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PUJIOTEHETUYECKASA CTPYKTYPA
rMOBAJIbHOW NONynauun
HELICOBACTER PYLORI

JI.A. CrapkoBa, A.B. CapBaJb

DObYH HUH snudemuonoeuu u muxkpoouonoeuu umenu Iacmepa, Cankm-Ilemepoype, Poccus

Pesiome. [1o MHeHMIO O0NbIIMHCTBA UccaenoBaTeneit Helicobacter pylori (H. pylori) iBnsieTcst OTHOM U3 caMbIX IPEBHUX
OakTepuil B MUKpoOMOMe yesioBeKa. B xone K03BOMIOLIMOHHBIX OTHOIIEHU I yesioBeka U H. pylori, HACYUTHIBAIOIIMX
He MeHee 100 ThIC. JIeT, BBICOKASI CKOPOCTh alalTUBHBIX MyTallMil 1 PpeKOMOMHALIMOHHBIX COOBITUI MPUBEIU K He-
00bIYaliHO BBICOKOMY YPOBHIO reHOMHOTo nojumMopdusma suna H. pylori. HecMoTps Ha 310, miTaMMbl H. pylori Ob11u
CTPYKTYPUPOBAHbBI U pa3fieeHbl Ha pa3IMYHbIC MOMYJSLUNA U CyONONMYAsILIUK B 3aBUCUMOCTH OT UX reorpaduyec-
KOro npoucxoxaeHus. Ha ceromHsamHuil neHb onpeneieHbl ceMb COBpeMEHHbIX nonyasiiuuit H. pylori: hpAfrical,
hpAfrica2, hpEastAsia, hpEurope, hpAsia2, hpNEAfrica u hspSahul, KoTopble MpoUCXoasiT Mo KpaiiHel Mepe OT LIeCTH
npenkoBeIx monyasuuii (ancestral European 1, ancestral European 2, ancestral EastAsia, ancestral Africal, ancestral
Africa2, ancestral Sahul). MHoroumcieHHbIE UCCETOBAHUSI TO3BOJIMIN YCTAHOBUTD, UTO «ITpapoaAuHoii» Buaa H. pylori
ABJsIeTCS aPUKAHCKUI KOHTUHEHT. [JT00anbHbIN (uoreHeTUYeCKuii aHaau3 nociaenoareabHocteil H. pylori Bbl-
SIBUJI IBE CYTEPJIMHUU, OHA U3 KOTOPBIX BKJIt0Yasa nomynsiiuio hpAfrica2, Bropast — ocTajJbHbIE MTONYISLIUU B €11~
HOIl MOHODMIeTUYECKOM Kiaae. DTO CBUAETEILCTBYET O TOM, UTO U3 Beex nonyasiuuii H. pylori, hpAfrica2 ssasiercs
caMoll IpeBHe, Toraa Kak ocTaJbHbIe MPOIOJKUIIU CBOE IBOJIOLIMOHHOE PA3BUTHE TI0O MEPE pacCeeHUsI yeJoBeye-
CTBa 3a npeneibl AQpUKaHCKOro KOHTMHeHTa. TakuM o0pa3oM, MonyasuuoHHas auBepcudukauus suga H. pylori,
KOTOpasi MPOUCXOIMJIa MapaljieIbHO C UX X035€BaMU, MTO3BOJIMJIA UCIIOIb30BaTh reHeTUYeCKe BapuaHThl H. pylori
B KayecTBE OMOJOIMYECKMX MapKepOB, OTPaXaMIIMX 3THUYECKUE U reorpacdruyecKkrue MUTPALIMOHHbBIE TTPOLIECCHI
B McTOpUU YyesoBeka. Kpome Toro, ObicTpast 1 AMHaMU4Has aBoJtouus H. pylori nHpopMupyeT Hac O MPOIOJIKaK0-
HIMXCS 10 HACTOSILETO BPEMEHM PEKOMOMHAIIMOHHBIX COOBITUSIX, UTO TTO3BOJISIET UCMOIb30BaTh H. pylori B KauecTBe
MOJIEJIN KaK JJIs1 COBMECTHOM 3BOJIIOLIMHU ITaTOreHHBIX OaKTepHUii U YeJoBeKa, TaK U A1 MUKPOIBOJIIOLMYU MaTOreHa
B Ipejesax OJHOTO MHIMBUAYyYyMa. B HacTosiieM o630pe MPpUBOASTCS AaHHbIE MHOTOYMCIEHHBIX UCCIEIOBAaHUM,
Kacarouiuxcs 9BOJIOUMN U (PUIIOTeHETUUYECKOM CTPYKTYpHI IodanbHoit nonyasuuu H. pylori. [lonpoOHO onmucaHbl
B3aMMOOTHOIIEHU S MEX Y U3BECTHBIMU Ha CETOMHSIIIHUM eHb OaKTepUaTbHBIMK MOMYISLIUSIMU U CYOTIOM YIS LU SI-
MM, UX Teorpaduyeckoe pacrpeneaeHue, 3BOTIOIMOHHbIE TPACKTOPUM MPENKOBBIX MOMYISIUNA U MYTU MOSBICHUS
HOBBIX cyomonyasuuit matoreHa. [IpenctaBieHbl HOBbIE JaHHbBIE O TOMYISIIMOHHON CTPYKTYPE POCCUMCKUMX IITaM-
MOB H. pylori, a Tak>Xe IITAMMOB, LIMPKYIUpPYlonux Ha TeppuTopusix CeBepHoii, LleHTpanbHoit n KOXHON AMepuKu.
B xone dunoreHeTHUECKOTO aHAIU3a CTPYKTYPHBI monyasiuuu H. pylori ipeactaBieHa pEKOHCTPYKIIMS ThICSYETETHUX
MUTPALIMOHHBIX U IeMorpachuyecKruX MpoLecCoB YeI0BeKa, a TAaKXKe CI0XKHOT0 BOJIOLIMOHHOTO MYTH OaKTepUaib-
Horo Bunaa H. pylori.

Karouesnie caosa: Helicobacter pylori, cmpykmypa nonyasuuu, hpAfrica2, hpAfrical, hpNEAfrica, hpEurope, hpEastAsia, hpAsia2,
hpSahul.

Appec pns nepenucku: Contacts:

CrapkoBa Japbs AHapeeBHa Daria A. Starkova

197101, Poccusn, CankT-MeTepbypr, yn. Mupa, 14, 197101, Russian Federation, St. Petersburg, Mira str., 14,

®BYH HUW anupemuonorum n mukpobuonoru nm. Mactepa. St. Petersburg Pasteur Institute.

Ten.: 8 (812) 233-21-49 (cnyxebH.), 8 921 424-63-37 (M00.). Phone: +7 (812) 233-21-49 (office), +7 921 424-63-37 (mobile).

E-mail: dariastarkova13@gmail.com E-mail: dariastarkova13@gmail.com

[Ana uMtmpoBaHus: Citation:

CrapkoBa [l.A., CBapsanb A.B. DunoreHeTnyeckas cTpykTypa rnobansbHoi Starkova D.A., Svarval A.V. Phylogenetic structure of the global population

nonynsiumu Helicobacter pylori // Uhdekuus v ummyrutet. 2022. T. 12, of Helicobacter pylori // Russian Journal of Infection and Immunity = Infektsiya

Ne 6. C. 1009-1018. doi: 10.15789/2220-7619-PPO-1991 i immunitet, 2022, vol. 12, no. 6, pp. 1009-1018. doi: 10.15789/2220-7619-
PPO-1991

© CrapkoBa [J.A., Ceapsanb A.B., 2022 DOI: http://dx.doi.org/10.15789/2220-7619-PPO-1991

1009



I.A. Ctapkosa, A.B. CeapBasnb MHdekumns n uMmyHuTeT

PHYLOGENETIC STRUCTURE OF THE GLOBAL POPULATION OF HELICOBACTER PYLORI
Starkova D.A., Svarval A.V.
St. Petersburg Pasteur Institute, St. Petersburg, Russian Federation

Abstract. Helicobacter pylori (H. pylori) is widely considered to be one of the oldest bacteria in the human microbiome.
During the co-evolutionary relationships between humans and H. pylori bacterium, spanning at least 100 000 years, a high
rate of mutation and recombination events led to extremely high genomic polymorphism of the H. pylori species. Despite
this, the large diversity of H. pylorigenomes is very well structured, allowing to divide it into different populations associated
with the geographic location of H. pylori strains. To date, seven modern H. pylori populations have been determined
globally: hpAfrical, hpAfrica2, hpEastAsia, hpEurope, hpAsia2, hpNEAfrica and hspSahul originated from at least
six ancestral populations (ancestral European 1, ancestral European 2, ancestral EastAsia, ancestral Africal, ancestral
Africa2, ancestral Sahul). The global phylogenetic analysis showed that H. pylori is organized into two superlineages: one
containing hpAfrica2 and the other containing all other populations in a single monophyletic clade. This indicates that,
hpAfrica2 is the most ancient of all H. pylori populations, while the others continued evolutionary development along as
mankind spread beyond the African continent. Thus, the H. pylori species populational diversification, which occurred
in parallel with paired hosts, allowed us to use H. pylori genetic variants as biological markers, reflecting ethnogeographic
migration processes in human history. Moreover, the rapid and dynamic evolution of H. pylori informs about ongoing
recombination events enabling use H. pylori as a model both for the co-evolution of pathogenic bacteria and humans as
well as for within-individual host pathogen microevolution. This review summarized developments from numerous studies
on coevolution process and phylogenetic pattern of the global H. pylori population. The relationships between currently
known bacterial populations and subpopulations, related geographical distribution, reconstruction of evolutionary pathway
for ancestral and recent populations are detailed. New data on the H. pylori strain populational pattern in Russia, as well
as strains circulating in the Northern, Central and South America, are presented. Phylogenetic analysis of the H. pylori
population pattern permitted to reconstruct both prehistoric and recent human migrations, demographic processes as well
as multilayered evolutionary pathways of H. pylori population.

Key words: Helicobacter pylori, population structure, hpAfrica2, hpAfrical, hpNEAfrica, hpEurope, hpEastAsia, hpAsia2, hpSahul.

BeeneHnue

Helicobacter pylori (H. pylorj) — tpamoTrpulia-
TeJbHasi MUKpoaspoduiibHasl crivpaljibHass OakTe-
pusi, KoTopasi KOJIOHU3UPYET CIU3UCTYI0 000JI0Y-
Ky Xenyaka 0oiiee yeM y 50% HaceneHuss Mmupa |7,
10]. bakTtepus Obl1a oTKpbITa B 1983 1. aBcTpanuii-
ckuMu ydyeHbIMU PobuHom Yoppenom u bappu
MapimayioM, KOTOPBIM 3a J0Ka3aTeIbCTBa POJIU
H. pylori B BOBHUKHOBEHUY OOJTBITMTHCTBA TACTPOIY-
ofieHaIbHBIX 3a00neBanuit B 2005 1. Obla TIPUCY K-
neHa Hobenesckas nmpemus [19]. OTkpbeiTHe mato-
FeHHBIX CBOUCTB H. pylori MO3BOJNIO HE TOJBKO BbI-
SIBUTh MIPUYMHY TaKMX 3a00JeBaHUM KaK TacTpUT,
sI3BEHHasl 00JIe3Hb XKeyaKa U IBeHaAllaTUIIEPCTHOMN
KUIIKY, ageHoKapuuHoma 1 MALT-numdoma xe-
JIyIKa, HO U BHEAPUTH B MEAUIIMHCKYIO MPAKTUKY
COOTBETCTBYIONIYIO aHTUOAKTEPHATBHYIO TEPATHIO.

Y momaBIISIONIEro YMCiIA JTIOACH KOJOHM3AIM S
H. pylori HocuT 6€CCUMIITOMHBI XapaKTep, U JUIb
y 10—20% HocuTeneil pa3BUBAIOTCS MATOJOTMYEC-
kue usMeHeHus: 2KKT [5]. [TomaB B opraHu3m Xo-
3siMHA B paHHEM neTcTBe, H. pylori Ipyu OTCYTCTBUU
3 OEKTUBHOTO JIeUeHUsI COXpaHSIeTCs B Te4YeHUE
BCell XXM3HU, aKTUBHO TTepeaaBasiCh He TOJIBKO MEXK-
Iy 4JIeHaMU OJHOM CeMbH, HO M B Mpeaesiax coo0-
IIECTB, XKUBYIINX Ha OMHOI TeppuTopuu [32].

B xone kosBostouunu yenoseka u H. pylori, npo-
nosxaroueiics He MeHee 100 ThIC. JIeT, BbICOKasl CKO-
POCTBb HAKOIJICHU I aTalITUBHBIX MyTalLIUii 1 pEKOM-
OMHALIMT MPUBEIU K HEOObIYaliHO BLICOKOMY YPOB-
HIO TeHOMHOTrO0 nojiumMopdusma suaa H. pylori [22].
KoHeuHBIM pe3ynbTaToM SIBUJIOCH (DOPMUPOBAHUE

reorpadpuuecku AudbepeHIUPOBAHHBIX TOMYJs-
uuii u cyononyasuuii H. pylori [26].

HMHTepecHble TaHHBbIE 00 3BOJIIOIMU U T€HETU-
yeckol cTpykType nonysiuuu H. pylori 6p11u nosty-
YeHbl Ha OCHOBE MYJIBTUJOKYCHOI'O TUITMPOBAHMU S
nocnepoBartenbHocTel (MLST, Multilocus Sequence
Typing) ceMu TeHOB OOMAIITHETO XO3SIUCTBa afpA,
efp, mutY, ppa, trpC, ureAwn yphC, KOTOpbIE TIPEICTAB-
JISTIOT COOOIl CEeJIeKTUBHO HEWTpasibHbIe yYaCTKHU
B réHOME, a TaKke JIByX I'€HOB, aCCOIIMMPOBAHHBIX
C BUPYJEHTHOCTbIO, — vacA u cagA, KoTopble B Ha-
cTosilee BpeMs He BKJIIo4YeHbl B aHaiu3 MLST |3,
13, 39]. PesynbraThl CEeKBEHUPOBAHUS II0Ka3asu,
YTO MPaKTUYECKM KaXIblii mtamMM H. pylori BBULY
BBICOKOI BapMaOeJIbHOCTH TeHOMAa MMeJT YHUKAJTb-
HbIA TpoUIb (TUI), YTO [JIs LITAMMOB JIPYTUX
BUJIOB SIBJISIETCSI MCKJTIOUEHUWEM, HEXeJW ITIpaBU-
JioM. OTCyTCTBHME KJIOHAJIbHOW CTPYKTYPbI TIPUBE-
JIO K TIepBOHAYaJIbHBIM IIPEAIIOJIOXEHUSIM O TOM,
yto nonyasuuss H. pylori sBasieTcsd MaHMUKTU-
yeckoit [3]. OgHako C yBeJIMYEHUEM pa3Mepa Bbi-
OOpKHU CTaJIO OYEBUIHO reorpaduyeckoe pacripe-
IeleHre omnpeneaeHHbIX TUoB MLST mrammosn
H. pylori v X KOoppensiusi ¢ 3THOPETUOHATbHBIM
npoucxoxaeHueM [39].

Ha cerogHsimIHUI AeHb OIpeNeieHbl CEMb CO-
BpeMeHHbIx nonyysiuuii H. pylori: hpAfrical, hpAfri-
ca2, hpEastAsia, hpEurope, hpAsia2, hpNEAfrica
u hspSahul, KoTopble TIpoUCXOAST TIO KpaiHel
Mepe OT IIeCTH IIPEAKOBBIX IMOMyasiuii (ancestral
European 1 (AEl), ancestral European 2 (AE2),
ancestral EastAsia, ancestral Africal, ancestral Afri-
ca2, ancestral Sahul) (puc. 1) [9, 15, 24]. HanbHeliiee
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dunoreHeTnyeckas cTpyktypa H. pylori

MOITOJTHEHWE HAHHBIX O CTPYKTYpe OIS
H. pylori oTIEJIbHBIX PETMOHOB IIPUBEJIO K JACJICHUIO
KaxkJIoli U3 ceMu Tonyasauuii (¢ mpepukcom «hp»)
Ha cyoronyasnuu (¢ npedukcom «hsp»), KOTOpbie
FEHETUYECKU OTJIMYAIOTCS APYr OT Apyra, HO Me-
Hee auddepeHIMPOBaHbl, YeM NONyJasanuu [36].
YcTaHOBJIeHUE B3aMMOOTHOIICHUM MeEXOy OaKTe-
PUANBHBIMHA TIONYISOUSIMU U CYONOITYJISIUSIMUA
MO3BOJIMJIO M3YYUTH KaK JIeMorpaduyeckue, Tak
U MUTPallMOHHBIE MPOILIECChl YeJIOBEeKa, OKa3blBalo-
II1Me 3HAYMTEJIbHOE BiIMsSHUE Ha (hOpMUPOBAHUE
(UIOreHeTUUEeCKOTO pa3HooOpa3us ri1o0aabHOMI
nomyssiuuu H. pylori [22].

Monynauwma hpAfrica2 wrammos H. pylori

[lo MHeHuIO OOJBIIMHCTBA WCCENOBaTENCH
H. pylori sBNIsSIeTCS OMHOM U3 CaMbIX APEBHUX OaKTe-
puii B MUKpoOuoMe uyeaoBeka. BpeMsi KoaBOJIIOLIMOH-
HOTO B3amMoeicTBus 0akTtepuu H. pylori ¢ yenose-
KOM IT0 HEKOTOPBIM pacueTam JUTUTCst oT 60 10 116 ThIC.
JIET, YTO TIO3BOJISIET UCTIOIb30BaTh T€HETUUECKUE Ba-
puaHThl H. pylori B xayecTBe OUOJIOTMYECKUX MapKe-
pOB, OTpaKalollMX 3THUYECKHE U Teorpaduyeckue
MUTpaLIMOHHBIE TPOLIECCHl B UCTOPUM yesaoBeka [25].

AdpUKaHCKUIT KOHTUHEHT TMPU3HAH «IIpapoay-
Holi» Bunma H. pylori, B coctaBe KOTOPOI'O WJIEH-
TuGUUUpoBaHbl Tpu adpuUKaHCKUE TMOMYISIINN:
hpAfrical, hpAfrica2 u hpNEAfrica [28]. [mo6anb-
HbII (pUTOreHeTUYEeCKUl aHaJiu3 TOoCIeA0BaTeb-
Hocteit H. pylori BbISIBUN ABE CYyNEpJIWHUM, OIHA
U3 KOTOpBIX BKJItoUaja mnonyasuuio hpAfrica2,
BTOpasi — OCTaJbHbIC MOMYJSIIUU B €1UHOU MOHO-
duneTnyeckoit kiaaae. ITo CBUIAECTECIbCTBYET O TOM,
4TO M3 Bcex nomnyasauuii hpAfrica2 asusercs camoii
¢dunoreHeTUUYECKN yAaJICHHOW W ApEeBHEU, Toraa
kak hpNEAfrica u hpAfrical mpomomxunu coe
9BOJIIOIIMOHHOE pa3BUTHE, TOMYJSIIUOHHO IUD-
depeHIIMpPYsICh IO MEpe paccesieHUsl YeJIoBeYeCTBa
3a npeaeabl AGpUKaHCKOro KOHTUHEHTa [25].

TTprMeyaTeabHO, YTO IITAMMBI HOMYAsI MUY hpAf-
rica2 ObUIM BBIACJACHBI OT Pa3JIMUYHbIX STHUYECKUX
rpynn ToJibko Ha Tepputopusx HxnHoit Adpuku
(FOxHo-Adpukanckas Pecnyonuka [FOAP], Ha-
MUOMs, 1or AHTOIIBI) (puc. 2, BKJelika, c. I) [13, 22].
TTonooHas «u3ongumst» hpAfrica2 mpusena K 1pea-
TOJIOKEHMSIM O CBSI3U TTOITYJISIIINY C IPEBHUMHU OXOT-
HUKaMU-cobuparensimMu miaemenn CaH, KOTOpHIE,
KpPOME TOTO, SIBJISTIOTCSI TIPEUMMYIIIECTBEHHBIMU HO-
cutensaMu Tartorpymnmbsl L0 MUTOXOHApHATbHOMU
JAHK — npeakoBoii Aj1s1 00111ei MaTepUHCKON TMHUM
YyeJioBeKa. DTO YKPEIUIO TUIIOTE3Y O TOM, YTO Tpe/I-
cTaBuTean HapogHOCcTH CaH SIBJISIIOTCS IIEPBBIMU
xo3steBaMu ITaMMoB H. pylori hpAfrica2, xoTopbie
SIBUJINCHh OCHOBOITOJIAraloIIIMM B 3BOJTIOIIMOHHOM
Pa3BUTUU OCTAJIbHBIX TTOMYsLIM [25].

Takxe ObLJIO MOKa3aHO, YTO ILUTaMMbl H. pylori
hpAfrica2 sBIsOTCS OMMKAWIIMMU  POJACTBEHHU-
Kamu H. acinonychis — TUIIMYHOTO OOMTATE/sI Opra-
HU3Ma KPYIHBIX Komlaubux [25]. CMeHa opraHu3Ma-
XO3sIMHA, MO-BUAMMOMY, IIPOM3OIIJIa B pe3yJIbTaTe
MHOUIIMPOBAHUS OT YeaoBeKa rmiaeMeHr CaH OTHOIO
U3 MpeacTaBUTelIeil KolaybuX ~43—56 ThIC. JIET Ha-
3a1. BnocnenacTsuu, monynsiims hpAfrica2 pasnenu-
Jach Ha aBe cyonomnyssiuuu: hspNorthSan — Bbiaesne-
HBI OT CEBEPHbIX HapoaHocTel B HamMuouu u AHrosne,
u hspSouthSan — BbIAeAEHBI OT HapOAHOCTEM
B IOxHoit Adpuke. [TonaraioT, yTo MUTrpaius rmomny-
ngoun hpAfrica2 mpoucxonuiaa IIPEeUMYIIeCTBEHHO
c ceBepa Ha 1or [21, 25].

Monynauus hpAfrical wrammos H. pylori

Ionynsauusa hpAfrical mrammoB H. pylori pac-
npeneasieTcsl Mo BCeEMY KOHTHMHEHTY Adpuku, Ha-
yuHas oT Aykupa 1 Mapokko Ha ceBepe 1o TOAP
Ha fore. C MOMOIIBIO KJIACTEPHOTO aHaJin3a ObLIO
BBISIBJICHO HAJIMUUE TPEX PErMOHAJIBHBIX CYyOIIOITy-
asuuii: hspWAfrica — 1ToMUHUPYET HA TEPPUTOPUSIX
3ananHoii u CesepHoii Abpuku (Cenerasn, ['ambus,

l

i

hspSWEuropeAustralia

v

hspNEuropeAustralia

PucyHok 1. CTpykTypa rno6anbHoii nonynsauuu H. pylori
Figure 1. Structure of the global H. pylori population
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Bypkuna-®aco, Mapokko, Amxup, Hurepus, Ka-
MepyH), hspSAfrica — Ha rore Adpuku (Hamubus,
Anrona, FOAP) u hspCAfrica — B lleHnTpasibHOM
Adpuke (Kamepyn, Hamubus) (puc. 2, BKIeiika,
c. )9, 28, 30].

IlomararoT, 4TO BO3HMKHOBEHHUE MOIYJSIIUU
hpAfrical cBsizano ¢ murpanueit m3 Hwurepuu/
KamepyHa HapomHoOcCTell 0aHTY M3 SI3LIKOBOI Cce-
Mmbu Hurep-Konro. TepputopualibHOE paccesieHrue
0aHTy ITPOU3ONII0 MPEANOJOXUTEIBHO 5 THIC. JIET
HasajJ B Tepuoi HeoJnTa B CyOIKBaTOpHabHbBIC
paiioHbl AppuKu — KJIMMaTUYECKU OoJiee MoAa-
XONSIIUE IJIST BEACHUS CEIbCKOrO XO3sicTBa [22,
25]. MapuipyT Murpauuu 0aHTY B IOXKHYIO 4acThb
AdpUKM 10 CUX IOP SIBASICTCSI CTIOPHBIM: OOLLICTIPU-
HSTOU SIBJISIETCS BEpPCUSI O MUTpPALIUU BIOJb BOC-
TOYHOTO ITO0EpEXKbsl, OHAKO OOHapyXKeHUe CyOrno-
nynsuuu hspCAfrica B KamepyHe u AHroJie, HO He
B lOxxHoit Adbpuke m Hamuouu (hspSAfrica), mmox-
TBEPXKJAaeT CYILIECTBOBAHME MaplipyTa, MPOXOAs-
IIero BAOJIb 3aItaJHoro rmodepexns Adpuku. IMo-
BUJIVMMOMY, IIPEISITCTBMEM K JaJibHEHIIeMy pac-
CEeJICHUIO HapoIOB OAHTY C 3alaJaHON YacTU Ha IOT
Adpuku nociyxuna nmycteiHgd Hamub, B pe3ynib-
TaTe 4ero mocjeaoBajia BTopasi BOJHA MUTPAlUU
K BOCTOYHOI YaCTU € MOCHEAYIOLUIUM pacceIeHUEM
Ha rore Adpuku [22, 28, 30]. [TpucyTcTBUE MOMYsI-
oun hspSAfrica Ha Magarackape ripeamnojaraeT Mu-
rpaumio HapogHoCTe 6aHTy yepe3 Mo3aMOUKCKU i
MPOJIUB BO BPEeMSI UJIM TTOCJIE UX MUTPAIIUU BIOJb
BOCTOYHOTrO Moodepexbsa Abpuku [16].

MNonynauusa hpNEAfrica wutammoB H. pylori

Jlpyrass BoJHAa MUTpalWM TIPEIKOB 4YeJIOBeKa
Ha ceBep ADPUKHU ITpUBeJIa K MOSIBJSHUIO €111e OJHOU
TeHeTUYeCKoi Tonyasiuuu H. pylori, TIOJyIUBIICH
Ha3BaHue hpNEAfrica. Ota mony/siiuys oTaeauaach
ot hpAfrical B mpomexyTke 36—52 ThIC. JIeT Ha3as
u BMecTe ¢ hpAfrical pacnmpocTpaHuJiach BI1OJb LIEH-
TpanbHOU yactu Caxenst u CeBepHoit Appukm [15,
22, 25]. Yactota obHapyxeHuss hpNEAfrica yBenu-
YMBAETCSI K BOCTOKY IO peku Hui m moixyocTpoBy
Comanu, TeppUTOPUIO KOTOPOIrO 3aCEsiid IPEeB-
HHe OOIlecTBa CKOTOBOJMIOB, SIBJISIBIIIMECSI HOCUTE-
JISMU HUJIO-caxapckoro s3bika [22]. Hannuue nByx
cyononynsiuii  hspCentraINEA u hspEastNEA
B monynsauun hpNEAfrica Takxke mnociayXuio
YIOOHBIM MapKepoM MJIs1 BBISIBJACHUSI MUTPAILIOH-
HBIX ITyTeil HpeBHUX HapomHocTeit. [lpumcyTcTBue
hpsCentralNEA B KamepyHe, AHrone u Hurepuu
CBUICTEIBCTBYET O BOJIHE MHTPALIUUA HOCUTEJICH
HMJIO-CaXapCKOro $3blKa Ha 3amaj BO BJIaXKHBINU
nepuon rojioueHa (6—9 Teic. JieT Haszam) [28, 38].
TeppuTopuaabHO TOMYJSILIMOHHOE pa3leeHue
Habmomaetcsa B CymaHe 110 00¢ CTOPOHEBI OT IOJIH-
Hbl Huna, roe aBe cyOmomyjsiuuu oOHapyxXXuBa-
FOTCSI ¢ BBICOKOU 4YacToTou (puc. 2, BKJeiika, c. I).
Ilonarator, uyto nonyasuuss hpNEAfrica Briocien-
CTBUU PacIpOCTpaHMJIACh HA €BPa3HICKYIO TeppH-
TopuIo yepes JIeBaHT, MOJOXUB Hayaao NpeaKoBOM

nonyasuuu Ancestral Europe2 (AE2), koTopasi B pe-
3yJbTaTe PeKOMOWHALIUU C TIoNyJasuueil Ancestral
Europel (AEl) chopmupoBanu COBpeMEHHYIO TO-
nynsuuio hpEurope [22, 38].

Monynauwnsa hpEurope wrammos H. pylori

EBponeiickas monynsuuss hpEurope sgBisieTcs
caMoii OOJIBIION MO YMCIAEHHOCTU U XapaKTepu3y-
€TCs HauOOJILIIIUM TEHEeTUYECKUM pa3HOOOpasuem
MO CPaBHEHUIO C OCTaJIbHBIMU monyasuusamu [38].
Imo6anwublit ananu3 MLST mitammoB H. pylori io-
Kazaja, yto mnonyiassuus hpEurope oGpa3oBaiach
B pe3yibTraTe THUOPMIN3AlIUN IBYX ITPEAKOBEIX IIO-
nynsuuit AE1 u AE2, Hu onHa U3 KOTOPBIX TeppU-
TOopHuajbHO He mpousonria u3 EBporsr [37]. Tak,
nonyasuus AE2, npuHanaexaiiasi K COBpeMeHHOMN
nonynssunn hpNEAfrica, 6epeT Hayajo Ha Teppu-
Topuu CeBepo-BoctouHoii AdDpuKH, a UCTOUYHU-
koM AEl, 3BOJIIOLIMOHUPOBABIIIEI 10 COBPEMEHHOI
hpAsia2, sBasietcsa LlentpanbHas A3us [17, 22, 37].

BonbIIMHCTBO HMCcliemoBareseii MmojaaraloT, 4TO
BBUY CJIUIIKOM OOJIBIIIOTO TE€HETUYECKOTO pas-
HooOpasus hpEurope, 3anoc H. pylori B EBpomy
ObLJ1 BbI3BAH HE MEpBOIi, a BTOPO BOJTHOW MUTIpa-
MU YyesioBeKa ¢ APpPUKAHCKOIO KOHTUHEHTa [25].
IMono6HOe nMpeanosoXXeHUue OCHOBAHO Ha TOM, UTO
npeakosas nonynasauusa AE2 (hpNEAfrica) otnenu-
nack ot hpAfrical B npenenax 36—52 ThIC. €T Ha-
3al, a yYUTbIBasl BpeMsl, B TeUeHUE KOTOPOIo Ipo-
WCXOIMJIA 3BOJIOLMHUOHHEBIC U TMOPUAN3ALMOHHBIC
(c AEIl) coobiTus, nossiaeHue AE2 B eBporeiickoit
JacTU €BPA3UICKOro KOHTHUHEHTa HECOBMECTHUMO
C TIepBOIl MUTpalMeli yeaoBeka U3 Appuku, Npou-
3ouueAleit okoso 60 Teic. et Ha3aa. OmHaKO OO0 CUX
MOP OCTAETCsI CHOPHBIM BONPOC 00 UICTUHHOM Tep-
puTopuaibHOM MHOpoucxoxaeHun rubpuga AEI-
AE2, a TakxXe TOYHOIO BpeMEHU WHTPOrpecCUu
TNPEAKOBBIX MOy [22, 25, 38].

TMonynsuuss hpEurope o0beauHSIET 1ITaMMbI
H. pylori, BeIIEIeHHBIE B cTpaHax EBporbl (puc. 2,
BKJIeliKka, ¢. I), omHako HabJrogaeTcsl TeppuTOpUAaTb-
HO HepaBHOMEPHOE COOTHOIIIEHUE TOJIC MPEIKOBBIX
mvuauit AEI/AE2 [22]. HecmoTpst Ha TO, 4TO A0JU
AEI/AE2 B monynsuuun hpEurope pacmnpeneneHbl
B cooTHoueHuun ~50:50, ObLIO OTMEUYEeHO IpeodJia-
nanue gonu AE1 B CeepHoit EBporte (DunnsaHns,
Octonus, llseuus, Benukodopurtanus, Mpaanaus,
Hunepnannpl) u ymenbluenue noau AEl B FOzkHoit
EBporie (benbrus, lepmanus, Uranus, OpaHius)
cnpeobnaganuem AE2 [18, 37]. JaHHOE OTKPBITHUE TTO-
CITY>KJIO OCHOBAHUMEM IJISI TIPEIITOIOXKEHM S, YTO TEP-
pUTOPHATIbHBIM MCTOYHUKOM monyasiuu hpEurope
SIBUJIACH peTUOHEI «I 110m0pomHoro morymecsma» (co-
BpeMeHHbIe TeppuTopun Kunpa, JluBana, Uspauns,
Cupun, Mpaka, roro-socroka Typumu, roro-3amnamia
Wpana u ceBepo-3anana MopaaHum) ¢ nociaenyommum
pacpocTpaHEeHUEM TTOMYJISIIINY Ha €BPOICHCKOM Ya-
CTU B anoxy HeonuTa [9, 18, 25, 37]. Apyras Bepcust
ocHOBaHa Ha pesyiabrarax MLST-anamus3a mramma
H. pylori, BblaeaeHHOro u3 xeayaka THPOIbCKOro
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JeastHoro yenoBeka (D1uu), ooHapykeHHoro B 1991 1.
B Dnranbckux Anbiiax B Tupone. Bospact mymun,
OIpEeNeICHHBIN PaauoyIJIepOAHBIM METOIOM, CO-
ctaBisa nipumepHo 5300 net. AHaaU3 reHoMa JpeB-
Hero mtamma H. pylori Tiokazan TIpUHAIIEKHOCTh
He K hpEurope, a kK coBpeMeHHOI Tonyiasiiuu hpAsia2
(AEl), koropasi pacmpocTpaHeHa B LleHTpanbHON
n FOxxHoM A3uu. JlanbHeNIIN aHaaU3 BBISIBUII, YTO
B TIPOIICHTHOM COOTHONIIEHWN Ha a3MarcKylo To-
nyisuuio AE]l npuxonurcs 93,5% reHoma JIpeBHETO
ITamMMma, ¥ JJUb 6,5% — Ha adpUKaHCKYIO TTOMYJIsi-
uuio hpNEAfrica (AE2). Takum o0Opa3oM, ApeBHUI
mTaMM H. pylori IBIISIeTCSI IEPBBIM J0OKA3aTeIbCTBOM
Toro, uto AE2 yxe nipucytrcTtBoBas B LleHTpanbHOI
Espone B nepuon menHoro Beka [17]. Huzkuit ypo-
BeHb conepxkaHust AE2 B reHome H. pylori ipenmnona-
raeT, 4YTo OONbIIAsI YaCTh MPeIKOBOM rTonyasauun AE2
(1011 KOTOPOI JIOCTAaTOYHO BBICOKA B COBPEMEHHOIA
nonyassiun hpEurope) siBiisteTcst pe3yibTaToM 3aHOoca
AE?2 B EBporty B TeueHUeE MOCIAETHUX HECKOIbKUX ThI-
CsIY JIET, YTO TOpa3/Io ITO3MHEE YCTAHOBICHHBIX paHee
BPEMEHHBIX MHTepBayioB. OQHAKO OrpaHUYEHHOCTh
9TOrO BBIBONA CBsSI3aHA C pa3MEpPOM BBIOOPKM (OOWH
IITaMM), YTO HE TMTO3BOJISIET TTOJTYYUTh CTATUCTUIECKH
JIOCTOBEpHBIE CBeIeHUsI 0 pacnipocTpaHeHHOCTU AE]
Ha TepPUTOPUSIX IpeBHE EBPOITHI I CKOPOCTH MH-
Tporpeccuu AE2 [17, 18, 38].

Jlo Hactosiiiero BpemeHu nonyJsiuusi hpEurope
ObLIa pasaesieHa Ha aBe cyornonyasiuuun: hspN Europe
(hspNorthEurope) u hspSEurope (hspSouthEurope).
OnHako B uccienoBaHusix Mufioz-Ramirez Z.Y. u co-
aBT. (2021) ObuTa MAeHTUDUIIMPOBAHA HOBasi €BPO-
neiickast cyononyiasiuus hspSWEurope, umeroras
TEHETUUECKOE POIACTBO C EBPONCHCKNMHU CyOIIOTyJIIsI-
nussMu Amepuku. [lokazano, yto hspSW Europe tiup-
KyJIupyeT Ha TeppuTopuu [1npeHeickoro noryocTpo-
Ba U OObEeNUHSET WTaMMbl H. pylori, BblaeIeHHbIE
B Ucnmanum, [Mopryranuu, @panumu [27]. Kpome Toro,
Guevara A.A. v coaBr. (2021) Tak>Ke BbISIBUJI IBE HOBbIC
cyornontynsaiun hpEurope — hspSWEuropeAustralia
u hspNEuropeAustralia, KoTopble 00Hapy>KeHBbI TOJIb-
Ko B ABcTpanuu (puc. 2, BKierika, c. I) [10].

Takum o6paszoMm, TOMYJASIIIMOHHAs TEeHETUKa
H. pylori oTpaxkaeT HE TOJBKO ITOUCTOPUICCKUE
MUTpaIlMK YeJloBeKa, HO U OTHOCUTEJIHLHO HEIaB-
HUE MUTrpallMOHHBbIE coObiTUs. [lomMmmMmoO cTpaH
EBpasuiickoro KoHTUHeHTa, nonyJjsuus hpEurope
obHapyxxeHa B ABcTpanuu, Adpuke, CeBepHOii
n FOxHoit AMeprke, Ha UINTIITTHAX U OCTPOBaX
[0KHOI yacTu Tuxoro okeaHa, 4TO, OUEBUIHO, SIB-
JISIETCS PE3yJAbTaTOM €BPONENCKON KOJOHMAJIbHOU
9KCMAaHCUM, KOTOpasi aKTUBHO BeJlach 00Jiee YeThl-
pex BexkoB [9, 34, 38].

MNonynaunsa hpEastAsia wrammos H. pylori

HpEastAsia — TumnuyHasi BOCTOYHOa3uarckas
TOITYJISIIINSI, KOTOpast oTaeauaach ot hpAsia2 npen-
noioxurteabHo 30—50 ThIC. 6T Hazald W NEJIUT-
cqa Ha Tpu cyoronyasuuu: hspMaori, hspAmerind
(hspIndigenousAmericas) u hspEAsia [23, 24].

Cyononynsuus hspEAsia siBisieTcs camoii 00J1b-
IOl TO YNCICHHOCTA M OOBEIUHSICT IITaMMBI
H. pylori, BelneneHHbIe B cTpaHax BocTouHoit A3un
(Kuraii, FOxnas Kopesi, Cunramyp, Manaiizusi,
TariBanb, Kam6onxa, Amnonus, Tannanag u Beer-
HawMm) [33, 38]. OnHOopoaHOE pacrnpeneieHue cyomno-
nynsuuu hspEAsia B 3TUX cTpaHax, a TaKxXe pac-
MpOoCTpaHEHWE KPYITHOW CHUHO-TUOETCKON SI3bI-
KOBOM cemMbu Ha Tepputopusx Bocrounoii, FOro-
BocTouHoii u FOxxHoM A3uu, moATBEpKAaeT MUTpa-
OHW0 KUTAaiCKOTO HAaCeJICHUS B TCUCHUE TTOCTICTHNX
3 TBIC. JIET, B OCOOEHHOCTH B IEPUOJ SKCIIAHCU U TU-
Hactuu Yxkoy (1100211 rr. go H.3.) [22].

HspAmerind (B HacTtosIiiee BpeMsl H3BECT-
Ha kKak hsplndigenousAmericas) — yHUKaJbHas
cyononysinusi, KOoTopasi OOHapyxXeHa y KOpEeH-
Horo HaceneHuss CesepHoil u HOxxHoit AmMepuxku
(uHpeiupl, UHYUTHL U ap.). HemaBHO mnposeneH-
HbI€ WCCJCIOBAaHUS BBISIBUJIM IBa IMOABUAA STHU-
yecko cyononynsauuu hsplndigenousAmericas:
hspIndigenousNAmerica (0ObeaMHsIIA IITAMMBI,
BolaeseHHble B KaHane) u hsplndigenousSAmerica
(mrammbl u3 KOxxHOIT AMEeprKH), paHEee COBMECTHO
obo3HauaBiIrecs kak hspAmerind [23, 27].

ITo cpaBHEHUIO C OCTAJIBHBIMU CYOITOM YIS SI-
mu, hsplndigenousAmericas XxapakTepusyeTcs
OUeHb HU3KUM TEHETUYECKHM pa3HOOOpa3mueM.
DTO TI03BOJMJIO MNPEAIOJOXUTH, YTO (POPMUPO-
BaHue hsplndigenousAmericas Mpou3oIJIO B pe-
3yJibTaTe€ MUTpalMU HeOOJIbIIOW IpyMIibl Jroaei
u3 BocTouHoit A3uu yepe3 bepuHros npojuB 0KO-
10 8—11 teIc. met Ha3ax [23]. KpoMme Toro, miraMmbl
H. pylori cyononynsuuu hsplndigenousAmericas
OBLIM BBIICJICHBI Ha SMOHCKHX OCTpPOBax XOK-
Kaigo u OkKkrMHaBa, 4YTO, BO3MOXHO, SIBJISICTCSI CBU-
neteJbcTBOM pasaeneHust hpEastAsia u hspIndige-
nousAmericas B pe3yJibTaTeé MUTpallUU JIIOACH
yepe3 Tuxuii okeaH B elle 60jiee paHHUI MEPpUO
BpeMeHHM (mo TepecedcHHMsT bepuwHroBa Npoiam-
Ba) [27]. TakuM o6pa3oM, MepBble KOPEHHbIE aMe-
PHUKAHIIH IBJISJICh HOCUTEISIMHU OaKTepHaTbHBIX
mrtamMmMoB H. pylori a3MaTCKOro mpouCXOXIeHMUS,
KOTOpbIe M30JIMPOBAHHO  3BOJTIOIIMOHUPOBAJIU
B pe3yJbTaTe MPOLIECCOB PEKOMOMHAIIMU /WU
mytauuu [14]. OnHako reHoMHOE pa3Hoobpasue
H. pylori B AMepuke pe3KO M3MEHMJIOCHh MOCTe
npubbiTUs eBporeiilies 6osee 500 yieT Ha3aa U Ha-
Jajla TpaHCATJIAaHTHUYECKOW pabOTOPTOBIM, YTO
MPUBEJIO K MOSIBJIEHUIO HOBBIX MOy, chop-
MUPOBABIINXCS B PE3yJbTaTe CMEIIEHUS TTPEIKO-
BBIX TeHOMOB [23, 27].

Cyononynsiuuss hspMaori BnepBble Obljia 0OHa-
pykeHa B HoBoil 3emaHnuu y KOpEeHHOro Hacele-
Hus1 Maopu, nnozxe — B Camoa, HoBoii Kanenonuu,
octpoBax Yommc u ®PyryHa, B fmoHNH, a Tak-
ke Ha TaviBane m @uuurmHax (puc. 2, BKJICHKa,
c. D) [9, 15, 24]. T'moGanbHbIN (uIOreHeTUYECKU A
aHanu3 mTamMmmoB H. pylori Tiokasaj, 4ToO TaiiBaHb-
CKV€ IITaMMBI SIBJISTIOTCSI TIPEIKOBBIMU TI0 OTHO-
IMIEHNIO0 K TUXOOKEAHCKUM U MMEIOT 3HAYUTEIIHLHO
0oJiee BBICOKMI yPOBHb Fr€HETUYECKOTO pa3HOOOpa-
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3Usl MO CPaBHEHUIO C TUXOOKeaHCKMMU hspMaori.
IlonyyeHHBIe NaHHBbIE CBUACTEIbLCTBYIOT 00 OIHO-
HaIpaBJICHHOM 3KCITAHCU U aBCTPOHE3UMCKIX MOpPEe-
MnJiaBaresieil Ha o0 pHYo TeppuToprio OKeaHun —
®dunnnnuHel, Menane3niickue n [lomHe3niickme
ocTpoBa THUXOro okeaHa, KOTOpPble OHU aKTUBHO
3acensiyid. ITIporHosupyemoe pacxoxXiaeHue MexI1y
TaliBaHbCKUM Y TUXOOKeaHCKMUM hspMaori mpouso-
111JTO OKOJIO 5 ThIC. JieT Ha3an [24, 38].

Monynaumsa hpAsia2 wrammoB H. pylori

W3 Bcex monynsuuit H. pylori, mosiBUBLIMXCS
3anipenesiamu Agpuku, hpAsia2 aBisgeTcss HanboJiee
UHTpUTYIOLIEH. DTa nonysiius cdhopMupoBaiach
y TPyIIBI TI0ACH, KOTOPBIE TN00 HE CISH0BAIIN I0XK-
HOMY MNpUOpPEXKHOMY MapuipyTy MUTpaLUu, JIMOO
OCeJIM Ha paHHMX dTallax MUTpPAIlMH, a 3aTeM IIPo-
JOJIKUJIU 3acesieHue Briayob 3amagHoit u CpemnHei
Azun [38]. PacipocTpanenue hpAsia2 mpou3oIio
Ha OOIIUPHBIX TeppuTopusax EBpaszuum mpudaunsu-
TeJibHO 40 TBIC. JIET Ha3ajd, CKOpee BCEro, J0 IOSIB-
nenus nonyiasuuu hpEurope. B HacTosiee Bpems
Ha TeppUTOPUU 3ananHou yactu EBpasuu nomyss-
s hpAsia2 B 3HaUMTENbHOUN CTENEHU 3aMelleHa
hpEurope, ogHako ee npucyTcTBue B Huaepnangax,
DuHAIHANY 1 DCTOHUY TTOATBEPXK AT MPEATIOIO0-
XeHue, 4yTo npeakonas nonynsauus AE] nznavanb-
HO MTPUCYTCTBOBAJIa Ha €BPA3UCKUX 3eMJISIX A0 MO-
aBnaeHuss AE2 c rora [22, 38].

WNutepecHa ckIoOHHOCTH hpAsia2 K oOpa3oBa-
HUIO PEKOMOMHAHTHBIX TMOMYJASIIUI MPpU BTOPUY-
HOM KOHTaKTe ¢ APYTUMU momnyasausamu H. pylori.
JleficTBUTEIbHO, BCE U3BECTHBIE B MUPE PEKOMOU-
HaHTHBIe Tonyasaun H. pylori BKitodaroT hpAsia2
B KayeCcTBE OJHOW M3 PONUTENbCKUX MOIYSIIIUA.
IMomumo pekoMmOuMHamuu hpAsia2 ¢ TOIyIsSIIIH-
eit hpNEAfrica, B pe3ynbTare yero copMupoBa-
nack hpEurope, hpAsia2 Tak:ke ydacTBoBaJia B MH-
TPOrpeECCUU C ABYMS APYTUMU MOIYJIALUAMUA —
hpNorthAsia u hpEastAsia, B pe3yibraTe 4ero oo0-
pa30BaJIUCh 1BE€ PEKOMOWHAHTHBIE CyOMONyasiiuu
hspSiberial u hspSiberia2. C npyroii CTOpOHBI, yBe-
JIMYEHUE KOJMYEeCTBAa PEKOMOMHAHTHBIX TMOITYJISI-
LM MOTJIO OBITh BBI3BAHO ITOBTOPHBIMU 3aHOCAMU
hpAsia2 B reorpaduyeckue odaacTu, coaepxkaliue
apyrue nonynasuuu [23].

Ionyngauus hpAsia2 nenurcs Ha Cyoronyas iU
hspLadakh — obHapy:KeHa B MU30JIMPOBAHHOM rMMa-
JaiickoMm peruoHe cesepHoit Muaun — u hsplndia,
Kotopasi gomuHupyer B MWMunuu, baHrmazger,
Manaiizuu, Taiinanne n Ha @unaunmnunHax (puc. 2,
Bkieiika, c. I) [8, 35]. Tlomarator, yTo cybmnomy-
nguusg hsplndia 6blta gBaXXael 3aHeceHa B HOro-
BoctouHnyto Asuio: TepBblii pa3, CKOpee BCero,
C NpUOBITUEM HOCHUTEJEH SI3BIKOBOW I'PYMIIbl Taii-
Kajaili Ha TEppUTOPUIO HbIHelIHero Tannanna (Ha-
Yaji0o BTOPOTrO THICSYEICTUS H.3.) U BTOPOil pa3s —
c murpantamu u3z Munuu B XIX B. 8, 22].

B pesynprate HemaBHO MPOBEICHHBIX MCCIIEIO-
BaHuit Moodley Y. u coant. (2021) 6b1s1a 0OHapy-

>XKeHa TpeTbsl cyonomyasaius hpAsia2 — hspUral,
KoTopast TecHo cBsizaHa ¢ hsplLadakh u hsplndia
M BBIACTSICTCSI OT YPalIbCKOSI3BIUHBIX 3THOCOB
3ananHoit Cubupu — xaHTOB 1 HeHlieB. [lonarator,
yTo 3acejeHne CubOupU MOTJIO OBITH CBSI3aHO KakK
C TPOAOIKAIOIMIMMCS TIOCJICTHUM JIEAHUKOBBIM
MakcuMyMoM (26,5—19 Thic. JIeT Ha3a), TakK U C pe-
TIOITYJISIIINEeit HaceJIeHUsI B TOJIOLICHOBOM TIEPHUOE.
B panbHEWIUX WCCIETOBAaHUIX CYOMOMYISIIINS
hspUral MoxXeT gBJISITBCSI MapKepoOM pacIipocTpa-
HEHUSI ypajbCKMUX SI3BIKOB 3a mpemenbl Cubmpn
B CeBepHylto EBpony [23].

MNonynsauma hpSahul wtammos H. pylori

Caxynl — IOOUCTOPUYECKUIN KOHTMHEHT, KO-
TOpbIt oOpaszoBasics ~98 MJIH jeT Ha3adg U 00b-
eIUHSIJT HBIHEIIHUEe AHTapKTUILY, ABCTpajuio
u Hosyio I'Bunero. IlpumepHo 40 MaH JieT Ha-
3aa ot Caxyjia otaeauaach AHTapKTHUAa, OJHAKO
ABctpanusa u HoBas I'BuHes octaBaJauch CBSI3aH-
HBIMHM OO KOHIIA MOCJEITHEro JIETHUKOBOTO MaK-
cumyma. Cuuraercs, uTo 3aceneHue Caxyia nmpo-
M30IIJIO B pe3ybTaTe MUTPALIMU JIOACH 3a pee-
Bl AQGPUKH O TIPUOPEKHOMY MAapIIPYTy, MPO-
xonsieMy yepes oxHy©o MHanwo, AHgaMaHCKu
apxuneygar u Cyngananng [22]. Takum obpasom,
B pe3yJbTaTe TECHOTO FeHeTUUECKOTO POJICTBA KO-
peHHBIX HapoaoB ABcTpanuu u Hosoii I'BuHen,
mrtamMmbl H. pylori ~31-37 TBIC. JTeT Ha3am cdop-
MUpOBaIU eAuHyl0 nonyiasuuto — hpSahul, 3a-
HUMAIOIIYIO TMTPOMEXYTOUHOE IMOJOXKEHUE MEXIY
appuKaHCKMMU W Aa3WaTCKUMHU TOMYJISIISI-
Mu [24]. OgHaKo apXeoJOruvyeckue CBUIAETEb-
CTBa JIIOXU TUJICHCTOIIEHA ITOKAa3bIBAIOT IPYTYIO
naTy 4JeyioBedyeckoil kojoHusauuum Caxyna —
~42—48 ThIC. IeT Ha3ax [6, 24].

I['moGanpHBIN (PUITOTEHETUYCCKUIT aHAIU3 TO-
KaszaJ, uyto 3aHoc H. pylori Ha TeppuTopuio Caxyna
MPOM30IIe] eAMHOXIb. BrociencrBum B pe3yiib-
TaTe TOBBIMICHUS YPOBHSI MOPSI U 00OCOOJICHUS
ABcTpanuiickoro KoHtTuHeHTa ot HoBoii I'BuHen
nonynsguus hpSahul pazngenuaack Ha A1Be TUCKPET-
Hble cyononyasuuu: hspAustralia u hspNGuinea
(puc. 2, BkJaeiika, c. I). Mcronb3ys yHUKaJbHYIO
KOJIJICKIIMIO IITaMMOB, MOJYYCHHBIX OT abopu-
reHoB ABctpanuu u HoBoil 'BuHeu, ObLIO TO-
Ka3aHO MPaKTUUYECKU ITIOJTHOE OTCYTCTBHUE Ipeii-
(a renoB mexnay cyomomynsuusmu hspAustralia
u hspNGuinea [22, 38].

CtpykTypa nonynsaunn H. pylori 8 Poccun

WN3BecTHO, uTO OOIIMpHAas Tepputopuss Cubdbupu,
MpoCTUpAloNIasicss OT YpaJibCKUX rop Ao Tuxoro
OKeaHa, SBJISIETCS MaJlOHACEJeHHOM, OAHAaKO TpuU
9TOM 3[eCh WCTOPUYECKU TIPOXUBAET OOJIbIIOE
YHUCJI0O KOPEHHBIX HApoaoB (~36) M3 pasIuvHBIX
sI3BIKOBBIX ceMeil. HecMOTpst Ha clioXHbBIE KIUMa-
TUYECKUE yCJIOBUSI, COBPEMEHHBIE JIIOIU BIIEPBbIE
NOsSIBUJIUCH HA TeppuTopuu Cubupu okoso 45 ThiC.
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JIET Ha3aJ W, M0 MHEHUWIO psijia MCCliefoBaTeNlei,
pa3BUIM amanTUBHBIE MeEXaHM3MBI, OOecCHeYu-
BalolMe UX MOCTOSIHHOE MPUCYTCTBUE B JaHHOM
pEerroHe B TeUCHHE ITOCICTHETO JSAHNKOBOIO MaK-
cumyMa (26,5—19 teic. et Hazam). Kpome Toro,
TeHOMHBIE UCCJIEIOBAHUS IPEBHETO YeJIOBEKA CBU-
JIETEIbCTBYIOT O ToM, uTo Cubupb OblJla BOpoTa-
MU I MuTpauuu jgiogeit B CeBepHYI0 AMEpUKY
(uepe3 bepuHroB mnpoamB/IIeperniceK), a TaKXkKe
B 3anaaHyto EBpasuio [22, 23].

I'moGanbHBINE  aHAAM3 CUOUPCKUX ILITAMMOB
H. pylori, npoBenenHbiii Moodley Y. u coant. (2021),
MO3BOJINJ BBISIBUTH MSTHh HOBBIX CYOITOITYJISIIIUIA,
KOTOpBIE SBIASIOTCS SHASMUYHBIMU IJISI PETMOHOB
Cubupu: hspUral, hspAltai, hspSiberial, hspSiberia2
n hspKet (puc. 2, Bkieiika, c. I). IIpoucxoxmneHue
CUOMPCKUX CYOIOMYJISILNI SIBJISICTCSI PE3yJIBTaTOM
PEKOMOMHAIINNA HECKOJIBKUX MPEIKOBBIX ITOIYJISI-
uuii. Tak, cyomomyisius hspSiberial Bo3HUKJIa
B pesysbrare cMmeunreHust hpAsia2 m hpNorthAsia,
hspSiberia2 — B pesyibrate cmelieHus1 hpAsia2
n hpEastAsia, a hspKet — B pe3yJjibTaTe CMelLIeHUS
hpNorthAsia un hspSiberia2. YmomsiHyTast paHee
cyononynsuus hspUral, BeiaesieHHas OT ypaJibCKO-
SI3BIYHBIX XaHTOB 1 HeHIeB 3amagHoit Cubupu, co-
CTaBJISIET TPEThIO cyOmonyasiiuio hpAsia2 1 MoxXeT
CIIYXKUTh MHKPOOHBIM MapKepOM ISl M3YUECHUS
MUTPALIMOHHOIO ITyTU HOCUTEJICH yPaIbCKOIO SI3bI-
Ka 3a npenaennsl Cubupu B CeBepHyio EBpony [23].

K HaubGosiee MHTEPECHOMY OTKPBITUIO CIIEAYyeT
OTHECTH BBISIBJICHUE Ha Bceil Tepputopunt Cudbnpu
cyoronrynssouun  hsplndigenousAmericas, kotopas,
Kak TIpenrosarajoch paHee, paclpocTpaHeHa JUlllb
cpenn KopeHHBIX HapomoB CeBepHoif u HOxHOM
Awmepuku. [pucyrctBue hspIndinentAmericas o o6e
cTopoHbl bepuMHroBa mNpoJMBa MOXET SIBIISTh-
Csl CJICACTBMEM JIOJITOCPOYHOrO B3aMMOICHCTBUS
MEXKIY KUTEISIMU T100epeXbsd 000OMX KOHTHHEH-
ToB. IlomyyeHHBIC TaHHBIC TaKxKe MOATBEPXKIAIOT
TUTIOTE3y O €IWHOW MUTpallMU CEBEPHBIX €Bpa-
3uiinieB yepe3 BbeprHTOB MpoaWB B TIEPUOI TIJICii-
CTOlleHa M mocJjenylolieil KonoHusaueir HoBoro
CgeTa, a Takxe O ele 6ojee paHHEd MUTpalUuU
COBPEMEHHOTI'0 YeJI0BeKa Ha TEPPUTOPUIO CEBEPHOM
Espazuu [23, 38].

Cyonomnynsius hsplndigenousAmericas Han6o0-
Jiee TECHO CBsi3aHa ¢ HOBOW CUOMPCKOI CyOIiony-
asgaueir hspAltai, KoTopast TeppUTOpHATIBHO Orpa-
HuuyeHa lleHTpanbHoli CHUOUPBIO U BBISBISETCS
B OCHOBHOM Yy TIOPKCKHMX W MOHTOJBCKIX HAapOIOB,
B MEHbIIEH CTEIIEHU — Y TYHT'YCCKMX HAPOIHOCTEM.
BBuay BBICOKOTO pacIipoCTpaHEHUS CyOITOITYJITSIIIIA
hspIndigenousAmericas u hspAltai Ha TeppuTOpUN
Cubupu, aTakKe BbICOKOM CTENEHU X (PUJIOTEHETU -
yeckoro poactsa, Moodley Y. u coaBT. 00beIUHUIIN
MX B HOBYIO nonyasiuuio hpNorthAsia, Ha KOTOpy1o
npuxonurcst 44% cubupckux imrammoB H. pylori.
INpeanonoxurenbHo, hspAltai BO3HUK B pe3yabTare
reHeTuuyeckoro apeiiga ot obiiero ¢ hpNorthAsia
npeaka u auddepeHuuponaiicss or hpNorthAsia
~199-2328 net Ha3an [23]. HeiHenHee pacnpocTpa-

HeHue hspAltai cpeau TIOPKO- U MOHTOJIOSI3bIYHbIX
CHUOMPSKOB TpeaIiojlaraeT paclipocTpaHeHUe HaH-
HOI CcyOomonyasiiMu B pe3yJibTaTe HETaBHUX MMT-
paumit Tiopkckux (VI—XVI BB.)) M MOHTOJBCKUX
(XIII B.) HapomoB [41].

OnHako OOJIBIIMHCTBO CUOMPCKUX TE€HOTUIIOB
(52%) He KnacTepu30BaIWCh HU C ONHOW U3 BbI-
MIEYIOMSIHYTBIX TIONYJSILUiA W (opMuUpoBaIn
Tpu 000cob6JeHHbIe cybononyngunu: hspSiberial,
hspSiberia2 u hspKet. ITonaraioT, 4To BCe TpU MO-
OyASIUY BO3HUKIIM BO BpeMsI TOJIOLICHA 1, CKOpee
BCETro, B pe3yjbTaTe MPolecCOB TEHOMHOI'O CMellle-
HUsI, a HE TUBEPTeHIIU .

Hawnbonee reorpadumyecku pacnpocTpaHeHHON
cyoronynsuuein gBisijach hspSiberial, koTopasi
o0BeauHsIIa TaMMBbI H. pylori OT BCeX MCCIIeTyeMbIX
KOpeHHbIX HapoaoB Cudupu. Bropoii 1o yncieHHo-
CTHU SIBIIsIIach cyoromynsaaus hspSiberia2, KkoTopas
BBISIBJIECHA Y HEKOTOPBIX KOPEHHBIX HApPOAOB (HEH-
OBI, XaHThI, TYBUHIIBI, HAHAWIIBI, KOPSIKU, YYKIN).
Tpetbs cyononynsuusa hspKet Obuta oOHapyxKeHa
JUIIB Y 9THUYECKUX KeToB B LleHTpanbHoit Cudupu.
DBOJIIOIIMOHHOE TIPOUCXOXKACHUE CyONOmyasiinm
hspKet cBsizaHO, MO-BUAUMOMY, C PEKOMOMHAIIUENH
mexxay hpNorthAsia n hspSiberia2 [23, 31].

Hamu yxe Oblna omucaHa CKJIOHHOCTbL IOITY-
nguuu hpAsia2 Kk GopMUPOBAHUIO PEKOMOUHAHT-
HBIX MOMYJSLMA MPU BTOPUYHOM KOHTAKTE C IPy-
TUMU TIOMYyJSAIMsIMHA. He SBUINCH MCKITIOUCHU-
eM U ABe cubupckue cyoromynsauuu hspSiberial
u hspSiberia2, KoTopble ChOPMUPOBAIUCH B PE3Yb-
TaTe PEeKOMOMHAIIMOHHBIX COOBITUU MEXOY POIU-
TeJbcKuMU nonyiassuusamMu  hpAsia2-hpNorthAsia
n hpAsia2-hpEastAsia cooTBeTcTBeHHO. OmHAKO
BBUAY OJIU3KOIrO poAcTBa cyoronysiiuii hspSiberial
U hspSiberia2 Heb3g UCKIIOYUTH aJTbTEPHATHUBHbBIE
9BOJIIOIIMOHHBIE CIICHADUM WX BO3HUKHOBEHUSI.
CpaBHeHUE MOJHOI€HOMHBIX MOCJIEeI0BaTEIbHOC-
Tel CMOMPCKUX MTaMMOB H. pylori, BO3MOXHO, TTO-
3BOJIUT MPOJUTH CBET HA BOBHUKHOBEHME CyOIoIy-
nsuumit hspSiberial u hspSiberia2 [23].

K coxaneHuio, B pocCUIiCKOI1 TUTEpaType UMe-
eTCsl OrpaHWYEeHHOE KOJIMYECTBO ITyOJuKaInuii,
MOCBSIIICHHBIX (PUJTOreHETUYECKOMY aHaJIMU3y poC-
cuiickux mwrtammoB H. pylori. Tak, Copokun B.M.
u coanT. (2021) mokazanu, 9To WTaMMBI H. pylori,
BBIZICJICHHBIE HAa TeppuTopuu EBporieiickoii yacTu
Poccun, mpuHamiexar K momnyasoun hpEurope
C paBHOMEPHBIM paclipeieeHUeM M0Jieil MpeaKo-
BeIx onynsguuit AE1 u AE2 [2]. [TonyyeHHbIe 1aH-
HBIE COTJIaCcyIOTCs1 ¢ uccaegoBaHnusmMu Moodley Y.
u coanT. (2016). B uccnenosanusx bopucosoii T.B.
u coaBrT. (2018), eBporeiickoe MPOUCXOKACHNE OBLIO
BBISIBIIEHO Y 89,3% 1itamMmmoB H. pylori, TAPKYyINPYIO-
mux B JAxkyTtuu [1]. OT9acTil 3TO MOXET OBITH CBSI-
3aHO C MPUXOOAOM TIEPECEIIEHIIEB U3 €BPOIEHCKOMI
yactu Poccuu co BTopoit nonoBuHbl XVI 10 KOHIIA
XVII B. 1 3HAUUTEJIbHBIM COKpallleHHEM KOPEHHOTO
HaceneHus1 CuOMpU aHAJIOTUYHBIM TOMY, YTO TTPO-
M30IIIO ¢ HapogaMu Me3oaMepuKH B IPOIIECCe B-
pornerickoit kojioHuzauuu [20].
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CtpykTypa nonynsunn H. pylori
B CeBepHo 1 KOxHOM AMepuke

B pesysbrare KpynHoOMaclITabOHOTO (huJioreHe-
TUYECKOro aHajiu3a mramMmMoB H. pylori, LUNpKyIu-
pytoiux Ha Tepputopusix CesepHoii, LleHTpanbHOI
n HOxxHOIT AMepuKU, ObLIM MACHTUMUIIMPOBAHBI
TPU CYOITOIYJISIIIUM €BPOIIEHCKOTO ITPOMCXOXKIC-
HUSI, UMEIONINEe HAaMOOJbIIce TeHEeTUIESCKOe POI-
ctBo ¢ hspSWEurope: hspSWEuropeColombia (pa-
Hee oOos3Havanach kKak hspEuropeColombia; 00-
HapykeHa B Konymouun), hspSWEuropeHonduras
(Tonnypac, Hwukaparya, I'Baremana, CambBamop)
n hspSWEuropeMexico (Mekcuka). I[Tomnmo yka-
3aHHBIX, TaK>XKe OBLIN BBISIBJICHBI TPU CYOIIOITY-
JISOAW, TIPEIKOM KOTOPBIX SBJISIETCS adpuKaH-
ckasg nonynasuust hpAfrical: hspAfrical NAmerica
(CIOA, Kanama, bpasunaus, Komymowusi), hspAf-
rical MiscAmerica (Mekcuka, Komymo6us) m hspAfri-
calSAfrica (paHee obo3Havarachk Kak hspAfrical Ni-
caragua; HIMPKYJIUpyeT IpenMyliecTBeHHo B Huka-
parya u lonnypace) (puc. 2, BkJelika, c. ) [27].

B pesynbrare HemaBHO ITPOBEACHHBIX HCCJIC-
noBaHuii Guevara A.A. u coanT. (2021), mony4eHBI
HOBBIC HAaHHBIC O CTPYKType JIaTMHOAMEpWKaH-
ckol monyasiuuu H. pylori. ABTopamu Obljia uaeH-
TUdULMPOBaHa €lle OAHa KoJyMmOuiickas cyOmo-
nynsuus hspColombia. JlanHass monyasiiust Obliaa
pazaesieHa Ha TpU CYyOIOIyJISIIIY, COOTBETCTBYIO-
mue peruoHy npoucxoxaeHus: hspColombia
Narifio (BeisiBieHa B aAenaprtameHTe Koaymobuu
Hapunro), hspColombia_ Andes (ropHblii pervoH
Ang) m hspColombia_Cundinamarca (memapra-
meHT Konym6uu KynmmHamapka). BoabmmHCTBO
KOJIyMOUMICKUX 1ITaMMOB (~81%) mpuHamiexamm
K hspSWEuropeColombia 1 hspColombia [10].

AHaIN3 TEeHETUYCCKON CTPYKTYpPHhl IITaMMOB
H. pylori, BblIeIEHHBIX B pPa3JMYHBIX PErMoHax
Ilepy, mo3BoMA UASHTU(MUILIMPOBATH HOBYIO CyO-
nonynsaunio — hspEuropePeru, koTopast conepxana
MeHee 15% nipenkoBoit cyononysiinu hspAmerind
U JIOKQJIbHO pa3BUBajIach y MPEJICTaBUTEIIC COBpE-
MEHHBIX MeTUCOB [12].

PervoHanbHOE CTPYyKTypUpOBaHUE aMepUKaH-
ckux nonynsuuit H. pylori eBponeiickoro u adpu-
KaHCKOTO IIPOMCXOKJICHUS OTpakaeT 3aKOHOMEP-
HOCTU MUTPAIlMOHHBIX MyTeil KOJIOHM3AIIMOHHOU
WCTOPUM 4YeJIOBEKa, Oepyliell Hadajao CO BpPEMEH
Konym6a. Tak, ¢popMupoBaHue JaTUHOAMEPUKAH-
CKMX cyornonysiiuii ot eBporieiickoit hspSW Europe
corjlacyetrcss ¢ Murpauuein nwopeir uz HMcnanum

Cnucoxk nutepatypbl/References

u [Moptyranuu [29]. Hanuuue cyorionyasinuii, nmpo-
ucxogdgmumx ot appukaHckou hspAfrical, aBasteTcs
CJIEJICTBMEM KOJIOHMAJIbHOM MUTPALIUU JIOJIEN B pe-
3yabTrare padotoprosiau XVI—XIX BB.

NHTepecHo, 4TO «I0KOIyMOOBasl» CyOrmomyJsi-
uus hsplndigenousAmericas (hspAmerind) He oka-
3aj1a CyIIeCTBEHHOIro BAMSHUS Ha (hopMUpOBaHUE
TEHOMOB JIPYTHUX aMEPUKaHCKUX CYOITOMYJISIIHNIA.
DTO MOXET CBUIETEIILCTBOBAaTh O TOM, YTO IIOCJIC
JIOJITOCPOYHOI HE3aBUCHUMOM 3BOJIIOIIUY «3THUYEC-
Kue nonyasuuu» H. pylori naoxo aganTUPYIOTCS
K nemorpadnyecKuM M3MEHEHUSIM, MaJlo MPUCIIO-
Cc00JICHBI K KOHKYPEHIINY C HOBBIMU IO YIS SIMU
U HE TTOABEPKEHBI COMYyTCTBYIOIIUM T€HOMHBIM U3-
MeHeHU M [26, 29, 38].

B CIIA, mtoMUMO IOMUHUPYIOIICH CyOnOmyasi-
uuu hspAfricalNAmerica, HeOoOJblIWE TPYMHIbI
mramMMoB H. pylori mpuHaniIexXaain K CyOITomy-
aguusam hspSEurope, hspSWEurope, hspNEurope
n hspAfricalMiscAmerica. OmHakKo cpeau Bcex
ctpaH CeBepHoil 1 FOxXHOI AMepuKU HAMOOIb-
mee KoJuuyecTBo cyomomynsiuuii H. pylori na-
onomaerca B Mekcuke: hspSWEuropeMexico,
hspAfricalNAmerica, hspSWEuropeHonduras,
hspAfrical MiscAmerica, hspIndigenousSAmerica
u hspSWEurope. [lono6HOe monyasiiMoHHOE pa3-
HOOOpa3ue, MO-BUAMMOMY, OTpaxkaeT UCTOPUIEC-
KyI0 pojib MeKCUKHN B KayeCcTBE MUTIpPallMOHHBIX
BOPOT B AMEPUKY IJISI €BPOMNEHCKUX TOCYdAapCTB,
a Tak>XXe MEXKKOHTHMHEHTaJIbHOIO CPEIOTOUYMS T10-
nyJISIHMOHHOTO pa3HooOpa3us yeaoBeka [4, 27].

3ak/oyeHne

TakuM oOpa3oMm, BbICOKasI 4YacTOTa BHYTPHU-
M MEXKIITAMMOBBIX PEKOMOWHAIIMI MO-TIPEKHEMY
SIBIISICTCSI OCHOBHBIM  JBUTaTEJIeM  SBOJIIOIUU
H. pylori. BeiaBiaeHUe pa3IUUHBbIX U3MEHEHU B Ie-
HOMHOM cTpyKType H. pylori TT03BOISIET YCTAHOBUTH
HE TOJIbKO 3BOJTIOLIMOHHBIC TPACKTOPUU ITPEIKOBBIX
MOITYJISIUM, HO ¥ IIYTU MOSIBJICHUS HOBBIX CYyOITO-
nyasuuit natroreHa. Kpome Toro, moHuMMaHue Ipu-
ponbl KosBoaouuun H. pylori c opraHU3MOM X03sIMHA
HEOOXOIMMO IJIST BBISIBJICHMS amalITUBHBIX M 3BO-
JIIOLIMOHHBIX ITPOLIECCOB B3aMOJEMCTBU S, CIIOCO0-
CTBYIOIIUX Pa3BUTUIO MHGpEKINHN. V3yuyeHHUEe II0-
OanbHOU CTPYKTYpPHI onyJsiuuu H. pylori oTKpbiBa-
€T YHUKAaJIbHBIC BO3MOXKXHOCTH JIJISI pEKOHCTPYKIIUN
TBICSYCJIETHUX MUTPAllMOHHBIX MYTEH YeI0BeKa,
JeMoTrparUIecKrx MPOLIECCOB M 3BOJTIOIMOHHOTO
nyTu 0aKTepuaabHOTO BUIA.
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LEPTOSPIROSIS IN VIETNAM

N.K. Tokarevich, O.V. Blinova

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

Abstract. Leptospirosis poses a serious public health problem in many countries because about 1 million people suf-
fer annually from this severe, often fatal, infection. At present, its importance has been increasing due to development
of integration processes, globalization and intensification of economic activities, inevitable anthropogenic transformation
of landscapes as well as rise in number of people with occupational risk of pathogen exposure. The burden of human lepto-
spirosis is expected to rise with demographic shifts and climate change that result in heavy rainfall and flooding. Regarding
leptospirosis, Southeast Asia, including Vietnam, is among the most vulnerable global regions. The objective of the review
was to analyze available published data on the spread of leptospirosis in Vietnam. More than 100 research articles were
analyzed allowing to state that in Vietnam synanthropic rodents (rats), agricultural (buffaloes, cattle, pigs) and domestic
animals (cats, dogs) are the main sources of leptospirosis infection in humans. It is essential that rats (cats and dogs also)
in Vietnam are used for food. Among all farm animals, pigs are of maximal importance as a source of infection in humans.
In Vietnam, Leptospira prevalence in pigs varies widely, up to 73%. It depends significantly on the location, farm size,
age and gender of animals, etc. A large variety of Leptospira serovars have been identified in pigs in Vietnam: Tarassovi,
Bratislava, Australis, Javanica, Autumnalis, Grippotyphosa, and some others. Official Vietnam reporting of leptospirosis
cases based on clinical data does not reflect the real-life incidence rate in humans. However, the available seroprevalence
studies reveal that, on average, about 10% of the Vietnamese population are infected with Leptospira. Work in agriculture
is the dominant risk factor for acquiring this infection. The highest Leptospira seroprevalence rates were detected in farm-
ers, 63.2%. Serovar diversity is typical for pathogenic Leptospira circulating in Vietnam. In humans, the most frequent
are antibodies to Hebdomadis, Wolffi and Icterohaemorrhagiae, but the frequency varied markedly across the country
depending on the site, possibly with relation to the environment, as well as with economic activity of the local population.
In Vietnam, geographic, climatic and social differences between northern, central and southern regions contribute to the
specificity of local leptospirosis epidemiology. This emphasizes the advisability of developing special measures for lepto-
spirosis prevention taking into account regional peculiarities.

Key words: leptospirosis, Leptospira, Leptospira serovars, morbidity, rats, buffalo, cattle, seroprevalence, antibodies.
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COBPEMEHHBIN aHaIW3 JIMTePaTyPHBIX JaHHBIX O PACHpPOCTPAHEHWU JIENTOCIIMPO3HON MH(peKIU Bo BheTHame.
B xone nanHo# paboThl ObLJIO MpoaHaau3upoBaHo 0ojee 100 HayuHBIX cTaTell. DTO MO3BOJMIO KOHCTATUPOBATD, UYTO
OCHOBHBIMU UCTOYHMKAMHU JETITOCIMPO3HOI MHMDEKIIMU BO BbeTHaAME ABISIOTCS CHHAHTPOITHBIE IPBI3YHBI (KPBICHI),
CeNIbCKOX03MCTBEHHBIE (OYIIBOJIBI, KPYITHBIN pOraThlil CKOT, CBUHBM) U JOMallIHUE (KOIIKM U cO0aKM) XUBOTHbIE.
CylecTBeHHOI 0COOEHHOCTDIO 3apaxkeHus XuTeneilt BbeTHama sBiseTcs ynorpebiaeHue UMY B MUY KPBIC, KOIIEK
1 cobak. U3 cenbCKOX03sCTBEHHBIX XXMBOTHBIX B KaUeCTBE MCTOUYHMKA MH(PEKIIMU HauOOIbIlIee 3HAYCHUE UMEIOT
cBuHbU. [lokasarean MHOUIIMPOBAHHOCTH 3THX XMBOTHBIX JIETITOCIIMPAMU KOJIEOTIOTCS B IIMPOKUX Ipenesax,
pocturast 73%. 3HaueHue STUX MOKa3aTelieil CyIeCTBEHHO pa3InyaloTCs B 3aBUCUMOCTH OT TEPPUTOPUU OOMTAHMS
KHWBOTHBIX, OT pa3Mepa (hepMbl, BO3pacTa, Iojia CBUHEH, OT KOJTMUYECTBO OCAIKOB U psiaa IPYTux GakKToOpoB. Y CBUHEH
BO BreTHaMe ObLJ10 BBISIBIEHO O0JIBIIOE PA3HOOOpa3Ue CEpOBAPOB JIEITOCIIUP CPENU KOTOPBIX peodiananu Tarassovi,
Bratislava, Australis, Javanica, Autumnalis, Grippotyphosa u npyrue. OduumnaabHass OTYETHOCTb O 3a00JIeBaHUSIX
JIETITOCTTMPO30M, OCHOBaHHasI Ha KIIMHUYECKUX TaHHBIX, HE OTpakaeT peabHOe KOJIMYECTBO O0JbHBIX BO BheTHaMe.
B cpemnem oxono 10% xwuteneit BreTHaMa WHQUIIMpOBaHO JeNTOCITMpaMu. PaboTa B CETBCKOM XO3SICTBE
SBJISIETCSl TOMUHUPYIOIIUM (hakTopoM pHcKa 3apaxeHusi. Haubosee BbICOKME MOKa3aTesd CEPOIPEBaJCeHTHOCTHU
K JIeTITOCIMpaM OBbLIM BBISIBIEHBI Y (GepmepoB — 63,2%. Jlnsg BbeTHaMa xapakTepHo OoJibllioe pa3HOOOpasue
CepoBapoB LIUPKYIUpPYOUIUX Jentocnup. Haumbonee vacto y nrofeil BBIABIASIOTCS aHTUTEdA K JeNTOCIUpaMm
cepoBapoB Hebdomadis, Wolffi u Icterohaemorrhagiae, Ho yacToTa MX BCTpEYaeMOCTU CYLIECTBEHHO pa3jinuanach
MEXIY co00il B pa3HBIX perMOHaX, YTO, MOXHO I10JIaraTh, CBSI3aHO ¢ JaHIMA(DTHO-KIUMAaTUIYECKUM CBOeOOpa3ueM
TEPPUTOPUHU, a TaKxKe OOYCIOBJIECHO XO3SHCTBEHHOI HesITeJbHOCTbIO Jomeii. Ieorpaduyeckue, KiMMaTHYECKKE
1 COLMaTbHBIC Pa3INUMSI CEBEPHOIL, IIEHTPAJIBHOM 1 I0KHOM YacTh BheTHaMa B 3HAUUTEBHOM CTEIIEHM OIIPEACSIOT
SIUAEMHUOJOTUICCKIE 0COOCHHOCTH JIEITOCIIUPO3a. DTO YCUINBACT IeJeCO00pa3HOCTh Pa3padOTKM KOHKPETHHIX
Mep POGMIAKTUKY 3TOM MHPEKIINH JJIST KaXI0H TEPPUTOPHU C YISTOM MX CIICIIU(PUKHI.

Karouesuie caoea: nenmocnupos, 1enmocnupbl, cepo8apsi AeNMOoCnUp, 3a004e6aeM0CHb, KPbiCbl, OYii60abl, KPYNHbII pO2amblil cKom,

ceponpesansenmHocms, anmumena.

Introduction

Leptospirosis is a globally widespread disease, lar-
gely due to the wide range of reservoir hosts of patho-
genic Leptospira and animals susceptible to them [9].
Thus, according to the Leptospirosis Burden Epide-
miology Reference Group (LERG), the number of se-
vere leptospirosis cases in humans exceeds 500 000 per
year, though real incidence may be even much higher
due to insufficient attention to this infection and dif-
ficulties of its diagnostics [78]. Some other researchers
emphasize that leptospirosis is among the main global
zoonoses, and it accounts for the number of deaths
that exceeds mortality due to other causes of hemor-
rhagic fever. The annual number of leptospirosis cases
exceeds one million, and 58 900 of fatal outcomes are
recorded worldwide annually [26].

The highest leptospirosis incidence rate in hu-
mans is reported in subtropical and tropical climatic
zones (e.g., in Seychelles, Malaysia, New Caledonia,
Suriname), with 20.0—100.0 per 100 thousand popu-
lation [4, 31, 46, 86]. Vietnam isa countryin Southeast
Asia that is one of the most vulnerable regions in the
world with regard to leptospirosis. The region ranks
second in the world (next to Oceania), both for lepto-
spirosis morbidity and mortality [26]. Moreover, it was
possibly in Southeast Asia, under conditions of high
humidity and swampiness, long before the appear-
ance of humans, that certain species of Leptospira
adapted to parasitizing the bodies of animals, pri-
marily rodents [5]. Currently, leptospirosis poses
a significant public health problem in many coun-
tries, including Russia [9]. However, Southeast

Asia, Vietnam particularly, provides the most fa-
vorable conditions for the survival of Leptospira as
the pathogen prefers a warm and humid climate.
The essential social significance of leptospirosis lies
in the occupational risk of infection to which people
are exposed in connection with the work they per-
form [15]. The Government of Vietnam has recog-
nized the priority of five zoonotic diseases, including
leptospirosis, and established a framework to inves-
tigate and respond to these diseases through the One
Health program [63]. The socio-economic impor-
tance of leptospirosis is increasing due to a number
of drivers. The most important of them are as follows.

1. Integration is proceeding and developing
through: globalization of the economy; international
economic cooperation; and trade, including export/
import of animals (agricultural, domestic, wild),
food, and feed [60]. All this favors the introduction
of pathogenic Leptospira into virgin territories [2, 3].
Development of international tourism entails growth
in the number of patients infected with Leptospira
abroad [14, 45, 57]. Several cases of leptospirosis (in-
cluding fatal) have been reported in Russian tourists
that had acquired the infection in Vietnam [6, 7, 10].

2. Intensification of economic activity is leading
to anthropogenic transformation of landscapes and
agrowth in the number of the threatened workers. More
than 50% of the Vietnamese population is employed
in the agricultural sector [24]. In the previous century,
it was noted that the cultivation of rice provides favora-
ble conditions both for survival of Leptospira in the
environment and for the habitat of the pathogen’s po-
tential carriers [1]. Rice is the main agricultural crop
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in Vietnam,; its production and export increase stead-
ily. According to the Ministry of Agriculture and Rural
Development of the Socialist Republic of Vietnam,
the country’s rice output in 2021 reached over 43.86
million tons, up 1.1 million tons compared to 2020 [85].
In 2020, Vietnam exported $2.74 billion worth of rice
to many countries, making it the third largest rice
exporter in the world [66]. Leptospirosis in Vietnam
(in the Mekong Delta, first of all) may be considered
an environmentally linked disease.

Obviously, the spread of leptospirosis is underes-
timated in Southeast Asia and, possibly, in other rice-
growing countries [81]. Animal husbandry is an im-
portant sector of the Vietnamese national economy,
and livestock is potentially an important reservoir
for pathogenic Leptospira [36]. Significant changes
have recently taken place in this sector in Vietnam.
These resulted both in a notable increase in the
number of farm animals (pigs alone about 29 mil-
lion heads) and in an improvement in technolo-
gies of meat processing and trade in supermarkets.
However, infection with some Leptospira serovars
may reduce one live pig born per litter, equivalent
to 8% loss of production [18].

3. Global climate change may soon transform
Vietnam into one of the countries most affected by
weather [31, 53]. This means more extensive flooding
of agricultural land during the rainy season and in-
creased salinization during the dry season as a result
of'sea level rise and higher river flooding. In the Mekong
Delta, about 590 000 hectares of rice land would be lost
duetofloodingand salinization; thatisabout 13 percent
of rice growing fields in the region [87]. Leptospirosis
is commonly considered a flood-related infection [47].
Some findings support the hypothesis that soils may be
the original habitat of the genus Leptospira and a pos-
sible environmental reservoir, or at least a temporary
carrier, of pathogenic strains [23, 76, 77]. Rains wash
the surface of the soil, transferring particles including
Leptospira into suspension [70, 75]. Thus, Leptospira
penetrate freshwater bodies, where it survives even un-
der unfavorable conditions [74], potentially infecting
people on rice plantations. On the other hand, during
the dry season, salinity will grow due both to sea level
rise and higher river flooding.

The objective of this review was to analyze the lit-
erature data on the spread of leptospirosis infection
in Vietnam.

Materials

Articles were sought from Web of Science and in-
ternational databases: Medline (through PubMed),
Science Direct, and Google Scholar. We used a com-
bination of the following search terms: [ Leptospirosis
AND Vietnam]. The total number of references ex-
ceeded 100, but we excluded those non-essential
and added a number of important references (mostly
in Russian) not available in those databases.

Geography

Vietnam is situated at the southeastern tip of the
Indochinese Peninsula. On the east side, Vietnam
contacts the South China Sea. The geographical
position of Vietnam has a pronounced, elongated
meridional character. The nation stretches along
the 105th meridian in a narrow strip. This specific
feature of Vietnamese geography, together with alter-
nation of highlands and lowlands, results in a signifi-
cant variety of climatic conditions.

Vietnam has both a tropical climate zone and a tem-
perate climate zone, with all of the country experienc-
ing the effects of the annual monsoon. Rainy seasons
correspond to monsoon circulations, which bring heavy
rainfall in the north and south from May to October, and
in the central regions from September to January. In the
northern regions, average temperatures range from 22—
27.5°C in summer to 15—20°C in winter. The southern
areas have a narrower range of 28—29°C in summer
to 26—27°C in winter. Vietnam’s climate is also impact-
ed by the El Nifio Southern Oscillation (ENSO), which
influences monsoonal circulation, and drives complex
shifts in rainfall and temperature patterns which vary
spatially at a sub-national level. Due to such different
geographical and climatic features, which to a cer-
tain extent determine socio-economic characteristics,
Northern, Central and Southern Vietnam are usually
considered separately. This has prompted researchers
to analyze the impact of abiotic, biotic, and social fac-
tors on the spread of leptospirosis infections in those
different regions of Vietnam [55].

Leptospira reservoirs

Small synanthropic mammals, rats first of all,
are the most important reservoirs of pathogenic
Leptospira. The principal feature of their behavior
is living close to humans, in residential premises or
commercial facilities (livestock farms, enterprises
for the processing of animal raw materials, ware-
houses, etc.). Moreover, rats penetrate natural foci,
easily contact wild animals, and can exchange
Leptospira. Infection in rodents proceeds mostly
in chronic, non-fatal forms, but causes very long, of-
ten lifelong, excretion of the pathogen in the animal
urine. In Vietnam, the risk of human infection with
Leptospira from those animals is especially high,
since rats, including those imported from abroad,
are traditionally used for food [41]. In 1962 in the
south of Vietnam (Saigon, currently Ho Chi Minh
City), Leptospira were isolated from Rattus norvegi-
cus. Those Leptospira were assigned to L. bataviae
by the cross agglutination lysis and cross absorption
tests, although they were not antigenically identical
to the reference strain or its variant subserotype [40].
Those synanthropic mammals serve as an important
source of human infection in the cities of Vietnam, as
Leptospira prevalence in rats is high.
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Thus, in January 2011 in northern Vietnam (ur-
ban areas of Hanoi and Hai Phong), 22% of 100 stud-
ied rats were found to have antibodies to L. interro-
gans [44]. In a later study, another group of researchers
in Vietnam not only confirmed such high infection
prevalence in rats, but also isolated Leptospira from 3
rats [43] and from 144 rats (135 R. norvegicus, 8 R. rat-
tus, 1 R. argentiventer) captured in Vietnam. In total,
17 L. interrogans were isolated, of which 16 isolates
belonged to the Bataviae serogroup [42]. More recent
studies conducted in southwestern Vietnam used not
only serological, but also molecular genetic methods
(using RT-PCR for the 1ipL32 gene, confirmed by 16S
rRNA, as well as by the microscopic agglutination test-
MAT). The results also bear witness to a high preva-
lence of Leptospira in those synanthropic animals.
Antibodies to Leptospira were detected in 18.3% of rats,
namely in Rattus norvegicus (33.0%), Bandicota indi-
ca (26.5%), Rattus tanezumi (24.6%), Rattus exulans
(14.3%), and Rattus argentiventer (7.1%). The most
common serovars, in descending order, were: Javanica
(4.6% of rats), Louisiana (4.2%), Copenhageni
(4.2%), Cynopterie (3.7%), Pomona (2.9%), and
Icterohaemorrhagiae (2.5%). A total of 16 rats (5.8%)
tested positive by RT-PCR. There was considerable
agreement between the MAT and PCR, although sig-
nificantly more rats were positive by MAT. Leptospira
seroprevalence in rats caught during the rainy season
was higher than in those caught in the dry season [52].

The results of a study performed by a Russian-
Vietnamese group of researchers in seven northern
provinces of Vietnam (Dien Bien, Laitiau, Lao Cai,
Ha Giang, Lang Son, Cao Bang, Quang Ninh) con-
firmed the high infection of small wild mammals with
Leptospira. PCR-based study of lung and kidney sus-
pensions of 158 animals revealed 16S rRNA of patho-
genic Leptospira in 22 (13.9%) samples [8]. Another
Russian-Vietnamese group investigated by real-time
PCR 133 rodents (of 25 species) trapped in 2010,
2013, 2014, and 2018 in three provinces of northern
Vietnam (Ha Giang, Cao Bang, Lao Cai); 24 ro-
dents (18%) were positive for Leptospira. Those were:
Callosciurus erythraeus, Bandicota savilei, Berylmys
bowersi, Niviventer fulvescens, Rattus nitidus, Rattus cf.
rattus, and Rattus tanezumi. The Tanezumi rat (Rattus
tanezumi), also known as the Asian rat or Asian house
rat, dominated: 11 of 44 animals (33.1%) were infect-
ed [12]. When comparing the results of a study on sera
of 156 rats from different provinces of Vietnam, it was
found that Leptospira seroprevalence in the southern
province (Can Tho) was higher than in the central (Ha
Tinh) or in the northern (Tai Binh): 24.6%, 10.0%, and
11.4%, respectively. The average value was 16.0% [55].
Therefore, Leptospira prevalence in rats was close
to those obtained in earlier studies conducted in the
Mekong Delta region [52, 58, 17]. Their findings were
at the level of those for other countries of Southeast
Asia, such as Thailand, Lao PDR and Cambodia;
the mean prevalence was about 7.1% [25].

However, it should be mentioned that in Southeast
Asia, Vietnam included, the prevalence of Leptospira
in rats was found to be rather low as compared to oth-
er southern countries. The highest Leptospira preva-
lence in rats (> 70%) was reported in Brazil [62, 29,
26, 27], Mexico [59], Egypt [69], and some other
countries [17]. The study conducted in three provinc-
es of Vietnam [55] revealed that the seroprevalence
in animals other than rats was much higher: 44.2%
in buffalo (n = 52), 32.9% in dogs (n = 219), 24.9%
in cattle (n = 233), while only 12.2% in cats (n = 164),
and 10.2% in pigs (n = 381). In total, it means that
Leptospira seroprevalence in animals in the north-
ern province (Tai Binh) was higher than in the cen-
tral (Ha Tinh) or the southern (Can Tho): 25.9%,
13.3%, and 19.8%, respectively. However, considera-
tion of seroprevalence in individual animal species
clarifies significantly our knowledge about the infec-
tion of animals with Leptospira in different regions
of Vietnam.

It should be noted that the sera of buffaloes, in the
samples of which antibodies to Leptospira were found
more often than in other animal species, were not ex-
amined in Can Tho, as buffalo are not common in this
province. Naturally, the lack of data on those animals
in the southern Vietnam had an impact on the total
seroprevalence in animals of the region. Moreover,
it was found that in Can Tho Leptospira seropreva-
lence in cattle (n = 69) was higher than in Tai Binh
(n = 80) or Hatin (n = 84): 30.4%, 22.5%, and 22.6%,
respectively. Leptospira seroprevalence in dogs, cats
and pigs in Tai Binh exceeded that in both other prov-
inces. Thus, in dogs it was 46.7% in Tai Binh (n = 60),
15.2% in Hatin (n = 79), and 40.0% in Can Tho (n =
32). The same figures for cats were 25.0% in Tai Binh
(n=160), 4.8% in Hatin (n = 42), and 4.8% in Can Tho
(n = 62). Leptospira seroprevalence in pigs was 20.5%
in Tai Binh (n = 122), 3.3% in Hatin (n = 121), and
7.2% in Can Tho (n = 138).

Hebdomadis, Louisiana, and Javanica were
the most common serovars detected in buffalo, while
in pigs it was Castelloni, and in rats Louisiana. In cat-
tle, 15 different serovars were detected, Hebdomadis
and Canicola being the most frequent. Thirteen
serovars were identified in dogs, but Hardjobovis
was the most frequently detected. Six serovars were
detected in cats; Louisiana, Hebdomadis, and
Castellonis dominated.

Using a low dilution threshold for sera containing
antibodies to Leptospira (1:100), 17 Leptospira sero-
vars were detected in the studied animals, of which
Hebdomadis (2.3%), Molasses (1.6%), Castelloni
(1.5%), and Javanika (1.4%) were the most frequent.
Panama, Tarassovi, Australis, and Autumnalis were
found in all three provinces, while Bratislava was
found only in Can Tho. It should be pointed out that
all 17 Leptospira serovars were present in Can Tho,
while only 12 and 8 serovars were found in Taibin and
Hatin, respectively [55].
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Leptospirosis in Vietnam

In Vietnam, infection of humans with Leptospira
occurs not only through direct contacts with dogs
and cats (or the use of water or food contaminated by
them), but also through consumption of their meat,
as those animals are used for food [11, 13]. Pigs are
of great importance in Vietnam because of their con-
tribution to human nutrition, their role in agricultur-
al production systems, and their economic function.
Vietnam’s pig herd is the largest in Southeast Asia [51].
In 2020 it exceeded 27 million head, and about 7 mil-
lion Vietnamese people were involved in pigs raising
in 2016 [34]. Therefore, pigs are considered the main
source of leptospirosis in humans. In addition, lep-
tospirosis in pigs leads to large economic losses due
to abortion and infertility of animals [49].

In Vietnam, Leptospira seroprevalence in pigs
ranged up to 73% among sows (n = 424) in the
Mekong Delta, where leptospirosis is endemic [18].
High Leptospira prevalence in pigs was also con-
firmed by pathogen detection in pig kidneys. Thus,
in the Mekong Delta (south Vietnam), Leptospira
were detected by immunofluorescence in 22 of 32
pigs (69%), and Leptospira serovar Bratislava was
isolated from the kidney of one pig [19]. A serologi-
cal survey was conducted among sows in the Mekong
Delta in southern Vietnam in 1999 to investigate var-
iations in Leptospiral seroprevalence over a one-year
period. In this region, leptospirosis is endemic, and
a high Leptospiral seroprevalence has been shown
in the pig population [20].

However, a rather low prevalence (8.17%) was
detected in a seroprevalence study of pigs (n =
1959) randomly selected in five provinces (Son La,
Hanoi, Nghe An, Dak Lak, An Giang) [49]. The low
Leptospira prevalence, according to those authors,
was due to a number of reasons, as follows. Serum
was sampled during dry or early wet seasons, when
seroprevalence is likely to be lower than in the rainy
season [71]. Most of other studies were conducted
in the Mekong Delta of southern Vietnam, rela-
tively close to riverine areas, which provide more
exposure to contaminated water and hence higher
levels of Leptospira prevalence. Sera were sam-
pled at slaughterhouses, from rather young animals
(aged 6—9 months), while older pigs are more likely
to be infected with Leptospira [18]. Animals chosen
for slaughter usually look healthy and probably are
less infected with Leptospira.

However, some other researchers do not share
the conclusion about favorable conditions for infec-
tion of pigs with Leptospira in the Mekong Delta.
Thus, in a study of 2000 sera from 10 provinces,
the average Leptospira seroprevalence was 21.05%,
while that of the samples from three provinces lying
in the Mekong Delta was much lower: 10.0% in Soc
Trang and 11.5% in Dong Thap. The highest detect-
ed seroprevalence values were 37.5% in Quang Ngai
(Central region), 32.5% in Binh Duong (South), and
30.5% in Bac Giang (North) [50]. There is probably

some impact from the amount of precipitation, as has
already been proven for Brazil [68], India [71], and
Korea [39]. In addition to the aforementioned drivers
of Leptospira prevalence in pigs, it is likely that ani-
mal gender should be taken into account as well [49].
The size of the farms involved into the study is also
important, including possible herd movements [48].

Some downtrend in Leptospira prevalence in pigs
may be due to co-infection and reduction in the num-
ber of those animals due to the outbreak of African
swine fever in 2019, which led to culling and death
of approximately 5.9 million pigs (about 22%) [22,
88]. In 2021, ASF outbreaks were ongoing in 48 out
of 63 provinces in Vietnam, resulting in the death
and culling of nearly 280 000 pigs with a total weight
of about 11 678 metric tons, about 3.6-fold higher than
the culled numbers in the same period of 2020 [21].

A wide variety of Leptospira serovars were identi-
fied in pigs: Tarassovi, Bratislava, Australis, Javanica,
Autumnalis, Grippotyphosa, etc. [18, 19, 20]. In par-
ticular, Pyogenes and Panama serovars were isolat-
ed [50] that already had been detected in cattle in some
other countries [33, 56, 61]. It should be noted that
the Pyrogenes serovar was detected in Quang Ngai,
the province known for its large herd of cattle. One may
assume the cattle to be a source of Leptospira in lo-
cal pigs. In addition, it has been suggested that since
Leptospira of Bratislava and Tarasovi serovars are
common in wild boars [37, 80], those animals may also
contribute to pathogen transmission to farm pigs [48].

Leptospirosis in humans

Leptospirosis was first identified in Vietnam
in 1930 [28, 82]. At the end of the twentieth cen-
tury, prevalence in humans was rather high: 18.8%
of the inhabitants in the Mekong Delta aged 15—
60 years had antibodies to Leptospira [81]. Moreover,
it should be highlighted that even now leptospiro-
sis is underdiagnosed in many countries, Vietnam
included. Due to significant polymorphism of its
clinical course and shortcomings in laboratory diag-
nostics, leptospirosis is often misdiagnosed as some
other febrile illnesses such as dengue, scrub typhus,
or chikungunya [30, 32, 38, 65]. In Vietnam, nation-
wide reporting on infectious diseases is carried out
by the General Department of Preventive Medicine
of the Ministry of Health. Their statistics are built
on the basis of clinical information, resulting in sig-
nificant underdiagnosis of leptospirosis. Therefore,
in 2014—2017, the Vietnamese Ministry of Health re-
ported roughly less than 20 cases nationwide per year.
In 2018, both morbidity and mortality due to lepto-
spirosis were reported to be zero [35, 84].

However, some scientific publications on Lepto-
spira seroprevalence in humans contradict the of-
ficial statistics on leptospirosis in Vietnam [46, 83].
In 2019 (November-December), a serological exami-
nation of 600 practically healthy residents of three
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provinces (representing North, Central North and
South Vietnam) revealed antibodies to Leptospira
in 9.5% of them. Antibodies to Leptospira serovars
Hebdomadis (14.0%), Pomona (14.0%), Saxkoebing
(12.3%), and Panama (8.8%) were most frequently
detected. Leptospira seroprevalence varied signifi-
cantly: from 5.5% in Can Tho City, to 9.0% in Thai
Binh, and 14% in Ha Tinh province. The high-
est rate of Leptospira seroprevalence, 63.2%, was
found in farmers [79]. The seropositivity in Vietnam
seemed rather low compared to other Southeast
Asian countries.

For instance, in Malaysia the seroprevalence
of Leptospiral antibodies in high-risk groups was up
to 28.6% (in planters) and 33.6% (wet market work-
ers) [64, 67]. However, the difference may be re-
lated to the choice of humans under study. The dif-
ference in prevalence might be due to the fact that
in Malaysia the occupationally high-risk group was
examined, while in Vietnam they “randomly” select-
ed healthy residents aged above four, and the highest
rate of seroprevalence to Leptospira (63.2%) was re-
vealed in farmers [79].

In our opinion, the detection of antibodies
to Leptospira in almost 10% of healthy humans
in three different provinces clearly indicates that
the official data on the registration of leptospi-
rosis do not reflect the real spread of this infec-
tion in Vietnam. This is confirmed by the results
of a study of sera sampled from 3815 patients with
suspected leptospirosis. The patients were examined
in 11 public hospitals from three provinces (Thai
Binh, Ha Tinh, Can Tho), representing three dif-
ferent geographical and climatic zones of Vietnam.
The result proved that the conclusions of the authors
about the unsatisfactory diagnosis of leptospiro-
sis were valid not only for individual territories, but
for the whole of Vietnam [54]. Surveillance revealed
that in 68 (1.8%) and 248 (6.5%) cases, a leptospirosis
diagnosis was confirmed, or regarded as likely, ac-
cording to the microscopic agglutination test (MAT)
or enzyme immunoassay (ELISA-IgM), respectively.
In addition, more than 30% of patient serum samples
contained IgM antibodies (according to ELISA data)
to Leptospira. The number of laboratory-confirmed
leptospirosis cases was highest in Thai Binh (2.3%),
while somewhat lower in Ha Tinh (2.0%) and Can
Tho (1.0%). Laboratory values considered “probable
for leptospirosis” were even higher: 8.5% in Ha Tinh,
7.1% in Can Tho, and 7.0% in Thai Binh.

In three provinces, 20 different serovars (with
a titer threshold of 1:100 to 1:400) were detected us-
ing MAT, indicating diversification of Leptospira
serovars circulating in Vietnam. Of those 20 sero-
vars, 17 were found in Hatin, 16 in Taibin, and 12
in Can Tho. In general, the serovars Wolffi (14.2%),
Hebdomadis (13.8%), and Icterohaemorrhagiae
(12.6%) prevailed, but their incidence varied signifi-
cantly in the three provinces. Castellonis (12.3%),

Djasiman (12.3%), and Wolffi (12.3%) dominated
in Taibin. Icterohaemorrhagiae (19%) and Wolffi
(15%) dominated in Khatin. Hebdomadis (23.6%)
and Wolffi (15.3%) prevailed in Can Tho.

According to aggregate findings in those three
provinces, leptospirosis was more common in women
(57.9%) than in men (42.1%). It is not typical for most
countries and may be explained by the fact that 85.9%
of women in Vietnam are employed in agriculture.
Of the probable and confirmed cases of leptospi-
rosis, approximately two-thirds were farmers, and
most of them were involved in raising agriculture or
domestic animals. Working in agriculture is prob-
ably the main risk factor for contracting leptospirosis
in Vietnam. Thus, 53.5% and 83.2% of patients with
probable or confirmed leptospirosis were farmers
in Taibin and Hatin, respectively.

About two thirds of patients with leptospirosis were
people of working age, 24 to 60 years [54]. Although
adults are more frequently infected with Leptospira
due to their professional activities, children also ac-
quire this pathogen. Thus, a serological study of chil-
dren in the south of Vietnam revealed an average
Leptospira prevalence of 12.8% [72]. It ranged from
11% in 7 years-old up to 25% in 12-year-old chil-
dren [73]. It is possible that walking barefoot in the
mud, swimming in polluted water, etc., may cause
Leptospira infection in children [54]. There is evi-
dence that virulent Leptospira survive in the envi-
ronment for several months [16].

Conclusion

The main sources of Ieptospirosis infection
in Vietnam are synanthropic rodents (rats), agricul-
tural animals (buffaloes, cattle, pigs) and domes-
tic animals (cats, dogs). Among all farm animals,
pigs are the most important source of Leptospira
in Vietnam, as about 7 million of the country’s popu-
lation work in the pig breeding sector. The seropreva-
lence of leptospirosis in pigs is up to 73% in some lo-
cations (Mekong Delta), though it varies significantly
depending on the territory, farm size, animal age and
gender, amount of precipitation, etc. A specific and
essential feature of the infection in Vietnam is human
consumption of cats, dogs, and rats.

Official reporting of leptospirosis cases based
on clinical data does not reflect the actual number
of patients in Vietnam. On average, about 10% of the
population was found to be infected with Leptospira.
Work in the agriculture sector is the dominant risk
factor for acquiring the infection. The highest
Leptospira seroprevalence was detected in farmers.
Women are infected more often than men. About
two thirds of patients with leptospirosis were peo-
ple of working age (24 to 60 years), but antibodies
to Leptospira were also detected in 12.8% of children.
A very wide variety of pathogenic Leptospira sero-
vars was detected in Vietnam. The list of pathogenic
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Leptospira varies significantly depending on the re-  tral and southern regions of Vietnam largely deter-
gion. This is due to variation of environment, land- mine the epidemiological features of leptospirosis
scape and climatic features of the territory, as well as  within the territory. This argues for the advisabil-
the economic profile of the province. Geographic, ity of developing measures to prevent this infection
climatic and social differences in the northern, cen- in each region, taking into account their specifics.
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'@I'BOY BO Ilepsviii Cankm-IlemepGypeckuii 2ocydapcmeenhblii MeOUYUHCKUL YHUBePCUMem UMeHU aKademuka
HU.II. Ilasnosa Munucmepcmea 30pasooxpanenus Poccuiickoii Pedepayuu, Cankm-Ilemepbype, Poccus
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Pestome. B HacTosi1ee BpeMst MPOA0IKaeT MPeACTaBIsTh 0COObI MHTEpeC 3a00/eBaHMe, BBI3BAHHOE HOBBIM KOPOHA-
Bupycom (COVID-19), 1 BO3BMOXHOCTb B YCIOBUSIX CJIOXKMBILIECHCS SMUASMUISCKON CUTyallud COYETAHHOTO MHPUIIU-
poBaHus SARS-CoV-2 u npyrumu nmaroreHamu. B 0630pe, o0CHOBAHHOM Ha aHaJM3e JUTEPATyPHBIX U COOCTBEHHBIX
MaTepuaoB, U3J0XEHBl 0COOeHHOCTH B3auMooTHoIIeHnt SARS-CoV-2 1 Bo30yauTeneil ocTphIX pecrupaToOpHbIX
BupycHbIX nHpexk1uit (OPBU). Ocoboe BHMMaHUe yaeneHo coueTaHHOMY TedeHno COVID-19 u rpumnma, cpaBHHU-
TEJIbHOM XapaKTEePUCTUKE TSIKECTH KJIMHUIEeCKOM KapTUHBL. OIleHKa SMUIeMUYecKoil 00CTaHOBKY Ha (poHe IMMaH-
nemun COVID-19 Ha TeppuTopun 3apyoexkHBIX cTpaH u Poccuiickoit ®emepannu (P®) mo3Bonmia BEISIBUTH HaJIU-
ype ¢peHomeHa uHTephepeHunn SARS-CoV-2 ¢ npyrumMu BUPYCHBIMU PeCIIMPaTOPHBIMK areHTaMU, OCHOBAHHOTO
Ha (haKTax pe3KOro yrHeTeHU T IUPKYISIINU BUPYCOB I'PUTITIA, PECTTUPATOPHO-CUHIIMTHAIBHOTO BUpyca (PCB) u npy-
rux Bo3oyauteneit OPBU B mepuoa akTMBHOTO pacpOCTPaHEHU S MaHAEMUYECKOTO KopoHaBupyca. ComocTaBIeHbI
OCHOBHBIE 3TMUIEMHOJIOTHYECKME TTOKA3aTeIM TeYeHWST KOPOHABUPYCHOM MHMEKIIMN U OILIEHEH BKJIAJ Pa3IuIHbIX
Bo3OyauTeseit B aTrooruio OPBU B xone pazsutus BTopoit BoaHbs COVID-19 8 PO. OTMeueHO, YTO CHUKEHUE Yrcia
HOBBIX cy4aeB B 11,4 u tetaabHbIX McxonoB B 2,1 pasa BenenctBuu COVID-19 Ha 6 u 13 Hexnene 2022 I. TpOUCXOAMIIO
IpY HEM3MEHHBIX TIOKa3aTeIsaX JJabopaTopHOro ooHapyxeHus Bupyca rpumnia (0,8%) v yBeJIMYeHUN YaCTOTHI BbISIB-
neHus Bozoynuteneit npyrux OPBU. PesynbraThl HabM0neHUI TOKa3alM, YTO Ha (pOHE CHUXKEHU S 3a00J1eBaeMOCTH
COVID-19, He mocienoBaio yBeIMYeHUE J0IM IUaTHOCTUPOBAHHBIX CJy4yaeB MHGMEKIINA, BBI3BAHHBIX IPYTUMH T1a-
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TOreHaMu, 0coO0eHHO TpumIioM. [ToydeHHBIe pe3yIbTaThl HOATBEPKIAI0T HEOOXOIMMOCTh 0becTieueH s 3(DhHEeKTUB-
HOT'O 3MUIEMUOJIOTMYECKOr0 Haa30pa U JOMOJHUTEIBHOIO TPUMEHEHNST METOIOB MACHTU(PUKALIMN BO30yIUTEei
ISt MOHUTOpUHTA pa3anuyHbix OPBU, KoTopble MOTYT CyIlIeCTBEHHO MOBAMSITHL Ha MOAX0A K AU depeHIInanbHOI
JIMAarHOCTHKE, HAa TAKTUKY BEJICHUS MMALIMEHTOB U IIPUHSITHE PEIEHUsI 0 HaleXalluX MpodUIaKTUYeCKUX Mepax.

Karouessie caosa: COVID-19, SARS-CoV-2, ocmpoie pecnupamophsie upychvle ungheKyuu, gUpyc epunnd, InUu0emuosocus,
cundemus, uHmepgeperyus.

EPIDEMIOLOGY AND COURSE OF INFECTIOUS DISEASES DURING THE COVID-19 PANDEMIC.
REPORT 2. INTERFERENCE ENGAGED BETWEEN SARS-CoV-2 AND ACUTE RESPIRATORY VIRAL
INFECTIONS

E.V. Boeva*®, Belyakov N.A.*?, Simakina O.E.", Danilenko D.M.¢, Lioznov D.A.*¢

@ Pavlov First St. Petersburg State Medical University, St. Petersburg, Russian Federation

b St. Petersburg Pasteur Institute, St. Petersburg, Russian Federation
¢ Smorodintsev Research Institute of Influenza, St. Petersburg, Russian Federation

Abstract. Currently, the disease caused by the new coronavirus (COVID-19) and the possibility of co-infection with
SARS-CoV-2 and other pathogens in the current epidemic situation continues to be of particular interest. The review,
based on the analysis of literature and own materials, outlines the features of the relationship between SARS-CoV-2 and
pathogens of acute respiratory viral infections (ARVI). Particular attention is paid to the combined course of COVID-19
and influenza, a comparative characteristic of the severity of the clinical picture. An assessment of the epidemic situation
against the backdrop of the COVID-19 pandemic in foreign countries and the Russian Federation (RF) revealed the pres-
ence of the phenomenon of SARS-CoV-2 interference with other viral respiratory agents, based on the facts of a sharp
suppression of the circulation of influenza viruses, respiratory syncytial virus (RSV) and other ARVI pathogens during
the period of active spread of pandemic coronavirus. The main epidemiological indicators of the course of coronavirus
infection were compared and the contribution of various pathogens to the etiology of acute respiratory viral infections
during the development of the second wave of COVID-19 in the RF was assessed. It was noted that the decrease in the
number of new cases by 11.4 and deaths by 2.1 times due to COVID-19 at 6 and 13 weeks in 2022 occurred with unchanged
laboratory detection of the influenza virus (0.8%) and an increase in the frequency detection of pathogens of other SARS.
The results of observations showed that against the background of a decrease in the incidence of COVID-19, there was
no increase in the proportion of diagnosed cases of infections caused by other pathogens, especially influenza. The re-
sults obtained confirm the need to ensure effective epidemiological surveillance and additional application of pathogen
identification methods for monitoring various ARVI, which can significantly affect the approach to differential diagnosis,
patient management tactics and the decision on appropriate preventive measures.

Key words: COVID-19, SARS-CoV-2, acute respiratory viral infections, influenza virus, epidemiology, syndemia, interference.

OugeHKa CMHeprnyeckoro
B3aMMOENCTBUSA BUpYCca rpunna
n SARS-CoV-2

3a KOPOTKO€ BpEMA YCJIOBCUYCCTBO IICPCXKU-

BeepgeHue

IIpoiiecchl cuHEepruu U MHTEPGHEPEHIIUU Cpe-
I MUKPOOPTaHMU3MOB SIBJISIIOTCSI HEOTbEMJIEMOM
JacThl0O MX CYIICCTBOBAHUS, IIPEIOIIPEACISIIO-
I1e MPUCIIOCODJICHWE U BBOJIIOILIUI0 BO30yauTE-

et pa3snudHBIX 3ab6oneBaHuil [9]. PaHee Ownlnm
paccMOTpeHBl OCOOEHHOCTH B3aMMHOIO BIIUSI-
HHUS COIMAaJIbHO 3HAUMMBIX U HOBOIl KOpPOHABU-
pycHoii mHpekuuii (COVID-19) [4]. B ycrmoBusx
CIOXUBIICHCS SIMUASMUICCKON CUTYallUW TIPO-
JIOJIXKACT MPEACTABISITh OCOOBIIT MHTEPEC BO3MOXK-
HOCTh COUYETAaHHOTO TeUYcHMS 3a0ojieBaHUIL, 00-
ycanoBieHHBIX SARS-CoV-2 n npyrumu pecnimpa-
TOPHBIMY BUPYCAMU, UJIV, HAIIPOTUB, KOHKYPEHT-
HOTO KOHTPCUHIEMUYECKOTO B3aUMOIECHCTBUS
MeXay HUMHU. [ToHnMaHne TaHHBIX 3aKOHOMEPHO -
CcTell CrIoCOOHO CYIIECTBEHHO MOBJIUSATH Ha MOJI-
xof K nuddepeHIInaqibHOU TUarHOCTUKE U OMpe-
JeJIEHU1I0 TaKTUKU BeaeHUs nauueHTon [7, 10, 14,
17, 27].

Jo nBe mnaHaemuu: Bupyca rpunma A (HINI)
B 2009 r. m HOBOM KOpPOHABUPYCHON WH(MEKIINN
(COVID-19), koTopast mpoaoJxKaeTcs 1o ceii IeHb.
O6a Bo3oyautens otHocsiTcsa K PHK-conepxamnm
BUpYCaM, OTHAKO, HECMOTPS Ha CXOXECTb KJIUHMU-
YECKOM KapTUHBI, KaXKJIbIM U3 HUX IPOSBISIET OCO-
OyI0 TPOIMTHOCTH K JbIXaTEJIbHOMY SIUTEINIO U HUC-
MOJIb3YyeT YHUKAJIbHBIE TIOBEPXHOCTHBIC OCIKU IJIS
NHOUIIMPOBAHUS KJIETOK XOo3sgMHa. Kpome Toro,
CYIIECTBYIOT OTJIMYUS B BUPYJICHTHOCTU TaHHBIX
MHGEKIIMOHHBIX areHTOB, JOCTYITHOCTH JICUCHUS
M BO3MOXHOCTSIX MX cHenu(pUIECKON HMMYHO-
npoduiakTuku [1, 4].

Hanmuuue pa3HbIX KJIETOYHBIX MUIIICHEH HE MC-
KJII0o4aeT BO3MOXXHOCTHU COBMECTHOMW LUPKYISLIUU
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SARS-CoV-2 u Bupyca rpumnmna, mo3ToMy MOXHO
CIpaBelJIMBO MPEANOI0XKNUTh, YTO OHU CIIOCOOHBI
HaXOIMThCS B CHHEPIrUYE€CKOM B3aMOICHCTBUH.

CuuTaeTcs, 9TO MOXKMUJIBIC JIOAN U ITAlMCHTHI
C COMYTCTBYIOIIMMU 3a007€BaHUSIMU (Halpumep,
C MaTOJIOTUSIMU CEePACYHO-COCYIUCTONM M IbIXa-
TEJBHOU CHCTEM) IIOIBEPKEHBI 00Jice BBICOKOMY
puCKy ocloxHeHU, cBsa3aHHbIXx ¢ COVID-19 nnn
TPUIITIOM, a Jihlla C OCJa0JeHHBIM WUMMYHUTE-
TOM — 0o0Jiee BBICOKOMY PUCKY TSXKEJIOro TeUeHU s
COVID-19 [30].

CymiecTBYIOT OTaHHBIC O TOM, YTO Ha KOHEII
2020 r. monoBuHa cinyyaeB COVID-19 B r. YxaHb
OblJla OOyCJIOBJIEHA COYeTaHHBIM WHQMULMPOBA-
HueM Bupycom rpumnmna [22]. Ilpeanonaraercs,
YTO UUPKYJISILHUS BUpyca TPUIIIa B TCUYCHHUE HeE-
JIeJTb, TPEIIIeCTBOBABIINX BCHBIIIKE B 3araHoi
EBporie, Moriia «CKpbITh» HadaJio paciipocTpaHe-
Hus SARS-CoV-2 BHyTpu coobiiecTBa [19].

Jlo cux mop BeAYTCS MUCKYCCHUUM O Pa3IMUUSIX
TSKECTU KJIUHUYecKoW KapTuHbl npu COVID-19
u rpunne. B 2021 r. B 'epMmaHuu Obl1 MpoBeneH
aHaJIM3 MCXOHOB TOCIUTANM3ALUU TAllUeHTOB
¢ COVID-19 u rpunmoM. B mnccrnegoBanue OBIIO
BKJIIOUEHO 0oJiee 2 ThIC. TOCITUTATU3UPOBAHHBIX
nanueHToB ¢ COVID-19 u cBbIIIe 6 ThIC. YEJIOBEK
¢ rpunroM. [Ipu oboux 3a60JieBaHUSIX TTallMEHTHI
crapiie 49 J1eT COCTaBISIIM MOYTU TPU YSTBEPTU
TOCTIMTAJILHBIX CJIydyaeB, a TUIMEPTEH3Us, caxap-
HBI AuabeT, XpoHUUYecKasl 00Je3Hb MOYEK U XPO-
HHUYecKass OOCTpyKTHBHas 00JIe3Hb JIETKUX ObIIU
HauboJjiee pacIpoOCTpaHEHHBIMHU CONMYTCTBYIOIIN-
Mu 3abosneBaHusIMU. OOIIasi BHYTPUOOIbHUYHAS
JIETAJIbHOCTH ObLJIa OoJiee yeM B 2 pa3a Bbllle Mpu
COVID-19 no cpaBHeHu1o ¢ rpumnmom (14% rpotus
6%). ITonydeHHbIe TaHHbIE COIJIACYIOTCS C PE3YJib-
TaTaMHW KPYITHOTO (paHIIY3CKOrO MCCJICIOBAHMS,
IJie ypOBEHb BHYTPUOOJIbHUYHOM JIETaJIbHOCTH CO-
craBun 16,9% nins COVID-19 u 5,8% nng rpurnna,
aTIOTPEOHOCTh B TOCTIMTAIM3AIIUU B OTIACJICHUE pe-
aHuManuu u uatreHcuBHou Tepanuu (OPUT) O6bina
BbIlIe y mantmeHToB ¢ COVID-19 (16,3%), yeM y MH-
¢unmpoBanHbIX TpunnoM (10,8%) [24].

Hanportus, npyrue aBTOpbI IoOJlaraju, 4YTO
B TIOKa3aTejie TOCIUTAIbHON JIETAaIbHOCTH MEXKIY
OosibHBIMU Tsxesoil dpopmoit COVID-19 wu na-
LIMEHTaMU C TPUIIIIOM OTCYTCTBYET CYIIECTBEH-
Has pa3HuIIa. Y 3a00JeBIINX IPUMIIOM B TSIXKEJIOU
dopMe o0IIee COCTOSTHHE 3T0pOBbs OO OOJIE3HU
W MPOTHO3 3a00jeBaHUS OBIIM XyKe, YeM y Tia-
uueHtoB ¢ COVID-19. bbljio oTMeueHo, 4TO pas3-
BUTHUE BTOPUYHON OakTepuaaibHON WHOEKINU,
OCTPOM TTOYEYHON HETOCTATOYHOCTH, ITOBBIIIICHIE
mokasaTels IIPOKaJbIIMTOHWHA BbIlIe 2,0 HI/MII
SIBJISLTUCHh He3aBUCUMBIMU (haKTOpaMu, OTJIMYaB-
mwumMu rpunn ot COVID-19. CtouT oTMETUTD, YTO
B 000MX HCCICAOBAaHUSIX, aBTOPHI HE yKa3bIBaJIU
BpEMEHHON Tiepuoj Habopa marepuaa, Tak Kak
kJaunHu4veckas kaptuHa COVID-19 moxeT npetep-

neBaTh MeTaMop(do3y B 3aBUCMMOCTH OT IITaMMa
SARS-CoV-2. Takxxe ob1iasg BBIOOpKa BO BTOPOM
JIOKJIale 3HAYMTEJIbHO YCTyTlajia 10 KOJIMYEeCTBY
NalMeHTOB U cocTaBasia 109 genosexk [18, 20].

NHTepdepeHums mexay Bo30yauTensMmm
OPBW n SARS-CoV-2

CyIliecTBYIOT NPOTUBOIIOJOXHBIE  MHEHUS
o ToM, u4to nmanaemuss COVID-19 B 3HaunTeIbHOM’
CTETNeHM MOBJMSIa Ha 3MNUIEMHUOJOTHUI0 BHUpYyca
rpurina M pecrnupaTopHO-CUHIIMTHUAJIBHOTO BU-
pyca (PCB) B CTOpOHY CHUXXEHUSI UX LIUPKYIS-
ouu. JJaHHBIE CUCTEM peCcITMpPaTOpHOro Haa3opa
B Kurae, Auriuu u CIIA nokazanu 3HaAYUTEb-
HOE CHMXCHHE 3a00J1eBaCMOCTH TPUIIIIOM 3a II0-
CJIEIHME IIATh JIeT B cpeaHeM Ha 92—99% B ce3oHe
2020—2021 rr. o noHUMaHUS IPUYUH TTPOU30-
IIeAIIero KuTaliCKue ydeHble MpUoeriu K co3aa-
HUIO MOJAEIU U YCTAaHOBJECHUIO POJIU OTpPaHUUYU-
TEJbHBIX MeponpusaTuii B npodunaktuke OPBU.
PesynbTaTel pOBENCHHOIO MCCICIOBAHMUS ITOKa-
3aJI1, YTO HOIIEHNE MAaCcOK, B TOM YHCJIe HEOOJITO-
CPOYHOEC — B TEUCHU U HECKOJIBKUX HEIEIb B TUKU
noabeMa 3a00J1eBaeMOCTU, — CaMO 10 Ce0€ MOXET
CYIIIECTBEHHO CHU3MTbh aKTUBHOCTD I'pUINa. DTOT
MOJIOXKUTENbHBIN 3((PEeKT YCUTIUBAETCS B YCJIOBU-
SIX OpraHM3allM¥ KaMIaHWW 0 BaKIMHOMPOU-
nakTuke. TemM BpeMeHeM BMEIIaTeIbCTBO B MUTpa-
OUOHHBIC TTPOIECCHl 1 MOOMJIBLHOCTH HAaCCIICHUS
B MCHBIIICH Mepe ITOBIUSIIA HAa YaCTOTY BBISIBIIC-
HUS BUpyca rpurnia [6, 28].

SpKyo TeHAEHLMIO K CHUXEHHUIO 3a0oJieBae-
MOCTM TPUIIIIOM AEMOHCTPUPYET PETPOCIICKTUB-
HO€ KHTaliCKoe MCCeIOBaHUE, B KOTOPbIe ObLIU
BKJIFOUCHBI MAIIUEHTHI, TTPOIICAIINE TECTUPOBAHE
Ha BUpychl rpunmna A u B ¢ Hos6ps 2017 . mo mapT
2021 r. boiio mposemeno 14902, 14762, 25070
u 1107 TecTupoBaHUI Ha BUpycHl rpunina A u B 3a
YeThIpe BPEMEHHBIX Tepuoaa, MpU OO0IIeM KOJIH-
YyecTBe TOJOXUTENIbHBIX pe3yibraToB 32,45, 35,77,
29,40 n 0,54% cooTBeTCTBEHHO. 3a aBa mnepuoaa
YeThIpeX CE30HOB IpUIIIa, C HOSIOPSI MO STHBAph 00-
Imee KOJTMYECTBO MOATBEPKACHHBIX CITyJdaeB TPUII-
na cocraBuio 8530, 4980, 22 925, 868; ¢ ¢deBpans
MO0 MapT 3TO KOJMYECTBO coctaBuio 6372, 9782,
2145, 239 (Ta6n. 1) [22].

OO011ee KOJIMYECTBO TECTOB U MPOLEHT II0J0-
KUTEJbHBIX PE3yJIbTaTOB 3HAUUTEIbHO CHU3UJIKCh
¢ deBpansi/mapra cezoHa 2019/2020, yTo coBmajao
¢ HayaJsioM COVID-19 (puc. 1).

OTMETUM, YTO HAHHOE WCCIIeNOBaHHE WMEJIO
HECKOJIbKO orpaHuuYeHuii. Bo-TiepBBIX, OHO OBLIO
PEeTPOCIEKTUBHBIM, BO-BTOPBIX, TIOJIYyIYCHHBIC TaH-
HBbIC aHaJU3UPOBAJIUCh Ha TEPPUTOPUHU OITHOTO
ropona, II03TOMY, BO3MOXHO, NPEXIEeBPEMEHHO
9KCTPAIOJMPOBATh 3TU PE3yIbTaThl HA BCIO CTPaHY.
OmHakKo U Apyrue myoJruKanuy MPOIeMOHCTPUPO-
BaJid aHaJIOTUYHBbIE pe3yabTaThl. B cBoell paboTte
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Ta6nuua 1. CooTHoweHue npoBeaeHHbix OT-MNLLP TecTupoBaHuii Ha rpunn A/B v NONOXKUTENbHbIX

pe3ynbTaToB B ce30Hax 3aboneBaemoctu ¢ 2017/2018 no 2020/2021 B Kutae (r. Huu60) [22]

Table 1. Aratio between influenza A/B RT-PCR assays and positive samples in the years 2017/2018-2020/2021

in China (city of Ningbo) [22]

Moka3aTtenu 2017/2018 2018/2019 2019/2020 2020/2021
Parameter n=14902 n=14762 n=25070 n=1107 p

Bospact/Age 27,1£26,9 30,0+25,8 22,0£21,3 40,0+27,2 0,889
<16 net/< 16 years old 8038 (53,9%) 7913 (53,6%) | 15569 (62,1%) 325(29,4%) | <0,01
>16 net/> 16 years old 6864 (46,1%) 6849 (46,4%) 9501 (37,9%) 782 (70,6%)

Mon/Sex 0,991
MyxuuHbl/Males 7087 (47,6%) 6942 (47%) 12 312 (49,1%) 549 (49,6%)
XeHwuHbl/Females 7815 (52,4%) 7820 (53%) 12758 (50,9%) 558 (50,4%)

KonuuectBo o6pa3uos/Number of samples <0,01
MonoxutenbHble/Positive 4836 (32,5%) 5290 (35,8%) 7515 (30%) 6 (0,5%)
OTtpuuatenbHbie/Negative 10 066 (67,6%) | 9472 (64,2%) 17 555 (70%) 1101 (99,5%)

Bupycbl rpunna/Influenza viruses <0,01
A 7484 9977 12729 650
MonoxutenbHbili pe3ynbrat/Positive result | 2630 (35,1%) 5006 (50,2%) 4159 (32,7%) 3(0,5%)

B 7418 4785 12 341 457
MonoxutenbHbili pe3ynbrat/Positive result | 2206 (29,7%) 274 (5,7%) 3212 (26%) 3(0,7%)

Stamm ¥ cOaBT. OTMETUJIN, YTO Ha (pOHE MaHIEMUUN
COVID-19 He TOABKO YMEHBIINIOCH YMCIO HOBBIX
cnyuaeB rpunmna, Ho 1 PCB. Takoe cHuXeHue Ha-
Os1r01a10Ch U B Apyrux ctpaHax [10, 28].

Panee snunmemuun rpunma m PCB aBasanuce
NPUYMHON BBICOKOI 3a00JIEBAEMOCTU U CMEPTHO-
cTH 3a pyoexxoM. B 3amamHoit ABcTpainu cooO1a-
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Figure. Number of influenza positive samples

in the years 2017/2018-2020/2021 in China

(city of Ningbo) [22]

JIOCh O CHUKeHU U Ha 98—99% ciiy4yaeB BbIsSIBJICHUS
PCB u rpunmna B 2020 r. o cpaBHEHUIO C TIpeIbl-
OYIIUMU 3UMHUMHU ce3oHamMu ¢ 2012 mo 2019 rr.
TounHo Tak ke B HoBom FOskHOM Yanbce Konuue-
CTBO BBISIBJIEeHHBIX ciiydaeB PCB B nepuon ¢ anpe-
g no uioHb 2020 r. 6610 Ha 94,3% HUKe, yeM
MPOrHO3MPOBAJIOCh Ha OCHOBE cpaBHeHUs ¢ 2015—
2019 rr. B EBpore Bo BpeMsI OOBIYHOTO TIOaBbEeMa
3200JIeBaeMOCTU  CE30HHBIMU OPOHXMOJIUTAMU
M TPUIITIOM B TI€PBBIC MECSIIbI 3UMBI HaOJI01aJIach
aHaJIOTUYHas KapTuHa. Takske HeclennpruIecKue
Mepbl TPOMUNIAKTUKI IPUBEIN K CHUKECHUIO YHC-
Jna ciydaeB rocnutanusauuu ¢ PCB u rpumnmnom
nereit B Yunm u KOxnHoit Adpuxke. [TonmyyeHHBIS
JaHHBIC TTOAYEPKUBAIOT MOTCHIIMAJIbHYI HEI00-
LEHKY POJIK B3POCIBIX B pacCIIPOCTPpaHEHU U BCIThI-
ek PCB 1, BO3MOXHO, IpyTrUX BUPYCHBIX 3IHAJIE-
muii [13, 29].

