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NPEOVCJIOBUE

YBaxkaeMmble KOJLJIeru!

B atoMm romy xxypHany « MHGEKIINSI U UMMYHHUTET» UCIIOJTHUIOCH 8 JIeT. 3a 5TO BpeMsl 3Ky pHaJI IIpoliesl OYeHb
WHTEHCUBHBIN MYyTh Pa3BUTHS, B pe3yjbTaTe Yero OblLJ BKJIOUEH B 1B OCHOBHBIE MEXIyHAapOAHbIe HayYHbIE
6a3bl naHHbIX: Web of Science u Scopus. B utore cpeau oredecTBEHHbBIX XYPHAJIOB 3IMUAEMUOJIOTMUYECKOrO,
MUKPOOUOJIOTMYECKOTO0 U UMMYHOJIOTMYECKOTo nmpoduis «MHOEKINST 1 UMMYHUTET», HECMOTPSI Ha «MOJIO-
JIOCTh», 3aHUMAET OJHO U3 BEAYIIIUX MECT I10 JaHHBIM Poccuiickoro nHaekca Hay4YHOro IUTUPOBAHUSI.

JlaHHBIT HOMep JXypHaJia COAepKUT MaTepuraibl MeX1yHapoIHOM HayYHOU KOHbepeHIINU «MoJIeKyIsipHbIe
OCHOBBI AMUAEMHUOJIOTU U, TUATHOCTUKH, MPODUIAKTUKY U JICUSHU ST aKTyaTbHBIX MHOEKIINT», TTOCBSIIIEHHOM
110-netuto co nHs ocHoBaHU sl CaHKT-IleTepOyprckKoro MHCTUTYTA SIIUAEMUOJIOTUY U MUKPOOMOJIOTUY UMEHU
IMacTtepa u 95-neTrIo Co AHS MPUCBOEHU I MHCTUTYTY UMeHU [lacTepa. YUuThIBasi HIMPOKYIO reorpaduio yyacTt-
HUKOB KOH(MEPEHIIUU, KOTOPbIC TTPEACTaBASIOT 33 3apy0eXXHBIX CTPaHbI C 4 KOHTUHEHTOB, Mbl COYJIM BO3MOX-
HBIM MyOJMKal1o O0JbIIeH YaCTH MaTeprUaioB Ha aHTJIMHCKOM SI3bIKE.

IepBBIii pa3gesn MaTepuanoB KOH(MEPEHIIMW COCTOUT W3 CTaTel, MPEACTaBISIONINX U30paHHbIE YCTHBIC
noknanbl. CTaThsl, TTOCBsIIeHHasT HOBBIM cTpaHuniam ucrtopun CaHkt-Iletepbyprckoro MHCTUTYTA UMEHU
IMacTepa, MOABOAUT UTOTU ABYXJIETHUX aKTUBHBIX MOWCKOB TOKYMEHTOB, MOKa3bIBaOIIMX, UTO MHCTUTYT
B IEMICTBUTEBHOCTHU Ha 15 JIeT cTaplie, YeM CYMTATOCh 10 CUX TIOP 1 UYTO B OTOM IOy eMy UCHoJaHseTcs He 95,
a 110 jeT. DTO BO MHOTOM OOBSICHSIET TToueMy B 1923 roay, OyKBaJbHO Uyepe3 MecsIl TTocjie TpruKas3a 00 opraHu-
3auuu MHcTUTyTA, emy npucBamBaroT ums [lacrepa. Tonbko 100-neTuem co nHs poxneHus Jlyu I[actepa 00b-
SICHUTB TaHHOE pellleHHNe BPsIJI JIU ObIJIO BO3MOXHO.

YactHas nabopaTopus, TpaHCcHOpMUPOBaHHAS B MajbHEHIIEM B YaCTHBINM OAKTEPUOIOTUIYESCKUN MHCTU-
TyT, OblJ1a OCHOBaHa AByMs MukKpoouosgoramu (JAkos OnbeBuu JInbepman u Iletp IlerpoBuu MaciakoBeir)
u ummyHoJioroM (I'eopruii JImutpuesuu benoHosckuii) B 1908 rony. UMeHHO 3TOT MHCTUTYT MOCJ€ PEBOJIO-
uuu 1917 roga 6b11 mpeodpa3oBaH Bo BTopyo ropoackyio 0aKTepUOJIOTUYECKYO 1ab0opaTOpuio M, HAKOHEII,
B 1923 rony — B IleTporpajackuii 6aKTeprUOJOTUYSCKUI U TUArHOCTUYECKU T MHCTUTYT. K coxkayieHuto Haii-
TU JIOKa3aTeJbCTBA 3TOMY YIaJ0Ch B apXWBHBIX TOKYMEHTaX, OCTABIIMXCS OT TParmuyeCKUX CTPaHUIl UCTO-
pPUM CTpaHBI M CBSI3aHHBIX C TOAAMU CTAJIMHCKUX pernpeccuit. [eopruit JIMmutpueBud beTOHOBCKMIT, KOTOPOTO
Takxe He OO0OIIIU oAbl pernpeccuii, Ho KoTophulii mpoien Hlkony ITapukckoro IlacTepoBCcKOro MHCTUTYTa
B 1905—1906 romax y .M. MeuHUKOBA, SIBUJICS OMHUM M3 OCHOBHBIX MHUIIMATOPOB MPUCBOCHM ST MHCTUTYTY
uMeHu Besqukoro Ilacrepa.

Kpome ucropuueckux crateil B 3TOM pasjeiie TakKXKe coaepKaTcsi 0030pHble U OpUTHMHAJIbHbIE PabOThI
0 KOPH, SHTEPOBUPYCHBIM MHMEKIIUSIM, MUKOOAKTEPUSM, TPUTIITY U T.J.

Bropoii paznen 1o6uaeiiHO KOHDEPEHIIMU COCTOUT M3 TE3UCOB YCTHBIX U CTEHIOBBIX TOKJAI0B, TPEICTaB-
neHHbIX B 10 rnmaBax: «MToru u HanpaBJjieHUS €sITeJIbHOCTHU MO 00eCeUeH 0 MU AEMUOIOrnYecKoi 6e3ormnac-
HOCTH HaceJIeHUSI B COBPEMEHHBIX YCJIOBUSIX», «COBpEMEHHbBIE METOJ bl MOJIEKYJISIPHON AMAarHOCTUKU UHbEK-
IIMOHHBIX 3a00J1eBaHUi», «BUpycHbIe MH(p KUK, yIIpaBiasieMble CPEICTBAMM BaKIIMHOIIPOMUIAKTUKY Ha 3Ta-
ne JMKBUAALMY U JIMMUHALIMW», «300HO3HbBIE U Mapa3uTapHble MHPEKIIMU: KIUHUKO-3TTUJAEMUOJIOTNYeCKre
1 TabopaTOPHO-MHCTPYMEHTAJIbHbBIC aCIIeKThI», « MepCMHMO3bI: TAKCOHOMMU S, (husioreorpadus, moJuMophu3M
¢GaKTOpOB MaTOreHHOCTU U U30UpaTebHash BUPYJIEHTHOCTb», «[yOepKyae3 U MUKOOAKTEPUU: MOJICKYJISIPHBI
noaxon», «BUY, renaTuThl U Apyrue couraibHO 3HaYMMble UHDEKIUN», «MHDEKIIMOHHAs UMMYHOJIOTU Sl HA CO-
BPEMEHHOM dTarne», «<AHTUOMOTUKOPE3UCTEHTHOCTh MUKPOOPTaHU3MOB: aKTyaJlbHbIe BOITPOChl TMarHOCTUKHU
U TIyTU TIpeoaojeHus» u «HoBble XuMuonpernaparsl 1Jisl Tepanuu MHGEKIIMOHHBIX 3a00ieBaHuli». M3 60J1b-
IIIMHCTBA 3TUX TE3UCOB OblJIa C(hopMUPOBaHa HE TOJIBKO ITporpaMmma CeKIIMOHHbIX 3aCeIaHU i, HO M TPOTPaMMbl
Pa6ouero coBemanus «Peanuzanus [TporpaMMbl S TMMUHAIIMKA OCTPOTO BUPYCHOTO TeniatuTa B Ha TeppuTopun
CeBepo-3anagHoro (¢enepaibHoro okpyra Poccuiickoit @enepaunu», CoBellaHU ST NOJIMOMUEIUTHBIX J1abopa-
Topuii BO3 ¢ yuactuem nuHctutyToB MexayHaponHoit Cetu MuctutyToB Ilactepa « DHTEepoBUpPYCHBIE MHGEK-
LM TTOCJIe peai3alMu MporpaMmMbl JIMKBUIALMU MoAUOMUeauTa», Cumnosnyma «BUY-uHbexkuss u ummy-
Hocynpeccun» (10-e BuHorpamoBckue uteHus ), a Takxke «2-ro Cankr-Ilerepoyprckoro Cummnosuyma mno Ty-
OepKyJie3y 1 MUKOOAKTEpHUSIM: MOJIEKYISIPHBIN MOAXO/A», KOTOPBIM MPOBOAUTCS MpHU TToAaepKKe Poccuiickoro
®donpa OynnameHTanbHbiX MccnenoBanuit (rpant Ne 18-04-20102).

I'maBHbBINM pegakTop KypHaia «MHGEKLUS U UMMYHUTET»,
HupexkTop CI16 HUNUDM umenu Ilacrtepa,

Comnpencenareiib OprKOMUTETa MeXXKIyHApOIHOM HAyYHOM
KoHpepeHIINU «MOoJeKyJISIPHbIe OCHOBBI ITUAEMHUOJIOTUH,
NUArHOCTUKU, MPOMPUIAKTUKHU U JICUCHU ST aKTyaTbHbIX UHGMEKIIU1»,
akanemMuk PAH, n.M.H., mpodeccop

Aper A.ToronsiH
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FOREWORD

Dear Colleagues!

This year journal “Infektsiya i immunitet” (“Russian Journal of Infection and Immunity”) turned 8 years old.

Over the years, the journal has developed intensively and as a result was included in two main international
databases: Web of Science and Scopus. Meanwhile despite its youth it occupies one of the leading positions among
Russian journals in the field of epidemiology, microbiology, immunology according to the Russian Science Citation
Index (RSCI).

This issue contains materials of the International Scientific Conference “Molecular Bases of Epidemiology,
Diagnostics, Prevention and Treatment of Infectious Diseases” dedicated to the 110 years since the establishment
of St. Petersburg Pasteur Institute and 95 years since its naming after Louis Pasteur. Considering the wide geography
of the conference participants, who represent 33 foreign countries from 4 continents, we found it possible to publish
most of the materials in English.

The first section of the Conference materials consists of selected oral presentations. The article devoted to the
new pages of St. Petersburg Pasteur Institute’s history summarizes the two-year search for the documents showing
that the Institute is in fact 15 years older than it was previously considered and proving that the Institute is not 95,
but 110 years old this year. This explains a lot why in 1923, just a month after the order for organizing the Institute,
it was named after Pasteur. It would not have been possible to explain this decision only by the 100" anniversary
of Louis Pasteur.

The private laboratory, later transformed into a private Bacteriological Institute, was founded in 1908 by two
microbiologists (Yakov Lieberman and Petr Maslakovets) and an immunologist (Georgy Belonovsky). It was this
Institute that after the Revolution of 1917 was transformed into the Second Bacteriological Laboratory and later
in 1923 into the Petrograd Bacteriological and Diagnostic Institute. Sadly, this data were found only in the archive
documents left over from the tragic pages of the country’s history related to the years of Stalinist repression. Georgy
Belonovsky, who also has not been able to escape the years of repression, but studied at School of the Institut Pasteur
(Paris) in 1905—1906 under Ilya Mechnikov, was one of the main initiators of the naming the Institute after Lois
Pasteur.

In addition to the historical articles, this section also contains reviews and original articles on measles, enterovi-
rus infections, Mycobacteria, influenza, etc.

The second section of the Jubilee Conference consists of oral and poster presentations presented in 10 chapters:
Viral infections managed by means of vaccination at the stage of destruction and elimination; Modern methods
of molecular diagnostics of infectious diseases; Results and directions of activities to ensure the epidemiological
safety of the population in modern conditions; Zoonotic and parasitic infections: clinical, epidemiological and
laboratory aspects; Yersiniosis: taxonomy, phylogeography, polymorphism of pathogenicity factors and selective
virulence; Tuberculosis and Mycobacteria: Molecular Approach; Diagnosis and treatment of socially significant in-
fections; Infectious immunology at the present stage; Antibiotic resistance of microorganisms: current issues of di-
agnosis and ways to overcome and New chemotherapy for the treatment of infectious diseases.

Most of these abstracts have formed not only the Programme of the Conference Sessions but also the Programme
of the Workshop “Implementation of the Programme for Hepatitis B Elimination in North-Western Federal District
of Russia: History, Results of the 2" Stage, Prospects”, Satellite event “Enterovirus diseases following poliomyelitis
eradication”, X Anniversary Scientific and Practical Conference with International Participation “HIV Infection
of Immunosuppression and 2™ St. Petersburg Symposium on Tuberculosis and Mycobacteria: Molecular Approach,
which is supported by the Russian Foundation for Basic Research (Grant No 18-04-20102).

Editor in Chief of the “Russian Journal of Infection and Immunity”,
Director of St. Petersburg Pasteur Institute,

Co-Chair of the Organizing Committee of the International
Scientific Conference “Molecular Bases of Epidemiology,
Diagnostics, Prevention and Treatment of Infectious Diseases”,
academician of RAS, MD, PhD, DSci., professor

Areg A. Totolian
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MOJIeKyJIﬂpHI)le OCHOBbBI JIINJAEMHUO0JIOTUN, JUATHOCTUKH,
NpOGUIAKTUKH U JIeYeHH S AKTYaJIbHbIX HH(EKIUii
MexayHaponHas KoHbepeHUus, nocssimeHHas 110-n1etuto co AHS OCHOBaHUSA
Cankr-IleTepOyprckoro MHCTUTYTa MUAEMUOJIOT MU U MUKpoOuonoruu nuMmenu Ilacrepa

1 95-netuio co aHs npucBoeHuss Mucturyry umenu Ilactepa
Cankr-IlerepOypr, 4—6 neka6ps 2018 roma

M30paHHbIe YCTHBIE JOKJIAbI

Molecular bases of epidemiology, diagnostics, prevention
and treatment of infectious diseases

International conference, dedicated to the 110" anniversary of St. Petersburg Pasteur Institute
and to the 95" anniversary of naming the Institute after Pasteur
December 4—6, 2018, St. Petersburg

Selected oral presentations




MonekynsipHbie 0CHOBbI 3NUAEMUONOrUN, AUArHOCTUKU, NPOPUNAKTUKA U NeYEHUS aKTyasnbHbIX MUHDEKLMIA
136paHHble YCTHbIE AokNnaasl MexayHaponHoi koHdepeHumn. CaHkT-MeTepbypr, 4-6 nekabps 2018 rona

NHudekums n ummyHuteT Russian Journal of Infection and Immunity = Infektsiya i immunitet
2018, T. 8, Ne 4, c. 408-417 2018, vol. 8, no. 4, pp. 408-417

Ceemaoit namsamu ochosameaneil Mncmumyma, [lacmepogyam u Hawum cembiam nOCeauaemcs

IOBUJIENHbIN 2018: 110-JIETUE CO OHS
OCHOBAHUSA CAHKT-NMETEPBYPICKOIro

H1AN ANMUWAEMIOJIOrMA U MUKPOBUOJIOITAN
UMEHUW NACTEPA U 95-JIETUE CO AHA
NMPUCBOEHUA UHCTUTYTY UMEHU NACTEPA

H.TI. AnekceeBa, Aper A. Toroasin

DObYH HUHU snudemuonocuu u mukpoobuosoeuu umenu Iacmepa, Cankm-Ilemep6ype, Poccus

Pestome. B cTaTbe mpuBencHEI paHee He MyOJMKOBABIINECS apXUBHBIC JaHHBIE ¥ KOITUK JOKYMEHTOB O TIEPBOM TUPEK-
tope Iletporpanckoro bakrepuonoruueckoro Muctutyra umenu Iacrepa (HpiHe — CankT-IleTepOypreckuit HUN
SMUAEMUOJOTUU U MUKpoOuojorun umeHu Ilacrepa) SAkose KOnbeBuue JInbepmane. Ha ocHoBaHUM JTUYHBIX TO-
kazanuit 4.10. Jlubepmana, Ilerpa IeTpoBuuya MacnakoBua u I'eoprust IMutpueBrya benroHoBckoro (yupeauTenei
u opranusaropoB MHcTHTyTa), comepxamnxcs B ponmax apxuba YOCB P® no r. Cankr-Iletepoypry u JleHuHrpan-
CKOI 00J1aCTH, a TaKXXe C y4eToM AKTa KOMUCCUU 10 obcienoBaHuio MHctuTyTa ot nekabps 1930 r., mpeactaBiaeH-
HOTO B CTaThe, MPOCICKUBAETCS MyTh IpeoOpa3oBaHuii, KOTOphIe MpeTeprnea MHCTUTYT co THS CBOEro OCHOBAHHMSI.
DTU JaHHbIE MPOMJUTIOCTPUPOBAHBI KONMMUAMU 00bSIBIeHU 00 MHCTUTYTE, comepXaliuxcs B cripaBouHuKax «Bechb
[MerepOypr» 3a 1910, 1911, 1912, 1914, 1923, 1924, 1925 1. (u3 doHOoB Poccuiickoii HalIMOHANIBHON OMOINOTEKM).
B cTaTbe TakKe IpuBeIeHBI KOIUHY CIYKeOHOI TOKYMEHTalluM, natTupoBaHHbie 1913 u 1914 rr. u xpaHsmuecs B poH-
nax LleHTpanpHOrO rocymapcTBeHHOro ncropmueckoro apxua Cankt-IletepOypra. I[IpeacraBieHHBIE JOKYMEHTHI
(hakTHMUYECKU yCTAaHABIUBAIOT, UTO AaToi co3nanus Mucrtutyra seasercs 1908 r.

Karoueevie caosa: ﬂuaeﬁocmuwecxu[t u Ea/cmepuwzoeuuecxu[t I/I/-tcmumym, Hepeaﬂ cepoduaeﬁocmunecxaﬂ u 6{1/{”16’[)110/102“‘160/60}1

aabopamopus, Cankm-ITlemepoypeckuii Yacmuwtii Juaenocmuueckuii u baxmepuosoeuveckuit Mucmumym, Jlubepman, Macaakoseuy,
benonoeckuit, Cankm-Ilemepoypeckuit HUHUIM umenu [lacmepa.

JUBILEE 2018: 110" ANNIVERSARY OF THE FOUNDATION OF THE ST. PETERSBURG PASTEUR
RESEARCH INSTITUTE OF EPIDEMIOLOGY AND MICROBIOLOGY AND THE 95 ANNIVERSARY
OF THE NAMING OF THE INSTITUTE AFTER PASTEUR

Alekseeva N.G., Totolian Areg A.

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

Abstract. The article presents not previously published archive data and copies of documents about Lieberman Yakov
Yulievich, the first director of the Petrograd Bacteriological Institute named after Pasteur (now called Saint Petersburg
Pasteur Institute). Based on the personal testimony of Ya.Yu. Lieberman, Pyotr Petrovich Maslakovets and Georgii Dmi-
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110-neTtne CMEHUNIM nmenn MacTtepa

trievich Belonovsky (the founders and leaders of the Institute) preserved in the archive funds of the Directorate of the
Federal Security Service (FSB) of Russian Federation for St. Petersburg and the Leningrad Region, and taking into ac-
count the Act of the Commission for the Institute Inspection from December 1930, provided in the article, the authors
consistently trace the path of transformations that the Institute has undergone since its foundation. These data are illust-
rated by copies of publication advertisements contained in the annual city reference book "All Petersburg” for years 1910,
1911, 1912, 1914, 1923, 1924, and 1925 (from the funds of the National Library of Russia). The article also contains copies
of official documents dated 1913 and 1914 and stored in the funds of the Central State Historical Archive of St. Petersburg.
All documents provided establish the fact that the date of creation of the Institute is 1908.

Key words: Diagnostics and Bacteriological Institute, The First Serodiagnostic and Bacteriological Laboratory, The St. Petersburg Private
Diagnostics and Bacteriological Institute, Lieberman, Maslakovets, Belonovsky, St. Petersburg Pasteur Institute.

PaGoTa Hag coxpaHeHUEM MCTOPUUYECKOro, Ha-
YUHOro " KyJabTypHoro Hacieauss Cankrt-Iletep-
oyprckoro HUWM snuaemMuosorun u MUKpOOUO-
noruu umeHu Ilactepa B yactu cbopa nHpopma-
MU 00 MCTOPUU U PYKOBOAUTEISIX YUPEKIACHUS
HEMOCPEeICTBEHHbBIM 00pa3oM oOKa3ajach CBS-
3aHa CO B3aMMOACUCTBUEM C TOCYIapCTBEHHbI-
mu apxuBaMu. Ilouck cBeneHuit o Ouorpadusx
nupekTopoB MHCTUTyTa MpuBes] Hac B apXUBbI
Vnpasaenusst ®DCb Poccuu mo Cankr-IlerepOypry
n JlenuHrpaackoit o6iaactu. Ha odpuumaabHbIi
3aMpoc ¢ MpochOOoii oKa3aTh COAEHCTBUE B MOMUC-
Ke yKazaHHOW MH@opMaluu ObLJI TTOJY4YEH OTBET,
4yTO B apXxUBHBIX PoHaax PCH nMeroTcst cBeaeH M s
B oTHouleHuu fxoBa IOnbeBuua JlubGepmana —
nepBoro aupektopa Hauiero MHctutyTta. Ham Obin
OTKPBIT AOCTYN K M3YYEHUIO JOKYMEHTOB apXMB-
HBIX YTOJIOBHBIX JIeJ, a TAKKe OKa3aHO COAeCTBIE
B IIOJITOTOBKE KCEPOKOIUIi, a KPOME TOT'0, B UCKJIIO-
YUTEJbHOM MOPsIIKEe, — MPOBEACHU IO (DOTOCHEMKHU
OTIENbHBIX CTpPaHUIl JOKYMEHTOB. B pesynbrarte,
B HalllMX pyKax oKa3aJucChb MaTepuasbl, OCHOBAH-
Hble Ha JU4YHBbIX nokaszaHusax fA.JO. JInubepmaHa,
a BIIOCJCACTBUMM M Ha MOKa3aHUSX APYTrux ¢bu-
TYPAHTOB, MPOXOASIIUX MO PSIAY CASACTBEHHBIX
YIOJIOBHBIX e/, a TaKe Ha 3aKJIOUEHUSIX KO-
MMCCHIi, COrJJacHO KOTOPBLIM JaToil oOpa3oBaHUS
WHctutyTa, cieayet cuutath He 1923, a 1908 ron.
Jdpyrumu cinoBamu, B 2018 r. UHCTUTYT oTMeuaeT
He 95-yeTue co 1HS OCHOBaHUs, a cBoe 110-neTue.

