKKE OLIEHUTh FTEeHETUYEC-
KO€ POJCTBO KYJbTYP.

Matepuanbl n MeTob!

OO0bekTaMU M3y4YeHUs ciayXuan 50 M30JIITOB
K. pneumoniae, BbIIEIICHHBIX N3 KJIMHUYESCKOTO Ma-
Tepuaia (Mo4ya, KpoBb, MOKPOTa, OTAEISIEMOE PaHbI
U Jp.) TALMEHTOB, HAaXONWBLIMXCSI Ha JICUEHUU
B KapaIMOXUPYpPruyeckoM cTamuoHape TI. [lepmu
B iepuon ¢ utoas 2021 r. o nekabpb 2022 1. {1t aHa-
JIA3a TIOJTYIEeHHBIX TaHHBIX BCE M30JISITHI OBLITN pas3-
JieJIeHbl Ha 2 TPYIIbL: MepBas IpyIra — U30JsITh
OT MAllMeHTOB, IJuUTeNbHO (Oosiee 48 4) Haxoms-
muxcs B OAuP (n = 31), Bropasi Tpymmna — U30JISThI
OT nmauueHToB, He mnpoweamux OAuP uamu Haxo-
asiiuxest B OAuP menee 48 u (n = 19). I[MocnenHue
ObLJIM 0003HAYEHBI KaK U30JISITHI OT ITallMEHTOB Kap-
nuoxupypruueckux oraenennit (KX0): 18% (n = 9)
n3 KXONe 1, 14% (n=8) uz KXONe 2, m02% (n=1)
13 KXO Ne 3 u KXO Ne 4. M3 yncia o6ciienoBaHHBIX
MalMeHTOB 28 YeJoBeK MMM KJIMHUYECKHe Ipo-
SIBJICHUSI THOMHO-CENITUYSCKUX NH(PEKIINiT (OCcTpast
uHdeKns), 22 n30sTa ObLIIM OTHECEHBI K 0eCCUM-
NTOMHOMY HOCUTEIBCTBY (KOJJOHU3AIIUN).

bakTepuosiornyeckue HUcCCAeAOBaAaHUS  ObLIU
BBITIOJTHEHBI Ha aBTOMAaTHMUYECKOM aHajM3aTope
«WalkAway-96Plus» (Beckman Coulter, CIIIA) ¢ uc-
nonb3oBaHueM naHeau NBC41. YyBCTBUTEIbHOCTD
K aHTUOMOTMKAM M3ydyaau MyTeM OIlpeaesIieHUs
MHWHUMAJbHBIX MHTUOMPYIOIINX KOHIIEHTPAIIUMA
K TpUHAOIIAaTH aHTUMUKPOOHBIM IIperraparaM.
KynbTypsl KjieOCcHelII TeCTUPOBAJId Ha YyBCTBU-
TEJLHOCTD K OeTa-1akTamMaM (aMIULMJIIUH 1edo-
TakcuM, lLedTasuanuM, He@TpUakcoH, Hedenum),
BKJIIOYAsT WHTUOMTOpP-3allMIICHHBIC OcTa-TaKTa-
MBI (AMOUOUWJIINH/CYTb0aKTaM, aMOKCUIIMJIINH/
KJIaByJaHaT) U KapOameHeMbl (MepoIieHeM, UMU-
neHeM), aMUHOTIJIMKa3uaaM (TeHTaMUIIMH, aMU-
KanuH) 1 (ropxuHoIoHaAM (IUIIPOQIIOKCAIINH,
sneBodJioKcalmH). Pe3yabpTaTbl MHTEpIPETUPOBAJIU
B COOTBETCTBUM C KIMHUYECKUMHU PEKOMEH TALIV S -
mu  «OmpeneneHue 4YYBCTBUTEJIBHOCTU MUKPO-
OpraHM3MOB K aHTUMHUKPOOHBIM IIpemapaTamM»
(EUCAST-2023, Bepcus 13.0).

Ilponykuuio BJIPC netekTupoBainu Ha OakTe-
puoJiornyeckoM aHaauzarope «WalkAway-96Plus»
(Beckman Coulter, CIIIA) ¢ wucroxb3oBaHUEM
naneau NBC 41. ®eHoTHI MHOXECTBEHHON JIe-
KapcTBeHHoI ycroilunBoctu (MJIY) oueHuBaniu,
Kak oImrcaHo [26].

Hnst onpenefieHUsT TUMIEPMYKOTHOIO (PeHOTH-
na KjaeOCcuesll WCIOJb30Bajiu CTpUHT-TecT [l14].
KojoHnn BeIpallliBajn Ha KPOBSHOM arape IIpu
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temrnieparype 37°C B tedeHue 18—20 4. TecT cuu-
TaJU MOJOXUTEAbHbBIM, €CJTU CJINU3b C KOJTOHUN BbI-
TSAATUBajgach 0AKTEPUOJOTMUECKOM TeTaeilt Ha 5 MM
C MMOBEPXHOCTH arapa.

Jnga seiaenenus JJHK netiio Gmomaccsl 6akTepu-
aJIbHOM KyJIBTYPbl MHOKYIUpOBaiu B 100 MKJT cBepX-
YUCTON BOBI, MporpeBaiu rpu 97°C B TBEpIOTEIb-
HoM TepMocTare ¢ TaiimepoM T T-2 «Tepmut» (Poccusi)
15 MuH, mpoObl oxyaxaaad, LEHTPUdYrupoBaiu
5 MuH npu 13 Teic. 06/MuH. CynepHaTaHThI ITePEeHO-
CUJIU B YUCTHIE anneHaopdbI u xpaHuau rpu —20°C.

IlpucyTcTBUe TreHOB OeTa-naktamas blagy,,
blacrx.n, blagyy, blagxa, blagpc, blayi,, blap.,
blaypy.;, @ TAKXKE T€HOB, aCCOLIMMPOBAHHBIX C TU-
MEPBUPYICHTHOCTbIO — prmpA, iucA, peg-344, wzy K2

u magA, onpenensau merogoM ITLIP o koHeuHoI
Touke, ucnojb3ysa npaiimepsl (OO0 «CuHTOM»,
MockBa, Poccust) U1 mpoTOKOJIbI, COTJIACHO PEeKO-
MEHIalUusM aBTOpPOB (Tabj. 1). AMIubuUKaluo
npoBoauau Ha Tepmorukiepe «DNA Engine Dyad
Thermal Cycler» (Bio-Rad, CIIIA). Buzyanuzauutio
MOJOC M JTOKYMEHTHUPOBAaHME JAHHBIX OCYIIECT-
BJISLIA C TIOMOIIBIO CUCTEMBI T'eJib-TOKYMEHTAIIUN
«Gel-Doc XR» (Bio-Rad, CIIIA).

TeHeTYecKoe TUTNIMPOBAHUE KYJIBTYp OCY-
IIECTBJSJIN B CHUCTEME JBOWHOIO KOHTPOJS IIO-
cpenctBoM rep-ITLP ¢ mpaitmepom M13 (5'-GAG
GGTGGCGGTTCT) mn ¢ npaiimepamu ERIC1/
ERIC2 (5'-CACTTAGGGGTCCTCGAATGTA/
5'-AAGTAAGTGACTGGGGTGAGCG), ucrnonib-

Ta6nuua 1. Mpaiimepsbl Ang geTekunm reHos 6eTa-nakramas, UHTerpoHos 1 knacca (A) u reHos

BupyneHTHocTH (B)

Table 1. Primers for detection of beta-lactamase genes, class 1 integrons (A) and virulence genes (B)

[ A(A)
leH Mpaivimep NocnepoBatenbHOCTb 5'-3’ n.H. UcTouHuk
Gene Primer Sequence 5'-3' bp Reference
blag, TEM-C ATCAGCAATAAACCAGC 516
TEM-H CCCCGAAGAACGTTTTC
SHV-F AGGATTGACTGCCTTTTTG )
blaguy SHV-R ATTTGCTGATTTCGCTCG 392 | Aleisa, 2013
blagy, OXA-F ATATCTCTACTGTTGCATCTCC 619
OXA-R AAACCCTTCAAACCATCC
bla CTX-M-F CGCTTTGCGATGTGCAG
yHuB. /universal CTX-M-R ACCGCGATATCGTTGGT 551 | Ahmed, 2007
blayy, VIM-2F ATGTTCAAACTTTTGAGTAGTAAG 801
VIM-2R CTACTCAACGACTGAGCG
blay, IMP1-F ACCGCAGCAGAGTCTTTGCC 557
IMP1-R ACAACCAGTTTTGCCTTACC Poirel et al., 2000
bl KPC-F TGTTGCTGAAGGAGTTGGGC 340 Senda et al., 1996
KPC-R ACGACGGCATAGTCATTTGC
blayg,, NDM-F TAAAATACCTTGAGCGGGC 439
) NDM-R AAATGGAAACTGGCGACC
WuTterponb 1 knacca | 5'CS GGCATCCAAGCAGCAAG x Lévesque, 1995
Class 1integrons 3'CS AAGCAGACTTGACCTGA ’
[ B (B)
FeH Mparimep NocnepoBatenbHOCTb 5'-3’ n.H. UcTouHuk
Gene Primer Sequence 5'-3' bp Reference
prmpA-F GAGTAGTTAATAAATCAATAGCAAT
prmpA 332
prmpA-R CAGTAGGCATTGCAGCA
iucA-1F AATCAATGGCTATTCCCGCTG
iucA iucA-1R CGCTTCACTTCTTTCACTGACAGG 289 |Russoetal, 2018
peg-344 peg344-2F AAAGGACAGAAAGCCAGTG a1
peg344-2R CAATGACGAGGGGGATAATC
magA-F GGTGCTCTTTACATCATTGC
magA magA-R GCAATGGCCATTTGCGTTAG 1283 | Nadasyetal, 2007
wzyK2-F GACCCGATATTCATACTTGACAGAG
wzyk2 wzyK2-R CCTGAAGTAAAATCGTAAATAGATGGC 641 | Turtonetal, 2008

Mpumeyanue. * — nponykT amnanduKaLyu MOXeT ObiTb TPEACTABNEH HECKONILKMMU NOCEA0BATENBHOCTSMI PA3HOT0 pa3Mepa.
Note. * — amplicons can be of different sizes.
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3ysl COOTBETCTBYIOILIIME peXXUMbI peakuii [20, 38].
AMmuindukalnnmo, BU3yalnu3aluio MoJ0C U J0KY-
MEHTUPOBaHUE TaHHBIX OCYIIECTBISIIN aHAJIOT Y-
HO BBIIIIeCKa3aHHOMY. Bce BocIipon3BoguMEIE T10-
JIOCHI OIIEHMBAJIUCh BPYYHYIO M aHAJIM3UPOBAJIUCD.
boina cozmana marpuuia maHHbix (0/1), KoTopas
B JaJIbHEWIIIEM MCHOJb30Bajlach IIJisl OCTPOCHMSI
JIEHIPOTPAaMMHEI C UCTIOJI30BAaHUEM METOIa Mepap-
xuuveckoit kiyactepuszauuu (UPGMA — HeB3Be-
LIEHHBI METOM MapHbIX TPYIII ¢ apUDMETUIECKU-
MM CpEeIHUMHU) C IIPOTPaMMHBIM OOecreuyeHueM
DARwin 6.0.

CTaTUCTUUYECKYI0 00pabOTKYy IOJYyYEHHBIX
JMTAHHBIX TPOBOAUJIM C UCIIOJb30BaHUEM ITPOrpaM-
Mbl Statistica v.10. s BBISIBJEHUSI CTaTUCTUYE-
CKM 3HAYMMBIX Pa3IUIUI UCTIONB30BaAH ) (C TO-
npaBKoii MeiiTca) nnu Tounslit kputepuit Guinepa
(F-test). [Ins1 OolleHKM 3HAYMMOCTM TIpU3HaKa Bbl-
yucasaau oTHolneHue maHcoB (OR) ¢ onpeneneHu-
eM 95%-HOoro 10BEpUTEILHOIO MHTEPBAJIA.

Pesynbrathl

Denomunuueckas xapaKkmepucmuka ycmoudu-
eocmu Kk anmubuomukam uzoaamoe K. pneumoniae.
IMpoBeneHHOE UccieOBaHKE TOKA3aJ10, YTO 00JIb-
IIUHCTBO KyAbTyp K. pneumoniae umeno 3Ha4YU-
TEJIbHBIT YPOBEHb PE3UCTEHTHOCTHU K IIPOTECTH-
pPOBaHHBIM aHTUOUMOTUKAM. Bce M30J49THI ObLIU
ycToiYMBEl K amMmuuuuinHy. K 1edorakcumy,
HedTasuaguMy, ued@Tpuakcony, nedenumy, aMmnu-
OWJITUHY-CYJIb0OaKTaMy oOKa3aJuCh HEUyBCTBU-
TeabHBIMU 90% M30STOB, a K aMOKCUIIMJLIUHY/
KJ1aByJlaHOBOM Kuciote — 84%. Kpome Toro, 88%
MU30JISITOB TIPOSIBISIIN YCTOMYMBOCTD K IIMIIPO-
dJiokcauHy 1 jJeBodoKcaluHy, Torna Kak 76%
OBIIM YCTOMYMBBEI K UMUIIECHEMY M MEpPOIICHEMY.
CaMblil HU3KUI ypPOBEHBb PE3UCTEHTHOCTU OB
obOHapy:KeH ajs1 reHTaMuuHa (58%) u amMmukanm-
Ha (46%). Cpenu 50 uzonsitoB K. pneumoniae dbe-
"Hotun npoaykuuu BJIPC umenu 90% Kyabryp.
BonbmmucTBO mtamMmoB (88%) uMmenu (eHOTUTT
MIJTY. Tlpu pacnpenejieHUU KyJAbTYp C YYETOM
npoduasi oTAeJICHMUS, 0Ka3ajloCh, YTO BCTpeyae-
MOCTH aHTHOMOTHUKOPE3NUCTCHTHBIX KYJIBTYD ObLTa
Bbiie B OAuP (Tta6s. 2). Tak, miaHc BCTPETUTh
B OAUP uzonsaTel, ycToliunBbie K KapbareHeMaM,
Obu1 Bhille B 4,9 pa3, K uunpodiaokcaluHy —
B 3,9 pa3, K aMuUKaLKHy — B 2,6 pa3a, 4eM B Kap-
NVOXUPYPTUYECKUX oOTaelieHusix. Kpome Toro,
K. pneumoniae, He4yBCTBUTEJIbHbIE K aMOKCUIIMI-
JIMHY/KJIaByJIaHaTy, a TaKXXe KapoOaleHeMaM, H0-
cToBepHO yalie BcTpevanuch B OAnP, yvem B KXO
(F-test: p = 0,041 u p = 0,038 COOTBETCTBEHHO).
MJIY-u3004Thl, a TAaKXe KYJABTYPbI C DEHOTUTIOM
BJIPC Ob11uM paBHOMEPHO pacrnpencjeHbl MeXAy
BBIOOpKAMM IITaMMOB, M30JUPOBAaHHBIX OT IIa-
OUEHTOB C KJIMHUUYECKUMHU TIPOSIBICHUSIMU WH-
dexuru U 6€CCUMIITOMHBIM HOCUTEJIbCTBOM. Tem

He MeHee IIaHC BBIACIUTH KYJBTYPHl C (peHOTH-
noMm BJIPC 6b11 BbllIe y MAlIMEHTOB C KJIMHUYEC-
KUMU TIPOSIBICHUSIMU KJICOCHEIIJIe3HOM MHQpEK-
uuu (OR = 6,000).

Monekyaapnaa  xapakmepucmuka  YCMOU-
yueocmu K Oema-a1aKmamHolM aHMUOUOMUKAM
uzonamoe K. pneumoniae. YIUTBHIBasi BBICOKYIO
YCTOMYMBOCTh KYJIBTYP K OcTa-TaKTaMHBIM aH-
TUOMOTUKAM, TIPEACTABJISJIO WMHTEPEC OLIEHUTH
BCTpeUyaeMoOCTh OeTa-JakTaMa3 ¢ HauOOJbIIeH
KJIMHUYECKON 3HAUMMOCThIO. Bce KynbpTypnl co-
IepXaau XOTsI OBl OOMH TCH, HETePMUHUPYIO-
AN YCTOMYMBOCTh K OeTa-JaKTaMHBIM aHTH-
ouotukam, a 40% (n = 20) KyabTyp comepxkaiu
5 1 6oJice TeHOB PE3UCTEHTHOCTU OMHOBPEMEHHO.
IMomaBnsiomniee OGONBITMHCTBO HM30JSITOB COAEP-
Xallvu TeH blargy (95,6% BJIPC-TONOXUTETbHBIX
U30JIsITOB, 96% BCcex KyJabTyp). JeTepMHHAHTHI
blacty. v, blagxy, M blagyy B pa3anIHBIX KOMOM-
HalusIX ObLIM AeTeKTupoBaHbl B 91,1/82% (n =
41), 75,6/68% (n = 34) u 42,2/40% (n = 19) cny-
YyaeB COOTBETCTBEHHO. AHaJIM3 pa3HooOpasus
reHoB BJIPC mnokasaji, yto 6oabiinHcTBO BJIPC-
MOJIOKUTENbHBIX U30aaTOB K. pneumoniae (91,1%)
yaiie cofepXkaau KOMOMHAIINU IBYX U Oojee Te-
HoB. Haubonee pacrnpocTpaHeHHOI OblJ1a KOMOU-
Hauust blacryytblarpytblagyk,, BCcTpevarolascs,
B TOM 4YHUCJIe ¢ ApyruMu reHamu, y 40% (n = 18).
Heob6xoauMo OTMETUTH, UTO BCe (PEeHOTUIIMYE-
cku BJIPC-HeraTuBHBIE KYJABTYPbl coaepKaau
TOJIbKO dparMeHThl blargy U B OOHOM ciaydyae —
KoMOuHauuw©  blargy+tblagyy. HeTepMUHAHTHI
blayy, n blaypy., BcTpeyanuch B 68,9/62% (n =
31) m42,2/38% (n = 19) cay4aeB COOTBETCTBEHHO.
Komb6uHanuio reHoB blayy ,Tblaypy., conepxanu
37,8/34% (n = 17) uzonsartoB. ['eH blay,c ObIN Ae-
TEKTHUPOBAH TOJILKO y Tpex u3oysatoB (Ne 5, 6, 20),
MMEIINX UICHTUYHbIe TeHETUYeCKUe TTpohuIn
(cM. Huxke). Hu onyH U30JIIT He UMeJI TeH blayp. ;.
Bce nHnuBuayajibHble KOMOMHALIMU T€HOB OeTa-
JakKTaMa3s IpeacTaBJICHBI B Ta0I. 3.

B 11e;1oM pacipocTpaHeHHOCTh TeHOB OeTa-Jlak-
Tamas (3a UcKJtoueHueM blag,,,) Oblja BbIllIe B U30-
ngrax rpynnbl «OAuP». Tak, mmaHc 1eTeKTUpOBaTh
B JaHHOU cyononynsuuu K. pneumoniae Kapodamne-
Hemasy blaypy., 0611 B 3,5 pas, a blay;,,, — B 2,7 pa3
BBIIIIE, YeM CPEIU KYJIBTYP U3 XUPYPTrUUECKUX OT/IE-
neHuii. CTOUT OTMETUTh, UYTO K. pneumoniae, Ipoay-
nupylomne oera-rakramasy KPC, 66111 BeIASIEHBI
TOJIBKO OT MAaIlMEeHTOB C MpU3HAKaMU MH(EKIInH,
KpoMe TOro, B JaHHOW TpyIIe JOCTOBEPHO Yallle
BCTpeYaJIMCh MPOAYILIEHThl MeTajljlo-OeTa-laKkTa-
ma3bel NDM-1 (53,6% vs 18,2%: p = 0,02, F-tecT).

MNHuTerponsl 1 Kiacca ¢ MOJIEKYJISIpHOW Maccoli
o1 800 10 2500 11.H. ObLIU BBISIBJACHBI Y 32 U3051TOB
(64%). NHTEerpoHbI TOCTOBEPHO Yallle TeTEKTUPO-
BaJiM B TpymIie KapOaneHeMOPE3UCTEHTHBIX KYJIb-
TYp, YeM y UYBCTBUTEJIbHBIX M30JsITOB (81,6% Vs
8,3%, p <0,01; F-tecr).
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TaGnuua 2. PacnpocTpaHeHHOCTb YCTOMYMBOCTU K aHTMOMOTUKaAM cpeau usonatoB K. pneumoniae (n = 50)
Table 2. Prevalence of antibiotic resistance among K. pneumoniae isolates (n = 50)

Konuuecteo nsonstos, n (%) | Number of isolates, n (%)
OTHOwweHune
AHTUG _ Xupypruyeckme
F;-\Tny’:iblillcj;iTcMK Obuwee (n =50) Departrr?;:Zf(:ne;;)esiology oTaeneHus (n = 19) | Wakcos (OR)
= i Odds ratio
General (n=50) and reanimation (n = 31) Cardiac surggry I
department (n=19)
Amnuumnnud/Ampicillin 50 (100,0) 31(100) 19 (100) -
LledoTakcum/Cefotaxime
P

Hedraanaum Ceftazidime 45(90,0) 29 (93,5) 16 (84,2) 27
LledTpuakcon/Ceftriaxone
Ledenum/Cefepime
M M

eponeiem/Meropenem 38 (76,0) 27 (87,1)" 11(57,9) 4,9
WUmunenem/Imipenem
AmnuuunnuH/cynbb6aktam
Ampicillin/sulbactam 45(20,0) 29(93,9) 16(84,2) 27
Amokeuumnnuk/knasynaxar 42 (84,0) 29 (93,5)* 13 (68,4) 6,6
Amoxicillin/clavulanate

Ciprofl i

LUunpodnokcauuu/Cipro ox?cm 44.(88,0) 29(93.5) 15(78.9) 38
NeBodnokcaumnH/Levofloxacin
Amukaumu/Amikacin 23 (46,0) 17 (54,3) 6 (31,6) 2,6
FeHTamuumH/Gentamicin 29 (58,0) 20 (64,5) 9 (47,4) 2,0
®deHotun BJIPC/ESBL phenotype 45 (90,0) 29 (93,5) 16 (84,2) 2,7
®denotun MJTY/MDR phenotype 44 (88,0) 29 (93,5) 15(78,9) 3,8

MpumeyaHue. * — BCTPEYaEMOCTb B BbIOOPKE 1OCTOBEPHO Bhllle (p < 0,01, F-TecT).

Note. * — sample occurrence is significantly higher (p < 0.01, F-test).

Ta6nuua 3. BctpeyaeMocTb MHAUBUAYASbHbIX
KOMOWHauuii reHoB, koaupytowux BJIPC

u kap6aneHemasbl, cpegu nsonatoe K. pneumoniae
Table 3. Rate of individual combinations of ESBL-

and carbapenemase-encoding genes among

K. pneumoniae isolates

n (% ot BJIPC/
BJIPC-reHoTun % OT BCEX N30NIATOB)
ESBL genotype n (% of ESBL/% of all
isolates)

bla;gytblacry.y+blagy, 8(17,8/16,0)
g;:;Tx:flﬁ;:‘,:::blaoxﬁblaSHV+ 7 (15.6/14,0)
blayeytblacryytblagystblayy.,+blayoy., 5(11,1/10,0)
bla;gytblacry.ytblaggatblag,,tblayy., 5(11,1/10,0)
blagy 4(8,9/8,0)
blagytblacy.ytblagg,tblayy., 3(6,7/6,0)
blagytblagectblay,,., 3(6,76,0)
blaytblacry.ytblagyytblayy..tblaypy., 3(6,76,0)
blaeytblacry.ytblayy..+blaypy.1 2(4,4/4,0)
blagytblacy.utblagyatblaypy 1 2(4,4/4,0)
bla;gytblacry ytblagy,+blag,, 2(4,4/4,0)
blag;y.ytblagy,tblag,,+blay,,., 2(4,4/4,0)
blagytblacry.y 2 (4,4/4,0)
bla..ytblag,, 1(2,2/2,0)
bla;gytblay,,., 1(2,2/2,0)

Xapakmepucmuka eunepsupyireHmuo2o gpeHomu-
na u eeromuna uzonasmos K. pneumoniae. Vccine-
JIyeMble KYJBbTYpbl ITPOTECTUPOBAJIM HA MPUCYT-
CTBUE 3 T'€HOB, SBJSIOLIMXCS MapKepamMu runep-
BUPYJEHTHOTO TMAaTOTHUIIA, a TakKXe HICHTUuGhU-
OUpoOBaJX TUIT Karicyabl. CorjiacHO pe3yiabTaTaM
CTPUHT-TECTA, TUTIEPMYKOUIHBIT (DEHOTUTI UMEJTN
Bcero 8% (n = 4) uzonaros K. pneumoniae (tat6in. 4).
XoTs1 Obl OAUH T€H TUMEePBUPYJICHTHOCTU ObLI Ae-
TEKTUPOBAH y OONBIIMHCTBA (n = 27) U30JSTOB.
Hambonee pacmpocTpaHeHHBIM OKa3aJICsI TeH-
Mapkep iucA, aMinuIUupoOBaHHLI Yy 54% (n =
27) K. pneumoniae, prmpA netextupoBann y 38%
(n = 19) xynpryp. Jumb y 10% (n = 5) U30a9TOB
Oblj1a oOHapyxkeHa KOMOMHALMS TpeX reHOB-Map-
KEpPOB THNEPBUPYICHTHOCTH prmpA+iucA+peg-344,
MpUYeM UMEHHO 3T KYJIbTY PbI ObIJTH TTOJIOK U TE b-
HBIMU B CTPUHT-TecTe. Pe3ynbTaThl reHETUUYECKOTO
aHajiu3a rokasaju, 4To 4% (n = 2) KyJbTyp coaep-
Kaliv TeH magA, 44% (n = 22) — ren wzyK2, netep-
MuHupytomue karcyabsl Tuna K1 n K2 coorset-
CTBEHHO, TIPOYME U30JISITHl UMEIH KaTICyJIbl MHOTO
TUIIA, HE OIPEIEIAsIeMbIE B JTaHHOM UCCJIEIOBAHUU.
Bce unauBuayanbHble KOMOMHALIMM T€HOB, acCO-
OUUPOBAHHBIX C TUIICPBUPYJICHTHOCTHIO U KaICy-
JIOOOpa3oBaHUEM, MPENCTaBICHBI B Ta0I. 4.

I'unepMykouaHblii (HEHOTUINT MMEJIU TOJb-
KO YYBCTBUTEJIbHBIE K KapbOameHeMaM KYJIbTYPhl
K. pneumoniae, nxX pacrnpoCTpaHEHHOCTh B IaH-
Holi rpynne coctaBuia 18,2% (4 u3 22). KyabTyphl,
umetonue karncyabHblit Tun K1, Takxe Obuiu ne-
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TEKTUPOBAHBI TOJIBKO B TPYIIIE YyBCTBUTEIBHBIX
K KapOaneHemaM, Toraa Kak Tun K2 obl1 Hanbosiee
pacnpocTpaHeH Cpelu YCTOMYMBBIX K KapOarieHe-
Mmam K. pneumoniae (p = 0,04; F-tecT).

HMHTepecHO, YTO IMPENCTaBICHHOCTh IETEPMMU-
HAHT TUIIEPBUPYJEHTHOCTH OKa3ajach HUXKE B U30-
asaTtax rpymnibl «OAuP», yeM B XUpypruyeckux oT-
neneHusx, a K. pneumoniae, UMerOLIUE MYKOUJIHBII
¢deHOTHUII, BCTpEeYaanCh TOJBKO Y IallMEHTOB XU-
pyprudeckux otmeseHnii KXO No 1 u KXO Ne 2
(Tabna. 5). KpoMe Toro, cTouT OTMETUTh, UTO ILIAHC
BCTPETUTH M3OJISATHI C TUIIEPMYKOUIHBIM (DEHOTH-
TOM Yy TTAIIMEHTOB C KIIMHUYECKUMU MPOSBIICHUSIMU
WHdeK11Y ObLI B 2,5 pa3a Bblllle, YeM 6€3 TPpU3HaKOB
takoBoit (OR = 2,520). K. pneumoniae, conepxaiuive
JIeTePMUHAHTBI TUTIEPBUPYICHTHOCTHU prmpA W iucA,
BCTpEYaJIMCh COOTBETCTBEHHO B 2,3 pasa (46,4% vs
27,3%; OR =2,311) uB 2,6 pas (64,3% vs 40,9%; OR =
2,600) ygame B rpynme ¢ IMpu3HakKaMu MHGOEKIINU
(onmHaKo pa3HulIa He Obljla TOCTOBEPHOIA).

Moasnekxyasaprno-eenemuueckoe munupoganue uU3o-
aamoe K. pneumoniae. IIpoBeneHHOE MOJIEKYJISIPHOE
TUIMPOBAHUE ITOKA3aJI0, YTO 76% u30a4T0B (n = 38)
numenu nHausuayaabHbie RAPD/ERIC-nipoduu,
a24% xynbryp (n = 12) pacnpeneauaiuch B4 reHOMO-
TPYMIbl UAEHTUYHBIX U30J15TOB (I — uzonsater; 11 —
48w 49; 111 — 11,23 u 47; IV — 12 1 17). Ha nennpo-
rpamMe UPGM A reHeTM4ecKoro cXoicTBa Ha OCHO-
Be mnoBTopswoiiuxcsi ERIC-nocnegoBaTenbHOCTEN
50 U30JIITOB pacHpeae/IMIUCh B 2 OCHOBHBIX KJac-
Tepa: Kinactep A (n = 23) u kiactep b (n = 26) (puc.,
IIT obsoxka). [TepBblil Kj1acTep MOXET ObITh pa3ie-
JIeH Ha 2 onkJractepa — 1A (Ne 43, 9, 50, 10, 8, 20, 5,
6, 25,21, 14, 15, 4, 18, 13) u 2A (Ne 39, 35, 40, 26, 45,
37, 48, 49), KaxXXIblil U3 KOTOPBIX BKJIOUAJ HECKOJIb-
KO KJIOHAJIbHBIX JUHWI, a oguH m3oadat (No 36)

Ta6nuua 4. BctpeyaemocTb

WHAMBUAYaJNbHbIX KOMOUHALMIA FrEHOB,
acCoOLMUPOBaHHBIX C TMMNEePBUPYSIEHTHOCTbIO

1 KancynooGpa3oBaHueMm, cpeaun U3oNsaToB

K. pneumoniae

Table 4. The occurrence of individual combinations
for hypervirulence- and capsule formation-associated
genes among K. pneumoniae isolates

FeHOTUN rMNepPBUPYNIEHTHOCTHU
. n (%)
Hypervirulence genotype

prmpA+iucA 4(8,0)
wzyK2 11(22,0)
wzyK2+prmpA+iucA 10 (20,0)
iucA 8(16,0)
prmpA-+iucA+peg-344 2(4,0)
magA+prmpA+iucA+peg-344 2(4,0)
wzyK2+prmpA+iucA+peg-344 1(2,0)
FMnepmykouaHblil peHoTun

. 4(8,0)
Hypermucoviscous phenotype

uMesl YHUKadbHbI Tipodunab. Kinactep b Takxke
BKUTIOUaJI 1Ba moakiaactepa: 1B (Ne 38, 27, 44, 30, 41,
42,32, 31, 33,47, 23, 11, 29, 16, 24, 2, 1) u 2b (N\e 46,
22,34,28,7, 3, 17, 12, 19) c pa3HOI1 CTEIIEHBIO CXOI-
cTBa U30J5TOB. KOoahdULMeHT HeCXOACTBA MEXTY
M30JISITAMH B IpeleiaX OdHOUW KJIOHAJILHON JTUHUN
koire6ascs ot 0,00 mo 0,20 (HarrpuMep, MEXKIY U30-
nstamu Ne 43,9, 50, 10, 8), uTo yKa3sIBaeT Ha TO, YTO
M30JISITHl IpUHAAJIEXKAIN K OOHOW JUHUHN W OBLIN
OIM3KOPOACTBEHHBIMMU.

CpaBHEHHE YYBCTBUTEIBHOCTh K aHTHMOAKTe-
pHaabHBIM IIpeapaTaM M30ISITOB ABYX KJIAaCTEPOB
HE BBISIBUJIO CYIICCTBEHHOTO Pa3INYUS MEXIY

Ta6auua 5. PacnpocTpaHeHHOCTb FEHOB M Kamncys, aCCOLMUPOBaHHbIX C TMNEePBUPYNEHTHOCTbIO, Cpeau
unsonsatos K. pneumoniae B 3aBUCUMOCTM OT Npoduns otaeneHns

Table 5. The prevalence of hypervirulence- and capsule formation-associated genes among K. pneumoniae isolates

related to department specialization

Konuyecteo nsonatos, n (%)
XapakTepucrtuka Number of isolates, n (%) OTHOWeHne
rMNepPBUPYNIEHTHOCTH — wakcos (OR)
Characterization Departn?;l?Zf(;n;;:l)esiology Xupyprudeckue otaenenus (n = 19) 0dds ratio
of hypervirulence i =
yp and reanimation (n = 31) Cardiac surgery department (n = 19)

prmpA 9(29) 10 (52) 2,3
iucA 16 (51,6) 11(57,9) 2,6
peg-344 1(3,2) 4(21,1) 8,0
prmpA-+iucA+peg-344 1(3,2) 4(21,1) 8,0
Kancyna tuna K1
K1 type capsule 162 163 N
Kancyna tuna K2
K2 type capsule 12 (38,7) 10 (52,6) 1,7
rMnepMVKOM.p,HbIVI deHoTUN 0 4211y _
Hypermucoviscous phenotype

MpumMeyaHue. * — BCTPeYaeMOCTb B BbIGOPKE 10CTOBEPHO Bhillie (p < 0,01, F-TecT).

Note. * — sample occurrence is significantly higher (p < 0.01, F-test).
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HUMU, MIPU 3TOM KYJBTYDPHI, comepxaiiue blaypc
BCTpPEYaINCh TOJBKO B KJIacTepe A, U JOCTOBEPHO
yalie B 3TOM TpyIIme BCTpedauch TeHBI blayy ,
(p = 0,016; F-tect) u blag,y (p = 0,004; F-tecT).
[IIaHC BCTPEeTUTh U3BOJISITHI C TUIIEPBUPYJICHTHBIM
reHoTunoMm (prmpA+iucA+peg-344), HanpoTuUs,
ObL1 B 4 pa3a BbllIE B Kjactepe b.

Crenyetr OTMETUTD, YTO U30JISThI, OTHECEHHBIE
K KJjactepy A, BCTpeyaauCh BO BCEX OTIEJCHM-
sIX, TOTJAa KakK KyJbTyphl Kjiactepa b He BcTpeua-
JIUCh B OTAETeHUIX Kapauoxupypruu Ne 3 m Ne 4.
K knacrepy b npunannexanu 61,5% (n = 16) Bcex
KYJBTYP, BBIACJICHHBIX OT MallMEHTOB OTICJICHU S
peaHuMaInu.

Ob6cyxaeHne

K. pneumoniae — pacripocTpaHEHHBIN T'PaMOT-
pUIATEIBHBIN YCIOBHO-TTATOTEHHBIM MWKpPOOpPra-
HU3M, BBI3bIBAIOMINII pa3andHblie popmbl MCMII,
B TOM YHCJIE CETITUIIEMU IO, THEBMOHUIO, MHMDEKITUN
MOYEBBIBOASINNX ITyTeil, MCHUHTUT M aOCIIeCChI
pasnuuHoii ToKanu3anuu [32]. MHOTO4YMCIEHHBIMUT
WCCIACOOBAHUSIMU II0Ka3aHO, YTO MHOXECTBCH-
Hasg aHTHOMOTHMKOPE3MCTCHTHOCTDH SIBJISICTCS Xa-
paKTEepHBIM CBOMCTBOM COBPEMEHHBIX IIITAMMOB
K. pneumoniae, n, Hapsiny ¢ IPyTUMHU BO30OyIUTE-
JISIMM C BBICOKOM YCTOMYMBOCTBIO K MCITOJIb3YEeMBIM
B KJIMHUKE aHTUOMOTUKAM, OTHECEeHa IEHTPOM
CIIIA mo KOHTpOJIIO U TIIpodulakTuke 3abojeBa-
Huit (CDC) x kputnyeckm BaxXHBIM ESKAPE-
nartoreHam [30]. PocT ycToHYMBOCTH K TPOTUBOMU-
KPOOHBIM IIpemnapaTaM y MpeAcTaBUTENCH TUIIepP-
BUPYJICHTHOTO martoTuria K. pneumoniae ITUKTYET
HEOOXOMUMOCTb OIITUMM3AINN WHOEKIIMOHHOTO
KOHTPOJISI 1 YCOBEPIIIEHCTBOBAaHME JTaOOpaTOPHOM
MUATHOCTUKKW HO30KOMMAJIBHBIX MH(MEKIUI, 9TO
IpearojaracT NCIoJIb30BaHEe COBPEMEHHBIX M pa-
OMOHAJIBHBIX ITOXOMIOB M METOIOB IIPU IIPOBEIE-
HUU MUKPOOMOJIOTMYECKOTO MOHUTOPWHTA. DTOT
aCMeKT UMEET CYILIECTBEHHOE 3HAaUYeHUE B KapAuO-
XHUPYPrUUEeCKUX CTallMOHapaX, TaK KakK JICUYCHHE
MHOPEKIIN Y BBICOKOMMMYHOKOMITPOMETHUPOBAH-
HBIX MAIlMEHTOB SIBJISCTCS YPE3BBIYATHO CIOXKHOU
3ampadeii [31]. PaHee HaMM OBIIM MOJTyYEHBI PE3Yyib-
TaThl, yKa3blBalOIIUE HA BO3BMOXHOCTh KOHLIEHTPU-
pOBaHUSI/TICPCUCTUPOBAHUS B KAPIUOXUPYPrudec-
KOM CTallMoHape mTaMMoB K. pneumoniae ¢ MHO-
KECTBEHHOU PE3MCTEHTHOCTBHIO K aHTUOMOTUKAM,
B TOM YHCJIC KCTPEeMaJIbHO PE3UCTSHTHBIX U TTaH-
pe3ucTeHTHbIX OakTepuii [7]. IlpomonxeHuemMm pa-
OOTHI SIBUJIOCH HACTOsIIIEe HCCIeIoBaHHE, B KO-
TOPOM y COOpaHHOI B TeUEHUE roja B KapaUOXU-
PYPTUUYECKOM CTallMOHApe KOJUICKIIMU KYJIBTYpP
K. pneumoniae 6b111 M3y4eHBI MapKephbl TUIICPBU-
PYJACHTHOTO IIaTOTUIIA, WUASHTUMUIIMPOBAH THUII
KamcyJsbl, OllecHeHa PacIipOCTPaHEHHOCTh U JTOMU-
HUpPYIOIIWE TUITHI JJaKTaMa3s, a TaKxKe oIlpeaeieHa
POICTBEHHOCTH M30JISITOB.

Cpenu sHTepoOaKTepUil KIMHUYECKU 3Hadu-
MBIMU OeTa-TakTaMa3aMUu SIBISIIOTCS (epMEeHThI
CAEAYIOLIUX MOJIEKYJASIPHBIX KJjlaccoB Mo Ambler:
knacca A (turtel SHV, TEM, CTX-M, PER, KPC,
GES), knacca B (tunst IMP, VIM, NDM, GIM,
SIM), C (tunet CMY, FOX, MOX, DHA) u D (tun
OXA). Gorrie C.L. u coaBrt. (2022) noka3zaju 6ojee
BBICOKYIO YacCTOTYy BHYTPUOOIBHUYHOTO WHGU-
uupoBaHuss  BJIPC-mo10XUTENbHBIMU  IITAM-
mamu K. pneumoniae 1o cpaBHeHuto c¢ BJIPC-
oTpuuarejbHbiMu [17]. B HameM wuccienoBaHUU
dbenotun BJIPC nmenu 90% n3yuyeHHBIX KYJIbTYD,
YTO MOXET KOCBEHHO CBMIETEIhCTBOBATh O 3aK-
peTUICeHUU W TIEPCUCTUPOBAHMU JaHHBIX OakKTe-
pUii B YCIIOBUSIX KapAMOXUPYPTrUIECKOTO CTAIIUO-
Hapa. IlramMMmbl KJjeOcHeI, TPOMYLMPYIOIIE
KapOarieHemMasbl, 4aCTO CBSI3aHBI C BHYTPUOOJIb-
HUYHBIMU WHGEKIMSIMU U BCIIBIIIEYHON 3a00Jie-
BaemocTblo [10, 12, 19]. MHbek1iu, BbI3BaHHbIE
NPOAYHMPYIOIIMMHU KapbarieHeMasbl U/UJIU MOJIH-
pe3ucTeHTHBIMU K. pneumoniae, CyleCTBEHHO OC-
JIOKHSIIOT JICYeHWE M aCCOLIMUPYIOTCSI C BBICOKOM
CMEPTHOCTBIO TTAIIMEHTOB KapAUOXUPYyPruIeCKUX
ctauoHapos [3, 15, 31]. KapbaneHemMoycToiiuuBbie
M30JISITHI, BBIICJICHHBIE OT MAallMEeHTOB KapaUOXH-
pyprudeckoro crainumoHapa T. I[lepmu, cocraBuin
nouytu 76% BceX KyJAbTYp. YCTOMYMBOCTL ObLia
orocpeoBaHa IIPOAYKIIME MeTasio-0eTa-JIak-
Tama3 TunoB VIM u NDM, a Tak:xke J1akTaMa3oi
KPC. Cnenyer oTMETUTh, YTO H0JII KapOareHo-
MOYCTOWYMBBIX HW30JSTOB, coaepxXaliux blay.,,
blaypy, ¥ blaygyc cocraBuna 81,6% (31 us 38), 50%
(19 u3 38) u 7,9% (3 u3z 38). CornacHo Lombardi
u coaBT. (2015) pacnpocTpaHEeHHOCTh KapOareHe-
MOYCTOMYUBBIX U30JIITOB K. pneumoniae B Kapauo-
XUPYPTUYECKOM OTAEJIeHUU cTalnmoHapa r. CaH-
Hanato-Mwunanese (Mranus), cocraBuia 35% [25].
WHTepecHO, YTO YCTOWYMBOCTH KYJBTYp dalle
ObLTa cBsI3aHa ¢ mponyKiuei blaypy- (90,8%), Torna
KaK BCTPEYaeMoCTh blay,, , cocTaBuia auinb 9,2%.
HozokxoMmuanbHble ITaMMBI K. pneumoniae, Ipoy-
nupylolime kapoaneHemassl NDM-Tuna, akTMUBHO
BbIAEASIIOTCS B cTanuoHapax Poccuu [3, 4]. Taxk,
cpeny u3onsaToB K. pneumoniae, TMPKYJIUPYIOIIAX
B ctaunoHapax Cankt-IleTrepOypra, yacToTa pac-
MpOCTpaHEHUs MPOAYKIINY KapbaneHeMas3 TOCTH-
raiga 9,2%, mpu 3TOM 4Yallle BCEro OOHapy>KUBaJIN
NDM-tun kapb6amneHemasnl [4]. Cneayer oTrMme-
TUTh, YTO MPOAYLIEHTHI KapOaneHemas IMP tumna
B HallleM HCCJIeTOBaHUM He ObLIIM 1eTEKTUPOBaHBbI.
WM3BecTHO, 4TO TeHbl OeTa-1akTamMas/KapOareHe-
Mma3 K. pneumoniae 4aCcTO TIEPEHOCSITCSI B COCTa-
Be nHTerpoHoB [5]. I[lo manHbiM Ou Qin U coaBT.
(2017), unTerpoHnl I knacca ObLIM OOHapy>KEHBI
y 77,8% xapb6areHOMOPE3UCTEHTHBIX IITAMMOB
K. pneumoniae [35]. B HalueM ucciae1oBaHUU UHTET -
poHbI I KJlacca JOCTOBEpPHO Yallle TeTeKTUPOBaIU
B T'PYIIIe YCTOMYMBBIX K KapbarneHeMaM KYJIbTYD,
YeM Y UyBCTBUTEJIbHBIX N30JISITOB.
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XapakTepucTuka nsonsatos Klebsiella pneumoniae

Ha coBpeMeHHOM »Tame oOTMe4YaeTcs IJIo-
OaJibHOE pacrnpocTpaHeHUE TUIIEPBUPYJICHTHOU
K. pneumoniae. Ecnu paHee ciydyau nuHGULIMpPOBa-
HMS TaKMMMU IITaMMaMU ObIJIM OMMCAHBI TOJHKO
Yy 310POBBIX JIIOAE BHE CTAallMOHAPOB, TO CEroj-
HSI OHM BCE€ 4allle CTaHOBSTCS OTBETCTBEHHBIMU
3a BHYTpUOOJIbHUYHBIE MHbekuu [24, 36, 37].
JJ1s1 OLleHKW BUPYJIEHTHOCTHU KJeOCuess NCIOJIb-
3YIOT 9KCIIEPUMEHTAJIbHYI0 UHOEKIITMOHHYIO MO-
JIeb Ha MbIIIaxX WJin MOp(hOJIOrnIecKii CTPUHT-
TECT, TTO3BOJISIIOIINN BBISIBUTH TMIIEPMYKOWIHBI I
denoTtun. IlepBblil BapuaHT SIBASETCS TPYIOEM-
KHMM M CJIO(KHO BOCHPOU3BOAMMBIM B YCIOBUSIX
NpakKTUYECKUX KIMHUYECKHUX JabopaTopuii, BTO-
POl — MOCTAaTOYHO MPOCTOI B UCIIOTHEHUU TECT,
OHAKO KOPPEesILUsl 3TOr0 MpuU3HaKa C TUmnep-
BUPYJIEHTHOCTBIO cocTaBiisieT He Gojiee 90% [l1].
l'unepBupysieHTHOCTb OakTepuili K. prneumoniae
omocpegoBaHa TeHaMM Ha OOJbIIOW TIJIa3MU-
JIe BUPYJEHTHOCTU WMJU BHYTPU XPOMOCOMHBIX
OCTPOBKOB martoreHHocTu [36]. M3BecTHO He-
CKOJIBKO T€HOB, KOTOpPbIE, IMMPOJAEMOHCTPUPOBAIU
JUArHOCTUYECKYI0 TOYHOCTh > 0,95 aas uaeH-
TU(DUKALIUYA TUTIEPBUPYJICHTHBIX IITAMMOB: iucA
(yuyacTByeT B OMocuHTe3e cuaepodopa aspobak-
THUHA), IEPEHOCUMBI Maa3Muaoit reH prmpA (ac-
COLIMUPYETCSI C TUIEPMYKOUIHBIM (DEHOTUIIOM
KJjeocuesnn), peg-344 (mpeamnoJiaraeMblii Tiepe-
Hocuuk) [37]. Kpome Toro, 3HauMTENbHBIN BKJIAM
B BUPYJEHTHOCTb K. pneumoniae BHOCUT KarcyJia,
MOCKOJIbKY KyabTyphl cepoTurioB K1 n K2 Gonee
YCTOMYMBEI K (paromuTo3y, yeM mraMMbl He K1/
K2 [39]. XpoMocoMHBI TreH magA (accouuupo-
BaH C BSI3KOCTBIO CJAM3U) U reH wzyK2 (Komupyert
MOBEPXHOCTHBIN O€JI0K, yJacTBYIOLIUIT B cOOpKe
Karcyjabl Ha Hapy>XHOW MeMOpaHe KJIETKHU) ya-
CTO NETEKTUPYIOT y MpeacTaBUTENE CEPOTUIIOB
K1 n K2 coorBeTcTBeHHO. B naHHOiI1 paboTe MbI
OLIEHWJIW BBIJICJIECHHBIE B KapIHUOXUPYPTUIECKOM
CTallMOHape H30JIAThl Ha Hajluyue STUX TEeHOB,
MapKMpYIOIIUX TUIEPBUPYJICHTHBIM MaTOTUII
(prmpA, iucA, peg-344 u magA, wzyK2). Ten rmpA
ObL BBIABICH v 19 (38%) KynbTyp, 4TO 0Ka3aJioch
HECKOJIbKO HEOXUJTaHHBIM, ITOCKOJIBbKY TUIIEPMY-
KOUIHBIM (EeHOTUIIOM 0bJiagaau Toabko 5 (10%)
n3onsiToB. B ucciaenoBaHussx CeMeHOBOW M CO-
aBT. (2020) moka3aHO, YTO TUIIEPBUPYJIEHTHBIMU
okazanuchk 11,4% HO30KOMHUAJIBHBIX IIITAMMOB
K. pneumoniae, HO HeOOXOJIUMO OTMETUTb, UTO
aBTOPBI CUYMTAJIM TUMNEPBUPYICHTHBIMU TOJBKO
IITAMMBI, TTOJOXUTEIbHbIE B (PEHOTUITUIECKOM
tecte u rmpA* [6]. UccrnemoBanusi Russo u co-
aBT. (2018) BBISIBUJIM HAUOOJBIIYIO 3HAYMMOCTH
NPOAYKIMHU adpoOakTUHA NJs1 NPOSIBJICHUS BU-
PYJEHTHBIX CBOMCTB, M1 HAa OCHOBAHMUM BTUX MaH-
HBIX aBTOPHI ClieJav BBIBOJ, YTO HaJU4YUE ABYX
T€HOB, iucA v rmpA, AIBJAsSeTCS NOCTaTOUYHBIM IJISI
dopMUpOBaHUS TUIIEPBUPYJEHTHOTO (HeHOTH-
na [37]. B HameMm ucciegoBaHUM TOYTU TPETh

(28%) M3ydeHHBIX M30JSITOB COlep:Kaja KOMOU-
HallU10 TeHOB rmpA W iucA, IpU 3TOM BBIACIISIIU UX
yale B rpyIine naiueHTOB C aKTUBHOU MHMEKIIU-
eit. Cnenyet OTMETUTH, 4TO 48% KyJabTyp UMeEIU
karicynasl Tuna K1/K2, koTopble, 0 HEKOTOPBIM
NaHHBIM, UTPaAIOT OoJiee BaXKHYIO pPOJb B ONpeae-
JIECHUU TUNEepBUPYJAEHTHOCTU K. pneumoniae, 4eM
rmpA [14, 40]. Takum o6pa3oM, MOJIEKYJISIpPHO-Te-
HeTuYecKasl XxapakKTepUuCTUKa UCCIEAYEeMbIX U30-
JISITOB MOKa3aja, YTO OHU Oo0JlafaJu reTeporeH-
HBIM HaOOpOM EeTepMUHAHT, aCCOLIMMPOBAHHBIX
C TUMEepPBUPYJIETHOCTHhIO. B HalreM McciaenoBaHUU
TUNEPMYKOUAHBIN (PEeHOTHUN, KaICyJIbHBII THII
K1 u xomMOuHauuio reHoB prmpA, iucA, peg-344
MMeJU TOJIbKO UyBCTBUTEJbHBIE K KapOarieHeMaM
KYJAbTYPHI, a KarncyabHblid TN K2 66151 Haubonee
pacrnpocTpaHeH Cpeau YCTOMUYUBBIX K KapbareHe-
MmaMm K. pneumoniae.