TeyeHne Ce30HHbIX ANMAEMUIA rpunna
n OPBU B nepunog nangemunn COVID-19
B Poccuiickon ®epnepaunm

Peanmuzanusa mpoiiecca mHTepdepeHINN YET-
KO TIpOCJIeKeHa Ha MpHUMepe YTHETeHUS HOBBIM
KOPOHABUPYCOM CE30HHBIX OIIUIASMHUI TpuUIllia
M OCTPBIX PECITUPATOPHBIX BUPYCHBIX MWHMEKIINIA
B TeuyeHUe NBYX JeT B Poccum, HaumHas ¢ oce-
Hu 2020 1. IIpoBegemM cpaBHEHHUE pe3yIbTaTOB
ITLP-guarHocTuku B 0a30BBIX J1abopaTOpusIX
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nByx HIIT BO3 B P® Ha 6 (rmuk 3a00JieBAEMOCTH
COVID-19) u 13 Henene (cnag 3abojeBaeMOCTU
COVID-19) 2022 r. B nepuona craga 3aboJjieBaeMo-
ctu COVID-19 yactora auarHoctupoBaHusi OPBU
HETPUITITIO3HOM 3TUOJIOrUHU (ITaparpuIl, aaeHOBU-
pycHasi, pecriupaTOpHO-CUHIIUTUAIbHAsI, KOpOHa-
BUPYCHasi, OOKaBUPYCHasi, MeTalTHEBMOBUPYCHas
U pUHOBUpPYCHasi UHMEKIIUU) COCTaBUIa IO pe-
3yJIbTaTaM MOJIEKYJISIpHO-TEHETUUECKOIo aHaju3a

10,2%, a mo pe3ynbpratam MDA (maparpurii, axeHo-
BUPYCHAsI U PECIUPATOPHO-CUHIIMTHUAIbHAST WH-
dexuun) — 14,6% (tadi. 2, 3). B T0 ke BpeMsI B UK
3aboseBaemoctu COVID-19 yactoTta AuMarHoOCTU-
poBaHus Herpunmo3Hbix OPBU Oblna cyliecTBeH-
HO HUXe u coctaBuia 4,0% no pesyabratam [TLIP
1 12,9% — merogom MDA (taba. 2) [3].

B TabJ1. 3 conocraByieHbl 3NTUAEMUOJOTUUECKUE
noka3zateau TedeHUuss COVID-19 (4yuciao HOBBIX

Ta6nuua 2. Pesynbrtathbl MUP-gnarHocTuku B 6a3oBbix nadbopatopusx asyx HUF BO3 B PP

3a 13 Hepenio 2022 .

Table 2. PCR diagnostic data obtained in the two WHO National Influenza Centres in Russian Federation

on week 13, 2022

Yucno
o6pasuoB/4ynucno
Bos6yautenu OPBU NOJNIOXUTENbHbIX | % NMOJIOXMUT.
ARVI pathogens Number of samples/ | % positive
number of positive
samples
Fpunn (3722 npoTecTupoBaHHbiX 06pasua)/Influenza (3722 tested samples)
F'punn A (He cy6T.)/Influenza A (no subtypes) 5 0,1
Fpunn A(H1)pdmO09/Influenza A(H1)pdmO09 0 0,0
Fpunn A(H3)/Influenza A(H3) 1 0,03
Fpunn B/Influenza B 23 0,6
Becb rpunn/Total Influenza-positive 29 0,8
Apyrue OPBU (3584 npoTecTupoBaHHbix 00pa3ua)/Other ARVI (3584 tested samples)
Maparpunn/Parainfluenza 43 1,2
ApeHoBupyc/Adenovirus 70 2,0
PC-Bupyc/RSV 40 1,1
PuHoBupyc/Rhinovirus 133 3,7
KopoHaeupyc/Coronavirus 54 1,5
MeTtanHeBmoBupyc/Metapneumovirus 15 0,4
BokaBupyc/Bocavirus 10 0,3
Bce OPBW/Total ARVI 365 10,2
SARS-CoV-2 (15 560 npoTecTupoBaHHbIX 06pa3w0B)/SARS-CoV-2 (15 560 tested samples) 2997 19,3

Ta6auua 3. ConoctaBneHne KONM4ecTBa HOBbIX BbISIBJIEHHbIX cjly4aeB 3aboneBanus COVID-19,

apyrumu OPBU u cmepTeit ot COVID-19 B PO

Table 3. Comparing the number of newly detected cases of COVID-19, other acute respiratory viral infections

and COVID-19-related death rate in the Russian Federation

OCHOBHbIE NOKa3aTenu 6 Hepens 13 Hepeng 19 Hepens
Major parameters Week 6 Week 13 Week 19

Yucno nuu, 3a6oneswnx COVID-19 (U07.1) 3a cyTku
Number of people with COVID-19 (U07.1) per day 208767 17949 5047
Yucno nuu, ymepwux ot COVID-19 (U07.1) 3a cyTku 799 349 99
Number of people died from COVID-19 (UQ07.1) per day
COVID-19, % 67,2 19,3 11,3
OPBW, %/ARVI, % 4,0 10,2 15
punn, %/Influenza, % 0,8 0,8 1
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BBISIBJICHHBIX CJTy4aeB M cMepTeil) Ha (poHe M3Me-
HUBIIENHCS KapTUHBI BbIIBIEHHBIX MeToaoM [TLIP
BupycoB SARS-CoV-2, OPBU u rpumnmna Ha nuke
3a60JeBaeMOCTH (IIpEeBaIMPYIOIINI IITAMM OMMU-
KPOH) U CHUXXEHUS OO0 MUHHUMAJILHBIX 3HAYCHU I
Ha 6 1 13 Hepensax (12 peBpansg u 2 anpenst 2022 1.).

CHUXXeHUe 4yucia HOBBIX ciiyyaeB B 11,4 u Je-
TaJabHBIX UCX0J0B B 2,1 pa3a Bcienctsuum COVID-19
IPOMCXOOMJIO TIPU HEU3MEHHBIX ITOKA3aTesIsIX Jia-
GopaTtopHoOro ooHapykeHHs Bupyca rpunmna (0,8%)
M YBEJIMYECHUU YaCTOThI BBISIBJICHUST BO30OYIUTEIEH
npyrux OPBU. CnenyeT ydecTh, 94TO Ha (DOHE CHU-
XeHus 3aboneBaeMoct COVID-19, He mociienoBa-
JIO YBEIWYCHUE HOJU TUATHOCTUPOBAHHBIX CIyda-
eB MHGEKI U, BBI3BAHHBIX APYTMMHU MMaTOreHaAMU,
oco0OeHHo rpulroMm (taodu. 4) [5, 10, 14, 15].

B manmHOM ciyyae, KaK M Ha cTapTe HaHIe-
muu COVID-19 B 2020 r., nmorpeboBajoch Bpe-
Ms Ha peaiu3alliio IIpolecca WHTephepeHIINN
M BBITECHEHUE KOHKYPEHTOB BHOBb ITPUILICAIINM
KOPOHAaBHUPYCOM.

MOXHO MPEaIToJI0XUTh, YTO U BO BpeMsI IIpeI-
CTOSIIIIETO CE30HHOTO TIoJbeMa 3a00JIeBaeMOCTHU
TPUIITIOM OH MOTECHUT CBOMX KOHKYPEHTOB, BKJIIO-
yasi ocnabjeHHble mTaMMbl SARS-CoV-2 Ha crtane
3a00JIeBaeMOCTH. 3aragkoit IBJsIeTCI KaKUMU Xa-
pPaKTepUCTUKAMM KOHTAarmo3HOCTH M ITaTOTE€HHO-
CcTU OyneT obJiagaTh NMPUILNEALINN [ITaAMM TpUIINa
M KakK U3MEHMBIIUKCS KOJJIEKTUBHBIA MMMYHMU-
TET HaCeJICHUS CTpaHBbI 1101 Bo3aeiicTBueM SARS-
CoV-2 ¥ BakUMHONPOMUIAKTUKUA OTpPA3UTCH
Ha KJIMHUYECKUX MOCeNCTBUsIX 3a0oJieBaHU s [5].

NHTepdepeHums mexay natoreHamm
kak obLwebronornyeckas kateropus

B nipouinom nccienoBaHu s, MOCBsIEHHbIE (e-
HOMEHY WHTepdepeHlIUn B MUKPOMHUDPE, OKa3a-
JINCh HEITOOILICHCHHBIMHY, HO C IIPUIICCTBAEM MaH-
nemuu COVID-19 untepec K HUM BO30OHOBUJICS.

PaccMoTpuM  BO3MOXHOCTH  (OpMHUPOBAHUS
npoiecca MHTepdepeHIMu Ha npumepe SARS-
CoV-2. TerepoTturnuyHass KOHKYPEHIIUS pPa3BU-
Bajlach 10 MEpE€ DBOJIOIMU U TIOSIBJIICHUST HOBBIX
mrTamMmMoB SARS-CoV-2. He wnckiaiogaercs, 4ToO
3TOT NPOLIeCC OKa3aJl BIUSHUE Ha BOJTHOOOPa3HbI
noabeM 3a00JIEBAa€MOCTH U CMEHY KJIMHWYSCKOU
kaptunbel COVID-19, a Takxe Ha ¢popMupoBaHue
KOJUIEKTUBHOTO UMMYHUTETA U TTOAAEP>KaHUE BbI-
COKOI 4aCTOThl HOBBIX CJIyyaeB MHMUIIMPOBAHUS
npu cMeHe mrammMoB SARS-CoV-2 [21].

leTeponornyHble ¥ TOMOJOTUYHBIC BUIBI WH-
TeH(MEepeHIIMU TIPOCIeXeHbl Ha KOHKYPEHTHBIX
OTHOIIIEHUSIX MeX1Iy BuUpycamu rpunmna u SARS-
CoV-2, xoraa B TedeHUe IBYX JIET BCE BbIIESIEMbIC
onacHbIe mTaMMbl SARS-CoV-2 (Anbda, ot 18 ne-
kabps 2020 r.; bera, ot 18 gekabps 2020 r.; F'amMma,
ot 11 auBaps 2021 r.; lenbta, ot 4 anpens 2021 r.,
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TaGnuua 5. YpoBHu peanusauum uitepdepeHumnmn supycos [11, 12]
Table 5. Levels of virus interference implementation [11, 12]

YpoBHM peanusauum
nHTepdepeHumnn
Levels of interference
implementation

KommeHTapumn
Comments

MonynsaunoHHbIN

®dopmupoBaHue nyna OPBU kak BpeMEHHOro NpensiTCTBUS AN UHTEPBEHL UM
HOBOFO BMpyca

Population Formation of ARVI pool as a temporary obstacle to interfere with a new virus
T ., CyuiecTBOBaHME 3NUTENNaNbHbIX 6apbepHbIX NPEnaTCTBUIA, BKJIlOYas
KaHeBOM
Ti chopmupoBaHHble MHTEP(EPOHbDI
Issue Existing epithelial barriers, including interferon-developed layer
KneTouHblii EcTecTBeHHas MeMOpaHHas 3awmTa KNeTokK oT cynepuHdekumm
Cellular Natural cell membrane protection from superinfection

CynepuHduumpyiouias Tepanus
Superinfection therapy

Ucnonb3oBaHue B kayecTBe GMONOrMYECKOro NleKapcTBa HeNnaToreHHoro
AN{ YenoBeka Bupyca

Used as a biological drug in a form of a virus non-pathogenic for humans

MoneKkynsipHblii BHYTPUKJIETOYHbIIA

reproduction

¢ MyTauumn BMpMoHOB ¢ GOpPMUPOBAHUEM KOHKYPEHTHOCMOCOOHOrO WITAMMa
¢ OGpa3oBaHue Manbix UHTEPDEPUPYIOLLMX HYKJIEUHOBbIX kKucnoT (MuPHK)
¢ DopmMUPOBaHME UHBIX FTEHETUYECKUX MEXAHM3MOB, MHIMOUPYIOLLMX

WU NOTEHUMPYIOWMX PENPOAYKLUIO LUITAMMOB
Molecular intracellular + Mutations of virions with the formation of a competitive strain
+ Formation of small interfering nucleic acids (siRNA)
+ Formation of other genetic mechanisms inhibiting or potentiating viral strain

nonyqeuwe HOBbIX TEXHOJIOTUYEeCKUX
coeguHeHun
Generating new technology compounds

[eiictBue onocpeposaHo mexaHnamamu PHK-untepdepeHuun
Mediated by RNA interference mechanisms

OMuKpoH, oT 24 HosiOopsa 2021 T.) TOPMO3UIU Ce-
30HHBIE AT aeMun rputiina u OPBU.

lummoreTnuyeckm MHTEpGhEPEHIINS MOXET pea-
JIN30BBIBATBCSI pPa3HBIMUA MEXaHU3MaMHM Ha He-
CKOJIBKMX YPOBHSIX OHMOJIOTMYECKON oOpraHm3a-
OUU — TOMYISIIMOHHOM, TKaHEBOM, KJICTOYHOM
U MOJICKYJISIDHO-T€HEeTUYeCKOM (Tabu1. 5) [16].

I[MonynsIInoHHBIN YPOBEHB IMMOAPa3yMeBaeT, UTO
NPUIISAIINI B UYeJTOBCUCCKYIO TTOITYISIINIO HOBBINA
MaTOreH B3aMMOICHCTBET MECTHBIM IIITAMMOM, pa-
Hee 3aCeJISIBIINM ONPEACICHHYIO OMOJIOTrMYeCKYIO
cpeny [14].

TxaHEeBO M KJIETOUHBIN YPOBHU BKIIOUYAIOT MC-
XOITHOE IIPOTUBOACHCTBME HOBOMY KOHKYPHUPYIO-
meMy IITaMMy 4Yepe3 paHee CHUHTEe3MPOBaHHBIC
NHTepDEepOHBI, UMMYHOIJIOOYIUHBI U IPYyTUC TY-
MOpaJIbHBIE W KJIETOYHBIC MEXaHW3MBI 3aIllUTHI
ot uHdekunun [16].

MonekyasipHble MEXaHU3MBI  pEaIu3yIOTCS
BHYTPUKJICTOYHO ITyTeM OTpaHUYCHU S BO3MOXKHO-
CTH PEIIPOAYKIINI HOBBIX BUPMOHOB KOHKYPUPYIO-
mero rmatoreHa (tadi. 5) [11, 12].

3ak/4yeHne

HoBble BUpPYCHI IPUXOAST B YCJIOBUSIX 3aIlOJi-
HEHUsI BCeX OMOJIOTMYECKMX HHUII NpeIcTaBUTE-
JSIMU paHee cHOPMUPOBAHHON MUKPOOUOTHI, YTO

OTKPBIBACT ITPOLECCH KOHKYPCHIIMU U CUMOMO3a
natoreHoB. PeHoMeH MHTepdEepeHIINN OBl yoe-
IUTEIBHO TPOAEMOHCTPUPOBAH Ha IIPUMEpE pas3-
Butuss COVID-19 myTeM BBITECHEHUSI CE30HHBIX
OPBU u rpunna [2, 11].

OmHako, KapTWHa CE30HHBIX 3a0o0JeBaHUIA
B 2022 T. ellle CIOXHO IIpeacKasyeMa, HeJIb3sT NC-
KJIIOYUTh TPUXOH BBICOKONATOTCHHBIX IIITAMMOB
TPUIIIIA WJIN OAPYTUX PECITUPATOPHBIX MHGPEKIINIA,
9YTO MHUIIMUPYET MacIITaOHOE MpPOBEACHHE BaK-
OWHAJIBHON KaMITaHWY MPOTUB Tpunna. B ciydae
COBMECTHOI HHUPKyIAsIumu BUpycoB SARS-CoV-2
¥ BUpYyca TPUIIA B CJICIYIONIEM CE30HE BOSHUKHET
NOTPEeOHOCTh B aKTUBHOM ITPUMEHCHHUH OBICTPHIX
ITUATHOCTUYCCKUX TECTOB MIJISI OOHAPYKEHUS 000-
WX BO30yIuMTeJIeil B MOMEHT OOpaIieHusI K MeAM-
OWHCKUM pabOTHUKAM C HEeJIbI0 TPpaBUIBLHOTO BHI-
Oopa TaKTUKHU JICICHHUSI, 0OCOOCHHO B IpyIIIax Ia-
OMEHTOB BHICOKOT'O PHCKa TSKEJI0r0 TCUCHM ST 3a00-
neBaHms. BecbMa BeposiTHO, uyTo TTocyie COVID-19
OymyT eIe IIaHIEMWUW, BBI3BaHHBIC IPYTUMU
KOpOHaBUpPYyCcaMH, BUpycaMHW TpHIINa, ITapaMHUK-
COBHPYCOM WJIM COBEPIICHHO HOBBIM BO30yIHUTE-
jeM [25, 26]. TlosiBjaeHWe HOBBIX ITAaHIEMWYECKUX
BHPYCOB MOXKET COITPOBOXIATHCSI YMEHBIICHUEM
WJIA MCYC3HOBCHUEM IUPKYIUPYIOIMINX CE30HHBIX
pecnupaTopHBIX mTaMMOB. [Ipoiiecc BEITECHCHU S
paHee MPUCYTCTBOBABIINX B MOMYJISIIIAY IIITAMMOB
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YKJIaJbIBaeTCsl B OMMCAaHHBIE BBIIIE MeXaHU3MBbI
nuntepdepeHuuu [8]. COVID-19 6ricTpo, B Teue-
HME HECKOJIBKHMX MECSIIEB IEPBOTO rojia MaHAeMU 1
BHEIPUJICSI B HUIIY, 3aHSTYIO IPYTUMM PECIU-
paTtopHbiMu Bupycamu. Panee WM.B. Kucenepoii
M coaBT. [8, 24] ObLJI0 BbICKA3aHO MPEANOJOKEHUE
O JIBYyX BO3MOXHBIX CIIEHApUSIX Pa3BUTUSI COOBI-
tuit: a) SARS-CoV-2 HauyHeT BBITECHSTh JIpyrue
IITaMMBI KaK 0oJiee arpecCUBHBII BUPYC; O) BUPY-

cbl OyIyT cocylllecTBOBaTh coBMecTHO. Kak moka-
3aJIM UCCJICIOBAHM S, 9TU IBE BEPCUM UMEIOT ITPaBO
Ha CylIeCTBOBaHUE. YUYMUThIBAsi HEOJHO3HAYHOCTh
AIMUIEMHUYECKON CUTyallud, HE MCKJIIYaeTcs
BO3MOXXHOCTbh BOJIHOOOpa3HOW WHTEepbhEpEeHIIUN
MaTOreHOB, KOIJda ToAaBJsollee BO3IeCTBUE
SARS-CoV-2 Ha apyrue pecnupaTopHble BUPYCHI
CMEHsIeTCsl APYTUM ITOMMHMPYIOIIMM I1aTOreHOM
MO0 Mepe CHUXKEHU ST aKTUBHOCTH KOPOHaBHMpYyca.
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DISSEMINATED PURULENT PERITONITIS
OUTCOME AFFECTS NKT CELL PHENOTYPE

A.A. Savchenko?, A.G. Borisov?, 1.V. Kudryavcev**, V.D. Belenjuk®
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Abstract. The aim of our study was to investigate the main characteristics of peripheral blood NKT cell phenotype
in patients with disseminated purulent peritonitis (DPP) in dynamics of postoperative period, depending on the disease
outcome. Fifty-two patients with acute surgical diseases and injuries of the abdominal organs complicated by DPP, and
68 healthy individuals in control group, were examined. Blood sampling was performed before surgery (preoperative
period), as well as on the day 7, 14 and 21 of postoperative period. All patients with DPP were divided into two groups
depending on disease outcome in postoperative period: patients with favorable disease outcome (n = 34); and patients
with unfavorable outcome (n = 18). Study of the phenotype of blood NKT lymphocytes was performed by flow
cytometry using direct immunofluorescence of whole peripheral blood samples with monoclonal antibodies. The low
relative and absolute level of NKT cells was observed in DPP patients regardless of outcome disease in preoperative
period. At the same time, the absolute level of NKT cells returned to normal only in patients with favorable DPP
outcome and only by day 21 after surgery. Patients with favorable DPP outcome by the end of examination period
had normalized quantity of mature NKT-lymphocytes and significantly decreased level of cytotoxic cells which was
apparently associated with migration of such cell subsets to site of inflammation. A reduced level of non-classical
(expressing CD8 marker) mature and cytokine-producing NKT cells was detected only in patients with favorable
DPP outcome in preoperative period which returned to normal by the end of postoperative period. At the same time,
patients with unfavorable disease outcome had reduced quantity of NKT cells of these subsets by day 21 of postoperative
treatment. Patients with favorable outcome had high level of mature and cytotoxic CD11b* NKT cells already in the
preoperative period, while patients with unfavorable DPP outcome had increased level of cytotoxic CD11b* NKT cells
only by day 21 after surgery. The proportion of NKT cells expressing activation markers (CD28 and CD57) was reduced
in patients in preoperative period that returned to normal immediately after surgery with favorable outcome, while
it recovered with unfavorable outcome closer to the end of postoperative examination. The defined features of NKT
cell phenotype in patients with unfavorable DPP outcome characterize disturbances in subset ratio and mechanisms
of functioning of this cell fraction. This determines a need to develop immunotherapeutic methods aimed at stimulating
immunoregulatory activity of NKT cells.

Key words: peritonitis, NKT cells, phenotype, disease outcome, postoperative period, CD3-CD56".
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OCOBEHHOCTU ®EHOTUINA NKT-KJIETOK B BABUCUMOCTHU OT UCXOAA
PACNPOCTPAHEHHOIO THOMHOIO NEPUTOHUTA

Casuenko A.A.!, Bopucos A.I'.!, Kyapsasues 1.B.23, Bejeniok B./1.!

T@TBHY Pedepanvhbiii uccaedosamenvckuil yewmp «Kpacunospexuil nayunii yenmp Cubupckozo omoenenus Poccuiickoil
akademuu HayK», 06ocobaennoe noopaszodenenue «HHUU meduyunckux npobaem Cesepa», Kpacnospcex, Poccus

2@I'BOY BO Ilepsviii Cankm-ITlemepbypeckuii 20cy0apcmeeHHblll MeOUYUHCKUL YHUGEDCUMEm UMEHU AKA0eMUKa

U.II. [1asrosa Murnucmepcmea 30pasooxpanenus Poccuiickoii @edepayuu, Cankm-Ilemepbype, Poccus

SOI'BHY Hucmumym sxcnepumenmanvhoil meduyunot, Cankm-Ilemepoype, Poccus

Pesiome. llenbio wuccrnenoBaHuss OblIo u3yyeHHe ocobOeHHocTtelr deHotTuna NKT-kiaeTok y OOJBHBIX
pacrpocTpaHeHHBIM THOWHBIM TieputoHuTOM (PI'TI) B uHaMuKe mocnaeonepaiioHHOTO Mepuoia B 3aBUCUMOCTH
oT ucxomna 3aboneBaHus. O0CIen0BaHO 52 MallMEHTa C OCTPBIMU XMPYPIrUIeCKMMHM 3a00JIeBaHUSIMHU M TpaBMaMH
OpraHoB OPIOIIHOM [T0JI0CTH, OcToXHUBIIKUMUCS PI'TI, 1 68 310poBbIX 101€i B KAUeCTBE JIKL KOHTPOJIbHOI TPYIIIIbL.
3a00p KpoBU y OOJTBHBIX TPOU3BOAVIIM TIepel orepalueil (ToonepallMOHHbIN MTepuon), a Takxe Ha 7-e, 14-e u 21-e
CYTKM TIOCJIeONepalluOHHOTO nepuona. B 3aBUCMMOCTH OT uMcxona 3a00jieBaHUS B MOCJIEONEPALIMOHHOM MEPUOJE,
Bce OonbHble PI'TI ObliM pasfesieHbl Ha ABe TPYTIbl: 0OJbHBIE ¢ OJarONpUsITHBIM UCXOAOM 3abojeBaHus (n = 34),
MalMeHTH ¢ HebaronpusTHeIM ucxoaoMm (n = 18). UccnenoBanue ¢peHorrna NKT-1umMboLnuTOB KPOBU MPOBOAUIU
METOIOM ITPOTOYHOM IMTOMETPUH C UCTIOIb30BaHUEM MTPSIMON MMMYHOMTYOPECIIEHIINH 1IeJbHOM TIeprdeprIecKoi
KPOBM C MOHOKJIOHAJIbHBIMU aHTUTeNaMu. Y o0cienoBaHHbIX manueHToB ¢ PI'TI He3aBucHMO OT rcxona 3a001eBaHuU St
B IOOTEpallMOHHOM TepHo/ie TOHUKEHO OTHOCUTEIbHOE U abcotoTHoe coaepxkanue NKT-ki1eTok, mpuueM B 00enx
Ipynmax 00JbHBIX MPOIEHTHOE KOJMYECTBO KJIETOK BOCCTaHABIMBAETCS cpa3y Iocie omepalnuu. B To xe BpeMs
abcomoTHBIN ypoBeHb NKT-k1eToK HOpMalln3yeTcsl TOJNbKO Y O0JNBHBIX ¢ OmaronpusaTHbIM ucxogoMm PI'TI u Tonabko
K 21-M cyTkam mocie onepanuu. K KoHIy mepuoga o0cienoBaHus y OOJbHBIX ¢ OmaronpusaTHBIM ucxogom PITI
B IepudepruyecKoil KpoBU HopMmaiuayeTcs comepxkaHue 3peibix NKT-TuMbonuToB 1 3HAYUTEIBHO CHMXACTCS
KOJMUYECTBO IIUTOTOKCHYECKUX KJIETOK, UTO, IO-BUAMMOMY, OIpemeseTcs MX MUTpallleil B 30HY BOCHAJICHHUS.
Tonbko y 60JbHBIX ¢ O6aronpusaTHbIM UcxonoM PI'TI mOHMXEHHBIN YypOBEHb HEKJIACCUYECKUX (IKCTPECCUPYIOLIUX
CDS8-Mmapkep) 3pebix U HUTOKUH-poayuupytomux NKT-kji1eTok B jgoonepaliMOHHOM TepUojie HOpMau3yeTcs
JI0 KOHTPOJIBHBIX 3HAYEHU I K KOHILY TIeprojia TIocIeonepalinoHHOro oocienoBaHus. B To e BpeMsl y maliueHToB
C HeOJaronmpusiTHBIM UCXOAOM 3aboyieBaHUS coiepxkaHue naHHbix cyornomynsiuuii NKT-kiaeTok K 21-M cyTkam
MOCJIEONEPAIIMOHHOIO JICUSHUSI MOHUXKEHO. Y OOJbHBIX C 0JarompusTHBIM MCXOAOM 3a00JIeBaHUS BBISIBISICTCS
BBICOKUI ypoBeHb 3penblX U HUToToKcuyecKuXx CDIIb"NKT-kaeTok yxe B 1oonepallMOHHOM Tepuoe, Toraa Kak
npu HebnaronpusTHoM ucxoae PI'TI moBbimeHHOE cogepxkaHue HuToToKcuyeckux CD11b*NKT-kneTok ooHapykeHo
TOJNIBKO K 21-M cyTkam mocie omnepauuu. Comepxkanue NKT-kaeTok ¢ akcmpeccueil akTMBAllMOHHBIX MapKepoB
(CD28 u CD57), cHuxXeHHoe Y 00JbHBIX B TOONEPAllMOHHOM TIEpUO/e, TIPY O0JaronpusiTHOM UCXOAe HOPMaIu3yeTcsl
cpasy Iocje omnepaluy, TOraa KakK IpU HEeOJArompusITHOM HMCXome — OJMKe K KOHITYy ITOCJIeOINepaliMOHHOTO
obOcienoBaHus. YcTaHoBJAeHHbIe oco0eHHOCTH (peHoTuna NKT-kyieTok y 60JbHBIX C HEOJATONPUSTHBIM MUCXOAOM
PI'TI xapakTepu3yioT HapyIIeHHs B COOTHOIICHUY CYOIOMYISIIMOHHOTO COCTaBa M MeXaHM3MaX (PYHKIITMOHUPOBAHU S
JAHHOM (pakKIWM KJIETOK, YTO OMpelesasiecT HeoOXOMMMOCTh Pa3pabOTKM WMMYHOTEpaINeBTUUCCKUX METOIOB,
HamnpaBJICHHBIX HA CTUMYJISIAI0 UMMYHOPETYISTOpHON akTUBHOCTU NKT-KIIeTOK.

Karoueesnie caosa: nepumonum, NKT-kaemku, penomun, ucxod 3abonesanus, nocaeonepayuontsiii nepuod, CD3-CD56".

Introduction

Disseminated purulent peritonitis (DPP) re-
mains one of the unsolved problems of modern ab-
dominal surgery due to high morbidity and mortality.
The disease is a complication of a number of surgical
diseases or abdominal injuries (acute appendicitis,
perforated gastric and duodenal ulcer, acute gangre-
nous cholecystitis, pancreatic necrosis, perforation
of hollow organs, their damage during trauma, etc.)
in the vast majority of cases [22, 27, 28]. Mortality
in DPP is about 20—30%, reaching the highest fig-
ures in the development of multiple organ failure and
septic shock, the prevention and relief of which are
key in the treatment of peritonitis [33, 34].

It has been proven that the course of the infec-
tious process in the abdominal cavity, and the nature

and characteristics of the development of purulent
postoperative complications, are determined not
only by the severity of the underlying disease, and
the adequacy of the surgical intervention performed
and the completeness of the intensive care, but also
by the functional state of the immune system [3, 19,
24]. Yang et al. (2022) reported that patients with
spontaneous bacterial peritonitis had IL-13 over-
expression in their ascites and a reduced functional
activity of CD8* T cells [41]. There is evidence that
an increased level of macrophage mannose recep-
tor (CD206) expression on peritoneal macrophages
was associated with an increased risk of an adverse
outcome of peritonitis [38]. Previously, we found that
the number of “naive” B lymphocytes and B2 cells
non-expressing and expressing CD23 in patients
with an unfavorable outcome of DPP was higher

1041



A.A. Savchenko et al.

MHdekumns n uMmyHuTeT

than in patients with a favorable outcome of this dis-
ease [2]. Violations of the mechanisms of the respira-
tory burst of neutrophils as well as a decrease in their
phagocytic activity, and the level of TNFa synthesis
in patients with DPP, were previously identified and
presented in a number of publications [5, 21].

Natural killer T cells (NKT) are defined as a hete-
rogeneous subset of T lymphocytes with a CD3*
CDI16/56" phenotype, i.e. they combine the phe-
notypic characteristics of T and NK cells [11, 40].
Accordingly, the functional activity of NKT cells is re-
alized in various mechanisms of the immune response,
realizing the relationship between natural resistance
and adaptive immunity. This lymphocyte subset is in-
volved in the mechanisms of antiviral and antiparasitic
protection, and also secreted different immunoregula-
tory cytokines in the site of inflammation [1, 10, 12].
In addition, NKT cells are able to stimulate and in-
hibit antitumor immune responses [9, 39].

Semi-invariant o3-TCR expressed by NKT cells
could recognize a-glycuronylceramides (one of the
main components of gram-negative bacteria cell wall)
that led to the formation of a complex of antimicrobial
functions including those mediated by the induction
of CD40L and pronounced stimulation of Thl and
Th2 lymphocytes [10, 16]. Therefore, NKT cells are
also involved in immune-inflammatory processes de-
velopment. For instance, Nilsson et al. demonstrated
that NKT cell cytokine profile switching regulated
liver sterile inflammation [31]. It was shown that NKT
cells made a significant contribution to mucosal im-
munity regulation by intestinal homeostasis control-
ling and participating in the development of inflam-
matory diseases of the abdominal cavity [11].

Thus, the aim of our investigation was to study
the characteristics of NKT cell phenotype in patients
with DPP in the dynamics of the postoperative pe-
riod in depending on the outcome of the disease.

Materials and methods

Study participants. Fifty-two patients with acute
surgical diseases and injuries of the abdominal organs
complicated by DPP aged 25—65 years (the mean
age of the patients was 49.6 years) who were treated
at the Krasnoyarsk regional purulent-septic center
at the Regional Clinical Hospital were examined.
Exclusion criteria from the study were the presence
of acute destructive pancreatitis (pancreatic necro-
sis), total mesenteric thrombosis, oncological diseas-
es and tuberculosis. The volume of surgical interven-
tion and the number of sanations were determined by
the attending physician depending on the patient’s
condition. Blood sampling was performed before
the surgery (preoperative period) as well as on the
7th, 14th and 21st days of the postoperative period.
All patients were divided into two groups depending
on the outcome of peritonitis in the postoperative
period: group 1 — patients with a favorable outcome

of the disease (n = 34); and group 2 — patients with
an unfavorable outcome (n = 18). Sixty-eight healthy
people were examined as a control group.

All studies were performed with the informed
consent of the patients and in accordance with
the Helsinki Declaration of the World Association
“Ethical Principles of Scientific Medical Research
Involving Humans” as amended in 2013 and “Rules
Of Clinical Practice In The Russian Federation” ap-
proved by the Order of the Russian Ministry of Health
(19.06.2003, No. 266).

Flow cytometry. Study of the phenotype of NKT
cells was performed by flow cytometry using direct
immunofluorescence of whole peripheral blood with
monoclonal antibodies (Beckman Coulter, USA).
The preparation of blood samples and the adjust-
ment of the flow cytometer were carried out in ac-
cordance with the recommendations presented in the
article by Khaidukov et al. [7]. The distribution
of antibodies along the fluorescence channels was
carried out in accordance with the principles of pan-
el formation for multicolor cytofluorometric stud-
ies [4]. Immunophenotyping of cells was performed
by staining 200 ul of whole EDTA-stabilized blood
with the following combination of fluorochrome-
conjugated monoclonal antibodies: anti-CD3 Alexa
Fluor 700 (clone UCHT], isotype — Mouse IgGl),
anti-CD8 Allophycocyanin (clone B9.11, isotype —
Mouse IgGl), anti-CDI1b Phycoerythrin-Texas
Red-X (clone J33, isotype — Mouse IgGl), anti-
CDI16 Phycoerythrin-Cyanin 7 (clone 3GS8, iso-
type — Mouse IgGl), anti-CD28 Phycoerythrin
(clone CD28.2, isotype — Mouse IgG1), anti-CD45
Alexa Fluor 750 (clone J33, isotype — Mouse 1gG1),
anti-CD56 Phycoerythrin-Cyanine 5.5 (clone N901,
isotype — Mouse IgGl), and anti-CD57 Fluorescein
Isothiocyanate (clone NCl1, isotype — Mouse IgM).

Incubation of blood samples with antibodies was
carried out for 15 min at room temperature and in the
dark. Lysis of erythrocytes was carried out for 15 min
using 2 ml of VersaLyse Lysing Solution (Beckman
Coulter, Inc., USA) with the addition of 50 pl
of IOTest 3 Fixative Solution (Beckman Coulter,
Inc., USA). Stained cells were analyzed on a Navios
flow cytometer (Beckman Coulter, Inc., USA) of the
Krasnoyarsk Regional Center of Research Equipment
of Federal Research Center “Krasnoyarsk Science
Center SB RAS”. At least 50000 lymphocytes were
analyzed for each blood sample. The obtained data
were analyzed using the Kaluza software package
(Beckman Coulter, Inc., USA).

Statistical analysis. The results were presented
using the median (Me) and interquartile range as
25th (Q,) and 75th (Q;) percentiles. The signifi-
cance of differences between the indicators of in-
dependent samples was assessed using the non-
parametric Mann—Whitney test (Mann—Whitney
U test). The significance of differences in indica-
tors in the dynamics of treatment was determined
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Table 1. Content of blood NKT cells in patients with a favorable DPP outcome in the dynamics

of the postoperative period (Me, Q,-Q;)

Control Preopgrative 7 days 14 days 21 days
Parameters n=68 period after surgery after surgery after surgery
n=34 n=34 n=34 n=34

. ‘o 3.51 1.90 3.31 2.84 3.50

CD3CD16/56", % 1.98-6.90 1'1?_3'29 2.19-7.12 2.31-4.45 3.13-5.51
p, =0.011

0.07 0.02 0.03 0.03 0.08
CD3'CD16/56%, x 10%1 0 04'_0 19 0.007-0.03 0.02-0.04 0.01-0.05 0.05-0.14
' ' p, = 0.007 p, =0.039 p, =0.039 p,=0.043

0.37 0.39
0.73 0.70 0.67
CD3'CD16"CD56", % 0.23-0.69 0.19-0.69

0.43-1.25 0, =0.029 0.37-1.00 b, = 0.035 0.43-1.01

0.39
0.28-0.49

. N _ 0.87 0.85 1.15 0.70 _

CD3"CD16°CDS6, % 0.56-1.06 0.60-1.80 0.92-1.55 0.51-1.25 Py :0'023
p,=0.021
p; =0.014

193 0.59 1.50 1.80 2.29
CD3'CD16-CD56*, % ] 29'_2 67 0.35-1.60 0.70-2.91 0.50-2.41 1.93-2.90
' ' p,=0.004 p,=0.045 p,=0.048 p, < 0.001

Note. p, — statistically significant differences versus controls; p, — statistically significant differences versus patients with DPP before surgery;

p; — statistically significant differences versus 7 days after surgery patients.

by the Wilcoxon test (Wilcoxon matched pairs test).
Friedman’s rank analysis of variance (Friedman
ANOVA by Ranks) was also used to assess changes
in the studied parameters in the dynamics of post-
operative treatment. Statistical analysis was carried
out using the Statistica 8.0 software package (StatSoft
Inc., USA, 2007).

Results

‘We noticed that the absolute and relative numbers
of NKT cell were decreased in patients in the pre-
operative period with a favorable outcome of DPP if
compared to healthy controls, and this was mainly
duetocellswith CD3*CD16*CD56"and CD3*CD16-
CD56" phenotypes (Table 1). The absolute number

of NKT lymphocytes in patients with a favorable out-
come of DPP remained reduced in compared to con-
trol values on the 7th day after surgery. An increase
in CD3*CDI16-CD56" cells levels if compared with
the initial time point was also found, and this content
remained until the end of the observed period.
Moreover, the consistent increase of CD3*CD16~
CD56" cells frequency was also confirmed by the re-
sults of Friedman ANOVA test: x> = 13.08, p = 0.004.
The absolute number of NKT cells in patients with
a favorable outcome of DPP remained on the 14th day
of postoperative treatment, but with a decrease in the
percentage of CD3*CDI16"CD56" cells vs. control
group. Patients with a favorable outcome of peritoni-
tis showed a normalization of the absolute number
of circulating NKT cells and a reduced percentages

Table 2. Subsets of NKT cells with CD8 expression in patients with a favorable DPP outcome
in the dynamics of the postoperative period (Me, Q,—-Q;)

Control Preoperative 7 days 14 days 21 days
Parameters n=68 period after surgery after surgery after surgery
n=34 n=34 n=34 n=34
0.24 0.63
0.55 0.60 0.42
CD3*CD8'CD16°CD56", % 0.14-0.43 0.38-1.02
0.33-0.87 0,=0.018 0.31-0.75 0.21-0.70 0,=0.037
0.04
0.05 0.06
CD3'CD8*CD16*CD56-, % 0.18 0.03-0.11 013 0.02-0.06 0.03-0.07
0.12-0.22 <0.001 0.11-0.19 p; < 0.001 <0.001
Py < B ps = 0.046 Py < E
160 0.60 0.75 130 1.60
CD3*CD8*CD16-CD56*, % 1 14'_2 29 0.36-1.25 0.34-1.49 0 30'_1 79 1.35-2.10
' ' p, =0.005 p, =0.040 ' ' p,=0.043

Note. p, — statistically significant differences versus controls; p, — statistically significant differences versus patients with DPP before surgery;
p; — statistically significant differences versus 7 days after surgery patients.
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Table 3. Content of NKT cells expressing activation and adhesion markers in patients with a favorable DPP
outcome in the dynamics of the postoperative period (Me, Q,-Q;)

Control Preoperative 7 days 14 days 21 days
Parameters n=68 period after surgery after surgery after surgery
n=34 n=34 n=34 n=34
0.012 0.043 0.059 0.031 0.030
CD3'CD16*CD56*CD11b*, % 0 005.3—0 041 0.017-0.074 0.028-0.114 0.014-0.049 0 00'5_0 10
' ' p, =0.035 p,; =0.030 p,=0.041 ' '
. ) . 0.022 0.043 0.059 0.039 0.061
CD3'CD16*CD56-CD11b*, % 0.011-0.029 0.022-0.059 0.040-0.310 0.021-0.113 0.022-0.153
' ' p, =0.047 p, =0.023 ' ' p, =0.045
0.132 0.369 0.509 0.389 0.680
+ - + + 0, . ' . . _
CD3'CD16-CDS6'CD11D, % 0.089-0.789 0.249-0.609 0.439-0.989 0.219-0.690 0555_60 101:0
1 - .
0.89 1.46
1.50 0.90 1.00
CD3*CD16/56'CD28*, % 0.49-1.59 0.58-3.21
0.83-3.20 b, = 0.044 D, = 0.047 0.60-2.70 0.54-4.43
1.32 0.96 1.20 1.34 1.40
+ + + 0, . _ . . .
CD3°CD16/56°CDST", % 0.22-2.32 3'6_60 1022 0.70-2.18 0.71-1.72 1.13-1.83
1 - .

Note. p, — statistically significant differences versus controls; p, — statistically significant differences versus patients with DPP before surgery;
p; — statistically significant differences versus 7 days after surgery patients.

of CD3*CD16"CD56~ cells if compared to control
values by the end of the observed period.

We found that the level of CDS8-expressing
NKT cells was altered in patients with a favora-
ble outcome of DPP (Table 2). Thus, the percent-
age of peripheral blood CD3"CD8*CDI16*CD56*,
CD3"CD8*CD16"CD56- and CD3*CD8'CDI16-
CD56" cells was reduced in this group of pa-
tients even in the preoperative period if compared
to healthy controls. The relative number of NKT cells
with CD3*CD8*CDI16"CD56" phenotype in patients

with a favorable outcome of the disease was increased
vs. control ranges on the 7th day after surgery, and
it reached its maximum by the end of the observed
period. The percentage of CD3*CD8"CDI16"CD56~
cells in patients of this group increased if compared
to control values on the 7th day after surgery, but
it decreased again at 14th day point and remained
at the initial level until the end of the observed pe-
riod. The frequency of CD3*CD8"CDI16-CD56"
NKT cells was reduced on the 7th day post-surgery,
their number was increased vs. control values on the

Table 4. Content of blood NKT cells in patients with an unfavorable DPP outcome in the dynamics
of the postoperative period (Me, Q,-Q;)

Control Preoperative 7 days 14 days 21 days
Parameters n=68 period after surgery after surgery after surgery
n=18 n=18 n=18 n=18
2.09
3.51 3.47 3.89 2.30
+ + 0, -
CD3CD16/56", % 1.98-6.90 1'3_6 269 1.34-5.53 0.67-5.70 1.43-4.88
p, =0.025
0.07 0.02 0.02 0.02 0.03
CD3'CD16/56",x 10%1 0 04'_0 19 0.01-0.03 0.01-0.04 0.01-0.05 0.01-0.06
' ' p, < 0.001 p, =0.004 p, =0.021 p, =0.045
0.39
0.73 0.60 0.85 0.48 0.25-0.53
+ + + 0,
CD3CD16°CDSE', % 0.43-1.25 0.15-1.30 0.76-1.79 0.41-0.95 p; =0.043
p; =0.038
0.87 0.75 1 2;3:5?? 45 1.37 0.65
+ +, - 0 . . . : _ .
CD3'CDIGTCDSE", % 0.56-1.06 0.37-1.40 p, < 0.001 100 0.34-1.10
p, = 0.029 P=v
03 069 119 2.25 oot a7
CD3'CD16-CD56", % ] 29'_2 67 0.25-1.42 0.93-1.32 1.30-3.65 T 0 0'40
e P, =0.010 P, = 0.041 p,=0.044 Py =
p,=0.047

Note. p, — statistically significant differences versus controls; p, — statistically significant differences versus patients with DPP before surgery;
p; — statistically significant differences versus 7 days after surgery patients; p, — statistically significant differences versus 14 days after surgery patients.
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Table 5. Subsets of NKT cells with CD8 expression in patients with an unfavorable DPP outcome
in the dynamics of the postoperative period (Me, Q,—-Q,)

Control Preoperative 7 days 14 days 21 days
Parameters n=68 period after surgery after surgery after surgery
n=18 n=18 n=18 n=18
0.29
0.84 0.39

CD3°CD8'CD16°CD56", % 0.5 0-56 0.75-1.79 0.20-0.89 010-0.39
0.33-0.87 0.14-1.30 - 0043 - 0.040 p, =0.040
Py =5 Ps =5 P, = 0.008

0418 010 0.60 0.70 0.13
CD3*CD8*CD16*CD56-, % 0 12'_0 99 0 06.—0 90 0.14-1.28 0.32-1.08 0.05-0.49
' ' ' ' p, =0.044 p; <0.001 p,=0.027

160 0.19 0.79 0.83 0.64
CD3*CD8*CD16-CD56", % 1 14'_2 99 0.07-0.87 0 30'_2 09 0.49-1.85 0.19-0.71
‘ ' p, < 0.001 ' ' p, =0.047 p, <0.001

Note. p, — statistically significant differences versus controls; p, — statistically significant differences versus patients with DPP before surgery;
p; — statistically significant differences versus 7 days after surgery patients; p, — statistically significant differences versus 14 days after surgery patients.

14th day of treatment, and reached its maximum
by the end of the observed period. The sequence
of changes in the content of NKT cells with this
phenotype was also confirmed using the Friedman
ANOVA test (x> = 9.60, p = 0.022).

Next, we investigated the expression of cell adhe-
sion molecules and activation markers by peripheral
blood NKT cells (Table 3). We found increased lev-
els of CD3"CDI16"CD56"CD11b* and CD3*CDI16*
CD56-CDI11b™ NKT cells in blood samples from
DPP patients with a favorable outcome in compared
to controls, while the frequencies of CD28- and
CD57 expressing NKT cells were decreased (Table 3).
Moreover, CD3*CDI16*CD56"CDI11b* cells in pa-
tients of this group were decreased if compared
to control values from the 14th day, while the num-
ber of CD3*CDI16"CD56-CDI11b* cells remained
elevated by end of our observed period. The num-
ber of CD3*CD16-CD56"CDI11b* NKT cells in the

current patients group increased significantly vs.
healthy controls only at the end of the observation
period, that was also confirmed by the Friedman
ANOVA test (> = 12.60, p = 0.006). The percentage
of NKT cells expressing CD28 and CD57 increased
from the beginning of postoperative treatment and
remained at the control levels until the end of the ex-
amination period.

The percentage of NKT cells in the blood of pa-
tients with DPP with an unfavorable outcome of the
disease was reduced vs. control levels before the sur-
gery, while their relative number restored after the sur-
gery (Table 4). However, the absolute number of NKT
cells in patients of this group was reduced in preop-
erative and postoperative periods if compared to con-
trol group. The percentage of CD3*CDI16"CD56*
NKT cells in patients with an unfavorable outcome
of DPP corresponded to the control values in the pre-
operative period and within 14 days of subsequent

Table 6. Content of NKT cells expressing activation and adhesion markers in patients with an unfavorable
DPP outcome in the dynamics of the postoperative period (Me, Q,—Q;)

Control Preopgrative 7 days 14 days 21 days
Parameters n=68 period after surgery after surgery after surgery
n=18 n=18 n=18 n=18
. N N ‘o 0.012 0.033 0.017 0.045 0.006
CD3CD16°CDS6CD11D’, % 0.003-0.041 0.006-0.174 0.006-0.029 0.019-0.095 0.004-0.029
. N _ ‘o 0.022 0.017 0.007 0.010 0.0:&1&084
CD3°CD16°CDS6 CD11DT, % 0.011-0.029 0.006-0.104 0.003-0.008 0.004-0.025 p;.2.3<0.001
p, < 0.001
p,=0.014
0132 1.079 0.812 0.640 0.993
CD3*CD16-CD56*CD11b*, % 0 OSQ—O 789 0.623-1.205 0.225-2.550 0.210-1.374 0.337-2.260
' ' p, =0.024 p, =0.037 p, =0.046 p,=0.018
150 0.34 0.56 1.40 1.90
CD3*CD16/56*CD28*, % 0 83'—3 20 0.16-1.14 0.41-1.29 0 30'_2 71 1.00-2.35
' ' p, =0.006 p,=0.016 ' ' p,=0.045
132 0.59 0.20 0.49 100
CD3*CD16/56*CD57+, % 0.99-2.32 0.04-0.85 0.03-1.00 0.04-1.09 0 26_1 11
' ' p,=0.011 p, =0.031 p, =0.038 ' )

Note. p, — statistically significant differences versus controls; p, — statistically significant differences versus patients with DPP before surgery;
p; — statistically significant differences versus 7 days after surgery patients; p, — statistically significant differences versus 14 days after surgery patients.
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treatment, but it decreased by the end of the observed
period. The level of CD3"CD16"CD56~ cells in pa-
tients of this group also corresponded to the control
values in the preoperative period, while it significant-
ly increased by the 7th and 14th days of observation.
Moreover, it returned to initial ranges by the 21st day
of postoperative treatment. At the same time, the per-
centage of CD3"CD16-CD56" NKT cells in patients
with an unfavorable outcome of DPP was reduced
in the preoperative period, but it reached the control
values on the 14th day of postoperative treatment, and
then decreased by the end observed period if com-
pared to healthy controls.

The relative numbers of peripheral blood CD3*
CD8"CDI16'CD56" and CD3*CD8*CDI16"CD56~
cells in patients with an unfavorable outcome
of DPP in the preoperative period corresponded
to the control values (Table 5). The frequencies
of CD3"CD8"CD16"CD56" cells were increased by
the 7th day after the surgery, but it significantly de-
creased by the end of the observed period if compared
to controls. The level of CD3"CD8"CDI16"CD56~
cells was increased if compared to control values
on the 7th and 14th days of postoperative treatment,
but their number decreased to the initial range by
the end of the observed period. The percentage
of CD3"CD8"CDI16-CD56" cells in patients with
an unfavorable outcome of the disease was reduced
in the preoperative period, it increased to control val-
ues on the 7th and 14th days of treatment, but, finally,
it was decreased by the end of the observed period if
compared to controls.

The percentage of circulating CD3*CD16"CD56*
CDI11b* cells in patients with an unfavorable out-
come of DPP in the pre- and postoperative period
corresponded to the control range, while the level
of CD3"CDI16-CD56*CDI11b* cells during the en-
tire examination period exceeded the control values
(Table 6). The levels of CD3*CD16"CD56-CDI11b*
NKT cells in patients of this group in the preopera-
tive period showed no differences with control val-
ues. However, the level of this cell subset decreased
on the 7th day after the surgery, but then increased by
the end of the observed period if compared to healthy
controls and initial ranges.

The relative numbers of CD28-expressing NKT
cells in patients with an unfavorable outcome of the
disease were reduced compared to control values
in the preoperative period and on the 7th day of the
postoperative period, but they reached the control
values by the end of the observed period significantly
exceeding the initial level. Similarly, CD57-positive
NKT cells in this group of patients were reduced
in the preoperative period and during the first 14 days
of postoperative treatment, but they increased to con-
trol values by the end of the observed period.

Differences in NKT cells content were found be-
tween patients with favorable and unfavorable out-
comes of DPP (Tables 1, 4). Thus, the percentages

of CD3"CD16"CD56" cells were increased in pa-
tients with an unfavorable outcome of the disease
on the 7th day after surgery (p = 0.045), the level
of CD3"CD16"CD56- cells was increased on the 14th
day (p=0.014), and the relative content of CD3"CD16~
CD56" cells were reduced on the 21st day after sur-
gery (p < 0.001) if compared to patients with a fa-
vorable outcome of DPP. Additionally, the frequen-
cies of circulating CD3"CD8'CDI16"CD56" cells
were increased in the case of an unfavorable outcome
of DPP during the preoperative period (p = 0.025),
and the level of CD3"CD8"CD16-CD56" NKT cells
was reduced if compared (p = 0.043) to patients with
a favorable outcome of the disease (Tables 2, 5).

At the same time, an increased level of CD3"
CDS8'CDI16"CD56" cells in patients with an un-
favorable outcome persisted on the 7th day after
surgery (p = 0.048), while a decrease in this NKT
cell subset (p = 0.008) was observed at 21st day
of postoperative treatment if compared to patients
with a favorable outcome of DPP. The percentage
of CD3"CD8"CD16-CD56" cells in patients with an
unfavorable outcome also remained lower at the end
of the observed period vs. patients with a favorable
outcome of DPP (p < 0.001). The relative numbers
of CD3"CD8"CD16"CD56~ cells in the blood of pa-
tients with an unfavorable outcome of DPP on the 7th
and 14th days after surgery were also increased (p =
0.017 and p < 0.001, respectively).

Finally, the percentages of CD3*CDI16"CD56"
CDIl11b* cells in patients with an unfavorable out-
come of DPP on the 7th and 21st days of postopera-
tive treatment were reduced vs. patients with a fa-
vorable outcome (p = 0.003 and p = 0.044, respec-
tively) (Tables 3, 6). Similarly, the levels of CD3*
CD16"CD56-CDI11b" NKT cells were reduced on the
7th and 14th days of postoperative treatment vs. pa-
tients with an unfavorable outcome (p < 0.001 and p =
0.002, respectively). An increase in relative numbers
of CD3*CDI16-CD56"CDI1b* cells in patients with
an unfavorable outcome vs. patients with a favorable
outcome were observed only in the preoperative pe-
riod (p = 0.002). In addition, CD28* NKT cells were
reduced in patients with an unfavorable outcome
of DPP in the preoperative period and on the 7th day
after surgery (p = 0.020 and p = 0.028, respectively),
and the numbers of CD57" NKT cells were reduced
during the entire observation period (p = 0.043, p =
0.007, p = 0.046 and p = 0.039, respectively) relative
to the indicators found in patients with a favorable
course of this infectious and inflammatory disease.

Discussion

The functional activity of NKT cells is realized
through effector (perforin/granzyme and/or FasL-
mediated) mechanisms and regulatory (cytokine
production) providing the relationship between in-
nate and adaptive immunity [6, 12, 40]. The subset
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composition of NKT cells is determined by CDI16
and CD56 receptor expression. The CDI16 is a low
affinity immunoglobulin G receptor (FcyRIII)
that is non-covalently bound to the CD3{ molecule
on the NKT cell membrane [17, 18]. CD56 (NCAM,
Leu-19, NKH-1) is an immunoglobulin superfamily
adhesion molecule that takes part in intercellular
interaction [8, 23]. Mature NKT cells express both
markers. Cells that exhibit CD16*CD56~ phenotype
are defined as cytotoxic cells, while NKT cells with
CD16-CD56" phenotype are defined as cytokine-
producing cells [15, 35].

In general, the relative and absolute numbers
of NKT cells in the peripheral blood of patients
with DPP were reduced in the preoperative period,
regardless of the outcome of the disease. Moreover,
if their percentage was restored already on the 7th
day after the surgery then the reduced absolute level
of this fraction of lymphocytes remained in the post-
operative period. Only patients with a favorable out-
come of the disease by the end of the observed period
(on the 21st day after surgery) had increased percent-
ages of NKT cells similar to control ranges. A feature
of the dynamics of the number of NKT cells in the
blood in patients with a favorable outcome of DPP
was that the reduced level of cells was associated with
a low content of mature and cytokine-producing
NKT cells in the preoperative period, while their
number was restored to control values by the end
of the observed period and the number of cytotoxic
NKT cells decreased. Patients with an unfavorable
outcome of DPP in the preoperative period had a low
level of NKT cells which was determined by a re-
duced content of cytokine-producing cells. The low
level of cytokine-producing and mature NKT cells
was also observed in patients of this group on the 21st
day of postoperative treatment.

NKT cells expressing the CD8 marker are part
of type II NKT cells (non-classical, non-invariant) [1,
32]. This cell fraction recognizes a wider range of an-
tigenic molecules (compared to type I NKT cells),
synthesizes cytokines that induce differentiation
of Thl- and Th2-lymphocytes but also implement
immunosuppressive functions [1, 14, 36]. In particu-
lar, type II NKT cells can stimulate the functional ac-
tivity of myeloid suppressor cells, able to kill antigen-
prescribing dendritic cells and to inhibit the function-
al activity of cytotoxic CD8* T cells through the in-
duction of TGF-3 expression [29, 30].

The content of mature, cytotoxic and cytokine-
producing fractions of NKT cells with CD8 expres-
sion was reduced in the blood of patients with DPP
with a favorable outcome of the disease in the pre-
operative period compared with control values.
However, the level of mature and cytokine-produc-
ing CD8"NKT cells recovered to the control range by
the end of the observed period (on the 21st day after
the surgery). At the same time, a decrease in the con-
tent of only cytokine-producing CD8* NKT cells was

found in the examined patients with an unfavorable
outcome of DPP in the preoperative period relative
to the control range and values detected with a fa-
vorable outcome; the level of mature CD8" NKT cells
even exceeded that detected in case of a favorable
outcome of the disease. However, the number of all
studied fractions of CD8"NKT cells was significantly
reduced compared to control values by the 21st day
of postoperative treatment.

The CD11b receptor is a type I glycoprotein de-
fined as a subunit of the oM integrin and forms
the Mac-1 integrin in complex with the CD18 mole-
cule (CDI11b/CD18) [25, 26]. Expression of this mark-
er on the membrane of NKT cells increases the level
of effector and migratory activity. An increased num-
bers of CDI1l1b-expressing mature NKT cells were
found in patients with a favorable outcome of DPP
in the preoperative period, their content returned
to normal by day 21, while the content of CD11b* cy-
totoxic NKT cells in the pre- and postoperative period
remained elevated. In addition, the level of cytokine-
producing CD11b* NKT cells in individuals of this
group increased towards the end of the observed pe-
riod. The patients with an unfavorable outcome of the
disease had a lower content of mature CDI11b"™ NKT
cells by the 21st day of the postoperative period com-
pared with the control values and the level of these
cells with a favorable outcome of peritonitis. In addi-
tion, the content of cytotoxic NKT cells significantly
increased in patients with an unfavorable outcome
only at the end of the observed period, while the level
of cytokine-producing CDI11b* NKT cells was in-
creased throughout the entire period of the study.

Also, the content of NKT cells expressing activa-
tion markers CD28 and CD57 was studied in patients
with DPP in depending on the outcome of the disease.
The CD28 antigen (Tp44) belongs to the immuno-
globulin superfamily and is involved in the enhance-
ment of T-cell receptor signals, which determines its
role in the regulation of adaptive immunity [13, 20].
Blockade of CD28 on the membrane of NKT cells
completely suppressed cytokine production [37].
CD57 receptor (Leu-7, HNK-1, NK-1) was defined as
an oligosaccharide with sulfated glucuronic acid resi-
dues which is expressed on membrane proteins, lipids,
and proteoglycans, and its expression level is associat-
ed with the accumulation of perforin and granzyme B
in the cytolytic killer granules cells [14, 32].

The frequencies of CD28* and CDS57* NKT
cells in the preoperative period was reduced relative
to the control values in patients with a favorable out-
come of DPP in the preoperative period. However,
their number returned to normal immediately after
the surgery and remained at the level of the control
range until the end of the observed period. At the same
time, patients with an unfavorable outcome of perito-
nitis had low levels of CD28* and CD57" NKT cells
in the preoperative period which increased to control
values only by the end of the observed period.
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In general, it can be concluded that the systemic
inflammatory response in DPP patients with an un-
favorable outcome of the disease in the postoperative
period was characterized by a violation of the ratio
of the subset composition of NKT cells with a low
level of non-classical NKT cells by the end of the ob-
served period (day 21 after surgery) and a pronounced
change in the cell content expressing adhesion and
activation markers.

Conclusion

Thus, significant differences in the phenotype of pe-
ripheral blood NKT cells were found between patients
with different outcome of DPP. The low relative and
absolute levels of NKT cells were observed all patients
with DPP regardless of the disease outcome in the pre-
operative period. At the same time, the absolute level
of NKT cells returned to normal values only in patients
with a favorable outcome of DPP post 21 days after
the surgery. The content of mature NKT lymphocytes
was normalized in the peripheral blood of patients with
a favorable outcome of DPP by the end of the examina-
tion period. The number of cytotoxic cells in the blood
of these patients significantly decreased by the 2l1st
day of the examination which is apparently deter-
mined by their migration to the area of inflammation.
At the same time, patients of this group had the level
of cytokine-producing cells at the level of the control
range during the entire postoperative period.

Conversely, the level of mature and cytokine-pro-
ducing NKT cells was reduced in the blood of patients
with an unfavorable outcome of DPP by the 21st day
of the postoperative period. A reduced level of non-
classical (expressing the CD8 marker) mature and
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WMMYHHbIW OTBET NOCJIE BBEQEHUS
KOMBUHUPOBAHHON BEKTOPHOW BAKLIUHbI
FTAM-KOBUA-BAK

E.B. UnuBusesa!, B.B. Bropymmna', FO.C. /Ipankuna', JI.B. Kpeuerosa',
H.B. Joarymuna', C.B. Xaiixykos?

'@I'BY HayuonanvHolit MeOUUUHCKULL UCCAC008AMENbCKULL UEHMD AKYUIEPCMEd, 2UHEKO0A02UU U NePUHAMON02UU

umenu axademuxa B.U. Kyraxoea Munzopasa Poccuu, Mockea, Poccus

2@IbYH Hnemumym 6uoopeanuueckoil xumuu umenu axademuxoe M. M. [llemaxuna u FO.A. Osuunnukosa Poccuiickoil
akademuu Hayx, Mockeéa, Poccus

Pesiome. B HacTogmee BpeMs o Mepe pa3Butus manaeMu SARS-CoV-2 Bce 001bI1e BHUMaHUS YAEISIETCI CO3TAHUIO
€CTECTBEHHOr0 M MHAYIIMPOBAHHOTO BAKIMHOI MMMYHUTeTa TPpOoTUB SARS-CoV-2 1 BEI3BIBaEMOT0 M 3a00JIeBaAHU ST
COVID-19. [lIupoko pacnpocTpaHeHHass TpOoPUIAKTAYECKAsT BAKIIMHALIMS UTPAET BaXHYIO poJib B 3(PheKTUBHON
3aIMTe JIO/Iell OT BUPYCHBIX MH(MEKIIUI U MOXET CHU3UTh 9KOHOMUYECKHE 3aTpaThl rocynapcTsa. Lleabio jaHHo-
r'O MCCJIe0BaHUS OBIJIO U3YYeHUE CyOIOMyIsIIIMOHHOTO COCTaBa MepuepruecKoil KpOBU U BHIPAXKEHHOCTH T'YMO-
pPaJbHOIO OTBETA Y BAaKIIMHUPOBAHHBIX KOMOMHUPOBAaHHOU BekTOpHOI BakimHoi [am-KOBUI-Bak. Mamepuanvi
u memoosl. B IpocrneKTUBHOE UCCcaef0BaHKe ObLIM BKIIOUEHBI 352 maiueHTa, u3 Kotopsix 194 (119 xeHuuH u 75 Myx-
YUH) POBENEHO UCCIeNOBAaHUEe KMMYHOTpaMMBbI U onipeneieHue ypoBHs aHTUTel K SARS-CoV-2. ¥V naiueHToB uc-
cJeIoBaHue CyONmOMyIsSIIMOHHOIO cocTaBa JUMGOIIMTOB 1 onpeneneHus aHTuTel K SARS-CoV-2 0b1710 npoBeneHo
JIBaX bl — 10 BaKIMHALIMU 1 4yepe3 90 qHeit mocie BBeaeHUs 1-ro komnoHeHTa BakinHbl [amM-KOBU [I-Bak. B nienom
BaKIIMHALIMS TIEPEHOCUIACH TTALIMEHTaMU XOPOIII0, He OBIJIO OTMEUEHO CePbe3HBIX TOOOYHBIX ITPOSBICHU I ITOCTIEe M-
MyHm3anuu. Peakius Ha BBeIeHWe BAKIIMHBI (JIUXOpaaKa, HEIOMOTaHNUeE, TOJIOBHAS 00JIb, MECTHBIC PEaKIINK) YaIle
OTMeuasiach IocJIe BBeACHU S 2-T0 KOMITOHEHTA 1 OblJ1a KpaTKoBpeMeHHoi (1—2 mHs). Pezyasmamet. [lpy cpaBHUTEIb-
HOM aHaJIM3¢ MMoKa3aTeaeii MMYHOTpaMMBI Y SKeHITUH 0 ¥ TIOCJIC BAKIIMHAIINY OBIJI0 OTMEYSHO YBEIMICHIE OTHOCH-
TesbHOTO conepxkanus T-numponutos (CD3), cyononynsiuu T-xennepos (CD3*CD4"), moBbltiieHre aOCOTIOTHOTO
U OTHOCUTEJIBHOIO COIEPXKAHUS aKTUBUPOBAHHBIX T-muMbonuTos ¢ heHotunom CD3*CD25*, cHuxeHue abcontoT-
HOTO U OTHOCUTEILHOIO COEPKAHUS CYOnonyasuii ecrecTBeHHbIX KuuiepoB (CD3-CD567CD16%), ecTecTBEHHbIX
kmepHBIX T-kietok (CD3*CD56*CDI16%), a Takke cHUXeHMe 3Kcrpeccun penenTtopa CDI147 Ha T-mumdonnTax.
CxomHble 3aKOHOMEPHOCTH BBISIBJIEHBI U MPU UCCIEIOBAHUM UMMYHOTPaMMBbl Y MYKUHMH, 32 UCKJTIOYEHUEM YBEJIU-
YeHUs comepKaHus TMMGOLIUMTOB U CHUXEHUS aKkcnpeccun peuentopa CDI147 kak Ha T-, Tak u Ha B-nmumdonurax.
M3meHeHuit B mokaszaressx T-KJIeTOYHOr0 3BeHa MMMYHUTETa BbISIBJICHO He Ob1J10. Bricokast 3(p(heKTUBHOCTD BaK 1M~
HBI TIOATBEPXK 1aJach 00pa30BaHMEM CITELM(PUUIECKUX TPOTUBOBUPYCHBIX aHTUTEN Kitacca G Kk SARS-CoV-2y 97,5%
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BaKIIMHUPOBAHHBIX XEHIIWH 1 Y 92,3% BaKUMHUPOBAHHBIX MYXUMH. Bbigodel. TlonyyeHHbIE TaHHBIE CBUAETEb-
CTBYIOT, BO-TIEPBbIX, O TOM, YTO BaKIIMHALIMS MHIYLMPYET CeLU(PUIECKUT TyMOpaJbHbIii KUMMYHHBIN OTBET, KO-
TOPBI oMpenensieTcs Yepe3 TpU Mecsa rmocijie BAKIIMHAILUY, 2 BO-BTOPBIX, HE TPUBOIUT K CEPbE3HBIM HAPYILIEHUSIM
B (OYHKIIMOHMPOBAHUU UMMYHHOU CUCTEMBI, KOTOPbIE MOTJIA Obl HAMTH OTpaxXxeHUe B CyOMOMyJIsSIIIMOHHOM COCTaBe
nuMbounToB. TakuM 00pa3oM, U3 MPEACTaBACHHBIX JTaHHBIX MOXHO CeIaTh BbIBOI 00 3((HEKTUBHOCTU BaKIIMHBI
Fam-KOBU I-Bak.

Karoueevte caosa: éakyunayus, ummynuoiii omeem, aumumena, SARS-CoV-2, COVID-19, I'am-KOBHJI-Bak.

POST-GAM-COVID-VAC COMBINED VECTOR VACCINE CELLULAR AND HUMORAL IMMUNE
RESPONSE

Inviyaeva E.V.?, Vtorushina V.V.?, Drapkina J.S.?, Krechetova L.V.?, Dolgushina N.V.?, Khaidukov S.V.

@ National Medical Research Center for Obstetrics, Gynecology and Perinatology named after academician V.I. Kulakov

of the Ministry of Healthcare of Russian Federation, Moscow, Russian Federation
b Shemyakin- Ovchinnikov Institute of Bioorganic Chemistry, Moscow, Russian Federation

Abstract. Currently, as the SARS-CoV-2 pandemic evolves, there has been increasingly more attention paid to building
natural and vaccine-induced immunity against SARS-CoV-2 and related disease known as COVID-19. Widespread pre-
ventive vaccination plays an important role in effectively protecting people from viral infections and can reduce national
economic costs. Purpose — to study peripheral blood cell subset composition and magnitude of humoral response in vac-
cinated Gam-COVID-Vac subjects. The prospective study included 352 patients, of which 194 (119 women and 75 men)
underwent an immunogram study and assessed level of anti-SARS-CoV-2 antibodies. In patients, the study of the lym-
phocyte subset composition and estimation of anti-SARS-CoV-2 antibodies was carried out at two time points — prior
to vaccination and 90 days after inoculated component 1 of the Gam-COVID-Vac vaccine. In general, vaccination was
well tolerated by patients, with no serious adverse events after immunization. The reaction to the vaccine (fever, ma-
laise, headache, local reactions) was short-term (1—2 days) and more often noted after inoculated vaccine component 2.
Comparatively analyzed immunogram parameters in females before and after vaccination revealed increased relative level
of T-lymphocytes (CD3%), T-helper cell subset (CD3"CD4%), increased absolute and relative level of activated CD3*CD25*
T-lymphocytes, but decreased absolute and relative level of natural killer (CD3-CD56"CD16%) and natural killer T-cell
(CD3*CD567CD16%) cell subsets as well as decreased CD147 receptor expression on T-lymphocytes. Similar patterns
were also found while examining the immunogram in males exepting increased level of lymphocytes and lowered CD147
expression on both T- and B-lymphocytes. No changes in the parameters of the immune T-cell arm was found. The high
efficacy of the vaccine was confirmed by development of SARS-CoV-2-specific class G antiviral antibodies in 97.5% and
92.3% of vaccinated females and males, respectively. The data obtained evidence that: 1) vaccination induces a specific
humoral immune response determined three months post-vaccination, and 2) it caused no serious disturbances in the im-
mune system functioning, which could be reflected in the peripheral blood lymphocyte subset composition. Thus, the data
presented allow to conclude that Gam-COVID-Vac is effective vaccine against SARS-CoV-2 infection.

Key words: vaccination, immune response, antibodies, SARS-CoV-2, COVID-19, Gam-COVID-Vac.

BBe,D,eHI/Ie HeTuyeckum cxoactBoM ¢ SARS-CoV [21]. SARS-

KopoHaBupychl BHepBble ObUIU OOHAPYKEHBI
B 1960-x ronax [18] u Ha3BaHbBI B 4eCTh KOPOHO-
00pa3HO¥ CTPYKTYPHI MIUTIOBUAHBIX O€JTKOB HA UX
noBepxHocTU. COTJIaCHO WMEIOIINMCST TaHHBIM,
BCE KOPOHABUPYCHI 4YeJIOBEKAa WMMEIOT XWBOTHOE
nmpoucxoxjaeHue [4] 1 MOTYT BBI3bIBATD LEJIbIN PSJI
3aboseBaHunii — ot jerkux ¢dopm OPBU no Ts-
XKEJOT0 OCTPOTO PECNUPATOPHOTO CUHIpPOMA.
KopoHaBupyc TSXeI0ro 0OCTpOTO pecnupaTopHOTo
cunnpoma (SARS-CoV) u kopoHaBUpyC OJIMKHE-
BOCTOUHOTO pecrnimpaTtopHoro cuaapoma (MERS-
CoV), Bozaukiue B 2002 1 2012 rr. COOTBETCTBEH-
HO [7], 6oJiee 3apa3Hbl U OMACHBI KaK [ IEeTeH,
TMOXUJIBIX IO, TaK U TAlIMEHTOB C OCjIabJieH-
HBIM uMMyHHUTeTOM. SARS-CoV-2 OB MIEHTH-
(GbULMPOBaH KaK 0eTa-KOPOHABUPYC C OJU3KUM Te-

CoV-2 wMmeHee cmepToHoceH, 4em SARS-CoV,
HO TiepeaaeTcsl ropasmo Jierdye u ObicTpee [16],
a JUTUTEJIbHBI I MHKYOAIlMOHHBI TIEPUO U OTCYT-
CTBUE CUMITTOMOB UJIM UX YMEPEHHOE MPOsIBJICHUE
3aTPYIHSIOT TUAarHOCTUKY, JIeYeHUE U MPOTrHO3 3a-
o6oneBaHus [13]. U3BecTHO, UTO MHKYOAILIMOHHbIi
nepuod mnocje nepsBoro KoHtakta ¢ SARS-CoV-2
cocTaBJisgeT oT 2 10 14 nHel u, BeposITHO, 3aBUCUT
OT BO3pACTa, a TAKXKe OT HAJIMYM S COITYyTCTBY IOIINX
3aboneBanuii [17]. [TomooHo SARS-CoV 1 MERS-
CoV, SARS-CoV-2 nperMyllecCTBEHHO MopaxaeT
JIbIXaTeJIbHBIC MyTH, BbI3bIBasi CUMIITOMBI U 3200-
JIeBaHUS OT JIETKWUX PECITUPATOPHBIX WHOMEKIINA
JIO TSI2KEJIOTO OCTPOTrO PEeCIMpaTOPHOIO CUHAPOMa,
KOTOPBII MOXET MPUBOAUTH K TOJIMOPTAaHHOMN He-
JMIOCTAaTOYHOCTH Yy psifia MallMEHTOB M, B KOHEUHOM
urore, K cmeptu [16]. HanGosnee pacnpocTpaHeH-
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MMMYHHbBI OTBET NOCe BakLMHALMN

HbiMU cumnTomamu COVID-19 gBisitoTcsa auxo-
palaka, CyXou KallleJb, YTOMJISIEeMOCTb U ONIbIIIKA,
a TsKeJrbie (OPMBI COTIPOBOXKTIAIOTCSI THEBMOHUECH
W CUHIPOMOM CHUCTEMHOTO BOCITAJIUTEIBHOTO OT-
Beta (CCBO) [11].

B HacTosiliee BpeMsi mo Mepe pa3sBUTHUS MaH-
nemMun SARS-CoV-2 Bce 0oJblile BHUMaHUSA
yOENISIeTCS CO3HAaHUI0 €CTeCTBCHHOTO W WHIY-
OUPOBAHHOTO BAaKIMHOW WMMYHUTETAa IIPOTUB
SARS-CoV-2 u BbI3bIBa€MOro MM 3a00JieBaHM S
COVID-19. Bakuunasl ot SARS-CoV-2 nokaszanu
CcBOIO 3(P(HEKTUBHOCTH, OCOOCHHO B ITpeIOTBpalIIe-
HUMU TIXKETbIX (OpM 3a00JIeBaHUI U TOCIUTAINA3A-
uuu [12, 15, 22]. JleueHue nogoOHOro Tuma nHdek-
LIMOHHBIX 3a00JIeBaHU SIBJSIETCS JOPOTOCTOSIIIIUM
W BJICYET Cepbe3HbIC COIMAIbHO-3KOHOMUYECKIE
mocJieACTBUS JJist rocynapcrBa. [lupoko pacmpo-
CTpaHEeHHas TpoduIaKTUdecKass BaKIIMHAIIWS
UTpaeT BaXXHYIO pojb B 3(P@OEeKTUBHOI 3alluTe
JIIONCH OT BUPYCHBIX MH(MEKIIUNA U MOXET CHU3UTH
SKOHOMMYECKHUE 3aTPaThl TOCYAapCTBa.

Bakuuns ot COVID-19, npuMeHsieMble B Ha-
cTosiliee BpeMsi B MHUPE, KJIaCCUDULUPYIOTCS
Ha KOMOWHMPOBAaHHBIE BEKTOPHBIC BaKIIMHBI
Ha OCHOBE pPEKOMOWMHAHTHBIX aJIeHOBUPYCHBIX
yacTul, coaepxamux reH S-6eaka SARS-CoV-2
(Tam-KOBU-Bak (CnytHuk V), AstraZeneca
AZDI1222, Johnson & Johnson Ad26.COV2.S, JINJ-
78436735), MPHK Bakuunsr (Pfizer/BioNTech
BNTI162b2, Moderna mRNA-1273), ogHOKOMIIO-
HEHTHBbIE aJdbIOBAaHTHBIE TENTUIHbBIE BaKIIMHbBI
(OnuBakKopoHa), menbHble MHAKTUBUPOBAHHBIC
BakuuHb (KoBuBak).

IlepBoit B MHpe 3aperMCTPUPOBAHHONM BaK-
uuHoii ot COVID-19, omoopenHoin 11.08.2020
MuHuCTEpCTBOM 3apaBooxpaHeHUs1 Poccuiickoit
Ddenepanun, crana BakumHa 'am-KOBUJI-Bak —
BaKIIMHa Ha OCHOBe Heperuiupytouerocs JHK-
BUpyca ¢ BcTpoeHHbIM dparmeHnTom JIHK Bupyca
SARS-CoV-2 [14].

IMosiBIeHMe pa3HBIX IITAMMOB KOPOHABHPYCOB
Ha (poHE COOOIIEHN 0 CHUKEHU U YPOBHSI aHTUTET
TocJie TIepeHeCeHHOTO 3a00JIeBaHU ST IPEIBI Iy UM
mramMmMoM SARS-CoV-2 noBbICHUJIO HEYBEPEHHOCTh
B YCTOMYMBOCTU MMMYHHOW IaMSTHU IOCJIE BaK-
OWHALIUH, TIO3TOMY B JaHHOI paboOTe MBI MCCIIEIO-
BaJIM YPOBCHb aHTUTES U KJICTOYHBIE UMMYHHBIE
OTBETHI y NAalIMEHTOB Yepe3 3 Mecs1ia Iocjie BaKIu-
Hauu 'am-KOBU /I-Bak.

Llenp nccaenqoBaHUs — M3YYCHHE CYOITOMYIsI-
LIMOHHOTO cocTaBa JUMQPOLIMTOB Mepudepudeckoi
KPOBU U BBIPAXXEHHOCTU TyMOPaJIbHOTO OTBETa
y BakumHupoBaHHbIX [amM-KOBU I-Baxk.

Matepuasnbl 1 METOLbI

B npocniekTuBHOE ucciiefOBaHUE ObIJIM BKJIIO-
yeHHbl 352 manumeHTa, U3 KOTophix 194 (119 XXeHIUH
1 75 MyX4YUH) NpOBeAcHa OllEHKa WMMYHHOTO

cTaTyca U onpeaejeHue ypoBHs aHTUTes K SARS-
CoV-2. bazoii asg mnpoBeaecHUS UCCIAEIOBaAHUS
asuiica OI'BY «<HMUIL ATTI num. B.U. Kynakosa»
MunzapaBa Poccuu. Bce mauueHTbl Moanucaiu
NHGOPMUPOBAHHOE COrjlache Ha yJacTHe B ICCIIe-
noBaHuU. KputepusiMu BKJIIOUEHUS B UCCJIeIOBA-
HHUe ObLIM: Bo3pacT 18—59 jeT miss MyXuuH u 18—
49 jeT nmAS KEHIMWH C COXPAaHCHHOW MEHCTPY-
aJbHOU (PYHKIMEH; OTpUIIATEeIbHBIC PE3yIBTaThI
ucciaegoanuss PHK SARS-CoV-2 metogom ITLP
u tectoB Ha aHTuTena IgM u IgG x SARS-CoV-2
nepen BaKIWHAIME, OTCYTCTBUE B aHAMHE3¢ 3a-
o6oneBaHusa COVID-19 u koHTakTa ¢ 3a00JieBIIU-
MM B TeUeHNe He MeHee 14 mHell 10 BaKIIMHALIU .

Takzke yCcI10BUSIMM BKJIIOUEHHUS B MCCJIEIOBAaHUE
ObLIM oTpuLaTesibHble TecThl Ha BUY, cudunuc,
rernatuT B u rematut C, OTCyTCTBUME B aHAMHe3e
BBIPaXXCHHBIX MOCTBAKIMHAJIBHBIX peaKIUil WIN
NOCTBaKIIMHAJbHBIX OCJIOXHEHMUU Ha IIPeabIay-
mee IMpruMeHEeHUEe JTI00BIX UMMYHOOMOJOTUYCCKUX
TIperapaTos.

KpurepnsasMu HEBKIIOUESHM ST OBIJIN TPOTUBOITO-
kas3aHus K BakimHanuu 'am-KOBWM J1-Bak cornac-
HO MHCTPYKIIUU U IS XKEHIIUH — OepeMEHHOCTh
WA Tepuod JaKTaluW, MOPOMITHOE OXUpeHUE
(UMT > 40,0 xr/M?) A1 BCeX KaTeropyuii marneH-
TOB, OCTPbl€ BOCIHAJIMTEIbHbIE U MHMPEKIIMOHHBIC
3a00JIeBaHUSI B TeUeHUE 3-X HEIeab OT MOMEHTa
MOJTHOTO BBI3TOPOBJICHUS OO TTeproIa BKIIOUCHUS
B MCCJIeOBaHMEe, peBMaTU4YeCcKue 00JIe3HU, OHKO-
Jormyeckue 3abojieBaHUs J1000M JIOKalu3aluu,
HaJn4ue B TEUYCHHE MeHee 3 MecCsIIieB 10 BKJIIOUE-
HUS B UCCJICAOBAaHE UMMYHOMOIYJIMPYIOIIEH Te-
panuu, NHO BaKIIMHAIIN M.

KputepussMyu MCKJIOUEHUS] BBICTYIAJIU IO-
OOUYHBIC IIPOSIBJICHUS IIOCJIE BBEACHUS TIEPBOTO
KOMIIOHEHTA BaKIIMHBI, TPCOYIOMIC HAOTIONCHM S,
IpoBeIcHHE ITPOLSAYP U/WMIN MEANKAMEHTO3HOTO
JIe4YeHU I, He pa3pellleHHbIX MPOTOKOJIOM HACTOSI-
IIIEro MCCIeNOBaHMUsI, 0TKa3 MallueHTa OT MPOHO0JI-
JKCHM S YIaCTUSI B MCCIICIOBAHUY MJIM OT BBEICHUS
2-T0 KOMITOHEHTA BaKIIMHEL.

Y nauueHTOB WCCAeNOBaHUE CyOmomyssiiiu-
OHHOro cocrtaBa JAUM@MOUUTOB OBIJIO TIpPOBeAe-
HO OBaXJbl — OO0 BaKOWHAIMWKU U 4depe3 90 mHeu
mocjie BBEIEHUS |-TO KOMITOHEHTAa BaKIIMHBI
T'am-KOBHMJI-Baxk.

B3sTue KpoBM OCYIIECTBISIIM HATOIIAaK U3 Te-
pudepnyeckoil BeHbI. OLeHMUBaJIX OOIEee YHMCIIO
JICUKOIIMTOB M TUM@OIINTOB, CYOIONYISIIIMOHHBIIA
COCTaB JIUM@OIUTOB IO CICAYIOIINM MapKepaM
nuddepenuuposku: CD3*,CD3*CD4",CD3*CDS§",
CD19*, CD3-CD56"CD16*, CD3*CD56"CDI16",
CDI197CD5*, CD56", a TakxXe coaepXaHue aKTH-
BUPOBAaHHBIX JUMGOLUTOB ¢ (eHoTunmom CD3~
HLA-DR*, CD3*HLA-DR*, CD3*CD25*, CD25",
CD3*CD147*, CD19*CD147".

@deHoTnnupoBaHue JTUMMOLUTOB Tepudepu-
YEeCKOIl KPOBU OCYIICCTBIISIIM METONOM MpPOTOY-
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HOU IIUTOMETPUU C MOMOIIBIO MOHOKJIOHAJbHBIX
aHtutesa (MAT), MmedyeHHbIX FITC unu PE, mpo-
tuB aHtureHos CD3(FITC), CD4(PE), CD5(PE),
CDS8(PE), CD16"CD56(PE), CDI19(FITC), CD56
(PE), CD25(FITC), HLA-DR(FITC), CDI147(APC)
(Becton Dickinson u eBioscience, CILIA). JTumdo-
LHUTApPHbI TE€UT, TIO3BOJSIONIUIA MCKITIOUYUTH
W3 aHalu3a JApYyrue KJIETKU KPOBHU, BBISIBIISJICS
¢ nomoibio MAT K CD45, meuenHbix PerCP (Dako,
Hanus). a8 OLUeHKW MO3UTHMBHO OKpallleHHbIX
cyormonyasiliiiii MCHOJb30BAJMCh COOTBETCTBYIO-
mue FITC- unu PE-meuenbie uzotunuueckue IgG.
AHanau3 TPOBOAMJIU Ha MPOTOYHOM LUTODIYO-
pumetpe Gallios (Beckman Coulter, CIIIA) ¢ uc-
nojb30BaHUeM nporpaMmMmbl Kaluza.

Ta6nuua 1. XapakTepucTuka naLueHToK,
BKJIIOYEHHbIX B uccnepoBaHue (n = 220)

Table 1. Characteristics of female patients included
in the study (n = 220)

3HayeHune
MapameTp napameTpa
Parameter Parameter
range
BospacrT, .lleT 33 (26-39)
Age, years
Bospact 237 net** o
Age > 37 years** 72(32,7%)
PocT, M*
Height, m* 1,67 (1,63-1,70)
Macca tena, kr*
Body mass, kg* 62(55-70)
UMT, kr/m?*
BMI, kg/m?* 22,4 (19,9-25,0)
UMT 2 25 kr/m?** 0
BMI > 25 kg/m?** 56 (25,4%)
XpoHuyeckue 3aboneBaHus nerkux**

: . x 9 (4%)
Chronic lung disease
CepgeqHo-cocngchle*:iaGOneBaHm 15 (6,8%)
Cardiovascular diseases
ApTepuaanan ru.ne;*):-eusuq 3 (1,4%)
Arterial hypertension
Xpouuyeckue 3abonesanus XXKT** 0
Chronic diseases of the GIT** 43 (19,5%)
XpoHuyeckue yponormyeckme
3aboneBaHua** 13 (5,9%)
Chronic urological diseases™*

JIOP-3abonesanus** 0
Diseases of ENT** 30(13,6%)
3Hnoxpuuulue 3a6<:1*1esaum| 15 (6,8%)
Endocrine diseases

Anneprw.lecmeiaﬁoneaauuﬂ 66 (30%)
Allergic diseases

T30 B aHamHese™™ 0
TEC in anamnesis** 3 (1,4%)

Mpumeyanue. *Me(min-max), **abc. (%), XKT — xenyno4HO-KMLWIEYHBIN
TpakT, T9O — TpoM603aMBONMNYECKME OCIOXHEHNS.

Note. *Me(min-max), **abs. (%), GIT — gastrointestinal tract,

TEC — thromboembolic complications.

o BaklIMHALMU OMpeaesieHrue aHTUTE KJjac-
coB IgM u IgG k SARS-CoV-2 npoBoausiu ¢ no-
MOIIIbI0O Habopa peareHTOB AJIsI DKCIIPeCcC-BbISIB-
JeHust cyMMapHbix IgM- u IgG-aHTUTeN K BUpPYyCYy
SARS-CoV-2 B chiBopoTKe (MJjia3mMe) U 1eIbHOM
KPOBU MMMYHOXpoMaTorpauyecKuM MeTOA0M
(«XEMATect anTtu-SARS-CoV-2» mpousBoacTBa
000 «XEMA», Poccus).

Yepes 90 nHeil mpoBOAUAM TMOBTOPHOE B3SITHUE
nepudepruyeckoil KpoBM IJIsd ONpeaceHusT aHTU-
tes 1gG kK SARS-CoV-2 metoaom TBepaoda3HOro
ummyHodepmeHnTHoro aHanausza (ELISA) B cbiBO-
poTke (mja3Me) KpOBU C HCHOJIb30BAHUEM TECT-
CUCTEM «AC-NDA-AHTU-SARS-CoV-2-G(S)»
(HTIO <«/IlnarHocTUYyeckue cuctembl», Poccus).
VYyet pe3yabTaToB OCYIIECTBJISJIN Ha COEKTPOdo-
toMeTpe Infinite F50 (Tecan, ABcTpust). CorinacHo

TaGnuua 2. XapakTepucTuka MyX4uH,
BKJIIO4EHHbIX B uccnepgoBanue (n = 132)
Table 2. Characteristics of male patients included
in the study (n = 132)

3HayeHune
MapameTtp napameTtpa
Parameter Parameter
range
Bogpacr, flet 34,5 (27,5-41)
Age, years
Bospact >37 net** 0
Age > 37 years** 55 (41,6%)
PocTt, Mm*
Height, m* 1,80 (1,78-1,85)
Macca tena, kr*
BMI, kg/m?* 77 (85-91,5)
UMT, kr/m?*
BMI, kg/m?* 25,3 (23,6-27,9)
UMT 2> 25 kr/m2** 0
BMI > 25 kg/m?2** 69(52,3%)
Xpouqqecxue.3a6onisaum Nerkux 6 (4,5%)
Chronic lung disease
Cepgequo-cocyguchle*3*a6oneBaHun 5 (3,8%)
Cardiovascular diseases
ApTePuaanan ru.ne;*)*Teusua 3(2,3%)
Arterial hypertension
XpoHuyeckue 3abonesanmns XKT** o
Chronic diseases of the GIT** 10(7,5%)
XpoHuyeckue yponoruyeckue
3aboneBaHusa** 3(2,3%)
Chronic urological diseases**
JIOP-3aboneBaHua** .
Diseases of ENT** 6 (4,5%)
SHD,OKPMHH.ble 3a6c:i1esauuu 4.(3%)
Endocrine diseases
Anneprw.iecl(wef*a6one5auun 20 (15.1%)
Allergic diseases

Mpumeyanue. *Me(min-max) **a6c. (%), XKT — xenyno4Ho-KuLeyHbli
TPaKT.
Note. *Me(min-max), **abs. (%), GIT — gastrointestinal tract.
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WHCTPYKIIMA KOMIIAHUU-TTPOU3BOAMTENSI, TECT
npenHa3HayeH JIJ151 KaYeCTBEHHOTO U MOJyKOJuye-
CTBEHHOTO OIpeaeJeHUsT aHTUTEN, U1l UHTeprpe-
TallM¥ pe3ybTaTa UCIO0Jb3yeTCsI UHIEKC IMTO3UTUB-
Hoctu (MII), KoTophlii paccuuTbiBaeTcs Mo ¢Gop-
myJie: MUIT = OIT o6pasua/Cut-off, rne OIT obpa3-
11a — BeJIMYMHA OTITUYECKON MJOTHOCTU oOpasia.
ITpu UIT > 1,2 — obGpaszell Noa0XKUTEIbHBIN, TPU
WII < 0,8 — oOpazen orpunareabHbiit. [1Ipu 3Ha-
yeHuun UII, nexaimem B npomexyTtke ot 0,8 1o 1,2,
pe3yabTaT COMHUTEIbHBIN (HEONpeaeTeHHbI ).

WUccnenoBaHue OblJIO 0J00peHO KOMUCCHUEH
M0 3TUKE OMOMEIMIIMHCKUX rccaegoBanuiit ®I'BY
«HMHAL ATII um. B.M. KynakoBa» MuH3apaBa
Poccuu.

CraTUCTUYEeCKUI aHaIM3 MOTYYEeHHBIX JTaHHBIX
OCYIIECTBJISIJIM C TOMOIlIbl0 Tadnaul «Microsoft
Excel» u MedCalc® (Bepcust 16.8). Jlns aHaiuza
KOJIMYECTBEHHBIX TaHHBIX B TPYIIIIaX CpaBHEHUS
omnpeAessiiu BUJA paclpenejeHus] TaHHBIX C IO-
moiiblo W-tecta lllanupo—Yunka. JlaHHble TIpea-
CTaBJIEHbl CpeAHell apu(METUUYECKON BEeJIUUYUHON
U CTaHJApTHBIM OTKJIoOHeHueM [M (SD)|, mpu ot-
KJIOHEHUU paclpeaesieHUs] JaHHbIX OT HOpMaJslb-
HOrO TPUMEHSIJIM METOIbl HelapaMeTPUYECKOU
CTaTUCTUKM C OILIEHKOW MeauaHbl W BEpXHE,
1 HUKHeir kBaptuau [Me (Q1; Q3)]. Aast oueHKU
MEXTPYMNMHOBBIX pa3JUYUil HCIOJAb30BaIu KpU-
Tepuil BUJKOKCOHa IS MOMapHBIX CPaBHEHUM.
Paznmuuus cuutany CTaTUCTUYECKU 3HAYMMBIMU
npu p < 0,05.

Pesynbrarhl

Bce BKITIOUeHHBIE B UCCIEIOBAHNE COOTBETCTBO-
BaJ KPUTEPUSIM BKIIOUCHUS, CPESOIHUIN BO3pacT
XKeHIIWH coctaBua 33,217,8 roga, cpenHui UHIEKC
maccel Tena — 23,1 (20,1-25,0) kr/m?. CpenHuii
BO3pacT MyX4uH coctaBui 35,5+9,1 roma, cpen-
HUI MHIEeKC Macchl Tea — 25,3 (23,6—27,9) kr/m2.

M3HavyaibHO B Uccaea0BaHUE ObIJIU BKJIIOUEHBI
250 >KeHIIMH, TTOAXOAUBIIUX IO KPUTEPUSIM BKITIO-
YeHUS U MOANMCABIINX JOOPOBOIBHOE MH(POPMU-
pOBaHHOE coTJIacMe Ha BaKIMHAIIAIO U ydJacTHe
B uccienoBaHuu. M3 250 xenmuH 30 He NpuLLIX
Ha ToBTOpHOe obcienoBaHue. Takum oOpazom,
nojiHoe obcienoBaHue ObL10 IIpoBeaeHo 220 (88%)
XKeHImMnHaM. KIIMHnKo-aHaMHeCTUYeCKNe TaHHBIS
MalMeHTOK, BKIIOUEHHBIX B UCCICAOBaHNE, TIPEI-
CTaBJIEHbI B Ta0JI. 1.

CpenHUiT BO3pacT IMAIlMEHTOK, BKJIIOUCHHBIX
B MCCJiefoBaHMWe, cocTaBUa 33 roaa, mpu 3TOM !/
nanueHToK Oblu ctapuie 37 aet. Cpennuit UMT
cocTtaBui 22,4 Kr/M?2, TIp1 3TOM !/, TallUEHTOK UMe-
JIV U30BITOYHYIO Maccy Tesa (= 25 Kr/m?).

M3HavaibHO B Uccaea0oBaHUE ObIJIN BKJIIOUEHBI
150 My>X4YMH, DOAXOASIIMX MO KPUTEPUIM BKJIIO-
YeHUS U MOANMCABIINX JOOPOBOIBHOE MH(POPMU-
pOBaHHOE coTJIacMe Ha BaKIMHAIIAIO U ydJacTHe
B ucciaegoBanuu. M3 150 myxuuH 18 He mpuuuin
Ha ToBTOpHOe obcienoBaHue. Takum oOpazom,
MOJTHOCTBIO ObIIN 06ciienoBaHbl 132 (88%) Mykuu-
HBl. KIMHUKO-aHAMHECTUYEeCKUEC MTaHHBIE MYK-

Ta6auua 3. MMNMNW y naumeHTOB, BKJIOYEHHbIX B uccnepoBaHue [a6c. (%)]

Table 3. SEAI in patients included in the study [abs. (%)]

XapakTtepuctuka MMAMNU
Characteristics of SEAI
nnu Y XeHLWUH (n =220) y MyX4uH (n = 132)
SEA| females (n = 220) males (n = 132)
nocne 1-ro nocne 2-ro nocne 1-ro nocne 2-ro
KOMMOHEeHTa KOMMOHEeHTa KOMMOHEHTa KOMMOHEeHTa
after component 1 | after component2 | after component1 | after component 2
OGwee uyncno naumnenTos ¢ MMNMN 0 0 0 0
Total number of patients with SEAI 78 (35,4%) 84.(38,2%) 47(35,6%) 58 (43,9%)
MecTHble peakuum (60/b, OTeK,
KpacHoTa) 31 (14,1%) 43 (19,5%) 8 (6,1%) 11 (8,3%)
Local reactions (pain, edema, redness)
> 0,
’;:\:‘e"rp:g‘gfc 38°C 10 (4,5%) 10 (4,6%) 7 (5,3%) 1(0,7%)
Jiuxopapka 37-38°C 0 0 0 0
Fever 37-38°C 67 (30,5%) 63 (28,6%) 38 (28,8%) 43 (32,7%)
Juxopapka scero 77 (35%) 73 (33,2%) 45 (34,1%) 44 (33,4%)
Fever of everything
CucTtemHble peakuum (HegoMoraHume,
ronosHas 60nb, MUanrum) 0 0 0 0
Systemic reactions (malaise, headache, 42 (19,1%) 49 (22,3%) 27(20,5%) 30(22,7%)
myalgia)

Mpumeyanue. MMMN — noboyHbIE NPOSBNEHUS NOCNE UMMYHU3ALMY.
Note. SEAI — side effects after immunization.
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YUH, BKJIOYEHHBIX B HCCJIeIOBaHUE, TIPEICTaBIIC-
HbI B TA0JI. 2.

CpenHuit BO3pacT My>KYWH, BKJIIOYEHHBIX B UC-
ciaegoBaHue, cocTaBull 34,5 roga, npu 3ToM OoJiee
!/, mautmenToB ObLM cTapie 37 net. Cpenganit UMT
cocTtaBu 25,3 Kr/M?, ipu 3ToM !/, MallueHTOB MMe-
JIV U30BITOYHYIO Maccy Tesa (= 25 Kkr/m?).

B 1esiom BaklMHaAIMs TMepeHOCUJIACh ITallu-
€HTaMU XOPOIIO, He ObIJIO OTMEYEHO CEPbEe3HBIX
MOOOYHBIX IIPOSIBJICHUU IIOCIEe WMMYHU3AIUU
(TTIIITHA). Bapuanter IIIIIIM Ha BakuMHaLUIO
npeacTaBjieHbl B TabI. 3.

V !/, manimeHTOB 000€ero IoJjia OTMevajach Ju-
Xxopajaka, nmpuueM (edpusibHasI JIMXOopaaKa 4alle

HaboAanachk Mocje BBeAEGHUS 1-ro KOMIIOHEHTa
BaKILMHBL. Y '/ MallueHTOB OTMEUYaMCh CUCTEM-
Hble peaklUuu B BUAE HEIOMOTaHMS, TOJIOBHOU
00JIM UJIM MUAJITUU, OoJiee YacTO — TMOCJe BBele-
HUS 2-T0 KOMITOHeHTa. Y 15% xeH1uH u 7% MyxK-
4uH (B 2 pa3a pexe) oTMedajgach MECTHas peakIius
B MeCTe BBEJEHMS BaKILMHBI B BUAE 00JU, OTeKa
U KpacHOTHI. bojiee penkoe ykazaHue My>X4YWHa-
MM Ha MECTHBIE TIPOSIBJICHUSI MOXKET OBbITh CBSI3aHO
C MEHBIIMMU CYObeKTUBHBIMU OIIYIIEHUSIMHU, YTO
XapaKTepHO AJIs1 JIUI MYKcKoro mnosa. Peakuus
Ha BBEJEHME BaKIIMHBI Yallle OoTMeyaJjach IOCJe
BBEIEHUSI 2-TO KOMIIOHEHTa M Obljla KpaTKOBpe-
MeHHo# (1-2 nHs).

Ta6nuua 4. NapameTpbl MMMYHOFpaMMbl BCEX NONapHo 06cnie0BaHHbIX A0 U nochne BakuuHauuu [Me (Q1; Q3)]
Table 4. All pairwise immunogram parameters examined before and after vaccination [Me (Q1; Q3)]

[0 BakuMHauum Mocne BakuMHauumn
"p:l'::x:; ?:I Before vaccination After vaccination p_:_H\:If:SM
(n=194) (n=194)
JeiikoumnTsl, X 10%/n : .
Leukocytes, x 10/ 6,32(5,37;7,52) 6,33 (5,37; 7,24) 0,1620
Jumbovuutsi, % 32,75 (28,35; 38,88) 34,35 (29,10; 38,93) 0,0913
Lymphocytes, %
Sumounrsi, ate. 2,05 (1,77; 2,46) 2,10 (1,76; 2,49) 0,7657
Lymphocytes, abs.
CD3", abs. 1,51 (1,24; 1,78) 1,52 (1,31; 1,85) 0,1825
CD3*, % 73,70 (68,45; 77,40) 74,15 (69,48; 78,33) 0,0457
CD3*CD4', abs. 0,86 (0,69; 1,06) 0,91 (0,73; 1,09) 0,1853
CD3'CD4*, % 42,20 (37,80; 47,20) 43,40 (38,60; 48,63) 0,0050
CD3*CD8*, abs. 0,54 (0,42;0,71) 0,56 (0,44; 0,71) 0,1586
CD3'CD8*, % 27,40 (22,50; 31,45) 27,50 (22,88; 31,73) 0,3012
CD19¢, abs. 0,21(0,15; 0,27) 0,21 (0,16; 0,28) 0,3882
CD19%, % 9,70 (7,75; 12,70) 10,20 (8,10; 13,03) 0,3419
CD19°CD5*, abs. 0,02 (0,02; 0,04) 0,03 (0,01; 0,04) 0,4852
CD19'CD5*, % 1,10 (0,70; 1,70) 1,15(0,70; 1,70) 0,5029
CD3-CD56°CD16", abs. 0,23 (0,15; 0,36) 0,19(0,12; 0,31) <0,0001
CD3-CD56'CD16", % 11,20 (7,50; 16,35) 9,50 (6,20; 14,0) < 10,0001
CD3'CD56'CD16*, abs. 0,04 (0,03; 0,08) 0,04 (0,02; 0,06) < 10,0001
CD3*CD56'CD16%, % 2,30 (1,30; 3,70) 1,70 (1,0; 2,90) < 10,0001
CD3'CD56", abs. 0,08 (0,05; 0,15) 0,08 (0,04; 0,13) 0,0345
CD3'CD56%, % 4,20 (2,40; 6,40) 3,70 (2,20; 5,90) 0,0047
CD56", abs. 0,37(0,27; 0,51) 0,32(0,23; 0,47) 0,0042
CD56%, % 18,10 (13,60; 23,10) 15,80 (11,68; 21,30) < 10,0001
CD3*HLA-DR", abs. 0,05 (0,03; 0,07) 0,05 (0,03; 0,07) 0,3489
CD3'HLA-DR*, % 2,40 (1,70; 3,40) 2,45 (1,60; 3,30) 0,1968
CD3-HLA-DR*, abs. 0,26 (0,19; 0,33) 0,25 (0,19; 0,31) 0,1768
CD3-HLA-DR*, % 12,20 (9,70; 15,10) 12,10 (9,78; 14,80) 0,2655
CD3*CD25%, abs. 0,09 (0,05; 0,13) 0,13(0,10; 0,17) < 10,0001
CD3'CD25%, % 4,50 (2,30; 6,55) 6,20 (4,80; 7,80) <0,0001
CD25", abs. 0,11 (0,06; 0,16) 0,15 (0,11; 0,20) <0,0001
CD25%, % 5,20 (2,80; 7,80) 7,35 (5,68; 9,70) <0,0001
CD147/CD3, MFI 4,20 (3,80; 4,68) 3,82 (3,38; 4,13) 0,0007
CD147/CD19, MFI 3,35 (3,05; 3,74) 3,08 (2,80; 3,48) 0,0297

Mpumeuanue. OueHka 3Ha4MMoCTu pasnnyuin napameTpoB A0 M NOCE BaKLUMHALNM Y OLHUX U TEX Xe NaLUEHTOB OCYLLECTBASAN C MOMOLLbIO KpUTepus

BunkokcoHa.

Note. The significant difference in parameters before and after vaccination was assessed using the Wilcoxon test.
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IMapameTpbl UMMYHOTpaMMBbI ObLJIM MTpOaHaIN-
3upoBaHbly 194 matieHTOoB (119 XXeHIMUH U 75 My K-
YUWH) 10 U MOCJe BaKIIMHAIIMK. Pe3yabraThl mpe-
CTaBJIEHBI B Ta0JI. 4.

IIpy cpaBHeHUMM TMoOKa3aTejieli WMMYyHOI'paM-
MBI JI0 U TIOCJIe BaKIIMHAIIMM OTMEYaJIOCh ITOBBIIIIE-
HUE OTHOCUTEIBHOTO copepXaHusl T-TMMpOInTOB
(CD3%), cHUzKeHH1e abCOJTIIOTHOI'O MU OTHOCUTELHOT'O
conepXXaHMsI CyOromnyIsIliiii €CTECTBEHHBIX KUJIJIe-
poB (NK-kiaerok, CD3-CD56"CD16") u T-kjieTok

m NenkounTsl, 10°
Leukocytes, 10°

JumdoumnTsl, abe.

CD25" (abs.) 2,0 Lymphocytes, abs.

p=0,0001

CD3°CD25* (abs.)
p=0,0001

CD3" (abs.)

CD3"HLA-DR" (abs.) CD3'CD4" (abs.)

CD3*HLA-DR' (abs.) CD3'CD8" (abs.)

CD56" (abs.) CD19* (abs.)
p=0,0004
CD03£2D56* (abs.) CD19°CD5" (abs.)
p=0,
CD3'CD56'CD16" (abs.) CD3°CD56"CD16" (abs.)
p=0,0001 p=0,001

¢ GyHKUUSIMU ecTecTBeHHbIX KusiepoB (NKT-
kJyetok, CD3"CD567CDI16%, CD3*CD56™), noBbilie-
HUEe abCOJTIOTHOIO U OTHOCUTEJIBHOIO COAEPKAHUS
AKTUBUPOBAHHBIX T-TUM@POLUUTOB C (HEHOTUIIOM
CD3"CD25", a TakXe CHMXEHMHE BKCIIpecCuu pe-
uenrtopa CD147 Ha T-u B-mumdbonuTax.

Ilpu cpaBHUTEIBHOM aHaaM3€ UMMYHOrpamMm
Yy XKEHIIWH J0 U Mocje BakuuHauuu (puc. 1) 0b1J10
OTMEYEHO YBEJIMUYEHUE OTHOCUTEIbHOTO colepxKa-
Hus T-nuMmdouuToB, cyorionyasauuu T-xeamnepos,

JNnmoumnTsl, %
Lymphocytes, %

CD147/CD19, MFI 20 CD3" (%) p=0,04

CD147/CD3, MFI 1,5 CD3'CD4" (%)
p=0,01 p=0,007
CD25 (%) CD3*CD8" (%)
p=0,0001

CD3'CD25" (%)
p=0,0001

CD19* (%)

CD3-HLA-DR' (%) CD19°CD5" (%)
CD3-CD56'CD16" (%)
p=0,0006
CD3'CD56°CD16" (%)

CD3*CD56" (%) P=0.0001
p=0,0005

CD3°HLA-DR* (%)

CD56" (%)
p=0,0001

PucyHok 1. lMapameTpbl MUMMYHOFpaMMbl XXEHLLUH A0 U NOCJie BaKuuHauum
Figure 1. Immunogram parameters of females before and after vaccination

Mpumeuanue. [aHHble NpeAcTaBeHbl Kak OTHOLIEHUS MeAnaH CoAepXaHus KOHKPETHOM cyGnonynsuum B neprdeprnieckoit
KpOBW 06CNeA0BaHHOMO NOC/e BakLMHALMM K MefiMaHaM TOM e cyenonynsaumum 4o BakuyHaumm: A — OTHOLIEHWS MeayaH
abCoNIOTHOIO CoaepXaHma cyononynsumm; b — oTHoOLLEeHNUst MeiMaH OTHOCUTENIbHOIO CoAePXaHMs Cyononynsumm.

TeMHO-Ccepol NMHMEN ykadaH YPOBEHb PaBEHCTBA OTHOLLEHWIA.

Note. The data are presented as ratio between the median level for any peripheral blood cell subset examined after and before
vaccination: A — the ratio between medians of the absolute cell subset level; B — the ratio between medians of the relative cell

subset level. The dark grey line indicates the level of relation equality.

NenkounTsl, 10°
Leukocytes, 10°

CD25* (abs.) 2.0
p=0,0001

CD3'CD25" (abs.) ¢ *
p=0,0001 ( )‘

JiumdoumTsl, abe.
Lymphocytes, abs.

CD3" (abs.)

CD3"HLA-DR" (abs.) CD3*CD4" (abs.)

CD3'HLA-DR’ (abs.) CD3°CD8" (abs.)

CD56" (abs.) CD19* (abs.)

p=0,052
CD3°CD56" (abs.)

CD3°CD56°CD16" (abs.)
p=0,0007

CD19°CD5" (abs.)
CD3-CD56°CD16* (abs.)

m Jiumdouutsl, %  p=0,028
Lymphocytes, %

CD147/CD19, MFI 20 CD3" (%)

p=0,009 15 . T
CD147/CD3, MFI ’ CD3'CD4" (%)
p=0,0008
CD25* (% § CD3CD8" (%)
S RNC Ry

CD3'CD25" (%) @1,

CD19* (%)
p=0,0001 *ee,

CD3HLA-DR* (%) CD19°CD5" (%)

CD3°CD56'CD16" (%)
p=0,014

CD3'CD56°CD16" (%)
CD3*CD56" (%) P=0,0001

CD3'HLA-DR' (%)

CD56" (%)

PucyHok 2. NMapameTpbl UMMYHOrpaMMbl MYXX4YUH [,0 U NOC/E BaKLMHauum
Figure 2. Immunogram parameters of males before and after vaccination

npumeqauue. ﬂ,aHHbIe npeacTaBieHbl Kak OTHOLWEHNA MeanaH coaepXxXaHus KOHerTHOIZ Cy6FIOI'IyJ1ﬂLI,I/II/I B I'Iepl/ld)epl/l'-leCKOI‘/‘l
KpOBMU, 06CJ'IEIJ,OBaHHOFO nocne BakuMHaunm K MmegmaHam TOW Xe Cy6|‘IOI'IyJ'IF|LI,I/IVI A0 BakKuMHauunu: A — OoTHOLLEHUS MeanaH
abCoNTHOrO copepxaHua Cy6I'IOFIyJ1ﬂLlI/II/I; B — oTHOWeEHUA MegnaH OTHOCUTEeNIbHOIro coaep>XXaHua Cy6I'IOI'IyJ'IFILLI/II/I.
TeMHO-CepOI‘/'I NNHWENn yKa3aH ypOBEHb paBeHCTBa OTHOLLIEHUNA.

Note. The data are presented as ratio between the median level for any peripheral blood cell subset examined after and before
vaccination: A — the ratio between medians of the absolute cell subset level; B — the ratio between medians of the relative cell
subset level. The dark grey line indicates the level of relation equality.
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MOBBIIIIEHWE a0COJIOTHOI'O U OTHOCUTEIBLHOTO CO-
JepXaHusi aKTUBUPOBAHHBLIX T-TuM@OLUTOB,
CHUKEHHE a0COJIOTHOTO M OTHOCHUTEIBLHOIO CO-
JIep>KaHUST CYyOITOIYJISINI eCTECTBEHHBIX KHJIJIe-
pOB, €CTECTBEHHBIX KUJIJIEPHBIX T-KJIETOK, a Tak-
Ke CHUXeHHue »sKcrnpeccuu peuentopa CDI147
Ha T-numdonuTax.

CXOmHbIC 3aKOHOMEPHOCTH BBISIBJICHBI U IIPU MIC-
CJIEIOBAHUU UMMYHOTPaMMBbl Yy MYXUYUH (puc. 2),
3a UCKJIIOYEHUEM YBEJIMUECHU S coaepKaHu sl TUMMdO-
LIUTOB U CHUKEHMS dKcIpeccuu perentopa CDI147
Kak Ha T-, Tak u Ha B-iumdponnrax. MsmeHeHunit
B mokasaresisix T-KJIeTOYHOro 3BeHa MMMYHUTETa
BBISIBJIEHO HE ObLIIO.

Bricokas 3¢ peKTUBHOCTb BaKILIMHbI TOATBEPK-
majach oOpa3oBaHUEM CHEHU(PUUIECKUX IIPOTHU-
BOBUPYCHBIX aHTUTea KJacca G K SARS-CoV-2
y 97,5% BakKIMHUPOBAHHBIX XeHIIUH 1 Yy 92,3%
BaKIIMHUPOBAHHBIX MYK4YMH. MHIEKC TMO3UTUB-
HOCTH y KeHIIKH cocTaBui 9,65 (5,0—11,6), y Myx-
yuH — 9,5 (4,8—11,6).

Ob6cyxaeHne

IMomyyeHHBIe HaAMU JaHHBIE ITOATBEPKIAIOT
UMMYHOTeHHOCTh BaklMHbl T[amM-KOBHW/I-Bak:
Y UMMYHU3UPOBAHHBIX JIOAEH ObLIM OOHAPYKEHBI
antutesna npotuB SARS-CoV-2, 4To TipencraB-
JISIeTCS 3aKOHOMEPHBIM, TTOCKOJBKY WMEHHO 3Ta
BakIlMHa obOecreuyrBaeT MpeacTaBieHe aHTUTeH-
HBIX JeTepMUHAHT S-0ejika KopoHaBupyca u 1o |
u o 11 xnmaccy MHC u, cinenoBatelIbHO, BBI3bIBA-
eT (hbopMHpOBaHUE MOJTHOIEHHOTO TYMOPaJIbHOTO
MMMYHHOTO OTBETA.

B pesynbrate npoBeaeHHOI pabOThl OBIIN BbI-
SIBJICHBI M3MEHEHMSI B UMMYyHOTpaMMe TIOCJIE BaK-
OUHAIIMKY B BHUIE TOBBIIICHUSI YPOBHS aKTHUBUPO-
BaHHBIX T-mumdormro (CD3*CD25%) u ymeHb-
IIIEHMEe CoNIepKaHUs B mepudepryeckoil KpoBr Ha-
TypajJbHBIX KMJUIEpHBIX KJIeToK (CD56* u CD16").
CD25" gaBngercd MapKepoM paHHEl aKTUBAIluU
cyononynsauuii  T-TMM@GOUMTOB U TIpeaCcTaBIIsIeT
coboit a-uemnb peuentopa IL-2. laHHBIN moka3za-
TeJIb OTpaxkaeT CIOCOOHOCTh JUMMOIIUTOB K ITPO-
nudepanu 1 guddepeHINPOBKE, XapaKTEpU3yeT
(GYHKIMOHALHOE COCTOSIHUE aKTUBUPOBAHHBIX
T-numdpouutos (CD3"CD25%) [2]. B kauHuyec-
KO MpakKTUKE YacTO HCCICAYIOT CYOITOMYJISIIUIO
CD3*"CD25" T-numdonuuToB. IloBbIllIeHME MX KO-
JIM4YecTBa, Tak Xe, Kak v odueit nonyasuuu CD25*-
JTUMGOIMTOB MOXET CBUACTEIbCTBOBATb, C OOHOM
CTOPOHBI, O paHHEH CTaaAuU BOCIAJIUTEIBHOTO ITPO-
necca o6oii mpuponsl [10], a ¢ apyroit — o hopmMu-
POBaHUM CPEAU ITUX KIIETOK MITHOPHOM CYOIOITYJISI-
Uy T-TuM@OLMTOB C €CTeCTBEHHOM PeryJiaTOpPHO
(GYHKIME UM 3KCIpeccUueil TpPaHCKPUMNLMOHHOIO
dakropa FOXP3 1 o 3aTyxaHuu (CyIipeccruu) Bocma-
JIUTEJIFHOTO TIpollecca JIo0oi mpuponbl. B aHann-
3UPYyEeMOM cJiyyae TMOBBIIIEHUE COAECPXKAaHUSI aKTU-

BUpoBaHHBIX T-muMdbonuToB (¢ Mapkepom CD25%)
MOXKET CBUACTEIbCTBOBATh O (POPMUPOBAHUU CYyO-
OOITYJISIIIMM CYIIPECCOPHBIX T-TMMEMOIIMTOB, CHO-
COOCTBYIOIINX CHUXXKCHUIO MHTEHCUBHOCTU BOCIIA-
JIMTEJILHOTO Mpoliecca, BBI3BAHHOTO BaKIIMHAIIACH.

IMTockonbky BakumHauusa Tam-KOBHU/-Bak
BBI3BIBACT IIPOLIECC, AHAJOTUYHBIN BUPYCHOMY
MHGEKIIMOHHOMY IIPOIECCY, CHUKEHUE B TICpU-
deprueckoil KpOBM BaKIMHHUPOBAHHBIX CITYCTS
2—3 Mecslia mocje BaKIIMHALIMU cCollepKaHU s cy0-
MONYJASILMIA C €CTECTBEHHOM KMJIJIEPHON aKTUB-
HOCTBIO (KJIeTOK ¢ Mapkepamu CD56" u CDI16%)
MOXET CBUIIETEJIbCTBOBAaTh O 3aTyXaHUM BOCIIa-
JIUTEJBbHOTO Mpoliecca BUPYCHOM MPUPOIAbI, UTO
NOATBEPKAAaeT BBICKA3aHHOE BBIIIE ITPEAIIONIO-
xkeHmne. C Ipyroil CTOPOHBI, B HACTOSIIEE Bpe-
MsI CYUTAETCSI YCTAHOBJIEHHBIM, UTO TPU CTpecce
Yy 3I0pOBBIX JIIOJIeil HAOI0gaeTCsl BpeMEHHOE MU3-
MEHEHUe MoKaszaTeaeil PyHKIMI UMMYHHON CHU-
ctemnl [1]. BBegeHue aHTUreHa B OpraHuU3M caMo
Mo cebe BBI3BIBAET peaKIIMio, HATTOMHWHAIOIIYIO
ctpecc. M3BeCTHO, YTO CyOMNOMyAsSIUUMU KJETOK
C eCTECTBEHHOI KMJIJIEpHOU aKTUBHOCTHIO (CD56*
n CD16") MoryT cHu:KaThCsl Ha (pOHE cTpecca Mmpu
BPEMEHHOM CHUWXXEHUU CONPOTUBIISIEMOCTH OpTra-
HH3Ma K CTpeCCOpHbIM (akTopam [6, 20], omHUM
U3 KOTOPBIX TaKKe MOXET ObITh BaKIIMHAIIUS, TEM
0oJiee UTO BCE BBISBJICHHBIC 3HAUCHUS COIepKa-
Hus NK-kj1eTok y o6caenoBaHHbIX U 10 U TOCTE
BaKIIMHAIIMK ObLIY B TIpeieaax pedepeHCHBIX 1rua-
nazoHoB (CD3-CD56*CDI16" (abc.) — 0,08—0,76;
CD3-CD56"CDI16" — 8—19%). Hesib3s UCKIIOYUTD
BIUSHUS W IPYTUX OOMOJHUTEIBHBIX CTPECCOp-
HBIX (DAKTOPOB, TOCKOJIbKY UCCIIEOBAaHUE UMMYH-
HOro cTaTyca OCYIIeCTBJISIJIOCh yepe3 2—3 Mecslia
mocje BBEICHU S 2-T0 KOMITOHEHTA BaKIITMHBI.

Kpowme Toro, B mpeacTaBIIeHHOM MCCJIEIOBAaHUU
BBISIBJICHO CHUKEHME TTOCJIe BAKIIMHAIIU Y 9KCITPeC-
cuu CD147 na numponutax. CDI47 — TpaHCcMeM-
OpaHHBINM TJIUKOMPOTEUH, 3KCHPECCUPYIOIIMIACS
HE TOJIBKO Ha BCeX JICMKOIMTaX, HO U Ha TPOMOO-
MUTaX W DHIOTENMAJbHBIX KJieTkax. M3BecTHO,
YTO OH MOXET JIeiCTBOBAaTh KaK KOPELEITOp st
SARS-CoV-2, cBSI3BIBasICh C PELIENTOP-CBI3bIBAI0-
M goMeHoM S-6eika muia (RBD) [9, 19]. M xots
Ha CCTOOHSIIIHUN IeHb He BEISIBJICHO IIPSIMOT0 B3a-
umonectBus mexay RBD u CDI147, TeM He MeHee
BBISIBJIEHHOE HaAMM CHUXXeHUe aKkcrnpeccuu CDI147
MOXKeT OoTpazkaTh (hpopMUPOBAHUE TTOCJIC BaKIIMHA-
OWU 3alIATHI KJIETOK XO35TMHA OT IIPOHUKHOBEHUS
Bupyca SARS-CoV-2.

3akJiio4eHmne

IMonyyeHHbIe JaHHBIE CBUAETENbCTBYIOT, BO-
MNEePBbIX, O TOM, UYTO BaKIMHALMUS MUHAYLUUPYET
criennpUIESCKU I T'yMOpaJIbHbIIA UMMYHHBI OTBET,
KOTOPBIN openessieTcs yepe3 3 Mecs1ia ITocjie Bak-
LMHALIMU, a BO-BTOPBIX, HE TIPUBOJUT K CEPbE3HBIM
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MMMYHHbBI OTBET NOCe BakLMHALMN

HapylmeHUusIM B (PyHKIIMOHMPOBAHUU MMMYHHOM
CUCTEMBbI, KOTOPbIE MOIJIM Obl HAWTU OTpaxkeHue
B CyOIOMYJISIIMOHHOM COCTaBe TUMGOIIMTOB.
Takum oOpa3zoM, U3 NpeacTaBJIEHHBIX TaHHbBIX
MOXHO clieJaTh BBIBOJ 00 3((PeKTUBHOCTH BaKIIU-
Hauuu am-KOBU-Bak. OnHako cienyeT mpo-
JIOJI>KaTh HAOJIONEHUS AJ151 OLIEHKU 0e30MacHOCTH
BakLMHauMu NpoTuB SARS-CoV-2, BeposiTHOCTU
nocjeaymolleil 3aboseBaeMOCT U XapakKTepa Te-
yeHuss COVID-19, nmockoyibKy U3BECTHO, UTO UM-

MYHHBI OTBET YacTO ObIBaeT FreTePOreHHBIM U Ba-
PBUPYETCS Y Pa3HBIX TIOACH B 3aBUCUMOCTH OT BO3-
pacTa, oKpyxXalolleil cpeabl 1 WHANBUIYaJTbHOIO
COCTOSHUSI 3IOPOBBSI HE TOJBKO Ha KOHKPETHBIU
naToreH, HO M Ha BaKLMHauuio [3, 5].
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THE NON-PROTEIN FRACTION OF EMBRYONIC
STEM CELL SECRETOME EXERTS
ANTIBACTERIAL EFFECTS AGAINST ANTIBIOTIC-
RESISTANT BACTERIAL STRAINS

D.G. Kaigorodov?*, A.D. Kaigorodova®

@ LLC Institute for Scientific Research Biotechnologies “Mitokey”, Tyumen, Russian Federation
b Tyumen State Medical University, Tyumen, Russian Federation

Abstract. In recent years, it has been extremely evident to seek out for new antibacterial agents, because the burgeoning
problem of antibiotic resistance and the toxicity of many antimicrobial compounds has forced scientists to turn attention
to alternative approaches. Investigating stem cell secretomes, including the non-protein portion, to find new antimicro-
bials is a promising area in the field. We examined an effect of the non-protein portion within the embryonic stem cell
secretome on various bacterial strains, including antibiotic-resistant members. The non-protein fraction of the stem cell
secretome was obtained by preparative high-performance liquid chromatography. Bactericidal activity was tested against
eight museum bacterial strains and 206 clinical strains by comparing the secretome-related effects on growth of bacterial
cultures. The museum strains showed some dose-dependent effects at concentrations of 25—100 pg/ml. Some bactericidal
activity was shown at a concentration of 100 ug/ml against the clinical strains of Gram-negative microorganisms of dif-
ferent species, but bacterial sensitivity to the secretome fraction varied, with growth stimulation being detected in some
strains. Applying non-protein fraction of the stem cell secretome at higher concentrations of 100—1000 pg/ml showed no
dose-dependent effect. The clinical strains of E. coli and P. aeruginosa were shown to have reduced bactericidal activity
after 24-hour incubation. Thus, this study has shown that the non-protein fraction of the embryonic stem cell secretome
exerts bactericidal effects against some bacterial strains. However, more detailed studies are needed to identify a mecha-
nism of action and to determine the most effective dose as well as frequency of administration.

Key words: secretome, embryonic stem cells, antibacterial activity, antimicrobial properties, bactericidal effect.

HEBEJIKOBAS1 ®PAKLUA CEKPETOMA SBMBPUOHAJIbHbIX CTBOJ1IOBbIX KIETOK OBJIAQAET
AHTUBAKTEPUAJIbHbIM 3DOEKTOM, B TOM YACJIE NIPOTUB AHTUBUOTUKOPE3UCTEHTHbIX
LUTAMMOB BAKTEPUIA
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Pe3iome. B mocienHue roabl Ype3BbIYAiHO aKTyasleH TMOMCK HOBBIX BO3MOXHBIX aHTMOAKTepUaJbHbIX MpenapaTos,
a npobJjeMa aHTMOMOTUKOPE3UCTEHTHOCTH U TOKCUYHOCTbh XMMMOIPENapaToB 3aCTaBlIseT YUEHbIX oOpallaTh BHUMA-
HMe Ha aJbTepHATUBHBIC IPOTUBOMUKPOOHBIE CpencTBa. M3yueHre mpruMeHEeH s CEKPETOMa CTBOJIOBBIX KJIETOK, B TOM
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YucIie ero HeOeJKOBOM YacTH, SIBJISIETCS ITEPCIIEKTUBHOI 001aCThI0 COBpEMEHHOM HayKu. B HalieM rccienoBaHuu ObLI0
M3Y4YEHO BJIMSIHME HEOEIKOBOIi YaCTH CEKPeTOMa SMOPHOHAIBHBIX CTBOJIOBBIX KJIETOK Ha pa3JIMYHBIE IITAMMbI MUKPO-
OpPraHM3MOB, B TOM YHUCJIE aHTUOMOTUKOpPE3UCTEHTHBIE. HeOenKoBYy10 YacTh CEKpETOMa CTBOJIOBBIX KJIETOK MOTyYaan
MpY MOMOILIM TpernapaTUuBHON BbICOKOA(MGHEKTUBHOMN XUAKOCTHOM XpomaTorpaduu. TecTupoBaHue O0aKTEPULIMIHOM
AKTUBHOCTH MPOU3BOIUIIOCH B OTHOIIEHUM 8 MY3eiHbBIX IITAMMOB O0akTepuil U 206 KIMHUYECKUX IITAMMOB MUKPO-
OpPraHM3MOB METOJIOM CPAaBHEHUS BIMSIHUSI CEKPETOMA Ha POCT OAKTepUalbHbIX KyIbTyp. [Ipu mepBUYHOM aHanm3e
OBLIIO BBISIBIICHO, YTO HA MY3EMHBIX IITAMMAX B KOHIEHTpauuu 25—100 MKT/MJI MccienyeMblil CEeKPeTOM UMeeT HEKOTO-
pbIit no3ozaBucuMbiit addexT. [Ipu orleHKe 6aKTepUIIIHON AKTUBHOCTU B KOHIIEHTparuu 100 MKT/MJ B OTHOIIEHU T
KJIMHUYIECKUX ITAMMOB I'PaMOTPUIIATEIBHBIX MUKPOOPTaHU3MOB Pa3HOU BUIOBOW MTPUHAJIEXXHOCTHU OBLIIO TTOKa3aHa
pa3IryHasi YyBCTBUTEIBHOCTD IITAMMOB K CEKPETOMY, TIPUYEM Y HEKOTOPBIX IITAMMOB OOHApyXeHa CTUMYJISIINS PO-
cta. [IpumeHenue 6osee Beicokux KoHeHTpatuit 100—1000 MKT/MJ1 He BBISIBIIIO 10303aBUCUMOTO 3ddexTa. [Tpu aTom
Ha KJTMHUYecKuX mrammax E. coli v P. aeruginosa 6b1710 IOKa3aHO CHUKEHME OAKTePUITUIHON aKTUBHOCTH Yepe3 CyTKU
nHKyOaru. TakuM 00pa3oM, IIpOBeIEHHOE MCCIeI0BaHMe ITOKa3aJjio, YTo HebenKoBas (Gppakiius ceKkpeToMa aMOpro-
HaJIbHBIX CTBOJIOBBIX KJIETOK TaK3Ke 00agaeT bakTepuiuaAHbIM 3 dekTom. OgHako TpedyloTcs boiee AeTaabHbIe Ncce-
JIOBaHUSI TSI BBISIBIICHUST MEXaHU3Ma JACUCTBUS U ompeneseHns Haubosee 3hGeKTUBHOM 1036l U YACTOTHI TPUMEHEHUS.

Karoueevie caosa: CeKpemom, 3M6pu0Ha/lebl€ Ccmeonoesble Kaemku, aHmu6aKmepuaﬂbHaﬂ AKMueHoOCmb, npomueomu}cpob’ﬂbte

ceolicmea, bakmepuyuoHblil dghpexm.

Introduction

The problem of antibiotic resistance has reached
critical proportions [1, 29]. Drugs used to treat dis-
eases caused by antibiotic-resistant strains of micro-
organisms are often highly toxic, and their effective-
ness decreases year after year [20]. Mutations of bac-
teria under the influence of environmental factors
and antibiotics are forcing scientists around the world
to search for new drugs that can bypass resistance
mechanisms [1, 17].

The use of stem cells in the treatment of a va-
riety of diseases has been widely studied. For ex-
ample, many studies have confirmed their abil-
ity to home in on and integrate into damaged areas
of the body, undergo proliferation and repair the tis-
sues [15]. There is evidence that human adipose-
derived mesenchymal stem cells (MSCs) when ad-
ministered systemically can reduce inflammation
in colitis and protect against sepsis [9]. In a study by
Krasnodembskaya et al. it was shown that human
bone marrow-derived MSCs had direct antimicro-
bial activity, in part due to secretion of the peptide
cathelicidin hCAP-18/LL-37 [13]. Several proof-of-
concept studies demonstrated that MSCs acted syn-
ergistically with current antibiotics to penetrate bac-
terial biofilms [12], and showed antifungal [2, 39],
antiviral [12, 30], and antiparasitic properties [12,
32]. However, the direct application of embryonic
stem cells has a number of limitations, due to the risk
of teratoma development [33].

The phenomenon of biological regulation through
cellular interaction by means of various secreted sub-
stances has been actively studied in recent years [40].
It is accepted that the secretome is the sum of mole-
cules and factors secreted by the cell into the exter-
nal environment [35]. There are obvious advantages
to using secreted compounds over stem cells direct-
ly because the cells may die or fail to reach the site
of action, they cannot be precisely dosed, and there

is a risk of tumor formation [19]. The therapeutic
potential of the stem cell secretome has been shown
for treating a range of diseases, such as myocardial
infarction [34], colitis [14], Alzheimer’s disease [22]
and even alopecia [26]. There is evidence that the se-
cretome has immunomodulatory effects and pro-
motes cell regeneration, migration and prolifera-
tion [18]. The protein part of the secretome exhibits
anti-inflammatory, antibacterial, antiviral, antifun-
gal, antiparasitic, antioxidant, and angiogenic activi-
ties [23, 30]. Studies in recent years have consistently
supported the hypothesis that stem cells that have di-
rect antimicrobial activity also produce a secretome
capable of inhibiting pathogens. Given the current
epidemiological situation with the continuing pan-
demic, it has been suggested that this secretome may
be effective in the treatment of COVID-19-induced
pneumonia [19].