K coxaneHuto, Tak CJIOXUJIOCh B UICTOPUU Ha-
LIEH CTpaHBbl, YTO B ONPEAEJIEHHBIE TTIEPUOIBI MTPO-
UCXONUJU COOBITUSI KapAMHAJbHO MEHSIoIIne
OCHOBOIIOJIaTalolIe MPUHIUIBI CYIIECTBOBAHUS
M YCTPOMCTBA POCCUICKOTO rocygapctBa. Tak
obls10 M Ha pyoexe XIX n XX BB., korna Poccus
Oblj1a BBEprHyTa B MYYMHY PEBOJIIOLIMOHHBIX CO-
obiTuit 1905 1., crana yyactHuueit [lepBoit Mmupo-
BOI1 BOMHBI, 3aTeM — (PeBpaTbCKON U OKTIOPbCKOI
peBontonuit 1917 1.

B sT0 HempocToe 151 CTpaHbl BpeMsl YUYeHbIe
NpoaoJXajJu CBOIO pabOTy — KaXAblii B CBO-
eM HamnpaBjaeHUU. Tak ObIJIO U C TPEMSI MUKPO-
ouonoramu: fAxosom lOnbeBuuyem JInbGepmaHOM,
ITetpom IlerpoBuuem MacnakoBuom u ['eopruem
JMutpueBnueM benoHOBCKUM, KOTOpbIE IO PYy-
KOBOJACTBOM akajgeMmMuka Jdanuuna KupunioBuua

Work on the preservation of the historical, sci-
entific and cultural heritage of the St. Petersburg
Pasteur Research Institute of Epidemiology and
Microbiology in the collection of information about
the history and the heads of the institution was di-
rectly linked to interaction with state archives.
The search for information about the biographies
of the Institute's directors led us to the archives of the
Directorate of the Federal Security Service of Rus-
sia for St. Petersburg and the Leningrad Region.
An official request for assistance in the search
for this information was sent and we received an an-
swer stating that the archive funds of the FSB have
information regarding Yakov Yulievich Lieberman,
the first director of our Institute. We were given ac-
cess to the study of documents of archival criminal
cases, as well as we have been assisted in the prepara-
tion of photocopies, and also, by exception, — in the
photography of non-sequential pages of the docu-
ments. As a result, we received the materials based
on the personal testimony of Y.Y. Lieberman and
later — based on the testimonies of other persons in-
volved in a number of investigative criminal cases,
as well as on the conclusions of the commissions ac-
cording to which the date of the Institute's forma-
tion was year 1908, not 1923. In other words, in 2018
the Institute marks not its 95™ anniversary, but its
110" anniversary.

Unfortunately, there were certain periods events
took place in the history of our country that radically
changed the fundamental principles of the exist-
ence and structure of the Russian state. So it was at
the turn of the 19" and 20" centuries, when Russia
was plunged into the abyss of the revolutionary events
of 1905, became a participant in the First World War,
then the February and October Revolutions of 1917.

In this difficult time for the country, scientists
continued their work — each in its own direction. So
it was with three microbiologists — Yakov Yulievich
Lieberman, Pyotr Petrovich Maslakovets and Georgii
Dmitrievich Belonovsky, who, under the leadership
of Academician Daniil Kirillovich Zabolotniy, were
working at the laboratory of syphilology at the Clinic
of Skin and Sexually Transmitted Diseases named af-
ter V.K. Sinyagin and A.K. Chekaleva at the Imperial
Institute of Experimental Medicine. Serious scienti-
fic work in this direction required the creation of
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H.I. AnekceeBa, Aper A. ToTonsiH

MHdekumns n uMmyHuTeT

3aboJioTHOTO paboTajau B 2TO BpeMsl B Jlabopa-
Topuu cupuIngooTUn npu KIMHUKEe KOXHBIX
U BeHepuueckux OojiedHeir uM. B.K. CuHsiruna
n A.K. YekaneBoit UmnepaTtopckoro MHcTUTyTa
DkcnepuMeHTaqibHOW Menuuunbl. Has1 cepbes-
HOI Hay4YHOI pabOTHI B 3TOM HaNlpaBJICHUU Tpe-
0oBajioCh HaJM4YMWEe COOTBETCTBYMOIIEH Jiabo-
patopHoit 6a3bl. 1 B 1908 r. uMu Obla co3maHa
IlepBasg cepommarHocTUYecKass W OaKTEPHUOJIO-
rudeckasi JrabopaTtopusi, KoTopasi pa3MecTUIach
Ha bonbkimom npocnekTe IleTporpaackoit cropo-
HBI B 1oMe Ne 35-B. MHUIIMaTOphl CO3TaHUs Jia-
OopaToOpUU CTAJIN €€ 3aBeAyIIMMI. BOT Kak oHI
nucaiam o6 3ToM (o MaTepualiaM YTOJIOBHBIX eI
Ne 19112 1 Ne 39514 u3 ponnos apxuBa YOCBH PO
no r. Cankrt-IleTtepOypry u JleHuHrpaackoir o6-
JacTH):

A.10. JIubepmaH: «...Y mens coemecmno ¢ Mac-
aakoeey u benonoeckum umenacov cepoduazHocmu-
yeckas aabopamopusi, nepeumMeHO8aHHAs NOMOM
6 Juaenocmuueckuit Hncmumym. C Macaakosey
u beaonosckum s paboman ¢ Hncmumyme Bfkcne-
pumenmanvHoil] Meduyurnol no éonpocam cuguauca.
Bmecme ¢ numu 1 npakmuuecku npumensan peaKyuro
Baccepmana. Cuauana sma paboma, 6 ee HayuHol
yacmu npoeodusace 6 cmenax Mncmumyma Dkcn.
Meduyunbt, HO ¢ pocmom ee, cmaa 60nNPoc 0 ee opea-
HU3AUUU 8He e20 CMeH, A MAaK KaK pazpabomky dmux
gonpocog geau mvl — 51, Macaakosey u beaonosckuil,
mo 5mo U A8UA0Cb 0OHOU U3 NPUHUH NOSABAEHUS DMOLL
aabopamopuu...» (puc. 1).

I1.I1. Macmakoseu: «B 1908 e. s, Jlubepman
u benonosckuit omrpoiru Cepo-ouaeHocmuueckyro
Jlabopamopuio, Komopas oOvira 6 200bl pegoaoyUU
HAUUOHAAU3UPOBAHA U U3 KOMOPOI HblHE BblpocC
bakm. Un-m umenu Ilacmepa...» (puc. 2).

I.JI. bemoHoBckmit: <«Zlo pegoaroyuu S6454Cs
yacmusiM  eaadeavyem aabopamopuu <«Hacmuolil
b6akmepuonoeu1ecKull UH-m» COBMECMHO ¢ 00KmMopda-
mu Jlubepmanom u Macrakoeyom u paboman 8 Hem
0o 1919 cooa... C 1920 e. no 1930 e. paboman 6 un-me
«llacmepa» 6 Jlenunepade 3a6e0youjum 6aKyUHHbIM
omdenenuem...» (puc. 3).

KpaiftHe BaXXHBIM HCTOPUYCCKUM CBHUICTEIIb-
CTBOM, HE OCTaBJISIOIINM COMHEHHI B OIIpeaeie-
HUU HACTOSIIEH JaThl OCHOBaHUSI MHCTUTYTA SIB-
JsieTcst AKT KOMUCCHU IO MaTepraliaM YTOJIOBHOTO
nena ot 1931 r. Ne 19112, nuct 410, opdorpadus
M TIYHKTYyalust coxpaHeHbl) (puc. 4):

«Mbi Hucenoonucasuiuecs Ilom.Hau.2-20
Omodeaa BCO JIBO moes. Haiida B.A., sxcnepm
Ilpyycanckas E.M. u Muxaiinoeckuii H.I., no noa-
Homouuro Peseoencosema JIBO om 19/XII-30 e.
3a No 220/c, ¢ 21 no 23/XI1-30 e. 6 npucymcmeuu
3am. Jupexkmopa mos. Jlebedunckoeo, a npu obciredo-
8aHUU OMOeN08 — 8 NPUCYMCMBUU U 3a8e0bl8aAr0UUX
umu — Bepocukxosckoeo, I{una, beaonosckoeo, Kao-
neya, Jlubepmana, HMeanoea, lapmoxa u laxa, —
npouseeau obcaedosanue baxmepuonoeuueckozo

an appropriate laboratory base. In 1908 they created
the first serodiagnostic and bacteriological labora-
tory, which was located on Bolshoy Prospect of the
Petrograd side in the house number 35-v. The initia-
tors of the creation of the laboratory became its man-
agers. Here is how they wrote about it (based on the
materials of criminal cases No. 19112 and No. 39514
from the archives of the Federal Security Service
of the Russian Federation for St. Petersburg and
the Leningrad region):

Ya.Yu. Liberman: “..I had a serodiagnostic labo-
ratory with Maslakovets and Belonovsky, renamed
the Diagnostic Institute later. I worked at the Institute
of Epidemiological Medicine for syphilis with Maslako-
vets and Belonovsky and together we have been prac-
tically applying the Wasserman's reaction. At the be-
ginning, this work, in its scientific part, was conducted
within the walls of the Institute of Medicine, but with its
growth, the question of creating some outside organiza-
tion, and since the development of these issues was led
by me, Maslakovets and Belonovsky, this was one of the
reasons of the creating this lab...” (fig. 1).

P.P. Maslakovets: “In 1908 Lieberman, Belonovsky
and I opened the Sero-Diagnostic Laboratory, which
was nationalized during the revolution and from which
Bacteriological Institute of Pasteur has now grown...”
(fig. 2).

G.D. Belonovsky: “Prior to the Revolution, I was
the private owner of the laboratory “The Private
Bacteriological Institute” in conjunction with doctors
Lieberman and Maslakovets and worked there un-
til 1919... From 1920 to 1930 I worked at the Pasteur
Institute in Leningrad as the head of the vaccine depart-
ment...” (fig. 3).

From the funds of the Archive of the Federal
Security Service of the Russian Federation for
St. Petersburg and the Leningrad Region (the act
of the commission based on the materials of the
criminal case No. 19112, sheet 410):

“The Institute was created in 1908 as “The Institute
of Diagnostics and Bacteriology”. After the revolution
in 1918—1919 it continued working as “The Private
Bacteriological and Diagnostics Institute”. It be-
longed to Ya.Yu. Lieberman, P.P. Maslakovets and
G.D. Belonovsky. Then it was nationalized and reor-
ganized into the Second City Bacteriological Laboratory
and it was led by Prof. Rosenberg, Prof. Nedrigailov and
Belonovsky one after another...” (fig. 4).

The following information is an extract of the
book “The Petrograd Side: Bolshoy Prospect ” by its
authors G.Y. Nikitenko and V.D. Privalov (fig. 5):

“The private bacteriological and diagnostic insti-
tute was located here (note — at Bolshoy pr., 35-v),
whose head and owner was G.D. Belonovsky M.D. —
Associate Professor of the Imperial Clinical Institute,
Privat-docent of the Military Medical Academy
and the Women's Medical Institute, the senior resi-
dent of the Maritime Hospital. He had two assistants:
Ya.Yu. Lieberman — the doctor at the Clinical Institute,
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PucyHok 1. @oTokonus nokasaHuii

4.10. JInu6epmaHa (no maTepuasnam yronoBHOro
penaNe 19112, nuctol 246, 247, 3 poHA0B apxuBa
YOCB PD no CaHkT-MeTepOypry n JIeHUHrpaacko
obnactm)

Figure 1. A photocopy of the testimony of Ya.Yu. Lieberman
(based on the materials of the criminal case No. 19112,
sheets 246, 247, from the funds of the Archive of the
Federal Security Service of the Russian Federation

for St. Petersburg and the Leningrad Region)
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PucyHok 3. U3 noka3zanuii I [l. BenoHoBckoro

(no maTtepuanam yronoBHoro gena Ne 39514,

nuct 206, us dpoxpoe apxusa YOCBb PP

no CaHkT-MeTepOypry u JleHuHrpaackoi oonacTu)
Figure 3. Testimony of G.D. Belonovsky (based on

the materials of the criminal case No. 39514, sheet 206,
No. 39514, from the funds of the Archive of the Federal
Security Service of the Russian Federation

for St. Petersburg and the Leningrad Region)
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PucyHok 2. U3 noka3zanui .M. MacnakoBua

(no matepuanam yronosHoro gena Ne 19112, 1. 2,
nuct 8, n3 poHpos apxusa YOCB PO no CaHkT-
MNeTepOypry u JleHUHrpapckoi o6nacTu)

Figure 2. Testimony of P.P. Maslakovets (based on the
materials of the criminal case No. 19112, vol. 2, sheet 8,
from the funds of the Archive of the Federal Security
Service of the Russian Federation for St. Petersburg
and the Leningrad Region)
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PucyHok 4. Konus akta kommccum no matepmanam
yronoeHoro Ne 19112, nuct 410 (13 poHpoB apxuBa
Y®CB P® no CankT-MetepOypry u JleHMHrpaackoi
obnactm)

Figure 4. The copy of the act of the commission

based on the materials of the criminal case No. 19112,
sheet 410 (from the funds of the Archive of the Federal
Security Service of the Russian Federation

for St. Petersburg and the Leningrad Region)
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MHdekumns n uMmyHuTeT

3/1ech ke HAXOAHJICA YacTHBI HAKTePHOIOrHYeCKUI 1 ina-
FHOCTHYECKHH HHCTHTYT. Ero pykoBoauTess 1 Bianenel J0KTop
meauumnnt /1. Beaonoscknit — nouent Mmneparopckoro kam-
HUYECKOTO HHCTUTYTA, NpHBAT-101eHT BoeHHo-MeaAHUMHCKOH
akageMun 1 JKeHCKOro MeHIIMHCKOTO HHCTHTYTA, CTapuIHi op-
aunatop Mopckoro rocnutans. ¥ Hero Ob110 1Ba NOMOUHHMKA!
SLIO. JInbepman — spay Kimnnueckoro usernryra, u [LI1. Machako-
Bell, CTY)KUBLINIT B 1abopaTopin JKeHCKOro MeHIIMHCKOTO HHCTH-
tyta. Uncruryr B 1920-x rr. 6b11 npeobpasosan 8o 2-10 'opoackyio
1abopaTOPHIO M MPOJOXKAT NPONIBOJAHTH BAKLMHbI, CbiBOPOTKH.

PucyHok 5. ®parmeHT kHuru I.10. Hukutenko u B.[l. NMpueanoga «MeTporpapckas ctopoHa. bonbLuoi

npocnekT» [8, c. 158]

Figure 5. G.Y. Nikitenko and V.D. Privalov. “The Petrograd Side: Bolshoy Prospect”. Fragment of the book [8, p. 158]

JABOPATOPIH. 1304 AR,

IIEPBAH CEPOMIATHOCTHYECKAS H EAHTEPI[]JIGPH‘IECHAH JIABUPATUPIH

AN MEVIEHHCRIX D B3eTBoBanil ¢ orakacuicsn aua X X AHATEOW .
ller. erop., Boawmoit np., Te [mfr! -"ﬁ«\'-.
OTIBIEHIE TABOPATOPHL ¥r, Esaguxipexaro n Hencsero up., 4. Matkusa, 1—47, kn. 17. (Mepuiaft ors Hepexarn noxitazn no Ba

NIPCEONY HPOCHL). \bnlll 31913,

Jladopartopin npouseopuTs: 1) Peakyio Wasserman'a na Lll@ll'ﬂlcl; onpepbaenie oncowmveckaro index'a
JUA pacmosnanamia TYGCPRYJIesHwxh i ruofinmxs sadoxbenuifi w mpouia cepopiarwoctwseckin peaxiin. 2) Bee-
CTOPOHHIA KAMHYECHIA W3CABAOBANIA KPOBM, MOEDOTH, IICHORD, EAJA, MOUN, MOLOKA W HPOU. 3) CaHMTapHo-rurie-
HHYECKIA W arpoxomuyeckin nacabjposauis. 4) Navonor n cyaed! in nacat

l | xlll- ath-qouents iKenek. Mexun. Huacrur. o ' ..“m\\xlx xadexph G piodorin Hen

Y o Lk oA, ucl CILROBL b

BABTIYIOINITE: Tloy. aa ;p;” RO, KTUHRKN O Accuetentn npu kammweh payrpen. Goatan,
l Iner. Anen, wox. d, 10, AuGepwans. Jen. \Il . Huer. H. 1 [las 10ms.

PucyHok 6. Konus 06b98neHus B cnpaBo4Huke «Becb MetepOypr», 1910 T. [3, c. 1304]
Figure 6. Copy of the announcement in the guide “All Petersburg”, 1910 [3, p. 1304]

PucyHok 7. Konus 06b9BneHus B cnpaBsoyHuke «Becb MetepOypr», 1911 1. [4, ¢. 1365]

TABOPATOPIH. 1365 JABOPATOPIH.

BarTepi0NOTHYeCHIT 1 JIArHOCTHYCHIN HHCTHTYTS
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ler, crop., Bowmod op., 85, Teedoun 467—85
OTABAEHIE: ¥r. Bmpunipearo # Hescxaro up., A Ooakwma, 1—47, g6, 17, Teaedoas 51213,

HuerTyTh NBLOTOBAACTD: 1) BasyMHb:; T Y10, CTAPH. Y10, CKAPAATHHOOUYIO M AP 2) Ty6ep-
wymusss 110 mipodh. Denys u Koch'y. 3) Auurens u ruu:m-rn-uumm eHBOPOTRY Aust pearuin Wasserman'a. 4) Mura-
TOmMuS CPeAL B pasBoprm Guimepii,

HreTnTy s Opoussognrs: 1) Peaxyiio Wassermnna na un‘bluucb oupc,r! aenie oncowwyecwaro index’a M
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Mner, Bkon. wax 10 JuGepuirs, e oa, thucr, T Many

Figure 7. Copy of the announcement in the guide “All Petersburg”, 1911 [4, p. 1365]

PucyHok 8. Konus o6baBneHuns B cnpaBoyHuke «Becb MetepOypr», 1912 r. [5, c. 1408]

JIABOPATOP1H. 1405
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3a60BBAHIAND.

Figure 8. Copy of the announcement in the guide “All Petersburg”, 1912 [5, p. 1408]
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CMB6. YACTHbIMA
BAKTEPIONIOrMYECKIN
uw OIATHOCTUYECHKIA
WHCTUTYTH

[Ter, etopoHa, Boasmo#t np., 35
Texedons 497-85.

Orgkaenie: ¥r. Baapumipck. & Hescx.
up., 1. [aaxnna, 1—47. Texn. 512-13.

PucyHok 9. Konus o6baBneHus B cnpaBo4yHuke «Becb Metepbypr», 1914 . [6, c. 1303]
Figure 9. Copy of the announcement in the guide “All Petersburg”, 1914 [6, p. 1303]
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PucyHok 10. Konuu 3anpocog (Tpe6oBaHuit) UHCTUTYTa Ha BbiCbiNIKY BakuuH, 1913 n 1914 rr. (13 poHaoB
apxuea LIF'MA CI6)

Figure 10. Copies of the Institute’s requests (demands) for dispatch of vaccines, 1913 and 1914 (from the funds

of the Central Governmental Historical Archive)

2-n Toposckas Jladoparopua—(Ilerpo-
Tpajckad ¢Top., mp. Napia JuOkmexra
(Boasmoit up.), 35. Tea, 497-85). Ipoms-
BOICTBO BICEX KINHWICCREX HCCIELOBAHHI
H peakImnil, TPATOTOBIEENE OGAKTEPIOAOTH-
geckEX mpemaparoB. COCTOET M3 OTHE.:
Xuymueck., Dbaxrepmozormueck., Jmamo-
cTnyeck. # Baccepmamonek, 3as. JaGo-
paropreit Bexomozcxmii I'. 1T, Ip. 10-2.q.
xug. 3apxos Cromoma M, H.

PucyHok 11. Konus 06bsiBneHus B cnpaBoyHuke «Becb MeTporpag», 1923 . [7, c. 61]
Figure 11. Copy of the announcement in the guide “All Petrograd”, 1923 [7, p. 61]
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PucyHok 12. Konus npuka3sa ot 4 anpens 1923 r. (13 apxuBa UHcTUTyTA)
Figure 12. Copy of the order of April 4, 1923 (from the archive of the Institute)

9 Yl-4 cosus.
Oporoxkona fE_j/g
secegenng Opesupmyua Herporyducnonkoua or 5-ro uas 1923 rofe.
[IpHCYTCT BOBANH: T.T.

. s - -————

Cxymaxs : -‘ HTomcrasaosann

4_...._.-__-__---___--__..... Ca

ﬂ.hn- iict a0 I'yGagpunorgens i l/ ESHMO HOE BHIE
OBA KKK [l@F porpagtKo- i et g s
R R T
&wa““ 'ﬂ qug” “bam“; - i rus ncmzyv % lacrepe
EPh,3 osHesmenomuwe 10O /;,aﬁ

AeTHA CO NHE €P0 PONEBHEBe

.y W b
AP %m/

Begcesarens: I,3HA0BBER.
Cexper pb: HJHOEAPOB.