MonekynsipHble METOABI ITUPOKO UCIIOJb3YIOT-
Cs1 1JIs1 CyOBUIOBOTO TUTTMPOBAHU ST U OTIPEaSICHU S
poactBa (KJIOHAJBbHOCTU) BbIACIEHHBIX W30JISITOB
MMUKPOOPTaHU3MOB, 4YTO OCOOEHHO BaXKHO IPU
NpOBEIeHNN MUKPOOUOJOrMYEeCKOro MOHUTOPUH-
ra. Pan rep-IILP peakuuii [20, 38], ocHOBaHHBIX
Ha aMIuiMduKalryd TOBTOPSIONIMXCS MOCIeN0-
BaTEJbHOCTEN, SBISIOTCS ONTUMAJbHBIMU JJISI
OBICTPOIl OLIEHKM JIOKAJbHOU 3MUAESMUOJIOTUYEC-
KOl CUTyallud B MEAUIIMHCKUX OpraHu3alusx.
Tlpu nudbepeHIMpOBKE HO30KOMUATbHBIX U305~
TOB K. pneumoniae moka3zaHa BbICOKasl pa3peliaro-
mas crmocoobHocTh Metoga ERIC-TTLP, koTopsblii
okasaJicsl naxe OoJjiee HaJeXHBbIM IO CpaBHEHUIO
¢ MALDI-ToF [21, 34]. B ciayyae AJUTEIBHOIO
MOHUTOPUHTA U HAKOIJIEHUSI OOJIBIIOro KOJu4e-
CcTBa 0Opa3l0B U3 Pa3HbIX UCTOYHUKOB AJISI OMNpe-
JIEJIEHUST CXOACTBA U30J5TOB OOBIYHO HCITOJIb3YIOT
0oJiee OAHOr0 Mapkepa reHeTUYeCKOro TUIMpoBa-
Hus [28]. Metoabl ERIC-TTLP u rep-T1LLP ¢ nipaii-
mepoM MI13 (B kauecTBe apOUTPakKHOIro) ObLIU
YCHELIHO 3aJeCTBOBaHbI JJIS OLIEHKU pacrpo-
CTPAHEHHOCTU LUPKYJUPYIOIIMX B POCCUUCKUX
cTanMoHapax mrtamMMoB FE. coli u K. pneumoniae,
npoayuupytoumnx 6era-nakramasbsl CTX-Ttuna [13].
B Hamem wuccienoBaHMM Ha OCHOBAaHWW TUIMU-
poBaHus c¢ npaiitMmepamu ERIC u M13 BbIsIBIEHO,
yto 76% Kyabryp K. pneumoniae iMenu WHIUBU-
nyaJibHble Tipoduin. Bce KyabTypbl pacnpenenu-
JIUCh B 2 OCHOBHBIX KJIacTepa, KaXKAbI U3 KOTOPBIX
BKJII0YaJI HECKOJIBKO KJIOHAJIbHBIX IMHUI C pa3HON
CTENEeHbIO CXOACTBA U30JISITOB. DTU Pe3yJabTaThl CO-
IJ1acyloTCsl ¢ JAaHHBIMU psia UCCIAEAOBaHUM, B KO-
TOPBIX MPEICTABJICHO BbICOKOE I€HETUYECKOEe pa3-
HooOpasue K. pneumoniae, N30JUPOBAHHBIX OT Ma-
HueHTOoB cTtaluroHapoB [39]. IIpu 3TOM B yCJIOBUSIX
TOCITUTAIbHOM CPelbl YaCTO OMPELISIOT KJIOHAb-
HYIO TIOMYJSILIMOHHYIO CTPYKTYPY U30JIsITOB. Tak,
ucciaeaoBaHue u30J5ATOB K. pneumoniae, TOJNY-
YyeHHBIX OoT nauueHToB ¢ COVID-19, Haxonsguimnx-
Ccsl B OTHEJEHUU UHTEHCUBHOW Tepamuu clielua-
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Ju3upoBaHHOro rocnurtaas B MpaHe, mokasajo,
qT0 44,2% W3 HUX UMEIOT TeHeTUYEeCKOE CXOJICTBO
U MOTYT OBbITh OOBbEAMHEHBI B TPU OCHOBHBIX KJla-
cTepa, MeXy KOTOPbIMU BBISIBJIEHA 3HAUYUTEIbHAS
pa3HUIA B OTHOILIEHUU YCTOMYMBOCTHU K MPOTUBO-
MUKPOOHBIM mpenapaTtam [16]. B Halreit paGoTe MbI
TakK>Ke HabI01aJ11 HEKOTOPYIO pa3HUILY B OTHOIIIE-
HUU YCTOMUYMBOCTU K aHTUOMOTUKAM MEXAy KJa-
ctepamu A u b. lllTaMmMbl 0MHOTO KJj1acTepa B LIEJIOM
ObLIM OoJiee YCTOMYMBBIMU KO BCEM MPOTECTUPO-
BaHHBIM aHTHOMoTHUKaM (100% denorun MJTY),
JIOCTOBEPHO yYallle ObIIM PE3UCTEHTHBI K aMUKa-
LIMHY, TOrJa Kak MpeAcTaBuTen Kjaactepa b varie
OBLIM HOCUTEJISIMU TeHa peg-344 v TUurnepMyKOuI-
Horo deHorturma.

BbiBOAbI

B manHOM wmccliemoBaHWU TIpeACTaBIeHA MHK-
pobnoiornyecKkasi M MOJIEKYJISIPHO-TEHEeTUIeCKast
XapaKTepUCTUKa M30AITOB K. pneumoniae, TAPKY-
JIIPYIOIINX B KapaIMOXHUPYyPrUIecKoM CTallMOHAape.
Bo30Oynutenu mMenu reTeporeHHbIC TeHEeTUYSCKUe
npoduin, ObLIN B OOJIBIIMHCTBE CIIy9aeB MYJIBTHU-
pe3ucTeHTHbIMU, npoayuuposanu BJIPC u kapba-
TeHeMas3bl pa3InYHBIX TUTIOB. Cpeny onpeaeieHHBIX
Oera-nakTamMas HauboJjiee LIUPOKO ObIJIU pacIipo-
ctpaHeHbl pepMeHTsl CTX-M, VIM-2 u NDM-1,
qTO ompenensercsd ux 3¢GdeKTUBHON Tmepenadeit
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IMMUNE SYSTEM PARAMETERS IN PATIENTS
WITH CHRONIC OPISTORCHIASIS BASED

ON GENETIC POLYMORPHISM ASSOCIATED
WITH CARBOHYDRATE AND LIPID METABOLISM
DISORDERS

L.V. Bakshtanovskaya, S.A. Grigorieva, K.B. Stepanova, T.F. Stepanova, A.N. Ozerova,
G.A. Kalgina, L.V. Kurlaeva

Tyumen Region Infection Pathology Research Institute, Tyumen, Russian Federation

Abstract. A study assessing differences in the immunopathogenesis of chronic opisthorchiasis with or without genetic
polymorphisms in patients associated with predisposition to type II diabetes mellitus and lipid metabolism disorders
was carried out. Venous blood samples from 89 patients were collected to analyze immunological parameters and ge-
netic polymorphisms by using pyrosequencing. In the presence of mutations affecting regulation of carbohydrate me-
tabolism, patients with opisthorchiasis had less pronouncedly increased phagocytic activity, a lower monocyte count,
higher total T-lymphocyte count, lower T-cytotoxic cell and B-lymphocyte counts, lower IgA, IgG but higher IgM con-
centration. This indicates a moderately compromised nonspecific resistance, imbalanced effector T- and B-immunity,
but in most cases (PPARG, TCF7L2 rs12255372, CDKALI1, CDKN2A/2B, SLC30A8) aggravated humoral immune
reaction to invasion particularly revealed by lower B-lymphocyte count. The presence of polymorphisms that alter lipid
metabolism regulation bidirectionally affects the parameters of immune response. An increased B-lymphocyte count
and other indicators of humoral immune activation to invasion, which are detected in groups with mutations in the
APOE (rs429358), PCSK9, ABCA1, APOC3 rs2854117 genes, can contribute to a more effective response to sustained
antigenic stimulation. Changes in the T-lymphocytes subpopulations, characteristic of opisthorchiasis invasion, are
aggravated in the presence of mutations in the PCSK9, ABCA1, and APOC3 rs2854117 genes. Mutations in the genes
APOC3 rs5128, LPL rs268 activate patients’ nonspecific resistance, although this effect may also be associated with
exhaustion of neutrophil bactericidal reserve. In general, minor alleles of the APOE (rs429358), APOC3 rs2854117, LPL
rs268, LPL rs328, PON1 rs662 genes can be considered “protective” for the immunopathogenesis of chronic opisthor-
chiasis. Thus, patients with chronic opisthorchiasis with different genotypes predisposing to carbohydrate and lipid me-
tabolism disorders had significant differences in immune system parameters, which can also affect the disease course.
Mutations in different loci of the PCSK9, ABCA1, APOE, APOC3, and PONI genes have opposite effects on the
analyzed immune parameters. In the presence of mutations in other genes (PPARG, TCF7L2 rs12255372, CDKALL,
CDKN2A/2B, SLC30AS8, LPL), opisthorchiasis invasion leads to more pronounced alterations in immune response;
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mutations in the lipoprotein lipase gene may have some “protective” immune-related effect in opisthorchiasis. The ef-
fect of all studied genetic polymorphisms associated with a predisposition to developing type II diabetes mellitus was
predominantly negative.

Key words: immune system indicators, chronic opistorchiasis, genetic polymorphisms, lipid metabolism disorders, diabetes mellitus type 11,
innate immunity, adaptive immunity.

NMOKA3ATEJIN UMMYHHOW CUCTEMbI Y BOJIbHbIX XPOHUYECKMM ONMUCTOPXO30M

B SABUCUMOCTU OT TEHETUYECKUX NOJIMMOP®PU3MOB, ACCOLMNPOBAHHbIX

C HAPYLWWEHWUEAMMW YTNEBOOHOIO N 1MNUWAHOIO OBMEHA

Bakmranosckas U.B., I'puropsena C.A., Crenanosa K.b., Crenanosa T.®D., O3eposa A.H., Kaasruna I'.A.,
Kypnaesa JI.B.

DHYH Tromenckuii HayuHo-uccaed08amenbCKull UHCMUmMym Kpaeeoii ungexyuonnoi namoaoeuu Pocnompebnadsopa,
2. Tromensw, Poccus

Pestome. [TpoBeneHo uccienoBaHue pa3iWuvii B UMMYHOIIATOTeHE3¢ XPOHUYECKOTO OMUCTOPX03a MPU HAJTUIUU
M OTCYTCTBUU Y OOJBHBIX TEHETUYECKUX TOJTUMOP(MU3MOB, CBSI3AHHBIX C TPEIPACIIONOXEHHOCThIO K CaXapHOMY
nuabety Il Tuna v HapymeHusiM oOMeHa TUIUA0B. B 00pa3iax BeHO3HOI KpoBU 89 MallMEHTOB OMPEAeIsIIn KOMILIEKC
MMMYHOJIOTUYECKMX ITOKa3aTesieil, TeHeTUYeCKKre MOJMMOP(MU3MBI BBISIBISIN METOIOM INUPOCEKBEHMPOBAHMSI.
[Mpy HanMUYMM MyTaluuil, U3MEHSIOIMX PETYISUIO YIJIEBOAHOIO 0OMEHa, Y OOJbHBIX OMUCTOPXO30M BBISIBICHBI:
MeHee BbhIpaxkeHHOE IMOBbIIIEHUE (DaronuTapHOil aKTUBHOCTHU, MEHbIIIee KOJTUYECTBO MOHOLIMTOB, OOJIbllee 00IIee
KoJanuecTBO T-TMMGOIIMTOB, MEHbIIEEe KOJIMYECTBO T-IIUTOTOKCUUECKUX KJIETOK M comepxkaHue B-mumboiuTos,
MeHbInasg KoHueHTpauus IgA, IgG u Gonpmas — IgM. BTo cBUIETENLCTBYET 00 YMEPEHHON HEI0CTATOYHOCTU
HecIennpuIecKon pe3suCcTeHTHOCTH, Tucbanance ahdekTopHoro T- u B-3BeHbeB UMMYHMTETa, HO B OOJBIINHCTBE
cayuaeB (PPARG, TCF7L2 rs12255372, CDKALI, CDKN2A/2B, SLC30A8) — 006 ycyryojaeHUm peakuuu
TYMOpPAJIbHOTO UMMYHHUTETa Ha MHBA3WIO, B YACTHOCTH, MEHbBIIIeM unciie B-mumbonntos. Hannane monmmoppn3MoBs,
HapyHIAoNUX PETyasSIUIo JUTTUIHOTO 00OMEHa, pa3HOHAIIPABJIEHHO BIMSET Ha MMOKa3aTed MMMYHHOTO OTBETa.
[MoBbIlIeHHOE KOTMYECTBO B-1MMQOIUTOB U Apyrue Mmoka3aTelu aKTUBAIlMU T'YMOPAJTbHOTO 3BeHAa UMMYHUTETA
B OTBET Ha WHBA3MI0, KOTOPbIEC BHISBISIOTCS B rpynmnax ¢ HaauuyueMm MyTtauuil B reHax APOE (rs429358), PCSKO,
ABCAI1, APOC3 152854117, moryT croco0cTBoBaTh 0osiee 3(PHeKTUBHON peaklMu Ha MOCTOSHHYIO aHTUTEHHYIO
cTuMmyasiuio. M3MeHeHUsT CcyOnmomyasiiMOHHOTO cocTaBa T-TUM(MOIMTOB, XapaKTepHbIe JIsI OMKUCTOPXO3HOM
WHBa3UM, YCyryonstorcs npu Haauuuu mytauuit B reHax PCSK9, ABCAI, APOC3 rs2854117. MyTauuu B reHax
APOC3 1s5128, LPL rs268 akTuBHpYIOT HecHelM(PUYECKYIO PE3UCTEHTHOCTh OOJBHBIX, XOTS 3TOT 3(DQEKT
MOXET OBITh CBSI3aH M C UCTOILEHHEM O0aKTepUIIMIHOTO pe3epBa HeUTpoduaoB. B 1eaoM, «IpOTEeKTUBHBIMU» IS
MMMYHOIIAaTOTeHe3a XPOHUUYECKOTO OMMCTOPX03a MOXHO CUYMTAaThb MMHOpHBIC ajjenu reHoB APOE (rs429358),
APOCS3 rs2854117, LPL rs268, LPL rs328, PONI1 rs662. Takum 00pa3oM, y OOJIbHBIX XPOHUYECKUM OITMCTOPXO30M
C pPa3HBIMU TEHOTUIIAMU, TIPEAPACIIONATAIOIINMY K HapyIIEHUSIM YIJEBOIHOTO W JTUIHUIHOTO OOMEHA, BBISIBICHBI
CYIIECTBEHHBIC Pa3IMIMS B IIOKA3aTeIsIX QYHKIIMI IMMYHHOI CICTEMBI, YTO MOXET BIUSTh M Ha TeUCHUE OOJIC3HU.
Mytauuu B pa3Hbix jokycax reHoB PCSK9, ABCA1l, APOE, APOC3 u PONI oka3biBaloT NpOTUBOHAMPABIEHHOE
BO3MIEHCTBUE HA UCCIEJOBAHHBIE MOKA3aTeIM UMMYHHOTO oTBeTa. [1pu Hanuuuu myTtanuii B ipyrux reHax (PPARG,
TCF7L2 rs12255372, CDKALI, CDKN2A/2B, SLC30A8, LPL) omucropxo3Hass MHBa3Ws IPUBOAUT K OoJee
BBIPaKeHHBIM OTKJIOHEHUSIM UMMYHHOTO pearupoBaHMSs; MyTalluy B T€HE JIMIIONPOTENHOBOI JIMITa3bl, BO3MOXHO,
OKAa3bIBaIOT HEKOTOPBIN «IIPOTEKTUBHBIN» 3(P(HEKT Ha UMMYHHYIO CUCTEMY OOJIBHBIX OIMMUCTOPX030M. D(GhEKT Beex
HCCACIOBAaHHBIX TEHETMYECKUX MOJIMMOP(MU3MOB, CBSI3aHHBIX C MPEAPACIIONOXEHHOCThIO K Pa3BUTUIO CaXapHOTO
nuateTta Il TMma, okasancs mMpeuMyILIECTBEHHO HEraTUBHBIM.

Karouesvle caosa: nokaszamenu UMMYHHOU CUCMEMbL, XPOHUHECKULL ONUCMOPX03, 2eHEMUYECKUe NOAUMOPDUIMbL, HAPYUEHUS
AUNnUOH020 00MeHa, caxaphblii duabem Il muna, pojcoenmbiil uMMmyHUmem, A0aNMUBHbLI UMMYHUIMEM.

of neutrophils in a spontaneous test with nitroblue
tetrazolium (NBT), increased relative and abso-

Introduction

In previous studies, we identified the features
of the immune response during opisthorchiasis inva-
sion. Among the indicators of nonspecific resistance
are: an increase in the concentration in the blood
serum of total circulating complexes; increased ac-
tivity of the enzyme myeloperoxidase (MP) of neu-
trophils; increased activity of bactericidal systems

lute number of eosinophils. In patients with chronic
opisthorchiasis (CO), the relative and absolute num-
ber of lymphocytes and cytotoxic (CD3*CD8") lym-
phocytes, B-lymphocytes (CD3-CD19) and DN-T-
lymphocytes decreases; the relative number of T helper
cells (CD3*CD4%) (and, accordingly, the CD4*/CD8"
index), as well as T lymphocytes with a late activation
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marker (CD3*HLA-DR), increases, and interleu-
kin balance is disrupted [6]. Relationships have been
found between indicators of the functioning of the im-
mune and hepatobiliary systems, reflecting the degree
of activity of the pathological process and immune re-
actions caused by invasion [1]. Conducted studies [2,
5] suggested the influence of genetic polymorphisms
associated with a predisposition to the development
of non-infectious diseases on the response of the im-
mune system and metabolic processes of patients with
CO to invasion. In this work, in order to test this as-
sumption, we studied polymorphisms associated
with disorders of carbohydrate and lipid metabolism
(the development of type I1 diabetes mellitus (T2DM)
and atherogenesis), which, according to the literature,
also affect immunopathogenetic processes.

In particular, the expression of the SLC30AS8
gene can be suppressed by cytokines such as 1L-1B
and IFNy [18]. The PPARG gene product is an an-
tagonist of nuclear transcription factors that regulate
gene expression during the cell’s response to external
influences, including the immune response, which
underlies their anti-inflammatory and potentially
anti-atherosclerotic activity [17, 22, 29]. PPARG li-
gands reduce the expression of proinflammatory
cytokines by T lymphocytes, reduce IL-2 produc-
tion, and reduce inflammation in the intestine by
switching from a Thl- to Th2-response. PPARG
selectively controls the activity of Thl7 cells, stimu-
lates the transformation of effector T cells into regu-
latory ones, and is expressed in B lymphocytes [28].
Apolipoprotein E (APOE) suppresses inflamma-
tory activation of phagocytes. Expression of APOE
reduces the polarization of macrophages towards
the pro-inflammatory M1 phenotype, characteri-
zed by the production of the cytokines IL-1p, IL-6,
TNFo, and increases their polarization towards
the anti-inflammatory M2 phenotype, characteri-
zed by the production of the cytokines I1L-4, IL-10.
Apolipoproteins (including APOB) are acute phase
proteins [9]. Paraoxonase-1 (PONI) hydrolyzes oxi-
dized phospholipids of the plasma membrane of mac-
rophages with the formation of lipolactones (modu-
lators of the local inflammatory process and stimu-
lators of reverse cholesterol transport) [4]; weakens
phagocytosis and necrotic death of macrophages,
suppresses their proinflammatory reactions [14].

The purpose of the study was to identify differ-
ences in the immunopathogenesis of CO in the pres-
ence and absence of genetic polymorphisms in pa-
tients associated with a predisposition to T2DM and
lipid metabolic disorders.

Materials and methods

A comprehensive study of immunological pa-
rameters was carried out in venous blood samples
of 89 patients diagnosed with opisthorchiasis, chron-
ic phase of the disease.

The study was conducted with the voluntary in-
formed consent of the patients. The study was ap-
proved by the ethical committee of the Tyumen
Research Institute of Regional Infectious Pathology
of Rospotrebnadzor (protocol No. 2 of 02/01/2023).

Phagocytic activity of neutrophils (PAN) was de-
termined by the ability of cells to absorb latex particles
with d = 10 um (DIAEM LLC, Moscow) — the per-
centage of neutrophils out of 200 analyzed containing
latex particles. The metabolic activity of neutrophils
was determined by the cytochemical method of re-
ducing nitroblue tetrazolium to diformazan (NBT
test, spontaneous and stimulated with a 10% pyroge-
nal solution) [10]. The spontaneous NBT test reflected
the degree of activation of oxygen-dependent metabo-
lism and the associated production of free radicals,
while the stimulated version (in vitro) characterized
the functional reserve [10]. The stimulation index is the
ratio of the % of positive cells in the stimulated NBT
test to the % of positive cells in the spontaneous NBT
test (NBTstim./NBTspont.). The level of neutrophil
myeloperoxidase was detected by spectrophotome-
try [13]. The study of lymphocyte phenotype was car-
ried out by flow cytometry of whole peripheral blood
using monoclonal antibodies (Beckman Coulter, USA)
labeled with FITC (fluorescein isothiocyanate), PE
(phycoerythrin), ECD (phycoerythrin-Texas Red-X)
and PC5 (phycoerythrin-cyanin5) on flow cytometer
“Cytomics FC-500” (Beckman Coulter, USA). Three-
color immunophenotyping panels were used: CD3/
CD4/CD45, CD3/CD8/CD45, CD3/CD16%56/CD45,
CD3/HLA-DR/CD45 and CD3/CD19/CD45. Main
Iymphocyte phenotypes: T lymphocytes (CD3"CD19-
CDI16/56-CD45%), T helper cells (CD3*CD4"CD45%),
cytotoxic T Iymphocytes (CD3*CD8"CD45%), NK
cells (CD3-CDI16/56*CD45"), activated T-lympho-
cytes (CD3"HLA-DR*CD45"), B-lymphocytes
(CD3-CD19°CD45). The number of DN-T cells
(CD457CD3"CD4-CD8") was determined by subtract-
ing the relative number of CD4" and CDS8* lymphocytes
from the relative number of CD3" lymphocytes) [11].

Absolute values were obtained using dual-platform
technology using the results of hematological analy-
sis. The concentration of immunoglobulins M, G,
A, and E (IU/ml) in blood serum was determined by
the enzyme immunoassay method using commercial
kits “Immunoscreen-G, M, A-ELISA-BEST” and
“IgE-total-ELISA-BEST”  (Vector-Best, Russia).
The concentration of cytokines (IFNy, IL-4, IL-8,
IL-10 (pg/ml)) was determined by enzyme immu-
noassay using commercial kits “Gamma-interferon-
ELISA-BEST”, “Interleukin-4-ELISA-BEST”, “Inter-
leukin-8-ELISA-BEST”, “Interleukin-10-ELISA-
BEST” (Vector-Best, Russia).

Isolation of total human DNA from blood samples
was carried out using the commercial AmpliPrime
DNA-sorbB kit. Genetic polymorphisms were iden-
tified by pyrosequencing using the PyroMark24 ge-
netic analysis system and commercial reagent kits
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“AmpliCenc  Pyroscreen”: “DIABET-2-screen”
and “DIABET-2D-screen”, “LIPO-screen-B” and
“LIPO-screen-D”, designed to assess genetic predis-
position to the development of type Il diabetes mel-
litus by detecting polymorphisms in the loci:

— 185219 of the KCNJ11 gene (ATP-dependent

potassium channel);

— 151801282 of the PPARG2 gene (receptor

gamma transcription factor);

— 187903146 and rs12255372 of the TCF7L2 gene

(transcription factor 7);

— 187756992 of the CDKALI gene (cyclin-

dependent kinase);

— 1510811661 of the CDKN2A/2B gene (cyclin-

dependent kinase inhibitors);

— 131111875 ofthe HHEX gene (transcription factor);

— 154402960 of the IGF2BP2 gene (growth factor

regulator);

— 1813266634 of the SLC30A8 gene (zinc ion

transporter),
and also to assess genetic predisposition to heredi-
tary forms of lipid metabolism disorders by detecting
polymorphisms in loci:

— 18429358 and rs7412 of the APOE gene

(apolipoprotein E);

— 185742904 and rs754523 of the APOB gene

(apolipoprotein B);

— 1511206510 of the PCSK9 gene (serine protease);

— 152230806 ABCAI1 gene (ABCAI transporter);

— 152854116, rs2854117 and rs5128 of the APOC3

gene (apolipoprotein C3);

— 15268 and rs328 of the LPL gene (lipoprotein

lipase);

— 18854560 and rs662 of the PONI1 (paraoxo-

nase-1) gene.

Statistical processing of the results was carried
out using the on-line calculator https://www.stat-
skingdom.com. For each of the studied indicators
and identified polymorphisms, groups with the pres-
ence and absence of minor alleles were compared

using tests for independent groups: with a normal
distribution confirmed by the Shapiro—Wilk test,
the Student’s T-test (T-test) was used, taking into
account the assessment of equality of variances us-
ing the F-test (indicate the mean and standard error
of the mean); otherwise, the nonparametric Mann—
Whitney Test (U-test) was used (the median value
and IQR were indicated — the interquartile range
between the Ist and 3rd quartiles). “n” means num-
ber of patients in the group. A significance level of p <
0.05 was taken as statistically significant differences.

Results

The identified significant differences in the studi-
ed parameters between the groups of CO patients
with and without minor alleles for individual poly-
morphisms are shown in Table.

For the rs5742904 polymorphism of the APOB
(apolipoprotein B) gene, no mutant alleles were found
among the examined patients; for the rs754523 poly-
morphism, on the contrary, they were detected in all
patients except one. This does not make it possible
to compare the values of immunological parameters
in groups with and without mutations, but suggests
that these mutations can affect the body’s vulnerabil-
ity to infection by the opisthorchiasis pathogen.

In patients with the rare T allele of the rs5219 poly-
morphism of the KCNJI1 gene, a significantly lower
percentage of cytotoxic T lymphocytes (CD3*CDS8*)
was detected than in homozygotes for the normal allele.

In the group with the rare G allele for the rs1801282
polymorphism of the PPARG gene, the level of im-
munoglobulin A was significantly lower.

Inthe groupwiththe rare T allele forthe rs12255372
polymorphism of the TCF7L2 gene, a lower relative
number of B-lymphocytes (CD3-CD19") and a high-
er relative number of T-lymphocytes (CD3*) were
detected compared to the group of patients without
the mutation

Table. Immunological parameters in patients with chronic opisthorchiasis with different genotypes
for polymorphisms associated with predisposition to carbohydrate and lipid metabolism disorders
(meanzxstandard error of the mean or median (IQR), n — quantity in group)

Group
Without mutation With mutation Comparison of groups

Polymorphism indicator, genotype genotype without and with mutation, p
unit of measurement
KCNJ11rs5219C>T CC(n=15) TCandTT (n=25)
CD3*CD8*, % 33(24.5-38.5) 22 (19-29) 0.020 U-Test
PPARG rs1801282C > G CC (n=34) GCand GG (n=7)
IgA, mg/ml 2.4 (1.48-3.09) 1.5(1.23-1.66) 0.019 U-Test
TCF7L2rs 12255372G>T GG (n=30) TGand TT (n=15)
CD3-CD19%, % 11.17+0.80 8.33%1.01 0.040 T-test
CD3*, % 75+1.25 80.8+1.18 0.008 T-test
CDKAL1 rs7756992A > G AA (n=29) AG and GG (n = 36)
Monocytes, cells/pl 276 (192-354) 205.5 (137.2-277.5) 0.047 U-Test
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Polymorphism indicator,
unit of measurement

Group

Without mutation
genotype

With mutation
genotype

Comparison of groups
without and with mutation, p

CD3-CD19*, cells/ul 185.6 (141.6-241.9) 140.1 (122.2-195.6) 0.045 U-Test
CDKN2A/2Brs10811661T>C TT (n=48) TCand CC (n=16)

1gG, mg/ml 17.55 (11.38-21.26) 11.25 (8.94-14.41) 0.015 U-Test
IGF2BP2rs4402960G>T GG (n=32) TGand TT (n =28)

FAN, % 83.4%1.12 79.7+1.49 0.046 T-test
SLC30A8rs13266634C>T CC(n=24) TCand TT (n = 40)

IgM, mg/ml 1.69 (1.22-2.24) 2.06 (1.69-2.88) 0.042 U-Test
APOErs429358T>C TT (n=44) TCand CC (n=14)

CD3-CD19*, cells/ul 158.4 (122.4-231.7) 226.5 (176.3-240.6) 0.033 U-Test
CD3-CD19%, % 9.56+0.60 12.14+1.08 0.038 T-test
Ig E, mg/ml 10.5 (4-27) 40 (19.25-76.75) 0.012 U-Test
DN-T, cells/ul 41(0-62.3) 57.7 (42.2-103.1) 0.048 U-Test
PCSK9rs11206510T>C TT(n=18) TCand CC (n=3)

CD3*CD8*, cells/pl 450.3 (324.5-535.1) 288 (253.4-309.4) 0.035 U-Test
CD4/CD8 ratio 1.90+0.21 2.78+0.08 0.001 T-test
CD3-CD19%, % 9.5+1.09 16.3+1.76 0.025 T-test
ABCA1rs2230806 G > A GG (n=38) AGand AA (n=18)

CD3*CD8", cells/pl 4777 (344.8-610.7) 375.9 (289.4-440.6) 0.048 U-Test
CD3*HLA-DR", cells/pl 168.3 (113.7-291.7) 109.3 (75.7-180.4) 0.029 U-Test
CD3'HLA-DR+, % 10 (7-14.5) 8 (6-9) 0.032 U-Test
IL-8, pg/ml 1.15(0.35-3.38) 3 (1-6) 0.044 U-Test
CD3-CD19%, % 9.2+0.66 12+1.13 0.027 T-test
APOC3rs2854116C>T CC(n=5) TCand TT (n=35)

Myeloperoxidase, a.u. 923 (856-1708) 608 (366-894.5) 0.022 U-Test
NBT stimulated/NBT spontaneous 3(2.56-3.3) 2 (1.37-2.62) 0.019 U-Test
CD3*HLA-DR*, % 11 (11-13) 8 (6-11) 0.034 U-Test
IgA, mg/ml 2.6+0.26 1.92+0.12 0.041 T-test
APOC3rs2854117C>T CC(n=12) TCand TT (n=27)

NBT stimulated/NBT spontaneous 1.8+0.14 2.39+0.19 0.017 T-test
CD3*CD8*, % 21.5(20.25-22.75) 26 (21-33) 0.039 U-tect
IgA, mg/ml 1.95+0.29 2.16£0.13 0.033 T-test
APOC3rs5128G>C GG (n=10) GCand CC (n=47)

NBT spontaneous, % 13.7£1.45 20.5+1.10 0.009 T-test
NBT stimulated/NBT spontaneous 3.2(2.5-3.4) 2.1(1.4-2.75) 0.003 U-tect
CD3*CD16/56%, % 18 (12-20) 11 (8-15) 0.049 U-tect
DN-T, cells/pl 17.4 (0-42.3) 51.9 (31.8-89.8) 0.040 U-tect
LPLrs268A> G AA (n=47) AGand GG (n=9)

NBT stimulated, % 39.2+1.32 48.8+1.52 0.0001 T-test
CD3*HLA-DR", cells/pl 125.6 (93.2-186.3) 190.8 (153.9-346.3) 0.025 U-tect
DN-T, % 3(2-5) 0(0-2.5) 0.042 U-tect
DN-T, cells/pl 52.5(33.1-78.2) 0(0-38.2) 0.004 U-tect
LPLrs328C>G CC(n=31) CG and GG (n =26)

NBT spontaneous, % 19 (15.5-27.5) 16.5 (11.25-21) 0.045 U-tect
NBT stimulated/NBT spontaneous 2 (1.37-2.56) 2.64 (2.16-3.08) 0.005 U-Tect
PON1 rs854560 A>T AA (n=22) ATand TT (n = 36)

FAN, % 78.7+1.77 83.0£1.19 0.041 T-test
NBT spontaneous, % 19.4 (13.1-24.1) 12.7 (10.6-21) 0.048 U-tect
PON1rs662A>G AA (n=28) AG and GG (n=30)

CD3'CD4', cells/ul 764.6 (612.5-879.8) | 856.7 (763.4-1053.9) 0.044 U-tect
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In the group with the CDKALI1 gene mutation
(rs7756992), lower absolute numbers of monocytes
and B-lymphocytes (CD3-CD19%) were found.

In the presence of a mutation in the CDKN2A /2B
gene, lower production of total immunoglobulin G
is observed.

The presence of a mutation in the IGF2BP2 gene
leads to less phagocytic activity of neutrophils in pa-
tients with opisthorchiasis.

In patients with the SLC30A8 gene mutation,
a higher concentration of total immunoglobulin M
was detected than in the group with the normal allele.

If the genotype contains a rare allele for the
first polymorphism rs429358 T > C of the apolipo-
protein E gene, the relative and absolute numbers
of B-lymphocytes (CD3-CD19%), the concentration
of total immunoglobulin E and the absolute number
of DN-T-lymphocytes are significantly higher.

In patients who are carriers of the minor allele
of the serine protease gene (PCSK9 rs11206510),
a higher relative number of B-lymphocytes and an
even greater decrease in the absolute number of cy-
totoxic T-lymphocytes were found than in patients
with CO without this mutation, while the CD4/CDS§
index is naturally higher.

When patients with opisthorchiasis have a mi-
nor T allele in the ABCALI transporter gene (ABCI
rs2230806), a lower absolute number of cytotox-
ic lymphocytes, an absolute and relative number
of T lymphocytes with a marker of late activation
(CD3*HLA-DR"), and a higher relative number
of B lymphocytes, as well as IL-8 levels.

The presence of a minor allele in the APOC3
gene (rs2854116) leads to significantly lower val-
ues of neutrophil myeloperoxidase enzyme activity,
stimulation index in the NBT test, relative number
of activated T lymphocytes, and total immunoglobu-
lin A during invasion. Patients with another APOC3
mutation (rs2854117) have a significantly higher
neutrophil stimulation index in the NBT test, as
well as the number of cytotoxic T-lymphocytes and
immunoglobulin A concentration. In patients with
the APOC3 rs5128 mutation, the spontaneous NBT
test index is higher, and the stimulation index in the
NBT-test below; the relative content of natural killer
cells (CD37CD16/56") is lower, the absolute number
of DN-T lymphocytes is higher.

In patients who are carriers of the G allele in the
lipoprotein lipase gene LPL (rs268), the bactericidal
activity of neutrophils in the stimulated version of the
test with nitroblue tetrazolium is significantly higher,
as well as the absolute number of T-lymphocytes with
a marker of late activation, and the absolute and rela-
tive number of DN-T-lymphocytes is lower. In the
presence of a mutation in another polymorphism
of the same gene (rs328), the bactericidal activity
of neutrophils in the spontaneous version of the NBT
test is lower than in patients without this mutation,
but the stimulation index is higher.

When the function of the PONI gene is impaired
due to the presence of the minor allele rs854560
in patients with opisthorchiasis, an increase in the
absorption activity of neutrophils is observed, but at
the same time the rate of the stimulated NBT test de-
creases. The presence of a minor allele in another lo-
cus of this gene (rs662) leads to a significant increase
in the absolute number of CD3"CD4".

Discussion

When studying immunological parameters,
it was found that significant deviations of their valu-
es in groups of patients with opisthorchiasis with
the presence of rare alleles for various genes associ-
ated with the risk of diabetes mellitus and lipid me-
tabolism disorders from the values in groups without
mutations can both bring the indicators closer to nor-
mal values and aggravate changes caused by invasion
in comparison with a group of healthy individuals.

The lower percentage of cytotoxic T lymphocytes
in patients with the KCNJ11 rs5219 mutation may be
due to the fact that with defectsin the ATP-dependent
potassium channel, opisthorchiasis invasion is char-
acterized by a more significant decrease in the activ-
ity of the effector cell component of immunity.

In the presence of a mutation in the rs1801282
polymorphism of the PPARG gene, which enhances
the negative effect of chronic opisthorchiasis invasion
on the activity of alpha-amylase and bile secretion pa-
rameters [2], a lower level of immunoglobulin A was
detected, that is, the humoral link of adaptive immu-
nity in CO reacts with an even greater decrease in its
activity. This may be due to the expression of PPARG
in B lymphocytes and the effect on lymphocyte pro-
liferation, as well as their antigen-specific response
during inflammation [28].

A lower relative number of B-lymphocytes and
a higher relative number of T-lymphocytes in the
group with the rare T allele for the rs12255372 poly-
morphism of the TCF7L2 gene (this mutation is as-
sociated with both T2DM and obesity and markers
of inflammation [7]) indicates an even more pro-
nounced activation cellular immunity and decreased
humoral immunity. The TCF7L2 gene product
is a component of the Wnt-dependent signaling path-
way, the abnormal activation of which is associated
with tumor development in colorectal carcinoma [23].

Lower absolute numbers of monocytes and
B-lymphocytes in the group with the CDKALI
gene mutation (rs7756992) may be due to the fact
that the mutation aggravates the immune system’s
response to invasion and has an unfavorable effect:
a decrease in the number of monocytes can lead
to immunological deficiency, because one of the
most important functions of cells of the monocyte-
macrophage link — antigen presentation. A smaller
number of B-lymphocytes under conditions of high
antigenic load in opisthorchiasis may be caused by
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enhanced transformation into plasma cells or a de-
crease in proliferative potential under the influence
of mutation. CDKALI expression in immune cells,
especially CD4* and CDI19* lymphocytes, has been
shown to be downregulated when they are activated
by proliferation signals [26].

In the presence of a CDKN2A/2B gene mutation,
the response of the humoral immune system to inva-
sion is probably less pronounced, since a lower con-
centration of total immunoglobulin G is detected.

Since neutrophils constitute the first line of de-
fense against the penetration of infectious agents
and are responsible for the elimination of damaged
cells [8], their lower absorption activity in the pres-
ence of a mutation in the IGF2BP2 gene in patients
with opisthorchiasis is unfavorable, but the absolute
value of the differences is small (4.4%), it can be as-
sumed that it does not make a significant contribu-
tion to the change in nonspecific resistance in pa-
tients with the mutation.

A higher concentration of total immunoglobu-
lin M in patients with the SLC30A8 gene mutation
may indicate some impairment in B-lymphocyte
differentiation [12].

So, in the presence of the mutations we studied
that alter the regulation of carbohydrate metabolism,
patients with opisthorchiasis revealed various chang-
es in the immune system (less pronounced increase
in phagocytic activity, lower number of monocytes,
higher total number of T-lymphocytes, lower number
of T-cytotoxic cells and B-lymphocytes, a lower con-
centration of IgA, IgG and a higher concentration
of IgM), which indicate a moderate lack of nonspe-
cific resistance, an imbalance of the effector T- and
B-links of immunity, but in most cases (PPARG,
TCF7L2 1s12255372, CDKALI, CDKN2A/2B,
SLC30AS8) aggravate reaction of humoral immunity
to invasion, in particular, a decrease in the number
of B-lymphocytes.

If the genotype contains a rare allele for the first
polymorphism rs429358 of the APOE gene, there
appears to be a positive change in the adaptive hu-
moral immune response to invasion (a higher num-
ber of B-lymphocytes and the concentration of total
immunoglobulin E). A larger number of DN-T lym-
phocytes can also be considered a protective change,
since this is a minor subpopulation of highly effec-
tive suppressor cells and regulators of the intensity
of the immune response, which suppress prolifera-
tion, change the metabolism, characteristics, effector
functions of CD4-T-lymphocytes and shift the CD4-
T-lymphocyte phenotype. Lymphocytes towards
the resting one, thereby inducing peripheral toler-
ance [16], which is important for preventing autoim-
mune complications (probably including opisthor-
chiasis). There is also evidence in the literature [25]
that APOE can suppress cellular immunity by exert-
ing an antiproliferative effect on mitogen-stimulated
Ilymphocytes.

In patients who are carriers of a minor allele of the
serine protease gene (PCSK9 rs11206510), which
is involved in the regulation of immune system func-
tions [27], disturbances in the subpopulation compo-
sition of T-lymphocytes characteristic of CO are ag-
gravated, and the humoral component of immunity
apparently tends to restore.

In the presence of a mutation in the ABCAI trans-
porter gene (involved, in particular, in the mecha-
nism of action of tumor necrosis factor on cells [24]),
changes in the parameters of the cellular part of the
immune system, characteristic of patients with CO,
deepen — there are even fewer effector cells of adap-
tive immunity, and activated T-lymphocytes are re-
duced to a level lower than in the whole group of pa-
tients with CO, which is not justified under conditions
of sufficient antigenic load. The humoral component
of the adaptive immune response (relative number
of B lymphocytes) and nonspecific resistance (IL-8
level) are activated.

Mutations in different loci of the APOC3 gene
(the level of expression of which depends on cytotoxic
T cells and varies significantly in tumor tissues [30])
have different effects on immunogram parameters
in patients with CO. The differences identified in pa-
tients with the APOC3 rs2854116 mutation may in-
dicate that their innate immune response is less pro-
nounced, the potential of neutrophils is depleted, and
the reactions of the cellular and humoral components
of the adaptive immune response are reduced. In pa-
tients with the APOC3 rs2854117 mutation, the bac-
tericidal potential of neutrophils is higher than in pa-
tients without the mutation (and than in the general
group of patients with CO), changes in the number
of cytotoxic T-lymphocytes and the concentration
of immunoglobulin A are characteristic of the acti-
vation of cellular and humoral immunity, apparently
this demonstrates the protective effect of this muta-
tion on immune response parameters. In patients
with the APOC3 rs5128 mutation, NBT test indi-
cators indicate activation of the bactericidal ability
of neutrophils, and a low number of natural killer
cells, on the contrary, indicates a decrease in innate
resistance. A higher number of DN-T lymphocytes
(leading to the development of tolerance [16]) can
also be considered a protective change to prevent au-
toimmune complications of opisthorchiasis, as with
the APOE rs429358 mutation.

In patients with the LPL rs268 mutation, NBT
test indicators indicate stimulation of nonspecific re-
sistance, and a greater number of T lymphocytes with
a late activation marker indicate a greater participa-
tion of adaptive cellular immunity. An increased re-
action of these components of the immune response
may be associated, among other things, with a lower
absolute and relative number of DN-T lymphocytes,
which can lead to hyperstimulation of the immune
response (as well as autoimmune diseases) [16].
In the presence of a mutation in another LPL poly-
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morphism (rs328), apparently, with a slightly lower
bactericidal activity of neutrophils, their potential
bactericidal activity has a certain reserve. This sug-
gests a “protective” effect for the immune response
to opisthorchiasis invasion of this “antiatherogenic”
minor allele of LPL, associated with favorable chang-
es in lipid composition (lowered triglyceride levels
and increased HDL levels [19, 21]), as well as with
lipid-associated macrophages [20] and inflammatory
processes [15].

In CO patients with the PON1 rs854560 mutation,
the bactericidal activity of neutrophils is reduced and
an increase in the absorption activity of these cells
can be considered as a compensatory mechanism.
Perhaps such effects are associated with the involve-
ment of paraoxanase-1 in the functions of innate
immunity noted in the literature: it is believed that
it protects against bacterial infection by destroying
signaling molecules that produce gram-negative bac-
teria for invasion into human tissues and the forma-
tion of colonies [3, 4]. The presence of a minor al-
lele in another PONI1 locus (rs662) leads to a higher
number of T helper cells, approaching those of the
control group of practically healthy people. The im-
mune response in chronic opisthorchiasis is generally
characterized by an increase in the relative number
of T-helper cells.

Thus, the presence of polymorphisms that disrupt
the regulation of lipid metabolism has a multidirectional
effect on the parameters of the immune response, pos-
sibly shifting the development of the immune response
in different directions (T-helper cells type 1 or 2, etc.).
At the same time, the approach of indicators of different
parts of the immune system to the “normal” level in the
presence of chronic parasitic invasion cannot always be
interpreted as a positive effect of one or another poly-
morphism due to possible compensatory shifts in differ-
ent parts of the immune system. However, an increased
number of B-lymphocytes and other indicators of acti-
vation of the humoral immune system in response to in-
vasion, which are detected in groups with mutations
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in the APOE (rs429358), PCSK9, ABCA1, APOC3
12854117 genes, may contribute to a more effective
response to constant antigenic stimulation. Changes
in the subpopulation composition of T-lymphocytes,
characteristic of opisthorchiasis invasion, are ag-
gravated in the presence of mutations in the PCSK9,
ABCAI1, APOC3 152854117 genes. Mutations in the
genes APOC3 rs5128, LPL rs268 activate nonspecific
resistance of patients with CO, although this effect may
also be associated with depletion of the bactericidal
reserve of neutrophils. In general, minor alleles of the
genes APOE rs429358, APOC3 rs2854117, LPL rs268,
LPL rs328, PONI rs662 can be considered “protective”
for the immunopathogenesis of CO.

As a result of the study, significant differences
in the indicators of immune system function were
identified in patients with chronic opisthorchiasis
with different genotypes predisposing to disorders
of carbohydrate and lipid metabolism, which may
also affect the course of the disease. Mutations in dif-
ferent loci of the PCSK9, ABCAI, APOE, APOC3
and PONI genes have opposite effects on the stud-
ied parameters of various components of the im-
mune response. When mutations cause dysfunc-
tion of a number of proteins (PPARG, TCF7L2
rs12255372, CDKALI, CDKN2A/2B, SLC30AS,
LPL), opisthorchiasis invasion leads to more pro-
nounced deviations in the immune response; muta-
tions in the lipoprotein lipase gene may have some
kind of “protective” effect on the immune system
of patients with opisthorchiasis. At the same time,
the effect of all studied genetic polymorphisms as-
sociated with a predisposition to the development
of T2DM turned out to be predominantly negative.
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Abstract. Introduction. Influenza virus poses significant risks to immunocompromised individuals such as those who have
received organ transplants and are undergoing immunosuppressive treatment to prevent transplant rejection. Therefore,
annual influenza vaccination is recommended for these individuals. This study aimed to comparison of safety and
effectiveness of single- versus double-dose of seasonal influenza vaccine in kidney transplant recipients. Materials and
methods. This randomized clinical trial involved 50 kidney transplant recipients at Imam Khomeini Hospital. Participants
were randomly assigned to two groups: those receiving a single dose (standard dose) and those receiving a double dose
of the seasonal flu vaccine. Serum samples were collected before and 4 weeks after vaccination to measure influenza A&B-
related antibodies. Sixteen patients were excluded from the study. The trial focused on evaluating the vaccine safety and
immunogenicity, as well as documenting any local and systemic side effects following vaccination. Results. The results
indicated no significant difference in gender, age, and type of immunosuppressive drug used between the single- and
double-dose groups (p > 0.05). No significant difference in post-vaccination adverse effects, such as injection site pain
(p = 0.21) between the two groups. The seroconversion rates (change from IgG < 9 IU/uL to IgG >11 TU/uL) for IgG
Influenza A were 12.5% (n = 2) in the single-dose group and 26.7% (n = 4) in the double-dose group, and for IgG
Influenza B, they were 11.8% (n = 2) and 21.4% (n = 3), respectively. Conclusion. A double dose of the influenza vaccine

slightly enhanced the immune response in kidney transplant patients without causing any adverse side effects.

Key words: influenza vaccine, transplant recepients, double dose, immunogenecity, effectiveness, single dose.
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BE3OMACHOCTb U 3PDEKTUBHOCTb OAHOA4030BOM U ABYA030BOU
BAKLUWHbI OT CE3OHHOIO NrPUMMA Y PELLUMTUEHTOB TPAHCIJIAHTALUU NOYKMU:
PAHOOMW3UPOBAHHOE KJIMHWYECKOE UCCNEOOBAHUE

Meiinanu M.!, Xatamu M.2, Aonoanaxu A.3, Mup3samop I1.4, Kapumsan 3.5, CeitenAaunaru C.*

! Boavnuya Umama Xomeiinu, Teeepanckuii ynusepcumem meduyurnckux Hayk, Teeepan, Hpan

2 Hayuno-uccaedosamenvckuii yenmp negponoauu, Tecepanciuil ynugepcumem meOUUUHCKUX HAYK,

Teeepan, Upan

I Meouyunckuii paxyromem, Boavnuya Umama Xomeiinu, Teeepanckuil ynueepcumem meOUYUHCKUX HAYK,

Teeepan, Upan

4 Upanckuii uccaedosamenvckuii yenmp BUH/CITAJ, Hpanckuili uHCMUmym CHUMCEHUS NO8EOeHUS. 8bICOK020 PUCKA,
Teeepanckuii ynusepcumem meduyurckux Hayk, Teeepan, Hpan

3 [llkoaa meduyunvt, Tecepanckuii ynusepcumem meduyunckux nayk, Teeepan, Hpan

Pe3wome. Bgedenue. Bupyc rpumnia nmpeacTaBiasieT 3HaUUTEAbHBIA PUCK IJISI JIUII C OCIa0JEHHBIM UMMYHUTETOM,
HaInpuMep, IS PEHMITMEHTOB TPaHCIIAaHTAIIMY OPTaHOB U MOJYYalOIINX UMMYHOCYIIPECCUBHOE JICYCHUE IS
MIpeI0TBpAIIeHUS OTTOPKEHNU S TpaHCILIaHTaTa. [lo3ToMy TaKMM JIMIIaM PEKOMEHIYETCS ITPOBEACHME eXKETOMHOI
BaKIIMHAIIMY MPOTUB rpuIIa. Lleapi0 HacTOSIIero ucciaenoBaHus ObII0 CpaBHEHME 0€30ITaCHOCTH U 3 PEKTUB-
HOCTU OTHOKPATHO! M IBYI030BOI BAKIIMHBI IIPOTUB CE30HHOTO I'PUIITIA Y PELIIMITUEHTOB TPaHCIIJIaHTATa TIOUKH.
Mamepuans u memodsl. B paHTOMU3MPOBAHHOM KJIMHMYECKOM UCCICIOBAHUM MTPUHIIN yuyacTue 50 perumnueH-
TOB MOYEYHOr0 TpaHcMaaHTaTa B 6onpHuIle MMama XoMeilHU, KOTOpbIE CIYYallHBIM 00pa3oM ObLIY pa3aeaeHbl
Ha B TPYTMbI: MOJYYMBIINE OAHOKPATHYIO 103y (CTAHAAPTHYIO A03Y) U MOJYyUYUBIUIME ABOWHYIO 103y BaKIIMHbBI
MPOTUB Ce30HHOTO rpumnma. O6pa3ibl CBIBOPOTKM COOMpPaNu A0 MOcjie BaKIMHALMU U yepe3 4 Hemesau mocsue
Hee IJIsl U3SMEPEHU S aHTUTEJ MPOTUB aHTUTE€HOB BaKLIMHHBIX BUpYycoB rpunna A u B. [llecTHaauath nammMeHToOB
OBLIM UCKJIIOUEHBI U3 MccaenoBaHus. MccieqoBaHue ObIJIO COCPENOTOUSHO Ha OLIEHKE 0€30MacHOCTH U UMMYHO-
T€HHOCTM BaKIMHBI, a TAKKE Ha TOKYMEHTUPOBAHU U JIFOOBIX MECTHBIX M CUCTEMHBIX TOOOYHBIX 3¢ (HEKTOB Moce
BaKIMHAIUU. Pe3yrsmamer. B xome nucciaenoBaHus He ObLIM OTMEUEHBI CYIIECTBEHHBIC pa3IMyMs 110 IO, BO3-
pacTy M TUITY MMMYHOAETIpecCaHTa, UCIOJb3yeMOT0 MEXIy IPYMIIaMU, TOJYYaBIIUMUA OMHOKPATHYIO W IBOW-
Hy10 103y (p > 0,05). Mexny AByMs TpyImaMu He 00HAPYKEHO CYIIEeCTBEHHBIX pa3IMUNil B TOOOYHBIX 3 peKTax
rocJie BAKIIMHAIIMY, TAKMX KaK 0011b B MecTe nHBekInHU (p = 0,21). YacToTa cepokonBepcuu (m3meHeHue ot IgG
<9 ME/mxi o 1gG > 11 ME/Mxua) anst IgG potus rpunimna A coctaBuia 12,5% (n = 2) B rpy1ime oIHOKPAaTHOTO
npuema u 26,7% (n = 4) B rpyIire IBya030Boii BaKIIMHAIIUK, a st IgG mpotus rpunmna B onu cocrasunu 11,8%
(n=2)u 21,4% (n = 3) cooTBeTCTBeHHO. 3akawuenue. JIBOITHAS 1032 IPOTUBOTPUIIIIO3HON BAKIIMHBI HE3HAYH-
TEJIbHO yCUJIMBajla UMMYHHBII OTBET y PELIMITUEHTOB TPAHCIIAHTATa TOYKHU, 0€3 pa3BUTU S KaKUX-TU0O0 Mo60Y-
HBIX 3(pPeKTOB.