However, the compounds responsible for the an-
tibacterial effects of the secretome and the molecular
mechanism of their action are still being sought. Some
of the effects may be due to the presence of protein
factors such as proteases, cytokines, growth factors,
etc., but data about the effects of the non-protein se-
cretome fraction is sparse. Thus, the aim of this study
was to investigate the antibacterial effect of the non-
protein fraction of an embryonic stem cell secretome
on various strains of microorganisms, including an-
tibiotic-resistant ones.

Materials and methods

Isolation of cells from embryos and culturing.
The source of the cells was an animal embryo be-
fore the appearance of histocompatibility antigen
(HCA)-containing cells of CD34* phenotype. Sterile
material in 24+0.3 ml of 0.9% sodium chloride was
placed in the working chamber of an automatic dense
tissue preparation system (Medimachine, Becton
Dickinson, USA). Disaggregation was performed
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for 30 seconds at 23—25°C. The cell suspension was
then removed using a sterile syringe. The working
chamber was washed three times with 1 ml of 0.9%
NaCl, and the washes were added to the cells.
Afterwards, the suspension was filtered through
a nylon membrane (Falcon, Becton Dickinson,
USA) with a pore diameter of 40 um. Cells were col-
lected by centrifugation at 400g for 5 min at 25°C and
supernatants were discarded.

Cell viability was determined using the vital dye,
7-amino-actinomycin D RUO (7AAD) (Beckman
Coulter, USA) on a Cytomics FC500 flow cytometer
(Beckman Coulter, USA). Viable cells were scored
by registering two parameters, volume/lateral light
scattering (SSLin) and fluorescence (7-AAD). Cell
phenotype was determined using specific monoclo-
nal antibodies (Beckman Coulter, USA) designed
for in vitro diagnostics to identify cells express-
ing CD34 antigen. Only CD34* cells with a viabil-
ity of at least 90+£5% were selected. Lower viability
samples were discarded. Using 0.9% sodium chlo-
ride, the concentration of cells in the sample was
adjusted to 1.25 x 10° cells per ml. Cells were incu-
bated in culture vials (PP Techno Plastic Products
AG, Switzerland) with barriers inside the vials creat-
ing a growth surface of 115 cm? for 24 hours at 37°C
in a 5% CO,atmosphere.

Isolation of non-protein stem cell secretome fraction.
After one day, the culture supernatants containing
secreted products of CD34*cells were collected and
lyophilized. The lyophilizates were dissolved in dis-
tilled water and the non-protein compounds were
separated using an LC-20 Prominence polyblock
high performance liquid chromatography system
(Shimadzu, Japan) equipped with an LC-AP pump,
SIL-10a autodispenser, SPD-20A spectrophotomet-
ric detector, TSKgel Amide-80 column (no. 0014460;
10 um, 21.5 mm ID x 30 cm L) and FRC-10A frac-
tion collector. The sample volume was 5 ml. The mo-
bile phase consisted of distilled water and acetoni-
trile in a 1:1 volume ratio at a flow rate of 10 ml/
min. LabSolution software was used to set up the run
parameters to collect the non-protein fractions and
reject the protein-containing ones. Subsequent
analysis using an Agilent 6850 gas chromatograph
equipped with an Agilent 5973N mass-selective de-
tector on a Phenomenex ZB-5MS column (30 m
x 250 pm, 0.25 um) as well as a Milichrom A-02
liquid micro-column chromatograph (Econova,
Novosibirsk, Russia) with a Kromasil 100-5-CI8
column showed no proteins or peptides in the ana-
lyzed fractions. The resulting non-protein fractions
secreted from embryonic stem cells were lyophilized,
dissolved in distilled water at concentrations of 50,
100, 150, 200, 500, 1000 and 2000 pg/ml and tested
for antibacterial activity.

Bacterial strains selected for determination of an-
tibacterial activity of non-protein stem cell secrefome
products. Bactericidal activity tests were performed

against eight museum strains of bacteria and 206
clinical strains of Gram-negative microorganisms
highly resistant to antibiotics. The museum strains
included both Gram-negative and Gram-positive
bacteria: Escherichia coli K12 (GISC No. 24036),
E. coli ATCC 25922, Pseudomonas aeruginosa ATCC
27853, Staphylococcus aureus ATCC 25923, S. aureus
ATCC 6538P, S. xylosus No55/5 (ICVS UrO RAS),
S. epidermidis No.711 (ICVS UrO RAS), Micrococcus
luteus var. lysodeikticus ATCC 15307. The 120 clini-
cal strains of Gram-negative bacteria highly resist-
ant to antibiotics included 22 strains of Escherichia
coli, 57 strains of Acinetobacter baumannii, 43 strains
of Pseudomonas aeruginosa, and 84 strains of Kleb-
siella pneumoniae.

Methodology for determining bactericidal activity.
We used the method for determining the bactericidal
activity of blood serum [15], adapted to test the bac-
tericidal activity of the different concentrations of the
fractions. Agar cultures of target bacteria were sus-
pended in isotonic NaCl and counted. Aliquots of 5 x
10® bacteria were introduced into each well of a 96-
well plate and 25 pl of secretome fraction at 50, 100,
150 and 200 pg/ml were added to give final concen-
trations of 25, 50, 75 and 100 pg/ml. Stock solutions
of 1000 and 2000 pg/ml were used for the final con-
centrations of 500 and 1000 pg/ml). For the control,
25 ul of isotonic NaCl alone was added. The cells
were incubated for 20 min at 37°C and then 200 pl
of meat-peptone broth was added and the plate was
incubated for 4 hours at 37°C. The optical density
(OD) of the bacterial cultures in the cells was meas-
ured using a Multiscan Accent microplate spectrom-
eter (Thermo Electron, Finland) at A =492 nm. Each
variant of experiment and control was run with three
replicates, and OD readings were averaged.

The bactericidal index (BI, %) was calculated ac-
cording to the following formula to quantitate the ef-
fect of the secretome fraction on the test bacteria:

BI = (ODc — ODo0)/ODc x 100%,

where ODc and ODo are the optical densities of con-
trol and experimental cultures, respectively. Strains
with BI > 10% were considered sensitive. If the OD
of the experimental culture exceeded that of the
control culture (ODo > ODc), the growth stimula-
tion index (GSI, %) was calculated according to the
formula:

GSI=0Do/ODc x 100%,

where ODc and ODo are the optical densities of con-
trol and experimental cultures, respectively. Growth
stimulation was counted at GSI > 10%. If BI and GSI
values were less than 10%, the bacterial strains were
classified as indifferent.

The strains of E. coli (n = 11) and P. aeruginosa
(n = 11) that showed relatively high resistance to the
bactericidal action of secretome fractions at a con-
centration of 100 pg/ml, were chosen to evaluate
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Table 1. Indices of bactericidal activity of secretome against museum strains of microorganisms
(considering a concentration gradient of 25-100 ug/ml) after 4 hours of incubation

Museum bacterial strains studied Bl when using different concentrations of secretome
25 pug/ml 50 pg/ml 75 pg/ml 100 ug/ml
E.coliK12 16.5 38.5 50.7 87.9
E.coli ATCC 25922 65.8 75.8 85.0 85.8
P. aeruginosa ATCC 27853 11 44.4 77.8 80.0
S. aureus ATCC 25923 79.3 82.6 86.0 86.5
S. aureus ATCC 6538P 54.6 84.5 87.6 88.7
S. xylosus No55/5 61.2 61.4 68.2 68.2
S. epidermidis No711 12.8 20.5 25.6 30.8
Micrococcus luteus var. lysodeikticus ATCC 15307 22.6 24.5 30.9 39.2
Median (25-75) (16:21i9602.48) @6 42—'%91.80) (47.6762_.%2.94) (82.322—'%%.77)

the sensitivity to high concentrations of the fraction
(100—1000 pg/ml final concentration range) and
were incubated for 3, 4, 5 and 24 hours.

Statistical analysis. The analysis and visualiza-
tion of the data was carried out using the RStudio
for MacOS (version 1.3.1056), an open-source soft-
ware package in the R programming language. Data
normality was estimated by the Shapiro—Wilk test.
Data were presented as median (25—75) using de-
scriptive statistics (packages “skimr”, “psych”, “gg-
pubr”, “ggplot2”). To assess the differences between
groups, the Kruskal-Wallis test was used, followed
by Dunn’s post hoc test for multiple comparisons.

Differences were considered significant at p < 0.05.

Results

The bactericidal activity of the non-protein part
of the stem cell secretome was preliminarily tested
on museum strains of microorganisms at concentra-
tions of 25—100 pg/ml. It was found that the secretome
fractions exhibited bactericidal activity against all
eight museum strains (Table 1). The dose-depend-
ent bactericidal activity was most clearly manifested
on Escherichia coli K12 and Pseudomonas aeruginosa
ATSS 27853 than on the other bacterial strains studied,

and the highest values of bactericidal activity of the se-
cretome (at 100 pg/ml concentration) were recorded
with Gram-negative bacteria (E. coli, P. aeruginosa) as
well as with strains of S. aureus. Coagulase-negative
staphylococci (S. xylosus and S. epidermidis) and mic-
rococcus showed less sensitivity.

Since the highest bactericidal activity was found
for a concentration of 100 pg/ml, we additionally
evaluated the bactericidal activity at a concentra-
tion of 100 pg/ml against clinical strains of Gram-
negative bacteria of different species (Table 2).
Among the clinical strains studied, it was found that
a significant proportion of the isolates exhibited sen-
sitivity to the bactericidal action of secretome frac-
tion. Thus, the range of Bl variation was rather wide:
from 12.1 to 89.1% for E. coli, from 11.0 to 94.7%
for A. baumannii, from 12.0 to 78.2% for P. aerugino-
sa, and from 10.5to 100.0% for K. pneumoniae. When
comparing BI in susceptible strains, no significant
differences were found between the clinical strains
of E. coli, A. baumannii and P. aeruginosa. However,
there was a significant difference in the BI between
P. aeruginosa and K. pneumoniae (p = 0.0043).
The highest sensitivity was found for K. pneumoniae
strains, 95.2%. Some strains (from 3.6 to 32.6%) were
indifferent to the action of the fractions and some

Table 2. Bactericidal activity (Bl) values (concentration — 100 pg/ml) against clinical strains
of Gram-negative microorganisms of different species after 4 hours incubation

Sensitivity parameters Resilience/Resistance parameters
2 = 2 € S 9 3
525| oF 028 | 588 | 528%| 8% g
Clinical bacterial 5 §g S 2 TE §2 5 £ @ | 5 '§ %'% § g 2
strains studied g- 2 '::3 5 £ 2 'g g-g 'g g-“u_a £35 @ & s
n..gm £ -;’w tLusw LLO'E,E oé 8
E. coli (n=22) 72.7 12.1-89.1 | 58.4(26.5-68.4) 9.1 18.2 16.7-36.7 | 22.7 (18.1-29.3)
A. baumannii (n = 57) 61.8 11.0-94.7 | 53.0(16.4-75.5) 12.3 26.3 10.0-54.3 | 19.0 (14.3-24.5)
P. aeruginosa (n = 43) 48.8 12.0-78.2 31.7 (18.0-40) 32.6 18.6 10.0-31.6 | 19.2(15.7-21.3)
K. pneumoniae (n=84) | 95.2 10.5-100.0 | 56.4 (31.9-85.6) 3.6 1.2 - 31.8

Note. Data are presented as median (25-75).
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actually showed an increase in growth (up to 26.3%
in A. baumannii).

The bactericidal activity of the non-protein se-
cretome was assessed at higher concentrations
(100—1000 pg/ml), and it was found that after
4 hours of incubation the sensitivity was slightly
higher for E. coli than for P. aeruginosa at all con-
centrations tested (Fig. 1). Significant differences
were found between the groups studied at 250 pug/ml
(p = 0.019) and 500 pg/ml (p = 0.039). At the same
time, no statistically significant differences were
found when using 100 and 1000 pg/ml. It should be
noted that in the range of concentrations studied
(100—1000 pg/ml), the secretome showed no clear
dependence of bactericidal effect on concentration.
However, an additional study measuring bactericidal
activity indices over a wider incubation time from 3
to 24 hours showed that after 24 hours, all secretome
concentrations exhibited very low activity (Fig. 2).
A significant difference between 3 and 24 hours
of incubation (p = 0.0034) was detected in the clini-
cal E. coli strains at a concentration of 100 ug/ml.
At a concentration of 250 pg/ml a significant differ-
ence was found between 3 and 24 hours (p = 0.0040),
and 4 and 24 hours (p = 0.0062). The same differ-
ences were shown for 500 pg/ml concentration: 3 and
24 hours (p = 0.0402), 4 and 24 hours (p = 0.0366);
and 1000 pg/ml: 3 and 24 hours (p = 0.0084), 4 and
24 hours (p = 0.0051). Interestingly, there was no
dose-dependent effect: the BI’s at different concen-
trations of secretome at each time interval did not
differ significantly from each other, maintaining
a tendency for the activity to decrease by 24 hours

p=0.004 p=0.008
' =0.005
0= 0004 p=0036 P
p=0.003 .
_p=0008
80 1
3
< 40 4
£
[ ]
e [ ]
[ ]
s T
0 . [ ]

100 250 500 1000
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E. coli

p=0.019 p=0.039
100 .

50
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°
£
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Group $ E. coli * P. aeruginosa

Figure 1. Indices of the bactericidal activity

of secretome against E. coli and P. aeruginosa
(considering a concentration gradient

of 100-1000 pg/ml) after 4 hours of incubation
Note. Anindex value below 0 indicates a stimulating effect,
index levels of 0-10 indicate an indifferent strain.

of incubation at all concentrations (Fig. 2) In a mod-
el of clinical strains of P. aeruginosa there was also no
dose-dependent effect: the bactericidal activity indi-
ces studied at different concentrations of secretome
at each time interval did not differ significantly from
each other at any concentration (Fig. 1). In evaluat-
ing the temporal differences at the 100 pg/ml con-

p=0.018

50 il

Index

-100 -

250 500 1000
Concentration

100

P. aeruginosa

Hours E|3 E|4 Els -24

Figure 2. Indices of the bactericidal activity of secretome on clinical strains of E. coli (n = 11)
and P. aeruginosa (n = 11) (considering a concentration gradient of 100—-1000 pg/ml)
Note. Anindex value below 0 indicates a stimulatory effect, index levels of 0-10 indicate an indifferent strain.
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centration, a significant difference was observed be-
tween 3 and 24 hours of incubation with the fraction
(p = 0.018).

Discussion

This study showed a bactericidal effect of the non-
protein part of the embryonic stem cell secretome
on various museum and clinical strains of bacteria.
Studies in recent years on the feasibility of using dif-
ferent stem cell secretomes have also shown simi-
lar results [3, 31, 37]. Bahroudi et al., showed that
the secretome of unstimulated mesenchymal stem
cells of bone marrow origin had a significant dose-
dependent antibacterial effect against Vibrio chole-
rae [3]. In a study by Saberpour et al., nanocapsules
containing MSC supernatant were effective against
multidrug-resistant V. cholerae [31]. A direct antibac-
terial effect of MSCs against Staphylococcus aureus
has been shown by Yagi et al. [37]. One interesting
observation in our study was the absence of a dose-
dependent bactericidal effect at concentrations above
100 pg/ml, although a significant reduction in action
was detected at 24 hours of incubation. Currently,
there are no data in the literature on the effect of lyo-
philized secretome at different concentrations and
incubation times on pathogenic microbes, but there
is evidence showing the efficacy of lyophilized MSC
secretome at a single concentration in a gel with hya-
luronic acid and chondroitin sulphate in the treat-
ment of corneal injuries [13]. In a study by Peng et
al., MSC supernatant lyophilizate at a concentra-
tion of 50 mg/kg was administered endotracheally
to mice in an acute lung injury model [12, 27].

Metabolic profiling of the stem cell secretome
using MALDI-TOF-MS and other methods result-
ed in the identification of proteins, lipids and other
metabolites [8]. Biologically active substances in cell
secretions can include lipids, proteins, nucleic acids,
organic acids and cell metabolites, various cytokines,
chemokines, growth factors and hormones as well
as extracellular vesicles including exosomes (30—
150 nm) and microvesicles (100—1000 nm) [10, 16].
However, the literature shows that the secretome’s
antibacterial effect is mainly attributable to its pro-
tein part [16]. A study by Nakashima and colleagues
using LC-MS/MS identified about 2400 different
proteins in the secretome of human MSCs isolated
from umbilical cord matrix, including some associ-
ated with immune and viral responses [24]. Marx et
al. showed that the MSC secretome inhibited biofilm
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This study demonstrated the efficacy of the non-
protein part of the embryonic stem cell secretome
against a wide spectrum of bacterial strains, includ-
ing antibiotic-resistant ones. The lyophilized se-
cretome showed a different effect depending on the
concentration in the range of 25—100 pg/ml, but
further increases in concentration showed no dose-
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P. aeruginosa showed reduced bactericidal effects af-
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tion of the non-protein secretome compounds and
to determine the most effective dose and frequency
of administration.
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Pestome. Bsedenue. braromapss MeIKHM pa3MepaM CIIOP U TePMOTOJIEPAHTHOCTH, Aspergillus fumigatus, criocOOHBI
HE TOJIBKO CEHCHOMIM3UPOBATh OOJBHBIX C aTOIMME, HO M KOJOHW3UPOBATh AbIXaTeJIbHBIC ITYTH, OCTaBasICh I0-
CTOSTHHBIM MCTOYHUKOM aJlJIepreHoB. B HacTosiee Bpemsi pojib MUKPOCKOITMYECKUX TIIECHEBBIX TPUOOB B MM-
MyHOIIaToreHe3e OpOHXMAaJbHOW acTMbl M3ydeHa HenocTaTouHo. Llenb: OIeHUTh OCOOCHHOCTU PETYJISIIUU MM-
MYHHOTO OTBeTa OOJIbHBIX ajjepruuyeckuM OpoHXoJerouHbiM acnepruiiiedom (ABJIA) u OGpoHXxuanbHOI acTMOi
(BA) ¢ cencnbunmzanueit K A. fumigatus. Mamepuaas: u memodsi. B viccienoBanue BKIOYUIN 15 6onbHBIX ABJIA,
10 6oabHBIX BA ¢ cencubunmsanueii X A. fumigatus, 16 6onbHbIX BA 0e3 ceHcubunuzanuu K A. fumigatus. I'pynmy
KOHTPOJISI COCTaBUJIM 16 yCJIOBHO 310pOBBIX JOOPOBOJIbIIEB. BceM 60IbHBIM MTPOBOAMIIN KJIMHUKO-(YHKIIMOHATBHOE
obcnenoBanue. CyOrnonyassiMOHHBIN cOCTaB TMM@OLIMTOB KPOBU OMPEACASIIN METOAOM MIPOTOYHOM LIUTOMETPHUU.
Hnstouenxu nponykiuu [FNy, IL-10 u IL-13 k o6pasiiam nepudepryueckoit KpoBY 100aBISLIN allepreH A. fumigatus.
NmmyHObEpPMEHTHBIM METONIOM OTIPENIEISIIN COAePXKaHUe IUTOKMHOB B CyTNIepHATAHTAX KJIETOUHBIX KYJIbTYD, 8 TaK-
xe ypoBHU obmiero IgE, cnemudnaeckux IgE (SIgE) x A. fumigatus, TMMyc-accOIIMMPOBAHHOTO PETYISITOPHOTO XE-
MokuHa (TARC) B ceiBopoTKe KpoBH. Pesyavmamest. Y 00nbHBIX ABJIA u BA ¢ cencubuamzanueir Kk A. fumigatus
10 cpaBHEHUIO ¢ 00IbHEIMU BA 0e3 ceHcnbunusanmnu K A. fumigatus ycTaHOBIICHBI 3HAYMMO 00Jiee BBICOKME YPOBHUI
obmtero IgE, sIgE x 4. fumigatus u TARC B cbIBOpOTKe KpOBU. AHATN3 PE3YTbTATOB UMMYHO(MEHOTUTTUPOBAHU ST TN M-
(boLuTOB BBIABUI y BCeX 00JIbHBIX BA 3HaunMMoe npeBblilieHue nokasareaeit Th2 kietok maMsatu u T-peryassTOpHbIX
KJIETOK MO0 CPaBHEHMUIO C TPYMIOi KOHTPOJIsA. Y O0IbHBIX C ceHcubuauzauueii K A. fumigatus xonudectso Tfh2 6b110
Bbinie, a Th17.1 KJ1eTOK maMsITU HUXE 10 CPAaBHEHUIO € MOKa3aTeasIMU YCIOBHO 3J0POBBIX TOOPOBOJIBLEB. Y OOIBHBIX
ABJIA ycTaHOBIEHBI 3HaUMMO 00Jiee BhIcOKOe KonnuecTBo Th2 kaeTok naMmsitu u cogepxxanue TARC no cpaBHeHMIO
c 6onbHbIMU BA ¢ ceHcubunuzauueit K A. fumigatus. Ycunenue akTMBHOCTH Th2 KJIETOK MaMsITH TMOATBEPXJAeT Mo-
BoiteHHast cekpeuust [L-13 u IL-10 Ha dhone cHukeHus BeipaboTKu [IFNY B oTBeT Ha crieliduiyeckyto CTUM YISO
KJIETOK KPOBH aJIJIEPTeHOM I'prba Mo CpaBHEHUIO ¢ 001bHBIMY BA 1 rpynmoii KoHTpo1s. BrisiBIeHa MOTOXUTEIbHAS
KOppeasIUMOHHAas CBsA3b MexXay KoandecTBoM Th2 kietok namaTtu u ypoBHsiMu sIgE, IgE, TARC u orpuniateabHas
¢ OOBI. 3akaruenue. Takum 06pa3oM, KOHTAKT C A. fumigatus CyleCTBEHHO YCUIMBAET aKTUBHOCTH Th2 KJIeTOK ma-
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A.1. Kosnoea u gp. MHdekumns n uMmyHuTeT

MSTH Y 00JbHBIX BA, 4TO MOXET IPUBOAUTD K TSXKEJIOMY T€UYEHUI0 3a001eBaHusI 1 (GOPMUPOBAHUIO AJJIEPTMYECKOTO
OPOHXOJIETOYHOTO0 acreprujie3a. YCTaHOBIEHHbIE 0COOEHHOCTH MMMYHHOTO OTBETA AMKTYIOT HEOOXOAUMOCTh Mep-
COHU(DUIIMPOBAHHOTO ITOAX0/a K BHIOOPY TeParieBTUUECKOM TAKTUKY Y JaHHOW KaTerOpuU OOJbHBIX.

Karuegvle caosa: arnepeuveckuil 6poHxX01e204HbLIL acnepeuiies, Oporxuarvras acmma, T-xeanepol Kaemku namMamu, XeMOKUHbL,
umMmyHHbLll omeem, Aspergillus fumigatus.

THE INFLUENCE OF ASPERGILLUS FUMIGATUS MICROMYCETES ON IMMUNE RESPONSE
REGULATION IN PATIENTS WITH ASTHMA

Kozlova Ya.l.?, Frolova E.V.?, Kudryavtsev 1.V.><, Uchevatkina A.E.?, Filippova L.V.?, Aak O.V.?, Taraskina A.E.?,
Sobolev A.V.?, Vasilyeva N.V.?, Klimko N.N.?

@ North-Western State Medical University named after 1.1. Mechnikov, St. Petersburg, Russian Federation

b Institute of Experimental Medicine, St. Petersburg, Russian Federation
¢ Pavlov First St. Petersburg State Medical University, St. Petersburg, Russian Federation

Abstract. Introduction. Aspergillus fumigatus is able not only to sensitize patients with atopy, but also to colonize the respira-
tory tract, remaining a constant source of allergens due to the small spore size and thermal tolerance. Currently, the role
of micromycetes in the immunopathogenesis of asthma has been poorly studied. The objective was to evaluate the features
of the immune response regulation in patients with allergic bronchopulmonary aspergillosis (ABPA) or asthma with sen-
sitization to A. fumigatus. Materials and methods. There were enrolled 15 patients with ABPA, 10 patients with asthma with
sensitization to A. fumigatus, 16 patients with asthma without sensitization to A. fumigatus. The control group consisted
of 16 apparently healthy volunteers. All patients underwent a clinical and functional examination. The subpopulations
of blood lymphocytes were assessed by flow cytometry. The A. fumigatus allergen was added to peripheral blood samples
to evaluate the production of IFNy, IL-10 and 1L-13. The serum cytokine levels in cell culture supernatants, as well as
total IgE, A. fumigatus-specific IgE (sIgE) as well as thymus and activation-regulated chemokine (TARC) level were meas-
ured by enzyme-linked immunosorbent assay. Resulfs. Significantly higher serum levels of total IgE, A. fumigatus-specific
sIgE and TARC were found in patients with ABPA and asthma with sensitization to A. fumigatus compared to patients
with asthma without sensitization to A. fumigatus. The results of lymphocyte immunophenotyping revealed significant
excess of memory Th2 cells and T-regulatory cells in all patients with asthma compared to the control group. The count
of Tfh2 was higher but memory Thl17.1 cells were lower in patients with sensitization to A. fumigatus compared to those
of apparently healthy volunteers. Patients with ABPA had significantly higher count of memory Th2 cells and TARC level
compared to patients with asthma sensitized to 4. fumigatus. The increased activity of memory Th2 cells is confirmed by
increased secretion of IL-13 and IL-10 following along with decreased [FNy production in response to specific fungal al-
lergen stimulation of blood cells compared to the patients with asthma and the control group. A positive correlation was
revealed between the count of memory Th2 cells and the levels of sIgE, IgE, TARC, a negative correlation — with FEVI.
Conclusion. Thus, exposure to A. fumigatus significantly enhances the activity of memory Th2 cells in patients with asthma
which can lead to severe disease course and development of allergic bronchopulmonary aspergillosis. The features of the
immune response identified dictate a need for a personalized approach to choose therapeutic tactics in such patients.

Key words: allergic bronchopulmonary aspergillosis, asthma, memory T-helper cells, chemokines, immune response, Aspergillus fumigatus.

BBepneHue

Mukpockonudeckrue Trpuodbl, WMEIINe -
pOKO€ pacIpocTpaHeHWEe B OKpyXKalollleil cpene,
SIBJISIFOTCST TIPEACTABUTESIMU OTIAEIBHOIO 11apCcTBa
JKUBBIX CYIIECTB, IJIsI KOTOPBIX XapaKTepHO pa3HO-
oOpa3Hoe BJIMSIHUE HAa OpraHu3M yejoBeka. Ocoboe
BHUMaHUE YIEJSIOT TUJIECHEBBIM TEPMOTOJIEPAHT-
HBIM MUKPOMUIIETaM, CIHOCOOHBIM KUTbH IpHU
TeMIiepatype +37°C, TakuM Kak A. fumigatus [23].
I'pubsl poma Aspergillus — Haubonee 3HaAYUMBbIE
MUKPOMUIIETHI, KOTOPBIE TIOPaKaloT JbIXaTeIbHbIC
nytu. I[lpu HeapheKTUBHOM ynajleHUUW U3 pecrlu-
paTOpHOTO TpaKTa TPUOKOBbIE KOHUINU MOTYT ITPO-
pacrtaTh, 00pa3ys rudbl, KOTOPbIE, B CBOIO OYepeb,
3aryCcKaroT KackKaJl UMMYHHBIX peakIiluii, TpUBO-
TSI X K ITUPOKOMY CITEKTPY KIMHUYECKUX TTPOSTB-

JICHUI — OT KOJIOHM3AllMU J0 MHBA3UBHOI'O acrep-
rujie3a. Y 00JbHBIX ¢ XPOHUYECKUMHU MOJIOCTIMU
B JIETKUX A. fumigatus MOXeT CTaTh 3TUOJIOTUUYESCKUM
areHTOM XPOHUYECKOIo acreprujie3a JIeTKuX,
a'y OOJIbHBIX C aTOINMEN — y4acTBOBATh B Pa3BUTUM
MUKOT€HHOM CEHCUOWIMU3ALUU U alJeprudeckoro
oponxosierouHoro acnepruaiesa (ABJIA) [31].
AJileprudyeckuii GpOHXOJIETOUYHBIN acHepru-
JIe3 — XpOHHWYeCcKoe 3aboyieBaHUE JIErKUX, 00y-
CJIOBJIEHHOE T'HUIIePYyBCTBUTEILHOCTHIO K rprubam
pona Aspergillus, koTopoe siBJisieTcs HanboJjiee 3Ha-
YUMBIM TIPOSIBJICHUEM aJlJIEPTUYECKOrO acreprui-
Jie3a U BCTpevaeTcss BO BCeM MUpe. DTO NOTEHIIM-
aJIbHO JeCTPYKTUBHOE 3a001eBaHME HA CEeTOMH I -
HMI JeHb HEJIOOLIEHeHO KIMHMIIMCTaMu. Yaiie
Bcero ABJIA pa3zBuBaeTcs y npeapacrnoioXeHHbIX
nalueHTOB ¢ OpoHxualbHOI acTMoil (BA) u my-
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A. fumigatus  UMMYHHbIN OTBET

KOBUCIIMIO30M, YTSIXKeJIsIs1 Te4eHUe OCHOBHOTO 3a-
OoJieBaHUSI, IPUBOAS K Pa3BUTUIO0 OPOHXOZ3KTAa30B
U IbIXaTeJIbHOU HemocTaTOuHOCTH [12, 14].

B TO BpeMms1 KaKk MHOTOUMCJICHHBIE COBPEMEHHBIE
WCCNIEOBAHUS ITOCBSIIEHBI TaTOreHETUYECKUM
MeXaHu3MaM, JIeKAIIMMU B OCHOBE TsSIKesoil BA,
paboT Mo OlleHKE MMMYHHOTO OTBETa IPU pPa3BU-
Tuu BA ¢ ceHcubunuzauuen K A. fumigatus u ABJIA
HenoctaTouHo [10, 18]. MccienoBaHust HapyLIeHU !
MECTHBIX M CHUCTEMHBIX MMMYHHOPETYJISITOPHBIX
MEXaHU3MOB, TIPUBOISIINX K THUIEPIPOLYKIIUN
CJIN3U, 3aKYMNOpKe IbIXaTeAbHBIX ITyTeid M op-
MUPOBAHUIO OPOHXOBKTA30B, OyIyT CIIOCOOCTBO-
BaTh BbIsiBIeHUI0 ABJIA Ha Oojee paHHUX 3Tanax
M pa3paboTKe HOBBIX TEPANIeBTUYECKUX CTPATETHUIA.
IMosTOMYy 1IETBIO MCCIIENOBAHUS CTajla OLIEHKA 0CO-
OEHHOCTEeUl peryiasliuyd UMMYHHOTO OTBeTa OOJIb-
HbIX ABJIA 1 BA ¢ cencubunusanuei K A. fumigatus.

Matepuainbl 1 METOLbI

B wmwuxkonormueckoit kamHuke DOIBOY BO
C3IMY um. U.1. MeunukoBa Mun3apasa Poccun
MPOBEIM IIPOCIIEKTUBHOE HCCIIEAOBAaHNE, B KOTO-
poe Bkitouniu 41 6onbHOro BA. KOHTpONBHYIO
CPYIIy COCTaBUJIM 16 YCIIOBHO 340POBLIX JIIOIEH,
COITOCTAaBUMBIX II0 BO3PAaCTy M TOJIy, O3 aJlIepru-
JyecKUX 3a00JIeBaHW T B aHAMHe3¢.

Bce yyacTHUKM mommmcanm OOOpOBOJIBHOE WH-
¢dopMUpOBaHHOE CcoOIJIacMe Ha IIPOBEACHHWE WCCIIe-
moBaHus. [IpoTrokon oOcnemoBaHMWSI ITAlIMEHTOB
W TIPAaKTHUYECKM 3IOPOBBIX JIOMEH OTBEYA] ITHYCC-
KUM HOpMaM XeJIbCMHCKOU AeKIapalyuu 1 ObLI 0000~
peH JOKaJbHBIM 3TUYeckKuM KoMmutetom DOI'BOY
BO «CeBepo-3anamHblii TOCyTapCTBEHHBIM MeEIM-
LMHCKUI yHUBepcutera umeHnu .M. MeunukoBa»
M3 PO (ITpotokon Ne 2 ot 03.02.2021). Bce marineH-
Thl COOTBETCTBOBAJIM OOIIIMM KPUTEPUSIM BKJTIOUC-
HHSI B CCIIeMOBaHMEe: nuarHo3 «bA», Tskenoe/cpe-
HeTsIKe0oe TedeHue 3aboyieBaHUs, Bo3pacT 18 et
M CTapIle, OTCYTCTBHUE OCTPBIX PECITUPATOPHBIX 3a-
OoJIeBaHMT B TeUCHUE MPEANICCTBYIOIINX 4 HEIeh.
KputepussMu BKITIOYEHUSI B KOHTPOJBHYIO TPYIIITY
OBLIIN: OTCYTCTBHE PECIIMPATOPHON MAaTOJIOTUU, XPO-
HUYeCKOM MH(PEKIMOHHOM 1 HEMH(EeKIITMOHHOI TTa-
TOJOTUU, TeJIbMUHTHOU WHBA3UU, JIEKOMIIEHCUPO-
BaHHBIX COCTOSTHUI, OTPUIIATEIBHBIN aJIJICProOJIOT -
YeCKMiI1 aHaMHe3, HeoTsirommeHHas Mo BA u npyrum
aJJIepruyecKnM 3a00JIeBaHUSIM HACJIEICTBEHHOCTD.

Yposum obmiero IgE (ITomurHoct, Poccust), cierim-
dmrueckmx IgE (sIgE) (Ankop bno, Poccus), Tumyc-ac-
COIIMMPOBAHHOTO PETYJISITOPHOTO XeMOKHMHa (thymus
and activation regulated chemokine, TARC) (R&D,
CIIA) B CBIBOPOTKE KPOBH OIPEIEIISIN C TTOMOIIBIO
UMMYHOMEPMEHTHBIX TECT-CUCTEM B COOTBETCTBUU
C peKOMEHIAITUSIMM (DU PMBI-TIPOU3BOIUTEIISI.

KnuHudyeckuit aHaJIM3 KPOBU BBITIOH ST Ha Ire-
MaTtoJjiormyeckom aHam3arope DxH-800 (Beckman
Coulter, CIIIA). UMMyHO(DEHOTUTTMPOBAHNE JTNM-

douuToB mnepudepuyeckoit KpoBU OBLIO IMpOBE-
JIEHO METOIOM 6-IIBETHOIO IUTOMIYyOPUMETPHU-
YEeCKOro aHalJin3a C HCIOJb30BaHUEM MPOTOYHOIO
uutoMeTpa Navios™ (Beckman Coulter, CIIIA).
TToaroroBky 00pa3LoB nepudepudeckoil KpoBU
M HACTPOUKY IHUTO(IyopruMeTpa IIPOBOIMIIN B CO-
OTBETCTBUM C HaAIlMOHAJIBLHBIMU PEKOMEHIallMsI-
mu [8]. Cyononynsuuto T-xenmnepoB (Th) kimetok
namMsaTu BeLaeasin no dgeHotuny CD4*CD45RA~
¥ aHAJIM3UPOBAJIY YPOBEHb SKCIIPECCUU Ha HUX CJIe-
ayomnx xeMoknHoBbIX perientopo: CCR4, CCR6,
CXCR3 u CXCR5. Okpacky aHTUTEIaMU ITPOBOIM -
JIV B COOTBETCTBUU C PEKOMEHIAIIUSIMHU ITPOM3BOIN-
Tesnei. B paboTe MCmoib30BaM MOHOKJIOHAJbHBIE
aHTUTENa, KOHBIOIMPOBAaHHBIE C (hJIyOPOXPOMaMU:
CD4/PerCP, CD45RA/PE/Cy7, CDI83(CXCR3)/
AlexaFluor488, CD194(CCR4)/PE, CDI96(CCR6)/
PE-Dazzle™594 u CDI85(CXCR5)/Alexa Fluor 647
(Biolegend, CIIA). ITocne BHeceHUST aHTUTEJ 00-
pa3ibl THIATEIBHO TNepeMelInBaind, 3aTeM WHKY-
OupoBaiu MpU KOMHATHOW TemIiepaTtype 15 MuH
B 3alllMIIIEHHOM OT cBeTa Mecte. [lo 3aBeplieHUU
uHKyOauuu BHocuJu 500 MKJI JIM3UPYIOLIEro pac-
TBOpa VersalLyse Lysing Solution (Beckman Coulter,
CIIIA) ¢ pobGaBieHUEM (PUKCUPYIOILIETO pPacTBO-
pa Fixative Solution IOTest 3 (12,5 mx) (Beckman
Coulter, CIIIA). Yepe3z 10 mMuH MHKYOaluu Mpu
KOMHATHOW TeMImepaType B TEMHOTE OOpa3libl OT-
MBIBaJH B 4 MJI pocdaTHo-cosieBoro oydpepa (PCBH)
5 MuH ripu 1500 06/MUH, yaaasiJiu HAA0Caa0K U BOC-
CTaHaBJIMBaJIM JieliKoLuTapHyo B3Bech B 400 MKJI
®DCB. TIlpy TMTOMETPUUECKOM aHaJIW3e JUIST KaK-
Jioro u3 oopasuoB Habupaau He MeHee 5000 Tumdo-
muToB. IlosrydeHHBIE pe3yabTaThl aHAJIU3UPOBAIU
MPU MOMOIIY MporpaMMHOro obecrneyeHust Navios™
Software v1.2 (Beckman Coulter, CIIIA) u BbIpaxkaiu
B BUJIE TIPOIIEHTA TTO3UTUBHBIX KJIETOK OT UCKOMOM
nonyasiuuu. OueHky T-peryasTopHbIX JUMGbOLIU-
ToB (Treg) MpoBOAMJIM METOIOM MPOTOYHOM LIUTO-
METPUU TIPU OKpalllMBaHUU TUMGOIIUTOB Tiepude-
pUYeCKOll KPOBM MOHOKJIOHAJIbHBIMU aHTHUTEJIaMM
CD4/FITC, CDI127/PC7 u CD25/PE (Beckman
Coulter, CIIIA). [ToarotoBKy mnmpood OCyIIeCTBISIN
B TEX K€ YCJAOBUSIX, YTO U TTPU 6-LIBETHOM aHaJIU3eE.
C 1enblo M3y4YeHUsI aHTUTEH-CIelndUIecKoin
nponykiuuu [FNy, IL-10 u IL-13 x 100 Mk pa3se-
JNIeHHOU B 5 pa3 KpoBu nobasiasau 100 Mk annep-
reHa A. fumigatus (Ankop buo, Poccus) B KOHeUHOM
KoHIleHTpauu 10 Mxr/mi. JIas pa3BeneHust KpoBU
U ajijiepreHa UCIoJib30Baau MOJHYIO MUTATEIbHYIO
cpeny (ITIC): cpena RPMI 1640 ¢ mob6aBieHHEeM
L-rnyramuna (buoinor, Poccus), 200 MKr/M reH-
TamMmurHa U 10% 3MOpPUOHAIBHON TENSTYbEU ChI-
BopoTtku (buosnort, Poccus). B mpenBaputeabHbIX
BKCTIEPUMEHTaX ObLIM OIpenesIeHbl ONTUMaJIbHasK
Jl03a ajjiepreHa u CpokKu KyJIbTUBUPOBaHU S KJIETOK.
JI1s1 CHOHTAaHHOM MPOAYKIIMY IIMTOKMHOB B TYHKH
96-TyHOYHOTO TIJIaHIIeTa BHOCHUJIUCH Mo 100 MKII
TITIC. Yepe3 144 4y uHkyGanuu oOpa3lioB IpuU
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37°C B armocdepe 5% CO, B CO,-uHKybOaTOpe
(MCO-5A Sanyo™, fAmnoHust) oTOMpaau Hagocaa0u-
HYIO XUJIKOCTb, aJIUKBOTUPOBAJIU U XPAaHUIU MPU
—20°C no mpoBeaeHus aHajiuza. CoaepxaHue M-
TOKMHOB B IMOJIyYEHHBbIX 00pa3liax onpeneiasijii Me-
TOIOM UMMYHO(EPMEHTHOIO aHaJn3a ¢ UCOJIb30-
BaHUEM KOMMepuyecKux TecT-cucteM (Bektop-becr,
Poccusg u R&D, CIIIA) B COOTBETCTBUU C PEKOMEH-
MalusIMu (UPMBI-ITPOU3BOIUTENSI.

Jnst uzydeHust yHKIIMYA BHEITHErO AbIXaHUSs
HWCMOJIb30BaJIM CIIUPOMETPUIO METOIOM BBITIOJIHE-
HUS METIU «00bEM—MOTOK» ¢ KOMIBIOTEPHOI 00-
paboTKOM pe3yIbTaTOB UCCAEA0OBaAH M. YUUThIBAJIU
cieayollue nokasareau: 00beM ¢hopcupoBaHHOTO
BbIOXa 3a repByio cekyHay (ODBI), hopcupoBaH-
Has XusHeHHast eMKocTh Jierkux (PXKEJT), nnaekc
Tuddno. Ilo mokazaHUSIM BBIMOIHSIIU KOMIbIO-
TepHyio ToMorpaduio (KT) nerkux B pexxume Bbl-
COKOTIO pa3penieHusl.

JluarHos, cTeneHb TSXKECTU U YPOBEHb KOHTPO-
Jid Haa TedeHUueM DA ycTraHaBiIuBaau B COOTBET-
CTBUM C peKOMeHIalusMu padoueit rpynnsl GINA
(Global Initiative for Asthma, updated, 2022) [28].
Ilpu onleHKe KOHTpPOJS Haa cuMiitoMaMu BA opu-
EHTUPOBAJIUCh Ha XaJoObl, KIMHUUYECKUE TPOSB-
JICHU S, TaHHbIE CITUPOMETPUU C TIPOBEICHUEM TECTa
Ha o0paTUMOCTb. Takxe MCHOJb30Ball OMPOCHUK
ACT (Asthma Control Test), KOTOpbIii sIBAsSIETCS Kpa-
TKOM M JIOCTYITHOI aHKETOM, COAEP>XKUT 5 BOIIPOCOB
¢ 5-6ayibHOI onleHKoU oTBeTOoB. Cymma 25 6asjioB
O3HaAyaroT MOJIHBI KOHTpOAb bA, 20—24 — HeroJI-
HbI KOHTPOJb, 19 6ajloB 1 MeHbIIe — yKa3bIBaeT
Ha oTcyTcTBUEe KOHTpoJisl. C noMoibio ACT oLieHU-
BaJId YpOBeHb KOHTPOJIsI BA 3a mocyienHue 4 Heaeau.

J1J151 BBISIBJIEH U SI MUKOT€HHOU CEHCUOUTU3aI U U
U aJJIepruyeckoro 6poHX0JIeroyHOTo acrepruie-
3a (ABJIA) ucrionb3oBanu peKoMeHaaluuu padboueit

rpynnbel ISHAM (International Society for Human
and Animal Mycology, 2013). KputepusiMmu MUKO-
Te€HHOI CEHCUOUTU3ALMU ObIJIU: TTOJOXMUTETbHbIA
KOXHBIN TTPUK-TECT (= 3 MM) U/WJI BBISIBJICHUE
B CBIBOPOTKE KPOBU YPOBHS crneluduueckoro IgE
K TpUOKOBOMY aJIJIepreHy, COOTBETCTBYIOILIETO
kiaaccy 1 u Boie (= 0,35 ME/Ma) [9].

TTonyyeHHBbIe B pollecce ucCae0BaH U I JaHHbIE
00pabaThIBaJIY C MOMOIIbIO MPOrPaMMHOI CUCTEMbI
Statistica 10 (StatSoft, CIIIA). HopmanbHOCTb pac-
npeneaeHns KOJMYECTBEHHbBIX JaHHbBIX MPOBEPSIIU
¢ nomoibio kputepus Koimoropos—CmupHoBa
u lanupo—Yunka. M3yyaeMble XapaKTEPUCTUKU
MNPEeICTaBISIU MelraHaMW, HUXHUM U BEPXHUM
kBapTuisaMu (Me (Qy,s; Qy75). 1 olleHKuM 3HAYK-
MOCTHU Pa3jIU4YMil MCMHOJb30BaJM HelapameTpuye-
ckuii U-kputepuit ManHa—YutHu. a5 BbIsiBIC-
HU ST KOPPEISI LIMOHHBIX B3aUMOCBSI3EU MEX 1Y ABYMSI
KOJIMYECTBEHHBIMU MapaMeTpaMU HCITOJb30BaIN
HernmapaMeTpUYeCKUil METON PaHTOBOW KOppess-
uuu no CrnupMeHy ¢ BbIYUCIEHUEM KO3 hUIMeHTa
paHroBoii Koppeasuuu (r). Paznuyus cuuraiu cTa-
TUCTUYECKU 3HAaUUMBbIMU T1pu p < 0,05.

PesynbraThl

Ha ocHOBaHMM pe3yabTaTOB KJIMHUKO-MTHCTPY-
MEHTaJbHOro obcienoBaHusa O00JIbHBIE BA OblIU
paszaesieHbl Ha Tpu rpynnbl: 16 6oabHBIX BA 6e3
ceHcnoOmm3anuu K A. fumigatus (BA Asp—) (keH-
wuH — 80,7%), 10 6onbHbIX BA ¢ ceHcubuim3sa-
uueit K A. fumigatus (bA Asp+) (keHiuuH — 77,8%),
15 60sbHBIX, ¥ KOTOPEIX Ha poHe BA chopmmpo-
Bajicsa ABJIA (keHimuH — 80,2%). KOHTPOJIbHYIO
rpynmny cocTaBuav 16 300pOBBIX HOOPOBOJIBLIEB
(keHwmH — 75,0%). I'pynmbl He pasjinyalivich
MeX Iy co00Ii Mo BO3pacTy 1 moiy (tadir. 1).

Ta6nuua 1. Xapaktepuctuka 60nbHbIX GpOHXUaNbHOK acTMOM, Me (Qq ,5—Q 75)
Table 1. Characteristics of patients with bronchial asthma, Me (Qq 25— Qg 75)

F'pynna 1 Fpynna 2 F'pynna 3 Fpynna 4
Group 1 Group 2 Group 3 Group 4
n=16 n=16 n=10 n=15 JocTtoBepHO
Moka3atenb BA BA 3HaYMMble
Parameters KoHTponbHas | 6e3 ceHcubunusauum | ¢ ceHcubunusaumeni ABJIA pasnnuns
rpynna KA. fumigatus KA. fumigatus p value
Control group | BA without sensitization BA with sensitization ABPA
to A. fumigatus to A. fumigatus
Boapacr, net 41,0 50,0 46,0 49,0
Age, years (39,0-44,5) (37,0-56,5) (35,0-66,0) (41,0-64,0)
O®B1, % OT fONIXHOrO 81,0 64,0 65,0 P, =0,005
FEV1, % N (67,0-91,1) (56,5-81,5) (60,0-70,0) p,,=0,015
ACT, 6annbl 15,0 13,5 13,0
ACT, score N (10,0-19,0) (10,5-20,0) (12,0-14,0)

Mpumeyanme. p,_; — CTAaTUCTMYECKAs 3HAYUMOCTb Pa3nuyuin Mmexay rpynnamu BA 6e3 ceHcmbunusaumm k A. fumigatus v BA ¢ ceHcnbunmaaumei
KA. fumigatus; p,_, — CTaTUCTUYECKas 3HAYMMOCTb pa3nuunii Mexay rpynnamv bA 6e3 ceHcnbunuaaumm k A. fumigatus v ABJNA (U-kputepnii MaHHa—-

YWTHw).

Note. p,_; — statistical significance of differences between BA without and with sensitization to A. fumigatus; p,_, — statistical significance of differences
between BA without sensitization to A. fumigatus and ABPA groups (Mann-Whitney U-test).
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A. fumigatus  UMMYHHbIN OTBET

AHanu3 COUPOMETPUUYECKUX XapaKTEepPUCTUK
BBISIBUJI, 4TO TToKa3aTeidb OMBI B rpymnmax 60Jb-
HbIX ABJIA 1 BA Asp+ Obl1 3HAUMMO HUXE, YeM
y 601bHBIX BA Asp— (65,0% (60,0—70,0) u 64,0%
(56,5—81,5) vs 81,0% (67,0-91,1), p = 0,015 u p =
0,005 cOOTBETCTBEHHO), UTO MOXET OBITh CBSI3aHO
c 6oJiee BbIpaXk€HHBIM BOCIaJI€eHUEM CTEHK OPOH-
XOB, U yTsIKeJeHueM TedeHus bA nmpu coyeTaHUU
c ceHcubunuzauuei K A. fumigatus. CTaTUCTUYECKU
3HAYMMBIX pa3JIU4YM 11O pe3yJabTaTaM 3alOJHEH U S
onpocHuka ACT y GOJIbHBIX UCCIAEAYEMbBIX T'DYIIIT
He ycTaHoBJieHOo. OmHaKoO BbISIBJI€HA TEHACHIIUS
K CHUXXEHMIO cpelHero 6ajija 1o Mepe Bo3pacTta-
HUSI mokKasaTeseil, OTpaXKalIllnuX CTeleHb CEHCU-
ounuzauuu K A. fumigatus (tadin. 1).

Bo Bcex ucciaegyemMbix rpyrimax OOJbHBIX yCTa-
HOBJICHO CTaTUCTUYECKW 3HAYMMOE IIOBBILICHNUE
ypoBHs ob1ero IgE mo cpaBHEHUIO € TPYyTIINON KOH-
TpoJis (p <0,001). Coaepxxanue oduiero IgE y 601b-
HBIX ABJIA cocraBuino 2332,5 ME/mn (1147,0—
4530,0) 1 ObLJIO 3HAYMMO BBILLIE, YEM B FpyIIIax 60Jib-
HbIX BA Asp+ (659,0 ME/Mi1 (300,0—700,0, p < 0,001)
n BA Asp— (159,0 ME/Mmn (72,0—441,0), p < 0,001).
Kpome Toro, maHHBIi MoKaszaTejb ObLI 3HAYUMO
BbILIE Yy O0JbHBIX BA Asp+ Mo cpaBHEHUIO C Maliv-
eHTtamu bA Asp— (p = 0,012) (puc., A). YposHu sIgE

8000

7000 p<0,001
;_‘E‘ 6000 p<0,001
S 5000
= 4000
=
ur 3000 p=0,012
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1000
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K A. fumigatus paznuyaauch Mexny 00abHbIMU ABJTA
n BA Asp+ (2,23 ME/mi (1,10—4,14) vs 0,72 ME/mn
(0,50—1,60), p = 0,019) 1 3HAYMMO MPEBBILLIAIN 10~
Kaszareau nauueHToB ¢ BA Asp— (0,00 ME/mu (0,00—
0,02), p <0,001 1 p <0,001 cooTBeTCTBEHHO) (pHC., b).
W3BecTHO, 4TO 203MHOMUIBI KPOBU MOTYT OBIThH
MapKepoM 303WHOMUIBHOIO BOCIAJieHUsI B JbIXa-
TEJbHBIX MYTIX Y NalMeHToB ¢ BA, a a03uHOMUINSA
SIBJISIETCSI TIPU3HAHHBIM ITPOrHOCTUYECKUM (haKTO-
pPOM 000CTpeHU s 3a00eBaHus. AOCOTIOTHOE YHCIIO
203uHOMUIOB B rpynne 6oabHbIX ABJIA coctaBu-
5o 0,41 x 10°/n (0,37—0,75) 1 ObLIO 3HAYUMO BBILIE
MO CpaBHEHWUIO C MoKa3aTeJsIMM TMalueHTOB ¢ DA
Asp— (0,30 x 10°/71 (0,07—0,43), p=0,023) 1 KOHTPOJIb-
Hout rpyrmsl (0,09 x 10°/n (0,06—0,20), p < 0,001).
Tlokazarenu B rpymax 601bHbIX BA Asp+ 1 BA Asp—
He pas3jinyanarch Mexay coboii (p = 0,36) (puc., B).
YuurtbiBass TaHHBIE O MATOIC€HETUYECKUX MeXxa-
HU3Max B3aUMONEUCTBUSA A. fumigatus ¢ SMUATEIU-
aJbHBIMU KJIETKAMUW JBIXaTeJIbHBIX MyTel OO0JIb-
HbIX BA, B Haluem uccienoBaHUM ObLI ONpeaesieH
ypoBeHb TARC, KOTOpBIil yyacTByeT B AeTepMUHA-
O UMMYHHOTO OTBeTa B CTOpOHY T2-3BeHa [16].
YCTaHOBJEHO CYIIECTBEHHOE TOBBIIIEHUE TOKa3a-
tesneii TARC Bo Bcex rpyIinax no CpaBHEHMUIO € TPyTI-
noit KoHTposas (p < 0,001). BeisiBjieHbl 3HaUMMBbIE
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PucyHok. YpoBHu o6uero IgE, sigE, TARC v konnyecTBo 303MHOGUIOB B KPOBU Y 60JIbHBIX OPOHXMasNbHOMN

actmoit, Me (Q, 25— Qg 75)

Figure. Serum levels of total IgE, sIgE, TARC and blood eosinophil count in patients with bronchial asthma, Me (Q ,5—Qq 75)

Mpumeuanue. Mokazatenu obuiero IgE (ME/mn) (A), sIgE (ME/mn) (B), konmdecTBa 3031HOGUNIOB B KpoBw (x 10%/n) (B),
TARC (nr/mn) () y 3gopoBbix ilogeit (rpynna 1), 6onbHbix BA 6e3 ceHenbunuaauum kK A. fumigatus (rpynna 2), 60nbHbIx BA
¢ ceHcmbunusaumeni k A. fumigatus (rpynna 3) u ABJ1A (rpynna 4). p — 0,OCTOBEPHOCTL pa3nuuunii Mexay rpynnamu (U-kputepuii

MaHHa-YnTH®).

Note. Serum level of total IgE (IU/ml) (A), sIgE (IU/ml) (B), count of blood eosinophils (x 10%/L) (C), TARC (pg/ml) (D) in healthy
subjects (group 1), BA patients without sensitization to A. fumigatus (group 2), BA patients with sensitization to A. fumigatus
(group 3) and ABLA (group 4). p — significant differences between groups (Mann-Whitney U-test).
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pa3Inuus comepKaHus TaHHOTO XeMOKHMHA y 00JIb-
HbIX ABJIA — 811,0 ir/mi (686,5—1039,0) 1o cpaBHe-
HuUIo ¢ rpymnoi bA Asp+ (425,0 rir/m (295,0—625,0),
p=0,011) u BA Asp— (287,0 nr/mu (238,5—310,0), p <
0,001). Kpome toro ypoBeHb TARC Obl1 3HAaUUMMO
BbILIE Y O0JTBHBIX BA Asp~+ MO OTHOILIEHUIO K Mallu-
eaTtaM bA Asp— (p = 0,027) (puc., I').

Baxunass ponp TARC B mporpeccupoBaHuUM
aJJIepruuecKoro BoOCHaJeHUs y OOJbHBIX C MU-
KOT€HHOI CceHCcUOuImu3alueil IMoaTBepxXaeHa Io-
JIOKUTEJIbHON KOoppeasilnoHHON cBsa3bi0o TARC
c ypoBHeM sIgE x A. fumigatus (r = 0,776, p < 0,001),
o6uero IgE (r= 0,823, p <0,001) u orpuuaTeabHOMN
¢ O®BI1 (r=-0,552, p <0,001).

Bosbiioe KoJm4ecTBO COBpEMEHHBIX UCCIIEIOBA-
HHI TTOCBSIIIEHBI UMMYHOJIOTUIYCCKUM M3MEHEHU-
sIM, KOTOpbIE JIeXKaT B OCHOBE IMaTOreHe3a pas3inyd-
HbIX peHOTUIIOB Tsxkesoit BA [1, 2, 3, 7, 19]. Onqnako
paboThl HampaBJEHHBIE Ha OIpeacacHUEe pa3iny-
HBIX KJIOHOB T-xeanepoB y O0JbHBIX C CEHCUOUJIU-
3aluent K Aspergillus spp. HemHorouucjaeHHs [10, 18].
B xone Halero uccjieqoBaHU I Mbl OTIPEISIISIIN Cy0-
MOIYJISILIMOHHBIN COCTaB TUMMOIIUTOB KPOBH Yy Ma-
LIMEHTOB ¢ BA B3aBUCMMOCTHU OT HAJIUYM ST CEHCUOU-
u3annu K A. fumigatus v pa3Butust ABJIA. JlaHHbIe
npeacTaBiieHbl B TabJjl. 2. 3HAUYMMBIX DPa3IUYUN
no konnyectsy CD4" T-xenrepoB Mexay rpymnma-
MU OOJBHBIX M TPYNNON KOHTPOJISI YCTAaHOBJICHO
He 0bL10. [TalIeHTHI BceX rpynn UMEIN JOCTOBEPHO
oousiee Boicokuii mpoleHT CD4"CD45R A~ T-k1eToK
naMsITU II0 CPaBHEHMIO C MOKa3aTeJaeM TI'PYIIIbI
KOHTPOJISI, YTO COTJIACYETCSI C pe3yabTaTaMM IPYTUX
aBTopos [11, 32].

YcTaHOBJIEHO, YTO aHaJIM3 3KCIIPECCUM XEeMO-
KWHOBBIX PELENTOPOB IO3BOJISIET CYAUTh HE TOJIb-
KO o HampaBiaeHuu murpauumu CD4+ T-xennepos
13 KPOBOTOKA, HO MOXET BBICTYIIaTh M B Ka4eCTBE
OTHOTO M3 METOAWYECKUX TPUEMOB JUJISI OMpere-
JICHUSI MOJSIpU3allii KJIETOK B CTOPOHY TOIO WJIU
MHOro KJjoHa [6]. B Hallem wucciaenoBaHUU Bce
CD4"CD45R A~ T-xneTKu MaMsITH OBLIY pa3aeieHbl
Ha CXCRS5-nHeratuBHble 1 CXCRS5-1o3uTHUBHBIE.
Cpenn CXCRS5-HeraTuBHbIX CD4"CD45RA~
T-xenrepoB MaMsTU ObLIM BBISBJICHBI CICAYIOIINE
Th ¢ pasnunuaeiMu ¢enorurramu: Thl (CXCRS5-
CXCR3*CCR6-CCR4"), Th2 (CXCR5 CXCR3-
CCR6-CCR4"), «knaccuueckue» Thl7 (CXCRS-
CXCR3-CCR6"CCR4") n «<Heknaccuueckue» Th17.1
(CXCR5CXCR3*CCR6"CCR4").

AHanu3 cyoronyJssiliMOHHOIo coctaBa T-KJIeTokK
MaMSITH He BBISTBUII JOCTOBEPHBIX PA3JIMI I IO YHC-
ay Thl u «knaccumueckux» Thl7 mMexnay rpyrmna-
MU, BKJIIOYCHHBIMM B HCCIedoBaHUe (Tadi. 2).
YcTaHoBI€HO, YTO y Beex IpyImn 60abHbIX BA B ne-
pudepruIecKoil KpOBU OTHOCUTEIBHOE KOJTUYECTBO
Th2 3HauMMO MpeBBILIANIO TI0KA3aTEAU 3J0POBBIX
i (p=0,006,p<0,001 up <0,001 COOTBETCTBEHHO).
Conepxanue Thl7.1 0bLI0 3HAUMMO HUXKE B TPYyTIIIax
OOJIBHBIX C CEHCUOMIM3aMeN K A. fumigatus 1o cpas-

HEHUIO ¢ KOHTPOJAbHbIMU MokaszaTteasmu (p = 0,001
n p = 0,016 coorBeTcTBEeHHO). OCOOEHHOCTHIO Ta-
1eHToB ¢ ABJIA gaBuiochk 3Ha4MMO 00Jiee BBICOKOE
kommuectBo Th2 — 11,10% (8,80—13,00) 1o cpaBHe-
HuUlo ¢ 6onbHbIMU BA Asp+ (8,35% (7,40—9,80), p =
0,035) u BA Asp— (8,05% (5,75—10,10), p = 0,017).
BrisiBieHA TTOJTOXKUTEIbHAS KOPPEISIIIMOHHASI CBSI3b
Mexay konndectBoM Th2 n yposusamu IgE (r= 0,375,
p = 0,017), sIgE k A. fumigatus (r = 0,339, p = 0,030),
TARC (r = 0,577, p = 0,001) u oTpunareabHast KOp-
pensinoHHast ¢Bsizb ¢ O®BI (r = —0,381, p = 0,022)
n uucyioMm Th17.1 (r=—0,335, p =0,032).

Baxnoil cyononynsuueit T-xeanepoB SIBASIOT-
cs1 ¢ponnukynsgpHbeie T-xenmnepsl (Tfh) — CXCRS-
no3uTuBHBIC KJIeTKU. [1o aHamoruu ¢ TpaauiimoH-
HBIMU Th, cpennn CXCR5*CD45RA- CD4* T-xk1eToK
namsatu Obuin BbiaesieHbl: Tfhl (CXCR3"CCR6-
CCR47), Tfh2 (CXCR3-CCR6-CCR4%), Tfhl7
(CXCR3-CCR6"CCR4), Tfh17.1 (CXCR5*CXCR3"
CCR6Y) [6]. IIpouentHoe conepxanue Tfh2 y 60J1b-
HBIX 00eUX TPYTIT ¢ CeHCuOunu3anuei K A. fumigatus
OBIJI0 3HAYMMO BBIIIIE ITO0 CPABHEHU IO C KOHTPOJIbHbI-
mu 3HaueHUsIMU (p = 0,049 u p = 0,01 cooTBETCTBEH-
HO). Y manueHToB ¢ ABJIA ycTtaHOB/IEeHO O0Jice BBI-
cokoe yucio Tfh2 2,81% (2,00—3,70) 1o cpaBHEHUIO
¢ 6onbHBIMU BA Asp— (1,80% (1,60—2,85), p=0,021).
YcraHoBneHo cHuzkeHure yucia Tfhl y 6onbHbIX BA
ASp— MO0 CpaBHEHMUIO C TToKa3aTeassM1 00JbHBIX BA
Asp+ (p=0,031) u kouTponbHoi rpynmsl (p = 0,040).
¥V 6osbHBIX BA Asp+ BBISIBJIEHO MOBBIIIIEHUE KOJU-
yectBa Tfh17 mo cpaBHEHMIO CO 3HAYEHUSIMU YCIOB-
HO 310poBbIX U1l (p = 0,042). 3HAYMMBIX pa3Indni
B comepxxanuu Tfhl7.1 mexnay rpynmnamu, BKIIO-
YEeHHBIMU B UCCJIENOBaHUE, YCTAHOBJIEHO He OBLIO.
BrisiBieHa Moo UTEIbHAS KOPPEISILIMOHHASI CBSI3b
mexny kKomudectBom Tfh2 u ypoBHsmu IgE (r =
0,383, p = 0,015), sIgE x A. fumigatus (r = 0,373, p =
0,016) u TARC (r= 0,380, p =0,021).

YcTaHOBJIEHO, YTO OTHOCUTEJIbLHOE KOJUYECTBO
CD4"CDI127-CD25" Treg y maumenToB ¢ ABJIA, BA
Asp+ u BA Asp— n10CTOBEpHO ITpEBHIIIATIO0 TI0KAa3a-
Teab KOHTpoJbHOI Tpymnmbl (11,00% (9,10—14,00),
10,50% (7,50—12,85) u 10,20% (7,00—12,15) vs 6,7%
(5,75-7,00), p < 0,001, p = 0,002 u p = 0,002 coort-
BeTCTBeHHO). M3BecTHO, uTO Treg urparoT Ba>KHY1O
poJib B MOJJIEPXKaHU M UMMYHHOI0O roMeocTtasa [27].
OnHaKo 3HAYMMBIX Pa3JIM4YUii 1o yrcity Treg Mexay
MCCEAYeMbIMU IPyMIaMU OOJIbHBIX HE BBISIBJICHO.

Ha 3akmounTe IbHOM 3Tare UCCIIeIOBaHUS IIPO-
BEJIM CPaBHUTEJIbHBIN aHAJU3 YPOBHEW MaTOreHe-
TUYECKH 3HAYMMBIX IMTOKWUHOB, ITPONYLIMPYEMBIX
KJIeTKaM1 1LIeJIbHO KpoBU OOJBHBIX DA Asp—
u ABJIA B oTBeT Ha MHKYOAlLMIO C ajlIepreHOM
A. fumigatus. [1ns aHam3a MUTOKWHOBOTO MTpodu-
JIsl MPOBOJMJIM BBIYMCIEHNE MHAEKCA CTUMYJISIIIT
(MUC) kak COOTHOIIEHUS MHIYLUPOBAHHON MpPO-
MYKIIMU IIUTOKMHOB K MX CIIOHTaHHOI BHIPAOOTKE.
YcTaHOBJIEHO, YTO Y 3I0POBBIX JTOHOPOB aJIEPreH
A. fumigatus axTUBUpPOBaJ JUMGDOLUTHI K IIPO-
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A.1. Kosnoea u gp.

MHdekumns n uMmyHuTeT

nykumu [FNy, Ho He K Beipadotke IL-10 u IL-13
(TabJji. 3), yTO corjlacyeTcsl ¢ pesyJibTaTaMu JAPyTUx
aBTopoB [18]. B rpynre 6oabHbIXx ABJIA 110 cpaBHe-
HUIO C TPYNNOI KOHTPOJISI ObIJIU BbISIBJICHbBI 3HAY -
Mo 6osiee Hu3Kue yposHu IFNy (15,0 nr/ma (10,0—
32,0) vs 32,0 nr/ma (20,8—49,0), p = 0,001) 1 3Haue-
Hust UC (1,00 (0,98—1,37) vs 5,76 (2,14—11,01), p <
0,001) B oTBET Ha MUHAYKIIUIO TPUOKOBBIM ajljiep-
reHoM. HampoTtuB, KjaeTku KpoBu 60abHBIX ABJIA
CUHTEe3UpoBasu Oojiee Bbicokue ypoBHu IL-10
(126,0 ir/mut (94,4—159,0) vs 21,2 rir/ma (10,0—36,0)
n 24,5 rir/mi (22,0-32,5), p < 0,001 u p < 0,001 co-
orBercTBeHHO) 1 1L-13 (104,0 rir/ma (72,4—250,0) vs
44,5 nr/ma (42,0—-56,0) 1 59,0 ir/mat (38,4—59,6), p <
0,001 u p = 0,001 cOOTBETCTBEHHO) IO CPAaBHEHUIO
C TokasaTejJssMU O0oJbHbIX BA Asp— M 310pOBBIX
auu. CrenoBaTelbHO, WHAEKCHl CTUMYJISIIAW OIS
IL-10 (4,96 (2,95—41,83) vs 0,58 (0,25—1,55) u 1,14
(1,06—1,50), p = 0,001, p = 0,001, cOOTBETCTBEHHO)
u IL-13 (3,67 (2,08—6,56) vs 0,97 (0,84—1,10) u 1,09
(0,95—1,20), p < 0,001, p = 0,001, cOOTBETCTBEHHO)
3HAYMMO OTJIMYAJIUMCh OT 3HAUeHUI OOJbHBIX BA
ASp— 1 KOHTPOJIBHOM I'PYTITIHI.

B rpynme 6oabHbIX BA Asp- He ObLJIO BBISIBJIE-
HO CIMOCOOHOCTU I'pUOKOBOIO aJllepreHa CTUMYJIU-
poBaTh KJETKU KpoBU K BbipadboTke I1L-10 u IL-13,
Tak Kak nokasateau MC He oTauyauch OT KOH-
TpoabHBIX 3HaUeHul (p = 0,13 u p = 0,09) (Tadma. 3).
TlonyyeHHble maHHBIE MOTYT CBUIETEJbCTBOBATh
0 BbIpaXk€HHO aKTUBAILIMU KJIOHOB T-TUMGbOIIUTOB,
cneludUYHBIX K APYTUM aspoajjepreHaM, HO He
K TIJIECHEBBIM MUKPOMMIIETAM, YTO MOATBEPXAAeT
otcyTcTBUE y 60abHBIX BA Asp- sIgE k A. fumigatus.
Takum o00pa3oM, aHTUTEH-CIlenudUUYecKass CTU-
MYJISIIUS KJIeTOK KpoBU 00JbHBIX ABJIA BbI3bIBa-
Jla 1OCTOBEepHO OoJiee BbICOKYIO Mpoaykiuto IL-10
u IL-13 n Huskyto BbipadoTky [FNY 1o cpaBHeHM10
CO 3HAYEHUSIMU B Ipynne KOHTpoJisd U BA.

O6cyxaeHne

OnyOoIMKOBaHBI Pe3yJIbTaThl MCCIICAOBAHUM, CO-
IJIaCHO KOTOPBIM MMKOT€HHAsI CEHCHUOMIM3AIINSI
aCCOIIMMUPOBaHA C TSKEIbIM TeueHueM BA, pa3Bu-
THEM OpPOHXO03KTa30B M ¢udposa [15, 26]. B pabore
Woolnough K_.F. 1 coaBT. moka3aHo, 4to ypoBeHb SIgE

Ta6auua 3. MokasaTeny CNOHTAHHOW U AaHTUTF€H-CTUMYNIMPOBAHHOM NPOAYKL MU LMTOKUHOB Y 60JIbHbIX
O6poHxmnanbHoi acTmol 6e3 ceHcnbunusauum K A. fumigatus n ABJIA, Me (Qq 55—Q 75)

Table 3. Parameters of spontaneous and antigen-stimulated cytokine production in patients with bronchial asthma
without sensitization to A. fumigatus and ABPA, Me (Qq 25—Qq 75)

Fpynnbi/Groups
BA 6e3 ceHcMOUnU3auumn DocToBepHO
Mokasarens KOHFTP?_::;"M K A. fumigatus ABJIA 3HaynMmble
Parameters Con?r‘clnl rou BA without sensitization ABPA pasnunyns
group to A. fumigatus n=15 p value
n=16 -
n=16

IFNY cnoHTaHHbIl, Nr/mn 77 7,3 13,4 B
IFNy spontaneous, pg/ml (3,45-10,35) (5,0-19,4) (6,0-18,8)
IFNYA. fumigatus, nr/mn 32,0 21,0 15,0 *0=0.001
IFNYA. fumigatus, pg/ml (20,8-49,0) (16,0-32,0) (10,0-32,0) p=5
UC IFNy 576 1,87 1,00 . *To i%’%%l;
IS IFNy (2,14-11,01) (1,18-5,83) (0,98-1,37) %0 =0,049
IL-10 cnoHTaHHbIW, Nr/mn 19,5 23,2 22,0 B
IL-10 spontaneous, pg/ml (16,0-28,5) (17,4-45,0) (6,4-42,0)
IL-10 A. fumigatus, nr/mn 245 21,2 126,0 *p < 0,001
IL-10 A. fumigatus, pg/mi (22,0-32,5) (10,0-36,0) (94,4-159,0) **p < 0,001
UCIL-10 1,14 0,58 4,96 *p=0,001
IS IL-10 (1,06-1,50) (0,25-1,55) (2,95-41,83) **n=0,001
IL-13 cnoHTaHbIit, nr/Mmn 53,0 52,1 38,2 B
IL-13 spontaneous, pg/ml (40,0-61,2) (42,0-54,1) (31,8-52,0)
IL-13 A. fumigatus, nr/mn 59,0 44,5 104,0 *p=0,001
IL-13 A. fumigatus, pg/ml (38,4-59,6) (42,0-56,0) (72,4-250,0) **p=<0,001
UCIL-13 1,09 0,97 3,67 *p=0,001
IS IL-13 (0,95-1,20) (0,84-1,10) (2,08-6,56) **p=<0,001

Mpumeyanme. *p — cTaTUCTMHECKAS 3HAYMMOCTb Pa3nnyuin Mexay rpynnoii ABJIA n koHTponem; **p — cTaTucTnieckas 3Ha4MMOCTb Pa3NNYKA MeX Iy
rpynnamv ABJIA n BA 6e3 cencnbunudaumu k A. fumigatus; ¥p — cTaTucTuyeckas 3Ha4MMoCTb pasnuymnii Mexay rpynnoii BA 6e3 ceHcnbunusaumm

K A. fumigatus v xoHTponem (U-kputepuit MaHHa-YuTHu).

Note. *p — statistical significance of differences between ABPA and control groups; **p — statistical significance of differences between ABPA and BA
without sensitization to A. fumigatus groups; #p — statistical significance of differences between BA without sensitization to A. fumigatus and control

groups (Mann-Whitney U-test).
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K TepPMOTOJIEpAHTHBIM HUTYATHIM IT'prOaM, B YaCTHO-
ctu K A. fumigatus, HO He ypoBeHb obiiero IgE, ob11
B3aMMOCBSI3aH ¢ (PMKCUPOBAHHOI OOCTPYKIIMEi BO3-
JIYIITHOTO TIOTOKA U PSIIOM PagUOJIOTMUSCKUX M3Me-
HEHUI y 60JIbHBIX DA pa3inyHOi CTENeHU TSIKECTHU.
ABTOpBI cie1a v BBIBOJI O BOBMOXKHOM PUCKE MTOBPEK-
JIEHUSI JIETKUX Y BCeX OOJIbHBIX C CeHCUOMJIM3aluen
K A. fumigatus He3aBUCUMO OT TOTO, COOTBETCTBYIOT
s oHu kputepusiM ABJIA [33]. CxonHble pe3yabTaThbl
ObLIIM TTOJy4YeHbl HaMU paHee. [Toka3zaHo, YTO cCeHCH-
ounuzanus K A. fumigatus, HO He K APYTUM a3poall-
JIepreHaM, CYIIeCTBEHHO yXyamaeT TedeHue BA [4].
B HacTos1eM uccienoBaHUM y OOJIbHBIX C CEHCUOU-
Ju3anuent K A. fumigatus yCTAaHOBJICHBI XyIIIME TOKa-
zarenn ODBI u pesynsratoB ACT. BeisiBiieHa oTpu-
HaTeabHasl KOPPEISIIMOHHAS CBSI3b MEXKIY YPOBHSIMU
sIgE k A. fumigatus n nokasaresem ODBI (r = —0,605,
p <0,001). ITonyyeHHbIe fTaHHBIE YKa3bIBalOT Ha OoJiee
BBIpaskeHHOE BOCHAJICHUE U BO3MOXKHOCTH JIECTPYK-
THUBHBIX UBMEHEHU I B JIETKUX y 0071bHbIX BA ¢ ceHcu-
ownmzanueit K A. fumigatus, 9TO TUKTYET HEOOXOMU-
MOCTb JTaJIbHEHIIIETO NeTaJIbHOrO U3yYeHUsl OCOOCH-
HOCTEM UMMYHOITATOr€He3a MUKOIT€HHOM aJlJIEPTU M.

Ha coBpemMeHHOM 3Tare u3BeCTHO, YTO UMMYHHBIC
peaxkiny, BO3HUKAIOIINE B JBIXaTSITbHBIX Ty TSIX TTPU
KOHTaKTe ¢ TPUOKOBBIMU ajljiepreHaMH, BOBJICKAIOT
TYYHBIE KJIETKHU, 6a30(UJIbI, 203MHO(MUIIBI, BPOXKIESH-
Hble JUMGOUIHBIC KICTKU, M2-MOJISIPU30BaHHbBIC
makpodaru u Th2 [29]. Bopixaemble TpuOKOBBIE aJi-
JIEpreHbl TIOTJIONIAl0TCS JACHIAPUTHBIMUA KJIETKAaMU
(DCs). AktuBupoBaHHble DCs MUTrpupyloT B JIpe-
HUpYOLINe TUMGaTUISCKHUE Y3JIbI, TA¢ OHU KOHTPO-
qupyoT nuddepenimposky CD4" T-kierok [25].
Huddepennmporka CD4" T-xnetok B Th2 3aBucut
ot TSLP, TARC/CCLI17 u MCD/CCL22. IlosiBnsieTcst
Bce OOJTbIIIE T0KA3aTeabCTB TOro, 4To uMeHHO TARC
UTpaeT BaXXHYIO POJIb B ITATOTeHE3e aJJIEPTMICCKUX
peakuuii [16]. Tak ycraHOBJIEHO GoJiee BLICOKOE CO-
nepxkanne TARC B ChIBOPOTKE KpOBHU Yy TallleH-
TOB ¢ BA 10 cpaBHEHMIO C KOHTPOJIBHOI TPYMIOIA.
OOpamniaeT BHUMaHUE, YTO KOHIICHTPAIINSI XeMOKMHA
yBen4uBaaach ¢ Bo3pactoM [17]. Yormaz B. u coaBT.
COOOLIMIN, YTO CbIBOPOTOUYHbIE YpoBHU TARC MOXK-
HO MCITOJIb30BaTh B Ka4eCTBE OMOMapKEepPOB 303MHO-
dussHOTO (peHotuma BA [35].

B coorBeTcTBUU C paHee OMyOJIMKOBAHHBIMU
MaHHBIMU [5], Mbl BBISIBUJIM 3HAYMMBbIE pPa3IUudUs
ypoBHeii TARC y 6onbHbIX ABJIA 1 60oibHBIX BA
¢ ceHcmOMIM3alueit K A. fumigatus Mo cpaBHCHUIO
C mokasareasiMu OOJIBHBIX TPYMITbl CPaBHEHUSI.
IMonoxutenbHast koppeasiiuoHHasi cBsidb TARC
c ypoBHsMu obiuero IgE, sIgE x 4. fumigatus v otpu-
narenbHasgs ¢ OM®BI nmoaTBepXaaeT BakHOE 3HAYE-
HUE JaHHOTO XeMOKWHA B Pa3BUTUU aJIJIEPTUUeCKO-
ro BOCHAJICHUsI Y OOJIbHBIX C MMUKOTE€HHOM CEHCH-
Ounu3aiueil M ykasplBaeT Ha BO3MOXXHOCTD €ro UC-
MoJIb30BaHUS B nuddepeHIInaIbHON TUarHOCTUKE.

IMocne akTuBanuu ajiepreHoM T-KJIeTKu pas-
JIeNSI0TCS Ha Tonyasiuuu 3¢ eKTopHbIX T-KJIeTOK

n T-KJIETKM maMmsITh, TTOCIeAHNE TTOApa3AeIsTIOT-
ca Ha CCR7- sdpdekTopHbie T-KJIETKU MaMsITHU
(Tem) m CCR7" meHTpanbHble T-KJIETKU NaMSTHU
(Tem) [6]. CuuTatoT, uTo T-KJIETKY MaMsITH CBsi3a-
HBI C XpPOHUYECKU MU BOCTTAJIMTEIbHBIMU 3a00IeBa-
Husmu [21, 22]. OnHaKO KOHKPETHBIE CYOIOMnysi-
nuu T-KJIETOK IaMsITH YeJIOBeKa, OTBETCTBEHHBIC
3a aJUIeprMYecKoe BOCHAJICHME TPH Pa3IMUHBIX
sHaotumnax bA, HEZOCTaTOYHO XOPOIIO OXapaKTe-
pusoBaHbl. [ToaTOMy KpaiiHe Ba’XHO ONpeAcauUTh,
Kakue cyononyasinuu T-KJIETOK MaMsITU CBSI3aHBI
C XpOHUYCCKHUM BOCHAJICHUEM B JISTKUX Y OOJIBHBIX
¢ ceHcubum3anueit K A. fumigatus. MoxHO TIpea-
MOJOXUTh, YTO T-Kj1eTKU 60JbHBIX BA ¢ ceHcnOu-
nusanuei K A. fumigatus o61a1al0T YyHUKAJIbHBIMU
deHOTUTIAMU U PYHKIIUSIMU, KOTOPBIE MOTYT IO~
JIep>XKUBaTh XPOHUUYECKOE BOCITaJIeHUE B HUXHUX
JbIXaTeJIbHBIX MYTSIX.

B xome wuccrnemoBaHus ObLIO BBISIBJIGHO 3Ha-
YUTEJbHOE YBeJIMYeHUe UUpKyIupylomux CD4*
CD45RA~ T-kjeTok maMsaTu y Bcex 00abHbIX BA
0 CPaBHEHMIO C TPYIIION KOHTPOJIsI. U3BECTHO, UTO
CD4* T-k1eTK| ITaMsSITU MOT'YT ObICTPO Mpoandepu-
pPOBaTh B OTBET Ha IIOBTOPHOE ITPOHUKHOBEHHUE CITEII-
nduIecKoro aHTUreHa u npuodperarh 3hheKTop-
HBII (DEHOTHIT C CeKpelreil IMTOKMHOB U XEMOKM-
HOB [24]. CnenoBaTelIbHO, TOJTOXUBYIIME T-KIeTKI
naMsITH, oOHapy>KeHHBIe B KPOBU ITAalIUEHTOB C BA,
MOTYT UTPaTh BaXXHYIO POJIb B XpPOHMYECKOM BOCIIa-
JICHUU HUKHUX JIBIXaTeIbHBIX ITyTei B OTBET Ha pa3-
JIMUYHbIe ajiepreHbl. PaHee coobianoch 00 yBeau-
yenuu uucia CCR4" Th2 y maumentoB ¢ BA [20,
32]. AHanu3 HaIIWX JAaHHBIX YCTAHOBUJI, UTO Y BCEX
MalMeHTOB, BKJIIOYEHHBIX B KUCCJIENOBAaHUE, MOBbI-
LIIEHO YMCJIO HUPKYAUpyomux Th2 KIeToK naMsTu
110 CPAaBHEHU IO C KOHTPOJIbHOM I'pyNIioi. Y 60JIbHbBIX
ABJIA gucno Th2 KeToK ImaMsTH OBLIIO BHIIIIE, YeM
y 6osibHBIX BA ¢ ceHcubunauzanueit 1 6€3 TaKOBOI
K A. fumigatus. HanipoTuB, YCTAaHOBJIEHO CHUXXEHUE
yucna Th17.1 y 6onsHbIX ABJIA 1 BA ¢ cencubunm-
3anmeit K A. fumigatus o CpaBHEHUIO C TIOKa3aTeIsI-
MU YCJIOBHO 3JIOPOBBIX JOOPOBOJIBIICB.

M3BecTHO, uTo 1nocie akTuBauuu Th2 mpogyiu-
PYIOT psii MPOBOCHAJIMTEIbHBIX HUTOKMHOB: 1L-4,
IL-13, IL-5 u IL-9. 3a nponudepaiinio aaaepreH-
crienudurueckux B-KJIETOK U MEpeKJTIoUeHUe U30-
TUIIOB UMMYHOTJ100y1MHOB Ha IgE ki1acc oTBevaloT
IL-4 u IL-13. I'maBHbI#t nutokuH Th2 — IL-13 —
WHIYIMPYET MeTarjIa3nio 00KaJOBUIHBIX KJIETOK,
Gubpo3 U runeppeakTUBHOCTbL OPOHXOB, U B cOYe-
TaHuu ¢ IL-5 criocoOcTByeT npoaudepaliid U Bbl-
JKWBaHUWIO 303MHOMUIIOB B IbIXaTeJIbHBIX TYyTAX [16].
B Hamem wmcciaenoBaHWM, YCHJICHHWE aKTUBHOCTU
Th2 knetok mamsaTu y nauueHtoB ¢ ABJIA mon-
TBepXkaaeT noBbilieHue cekperuu IL-13 Ha doHe
cHuxxeHus BbipaboTku [FNy B orBeT Ha cnietndu-
YEeCKYIO0 CTHUMYISIHNIO KJIECTOK KPOBU T'PUOKOBBHIM
aJIJIEePTeHOM II0 CPaBHEHUIO C TPYIIOU KOHTPOJIS
v 0osbHBIMU BA. [TonydeHHbIe JaHHBIE COTIacyIOT-
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cs1 ¢ paHee MPpeACTaBJICHHBIMU pe3yJabTaTaMU B Apy-
roM wucciaenoBaHuu. IlokazaHo, 4YTO y MallMEeHTOB
¢ ABJIA HabG00a/10Ch YBETMUYEHWE UHAYIIUPOBAH-
HbIX Aspergillus spp. 1L-5 u IL-13 1 cHUXeHue Tpo-
nykunu [IFNy o cpaBHeHH IO CO 310POBBIM KOHTPO-
aem [10]. YcraHoBJieHHass HaMU TMOJIOXMUTEbHAasI
KOppeasiiMOHHAas CBSI3b MeXy KojJndecTBoM Th2
kaetok namsaTu U ypoBHsmu sIgE, IgE, TARC u ot-
punarenbHas c ODBI moaTBepXIaeT KIMHUIECKYO
3HAYMMOCTb JAHHOTO TIOKa3aTeasl y IallueHTOB
C MUKOIeHHOI ceHcubuauzauuein. 3HauMMble pa3-
anuug 1o yucay CXCR3* Thl u «KJlacCUUeCKUX»
CCR6"CCR4" Thl7 B KpoBM MHAllMEHTOB U KOH-
TPOJIbHBIX CYOBEKTOB HE OBIJIU BBISIBJCHBI, YTO COB-
najaeT ¢ pe3yJbraTaMu ApyTrux aBTopoB [32].

Tlocne aktuBauuu antureHoM CXCRS5* B-num-
GOLUTHI MUTPUPYIOT B TIePBUYHbBIE (DOJIUKYJIbI
auMdaTUYeCKUX Y3JIOB, Tl€ MPOUCXOAUT Iepe-
KJIIOUEHUEe U30TUIA U «Co3peBaHue» adduHUTEeTa
WMMYHOTJIOOYJIMHOB MPU yYacTU (hOJUTUKYJIISIPHBIX
JeHAPUTHBIX KJaeToK U Tfh. OTauYuTenbHON yep-
toit Tfh aBnsieTcs akcnipeccuss CXCRS. Cuuraercs,
uyTto Tfh2 jierko BcTynaroT B KOHTAKT ¢ B-kJjieTkamMu
anasa aktuBauuu depe3 CXCL13, nurang CXCRS,
CEKPETUPYEMbI1 pa3TUYHBIMU KJEeTKaMU, BKJIIO-
yasg GONTUKYASIpHbIE ASHAPUTHBIE KJIETKHW, DH-
JoTeauabHble KJETKM, a Takxe kjetku Tfh [13].
Ony6JMKOBaHbI CBEIEHUS O CBSI3U AUMbepeHIU-
poBku Th2 u Tfh2, cortacHO KOTOPBIM OHU BHOCST
BKJIJ, B MaTOr€HE3 ajJIepruyeckoro BOCIaJIeHUS,
onocpenoBaHHoro IgE [19, 30]. B mocnenHee BpeMs
MOSIBJISIIOTCS HOBbIE JaHHbIE 0 ToM, uTo Tfh, a He
Th2, urparoT peluaroliiyo pojb B KOHTPOJIE TPOIYK-
uuu IgE [34]. B Harem ucciaegoBaHUM HaUOObIIee
yuciyo Tfh2 ycranoBneHo y 6oabHbIX ABJIA, a Tak-
ke y 60bHBIX BA ¢ ceHcubunuzanueu K A. fumigatus
W BBbISIBJIEHA TMOJOXUTEJAbHAsS KOPPEISIIMOHHAS
cBsi3b Mex a1y koaudectBoM Tfh2 u ypoBHsamu IgE,
sIgE x A. fumigatusu TARC, HO oTCyTCTBOBaJIa CBSI3b
C nokasaTreJsiMu hbyHKIIUU AbIXaHUS.

UzBecTHO, yTo CD4" T-nuMdoOLUUTHl coaepKaT
cyononyasauunio T-peryasaToOpHbIX KJIeTOK, obecne-
YHBAIOIIUX ayTOTOJEPAHTHOCTh K COOCTBEHHBIM
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SEROGROUPS AND ANTIMICROBIAL
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Abstract. This article presents current relevant data on the serogroups and antimicrobial susceptibility of Salmonella
strains isolated in the southern provinces of the Socialist Republic of Vietnam. There were examined 189 Salmonella
strains isolated from: human feces in acute diarrhea (86 strains); and pork samples (103 strains). Serological O-group
identification was performed by slide agglutination with O- and H-antisera and multiplex PCR to detect H phase-1
and phase-2. Antimicrobial susceptibility testing was performed by using the disk-diffusion method according to the
EUCAST (version 2019) recommendations. Strains isolated from humans predominantly belonged to O4 group (69.8%).
The percentage of other serogroups varied from 1.2% (rare group 016) to 11.6% (09). About a half of strains (44.7%) iso-
lated from pork samples turned out to belong to the 03,10 serogroup (vs 7.0% of strains from humans). Serogroups O7,
04 and O8 were less frequent (22.3%, 14.6% and 13.6%, respectively). Single strains belonged to serogroups 09, 013,
and O18. Regardless of the isolation source, about 80% of Salmonella strains were resistant to antibiotics from different
antimicrobial groups (besides carbapenems): 67.0% were resistant to tetracycline; about half were resistant to pefloxa-
cin, ampicillin and chloramphenicol (54.0%, 47.1%, 46.6%); and up to 40% were resistant to trimethoprim/sulfameth-
oxazole and nalidixic acid. The proportion of strains resistant to ceftriaxone and gentamycin was markedly higher
in those of human vs pork origin: 12.8% vs 1.0% and 30.2 vs 1.9%, respectively. Moreover, 62.8% and 43.7% strains
of human and pork origin, respectively, showed multidrug resistance (to 3 and more antimicrobial groups). In addition,
simultaneous resistance to 6 antimicrobial groups was detected much more frequently in Salmonella strains isolated
from humans vs pork samples (15.1% vs 1.0%, respectively). Multidrug resistance (MDR) was observed in strains of dif-
ferent serovars, predominantly S. Typhimurium (36.4%). The predominant MDR (30.3%) phenotype (AMP, TE, QN,
C, SXT) was revealed in serovars of §. Typhimurium, §. Bredeney, S. Corvallis, S. Give, S. London, S. Rissen, and
S. Meleagridis. Thus, Salmonella strains isolated in the southern Vietnamese provinces featured resistance to fluoro-
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quinolones and cephalosporins. Taking into account simultaneous loss of susceptibility to “old” antimicrobials (am-
picillin, chloramphenicol, trimethoprim/sulfamethoxazole), it crucially restricts the list of effective medicines to treat
complicated salmonellosis cases.

Key words: Salmonella, antimicrobial resistance, multidrug resistance, serovar.

CEPOJIOT'MYECKAY CTPYKTYPA U4YBCTBUTEJIbHOCTb K AHTUBUOTUKAM LULTAMMOB
SALMONELLA, BbIAEJIEHHbIX OT JIIOAEU U U3 NULLLEBBLIX MPOAYKTOB B KO)XKHbIX
NMPOBUHUNAX BbETHAMA

Eroposa C.A.', Yyonr K.H.2, KadgreipeBa JI.A."*, Koxxyxosa E.A.4, Makaposa M.A."3, Kyounr K.X.2, By X.H.?,
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Pestome. B cTraTbe mpencTaBiaeHB COBpeMEHHBIC JaHHBIE O CEPOTPYIIIIOBOI CTPYKTYPE M YYBCTBUTEIBHOCTU K aHTH-
OmoTHKaM MTaMMOB Salmonella, BEIIEICHHBIX B I0XKHBIX TpoBUHIUSIX Conmannctudeckoil Pecmyonmku BreTHAM.
Bcero uccnenosano 189 mrammos u3 kojtekuuyn Mucrturyra [actepa B . XOLIMMKH: BbIAEIEHHBIX OT JIIoaeii — 86
1 U3 cBUHUHBI — 103 mramMma. [lTamMmMbl uaAEeHTUGULIMPOBAIN 10 CEpOBapa ¢ UCMOJAb30BaHUEM PeaKLIMU arTI0THHA-
uuu Ha ctekjie ¢ O- u H-coiBopoTkamu v My abTunaeKcHbiX [P gis BoisiBienus H 1 u 2 pasbl. UyBCTBUTEIBHOCTD
K aHTUOMOTHUKAM OMpeneasian Aucko-nuddy3noHHbIM MeToaoM coriacHo pekoMmeHpauusm EUCAST (2019 r.).
[TamMMBI, BEIICTICHHBIE OT JIFOACH, TPEUMYILECTBEHHO NTpruHamiexaitu ceporpyiime 04 (69,8%), moyst iTaMMOB JIpY-
IUX ceporpymni konebdamack ot 1,2% (penkas rpymima O16) no 11,6% (09). OkoJ10 oJ0BUHBI I TaMMOB (44,7%), BblIe-
JIEHHBIX 13 CBUHMHBI, OTHOCUJINCH K ceporpyrie 03,10 (ot mroneit — Tosbko 7,0% mtaMMOB); ITaMMbI ceporpyi O7,
04 u O8 BbLaCISIM 3HAUUTETbHO pexe (22,3%, 14,6% u 13,6%); k rpyninam 09, O13 1 O18 npuHaaiexai eAMHUYHbIE
TaMMbl. BHE 3aBUCMMOCTH OT UCTOYHMKA BbIaeaeHUs 0koJo 80,0% 1utaMMoB Salmonella ObLIY YCTONYUBLL K aH-
TUOMOTHUKAM Pa3JM4YHbIX IPYIN (McKItovast KapbaneHeMbl): 70,0% — K TeTpalUKJIKHAM, 0KOJIO mojaoBuHbI (54,0%,
47,1% un 46,6%) — x nedJoKcalHy, aMUHOIEHULIMJIIMHAM 1 XJopaMbeHunkoiny, nmoutu 40% — K TpUMETOIpUM/
cyIb(aMeTOKCa30y U HATUIUKCOBOI KucaoTe. o yCTOMUYMBHIX K e TPUAKCOHY M TEHTAMHUIIMHY ObLIa 3HAUH-
TEJIbHO BBILIE Y IITAMMOB, BbIAEJIEHHBIX OT JIoAel, ueM u3 cBUHUHLL: 12,8% u 1,0%, 30,2% u 1,9% cOOTBETCTBEHHO.
MHOXeCTBEHHOM Pe3UCTEHTHOCTHIO (K 3 1 6oJjiee rpyInaM aHTUOMOTHKOB) 00/1aaaau 62,8% WITAMMOB, BbIAEIEHHBIX
ot joneit u 43,7% — u3 cBuHUHBL ClieqyeT OTMETUTD, UTO PE3UCTEHTHOCTD K 6 TPyIaM aHTMOMOTHKOB Yallle BbI-
SIBJISUTM Y IITAMMOB, BBIIEJIEHHBIX OT JIoneid, ueM u3 cBUHUHEI (15,1% u 1,0% cooTBeTcTBeHHO). MHOXECTBEHHYIO
PE3UCTEHTHOCTh OTMEUAIK Y IITAMMOB Pa3MYHBIX CEPOBAPOB, HO MpenMyilnecTBeHHO Y S. Typhimurium (36,4%).
Hawubonee yacto BcTpeyanu peHOTHIT MHOXecTBeHHOMU ycToitunBoct AMP, TE, QN, C, SXT (30,3%), BhIsIBIEH-
HBIH y ITaMMOB cepoBapoB S. Typhimurium, S. Bredeney, S. Corvallis, S. Give, S. London, S. Rissen, S. Meleagridis.
Takum oOpa3om, y miTaMMoB Salmonella, BbIIeNIEHHBIX B I0XKHBIX TPOBUHLIMSIX BheTHaMa, BbIsIBJIEHA YCTOHUMBOCTD
K COBPEMEHHBIM IpernaparaM BeiOopa ((hTOpXMHOIOHAM U IiedalocoprHaM), YTO, HapsSIAy ¢ MOTepeil YyBCTBUTEIb-
HOCTHU K «TPaAMLIMOHHBIM» aHTUOMOTHKAM (AMIIMLIMJUIMH, XJIOpaM(pEHNKO, TPUMETOIPUM,/ CyIb(paMeTOKCa30),
CYIIIECTBEHHO COKpAaIlaeT apceHaJl aHTMMUKPOOHBIX (3TMOTPOIHBIX) ITPErapaToB, MOTEHIIMAIbHO 3(D(hEKTUBHBIX
IIJISI TepaITuK OCJIOKHEHHBIX (hOPM CaTbMOHEIIIEe3a.

Karuesnie caosa: Salmonella, ycmoﬁuu@ocmb K aHmu6u0mu1€aM, MHOMICECMEEHHAsA pe3UuCmeHmHocCms, ceposap.

Introduction

According to WHO data, from 1 to 1.7 billion
cases of acute diarrhea are registered annually. Thus,
they are the leading infectious illness, followed only
by acute respiratory infection. Globally, acute diar-
rhea accounts for more than 500 000 deaths in chil-
dren, occupying second place in mortality in those
younger than 5 years old (https://www.who.int/
news-room/fact-sheets/detail/diarrhoeal-disease).

In Russia as well as in European countries, the caus-
ative agents in up to 70% of acute diarrheal cases
(especially food-borne outbreaks) are Rotavirus
and Norwalk viruses. The most widespread bacte-
rial agents of acute diarrhea cases are Salmonella
and Campylobacter |8, 12]. Salmonellosis is known
to have different clinical patterns, predominantly
resulting from digestive tract effects, with potential
to spread beyond it with development of toxic and de-
hydration syndromes of various severity. Salmonella
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has potential to cause food-born infection with small
and large outbreaks [12].

In Vietnam, the prevalence of acute diarrhea
in infants is 271 per 1000 children. In more than 70%
of cases, there were detected such viruses as Rotavirus
(50.0% of samples) and Norwalk (24.0%). Among
bacterial agents, Campylobacter (20.0%), Salmonella
(18.0%), and Shigella (16.0%) were found [9,15].
In 2009—-2010 in Ho Chi Minh City, non-typhoid
Salmonella were detected in 5.4% of acute diarrhea
cases in children under 5 years old [24]. Compared
to Russia, where serovar . Enteritidis accounts
for more than 80.0% of cases and has dominated
for many years, in Vietnam the serogroup spectrum
of Salmonella isolated both from humans and food
is more diverse. For example, an examination of adult
hospitalized casesin 2008—2013 revealed S. Enteritidis
and S. Typhimurium in 48.0% and 26.0% of cases, re-
spectively [20]. Salmonella isolated from healthy food
workers in different years belonged to different sero-
groups and serovars. For example, Salmonella isolates
in 2011 were as follows: serogroup E (32.7%); serovar
S. Paratyphi B (29.1%); and serogroups C and B (18.2%
and 10.9%, respectively). Strains isolated in 2012 be-
longed to: S. Enteritidis (30.0%); serogroup B (17.5%);
serogroups C and D (except S. Enteritidis) (12.5%);
and serogroups A and E (10.0%). In 2013, strains from
serogroups B, E, and C dominated (55.6%, 22.2% and
16.7%, respectively) [23].

In Vietnam, there have been many examina-
tions of samples taken from food-producing ani-
mals, poultry, prawns, fish, and food items as po-
tential sources and vehicles of Salmonella transmis-
sion to humans. High levels of contamination with
Salmonella (belonging to 28—53 serogroups) have
been described [16, 17, 19, 22, 25, 26, 27].

Examination of pigs and chickens revealed
that contaminated samples were found in 50.0%
of poultry farms and in 70.0% of pig breeding farms.
The isolates belonged to 28 serovars, with leading
of: S. Weltevreden (up to 20.0%); S. Typhimurium
(12.0%); and Salmonella 4:12: i-- (11%) [17, 25].
S. Weltevreden was detected in every forth shrimp
farm in the Mekong delta covering three Vietnamese
provinces [19]. Some studies (2004—2016 in prov-
inces of Southern Vietnam) showed that the preva-
lence of Salmonella isolated from pigs increased sig-
nificantly from 5.2% to 64.4% of samples. In Vinh
Long, Salmonella was isolated from sick and healthy
pigs (61.5% and 8.8%, respectively). In Dong Thap,
the percentage of Salmonella contaminated samples
was 64.7% in chickens and 91.3% in pigs [16, 27].

Antimicrobial therapy is usually prescribed: to pa-
tients with systemic (invasive) salmonellosis; middle
or severe course (e.g., fever longer than 48 hours); age
less than 6 months or more than 50 years; with im-
mune deficiency; or with severe concurrent diseases.
Empiric therapy suggests prescribing fluoroqui-
nolones, extended spectrum cephalosporins, or tri-

methoprim/sulfamethoxazole [1, 6, 10, 21]. However,
Salmonella isolated from humans, animals, and food
items is displaying increasing antimicrobial resist-
ance in many countries [13]. In Russia, the percentage
of such Salmonella strains (isolated from humans, ani-
mals, and food items) is up to 50-70.0% [2, 3, 4, 5, 7].

Most Salmonella strains (about 60.0%) examined
by different researchers in 2004—2017 in Vietnam
were resistant to such antibiotics as: ampicillin
(more than 40.0% of strains); tetracycline (more
than 50.0%); trimethoprim/sulfamethoxazole (up
to 60.0%); chloramphenicol (up to 50.0%); and cip-
rofloxacin (more than 30.0% of strains) [16, 17, 18,
19, 22, 23, 25, 26, 27, 28]. According to different re-
search data, from 17 to 52.2% of strains had multid-
rug resistance (MDR). S. Kentucky ST198 was con-
sidered the most frequent MDR serovar, with high
levels of resistance to -lactams and quinolones.

Notably, there was one strain (from pork) exhibit-
ing colistin resistance. It is the first colistin-resistant
Salmonella found in meat in Vietnam [18,28]. Some
data indicate that the percentage of Salmonella strains
producing ESBL (TEM and CTX genetic families)
is equal to 5.3%. Strains predominantly belonged
to serogroup B, with S. Paratyphi B included [23].
This study’s objective was to characterize the sero-
group structure and to evaluate antimicrobial suscep-
tibility of Salmonella isolated from humans and food
samples in South Vietnam.

Materials and methods

The study was performed within a framework
of scientific cooperation between the St. Petersburg
Pasteur Institute and the Pasteur Institute in Ho Chi
Minh City. The samples studied were 189 Salmonella
strains isolated in South Vietnam: 86 strains from
feces of humans with acute diarrhea; and 103 from
pork samples.

Salmonella serological identification to O-group
was first determined by slide agglutination with
O-group antisera (St. Petersburg Scientific Research
Institute of Vaccine and Serum, Russia). Phase-1 and
phase-2 were then detected by multiplex PCR [11,
14], with subsequent confirmation by slide agglutina-
tion with phase-1 and phase-2 antisera.

Antimicrobial susceptibility testing was done ac-
cording EUCAST recommendations (version 2019,
https://www.cucast.org/ast_of bacteria) by the disk-
diffusion method with Mueller—Hinton agar and
antibiotic disks (Oxoid). The tested antimicrobials
belonged to different antibiotic classes: B-lactams
(ampicillin, ceftazidime, ceftriaxone, meropenem);
quinolones (nalidixic acid, pefloxacin); tetracy-
cline; phenicols (chloramphenicol); trimethoprim/
sulfamethoxazole; polymyxins (colistin); and ami-
noglycosides (gentamycin, amikacin). Results were
interpreted according EUCAST criteria, version
2019 (https://www.eucast.org/fileadmin/ src/media/
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Table 1. Salmonella serovars isolated from humans and pork in southern provinces of Vietham
(number of strains, proportion, 95% confidence interval)

Number of strains isolated from
O-group Serovar
human pork Total
S. Typhimurium 40 5 45
S. Stanley 12 0 12
S. Southampton 2 1 3
S. Saintpaul 2 0 2
S. Remo 1 0 1
S. Heidelberg 1 0 1
4 S. Derby 0 1 1
S. Vuadens 0 1 1
S. Bredeney 0 3 3
not identified 2 4 6
60 15 75
Total 04 69.8%* 14.6%* 39.7%
95% C158.9-79.2 95% Cl 8.4-22.9 95% CI 32.7-47.0
S. Weltevreden 1 1 2
S. Anatum 0 8 8
S. Give 0 13 13
S. Bloomsbury 0 4 4
S. Epicrates 0 1 1
3,10 S. Lexington 0 5 5
S. London 0 4 4
S. Meleagridis 0 1 1
not identified 5 9 14
6 46 52
Total 03,10 7.0%* 44.7%* 27.5%
95% Cl 2.6-14.6 95% Cl1 34.9-54.8 95% Cl121.3-34.5
S. Choleraesuis 2 0 2
S. Rissen 1 4 5
S. Larochelle 1 0 1
S. Eingedi 0 1 1
S. Gatow 0 1 1
S. Bonn 0 2 2
S. Afula 0 2 2
7 S. Lockleaze 0 1 1
S. Djugu 0 3 3
S. Virchow 0 1 1
S. Nola 0 1 1
not identified 3 7 10
7 23 30
Total 07 8.1% 22.3% 15.8%
95% C13.3-16.0 95% Cl 14.7-31.6 95% CI 11.0-21.9
S. Newport 1 1 2
S. Corvalis 0 7 7
S. Pakistan 0 1 1
8 S. Bellevue 0 1 1
not identified 1 4 5
2 14 16
Total 08 2.3% 13.6% 8.5%
95% Cl10.3-8.2 95% Cl1 7.6-21.7 95% Cl14.9-13.4
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Number of strains isolated from
O-group Serovar
human pork Total
S. Enteritidis 8 0 8
S. Wangata 0 1 1
not identified 2 1 3
9 10 2 12
Total 09 11.6% 1.9% 6.4%
95% Cl15.7-20.4 95% C1 0.2-6.8 95% C13.3-10.8
13 S. Myrria 0 1 1
16 S. Hvittingfoss 1 0 1
18 S. Cotia 0 1 1
Salmoneliall 0 1 1
1 3 4
Total other groups 1.2% 2.9% 2.1%
95% C10.03-6.3 95% C10.6-8.3 95% C10.6-5.3
TOTAL 86 103 189

Note. *Differences are statistically significant.

PDFs/EUCAST _files/Breakpoint_tables/v_9.0
Breakpoint_Tables.pdf). For the category “resist-
ant to fluoroquinolones”, the following breakpoints
(zone of inhibition) were used: pefloxacin < 24 mm;
and nalidixic acid < 16 mm.

Results

Salmonella strains belonged to several O-groups
(Table 1): O4 (B) — 75 strains (39.7%); 03,10 (E) —
52 strains (27.5%); O7 (C,) — 30 (15.9%); O8 (C,) —
16 (8.5%); O9 (D) — 12 (6.3%); and to rare groups —
4 strains (2.1%). Some differences in serogroup spec-
trum were revealed in strains isolated from humans
versus those from pork items as presented in Fig.

Strains isolated from humans predominantly be-
longed to group 04 (69.8%). The percentages of other
serogroups varied from 1.2% (rare groups) to 11.6%
(09). About half of strains isolated from pork (44.7%)
belonged to serogroup 03,10 (versus 7.0% in strains
from humans). Serogroups O7, O4, and O8 were
less frequent (22.3%, 14.6% and 13.6%, respective-
ly). Single strains from pork belonged to serogroups

Salmonella from human (n = 86)

016
09 1,2%

69,8%

[] o4 1%2/0 10% 19% 04
Il o310 139?% &

O o7

K4 os

E o9

W os 07
[]o1s

018

09, 013, and OIl8. It is worth mentioning the obvi-
ous difference in proportions of serogroup O4 and
09 in strains isolated from pork (14.6% and 1.9%,
respectively) versus those from humans (69.7% and
11.6%, respectively).

The studied Salmonella strains were resistant
(about 80%) to antibiotics from different antimicro-
bial groups. More than half of strains (52.4%) had
MDR to 3 or more antimicrobial groups (Table 2).
For the majority of antimicrobials tested, there was
no significant difference in the proportion of re-
sistant strains (resistant/overall) in terms of sample
source (humans, pork).

Up to 70.0% of strains were resistant to tetracy-
cline. About half of strains were resistant to pefloxa-
cin, ampicillin, and chloramphenicol. About 40%
were resistant to trimethoprim/sulfamethoxazole and
nalidixic acid. However, it’s worth mentioning that
in pork strains none featured resistance to amoxi-
cillin/clavulanic acid, ceftazidime and amikacin.
The proportion of strains resistant to ceftriaxone and
gentamycin, in those from humans versus those from
pork, were significantly different: 12.8% vs 1.0%; and

Salmonella from pork (n = 103)

013 018

14,6%

03,10
44,7%

Figure. Serogroup pattern of Salmonella spp. isolated from humans and pork in southern provinces

of Vietnam
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Table 2. Antimicrobial susceptibility and resistance of Salmonella spp. isolated from different sources

in southern provinces of Vietham

Isolated from Total (n = 189)
Resistance phenotype human (n=86) pork (n=103)
n % 95% CI n % 95% ClI n % 95% ClI
Susceptible 13 | 15.1 8.3-245 |28 | 272 18.9-36.8 | 41 | 21.7 | 16.0-28.3
Resistant to 1 or more antibiotics 73 | 84.9 75.5-917 [ 75| 72.8 63.2-81.1 148 | 78.3 | 71.7-84.0
Resistant to:
— ampicillin 50 | 58.1 47.0-68.7 | 39| 379 28.5-48.0 | 89 | 471 39.8-54.5
- amoxicillin/clavulanic acid 2 2.3 0.3-8.2 0 0.0 0-2.9 2 1.1 0.1-3.8
- ceftriaxone 11 | 12.8** 6.6-21.7 1] 1.0** 0.02-5.3 12 | 6.4 3.3-10.8
- ceftazidime 4 47 1.3-11.5 0 0.0 0-2.9 4 2.1 0.6-5.3
- pefloxacin 48 | 55.8 447-66.5 | 54| 524 42.4-62.4 | 102 | 54.0 | 46.6-61.2
- nalidixic acid 35| 407 30.2-51.8 | 36 | 35.0 25.8-45.0 | 71 | 376 | 30.6-44.9
— trimethoprim/sulfamethoxazole 38 | 44.2 | 33.5-55.3 | 42| 40.8 31.2-509 | 80 | 42.3 | 35.2-49.7
— chloramphenicol 49| 570 45.9-676 | 39| 379 28.5-48.0 | 88 | 46.6 | 39.3-53.9
- tetracycline 58 | 674 56.5-77.2 | 69 | 67.0 57.0-75.9 |127| 67.2 | 60.0-73.8
- gentamycin 26 | 30.2** | 20.8-41.1 2| 1.9~ 0.2-6.8 28 | 14.8 10.1-20.7
— amikacin 1 1.2 0.03-6.3 | 0 0.0 0-2.9 1 0.5 0.01-2.9
Resistant to 3 and more groups (MDR*): | 54 | 62.8 51.7-73.0 | 45| 437 33.9-53.8 | 99 | 52.4 | 45.0-59.7
-3 groups 7 8.1 3.3-16.1 5 4.9 1.6-11.0 12 | 6.3 3.3-10.8
-4 groups 13| 15.1 8.3-245 |17 | 16.5 9.9-25.1 30 | 15.9 11.0-21.9
-5 groups 18 | 20.9 12.9-311 [ 22| 214 13.9-30.5 | 40 | 21.2 | 15.6-27.7
- 6 groups 13 | 15.1** 8.3-24.5 1| 1.0* 0.02-5.3 14 | 74 4.1-12.1
— 7 groups 3 3.5 0.7-9.9 0 0.0 0-2.9 3 1.6 0.3-4.6

Note. “MDR — multidrug resistant; **differences are statistically significant.

30.2vs 1.9%, respectively (Table 2). Noteworthy is the
fact that 16.4% of Salmonella strains were resistant
to pefloxacin, but susceptible to nalidixic acid. This
indicates transferable resistance mechanisms to fluo-
roquinolones. All tested Salmonella strains were sus-
ceptible to carbapenems.

Multidrug resistant Salmonella strains were iden-
tified in samples both from humans and pork (62.8%
and 43.7%, respectively) (Table 3). However, simul-
taneous resistance to 6 antimicrobials was detected
much more frequently in Sa/monella strains isolated
from humans than in those isolated from pork (15.1%
vs 1.0%, respectively).

In general, MDR was detected in 52.4% (n = 99)
of Salmonella belonging to different serovars, but se-
rovar S. Typhimurium represented the biggest propor-
tion of MDR strains (36.4%, n = 36). The predomi-
nant MDR phenotype (AMP, TE, QN, C, SXT) was
detected in 30.3% of MDR strains belonging to se-
rovars §. Typhimurium, §. Bredeney, S. Corvallis,
S. Give, S. London, S. Rissen, and S. Meleagridis.
Most of these strains were isolated from pork samples.

Discussion

Our research results suggest that in southern
provinces of Vietnam, Salmonella strains isolated
from people predominantly belonged to serogroup
04 (about 70.0%). The proportion of strains be-
longing to other serogroups (13—15 serovars) was

much lower, varying from 1.2% to 11.6%. The spec-
trum of Sal/monella strains isolated in Vietnam dif-
fers significantly from that in Russia, where more
than 70.0% of strains isolated from humans belong
to serogroup O9 (S. Enteritidis) [8]. The difference
likely results from the Vietnamese tradition of con-
suming sea food, which is frequently contaminated
by Salmonella strains of a broad spectrum serovars
(such as §. Weltevreden, S. Senftenberg, S. Rissen,
S. Lexington, S. Saintpaul, S. Newport, S. Albany,
S. Anatum, and others). About a half of strains isolat-
ed from pork belonged to serogroup 03,10, whereas
35 Salmonella serovars were isolated in total.

Our data are consistent with results of other stud-
ies. Analysis of raw meat samples, taken in markets
and supermarkets in different cities and provinces
of Vietnam, revealed a high level of Sa/monella con-
tamination: 58.3% of beefsamples; up to 70.0% of pork;
up to 65.0% of chicken meat; up to 50.0% of cultured
shrimp; and 37.0% of cultured fish. The serovar spec-
trum varied from 14 to 53: .S. Weltevreden, .S. Rissen,
S. Anatum, S. London, §. Derby, S. Infantis, S. Typhi-
murium, 5. Reading, S. Agona, S. Dabou, S. Albany,
S. Emek, and S. Corvallis [22, 26].

The difference in serogroup spectrum of strains
isolated in Vietnam from human and pork samples
can likely also be explained by gastronomic (food
cooking) traditions in Vietnamese society where sea-
food, poultry meat, and eggs are considered the main
factor in transmission of Salmonella to humans.
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Table 3. MDR phenotypes of Salmonella isolated from different sources in southern provinces of Vietnam

Strains isolated from

Resistance phenotypes Total
(antibioticpgroup::)) human pork
n serovars n serovars n
Resistant to 3 groups 7 5 12
group O:7
TE, QN, SXT 0 - 2 S. Diugu 2
TE,QN, C 1 S. Typhimurium 0 - 1
TE, C, SXT 0 - 1 S. Anatum 1
TE, AMG, QN 1 S. Stanley 0 - 1
AMP, TE, SXT 0 - 1 S. Rissen 1
group 0:3,10
AMP, TE, QN 5 group O:8 1 group 0:9 6
S. Typhimurium
Resistant to 4 groups 13 17 30
. Newpor
S
TE, QN, C, SXT 4 6 group O:7 10
S. Stanley S. Anatum
S. Typhimurium
TE, AMG, QN, C 1 S. Typhimurium 0 - 1
group O:4
AMP, TE, QN, SXT 0 - 3 S. Bonn 3
AMP, TE, N, C 1 S. Typhimurium 2 g g:{g}; 3
group 0O:3,10
group O:7 S. Eingedi
AMP, TE, C, SXT 3 S. Stanley 4 S. Epicrates !
S. Myrria
AMP, TE, AMG, C 1 S. Typhimurium 0 - 1
S. Saintpaul
AMP, QN, C, SXT 2 S Typhim'zrium 1 group 0:3,10 3
AMP, C3-4,QN, C 1 group 0:3,10 0 - 1
AMP, AMG, QN, C 0 - 1 S. Typhimurium 1
Resistant to 5 groups 18 22 40
TE, AMG, QN, C, SXT 2 S. Typhimurium 0 - 2
group O:7
group 0:3,10 S- Bredengy
. S. Corvalis
S. Heidelberg S Give
AMP, TE, QN, C, SXT 8 S. Rissen 22 ' 30
S. Stanley S: Londop .
S. Typhimurium S. Melgagrldls
S. Rissen
S. Typhimurium
AMP, TE, AMG, QN, C 1 S. Typhimurium 0 - 1
AMP, TE, AMG, C, SXT 2 S. Typhimurium 0 - 2
AMP, C3-4, TE, GN, C 4 . Choleraesis 0 - 4
S. Typhimurium
AMP, AMG, QN, C, SXT 1 group O:7 0 - 1
Resistant to 6 groups 13 1 14
S. Enteritidis
AMP, TE, AMG, QN, C, SXT 12 S. Larochelle 1 S. Give 13
S. Typhimurium
l(-\)l;‘lll,PéC3—4, TE, AMG, 1 S. Typhimurium 0 - 1
Resistant to 7 groups 3 0 3
AMP, C3-4, QN, TE, 3 group 0:9 0 ~ 3
C, AMG, SXT S. Typhimurium
TOTAL MDR strains 54 45 - 99

Note. MDR — multidrug resistant. 1 Antibiotic groups: AMP — aminopenicillins (ampicillin); C3-4 — cephalosporins of 3-4 generations (ceftriaxone,
ceftazidime); CARB — carbapenems (meropenem); QN — quinolones (nalidixic acid, pefloxacin); AMG — aminoglycosides (gentamycin, amikacin);

TE — tetracyclines (tetracycline); C — phenicols (chloramphenicol); SXT — trimethoprim/sulfamethoxazole.
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Our research results suggest that more than 70.0%
of Salmonella strains (isolated both from human and
pork samples in Vietnam) were resistant to antimicro-
bials. Moreover, every second strain carried an MDR
phenotype. The research revealed quite a high per-
centage of strains resistant to tetracycline (67.2%),
fluoroquinolones (54.0%), ampicillin (47.1%), tri-
methoprim/sulfamethoxazole (42.3%), and chloram-
phenicol (46.6%). Strains resistant to 3rd/4th gen-
eration cephalosporins were seen (6.4%). Our results
don’t contradict earlier published research carried
out in Vietnam [16, 17, 18, 19, 22, 23, 25, 26, 27, 28].
Similar research carried out in Russia has suggested
that: more than 60% of local Salmonella strains are
resistant to quinolones; not more than 10.0% are re-
sistant to “old” antimicrobials (tetracycline, chloram-
phenicol, ampicillin); and less than 2.0% are resistant
to 3rd/4th generation cephalosporins. The percentage
of MDR strains was much lower (about 15.0%) versus
that in Vietnamese strains [4].

In February 2017, the WHO published a list
of antibiotic-resistant “priority pathogens” listing
12 bacterial species as the most threatening to hu-
man health [29]. Sal/monella resistant to fluoroqui-
nolones (until recently having been considered first
line medicines for salmonellosis treatment) are now
in a highly prioritized group together with such agents
as Enterococcus spp., Staphylococcus aureus, Neisseria

gonorrhoeae, Helicobacter pylori, and Campylobacter
spp. In our study, half of the isolated Salmonella be-
longed to this highly prioritized group of resistant
bacteria.

The appearance of Salmonella producing extend-
ed spectrum B-lactamase (ESBL) makes the empiric
usage of extended spectrum cephalosporins (ESC)
restricted for salmonellosis treatment. In conform-
ity with published data in Russia, the percentage
of such strains (in serovars S. Virchow, S. Enteritidis,
S. Typhimurium, S. Newport) is 0.2—10.0%. There
have been detected ESBL belonging to such genetic
groups as CTX-M and AmpC cephalosporinases [4,
5]. In our study, cephalosporin-resistant strains
(6.4%) were mainly isolated from humans. They be-
longed to S. Typhimurium (group O4), with some
strains of group O3,10.

The resistance to fluoroquinolones and cepha-
losporins observed, simultaneous with the loss
of Salmonella susceptibility to “old” antimicrobials
(ampicillin, chloramphenicol, trimethoprim/sul-
famethoxazole), crucially restrict the list of medi-
cines potent to treat complicated salmonellosis.
Antimicrobial usage in raising of farm livestock may
account for the appearance of resistant Salmonella
strains and their spread to humans. As such, resist-
ance restriction requires prevention of resistance for-
mation in strains circulating in farm livestock.
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HOBbIE TEHETUHECKUE MAPKEPDI
and TMnMPOBAHNUA LULTAMMOB
BURKHOLDERIA PSEUDOMALLEI

M.JIL. JleneneBa, I''A. Tkauenko, 1.b. 3axaposa

DKY3 Boaeoepadckuii HayuHo-uccae008amenvckuil npomueouymuolii uncmumym Pocnompebnadzopa, e. Boazoepao, Poccus

Pesiome. Burkholderia pseudomallei sBnsieTcs BO30yauTeNeM MEIUON103a — TSXKEJIO0T0 MH(PEKLIMOHHOT0 3a00J1eBaH U
JIIOZICH 1 XXMBOTHBIX, KOTOPOE MOXET IJIUTEJbHOE BPeMs He MPOSIBASTH ceOs M ObICTPO Pa3BUTHCS 10 MHEBMOHUU
U CeNTULEMUM MPU CHUXKEHUU UMMYHUTETa U HAJIMYUU TIpeapacrnojaraiommux GakTopos. Meanonao3 sHAeMUYeH
IIJIS CTPaH C TPOIIMYESCKUM U CYOTPONMUYECKUM KJIUMATOM, Tae B. pseudomallei BXOTUT B COCTaB MUKPOOMOTHI TIOUBEI
1 BOIBI CTOSTYMX BOJIOEMOB, a TakKKe pu3ochepsl pacTeHUid. PerucTpaiius 3aBO3HBIX CJIy9aeB MEJIMONI03a B CTpaHaX
YMEPEHHOT0 KJINMATHIEeCKOTO IT0sIca Hapsay ¢ COXpaHEHNEM YTIPO3bl MCTIOIb30BaHMS TaHHOTO ITAaTOTeHa B KaueCTBe
areHTa OMOTepPpPOPHU3Ma CBUICTEIHCTBYIOT 00 aKTYaJbHOCTU HMCCACIOBAaHMI, HaIIpaBJICHHBIX Ha pa3paboTKy COBpe-
MEHHBIX METOIOB IMaTHOCTUKM W THMIIMPOBAHUS 3TOTO MaToreHa. TeHIeHIINeil COBpEeMEHHBIX HCCACIOBAaHUHI TIPU
MIPOBEICHNY BHYTPUBHUIOBOI nr(PepeHIINaNK INTAMMOB BO30yauTe el MHPEKIIMOHHBIX 3a00JIcBAHUIA SIBIISICTCS
WCITOJTb30BaHMUE IBYX M 00JIiee TUIIOB MOJICKYISPHBIX MapKepoB. [lepclieKTMBHBIM HaIlpaBJIeHUEM IJIs TEHOTUITH-
poBaHuUs IWITaMMOB B. pseudomallei sinsiercst ucnojb3zoBaHue komouHauuu VNTR-10KycoB, obecreurBaloleii Bbl-
COKYI0 TUCKPUMUHUPYIOILYIO CTOCOOHOCTh METOIAa MYJIBTHJIOKYCHOTO aHan3a YKcjia BapuabeIbHBIX TaHAEMHBIX
noBTopoB (MLVA), B coueTaHUU ¢ MENJICHHO SBOJIONMOHUPYIOIIUMU €IMHUYHBIMU HYKJICOTUAHBIMU MOJUMOD-
duzmamu (SNPs). Llenbio HacTosIel padboThl 0b110 BhissBAeHUE HOBbIX VNTR- 1 SNP-n0KycoB, mpurogHbix mist
WCIIOJIb30BaHUS B KaUeCTBE T€HETUUECKUX MAPKEPOB B MOJEKYJISIPHOM THMIIMPOBAHUU BO3OYIUTES] MEJIMOMI03a
Oo6bekTaMu uccnenoBaHus ciayxuian 20 mrammoB B. pseudomallei n3 xonnexiuu ®KY3 Bosrorpaackuii Hayd-
HO-HCCIEMIOBATEIbCKUI MPOTUBOYYMHBIM MHCTUTYT PocroTpeOHan3opa U MOJTHOTEHOMHBIE MTOCIEIOBATEIbHOCTH
85 mrramMmoB B. pseudomallei n3 6a3p1 nanHbIX GenBank NCBI. [1pu TunmupoBaHUM I TaAMMOB BO30YIUTEIS METUON-
no3a u3 6a3el naHHbIXx GenBank NCBI mo 4 VNTR-10KycaM BEISIBIIEHO 74 T€HOTHUIIA, U3 KOTOPBIX 64 OBLIM YHUKAJb-
HbiMu (MHIeKe XaHTepa—[actona 0,997). YcraHoBieHO, yTO BBICOKMI ajiebHbIi mosuMopdusM VNTR-nokycoB
OrpaHMYMBAJ BOBMOXHOCTb ¢ MOMOIIbI0 cxeMbl MLVA-4 onpenensaTh reorpapguyeckue u GUIoreHeTuueckue CBI3u
U30J5TOB B. pseudomallei, a BbISIBIeHHbIe HYJIb-aJlJIeJIM YBEJIUYMBAJIU PUCK BOZHUKHOBEHMSI TOMOILJIa3uu. B cBs3u
¢ 9TuM cxeMy MLVA-4 nononuuiau VNTR-mapkepom B coctase jokyca BPSS1974, konupyoiero KojiareHonoaoo-
HbIl 6enok, 1 SNP-Mapkepamu B reHax JaypouJaluaTpaHcdepasbl OMocuHTe3a aunuiaa-A, curmMa-gakropa RpoH
PHK-nonumepasbl u rmyraMuHaMuaoTpaHcdepaspl. s aMmianbukauy BeIOpaHHBIX JOKYCOB B COCTaBe pas3pa-
0OTaHHOI CXeMbl CKOHCTPYHUPOBAHbBI MpaiiMepbl U 30Hbl, KOTOPbIE allpOOKMPOBAHbBI MPU TUMTMPOBAHUM KOJJIEKIIU-
OHHBIX IITaMMOB B. pseudomallei. 1o pe3ynbraTaM KjacTepHoro aHaausa 105 mrTaMMoB BO3OYAUTENST MEIMOUI03a
ONTUMAaJIbHBIM OKa3aJicsl KOMIIJIEKCHBIN MOAX0M, Mmo3Bosonuii Ha ocHoBaHuu VNTR-npoduneit ocymecTBasaTh
nuddepeHnannio mraMmmMoB BHYTpU SNP-rpynn. PazpaboTaHHBIN METOAMYECKMI TTOAXON K T€HETUYECKOMY TH-
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nupoBaHuio B. pseudomallei, ocHOBaHHbBII Ha KoMIeKcHoOM aHanuse 4 SNP- u 5 MLVA-mapKkepoB B Hallieit MOIU-
(ukanum, maeT BO3MOXHOCTh UG PEPEHINPOBATh IITAMMBI B COOTBETCTBUM C TeorpauuecKMMK PeTMOHAMM MX
MPOMCXOXACHU S U YCTaHABAMBATh KJOHAIbHOE TPOUCXOXIEHHUE U30JISTOB IIPU BbISBICHUHU CIyYaeB MEJIMOUI03a.

Karuesvie caosa: Burkholderia pseudomallei, cenomunuposanue, MLVA, SNPs, gunoceoepaghus, mandemHoie nogmopbol.

NEW GENETIC MARKERS FOR BURKHOLDERIA PSEUDOMALLE] STRAINS TYPING
Ledenyova M.L., Tkachenko G.A., Zakharova 1.B.
Volgograd Plague Control Research Institute, Volgograd, Russian Federation

Abstract. Burkholderia pseudomallei is the causative agent of melioidosis, a serious infectious disease in humans and animals
that may be asymptomatic long-term and quickly develop to pneumonia and septicemia in immunocompromised state
and due to predisposing factors. Melioidosis is endemic in countries with tropical and subtropical climates, where B. pseu-
domallei is a part of the soil and water microbiota of stagnant water bodies, as well as the plant rhizosphere. The record-
ing of imported melioidosis cases in countries with temperate climate zone, along with the continued threat of using this
pathogen as a bioterrorism agent, indicate the relevance of research aimed at developing modern methods for its diagnosing
and typing. Current research in the intraspecific differentiation of pathogenic strains of infectious diseases tends to use
two or more types of molecular markers. A promising direction for the B. pseudomallei strains genotyping is based on using
a combination of VNTR loci, which provides a high discriminating ability of the method of multi-locus variable tandem
repeat number analysis (MLVA), and slowly evolving single nucleotide polymorphisms (SNPs). The aim of this work was
to identify new VNTR and SNP loci suitable for use as genetic markers in molecular typing of the melioidosis causative
agent. 20 strains of B. pseudomallei from the collection of the Volgograd Plague Control Research Institute and whole ge-
nome sequences of 85 B. pseudomallei strains from the GenBank NCBI database were analyzed. While typing melioidosis
causative agent strains from the GenBank NCBI database for 4 VNTR loci, 74 genotypes were identified, of which 64 were
unique (Hunter—Gaston index 0.997). It was found that the high allelic polymorphism of VNTR loci limited a potential
to determine the geographical and phylogenetic relationships of B. pseudomallei isolates by using the MLVA-4 scheme,
and the identified null alleles increased the risk of homoplasia. In this regard, the MLVA-4 scheme was supplemented with
a VNTR marker in the BPSS1974 locus encoding a collagen-like protein as well as with SNP markers in the genes of lipid
A biosynthesis lauroyl acyltransferase, RNA polymerase sigma factor RpoH, and glutamine amidotransferase. For amplifi-
cation of the select loci, primers and probes were designed as part of the developed scheme, which were tested in the typing
of B. pseudomallei collection strains. According to the results of a cluster analysis for 105 strains of the melioidosis causa-
tive agent, an integrated approach turned out to be optimal, allowing differentiation of strains within SNP groups based
on VNTR profiles. The methodological approach developed for B. pseudomallei genetic typing, based on a comprehensive
analysis of 4 SN P- and 5 MLVA-markers in our modification, allowed to differentiate strains according to the geographical
regions of their origin and establish the clonal origin of isolates upon revealing cases of melioidosis.

Key words: Burkholderia pseudomallei, genotyping, MLVA, SNPs, phylogeography, tandem repeats.