PucyHok 13. Konus npotokona ot 5 maa 1923 r. (u3 apxuea UHcTUTyTA)
Figure 13. Copy of protocol of May 5, 1923 (from the Institute’s archive)
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Hn-ma um. I[lacmepa, Hnaxoodsawecocs 6 eedeHuu
Jlenunepadckoeo Obazdpaesa, npu uem ycCmaHo8UAU:

Hn-m opeanuzosan 6 1908 e. nod Haszeanuem
«Juaenocmuueckuii u baxmepuonocuueckuii Hu-m».
Ilocae pesoaroyuu ¢ 1918—1919 ee. on npodoacan cy-
uwecmeosams no0 HA36AHUEM «HACMHO20 OUACHOCTU-
ueckoeo u bakmepuonocuueckoeo MH-ma» u npunao-
aexcan Jlubepmany, Macrakoseyy u beaonosckomy.
3amem oH Obin HAYUOHAAUZUPOBAH U PEOPeaHU308AaH
60 2-10 ITopodckyo bBaxmepuosoeuueckyro nabo-
pamopuro U Nnocaedo8amenbHo pPyKoGOOUACS NpOQ.
Poszenoepeom, npogh. Hedpueaiinosvim u beaonosckum.
B 1923 2., 6cea3u ¢ HeoOX00uMoCmuvio UMemMb YeHmMp
no U320Mo6AeHUI0 0exXmeopuoLocUYecKUx npenapa-
moe, Tyb630pase npeobpasosan nabopamopuio ¢ Huc-
mumym u pyKkogoocmeo um nopyuun Jlubepmauy.
B 1924 2. Hncmumym noayuun ceoe nomeujeHue
Ha ya. Mupa 13 komopoe u 0vi10 npucnocobaeno 0as
pabomol. B 1929 c00y ¢ Hn-m éauruce Mn-m no u3-
20MOBACHUIO OCHUHHO020 dempuma um. [lcenHepa
u Maaspuiinas cmanyus. B nacmosuwee epems Hn-m
Haxodumcs 6 gedenuu OQba30pasomoena u umeem ye-
JAbI0 Hay4Hoe u3yueHue 6axmepuosoeuueckKux u snuoe-
MUON0UHECKUX 8ONPOCO8, HAYUHYI0 NOCMAHOBKY O0Pb-
Obl ¢ snudemueil 6 obaacmu U npueomosieHue daxme-
puonoeuneckux npenapamos. Bo enrase Hn-ma cmoum
dupexmop A.10. Jlubepman...» (puc. 4).

A BOT KaKWe CBEOCHUS TNPUBOIST B KHUTE
«[letporpanckasi ctopoHa. bojbliioii mpocnekT»
ee aBTopnl I[.HO. Hukurenko u B.JI. IlpuBajion
(puc. 5):

«3decv ace [Boavwoii np., 0. 35-8] Haxoduacs
yacmuulil 6aKkmepuosocueckull U ouaeHocmuuec-
Kuii uncmumym. FEeo pykosodumenv u enradeney
dokmop meduyunvt I'J]. Beaonosckuii — ooueHm
Hmnepamopckoeo  KauHuueckoeo  uHcmumymada,
npueam-odoyenm BoeHHO-MeOuyuHCKOl akademuu
u Kenckoeo MeOUYUHCK020 UHCMUMYMA, cmapuiuil
opounamop Mopckoeo eocnumans. Y neeo 6vi10 08a
nomownuka: A.10. Jlubepman — épau Kaunuueckoeo
uncmumyma, u I1.I1. Macaakoesey, cayxicueuiuii 6 aa-
oopamopuu Kenckoeo meduyunckoeo uHcmumyma.
Hnecmumym 6 1920-x ee. 6bia npeobpazosan 60 2-10
Topodckyro nabopamopuio u npoooascar NPou3eo-
odumas 8aKyuHbvL, Cbl8OpomMKU» [8].

ITepBoe yrroMrnHaHMeE 0 1a00PATOPUU COINEPKMUT-
cd B cripaBouHUKe «Bech [TeTtepoypr» 3a 1910 1. (yxe
Toraa jJabopaTropus UMesia JTOMOJHUTEIbHOE OTHe-
JICHWE, pacliojiaraBiieecsl Ha yriry Biaagumupckoro
n Hesckoro nmpocnektoB B 1. 1-47). Jlabopartopus
nmpoBoauia peakiimu Baccepmana Ha cuduiuc, ce-
POIMAarHOCTUYECKNE PEaKINM, KINHUYECKUE WC-
cJIeIOBaHUsI KPOBU U TIP.; BHIIOJIHSJIUCH CAHUTAP-
HO-TUTMEHWYECKNE W arpoOHOMHMYECKME, a TaKKe
MaTOJIOTO-aHATOMUYECKME W CydcOHO-MEIUIINH-
cKue uccienoBanug (puc. 6) [3].

B 1910 r. nmabGopartopusi Oblia mpeoOpa3oBa-
Ha B bakTtepuonormueckuii 1 JIMarHOCTUYECKUMA
Muctutyt. B 210 Bpemsi B MHCTUTYTe HalaxkKeHO

and P.P. Maslakovets, who was working at the labora-
tory of the Women's Medical Institute. In the 1920's
the Institute was transformed into the 2" City labora-
tory and continued to produce vaccines and serums” [ 8]:

The first mention of the laboratory is contained
in the reference book “All Petersburg” for 1910
(even then the laboratory had an additional de-
partment located at the corner of Vladimirsky and
Nevsky Prospects, at 1-47. The laboratory conducted
Wasserman's reactions to syphilis, serodiagnostic re-
actions, clinical blood tests, etc., conducted sanitary

BAKTEPUOJNOTUHECKUA UHCTUTYT.

llerp. er., np. K. Jdnoguexra (6. DBoas-
moi), 35, . 171-97.
GyARMUN: TPONMBBOACTBO BAKIUH, CHIBO-

POTOR I JAPYIUX GaRTEPHOJOIHYECRUX Tpe-
JIIAPATOB.

Huernryr waxogures B Begennn [y6-
3ipaBa H COCTONT H3 OTAENOB: MNATHOCTH-
1eCKOr0, OAKTEPHOAOTMYLCKOT0, BACCEPMA-
nHosekoro, xummnyeckoro. Jup. Jdudepman
fA. 10., sam. Macaagosen II. II., Baxu.
ota. — 3as. bBeaonoscruit I. JI., awnarn.
oTa.

— 3aB. llpnénaes A. B.

PucyHok 14. Konus 06b9BneHus B cnpaBo4yHUKe
«Becb JleHuHrpapgy», 1924r. [1, c. 115]

Figure 14. Copy of the announcement in the guide “All
Leningrad”, 1924 [1, p. 115]

{r. HAYYHBIE YYPEHRAEHWA, HAXOAA
il].lVIECH B BEAEHWW HAPHOMS3/[PABA.
| BAKTEPMOJIOTMYECKMA WHCTUTYT WM.
| NACTEPA.

Ya Mnpa (6. Pymeiinasg), 12-a, .
171-97. 607-52.

DYHENUN: HPOH3BOICIRO BAKI[HH, CLIBO-

pOTOK 11 APYTHX HAKTePHOJOTHUECKNX Mpe-

|
|
| maparon.

Jup-op Jdudepman A, 10., zam. Macaako-
| nen II. II., BaKy. o1a. — saB. BeranoBernil

| T. JI., puaru, orp. — sap. Ipudésuien A. B.,
npou3s, odopor. 4. — sae. Xappux 10. H.,

| acener-tii: Apxnmos K. C., Basuaepexas
| I, C., Tpud @. C., Beanrnna M. A, sanxos
Maiiep A. H. ;

PucyHok 15. Konusi 00bsiBNieHus B cipaBo4HUKe
«Becb JleHnHrpagy», 1925r. [2, c. 88]

Figure 15. Copy of the announcement in the guide
“All Leningrad”, 1925 [2, p. 88]
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H.I. AnekceeBa, Aper A. ToTonsiH

MHdekumns n uMmyHuTeT

MMPOMU3BOJCTBO BakKIMH (TOHOKOKKOBOM, cTadu-
JIOKKOKOBOM, CKapJaTUHOBOW M Ap.), TYOEPKYIU-
HOB, aHTUIE€HOB U TE€MOJUTHUYECKUX ChIBOPOTOK
Il peaknuii BaccepmaHa, mMTaTelbHBIX Cpel
u ap. (puc. 7) [4].

C 1911 r. yupexaeHnue umeeT ctatyc CaHKT-
ITeTepOyprckoro YactHoro bakTeproaoruyeckoro
u JInarHoctudyeckoro Mucrturyra. I[llomumo otne-
JieHus1 Ha yriay Brammmupckoro u Hesckoro mp.,
B €ro COCTaBe MOSIBISIIOTCS HOBBIE OTIEJICHUS
B Cankr-Iletepbypre (2-it MypuHCKUA 11p., 1. 18)
u BT. [Taturopcke (yia. Llapckas, oM baymroJbia).
VBeanuuBaeTcsl IMIPOU3BOACTBO BaKIIMH, OpraHU-
3yI0TCSI KyPChI JIJIsl Bpaueil u hapMalieBTOB 110 00-
et 6akKTepuoJoruu, CEpOIUarHoCTuKe U NHpeK-
IIMOHHBIM 3a00JIeBaHUSIM, TIPOBOAMTCS Ae3NHMEK-
LM TTOMEIEeH W1 M UCIThITaHUE Ne3MH(PEeKITMOHHBIX
cpenctB (puc. 8, 9) [5].

MHCTUTYT aKTUBHO COTPYAHMYAET C ITPOTUBO-
yyMHoM jaboparopueit Mmnepatopckoro MHCTU-
TyTa DKCIIepUMeHTaJIbHOI MenuimHbl, pacroa-
rasiieiicas Ha ¢dopre «Mmnepatop AnekcaHap I»
B Kponiranre (puc. 10).

Kak ye oTMeuanoch paHee, ITocje peBOTIOLUU
1917 r. MHCTUTYT NpoaoJKaja KaKoe-TO BpeMs Cy-
IIeCTBOBATh TOJ Ha3zBaHUWeM «YacTHOro muarHo-
CTUYECKOTO U bakTepuojiornyeckoro MHcTUTYTa».
3areM OH ObLJI HAlITMOHAJM3WPOBAH U PEOPraHU30-
BaH Bo Bropyto I'opoackyto 6aKTeprogornyecKyro
nabdopartoputo (puc. 11) [7].

W3 donnoB apxuBa YOCB P® no CII6 u JO:
«B 1923 2. 6 ce6a3u ¢ Heobxodumocmvio UMemb
Llenmp no uszeomoeésenuro 6OaAKmMepuUONOCUHECKUX
npenapamos, ['y630pase nepeghopmuposan nabopa-
mopuro 6 Hucmumym u pykoeoocmeo um nopyuun
Jubepmany A.10. B 1924 . Hncmumym noayuui ceéoe
nomeuwienue Ha ya. Mupa» (puc. 4).

4 anipenis 1923 r. npukasom Iletporpaackoro I'y-
OepHCKOro otaena 3apaBooxpaHeHus Bropas lo-
poickasi bakTepuosgorunyeckasi gaboparopus Oblia
npeobpa3oBaHa B IleTporpanckuit bakrtepuoso-
ruyeckuii n JdwarHoctuyeckuii MIHCTUTYT; HOK-
top fAkoB lOnaweBuu JIuGepmMaH ObLI Ha3HAYeH
nupekTopoM MHcTUTyTa; ObIBIIMI Biaaaenel 2-i
Toponckoii 6GakTepuoOJOrMyeckoil jgabopaTtopuu
npod. I'JI. be1oHOBCK U1 0CBOOOXK IE€H OT JOJXKHOC-
TU 3aBENYIONIEro Mpeodpa3oBaHHON JlabopaTopuu
(puc. 12).

Ha ocHoBaHuu xoparaiictBa ['yd3apaBoTaena
IIpesuauymom Ilerporyoucnonkoma 5 mast 1923 r.
yupexaeHue mnepernMeHoBaHO B IleTporpaackuii
bakrepuonornueckuii Muctutyt umenu Ilactepa
(B o3HameHoBaHue 100-meTusi co AHSI POXACHUS
JIyu ITactepa, puc. 13).

CrnenyeT OTMETUTh, YTO KaKOEe-TO BpeMs y4-
pexXaeHUe IMTPOA0JIXKAaJIOo pacrojaraTbCs U padboTaTh
no-rnpexHemy anpecy (puc. 14) [1]. Y nuure Tob-
KO B 1924 r. UHCTUTYT nepees3xaeT Ha yja. Mupa,
n. 12-a (HeIHe: ya. Mupa, a. 14, puc. 15) [2].

and hygienic and agronomic, as well as pathological
anatomical and forensic studies (fig. 6) [3].

The laboratory was transformed into the Bacte-
riological and Diagnostic Institute in 1910. At this
time the Institute established the production of vac-
cines (gonococcal, staphylococcal, scarlet fever, etc.),
tuberculin, antigens and haemolytic serums for Was-
sermann's reactions, nutrient media, etc. (fig. 7) [4].

Since 1911, the institution has the status of the
St. Petersburg Private Bacteriological and Diagnostic
Institute. In addition to the department at the cor-
ner of Vladimirsky and Nevsky Prospect, new sec-
tions opened in its structure in St. Petersburg (2"
Murinsky Ave, 18) and in Pyatigorsk (Tsarskaya
Street, the house of Baumgolts). The production
of the vaccines was increasing, courses for doctors
and pharmacists on general bacteriology, serodiag-
nostic and infectious diseases were being organized,
disinfection of premises and testing of disinfectants
were carried out (fig. 8, 9) [5].

The Institute actively cooperated with the anti-
plague laboratory of the Imperial Institute of Expe-
rimental Medicine, located at the fortress “Emperor
Alexander I” in Kronstadt (fig. 10).

As it was mentioned earlier, after the revolu-
tion of 1917 the Institute continued to exist for some
time under the name of the “Private Diagnostic and
Bacteriological Institute”. Then it was nationalized
and reorganized into the Second City Bacteriological
Laboratory (fig. 11) [7].

From the funds of the archive of the Federal Se-
curity Service of the Russian Federation for St. Pe-
tersburg and the Leningrad Region: “In 1923, in con-
nection with the need to have a Centre for the produc-
tion of bacteriological agents, Gubzdrav (the health
department of the region) reorganized the laboratory
into the Institute and appointed Ya.Yu. Liberman as its
head. In 1924 the Institute moved to Mira Street” 2]
(fig. 4).

On April 4, 1923, by order of the Petrograd Pro-
vincial Health Department, the Second City Bac-
teriological Laboratory was transformed into the
Petrograd Bacteriological and Diagnostic Institute;
Dr. Yakov Yulievich Lieberman was appointed
as the Director of the Institute; the former owner
of the 2" City bacteriological laboratory prof. Belo-
novsky G.D. was dismissed from the position of the
head of the transformed laboratory (fig. 12).

Based on the petition of Gubzdravotdel (the health
department of the region) by the Presidium of the
Petrogubispolkom (the Executive Committee of the
region) on May 5, 1923, the institution was renamed
the Petrograd Bacteriological Institute named after
Pasteur (in commemoration of the 100™ anniversary
of the birth of Louis Pasteur, fig. 13).

It should be noted that for some time the Institute
was located at the former address (fig. 14) [1]. Only
in 1924 the Institute moved to Mira Street, 12-a
(now: Mira Street, 14, fig. 15) [2].
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110-neTtne CMEHUNIM nmenn MacTtepa

3amectuteneM aupektopa fAxkosa IabeBuua
JInbepmana cranoButcs Iletp IlerpoBuu Macna-
KOBeEII, 3aBEIYIONINM BaKIIMHHBIM OTACICHUEM —
T'eopruit AMuTpueBruY beTOHOBCKUIA.

Taxkum obpazom, B 1923 r. Ob1J1 HAYaT HOBBII OT-
cueT uctopuu MHCcTUTYyTa. U Yy €ro MCTOKOB, IO-
MPEXXHEMY, CTOSIJIM BCE T€ K€ YUeHbIe, KOTOpbIe Ha-
yayu ero B 1908 .

BoccTtanaBauBass MCTOPUYECKYIO CHpaBedJIv-
BOCTb M OTAaBas faHb MaMsTU ocHoBaTeasiM Cepo-
AarHOCTUYECKOU 1abopaTopum, Ha 6a3e KOTOpoi
ObL1 co3naH Hall MHCTUTYT, clieayeT CUYUTaTh ro-
JnoM obpazoBaHusa Muctutyta — 1908 rom, a 1923 —
rogoM rpucBoeHust Muctutyty umenu Ilacrepa.

Pyotr Petrovich Maslakovets became the dep-
uty director, Yakov Yulievich Lieberman became
the chief and Georgii Dmitrievich Belonovsky be-
came the senior physician of the vaccine department.

Thus, a new countdown of the history of the
Institute was launched in 1923. And at its sources, as
before, stood all the same scientists who had founded
it in 1908.

Restoring historical justice and paying tribute
to the founders of the Sero-diagnostic laboratory,
on the basis of which our Institute was established,
it should be considered that 1908 was the year of the
Institute's formation, and 1923 was the year when
the Institute was named after Pasteur.
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136paHHble YCTHbIE AokNnaasl MexayHaponHoi koHdepeHumn. CaHkT-MeTepbypr, 4-6 nekabps 2018 rona

NHudekums n ummyHuteT Russian Journal of Infection and Immunity = Infektsiya i immunitet
2018, T. 8, Ne 4, c. 418-424 2018, vol. 8, no. 4, pp. 418-424

YYEHUKUW NACTEPA N3 POCCUN

M.M. Kapanan', JI.A. Kpaesa':?

! Boenno-meduyunckas axademus um. C.M. Kupoea, Cankm-IlemepOype, Poccus
2OBFYH HUU snudemuonoeuu u mukpoouosoeuu umenu Illacmepa, Cankm-Ilemepbype, Poccus

Pestome. Brimarommiicss yueHbiit, Mukpoouosnor, xumuk Jlyn ITacrep octaBui OyayliMM IOKOJEHUSIM BeJUKOE Ha-
CJICICTBO: MHOXECTBO OTKPBITUI B COOTBETCTBYIOIINX chepax HayK, OOIBIIOE KOJIMUSCTBO YUCHUKOB, TIOCIeI0BaTeNIei
n TTapyKcKuit MHCTUTYT, Hocauii ero uMst. Cpenn yyeHukoB [lacTepa Obl10 OoJiee CTa pOCCUICKUX YUEHBIX, Cyab0a
KOTOPBIX CJIOXMJIACh MO-pa3HoMy. HekoTopble U3 HUX BepHYIUCh Ha POIMHY M CMOTJIM BHECTH CYIIECTBCHHBIN BKJIaI
B pa3BUTHE MUKPpOOHoIoruu 1 uMMyHosoruu B Poccun. He Bce hamunuu yueHukos [Tactepa m3BeCTHBI ITUPOKOMY KpPy-
Iy MUKpoO1ojoroB. [1oaToMy B cTaThe MpencTaBIeHbI KpaTKHEe MaTeprasibl O HEKOTOPBIX 00JIee NI MEHEe M3BECTHBIX
yueHbIX — mocnenoBatensx JIyu ITacrepa. OCHOBOIOIIOXKHUKOM MUKpOOMoIoruy B Poccuy BrojiHe MOXET CUMTAThCS
JI.C. LlenkoBckMit, KOTOPBIiA B 1882 I. BEIMYCTUI KHUTY «MUKPOOPTaHU3MbI», a TI03Ke CMOT CAaMOCTOSITEJIbHO CO3/1aTh
BaKLIMHY IPOTUB cUOMpPCKOii s13Bbl. HeomHokpaTHbIe KoMaHaAupoBKU B MHCcTUTYT [lactepa B [lapuk umenu cBoe 1oso-
KUTEIbHOE 3HaYeHne — JIeB CeMeHOBUY CMOT OIIEHUTh, KaK JOJIKHBI OBITh OCHAIIICHBI Ta00paTOpru, KOTOphIe 3aHNMAa-
I0TCA pellieHneM cepbe3HbIX 3a1a4 B 001acTu Mukpoounonoruun. Yaenuku I[lacrepa JIJI. Teitnenpeiix, A.Jl. [TaBnoBckuii,
M.®. IToros, A.M. Cynakos, A.A. PaeBcK1ii CMOIIM HE TOJIBKO Pa3BMBaTh HAyYHbIE HAIIPABJICHUS B MUKPOOUOJIOTUH,
HO M TIepefaBaTh CBOM 3HAHMS CTYICHTaM MEIUIIMHCKUX 1 BeTePUHAPHBIX (haKyIbTETOB YHUBEPCUTETOB B Pa3TUYHBIX
roponax Poccuu, cinymaresnsm [etepOyprckoit BoeHHO-MeIULIMHCKOM aKaieMUK 1 BOGHHBIM BpayaM. boabiumMu apy-
3bsiMU 1 Kouieramu Ilacrepa monrue romsl 6ei1u M. Meunnkos n H.®. I'amanesa. Bmecte ¢ ITactepoM oHM BHeCIn
00J1b1L0¥ BKJIaJ B TpoLBeTaHKe [1aprkCKOro MHCTUTYTA U MOAAEPKaHUE CJIaBbl €0 OCHOBOIOJIOXHUKA. PoJib 3THX yue-
HBIX B OOLIIEMHPOBOM HACIACIUU B 00JACTH MMMYHOJIOTUM M MUKPOOMOJIOTUY TPYAHO TiepeolieHUTh. CIoIBUXXKHUKOM
N.N. MeunukoBa 6wt Takke JI.K. 3a0010THBI, KOTOPOMY YIaJIOCh OpraHMU30BaTh Kadeapbl MUKPOOMOJIOTUU U 3TTH-
JIEMHOJIOTUM B HECKOJIBKMX BBICITUX YUeOHBIX 3aBefeHUsIX Poccun 1 Ykpannsl. Y, KOHEUHO, HEMTPEB30MIEHHBIN BKJIAT
B opranuzanuio nHctutyra [lacrtepa B Poccun mo oopasiy Ilapukckoro nnctutyra npuHamiexut [.J1. beroHoBcko-
My. biaaronaps ero crapanusim Cepo-1uarHocTrueckasi 1abopatopus mocteneHHo nepepocia B Cankt-IletepOyprekuit
nHcTUTyT [lactepa. MHorue yueHuku [lactepa 3amoXunm GyHIaMEHT 11eJI0T0 psifa HayYHBIX HampaBiaeHuii B Poccuu:
MUKPOOUOJIOTH, UMMYHOJIOTMH, TOKCUKOJIOTUH, TUTUEHBI. biaromapst ycuimsiM SHTY3MacTOB CPeaM TOCIenoBaTeeit
Jlyn IMacrepa ynanock ocHoBaTh B Poccun (Cankr-IletepOypre) MHCTUTYT, TonoOHBII [TapukckoMy, TaKke Ha3BaHHBII
ero umeHeM. Kaxnprit u3 yueHukoB [lactepa O1arogapst caMOOTBEpKEHHOMY TPYIY CMOT I0Ka3aTh CBOE BEICOKOE 3BaHNE
Y BHECTH BECOMBII BKJIaJI B pa3BUTHE HayKM Ha 0;1aro 3M0pOBbsI HaceaeHUsT PoqHEL.