Karouegvle caosa: sakyuna npomue epunna, peyunuennms. mpaHcniaHmama, 080iHas 003a, UMMYHOLEHHOCHb, d(dexmueHocme,
00HOKpamuas 003a.

Introduction

The influenza virus is the main cause of seasonal
influenza, which is generally associated with symp-
toms such as fever, myalgia and respiratory symp-
toms. In healthy people, this disease can improve
without any medication [1]. Influenza is still con-
sidered as an infectious disease with high prevalence
in the society. According to the statistics announced
by World Health Organization (WHO), this virus in-
fects between 5—10% of adults and 20—30% of chil-
dren annually [2]. In America, it is estimated that this
virus causes 36 000 deaths annually and leads to ap-
proximately 200 000 hospitalizations [1].

Most experts concur that influenza virus particles
are transmitted through coughing, sneezing, and
talking, potentially infecting those in close proximity
to an infected individual. In some cases, the influ-
enza infection in children and people with compro-
mised immune systems might experience prolonged

influenza infections, necessitating an extended du-
ration of monitoring for pathogenicity [3]. Chronic
medical conditions, such as heart disease, lung dis-
ease, diabetes, renal disease, rheumatologic disease,
dementia, and stroke are identified as risk factors
for influenza. Regardless of age, having underlying
diseases can increase the chances of hospitalization
and death upon contracting influenza [4, 5].

In a study of 616 transplant recipients (477 organs
and 139 bone marrow), suffering from influenza,
the most reported clinical symptoms were cough
in 85% and fever in 64%, and pneumonia in 22.1%
of patients. Eleven percent required intensive care
unit (ICU) admission, with some also reporting
headache, body pain, gastrointestinal symptoms,
myocarditis, and myositis [6]. In another study con-
ducted in Europe, invasive Aspergillus was detected
in 83 cases out of 432 cases of severe influenza that
were hospitalized for an average of 3 days in ICU.
Notably, organ transplantation is recognized as
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a common risk factor for invasive Aspergillus infec-
tion [7, 8, 9]. Another study in the USA showed that
out of 237 transplant patients with influenza, ap-
proximately 70% were hospitalized, 16% required
ICU care, and 4% succumbed to respiratory failure
[6, 7, 8, 10]. Another U.S. study on adult hematopoi-
etic cell transplant recipients found that systemic re-
actions were comparable between groups following
both injections during the study [11].

Some clinical studies emphasize the beneficial ef-
fects of the flu vaccine in people who have undergone
transplants. Seasonal flu vaccines are widely recog-
nized as the most important strategy in combating
influenza virus. Consequently, it is strongly recom-
mended that organ transplant recipients receive an
annual the influenza vaccination [3, 10]. However,
given the significance of care and treatment for kid-
ney transplant patients and existing research in this
domain, further comprehensive studies are warrant-
ed. So, due to the lack of research in the field of eval-
uates the effectiveness of two different influenza
vaccination and more emphasis on the kidney trans-
plant recipients, we consider it necessary to conduct
more studies in this field. Therefore, in the present
study, we evaluated and compared the safety and ef-
fectiveness of single- (standard) versus double-dose
of seasonal influenza vaccine in kidney transplant
recipients.

Materials and methods

Study setting. This study was a randomized, open-
label clinical trial involving 50 kidney transplant
recipients at Imam Khomeini Hospital in Tehran
in 2019. We included all the individuals who had
undergone a kidney transplant and visited Imam
Khomeini Hospital to receive their annual influenza
vaccine. After administering the vaccine, the im-
mune response and possible side effects of the vaccine
in were measured and monitored.

Participants selection. Eligible participants were
kidney transplant recipients, aged at least 18 years
old, who regularly attended the transplant outpatient
clinic of Imam Khomeini Hospital for follow-up vis-
its. In order to be eligible to receive the vaccine, at
least 3 months should have passed from their trans-
plant. Providing informed consent was necessary
to participate in the study. Exclusion criteria were as
follows:

1. Undergoing treatment for acute transplant
rejection;

2. Experiencing any febrile illness within the two
weeks before the vaccine administration;

3. A history of threatening reactions to previous
vaccines (such as Guillain-Barré syndrome);

4. Presence of an active autoimmune disease;

5. Those transplanted less than 3 months prior.

Study design. At the beginning of the study,
the participants were randomly divided into two

groups: one received a single dose (standard does)
and other a double dose of FLUVAC 2020/2021
quadrivalent influenza vaccine at 1:1 ratio. Patients
in the single-dose group received one intramuscular
injection (15 pug of HA antigen for each strain) in the
deltoid muscle of the non-dominant arm, while pa-
tients in the double-dose group received two simul-
taneous intramuscular injections, one in each deltoid
muscle (30 ug of antigen for each strain), sourced
from the similar influenza vaccine.

Data collection. The serum samples were collected
before and 4 weeks after vaccination, then stored at
minus 70 degrees Celsius for further influenza anti-
body measurement. The immune response was as-
sessed using the Spanish Vircell brand IgM/IgG an-
tibody assay kit with 95% sensitivity and 89% speci-
ficity. IgM/IgG antibody levels below 9 against influ-
enza A&B were considered negative. Furthermore,
IgM antibody level was measure to rule out acute
influenza infection.

According to previous studies on the side effects
of influenza vaccine, patients were asked to report lo-
cal side effects (pain, redness and swelling) and sys-
temic side effects (fever, headache, tiredness, nausea
or vomiting, muscle and joint pain) within the first
3 days’ post-vaccination. Patients were followed up
for the occurrence of vaccination complications
3 days after receiving the vaccine. Systemic side ef-
fects were recorded as none, mild (no interference
with normal daily activities), moderate (some inter-
ference with normal daily activities) or severe (pa-
tient unable to perform normal daily activities). Pain
at the injection site was assessed as none, mild (pain
on touch), moderate (pain when moving the limb) or
severe (spontaneous pain). Redness and swelling at
the injection site were assessed as none, mild (more
than 5 mm), moderate (more than 20 mm) or severe
(more than 50 mm) according to the measured diam-
eter. Fever was defined as a body temperature more
than 38 degrees Celsius. In case of flu-like symp-
toms, patients were advised to visit the outpatient
clinic [12, 13].

Four weeks after vaccination, the immune re-
sponse was assessed by comparing post-vaccinnation
serum antibody levels with those before vaccination.
Based on the used Kit, seroprotection was defined as
IgG antibody titer less than 11 ITU/uL. In addition, se-
roconversion was measured by GMT (mean antibody
titer after vaccination) and IgG production. Based
on the used kit, converting values were assigned as
> 9 1U/uL and > 11 IU/uL against influenza type A
and B.

Ethical considerations. This research has been ap-
proved by Tehran University of Medical Sciences
with ethical code (IR TUMS.IKHC.REC.1399.333).
In addition, in all stages of the research, justification
and obtaining permission from all patients was done
by filling out a written consent form, and no financial
costs were imposed on the patients and all subjects

127



M. Meidani et al.

MHdekumns n uMmyHuTeT

for the research. The collection of information from
the files was done without mentioning the names
of the patients and completely confidentially.

Statistical analysis. Quantitative variables were
presented using mean and standard deviation, while
categorical variables were described with percentages
and frequencies. T-test or Mann—Whitney, and Chi-
square (y?) test were used to compare the immune re-
sponse between two groups. All analyzes were done
with SPSS software version 26. A significance level
of less than 0.05 was considered significant.

Results

In this study, participants were divided into two
groups; one receiving single dose (standard dose) and
the other receiving a double dose of seasonal influ-
enza vaccine. Serum samples from 50 patients were
collected prior to vaccination. Four weeks post-vac-
cination, 34 patients (17 patients in the single-dose
group and 17 patients in the double-dose group) were
attended the follow up visit and samples were col-
lected for the measurement of IgG&IgM antibodies

Enrollment

Assessed for eligibility (n = 50)

Excluded (n = 16)

¢ Not meeting inclusion criteria (n = 0)
—» ¢ Declined to participate (n=0)

¢ Otherreasons (n = 16)

Randomized (n = 34)

v ( Allocation ] L /
AN J
Allocated to intervention (n = 17) Allocated to intervention (n=17)
¢ Received allocated intervention (n = 17) ¢ Received allocated intervention (n =17)
¢ Did not receive allocated intervention + Did not receive allocated intervention
(give reasons) (n=0) (give reasons) (n=0)
v ( Follow-Up ] v
AN J
Lost to follow-up (give reasons) (n = 0) Lost to follow-up (give reasons) (n =0)
Discontinued intervention (give reasons) (n = 0) Discontinued intervention (give reasons) (n = 0)
v ( Analysis ] v
\S J

Analysed (n=17)
Excluded from analysis (give reasons) (n = 0)

Figure. CONSORT 2010 Flow Diagram

Analysed (n=17)
Excluded from analysis (give reasons) (n = 0)
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Table 1. Demographic and clinical information of the studied patients

Variable Re(:)i?\i;?;tc ?: ;\’N:&o)ses Recipient ofn a( ;Sccine dose, P-value
Age, mean (SD) 45.4 (10.59%) 44.76 (14.74%) 0.86
Male (n, %) 10 (40%) 13 (52%)
Gender 0.40
Female (n, %) 15 (60%) 12 (48%)
History of receiving vaccines (n, %) 16 (64%) 20 (80%) 0.21
Injection site pain (n, %) 4 (16%) 4 (16%) >0.9
Prograf drug use (n, %) 19 (76%) 19 (76%) >0.9
Myfortic drug consumption (n, %) 21 (84%) 20 (80%) >0.9
Prednisolone drug use (n, %) 25 (100%) 25 (100%) >0.9
Cyclosporine drug use (n, %) 1 (4%) 1 (4%) >0.9
Time since transplantation, mean (SD) (months) 55.64 (54.51%) 49.33 (34.52%) 0.63

against influenza A&B. Patients, on average, were
undergoing immunosuppressive treatment, with
daily doses ranging from 2.5—5 mg of Prednisolone,
75 mg of Cyclosporine, 1 mg of Prograf, and 1 gram
of Myfortic These doses were determined by their re-
spective attending physicians. Additionally, any local
and systemic side effects were recorded in follow up
visit post-vaccination. More details about the rand-
omization process are provided by the CONSORT
2010 Flow Diagram (Fig.).

Table 1 presents the demographic and clinical
information of the patients in two groups. The av-
erage age for patients receiving a single dose was
44.14£76.74 years and for patients receiving two
doses of vaccine was 45.10+4.59 years. There was no
statistically significant difference between the av-
erage age in the two groups (p = 0.86). In the sin-
gle-dose group, 52% (n = 13) were men, compared
to 40% (n = 10) in the double-dose group. The dif-
ference in gender distribution between the groups was
not statistically significant (p = 0.4). In the group
receiving one dose of vaccine, 20 people (80%) and
in the group receiving two doses of vaccine 16 people
(64%) had a history of receiving vaccine. There was
no significant difference between these two groups
in terms of history of receiving vaccines (p = 0.21).
The injection site pain was not significantly different
in both groups (p = 0.9). No statistically significant
difference was observed regarding the use of Prograf,
Myfortic, Prednisolone and Cyclosporine drugs (p =
0.9). The time since transplantation in the group re-
ceiving one dose of vaccine was 49.34+33.52 months
and in the group receiving two doses of vaccine was
55.544+64.51 months, and there was no significant
difference between the two groups in terms of the
time since transplantation (p = 0.63).

It shows the rate of seroconversion and the cases
where the average IgG antibody titer < 9 IU/uL af-

ter 4 weeks changed to the average IgG antibody ti-
ter > 11 IU/uL in the two studied groups. It is worth
mentioning the cases where the average antibody titer
9 <IgG < 11 IU/uL was based on the kit used, it was
considered unclear and due to the need to repeat
the test and the lack of patient referrals for re-exam-
ination, it was not considered in the results. The av-
erage titer of IgGA antibody was less than 9 TU/uL
before injection in the single-dose and two-dose
groups, respectively, 72% (n = 18) and 72.7% (n =
16). The amount of seroconversion IgGA average
antibody titer changed by 12.5% (n = 2) and 26.7%
(n = 4) respectively after injection in single dose and
two dose groups. The average titer of IgGB antibody
values less than 9 IU/uL before injection in the sin-
gle dose and two dose groups were 81% (n = 17) and
76% (n = 19), respectively. The rate of seroconver-
sion of IgGB after injection in the single-dose and
two-dose groups was 11.8% (n = 2) and 21.4% (n =
3), respectively. In terms of systemic side effects, no
complications were observed after the injection of the
vaccine. For local side effects, pain at the injection
site was reported in four patients post-vaccination
which was resolved after 48 hours. No significant dif-
ference in side effects were observed between the two
groups (Table 2).

Discussion

In this clinical trial study, we evaluated and meas-
ured the immunogenicity and safety of one dose
(15 pg) versus two doses (30 pg) of the influenza vac-
cine in kidney transplant patients. Overall, the vac-
cine response across the entire study population was
suboptimal. Nevertheless, a heightened response rate
and a trend towards increased immunogenicity were
noted in participants receiving two doses compared
to those given a single dose (Table 2).

129



M. Meidani et al.

MHdekumns n uMmyHuTeT

Table 2. Seroconversion rate in the two studied
groups, %

Variable Singl;e%d)ose DOU:I(%/Sose
IgGA (IU/pL)
Before injection (IgG < 9) 18 (72%) 16 (72.7%)
After injection (IgG > 11) 2 (12.5%) 4(26.7%)
IgGB (IU/pL)
Before injection (IgG < 9) 17 (81%) 19 (76%)
After injection (IgG > 11) 2(11.8%) 3(21.4%)

According to a previous clinical trial study,
the administration of high-dose influenza vaccines
and booster doses appeared to be the most effective
strategies for enhancing the immunogenicity of the
influenza vaccine in organ transplant recipients [14].
In a study by Natori et al., involving 161 transplant
recipients, revealed that a high dose of the influenza
vaccine (60 pg) significantly improved the serocon-
version rate (79%) compared to the standard dose
(56%). Notably, among the cases showing an en-
hanced immune response to the vaccine, the Myfortic
drug intake was under 2 grams per day. In our study,
patients, on average, received 1 gram of Myfortic
daily [15]. However, due to the limited sample size
and concurrent use of various immunosuppressive
treatments, it was challenging to ascertain their dis-
tinct impacts on the immunological response within
the cohort studied.

In another study conducted in 2018 on 37 kid-
ney transplant patients in the USA, it was found that
a 60 pg dose of the influenza vaccine significantly
improved the seroconversion rate for influenza A.
Despite the small sample size of this study, the results
suggest that a higher antigen dose from the vaccine
might enhance the immune response in transplant
recipients. However, 60 ug influenza vaccines are not
commercially available outside of North America.
Additionally, administering four simultaneous doses
ofa 15 pg vaccine in medical centers appears imprac-
tical and could result in patient dissatisfaction with
the vaccination process [16].

In another large clinical trial study conducted by
Cordero et al. in Spain involving 499 transplant re-
cipients, the administration of a booster dose 5 weeks
after the initial dose significantly increased the se-
roconversion rate of all influenza virus strains. It is
important to note that the injection of a booster dose
of influenza vaccine in patients who underwent or-
gan transplantation brings serious challenges. For in-
stance, to receive the booster, patients must return
to the medical facility, posing potential risks for this
vulnerable population. Another study by Mombelli et
al. in 2018, which evaluated 79 kidney and liver trans-

plant recipients, found that a double dose (30 pg)
of influenza vaccine caused no serious side effects.
Similar to our study, the response to the vaccine was
suboptimal in this study. However, in contrast to our
findings, there was a significant increase in serocon-
version rates for all virus strains post-vaccination [13].
Previously, the efficacy of a double influenza vaccine
dose was assessed in HIV patients. During the 2009
influenza pandemic, 192 HIV patients were rand-
omized to receive either the standard dose (15 png) or
a double dose (30 ng) of the vaccine. Notably, both
doses were given concurrently. The seroconversion
rate was markedly higher for those who received
the double dose (68.5% vs 47.8%). In the 2022 anoth-
er study by Paget J. et al., it was found that the lack
of improved efficacy of the intervention vaccines
is unlikely to be explained by additional protection
against the B strain (Yamagata) included only in the
standard quadrivalent vaccine because influenza B/
Yamagata strains were not identified in Switzerland
and Spain during the period. Unlike in our study,
there was a significant difference in seroconversion
rates between the two groups. This could be attrib-
uted to the larger sample size and absence of immu-
nosuppressive treatment.

In the 2015 study by GiaQuinta et al., the safety
of the triple influenza vaccine was compared in the
standard-dose group (15 pg) and the high-dose group
(60 pg), and no abnormal side effects were report-
ed. However, in the group that received a high dose
of influenza vaccine more fatigue and body pain
were reported as compared to standard-dose group.
Additionally, arm pain was more frequent in high-
dose group. However, all of these side effects were
mild to moderate and resolved within 3 days after
injection similar to our study [6]. In our study, both
the single and double doses of the influenza vaccine
were well-tolerated, with no serious side effects re-
ported. All adverse reactions were mild to moderate,
and no severe side effects were observed in any pa-
tient from either group

Strengths and limitations

In this study, administrating a double dose of in-
fluenza vaccine was associated with an increased
immune response in kidney transplant recipients
without inducing serious side effects. Double dose
of flu vaccine can be considered as a suitable alter-
native where high dose vaccines are not available.
Some limitations, however, should be considered
in interpreting the results of the present study. First,
the sample size of the study was small, in part due
to its concurrent timing with the COVID-19 pan-
demic and also because some patients did not return
for re-serum sampling after 4 weeks. Second, without
a comparison of the post-vaccination immunological
response in a healthy population, we cannot conclu-
sively discuss the vaccine’s immunological effects
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and thirdly, due to the heterogeneity of immunosup-
pressive treatment in our study population, the rela-
tionship between the immunological response and
Immunosuppressive drugs could not be accurately
evaluated.

Conclusion

Compared to the standard dose, the double dose
of influenza vaccine was associated with an increase
in immunological response in kidney transplant pa-
tients. Although the difference was not statistically sig-

nificant but it could be clinically relevant as a double
dose of influenza vaccine did not cause any serious side
effects. It is suggested that more studies with a larger
sample size and longer follow-up along with examin-
ing the clinical response to the vaccine and compar-
ing the immunological and clinical response across
population and with healthy individuals. Additionally,
future research should compare the effects of various
immunosuppressive treatment regimens on the immu-
nological response after administering both the stand-
ard and double doses of the seasonal influenza vaccine
to kidney transplant recipients.
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SPECIES DISTRIBUTION AND ANTIMICROBIAL
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Abstract. Neonatal sepsis is one of the significant causes of morbidity and mortality in neonates, especially in developing
countries. This study investigates the species distribution and antimicrobial susceptibility pattern of agents causing
neonatal sepsis in a northern hospital in Vietnam. Materials and methods. All in-term neonates treated at the Neonatal
Center, National Children’s Hospital, Vietnam between December 2019, and April 2021 who met the clinical criteria
for sepsis and positive blood cultures were enrolled. Species identification and antimicrobial susceptibility testing were
performed with Vitek 2 Compact (bioMerieux, France). Results. Eighty-five neonates were included with the majority
of cases being early-onset sepsis (61.2%, 95% CI: 50.6—71.8%). Gram-negative, Gram-positive, and fungal isolates
constituted 50.6%, 40%, and 9.4%, respectively. The most common agent was Staphylococcus aureus (28.2%) followed by
Klebsiella pneumoniae and Escherichia coli (16.5% each). For those with bacteriological sepsis, Gram-negative pathogens
were predominant in early-onset sepsis whereas Gram-positive pathogens were predominant in late-onset sepsis (75.0%
(33/44) vs 69.7% (23/33), p < 0.001). Antibiotic resistance was common among bacterial isolates, but antifungal resistance
was not detected among isolates of Candida sp. Vancomycin and fluoroquinolone were very effective against Gram-
positive organisms while piperacillin + tazobactam, aztreonam, and ertapenem were potent drugs against Gram-negative
organisms. Conclusion. Routine investigation of microbial profiles and antimicrobial susceptibility patterns is essential
to guiding strategies for the choices of empirical antimicrobials.

Key words: neonatal sepsis, species, antimicrobial susceptibility, Staphylococcus aureus, Klebsiella pneumoniae, Escherichia coli.
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Pe3iome. HeonarajibHbIil CETICUC SIBJISIETCSI OMHOIM M3 OCHOBHBIX IIPUYMH 3a00J1€BAEMOCTH U CMEPTHOCTH HOBOPOX-
JIEHHBIX, 0COOEHHO B pa3BUBaloLIMXCs cTpaHax. Hacrosiiee uccienoBatue ObLI0 HAIPABISHO HA U3YyYeHUE BUIOBOIO
pacrpeneiaeHus: 6aKTepuii, BhI3BIBAIOIIMX HEOHATAIbHBII CEICUC, U MPOMUIISL UX YYBCTBUTEIBHOCTU K IIPOTUBOMMU-
KpOOHBIM IIperaparaM B 00J1bHULE Ha ceBepe BoeTHama. Mamepuaavt u memoods:. B uccnenoBanue ObLIM BKIIOUYEHBI BCE
JIOHOLLEHHbIe HOBOPOXICHHbIE, IPOXOAMBIIIKE JIeYeHHE B HEOHATAIbHOM LieHTpe HalmoHaabHOM e TCKO# 00J1bHMIIbI
Brernama B mepuon ¢ nekabps 2019 r. mo ampens 2021 T., KOTOpbIe COOTBETCTBOBAIN KITUHUYECKUM KPUTEPUSIM CeTI-
cuca M 'y KOTOPBIX OBLIT TOJTyYeH TOJOXUTETbHBIN pe3yTbTaT moceBa Kposu. MneHTuduKammo BugIoB Bo30yauTeIen
1 OTIpelieSieHre YYBCTBUTEIBHOCTH K TPOTUBOMUKPOOHBIM TIperapataM MPOBOAMIM C TOMOIIbIO 0aKTepUOJIOryec-
Koro aHaim3aropa «Vitek 2 Compact» (bioMerieux, ®@panums). Pezyasbmames:. B viccienoBaHUN MPUHSIIN yJacTHe
85 HOBOPOXIEHHBIX, Y OOIBIIMHCTBA NX KOTOPBIX OTMEUEH CEICHC ¢ paHHUM HavajoM (61,2%, 95% O U: 50,6—71,87%).
I'pamoTpuLIaTeIbHBIE, TPAMIIONOXMUTEIbHBIE U I'PUOKOBBIE M30JAThI cocTaBiasuin 50,6, 40 u 9,4% coOTBETCTBEH-
Ho. Haunbosee yacteiM Bo30OyauTesaeM Obu1 Staphylococcus aureus (28,2%), 3a vum cinenosanu Klebsiella pneumoniae
u Escherichia coli (1o 16,5%). Y 601bHBIX ¢ OaKTepHaJbHBIM CEIICMCOM I'paMOTpUIIATEIbHbIC BO30YIUTEIN IIpeobJia-
JIaJI1 IIPU CeICHCe C pAHHMM HavaJloM, TOIIa KAaK FPaMITIOJOXUTeIbHbIe BO30YIUTEIM — IIPU CEIICUCEe C MTO3IHUM Ha-
yayioM (75,0% (33/44) npotus 69,7% (23/33), p < 0,001). Y 6akTepuaibHbIX M30JISITOB YACTO BHISIBJISLIACH YCTONYMBOCTD
K aHTUOMOTHUKAM, TOraa Kak y u3onsdtoB Candida spp. pe3UCTEHTHOCTHU K IIPOTUBOrPUOKOBBIM IIperaparaM YCTaHOB-
JIEHO He ObL10. BaHKOMULMH 1 (PTOPXMHOJIOH ObLIK KpaiiHe 9 (EKTUBHBI B OTHOLIEHUHU TPAMIIOIOXUTEIbHBIX MU~
KPOOPraHM3MOB, B TO BpeMsI KaK MUTIEPAIIUJUIMH + Ta300aKTaM, a3TpeoHaM W 3pTATIeHEeM TIPOSIBIISIA BhIPAXKEHHYIO
AKTUBHOCTD MPOTUB TPAMOTPHUIIATEIEHBIX MUKPOOPTaHU3MOB. Bbieodsl. PyTUHHOE 1MccenoBaHUe MUKPOOHBIX TTPO-
(uneit u Moneneit 9yBCTBUTENIBHOCTH K TPOTUBOMUKPOOHBIM MTperapaTtaM MMeeT BaxkHOe 3HaYeHUeE JIJTsT OTIPeIeICH U ST
CTpaTeruy BEIOOpa SMITMPUIECKUX TIPOTHBOMUKPOOHBIX ITPEIapaTos.

Karoueesnle caosa: neonamanvrulii cencuc, udvl, AHMUMUKPOOHAs wyecmaumenvHocms, Staphylococcus aureus, Klebsiella pneumoniae,
Escherichia coli.

Introduction

Neonatal sepsis is one of the significant causes
of morbidity and mortality in neonates, especially
in developing countries. Globally, neonatal sepsis
is estimated to cause from 1.3 to 3.9 million cases and
between 400 000 and 700 000 deaths annually [41].
The mortality rate for neonatal sepsis is between 1%
and 5% for sepsis and 9% to 20% for severe sepsis [14].
Furthermore, the rate of mortality is not equal and
far higher in developing countries (roughly ~34/1000
live births) compared to that in developed countries
(=5/1000) [4]. One of the main challenges to the effec-
tive management of neonatal sepsis is the occurrence
of antimicrobial resistance among clinically relevant
pa thogens [45]. For this reason, an antimicrobial re-
gime to treat causative agents is ideally based on the
results of blood culture and drug sensitivity tests [32].
However, these results are available only for cases
with positive blood cultures, the technique that
is considered the gold standard for diagnosis but lacks
sensitivity and cannot produce results quickly [34].
So early initiation of empiric antimicrobial therapy

based on updated data on the local profile of species
distribution and antimicrobial resistance of causative
pathogens is very important [18, 24]. In addition, this
approach could reduce the inappropriate use of an-
tibiotics, and consequently, reduce the emergence
of antimicrobial-resistant pathogens [5].

Vietnam is a developing country and infection
is still the leading primary cause of hospital admis-
sion and mortality in neonates [37]. Geographically,
Vietnam is divided into northern, central, and south-
ern regions. There have been some reports of causa-
tive microorganisms of neonatal sepsis from the cen-
tral and south of Vietnam, but data from northern
Vietnam is limited [35, 36]. We conducted this study
to investigate the species distribution and antimicro-
bial susceptibility pattern of agents causing neonatal
sepsis in a northern hospital in Vietnam.

Materials and methods

Ethical consideration. This retrospective study
is part of thesis work for the fulfillment of Doctor
of Philosophy in Health Studies and obtained clearance
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from the ethics committee of the Vietnam National
Institute of Malariology, Parasitology and Entomology
(NIMPE). Written or verbal consent was obtained
from all the legal representatives of the patients.

This study was carried out at the Neonatal
Centre, National Children’s Hospital, Vietnam be-
tween December 2019, and April 2021. Agent isola-
tion and analysis were done in the laboratories of the
Department of Microbiology, National Children’s
Hospital.

Data collection. All in-term newborns (0—28 days
of age) visiting the Centre with clinical symptoms/
signs that met the criteria for sepsis and positive re-
sults of blood culture were enrolled in the study.
Patients receiving blood or having severe congeni-
tal diseases that affect vital function were excluded
from the study. Demographic and clinical findings
were obtained from electronic medical records using
a standardized case report form.

Microorganism analysis. To isolate the responsible
agents for sepsis, 2 ml of blood were collected from
two different sites and subjected to culture in two
bottles, one for aerial bacteria and one for anaero-
bic bacteria or fungi according to the adjustment
of responsible clinicians. Species identification and
antimicrobial susceptibility testing (AST) were per-
formed with “Vitek 2 Compact” (using VITEK® 2
GN ID, VITEK® 2 GP ID and VITEK® 2 YST ID
cards for identification of Gram-negative, Gram-
positive isolates and yeast respectively, AST GN 86,
AST GP 67 and AST-YS08 GN cards for AST of GN,
GP and yeast respectively, bioMerieux, France) fol-
lowing the manufacturer’s instructions.

Definition. The diagnosis of neonatal sepsis in the
present study was based on criteria issued by European
Medicines Agency [12]. An infection presented be-
tween birth and 72 hours of life was classified as early-
onset sepsis (EOS) and “late-onset sepsis” (LOS) was
sepsis that occurs after 72 hours of life. The minimum
inhibition concentration (MICs) was categorised as S
(susceptible) and R (resistant) according to species-
specific breakpoints established by the Clinical and
Laboratory Standards Institute [6, 7, 8].

Statistics. Data were analyzed using SPSS soft-
ware version 20.0. Categorical data were described by
case number (n) and percentages. Continuous data
were expressed as meanzxstandard deviation (SD).
Categorical variables were compared by Chi-square
test and the accepted level of significance was two-
tailed p < 0.05.

Results

During the study period, 85 in-term neonates met
the included criteria and were enrolled. The male-
to-female patient ratio was 1.2:1 and the mean age
of gestation was 38.6 weeks. About one-quarter
of neonates had low birth weight but none had very
low birth weight (< 1.5 kg). More than half of them

Table 1. Baseline characteristics of 85 patients
recruited with neonatal sepsis

Variable % (Cl 95%) or mean=SD
Demographic features
Male 54.1(43.3-64.9)
Gender Female 45.9 (35.1-56.7)
Age (days) 10.4£8.2
Birth weight (grams) 2918.2+548
Low birth weight (< 2500 g) 25.9(16.4-23.2)
Gestation age (weeks) 38.6+1.1
Onset of sepsis EOS 61.2 (50.6-71.8)
P LOS 38.8 (28.3-49.4)
Maternal features
. SVD 50.6 (39.7-61.4)
Mode of del *
cdeordelivery”  rcs 49.4 (38.6-60.3)
History of infection during N
the gestation period# 15.3(7.5-23.10)

Note. *CS Cesarean Section, SVD Spontaneous Vaginal Delivery.
#Mothers with history of infection included 8 with genital infection,
7 with bronchitis, gingivitis, or urinary tract infections, and 2 with
chorioamnionitis.

were delivered by SVD and about one-fifth of the
neonates’ mothers had a history of infection during
the gestational period. The majority of cases were de-
fined as EOS (61.2%) (Table 1).

There were 85 microbial isolates belonging to 19
different kinds of organisms. Bacteria composed
the most (90.6%) while fungi accounted for only 9.4%
of the isolates. For those with bacteriological sepsis,
Gram-negative (GN) isolates were more common
than Gram-positive (GP) isolates (55.8% and 44.2%
respectively). In all groups, the most predominant
agent was S. aureus (28.2%) while K. pneumoniae and
E. coli (16.5% each) were the predominant causative
agents in GN bacteria. Gram-negative pathogens
were predominant in EOS whereas GP pathogens
were predominant in LOS [75.0% (33/44) vs 69.7%
(23/33), p < 0.001]. There were 5 species of fungi re-
covered and C. albicans was the most prevalent agent
(50%, 4/8). All cases with candidemia were classified
as EOS (Table 2).

Gram-positive isolates were associated with
minimal sensitivity to clindamycin (13.0%), oxacil-
lin (14.3%), and benzyl penicillin (17.9%). Of note,
90.0—-95.2% of GP bacteria were sensitive to fluo-
roquinolone and 100% of isolates were sensitive
to vancomycin. S. aureus (the most common patho-
gen isolated) showed high sensitivity to vancomycin,
fluoroquinolones (100%), and gentamicin (83.3%)
(Table 3).

Gram-negative isolates demonstrated a low sen-
sitivity to cefotaxime (8.3%), ampicillin + sulbactam
(9.5%), ceftazidime (45.8%), and cefoxitin (50.0%),
moderate sensitivity to ciprofloxacin (60%), moxi-
floxacin (69.2%), tobramycin (63.2%), ceftriaxone
(63.6%), amikacin (68.6%), and imipenem (72.7%).
The drugs that show high efficacy against GN or-
ganisms was piperacillin + tazobactam (sensitivity
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Table 2. Distribution of bloodstream infection isolates

Groups Species EOS LOS Total %
Klebsiella pneumoniae 12 2 14 16.5
Escherichia coli 7 7 14 16.5

Serratia marcescens 4 0 4 4.7

Acinetobacter baumannii 3 0 3 3.5

. Burkholderia cepacia 2 1 3 3.5

Gram-negative -

Pseudomonas aeruginosa 2 0 2 24

Enterobacter cloacae complex 1 0 1 1.2
Stenotrophomonas maltophilia 1 0 1 1.2

Elizabethkingia meningoseptica 1 0 1 1.2
Subtotal 33 10 43 50.6
Staphylococcus aureus 5 19 24 28.2

GBS* 3 4 7 8.2

Gram-positive Listeria monocytogenes 1 0 1 1.2
Enterococus faecium 1 0 1 1.2

Bacillus cereus 1 0 1 1.2
Subtotal 11 23 34 40.0

Candida albicans 4 0 4 47

Candida tropicalis 1 0 1 1.2

Candida krusei 1 0 1 1.2

Fungi Candida parapsilosis 1 0 1 1.2
Candida guilliermondii 1 0 1 1.2

Subtotal 8 0 8 9.4

Total 52 33 85 100

Note. *GBS: Group B streptococcus.
Table 3. Profile of antimicrobial sensitivity among Gram-positive isolates*
Groups Antibiotics S. aureus GBS Other Total %

Aminoglycosides Amikacin 1/2 0/1 1/3 33.3
Gentamycin 15/18 0/1 15/19 78.9

Benzyl penicillin 0/22 5/6 5/28 17.9

Oxacillin 0/23 4/4 0/1 4/28 14.3

Ticarcillin 0/1 0/1 0.0

Cefazolin 0/1 0/1 0.0

Cefoxitin 01 01 0.0

Ceftriaxon 2/3 0/1 2/4 50.0

Cefoperazone 0/1 0/1 0.0

Beta-lactam Ceftazidim 0/1 0/1 0.0
Cefotaxim 2/3 2/3 66.7

Cefepime 0/1 0/1 0/2 0.0

PiTa* 1/1 1/2 0/1 2/4 50.0

AmS## 1/1 2/4 1/2 4/7 571

Aztreonam 0/1 0/1 0.0

Ertapenem 0/1 0/1 0/2 0.0

Meropenem 2/2 0/1 2/3 66.7

Imipenem 0/1 11 1/2 50.0

Ciprofloxacin 1717 01 1/2 18/20 90.0

Fluoroquinolone | Moxifloxacin 15/15 5/5 01 20/21 95.2
Levofloxacin 20/20 5/6 01 25/27 92.6

Glycopeptide Vancomycin 24/24 7 2/2 33/33 100
Lincosamide Clindamycin 1/16 2/7 3/23 13.0

Notes. *N = number of sensitive isolates/Number of tested isolates. *PiTa: Piperacillin + tazobactam. **AmS: Ampicillin + sulbactam.
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Table 4. Profile of antimicrobial sensitivity among Gram-negative isolates*

Groups Antibiotics | K. pneumoniae E. coli Other Total %
Amikacin 8/14 12/13 4/8 24/35 68.6
Aminoglycosides | Gentamycin 3/1 7/13 4/6 6/10 16/34 471
Tobramycin 4/8 4/6 4/5 12/19 63.2

Cefazolin 1/1 0/1 1/2 50.0

Cefoxitin 3/8 5/9 2/3 10/20 50.0

Ceftriaxon 4/8 6/9 4/5 14/22 63.6

Cefoperazone 1/1 11 100.0

Ceftazidim 5/11 4/6 2/7 11/24 45.8

Cefotaxim 0/6 0/2 1/4 1/12 8.3

Beta-lactam Cefepime 2/2 4/4 1/2 7/8 87.5
PiTa* 5/5 3/3 2/3 10/11 90.9

AmS#* 0/9 2/11 0/1 2/21 9.5

Aztreonam 5/5 4/5 3/3 12/13 92.3

Ertapenem 6/6 4/5 3/3 13/14 92.9

Meropenem 3/4 3/6 4/6 10/16 62.5

Imipenem 6/8 8/11 2/3 16/22 727

Ciprofloxacin 5/8 3/7 7/10 15/25 60.0

Fluoroquinolone | Moxifloxacin 4/8 2/4 3/5 9/13 69.2
Levofloxacin 4/8 4/8 10/13 18/29 62.1

Notes. *N = number of sensitive isolates/Number of tested isolates. *PiTa: Piperacillin + tazobactam. #AmS: Ampicillin + sulbactam.

rate of 90.9%), aztreonam (92.3%), and ertapenem
(92.9%) (Table 4).

Resistance to tested antifungals (caspofungin,
fluconazole, micafungin, voriconazole, fluorocyto-
sine, amphotericin B) was not detected among iso-
lates of Candida spp.

Discussion

There were 85 in-term neonates involved in this
study. The characteristics of our patients were com-
parable to those in some other studies in Vietnam re-
porting the predominance of males, and EOS among
patients with neonatal sepsis [35, 36, 37].

The predominance of bacteria as the causative
agent of neonatal sepsis (90.6%) in our study is in
line with many previous reports [23, 29, 44]. The ma-
jority of GN isolates among patients with bacterio-
logical sepsis is identical to those previously report-
ed in India [29], Myanmar [28] and Vietnam [23].
Similarly, the majority of GN organisms among
EOS and GP bacteria among LOS patients in our
patients are concordant with those in the litera-
ture [3, 46]. A very high prevalence of GN organ-
isms among EOS sepsis (90.4%) has been reported
in Indonesia [31].

Considering single species, the leading cause
of neonatal sepsis was S. aureus (28.2%), followed by
K. pneumoniae and E. coli. Our results seem to repli-
cate previous data demonstrating the predominance
of S. aureus, K. pneumoniae and E. coli as the causa-
tive agents of neonatal sepsis in developing coun-
tries [15, 40]. Surprisingly, the prevalence of S. aureus
in our study was high which diverges from the very
low rates (4—4.5%) reported in central and south-

ern Vietnam [35, 37]. However, our result conforms
with those reported in Ethiopia [16], and India [22].
In our opinion, this difference could reflect the geo-
graphic variation of agents causing neonatal sepsis
and emphasize the importance of routine investiga-
tion of the distribution species to get updated pro-
files of aetiologic organisms in different regions [38].
Of the GN organisms, K. pneumoniae, E. coli were
the most common isolates (16.5%) which was in ac-
cordance with other findings in Vietnam [23, 35].
The rate of sepsis caused by GBS in our study (8.2%,
7/85) was lower than that in developed countries
(43—58%) [46]. This minority may be the conse-
quence of the low prevalence of GBS colonization
among pregnant women in Vietnam [11, 17]. In the
literature, the incidence of neonatal sepsis caused by
GBS in Asia is usually low in comparison with other
regions [25]. The recovery of some rare agents such as
Enterobacter cloacae complex [2], Stenotrophomonas
maltophilia [26], Elizabethkingia meningoseptica [28],
Listeria monocytogenes |21], Enterococus faecium [13],
Bacillus cereus [20] has been reported elsewhere.

The second objective of our study is to determine
the antimicrobial pattern of agents causing neonatal
sepsis. Results in Tables 3 and 4 show that: (1) antibi-
otic resistance was common for bacterial agents while
all fungal isolates were sensitive to the tested antifun-
gal, (2) vancomycin and fluoroquinolone were very
effective against GP bacteria while piperacillin +
tazobactam, aztreonam, and ertapenem were potent
drugs against GN organisms.

The resistance to antibiotics commonly used
for empirical therapy such as fluoroquinolones and
B-lactams (carbapenems, cephalosporins, and peni-
cillins) [9, 27, 42] occursin almost all bacterial species

137



T.T. Thang et al.

MHdekumns n uMmyHuTeT

despite a small number of the tested isolates. The de-
creased susceptibility of bacteria to these drugs in the
present study follows the trend described previously
and may pose a further challenge to clinical practice
in Vietnam [23, 37, 39]. In contrast, antifungal re-
sistance was not observed among all fungal isolates.
The absence of antifungal resistance could be due
to the predominance of C. albicans in the current
study, a species with rare antifungal resistance [32].
Among the tested antibiotics, vancomycin and
fluoroquinolone were very effective against GP bac-
teria while piperacillin + tazobactam, aztreonam,
and ertapenem were potent drugs against GN or-
ganisms. The potent efficacy of vancomycin against
GP isolates in our study is in line with some other
reports [23, 37, 39]. On a global scale, resistance
to vancomycin among GP organisms is very rare [1].
It is worth noting that GP isolates in the present study
seemed to have higher rates of sensitivity to fluoro-
quinolones (90.0—95.2%) than that in prior studies
done in Vietnam (75—78%) [23, 36] and Myanmar
(72.3—77%) [28]. In contrast, GN isolates demon-
strated moderate susceptibility to fluoroquinolones
but high sensitivity to piperacillin + tazobactam,
aztreonam, and ertapenem. The moderate sensitive
rate of GN organisms to fluoroquinolone in the cur-
rent study (60.0—69.2%) was in the range of those
reported from 13 hospitals in Vietnam (between 18—
62%) [39]. The potent efficacy of ertapenem, a drug
belonging to the carbapenem class, replicates find-
ings from prior studies [23, 36, 39]. The susceptibility
profile of GN bacteria to piperacillin + tazobactam
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Abstract. Background. Saudi Arabia, a large country in terms of population size and geographical area, is divided into ad-
ministrative areas and governorates. It has metropolises, cities (large, medium sized, and small), towns, villages and rural
neighborhoods, classifiable into well equipped, rapidly expanding, and others. The COVID-19 epidemics spread all over
the country with differentials in infection rates, percentages, and affected persons, alongside daily increases. This analysis,
focused on administrative areas, aimed to comprehend the spread and escalation of the epidemic, in addition to highlight-
ing the distribution of the infected population with a special emphasis on geographical spread and seasonal variations.
Materials and methods. This analysis of data compiled from COVID-19 daily reports published by the Saudi Arabian
Ministry of Health considers into account administrative areas and localities (neighborhoods) to demonstrate the distri-
bution of spread, increase in infection, and the proportion of population infected between March 21, 2020 and May 4,
2023. Results. A large majority of the infected cases were reported in three major administrative areas including Riyadh,
Makkah, and the Eastern Region. Other regions had a smaller number of infected cases. However, some locations, es-
pecially medium-sized upcoming towns and neighborhoods experienced greater number of people seriously affected at
a rapid pace, with seasonal differentials, in medium sized upcoming cities — the governorate headquarters and promising
future cities, apart from the major cities. Conclusions. COVID-19 spread in the country followed a certain regional pat-
tern. Beyond the populous administrative areas, upcoming cities in fast changing areas had a high impact. Thus, having
a categorization of major, medium or low spread is necessary. Such detailing of COVID-19 infection would be useful not
only to develop combating strategies but also to create epidemic and emergency preparedness.

Key words: spread and increase, affected locations, contamination per 1000 persons, major cities, governorates and localities, seasonal
variation.
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H.M. Aldossari, A. Abdul Salam MHdekumns n uMmyHuTeT

nemnx. Hactosmumit ananus cutyauuu ¢ COVID-19 Ha pa3HbIX aAMUHUCTPATUBHBIX TEPPUTOPUSIX CTPAHBI ObLIT ITPO-
BEJICH C LIEJIbIO BBISIBIICHHST (PAaKTOPOB PACIIPOCTPAHEHMSI SITUAEMHU U paclipeneeHr st MHPULIMPOBAHHOIO HACECHU S
B 3aBUCMMOCTH OT reorpa@uueckoro MojoXeHusI peruoHa ¥ MPUCYIIMX eMY CE30HHBIX KJIMMATUUYECKUX KOJIeOaHUIA.
Mamepuanvt u memodsl. bel1u MpoaHaJIM3UPOBaHbl JaHHBIE O pacIpeneeHUU 3a00JeBaeMOCTH, POCTE 3apakeHU s
U I0JIe HaceeHus1, uHGuuupoBaHHoro B nepuos ¢ 21 mapta 2020 r. mo 4 mast 2023 1., Ha pa3IMYHBIX AAMUHUCTPATUB-
HBIX TEPPUTOPUSIX U HACEJCHHBIX MMYHKTaX (paiioHax) CTpaHbl, MOJyYeHHbIC U3 eXenHeBHBIX 0TueToB 0 COVID-19,
onyONIMKOBaHHBIX MMHHUCTEPCTBOM 3mpaBooxpaHeHus: CaymoBckoit ApaBum. Pesyasmamet. TlomaBisromiee 0071b-
IIMHCTBO CIy4YaeB 3apaXkeHWs OBLJIO 3aperuCTPUPOBAHO B TPeX OCHOBHBIX aIMUHUCTPATHUBHBIX paiioHaX, BKIIO-
yasg Dp-Pusan, Mekky n BocTouHbIi pernoH. B Ipyrux permoHax 4mciio 3apaXeHHBIX ObLIO MEHBIIE. TeM He MeHee
0OJIBIIIOe KOJUYECTBO JIONEH Cephe3HO MOCTPanaao OT OBICTPOTO TEMITa pacIpoCTpaHEHMS 3a00IeBaHUsI, OCOOCHHO
B KPYITHBIX ¥ pa3BUBAIOIINXCS TOPOAAX, B KPYITHBIX JKUJIBIX 1 KOMMEPUECKUX paifoHaX, KBapTalax CpeIHero pa3mepa.
Buvigodv. Pacipoctpanenue COVID-19 B cTpaHe nMeso onpeneieHHYI0 peruoHalbHY0 3aKOHOMEPHOCTh. [ToMruMo
I'YCTOHACEIEHHBIX aIMUHUCTPATUBHBIX PailoHOB, OOJIBIIIOE BAMSHKUE Ha 3TOT MOKa3aTe b 0Ka3alu ropojaa B ObICTPO-
pa3BUBaOLINECs peruoHax. bely BeIAeIeHBI aIMUHUCTPATUBHBIE PAOHBI C OOJBIINM, CPEIHUM M HU3KUM YPOBHEM
pacnipoctpaHeHust COVID-19. Takag knaccubukauus OyaeT Moje3Hoi He TOIbKO LISl pa3paboTKU cTpaTeruii 60pb-
ObI, HO U [ 00eCTrieuyeH 1Sl TOTOBHOCTH K SMUIEMUSIM M UPE3BbIYAliHBIM CUTYALIUSIM B OyTyILEM.

Karouesnle cao6a: pacnpocmpanenue u pocm, 3amporymeie meppumopuu, unguyupoganrocmos Ha 1000 uenosek, kpynoie copooa,

NPOBUHUUU U HACENeHHble NYHKMbl, CE30HHble KonebaHus.

Introduction

Saudi Arabia is a large country in terms of geo-
graphical area and is divided into 13 administrative
areas and 151 governorates. The country borders five
Arabian Gulf countries and a few other Arab nations,
boasting a wide coastal area to the east and west.
Despite accommodating a vast population, both na-
tive and foreign, the country maintains a low popu-
lation density, mainly because of uninhabited desert
areas. Developmental efforts focused on construct-
ing infrastructure — residential, commercial, educa-
tional, and medical — in various parts of the coun-
try have created many urban areas. Consequently,
populations have migrated to these areas seeking
improved lifestyles, livelihoods, and professional op-
portunities [23]. In summary, many cities and towns
in Saudi Arabia have high population concentra-
tions. This situation expedites the potential for faster
infection rates in the country [6, 21, 22].

Saudi Arabia has grappled with a rapid spread
of COVID-19 in various overpopulated areas char-
acterized by a transient population, despite efforts
to contain, isolate, enforce social distancing, and im-
pose lockdowns. In addition, the country implement-
ed several strategies, such as the suspension of reli-
gious, entertainment, and sporting mass gatherings;
temporary closure of educational establishments;
and the postponement of all non-essential gather-
ings by imposing a complete curfew implemented
even before confirming the first case [4, 5, 8, 11, 16,
20, 23]. COVID-19, recognized as a new strain of the
Middle East Respiratory Syndrome Coronavirus,
plagued the Middle East, with the majority of cases
reported in Saudi Arabia. The country also experi-
enced a higher case fatality rate [12, 20].

The global pandemic reported its first case
on March 2, 2020, in Saudi Arabia and has been re-
sisted through various strategic interventions. Saudi

Arabia has been appraised for its mitigation measures
(a combination of Chinese and German technolo-
gies) characterized by swift community action and
hospital preparedness. These efforts have been made
in the absence of experimental studies on treatment
options, economic impact assessments, and epidemi-
ological studies [3, 6, 7, 9, 13, 15, 20]. This endeavor
could be aligned with the 2030 Vision, which aims
to position the country as a business and tourism hub,
aiming for well-developed herd immunity [2, 23].

Considering the diverse geography of the country
and the heterogeneity of its population in terms of liv-
ing arrangements, population density, and livelihoods
reflected in varying sex ratios, child population, geo-
graphical condition, environmental situation, and
the availability of resources, such as hospitals and
medical facilities [14]. this study aimed to conduct
a spatial analysis of COVID-19. Hence, disparities
across cities and neighborhoods, in addition to the
administrative areas of the country, were important
in understanding risk factors, immune responses,
treatment effectiveness, and mortality rate. This spa-
tial analysis, focused on administrative areas, aimed
to comprehend the spread and escalation of the epi-
demic, in addition to highlighting the distribution
of the infected population with a special emphasis
on geographical spread and seasonal variations.

Materials and methods

This analysis was based solely on daily reports
of COVID-19 cases published by the Ministry
of Health of Saudi Arabia (https://sehhty.com), which
is referred to by Alanezi et al. (2020) as the most reli-
able source of information. Reports from March 21,
2020, to May 4, 2023, were compiled on an Excel
worksheet for consolidated illustrations and analyses.

A trend of daily infections across administrative
areas was plotted.
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Majorly affected locations within each adminis-
trative area were plotted.

An increase in infection rates was calculated
for each administrative area, specifically focusing
on the major affected locations.

The number of infected cases per 1000 individuals
based on available population data in 2020, 2021, and
2022 for administrative areas was determined.

Population sizes for administrative areas in 2020,
2021, and 2022 were used to calculate the infection
rate per 1000 individuals. However, population data
for localities within each administrative area was
only available for 2022.

Results

Saudi Arabia has been substantially impacted by
COVID-19 (SARS-CoV-2). The infection initially
spread through travelers from Iran to the Eastern
Region via neighboring Bahrain and Kuwait. A few
cases in Al-Qatif City disseminated to other parts
of the province and thereafter extended to addition-
al provinces and neighborhoods, such as Makkah,
Jeddah, Al-Madina, and Riyadh. On March 21, 2020,
the Ministry of Health commenced daily online data
uploads, recording a total of 392 infected individuals.
The infection rate swiftly escalated to 1453 by March
31, 2020, and reached 840 435 by May 4, 2023. This
indicates a rapid spread, especially during June-
July 2020, reporting approximately 5000 new cases
per day, and later during January-February 2022.
The spread during June-July is referred to as the first
wave, while that during January-February is referred
to as the second wave, with random surges in the sec-
ond quarter of 2021.