0eXKOM, UTO OIpeacisieT HEOOXOAMMOCTb Pa3BUTUS
TEXHOJIOTUIA MOJICKYJISPHOTO TUIIMPOBAHMS IJISI

BeepneHnue

Burkholderia pseudomallei siBnsieTcst 3THOJIO-
TMYECKUM areHTOM MeJMongo3a — 0co0o omac-
HOro 3a0oJieBaHUS JIOAE W >KMBOTHBIX C BBI-
COKOM JieTaJIbHOCThIO. [lo OlLIEHOYHBIM JaHHBIM
B MUpE OT MEJIMOMI03a €XEroJHO MorubdaeT 0KoJo
89 000 yenoBek [15]. B HacTosiIee BpeMsI SHIAEM U Y-
HBIMU MO MEJIMOU 03y MpuU3HaHO okoJjio 50 cTpaH,
pacroJIOXKEeHHBIX MexX 1y 30-MU MapaijieasiMu BceX
KOHTMHEHTOB, Y 3TOT CITUCOK MPOAOJIXKAET MOMOJI-
HATbCSI. BO3MOXHBIN 3aHOC C DHAEMUYHBIX Tep-
pUTOpUiIl BO30OynuTeaell peaAKuX MHGMEKIIMOHHBIX
3a00J1eBaHUI SIBISIETCSI aKTyaJdbHON MNpoOIeMOn
OOIIECTBEHHOIO 3IPaBOOXPAaHEHMU .

B cBS3M ¢ BBICOKOU BUPYJICHTHOCTbBIO, HU3KOM
WHbULUPYIOE M030i U OTCyTCTBUEM 3bdek-
THUBHBIX BaKIIMH BO3OYAUTETb MEJIUONA03a BKIIIO-
YeH B CIIUCOK MOTEHIIMAJbHBIX aTeHTOB OMOTEPPO-
pu3Ma Kak B Poccuiickoit Denepannm, Tak u 3a py-

ornpeneaeHus KJIOHAJbHOIO IMIPOUCXOXKICHU S U30-
agToB [1, 12, 24].

BocTpeboBaHHBIM MOAXOIOM AJI5T OLIGHKU TeHe-
THUYECKOIro pa3HOoOpa3us lTaMMOB B. pseudomallei
SIBJISICTCSI METOM MYJIBTUJIOKYCHOTO aHaJIM3a Yucia
BapuabedbHBIX TaHIEMHBIX MOBTOpoB — MLVA
(Multiple-Locus Variable Number Tandem Repeat
Analysis), OCHOBaHHBIi# Ha WCIOJb30BAHUU Ba-
pHrabdebHBIX MO KOIMUMHOCTU MUKPO- U MUHUCA-
TeJAUTHBIX MoBTOpoB (Variable Number Tandem
Repeats, VNTRs) [4, 25]. [Togbop BapuabeabHBIX
JIOKYCOB M OIIpe/ceHUEe UX KOJIMYECTBA B CXEME
TUNIMPOBAHUS SIBJISIIOTCS KPUTUYHBIMHU JIJIs1 OLIEH-
KU pe3yabTaToB aHaju3a. Ilpu 3ToM yBelndeHUe
KonunyecTtBa aHanusupyembix VNTR-n10KkycoB mMo-
JKET MNPUBOAUTH K BBISIBJICHWIO YHUKAJbHBIX ajl-
JIeJieii, KOTOpbIe CKopee OyIyT OLIEHMBaTh HE IMO-
OyJISIMOHHO-TeHETUYECKYI0 NU3MEHYMBOCTD, a Ba-
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puabebHOCTh caMoro Mapkepa. Tak, IpeaokeH-
Hasg J.M. U’Ren u coant. [23] 32-n10KycHasi cxema
MLVA-tunupoBanust auddepeHIupyeT OIM3KO-
POICTBEHHBIC IITAMMBI, BKJIIOUAsI TOCICI0BATEIIb-
HBbIe M3O0JISITBl OT OIHOrO OOJILHOTO, YTO MOXKET
MOBJeYb TOJyYeHHE HCKa’KEHHBIX HaHHBIX, Ha-
npumep, TpU OMpeAesieHUN XapaKTepa BCITBIIIKN
1 ¢e HauboJiee BepOsITHOrO NCTOUYHUKA. C IpyTroi
CTOPOHBI, coKpalleHue cxeM M LVA-TunupoBaHus
CHUXAET TUCKPUMUHUPYIOLIYIO CTIOCOOHOCTh Me-
Toda, B pe3yJibTaTe 4ero Bo3pacTaeT BEpOSITHOCTH
MOJYYCHUSI CXOXMX Mpoduiieit y HepoaCTBEHHBIX
IITAMMOB B pe3yJibTaTe TOMOTLJIa3U .

IIpoGaemaromMornia3uakTyaabHa U IPU IIPOBE-
JNEHUU MYJbTUIOKYCHOTO CUKBEHC-TUITUPOBAHM S
(Multilocus Sequence Typing, MLST), mockoabKy
xapakTepHas s B. pseudomallei BbicoKasi yacToTa
PEKOMOMHAIIMOHHBIX COOBITUIT MOXET TTPUBOANTH
K eIMHOOOpa3nio CUKBEHC-TUMOB (sequence type,
ST) M307ATOB, HECMOTpPS Ha WX TEHETUYCCKYIO
U reorpaduyuecKyro reTeporeHHocCTh [3].

TenneHIMeld COBpPEMEHHBIX MCCIIEIOBAHUM
M0 BHYTPUBUIAOBOMY TUIIMPOBAHUIO MUKpOOpPra-
HUM3MOB SIBJISIETCS MCIIOJIB30BaHUE NBYX U OoJee
TUIIOB MOJEKYJISIPHBIX MapKepoB, UTO IIOBBIIIA-
€T JOCTOBEPHOCTb pEe3YyJbTaTOB WCCJIETOBAHMSI.
B uyacTHOCTH, MEpPCHEKTUBHBIM TIPEACTaBIASICTCS
norojiHeHUe cxeMbl MLVA aHaau3oM MenJieH-
HO 3BOJIIONMOHUPYIOMINX CANHUIHBIX HYKJCO-
TUAHBIX TonuMopdusmoB (Single Nucleotide
Polymorphisms, SN Ps).

Lennlo maHHOI pPabOTHI SBISIJIOCH BBISIBJIC-
Hue HOBBIX VNTR- m SNP-mokycoB, mpuron-
HBIX JIJISI MCTIOJIb30BaHUSI B KA4eCTBE T€HETUYEC-
KX MapKepoB B MOJEKYJSIPHOM TUIIMPOBAHUU
B. pseudomallei.

Matepwuasnbl 1 METOLbI

Oo0bekTaMu  ucciaegoBaHus  cayxkuiau 20
IMITAMMOB BO30OYyAWTEISI MEJIMOMIO3a U3 KOJ-
ek DOKY3  Bosarorpaackuii  Hay4YHO-MC-
c/ledoBaTebCKUI  MPOTUBOYYMHBIH MHCTUTYT
PocrnioTrpebHanzopa (taba. 1) ¥ MOJTHOreHOMHBIS
MOCJIeOOBATEILHOCTH 85 mTaMMOB B. pseudomallei
n3 6a3wl nanHbIXx GenBank NCBI (http://www.ncbi.
nlm.nih.gov/genome).

DKCTpakKIMi0 HYKJIEMHOBBIX KUCJOT U3 IMpea-
BapuTEIIbHO 00e33apaXeHHBIX B COOTBETCTBUU
¢ MY 1.3. 2569-09 cycniensuit kjaetok (108 m.k/
MJI) IITaMMOB B. pseudomallei mpoBoauanu C UC-
MOJb30BaHUEM KOMMEPUECKOro Habopa peareHTOB
«PUBO-nipenn» (PBYH LHHHWUHN Sumaemumosioruun
PocrnioTpeGHanzopa, MockBa), COTJIaCHO UHCTPYK-
U TPOU3BOIUTES.

Jna npoBeaeHus1 MyabTUIOKYycHoro VNTR-
aHaJIM3a MTaMMOB B. pseudomallei mo 4-10KyCHOM
cxeme (S389k, S1788k, 1L.933k u .2341k) ucnonbzoBa-
JIVI OJIUTOHYKJICOTUIHBIE TTpaiiMepbl U yCIOBU ST aM-

miidukauu, npeayioxeHHbie B padote B.J. Currie
M coaBT. [6]. MLVA-reHoTHIT MCClIeAyeMBbIX IITaAM-
MOB B. pseudomallei onipenensiii Kak COBOKYITHOCTb
aJUIeIbHBIX BapMaHTOB KaXKIOTrO JIOKyca U IIpel-
CTaBJISIIM B BUJE YMCJIOBOIO TaTTepHa KOJUYe-
CTBa MOBTOpPOB 1o jJokycam S389k-S1788k-1.933k-
L2341k. AMniandukanuio TaHASMHBIX TTOBTOPOB
B COCTaBe JOIOJHUTEeNbHOro Jiokyca BPSS1974
MPOBOAUIMN C TIOMOIIBIO pa3pabOTaHHBIX paHee
npaiimepoB Burk0090s (5-ATCGCAATCGGCA
TTTCCACCC-3’) u Burk0090as (5-GTGGCGG
AGACGACGGTGC-3") mpu clenymoolux Iapa-
meTpax: 95°C — 10 muH, 40 uukion (94°C — 10 c,
66°C — 20 c, 72°C — 45 ¢), 72°C — 5 muH [2].

Hnst ompeneneHUs] OAHOHYKJCOTUIHBIX IIO-
AUMOpP(GU3MOB METOJOM IOJMMEPA3HON LIEMHOMN
peakuuu ¢ TMOpUAN3aIIMOHHO-(IyOpPeCIIeHTHBIM
YUEeTOM pe3yJbTaTOB B PekMMe peaibHOTO BpeMe-
Hu (ITLP-PB) pazpaboTansl npaiimepsl u TagMan-
30HbI, HYKJEOTUAHbIE MOCIEI0BATEIbHOCTU KO-
TOPBIX YKa3aHbl B Ta0J1. 2. AMIUIU(KALIUIO JIOKYCOB
C ONHOHYKJICOTUIHBIMU TTOJUMOpGU3MaMU MPO-
BOIMJIM HA TEPMOLIMKJIEpe pOTOpHOro Tura «Rotor-
Gene Q» (Qiagen, I'epmanus) ¢ nerekuueir Gparo-
pecuenmuu o kKanaiam FAM/Green u JOE/ Yellow
nocJje Kaxaou cranuu aaoHrauuu. SNP-nmpoduns
mraMMoB B. pseudomallei mpencraBiasiam Kak Mo-
CJIeI0BaTEIbHOCTh HYKJICOTUIOB B KaXKJIOM M3 4Ye-
ThIpeXx Jo0KycoB — (SNP1-SNP2-SNP3-SNP4).

HyxkyieoTumHble MOCIENOBATEIBHOCTH IOy~
YEHHBIX aMIIJIMKOHOB OITPENeasii METOIOM Ka-
OUJIISIPHOTO 3JIeKTpodope3a ¢ IIOMOIIbIO TeHEeTH -
yeckoro aHanu3atopa «ABI 3130 Genetic Analyzer»
(Applied Biosystems, CIIIA).

ITouck KaHAMIATHBIX MapKEPHBIX JIOKYCOB
NPOBOAUIM in Silico mMyTeM MHOXECTBEHHOI'O BbI-
paBHUBaHUS W CPaBHUTEJIBHOTO aHalm3a Qpar-
MEHTOB reHOMOB LITaMMOB B. pseudomallei n3 6a3bl
naHHbix GenBank NCBI ¢ mnomouibio Moayist
MUSCLE nporpammsbl Unipro UGENE v40.0 [17].
Ju3aitH OJIUTOHYKJICOTUIOB OCYIIECTBIISIIIN C UC-
MOJb30BAaHUEM  IIPOTPAaMMHOTO  OOeCIeueHU s
Primer3Plus [22] u «OLIGO v6.71» (Molecular
Biology Insights, Inc., Cascade, CILIA).

KiactepHubiit aHaan3 MW TOCTPOCHHUE JICH-
IpOrpaMM IIPOBOOMJIN IIPA IIOMOINM IIPOrpaMMm
FAMD vl1.31 [19] u Mega v11.0.11 [21] ¢ ucnoab3o-
BaHUEeM Koa(@dUuiMeHTa TI'eHeTUYEeCKON IUCTaH-
oun XKakkapna (GD,,....q) ¥ aaropurmMa o0beaAM-
HeHus1 Onuxarmux coceneit (Neighbor-Joining,
NJ). Ing oueHKu BapruabeJbHOCTU IFeHETUUECKUX
JIOKYCOB PaCcCUMTBhIBAJIM MHACKC aJlJICJIbHOIO IO-
aumopdusma (h) [20]. JAHCKPUMHHUPYIOIIYIO
CTIOCOOHOCTH METOIOB MOJIEKYJISIPHOTO TUTTMPOBA-
HMS OIpeNesIsiyii Ha OCHOBAaHUM pacueTa WHIEKca
Xantepa—Iactona (HGDI) [13].

Ilpu mpoBeneHun in silico MynbTHUIOKYCHOTO
CUKBEHC-TUMUPOBaHUS MITaMMOB B. pseudomallei
u3 GenBank NCBI ucnonb3oBaau 6a3y maHHBIX
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PubMLST (https://pubmlst.org/bpseudomallei).
I'pyIIITBl M30JISITOB, CUKBEHC-TUITBI KOTOPHIX SIB-
JISIIUCh OJHO- W ABYXJIOKYCHBIMU BapUaHTaMU
(single- and double-locus variants, SLV/DLV),
0o0beAUHSIIN B KJIOHAJbHbIe KoMILJIeKchl (clonal
complexes, CC) ¢ nomoibio ajroputma goeBURST
(https://www.phyloviz.net/goeburst).

PeaynbraThl

TummupoBanmne 85 mrTammoB B. pseudomallei
n3 6a3bl faHubIX GenBank NCBI o cxeme M LVA-4
pacrpenenuyio MccleJoBaHHbIe MITaMMbl 1o 74

MLVA-tunam, 10 U3 KOTOpbIX BKJIOYAIU OT ABYX
IO TpeX IITaMMOB U 64 OBIJIM TIPEJACTaBJICHBI Ofl-
HuUM uzojsatoM. ITo nranHbiM MLST cpenu aTux xe
IITAMMOB OOHapyxXeHO 57 pa3JUYHbIX CUKBEHC-
TUIOB, MpuyeM 22 u3 HUX sABJs1uch SLV ¢ o6pazo-
BaHMeM 6 KJIOHAJIBHBIX KOMITJIEKCOB (puc. 1A).
Ilpu comocrtaBaenuun MLST- u MLVA-npo-
duseii ompenesieHbl 4YETbIpe TPYIMIMbl MITAMMOB
B. pseudomallei. B nepBble nBe rpynnbl ObLJIW pac-
npeaesieHbl TaMMbl C OOIIIMMU CUKBEHC-TUTTAMU
U UMeIolIMe B ITpeaenax kaxaoro ST uaeHTUYHbIE
MLVA-npodunu (rpynna ST/MLVA-I) u 6aus-
ke MLVA-nipoduau, ominyaroumecs o ogHoMYy

Ta6nuua 1 LWtammbl B. pseudomallei, ncnonb3oBaHHble B paboTe

Table 1. B. pseudomallei strains used in the study

LWtammbl B. pseudomallei
Strains of B. pseudomallei

UcTOYHUK BbiaeneHnsa
Selection source

MecTo 1 roa BbigeneHus
Place and year of isolation

60J1bHOIi YeNoBeK, KPOBb

Yap, Appuka, 1978

sick person, blood

Tehad 97 sick person, blood Chad, Africa, 1978
6onbHOM YenoBek, KPOBb WUpan, 1978

Iran Terre 98 sick person, blood Iran, 1978

Dalat 100 60JIbHOI1 YeNioBeK, KPOBb Danar, LeHTpanbHblit BbeTHam, 1978
sick person, blood Dalat, Central Vietnam, 1978
HeT A aHHbIX Oanug, KoneHrareH, 1983

PI54 107 no data Denmark, Copenhagen, 1983

Pearce 110 60J1IbHOI1 YeNloBeK, KPOBb AscTtpanus, 1983

Australia, 1983

Skanmandri 113 .
60nbHO Yenosek, sputum

60J1bHOI1 YenoBek, MOKpoTa

AscTpanus, 1983
Australia, 1983

128 HeT JaHHbIX ABscTtpanus, 1986
no data Australia, 1986
131 KNIMHUYECKUI U3onaT Taunanp, 1985
clinical isolate Thailand, 1985
132 KJMHUYECKUI U30naT Taunanp, 1985
clinical isolate Thailand, 1985
134 KJAUHUYECKUIA U30NaT TaunaHp, 1985
clinical isolate Thailand, 1985
136 KJIMHUYECKUIA U3onaT TaunaHp, 1985
clinical isolate Thailand, 1985
51274 60NbHOI YenoBek, rHoWHbIe abcLecchbl BbeTHam, 1950
sick person, purulent abscesses Vietnam, 1950
56738 60JIbHOI1 YeNoBeK, KPOBb BbeTtHam, 1950
sick person, blood Vietnam, 1950
56770 0osbHOI YenoBek, Mo4a BbeTHam, 1950
sick person, urine Vietnam, 1950
56812 60J1bHOI1 YeNlIoBeK, KPOBb BbeTHam, 1950
sick person, blood Vietnam, 1950
57562 060JIbHOI1 YeNioBeK, HOM cycTaBa BbeTtHam, 1950
sick person, joint pus Vietnam, 1950
59361 FHOW INYKa CBUHbYN lOxHbIii BbeTHam, 1962
pig testicle pus South Vietnam, 1962
59426 60J1IbHOI1 YeNI0BEK, KPOBb BbeTHam, 1950
sick person, blood Vietnam, 1950
61503 60J1IbHOI1 YeNloBeK, rHOM NoAKoXHOoro abcuecca |BbeTtHam, 1962

sick person, subcutaneous abscess pus

Vietnam, 1962

60J1bHOI1 YeNlIoBEK, KPOBb

C-141 (CIP 6068) sick person, blood

CaiiroH, BbeTtHam, 1948
Saigon, Vietnam, 1948
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TaGnuua 2. HykneoTuaHble nocnefoBaTeNIbHOCTU NPaliMepPoB U 30HA,0B, CKOHCTPYUPOBAHHbIX
Ans onpeaeneHns OAHOHYK1eO0TUAHbIX NOAMMOPPU3MOB
Table 2. Nucleotide sequences of primers and probes designed to detect single nucleotide polymorphisms

Jlokyc/YcnosHoe o
oﬁoaxa{ieuue SNPs Haumeuose:;)v:&l;paumepos/ HykneotupHas nocnepoBaTenbHOCTb (5—3’)
Lgﬁgﬁé&}syﬁmpt;ol Primers/Probe name Nucleotide sequence (5—3’)
BpsSNP1s AATCGGGAAAGCAGAGTTG
BPSL0211/ BpsSNP1as CGTTTCTCAAATTCCTCGC
SNP1 BpsSNP1prC (FAM)-CTCGGCTGGCTGCTCTATCgGATCCCC-(BHQ)
BpsSNP1prT (HEX)-CTCGGCTGGCTGCTCTATCaGATCCCC-(BHQ)
BpsSNP2s CGAGGAATTTGAGAAACGC
BPSL0211/ BpsSNP2as GACGGAGGATTCGCATG
SNP2 BpsSNP2prC (FAM)-CGTCTCGGCACACgGCTTGC-(BHQ)
BpsSNP2prT (HEX)-CGTCTCGGCACACaGCTTGC-(BHQ)
BpsSNP3s CATCTTCTTCATCGCGCT
BPSL0504/ BpsSNP3as TATCTCGCCGATTCGCAC
SNP3 BpsSNP3prC (HEX)-AATCGCTCGACGCgCGCAGCCGC-(BHQ)
BpsSNP3prT (FAM)-AATCGCTCGACGCaCGCAGCCGC-(BHQ)
BpsSNP4s ATCAACTGCGAGCCGAGA
BPSL3430/ BpsSNP4as CAGTTTCGAGCAGGTGCT
SNP4 BpsSNP4prC (HEX)-CGTCGTCGGATACAGCcCGTCGTCGT-(BHQ)
BpsSNP4prT (FAM)-CGTCGTCGGATACAGCtCGTCGTCGT-(BHQ)

Mpumeyanue. BapnabenbHble HyKNeOTU AL 0603HAYEHbI CTPOUHBIMY ByKBaAMMU.

Note. Variable nucleotides are indicated by lowercase letters.

JIOKyCy He OoJiee yeM Ha JiBa rmoBTopa (rpyrmia ST/
MLVA-II). lltammbi onHoro ST, HO pa3inyaroniue-
cs no nBym u 6osee VNTR-nokycam, 6611 OTHE-
cennl B rpynny ST/MLVA-IIIL. YerBepTast rpymnmna
gBJsJack Haubojee TeTeporeHHOW M BKJtodasa
IITAMMBI, KOTOPbIE B COOTBETCTBUU C UX CUKBEHC-
TUMaMU OOBbEAWHEHBbI B KJIOHAJTbHbIE KOMILJIEKCHI
(ST/MLVA-IV).

B mepByo rpyIiy BOWIJIM IITaMMBI C TIpodu-
snem ST975/(4-7-11-2) — MSHR5864 u MSHR6755
(ABctpamusi, 2011 m 2012 rr.); ST126/(3-8-12-
9) — MSHR435 u MSHR491 (Asctpanus, 1996
u 1997 rr.); ST1001/(4-5-3-9) — vghl16R u vgh16W
(TaitBanb, 2001 1.).

Bo BTOpylo rpymniy OblJIM BKJIIOYEHbI 11 1miTam-
MOB, KOTOPBIM COOTBETCTBOBAJIO 4 Pa3IUYHBIX ITPO-
duns ST/(S389k-S1788k-1.933k-1.2341k). TIpu aTom
B TpeX CydasiX MeXIITaMMOBBIE pa3inu4yus B Ipe-
Jenaax ogHoro npoduiiss o0yCcaoBIeHbl Bapuabdesb-
HBIM YMCJIOM HOBTOPOB 10 JjioKycy L.933k: ST36/
(3-7-8/7-3) — MSHRO0305, MSHR520, MSHR3763
n MSHR4083 (ABctpanus, 1994, 1998 u 2010 rr.);
ST553/(6-4-5/3-8) — MSHRS5848 u MSHRS5855
(ABctpanust, 2011 r.); ST667/(8-6-6/7-8) — AT9A
u B0O3 (ITanmya — Hosas I'Bunes, 2011 r). IITamMmMbl
¢ cukBeHc-TuIoM ST617 paznuyanvck Ha 1 MOBTOP
no jokycy S389k u OblIM mpeacTaByieHbl Npodu-
mem ST617/(5/6-9-2-6) — MSHRI146, MSHRO0511
u NAU20B-16 (ABcTpanus, 1992, 1997 u 2007 rr.).

VY mrammoB rpynnbsl ST/MLVA-III o pe3yiib-
tataM VNTR-TUunupoBaHus BbIsIBJIeHA Bapuadeib-
HOCTb YHMCJIa TIOBTOPOB B KaXXJIOM U3 YEThIPEX JIO-
KycoB. MLVA-nipodunn mrammoB 1106a u 1106b

(Tannanm, 1993 u 1996 rr.) oTIMYaJIMCh HA TPU I10-
BTopa 1o Jjokycy L2341k u mmenu renotun ST70/(4-
6-13-11/8),aormitamma BPC006 (Kuraii, 2008 1.) 10-
MOJIHUTEIBHO 10 JIoKycy S389k — ST70/(3-6-13-5).
Itammbet MSHR 5858 (ABcTpanus, 2011 r.) u 350105
(Kwurait, 1976 r.), mpuHaAIexXaBIIie K CHKBEHC-TH-
ny ST562, ortanyanuck no tpeM VNTR-nokycam
(6/8-8-8/11-10/11). BapuabersHOCTH MLVA-
TeHOTUIIOB aBcTpajuiickux mramMmmoB MSHR1435
n MSHR1655 (2002 1 2003 rT. COOTBETCTBEHHO), OT-
Hocdmmxcst K cukBeHc-Tuny ST131, obycioBiaeHa
nokycamu S389k u S1788k — (4/0-8/9-5-6).

I'pynmy ST/MLVA-IV coctaBuiu 36 mraMMoB
B. pseudomallei 22 cuKBeHC-TUMNOB, paclipenesieH-
HBIX MO 6 KJIOHAJIbHBIM KOMTILJIeKcaM. B Han6ob-
WA TI0 YUCIEHHOCTU KJIOHAJbHBIA KOMILIEKC
(CC92) Bomwien 21 mutamm B. pseudomallei cukBeHc-
tutioB ST92, ST95, ST12, ST10, ST518, ST1038,
ST297, ST436, ST951 u ST698. B pesynbrate M LVA-
TUNUPOBAHUS MO 4 BbIlIeHa3BaHHBIM VNTR-
JIOKYyCaM BBISIBJIEHA TPUHAAJIEXKHOCTh IITAMMOB
CC92 x yetbipeM KpynnHbIM MLVA-knactepam (A,
B, E u J), BHyTpU KOTOpPBIX IITaMMBbI JubdepeH-
LUPOBAJUCh Ha TPyNNbl TeHOTUTIOB. [Ipu 3Haue-
HUU reHeTudeckoil nuctraHuuu 0,4 BbisiBJeHO 11
Takux rpynn — Al, A2, A3, A4, A5, BI, B3, El, E2,
J1 ulJ3 (puc. 1A).

AHnanus  pesyabratoB ~ MLVA-TunupoBaHus
LITAMMOB KJIOHajJbHOro KoMruiekca CC92 moka-
3aj, YTo c(HOPMUPOBAHHBIE TPyNNbl B Psae CIy-
YaeB CBS3aHbl C reorpauyecKuM MPOUCXOXKIE-
HUeM TamMmoB. Tak, B rpynmny Bl Bouuin uzonu-
poBaHHBbIe OT AoMalHux uryad B 2007 u 2013 rr.

1095



M.J1. NleneHesa, 'A. TkaueHko, /.b. 3axaposa

MHdekumns n uMmyHuTeT

B KanudopHuu mitammel B. pseudomallei2002734728
u 2013746777 ¢ ugentuyHbiM VNTR-nipodpuiem (6-
6-9-2) 1 oTAMYaloIIecs OT HUX Mo JokycaMm S389k
u L1933k mrammbr 2010007509 (Apuszona, 2009 r.)
n 2011756189 (Ilseiinapus, 2010 r.). Ilpu sTOM
mramMmmbl 2010007509 u 2011756189 oTiuyanuch
TOJIBKO 110 JIokycy 1933k (9-6-8/10-2) u GbLIU BbI-
JIeJeHbl OT OOJBbHBIX Jtoaei, MHOUIIMPOBAHHBIX

@ 2013746878/USA/ST1038 3\
@ 2002721171/Venezuela/ST12
@ 3000015486/USA/STI2

@ 2008724734/USA/STOS Al
MSHR5864/Australia/ST975
MSHR6755/Australia/ST975 A

@ 3000047530/USA/ST92 A2

MSHR3965/Australia/ST846 A3
@ 2013746776/USA/ST297
.. 2002721684/USA/ST297 1A4

@ 3000015237/USA/STI51
@ 2011756189/Switzerland/ST92
@ 2010007509/USA/ST518 B1
@ 2002734728/USA/ST518
@ 2013746777/USA/ST518
A79A/Papua New Guinea/ST667
B03/Papua New Guinea/ST667 |B2 >B
PB08298010/USA/ST426
@ 2008724860/USA/ST698
BPC006/China/ST70 B3
1106a/Thailand/ST70
1106b/Thailand/ST70
! W veho7/Taiwan/STS8

Bp1651/USA/ST880 C1
MSHR1328/Australia/ST259

VB976100/Czech Republic/ST436 IA 5
S/

-

BP22/Malaysia/ST84
vgh16R/Taiwan/ST1001 | C2
vgh16W/Taiwan/ST1001

MSHRO511/Australia/ST617

I'_‘—‘ NAU20B-16/Australia/ST617 D1
MSHR146/Australia/ST617

L MSHRI6SS/Australia/ST131

MSHR1079/Australia/ST111 D2

MSHR668/Australia/ST129

[SHR2243/Australia/ST132 D3
576/Thailand/ST501

: @ 2013833055/Puerto Rico/ST297

'_{ @ 2013833057/Puerto Rico/ST297 E 1
| @ 2011756295/USA/ST297

1 @ 2011756296/Puerto Rico/ST297

! MSHRI1153/Australia/ST117 I

MSHR1435/Australia/ST131 E2
@ 2002721100/Puerto Rico/ST95
K42/Papua New Guinea/ST267

z Pasteur 52237/Vietnam/ST411 F1
982/

ysia/ST1477
HBPUB10134a/Thailand/ST228 F2

NCTC 13178/Australia/ST286 F3
[l 406e/Thailand/ST211
MSHR7929/Australia/ST437
1710a/Thailand/ST177 F4
: 1710b/Thailand/ST177
H MSHR520/Australia/ST36
H MSHR4083/Australia/ST36 G1
MSHR3763/Australia/ST36
TSV202/Australia/ST1340
MSHRO0305/Australia/ST36
! §SHR2543/A|Istl'allalST573 |G2

2008724758/USA/STS50
SHR5848/Australia/STS53
MSHRS855/Australia/STS53 IH 1
HBPUB10303a/Thailand/ST48
PHLS 112/Thailand/ST1 IH 2
/ST72

9/P
BPs112/Sri Lanka/ST1442 |H3
§ 2013746811/USA/ST17 1H4
SHR435/Australia/ST126
MSHR491/Australia/ST126 11
NCTC 13179/Australia/ST613
NAU35A-3/Australia/ST326 112
MSHRO0840/Australia/ST257
350105/China/ST562 |J 1
@ 2002721123/Puerto Rico/ST92
MSHR5858/Australia/ST562 132
1026b/Thailand/ST102
A\ BPs114/Sri Lanka/ST594
BPs116/Sri Lanka/ST1179
‘ BPs122/Sri Lanka/ST594 }J
TSV 48/Australia/ST252 J3
K96243/Thailand/ST10
BPs111/Sri Lanka/ST1364
BPs133/Sri Lanka/ST594
BPs110/Sri Lanka/ST1152
BPs115/Sri Lanka/ST1413 J

A Tt e

035 030 025 020 015 010 005 000

npu nocemieHun Kocra-Puku m MapTuHUKU cO-
otBeTcTBeHHO [10, 11]. [IpUHaAIEXXHOCTH ITAMMOB
B. pseudomallei 2002734728, 2013746777 u 2010007509
K obiiemy cukBeHc-Tuny (ST518) u ToT hakT, uTO
OONBLIMHCTBO UryaH mist Toproeau CHIA nmnopTu-
pytoT u3 LleHTpanbHOl AMEpUKU, Jal0OT OCHOBAHUS
npearoaaraTb OOIIHOCTb MTPOUCXOXKACHUS IITAMMOB
JIAHHOM TpyTIIIBI.

MSHRS20/Australia/ST36
MSHR4083/Australia/ST36
MSHR3763/Australia/ST36
MSHRO0305/Australia/ST36
.. 2002721684/USA/ST297
2013746776/USA/ST297
@ 2011756189/Switzerland/ST92 MBSI
@ 2010007509/USA/ST518
@ 2008724860/USA/ST698
®
[

2002734728/USA/ST518

2013746777/USA/ST518

BPC006/China/ST70

1106a/Thailand/ST70 | MBS2

1106b/Thailand/ST70

I HBPUB10303a/Thailand/ST48

MSHR5858/Australia/ST562 | MBS3

1026b/Thailand/ST102

vgh16R/Taiwan/ST1001

vgh16W/Taiwan/ST1001 | MBS4

BP2 ysia/ST84

Bp1651/USA/ST880

@ 3000047530/USA/ST92

.. 3000015237/USA/ST951
2008724734/USA/ST9S

@ 3000015486/USA/ST92 MBSS

@ VB976100/Czech Republic/ST436

@ 2013746878/USA/ST1038

@ 2002721171/Venezuela/ST12
MSHR1328/Australia/ST259
MSHR2243/Australia/ST132
PB08298010/USA/ST426
MSHR2543/Australia/ST573 MBS6
MSHR3965/Australia/ST846
MSHR5864/Australia/ST975
MSHR6755/Australia/ST975

MSHR1435/Australia/ST131

MSHR1655/Australia/ST131

MSHR1153/Australia/ST117 MBS7

MSHR435/Australia/ST126

MSHR491/Australia/ST126

BPs112/Sri Lanka/ST1442

@ K96243/Thailand/ST10

@ 2002721123/Puerto Rico/ST92

BPs110/Sri Lanka/ST1152

BPs115/Sri Lanka/ST1413

BPs111/Sri Lanka/ST1364 MBSS8

BPs122/Sti Lanka/ST594

BPs133/Sri Lanka/ST594

BPs114/Sri Lanka/ST594

BPs116/Sti Lanka/ST1179
NCTC 13179/Australia/ST613

)

2008724758/USA/ST550
576/Thailand/ST501 MBS9
2013746811/USA/ST17
MSHR7929/Australia/ST437
NCTC 13178/Australia/ST286 MBS 1 0

K42/Papua New Guinea/ST267
@ 2013833055/Puerto Rico/ST297
@ 2013833057/Puerto Rico/ST297
@ 2011756295/USA/ST297 MBS11
@ 2011756296/Puerto Rico/ST297
@ 2002721100/Puerto Rico/ST95
MSHR1079/Australia/ST111
MSHR146/Australia/ST617
MSHRO511/Australia/ST617 MBS 12’
NAU20B-16/Australia/ST617
MSHRO0840/Australia/ST257 MBS13
TSV202/Australia/ST1340
PHLS 112/Thailand/ST1
TSV 48/Australia/ST252
B veho7/Taiwan/STS8 MBS14

350105/China/ST562

9/Pakistan/ST72

1710a/Thailand/ST177

1710b/Thailand/ST177

Pasteur 52237/Vietnam/ST411
982, ysia/ST1477

A79A/Papua New Guinea/ST667
B03/Papua New Guinea/ST667
MSH‘:Z5848/Austl'alla/ST553 MBS 1 5
MSHRS855/Australia/ST553
MSHR668/Australia/ST129
NAU35A-3/Australia/ST326
406e/Thailand/ST211
HBPUB10134a/Thailand/ST228

050 045 040 035 030 025 020 015 010 005 000

PucyHok 1. CpaBHUTENbHbI aHaNU3 pe3ynbTaToB TUNMpPoBaHusa 85 wrtammos B. pseudomallei ¢ nomoLubio
cxembl MLVA-4 (A) u coueTaHHOro ucnosnb3oBaHus cxembl MLVA-4, nokyca BPSS1974* u SNP1-4 (B)
Figure 1. Comparative analysis of t 85 B. pseudomallei strains typing by using the MLVA-4 scheme (A) as well as
combined use of the MLVA-4 scheme, the BPSS1974# |locus, and SNP1-4 (B)

npumeqauue. LLrammbl OHOI O KJIOHAJIbHOIr0 KOMMiekCa 0OTMeYyeHbl 0ANHAKOBbIMU MUKTOrpaMmMamMu.

Note. Same clonal complex strains are denoted with similar pictograms.
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Mapkepbl TUNMpoBaHus B. pseudomallei

B rpynny Al nio pe3yasratam MLVA-4 ananu-
3a 00BbEeNMHEHBbl LITAMMbI BO3OYAMTESI MEIMOU-
no3a, BeIAcJeHHBIe B Benecyane (B. pseudomallei
2002721171) u ot 6onpHbIX Jiogeit B CIIIA, 1oce-
waswux I'vatremany (B. pseudomallei 2013746878)
nu  Mekcuky (B. pseudomallei 2008724734
u 3000015486). I1pu aToM 1miTaMMbl U3 BeHecyasbl
n I'Batremannr wumenun wuaeHTUYHBIM VINTR-
npoduisb (5-5-11-2) u otanuanuck mo jokycy S389k
ot mtamma B. pseudomallei 3000015486 (4-5-11-2),
a oT mramma B. pseudomallei 2008724734 nomnoJ-
HUTEJbHO 1o jokycy L1933k (4-5-15-2). Hecmotps
Ha Oawusoctb VNTR-mpodwuneit, Bce mTammbl
U3 BTOU T'pyNMbl NpUHAIJEKAJIN K Pa3HbIM CUK-
BeHc-tunam (ST12, ST1038, ST95, ST92).

Bce mrammel rpynnbl E1 oTHOCHMIUCH K CUK-
BeHc-Tuny ST297. B Hee BolIM KJIWHUYEC-
KW M [OBa TOYBEHHBIX IIITaMMa, BbIAEJIEHHBIE
B [1yapTo-Puko, a Tak>Ke ONUH IITaMM OT NallueH-
ta B CIIIA, mocemasmero Pecriyonuky TpuHnman
n TobGaro. IlouBeHHbIe HITaMMbl B. pseudomallei
2013833055 wu 2013833057 wumenu OAMHAKOBBIMI
VNTR-nipodpuis (4-10-12-6), KOTOPHI OTIIMYATICS
OT Npoduiieit KIMHNYECKHUX IMITAMMOB 10 JIOKyCaM
1933k u L2341k: B. pseudomallei 2011756296 (4-10-
9-6) u B. pseudomallei 2011756295 (4-10-12-3).

K rpymme A5 ¢ VNTR-nipodunem (6/8-5-16/19-2)
ObLIM OTHECEHBI ITaMMbl B. pseudomallei VB976100
(ST436) u 3000015237 (ST951), BbLACIEHHBIE COOT-
BETCTBEHHO OT 3eJieHoi uryaHbl B [Ipare u ot 60b-
Horo uenoBeka B CIIIA, noceniaBiiero Mekcuky.

OcTanpHbIe IITaAMMBI KJIOHAJIBHOTO KOMILICK-
ca CC92, orHecenHble 1o pesynbraram VINTR-
tunupoBaHusd K MLVA-knactepam A, B u E, 6111
MNpeacTaBieHbl Ha JEeHApOorpaMMe OTAEeJIbHBIMU
BeTBIMU (A2, A4) niu ¢hopMuUpoBaIn OOIINE TPYII-
OBl CO MTaMMaMHM IPYTUX CUKBeHC-TUTIOB (A3, B3
u E2). BMecTe ¢ TeM ABa Apyrux mramma 3TOro KJjo-
HaJIbHOroO KoMIljiekca — B. pseudomallei 2002721123
n K96243 — Bouuin B cocTaB IMCTaHILIMPOBAHHOIO
MLVA-knactepa J. IIpu atom B rpymry J3 Hapsaay
co mrammoM B. pseudomallei K96243 6b111 06T~
HEHBI 7 IITAaMMOB BO30YyAUTEJsI MEJIMOUI03a, BbIAC-
neHHbie B 2015 1. ot 60sbHBIX M0neii B Llpu-Jlanke,
B TOM YHCJC 5 IITaMMOB KJIOHAJILHOTO KOMILIEKCA
(ST1364-ST594-ST1413). Insg mTaMMOB U3 JAPYTUX
4 KJIOHAJIbHBIX KOMILJIEKCOB SIBHOW B3aMMOCBSI3U
VNTR-npoduneii ¢ reorpadm4ecKuM MPOUCXOXK-
JICHUEeM BBISIBJICHO HE OBLIIO.

BapuabenbHocth VNTR-npoduneit y uccue-
JOBaHHBIX LITaMMOB B. pseudomallei B psine cny-
yaeB OblJ1a 00YCJIOBJIEHA HE TOJBbKO KOIMUMHOCTHIO
MOTHBa B COCTaBeé MMHUCATEJIMTHOTO JIOKYcCa,
HO u INDELL-MyTauusmMu B cocTaBe KOPOBOW
enMHUIBI. Tak, ajjelibHble BapUaHThI JIOKYCOB
S389k, 1933k m L2341k y BwioeneHHbIX B 2015 T.
B lllpu-JlaHke KJIMHUYECKUX U30JISITOB OOYCIOB-
JICHBI AeJIeIUsIMU HyKJieoTua0B. [1pu aToM mtamm
B. pseudomallei BPs112 B pesynbrate aeiaeuuu

Tpex HYKJICOTUIIOB B KOPOBOW E€IMHMIE JIOKyca
L1933k 6n11 oTHeceH K MLVA-knactepy H, B co-
cTaBe KOTOPOTO c(HOpMHPOBAJ OTACIbHYIO BETBb
¢ B. pseudomallei 2013746811 (CILIA, 2013 r.).

AHaJlu3 ajulebHOro mnojaumMopdusMa IIpoje-
MOHCTPUPOBAJI BBICOKYIO BapuabEIbHOCTh JIOKY-
coB 1933k m L2341k, mjia KOTOPBIX YCTaHOBIJICHO
Hayuuue 20 (h=0,906) u 16 anneneii (h=0,877) co-
otBeTcTBeHHO. JJokychl S389k (h = 0,799) u S1788k
(h = 0,825) oM nipeactaBiaeHbl 10 BapuaHTaMu
Kaxablii. 3HayeHUe uHAeKca XaHTepa—lacTtoHa
coctaBuiio 0, 997, 4To IEeMOHCTPUPYET OYSHB BHICO-
KYI0 pa3peniaroniyo clioCOOHOCTb MeTOo/1a.

ITosyyeHHbIe TaHHBIE CBUACTEABCTBYIOT O IIU-
POKOM Aualia3oHe aJlJIeIbHOTO Pa3HOOOpa3U s 1 BbI-
cokoii ckopoctu myTtupoBaHus VNTR-n1okycos,
4TO OrpaHUYMBAET BO3MOXHOCTh cxeMbl MLVA-4
sl onpenesieHusl reorpaduyecKkux U GuaoreHe-
TUYECKUX CBI3€i U30JIITOB BO3OYAUTEISI MEJIUOM-
no3a. B cBsa3u ¢ aTuM ObLJI IPOBENIEH TOUCK Oojiee
KOHCEPBAaTUBHBIX JIOKYCOB, BKJIIOUEHUE KOTOPBIX
B cxeMy MLVA-4 no3BoauT go0UTbhCs OoJibluei
TOYHOCTH B OIPENCICHUN CTeIIeH! TeHETUYECKOI O
POICTBA M3yYaeMBIX IIITAMMOB.

B kauectBe Takoro VNTR-Mmapkepa BbIOpaH MU-
HUCATEJUTUT-COACPXKAIIMil pETMOH B COCTaBe JIOKyca
BPSS1974 mtamma B. pseudomallei K96243, aHHO-
TUpoBaHHOTO B 0a3ze maHHBIX GenBank NCBI kak
TeH KOJIJIareHornogo0Horo Oenka. OOHapy>KeHHBIU
pervoH Obin1 00o3HayeH kKak BPSS1974*' u npen-
CTaBJIsL1 CO0OI BBIPOXICHHBIA 9-HYKICOTUIHBIN
motuB (TCX,GGX,ACX,),, rne X,/X,/X; — Bapua-
OeJIbHBIC HYKJICOTUIHBIC MO3UIINU, N — YHCJIO MO-
BTOPOB. MyTalluu TUIIA TPaH3UIIUI U TPAHCBEPCUIA
B ToJIoxkeHusIX X;, X, U X; MOTUBa COOTBETCTBO-
BaJId TPETHUM ITTO3UIIMSM KOHOHOB, KOAMPYIOIINX
nentun (Ser-Gly-Thr), u He TpuBOAUIN K 3aMeHE
aMuHOKUCIOT (AN/dS = 0), 4TO CBUIETEIBCTBYET
0 IEMCTBUM CTAOMJIU3UPYIONIEro 0TOOpa. Y mpoaHa-
JIU3UPOBAHHBIX 85 mMTaMMOB B. pseudomallei n3 6a3bl
maHHbIX GenBank NCBI B coOTBEeTCTBUHU C KOITUI-
HOCTBIO MOTHBA B cocTaBe JJokyca BPSS19747! BrisiB-
neHo 20 annenbHbIX BapuaHTOB (h = 0,8).

B kauectBe KanamaatHbiXx SNP-MapkepoB BbI-
OpaHBI TIOCJICIOBATEIIBHOCTM TE€HOB JIaypoMJia-
nuiaTpaHcdepaspl 6uocuHTesa aunuaa-A [Gene
ID: 3093529 (BPSLO0211)] — o6o3HayeHbl HaMu
kak SNP1 u SNP2; curma-¢pakropa RpoH PHK-
nonumepasbl [Gene 1D: 3094670 (BPSL0504)] —
obo3HaueH kak SNP3; rmyramMmuHamuaoTpaHcde-
passbl [Gene ID: 3091795 (BPSL3430)] — ob6o3HaueH
Kak SN P4 (ta6J. 2). TunmupoBaHue 3TOi ke BEIOOP-
KU IITAMMOB C MCIOJb30BaHWEM IIpPEHAIaracMoTo
Habopa OTHOHYKJIEOTUTHBIX TOTUMOP(MU3MOB BbI-
saBuio 13 SNP-nmaTtTepHOB.

CpaBHeHUE TeHEeTUYeCKMX Ipoduieil mo jao-
kycam BPSS1974*1 1 SNP1—4 noka3sayjio ux uaeH-
TUYHOCTH y BCEX IITAMMOB, IIPUHAIJIEXKAIINX OJl-
HOMY CUKBEHC-TUITY U UMEIOIIUX OOLINI PEernoH

1097



M.J1. NleneHesa, 'A. TkaueHko, /.b. 3axaposa MHdekumns n uMmyHuTeT

VDE{s
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S389k S1788k L933k L2341k BPSS1974" SNP1 SNP2 SNP3 SNP4

SNPs

Homep noctyna GenBank
Genbank accession numbers

MSHR4083/Australia/ST36 3 7 7 3 51 G G A T CP017050.1/CP017051.1
MSHRS520/Australia/ST36 3 7 7 3 51 G G A T CP004368.1/CP004369.1
MSHR3763/Australia/ST36 3 7 7 3 51 G G A T CP017052.1/CP017053.1
MSHRO0305/Australia/ST36 3 7 8 3 51 G G A T CP006470.1/CP006469.1
@ 2002721684/USA/ST297 6 7 7 2 63 G G A T CP018376.1/CP018375.1
@ 2013746776/USA/ST297 5 7 5 2 51 G G A T CP018395.1/CP018397.1
T92 9 6 10 2 51 A G A T CP018389.1/CP018390.1
@ 2010007509/USA/ST518 9 6 8 2 51 G G A T CP018387.1/CP018388.1
@ 2008724860/USA/ST698 10 6 13 2 51 G G A T CP018384.1/CP018386.1
@ K96243/Thailand/ST10 6 8 10 7 51 G G A T CP009538.1/CP009537.1
@ 2002721123/Puerto Rico/STI2 6 8 11 2 51 G G A T CP018369.1/CP018370.1
@ 2002734728/USA/ST518 6 6 9 2 51 G G A T CP018418.1/CP018419.1
@ 2013746777/USA/ST518 6 6 9 2 51 G G A T CP018399.1/CP018398.1
(Irap Terre 98/Iran | 6 11 9 2 51 G G A T
HBPUB10303a/Thailand/ST48 6 4 11 12 52 G G A T CP008894.1/CP008893.1
[I'chad 97/Chad ] 7 4 11 2 49 A G A T
@ 3000047530/USA/ST92 4 9 10 2 49 G G A T CP018414.1/CP018415.1
Bp1651/USA/ST880 6 5 20 4 49 G G A T CP012041.1/CP012042.1
3000015237/USA/ST951 8 5 19 2 67 G G A T CP018410.1/CP018411.1
@ 2008724734/USA/STIS 4 5 15 2 53 G G A T CP018380.1/CP018381.1
@ 3000015486/USA/ST92 4 5 11 2 63 G G A T CP018413.1/CP018412.1
'VB976100/Czech Republic/ST436 6 5 16 2 52 G G A T CP018054.1/CP018055.1
@ 2013746878/USA/ST1038 5 5 11 2 52 G G A T CP018405.1/CP018404.1
@ 2002721171/Venezuela/ST12 5 5 11 2 52 G G A T CP018372.1/CP018371.1
. 6 3 8 8 57 G G A T
_?MSHRSSSSIAIISIMMISTSGZ 6 8 8 10 52 G G A T CP008892.1/CP008891.1
1026b/T! T102 10 8 8 10 44 G G A T CP002833.1/CP002834.1
1106a/Thailand/ST70 4 6 13 11 61 G G A T CP008758.1/CP008759.1
1106b/Thailand/ST70 4 6 13 8 61 G G A T CM000774.1/CM000775.1
N 4 5 6 8 55 G G A T
vgh16W/Taiwan/ST1001 4 5 3 9 46 G G G T CP012517.1/CP012518.1
vgh16R/Taiwan/ST1001 4 5 3 9 46 G G G T CP012515.1/CP012516.1
BP2 4 5 3 5,78 51,89 G G A T CM001156.1/CM001157.1
_|: MSHR1328/Australia/ST259 6 9 3 4 53 G G G T CM003196.1/CM003197.1
MSHR2243/Australia/ST132 7 9 8 7 52 G G G T CP009270.1/CP009269.1
[Pearce 110/Australia 8 11 6 5 48 G G G T
PB08298010/USA/ST426 10 6 14 8 50 G G G T CP009551.1/CP009550.1
4 7 16 10 54 G G G T
MSHR2543/A T573 8 7 9 10 46 G G G T CP009478.1/CP009477.1
4 6 15 10 52 G G G T
A 5 13 9 2 57 G G G T CP009153.1/CP009152.1
MSHRG6755/Australia/ST975 4 7 11 2 57 G G G T CP017046.1/CP017047.1
MSHRS5864/Australia/ST975 4 7 11 2 57 G G G T CP017048.1/CP017049.1
MSHR1435/Australia/ST131 4 8 5 6 54 G G G T CP025264.1/CP025265.1
MSHR1655/Australla/ST131 0 9 5 6 54 G G G T CP008780.1/CP008779.1
— MSHR1153/Australia/ST117 4 8 5 3 51 G A G T CP009271.1/CP009272.1
BPs112/Sri Lanka/ST1442 5,875 8 9,75 7 51 G G G T CP037976.1/CP037975.1
MSHR435/Australia/ST126 3 8 12 9 56 G G G T CM003019.1/CM003020.1
MSHR491/Australia/ST126 3 8 12 9 56 G G G T CP009485.1/CP009484.1
NCTC 13178/Australia/ST286 4 11 10 3 49 G G G C CP004001.1/CP004002.1
K42/Papua New Guinea/ST267 4 7 10 8 49 A G G C CP009162.1/CP009163.1
MSHR7929/Australia/ST437 5 6 20 3 56 G G G C CP017044.1/CP017045.1
NCTC 13179/Australia/ST613 3 8 5 5 58 G G A C CP003976.1/CP003977.1
5 i008724758/U SA/STS50 3 7 9 5 41 G G G C CP018383.1/CP018382.1
2013746811/USA/ST17 5 3 14 7 49,89 G G A C CP018400.1/CP018401.1
5 3 11 4 58 G G A C
C.141/Vietnam| 4 3 7 10 51 G G A C
 576/T TS01 7 4 8 9 51 G G A C CP008777.1/CP008778.1
[61503/Vietnam] 9 4 13 6 51 G G G C
A lia/ST257 10 8 11 4 51 A G G C CP009474.1/CP009473.1
BPs110/Sri Lanka/ST1152 6 8 10 4,67 51 G G A C CP036452.1/CP036451.1
BPs115/Sri Lanka/ST1413 5,875 8 10 4,67 51 G G A c CP037758.1/CP037757.1
BPs111/Sri Lanka/ST1364 6 8 10 7 51 G G G c CP036454.1/CP036453.1
BPs122/Sri Lanka/ST594 6 8 58 4,78 51 G G G C CP038195.1/CP038194.1
BPs133/Sri Lanka/ST594 6 8 5,75 4,67 51 G G G C CP037972.1/CP037971.1
BPs114/Sri Lanka/ST594 6 8 5,75 4,56 51 G G G C CP037974.1/CP037973.1
BPs116/Sri Lanka/ST1179 6 8 5,67 4,56 51 G G G (o CP037760.1/CP037759.1
@ 2013833055/Puerto Rico/ST297 4 10 12 6 51 A G A T CP018406.1/CP018407.1
@ 2013833057/Puerto Rico/ST297 4 10 12 6 51 A G A T CP018408.1/CP018409.1
@ 2011756295/USA/ST297 4 10 12 3 51 A G A T CP018391.1/CP018392.1
@ 2011756296/Puerto Rico/ST297 4 10 9 6 51 A G A T CP018393.1/CP018394.1
@ 2002721100/Puerto Rico/STIS 4 8 12 6 51 A G A T CP018368.1/CP018367.1
MSHR1079/Australia/ST111 5 4 8 6 54 A G G T CM003194.1/CM003195.1
MSHR146/Australia/ST617 5 9 2 6 55 A G G T CP004042.1/CP004043.1
MSHRO511/Australia/ST617 6 9 2 6 55 A G G T CP004023.1/CP004024.1
NAU20B-16/Australia/ST617 6 9 2 6 55 A G G T CP004003.1/CP004004.1
TSV202/Australia/ST1340 3 7 7 7 51 A G G T CP009157.1/CP009154.1
PHLS 112/Thailand/ST1 3 4 11 7 51 A A G T CP009585.1/CP009586.1
. vgh07/Taiwan/STS8 0 5 8 4 51 A A G T CP010973.1/CP010974.1
982/Malaysia/ST1477 4 7 7 8 54 A A G T CP012576.1/CP012577.1
4 5 7 2 50 A G G T
MSHR668/A T129 5 6 8 5 58 A A G cC CP009545.1/CP009546.1
NAU3S5A-3/Australia/ST326 8 8 7 5 59 A A G C CP004377.1/CP004378.1
406e/Thailland/ST211 4 4 7 3 56 A A G C CP009298.1/CP009297.1
HBPUB10134a/Thailand/ST228 4 6 7 10 49 A A G C CP008911.1/CP008912.1
A79A/Papua New Guinea/ST667 8 6 6 8 46 G A G C CP009165.1/CP009164.1
BO03/Papua New Guinea/ST667 8 6 7 8 46 G A G C CP046584.1/CP046583.1
— Australia/ST553 6 4 5 8 53 A A G C CP008909.1/CP008910.1
L——— MSHRS5855/Australia/ST553 6 4 3 8 53 A A G C CP008784.1/CP008783.1
Pasteur 52237/Vietnam/ST411 4 7 5 8 51 A A A C CP009899.1/CP009898.1
1 ailan 9 4 13 8 51 A A A C
50105/China/ST562 8 8 11 11 67,89 A A A T CP012094.1/CP012093.1
[57562/Vietnam | 5 9 24 8 59 A A A T
TSV 48/Australia/ST252 6 8 16 1 59 A A G T CP009161.1/CP009160.1
132/Thailand 3 6 6 1 s1 A G A T
134/Thailand 3 6 6 11 51 A G A T
[136/Thailand | 3 6 6 11 51 A G A T
BPC006/China/ST70 3 6 13 5 61 A A A T CP003781.1/CP003782.1
1710a/Thailand/ST177 4 6 9 3 51 A A A C ‘CM000832.1/CM000833.1
1710b/Thailand/ST177 4 6 9 3 51 A A A C CP000124.1/CP000125.1
4 6 6 3 52 A A A T
9/Pakistan/ST72 8 4 6 7 52 A A A T CP008755.1/CP008754.1
4 4 8 6 52 A A A T
4 4 8 6 52 A A A T
4 4 8 6 52 A A A T

045 040 035 030 025 020 0I5 010 005 090

PucyHok 2. leHgporpamma, nocTpoeHHas ¢ nomouubio anroputma Neighbor-Joining, no pesynstatam
TunupoBaHusa 105 wrtammoB B. pseudomallei c ucnonb3oBaHMeM AaHHbIX KOMIJIEKCHOrO aHanu3a

Ha OCHOBe MosneKynsapHbix MapkepoB 5 VNTR- n 4 SNP-nokycos

Figure 2. Dendrogram constructed by using the Neighbor-Joining algorithm based on the results of 105

B. pseudomallei strains typing with complex analysis data using molecular markers of 5 VNTR and 4 SNP loci
npumeqauue. LLTammbl O HOr 0 KJIOHAJIbHOIro KoOMrjiekCa 0TMedyeHbl 0 ANHAKOBbIMU MUKTOrpaMmMamMu. Pamkamu 0603Ha4eHbl
LwTammbl 13 konnekumn GKY3 Bonrorpackumin Hay4HO-MCCneaoBaTensCknii NPOTUBOYYMHBIA MHCTUTYT PocnoTpebHaasopa.

Note. Same clonal complex strains are denoted with similar pictograms. The strains from the collection of the Volgograd Plague
Control Research Institute are depicted in boxes.
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BeimeeHUs. IlltaMMBl M3 OITHOTO KJIOHAJIBHOTO
KOMILIeKca o0j1agaiu Io MpeajaraeMbIM JIOKycaM
UICHTUYHBIMU WX ONMU3KUMU npodunasmu. Tak,
Ha OCHOBAaHUU MOJIYYCHHBIX MAaTTCPHOB IITAMMBI
B. pseudomallei 1710a u 1710b (Taumann, 1996 r.
n 1999 1.) u B. pseudomallei Pasteur 52237 (BbeTHawm,
1964 r) knoHanbHoro komiuiekca ST177-ST411, ot-
nunyatorrecs mo cxemMe MLVA-4 o tpem VNTR-
JIOKycaM, OTHECEHBI K OMHOMY TeHoTuITy. IIITaMMBI
KJoHaJbHOro KoMmiriekca ST1364-ST594-ST1413,
M30JIMPOBaHHBIE OT OONBHBIX Jiomeii Ha Illpu-
Jlanke, TaKkKe 00JIama i UACHTUIHBIMHY ITPOMDUITSI-
MU o jokycam BPSS1974%1 u SN P1—4 3a nckitoude-
HueM B. pseudomallei BPs115, xkoTopblit oTiuvancs

o 1okycy SNP3.
YV mrraMMoOB KJIOHaJbHOTO KoMriuiekca CC92
YCTAHOBJIEHO I1IECTh  aJjlJIeJIbHBIX BapUMaHTOB

o jokycy BPSS1974*' u na SNP npodwus, pas-
nuyampomumecs no jokycy SNP1 — (G/A-G-A-T).
IIpu aTom SNP-tipoduns (A-G-A-T) 6611 00HaApY-
JKEH TOJIBKO Y TIOYBEHHBIX M KJIMHUYESCKUX IITaM-
MOB, BblaeaeHHbIX B [1yapTo-Puko (B. pseudomallei
2013833055, 2013833057, 2011756296 1 2002721100),
a TakXe OT MOCEMIaBIIMX COCEAHHME OCTpOBa TYy-
puctoB (B. pseudomallei 2011756295 n 2011756189).
AJTeNbHBI BapuaHT Jiokyca BPSS1974*! ¢ gwc-
JIOM MOBTOPOB 52 BBISIBJIEH cpenu mrTaMMmoB CC92
TOJNBKO Y B. pseudomallei 2013746878, 2002721171
u VB976100, uto Hapsay ¢ uaeHTUYHbBIM SNP-
npopuieM (G-G-A-T) No3BOAUIO BBIAEIUTH UX
B OTACJBHYIO IPYIITY.

HutepecHo, uyTo muraMMsbl B. pseudomallei 1106a,
1106b (Tamnanm) u BPC006 (Kwutait) rpyrmib
ST/MLVA-III, npunanmnexamue K ST70, nmenu
B siokyce BPSS1974*! 61 moBTOp, HO OTJIMYaIUCh
no jokycam SNPI u SNP2 B 3aBUcuMoCTH OT pe-
TMOHA BBIJCJICHUS: OJIS IMTaMMOB M3 TamimaHmoa
ycraHoBjieH SNP-npoduns (G-G-A-T), a wu3s
Kutas — (A-A-A-T). Heo6xoauMo OTMETUTH, YTO
SNP-nnpodpuns (A-A-A-T) oGHapyKeH BCEro y Tpex
IITAMMOB MCCJICIOBAHHOI BEIOOPKU, BBIIEICHHBIX
B coceqnux Kuraey B. pseudomallei BPC006 (ST70)
u 350105 (ST562) u [Makucrane — B. pseudomallei 9
(ST72), npuuyem ST562 u ST72 npeactraBisiid co-
0ot IBYXJIOKYCHBIC BapMaHTHI APYT Apyra, TOTaa
kak ST70 oTauyascs 1Mo BceM alyIesiM.

HomnoanenHas gokycamu BPSS1974*' u SNP1—4
cxema MLVA-4, o6o3HaueHHass kKak MBS (MLVA-4,
BPSS1974%', SNP1—4), nos3Bonuiaa 6ojiee TOUYHO
pasaeauTh wTamMmMbl B. pseudomallei B cooTBeT-
CTBUM C PErMOHOM MX MpOUCXOXIAeHUs (puc. 1b).
Tak, mTaMMmbl KJoHajabHOro komiaekca CC92
OBLIM pacIIpeleJeHBl MO YeThIPEM OTHCIbHBIM
KJacTepaM C OIpPeAesIeHHONW reorpadudeckKon
npuypodeHHOCThI0. HanboJstee KpyImHbIe U3 HUX —
MBS1 1 MBS5 — 00beauMHAIM IITAMMBI U3 CTpaH
HenTtpanbHoit Amepuku, Mekcuku, BeHecyanbl
u octpoBoB Kapubckoro 6acceiiHa, 3aBe3€H-
Heie B CIIIA u EBpony. Knacrep MBSI1 Bkito-

yaa mTtaMMbl u3 Ilyspto-Puko u PecnyOnuku
Tpununan u ToGaro. B caMocTosITEIbHYIO BETBb
BHYTpU Kijactepa MBS8 BblgeneHbl IITaMMBI
B. pseudomallei 2002721123 (ITyspto-Puxko, 1998 r.)
u K96243 (Tannaunn, 1999 r.).

Irammbr u3 MLVA-knacrepa F mo cxeme MBS
pa3aenuanuch Ha TPU pa3HbIe TPYMNINbI, KOPPEIU-
pyiolne ¢ UX reorpauuecKuM IPOUCXOXKICHU-
€M M CMKBEHC-TUIIaMU. Tak, B OTAEJIbHYIO TPYIITy
BBIJIEJICHBI TalicKue mTaMMbl B. pseudomallei 406e
nu HBPUBIO134a, CUKBEHC-THUITBI KOTOPBIX SIB-
JISLTACHh OBYXJIOKYCHBIMU BapuaHTamMu. IllTamMMBI
1710a, 1710b u Pasteur 52237 KJOHaJIbHOIO KOM-
nuekca ST177-ST411, uzonupoBaHHble B TannaHae
1 BbeTHame, KJIacTepu3OBaIMCh BMECTE C MaJia-
3UNCKUM IITaMMOM B. pseudomallei 982. I1pu a3ToM
o0e rpynIibl BOLLIMW B cocTaB Kjactepa MBSI5, BTo
BpeMs KaK TPEThs IpyIira TaMMOB U3 ABCTpaJuu
(B. pseudomallei NCTC 13178 u  MSHR7929)
u [larmrya — Hosoit I'Buneun (B. pseudomallei K42)
copmupoBaiu OTAEeAbHBIN KaacTep MBSI0.

IlpumeHnenue cxembl MBS mo3Bonuio Bblae-
JIUTH IITaMMBbl U3 ABCTpaJyMyd B TPU OTACIBHBIX
kaacrepa — MBS6, MBS7 u MBSI2, B kKaxaoMm
U3 KOTOPBIX LITAMMbBI UMeNAU UJIeHTUYHbIE SNP-
npoduan, Ho orTinyanuch no VNTR-nokycam.
WckinodyeHue COCTaBUJ JIUIIb KJIMHUYECKUN
mrTaMMm B. pseudomallei MSHRI1153, otnuuaro-
IMACS OT JOMHMHUPYIOIIEro TeHOTHNA KJjlacTepa
MBS7 no nokycy SNP2. ¥V Tpex miraMMoB KJjacTe-
pa MBS6 (B. pseudomallei MSHR3965, MSHR 5864
u MSHR6755) B nokyce BPSS1974*! uneHTudu-
OMPOBAHO OMMHAKOBOE YHCJIO IIOBTOPOB, YTO II0-
3BOJIUJIO BBIJAEUTDH UX B OTICIBbHYIO TPYIIITY 3TOTO
KJactepa.

Pa3paboraHHas cxema TUTIMPOBAHU I Obljia 9KC-
HepUMEHTAJIbHO alpoOMpoBaHAa Ha KOJIJIEKIINOH-
HBIX LITaMMax B. pseudomallei pa3nuyHOro reorpa-
(puryeckoro nmpoucxoxaeHus (tadi. 1).

Ha ocHoBaHuu komriekcHoro aHaian3a VNTR-
n SNP-50KycoB, BXOASIINX B COCTaB IIpeajara-
eMoii cxeMbl MBS, npoBeneHo TunupoBaHue 105
LITAMMOB BO30yauTeJisl Meauouao3a, Bkiatouas 20
KoJIeKIMOHHBIX (puc. 2). [Ipu aToM xapakTep Kjia-
crepuszanuu 85 mrammoB B. pseudomallei n3 6a3b
maHHbIXx GenBank NCBI coxpaHsicsi, 4To CBU-
JIETEJIbCTBYET O MPUMEHUMOCTH pa3paboOTaHHOTO
METOAMYECKOTO MoAXona Ijsl (pUI0reHeTUuUYeCKOro
aHaJIM3a MPpU IIPOBEACHUN SITUASMHUOJIOTUUECKOTO
paccienoBaHus ciydaeB 3a00JIeBaHUSI.

Ob6cyxaeHne

MOHCKYHHPHOC TUIITUPOBAHUC BO36YI[I/ITCJ'[H Me-
JMonag03a OCyHieCTBIACTCA C IPUMCHCHUEM pAaa
METOOOB, 3aKJJIOYaIIINXCAd B aHAJIMU3€ OTACIbHbBIX
TEHETUYCCKUX JIOKYCOB, X KOMIIJICKCOB UJIN OIIPEC-
JIEJIEHUU MOJHOU MOCJIEIOBATEIbHOCTA T€HOMOB.
BMmecTe ¢ TeM Mcrmonb30BaHUE OTAEAbHBIX MOAXO-
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MHdekumns n uMmyHuTeT

JIOB WJIM MX COYETaHUsSI TPpeOyeT OCTOPOXKHOCTH,
MOCKOJbKY YCTaHOBJEHHas nas B. pseudomallei
BBICOKAsl 4YacTOTa TOMOJIOTMYHOM pEeKOMOMHAIIUN
MEXIy ITaMMaMU MOXET He OTpaXaThb 9BOJIIOI M-
OHHYIO UCTOPUIO OTACIBHBIX TeHOB [5, 16].

CouetaHue  (puaoreHeTUYEeCKO  MHGpOpMa-
TUBHOCTM OJHOHYKJICOTUIHBIX ITOJUMOPDOU3MOB
W JUCKPUMWHUDPYIOIIEH CIOCOOHOCTH MeToaa
MLVA nosBonauio pazpadboratb cxemy u3 4 SNP-
u 5 VNTR-nokycoB, obo3HaueHHyl0 Kak MBS.
IMpennoxeHHass cxeMa B OOJIBIIMHCTBE CJIy4yaeB
obecrieyrBaeT rpyIiMpoBaHue IITAMMOB BO30Yy 11~
TeJIsI MEJIMOUI03a B 3aBUCMMOCTH OT OOIIIHOCTHU UX
reorpacdnyecKkoro mpovcxoxaeHus. [TokazarenabHo,
4TO 1ITaMMBbl B. pseudomallei n3 cTpaH 3amaaHoOro
noyymapust copMuUpoBagid TPU TPYNNbl, KOH-
KPETU3UPYIOIIUEe PEruoH MX MPOUCXOXKICHUS:
B OJHY TpyINTy Bonuin mrtammbl u3 [lyspro-Puko
u Pecnyonuku Tpunupan u TobGaro, a aBe Apy-
rue ObUIM MpeACTaBJIeHBl 3aBO3HBIMU CIIydassMU
MpenuMyIiecTBeHHO 13 Mekcuku, lLleHTpanabHOI
AMepuku u octpoBoB Kapubckoro 0OacceiiHa.
ITonoGHOe pacnpenesieHue ITaMMOB B. pseudomallei
noka3aHo B pabote J.E. Gee u coaBnt. [10] Ha ocHO-
BaHUM aHaiau3za SNP-mo1ruMopdr3MoB BCEro reHo-
ma. [IprMedaTeabHO, YTO KaK Ha YPOBHE ITOJTHOTO
reHoMa, Tak M 1o 9 jokycam MmpeaioKeHHOMN CXeMbl
MBS, mramMmmmbl U3 Mekcuku o061agarT 00JIb-
IIMM TeHETMYECKUM pa3HOOOpa3reM B CpaBHEHUU
C ITy3PTOPUKAHCKUMU.

BHaluemuccienoBaHuu miraMMbl B. pseudomallei
2002721171 (ST12) u 2013746878 (ST1038), BHIIE-
JICHHBbIE COOTBETCTBEHHO B BeHecyase m oT moce-
masuero I'Baremany manueHta u3z CHIA, kiac-
TepU30BaJuCh BMecTe co InramMMoMm VB976100
(ST436) Hem3BECTHOTO MPOUCXOXKACHUSI, U30JIUPO-
BaHHOTO B [Ipare us abcuecca 3ejieHoi uryaHsi [8].
Panee cukseHc-tun ST436 Obln MAeHTUGULIKA-
pOBaH TOJILKO y JBYX IITaMMOB U3 lLleHTpanbHOI
Amepuku (I'Batremansl u Ilepy). B coorBeTcTBUM
co cxemoii MBS B. pseudomallei 2013746878
u 2002721171 umenun MAEHTUYHBIN T€HOTHUIT U OT-
nuyanuck ot B. pseudomallei VB976100 ToJIbKO
o jJokycam S389k u 1.933k, yTo cBUIETEIbCTBOBA-
JIO B MOJb3Yy HEeHTpaJIbHOAMEPMKAHCKOTO MPOUC-
xoxxaeHus mramma VB976100.

CBs3b 00pa30BaHHBIX TpyHn ¢ reorpaduye-
CKMM TPOMCXOXIAEHWEM IITaAMMOB JaeT OCHO-
BaHMe paccMarpuBaTh cxemy MBS B kauecTBe
MOJIE3HOTO MHCTPYMEHTa TMpHU pacciiefoBaHUU
cJlyyaeB MeEJIMOMI03a y TAallMeHTOB C HesSCHOM
WCTOpUEN TNYyTEeleCTBUd B DSHIEMUYHBIE CTpa-
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Hbl. Tak, mrtammbl B. pseudomallei 2008724758,
PB08298010 u 2013746811 BBIIEICHBI OT OOIBHEIX,
HMKOTJa HE BBIE3XaBIIMX 3a Tpenejabl KOHTH-
HeHTaabHOU yactu CIIA [7, 9, 18], TeM He MeHee
NPOBEIEHHOE TUMMUPOBAHUE MOKAa3aJ0 MPOUCXOXK-
JNIeHWEe 3TUX IITaMMOB 3a IpeaejamMu 3amnajgHOro
nonyuapus [10].

CylIecTBEHHbI WHTEpeC MNpeACTaBJIIeT Mep-
CNEeKTUBHOCTbh HCIOJAb30BaHUS cxeMbl MBS nns
OLIEHKU Te€HEeTMYECKOro pa3zHoobOpa3us B. pseudo-
mallei Ha SHIEMUYHBIX Tepputopusx. Tak, pe-
3yJIBTaThl IPOBEIEHHOT0 HAMU T€HOTUIIMPOBAHU ST
IITAMMOB, BbIJEJIEHHBIX BO BPEMsI BCITHIIIIKY MEJTH-
ouno3sa B BoctouHolt yactu [lpu-Jlanku B 2015 r.,
MOJTHOCTBIO COOTBETCTBOBAJIM pe3yabTaTaM MOJ-
HoreHomMHoro aHanau3a H.S. Jayasinghearachchi
u coanT. [14].

OnHoii U3 MpoOdJieM MPU MPOBEASHUU T€HOTU-
MUPOBAHUS SIBJISIETCSI CKPBITBIA TOIUMOPOU3M,
OOYCJIOBJICHHBIII OTCYTCTBUEM MPOAYKTa aMILJIU-
dukanuu. Tak, B XoAe UCCIEIOBAHUS BbISIBJICHO
otrcyTcTBUe VNTR-nokyca S389k y B. pseudomallei
MSHR1655 (ST131), u301upoBaHHOTO OT 6OJIBHOTO
B ABCTpanauu, KoTopblii mo cxeme MLVA-4 knacre-
pU30BaJicsl C aBCTpaJIUUCKUMU mTamMamMu ST617,
BbIAEJIEHHBIMU U3 00BEKTOB OKPYKalolleil cpeabl.
BMecTe ¢ TeM npu cpaBHEHUM ajljieIbHbBIX NPOGhU-
JIeli TI0 TpeM OCTabHBIM JIoKycaM cxeMbl MLVA-4
yctaHoBiieHO, 4To VNTR-mmpoduss MSHR1655 oT-
Jinyajcs Ha TpU IoBTopa nmo Jokycy 933k ot mtam-
moB ST617, a ot nmouBeHHoro nszongra MSHR1435
Toro xe STI131, BblAeAeHHOr0 B ABCTpaJiUM TO-
JIOM paHee — Ha OAMH MOBTOP Io Jokycy S1788k.
BkatoueHue B cxemy MLVA-4 nomogHUTEIbHBIX
MOJIEKYJISIPHBIX MapKepoOB ITO3BOJIUJIO BBIACIUTH
mrammMbl MSHR1655 1 MSHR1435 B oTAebHYIO
KJIAaCTEPHYIO TPYINY Ha OCHOBE UJAEHTUYHOCTU UX
npodueii rmo Jokycam BPSS1974*' 1 SNP1—4.

Takum 06pazom, MpeaIoKeH KOMITJIEKCHBII MOA-
XOIl AJIS1 TUNMpOBaHUs B. pseudomallei, mo3BOJISIIO-
muit Ha ocHoBaHuM MLVA-npodpuieii ocyuect-
BJISITh AU depeHInalnio mraMMoB B. pseudomallei
BHYyTpu SNP-rpynm, 4To MOXeT paccMaTpUBaTh-
csl Kak 2(GEeKTUBHBINA CIMOCOO AJ151 YCTAaHOBJICHUS
dunoreorpadpryecKkux B3aUMOCBSI3€ IITAMMOB.
Pa3zpaboTaHHBI METOAMYECKMUI TMOAXOA K TeHe-
TUYECKOMY TUIMUPOBaHUIO B. pseudomallei, ocHO-
BaHHBIN Ha couyeTaHHOM aHaausze SNP- u MLVA-
MapKepoB, TTO3BoJIsIeT 1udhepeHIIMPOBaTh IIITaAMMbI
B COOTBETCTBUU C TeoTrpadruuecKMMU peTMOHaAMU UX
MPOUCXOXIEHUSI U yCTaHAaBJIMBATh KJIOHAJIbLHOCTh
cllyyaeB MEJIMOUI03a.
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KNELLEBbIX UHOEKLUA U ONPELEJIEHUE
BUAOBOIr0 COCTABA KJELLEM,
HAMNALAIOLLUX HA JIIOAEV B HOBOCUBUPCKE
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Pestome. IOr 3amagnoit Cubupu TpaguIIMOHHO OTHOCUTCS K peTMOHAM C HeOJArOMOIYYHON SITUAEMHUOIOTNIeCKOI
00CTaHOBKOI MO MH(pEKUUSIM, nepeHOCUMbIM KiemaMu. B HoBocubupcke U ero mpuroponax mpuOIU3UTEIBHO
20 ThIC. UEJIOBEK €XXEeTOHO 00pallaloTCsd 3a OKa3aHUEM MEIULIMHCKOM MTOMOILM Tocie yKyca KJiela. Llenbo naHHoi
paboTHI OBLIIO OIpeieIeH e BUI0BOTO COCTaBa KJIelel, aTaKyol1X YyejoBeka Ha TeppuTopun HoBocubupcka u ero
MPUTOPOIOB, TYTEM OMpPEIeIeHUsT HYKJICOTHUIHOM IMOCIeN0oBaTeIbHOCTH (DParMEHTOB MUTOXOHIPHUAJBHOTO TeHa
nuToxpomokcuaasbl COI kieieit B TeueHUe BeceHHe-neTHero ce3oHa 2018 r., onpeneneHre WHOUIUPOBAHHOCTH
WHAUBUAYATbHBIX KJEleil BO30yIUTEIIMU BUPYCHBIX M OaKTepUaJbHBIX KJIEIIEBbIX MHPEKIMI ¢ TeHOTUIIMPOBa-
HUMEM BbISIBACHHBIX MatoreHoB MeTogamu [P ¢ mocienylonum onpeneneHueM HyKJIEOTUIHBIX MTOCIE€A0BaTEIbHO-
CTell U TIpoBeneHUEM (PUIOTeHETUYECKOTO aHali3a CeKBEHUPOBAHHBIX MOCASI0BATEIbHOCTEH MJ1s1 00OHAPYKEHHBIX
BO30yIUTENeH KielleBblX MH(pEKINi. YcraHoBaeHo, uTo HoBocnOMpcKoM Merarosuce 4eJoBeKa aTaKyloT KJICHIU
TSATH BUIOB: Ixodes persulcatus, Ixodes paviovskyi, Dermacentor reticulatus, Dermacentor marginatus, Dermacentor nuttali.
[Nonasisiioliee YMCI0 HAMMaJCHUIA HA YyeloBeKa IIPUXOAUTCS Ha KJieweit 1. paviovskyi (43,6%) u D. reticulatus (41,2%).
B kJemax, CHATHIX C Y€JI0BEKa, BhISIBJIEH TeHETMYECKUIA MaTepurasl BUpyca KielieBoro sHuedantuta B 3,6% ciyuaes,
6oppenuit — 13,8% u pukketcuii — 23,1%. TeHoTumMpoBaHue BUpyca KieleBoro sHedanuta (BKD) B cobpaHHBIX
KJIelIax MoKa3ajo Halnunue CHOMPCKOro reHoTuma B 83% ciydaes, a AajibHEBOCTOYHOro reHotuna BKD B 17% kie-
uieil. Bupyc KemepoBo 00HapyXUTh He yaanock. [eHeTUUECKUT MaTepra 60ppenunii U puKKeTCuil OblT 0OHApYKeH
BO BCEX ISITU BUJAX KJIEIIEH, aTaKyIOIMX MeCTHOe HaceJeHre. OCHOBHAsI YaCTh BBISIBJIEHHBIX M30JIITOB OOppennit
ObLTM OTHECEHBI K BULY Borrelia garinii (86%) v 13% u3onsatoB K Borrelia afzelii, a B omHOM KJiellle ObLT 0OHAPYKeH TeHe-
TUYeCKUU Matepuan Borrelia miyamotoi. Y xneweit pona Dermacentor 0OHapyXeH reHeTUUYeCcKUil Matepual Rickettsia
raoultii, a xneuu poja Ixodes B mogaBisIoieM Yucie ciydyae OblIM MHGULMPOBaHbl Rickettsia tarasevichiae. [Tpuuem
B eIMHUYHOM 3K3eMILIsipe KJiema 1. persulcatus Obl1 HaliieH TeHeTuUYeckuit Matepuan Rickettsia helvetica. Takum 00-
pasom, HacesneHue HoBocuOupceka 1 ero nmpuropojgoB aTakyoT MKCOMOBbIE KJIEIIH MSITH BUIOB € Mpeobiafalonmm
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TOMUHUpOBaHUeM KJjelel 1. paviovskyin D. reticulatus. B MHAMBUIYaTbHBIX KJIEIIAX, CHATBIX C YeJIOBeKa, OOHAPYKEeH
FeHEeTUYEeCKMIT MaTepual CAeayIoIMX BO30yIuTe el KIIeleBbIX MH(MEKIMii: CHOMPCKOTO M JaTbHEBOCTOYHOTO T€HO-
tuna BKD, B. garinii, B. afzelii, B. miyamotoi, R. raoulti, R. tarasevichiae u R. helvetica.

Karouesvie caoea: ukcodoswie kaeuu, supyc Kaeueo2o snyeparuma, Borrelia spp., Rickettsia spp., eenomunuposanue,
1] P-0duaenocmuka.

GENOTYPING OF TICK-BORNE PATHOGENS AND DETERMINATION OF HUMAN ATTACKING TICK
SPECIES IN NOVOSIBIRSK AND ITS SUBURBS

Kartashov M.Yu.*"?, Krivosheina E.I.?, Svirin K.A.?, Tupota N.L.?, Ternovoi V.A.?, Loktev V.B.*"¢

a State Research Center for Virology and Biotechnology “Vector”, Koltsovo, Novosibirsk Region, Russian Federation

b Novosibirsk State University, Novosibirsk, Russian Federation
¢ FRC Institute of Cytology and Genetics the Siberian Branch of the RAS, Novosibirsk, Russian Federation

Abstract. The south of Western Siberia traditionally belongs to the regions with unfavorable epidemiological situation
for tick-transmitted infections. In Novosibirsk and its suburbs, approximately 20 thousand people annually seek for medical
care after tick bites. The purpose of this work was to determine human-attacking tick species composition in the territory
of Novosibirsk and its suburbs by identifying nucleotide sequence of tick mitochondrial gene cytochrome oxidase COI
fragment during the 2018 spring-summer season, determination of infections of individual ticks with viral and bacterial
tick-borne infections, followed by genotyping identified pathogens by PCR methods, by determining nucleotide sequences
and phylogenetic analysis. It is established that ticks of five species attack the humans: Ixodes persulcatus, Ixodes paviovskyi,
Dermacentor reticulatus, Dermacentor marginatus, Dermacentor nuttali in the Novosibirsk metropolis. The majority of tick
attacks on humans are associated with /. paviovskyi (43.6%) and D. reticulatus (41.2%) ticks. The genetic material of the
tick-borne encephalitis virus was detected in 3.6%, borrelia — 13.8% and Rickettsia — 23.1% individual ticks collected
from humans. Genotyping of the tick-borne encephalitis virus (TBEV) in the collected ticks showed the presence of TBEV
Siberian and Far Eastern genotype in 83% and 17% cases, respectively. The Kemerovo virus could not be detected. Genetic
material from Borrelia spp. and Rickettsia spp. has been detected in all five tick species attacking the local human popula-
tion. The bulk of the identified Borrelia spp. isolates were genotyped as Borrelia garinii (86%) and 13% of the isolates as
Borrelia afzelii species. The genetic material of Borrelia miyamotoi was found in one individual tick. Ticks of the genus
Dermacentor have been found to be infected by Rickettsia raoultii, and ticks of the genus Ixodes were largely infected with
Rickettsia tarasevichiae, and I. persulcatus tick was infected by Rickettsia helvetica in a single case. Thus, the human popula-
tion of Novosibirsk and its suburbs is attacked by five species of ixodid ticks dominated by 1. paviovskyi and D. reticulatus
ticks. The genetic material of the following tick-borne pathogens was found: Siberian and Far Eastern TBEV genotype,
B. garinii, B. afzelii, B. miyamotoi, R. raoulti, R. tarasevichiae and R. helvetica in the individual ticks collected from humans.

Key words: ticks, tick-borne encephalitis virus, Borrelia spp., Rickettsia spp., genotyping, PCR detection.

BeepneHue

WxcomoBbie KJISIN SIBJISIOTCS MePEeHOCUYNKAMU
meJioro psima MHPEKIMOHHBIX 3a00JieBaHUIT BU-
pycHoOI, 0akTepuaibHOW U MPOTO30MHON MPUPO-
IIbI, UTPAIOIINX OOJBIIYIO POJIb B MHPEKIIMOHHOMN
HaToJOrum YejioBeka. B Poccuu mo moBomy yKycoB
KJIeleil 3a MeIUIIMHCKOM TTOMOIIBI0 00palllaioch
347133 yenmoBek Ha 100 TBIC. HaceJIEHUS B TCUCHUE
2014—2020 rr. (cornmacHo locymapcTBEeHHOMY MO-
Kinany «O cOCTOSHUM CAaHUTAPHO-3ITUASMHUOJIOT -
YeCKOTO OJIaromoJiyums HaceJaeHusT B Poccuiickoit
Ddepepauyun B 2020 r.»). Cpean wuHbEKLMIA,
nepenatommxca kuaemamu (MITK), HaubGonbliee
pacnpocTpaHeHNE U MEIUIIMHCKOE 3HAUCHNUE UME-
OT UKCOOOBHI KiereBoit 6oppennos (MKB), kne-
meBble pukkeTcno3bl (KP), Kpeimckas-Konro re-
Mopparuueckasi Juxopajika v KielleBoil saHueda-
ut (KD). DnunamemMumonornyeckoe HeOIaromorydmne
no UTTK TpaguimoHHO HAOJII0OAAE€TCS B pa3JIMUHBIX
pernonax Cubupu, B Tom yunciie B HoBocnbupcke
W ero IIPpUropojax, rae Impuoam3nTeabHo 20 ThIC.

YeJIOBEK €XEerogHo oOpalllaloTcsl 3a OKazaHUEM
MEAUIIMHCKONW TOMOIIM TIOCje yKyca Kiela (co-
rjlacHO JaHHBLIM YnpajieHus1 PocriorpedGHan3opa
no HoBocubupckoii obiacTm).

B roxxHbIX perruoHax 3amaaHoit Cubupu onucaHo
He MeHee 11 BUI0OB UKCOMOBBIX KJICIIeH, ISl KOTO-
PBIX IOKAa3aHO CYIIIECTBOBAHWE MECTHBIX MOITYJIsI-
uuit [1]. TIpu 3TOM HaMOONBIIYIO STUAEMUYECKY IO
3HAYMMOCTh UMEIOT KJICIIIW, BXOISIIINE B 9KOJIOTHU-
YECKYI0 Ipynny MNacTOMIIHBIX (MU MaCTOUIIHO-
MOJICTEpPEeTaIoNINX) KJIelleld, CIIOCOOHBIX aKTUBHO
HamaaaTh Ha yesioBeka. [Ipexie Bcero K HUM MOX-
HO OTHECTM KJeulelh poaoB Ixodes u Dermacentor.
HM3yueHre BUIOBOTO COCTaBa W pacrpeaesieHUs
MKCOJIOBBIX KJIEIleill B JeconapKoBOli 30He BOJIM3U
r. HoBocubupcka, nmpoBoauMoe B paMKax JIOJITO-
BPEMEHHBIX HaOJIOCHU BO BTOPOI IIOJIOBUHE
XX B., TOKa3bIBaJIO a0COTIOTHOE JOMUHUPOBAHUE
Ixodes persulcatus. Knemu Ixodes pavlovskyi (Pom,
1946), Dermacentor reticulatus (Fabricius, 1794),
Haemaphysalis concinna (Koch, 1884), Haemaphysalis
punctata (Can. et Fanz., 1878) Takxe oOHapy>xXuBa-
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JIUCh B IpUPOAHbIX odyarax 3amnaaHoi Cubupu [10].
OnHako B nocjienHue roabl kiaeuu 1. pavlovskyi Ha-
YMHAIOT IIOCTOSTHHO OOHAPYKMBAThCS B OTASIBHBIX
perroHax Ha tore 3anagHo-CHOMPCKOUW paBHUHBI.
TTonesnie nccnepgoBanust 2009—2010 rr. mokasanu,
4TO B OKpecTHOCTsX I. HoBocubupcka ycroituu-
BO coobutatot 1. persulcatus n I. pavlovskyi ipu siB-
HOM npeobnagaHuu nocienHero [4, 5]. B . Tomcke
W ero mpuropomax Oblja OOHapy>KeHa BBICOKas
YUCJIEHHOCTD KJielei /. paviovskyi u mokaszaHa ux
BO3MOXHas poJib B pacnpoctpaneHuu MUIIK [3, 7].
[Mpu sTOM BBICOKASI YMCIEHHOCTD 1. paviovskyi Obina
3apeTucTprupoBaHa B OMOTOMAX, MOJABEPTalOIINXCS
MHTEHCUBHOM peKpeallMoOHHOI Harpys3Ke.

B nocnenHee BpeMsi HEOOBIYHO IITMPOKOE pac-
MpOCTpaHECHHUE B TOPOACKHUX M IPUTOPOIHBIX OMO-
ToIax MOJIyYuJi 1yroBoii kieul. Panee D. reticulatus
OBLJI pacIpoCTpaHeH B CTEMHBIX W JIECOCTEITHBIX
3oHax 3amagHoil CuObupu M MPEUMYIIECTBEHHO
acCOLIMMpPOBAJICI C MeCTaMH BbIIaca JOMalllHe-
ro CKOTa COBMECTHO KJiewmamMu D. marginatus [11].
OnHako B 2015 r. YMCAEHHOCTh JIYTOBOTO KJiella
Bo3pocia 6ojiee yeM B 200 pa3 B ropoJcKux OMo-
Tommax T. ToMcKa B CpaBHEHUU C MPEAIICCTBYIO-
wumMm tniepuonoM [7]. HeobOblyHOCTH cuTyauuwu,
CBsI3aHHasl C U3MEHEHUEM BHMJOBOTO COCTaBa KJie-
el B KPYIMHBIX Merarojucax Ha tore 3amamgHoOu
Cubupu, moszBoausia cHOpMYJIUPOBATh THUIIOTE-
3y 00 M3MEHEHUH BUIOBOTO COCTaBa MKCOHTOBBIX
KJIelleil, HalmaJalolX Ha YeJ0BeKa U CITOCOOHBIX
nepenaBath UITK B aTOM peruone.

C 3T0I1 L1Ie1bI0 OBIJIO TIPOBEACHO OMpeIeeHUE BU-
JIOBOT'O COCTaBa MKCOMIOBBIX KJICIIel, HaItaaalomnx
Ha mtonei B 1. HoBocuOupcke 1 ero npuropoaax B Te-
yeHwue Terioro nepuona 2018 r., myTem ornpeaeaeHust
MOCea0BaTeIbHOCTU  (hparMeHTa MUTOXOHIPU-
ajnpHOro reHa nmmuroxpomokcuaasel COI. B pabote
OTIpeNesIsiyICsT YPOBeHb MH(MUIIMPOBAHHOCTU WHIIU-
BUAYyaJdbHBIX KJellei Bo3oynutensmu UITK (Bupyc
KJelieBoro sHuedanuta, Bupyc Kemepono, Borrelia
Spp., Rickettsia spp.) C MOCIEAYIOIINM CEKBEHHPOBA-
HHEM W TEHOTUITMPOBAHWEM BBISIBJICHHBIX KJICIIC-
BBIX MTATOT€HOB U UX (PUJTOTEHETUYECKUM aHaTU30M.

Matepunasbsl 1 MeTOLbI

B uccneposanue Bouiaa Beioopka u3 1000 kie-
1Ieil, CHSATBIX C JIIOAei U 0OpaTUBIIUXCS 3a MEIU-
OMHCKOU TTOMOIIIBIO (C Masl IO CEHTSIOPH) Ha Tep-
putopuu HoBocubupckoit ob6mactu B 2018 T.
VKycHl KJlelieid ObIJIM OTMeYeHbl JItoabMu B T. Ho-
BOCHUOMPCKE U ero Mmpuropoaax, a Takxke B OJIM3-
nexamux paitoHax (Mckutumckuii, YepenaHoB-
ckuii, KoueHeBckuii, MomkoBckuii, ToryuyumH-
cKuil 1 MacinsgHuHckuit). B TedeHue masi, Korma
HabJ0aICcs MUK Yuciaa yKycoB, Ob110 coopaHo 500
00pa3LoB KJIelleid, a C UIOHS 110 CEHTSIOPb ObIJIO 1C-
cinegoBaHo 1o 100 kireneir, COOpaHHBIX B TCUCHUE
Ka’KJI0TO0 Mecs11a.

B xome ucciemoBaHus TpoOBeIeH aHalU3 WH-
NUBUAYadbHBIX OO0pa3lOB WKCOMOBBIX KJICIIEH
pa3sNMMYHBIX BUAOB. Jlo Havanga WMCCIeIOBaHUS
KJemu xpaHuiauch npu —70°C, MHANBUIYAJBHO.
WccnenoBaHusi IpOBOAMIIN C COOJIIOJEHUEM Tpa-
BUJ OMOOE30MacCHOCTMU, perlaMeHTUPOBAHHBIX
B MY 1.3.2569-09, CIT 1.3.3118-13, CII 3.1.3310-15,
a takxe CanlluH 3.3686-21.

Kewu 66111 1Bax bl oopaboTanbl 70%-M 3Ta-
HOJIOM JJ151 UHAKTUBAallUU WHMEKIIMOHHBIX areH-
TOB U TMPOMBITHI (hocdaTHO-CcOIeBBIM OydepoMm.
T'omMoreHm3anmnIo MOJIyYeHHBIX 00Pa31I0B OCYIIIECT-
BJISUTA C WCIIOJIb30BaHWEM J1abopaTOPHOI'O TOMO-
renusatopa TissueLyserLT (Qiagen, I'epmaHus)
B 500 MK CTepUIBHOTO (PU3NOJIOTUYECKOIr0 pac-
TBopa. BhimeneHMe HYKJIEMHOBBIX KHCJIOT IIPO-
uzBoausu u3 100 MKJI roMoreHara ¢ MCHOJb30-
BaHUEM KomMepueckoro Habopa «Ammuiullpaiim
PUBO-nipenn» (Hekcbuo, Poccus), mnonyuyeHue
kJIHK B peakuuu oO0paTHO TPaHCKPUIILUU BbI-
MOJHSJIOCHh C IIOMOIIBI0O KOMMEPUYECKOro Habopa
«PEBEPTA-L» (AmMnnuCeHc, Poccust) coriacHo
MHCTPYKIIMSIM IPOU3BOIUTEIICH.

BunoByto nmprHanIeXXHOCTh UCCICAYEMBIX KJIe-
e BBISIBJISIIN MYTEM ONpPEAS/ICHUS HYKJICOTUI -
HOI TocyieaoBaTeIbHOCTU ()parMeHTa reHa LUTO-
xpoMmokcuaasbl COI, J1oKaau3oBaHHOIO B MUTO-
XOHIPpHUAJIbHOM T€HOME KJIeIa.

CKpUHHMHT MOJYYEHHBIX 0O0pa3loB Ha HaJU-
qie TEHEeTUYSCKUX MapKepoB M3yJacMBIX ITaToO-
reHoB ocyuiecTBiasiau ¢ nomouibio TTHP. TILIP
npoBoAuIach B 25 MKJ peaKIIMOHHON CMecCH, CO-
nepxameit 12,5 Mk aByxkpatHoro ITI[P-oydepa
(buoJlabMukc, Poccus), 0,2 MKM Kaxaoro
u3 npaiimepon u 3 mxa JHK/xIAHK. Ilpaitmepsi,
MCMOJb3yeMble B IaHHOM paboTe, M oXXuaaeMas IJ11-
Ha aMIIJIMKOHOB npeactaBiaeHbl B Ta0s. T[T P npo-
Boausiu B amriudukatope T100 (BioRad, CIIIA)
COIJIaCHO CJEeAYIollIel IporpaMMe aMIIuduKa-
LMW aKTUBaLM S mojanuMepasbl — 95°C, 5 MuH; na-
nee 38 TocneaoBaTeIbHBIX IIMKJIOB — AeHATYpallus
95°C, 15 ¢, oTxur npaiimepos (Tab.), 20 ¢, s0HTa-
uuss — 72°C, 45 c¢; duHanbHas anoHrauusa — 72°C,
5 MuH. Jderekuuio MNOpoAyKTOB aMmaudukanuu
MIPOBOAMJIA METOIOM refib-3jeKTpodopesa B 2%
arapo3HOM TeJjie, coaepKalleM OpOMUCTBINA 3TH-
IV B KOHIIEHTpaluu 2 MKr/mMii. OnpeneneHue Hy-
KJCOTUIHBIX ITOCJIeIOBAaTEIbHOCTEN MOTYyUYEHHBIX
TTLLP-(dparMeHTOB ITPOBOAMIN C TIOMOIIBIO HaboOpa
peakTBoB ABI PRISM® BigDye™ Terminatorv. 3.1
(ThermoFisher Scientific, CIIIA) ¢ nocieayoummum
aHaJIM30M TIPOAYKTOB peaKIIMM Ha CeKBEHaTo-
pe ABI PRISM 3130 (Applied Biosystems, CIIIA).
AHanu3 MOJYYEeHHBIX XpOMaTorpaMM IIPOBOIU-
au ¢ momollbio nporpammbel SeqMan (DNAstar,
CIIIA). PunoreHETUYECKU aHaIU3 TMPOBOAMIIN
C TIOMOIIBIO MTaKeTa PUIOreHeTUISCKUX ITPOrpaMM
MEGA 7.0 MeTomoM MaKCHMMAaJbHOTO ITPaBIOIIO-
JIOOUsSI ¢ MCMOJIb30BAaHUEM TpeXmapaMeTpuIecKoi
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mojaenu sBoatounu Tamypsl T92 [19]. Ilokazarenb
CTAaTUCTUYECKON HAaJEXHOCTU y3J10B (hUJIOTEHETH-
YEeCKOTO JiepeBa pacCUMTHIBAJICSI C TTOMOIIIbIO OyT-
cTpern-aHaju3a ¢ ucnosab3oBaHuem 1000 ciyyaii-
HBIX peIUTuK. 95% noBepuTenbHBINM MHTepBa (1)
YPOBHS UHMUIIMTPOBAHHOCTU KJICTIEH M3ydaeMbIMU
MmaToreHaMM pPacCYMTHIBAJICSI C KCIIOJIb30BaHUEM
onmaitH-cepBuca (http://www.pedro.org.au/english/
downloads/confidence-interval-calculator).
HyxkyieotTumHble TOCIEN0BATEILHOCTU, TIOJY-
YeHHbIE B JaHHOU pabdoTe, ObLIM IEITOHMPOBAHBI
B MexXJAyHapoaHylo 6a3y naHHbix GenBank mon
HOMepamu: MNI87367-MN187402, MNI177944-
MNI177946, MN234153-MN234157, MNO007126,
MT150584-MT150588 u MT253667-MT2536609.

Pesynbrarhl

IMpoBeneHo ompeneseHne BUIOBOW TpUHAJ-
JISXKHOCTU KJIelIeid, HamamamlollnuX Ha YeJoBeKa
B HoBocuOupckoil obnactu, myTeM CEKBEHUPO-
BaHUusg ¢dparmeHTa reHa COI, JoKaJIU30BaHHOTO
B MHUTOXOHIpHAJILHOM TeHOMe Kiela. BumoBoe
pa3HoobOpa3ue KJiiellel, HamagalliuxX Ha JIoAen
B HoBocubupckoii o61acTu B BECEHHE-JETHUU
u oceHHUM nepuonabl 2018 r., ObLIO MpPeACcTaBIEHO
naThIO BUAaMu Kieuieit: 1. persulcatus, 1. paviovskyi,
D. reticulatus, D. marginatus, D. nuttali (puc. 1).

Haubosee yacto Ha yejloBeKa Hamajaau Kie-
my BUAOB 1. paviovskyi (43,6% cpenu oOleil BbI-
6opkn) u D. reticulatus (41,2%); Ha J0dI0 KJle-

Ta6auua. OnuroHykeoTUAHbIE NpaiMepbl, UCMOJIb30BaHHbIE A4S BbiSB/IeHUS M aMnandukaumum

reHeTn4eckoro matepuana

Table. Oligonucleotide primers used to detect and to amplify a genetic material

OpraHusm 5 3 Temnepatypa aMp'nﬂ::zHa
(reH-MVII:ueHb) I'Ipaymep Cprlnypa npaiimepa (5—3’) 0T)KVIra.(°C) (n.H.) Ccbinka
Organism Primer Primer sequence (5—>3’) Annealing . Amplicon Reference
(target gene) temperature (°C) size (b.p.)
IpCX_f ATTAGGAGCACCTGATATAGCTTTCCC
Ixodes spp. (cox) 1 ox T [GCTGTAAATAAGCTCGAGTGTCGATA 60 660 3]
aHHOe
(Dci’;("; )acen tor spp. DH f TCGAWTAGAAYTAAGACAACCTGG 50 510 uccﬁenosauue
DH r GGTGRCCAAAAAATCAAAATARATG Current study
E7 GGCATAGAAAGGCTGACAGTG 59 341
TBE (E-NS1 genes) E10 GATACCTCTCTCCACACAACCAG
E9 ACAGTGATAGGAGAACACGCCTGGG 52 211
E8 CAGCCAGGAGGAAGCTCATGGAC 28]
Kem1s_1 ATTCAAATTACGACACGCACATGAC 56 517
KEMV genome Kemis_2 |GTATCGTCGCCGACGTACATCTC
(segment 1) Kemlis_3 | GCTCATCGAAGCGGGATACGG 56 084
Kemis 4 | GCGTAGAGTTCTCTCCCGACAGATG
BorrirF GAAGYTAATCCCGAATTAGGCA 59 961 Ranmoe
. Borr1rR TTTCACCGTCRTCTTTATTCC
Borrelia spp. (p66) uccnepoBaHue
Borr2rF CGAATTAGGCAAAGACGATCC 56 548 Current study
Borr2rR TTTCCATAAGCTCCTGATAAGCCA
CS1d ATGACTAATGGCAATAATAA 57 535
CS535r GAATATTTATAAGACATTGC
. , CS409d CCTATGGCTATTATGCTTGC
Rickettsia spp- (91tA) o p oren | ATTGCAAAAAGTACAGTGAACA S 769 [24]
RgA-f CAATCCGCTCTTACAAATAGCA 57 517
RgA-r GTCAATAAACTTCTCACGATGG
RiD_1f TGTAACAACATCGGCTTGAC 57 776
RiD_1r CTGATCTGAACCTGAGTACC
RiD_2f AAATGATGCAGGTGATGAACTC 57 619
RiD_2r GGTTTGGATTTACTTGTTGCGA
Rickettsia spp. sca4 |[RID_3f | GAACAACCGCTAATAACTCCA o 673 "ccﬂ:::g:we
(gene D) RiD_3r TCCGCATTGCTTAATTCAGAG Current study
RiD_4f GCAGTAGGTGATAAGGTTAATGTC 57 752
RiD_4r AACAGCGTTAATTACTTCCCGA
RiD_5f GGTATTTATGAAGGCAAAGGAGG 57 846
RiD_5r ATCTTGATCAGCGTTGTGGAG
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meu 1. persulcatus ipuxomuiock 10,7%, Ha moirio
D. marginatus — 4,0%. B emMHUYHBIX Cy4asix cpe-
IU KJellei, HanmaJamluX Ha yejaoBeKa, OblJ 00-
HapyxeH kJjeut D. nuttalli (0,5%). Pacnipenenernue
BUIOBOI'O pa3HOOOpa3us KIIeIIel, aTaKyIoIInX
yeJIoBeKa, OYeHb CUJIBHO 3aBUCEJIO OT MecsIa HC-
caenpyemoro mepuoga (puc. 1). Tak B Mae-uIoHe
MecsIlie Ha JeJioBeKa MPEUMYIIeCTBEHHO Hallama-
u kaewu 1. paviovskyi (58—61%), a MUK yaeIbHOMI
aKTUBHOCTM Kjelleir 1. persulcatus TpuUxXoaucs
Ha WIOJIb MecCsII, KOTJaa ero IO yBelInuuBajiach
110 32% cpenu Bcex KJelleil, COOpaHHBIX C YeJloBe-
Ka. B aBrycre-ceHTsI0pe MpaKTUUECKHU BCe HaIaze-
HUS Ha 4YeJIoBeKa OBLIM CBSI3aHBI C KJIeIaMU poja
Dermacentor ¢ ipeodi1agaroiuM JTOMUHUPOBAHU-
eM D. reticulatus (84—90%).

T'enetnueckuii marepuan BKD Obl1 oOHapy-
XKeH B 36 oOpasuax Kielleil, CyMMapHBI ypo-
BeHb WHOUUIMPOBAHHOCTH cocTaBua 3,6% (95%
AUN: 2,6—4,9). BKD 6blI IeTeKTUPOBaH B KJIEIax
BungoB 1. persulcatus, I. paviovskyi, D. reticulatus,
D. marginatus. YpoBeHb MTHPUILIMPOBAHHOCTH KJie-
weit 1. persulcatus cocrasun 11,2% (95% AUW: 9,7—
14,3), 1. paviovskyi — 1,8% (95% AWN:0,9-3,5), D. reti-
culatus — 3,4% (95% AW: 2,1-5,6), D. marginatus —
5,1% (95% AW: 1,4—9.8). leHOTUITMPOBAHUE BHISIB-
JeHHBIX u3o0asaToB BKD 0b1110 TpoBeaeHo 1o dpar-
MeHTy reHa O6enka E (340 m.H.). Tpunnate (83%)
M30JISITOB OBIM OTHECEHBI K CHOMPCKOMY TE€HO-
tuny, a 6 (17%) U30a5ITOB — K JaJTbHEBOCTOYHOMY
reHotuny BK3.

Bce ucciienoBaHHbBIE TTOCIEIOBATEIBHOCTU OKa-
3aJMCh OpUTMHAAbHBIMU M He nmenu 100% cxon-
CTBa ¢ U3BeCTHbIMU mpoToTunamu BKD (puc. 2).
HaubGosbiee reHeTUYeCKOe pa3HOOOpa3ue 1eMOH-
CTpUpOBaj KjacTep cubupckux BapuaHToB BKD,
OTYETJIMBO pacllaJalolIuiicsad Ha OBE CYOKJIaubl.
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PucyHok 1. UsmeHeHne BUAOBOro cocTaBsa
KJiewei, Hanapatowux Ha niogeii B HoBocubupcke
M ero npuropozax ¢ Mas no ceHtsa6pb 2018 r.
Figure 1. Changes in the human-attacking tick species
composition in Novosibirsk and its suburbs within 2018
May-September interval

BapuaHTbl ogHOI cyOKJIaabl UMEIOT HAUOOIbIIN i
YPOBEHb F'OMOJIOTUY C MPOTOTUITHBIMU IIITAMMaMHM
3aycaeB (AF52415) u Anraii-115 (JQ687276), a npy-
roii cyokmanel — c npotorunoMm Kypran-371-07
(FJ214150). HoBocubupckue U30JSThl JaJIbHEBO-
CTOYHOTIO TEeHOTHUIIa MMEIOT HauOOoJIbIIee CXOMI-
CTBO C MPOTOTUITHBIM IITaMMOM [Ipumopbe-69
(EU816453).

B mnccnenoBaHHBIX KJlellaX TeHETUYECKOTO Ma-
Tepuayia Bupyca KemMepoBO BBISIBIIEHO HE OBLIO.
CorjacHo JIWUTepaTyYpHBIM JaHHBIM, OCHOBHBIM
nepeHocunkoM Bupyca KemepoBo sSIBISIIOTCS KJle-
mwu 1. persulcatus, "HOULIUPOBAHHOCTh KOTOPBIX
B HoBocubupckoii 00671acTU COCTaBIsIeT BCEro
0,73% [29].

T'eHeTuueckuii Marepuan Ooppesiuii Obl1 00-
HapyxeH y 11,2% (95% OWN: 9,7—14,3) xuenieii
1. persulcatus, a y xneuieit 1. pavlovskyi BbIsSIBJIEH
B 1,8% (95% A WN: 0,9—3,5) cnyyaes, y D. reticulatus —

W TBEV Nsk785 {MN147400)
o TBEV Nsk733 (MN187402)
o TBEV Nsk772 (MN187396)

o TBEV NskG16 (MN187388)
o TBEV Nsk757 (MN1873935)
o TBEV Nsk303 (MN187373)

« TBEV Nsk505 (MN18T374)
o TBEV Nsk337 (MN1BT378)
« TBEV Nsk357 (MN187383)
o TBEV Nsk721 (MN187384)
- TBEV Nsk355 (MN187382)
« TBEV Nsk&S56 (MN187385)
« TBEV NshE69 (MN18T390)
= TBEV Nsk397 (MN187386)
TBEV Altay-115 (JOB87276)
TBEV Zausaev (AF527415)
TBEV RUS/Nov15-2800-ipr (MG1908B1)
TBEV RUS/Nov15-2801-lpv (KYDOZ2874)
« TBEV Nsk114 [MN187370)
74 |22 0 TBEV Nsk788 (MN187401)
1 TBEV Kemerovo-8-11-05 {(FJ214135)
[~ TEEV Viologda-157-08 (GOE45434)
LTBE\F Nsk5234 (MN18T376)
TBEV Ekaterinburg-850-09 (GQE45427)
F TBEV Kurgan-371-07 (FJ214150)
o THEV Nsk301 (MN187372)
a1 « THEV Nsk324 (MN18T375,
™1 o TBEV NskT05 (MN187334)
a7 [ - TBEV Nsk235 (MN187371)
TBEV Nsk715 (MN187393)
72 = TBEV Nsk336 (MN18737T7)
- TBEV Nsk398 (MN18738T)
o TBEV Nsk776 (MN1BT397)
o TBEV NskT84 (MN187359)
;] — TBEV Vasilchenko (AF08B068)
TBEV Bircbidzhan 1357 (KPB44727)
TBEV Khekhtzir_17-13 (KT001072)
76] = TBEV Sofjin-Chumakov (KCB08252)
g7.|| * TBEV Nsk5351 (MN187381)
go || = TBEV Nsk571 (MN187385)
« TBEV Nsk10 (MN187367)
TBEV Primorye-62 (ELIA16453)
o TBEV Nsk714 (MN187332)
o TBEV Nsk779 (MN187338)
« TBEV N<k42 (MN187368)
79| — TBEV Exaterinburg-Bersenav (FJ214121)
TBEV Tomsk-PT12_(KMO18546)
B85 | TBEV Novosiirsk-L2008 (KJT29729)
TBEV 205 (DQ8BO336)

FTBE\." Irkutsk-118-71 (FJ214154)
go[” TBEV Zmeinogorsk-3 (KTBES022)
TBEV Neudoerll (U27405)

Langat virus (NC_003580)

78

75

82

a7

e
0.05

PucyHok 2. leHpporpaMmma HyKJ1€OTUAHbIX
nocneposaTtenbHocTein pparmeHTa reHa E
BbISIBJIEHHbIX M3019TOB BKJ

Figure 2. Dendrogram of nucleotide sequences
for gene E fragments in identified TBEV isolates
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7e_|—_B. mayonii MN14-1420 (CP015780)
B. bissettii (CP002746)
B. afzelii Tom4703 (KF844222)
B. afzelii Mng702 (KF844211)
B. garinii SZ (CP007567)
B. garinii Mng3602 (KF844212)
B. afzelii Tom2803 (KF844220)
B. afzelii HLJ01 (CP003882)
B. garinii Tom2903 (KF844221)
B. garinii Tom5202 (KF844210)
B. garinii Mar2014 (MN234152)
- B garinii Mng4702 (KF844213)
2 B. garinii Nov604 (MN177946)
B. garinii BgVir (KF844207)
o B. garinii Nov645 (MN181502)
B. garinii Tom2806 (KF844227)
B. garinii SZ (CP007564)
rL—| o B. garinii Nov608 (MN177944)
B. garinii Tom9105 (KF844224)
» B. garinii Nov557 (MN234153)
© B. garinii Nov565 (MN177945)
o B. garinii Nov613 (MN234154)
100 » B. garinii Nov548 (MN234157)
B. garinii Nov7001 (KF844214)
B. garinii Tom3405 (KF844225)
“— B. valaisiana Tom4006 (KF844228)
B. afzelii Tom3107 (CP009212)
o B. afzelii Nov612 (MN234155)
8| B. afzelii K78 (CP003058)
78| B. afzelii Tom1303 (KF844219)
= B. afzelii Nov772 (MN007126)
100 B. miyamotoi Birobidzhan_2013-11 (KX812710)
4{ o B. miyamotoi Nov579 (MN181501)
B. miyamotoi Hum54-Nov-Rus (KU955521)
L— B. turicatae (AF016540)
s7 L B. parkeri (AF016650)

PucyHok 3. leHpporpamMmma HyK/1e0TUAHbIX
nocnepoBaTenbHocTel PpparmeHTa reHa p66
BbISIBJIEHHbIX U30NATOB Goppenuii

Figure 3. Dendrogram of nucleotide fragment p66 gene
sequences for detected Borrelia isolates

; R. parkeri (CP003341)
 R. sibirica RH05 (HM050296)
— R. africae (CP001612)
~ R. conorii {AE006914)
— R. rickettsia (CPO06010)
“R.slovaca (CP002428)
_lR. heilongjiangensis (CP002912)

R.japonica (AP011533)
82 I:R. massiliae (CP003319)

R. aeschlimannii (DQ235776)
m R. raoultii Nsk862 (MT150587)
go||[ = R. raoultii Nsk805 (MT150586)
R raoultii IM16 (CP019435)
R raoultii Elanda-23/95 (EU036985)
R raoultii_Khabarovsk (CP010969)
—R. montanensis (CP003340)
a0 R. helvetica_Komi_(KP866150)
R. helvetica CIP9 (NZ_CMO001467)
o R. helvetica Nsk969 (MT150588)
R. monacensis
|: R. prowazekii (CP014865)
100 R. typhi (CP003398)
R. canadensis_(CP000409)
93| ® R. tarasevichiae Nsk764 (MT150585)
R. tarasevichiae_Tomsk

93] o R. tarasevichiae Nsk706 (MT150584)
72| | R tarasevichiae Ust-Tarka-38/2003_(DQ168981)

2

75

100

99|R. tarasevichiae Stolby-68/2003_(DQ168982)
R. bellii (CP000087)

PucyHok 4. leHpporpamMmma HyKneoTuaHbIX
nocneposatenbHocTel pparmeHTa reHa gitA
BbiSIBJIEHHBIX U30I9TOB PUKKETCUN

Figure 4. Dendrogram of nucleotide sequences gitA
gene fragment for identified Rickettsia isolates

B 3,4% (95% OWN: 2,1-5,6) u D. marginatus — B 5,1%
95% OUN: 1,4—9,8). 'eHOTUIIMPOBAaHUE BbISIBICH-
HBIX U30JISITOB OOppPEIii IIPOBEACHO IO (hparMeHTY
reHa p66 (oxoiio 550 11.H.). BOABIINMHCTBO BHISIBJICH-
HBIX M30JIATOB OOppenii ObLJIM OTHECEHBI K BUIY
B. garinii (86%), 13% u3onstoB K B. afzelii. B onHoM
TaeXXHOM KJlelle OblJI OOHapy>XeH TeHEeTHMYeCKUI
marepuan B. miyamotoi, KOTOPbIi OKa3aJiCs TeHETU-
4yecKkU OJIU3KUM K U3O0JIATY B. miyamotoi BblaeIeH-
HOMY OT nammenTa B T. HoBocnonpcke B 2016 T.

YcpenHeHHBIN ypOBeHb WHOUIIMPOBAHHOCTU
KJIEIIE pUKKETCUsIMU cocTtaBua 23,1% (95% AU:
20,6—25,1). Tenermueckuit Marepuan Rickettsia
Spp. ObLI BbISIBJIEH B KJjeliax 4 BUIoB 1. persulcatus,
1. paviovskyi, D. reticulatus w D. marginatus.
BreIssBieHHBIC M30JISTHI PUKKETCUI OBLIM TEHOTH-
MUPOBaHbI ITIYTEM OIpPeAeJeHUs] HYKJICOTUTHOU
MocJjenoBaTeIbHOCTU (hparMeHTa TeHa IIMTPATCUH-
tasbl gltA (767 1m.H.). IlokasaHo, 4TO KJICIIU poja
Dermacentor IMEIOT OOJIBIITYI0 MHOUIITMPOBAHHOCTH
R. raoultii, reHeTUYECKU OIU3KYIO K U30JTaM, BbI-
JejleHHbIM paHee Bo @panuuu, Poccun u B 2016 1.
B Kutae ot nauuenTa. Kneuum poga Ixodes B mogas-
JIJIOIIEM ciiydae 3apakeHbl R. tarasevichiae. B on-
HOM Kutentie 1. persulcatus Ob1 HaliieH TCHETUUSCKU A
marepuan R. helvetica. YpoBeHb WHMULIMPOBAH-
HocTM Kutelleil pona Ixodes cocrasun 16,4% (95%
AN: 13,3—-19,9), Dermacentor — 29,3% (95% W:
25,5-33,2). JIns m3ydaeMbBIX H30IATOB R. raoultii
u R. helvetica 6p111 OIpenesieHbl MOJHOPa3MepPHbIE
HYKJICOTUIHBIE MOCAEA0BATEIbHOCTU I'eHa TOBEPX-
HOCTHOro Oenka sca4. IlocnemoBaTenbHOCTb TeHa
sca4 n3ydaeMbIX U30JITOB R. raoultii Oblia MOTHO-
CTbIO TOMOJIOTMYHA W3OJATY R. raoultii u3 Kie-
mwa D. reticulatus B Tomckoii oonactu (MK304550)
u Ha 99,9% npoToTUIIHOMY IITaMMy Marne, BbI-
nmeineHHoMy u3 D. reticulatus Ha BocToke DpaHiInm
(DQ365807). YpoBeHb F'OMOJIOTUHU C U30/ISITOM, BbI-
JeJeHHbIM u3 Kiiewa D. silvarum B XadapoBCKOM Kpae
(Khabarovsk, CP010969), coctaBui 99,5%; a ¢ uzo-
JIATOM, BBIJICJICHHBIM U3 KJjema D. nuttalli Ha Anrae
(Elanda-23/95, EU036983), — 99,2%. Hyk1eotuaHas
MOCJIeI0BaTeIbHOCTh TeHa sca4 BbISIBIICHHBIX U30JIsI-
TOB R. helvetica oka3anach IMOJHOCTbIO TOMOJIOTMYHA
mwrammy R. helvetica C9P9 (AF163009), BblieieHHO-
my B LIBelitiapuu us kJiema 1. ricinus.

O6cyxaeHne

HoBocuOUpPCK 1 ero OKpeCTHBIC paliOHBI pac-
noJiararoTcsl B JJeCHOI 30He tora 3anagHo-Cubup-
CKOM paBHUHBI, IIEPEXONIIIEA B JIECOCTEIb,
W SBASIOTCS TUIIMYHBIM MECTOM COBMECTHOTO
obuTaHus kiemeit pogoB Dermacentor v Ixodes.
ITo MHorojieTHUM Tnokasartejissm nepuona 2010—
2020 rr. HoBocubupckasi 061acTh BXOAUT B IPyII-
1y CO CpeTHMM ypoBHeM 3aboneBaecMmoctu KB (5,5
Ha 100 Thic. HaceneHUs1) [6]; OTHOCUTCS K Teppu-
TOpHUU 3nuaeMudeckoit onacHoctu o MKb Bellie
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cpenHero ypoBHs (9,35 Ha 100 ThIC. HaceneHUS) [9]
U cpelHel anuaeMudeckoii omacHocTu 1mo KP (6,49
Ha 100 TeIC. HaceneHU) [8].

Hamu 6b11 0OHapy>KeH COBEPUIEHHO HEOObIU-
HBIU (aKT JOMUHUPOBaHUS kjewleil 1. paviovskyi
u D. reticulatus cpeau BceX KJellei, cOOpaHHBIX
¢ yemoBeka. Ha mMx moiao cyMMapHO NPUXOIMWT-
csa 84,6% Bcex Kilellieil CHSTBIX ¢ 4yejioBeka. Jloms
TAaeXXHOTO KJICIIa, KOTOPBIA CUYMTACTCSI TIPUH-
nunuaabHbiM BekTopoMm st MIIK, cocraBuia
Bcero uyTh Oosice 10% mpu KOHTaKTax 4yeloBeKa
¢ UKCOmOoBHIMU KiemamMu B HoBocubupcke u ero
npuropogax. TOJIBKO B MIOJIEe MecCSIle pOdb TaekK-
HOTro KJjellla CTaHOBUJIAaCch 3HAUMMOM M TOCTUTaa
32%. MOXHO MpPEeaIoJOXUTh, YTO YCJIOBUS KOH-
TaKTa 4YeJlOBeKa M KJellla B MPUPOOHBIX odarax
r. HoBocmbupcka 1 ero mpuropoIoB CyIIeCTBEeHHO
U3MEHUWJINUCh. B HacTosiliee BpeMsi B 3TOM OKPY-
XKEHUU IOMMHUPYET He TaeKHBIN KJIeIll, a KJeIlun
1. paviovskyi n D. reticulatus. PacripocTpaHeHMe
MepBOTO paHee aCCOIMMUPOBAJIOCH C ITUIAMHU Ha-
3eMHoOrOo sipyca, a D. reticulatus — ¢ MecTaMu Bbl-
naca gomMalrHero ckora [13]. DTo KOCBEHHO TOJ-
TBepXKIaeTcsI paHee OITyOJIMKOBAHHBIMU [TaH-
HBIMHA 10 T. ToMcKy, Tme akKTUIeCKU B ILICHTpPE
ropopa (6uotorn «JlarepHblii call») KOHIEHTPAL WS
D. reticulatus Bo3pocina 6onee yem 200 pa3 B Teue-
HME OJHOTO roja HabaoaeHus [6].

OOHapyXeHHOE TeHEeTUYECKOe pa3HooOpas3ue
BBISIBJIEHHBIX 130JiaTOB BKD B Kj1emax nmo3Boisiet
MNPEeANOJIOXKUThb, UTO YKa3aHHBIN BUPYC B TEUCHUE
IJIWTEIIBHOTO Meproaa BPEeMEHU SBOJTIOIMOHUPO-
BaJ Ha tore 3amagHoi Cuoupu. DTo MoaATBepXKIa-
eTcsT paHee ONyOJIMKOBAHHBIMU JaHHBIMU T10 MC-
ciaenoBaHuio pasHooOpasuss BKD mpupoaHbix
omoTtomnax mcciaenyemoro peruona [28]. Ham yna-
JIOCH TIOJTYUYUTH IIPSIMBIC JTaHHBIE O TOM, UYTO Ha 4Ye-
JIOBEKa HaMagaloT KJeIM, WHOUIMPOBAaHHBIC
naByms reHotunamMmu BKD. Dnuaemuonoruyeckas
3HAYUMOCTh IIMPOKOrO PacIpoOCTpaHCHUS Hajlb-
HeBocTOYHOTO reHotuna BKD cBg3ana ¢ ero 60-
Jice BBICOKOM ITaTOTreHHOCTBIO IJIS YejJoBeKa. Tak,
nas1 BapuaHToB BKD najbHEBOCTOUHOIO réHOTH-
na, HUupKyaupylomux B IIpuMopckom Kpae, Jie-
TaJIbHOCTh MOXET mocturarb 6osnee 30%, torma
KaK eBpOIIEMICKME M CUOUPCKHE TeHOBapUAHTBI
BBI3BIBAIOT OoJiee Jierkyio ¢opMmy 3abojeBaHUs
C OTHOCUTEJIBbHO HM3KHUM YPOBHEM JIETAJIbHOCTU.
Ynanochk BBEISIBUTH 18 M30JIITOB B YeTHIPEX BHIAX
KJemeit, HauboJjiee OJIM3KO KJIaCTEePU3YIOIINX-
cs1 co lTaMMOM Zausaev. XapaKTepHOUW OCOOeH-
HOCTBIO IITaMMa Zausaev SBJISETCS ero CIoco0-
HOCTB BBI3BIBATh XpPOHUYECKIE (DOPMBI KJICIIEBOTO
sHuedanauTa [15].

WHTepecHBIM TIpeacTaBisieTcs (PakKT BEISIBJIC-
HU S JOCTAaTOYHO OOJIBIIOIO KOJMYECTBA U30JISITOB
CUOMPCKOTO M IaJbHEBOCTOUHOro reHotuiia BKO
B KJeumiax pona Dermacentor. BupycodopHOCTb
KJemeit pona Dermacentor Ha ypoBHE, a TO 1 BbIIIIE,

BUPYCOMOPHOCTHU KJlelleit poaa Ixodes, a 3a0oJieBa-
eMocTh KD B paitoHax npeobJiagaHu s KJIEIIei poaa
Dermacentor unxe [18, 26]. O0OpaiaeTr Ha ceOst BHU-
MaHWe OTHOCUTEJIbHO HU3Kasi BUPYCO(GOPHOCTh
Kkyemeit 1. paviovskyi, coctaBnsromas Bcero 1,8%,
Torna Kak BUPYCOMOPHOCTh Kielel 1. persulcatus
cocraBuia 11,2%. CyluecTBeHHOE AOMUHUPOBaA-
Hue knemueit 1. pavlovskyi cpenm Kieleit, CHITBIX
C YeJIoBeKa, MOXET IMPUBOIUTH K CHUXEHUIO OUO-
pUcKoB MHPULIMpoBaHUus denoBeka BKD u ypoB-
HS 3a00JIeBa€MOCTH KJICHIEBBIM 3HIIe(paTuTOM
B HoBocubupcke u ero mpuropoaax.

KiiemeBoit MKCOAOBBI OOppesno3 OOBIYHO
accouuupyetcs ¢ B. garinii u B. afzelii Ha Teppu-
Topuu Poccum [20, 21]. IlpuHATO CcUMTATh, YTO
apean Bo3oOyauteneit MKDB npenonpenensiercs
pacnpocTpaHEHWEM OCHOBHBIX II€PEHOCUYMKOB
3aboneBaHus: Kuewieil [I. persulcatus w 1. ricinus.
B Cubupu n Ha JanpbHem BocToke reHeTMYeCKUit
matepuall Borrelia spp. ObL1 OOHAPYXEH y KJCIIeH
1. paviovskyi w Dermacentor spp. CioHTaHHasl WH-
GULMPOBAHHOCTh KJelleil OoppelussMU B MpU-
POIHBIX o4yarax MoOXeT cocTaBiisAiTh oT 10 mo 70%
B pasznauuHble rombl. [Ipm »ToM MHPUIMpPOBaH-
HOCTb KJiellel B. miyamotoi 3HaUUTEIbHO HUXKE,
yeM B. garinii n B. afzelii. Bce aTu Tpu BUIa 60ppe-
JINI OBIJIN OOHAPY>KEHBI B UCCIETOBAHHBIX KJIEIax
C OYEBUJHBIM JTOMUHUPOBAHUEM B. garinii u npu
ONHOKPATHOW MAETEeKIMU TEeHEeTUYECKOTO MaTe-
puana B. miyamotoi. I1pn 3ToM B KJellax, CHSITBIX
C 4esJoBeKa, MaKCMMaJIbHO ObIJIM MHMUIIMPOBAHBI
kyemu 1. persulcatus. MeHee Bcero ObLIM MHPUIIH-
poBaHbI KJemu 1. paviovskyi, 1Jisi KOTOPBIX YPOBEHb
WHOULIUPOBaHUS ObLT GoJjiee ueM 6,5 pa3 HUKeE.

B derwhipex Bumax kiemieid HaM yaaJioch 00-
HapyXUTh TeHeTWYeCKMit Mmartepuall R. raoultii,
R. tarasevichiae 1 R. helvetica. YpoBeHb WHGOU-
UPOBAaHUS KJICIIEH PUKKETCUO3aMU JOCTUTAJI
23,1%. IlpuHaTo cunuTaTh, 4TO R. raoultii sBnsieTcst
OCHOBHBIM BO30YyIUTEIEM KJICIIEBOIO PUKKETCHUO-
3a B HoBocubupckoii 00JlacTu U acCOLUUPYETCS
¢ kJemamu poaa Dermacentor [16]. Takke R. raoultii
oOHapyxXeHa BO MHorux ctpaHax EBpombr [22],
B pas3Hbix obOnactsax Poccum (HoBocubupckas,
Tomckas, OMmckast obnactu, Pecriyonmnka Anraii,
Pecnnybnuka bBypsartus, Wpkyrtckasg o00671acTh,
Ilpumopckuii kpait, XabapoBcKuit Kpaidi u Ap.)
u B Kazaxcrane [3, 12, 13, 27].

Ha ceromnsmnauii nens R. helvetica mupo-
KO pacrpocTpaHeHa U OOHapyXuBaeTcs Kak
MUHUMYM B 24 ctpaHax EBpombl [22]. B a3u-
atckoii yactu Poccum R. helvetica Oblia oOHa-
pyxeHa B kjemax 1. pavilovskyi, 1. persulcatus
u I. trianguliceps B HoBocubupckoit 1 OMckoil 00-
nactsax, Pecriyoinuke AnTaii, a Takxe Ha JlaabHeMm
Boctoxke [17, 23]. ¥ naniueHTOB, MHOUIIMPOBAHHBIX
R. helvetica, HabnrogaeTcs IUXopaaKa, peIKo Peru-
CTPUPYETCS ChIMlb, OIMCAHBI CIy9al MepuMUOKap-
JUTa U MeHUHTuTa [14].

1109



M.I0. KapTawwoB u ap.

MHdekumns n uMmyHuTeT

R. tarasevichiae uyacto oOHapyXMBaeTcsl B KJie-
mwax 1. persulcatus (pexe I. pavlovskyi) Ha TeppuUTO-
puu Asuarckoil yactu Poccuu. Mukct-uHbuu-
poBaHue 4yenoBeka R. tarasevichiae w R. helvetica
Ha TeppuTtopuu P® OBLIO BBISBICHO B JIBYX CIIY-
yasix, mpudyeM oba ciaydasi 3aKOHUYMJINUCH JIeTallb-
HbIM  ucxomoM. CoBMecTHOe WHGUIIMPOBAHE
R. tarasevichiae ¢ R. sibirica 61710 3aperucTpupoBa-
Ho B KpacHosipckoMm kpae [25], a c BKB — B HoBo-
cubupckoii obaactu [2]. Ciyyaun MOHOMH(PULIUPO-
BaHUS yenoBeka R. farasevichiae ObLIN TaK>Ke paHee
3acdukcupoBaHbl B HoBocubupckoii 00acTu.

Takum obpaszom, B JaHHOU padboTe ObLIU UCCTIe-
JIOBaHBI MKCOIOBbBIC KJICIIIH, HAlTaJalolIe Ha 4eJ10-
Beka B HoBocnOupcKe v ero puropoax, B TeueHue
Bcero teruioro cesoHa 2018 r. MHaAuBUIYaJIbHBIN
aHanu3 1000 kJewiei mokasaj, YTO BCEro MsTh BU-
JIOB KJICIIe HamajamT Ha XHUTeJel meramojuca
Ha tore 3amamHoii Cubupu. [lpy 3TOM JTOMHUHU-
pytor kiewiu I. paviovskyi (43,6%) w D. reticulatus
(41,2%). Posib TaexxHOro KJjeiia, IMpoKO U3BECT-
HOro nmpuHuuInuaabHoro Bekropa ajasa MUIIK, cy-
LIECTBEHHO CHU3MJIACh U cocTaBuia Bcero 10,7%.