Karoueevie caosa: JIyu [lacmep, mukpobuonsoeus, ummyHnonoeus, yuenvie u3z Poccuu.

DISCIPLES OF PASTEUR FROM RUSSIA
Karapats M.M.?, Kraeva L.A.*"

@8.M. Kirov Military Medical Academy, St. Petersburg, Russian Federation
b St. Petersburg Pasteur Institute, St. Petersburg, Russian Federation

Abstract. Outstanding scientist, microbiologist, chemist Louis Pasteur left a great legacy to future generations: many discov-
eries in the relevant fields of science, a large number of disciples, followers and the Paris Institute, bearing his name. Among
Pasteur's disciples were more than a hundred Russian scientists, whose fate was different. Some of them returned Home
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and were able to make a significant contribution to the development of microbiology and immunology in Russia. Not all
the names of Pasteur's disciples are known to a wide range of microbiologists. Therefore, the article presents brief materials
about some more or less well known scientists-followers of Louis Pasteur. L.S. Tsenkovsky may be considered the founder
of microbiology in Russia, who in 1882 published the book "Microorganisms", and later was able to independently create
a vaccine against anthrax. Numerous trips to the Pasteur Institute in Paris had a positive value — Lev Semenovich was able
to assess how to be equipped laboratories that deal with serious problems in the field of microbiology. Students of Pasteur
L.L. Heydenreich, A.D. Pavlovsky, M.F. Popov, A.I. Sudakov, A.A. Raevsky was able not only to develop scientific areas
in microbiology, but also to transfer their knowledge to students of medical and veterinary faculties of universities in various
cities of Russia, students of the St. Petersburg Military medical Academy and military doctors. I.I. Mechnikov and N.F. Ga-
malea were great friends and colleagues of Pasteur for many years. Together with Pasteur, they made a great contribution
to the prosperity of the Paris Institute and the maintenance of the glory of its founder. The role of these scientists in the
world heritage in the field of immunology and microbiology is difficult to overestimate. Associate 1.I. Mechnikova was also
D.K. Zabolotny, who managed to organize the departments of microbiology and epidemiology in several higher educational
institutions of Russia and Ukraine. And, of course, the unsurpassed contribution to the organization of the Pasteur Institute
in Russia on the model of the Paris Institute belongs to G.D. Belonovsky. Thanks to his efforts, the Sero-diagnostic labora-
tory gradually developed into the St. Petersburg Pasteur Institute. Many disciples of Pasteur laid the foundation of a number
of scientific areas in Russia: microbiology, immunology, toxicology, hygiene. Thanks to the efforts of enthusiasts among
the followers of Louis Pasteur managed to establish in Russia (St. Petersburg) Institute, similar to Paris, also named after
him. Each of the disciples of Pasteur thanks to selfless work was able to prove his high rank and make a significant contribu-

tion to the development of science for the health of the population of the Homeland.

Key words: Louis Pasteur, microbiology, immunology, scientists from Russia.

B nmepuon «30710TOro BeKa» MHUKPOOMOJIO-
run (Bropas nosoBuHa XIX B.) B EBporme Obl10
M0 MEHbIIIEel Mepe IBa MecTa, Kyla CTPEeMUJIUCh
MOIAaCTh JIOAU AJISI TOTO, YTOOBI COBEPIIEHCTBOBATH
CBOU 3HaHUsSI B HayKe MUKpoOuomoruu: Ilapuk
(JI. ITacTep) u bepaun (P. Kox).

Wnctutyt Ilactepa B I1apuzke HOCUT UMsI CBO-
ero cosaaTresisi, BeJUKOro (ppaHIly3CKOro y4eHOTO
u opraHusatopa Hayku Jlyu Ilactepa (1822—1895).
WHcTUTyT OBIT OpraHU30BaH Ha JEHbI'U, COOpaH-
HbI€ MO MEXIyHapOAHOMW MOAMMUCKE; OH Hayas pa-
00Ty 4 ntoHs 1887 1., a €ro TOP>KECTBEHHOE OTKPhbI-
THUE COCTOsIIOCh 14 HOos1Opst 1888 T.

C Hauvana cBoero cyuiectBoBaHuss MHcTUTYT
ITactepa cran MexXaAyHapOAHBIM HayYHBIM LIEHT-
poMm. Ero ¢punumanel Obliv co3gaHbl Bo BbeTHame,
Kurae, Kambomxe, TyHuce, Dduonuum u apy-
rux ctpaHax. B 1889 r. mo nHuULMaTUBe yyeHUKa
u corpyaHuka JI. ITacrepa, Omunsa Py, B Ilacre-
POBCKOM MHCTUTYTE ObIJIN OpraHMU30BaHbl MUKPO-
OMoJIorMyecKure KypcChl; Ha HUX CTaXXMpPOBaIMUCh
YYEHbIE M3 MHOTMX TOCYIapCTB, B TOM YWUCJIE
u3 Poccuu.

Hayunyio nestenbHocTs JI. [TacTepa Henb3s1 pac-
cMaTpuBaTh B OTPbIBE OT €ro MeJaroruyeckoi aes-
TeabHOCTU. B 1857 1. oH cTan nekaHom (akysikTeTa
€CTEeCTBEHHbBIX HayK Briciieit mkoibl, a ¢ 1867 r. —
npodeccopoM xumun I[lapuxkckoro yHuBepcuTeTa.
C 1887 r. JI. TlacTep BO3rjaBUJl OpraHU30BaHHBII
Ha YacTHbIC MOXEPTBOBAaHUSI, B TOM UHMCJE C pOC-
CUMCKOU CTOPOHBI, UHCTUTYT, HA3BaHHbIN BIIOCJIE/I-
ctBuu ero umeHeM. B Unctutyte [lacrepa, Hapsioy
C IPYTMMU MHOCTPAHHBIMU YYEHBIMU, T1JI0IOTBOP-
HO paboTanu 1 pycckue yueHble — .M. MeuHUKOB,
C.H. Bunorpanckuii, H®. I'amanes, B.A. XaBkuH,
A.M. bespenka u gpyrue.

Tak, U.M. MeuyHUKOB co31aj NEPBYIO PYCCKYIO
LIKOJY MUKPOOHOJIOrOB, UMMYHOJIOTOB M MAaTOJIO-
roB [9, 13].

NmeHnHo Onarogapsi TakoMy BeJIMKOMY Ha-
yuHomy Bkjany Mneu WMnabuya B 1915 1. Bo Bpe-
M mpaszaHoBaHust 70-netus WU.M. MeuyHukoBa
Omunb Py B cBoeit peun ckazan: «B IMapuxe, kak
B [letporpane u B Ogecce, Bol cTanu rinmaBoii mko-
JIbI ¥ 3aKTJM B 3TOM MHCTUTYTE HAay4dHBIM ouar,
najieko pas3jiMBalolIMil cBoil cBeT. Balua nabopa-
TOpUSI — camasl )KM3HEHHasl B HallleM JIoOMe, 1 Xe-
Jlamolie padboTaTh TOJIION CTeKalTcs B Hee. 31eCh
HMCCJIEIOBATE b MILET MBIC/Ib, KOTOPasl BbiBeJia Obl
ero M3 3aTpyaHEHUSI... Balll oroHsb jenaeT ropssaum
PaBHOAYIIIHOTIO M CKEITUKY BHYIIaeT Bepy. Bol —
HeCpaBHEHHBI TOBapulll B paboTe; si MOIy 3TO
cKaszaTh, 10O He pa3 MHE BbINAIajlo CYacThe yda-
CTBOBaTh B Balux ussickaHusx. B cylmHocTu Bce
nenanu Bel. MHcTuTyT Ilactepa MHOruM o0si3aH
Bam. Bbl npuHecnu emy npectux Baliero numenu,
U paboTaMu cBoMMU 1 Balinx yyeHnkoB Bbl B 111-
POKOIf Mepe crocoOCTBOBaJU ero cjiaBe. B Hem
Bbl mokaszayii mmpuMep OeCKOPBICTHSI, OTKa3bIBa-
SICh OT BCSIKOIO KaJIOBaHbsl B TOMbI, KOTJAA C TPY-
JIOM CBOJIMJIMCh KOHIIbI ¢ KOHIamu... OcTaBasich
PYCCKMM TI0 HallMOHAJbHOCTU, Bbl 3akiouuian
¢ UHcTtutyToM (paHKO-PYCCKUN COI03 3a0JIr0O
JIO TOro, KaK MBIC/Ib O HEM BO3HUKJIA Yy AUILJIOMa-
TOB» («IIpupomna», nioab-aBryct 1916).

ITo moacueram JI.A. TapaceBuua 4uCJIO pycC-
CKMX, MPOLIEAIINX B pa3HOE BPeMs CTaXXUPOBKY
B [Tapuxe, nocturano 100 yenoBex.

Cpenu HUX ObLJIM JIIOAM pa3JIMYHbIX HallMOHAIb-
HoCTel u mpodeccuii — Bpauu, Cy1eOHbIE MEIUKU,
MaToJIOr0OaHATOMBbI, (PapMaKoJIOTU, XUPYPIru, BeTe-
pUHapbl, 60TAHUKU U Jaxe XUMUKU. HekoTophie
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W3 HUX, BEPHYBINWCH Ha PonmuHy, BHeCI OOJIBIION
BKJIAJ B Pa3BUTHUC MUKPOOMOJIOTUN U NUMMYHOJIO-
ruu B Poccum, npyrux xmajia cyab0a SMUTPaHTOB.
Komy-To u3 yuyenukoB IlacTepa Gonbliie MOBE3J10
B TOM CMBbICJIE, YTO 00 UX XXKM3HU M paboTax CBU-
JIETeIbCTBYIOT MHOTOUMCIICHHBIE OMorpadiaccKme
W HaydHBIe Tpydbl. B maHHOI paboTe MBI XOTUM
TaK>Xe BCIOMHUTH HEKOTOPBHIX PYCCKUX YUCHUKOB
IMTacTepa, cTaBUIMX TTIEPBBIMU MPOBOJHUKAMMU yUe-
HUST BBIAIOIIETrOCS OCHOBOIIOJIOXKHWKA MUKPO-
OuoJIoruu.

JleB CemeHoBWY LleHKoBCKNI
(1822-1887)

B 1844 1. JleB CeMeHOBUY OKOHUMUII KYypC
CankTt-IleTepOyprckoro yHuBEpcUTETa CO CTe-
MEeHBIO KaHOMIaTa €CTeCTBEHHBIX HayK W OBII
OCTaBJICH TIPU YHUBEPCHUTETE, a depe3 IBa roma
mocJie 3aluThl guccepranuu «Heckombko hakToB
M3 UCTOPUU Pa3BUTUS XBOMHBIX PAaCTEHUI» MOJY-
4uJI cTerneHb Maructpa. B 1855 r. LleHKoBcKkuii 3a-
HAn kadenapy 6oranuku CaHkT-IleTepOyprckoro
YHUBEPCHUTETA, a B CJICOYIOIIEM TOdy OJecTsIme
3alIUTUI IMCCEPTAIII0 Ha CTEIeHb JOKTOopa 00-
taHuku. UmenHo JI.C. LleHKOBCKUIi, CBEpPCTHUK
Ilactepa, BbinycTua B 1882 r. B Poccuu KHuUry
«MUKpOOpraHU3MBbI» U, IO CIIPABEIJINBOCTH, IO~
XEH CYMTATHCS OCHOBOITOJIOKHUKOM MUKPOOMO-
norun B Poccuu [7, 16].

JleB CeMe@HOBMY MHOI'O 3aHMUMAJICSI CO CBOUMU
YUYeHUKaMU U3YyYeHHEM CHOMPCKOU SI3BBI, CaMO-
cTosTelIbHO paspadoran (1883) meTom M3roTOB-
JICHUSI CUOMPEsI3BEHHOIM BaKIIMHBI, TaK KaK Ma-
CTepoBCcKasl BaKI[MHa OblJla MOHOMNOJM3UpPOBaHa
«O01ecTBOM MAacTEPOBCKUX BaKILIMH» U METOJ €€
M3roTOBJEHUsI He Obl1 onmybiaukKoBaH. BakluHY
JI.C. lIeHKOBCKOro mpuUMEHSIJIM B Halllell cTpaHe
10 BBEAEHUSI HOBOU CUOMPESI3BEHHOW BaKIIMHBI
CTHU (1942).

J171sT 03HAKOMJICHUSI C TEXHOJIOTUE MPUTOTOB-
neHust cubupesisBeHHoit BakuuHbl JI. Ilactepa
npodeccop JI.C. LleHKOBCKMII ObIT KOMaHAMPO-
BaH «BOJBHBIM BSKOHOMMYECKUM OOIIECTBOM»
B [Mapux [1, 2].

IMpubeiB B Ilapux, mnpodeccop oOpaTuiacs
K IlacTepy ¢ nmpocb0Oii pa3peliuTh eMy O3HaKO-
MUTBHCS C TEXHOJOTME MPUTrOTOBJECHUS BaKIIWH,
HO TOJYYMJI OTKa3, ITOCKOJBKY, KaK OOBSICHUII
IMTacTep, TpaBO Ha MPOU3BOACTBO BAKIIMH OBIJIO
NpoIaHO HEOaBHO CO3JaHHOMY AaKIIMOHECPHOMY
o6urecTBy. Takum ob6pa3oM, J1abopaTopusi y4eHOTrO
okasaJjiach IpeJHa3HaYeHHON TOJIbKO 151 HAyYHO-
HMCCIIEIOBATEIILCKIX, a He YUeOHBIX 1iejieit. OmHaKo
NPUCYTCTBOBAaTh MNPU BaKIMHAIIMUA OBELl TOCTh
ITacTepa Bce-Taku CMOT.

IIpaBuTenbcTBO Poccum oTHecsoch K mpobJe-
Me BaKIHMHALIMM ITPOTUB CUOUPCKON SI3BHI 0Oe€3-

y4YacTHO, HE COM3BOJIMB JaxKe 3aciyllaTh OTYET
0 KOMaHIWPOBKe ydyeHoro B [lapmxk. M3 mumcema
JI.C. LlenkoBckoro pab6oraiomemMy B MHCTUTYTE
ITactepa .M. MeunukoBy ot 22 ¢eBpas 1886 r.:
«...T'pu roma s1 paboTtan B MOTe JMIla HaJ BaKIU-
Halueil cubupcKoil s3BbI 0€3 Halsexallei moja-
IepxXKu. B HacTosmiee BpeMsI HaUYMHACT YTO-TO
IIEBEJINTHCS, BPOAES XeJTaHUS BBIACIUTH MHE, Ha-
KOHEII, CPeICTBa, OOCTAaBUTH 3aHSATUS KaK CJIEAYeT.
TToka ke 51 6b10Ch, UTOOBI BbIpaboTaTh OOJiee y100-
HBIU CITOCO0 MOJTYYCHU ST BAKIIMH, OCTAThCS K€ TP
MacTEPOBCKOM HEYMIOOHO ITOTOMY, UTO BaKIIMHBI
KPEemHYT CO BPEMEHEM, U IIPUXOMUTCS KaKIbI
pa3 nmyTeM O0eCKOHEYHbIX P00 Ha KMBOTHBIX JO-
oObiBaTh HOBbIe. He moxerte nu Bol, Unbs Unbuuy,
noMo4b MHe B aToM? OueBuaHo, uto Ilactep 3Ha-
eT, KaK COXpaHSTh BaKIIMHBI, YTOOBI OHU HE TIOP-
TUJUCH...». MEUHUKOB IT000e1Iall TOMOUb. YUeHbIe
JIOroBopuauch o BcTpeue B [lapuzke. OgHako U Ha
5TOT pa3 B [lapuke He moxKenaan UM HE CMOTIIU
nomoub JIbBy CemeHoBuuy. M lLleHKOBCKOMY HU-
Yyero He 0CTaBaJIOCh, KaK, BO3BPAaTUBIIUCH TOMOIA,
caMOMY MCKaTh OTBEThl Ha BO3HMKAIOIIHNE B XOJE
UCCJIEAOBAHU BOITPOCHI.

br110 ot yero onyctuth pyku. M orkas Ilacrepa,
M aBTOPUTETHOC MHEHHUE KOJIJIETM — OIECCKOIO
6akTepuosiora H.®. Namaneu, minuTeabHOEe BpeMs
paboraBiiero y Ilactepa U cuumrtaBiiero, 4ro 0e3
3HAHUS CEKPETOB BaKIIMHAIIMM, TOHKOCTE IIpO-
mecca MPUTOTOBJICHUS M XpaHEHMS BaKIIMH, BCE
MOIBITKM OTEYECTBEHHBIX 0aKTEepUOJIOroB 00-
pedyeHbl Ha Heymady. He mobGamisiia onTuMmu3Ma
M OrpOMHAasI pa3sHUIIA B YCIOBHSIX WUCCIICIOBAHMIA:
NPOCTOPHBIE, OTJIMYHO OCHAIEHHbIE 1a00paTOPHUH,
OIBITHBIC, BBICOKOKBaJUGUIIMPOBAHHBIC COTPYI-
HuKMU B [lapuzke 1 yHUBEepCUTETCKasi KOMHATYIIIKa
LlenkoBckoro, uMeHyemas Jlaboparopueit, 6e3 co-
BPEMEHHOTO 000pyI0BaHUS U cpeacTB. TeM eHHee
JIJ151 OTEYECTBEHHOM HayKuU ObLJI JTOCTUTHYTBIU pe-
3yJAbTaT — CO3JlaHUe BaKIIMHBI IPOTUB CUOUPCKOM
SI3BBI, BBIJEPKABIICH ITPOBEPKY BPEMEHEM.

Jlogsur JliogBuroeuy frengeHpemnx
(1846-1920)

B 1869 r. JIronsur JIronBurosnu okoH4ui M-
NepaTOPCKyl0 MEAUKO-XMUPYPTUISCKYIO aKale-
muto. [locie ee OKOHUYAHUSI OH CIYKUJ YE3OHBIM
BpauyoM Ha Bangae, 3atem B CankT-IleTepbyprckom
BOCIIUTATEJIBHOM J0MeE, paboTass OOHOBPEMEHHO
B MEIUKO-XUPYPruuecKoit akaaeMHUN.

B 1876 r. T'eiigeHpeiix 3alIUTUI JUCCEPTALIMIO
MO0 3TUOJOTUU M KJIWHUKE «BO3BPATHOU ropsiy-
KW» («BO3BpaTHOro Tuda») U yexas 3a rpaHUILy,
rae padotain B n1abopartopusix P. Koxa, JI. [1actepa,
K. Herenu u I1. Dpnuxa.

B 1884 r. on BepHyJsicsa B Poccuio u B 1887 T.
Obu1 M30paH mnpuBaT-golieHTOM IleTepOyprckoii
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BoeHHO-MeAMILIMHCKON aKaaeMuu, TAe OpraHu-
30Bajl MpU KIWHUKE OaKTEpPUOJOTUYECKYIO Jia-
ooparopuito. C 1889 r. JlionBur JIiomBUTOBUY —
rnaBHBIM Bpady Bunenckoro, a B 1903—1911 rr. —
Onecckoro OKPYXXHBIX BOEHHBIX TOCHUTAaJIeH.
JIJI. TeiipeHpeiix — aBTOp OKOoJ0 50 HayyHBIX pa-
60T. B 1876 1. OH BBeJI aHMJIMHOBBLIE KPACKY B 0aK-
TEPUOJIOTNYECKYIO TeXHUKY; B 1883—1885 rr. mipu-
MEHMJI aBTOKJIaB JIsS CTEepUJIM3alUMU TIJIOTHBIX
NUTaTeJIbHBIX cpel; B 1885 I. mpeaioXXuil 1BOMHBIE
CTeKJISTHHBIC YallIK! (Ha IBa Toa paHbIIIe HEMEIIKO-
ro mukpoo6wuoiora J.R. Petri, accucternra P. Koxa),
KOTOpbI€ BBITECHUJIU M3 MUKPOOMOIOTUYECKOU
npakTuku miactuHku Koxa; B 1888—1889 rr. us-
ydyajJa 3TUOJIOTUIO U KJIUWHUKY BO3BpaTHOro Tuda
M KOXHOTrO JieiinManno3a B Typkecrane [6].

JILJI. T'efineHpeiix ycoBeplleHCTBOBAJ Psi MUK-
POOMOTIOrMYECKUX METOAMK, OIyOJMKOBaJ OIHO
M3 TIEPBbIX MOJIHBIX PYKOBOJICTB MO MMKPOOMO-
JIOTUYECKON MeToamKe: «MeTombl MCClIeOBaHUM
HU3IINX OPTaHU3MOB».

Anekcangp Omutpuesuny MNaBnosckui
(1857-1946)

Anexcannp AmutpueBuu I1aBaoBckuii octaBuI
0 ce0e cJiell B HayKe KaK PyCCKMiIl U COBETCKU T Oak-
TEPUOJIOT, ITaTOJIOTOaHATOM, (hapMAaKOJIOT ¥ XM PYPT.

B 1885 r. B UMmniepaTopckoii BoenHO-MenuImH-
CKoOi1 akageMuu AjekcaHap IMUTpueBuY CIy>KuJ
OPIMHATOPOM XUPYPrUYECKON KIWMHUKHU, a 3a-
TeM IpenojaBareieM. B ToM ke romy OH ycCIiel-
HO 3aIIMTUJII JOKTOPCKYIO OIMCCEPTAlMIO U TOJY-
YUJI HayYHYIO CTeIlleHb MHOKTOpa MEIUIIMHCKHUX
Hayk. B 1886 r. [TaBJIOBCKMIT OTHpaBUJICS B ABYX-
FONWYHYK KOMaHIUpoOBKY B bepauH, roe ¢ 1886
nmo 1889 rr. cneumanusmpoBajcs B J1aboparo-
pusix P. BupxoBa u P. Koxa, a B 1889 r. nmepeexan
B Ilapux, rme HeKoTOpoe BpeMs chelualiu3u-
poBaJjica B nabopatopuu Jlyu Ilactepa. B 1889 r.
Anekcanap HOmutpueBud nepeexaa B Kues, rie
mo 1918 r. paboTtan npodeccopom KueBckoro yHu-
BepcuteTa. B 1894 r. KueBckuii rocygapcTBeHHBINU
yHUBepcuTeT HampaBuJ IlaBioBckoro B KOMaH-
mupoBKy B Ilapmk, M TOT yCTpOMJICS Ha paboTy
B [lactepoBckuit mHCTUTYT. B 1895 T. yUueHBII ocC-
HoBall KueBckuii 0akTepuUOIOTUUYECKUIA MHCTU-
TYyT, Tae a0 1918 r. Obl1 HAYyYHBIM PYKOBOIUTEJIEM,
3aBeJ0BajJ ChIBOPOTOUHBIM oTaejaeHueM. Bo Bpe-
Ms Pyccko-AmnoHcKol BOMHBI OH paboTall Bpauom
B MaHbuxXypuu, a B roasl [lepBoit MUPOBOI1 BOMHBI
paboTaj XupypromMm B BOEHHBIX rocniuTainsax Kuesa.