Spread in the administrative areas

Several governorates in Saudi Arabia were affect-
ed with varying intensities. Metropolises with a large
transient population, emerging cities with a dense
population, and areas with a high-proportion of ex-
patriates, were more affected than others (Fig. 1).
For example, by May 4, 2023, Riyadh, Makkah, and
the Eastern Region administrative areas were affect-
ed more than the others with 231 547, 206 004, and
164 006 affected individuals, respectively, account-
ing for approximately 71% of the total cases. Al-Jouf
and the Northern Borders had 3974 and 7038 infect-
ed individuals, respectively, marking the two admin-
istrative areas with the lowest infection rates (Fig. 1).
Another region exhibiting lower spread was Al-Baha,
with 11 143 reported cases.

Affected locations in each administrative area

Certain governorates and cities, recognized as
major commercial, educational, residential, and
developmental zones hosting migrants, reported
a higher number of cases. Figure 2 (see color plate)
illustrates these geographical clusters by percentage

for each quarter annually. For example, in the Riyadh
administrative area, Al-Kharj, Riyadh, and Wadi Ad
Dawasir emerged as major affected areas: key eco-
nomic, commercial, and educational centers. These
locations exhibited higher infection rates, but with
seasonal variations. The overall infection rate dis-
played peak periods in the second quarter (Q2 2020;
April—June) and QI 2022 (January—March). Riyadh
City recorded peak infections in Q1 2022, followed
by Q2 2020. Al-Kharj had the highest infection rate
in Q1 2022, followed by Q2 2020 and Q3 2020. Wadi
Ad Dawasir followed a different trend, with its high-
est infection rate in Q3 2020, followed by Q2 2021.
The overall infection rate in this administrative
area largely depended on Riyadh City. In contrast,
the Makkah administrative area had high infection
rates in Jeddah, Makkah City, and Taif. Makkah
City experienced a substantial surge during Q2 2020,
followed by QI 2022, and Q3 2020. Jeddah showed
a different pattern, with its highest infection rate was
in Q2 2020 and Q1 2022, while Taif recorded peak
infections during Q2 2020 and Q3 2020. Other loca-
tions in this region recorded elevated infection rates
in QI 2022. In contrast, the Al-Madina administra-
tive area experienced a gradual spread: Al-Madina
City showed substantial spread during Q2 2020; Al-
Ula initially had a lower spread but reached its high-
est during Q1 2022; and Yanbu had a gradual spread,
with the highest in Q3 2020 and Q3 2021.

The three majorly affected localities in the
Eastern Region were Ad Dammam, Al-Hufuf, and
Al-Khubar, with heavy infections occurring dur-
ing Q2 2020 (very high in Al-Khubar) and Q1 2022.
Al-Qasim showed a different pattern: Q2 2020 was
less serious, but Q3 had a wider spread, especial-
ly in Buraydah and its smaller localities. Q1 2022
also recorded higher levels, particularly in Ar Rass,
whereas Unayzah recorded a smaller spread. Hail ad-
ministrative areas recorded heavy infections in Ash
Shinan, Baga, and Hail City. None exhibited high
levels in Q2 2020 but Ash Shinan reported high lev-
elsin Q2 2021, while Baga and Hail City experienced
elevated infections in Q3 2020. Additionally, smaller
geographic clusters indicated significant infection
rates in Q3 2020, Q2 2021, Q3 2021, and QI 2022.
Aseer had a more limited spread, except in Q3 2020
in Khamis Mushayt, Muhayil, and other smaller
locations. However, Q1 2022 saw a serious spread
in Muhayil and Abha, but not in Khamis Mushayt.
In the Jazan administrative area, a comparatively
uniform spread was recorded in Abu Arish, Baysh,
Jazan City, and other smaller locations, with high
infection rates during Q3 2020 and Q1 2022. Baysh
experienced serious infections only in Q2 2020.

Hubuna, Najran City, and Sharorah were the most
affected localities in the Najran administrative area.
None of them had a high spread during Q2 2020.
Hubuna recorded a high spread in Q2 2021 and Q3
2021, and Najran City and Sharorah recorded a high
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Figure 1. COVID-19 daily infections in Saudi Arabia and its 13 administrative areas
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spread in Q3 2020. Other smaller geographic divisions/
townships recorded a gradual spread. In the Northern
Borders administrative area, Arar, Rafha, Turayf, and
other smaller townships recorded a spread. Arar ex-
perienced high spread during Q3 2020, Q2 2021, and
Q1 2022; Rafha followed a similar pattern but in Q3
2021 instead of Q2 2021; Turayf showed high spread
during Q1 2021 and Q1 2022. In the Al-Jouf adminis-
trative area, Al-Qurayyat, Sakaka, Tubarjal, and other
smaller townships were affected. The highest spread
occurred during Q3 2020 and Q1 2022 in Al-Qurayyat
and Sakaka, Q3 2021 and Q2 2022 in Tubarjal, and Q1
2022 in other smaller units. In the Al-Baha adminis-
trative area, Al-Baha City experienced serious impact
in QI 2022, Al-Mukhwah in Q3 2020 and Q1 2022,
and Biljurashi in Q3 2020 and Q2 2021. Other smaller
locations, exhibited the widest spread during Q3 2020
and QI 2022. Within the Tabouk administrative area,
Duba (Q1 2022), Tabouk City (Q3 2020), and Umlyj
(Q2 2021 and Q3 2021) were the most affected areas,
showing seasonal variations. Other smaller locations
in the area experienced major infections in Q1 2022.
The number of locations affected in each ad-
ministrative area varied: Riyadh (33), Makkah (29),
Al-Madina (11), the Eastern Region (27), Al-Qasim
(14), Hail (9), Aseer (25), Jazan (17), Najran (7),
the Northern Borders (8), Al-Jouf (8), Al-Baha (9),
and Tabouk (8), constituting a total of 205 localities.

Increase in infection

This section aims to explain the pattern
of COVID-19 spread, highlighting the major affect-
ed localities. It was found that cases of infection in-
creased significantly, from a mere 392 cases on March
21 (193 899 in Q2 2020, including 10 days in March)
to 847 219 in Q2 2023 (April and 4 days in May).
This represented a 4.4 times increase with seasonal,
monthly, and quarterly variations (Table 1). This in-
crease on a daily basis was traced across quarters-sea-
sons: cases increased by 1.7 (334 690), 1.9 (362 652),
2.0 (390 325), 2.5 (488499), 2.8 (546599), 2.9
(556 868), 3.9 (750 564), 4.1 (795 593), 4.2 (816 373),
4.3 (826 686), and 4.3 (833 527) times, quarter-wise,
recording the highest increases during Q1 2022 (1.0
points from 2.9 to 3.9), followed by Q2 2021 (0.5
points from 2.0 to 2.5), and recording a fractional in-
crease except in Q3 2021 (0.3 point increase).

The Riyadh administrative area, housing the na-
tional capital, initially recorded 52909 cases (Q2
2020), which saw a gradual increase until Q1 2021, fol-
lowed by a rise of 0.6 points. Subsequently, in Q1 2022,
it surged by 1.3 points, displaying a slow but consistent
upward trend. By Q2 2023, this administrative area
reported a total of 231 547 cases. Numerous localities
within this area were affected, notably Ad Duwadimi
(77-2079; 27 times), Ad Dilam (956—5387; 19.2
times), and Afif (1371—1979; 17.0 times). While these
increases followed a different pattern, Ad Duwadimi
witnessed the fastest rise, particularly during Q1 2022

(an increase from 1705 to 1880; 175 cases) and Q2 2021
(from 1572 to 1656; 84 cases). However, the number
of cases in Ad Dilam rapidly increased during Q1 2021
and Q2 2021 (from 2040 to 2528, an increase of 488;
and to 3072, an increase of 544), marking rises of 4.5
and 4.4 points, respectively. In Afif, the increase was
less rapid (from 1371 to 1979 cases), with the most
rapid rise observed during Q2 2021 (from 1572 to 1656
cases), marking an increase of 3.4 points. All other lo-
calities, including Riyadh, recorded nominal increas-
es except during Q1 2021 and Q2 2021.

In the Makkah administrative area, there were
57 389 cases in Q2 2020, which increased rapidly
in the next quarter (0.5 points) and thereafter pro-
gressed slowly until Q1 2021. It saw a rise of 0.5 points
in QI 2021 and 0.9 points in QI 2022, with a grad-
ual but consistent increase to 206 004 by Q2 2023.
The majorly affected localities include Al-Kamil
(31-1768; 57 times), Al-Lith (100—3869; 38.7 times),
and Rabigh (5537—23 032; 18.8 times). While these
increases showed different patterns, Al-Kamil’s rise
was considered the fastest, particularly during Q3
2020 (an increase from 31 to 261; 230 cases), Q2 2021,
and Q3 2021 (362—840, an increase of 478 cases, and
to 1170 cases, an increase of 330 cases, respectively),
and Q1 2022 (1180—1741; 561 cases). In contrast, cas-
esin Rabigh recorded rapid increases only in Q1 2022
(16 956—20 408; 3452 cases), registering a 13.9-point
surge. All other localities, including Jeddah and
Makkah, recorded nominal increases, except in QI
2022, although Makkah and Al-Qunfudhah did not.

In the Al-Madina administrative area, there were
15 106 cases in the beginning quarter (Q2 2020), which
increased quickly over the next two quarters (0.6 and
0.4 points), and thereafter proceeded slowly until Q4
2021, raised by 0.7 points. In Q1 2022, it reporting
slow but steady increases, reaching 56 872 by Q2 2023.
Localities notably affected at a rapid pace include Al-
Ula (35—1699; 48.5 times), Khaybar (24—1384; 57.7
times), Al-Mahd (95—1125; 11.8 times), and Yanbu
(947—11 305; 11.9 times). While these increases showed
different patterns, Khaybar witnessed the fastest rise.
Initially low in Q2 2020, it surged notably in Q3 2020
and Q4 2020 (from 24 to 275, an increase of 251 cases;
and to 398, an increase of 123 cases, respectively), fol-
lowed by Q2 2021 and Q3 2021 (from 434 to 640, an
increase of 206 cases; and to 850, an increase of 210
cases, respectively), and Q1 2022 (from 852 to 1339, an
increase of 487 cases). However, the number of cases
at Al-Mahd (most rapid in Q1 2022) and Yanbu in-
creased slowly (from 95 to 1125 and from 947 to 11 305,
respectively). Al-Madina recorded a gradual increase,
whereas other localities experienced swift spreading,
especially in Q2 2021 and Q1 2022.

In the Al-Qasim administrative area, there were
3759 cases in the first quarter, which rapidly increased
in the next quarter (2.2 points) and continued to rise
in Q1 2021 and Q2 2021 (0.9 points each) and QI
2022 (1.7 points), reporting slow but steady increases.
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Table 1. Increase of COVID-19 reported cases from the base as unity by administrative areas

Region/Location 2020 2021 2022 2023
@2 (|03 (04|01 [@2 [ a3 | a4 a1t [0e2][a3 ][ aq |[a1 | Q2
Riyadh
Ad Diriyah 1.0 1.1 1.1 1.1 1.2 1.2 1.2 1.4 1.4 1.4 1.4 1.4 1.4
Afif 1.0 4.8 5.8 6.7 101 | 123 | 124 | 152 | 16.0 | 16.4 | 16.8 | 16.8 | 17.0
Ad Duwadimi 1.0 5.5 6.5 8.3 128 | 145 | 148 | 224 | 242 | 252 | 25.8 | 26.3 | 27.0
Ad Dilam 1.0 3.1 47 | 92 | 136 | 150 | 150 | 18.2 | 18.8 | 18.9 | 19.1 | 19.1 | 19.2
Al-Kharj 1.0 1.9 2.1 26 | 32 | 34 | 35 | 49 | 53 | 55 | 55 | 56 | 5.6
Al-Majmaah 10 [ 23 [ 33 | 40 | 50 | 55 | 56 | 6.8 7.0 71 7.2 7.2 7.2
Hawtat Bani Tamim 1.0 2.3 2.6 3.4 47 5.1 5.1 6.2 6.5 6.6 6.6 6.6 6.6
Riyadh 1.0 1.2 1.3 15 20 | 22 | 23 | 36 | 39 | 4.0 | 441 4.1 4.2
Wadi Ad Dawasir 10 | 25 [ 30 | 35 | 45 | 52 | 5.2 | 57 | 59 | 6.0 6.1 6.2 | 6.2
Rest of Riyadh 10 | 22 | 25 | 31 38 | 44 | 45 | 57 | 59 | 6.0 6.1 6.1 6.1
Total 1.0 1.3 1.4 1.6 2.2 2.5 2.5 3.8 41 4.2 4.3 4.3 4.4
Makkah
Al-Kamil 10 | 84 [ 104 | 11.7 | 271 | 377 | 381 | 56.2 | 57.0 | 57.0 | 57.0 | 57.0 | 57.0
Al-Lith 10 | 6.2 | 6.8 9 212 | 23.3 | 236 | 38.3 | 38.6 | 38.7 | 38.7 | 38.7 | 38.7
Jeddah 1.0 1.3 1.4 15 1.9 241 22 | 32 | 35 | 36 | 37 | 3.8 | 3.8
Khulays 10 | 26 | 29 | 30 | 35 | 36 | 37 | 86 | 87 | 87 8.7 8.7 8.7
Makkah 1.0 1.3 1.4 1.5 1.7 1.8 1.9 2.3 2.5 2.5 2.5 2.5 2.5
Al-Qunfudhah 10 | 44 | 47 | 50 | 7.2 83 | 84 | 97 | 99 | 99 | 10.0 | 10.0 | 10.0
Rabigh 10 [ 20 [ 20 | 22 | 30 | 36 | 40 | 181 | 187 | 18.8 | 18.8 | 18.8 | 18.8
Taif 10 | 20 | 20 21 26 | 3.0 3.1 37 | 39 | 40 | 441 4.1 4.2
Rest of Makkah 10 | 30 [ 33 | 35 | 52 | 6.0 6.1 90 | 93 | 94 | 94 | 94 | 94
Total 1.0 1.5 1.5 1.6 241 23 | 23 | 32 | 34 | 35| 35 | 36 | 3.6
Al-Madina
Al-Ula 1.0 6.9 8.7 9.3 127 | 216 | 224 | 451 | 471 48 | 48.3 | 48.4 | 48.5
Khaybar 10 | 115 | 166 | 181 | 26.7 | 354 | 355 | 55.8 | 57.2 | 575 | 576 | 576 | 577
Al-Mahd 1.0 3.9 5.2 5.9 6.7 7.0 72 16| 117 | 11.8 [ 11.8 | 11.8 | 11.8
Yanbu 1.0 3.6 5.4 5.8 8.4 9.4 9.5 15| 17| 118 | 11.9 | 119 | 11.9
Al-Madina 1.0 1.4 1.6 1.7 1.8 1.9 1.9 24 | 25 | 26 2.7 2.7 2.7
Rest of Al-Madina 10 | 39 | 6.2 | 67 | 125 | 174 | 184 | 26.6 | 27.2 | 276 | 277 | 277 | 277
Total 1.0 16 | 20 | 20 | 24 | 26 27 | 34 | 36 | 37 | 37 | 37 | 338
Al-Qasim
Al-Badai 1.0 5.0 5.9 6.3 8.4 1.1 1.2 | 149 | 152 [ 153 | 153 | 153 | 154
Al-Midhnab 1.0 5.0 5.9 6.3 7.5 9.2 9.2 1.0 | 111 111 111 111 11.2
Ar Rass 10 | 32 | 33 | 34 | 36 | 38 | 39 | 72 7.6 80 | 82 | 83 | 85
Buraydah 10 [ 25 [ 28 | 29 | 33 | 38 | 39 | 48 | 50 | 52 | 53 | 53 | 54
Riyadh Al-Khabra 10 | 65 | 85 | 89 | 123 | 156 | 157 | 19.3 | 19.3 | 19.3 | 19.3 | 19.3 | 19.3
Unayzah 10 | 36 | 42 | 45 | 56 | 6.8 | 69 | 88 [ 92 | 95 | 96 | 97 | 99
Rest of Al-Qasim 1.0 43 5.3 57 7.5 9.3 9.4 13| N5 | 116 | 116 | 11.6 | 11.6
Total 1.0 3.2 3.7 3.9 4.8 5.7 5.7 74 7.6 7.8 7.8 7.9 8.0
Eastern Region
Al-Jubayl 1.0 1.3 1.4 1.5 1.7 2.0 2.0 2.4 2.4 2.5 2.5 25 2.5
Al-Khafji 1.0 | 35 | 441 5.2 941 121 [ 122 | 157 | 161 | 16.3 | 16.4 | 16.5 | 16.6
Al-Mubarraz 10 | 29 | 30 | 3.2 | 3.8 | 41 4.1 47 | 47 | 48 | 48 | 48 | 4.8
Al-Nuayriyah 1.0 4.0 4.8 5.2 9.0 104 | 104 | 121 | 122 [ 122 | 122 | 12.2 | 12.2
Buqayq 10 | 28 [ 30 | 36 | 47 | 53 | 53 6.1 6.2 | 62 | 6.2 | 6.2 | 6.2
Ad Dammam 1.0 1.5 1.6 1.7 1.9 2.0 2.1 2.7 3.1 32 | 32 | 33 | 33
Adh Dhahran 1.0 1.8 2.0 2.2 27 3.1 3.1 3.8 41 4.3 4.3 4.4 4.5
Hafar Al-Batin 10 | 35 | 36 | 36 | 40 | 46 | 46 | 57 | 57 | 58 | 58 | 58 | 59
Al-Hufuf 1.0 1.7 1.8 1.9 2.1 22 | 22 | 28 | 30 | 30 | 30 | 3.0 3.1
Al-Khubar 1.0 1.3 1.4 1.4 1.6 1.8 1.8 2.4 2.5 2.5 2.5 2.6 2.6
Al-Qatif 1.0 1.5 1.6 1.7 1.7 1.8 1.9 23 | 23 | 23 | 23 | 23 | 24
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Region/Location 2020 2021 2022 2023
Q2 [ @3 (@4 [ Q1 [02 [ @3 |04 [ Q1 [@2 | a3 [ Q4] a1 | Q2
Eastern Region
Ras Tannurah 1.0 1.9 2.0 2.1 2.2 2.4 2.4 3.4 3.4 3.4 3.4 3.4 3.4
Safwa 1.0 1.5 1.5 1.5 17 1.9 1.9 2.4 2.4 2.4 24 2.4 24
Rest of Eastern Region 1.0 2.7 3.0 3.4 4.6 5.4 5.4 6.9 7.0 7.0 74 74 741
Total 1.0 1.7 1.8 1.9 2.2 24 2.5 3.1 3.3 3.3 34 | 34 | 34
Aseer
Abha 1.0 2.6 2.8 29 36 | 45 | 45 6.3 6.9 71 7.2 7.3 7.3
Ahad Rufaydah 1.0 3.3 35 | 35 | 39 | 43 | 43 5.6 5.8 5.8 5.9 5.9 6.0
Ballasmar 1.0 | 10.5 | 13.3 14 | 217 | 31.2 | 31.3 | 33.5 | 34.1 | 347 | 347 | 347 | 34.9
Bishah 1.0 2.5 2.6 2.7 3.3 3.7 37 | 42 | 43 | 44 | 45 4.6 4.6
Zahran Al-Janub 1.0 5.5 6.6 70 | 15| 138|139 | 165 | 16.8 | 169 | 16.9 | 17 17.1
Khamis Mushayt 1.0 2.6 2.8 29 34 | 338 3.8 4.3 44 | 44 | 45 | 45 | 45
Muhayil 1.0 2.5 2.7 2.7 3.2 3.6 3.6 5.1 5.3 5.3 5.4 5.4 5.5
Rijal AI-Ma 1.0 85 [ 10.0 | 10.2 | 127 | 154 | 155 | 189 | 19.1 | 19.2 | 19.2 | 19.2 | 19.2
Sarat Abidah 1.0 6.2 | 6.9 7.0 74 76 76 | 153 | 16.3 | 169 | 175 | 18.2 | 19.0
Rest of Aseer 1.0 55 57 5.8 6.9 78 78 9.3 94 | 95 9.5 9.5 9.5
Total 1.0 3.3 3.5 36 | 44 | 5.2 5.2 6.5 6.7 6.8 69 | 6.9 7.0
Tabouk
Tabouk 1.0 2.8 30 | 32 | 40 | 44 | 45 5.7 5.9 6.0 6.2 | 6.3 6.4
Rest of Tabouk 1.0 4.4 5.1 55 87 | 11.8 | 123 | 19.9 | 20.6 | 20.8 | 20.9 | 20.9 | 21.0
Total 1.0 3.0 3.3 35 | 46 54 | 55 75 78 79 8.1 8.2 8.3
Hai
Hail 1.0 2.6 42 | 45 | 4.8 6.0 6.1 71 7.3 74 7.5 7.5 7.6
Rest of Hail 1.0 6.9 8.8 | 101 | 149 | 209 | 21 272 | 273 | 274 | 274 | 274 | 274
Total 1.0 29 | 45 | 49 5.7 7.2 7.3 8.8 8.9 9.1 9.1 9.1 9.2
Northern Borders
Arar 1.0 5.8 7.2 93 [ 129 | 158 | 16.1 | 201 | 205 | 21.0 | 21.0 | 211 | 21.3
Rafha 1.0 6.5 7.8 94 | 106 | 16.3 | 16.5 | 20.9 | 21.0 | 21.1 | 21.1 | 211 | 2141
Rest of Northern Borders 1.0 2.6 3.3 49 5.5 6.2 6.3 8.4 8.4 8.5 8.5 8.5 8.5
Total 1.0 4.7 5.8 7.6 97 | 122 | 124 | 157 | 159 | 16.2 | 16.2 | 16.2 | 16.3
Jazan
Abu Arish 1.0 | 10.2 [ 104 | 10.8 | 16.8 | 223 | 224 | 30.2 | 31.3 | 31.7 | 32 | 324 | 329
Baysh 1.0 2.2 2.2 2.2 25 2.7 2.7 3.9 4.0 4.0 41 41 41
Jazan 1.0 7.5 8.2 84 | 105 | 12.8 13 | 20.3 | 21.6 | 224 | 229 | 234 | 23.8
Sabya 1.0 5.3 5.4 55 7.2 8.3 84 | 13.0 | 13.8 | 14.0 | 14.0 14 14.1
Samtah 1.0 6.5 6.6 6.8 8.5 9.8 99 | 136 | 141 | 144 | 146 | 147 | 15.0
Rest of Jazan 1.0 6.5 6.7 70 | 1.8 | 159 | 16 | 214 | 21.8 | 221 | 221 | 22.2 | 22.3
Total 1.0 4.9 5.1 5.2 741 8.8 89 | 127 | 132 | 135 | 13.6 | 13.7 | 13.9
Najran
Najran 1.0 3.3 3.7 3.9 4.7 5.6 57 6.7 6.9 71 7.2 7.2 7.3
Sharorah 1.0 3.8 3.9 41 4.6 5.3 5.3 6.6 6.7 6.8 6.8 6.8 6.8
Rest of Najran 1.0 5.8 6.7 73 | 11.8 | 18.8 | 18.9 | 25.2 | 25.3 | 25.5 | 25.6 | 25.6 | 25.7
Total 1.0 3.6 39 | 42 5.1 6.5 6.5 8.0 8.1 8.3 8.4 8.4 8.5
Al-Baha
Al-Baha 1.0 2.1 24 27 33 | 4.8 8.1 8.1 97 | 1.3 | 11.8 | 123 | 126
Al-Mukhwah 1.0 45 | 6.2 6.4 7.6 83 [ 108 | 108 | 113 | 11.5 | 11.5 | 11.6 | 11.6
Biljurashi 1.0 95 | 116 | 128 | 197 | 23.6 | 270 | 270 | 28.3 | 29.3 | 29.5 | 29.7 | 30.1
Rest of Al-Baha 1.0 7.5 9.2 99 | 106 | 11.7 | 153 | 153 | 15.8 | 16.3 | 16.3 | 16.3 | 16.5
Total 1.0 5.3 6.6 71 89 | 105 | 137 | 137 | 147 | 157 | 159 | 16.1 | 16.3
Al-Jouf
Sakaka 1.0 5.6 6.1 75 | 111 | 111 | 111 | 155 | 158 | 16.2 | 16.3 | 16.4 | 16.7
Rest of Al-Jouf 1.0 34 | 45 6.1 10.8 | 10.8 | 10.8 | 151 | 15.2 | 154 | 154 | 154 | 154
Total 1.0 44 5.2 6.8 | 109 | 109 | 109 | 153 | 155 | 15.8 | 15.8 | 15.9 | 16.0
Country Total 1.0 1.7 1.9 2.0 25 2.8 2.9 3.9 4.1 42 | 43 4.3 4.4
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This number reached 29 347 by Q2 2023. Affected lo-
calities included Al-Badai (98—1507; 15.4 times), Al-
Midhnab (161—1801; 11.2 times), Riyadh Al-Khabra
(77—-1489; 19.3 times), and others (507—5904; 11.6
times). Although these increases followed different
patterns, neither Al-Badai nor Al-Midhnab showed
rapid seasonal increases, while Riyadh Al-Khabra did
experience such rises in Q3 2021 and Q1 2022. While
Buraydah recorded a slow increase, other localities
witnessed a rapid spread, especially in Q1 2022.

In the Eastern Region, where this epidemic first
emerged in the country, there were 48 305 cases ini-
tially. It swiftly spread, expanding to a large popula-
tion in the next quarter (83 999 with a gap of 35 694,
resulting in a 0.7 points increase), followed by another
rise in Q1 2022 (0.6 points). A gradual but consistent
increase was reported, reaching 164 006 by Q2 2023.
Localities substantially and rapidly affected included
Al-Khafji (208—3456; 16.6 times) and Al-Mubarraz
(2728—13 068; 4.8 times). Despite following a simi-
lar pattern, a rapid increase was recorded during Q2
2021 and Al-Khafji had a second season of rapid in-
crease during Q3 2021 (3.9 and 3.8 points, respective-
ly). Major cities, such as Ad Dammam, Al-Khubar,
and Al-Jubayl, recorded slow increases.

The Aseer administrative area initially recorded
a reasonably high spread of 7972 in Q2 2020, which
gradually increased to 55 573 by Q2 2023. The widely
affected localities were Ballasmar (86—2999; 34.9
times), Zahran Al-Janub (102—1740; 17.1 times),
Rijal Al-Ma (91—1751; 19.2 times), and Sarat Abidah
(102—1934; 19.0 times). While these increases fol-
lowed different patterns, Ballasmar’s and Rijal Al-
Ma’s increases were comparable to those of Zahran
Al-Janub and Sarat Abidah.

The Tabouk administrative area was a less affect-
ed geographical area, with a smaller spread of 1537
cases in Q2 2020, which slowly increased to 12 751 by
Q2 2023. Localities in this administrative area were
less widely affected, except Tabouk (1338—8568; 6.4
times). While the increase was slow, there was a rela-
tively high spread during Q2 2020. Other localities
in the area had a relatively low spread in the first
quarter, notably expanding from 199 to 4183, mark-
ing a 21-time increase.

Similarly, the Hail administrative area followed
a comparable pattern, recording a smaller spread
of 1615 cases in Q2 2020, which gradually increased
to 143 949 by May 4, 2023. Localities in this adminis-
trative area were less widely affected, except for Hail
(1484—11 293; 7.6 times). While this increase was
slow, there was a relatively high spread in Q2 2020,
which recorded a slow but steady increase. Other lo-
calities witnessed a low spread in the first quarter but
a rapid spread in the next one (Q3 2020), and thereaf-
ter in Q2 2021, Q3 2021, and Q1 2022. This was rela-
tively widespread.

The Northern Borders administrative area fol-
lowed a pattern very similar to that of Tabouk and

Hail areas, recording a smaller spread: 431 cases
in Q2 2020, which increased slowly to 7038 by Q2
2023. Localities in this administrative area were less
widely affected except the headquarters Arar (208—
4422; 21.3 times) and Rafha (57—1201; 21.1 times),
where the initial slow spread expanded in Q3 2020,
Q2/Q3 2021, and Q1 2022. Other localities in the area
witnessed a low spread in the first quarter that was
maintained throughout by containment measures.

Jazan had a different pattern of spread, and most
of the major locations were widely affected: 2393 cas-
esin Q2 2020 increased rapidly to 33 286 by Q2 2023,
marking Q3 2020 (to 11 651; 4.9 points) and Q1 2022
(from 21 188 to 30 318; 3.8 points) as the rapid in-
crease seasons. Widely affected localities in this ad-
ministrative area were the headquarters Jazan (437—
10 399; 23.8 points) and others, such as Abu Arish
(142—4674; 32.9 points), Baysh (1056—4364; 4.9
points), Sabya (232—3268; 14.1 points), and Samtah
(155—2324; 15.0 points). Out of these, the largest city/
governorate, Jazan, had the smallest spread, with
a rapid spread at two points, in Q3 2020 (to 3294; 7.5
points) and QI 2022 (from 5695 to 8858; 7.0 points),
whereas the other specified towns had different pat-
terns. The rest of Jazan, comprising small towns,
witnessed a rapid and wide increase in COVID-19,
by 22.3 times, with Q3 2020, Q2 2021, and Q1 2022
as the seasons of rapid increase.

The Najran administrative area had alesser spread,
unlike Jazan: 1651 cases in Q2 2020 increased slowly
to 13 957 by Q2 2023, indicating no sharp increase or
seasonal spread. Najran (1208—8799; 7.3 times) and
Sharorah (329—2231; 6.8 times) were the two wide-
ly affected localities, with no widespread, not even
seasonal variations. The rest of Najran, comprising
small towns and neighborhoods, recorded a rapid
spread from a mere 114 to 2927 cases, increasing by
25.7 times.

A smaller administrative area, Al-Baha, had
a smaller spread: 684 cases in Q2 2020 increased slow-
ly to 11 143 by Q2 2023, marking an increase in Q3
2020. The three major towns/governorates having
high spread included Al-Baha (244—3066; 12.6 times),
Al-Mukhwah (118—1369; 11.6 times), and Biljurashi
(103—3097; 30.1 times). Out of these, Biljurashi Town’s
spread could be considered wider than the other two,
whereas the headquarters had a smaller spread. In ad-
dition, there were no periodic (seasonal) increases not-
ed in Al-Baha and Al-Mukhwah, but there were sea-
sonal increases noted in Biljurashi (Q3 2020, Q2 2021
and Q3 2021, and Q1 2022). The remaining Al-Baha
recorded a rapid increase from 219 to 3611 cases, indi-
cating an increase of 16.5 times.

Another smaller administrative area was Al-Jouf,
which had a comparatively smaller spread: 248 cases
in Q2 2020, which increased to 35 318 by Q2 2023,
marking an increase in Q3 2020 (to 1350; 4.4 times)
and Q1 2022 (11 935—15738; 4.4 times). The only
major town with a high spread was Sakaka, the head-
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quarter (117—1952; 16.7 times) with the same season-
al hikes of Q3 2020 (to 656; 5.6 times) and Q1 2022
(1300—1819; 3.4 times). The rest of Al-Jouf recorded
an almost equal spread, from a mere 131 to 2022 cas-
es, increasing by 15.4 time.

Infections per population (1000 persons)

Absolute numbers, percentages, and proportions
explain the spread of COVID-19 in a population, es-
pecially in Saudi Arabia, which has an unevenly dis-
tributed population. More than half of the population
is concentrated in Riyadh, Makkah, and the Eastern
Region administrative areas, where major adminis-
trative, educational, health, and developmental infra-
structure are concentrated; 71 percent of COVID-19
infections occurred in areas that comprised 67.6%
of the total population.

As the total infection rate in the country was 26.3
per 1000 persons, as per Q2 2023, administrative are-
as could be divided into three categories: more or less
than the national average (25—30), lower than the na-
tional average (less than 25), and higher than the na-
tional average (more than 30), as shown in Table 2.
The first group comprised Riyadh (27), Makkah
(26), Al-Madina (27), Aseer (27), Jazan (24), and
Najran (24). There were many seriously affected lo-
cations in the Riyadh Administrative area, including
Wadi Ad Dawasir (11—65), followed by Hawtat Bani
Tamim (9—61), Ad Dilam (2—47), and Afif (2—36).
While Al-Kharj (3—14), the rest of Riyadh (3—16),
and Ad Duwadimi (1—24) had low levels of spread,
Riyadh City had a spread close to the total (7—28).
In the Makkah administrative area, infection was
widespread in Al-Lith (5—186), Khulays (18—154),
and Al-Kamil (1-77). Makkah and Jeddah cities/
governorates were less infected (10—26 and 7-26,
respectively) than Al-Qunfudhah (5—51), Rabigh
(2—36), and Taif (10—41). The remaining area was
infected at a slower rate. The Al-Madina adminis-
trative area experienced a slow spread with an infec-
tion rate of seven in the beginning, which increased
to 27 towards the end, with some towns/governorates
having higher infections per 1000 persons, such as
Khaybar (2—87), Yanbu (4—44), and Al-Ula (1—
42). Al-Mahd (2—23) and Al-Madina City (10—26)
showed a low spread. The Aseer administrative area
had many locations affected by the widest spread,
including Ballasmar (8—278), Sarat Abidah (5—97),
and Zahran Al-Janub (4—72). Other localities/towns
were less affected but had varying intensities, includ-
ing Bishah (5—24) and Khamis Mushayt (5—24), fol-
lowed by the rest of Aseer (2—16). Other locations,
such as Abha, Ahad Rufaydah, Muhayil, and Rijal
Al-Ma, were moderately affected. In the case of the
Jazan administrative area, Baysh was the worst-
affected town/governorate (32—134) from the be-
ginning, followed by Abu Arish (2—67), Jazan City
(3—60), Samtah (4—54), and Sabya (3—45). The other
localities in the rest of the Jazan administrative area

were generally less affected. The last one in the group
was the Najran administrative area, with two major
affected locations: Najran City (3—23) and Sharorah
Town (4—25). While this area was less widely affect-
ed (3—24), Sharorah was more affected than Najran
City, the headquarters.

The second category comprises Al-Jouf, Hail,
Tabouk, the Northern Borders, and Al-Qasim ad-
ministrative areas, with less serious threats that were
less widespread. Among these, the first three indi-
cated a smaller spread, whereas the fourth indicated
a major spread. As expected, the rural Al-Jouf was
not seriously affected except for the headquarters
of Sakaka, where the spread was slightly slower and
less threatening. However, in the Hail administra-
tive area, there was a reasonably serious threat to the
headquarters, Hail City, with 3—25 infections per
1000 persons; other parts had a smaller spread (0—
12). In contrast, the Tabouk administrative area was
less widely affected (2—14), with Tabouk City (2—14)
and the rest (1—14) showing mild attacks. In the
Northern Borders administrative area, this epidemic
spread very sparsely; the two affected locations were
Arar (1-22) and Rafha (1—19), which showed less-
er spread than that in other cities and towns. Other
localities also had a similar pattern of spread, albeit
less than what was previously mentioned, with Al-
Qasim being a major administrative area that man-
aged to largely contain the epidemic. Its spread was
contained within 3—22 per 1000 individuals but with
less geographical spread. Riyadh Al-Khabra was
the most widely affected location (3—58), followed by
Al-Midhnab (5—54), Al-Badai (2—31), and Unayzah
(3—30), whereas the least affected locations were
Buraydah and the rest of Al-Qasim.

The administrative areas, namely Al-Baha,
the Northern Borders, and the Eastern Region, were
negatively affected considering the share of the pop-
ulation. Although small, the Al-Baha administra-
tive area had a large infection attack rate, not in its
headquarters (3—34), Al-Baha City, but in Biljurashi
(3—86) and Al-Mukhwah (4—52), whereas other lo-
cations had a smaller spread (1—19). The Eastern
Region has received wide attention in the context
of COVID-19, where the spread began, creating huge
emergencies. Several cities, towns, and governorates
were widely infected, giving rise to higher-than-na-
tional average scenarios of emergencies. Out of all
the locations, the worst affected were Safwa (25—173)
and Al-Qatif (61—143), followed by Al-Nuayriyah (6—
77), Adh Dhahran (16—71), Buqayq (11-70), and Al-
Jubayl (23—60). The least affected locations in this
administrative area were Ad Dammam (9—30), Ras
Tannurah (10—33), and Al Khubar (13—34).

In addition to the pattern of spread based on pop-
ulation size, per 1000 individuals, there were season-
al patterns as well, which might be similar to those
mentioned in the previous section regarding the in-
crease in COVID-19 spread.
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Table 2. Patterns of COVID-19 spread per 1000 persons for various locations in each administrative area
by quarters of 2020, 2021, 2022, and 2023

Administrative area/ 2020 2021 2022 2023
Location @2 (03 [04 [ 01 [ 02 (@3 [ @4 [Q1 [@2 [ @3 [ Q4 | Q1 | Q2
Riyadh

Ad Diriyah 22 24 25 26 27 28 28 31 31 31 32 32 32
Afif 2 10 12 14 21 26 26 32 34 35 35 35 36
Ad Duwadimi 1 5 6 7 1 13 13 20 21 22 23 23 24
Ad Dilam 2 8 12 23 34 37 37 45 47 47 47 47 47
Al-Kharj 3 5 5 7 8 9 9 12 14 14 14 14 14
Al-Majmaah 4 10 15 18 22 25 25 30 31 32 32 32 32
Hawtat Bani Tamim 9 21 24 31 43 47 47 57 60 60 61 61 61
Riyadh 7 8 9 10 14 15 16 24 26 27 28 28 28
Wadi Ad Dawasir 11 26 32 36 48 54 55 60 62 63 64 65 65
Rest of Riyadh 3 6 6 8 10 1 1 15 15 15 16 16 16
Total 6 8 9 11 14 16 16 23 25 26 26 27 27

Makkah
Al-Kamil 1 1 14 16 37 51 51 76 77 77 77 77 77
Al-Lith 5 30 33 43 102 | 112 | 113 | 184 | 186 | 186 | 186 | 186 | 186
Jeddah 7 9 9 10 13 14 15 21 24 25 25 26 26
Khulays 18 46 52 53 62 65 66 152 | 154 | 154 | 154 | 154 | 154
Makkah 10 14 15 15 18 19 20 24 26 26 26 26 26
Al-Qunfudhah 5 23 24 26 37 43 43 50 51 51 51 51 51
Rabigh 2 4 4 4 6 7 8 34 35 36 36 36 36
Taif 10 19 20 21 26 30 30 36 38 39 40 40 4
Rest of Makkah 0 1 1 1 2 2 2 3 3 3 3 3 3
Total 7 10 1 12 15 17 17 23 24 25 25 26 26

Al-Madina
Al-Ula 1 6 7 8 1 19 19 39 40 41 4 42 42
Khaybar 2 17 25 27 40 53 54 84 86 87 87 87 87
Al-Mahd 2 8 10 12 13 14 14 23 23 23 23 23 23
Yanbu 4 13 20 21 31 34 35 42 43 43 43 44 44
Al-Madina 10 14 16 16 18 18 18 23 25 26 26 26 26
Rest of Al-Madina 0 2 3 3 5 7 7 1 1 1 1 1 1
Total 7 12 14 15 18 19 20 24 26 26 26 26 27

Al-Qasim
Al-Qasim 2 10 12 13 17 22 23 30 31 31 31 31 31
Al-Badai 5 24 29 30 36 45 45 53 54 54 54 54 54
Al-Midhnab 3 10 10 1 1 12 12 22 24 25 25 26 26
Ar Rass 4 9 10 10 12 13 14 17 18 18 19 19 19
Buraydah 3 19 26 27 37 47 47 58 58 58 58 58 58
Riyadh Al-Khabra Unayzah 3 11 13 14 17 21 21 27 28 29 30 30 30
Rest of Al-Qasim 1 6 7 8 10 13 13 16 16 16 16 16 16
Total 3 9 1 1 14 17 17 21 21 21 22 22 22

Eastern Region

Al-Jubayl 23 31 33 35 40 46 47 56 57 58 59 59 60
Al-Khafji 3 9 1 14 24 32 32 4 42 43 43 43 44
Al-Mubarraz 9 26 28 29 35 37 38 43 43 43 43 44 44
Al-Nuayriyah 6 26 30 33 57 66 66 76 77 77 77 7 77
Bugayq 1 31 34 40 53 59 60 69 69 70 70 70 70
Ad Dammam 9 14 14 15 17 18 18 25 28 29 29 29 30
Adh Dhahran 16 29 31 35 43 48 49 60 65 67 68 70 71
Hafar Al-Batin 3 11 1 11 12 14 14 17 18 18 18 18 18
Al-Hufuf 26 45 a7 49 54 56 57 73 76 77 78 78 79
Al-Khubar 13 18 18 19 21 24 24 31 32 33 33 33 34
Al-Qatif 61 93 96 101 106 | 112 113 138 | 140 | 141 142 | 143 | 143
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Administrative area/ 2020 2021 2022 2023
Location Q2 [ 03 [ 04 [ 01 [ @2 [@3 [ Q@4 [ Q1 [@2 [ a3 [ 04 | Q1 | @2
Eastern Region
Ras Tannurah 10 19 20 21 22 24 24 33 33 33 33 33 33
Safwa 25 65 73 82 113 | 131 | 131 | 167 | 170 | 172 | 172 | 172 | 173
Rest of the Eastern Region 1 2 2 2 3 4 4 5 5 5 5 5 5
Total 10 17 18 19 22 24 24 29 31 31 32 32 32
Aseer
Abha 6 15 16 16 21 25 26 36 39 4 41 41 42
Ahad Rufaydah 5 16 17 17 19 21 21 28 28 29 29 29 29
Ballasmar 8 84 | 106 | 112 | 173 | 249 | 249 | 267 | 272 | 277 | 277 | 277 | 278
Bishah 5 13 14 14 17 19 19 22 23 23 23 24 24
Zahran Al-Janub 4 23 28 30 49 59 59 70 4l Al 4l 72 72
Khamis Mushayt 5 14 15 15 18 20 20 23 23 24 24 24 24
Muhayil 6 16 17 17 20 22 22 32 32 33 33 34 34
Rijal Al-Ma 2 15 18 18 23 28 28 34 34 34 34 34 34
Sarat Abidah 5 32 36 36 38 39 39 78 84 87 90 93 97
Rest of Aseer 2 9 9 9 1 13 13 15 15 16 16 16 16
Total 4 13 14 15 18 21 21 25 26 27 27 27 27
Tabouk
Tabouk 2 6 7 7 9 10 10 13 13 14 14 14 14
Rest of Tabouk 1 3 3 4 6 8 8 14 14 14 14 14 14
Total 2 5 6 6 8 10 10 13 13 14 14 14 14
Hail
Hail 3 12 14 15 17 20 20 24 24 25 25 25 25
Rest of Hail 0 3 4 4 7 9 9 12 12 12 12 12 12
Total 2 9 10 11 14 16 16 19 19 20 20 20 21
Northern Borders
Arar 1 6 7 10 13 16 17 21 21 22 22 22 22
Rafha 1 6 7 8 9 15 15 19 19 19 19 19 19
Rest of Northern Borders 2 4 5 7 8 9 10 13 13 13 13 13 13
Total 1 6 7 9 12 15 15 18 18 19 19 19 19
Jazan
Abu Arish 2 21 21 22 34 45 46 62 64 65 65 66 67
Baysh 32 70 70 4l 81 88 89 126 | 129 | 130 | 132 | 132 | 134
Jazan 3 19 21 21 26 32 33 51 54 56 58 59 60
Sabya 3 17 17 18 23 27 27 42 44 45 45 45 45
Samtah 4 23 24 24 30 35 35 49 50 51 52 53 54
Rest of Jazan 0 2 2 3 4 6 6 8 8 8 8 8 8
Total 2 9 9 9 13 16 16 22 22 23 23 23 24
Najran
Najran 3 11 12 12 15 18 18 21 22 22 23 23 23
Sharorah 4 14 14 15 17 19 19 24 25 25 25 25 25
Rest of Najran 1 5 6 7 1 18 18 24 24 24 24 24 24
Total 3 10 1 12 15 19 19 22 23 23 23 23 24
Al-Baha
Al-Baha 3 6 6 7 9 13 13 22 26 31 32 33 34
Al-Mukhwah 4 20 28 29 34 37 38 49 51 52 52 52 52
Biljurashi 3 27 33 37 56 67 68 77 81 84 84 85 86
Rest of Al-Baha 1 9 1 12 12 14 14 18 19 19 19 19 19
Total 2 11 14 15 19 22 22 28 30 32 32 32 33
Al-Jouf
Sakaka 1 3 3 4 5 6 6 9 9 9 9 9 10
Rest of Al-Jouf 0 1 1 2 3 4 4 5 5 5 5 5 5
Total 0 2 2 3 4 5 5 6 6 7 7 7 7
Country Total 6.1 | 10.6 | 11.5 | 127 | 159 [ 17.8 | 181 | 23.3 | 24.7 | 254 | 25.7 | 25.9 | 26.3
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Discussion

Saudi Arabia witnessed the COVID-19 pandemic
across the country in administrative areas and al-
most all governorates with varying numbers of cases,
speed, intensity, and share of the population. From
the beginning of the infection, Saudi Arabia expe-
rienced highs and lows based on population size,
urban growth, infrastructure, and economic sec-
tors. For example, a high spread of the disease was
reported in Riyadh, Makkah, and administrative ar-
eas of the Eastern Region. The second set of regions
included Al-Madina, Aseer, Al-Qasim, and Jazan.
Other regions had fewer infections. These could di-
rectly relate to urbanization, social and religious
gatherings, commercial activities, and workplaces,
despite the effective implementation of various con-
tainment measures all over the country, with season-
al variations [5, 6, 18, 21, 22, 23].

Almost all administrative areas passed the peak
stage of infection, and thereby marked declines with
substantial public health measures in place to con-
front political, monetary, and social difficulties [2,
15, 20]. Moreover, most of the cases constituted
of travelers from other countries in the Eastern
Region and contacts in the Riyadh, Makkah, and
Al-Madina administrative areas, apart from medi-
cal professionals [17]. In addition, metropolitan
cities, such as Makkah, Riyadh, Jeddah, and Al-
Madina, had been seriously affected by overcrowd-
ing in residences, workplaces, religious places,
commercial outlets, and social entertainment
sites [17]. This regional disparity may be attributed
to population size, population density, and profes-
sions that require travel. While the former admin-
istrative areas were urban centers, the others were
hill stations with agricultural professions. It could
be presumed that regions with more interpersonal
contacts and dealings had more infections than
other regions. This relates to the epidemic etiology
and seasonal variations explained by scientists and
medical professionals.

Apart from major metropolitan cities, adminis-
trative headquarters and smaller cities were infected
in large numbers. In urban areas, owing to frequent
movements and interpersonal contacts character-
ized by tertiary-level professions, there was a risk
of asymptomatic transmission between travelers and
their immediate contacts, which drove the growth
of the pandemic, where frequent testing and social
distancing, as countermeasures, were impractical,
especially during peak seasons [1, 10]. Such frequent
incidences occurred in urban centers in Riyadh
(Ad Diriyah, Al-Kharj, and Wadi Ad Dawasir),
Makkah (Taif), Al-Madina (Yanbu), Al-Qasim
(Al-Badai, Ar Rass, and Buraydah), the Eastern
Region (Al-Jubayl, Al-Mubarraz, Al-Nuayriyah,
etc.), Aseer (Abha, etc.), Tabouk (Tabouk), Hail
(Hail), the Northern Borders (Arar), Jazan (Abu

Arish etc.), Najran (Najran, Sharorah), Al-Baha
(Biljurashi), and Al-Jouf (Sakaka). These were ei-
ther administrative headquarters or major cities and
townships with augmented population growth and
economic infrastructure. The first case was detect-
ed in Al-Qatif, a medium-sized city (Khoshaim et
al., 2020). Cities differ in demographic attributes,
such as sex ratio, child population, geographical
conditions, environmental situation, and avail-
ability of resources, such as hospitals and medical
facilities [14].

This causes differences in monthly infected cases,
increase in infection, and share of individuals infect-
ed, with differences across administrative areas and
locations. In addition, there were differences in the
spread across administrative areas and governorates
depending on population, infrastructure, and pro-
fessions. Fewer prospective administrative areas
had lesser spread, confirming the effects of crowd-
ing, interpersonal contact, commercial establish-
ments, and professions. This highlights the impor-
tance of emergency preparedness during epidemics.
However, infections in such prominent administra-
tive areas cannot be higher in terms of ratios and
proportions based on population size, and are often
higher in major urban pockets, locations, and town-
ships. That is, the second-order administrative areas,
cities, and neighborhoods were found to be at risk
in terms of rapid growth and wider infections, such as
Ballasmar, Safwa, Adh Dhahran, Wadi Ad Dawasir,
Baysh, and Jazan.

Conclusion

Despite strenuous efforts by the Saudi Arabian
Ministry of Health in coordination with other
governmental and non-governmental agencies,
COVID-19 spread rapidly in the country, with spa-
tial and seasonal differences across administrative
areas, major cities, and major residential and com-
mercial locations. Out of the 13 administrative ar-
eas, Riyadh, Makkah, and the Eastern Region re-
ported disease widespread; Al-Madina, Al-Qasim,
Aseer, and Jazan had a medium level of spread; and
Tabouk, Hail, the Northern Borders, Najran, Al-
Baha, and Al-Jouf had a low level of spread. This
classification could be related to the distribution
of population and infrastructure in the country.
Major cities, such as Riyadh, Jeddah, Makkah, Al-
Madina, Buraydah, and Ad Dammam, faced a high
level of spread, both in terms of the number of in-
fected individuals and its increase, as there were
certain locations, such as headquarters of governo-
rates (Taif, Khamis Mushayt, Samtah, Biljurashi,
Wadi Ad Dawasir, Yanbu, Ar Rass, etc.) and other
major residential and commercial locations (Al-
Mubarraz, Al-Hufuf, Safwa, Ballasmar, etc.), that
were reported to have a high rate of COVID-19
infection.
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The increase in COVID-19 infection in the coun-
try during the peak seasons of Q3 2020, Q2 2021,
and QI 2022 threatened human lives, causing anxi-
ety and apprehension. A significant increase was re-
ported in the major administrative areas of Riyadh,
Makkah, Al-Madina, Al-Qasim, and the Eastern
Region. In addition, the increases in Wadi Ad
Dawasir, Taif, Ar Rass, Al-Jubayl, Al-Hufuf, Safwa,
Khamis Mushayt, Samtah, and Biljurashi were faster.
In other words, the number of upcoming townships
and promising future cities were impacted by the rap-
id increase. In these specified locations, the infection
spread to a major share of the population.