B xuteniax, CHSITBIX C YeJIOBEKa, BHISIBJICH TeHE-
tuuecknii Mmateprast BKD (3,6%; 95% 1U: 2,6—4,9),

6oppennii (13,8%;95% AWN: 11,6—14,9) u pukkeTcuit
(23,1%; 95% OWN: 20,6—25,1). TeHoTUMUpOBaHUE
n (puIIoTeHeTUYSCKUI aHaaW3 ITIoKa3ajl Haju-
qye TeHeTUYEeCKOro MaTepualia CICAYIOIMINX BO3-
OynuTene KJeleBblX WHMOEKIIUN: CUOUPCKOro
U panbHeBocTouHOro reHotuna BKD, B. garinii,
B. afzelii, B. miyamotoi, R. raoulti, R. tarasevichiae
u R. helvetica. TlpeacrtaBiisieTcs, 4YTO COBEPILIEH-
CTBOBaHNWE M CBOEBpPEMEHHAasl TMAaTrHOCTHKA 3TUX
BO30OyaMTEIIeil MOXXET UMETh KJIIOUeBOE 3HAYeHUE
IS TIPOBEOEHUS aleKBaTHOW NpOoGUIaKTUKU
W JICYCHU ST KJICIIEBBIX MH(MEKIIN I YeJT0BeKa.

bnarogapHocTn

HccnenoBanus nopmepxaHbl Poccuiickoil de-
JiepaJibHOW CJIy>KO00l Mo Haa30py B cdepe 3alliu-
THI TIpaB MOTPEOUTENCH W OJIarOMOJIYUIUsT YeIOBE-
Ka, rocymapctBeHHoe 3amanue ®BYH T'HII Bb
«BekTop» PocriorpedHanzopa.

KOH®AMKT MHTepecos

ABTOpPBI 3asIBASIIOT 00 OTCYTCTBUUM KOH(IAUKTA
MHTEPECOB.
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Pesiome. [lepuon BeizmoposieHust ot COVID xapakTepusyeTcs COXpaHCHHEM psia CUMIITOMOB, TakKe OOJIBIIOE
3HAUYEHNE MMEIOT M MMMYHOJIOTHUYeCKIe M3MEeHeHUs. Pa3paboTka mpodriIakTHIeCKUX Mep ¢ LIeJbl0 HOpMaIu3a-
MY MYKO3aJIbHOTO UMMYHHTETA TOCJIe TIePEHeCEHHON KOPOHAaBUPYCHOM MHGMEKIIUK OIpeneasieT aKTyaJlbHOCTh
MIPOBEIEHHOTO uccienoBaHus. Lleap — M3yunuTh B IMHAMMKE KIMHUIECKYIO0 CUMIITOMATUKY U YPOBEHB SIgA y uIl
TToCJIe TIepeHeCEHHOI KOPOHABUPYCHON MH(PEKIINY U OIICHUTH 3((EeKTUBHOCTb puMeHeHus mmpenapara [FNo-2b.
Mamepuanvi u memoost. IlpoBeneHo uccienoBanue mauueHToB ot 18 1o 60 et (n = 130) ¢ JTaBHOCTBIO MOCJIE IIEpEHe-
ceHHOM nHdeKInH oT 1 10 9 MecAIIeB M yCJIOBHO 310pOBHIX I, He 6oaeBmux COVID-19 (n = 15). ®akTsl 0 iepe-
HECEHHOII KOPOHABUPYCHON MHOEKIIUM M MOCTKOBUIHBIX MPOSIBICHUIX YCTAHOBICHB Ha OCHOBAHUM MEIUIIMH-
CKOIi TOKYMEHTAIINH, XKaJI00, TaHHBIX aHaMHe3a, (M3MKaJIbHOT0 OCMOTpa M aHKeTupoBaHMs. KoHIleHTpamuio sIgA
B CJIIOHE U COCKOOAX SMUTENUS HOCOTJIOTKY ONPEACIISIN B IMHAMUKE O TPUMEHEHU ST MECTHOM Tepanuu npemnapa-
toM IFNo-2b (rens, mHTpaHa3aabHO 2 pa3a B IeHb B TeueHUe 30 qHelt) u mocie Hee. Pezyasmamot. OCTPBIi PO
COVID-19 xapakTepu3oBacs MOBBIIIIEHNEM TEMIIEpaTypHl TeJla, aHOCMHUEH, BEIPaXKeHHOM acTeHHUeH (YCTaa0CThIO
1 c1ab0CThI0), 00JIBIO B MBIIIIIIAX M CyCTaBaX. B Tpyme paHHUX MMOCTKOBUIHBIX IIposiBIeHu (1—3 Mec.) J0cTOBepHO
yaiile BbIsIBJIeHa 60Jb B cycTaBax U Mbiiiuax (75,0%) u nosbllieHue TemmepaTypsl Teia (21,2%), a B rpyIine AJIUTeb-
HBIX IOCTKOBUAHBIX IIPOSIBIICHUI (6—9 Mec.) mpeobiagaHue ¢ OQMHAKOBOM YaCTOTOM OIBIIIKY, MbIILIEUHO-CYCTaB-
Hoii 60u (110 75,8%). I1o pe3ynbraTam 00caeqOBaHUS TPYIIIIbI 30POBLIX OIpeaeicHa yCJIOBHAS HOpMa [TOKa3aTelst
cexpeTopHoro IgA B cioHe — 6,4511,81 Mr/mMi1 1 Ha3albHBIX cMbIBax — 13,43%3,24 Mr/mut. B rpyine paHHHUX OCT-
KOBUIHBIX ITPOSBJICHUI OTMEUCH JOCTOBEPHEIN, Ooyiee 4eM B 3 pa3a, IPpUPOCT YPOBHS CEKpeTOpHOTO IgA B cirtoHe
(c 1,8440,28 mo 5,78+1,96 mr/mu1) u 1,5 pa3a B Ha3aIbHBIX cMbIBax (¢ 28,61%3,0 mo 39,83£3,85 Mr/mi1) CIIyCTs Mecsiil
Ha (one Tepanuu npenapatoM [FNo-2b. B rpymnme 60ibHBIX 0e3 MHTEpGhEPOHOTEPAITUK CTOMKO COXPaHSIOIINe-
¢S CHUXKEHHBIC TToKa3aTenu sIgA ¢ukcupyroTcs B TeueHne 9 mec. mocie mepeHeceHHoit COVID-19. Tak, ypoBeHb
sIgA cnioHbl onpenensicd B 3HaueHus x ot 2,36+0,56 mo 2,16+£0,66 Mr/mi1, a B Ha3aJbHbIX CMbIBax oT 15,66%1,32
1o 10,23+1,07 mr/M 6e3 TOCTOBEPHOM pa3HUIIBI ¢ MCXOMHBIMM JaHHBIMHU. YacToTa pecrmpaTopHbIX 3a00J¢BaHMIA
npeo6anaia B 3Toii rpymine (27,6% ciaydyaes), IIpU IOJIHOM UX OTCYTCTBUM Y JIULI, ToJaydaBmux npemnapaT IFNo-2b.
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3akarouenue. B TOCTKOBUAHBIN MIEPUOI COXPAHSIIOTCS TIOJMOPTaHHbBIE HAPYIIEHUST M 3apeTUCTPUPOBAHBI CHUKEH-
Hble oka3arenau sIgA. MHTpaHazanbHOe mpuMeHeHue npenapata [FNo-2b mo3Bojini0 HOpMaau30BaTh YPOBEHb
sIgA v mpenynpeauTh HaCJIOEHUE PECITMPATOPHBIX MHMOEKIIUA.

Karouesvie caosa: unmeppepon anvgpa-2b, COVID-19, myKkosanvhoiii ummyHumem, nocmkoguonsiii nepuod, sIgA, carona, HazanvHole cMblbl.

DYNAMICS OF CLINICAL SYMPTOMS AND SECRETORY IMMUNOGLOBULIN A IN COVID-19
CONVALESCENT PATIENTS

Khasanova A.A.?, Kostinov M.P.>¢, Soloveva I.L.?, Nikitina T.N.¢, Khromova E.A."

@ Ulyanovsk State University, Ulyanovsk, Russian Federation

b I.1. Mechnikov Research Institute of Vaccines and Sera, Moscow, Russian Federation

¢ First Moscow State Medical University named after 1. M. Sechenov of the Ministry of Health of the Russian Federation (Sechenov
University), Moscow, Russian Federation

4 Scientific Centre for Expert Evaluation of Medicinal Products of the Ministry of Health of the Russian Federation, Moscow, Russian
Federation

Abstract. The post-COVID-19 recovery period is characterized by persistence of some symptoms, with immunological
alterations being of great importance. Development of preventive measures to normalize mucosal immunity after
a coronavirus infection determines the relevance of the current study. The aim was to study dynamics of clinical symptoms
and level of secretory immunoglobulin A in individuals after a novel coronavirus infection as well as evaluate effectiveness
of using IFNa-2b. Materials and methods. A study was conducted with patients aged 18 to 60 years old (n = 130), surveyed
1 to 9 months after post-infection, as well as in apparently healthy individuals lacking COVID-19 (n = 15). Previous
novel coronavirus infection and post-COVID manifestations were verified based on medical documentation, complaints,
anamnesis data, physical examination and questionnaires. The concentration of salivatory and nasopharyngeal mucosal
sIgA was measured dynamically prior to and after administration of local therapy with IFNa-2b (gel applied intranasally
twice a day for 30 days). Results. The acute period of COVID-19 was characterized by fever, anosmia, severe asthenia (fatigue
and weakness), muscle and joint pain. Among the post-COVID manifestations at early period (1—3 months), pain in the
joints and muscles (75.0%) as well as elevated body temperature (21.2%) were reliably detected, whereas in the long period
(6—9 months) there were revealed dominance with the same frequency of shortness of breath, muscle and joint pain (75.8%,
respectively). Based on examination data in healthy subjects, there was determined an arbitrary normal range of secretory
IgA insaliva — 6.45%1.81 mg/ml and nasal swabs — 13.43%3.24 mg/ml. In the group of patients 1—3 months post-infection,
therapy with IFNo-2b one month later resulted in significantly increased level of secretory IgA in saliva (from 1.84+0.28
to 5.7841.96 mg/ml) and in nasal swabs (from 28.6143.0 to 39.8343.85 mg/ml) by more than 3- and 1.5-fold, respectively.
In the group of patients without therapy was featured with stably sustained decline in sIgA level up to 9 months after
COVID-19. In particular, the level of saliva sIgA ranged from 2.36£0.56 down to 2.1620.66 mg/ml, and in nasal smears —
from 15.66%1.32 to 10.23+1.07 mg/ml that differed insignificantly compared to baseline level. The rate of respiratory diseases
prevailed in this group (27.6% of cases), which fully lacked in the group of topically administered IFNo-2b. Conclusion. In the
post-COVID period, multiple organ disorders persist and reduced sIgA level is registered. Intranasally applied IFNa-2b
made possible to normalize sIgA level and prevent accumulation of respiratory infectious pathologies.

Key words: interferon alpha-2b, COVID-19, mucosal immunity, post-COVID period, slgA, saliva, nasal swabs.

HU, CYXOfI KalleJb, 00/ B MBIIILAX SIBJISJIUCH

BeepneHue
JIMAVPYIOLIMMU Cpeaud Bcex IposiBaeHuit [15, 20,

IMannemust HOBOM KOpOHABUPYCHOM MHMEKIINHT
(COVID-19) Ha TexkylIUid MOMEHT MO-IIpeXKHEMY
oCTaeTcsl aKTyaJIbHOM IIpoOJieMOii BO BCeM MUpE.
Jlo cux mop OTKPBIT BOIMTPOC O MOCJEACTBUSIX JaHHOM!
VHOEKIINU 1 O IEPCTIEKTUBAX PeadbUINTAIIMOHHBIX
MEpPONPUSITUII Ha ITarne peKoHBajeclueHUuu |3,
10, 22]. Coo011aiock, 4TO TepUOH BbI3TOPOBICHU S
or COVID xapakTepusyeTcsl COXpaHEHUEM psia
CUMIITOMOB WJIM TIOSIBJIEHWMEM HOBBIX, JaXKe Cpe-
IV T€X, Y KOTO M3HAYaJIbHO OBIJIO JIETKOE TeUYeHUE
3a00JieBaHUsI.

Mo maHHBIM psiAa UccenOBaHUU OIpenesieHbl
HaunboJiee YacTble CUMIITOMBI TIEPHOAA TIOCTIE Tepe-
HECEHHOW KOpoHaBUpycHOU mH(pekuu. Tak, ObLIO
MOKa3aHO, YTO TIOBBLIIIIEHWE TEMIIepaTypbl Peru-
CTPUPOBAJIOCh MPaKTU4YeCKU B 98% ciiyyaes, a acTe-

24, 29, 31, 32]. JaHHbIe U3MEHEHUSI OBLJIM OXapaKTe-
PU30BaHbI KaK MOCTKOBUAHBIN cuHapoM [11, 17, 27].
TTocTKOBUIHBIN CUHAPOM — 3TO MYJIBTUCUCTEMHOE
paccTpoMCTBO, KOTOPOE Pa3BUBAETCS TIOCJIE OCTPO-
ro anuszonaa 6osieaHu. MHpopmalums, ykasbiBaolas
Ha TOYHBIN TMaTOTreHe3 pa3BUTHSI JAHHOTO COCTOSI-
HUS orpaHrnyeHa. [1o faHHBIM JIUTEPaTyPbl CUMIITO-
MBI MOTYT OBITh JISTKMMU, TaKUMU KaK yCTaJOCTh,
KallleJIb, OABIIIKA, BBIMAICHUE BOJIOC, MU TSIXKe-
JIBIMU, TIPUBOASIIUMU K WHCYJIBTY, TTOYCYHOM He-
IOCTAaTOYHOCTH, CEPICUHBIM HAPYIICHUSIM U POCTY
JNIPYTUX XPOHUYECKUX 3a00eBaHuii [12, 27]. [TonHas
KJIMHUYECcKasi KapTUHa IMOCTKOBUIIHOTO CUHIpOMa
CJIOXHA 1 10 KOHIIa He n3ydyeHa. OmHaKko BUPYCHBIN
Tponu3M K peuentopy ACE2, KoTopblii 3Kcrpec-
CUpyeTCsl BO MHOTMX TKaHSIX OpraHu3Ma, MOXKEeT
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OIpEeNeJISITh BOCHPUUMYMBOCTh KaK K OCTPBIM, TakK
M K XpOHUYECKUM ITOBPEKICHUSIM, UTO eIle OOJIbIIe
YCJIOXKHSIET KIIMHUYECKY0 KAPTUHY TTOCTKOBUTHOTO
cuHapoma [28]. CnemoBaTenbHO, HaJibHeiIIee U3-
y4ueHVe MeXaHU3MOB M pa3BUTHE HATIPABJICHUSI T1a-
THOCTUKHM B TIOCTKOBUIHOM IIE€PUOIE SIBISICTCS BaX-
HBIM B KOHTPOJIe MH(PEKIITMOHHOTO TIpoiiecca.
I[ToMuMO KJIMHUYECKUX MOCJEACTBUI OOJbIIOE
3HAUEHVE WUMEIOT MMMYHOJIOTUMYECKUE U3MEHEHU S,
KOTOPbIE MHTEHCUBHO U3Yy4aloTCs B IIOCTAEIHUE TOIbI.
Oco0y10 pOIb OTBOISAT UCCIICIOBAHUIO MYKO3aJIbHO-
ro ummyHutera. M3BectHo, uyto Bupyc SARS-CoV-2
00J1a1aeT CIIOCOOHOCTHIO TTIOPaXKaTh SITUTEINAIbHBIC
KJIETKH 3allMTHOI'O CJIM3UCTOro Oaphepa, comepxka-
IIeTo OONBIIYIO YaCTh KJICTOK MMMYHHOI CUCTEMHBI.
OTU U3MEHEHUSI MOTYT UMETh ITOCJIEICTBUSI B BUJE
OTCPOYCHHBIX CUMIITOMOB, ITOCKOJIBKY UMMYHUTET
TKaHEe# CIIM3UCTBIX 000JIOUEK SIBJISIETCS OOraThIM pe-
3epByapoM 3alIUTHBIX (h)aKTOPOB, HAIIPUMED, TAKUX
KaK CeKpeTOPHbIN UMMYHOTIJIOOYIuH A (sIgA) [7, 25].
JlaHHBIII MMMYHOIJIOOYJIMH TpPeACcTaBiIsieT co0oit
IUMep W CUHTE3UPYyeTCs TJIa3MaTUUYeCKUMM KJIeT-
KaMH CIU3MUCTBIX TKaHel u keje3. [IpoTrekTuBHasS
GYHKIMS 3aKJII0YAeTCs B CIOCOOHOCTU OJOKUPO-
BaTh MATOTEHBI, MPEMSITCTBUM aAre3uu 4yXKepo-
HBIX areHTOB W MPeIOTBPAIEHUN OMOCPEIOBaHHBIX
BOCIAJIMTENbHBIX 3P (heKTOB KoMIsieMeHTa. M3 BbI-
LIEU3JIOXKEHHOTO CJIeYeT, UYTO SIgA sBseTcss omHOMU
W3 MEPBBIX JUHUN 3alUTHI CIU3UCTBIX OT HEraTuB-
HOTO BIIMSIHUS OKpYXKarolei cpensl [6, 19, 30].
OCHOBBIBasSICh Ha JaHHBIX O IMaTOreHe3e KOpo-
HaBUPYCHON MHMEKIIMKN ycTaHOBJIEHO, YTO SARS-
CoV-2 uHTUOMpYyeT MHAYKLIUIO UHTEP(PEPOHOB, B TO
Ke BpeMsI OTMEUYaceTCsI BhIpaXXeHHAST YyYBCTBUTEIb-
HOCTb MPU 9K30I'€HHOI MHTEepDEPOHOBOI CTUMYJISI-
ouu in vitro [8]. DTo maeT oCHOBaHME MpeaIlojaraTh
BBICOKYI0 2((PEeKTUBHOCTh MpernapaToB UHTepde-
pOHa B Tepallny KOPOHABUPYCHOU MHpeKuu [23].
IMpoBeneHHBIC MCCIEIOBAaHUS ITIOKa3aJud KJIH-
HHUYECKYI0 3((HEKTUBHOCTH MECTHOTO ITPUMEHEHU ST
npemnapaToB Ha ocHoBe IFNa-2b B akTuBaluu gak-
TOPOB 3aIIUTHI CIM3UCTHIX 000JI0YEK, B TOM UKCIIC
U IIpU KopoHaBUpycHoi nndekuuu [1, 2,4, 5,9, 13].
CrnenoBaTebHO, M3yYECHUE BO3MOXKHOCTEI UCTIOb-
30BaHUSI B NPOGUIaKTUYECKON Tepanuu Iperapa-
ToM IFNo-2b 1 BiusiHUS Ha MyKO3aJbHbBIIT UMMY-
HUTET IMOCJIE TEPEHECEHHOW KOPOHABUPYCHON WH-
(deKLUM NpeacTaBJIIeT 0COObIII MHTEPEC U OIpee-
JISIET aKTyaJIbHOCTh IIPOBEJEHHOTO UCCJICTIOBAHUSI.
Llens uccaenoBaHUS: U3YYUTh B IMHAMUKE KJIW-
HHUYECKYIO CUMIITOMAaTUKY U YpPOBeHb sIgA y mmui,
nocje NMepeHeCeHHOM KOPOHABUPYCHOM MHMEeKIUN
M OLICHUTH 3P (PEeKTUBHOCTD ITPUMEHEHU S IIperrapa-
ta IFNa-2b.

Matepwuasbsl 1 MeTOLbI

B npocnekKTuBHOM OTKPBITOM KOHTPOJUPYEMOM
HMCCIICIOBAHNUHY ITPUHSIJIN YYACTHE TTAIIUCHTHI B BO3-
pacte ot 18 mo 60 set (rpymnma nociae COVID-19, n =
130) ¢ maBHOCTBIO TTOCJIe MIEPEHECEHHOM KOPOHABU-

pycHoii uHdexkuu ot 1 1o 9 mecsues. 'pynny KoH-
Tposis (n = 15) cocTaBUIM YyCIOBHO 3[I0POBHIE JIUTIA,
He ooseBinre COVID-19, y KoTOpbIX HCCIeIoBaIn
TOJBKO ITapaMeTpbl MYKO3aJbHOTO HWMMYHUTETA.
XapakTepucTuka Tpymnn UCCIeIOBaHUS TPeCTaB-
JieHa B TaoJ. 1.

MNHubopmaiins o TeUeHUM KOPOHABUPYCHOM MH-
eIy B rpyIinax UCCaea0BaHM I TTOATBEPXK 1a1ach
MaHHBIMUA MEOWUIIMHCKON mokyMmeHTaruu. OmeHKY
MOCTKOBUIHBIX ITPOSBJACHUN ITPOBOAMIM Ha OC-
HOBaHUM KJIMHUYECKOTO OCMOTpA, BKJIIOYABIIETO
cOop Kanob, TaHHBIX aHAMHe3a, 1 aHKETUPOBaHUSI.
OT BCeX yYYaCTHMKOB OBIJIO IIOJIyYEHO NHCHMEH-
HOe O00pOBOJIbHOE MHGMOPMUPOBAHHOE CcoOrjlacue
Ha yyacTue B ucciieqoBaHuu. [IpoTokon KiimHu4yec-
KOTO WCCJIEIOBAaHUS COOTBETCTBYET XEIbCHMHCKOU
Jexknapauyuu BcemMupHOit MeAMIIMHCKONR accolira-
U1 0 OMO3TUKE U TIpaBax yeJIoBeKa 1 OI00peH JIo-
KaJIbHBIM 3TUYCCKUM KOMUTETOM 10 3THKe @PI'BOY
BO «YnbgHOBCKUII TOCynapCTBEHHBI YHUBEPCU-
TeT» (mpoTokoi Ne 11 ot 03.11.2021 r.).

st OlleHKYW CUMIITOMOB TEUYEHUSI OCTPOTO Tie-
pHoma B KaTaMHe3e 1 IIOCTKOBUIHOI'O TIEPHOIOB KO-
poHaBupycHOI MHGpeKIMU 130 yJacTHMKOB UCCIe-
JIOBaHWSI OBIJIM pacripenesieHbl Ha 3 TPyIITbl B CO-
OTBETCTBUM C BPEMCHHBIM WHTEPBAJIOM, ITPOIIESI-
IIIUM TOCJIe TIEpeHEeCEeHHOro 3aboeBaHUsI: TpyIila
pPaHHUX MMOCTKOBUAHBIX MposiBIeHU (1—3 mec.) —
I rpymma; rpynmna mo3mHUX ITOCTKOBUIHBIX ITPOSIB-
nenuii (3—6 mec.) — 11 rpyriia; rpyIimna IJIMTeIbHbIX
MOCTKOBUIHBIX TIposiBiaeHu (6—9 mec.) — 111 rpyn-
na (Tab.. 2).

B mocaenyroriemM s IPOCHEKTUBHOM OILICHKU
COCTOSTHUSI MYKO3aJIbHOTO UMMYHUTETA MallueHThI
TPYTIIBI MCCIIEIOBAaHUsI ObIJIM TTOPOBHY pa3/iesieHbl
Ha MOJYyYaBIINX W HE TTOJIyJYaBIINX MHTPpaHa3aJIbHO
npenapat IFNo-2b (n = 65) (ta6:. 3).

B kadecTBe Marepmajia IUISI WCCJICAOBAaHUSI MY-
KO3aJIbHOTO WUMMYHHUTETa MCITOJIb30BaJIM OOpa3Iibl
CIIIOHBI I COCKOOBI SIMUTEIMAIbHBIX KJIECTOK CO CII-
31UCTOIl HOCOITIOTKM, COOpaHHBbIE B OITHOPA30BbIC

Ta6auua 1. FeHpepHbIii cocTaB M BO3pacT
Y4aCTHUKOB UCC/ieJOBaHus

Table 1. Gender composition and age of study
participants

Fpynna nocne

COVID-19 lpynna

Group after KOHTPONA

COVID-19 CO”:Q'%O“D

n=130

JKeHLWuHbI o o
Women 78,4% (102) 86,7% (13)
My>4uHbI o o
Men 21,6% (28) 13,3% (2)
CpepHuii BO3pacT, net 48,5412 32+5 66
Average age, years

Mpumeyanme. % (n) — oTHOCKTENbHbIE 1 ADCOMIOTHBIE NOKa3aTenu
NaHHbIX Y 06CNeloBaHHbIX OONbHbIX.
Note. % (n) — absolute and relative data in patients examined.
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TaGnuua 2. PacnpepeneHue y4acTHUKOB
uccnenoBaHuUs B 3aBUCUMOCTU OT CPOKOB noce
nepeHeceHHoit COVID-19 nudpekumnmn

Table 2. Distribution of study participants aligned with
timeframe after COVID-19 infection

BpemeHHOW nHTEepBan Yucno yyacTHMKOB
nocne COVID-19 nndpekuunmn rpynnbi
(rpynna unccnepoBaHus) Number of group
Time interval after COVID-19 participants
infection (study group) n=130
1-3 mecqua (I rpynna) o
1-3 months (I group) 52(40,0%)
3-6 mecsues (Il rpynna) 0
3-6 months (Il group) 45(34,6%)
6-9 mecsues (lll rpynna) o
6-9 months (Il group) 33 (25,4%)

Mpumeyanue. n (%) — abCONOTHbIE U OTHOCUTENbHLIE NOKa3aTenu
LlaHHbIX y 06CIeA0BaHHbIX O0NbHBIX.
Note. n (%) — absolute and relative data indicators in the examined patients.

npobupku. M3mepeHue koHueHTpauuu sIgA B uc-
clIeayeMBIX 00pa3ax IMPOBOAVIIN C UCTIOIb30BaHNEM
HaObOpOB peareHTOB IJIsT UMMYHOMEPMEHTHOTO aHa-
m3a (AO «BekTop-bect», Poccust) mo mpumMeHeHU ST
nperapaTta pekomomHaHTHoro IFNo-2b n gyepes me-
CSI1I TTOCTIe 3aBepIieHUsI Kypca. [IpodniakTHIecKyo
Tepartnio IIPOBOMIIIM C MUCIIOIb30BaHMEM IIpelrapaTa
«BUDEPOH®» (KOHLIEHTpaLMs IEHCTBYIOIIETO Be-
mectBa cocrasisier 36 000 ME/r), KoTophblii Ha3Ha-
YaJIcs 1o CXeMe ¢ HaHECEHUEM IT0JIOCKHM Teiist 1o 0,5 cMm
Ha IIpeaBapUTEIbHO OYUIIEHHYIO CIM3UCTYIO HOCO-
BBIX XOJI0B — 2 pa3a B JicHb B TeueHue 30 qHeid.
CTaTUCTUYECKUN aHaM3 MOJYUYCHHBIX PE3yb-
TaTOB MNPOBOAMJIM C IPUMEHEHHUEM IlakeTa IIpu-
KJaaHbIX mporpamMMm Statistica ansg Windows 10.0
(StatSoft Inc., CIIIA, 2010) u Microsoft Excel, 2007
(Microsoft, CIIIA). YacToTy BCTpeyaeMOCTU aHa-

Ta6nuua 3. PacnpepeneHne nauMeHToB rpynn
uccnenoBaHus B 3aBMCUMOCTU OT MPOBOAMMON
Tepanuu npenapatom IFNa-2b Ha aTane
peabunutauum

Table 3. Distribution of patients depending on timeframe
after COVID-19 infection and therapy applied

at rehabilitation stage

Tepanus Tepanus
cnpenapaTtom | Ge3npenaparta
Mcc;zy';gz e IFNo-2b IFNo-2b
St dp‘ Therapy Therapy
udy group with IFNo-2b | without IFNo-2b
n=65 n=65
Irpynna 27 (41,6%) 25 (38,4%)
| group
lIrpynna 21 (32,3%) 24 (37%)
Il group
ll rpynna 17 (26,1%) 16 (24,6%)
Il group

Mpumeyanme. n (%) — abCOMOTHbIE U OTHOCUTENbHbIE NOKa3aTenu
JaHHbIX Y 06CneloBaHHbIX GONbHbIX.
Note. n (%) — absolute and relative data in patients examined.

JIN3UPYEMBIX ITPU3HAKOB BbIpaXkaJi B aOCOTIOTHBIX
U OTHOCUTEJIbHBIX 3HaYeHUsIX. [JOCTOBEPHOCTh MO-
KazareJieil orpeesisijiach ¢ UCIOJb30BaHUEM KpH-
tepust xu-KBaapat (y*) [lupcoHa u ypoBHEM JIOBe-
putenabHoOU BepositTHocTH p < 0,05.

Pesynbratbl 1 06CyXaeHne

Pempocnekmuenblii anaau3 KAUHUYECKUX NPOSG-
AeHUll 0cmpoeo nepuoda KOpoHA8UPYCHOU UHpeKyuu
Y HA61100aeMblX NAYUeHMO08 8 2PYNNAX UCCAe008AHUSL.
JaHHBIE PETPOCICKTUBHOIO aHaJN3a CUMIITOMOB,
KOTOpPbIE PETUCTPUPOBAIUCH Y MAIITUEHTOB B OCTPOM
TepHoIe TTOCJIe KOPOHABUPYCHON MH(MEKIINH, TIPS -
cTaBJieHbI B Ta0J1. 4. B 11e710M cpenu Bcex HabJroaae-
MBIX 130 mmanueHTOB HamboJyiee YaCTBIMU CUMIITO-
MaMu ObLIU TTOBBIIIIEHNE TEMIIEpaTypPhbl Tejia, aHOC-
MMSI, ACTCHU I, OOJIb B MBIIIIIIAX U CyCTaBaX.

AHann3 TaHHBIX MEAUIIMHCKOW TOKYMEHTAIIMN
M aHKETHUPOBAHMS 1O IpyMaM HaOIIOIeHUS TTI0Ka-
3aJ1, YTO Y MAIUEHTOB | TPyl OABIIIKA B OCTPOM
neproae KOpOHaBUPYCHOM MHMEKIINN PETUCTPUPO-
BaJjlach B 2,3 pa3a yallle B CpaBHEHUU C MallMeHTaM U
I1 rpynner (30/57,7% nipotus 17/37,8%; x* = 3,831,
p = 0,05). Takxke y mauiueHToB | rpynmnsl umesio mMe-
CTO TOJIOBOKpYXXeHue, Toraa Kak Bo Il rpynne mo-
IOo6HBI cumnToM otcyTcTBoBai (12/23,1% npoTtus
0/0,0%; x> = 11,851, p < 0,001).

Y o6ospHbix I rpynmer B pasrap 3abosieBaHUSs
JIOCTOBEPHO Yallle M0 CpaBHEHMIO ¢ manueHTamu I
u 11 rpynnel oTMeuasics cyxoi Kameiab — 23 yesioBe-
Ka (69,7%) nipotus 21 (40,4%; x> = 6,947, p = 0,009)
u 21 (46,7%; y* = 4,107, p = 0,043) cOOTBETCTBEHHO.
BoineneHue MOKPOTBI HaOMI0IAaOCh Y OOJbHBIX
11I rpynmsr 1,4 pa3a yaie, yem B 1 rpymme (11/33,3%
npotuB 8/15,4%; y* = 3,747, p = 0,05), a TOJIOBOKPY-
sxeHue otmedanu 11/33,3% 6onpHbIx [ Tpynimmel, B TO
BpeMs KaK y naiieHTOoB II rpy bl mogoOHbIN CUMIT-
tom otcyTcTBOBaM (0/0,0%:; %> = 17,463, p < 0,001).

TToBbIlIIeHME TeMTIEpaTy pbI Tejla, 00Jb B MBIIIIIAX
M CyCTaBax, aCTeHMUs OIIpeIeIeHbI KaK HanboJiee yac-
Thle KJIMHWYECKUX MPOSIBJICHUI B OCTPBIN TEpUOJ
MHQEKIIMOHHOrO Ipoliecca, OMHAKO JaHHBIC CTaTHUC-
TUYECKOW 3HAUMMOCTHU He JOCTUTIIN. Takke BO BCeX
rpynnax OOJBbHBIX, 0€3 HOCTOBEPHBIX MEKIPYIIIIO-
BBIX pa3JIMUMii, TPUCYTCTBOBAajJa CUMIITOMAaTHUKa,
B LIEJIOM XapaKTepHasl IJIs1 BUPYCHBIX MHQEKIINii:
00JTb B TOpJIE, 3aJIOKEHHOCTh U OTIEIIEMOe U3 HOCA.

CoriacHo TaHHBIM aHKETUPOBAHUS, ObLIO OT-
MEUEHO U HaJIMYME HEBPOJIOTUICCKUX HAPYIICHUMA
(ronoBHas1 007b, aHOCMUS, JUCTEB3MsI) B IpyIrax
HWCCIeNOBaHUSI, YTO MOXET yKa3bIBaTh Ha BEpPOSIT-
HOE IopakeHue KJIETOK HEPBHOU TKaHU BCJIEACTBUE
Tponu3ma Bupyca SARS-CoV-2 K HepBHBIM KJCT-
kam. CrienyeT OTMETUTh, YTO CUMIITOMbBI CO CTOPO-
HBI XeJIYIOYHO-KHUIIIEYHOIO TpaKTa, KaK IHCITeTI-
CHsl, PaCCTPOMCTBO CTyJIa BBISIBJIEHBI Y 3HAUYUTE/b-
HO MEHBIIIETO YMCa JIUIL B TPYIIIE UCCICIOBaHUSI.
B umMeroreiicst mtutepaType yKazaHHbIE CUMIITOMBI
B HEKOTOPBIX CIyUYasiX ObIJIM ONMMCAaHbI KaK HadaJlb-
Hble Tpu uHGUIMpoBanuu COVID-19 [21].
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Tabnuua 4. PeTpocneKkTUBHbI aHaNM3 KJIMHU4ECKOro Te4eHUs OCTPOro nepuoga KOpOHaBMpyCHOﬁ nHdeKkum

Yy HabnopgaemMbix rpynn uccneposaHus

Table 4. Retrospective analysis of clinical course for acute period of novel coronavirus infection in surveyed study groups

Fpynnbl uccnepoBaHus
KnuHuyeckmne nposieneHus Study groups Bcero
Clinical manifestations I rpynna Il rpynna Il rpynna Total p
I group Il group Il group n=130
n=52 n=45 n=33

p.=0,11

PosulioHMe TeMnepaTyPLI Tena 750%(39) | 60,0% (27) 727%(24) | 69,3%(90) | =081
i pere p,.;3=0,24
YyBCTBO HEXBATKM BO3AYyXa P, =0,48
Feeling shortness of breath 30,8% (16) 24,4% (11) 21,2% (7) 26,1% (34) | p5=0,33
2 P,.3=0,73
Oppiwka . . , \ P, = 0,05

Dyspnoea 57,7% (30) 37,8% (17) 39,4% (13) 46,1% (60) Pis=0,1
’ P.;=0,88
Bonb B rpyAHoIi KNneTke . , . . P2 =0,95
Chest pain 25,0% (13) 24,4% M) 9,1% (3) 20,7% (27) | p.3=0,06
p,_; = 0,081

Cyxoii kawenb . . . \ P, =0,53
Dry cough 40,4% (21) 46,7% (21) 69,7% (23) 50,0% (65) | pis=0,009
p,.5 = 0,043

MokpoTa . . , \ P, =0,55
Sputum 15,4% (8) 20,0% (9) 33,3% (11) 21,5% (28) | p,s=0,05
b p,.;=0,183
Bonb B ropne P =0,44
Sore throat 50,0% (26) 42,2% (19) 54,5% (18) 48,4% (63) | p15=0,68
P2 = 0,28

3anoXeHHOCTb U OTAENSEMOE M3 HOoCa Pi»=0,53
Nasal congestion and secretion 59,6% (31) 53,3% (24) 48,5% (16) 54,6% (71) Pr-3=0,31
’ P.3 = 0,67
AHocMug P, =0,68
Anosmia 67,3% (35) 71,1% (32) 57,6% (19) 66,1% (86) | p,3=0,36
p,.;=0,21

Oucres3us P, =0,15

. ) 0 ) (o) s (o) s (o) -

D i 40,4% (21) 26,7% (12) 27,3% (9) 32,3% (42) p_s=0,21
ysgeusia o oS
FonosHag Gonb . . , . P, =0,21
Headache 38,5% (20) 26,7% (12) 24,2% (8) 30,7% (40) | p,4=0,17
P.;=0,88

FonoBoKpyXeHue Pi-2 < 0,001

Dizziness 23,1% (12) 0,0% (0) 33,3% (11) 17,6% (23) P3=0,3
e p,_; < 0,001
YctanocTts, cnabocTs pi2=0,71
Fatigue, weakness 65,4% (34) 68,9% (31) 75,8% (25) 69,3% (90) | pi3=0,31
‘ P23=0,5
CHWXeHue anneTuTa . . . , P =0,28

Loss of appetite 26,9% (14) 17,8% (8) 15,2% (5) 20,7% (27) P5=0,2
P23 = 0,75

Ducnencus pi.=0,9
Dvspepsia 9,6% (5) 8,9% (4) 15,2% (5) 10,7% (14) Pis = 0,44
yspep or .= 0,39
HapyleHus ctyna . . . . P =0,83
Altered defecation pattern 17% (4) 8,9% (4) 6,1% (2) 7,7% (10) P13 =0,77
p,.; = 0,64

BoJb B CycTaBax v MblLULLax . . \ . P2 =0,35
Joint and muscle pain 73,1% (38) 64,4% (29) 60,6% (20) 67,0% (87) | Pi5=0,23
P.3=0,73

Mpumeyanue. % (n) — abCOMOTHbLIE U OTHOCUTENbHBIE NOKA3aTeNM AaHHbIX y 06CNeA0BaHHbIX 60bHbIX; CTATUCTUYECKM JOCTOBEPHBIE MEXTPYMMOBbLIE
pasnuunsa mexay rpynnamu i u il

Note. % (n) — absolute and relative data in patients examined; statistically significant intergroup differences based on criterion y2: p,_, — differences

pa3nuyus No KPUTEPHIO ¥% P, — Pasnuuns mexay rpynnamu lull; p,_; —

between groups I and Il; p,_; — differences between groups | and Ill; p,_; — differences between groups Il and Ill.

paznuunsg mexay rpynnamu [ u lll; p,_; —
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TaGnuua 5. PeTpocneKTUBHbIN aHaNN3 KNUHUYECKUX NPOSBAEHUIA B TOCTKOBMAHOM Nepuoae
B rpynnax uccriefnoBaHus
Table 5. Retrospective analysis of clinical manifestations in the post-COVID period in the study groups

lpynnbl uccneoBaHmns
KnuHuyeckue nposiBnenuns Study groups Bcero
Clinical manifestations I rpynna Il rpynna Il rpynna Total p
I group Il group Il group n=130
n=>52 n=45 n=33

=0,3

Jeranoots, cnadoors 635% (33) | 533%(24) 69,7% (23) 61,5% (80) | b o= 0,64
atigue, weakness D= 0,14
FonoeHas 6onb Pi»=0,83
Headach 34,6% (18) 37,8% (17) 45,5% (15) 38,5% (50) p:_; = 0,36
eadache P e

po=1

rD?n(-):Oprer"e 36,5% (19) 37,8% (17) 57,6% (19) 42,3% (55) p..;=0,06
izziness pzs 008

., =0,6

pons B TPYAHOM KeTIE 30,8% (16) | 356%(16) 42,4% (14) 354%(48) | pros027
est pai b e
Oppblwika . . . \ P, = 0,07
Dyspnoea 71,2% (37) 53,3% (24) 75,8% (25) 66,1% (86) | p,,=0,64
Y p,_3=0,043

Kawenb . , \ . P2 =07
Cough 46,2% (24) 42,2% (19) 48,5% (16) 45,4% (59) p..;=0,83
° P.; =0,59
BoJib B CyCcTaBaXx W MblLLLLaX P, =0,008
Jointand le pai 75,0% (39) 48,9% (22) 75,8% (25) 66,1% (86) | p,;=0,94
oint and muscle pain Sy
Anocmus . . . . P2 =0,97
Anosmia 26,9% (14) 26,7% (12) 18,2% (6) 24,6% (32) | p,5=0,35
P.3=0,38

P =0,76

ﬁaml"‘e“““?’ o 1O B19% (27) | 489% (22) 54,5% (18) 51,5% (67) | pyo= 0,81
asal congestion and secretion Dy = 0,62
Ducresaus P2 =0,97
5 . 26,9% (14) 26,7% (12) 18,2% (6) 24,6% (32) | prs=0,35
ysgeusia pzs 038

=0,6

Cribkenme anneTiTa 26,9% (14) | 22,2% (10) 21,2% (7) 238% 31) | pre055
oss of appetite Ry
Hapywehus ctyna . . . \ P =0,34

Altered defecation pattern 30,8% (16) 40,0% (18) 33,3% (11) 34,6% (45) | pis=0,8
P.; =0,55

CyX0CTb M NOKPaCHEHUe rnas P2 =0,81
Eve d dred 28,8% (15) 26,7% (12) 21,2% (7) 26,1% (34) p;=0,43
ye dryness and redness s
BbinajeHune BOOC P2 =0,92
Hair | 34,6% (18) 35,6% (16) 42,4% (14) 36,9% (48) p._; = 0,46
air loss P e

CHMXEHMUe NamMaTu, BHUMaHNS pi2=0/4
H : 34,6% (18) 26,7% (12) 30,3% (10) 30,7% (40) | p,,=0,68
ypomnesia o o

TpeBOXHOCTb . . . . pi.=0,9

Anxiety 36,5% (19) 37,8% (17) 39,4% (13) 37,7% (49) pP.;=0,8
P, =0,88

MoBbIlIEHNe TeMNepaTypbl TeNna P> =0,09
Body temperature ri 21,2% (11) 8,9% (4) 0,0% (0) 11,5% (15) | p.s=0,005
ody temperature rise 08

Mpumeyanme. % (n) — abCOMOTHbIE 1 OTHOCUTENbHbBIE MOKA3aTENMN JaHHbIX Y 00CNeL0BaHHbIX GOBHBIX; CTATUCTNYECKU OCTOBEPHLIE MEXTPYNMOBLIE
pasnnyus No KpUTEpUIo ¥ p,_, — pasnuuns mexay rpynnamu | u ll; p,_; — pasnuums mexay rpynnamv | u lll; p,_, — pasnnuus mexxay rpynnamu | u lil.
Note. % (n) — absolute and relative data in patients examined; statistically significant intergroup differences based on criterion ¥ p,_, — differences
between groups | and Il; p,_; — differences between groups | and Ill; p,_; — differences between groups Il and Il
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Pempocnexmuenviii anaaus KauHuweckux npo-
A6AeHUll NOCMKOB8UOH020 nepuoda y Habawoaemvlx
nayuenmos 6 epynnax uccaedosanus. Ilpu aHanuze
HaunboJiee pacIpoOCTpaHEHHBIX KIIMHUYECKHUX IIPO-
SABJICHUN B MOCTKOBUAHBIN MEPUOA HA OCHOBAHUU
KJIMHUYECKOTO OCMOTpPA, TaHHBIX aHaAMHe3a U TIPO-
BEICHHOIO aHKETHPOBAHMS BBISIBJICHBI HauboJee
4acToO BCTpeYarolnecs: CUMIITOMBI B TpyIIiax Ha-
omroneHUs (TabI. 5).

Cpenu KIMHUYECKUX IMTPOSIBJCHUN Y MallUEHTOB
[ rpynmel mOCTOBEPHO YaIlle BEISIBJICHA OOJIb B CyCTa-
Bax ¥ MbInax (39/75,0%) B cpaBHeHU U ¢ OOJIbHBIMU
I rpymimrer (22/48,9%:; 2 = 7,047, p = 0,008), a TOBBI-
LIIEHUEe TeMIepaTyphl Tejla oTMedasioch y 11/21,2%
0oJibHBIX, TorAa Kaxk B 11 rpynne naHHbI CUMITITOM
orcytctBoBa (0/0,0%; y* = 8,018, p = 0,005).

O1ieHKa MOCTKOBUAHBIX ITposiBiaeHU i B [11 rpyr-
ne B cpaBHeHUU co Il rpynmoii BeisiBUIa npeoodiia-
nanuve ogbiiku (75,8 v 53,3% cOOTBETCTBEHHO; X2 =
4,099, p = 0,043), a TakKe 00JIeii B cycTaBax M MBIIII-
ax (75,8 nmpotus 48,9% cooTBeTCTBEHHO; > = 5,739,
p =0,017).

HecMoTpst Ha OTCYTCTBHE CTaTUCTUYECKU 3HA-
YUMBIX OTJIWYMUA B CpaBHUBAeMBIX TpYyIIIax,
B 11 rpymnre B momaBisitoleM OOJbIINHCTBE CIy4da-
eB Cpely KJIMHUYECKUX IMPOSIBICHUMN TaK>Ke OTMe-
YeHBI YCTAJIOCTh U CJIA00CTh, TOJIOBHASI 0OJb M TO-
JIOBOKPYXXeHHUE, 00Jb B TPYAHON KJIETKE, Kallelb,
3aJIO(KEHHOCTH U OTAEJIsIeMOe U3 HOCa, BBITIACHE
BOJIOC I TPEBOXKHOCTb.

BoisiBieHHBIE B HallleM HWCCIEAOBAHUM CUMII-
TOMBI TIOCTKOBUIHOTO IIepHOAa COOTBETCTBYIOT
MTAaHHBIM APYTUX aBTOpoB. Tak, B HcCleIOBaHWU,
MPOBEACHHOM T'PYIIITION OPUTAHCKHUX YUCHBIX, OBLIO
MoKa3aHo, 4To mnpakTtudecku 70% HabogaeMbIX
OOJIBHBIX UMEJIV HAPYILIEHUSI OTHOUW MJIN HECKOJIb-
KuX cucteM opraHusma. HauboJsiee yacto oTmeua-
Jlach MATOJIOTHST CO CTOPOHBI PECIUPATOPHOI, Kap-
MIOBACKYJISIPHON CHUCTEM M KEJIyIOYHO-KUIITEUHO-
ro tpakta. Cpeau Bcero MHOrooopasus KJauHu4yec-
KUX IIPOSBICHUI HambOoJee MPOIOIKUTEIbHBIMU
M 4aCTO BCTPEUABLIMMMUCS SIBISIIUCh aCTEHUYECKe
MPOSIBJICHU S, a TaKKe CKEJIETHO-MBbIIIeuHast OO0Jb,
oabimka [18]. B nccaemoBaHum nopg pyKoBOJICTBOM
E. Cirulli BpllleyKazaHHbIE OaHHBIE TOJYyYUJIU
noaTBepxaeHue. Takxke ObLJIO YCTAaHOBJEHO, 4TO
HapylleHue OOOHSHUS M BKyca, pPacCesHHOCThb
BHUMAaHMS U paCCTPOMNCTBO MaMSITH, ONBIIIKA, IHC-
KoM®OPT B 00J1aCTU I'PYAHOM KJIETKU € OOJIbLIEH ya-
CTOTOI OTMEYaJIuCh B MEPUOJ PEKOHBAJIECICHIINN
rocJie KOpoHaBUpPYCHOM MHMeknu [16].

CortocTaBiisisi TeYU€HHUE OCTPOTO TMeproaa NHpeK-
MOHHOTO TIpollecca U KIWMHUYSCKYIO CHUMIITOMA-
TUKY B TIOCTKOBUIHBIN TEPHOI B TPYIIIIax MCCIe-
JIOBAHUSI YCTAHOBJICHO, YTO aHOCMMUSI, TTOBBILIICHUE
TeMIlepaTypbl TeJla U HapyllleHue CTyja SIBJISIUCH
HauboJjiee  pacIpOCTPAHEHHBIMU CHMIITOMAaMH.
B 111 rpyninie ronoBokpyxenue (x> = 3,911, p =0,048),
6016 B Tpynu (> = 9,587, p = 0,002) u onpimika (y* =
8,932, p = 0,003) ObLIM 3aperuCTPUPOBAHBI KaK B II¢-
puon pa3rapa uHMEKIIUU, TaK 1 nocje Hee. CoriacHO

JTaHHBIM, UMEIOIIMMCS Ha TEKYIIUIT MOMEHT, COXpa-
HEHHUE psiia CHMITTOMOB M ITOpakeHe MHOTUX Opra-
HOB M CUCTEM, TO €CTh pa3BUTHE MOJIUOPTaHHON Ma-
TOJIOTUH, SIBISIIOTCSI CJICACTBHEM KOMIIJICKCA MeXa-
HU3MOB, BbI3BaHHBIX BUpycoM SARS-CoV-2 [14, 26].

Hccaedosanue sIgA y nabawodaemvix epynn nayu-
enmos. 11 uccneqoBanus sIgA B oOpa3siiax CIIOHBI
M COCKODaX CO CJIM3NUCTON HOCOIIOTKM ObLJIa OIpe-
JeJicHa yCJIOBHAs HOpMa M3ydaeMBIX IOKa3aTesei
Y Ha OCHOBAaHUU 3TUX JaHHBIX IPOU3BeAeHA OlIeHKa
NMMYHOJOTUICCKUX ITapaMeTPOB B TPYIIIIax UCCIIC-
noBaHUs (TadJI. 6).

Ananus slgA B oOpasuax CJIOHbI OOJIbHBIX
I rpynmebl, moaydaBIInX MPOPUIAKTUYECKYIO Te-
panuio npenapatoM IFNo-2b, oTpasua craTucTu-
YeCKM 3HAUYMMOE MOBBIIICHUE €ro YPOBHSI B CpaB-
HEHMUM C UCXOOHBIMM ToKasarejsamu: ¢ 1,84+0,28
1o 5,78%1,96 mr/ma, p = 0,001. ITonyyeHHbIE HaH-
HbIE€ TIPU UCCIENOBAHUU TTapaMeTPOB y IMallMEHTOB
II1 rpynnbl, TakxXe HaXOMUWBIIWUXCS Ha Tepanuu
MHTpaHa3aJbHBIM HMHTEpP(GEepoHOM, HE MoKa3aau
CTAaTUCTUYCCKH 3HAYUMBIX OTJIMYUI, TIPU 3TOM BEI-
SIBJICHO HE3HAYMTEIbHOE TTOBBIIICHNE YPOBHS SIgA
B COITOCTaBJICHU Y C TIEPBOHAYAJIbHBIMI TaHHBIMU.

I1pu aHanm3e COCKOOOB SMUTEINATBHBIX KJIETOK
CO CJIM3UCTOI HOCOIJIOTKM y Jull B I rpymme, Haxo-
OSIIUXCSI Ha TPOGUIAKTUIECKON Teparuu ¢ Tpe-
napatoM IFNo-2b, onpeneneHo 1OCTOBEPHOE TTOBBI-
mreHue ypoBHs sIgA: ¢ 28,61%3,0 no 39,83%3,85 Mr/mi,
p=0,007.

B xonme wuccinemoBaHusT TpyIIbl OOJNBHBIX 0e3
npodUIAKTUIECKOU Tepalluy MOJTYUYCHHBIC pe3yJThb-
TaThl 00 ypoBH X SIgA B 0Opa3iiax CAIOHbI U Ha3ajlb-
HBIX CMBIBAX OTPA3MJIA CTOMKO COXpaHSIOIINECS
CHUXKEHHBIC TOoKa3aTeIM H3ydyaeMbIX ITapaMeTpOB
Ha TMPOTSKeHUUN 9 MecsleB MOCTUH(MEKIITMOHHOTO
nepuoa.

I1pu cpaBHEHNN M3yJaeMbIX TapaMETPOB MEKIY
rpyIiaMy B 3aBUCMMOCTH OT IIPOBEICHUS TTpOodu-
JIAKTUYECKOH Teparuu BBISIBJIEHO CTaTUCTUYECKU
JIOCTOBEpPHOE YBeJIMUYCHUE IToKazaTesieil sIgA B Ha-
3aJIbHBIX CMbIBaX y JIMII, TTOJy4YaBIIMX MUHTPpaHa3aJIb-
Ho npenapat I[IFNa-2b Bo Bcex BpeMeHHBIX UHTEpBa-
Jlax Tepuoja HaOJIIOACHUS B CPpaBHEHUU C T'PYIIION
U1 63 Tepartnm.

IIpn aHanm3e pe3yabTaToOB IIPOBEICHHOTO aH-
KETHUPOBAHUS y JIULI, ITOJIy4aBIINX TepaIruio Ipe-
napatoM IFNo-2b, co BpeMeHU Ha3zHAYeHUSI
M 3a BeChb mnepuoia IMpohUJIaKTUYESCKOTO JICUSHUS
He OBIJIO 3aperucCTPUPOBAHO CIIyYaeB pecrmpaTop-
HBIX MHPeKnii. HarmpoTus, cpean pecrioHaeHTOB
0e3 uHTepdepoHoTepanuu 3a00JeBaHUS BbISIBJIC-
HbI B 27,6% caydaes (18/65), x> = 20,893, p < 0,001.
HexenaTeTbHBIX SIBJICHUIN Y HaOJIOOAeMbIX MallU-
€HTOB 00eUX rpynmn He 3a(UKCUPOBAHO.

Takum obpa3oM, B HallleM MCCJIEIOBAaHUM MPO-
aHaJIM3UpOBaHA BO3MOXHOCTb  HMCIOJIb30BAHUS
npenapata IFNo-2b B nmeprone peKoHBaleCUeHIIMU
nocJie TIepeHeCEeHHOW KOPOHABUPYCHOM MHMEKIIUU.
KputepreM olleHKM MECTHOTO MMMYHHOIO OTBETa
Ha ucrnoab3oBaHue npenapata IFNo-2b mociayxui
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MHdekumns n uMmyHuTeT

Ta6auua 6. MokasaTenu cekpeToOpHOro MMMYHOINo0ynuHa A B rpynnax uccnepoBaHusi, Mr/min
Table 6. Secretory immunoglobulin A level in study groups, mg/ml

YyacTKy B3STUS F'pynna Ha Tepanun Mpynna §e3 Tepanum
MaTepuana; rpynnsl Group on therapy Group without therapy Fpynna KoHTpons
Material sampling UcxoaHo Yepes 30 aHeii UcxoaHo Yepes 30 gHeii Control group
sites; groups Baseline 30 days later Baseline 30 days later
| 1,84+0,28 5,78+1,96* 3,08+0,735 2,36+0,56
sloA ciowe! 7 2,83:0,71 3,33+1,78 2,820,653 2,13+0,43 6,45+1,81
slgA saliva
1] 3,53+0,45 476+2,3 2,08+0,86 2,16+0,66
sigA | 28,61%3,0 39,83+3,85%# 28,33+2,44 15,66%1,32
Ha3aNbHbIN ] 31,22+3,91 31,76+2,97% 16,12+1,62 10,58+1,03 13,43+3,24
slgAnasal Iy 37,06+5,74 36,89+4,33¢ 27,112,61 10,23+1,07

Mpumeyanue. CTaTUCTNYECKM AOCTOBEPHBIE PA3NINYMNS B CPABHEHWM A0 1 NOCNE NPODUNAKTUYECKOA Tepanuu BHYTpY rpynnbl: * — p < 0,05;

CTaTUCTUYECKN JOCTOBEPHbIE MEXTPYNNOoBbIE pasnnuns: * — p < 0,001.

Note. In-group significant differences comparing baseline and post-prophylactic therapy timepoints: * — p < 0.05; significant intergroup differences:

#—p<0.001.

OIWH M3 MYKO3aJIbHbIX MapamMeTpoB, a WMMEHHO,
KOHIIeHTpalus sIgA B clloHe U Ha3aJbHBIX COCKO-
0ax y OONBHBIX TTOCJIe KOPOHABUPYCHON MHMpEKIINN
B 3aBHCUMOCTH OT BPEMEHU, ITPOIICAIICTO ITOCIIe
3aboneBaHus1. MHTpaHa3abHOE TIpUMEHEHUE TIpe-
napata [FNa-2b B mepuoae peabuiuranum Tociie
COVID-19 mnpoaeMoHCTpUPOBaJIO KJIWHUYECKYIO
3(pGHEeKTUBHOCTh, B BHUIE OTCYTCTBUSI HACJIOCHUS
OPU. AHanu3 pe3yabTaTOB OLIEHKM MYKO3aJIbHO-
ro MMMYHHUTETa IoKa3ajl CTaTUCTUYECKU ITOCTO-
BEPHBII MpUPOCT OoJiee yeM B 3 pas3a ypoBHs sIgA
B cJitoHe U 1,5 pasza B HazajJbHbIX CMbIBaX B I'pyIl-
Te JIWI[, HaXOOWBIIMXCS Ha dTare peadmIMTaliuu
¢ IFNo-2b B mepBbIe 3 Mecsiia, ITPOLISAIINE TTOCIe
3a0o0neBaHus. [IpoBeaeHHbIE WCCAEAOBAHUS T10-
Ka3ajau, 9TO NPHU CTUMYJISIIIUN MYKO3aJIbHOTO M-
MYHUTETa B OJIMKAWIINEe CPOKU TTOC]e OKOHYAHUS
3a00JieBaHUSI, MUHUMU3UPYIOTCS PUCKU PA3BUTHUS
IPYTUX peclMpaTOpHBIX 3a0o0jeBaHUl. Mecsir 1mo-
cJie MTHEKIIMOHHOTO TIpoliecca 0Ka3aJicsl KpUTUJe-
CKUM II0 CHUKEHUWIO YPOBHS OTHOTO U3 (DAaKTOPOB
MYKO3aJIbHOI'O MMMYHUTETa, a UMEeHHO sIgA, uto
MOJYEPKUBAET €r0 3HAYMMOCTh B 0OECIIeYeHU U 3a-
IIATHI ITALIAEHTOB B CAMble pAHHWE CPOKU.

ITpu 6os1ee TO3THNUX CPOKAX MTOCJIC TIEPEHECEHHO-
ro COVID-19 y nuu, npomeainx Kypc peaduaura-
nuu ¢ npernapatom IFNo-2b, oTMeualoTcs ymepeH-
HO TIOBBIIIICHHBIC TMOKa3aTenu sIgA, B cpaBHeHUU
C UCXOMHBIMU TaHHBIMU, TTPAKTUYECKH 10 BEPXHUX
3HAYCHMW I YCIIOBHOI HOPMBI U KJIMHUYECKH COXpa-
HSIOMINCS 3aIIUTHBIN 3((EKT B BUIAE OTCYTCTBUS
pecrupaTopHbIX 3a00eBaHUI B MOCTUH(MEKIIMOH-
HBbI IepUo.

B rpynne aui, He mojiydaBLInX NpoguiakTUJec-
Kyto Tepanuio npernaparoMm IFNo-2b B nepuon pea-
OMINTAIIMH, BBISIBJICHO CHYKEHHUE TTOKa3aTeIe My-
KO3aJIbHOTO UMMYHHUTETA, ITOATBEPXKISHHOTO 3HAYe-
HUSIMUA sIgA, 13 9eTO MOXXHO 3aKJTIOUUTD, UTO JaHHAas
KaTeropusi JIUIL MoABepkeHa 00Jiee BLICOKOMY PUCKY
IPYTUX PEeCITMPATOPHBIX MATOJOTUI, YTO M OTMedJa-
JIOCh B aHAJIOTUYHBI TIepro/1 HaOJTIOIeH M.

3akJito4eHmne

B mepuon mocne repeHeceHHOM KOpOHaBUPYC-
HOUM MH(MEKLNN OTMEYarTCI XPOHUYECKH TPOTE-
KarlllMe MOJMOpPraHHbIe HapyIIEHUsI, BIMUSIOIINE
Ha KauyecTBO XM3HU. Pa3BuTHe CUMIITOMOKOMILJICK-
ca MOCTKOBUIIHOTO CUHIAPOMA SIBISICTCS CIOXHBIM
IpPOIIECCOM, a KIMHUYCCKUE ITPOSBICHMUS OOCTa-
TOYHO pPa3HOOOpa3HBI, CJIEIOBATEIBHO, HEOOXO-
IUM TIIATSJIbHBIIT MOHUTOPUHT JaHHO KaTeTOpuu
OOJIbHBIX.

Jlvia, mepeHecinrie KOpPOHaBUPYCHYIO MH(MEK-
LIMI0, HMEIOT CHUMXXEHHBbIC II0Ka3aTeJud OIHOIo
M3 KOMIIOHEHTOB MYKO3aJbHOTO MMMYHHUTETa —
sIgA, 4To ¢ 60bIION BEPOSITHOCTHIO SABJIIETCS (pak-
TOPOM pHCKa PasBUTUSA APYIUX PECOUPATOPHBIX
UHQPEKIUA.

B mrepuon peabuintaliuy IIpyu MHTpaHa3aJIbHOM
npuMmeHeHuu nipenapara [FNo-2b Haubonee Bbipa-
>KEHHO€ BOocCTaHOBJIeHUE SIgA B clIlOHE U cOCKobax
AMUTEIUS HOCOMIOTKU A0 HOPMaJIbHBIX 3HAUEHUI
Ha010aJI0Ch Y OOJIBHBIX B TIEPBBIE 3 Mecs1ia Mmocie
nepeHeCeHHO KOPOHABUPYCHOM MH(EKIINH.

Hasznauenue npemnapara IFNo-2b B hopme rens
HalreHTaM B ITOCTKOBUIHOM II€PUOIE IT03BOJISIET
B CpoKe 10 9 MecsleB (repuoa HabJItoAeH ) Moce
3a00JIcBaHUS TIOONEPXKMBATh HOPMaJibHBIE 3Hade-
HU SIgA 1 penyrpexkaaTh pa3BUTHE PECITUPATOP-
HbIX MTHOEKIIMOHHBIX ITAaTOJIOTUIA.

B rpynmnax naui nmocie COVID-19, He mporren-
mux KypcoBoe eueHue mpenapatoMm IFNo-2b, sIgA
WMeeT TeHICHIINIO K CHUSKEHUIO, a TAK3Ke OTMEUCHO
HACJIOCHWE PECIMPATOPHBIX MH(PEKINI B ITOCTKO-
BUIHOM IIEPUOIE.

YcraHoBJIeHHAsT KJIMHUKO-MMMYHOJOTMYECKasT
3(HEeKTUBHOCTh MHTpPaHa3aJbHOIO HCIOJIb30Ba-
Hus npenapata IFNo-2b MoXeT Mo3BOJUTh pPeKO-
MEHIOBaTh €ro B KayeCTBE HOpPMaJM3allud MYKO-
3aJIbHOTO UMMYHUTETa 1 ITPOGUIAKTUKHI PecITripa-
TOPHBIX 3a00JIeBAaHU B TIEPHUOIC peaOUINTALIN U IV~
nam, nepeHecmuM HoByo COVID-19 nHpexuio.
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EVALUATING THE IATROGENIC EFFECTS

OF POLYPHARMACY AND DRUG INTERACTIONS
IN HIV-POSITIVE PATIENTS ADMITTED

TO THE INTENSIVE CARE UNIT: A SINGLE-
CENTER RETROSPECTIVE STUDY

K.C. Emerole?, S.L. Voznesenskiy?, E.S. Samotolkina®, G.M. Kozhevnikova?, P.V. Klimkova®

@ Peoples’ Friendship University of Russia (RUDN University), Moscow, Russian Federation
b Infectious Disease Clinical Hospital No. 2, Moscow, Russian Federation

Abstract. Background. Polypharmacy and drug interactions are of particular concern in people living with HIV/AIDS,
especially those who receive antiretroviral therapy (ARVs). Polypharmacy and drug-drug interactions (DDIs) can im-
pact the efficacy and toxicity of HIV treatment. ARVs used in HIV treatment are often prone to drug interactions if
administered with other non-ARYV drugs because many of them are metabolized through the cytochrome P450 system.
The pharmacological management of HIV patients in the intensive care unit (ICU) is usually complex and typically
involves the administration of several classes of drugs. This patient group may be at higher risk for potential DDIs due
to polypharmacy in the ICU. The main objective of this study was to assess the iatrogenic effects of polypharmacy in HIV
patients treated in the ICU and to describe the DDI profile between ARVs and other non-ARV medications prescribed
in the ICU. Methods and materials. Between 2018 and 2020, we conducted a single-center, retrospective study evaluating
the medical records of 59 HIV patients admitted to the ICU for more than 24 hours at the Infectious Disease Clinical
Hospital No. 2, Moscow, Russia. We evaluated the impact of polypharmacy on renal, hepatic and haemopoietic function.
The Liverpool HIV Drug Interaction database was used to identify DDIs in ART-treated HIV patients. Results. All pa-
tients received more than 5 different medications matching the definition of polypharmacy. The average number of con-
current medications prescribed was 15£6.713 (maximum — 40, minimum — 6). All drug interactions recorded were be-
tween ARVs and antibiotics: 30 cases of potential interactions in 65.5% patients who received ARV. Of such patients, 94%
were exposed to at least two potential interactions. Tenofovir (TDF) and the antibiotic vancomycin underlaid the most
common potential interaction (49.2%), followed by lopinavir ritonavir (LPV/RTV) and ciprofloxacin (30.3%). A sig-
nificant difference in average creatinine levels was found in patients with TDF/vancomycin potential interactions (p <
0.05). Conclusion. This study demonstrated that potential DDIs frequently occur in ICU patients in line with previous
investigations. It is necessary to implement collaborations among clinical pharmacologists and infectious disease/HI'V
specialists, as well as frequent clinical and laboratory monitoring, aimed at developing effective and actionable strategies
that could reduce potential DDIs in HIV patients in the ICU.

Key words: HIV infection, acquired immunodeficiency syndrome, polypharmacy, medications, drug-drug interactions, intensive care unit.
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OLIEHKA ATPOIrEHHbIX 3®®EKTOB MNOJIMMPArMA3UN U IEKAPCTBEHHbIX
BSAUMOAENACTBWUM Y 5OJIbHbIX BUM-UHOEKLIMEN B OTAENEHUN UHTEHCUBHOW TEPANUM:
OAHOLEEHTPOBOE PETPOCINEKTUBHOE UCCJIEAOBAHUE

Emepoae K4.!, Bosuecenckmii C.JI.!, Camoronkuna E.C.2, Koxesnukosa I.M.!, Knumkosa I1.B.2

T@TAOY BO Poccuiickuii yrusepcumem opyxcovt Hapodos, Mockea, Poccus
2I'BY3 Hngpekyuonnasn kaunuueckas 6orvnuya Ne 2 lenapmamenma 30pasooxparenus 2opooa Mockeot, Mockea, Poccus

Pestome. Bsedenue. [Tonumnparmasus v JeKapcTBEHHbIC B3aUMOAEHCTBUS BHI3BIBAIOT 0CO0YI0 03a00UEHHOCTD Y JIIOALH,
xuBymux ¢ BUY, ocobeHHO y Tex, KTO TojydyaeT aHTUpeTpoBupycHble npemnaparsl (APBII). [Monmumparmasus
U JIeKapCTBEHHBIC B3aMMOAEMCTBUS MOTYT BJIMATh Ha 3(DGEKTUBHOCTh M 0E30MACHOCTH aHTUPETPOBUPYCHOI
tepanuu. APBII 9acTo BCTymaroT Bo B3aUMOIEUCTBYE C IPYTUMM JIEKAPCTBEHHBIMU CPEICTBAMU, TIOCKOJIBKY MHOTHE
13 HUX MeTab0Iu3npyIoTcs uepe3 cuctemy ruroxpoma P450. @apmakorepanust BUY- nHbUIMpPOBaHHBIX MAIIMEHTOB
B oTmeieHuu WHTeHcUBHOU Tepanmuu (OUT) oObIYHO BKJIIOUAET BBEACHUE HECKOJBKUX KJIACCOB IPENapaToB.
Takas Tpynma MalueHTOB MOXET IMOABEPraThcs 00Jiee BHICOKOMY PHUCKY MOTEHIIMATBHOTO MEXJIeKapCTBEHHOTO
B3aumozeiicTBus. Llenapto ucciaenoBaHus Oblna oleHKa STPOreHHbIX 3bekToB noaunparmMasuu y BUU-undpuuu-
POBaHHBIX MAlMEHTOB, rocrnuTanu3upoBaHHBIX B OUT uHGbeKIMOHHOro cTalMoHapa, M OmMucaHue Tpoduis
JIeKapcTBEHHbIX B3auMopeiicTBuit Mexny APBIT w npyrumum kiaccamu mpenaparoB, HadHayaembiMu B OUT.
Mamepuanst u memoos:. [IpoBeneHO peTPOCIEKTUBHOE UcCcaenoBaHKe UcTopuii 6o1e3HM 59 BUY-uHGuLIMpoBaHHBIX
manueHToB, HaxoguBmuxca B OUT 0oxnee 24 vacoB B 2018—2020 rr. B8 'BY3 UKB Ne 2 JI3M. OuenuBanock
BIMSIHUE TIOJMIIparMa3uy Ha TOYEYHYI0, MEYEHOUYHYI0 M KPOBETBOPHYIO GyHKUMHU. Mcronb3oBaics OHIAlH-
cepsuc «JIupepmynbckas 6a3a maHHbBIX (Liverpool HIV Drug Interaction database)» misi BBISIBICHHUS pa3IMIHBIX
MEXJIEKAPCTBEHHBIX B3aMMOIEHCTBUIT BO3MOXHBIX Tpu Tepanmuu BUY/CIIW[da. Pesyssmame.. Bce mamueHTH
rmoyJyaiau Oojiee S5 pa3IUYHBIX IIpErapaToB, YTO COOTBETCTBYIOT OIpelneieHWI0 moaumparmasuu. CpemHee
KOJIMYECTBO OJHOBPEMEHHO Ha3HayaeMbIX MpernapaToB cocTtaBuio 15+6,713, makcumym 40, Mmunumym 6. Bce
3apeTUCTpPUPOBAHHbBIE JIeKaPCTBEHHBIE B3auMoiecTBU s Ob1Tr Mex 1y APBIT 1 aHTHOaKTepraibHBIMY ITpenapaTaMu:
3a¢ukcrpoBaHo 30 ci1yyaeB MOTEHLIMATbHBIX B3aUMOIEHCTBUIL Y 65,5% matimeHToB, noaydasiiux APBII. 94% u3 sTux
MalMeHTOB MOJBEPrajrch KaK MUHUMYM JABYM MMOTEHILIMAIbHBIM B3auMoaeicTBusIM. Couetanue TeHodosupa (TDF)
Y BAHKOMUIIMHA ObLIO HanbOoJIee YaCThIM 3apEeTHCTPUPOBAHHBIM TIOTEHIIMATBHBIM B3auMozeicTBreM (49,2%), 3a HUM
cienoBaiy JonuHasup/putoHaBup (LPV/r) u munpodiiokcamun (30,3%). CpenHue 3HaueHUe MoKa3aTesl KpeaTHHUHA
OblJIO BBHILIE Yy TMALIMEHTOB, Y KOTOPBIX HaOJI0galoch MOTeHIManabHOe B3aumoneilictBue TDF M BaHKoMMLMHA
(345,7£45,2 MMoIIb/TT), 4eM Y TeX allMeHToB, KoTophle He moiydyaau TDF u Bankomunus (107,5+33,5 mMmonb/m), p <
0,05. Bbviéoodbi. DTO McclenoBaHue MPOAEMOHCTPUPOBAJIO, YTO MOTEHIMAJbHbIE JeKapCTBEHHbIE B3aMMOJCHCTBUSA
yacTo BO3HMKAIOT Y BUY-uHOUIIMPOBAaHHBIX MAIMEHTOB B OTACICHUN WHTCHCMBHON Tepamuu, KaK COOO0IIaIoch
B APYrux uccienoBaHusix. HeoOXoauMMo ocCyLIeCTBISATh COTPYAHUYECTBO MEXAY KJIMHUYECKUM (PapMaKoJorom
U BpauoOM-MHGEKIMOHUCTOM, a TaKXe PeryJIsIpHBIA KIMHHKO-Ta00pPaTOPHBII MOHUTOPHMHT IJIS pa3paboTKu
5P OEKTUBHBIX M IHICTBEHHBIX CTPATEI M C LIETbI0 CHIXKEHU S pPUCKOB MEXKJIeKapCTBEHHBIX B3anMopelicTpuit y BUY-
MHOUIMPOBAHHBIX MAIIUEHTOB, MoyJaonux Jedenue B OUT.

Karueesvie caosa: BUY-unghexyus, cunopom npuobpemennoeo uMmyHodepuyuma, noAunpazmasus, 1eKapcmeerHble npenapamol,
AeKapcmeertble 63aumMo0elicmaus, omoeneHue UHMeHCUBHOI mepanuu.

Introduction

Polypharmacy refers to the use of multiple medi-
cations in a patient. Numerically or based on the
number of medications prescribed, there is no uni-
versally agreed definition of polypharmacy, how-
ever it can be described in three groups: excessive
polypharmacy (use of 10 or more different drugs);
polypharmacy (use of 5 to 9 different drugs); and
no polypharmacy (use of 0 to 4 different drugs).
The use of multiple medications can have a negative
effect of treatment and medication adherence. One
challenge associated with polypharmacy is drug-
drug interaction, which is often a serious compli-
cation of taking multiple medications; it accounts
for 3% to 5% of all in-hospital medication errors [1].
The consequences of drug interactions vary, ranging

from drug toxicities to a reduction in therapeutic ef-
fects. These consequences could lead to inadequate
treatment of the targeted disease, damage to vital or-
gan systems, or death.

Polypharmacy and drug interactions are of par-
ticular concern in people living with HIV/AIDS
(PLWHA), especially those who are receiving
antiretroviral therapy (ARVs), though ARV naive
patients are also at risk for polypharmacy and drug
interactions. PLWHA from regions with low antiret-
roviral therapy coverage due to limited resources may
not achieve sustained viral suppression, putting them
at risk for episodic illnesses, hospitalization, or ICU
admission with severe forms of disease. Such events
would subsequently lead to indiscriminate and un-
controlled use of medication, polypharmacy, and
drug-interactions. Polypharmacy and drug-drug in-
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teractions (DDIs) can impact the efficacy and toxic-
ity of HIV treatment.

ARVs used in the treatment of HIV are often
prone to drug interactions if administered with other
non-antiretroviral drugs because many of them are
metabolized through enzyme-catalyzed processes.
Antiretroviral therapy and other medical therapies
for HIV-related infections have been associated
with toxicities. Antiretroviral therapy can contribute
to renal dysfunction directly by inducing acute tubu-
lar necrosis, acute interstitial nephritis, crystal ne-
phropathy, or renal tubular disorders. They can also
occur indirectly via drug interactions. The most well-
recognized DDI mechanism is that many ARVs, es-
pecially pharmacologic boosters (ritonavir) frequent-
ly lead to significant drug interactions since they
may affect the drug-metabolizing enzyme system
or drug transporters as inhibitors. Medications used
to treat comorbidities or co-infections, various sup-
plements, and legal or illegal drugs that inhibit or in-
duce the drug-metabolizing enzyme system can lead
to organ damage and toxicity to the human body [1].

Persons with end stage HIV/AIDS are consid-
ered critically ill and are frequently admitted (ICU).
The pharmacological management of these patients
is usually complex and typically involves the admin-
istration of multiple drugs of different pharmacologi-
cal classes due to life threatening illnesses which may
be fatal. HIV patients treated at the ICU may also be
at higher risk for DDIs due to polypharmacy. In the
ICU, most patients with end stage HIV/AIDS present
with HIV-related cachexia. Altered body composition
and plasma protein concentration may affect drug dis-
tribution and induce drug toxicity in these patients [2,
3,4, 9, 11, 17]. Other factors like prolonged intensive
care unit length of stay, age, and death outcome are
associated with increased medication administration.
Studying the prescription patterns of ICU patients
can clarify drug usage patterns in this setting; this
is essential for creating favorable conditions for wide
scale improvements in therapeutic practices.

To our knowledge, a study that evaluates polyp-
harmacy and drug interactions in people living with
HIV/AIDS and the impact on organ functions has
never been conducted in Russia. Therefore, the main
objectives of this study were: to assess the iatrogen-
ic effects of polypharmacy in HIV patients treated
in the ICU; to describe the DDI profile between
antiretrovirals (ARVs) and other medications pre-
scribed in the ICU, while evaluating their prevalence;
and to classify DDIs as clinically or potentially sig-
nificant [6, 14, 15, 16].

Materials and methods

A retrospective study was conducted from 2018
to 2020 at the Infectious Disease Clinical Hospital
No. 2, Moscow, Russia. We evaluated the medical
records of 59 HIV patients who were admitted to the

intensive Care Unit (ICU). HIV patients were in-
cluded in this study: of either sex; older than 18 years;
admitted to the ICU for more than 24 hours; and with
patients (or their relatives) willing to give informed
consent. All patients in the study group received more
than 5 medications during ICU stay. Therefore, us-
ing the definition of polypharmacy presented in the
introduction, patients were divided into two groups
according to the number of drugs received. The first
group included patients who received five to nine
medication (£ 9 medications), which was considered
“polypharmacy”. The second group included patients
who received ten or more medications (> 9 medica-
tions), which was considered “excess polypharmacy”.

This design was implemented to assess the impact
of the number of drugs prescribed on organ function.
We evaluated renal, hepatic, and haemopoietic func-
tion taking the mean values of urea, creatinine, liver
enzymes, bilirubin, erythrocytes, along with WBC
and platelet counts during ICU stay into considera-
tion. Qualitative and quantitative data are expressed
with meantstandard deviation (SD). The two-tailed
Fisher’s exact chi-square test was used to evaluate
differences between groups, and results with p <0.05
were considered statistically significant.

Identification of potential and clinically signifi-
cant drug—drug interactions using the Liverpool
HIV drug interaction database. The comprehensive
University of Liverpool HIV drug interactions data-
base, which accumulates published findings mainly
from various studies, was used to determine drug-
druginteraction (DDI) among HIV patients on ART.
Two levels of interaction between ARVs and non-
ARVs were considered in our study: 1) clinically sig-
nificant drug-drug interactions revealing contraindi-
cated combinations which could potentially leading
to serious adverse events or impaired efficacy; and
2) potential drug-drug interactions wherein patients
might require dosage adjustment, close monitoring,
or timing-of-administration modification to mini-
mize possible clinical consequences.

Results

We retrospectively reviewed the case records of 59
HIV patients admitted to the ICU. Of them, 74.5%
(44) were male, and 25.42% were female (15), with
a mean age of 47 (SD=*10.7) years. Most patients
(81.5%) were diagnosed at HIV stage 4B according
to V.I. Pokrovsky’s clinical classification of HIV
infection (equivalent to CDC category C). The me-
dian duration of HIV infection was 8.4 years (IQR
3.5—10.2 years). Their median CD4 count and viral
load was 100 cells/mm? (IQR: 10—250) and 100 000
copies/ml (IQR: 50000—500 000), respectively.
Thirty patients (51%) were ART treatment naive
without valid reasons. Most patients were admitted
for Staphylococcus aureus bacteremia (44.70%) or
infective endocarditis (23.42%). Chronic hepatitis B
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Table 1. Comparison between polypharmacy status

and demographic and patient clinical data (n = 59)

Variable <9 n(i:glggt)lons >9 T:g'g?;'ons P value
Male 31 13 0.31
Female 7 8 0.7
Age 48+11.7 44+10.2 0.65
:;f:‘gf,hst ay 8+8.4 6+9.7 0.88
Deaths 33 14 0.70

and C were the prevailing comorbidities, identified
in 35% and 32% of patients respectively, but all pa-
tients were considered inactive carriers.

The total number of prescription drugs in the 59
records studied was 723 drugs. Out of 723 prescrip-
tion drugs, 340 were injectable drugs. The first group
had 38 patients with < 9 medications (7.1+1.292).
The remaining 21 patients received > 9 medica-
tions (17.58+9.343) and were in the second group.
The maximum number of prescribed drugs was 40
(minimum 6). There was no statistically significant
relationship between the number of drugs prescribed
and gender, age, the length of ICU stay, or death out-
come (Table 1). Our study also revealed no significant
statistical difference between mean values of renal,
hepatic or haemopoietic function, and the number
of drugs prescribed (Table 2).

The most common non-ARV drugs used in the
ICU were antibiotics (100%), antipyretics (99.21%),
and antimycotics (88.71%). Among antibiotics, qui-
nolones were most commonly used (79.13%), fol-
lowed by nitroimidazole (61.25%). The University
of Liverpool HIV drug interactions database indi-
cated no cases of clinically significant interaction,
but revealed cases of potential interactions among
patients who received ARVs (all drug interactions
recorded where between ARVs and antibiotics). We
recorded 30 cases of potential interactions (Fig.)
in 65.5% (19 out of 29) patients who received ARVs.

Of these patients, 94% (18) were exposed to at least
two potential interactions. The ARV Tenofovir
(TDF) most frequently interacted with the antibiotic
vancomycin (49.2%), followed by lopinavir/ritonavir
(LPV/RTV) and ciprofloxacin (30.3%).

In addition, we investigated the impact of these
potential interactions on organ function, revealing
a significant difference in average creatinine levels
in patients who had TDF/Vancomycin interactions
and patients without such interactions during ICU
stay (Table 3). After further investigation of the group
of patients with TDF/Vancomycin interactions, we
found no statistically significant relationship between
changes in average creatinine levels and demograph-
ic/clinical information including comorbidities.

Discussion

The intensive care unit is considered one of the
most neglected departments with respect to drug
utilization studies, yet polypharmacy and drug-drug
interactions are more common in the ICU [5]. This
study was intended to investigate the impact of drug
interactions and polypharmacy in HIV patients ad-
mitted to the ICU. Previous studies on the subject
have demonstrated not only a prevalence of drug-
drug interactions with antiretrovirals in HIV outpa-
tients, but also in HIV patients in the intensive care
unit [7, 10, 12, 13, 18]. Most studies have revealed that
analgesics were the most common ICU medications
with ART-related potential DDIs. Our study revealed
that antibiotics frequently interacted with antiretro-
virals. The basis for a high prevalence of antibiotics
in our study was due to a high incidence of bacterial
infections in the HIV patients admitted to the ICU.
In this study, there was no significant relationship
between the number medications prescribed in the
ICU and demographic and clinical information.
This was probably due to a small sample size which
we consider a limitation of the study.

Table 2. Comparison between polypharmacy and indicators of liver, renal, and haemopoietic function

< — N —
9 r?:glggt)lons 9 I‘T(l:(:l;?;:lons P value
ALT 41£2.3 U/L 30£9.1 U/L 0.474
AST 56£7.1 U/L 49.5+8.3 U/L 0.443
Bilirubin 15+2.1 umol/L 13.25+6.61 umol/L 0.76
Urea 16.7£7.2 umol/L 13.45+5.5 umol/L 0.343
Creatinine 221.5£31 umol/L 207.5+17.7 ymol/L 0.358
RBC count 3.15£0.76 cells/mcL 3.1+0.75 cells/mcL 0.94
WBC count 13+1.77 cells/mcL 9+2.1 cells/mcL 0.0372
Hemoglobin count 97+13 g/L 88+20.1 g/L 0.61
Platelet count 118+21 umol/L 105.5£17 umol/L 0.871
Table 3. Effect of potential TDF/Vancomycin interaction on creatinine levels
TDF/Vancomycin interaction Without TDF/Vancomycin interaction P value
(n=14) (n =45)
Creatinine 345.7+45.2 umol/L 107.5£33.5 umol/L p=0.035
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Our study also did not reveal any significant re-
lationship between the number medications pre-
scribed and organ function assays (liver, kidney and
haemopoietic functions). The Liverpool HIV drug
interactions database indicated that more than half
of the patients (62%) on ARV were exposed to at
least two potential interactions. Data revealed that
tenofovir most frequently interacted with the an-
tibiotic vancomycin, followed by lopinavir ritona-
vir and ciprofloxacin. The following is a summary
of the potential tenofovir/vancomycin interaction
according to the Liverpool HIV drug interactions
database: “Coadministration has not been studied.
Vancomycin is eliminated unchanged predominant-
ly via glomerular filtration, and there is little poten-
tial for interaction with tenofovir-DF via competi-
tion for active renal transport mechanisms. However,
both vancomycin and tenofovir-DF are potentially
nephrotoxic and tenofovir-DF should be avoided
with concurrent or recent use of a nephrotoxic agent.
If concomitant use of tenofovir-DF and nephrotoxic
agents is unavoidable, renal function should be mon-
itored closely. A case study described renal failure
in 2 patients taking tenofovir-DF and a prolonged
course of vancomycin”.

The course of vancomycin prescription in these
patients was not considered prolonged, therefore
renal failure as a complication was not observed, al-
though there was a significant difference in average
creatinine levels among patients who had tenofovir/
vancomycin interactions. Coadministration of lopi-
navir/ritonavir and ciprofloxacin was the second
most common potential DDI recorded. The data-
base (Liverpool HIV drug interaction) indicates
that caution should be exercised when prescribing
this combination as both drugs have risks of QT
prolongation. However, we did not find significant
changes from the ECG assessment of patients. We
also did not observe any statistically significant
relationship between changes in average creati-
nine levels and demographic/clinical information
of patients with tenofovir/vancomycin interactions.
These events were probably as a result of a small
sample size, which we consider a limitation
to the study.
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DRV/RTV — Darunavir/Ritonavir; LPV/RTV — Lopinavir/Ritonavir;
TDF — Tenofovir.

Conclusion

This study demonstrated that potential DDIs fre-
quently occur in ICU patients, as reported in other
investigations. This study also shows the impor-
tance of considering the use of an HIV drug inter-
action database as HIV+ ICU patients are at a high
risk for polypharmacy and drug-drug interaction.
It is necessary to implement collaborations among
clinical pharmacologists and infectious disease/HIV
specialists, as well as frequent clinical and labora-
tory monitoring, with the aim of developing effective
and actionable strategies that could reduce potential
DDIs in HIV+ ICU patients.
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U3YHEHUE ANHAMUKMH
BUOMNJIEHKOOBPA30BAHUYA CANDIDA sp.

B TEMEHUE CYTOK MOANDPULNPOBAHHbLIM
MAKPOMETPUYECKUM METOAOM

M.B. Hukouaenko, H.B. bapeimnukosa, O.1. Maaumenckasi, O.B. EHokTaeBa,
E.M. BaceBa

DI'bOY BO Tromenckuii 2ocyoapcmeenHuiil meduyunckuil ynusepcumem Munzopaea Poccuu, e. Tromens, Poccus

Pestome. Llennio nccremoBaHus SIBISIIOCH M3YUeHNE TMHAMMKY OMoIrLIeHKooOpa3oBaHus Candida sp. B TedeHUE CY-
TOK MOIU(PUIMPOBAHHBIM MAaKPOMETPUUSCKUM MeTOIOM. IIpenoKeHHBIII MaKpOMETPUIECKUIA METOM pPellaeT 3a-
Jlauyd TI0 YCKOPEHWIO U YMPOIICHWIO KOJWYeCTBEHHON OIEHKU Tpoliecca OMOMIEHKOOOpa3oBaHUS, YBEIMUYMBACT
YYBCTBUTEJIBHOCTD, TAK KaK TIO3BOJISIET UCKJIIOUNTD ONIMOKHU, CBSI3AHHBIE C MCITOJIb30BAHMEM MOJHUCTUPOJIOBOTO Ma-
Tepuaina. [IpocToTa BbIMOJHEHUS MPUBEASHHOM METOAMKM JIEaeT €€ JOCTYITHOM 1181 1Io0oii 1abopatopuu. st vc-
CJIeIOBAHUS UCIIOJIb30BAHbI ATAJIOHHBIE IITAMMBI U3 aMEPUKAHCKON KOJJIEKIIMY TUMOBBIX KYyIbTyp (ATCC) u Kiu-
HuYeckue u3onsatel Candida sp., BbIIEICHHbBIE U3 XXEHCKOT'0 PEPOAYKTUBHOIO TpaKkTa Mpyu KaHAUA03HOM AUCOMO03e.
buonnenkoobdpazoBanue Candida sp. uzydanu rno MoauduuupoBaHHoi aBTopamu metoanke O’ Toole G.A. U coaBT.
buonornyeckyio akTMBHOCTD TJIeHKooOpa3oBaHus Candida Sp. CMOTpENIU B TeYeHME ABYX CYTOK C 4-4aCOBBIM MH-
TepBaJioM, B 3uMHee BpeMs rona, IV ¢asa nynsl. Mcronb3oBanu 48-4acoBy1o KyJIbTypy IpuOOB, YTO COOTBETCTBO-
BaJI0O MAKCMMAaJIbHOW alre3uy MX Ha MOBEPXHOCTHM CTEKJa. XPOHOAM3aH MCCIeMOBAaHUWI MOmpa3syMeBall Moxyde-
HMeE 110 OLIEHMBaeMOM (YHKLMU 6-TU U3MEPEHUI B CYTKU ¢ 3—5-KpaTHBIM IMOBTOPEHUEM YCJIOBUIA SKCIIEPUMEHTA.
Hnsa rpadmdecKkoro mMpeacTaBiIeHUs] aMIUIMTYIHO-(a30BBIX XapaKTePUCTUK M3YICHHBIX OMOPUTMOB HCITOJIH30BaH
KOCHHOp-aHaJIN3, CIyKalluii 0a30BBIM METOIOM IJISI BRISIBICHUS IIUKJINISCKUX TIPOLIECCOB B OMOJOTUUSCKUX CH-
CTeMax M UX MOJIeIMpoBaHus. B xoe uccienoBanus 10Ka3aHo, YTO CIOCOOHOCTH KJIETOK MUKPOMUIIETOB K alTre3uu
JIOCTOBEPHO BBIIIIE B CTallMOHApHOI (pasze pocta, yem Jorapudmuueckoit (p < 0,05). MUcnonb3yemblit XpOHOOMOJOTH-
YeCKMi1 TIpreM MO3BOJIMII BBISIBUTH HaJIMUKE TJIEHKOOOpa3yolleil akTUBHOCTH TprOOB B TeueHue cyTok (p < 0,05)
1 00HApPYXUTh OOIIMe 3aKOHOMEPHOCTH MPOSIBICHMST CBOMCTB Y MPEACTaBUTENCH BCEX U3YyYaeMbIX BUIOB. DKCIIe-
PUMEHTAJIbHO YCTAaHOBJIEHO, YTO MOCJIEN0BATEIbHOCTh U COIJIACOBAHHOCTbh OMOJIOTMYECKUX CBOMCTB KIMHUYECKUX
uzonsitoB Candida sp. BO BpeMeHHU NMPUHIUIIMAIBHO He 3aBUCIT OT BUAa rpuba. B xome ucciaenoBaHust yCTaHOBICHBI
PUTMOMETPUYECKHE MapKephl TATOTeHHOCTH IITaMMa — 3TO BKJIaJ pUTMa U aMILJIUTYIHO-(}a30Basi XapaKTepUCTHKA.
Jloxa3aHo, YTO aKTMBHOCTb OMOIMIEHKOOOpa30BaHUS YBEIUUMBACTCS B HAIIPABJICHU U «3TaJIOHHBIE IITAMMBI — KJIU-
Huyeckue u30isTh». Kpurepuit Manna—YutHuy C. albicans coctasun 29, C. tropicalis — 26, C. krusei — 30 (p < 0,05).
Hcronp3oBaHMe XPOHOOMOJOTMYECKOTO METONA, HA HAIll B3IJISIA, OTKPHIBAET HOBBIC MEPCICKTUBHI IIPU M3YUYCHUHN
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M.B. HukoneHko v gp. MHdekumns n uMmyHuTeT

dusuonoruu Candida sp., Tak Kak JaeT BO3MOXHOCTb ITPOTHO3MPOBATh TMHAMMKY COCTOSIHUSI MUKPOOpPraHM3Ma
1 YYUTHIBATh OCOOEHHOCTU CPOYHOI U TOJTOBPEMEHHOM afanTaluy K pa3HbIM (pakTopaM BHEIIHei cpenbl. BoisiB-
JIEHMEe CYyTOYHBIX PUTMOB OMOIIJIEHKO0OPAa3yollieil aKTUBHOCTH Y pa3iMuHbIX TaMMOB Candida Sp. OTKpbIBAET BO3-
MOXHOCTb YTIIPABJISATh XKU3HECTTOCOOHOCThHIO OaKTEpUaTbHO-TPUOKOBBIX ACCOLMALIMIA U MTPOTHO3UPOBAThH UX YCTOM-
YUBOCTH K Pa3IMYHBIM AHTUMUKPOOHBIM CPEICTBAM.

Karouesvie caosa: buonnenka, makpomempuueckuii memoo, epubvt pooa Candida, kanoudosuwtit ducouos, pummomempuuecxue
napamempoi.

A 24-HOUR CANDIDA sp. BIOFILM FORMATION DYNAMICALLY ASSESED WITH MODIFIED
MACROMETRIC METHOD
Nikolenko M.V., Baryshnikova N.V., Malishevskaya O.1., Enoktaeva O.V., Vaseva E.M.

Tyumen State Medical University, Tyumen, Russian Federation

Abstract. The aim of the study was to study the dynamics of 24-hour Candida spp. biofilm formation by using a modified
macrometric method. The proposed macrometric method solves the problem of accelerating and simplifying the quan-
titative assessment of the biofilm formation process, increases sensitivity due to allowing to avoid mistakes related to ap-
plied polystyrene material. The ease of implementing such a technique makes it accessible to any laboratory. Reference
strains from the American Type Culture Collection (ATCC) and clinical isolates of Candida spp. isolated from the female
reproductive tract with candida dysbiosis were used for the study. Biofilm formation of Candida spp. studied according
to the O’Toole G.A. et al. method modified by us. The biological activity of Candida sp. biofilm formation was monitored
for 48 hours with 4-hour intervals, in winter season, the IV phase of the moon. A 48-hour fungal culture corresponding
to relevant maximum adhesion on glass surface was used. The study chrono-design implied obtaining 6 diurnal measure-
ments for the function evaluated with a 3—5-repetits of the experimental conditions. Amplitude-phase characteristics
of the studied biorhythms were graphically represented using cosinor analysis serving as the basic method to identify and
model cyclic processes in biological systems. The study proved that the ability of micromycete cells to adhere is signifi-
cantly higher in the stationary vs. logarithmic growth phase (p < 0.05). The chronobiological technique used here allowed
to reveal the presence of diurnal fungal film-forming activity (p < 0.05) and reveal the general patterns of manifestated
properties in representatives of all candida species examined. It has been experimentally established that the sequence and
consistency of the biological properties of clinical Candida sp. isolates over time were not fundamentally dependent on the
type of fungus. During the study, rhythmometric markers of the strain-related pathogenicity was established reflecting
contribution of rhythm and the amplitude-phase characteristic. It has been proven that the activity of biofilm forma-
tion increases along the “reference strains — clinical isolates” axis. For C. albicans the Mann—Whitney test data was 29,
for C. tropicalis — 26, and for C. krusei — 30 (p < 0.05). We believe that chronobiological method opens up new perspec-
tives in the studying physiology of Candida spp. because it allows to dynamically predict state of microorganism and take
into account features of urgent and long-term adaptation to various environmental factors. Identifying diurnal rhythms
in biofilm-forming activity of various Candida sp. strains opens up an opportunity to control viability of bacterial-fungal
associations and predict related resistance to diverse antimicrobial agents.

Key words: biofilm, macrometric method, fungi of Candida genus, candida dysbiosis, rhythmometric parameters.

BeepneHue

dopmupoBaHre OUOIJIEHOYHBIX COOOIIECTB
SABJISIETCS ONHOW M3 OCHOBHBIX CTPAaTETrUi BbIXU-
BaHUs OaKTepuii M TPUOOB B TOM IKOJIOTMYECKOI
HUIIe, KOTOPYI OHM 3aHUMalT. B OuomnjieHkax
0aKTepUaIbHO-TPUOKOBbIE MMKPOCUMOMNOIIEHO3bI
IPpUOOPETAIOT 3ALIUTY OT PA3IMIYHBIX (PU3UICCKUX
(YO wu3nydeHue, BBICYLIMBAHME), XUMHYECCKUX
(usmeHenue pH, aHTMOMOTWMKM, OUOIMIBI, TO-
BEePXHOCTHO-aKTUBHBIE BeEIlIECTBa), OMOJIOrHYEC-
KMX aHTUMUKPOOHBIX (pakTOpoOB ((haronmThl, aH-
TUTeNa, OakTepuodaru, GakTopbl €CTECTBEHHOI
PE3UCTEHTHOCTU MaKpOOpraHu3Ma), YTO TT03BOJISI-
eT paccMaTpUBaTh OMOIIJICHKY KakK OIHY M3 opM
MEePCUCTEHIIMU MUKpoopraHu3MoB [2]. MUMeroTcs
CBEIICHUSI, YTO C 00pa30BaHMEM OUOIIJICHOK CBSI3a-

HbI 10 80% MHMEKLMOHHBIX 3a00JIeBAHUI I MHO-
KCECTBeHHAsI aHTUOMOTHMKOPE3MCTEHTHOCTh MU~
KpoopranusMmoB [17, 18]. B psae 0030pHBIX paboT
OTpaskeHO 3HaUCHME OMOIICHOK IJIS pa3IMIHBIX
o0OJracTeit HayKW M MPaKTUKM, IeMOHCTPHUPYIOIICe
BO3POCIINI MHTEpeC K 3TOM ImpobiaeMe n WHMOpP-
Mals O OOJIBIIOM KOJIWYECTBE METONOB M3yUe-
HUS, KYJBTUBUPOBAHUS U MHANKAIIUY OMOTIJICHOK
invitron in vivo [1, 7, 22, 23, 24].

InpoKo MCHOIB3YIOTCSI B ITOCICIHUC OECITU-
JIETUST TUHAMWYSCKUE METOIMKHN WCCICIOBAHUS
OMOIIJIECHKOO00Opa30BaHUS C MCHOJb30BaHUEM JIa-
OopaTtopHBIX (pepMeHTEepOB, anrapara PoouHcoHa
B €r0 pa3IMYHBIX MOTU(PDUKAIIUIX, ITPOTOYHBIN Me -
Toxm [12, 19]. OCHOBHBIM ITPEUMYIIIECTBOM TMHAMU-
YeCKUX METOIOB (hOPMHUPOBAHUSI OMOIIJICHOK SIB-
JIIeTCST MaKCUMaJIbHOE TIPUOIMKEHIUE K YCIIOBASIM
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KUBBIX cucTeM [14]. MHHOBallMOHHBIE TEXHUYEC-
KHe pelleHUs] — HCIoJb30BaHUE (DIIOOPECIECHT-
HO#, KOH(MOKAJbHON CKaHUPYIOUIEH Ja3epHOi
W BJICKTPOHHON MUKPOCKONUU. JJaHHBIE METOIbI
MO3BOJIMJIN BBISIBUTh TETEPOTCHHYIO CTPYKTYpY
OaKTepuaibHO-TPUOKOBBIX OuOTMAeHOK. M3yuyeHbl
reHbl, Konupytlomue oenku aare3uu Candida sp.
U omnucaHbl (a3pl GpopMuUpoBaHUS OUOTIEHKU:
NPUJIUTIaHUSI, 00pa30BaHUE MEXKKJIETOUYHOI'O MaT-
pukca U (opMHUPOBaHUS 3pesIoil OMOMJIEHKH, CO-
CTOSIIIIEN U3 €eAUHUYHBIX KJIIETOK U Munenaus [21,
22, 27]. B cBoux paborax M. Al-Fattani 1 coaBT. n3-
YUIUIN XUMHUYECKHUI COCTaB MaTPUIbl OMOTIJICHOK
Candida albicans (C. albicans) w Candida tropicalis
(C. tropicalis) [19]. OCHOBHBIMU CTPYKTYPHBIMU
KOMITOHEHTAMU OBIJIN OCJIKH, YIJIEeBOIBI, TeKCO3a-
MUH U dpocdop.

B nocnenHee Bpemsi u3yuyeHHE OUOIMJICHOK
B 0OakTepHaabHO-TPUOKOBBIX ITOIYJSIUSIX TIPO-
BOISIT METOIOM (PIIYyOpECIeHTHOU TUOPUAN3AIINN
in situ, KOTOPBIX TTO3BOJSIET ONPENECIUTh PACIIONO-
xeHrne MPHK B kieTkax, o6pa3ytommx OUOIJIeH-
K. C ITOMOIIIbIO 3TOT0 METO/1a BbISIBJICHBI KJICTKU-
MEePCUCTEPBI, OTBETCTBEHHBIC 3a BHIXKMBAaHUE I10-
OYASIAA TTIPU BO3AEHCTBUH (haKTOPOB Pa3IMIHOM
npuponsl [11].

WN3zyueHune OMONIEHOK in Vitro UMeeT LENbIN PsII
orpannueHuii. D. Andes u coaBT. usyyanaum obpa-
30BaHUC W CTPYKTYpY OMOILJICHOK B IEHTpPaJIbHOU
BEHE KPBIC C TIOMOIIbIO (DJIIOOPECIIEHTHOU U 3JIeK-
TPOHHOI MuKpockonuu [20]. DKcnepuMeHTaJIbHO
JI0OKa3aHO, YTO B MPOCTPAHCTBE, CMEXHOM C IIO-
BEPXHOCTBIO KaTeTepa, KieTKu Candida sp. TIIOT-
HO TIpWjerajim K BHEKJICTOYHOMY MaTpPHKCY.
CJoii, CMEXHBIN ¢ KaTeTepOoM, ObLJI MeHee MJIOTEH.
HaubGonee ynmaneHHassi MOBEPXHOCTb OUOIJIEHKU
conepxaia equHu4YHbIe KieTku Candida sp., KOTO-
pbie OBIJTM BJIOXKEHBI B BOJOKHUCTBHIM BHEKJIETOY-
HbIit MaTepuran. [TomoOHbIEe 0COOEHHOCTU CTPYKTY-
pu1 ouoryieHKu Candida sp. XxapaKTepHBI U 1JIST MO-
neseii in vitro. OMHaKO DJIEKTPOHHAS MUKPOCKOTT S
nokasajla HaJlnuyue KJIETOK DKCIEPUMEHTaJIbHOTO
JVBOTHOIO B COCTaBe MaTpUlIbl OMOMNJAEHKM [28].

B aT0i1 cBSI3M, mpeasiaraeMble METOIbI BBISIBJIC-
HUSI OMOIIJIEHKOOOpa30BaHUS CJIOXHBI, TPeOyIOT
CITeIIMaIN3MPOBAHHOTO O0OPYIOBAaHMS, BUBAPHS,
YTO CO3JaeT B peajbHON KJIMHUUYECKON MpaKTUKeE
CJIOXXHOCTH B BBISIBJICHUU OMOITJICHOK U CO31aeTCsI
JIOXKHOE TIpeICcTaBIeHNE O HU3KOM YacTOTe JaHHO-
ro OUOJOTUYEeCKOTO 0Opa3oBaHUS.

Bropasi rpynna MeTol0B OCHOBaHa Ha CO3aHU U
CTaTUYECKUX YCIOBUM KYJIbTUBUPOBAHUS MUKPO-
OpPTraHM3MOB, KOTOPHIC YIOOHBI, BLICOKO ITPOU3BO-
IUTENbHBI M HarastAHbl. OQHAKO HAYYHBIM MHTE-
pec OTeYeCTBEHHBIX UCCIIeIoBaTeeli K HEMY B ITO-
cieqHee BpeMs 3HAUMTEJIbHO CHU3MJICS, a Tpak-
TUYECKOE 3HaUCHME TaK M HE MOJIYYUJIO JOJXKHOMN
OEHKM. ABTOpaMHU TPEAJIOKEH BapUaHT MOIM-
GuUKaIU MOIMyISIPHON METOIOJIOTUN OUOITJICHKO-

o0Opa3oBaHMS Ha MJACTUKOBOM MOCYyAE B TEUCHUE
cyToK. BuopuTmbl obecrneunBalOT HEOOXOAMMYIO
MOCJIeOBATEIbHOCTh (DU3NOIOTUUYECKNX, MeTabo-
JTUYECKUX U OMOXMMUUYECKUX MPOIIECCOB U OTTU-
MaJIbHO€ COOTHOIIIEHHWE €€ TTapaMETPOB B KaXK bl
MoOMeHT BpeMeHHU [13]. C aToil TOUKU 3peHus Xpo-
HOOUOJIOTUYECKUI TIOAXOMI BBICTYIAeT OMHOBpE-
MEHHO U KaK METOMIOJIOTUYECKU 1 MPUHILINITI, U KaK
MeToauuyeckuii mpuem [4, 15].

Llens umccnemoBaHWST — W3YYUTh JAUHAMHUKY
ouornneHkoobpa3zoBaHusi Candida sp. B TeyeHUe
CYTOK MOAUMUIMPOBAHHBIM MaKpPOMETPUUYECKUM
METOJIOM.

Matepuanbl n MeTob!

OOBEKTOM HCCIAEIOBAHUS CIYXUAU 17 n30mns-
T0B C. albicans, C. tropicalis u C. krusei, BBIACTICH-
HBIC 13 XEHCKOTO PEIIPOAYKTUBHOTO TpaKTa IIpHU
KaHIUI03HOM nucouno3e. KoHTpoib — JIeIOHUpPO-
BaHHbIe 3TajloHHbIe WITaMMbl Candida sp., nony-
YEHHBIC M3 aMEPUKaAHCKON KOJIJIEKIIMM THUIOBBIX
Kyneryp (ATCC) C. albicans 24433, C. tropicalis
750, C. krusei 6258. JlaHHble BUAbI TPUOOB BbIOpa-
HBI B KaYeCTBE MOJICJIN, TaK KaK B MOAABJISIONIEM
OGoJIbIIMHCTBE ciay4daeB (85—90%) Bo3OymuTesieM
kanauposa sasasgerca C. albicans, Hauboee maro-
TEHHBIX M 3HAYMMBIN B KJIMHUYECKOU TTPAKTUKE
Bun. Cpenu octanbHbiX BUNOB Candida sp. Kiau-
HHMYECKOe 3HaYeHWE WMEIT MNPEeUMYIIeCTBEHHO
C. tropicalis — 3—5%, C. krusei — 1—3%. BriocnenHee
BpeMsI YBEJIMYNBACTCS KOJMYISCTBO 3a00JICBaHUA,
BBI3BaHHBIX UMeHHO rpubamu C. non-albicans [9].

BrigeneHue u uaeHTUdUKalMoo TpubdOB Mpo-
BOAUJIM IO KOMILJIEKCY IPU3HAKOB: BHEIIHUM
BUO KOJIOHUI, XJIaMUAOCIIOpOoOOpa3oBaHUE, TECT
Ha oO0pa3oBaHUE POCTOBBLIX TPYOOK, UYBCTBUTEb-
HOCTh K aHTUMYHTAJBHBIM IIpeIrapaTaM IHCKO-
IUPGY3MOHHBIM  METOIOM, AaCCHUMMIISIIMOHHAS
CITOCOOHOCTH [6].

B paborte mpencraBieHa Moau(UKaALMsS CIO-
coba oLeHKM OuomnjaeHKooOpa3oBaHUS, IIPEHJIo-
xkeHHoro O’Toole G.A. u coasnt. [27]. Ha mepBom
3Tarne UcciaeqoBaHu s ObUIU MOJYyUYeHBI 24-4yacoBble
KYJbTYpPbl, BbIpallleHHbIE Ha MUTATEJIbHON Cpe-
ne Caoypo ¢ teanyputoM (HITIO «IIutatrenbHbIe
cpenwl», Poccust) mpmu temrieparype 37°C, 94T0 co-
OTBETCTBOBAJIO HavaJly CTallMOHApHOU (da3bl pas-
BUTUSI TpUOOB. BUOIIICHKM TTOJIyYan B CTEKJISH-
HbIX cTangapTHeIX Mo 'OCTy npobupkax (14 mi),
IPOMBITBIX XPOMOBOI1 cMmechlo. McxomHyro KOH-
neHTpaunio MukpoopranusmoB 0,5 McFarland
TOTOBUJIM C TIOMOIIIBIO TPUOOpA JIJIst OTIpeesIeHU ST
MYTHOCTU MUKPOOHOI cycrieH3uu — Densi-La-
Meter (Lachema, Yexwus). Pabouyio KoHLEeHTpa-
o 1,5 x 10> KOE/Ma nony4yaau TUTpOBaHHEM
KYJIBTYPHl B (PU3UOJIOTMUYECKOM pacTBOpE, 3aTeM
nob6aBiisyiv B npodupku ¢ 6yaboHoM Cadypo (HITO
«[MTutarenpHbIe Cpeabl», Poccust) 1 MHKyOUpoBau
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Figure 1. Contribution of biofilm formation rhythms

of archival Candida sp. strains

Mpumeyvanume. *p < 0,05

Note. *p < 0.05

B TepMocTaTe Ipu TemIiepatype 37°C. [Ing ynanie-
HUS TIJTAaHKTOHHOM (pa3bl MONyISIIUN TPOU3BOIM-
I 3a00p CONEPKMMOTO M3 ITPOOUPOK ITUIICTKOM,
HE 3aJeBasi CTEHOK COoCy/a M JIBaXX/bl aKKypaTHO
MPOMBIBAJIM JTUCTUIJIMPOBAHHON BOomou. JIst Ko-
JIMYECTBEHHOW OILIEHKM CIIOCOOHOCTU APOKXKe-
BbIX T'pUOOB K IJIEHKOOOpa30BaHUIO NOOABISIIU
2 MJ TeHLMaHOBOro (puojieTOBOrOo B IPOOUPKY.
Cnycts 45 MUH ClIMBaiu KpacUTedb, CTEHKU MPO-
OMPKM MHOIOKPATHO MPOMBIBAIU JUCTUJIIUPO-
BaHHOI Bopmoii. Jlng necopOLumM KpacuTess B op-
TaHUYECKUI PacTBOPHUTE]b B KaXIYyI0 IPOOUPKY
Ha 15 MmuH no6aBisin 2 M1 96% 3TUI0BOTO CITUPTA.

KuHetuky obGpazoBaHUsI OMOIJIECHKU U3y4dallu
0o U3MEHEH U0 Ko puiIeHTa ITPOoITycKaHU s CBe-
Ta ¥ ONTUYSCKOU TJIOTHOCTHY HA CIIEKTPO(GOTOMET-
pe KDOK-3-01 mpu giimae BoaHB 540 HM, usmepe-
HU IpoBoauin uepe3 24, 36, 48, 72 1 96 u. B kaue-
CTBE KOHTPOJISI TIPUMEH ST 96% STUIIOBBIN CITUPT.
DKCTparupoBaHHBII BTAHOJIOM W3 OWOIUIEHKU
TeHIIMaHOBBI (PUOJIETOBBIN MMOMeNIalu B OJlHOpa-
30BBIE€ TJIACTUKOBBIC KIOBETHI «MaKpO» Pa3zMepOM
10 x 10 x 45 MM, 006 beMOM 4 MJT (IJIMHA ONTUYECKO-
ro nytu 10 mm). TemrnepaTypa UaMepseMbIX XU~
KOCTEel COOTBETCTBOBaja KOMHATHOU TeMmIepary-
pe. st mojy4eHUu s CTAaTUCTUUYECKUX JOCTOBEPHBIX
JMaHHBIX 3KCIIEPUMEHT IMMOBTOPSIN S pas.

CraTuCTUYECKYI0  00paboOTKYy  MaTepualioB
u Tpadudeckoe M300paxkeHUue pe3yJbTaTOB OCY-
LIECTBISIJIU C UCIIOJIb30BaHUEM ITporpaMm: Primer
of Biostatics Version 4.03 by Stanton A. Glantz 1998,
Microsoft Office Excel 2010. Onpenensgnan M —
cpenHee apudMeTrIecKoe, & — cpeaHeKBaApaTUd-
HOE OTKJIOHEHUE, M — CpeaHssI OIIMOKa CpeaHe-
ro apudMeTHICCKOro, HdaHHBIC IIPEACTABIISIINA
no ¢popme MEm unu M=£8. B ciiydyae COOTBETCTBU S
CpPaBHUBAEMbIX BBIOOPOK HOPMAaJIBHOMY 3aKOHY
pacrpenesieHUs (110 *) UCIIOB30BaJH t-KPUTESPUIA
CThloaeHTA.

Ha BTOpoM 3Tane uzyyaju OMOJOTUYECKYIO aK-
TUBHOCTb IJIeHKooOpa3oBaHus Candida sp. B Teue-
HHE IBYX CYTOK C 4-4aCOBBIM MHTEPBAJIOM, B 3UM-
Hee BpeMms roga, IV daza Jlynsl. Mcnionb3oBanu
48-4acoBy10 KyJbTypy IpubOOB, UTO COOTBETCTBO-
Bajio MAaKCUMaJbHOM aAre3uu Mx Ha MOBEPXHOCTU
cTekya. XpOHOIM3alH UCCAEIOBAHU MoApa3yMe-
BaJI MOJIydyeHUe I10 OLicHUBaeMoi (yHKLUUU 6-Tu
M3MEPEHUU B CYTKU C 3—5-TU KpaTHBIM ITOBTOpE-
HUeM yclioBuii akcriepuMeHTa. [IpoBeneHo 11 akc-
NEePUMEHTOB, MMOJy4eHO 486 U3MEpEHNIA.

JlanHble ObLIM OOpaboTaHBI MO METOAY Hau-
MEHBIINX KBaapaToB (KOCMHOp-aHaJIW3) MpU 3a-
JTaHHOU 3HAYMMOCTH TocTOBepHOCTH, p < 0,05 [26].
J st KaXk10ro mTaMMa BIOCASACTBUU O peaeSIeHbI
OCHOBHBIC TTapaMeTPphl pPUTMOB ¢ iepuogamMu T = 12
u T =24 4yaca: me3op (M) — cpenHee 3HaUeHUE rap-
MOHMYECKOW KPUBOW HaAWJIYYIIEH amImpoKCuMa-
o GyHKUIUU (KOCUHYCOUABI), aMIJIUTyAAa PUT-
Ma (A) — paccTossHHE OT DKCTpeMyMa J0 Me30pa
u akpodasza () — MOMEHT BPEMEHU OXUIAAEMOTO
aKCcTpemMyMa QYyHKIIUU.

HenapameTpuyecKuM METOAOM CTaTUCTUUYECKOI
00paboTkn — Kpurepuem ManHa—YutHu (T) —
CpaBHUBAJIM Pa3IUIMUs MEXKIY HECBI3aHHBIMU BHI-
0opkaMU (OTBIT — KOHTPOJIb, My3€iHBIE U TOCITU-
TaJbHbIC KYJBTYPbl). AHaIU3MpPyeMble pa3auuns
cuuTaIv focToBepHbIMU Mpu p < 0,05.

Pe3ynbrathl 1 06CyXaeHne

Bce msonarel Candida sp. obnaganu xapak-
TEpPHOI CKOPOCTBIO pocTa. AITe3UBHEIC CBOMCTBA
rpu6oB poaa Candida 3aBucenu oT ¢a3bl UX pa3BU-
Tus. CTeKJIsiHHAs MOBEPXHOCTh MPOOMPKY B MUTA-
TEJIbHON Cpeae MOKPhIBAJIACH IEPBUYHON IJIEHKOMN
yepe3 12 u KyapTuBUpoBaHusd. [Ipm BU3yaTbHOM
OCMOTpE OUOIJIEHKHU, yXKe yepe3 24 4 KYJbTUBU-
pOBaHM S, TTOKPHIBAJIM BCIO TMMOBEPXHOCTH CTEKJIA,
KOHTAaMUHUPOBAHHOTO C MUTATEJIbHOM CPEIOiA.

DKCIIepUMEHTAJIBHO BBISIBJICHO, UTO Hambolee
ONTUMAJIBHBIM BPEMEHEM JUJISI UCCIIEOBAHUST ONO-
MJICHKOOOpa30BaHMS SIBJISIETCSI BpeMEHHasl Todyka
48 yacos. B aToT nepuoa Ko3¢hOUIIMEHT MpoITycKa-
HUS CBETa SIBJISIICS CaMbIM BBICOKUM, TaK KaK KJIe-
TOYHBIE CTECHKY I'PUOOB BHYTPH OMOITJICHKU MaKCH-
MaJIbHO COpOUPOBaJI F'eHIIMaHOBBI (PUOJIETOBBII.
CrienoBaTeabHO, CIIOCOOHOCTh KJIETOK MUKPOMMU-
HEeTOB K aATe3Mu JTOCTOBSPHO BBINIE B CTAlIMOHAP-
Hol (a3e pocta, yeM jgorapupmudeckoit. Ilepuon
KYJbTUBUpPOBaHUSI 72—96 4 XapaKTepu30BajCs
CHUKEHUEM OUOITJIeHKOOOpa3oBaHUs IpubOB, Tak
KaK MX KJIETKHU TePSIIN MOABUKHOCTh U HAaUMHAIHN
MHTCHCUBHO BBHIJIE/ISTh BHEKJICTOYHBIC ITOJIMMEPHI,
00pa3zys nmoaumepHbiii Matpukc [13]. [Tono6HbIe pe-
3yabTarhl ObLIM MonydeHbl C.A. JIucoBckoit (2008)
npu HaOMIOAEeHUUN 1—4-CyTOUHBIX KYJIbBTYp C MC-
MOJb30BaHNE METOMUKY BEIpALIBaHU ST OMOITJICHOK
Ha HUTPOLEJTI0I03HOU moBepxHocTH [10].
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HWcnonb3yeMblii HaMW XPOHOOMOJIOTUUYECKU A
MpUeM MO3BOJIMJ BBISIBUTH HAJIMUME TIJIeHKOOOpa-
3yOlIeil aKTUBHOCTH IT'PUOOB B TeUeHME CYTOK (p <
0,05) m 06HAPYXUTH OOIINE 3aKOHOMEPHOCTH TTPO-
SIBJIGHWSI CBOMCTB y TIpEACTaBUTENIC BCeX M3ydae-
MBbIX BUIOB.

CyTouyHas OUMHaMHKa OWOIJIEHKOOpa30oBaHUS
C. albicans xapakTepu3oBaaach YJbTpagUuaHHBIM
(okoJio 12-4acoBbIM) BKJIaJOM pUTMa B yTpeHHee
(04:00) u BeuepHee (16:00) Bpems. Y C. non-albicans
BBISIBJICHBI JOCTOBEPHBIC LIMPKaaMaHHBIE (OKOJIO-
CYTOYHBIC) PUTMBI aKTUBHOCTH aAre3UU K ITOBEPX-
HOCTU cTekyia. MakcuMaJibHble 3HAaUeHUs IToKa-
3atelisg peructpupoBanuchk y C. tropicalis B Beuep-
Hee BpeMms — 17:00—17:23, a 'y C. krusei B HOUHBIE
gacel — 20:00—23:20. Bkiag putMoB (popMUpOBa-
HUSI OMOIJICHOK MY3€HHBIMHU KYJIBTYpaMU IIpe-
cTaBJIeH Ha puc. 1.

Hanuuyue nupKkagnaHHBIX pPUTMOB B CIIEKTPaJIb-
HOM COCTaB€ MHMKPOOPraHMU3MOB OIHOBPEMEHHO
C yJAbTpaJWaHHBIMU TapMOHMKAMU YKa3bIBaJIO
Ha yCUJIEHUE alalITUBHBIX BO3MOXHOCTEI MUKPO-
opraHu3MoB. CpemHecyTOUHbIE TTOoKa3aTrean Ouo-
MJIEHKOOOpa3oBaHU He TipeBbimanu 1,4+0,05, ato
TO3BOJINJIO CYJIMTh O HU3KO aKTUBHOCTU BCEX U3-
y4aeMbIX KYJIbTYpP. AHAJOTUYHBIE PE3yJIbTATHI IO~
JIYYEHBI IPU U3YUYEHUU CYyTOUHON TUMHAMUKY ajare-
3UBHBIX CBOMCTB My3eMHBIX IITaMMOB Candida sp.,
aJICOpOMPOBAHHBIX Ha (POPMaATN3UPOBAHHBIX BPU-
tpouuTax yesobeka 0 (I) rpynmer Rh(+) [16].

VY KJIMHUYECKUX U30JSITOB IpUOOB, BbIAEICH-
HBIX M3 XXEHCKOTO PEIPOAYKTUBHOTO TpaKTa IIpU
KaHIUIO3HOM [OUCOMO3e, AWHAMHKA OWOIIICH-
KOOOpa30oBaHUSI XapaKTepu30Bajach JJOCTOBEP-
HBIMU YJbTpaAWaHHBIMU TapMOHUKaMU (puc. 2).
MaxkcumasibHbIC 3HaYCHU ST GUKCUPOBAJIVCH B paH-
Hue yrpenHue yacel — 03:09—04:18 u B BeuepHee
Bpems ¢ 18:45 no 20:20.

VapTpaguMaHHble PUTMbl XapaKTepuU3YIOT, Ha-
MNpPOTUB, BapuabEIbHOCTb MEPUOIOB, UTO HMEET
BaXXHOC OMOJIOTMYECKOE 3HaYeHUE, OMIpEHcIsIo-
Iee YCTOMYMBOCTH K BHEIIHWUM BO3IEHCTBUSIM
U CITOCOOHOCTD K alaliTUBHOMY OTBETY Ha IepUO-
audeckue pasapaxkurtenn [8]. Mesop IIJIEHKO-
oOpa3syioleit aKTUBHOCTH y BCEX M3y9aeMBbIX KJIH-
HHUYECKUX U30JI1TOB cocTtaBui 2,6£0,01 (p < 0,05).
AMmuiuTyga KojebaHU ToKasaTesasl BbIpocia
B 4,6 pa3 IO CPaBHEHUIO C MY3€iHBIMU IITaMMa-
mu. [IpencraBieHHBIC pe3yIbTaThl MOAU(PHUINPO-
BaHHBIM MaKpPOMETPUUYECKUM METOIOM COTJIacy-
JOTCS ¢ JAHHBIMU, TTOJYYEeHHBIMU aBTOpaMM IIPU
M3yYEeHUU aare3uu MUKPOOPTraHU3MOB BKCIpPEcC-
METOOOM U pa3BepHYThIM MeTonoM B.M. bpunwuca
U coanT., 1986 r. [16]. [Ipea1oKeHHOU METOAUKOM
JIOKa3aHO, YTO IIOCJIeOBAaTeJIbHOCTh U COTJIaco-
BaHHOCTh (hOPMUPOBAHUS TIJICHOK KJIMHUYECKU-
mu usonaramu Candida sp. BO BpeMeHU TTPUHIIN-
MUaJIbHO HE 3aBUCST OT BUJA rpuda 1, BO3MOXHO,
MaHHBI MEXaHU3M aJanTallii 3aKOHOMEPEH U SIB-

100
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80

26,4
60

40 81,8 78,3*

54,8*
20 A

C. albicans C. tropicalis C. krusei

D ynbTpaaunaHHslit/ultradian |:| LuvpKaauaHHseli/circadian
PucyHok 2. Bknap, puTMoB GMonneHkoo6pa3oBaHus
KNUHU4Yeckux nsonartos Candida sp.

Figure 2. Contribution of biofilm formation rhythms

for Candida sp. clinical isolates

Mpumevanwme. *p < 0,05.

Note. *p < 0.05.

JISIETCSI XapaKTePHBIM ITPU3HAKOM OMOJIOTMUECKOM
aKTUBHOCTHU JPOKIKEBBIX ITATOTCHOB.

Ilonxon x MHGMEKIUU C MO3ULIMU XPOHOOMO-
JIOTUU PacIIUpPSET MPEACTaBICHUS O (DU3UOJIOTUN
rpuboB. B xone ucciaenoBaHUs yCTAHOBJIEHbBI PUT-
MOMETpPUYECKHE MapKepbl MaTOT€HHOCTU LITaM-
Ma — 3TO BKJIAlI pUTMa M aMIUIUTYIHO-(a30Bas
XapaKTepPUCTUKA M3yJdaeMOro CBOWCTBA, KOTOPOE
HE SIBJISIETCS CTAallMOHAPHBIM — M Jal0T BO3MOX-
HOCTh OTJIMYATh ITaTOJIOTUYCCKHUE HapYIICHUS
OT ITPUCIIOCOOUTENIbHBIX UBMEeHeHU Tt [3, 4, 25].

AHanu3 XpoHoIloKa3aTeJieli aKTUBHOCTU TTJICH-
KOOOpa30oBaHUS KIMHUUYECKUX M3O0JISITOB M 3Ta-
JoHHBIX 1wTamMMmoB Candida sp. TioKasaj, 4TO
y TpuOOB, BBIACICHHBIX M3 OpraHu3Ma 4YeoBeKa,
M3MCHSIJICS BKJIAJ PAUTMa, ME30p M aMILJINTyHa KO-
JNebaHnil GYHKIINY ITOBBIIITAIMCHE B HallpaBJICeHU U
«3TAJIOHHBIEC TAMMBI — KJIMHUYECKUE U30JISIThI».
Kputepunit Manna—Yutnu y C. albicans coctaBui
29, C. tropicalis — 26, C. krusei — 30 (p < 0,05).

BrisiBieHHass 3aKOHOMEPHOCTb cCoOTJiacyeTcs
C MaHHBIMM OMOIIJICHKOOOpa3oBaHUS, ITOJIyYCH-
HBIMU Ha CUJIMKOHOBBIX Mojeasix. JlokazaHo Me-
TOogaMUu KOH(pOKAJIbHONM CKaHUPYIOUIE Jia3epHOI
M 3JEKTPOHHOW MUWKPOCKOIIMM, YTO OWOILICH-
ku C. albicans cocTosiu U3 cl0oeB O1acTOCHOp
C IJIOTHO JIEXAalllel MaTpULIEW U3 MOJIMCaXapuI0B.
buonnenku C. non-albicans umenun MeHbIINU 00b-
eM, yeM mieHku C. albicans, u conepxajiu TOJIb-
KO 0OJacTocmopsl, COOpaHHBIE B OIHY TPYIIITY.
ITomyuyeHHBIE pe3yabTaTHl CBUACTEIHCTBOBAJIMN,
yto C. albicans popMupyeT KOIMUYECTBEHHO 0O0JIb-
Iy U CTPYKTYPHO Oo0Jjice CIOXHYIO OMOIICHKY,
yeM rpudbl Candida non-albicans [28]. Y C. albicans
MEXKJIETOYHBIN MaTPUKC COCTOSII Ha 57% n3 1110~
KO3HblI, a B omorienke C. tropicalis T peo61aga rek-
co3zamuH. [lneHouHble OHOIOrMYecKre odpa3oBa-
Hus y C. albicans nerde oTAECASIIUCH OT TIJacTMac-
COBBIX ITIOBEPXHOCTEH C TOMOIIBIO 06paboTKM hep-
MeHToM OeTta-1,3-rinokaHa3sa, ueM C. fropicalis [5].
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MHdekumns n uMmyHuTeT

3akJito4eHme

CyuiecTBoBaHUe OMOTIIEHOK TTPU XPOHUUYECKUX
MHOEKIUAX TPeOyeT COBEPIIEHHO HOBBIX MOIX0-
JIOB K UX quarHoctuke. [penioskeHHbIi1 MaKpoMe-
TPUUYECKUI METOJ pellaeT 3aJadyu Mo YCKOPEHUIO
U YIIPOIICHUIO KOJMUYESCTBEHHOM OLIEHKHU MTPOIeC-
ca OWOMJEeHKOOOpa3oBaHUsI, YBEJIUYUBAET 4YYyB-
CTBUTEJBHOCTb, TaK KaK IMO3BOJISIET UCKJIIOYUTH
OIIMOKH, CBSI3aHHbIE C HCIMOJb30BAaHMEM ITOJIH-
CTepoJIOBOro MaTepualia. I1pocToTa BBITTOJTHEHUS
MPUBEACHHON METOIVKH JIeIaeT €€ MOCTYTHOM TSI
J10001 1abopatopuu.

HMcnonbp3oBaHue XpOHOOUOJIOTMIECKOTO METO-
Jla, Ha HaIl B3IJIs1/I, OTKPbIBA€T HOBBIE MEPCIeK-
TUBBI Tipu usydyeHuu pusnonorun Candida sp.,
TaK Kak JaeT BO3MOXHOCTh ITPOTrHO3UPOBATH MU-

HaMUKY COCTOSIHUSI MUKPOOPTaHU3Ma U YUUTHI-
BaTh OCOOEHHOCTU CPOYHON M JOJTOBPEMEHHOU
ajarnTallii K pa3HbIM (paKTopaM BHEIIHEN cpe-
Ibl. BeIsiBJIeHME CYTOYHBIX PUTMOB OMOTIIEHKO-
oOpa3sylolleil aKTUBHOCTU y Pa3JUYHBIX IITaM-
moB Candida sp., OTKpbIBaeT BO3MOXHOCTb
YIIPaBJISTh XKU3HECIIOCOOHOCThIO OAKTEPUATbHO-
rpuOKOBBIX accollMallMii U MPOTHO3UPOBATh MX
YCTOMUYMBOCTh K pa3JIMYHBIM aHTUMUKPOOHBIM
CpeacTBaM.

bnarogapHocTn

KonmekTB aBTOpOB BhIpaxkaeT 0J1aromapHOCTh
TroMeHCKOMY TOCyIapCTBEHHOMY MEIUIIMHCKO-
MY YHHUBEPCHUTETY 3a IONACPKKY B MPOBEICHUU
UCCIeNOBaHUSI.
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A CORRELATION BETWEEN Lp-PLA2
AND MONOCYTE LEVELS IN ATHEROSCLEROSIS
RISK SUBJECTS

K. Kumboyono, I.N. Chomsy, D. Vijayadas, T.A. Wihastuti

University of Brawijaya, Malang, Indonesia

Abstract. Background. Cardiovascular disease (CVD) is the most significant cause of death worldwide. More than 17.9 mil-
lion people died from CVD, of which 85% deceased due to heart disease. On the other hand, atherosclerosis is one of the
most dominant CVD in most developing countries and developed countries. Lp-PLA2 is an enzyme produced by inflam-
matory cells and a pro-atherogenic protein in atherosclerosis. In the process, monocytes will produce Lp-PLA?2 so that
it may hydrolyse oxidized low density lipoprotein (oxLDL) into lysophosphatidylcholine (IlysoPC) and oxidized fatty acids
(oxFA), atherogenic proteins involved in atherogenesis. A chronic inflammatory process that occurs in atherosclerosis
requires early detection to avoid CVD severity. The research aims to determine the correlation between Lp-PLA2 con-
centration and monocyte count as well as percentage in cohorts linked to risk of atherosclerosis. Materials and methods.
This study was a descriptive correlational analysis of the population with conditions at risk of atherosclerosis. The total
number of respondents sampled in this research was 86. We used the ELISA method to measure Lp-PLA2 concentration
and the Hematology Analyzer method to measure monocyte count and percentage. Results. The relationship between
monocyte and Lp-PLA2 level accounts for a probability value of 0.028. The correlation coefficient of 0.789 is categorized
as very strong. Conclusion. Increase in the concentration of Lp-PLA?2 correlates with monocyte count and percentage
in a population with conditions at risk of atherosclerosis.