B 1918 r. Anekcanap IlaBaoBCcKuit MpUHST pe-
IeHue TMOKMHYTh Poccuio HaBcerma u mepeexal
XuTh B beccapabuio. B beccapabum AnekcaHap
JIMUTpUEBUY NPOJAOIXKUI HAYUYHYIO U BpauyeOHYIO
eI TebHOCTh, paboTasi xupyprom B KulinHese
un Copokax.

OcHoBHBIe HayuyHbIe paboThl A./l. [TaBIOBCKOTrO
MOCBSIIEHbl W3YYEHUIO 3THUOJIOTUHU, IaToreHes3a
U KJIWHUKU OudTepun, pUHOCKIEPOMBI, TyOep-
KyJje3a, XOoJepbl U XUPYPruueCKUM UCCIeIOBaHU-
amu. B 1885 1. oH mccaemoBan poXHUCTOE BOCIa-
neHue; B 1887 I. mMpeasioXKuJI JeueHrue cuoupCcKoi
SI3BBI OaKTepUsIMU-aHTaroHuctaMu; B 1889 r. us-
yudan paznuuHbie GhopMbl TyOepKyJie3a CyCTaBOB;
B 1892 r. opfHUM U3 MEpBbIX JOKa3aj, YTO BOCIIa-
JIUTEABHBIN OoYar B OpTaHM3ME MMEeT 3alllUTHBIN
xapakTep; B 1893 r. opraHuzoBaJl U3roTOBJIEHUE
IPOTHUBOXOJEPHO CHIBOPOTKHM, KOTOpas HaIljia
IMHUpoKoe MNpuMeHeHue B lepmanuu m SAnoHun
BO BpeMs 3MUAeMUU Xojaepbl; B 1895 r. opraHuso-
BaJl M3TOTOBJICHUE IIPOTUBOAN(MTEPUINHON CHIBO-
potku; B 1897 r. co3man AeKapCTBEHHbI mpena-
paT PuHOCKJIepUH OJ1s1 JICYCHUST PUHOCKJIEPOMBI;
B 1929 r. uccnenoBas npupoay 6akrtepuodara v ero
POJY B UMMYHUTETE U TEPAIIUU.

A.Jl. I1aBIoBCcKU1 T1y0OKO M3yyasl aHTarOHU3M
OGakTepuil, MCcJienoBaJl B3aMMOACHCTBUS MUKPO-
0OB 1 OpraHu3Ma Xo3siMHa, pa3paboTall TUTaTeIb-
HYIO cpeny /Ui TyOepKyIe3HbIX OaKTepUii.

Mwuxann ®epgopoBuy Monos
(1854-1919)

Muxaun ®Penoposud IlomoB — pycckuii yde-
HBI-MeOUK, Tipodeccop, AeKaH MEAUIIMHCKOTO
dakynpreTa u pektop (1913—1916) MmnepaTopcko-
ro Tomckoro yHuBepcutetra. Muxania PenopoBud
okoHuua B 1880 r. ¢ oTiMuMeM MeTULIMHCKUN (a-
KyapTeT WMmnepaTtopckoro XapbKOBCKOTO YHU-
BepcuteTa. Tam xe B 1888 T. monydusn creneHb
JMOKTOpa MEAMIIMHBI W 3BaHUE IPUBAT-IOLEHTA.
B 1889 1. 0p11 KOMaHIMpOBaH Ha 2 Toma B EBporry,
rae 3aHumajicsa B bepauHe y npodeccopoB Koxa
u I'eprepa, B MioHnxeHe — y npodeccopos IleTTeH-
kodepa n Poiita, B [Napuxe — y Ilacrepa, [oTbe
u bpyapaens [11].

B 1891 . M.®. [TormoB Ha3HaYeH 3KCTpaoOpaATHAD -
HbIM npodeccopom HMmnepaTtopckoro Tomckoro
YHUBepcuTeTa no Kadeape cyacOHON MEAMUIIUHBI,
¢ 1895 r. oH — opauHapHbIli TTpodeccop; 3aBeao-
Bas Kadpeapoii 1o 1916 r. C 1898 1o 1913 rr. Muxaun
®demopoBrUY — AeKaH METUIIMHCKOTO (haKyIbTeTa,
B 1913—1916 rr. — pexkTop. 3acayKeHHbI npodec-
cop Tomckoro ynupepcuteta (1913) [12].

AnekcaHap MeaHosuny Cygakos
(1851-1914)

A.W. CynakoB — pycCKUM Bpay, oOpauHap-
HBI TIpodeccop nmo Kadeape TUTMeHbI, PEeKTOp
NmrmiepaTopckoro ToMCKOTro yHUBEPCUTETA.

B 1884 r. [maBHOE BOGHHO-MEIUIIMHCKOE yIIpaB-
neHue nocaanao CymakoBa 3a TpaHUIY C HEJIBIO IO~
TOTOBUTH M3 HETO CIICIHUAJINCTA IJIsS 3aBeIOBAHMSI
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rurueHmyeckoi jgadoparopueii npu Hukonaesc-
KOM BOEHHOM TOCITMTAJIe, YTO U OBLJIO EMY Topyde-
HO TI0CJIC 3aTpaHUYHOM KoMaHInpoBKU. B EBporre
CynakoB 3aHumMaincsa y Ilerrenkodepa, Ilactepa
u Koxa [14].

B 1887 r. Anekcanap MBaHOBUY ObL1 uU30paH
IpUBAT-IOICHTOM I10 Kadeape TUTUCHBI BoeHHO-
MEIUIUWHCKON akagemMuu. OH ObII KOMaHIMPO-
BaH B psa ropoaoB MockoBckoro, BuieHckoro,
KwueBckoro n BapiraBckoro BOGHHBIX OKPYTOB JIJIsI
o0yJeHUsI BOGHHBIX Bpadeil MeToaaM MCCIIeIoBa-
HUs xonepsl o crnocody Koxa. C 1887 mo 1890 rr.
Anexkcanap MBaHOBUY SIBJISIJICS pedaKTOPOM rase-
Tl «BoeHHo-CanuTtapHoe [eno». B 1890 r. 6b11 Ha-
3Ha4YeH npodeccopom rurueHsl B UMneparopckuii
ToMckUii YHUBEPCUTET, pEKTOPOM KOTOPOTO OBLI
nBaxkabl: B 1892—1894 u 1895—1903 rr.; B 1898—
1899 rr. omHOBpeMeHHO ympaBiasa 3amnamaHo-Cu-
OMpCKUM yuyeOHbIM OKpyroM [15].

Apkaguin AnekcaHaposuy PaeBckuim
(1848-1916)

ITo okoHYaHWHW Kypca B BETCpHMHAPHOM OTIC-
JICHUM TIPpU MEIMKO-XUPYPTUUYSCKOU aKaleMUU,
Apkaauii AnekcanapoBuu PaeBckuii OblI1 ocTaB-
JIEH TIpu akajeMuu. [locie 3aluThl nuccepTanum
«O pocTe U CTPOEHUHU KOITBIT Y JOMAIITHUX XKUBOT-
HBIX» Ha CTCNCHb MarmucTpa ObIJT KOMaHIWPOBaH
3a rpanuny. IlepBbie HayuHbIe padoThl PaeBckoro:
«Tpancniantauus xpsueit» (1878), «K cubup-
cKoii g3Be», «K yyme poraroro ckorta», «K Bompo-
Cy O THUJIOCTHOM 3apaxXeHumn» (1873), «O crmoco6-
HOCTM 4YeJIoBeUeCcKoi nuadparMbl K BcachlBaHUIO
MpU e€e HOPMaJbHOM M IMATOJOTMYECKOM COCTOSI-
Humn» (1875), «O BHYTpeHHEM pPa3BUTUU PAKOBBIX
omyxoJieit B nuacdparme» (1875). 1o Bo3BpaleHun
n3-3a rpaHunbl PaeBckuii Ha3HaueH B 1875 1. anb-
IOHKT-TIpoeccopoM 1o Kadeape oblieit maTojo-
THH ¥ TTATOJIOTMYECKOI aHATOMWHU ITPU BETEpUHAP-
HOM OTIEJICHUH aKaAeMHH, TIPUIEM eMYy XKe OBLIO
MOPYyYEeHO UTeHME JICKIINI IO SITM300TOJIOTUU CTY-
JNeHTaM-BeTepuHapaM U Meaukam [5].

IMonyuuB Kadenpy, Apkaauit AjeKcaHAPOBUY
YCTpOMJI TIpU HEW CcrenuajdbHyo JabopaTopHIo.
ITo pesynbpTaTaM IIPpOBEOEHHBIX B HEM MCCIIEmO-
BaTeJIbCKUX pPadOT ero y4eHMKOB OblJI HamucaH
pSIA MaruCTEepCKUX M JOKTOPCKUX AMCCEpPTALIUMA.
B xonue 70-x rr. u B HauaJie 80-x rr. PaeBcK1UM Ha-
rnmevyaTaHbl JBa PYKOBOJACTBA: «llaTonmormyeckas
aHaAaTOMHUS W THUCTOJOTHS OOMAIIHUX JXWUBOT-
HBIX» U «PyKOBOJICTBO K M3y4YeHUIO MH(MEKIIMOH-
HBbIX OOJIe3HE NOMalllHUX XUBOTHBIX». B 1884 .
OH OBIT Ha3HAYeH IUPEKTOPOM U Tipodecco-
poM XapbKOBCKOTO BETECPHMHAPHOTO WHCTUTYTA.
PaeBckuii, Kak y4eHbI-31300TOJIOT, C YCIIEXOM
MOMYyJAsIPU3UPOBad MaCTEPOBCKUE MpPeaoOXpaHu-
TeJIbHBIE TIPUBUBKHU MTPOTUB CUOMPCKOI SI3BHI.

Hukonan ®epnoposuy Namanes
(1859-1949)

Hukomait ®egopoBuy [amajiess — Wu3BeCT-
HEWIIUNA POCCUUCKUI MUKPOOUOJIOr U DSHUJE-
muosor, noyetHsiit yteH AH CCCP (1940), aka-
neMuk AMH (1945), Gonbmioil apyr m KoJjJiera
MN.N. Meunukosa. B 1886 r. on pa6oran B [Tapu:ke
y JI. Ilactepa. M3yyass mpuBUBKU NPOTUB OElIEH-
CTBa, YCOBEPIIEHCTBOBAJ IMACTEPOBCKUIN METO/I
OpeaoXpaHUTEIBHBIX ITPUBUBOK. ['amaness roBo-
pun, ytro, nmomooHo Ilacrepy, aTHoaOTrNsS MHPEK-
LU ero MHTepecyeT TOJbKO C TOUYKHU 3PEHUST UX
NpodUIAKTUKH U JICUCHU ST, YeMY OH U TTOCBSTUII
cBoto xku3Hb. Cam Hukonait @enopoBUdY camUTal
ce0st MUKPOOMOJIOTOM.

B 1886 r. mpu coneiictBuu Jlyu Ilacrepa,
H.®. l'amanes yupeaun coBmectHo ¢ .M. Meu-
HukoBbiM U f.}O. bapmaxom nepByio B Poccuu
(1 BTOpPYIO B MHpPE) 0aKTEPUOJIOTMYECKYIO CTaH-
1o U BrepBbie B Poccuu ocylecTBUI BaKIIMHA-
LMIO JItoAell MPOTUB OelIeHCTBAa. 3a TepBble TPU
roja cBoei aessteabHOCTU OfeccKasi CTaHIIMS IPU-
BUJIa Tpubau3uTenbHo 1500 yenoBex.

B Teuenue roga (c jaera 1886 mo ocexn 1887 rr.)
l'amasnes usyyaeT, yCOBEpILIEHCTBYET U aHAJIU3UPY-
et Mmeton [Tactepa, HaXoIsICh C HUM B MOCTOSTHHOM
nepemnucke. B pe3ynbrare 310 pabOTHI ITapajieiib-
Ho ¢ ITacTtepom (wacto mo mHunmatube I'amaien)
ObLIM U3MEHEHBI METO/I IPUTOTOBJICHM ST BaKIIMHBI
U cxemMa UMMyHUu3aluu. be3BpenHOCTh OoJsiee ak-
TUBHBIX MpenapaToB (0ojiee «ITOBUTBHIX MO3TOB»)
Tamanes mpoBepsi Ha cebe [8].

Yepes rop ycremHoit padotsl 'amanes ObIT BbI-
3BaH Ilactepom B Ilapuxk, 4ToOBI OrpaguTh €ro
OT HeOOOCHOBAHHBIX HATa0K, TPUINHON KOTOPBIX
CTaJId Heydauyu BHEIPCHUS MPUBUBOK, BHITIOJTHCH-
HBIX TPENMYIIECTBEHHO JPYTMMHU JINLIAMU, HEXETN
ITacTepom u ero momouHuKaMu. OCHOBHOM MpUY -
HOW Heynayd, Kak BbIgBUJI [amases , Ob1J10 HECOOIIO-
JIeHUe TIpaBUJI acenTuku. [loMmnMo gokasarenbcTBa
0e3BpPEeIHOCTH METOHa U €Tr0 BBICOKOI 3(h(peKTuB-
HocTU, ['amanes pazobOpascsa B «ImapaaiuTUUIECKOM»
OCIIIEHCTBE U TToKa3aJjl ¢ IMOMOIIbIO PETPOCTIEKTUB-
HOTO aHaJIN3a cJiyyaes, 4To 3Ta (popmMa BCcTpeuaaach
Bo ®PpaHIINM elie 10 TPUMEHEHU S TPUBUBOK, a BO-
BCE HE SIBJISIJIACh UX pe3yJibTaToM. [Ipuiiiocs cbe3-
IUTh U B JIOHIIOH, YTOOBI HAa MECTE€ O3HAKOMUTHCS
C HEeyTauHBbIMU CJIy4YasiMM U BOCCTAHOBUTH TOOPYIO
cJlaBy TIPUBUBOK U UX CO3/IaTEsI.

B 1899 r. mox pykoBoactBoM H.MD. N'amanen ObIT
co3gaH 0akTepuoJioTuyecKuit MHCTUTYT B Opecce.
H.®. Tamaness OTKpbLI BelIeCTBa, BbI3bIBAIO-
1ue paspylieHue 0akTepuit — O0aKTepUOIU3UHBI
(1898). BHec MHOTO HOBOTO B YUEHUE O SITaX MUK-
po6oB. B 1901—1902 rr. pyKoBOAMJI NPOTUBOSIU-
IEeMUYECKUMU MEPOIPUSITUSIMU BO BpPeMs UyMbl
B Opecce. B 1912—1928 rr. — Hay4HBbIi pyKOBOAU-
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Teab MHCTUTYTaA ocnionpuBUBaHus B JIeHUHTpaxe,
B 1930—1938 rr. — LleHTpaJIbHOrO UHCTUTYTA MU-
JeMuosioruu u oakrepuoioruu B Mockse. C 1938 1.
1o KoHIa xkn3H Hukonait ®egopoBud — npodec-
cop Kadeapbl MUKpOOUOIOruu 2-ro MocKoBCKOro
MEOUIIMHCKOTO MHCTUTYTa U ¢ 1939 1. — 3aBenylo-
Ui Jabopatopueit MHCTUTYTa SMUAEMHUOJOTUU
u mukpoouoigoruu AMH CCCP.

HaHnmn Knpunnosmy 3a60N0THBIN
(1866-1929)

ABTOpBI HE MOTYT He YIOMSHYTH JlaHuwuiaa
Kupnnnosnua 3a00710THOTO, KOTOPBIN SIBJISIJICS
YUYEHUKOM M IPYTOM BEPHOIO ITOCJIeIoBaTeIs aeia
JI. ITactepa — WU.MA. MeuyHUKOBaA U OCHOBAaTEJIEM
Kadeapsl MUKpoOrosoruu BoeHHO-MeIUITMHCKOM
aKaneMuu, Iae paboTarT aBTOPhI JaHHOM CTaThU.

IlepeuncneHue BceX €ro TUTYJIOB 3aHSJIO Obl
MHOTO MecTa, IO3TOMY 3/IeCh IPUBEIEM JUIIb HE-
KOTOpBIC: COBETCKUI MUKPOOMOJIOT 1 SMUACMUO-
JIOT, OOMH U3 OCHOBOITOJIOKHUKOB OTCYECTBEHHOM
SMUASMUOJIOTUH, akKaaeMuK (1922) u mpe3uaeHT
(1928—1929) AH Ykpaunckoii CCP, akanemuk AH
CCCP (1929) [3, 4].

C 1897 r. Hanuun KupuaiaoBud ydacTBOBal
B KOMaHIMPOBKAX MJIsI U3YUYCHUST TPOMUYSCKUX 00-
JIe3Helt (4yMbl 1 Xonepbl) B Uuaun, ApaBuu, Kurae,
Ilepcun. Ilo Bo3BpamieHuu 3a0O0JIOTHBII Tod pa-
ooran B WMHcTtutyTte Ilactepa B Ilapuxke BmecTte
¢ .. MedHUKOBBIM (MHTEpeCHAas TTOAPOOHOCTh —
MOCJIeIHU OBbLJT Y HETO CBUACTEIEM Ha CBaIb0e).

B mocnenymoliieM MHOIO W IJIOHOTBOPHO yde-
HBIT padotan B MHCTUTYTE 3KCIEepUMEHTAJbHOMI
MEOUIIMHBI, 3aHUMAJICS B TOM YMCJIE U UCCIIeA0Ba-
HHEM TaToreHesa cuduianca (IoOKTopcKas quccep-
Tanus). JIMIIb cIydallHOCTH ITOMeIIajaa eMy CTaTh
MEePBOOTKpPHIBAaTEIEM BO30ymuTeass cuduinca —
onegHoii TpernmoHemsbl (Lllaynuu u I'odman onuca-
nuee B 19051.).

B 1898 r. JI.K. 3a6osoTHbIiT opranu3oBai B [le-
TEpOYPIrCKOM KEHCKOM MEIMIIMHCKOM HMHCTUTY-
Te TiepByro B Poccum kadenpy OaxkTepuosoruu
u 3aBenosas eto 1o 1928 r., B 1920 r. B Onecce oc-
HOBaJ IIepBYI0O B MHpe Kadeapy 3MUIEeMHUOJO-
run. B 1921 1. ocHoBas 1 OBIJT MEPBBIM PEKTOPOM
Onecckoro MeAMIMHCKOTO MHCTUTYTa. B 1923 1.
B BoeHHO-MenuIIMHCKON akaaeMWM OCHOBAaJ Ka-
deapy MUKPOOUOIOTUU U SMUAESMUOJIOTUM C Kyp-
coMm ne3uHpexkuuu [10].
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PYRAZINAMIDE/PYRAZINOIC ACID
RESISTANCE IN MYCOBACTERIUM
TUBERCULOSIS: RECENT FINDINGS
AND IMPLICATIONS FOR IMPROVING
THE TREATMENT OF TUBERCULOSIS

R.M. Anthony', A.L. den Hertog?

! National Institute for Public Health and the Environment, Bilthoven, The Netherlands
2 Institute for Life Sciences and Chemistry, HU University of Applied Sciences, Utrecht, The Netherlands

Abstract. Pyrazinamide (PZA) is unique in that it is a component of the first line therapy for drug sensitive tuberculosis and
in most current and experimental treatments also for multi drug resistant tuberculosis. Furthermore, PZA has been shown
to help to ensure lasting cure and prevent relapse in shorter multi drug regimens. PZA is a prodrug. Mycobacterial tuberculosis
(MTB) PncA enzyme activates the anti-mycobacterial prodrug PZA by transforming it into pyrazinoic acid (POA).
The majority of clinical PZA resistant isolates contain mutations within the pncA gene and therefore remain sensitive to POA
as they no longer activate PZA. Resistance to the active compound POA requires an alternative resistance mechanism and
in vitro selected spontaneous MTB POA resistant mutants typically acquire a range of mutations in panD or mutations in one
of a series of genes most of which are associated with the regulation of the bacterial stringent response. Clinically isolated PZA
resistant MTB strains resistant to PZA and POA with mutations in any of these genes are unusual. Thus, it is likely the stringent
response is critical for MTB in vivo and a damaged stringent response results in at least a reduction in fitness. Various lead
compounds that disrupt the MTB stringent response have been identified that might form the basis for drugs with activity
against latent mycobacteria with the potential to shorten tuberculosis treatment. Here we discuss the role of latency in the
lifecycle of MTB and possible links to the activity PZA with a focus on potential new targets and drugs.

Key words: Mycobacterium tuberculosis, drug resistance, pyrazinamide, pyrazinoic acid, latent tuberculosis.

YCTOMYUBOCTb MYCOBACTERIUM TUBERCULOSIS K TUPASUHAMUAY/MUPA3SUHOEBOM
KMUCNOTE: HOBbIE CBEOEHUSA U UX 3HAYEHUE 19 NOBbILLEHUA 9P DEKTUBHOCTU
JIEYEHUA TYBEPKYJIE3A

Duronn P.M.!, llen Xepror A.JI.?