Based on the statistics of the spread of COVID-19,
administrative areas were divided into three catego-
ries: major spread (Al-Baha, the Northern Borders,
and the Eastern Region), medium spread (Riyadh,
Makkah, Al-Madina, Aseer, Najran, and Jazan), and
low spread (Al-Qasim, Al-Jouf, Hail, and Tabouk).
This classification provides insights into emergency
preparedness, strategies for controlling and combat-
ing infectious diseases, and future considerations.
It also highlights the need to concentrate on medi-
um-sized and upcoming neighborhoods that are fast-
growing in terms of population and infrastructure.
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Abstract. The trend of dengue hemorrhagic fever prevalence every year continues to show an increase and number
of deaths. This is due to an increase in the population of aedes aegypti mosquitoes. Climate change has the potential
to affect mosquito-borne diseases, including dengue fever, which is a vulnerability for residents in Bandung Municipality.
This research aims to analyse the relationship between temperature, humidity, rainfall, and wind velocity with dengue
hemorrhagic fever in Bandung Municipality. The methodology research used in this study is descriptive analysis with
a cross-sectional approach. This research was conducted in Bandung Municipality. The study samples were taken from
data on dengue hemorrhagic fever sufferers, as well as data on temperature, humidity, rainfall, and wind speed. This study
used secondary data. The data collected is in the form of data on temperature, humidity, rainfall, and wind speed, and
the number of cases. To assess the correlation between variables using the person correlation test. To test the effect of all
four variables simultaneously on the incidence of dengue hemorrhagic fever using a linear regression test. Average value
of air temperature is 25.8°C, air humidity is 69.9%, rainfall is 201.5 mm, and the wind velocity is 1.8 knots. The prevalence
of dengue hemorrhagic fever is 232.5 cases. There is a significant relationship between humidity with dengue hemorrhagic
fever prevalency (p = 0.018, r = 0.873). Wind velocity with dengue hemorrhagic fever prevalency (p = 0.018, r = 0.629).
The result of the coefficient of determination test on temperature, humidity, rainfall, and wind velocity with DHF cases
isR?=0.745. The increase in dengue prevalence in Bandung City occurred from January to June, the decrease in prevalence
occurred from July to December. Variations in temperature, humidity, rainfall and wind speed can simultaneously affect
the incidence of dengue fever in Bandung. Therefore, in the future it is necessary to increase mosquito nest eradication
activities to prevent dengue transmission considering that this disease has the potential to spread at any time.

Key words: prevalence of dengue fever, climate, temperature, humidity, rainfall, wind velocity.
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AHANIN3 BSAUMOCBS3U MEXAY TEMIMEPATYPOW, BJIAXXHOCTbIO, KOJINMECTBOM OCAJKOB
N CKOPOCTbIO BETPA U PACIPOCTPAHEHHOCTbIO TEMOPPATMYECKOW JINXOPALKW AEHTE
B MYHUUUNAJIUTETE BAHAYHIA

A. CyrpusiBan', H. Kypunatu?, Houantu?, ¥. ®apuna’, JI. FOcantu?, lI1.H. lectpuann?, M. X.®. Canyrpa*

! Yuueepcumem bxaxmu Kenuana, bandyne, Hnoonesus

2 Yuueepcumem Benekyny, Benekyny, Hnoonesus

3 Hnemumym Hayk o 300poséve bxaxmu Busma, Kedupu, Hnoonesus
*Axademus medcecmep Baiimya Xukmax, Bandap Jlamnyne, Hndonesus

Pestome. PactipocTpaHEeHHOCTb reMOPparnuecKoin JMXopaaKu IEHIe U CMEPTHOCTD OT Hee ¢ KaXXIbIM TOI0M ITPOI0JI-
’KalOT IEMOHCTPUPOBATh TEHACHIIMIO K POCTY, YTO OOYCJIOBJICHO YBEIUYCHUEM YMCICHHOCTHU TIOMYISIIMNA KOMapoB
Aedes aegypti. U3MeHeHNEe KIMMaTa MOXKET OTIOCPEIOBAHHO BIMSITh HAa PacIipOCTPAaHEHHOCTH 3a00IeBaHUI, TIEPEHO-
CHMBIX KOMapaMu, BKJIIOUasl JIMXOPAIKy ACHTe, KOTopas MPEeICTaBsIeT OMaCHOCTD IS KUTEJIeH MyHHUIIUTIaIUTeTa
banmgynr. Hacrosiimee mccinegoBanue OBIJIO HAIIpaBJICHO HAa M3YYeHHE B3aMMOCBSI3M MEXIY TeMIIepaTypoil, Bllaxk-
HOCTbHI0, KOJTMIECTBOM OCAJIKOB U CKOPOCTBIO BETPa U PACIIPOCTPAHEHHOCTHIO TeMOPPArniecKoi JIMXOpaJKu JeHTe
B MYHULMIIAJIUTEeTe BaHIYHT, 1715 4eTo OBLT MCIIOIb30BaH METO TIOIIEPEUYHOT0 OITMCaTe IbHOro aHanu3a. CoopaHHbBIE
JaHHbBIE TIPEACTABIISIIN CO00M MH(MOPMAIIMIO O TeMIIepaType, BIakHOCTH, KOJIMUECTBE 0CATKOB U CKOPOCTHU BETPA,
a TaKKe O KOJIMYECTBE CllyyaeB 3a00J1eBaHN i TeMOpparn4eckoi Juxopaakoi aeHre. Koppeasius Mexy nepeMeH-
HBIMU OLIEHMBAJIach C MOMOIIbIO TecTa Koppeasuuu [TupcoHa. OnHOBpeMEeHHOE BIUSHUE BCEX YEThIpeX MEPeMEHHbIX
Ha 3200JIeBa€MOCTh FeMOPParnyecKon JUXopaaKoi IEHTe aHAIU3MPOBAJIOCh C TIOMOIIIbIO JTUHEIHOTO perpeccuoH-
Horo Tecta. CpeHee 3HaUCHUE TeMIIepaTypbl Bo3ayxa cocTaBuiio 25,8°C, BaxHocTH Bo3ayxa — 69,9%, KonuvecTBa
ocankoB — 201,5 MM, ckopocTH BeTpa — 1,8 y3na. PacmpocTpaHeHHOCTb TeMOpparndeckoii JTMXopaaKy AeHTe cocTa-
Buia 232,5 cnyuyas. OnucaHa JOCTOBepHas B3aMMOCBSI3b MEX1Y BIaXKHOCTBIO M pacIPOCTPAaHEHHOCThIO reMOpparu-
yeckoit muxopanku neHre (p = 0,018, r = 0,873), a TakKe MeX Iy CKOPOCTHIO BETpa M PacIIpoCTPaHEHHOCTHIO TeMoppa-
rudeckoi tuxopaaku gerre (p = 0,018, r = 0,629). OueHka Ko3(pbulieHTa onpeaeaeHIs TEMIIEPATYPbl, BIaXXKHOCTH,
KOJIMYECTBA OCAIKOB U CKOPOCTHU BETpa Ha 3a00J1eBAEMOCTh FeMOPPAarndyecKoii TMX0OpaaKoil JeHre coctapiser R? =
0,745, To ecThb TepeUMCICHHbBIE METEOPOJIOTMUYECKHE TIOKA3aTe M OTHOBPEMEHHO CTIOCOOHBI OTTPEeISITh PACIpoCTpa-
HEHHOCTh FeMOPPaTMUeCKOM JIMXOpaaKu aeHTe Ha 74,5%. [ToBBIIEHHBIN PUCK 3a00JI€BAEMOCTH TeMOpPparndecKoi
JIMXOPATKOW JEHTEe 3aBUCUT OT BIAXKHOCTH M CKOPOCTH BeTpa. U3MeHeHM I KIIMMarta, IPOSsTBIISIOIIeCs KOJeOaHUSIMU
METEOPOJIOTMIECCKHX TTOKAa3aTeJIei, MOTYT OMHOBPEMEHHO BIIMSITh Ha YBEJIMUCHUE YHCIIa CTyJaeB TeMOpparniecKoi
JUXopaaku neHre. B manbHelileM HeoOXOAMMO MpuiaraTh OOJbIle YCUIUI MO dpaguKallid KOMapoB AJs Tpeay-
MpeXAeHus Mepenayu reMopparuvyeckoil JMXopaaku JeHre, YUUThIBas BCEBO3pacTaOIMI MOTEHI[MA ee pacipo-
CTpaHEHMUSI.

Karouesvie cao06ea: pacnpocmpaHeHHocnb /lMXOpaaKM (3enee, Kaumam, memnepamypda, 6143CHOCMb, KOAUYECmeo OCLZ()KIOS, CKopocmb eempa.

vious year, 65 602 cases. Other than that, there was
also an increase in fatality cases from 0.65 to 0.94 [20,
21]. Indonesia still has many DHF-endemic cities.

Introduction

Dengue hemorrhagic fever (DHF) is a disease

with an excessive morbidity and mortality rate in in-
ternational locations with tropical and subtropical
DHF is transmitted from the bite of the aedes aegypti
and aedes albopictus mosquito, defined as the den-
gue virus [7, 10]. Global warming and environ-
mental change cause enormous dengue fever cases
in every part of the world, where mosquito bites will
increase and cause the rise of DHF cases [5]. There
is one study that calculated 390 million DHF infec-
tions every year. Another study on the prevalence
of DHF estimates that 3.9 billion people are at risk
of infection. Although the risk of infection is in 129
countries, 70% come from Asia [19, 26]. From 2015
to 2019, DHF cases in Southeast Asia increased by
46%, whereas the death rate decreased by 2%. One
of the main problems is the uprising of DHF cases
in Southeast Asia [34].

Indonesia has the most prominent DHF burden
cases in Southeast Asia. Indonesia had 248 127 cases
in 2019. A significant increase emerged from the pre-

As per the previous study in Yogyakarta, the peak
of DHF prevalence happened seasonally between
November and May. This incident in Yogyakarta was
proven by the high cases of DHF that being hospi-
talised and high seroprevalence from dengue fever
disease, dengue virus neutralising antibody (68%)
for children from 1—10 years old [13].

Specific antiviral treatments or vaccines to pre-
vent dengue hemorrhagic fever are not yet available,
so the only way to control the incidence of dengue
fever is through vector control [31]. Many control ef-
forts have been carried out by programs at the central
and regional levels, including mosquito nest eradi-
cation activities by draining, closing, burying water
reservoirs and affixing larvicides, maintaining larva-
eating fish and using mosquito nets, periodic inspec-
tion and eradication of larvae no later than once eve-
ry 3 months, and fumigation [1]. However, this action
has not been able to reduce the number of dengue
sufferers nationally, and this shows that anticipatory
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steps have not worked well because countermeasures
are still reactive.

Fluctuations in DHF incidence and distribution
of DHF cases like other vector-borne diseases are in-
fluenced by climate, but how and how much influence
from climatic factors on the intensity of transmission
of vector-borne pathogens is still not known with cer-
tainty [17]. Several studies have stated the influence
of variations in climate factors on the distribution
of DHF cases [8, 12, 21]. Impact on life cycle, bit-
ing behavior, infectivity and resistance of vectors and
incubation period of dengue virus [9, 38]. Although
the effect of climate change on vector-borne diseases
is an indirect influence, it needs to be a concern be-
cause it can affect the ability of vectors to transmit
diseases.

Based on previous findings, the spread dynam-
ic of dengue fever is a little indirect, and the effect
of temperature and humidity is also significant and
complex. The higher rainfall anomaly, like +69,74
(240 mm rainfall), the DHF case tends to be lower
than the amount of DHF cases in average rainfall.
With the increase in rainfall intensity (200 mm above
average annually), dengue fever cases tend to de-
crease [15]. The study on air humidity in Singapore
stated that the weather factor is the best predictor
among other weather factors being analysed. High
humidity is associated or linked with the rise of den-
gue fever occurrences. Thus, humidity has the po-
tential to be a weather element to predict scarlatina
or scarlet fever and help to push the prevention at-
tempt of dengue fever in the future [36]. Humidity
also affects the mosquito’s life because low humidity
will shorten the mosquito’s lifetime. 60% of humid-
ity rate is the lowest limit for aedes aegypti mosquitos
to live [24].

Better understanding and prediction of DHF out-
breaks and their transmission risks based on tempo-
ral data is needed so that vector control resources can
be optimally allocated. This research tested the re-
lationship between climate and DHF occurrences
in Bandung Municipality using a cross-sectional sur-
vey design and correlation test. Epidemiology studies
have often used the correlation test to explore the re-
lationship between climate and various infectious dis-
eases (for instance, a disease infected through a vec-
tor) [11, 22]. This study is suitable to use as the basis
for the periodic prevention of DHF. Furthermore,
the researchers analysed how much the climate in-
fluenced the increase in DHF cases.

Materials and methods

Location and research design. The research was
conducted in Bandung, West Java. The basis for view-
ing and sample selection as Bandung is an endemic
region of DHF. The research methodology used
in this study is a descriptive analysis with a cross-sec-
tional survey design. This study has been approved by

the Ethical Committee of STIK Immanuel Bandung,
decisions number 054/ KEPK/STIKI/V1/2021.

Population and research sample. The sample
of this research was gathered and measured from
the combined DHF data throughout 2020, inscribed
in the Bandung Health Office, along with the data
of temperature, humidity, rainfall, and wind veloc-
ity from the Central Bureau of Statistics for the City
of Bandung in 2021.

Data collection. This research used secondary data
from the Bandung Health Office and the Central
Bureau of Statistics for the City of Bandung. The data
is like the temperature, humidity, rainfall, wind ve-
locity, and total DHF cases.

Data analysis. The data process used a descrip-
tive analysis test, and then the researchers analysed
the correlation between temperature, humidity, rain-
fall, and wind velocity variables with DHF case oc-
currence. Those five variables were described in one
year, January-December. The temperature was dis-
persed in °C, humidity in percentage, rainfall in mil-
limetres (mm), wind velocity in knots, and the oc-
currence of DHF cases on the amount total of the
event. To evaluate the correlation between the vari-
ables, the researchers used Pearson Correlation Test.
The researchers used a linear regression test to test
four variables’ effect on DHF cases simultaneously.

Results

The highest air temperature in Bandung occurred
in September, around 26.9°C, whereas the lowest was
in February, around 25.2°C. The highest air temper-
ature also occurred in February, around 76.4%, while
the lowest occurred in September, around 59.7%.
The highest rainfall occurred in February, around
337 mm, and the lowest occurred in August, around
42 mm. The highest rainfall occurred in December,
around 2.7 knot, as the lowest was in May at 1.3 knot.
The highest number of DHF cases in Bandung city
occurred in May for around 479 cases, whereas
the lowest was in October for around 60 cases (Table 1
and Figure).

Based on Table 2, the average value of air tem-
perature is 25.8°C with SD in the amount of 0.44°C.
The average air humidity value is 69.9%, with SD as
big as 5.0%. The average rainfall value is 201.5 mm,
with SD as big as 115.0 mm. The average weight
of wind velocity is 1.8 knots with SD in the amount
of 0.3 knots. The average DHF prevalence during
the whole of 2022 in Bandung Municipality is 232.5
cases, with SD as big as 148.7.

Based on Table 3, the results of the Pearson
Correlation Test on temperature with DHF events
(p) is 0.324 (> 0.05). The correlation coefficient (r)
is —0,312; hence, it has no significant relationship be-
tween temperature and DHF prevalence. Humidity
with DHF prevalence (p) is 0.018 (< 0.05). The cor-
relation coefficient (r) is 0.668, significantly affecting
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Table 1. Frequency distribution of temperature, humidity, rainfall, and wind velocity and prevalence of DHF
during 2020 in Bandung Municipality

Month Temperature Humidity Rainfall Wind Velocity Prevalence
January 257 73.9 207.6 2.1 248
February 25.2 76.4 337.0 1.9 330
March 25.8 73.9 291.0 1.5 479
April 25.9 74.4 271.0 1.4 409
May 25.9 74.3 292.0 1.3 365
June 26.0 68.4 30.0 1.8 335
July 25.4 65.1 64.0 1.9 209
August 26.2 64.1 42.0 1.9 107
September 26.9 59.7 88.0 2.1 77
October 25.8 69.8 327.0 1.9 60
November 26.2 68.4 207.0 17 74
December 25.4 70.5 262.0 2.7 97

Source: Taken from Bandung Municipality Health Office and Bandung City Central Statistics Agency report in 2021.

humidity and DHF prevalence. Rainfall with DHF
prevalence (p) is 0.383 (> 0.05). The correlation coef-
ficient (r) is 0.277; hence it be concluded that it has
no significant relationship between rainfalland DHF
prevalence. Wind velocity with DHF prevalence
(p) is 0.028 (< 0.05). The correlation coefficient (r)
is —0.629, which means it has a significant relation-
ship between wind velocity and DHF prevalence.

This significant correlation between p and
the correlation coefficient concluded that the close-
ness of the relationship between humidity and DHF
prevalence has a tight positive correlation. It means
the higher humidity is, the more prevalence of DHF
cases increases. The closeness of the relationship be-
tween wind velocity and DHF prevalence has a tight
negative correlation. It means the lower the wind ve-
locity is, the higher prevalence of DHF cases.

Discussion

The highest prevalence of DHF in Bandung
Municipality during 2020 was 479 cases in March
with a temperature of 25.8°C, while the lowest preva-
lence of DHF was 60 cases in October with a tem-
perature of 25.8°C.

This is because the temperature in Bandung City
changes relatively every month. This same tem-
perature is caused by the peak rainfall in the city
of Bandung occurs in November to March while
rainy days begin to increase since September. This
means that in October the beginning of rainfall in-
creases, so that people usually immediately antici-
pate dengue transmission, while in March, is the
end of high rainfall, in this period people usually
begin to neglect preventive measures. In line with
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Table 2. Mean, median, standard deviation, minimum maximum value of temperature, humidity, rainfall,

wind velocity and prevalence of DHF in Bandung 2020

Variable Mean Median SD Min Max
Temperature 25.867 25.850 0.4499 25.2 26.9
Humidity 69.908 70.150 5.0403 59.7 76.4
Rainfall 201.550 234.800 115.0138 30.0 337.0
Wind Velocity 1.850 1.900 0.3705 1.3 27
Prevalence 232.50 228.50 148.766 60 479

Table 3. Results of correlation analysis between temperature, humidity, rainfall, and wind velocity
to prevalence of DHF during 2020 in Bandung

Variable Incident of DHF Signification
p-value (p) Correlation coefficient (r)
Temperature 0.324 -0.312 The correlation is no significant
Humidity 0.018 0.668 The correlation is significant, the positive is strong
Rainfall 0.383 0.277 The correlation is no significant
Wind Velocity 0.028 -0.629 The correlation is significant, the negative is strong

this research, the problem of climate and weather
variability in Indonesia is changing in several regions
in Indonesia. Previous studies in Java and Bali using
the Local Indicator of Spatial Association (LISA)
portrayed DHF case distribution patterns. They re-
sulted in information on the aggregation of dengue
cases through observation every month in January,
June, August, and November [25].

Dengue is an infectious disease transmitted by
tropical mosquitoes and caused by an arbovirus [27].
In the city of Bandung, the types of mosquitoes that
are often encountered are aedes aegypti and aedes al-
bopictus. These mosquitoes can survive at low tem-
peratures that is the range of 10°C. The metabolic will
decrease and can even be triggered when the temper-
ature drops below the critical temperature of 4.5°C.
Atemperature higher than 35°C also changes because
physiological processes are slower. The optimum av-
erage temperature for mosquito growth is 25—30°C.
Air temperature affects the development of the virus
in the mosquito body, the speed of biting, the behav-
iour of rest and mating, and the spread and duration
of the gonotrophic cycle [16, 28].

Previous studies have stated that changes
in temperature and humidity are significantly as-
sociated with an increased incidence of dengue fe-
ver [4]. A study in Taiwan evaluating the impact
of weather variability on dengue incidence us-
ing the Autoregressive Integrated Moving Average
(ARIMA) model showed that weather variability
is a significant indicator of an increase in dengue
incidence in metropolitan cities. Assessing the ad-
verse health impacts associated with climate change
often requires analysis at different geographic scales
and times. Large-scale prediction models are known
to provide valuable information that projects global
potential in dengue epidemics when there is an in-
crease in temperature [35]. This research is in line
with Wirayoga, which proves that changes in humid-
ity provide a significant relationship with moderate

Table 4. Result of prediction of DHF prevalence
and simultaneous test of temperature, humidity,
rainfall, and wind velocity to prevalence of DHF
during 2020 in Bandung

Dependent Variable: Prevalence

R 0.863
R Square 0.745
F 5.102
Anova (Simultan) 0.030

levels. Positive relationships and relationships are
increased humidity followed by an increase in the
prevalence of DHF disease and vice versa. However,
this is only partially the case in almost every occur-
rence because there are times when humidity in-
creases and the incidence of DHF decreases [33].
Mosquitoes use the respiratory system of air pipes
(trachea) with holes in the walls of the mosquito body
(spiracles). The spiral is wide open without any regu-
latory mechanism. If low humidity can cause water
to evaporate from the body, this causes fluids in the
body to mongering. It is known that one of the ene-
mies of mosquitoes is evaporation. Clamps can affect
mosquito lifespan, rest, biting habits, flight distance,
and breeding speed [32]. Optimum temperatures and
low humidity can increase vector production, while
low humidity can decrease mosquitoes’ survival ef-
fectiveness. Diverse variations in humidity, tempera-
ture, and rainfall play an essential role and influence
mosquito populations [37]. Previous studies have
stated a tendency to increase the incidence of den-
gue in tropical regions in Indonesia, such as Sumatra
and Sulawesi, that have the potential to be affected
by climate warming. The occurrence of dengue cases
is sporadic in Kalimantan due to the burning of for-
ests and land, which results in an increase in tem-
perature and humidity, which has an impact on the
dynamics of large mosquito populations in the sur-
rounding environment. In Java Island, the popula-
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tion density continues to increase, resulting in eco-
logical transformation so that humans and the people
are deficient against dengue infection [2, 37].

Climatic variations can substantially modify
vector-borne diseases. Aedes aegypti is the primary
vector of several infectious diseases transmitted by
vectors. Its ecology is currently an essential focus
because, climatically, it is the primary determi-
nant of mosquito habitat [6]. Different climatic fac-
tors affect the growth and survival of aedes aegypti;
temperatures regulate reproduction rates, matura-
tion and death, and precipitation results in breed-
ing grounds for larvae and pupae. Unlike other spe-
cies of mosquitoes, aedes aegypti eggs are laid above
the water’s surface and hatch only when the water
level rises and wets them. The long survival time of its
dried eggs gives aedes aegypti a competitive advan-
tage over other mosquito species during long periods
of drought. Still, winter rains can force the hatching
and subsequent death of larvae. Determining how
climate change affects these mosquitoes’ geographi-
cal distribution cannot be underestimated [30].
Studies in Japan studied the continuity of hid larvae
in Nagasaki. They argued that winter rainfall could
cause mosquito eggs to hatch before spring so that lar-
vae could die from low temperatures [29]. Similarly,
field studies in Taiwan showed that larval mortality
increases rapidly due to cold weather. Since rainfall
can trigger the hatching process, winter rainfall can
negatively impact aedes aegypti and can colonise new
areas, especially in «cool margins» areas [3].

Wind velocity at sunrise and sunset at which mos-
quitoes fly in or out of the house determines human
contact with mosquitoes. Wind velocity ranging from
11—14 m/s affects or impedes mosquito flight. Wind
velocity will affect the flight distance of mosquitoes.
A study in Banjarmasin City, Indonesia, states an
average wind velocity of 4—6 knots. This speed can-
not inhibit mosquitoes from flying and can be ideal
for mosquito vectors [14]. Previous analysis also
found that winds could affect spatial patterns of den-
gue transmission in Iquitos. It has been observed that
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The increase in dengue prevalence in Bandung
City occurred from January to June, the decrease
in prevalence occurred from July to December.
There is a significant relationship between humid-
ity and wind speed and DHF prevalence. Variations
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can simultaneously affect the incidence of DHF
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XAPAKTEPUCTUKA NPOrPAMM
NPODOUNIAKTUKU UHDEKL NN

U UHOEKLUMOHHOIO KOHTPOJ1I4

B NCUXOHEBPOJIOTMYECKUX CTALUMOHAPAX
APMEHUU

I.O. I1ano3an, III.M. ABetucsan, P.A. Aoosan, I.I. Meauk-AnapeacsH

T'HKO HauyuonanvHulii yenmp no Konmponio u npogusakmuie zabonreeanuii M3 PA, Epesan, Apmenus

Pesiome. Llenb mccnemoBaHus: 1aTh XapaKTepUCTUKY BHEAPEHUS W peain3allud OCHOBHBIX KOMIIOHEHTOB Mpodu-
JIAKTUKYU MHpexkuuilt u nHbekuronHoro koutpons (ITMNUK), onpeaeneHHbix BeceMupHoil opraHuzanueid 31paBo-
oxpaHeHus (BO3), B ICUXOHEBPOJIOTUUECKUX cTallMOHapax ApMeHUuu. Mamepuanwl u memoos.. ViccienoBaHue ObLIO
nposeneHo 3a nepuon ¢ 2019 mo 2022 r. Bo Bcex § MCUXOHEBPOJOTMYECKUX cTallMoHapax ApMeHUuU. MHCTpyMeHTOM
WCCIeIOBaHUS CIYXKUJ MepeBeneHHbIM Ha apMsHCKuUit s3bIK onpocHUK IPCAF (Infection Prevention and Control
Assessment Framework), cocrosiiuii u3 8 pasneno. B cooTBeTcTBUM ¢ MeTofo orueli olieHk1 BO3 KaxXablil BO3MOX-
HBII OTBET Ha BOIPOC ObLI OIIEHEH B Oajiax. MakcumabHasi CcyMMapHas OLieHKa IO KaXK IOMY OCHOBHOMY KOMITOHEH-
Ty Mora coctaBuTh 100 6annos, a utorosas oneHka — 800. B xone ucciaenoBaHus Oblja MpUMeHEHa onucaTe/IbHast
snuaeMuonorus. Pesyrsmamor. CpenHsIs UTOroBas olieHKa 1o BceM KoMmoHeHTaM IPCAF n1s Bcex mcuxoHeBpoJIoru-
YeCKHMX CTaLlMOHApOB APMEHMU 3a BeCh IIepUOJ MCCIe0BaHU MoBbicKaach B 1,46 pasa (¢ 345,0%10,7 6amioB B 2019 1.
1o 502,5%32,5 — 8 2022; p < 0,01) m B 2022 1. XapaKTepHU30BaIach KaK «IIPOMEXKXYTOUHBI YPOBEHb». AHAJIN3 TI0 OT-
nenbHbIM 0cHOBHBIM KommoHeHTaM (CC, Core component) [TMMK BbisiBUII, 4TO MaKCUMaJIbHbIE CPENHUE OLEHKU
B 2022 r. 66111 moJryueHbl mo koMmnoneHTaM CC2 (Pykosoactso mo [TMUK) — 81,6 6annos, CC8 (CoznaHue H6e3omac-
HO cpelbl B MEIULIMHCKUX MTOMEILEHU X, a TaKKe MaTepuabl U obopyaoBanue aiast [TMUK) — 72,8 6annos, u CC5
(MynbrumonanbHbie cTpareruu) — 70,0 6annoB. HaumeHblne cpeaHue OUeHKU ObLIKM MOJYUYEHbI IO KJII0YEBBIM KOM-
noHeHTaMm: CC4 (DnuaHan3op 3a MHOEKLUSIMU, CBI3aHHBIMU C OKa3aHUEeM MeIUIIMHCKON nmomoiu) — 45,0 6anna,
n o CC3 (O6pazoBanue u podeccuoHarbHas noaroroska mo [NMUK) — 56,3 6ammos u CC7 (Pabodyas Harpyska,
YKOMILIEKTOBAHHOCTb IIEPCOHAJIOM U KOJIMYECTBO KOMKO-MeCT) — 56,9 6asioB. 3akatouenue. B pesynbrare npoBeneH-
HOI0 HaMU MCCJIeI0BaHM s BIIEpBbIe Obla MOKa3aHa BO3MOXHOCTh puMeHeHus onpocHuka IPCAF s oueHku npo-
rpamM [TM MK B mcuXoHeBpOJIOrnYeCcKMUX CTallMOHApax v BBISIBIEHU S ITpo0eioB B pa3nuyHbiX oomactax [IMUK. beita
rosryueHa MHMOPMAIIKS O COCTOSTHUU BHEAPeHU S KTI0UeBbIX KOMITOHEHTOB [T MK B ICMXOHEBPOIOrMYECKUX CTAIIU-
oHapax ApMEHUHU. AHAJIN3 TT0 OTAETbHBIM OCHOBHBIM KOMITOHEHTAM TTO3BOJIMII BRISIBUTH IIPOOEIIBI, KOTOPBIE TOTKHBI
OBITH MCITpaBICHBEL. PeKOMeHIyeTCsT BHEAPEHNE TTOCTOSHHOTO MOHUTOPUHTA 3a COOTIONEHUEM Pa3IMYHBIX aCTIICKTOB
MUK c menbio HeTOMyIIEeHN S OCIa0IeHUSI KOHTPOJIS U YXYIIIEHUS SITHIEMUOJIOTNUSCKON CUTYALINH.

Karouessie caosa: npodurakmuka ungekyuil U UHGeKyUoOHHbIIL KOHMPOAb, XApAKMePUCMUKA, 0UeHKAa, ApMeHu s,
ncuxonesponoeuyeckuii cmayuornap, onpocHux, IPCAF.
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INFECTION PREVENTION AND CONTROL PROGRAMS IN ARMENIAN PSYCHONEUROLOGICAL
HOSPITALS

Palozyan G.H., Avetisyan Sh.M., Abovyan R.A., Melik-Andreasyan G.G.

National Center of Disease Control and Prevention of the Ministry of Health of Armenia, Erevan, Armenia

Abstract. Aim of the study: to characterize the integration and implementation of the main components of infection
prevention and control (IPC), defined by the World Health Organization (WHO), in psychoneurological hospitals
in Armenia. Materials and methods. The study was conducted over the period from 2019 to 2022 in all 8 psychoneurological
hospitals in Armenia. The research tool was based on using the IPCAF (Infection Prevention and Control Assessment
Framework) questionnaire translated into Armenian, consisting of 8 sections. In accordance with the WHO scoring
methodology, each possible answer to the question was scored. The maximum total score for each core component could
be 100 points, and the final score — 800. Descriptive epidemiology was used during the study. Results. The average final
score for all IPCAF components for all neuropsychiatric hospitals in Armenia over the entire study period was increased
by 1.46 times (from 345.0+10.7 points in 2019 to 502.5+32.5 in 2022; p < 0.01) and in 2022 was characterized as an
“intermediate level”. Analysis by individual IPC core components (CC) found that the highest average scores in 2022
were obtained for components CC2 (IPC guidelines) — 81.6 points, CC8 (Built environment, materials and equipment
for IPC at the facility level) — 72.8 points, and CC5 (Multimodal strategies) — 70.0 points. The lowest average scores
were obtained for the key components: CC4 (Health care-associated infection (HAI) surveillance) — 45.0 points, and
for CC3 (IPC education and training) — 56.3 points and CC7 (Workload, staffing and bed occupancy) — 56.9 points.
Conclusion. Our study demonstrated for the first time an opportunity for using the IPCAF questionnaire to evaluate [IPC
programs in neuropsychiatric hospitals and identify gaps in various areas of IPC. Information was received regarding
the state of key IPC component implementation in psychoneurological hospitals in Armenia. Analysis by individual
core components identified gaps that need to be addressed. It is recommended to implement continuous monitoring
of compliance with various aspects of IPC in order to prevent weakening of control and deterioration of epidemiological
situation.

Key words: infection prevention and control (IPC), IPC program, evaluation, Armenia, psychoneurological hospital, questionnaire, IPCAF.

BeepgeHue

HeanexkBaTHast mpakTuka NpodUIaKTUKU WH-
dexkuuit 1 mHbekumoHHoro KoHtpoJisi (ITUUK)
B MEAMILIMHCKUX YUPEXKACHUSX MPEACTaBJIsIeT CO-
0oi1 OHY U3 BaXXHbIX U aKTyaJIbHbIX MPOOJEeM 00-
IIIECTBEHHOTO 3ApPaBOOXPAaHEHUsI BO BCEM MMUPE,
SIBJISISICb OCHOBHOM TNMPUUYMHOM pocTa ToKasaresiei
YCTOWYMBOCTU K TPOTMBOMUKPOOHBIM Mpernapa-
tam (YIIT1) u undexkuunii, CBI3aHHBIX C OKa3aHUEM
MmenunurHckoi momoinu (MCMIT) [5, 6, 10, 11]. Tem
He MeHee 3HauuTesibHast yactb MCMII nompaer-
cd npodunakTuke. B nuteparype nosiBasieTcsi Bce
OosblIe MyOJMKalLMii 0 r100aJIbHOM OpeMeH U Bpea,
NPUYUHSIEMOro dTUMU nHbekussMu [4, 12], u crpa-
TEruu To COKpaIleHHUIO0 UX pacrpocTpaHeHus [13].

C 1enblo COBEPUICHCTBOBAHMSI OLIEHKHU, aHa-
aus3a v yaydueHus paedteabHoctu no TNTMHUK
B KaXXJIOM OTAeJabHOM yupexaeHuu, BO3 pa3zpabo-
Taja OMPOCHUK «MexaHU3M OLIEHKU Mpoduiak-
TUKU U KOHTpoJssd uHbekuuii» (IPCAF, Infection
Prevention and Control Assessment Framework) [16],
C ITOMOIIIbIO KOTOPOI'O yUpeXKAeH e, OTBeuasi Ha BO-
npocsl, kacatwuiuecs [MMUK, camoctosTeabHO
MOXKET OTpPEeNeJIUTh CUJIbHbBIE U CJIa0ble CTOPOHBI.

Llenblit psin MpoBeAeHHBIX UCCAEAOBAaHUM yCcTa-
HOBUJI CUJIbHOE pa3jiniyue peanu3aluu KJIIoUYeBbIX
acrnekToB [ITMMUK He Tonbko MeXay cTpaHaMu
C pa3HbIM YPOBHEM JIOXOAOB, HO U BHYTPU CaMMX

ctpaH [7, 8, 9, 14]. OcobeHHO HaHHOE pa3JIuvue
TNPOSIBSIETCS IPU OLIEHKE, TPOBOAMMOI Ha YPOBHE
OTIEJbHBIX YUPEXKACHUM.

PaznuuHble  ucclenoBaHUsI, TNPOBEACHHBIC
B ApmeHuu c 2019 r., mokasaiu, 4TO mepemayda
NCMII, aTakxe BHenpeHue [IMMUK npencraBiusior
co0oii cepbe3Hyto npoodsuemy [1, 2, 3]. [IpoBeaenHas
HauwmonanpHoii komanmoii mo [NMMUK Gonbiras
paboTa 1O COBEPIIEHCTBOBAHUIO HOPMATHUBHO-
npaBOBOM 0a3bl, a TAKXKe OKazaHHasl METOIUYEC-
Kasi TOMOIIb YUYPEXKICHUSIM 3IpPaBOOXPaHCHUS
pa3JIMYHOTO YPOBHSI MO aKTUBHOMY BHEIPEHUIO
PYKOBOJCTB Y1 HOPMATHUBHO-TIPAaBOBBIX aKTOB, Ka-
capuuxcs pa3andyHbix acrekToB [TMUK, mosBo-
JIUJIW 3HAYUTEJBbHO YJIYUIIUTD OLICHKY.

Onpocuuk IPCAF nepBoHauaibHO OBII CO3-
JIaH ¢ 1ebio oueHKH rmporpamm ITMUK B ctanmo-
Hapax, OKa3bIBaIOIIMX CKOPYI MEIUIIMHCKYIO
nomomib. OpgHako acrniekThl [TMUMK akTyanbHBI
M 1151 CTallMOHAPOB, OKAa3bIBAIOIIUX JOJTOBPEMEH-
HYy10 momolilb. K TaKOBBIM OTHOCSTCS, B MEPBYIO
ouepenb, IICMXOHEBPOJOTUYECKHE CTallMOHAPhI
(ITHC), nutepaTypHble fTaHHBIE O ITPOBEICHUHU TT0-
MOOHBIX MCCICIOBAHUM B KOTOPBIX MPaKTUYECKU
OTCYTCTBYIOT. B CBsI3U ¢ 3TUM 1ie/1bI0 Hallleil pabo-
TBl OBIJIO OINMHUCATh TEKYLlIee COCTOSHUE peasin3a-
MU B CTallMOHapaX ApMEHUU KJIIOYEBBIX aCIIEKTOB
IMMUK, onpeneneHHbIX OCHOBHBIMM KOMITOHEH-
tamu BO3, ¢ ucnonszoBanuem onpocHuka IPCAF.
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HccnenoBanue OBUIO MNPOBENEHO 3a MEPUOL
¢ 2019 o 2022 r. BO Bcex 8 ICUXOHEBPOJOTUYECKUX
ctanimoHapax ApMeHUU. MHCTpyMEHTOM HCCle-
MOBAHUS CIIYKWUJ MEPEBEICHHBINI Ha apMSHCKUU
a3bik onpocHUuK I[PCAF, Bkiovawmuii BoceMb
OCHOBHBIX KOMITIOHEHTOB (core component — CC),
Kacarouuxcs pa3audHbix acriektos [TMUK:

— CCI: IIporpammbl npodUIaKTUKU UHGPEK-

Ui 1 THPEKITMOHHOTO KOHTPOJIS;

— CC2: PykoBoactsa no ITMHUK;

— CC3: O6paszoBaHue u mnpodeccuoHabHas

noaroroska o INMUK;

— CC4: DnumHan3op 3a WHOGEKIUSIMHU, CBSI-

3aHHBIMU C OKa3aHUEM MEIUIIMHCKON MOMOIIH

(UCMII);

— CCS: MynpTUMOnaJibHbIe CTPATEr U IS OCY-

IIECTBJIEHUSI MEPOIPUATUIN MO MPodUIaKTUKE

UHMpeKINi U UHHEKITUOHHOMY KOHTPOJIIO;

— CC6: MOHUTOPUHI/TIpOBEpKa IpaKTUYeC-

Kot gestesibHOCTU B obsactu ITMUK, a Takxke

obpaTHas CBSI3b U KOHTPOJIb;

— CCT7. Pabouasg Harpys3ka, yKOMIUIEKTOBaH-

HOCTb MEPCOHAJIOM U KOJIUYECTBO KOUKO-MECT

Ha YPOBHE YUPEXJICHUS;

— CC8: CozmaHue 6e30macHOl cpeabl B MeIu-

LUHCKUX TTOMEIIEHUSIX, a TakKXe MaTepuabl

u obopynoBanue i [IMUK Ha ypoBHE yupex-

neHud [15].

B cooTrBeTcTBUM ¢ MeTomoiiorueii orieHKn BO3
KaXJblii BOBMOXHBIN OTBET Ha BOMPOC OBLI Olie-
HeH B Oajmax. baajael mo OTAEIBbHBIM BOMNpPOCAM
ObLIM CYMMHUPOBAHBI [JIS1 KaXXJAOr0 OCHOBHOTO
KOMITOHEHTa, MaKCUMaJibHasl OLIEHKA 3a KaXXIbIU
OCHOBHOWl KOMMNOHEHT cocTasiasgeT 100 6aJnos.
OkonuatenbHas oueHka IPCAF Obliia paccuutaHa
MMyTeM CJIOKEHU ST OIIEHOK BCeX BOCbMM OCHOBHBIX
KOMITOHEHTOB (TO €CTh MaKCUMaJIbHO BO3MOXHOE
ob1ee KonuuecTBo 6anoB coctabisiio 8§00).

B 3aBUCUMOCTHY OT UTOTOBOI OLIEHKH! ITPOTrpaMM
IMNUK cTaunroHapsl ObITU CTPYTIITAPOBAHBI B Ue-
Thipe pa3Hble kateropuu: 0—200 6a1JioB — HealeK-
BaTHasi, 201—400 6amoB — ocHOBHas1 (6azoBas),
401—600 GamnoB — cpenHsist (IPOMEXYTOUHas),
601—800 6aI0B — MPOIBUHYTAS.

Pesynbprathl ompoca ObLIU 3aHECEHBI B DJIEK-
TpoHHYI0 0a3y naHHbIX B MS Excel.

Ta6nuua. CpepHue ntorosbie oueHku (M+m)
B nepuopg 2019-2022 rr.
Table. Average Total Score (M+m), 2019-2022

Fop CpepHsas utoroeas oueHka (M+m), 6annbi
Year Average Total Score (M£m), points
2019 345,0£10,7
2020 450,3+34,1
2021 441,9+30,4
2022 502,5+32,5

bbi1 mpoBeneH onucaTtebHbIN aHalu3 O0Iel
oueHku IPCAF, a Takxke OLIEHOK COOTBETCTBYIO-
IIMX OCHOBHBIX KOMIIOHEHTOB M HEKOTOPbIX OT-
JEJIbHBIX BOIMNPOCOB, IMPEACTABISIOIIUX OCOObIM
UHTEpeC.

CTaTUCTUYECKUI aHaJU3 JaHHBIX IIPOBeAeH
C HCHOJIb30BaHUEM TIMporpaMMHOro mnaketa MS
Excel. YuuTbiBass Majoe 4YHCJIO CTallMOHApOB,
3aKJIIYEeHUsT OBbIIM CcleJaHbl C «OIpeaeIeHHOU
OCTOPOKHOCTbBIO».

PesynbraThl

IIpn wm3ydyeHUM AOWHAMWUKU CpeaHEl HTOro-
Boit oueHku 1Mo IPCAF Obl10 ycTaHOBJIEHO, 4YTO
B TEUYCHHME aHaJIM3UPYeMOro Ilepuoma BpEeMEHU
MaHHBIN TMoka3arenb s Bcex [THC ctpaHbl BbI-
poc B 1,46 pa3a (p < 0,01): ¢ 345,0 6ayioB B 2019 1.
1o 502,5 — 82022 1. (Tabm.).

AHanun3 pe3yJbTaTOB B 3aBUCHUMOCTH OT pac-
MOJIOXKEHU S CTAallMOHAPOB TTOKa3aJl, YTO B IICPHOL
BpemeHu ¢ 2019 mo 2021 1. UccneayeMblii moKas3a-
TeJIb B CTOJMYHBIX CTallMOHapaX OBLI BHIIIE, YeM
B permoHanbHBIX (puc. 1). OmHaKOo 61arogaps mpo-
BeJIEHHOI y4eOHO-MeToanuueckoi padorte B 2022 T.
OIICHKM ITPAKTUISCKH CPaBHSIINCE.

W3ydyeHne OMHAMUKHN CPEIHUX CYMMapHBIX
OIICHOK MO OTIEJIbHBIM OCHOBHBIM KOMITOHCHTaM
nporpamMm [TMUK B I[THC (puc. 2) mokasaiao, 4To
B TCUEHHME BCET0 aHAJM3MPYEeMOIo Ieproiaa Bpe-
MEHHM yKa3aHHBbIC IMoKa3aTesln BeIpocan B 1,05—
3,20 pa3a, 3a UCKJIFOUEHHEM OCHOBHOT'O KOMIIOHEH-
Ta 7, 10 KOTOpOMY OTMe4eHO cHrXeHue B 1,03 paza
(c 58,8 10 56,9 GannoB).

Hamm ObLT TIpOBemeH aHAIM3 IO OTAEIbHBIM
OCHOBHBIM KOMITOHeHTaM. OTBETHl Ha HEKOTOpPBIC
BONPOCHI OBLJIM OILIECHEHBI Ha COOTBETCTBUE MUHMU-

800
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500 ]

400 -
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200

MTorosas oLieHka, 6annb
Total score, points

100
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lon/Year
[l cromua [] Paitonsi
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PucyHok 1. CpepgHue UToroBble OL,EeHKU

IPCAF 32 2019-2022 rr. B 3aBUCUMOCTU

oT pacnonoxeHusa MHC

Figure 1. Average total IPCAF score by capital/regions
in 2019-2022

165



0. ManossH n ap.

MHdekumns n uMmyHuTeT

MaJibHbIM TpeboBaHusM BO3, npeabsBlisieMbIM
K nporpammam [TMMK ctarimoHapoB NepBUYHOTO
YPOBHS MEIUIIMHCKOM momotu [17].

OcHoBHoW komnoHeHT 1 (CC1)

CpenHsia cyMmapHasl OLIEHKa I10 OCHOBHO-
My komnoHeHTy | (Ilporpamma I[MTMUK) B Teue-
HME aHaJIM3MPYyeMOro Mepuoaa BpeMEHU BbIpOC/ia
B 1,9 paza (c 31,3 no 59,4 6anyoB). B cooTBeTCTBUU
C IPUHSTBIMU BO BpeMsl ITaHAEMUNU HOPMATUBHO-
npaBoBbiMU akTaMu B [THC Obliu paspabotaHbl
nporpamMbl [TMUK, cozmaHbl KoMaHAbI, OTBEYaIO-
mue 3a peanusauuio [TMUK B craumonape, 61a-
rogaps 4eMy OIlleHKa 3HA4YUTEJIbHO ITOBBICUJIACH.
OaHaKo B CTpaHe MUMeeTCsl HeXBaTKa CIIelMalucToOB
Boonactu [IMUK, B cBs13u c yem konuuectBo [THC,
B KOTOPBIX TAKME CICLIMAIMCThI padOTAIOT HA MOJI-
HYIO CTaBKY, OCTaJ0oCh IIpexkHUM. MMeloluecs xe
CHeLMAJUCThl HE MMEIOT JTOCTATOYHOIO BPEMEHU
Ha pestenbHOCTh o [TMUK. Tem He meHee Oua-
rogaps mpoxaeiaaHHou pabote, yuciao ITHC, co-
OTBETCTBYIOIIMX MUHUMAaJbHBIM TPEOOBAHUSIM
BO3, npeabsBisieMblM K OCHOBHOMY KOMITOHEHTY
1 nporpamMm IMMUUK nnst ctaimoHapoB IEPBUYHO-
ro YpOBHSI, MOBBICMJIOCH ¢ 5 (62,5%) B 2019 1. 10 7
(87,5%) B 2022 1.

OcHOBHOI1 KOMMNOHEHT 2 (CC2)

CpenHsIZ cyMMapHasli OLICHKa II0 OCHOBHOMY
KOMITOHEHTY 2 B TCUCHHE aHATIU3UPYEeMOTO IIePHO-
na BpemeHu Beipocia B 1,11 pas (c 73,8 no 81,6 6ai-
JIOB). DTO OOYCJIOBJIEHO TE€M, UYTO M3HAYAIBHO OIICH-
Ka ObIJ1a TOCTAaTOYHO BBICOKA, ITOKAa3bIBas MaKCH-
MaJbHYIO CPEOHIOK CYMMAapHYIO OIEHKY Cpemu
BCEX OCHOBHBIX KOMITOHeHTOB B 2019 1. (puc. 2).
Kpome TOro, 3To OBIJT €eIMHCTBEHHBINT OCHOBHOM
KoMnoHeHT miporpammbl [TMUK, cpeansist cym-

100

MapHasi olieHKa Mo KOTOPOMY, OyJly4u MaKCUMalb-
Hoii B 2022 1., npeBbicuiia nopor B 80%.

OmHOBPEMEHHO CJleAyeT OTMETUTh, UYTO T10 JaH-
Homy acriekTy [TMMK He Oblau XOpOIIOo BBIMOJ-
HEHbl MMHUMaJIbHbIe TpeboBaHus BO3, npens-
saBiaseMmble Kk nporpammam [TMUK cranumonapon
MEePBUYHOTO YPOBH I MEAMIIMHCKOU moMo1u. B te-
YyeHue aHaJIU3upyemMoro nepuoga BpemeHu ¢ 2019
no 2022 r. ynenbHsbiit Bec [THC, B kKoTopbix CC2 co-
OTBETCTBOBAJ MUHUMAaJIbHBIM TpeboBaHUSIM BO3,
noBbIicuicd ¢ 50 1o 87,5%.

OcHoBHoWM komnoHeHT 3 (CC3)

IMpoBeneHHblii Hamu aHanu3 1o CC3 noka-
3aj, yto B [THC cTpaHbl B mepuon A0 MaHIAeMUU
COVID-19 ynensiioch Majlo BHUMAaHUSI OOyYEHUIO
¥ moArotoBke Kaapos 1o Bonpocam [TMUK. OnHako
MaccoBoe 00y4YeH1e METUIIMHCKMX KaIpoB B IMMaHIe-
MUIHBIN MEepuo, a TakXKe BBeleHUE 00si3aTe/IbHOM
arTecTallMy [JISI CTaplIero W CpeaHero Memrepco-
HaJjia TO3BOJIMJIU TTOBBICUTH CPEIHIOI0 CYMMAapHYIO
OLICHKY I10 TaHHOMY KOMITOHEHTY B 2,5 pas3a.

Tem He MeHee ceayeT OTMETUTh, YTO TPEHUHTU
NPOBOAUIUCH HEPEryasipHO, 4acTO OrpaHUYMBa-
SICh JIUIIIb BBOIHBIM WHCTPYKTa*kéM U ITHCbMEH-
HBIM/YCTHBIM MpeaocTaBlIeHUEM UHpopMaliuu 6e3
MHTEPAKTHUBHOIO OOy4YeHUSs y MOCTEIU OOJBHOTO.
CrneuunanbHas noarotoBka no INMUWK nnsg manu-
€HTOB WJM YJCHOB MX CeMeil C 1eabl0 MUHUMMU-
3auuu pucka MCMII ocyuectBisiiace Juiib B 1
(12,5%) ITHC.

binaromapss TpOBEAEHHBIM  MEPOIPUSITUSIM
CpenHsIsl cyMMapHasl OliecHKa M0 OCHOBHOMY KOM-
noHeHTY 3 B 2022 1. 1OCTUTJIa YPOBHS BCEro JIMIIb
B 56,3 Ganna, xots K 2022 r. yaaJoch J0CTUTHYTh
BBITTIOJTHEHUSI MUWHMMaJbHBIX TpeboBaHuii BO3
Bo Bcex uccaenyembix I[THC.

90
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0 -

CpepnHss ougHka, 6annbl
Average score, points

CC1 CC2 CC3 CC4
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OCHOBHbIE KOMMOHEHTLI/Core components
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PucyHok 2. CpegHue cyMMapHbie OL,eHKU MO OTAEesIbHbIM OCHOBHbIM KOMNOHeHTam nporpamm NMUUK B MHC

B2019-2022 rr.

Figure 2. Average scores for IPCAF core components in 2019-2022
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OcHOBHOW KOMNOHEHT 4 (CC4)

OnHU U3 caMbIX HU3KHUX CPEIHUX CYMMapHBIX
OLIEHOK OBbLIM MOJYYEHBbI IT0 OCHOBHOMY KOMIIO-
HeHTy 4, u3yyalolleMy BOIPOCHl dAIUAHAA30pa
3a MCMII. laHHbIli TTOKa3aTeab 3a U3ydyaeMbIid
Mepuoa BpeMeHu BbIpoc Bcero B 1,67 pasa (¢ 26,9
1o 45,0). Dto Obl10 OOYCIOBJIEHO TE€M, UTO CIie-
OHWAJNCTHI, OTBECUAIOIINE 3a SITUIHAI30p, IPOII-
JIA TIOATOTOBKY II0O OCHOBaM 3MIHICMUOJIOTUU,
snuaHaa3opa u [TUMUK nump B monoBuHe TTHC.
OmpeneneHue MPUOPUTETOB, a TaKXKe caM DIIUI-
Haa3o0p 3a otAeabHbiMU BuaamMmu MCMII BemyTtcs
gk B 25—37,5% IMHC. CranaapTu3upoBaHHbIE
MeToAbl coopa naHHbIX B 2022 I. UCIIOJb30BaIUCh
b B 3 (37,5%) ITHC, a M*HCTpYMEHTBI JJIsI PETY-
JISIpHOM ITPOBEPKM KauyecTBa JaHHBIX, a TAKXKE JO-
CTAaTOYHBIN J1aO0OPATOPHBIN ITOTEHIIMAJ IJISI TIPO-
BeACHUS dIUAHAA30pa — JUIIb B 2 (25%). B 60J1b-
muHcTBe [THC He obecmeumBaeTcs cucreMa 00-
paTHO¥ CBS3MU.