Key words: atherosclerosis, enzyme, Lp-PLA2, inflammatory cells, monocytes population, pro-atherogenic marker.

KOPPENSILUA YPOBHEM Lp-PLA2 U MOHOLUTOB Y JIIOAEW C PUCKOM ATEPOCKJIEPO3A
Kymooiiono K., Yomen . H., Bunxasanac /1., Buxactyru T.A.

Yuueepcumem bpasudicas, e. Manrane, Hnoonesus

Pesiome. Axmyanvrnocms. CepaedHo-cocyauctbie 3aboneBaHust (CC3) saBasgioTca Hanbojee Cepbe3HON MPUYMHOM
CMEPTHOCTHU BO BceM Mupe. OT cepaeuHO-COCYIMCTHIX 3a00JIeBaHIi yMepIio 6ojiee 17,9 MJTH yesioBeK, U3 HUX 85% —
oT OosesHeil cepania. C Apyroif CTOPOHBI, aTePOCKIEPO3 SIBJISETCS ONHUM M3 Haubosee pacmpocTpaHeHHBIX CC3
B OOJIBIITMHCTBE pa3BUBAIOIIMXCS U Pa3BUTHIX cTpaH. Lp-PLA?2 aBisercs pepMeHTOM, CAHTE3MPYEMbIM BOCTIAIUTEIb-
HBIMU KJIETKAMU, U TTPOATEPOTeHHBIM OETKOM IpH aTepocKiaepose. [1pu 3Tom MoHOLIUTHI Tponyunpyiot Lp-PLA2 nna
TUAPOJIN3a OKMCICHHOTO JTUIIONPOTeMHAa HU3KOM ToTHOCTH (0xLDL) B nusodocharuaunxonus (lysoPC) u okuc-
JIEHHBIE XU PHBIC KUCTOTH (0XFA), areporeHHbIe OeJIKH, YIaCTBYIOIINE B aTeporeHe3e. XpOHMIECKUIA BOCITAIUTENb-
HBIIA TIpoliecc, BO3HUKAIOIINI TP aTepocKIIepo3e, TpeOyeT paHHETO BHISIBIICHMS BO mM3bexkaHue yTsaxeneHus CC3.
HccnenoBanue HAIIpaBIIcHO Ha OIpenesIeHIe KOPPEISINy MeX Ty KoHIeHTpaneir Lp-PLA2 1 KoirmyecTBOM MOHO-
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LIMTOB, a TAK3KE MPOLIEHTOM B TPYIITaX JIUII, CBSI3aHHBIX C PUCKOM aTepockiieposa. Mamepuans: u memoodst. Hactositiee
MCCIeIOBaHMe TIPEACTaBJISIIO COOOM OMKcaTeIbHbI KOPPENSIIIUOHHBII aHaIN3 HAaCeJIeHUsI C COCTOSTHUSIMU, TTOBEP-
>KEHHBIMM PUCKY aTepockiieposa. OoIiee KOJIMYECTBO JUIL, OTOOPAaHHBIX B 3TOM MCCJICIOBAaHUM, COCTABUIO 86. Mbl
ucnoab3oBaau meton ELISA nns usmepenus konueHtpauuu Lp-PLA2 u MmeToa reMaTonornyeckoro aHaau3atopa Jajs
M3MEpPEHU S KOJUUECTBA U MPOLICHTHOTO COePXKaHU I MOHOLIMTOB. Pe3yismamsl. B3auMOCBSI3b MeXX 1Y YPOBHEM MOHO-
uuToB U Lp-PLA2 coctaBiset 3HaueHue BepositHocTH 0,028. KoadhdunneHnt koppensiuu 0,789 oTHOCUTCS K KaTero-
PUU OYEHb CUTBHBIX. 3akaw4erue. YBenndeHne KoHIeHTpauuu Lp-PLA2 Koppeaupyer ¢ KOTM4ecTBOM M ITPOLIEHTOM
MOHOIIMTOB B TIOMYJISIITUY C COCTOSTHUSIMU PUCKA aTepOCKIIepo3a.

Karouesnie caosa: amepockaepos, pepmenm, Lp-PLA2, knemku 6ocnanenus, NOnyaayus MOHOUUMO8, Npoamepo2erHblil MapKep.

Introduction

Cardiovascular disease (CVD) is the most signifi-
cant cause of death worldwide. More than 17.9 mil-
lion people died from CVD, 31% of all deaths in the
world, of which 85% globally were due to heart dis-
ease [33]. On the other hand, atherosclerosis is one
of the most dominant CVD in most developing
countries and developed countries. Therefore, a high
mortality rate has been registered with this disease.
Most Asian countries experience challenges from
cardiovascular disease, with mortality rates varying
from 103 to 366 per year in adults reported by newly
published studies. Elevated cholesterol levels in the
population have become a frequent cause. Older men
and people with dyslipidemia, hypertension, and dia-
betes are at high risk of cardiovascular disease. Over
the past decade, there has been a tendency to escalate
atherosclerotic charges, especially in East Asia, with
an increase of 117.2% and 115.3% of total deaths and
disability-adjusted by 2015 [7].

Many CVD risk factors (smoking, dyslipidemia,
hypertension) are known to lead to atherosclerosis.
It begins with dysfunction of endothelial function.
Endothelial function plays a central role in vasomo-
tor abnormalities and inflammatory responses [8].
Dysfunction of these tissues happens due to in-
flammatory response followed by plaque formation.
Plaque consists of cholesterol, fatty acid, calcium,
and fibrin, leading to blockage at the artery wall.
Blockage of the artery wall by the plaque will reduce
the flow of blood and oxygen supply [16]. The abrupt
change mechanism is associated with acute thrombo-
sis in atherosclerotic plaque that is eroded, cracked or
ruptured. The rupture of atherosclerotic plaque is as-
sociated with unstable atherosclerotic plaque changes
that are volatile and easily torn. Therefore, laboratory
tests are also intended to detect early plaque phase
changes before arterial plaque rupture [1, 14].

Arterial plaque rupture will cause a lesion that will
attract circulating monocytes to the lesion area [17].
The interaction between leukocytes, platelets, and
blood vessel cells leads to monocyte production
in the bone marrow, releasing it into an artery and at-
taching it to the endothelial cell. Continuous recruit-
ment of monocytes to the lesion will cause the accu-
mulation of macrophages. Macrophages will ingest
oxidised lipoprotein into developing plaques through

scavenger receptors [29]. In this process, macrophag-
es cause the expansion of the necrotic nucleus of ath-
erosclerotic plaque, fibrous capsule depletion, and
destabilisation of plaque resulting in rupture of arte-
rial plaque, which will initiate atherosclerosis [9].

Many endogenous factors affect the occurrence
of atherosclerosis, both protective factors and ag-
gravating factors. Monocytes are a type of pro-
tective cell, but they also play a role in induction
of atherosclerosis. Monocytes are white blood cells
related to granulocytes, which are white blood cells
designed to kill bacteria. Monocytes are produced
in the bone marrow and then released into the blood-
stream. Young monocyte cells start as monoblasts
in the bone marrow. Once released, they leave
the bone marrow and circulate through the blood-
stream for a few hours before getting to other tissues,
such as the spleen and lungs. Once monocytes are
embedded in tissues, they become macrophages.
Macrophages support healthy immune function by
destroying and ingesting pathogens. They also help
lymphocyte cells recognise pathogens and create an-
tibodies against them [12, 13]. Rupture at the blood
vessel will cause a lesion, attracting the circulating
monocytes to the lesion area. The interaction be-
tween leukocytes, platelets, and blood vessel cells
leads to monocyte production in the bone marrow
and release to circulating blood. Continuous recruit-
ment of monocyte to the lesion will cause the accu-
mulation of macrophages. Macrophages ingest oxi-
dised lipoproteins through scavenger receptors and
lipid-rich cells, contributing to the physical aspect
of plaque development [21].

In this process, macrophages, lymphocytes and
mast cells produce an enzyme known as Lipoprotein-
associated phospholipase A2 (Lp-PLA2) [32]. Lp-
PLA2 hydrolyses oxidised LDL (oxLDL) to produce
lysophosphatidylcholine (lysoPC) and oxidised fatty
acids (oxFA). LysoPC and oxFA will cause endothe-
lial dysfunction, inducing apoptosis of smooth mus-
cle cells and macrophages that cause the expansion
of the necrotic nucleus of atherosclerotic plaque, fi-
brous capsule depletion, and destabilisation of plaque
resulting in rupture of arterial plaque. Therefore,
the localisation of Lp-PLA2 in atherosclerotic lesions
and their association with plaque instability supports
a potential causal role for Lp-PLA2 in cardiovascular
disease (CVD) [28].
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A chronicle inflammatory process occurs at dif-
ferent stages of atherosclerosis [9], and the stages
of atherosclerosis development are essential stages
that require early detection to avoid CVD severity.
Research shows that increased levels of Lp-PLA?2
are linearly correlated with increased risk of CVD.
However, it is known that Lp-PLA2 can be pro-
inflammatory and anti-inflammatory at certain
stages in the mechanism of CVD pathology. This
research seeks to prove the anti-inflammatory role
of Lp-PLA2. Therefore, the researchers sought
to analyse the correlation between the monocyte
population and Lp-PLA?2 levels as two variables
that can be used as markers for the early stages
of atherogenesis, hopefully in time to prevent se-
vere disease.

Materials and methods

Research design. This research was a cross-sec-
tional study. The sample population of this research
was chosen by total sampling among 86 people who
attended health examination with risk factors of ath-
erosclerosis based on American College of Cardiology
(ACC) and American Heart Association (AHA)
guidelines in Malang, East Java, Indonesia. We used
human venous blood sampling to determine the con-
centration of Lp-PLA2 and circulating monocytes.
Examination of blood profiles was conducted at
the Saiful Anwar Central Hospital Laboratory,
Malang. Measurement of Lp-PLA2 and monocyte
concentrations was conducted in the Bioscience
Laboratory, University Brawijaya, Malang.

Measurement of Lp-PLAZ2. Blood obtained from
respondents was placed in an EDTA vacutainer
containing anticoagulant and incubated for 10—
20 minutes. Blood in the EDTA vacutainer was
then centrifuged for 20 minutes at 2000—3000 rpm.
Blood was then diluted with standard buffer solu-
tion. On the tube samples, 40 uL sample buffer so-
lution was entered into the plate with 10 uL sam-
ple buffer solution consistent with dilution factor;
they were then well shaken. The sample was then
incubated for 30 minutes at 37°C. The concentrat-
ed buffer was diluted with water, and then 50 pL
HRP-conjugated reagent was added to each tube,
except for the control tube. The solution was incu-
bated for 10 minutes and washed back. Fifty micro-
liters of chromogen A and B solution were added
into both tubes, shaken well, and incubated at 37°C
for 15 minutes. Fifty microliters stop anti-dilu-
tion provisions were added into each tube to stop
the reaction. The colour of the sample in the tube
changed from blue to yellow. The optical absorp-
tion of the samples was read at 450 nm using a mi-
crotiter plate reader.

Measurement of monocytes. Monocytes were
measured using the Hematology Analyzer method.
The capillary tube is filled with blood. The speci-

men flows down the tube until it is near the dry end.
The dry end was inserted vertically into the sealant
and pushed to the tray’s bottom. The tube is twisted
to remove it from the sealant and to prevent the seal-
ing plug from being extracted. The sealed end of the
tube was tapped on a flat surface to help ensure prop-
er sealant contact in the tube. The prepared capillary
tube was then wiped off. The capillary tube was put
carefully in the centrifuge tube holder with the seal-
ant end down. All tube positions were numbered
on the rotor and can be used to record the position
of each patient specimen. With the tube holders and
hematocrit tubes in place, the lid was locked by firm-
ly pressing down. Measurement of monocyte cells
was based on the optical double-angle light scatter-
ing method (2...5°C).

Ethics clearance. The Medical Research Ethics
Committee, Medical Faculty of the University
of Brawijaya approved the research (Letter Number
277/EC/KEPK-S1-PD/11/2018).

Data analysis. Data analysis used the SPSS v.17
application with a confidence level of 95% (p < 0.05).
Normality was tested with the Kolmogorov-Smirnov
method, followed by one-way ANOVA, with post-
hoc Tukey HSD. Correlations between variables were
analysed using Pearson’s correlation test.

Results

Baseline Characteristics of Participants

The data below shows the characteristics of the 86
people based on age category, gender, body mass in-
dex (BMI), blood pressure, fasting blood sugar level,
and lipid profile.

Based on Table 1, the data homogeneity is known
to be different. To ensure that in this study, LP-PLA
and Monocyte levels were not affected by other fac-
tors (age, sex, body mass index (BMI), blood pres-
sure and fasting blood sugar), we analyzed using
the Kruskal Wallis test. The data is homogeneous.
Based on these tests, gender, age, body mass index
(BMI), blood pressure, fasting blood sugar, and lipid
profiles showed significance for monocytes. In Lp-
PLAZ2, significant differences come from gender, age,
body mass index (BMI), blood pressure and fasting
blood sugar (p < 0.05).

The normality test for monocyte levels and Lp-
PLA2 produced by Kolmogorov—Smirnov analysis
resulted in p = 0.072 and p = 0.115, respectively, with
a probability of p = 0.200 and p = 0.007. Therefore,
it can be known that the monocyte data is declared
normally distributed (p > 0.05); meanwhile, Lp-
PLAZ2 is not.

Based on Spearman correlation analysis, the rela-
tionship between monocytes and Lp-PLA2 produced
a probability value of 0.028. These results indicate
that the probability is less than the level of signifi-
cance (p < 0.05). Thus, it can be stated that there
is a significant relationship between monocytes and
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Table 1. Baseline characteristics of the participants

. Lp-PLA2 (ng/mL) Monocyte
Variable Percentage Mean | p-value | Number of cells per 103/uL | Percentage p-value
Gender
Male 56 0.105 0.287 7.26
Female 44 0.105 0.032 0.253 6.69 0.042
Age
30-49 28 0.103 0.281 7.18
50-69 59 0.107 0.025 0.265 6.89 0.034
70-89 13 0.103 0.283 714
Body mass index (kg/m?)
Underweight 7 0.107 0.287 7.00
Normal weight 40 0.105 0.269 6.78
Overweight 23 0.103 0.274 7.24
Obese Class | 17 0.107 0.024 0.250 7.16 0.036
Obese Class I 12 0.104 0.295 745
Obese Class Il 1 0.104 0.420 8.90
Blood pressure (mmHg)
90/60-130/80 31 0.108 0.252 6.57
> 130/80 69 0.104 0.028 0.283 7.25 0031
Fasting blood sugar (mg/dL)
<70 52 0.106 0.268 6.75
70-99 20 0.105 0.039 0.264 7.46 0.045
> 99 28 0.104 0.282 7.89
Lipid profile (mg/dL)
Dyslipidemia 87 0.105 0.271 7.01
Non-dyslipidemia 13 0.107 0072 0.274 6.97 0.041

Lp-PLA2. The positive correlation coefficient in-
dicates that the relationship between monocyte and
Lp-PLA2 concentration is directly proportional,
meaning: higher monocyte levels matched higher
Lp-PLA2 concentrations. The correlation coeffi-
cient of 0.789 is categorised as very strong. This re-
sult means that the relationship between monocyte
levels and Lp-PLA2 concentration is significant and
strong.

Discussion

Lp-PLA2 is secreted by inflammatory cells; one
of them is monocytes. Lp-PLA?2 binds with oxidised
low-density lipoprotein (oxLDL) and breaks it into
lysoPC and OxNEFA [28]. Lp-PLA2 inducing for-
mation lipid mediator through hydrolysis of fatty
acids. It has been shown that increase in the con-
centration of Lp-PLA2 in the blood indicates signs
of plaque formation. It has also been shown that
inhibiting the activity of Lp-PLA2 reduced the le-
sion of intimal and progressive atherosclerosis [18].
Research also mentions that an increase in inflam-
matory cells induces the concentration of Lp-PLA2
to increase on the atherosclerotic plaque [17, 26].

Lp-PLA2 is related to atherosclerosis risk fac-
tors such as gender, age, BMI, blood pressure,
blood glucose level and lipid profile. Gender in-
dependently influences the exitance of Lp-PLA2:

males have a high tendency towards high Lp-PLA?2
concentrations compared to females [5, 31, 34].
This research also proves a significant relationship
between gender and Lp-PLA2. A high concentra-
tion of Lp-PLA2 participants aged 62 years old
and below indicates an increase in the risk factors
of coronary heart disease; meanwhile, this is not ap-
plicable for those above 62 years old [11]. Research
has also shown a significant relationship between
age and Lp-PLA2. High BMI causes the concen-
tration of Lp-PLA?2 to increase [10]. This research
also proves a significant relationship between BMI1
and Lp-PLA2. In the case of hypertension, blood
pressure is directly proportional to the concentra-
tion of Lp-PLA2, where both increase together [15].
The research also proves a significant relationship
between blood pressure and Lp-PLA2. Research has
shown that diabetic retinopathy patients have a high
concentration of Lp-PLA2. This finding indicates
that high sugar content in the blood will induce an
increase in Lp-PLA2 concentration [27]. The re-

Table 2. Statistical characteristics of the variables

Variable Min | Max [Mean Sta'.‘d?rd
deviation
Monocyte Percentage (%) | 42 | 11 | 6.99 1.49
Number (10%/uL) | 0.17 [ 0.42 | 0.27 0.06
Concentration of Lp-PLA2 | 0.08 [ 0.13 | 0.11 0.01
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search also proves a significant relationship between
fasting blood sugar and Lp-PLA2. Furthermore,
patients with dyslipidemia undergo hypolipidemic
medication for LDL level and Lp-PLA2 concentra-
tion in the blood [25]. But the research shows there
is no significant relationship between lipid profile
and Lp-PLA2.

This research shows that the concentration of Lp-
PLAZ2 is high in the population with risk factors such
as male, increase in age, non-smokers, underweight,
normal blood pressure, low fasting blood sugar, and
non-dyslipidemia. Meanwhile, the concentration
of Lp-PLA2 is low in the population with risk fac-
tors such as female, young age group, smokers, in-
crease in BMI, increase in blood pressure, increase
in blood glucose level, and the condition of dyslipi-
demia. In addition, there was a significant relation-
ship between Lp-PLA2 with gender, age, BMI, blood
pressure and fasting blood sugar.

Based on the results received, the mean number
and percentage of monocytes were high in: males;
the age group of 30—49; smokers; obese class I11; high
blood pressure; high blood sugar level; and the pop-
ulation with dyslipidemia condition. Meanwhile,
the mean number and percentage of monocyte were
low in: the female age group of 50—69; non-smokers;
normal BMI; normal blood pressure; the population
with low blood sugar level; and the sample popula-
tion with non-dyslipidemia condition. Based on pre-
vious research on monocytes, it is proven that risk
factors can increase monocyte number and percent-
age. Although the difference in the result of mono-
cyte received compared with previous research
related to gender and number and percentage, fe-
males have a high number and percentage compared
to males. Still, there was a significant relationship
between gender and monocyte levels. There is a dif-
ference in the result received compared to previous
research, which shows an increase in the age group
lead to an increase in number and percentage, which
proves the significant relationship between age and
Lp-PLA2. Research shows BMI is directly propor-
tional to the number and percentage cause both in-
creases together, proving a significant relationship
between BMI and monocytes. The increase in blood
pressure and dyslipidemia will increase in number
and percentages of monocytes. Both prove that it has
a significant relationship with Lp-PLA2.

Monocytes in atherosclerotic lesions produce
foam cells by breaking down oxLDL that contain
lipid droplets. The accumulation of foam cells con-
tributes to lipid storage and atherosclerotic plaque
growth. The atherosclerotic plaque has a decreased
ability to migrate the foam cells, leading to the reso-
Iution of inflammation and the development of oth-
er lesions into complex atherosclerotic plaques [22].
Some of the risk factors of atherosclerosis, such as
gender, age, body mass index (BMI), blood pres-
sure, blood glucose level, and lipid profile, seem

related to the number and percentage of monocytes
in the body.

Previous research shows a relationship be-
tween gender and monocyte number and percent-
age. Females have a higher number and percentage
of monocyte than males, due to the estrogen hor-
mone [24]. Research shows that a body mass index
(BMI) in the obese category will increase monocyte
number and percentage [23]. Also, high blood pres-
sure causes the number and percentage of monocytes
to increase [20]. Research shows that the number and
percentage increase in patients with dyslipidemia
is due to the LDL elevation [19, 30].

Monocytes also produce Lp-PLA2 [2]. Based
on the research done, high activity of Lp-PLA2
is one of the independent factors of inflammation
and risk factors of cardiovascular disease. Research
proves that a high concentration of Lp-PLA?2 causes
an increase in the risk of stroke and coronary heart
disease [6]. Meanwhile, monocytes produce oxi-
dised LDL and HIF-1A, which will induce intercel-
lular adhesion molecule (ICAM-1), vascular cell-1
adhesion molecule (VCAM-1), and enhance the en-
dothelial adhesive properties in a proinflammatory-
like effect [3]. Monocytes also produce Lp-PLA2
to break down oxLDL into lysoPC and OxNEFA.
These particles will cause fibrous cap formation
on the blood vessel [4]. Based on the results ob-
tained from this research, there is a significant re-
lationship between monocyte levels and Lp-PLA?2.
Furthermore, Lp-PLA2 is directly proportional
to monocytes. Therefore, it can be seen that both can
be used to detect risk in the early stages of athero-
genesis, hopefully with appropriate therapy to pre-
vent severe disease.

Conclusion

There is a significant relationship between mono-
cytes and Lp-PLA2, and Lp-PLA2 is directly pro-
portional to monocyte levels. This research proves
that Lp-PLA2 tendsto act as proinflammatory factor.
Further research needs to be done to investigate Lp-
PLAZ2 activity because it seems like the concentration
and activity of Lp-PLA2 plays a role in formation
of Lp-PLA2 products, such as LysoPC and oxNEFA,
which play different roles in atherosclerogenesis.
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Abstract. Albendazole is one of the drugs indicated for the treatment of neurocysticercosis. However, data on the treat-
ment outcome of a long course of this drug is scarce. This study aims to investigate the efficacy and safety of three 30-day
courses of albendazole in patients with neurocysticercosis. Materials and methods. The diagnosis of neurocysticercosis was
based on epidemiological, clinical and laboratory criteria as guided by the Vietnamese Ministry of Health. Sixty patients
with a mean age of 50.17£10.03 years old, with 86.7% (95% CI: 77.8—95.5%) men, were involved in this study. Patients
received three 30-day courses of albendazole with an intermittence of 20 days. Additional treatment included steroids,
anticonvulsants or analgesics. Based on brain magnetic resonance imaging 6 months after the therapy, the efficacy was
classified as cure (viable cysts not discernible), improvement (50% or more cysts disappeared or calcified) or inefficacy
(changes in less than 50% of the cysts). The safety was determined based on the changes of biochemical parameters after
each treatment course. Results. The most common clinical presentations were headache (90.0%, 95% CI: 82.2—97.8) and/
or seizure (68.3%, 95% CI: 56.2—70.4), followed by other symptoms such as fainting, memory loss, and limb numbness.
Active cysts were discovered in all cases and located mainly in the parenchymal region. After therapy, the rates of cure,
improvement or inefficacy were 43.3% (95% ClI: 30.4—56.2%), 51.7% (95% CI: 38.7—64.7%) and 5.0% (95% CI: 0—10.7%),
respectively. Liver enzymes were slightly higher compared to those before therapy and mostly returned to normal ranges
after drug interruption. Alanine aminotransferase levels before the 3rd course were higher than values before the first and
second courses. No abnormalities in blood urea or creatinine after therapy were reported. Conclusion. Three 30-day cycles
of albendazole appear to have good efficacy and tolerability in patients with neurocysticercosis.

Key words: neurocysticercosis, efficacy, safety, albendazole, long course.
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C.T.Sinh etal. WNHbekums n UMMyHHUTET

HampaBJIeHO Ha u3ydeHue 3POEeKTUBHOCTU 1 0e3omacHoCTH Tpex 30-THEBHBIX KYPCOB adb0eHIa30a Y MallueHTOB
C HepOIIMCTHIIEPKO30M. Mamepuanwvt u memoodst. JJnarHo3 HelpOLIMCTUIIEPKO3a ObIT OCHOBAH Ha SITUAEMHUOJIOTNYeC-
KHX, KIMHAYECKUX U JJAOOPATOPHBIX KPUTEPHUSIX B COOTBETCTBUM C PEKOMEHIAMSIMU MUWHUCTEPCTBA 31PaBOOX-
paHeHus BoeTHama. B uccienoBanme Bonumm 60 malMeHTOB MYXKCKOTO T10J1a, CPEIHUA BO3PacT KOTOPBIX COCTaBUIT
50,174£10,03 roga, u3 Hux 86,7% ABisAKUCH TULAMU MyXcKoro noja (95% A W: 77,8—95,5%). [1aumeH Tl TOJydYaad TPU
30-mHEeBHBIX Kypca ajabbeHma3oma ¢ mepepbiBoM B 20 mHeit. JomoTHUTeNbHOE JIeueHNe BKII0YAI0 CTEPOUIBI, TIPO-
THBOCYIOPOXKHEIC TIperapaThl MJIM aHaJlbreTUKW. Ha OCHOBaHMY MarHUTHO-PE30HAHCHOM TOMOTpaduy TOJIOBHOTO
Mo3ra yepe3 6 MecsIeB rmocje Tepamun 3OGeKTUBHOCTD KJIacCU(UIIMPOBAIN KaK U3JIeueHre ((KM3HECIIOCOOHBIE K-
CTBI He ObLIM Pa3IM4YMMBI), yIydlleHre (Mcue3HoBeHre nin Kaapunudukaius 50% u 6onee KUcT) nin HeahHeKTHB-
HOCTh (M3MEHEHMSI ObLIM 3apeTUCTpUpoBaHbl MeHee yeM B 50% kucTt). be3zomacHOCTh ompenessiiv Mo M3MEHEHUIO
OMOXMMHUECKHUX TTOKa3aTeseil mocie Kaxkaoro Kypca JeueHus. Pesyaomamer. Hanbonee 9acThIMM KIMHAYECKUMUT
MpOsIBJAEHUSIMU ObLIN rostoBHas 60k (90,0%, 95% A W: 82,2—97,8), cynoporu (68,3%, 95% AW: 56,2—70,4), 3a KoTo-
PBIMU CJICIOBAIU TaKHE CHMITTOMBI KaK 0OMOPOK, TIOTEPsT MaMsTH, OHeMEeHIE KOHEYHOCTEH. AKTHBHBIC KUCTHI OBLITN
0OHapyXKeHBI BO BCEX CIydYasiX M pacroiarajuch MPeuMYyIIeCTBEHHO B ITapeHXUMe ToJIoBoHOro Mosra. Ilocie Tepa-
MUY YACTOTA U3JIEUEH U], YIydLIeHus 1 HeaddekTuBHOCTU coctaBuia 43,3% (95% AW: 30,4—56,2%), 51,7% (95% A :
38,7—64,7%) n 5,0% (95% JW: 0—10,7%) cooTBeTcTBeHHO. [ToKa3aTeau ne4yeHOYHbIX PEPMEHTOB B CHIBOPOTKE KPOBH
ITeYEeHU OBIJTM HECKOJIBKO BBIIIE IO CPaBHEHWIO ¢ TAKOBBIMU JIO TEPAITUK ¥ B OOJIBIIMHCTBE CIy9aeB BO3BpallanCh
K HOPMAaJIbHBIM 3HaYeHUSIM ITI0C]ie MpeKpalleHus IIprueMa IpernapaTa. YpoBeHb alaHWHaAMUHOTpaHCc(epaskl rmepen
3-M KypcoM OBIJT BEIIIIE, YeM J0 ITEPBOrO M BTOPOTO KypcoB. OTKIIOHEHMH B TTOKA3aTeJISIX MOUEBUHEI 1 KpeaTWHWHA
B KPOBHU IOCJIE TEpANMU He 3aperucTpupoBaHo. Buigodsl. Tpu 30-1HEBHBIX LIMKJIA ab0eH1a30/a XapaKTepUu3yoTcs

xopouieit 3(pHeKTUBHOCTBIO U IEPEHOCUMOCTBIO Y AIIUEHTOB C HEUPOLUCTUIIEPKO3OM.

Karouesuie caosa: neiipoyucmuyepkos, sgpgexmusnocms, 6e3onacHocms, arbbeH0a3on, 0aumenbHulii Kypc.

Introduction

Cysticercosis is a disease caused by the larval stages
(cysticercus) of the pork tapeworm (7aenia solium).
The disease is endemic in most low- and middle-in-
come countries and also reported in industrial coun-
tries [24]. The clinical manifestations of the disease de-
pend on the number, location, as well as response of the
body human to these cysticerci [9]. Neurocysticercosis
(NCC) is the most common form of the disease and re-
sponsible for significant morbidity. Neurocysticercosis
is the cause of 30% of all epilepsy cases worldwide
in addition to other neurological symptoms including
chronic headaches, focal neurologic deficits, intracra-
nial hypertension, and cognitive decline [25].

Treatment of NCC is mostly symptomatic.
Nevertheless, antiparasitic drugs for the destruction
of cysts are important [6]. Between the two anthel-
mintics most commonly used, albendazole may be
superior to praziquantel because of its better penetra-
tion into the central nervous system, lower cost, and
lesser interaction with other drugs [19]. Several stud-
ies have investigated the efficacy of albendazole, and
a dose of 15 mg/kg/day has generally been accept-
ed [2, 3, 10, 11, 12]. However, there is still consid-
erable disagreement concerning the length of ther-
apy. Most studies have relied on a one to four-week
course, with observed cyst disappearance in 25%
to 37% of case [2, 3, 10, 11, 12]. Due to the low effi-
cacy of this regime, a longer duration (more than one
4-week course) might be an appropriate approach,
but there is little information on the treatment out-
come of this prolonged regime [17]. This study aims
to investigate the efficacy and safety of three 30-day
courses of albendazole in patients with NCC.

Materials and methods

Ethical consideration. This research is part of the-
sis work for the fulfilment of Doctor of Philosophy
in Health Studies. It obtained clearance from the eth-
ics committee of the Vietnam National Institute
of Malariology, Parasitology and Entomology
(NIMPE). Written or verbal consent was obtained
from all the patients or their legal representatives.

Study design. This prospective study was carried
out at the Specialized Parasitic Clinic, NIMPE dur-
ing January 2017 and December 2020. All patients
visiting the clinic with clinical symptoms/signs
suspected of NCC were screened for the infection.
Criteria for inclusion were subjects more than five
years old and diagnosed with NCC, with willingness
to complete antiparasitic therapy and follow-up ex-
amination after treatment. Criteria for exclusion were
pregnant women, subjects exhibiting acute diseases
or concurrent parasitic diseases, or having a known
history of allergy to benzimidazole.

After informed consent was obtained, a detailed
history of symptoms, duration and progression
of the disease, in addition to sociodemographic
data, was recorded. A careful systemic and neuro-
logic examination was done, followed by labora-
tory investigations. Blood examination included
blood cell counts and standard tests of biochemis-
try. Serum enzyme-linked immunosorbent assay
(ELISA) for certain infections common in Vietnam
(cysticercosis, fascioliasis, strongyloidiasis, gna-
thostomiasis, toxocariasis, amebiasis) was per-
formed using reagents from Cortez Diagnostics
Inc. (USA) following manufacturer instructions.
Brain magnetic resonance imaging (MRI) was
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used to determine the number and stages of cysts.
Stool samples were collected and examined for in-
testinal helminths or protozoans.

The treatment. Patients with vesicular, colloidal, or
granular cysts on MRI received three 30-day courses
of albendazole at a daily dose of 15 mg/kg of body
weight. The intermittence between the courses was
20 days. Before taking albendazole, patients received
praziquantel 20 mg/kg to treat adult worms [22].
Additional treatment included steroids to decrease
inflammation and anticonvulsant or analgesic drugs
as needed.

Follow-up. Clinical assessment was performed at
the start of and during therapy. Blood samples were
taken at the beginning and the end of all three cours-
es. Brain MRI was performed 6 months after com-
pletion of therapy to assess treatment outcome.

Definition. As guided by the Vietnamese Ministry
of Health, diagnosis of cysticercosis was based
on epidemiological, clinical, and laboratory crite-
ria based on well-known ones [4, 5]. Epidemiologic
criteria include ingestion of raw vegetables or living
in endemic areas. Suggestive manifestations of NCC
are late-onset seizures, focal neurologic deficits, in-
tracranial hypertension, chronic headaches, or cog-
nitive decline. Laboratory criteria are: (1) positive
biopsy results of cysts; (2) pathognomonic lesions
on computed tomography (CT) or MRI (cysts with
“hole-with-dot” appearance); (3) parasites discov-
ered by funduscopic examination; and (4) a posi-
tive result by serum ELISA [22]. On MRI, location
of cysts was grouped into cortex/subcortex, hemi-
sphere, subarachnoid, or intraventricular. Based
on stage, they were classified as viable (vesicular,
colloidal, granular) or dead (calcified) cysts [7, 26].
Treatment outcome was classified based on the res-
olution of cystic lesions as follows: complete resolu-
tion/cure wherein viable cysts were not discernible
on MRI; partial resolution/improvement wherein
50% or more cysts disappeared or calcified; or no
resolution/inefficacy wherein changes were report-
ed in less than 50% of the cysts. Reference ranges
were: 1-35 U/L for aspartate aminotransferase
(AST) and alanine aminotransferase (ALT); 1.8—
7.1 mmol/L for urea; and 44—97 umol/L (female)
and 53—106 umol/L (male) for creatinine [23]. Mild
elevation was designated as liver enzyme levels less
than five times the upper limit of the normal value.
Greater than 15 times the upper limit was designat-
ed as severe elevation.

Statistical analysis. Data analysis was performed
with SPSS 16.0 (SPSS-IBM Company). Categorical
variables were expressed as case number (n) and per-
centages, while numerical variables were expressed
as mean and standard deviation (£SD). A paired
sample t-test was used to determine the mean differ-
ence of continuous variables at different time points.
P-values less than 0.05 were considered statistically
significant.

Results

Sixty patients aged between 28—68 years participat-
ed in the study. The male to female ratio was 6.5/1. All
patients met the epidemiologic criteria due to a history
of eating raw vegetables in addition to living in north and
central Vietnam where active transmission of taeniasis
and cysticercosis has been reported. The most common
clinical presentations were headache and/or seizure,
followed by other symptoms such as fainting, memory
loss, or limb numbness. Only one patient had a his-
tory of defecating proglottides or subcutaneous cysts.
On brain MRI, cysts were located in different locations,
but mainly in the parenchymal region (cerebral hemi-
sphere (83.3%), cortical/subcortical region (41.7%), or
cerebellum (10.0%). Multiple cysts (= 2) were discovered
in 48/50 (96%) cases in the hemisphere, 14/25 (56%)
cases in cortical/subcortical regions, and 3/6 (50%) cas-
es in the cerebellum. In the intraventricular or subarach-
noid region, only a single cyst was discovered. Vesicular
cysts occurred in 60 (100%) cases, and calcified cysts
in one case (cerebellum). Elevation of AST occurred
in 19 (31.7%) patients and of ALT in 24 (40.0%) patients.
Average liver enzyme levels were slightly higher than
normal reference, whereas the levels of urea and creati-
nine were within the normal ranges (Table 1).

Table 1. Baseline patient characteristics (n = 60)

Variable n | %(95%Cl)
Age (years, X£SD) 50.17+10.03
Female 8 13.3 (4.8-22.2)
Gender
Male 52 | 86.7 (77.8-95.5)
. Farmer 39 | 65.5(52.6-77.4)
Occupation -
Other jobs 21 | 35.5(22.6-47.4)
Headache 54 | 90.0(82.2-97.8)
Seizure 41 | 68.3(56.2-70.4)
Memory loss 23 | 19.2(12.3-34.4)
Fainting 17 | 28.3(16.6-40.1)
Manifestation | Limb numbness 12 | 20.0(9.6-30.4)
Vomiting, nausea 9 15.0 (5.7-24.3)
Balance disorders| 6 10.0 (2.2-17.8)
Muscle weakness | 6 10.0 (2.2-17.8)
Blurred vision 2 3.3(0.1-8.0)
Hemisphere 50 | 83.3(73.6-93.0)
Sortical | 25 | 417 (28.8-54.4)
Cyst site* Cerebellum 6 10.0 (2.2-17.8)
Ventricles 1 1.7 (0-0.5)
g:::;:ch"md 1| 17(0-05)
AST (U/L, X£SD) 38.16+27.45
_ _ ALT (U/L, X+SD) 35.87+19.07
parametore e\ 5.43+1.03
?r;?:ct):;‘ll.m;_( +sD) 80.30+14.12

Note. *Same patients with cysts at different sites.
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Table 2. Efficacy of antiparasitic treatment (n = 60)

n % (95% Cl)
Cure 26 43.3(30.4-56.2)
Improvement 31 51.7 (38.7-64.7)
Inefficacy 3 5.0 (0-10.7)

After antiparasitic therapy, almost all (95.0%)
patients had radiological improvement, but a com-
plete resolution was reported in less than half of the
participants (43.3%). There were two patients with no
cystic resolution, and one patient showed an increase
in the number of cysts six months after treatment
(Table 2). Clinical examination showed that 23/41
(56.1%) patients with seizures were completely cured,
and 25/54 (46.3%) patients having headaches recov-
ered. Of the patients with loss of memory or fainting,
the rates of complete recovery were (6/14) 42.9% and
(11/17) 64.7%, respectively.

Table 3 shows changes in biochemical param-
eters after treatment. The levels of liver enzymes
after treatment were all above the normal ranges
and significantly higher compared to those before
the antiparasitic course. The percentages of patients
with increased AST after the 1st, 2nd and 3rd course
were 66.7%, 75% and 85% respectively. There were
50 (83.3%), 55 (91.7%), and 49 (81.7%) cases having
elevated ALT levels after the first, second, and third
course. Most of them had mild or moderate eleva-
tion; only one patient had a severe elevation of liver
enzymes. After drug interruption, liver enzyme
levels mostly returned to normal ranges equivalent
to pretreatments levels. However, ALT levels before
the 3rd course were higher than the baseline as well
as the normal range. Urea and creatinine concentra-
tions were within normal limits at all examinations.
The only exception was that urea concentration after
the 2nd and 3rd course increased slightly compared
to levels before the course but was within normal
ranges. During therapy, some patients developed
headaches, vomiting, or exacerbation of seizures.

Discussion

This study was carried out to investigate the ef-
ficacy and safety of a prolonged regime of albenda-
zole in patients with NCC. Our results suggest that
three 30-day cycles of albendazole have good effi-
cacy against NCC. Most of the patients (95%) had
radiological improvement, and a complete clear-
ance of cysts on MRI was reported in 43.3% of cases.
Clinical examination showed that about half of the
patients had improvement, but these results were not
included in the efficacy evaluation. Clinical evalua-
tion has been considered inappropriate because some
symptoms, such as seizures, can present long after
cyst clearance [7, 9]. The complete resolution rate
in our patients (43.3%) was slightly higher than that
in previous observations (reporting cure rates ranging
from 25% to 37%) (2, 3, 10, 11]. This difference in the
efficacy could be due to the longer duration of thera-
py (90 days) in our study compared to previously cited
studies (7—28 days) [2, 3, 10, 11]. Some authors have
reported that a long duration of albendazole may have
no additional benefit compared to the short ones [15,
20]. Nevertheless, Garcia et al. (1997) noted a sig-
nificant difference in the number of cysts persisting
at day 360 among patients taking a short (7-day) and
long (14-day) schedule of albendazole [8]. An overly-
short duration (one week) may not change the natural
course of NCC [16]. Our results are supported by an-
other observation [17] and suggest that an extension
of the duration of albendazole therapy may be a good
choice for patients with NCC.

Results of safety assessment showed that this pro-
longed regime of albendazole seems to have a favora-
ble safety profile. Liver enzymes were only mildly
and temporarily elevated, while urea and creatinine
concentrations were within normal limits. The pro-
portion of patients with elevated liver enzymes in our
study (> 80%) was far higher than that usually report-
ed in those taking albendazole (10—20%) [14]. A pos-
sible reason for this difference was the high rate of pa-
tients with increased liver enzymes before therapy

Table 3. Biochemical parameters before and after therapy (n = 60)

Parameters Course Before After p-value
1 38.16+27.45 72.43+140.33 0.036
AST (U/L, X£SD) 2 34.20+13.34 54.02+43.81 0.000
3 39.14114.44 61.54164.45 0.003
1 35.87+19.07 93.67+110.31 0.000
ALT (U/L, X+SD) 2 36.71+17.48 75.91x45.14 0.000
3 44.63+22.16* 83.30£105.73 0.002
1 5.43+1.03 5.31x1.12 0.478
Urea (mmol/L, X+SD) 2 5.06+0.62 5.29+0.84 0.023
3 4.99+0.57 5.48+0.81 0.000
1 80.30+14.12 80.40+10.18 0.946
Creatinine (mmol/L, X+SD) 2 79.46+8.06 79.19+8.42 0.746
3 79.30£7.12 80.78+6.99 0.052

Note. *The mean ALT concentration before the third course was higher than that before the first and the second course (p < 0.001).
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(Table 1). Another reason could be the prolonged use
of albendazole (90 days) compared to short courses
(7—28 days) used in most previous studies [2, 3, 10,
11]. Although a high rate of patients with elevated
liver enzymes was seen, the proportion of severe el-
evation was low (1.7%); this is in agreement with
a scarcity of reported cases of albendazole-induced
liver injury [1, 13, 18]. The unchanged levels of urea
and creatinine in our patients are similar to other re-
sults [17]. During therapy, some patients developed
headaches, vomiting, or exacerbation of seizures.
These manifestations could be adverse reactions or
predictors of drug effectiveness, so they are not in-
cluded in safety assessments [21].

Some limitations remain in our study. There were
only a small number of patients willing to complete
treatment and undergo final assessment six months

after therapy, so the small sample size is unavoidable.
A control group taking placebo drugs is lacking as
this is not acceptable practice in our country.

Conclusion

Three 30-day cycles of albendazole appear to have
favorable outcomes in patients with neurocysticerco-
sis. Almost all patients had an improvement in cystic
lesions and the rate of complete disappearance is en-
couraging. This regime has good tolerability, but
monitoring of liver transaminase levels is critical.
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OLEHKA BHEAPEHUA NMPOIrPAMM
NMPOPUNTAKTUKN U UHDEKLUUOHHOIO
KOHTPOJ14 B CTALUMUOHAPAX APMEHUA
HA ®OHE NAHOEMWU COVID-19

I.O. I1ano3sau, III.M. ABetucsn, P.A. Adossan, I.I. Meauk-AnapeacsH, A.B. Bausn

THKO Hayuonanavhblii yenmp no KoHmpoaio u npoguraxkmuke 3a6onresanuii M3 PA, Epesan, Apmenus

Pestome. Llenb uccnenoBaHus: onpeneauTh TeKyIlee COCTOSHUE peajlu3allii B cTallMoHapaXx ApMEHUU KJIIOUEBbIX
aCIeKTOB MPOoMGUIaKTUKY MHPeKIni 1 nHbekurnoHHoro koHTpoJs (ITMUK), onpeneneHHbIX OCHOBHBIMU KOMIIO-
HeHtamMu BO3, ¢ ucnonnzoBanuem nHctpymeHTa onpocHuka IPCAF (Infection Prevention and Control Assessment
Framework). Mamepuanvt u memoosi. B uccnemoBanue ObLIM BKIIOUEHBI Bee 113 cTammoHapoB cTpaHbl. Bee pecrnoH-
neHTHI 3anmonHuIn BorpocHUK IPCAF, coctosmuit u3 8 pazmenoB (Kaxkablii OLleHUBaICSI MakKcuMabHo 10 100 6an-
JIOB), TIOCBSIIIEHHBIX pa3andHbIM acriektaM [IMMUK. B 3aBucmMocTy OT CyMMapHOI UTOTOBOM OIICHKH ITPOTPAMMEBI
MUK 6GbLau pa3meieHbl Ha cienyloinne Kareropun: npoapuHyras (601—800 6asios), cpennss (401—-600 Gaios),
6azoBas (201—400 6annoB) n HeanekBatHast (0—200 GannoB). B xome mccienoBaHus ObLT MPOBEIEH OMUCATEIbHbIT
aHamm3 oomeit omeHku IPCAF, a Tak:ke OLIEHOK COOTBETCTBYIOIINX OCHOBHBIX KOMITOHEHTOB M HEKOTOPBIX OTIETb-
HBIX BOIIPOCOB, MPEICTABISIONINX 0COObIN MHTepec Pesyibmamer. CyMMapHasi CpeaHssl OlleHKa M0 BCEM KOMIIO-
HeHtaM IPCAF nng Bcex craunoHapoB ApmeHuu B 2021 1. coctapisieT 578,0+7,9 6anioB, 4ToO Ha JaHHbII MOMEHT
pacLiEHMBAETCI KaK «[IPOMEXYTOYHBI» ypoBeHb. IIpu atom 47 (41,6%) cTalimoHapoB ObLIM OTHECEHBI K ITPOJBU-
HyTOH, 63 (55,7%) — K cpenHeii u 3 (2,7%) — Kk 06a30BOi Kareropuu. AHajau3 10 OCHOBHBIM KoMmoHeHTaMm (CC,
Core component) [IMMK BbIssBUI, 4TO MaKCMMaJibHbIe CPEIHUE OLEHKH ObLIM MOJyYeHbl o KoMnoHeHTam CC2
(PyxoBonctBo o [TMUK) — 80,8 6annos, CC8 (CozgaHue 6e30MMacHoii cpeabl B METULIMHCKUX ITOMEILIEHUSIX, a TAKXKe
Matepuaisl u obopynoBanue niasg [TMUK) — 75,5 6annos u CC7 (Pabouast Harpyska, yKOMILIEKTOBAHHOCTD IIEPCOHA-
JIOM 1 KOJTMYEeCTBO KOWKO-MecT) — 75,2 6anna. HamMeHbie cpeqHye OlleHKY ObIIU MMOTYUYSHBI 110 KJIFOUYeBBIM KOM-
noHeHTaM: CC4 (BnmaHag3op 3a HHOEKIIMUSIMHU, CBI3aHHBIMU C OKa3aHUEM MEIUITMHCKOI ToMoInn) — 54,7 6aioB
n CC3 (Ob6pa3zoBanue n mpodeccroHanbHas moarotoska mo [IMMUK) — 59,5 6annos. 3axarouerue. 3aKoOHOZATEIbHBIE
U IPaKTUIeCKNe M3MEHEHN S, OCYIIICCTBICHHBIC B peaJbHOI CUTYyallu BO BpeMs ITaHAEMW Y HOBOI KOPOHABUPYCHOI
nHbexkuuu (COVID-19), BHecIU 3HAYUTENbHBIN BKJIaJ B YYYIIEHUE OLIEHOK 0 MHOTUM KJIIOYEBBIM KOMIIOHEHTaM
nporpamm [TMUK. UccnenoBanue nokasajo, uto IPCAF sBisieTcs Mojae3HbIM MHCTPYMEHTOM /1151 OLIEHKU CTaH1ap-
toB [IMWK 1 BEISIBIEHUS HEAOCTATKOB, HE3aBUCHMO OT YPOBHST 9KOHOMUYECKOTO Pa3BUTHS CTpaHbl. Ha Hall B3I
cJaenyeT moompsiTh moBTopHoe mpuMeHeHne IPCAF Bo Bcex METUIIMHCKUX YUIPEXKACHU X, YTO MUMEET BaKHOE 3HAUe-
HUe 1151 HaOntoaeHUs 3a u3MeHeHusIMU U TeHaeHuusMu B [IMUK, a Takke pa3paOoTKu MHAUBUAYAJbHBIX CTpaTe-
r'uii B pa3Butuu u copepuieHcTBoBanuu [MMUK.

Karouesnle caosa: npogusaxmukxa ungexyuil, uHeKyuoHHbI KOHMpPOb, oyeHka, cmayuorap, eonpoctuk, COVID-19, IPCAF.
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ASSESSING IMPLEMENTATION OF PREVENTION AND INFECTION CONTROL PROGRAMS
IN ARMENIAN HOSPITALS DURING THE COVID-19 PANDEMIC

Palozyan G.H., Avetisyan Sh.M., Abovyan R.A., Melik-Andreasyan G.G., Vanyan A.V.

National Center of Disease Control and Prevention of the Ministry of Health of Armenia, Erevan, Armenia

Abstract. Aim of the study was to assess the current state of implementating key aspects of infection prevention and
control (IPC) in Armenian hospitals, defined by the main WHO components, using the survey tool IPCAF (Infection
Prevention and Control Assessment Framework). Materials and methods. 113 hospitals were involved in the study. All
participants filled out the IPCAF questionnaire, consisting of 8 sections (each rated up to 100 points) devoted to various
IPC aspects. Depending on the total final score, IPC programs were divided into the following categories: advanced
(601—800 points), intermediate (401—600 points), basic (201—400 points) and inadequate (0—200 points). The study
conducted a descriptive analysis of the overall IPCAF score as well as score evaluation of the relevant core components
and some selected questions of particular interest. Results. The 2021 total average score for all [IPCAF components for all
hospitals in Armenia is 578.0+7.9 points, which is currently regarded as an “intermediate” level. At the same time, 47
(41.6%) hospitals were assigned to the advanced category, 63 (55.7%) — to the average category and 3 (2.7%) — to the
basic category. Analysis of the main IPC components (CC, Core component) revealed that the maximum average scores
were obtained for the components CC2 (IPC Guidelines) — 80.8 points, CC8 (Creating a safe environment in medical
premises, as well as materials and equipment for IPC) — 75.5 points and CC7 (Workload, staffing and number of beds) —
75.2 points. The lowest average scores were obtained for the key components: CC4 (Surveillance for healthcare-associated
infections) with 54.7 points and CC3 (IPC education and training) with 59.5 points. Conclusion. Legislative and practical
changes implemented in the real world during the novel coronavirus infection (COVID-19) pandemic have significantly
contributed to improved scores for many key components of IPC programs. The study found that the IPCAF is a useful
tool for assessing IPC standards and identifying gaps, regardless of a country economic development level. In our opinion,
the re-use of IPCAF in all medical institutions should be encouraged, which is important for monitoring changes and

trends in IPC, as well as proposing individual strategies in the development and improvement of IPC.

Key words: infection prevention, infection control, evaluation, hospital, questionnaire, COVID-19, IPCAF.

BeepneHue

HeanexkBaTHasgd  mpakTuka MOpodUIAKTUKU
u uHbeknurnonHoro koHtpoisa (I[TMMUK) B menu-
OMHCKUX YYPEXKICHUSIX SIBISICTCSI OCHOBHOM MPU-
YUHOM pOCTa MOKa3aTeJae yCTOMUYMBOCTHU K ITPOTH-
BOMUKpPOOHBIM nipenapataMm (YIIIT) u undexuui,
CBSI3aHHBIX C OKa3aHWEM MEIUIIMHCKONW ITOMOIIN
(MUCMII) [8, 9, 14]. DTO 00yCIOBAMBAET BaXK HOCTH
JNaHHOW MpoOJeMbl 17151 O0IIECTBEHHOTO 31 paBOOX-
paHeHus Bo BceM Mupe [15]. Tem He MeHee 3HAYU-
TeabHast yactb MCMII nognaeTcs nmpoduaakTuke,
a TaKxkKe IMOSIBJSIETCSI BCe OOJbIe J0KA3aTeIbCTB,
TMOMOTAIOIINX MOBBICUTh OCBEAOMJIEHHOCTb O TJIO-
OajlbHOM OpeMeHHU Bpeda, MPUUYUHSIEMOro 3TUMU
nHpekuuamu [7, 16], BKIodast CTpaTeruu Mo co-
KpallleHU1o UX pacripocTpaHeHus [17].

B kadecTBe OOHOro M3 CBOUX KJIOUEBBIX HO-
KyMeHTOB 1o ycuieHuio acrnektoB [TMMK BO3
BhINIycTUJIa «PyKOBOICTBO MO OCHOBHBIM KOMIIO-
HEHTaM IIporpaMMm MNpoGUJIAKTUKU U KOHTPOJIS
uHpexkuuin» [19], npeanarawiliee cTrpaHaMm, a Tak-
KE OTHEIbHBIM YUPEXKICHUSIM 3IPaBOOXPaHEHUS
PEKOMEHIAIIMU 110 CO3MAaHUIO U YKPEIJICHUIO aes-
teabHOCTU B chepe [TMUK. Ha ypoBHe yupexe-
Husg BO3 pazinyaeT BOCEMb OCHOBHBIX KOMITOHEH-
TOB (core component — CC), KOTOpbIe KacarmTcs
pa3naunuHbix acniekToB [ITMUK. DTo:

— TIpOrpamMMbl IPOMDUIIAKTUKHA MHGEKIINN 1 WH-

dexumonHoro KoHTposs (CCl);

— PYKOBOJCTBO MO NpoduaakTuke MHOEKIIMA
1 MHGEKIITMOHHOMY KOHTPOJIIO Ha HAIIMOHAJb-
HOM YPOBHE U YPOBHE YUPEXKJACHU 31 paBooXpa-
Henus (CC2);
— o0OpazoBaHMe U TIpodeccruoHaabHasl IIOATO-
TOBKA MO MPOGUIIAKTUKE UHPEKIUN 1 WHDEK-
HMoHHOMY KOHTpoJito (CC3);
— BOMIHAA30p 3a MHGEKIUSIMU, CBI3aHHBIMU
C OKa3zaHMeM MeaIuInHCKOoi momoriu (CC4);
— MYJIBTUMOJAIbHBIC CTPATETUU JIJIsI OCYIIIECT-
BJICHUSI MEPOIPUITHI 110 TTpOodUIaKTUKE WH-
dexkuunii u nHpekunmoHHoMy KoHTpouto (CCH);
— MOHUTOPWHI/IIPOBEpKa TPAKTUYSCKON HesI-
TeabHOCTU B 00J1actu [TMUK, a Takke oOpaTHas
CBsI3b U KOHTpOJIb (CC6);
— pabouasi Harpyska, YKOMILUIEKTOBAaHHOCTD
TIepCOHAJIOM U KOJTMYSCTBO KOMKO-MECT Ha yPOB-
He yupexaeHus (CC7);
— cos3naHue 0e30IacHOM cpeabl B MEAUIITMHCKUX
TMOMEIIIEHM SIX, a TAK>Ke MaTepraJibl 1 000pyIoBa-
aue mis [IMMWK Ha ypoBHe yupexaeHus (CCS).
Peanuzanusa kioueBbix acrnektoB [TMHMK
CUJIBHO pa3nyvaeTcsi He TOJBKO MEXIy CTpaHaMU
C pa3HBIM YPOBHEM JTOXOJOB, HO M BHYTPU CaMMX
ctpaH [11, 12, 13, 18], 4To 0COOEHHO TIPOSIBIISIETCS
IpU OILIEHKEe, ITPOBOAMMOIl Ha yPOBHE OTIAEIBHBIX
yupexxaeHuii. B kadecTBe HOIOJHUTEIBHOTO WH-
CTpYMEHTa [JIs OIEHKW, aHaaW3a W YJIYJIICHUS
nesateabHocTu 1o MUK B Kax10M KOHKPETHOM
cayuae, BO3 HegaBHO pa3paboTaljia U mpeaocTaBuia
MEOWIIMHCKUM YUPEKICHUSIM ITOKYMEHT B (popMme
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BOITPOCHMKA «MeXaHU3M OLIEHKHW NPOMUIaKTUKNA
u KoHTpoJist uHdexkuuii» (IPCAF) [20], ¢ momoIiibio
KOTOPOT0 KaxkKI0¢ YIpeKIAeHNE, OTBedast Ha BOIIPO-
col, kacarouuecs [TMMUK, caMocTosITEIbBHO MOXKET
OIPEeNeINTh CUJIbHBIC U CJIA0BIC CTOPOHBI.

PasmuaHble ncciaenoBaHusI, IPOBEACHHEIC B Ap-
MeHMM, Tokasaau, yto rnepegada MCMII, a takke
BHenpeHue [IMMK mpencraBisitoT coOoOii cepbes3-
HY10 rpobJiemy [4].

B 2019 r. Bo Bcex cranimoHapax ApMEHUU Oblia
IpoBeIeHa TiepBasl MUJIOTHAs OILCHKA BHEAPCHUS
TITMUK, KoTopast BbIsIBUJIa MPOOJIEMbI CO BHEApeE-
HHEM IIPaKTUIECKU BCEX OCHOBHBIX KOMITOHEHTOB
nporpamm [IMUK [3]. HanuoHanpHas KoMaHIa
no IMTMUK mnposena Goybllyio pabOTy MO COBEp-
IMIEHCTBOBAHWIO HOPMATUBHO-IIPAaBOBOI  0a3Fl,
a TakxXe oKaszaJla MeTOAMYECKYIO TTOMOINb Y4YpeXK-
JIEHUSIM 3IpaBOOXPAaHEHUs pPa3JIMIHOI'O YPOBHS
0 aKTUBHOMY BHEIPCHHMIO PYKOBOICTB M HOpMa-
TUBHO-MPaBOBbIX aKTOB, KacalOUIMUXCs pa3JIudHbIX
acriektoB [IMMK. KopoHaBupycHass naHaeMust
BHECJIa CBOM KOPPEKTUBBI BO BCEM MU pE 1 ITOTPpebo-
BaJjia yCUJICHUSI BHUMaHUS K JaHHBIM IIpOrpaMMaM.
B cBs13u ¢ 3TUM Lenblo Halei padoThl ObLIO OITU-
caTh TEKYyIllee COCTOSTHUE peain3alluy B CTallMOHA-
pax ApmeHuu KiaroueBbix acriekToB [IMUK, omnpe-
JieJIeHHbIX OCHOBHBIMU KoMToHeHTamMu BO3, ¢ uc-
noJib30BaHUEM MHCTpyMeHTa onpocHuka IPCAF.

Marepuanbl n MeTopl

B 'HO «HanuoHanbHBIN HEHTP MO KOHTPOIIO
u npodunaktuke 3aboneBanuit» M3 PA [PCAF-
ONPOCHUK OBbLI TEepeBeleH Ha apMSHCKMU sI3bIK
M pasociaH Bo Bce 113 crammoHapoB ApMeHMMU.
PesynbTarhl onpoca OBIIM 3aHECCHBI B 3JIEKTPOH-
HYy10 6a3y naHHbIX B MS Excel.

Kaxxmpiit BO3MOXHBIN OTBET Ha BOIIPOC OBLIT
oueHeH B 6annax. Cienyst KOHUEILMU BOCbMU OC-
HoBHBIX KomTioHeHTOB [TMUK, IPCAF On1n pas-
JIeJIeH Ha BOceMb pa3aenoB. s KaxKIoro OCHOB-
HOro KOMITOHEHTa OaJijbl MO OTAEIbHBIM BOMNPO-
caM ObLIM CYMMUpPOBaHBI. MaKcHMMaabHas OlleHKA
3a KaXXKJAbli1 OCHOBHOI KOMIOHEHT cocTanJseT 100
O0amnoB. OxoHuatenbHass ouneHka IPCAF Obina
paccumTaHa ITyTeM CJIOKEHHU S OLICHOK BCEX BOCBMU
OCHOBHBIX KOMIIOHEHTOB (TO €CTh MaKCHUMaJIbHO
BO3MOXKHOE 00Illee KOJTMYECTBO OaJIJIOB COCTaBIISI-
J0 800). B 3aBUCMMOCTH OT UTOrOBOI OLIEHKU CTa-
LIMOHAPBI OBLJIM CIPYNIMPOBAHbBI B UEThIPE pa3HbIe
kareropuu IPC:

— 0—200 6ann0B: HeaJgeKBaTHasl;

— 201—400 6ammoB: ocHOBHAas (ba3oBas);

— 401—600 GannoB: cpenHsIs;

— 601—800 GanoB: MPOABUHYTAsI.

bbl1 mpoBeneH omucaTteabHBI aHaIU3 OOLIeH
oueHku IPCAF, a Tak:ke OlIeHOK COOTBETCTBYIOIIX
OCHOBHBIX KOMITOHEHTOB M HEKOTOPBIX OTHCIBHBIX
BOITPOCOB, IMPEICTABJISTIONINX OCOOBI MHTEpeEC.

CTaTUCTUYECKUI aHaJU3 JaHHBIX IIPOBeAeH
C HCHOJIb30BaHUEM TMporpaMMHOro rmnakerta MS
Excel.

Pesynbrarhl

Pacnpenenenue crauoHapoB ApMEHUU B 3a-
BUCHUMOCTH OT HaOpaHHON CyMMapHON OLICHKH
mo BceM OoCHOBHbIM kKoMnoHeHTaM [IMUK, npen-
CTaBJIEHHOE Ha puc. l. Imokasajo, 4YTO IOYTHU BCe
cTallMoOHapbl ApMEHUUN HUMEIOT CpeIHEeNpPOABUHY-
Thiit ypoBeHb [ITMNK.

AHanu3 1mo ocHOBHbIM KoMmnoHeHTam [TMHUK
BBISIBIJI CJICAYIOIINE OCOOCHHOCTH (pucC. 2).

KniouyeBoi KOMNOHeEHT 1

CpenHsis olieHKa 1Mo KJI0YeBOMY KOMITOHEHTY |
JIJIsl BCEX CTAallMOHApOB ApMEeHUU cOCTaBisieT 68,6
06aJinoB (puc. 2).

BcenenctBue mpUHSTHIX BO BpeMsI HaHIASMHUU
COVID-19 3akoHO#aTeNbHBIX MEpP BCE CTallMOHA-
pbl Apmenuu B 2021 1. umenu niporpamMmbl [TMUK.
Tem He MeHee ¢ HallMOHAJIbHOM KOMaHI0M, OTBET-
ctBeHHol 3a [IMUK, coTpyaHuyanu quuib 92 cra-
nuoHapa. OIHON M3 KJIIOUYEBBIX ITPUYUH JAHHOTO
¢daKTa IIOCIYyKMJIO OTCYTCTBHME B CTallMOHapax
JOCTAaTOYHOIO KOJMYeCTBa CIEeLHaJMCTOB, ITPO-
IeAINX OOydeHNe U IePenoAroTOBKY B 00JIacTH
TTNMHK. Takue crielmaJaucTbl padboTaOT JIUIIb B 39
crarrnoHapax. Co3MaHHBIN ITPU CTallMOHAPaX COBET
no MMM K, Bkiatovyarommii BCceX peKOMEHI0BaHHbIX
ITpukazom M3 PA Ne 2117-A ot 04.06.2021 r. [1]
CITEIIMAJINCTOB (ITPEICTAaBUTEIN aAMUHUCTpPAIINH,
3aB. OTACICHUSIMU, CTapIINEe MEICECTPHEI U IPYTHC)
nMeeTCsI TOJIBKO B 82 cTallmoHapax.

Jluires 68 crammonapos B cBoux INMUK, kpo-
M€ OCHOBHBIX lIeJieil, yKa3aJid TaKxKe MoKa3aTesu,
n3Mepsiembie B ynciax. ChopMyTpoBaHHBIN IS
TTM UK OroazxeT uMeroT IUIIb 74 cTallMoHapa.
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PucyHok 1. PacnpeaeneHue ctauMoHapoB
ApMeHUun B 3aBUCUMOCTU OT CYMMaPHOM OL,€HKN
NMUNK e 2021 T.

Figure 1. 2021 Distribution of Armenian hospitals based
on total IPCAF score
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Figure 2. 2021 Average scores for IPCAF core
components in Armenian hospitals

OnHol U3 TJIaBHBIX TPOOJIEM KJIHOYEBOIO KOMITIO-
HeHTa | A7 OOJBIIMHCTBA CTAllMOHAPOB APMEHUU
OCTaeTCsl OTCYTCTBUE Y HUX COOCTBEHHOI OaKTepro-
Jlormyeckoit 1aboparopuu. IIpu sTom 13 39 crammo-
HapoB, UMEIOIINX TAKOBYIO, TOJBKO 35 TOBEPSIIOT pe-
3yabTaTaM COOCTBEHHOM 1JabopaTopuu.

KniouyeBoii KOMNOHEHT 2

CpenHsiga oOlleHKa JJIsI BCEX CTallMOHapOB
ApPMEHHH MO KJIIOUEBOMY KOMITOHCHTY 2 SIBJISICTCS
MaKCUMaJIbHOU cpeay BCeX KIIIOUEBBIX KOMIIOHEH-
ToB [IMUK u cocraBnsier 80,8 6annoB (puc. 2).

Tonbko 79 cTanmMoHapoB MMEIOT Tpynny cre-
nuanuctoB B obnactu [TMUK, oTBeTCTBEHHYIO
3a pa3pabOTKy MM aJalTaluio Pa3IUIHBIX METO-
IUYeCKUX TOKyMeHTOB. IIpu aToMm, eciu MeTomu-
YyecKUe yKa3aHUs Io Je3uMHMEKIIUU U CTepUIn3a-
AU, TIO TUTUEHE PYK UCITOJIb30BaIN MOYTH BCE yU-
peXIEeHUsS, TO YMCIO CTAllMOHAPOB, BHCAPHUBIINX
IPyTue METOAMUYECKNEe PEKOMEHIAIIMM, B YaCTHO-
CTU KacamwlMXCs HO30KOMHUAJbHBIX IMHEBMOHUM
(56 craumoHapoB), NpoPUIAKTUKUA pacIpocTpa-
HEHUST MOJUPE3NUCTCHTHBIX IITaMMOB OaKTepUii
(59 cranmoHapoB), pallMOHAJIBHOTO ITPUMEHEHM S
aHTUOMOTUKOB (69 CTallMOHAPOB), OBLIO HUXKE.

Crnenyer Takke OTMETUTb, YTO BCE HOBBIE Me-
TOOWYECKNUE YyKa3aHMSI M PYKOBOIACTBA B cdepe
IINHNK, pazpaboTraHHble HAllMOHAJIbHOW KOMAaH-
noi 1 yrBepxaeHHble [Ipukazamu M3 PA, B 006s-
3aTeJIbHOM ITOPSIIKE TOBOASTCS IO CBEACHMS TIep-
COHaJla BCeX CTallMOHApOB, HE3aBUCUMO OT UX TTpa-
BOBOM (DOPMBI M BETOMCTBEHHOTO ITOAYNHEHU SI.

KniouyeBoOit KOMNOHEHT 3

CpenHss olleHKa Mo KJII0YeBOMY KOMIIOHEHTY 3
ISl BCEX CTAallMOHApoB ApMEHUU cocTaBiseT 59,5
OasnoB (puc. 2).

HocTtaTouHOE KOJTUYECTBO CIEIUAaIUCTOB, CIIO-
COOHBIX U OCYILICCTBJSIOIINX IEPErOATOTOBKY
COTPYIHUKOB CBOMX K€ CTallMOHApOB B 00JacTU
MUK, umeror nuwb 94 crauuoHapa. [lpuuem
TOJILKO 66 CTallMOHAPOB ACNAIOT 3TO Ha peryisip-
HOI OCHOBeE IJISI BCEro MepcoHaja, B TO BpeMs Kak
oCTaJibHBIC CTallMOHAPhl OCHOBHOC BHUMAaHME yIIe-
JISSIOT JINIITh HOBBIM 1 HEIABHO MIPUHSITHIM Ha pabo-
Ty COTPYIHUKAM.

OCHOBHBIMU cIiocobamMu oOyuYeHM s mepcoHalia
SIBJISIIOTCSI TTMCbMEHHAas1 WHMoOpMalus U yCTHBIC
coobueHust. UHTepakTuBHOE OO0yuyeHHUe Ha pabo-
YUX MeCTaxX NPakKTUKYETCS JIUIIb B 23 cTallMOHapax.

INepuonuyeckast oueHka 3(pHPeKTUBHOCTHU yUeO-
HBIX MPOTPaMM OCYIIIECTBISICTCS TOJBKO B 74 cTa-
OMOHapaxX, B OCTAJIbHBIX X€ 3TO IIPOBOIMUTCS
HeperyJsipHo.

BoablIMHCTBO cTAallMOHAPOB MPU 3allOJHEHUU
BOINPOCHUKA 00paTUJIM BHUMaHUE Ha OYEeHb HU3-
Kuii ypoBeHb ocBelleHust BoripocoB [IMMK Bo Bpe-
M TIOBBIICHUST KBATUPUKAOUN U KINHUICCKOMN
NpakTUKU CHELHaIUCTOB Pa3JIMUHOrO Mpoduis.
Marno ynensieTrcss BHUMaHUSI TakxXe IITPOCBElle-
HHUIO CAaMUX MAIIUEHTOB 1 JIMI, OCYIIEeCTBISIONINX
3a HUMU yxon. JlaHHas mpaKTHUKa MPUMEHSIETCSI
JIUIIb B 25 cTallMoHapax.

KnioyeBoi KOMNOHEHT 4

CpenHsI s OIleHKA 10 KJII0YeBOMY KOMIIOHEHTY 4
JIJIS1 BCeX cTallMOHApOB ApMEHUU cocTaBisieT 54,7
0aJIJIoB U SIBJISIETCSI caMOli HU3KOM Cpelu OLIEHOK
TSI BCeX KJTIOYEBBIX KOMITOHEHTOB (puc. 2).

B cootBeTcTBUM ¢ [Ipukazom M3 PA Ne 2117-A
or 04.06.2021 1. [16], snuaHaA30p SBJISETCS OM-
HUM M3 KJIOYEBbIX KOMIIOHEHTOB IIpPOrpaMMm
IIMMNK. B cooTBeTCTBUM C BhlillIeyKa3aHHbIM,
B CTallMOHapaxX Ha3HAYeHbl OTBETCTBCHHBIC JIMIIA.
OmHaKo COOTBETCTBYIOILYIO MEPENOArOTOBKY (00-
y4yeHUe) II0 BOIpocaM SIUAESMMUOJOTUU, SMUI-
Hanzopa u [NMUK, npomnu Toapko 89 M3 HUX.
CoBpeMeHHBIC WH(POPMAIIMOHHBIC TEXHOJIOTUH,
NpUMEHsIEMBIe TIPU OCYIIECTBICHUN 3MHUIHAI30-
pa, UICOJB3YIOTCS B 54 cTallMoHapax.

AnuaHan3op 1o oTaeabHbIM Bugam MCMII
ocymiectBisieTcsa B 41—78 craumonapax. CaMblit
BBICOKM I ypoBeHb HaJ30pa (B 91 ctauimoHape) npo-
BOIOMTCH TI0 BUPYCHBIM TenatutaM B m C, a Takke
no BUY/CITM]/, yTo CBsI3aHO C TMOBCEMECTHBIM
BBEICHUEM TSCTUPOBAHUS Ha MaHHBIC WHOEKIINN
Npu MOCTYIJIEHUUW B CTallMOHAp (OCOOEHHO C lie-
JIBIO XU PYPrUIEeCKOTO JICUCHHU ).

98 cTallMoOHApOB PETYJISIPHO IPOBEPSIOT COOT-
BETCTBUE CHCTEMBI 3MUIHAA30pa B YUPEXKICHUU
peaabHBIM HOTpeOHOCTSIM. OMHAKO TOCTOBEPHBIC
OolpeneyieHUs I cliydaeB (YMCIUTEIN U 3HaMe-
HaTeJin), KOTOPble COOTBETCTBYIOT MEXAYHapO-
HBIM KPUTEPUSIM, TIPUMEHSIOTCS JUIIL B 28 cTa-
nuoHapax. CTaHIapTU3MPOBAHHBIE METOIBI cOOpa
JAHHBIX MIPUMEHSIIOTCS Jullb B 37 cTalMoHapax.
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AJTOPUTMBI IJISI IEPUOANYECKOIM ITPOBEPKU Kade-
CTBa JaHHBIX UMEIOTCS JIMIIb B 46 cTallMOHapaXx.

63 cTauuoHapa He MMEIOT JOCTATOYHOM yKOM-
MJICKTOBAHHOCTHU 0aKTEePUOJIOTMYECKO 1adboparTo-
py¥ 0Jis1 Bepru@UKaIM1 IaTOIeHOB 1 ONpeAeICHU S
AHTUMUKPOOHOI YyCTOMYUBOCTHU.

JlaHHbIe BNUAHAA30pa MCIIOJb3YIOTCS  IJIs
yayumenus npouecca [IMUK nuiib B 62 cranuo-
Hapax. JlaHHble aHTUOAKTEpUaJIbHONW YCTOMUYNBO-
CTU Ha PEryasipHOil OCHOBE aHAJIU3UPYIOTCS TOJb-
Ko B 42 crauuoHapax. PerynsipHas cucteMa KOH-
TPOJISI M OOPATHOM CBSI3W OCYIIIECTBISICTCS JIIIH
B 75 cTauiMoHapax.

KnioueBoil KOMNOHEHT 5

CpemnHsSIT OIGHKAa MJII BCEX CTallMOHApOB
ApMEHWH 1O KJTIOYeBOMY KOMITOHEHTY 5 COCTaBJISI-
eT 67,7 6anios (puc. 2).

HecMmoTps Ha To 4TO IMpaKTUYECKU BO BCEX CTa-
MOHapax IMPU CaMOOIeHKE OBIJIO yKa3aHO Ha IpH-
MEHEHNE KOMIUIEKCHBIX CTPATeruii JIsl OCYIIeCT-
BiaeHus mepornpustuii mo [NMMWK, nanHsie cTpa-
TEerMu B TIOJHOLIECHHOM O0OBeMe OCYIIEeCTBISIOT-
cs1 He Bedne. Tak, MOJTHBIN 00BEeM MEpOITPUSITUN
MO0 M3MEHEHUIO CUCTEMBbI OCYIIECTBJseTCS B 34,
no o0ydyeHu1o nepcoHajia — B 44, MO MOHUTOPUH-
Iy 1 00paTHOI CBsI3U — B 56, 10 KOMMYHUKAIIMSIM
1 HaIIOMUHAHUSIM — B 37, a TI0 OXpaHe OKpyXKalo-
e cpeabl M MO M3MEHEHUIO KYJIBTYPhl — JHUIIb
B 33 cTauMoHapax.

IMpu ocyiiecTBIEHUU KOMIIJIEKCHBIX CTpaTe-
TMil IPUHUMAET yIacTHUe KOMaHIa U3 CIlelaJIniC-
TOB pa3HOTO Mpoduiasa nuinb B 88 cTallmoHapax.
JaHHas cTpaTtervst BKJIIoUaeT B ceOsl IpuMeHeHne
KOHTPOJIbHOI aHKEeTHI B 45 cTallMoHapax.

KnioyeBoit KOMNOHEHT 6

CpenHsiga oOlleHKa JJIsI BCEX CTallMOHapoB
ApMEHMH MO KJIIOUeBOMY KOMITOHEHTY 6 COCTaBJIsI-
eT 66,7 6asoB (puc. 2).

Jlumpb 64 cranuoHapa UMEIOT OOYUYEeHHbIN Mep-
COHaJl, OTBETCTBEHHBI1 3a MOHWUTOPWHI/ayIuUT
U cucteMy obpaTHoIi cBsizu B chepe [TMUK. Onu
WMEIOT TJIaH MOHUTOPHMHTA C YeTKO 3a(UKCUPO-
BAaHHBIMU HEJISIMU, 3aJa9aMU U MEPOIPUSITUSIMU.
B ocranbHBIX cTaliMoHapax JaHHBINA TIJIaH OCY-
LIECTBJSIETCS JUIIb YacTUYHO. OCOOEHHO IJIOXO
00CTOAT Aena B 00J1aCTU MEPONPUSITUI IO Tpodu-
JIAKTUKE PacIpoOCTpaHCHUST TMOJUPE3UCTCHTHBIX
MuUKpoopraHudMoB. CaMoOOIlleHKa TUTUEHBI PYK
B COOTBETCTBUM ¢ MHCTpyMeHTOoM BO3 ocyuiect-
BJISIETCSI IUII b B 45 cTallMoHapax.

Cucrema oOpaTHO# CBS3M TIpu ayaute 3¢-
dextuBHocTu [TMUK B 24 cranmoHapax BooOIe
HE OCYIIECTBJsETC, JUIIb B 16—48 cranuoHa-
pax maHHasl CUCTeMa OCYIIECTBJSIETCS IO OTAC/b-
HBIM acmekTaM. Pe3ynbTaTbl MOHUTOPUHIA pe-
TYJASIPHO TOBOISITCS OO OTBETCTBEHHBIX JUI B 80
cTalMoHapax.

KniouyeBoin KOMNOHEHT 7

CpenHssa olleHKa AJis BCeX CTallMoHapoB Ap-
MEHUU MO KJIIOUEBOMY KOMIIOHEHTY 7 COCTaBJsIeT
75,2 6anna (puc. 2).

JIvire B MONOBUHE YUYPEXKASHUH COOTHOILICHME
MeAIepCcoHall/MallMeHThl COOTBETCTBOBAJIO pe-
koMeHaauusam BO3. [outu Bo Bcex cTallMOHapax
JIAHUPOBKA I1ajlaT COOTBETCTBYET MEXKIYHapOmd-
HBIM CTaHIapTaM, XOTb 1 HE BO BCEX OTIAEICHUSIX.

B 90% cTanimoHapoB OBLIIO OTMEYEHO, YTO MO/~
JepXXUBaeTCs MpaBuiIo «l MmauuMeHT Ha 1 KOMKYy»,
npu 3ToM B 96% yupexaeHuil ObLJIO yKa3aHo, YTO
KOMKM MPaKTUYECKM HUKOIIA HE YyCTaHABJIMBAIOT-
cg BHe nasat. B 96,5% crannmoHapoB co0JII0gaeTCs
MUHUMAJIbHOE PACCTOSTHUE MEXAy KOWKaMM —
He MeHee 1 M.

KniouyeBoil KOMNOHEHT 8

CpenHsiss oOIleHKa JJIsI BCEX CTallMOHApOB
ApMEHUHU MO KJII0YEBOMY KOMIIOHEHTY 8 COCTaBJIsSI-
et 75,5 6amos (puc. 2).

85% cTallMOHApOB UMEIOT KPYTJIOCYTOYHOE Oec-
nepeboitHoe BogocHabxeHue, a 13,3% — He MeHee
5 mHeit B Henemo. B 94,7% cranimoHapoB KoJiMue-
CTBO CaHY3JIOB COOTBETCTBYET TPeOYEeMOMY COOT-
HOILLEHMUIO K YuCTy Koek, HO B 21 (18,6%) crauipoHa-
pe He Bce U3 HUX PyHKIMOHUPYIOT. CleayeT TakxKe
OTMETUTh, YTO JIUIIb B 78 (69%) cTalilMoHapax caH-
y3Jbl O0eCIle4eHbl BCEMU HEOOXOAMMBIMU CaHU-
TapHBIMU IIPUHAIJIEXKHOCTAMU (Ae3MH(EKIIMOH-
HBIC CPENCTBa, BOJa, OAHOPAa30BbIe Cal(PeTKN).

B 56 cranmoHapax MMeIOTCsI OMHOMECTHBIE Ma-
J1aThl, a B 46 — TaJiaThl, KOTOPbIE MOTYT OBITh ITPH-
CTIOCOOJICHBI 1T U30JISIIIUY TTallMEHTOB.

HecMoTps Ha nepuoa nmaHaeMuu, Jullib B 79
ctaunoHapax MC3 nag MennepcoHana AJOCTYHHBI
BCEraa U B JOCTATOYHOM KOJIMYECTBE.

IIpaBuia oGpaileHUs] ¢ MEAUMLIMHCKUMMU OTXO-
naMu, perjiaMeHTUpoBaHHbIe [Ipnkazom M3 PA
Ne 03-H ot 04.03.2008 [17], cobatomaioTcss B MOJI-
HoOI1 Mepe nullb B 81 cTallmoHape.

B 76 cTanimoHapax UMeeTcCsI CTEpUIN3allMOHHOE
oTaeJeHne, ogHaKo B 18 M3 HUX OHO (PYHKIIMO-
HUpyeT HeperyjsipHo. [Ipu 3TOM mpakTUdecKu
BO BCEX CTAllMOHapax OTMEUYEHO TOCTOSTHHOE 00e-
CIIeYeHUE T'OTOBBIMU CTEPUJIbHBIMU IIPUHAILJIEK-
HOCTSIMU (XOTb 1 B HEIOCTATOYHOM KOJIMYECTBE).

O6cyxaeHne

Hame wcciaenoBanue TIO3BOJIMJIO TOJYYUTH
HOECHHYIO WHGOPMAIIUI0 O COCTOSTHUU BHEAPECHUS
KJtoueBbIX KoMnoHeHTOB [IMMK B cranmmoHapax
Apmenuu. CymMMapHasi CpemIHsIsI OIleHKa IO BCEM
komnoHeHTaM [IPCAF B2021 1. cocraBusieT 578,01£7,9
0ajoB, YTO Ha JAHHBIM MOMEHT paclEHUBAETCS
KaK «ITPOMEXYTOUHbIi» YpOBEHb. TeM He MeHee 3TO
Ha 34,4% mipeBhIlIaeT CPEOHIOI0 OLIEHKY IO CTpaHe
no cocTosiHU10 A0 anaemuu (2019 r.) [3].
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MHdekumns n uMmyHuTeT

B uenom yctanosieHo uto IPC enie HegocTaTou-
HO aJieKBaTHO paccMaTpHBaeTCsl B HEKOTOPbIX YU-
PeXIEeHUSIX, a HAJIMUME B cTallMOHapaX ApMeHUU
nporpamM ITMUK He nmeeT nmpsiMOro OTHOIUEHU ST
K xopouo ¢yHkunoHupyloumein cuctreme INMHMUK
Ha YpOBHE JaHHOro yupexaeHusl. B yacTHocTH,
Mbl OOHAPYKUJIU SIBHBIE pa3JIMUUs MEXIY arpe-
TUpPOBAaHHBIMU OajljlaMU COOTBETCTBYIOLIMX pa3-
neyoB IPCAF.

B wenom ctpyktypel u npouecchl [TMHMUK
B ApMEHUU HaXOAsITCS MOKa elle Ha YPOBHE BhIIIE
cpenHero, 0CoOO€HHO B OTHOLIEHUN PYKOBOISIIINX
npuHuumnos [IMMK n HEKOTOPBIX aCIEKTOB MU I~
Hag3zopa 3a WMCMIIL. M3meHeHUSsI, BHeIpEHHBbIE
B peajbHYIO CUTYyalll0 BO BpeMsl MaHJAEMUU KOPO-
HaBUPYCHON MHMEKUMU, BHECAU 3HAYUTEIbHBIN
BKJIaJ B yJy4lllEHUE OLIEHOK IO MHOIMM KJIloYe-
BbIM KoMMoHeHTaM nporpamm [TMHUK. B yvactHo-
CTU, MOTEHLIUAJBI JJIsl YAYJYIIeHUsT OblJIU 3aMeyve-
HbI: B OTHOILLIEHUU MYJbTUMOAAJbHBIX CTpaTerui
I peanuszauuu BmemateabcTB o [NUUK, oby-
yeHus u noarotosBku no [NMMUMK, ykomriekToBa-
Hus mwratoB crietuaniuctaMmu no MUK u npyrux
PpabOTHUKOB 3JpaBOOXpPAaHEHUSI, a TaKXKe MPUBJe-
YeHUsI COOTBETCTBYIOIIMX 3aMHTEpPEeCOBaHHbIX
ctopoH. CpaBHeHHE C JaHHBIMU HallMOHAJbHBIX
ucciaenoBaHuii ¢ ucrnoab3oBaHnuem IPCAF, mnpo-
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BEIECHHBIX B COCEMHMX, a TaKXe B dKOHOMUYEC-
KU Pa3BUTBIX CTpaHax, BbISIBUJIO MHOTO OOIIEro.
Oo61ee BHenpeHue cTpyKTyp u npoueccos IMMK
B ApMEHUU 0Ka3aJ0Ch Ha HECKOJbKO 00Jiee BhICO-
KOM YypOBHe, 4yeM B cocenHeil I'py3uu [10], HO Ha
0oJjiee HU3KOM YpoBHe, yeM B I'epmanuu [6], xoTs
MO HEKOTOPBIM IIOKAa3aTesiM MOYTU HAOXOIMUJIO
10 ypoBHs1 ABcTtpuu [5]. ITogoOHO omnpocam, mpo-
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ouipsath nopropHoe npuMeHeHue IPCAF Bo Bcex
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HO€ 3HauYeHUe IJis HAOJIONeHUS 3a UBMEHEHUSIMU
u teHaeHuussmu B [TMUK, a Takke pa3paboTKu
WHAWBUAYaJIbHBIX CTPATErUI B Pa3BUTUU U COBEP-
meHctBoBaHuu [TUUK.
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MOJIEKYNIAPHO-FrEHETU4YECKASA
XAPAKTEPUCTUKA LULTAMMA VIBRIO CHOLERAE
nonO1/non0139 — BO3BYAUTEJIA HOBOIO
CJIY4AS OCTPON KULLEYHOWN MHOEKLIMU

B POCTOBE-HA-IOHY

E.B. Monaxosa, B./I. Kpyrimkos, A.C. Bononssanos, H.A. Censnckasa, M.A. ExoBa,
A.K. HockoB

DKY3 Pocmosckuii-ra-Jlony npomusouymuuiii uncmumym Pocnompebnaodsopa, e. Pocmos-na-Jlony, Poccus

Pestome. B PoctoBckoii obmactu Poccun 6osee 50 neT cyimecTByeT reTeporeHHast MOMYIISIINS XOJIepHBIX BUOPHOHOB
HeOl/ueO139 (HAT-BuOproHOB), MpeaCcTaBUTENN KOTOPOU MEPUOIUUECKY BBI3BIBAIOT Y JIIO/IEH OCTpPhIe KUIIIEUHbIE
nHGbEKIUY; ToCAeAHUN ciydail 3apeructpupoBaH B 2018 1., a 2022 1. B PocToBe ObLI CHOBA BBISIBJIEH O0JIBHOU pede-
HOK, OT KOTOpPOTro BblaeanIu 2 cyokynbTypsl HAT-BuOpuoHa. Lenb nccienoBanus: OuonHOOpMallMOHHBI aHAIU3
nojHoreHoMHbIX cukBeHCOB (WGSs) BoiaeneHHoro B 2022 1. kinHuueckoro mramma HAT-BubGproHa, reHeTUH4eCKuX
NETePMUHAHT (HDaKTOPOB MATOT€HHOCTU U MPOAYKTOB UX TpaHCASUUU in silico. Mamepuaavi u memoosi. BeineneHnue,
UAEHTU(PUKALMIO KYJbTYp, ONpeaeaeHue aHTUOMOTUKOYYCTBUTEIBHOCTH OCYILEeCTBAsIN cornacHo MYK 4.2.3745-
22, SNP-ananu3 WGSs, nonyueHHbix Ha maaTdopme MiSeq I1lumina, — ¢ TOMOILbIO aBTOPCKOT'O MPOrPpaMMHOI0 00¢e-
CrieYeHU s, A1 UASHTU(PUKAIIUY U aHAJIM3a TeHOB U MPOAYKTOB UX TPAHCISIMU UCTIONb30Baau MporpaMmMbl BioEdit
7.2.5, Vector NTI Advance 11, 6a3y nanubix CARD. Pe3yasmamoi. BeiaeneHHbBIe KYIbTYPbl, MASHTUYHBIC IO (DEHOTH-
nmuyeckuM npusHakam u [T P-renotunam, pesynbraram SNP-aHanuza, 0 MAEHTU(GUIIMPOBAHBI KaK HETOKCH-
reHHblil HAT-BuOproH. Bo30ynuTenb MposBIIsSI YYBCTBUTEIBHOCTD K JICBOMUIICTUHY, Ie(PTPUAKCOHY, CTPEIITOMU-
LUWHY, TEHTAMULUHY, HAJIUAUKCOBOW KUCIOTE, HMIPOGMIOKCAUNHY, AMIULIUINHY, aMUKALAHY U TPOMEXYTOYHY IO
YCTOMYMBOCTD K TETPALMKINHY, TOKCUIINKINHY, (pypa3oIuaonHy, Ko-TpuMokcasony. B WGSs orcyrcrBoBamm mpo-
daru CTX, preCTX, octpoB natoreHHocTH VPI, reHbl TepMocTabuibHOro u cholix-TOKCMHOB, OCTpOBa MaHAeMUY-
Hoctu VSP-1u VSP-11. JlerepMuHaHTHI cucTeMbl cekpetinu 6 Tvmna (T6SS) Obliu MpeacTaBieHbl He B TOJHOM COCTaBe,
YTO CBUIETEbCTBOBAJIO B IOJIb3Y YTPAThl ¢ (DYyHKIIMOHATBHOCTHU. BoIsiBIeH nHTaKTHBIN KiacTtep T3SS, k koTopomy
npujerana o61acTh nan-nag oCTpoBa MaToreHHocT! VPI-2 mpu oTCyTCTBUY MPOKCUMAaIbHON M TUCTaTbHOW YacTei
nocaenHero. O6HapyxeHbl kjactep RTX, oTBeTcTBeHHBIN 3a cuHTe3 LUTOTOKcMHA MARTX, reHbl remonusuHa
HIlyA, uutoronunueckoro TokcuHa Cef, HECKOJBKUX CEPUHOBBIX M METAJJIONPOTEa3. BOAbIIMHCTBO JETEPMUHAHT OT-
JIMYaJIUCh MO HYKJICOTUAHOMY COCTaBY OT MPOTOTUIIOB, HO UX MPOAYKTHI COXPAHSIIN XapaKTepHbIe aKTUBHBIC J10-
MEHBI. AIT€3MBHYI0 aKTUBHOCTbH MOIJIM 00€CIIeunBaTh He YyBCTBUTEIbHBIE K MaHH03¢ MSHA-110q00HBIE TUIH, TTO-
CKOJIbKY msh-KacTep coiepkan Bce HEOOXOAMMBbIE 7151 UX TPOAYKI[MU TeHbI, a TAKKE KT'YTUKHU, 002 OTBETCTBEHHbIX

Contacts:
Elena V. Monakhova

Appec pns nepenucku:
Mownaxosa EnenHa BnagvmuposHa

344002, Poccus, . PoctoB-Ha-[loHy, yn. M. lopbkoro, 117/40,
PocToBckuii-Ha-[oHY Hay4HO-MCCnef0BaTeNbCKINIA
NPOTUBOYYMHbIA UHCTUTYT.

Ten.: 8 (863) 240-91-33.

E-mail: monakhova_ev@antiplague.ru

344002, Russian Federation, Rostov-on-Don, M. Gorkogo str., 117/40,
Rostov-on-Don Research Anti-Plague Institute.

Phone: +7 (863) 240-91-33.

E-mail: monakhova_ev@antiplague.ru

Ans uuTMpoBaHus:

Mowaxosa E.B., Kpyraukos B.[., BoponbsiHos A.C., CensiHckast H.A.,
Exosa M.W., Hockos A.K. MonekynsipHo-reHeTu4eckas xapakTepucTmka
wramma Vibrio cholerae nonO1/non0139 — Bo3byauTens Hooro
CNny4as 0CTPOM K1weyHoi nHdekum B Poctose-Ha-[oHy // Hdekumus
nummyHuteT. 2022, T. 12, Ne 6. C. 1156-1162. doi: 10.15789/2220-7619-
MGC-2022

© Monaxosa E.B. n gp., 2022

Citation:

Monakhova E.V., Kruglikov V.D., Vodop’yanov A.S., Selyanskaya N.A.,

Ezhova M.1., Noskov A.K. Molecular genetic characteristics of Vibrio cholerae
non01/non0139 strain, the causative agent of a new case of acute intestinal
infection in Rostov-on-Don // Russian Journal of Infection and Immunity =
Infektsiya i immunitet, 2022, vol. 12, no. 6, pp. 1156-1162. doi: 10.15789/2220-
7619-MGC-2022

DOI: http://dx.doi.org/10.15789/2220-7619-MGC-2022

1156



2022, T. 12, Ne 6 HAT-BMOPUOH 1 kKnLLeYHas MHPeKLMs

3a UX 00pa3oBaHUe KjaacTepa ObIM Ha 99% MAEHTUYHBI MPOTOTUITY. M3 JeTepMUHAHT aHTUOMOTUKOPE3NUCTEHTHO-
CTU BBISIBJIEH TOJBKO TeH -naktamasbl VarG. 3axarwuenue. Uccnenyembliii mramm HAT-BuOproHa coiepXuT aocta-
TOYHOE KOJMYESCTBO MHTAKTHBIX AETEPMMHAHT (DaKTOPOB IMMATOTeHHOCTH, SKCIPECCHsT KOTOPBIX MOTJIa BHECTHU CBOM
BKJIAJ B pa3BUTHE 3a00JeBaHUSI.

Karouesvie caoea: xonepuoie sudpuonst HeOl/ne0139 (HAT-subpuonst), ocmpoie Kuuweunvie uHgexyuu, hakmopsl namo2eHHOCmu,
AHMUOUOMUKOYYECMBUMENbHOCH, NOAHO2EHOMHOE CEKBCHUPOGAHUE, OUOUHDOPMAYUOHHBLI AHANUS.

MOLECULAR GENETIC CHARACTERISTICS OF VIBRIO CHOLERAE nonO1/non0139 STRAIN,

THE CAUSATIVE AGENT OF ANEW CASE OF ACUTE INTESTINAL INFECTION IN ROSTOV-ON-DON
Monakhova E.V., Kruglikov V.D., Vodop’yanov A.S., Selyanskaya N.A., Ezhova M.I., Noskov A.K.

Rostov-on-Don Research Anti-Plague Institute, Rostov-on-Don, Russian Federation

Abstract. During more than 50 years, a heterogeneous population of Vibrio cholerae non-01/non-0139 (NAGs) exists
in Rostov region of Russia, whose representatives periodically cause acute human intestinal infections; the last case was
registered in 2018. In 2022, a sick child was again revealed in Rostov, from whom 2 NAG subcultures were isolated. Aim
of the study: bioinformatics analysis of whole genome sequences (WGSs) of the 2022 clinical NAG isolates, genetic deter-
minants of pathogenicity factors and relevant products. Materials and methods. Isolation, identification of cultures, as well
as antibiotic sensitivity were carried out according to the MUK 4.2.3745-22. SNP analysis of WGSs obtained on the MiSeq
Illumina platform were analyzed by means of designed software; BioEdit 7.2.5, Vector NTI Advance 11 package, CARD
database were used to identify and analyze genes and relevant deduced products. Results. The isolated cultures with identi-
cal phenotypic features, PCR-genotypes and results of SNP analysis, were identified as a non-toxigenic NAG. The agent
showed sensitivity to chloramphenicol, ceftriaxone, streptomycin, gentamicin, nalidixic acid, ciprofloxacin, ampicillin,
amikacin and intermediate resistance to tetracycline, doxycycline, furazolidon and co-trimoxazole. WGSs lacked CTX
and preCTX prophages, pathogenicity island VPI, thermostable and cholix toxin genes, pandemic islands VSP-I and
VSP-I1. The determinants of the type 6 secretion system (T6SS) were not presented completely, which evidenced in favor
of the loss of its functionality. An intact T3SS cluster was revealed, which was adjacent to the nan-nag region of the VPI-2
pathogenicity island in the absence of the proximal and distal parts of the latter. Other determinants of pathogenicity fac-
tors were revealed: RTX cluster responsible for synthesis of MARTX cytotoxin, genes for hemolysin HIyA, cytotonic toxin
Cef, several serine and metalloproteases. The nucleotide compositions of most determinants differed from the prototypes,
but their putative products preserved characteristic active domains. The adhesive activity might be provided by mannose-
insensitive MSHA-like pili, since the msh-cluster included all the genes necessary for their production, as well as flagella,
as both clusters responsible for their assembling were 99% identical to the prototype. From antibiotic resistance determi-
nants only B-lactamase VarG gene was found. Conclusion. The NAG strain examined here contains a sufficient set of in-
tact virulence-associated genetic determinants, expression of which could contribute to the development of the disease.

Key words: Vibrio cholerae nonO1/non0139 (NAGs), acute intestinal infections, pathogenicity factors, antibiotic susceptibility,
whole genome sequencing, bioinformatics analysis.

13 BOJOEMOB BBIIEISIOTCS IIOCTOsIHHO. [TocnenHuiia
00JIbHOM OBLI BBISIBJIEH B obOyactu B 2018 1., T1OoCHE

BeepneHne

Kak wu3BecTHO, XojepHble BUOpMOHBI HeOl/
HeO139 ceporpynn (HAI-BUOPUOHBI) SIBISIIOTCS
€CTECTBEHHBIMU OOUTATEIIMU ITOBEPXHOCTHBIX
BOJOEMOB 1 B OOJIBIIMHCTBE CBOEM HE COAepKar
FeHEeTUYECKUX ASTEPMUHAHT KJIIOYeBbIX (haKTOPOB
naTtoreHHocTH Vibrio cholerae — XonepHOTo TOKCHU-
Ha 1 TokcuH-KoperyaupyeMmbix nuieit (TCP). Onu
HE CKJOHHBI K 3MUIAEMUYECKOMY pacIIpoCTpaHe-
HMIO, HO B ONPEIEJICHHBIX YCIIOBUSIX MOTI'YT BBICTY-
MaTh B POJIM 3TUOJIOTMUYECKUX ar€HTOB CIIOpaguiecC-
KHX CJIy4aeB U Jaxe JIOKAJIbHBIX BCITBIIIEK OCTPBIX
kumeuyHbix nHpekuuin (OKU), pexe — BHeKU-
mevyHbIX (popM 3aboneBaHuii [7]. B PocToBckoii 00-
nactu Poccuiickoit @enepanyu (PdD) 6oiee 50 net
(c koHna 1960-x IT.) CyILIECTBYET JOBOJBLHO reTe-
poreHHas nonyiasauuss HAI-BuopuoHoB, npeacra-
BUTEJM KOTOPOIM MNEPUOIMYECKHU, C IepepblBAMU
ot 1 10 4 net, BeI3bIBalOT y mioaeit OKU [1, 2], xoTsa

gero (B rmepuon manaemun COVID-19) knmuanyec-
kKue mrtamMmMbl HAI-BUOpMOHOB Ha TeppUTOpPUU
Poccum He peructpupoBannch. OmHAKO B HIOHE
2022 r. B PocToBe cHOBa OBIJT BLISIBJIEH OOJIBHOM pe-
OEHOK, OT KOTOPOTO OBbLJIY BbIJICJIEHBI 1BE CYOKY/I1b-
Typbl HAT'-BuOpuoHa. IlocKkonbKy npeacTaBuTeIn
3TOI TPYNIBI KpaillHE TeTepOreHHBI 110 KOJIWYe-
CTBEHHOMY U KauyeCTBEHHOMY COCTaBY HCTCPMMU-
HaHT (PaKTOPOB IMATOreHHOCTH [7], MpeacTaBiIsI
MHTEPEC BOIIPOC O TOM, KaKMe UMEHHO M3 HUX MOT -
JIA IBUTHCS MPUINHOM pean3aliui BO30OYIUTEIIeM
MaTOreHeTUYEeCKOTO MOTCHIIMAa.

Llerp HaACTOSIIIETO MCCIETOBAHUS COCTOsIIA
B OMomHG(pOPMAaIlMOHHOM aHajJIu3¢ ITOJTHOTCHOM-
HBIX CUKBEHCOB BBIICJICHHOTO B 2022 T. KITMHUYEC-
Koro mrtamma V. cholerae nonO1/nonO139, rene-
TUYECKUX IEeTePMUHAHT (DaKTOPOB ITaTOTCHHOCTH
M IIPOAYKTOB UX TPAHCIISIIIUU.
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E.B. MoHaxoBa u gp.

MHdekumns n uMmyHuTeT

Marepuanbl 1 MeToapl

OO0BEeKTaMU UCCIIETOBAHUS CIYXKUIU 2 IITaMMa
V. cholerae nonO1/non0139, BeIIeIeHHBIE OT OJTHOTO
M TOTO XK€ OOJILHOTO pebeHKa C MUHTEePBAJIOM B 3 THS.

HItaMMBbl UAeHTUDULIMPOBAIU OAKTEPUOJIOT -
yeckuM metoaoM u B I1LIP B pexxume peanbHOro
BpeMeHHU B cooTBeTcTBUM ¢ MYK 4.2.3745-22 [6]
¢ ucnosb3oBaHueM HabGopa «AMIInCenc® Vibrio
cholerae-FL» (Peructp. ynmocroBepenue Ne DCP
2011/11139). YyBCTBUTENBbHOCTh K aHTUOMOTUKAM
ONpeAessiii COIJIaCHO 3TUM Xe€ METOAMYECKUM
yKaszaHusMm [6].

I[TonHOreHOMHOE CeKBEHMPOBaHUE Ha TIaTdhop-
Me MiSeq Illumina u SNP-ananu3 nmpoBonuian Kak
onucaHo paHee [4]. dnsg naeHTUUKALIUA B TIOJTHBIX
reHomax (WGSs) oTaebHbIX TEHOB U UX KJIACTEPOB
HUcItob3oBanu Tporpammy BioEdit 7.2.5 (http://
www.mbio.ncsu.edu/bioedit), TeHeTUYCCKUX IOeTEP-
MWUHAHT JIEKApCTBEHHON YCTOMYMBOCTH — 0asy
CARD (https://card.mcmaster.ca) 1 TTocjiefOBaTeb-
HocTu Apyrux HailieHHbIX B NCBI reHoB, BcTpeuaro-
IIVXCST Y XOJIEPHBIX BUOPUOHOB. TpaHCIISIIINIO TEHOB,
aHaJ U3 MX HYKJICOTHIAHBIX ITIOCJIeI0BATEIILHOCTEN
M aMUHOKMCJIOTHBIX (aa) MmocjeaoBaTeJbHOCTeN UX
MPOMYKTOB OCYIIECTBIISIJIM C UCITOJIb30BaHUEM Ia-
keta niporpaMM Vector NTI Advance 11 (Invitrogen).
IMporotunamu cayxunu WGSs pedepeHc-1TaM-
ma V. cholerae N16061 (AE003852, AE003853)
u V. cholerae O37 AM-19226 (AATY0200000000).
Jas ompenesieHUsT HaJW4YUS W JIOKAJIM3allMU aK-
TUBHBIX JTOMEHOB B Oenkax BoImogHsaIu BLASTP-
ananu3 (http://blast.ncbi.nlm.nih.gov).

Pe3synbraThl 1 006CYXaeHne

Boipenenue, upeHtudpukauma u peHoTunnyeckume
CBoOiiCcTBa BO30yauTens

bonabHasg N., 10 jet, )kxutenabHuua PocroBa-Ha-
JoHy, OblJIa OCMOTpEeHa Ha AOMY BpayoM CKOpOit
rnomoiu, npubeiBiiuM 16.06.2022 . MO BBI3OBY
B CBSI3U C XajlobaMM peOdeHKa Ha XeJIydOoYHO-KU-
IIEYHOE PACCTPOMCTBO, OOJIb B )KMBOTE U CJIa0OCTh,
U TOCTaBJIEH MpeaBapUTEIbHbI TUarHO3 «HEYyTOY-
HEHHBIU FaCTPOSHTEPUT U KOJUT MHOEKIIMOHHOTO
npoucxoxaeHus». [lomruMo opanbHOI peruapara-
LIMOHHOW Teparuu ObLI Ha3HAUYeH MpernapaT aHTHU-
OMOTHKA aMOKCUIIMJIMHA. VI3 oTOOpaHHOTO MaTe-
puana (feces) B I'oponckoit 1abopaTopuu KJIMHU-
YeCKOl MUKPOOMOJOrur Ha TPETUM NeHb ObLI BbI-
neneH mramMmm Ne 46, uaeHTU(GULMPOBAHHBIN KakK
HeToKcureHHbIt V. cholerae nonO1/non0139. On
OBLIT TIepedaH B pedepeHC-ISHTP MO0 MOHUTOPUH-
ry 3a xosiepoit (PKY3 PocroBckuii-Ha-JloHy mpo-
TUBOUYYMHbBI MHCTUTYT PocnorpeOGHan3opa), rae
ero BUJIOBAsT U CEPOTPYMIIOBAsT MPUHAIJIEKHOCTh
Obu1a moaTBepxkaeHa. [lapanienbHo ObLIM TIepe-
JIaHBl TPEXKPaTHO IMOBTOPHO OTOOpaHHBIE MPOOBI
KJMHMYECKOro MaTepuaja OT 3TOil ke OOJIbLHOM,

a TakxXXe OT KOHTAaKTHOTro JHma (MaTepu IeBOYKMH,
38 net). B pesynabrate 0GAaKTEpPUOIOTMUYECKOrO MC-
cJIeMOBaHU S KJIMHNYSCKOTO MaTepraia OT 0OJbHOM
OBLJI BBIJEJICH HETOKCUTEHHBIN mtamMMm V. cholerae
nonO1/non0O139 Ne 19, a B maTepmasie OT MaTtepu
HAT-BuGpuoHoB o6Hapy>keHo He Obl10. Ha miectoit
JIEHb OT HauaJja 3a00JIeBaHUSI B MHCTUTYT BHOBB IO~
CTYNUJIU TPEXKPATHO OTOOPaHHBIE TPOOBI OT OOJIb-
HOW, pe3yJibTaT 6aKTEepUOJOTMYEeCKOro UCCIea0Ba-
HU S Ha HaJIM4YUe XOJePHbIX BUOPUOHOB Ha 3TOT pa3
oKa3aJjcs OTpUllaTeJIbHBIM. 3a peOCHKOM MPOBOIM -
JIOCh eXeJHEBHOE HAOJIIOIeHNE B TeUeHUe 7 THEWH,
J10 MOJIHOM HOpMau3aluu COCTOSTHU .

BoigeneHHbIE KYJIBTYPHl OBIJIM MIEHTUYHBI-
MU TI0 MOPQOJOTUYECKUM UM OMOXMMUYECKUM
npu3HaKaM, XapaKTepHBIM IJIsd Buma V. cholerae,
He arrIloTUHUpoBaauch ceiBopoTkaMu Ol, Orasa,
MNuaba, 0139, RO. Ilo pesyasraram [TLP onu nume-
JIU TEHOTUII ctxA~, tcpA~, hly*, wbeOI-, wbf O139-,
4TO MOATBEPAMJIO UX IIpUHAIIeXHOCTh K HAT-
BuOproHaMm. O6e KyJIbTYPbI IIPOSBISIIN 9YBCTBH -
TEJIPHOCTh K JIECBOMUIETHUHY, lie(dTPpUaKCOHY,
CTPENITOMUIIMHY, TECHTAMUIIUHY, HAaJIUAUKCOBOM
KUCJIOTE, HUIPOMdIOKCAIMHY, aMIUIUIINHY,
AaMHUKAIUHY W IIPOMEXKYTOUHYIO YCTOWYUBOCTH
K TeTPALUKINHY, JOKCULUKINHY, Qypa3oTuIo0-
HY U KO-TPUMOKCa30Jy.

AHanu3 reHoB 1 UX NPOAYKTOB

Pesynbrarsl Kj1acTepHOTro aHaamn3a 1mo 3682 SNP
(OIHOHYKJICOTUAHbIE MOJUMOP(GU3MbBI) MOKa3allu,
4yTO 00a 1mramma, 46 u 19, GbLIM IPAaKTUYECKU UIECH-
TUYHBIMU IPYT APYTY, pa3andasich BCEro IO IBYM
SNP. DTo yKa3bsIBaeT Ha TO, YTO 3a00jIeBaHUE ObLIO
BbI3BAHO OJTHUM, a HE IByMsl pa3HbIMU KJIOHAMU.

OcoO0bBIi1 MHTEepeC IPEACTaBISIO OIpeacIcHUS
HaJIU9IUSI U COCTOSHHE TEHETHMYECKUX HCTCPMMU-
HaHT (aKTOpOB ITATOT€HHOCTH, KOTOPBIE MOTIJIH
OBbITh MPUYACTHBIMU K BOBHMKHOBEHU IO 3a00JIeBa-
Hus. C nomomibio mporpamMmbl BioEdit 6w110 1101~
TBEPKICHO OTCYTCTBUE T'€HOB XOJIEPHOT'O TOKCHHA
ctxAB v Bcex ocTajibHBIX TeHOB npodara CTX, Ko-
IVPYIOIIUX JONOJTHUTEIbHbIE (DaKTOPbl — aAre3uH
Cep, TOKCUHBI Ace 1 Zot, 4TO TakxXe yKa3bIBajo
u Ha otcyTcTBHe npodara preCTX, comepxkaliero
Te Xe TeHbl, Kpome ctxAB. OcTpoB MaTOreHHOCTU
VPI, BcocTaB KOTOPOTO BXOJAUT fcp-KaacTep, OTBET-
CTBeHHBII 3a Tponykiuio TCP, Takke MOJTHOCTBIO
oTcyTcTBOBaJ. He Obl10 0OHapy>KeHO ITeHOB Tep-
MOCTaOUIBHOTO TOKCHUHA (Sfn), TeMoan3nHos TDH
u TRH, cholix-TokcuHa (chxA), a Takxke OCTpOBOB
nanaemuuyHoctu VSP-1 u VSP-II. Bmecte ¢ tem
B WGSs 0b1111 MAeHTUDUIIMPOBAHBI AeTEPMUHAH-
THI 1I€JIOTO psiga (PpaKTOPOB ITAaTOT€HHOCTH.

B nepBy1o odepenb 3To KJiacTep reHOB KOHTaKT-
3aBucuMoii cuctembl cekpernu 3 tuna (T3SS), cro-
COOCTBYIOIIIEH KOJIOHMU3AIIMU KUIIIEUHUKA, a Ha MO-
IeNIsIX JIabopaTOPHBIX SKMBOTHBIX BBI3BIBAIOIICHH
TsKeayo dartanbHylo auapero [13]. Cuutaercs,
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T3SS cluster

tRNA |

N
—=| >|
i 5.

genes: arfA,

VOpE, vttRb, vesQ2, vopH, vopA, vesU2, vesVe,
vopX vopM, vspD, vcsd, vopF

conserved core sequences

vttRa, vesS2, vesN2, vesC2, vesT2, vesR2,

VPI-2
I I I
2 ORFs 2 ORFs
I
3-flanking nan-nanregion
vopG, acfC, nanM2, nanM2, rpiR,
vopK, vopY, acfD, nanA, dctQ, dctP, dctM,
trh, vopZ nank, nanK, nagA, nanH

PucyHok 1. Cxema yyacTka reHoma wtamma 46, Bknioyatowero nonHblii knacrtep T3SS u o6nactb nan-nag

VPI-2

Figure 1. Scheme of the strain 46 genome fragment including the full T3SS cluster and the nan-nag region of VPI-2
MpumeyaHune. NepeyncneHrbl TONbKO FeHbl C U3BECTHBIMU QYHKLMSMMU.

Note. Only genes with known functions are listed.

yro T3SS* mrammbl Gojiee BUPYJICHTHBI, YeM
T3SS- [15]. ¥V mrTamma-BO30yauTensi BCE TIEHBI
CTPYKTYPHBIX KOMITOHEHTOB, 3((HEKTOPOB U pery-
snaTopoB T3SS ObUIM MHTAKTHBIMU, XOTSI MHOTHE
M3 HUX OTJINYAJINCh OT TAKOBBIX «pedepeHc-TITaM-
Ma» AM-19226. BnipoueM, 3TOT IITaAMM, Y KOTOPO-
ro JaHHasI CUCTeMa CeKpelrM Obla oOHapy:KeHa
BIIEPBBIC, MOXET CUUTATHCS TUTIOBBIM JIMIIb YCIIOB-
HO, MocKoJabKy kjaactep T3SS xonepHbIX BUOpUO-
HOB B 3HAYUTEIBHOI CTETICHU BaprabeIeH T10 YHC-
JIy ¥ CTPYKTYpPe BXOJSIINX B €T0 COCTaB T'€HOB, YTO
MOXHO HaOJmoAaTh MPU aHaJIMU3e ITOro KJacTepa
B WGSs mTaMMOB pa3HBIX CEpOTPYIN, MPeacTaB-
aeHHbIX B NCBI. MHTepecHo, 4To cpa3y nmocJe Io-
cneaHero reHa T3SS-knacrepa vopZ HaxXoAUJIUCH 2
HEM3BECTHBIC OTKPBIThIC paMKM CUYMTHIBaHUs (orf)
manHOM 1191 1 819 1m.H., a 3a HUMU CJIe0Baja TPyII-
na u3 11 reHoB, mpeacTaBisolIas co0oil 001acTh
nan-nag octpoBa matoreHHoctu VPI-2, Torma xak
IpOKCUMaJbHAas M TUCTaJIbHAS YaCTH 3TOTO OCTPO-
Ba MOJHOCTbIO OTCyTCcTBOBaiu. OOacTe nan-nag
OTBETCTBEHHA 3a YTWJIM3ALMIO CHUAJIOBBIX KMCJIOT
KaK MCTOYHHMKA yTiiepoga W oOecIiedeHrue TaKUM
00pa3oM KOHKYPEHTHBIX TPEUMYIIECTB HE TOJIBKO
BO BHEIIHEH cpeae, HO U B KuileuHuke [9]. Panee
aHaJorM4yHas CTpyKTypa Oblia BbisiBieHa Chen
u coaBT. [10] y mramma O31 ceporpymnnbl NRT36S.
Ha puc. 1 nokazaHa cxema (pparmMeHTa reHoMa Uc-
cleayeMoro rTaMma, BKitodatomias kiaacrep T3SS
(KOHCEepBATUBHBIN LIEHTPAJbHBIA KOPOBBIM yya-
CTOK U 2 BapuabeabHbIX, (JIAaHKUPYIOLIUX €ro
C 00eux CTOpOH), U obnacTh nan-nag. Haxonsmuecs
MEXKIy 3TUMHU yJacTKaMHU JIBa T'eHa He ObLIM Haii-
JIEHbI B UMEBILIMXCS B HallleM pacriopsixkeHuu WGSs
T3SS-neraruBHbIX ITAMMOB HAT-BUOpHOHOB, Kak
n V. cholerae Ol. Ilporpamma BLASTP nnentudn-
UpoBajia UX MPOAYKTHI KaK OeJKU, coaepKaline
Ig-nopo6HbINT gomeH (Ig-like domain-containing
protein), HO 3TOT 1 APyTrHUe IMOTEHIIMATbHBIC TOME-
HBbl HAXOAMJIUCh B OOJIbIIIEM OeJiKe, a B MEHbIIIEM
otcyTcTBoBanu. Kak okazanock, y apyrux T3SS*
mramMoB Ol n HeO1/HeO139 ceporpyrni B 3TOM Me-
CTe HAXOOMTCS OIWH T'eH ¢ TAKUMU XKe TOMECHaMMU,
WMEIOIINI BBICOKYIO CTEIIeHb TOMOJIOTUU C ABYMSI

OMUCAaHHBIMU, HO y MCCJIEYEMOTO IITaMMa B pe-
3yabraTe BCcTaBkU T-815 u ciBura pamMmku odpaszo-
BaJICSI TIPEXJIEBPEMEHHBIN CTOI-KOJIOH, a HMXe
obpasoBaJjiach BTOpas, 6ojiee kopoTkas orf, HO Bce
JIOMEHBI OCTaJIUCh B TIepBoii. HecMoTpst Ha ipucyT-
CTBUE MOTEHIIMAJIbHBIX JOMEHOB, (DYHKIIMU 3TOTO
OeJIka HEM3BECTHBI, KaK U «HACTOPHSI» TTOHaTaHMUS
ero reHa B yKa3aHHYI0 MO3U1I1I0. To ke MOXHO cKa-
3aTh U 0 ABYX orf, cienyromux 3a nanH u He UMelro-
LIMX OTHOLIEHU S K mpoaojxkeHuo VPI-2 — nepBas
(330 1m.H.) KogupyeT OeJIOK ¢ HEU3BECTHON (PYyHK-
nueii, Bropas (807 m.H.) — OeJloK, coaepKaluii 2
nomeHa — WYL u YafY, npenmnosoXxuTeabHoO MpU-
YACTHBIN K PEryJIsiiiuu 3alllUTHBIX CUCTEM MUKPO-
opraHu3Ma U TPaHCKPUIILIMH.

I'en uHTerpasbl HaxoAUJICS B HavaJie KJjlacTepa
T3SS u oTnuyalcg Kak oT TakKoBeIX Apyrux T3SS*
mrTaMMoB (WGSs KOTOPBIX OBIIN TTOJTYYCHBI HAMU
paHee nn6o HavigeHbl B NCBI), Tak 1 oT TpOTOTHUTI-
Horo reHa nHTterpassl VPI-2 (puc. 2), XoTs 00e 3T
MHTErpa3bl UMEIOT OQMHAKOBYIO AJAUHY 1236 m.H.
My TUIIOBBIX IITAMMOB UASHTUYHBI Ha 98%.

ITo Bcell BUAMMOCTH, MpUBEIeHHAas Ha puc. 1
CTPYKTYpa MOTJIa 00pa30BaThCs B pe3yIbTaTe OOMeHa
npokcumaibHoro yyactka VPI-2 na kmacrep T3SS
U yTpathl auctajibHoi yactu VPI-2. Kak u 'y npyrux
T3SS" xonmepHbIX BUOPUOHOB, KJIaCcTep MWHTETPUPO-

int-T3SS NAG AM-19226 (0.0000)
int-T3SS O1 18775 (0.0000)
int-T3SS O1 20574 (0.0000)

int-T3SS NAG46 (0.0091)

—‘ ——int-VPI-2 0139env.17918 (0.0036)
int-VPI-2 prototype (N16961) (0.0050)
int-VPI2 NAG 19093 (0.0039)
int-VPI-2 O1 Amazonia3509 (0.0050)

PucyHok 2. leHgporpamma, NnoCTpoOeHHas

no pesaynbratam AlignX-aHanusa reHoB uHTerpas,
BXOASLLUX B cOCTaB knactepoB T3SS n VPI-2
pasHbix wtammos V. cholerae

Figure 2. Dendrogram constructed based on the AlignX
analysis data for integrase genes included in T3SS and
VPI-2 clusters of various V. cholerae strains
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BaH B xpomocoMy psijom ¢ reHoM TPHK (emie onun
KpUTEepUii MOOUIBHOTO T€HETUYECKOIro 3JEMEHTA),
Kak 1 noiaHbiii VPI-2 T3SS- mrammoB. bonee Toro,
nepen reHom TPHK B obOoux ciyyasix HaXxoauTcs
OJIVH U TOT e I'eH TPaHCIOPTHOTO OeJika ceMelicTBa
AcrB/D/F, 4To cBUAETENbCTBYET B I0OJIb3Yy HAIIIETO
MPEINOI0XKEHUS O TEHETUISCKOM OOMEHe.

Yro KacaeTcsl Ipyro KOHTaKT-3aBUCUMOU CH-
creMbl cekpetun — T6SS, To HeCMOTpsS Ha TIpH-
CYTCTBHE OCHOBHOTIO KJIacTepa C TeHaMU CTPYKTYP-
HBIX KOMIIOHEHTOB (VipAB, hsiF, vasABCDEF, clpV,
vasHIJKLM) u s3ddextopa vgrG3, IpOAYKT KOTO-
poTo COXpaHWJI MNEeNTUIOTINKAH-CBI3bIBAIOIIM A
nomMeH PBD, cmocoOHOCTE K €€ 3KCITpecCcruu uccie-
IyeMBbIM IITAMMOM-BO30yIUTEJIEM COMHUTEIbHA.
Bo-11epBBIX, HAXOASIINICSI B 3TOM KJIacTepe IeH
vasK ycedeH, clieloBaTelbHO, €ro MPOAYKT, Kpaii-
He BaXXHBbIN A5 cekpeuuu 3¢pdekTopoB [5], Bpsia
JIU SIBJSIETCSI TIOJTHOLICHHBIM OeJIKOM. BO-BTOpBIX,
B T€HOME OTCYTCTBOBAJIM T€HBI M caMuX 3 deK-
TopoB vgrGl, vasX, tsel, tseH, Bxonsiliye B cOCTaB
JOMOJHUTENbHBIX KJacTepoB AUXI, 2, 3 u 4; no-
CIeAHUE COXPAaHWJU JIMIIb TeHBl CTPYKTYPHBIX
KoMIIoHeHTOB T6SS Acp u vgrG2.

MomHBIMHI (aKTOpaMM MTaTOTEHHOCTH HETOK-
CUTCHHBIX IITAMMOB NPUHSITO CYUTATh BBICOMO-
JIEKYJISAPHBIA CaMOIIPOLECCUPYIOUINIACSI TOKCUH-
akTuHoMmonyasitop MARTX u nopoobGpa3syoiiuii
pacTBOpuUMBIT TemMonu3uH/muTono3uH HIyA [7].
Knactrep RTX coaepxasl Bce HeoOXOAMMBbIE AJIsI
nponykuuu MARTX renwsl (rtxACBDE, chp),
a MPOMYKT TPaHCISIIMY reHa COOCTBEHHO TOKCHHA
rtxA MeJ TaKkylo ke JJUHY, 4YTO 1 mpoToTum (4545
aa) M coaepKaJl Bce TAMMYHBIC aKTUBHBIC TOMEHBI
(ACD, RID, ab/H, CPD) HecMOTps1 Ha TO, UYTO caM
TeH OTJIMYAJICS OT mpoToTuna 419 myrauusamu (3a-
MeHaMu OT 1 mo 4 HYKJIEOTUOOB), OOJIBIIMHCTBO
KOTOpPBIX, TIpaBaa, OKa3aJiuCh Moidalmumu. [eH
remoJin3uHa coaepxai 39 SNP, Hu ongHa U3 KOTO-
PBIX TaKXXe He MpuBeja K IMOSIBJICHUIO IIPEXKICB-
pPEeMEHHOTO CcTomn-KomoHa. MOEHOTUITMYECKU 00¢
KYJBTYPHI OBIM TEMOJTUTUIHBIMY 10 OTHOIIICHUIO
K 0apaHbUM BPUTPOLIMTAM.

I'en nutoronuueckoro tokcuHa cef (CHO cell
elongating factor) mMmel Ty XXe IJIMHY, YTO M TIPO-
TOTUI, HO OTJIMYAJICSI OT HEro MHoxecTBoM SN Ps.
Tem He MeHee ero MpoAYyKT COXpaHUJ BCE Xapak-
TEepHbIC aKTUBHBIC ToMeHbl — KyHulia, JIeHInHO-
By1o MoHUIO, a/bH 1 LIP, a Takke cyocTpaT-cBsI-
3piBatolnit cant GHSLG.

l'enbpl MeTajutONIpOTEa3 — TeMarrJlOTUHUH/
nporeassl HA/P (hapA), xonnarenassl VchC,
BXOISIIIEeil B cocTaB hly-mokyca 1porteas3bl PrtV,
a Takxe cepuHOBBIX mpoTea3 VesA VesB, VesC,
IvaP, RssP ObliM MHTAaKTHBIMU, XOTsI COAepKaau
00JIbILIOE YMCJIO MOJYALUMX M MUCCEHC-MYyTalUid
0 CpaBHCHHMIO ¢ MOpoToTHnaMu. MX IIpOayKTHI
obecrieurBalOT KOHKYPEHTOCITOCOOHOCTh 3a OeJ-
KOBBIE€ MCTOYHUKM IMUTAHUS B Pa3HBIX DKOJOTH-

YeCKMX HUIIaX, OJHAaKO MHOTHE M3 HUX OIHOBpE-
MEHHO MOTYT OBITH (paKTOpaMM TaTOIreHHOCTH.
B sToM miaHe HauboJiee XOpPOILIO OXapaKTepu3o-
BaHO akKTWHOMonyJmpymoiiee neiicteue HA/P [3]
u nuapeerenHoe — VesC [12].

CylIiecTBEHHbIE OTJIUYMS TIEPBUYHON CTPYK-
TYpbl BCEX BBILICIIEPEUNCICHHBIX OEJIIKOB Kak
OT IPOTOTHUMNA, TAK U OT APYyrux mrammons HAT-
BUOPUOHOB, BEPOSITHO, OKA3bIBAIOT BJIMSTHUE HA UX
aKTUBHOCTb, YCUJIMBas e TN00 ocyadusisa. OnHako
HaJu4Yue OOJIBIIIOr0 YMCja MHTAKTHBIX HETCPMMU-
HaHT MO3BOJISCT IyMaTh, YTO SKCITPECCUU XOTS OBl
HEKOTOPBIX M3 HUX MOXKET OBbITh IOCTATOYHO JJISI
peanu3aliiy MaTOreHeTUYEeCKOro MmoTeHIaia.

Cnoco0HocTh BeizBaTh OKM 3aBUCUT HE TOJIb-
KO OT TOKCHMYECKUX CyOCTaHIIMiIT, HO OT aaTc3UB-
HBIX CBOWCTB BO30yauTesieil, obOecriedrBaroninux
KOJIOHM3allMIo KrllleuHUuKa. Kak oTMeueHo BhIlIIe,
IeTepMUHAHTBI KJIIOUEBOIo (pakTopa aare3uu —
nuieir TCP u normonanTenbHOr0 — nuianHa Cep —
B TeHOMeE OTCyTCcTBOBaiu. OnHAKO B JaHHOM CJTy-
yae (yHKIMIO (akTopa KOJOHMU3ALMU MOIJIU
B34Th Ha cebss MSHA-mono6HbIe TUIN. Y TOKCHU-
TeHHBIX IIITAMMOB MaHHO309YCTBUTCIBHBIC TTHJIN
3a CYET MEXaHU3MOB PETYJISIIINY IKCIIPECCUPYIOTCS
TOJILKO BO BHEIIHEU cpene, urpast pojib pakTopa
NepCUCTEHIIMMU, HO TIPU MOIMaJaHWM B OPTaHU3M
yeJIoBeKa MX MPOMyKIIUs perpeccupyercs. OmHako
uccieayemMble IITaMMbl, Kak W MHorue HAT-
BUOPUOHBI, COIEpXKaJd C COCTaBe msh-KiacTepa
M3MEHEHHBIC TeHbl MaXXOPHOM U MUHOPHOI CyOb-
eIMHUIL] 3TUX ITUJIeit, paHee 0003HAYCHHBIC HAMU
Kak mshA-like n mshC-like. HykeoTuaHbIC TTIOCIIE -
JIOBAaTeJIbHOCTU 3TMX T€HOB M, COOTBETCTBEHHO,
aa-TocJIeoBaTeJIbHOCTU UX MPOAYKTOB Y Pa3HbBIX
IMITAaMMOB CYIIECTBEHHO pa3JIMYaloTCsI, KOHCep-
BaTUBHOCTh COXPAHSIOT JHWINb MNPOKCHUMAaJIbHBIC
ydyacTKu. MshA-like MOryT UMeTh pa3HYIO AJUHY,
B HallleM cjiy4yae oHa cocTaBJsiiaa 148 aa, MshC-like
yaie Bcero cocrtodat u3 170 aa. Takue nmuaum aBas-
IOTCS <«MaHHO30HCUYBCTBUTECIBHBIMU», ITO3TOMY
MX TIPOAYKIIMS B KUIIEUHUKE HE TOABEPKEHA pe-
npeccuu. Kak ObIJ10 yCTaHOBJIEGHO MPU U3YUYEHUU
npyrux kianHundeckux HAI-BubpuoHoB, obGnama-
OIINE UMY IITaMMBI COXPAHSIOT aATe3UBHYIO aK-
TUBHOCTb MO MeHbIUel mepe in vitro [11]. Aare3uu
Tak>Xe MOTJIM CIMOCOOCTBOBATh XKIyTUKU [14], Tak
KakK 00a OTBETCTBEHHBIX 3a X OOpa3oBaHUE KJia-
crepa (flaCA-flgLM wn flaEGDB) Obiiu Ha 99%
WIEHTUIHBI IPOTOTHUITY.

I'eHOB aHTUOMOTUKOPE3UCTEHTHOCTU IpaK-
TUYECKU HE OOHApy>KeHO, YTO COBMAnajio C YyB-
CTBUTEIBHOCTBIO K HECKOJBKHM IIpelapaTaM
no ¢peHotumny. B To xe Bpems nporpammoit CARD
BBISIBJIEH TeH [-lakTamasbl varG, OTBETCTBEHHOM
332 YCTOMYUBOCTh K MEHULMJUIMHAM, KapOareHe-
MaM ¥ 1edaiocnopuHaM. Bo3aMoxXHO, 3TO oT4acT
MOBJIMSIJIO HAa 3aMeIJIEHHYIO 3JITMMHUHAIIMIO BO30Y-
IUTENSI, TOCKOJBKY peOeHKa JICUMJIU aMOKCHUITHJI-
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JIMHOM — TIOJIYCUHTETUYECKUM aHTUOMOTUKOM
Tpynmnbl MEHUIIUJIMHOB, aHAJOTOM aMIUIUJIIU-
Ha. K aMIUUMIAUMHY BO30yaAUTENb ObIJT UyBCTBU-
TeJIeH W He COoIepKaJl TeHOB NpYTuX P-rakTaMas
(blaPl/carb2, carb7, carb9, blaVCC), HO Mbl He UC-
KJoyaeM HeOosiblIoil akKTuBHOCTU VarG 1o oT-
HOIIIEHUIO K aMOKCULIMJITMHY, XOTS 3TO MpPEeAro-
JIOXXEHUEe TpeOyeT SKCIePpUMEHTaIbHOI ITPOBEPKHU.
Yto kacaeTcsi MOHUXEHHOW YYBCTBUTEIBHOCTU
K TETPallMKJUHY, KO-TPUMOKCa30Jy U dypazonu-
JIOHY, TO OHa MoIJla ObITh Pe3yJbTaTOM NEHCTBUS
3¢ PJIIOKC-TIOMIT, MOCKOJbKY I'e€HOB fetA, tetR, dfrA/
sul2 B TeHOME He BBISIBJIEHO, a MIPUYACTHOCTh reHa
nfsA, romoJjior kotoporo (¢ 21 SNP) npucyrctBo-
BaJl, K PE3UCTEHTHOCTU K Pypa3oauaoHy s XO-
JIepHBIX BUOPpUOHOB He gokasaHa. I[lltammbl HAT-
BUOPUOHOB C HYJIEBOII aHTUOMOTUKOPE3UCTEHTHO-
CThIO BBIACJSIIUCH OT JItoJieii B PocToBCKOM 0O1acTu
U paHblile, XOTSI B HbIHEITHEM CTOJIETUM WX YUCIIO
YMEHBIIUJIOCh, TaKXe€ OTMedYaJioCh ITOBBIIIEHUE
MIIK TtetpanukiauHa [8]. Bo BcsikoMm citydae, BbI-
neneHHbI B 2022 1. BO30y1UTEdb HE MOT CITYXUTh
JIOHOPOM I'€HOB YCTOWUYMBOCTU /IS Tlepeaadyu Apy-
TUM IITaMMaM TTONYJISIIINH.