! Hayuonanvrolii uncmumym o06uecmeeHno20 300p08bs u okpycaroueli cpeowot, 2. buamxoeen, Hudepaandot
2 Unemumym meduko-0uosoeuveckux HayK u xumuu, Yuueepcumem npukaaonvlx Hayk, e. Ympexm, Hudepaanool

Pesitome. ITupasunamun (PZA) yHukaaeH TeM, 4TO SIBJASIETCS MPOTUBOTYOEPKYIE3HBIM MpernapaToM MepBoro psiaa
Kak TpH JICYEHU U JIEKapCTBEHHO-UyBCTBUTEJIBHOTO TyOepKyJjie3a, Tak 1 KOMITOHEHTOM COBPEMEHHBIX KYpPCOB Jieue-
HUSI MYJIBTUPE3UCTEHTHOTO TyOepKyie3a. Takxke ObL10 moka3aHo, yTo PZA nmomoraet o6ecnequTh ATUTETbHOE Jeue-
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HHE ¥ TIPeJOTBPATUTh PELIMANB B O0Jice KOPOTKHMX cXeMaxX IprueMa HeCKOIbKUX JeKapcTB. [Tnpa3smHaMuI sSBIsIeTCS
HEaKTUBHBIM MpoJieKapcTBOM U (pepMeHT PncA Mycobacterium tuberculosis mpeBpainiaet ero B akTUBHYI0 hopmy —
nupasuHoeByio KuciaoTy (POA). BonblIMHCTBO KIMHUYECKUX PZA-pe3uCTEHTHBIX IITAMMOB COAEpKaT MyTalluKu
BHYTPHU IeHa pncA 1 I03TOMY 0CTaroTCs BocmpuMMUKBBIMU K POA, TOCKOJIbKY He aKTUBUPYIOT PZA. YcTOIUMBOCTD
K akTUBHOMY coeanHeHuio POA TpeOyeT anbTepHATMBHOIO MeXaHM3Ma PEe3UCTEHTHOCTH, W TMOJyUYEHHbIE in Vitro
POA-pe3ucTeHTHBIC crioHTaHHBIE MyTaHTE MTB uMeroT psa MyTtauuit B reHe panD Ui B CepUM TEHOB, OOJIBIITNH-
CTBO U3 KOTOPHIX CBSI3aHbI C peryisiuueil crpororo orsera dakrepuii. Knuuuueckue mrammbl MTB, ycroliunBbie
K PZA u POA ¢ MyTanusiMu B 11000M U3 3TUX T€HOB, IBIASIOTCI HETUIMMYHBIMA. TakuM 00pa3oM, BEpOSITHO, CTPOTHIA
OTBET UMeeT BaxkHOe 3HaueHue 111 MTB B ycnoBusX in vivo, a HApyIIEHHBIN OTBET MPUBOIUT K CHUKCHUIO KU3HE-
CITOCOOHOCTU MUKPOOPTAaHM3Ma. BBIIN UIeH TU(UIIMPOBAHEI pPa3INYHBIC JICKAPCTBEHHBIC COCTNHEHUSI-ITPOTOTHIIHI,
Hapymatouiye ctporuii orBet MTB, KoTopble MOTYT CTaTh OCHOBOI JJIST ITPEITapaToB ¢ aKTUBHOCTHIO IIPOTUB JIATCHT-
HBIX (POPM MUKOOAKTEPHI C LIETbI0 COKPALICHUSI CPOKOB IIPOTUBOTYOEPKYJIE3HOTO JicueHHsI. B manHOM 0030pe MBI
0o0CcyxJaeM poJib JIATEHTHOIO Mepuojaa B XXu3HeHHOM 1MKJae MTB 1 Bo3aMOXHBIE CBSI3U ¢ aKTUBHOCTBIO PZA ¢ oco-
OBbIM BHUMaHMEM K TTOTEHIIMAaTbHO HOBBIM MUIIIEHSIMU U TIperapaTaM.

Karoueswie caosa: Mycobacterium tuberculosis, nekapcmeennas ycmoi4ugocms, NUpa3uHamuod, NUPa3uHoesas Kucaoma, AameHmubolii

mybepkyaes.

Latency and the activity of (PZA) POA

The critical importance of bacterial latency
on the epidemiology and treatment of tuberculosis
is widely accepted [11]. Lethal infectious diseases
as well as transient infections that result in pro-
tective immunity require a continuous supply
of naive hosts to be maintained in a population.
Mycobacterium tuberculosis (MTB) adopts a dis-
tinct strategy establishing active infections in only
a small proportion of individuals and latent infec-
tion in the majority of the infected population.
Latent TB infections may spontaneously clear, re-
activate or die with the host. The continuing long-
term success of M. tuberculosis is thus largely due
to its ability to (undetected) spread in a population
by establishing large numbers of slowly progressing
incipient or dormant infections [14]. Subclinical
MTB infections have the potential to transform
into new transmittable active infections, predomi-
nantly in vulnerable populations, maintaining
the epidemic in a human population over a long pe-
riod [25, 37]. To establish a long-term latent infec-
tion requires the infecting mycobacteria to respond
effectively to stress and to have the capacity to en-
ter a dormant/latent phenotype (variously termed;
latent, fat lazy, viable non-culturable, persister).
The transition to these phenotypes thus appears
to be critical for the long term success of MTB and
we will argue here is closely linked to transmission
dynamics, treatment outcomes, and probably also
the emergence of drug resistant clones.

PZA is a pro drug which can be modified by
the mycobacterial enzyme PncA to form the active
compound POA. Recent reports demonstrate that
resistance to pyrazinoic acid, a drug primarily active
against stressed/dormant MTB in vitro can be caused
by disrupting the stress responses resulting in the
a failure to express the sensitive phenotype. As regu-
lation of bacterial stress responses in this pathogen

resulting in a dormant/latent phenotype is essential
for the spread and survival of the MTB species, this
form of resistance comes with a cost. And it is thus
logical to investigate the disrupted stress responses
seen in PZA and POA resistant strains, and use these
data to identify potential targets for new drugs.

A further complication is neither PZA nor POA
show any activity in routine culture, an effect is only
seen when cultured bacteria are subjected to envi-
ronmental stress. Typically an acidic growth me-
dium is used for sensitivity testing, but a wide range
of other stresses, that result in a switch to a latent/
dormant phenotype, have a similar effect [30, 46].
In order to identify the target of POA multiple groups
have generated POA resistant mutants in vitro and
identified mutations in a range of genes, for examp-
le: panD, clpCl, and gpsl |26, 45, 55, 66, 67]. Recent
evidence suggests panD is the primary target of POA
[5, 26] therefore, other inhibitors of the pantothenate
synthetase pathway [13] would be expected to have
similar activity to PZA/POA against MTB under
stressed conditions.

Apart from mutations in the likely primary tar-
get of POA panD, many of the mutations observed
in spontaneous in vitro POA resistant mutants are
the result of a damaged ability to enter the stressed
state in which the activity of POA is inhibitory
for bacterial growth [5, 26].

Disrupting the stringent response

Based on the range of genes identified in in vitro
POA resistant spontaneous mutants the stringent
response appears to play a key role in susceptibility
to POA. The bacterial stringent response is a spe-
cific and very rapid cascade response to a change
in environment. In E. coli the stringent response
has been shown to be induced within seconds and
is initiated by the accumulation of the so called
stringent response alarmone (p)ppGpp [6]. This
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response was detected 20 minutes after M. tuber-
culosis log-phase cultures were transferred into nu-
trient free buffer and (p)ppGpp declined to a new
steady state by 90 to 120 min [57]. Interestingly,
an enzyme (Gpsl) involved in the metabolism
of (p)ppGpp was recently suggested as a new target
for POA after it was observed in 4 clinical PZA re-
sistant isolates with wildtype pncA, panD and clpC1
[45]. When this gene (gpsl) was mutated in a sensi-
tive strain the PZA MIC was increased. An altered
enzymatic activity of mutated Gpsl in the presence
and absence of POA was also demonstrated. Based
on the activity of the mutant gene in the presence
of POA the authors suggested Gpsl as yet another
target of POA [45]. This may be correct but the role
of gpsl in the initiation of the stringent response
suggests that absence of the wild type gpsI may dis-
rupt the regulation of entry into a fully POA sus-
ceptible phenotype [5].

Because of its importance for the regulation of la-
tency and virulence in multiple species, the bacterial
stringent response has already received attention as
a potential drug target. A compound (relacin) struc-
turally similar to the alarmone (p)ppGpp has been
shown to disrupt the bacterial stringent response

ClpC1 P1P2 Protein

dysregulated/increased

[64]. Relacin and related compounds are of interest
also against MTB [7] but to our knowledge have not
been investigated in detail.

In most bacteria the Clp protease complex
is a non-essential ATP-dependent protease that
regulates the response to various stresses. The Clp
protease complex is composed of two heptameric
sections ClpP1 and ClpP2 which are involved in sub-
strate unfolding and breakdown into short peptides.
In M. tuberculosis the ClpP1 ClpP2 complex is ac-
tive when bound to either hexameric ClpX or ClpCl.
In M. tuberculosis ClpX and ClpCl1 are both essential
and involved in substrate recognition and specificity
[36, 49]. Along with panD point mutations in clpC/
are among the most frequently reported mutations
in in vitro selected M. tuberculosis POA resistant mu-
tants [26, 66, 67].

It has been proposed that c/pC1 is involved in the
stringent response by regulating CarD levels, a pro-
bable substrate of ClpP1P2 [48]. In E. coli DksA
is a key regulator of the stringent response. Despite
having little structural similarity mycobacterial
CarD can functionally complement an E. coli DksA
deficient mutant. Thus both DksA/CarD can work
as general transcription factors when combined with

Protein
degradation

ClpC1P1P2

w

degradation proteolysis activity ClpC1P1P2
Cyclomarin A
7
"6’8% » ATPase
CIpC1 P1P2 Protein

Protein
degradation

degradation

Figure. Overview of the different mechanisms of compounds known to disrupt the activity of the ClpP1P2

complex in M. tuberculosis

Proposed mechanisms are indicated in the straight arrows and compounds identified with this mechanism in italic below.
ATPase and Protein degradation activity level is illustrated by the thickness of the curved arrows (left hand side normal activity),

an X indicates inhibition
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the stringent response alarmone (p)ppGpp to acti-
vate the stringent response [57]. It is therefore pos-
sible that the POA resistance associated mutations
seen in c/pC1 are the result of a disrupted stringent re-
sponse [5] due to dysregulation of the control of carD
levels in the mycobacterial cell.

The absence of the Clp protease complex
in eukaryotic cells and its requirement for normal
growth of M. tuberculosis make this complex an in-
teresting drug target [49]. The potential of this tar-
get is further supported by the fact that although
clpCI mutants are resistant to both PZA and POA
in vitro, clpCIl mutants have, to our knowledge,
never been observed in PZA resistant clinical iso-
lates. Multiple lead compounds with activity against
this protease complex with different mechanisms
of action have been described [36] illustrated
in Fig. and briefly described here: Cyclomarin A
is a naturally occurring cyclic peptide isolated
from a marine Streptomyces spp. which is active
against mycobacteria with reportedly good speci-
ficity [53]. Cyclomarin A appears to act by binding
to CIpCl and dysregulating the proteolysis activity
pf the MTB CIpCIPIP2 complex resulting in un-
controlled protein degradation [60]. Two other cy-
clic and looped peptides, lassomycin and ecumicin
found after screening libraries of extracts obtained
from actinomycetes, have also been reported to dis-
rupt the activity of ClpCI1P1P2 activity but by a dif-
ferent mechanism, uncoupling the ATPase activity
from the proteolysis activity [20, 22]. These are far
from being fully developed drugs but lassomycin
demonstrated good specificity with activity against
mycobacterial ClpC1 but none of the other bacterial
ClpC homologs or eukaryotic proteases screened
[22]. Finally, bortezomib is a compound which dis-
rupts the MTB ClpCI1P1P2 proteolytic catalytic
sites [42]. Unfortunately, as this compound is used
as a proteasome inhibitor approved by the U.S. FDA
for the treatment of human multiple myeloma [1]
it lacks (myco)bacterial specificity. However, recent
work on derivatives of bortezomib, by the group who
identified the potential of this compound, demon-
strates scope for improving its specificity [43].

Trans-translation and PZA?

RpsA isacomponent of trans-translation, a rescue
mechanism for stalled ribosomes. Although the role
of rpsA mutations in PZA resistance is disputed, as-
sociation studies of larger collections of clinical iso-
lates does suggest some involvement [63]. RspA does
not appear to be a target of PZA/POA, as recent work
using laboratory mutants did not show any effect
of PZA (POA) on trans-translation or the expression
of RpsA [17], but RspA does seem to play a role in the
susceptibility to PZA/POA. It has also been shown
that overexpression of RpsA increases the PZA MIC

[54]. Trans-translation is also closely linked to the
stringent response and the available data supports
that it is probable that disturbances in the balance
of these interacting pathways, may disrupt entry into
a latent, pyrazinamide-susceptible phenotype [5].

Inhibitors of trans-translation have been identi-
fied and at least one (KKL-35) was shown to be active
against MTB under both aerobic and anoxic condi-
tions [3], although others have questioned KKL-35’s
mode of action [10].

Based on this idea above we have suggested RpsA
and trans-translation do not have a direct role in the
mode of action of pyrazinamide but mutations in rpsA
reduce the efficiency of a switch to a pyrazinamide-
susceptible phenotype [5]. Interestingly, in 2018
a mutation in another gene IprG was associated
with PZA resistance in 4 POA-resistant laboratory
mutants [55]. The authors speculated this mutation
probably results in a state of higher metabolism du-
ring in vitro culture that antagonizes PZA/POA acti-
vity in vitro, a suggestion that appears to be analogous
with our speculation on the role of rps4 mutations [5].

Novel strategies to target PZA resistant
pncA mutants?

As a clear majority of clinically PZA resistant
isolates are resistant due to mutations in pncA and
do not transform PZA into its active form POA
[40] might it be possible to reverse this resistance?
Although it has been frequently argued that the loss
of the pncA gene has little or no cost this may not be
the case [32]. NAD* is produced in M. tuberculosis
by either the de novo or the salvage pathway. PncA
is part of the NAD™ salvage pathway. M. bovis PncA
has dramatically reduced activity and as a result
M. bovis is resistant to PZA and has a negative re-
sult in the niacin test [56]. The pncA gene in M. bovis
has a single mutation (His57Asp) and does appear
to retain some activity as M. bovis strains in which
the de novo NAD™ pathway is also deleted remain
viable but are killed if starved of nicotinamide [62].
This indicates that either a (partially) functional de
novo or active salvage pathway for NAD™ is essen-
tial for the viability of the MTB complex. In sup-
port of this interpretation detailed work on these
pathways suggests when the do novo pathway can-
not function due to prolonged starvation recycling
of NAD™ by the salvage pathway prevents cell death
[62]. This implies that the total loss of PncA activity,
probable in a large proportion of PZA resistant pncA
mutants as a result of AA substitutions frame shifts
or even pncA gene deletion, will have a lethal cost
under extended starvation.

Based on the argument above, either expos-
ing the cost of a total loss of the salvage pathway or
conversion of PZA to POA by another (host) path-
way would be expected to restore sensitivity to PZA
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in MTB PZA resistant mutants lacking any PncA
activity. Therefore, inhibition of the de novo NAD™
pathway should be lethal for PZA resistant strains
with no PncA activity making this pathway a poten-
tial target for a large proportion of M(X)DR-TB iso-
lates as suggested by Vilcheze et al. in 2010 [62].

Secondly, PZA is not only converted into the ac-
tive form (POA) by bacterial PncA but also in the in-
fected patient’s liver by microsomal deamidase. POA
is then further metabolized by human xanthine oxi-
dase. It has been shown that compounds inhibiting
human xanthine oxidase activity, such as allopurinol,
result in increased the levels of circulating pyrazinoic
acid [44, 61] but it does not appear to be known if this
increase in circulating host-derived pyrazinoic acid
would restore pyrazinamide activity against infecting
bacteria with pncA mutations.

Preventing the accumulation of PZA
resistance

The lack of PZA activity in routine culture and
an incomplete understanding of the mechanism
of action have added to the complexity of optimis-
ing the use of this compound in patients. The di-
versity of resistance mutations in pncA in PZA re-
sistant clinical isolates suggests ongoing selection
of PZA resistance in most settings [4]. This may be
a particular problem for MDR-TB patients who are
not detected as infected with resistant TB at diag-
nosis and receive first line therapy which is in fact
likely to be monotherapy with PZA supplemented
with ineffective drugs [65]. PZA is usually given
only for the first two months of standard TB thera-
py because clinical trials conducted by the British
Medical Research Council in the 1960s and 1970s
did not detect any benefit of PZA beyond 2 months
[19]. However, an effect of PZA beyond 2 months
was seen in second line regimens in a murine model
[2] and treatment of MDR-TB frequently includes
longer periods of PZA exposure [59]. RIF and INH
are very effective at clearing replicating bacilli in an
infection whereas PZA is known to be most active
against difficult to eradicate non-replicating myco-
bacteria therefore, PZA given at the end of therapy
to eradicate any remaining bacteria instead of ex-
posing the large numbers of bacilli at the start
of therapy appears logical. Furthermore delaying
the use of PZA in this way should reduce the chance
of inadvertent monotherapy with PZA for yet to be
identified M(X)DR-TB patients starting TB therapy
[4]. To our knowledge, the utility of PZA at the end
of therapy vs at the beginning of therapy has not
been tested.

Recent insights into the pharmacological mecha-
nism underlying PZA’s unique clinical efficacy and
modelling suggest a potential benefit of PZA beyond
the first 2 months in some patients [9]. This com-

bined with knowledge on the mechanism of action
of PZA, which has become much clearer by the ef-
forts of different groups in the past few years, should
provide a basis for trials to explore the more optimal
use of this drug in multidrug regimens as well as how
to time and dose new drugs with related mechanisms
of action.

The regulation of latency and the success
of MTB strains

Latency is critical for the success of MTB in the
population and in an individual patient. It is often
stated that the infectious dose of TB is low possibly
as low a single viable cell [52]. This may be true but
caution is warranted as routine culture often miss-
es > 90% of viable cells [18]. Also, the observation
that infections with double MIRU-VNTR bands are
mixed infections that can be transmitted between
patients [33] provides circumstantial evidence that
new infections are often the result of larger numbers
of mycobacterial cells that preserve some of the ge-
netic diversity present in the source case. This pre-
served diversity within the infecting bacterial popu-
lation may ultimately be useful to identify more de-
tails of transmission dynamics [8, 33, 39]. Even more
interestingly, it was recently observed that patients
with a higher proportion of latent bacteria in their
sputum appeared more likely to transmit the disease
to close contacts [16]. At first sight this may appear
to be a paradox but establishing a new infection is
a critical step in the life cycle of M. tuberculosis and
expressing a phenotype able to remain viable in the
environment and initiate a new infection without
provoking a lethal immune response from the host
could well be an essential ability for continued suc-
cess. It has long been recognised that microscopi-
cally the cells in patient’s sputum appear different
to those in culture, being slightly more elongated
and with more apparent internal structure when
stained with ZN or auramine O. These elongated
cells with structure were studied in detail by Garton
et al. (2008) [21] and termed “fat lazy bacteria”.
Presumably these bacteria are the subpopulation
of cells that are transmitting in the study of Datta et
al. (2017) [16]. Downregulation of growth in a large
proportion of the mycobacteria in an infection thus
appears to be normal and is probably important
for efficient transmission.

The critical importance of persistence on the
natural life cycle of MTB raises the possibility that
different linages may have adapted their propen-
sity to enter or exit latency as a survival strategy.
The presence of bacilli simultaneously in differ-
ent states in an active infection is assumed to be
one of the primary reasons why the curative treat-
ment of tuberculosis is so ineffective and requires at
least 6 months to eliminate all the latent cells, even
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Table. Potential drug targets and compounds of interest likely to be active against stressed mycobacteria

based on our current understanding of PZA activity

Reversion of PZA resistance

Target/mechanism of action | Compounds of interest Notes Literature
Di t the stri t h to be acti [64]
Alarmone (p)ppGpp analogue | Relacin isrupt the stringent response shown to be active (7]

against MTB

[58]
Cyclomarin A . . . [53]
. . . Disrupt the regulation of clpC targeted protein 42
Disruption °.f <_:IpCP1 P2 Bortezoml_b degradation to disrupt the stress response [42]
complex activity Lassomycin (see Fig.) [22]
Ecumicin 9. [36]
Inhibit host degradation of POA to increase levels [61]
Alopurinol + PZA of host derived POA, restoring sensitivity in pncA 44
mutants [44]

in pncA mutants unidentified inhibitor

Inhibition of the NAD* de novo pathway. Loss

of the de novo NAD* of PncA activity is predicted to make the de novo [62]
pathway + PZA pathway essential
Avoiding the selection ;iile\:ta)tsfﬁed;f:grently/ The diversity of pncA mutations suggests ongoing [4]
of de novo PZA resistance of therapy selection of resistance in some settings [9]
Trans-translation has been shown to be essential
. . . for MTB and the activity of of KKL-35 agains MTB [3]
Disrution of trans-translation | KKL-35 demonstrated but the mechanism of action [10]

of KKL-35 is disputed

Alternative inhibitors
of pantothenate synthesis

Unknown (sulfamoyl
analogues)

Based on the ideas presented here would be
expected to have similar activity as PZA

[13]

though an active tuberculosis infection is probably
effectively “cured” within the first few weeks [27].
The majority of drugs used to treat tuberculosis ap-
pear to be at best only partially effective at elimi-
nating latent bacteria. Two notable exceptions may
be pyrazinamide (PZA) and high dose rifampicin
but even these compounds probably do not rapidly
eliminate all persistent MTB [28, 29]. Here the dis-
cussion focusses on the bacteria but this is certainly
also in part due to the location of many of these
less active mycobacterial cells in tissue or granu-
lomas where the concentration of antimicrobials
is suboptimal as a result of limited penetration [23],
a situation that may also help amplify resistance.
Furthermore, as an active MTB infection does not
usually result in protective immunity [51] the im-
mune system of even a “virtually cured” patient may
be unable to eliminate even a few reactivating MTB
cells that escaped the treatment.