OcHoBHOW KOMNOHEHT 5 (CC5)

Cpennsgsa cymmapHas oueHka nmo CCS5 B ITHC,
KaKk M B JIPYTMX BHUJAaX CTallMOHAPOB CTPAHBI,
B 2019 r. Obl1a OYEeHb HU3KOM — Bcero 21,9 6annos,
YTO OBbIJIO OOYCJIOBJIEHO HU3KUM YPOBHEM 3HAHU A
B 00JIaCTH MYJIbTUMOAAJIBHEIX cTpaTeruii. OmHaKO
nocJjie MpOBEAEHHOU yueOHO-MeToanYeCcKoi pabo-
THI JAHHBIM MTOKa3aTeJb BEIPOC B 3,2 pa3a, JOCTHUT-
HYB OTMeTKH B 70 6aJIjI10B.

Vnenvnuniii Bec [THC, ncrmonb3yommx MyJIbTH-
ModajJbHbIC CTpAaTeruyd BHEAPEHUSI MEPOIPUSITUN
IMNUK, B mepuon ¢ 2019 o 2021 r. moBsicujics ¢ 50
no 100%, xotst B 2022 1. cHusuica no 75%. Ecinu
B 2019 r. MyabTUMOIAIbHbIE CTPATET MU BKJIOYAIU
Bce 5 njeMeHTOB npuMepHo B nojiobuHe [THC, To
B 2022 r. — yXe NpaKTUYEeCKU BO BCEX, MYCTh U HE
B MMOJIHOM Mepe. st peaan3alny MYJIbTUMOIATTb-
Hbix ctpareruii [IMMK ucnonb3yercst My1bTUAMC-
LUIIJIMHAPHAas rpynna creuuaauctoB B 7 (87,5%)
ITHC, ogHaKo 1pu 3TOM NPUMEH STIOTCS YeK-TUCTHI
IJIT MOHUTOpPUHTA BHeApeHUs ctpaTteruii [TMNUK
gk B 1 (12,5%) ITHC. Tem He MeHee yneJbHBIIA
Bec [THC, B xoTOpbIX MyJIbTUMOJAJbHbIE CTpaTe-
ruu BHeapeHus Meponpusituit [ITMMUK cooTseTt-
CTBYIOT MUHUMaJIbHBIM TpeboBaHusiM BO3, B Te-
YeHUE M3y4aeMOoro Iepruoaa BpeMeHH COOTIomancs
Bo Bcex ITHC.

OcHOBHOW KOMNOHEHT 6 (CC6)

IMposeneHHblii Hamu anHaiu3 mno CCo6
(MonwnTtopuHr/ayaut rmpaktuk [IMMUK u odbpatHas
CBSI3b) MOKAa3aJl, YTO CPEAHSS CyMMapHas olleHKa
no BceMm [THC cTpaHbl B TeueHUE aHAJIU3UPYEMO-
ro nepuoja BpeMeHu Bbipocya B 1,48 pasa (c 40,9
1o 60,6 6anmoB). Tak, B 5 (62,5%) ITHC nosiBuics
OOy4YeHHBIN TIepCOHAa, OTBETCTBEHHBIM 3a MO-
HUTOPUHT/ayIUT MNPaKTUKU M OOpaTHYIO CBSI3b
IMNUNK, koToporo He OBLJIO HAa MOMEHT Haydaja

uccnenoBanus. Konuuvecrso ITHC ¢ miaHoM Mo-
HUTOPUHTA ¢ YETKMMHU LEeIsIMU, 3aadyaMu U Me-
POIPUATUSIMU (BKJIIOYasT WHCTPYMEHTHI ST CU-
CTeMaTUUYeCKOTo coopa JaHHbBIX) YBEIUYMUJIIOCH C 3
(37,5%) B2019 1. 10 5 (62,5%) B 2022 1. TeMm He MeHee
B 60J1iee yeM nosioBuHe ITHC cTpaHbl HE TpUMEHSI-
eTcss MTHCTpyMEHT 1O caMOOlIeHKe TUTUEHBI PYK
BO3, 4T0, N0O-BUAUMOMY, CBSI3aHO C OTCYTCTBUEM
COOTBETCTBYIOIIEro HOPMaTHBHO-TTPABOBOTO aKTa,
YTBEpKAEHHOTO npukazoMm M3 PA.

bbia HaaxeHa Tak>Xe cucTeMa oOpaTHOM CBsI-
31 MO COCTOSHMIO [esITeIbHOCTHU/BBIMIOJTHEHUN
TTNMUK. Tak, uucno ITHC, He mpenocTaBsOLIMX
otueToB 1o aynutaM B chepe [IMUK, cokpaTtuiocs
c4 (50%) B 2019 1. mo 1 (12,5%) B 2022 1. OgHAKO
JIaHHBIE OTYETHI TTPEIOCTABISIJIUCH JTUIIb PYKOBO/I-
CTBY OOJIBHUIIBI, HO HE TPEIOCTABISIINCH KOMUC-
cuu IITMHUK, a Takxke nmepcoHasly, padboTalolemMy
HEMOCPEeICTBEHHO C naleHTaMu. B 6osee yem mo-
noBuHe (62,5%) ITHC yka3zaHHbIE JaHHbIE MOHU-
TOPUHTA MPEACTABJISIOTCS PETYJISIPHO (110 KpailHei
Mepe eXeroHo).

CiienyeT OTMEeTUTbh, UTO ITpakTruyecku Bce [THC
CTpaHbl B TEUEHUE aHAJIU3UPYEMOro Tepruoia Bpe-
MEHU COOTBETCTBOBAJIM MUHUMAaJIbHBIM TpeOoBa-
HustM BO3, npeabspiaseMmbiMm K CC6.

OcHoBHOWM KOMMNOHEHT 7 (CC7)

CpenHsiga cyMMapHasl OLICHKa II0 OCHOBHOMY
koMmrtoHeHTy 7 (Pabouast Harpyska, KagpoBoe o0e-
CIIEUCHNUE W CPEOHsSs 3aHSITOCTh KOWKHM) B Hada-
JIe aHaJIM3WPYEeMOT'0o IMepuoia BpPeMEeHHU BBIPOCIA
¢ 58,8 6ayoB B 2019 1. 1o 68,1 B 2020 r., 11ocjIe 4ero
MOCTEINEHHO CHU3MIach 10 56,9 Gamios B 2022 1.
OTyacTy 3TO OBIJIO OOYCIOBJIEHO HEKOTOPBIM YCH-
JIEHWEM KaApOBOro MOTEHIIMajaa B MepUoi MaH-
nemuu COVID-19 B 2020 r. ¢ moclieAyIOIIUM €Tro
ocnabyneHuem. Ilokazarenu cpenHell 3aHSITOCTHU
Koiikn B 6onpinHcTBe I[THC cTpaHBI TakXe co-
OTBETCTBOBAJIM pPEKOMEHIYeMBbIM HOpPMaTHBaM.
Cnenyetr OTMETHUTbh, 4TO IpakTmyecku Bce ITHC
CTpaHBI B TCUCHHME aHAJM3UPYEMOro IIeproIa Bpe-
MEHHM COOTBETCTBOBAJIM MHUHUMAJIBHBIM TpeOOBa-
HusaMm BO3, npenbpasnsgembiM K CC7.

OcHoBHoOWM KOoMNoHeHT 8 (CC8)

AHalln3, NpoBeJeHHbI IO OCHOBHOMY KOMIIO-
HeHTy 8 (Pabouas cpena, MmaTepualibl 1 000pya0-
BaHue g [TMUK) mokasal, 4To cpeaHsisi CyM-
MmapHas oueHka o BceM ITHC cTtpaHbl B TeueHUue
aHaJIM3MPyeMOro Mepruoia BpeMeH! Bbipocia ¢ 69,1
no 72,8 6annos.

BoaocHabxxeHue B cpegHeM > 5 gHell B Hede-
JII0 WX KaXIbli NeHb, a TakKxXe OecriepeOOoHbI
NYHKT 0€30IacHON MUThEeBOI BOJABI ObIJTN JOCTYII-
HbI NpakTUyecku Bo Bcex [THC.

Yucno IMTHC ¢ geficTByIOLIMMU 30HAMU TUTHE-
HBI PYK (HaJW4Yue COUPTOCOAEPXKAIIETO KUIKOTO
aHTUCENTHUKA WU Mblja, BOAbl U YUCTHIX OJHO-
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pa30BbIX ITIOJIOTEHEI[) BO BCEX MeECTaxX OKa3aHWUs
MEIUIIMHCKOW TIOMOIIM/yXona 3a MNalueHTaMu
yBennumioch ¢ 75% B 2019 r. mo 100% B 2022 T.
IIpakTuuecku Bo Bcex ITHC numeercs nocratouHoe
KOoJu4ecTBO TyajseToB (= 1 Ha 20 cTalmMoOHapHBIX
NalUueHTOB).

Bonee Tpex/aerBepreii (87,5%) ITHC numeroT no-
CTaTOYHOE dHeproodecrieueHre B JHEBHOE U HOY-
HOE BpeMsI, a TaKKe BEHTUJISIIINIO (ECTECTBEHHYIO
WJIM UCKYCcCTBeHHY10). [TpakTruyecku Bo Bcex [THC
MMEIOTCS B HAJIMYUU COOTBETCTBYIOILIIME CPEICTBA
¥ MIPUHAJIEXXHOCTH AJ151 YOOPKHM (HarpruMep, MOIO-
M€ CpeacTBa, IBaOpPbI, BeaApa U T. [1.).

7 u3 8 ITHC umeroT ogHOMECTHbIEe NaJiaThl UK
nmajaThl Ui KOTOPTHOM W3OJISAIIUU TallMeHTOB
C UJIEHTUUYHBIMU BO30OYyAUTENASIMU (B C/lydyae HEOO-
xoaumocTHu). [Ipaktuuecku Bce ITHC umeroT cpen-
CTBa MHAMBUAYaJIbHOI 3alIUTHI, OMTHAKO 3 CTAIlMO-
Hapa ykKa3aju Ha UX HeIOCTaTOYHOE KOJUYECTBO.

Ilpaktnuecku Bce TTHC ocyluecTBsIIOT Tpa-
BUJIBHYIO COPTUPOBKY M YTUJIM3AIIMIO Pa3HBIX BU-
JIOB MEAMIIMHCKNX OTXOJIOB.

Crenyetr OTMETUTD, YTO B TEUCHUE aHAJIU3UPYe-
MoOro nepuopaa BpemeHu yaeabHbii Bec I[THC, B ko-
Topbix CC8 cOOTBETCTBOBAJ MUHUMAAbHBIM Tpe-
ooBaHusIM BO3, moBbIcuiicd B 2 pa3za: ¢ 50 no 100%.
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B pesynpTaTe MNPOBEAEHHOTO WCCIEIOBAHUS
BIIEpPBbIE OblJla MOKa3aHa BO3MOXHOCTb ITPUMEHE-
Hus onpocHuka IPCAF nis oueHKM mporpamm
I[MMMUK B NCUXOHEBPOJOTUYECKUX CTallMOHApax
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Ha JaHHBIA MOMEHT XapaKTepU30Balach KakK «IIpo-
MEXYTOUHBI» YpOBeHb [16].

AHaJiu3 MO OTAEJbHBIM OCHOBHBIM KOMIIOHEH-
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0T Ha HEOOXOJUMOCTb MOCTOSTHHOTO MOHUTOPWH-
ra 3a cobaoaeHveM pas3nndyHbix acnektoB [TMHMK
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XAPAKTEPUCTUKA HYBCTBUTEJIbHOCTH
KAHTUBUOTUKAM KJIMHUYECKUX

N30JIATOB ACINETOBACTER BAUMANNII

bv. TRYPTOPHANDESTRUENS U ACINETOBACTER
BAUMANNII

E.I1. CuBosoackuii'-?, JI.A. Kpaesa'-?, E.B. Meabuukona', I.B. T'openosa'

'@I'BBOY BO Boenno-meduyunckas akademus um. C.M. Kupoea, Cankm-Ilemep6ype, Poccus
2OFYH HUMH snudemuonoeuu u mukpoouosoeuu umenu Ilacmepa, Cankm-Ilemepbype, Poccus

Pesiome. Llenb uccienoBaHus — onpeaeanTb 0OCOOEHHOCTH UYBCTBUTENBHOCTH OakTepuil OuoBapa Acinetobacter
baumannii bv. tryptophandestruens KX aHTUMUKPOOHBIM IpernaparaMm, WCIOJb3yeMbIM JJis JIeYeHUsT allMHeToOaK-
TepHOil nHpeKIMKU. OOBEKTOM MCCAeIOBAHMS ObLIM 86 MEPBUYHBIX KIMHUUYECKUX U3OJISATOB A. baumannii, 13 HUX
34 mramma A. baumannii bv. tryptophandestruens, BblIEIEHHBIX B MMUKPOOMOJOTHYECKO Jlabopatopuu BoeHHO-
MenuuuHcKoi akagemMuu B 2021—2022 rr. BunoByto uaeHTuduUKanmno 6akTepuit ocyiectsasiiu meronom MALDI-
ToF macc-cnekTpoMeTpuu. buosap tryptophandestruens A. baumannii onpeaensiiv Ha IMJIOTHON XpOMOT€HHOU cpele
¢ 0,1% anTpanuioBoii kuciaorsl uin 0,1% GeH3zoaTa HATPUSI O MOSIBICHUIO Yepe3 18—24 4 uHKyOaluu mocesa rnpu
37°C 30H TEeMHO-KOPUYHEBOI OKpaCKU MUTATEIbHOM Cpeabl BOKPYT ra30HOB 0akTepuii. YyBCTBUTEIBHOCTD U30JISITOB
A. baumannii K aHTUMUKPOOHBIM TIpenapataMm (AMII) ompenensiiu Ha MUKPOOHMOIOTMIECKUM aHaau3aTope «Vitek 2
compact» (bioMerieux, ®panums). Kinanyecknue KaTeropuy IyBCTBUTEIHHOCTH M30J1s1T0B K AMII (Y1) BBIIBISIIN
Ha OCHOBAaHWH TIOTPaHWYHBIX 3HAYCHUI MUHUMAIbHBIX ITomaBasomnx KoHneHaTpanuii (MITIK, Mr/mn) ycraHOBICH-
HbIX EBpomnelickuM KOMUTETOM MO OMpPENeIeHUI0 YyBCTBUTEIBHOCTUA K aHTUMUKPOOHBIM TipenapataMm (EUCAST),
Bepcus 11.0. Beuay orcyrctBust kputepuss EUCAST ans TureuukiavHa, U3ydyaid 4yBCTBUTEIbHOCThH HITAMMOB
K TUTCLMKJINHY, OLleHUBas pacrpeaencHue mrammon mo MITK, MITK50%, MITK90%. Pe3ynbraThl cpaBHUTENBHOI
XapaKTEPUCTUKU TPYIIbl U30ISATOB A. baumannii bv. tryptophandestruens v TpymIibl U30JSITOB NpouYux A. baumannii
10 KJIMHUYECKOU KaTeropuu 4yBcTBUTEIbHBIX K AMIT (Y) mokasaju, 4To oueHb peKo B 00EUX IPyIIax MpUCyTCTBY-
IOT IITAMMBI, YyBCTBUTENIbHBIE K MeporieHeMy (8,8+4,6 u 3,8+2,6% cooTBeTcTBeHHO, p > 0,05), HIMIIpOdIOKCAIIUHY
(5,8+4,0%; 9,6+4,1%, p > 0,05). Penxo mpeactaBieHbl B 00eX TPyIIax MITAMMbI, YYBCTBUTEIbHBIE K TEHTAMMIIUHY
(26,717,55%; 19,3+5,5%, p > 0,05); TpumMeTonpuM/cynbhameTokcasony (38,8+8,3%; 23,6+5,3%, p > 0,05). CoxpaHuiu
YYBCTBUTEIBHOCTD K MOJUMUKCUHY B Bce mramMmmbl 06eux rpynn (100%). IlltamMbl rpymimsl 6uoBapa A. baumannii
bv. tryptophandestruens IpeBOCXOIAT LITAMMBI TPYIIIbI IPOYUX A. baumannii no yactote n30/s1toB ¢ MITK50% ture-
nukauHa (MITKS50% — 0,5 mr/m; MITK50% — 2 M1/ cOOTBETCTBEHHO), & TAK3Ke MMEIOT TOCTOBEPHO OOJIbIIIE IIITaAM-
moB ¢ MIIK 0,5 mr/a (52,9 u 15,4% cootBerctBerHo, p < 0,01). Takum 06pa3oM, KIMHUYECKUE U30JIATH OMOBapa
A. baumannii bv. tryptophandestruens He UMEIOT TOCTOBEPHBIX PA3TUUMI ¢ U30JISITAMU TIPOUYUX IITAMMOB A. baumannii
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2024, T. 14, Ne 1 Acinetobacter baumannii, 6uosap tryptophandestruens

IT0 YaCTOTE BCTPEYAEMOCTH IITAMMOB, YYBCTBUTEIBHBIX (1) K MeporieHeMY, TUTIPOQIOKCAIINHY, TCHTAMULIMHY, TPU-
METOIPUM/CyJIbaMeToKCa301y, MOJTMMUKCUHY B, HO OTJIMYAIOTCS 10 TOKa3aTeJsiM YYBCTBUTEILHOCTH K TUTELIM-
KJIUHY — 0oJjiee BhICOKOM YacToToii imtaMmMoB ¢ MITK 0,5 mr/n (p < 0,01) u MITK50%.

Karouesnie caosa: Acinetobacter baumannii, buosap, Acinetobacter baumannii bv. tryptophandestruens, uyecmeumenvHocmy
K AHMUMUKPOOHBIM NPEnapamam, mueyukAuHt, GHMpanuI08as Kucioma, GeH30am Hampus.

CHARACTERISTICS OF ANTIBIOTIC SENSITIVITY OF ACINETOBACTER BAUMANNII
bv. TRYPTOPHANDESTRUENS AND ACINETOBACTER BAUMANNII CLINICAL ISOLATES
Sivolodskii E.P.>*, Kraeva L.A.*", Melnicova E.V.?, Gorelova G.V.?

@ Military Medical Academy named after S.M. Kirov, St. Peterburg, Russian Federation
b St. Petersburg Pasteur Institute, St. Petersburg, Russian Federation

Abstract. The aim of the study was to determine the sensitivity of the bacteria of the biovar Acinetobacter baumannii bv.
tryptophandestruens to antibiotics used to treat Acinetobacter-infection. The object of the study was 86 primary clinical
isolates of A. baumannii, of which 34 strains of A. baumanniibv. tryptophandestruens isolated in the microbiological labora-
tory of the Military Medical Academy in 2021-2022. Species identification of bacteria was carried out by MALDI-ToF
mass spectrometry. The biovar tryptophandestruens of A. baumannii was determined on a dense chromogenic medium.
The sensitivity of A. baumannii isolates to antibiotics was determined by a “Vitek 2 compact” microbiological analyzer
(bioMerieux, France). Clinical categories of isolates sensitivity to antibiotics (S) were identified based on the boundary val-
ues of minimum suppressive concentrations (MSC, mg/L) established by the European Committee for the Determination
of Sensitivity to Antimicrobial Preparates (EUCAST), version 11.0. Isolates of A. baumannii bv. tryptophandestruens and
groups of isolates of other A. baumannii very rarely sensitive to meropenem (8.8+4.6%; 3.8+2.6%, respectively, p > 0.05),
ciprofloxacin (5.8£4.0;9.6%4.1%, p > 0.05). Strains sensitive to gentamicin are rarely represented in both groups (26.7£7.55;
19.3£5.5%, p > 0.05) trimethoprim/sulfamethoxazole (38.848.3%; 23.6£5.3%, p > 0.05). Sensitivity to polymyxin B was
preserved in all strains of both groups (100%). Strains of the tryptophandestruens biovar A. baumannii group surpass
strains of the other strain of A. baumannii group in the frequency of isolates with MSC50% tigecycline (MSC50% —
0.5 mg/1; MSC50% — 2 mg/I, respectively), and also have significantly more strains with MSC 0.5 mg/1(52.9% and 15.4%,
respectively, p <0.01 ). Thus, the clinical isolates of the biovar A. baumanniibv. tryptophandestruens have no significant dif-
ferences with isolates of other strains of A. baumannii in the frequency of strains sensitive (S) to meropenem, ciprofloxacin,
gentamicin, trimethoprim/sulfamethoxazole, polymyxin B, but they differ in terms of sensitivity to tigecycline — a higher
frequency of strains with an MSC of 0.5 mg/1 (p < 0.01) and an MSC of 50%.

Key words: acinetobacter baumannii, biovar, Acinetobacter baumannii bv. tryptophandestruens, sensitivity to antimicrobial drugs,
tigecycline, anthranilic acid, sodium benzoate.

BeeneHne Martepwuainbl U METOLbI

B 2019 r. HaMu ObLIM BbIACAEHBI KJIMHUYECKUE HImammer 6axkmepuii. ViccnenoBaiu 86 mepBuY-

U30JIsIThl OuoBapa A. baumannii bv. tryptophan-
destruens, KOTOpbIE OCYILIECTBJISJIU XPOMOI'CH-
HYyI0 TpaHcdopmauuio L-TpuntodaHa M aHTpa-
HMJIOBOMI KHCJIOThI HEOOBIYHBIM <«aHTpPaHMJIAT-
HbeiM» TiyTeMm [3]. Tlocnemytromue ucciienoBaHU s
MoKasaJii 3HAauYMTeJbHYI0 pPaclpoCTPaHEHHOCTh
9TOro OuoBapa Cpeaud KIMHUYECKUX M3O0JISITOB
A. baumannii [2]. YautbeiBasi 3HauyeHUue A. baumannii
KaK BeIYIIEro BO30OYIUTEIsI HO30KOMMAJIbHBIX
M paHeBbIX MHMEKIIMI, a TaKXe UX dKCTpeMaslb-
HYI0 aHTUOMOTUKOPE3UCTEHTHOCTD, IIPEACTABISIET
MHTEpeC IMOJYy4YeHUEe CBEICHUI O YYyBCTBUTEIbHO-
CTU K aHTUMHUKPOOHBIM TIpernapaTtaM MUX OuMoBapa
tryptophandestruens.

Llenp ucciemoBaHUsI — ONPEICIUTh OCOOCH-
HOCTU YYBCTBUTEJIBHOCTU OakTepuii OMoBapa
A. baumannii bv. tryptophandestruens K aHTUMUK-
pOOHBIM IIpenapaTaM, HCIIOJb3yeMbIM JJIs Jieue-
HMS allMHETOOAKTEpHOU MH(EKIIUU.

HBIX KJIMHUYECKUX IITAMMOB A. baumannii, 13 HUX
34 mtamma A. baumannii bv. tryptophandestruens, BbI-
JEeJeHHBIX B MHUKPOOMOJOrMYecKou JiabopaTropuu
BoenHo-meaunmHckoin akagemuu uMeHu C.M. Ku-
poBa B 2021-2022 rr. BugoByo mnpuHaAIeKHOCTh
BCeX lITaMMOB noaTBepK Aaau meronomMm MALDI-ToF
Macc-CIeKTpoMeTprr B BoeHHO-MeIUIIMHCKOM aKa-
nemuun umenn C.M. Kuposa 1 HUWM snunemuosno-
My 1 MUKpoOuosiornu nmeHu Ilacrepa. YkazaHHbIe
IITAaMMBI HAXOASITCSL B paboueii KOJUIEKIIUU KYJIBTYD
oaktepuit E.Il. CuBosoackoro Ha kKadeape MUKpPO-
Oouosoruv BoeHHO-MeAUIIMHCKOI aKaAeMUU.
ITumameanvnbie cpedol u peakmugwvl. JAns KyJib-
TUBUpPOBaAHUSI OakTepuii npuMeHsanu Kojaym-
oniicknii arap (HULI®D, Cankr-ITetepoypr) u Ko-
JIyMOuiickuii arap ¢ 5% KpoBU OBell.
Hoenmugurkayus e6udosé oOaxkmepuii memoodom
MALDI-ToF macc-cnekmpomempuu. Vicrionb3oBanu
macc-cnekTpoMmeTp «BactoSCREEN MALDI-ToF»
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(JTutex, Poccust) u/unu HactoabHbii MALDI-
ToF macc-cniekTpoMeTp ¢ 6asoii manHbix MALDI
Biotyper (Bruker Daltonics Inc., [epmMaHust) B cooT-
BETCTBUU C MHCTPYKIHUSIMU ITO TIPUMEHEHUIO.

Hoenmugurkayus d6axkmepuii 6uoeapa A. bau-
mannii bv. tryptophandestruens no xpomoeenHoii 6uo-
mpancghopmayuu benHzoama Hampus Ui AHMPAHU-
ao06oi kucaomot [2, 3]. CocTaB U IPUTOTOBJIEHUE
MUTATEeJbHOW cpenbl: B 1 JI TUCTUJIMPOBAHHON
BOJbl BHOCST: MeNTOH (epMeHTaTuBHBIN 5,0 T;
NaCl 5,0 r; FCL,6H,O 10%-Hblii BOOHBIA pacT-
Bop 0,5 MJI; OPOMTUMOJIOBBIA CUHUI 1,6%-HbIiA
BOAHBINM pacTBOP 3 MJI; arap MUKpPOOHOJIOTHYEC-
kuii 15,0 r; NaOH 4% pactBop 2,8 mu (as1 cpe-
bl ¢ OEH30aTOM HATpUS) UIAU 25 MJI (IJIsI Cpeabl
C aHTPAHMJIOBOM KMCJIOTOI); PacTBOPSIOT IIPU
HarpeBaHMM BCE KOMITOHEHTBI, 3aTeM J100aBJISIIOT
oenszoat HaTpug 1,0 1 (MAM aHTPAHUJIOBYIO KHC-
noty 1,0 r); koppektupyiot pH 7,2+0,2; crepunn-
3y1oT nipu 112°C B TeueHue 20 MUH, pa3auBaIOT
Buawku [letpu. [utarenbHas cpeaa uMeeT 3eJie-
HYIO OKpacKy, mpo3padHasi, IpUroaHa K UCIOJb-
30BaHM10 B TeyeHUe 30 CyTOK IpU XpaHEeHUU OT 4
mo 8°C. KoHTonbh MUTAaTeAbHOM CPembl IIPU MPHU-
TOTOBJIEHUU: CYTOYHBIE KYJIBTYPbl KOHTPOJIBbHBIX
ITaMMOB (KJIMHWYECKHUE ITaMMbl A. baumannii
u A. baumannii bv. tryptophandestruens) 3acena-
IOT B BUAe OJSIIKMA THUAaMETPOM 5 MM Ha ITHUTa-
TEJIbHYIO Cpeay B Halllke, UHKYoupyoT npu 37°C
B TeyeHue 18—24 4, yyuUTHIBAIOT pe3yJbTaT: MU-
TaTeJibHasl cpela MPUIodHA K MCIIOJb30BaHUIO,
ecJIM BOKpYT rasoHa 0akrtepuii A. baumannii bv.
tryptophandestruens nMeeTcsT 30Ha TEMHO-KOPHU-
HEBOM OKpacku cpeabl (IMOJOXUTEIbHBIN KOH-
TPOJb) TMPU OTCYTCTBUM 30HBI OKPACKM CpPEIbl
BOKpYTr ra3oHa A. baumannii (OoTpUIIaTeIbHBIN
KOHTPOJIb).

Ilpumenenue numamenwvnoti cpeder. Wccie-
NyeMbIil MaTepraJ — CYTOUHbIE KYyJAbTYpbl A. bau-
mannii 3aC€BAIOT HA IIMTATEIAbHYIO CPEIy B BUIE
OJISIIIIeK B OTACIBHBIX ceKTopax damku (/; yacThb
YallKn), UHKYOupytoT aspobHo npu 37°C 18—24 y,
3aTeM YYMThIBAIOT pe3yJibTaT. Haauuue Bokpyr ra-
30Ha OaKTepuii 30HbI TEMHO-KOPUYHEBOI OKpac-
KU TIATATeIbHOW cpeabl yKa3blBaeT Ha MIpUHAI-
JIEXKHOCTh ILITaMMa K OuoBapy A. baumannii bv.
tryptophandestruens.

Onpedenenue uyscmeumenbHocmu Oaxkmepulii
K aumumukpoonoim npenapamam (AMII). Yys-
CTBUTENbHOCTb K AMII uzonsatosB A. baumannii
onpenesisiyiv cpasy MocJie UX BUITOBOW UACHTUMM-
kanuu. MccinemoBaHnue MpoBOAMIN aBTOMAaTU3U-
pOBaHHBIM MHUKPOOHMOJOTMUYCCKUM aHaJIU3aTo-
poM «Vitek 2 compact» (bioMerieux, ®@paH1)
B COOTBETCTBUY C UHCTPYKIIMEH IO ITPUMEHEHUIO.
KnuHunyeckue KaTeropum 4YYBCTBUTEJIbHOCTU
nzosisaitToB K AMII onpenensiiv Ha OCHOBAHUU TIO-
TPaHUYHBIX 3HAUYCHU I MUHUMAaJIbHBIX ITOIaBJISTIO -
mux koHueHtpauuin (MITK mr/a), yctraHOBaeH-

HbIX EBpOIIEIICKMM KOMHUTETOM IO OITpeIeIeHUIO
YYBCTBUTEJIbHOCTY K aHTUMUKPOOHBIM Mpenapa-
tam (EUCAST), Bepcus 11.0, u poccuiickux pe-
KoMeHmaunit «OmnpeaeneHue 9yBCTBUTEIbHOCTH
MHMKPOOPraHU3MOB K aHTUMUKPOOHBIM ITperapa-
tam», Bepcus 11.0, 2011.01 [1]. Ha npubope «Vitek
2 compact» onpenesiii pe3yabTaThl TECTUPOBa-
HUSI TaMMOB A. baumannii Kk AMII o xateropu-
aM uyBcTBUTeNbHOCTH (H) 1 pe3ucteHTHOCTHU (P),
MUCIIONb3YS CAEAYIOIINe KPUTEPUU MOTPAaHUYHBIX
3HaueHuit MIIK mr/n: meponenem (4 < 2; P > 8),
nutpodrokcauns (4<0,001; P> 1), reHTaMUIITH
(4<4; P>4), norumukcuH B (4 <2; P > 2), Tpu-
meTonpum/cyibdamerokcason (Y < 20 no tpu-
metonpumy). OrcyrctByeT kputepuii EUCAST
O OIIpEeNCICHNIO KJINHUYIECKON KaTerOpuu 4yB-
CTBUTEJBHOCTU OaKTepUuil Acinetobacter spp. K TU-
reuukyannHy. [ToaTOMY 1J151 CpAaBHUTEJILHOM Xapak-
TEPUCTUKMU IITAMMOB A. baumannii u A. baumannii
bv. tryptophandestruens 1O YYyBCTBUTECIbHOCTH
K TUTEHUKJIWHY OIEHWBAJMU paclipeaeeHue
mramMmmoB o MITK, MITK50%, MITK90%.

Pesynbrarhl

Pesysnbrarbl CpaBHUTEIBHOM XapaKTepUCTH-
KU TPYIIbl U30JSITOB A. baumannii bv. trypto-
phandestruens N TPYIIITBI U30JSITOB Ipouux A. bau-
mannii N0 KJIMHUYECKOU KATETOPUU YYBCTBUTEIb-
HBIX K aHTUMUKPOOHBIM Tipernaparam (Y), omnpe-
JIEJICHHOW Ha OCHOBAaHUM KPUTEPHUEB IMOPOTOBBIX
MIIK mr/a mo EUCAST, Bepcus 11.0 [1], mpuBene-
HbI B Tab. 1.

Pe3ynabpTarbl CpaBHUTEIBHOM XapaKTePUCTUKU
YYBCTBUTEJIBHOCTU K TUTCLIUKIUHY T'PYIIbl U30-
JIITOB A. baumannii bv. tryptophandestruens n TpyIi-
Bl U30JISITOB IIpouux A. baumannii, onpenaeIeHHOM
METOJIOM UX pacnpeneieHus mo MITK, MITK50%,
MITK90% nipencraBieHbl B Ta0JI. 2.

O6cyxaeHne

YcTaHOBJIEHO, UTO B I'pyIlne u3ojisiToB A. bau-
mannii bv. tryptophandestruens 1 TpyIIIie U30J15ITOB
npouux A. baumannii 09eHb PEeIKO MPUCYTCTBY-
IOT LITaMMBbl, 4yBcTBUTeJNbHbIE (Y) K Mepore-
HeMy (8,844,6 n 3,842,6% cOOTBETCTBEHHO, p >
0,05) n unnpodpaokcauuuy (5,8+4,0 u 9,6£4,1%
cooTBeTcTBeHHO, p > 0,05). Penko mpencraBie-
HBI B 00eUX rpynnax ITaMMBbl, YYBCTBUTEIbHBIC
K TeHTaMuuuny (26,7£7,5 n 19,3+5,5% coorBeT-
cTBeHHO, p > 0,05) u TpumeTonpum/cyabdame-
ToKcazony (36,8%£8,3 u 23,6%5,3% cOOTBETCTBEH-
HO, p > 0,05). CoxpaHUIU YYBCTBUTEJIBHOCTH
K TIOJMMHUKCUHY B Bce mraMMBl 00eMX TpyIn
(rmo 100%).

BroisiBjieHa 0OCOOEHHOCTb YYyBCTBUTEJAbHOCTU
K aHTUMMHUKPOOHBIM IperaparamM OaKTepuil OMO-
Bapa A. baumannii bv. tryptophandestruens: oHu npe-
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BOCXOJISIT IITAMMBI TPYIIITBI Ipouux A. baumannii
no yactore n3zonsatoB ¢ MIIK 50% turenukiuHa
(MIIK 50% — 0,5 mr/m; MITK 50% — 2 mr/a1 coort-
BETCTBEHHO), a TAKK€ MMEIOT JIOCTOBEPHO OOJIbIIIE
mwtammoB ¢ MITK 0,5 mr/n (52,9 u 15,4% coorBeT-
cTBeHHO, p < 0,01).

Pesynbrarbl HcciieqoBaHUS MOTYT OBITh MC-
MOJIb30BAHbI MPU BBIOOpPE aHTUMUKPOOHBIX TIpe-
MmapaToB JJISI SMIIMPUYECKOW XMMUOTEpAITu NH-
dek1uii, BBI3bIBAEMBIX A. baumannii, a TakXe s
pa3paboOTKN KPUTEPUEB ONpeneieHUs KIMHUYEC-
KO KaTeropuu 4YyBCTBUTEJIBHOCTU A. baumannii
K TUTELIUKJIUHY o moporosoii MITK.

3akJito4eHme

Takum 00pa3oM, KIMHUYECKUE U3O0JSITHI OUO-
Bapa A. baumannii bv. tryptophandestruens He nme-
IOT IOCTOBEPHBIX PA3JIUYUN C U3OJATAMU MTPOYUX
A. baumannii TI0 4acTOTE IITAMMOB, UYyBCTBUTEIb-
HbIX (H) K MeponieHeMy, TUTTPOMIIOKCALIUHY, TeH-
TaMULIMHY, TPUMETOIPUM/Cyh(hamMeToKcasolry,
nonumMukcuHy B. baktepuu 6uoBapa A. baumannii
bv. ftryptophandestruens oTnu4aloTcs OT W3OJISITOB
npouux A. baumannii noka3ateasiMyA YyBCTBUTEI b-
HOCTHU K TUTELIUKIIUHY — O0JIe€ BBICOKO YaCTOTOMN
mramMmmoB ¢ MITK 0,5 mr/i (p < 0,01) 1 MIIK 50%.

Ta6nuua 1. XapakTepucTuKa 4yBCTBUTEJIBHOCTU K aHTUOMOTUKAM KNIMHUYECKUX WTamMoB Acinetobacter

baumannii bv. tryptophandestruens v A. baumannii*

Table 1. Characteristics of antibiotic sensitivity of clinical strains of Acinetobacter baumannii bv. tryptophandestruens

and A. baumannii*

Wrammbl A. baumannii
bv. tryptophandestrues Lrammbl A. baumannii
Strains of A. baumannii Strains of A. baumannii .
bv. tryptophandestrues n=52 YpoBHM BEPOSITHOCTEWN
AHTMOMOTUKN n=34 pasnunumii M1 u M2 (P)
Antibiotics M1 and M2 (P) difference
W3 HUX YYBCTBUTENbHbIX W3 HUX YYBCTBUTENbHbIX probability level
K aHTMOMoTukam (4)** K aHTMOMoTukam (4)**
From them sensitive to antibiotics (S)** | From them sensitive to antibiotics (S)**
N;; M, £m,% N,; M,=m,%
MeponeHem 3:8,8+4.8 3,8+26 >0,05
Meropenem
Ll,.unpocbno?(cauuu 2:58+4,0 5; 9,6+4,1 >0,05
Ciprofloxacin
reHTaMI./IL!.VIH 9: 26,7475 10; 19,3%5,5 >0,05
Gentamicin
TpumeTtonpum/
cynud:amepxcason 13:38,248.3 23,1%5,8 >0,05
Trimethoprim/
sulfamethoxazole
Monumukcu B 34; 100 52; 100 0
Polymyxin B

MpumeyaHue. * — 4yBCTBUTENBHOCTb K aHTUOMOTMKAM ONPeaensv Mukpobronornieckum aHanmaatopom «Vitek 2 compact» (bioMerieux, @panuus).
** — KNIMHWYECKYIO KaTeropuio YyBCTBUTENbHBIX K aHTUMMUKPOOBHbLIM NpenapaTam LWTaMMoB (4) onpeaensnm no norpaHuyHbIM aHaveruam MK,

ycTaHoBneHHbIM EUCAST, Bepcus 11.0 [1].

Note. * — sensitivity to antibiotics was determined by the “Vitek 2 compact” microbiological analyzer (bioMerieux, France). ** — the clinical category
of antimicrobial-sensitive strains (S) was determined by the boundary MSC values established by EUCAST version 11.0 [1].

Ta6nuua 2. YyBCTBUTENIBHOCTb K TUTE€LUKJIMHY KIIMHUYECKUX u3onatoB Acinetobacter baumannii

bv. tryptophandestruens v A. baumannii

Table 2. Tigecycline sensitivity of clinical isolates of Acinetobacter baumannii bv. tryptophandestruens

and A. baumannii

PacnpepeneHue wtammoB no 3HavyeHmam MMNK, mr/n
Fpynnbl uTaMMOB TUreuunksunHa (n; %) MIK, mr/n
A, baumannn“ ) Distribution of strains by MSC magnitude, tigecycline mg/I (n; %) MSC, mg/!
Groups of A. baumannii strains
0,5 1 2 4 50% 90%

A. baumannii ) ) . )
bv. tryptophandestruens (n = 34) 18;52.9 8,236 3,88 5 14,7 0,5 4
A. baumannii (n = 52) 8;15,4 9;17,3 3;25,0 22;42,3 2 4
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MHAOYKUUA OKCUOATUBHOIO CTPECCA
APOXOKEBbIM KOMIMNOHEHTOM
MUKPOBUOTbI YHEJIOBEKA KAK PAKTOP
NATOrEHHOCTU MUKPOMULIETOB

B.B. IIpokonses'-?, H.B. Kykauna!, O.H. Ma3sko!, O.I. Makaposa'

'@I'BOY BO Aamaiickuii eocyoapcmeennutii meouyunckuil ynueepcumem Munzopaea Poccuu, e. Bapuayn, Poccus
2000 Kaunuko-ouaznocmuueckas rabopamopus «300posve», . bapnayn, Poccus

Pe3iome. BeneHue B pyTMHHYI0 MuKpoOuosornueckyto auarnoctuky MALDI-ToF macc-criekTpomMeTpuu npuBesio
K CYIIECTBEHHOMY PacIIMPeHUIO CIHUCKA MACHTU(GUIIMPOBAHHBIX MUKPOOPTaHM3MOB. JlaHHOE SIBJICHUE 3aTPOHYIIO
1 MUKOJIOTMYCCKHE MCCICAOBaHUS. B pa3sMMUHBIX THIIAX ATOJOIMYECKOTO MaTepHraja CTAalld BEIABIATHCS pEeIKue
0a3MIMOMMIIETEI 1 ACKOMMIICTHI. 3aUacTyIO CIIOKHO OLIEHUTH POJIb BEIICICHHBIX MUKPOMUIICTOB B ITATOTEHE3€ TOTO
WM WHOTO 3a00j1eBaHms. KpoMe obmenpu3HaHHBIX (PAaKTOPOB MATOT€HHOCTH, TAKNUX KaK (hepMEHTHI arpecCuu, a-
re3MBHasi aKTUBHOCTb M TOKCMHOOOPAa30BaHUE, CYIIECTBEHHYIO POJib B MaToreHe3e MHMEKIIMOHHBIX 3a001eBaHUI
MOTYT UTpaTh MHAYKIWS VI MHTUOMpOBaHNME aKTUBHBIX (hOopM KHcopona. B HalreM mcciegoBaHUYM MBI OLIEHU-
JIM O0IIYI0 TPOOKCUIAHTHYIO M OOIIYI0 aHTHMOKCUAA3HYI0 aKTMBHOCTbH KYJIbTMBUPYEMBIX aCKOMUILIETHBIX U 0a3u-
THUOMUIIETHBIX APOXXKel MUKoOMOMa KUIIeyHrKa yeaoBeka. [IITaMMbl MUKPOMUILIETOB, MCCACIOBAHHBIC B TaHHOM
paboTe, ObLIM MOJTYUYESHBI MPU KYJIbTYPATbHOM HCCACIOBAHUM KaJia MAllMeHTOB ¢ MAaTOJOrUel XKelylouyHO-KUIIey-
HOTO TpaKTa M OT 3I0POBBIX JIOAEH, TPOXOASIIUX TJIAHOBBIM MEMUIIMHCKUN ocMOTp. M neHTuduKaus npopeacHa
Ha OCHOBaHUU MOPGOJIOTMYECKUX, KYIbTYPaJIbHBIX, OMOXUMUYCCKUX CBOMCTB 1 MOATBEPKACHA ITPU TMTOMOIIU MacC-
criekTpoMeTpun. CymMMapHas IPOOKCUAaHTHAS U aHTUOKCUIAHTHASI aKTUBHOCTh OLIEHMBAJIACh 110 MHAYKIIUY VTN
MHTUOMPOBAaHNIO 00pa30BaHUS MaJJOHOBOTO AWabaernaa mpu okuciaeHnu TeuH-80. Belno ycTraHOBIECHO, UTO YpO-
BEHb 00IICH MPOOKCUIAHTHOM aKTUBHOCTH Y Rhodotorula mucilaginosa, Geotrichum candidum, Candida albicans, Pichia
kudriavzevii CTaTUCTYECKH TOCTOBEPHO IIPEBHIIIACT YPOBEHB 001 aHTUOKCHUIA3HOM aKTUBHOCTH, IIPUYEM ITPOOK-
cua3Hast akTUBHOCTb Pichia kudriavzevii 6bi1a 60Jee ueM B 2 pa3a Bblllie, YeM Y IPYTHUX UCCIEN0BAHHBIX MUKPOMMULIE-
TOB. BbISIBJIEHHAs! CIOCOOHOCTHh HEKOTOPBIX TPUOOB MHIYIIMPOBATh OKCUIA3HbII CTPECC MOXHO paccMaTpUBaTh KakK
OIMH U3 3HAUNMBIX (DAKTOPOB MATOT¢HHOCTH MUKPOOPTaHN3MOB, BEI3BIBAIOIINX ITATOMOP(OJIOrnuecKe N3MEHEHU ST
TKaHel KUIIeYHNKA JeT0BeKa.
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OXIDATIVE STRESS INDUCED BY THE HUMAN MICROBIOTA YEAST COMPONENT
AS A MICROMYCETES PATHOGENICITY FACTOR
Prokopyev V.V.*", Kuklina N.V.?, Mazko O.N.?, Makarova 0.G.?

@ Altai State Medical University, Barnaul, Russian Federation
b Clinical Diagnostic Laboratory “Zdorovie”, Barnaul, Russian Federation

Abstract. The introduction of MALDI-ToF mass spectrometry into routine microbiological diagnostics has led to a wide-
ly extended list of identified microorganisms. This phenomenon also affected mycological studies. Rare basidiomycetes
and ascomycetes began to be detected in various types of pathological material. It is often difficult to assess a role of iso-
lated micromycetes in the pathogenesis of a certain disease. In addition to generally admitted pathogenicity factors, such
as aggression enzymes, adhesive activity, and toxin formation, induction or inhibition of reactive oxygen species can play
a prominent role in pathogenesis of infectious diseases. In our study, we evaluated the total prooxidant and total anti-
oxidant activity of cultivated ascomycete and basidiomycete yeasts from the human intestinal mycobiome. The strains
of micromycetes assessed here were obtained from a fecal culture study from patients with gastrointestinal tract pathol-
ogy and healthy people undergoing a routine medical examination. Identification was carried out analyzing morpho-
logical, cultural, biochemical properties and confirmed by mass spectrometry. The total prooxidant and antioxidant
activity was assessed by the induced or inhibited malondialdehyde formation during Tween-80 oxidation. It was found
that the level of total prooxidant activity in Rhodoforula mucilaginosa, Geotrichum candidum, Candida albicans, Pichia
kudriavzevii significantly exceeds the level of total antioxidant activity, and the Pichia kudriavzevii prooxidase activity
was more than twice as high as in other studied micromycetes. The revealed ability of some fungi to induce oxidase stress
can be considered as one of significant pathogenicity factors of microorganisms that cause pathomorphological changes

in human intestinal tissues.

Key words: oxidative stress, yeast, pro-oxidant activity, antioxidant activity, intestinal mycobiota.

BBepneHue

VBeanueHue JIOCTYNMHOCTU CEKBEHUPOBAHUS
HoBoro nokoyieHus (NGS) 1 Macc-CieKTpOMETPUU
MPpUBEJIO K KpPaTHOMY POCTY KOJIM4ecTBa padoT,
MOCBSIIIIEHHBIX M3YyYEeHUIO 0aKTepUaJIbHOTO KOM-
MOHEeHTa MUKpoOnoma KuineaHnka. OmHaKo oTMe -
YaeTCsI U POCT KOJIMYEeCTBa paboT, CBI3aHHBIX C M3-
yYeHUuEeM rpuboB — MUKOOMOMA KUIIIEYHUKaA.

MeTtonbl METareHOMMKU W MaccC-CIeKTPOMET-
pudeckoit MAeHTUGUKAIIMNA KYJTbTUBUPYEMBIX MUK-
pOOPraHM3MOB KUIIIEYHUKA PACIIMPUIIM HAIllM 3Ha-
HUST 00 BTUOJIOTMYECKOM pa3HOoOoOpa3uu OakTepuit
1 MUKPOMUIIETOB KeJTYI0UYHO-KHUIIIETHOTO TPpaKTa.

KpoMe xopolio wu3y4yeHHBIX TpPpUOOB poja
Candida wn Aspergillus nosiBU1ach BO3MOXHOCTh
UASHTUGUKAITUA MUKPOMUIIETOB JIPYTUX TaKCO-
HOMUWYECKUX TPYIIIL.

Pacmupenue criekTpa MACHTUGUITMPOBAHHBIX
MUKPOMMUIIETOB MPUBEJIO K BOIIPOCY 00 WX pOJIU
B CUMOMOTHMYECKNX OTHOIICHUSX C OPTaHU3MOM
yeJIoBeKa.

OOHapy:XeHue B IaToJIOTUYeCKOM MaTepua-
Jie HeJIOCTaTOYHO M3YYEHHBIX MHUKPOOPraHMU3MOB
MPUBOIUT K BOITPOCY O POJIM HAMJIEHHOTO MUKPO-
MHUIIETa B JaHHOM KOHKPETHOM 3a0oJIeBaHUU.
YacTto B auTepaType HapsiLy C COOOIIEHUSIMU O Tia-
TOTE€HHOW pOJIM TOTO WU MHOTO MUKPOMMUIETA
BCTPEYAIOTCS COOOIIEHUSI U O ero ImpoOroTHYeC-
Kot aktuBHOcTH [11, 13, 20]. Kpome TOro, Mukpo-
MUIIETHI KUIIEYHUKA BIUSIOT Ha pabOTy pa3ind-
HBIX OPraHOB U cUCTEeM [26], TeM caMBbIM eliie 6oJiee
3aTpyaHSIs OTIpe/ie]IeHUEe X POJIM BO B3AUMOOTHO-
IIEHWU U C OPTAaHU3MOM YEJIOBEKOM.

st pellieHre 3TOro BOIpoca B IIEPBYIO o4epelb
HEOOXOIMMO OLIEHUTH ITaTOreHETUYECKUI TTOTeH-
MaJ MUKPOOpPraHMU3Ma, KOTOPBIM CKJIadblBaCTCS
M3 COBOKYMNHOCTU CBOMCTB, IPUBOMSIIUX K CITO-
COOHOCTHM TTOBpPEXJIaTh OpraHbl U TKAHU OpPTaHM3-
Ma Xo3siuHa. TpaauIIMOHHO 3TU CBOMCTBA BKJIIOYA-
IOT CIIOCOOHOCTD K aJAre3uu, CUHTe3y (epMeHTOB
arpeccuu, TOKCMHOOOPa30BaHUIO M T..

ITomuMo obuIenpr3HAHHBIX (PaKTOPOB MaTOreH-
HOCTHU €CTh Psifi OMOJOTMYECKUX ITPOLIECCOB, KOTO-
PBIM YAEJISIETCSI HEIOCTaTOUHO BHUMaHUsl. B HacTosI-
11ee BpeMsl poJib CBOOOIHO-paIuKaIbHBIX ITPOLIEeC-
COB B ITaTOI€HE3¢ COMaTMYECKUX 3a00JIeBaHU 1 YeI0-
BEKa U B KAUECTBE PETYISITOPHBIX (hU3NOJTOTMYECKUX
MEXaHU3MOB He BBI3bIBaeT COMHeHMii. C apyroi
CTOPOHBI, 3HaYCHNE CBOOOIHO-PaTNKAIBLHOIO OKHC-
JIeHUs 1 nepekucHoro okucaeHus aunugao (I1OJT)
BO B3aMMOOTHOIIEHUSIX MEXKIY OTACTbHBIMU IIPEI-
CTaBUTEISIMU MUKPOOMOTHI M OPraHU3MOM YeJIOBeKa
M3Yy4YeHbI HemocTaTrouHo. PaboThl, Kacaroluecs 1aH-
HOT'O BOIpoca, B OOJIbIIEH CTEIeH! MOCBSIIEHBI aH-
TUOKCUJAAHTHOI aKTHUBHOCTU TPOOUOTUKOB [8, 24].
Posib ke TIpOOKCUIaHTHOM aKTMBHOCTH KUIIIEYHOI
MUKPOMIOPH U3ydeHa HETOCTATOYHO.

MeToapl OLIEHKM MpPO- U AHTUOKCUIAHTHOM
AKTUBHOCTU pa3IMyaloTcs I10 TUIY HMCTOYHUKA
OKUCJICHUSI, OKHCJISIEMOIro BeIleCcTBa M CHOCO-
0a IeTeKIIMU OKMCICHHOro coearHeHus. OmHUM
u3 HauboJiee MPUHSITHIX cnocoboB oueHKu [T1OJI
SIBJISICTCSI ONpelesieHMe MaJIOHOBOTO JMajbleru-
Jla — OCHOBHOI'O OMOXMMMYECKOro MapKepa Iepe-
KMCHOT'O OKUCJIEHUS OuonoamumMepos [23].