3ak/o4yeHue

IMomyyeHHBIC PE3yabTATHl ITO3BOJSIOT 3aKJIIO-
4YUTh, UTO HcciieayeMbiii mramMmm HAIT-BuGpuoHa
COIEPKUT TOCTATOUHBIN HAOOP IeTepMUHAHT (haK-

Cnucok nutepatypbl/References

TOPOB MAaTOT€HHOCTU, IKCIIPECCUsT KOTOPBIX MOT-
Jla BHECTU CBOW BKJad B pa3BUTHUE 3a00eBaHUS.
HITaMMBbl ¢ aHaJOTMYHBIMM HabopaMu BCTpeya-
JIUCh W paHblIe KakK Ha Tepputopuu PocToBcKoM
oOJtactu, Tak u B npyrux peruonax P® [2]. B To xe
BpeMsI BC€ OHU pa3JUvyalucCh MO FTeHOTUIIaM, U 3TO
KacajoCch HE TOJIbKO KayeCTBEHHOIo W KoJauye-
CTBEHHOTO COCTaBa FreHOB U UX KJIACTEPOB, HO U CY-
IIIECTBOBAHU ST MHOXECTBA aJljIejiell OMHUX U TeX XKe
TeHOB. DTO CBS3aHO C YPe3BbIYAHOM MJIaCTUYHOC-
ThIO F€HOMa, MPEBOCXOAsIIEe TAKOBYIO HETOKCHU-
reHHbIX mramMmmoB Ol ceporpynibl. B HacTosiiee
BpeMsI, B OTJIMYME OT Ipolujoro crojetus, HAT-
UHMEeKIMU BOZHUKAIOT y JIIOJIE JOBOJIBHO PEIKO
M HOCSIT ciopaauyecKuit xapaktep. Yaie oHu 1o-
paxaroT neTeil, UMMyHHasl CUCTEMa KOTOPBIX ellle
MOJTHOCTBIO HE chopMUPOBaHa, a TaKXKe B3POCIIbIX
C OCJTA0ASIOIMMU UMMYHHUTET XPOHUYECKUMU 3a-
oosieBaHUSIMU. HAT-BUOPUOHBI MOCTOSIHHO MpPU-
CYTCTBYIOT B OKpYXalolleil cpenae U, BO3MOXKHO,
NEePCUCTUPYIOT B OpraHu3Me 6€CCUMIITOMHBIX HO-
cuteneil. Ux monmyasiiiuu B COBOKYITHOCTU COJEP-
Kat elle 6osiee MIUPOKUMN CIEKTP AeTePMUHAHT,
YTO CO3JAeT YCJOBUS JJisl MPOLIECCOB FeHeTUYeC-
Koro ooMeHa U (opMHUpPOBaHUS HOBBIX, BO3MOX-
HO 0o0Jiee BUPYJECHTHBIX KJIOHOB, ITOTOMY JaHHAas
rpymnma MUKPOOPraHU3MOB 3acjyXXuBaeT BHMU-
MaHUS TIPU MOHUTOPUHIE XOJIEPHBIX BUOPUOHOB
Ha TeppuTopuu PD, B TOM UucIie B IJj1aHe AaJTbHEM-
11IEr0 U3YYEHU ST Ha yPOBHE FeHOMa.
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UMMYHOXUMUWYHECKAY AKTUBHOCTDb
OmpF N OmpC NOPUHOB YERSINIA
PSEUDOTUBERCULOSIS, OUEHEHHAS4
METO0M JIASEPHOW JIOBYLLKU

N.B. Konsimes'?, O./1. Hosukosa?®, O.10. IToprugaruna®, A.A. BeiBaios'-?

'@I'BYH Hucmumym ¢gpusuonoeuu Komu nayunoeo yenmpa Ypanvckoeo omoenenuss PAH, e. Coikmoiekap, Poccus
2®DF0Y BO Bamckuii eocyoapcmeennuiii ynugepcumem, e. Kupoe, Poccus

J@IBYH Tuxooxeanckuii uncmumym 6uoopeanuyveckoil xumuu um. I B. Eaarxoea Jarvnesocmounoeo omoenenuss PAH,
2. Baradusocmok, Poccus

Pestome. Bsedenue. ViccienoBaHue 0CoOOEHHOCTEH B3aMMOJEHCTBU S B CUCTEME «aHTUTEH—aHTUTEI0» UMeeT O0JIbIloe
3HaUeHMe IJIs pPa3pabOTKM HOBBIX COBPEMEHHBIX CPEICTB NMAarHOCTUKU U Tepanuu MHGEKIIMOHHbBIX 3a00eBaHUIA.
B aT0i1 cBSI3M 60MBIIOI MHTEpEC MPEACTABISCT U3YUeHUE TIPUPOABI CBSI3U, (DOPMUPYEMOIT MeX 1y OaKTepuaTbHbIMU
AHTUTCHAMU M aHTUTEJaMU, C UCII0JIb30BAHUEM COBPEMEHHBIX OMO(PU3NIecKnX MeToa0B. OTHUM U3 TaAKMX COBpE-
MEHHBIX TTOIXOMO0B SIBJISICTCS METOJ ONTUYECKOI JIOBYIIKM, OCHOBAaHHBIM Ha MCIOJb30BAaHUH JIa3€PHOTO MMHIIETa
3HAYMMOCTH MOBEPXHOCTHBIX AHTUTCHOB B UMMYHOXMMMYECKO aKTMBHOCTU OakTepuii Yersinia pseudotuberculosis
C UCIIOJIb30BAaHNEM TAHHOTO METOIa paHee He oleHMBanach. Lleabio HacTosImIeH pabOTHl IBUIOCH M3YUEHHE BO3-
MOXHOCTH MCITOTb30BaHUS METONA ONTHUUYCCKOM JIOBYIIKY IS OLCHKH B3aMMOIEHMCTBUS TpaHCMEMOpAaHHBIX Oell-
KOB, Hecnenuduueckux mopuHoB Y. pseudotuberculosis OmpF- 1 OmpC-tuna, co crnenu@uuecKUMKU aHTUTETaAMU.
Mamepuanor u memodsr. OuninieHHbIe TpenapaTsl mopuHoB OmpF 1 OmpC HaHOCKJIM Ha TIOTUCTUPOIbHBIE MUKPO-
cepsl (d = 1 MKM) MOCPENCTBOM MACCUBHON aare3uu; GakT CeHCUOUIU3aLU MUKpochep BepuduurupoBagIn METo-
JIOM TBepnoda3HOro MMMYHOGMEPMEHTHOTO aHaIn3a KOMIIJIEeMEHTapHBIX aHTUCHIBOPOTOK, UCTOLICHHBIX TEMU MU
WHBIMU MUKpochepaMu. AHTUTEa B COCTaBe MBIIIMHBIX CBIBOPOTOK COpOMPOBaIM Ha MOBEPXHOCTU CTEKJa Io-
CPENCTBOM XMMUUYECKON cIIMBKU. OMNpeneseHue CUIbl CBI3bIBAHUS B CUCTEME «[IOPMHBI—aHTUTEIa» TTPOU3BOIMUIN
C TTOMOIIbIO JTa3¢PHOI JIOBYIIKHM COITaCHO pa3paboTaHHOMY paHee alaroputmy. Pezyissmamor. C TOMOLIBIO MOIEIb-
HOI CUCTEMBI, BKIIOYAIOLIEH MOJUCTUPOIbHBIE MUKpPOChEPHI, ceHcnbunuzupoBanHble mopuHaMu OmpF u OmpC,
1 TIOJJIOXKY M3 aMUHUPOBAHHOTO CTEKJIA, MMOKPHITYI0O UMMYHHOIN MJIM HEUMMYHHOM CBIBOPOTKOM, OBLIM BBISIBIIC-
HBI CYIIECTBEHHBIC pa3Iudus B cuiie cBsI3biBaHUA TOprHOB OmpF 1 OmpC ¢ roMOJTOTMYHBIMU aHTUCHIBOPOTKAMM
IO CPaBHEHUIO C HEUMMYHHO, KOHTPOJIBHOM CHIBOPOTKOM. CpemHsIs CrJia CBA3U IIPU UCIIOIb30BAHUY MMMYHHBIX
ceiBOpoToK coctaBuiia 60 mH mpnsg mukpocdep «OmpF» (konTpons — 40 mH) u 69 nH g mukpocdep «OmpC» (koH-
Tpoib — 49 mH). o5t HeoOpaTUMBIX CBSI3BIBAHU I MUKPOC(EpP 000MX TUTIOB C COOTBETCTBYIOIIIMMU KOMILJIEMEHTap-
HBIMU aHTUCHIBOPOTKAMM 0Ka3aJach CYIIECTBEHHO BHIIIE TIO CPABHEHUIO C MCIOJb30BAHMEM MHTAKTHOM CHIBOPOT-
KU. Pe3yabraThl OLIEHKM CpeIHeil CUJIbI B3aUMOIEICTBUS, a TaKKe MpeodiagaHue 10U HeoOpaTUMbIX CBSI3bIBAHU I
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W.B. KoHbiwes 1 ap. MHdekumns n uMmyHuTeT

MI/IKpOC(I)Cp, HarpyXxXeHHbIX UCCICAYEMBIMU aHTUTCHaMU, C IOAJIOXKaMU, O6pa6OTaHHHMI/I WUMMYHHBIMH CbIBO-
pPOTKaMH, CBUACTCJILCTBYET O TOM, UYTO B CKOHCTp}WIpOBaHHOVI HaMW MOJEJbHOI CUCTEME CHGHI/I(I)I/I'ICCKI/IG B3aMMO-
JNIEUCTBUS BHOCAT 3HAYUTEJIbHBIN BKJIAI B CUJTy MCXKMOJICKYJIAPHOI'O CBA3bIBaAHMA. Hpeﬂf[O)KeHHbeI METOAMYECKU I
MOAXOJ, MOXET OBITh NPUMEHEH OJIsd OLUCHKHW CUJI MEXMOJIEKYIAPHOTO B3aMMOIEUCTBUS B AaHAJIOTMYHBIX MOJIECJIbHBIX
CUCTEMAX C UCITI0JIb30BAHNUEM UHBIX MI/IKp06HbIX AHTUTCHOB.

Karouesvie caosa: nopunsl, Yersinia pseudotuberculosis, anmueenvt, anmumena, ceHcubUAU3aAUU, 1A3ePHAS N08YUIKA.

IMMUNOCHEMICAL ACTIVITY OF YERSINIA PSEUDOTUBERCULOSIS OmpF AND OmpC PORINS
EVALUATED BY OPTICAL TRAPPING

Konyshev L.V.**, Novikova O.D.c, Portnyagina O.Yu.c, Byvalov A.A.*"

a Institute of Physiology of the Komi Scientific Center of the Ural Branch of the Russian Academy of Sciences, Syktyvkar,
Russian Federation

® Vyatka State University, Kirov, Russian Federation

¢ Pacific Institute of Bioorganic Chemistry named after G.B. Elyakov of the Far East Branch of the Russian Academy of Sciences,
Vladivostok, Russian Federation

Abstract. Introduction. Study of features for interacting “antigen-antibody” system is of great importance for developing
new modern tools for diagnostics and therapy of infectious diseases. In this regard, it is of great interest to study the rupture
force between bacterial antigens and antibodies using modern biophysical methods including optical trapping. The impor-
tance of surface antigens in the immunochemical activity of Yersinia pseudotuberculosis assessed by such method has not
been evaluated yet. In this work we examined an opportunity to evaluate the interaction of hydrophobic Y. pseudotubercu-
losis porins OmpF and OmpC with specific antibodies using optical trapping method. Materials and methods. Polystyrene
microspheres (d = 1 wm) were coated by passive adhesion with purified preparations of OmpF and OmpC porins; micro-
sphere sensitization was verified by enzyme immunoassay. Antibodies from mouse sera were adsorbed onto the glass sur-
face by chemical linking. The rupture force in the “porins-antibodies” system was determined using a laser trap according
to the previously developed algorithm. Results. Using a model system including polystyrene microspheres sensitized with
the proteins and aminated glass substrate coated with immune or nonimmune serum, significant differences in binding
strength of OmpF and OmpC porins to homologous immune versus nonimmune sera were detected. The average forces
of interaction with immune sera was 60 pN for OmpF microspheres (control — 40 pN) and 69 pN for OmpC microspheres
(control — 49 pN). The proportion of irreversible substrate binding of the microspheres coated by the antigens to the treat-
ed with immune vs. non-immune sera was significantly higher. The results of assessing the average interaction force, as
well as the predominance of the proportion of irreversible binding of antigen-coated microspheres with sera-treated sub-
strates, indicates that specific interactions contribute significantly to the force of interaction. The aforementioned method
can be used to evaluate the forces of intermolecular interaction in similar model systems using other microbial antigens.

Key words: porins, Yersinia pseudotuberculosis, antigens, antibodies, sensitization, laser trap.

MOBEPXHOCTHBIE AHTUTEHBI OAKTEPUIA: JIUMOTOIU-

caxapu u 6eJK1 Hapy>KHOI MeMOpaHBI.
[MpeoGaamaromumu (1o 103 Konmuit Ha KJIETKY)

cpenu 0eJKOB Hapy>KHOW MeMOpaHbl FpaMOTpHUlIa-

BeepneHue

B Hacrosiee Bpemsi pon Yersinia, BKIIOUYEH-
HBI B ceMENCTBO Yersiniaceae, BKiodaeT 27 BUJIOB

OakTepuii, TpU U3 KOTOPBIX — Y. pseudotuberculosis,
Y. enterocolitica u Y. pestis — TIaTOTeHHBI JIJIS YEJIO-
BeKa. 3a00JieBaHUSsI, BBI3BIBAEMBbIC IICPBBIMU ABYMS
BUJAaMHM, IPOTEKAIOT NPEUMYIIIECTBEHHO B hopMe
OCTPOro 3SHTEpPUTA C TOPAKEHWEM PETruOHAPHbIX
JTUMPOY3JIOB U ITIeHiepOBBIX OJISIIEK KHUIICYHMKA.
DHTepoIaToreHHble MpeACcTaBUTENU poja Yersinia
ILIMPOKO PaCIIpOCTPaHEHbI B ITPUPOJIHBIX OMOTOMAaX
(mouBe, BoIe, pACTEHUSIX), HEKOTOPBIC U3 HUX SIBJISI-
IOTCSl 300HO3HBIMU 1 OOHAPY>KMBAIOTCSI B OPraHu3-
Me pbIO, 3eMHOBOAHBIX 1 HACEKOMBIX. OCOOEHHOCTH
NEPCUCTEHLIMM WEPCUHUI B YCJIOBUSIX OKpY>Karo-
1IEH cpelbl U T€ UBMEHEHUS, KOTOPbIE MPOUCXOIST
B UX KJIETKaX B Ipolecce MHOPUIIMPOBAHUSI TEILIO-
KPOBHBIX X)KMBOTHBIX 1 YEJIOBEKA, U3YUE€HbI HEAOCTA-
TOYHO. boJsiblly10 poOJib B 3TUX TpOLIEcCCaX UTPaIOT

TEJIbHBIX OaKTEepUll SIBASIOTCS MOPUHBI, KOTOPHIE
OTHOCSITCSI K TPYTNIe TpaHCMEMOpPaHHBIX WHTET-
paJibHBIX 0eJKoB, (GOPMHUPYIOIIUX B OaKTepu-
aJbHOI MeMOpaHe OOYOHKOOOPa3HYIO CTPYKTYpPY
¢ ruapodusbHOi mopoir BHYyTpu [10]. Ocratku
ruaIpodOOHBIX aMUHOKUCIOT IMTOPUHOB, OOpaIlleH-
HbIE HAPYXYy, B3aUMOJECUCTBYIOT C TUITUAaMu Oak-
TepUaJbHOU MEMOpaHBbI; B CBOIO O4Yepenb, TUIPO-
¢dusibHBIE OCTAaTKU OOpallleHbl B MOJIOCTh KaHaJa,
4yTO obOecmeuynBaeT TpaHCMEMOpPaHHBIN TIepeHOC
HU3KOMOJIEKYJISIPHBIX TUAPOMUITBHBIX OPTaHUYEC-
KUX COEIUHEHUN U cosieil (HyTPUEHTOB, aHTUOUO-
THUKOB, COJIEU XKETUHBIX KUCIIOT).

Ha mipumepe Escherichia coli O6b110 OKa3aHo,
4TO YPOBEHb IKCITPECCUU TEHOB MOPMHOB U3MEHSI-
€TCs B 3aBUCUMOCTHU OT TemIiepaTypbl, pH cpenbl
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U OCMOJISIpPHOCTU cpenabl [4, 9]. TTonoOHBIMU CBOYi-
CTBaMH 00JIafaloT U KJETKU MCUXPOTOJIEPAHTHO-
ro MUKpoopraHusMma Yersinia pseudotuberculosis:
B OKpYy:XKalollei cpele W IIPU KYJIBTUBUPOBAHUU
B nuamnasoHe Temmepatyp (ot +4 no +10°C) B kje-
TOYHOM CTEHKE TaHHOTO0 MUKpPOOa CUHTE3UpPYETCs
npenmyinectBeHHO mopuH OmpF. Tlpu moBbIIIe-
HUHU TeMIiepatypsl 1o +37°C, HaIpuMep B YCIOBU-
SIX M30BITKAa HYTPUEHTOB BHYTPHU TEIIJIOKPOBHOTO
opraHusMa, YyBeJMYMBAETCI MPOAYKIUS Oeyka
OmpC, yuacTBylomero B (GOPMHUPOBAHUU TIOP
MeHbIIIeTo pasMepa. [IpemmonaraeTcs, 4TO M3Me-
HEHUE THUIla Heclenu(pUuIecKnux MOPMHOB B Oak-
TepuaJibHOI MeMOpaHe M CBSI3aHHOE C 3TUM M3-
MeHeHMEe ee MPOHULIaeMOoCTu (Mau 3¢ HeKTUBHO-
CTH TIPOXOXICHUS HYTPUECHTOB Uepe3 HapyKHYIO
MeMOpaHy) TIpeacTaBjisieT coboli ONWH U3 Mexa-
HM3MOB aJarnTaiuy 0aKTeprii K UBMEHEHUIO yCJI0-
BUII oKpy:XKartomieil cpeabl [9]. Kpome Toro, nmopuH
OmpC obGecneunBaeT IOIOJIHUTEIBHYIO 3allUTY
NEPCUHUN OT NEMCTBU S KEITIYHBIX KUCIIOT, CITOCO0-
CTBYS UX BBIXKMBAHUIO B TOHKOM KUIIIeYHUKE [12].

IToxa3zaHo yyacTue MOPUHOB I'PaMOTPUILIATEIb-
HBIX OaKkTepuii B Ipolleccax aare3uu, WHBA3UU
1 (POPMUPOBAHUU YCTOMINBOCTH K KOMITOHEHTAM
ceIBOpOTKH [3, 5, 13]. CooO1aeTcst Takke O BKJaaae
MOPUHOB psifa OakTepuil B oopazoBaHue OUOILIEC-
HOK [11], 006 X BO3MOXKXHOM y4acTUU B pelEIUN
bakTeprodaros [8] U B CTUMYJISILIUKA CUHTE3a IIPO-
BOCTIAJIUTEJIbHBIX IIUTOKWHOB B TIPOIIECCE Pa3BU-
THUS UMMYHHOTO oTBeTa [6].

Llenp HaACTOSIIETO UCCIENOBAHUS COCTOsIIa
B ONpeNeceHUN METOIOM OIITHUYECKON JIOBYIIKU
CUJIOBBIX XapaKTEPUCTUK B3aUMOJEHCTBUS MOJIE-
KyJa Hecnenuduueckux nmopuHoB OmpF u OmpC
Y. pseudotuberculosis ¢ ClIBOpOTKaMu, COIEPKaIIM-
MM TOMOJIOTUYHBIC aHTUTEA.

Matepuasnbl 1 METOLbI

B paboTe ucrionb3oBanu mramMm Y. pseudotuber-
culosis cepotutta 1b (Ne 474), monydeHHBIU U3 KOJI-
nekuy @KY3 PocHUTTYU «Mukpob».

[Mopuusr OmpF u OmpC Y. pseudotuberculosis
HoJydJaau W3 MUKPOOHOI MacCHI, BBIpPAIIeHHOI,
COOTBETCTBeHHO, npu +6...+8 u +37°C 1o paHee
onucaHHoil MeTtonuke [2]. CTerneHb OYUCTKHU MO-
JIYYeHHBIX 00pa3loB IOPMHOB aHaJIM3UpPOBAIU
c nomombio SDS, ITAAT-snekTpodopesa 1mo MmeTo-
ny Jlammau [7]. Ilo naHHBIM 27eKTpodopesa, uc-
MOJb30BaHHbBIE B 9KCMEPUMEHTE 00pa3lbl OEJIKOB
MNpeacTaBIsIIM CcOOOl TOMOTEHHBbIE IpernapaThl.
Jlo mcrorb30BaHUS B BKCIICPUMEHTE IIperapaThl
MOPUHOB XpaHUJIU I1pu TemIiepatype 4—6°C B poc-
darHom OydepHom pactBope (PBP), pH 7,2—7,4,
comepxaitieM 0,1% SDS. CeHcuOMIM3aLUIO MU-
Kpocdep ImpernapaTaMy MOPUHOB, a TaKxXe Baju-
manuio akTa yKa3aHHOM CEHCHMOMJIM3AIUU ITPO-
BOJAWJIY MO METOJAMKAaM, OITUCAHHBIM B padoTe [1].

MBIIIMHBIE aHTUCHIBOPOTKM K ITOPUHAM ITO-
JlydaaM, Kak onucaHo B padote [1]. Tutpsl aHTH-
TeJl B TIOJYYEHHBIX AHTUIIOPUHOBBIX CBHIBOPOT-
KaxX OITpeIesIn C TIOMOIIBI0O METOdAa HEIPsIMOTO
TBeprnodazHoro MMMYHOMEPMEHTHOTO aHaJu3a
(TUDA), wncnonb3ys MukporanireTsl Costar
(CIHA). TUTpbl UMMYHHBIX CBIBOPOTOK K ITIOPUHAM
OmpF u OmpC cocrasiasau 1:62 400 u 1:124 800
COOTBETCTBEHHO. HopMabHYy10, MHTAKTHYIO ChI-
BOPOTKY TIIOJyyaJd OT HEUMMYHHBIX MBILICH.
HenocpencTtBeHHO nepen UCII0JIb30BaHUEM ITpeTia-
paThl CBIBOPOTOK HeHTpudyruposanu mpu 10 000g
BTeueHue 20 MuH. Bce akcnepruMeHTbI ¢ )KMUBOTHbI-
MM OBUIY TIPOBEIEHBI B COOTBETCTBMHU C ITOJIOXKE-
Husmu Jupektunbl Ne 2010/63/EC EBporeiickoro
napiaameHnTta u Coera Espomneiickoro Coro3a
«O 3amuTe XKUBOTHBIX, UCTIONb3YIOMIUXCS TSI Ha-
YUHBIX LIEJIEI».

st ceHCMOMIM3ay MOAJI0XKEK ChIBOPOTKAMU
MCIOJIb30BaJIM TIacTUKOBBIe yamku «Fluorodish»
(WPI, I'epmaHus) cO CTEKTSTHHBIM THOM, KOTODBIE
NpeaBapuTebHO MOABEPraju IIpOleaype aMH-
HUpoBaHUsA. B oTneiabHOIl €MKOCTU CMELIMBaJIU
10 mxs TpuaTunamuHa (Peaxum, Poccust) n 30 Mxn
3-aMUHONPONUJI-TPUITOKCUCUIIAHA (APTES)
(Sigma Aldrich, CIIIA), nmocyie 4yero nmoMeliaaiu ee
BMECTE C YalllkaMU B 9KCUKATOP W BbIACPKUBAIU
B aTMoc(epe aproHa B TeueHue 1,5 4. Ilo okoHya-
HUU OpOoIleayphl Ha IMTOBEPXHOCThH YallleK HAHOCH-
v mocsienoBarenbHo 0,6 Mk EDC (Sigma Aldrich,
CIIIA), 900 mxs @BP, 30 mx1 0,46%-HOro pactBopa
N-runpoxkcucykumHumuaa (SigmaAldrich, CIIA)
n 100 MKJI KaXXI01 13 TpeX CBIBOPOTOK (B pa3Belie-
Huu 1:10). MHkyOupoBaau Yallku B TEUEHHUE HOYU
npu teMmriepatype 4—6°C, 3aTeM NITUKPATHO MPO-
MBIBaJIi IEUOHU30BAaHHOW BOAOW U XpaHUJIU B 3a-
KPBITOM 3KCHKaTOpe npu Temiieparype 4—6°C.

st OLIEHKUW CWJI B3aWUMOJEUCTBUS B MOJIEIb-
HOM cucteMe «MUKpochepa—MoaoXKa» UCIOb-
3oBaau JasepHbiii nuHuer JPK Nanotracker™
(JPK, I'epmaHusI) Ha OCHOBE UTTPUM-TPAaHATOBO-
ro MCTOYHMKA UH@paKpacHOro usiaydeHus (A =
1064 um). HenmocpeacTBeHHO Tepel MPOBeIeHHUEM
skcnepuMeHnTa B yaimiky <«Flurodish», ceHcuowu-
JU3UPOBAHHYIO OOHUM M3 TPEX CHIBOPOTOUHBIX
npenapatos, npunusaiu 2,5 ma OBP u 2—4 Mk
cycnieH3uum Mukpocdep. TmareapbHO TepeMenIn-
BajlM COAEPXKMMOE 4YalllKu W YCTaHaBJIWBaJIU €€
Ha TepMocTaTUpyeMylo IaT¢dopMy C Temmepa-
Typoit +37°C. lajmee NpOU3BOAMIN KaJIUOPOBKY
npubopa Cc ucmoJib3oBaHUEeM TporpaMMmbl «JPK
Calibration Manager» ¢ yueToM TeMIlepaTypbl pac-
TBOpa, AMaMeTpa MUKpocdep 1 BI3KOCTU pacTBOpa
(0,73 cIl3). OmrpenencHHOE TAKUM CITIOCOOOM CpeJI-
Hee 3HaueHue KoahdUIIMEHTa YyBCTBUTEIBHOCTHU
KBaJpaHTHOTrO AeTeKTopa coctaBuyio 6,4 MB/HM,
KoadbunmreHTa xkectkoctu — 0,26 mH/HM.

MeTtoanKa OIIGHKHM CHUJI MEXMOJIEKYJISIPHOIO
B3aMMOAEUCTBUS BKJIIOYAJa 3aXBaT MUKpOChepsbl
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B (DOKYC J1a3epHO JTOBYIIIKY MPU MOILITHOCTH JIa3e-
pa 2,0 Bt. ITocyie moBTOpHOI KaauOPOBKU TOABO-
VI MUKpochepy KO JHY YalllK1 TaKUM 00pa3oM,
4TOOBI pacCTOSIHME MEX 1y HUMU cocTaBisiiao 1,0—
1,5 MxM. C NOMOIIBIO Mbe30CTOJMKA MPELU3UOH-
HO TIepeMelllajid JalllKy B HaIllpaBJICHWM HEITOM-
BUKHOI MUKpocdepsl ¢ miarom 50 HM 10 MOMEHTa
WX CONPUKOCHOBEHMSI, KOTOPBI (DUKCUPOBAIU
MO TPEeM MOCJIeMOBaTeIbHBIM CKauyKaM Ha XPOHO-
rpamMme curHaza. CrrycTs 1 ¢ rmocje ocTaHOBKH 3a-
MyCKaJM IMPOLIECC OTBEICHUS ITbe30CTOJINKA B 00-
paTHOM HaIlpaBJIEeHUHU B IMOJIyaBTOMaTUYECKOM pe-
JKHME CO CKOPOCTHIO 0K0JIO 150 HM/c. MOMEHT pa3-
pbIBa CBSI3U JAETEKTUPOBAJIM IO CKAUKOOOpPa3HOMY
M3MEHEHMIO CUTHAJIa Ha XpOHOTpaMMe.

INepBuYHBIE TaHHBIE COXPAHSIJIV B BUJIE TEKCTO-
BbIX (haiiyioB, KOTOphIe 3aTeM 0OpabaThiBalu C UC-
MOJIb30BaHUEM CIIeIIMaJIM3MPOBAHHOIO MPOrpaMM-
Horo obecrieueHus1 JPK Processing. Ctatuctuuec-
KW aHaJINU3 ITPOBOIMIIN C MCTIOJIb30BaHUEM MaKe-
ToB ImporpamMm MatlLab 7.0 u Statistica 12.

Pe3ynbraThl 1 00CYXaeHNe

Ha mepBoM 3Tame ucciegoBaHUS UMMYHOXHU-
MHUYECKH OBLI TMOATBEpKIeH (haKT CCHCHMOMIIM3a-
OUU TTOJIUCTUPOJILHBIX MUKpOC(ep mpernapaTaMu
nopuHoB. C momo1bio Metoga TUMA 6v11m onpe-
JeJeHBI CpeaHNe 3HAYCHUSI ONTUYCCKONM MIOTHO-
ctu (OIl,,) pacTBOPOB B JyHKaX C BHECEHHBIMU
«aHTH-OmpF» m <«antn-OmpC» ChIBOPOTKaMU,
MOJYICHHBIMHU TIOCJIC MHKYOAIInKM ¢ MUKpocdepa-
MH, CCHCHUOMIM3NPOBAHHBIMU TOMOJIOTUIHBIMU
anTureHamu. Usmepennsie 3Hauenust OIl,y, cocTa-
BUIM cooTrBeTcTBeHHO 0,950 1 0,742 tipotuB 1,722
u 2,041 enunaun Oll,y,, TOTyUYeHHBIX IJISI CyTiep-
HaTAHTOB TTocJie MHKyOauuu Mukpocdep «bCA»
C mperapaTaMy 3TUX K€ ChIBOPOTOK. AKTUBHOCTH

MCXOOHBIX MUMMYHHBIX «aHTU-OmpF» u <«aHTu-
OmpC» CBIBOPOTOK, B3SITHIX B TOM K€ Pa3BEICHUH,
coctaBuJia B cpeaHem 1,803 u 2,102 equnun OIl,,,
COOTBETCTBEHHO.

Ha BTOpoM sTare ucciaenqoBaHus METOAOM OIT-
TUYECKOU JIOBYIIKM OBLIM OIpPENesJeHbl CpeaHue
CUJIbl B3aUMOJENCTBUSI MUKpochep, odOpaboTaH-
HbiXx mopuHaMu OmpF 1 OmpC, ¢ COOTBETCTBYIO-
UMW  TOMOJOTMYHBIMM  aHTHCBIBOPOTKAMMU.
M x 3HaueHUsT oKa3aauch OJU3KUMU U COCTABUJIU
cootrBeTcTBeHHO 60 1 69 MH. [1pu ucnosb3oBaHUU
MOMJIOXKKHU, 0OpaboTaHHOU HOPMabHOW MBIIIU-
HOW ChIBOPOTKOM, HE coaepKallleid aHTUTEN K yKa-
3aHHBIM OeJIKaM, CUJIbl B3aUMOJIEACTBUSI COCTaBU-
au B cpeaHeM 40 u 49 nmH cooTBeTcTBEHHO (TAa01.).
AHanu3 rucTorpaMM pacrnpenesieHus CUJI pa3pbiBa
nis cucteMbl «OmpF—anTtu-OmpF» nokaszan Ha-
JIn4YUe NBYX BbIpakeHHbIX TUKOB (B 00actu 20—40
u 110—140 nH). IToxoxast 3aKOHOMEPHOCTh Xapak-
TepHa W JJIs BTOPOH TMapbl B3aWUMOAEUCTBYIOIIUX
mouiekya: B cuctemMe «OmpC—aHTu-OmpC» mep-
BbII MUK HabOmonajcd B ooimactu 20—40 nmH, BTO-
poii — B ooactu 110—150 mH (puc.).

MOXHO TIpPEearnoJioXUTb, YTO BbBICOKOAMILIU-
TYJAHBIE OTPBIBBI COOTBETCTBYIOT CHIElIU(PUIECCKUM
B3aUMOAEUCTBUSIM aHTUIeHa ¢ WMMYHHOU CBbI-
BOPOTKOI, a HU3KOAMITJIUTYIHBIE OTPHIBBI — HE-
cneuuduIYeCcKUM B3aUMOACUCTBUSM, OOYCIOBJICH-
HBIM, OYEBUIHO, (GPUUKO-XUMUIECKUMU OCOOEH-
HOCTSIMUM HoOcuUTedeil (MoJucTuposia MUKpochep
U CTEeKJISIHHOU MOBEPXHOCTU, 00pabOTaHHOI aMU-
Hupytomum areHToM — APTES). Ilpu ucnosbs3o-
BaHUU TMOAJIOXEK, 00pabOTaHHBIX HOPMAaJbHOU
MBIIIIMHOM CBIBOPOTKOM, HOJSI HU3KOAMILIUTYI-
HBIX OTpBIBOB (110 40 TH) cocraBuna 57 u 48% nis
mukpochep «OmpF» 1 «OmpC» cOOTBETCTBEHHO.
Ilpn ucnonb30BaHUM YallleK, TMOKPBITHIX ChIBO-
pOTKaMM K YKa3aHHBIM ITOpWHAM, JOJsSI HU3KO-

Ta6auua. Cunbl pa3pbiBa cBA3eli B cucteme «Mukpocdepa—noanoxkar» Ans pa3nmiyHbix KOMOUHaLMiA

AHTUIreHOB N CbIBOPOTOK

Table. Rupture force distribution in the “microsphere—glass surface” system for varying antigen-serum combinations

3HauyeHue nokasartens s MOAENIbHOW CUCTEMBI
Parameter magnitude in model system
Mokasatensb OmpF- OmpC-
Parameter aHTM-OmpF OmpF-HopManbHas aHTM-0mpC OmpC-HopmanbHas
CbIBOPOTKA CbIBOPOTKA
OmpF- OmpF-normal serum OmpC- OmpC-normal serum
anti-OmpF anti-OmpC
Fmean, nH 60+41* 40+31* 69+41** 49+39**
[ona HeoOpaTUMbIX CBS3bIBaHUI, %
Proportion of irreversible bindings, % 394 15,3 39,2 17.9
Long «HyneBbIx» ONbITOB, %
Proportion of «zero» bindings, % 179 4638 16,5 419
N 471 326 450 375

MpumeyaHune. Fmean — cpegHee 3Ha4YEHNE CUAbl Pa3PbIBAEMOV CBSA3K;

* kk

— pas3nunyns B napax CTaTucTU4eCckn LOCToBepHbl ansi p > 0,99;

nog, «HyNEBbIM» OMNbITOM NOHUMAETCS OTCYTCTBUE CKayka CUrHana Ha XpOHOrpammMe Npy 0TBEAEHNM Nbe30CTONMKa.
Note. Fmean — mean value of the ruptured bond strength; *, ** — significant pairwise differences for p > 0.99; «zero» binding stands for no signal rise

upon piezo table removal.
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Figure. Histograms of rupture force distribution in the “microsphere—glass surface” system
Mpumevanue. A —«OmpF-aHTn-OmpF», b — «OmpF-HopmManbHas cbiBOpoTKa», B — «OmpC—-ant-OmpC»,

[ — «OmpC-HopmanbHas CbiIBOPOTKA.
Note. A — “OmpF-anti-OmpF”, B —

aMITJIMTYAHBIX OTPBIBOB OKa3aJlach CYILIECTBEHHO
HMXe — cooTBeTCTBEHHO 30 1 40%. I1pu 5TOM 107151
HeoOpaTUMBbIX CBsI3bIBAaHUU MuKpochep «OmpF»
C KOMIIJIEMEHTAapHOU U KOHTPOJBbHOW CBIBOPOT-
Kamu coctaBuia 39,4 u 15,3%, a niust Mukpocdep
«OmpC» — 39,2 u 17,9% (1ab6m.).

Kak BUAHO M3 MpeacTaBIEHHBIX Ha PUCYHKE
MaHHBIX, CBS3bIBAHUE UCCJENYeMbIX aHTUTEHOB
C aHTUTEeJaMU TpeacTaBasieT CO0ON CJOXHBIN
Mpolecc, MOCKOJAbKY Ha BCEX rMCTOrpaMmax Mnpu-
CYTCTBYeT KaK HU3KOAIJIUTYIHBbINA, TaK U BBICO-
KOaAMITJIUTYAHbIM Nuku. B ciaydyae uMMMyHHOI
CBIBOPOTKMU, KOTOpaslh WUCHOJb3YETCSI B DKCIEPU-
MeHTe B HeOosiblioM pa3BeaeHuun (1:10), Hanuuue
nuka B obiaactu 20—40 mH MoxkeT 0O0BbICHSITHCS
MPUCYTCTBHMEM ChIBOPOTOUYHBIX OEJKOB, HeCHelU-
duuecku B3auMoneicTBywiux ¢ bCA, npu-

Cnucok nutepatypbl/References

“OmpF-normal serum”, C —

“OmpC-anti-OmpC”, D — “OmpC-normal serum”.

BHECEHHBIM U3 OJOKMpYlollero oygepa B cocTaB
ceHcUuTHHa Ha Mukpocdepax. Tem He MeHee Mmpe-
obsamaHue NOJAU HEOOpaTUMBIX CBSI3bIBAHUI Ha-
TPY>KEHHBIX UCCIEAYEMbIMU aHTUTEHAMU MUKPO-
cdep ¢ moagoxXkKaMu, oOpabOTaHHBIMU MMMYH-
HBIMU CHIBOPOTKAMHM, CBUAETEIBCTBYET O TOM, UYTO
B CKOHCTPYMPOBAHHO HAaMM MOIEIbHOW CUCTEME
cnenuduyecKkre B3aMMOJEHCTBUSI BHOCSIT 3HAYM-
TEJbHBIW BKJIAJ B CUJIy MEXKMOJIEKYISIPHOTO CBSI-
3bIBaHU S (TA0JI.).

TMonyueHHbIE pe3yJbTaThl CBUIETEIBCTBYIOT
0 TOM, YTO alIpoOOMpPOBaHHbBIE HAMU METOITMYECKIE
MOIXOAbl, OCHOBaHHBIE Ha MCIIOJb30BAHUM OITH-
YeCcKOro TMHUHIETa, MO3BOJISIIOT OLEHUBATh CUJIO-
BbIE XapaKTEPUCTUKU MEXMOJIEKYISIPHOTO B3aM-
MOJICHICTBUSI Pa3JIMYHBIX MUKPOOHBIX aHTUTEHOB
W AaHTUTE.
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OCOBEHHOCTU CTPYKTYPbl COOBLLECTBA
'PUBOB POAA CANDIDA B KULWEYHOM
BUOTONNE BOJIbHbIX TYBEPKYJIE3OM

A.A. Xoaogos, }0.B. 3axaposa, JI.IO. Ornymkuna, E.O. Bpioxauesa, T.B. IIpsiH30Ba

KpaTtkue cooOLieHuns

NHdekums n uMmyHnTeT
2022, T. 12, Ne 6, c. 1169-1174

Kemepoeckuii eocyoapcmeennblii meduyuHckuil ynugepcumem, e. Kemepoeo, Poccus

Pesitome. ['puObI SABISIOTCS ONMOPTYHUCTUYECKUMU MUKPOOPTraHU3MaMU, KOJOHU3UPYIOIIMMU BCe OMOTOIBI Opra-
HHU3Ma YyeloBeKa, B TOM YMclie KUIIeYHbIi. [1py BO3HUKHOBEeHUN HebnaronpuaTHbIX (pakTopoB (BUY-unbpexkus,
JpyTie UMMYHOIE(ULUTBI, aHTUOAKTEepUaTbHasl Tepanus) TaHHble MUKPOOPraHU3Mbl HAUMHAIOT aKTUBHOE pa3-
MHOXEHHE, YTO MIPUBOAUT K HEOOXONMMOCTH Ha3HaYeHUsI aHTUMUKOTUKOB. YacToe nx mpuMeHeHHe B KITMHUYECKOI
MpaKTUKe MHAYLUPYET Pa3BUTHE JIEKaPCTBEHHOM pe3UCTEHTHOCTHU TPUOOB K IMPOTUBOr PUOKOBBIM ITperaparam, 4To
MOXET BIMSTH Ha 3(D(HEKTUBHOCTH JCUCHUST MUKO30B. LleTb ncciefoBaHusI — OLIEHUTD CTPYKTYPY M CIEKTp JIeKap-
CTBEHHOI yCTOMYMBOCTHU rprboB pona Candida B KUIIIETHOM OMOTOIIE TTAIIMECHTOB C TYOEPKYJIe30M OPTaHOB IBIXaHUS
1 BEISIBUTD (DAKTOPHI PUCKA Pa3BUTHS TOTATbHOI JIeKapCTBEHHOM YCTONYMBOCTH IPHOOB K AHTUMUKOTHYECKUM JIe-
KapCTBEHHBIM cpencTBaM. Mamepuans u memoos.. B uccienoBanme BKII0YeH 21 MalMeHT ¢ TyOepKyIe30M OpraHoB
IbIXxaHus. B xome uviccienoBaHus OlleHEHA CTPYKTypa BUIOBOTO pa3HOOOpa3us BBIAEIEHHBIX M3 (heKaauil TpuboB
pona Candida, a TakXe orpeesieH CIeKTp UX JeKapCTBEHHON Pe3UCTEHTHOCTH K aHTUMUKOTUYECKUM TIperaparam.
[MammenTs! (n = 21) pazaesneHbl Ha 2 TPYMIIBL: C TOTAJbHON PE3UCTEHTHOCTHIO K aHTUMUKOTUKAM (n = 10) u 6e3 Hee
(n=11), mocJje yero onpeaeaeHbl OCHOBHbIE (DAKTOPHI pucKa ee pa3BuTus. Pesyasvmamor. IpencraButenu rpuboB poaa
Candida 6b17111 BbIIEIEHBI Y BCEX BKJIIOUEHHBIX B MCCIEI0BaHKE MALMEHTOB, IPY 3TOM YKCThIE KYJIbTYPbl XapaKTepu-
30BaJIMCh BBICOKUM YPOBHEM PE3MCTEHTHOCTH K aHTUMUKOTUKAM. YCTOMUYMBOCTD K TPEM IpernapaTaM oTMevaiach
y 1 kynbryphl (4,8%), K ueTbipeM — y 10 KyabTyp (47,6%), KO BceM ompeaelisieMbIM IpernapaTaM — Takxe y 10 KyJabTyp
(47,6%). Ipu ctaTCTUYECKOI 0OpabOTKeE MOTYy4YeHbl JaHHbBIE O BIUSHUU Ha (POPMUPOBAHME TOTAIbHOIM PE3UCTEHT-
HOCTHU K aHTUMUKOTUKAM COITYTCTBYIOIICH MATOJOTUH KeIyI0YHO-KHMIIIEYHOTO TpaKTa, HATUUUS KIMHUICCKH 3Ha-
YUMOTO JUCIEITUUSCKOTO CUHAPOMa, aHTUMUKOTHUECKON Tepanuy B aHaMHe3e, BUY-nHbekmun ¢ BrIpaxkeHHBIM
MMMYyHOIEe(UIIUTOM, YCTAHOBJICHHBIM IO CHIKEeHUIO YpoBHA CD4" mumdounToB B KpoBU. Bvieods.. BeineneHHBIE
0T OOJIbHBIX TYOEepKYie30M rpuodbl pona Candida xapakTepr30BavCh BHICOKMM YPOBHEM PE3UCTEHTHOCTU K aHTUMMU-
KoTrKaM. ToTallbHast pe3UCTEHTHOCTh MPH 3TOM Habmronanack y 47,6% naimeHToB. [IToM1UMO TOro, OCHOBHBIMU I'PHU-
0aMu, KOJIOHU3UPYIOLIMMU KUILEYHUK O0JIbHBIX TYOepKYIe30M ABASIIUChL Tpubbl Buaa Candida albicans. K ¢pakTopam
pHUCKa pa3BUTHUSI TOTAJIBHON PE3UCTEHTHOCTH I'PUOOB K aHTMMUKOTHKAM OTHOCUJIUCH XPOHMYECKUE SHTEPOKOJIU-
ThI, IUCTIENTUYECKU I cuHAPOM, KondyecTBo CD4* numdonutoB MeHee 350 KJ1./MKJI, aHTUMUKOTHYECKas Tepamnus
B aHaMHe3e.

Karouesnie caosa: mybepkynes, Mukpoououenos kuuieunuka, muxosvt, BU4-ungpexyus, kounpexyus Th/BUY, rexapcmeennas
pesucmernmuocms, epudst poda Candida.
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FEATURES OF THE CANDIDA GENUS COMMUNITY PATTERN IN THE INTESTINAL BIOTOPE
OF PATIENTS WITH TUBERCULOSIS

Kholodov A.A., Zakharova Yu.V., Otdushkina L.Yu., Bryukhacheva E.O., Pyanzova T.V.

Kemerovo State Medical University of the Ministry of Health of Russia, Kemerovo, Russian Federation

Abstract. Fungi are opportunistic microorganisms that colonize all biotopes of the human body, including intestinal.
In case of emerging adverse environmental factors (HIV infection, other immunodeficiencies, antibiotic therapy), these
microbial representatives begin active reproduction, which might require prescribing antimycotics. Frequent use of the
latter in clinical practice induces the development of drug resistance to antifungal drugs, which may impact on effective-
ness of both the treatment of fungal infections and other diseases. The purpose of the study was to assess the pattern and
spectrum of drug resistance of Candida genus in the intestinal biotope of patients with respiratory tuberculosis and identify
risk factors for developing total fungal drug resistance to antimycotic drugs. Material and methods. There were enrolled
21 patients with respiratory tuberculosis. Pattern of the fungal species diversity for the Candida genus isolated from faeces
was evaluated, and the spectrum of relevant drug resistance to antimycotic drugs was determined. Patients (n = 21) were
divided into 2 groups: with (n = 10) and without (n = 11) total resistance to antimycotics, after which the main risk fac-
tors for its development were identified. Results. Members of the Candida genus were isolated from all patients examined,
wherein pure cell cultures were characterized by high level of antimycotics resistance. Resistance to three drugs was noted
in 1 culture (4.8%), to four — in 10 cultures (47.6%), also found in 10 cultures to the entire drug panel (47.6%). During
statistical processing, the data were obtained on affecting formation of total resistance to antimycotics of concomitant
pathology of the gastrointestinal tract, the presence of a clinically significant dyspeptic syndrome, a history of antimy-
cotic therapy, HIV infection with severe immunodeficiency, and some decrease in the peripheral blood CD4" lympho-
cyte count. Conclusion. Fungi of the Candida genus isolated from tuberculosis patients were characterized by high level
of resistance to antimycotics. Total resistance was observed in 47.6% of patients. In addition, the major fungi colonizing
the intestines of tuberculosis patients were found to be Candida albicans species. The risk factors for the development of to-
tal antifungal resistance included: chronic enterocolitis, dyspeptic syndrome, peripheral blood CD4* lymphocyte count
lower than 350 cells/pul, and history of antimycotic therapy.

Key words: tuberculosis, intestinal microbiocenosis, mycoses, HIV infection, TB/HIV co-infection, drug resistance, Candida spp.

BeepneHue

I'puObI MPUCYTCTBYIOT B Pa3iMYHbIX OMOTOMAX
opraHusma yejoBeka. KojsmuecTtBeHHOe yBenaunye-
HUE UX TPEICTABUTEIbCTBA B IPOCBETE KETYA0UYHO-
kuureyHoro TpakTa (2KKT) obyciaBiuBaeT KIMHU-
YyecKue MpOSIBJIEHUSI, HAIpUMEP AUCHENTUYECKUN
cuHapoM [11]. KonuyecTBo rpuOOB, SIBASIIOIIUXCS
ONMNOPTYHUCTUYECKUMU MUKPOOPraHU3MaMU, He
JIOJIKHO TPEeBbIIIATh JAUATHOCTUYECKUX THUTPOB,
B TOM 4ucije U B kuuiedHoMm ouotore [10]. OgHako
BO3MOXHOCTbh UX aKTMBHOIO Pa3MHOXEHUS OIpe-
nensiercs psiioM ¢hakTopoB. Bo-TiepBbiX, pa3BUTHE
MUKO30B COIMPOBOXIAET 3a00JieBaHUS, MPUBOIS-
1€ K UMMYHOAEPUIIUTY, YTO Hanboiee aKTyaTbHO
nas1 BUY-uHduuupoBaHHbIX ManueHToB [1, &, 9,
15]. OnHUM U3 UHAUKATOPOB Pa3MHOXEHUS TPU-
OOB sIBJISIETCS pa3BUTHE MUKO3a TMOJIOCTU PTa, MPU
KOTOPOM Ha (OoHEe aHTUMUKOTUYECKOU Tepamuu
AKTUBHO MCHOJb3YIOT MECTHBbIE aHTUCENTUKU [3].
Bo-BTOpbIX, BBUY UCMIOJB30BaHUS BO (DTU3UATPU-
YeCKOU MpaKTUKe OOJIBLIOro KOJUYEeCTBa MTPOTUBO-
Ty6epkyse3nbix npenapatoB (IITII), nHapylaetcs
paBHOBECHE MEXOY OOJUTaTHOW U YCJIOBHO-TATO-
reHHoil mukpodopoii 2KKT, uTo BeneT K yBelu-
YEHUIO KOJIMYeCcTBa (haKyIbTaTUBHBIX €€ MpencTa-
BUTEJEH, B TOM uucie rpubos [5, 13]. B ocHoBe 2¢-
(bEeKTUBHOIO JIEYEHU I KAHIUI030B B KJIUHUYECKOU
MNPaKTUKE AKTUBHO HCIIOJb3YIOTCS aHTUMUKOTU-
yeckue npenapatsl [4]. C KaxXXAbIM UX HA3HAYEHUEM

MOBBIIIACTCS U PUCK (DOPMUPOBAHUS JIEKAPCTBEH-
Holt yctoitunBoctu (JIY) rpu6oB Kk Hum [7, 12, 14].
B nuteparype HegocTaTOYHO JaHHBIX 00 OCOOEH-
HocTsax JIY rpuboB K aHTUMUKOTUKAM BO (hTU3UAT-
pUYECKO MpakTUKe. DTOT BOIMPOC OCOOEHHO aK-
TyajieH B YCJOBUSIX POCTa PaclnpoOCTPaHEHHOCTU
kouHdexkuuu Th/BUY 1 MHOXecTBEHHOI jekap-
cTBeHHOI ycTtoitunBoctu (MJIY) Bo3OynuTtens Ty-
OGepkyine3sa [2, 6], 9To co3maeT HEOOXOIMMOCTh ITPO-
BeJICHUS MCCJIeNOBaHU B JaHHOM 00J1acTu.

Llenpio HacToOsIIEro HCCAEAOBaHUS SIBUJIACh
OLICHKA CTPYKTYPBI M CIIEKTpa JIEKapCTBEHHOM
ycToiiuuBocTH TpuboB poaa Candida B KU1LIEUHOM
OuoTOIe MAallMEHTOB C TyOepKyJe30M U YyCTaHOB-
JeHue (PakTOPOB pUcCKa pa3BUTUS ToTajJbHOU JIY
rpuOOB K aHTUMUKOTHUKAM.

MaTepuanbl 1 MeTOAbI

WccnenoBanue npoBoauan Ha 6aze Kyzdaccko-
ro KJIMHHYECKOTO (PTU3HOITYIEMOHOJIOTHIECKOTO
MeIuIMHCKOro HeHTpa mMeHn U.MD. KormbiioBoit
B 2021 r. B ucciienosanue ObLT BKJTIOYEH 21 mmarimeHT
¢ TyOepKyJie30M OpraHoB aAbixaHus u MJIY Bo30y-
AT, TOJy4Jalolui IPOTUBOTYOEPKYIE3HYIO TE-
paIio B YCIIOBUSX KPYIJIOCYTOYHOTO CTaIlMOHAapa.
KputepnsiMu BKITIOUCHUS CIIYKWJI: HAJIUYUC TY-
OepKyJie3a opraHoB AbixaHust ¢ MJIY Bo3OyauTens,
JegeHure 1o 1V pexxuMy XuMHUOTepauy ¢ IPUEMOM
Ha MOMeHT uccienoBanusg He meHee 30-tu mo3 [1TII.
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KputepusiMmu MCKIJIIOYEHUS SIBISIJIMCH: BBIPaKeH-
HbI MMMyHoaepuuuT y BUY-uHGUIMpOoBaHHBIX
(xonmuuectBo CD4* numdponutoB menee 200 1./
MKJ). B kKadyecTBe MCTOUHUKOB MH(MOPMALIUU UC-
MOJIb30BaJIM MEIUIIMHCKUE KapThl CTAllMOHAPHOTO
o6osibHOTrO (hopma 003/y), TaHHBIE MUKPOOUOIOTHU-
YEeCKOIro MCCJICHOBaHUS Kaja IMalueHToB. B 1po-
ecce MCCIIeIOBaHUS OlICHEHA CTPYKTypa MUKO30B
B KUILIEYHOM OMOTOIME MalueHTOB U crieKTp JIY rpu-
0oB poaa Candida. B nanbHeieM nalueHThI pa3ae-
JIeHbI Ha 2 Tpynisl: B I rpymimy (n = 10) Boiu mmaim-
€HTHI ¢ ToTajibHOM JIY rpuboB K aHTUMUKOTUKAM,
Bo Il rpyniny (n = 11) — maneHTHI 6€3 Hee.

B wucciienoBaHUY MCIOB30BAIM KOJIUYECTBEH-
HBI OakTepuojiorndyeckuii meton. Marepuan 3a-
OMpanan B CTePMJIBHBIM KOHTEHEp M TPAaHCIOPTU-
poBaju B JIAOOpPATOPHUIO B T€UEHUE 2 U mocie coopa.
3areM TroTOBWJIM pa3BeneHMs Mmarepuana or 107!
no 10~° u onpenensiiu ero pH, nmociie yero npous-
BOIUJIM TTOCEB HA CEJICKTUBHBIC MUTATEIILHBIC CPe-
nbl. i BblAe/IeHUsI TPUOOB MCIIOJAb30BaIu CPpeAy
Cabypo. BrigeneHHbIE KyJAbTYpbl UASHTUGDULIUPO-
BaJIi 110 OCOOEHHOCTSIM OMOXMMMUYECKUX, a TaKXKe
KOMIIJIEKCa MOP(OJIOTUIECKUX, KYJIBTYpPaJbHBIX
W THHKTOPHAJIBHBIX CBOMCTB. Pe3ybTaTsl BeIpaa-
s B Ig KOE/r ¢ mepecueToM Ha rpaMM MaTepuaJia.
Crextp JIY oueHUBaIM MPpU MOMOILIM CTaHIApPTHO-
ro IUCKO-11uP¢y3MOHHOTO METOIA.

Craructudeckas o0padoTKa JaHHBIX BBIITOJTHEHA
npu nomouu nporpammbl IBM SPSS. KauecTBeHHBbIE
MpU3HAKU MPeICTaBICHbI a0COJIOTHBIMU 1 OTHOCH-
TEJIbHBIMU YaCTOTaMU, BbIPaXKEHHBIMU B TIPOIICHTaX
C pacCYMTAaHHBIMU JUIST HUX 95% NOBEpUTEITLHBIMU
MHTEPBaJIaMu 110 MeToay YuiicoHa (0TH.% [95%A]).
KosinyecTBeHHbIE TaHHbIE ITPEACTaBIECHbI B (hopMaTe
MeAMaHbl U MHTEpKBapTUIbHOTO MHTepBaia (Me [25;
75]). Ans iepeMeHHBIX, OTHOCSIIITMXCS K TTOPSIIKOBO
mKajie, M HernapaMeTpuIecKnux KOJIMUYECTBEHHBIX
nepeMeHHbBIX ucrnojib3oBaau U-tect MaHHa—YUTHU
JIJIsSI CpaBHEHU I ABYX TPYTII HaOmoaeHuii. Paznuuus
B CpaBHUBAEMBIX TPYIIIaX CUYUTAIN CTaTUCTUUCCKU
3HAYMMBIMU ITpU 3HaYeHUuU p meHee 0,05. Yunutsias
00beM MpPEeACTaBICHHONH BBIOOPKM HCIOIb30BaINU
nonpasky Meiitca.

Pesynbrathl

B xome MUKpOOMOJIOrMYeCKOTro MCCaeA0BaHMS
rpubsbl poaa Candida BeisiBnennl y Bcex (100%) ma-
IIMEHTOB, BKJIIOUEHHBIX B UccieaoBaHue. B cTpyk-
Type BBIICJCHHBIX TpeACTaBUTEIe npeobdiamaia
C. albicans, pexxe Haonwonanu C. neoformans, C. kefyr,
C. glabrata, eTMHNYHBIMU CIyJasIMU TIPEACTABIIC-
HBI C. parapsilosis u C. famata. HeobXxommMo oTMe-
THUTB, 9TO B 9 cirydasix (42,9%) oT ofHOTO TTaliMeHTa
noJiyueHo 2 u 6oJiee BU1a rpuboOB, a cpelHee KOJIU-
yecTBO TipencraButeneit Candida spp. HaXoaMUJI0Ch
B ipenenax 4 [3; 4,75] g KOE/r. CtpykTypa MUKO-
30B MpeacTaBjieHa Ha puc. 1.
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C. albicans  C. neoformans C. glabrata C. parapsilosis  C. famata

PucyHok 1. Xapaktepuctuka CTPyKTypbl
BblAeNIeHHbIX rpu6oB poaa Candida B Kuwe4yHom
6uoTone uccneayemMbix NaLMeHToB

Figure 1. Characteristics of the pattern of isolated
Candida genus in the intestinal biotope of the patients
studied

BbineneHHbIe rpuObl XapaKTepU30BaJIUCh BHICO-
KOW pe3UCTEHTHOCTHIO K AHTUMUKOTUYECKUM TTpe-
napartam in vitro. YCTOMYMBOCTb K TPEM aHTUMUKO -
TUKaM oTMeuanach y 1 KyabTyphl (4,8%), K 4eThI-
peMm — y 10 kynbsTyp (47,6%), KO BCeM onpeaesie-
MBIM IpenapataM — Takxe y 10 kyabryp (47,6%).
Yame Bcero BBISIBJISIIA PE3UCTEHTHOCTDH KYJIBTYD
K KETOKOHAa30Jy U UTPAKOHA30Jy, pexke — K KO-
TPUMOKCa30Jly, HUCTAaTUHY, (BIyKOHA30Jly U aM-
doTtepuiuHy. JJlaHHBIE TTO YacTOTE BbIsIBJACHUS JIY
NpeAcTaBJIeHbl Ha puUC. 2.

BaxxHO OTMETUTb, UTO MPU NaHHOW KapTUHE Jie-
KapCTBEHHOM pe3uCTeHTHOCTU rpudoB poaa Candida
y 8 nmanueHToB (38,1%) ObLI 3aMeTeH KIMHUYSCKUIA
3 dEKT Npu JedeHU MUKO3a MOJIOCTH PTa.

HauGonpiryro TNpakTUYEeCKyl0 3HAYMMOCTD
MMeeT TOTaJIbHasl pe3UCTEHTHOCTh TPUOOB K aHTH-
MWUKOTHUKAM y IAaIlMEHTOB, YacTOTa BCTpeYaeMO-
CTH KOTOPOW B TaHHOM MCCJIEJOBAHUM OCTUTATIa
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PucyHok 2. YacToTa BbisBnexus J1Y rpu6oe

poaa Candida k pa3nnyHbiM NPOTUBOrPUOKOBLIM
npenapartam

Figure 2. The frequency of detected varying antifungal
DR for the Candida genus

171



A.A. Xonopos u ap.

MHdekumns n uMmyHuTeT

47,6%. B 5TOi1 CBSI3U SABISIOCH HEOOXOAMMBIM BbI-
SIBUTh (haKTOPHI PUCKa €€ pa3BUTHUS Y OOJTbHBIX TY-
0epKyJIe30M B YCJIOBUSIX BBICOKOU pacripoCTpaHEeH-
HocTu BUY-uHbexkum.

B I rpymnme wnHa6momanu 7 wmyxuuH (70%)
n 3 xenmuH (30%), Bo Il rpynne — 8 (72,7%)
n 3 (27,3%) uenosek coorBeTcTBeHHO (p = 0,81).
CpenHuil Bo3pacT mauueHToB I rpymnmbl cocra-
Bua 45 [34; 50] net, Bo Il rpynnie — 47 [40; 54] net
(p = 0,56). I1o cTpyKType KIMHUIECKUX POpPM Ty-
OepkyJieda CTaTUCTUYECKM 3HAYMMBIX Pa3Iudun
He TI0JIyYeHO, B MPOollecce X U3YYEHU ST BbISIBJICHO
npeobyiafaHue AUcceMUuHUpoBaHHOU (B I rpyrmre
40%, Bo 11 rpynme — 36,4%) u nHOUIBTPATUBHOM
(8 I rpymnme 50%, BO 2-ii — 45,5%) KIMHUYECKOMI
dopmbl. Takke CTAaTUCTUYECKM 3HAYMMBIX pas-
JUYU He oOHapyxXeHo Ipu oueHke rmpuema [1TII,
BXOASIIINX B CXeMBI JIeueHUsI. B cpenHeM manueH-

Tl | Tpynnbel HA MOMEHT MCCJICTOBAHUST TTPUHSIIN
34 [25; 48] mo3 II'TIT, mattmenTs! I rpynnsr — 40 [30;
61,25] mo3 (p = 0,25). I1pu AeTaabHOR XapaKTepu-
CTUKE COINYTCTBYIOIIEH IaTOJIOTUM, CBSI3aHHOM
¢ KKT, HaligeHbl CTaTUCTUYECKU 3HAUYUMBbIE pa3-
JINYUS B OTHOIIEHUU XPOHUYECKUX DHTEPOKOJIM-
TOB, KOTOpBIe TipeacTaBieHbl y 20% malieHToB
I rpyniel 1 HU y omHoro martreHTa I rpyrmst () =
2,1; p = 0,01), oniHaKO BJAMSIHUE OCTaJbHbIX HO30-
Joruit Ha ¢opmupoBaHue JIY K aHTUMUKOTUKAM
He MoATBEPAUIOCH (TadJI. 1).

B I rpynne HaGaomanu 6 mauueHToB (60%)
C CHUHIPOMOM 3aBUCUMOCTU OT IICUXOAKTUBHBIX
BemiecTB, Bo II rpymme mx 6b110 4 (36,4%) (p =
0,27). CuHAPOMOM 3aBUCUMOCTH OT aJIKOTOJs
crpananu 4 yenoseka (40%) I rpymre! 1 4 yelloBeka
(36,4%) 11 rpynmsr (p = 0,90). Huskunii conmnanb-
HBIU cTaTyc oTMedeH y 8 JyenoBek (80%) I my 3 ge-

Ta6auua 1. BnugHue COHYTCTBYIOLI.I,GVI naToJZIOrun XXenyao4yHo-KUe4yHoro TpakTa Ha dopmMmupoBaHue

ToTanbHOW JTY rpuboB K aHTUMMKOTUKAM

Table 1. Animpact of the gastrointestinal tract concomitant pathology on formation of total antifungal DR

MauuneHTbl Cc TOTanbHOM J1Y MauuneHTbl 6€3 TOTaNbHOM JTY DocTurnyTtas
XpoHuyeckue K aHTUMUKOTUKaM K aHTUMUKOTUKaM 3HAYMMOCTb
3abonesanus XKT Patients with total DR Patients without total DR pasnuunii
Chronic diseases to antimycotics to antimycotics Achieved
of the gastrointestinal tract abc. % abc. % significance
abs. 0 abs. 0 of differences
Sutepokonut 2 20 0 0 0,01
Enterocolitis
FacTpoayopeHuT
Gastroduodenitis 3 30 4 36,4 0,12
Mankpearut 1 10 1 9,1 0,56
Pancreatitis
FenaTtuT (B T.4. BUPYCHbINA)
Hepatitis (including viral hepatitis) S 50 S 45,5 0,86
Xoneuuctut
Cholecystitis 5 50 5 45,5 0,86

Ta6nuua 2. XapaktepucTtuka ¢pakTtopoB pucka pa3sutus J1IY K aHTUMMKOTUKaAM Cpeau NauueHToB

¢ kouHdekuueinn Tb/BUY
Table 2. Characteristics of risk factors for developing DR to antimycotics among patients with TB/HIV co-infection
NaumeHTsl ¢ TOTanbHOI JIY | MaunenTsl 6e3 TotanbHon JIY | focturnyTas
K aHTUMUKOTUKAM K aHTUMUKOTUKAM 3HAYUMOCTb
dakTop Patients with total LU Patients without total LU pasnununii
Factor to antimycotics to antimycotics Achieved
abc. a6c. significance
abs. % abs. % of differences
Hannune BUY-uHdekuumn y naumneHTa
Comorbid HIV infection ! 0 ! 63,6 0.75
Konuyecteo CD4* numdoumntos
MeHee 350 kneTok B 1 Mkn
CD4* lymphocyte count lower than 4 40 2 18,2 0,02
350 cells/ul
AnutenbHOCTb aHamMmHe3a
no BU4-undekuunn 6onee 5-tn net 4 40 4 36,4 0,90
Duration HIV infection more than 5 years
Huskasa npusepxxeHHOCTb K APT
Low adherence to ART 8 30 8 27,3 0,88
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JoBek (27,3%) 11 rpynmsr (> = 5,8; p = 0,01; Ol =
10; 95% OU [1,4—82,0]).

JvcrienTuYecKuii CMHIPOM pa3BuBajcs y 7 dye-
qnoBek (70%) 1 rpynmbel m 'y 2 4yenoBek (18,2%)
Il rpymmmer () = 5,7; p = 0,01; Ol = 10; 95%
JAN [1,3—81,1]). AHTUMUKOTHUYECKYIO Teparnuio pa-
Hee TpuHUManu 5 geiaoBek (50%) I rpynmsl 1 1 ge-
soBek (9,1%) 11 rpymmet (2 = 7,2; p = 0,008; O =
10; 95% AN [0,9—110,3]). Bonee omHOrO MpeacTa-
Butens Candida spp. BeIaeseHo oT 5 dyenoBek (50%)
I rpynmel u 4 yenosek (36,7) 11 rpynmsl (p = 0,28).

OLieHKa BO3MOXHOTO BAUSHUS Haauuus BHUY-
UHbeKIIMU Ha GOpMUPOBaAHUE TOTAIbHON YyCTOM-
YUBOCTH I'pUOOB K aHTUMMKOTHUKAM He TIpuBeJia
K CTaTUCTMYECKM 3HAYMMBIM pesyjbrataM (p =
0,75). OnHako Npu AeTaJlbHOM U3YYEHUU KJIMHU-
KO-aHaAaMHECTUYECKMX JaHHBIX MalMeHTOB C KO-
nHpexkueinr Th/BUY ycraHoBiieHa BbICOKasl 4da-
CTOTa BCTPEYaeMOCTHU TOTAJbHON PE3UCTEHTHOCTU
Candida spp. K aHTUMHUKOTUKAM y JIML[ C BbIpa-
KeHHBIM UMMYHonedunutom — 40 npotus 18,2%
manueHToB ()2 = 1,54; p = 0,02; Ol = 2,5; 95%
AN [1,1-9,4]). IIpu >ToM BAMSIHUE HA HEe OPYTUX
daxkTopoB (npuBep:keHHOCTb K APT, nautenb-
HoCTh aHaMHe3a o BUY-undekuum) He nokasa-
Ho (p = 0,88 u p = 0,90 cooTBeTCTBEHHO). JITaHHbIE
npeacTaBjieHbl B Ta0I. 2.

O6cyxaeHne

TakuMm obpazom, rpudsl pona Candida B KAIied-
HOM OMOTOIIEe BBIACISIINCH Y BCEX 00CIeMOBaHHBIX
MAalMEHTOB C TyOepKyJie30M OpPraHOB JbIXaHMS,
npu 3toM y 42,9% mnauueHTOB UAEHTUDULUPO-
BaHO 0OoJjice ABYX MX KYJIBTYp, YTO OOBSICHSIETCS
BBICOKOI HOJIel cpeay HUX OOJIbHBIX ¢ KOMH(pEK-
nueit Th/BUY [3]. BaxXHO OTMETHUTH, YTO BBHIIEC-
JIEHHbIE KYJbTYPbl XapaKTepPU30BaJIUCh BbBICOKOI
PE3UCTEHTHOCTbIO K aHTUMMKOTUYECKUM IIperia-
paraMm, B TOM 4YHCJIe U TOTajbHOUW y 47,6% nauu-
eHTOB. HecMoOTpsi Ha mpencTaBlI€HHYIO 4YacTOTY

Cnucok nutepatypbl/References

pe3ncTeHTHOCTH, v 38,1% TanmeHTOB oTMedaiach
KJauHu4eckass 3¢hp@OEeKTUBHOCTh MPOTUBOTPUOKO-
BOM Tepaluu Ha OCHOBAHU Y OCMOTpa MOJOCTH pTa.
JaHHbIil (deHoOMeH OOBSICHUM MCHOJb30BaHUEM
y MallMeHTOB MECTHOU aHTUCENTUYECKON Tepanuu
pacTBOopaMu XjoprekcuauHa [6]. Panee HaydHbIM
COOOIIIECTBOM HE OLIEHWBaJUCh (PaKTOpbl pHcKa
Pa3BUTHUS TOTAJIbHOU JIEKAPCTBEHHON PE3UCTEHT-
HocTu rpuboB poaa Candida y 60JbHBIX TYOEpKY-
je3oM. B xome maHHOro ucciegoBaHUs TMOKa3aHo
BJIUSIHUE Ha ee (hOpMUPOBaHUE TaKUX (haKTOPOB,
KaK HaJIJM4yue XPOHUYECKOr0 PHTEPOKOJIMTA, KIU-
HUYECKM 3HAYMMOTO MUCHENTUYECKOr0 CUHAPO-
Ma, BBIPAXXEHHOI0 MMMYHoJaeUIUTa y OO0JbHBIX
BUY-undexmeit, aHTUMUKOTUYECKOW Tepamnuu
B aHaMHe3e.

BbiBOAbI

B cTpykType BBIACICHHBIX TIpeACTaBUTEIICH
rpubkoBoii Mukpodaopel B 85,7% mnpeobiamaiia
C. albicans.

I'puosl pona Candida Beiaensinvch B KUIIEYHOM
ouoTone OOJbHBIX TyOepKyjae30M, IIOJy4YalolInuX
NPOTUBOTYOEpPKYJIe3HyI0 Tepanuio, B 100% ciy-
JaeB MW XapaKTePpU30BaJIMCh BBICOKMM YPOBHEM
YCTOMYMBOCTA K aHTUMUKOTUYECKUM IIpernapa-
TaM, B TOM YMCJIe TOTaJlbHbIM B 47,6% ciy4aes.

dakTopaMu prcKa pa3BUTHUS TOTAaJIbHON pe3u-
CTeHTHOCTH TPUOOB K aHTUMUKOTHUKAM SIBUJINCH:
KJIWHUYECKN 3HAYMMBIA NOUCHENTUYSCKUI CHH-
npom (O = 10), konmuuectBo CD4* mumdbonnTon
meHee 350 kia./mxa (OL = 2,5), Hannume KoMop-
ougHoii naronorun XKKT B Buae XpoHMUYECKOTO
sHTepokonuta (p = 0,01), mpreM aHTUMUKOTHUYEC-
Koit Tepanuu B aHaMmHe3e (OIL = 10).
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BJINAHUE AKTUBALIUA BUPYCA
SMNLUTENHA-BAPP U BUPYCA FEPIMNECA
YEJIOBEKA 6 TUINA HA TEMEHUE

N KOHTPOJ1b BPOHXUAJIbHON ACTMbI
Y OETEN NPUAMYPbS

E.H. Cynpyn'2, C.B. Cynpyn', M.A. Baacosa', H.. Kyneposa!, I.I1. Esceesa’,
O.A. Jlebeabko!

! Xabaposckuil puauan JlanbHe60CMOUHO20 HAYHHO20 UEHMPA PU3UOA02UU U NAMOA0UU ObIXAHUSL —
HayuHno-uccaedogamenbckuil UHCMUmMym 0XpaHsl Mamepuncmea u dememaa, 2. Xabapoesck, Poccus
2@I'bOY BO Haavnesocmounblii 20cyoapcmeenHblil MeOuyuHcKuil ynugepcumem, 2. Xabapoeck, Poccus

Pestome. Pons BupycHOIT nHGbeKIUN mpu O6poHxuanbHOU acTMe (BA) maBHO M3BecTHa M OTpakeHa, B YACTHOCTH,
B GINA. Oco0biit nHTEepeC TpeaCcTaBisieT BAUSIHIE Ha TeueHe BA BHYTPUKIIETOUYHBIX MEPCUCTUPYIOIINX BUPYCOB
rpymisl reprieca. Hanbosee pacmpocTpaHEeHHBIMY M3 HUX SBIISIIOTCS IIMTOMETAJIOBUPYC, BUpyc Dminreitna—bapp
(BDB) u Bupyc repreca uenobeka 6 Tuma (BI'U-6). Ponb nuTOoMeranioBupyca paccMaTpuBaiach B HaIlUX MPEIbIIY-
X paboTrax, MO3TOMY JaHHOE HccaenoBaHue nocpsuieHo BOb u BI'Y-6. Hamu o6enenoBano 167 gereii ¢ BA, no-
CTaHOBKA JMAarHO3a M KJIMHMWYEeCKasl OlleHKa 3a00JieBaHUS IPOBOAMINCH COTTACHO JECHCTBYIOIIMM HAIIMOHAIbHBIM
KJIMHUYECKUM pekoMeHaauusiM. ChopMupoBaHbl IPyMIbl NALIMEHTOB ¢ KOHTpoJaupyemoii (n = 70), 4aCTUYHO KOH-
TpoJMpyeMoii 1 HeKOHTposupyemoit BA (n = 97). Y nmauuenTos onpenensiiuch JJHK BOb u BI'U-6 B ma3ke u3 3eBa
metomom ITLIP; yposens IgA, IgM, IgG, IgE (obuiero u cnennduyeckux), 1L-4, IL-5, IL-6, IL-7, IL-8, IL-9, I1L-10,
IL-18 1 TNFo B cbIBOpOTKE KPOBM UMMYHO(MEPMEHTHBIM METOAOM; CYOTIONYISLIUY TUM(OIIUTOB — METOIOM IIPO-
TouHOU nmToMeTpuu. JJo3a Tonmmueckoro raokokoptukoctepouna (TITKC) yuuTtsiBanach B mepecyere Ha SKBHBa-
JIEHT 1o (piryTHKa30Hy, GYHKIINMS BHEITHETO AbIXaHUs ucciaenoBaiack MetogoM crimpomeTpun. JJHK BObB Ob1na 00-
HapyxeHa y 14,2% nauuenrtos, B['U-6 — y 19,0%, AHK o6oux Bo30oyauteneit — y 14,4%, y 52,4% nauuentos JHK
BO30yaMTeNs He Oblyia BhIsiBJIeHA. [1pr 3TOM y 60JIBHBIX ¢ HEKOHTpoJupyemoit BA noctosepHo uate (nist BOb 17,1%
npotuB 4,5%, nns BI'Y-6 19,5% nipotus 13,6%) Beiaenstor JHK BupycoB U, HAapOTUB, y AETEH ¢ KOHTPOJIUPYEMOWA
BA nocrosepHo vaite (63,6% nportus 51,2%) JHK BupycoB He 06HApYXUBAIOT. Y 00JIbHBIX ¢ 00HapyxkeHHoi JJHK
BOBb ycranoBneHbt 6osiee Boicokue ypoBHU [L-5 u obmiero IgE — 0,91 nir/min u 184,5 ME, ¢ AIHK BI'Y-6 — 0,29 nir/man
u 113,1 ME u ¢ IHK o6oux BozoynuTteneir — 0,25 nr/mia u 371,7 ME cooTBeTCTBEHHO 1O CPaBHEHU IO ¢ TTALIMEHTAMHU,
y KOTOPBIX TeHeTUYEeCK Ui MaTepuall BUpycoB He onpenesiiacs (IL-5 — 0,11 nr/ma u oduuit IgE — 95,2 ME). B To xe
BpeMsl Yy alMeHToB ¢ aetekTrupoBaHHoi JIHK ucciaenyeMbix BUpycoB oTMeueH 6osiee HU3kuil yposeHb ODBI: nipu
Hannuuu JJHK BOb — 96,6%, BI'U-6 — 98,8%, o6oux BupycoB — 106,2% npotus 109,8% y nanueHToB 63 0OHapy-
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xenHoit JJHK BOB u BI'U-6. [TauuenTtsl ¢ ooHapyxeHHoi JHK BOb u BI'U-6 Tpebyror Gonee Boicokux 103 TTKC
DI JOCTHKEHWST KOHTPOJIST Hajg 3aboneBanueM: 325,0 n 186,4 MKT COOTBETCTBEHHO, a B ciiydae BoigBiaeHus JHK
o0b6oux BupycoB — 328,1 MKr nipotuB 198,6 MKr y manueHToB, y Kotopsix JJHK BupycoB He oOHapyxuBaiach. Takum
o0OpasoM, akTuBalus Kak BOB, tak u BI'U-6 yxyaiiaer KOHTpoJb OPOHXUATBHONW aCTMBI M YTSIKEJISIET €€ TeUeHUE,
oIHaKo UMeHHO BOb umeeT 06oJjiee BeIpakeHHOE BIMSHME Ha TeUeHUe 3a00JIeBaHU ST U KOHTPOJIb HaJl HUM.

Karouesoie caosa: BOb, BUI-6, 6pouxuanshas acmma, demu, UMMYHHbLI CMamyc, KOHMPoAUpyemoe meueHue.

AN IMPACT OF ACTIVATED EPSTEIN-BARR VIRUS AND HHV-6 ON THE COURSE AND CONTROL
OF BRONCHIAL ASTHMA IN CHILDREN OF THE AMUR REGION

Suprun E.N.**, Suprun S.V.?, Vlasova M.A.?, Kuderova N.I.?, Evseeva G.P.?, Lebed’ko O.A.?

@ Khabarovsk Branch of Far Eastern Scientific Center of Physiology and Pathology of Respiration — Research Institute of Maternity

and Childhood Protection, Khabarovsk, Russian Federation
b Far Eastern State Medical University, Khabarovsk, Russian Federation

Abstract. The role of viral infection in bronchial asthma (BA) is well-known being reflected particularly in GINA. An ef-
fect of pneumotropic intracellular persistent herpesviruses on the course of BA is of particular interest. The most com-
mon viruses of this group are cytomegalovirus (CMV), Epstein—Barr virus (EBV), and human herpesvirus 6 (HHV-6).
The CMYV role has been discussed in our previous publications allowing us to focus here on EBV and HHV-6. We ex-
amined 167 children with BA that was diagnosed and clinically assessed in accordance with the current national clinical
guidelines. Patients with controlled asthma (70 patients), partially controlled and uncontrolled asthma (97 patients) were
stratified into several groups. The detection of EBV and HHV-6 DNA was carried out in throat swabs by PCR; the level
of total and virus-specific IgA, IgM, IgG, IgE as well as serum level of IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-8 and
TNFo was assessed by enzyme linked immunosorbent assay; lymphocyte subpopulations were analyzed by flow cytom-
etry. The dose of topic GCS was taken into account with reference to the fluticosone equivalent; the function of external
respiration was studied by spirometry. It was revealed that EBV DNA was found in 14.2% of cases, whereas HHV-6 —
in 19.0% of cases, but 14.4% and 52.4% of patients, respectively, shed no pathogen-linked DNA. At the same time, patients
with uncontrolled BA are significantly more likely to shed the pathogen DNA, so that EBV is released in 17.1% vs 4.5%
of patients with controlled BA, HHV-6 — in 19.5% vs 13.6%. On the contrary, children with controlled BA were signifi-
cantly more often (63.6% vs 51.2%) negative for viral DNA shedding. Moreover, virus shedding was paralleled with higher
levels of IL-5: it was as high as 0.91 pg/ml and 0.29 pg/ml for EBV and HH V-6, respectively; those shedding DNA of both
pathogens vs no shedding had IL-5 at level of 0.25 pg/ml vs 0.11 pg/ml. Similar pattern was observed for higher total IgE:
184.5 1U for EBYV, 113.1 IU — for HHV-6, and 371.7 IU —shedding both viruses vs 95.2 1U in without DNA pathogen
shedding; lower level of FEV1: EBV — 96.6%, HHV-6 — 98.8%, and 106.2% in patients shedding both viruses vs 109.8%
in patients not shedding the pathogen DNA. Patients shedding EBV DNA require higher doses of topic GCS to achieve
disease control: EBV — 325.0 ug, HHV-6 — 186.4 ug; shedding both viruses — 328.1 pg of topic GCS vs 198.6 ug in pa-
tients without pathogen DNA shedding. Thus, activation of both EBV and HHV-6 worsens BA control and aggravates its
course, but EBV persistence has a more pronounced effect on the course and control of the disease.

Key words: EBV, HHV-6, asthma, children, immune status, controlled flow.

Ponb BUpycHOM MHGEKIMY TPU OpPOHXUATIBHOM
act™Me (bA) naBHO U3BeCTHA, OTpakeHa B MEXKIyHa-
POIHBIX COIJIACUTEIbHBIX JOKYMEHTaX, B TOM YUC-
se Global Initiative for Asthma (GINA) nociaenHux
penakuuii [8]. Ilepuoauuecku TOSIBISIIOTCS HO-
BbIe 00OO0IIapIINe PabOThI MO 3TOU mpobiaeme [9].
OaHako 0CcOObIid MHTEPEC MPEACTABISACT BIUSIHUE
Ha pa3BUTHE U TeueHUe BA mepcucTupyommx Bu-
pycoB rpyibl repaeca. OHU IJIMTEIbHOE BpeMs,
YacTO MOXM3HEHHO, MEPCUCTUPYIOT B CIMU3UCTOM
OpPOHXOB M HEM30EXKHO IMMPUHUMAIOT yyacTue B Ma-
Tomopdo3e BA [2]. Haubonee pacripocTpaHeHHbI-
MU U3 HUX SABISIOTCS uuTtoMerayosupyc (LIMB,
BI'd-5 vau CMYV, HHV-5), Bupyc DmiurteiiHa—
bapp (B®b, BI'd-4 unu EBV, HHV-4) u Bupyc
reprieca 4dejoBeka 6 tumna (BI'Y-6 wam HHV-6).
B psane uccinenoBaHuit y neteii, cTpagaoiux BA,

MHOGULMPOBAHHBIX BUpPyCaMM Teplieca, BbISIBIIC-
HbI IOCTOBEPHbIE PA3IN4YMsl B UHTEPICHKMHOBOM
npoduiie B CpaBHEHUHU C IMallMEHTAMU, HE BbIJIE-
nsommmu JIHK Bo3OynuTesneii, B 4aCTHOCTU 06O-
nee Boicokoe comepxxanusa TNFo, IL-1, IL-2, IL-4
n IL-10, u 6onee Huskoe IL-6 u IL-8 [5]. [Toka3zaHna
GoJuibliast BcTtpedaemMocTth BOB y gereit ¢ 6poHxu-
anpHOU actmoii [10]. [TonTBepxkieHa yacToTa BbI-
neneHuss JHK Bupyca mMeHHO B OpOHXHaJIbHOM
SITUTEJINU Y OONBHBIX ¢ BA B cpaBHEHUHU C TULIaMU,
He cTpagaroimuMu BA, 4To CBUIETENbCTBYET O €T0
AKTMBHOM pPa3MHOXEHMM B OpraHe MUIIEHU —
OpoHxax [7]. YcTaHOBIEHA MOJIOXKUTEIbHAsI B3au-
MO3aBUCHUMOCTb MEXIY akTuBalueir BOb u ypos-
HeMm nMmmyHorimooynuHa E y nereir ¢ BA [6]. Poab
BI'U-6 B matoreHe3e BA B gocTynHO# 1uTeparype
oTpaxeHa HaMHOro cjabee, BCTPEYAIOTCs JIMIIb
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€IMHUYHBIE CTaTbU, Kacalolluecss 3TOU TEMBbI, T1e
BBIIBUTAETCS TE€3UC O MPOTEKTUBHOW POJU Tep-
CUCTEHIIMU 3TOro BUpyca. B aTux nccieqgoBaHusx
MoKa3aHo, 4To BosaeiicTBue BI'Y-6 3HAYUTEIBHO
UHTUOUpoBaso BeipadoTky IL-4, IL-5 u IL-3 B na-
BaXHOW XXUJIKOCTU U B JISTOUHON TKaHU, MOIBEPT-
IIeiics BO3AEUCTBUIO BHUpyca Mpu OpOHXMATbHON
acTMe B Mojenu Ha Mbiax [11]. Poabs nuTomerano-
BUpyCa paccMaTpuBajiach B HAIUX MPEAbIAYIIUX
paborax [3, 4], mo3TOMY JaHHOE UCCJIeAOBaHUE MO-
ceameHo BOb u BI'Y-6.

Llespo HacTOSIIIEro HCCAEAOBaHUS OBLIO W3-
ydeHue BIusSHUS aktTuBanuu BOb 1 BI'Y-6 B sniu-
TEJUU AbIXaTeJAbHbIX MTyTEe Ha KOHTPOJMPYEMOCTh
u TeueHue BA y neteii [Tpyamypbs.

Matepuainbl 1 METOLbI

Pabora mpoBeneHa Ha 0a3e KIMHUKM (TTegua-
TPUYECKOE U KOHCYJIBTaTMBHO-IMAaTHOCTHUUYECKOE
OTIIeJICHNE) U JIA0OPATOPU U KOMITJIEKCHBIX METOIOB
HUCCIeIOBAHNI OPOHXOJETOYHOM M TepUHATAJIb-
Hoit matojorun Xab6aponckoro ¢unuana GI'bHY
«[1aTbHEeBOCTOYHBIM HAYYHBI LIEHTP (U3NOJIO-
TMY W TATOJIOTUM JbIXaHus» — HayuyHo-uccie-
JIOBAaTEJIbCKOTO MHCTUTYTA OXpaHbl MaTCpPUHCTBA
n getctBa B riepuon ¢ 2017 mo 2021 r. O6cneqoBaHO
167 nereir, crpamarommux BA B Bospacte ot 1
no 17 net, mpoxwusBatromiux B JaibHEBOCTOUHOM
deneparbHOM  OKpyre (XabapoBcKuit  Kpaii,
EBpeiickas aBroHOMHast o6jactb, AMypcKasi 00-
jnacth); u3 Hux 54,1% ropoxaune, 45,9% npoxu-
BalOT B CEIBCKOM MECTHOCTH; CPETHHI BO3pacT
nereit cocraBua 7,3%£1,6 roga; 55,4% obGcnenoBaH-
HBIX COCTaBMJIM Majbuuku, 44,6% — [OEBOYKHU;
y 40,3% nereit umesia MeCTO Jierkasi creneHb BA,
y 47,5% — BA cpenuneit Taxectu u'y 12,2% — ts-
XeJrast; CpeIHUIA aCTMaTUUYECKHUI CTak Ha MOMEHT
MOCTYIUICHUSI MO JaHHBIM aHaMHe3a COCTaBUJI
42+7,1 mecaneB. KpurepussmMm BKIIIOYCHUS SIB-
JISJIACH: TIOATBEpXIAeHUE nuarHoza bA, Haiuyue
JI0Ka3aTeJIbCTBA €€ aTOIMMUYEeCKOTO TeHe3a — CEH-
cubmnamn3anus K pecnupaTOpPHBIM aJljiepreHaM;
KPUTEPUSIMHU WCKIIOUCHUS — HaJIudue WHOU
OpPOHXOJICTOYHOI ITaTOJOTUU, OCTPHIX MHQEKIIu-
OHHBIX 3a00JIeBaHUII HAa MOMEHT OOCIJIeTOBaHUS.
B pesynprare ObITM cchopMUPOBAHBI IBE TPYIIIIBI
MAaIMeHTOB. ¢ KOHTpoaupyeMbiM (70 mammeHToB),
YaCTUYHO KOHTPOJUPYEMBIM U HEKOHTPOJIHpPYE-
MBIM TeueHrueM BA (97 malimeHTOB) COIIacCHO KpH-
Tepusim KnnHuueckux pekoMmeHgauui [1].

O1ileHKka TpeOyeMoi mJisa oOecredeHUsl KOH-
TPOJIS HO3BI TOITMYECKOTO TJIIOKOKOPTUKOCTE-
pouna (TI'KC) mpoBommnack mo (GiayTHMKazo-
HY C MIepecYeTOM WMHBIX IIperrapaToB MO YPOBHIO
OMOAKBUBAJICHTHOCTH.

Omnpenenenne JTHK BDb u BI'H-6 tuma mpo-
Boauaoch MetonoMm I1LP ¢ ucnonb3oBaHuem mJjist
BeigeneHus JHK u ammiudukaunymm HaOOpoB

HII® «Jlutex» (Poccust), yueT MpoayKTOB aMITIM-
dbuKanuu IIPOBOIMIICS METOAOM 3JeKTpodope3a
B arapo3HoM reJie. Ly onpeaesieHus yposHei IgA,
1gM, IgG, IgE (o6uiero u cneuuduyeckux), 1L-4,
1L-5, IL-6, IL-7, IL-8, I1L-9, IL-10, IL-18 u TNFx
B CBIBOPOTKE KPOBM TIPUMEHSJIM MMMYyHOdep-
MEHTHBI METOJ C MCIOJIb30BAaHUEM TECT-CUCTEM
«BexkTop-bect» (Poccus), ompeneneHue MNpPOBO-
JIMJIOCH TIOCPEACTBOM aBTOMAaTUYECKOTO CITIEKTPO-
dortomeTpa Lazurite (Dynex Technologies Inc.,
CIIIA). WccnenoBaHue AUMGOUAHBIX TIOIMYJsI-
uuii ocymectBiasaiu Ha uutomerpe FACSCalibur
C MaHeJbl0 MOHOKJIOHaJbHBIX aHTUTes (Becton
Dickinson, CIIIA).

Ilpn craTUcTMUYECKOM aHaJIu3e pe3yJIbTaToB
WCCJIENOBAHUSI  WCIIOJb30BaJIMCh CTaHIApTHBIC
METOJbl BapUaHTHOM CTATUCTUKU C IPUMEHEHM-
eM mnaketa nmporpamm Statistica 10.0 s Windows.
IlpoBepka Ha HOPMaJbHOCTb pacIpeaeeHU s
CTaTUCTUYECKMX  ITloKasaTeJieil  IpOBOJAMJIACH
¢ wucriojib3oBaHuem Kputepusi KoyimMoroposa—
CMmupHoBa. B HacTos1eit paboTe 3HaYeHUS TIpe-
CTaBJIeHbl B BUae — M*m — cpeaHeil * ctaHaapT-
Hag omnoOKa cpemHeit (SD/sqrt(n) = SEM (Standard
Error Means, raie n — o6beM BbiOOpKH). [IpoBepKy
CTaTUCTUYECKON TUITOTE3bl PaBEHCTBA I'PYIIITOBBIX
CpeaHUX TMpoBOAMJIM MO t-KpuTepuio CTbiogeHTa
(AByXBBIOOPOUYHBIN t-Kputepuii). Kpome Toro,
OlleHMBaJIaCh JOCTOBEPHAs pa3HUIIA I0JIeil B TPYTI-
nax. Ilpu onvcaHUM TOCTOBEPHOCTU PE3YJIbTaTOB
CTaTUCTUYECKOTO aHajim3a OBLIO KCITOJIb30BAHO
BeIpaxeHne «p < 0,05».

WccnengoBaHusi MpOBOAUINCH B COOTBETCTBUU
C IPUHIIMIIAMU TeKYIIEeTo MepecMoTpa XeIbCUHK-
ckoit geknapauuu (64th WMA General Assembly,
Fortaleza, Brazil, October, 2013). Bce Mmanumnyns-
WU MPOBOAMUIIUCH C MEPCOHAIBLHOTO JOOPOBOJIb-
HOTro MH(MOPMUPOBAHHOIO corylacusl o0CIeqoBaH-
HBIX U/UJIM UX 3aKOHHBIX ITPeACTaBUTENICH, BO BCEX
TabJnllaX CTAaTUCTUYECKOW 0O0pabdoTKu, Kpome
MEPBUYHON, MAIlMEHTHI PEICTAaBICHBI MO MOPSII-
KOBBIMU HOMepaMu. DyeKTpoHHas Tadyauia Excel
C MEePBUYHBIMM TaHHBIMU XpaHMJIACh IO 3allM-
TOI MapoJisi ¥ OblJa JOCTYITHA TOJIBKO yYaCTHUKAM
ucciaenoBaHus. JuzaiiH ucciienoBaHM s yTBEPKICH
sTndecknuM Komuterom X® JHII ®OITJ — HUU
OMu/l, npotokoa Ne 5 ot 14.05.2017.

Pesynbrathl 1 00CYyXaeHne

IIpu uccnenoBanum maskoB u3 3esa JJHK BOb
Obl1a BbisgBieHa y 14,2% GoubHbix ¢ BA, JTHK
BI'4y-6 — y 9,0%, JHK o6oux BOo30yauTesein —
y 14,4%, cooTBeTcTBEHHO Y 52,4% mauuenTos JHK
BHUPYCOB OOHapy>KeHa He ObLia (puc.).

IIpn ananm3e pacnpoCTpaHEHHOCTU BBIACIIC-
Hus JHK BupycoB B rpymnmax ¢ KOHTPOJUPYEMOit
Y HEKOHTPOJIHMPYSMOM aCTMOI MOJIYYCHBI CJICIYIO-
1Me pe3yabTaThl (Tadit. 1).
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MHdekumns n uMmyHuTeT

BOB/EBV
14,17%

Bupyc (-)/Virus (=)
52,50%
Br4-6/HSV-6
18,96%

B9B+BIry-6/EBV+HSV-6
14,37%

PucyHok. YactoTa o6Hapyxenusa OHK supycoB
rpynnbl repneca B Ma3kax u3 3esa y geteii ¢ BA
Figure. Frequency of detected herpesvirus DNA

in pharyngeal swabs in BA children

VY mauumeHTOB ¢ KOHTpoaupyemoilr BA mocto-
BepHO yaiie (63,6 mpotuB 51,2%) JHK Bupycos
He oIpenelisieTcs, U, HalIpOTHUB, Y OOJIbHBIC C He-
KOHTpoJIUpyeMoli acTMoit goctoBepHo 4daiie (17,1
npotuB 4,5%) oonapyxkusaercst JHK BOb, u ecthb
YeTKO BbIpa*keHHasl TeHACHIMS K 0ojee 4acTo-
my (19,5 npotus 13,6%) Boiaenenuo JHK BI'Y-6.
YeTKUX pasauuuii MeXIy yKa3aHHBIMH TpyTIIia-
MU OOJIBHBIX B OMHOMOMEHTHOM BhiaeaeHuu JHK
0001 X BUPYCOB HET.

Ilpy olleHKe KIWHUKO-UMMYHOJOTHYSCKUX
nokasartesieil y neteit ¢ bA B 3aBUCUMOCTU OT BbI-
nenenuss IHK BupycoB ObIIM TMOJTy4YeHBI CTaTH-
CTMUECKHU pa3JInvarolimecs pe3yjabTaTsl (Tadr. 2).

Tak, ypoBeHb IL-5, Bo MHOrom omnpeneisito-
IIEro aTOMMYECKOe BOCITAJICHUE, OBIJT JOCTOBEPHO

Ta6nuua 1. Boigenenne HK BAB6 n BI'4-6 (%)
13 3eBay AieTei C KOHTPONUPYEMOW

M HEKOHTponupyemoii BA

Table 1. Isolation of EBV and HHV-6 DNA (%)
from the pharynx in children with controlled

and uncontrolled BA
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Bupyc (-) 63,6 51,2 0,049
Virus (-)
B36
-y 4,5 17,1 0,01
Bry-6
HHV-6 13,6 19,5 0,14
BIB5+BrY-6
EBVAHHV-6 13,6 12,3 0,42

BbILIE y neTeit ¢ ooHapyxeHHoi JJTHK BOb B cpaB-
HeHMMU ¢ nauueHTaMu 0e3 BoisgBieHHOI JJTHK BOb
(0,91 nr/mn npotus 0,11 1ir/mi), TEHAEHIIUS K TTO-
BBILLIEH U0 TOT0 MoKa3aTes ecTb Uy aeteit ¢ JIHK
BI'd-6 — 0,29 nr/Mia u ¢ o6Hapy>KEHHBIM T'eHETH-
YyeCKHUM MaTepuaoM oboux Bupycos — 0,25 rir/m.
VY nereii c nonoxkutenbHbIM TecToM Ha JIHK uccie-
IyeMBIX BUPYCOB BBIIIIEC KaK aDCOJIIOTHOE, TaK M OT-
HOCHUTeJbHOE coJepxaHue B-numdonuTos, Hemno-
cpeacTBeHHO BbIpabaThiBaromux IgE: nocToBepHoO
BbILIE y geTeil ¢ akTuBauueii BOb — 506,7 u 19%
npotuB 398,7 u 15,1% COOTBETCTBEHHO y MallUeH-
TOB 0e3 akTuBaLuU; ¢ akTuBauueir BI'Y-6 — 489,7
u 16,4%; y BbiAeasioninx oba BUpyca MMeEeT Me-
CTO TEHACHIIMS TOW >Ke HampaBjeHHOCTH — 426,0
u 16,5%. Y mnauuMeHTOB C aKTUBallleil BUPYCOB
BEIIIE 1 ypoBeHb IgE, HemocpeacTBeHHO MHUIINU -
PYIOIIETro aTOIMMYeCKOe BOCMHaJleHe B TKaHSIX-MU-
IIEHSIX: JOCTOBEPHO BbIllIe Yy TO3UTUBHBIX HAa JITHK
BOb — 184,5 ME u na JHK ob0oux BUpycOB —
371,7 ME (ipotus 95,2 ME y JIHK-HeratuBHbIX),
W TEHICHIIVS TOW XXe HaIlpaBJICHHOCTH Y OOJBHBIX
c aktuBanuein BI'Y-6 — 113,1 ME. Caenyet oTr™me-
TUTb, YTO OOJIbHBIEC, Y KOTOPBIX BhIsiBasieTcs JJHK
000MX BUPYCOB, MMEIOT JIOCTOBEPHO 0OOJiee BBI-
cokuit ypoBeHb IgE B cpaBHeHMM C TMalMeHTaMU
BCEX OCTaJbHBIX Ipymnmn, a nmo3utuBHbie Ha JHK
BOb — He TOBKO B CpaBHEHUM C TeMU TallieHTa-
mu, y KoTopbix JIHK BupycoB He 0OHapy K1 Baachk,
HO U ¢ mo3utuBHbIMU Ha JIHK BI'Y-6.

IIpu aHanu3e KJIMHMYECKUX MOKa3aTeJaeil Bbl-
SIBJICHO JTOCTOBEpPHOE CHMXEHHE oOBhema (hopcu-
pOBaHHOTO BBIIOXa B MepBylo cekKyHmy (O®dMBI)
y MalMueHTOB, MOJOXUTEIbHBIX TOJAbkOo Ha JIHK
BDb u Toabko Ha JJHK BI'Y-6, B cpaBHeHMHM ¢ ma-
HUeHTaMU 0e3 aKTUBaluu BUpPycoB — 96,6 11 98,8%
OT HmoJiXeHcTByMouIero mnpotusB 109,8% coorset-
cTBeHHO. OTMedYeHa TEHACHIOMWS K CHUKCHUIO
O®BI1 y JHK-1103uTUBHBIX Ha 00a BUpyca OIHO-
BpeMmeHHO (106,2%).

Hetn, nmosutuBHble Ha JJHK BObB, nyxmaor-
csl B MIOJIYUYEHUU JOCTOBEPHO Oo0Jiee BHICOKUX 103
TI'KC B cpaBHEHUHM C MallMEHTaMU C HEBbISIBJICH-
Hoit JTHK BOb — 325 mkr npotuB 198,6 MKr co-
OTBETCTBEHHO. TakKe IMorydyeHre 00jee BRICOKUX
no3 TI'KC noka3zaHo Ha (hOHE COBMECTHOIW aKTU-
Bauuu BOb ¢ Bupycom BI'U-6 — 328,1 MkT. B TO Xe
Bpems no3upoBka TI'KC nns manmeHTOB, IOJ0-
KuUTeabHBIX TOJBKO Ha JIHK BI'H-6, cocrasisiia
186,4 MKT B CyTKU M JOCTOBEPHO HE OTJIMYAJIACH OT
TakKoBO# 1151 60JbHBIX, Y KOoTOpbix JJHK Bupycon
He OblJIa oOHapyxXeHa. Jletu ¢ BA, ¢ TOI0OXUTENIb-
HBIM pesynbraToM obcnenoBanusi Ha JJHK BOb
u BI'Y-6, nocToBEpHO 00JIEE YACTO, YEM MALlMEHTHI
0e3 aKTUBaIlMM BUPYCOB, HYKIAIOTCSI B KOMOMHM-
poBaHHoOI1 Tepanuu: mo3uTuBHble Ha JIHK BOb —
B 100%, BI'Y-6 — B 83,4%, BOB+BI'U-6 — B 88,8%,
nanueHTsl, y kotopsix JIHK BupycoB oOHapyxkeHa
He OblJIa, — JAIIG B 66,1%.
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TaGnuua 2. KnuHMKo-MMMyHoOrM4eckme nokasatenu y geteii ¢ BA B 3aBucumocTu ot Bbigenenus JHK

B3Bb u Bry-6
Table 2. Clinical and immunological parameters of BA children related to isolated EBV and HHV-6 DNA
Bupyc (-) B3b Bry-6 B3b+BIr4-6
Virus (-) EBV HHV-6 EBV+HHV-6
n=_88 n=23 n=32 n=24
IL-5, pg/ml 0,11£0,07 0,91£0,08* 0,29+0,19 0,25%0,23
CD19, a6c./abs. 398,7+23,7 506,7+54,0* 489,7+60,2* 426,0+64,4
CD19, % 15,1£0,53 19,0+2,26** 16,411,44 16,5£2,17
IgE, ME 95,2+8,3 184,5+21,1*° 113,118,7% 371,7£31,8*#°
O¢B1, % * *
FEV1, % 109,8+2,5 96,6+6,9 98,845,45 106,2+3,23
TrKC, mkr/cyt * # *0
TGCS, mg/day 198,6+25,9 325,0+68,2 186,4+27,9 328,1£78,1
KomOGuHupoBaHHag Tepanus, % N .o yu
Combined therapy, % 66,1 100 834 88,8

Mpumeyanue. JocTOBEPHOCTb pasnunyuit: * — ¢ rpynnoii Bupyc (<), p < 0,05; ** — ¢ rpynnoii supyc (<), p < 0,01; # — ¢ rpynnoit BAB; ° — ¢ rpynnoii BMY-6.
Note. The significance of differences: * — with the virus (=) group, p < 0,05, ** — with the virus (-) group, p <0,01; # — with the VEB group,

°— with the HHV-6 group.

3akJo4yeHne

IMonyyeHHbIe HAMU JaHHBIC TTOKA3bIBAIOT BJIMSI-
Hue aktuBanuu BOB n BI'Y-6 B snuTenvu abixa-
TEJbHBIX MyTEel HAa MMMYHONATOreHe3 U TeYeHUEe
BA. ¥V 0GoJBbHBIX C HEKOHTPOJUPYEMOI acTMOil
nocToBepHo 4valle (bonee yem B 3 pasa ans BOb
n B 1,5 paza nast BITU-6 tuma) oonapyxusatot JHK
BUPYCOB B Ma3Kax M3 3eBa. Y ACTEil ¢ MOJIOXUTEb-
HBIM Pe3yJILTATOM O0CJIeI0BaHMs Ha IIPUCYTCTBUE

AJHK BDb u BI'Y-6 Gosnee Boicokuii (mis1 BOB
B 9 pas, nisg BI'Y-6 B 3 pasa) yposeHb IL-5, Tak-
ke OoJsiee Boicokuii (Ans1 BOb B 2 pa3a) ypoBeHb
IgE u nocroBepHo Gonee Hu3kuit ypoenb ODBI.
ITauuentol ¢ BoisiBJeHHOW JITHK BOb TpeOyior
Ha 40% 6omee Boicokux 103 TIT'KC niist tocTrkeHU ST
KOHTpOJIg Haja 3abosieBaHuEeM. TakuM o0pa3oM,
oba BUpyca yXyAlIalOT T€YEHUE U KOHTPOJIb DA,
HO BObB nMeeT OoJiee BhIpaskeHHOE BIUSIHUE Ha Te-
yeHue 3a00IeBaHUS U eTO KOHTPOJIb.
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NOJIOCTb PTA KAK JIOKYC

Anga dOPMUPOBAHWUSA TETEPOrEHHOM
BAKTEPUAJIbHOW NONynaLuu

Y NAUMEHTOB C MYKOBUCLUAO3OM

0O.B. Konaparenko, M.C. CaGyposa

KpaTtkue cooOLieHuns

NHdekums n uMmyHnTeT
2022, T. 12,Ne 6, c. 1181-1185

DI'EOY BO Camapckuii eocyoapcmeennutii meduyunckui ynugepcumem Munszopasa Poccuu, e. Camapa, Poccus

Pestome. MyKoBUCLIMI03 SIBJISIETCSI BAXKHOM MEeIUKO-COLMaIbHOM MpobieMoil. HecMoTpst Ha 3HaYMTEbHbBIE YCIIEXU
COBPEMEHHOI HAyKU U TIPAKTUKM, OaKTepUalbHbIC OCIOXKHEHHUS MMO-TPEKHEMY OCTAIOTCS OHOM U3 OCHOBHBIX MPU-
YKH JIETaJIbHOCTHU HalueHToB. OMHUM U3 3HAYMMBIX BO30YAUTENCH OaKTepralbHOM MHMOEKIIMY IIPU MYKOBUCLIMIO-
3e aBusieTcss Pseudomonas aeruginosa, ciocoOHas MPUBOAUTH K OBICTPOMY CHUXKEHUIO JIETOUHOI (QyHKIMHU. B TO ke
BpeMsl HUKHME JbIXaTeIbHbIe IYTHU — 3TO HEe eAMHCTBEHHBII JIOKYC /11 MUKPOOHOM KojoHu3auuu. [lokazaHa pojib
napaHasaJibHbIX CUHYCOB KaK odyara JJisl [IepBUYHOrO IOoMagaHus 1 IMOCIeayIoleil aganTaluy KIMHUYECKU 3HaYK-
MBIX IIPX MYKOBUCIIUI03€ aTOreHOB. I1010CTh pTa TAKKE MOXET CYKUTh Pe3epBYyapoM /s [IEPBUYHOIO IOMaJaH U
M aganTanuy mraMMoB. OTHAKO 3TOMY ITOCBSIIEHBI TUIIb eAUHUYHBIC UCCIeAOBaHUS. B COOOIEHNN TPUBOIUTCS
ONMCaHNe KIMHUYECKOTO CIIydasl BBIICICHUS TeTepOreHHOM MUKPOOHOM TTONYAIINN P. aeruginosa N3 pa3IMIHBIX
JIOKYCOB TIOJIOCTH PTa M MOKPOTHI TALIMEHTa ¢ MyKOBUCIMI030M. [1p1 3TOM BBIIEIEHHEIE M3 TIOJIOCTH PTa 1 MOKPOTHI
HITAaMMBI Pa3JTMYaINCh ITO CBOUM KYJIBTYPaJIbHBIM CBOMCTBAM ¥ aHTUOMOTUKOPE3UCTEHTHOCTH. BEITIOTHEH ITPOTEOM-
HBIIT aHaJIM3 MacC-CIEeKTPOB 11 U30JIITOB U UX COMOCTABJIEHHUE MEXIY COO0I M KOHTPOJBHBIM IITAMMOM P. aeruginosa
ATCC 27853 ¢ Buzyanuzanueii ¢ momoinpio CCI-maTpuubl. B pesynbraTe npoBeneHHOro aHa113a BbISIBJIEH BbICOKU i
YPOBEHb TeTEePOTeHHOCTH MCCIICAYEMO TIOMYJISIIUY, IIPY 3TOM JIUIIIb [JIs1 OTACIbHBIX TIap M30JISITOB MOy YEeHbI BBICO-
kue 3HaueHus CCI Score. [TokazaHo, 4To IITaMMBI, BBIZICIEHHbIE U3 MOKPOTHI TTAlIMEHTa, OKa3aJI1Ch 00Jee OMHOPOI-
HBIMH I10 O€JIKOBBIX IIPOMUIISIM, YeM KYJIbTYPBbI, BhISIBJICHHBIE C Pa3IUYHbIX YYaCTKOB CJAM3KUCTOM 000JI04YKH IOJOCTU
pta. [1py 3TOM B cllyuae BblJeJeHUsI HECKOIbKIX MOPGOTUIIOB P. aeruginosa u3 0IHOI0 JIOKYyca B II0JOCTHU pTa O0JIU3KO-
POICTBEHHBIX IITAMMOB BbIAEJICHO He ObLI10. [loKka3aHo, 4TO MOJOCTh pTa sIBJIsIeTCs 00Jiee 3HAYMMOI C TOUKH 3pEHU S
MUKPOOHOM TMCCOLMALINH ITPU MYKOBUCIIHIO03€, YTO MOXKET OBITH 00YCIOBICHO O0JIee pa3HOOOPa3HBIMU MUKPO3KO-
JIOTUYECKUMU yCIOBUSIMU. [IpeacTaBuTe M MUKPOOMOIOTHUECKOTO COOOINECTBAa MOCPEACTBOM MUKPOACTIMPALIUN
MOTYT PEKOJIOHM3NPOBATh TPAXeOOPOHXMATBHOE IEPEBO, TEM CAaMBIM CIIOCOOCTBYS MOAIEPKAHNI0 HHMOEKITNOHHOTO
BOCITAJICHNSI B HUDKHUX JBIXATEJIBHBIX ITYTSIX K YACTHIHO 00BICHSST Hed(P(HEKTUBHOCTD HeOYIaii3epHOil aHTHOAKTE-
pUaNbHOM Tepanmuu. B To XXe BpeMs 1 KJIOHBI, afalITUPOBABIINECS B JISTOUHOM TKAHM MTPU OTKAIIJIMBAHUY MOKPOTBI
CIOCOOHBI PEKOJIOHU3UPOBATH JIOKYCHI MOJIOCTH pTa. [loydeHHbIe TaHHBIE aKTyaJIu3MPYyIOT BOIIPOC O HEOOXOTMMO-
CTU KOMILJIEKCHOTO MUKPOOMOJIOTMYECKOro MOAX0Aa MPH MPOBEAESHUN 00CIeI0BaHMU S MallMEHTOB A1 MOBBILICHU S
3¢ HEKTUBHOCTHY 3paAuKaIllMOHHBIX MEPOTIPUSITUN MPU MYKOBUCIIMI03E.

Karoueevie caosa: MyKOBMCL{uaOB’, nosaocms pma, MoKpoma, CUHecHOUHAsA MH¢€KI4M}1, macc-cnekmpomempus, eemepoeeHHoOCnb.
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THE ORAL CAVITY AS A SITE FOR DEVELOPING A HETEROGENEOUS BACTERIAL POPULATION
IN PATIENTS WITH CYSTIC FIBROSIS

Kondratenko O.V., Saburova M.S.

Samara State Medical University of the Ministry of Healthcare of the Russian Federation, Samara, Russian Federation

Abstract. Cystic fibrosis is an important medical and social problem. Despite significant advances in modern science and
practice, bacterial complications are still among the main causes of patient mortality. One of the crucial bacterial patho-
gens in cystic fibrosis is Pseudomonas aeruginosa, which can lead to rapidly decreased pulmonary function. At the same
time, the lungs are not the only site for microbial colonization. The oral cavity can also serve as a reservoir for initial entry
and adaptation of microbial strains, which, however, were only sparsely investigated. A clinical case of isolated heteroge-
neous microbial population of P. aeruginosa from various loci of the oral cavity and sputum of a patient with cystic fibrosis
is described. A proteomic mass-spectrum analysis obtained from eleven isolates as well as their mutual comparison with
the control strain of P. aeruginosa ATCC 27853 visualized with CCI matrix was performed. As a result, a high level of het-
erogeneity of the studied population was revealed, while high CCI Score values were obtained only for individual pairs
of isolates. It was shown that the bacterial strains isolated from the patient sputum turned out to be more homogeneous
in protein profiles than cultures detected from various oral sites. At the same time, in case of isolated several morphotypes
of P. aeruginosa from single oral site, no closely related strains were found. Thus, it is shown that the oral cavity is more
important viewed from microbial dissociation in cystic fibrosis, which may be due to more diverse microecological con-
ditions. Representatives of the microbiological community can recolonize the tracheobronchial tree through microaspi-
ration, thereby contributing to the maintenance of infectious inflammation in the lower respiratory tract and partially
accounting for ineffectiveness of nebulized antibacterial therapy. At the same time, clones adapted to the lung tissue upon
coughing up sputum are able to colonize oral sites. The data obtained actualize the question of the need for a comprehen-
sive microbiological approach while examining patients to increase effectiveness of eradication measures in cystic fibrosis.

Key words: cystic fibrosis, oral cavity, sputum, Pseudomonas aeruginosa infection, mass-spectrometry, heterogeneity.

BeepgeHue

MyKoBHUCLIMI03 — CaMO€ paclpoCcTpaHEHHOE
ayTOCOMHO-PELECCUBHOE IT€HETUUECKU JeTePMUHU-
poBaHHOe 3a0oJieBaHue. B rociaeqHue aecsTuiaeTus
NPOOOIKUTEBHOCTh M KaueCTBO XXM3HU OOJBHBIX
3HAYUTEIbHO BO3POCJM, YTO MO3BOJIMJIO €MY BBI-
WTHU Jajeko 3a paMKHU MeauaTpUIeCKOi MaTOJIOTUH.
B cBs3u ¢ onTmMu3anueil MpOBOTUMON Tepartuu
¥ paHHel nuarHocTuku B Poccuu m Mupe ormeyva-
eTCsd yBEJIMYEHME [OJU IOAPOCTKOB M B3POCIBIX
NaluMeHTOB ¢ MYKOBHUCLIMIO30M, YTO, B CBOIO OYe-
penb, pacKpbiBaeT Mepel BpauaMy HOBbIE aCHEKThI
ocJioXXHeHuli 3Toro 3aboneBaHus. I[lo-mpexHemy
OOHOI M3 OCHOBHBIX IIPUYMH paHHEH JIeTaIbHOCTHA
SIBIISTIOTCST OaKTepraibHbIC OCJOXHEHHSI OpOHXO-
JierouHoil cucteMmsl [1]. Ha ceromHsg1IHU JeHb XO-
pOIIIO M3BECTEH BKJIaJ OCHOBHBIX OaKTepUaIbHBIX
MaTOreHOB, MMEIOLIMX KJIIOUeBOE 3HAYEHUE ITPU MY-
KOBHUCIMI03€, B YAaCTHOCTU MHGMEKIMU, aCCOLIMU-
poBaHHoOI1 ¢ Pseudomonas aeruginosa [2]. Ho nerkue
9TO HE SAWHCTBEHHBINA OMOTOIT ISl KOJIOHM3AIINH.
MHOro4YnCcIeHHBIMA WCCIICIOBAaHUSIMHM TTOKa3aHa
POJIb TTapaHa3aJIbHBIX CUHYCOB KaK JIOKYca JIJIs Iep-
BUYHOTO TONAaJaHWs W MOCJEAYIolIel aganTaiuu
mrtammoB [43]. B To ke Bpemsi, ONMCaHUIO MOTEH-
LMaJIbHOM POJIM MOJOCTU PTa B KaUeCTBE pe3epBya-
pa nast 6akTepuaabHONH MUKPOMIOPHI MOCBSIIEHbI
JUIIb eAMHUYHBIE Tyoannkanuu [3]. HeodoxommMocTh
W 3HAYUMOCTH PETyJASPHOTO CTOMATOJIOTHUYECKO-
o0 U MHKPOOUOJIOTMYSCKOTO OOCICIOBAHUS TIO-
JIOCTU pTa HE perjiaMeHTUpPOBaHA ACHCTBYIOIIUMU
pekoMeHmauusMu. Mcxomst M3 3TOTO, BeposiTHAsK

POJIb MOJIOCTU pPTa KaK JIOKyca JJIs alalTalluM U T10-
clenymwlleit nuBepcudUKalUM KJIMHAYECKU 3Ha-
YUMBbIX MATOT€HOB HE YUMTBIBAECTCS MPU OKA3aHUU
MEIMIIMHCKOU MOMOIIM MallMeHTaM ¢ MYKOBHUCIIU-
JI030M. DTO MOXKET ObITh OMHUM M3 KJIIOUYEBbIX (PaK-
TOPOB, OOBSICHSIOIMMNX HEIPGEKTUBHOCTh CTaH-
JAapTHBIX CX€M AHTUCUHETHOWHOW 3paauKaluOH-
HoOM Tepanuu. B KauecTBe MILTIOCTpALIMM 3TOTO (pe-
HOMEHa HaMU TPUBOJUTCS OMMCAHUE Pe3yJIbTaTOB
KJIMHUKO-MUKPOOUOJIOTUUECKOrOo  00cieNoBaHM S
nalyeHTa ¢ MyKOBUCIIUJI030M, UMEIOIErO0 UHTEP-
MUTTUPYIOLIME BbICEBbI CUHETHOMHOU MHQEKIINU
M3 JIETKUX B aHAMHE3€ Ha MPOTSIKEHWU W KMU3HU.

Matepuanbl 1 MeTOObI

IManuentA., 2007 r. poxa., myskuuHa. [1pu npo-
BEICHUU IJaHOBOI'O CTOMATOJIOTMYECKOIro obOcie-
MOBaHMSI HE BBISIBJICHO ITaTOJIOTWH, TIOJOCTh pTa
caHupoBaHa. Bo Bpemss ocMoTpa y nanueHTa ObL
npou3sBeaeH 3abop Npod bumomarepuaia U3 BOCbMU
JIOKYCOB TT0JIOCTUA pTa. CTepUIBHBIMU ILJIaCTUKO-
BBIMU 30HJAMU C BaTHBIM TaMIIOHOM BpalllaTelib-
HBIM JIBUKEHUEM cOoOMpaJicsl MaTepuall ¢ MoBeEpX-
HOCTU CJIAM3UCTON OOOJOUYKHM IIEKU U C TOBEPX-
HOCTM CHMHKM $I3bIKa; C IIEYHON ITOBEPXHOCTU
IEPBBIX MOJISIPOB BEPXHEM YEIIOCTU U SI3BIYHOM
MOBEPXHOCTHU ILIEHTPaJbHBIX PE3II0OB HMXKHEH 4e-
JIIOCTA CTOMATOJIOTUUYECKHUM CKaJIepOM OBLIO IIPO-
M3BEICHO CHSITHE MUHEPATN30BAaHHBIX M1 HEMUHE -
palIn30BaHHBIX 3yOHBIX OTI0XKEHMW; BBIICICHHBIN
M3 BBEIBOJHBEIX MPOTOKOB ITPABBIX U JICBBIX OKOJIO-
YIIHBIX W MOOBSI3BIYHBIX CITIOHHBIX KeJe3 CEeKpeT
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cobupaJicsi CTePUJIbHBIMU TIACTUKOBBIMU 30H1a-
MMU; SHJIOJOHTUUYECKMM OyMa K HbIM LITU(MTOM pa3-
Mepa 15.02 mpousBoaniicsa cOop AeCHEBOM KUIKO-
ctu. Bece cobpanHble TpoObl GomMaTepualia obUIU
MOMEIIIEHbl B IMpPeABapUTEIbHO MPOMapKUpPOBaH-
HbI€ TPOOUPKU C XUJKOM TUOTJIUKOJIEBOU cpeaoit
M IOCTABJICHBI B U30TEPMUICCKHUX YCIOBUSIX B Jia-
bopaTtoputo B TeueHue 20 MUH ITocjie coopa.

B nmaboparopuu noces KaxKaoi NpoObl OCYIIECT-
BJISLJICS Ha CJIeAYIOIIMe MUTaTeJIbHbIE Cpebl: Ha MO-
BEPXHOCTB IBYX UallieK ¢ 5% KPOBSIHBIM arapoM C Jie-
¢ubpuHUpOoBaHHOI OapaHbel KpoBbio (HiMedia,
WNHunus), nByx 4Yaliek ¢ YHUBEPCAJIbHONH XPOMO-
renHoii cpengoii (BioRad, CIIIA), yamek c¢ cenek-
TUBHOU cpenoit musi Burkholderia cepacia (OFPBL-
arap) c 0alIUTPAIIMHOM U ITOJIMMHUKCUHA CYJTb(haTOM
(HiMedia, MUunus), Veilonella-arapom (HiMedia,
Wnnaus), arapom aist anaspo6oB (HiMedia, Muaus),
Clostridium-arapom (HiMedia, Unaust), arapom aiist
nmakTobaktepuii (HiMedia, Muons), arapom mis
oudunodaktepuit (HiMedia, Uuaus) ¢ ucnonab3o-
BaHWEM TEXHUKM TI0CeBa «IITpUXOM». Ha moBepx-
HoCTb Yalek ¢ arapom Cadypo ¢ xjaopaM@eHUKOJIOM
MPOM3BOIMIICS TTOCEB TOMOTE€HU3UPOBAHHOTO MaTe-
puajga METOIOM OJsIIeK C MOoCeayoleil UHKyoa-
nueit ipu 28°C no 14 cyT ¢ eXXenTHEBHBIMU ITPOCMO-
TpaMU TTIOCEBOB. 3aTeM I10 OJTHOI 3acesIHHOM Jalllke
¢ 5% KpOBSIHBIM arapom ¢ aehuOpMHUPOBAHHOM
OapaHbeil KPOBBIO U C YHUBEPCAJTbHOW XPOMOTEH-
HOI Cpefoi, a TaK>Ke yalllkKa C CEJIEKTUBHOM Cpeaou
nast Burkholderia cepacia (OFPBL-arap) ¢ 6auuTpa-
HOMHOM U TIOJIUMUKCHHA CylIb(daToM MHKYOHpPOBa-
JIUCh B TepMoOcTaTe Ipu TeMirepatype 37°C B Teue-
Hue 24—48 4 ¢ exxeTHEBHBIM ITPOCMOTPOM TTOCEBOB.
IIpu aTOM 3acesiHHbIE YalIKU C CEJIEKTUBHOM cpe-
noit nust Burkholderia cepacia (OFPBL-arap) ¢ 6aiu-
TPallMHOM U MMOJIUMUKCHHA CYITIh(haTOM NHKYOUPO-
BaJIUCh B adPOOHBIX yCIO0BUSAX 24—48 4 pu TeMmIie-
patype 37°C, najiee MHKyOUpOBaJUCh 00 14 cyT nipu
Temnepatype 28°C ¢ exkeTHEBHBIM ITPOCMOTPOM TT10-
ceBoB. [1o ogHOI1 3acestTHHOI YyalliKe ¢ 5% KPOBSIHBIM
arapoM ¢ Je(puOpuHUPOBAHHOU OapaHbEl KPOBbBIO
U C YHUBEPCAJIbHOM XPOMOTEHHOM Cpenoi, a TaKXKe
yairku ¢ Veilonella-arapom, arapom aJist aHa3po0oB,
Clostridium-arapoM, arapoMm s JaKTOOaKTepUid,
arapoM s OudumgodakTepuili MHKYOUPOBATUCH
B aHA?POOHBIX yCIOBUSIX 96—120 4 mpu TeMIiepary-
pe 37°C.

WneHtudukanuss  BBIASJICHHBIX  IIITAMMOB
npousBoauaacek ¢ nomouibto MALDI-ToF macc-
criektpomeTpa (Bruker, I'epmanus). Co mtamMmMoB
Pseudomonas aeruginosa, BblI€ICHHBIX U3 JTOKYCOB
MOJIOCTH pTa, a TaKxKe MapajieIbHO M3 MOKPO-
Thl TIAlIMEHTA OBUIM CHSTHI OEJIKOBBIE CITIEKTPBI
METOJOM DOKCTPaKIIMU MYPaBbUHON KUCJIOTOM.
IMocnenyromas BuU3yaau3alusl IIPOTEOMHOTO CO-
MOCTaBJICHM S TTOJIyYSHHBIX MacC-CIIEKTPOB IIPOBO-
JINJIACh C UCTIONIb30BAaHUEM MTPOTPAaMMHOTO obecrie-
yeHuss MALDI Biotyper 3.0 (Bruker, I'epmanus).

B oTHoOmIeHNM McCaeayeMbIX IITaAMMOB OBIJT TIPO-
BEJICH pacueT COCTaBHOTO MHAEKCA KOPPEsInu
(Composite Correlation Index — CCI).

Pe3ynbrathl 1 06CyXaeHne

B pesynbrate nmpoBeneHHOr0 MUKPOOUOJIOTH-
YeCKOro HccjaeloBaHUS y MalilMeHTa U3 TOJOCTU
pTa ObLIO BbIAEJNEHO 34 1mTaMMa MUKPOOpPTaHU3-
MOB, Cpeaud KOTOPBIX OBbLIM MNpEeACTaBUTEIMU Iia-
pPOIOHTONATOIreHHBIX OaKTepuii, B YaCTHOCTU
Actinomyces odontolyticus («ITypITypHBI» TapOTOH-
TOMATOTE€HHBIN KOMILIEKC), Streptococcus gordonii,
Streptococcus sanguinis, Streptococcus mitis («<KeJ-
THIl» MapOTOHTONATOreHHBIII KOMIIJIEKC), YTO pac-
HeHMBaeTCcsI Kak (haKTOp pPUCKa MO pa3BUTHIO 3a00-
JIeBaHUH MMapOJOHTA B JaJIbHEWIIIEM.

Kpome aToro, 6611 MOJYyYEH POCT AECBSITHU IITaAM-
MOB P. aeruginosa B moceBax U3 MSITU JIOKYCOB —
C TIOBEPXHOCTHU AeCHEBOM 00po3abl (ImTaMM No 2),
YCThSI TIPOTOKOB MpPaBBIX MHOABI3BIYHONM (IITaM-
MBI Noe 7 1 No 8) M OKOJIOYIITHOW CIIIOHHBIX KeJjie3
(uramM Ne 6), TTOBepXHOCTH s13bIKa (ImTaMMBbl Ne 11
u Ne 12) 1 cT3ucTOM 000JI0UKM MIeK (ITaMMBI N 9
u Ne 10). B MmokpoTe matimeHTa ObLI MOJIyYeH POCT
reTeporeHHon nonynasiuuu P. aeruginosa, BKJoda-
[olIein B cebst MYKOUAHBIN mTaMM (Iutamm Ne 4),
JyBCTBUTEIBHBIN KO BCEM TECTUPYEMBIM Mperrapa-
TaM; HEeMYKOUIHbIH mTamm (mtamMm Ne 3), c uzoiu-
POBAHHOI YCTOMUYMBOCTBHIO K UMHUIIEHEMY; a TaK3Ke
mTaMM ¢ MOP(MOTUIIOM MEJIKMUX KOTOHUH (IITaMM
No 5), 4yBCTBUTEIBHBIII KO BCEM TECTUPYEMBIM
npenaparaMm. LItamMm, BbII€JI€HHBIN C TTOBEPXHO-
CTU IECHEBOU 60PO3/bl, ObLJI MYKOUIHBIM U COXpa-
HSJ1 YYBCTBUTEIBHOCTh KO BCEM aHTHUOMOTHUKAM.
C yCThsI MPOTOKA TTOABA3BIYHOM CIIOHHOM XKeJie3bl
BBIZIeJICHA TeTepOTeHHAs TOITYJISSIUS BO30YIUTEIIS
B BUJIE CMECHU YyBCTBUTEJIBHOIO MYKOUIHOIO Oec-
HNUITMEHTHOTO MOPGMOTHUIIa U HEMYKOUJIHOTO IUT-
MEHTHUpOBaHHOTO KyioHa. Co CIM3UCTOI 000J0Y-
KU sI3bIKa TaKXe BBIIEJIEHAa CMeCh KOJOHHMAJIbHBIX
MOP(OTUIIOB YYBCTBUTEJIBHOIO OECIMUTIMEHTHOIO
MYKOUIHOTO U HEMYKOUJIHOTO, C U30JMPOBAHHOMN
YCTOMYMBOCTBIO K Hunpodaokcanuny. Co cimnsu-
CTOM OOOJIOUKH IIEKH TaKKe IToJIydeHa MopQoJIo-
TMYECKU OJTHOPOJIHAS CMECh ABYX MYKOUAHBIX MOP-
(OTUTIOB C TeTepOPE3UCTEHTHOCTHIO K UMUIICHEMY.