Differences in the propensity of strains to enter
a latent phenotype may result in some strains being
more likely to rapidly breakdown into active disease
with others being more likely to establish latent in-
fections. An association with specific clades with
treatment failure and drug resistance is established
[24, 41] but the explanation for this association re-
mains controversial [12, 35]. Although representa-
tives of virtually all genotypes of M. tuberculosis

have independently acquired multi-drug resistance
by similar mechanisms it does appear that in many
settings similar genotypes are more often associ-
ated with an MDR genotype than other genotypes.
This may be chance, but as these differences bet-
ween lineages are consistent between different geo-
graphical areas and because first line treatment
of tuberculosis is highly standardised throughout
the world, it is probable that certain genotypes are
more able to develop resistance or are more likely
to maintain their ability to spread and cause disease
after having acquired resistance. There is tantalis-
ing evidence that variation in the initial bactericidal
effect of antibiotic exposure plays a role in the de-
velopment of resistance in M. fuberculosis: it has re-
cently been observed that when different genotypes
of M. tuberculosis are initially exposed to rifampic-
in the rate of killing and initial response differs [31,
34]. The increased ability to resist exposure to an
antibiotic in the absence of a specific resistance
mechanism (mutation) by a proportion of the bacte-
rial cells in a population is termed persistence. It is
likely these effects are linked to differing propor-
tions of metabolically active cells in a nutrient rich
environment for different genotypes [50], termed
Class 1 persistence [38], possibly a result of differ-
ences in the “magic spot” setting of the stringent
response [15].
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Conclusions

In this paper we discuss the insights that muta-
tions seen in in vitro PZA/POA resistant strains have
provided regarding the formation of a latent/dormant
phenotype of TB. The increasing amount of data
on POA resistance mechanisms many of which ap-
pear to disrupt the formation of these phenotypes,
provides an opportunity to determine the clinical
relevance of blocking this phenotype switching and
research compounds capable of specifically blocking
the activity of the relevant enzymes.

In the discussion above we present a series of ar-
guments that suggests the precise regulation of la-
tency in MTB is of critical importance for the dis-
ease process, the development of resistance, as well
as the epidemiology of tuberculosis. If the argument
that PZA attacks latent cells is accepted this explains
the value of PZA in (shortening) tuberculosis treat-

ment regimens. We further suggest that it is likely
the regulation of latency is disrupted in many unsuc-
cessful POA resistant mutants, seen in culture but
rarely in clinical isolates, and compounds that dis-
rupt related targets (Table) would be expected to also
help shorten treatment duration and prevent relapse
if developed into drugs.
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nroayKuua snoedujibMoB KJIMHUHECKUMU
LUITAMMAMU BO3BYAUTENIA TYBEPKYJIESA

O.B. Orapkos'?, A.E. Cy3naasuuukuii’, I1.A. Xpomosa', T.A. IIpipenoBa’,
H.A. Cokoasnukosa’, C.H. 2Knanosa'!, M.E. Komees?

'@I'BHY Hayunotiii yenmp npobaem 300po6bs cemovu u penpodykuyuu yeioeeka, 2. Upkymck, Poccus
2I'BOY JII10 Hpkymckas eocyoapcmeennas MeOUyUHCKAs aKademus nocAeOuniomHo2o odpasosanus, e. Upkymck, Poccus
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Pe3tome. [IpuBeneHsl nqoka3arenbcTBa Mol BepOSITHOCTU OOHapyXeHuUsi ppeHOMeHa 00pa3zoBaHUSI OMO(PUIHLMOB
(B®) pu pocTe COBpEMEHHBIX KJIMHUUYECKUX ITaMMOB M. fuberculosis Ha UKol muTaTeNbHON cpene. Brickaza-
Ha rurnote3a o poinu MJIY/IIJTY kax mpenstctBust miist nponykiuu b®. O6HapyXeHo, 4TO IMTaMMBbI, CTIOCOOHBIE
Kk mponykimu b®, Ha cpene JlepeHmTeltHa—VeHceHa pacTyT crielnduyecKMM KOTOHISAMY B R-opMe B Bize I1cKa
¢ BHIYKJIBIM LieHTpoM — «HJIO-konoHum». MiccnenoBana cnocoOHOCTh K nMpoaykiiuu b®, ycToitunBOCTh K aHTH-
OMOTHKAM M MX MPUHAIJIEXKHOCTh K OCHOBHBIM 3MKUAeMUUYecKUM KiaacTtepaM reHotumna Beijing (CCl u CC2-W148)
y 67 HJIO-mrrammoB. [Tokazano uto, MJIY/IIJIY mtaMMBI Tak ke CIIOCOOHBI K TponyKuuu b®, oqHako 3HAYNMO
yanie 3To Habmogaetcs y mrammoB CCl u CC2-W148 reHotumnoB. BeiaBuraercs runoresa o moTeHUaaAbHOM poJIU
B® B ncxomax XxpoHMUYECKUX (DOPM TYOEpKyJIe3a.

Karouesvie caosa: npodyxuus 6uopuivmos, Mycobacterium tuberculosis, eenomunot, MJ1Y/IIJ1Y.

BIOFILM FORMATION INDUCED BY CLINICAL ISOLATES OF MYCOBACTERIUM TUBERCULOSIS
Ogarkov O.B.*"?, Suzdalnitsky A.E.¢, Khromova P.A.?, Tsyrenova T.A.¢, Sokolnikova N.A.¢, Zhdanova S.N.?,
Koshcheev M.E.©

@ Scientific Center for Family Health and Human Reproduction Problems, Irkutsk, Russian Federation
b Irkutsk State Medical Academy of Continuing Education, Irkutsk, Russian Federation
¢ Irkutsk Regional Clinical Tuberculosis Hospital, Irkutsk, Russian Federation

Abstract. The data proving low probability of observing Biofilm Formation (BF) by contemporary clinical strains of M. tu-
berculosis growing on liquid medium in vitro are discussed. A hypothesis about the role of MDR/XDR development
hindering BF production was proposed. It was found that strains capable of producing BF grow on Lewenstein—Jensen
medium generated R-form specific colonies shaped as a disk with a convex center, “UFO-colonies”. Sixty seven “UFO”-
strains were investigated to BF production, resistance to antibiotics and their belonging to the main epidemics clusters
of the Beijing genotype (CCI and CC2-W148). It was shown that MDR/XDR strains were also capable of BF production
that, however, was remarkably more frequent in strains of CCI and CC2-W148 genotypes. Thus, it was hypothesized that
BF production might potentially influence an outcome of chronic forms of TB-infection.

Key words: biofilm production, Mycobacterium tuberculosis, genotypes, MDR/XDR.
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BBeneHune

JleueHne TyOepKyse3a JIETKUMX IMpearnosaraeT
Tepanuio B TedeHue 6—9 Mecs1eB 1151 UCKTIOYeHU ST
peuuauba. [lpruyrHa nogo6HOMU MPOAOJKUTETbHO-
CTH JICUCHU ST He BITOJIHE SICHA, ITOCKOJBKY 3 dek-
TUBHasl rubdenb Mycobacterium tuberculosis (MBT)
JIOJI)KHA IPOU30MTU B TeUeHUe MepBbiX 14 nHeii [9].
Ilpeamonaraercsi, 4TO CYyILIECTBYET CYyOMNOITYyJsI-
OusI BO3OYOMTEJIsI, KOTOpaslt MJIM HEIOCTYITHA Te-
pareBTUYECKOMY BO3JICHCTBUIO UM HE pearnupyer
Ha Hero [14]. CoBpeMeHHBIe MOJEIU YCTOHYMBOCTH
MBT 06BIYHO OOBICHSIOT 3TOT (PeHOMEH MPUCYT-
CTBHUEM IOKOSIINXCS (HEepacTyIIMX) KJIETOK-TIep-
CUCTOPOB BO30YIMTENs, CIIOCOOHBIX IMEPeXKUBaTh
B YCJIOBUSIX TUIIOKCHMU AJIUTeJIbHOE Bpems [15].
B 1o ke Bpemss MTbB MoxXeT B paBHOI CTeIeHU pac-
CcMaTpUBaThCSI KaK BHYTPUKJICTOUHBIN, TaK 1 BHE-
KJIETOYHBII ITaTOreH, KOTOPBHIM 3HAYUTEIBbHYIO
4acThb CBOETO JKU3HEHHOIO LIMKJIA i Vivo TIPOBOIUT
BHYTpU OMOPUIBLMOIIOIO0HON CTPYKTYphl [12].
Cnocob6HocTh K Tiponyknuun ounoduinsmoB (bD)
IIMPOKO paclpoCTpaHeHa y MaTOreHHBIX MUKPO-
OpPraHM3MOB, KOTJa IMPOUCXOAUT (opMUpPOBaHUE
MHOTOKJIETOUYHO! CTPYKTYPhI BO3OYIAUTEIISI, OKPY-
JKEHHOUW BHEKJIETOYHBIM MaTPUKCOM, COCTOSIIIIUM
W3 pa3JIMYHBIX TTOJIMMepoB [16]. OnHUM 13 Haubo-
Jiee 3HAYMMBIX CBOMCTB BO30yauTesisi BHyTpu bdD
SIBJISICTCSI PE3KO€ CHUXKEHUE €ro YyBCTBUTEIBHO-
CTU K Bo3zercTBUio aHTUOMOTUKOB. MBT He gaB-
JISIOTCSI UCKJTIOUeHUeM: Bo30yauTesib BHyTpu bd
B 20—1000 pa3 6oJjiee ycTOUYMB K NPOTUBOTYOEp-
KyJe3nbiM npenapatam (IITII) [6]. OnHako 1po-
nykuusg b® KIMHUYeCKUMH IITaMMaMU TyOepKy-
Jjie3a, OCTaeTcsl BecbMa 3arago4yHbIM (PeHOMEHOM.
AHanus 6oJjiee TpeX COTeH KJIMHMYECKUX IITaM-
MOB M3 ABYX OOJIACTHBIX ITPOTUBOTYOCPKYIC3HBIX
yupexaeHuit Upkyrcka u Yinan-Yae [3] noka3sad,
YTO B TTOAABJISIIONIEM OOJIBIIMHCTBE CJIydyaeB KJIM-
Huueckue n3oaiaTel MBT He uMeloT criocobHoCTU
K nponykuuu b®. Ananu3 nurepaTypbl CBUACTEIIb-
CTBYET, UYTO HU B OOHOM U3 UCCJICAOBAHUI 3a I10-
cJIeHYE AeCATUIETUSI HET ONTMCaHM I MacIITaOHOM
npoaykuuy b® KJIMHUYECKUM LITAMMAaMM, U BCe
ONMCaHHBIE AKCIEPUMEHTHI ITPOBEIeHBI Ha J1a00-
paTOPHBIX IITaMMaX, 3a49acTylO0 IIOIBEPTHYTHIX
reHHoi mogudukauuu [6, 7, 11, 16]. B To Xxe Bpems
B PYCCKOSI3bIYHOI nuTepatrype 80-X IT. MPOIIJIOro
Beka [2] mponykuus b® omuceiBaeTcst KakK pyTHH-
HOE SIBJICHUE TIPU POCTE Ha XUIKOU MUTATCITIHHOU
cpene. Hamu Ob110 chaesaHoO MpeanoaoXeHue, YTo
OCHOBHO! NMPUYMHON U3MEHEHU S KYJbTYpPaJbHBIX
CBOMCTB KJIMHUYCCKUX M3O0JIATOB BO3OYIUTEIIS
(orcyrcTBue pocta B Buje b® Ha xumkoii cpene)
3a MocJeqHUE AECATUIETUS MOTJIO CTaTh MacCOBOE
pacrupoCTpaHEHUE MHOXECTBEHHOM U IIMUPOKON
JeKapcTBeHHOI ycroumBoctu (MJIY m IJIY).
MBI nmpeanoiaraeM, 9YTO MYTalll¥, BBI3BIBAIOIINE
MJTVY u LTV, B nepBy1o oyepeab OAHOHYKJIEOTU I~

Hble 3aMeHbl (SN P), Biusonre Ha mpolecchbl CUH-
Te3a KJETOYHON CTEHKMW BO3OYAUTEJNsI, SIBISIIOTCS
npuyrHoii nmotepu MBT crocodbHocTn dopmu-
poBarb B® B mMopenu in vitro. DTa runoresa ObLIa
NpusiTa KaK OCHOBHAs Ha MepBOHAYAJbHbBIX dTaIax
HACTOSIIIIEr0 UCCIeIOBaHUSI.

Martepuanbl 1 MeToOb!

Coobarodenue smuueckux Hopm. Hacrtosiiee mc-
cliemoBaHUE OMOOPEHO DTHUUYECKUM KOMHMTETOM
®I'BHY HII IT3CPY.

HImammor muxobaxmepuii. llITamMbl ObLJIU TTO-
JlydeHbl C TBEpAO MNuTaTeJdbHOU cpedbl JleBeH-
mreiiHa—VeHceHa. Cpena HIKOTBbHUKOBOI TOTO-
BUJIACh COTJIACHO IEHCTBYIOIIUM PEKOMEHIAIISM
[1], nyig momydyeHu st 6uorieHoK mTaMMbl MBT BbI-
pallvBaIu B 5 MJI Cpelibl B CTEKJISTHHBIX TPOOUpPKax
0e3 m1o0aBIeHUS CHIBOPOTKM KPOBM uejaoBeka [2].
Onenky ycroitumBocTu K I1TTT mpoBoauiau Ha 6a3e
OakTepuojiornyeckon Jjgaboparopuu WpKyTcKoi
00JIaCTHOM KJIMHUYECKOI OOJIbHUIIBI COTJIACHO YT-
BEPXIEHHBIM CTaHAAPTHBIM OIePallMOHHBIM MPO-
nenypam (COIT) Ha TBepABIX MUTATENbHBIX CpEIaX.
J s yTOYHEHUSI MUHUMAaJIbHOM MHTUOUPYOIoLIeit
kKoHueHTpauuu (MUK) B psage ciydaeB mpoBeae-
Ha OlLIEHKa YCTOMYMBOCTHU 1ITaMMOB K 12-tu TTTII
1-ro u 2-ro psanoB B Xxuakoil cpeme Middlebrook
7H9 ¢ tect-cuctemoit Sensititre Myco TB (Thermo
Scientific, CIITA).

MonenbHbIli 3KCIIEPUMEHT I10 MCCJIEIOBaHUIO
nponykuuu b® knnanyecknmn mrrammamu MBT
IPOBOMMIN B CTEKJISTHHBIX IIPOOMpPKAaX ¢ 5 MIJI cpe-
nbel IkonpHukoBoil. [loceBHast mo3a cocTaBlisiia
100 MKJI KYJIBTYpbl, MPUTOTOBJEHHOM IO CTaHIAPTY
myTtHocTHu 0,5 en. n pa3BeneHHoMy B 100 pa3s. B nep-
BbIe 10 mTHE pOCT MPOMCXOIMIT B a3POOHBIX YCIOBHUSIX
(mpoOUpPKHU 3aKPbIBAJIUCH BATHO-MapJieBBIMU NMPOO-
KaMu), B ITOCJeAYyIOIIMe IHU SKCIIepUMEHTa BO U30e-
>KaHUe BBICBIXaHU I CPeabl MPOOKY 3aMEH SLTUChH I1J1a-
CTUKOBBIMMU. JIJINTEIBHOCTH SKCIICPUMEHTOB BO BCEX
ciiydyasx cocrtaBiasiia 45 npHeil. Knaccudukanus
MHTEHCUBHOCTU oOpa3zoBaHuss bd mnpoBoauiach
MO CJENYIOINUM KPUTEpUsIM: 1) UCKIIOUUTETbLHBIM
(++++) cumrancs ooOuiabpHBIN poct Bb®d, 3axoms-
LU HA CTEHKU NPOOUPKU; 2) XOpoIIuii poct (+++)
npeamnojarag HaJudyue TOJCTON TMJIEHKU, MOKPbI-
BAlOIIE BCIO IOBEPXHOCTb CPEIbl, HE 3aXOMILECH
BBEPX HAa CTEHKM MpoOMpKH; 3) ciaabblii pocT (++)
OoTMeuaJics pU HATMIU Y TOHKOW TJIEHKY U/UJTH OT-
JIeJIbHBIX OCTPOBKOB Ha MOBEPXHOCTHU XUJIKOU cpe-
Ibl; 4) OTpULIATEIbHBIN pe3yabTaT paccMaTpUBasICs
IPpU OTCYTCTBUH MTOBEPXHOCTHOTO, HO TP HAJTUINU
OOUJIBHOTO TPUJOHHOTO POCTA.

Buvidenenue ecenomnoit JIHK u3 ouogurvmos
u wmammos. Dkcrpakuuo JHK mrammoB MBT
NpPOBOAMJINU U3 O0pa3LoB, YOUTHIX MHpPOrpeBaHU-
em ripu 100°C B Teuenune 30 muH. s ynaneHust
uHruoutopos IILP mnpoBoauau mnpenBapuTesb-
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HYI0 00paboTKy OuoduabMoB npoteuHazol K
(AppliChem) u xsopodopmoM. DPepMeHT I00aB-
JISIIV B KOJIMUYECTBE 2 €. Ha oOpa3sell B paBHOM 00-
pasiy oobeme 0,5-kpaTHOTO JU3Upyolero oyde-
pa [8] ot Habopa JIHK-cop6-B (MHTepaadbcepBuc,
Poccust), MTHTEHCUBHO BCTPSIXMBAJU U TIPpOTpeBaIu
npu 55°C 30 muH. B ganesHeiileM K oOpasiy a0-
OaBasIIM paBHBI 00beM XxJiopodopma, IepemMe-
IIWBAJIN U NeHTPU(MYTUPOBAIA HA MAKCUMAaJTbHBIX
oboporax. IlonyyeHHBIN cynmepHaTaHT OTOUpaIu
B uncThbiii BUaj u Beiaeasaun JJHK na6opom « IHK-
cop0-B» (MHTepaabcepBuUC), COIIACHO MPOTOKOIY
MTPOU3BOJIUTEN .

ITLP npoBoan/iv B BapuaHTE C IeTeKIUEHl B pe-
anbHoM BpemeHu (ITLIP-PB) na amniudukarope
LightCycler Nano (Roche). OnuroHyKaeoTHIHBIC
nmpaiMepsl U 30HIBI COOCTBEHHOTO NU3aliHa CUH-
te3upoBaHbl HII® «CunTOoN», peareHTs ais [TLP
npruoodpeTaauch B KoMmIaHusgx «MHTepaadbcepBuc»
1 «CHIIEKC».

CTaTUCTUUECKYIO 00pabOTKY Pe3yJIbTaTOB IIPO-
Boauau B Tabaunax Excel u mporpammoii Statistica
v6.0.

MpumeyaHue
Note
3oHabl U npaiimepbl and Boisenedns AHKW148/

non-CC1 knactepos (aAu3aiiH BbINOSIHEH B paMKax
nonW148 knactepos

3oHabl u npaiimepbl ans Boissnenua AAHK CC1/
[aHHOro uccnepoBaHus)

Probes and primers for DNA detection of CC1/
non-CC1 clusters (designed as part of this study)
Probes and primers for DNA detection of W148/

nonW148 clusters

Ccbinka
Ha UCTOYHUK
Source
reference
[13]

[5]

Tm, °C
65
65

Pesynbrathl

IlepBoHauyalibHO OB IIPOBEACH IlieJaeHarnpaB-
JICHHBIM CKPUHUHT YYBCTBUTCIBHBIX IIITAMMOB
Ha CIOCOOHOCTHL o00Opa3oBeiBaTh b® mpm po-
cTe Ha cuHTeTudeckou cpene IIIKOJIBbHMKOBOIA.
PesynbraToM 3TOro moucka cTajio oOHapyxXXeHue
TpeX KYyJAbTYp, CIIOCOOHBIX C pa3HOU 3(P(PEKTUB-
HoOCThIO 00pa3oBeiBaTh b® (puc., A, I11 ob610xKa).
Bputo Tak Xe OOHapyKeHO, YTO BCe 3 KYJbTYpPHI
uMeloT crnenudpuyeckyio R-popmy KoaoHUN mpu
pocte Ha cpexne JleBeHnmTeitna—MeHcena. B otiu-
yue oT ctaHgapTHo R-popmbl MBT aTu muitaMMbl
Ha TBEpIOW TUTATeJbHOW cpeae 00pa30BbIBAJIU
CYXYI0 KOJIOHUIO, OKPYKEHHYIO KOJILLIOM BTOPUY-
HOTO pocCTa.

HanHas R-dopma KooHUN ObLIa YCIOBHO Ha-
3BaHa Hamu «HJIO-komonuwn» (puc. b, I11 o6mox-
Kka). Jlag monydyeHusi Oojiee MpeAcTaBUTETbHOM
BBIOOPKU B TEUCHME T'ofa OBbLJI IPEANPUHST pa3Bep-
HYTBIN TTOUCK IITAMMOB, TPOAYIIUPYIOIINX TAKOTO
roga HJIO-konoHuu. CKpuHUHT OoJjiee MojayTopa
TBICSIY TIOCEBOB Ha cpeziax JleBeHmTeitHa—eHceHa
1 @unuH 11 mo3Bosna BEIIBUTE 67 TPOOUPOK C UC-
KOMBIMH KOJOHUSIMU. B 12-Tu ciydasix mraMMbl
ObUIM TTAPHBIMU, TO €CTh MPUHAAJIEXAIN OJHOMY
ooabHOMY. HJIO-1mmTaMMbl 3HAUMMO 4alle Mpoay-
nupoasu b® npu pocte Ha cpene LIIKoIbHUKOBOI
(p < 0,01). OgHAaKO OKOJIO TpeTH IMTaMMOB (25
13 67) ¢ HI1O-KoJ10HUSIMU OKa3a1iCh HECIIOCOOHbI
MPOAYLIMPOBATH OMOIIJIEHKY TTPU POCTE Ha KU IKOM
cpene B TeueHUe 45 qHeEl, UM MPOAYLMPOBAIU ee
cnabo (++). PeTpocnieKTUBHBIN aHAINU3 TIPOGUICH
ycroriuuBoctr K [ITII BbIOpaHHBIX KyJabTYyp 00-
Hapy>KWJ, YTO BOIPEKU UCXOTHOMY TIPEIITOJIOXKE-

Pa3mep
aMIJIMKOHa
(n.H.)
The size
of the
amplicon
(b.p.)