B Hameit pabote Mbl CpaBHUJM OOIIYIO ITPO-
OKCHJaHTHYIO akTUBHOCTb (OITA) 1 o011yI0 aHTU-
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OKCUJAaHTHYI0 akKTUBHOCTb (OAA) aCKOMUIIETHBIX
(Candida albicans, Pichia spp., Geotrichum candidum,
Wickerhamiella pararugosa, Brettanomyces bruxellensis,
Coniochaeta  hoffmannii) n  06a3UINOMUIIETHBIX
(Rhodotorula mucilaginosa, Trichosporon asahii) npox-
JKel, BbIICJIEHHBIX U3 KUIIIEUHMKA YeJT0BeKa.

Marepuanbl 1 MeTopl

B paGote ObLIM HCCIeIOBaHbI 0a3UIOMUIIETHBIE
npoxxu Rhodotorula mucilaginosa (20 1mITamMmmoB),
Trichosporon asahii (3 miTaMmMa) U acCKOMUIIETHBIE
npoxxku Candida albicans (11 mutammoB), Geotrichum
candidum (18 nrammoB), Pichia kudriavzevii (7 mutam-
MOB), Brettanomyces bruxellensis (2 mtamma), Pichia
kluyveri (1 mramm), Pichia fermentas (1 mrtamm), Pichia
cactophila (1 mwitamm) u Wickerhamiella pararugosa
(1 mrramm), Coniochaeta hoffmannii (1 mtamm). Bee
IITaAMMBI OBLIM TIOJIYyYEHBI IPpU 0aKTEepHUOJIOTUYeC-
KOM HCCJIeAOBAaHUHM KaJjla ITallMeHTOB aMOyJIaTOPHO-
r'o OTJEeJIeHU I KPYITHOTO MEAUIIMHCKOTO IIEHTpa.

Kaun 3aceBajicst Ha cpeny Cabypo ¢ 2% TITI0OKO3bI
un xjopamberukonoM (0,4 r/1) U UHKyOUpOBAJICS
npu 35°C B TeueHue 72 4, 1ajee YallKU B TEUEHUU
HelleJ M MHKYOupoBaauch npu temneparype 25°C.

Wnentudukanus ApoxkKei MpoBOAMIach Ha OC-
HOBE X MOPGOJIOTNUESCKUX, OMOXUMUYECKUX U KYJTb-
TypaJIbHBIX CBOMCTB Tipu momoinu Atlas of Clinical
Fungi (De Hoog G.S. et al., 2020, 4th ed.) u UnTepHeT-
pecypca www.clinicalfungi.org.

J11s 6onee TOYHON MACHTU(DUKALIMU IPOXKXKei
OBIJI UCTIOJIB30BaH Macc-crieKTpoMeTp «Microflex»
(Bruker Daltonik GmbH & Co. KG, I'epmanwus)
¢ nporpaMMHbIM obecrieueHueM MALDI Biotyper,
UCTIONb3YIOINN pedepeHCHYI0 6a3y JaHHBIX (CO-
nepxut 6omee 2500 BumoB MO u 7800 mmrTaMMOB).

J171sT OIEHKM TTPOOKCUAAHTHOMN 1 aHTUOKCUIAHT-
HOI aKTUBHOCTH F'OTOBUJIM CycIieH3uu 48—72-4aco-
BOI KYJIBTYPbI UCCIIEAYEMbIX MUKPOMUILIETOB B (DU-
3MOJIOTMYECKOM pacTBope xjopuaa Harpus. [1pu mo-
mottu Densi-La-Meter I1 (Erba Group, EU) cycrieH-
31U TOBOJIMJIM IO OTITUYECKOW MJIOTHOCTH, PAaBHOM
1,0—-2,5 Maxk®apianga, B 3aBUCUMOCTH OT BHJIA
MHUKpOOpraHusMa, 4ro coorBeTctBoBajio 107 KOE/
MJI (paccuyuTaHoO Ipy oMol kaMmepbl ['opsieBa).

CyMMapHyl0 TPOOKCUIAAHTHYIO aKTUBHOCTH
OLIEHMBAJIY IO UHTEHCUBHOCTU OKpacKu diyopec-
LIEHTHOI'0 KOMITJIeKCa, 00pa3yolIerocst mpu B3au-
MOACUCTBUM TPOAYKTOB IIEPEKMCHOTO OKMCIIEC-
Hus TBUH-80 ¢ THOOGAPOUTYPOBOI KUCIOTON MpPU
nomoiu crekrpodoromerpa «Cary 50» (Varian,
CIIA) (pesynabraThl IIpeacTaBieHBbl B ITPOLIEHTaX
OT 3HAUYCHUSI KOHTPOJBHOU MPOOHI [1]).

AHTHUOKCUIAHTHYIO aKTUBHOCTb  CYCITEH3UA
MUKPOMMUIIETOB OLICHUBAJIM 110 MU3MEHEHWIO MHTE-
rpaTMBHOIO MoKa3aTesisl OO0llei aHTUOKCUIAHTHOMI
akTUBHOCTH [3] (ompenessieTcst To UHTMOMPOBAHUIO
Fe?*/ackopbar MHAYLUPYEMOIO HAKOILIEHUS IIPO-
JMIYKTOB, pearupyouux ¢ TMo0apouTypoBOil KUCIIO-

Tolt ipu okuciaeHuu TBUH-80 (pe3yabTaThl BeIpaxke-
HBI B ITPOLIEHTAaX OT 3HAYEHU I KOHTPOJbHOM MPOOHI).

AHanM3 M cTaTucTUYeckasi oOpaboTka aH-
HBIX OBLJT IIPOBEICH MPU ITOMOIIIHM pacuyeTa MapHOTO
t-kputepust CrbhlofeHTa. AHaJU3 HOPMaJIbHOCTH
pacrpeneJeHus: TPOBOAUJIICS IMTPU MOMOIIY KPUTE-
pus Aunepcona—/dapnaunra, p < 0,05.

Pesynbrarhl

Hcnonb3yemasi B HacTosi el paboTe MeToauKa
HE TI03BOJISICT OLEHUTh TOHKME MEXaHU3MBI MPO-
M aHTUOKCUIAHTHOW aKTUBHOCTH MCCIIEIyeMBIX
MUKPOOpPraHu3MoB. B To ke BpeMsi olleHKa UHTer-
patuBHBIX TTIoKka3aTteseii OAA n OITA maioT Heko-
TOpoe IMOHMMaHHe 00 yYacTUU aKTUBHBEIX (opm
KHCJIOpoAa BO B3aMMOOTHOIIICHUUN IPOKIKEH KH-
IIEYHU KA C OpTaHU3MOM YeJIoBeKa.

Ha puc. npeacraBienbl nanibie OAA u OITA
HWCCIIeIYeMbIX MUKPOMUIIETOB.

K coxxajleH110 yacToTa BCTPE4aeMOCTH HEKOTO-
PBIX TPUOOB KMIIIEYHWKA HE TTO3BOJISICT HaM ITPOBe-
CTU MOJIHOLICHHBIN, CTATUCTUYECKU TOCTOBEPHBIN
ananmu3 OAA u OITA, n nojilydeHHbIe HAMU JaHHBIE
HOCSIT JIUIIb OPUEHTHUPOBOYHBIN XapaKTep.

B To Xe BpemsT maHHBIC, ITOJIyYEHHBIC TTPU UC-
ciaegoBaHuu R. mucilaginosa, G. candidum, C. albi-
cans, P. kudriavzevii, noKa3pIBalOT 3HAUNMOCTb U H-
IYILIAPYyeMOI ITPOOKCUIAHTHOM aKTUBHOCTH.

W3 npeacraBieHHBIX JaHHBIX BUAHO, uTOo OITA
MUCCIIEYeMbIX MUKPOOPraHMU3MOB CTAaTUCTUUYECKU
noctoBepHo npeBbiaeT nx OAA. TakuMm o6paszom,
B ImaToreHe3e 3a00JIcBaHUM, BBI3BAHHBIX R. muci-
laginosa, G. candidum, C. albicans, P. kudriavzevii,
OKUCJIUTEJbHBIN CTpPECC MOXET UTIpaTh CYIIECT-
BEHHOC 3HAUCHMUE.

Cpenn n3y4yeHHBIX MUKPOOPraHM3MOB oOpaiia-
eT Ha cebs1 BHuMmanue P. kudriavzevii, OITA KoTo-
poii 6osee yeM B 2 pa3a MpeBbILIAET MMPOOKCUIA3-
HYIO0 aKTUBHOCTb APYTUX MUKPOOPTaHU3MOB.

HecMmoTpsa Ha HEBO3MOXHOCTb JTOCTOBEPHOI
oueHku OAA u OIIA, wmrtammbel W. pararugosa,
P. fermentas, P. cactophila moxazanu TIpU3HAKU
aHTUOKCUIAa3HOI aKTUBHOCTHU, UYTO TpedyeT Oosee
BHHUMATEJIBHOTO UX PACCMOTPEHUSI C TOUKU 3PCHUS
WX ITIPOOMOTUYECKO aKTUBHOCTMH.

O6cyxaeHne

Cy1uecTByeT 00JIblLIOE KOJMUYECTBO padoT, Moa-
TBEPXKAAIOIIMX Yy4yacTUe OKCHJIATUBHOIO CTpecca
B BOCITAJIMTEJILHBIX 3a00JIeBaHUSX KHUIIIEYHUKA,
Takux Kak 0osie3Hb KpoHna [6], Hecrenmupuieckom
SI3BEHHOM KoJyiute [15] U Apyrux maToJormyeckux
npolieccax KuinedyHuka. Kpome toro, ¢ okcuaaTuBs-
HBIM CTPECCOM CBSI3bIBAIOT METa0OIMYECKUI CUH-
IpoM [4], HeaTKOTOJbHBII XKMUPOBOI TertaTo3 [7] u np.

DKcIepMMeHTaIbHbBIC JaHHBIC TIOKA3bIBAIOT, YTO
B IIPUCYTCTBUU KUILIEYHOH MUKPODIOPHI SGHTEPOLI U -
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Figure. Total prooxidant and antioxidant activity of human intestinal yeast

Thl KAIIEYHUKA CIIOCOOHBI TCHEPHUPOBATh «(PU3NO-
JIOTMYECKHNI YPOBEHBb» OKCHMIATUBHOTO cTpecca [9].
Tak:ke ObljIa OTMEUEHA YeTKAasl CBSI3b MEXK Y AUCOUO-
30M KHMIIEYHUKA M OKUCIUTEIIFHBIM CTPeCcCOM [22,
25]. 1 B OOJIBIIMHCTBE pabOT B KadyecTBE MPUUU-
HBI OUCOMO3a pPAcCMATPUBACTCS OKMWCIUTCIBHBIN
CcTpecc, He3aBUCUMO OT IIPUIUHEI, €TO BHI3BABIIICHA.

B HacTosmieit padoTe MBI IIpeaiaracM paccMo-
TPeTh TOUKY 3PEHUS, COTJIACHO KOTOPOUM MUKPO-
OpTaHM3MBI, BXOISINHNE B COCTaB MUKPOMIOPHI
KUIIEYHNUKA, CIOCOOHBI BBI3BIBATH HAKOIIJICHUE
aKTUBHEIX (hOpM KHCIIOpPOAA, YTO B CBOIO OUepelb
MOXET 3aIlyCKaTh KacKaJ NaTo(MU3UOJIOTUYECKUX
M3MCHCHM B TKaHSIX KUIICYHNKA YeJIOBEeKa, IPH-
BOISIIINX K 3a00JI€BaAHUIO.

B HacrosiieM mccienoBaHUM Oblla BBISIBIICHA
CTaTUCTUYCCKN 3HAYMMasi ITPOOKCHIAHTHAs aK-
TUBHOCTb TpuboB R. mucilaginosa, G. candidum,
C. albicans, P. kudriavzevii.

Ponb C. albicans B KadecTBE TUOJIOTUYECKOTO
areHTa 3a00JIeBaHWUM pPa3IWMYHBIX OPraHOB YeJO-
BEKa XOPOIIIO M3BECTHA 1 HE BHI3BIBACT COMHEHUA.
OOHapyXeHHas B HACTOSIIEM MCCIIETOBAaHUU IIPO-
okcumaHTHasts akTuBHOCThH C. albicans TIOKa3bI-
BacT HaJIW4YME eIIe OMHOTO acleKTa ITaTorcHes3a
KaHIUI030B.

R. mucilaginosa onncaH Kak OIWH U3 BO30Y-
OUTeNae (PYHTeMUHM U TOpakeHUs IICHTpPaJIbHOM
HEPBHOM CHUCTEMBI, XOTs €CTh JaHHBIC O ITopaxKe-
HUM Apyrux ouortoroB [14]. B mocnemrme mecs-
TUJICTUST OTMEYACTCS 3HAYMTEIBHBIM pPOCT 3a00-
JIeBaHUM, BBI3BAHHBIX JTaHHBIM MHKPOMUIIETOM.
LlenTpanbHass HepBHAs cucTeMa W KPOBb, dYalle
nopakaeMble STUMH T'PUOAMU, OTHOCSITCS K Opra-
HaM C BBICOKUM ITaplIiaabHBIM JaBJICHUEM KHNCIIO-
pona [16], 9TO KOCBEHHO TOATBEPXKIAET BakKHYIO
pOJIb TPOOKCUIAHTHOW aKTHUBHOCTH, BBI3BaH-
HOM TaHHBIM MUKPOMHUIICTOM B ITATOJIOTUYCCKOM
mpoiiecce.

G. candidum Ttaxxke cTall yalle BCTpevyaThCs
B KayecTBE 3TUOJOTMYECKOro areHTa, Iopaxkaro-
mero sHAOKapH, Jerkue, rina3a u ap. [10, 18, 21].
Ero mmpookcnmaHTHASI aKTUBHOCTB, IO BCCU BUIU-
MOCTH, UTPaeT CYIIECTBEHHYIO POJIb B ITaTOTCHE3¢
BBI3BIBAEMBIX UM 3a00JICBaHUA.

P. kudriavzevii, tenemopd Candida krusei, crio-
cobHa BBI3BIBATH (pyHTeMuio [19], meputoHUT [5]
u npyrue naronoruu. C npyroii CTOpoOHbI, B psizie
paboT omMcaHbl MPOOMOTHUUECKHNE CBOMCTBA TaH-
HOro MmKpoopranusma [12, 17]. O6HapyxKeHHas
B HaIel paboTe ero IIPOOKCHIAHTHAST aKTUB-
HOCTB, BEpPOSITHO, BHOCUT CYIIIECTBCHHBIN BKJIam
B ITATOT€HHOCTh JaHHBIX MUKPOOPTaHMN3MOB.

HecmoTpss Ha HemocTaTOYHBIM 00BbeM MHGOP-
Mallid O 3HAYMMOCTH HCCICAYEMBIX MUKpOOpTa-
HHU3MOB B ITaTOJIOTUU KUIICYHWKA, JaHHBIC MHUK-
pPOOpPraHU3MBI C O0JIee BEICOKOM YaCTOTOM OOHApY-
KHUBAIOTCS Yy JIIOIEH C IMTaTOJIOTUEH KeJTyTOIHO-KI-
IICYHOTO TpaKTa [2], 4eM y 3TMOpOBBIX JTIOICH.

O6pa3oBaHHe MaJOHOBOTO OHWAJIbICTHIA TaK-
KEe TeCHO CBSI3aHO C 0Opa30BaHUEM MpOCTaTIaH-
OIUHOB. DTO COEIMHEHHUE IIPEACTaBIIsSIET COOOit
aJpOeTUA W SIBIASICTCS OMHHUM W3 BUIOB 3JIEKTO-
GUIBHBIX COeIMHCHM, KOTOPBIC BHI3BIBAIOT TOK-
CUYCCKUI CTpecc B KJETKaX W o0pa3yloT KoBa-
JICHTHBIe OenKoBhie amayKThl (ALE), mo anamo-
TMM C KOHCYHBIMHU IIPOAYKTaMU TIIMKHUPOBAHUS.
Takum o0Opa3zoM, MPOOKCHIAHTHAsT aKTHUBHOCTH
IPOX KeH KUIIEYHNKA MOXET HAIIPSIMYIO BIUSITH
Ha (U3NOJOTUYECKUE ITPOIEeCChl TKaHel KUIIed-
HUKa JYeJI0BeKa.

Pe3ynbTaThl HAIlETO WCCICIOBAHUS TO3BOJISIOT
caeJiaTh MPEANOoI0oXeHUE eIlle 00 OJHOM MEXaHM3Me
MAaTOTeHHOT'O0 BO3IECUCTBUS MUKPOMUIIETOB HA TKa-
HM opraHM3Ma 4dejoBeKa. JIJIsT 6ojiee TOCTOBEPHOIM
OLICHKM POJIM OKCUIATUBHOI'O CTpecca, MHAYIIIPO-
BAaHHOTO MHUKPOMMUIIETAMU KUIIICYHUKA, HEOOXOI M-
MBI TaJIbHEIIIIee UCCIIeIOBaHUSI.
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CPABHUTEJIbHbI AHANIN3 CTPYKTYPhI
3ABOJIEBAEMOCTU COVID-19 HACEJIEHUA
CAPATOBCKOW OBJIACTU B MEPUOAbI
NPEOBJIAAAHUA TEHOBAPUAHTOB DELTA
U OMICRON

A.A. 3umuposa’', B.E. Kykies', B.A. Cadponos', U1.H. Barkun?

'@KYH Poccuiickuii Hay4Ho-uccaedo8amenvckuil npomuouymmbiii uncmumym «Mukpo6» Pocnompebnadsopa, e. Capamos, Poccus
2 Ynpasnenue Pocnompebnadsopa no Capamoeckoii ooaacmu, 2. Capamos, Poccus

Pesiome. HecmoTpst Ha ctabunbHOe cHUXeHUe ypoBHS 3a6oneBaemocT COVID-19, Bbi3biBaeMbIM BUpycoM SARS-
CoV-2, B 60J1bIIMHCTBE CTPaH MUpPa K KOHILY 2023 1., mpobJemMa pacnpocTpaHEeHU I TaHHOW WH(MEKIMU B TI100aTbHOM
MaciuTade MpomoskaeT ocTaBaThcs akTyaubHOH. Cpeau Bcex M3BeCTHBIX reHoBapuaHToB SARS-CoV-2 nomuHu-
PYIOIIMM Ha MPOTSIKEHWU MOYTHU ABYX JieT octaeTcss Omicron. OTIMYNTETBHBIMY CBOWCTBAMU JaHHOTO T€HOBApU-
aHTa SBJSIOTCS KOPOTKUI MHKYOALIMOHHBII meprof (1—5 cyT.), BbICOKash KOHTarMO3HOCTb, OTHOCUTENBHO JIErKOe
TeyeHHue 3a00JieBaHUsI, YTO CBSA3AHO C HAMOOJBIIUM cpedu Bcex reHoBapuaHToB SARS-CoV-2 uuciom myranuit
B reHome. [lepBruiit cayuait 3apaxxenust reHoBapuaHToM Omicron B Poccuu 3adpukcupoBaH B Hauase aekaopst 2021 r.
Ha mpoTsskeHny MHOTHX MecCsILIeB HaOTI0OIeH M 32 aKTUBHBIM paclipocTpaHeHUEeM TeHoBapraHTa B Poccuu siBnsieTcst
OUEBUIHBIM, YTO OH CYIIECTBEHHO OTIMYAETCS OT Mpenbaymux reHopapuaHToB SARS-CoV-2 1o psimy KIroueBbIX
XapaKTepUCTUK. M3ydueHre OCHOBHBIX 3aKOHOMEPHOCTEH, TPUCYITUX SITUAEMUIECKOMY ITPOIIECCY HOBOI KOPOHABH-
pyCHOI MHGEKINHY, B YaCTHOCTH BBISIBICHE PETMOHAIBHBIX OCOOCHHOCTEH, SIBISIeTCS OMHUM M3 BaXKHEUIINX Ha-
npapiaeHuit snuaHaazopa 3a COVID-19. B HacToselt ctaTbe poBeNeH CPaBHUTEIbHBIN aHAIU3 CTPYKTYPHI 3200716~
BaemocTu COVID-19 Hacenenus CapaToBCKO# 00JacT B eproAbl TpeobiaaaHus reHopapuaHnToB Delta u Omicron.
ITpu aHanu3e ucnoab30BaHa CTaTUCTUYECKAsI OTYETHOCTh YrpaBieHus PocnorpebHanzopa no CapaToBcKoii obJ1a-
ctu. OCHOBHOI METOJ UCCISIOBAHUS — SMUAEMUOJOTMIeCKU aHanu3. Pe3yabTraThl MccaenoBaHMS MTOKa3aiu, YT
B IIEpUOJI TOMMHUPOBaHMsI reHoBapraHTa Omicron 3aMKCUpPOBaHO yBeJIMUEHUE 01 3a00JIeBIINX CPEIU IETei pas-
HOro Bo3pacTa, YBeJWyUeHUe Yucia MHOUIMPOBAHHBIX C HEYCTAHOBJIEHHBIM UCTOYHUKOM MHGMEKLIUN 1 00JIeTYeHue
KJIMHUYECKOTo TeueHu s 001e3HU. JInia moxXujioro Bo3pacta BHe 3aBUCMMOCTH OT IIMPKYJIMPYIOLIEro reHoBapraHTa
MPOIOJIKAIOT OCTaBaThCsl B TpyIne pucka. Takum obpa3om, crycTs Tpu roma nanaemuun COVID-19 npocnexuBa-
€TCsl B3aMMHasl aJarTaius HOBOro KOpoHaBHpyca K YeJOBEUSCKOM MOMYISIINT, YTO COMPOBOXIACTCI U3MEHEHUEM
OMOJIOTMYECKUX CBOMCTB BO30YIUTESI M HAKOIJICHUEM MMMYHHOM IIPOCI0iiKu HaceneHus. O01erdyeHre CUMIITOMOB
3a00JIeBaHUS U CHUKEHME TIOKa3aTelisl JIETaIbHOCTH CpeIr MHGUIIMPOBAaHHBIX TeHOBapuaHTOM Omicron CBUIETEIb-
CTBYET B IIOJIb3Y HabHelimero nmpeodpasopannst COVID-19 B ce30HHYI0 MHOPEKIIHIO.

Karuesvie caosa: COVID-19, Delta, Omicron, 3a6oseeaemocms, eenosapuarmel, Capamosckas obaacme.
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COMPARATIVELY ANALYZED PATTERN OF DELTA AND OMICRON SARS-CoV-2 GENOVARIANT
DOMINATED COVID-19 INCIDENCE IN THE POPULATION OF THE SARATOV REGION
Zimirova A.A.?, Kuklev V.E.?, Safronov V.A.?, Vyatkin I.N."

¢ Russian Research Anti-Plague Institute “Microbe” of Rospotrebnadzor, Saratov, Russian Federation
b Department of Rospotrebnadzor for the Saratov Region, Saratov, Russian Federation

Abstract. Despite the stable decline in SARS-CoV-2 virus-caused COVID-19 incidence in most countries worldwide by
the end 0f 2023, spreading of this infection on a global scale remains relevant. Among all known SARS-CoV-2 genovariants,
within the last about two years Omicron remains dominant. The distinctive properties of this genovariant are presented
by short incubation period (1—5 days), high contagiousness, and a relatively mild disease course due to largest number
of genomic mutations among all SARS-CoV-2 genovariants. The first case of Omicron genovariant-caused infection
in Russia was recorded in early December 2021. Over many month-monitoring after active spread of the genovariant
in Russia, it is obvious that in a number of key characteristics it differs profoundly from previous SARS-CoV-2 genovariants.
Analyzing major patterns inherent in COVID-19 epidemic process particularly uncovering geographic features is one
of the most crucial activities in COVID-19 surveillance. Here, we provide a comparatively analyzed pattern of Delta and
Omicron SARS-CoV-2 genovariant dominated COVID-19 incidence in the population of the Saratov region. For this,
there was used statistical reporting from the Office of Rospotrebnadzor for the Saratov Region. The main research method
is based on epidemiological analysis. The study data showed that upon Omicron genovariant dominance, an increased
percentage in COVID-19 cases among children of varying age, increased rate of infected subjects with unknown source
of infection as well as improved clinical disease course were recorded. Regardless of the circulating genovariant, elderly
people remain to be in risk group. Thus, after three years of the COVID-19 pandemic, the mutual adaptation for SARS-
CoV-2 and human population can be observed, which is accompanied by altered biological properties of the former
and the accumulation of herd immunity. Alleviated disease symptoms and decreased mortality rate among Omicron

genovariant-infected individuals evidence in favor of further COVID-19 transformation into a seasonal infection.

Key words: COVID-19, Delta, Omicron, incidence, genovariants, Saratov Region.

BeepgeHue

BriepBble 3a HECKOJIBKO AECITUIETUI MUPOBast
MeIUIIMHA CTOJKHYJAch C TJIOOAJBLHOW YTpPO30i
30POBBIO YeJIOBEKa B CBI3U C TTOSIBJICHUEM PECTIU-
paTopHolt MH(MEKIIMY, BBI3BAHHON HOBBIM KOpPOHa-
BupycoM (SARS-CoV-2), koTopoit BcemupHast op-
raHusanus 3npaBooxpaneHus 11 despans 2020 1.
npucBouia obunuaibHoe HazBaHue — COVID-19.

IMangemusg COVID-19 crana omHMM U3 ca-
MBIX Cepbe3HBIX BBI30BOB JIJIsI MUPOBOTO COOOIIIE-
ctBa [6]. MaciiTab 5KCTEHCUBHBIX U MHTEHCUBHBIX
napamMeTpoB pacnpoctpaHeHuss COVID-19 (6o-
snee 200 oxBaueHHBIX TTAHJAEMUEN CTpPaH W CBBIIIIE
750 MJ1H cny4yaeB 3a001€BaHU ST, B TOM YUCJIE CBBIIIE
6,9 MJIH JIeTaJlbHBIX UCXOA0B) MHOTOKPATHO Tpe-
B3OIIIeJI HE TOJIbKO MPOSIBICHUST MH(PEKIITMOHHBIX
OoJie3Hei, BBI3BAHHBIX OJIM3KOPOJCTBEHHBIMU KO-
pOHaBUPYCAMU TSIXKEJIOTO OCTPOTO PECTTMPATOPHO-
ro cuanpoma (SARS, TOPC) u 61MKHEBOCTOUHO-
ro pecriuparopHoro cuaapoma (MERS, BBPC) [4],
HO U U3BECTHBIX MAHAEMUI, KOTOPBIE MTPOU3OILIN
paHee.

KnioueBbIM 3BEHOM, OIPENEISIONIUM OCHOB-
HbIe 0COOEHHOCTH TaTOreHe3a, KIIMHUKY U STTU/JIC -
muojioruu SARS-CoV-2, ssBisieTcst ero MyTareHes,
MPUBEAIINN K €CTeCTBEHHOMY OTOOpPY HECKOJIb-
KWX MyTalluii C OTYETIUBBIMU (DYHKIIMOHATIHHBI-
Mu ocobeHHocTsMU [14]. UHTeHCUBHOE pa3BUTHE
sruaeMudeckoro mpouecca COVID-19 cosmano
OaroTnpusITHBIC 9BOJIIOIIMOHHBIE YCIOBU S JIJIST TTO-
SIBJICHU ST TEHETUUYECKNUX BapUaHTOB BO30yIUTEN S,

KOTOpBIE OTJINYAIOTCSI BBICOKOM KOHTarMO3HOCThIO,
Takmnx Kak Delta (B.1.617.2) m Omicron [9].

MHorouuciaeHHbIe HayYHbIe UCCIIeJOBAaHM S TT0-
KaszaJju, 4YTO CPeaU MallueHTOB, MH(MUIIMPOBAHHBIX
reHoBapuaHToM Delta, B oTinune ot Omicron, 3a-
(ukcupoBaHa GoJjiee BbICOKasI A0Sl TOCTIMTAJIU3H-
POBaHHBIX B OTAEJIEHMsS] WHTEHCUBHOW Teparuu,
a TakKe MOJIST yMEePIIUX M3-3a IMIPEeUMYIIeCTBEHHO
TSIKEJIOTO TeUYeHUsT 00JIE3HU M BO3ZHUKAIOIIUX OC-
JoxHeHul [1, 8, 13], B TO BpeMsl KaK TeHOBapuaHT
Omicron, coaepXaliuii HauOOJIbIlIEe KOJUYECTBO
MmyTauuit B ciaiik-6enke SARS-CoV-2, no cpaBHe-
HUIO C IPYTUMHU CYIIECTBYIOIIMMU Fr'eHOBapraHTa-
MM, BBI3BIBAET OOJice JIeTKOe TeUeHUe 00JIe3HU, YeM
Delta [10, 12].

T'enoBapuaHT Delta moce nepBoro oOHapy>KeHU st
B Muauu B 2020 1. Haya 1 aKTUBHO PaclpoOCTPaHSITh-
csl TI0 CTpaHaM MUpa, B TOM 4yucie u B Poccuiickoit
®Ddenepatuu. [lo 1TaHHBIM OTKPBITOTO POCCUIMCKOTO
KOHCOpPLIMYyMa IO CEKBEHUPOBAHU 0 reHOMOB SAR S-
CoV-2, Delta cocrtaBisin 6osiee ITOJJOBUHBI (52%)
BO Bcex obpa3sliax, rnmoaydyeHHbix B Mae 2021 r., u 60-
nee 90% — B mioHe [2]. [1epBrIii crydait THGUIIIPO-
BaHUs reHoBapuaHToM Omicron B Poccuu 3aduk-
cupoBaH B Hayaje aekabps 2021 r. B manbHeiem
yKa3aHHBI TeHOBapUaHT aKTUBHO PacCIpoOCTpaHMJI-
csl BO BCeX CyObeKTax CTpaHbl, CTaB JOMUHUPYIO-
IIMM B CTPYKTYype 3abosieBaeMocTU ¢ Hadyasa 2022 1.
(51,6%) u o Hacrosee Bpemst (100%).

M3ydyeHue OCHOBHBIX 3aKOHOMEPHOCTEH, Mpu-
CYLIMX 3MUAEMUYECKOMY IMPOLIECCY HOBOH KOPO-
HaBUpycHoil mHbeKn B Poccum, a TakxKe BbI-
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sIBJICHUE PEerMOHaJIbHBIX OCOOCHHOCTEH, SIBISIETCS
OJIHMM M3 BaXKHEMIIMX HANPABJIICHUMN 31U AHAA30pa
3a COVID-19. C y4eToM BBIIICIEPEUNCICHHOTO,
MIPEICTaBIISIETCS aKTyaJIbHBIM IIpOaHaJIN3MPOBaTh
CTPYKTYpy 3a6osieBaemoctu COVID-19 B nepuoabl
npeobiagaHus AByX HauOoJiee 3HAUYMMbIX F'eHOBa-
puanToB SARS-CoV-2 (Delta u Omicron) Ha Tpu-
Mepe OTACIBHOro cyoheKkTa cTpaHbl — CapaTOBCKOM
obJracTu.

Llenb paboThl — CpaBHUTEIbHBINA aHAINU3 CTPYK-
Typhl 3a0oneBaeMoct COVID-19 Hacenenus: Capa-
TOBCKOI 00JIaCTH B IICPUOIBI ITpeodIagaHNsI TeHOBa-
puaHToB Delta u Omicron.

Matepuasnbl 1 MeTOAbI

MarepuanaoM Ui HACTOSIIETO WCCIeaoBa-
HUSI TIOCJHyXUWJa CcTaTUCTUYeCKasi OTYETHOCTh
VYnpasnenusi PocnorpedbHanzopa o CapaToBCKoOit
o0JyracTh, BKIIIOYAMOIIasi NepCOHU(MUINPOBAaHHBIC
ITaHHBIC O KaXXIIOM 3aperMCTPUPOBAHHOM cJydae
3aboneBanuss COVID-19 3a nepuon ¢ 12.08.2021
1o 14.03.2022 rr. OCHOBHOM ME€TOJ UCCACAOBAHU ST —
SIUACMUOJIOTUYCCKUI  aHanu3. MHdbopmanmsa
0 3aboseBlInX (BO3pacT, MOJ, COLlMaibHAsl TPyIi-
na, xapakTep TedeHUs OOoJIe3HU U Ap.) TojJydeHa
13 06a3bl JaHHBIX, CDOPMUPOBAHHOII HA OCHOBE Ma-
TepuanoB (opMBI cTaTUCTHUECKOTO yueTta No 1035.
Jns TIpoBedeHUWSI aHaJi3a B KOrOpTe 3a00JIeB-
IIUX BBIICJICHBI CICAYIOIINE BO3PACTHEIC TPYIIITH:
«JIETH 10 Tofa», «1—6 ner», «7—14 net», «15—17 net»,
«18-29 ner», «30—49 ner», «50—64 neT» n «65 ner
W cTapiie». BpeMeHHBIC OTMana3oHbl IS aHaJi3a
Mom00paHbBl TAKMM 00pa30M, YTOOHEI B pa3HBIX BO3-
pacTHBIX TpyMnax ObLJIO COMOCTaBUMOE YHMCJIO Ha-
omoneHuii. Cratuctudeckass oopaboTKa pe3ysib-
TaTOB IIPOBOAMJIACH C MCITOJIb30BAaHUEM OOIIIEIIPH-
HSTBIX METOIOB BapMallMOHHOW CTaTUCTUKM U TIa-
KeTa KOMMbIOTEpHBIX TMporpamMmM Microsoft Word,
Microsoft Excel. B uccienoBaHuM Tak>kKe UCIIOJIb30-
BaJIMCh TaHHBIe pernoHabHBIX CM U n MHTepHeT-
pecypca «CTtonkopoHaBupyc.pd».

Pesynbratbl 1 06CyXaeHne

Bcero ¢ MoMeHTa peructpamuu IepBOTO CIy-
yas uHpumupoBanuss COVID-19 u mo coctos-
HU10 Ha 22 okTsa0ps 2023 r. B CapaToBckoil 00-
nactu 3apeructpupoBano 327 310 ciayyaeB 3a00-
sneBanus (13 460 Ha 100 Thic. HacedaeHUs, 9 MeCcTO
no IlpuBoikckomMy denepaJsbHOMY OKpyTy, 23
MecTO cpeau Bcex cyonekToB P®), uz Hux 6001
clyyail 3aboJieBaHUSI 3aKOHYMJICS JIeTaJlbHBIM
ucxonoM (koadduuueHt aeraabHoctu 0,85) [3].
MaxkcuManbHBI MoabeM 3a00JIeBAEMOCTH
COVID-19 ¢ nokazatenem 3313 cayyaeB oTMEUYeH
20 dpeBpansg 2022 r. Ha nonto CapaToBcKoii 061acT
npuxoautcs 1,41% oT Bcex 3aperucTpUpPOBAHHBIX
cnayuaeB 3aboneBanuss COVID-19 B Poccuu.

T'eHoBapuaHT Omicron BIIEpBbI€ BbIJAEIEH
B CapaTtoBckoii obnactu 19 suBaps 2022 r. (2 ciy-
yas 3a00JieBaHUSI — MYXX4YMHa B Bo3pacte 47 Jer
M XeHIIMHa B Bo3pacTte 65 jet). Ob6a 3a60JieBIINX
nepeHecau uHdpekuuw B popme OPBU, He Oblnu
BakuuHuUupoBaHbl oT COVID-19 u He Bbie3xkaau
3a Ipeaesbl Cy0beKTa B HpenblAyliue 2 HeIesu.
K cepenune dpespans 2022 r. Omicron ctaj mpeod-
nanamoimumM reHoapuantToM SARS-CoV-2 B peru-
oHe (83% TIONOXXUTEIBHBIX 00pa3IoB), BEITCCHUB
C mepBoii Mo3uliny reHoBapuaHT Delta.

CpaBHHUTECIBHBIN aHAIW3 CTPYKTYpPHI 3a0o0Je-
Baemoctu COVID-19 B nmepuoabl AOMUHMPOBA-
HUus reHoBapuaHToB Delta (12.08 — 21.09.2021 r.)
1 Omicron (07.03 — 14.03.2022 r.) cpenu HaceJeHUS
CapaToBCKOII 00JIaCTH IIO3BOJIMJI BBISIBUTH PSIIT
0COOEHHOCTEM.

3a aHanu3UpyeMble MEPUObI JOMUHUPOBAHU S
IBYX TEHOBApHAaHTOB YCTAaHOBJIEHO TpeoOdJiana-
HME KEHIIUH B CTPYKType 3aboneBaemoctu (61,3%
ciyuyaeB B nepuon Delta u 62,7% ciaydaeB B IIepuoj
Omicron). CornacHo gaHHbIM Poccrarta, mo co-
crtosiHUu1O Ha 1 sHBaps 2022 1. B permoHe YMCauTCs
1085,2 ThICc. MyK4YMH (45,9%) u 1275,8 ThIC. )KEHIITNH
(54,1%), 4TO KOCBEHHO MOXKET OOBSICHSITH 00JIEE BbI-
COKMeE IToKa3aTeIu 3a001eBaeMOCTH CPEIN XKEHCKO-
ro nojia. Kpome Toro, mojaydeHHbIe TaHHbIE, BEPO-
SITHO, MOTYT OBITh CBSI3aHBI C OoJiee yacToii obpa-
IAaeMOCTBIO KeHIIINH 3a MEIUIIMHCKON MTOMOIIIBIO,
4TO OOYyCJIOBJIMBAET 00Jiee BBICOKOE YHCJIO ITO[I-
TBEPKJACHHBIX CJIyyaeB 3a00JIeBaHU ST CPEAU HUX.

Cy11IecTBeHHBIC OTJIMYMS BBISIBJICHBI B COILIU-
aJbHOU CTPYKType MHMpHUOupoBaHHBIX CapaToB-
CKoli 00JiacTU. B yacTHOCTU, 3HAUUTEbHOE YBEIU-
YyeHUe YacTOThl perucTpalMu ciydaeB 3a0oJieBa-
HUS, BBI3BAHHBIX reHoBapuaHToM Omicron, ycra-
HOBJICHO B KaTeropu BOCITUTAHHUKOB/yJalIUXCS
(c 8 10 29%). CHUXeHue IOJIU ciiydyaeB 3a0o0jeBa-
HU S 3adMKCUPOBAHO Cpenu IpeacTaBuTeeii pado-
yux npodeccuii (¢ 44,4 no 30,1%) u cpenu paboT-
HMKOB MEAMLMHCKUX opranu3zauuii (¢ 8,9 no 6%).
Honst cnydaeB 3aboJjieBaHUSI Cpely TIEHCUOHEPOB
B nepuoabl gomMuHupoBaHus Delta m Omicron
He mpeTepIiesia CyIlIeCTBeHHbIX M3MeHeHuin (32,7
u 32,4% cooTBEeTCTBEHHO) (puc. 1).

B Bo3pacTHOIT CTpPyKType WHGHUINPOBAHHBIX
COVID-19 B mepuon TOMUHUPOBAHUSI T'€HOBapU-
aHTa Omicron yBenuyeHue MOJU 3a00JEBIINX Ha-
Oy1101aeTCsI Cpeau aeTeil nmepBoro roga xkus3Hu (c 0,6
1o 1,5%), nereii B Bospacre 1—6 et (¢ 3,6 no 7,2%),
7 — 14 net (c 4,4 10 10,8%) n 15—17 net (c 1,8 mo 3,7%).
CHUXeHMe 10U MTHOUIIMPOBAHHBIX 3a(prKCUpPOBa-
HO cpenu iul B Bo3pacte 30—49 net (¢ 32,7 10 24,4%),
50—64 roma (c 25,1 mo 21,4%) u He3HAYUTEIbHOE
CHUXEHUE — cpeau aull 65 yer u crapue (¢ 20,9
110 20,2%). YcTaHOBJIEHHOE YBEJIMUEHUE YaCTOThI pe-
TUCTpAllUU CIIydaeB 3a0oJieBaHUSI T€HOBapMAaHTOM
Omicron cpean BOCHIUTAHHUKOB/YJaIllIXCs, a TaK-
K€ POCT TOJIM 3a00JIEBIITUX CPEIM NeTEH U ITOAPOCT-
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Delta
8,9% 8,0%

32,7%
44,4%
5,9%
B BOCMUTAHHUKM 1 yyallmecs O
pupil and students
] cnyxatume 0 NMEHCMOHEPSI
employees pensioners

Omicron

6,0%

32,4%

npeactasmTenn paboynx npodeccuii
representatives of blue-collar professions

m MeanUMHCKMe paboTHUKN
medical workers

PucyHok 1. lonu cny4yaeB 3a6oneeaHus reHosapuaHtamu Delta u Omicron cpepu HaceneHus
CapaTtoBckoii 06/1aCcTu B pa3fiMyHbIX COLMaNbHbIX Fpynnax
Figure 1. Percentage of SARS-CoV-2 Delta and Omicron genovariant-based COVID-19 cases in various social groups

of the Saratov Region

KOB /10 18 JIeT CBUAETEIBbCTBYET O MPOIOIKAIOIICH-
csl amarTaliy BUpyca K YeJIOBEUYECKOM TTOMYJISIIIM .
T'enoBapuaHT Omicron, B oTiinuue oT Delta, 3Hauu-
TEJIbHO aKTMBHEE PEIJIMIIUPYETCsS B MECTE CBOEro
MPOHUKHOBEHMSI B OPraHW3M — Ha3aJIbHOM B3ITHTE-
JIMU, HOCOIJIOTKE M OpOHXaX, UYTO TMOATBEPKIAeTCs
psaoM uccienoBaHuii [5, 7]. ¥V geteil paHHero Bo3-
pacTa cTpoeHue OPOHXOB MMEET OTIMYMS OT B3POC-
JIBIX: aHATOMMWYECKW Y3KMI ITPOCBET, aKTWBHasl
BacKyJsipu3aius 1 6oJsiee pbixjasi cliM3uctass 000-
souka. biaromapsi maHHBIM OCOOEHHOCTSIM y Jie-
Teil Jallle pa3BUBAIOTCs TaKWE COCTOSIHUS, KaK 00-
CTPYKTUBHBIN OPOHXUT U OPOHXUOJIUT, TPpeOyIOIIre
HEOTJIOKHOUM momoliu. Bo3pacTHble 0COGEHHOCTHU
pa3BUTHSI OpraHM3Ma B COYETaHUU CO MHOXXECTBEH-
HBIMU MYTallMSIMH CaMOT'O BUpPYCa, ITO-BUINMOMY,
SIBJISIIOTCSI OCHOBHBIMY MPpUYMHAMM pocTa 3aboJie-
BaeMOCTHU reHoBapuaHToM Omicron y neteit.

B oTHONIEHWM WMCTOYHWKOB WHGUIIMPOBAHUS
B Nepuoj npeodiaagaHus reHoBapuaHTa Delta oc-
HOBHasl 4YacTh CJiydyaeB 3apaxeHus 3apuKcupo-

Delta
3,9%

34,1%

62,1%

mild severity

m nerkas cteneHb O cpenHss cTeneHb
moderate severity

BaHa BCJEACTBUE KOHTAKTOB B CeMbe/OJIM3KOM
okpyxeHuu (52,6%), 3aTeM CIeAyIOT Caydau C He-
YCTAHOBJIEHHBIM MCTOYHMKOM UHMekuuu (33,1%),
MO MeCTy paboThl/B MPOUYUX opraHusauusx (9,5%)
M BMeIUIMHCKUX opraHmn3auusx (4,8%). [1pu aTtom
B IIEPUOJ TOMUHUPOBaHM I TeHOBapruaHTa Omicron
HaOI0gaeTcsd yBeIMUYeHUe A0Au 3a00eBUInx 0e3
YCTAaHOBJIEHUSI ucTOYHMKA wuHbekuuu (40,2%)
M CHUIKEHUE PErucTpaliiy ciaydaeB B ceMbe/0an3-
KOM OKpyzkeHUU (48,7%), 10 MecTy pabOThI/B IPO-
qyux opraHusauusax (7,4%) v B MEAULIMHCKUX OpP-
ranusauusax (3,7%). JlaHHoe HaOJIOAEHNE MOXKET
CBUJIETEJILCTBOBATh O 3HAYUTEJIHBHOM KOJIMYECTBE
0EeCCUMIITOMHBIX HOCUTEJEH cpenu 3a00JeBIIUX
B CBSI3U C 0COOEHHOCTSIMU reHoBapuaHTa Omicron,
KOTOPBIi1, KaK MMOKa3aHO B psi/ie HAYyYHBIX UCCIIEIO-
BaHWM, BBI3bIBAET 10 61% ciydaeB acCMMITTOMATU-
4yecKoro TeueHu s 6osae3Hu [11].

MNHudexuus, Bei3BaHHas reHoBapuaHToM Omic-
ron, cpeau HacesleHus1 CapaToBCKO# 0061aCTH MPO-
TeKaJjia Jyalle BCero B JIerkoi hopme, yaeabHBII BeC

Omicron
0,6%

40,0%

] TSXenas cTeneHb
serious severity

PucyHok 2. CTpykTypa MHGULMPOBAHHbIX MO CTeNeHn TAXXecTn 3abosieBaHUs B Nepuoabl LOMUHUPOBAHUS
reHoBapuaHToB Delta u Omicron B CapartoBckoii o6nactu

Figure 2. Pattern of COVID-19 severity-based incidence dominated by SARS-CoV-2 Delta and Omicron genovariants

in the Saratov Region
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Delta/Omicron B CapaToBckoit 06nactu

BeIpoc ¢ 34,1 10 59,5%, B OCHOBHOM 3a CYET COKpa-
IIEHUST JOJU cliydaeB 3a0oJieBaHUSI CPEdHEU Tsi-
xectu ¢ 62,1 no 40%. I'enoBapuaHT Delta BrI3Ba
0oJiee BBICOKYIO JIOJIIO CllydyaeB 3a00JIeBaHUS C Ts-
JKeJBIM TedeHueM B cpaBHeHUMU ¢ Omicron (3,9%
npotus 0,6%). HaGnrogaemoe siBjieH1Ee MOXET ObITh
00YyCJIOBJICHO KaK 3BOJIIOIIMEN BUpYyCca, KOTOpasi CO-
MMPOBOXIAETCSI CHUKEHMEM BUPYJEHTHOCTHU, TaK
¥ TIOBBIIIIEHUEM JIOJIH TIOJTHOCTHIO BAKIIMHUPOBAH-
Horo HaceyneHus (¢ 25,5% B nepuon Delta no 46,3%
B riepuoa Omicron) (puc. 2).

VYpoBeHb JIeTaJIbHOCTU Ccpeny WH(OUIIMPOBaH-
HBIX peTMOHA B epUOAbI JOMUHHUPOBAHUS IBYX T'e-
HOBapMaHTOB, a TAK3Ke NOJISI BUPYCHBIX THEBMOHU A
MOATBEPXKIAIOT, UTO Mpu Delta-uHGEeKIuU TIAKECTh
TeueHusl 00JIe3HU BhIle B cpaBHeHUU ¢ Omicron-
nHbekmeit. CpaBHUTEIbHBIM aHAJIM3 TaKXe IM0-
KazaJj, YTo HauboJiee YSI3BUMBIMU T'PyNIaMHu Ha-
cejienust CapaTOBCKOI 00JlacTU BHE 3aBHCUMOCTU
OT HMPKYJIMPYIOIIEr0 TeHOBapuaHTa SIBIASIIOTCS
Jjna 65 aet u crapire. JItoau MoxXuJIoro Bo3pacra
¢ 00JbIIIeli BEPOSITHOCTBIO TOTAAAI0T B OTACICHU S
peaHUMallMi U THTEHCUBHOM TepaItii ¢ BEICOKUM
PHMCKOM JIETaJIbHOT'O MCXO/a, TI03TOMY IallueHTaM
crapiie 65 JIeT MOJKHO YAETSITbCS HauboJbllIee
BHUMaHUE KJIMHULMCTOB (puc. 3, 4).

BbiBOAbI

3a 3 rogma manmemuu COVID-19 umena wme-
CTO B3aMMHas ajarTalis HOBOro KOpOHaBHpyca
M 4YEI0BEYECKOU ITONMYJISALMU, YTO COIPOBOXKIa-
JIOCh M3MEHEHHEM OMOJIOTMYECKUX CBOWCTB BO3-
OyanUTENST M HAKOTUIEHMEM MMMYHHOM ITPOCIONKN
HaceJeHUsI.

IIpenMylIECTBEHHO JIETKOE TedyeHMe 3a00sIeBa-
HUSI U CHUXKEHME TT0KAa3aTesIs JIETATbHOCTU CPENN
MHGULMPOBAHHBIX TeHoBapuaHToM Omicron cBu-
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PucyHok 3. YpOBHM neTanbHOCTU B Nepuoabl
ODOMUHUPOBaHUA reHoBapuaHToB Delta u Omicron
cpenu 3aboneswmnx Caparoeckoit o6nactu (B %)
Figure 3. COVID-19 mortality rate in the Saratov
Region dominated by SARS-CoV-2 Delta and Omicron
genovariants (in %)

NETeIbCTBYET B IMOJIb3Y AaJbHENIIIEro mpeodpas3o-
BaHus COVID-19 B ce30HHYI0 MHODEKIIUIO.

YuyuteiBasg MNOBBILIEHWE YPOBHS 3aboJieBae-
MOCTHU CpeIu AeTel, 0cob0e BHUMaHWE MpU aua-
THOCTUKE U JIeUeHUU UHOEKIUU TOJKHO OBITh
HampaBJeHO Ha MJajaeHueB (Ho 1 roma), a Takxke
eTell C XpPOHUYECKUMU 3a00JIEBAHUSIMU U UMMY-
HOJIE(UILIUTHBIMU COCTOSITHUSIMU.

ITockoJibKy 5BONIOLIM ST BUPYCA BCE €111e MPOI0JI-
XKaeTcsd, NpodUuIaKTUYECKUEe MEpbl, B TOM 4YUCJE
peBakUMHALUSA OJs TPyNn pUCKa, B OCOOEHHO-
CTU JIUI] cTapiie 65 JieT, ocTaloTCs MO-MpeskHEMY
aKTyaJbHBIMHU.
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PucyHok 4. lons BUPYCHbIX THEBMOHMUIA B Nepuobl LOMUHUPOBaHUSA reHoBapuaHToB Delta u Omicron
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Figure 4. Percentage of viral pneumonia upon dominance of SARS-CoV-2 Delta and Omicron genovariants

in the Saratov Region (in %)
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PREVALENCE OF SUTTERELLA
WADSWORTHENSIS IN THE FECAL
MICROBIOTA OF OBESE CHILDREN

O.V. Skvortsova, K.A. Kaiumov, V.A. Ulivanova, D.V. Alekseev, A.V. Lyamin, N.B. Migacheva,
D.D. Ismatullin

Samara State Medical University of the Ministry of Health of the Russian Federation, Samara, Russian Federation

Abstract. Sutterella wadsworthensis are Gram-negative, non-spore-forming, bile-resistant, microaerophilic bacteria. IgA-
specific serine endopeptidase is among one of the crucial biochemical traits of S. wadsworthensis. In scientific publica-
tions, Sutterella spp. has been linked to ulcerative colitis, autism spectrum disorder, and obesity in children. Moreover,
after analyzing various clinical complications in obese patients, it was found that Sutterella spp. influences an increase
in insulin resistance, which subsequently leads to the development of type 2 diabetes. Here, the fecal microbiome from
156 patients in the pediatric department was analyzed, of which 23 children comprised control group, 23 children — with
obesity lacking concomitant pathology, 110 children — with obesity and concomitant pathology. The study was aimed
at determining a correlation between microorganism S. wadsworthensis and types of obesity in children as well as its
role in developing this pathology. As a result, a direct relationship was revealed between the isolated bacillus and obesity
without concomitant pathology in girls vs boys aged 14 to 17 years, and data were also obtained that S. wadsworthensis was
isolated significantly more often. In addition, it was decided to analyze microorganisms associated with S. wadsworthensis
in order to identify microbiome members characteristic of obese people. Statistical processing revealed a marked signifi-
cant positive correlation with the isolation of Streptococcus spp., S. anginosus, C. perfringens, S. aureus and W. confusa.
In addition, the ability of S. wadsworthensis to reduce the functionality of the intestinal antibacterial immune response due
to the enzyme IgA-specific serine endopeptidase can lead to developing inflammation and penetration of various patho-
bionts into enterocytes. Thus, our and others study results indicate the controversial importance and a need to further
investigate S. wadsworthensis both in obesity and other gastrointestinal diseases.