YuuteiBasi MIMPOKU I CIIEKTP BBIACICHHBIX KJIO-
HOB, IEMOHCTPHPYIOIINX KaK MOPQOIOrnIeCcKUe
pas3nuuus, Tak U OTJIMYAIOUIUXCS 10 aHTUOUOTU-
KOPE3UCTEeHTHOCTU, HaMU ObLJIO MPOBEIECH aHaIU3
OIHOPOAHOCTHU KYJbTYP Ha OCHOBAHUU OEJIKOBBIX
npodwuieit (Macc-cnekTpoB). bBpI10  BBIIOTHE-
HO COINOCTaBJEHUE HWMEIOIIUXCSI MacC-CIeKTPOB
C MPUMEHEHHEM CTAaTUCTUYECKUX PacCUyeTOB C IO-
caenytolieit Busyanusanueii B Buge CCIl-maTpulibl
(puc., Bkiuetika, c. II). [Ipn ncmonb30BaHUM yKa-
3aHHOI'O0 METOJla BO3MOXHO BBISIBJIEHUE CTEINEHU
COBMAAEHUS IITAMMOB OT MOJIHOM UJAEHTUYHOCTU
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TaGnuua. XapakTepuctTuka wtammoB P. aeruginosa, ncnonb30BaHHbIX Ang noctpoeHusa CCl-maTtpuubl
Table. Characteristics of the P. aeruginosa strains used to construct the CCl-matrix

Homep wramma OnucaHue wrtamma P. aeruginosa n noKyca ero BbigesieHUs
Strain number Description of the P. aeruginosa strain and relevant site of isolation
1 KoHTposnbHbIli wTamm P. aeruginosa ATCC 27853
Control strain of P. aeruginosa ATCC 27853
2 HeMmyKOUAHbIi LUTaMM, BbIAENEHHbIA C MOBEPXHOCTM AieCHEeBOW 60po3Abl
A non-mucoid strain isolated from the surface of the gingival crest
3 HemykounaHbIi WuTaMM ¢ U30JIMPOBAHHON YCTOMYMBOCTbIO K MUMUNEHEMY, BblAENEHHbIA U3 MOKPOTbI
A sputum non-mucoid strain with isolated imipenem resistance
4 MyKoMAaHbIN WTamMM, BblAE/IEHHbIA N3 MOKPOTbI
Mucoid strain isolated from sputum
5 HemykouaHblil wtTamMmm ¢ MOpHOTUNOM MENKUX KONTOHUIA, BblAENIEHHDbIV U3 MOKPOTbI
A non-mucoid strain with the morphotype of small colonies isolated from sputum
6 HemykounaHbIil WiTaMMm, BblAeNeHHbIN U3 YCTbS NPaBO OKONOYLIHON CIIOHOW Xene3bl
A non-mucoid strain isolated from orifice of the right parotid salivary gland
7 MyKouaHbIN LWITaMM, BblAEeNEHHbI N3 YCTbS NPaBOi NOAbA3bIYHON CJIIOHOW Xene3bl
Mucoid strain isolated from orifice of the right sublingual salivary gland
8 HemykouaHbIli WTaMM, BblAEeNEHHbIV M3 YCTbS NPaBO NOAbA3bIYHOM CIIIOHOW Xene3bl
A non-mucoid strain isolated from orifice of the right sublingual salivary gland
9 HeMyKoMZHbIN LWUTaMM, BbIAEIEHHBI CO CIM3NCTON 060104KY LLLEKM
A non-mucoid strain isolated from the cheek mucosa
HeMyKOMAHbII WUTaMM, BbIAEJIEHHBI CO CIM3NCTOI 060104KM LLEKU C U30/IMPOBAHHOM YCTOWYMBOCTbIO
10 K UMUNEeHemy
A non-mucoid strain obtained from cheek mucosa with isolated imipenem resistance
HemykouaHbIil WiTaMMm, BbiAeNEeHHbIV C MOBEPXHOCTU 3blKa C U30JIMPOBAHHOM YCTONYMBOCTbIO
1 K umnpodgnokcauuHy
A non-mucoid strain obtained from the surface of the tongue with isolated ciprofloxacin resistance
12 MyKOMAHbINA LUTAMM, BblAENEHHbIA C NOBEPXHOCTU A3bIKA
Mucoid strain isolated from the surface of the tongue

(TeMHO-KpacHBI! 1IBET) 10 OTCYTCTBHUS COBMAamIe-
Hus (cuauit uBet). 3HauyeHue CCI Score MoxeT Ha-
XOOUTBCS B IIpeaenax 3HaueHu i ot 0 1o 1, mpu 3Tom
0 ompenelsieTcsi KaK ITOJIHOE€ OTCYTCTBUE COBIIA-
neHuil, a 1 — MmojHoe CcOoBIaJeHUe WM UACHTUY-
HOCTb IITaMMOB. MHdOpMaIKs 0 HOMepax IITaM-
MOB, B3SIThIX B aHaJIM3, peACTaBjeHa B TaOIULIE.
ITapsr miTammoB ¢ moka3arensamu CCI Score 6bonee
0,800 pacueHMBaIUCh KakK OJM3KOPOACTBEHHBIC
B COOTBETCTBUM C PEKOMEHIALIMSIMU ITPOU3BOIM-
TeJIsl IIPOrPAaMMHOI0 00ECIIEYEeHMSI.

B pesynbraTe IpoBeIeHHOIO UCCASI0BAHM S I10-
Ka3aHo, YTO B IIOJIOCTHU pTa IalueHTa chopMuUpo-
BaHO I'e€TepPOreHHOEe OGaKTepuajlbHOE COOOIIECTBO,
YTO MOATBEPXAAETCS pe3yabTaTaMU CpaBHEHMUS
Macc-CIeKTpOoB ITpu nocTtpoeHuun u ananuze CCI-
MAaTPULILL B BUIE «TEIJIOBON KAPThI».

IIpu aHanM3e Macc-CIEKTPOB KYJBTYpP, BbIIE-
JIEHHBIX 13 MOKPOTBI, OBbIJIU IOy YeHBI CJICAY IO 1e
pesyabraThl. LlITamm Ne 4 nmeeT GJIM3KOE POACTBO
C IPYTMMMU IITAMMAaMU, BbIAEIEHHBIMU U3 MOKPO-
TBI, OMHAKO MexX a1y mtamMaMu Ne 3 1 Ne 5 ypoBeHb
poacTBa okaszajica Huxe 0,800, 4TO MO3BOISET
MPEANOI0XUTh, UX (DOPMUPOBAHKE U aJalTallIO
B pa3JIMYHbIX MUKPOIKOJIOIMYECKUX YCIOBUSIX.

IITaMMBI, BBIACIICHHBIC M3 OMHOI'O JOKYCa CJIY-
3UCTOI 000JIOYKH ITOJIOCTH PTa, OKA3aJIUCh Te€TePO-
FeHHBIMU 10 Macc-crekTpam. [lomapHblie 3HaUeHU ST

CCI Score ans mykougHoro (mmtamMmMm Ne 7) u Hemy-
koumHoro (mramMm Ne 8) 1mITaMMOB, BBIACICHHBIX
U3 YCThS MPAaBOUN MOABSA3BIYHOM CIIIOHOM >KEJI€3bl;
IUIST IBYX HEMYKOUIHBIX IITAMMOB (IITaMMBI N2 9
u No 10), BBIIEJICHHBIX CO CIM3UCTONM OOOJTOUYKU
IeKHU, a TaKxKe MyKouaHoro (mutamMm Ne 12) u He-
MyKougHoro (mramMm Ne 11) mTamMMoOB, BBIJICICH-
HBIX C MTOBEPXHOCTMU sI3bIKa, oKka3zaiauch HUxKe 0,800.

[1Ipu cpaBHEHUH ILITAMMOB, BBIICJICHHBIX U3 MO-
KPOTHI CO IITaMMaMM U3 TIOJJOCTH pTa, OBLIU BbI-
SIBJICHBI CJIEAYIONINEe 3aKOHOMEPHOCTH: IITaMM Ne 3
Ha OCHOBaHUM CpaBHEHMI Macc-CIEeKTPOB oKa3aJl-
Ccsl POACTBEHHBIM CO IIITaMMaMM, BBIACICHHBIMU
U3 YCThSl IIPAaBOM OKOJIOYIIIHOM CJIIOHOMU KeJIe3bl
(utamMm Ne 6) u ¢ g3bika (mutamm Ne 12). Iltamm
No 4, BuIeIeHHBIN U3 MOKPOTHI OJIM30K IO Macc-
CMEKTPaM CO IITAMMaMU, BbIICJICHHBIMU C TTOBEPX-
HocTy s3b1Ka (Ne 11 u Ne 12). Illtamm Ne 5, BeIae-
JICHHBI U3 MOKPOTHI, OJM30K MO MaccC-CIeKTpam
K IIITaMMaM, BBIACJICHHBIM C TOBEPXHOCTH ACCHEBOM
60po3abl (TamMmMm Ne 2), HeMYKOMIHBIMU IIITaMMa-
MM, BBIJICJICHHBIMU U3 YCThsI IIPABOIl MOIBSI3BIYHOMN
CIIIOHOM keje3bl (mTaMM N2 8) U ¢ ITOBEpXHOCTU
sa3pIKa (1mramMm Ne 11).

Hawubosnee oTimyarommMcs o CBOMM MacC-CITeKT-
paMm okazajics 9 M30T, He UMEIOIIUI COBITaACHUMN
10 MacC-CITeKTpaM He TOJIBKO OT BBIICJICHHBIX U3 MO-
KPOTBI, HO 1 M3 JIOKYCOB MOJIOCTH PTa IIITAMMOB.
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MMon0CTb pTa Npy MyKOBUCLMA03E

TakuM 00pa3oM BBISIBJIEH BBICOKHMI yPOBEHBb
TeTepPOreHHOCTU MCCIEAYeMOUM TOMYyJIsSIIUU, ITpU
9TOM TOJIBKO JJISI OTAEIBbHBIX TIap U30JISITOB BbISIB-
JieH Bblcokuii ypoBeHb 3HaueHuit CCI Score.

3akJo4yeHne

IMomocTs pTa MAMEHTOB C MYKOBUCIIMIO30M
MOXKET OBITh OOMHUM U3 JIOKYCOB IJIS MEPBUUYHOTO
moramgaHus, amalTaluu M IIocjemyroinero ¢op-
MHPOBAHUS TeTEPOTSHHON MONYJISIIIUN 0aKTepuit,
MMEIINX IO0Ka3aHHOEC KJIWHHYECKOe 3HauyeHUE
Ipu JaHHOW matojoruu. IlpeacTtaBuTen MUKPO-
OMOJIOTMYECKOTO COOOIIeCTBAa ITOCPEICTBOM M-
Kpoacnupalu MOTYT PEKOJIOHU3UPOBATh TPaxeo-
OpOHXMAJTBHOE IEPEBO, TEM CaAMBIM CIIOCOOCTBYS
noanepXaHW  WHMEKIIMOHHOTO  BOCHAJICHUS
B HUKHMX JBIXaTeAbHBIX ITYyTSIX U YACTUIHO O0B-
SICHsIST Hed((PEeKTUBHOCTh HEOyali3epHO aHTH-
OakTepuaJIbHOM Tepanuu. B To e BpeMsI 1 KJIOHHI,

Cnucok nutepatypbl/References

aJanTUPOBABIIMECS B JISTOYHOUW TKaHM, TPU OT-
KalllJIMBAaHUM MOKPOTBI CITOCOOHBI PEKOJOHU3M-
pOBaTh JIOKYCHI TIOJIOCTH pTa.

Breuto 1I0Ka3aHoO, 4YTO IITaMMBbI, BBIIEICHHBIE
M3 MOKPOTBI, OKa3aJuCh 00jiee OMHOPOIHBIMU, YeM
KYJABTYpPbI, BBISIBJCHHBIE CO CJIIM3UCTONM OOOJOUKHU
noJjioctu pta. [Ipy 3TOM B cilyyae BbIACJICHUST He-
CKOJILKMX MOPpMOTUTIOB P. aeruginosa u3 OMHOIO Jo-
Kyca B ITOJIOCTH pTa, OJIM3KOPOACTBEHHBIX IIITAMMOB
BblJIeJIeHO He Obljno. TakuMm oOpa3oM MOJOCTb pTa
SIBJISIETCST O0JIee 3HAYMMOM C TOYKHU 3pEHUSI MUKPOO-
HOM AUCCOLMALIUU, UTO MOXET ObITh OOYCJIOBJIEHO
0oJjiee pPas3sHOOOpPa3HbIMU MUKPOIKOJOTMUYECKUMU
ycinoBusiMu. TlojrydeHHbIe TaHHBIE aKTyaaIu3upyroT
BOIIPOC O HEOOXOAMMOCTH KOMIIJIEKCHOTO MUKPO-
OGMOJIOTMYECKOrO MOIX0/1a ITPH ITPOBEIEHU Y 00CIeI0-
BaHMS MAIlMEHTOB JJTST MOBBIIICHU S 3 (OEKTUBHOCTHA
SpagNKAIIMOHHBIX MEPONPUSITHIA TP MYKOBUCIIT-
JI03€, UTO CJIeAYyeT YUUThIBATh KIMHUIIICTAM U MUK-
poOuoJIoraM B CBOEi MpaKTUUYECKOM eI TeTbHOCTH.
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UCKYCCTBEHHbIW UHTEJINEKT
B UAMMYHOOUATHOCTUKE XPOHUHECKOI'O
NMAPOAOHTUTA

B.I1. Myapos'?

'@I'BOY 110 Poccuiickas meduyunckas aKkademus HenpepoleHo20 npogeccuonarsinozo obpasoseanus Munzopaea Poccuu,
Mockea, Poccus
2I'BY luaenocmuueckuii kaunuveckuii uenmp No 1 Jlenapmamenma 30pasooxpanenus e. Mockewt, Mockea, Poccus

Pesitome. MckyccTBEeHHBIN MHTEIEKT UCIONb3YETCS 7151 IMAarHOCTUKM Pa3IMyHbIX 3a00JeBaHUit TToJoCcTH pTa. B 00-
JIACTY KJIMHUYECKOM 1abopaTOPHOI AMAarHOCTUKU aJITOPUTMbl MATMHHOTO O0YyUYEHHM ST TPUMEHSIIOTCSI B MHTEpIpeTa-
LM U CIOXHBIX OMOXMMUYECKUX TaHHBIX. TOUHYIO AMarHOCTUYECKYI0 MHMDOPMAIIMIO O TAPOIOHTUTE MOXHO IMOJYYUTh
MPU CO3TAHUU KOMOMHAILIMY COOTBETCTBYIOIIMX OMOMApKEPOB ¢ HEOOXOAMMOI YYBCTBUTENIBHOCTBIO U CIIEIIU(PUUHOC-
Thio. LleNplo HACTOSIIIETr0 UCCACIOBAHUS CTAll TIOUCK 3HAYMMBIX MH(PEKIIMOHHO-UMMYHOJIOTMIECKUX KIMHUKO-JIa-
0OpaTOPHBIX JaHHBIX HA OCHOBE aJITOPUTMA MAIIMHHOTO OOYYCHUSI TIPH XPOHUUECKOM TapomoHTuTe. st 3T0ro 06-
cienoBaHo 124 mamuenTa B Bo3pacte oT 40 1o 70 JIeT ¢ IMarHO30M «XPOHMYECKUM IMapOIOHTUT», KOTOPHIM METOIOM
[TLIP B peanbHOM BpeMeHU MPOBEJIU UCCIenoBaHUe KapmaHa napogoHTa Ha JJHK Bupycos reprieca yenoseka u 0ak-
TepraJbHYyI0 TApONOHTONATOTeHHYI0 MUKpoQIopy Aggregatibacter actinomycetemcomitans, Fusobacterium nucleatum,
Tannerella forsythia, Treponema denticola, Prevotella intermedia, Porphyromonas endodontalis, Porphyromonas gingivalis.
Taxxe n3yvanuch Mmarpununble PHK mpoBocmanuTeIbHBIX HIUTOKWHOB M IPYTUe MapKephbl XpOHU3ALIMU BOCTIATUTETb-
Horo mpornecca: 1L-1B, IL-10, IL-18, TNFa, TLR4, GATA3, CD68. B ipo6e 3y6omecHeBOW KUIKOCTH OTPEIESIIN
TNFo, IFNy, IL-1B, IL-4, IL-6, IL-10, IL-18, VEGF. UMMyHHbIe KJIeTK! POTOBOI MOJIOCTH OLIEHUBAJIH IO COIepXKa-
Huto CD3*, CD4*, CD8*, CD3*HLA-DR", CD64*CD16"*CD14-, Treg CD4*CD25"CDI127"°¥, T-NK CD3*CD16*CD56",
NK CD3-CDI16"CD56, CD14*, CD14"HLA-DR*, CD19*, CD19"HLA-DR*, Bl CD19*CD5"B27-, B2 CD19*CD5-B27-,
CD19*CD5-B27*. lnst oieHKM JaHHBIX UCITOIb30BaI0Ch MallIMHHOE 00yueHue «random forest». bria BeIsIBIEHA CBSI3b
MEX Iy TaTOTeHHOI MUKPOMIIOPOit M XapaKTepoM MMMYHHOT0 oTBeTa. [Ipeobiagan mpoBoCaIuTeIbHbBIN KOMIIOHEHT,
BeIpakeHHbIN B akcnipeccut MPHK 1L-1B, TNFo, IFNY B UMMYHHOM OTBeTe Ha arpecCUBHBIE MTApOJOHTONATOT€HBbI:
Treponema denticola, Fusobacterium nucleatum v 1p. AITOpATM MAaIIMHHOTO 00y4eHMsI «random forest» BBIOpa M3 MHO-
’KeCTBa TaHHBIX KOPPEISIIHMOHHBIC OTHOMEHHUS 1 2 0,5 (KaK MOJOKUTEIbHBIC, TAK U OTPULIATCIBHBIC) IS TIPOBEICHMS
JaJIbHENIIEro aHajiu3a ornepatopoM. Mozeib MalnHHOro o0y4yeHus «random forest» Ha 10% ¢ yuyuTeseM mokasaa
caenyrouye 3HauumMmble couetaHust faHHbIX: VEGF, CD3*, CDI4"HLA-DR, CD19*CD5-CD27, atakxke MPHK TLR4,
IL-1B, IL-10, TNFa, IL-18. PazButne mpumeHeHHO! Monenu «random forest» MaIIMHHOTO OOYYEHUS C YIUTEJIEM YXKe
Ha 25% nokaszana oinaus: P. endodontalis, GATA3, CD3*, CD14*, CD19"CD5-CD27", a tak:ke MPHK TLR4, TNFa,
IL-1B, IL-10, IL-18. [Touck 3HAYMMBbIX MHGEKIITMOHHO-UMMYHOJOTUYECKMX KIMHUKO-T1a00paTOPHbIX JaHHbBIX Ha OC-
HOBE aJITOPMTMa MAIIMHHOTO OOY4YEeHUsI MPU XPOHUYECKOM MapONOHTUTE MOKa3aja 3HAYMMOCTb B Pa3BUTUU OCTEO-
JeCTPYKTUBHOTO BocmaauTeabHoro npoiuecca MPHK npoBocmanuTenbHbIX HIMTOKMHOB, MOHOLIUTOB, T-TUMGOIIMTOB
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n B-knerok mamsitu. JIs morcka B3auMocBsi3eit MHPEKIIMOHHOTO MMMYHOITaTOJIOTMYECKOTO MPOoLiecca MOXET MpH-
MEHSIThCSl MAllIMHHOE O0yUYeHUe ¢ yuuTeaeM Ha 6aze moaenu «random forest», 4To MO3BOMSIET CTATUCTUUYECKU 0Opaba-
TBIBATh OOJIBIIIE MACCUBBI JAHHBIX U BHISIBISITH HESIBHbIE TPUUNHHO-CIENCTBEHHbIE (DAKTOPHI.

Karuesvie caosa: mawunnoe o0yyenue, random forest, uMmMyHoOUa2HOCMUK A, UMMYHHble Kaemku, M PHK yumokunos, xponuveckuil
napodoHmum.

ARTIFICIAL INTELLIGENCE IN THE IMMUNODIAGNOSTICS OF CHRONIC PERIODONTITIS
Mudrov V.P.*P

@ Russian Medical Academy of Continuous Professional Education, Moscow, Russian Federation
¢ Diagnostic Clinical Center No. 1 of the Moscow Department of Health, Moscow, Russian Federation

Abstract. Artificial intelligence is used to diagnose various diseases of the oral cavity. In the field of clinical laboratory diag-
nostics, machine learning algorithms are used in the interpretation of complex biochemical data. The purpose of this study
was to search for significant infectious-immunological clinical and laboratory data based on a machine learning algorithm
for chronic periodontitis. To do this, 124 patients aged 40 to 70 years diagnosed with chronic periodontitis were examined by
real-time PCR to detect the periodontal pocket DNA of human herpes viruses and bacterial periodontopathogenic micro-
flora Fusobacterium nucleatum, Treponema denticola, Porphyromonas endodontalis etc., and Porphyromonas gingivalis. Matrix
RNAs of proinflammatory cytokines and other markers of chronic inflammatory process were also studied: IL-1p, IL-10,
IL-18, TNFo, TLR4, GATA3, CD68. TNFo, IFNy, IL-1B, IL-4, IL-6, IL-10, IL-18; VEGF were determined in a den-
toalveolar fluid. Immune cells of the oral cavity were evaluated by analyzing level of CD3*, CD4*, CD8*, CD3"HLA-
DR*, CD64"16"14-, CD425*127"* CD3*CDI16"CD56", CD3-CD16"CD56*, CD14*, CDI4*"HLA-DR*, CD19*HLA-
DR*, CD19*CD5"B27-, CD19*CD5-B27-, CD19"CD5-B27* cells. Random forest machine learning was used to evaluate
the data. A relationship between pathogenic microflora and modality of immune response was revealed. The proinflam-
matory component reflected in the expression of 1L-1B, TNFa, and IFNy mRNA, prevailed in the immune response
against aggressive periodontal pathogens: 7. denticola, F. nucleatum, etc. The random forest machine learning algorithm
selected correlation ratios r > 0.5 (both positive and negative) from a set of data for further analysis by the operator. The ran-
dom forest machine learning model showed the following significant combinations of data by 10% with a teacher: VEGF,
CD3*, CDI4*HLA-DR, CD19*CD5-CD27*, as well as TLR4, IL-1B, IL-10, TNFa, and 1L-18 mRNA. The development
of the applied “random forest” machine learning model with a teacher has already shown a 25% difference: P. endodontalis,
GATA3, CD3*, CD14*, CD19"CD5-CD27*, as well as TLR4, TNFa, IL-1B, IL-10, and IL-18 mRNA. The search for sig-
nificant infectious-immunological clinical and laboratory data based on a machine learning algorithm for chronic peri-
odontitis has shown the importance of proinflammatory cytokines, monocytes, T-lymphocytes and memory B-cells in the
development of osteodestructive inflammatory process of mRNA to reveal non-evident causality factors.

Key words: machine learning, random forest, immunodiagnostics, immune cells, cytokine mRNA, chronic periodontitis.
KYCCTBEHHOT'O MHTEJIJICKTA JIJ151 TIOCTAHOBKY AUATHO-

3a IIpu 0OHApy>KEHUH 3yOHOro HaJleTa Tal0T TOYHOCTh
ot 73,6 10 99%; nuarHoCcTUKa TMHTUBUTA 110 UHTpa-

BeepneHne

3abojieBaHUsSI TMaApoOJOHTAa MopakalT OoJee

MUJUJIMapaa 4YeJOBeK BO BCEM MUpE, pas3pylias
aJbBEOJIIPHYIO KOCTh M IIPUBOAS K TOTepe 3yOOB.
WcKyccTBEeHHBIN MHTEICKT UCTIONIb3YETCS ISl M-
arHOCTUKM Pa3JIMYHbIX 3a00JIeBaHUI MOJOCTU PTa,
TaKHMX KakK Kapuec, 3a00J1eBaHU S BEPXHEUESTIOCTHBIX
nasyx, IMapoJoHTa, CJIOHHBIX 3KeJie3, paK IOJOCTU
pTa, ¢ MOMOIIBIO KIMHUYECKUX JaHHBIX U JUArHO-
CTUYECKUX u300pakeHMWil. PaHHSs IuMarHocTuka
3a0o0JieBaHU MAapOAOHTA C UCITOJb30BaHUEM UCKYC-
ctBeHHoro nHrenekTa (M) MoxeT ynydimmTh CTO-
MAaTOJIOTUYECKU I CTAaTyC MallMEHTa U YAYUIIUTh €ro
o0111ee COCTOSIHME 3J0POBbST U KaYeCTBO XKM3HU [7].
B coBpemeHHoi1 cromarosioruu monenu M 61
pa3paboTaHbI 111 TMarHOCTUKU TMHTUBUTA, 3a00J1e-
BaHUI NAapONOHTA, HO MPELM3MOHHOCTb 3TUX TEXHO-
JIOTUIT ocTaeTcsl HesiCHOM. JIJ1s1 BBISIBJCHUS M KJiac-
cupukaunm 3ado0yeBaHU MapoJOHTA 3TO: MaIIUHBI
OITIOPHBIX BEKTOPOB, AepeBa PEIICHUN, CBEPTOUHBIC
HelipoceTH, yooKoe o0yueHue u ap. Tak MoAe I Uc-

opaJibHbIM poTorpadusam 74—78,2%; 3(ppeKTUBHOCTH
BBISIBJICHUSI TOTEPH aJIbBEOJISIPHO KOCTU MO PEHTTe-
HorpaUIeCKNUM M300pakeHUsIM COCTaBisieT 73,4—
99%, riryboKoe 00ydeHHe MO 3aIlaxy M30 pra — TOY-
HOCTB ITPOrHO3a naToyioruu 10 97% [2].

B obGnactu kamHuM4eckoil jadbopaTopHO Aua-
THOCTUKHM aJTOPUTMBI MAIIMHHOIO OOyYCHUS
BKJIIOUYAIOT MIPOBEPKY KaueCTBa Pe3yIbTaTOB J1ab0-
PaTOPHBIX HCCICAOBAaHUI, aBTOMAaTU3MPOBAHHBIN
aHaJIM3 ocaJgKa MOYHM, MIPOrHO3UPOBaHUE 3a00JIe-
BaHUS WJIM MCXoda IO OOBbIYHBIM J1abOpaTOPHBIM
napamMeTpaM U MHTEPIPETAINIO CIOXKHBIX OMOXU-
MUWYECKHUX JTaHHBIX [6].

CyO0cTpaToM s pabOThl MCKYCCTBEHHOTO MH-
TeJuleKkTa sABasioTcsa aHanu3 16s pPHK cirronbr
naimreHTa. B KadecTBe OIMOPHBIX MTaHHBIX TaKKe
WCIIONB3YIOTCS TIOJI, TeMOTJIOOMH, BUTaMUH Bl2,
beppuTHH, yPOBEeHD (POJIMEBOI KMCIOTHI, YacTOTa
YUCTKU 3y0OB U MHOTOE apyTroe [1].
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[TaponoOHTHUT B €ro OCTPOI M XpOHUYECKOU (hop-
Max IpeacTaBisieT CO00i IMPOKO PacIpoOCTpaHeH-
HYIO BOCITAJMTEIBHYIO IIATOJIOTMIO MOJOCTU pTa.
HenpeprsiBHOE mporpeccupoBaHWE TaKOM MATOJO-
TMH TPUBOANUT K Pa3pylIeHUIO BCeX ITOAIEpPKHUBa-
IOLIMX TTAapOAOHT TKaHEel, BKJIIoUasi aJibBEOJISIPHYIO
KOCTb, JICCHY M TIEPUOAOHTAJIbHBIC CBSI3KM BOKPYT
3y0a, ¥ MapoOIOHTUT SIBISCTCS HamboJiee pacIIpo-
CTpaHEHHOUW MPUYMHON MOTEPU 3yOOB Y B3POCIIBIX.
Takoe ObICTpPO pa3BUBalOIIeeCss HOBOE HaIlpaBJIeH1E
UCCJIENOBAHUN KaK HEUPOHHBIE CETU J1aJI0 BIleYaT-
JISIFOLIME Pe3YAbTaThl C TOYKU 3PCHU ST TUATHOCTUKU
M TIPOTHO3MPOBAHUS B PEHTTEHOJIOTHUYECKUX 1 THUC-
TOMATOJOTMUECKUX UCCIeNOBaHUSX [4].

MaimHHoe 00y4YeHHe TTOAXOAUT AJISI MPOTHO3U-
pOBaHMSI Ha OCHOBE TaKMX CJIOKHBIX JAaHHBIX, KakK
aHaJIM3 MUKPOOMOTHI TTIOJIOCTH PTa YeJIOBEKa, COCTOSI -
et u3 6osiee 700 U3BECTHBIX BUIOB OakTepuii [5].
K OCHOBHBIM Tpynnam IOTEHIMAJTbHBIX MapKepOB
HapoOdOHTUTA OTHOCSTCS: MapKephl BOCIAJICHUS,
MapKepbl pa3pylieHUs COCOUHUTCIBHON TKaHU
U MapKepbl peMOIeIMPOBaHU I KOCTHOM TKaHU [3].

Ha ceronHsHui 1eHb OCHOBHBIE MYTAallUU I'e-
HOB, ITPUBOISIINE K (POpMUPOBaHUIO (DEHOTHUIIA Ma-
POIOHTHUTA Y CUCTEMHO 3IOPOBBIX JIFOACH, HE MICH-
TUGUIUPOBAHBI, a CICHU(MUIECKUI TeHSTUIEeCKUIA
dakTop pucka 3aboJieBaHUSI HE BbISIBJIEH. TOYHYIO
NUArHOCTUUYECKYI MHMOPMAIIAIO O IMapOdOHTUTE
MOXHO TIOJIY9UTh MIPHU CO3TAHNN KOMOWHAIIUU CO-
OTBETCTBYIOIINX OMOMapKePOB C HEOOXOIMMOI Yy B-
CTBUTEJIBHOCTHIO U CITELIM(PUIHOCTHIO.

Llenbro HACTOSIIIETO MCCIETOBAHUS OBII IMMOMUCK
3HAYMMBIX  HMHQMEKIIMOHHO-UMMYHOJOTUUECKUX
KJIMHUKO-JIA00paTOPHBIX JaHHBIX HA OCHOBE aJITO-
pUTMa MaIlMHHOIO OOyYeHUs IPU XPOHUUIECKOM
MapogOHTHUTE.

Matepuasbl 1 METOLbI

Ha 6aze 4 YHMBepCTUTETCKOUW KJIMHWYECKON
oompHUIE [lepporo MI'MY um. M.M. CeueHoBa
obcnenoBaHo 124 nmanueHTa B Bo3dpacte oT 40
no 70 netT ¢ AMarHo3oM <«XpOHUUYECKMIT MapOaoH-
TuT». OLIEHKa COCTOSHUS IIapOJOHTa MPOBOIU-
JIach MO CTAaHIAPTHBIM KJIMHUICCKUM KPUTECPUSIM,
BKJTIOUABIIIMM B ce0s MOABUKHOCTH 3y0OOB, pa3Mep
3yb0onecHeBoro kapmaHa. Ilocie mpoBeaeHUsT oc-
MOTpa U OLIEHKHW COCTOSIHUSI MapoJIOHTa MallueH-
TaM Opajii OMOJIOrMYecKyto Npody 3y0o-aecHeBO
KUJIKOCTH, TIOMeNasi 9HAOMOHTUYECKUU TIeJITI0-
so3HbIH TUGT Ne 30 B mapogoHTaJIbHBI KapMaH
Ha 60 ¢ 1 mepeHocuan B 1 mu crtepunbHoro 0,9%
n3otoHnvyeckoro pacrBopa NaCl. s mpoBeneHus
HWCCICAOBAaHUS KJIIETOUHOTO COCTaBa MYKO3aJIbHOM
MMMYHHOU CUCTEeMBbI ITPOBOIMJIM MOJOCKAHUE PO-
TOBOM MoJI0CTU 50 MJI CTEPUJIBHOTO U30TOHMNYECKO-
ro pactBopa 0,9% NaCl.

Metonom IILIP B peasbHOM BpeMeHU OLIEHU-
Baau JIHK BupycoB reprneca uenoBeka U Mapo-

JIOHTOMATOreHHYI0  MUKpodJopy Aggregatibacter
actinomycetemcomitans, Fusobacterium nucleatum, Tan-
nerella forsythia, Treponema denticola, Prevotella inter-
media, Porphyromonas endodontalis, Porphyromonas
gingivalis (OO0 HII® «Jlutex», Poccus). Takke n3-
yuanuch MmarpudHbie PHK npoBocnanuTe bHbIX LIU-
tokuHOB: IL-1B, IL-10, IL-18, TNFo, TLR4, GATA3,
CD68 (OO0 «JIHK-Texnonorus», Poccust). B mpo6Ge
3y00/IeCHEeBOI KUIKOCTU ONpeaesyii (GakTop HeK-
po3a onyxonu-o. (TNFo), untepdepon-y (IFNy),
uHTtepaeiikuubl 1B, 4, 6, 10, 18 (IL), hakrop pocra
sHpotenus cocynoB uenoBeka (VEGF) (AO «BekTop-
bect», Poccus). UMMyHHBIE KJIETKU POTOBOI MOJIOC-
TH OLleHMBaJIu 1o coaepxkaHuio CD3*, CD4*, CD8",
Takt.CD3*HLA-DR*, CD64'CD16"CD14-, Treg
CD4*CD25*CDI127v, T-NK CD3"CD16"CD56",
NK CD3-CDI16"CD56*, CDI14*, CDI4"HLA-DR",
CDI19*, CD19*HLA-DR*, Bl CDI19*CD5*B27-, B2
CDI19*CD5-B27-, Bnam CDI19*CD5-B27* B cme-
LIAaHHOM CitoHe. [l aHaIM3a KOHLEHTpaLUU, pa3-
Mepa U KU3HECITTOCOOHOCTH KJIETOK B 00pasiie mpo-
BOJIMJIM TIO/ICUET KJIETOK Ha aBTOMaTHMYECKOM CUET-
yuke kjaetok TC20 (Bio-Rad Laboratories, CILIA).
IIpoTouHyI0 LIUTOMETPUIO MPOBOAUIIN HA IIpUOOpE
Cytomics FC 500 (Beckman Coulter, CIIIA; P3H
2018/6733) ¢ MCHOJB30BAHUEM MOHOKJIOHAJIBHBIX
antuten (Beckman Coulter, CIIIA).

CraTucTUYeCcKy0 00paboTKY IMOJTyYeHHbBIX JaH-
HBIX IIPOBOAMIIN C TOMOIIIBIO MaKeTa NPpUKJIaTHbBIX
nporpammM Statistica 8.0 (StatSoft, CIILIA). B kaue-
CTBE KPUTEPU S JOCTOBEPHOCTU MCMOJIb30BaJIU CTa-
TUCTUYECKUIN KpuTepuii MaHHa—YUTHH, a Tak-
ke Kpackena—Yomnnuca (p < 0,05). Koppensaonio
JaHHBIX OIlEHWBaIM II0 Kputepuio CrimpmeHa.
Jnsg anropuTMa MallMHHOTO oOyyeHus: «random
forest» ¢ o0yuyeHureM Ha 10 u 25% Bce naHHbIE ObLIN
NeuaeHTUOU LU POBAHBI.

Pe3ynbrathl 1 06CyXaeHne

Ilo pe3ynapraTaM MOpPOBEACHHBIX WCCICIOBAHMIA
Obl1a chopMUpOBaHa TEIJIOBasi MaTpUlla OTHOIIEe-
HM 13 2630 IMoJIyYeHHBIX Map TaHHBbIX. B nx yuc-
JIe 0OKa3aJIMCh TSIXKECTh IMMapoJOHTUTA U BO3pacT (I =
0,515), Bo3pacT 1 rimyorHA KapMaHa MapoaoHTa (r =
0,621), 1L-18 1 moaBuxxHOCTH 3y6a (r = 0,5), MPHK
IL-1B w P. intermedia, Porchyromonas gingivalis
u VEGF (r = 0,57), MPHK IL-10 u Fusobacterium
nucleatum (r = 0,69) u np. Bbuin ycTaHOBJIEHBI CTa-
TUCTUYECKU JOCTOBEPHBIE KOPPEISIIMOHHbBIC B3au-
MOCBSI3U cofiepxkaHusi 6akTepuii F. nucleatum co Bce-
MM U3YYEHHBIMU MapOJOHTONATOIeHaMU, HO OCO-
OCHHO CHJIbHAsl KOPPESIIMS OTMEYalach MEXIY
F. nucleatum n P. ingivalis (r = 0,641) u T. denticola
npu cpenHeit (r = 0,607). I1peobiagaeT ImpoBOCIIa-
JIUTEJIbHBIM KOMIIOHEHT, BBIPAXKEHHBIM B 3KCIIpEC-
cun MPHK IL-1B3, TNFo, IFNY B uMMyHHOM OTBe-
Te Ha arpeCcCUBHEBIC TTAPOAOHTONATOTeHEI Treponema
denticola, Fusobacterium nucleatum v np.
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CD3,% A
VEGF -
TLR4, MPHK | mRNA A

CD14"HLA-DR', x 101

IL-10, MPHK | mRNA

IL-1B, MPHK | mRNA

Bnam CD19°CD5°CD27", %

Memory B-cells CD19*CD5-CD27*, %

TNFa, MPHK | mRNA

Bnam CD19*CD5-CD27", abc.

Memory B-cells CD19*CD5-CD27, abs.

IL-18, MPHK | mRNA -

PucyHok 1. 3HaunMmMble napameTpbl XPOHMYECKOTO NapoAOHTUTA MO pe3ybTaTaM «MaLIMHHOTO 00y4YeHus»

npu o6yyeHuu ¢ yuutenem Ha 10%

Figure 1. Significant parameters of chronic periodontitis according to the results of “machine learning” when learning

with a teacher by 10%

AJITOPpUTM MAIIMHHOTO O0O0ydYeHUs «random
forest» BIOpa M3 MHOXKECTBA TaHHBIX KOPPEISIIN-
OHHBIE OTHOIIEHUS I > 0,5 (KaK MOJIOXKUTEIbHEIE,
TaK M OTpPHMIATENIbHBIC) IJISI IPOBEACHUS Oajlb-
HeWImero aHaJmu3a orepaTopoM. Momeirb MallnH-
Horo obyuenust «random forest» Ha 10% c yuute-
JIEM TIOKasaJia CJIEHyIOIINe 3HAUYMMBIC COUYCTaHMS
maHHbIX (puc. 1): VEGF, CD3*, CDI14"HLA-DR,
CDI19*CD5-CD27%, a takxke MPHK TLR4, 1L-15,
IL-10, TNFa, IL-18.

Kaxk 1okazaHo, IIpu TaKOM ITOIXOIe K OIICHKE
MaHHBIX 3HAYMMBIMU CTAHOBSITCS COOTHOIICHMS
KJIETOK UMMYHHO cuctembl U MPHK IUTOKMHOB.

PaszButne mpuMeHeHHOI Momenu «random
forest>» MaIIMHHOTO OOYYCHUS C YUYHUTEIIEM YKe
Ha 25% nokaszania oTinuus (puc. 2): P. endodontalis,

GATA3, CD3*, CDI14%, CDI19*CD5-CD27*, a tak-
xxe MPHK TLR4, TNFa, IL-1B, 1L-10, 1L-18.

PesynbraThl MOKa3bIBAIOT, YTO TIPU aHAJIU3e
OOJIBILIOIO MACCUBA JAHHBIX HEJIOCTATOYHO ITPUBBIY-
HOT'O CTaTUCTUYECKOTO arapara, IToKa3bIBaloIIero
OUEeBHUIHBIE PE3YJIbTAThl M CKPBIBAIOIIETO HESIBHBIC
CBA3M nmapamMeTpoB. MICKycCTBEHHBIN MHTEJIEKT IT0-
MOTaeT IIPEOJ0JIETh MPOOIEMY MOTYUYEHUS PE3YiIb-
TaTta U3 Majoro oobeMa 6moodpasia, Tak Kak B 3TOM
ciaydyae Mbl aHaJIM3UpyeM He KOJMYECTBEHHHEIE,
a COOTHOCHUTEJIbHBIE XapaKTePUCTUKN MUKpPOOpra-
HU3MOB U peaKIIU1 UMMYHHOI CUCTEMBI Ha JIOKAJIb-
HOM y4JacTKe KapMaHa ImapoJgoHTa.

B pesynbrate, 3HAYMMOCTHh MapaMETPOB XOTS
W pa3JIMdHa I10 3HAYMMOCTHU M COCTaBy MOKa3aTe-
Jeit, ucrionb3oBaHue aaroputMa <«random forest»

Porphyromonas endodontalis

CD14*, moHOUUTHI, % |
CD14*, monocytes, %

-
1
GATA3, MPHK | mRNA {7 ]
cD3, % ]

TNFo, MPHK | mRNA -

TLR4, MPHK | MRNA

IL-18, MPHK | mRNA

IL-10, MPHK | MRNA A

IL-18, MPHK | mRNA -

Bnam CD19°CD5°CD27*, a6¢. |

Memory B-cells CD19*CD5-CD27, abs.

0,00 0,05

0,10 0,15 0,20 0,25

PMCyHOK 2. 3HaunMble napamMeTpbl XPOHUYECKOro napoaAoHTUTa No pe3ysibTaTaM «MaLUMHHOIO 06yqeum|»

npv oGy4yeHuu c yuutenem Ha 25%

Figure 2. Significant parameters of chronic periodontitis according to the results of “machine learning” when learning

with a teacher by 25%
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Cc o0yuyeHMeM MO3BOJSIET U30eKaTh OIIMOKU mepe-
oOy4YeHU s PU UCITOJIb30BaHUU «IJ1yOOKOIro ooyue-
HHSI», YTO MOXKET JaTh He OObEKTUBHBIC, a Xejlae-
MBbI€ Pe3yJIbTaThl.

PaboTta nmoka3biBaeT BOBMOXHOCTb BbIOOpa He-
00XOIMMBIX J1a0OPATOPHBIX NTAHHBIX JJIsI KJIWMHU-
YeCcKoli JJabopaToOpHOil TMaTHOCTUKM, @ UCITOJIb30-
BaHue MM B cCOBpeMEeHHOI CTOMATOJIOTUM TyTeM
M3BJIEUCHU ST 3HAUMMOM MHPOpMAIIMK U3 OONBIITNX
00BbEMOB MEAMIIMHCKUX JaHHBIX MOXET MpUMe-
HITBCS [UIS TIOAJMEPXKKW KIMHUYECKOTO pellle-
Hus. O6nacte MM ObicTpo pasBuBaeTCs, YTOOBI
3aIlOJJHUTh TTOCTOSIHHO PACHIMPSIONIYIOCS HUIITY
B MEIWIIMHE U CTOMATOJIOTUU. BOJBIIMHCTBO HC-
cienoBaHuii B oonactu MW Bce euie HaxoasiTCs
Ha HavaJibHOI cTtaauu. [ToBbIllIeHUE TOCTYTHOCTHU
JMTAHHBIX O MAllMeHTaX MOXET YCKOPUTh UCCJIeTOBa-
HHS B 00JJaCTU MCKYCCTBEHHOI'O MHTEJJIEKTa, Ma-
IIMHHOTO 00y4YeHUsI M HEUPOHHBIX ceTeid. PocT nc-
KYCCTBEHHOI'0 MHTEJJIEKTa B CTOMAaTOJIOTMYECKOM
TMTOMOIIIY TTPOU3BEIET PEBOJIOIINIO B CTOMATOJIOT U
M OTKpoeT 0oJiee MUPOKUMA TOCTYH K CTOMATOJIO-
TMYECKOW MEIUIIMHCKON MOMOIIHU C JIYYITUMHU pe-
3yJIbTaTaMu JJIsI MallueHTOB.

BbiBOAbI

B pesynprare aHanm3za KJIMHUYECKUX U JT1a0O-
paTOPHBIX JaHHBIX C TIOMOIIBIO aJTOpPHUTMa Ma-
murHHOro ooyueHusi M 6b1J10 moagTBEpK IEHO, YTO
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MATOMOP®OJIOrMYECKHUE NMPU3HAKM
OCTPOIro PECINMUPATOPHOIO AUCTPECC-
CUHOPOMA NPU KOHKYPUPYIOLLUX
3ABOJIEBAHUAX IETKUX: COVID-19

U CAPKOUAO3

O.B. BopooneBa, H.E. I'umanaunosa, JI.I1. PomanoBa

DI'EOY BO Yysawckuii eocydapcmeennotii ynusepcumem umenu U.H. Yavsanosa, e. Yebokcapot, Poccus

Pestome. [Tannemus COVID-19 sBnsieTcs mpo06iemMoii MUpOBOro Macitada. KnmmHuyeckuit CrieKTp MHOUIIMPOBAHU S
SARS-CoV-2 BapbupyeT 0T 66CCUMIITOMHBIX I MAaJOCUMIITOMHBIX (DOPM O TAKMX COCTOSTHU, KaK ITHEBMOHUSI,
OCTPHI pecrpaTtopHbIit quctpecc-cuaapoM (OPIIC) 1 moamopranHast HeIOCTaTOIHOCTh. B cTaThe MpuBEaCHO OITH-
caHue KinHuyeckoro ciayvyasd nHounuposanus SARS-CoV-2 Ha dhoHe capkon103a JIErKUX U CEpACYHO-COCYTUCTON
maroyioruu ¢ passutueM OPIC u oteka nerkux. Mamepuanvt u memods:. IIpoBeeH aHaIN3 MTOJTYUYSHHON COMTPOBO-
TUTEIbHON MEIUIIMHCKON NTOKYMEHTaluu (aMOynaTopHas KapTa maluueHTa, UCTOpUsl 00J1e3HU), KIMHUKO-MOPGhO-
JIOTUYECKU 1 aHaIU3 (OMMUcCaHue MakKpo- U MUKpoIipenaparoB). Pe3yssmamoi. [1pyu TUCTOJOTMYECKOM UCCIIEA0OBAHUU
B JIETKUX BBISIBJISIIMCH MPU3HAKU AU(DGHY3HOTO abBEOISIPHOTO MOBPEXASHUS B BUIE THAIMHOBBIX MEMOpaH, BHICTU-
JIAIOLIMX 1 TIOBTOPSIIOLIMX KOHTYPBI CTEHOK aJibBeoJI. B cTeHKax aibBeos1 BHISIBJISIIOTCS YUYACTKU HEKPO3a, IecKBaMa-
LM aJIbBEOJISIPHOTO SMUTEIUS B BUE Pa3pO3HEHHBIX KJIETOK WM MJIaCTOB, KPOBOMBIUSHUS U TeMocuaepodaru.
B nmpocBeTe anbBeos onmpeaensiacs CIyIIeHHBIM SMUTENNI ¢ TeMOpparn4eckKuM KOMIIOHEHTOM, HEMHOTOYMCICHHbIE
MHOTOSIIEPHBIC KJIETKHU, MaKpodaru, 0eTKOBbIe MACChl, CKOILJIEHME OTEUHOM XXMAKOCTH. JIerOUHBIE COCYIbI YMEPECH-
HO TIOJTHOKPOBHBIE, OKPYKEHBI MIEPUBACKYISIPHBIMU HMHOWIbTpATaMU. BEIIBISINCH MPpU3HAKK CAPKOMI03a JIETKHX.
[Ipu rucTOIOrNYECKOM UCCASIOBAHWH O PEACIISIITACH SITUTETUONIHO-KIETOUHBIEe TPAaHYIEMBI, COCTOSIIIINE U3 MOHO-
HYKJICApHBIX (haTOIIUTOB U TUMGOIIUTOB, O0¢3 TPU3HAKOB HeKpo3a. OIpenaesIuch TpaHyIeMbl ¢ IIPpoIudepaTUBHEIM
KOMTIOHEHTOM, C YYaCTKaMM KPOBOM3IMUSHUI. BBISBISINCH TUTAHTCKHE KJIETKH C IIUTOIIA3MaTUUYECKUMU BKITIO-
YEHUSIMU — acTepouaHble Teabla U Teabla [llaymana. B tuMdaruyeckux y3max KOpHEi JIETKUX OMPEAesiIuch He-
Ka3e03HbIE I'PAHYJIEMbl, COCTOSIIIME U3 CKOTJIEHU I SMTUTE MO IHBIX TMCTUOLIMTOB M TUTAHTCKUX KJIeToK JIaHTxaHca
OKPYXEHHBIX TuMbounTamu. B 30Hax nepudeprieckux CMUHYCOB JUMGOY3J0B BHYTPU TUTAHTCKUX KJIETOK BCTpe-
yajuch Teablia Xamazaku—Besenbepra. B nmpocBeTe 6poHX0B 0O0HAPYKEeH TOTAJbHO CAYILIEHHBIA SMUTENUH, CIU3b.
Ha cnusucroii o6o0uke, MpeMMYyILIECTBEHHO CyOaHA0TEINAIbHO, ONPEACSIIOTCS TpaHyJIeMbl, 0e3 Ka3e03HOro He-
Kkpo3a. [Ipu rucronoruyeckoM McCleToBaHUU CepAlla BbISBISIACH (parMeHTalMs HEKOTOPBIX KapJUOMUOILUTOB
oyaroBasl TUNEPTPODHUs KapaUOMHUOIIUTOB C YMEPEHHBIM MEXYTOUHBIM OTEKOM, 3PUTPOLIMTAPHBIMU ClIalKaMH,
OMPEaeISIINCh 30HBI MEJIKOOYaTroBOTo cKjepo3a. Cocynbl MUKPOLIMPKYISITOPHOIO pyciia — MaJIOKPOBHBIE, C THIIEP-
Tpoduell CTEHOK MEJIKUX apTepuii u apTepuon. [Ipu BUPyCONIOTMYECKOM MCCASIOBAHUM CEKIIMOHHOTO MaTepuaa
B nerkux ooHapyxkeHa PHK SARS-CoV-2. 3akawuenue. I3 aHHBIX MEAUIIMHCKON TOKYMEHTALIMU U PE3YIbTaTOB
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M1aTOJIOT0aHATOMMYECKOTO UCCIIEIOBAHUS CIIENYET, YTO MPUIMHOM cMepTH O6obHOro P.A., 50 Jer crana HoBast Ko-
ponaBupycHas uHdexkuuss COVID-19, BrI3BaBIlast IByXCTOPOHHIOI TOTaJIbHYIO BUPYCHYIO ITHEBMOHMIO. Hanmuune
KOHKYPUPYIOLIUX 00JIe3HEH, TAKMX KaK CAapKOMI03 JETKUX U CEpACYHO-COCYIUCThIe 3a001eBaHUS, YCYTYOUIU Teue-
Hue 60e3HU, TpuBeNu K pa3BuTuio panHero OPJIC 1, B KOHEYHOM UTOTe, K JIETaIbHOMY UCXOY.

Karouesvte caoea: COVID-19, capkoudos seekux, NHe@MOHUs1, 2UNePMeH3uUs, 0CMPblil peCRUPAMOopHbLil ducmpecc-cuHOpOM, ePAHYIeMbl.

PATHOMORPHOLOGICAL FEATURES OF ACUTE RESPIRATORY DISTRESS SYNDROME
IN COMPETING LUNG DISEASES: COVID-19 AND SARCOIDOSIS

Vorobeva O.V., Gimaldinova N.E., Romanova L.P.

Chuvash State University named after I.N. Ulyanova, Cheboksary, Russian Federation

Abstract. The COVID-19 pandemic is a worldwide problem. The clinical spectrum of SARS-CoV-2 infection varies from
asymptomatic or paucity-symptomatic forms to conditions such as pneumonia, acute respiratory distress syndrome and
multiple organ failure. Objective was to describe a clinical case of SARS-CoV-2 infection in the patient with sarcoidosis
and cardiovascular pathology developing acute respiratory syndrome and lung edema. Material and methods. There were
analyzed accompanying medical documentation (outpatient chart, medical history), clinical and morphological histol-
ogy data (description of macro- and micro-preparations) using hematoxylin and eosin staining. Results. Lung histological
examination revealed signs of diffuse alveolar damage such as hyaline membranes lining and following the contours of the
alveolar walls. Areas of necrosis and desquamation of the alveolar epithelium in the form of scattered cells or layers, areas
of hemorrhages and hemosiderophages are detected in the alveolar walls. In the lumen of the alveoli, a sloughed epithe-
lium with a hemorrhagic component, few multinucleated cells, macrophages, protein masses, and accumulated edema-
tous fluid were determined. Pulmonary vessels are moderately full-blooded, surrounded by perivascular infiltrates. Signs
of lung sarcoidosis were revealed. Histological examination found epithelioid cell granulomas consisting of mononuclear
phagocytes and lymphocytes, without signs of necrosis. Granulomas with a proliferative component and hemorrhage sites
were determined. Giant cells with cytoplasmic inclusions were detected — asteroid corpuscles and Schauman corpuscles.
Non-caseous granulomas consisting of clusters of epithelioid histiocytes and giant Langhans cells surrounded by lympho-
cytes were detected in the lymph nodes of the lung roots. Hamazaki—Wesenberg corpuscles inside giant cells were found
in the zones of peripheral sinuses of lymph nodes. In the lumen of the bronchi, there was found fully exfoliated epithelium,
mucus. Granulomas are mainly observed subendothelially on the mucous membrane, without caseous necrosis. Histo-
logical examination of the cardiovascular system revealed fragmentation of some cardiomyocytes, cardiomyocyte focal
hypertrophy along with moderate interstitial edema, erythrocyte sludge. Zones of small focal sclerosis were determined.
The vessels of the microcirculatory bed are anemic, with hypertrophy of the walls in small arteries and arterioles. Virologi-
cal examination of the sectional material in the lungs revealed SARS-CoV-2 RNA. Conclusion. Based on the data of medi-
cal documentation and the results of a post-mortem examination, it follows that the cause of death of the patient R.A.,
50 years old, was a new coronavirus infection COVID-19 that resulted in bilateral total viral pneumonia. Co-morbidity
with competing diseases such as lung sarcoidosis and cardiovascular diseases aggravated the disease course, led to the
development of early ARDS and affected the lethal outcome.

Key words: COVID-19, pulmonary sarcoidosis, pneumonia, hypertension, acute respiratory distress syndrome, granulomas.

BeepgeHue HBIX INM@AaTUIEeCKUX y31aX. JIerouHblil capkonnos
HauMHAaeTCd C MOPaXeHUS aJbBEOJISIPHONW TKAHHU
Capkongo3 — MYJBTUCUCTEMHBIN TIpaHyjJle- U COMNPOBOXIAECTCSA Pa3BUTUEM HMHTEPCTULHATb-

MaTO3 HEU3BECTHOM 3TUOJIOTMM, XapaKTepu3ylo-
muiicss obpa3oBaHUMEM B OpraHax M TKaHSIX He-
Kasen@UUUPYIOUINX SITUTETNOUIHO-KIETOUYHBIX
rpanyiaem [5]. PacmpocTpaHeHHOCTh CapKOUOO-
3a B Poccuiickoit Denepaninu KojaedieTcs oT 22
no 47 genosek Ha 100 Teic. HaceneHus. B mocnen-
HHE NECITUJIETUSI OTMEUaeTCsl pOCT 3a00JIeBaeMO-
CTH CapKOMI030M [6]. DTO BepOsSITHO CBI3aHO, C OJI-
HOI CTOPOHBI, C UCTUHHBIM BO3pacTaHUEM €ro 4Ya-
CTOTBI, C IPYTrOii — C YCOBEPLIEHCTBOBAHMUEM METO-
JIOB TMAaTHOCTUKU U aKTUBHBIM BhIsIBJIeHUEM [1, 2].
IToMuMO TIOpaskeHU s JIETKUX, BO3MOXKHO ITOpaKe-
HUE KOXMU, IJ1a3, CepAlla U ONMIOPHO-IBUTATEIBHOTO
amnmnapara [5]. Yamie Bcero (6ojiee 90% cnydaeB) ns-
MEHEHUSI BO3HUKAIOT B JISTKUX U BO BHYTPUIPYI-

HOT'O ITHEBMOHUTA C TIOCJIEIYIONINM 00pa30BaHUEM
CapKOMIHBIX TPAaHyJIEM B CYOIJICBPaIbHOU U IIEPU-
OpOHXMAJBHON TKaHAX, a TaKKe B MEXIOJIEBBIX
o6oposnax [2]. MopdosiorudeckuM cyocTpaToM
capKomI03a SIBJISICTCS HaJIW4due TpaHyJIeM U3 SIU-
TEIMOUTHBIX M TUTAHTCKUX KJIeTOK. Ilpu BHeII-
HEM CXOICTBE C TYOEpKYJIC3HBIMU TpaHyJIeMaMMU,
IUIST CApKOMIHBIX Y3EJIKOB HeXapaKTCpHO pa3BU-
THE Ka3e03HOTO HeKpo3a U HaJIMINEe B HUX MUKO-
bakTepuit TyOepKyne3a. Ouaru rpaHyJeMaTO3HBIX
CKOIUICHUII B KaKOM-JTM0O OopraHe HapyIIaioT ero
GYHKONIO W TIPUBOAST K MOSBJICHUIO COOTBET-
CcTByIOIINX cuMIIToMOB. Ilpn coaBiaeHUM numdba-
TUYECKUMHU Y3JIaMH CTEHOK OPOHXOB BO3MOKHBI
OOCTPYKTUBHEBIC HAPYIIICHUS, a MHOTIA M pa3BUTHIE
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COVID-19 u capkonpno3s

30H TUIIOBEHTWJISILIUU U aTejieKTa3oB. CoueTaHue
BUPYCHOI MHMEKIIMU U capKouao3a C CepAeuyHO-
COCYIMCTBIMU 32a00JIEBAHUSIMU, HECMOTPS Ha IIPO-
BOOMMBIC JIeUeOHBIE MEPONPUSITUSI, CIIOCOOCTBY-
IOT paHHEMY Pa3BUTHIO OCTPOTr0 PECHUPATOPHOTO
nuctpecc-cunapoma (OPIC) B3pociabiXx, Hekap-
IWOTEHHOMY OTEKY JIETKMX U JICTAaJIbHOMY MCXOIY.
OCHOBHBIMU TaTO(MU3NOJIOTUICCKUMU MEXaHU3-
MaMu, cnocoocTByoimnuMu pazputuio OPIC, gaB-
JIAI0TCS HApYLIEHUE PErYJISALUU BOCNAJIEHUS U MO~
BBIIIIEHUE TPOHUIIAEMOCTU KaIlUJIISIPOB MUKPO-
OUPKYJISITOPHOrO pycia jierkux. I[1pu BocmaieHun
MUKPOOHBIE TPOAYKTHI MU DHIOTEHHBIE MOJIEKY-
Jibl CBsI3bIBalOTC ¢ Toll-mogoOHBIMU pelLienTopamMu
B BIUTEJIMU JISTKUX U aJIbBEOJISIPHBIX MaKpodarax
1 aKTUBUPYIOT MECTHYIO HNMMYHHYIO CHCTEMY.
IlpoucxoauT obOpazoBaHME BHEKJIETOUYHBIX JIOBY-
ek HeluTpoduabHbIX KJeTok (NET-mexaHusm),
KOTOpBIE, C OAHOU CTOPOHBI, PACHO3HAIOT 1 MOIJIO-
IIAIOT ITAaTOTEeHHI, a C APYTOil — MOBPEXKIAIOT CTCH-
Ky aJibBeos. BripabGaTeiBaembie pu 3TOM (HaKTOp
Hekpo3sa onyxonu-o (TNFo), ¢pakTop pocTta 3H-
JIOTEJUSI COCYOOB JeCcTaOMJIU3UpyIoT cBsidu VE-
KaJareprHa, MOBBIIIAIOT MPOHUIIAEMOCTb HIOTE-
JIUSI ¥ CIIOCOOCTBYIOT HAKOILJICHUIO aJIbBEOISIPHOMN
KUAKOCTU (HEKapJAMOT€HHOMY OTEKY JIerKUuX).
ITockonbKy capkouao3 siBJIseTcsl 3a00JieBaHUEM,
KOTOpOe BIMSIET Ha MMMYHHYIO CHUCTEMY, TaKue
MAaIlMeHTHl HAXOMSITCS B TPYIIIC PHUCKa HE TOJBKO
no nHpunuposaHuto SARS-CoV-2, HO U paHHEMY
paszButuio OPIC. B cBsI3u ¢ HECOMHEHHON aKTy-
aJIbHOCTBIO TaHHOI MPO0OIeMBbI, B CTaThe IIPpUBEIC-
HO OIMCaHWe KJIMHUYECKOro Ciydast MHPUOIuPO-
BaHus SARS-CoV-2 Ha (oHe capkougo3a JerkKux
U CeplIeYHO-COCYIMCTON MaTOJOTUU.

Martepwnasbl 1 MeToLbI

IlpoBeneH aHanaM3 MOJYYEHHOW COMNPOBOIU-
TEJIbHOM MEIUIMHCKON JOoKyMeHTauuu (amOy-
JIaTOpHAasl KapTa MalueHTa, HUCTOpHUs OOJIe3HU),
KJIWHUKO-MOP(MOIOTNIeCKU aHaau3 (omucaHue
Makpo- M MHUKPOIpeIapaToB) C MCIOJb30BaHU-
€M OKpacKM MUKpOIIpenapaToB reMaToOKCUJIMHOM
U1 D03UHOM.

Pesynbrathl

Bbonwsnoit P.A., 1971 r. pox ., HaxonuJica B bion-
XKETHOM yupexjaeHuu «bojbHUIIA CKOpOl Me-
IULIMHCKOM TIOMOIIW» B TeUYeHUe 3-X OHeW. buir
9KCTPEHHO TOCIUTAJIM3UPOBAH B AMArHOCTUYEC-
KOC OTHEeJICHHWE CTallMOHapa B CBSI3U C KajJobaMu
Ha OJIBINIIKY, YYBCTBO HEXBATKM BO3/1yXa, ITOBBIIIIC-
Hue TeMIiepatypsl Tesaa ao 38,4°C. Ha komnbroTep-
Hoit Tomorpadpuu (KT) nerkux ObIIM BBISIBJICHBI
NpU3HAKN IBYXCTOPOHHE! IMHEBMOHUWU, ITPOICHT
mopaxeHusl cocTasiisiia 68. B o6oux jgerkux, mpe-
WMYIIECTBEHHO B BEPXHUX U CPEAHMX OTIeJIax, OT-

HOCHUTEJIbHO CUMMETPUYHO OINPEASISIIUCh MOHO-
Mop(gHBIe oYaru, pacroyiokeHHble Ha (POHE YyCHU-
JICHHOTO U Ae(DOPMHUPOBAHHOTO JIETOYHOTO PUCYH-
Ka. Pa3zMepBl o4aroB BapbUpoOBaid OT 2 OO0 8 MM.
BusyanusmpoBaluck BHYTPUTPYIHBIE JTUM@aTH-
YecKHUe y3Jibl pazmepom 1o 1,6 ¢cM, HEOTHOPOTHOMI
CTpyKTyphl. Ilocie monydeHUs TTOATBEPXKICHUS
nHbumpoBaHus BupycoM SARS-CoV-2 (Troroxmn-
TeJbHBIN pe3yabTaT Tecta Ha PHK Bupyca B maske
CO CJIM3UCTOI HOCOIVIOTKM) MallMeHT ObLJI HalpaB-
JIEH Ha TOCIIMTAIU3allUI0 B CIIELIAJIU3MNPOBAHHOE
OYJIBMOHOJIOTMYECKOE OTIOEJICHUE IJIsS JICUCHUS
COVID-19 ¢ nuarHoszom «BupycHasi mMHEBMOHUSI.
Capkouno3 jgerkux». [Ipu noodciegoBaHuu ObLIU
BBISIBJICHBI CJICAYIOIIME COMYTCTBYIOIIME 3a0o0Jie-
BaHUS: apTepuaibHasa runepTeHsus Il cT., puck 4,
uireMudeckasi 60Jie3Hb cep/iia.

M3 anamMHe3a: BaMOyJIaTOPHBIX YCITOBUSIX TPUHU-
MaJjt MoHOKcuauH 0,2 MT TIpu apTepuaJbHOM JaBJjie-
HuM (A1) BeI1IEe 150/90 MM PT.CT.; KAIITOIIPUI 25 MT
no 1 Ta6. iox 131K ipu AJ] BeIte 140/90 MM pT.CT.);
auetuacaauuaoByto kuciaory 100 mr nmo 1 tabJ.
1 pa3 B neHb; metornposaoa 5,0 mr 1o 0,5 Tabda. 2 pasa
B IIeHb; TU3MHOIPpUJI 5 MT 110 1 Tab1. 1 pa3 B IeHb IO,
KoHTposieM A/Jl. HabironaJsics 1o noBoay capkouao-
3a JIETKUX M BHYTPUTPYIHBIX TUM(GATHIESCKUX Y3JIOB
B TedyeHue 3 j1eT. JIuarHo3s OblJ1 yCTAaHOBJIEH HAa OCHO-
BaHUM XapaKTEePHOUW KJIMHUKO-PEHTTEHOJIOTHYEC-
KOl KapTUHBI W ITOATBEPXICH TMHAMWUYCCKUM Ha-
onoaeHueM. Ha atane nuarHoCTUKM MpOBOAMJIACH
criupoMeTpus ¢ ornpeneiieHneM oobeMoB (PXKEJI,
O®BI u ux coornouenus ODB1/DXKEJ%) n 06b-
€MHBIX CKOPOCTEi — IIMKOBOM M MTHOBEHHBIX
Ha ypoBHe 25, 50 u 75% ot Hayana popcCUpOBaHHO-
ro Bbiioxa (MOC,;, MOC,, u MOC;). ITokazarenu
COOTBETCTBOBAJIM HE3HAYUTEIbHBIM HapyLICHUSM
(GYHKIIUU BHEIITHETO IBIXaHUS 0 OOCTPYKTUBHO-
My TUITY. BBIJIO peKOMeHI0BaHO TIPUMEHEHUE TITI0-
kokoptukoctepouaoB (I'KC) mon koHtposem AJl,
Macchl TeJia, TJII0OKO3bl KPOBH.

IIpn 0O6BbeKTUBHOM O0OCJIeqOBAHUM: OOIIEe CO-
cTossHue — Tskesoe. KoXXHbIe MOKPOBBI C He-
MHOTOUMCJIEHHBIMM  TamyJe3HbIMU  BbICHIIIA-
Husmu, cyxme. Temmneparypa — 37,8°C. Hespo-
JIOTUYECKUI CTaTyC: B CO3HAHWU, KOHTAKTYy IO-
cTymneH. JIBUXKEHUST B KOHEYHOCTSIX OTPAaHUYCHBI.
YyBCTBUTEJBHOCTh HE HapylleHa. 3pauyku: d =
s = 4 MM, doTopeaklus KuBas, Mjoxass (QuUkca-
ous B3rasga. KopHeanbHBIE pedaeKCHl KUBBIC.
HocoryOHbIl pUCYHOK CUMMETPUYHBIN. Tun Tte-
JOCJIOXKEHU ST HOPMOCTEHUYECKU i1, pocT — 175 cMm,
Bec — 79 kr. IIpu aycKyabTallMy JerKUX IbIXaHUE
CUMMETPUIHOE, KeCTKOe, CIIpaBa U B HUXHUX OT-
nenax ocimaoneno, YA — 32 B munyty, SatO, —
45%. Co CTOPOHBI CEpACUHO-COCYANCTON CUCTEMBI:
TOHBI cepaua npuraymeHsl, YCC — 90 yn/mMuH,
OyJabC Ha JYYEBOM apTepUU yIAOBICTBOPUTEIBHO-
ro HAaNOJHEHUsS W HAIIPSXKCHUS, apTepualibHOE
maBieHre — 150/80 mm pT.cT. CO CTOPOHBI MHUIIIEC-
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BapUTEIBHOI CUCTEMBI: SI3BIK CYXOl, Y KOPHS 00-
JIOXEH «I'PSI3HBIM» HaJeTOM, XXUBOT MpU IaJibna-
LUUU MITKWUNW, CUMMETPUYHBbII, 0€30071€3HEHHBbI.
MouenosnoBas cuctema 6€3 0CoOOeHHOCTEN.

IMpoBeneHHbIe J1a0OpPAaTOPHBIE MCCIICAOBAHUS
BBISIBUJIM U3MEHEHMSI B TeMOrpaMMe B BUJIE€ MaJioy-
KOSIIEpHOTO ciBUTa, ycKopeHHoro CO3D, MOHOLIUTO-
3a, TMM@OLIUTO3a, JIeHKoLMuTo3a. B 6MoxumMuueckom
aHaJIM3e KPOBU ONPEICIISIIIOCH TIOBBIIIICHUE YPOBHS
KpeaTuHUHa, TuIepraMMariooyIMHeMu 1, IOBbIIIIE-
HHME aKTMBHOCTH CEPOMYKOHMAA, CUAJIOBBIX KHMCJIOT.
B koaryyiorpamme — npu3Haku runep@uOpruHeEMUu,
He3HAYMTEeJIbHOE TIoBbIeHe D-grMepa. B obmem
aHaJIM3e MOYU — JICHKOLIUTY pHS.

IIpu aHanmuze MOKPOTHI KHCIOTOYCTONUYMBBIC
MHKOOAKTEPUU U POCT KOJOHHI MUKOOAKTEpPU
TyOepKyJje3a oOHapyXeHbl He Obliu. Pe3yiabTaThl
VDA cpIBOPOTKM KPOBU Ha aHTHUTEa K MUKOOaK-
TepusiM TyOepkysie3a orpularejbHbl. CKOpPOCTHb
kiayooukoBoii ¢unsrpaniuu (CK®D) mo dopmyre
CKD-EPI 57 ma/mun/1,73 M2, mo metony MDRD
56 mu/mMuH/1,73 M2, TO €CTh BbISIBJIEHO YMEPEHHOE
cumkenne CK® — 111 cranus XxpoHU4YecKoit 6oie3-
HHM nouek. KimmpeHc kpeatnHnHa mo Kokpodpty—
Tonty: 68 mu/mun (61 ma/mun/1,73 m?). UHIEKC
Macchl Tefa: 25,5 kr/m2.

I1pu aHanu3e pe3yJbTaToB d3XOKapauorpadpuye-
CKOro o0OcJienoBaHusl oOpallajau Ha cebOsl BHUMA-
HUe NIPpU3HAKH JIETOUYHOI TUTIePTeH3UN (HOpMa CH-
CTOJIMYECKOTO JaBJieHUus 10 25 MM pT.cT.). Ha ayek-
TpoKapauorpamme Mpu3Haku UIIeMUU: AeIpeccust
cermeHTa ST, muBepcus 3youa T, sneBanus ST.

B ycroBusx ctaimmoHapa ObIJIO HA9aTO JICUCHUE:
I'KC, anTubakTepuaabHble CpeACTBA, aHTUKOAry-
JISSHTBI, UCKYCCTBEHHAsI BEHTUJISILIU S JIETKUX.

Ha tpeTbu CyTKHM CTAallMOHAPHOTO JICUCHUS T10-
SIBUWJINCHh TIPU3HAKU IIPOTPECCUPOBAHUS PECITU-
paTOPHOI HEAOCTATOYHOCTH B BUJIE YMCHBIICHUS
ypoBHs SatO, no 43% (1o IyJbCOKCUMETPY) HpH
IBIXaHUM aTMOC(HEPHBIM BO3AYXOM, IIOSIBJICHUE
taxumod no 28/mMuH. Ha xouTpoapHoit KT: mpu-
3HaK1 ANUG@PY3HOro YIIJIIOTHEHUS JIETOYHOM TKa-
HU II0 TUITY «<MaTOBOI'0 CTEKJia», CyOIIeBpalibHbIe
ouaru (UOPO3HOro xapakrTepa, 3HaYUTEJIbHOE MO-
paxeHue Jierkux — 87%. YuutbiBasi TSIKECTb CO-
CTOSHUSI, MAllMeHT OBLI MepeBedeH B OTACIICHUE
peanumanuu, Hayuato HUBJI B pexume CPAP
¢ PEEP 8 cMm Boa.cT. u ppaKLimu BIbIXaeMOI'O KUC-
nopoaa (FiO,) 50% ¢ nepuognyecKUMU CeaHCaMU
MPOH-NO3ULIMU 110 6—10 4, MpoBeAeHA KOPPEKIIM S
KHCJIOTHO-OCHOBHOTO COCTOSTHUSI M BOIXHO-3JICK-
TPOJMTHOro OajaHca, cMéHa aHTUOMOTHKOTEpa-
OHWM, HavyaTo IIeJICHAIIPaBICHHOE JCUCHUE «IIUTO-
KMHOBOIO LITOPMa» aHTaroHucromMm 1L-6 npenapa-
TOM capyjyMao0.

HecMoTpst Ha mpoBoguMoe JeYeHHe, COCTOSI-
HHE OOJILHOIO IIPOrPEeCCMBHO YXYAIIAJIOCh, Ha-
pacTanu SBJICHUSI JICTOYHOM HEIOCTaTOYHOCTH.
PeaHnMalniMoHHbIe MEPOITPUATUS B TedeHue 30 MUH

okazanauch Hea(pdekTruBHbI. KoHcTaTupoBaHa Ouo-
JloruyeckKasi cMepTh. BbICTaB/IeH 3aK1I0UUTEIbHBI I
KJAMHMYeCKU I guarHo3s: «KopoHasupycHas nuHMpeK-
nuss COVID-19, Tsaxenas ¢popmar. OCioXHEHUS:
«IByXCTOPOHHSISI TOJIMCETMEHTapHasi BUPYCHast
MHEeBMOHMUSI, TsSXKeaoe TeueHue». KoHKypupylolee
3a6oneBanue: «CapKonaI03 JISTKUX U BHYTPUTPY/I-
HBIX JUM@PaTUIecKux Yy3JI0B». COIyTCTBYIOIIHNIA
nuarHo3: «<MBbC. AprepuanbHas runepreHsus I ct.,
puck 4». HampaBjieH Ha maTojloroaHaTOMHUYEeCKOoe
BCKPBITHE.

Ha cexk1imoHHoOe UccieqoBaHNe JOCTaBJICH TPy
MY>XK4YuHBI 50 JIeT, CpeaHero pocra, yaoBJIeTBOPHU-
TeJbHOIo MUuTaHusd. Ha koxe ompenesssiorcs Ma-
KyJo-TIanyJie3HbIe  BBICHIIIAHUS, Ha OTIEIbHBIX
yJacTKaxX — OdYaru TUII0- U THHePIUTMEHTAIIUH.
TMogkoxxHO-XMpoBasi KjeTyaTka B 00JaCTH MYyM-
Ka TonuuHoi no 4 cMm, Ha rpynu — 3,5 cMm. [naza
NPUKPBITHI BEKAMHU, TJIa3HBIC SIOJIOKHU pa3MsITYCHBI,
CKJIEpBbI OeJible, POTOBUIILI TOMYTHEBIIINE, DALY K-
KU KOPUYHEBBIE, 3paUKU OKPYTJIOW (hOPMBI, CUM-
MeTpuuHble, o 0,4 cM B auameTpe. ['pyaHast KJieT-
Ka UUJIMHIApUYecKOoi (opmbl. 2KIBOT OKPYTIJIbIA,
Ha YPOBHE peOepHBIX AyT. MSITrkKue TKaHU KOHEU-
HOCTell oTeuHble. TpymHbIE TISITHA CUPEHEBBIE,
pPACITOJIOKEHBI Ha 3aJHEN MOBEPXHOCTH TYJIOBUIIA
M KOHeuHocTeil. TpymHoe OKOYeHeHHE pPa3BUTO
YIOBJICTBOPUTEIBHO.

BepxHue gpixareabHbIE TTYTU ITPOXOANMBI, CJIV-
3UCThIC 000JIOUKH Tpaxen, OPOHXOB OTEYHBIE, PO30-
Bbl€, C MEJIKUMU TOUYCUHBIMU KPOBOUJIUSHUSIMU.
B mnipocseTe Tpaxen u OpOHXOB HEOOJbIIOE KOJIU-
YeCTBO MEHUCTON XUIKOCTHU. B meBpaIbHBIX MO~
JocTtsax mo 70 MJ1 po30BOii TPO3pavyHOU KUAKOCTH,
TJIeBpajJbHbIC JMCTKU IIagKue, KpacHbie. Jlerkue
TSIKeJIble, TpU TaJblallud pa3HOM TIJIOTHOCTH,
O6e3Bo3mymrHble. Ha paspe3ax TeMHO-KpacHOTO
IIBeTa, C TOBEPXHOCTEW pa3pe30B CTeKaeT Kpac-
Has XUAKOCTh. HaJl MOBEpXHOCTHIO pa3pe30B BbI-
CTYyNaT OPOHXO-COCYIUCTHIC 3JIEMEHTHI, OpOHXU
peXyTcs ¢ XpycToM. B TIpocBeTe cocymoB TeMHas
KUAKask KpOBb U CrycTKU. Jlumparndyeckue y3abl
KOpHeEl JIeTKUX yBeJWYeHbl B AuaMeTpe 1o 2,0 cM,
Ha pa3pe3ax HeomHopomHbIe. [Iprn MMKpOCKOMNU-
YECKOM MCCJICIOBAHHWM: OMNPEACIISTIOTCS THAJTUHO-
Bble MeMOpaHBI, BBICTUJIAIONINE U TTOBTOPSIOIIVE
KOHTYPbI CTEHOK ajibBeoJ (puc. 1, Bkielika, c. II),
B IIPOCBETE aJIbBE€OJ — CAYIUEHHBIA SMUTEIUN
C reMopparmn4ecKuM KOMIIOHEHTOM, HEMHOTOUHC-
JICHHbIE MHOTOsIIEpHbIE KJIETKU, MaKpodaru, 6e-
KoBbIe Macchl (puc. 1, 2, Bkaeiika, c. I1), ckonjieHue
OTEUYHOM XUAKOCTU. B cTeHKax aJibBEOJ BBISIBIISI-
FOTCS yYaCTKM HEKPO30B U JeCKBaMaIlMs aJIbBEO-
JISPHOTO BTUTEINS B BUJE PAa3PO3HEHHBIX KJIETOK
WJIM TIJ1aCTOB, YYaCTKW KPOBOUBJIMSIHUNM U TeMO-
cuaepodaru. Cocyabl YMEPEHHO TTOJIHOKPOBHBIE,
OKpPY>KCHHBIC TICPUBACKYISIPHBIMU WHOUIBTpaA-
TamMu. B mpocBeTe OPOHXOB — TOTAJbHO CIYIIEH-
HBII anuTenuit, causb. Ha camusucroit obomouke
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OpPOHXOB, TIPEUMYIIECTBEHHO Cy03HIOTEINaIbHO,
onpeaessIloTCs IpaHyJeMbl, 03 Ka3e03HOro He-
Kpo3a. B mumMmdbarnyeckux ysmax KOpHEUM JETKHX
BBISIBJISIIOTCSI HEKa3e€O3HBIC TpPaHYJIEMBI, COCTOS-
II1€ U3 CKOTUJICH U AIMUTEIMOUTHBIX TUCTUOILIMTOB
U TUTAaHTCKMX KJeToK JlaHrxaHca, OKPYKEHHBIX
JTUuMbOIUTAMU.

Otpenensiinch IMIPU3HAKHA CAPKOMI03a JIETKHUX.
IIp1 TUCTONOrMYECKOM MCCIENOBAHUU B JIETKUX
CUMMETPUYHO pacrojiarajJuch MTUCKPETHbIE He-
Ka3enOUIIMPpOBaHHBIC SMUTEINONTHO-KJICTOUHBIC
TpaHYJIEMBI pa3MepaMu OT 2 OO0 8 MM, COCTOSIIINE
13 BbICOKOAUDEepEeHIINPOBAHHBIX MOHOHYKJIC-
apHbIX (GaroMTOB (AMUTEIUOUIHBIX U TUTAHTCKUX
KJIeTOK) 1 1uMdoiuToB (puc. 3, 4, 5, 111 obmoxka).
Otpenensiinch TpaHYJIeMBl ¢ TIpoandepaTUBHBIM
KOMITOHEHTOM, C Yy4YacTKaMW KPOBOU3JIUSHUM.
BoisBASIIMCh TMUTaHTCKUE KJETKWA C IIUTOIIa3-
MaTU4YeCKMMU BKJIIOYEHUSIMU — acCTepOUIHBIC
Tenba U tenabna lllaymana. BeTpewannch Teib-
na Xamaszaku—BeseHOepra, JOKaJU30BaHHBIE
B rpaHyJieMax, B 30Hax IMepudepuyecKux CUHYyCOB
JTUM@OY3J0B BHYTPU TUTAHTCKUX KJIETOK U MpPeI-
CTaBISIONINE CO0OIl OBaJibHBIC, OKPYTJIbIC WJIN
BBITSIHYTBhIE CTPYKTYpbl pazmepom 0,4—0,7 MKM,
comepxaniue aunodycumH. Takke MMeEJI0 MeCTO
HaJu4uue LeHTpochep — OomnpeAessIolnxcs Kia-
CTEepOB BaKyoJiell B IMTOIIJIa3Me TUTAHTCKUX KJIe-
ToK. [Ipyn okpacke reMaTOKCMJIMHOM U 303WHOM
9TU CTPYKTYpPhl HamoMuHajau Trpudbsl. OOpamiaet
BHUMaHNWE HaJIuuyue TI'paHyJIeMaTO3HOU WMHOUIIb-
TpalU JIETOUYHBIX COCYI0B, B TOM YHMCJIe KAITUJIIsI-
pPOB U BEH.

Cepaile Tpy  MakKpOCKOITMYECKOM HCCJIeNO-
BaHuUU pasMmepamu 12 x 10 x 7 cm, maccoit 360 .
BeHeuHbIe apTepryt MaruCcTpaabHOTO TUIIA, B IIPO-
CBeTe MX KUOKasT KPOBb, CTEHKHN PEXYTCS C XpPy-
CTOM, Ha MHTUMe arepoduOpO3HbIC HAJIOKECHU S
Cy>XMBallIne mpocBeT aprepuii 1o 80% JjieBoii Ko-
poOHapHOI apTtepuu, 10 85% mnepeaHeil MexXXKey-
JIOYKOBOU apTepuu, 10 89% orubarolieii apTepnu,
1o 85% mnpaBoil KOpoHapHOI apTepuu. B mmosoctax
cepala KpacHble MOCMEPTHBIE CTYCTKHU U XKUIAKas
KPOBb, TTOJIOCTU HE PaCIIMPEHBI, HIO0KAap/ BJIaxK-
HBIN, ragkuii. CTBOPKU KJIaIaHOB MOABUXKHEIE,
CMBIKAIOTCS MJIOTHO, CYyXOXMJIbHBIE HUTU TOHKUE,
raaakue. Muokapa npsOblii, Ha pa3pe3ax Kpac-
HO-KOPUYHEBHI, ¢ cepo-0eaecoBaTbiMU IepHUBa-
CKYISIPHBIMU NPOXWJIKaMH. ToJdIIMHA MHUOKapaa
npasoro xenygodka cepaua — 0,4 cm, geBoro —
1,9 cm. Ilpu rucrojsornyeckoM HUcCCeIOBaHUU
BBISIBJISIIACh (hparMeHTalldsi HEKOTOPBIX Kapauo-
MHOIIMTOB, MEJIKOOYAaroBBIM CKJIEpO3, O4YaroBas
rurneprTpodus KapaAMOMUOIIMTOB C YMEPEHHBIM
MEXYTOUHBIM OTEKOM, 3PUTPOLMTAPHBIMU CJIal-
xamu (puc. 6, 111 o6moxka). Cocyabl MUKPOLIUP-
KYJSTOPHOIO pycia — MaJIOKpPOBHBIC, OIIpee-
JIgach TUTEPTPOMdUS CTEHOK MEJIKUX apTepuit
U apTepuoL.

I1pu BUpPYyCOIOTrMIECKOM UCCICAOBAHN T CEKIIN-
onHoro martepuaia PHK SARS-CoV-2 obHapyxke-
Ha B JICTKHMX; B TOJIOBHOM MO3Ie, CeJIe3eHKe, Ieue-
HU — He OOHapyXeHa.

BricTaBiieH IaToJIOTOAHATOMWYECKUI  Oua-
rHo3. OcHoBHoe 3abosieBaHue: «HoBas Kkopo-
HaBupycHasts wuHbexkuuss COVID-19 (npu Bu-
PYCOJIOTUYECKOM HWCCIIeIOBAaHUN CEKIIMOH-
HOro Marepuaja B JierTkux oOHapyxkeHa PHK
SARS-CoV-2)». KonHkypupyiouiee 3abojieBaHUeE:
«Capkongo3 Jerkux M BHYTPUTPYAHBIX JTUMQPO-
y3510B». OCJIOXHEHUsST OCHOBHOTO 3a00JIcBaHUS:
«IBYXCTOpOHHSSI TOTajJbHAsT BUpPYCHasI ITHEBMO-
HUsA. OCTpblii pecnupaTOPHBIN AUCTpEcC-CUHI-
poMm B3pocibix. OTek jerkux». CoIyTCTBYIOIINE
3abosieBaHus: «['mneproHunyeckasi 00Jjie3Hb: KOH-
HOeHTpHYecKass Tureprpodmuss Muokapma (Macca
cepaua 360 r, TOJIIIMHA CTEHKU JIEBOI'O KEJIYI04-
ka — 1,9 cm, mpaBoro — 0,4 cM). XpoHUUecKas
nieMuyeckass 00Je3Hb cepllia: CTEHO3UPYIOMINN
aTepoCKJIepO3 KOPOHAPHBIX apTepuil, KapIuo-
CKJIEPO3».

Ob6cyxaeHne

OnucaH ciaydyail pa3BUTHUSI OCIOXKHEHHOIrO Te-
YEHUS BUPYCHOM ITHEBMOHMU, BBI3BAHHOW BUPY-
coMm SARS-CoV-2, y mamMeHTa C CapKOUI030M
JETKUX W CEepAEeYHO-COCYIMCTOU MaTOJIOTUEH.
KnauHuyecku BBISIBIASIEMbIE MPU3HAKU JIETOUHOM
TUNEePTEH3UU CBSI3aHbI, OYEBUIHO, HE TOJIBKO C Cep-
HOEYHO-COCYAMCTOM MaTOJOTUE, HO M C TpaHyJe-
MaTO3HOM WHMUIbTpallMeld Jero4yHbIX COCYIOB,
B TOM YMCJIe KalUJIJSIPpOB U BEH, BBISIBJIEHHOUN MpU
CEKIIMOHHOM HcciienoBaHuu. CouyeTaHUe BUPYCHO-
ro BocnaJjieHusi, ooycinoBjieHHoro COVID-19, cHu-
XKEHU S JIETOYHBIX 00beMOB U nuddy3uu Ha dhoHe
CYLIECTBYIOIIEr0 CapKoua03a JIETKUX, TTOBbILIEHNE
TUIPOCTaTUUYECKOrO AaBJIEHUS B COCydaX MUKPO-
OUPKYISITOPHOTO pyclia MMPUBEJIO K Pa3BUTUIO TsI-
JKEJIOM ABIXaTeIbHON HeJOCTATOUHOCTHU ITallMeHTA,
B Buge OPIIC u oteky jerkux [7, 8, 9]. OPIC mipen-
cTaBasieT COOO CIOXHBIN KJIWMHUYECKMI CHUH-
JIPOM C TeTePOTreHHBIM KIMHNYSCKUM (PEHOTUTIOM,
9TO 3aTPYyOHSCT ero wm3ydeHue. BosHmKarommne
MUKPOLUPKYJISITOPHbIE HapYyILIEHUsS Ha YPOBHE
aJIbBEOJIIPHO-KAMUJJISPHOU MeMOpaHbI, MPUBO-
NAT K CHUXEHUIo T1Ud@y3un ra3zoB KpoBU, OTEKY
aJbBEOJ M MHTEPCTUIIMATIBHOTO IIPOCTPaHCTBA.
Bce 310 cnocoGcTByeT pa3BUTHUIO TUMIIOKCEMUU,
KOTopasl U Tak HaOJitogajsach y malMeHTa B CBSI3U
C COINYTCTBYIOIIEU TATOJOTUEN, CHUXEHUIO IKC-
Kpelun YIIeKHUCIIOTO Ta3a M, B KOHCYHOM CUETeE,
BeIET K OCTPOU NbIXaTeJIbHOW HEJOCTAaTOYHOCTMU.
Kpome toro, mpu OPIC HapyuiaeTcss ocMOTHUYeC-
KU rpaldeHT U CHUXKAETCsl KJIUPEHC aJIbBEOIsIP-
HOW XWUAKOCTH, UTO €lle OOoJiblle yCyTryossieT He-
CITOCOOHOCTH yIAJISITh OTCUYHYIO SKUIKOCTD U3 IVC-
TaJbHBIX OTIEJIOB JErKuX.
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3akJito4eHme

Ha ocHoBaHMM JaHHBIX MEAMILIMHCKOW J10-
KyYMEHTAllUu U pe3yJibTaTOB IMaTOJIOroaHaTOMMU-
YEeCKOro MCCAeOBAHUS CIEAYET, YTO MPUUYUHON
cMmeptu 6onbHOro P.A., 50 net, sgBaseTcss HOBas

3BaBIIast ABYXCTOPOHHIOK TOTAaJbHYIO BUPYCHYIO
nHeBMOHMI0. HecOMHEHHO, YTO HaJIn4ne KOHKY-
pUPYIOIINX 3a00JIeBaHN, TAKMX KaK CAapKOMIO03
JIETKUX W apTepuajbHas TUNEPTCH3US, YCYTy-
Ounau TedeHue OGOJI€3HU, MOCHOCOOCTBOBAB pa3-
Butuio paHHero OPIC u npuBeau K JeTaJbHOMY

KopoHaBupycHasds wuHpekuus COVID-19,

BbI- ucxony [3, 4].

Cnmcok nutepatypsbl/References

1.

2.

Buzens A.A. Capkongo3: MmoHorpadus. M.: Usmarenvckuii xonauHr «Atmocdepar, 2010. 416 c. [Vizel A.A. Sarkoidosis:
monography. Moscow: Atmosfera, 2010. 416 p. (In Russ.)]

Buzenb A.A., Buzens U.10., llakuposa I.P. Capkonno3 B nepuoa nanaemMuu HoBoit undexiuu COVID-19 // MeauuunHcKnii
andasut. 2020. T. 1, Ne 19. C. 65—69. [Vizel A.A., Vizel L.Yu., Shakirova G.R. Sarcoidosis during COVID-19 new pandemic
infection. Meditsinskii alfavit = Medical Alphabet, 2020, vol. 1, no. 19, pp. 65—69. (In Russ.)] doi: 10.33667/2078-5631-2020-19-
65-69

BopoobeBa O.B., JlactoukuH A.B. U3mMeHeHUsT B rojloBHOM Moare, Jerkux u cepaue npu COVID-19 Ha ¢oHe 1iepedpo-
BacKysipHoit matojioruu // [podunakrudeckas menummua. 2020. T. 23, Ne 7. C. 43—46. [Vorobeva O.V., Lastochkin A.V.
Changes in the brain, lungs and heart with COVID-19 against the background of cerebrovascular pathology. Profilakticheskaya
meditsina = The Russian Journal of Preventive Medicine, 2020, vol. 23, no. 7, pp. 43—46. (In Russ.)]

Bopoo6bena O.B., JlactoukuH A.B. OcTpblit nH(MapKT MuoKapaa u KopoHaBupycHast uHdexius (COVID-19) // UHbeknoH-
Hble 60J1e3HU: HOBOCTH, MHeHMs, 00yuenue. 2021. T. 10, Ne 1 (36). C. 93—97. [Vorobeva O.V., Lastochkin A.V. Acute myocardial
infarction and coronavirus infection (COVID-19). Infektsionnye bolezni: novosti, mneniya, obuchenie = Infectious Diseases: News,
Opinions, Education, 2021, vol. 10, no. 1 (36), pp. 93—97. (In Russ.)| doi: 10.33029/2305-3496-2021-10-1-93-97

Kobak S. Catch the rainbow: prognostic factor of sarcoidosis. Lung India, 2020, vol. 37, no. 5, pp. 425—432. doi: 10.4103/lungindia.
lungindia_380_19

Loke W.S., Herbert C., Thomas P.S. Sarcoidosis: immunopathogenesis and immunological markers. Int. J. Chronic. Dis., 2013,
vol. 2013: 928601. doi: 10.1155/2013/928601

Patel N., Kalra R., Doshi R., Arora H., Bajaj N.S., Arora G., Arora P. Hospitalization rates, prevalence of cardiovascular mani-
festations, and outcomes associated with sarcoidosis in the United States. J. Am. Heart Assoc., 2018, vol. 7, iss. 2: e007844.
doi: 10.1161/JAHA.117.007844

Southern B.D. Patients with interstitial lung disease and pulmonary sarcoidosis are at high risk for severe illness related
to COVID-19. Cleve Clin. J. Med., 2020. doi: 10.3949/ccjim.87a.ccc026

Zhou F.,YuT, DuR., Fan G,, Liu Y., Liu Z., Xiang J., Wang Y., Song B., Gu X., Guan L., Wei Y., Li H., Wu X., Xu J., Tu S.,
Zhang Y., Chen H., Cao B. Clinical course and risk factors for mortality of adult inpatients with COVID-19 in Wuhan, China:

aretrospective cohort study. Lancet, 2020, vol. 395, no. 10229, pp. 1054—1062. doi: 10.1016/S0140-6736(20)30566-3

ABTOpBDI:

Bopo6beBa 0.B., k.M.H., A0OLEHT kadenpbl 0OLLEN 1 KITUHUYECKON
mMopdonorum n cyaebHoin meanumHel @rE0Y BO Yysaluckuii
rocyfapCTBEHHbIN yHBEpCUTET MMeHn V.H. YnbsHoBa,

r. Yebokcapbl, Poccus;

MmanguuoBa H.E., K.M.H., foueHT kadenpbl 06LLel

1 KNMHUYeckor mopdonorum n cynebHoi meauuuHsl @rE0Y BO
YyBaLLCKM rOCyAapCTBEHHbIV yHMBEPCUTET uMeHn W.H. YnbsiHoBa,
r. Yebokcapbl, Poccus;

PomaHoBa J1.1., k.6.H., [OLEHT kadeapbl LepMaTOBEHEPONOM M
¢ Kypcom rurnersl Gre0Y BO Yysalickuii rocynapCTBeHHbIN
yHuBepcuTeT umenn U.H. YnbsHoBa, r. YHebokcapsl, Poccus.

Authors:

Vorobeva 0.V., PhD (Medicine), Associate Professor, Department
of General and Clinical Morphology and Forensic Medicine,

I.N. Ulyanov Chuvash State University, Cheboksary, Russian
Federation;

Gimaldinova N.E., PhD (Medicine), Associate Professor,
Department of General and Clinical Morphology and Forensic
Medicine, Chuvash State University named after |.N. Ulyanov,
Cheboksary, Russian Federation;

Romanova L.P., PhD (Biology), Associate Professor, Department
of Dermatovenerology and Hygiene, Cheboksary, Russian
Federation.

MocTynuna B pegakumio 25.01.2022
OtnpaBneHa Ha gopaboTky 21.02.2022
MpuHsaTa k nevatn 25.04.2022

Received 25.01.2022
Revision received 21.02.2022
Accepted 25.04.2022

1196



NHdekuma n ummyHuTeT
2022, T. 12, Ne 6, c. 1197-1199

NPABWUJIA AJ11 ABTOPOB

CTaTby MPEACTABISIOTCS B peIaKIIMIO Yepe3 CUCTEMY deKTpOoHHOro u3nateabcTna (http://iimmun.ru) B cooTBeT-
CTBUHU ¢ TpeGoBaHMAMMU XypHana «MHGbeKIUI 1 UMMYHUTET» U «MHCTpyKIIMEH IJIsT aBTOPOB», MPeACTaBIeHHOM
Ha caiite. C dpeBpains 2016 roma xxypHaa «MHbeKLMS 1 UMMYHUTET» MyOJIMKYET CTaThbU HA ABYX S3bIKaX (PyCCKOM
U aHTJIMIICKOM).

OCHOBHble BUAbI CTaTeil, Ny6/IMKyeMbIX B XXypHane

OpurnHaJbHas CTATHSA

CTaTbs T0JKHA OMMUCHIBATH PE3YJIbTaThl 3aKOHYEHHOT0 ccliefoBaHus. JlomyckaeTcss 00beM cTaTh 10 20 Maliu-

HOIIMCHBIX CTpaHMUII, BKJIIOYask pUCYHKHU, Tabauibl. CTaThs HOJXKHA coaepKaTh: 1) BBeAeHUe; 2) MaTepraibl U METO-
Ilbl; 3) pe3yabTaThl UccaenoBaHUI; 4) 00CyXKaAeHUe pe3ybTaToB; 5) 6JarofapHOCTH.

e BBenenue conepxuT 000CHOBaHUE LIEJU U 3a]a4 IPOBEIEHHOr0 NUCCIEA0BAHUSI.

e Marepuajbl 1 METOIbI MOTYT M3JIaTaThCs B BUE OTIAEJIbHBIX (DPATMEHTOB C KOPOTKMMU MO/I3aT0JIOBKAMMU.

e Bce HeTpaaAMIIMOHHBIE MOAMGbUKAIIMA METOJAOB TOJIXKHbBI OBITh OMUCAHbBI C TOCTATOUHOM CTENMEHbIO MO/~
po6HocTH. sl BCeX MCMOJIb3yEeMbIX B pab0Te PeaKTUBOB, JKMBOTHBIX, KJIETOUHBIX KYJIbTYp U T.lI. HEO0-
XOJMMO TOYHO yKa3bIBaTh MPOU3BOIMTEIICH U/WUIU UICTOYHUKU TOJyYeHU ST (C Ha3BaHUSIMU CTPaHbl, QUP-
MBI, UHCTUTYTA).

e Pe3ynbTaThl ONMUCHIBAIOTCS B JIOTMYECKON MOCIEA0BATEILHOCTU B BUIE OTIEJbHBIX (DparMeHTOB, pa3ae-
JIEHHBIX MO/13ar0JIOBKaMU, 0€3 2JIEMEHTOB 00CYXAeH s, 0€3 MOBTOPEHU I METOINYECKUX MOJPOOHOCTEI,
0e3 nyospoBaHUs UM POBBIX TaHHBIX, TIPUBEJACHHBIX B TaOJIMIIAX U PUCYHKAaX.

e B 00cyKaeHUH MPOBOAUTCS AETAIbHBINM aHAJINU3 MOJTYYEHHBIX JAHHBIX B COMMOCTABJIEHUY C TaHHBIMHU JI-
TepaTypbl, UTO CIYKUT 0OOCHOBAHMEM BBIBOJIOB M 3aKJIIOUEHU T aBTOPOB.

e Paznen «baarogapuocTu» He siBJIsieTCS 00s13aTeIbHBIM, HO KpaliHe XKejatesieH. B 3Tom pa3nesie aBTopbl MO-
TYT BbIPa3UTh MPU3HATEIBHOCTh OpraHMU3al, CyOCUINpPOBABIIeH TTPOBEIeHNE UCCIIeIOBAHU I, KOJlJIe-
ram, KOHCYJIbTUPOBABIINM pabOTY B ITPOLIECCE €€ BBITMOJHEHU ST U/ WU HATTMCAHM S, A TAKKE TEXHUIECKOMY
nepcoHay 3a MoMolllb B BRIMOJIHEHU U UCCliefoBaHuil. biarogapHocTH 3a mpegocTaBiaeHue crienuduyec-
KUX peaKTUBOB UJIU 000PYAOBaHUSI, KaK MIPAaBUJIO, TIOMEIIAIOTCS B pazaelie «MaTepuajibl U METOIbI».

Kparkue coobmenns

Kypnan ny6aukyeT HeOOJIbIINE M0 00bEMY CTaThU, KOTOPLIE UMEIOT 0€3YCIOBHYIO HOBU3HY M 3HAUMMOCTbh. DTHU
CTaTbU MPOXOAST YCKOPEHHOE PelieH3MPOBaHUE U MYOJIUKYIOTCSI B KOPOTKHME CpoKU. OOIIMit 00beM KpaTKOTo co00-
IIEHW ST OTPAaHUYEH 8§ MAIIIMHOMMCHBIMU CTPAaHULIAMU, KOJTMYECTBO PUCYHKOB M/UJIM TaOJIUIL HE MOXET ObITh OoJiee 3,
a CIMMCOK MCTOJb30BaHHBIX INTEPATYPHBIX UICTOYHUKOB He JOJIKeH MPeBbIATh 15. TUTYIbHBIN TUCT oopmIsieTcs,
Kak onucaHo Huxe (cM. «[logroroBka crateii»). Pazmenbl KpaTKOro cooOIIeH s aHaJOTMYHBI BBIIIEONIMCAaHHBIM pa3-
JleJlaM OPUTUHAJbHOM CTaTbU, HO HE BBIACISIOTCS 3aTOJOBKAMU U MOA3ar0JIOBKaMU, Pe3yJabTaThl MOTYT ObITh U3J10-
>KEHBI BMECTE C O0CYXJICHUEM.

O030pHBIE CTATHHU U JEKIUH

O030pHbIE CTATbU U JIEKITMHU B OCHOBHOM 3aKa3bIBAIOTCSI pEeIAKIIMEN NI MOTYT OBbITh PEKOMEHIOBAHbI OMHUM U3 UJje-

HOB peakosuiernu. bosee nonpo6Hyo nHdopMalrio o mpaBuiIax oHOpMIEHUS ITUX CTATE MOKHO Y3HATh B pelaKIiu.

Bubnuorpacduyeckmne ctaHgapTbl ONMCAHUS LUTUPYEMbIX NyGnukaumni

OnucaHue cTaTbU U3 XKypHAJa:

Canuna T.1O., Mopososa T.1. UmmyHonornueckue Metons! B fuddepennnanbHoil auarnoctuke // Tybepkynes u 601€3HU TEeTKUX.

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.

OnucaHue cTaThby U3 KHUTU (MOHOTpaduu):

ypsiruna U.A., YecnokoBa M.B., Kiiumos B.T. [TceBnoTyoepkyies. HoBocubupcek: Hayka, 2003. 320 c.

Shurygina I.A., Chesnokova M.V., Klimov V.T. Pseudotuberculosis. Novosibirsk: Nauka, 2003. 320 p.

IIpumeps! npaBuabHOTO 0hOPMIIEHHS AHIJIOA3BIYHBIX CCHIJIOK:

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.

CchUIKY Ha TUTEpaTypHbIE MICTOYHUKHU B TEKCTE CTaThU, B PUCYHKAX M TaOIM1IaX 0003HAYaI0TCSl apabCKUMU LI -
paMu B KBaJpaTHBIX cKoOKax [1, 2, 3,...]. He momyckaioTcs cChIJIKM Ha IUCCepTallnu, aBTopedepaThl JUCCepTalnii,
my0oJIMKaluy B COOpHUKAX, METOANYECKHE JOKYMEHTHI MECTHOTO ypOBH . KoaruecTBO NICTOYHUKOB HE OTpaHUYEHO.
B xax ot cchliiKe mpuBOISITCS BCe aBTOPHI padoThl. Heony61MKoBaHHbBIE CTaTbU B CIIMCOK HE BKJIIOUAIOTCS.

00603Ha4YeHNs, COKpaLLEHUS U eAUHULLbI U3MEepPEeHNs

JIst CIOXKHBIX TEPMUHOB MJIW Ha3BaHMU I, HanboJiee YaCTO UCTIOJIb3YeMbIX B TEKCTE CTATbM, MOXKHO BBECTH (B KPY-
IJIBIX CKOOKAaX IMOCJjie MepBOro YIIOMMHAHMS TIOJTHOIO Ha3BaHUSI TepMMHA) He Oosee 3—5 HeTpaaAUIIMOHHBIX COKpa-
IIEHUI. Y3aKOHEHHbIe MEXIYyHapOAHBIMU HOMEHKJIATypaMu COKpAIIeHUs HCMOJb3YIOTCS B COOTBETCTBYIOIIEH
TpaHcKpunuuu. Hampumep, 171 TepMUHA «MHTEPIEHKUH» UCTIONIb3yeTCsT cokpaieHue «IL», a He pycCKOSI3bIYHBII
BapuaHT «JI»; aHAaIOrnYHO 3TOMY UCTIONb3YI0TCsI cokpalneHus: < NF», a He «TH®» unu « DHO»; «CD», a He «C».
Ha3zBaHus1 MUKpOOPTaHU3MOB IPUBOISITCSI B OPUTUMHAJIBHOM TPAaHCKPUIILIMU C UCHOJAb30BaHueM KypcuBa (E. coli,
Streptococcus pyogenes). ETMHUIIBI U3BMEPEHU S TPUBOASTCS 0€3 TOUKHU MOCJe UX COKPallleHHOr0 0003HaYeH U1, pera-
MEHTUPOBAHHOI'O MEXIYHApOJHBIMU NIpaBuiaMu (¢, 4, cM, MJi, MT, kDa u 1.11.).
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Od)OpMHEHMe WNIOCTPATUBHOINO Mmatepuana

WnnocTpaTuBHbI MaTepua 10JKeH ObITh OPUTMHAJTBHBIM, T.€. paHee HUTAE He onyOJMKoBaHHBIM. O011ee Ko-
JINYECTBO MJUTIOCTpALUii (TabJIUI] 1 pUCYHKOB) HE JIOJI)KHO MpeBbIIaTh BOCbMU. [1pu 60JibIlieM KOJTMYECTBE UIIJTIO-
CTpaluii uX MyOoJIMKaIus onjiadyuBaeTcs aBTopoM. [1yGmKanms MBETHBIX MJLTIOCTPALINi (He3aBUCUMO OT MX KOJIH-
YeCcTBa) TaKKe OIJIaYMBaeTCSl aBTOPOM.

Pa3meps! niocTpanmii:

* MakcuMaJibHasi Beicota — 210 MM

* MakcuMaJjbHas mupuHa 1Js 1 crondua — 82 mwm, st 2 ctoab1oB — 170 Mm

Ta6anupl. Kaxkaas Tabania mpenocTaBisieTcsl OTAeIbHBIM daiisoM. Tabauiel HyMepyloTcs apabckuMu nudpa-
MU OTAEJIBHO OT HyMepaluu PUCYHKOB (rpacdukoB u potorpacduii). HazBanue reuaraercs Han Tabauieii. Becb Tekcr
Ha PYCCKOM sI3bIKe, colepKalluiics B TaOauile, BKIoYash eAUHUIBI U3MEPEHUsI, JOJKeH ObITh MepeBeaeH Ha aH-
TJIMCKUIA S3bIK; TPU 3TOM MEPEBOJL CeAYeT MOMELIATh B SYEHKY C COOTBETCTBYIOLIUM PYCCKUM TEKCTOM OTAEIbHOMI
cTpokoii. HazBaHue TabaUIIbI M TEKCT IpUMeEYaHUsl K Hell TaKkKe JOJIXKHBI ObITh MepeBeIeHbl Ha aHTJIMUCKUI SI3bIK
U TIPUBEACHBI MO PYCCKUM TEKCTOM C HOBOM CTPOKHU. JIJIst TOMEeTOK B TaGaMIaxX ClIeayeT UCIOIb30BaTh OMHY WU
HecKoJbKo (*). [losicHeHMs ImevaTaloTcs IOocjie COOTBETCTBYIOIIEro KojauuecTna (*) mon tadbnuueii. EquHuIIbI n3Me-
peHu s, TpY HEOOXOAMMOCTH, BKJTIOUAIOTCS B 3aTOJIOBKYM CTPOK UJIU CTOJIOIIOB.

Pucynku (rpadmku u dororpacdun). B Tekcte ctaTbu Ha3BaHUSI pUCYHKOB (rpacduKoB, hoTorpaduii) u TadbuLL pas-
MelalTces cpasy nocie abzalia, riae Ha HUX JaeTcs nepBast cchliika. Bce pucyHKU HyMepyloTcsl Ociea0BaTeIbHO apad-
CKUMU IUdpaMu TT0 Mepe MX BKJIIOYEHUS B TEKCT cTaThb. HazBaHUsI pUCYHKOB U MOATIMCHA K HUM BBIHOCSITCSI B BUIE
CIUCKa B OTACIBHEIN (aiii. B ciucke yka3pIiBaloTcs: HOMep pUCYHKa, Ha3BaHUe (C 00JbIION OyKBhI), TEKCT IIpUMeda-
Huit (111 MuUKpodoTorpaduii 10JXKHO ObITh yKazaHo yBeauuyeHue). [lonnucu K pucyHKaM J1aioTcsl KpaTKue, HO TocTa-
TOUYHO MH(bOpMaTUBHbIe. HazBaHM sl pUCYHKOB U TPUMEUYaHU I K HUM, HAPUCYHOUHbIE MOAMUCH, TEKCT JIETeHIbI JOJIK-
HBbI OBITH TTepeBeIeHbl Ha AHTITMICKUT SI3bIK M pa3MeleHbI TTOJl COOTBETCTBYIOIIMM TEKCTOM C HOBOM CTPOKU. PUCYHKM
MOTYT OBITh MpeACTaBIeHBI B TpaduueckKrx hopmaTax ¢ pacirmpernueM .tif (paspemenue He meHee 300 dpi ipu 100%
MaciiTaoe), .eps uin .ai. M3o0pakeHus1, BCTpoeHHBIe B TOKyMeHTHI Word, He mpuHuMaTcs. ['paduku u guarpaMMbl
MPEAOCTaBISIOTCS BMECTE C TaOJIMIIaMU, Ha OCHOBE KOTOPBIX OHU ObIJIM CO3JIaHbl, UJIU C YUCTEHHBIMU 0003HAUEHM -
MM MokasaTesieii, 0ToOpakaeMbIX COOTBETCTBYIOIIMMU IpaduuecKMMU 2JIeMEHTaMU (CTOJIOMKAaMU, CEKTOPAMHU U T.I1.)
B BUJIe (haiiJIoB ¢ paciiMpeHusiMu .doc Uiiu, pearnoyTuTenabHee, .XIs.

Mnata 3a ny6onukauuio ctatei

[Ipu coGmromeHnM MpaBuUII MyOJIUKaILMs cTaTeil B XXypHaie «/HbeKInsa 1 UMMYHUTET» SIBJSETCS OecCIIIaTHOMN
IUTSI aBTOPOB M YUPEXIEHU M, B KOTOPBIX OHU paboTaloT. Penakiiys MoxXeT MoTpedoBaTh OIJIATy B CICAYIONIUX Clyyda-
sx: 1) 3a myO6aMKaLMIO IIBETHBIX MJLTIOCTPALIMii; 2) MpU 00JbIIOM KOJIUYECTBE NILTIOCTPATUBHOIO MaTepuaa (CBbIlIe
8 mimocTpanuii).

MoproroBka cTarei

IMpu penocTaBAeHUN CTAaTbU aBTOPBI TOJIXKHBI pyKOBOJCTBOBATHCS TPEOOBAHUSIMU, TIPUBEICHHBIMU B HUXeCIIe-

nyomux nyHKTax. CTaTbsl MOXET ObITh OTKJIOHEHA, €CJIM OHa UM He COOTBETCTBYET.

1. HampaBiisist cTaThIoO B >KypHaJ, aBTOPbI FapaHTUPYIOT, UTO MOJaHHbIE MaTepUasbl He ObLIU paHee OMmyOJIMKOBaHbI
MOJTHOCTBIO WJIW TI0 YacTsIM, B JII000i (hopme, B JTII0OOM MecTe UJIK Ha JTII0OOM si3biKe. Tak ke aBTOpbI TapaHTHUPY-
0T, YTO CTaThsI He TIPeACTaBIeHA I pACCMOTPEHUS U TTyOIUKaIluy B IpyroM XypHaie. C MOMeHTa IPUHSTUS
CTaThU K TeyaTu B KypHaye «MHbeKIns 1 UMMYHUTET» TPUBEACHHBIM B Hell MaTepral He MOXKET OBITh OITy-
OJIMKOBaH aBTOpaMU IOJHOCTBIO MJIM I10 YaCTsIM B 1100011 (hopme, B TI0OOM MeCTe 1 Ha J1I000M sI3bIKe Oe3 coria-
COBaHUS C PYKOBOJCTBOM XYypHasia. VICKTI0UeHEM MOXET SIBJAAThLCS: 1) MpeaBapuTeabHasi UK MOCIeaylomast
MyOJIMKALIMsI MAaTePUaIOB CTaThU B BUE TE3UCOB MJIM KOPOTKOT'O pe3ioMe; 2) NCITOTb30BaHHE MaTePUAJIOB CTAThHU
KaK 4acTH JIEKIIMW W 0630pa; 3) UCTOIb30BaHNE aBTOPOM TIPENCTABIEHHBIX B JKYpHAaJI MaTepHUajoB MpU Ha-
MUCAaHUU IUCCEPTALMUY WJIV KHUTH. Bocmpon3BeieHne BCero n3naHus UJIM 4aCcTH JTI0OBIM CITOCOOOM 3arpeliaeT-
cs1 6e3 MMCbMEHHOTr0 pa3pelieHus uznareneil. HapyiieHue 3akoHa OyIeT IpeciieaoBaThCs B CyaAeOHOM MOPSIAKE.
Oxpansiercss 3akoHoM PD Ne 5351-1 «O6 aBTOpCKOM IpaBe U CMEXHBIX TpaBax» oT 09.07.93 r.

2. @aiin oTIIpaBiIsgIeMOil CTaThbU MpeacTaBieH B ¢opmare .doc, .docx, .rtf.

3. [TomuMo (paiina co cTaTheid, IPeIOCTaBICHBI ClIeaYIoIre (paitIb:

1) daiin ¢ MeTagaHHBIMU (IIPU 3aTPy3Ke B CUCTEMY eMY IpUCBauBaeTCsa UM «MeTagaHHBIC»):
e haMuIMsI, UM, OTYECTBO, YUueHasl CTelleHb, yUYeHOe 3BaHHUe, NOJXKHOCTb aBTOpa, OTBETCTBEHHOTO
3a TaJIbHEN YO TIepernucKy ¢ peaakiiveit (Ha pycCKOM U aHTJIMCKOM $I3bIKaXx);
e Ha3BaHUE YUPEXKIECHUS, Tae paboTaeT OTBETCTBEHHBIN aBTOP (B pyCCKOM U O(UIIMATBHO IMTPUHSITOM
aHTJIMICKOM BapuaHTax);
TMOYTOBBIN apec IS IEPENTUCKY ¢ YKa3aHUEeM ITOYTOBOTO MHIeKca (Ha pyCCKOM M aHTJIMHCKOM SI3bIKaXx);
TesnedoH, akc (c yKazaHMeM Koja CTpaHbl ¥ ropoaa), e-mail;
daMuIMsa U MHUIIMAJIBI OCTaJIbHBIX COABTOPOB, UX YUEHbIE CTENeH U, yUeHbIe 3BaHU I, TOJXKHOCTH;
MOJTHOE Ha3BaHUE CTaTbU, HAIIPABJISIEMOM B peIaKIIMIO;
KOJIMYECTBO CTPAHMII TEKCTa, KOJIUYECTBO PUCYHKOB, KOJIMYECTBO TaOJIUIIL;
paszaena XXypHaia, IJisT KOTOpOro nmpeaHa3HavyeHa naHHas paborta: «Jlekuumn», «O630pbl», «Opurn-
HaJIbHBIE CTAaThi», «KpaTKue coobIeHsI», «B MOMOIIL MPaKTUYECKOMY 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 AUCT (IIPpU 3arpy3Ke B CUCTEMY eMy MpUCBauBaeTCsI UMsl « [MUTYJIbHBIN JTUCT»), 10 (hopMe:

e Ha3BaHUeE CTaThy (0€3 UCIOIb30BaAHU ST KAKUX-TMOO COKPAIIIEHU i, HA PYCCKOM U aHTJIMCKOM SI3bIKaX);

e (hamMuIMsI, UMSI, OTYECTBO, yUeHasl CTEIeHb, yUeHOEe 3BaHUe, JOJIKHOCTD KaXXI0ro U3 COABTOPOB CTaTbU
(ITOJTHOCTBIO, HAa PYCCKOM U aHTJIMMCKOM SI3bIKaX);

e MopasaelieHue 1 yuapekjaeHue, B KOTOPOM BBITIOTHsIJIaCch paboTa; B ciiydae, eCJIM aBTOpaMU CTaThbU
SBIISTIOTCSI COTPYAHUKU Pa3HBIX YUPEXKASHUI, TO TOCIeTHNEe HYMEPYIOTCS T10 TOpSaKy, HaunHas
C eAMHUIIBI, U COOTBETCTBYIOIIAS IIMdpa pazMmeliaeTcs nocje aMuIny aBTopa, MpeacTaBsoero
NIaHHOE yupexJeHue; AJs1 MAapKMPOBKM aBTOPOB B aHIJIOSI3bIYHON YacTU CTaThbU BMECTO LIUGbP UC-
MOJb3YIOTCS JIJAaTUHCKUE OyKBHI (a, b, ¢, d u T.11.);

e COKpalIeHHOE Ha3BaHUE CTAThU [1JIsl BEPXHEro KOJOHTUTYJIA (He 60Jiee 35 CMMBOJIOB, BKJIloUast po-
GeJibl M 3HAKU MPeNMHAHU S, HA PYCCKOM U aHTJIMICKOM sI3bIKax);

e He MeHee 6 KITI0UeBBIX CJIOB Ha PYCCKOM M aHIVIUHCKOM SI3bIKaX;

e ajpec IJIs MEpPENUCKU ¢ yKazaHueM HoMmepa TejiepoHa, (pakca u agpeca e-mail.

4)

Pesiome (mpu 3arpy3ke B cucTeMy eMy npucBauBaeTcs uMs «Pe3iomMe»). [IpenocTaBisieTcs B BUe OJHOI0 ad-

3alla 6e3 cChlIoK U crielududeckux cokpaiieHuii. Oo6bem — He MeHee 300 cioB. Pe3tome B mojHOM oObeMe
MpeACTaBIsIETCS TaKKe B IepeBoO/Iie Ha aHIIMHCK Ui I3bIK. B OTHEIbHBIX CiTyyasix, 1Mo peleHu o peJaKIimoH-
HOM KOJIJIEr U, MOXET ObITh 3aTpe00BaH pa3BepHYTHI BApUAHT PE3IOME Ha aHTJIUHCKOM SI3bIKE.

5) PUCYHKM, €CIM OHU €CTh — KaXXIbIX OTAEIbHBIM (haitioM (IMTpu 3arpy3Ke B CUCTEMY KaXKJIOMY PUCYHKY TTpH-
cBauBaeTcs uMs «PucyHox IlopsiakoBbiii HoMep pucyHKa. Ha3zBaHue pucyHKa»).

6)

®aiin B popmare .doc, .docx, .rtf co cmuckoM, B KOTOPOM yKa3bIBalOTCS: HOMEp pUCYyHKa, Ha3BaHUe (C 00J1b-

1I0¥ OYKBBI), TEKCT IpUMeUYaHU i (1151 MUKpodoTorpaduii 1oakHO ObITh YKa3aHo yBennueHue). [oamucu
K pUCYHKaM Jal0Tcs KpaTKue, HO I0CTaTOYHO MH(MOPMaTUBHBIE.

7)

BeICHEBI 3aT0JIOBKOM B (haiijie ¢ caMoii Tabauleii).
8) Maiiy c HUTUPYEMOI TUTEepaTypoii (IIPU 3arpy3Ke B CUCTEMY eMy ITpucBauBaeTcs uMs «JIuteparypa») B Buae
TaOJIMIIbI U3 YEThIPEX CTOJIOLOB (aJ1bOOMHAsT OpUeHTaLlUsI), Te:

Tabnuibl, eci OHU €CTh — KakJast OTACJIbHBIM (haiiioM (Ha3zBaHUe KaKI0M TaOJIUIIbI JOJKHO OBITH TIPU-

ITopsakoBblit
HOMep CCHLIKH

ABTODDI, HA3BaHKeE MYOIMKALMH
1 HCTOYHHUKA, TIe OHA
OnyO0JMKOBAHA, BLIXO/AHbIE IAHHBIE

®.1.0., Ha3BaHKe MyOJIHKALMA H HCTOYHHKA
Ha aHIJIMIACKOM f3bIKe

IToanbiii uHTEpHET-2/pEC
(URL) uurupyemoii ctaTbu
u/umm ee DOI

Pazmemmatorcst

B Ta01M1Ie

B ajihaBUTHOM
MopsiiKe, BHAvYaIe
PYCCKOSI3bIUHBIE,
3aTeM Ha sI3bIKax
C JIATUHCKOI
rpadukoi

VkasbIBaTh

1o 6ubarorpapuyeckomy
CTaHapTy, MPEACTABIEHHOMY
BbILLE

OduiraabHOE aHTIOSI3BIYHOE Ha3BaHUE
nyOJMKalMK U UCTOYHKMKA, TIe OHA
ory0JIMKOBaHA — JIJISI PYCCKOSI3bIUHBIX CTATEi.
B penkux ciyuasix, KOraa He CylecTByeT
ouIIMaTbHBIX AHTJIOS3bIYHBIX HA3BAHU,
penakius MPOCUT MPEAOCTABISATh X EPEBO/I,
0003Hayas ero KpaCHbIM LIBETOM HIpUQTa.
J1s1 aHTI0SI3BIYHBIX MYOMKANMIL M HCTOYHUKOB
B 3TOM CTOJI0IIE CTABUTCS MPOYEPK

B oM ciyuae, eciu
nHdopMalus o cTaTbe
He pa3MeleHa

Ha o(UIIMaIbHOM caiiTe
U3IaHUs, IOTTyCTUMO
ucnosnb3oBath URL ctatbu
CO CTOPOHHUX CalTOB,

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; UCIIOJIb3YyeTCs Kerlb mpudTa B 14 MyHK-
TOB; JIJIsI BBIZICJICHU ST UCTIOJIB3YETCSI KYPCUB, a HE TTOIUePKMBaHUE; BCE CChIJIKY Ha UJLTIOCTpaluu, TpadKu 1 Tad-
JIVIIBI PACTIOJIOKEHBI B COOTBETCTBYIOIIMX MECTaX B TEKCTE, a HE B KOHIIE TOKYMEHTA.

(9,

. TeKCT COOTBETCTBYET CTUJIMCTUYECKUM 1 OMOIrorpauuyecKuM TpeOOBaHUSIM.

6. Eciiu BBl OTIIpaBIIsIeTe CTaThiO B PELIEH3MPYEMbIil pa3/iel XKypHalia, TO Bbl COMIACHBI C TPEOOBAHUSIMU CJICIIOTO
peleH3MPOBaHMSI, MOAPOOHEEe 0 KOTOPOM MOXHO y3HATh Ha caiite xypHaja (http://iimmun.ru) B pyopuke «Pe-
HeH3upoBaHue» paszueiia «O KypHaje».

Boi MokeTe 0(hOpMHUTH MOANMUCKY HA XKYPHAJ
«Andeknus 1 IMMMYHUTET» Yepe3 OTIAeJIeHUs CBS3M:

000 «¥Ypaa-ITpecc-Okpyr» 1 21eKTPOHHBII KaTaJjor «Poccuiickas nepuoauka»

B ceTu Internet Ha caiite www.arpk.org.
IToanucHoii naaekc 41392.
IMoanucka Ha 3JIEKTPOHHYIO BEPCHIO XKyPHAJIa
Ha caiite www.elibrary.ru
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WnniocTpaums k ctatbe «PunoreHeTuveckas CTpykTypa rnobanbHoii nonynauum Helicobacter pylori»
(aBTOpbI: [.A. CTapkoBa, A.B. CeapBasb) (c. 1009-1018)

lllustration for the article “Phylogenetic structure of the global population of Helicobacter pylori”

(authors: Starkova D.A., Svarval A.V.) (pp. 1009-1018)

@ hpEurope

@ hpAfrical
® hspWaAfrica
® hspCafrica
® hspSAfrica

® hspCentralNEAfrica
® hspEastNEAfrica
® hpasia?
® hspindia
® hspLadakh
hpEastAsia
® hspindigenousAmericas
® hspMaori
® hspEAsia
hpSahul
@ hspaustralia
® hspNGuinea
® pspsiberial
® hspsiberia2
® hspUral
® hspaltal
(@] hspKet
© hspSWEurepeAustralia

A hspSWEuropeColombia
A hspSWEurepeHonduras
A hspSWEurepeMexico
A hspAfricalNAmerica

A hspAfricalMiscAmerica
A hspAfricalSAfrica

A hspSWEurope

A hspColombia

PucyHok 2. Feorpaduuyeckoe pacnpeaeneHve nonynauuii u cyononynsuuii wurammos H. pylori
Figure 2. Geographic distribution of H. pylori strain populations and subpopulations
MpumeyaHue. Monynaumm n cybnonynaummn WtTamMmmoB H. pylori npoMapknMpoBaHbl COOTBETCTBYIOLLMMM LIBETAMM; MOJIOXEHNE

KPY>KOB 1 TPEYrofIbHUKOB Ha KapTe yKa3blBaeT TEPPUTOPUIO BbISIBNEHNS LUTAMMOB H. pylori COOTBETCTBYIOLLMX NONYAALMA/
cybnonynsuuii.

Note. Populations and subpopulations of H. pylori strains are color-coded; the position of circles and triangles on the map
indicates the area of detected H. pylori strains of the corresponding populations/subpopulations.



UnniocTpauum k ctatbe «MloN0CcTb pTa Kak NoKyc ana GopmupoBaHUs reTeporeHHol 6akTepuanbHoi
nonynsuumn y nauMeHToB ¢ MyKoBucuuao3om» (astopbl: 0.B. KoHgpaTteHko, M.C. CaGypoga) (c. 1181-1185)
lllustrations for the article “The oral cavity as a site for developing a heterogeneous bacterial population in patients with
cystic fibrosis” (authors: Kondratenko O.V., Saburova M.S.) (pp. 1181-1185)
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PucyHok. CCl-maTpuua, NoCTPOeHHas C UCMOJIb30BaHUEM LUTaAMMOB, BblZeJIeHHbIX U3 MOKPOTbI U MOJIOCTH
pTa nauueHTa, M KOHTPOJNIbHOro Wtamma P. aeruginosa ATCC 27853

Figure. CCI-matrix constructed by using strains isolated from the sputum and oral cavity of the patient as well as

a control strain of P. aeruginosa ATCC 27853

WnniocTpauum k ctatbe «Matomopdonoruyeckue npuaHakum OPAC npu KOHKYpUpyiowwmx 3a6oieBaHUsX

nerkux: COVID-19 n capkonpgo3» (aBTopbi: 0.B. Bopo6beBa, H.E. FTmmanguHoea, J1.M. PomaHoga) (c. 1191-1196)

lllustrations for the article “Pathomorphological features of ARDS in competing lung diseases: COVID-19 and sarcoidosis ”
(authors: Vorobeva O.V., Gimaldinova N.E., Romanova L.P.) (pp. 1191-1196)

PucyHok 1. Mukpockonuyeckas KapTuHa
NMHEBMOHUU: B NPOCBETE aJIbBEOJ1 CNYLLEHHbIN
anuTenuii, makpodaru, aputpouutsl (1),
MOJIHOKPOBME MeXaJIbBEOIAPHbIX Neperopoaok (2).
Okpacka reMmaTOKCUJIMHOM U 303UHOM, X400

Figure 1. Microscopic picture of pneumonia:
desquamated epithelium, macrophages, erythrocytes
(1), plethora of interalveolar septa (2) in the lumen

of the alveoli. Hematoxylin and eosin staining, x400

PucyHok 2. Mukpockonuyeckasi KapTuHa
M3MeHeHU B JIErKUX: B NPOCBETE aJibBeos
MHorosaepHble knetku (1), nonHokposue

cocypos (2), 6enkoBble Macchl (3). Okpacka
reMaToKCUJIMHOM U 303uHOM, X900

Figure 2. Microscopic picture of changes in the lungs:
multinucleated cells (1), vascular congestion (2), protein
masses (3) in the lumen of the alveoli. Staining with
hematoxylin and eosin, X900



WnmocTpauum k ctatbe «Matomopdonornyeckue npuaHaku OPAC npu KOHKYpUPYIOLMX 3a601eBaHUSX
nerkux: COVID-19 u capkoupo3s» (aTopbl: 0.B. Bopo6beBa, H.E. lTumanauHoea, J1.M. PomaHoga) (c. 1191-1196)
lllustrations for the article “Pathomorphological features of ARDS in competing lung diseases: COVID-19 and sarcoidosis ”
(authors: Vorobeva O.V., Gimaldinova N.E., Romanova L.P.) (pp. 1191-1196)

PucyHok 3. Mukpockonuyeckas kKapTuHa PucyHok 4. Mukpockonuyeckasi KapTuHa
capkouao3a Nnerkux: anuTeNnMouaHoO-KneTo4Hble ANUTENIMOUAHO-KNETO4HbIX rpaHynem (1),
rpaHynembl. Okpacka remaToKCUJINHOM pacnonoXeHHbIX BOKPYr pacLUMpPeHHbIX ajibBeon (2).
1 303UHOM, X400 Okpacka reMaToOKCU/IMHOM M 303UHOM, X400

Figure 3. Microscopic picture of pulmonary sarcoidosis: Figure 4. Microscopic picture of epithelioid cell
epithelioid cell granulomas. Staining with hematoxylin granulomas (1) located around dilated alveoli (2).

and eosin, x400 Staining with hematoxylin and eosin, x400

PucyHok 5. Mukpockonuyeckas KapTuHa anUTenMouaHO-KNeTOYHbIX rpaHynem (1), pacnonoXxeHHbIX
BOKPYr pacLuMpeHHoro 6poHxa (2). Okpacka reMaTOKCUIMHOM U 303UHOM, X400

Figure 5. Microscopic picture of epithelioid cell granulomas (1) located around dilated bronchus (2). Staining with
hematoxylin and eosin, x400

PucyHok 6. Mukpockonuyeckas kKapTuHa kapamocksepo3sa (1) c apuTpounTapHbiMu cnagxamm (2),
runeptTpodupoBaHHbie kKapanomuouuTsl (3). Okpacka remaToOKCUJIIMHOM U 303UHOM, X900

Figure 6. Microscopic picture of cardiosclerosis (1) with erythrocyte sludge (2), hypertrophic cardiomyocytes (3).
Staining with hematoxylin and eosin, x900
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