Key words: Sutterella wadsworthensis, children, obesity, fecal microbiota, inflammatory bowel disease, anaerobes.

PACNPOCTPAHEHHOCTb SUTTERELLA WADSWORTHENSIS B ®EKAJIbHO MUKPOBUOTE
DETEWN C O)KUPEHUEM

Cksopuona O.B., KaiomoB K. A., Yauanosa B.A., Anekcees /I.B., JIamuun A.B., Murauesa H.b., Ucmatynmun J1. /1.
DI'b0OY BO Camapckuii eocydapcmeennulit meduyunckui ynusepcumem Munzopasa P®, e. Camapa, Poccus

Pesiome. Sutterella wadsworthensis iBasieTCSI TpaMOTpULIATEIbHOM, HECIIOPOOOPpa3yIoLIei, XKea4eyCTOMYNBOI, MUKPO-
aspoduibHON OakTepueil. OMHUM U3 BaKHENIIMX OMOXMMUUYECKUX CBOMCTB S. wadsworthensis IBisieTCSl HaJlu4yue
(bepmenTa IgA-crenmduyeckoii cepuHOBOIM dHAONENTUAA3bl. B HayuHoIt nutepatype Sutferella spp. CBSI3BIBAIOT C 13-
BEHHBIM KOJIUTOM, PACCTPOICTBOM ayTHCTUYECKOrO CIIEKTPa U OXMpEeHUeM Yy aeTeil. bojee Toro, mpoaHaiu3upoBan
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pa3auyYHble KIMHUYECKHE OCTOXHEHUS Y MAMEHTOB ¢ OXUPEeHHEM, ObLJIO YCTAaHOBJIEHO, UTO Sufferella spp. BauseT
Ha yBeJIMYEHME PE3UCTEHTHOCTH K MHCYJIMHY, YTO BITOCJIEACTBUM BEAET K pa3BUTHIO caxapHoro quabeTa 2 Tuma. B man-
HOM HCCJIeIOBAaHUM OBLT TPOaHAIM3MPOBaH (peKaJbHbI MUKPOOMOM 156 MallMEHTOB MeIMaTPUIECKOTO OTACICHUSI,
13 KOTOPBIX 23 peOeHKa COCTaBISIOT KOHTPOJbHYIO I'PYIINy, 23 — IpYIIy ¢ OXXHUpeHUueM 0e3 COMyTCTBYIOLIEH MaTo-
noruu, 110 geTeit ¢ oXxMpeHreM U CONMyTCTBYIoNIei maTonorueit. Lleabio nccnenoBaHust ObIIO ONPEAeTUTh KOppes-
LIMI0O MUKPOOPraHusMma S. wadsworthensis ¢ TUIIAMU OXKUPEHUS Y IETEH ¥ €ro poJib B pa3BUTUU JaHHOIO 3a00JIeBaHUS.
B pesyibraTe BbIsIBIEHA MpsMasi B3aMMOCBSI3b MEX/Y BbIACJICHHOI MaJ0OYKOil U OXMpeHUEeM 0e3 COIMyTCTBYIOLIEH
ITaTOJIOTHH y IeBOYEK B Bo3pacTe OT 14 mo 17 neT, TakKe MOJyIeHbl JTaHHBIC O TOM, UTO S. wadsworthensis TOCTOBEpHO
yaiie BbICEBaJach y MaJbunKoB. Kpome Toro, G110 peleHo MPOBECTU aHAIN3 MUKPOOPraHU3MOB, aCCOLUMUPOBAH-
HBIX ¢ S. wadsworthensis, ¢ TIeTbIO BBISIBJICHUS IIPEACTaBUTENICH MUKPOOMOMa, XapaKTEePHBIX IJIs JIIOACH ¢ OKMpPEHU-
em. [Ipu craTucTUUecKOi 00pabOTKe HaliieHa TOCTOBEPHO 3HAUMMAs TIOJIOKUTEIbHAsT KOPPEISINS C BhIICICHUEM
Streptococcusspp., S. anginosus, C. perfringens, S. aureus W. confusa. K ToMy e cmiocOOHOCTb S. wadsworthensis CHUXaTh
(PYHKIIMOHAJBHOCTH KUIIEUHOTO aHTHOAKTEepraJbHOIO0 MMMYHHOTO OTBETA 3a cueT (hepMeHTa IgA-crennduyeckoit
CEpPUHOBOI SHIOMENTUIA3B MOXET MPUBOINUTH K Pa3BUTHUIO BOCIAJIEHUs W TPOHMKHOBEHUIO K SHTEPOLIMTAM pa3-
JIMYHBIX MaTOOMOHTOB. TakMM 00pa3oM, UTOTU HAIIErO U IPYTHX MUCCIENOBAHUI B HAyUHOM COOOILECTBE FOBOPSIT
0 IIPOTHBOPEYMBOM 3HAYEHUU U HEOOXOIMMOCTH JajIbHEHIIero usyyeHus S. wadsworthensis Kak B KOHTEKCTE OXKHUpe-
HUSI, TaK U IPYyTUX 3200J1€BaHU N KeJYA0UHO-KUILIEYHOTO TPAKTa.

Karouesnie caosa: Sutterella wadsworthensis, demu, oxcupenue, (pekarbHas MUKpoduoma, 60cnaiumensHvie 3a004€6aHUS KUMEHHUKA,

anaspooul.

Suturella wadsworthensis belongs to the Suftterel-
la spp., family Sutterellaceae, order Burkholderiales,
class Betaproteobacteria. Microorganisms of this spe-
cies are gram-negative, non-spore-forming, bile-re-
sistant, microaerophilic bacteria. They have two main
forms: bacilli and coccobacilli. Spiral and filamentous
morphotypes are also found [4].

Chocolate or brucella agars are used for cultiva-
tion of Sutterella spp. Incubation requires anaero-
bic or microaerophilic conditions and 48—72 hours
of time [7]. Sutterella spp. are not saccharolytic.
They show negative results for catalase, urease and
oxidase, and are also capable of reducing nitrates
to nitrites. These bacteria have enzymes such as es-
terase, L-arginine-arylamidase and L-aspartate-
arylamidase [4, 7].

S. wadsworthensis is able to attach to mucus and
proteins of extracellular matrix, such as laminin,
type 1 collagen, fibronectin. Such adhesion factors,
along with resistance to the bile acids, determine
their localization in the duodenum and bile ducts [1].
According to this fact, the preferred material for col-
lection in order to detect S. wadsworthensis will be
a biopsy material of the mucous membrane, rather
than feces samples.

One of the most important biochemical proper-
ties of S. wadsworthensis is the presence of the en-
zyme called IgA-specific serine endopeptidase [2].
The main function of IgA is to protect the epithe-
lial cells of the mucous membranes from the patho-
genic microorganisms by hindering adhesion, so its
destruction can lead to infection of epithelial cells.
In 2015 a study was published, in which the authors
observed a low level of IgA in animals with a high
content of Sutterella spp., and a high level of IgA
in animals with a low content of Sutferella spp. It was
also found in that research that the ability of bacte-
ria to destroy IgA components leads to an increase

in intestines ulceration in animals with the injection
of sodium dextran sulfate [3].

A study of the microbiota in patients with ulcera-
tive colitis, published in 2020, revealed the influence
of S. wadsworthensis on the development of this di-
sease. According to its results, patients with a high
content of Sutterella spp., who underwent fecal mi-
crobiota transplantation, did not have endoscopic
remission, while patients with low content of these
microorganisms achieved it without taking corticos-
teroids [2]. In addition, Sutferella spp. is found in the
material of patients with appendicitis and perito-
nitis. At the same time, in 2018, a study of patients
with Crohn’s disease showed a small biodiversity
of the intestinal microbiota and a reduced number
of Sutterella spp. [6]. There is a connection between
Sutterella spp. and autism spectrum disorder (ASD).
In a study, conducted in 2012, an analysis using
a protein immunoblot revealed the reactivity of IgG
or IgM to Sutterella spp. antigens in 11 patients with
ASD, while in the control group only one individual
had weak IgG reactivity. Despite the fact that already
in 2013 the assumption about the specificity of these
microorganisms for children with ASD was refuted,
the question of immunoreactivity in patients with
this disorder requires further study [8].

In July 2023 an article was published, in which
the authors established a direct connection between
Sutterella spp. and obesity in pediatric patients,
as well as an inverse connection in adult patients.
Moreover, after analyzing various clinical complica-
tions in patients with obesity, the effect of Sutterella
spp. was claimed to increase insulin resistance, which
subsequently leads to the emergence of type 2 diabe-
tes mellitus. The effect of the microbiome on insu-
lin resistance was also confirmed after transplanta-
tion of fecal microbiota from lean donors to patients
with metabolic syndrome. Transplantation caused
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an increase in the sensitivity of cells to insulin, as
well as an increase in the diversity of various taxa
of microorganisms [5].

All of the above data indicate the contradictory
role of S. wadsworthensis in the pathogenesis of va-
rious human diseases, therefore further studies in this
direction are required.

The purpose of this work is to analyze the fre-
quency of S. wadsworthensis in children with various
types of obesity, as well as to find an answer whether
Sutterella spp. is an etiological factor in the develop-
ment of this pathology or is a part of the normal hu-
man microbiome.

Materials and methods

The study involved 156 children, aged from 7
to 17 years. 23 children were included in the control
group, 23 children — in the group with obesity without
concomitant pathology, and 110 children — in the group
with obesity and concomitant pathology. 63 (40.4%)
of included individuals were girls and 93 (59.6%) were
boys.

To analyze the species diversity of the in-
testinal microbiota in children, 156 feces sam-
ples were seeded on 7 different nutrient media:
Rogosa SL Agar (HiMedia, India), Urinary Tract
Infections Chromogenic Agar (Condalab, Spain),
Bifidobacterium Agar (HiMedia, India), Clostridial
Agar (HiMedia, India), Anaerobic Agar (HiMedia,
India), Brucella Agar (HiMedia, India) with the ad-
dition of 10% mutton blood, Veillonella Agar
(HiMedia, India). Cultivation was carried out using
the “BACTRON 300-2” anaerobic station (Sheldon,
USA) during 7 days. Identification of cultivated mi-
croorganisms was performed using a MALDI-ToF
mass-spectrometer (Bruker, Germany).

Statistical analysis was carried out using the Stat
Tech v. 3.1.8 program (Stattech LLC, Russia). Quan-
titative indicators were evaluated for compliance with
the normal distribution using the Shapiro—Wilk cri-
terion (with the number of subjects less than 50) or
the Kolmogorov—Smirnov criterion (with the num-
ber of subjects more than 50). Quantitative data were
described using median (Me) and lower and upper
quartiles (Q,—Q;) in the absence of a normal distri-
bution. Categorical data were described with abso-
Iute values and percentages. The percentages in the
analysis of four-field conjugacy tables were compared
using Pearson’s chi-squared criterion (with values
of the expected phenomenon greater than 10) and
Fisher’s exact criterion (with values of the expected
phenomenon less than 10).

Results and discussion

According to the results of the intestinal micro-
biota analysis, S. wadsworthensis was detected in 18
(11.5%) children out of 156. In the control group, this

microorganism was isolated in 2 (8.7%) cases, in group
of children with obesity without concomitant pathol-
ogy in 3 (13%) cases, and in children with obesity and
with concomitant pathology in 13 (11.8%) cases.

Havingdividedallthe examined children by gender
and age (7—9 years old; 10—13 years old; 14—17 years
old) we analyzed the results of the study for reliable
correlations with the isolation of S. wadsworthensis.
Statistical processing showed that S. wadsworthensis
was significantly more often isolated from boys (p =
0.029). In addition, a direct connection was found
between the isolation of microorganism and obesity
without concomitant pathology in girls aged from
14 to 17 years (p = 0.006). However, further analysis
of the correlation between the phenotype of the exa-
mined children and the isolation of S. wadsworthensis
showed no significant results in any age group.

Considering the fact that in the scientific com-
munity obesity is assumed to correlate with various
representatives of the intestinal microbiota, it was
decided to conduct a statistical analysis to find out
associations of S. wadsworthensis with other micro-
organisms. In general, S. wadsworthensis was isolated
in samples along with such bacteria as Clostridium per-
fringens, Clostridioides difficile, Clostridium ramosum,
Clostridium innocuum, Bacteroides fragilis, Bacteroides
ovatus, Parabacteroides distasonis, Staphylococcus
aureus, Streptococcus gallolyticus, Streptococcus angi-
nosus, Streptococcus mutans, Streptococcus agalactiae,
Streptococcus constellatus, Candida albicans, Weissella
confusa and less often along with other microorga-
nisms. During statistical processing, a significant
positive correlation with the Streptococcus spp. was
found (p = 0.036). In addition, a significant connec-
tion with S. anginosus was found (p = 0.018), the iso-
lation of which was also positively correlated with
S. wadsworthensis. A statistically significant positive
correlation was also found for such microorganisms
as C. perfringens (p = 0.006), S. aureus (p = 0.003)
and W. confusa (p = 0.035).

A large number of data that have appeared in the
scientific community claim ambiguous facts about
the participation of S. wadsworthensis in various pa-
thologies. In this study, we tried to find a reliable corre-
lation of this microorganism with obesity in children,
as well as to determine its possible role in the develop-
ment of the disease. Statistical processing of our re-
sults showed that S. wadsworthensis was found mainly
in boys. However, unlike the study in 2023, we were
unable to find a statistically significant connection
with obesity and concomitant diseases in the entire
group of examined children. Nevertheless, after di-
viding the children into age groups, the results showed
a reliable association of S. wadsworthensis with obe-
sity without concomitant pathology in girls aged from
14 to 17 years. Although the statistical search for fur-
ther correlations in children of other age groups did
not reveal any significant connections, in our opin-
ion, it is impossible to claim unequivocally whether
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S. wadsworthensis is not an etiological factor involved
in the development of obesity in children. In addition,
it is important to consider the ability of Sutferella spp.
to reduce the functionality of the intestinal antibacte-
rial immune response. Due to disruption of the bar-
rier function provided by IgA, S. wadsworthensis con-
tributes to the emergence of inflammation, providing
the penetration of various pathogens to enterocytes,

such as, for example, C. perfringens, S. aureus and
S. anginosus. These bacteria in our study were statisti-
cally associated with the isolation of S. wadsworthen-
sis. Overall, the results of the accumulated scien-
tific data, as well as the results of our study, indicate
the requirement for further study of S. wadsworthensis
both in the context of obesity and other diseases of the
gastrointestinal tract.
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A RARE CASE OF URINARY TRACT INFECTION
BY BURKHOLDERIA CEPACIA
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Abstract. Burkholderia cepacia is a motile, aerobic, non-fermentative, gram-negative bacillus and has been widely
documented as a lung pathogen in patients with cystic fibrosis and chronic granulomatous disease. It is documented as an
important emerging cause of multi-drug resistant nosocomial infections, and an important cause of morbidity and mortality.
A 64-year-old male patient visited the Nikea Primary Healthcare Center, Piracus, Greece, referred by the family doctor
(GP), for follow-up due a history of prostate cancer (patient on immunosuppression) and recurrent UTIs with subsequent
admission to the hospital. Patient history revealed diabetes mellitus type 2, arterial hypertension, hypercholesterolemia,
hypertriglyceridemia, history of recurrent UTIs, with 4 hospitalizations in a tertiary hospital during the last 2 years,
prostatic hypertrophy, 2 episodes of prostatitis before the diagnosis of prostate cancer Gleason score 6, at the end of 2019,
with subsequent total prostatectomy, and radiotherapy. Patient history also revealed dysuria, frequent urination, pain
and burning sensation during urination and erectile dysfunction. Urinalysis showed intense pyuria, abundance of micro-
organisms and abundance of red blood cells. The urine culture grew monomicrobial Burkholderia cepacia > 10° CFU/ml.
The bacterium was identified by the RapID™ REMEL ONE identification system (Thermo Fisher Scientific). Antimicrobial
susceptibility testing revealed susceptibility to antibiotics such as, Ceftazidime, Ciprofloxacin, Norfloxacin, Levofloxacin
and Imipenem.The patient received treatment with Levofloxacin. Burkholderia cepacia infections outside the respiratory
system are rare. Moreover, recurrent UTIs with B. cepacia is a rare finding, which highlights the importance of our study.
UTIs with B. cepacia have been associated with bladder irrigation or use of contaminated hospital objects and liquids.
B. cepacia is one of the most antimicrobial-resistant organisms and treatment options are limited. The patient was treated
with Levofloxacin (3rd generation fluoroquinolone — Tavanic) 500 mg daily per os for 2 weeks, due to his history.

Key words: Burkholderia cepacia, urinary tract infection, monomicrobial, morbidity, mortality, susceptibility, respiratory system,
treatment.
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€HTOB C MYKOBHCIIMIO30M M XPOHUUYECKOI TpaHyJeMaTO3HOM 00JIe3HbI0, a TaKKe BHYTPUOOJbHUYHBIX MHMOEK NI
C MHOXECTBEHHO! JIEKAPCTBEHHON YCTOMYMBOCTHIO, BHICOKMM YPOBHEM 3a00JI€BAEMOCTH M CMEPTHOCTHU. 64-J1eT-
HUIi MallMEHT MYXCKOTo noJja nocetuna LleHTp nepBuyHOil MeauKo-caHuTapHoi momouin Hukea, IMupeit, I'perus,
10 HaIpaBJICHUIO0 CEMEHHOTr0 Bpaya JJ1s1 HaOII0AeHU S B CBSI3U C pAaKOM MPOCTATHI (MallMeHT C UMMYHOCYIIpeccHeit)
U peUUAMBUPYIOIIMMU WHbEKIIUIMHU MoueBbIX myTeit (MMII) u Obi1 rociuTanu3upoBaH. B anaMHe3e: caxapHbIit
nuabet 2 TuMma, apTepraabHasi TUIICPTEH3U S, TUTIEPXOJICCTEPUHEMUST, TUTIEPTPUTIUIICPUAECMUS, PEIIUINBUPYIOIIIE
HUMII, 4 rociuTann3anyy B CrielIMaJIu3MPOBaHHYIO OOJBHUILY TPETUYHOTO 3BeHa 3a MOoCAeaHNEe 2 rojia, THIIEPTPO-
(s mpencraTeIbHOI XKeJesbl, 2 3Mu301a MpocTaTuTa B KoHIe 2019 T. 1o ycTaHOBJICHUS AMarHo3a paka IpoCTaThl
(6 6astoB Mo wKaje [McoHa), ¢ mocaeayIOLIeil TOTaabHOM IIPOCTATIKTOMUEH 1 1yueBoii Tepanueit. [IpenbsaBisii
’KaJl0o0bl Ha JacThle MOYECHCIYCKAHUS, COIPOBOXKIABIIMECS OOJBI0 M KKCHHEM, 3PEKTUIBHYIO ITUCHYHKIINIO.
AHanu3 MOYM BBISIBUJI BBIPAKEHHYIO TTMYPUI0, O0MINE MUKPOOPTaHU3MOB U 9PUTPOIIUTOB. B mocese Mmouu oOHa-
pyxeHbl Burkholderia cepacia > 10° KOE/mu1. Bun 6akTepry ObLT MAEHTU(GULIMPOBAH C TIOMOLILIO cucTeMbl RapID™
REMEL ONE (Thermo Fisher Scientific). bblia ycTaHOBJIEHa 4yBCTBUTEIbHOCTb BO30YAUTEN S K LIe(DTa3UAUMY, LIU-
npodiokcanHy, HOp(hJIOKCALMHY, JIEBOQIOKCAIMHY U UMUTIEHeMY. [TallMeHT moTyJal JeueHne IpernapaToM Jie-
BodaokcauunHa (TaBaHuk, mo 500 Mr exxeTHEBHO MepopabHO B TeueHue 2 Heaenb). MHbekuus Burkholderia cepacia
3a MpeaejaMy pecrnupaTOpHOTo TpakTa BCTpevyaeTcs peako. bonee Toro, MoHoMukpoOHbie peuuauBbl UMII, BbI-
3BaHHBbIE B. cepacia, IBISIOTCS PEAKOI HAXOMKOM, YTO MOAYEPKUBACT BasKHOCTh MPEACTaBIEHHOIO UCCIIEA0BaHNUS.
MMII, Bei3BaHHBIE B. cepacia, ObIIN CBSI3aHBI ¢ MIPOMBIBAHUEM MOUEBOTO Iy3bIPS MU UCIIOJIb30BaHUEM 3arpsi3-
HEHHBIX OOJIbBHUYHBIX IIPEIMETOB M KUIKOCTEH. B. cepacia SIBISIeTCS OMHUM U3 HanboJiee YCTOMUMBLIX K IPOTHUBO-
MUKPOOHBIM ITpernapaTaM MUKPOOPTaHU3MOB, TTIO3TOMY BO3MOXKHOCTH JIeUeHUST MHMEKIINI, 00yCIOBICHHBIX 3TUM

IaTOréHomM, CUJIbHO OrpaHNYCHBLI.

Karuesnie caosa: Burkholderia cepacia, unghexyus mouesvle00aujux nymeii, MOHOMUKPOOHAs uH@ekyus, 3a601e6aemMocmy,
CMepMHOCMb, BOCNPUUMHUBOCHb, PECRUPAMOPHAS CUCIEMA, JeYeHue.

Introduction

B. cepacia was discovered by Walter Burkholder
in 1949 as the cause of onion skin rot, and first de-
scribed as a human pathogen in the 1950s. It was first
isolated in patients with cystic fibrosis (CF) in 1977,
when it was known as Pseudomonas cepacia. In the
1980s, outbreaks of B. cepacia in individuals with CF
were associated with a 35% death rate. B. cepacia has
a large genome, containing twice the amount of ge-
netic material as E. coli.

Burkholderia cepacia is a motile, aerobic, non-
fermentative, gram-negative bacillus with multi-
trichous polar flagella, found in various soil and
aquatic environments. It has been widely docu-
mented as a lung pathogen in patients with cystic fi-
brosis and chronic granulomatous disease and is as-
sociated with fatal outcomes. Moreover, recently
it is documented as an important emerging cause
of multi-drug resistant nosocomial infections and
consequently, as an important cause of morbidity
and mortality [3, 6]. The aim of our study is to pre-
sent a case of urinary tract infection (UTI) caused
by Burkholderia cepacia.

Burkholderia cepacia complex (BCC) is a spe-
cies complex consisting of Burkholderia cepacia and
at least 20 different biochemically similar species
of Gram-negative bacteria. They are catalase-pro-
ducing and lactose-nonfermenting. Members of BCC
are opportunistic human pathogens that most often
cause pneumonia in immunocompromised individu-
als with underlying lung disease. Patients with sickle-
cell haemoglobinopathies are also at risk.

The group includes B. cepacia, B. multivorans,
B. cenocepacia, B. vietnamiensis, B. stabilis, B. ambi-
faria, B. dolosa, B. anthina, B. pyrrocinia and B. ubon-
ensis, among other species.

Treatment typically includes multiple antibi-
otics and may include ceftazidime, minocycline,
piperacillin, meropenem, chloramphenicol, and
trimethoprim/sulfamethoxazole  (co-trimoxazole).
Although co-trimoxazole has been generally con-
sidered the drug of choice for B. cepacia infections,
ceftazidime, minocycline, piperacillin, and merope-
nem are considered to be viable alternative options
in cases where co-trimoxazole cannot be adminis-
tered because of hypersensitivity reactions, intoler-
ance, or resistance. Newer beta-lactam/beta-lacta-
mase combinations like ceftazidime-avibactam or
ceftolozane-tazobactam can also be effective. BCC
intrinsically resistant to colistin and usually resistant
to aminoglycosides.

Case report

A 64-year-old male patient visited the Nikea
Primary Healthcare Center, Piracus, Greece, re-
ferred by the family doctor, for follow-up due
a history of prostate cancer (patient on immuno-
suppression) and recurrent UTIs with subsequent
admission to the hospital. Patient history revealed
diabetes mellitus type 2, arterial hypertension, hy-
percholesterolemia, hypertriglyceridemia, history
of recurrent UTIs, with 4 hospitalizations in a ter-
tiary hospital during the last 2 years, prostatic hy-
pertrophy, 2 episodes of prostatitis before the diag-
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nosis of prostate cancer Gleason score 6, at the end
of 2019, with subsequent total prostatectomy, and
radiotherapy. Patient history also revealed dysu-
ria, frequent urination, pain and burning sensation
during urination and erectile dysfunction. For the
recurrent UTIs he had received initially antimicro-
bial treatment per os, for Pseudomonas spp. There
is no further evidence of the antimicrobial treat-
ment he received prior to his admissions to hospital
(4 admissions in the last 2 years). On his last admis-
sion he received antimicrobial treatment for pseu-
domonas, his condition improved and he was dis-
charged from the hospital with some of his symp-
toms persisting, but he does not remember the an-
timicrobial treatment he received there. However,
on worsening of his condition, with subsequent
high fever, elevation of CRP, ferritin and ESR
values, as well as elevation of leucocyte count, he
was admitted to the hospital and received intrave-
nous antimicrobial treatment. The performed uri-
nalysis (Multistix 10 SG Reagent Strips, Siemens
Healthineers) and urine culture (incubation at 37°C
for 24 hours on MacConkey agar, Columbia blood
agar, and Sabouraud dextrose agar for fungi) took
place at the Laboratory of Biopathology of Nikea
Prime Care Center. We have no information on the
diagnosis of the urine culture done at the hospital
where the patient was hospitalized.

Results

Urinalysis showed intense pyuria, abundance
of micro-organisms and abundance of red blood cells.
The urine culture grew monomicrobial Burkholderia
cepacia > 10° CFU/ml. The bacterium was identi-
fied by the RapID™ REMEL ONE identification

system (Thermo Fisher Scientific) (see Figure).
Antimicrobial susceptibility testing revealed suscep-
tibility to Ceftazidime, Ciprofloxacin, Norfloxacin,
Levofloxacin and Imipenem. The patient was treated
with Levofloxacin (3rd generation fluoroquinolo-
ne — Tavanic) 500 mg daily per os for 2 weeks, due
to his history, and recovered [1].

Discussion

Burkholderia cepacia infections outside the res-
piratory system are rare. Moreover, recurrent UTIs
with B. cepacia is a rare finding, which highlights
the importance of our study. UTIs with B. cepa-
cia have been associated with bladder irrigation or
use of contaminated hospital objects and liquids [2,
4, 5]. Pseudomonas spp. and Burkholderia spp. have
been previously classified in the same genus. Given
that they have similar biochemical properties,
Burkholderia can be mislabeled as Pseudomonas,
as occurred with the patient in our study. B. cepa-
cia is one of the most antimicrobial-resistant or-
ganisms and treatment options are limited [2, 4, 5].
The patient does not specify on whose orders he was
treated for pseudomonas, at that time he was seen
for prostate cancer by a urologist and an oncolo-
gist, as well as a diabetologist for diabetes mellitus.
In general, this is a patient who has suffered a great
deal because of his history.

Conclusion

Burkholderia cepacia is a motile, aerobic, non-
fermentative, gram-negative bacillus and has been
widely documented as a lung pathogen in patients
with cystic fibrosis and chronic granulomatous dis-
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ease. It is documented as an important emerging
cause of multi-drug resistant nosocomial infections,
and an important cause of morbidity and mortality.
Diagnosis of infectious diseases, especially in im-
munodeficiency patients and particularly in urinary

tract is of great importance. Early and accurate iden-
tification of B. cepacia help patients’ management
with proper therapeutic intervention. The critical
opinion of doctor microbiologist can help in differ-
ential diagnosis among microbes of the same group.
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NAMATA
WPUHbI COJTIOMOHOBHbI ®PEUAJIUH

Poccuiickast HayKa roHec/a TS Keay1o yTparty. 23 suBapst 2024 1. y1ijia u3 XX U3HU JOKTOP MEAULIMHCKUX
HayK, Impodeccop, yineH-KoppecmonaeHT PAH, 3aciayxeHHbIN gesatesib Hayku PO Mpuna ColoMoHOBHA
DpeitamvH.

N.C. @Opeiianun ponunack 7 mapta 1936 1. B JlenHunrpane. B 1959 r. ona okonuua IlepBbiii JIeHUH-
rpaacKuit MeIUIIMHCKU I MHCTUTYT UM. akan. W.I1. [TaBnoBa o cneuunaibHOCTH «JleueOHoe neno». B cte-
Hax 3Toro yuyeoHoro 3aBeneHust Mipuna CojloMOHOBHA Havyajla CBOIO HAyYHYIO AeITEeJIbHOCTh, 00yJaiach
B aclmupaHType Ipu Kadenpe MUKPOOMOIOrMr, BUPYCOJIOTUN U UMMYHOJIOTUM U B 1961 T. ycriemHo 3a-
IMTHUIA KaHIUIaTCKyl0 nuccepTanunio «Parouuro3 B NpOTUBOMUKPOOHOI 3aiiuTe». JaibHelilas Ha-
y4HO-Iienarorndyeckasi aesteiabHocth M.C. @peitmnH Takke Oblja TecHO cBsizaHa ¢ [lepBbiMm CaHKT-
IleTepOyprckuM rocyaapCTBEHHBIM MEIUMIIMHCKUM YHuBepcutetoM um. M.I1. IlaBmoBa. C 1961 .
Ha Kadeape MUKpOOMOIOrun, BUupycojaoru u uMMmyHoJsiorun M.C. @peiiajinH 3aHrMaJj1a 10JXKHOCTb ac-
cucteHTa, noreHTa (¢ 1968 r.) u mpodeccopa (¢ 1987 1.). B 1974 1. oHa ycnenrHo 3aluTHIa TOKTOPCKYIO
nuccepTanuio «OyHKIIMU MakKpodaroB 1 UMMYHOTEHE3».

Bce ummyHosioru ctpansbl 3Hanu Mpuny CoJ10MOHOBHY KakK sIpKOTO CIleliMaaucTa u negarora. Ee MHo-
TOYMCJICHHBIC TPYIbI 3aTparuBajiv pa3Hbie 00J1aCTU UMMYHOJIOIMU M Beell MenunuHbl. OHM Beerna ObLIn
CBsI3aHbI C CAMBIMM aKTyaJbHBIMU U 3HAYMMBIMHU JIJIs1 (byHIaMEHTAJIbHOM HAYKHW U KIMHUKHU ITPoOIeMa-
MU, KOTOPbIE OKa3bIBaJIMCh B pa3Hble TOAbl B (DOKyCe BCEOOIIero BHUMAaHMUS MCCIeNOBaTeIell 110 BCeMy
MUPY. YHUKaJbHOCTH Ioaxoaa MpuHbl COTOMOHOBHBI K PEIICHU IO JII000M HayYHOU ITPOOIeMbl COCTOSIIa
B €€ YIMBUTEJIbHOM Jape COYeTaTh B MPOBOAMMBIX UCCIEAOBAHUSIX OTPOMHYIO IIIUPOTY, BUJACHHUE CaMbIX
JIaJIeKUX TOPU30HTOB 1000 MpoOJIeMbl ¢ MpeaebHON METOAMYECKON TIIATEeJIbHOCThIO U OECKOMIPO-
MUCCHOCTBIO B aHaJIM3¢e MOJYUYSHHBIX pe3yabraToB. OHa OOl BCIIOMUHAJIA, YTO 3TOT CTUJIb ObLJI IPUBUT
eil yXe B caMOM HauaJle ee Hay4YHOro IIyTH, cpa3dy mocijie okoHyaHus [lepBoro JIeHUHIpaacKoOro Meau-
LIMHCKOTO UHCTUTYTA, BO BPEMSI CTAXKMUPOBKU MO WH(PEeKIIMOHHOU nMMyHosnoruu B MHctutyTe Ilactepa
B ITapuxe, Kyaa oHa moexaJia nmo npuriaileHuto Beaukoro I1bepa I'pabapa.

Pa6otbr 1960—1970-X IT., TOCBSIIIIEHHBIE CUCTEME MOHOHYKJICApHBIX (haroliuToB, HAMHOTO ONEPeININ
cBoe Bpemsi. Cama IocTaHOBKa BONpoca 00 OrPOMHOI pOJIM BPOXKJAEHHOTO MMMYHHTETa B pa3BUTUU BCEX
¢dbopM UMMyHHUTETa MTPUOOPETEHHOTO Ka3ajach napaaoKcaJbHON B TO BpeMsi, KOTJa TOJIbKO (popMuUpoBa-
JIMCh MIEPBbIE KOHIIEMIINY MEXKJIETOUYHOM Koonepaiuu. Ho pa3zBuTre MUPOBOI HAYKU, B TOM YMCJIE TPYAbI
HMpunbl COJTOMOHOBHBI, B ITOCJIEAYOIIME TOIbI JOKa3aJId CIPaBeIJIMBOCTb 3TOTO ITOIXO0/1a U €€ TaJIaHT Ha-
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YUYHOTO MpeaBUIeHu s, Korga Ha pyoexe ToicssueneTuit Y. JIxkeHysem u P. MeaXuTOBbIM ObIJIM PACKPBITHI
MEXaHU3MbI aKTUBAIlMM MaKpoharoB U UX PEeryasiTOPHBIX BO3IeHCTBUI Ha (popMUpOBaHUE peaKIIUii TIPU-
00peTeHHOro UMMYHMUTETA.

B 1970-¢ rr. .C. @peiinnnH opraHu3oBaia ¢pakyabTaTUBHBII Kypc Mo (GpyHIaMeHTaJIbHONW U KJINHM-
YeCKOI MMMYHOJIOTUY, KOTOPBIN PETryJISpHO YnTata A5 CTYJASHTOB Ha Kadenpe MUKpOOMOIOru, BUPY-
conoruuv u umMmmMmyHosaoruu (o 2015 r.), B nanwpHeieMm (¢ 2015 r.) — Ha kadeape ummyHosoruu [ICITI6I'MY
um. W.I1. I1aBiosa.

He menee BaxkHoe MecTo B kxu3Hu M.C. @peiiaant 3anuMall MHCTUTYT 3KCTIepuMeHTaIbHON MEIUIIN-
Hbl. B utone 1991 r. 1.C. @peiiaauH Bo3TjaBuiia OTae] UMMYHOJoru MHCTUTYTa, HAyYHbI (yHIaMEHT
KoToporo 6b111 3a10xeH akagemrukom PAMH B.U. Modde. HayuyHblii moTeHIIMAI U OPraHU3aTOPCKU I Ta-
naHT MpruHbl COJIOMOHOBHBI TTPUIAJIM MOIIIHBIM UMITYJIbC Pa3BUTHUIO OTEsIa, KOTOPHIM OHAa PyKOBOIMJIA
Ha npoTsixkeHuu 23 net — go 2014 r, mocye yero npoaokKuaa padoty B UHCTUTYTE B JOJI)KHOCTHU IJTABHOTO
Hay4YHOIr'o COTPYJIHUKA.

Nmenno ¢ miepuogomM padotsl MprHbl COJIOMOHOBHBI B MIHCTUTYTE 3KCTIEpPUMEHTAIBHON MEIUIIUHbBI
CBsI3aHBI €€ BaxkHel e ycrexu u foctrxkeHust. Tpyasl M.C. @peilijinH BHECIU OTPOMHBII BKJIa1 B pa3-
BUTHE DYHIAaMEHTAIbHBIX MIPEICTAaBICHU 0 PYHKIIMOHUPOBAHUM UMMYHHOI cucTeMbl. PaGoThI yueHU-
KOB €€ IIIKOJIbI JIEVIM B OCHOBY KOHIICTIIIMY CETEBOI IIUTOKMHOBOW PErysiliuu, CTaBIlIeil MEMHCTPUMOM
dyHIaMeHTaJIbHOIM MMMYHOJIOTMM U Ype3BbluaitHO BOCTpeOOBaHHOW BceMM KiauHuuuctamu. B 1997 r.
N.C. DOpeiianuH OblJ1a yIOCTOEHA ITOYETHOTO 3BaHMs <«3aciyXeHHBIN nesaTelb HayKu Poccuiickoii
Ddenpepanu», B 1999 1. ee m3bpain 4IeHOM-KOppecnoHIeHTOM PoccHiicKoil akageMU MEIUIIMHCKUX
HayK, ¢ 2014 r. oHa cTaja 4JieHoM-KoppecnoHaeHToM Poccuiickoi akageMuu HayK.

B 1997 1. 1.C. @peitnanH cTaja mepBeIiM npencenatenaeM [Ipapienus CankT-IleTepOyprcKoro permo-
HaJbHOTrO oTaejieHus1 Poccuiickoii Accolivaliuy ajjieproJioroB U KJIMHUYECKUX UMMYHOJIOTOB U BO3-
rJaBjsijia 3Ty opraHusanuio oosiee yeTBepTtu Beka. [lociegnue 30 net Bxogusa B coctaB [Ipesuaunyma
Poccuiickoro Hayunoro O6mectsa MmmyHooros. B 1999 r. N.C. @peiinanH opraHu30Baia v o HacTOsI-
1ee BpeMsI sIBJISIach TJIaBHBIM PEJaKTOPOM HayYHOTO XXypHaJia «MeaAnIIMHCKast UMMYHOJIOT U sI», YJIEHOM
peaxkoJiaeruii xkypHaJiioB «LluTokmHbI 1 BocniajaeHue», «MMmMmyHonorus», «Russian Journal of Immunology»,
«MHbDeKIInS U UMMYHUTET».

Biaronapst ee nannunatuBe B CankT-IleTepOypre cTajam peryasspHO IIPOBOAMTH MacCIITAOHbIE UMMY-
Honoruveckue opymsal. [Ipy 3TOM OHA He OoCTaBJIsijia MPEIoAaBaTeIbCKYIO IeSITEIbHOCTh, KOTOPYIO MC-
KpeHHe JIIo0ra U cYMTajla eaBa JM He TJIAaBHBIM JIeJIOM CBOeil XM3HU. HecMOTpst Ha CIIOXXHBIN TTepro
B XXM3HU CTPaHbI U MaJeHNe MPecTrXa HaydHOU paboThl, OHAa cCMOIJIa 00ECHeYUTh MPUTOK HAYUHOI MO-
JIOJIEKU, YKPEITUTh MaTepualbHO-TEXHUYECKYI0 0a3y MCCIeN0OBaHUI, CO3IaTh HOBbIE HApaBJICHUST Ha-
yuHoii paboTsl. MprnHa CoJloMOHOBHA cO3/1aJ1a HAYyYHYIO IIKOJY IO UMMYHOJIOTMU, KOTOpast MHOTHE TObI
ObLIa OMHOM M3 Beayuinx B cTpaHe. [Ipy ee HaydyHOM KOHCYJIBTUPOBAHUU Y HAYYHOM PYKOBOJICTBE OBIIO
BBITIOJTHEHO 6 JOKTOPCKUX M 28 KaHAUAATCKUX AuccepTalinii. Ee yaeHMKM paboTaroT B BEAYIINX HAyYHBIX
¥ KJIMHUYECKMX LIEHTPaxX Halllei CTpaHbl U 3a pyoeskoM. J1o mocienHMX JIeT CBOE XK U3HU OHa MPOoaoJIKaia
YyuUTaTh OJIECTSIINE JEKIIUHY JJIsI 3aMHTEPECOBAHHBIX B TTOJIYYEeHU M 3HAHUU CTYIEHTOB MPOMUIbHBIX BY-
30B. 1.C. ®peit11nH IBJISIETCS aBTOPOM M COaBTOPOM OoJiee 235 meyaTHBIX paboT B BEAYIIINX OTEYSCTBEH-
HBIX U 3apyO0EXHBIX XXypHaax, 12 MoHorpaduii u 5 ydeOHUKOB.

Bce, kTo umen cuactbe BMecTe padboTaTh U obmarbes ¢ UpuHoit CoJIOMOHOBHOM, 3HAIOT, CKOJIb UHTE-
PECHBIM M BIOXHOBIISIIOIIIMM OBIJIO 3TO OOIIeHre. byayuu skuteaem 0okamHoro JIeHMHrpaaa v TepexkuB
y>Kachbl IIepBOI OJIOKATHOIM 3UMbI, OHA HE ITOHACJIBIIIKE 3Haja, HACKOJbKO BaxKHbI MO0 IpUBAIOIIEe CJIO-
BO MJIM JPY>KECKUI COBET B TPYAHYIO MUHYTY. JIF000i1 COTPYTHUK OTIIeIa MOT paCCUYUTHIBATh Ha peaIbHY IO
IMOMOIIIb U TTIOAAEPXKKY cO CTOPpOHBI MpuHbl COTOMOHOBHBI B HAYYHBIX U B JKUTEUCKUi Aenax. Ee oTKpbI-
TOCTb TSI OOIIIEHU I, HETIOA IS IbHAS JOOPOTa M BEICOYANMIITMI YPOBEHb KYJIBTYPBI pacrojiaraju K Hell Bcex
cobecemHnKOB. Oco6oii mopaepkkoii M.C. @peitIanH BCceraa MmoJib30Baiach HaydYHast MOJIOACKb.

Cgetnast maMsaTh 00 MpuHe ConomonoBHe DpeiiiinH HaBCcerna OCTaHETCs B Cepallax KOJIJIeT, yY4eHUKOB,
onuskux aoaeil. Ee HayyHoe Hacyienre BOaeT B 30J10TOM (POHI pPOCCUICKON 1 MUPOBO UMMYHOJIOTUU.
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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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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 (hamMuIMsI, UMSI, OTYECTBO, yUeHasl CTEIeHb, yUeHOe 3BaHUe, JOJIKHOCTD KaXXI0ro U3 COAaBTOPOB CTaTbU
(ITOJTHOCTBIO, HAa PYCCKOM U aHTJIMMCKOM sI3bIKaX);

e MopasaelieHue 1 yuapekjaeHure, B KOTOPOM BBITIOJTHsIJIaCh paboTa; B ciiydae, eCJIM aBTOpaMU CTaTbU
SIBJISTIOTCSI COTPYTHUKM Pa3HBIX YUPEXKICHUI, TO MOCHeIHUEe HYMEPYIOTCS 10 MOPSAKY, HauMHas
C eAMHUIIBI, U COOTBETCTBYIOIIAS IIMdpa pazmeliaeTcs nocje aMuaIny aBTopa, MmpeacTaBisoero
NIaHHOE yupexkIeHue; AJs1 MapKMPOBKY aBTOPOB B aHIJIOSI3bIYHON YacTU CTaThbU BMECTO LMD UC-
MOJb3YIOTCS JIJAaTUHCKUE OYKBHI (a, b, ¢, d 1 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) Pestome (rmpu 3arpy3ke B CUCTEMY eMy IpucBauBaeTcs uMs «Pestome»). [IpegocrasisieTcst B BUAE OIHOIO ab-
3alla 6e3 cChlIoK U crielududeckux cokpaiieHuii. Oo6bem — He meHee 300 cioB. Pe3tome B MojHOM oObeMe
MpeACTaBIsIETCS TaKKe B IepeBO/Ie HAa aHIIMHACK U I3bIK. B OTHEIbHBIX CiTyuasx, 1o peleHu o peJaKIimoH-
HOIi KOJIJIETUH, MOXET OBITh 3aTpeOOBaH pa3BepHYTHIN BApUAHT pe3ioMe Ha aHTJIMIICKOM SI3BbIKE.

5) PUCYHKM, €CJIM OHU €CTh — KaXXIbIX OTAEIbHBIM (haitioM (IMpu 3arpy3Ke B CUCTEMY KaXKJIOMY PUCYHKY TTpH-
cBauBaeTcs uMs «PucyHoxk IlopsiakoBbiii HoMep pucyHKa. Ha3zBaHue pucyHKa»).

6)

®aiin B popmare .doc, .docx, .rtf co cmuckomM, B KOTOPOM yKa3bIBalOTCS: HOMEp pUCYyHKa, Ha3BaHUe (C 00JIb-

1I0i OYKBBI), TEKCT IpUMEYaHU i (111 MUKpodoTorpaduii 1oakHO ObITh YKa3aHo yBenuueHue). [oamucu
K pUCYHKaM Jal0Tcs KpaTKue, HO IOCTaTOYHO MH(MOPMaTUBHBIE.
7) Tabnuiibl, eci OHU €CTh — KaXJasi OTAeJbHBIM (haiiom (HazBaHMe KaX 01 TaOJIMIIbI 1OJKHO OBITh TIPU-
BeICHEBI 3aT0JIOBKOM B (haiijie ¢ caMoil Tabauleit).
8) Maiin c HUTUPYEMOI TUTEepaTypoii (IIPU 3arpy3Ke B CUCTEMY eMy ITpucBauBaeTcs ums «JIuteparypa») B Buae
TaOJIMIIbI U3 YEThIPEX CTOJIOLOB (aJ1bOOMHAsI OpUeHTAaLI M), Te:

ABTOpBI, HA3BaHHE MYOIMKALMH
M HCTOYHHUKA, I/Ie OHA
0ny0JMKOBAHA, BBIXOIHbIE TaHHbIE

ITopsakoBblit
HOMep CCHLIKH

®.1.0., Ha3BaHKe My0JIHKALMA H HCTOYHHKA
Ha aHIJIMIACKOM f3bIKe

IToanblii uHTEpHET-a/peC
(URL) uurupyemoii ctatou
u/umm ee DOI

VKasbIBaTh

1o 6ubarorpapuyeckoMy
CTaHIapTy, MPEACTABIEHHOMY
BbILLIE

Pasmematorcst

B Ta01M1Ie

B ajihaBUTHOM
MopsIAKe, BHAYaIe
PYCCKOSI3bIUHBIE,
3aTeM Ha sI3bIKax
C JJATUHCKOM
rpacdukoi

OdunmanbHoe aHTI03bIYHOE HA3BAHUE
nyoaMKaLny 1 UICTOYHHUKA, T1e OHa
ory0IMKOBaHa — JUIsI PyCCKOSI3bIYHBIX CTATEIA.
B penxux ciyyasx, Koraa He CyIIecTBYeT
ouLMaNbHBIX AHTJIOSI3bIUHBIX HA3BAHUIA,
penaKiius NpOCUT MPELOCTaBSATh UX NIEPEBOL,
0003Hayas ero KpacHbIM LIBETOM LIpudTa.
JLns aHI10A3bIYHBIX MYOIMKALMI 1 HCTOYHUKOB
B 3TOM CTOJI0LE CTABUTCS MPOYEPK

B oM ciyuae, eciu
nHdoOpMalus o cTaTbe
He pa3MelleHa

Ha o(UIIMaTbHOM caiiTe
U3IaHUs, IOTTyCTUMO
ucnosnb3oBath URL ctatbu
CO CTOPOHHUX CANTOB,

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 Kerlb mpudTa B 14 MyHK-
TOB; J1J151 BbIAEJIEH WS UCTIOJIb3YETCS KYPCUB, @ HE MOJYePKMBaHME; BCE CChIIKM Ha MJLTIOCTpalluu, rpaduku u tad-
JIVIIBI PACTIOJIOKEHBI B COOTBETCTBYIOIIMX MECTaX B TEKCTE, a HE B KOHIIE TOKYMEHTA.

5. TekcT COOTBETCTBYET CTUIUCTUYECKUM U OMOIMOrpaprIecKuM TpeOOBAHUSIM.

6. Eciiu BBl OTIIpaBIIsieTe CTaThiO B PELIEH3MPYEMbIil pa3/iesl XKypHalia, TO Bbl COMIACHBI C TPEOOBAHUSIMU CJICIIOTO
pelieH3UpoBaHu s, MoApoOHee 0 KOTOPOM MOXKHO y3HaTh Ha calite xxypHasa (http://iimmun.ru) B pyopuke «Pe-

HeH3upoBaHue» paszaeiia «O KypHaje».
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WnnocTtpauun k ctatbe «Feorpaduyeckoe pacnpoctpaHeHne uidekuun COVID-19 B Caynosckoii ApaBun»
(aBTopbl: X.M. Anbpoccapu, A. Aoayn Canam) (c. 141-154) (1-i4 parMeHT; npoaosxeHne cM. Ha ¢. )
lllustrations for the article “Geographical distribution of COVID-19 infection across Saudi Arabia”

(authors: Aldossari H.M., Abdul Salam A.) (pp. 141-154) (1st fragment; continued on p. II)
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Figure 2. Percentage distribution of COVID-19 spread at various locations by administrative areas
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Wnnioctpauum k ctatbe «Feorpadpuyeckoe pacnpoctpaHenue nidekuum COVID-19 B Cayaosckoii Apasumn»
(aBTopbI: X.M. Anbgoccapu, A. Abayn Canam) (c. 141-154) (2-i1 dparmeHT; Hayaso cMm. Ha c. |)

lllustrations for the article “Geographical distribution of COVID-19 infection across Saudi Arabia”
(authors: Aldossari H.M., Abdul Salam A.) (pp. 141-154) (2nd fragment; start on p. I)
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UnniocTtpauus k ctatbe «MukpoGuonormyeckas u MOneKynsipHO-reHeTU4YecKas xapakTepucTuka
nsonatos Klebsiella pneumoniae, BbiAeNeHHbIX B YCJIOBUAX KAPANOXMPYPrM4ecKoro ctaumoHapa»
(aBTopbi: M.B. KysHeuoBa, B.WU. CepreBHuH, B.C. Muxaiinoeckas, J1.I. Kyapseuesa, O.I. MerywunHa)

(c. 103-114)

lllustration for the article “Microbiological and molecular genetic characteristics of Klebsiella pneumoniae isolates,
extracted under conditions of cardiac surgery hospital” (authors: Kuznetsova M.V., Sergevnin V.1., Mihailovskaya V.S.,
Kudryavtseva L.G., Pegyshina O.G.) (pp. 103-114)

Knactep A —,—,—‘
Cluster A _,—.

Knactep b

Cluster B ’—|

0t 10.1

PucyHok. [lenpporpamma, xapaktepusyow,aa ¢punoreHeTmieckne B3amMOOTHOLLEHUS U3YYEHHbIX
wTtammoB K. pneumoniae
Figure. Dendrogram of phylogenetic relations for the studied K. pneumoniae strains

MpumeyvaHue. LLikana otpaxaert npoueHT cxoacTea natTepHoB ERIC-TunuposaHua (n = 50). LipeTa nokasblBaloT TMM OTAENEHUS:
YepHbIi — 00LLAs peaHMMauus, KPacHbIN — Kapanoxmnpyprudeckoe otaenexnme Ne 1, CHuii — kapAMoXmpyprmyeckoe
otaeneHne Ne 2, opaHxeBblii — kapanoxmpyprideckoe otaenerme Ne 3, 3eneHblil — nanata MHTEHCUBHOW Tepanum
Kapanoxmpypruyeckoro otaeneHns Ne 4, GroneTosbln — Kapanoxupypruyeckoe otaeneHne Ne 4.

Note. The scale reflects the percent of similarity of ERIC-typing patterns (n = 50). The type of department is color coded:

black — common intensive care unit, red — cardiac surgery department No. 1, blue — cardiac surgery department No. 2,

orange — cardiac surgery department No. 3, green — intensive care unit of cardiac surgery department No. 4, purple — cardiac
surgery department No. 4.
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