71
198

CTpyKkTypa onuroHykneotunga
5 -3
The structure of the oligonucleotide
5 -3
nonW148 (FAM)-TT(C-LNA)CTCTGACAGCAACA(C-LNA)CAGTT-(RTQ1)

nonCC1 R6G-ATGAGCTCAC(C-LNA)CGGC(A-LNA)CCTG-BHQ2

CC1 FAM-ATGAGCTCAC(G-LNA)CGGC(A-LNA)CCTG-RTQ1
CC1F AGGTCGATGGGGCCTGGAATT

CC1R GAAAACAACACAAACGCTGACAC
Mhcepuus 1S6110 W148 (R6G)-AGACTCTCTGATCT(G-LNA)AGAC (C-LNA)TCA-(BHQ2)

GCGACCCGCCGTCTCCTGA
TCGGCCGTACGGACGACGAT

n (nosnumnsa SNP
B reHome)
The name of the
gene and (SNP
positionin the
genome)

Ha3BaHue reHa

Ta6nuua 1. Cnucok npaﬁmepon U 30HA0B, UCMOJZIb30BAHHbLIX ANA I/IﬂeHTVI(IJMKaLWIVI LWTAaMMOB, NpUHagnexawux K anngeMmieckum Knactepam

Table 1. List of primers and probes used for identify strains belonging to epidemics clusters

Pks17 (1887060)
Rv2664-Rv2665
Insertion IS6110
Rv2664-Rv2665
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HUIO NojaBsiioniee 00JbIINHCTBO HeceT JIY, B Tom
qucie MJIY/IITY. Bee 67 ucciaenyeMbix IITAMMOB
ObLJIY pa3faeieHbl Ha 2 TPYIIbI: 1) Xopoliue Mpoay-
neHTsl b (++++ u +++) u mIoxue NpoaAyLEHTbI
B® (++, oTcyTCcTBHE TTOBEPXHOCTHOTO POCTA).

B npoiiecce aHanam3za OblT OTMEUYEHa OCOOEH-
HOCTh LITAMMOB KJiacTepa W148 mpomynupoBaTh
B® u B TO Xe Bpemst Hectu MJTY/ITY. Iocne uc-
KJIIOUeHHUS U3 BBIOOPKU BBICOKOTPAHCMUCCHUBHBIX
kJjgactepoB CC2-WI148 u CCl1 [10], cpenu ocTaB-
IIKUXCS ITaAMMOB OTMEUEHO MOSIBJICHUE 3HAYUMOU
pa3HUIIBI B CIOCOOHOCTH K TTponyKiuu bd, oTHO-
cutenbHo pacnpeneneHus MJIY/IIJY. Boeioopka
MJTY/IITY mramMmoB 6e3 CCl u CC2-W148 3Ha-
YUMO Yallle Tepsijla CIIOCOOHOCTbh K MPOAYKIIMU
B® (tabn. 2). IlpoBeneH yriayOJeHHBIN aHaJU3
24 mapHBIX IITaMMOB (IO 2 U30J51Ta OT 6OJIBHOTO0),
C LIEJIbIO OLIEHKUW U3MEHEHUSsI CITOCOOHOCTH K MPOo-
nykuun b® B mponecce neuenust [TTII. 1o Bcex
IITAMMOB OIpeaeJeHbl MUHUMAJIbHbIE UHTUOUDY-
e KoHueHtpauuu (MUWUK) ¢ momoliibo Tecta
Sensititre Myco TB. B Tpex ciayuyasx mapy cocTaB-
JISIIA KYJBTYPBI, BbIACJEHHBIE U3 MOKPOTHI U U3
onepalMOHHOro Martepualia, a B 9 ciyyasix, u3 Mo-
KpPOT, BbIIEJIEHHBIX C UHTEpBAaJIOM He MeHee | Me-
caua. Hu B omHOM M3 12 mapHBIX ciydaeB He 00-
Hapy)eHO 3HaYMMbIX u3MeHeHuit B MUK 601b-
IIWHCTBA aHTUOUMOTUKOB. BbIJT BhIsIBAEH | ciyvait
3HAUYMMBbIX Pa3JUYuii B CIIOCOOHOCTU K TIPOAYK-
o b®. [TapagokcaabHO, HO IIITAMM, CIIOCOOHBI
NpOIyLUPOBaTh MOJHOUEHHBI Bd (++++), OB
BbIJIEJICH OT 00JIbHOM B 60Jiee MO3AHUE CPOKU Jieye-
HUSI, YeM IITaMM cpaBHeHUs b® (++) u3 MoKkpo-
Thl. YT1y6JIeHHOE KOJIMUYEeCTBEHHOE UCCIeOBaHUE
YCTOMUYUMBOCTU K MPOTUBOTYOEPKYJIE3HbIM Mpera-
patam (IITIT) 3TUx mWITAMMOB HE BBISIBUJIO OOJIb-
IUX pa3Ivuyuili B MpoUIsiX 4yBCTBUTEIbHOCTU
K aHTUOMOTUKAM, 32 UCKJIIOUEHUEM YMEHbIIECHU S
MMWHUMAaJbHONU WHIUOUpPYIOLIeld KOHIEHTpAILlUuU
K 3TMOHaMHUAy ¢ 8 MT/mJ y mtamma bB® (++), no

Ta6nuua 2. CeoiicTBa UccrieayeMbiX LUITAMMOB
Table 2. Properties of the studied strains

2 Mxr/ma y mtamm b® (++++). UHTepecHo, 4TO
mramma b® (++++) B oTiMumMe OT OCTaJbHBIX
MapHBIX IITAMMOB, OBUI BBbIJEJIEH W3 HaTeYHUKA
(xonmopHoro abceiecca).

O6cyxaeHne

Borpekn OCHOBHOI THUIIOTE3€ HACTOSIICTO
HWCCIeIOBAaHUSI HaM HE yIaJIOCh BBISIBUTH CIWH-
crtBeHHBI [ITIl mam xomMOMHaAIMIO aHTUOMOTH-
KOB, KOTOpBICE OMHO3HAYHO HapYIIAaIOT IMPOIecC
obpa3oBaHMS TMOBepxHOCTHOro b® Ha rosomHoi
cpene LHIKonbHUKOBOI (0€3 M0OaBICHUS CBIBOPOT-
Ku KpoBH). [IpoBemeHHBIC paHee 3KCIIEPUMEHTBI
¢ mMmeromuMmucsa npoayneHtamu b® mokazanm,
yto mobaBieHue 10% MHAKTUBUPOBAHHON ChIBO-
POTKHU KPOBH YeJIOBEKa HE OKa3bIBaeT 3HAYUTEIIb-
HOTO BJIMSHMS Ha BO3MOXHOCTH Iponykuuu bd
mTaMMOM (IaHHBIC HE IIPUBOASTCS). B TO Xe Bpe-
MSI TIOCJIe MCKITIOUCHM ST U3 aHaJIn3a IITaMMOB BBI-
corpancMuccuBHBIX KiacTtepoB CCl u CC2-W148
reHotuna Beijing cpenn octaBmuxcsas MJTY/IITY
IMITAaMMOB HAaOJIOOANCh 3HAYMMBIC pPa3INdUs
B nponykunn b®d. Kak m oxmmaaoch, aKTUBHBIX
nponyueHToB b® cpemu MITY/IIJIY mrammoB
BCTpedaaoch 3HauuMo pexe. Ilo Bceil Bummmoc-
T IITaMMBI BBICOKOTPAHCMMCCHUBHBIX KJIacTe-
poB CC2-W148 nu CC1 [10], Ha3zpIBaeMBbIX TaKXe
«Europe-Russia BO/W148 outbreak u Central Asia
outbreak» [13], obmamaroT HanboOIBIIUM (PUTHEC-
MOTEHIIMAJIOM IT0 oTHoIlreHuo SN P, BEI3bIBaroImmx
ycroinuuBocTh K IITII. JloctaTouHO cKa3aTh, YTO
6ojee 99% wrtammoB reHoruna CC2-W148 umeror
TMEePBUYHYIO YCTOWUYMBOCTL K pudamMrnouuy [13]
u K n3onnasuny [5]. C aToii TOYKU 3peHU ST, UCKITIO-
YeHME TeHeTUUYECKHN TOMOTeHHBIX SMUIASMUICCKUX
IITaMMOB, PACIIPOCTPAHUBIIMNXCS B TIOCIICTHUE JIE-
cATUIETHS [4], MO3BONIMIIO YBUAETh KApTUHY OoJiee
OMM3KYI0 K ONMMCHIBAEMOM B HOPMAaTHUBHBIX JTOKY-
MeHTaX ITPOIIJIOoro Beka [2].

XapakTtepucTtuka wramma BY ++++/+++ B® ++/oTp.

Properties of the strain BF ++++/+++ B® ++/neg. x5 P
mg;//?;; 17/34 (50%) 23/33 (69,7%) NS
gg} 1/34 (2,9%) 2/33 (6,1%) NS*
ggf_'v"mg 12/34 (35,3%) 7/33 (21,2%) NS*
“g;’;: ;:’r']‘(’)w::s” 21/34 (61,8%) 24/33 (72,7%) NS
mgz/&;g :;i‘:; “2;1:’; g::g:;;::” 4/21(19,1%) 14/24 (58,4%) 5,7:<0,5"

NMpumeuannsa. NS — OTCyTCTBYE 3HAYMMBIX PA3MUNiA. * HadeHne }2 ¢ koppekumeit no hetcy.
Notes. NS — no significant differences; * y? with Yates correction.
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Mpoaykums 6nohunbMoB Bo3ByauTenamm Tybepkynesa

IMoxanyii, HauOosblllee KIMHUYECKOE 3Ha-
YyeHue MMeeT pe3ybTaT, IOKa3blBalOUIW BO3-
MOXXHOCTb BOCCTAHOBJI€HUSI AaKTUBHOI TIpO-
nykumu b® mramMmmaMu B Tpoliecce JICUCHUS.
PeTpocneKTUBHBIN aHaIu3 2TOro cliydyasi He BbI-
SIBUJI KaKOTO-TMOO W3MEHEeHUs B IIpollecce XU-
MUOTEPANUU 3a aHAJTU3UPYEMBbI MEPUO, OTHAKO
OoJibHasl OoT/IMYalaCh HU3KOU TMPUBEPXKEHHOCTHIO
K JIEYeHU 10, pe3yJbTaTOM Yero, Mo-BUANUMOMY, CTa-
JIO pa3BUTHE HaTeyHoro abcrecca. OOBEKTUBHO
y IITAMMOB U3 MOKPOTHI (bojiee paHHee BbIaee-
HHUE) U U3 HaTeuyHoro abcuecca (BblIeJeH 4Yepes
mecsi) npoduau ITTIT npakTuyeckKn oguHAKOBBI
(MJTY, npen-1IIJIY mTaMMbl, cOXpaHMUBIIUE YC-
TOMYMBOCTh K KAaHAMUILIMHY), pa3HUlla Habawonaa-
jgachk Tonbko B MUK K aTmoHamMuay 8 u 2 MKI/MJI.
CrenyeT OTMETUTb, UTO 00a PTU 3HAYEHU S OCTa-
IOTCSI B MNOTpaHUYHBIX 30HAX YYBCTBUTEJIbHO-
cTU K Tmpenapary. I[lo Bceil BUAMMOCTU, HaubO-
Jjee BaXHBIM (paKTOpOM, CIIPOBOLIMPOBABIIUM
akTuBHYIO B®-mpoayKinMio Ha KUIKOW cpeme
HIKoNMbHUKOBOI, ObLJT 00BEKT BbIACAECHUS (HaTeu-
HbI abciecc).

WUcxonst U3 MoOay4YeHHBIX pPe3yJIbTaTOB MOXHO
OpearnonaoXuTb, uto jedyenue INTIT nmpenapatamu
MOXET OKa3bIBaTh KOCBEHHOE BIMSIHUE Ha CIIOCO0-
HOCcTh MBT mrammoB o6pa3oBeiBaTh B® npu pocte
Ha XXUAKOW nmuTaTesibHOu cpene. OqHAaKO B YCJIOBU-

sIX pOCTa in vivo, ropa3no 6oJjiee CUJIbLHOE BIUSHUE
Ha CITOCOOGHOCTH K (popmupoBaHuio b®d oka3prBa-
eT OKpyXkalollasi IaTOreH cpela MaKpOOopTraHM3-
Ma U (BO3MOXHO) MUKPOOUOTa Jierkoro. MoxKHO
IyMaTh, 4TO obpazoBanue b®d — mpoiecc Tpedy-
IOIMiI OONBIIMX 3aTpaT SHEPTUU, W JJsI TaKOTO
MEIJIEHHO pacTylllero Mukpoopranmisma kak MbT
ATO IaJieKo He Bceriaa liejecoobpasHasi cTpaTerust
pa3MHOXeHUs1. B moib3y 3TOro roBopsIT Halllu Ha-
OnroneHus (TaHHBIC HE MPUBOASTCS), O TOM, YTO
naccrupoBaHMe aKTUBHBIX MpoAylieHTOB b® Ha ro-
nogHoi cpene IIIKOIBHUKOBOW B IMOIaBISIONIEM
OOJIBITMHCTBE CJIyYaeB MPUBOJAUT IITAMMBI K yTpa-
T€ CITOCOOHOCTY K TTOBEPXHOCTHOMY POCTY IPU CO-
XpaHEeHU U OOMJIBHOT'O MPUIOHHOTO OcalKa.

be3s comHeHusi, ¢deHoMeH obOpazoBaHusi bd
in vitro 1, 0COOEHHO, in vivo BO30yaUTeIeM TyOepKy-
Jie3a TpeOyeT majbHEeWIero u3y4eHusl, MOCKOJIbKY
BITOJIHE OYEBUHO, YTO JaHHBIM ITPOLIECC MHOIO-
KpaTHO OCJIOXKHSIET MPOLIECChI JIEUYSHUST XPOHUYEC-
KUX QPopM TyOepKyJiesa.

bBnarogapHocTn

ABTOpBI BbIpaxarT OJlarogapHOCTh Eropy
HInTUKOBY, KPUTUYCCKHE 3aMEUaHMUSI KOTOPOTO
OPUBEIN K CO3TaHUIO HOBOTO TeCTa IJIsI MHIUKA-
nuu cyoruna CCl1, renoturna Beijing
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GENETIC DIVERSITY OF MYCOBACTERIUM
AVIUM subsp. HOMINISSUIS STRAINS ISOLATED
IN ITALY BASED ON VNTR LOCI ANALYSIS

M. Menichini, F. Genua, N. Lari, L. Rindi

Universita di Pisa, Pisa, Italy

Abstract. Background. Mycobacterium avium subsp. hominissuis (MAH) is an important pathogen responsible for most
of the human-associated nontuberculous mycobacteria infections. Over the past few decades the incidence of MAH infec-
tions is increasing in Italy, as in many countries worldwide. The present study is aimed to elucidate the genetic characte-
ristics of MAH strains isolated from human patients using VNTR typing and to show the genetic relatedness among them.
Methods. The genetic diversity of 108 human isolates of MAH was determined by VNTR analysis targeting 8 loci, coded
32, 292, X3, 25, 3, 7, 10 and 47. Results. The VNTR analysis revealed 25 distinct VNTR patterns; of these, 13 patterns
were unique, while 12 patterns were shared by 2 or more isolates, thus yielding 12 clusters including a total of 95 isolates.
The discriminatory power of our VNTR analysis yielded an HGDI of 0.990, indicating that VNTR typing has an excellent
discriminatory power. No association of a particular VNTR pattern with a particular clinical feature, such as the dis-
seminated, pulmonary or extrapulmonary type of infection, was observed. Minimum spanning tree analysis showed that
21 VNTR patterns, occurring either as clustered or unique isolates, differed from the nearest one for one allelic variation.
Conclusions. The results obtained through the VNTR analysis showed that most MAH strains displayed a close genetic re-
lationship. This high phylogenetic proximity of the VNTR loci over a long time period supports the concept that the MAH
genotype is highly homogeneous in our geographical area, suggesting the hypothesis of the presence of possible sources
of infection and transmission pathways at the local level.

Key words: Mycobacterium avium, population structure, Italy, VNTR loci, mycobacteriosis.

FEHETUYECKOE PASBHOOBPA3SUE LUTAMMOB MYCOBACTERIUM AVIUM subsp. HOMINISSUIS,
BbIAEJIEHHbIX B UTAJIUNU, HA OCHOBE AHAJIN3A JIOKYCOB VNTR

Menukunau M., /Ixxenya @., Jlapu H., Punau JI.

Yuusepcumem Ilu3wl, e. Iuza, Hmaaus

Pestome. Mycobacterium avium subsp. hominissuis siBisieTcsi HauboJyiee aKTyaJbHBIM BO30YIUTEIEM MUKOOAKTEPUO3a
yesoBeKa. 3a MOCJIeAHMUE HECKObKO necaTunaeTuit B Uranuu 3aboneBaeMocTh MUKOOAKTEPUO30M M. avium subsp.
hominissuis pacTeT, KaK U BO MHOTHUX cTpaHax Mupa. Llenbio uccienoBaHus Oblia MOJEKYJISIPHO-TEHETUYECKas
XapaKTEepPUCTUKA U OLIEHKA TeHETUYECKOTO POACTBA IITaMMOB M. avium subsp. hominissuis, BbIIEIEHHBIX OT OOJIbHbBIX
MuKkobOakTepuo3om B Wtanuu, ¢ ucnonb3oBaHueM VNTR (variable number of tandem repeats)-TunupoBaHusl.
AnnenbHbiit monumopdusm 108 mrammoB M. avium subsp. hominissuis ouieHuBanu mMetonoM VNTR-tunupoBaHus
o 8 mokycam — 32,292, X3, 25, 3,7, 10 u47. C nomombio VNTR-TunupoBaHus 06110 BeisiBieHo 25 BapuanToB VNTR-
TUIIOB; U3 HUX 13 mpodueit OblIM YHUKATBHBIMU, a 12 mpoduieil mpeacTaBiaeHbl KaacTepaMu (BKJIIOYAOIUMU
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2 u Oosee U30JATOB), B COCTaB KOTOPbIX BXoAWJO 95 m3onsaToB. JuckpumuHupyomas crnocooHoctb VNTR-
tunupoBaHus (mHaekc XaHtepa—Ilactona, Hunter Gaston discriminatory index) cocraBuia 0.990, uTo yka3biBaeT
Ha BBICOKYIO TUCKPUMUHUPYIOIIYIO CITOCOOHOCTh Mcnoib3oBaHHOM cxeMbl VNTR. Cs3u mexny npodunem VNTR
U KJIMHUYeCKol (opMoii MuKoOakTepuo3a (reHepajaum3oBaHHasl, JeroyHash MM BHeEJEroyHas) He oOHapyxKeHO.
AHaIu3 MUHUMAaJIbHOTO CBsA3bIBatoliero aepesa npoduiaeit VNTR mokazan, uro 21 VNTR-Tumn (kak yHuKaabHbIe
M30JISIThI, TAK U KJIaCTEPhI ABYX U O0Jiee N30151TOB) BXOAUIU B €UHbBII KJIOHATbHBI KOMIIJIEKC B KOTOPOM COCEIHUE
y3JIbl pa3inyainch 1o omHomy Jiokycy. Ilonyuennsie pe3yabratsl VNTR-TUnMpoBaHus BbISIBUIN 0J1M3KOE POICTBO
M3YUYCHHBIX IITAaMMOB M. avium subsp. hominissuis. BBICOK1i#1 ypoBeHb (DMIIOr€eHeTMIECKOTro poacTBa 1mo jokycam VNTR
IJIS INTAMMOB, BBIICICHHBIX B TCUCHHE JUIMTSIIFHOTO ITEPHOa, TOATBEPXKIaeT KOHIICTIIIUIO O TOM, 9TO M. avium subsp.
hominissuis 09eHb TOMOTCHEH B Halllell reorpaduueckoil oomactu B Mtanum, 4To, B CBOIO OYepenb, MOAKPETLISCT

TUIIOTE3Y O HAJINYUU BO3MOXHBIX MICTOYHHUKOB I/IH(i)CK]_[I/II/I nu HYTCI71 €C nepcaaym Ha MCCTHOM YPOBHEC.

Karoueesnie caosa: Mycobacterium avium, cmpykmypa nonyasyuu, Umaaus, rokycoet VNTR, mukobakmepuos.

Introduction

In many countries worldwide the incidence of non-
tuberculous mycobacteria (NTM) infections is in-
creasing over the past few decades [11]. Mycobacterium
avium complex is responsible for most of the human-
associated nontuberculous mycobacteria infections
[1]. Mycobacterium avium, one of the members of the
M. avium complex, includes 4 subspecies, each en-
dowed with specific pathogenetic and host range
characteristics: M. avium subsp. paratuberculosis, that
causes the Johne’s disease in ruminants; M. avium
subsp. avium, that infects birds; M. avium subsp. silvat-
icum, that infects wood pigeons; and M. avium subsp.
hominissuis (MAH), that is usually isolated from hu-
man and swine sources [14, 20]. MAH is an important
pathogen that causes not only disseminated diseases
in patients with human immunodeficiency virus in-
fection but also pulmonary disease, even in immuno-
competent patients [19], and the incidence of pulmo-
nary MAH infection is increasing in Italy [14].

Control of MAH infections in humans requires
knowledge of its epidemiology and biodiversity of the
strains. The variable numbers of tandem repeats
(VNTR) analysis is a genotyping method that has
been proven to be a rapid and reliable method with
a high discriminatory power for MAH isolates [5, 17].
The present study is aimed to elucidate the genetic
characteristics of MAH strains isolated from human
patients using VNTR typing and to show the genetic
relatedness among them.

Materials and Methods

Clinical isolates. A set of 108 MAH strains, iden-
tified by InnoLipa probes and by a multiplex PCR
designed to discriminate MAC organisms [16], iso-
lated from 1990 to 2016 in the Laboratory of Clinical
Mycobacteriology of the University Hospital of Pisa,
Italy, from the same number of patients, were stu-
died. Fifty isolates were from respiratory specimens,
19 from blood, 15 from lymph nodes, 7 from speci-
mens other than respiratory specimens, blood and
lymph nodes, and 17 from an unknown source.

VNTR analysis. Genomic DNA was extracted
by the cetyltrimethyl-ammonium bromide (CTAB)
method. VNTR typing was performed by PCR us-
ing specific primers for the eight loci identified as
polymorphic for M. avium subsp. paratuberculosis
K10 and coded 32, 292, X3, 25, 3, 7, 10 and 47, as
described previously [17]. The PCR fragments were
analyzed by gel electrophoresis using 2% NuSieve
agarose (Cambrex Bio Science Rockland). For each
locus, sizes of amplicons were estimated by compari-
son with 20 bp and 100 bp markers (Superladder-low;
GenSura, CA, USA) and the numbers of repetitive
units were determined according with a previously
described allele-calling table [17]. VNTR profile
is expressed as a string of 8 numbers, each represent-
ing the number of tandem repeats (TR) at a given
VNTR position, in the order given above. The allelic
diversity (4) of the VNTR loci was calculated using
the equation 2 =1 — X x;2 {n/(n — 1)} where n is the
number of isolates and x; the frequency of the /™" allele
atthelocus (Selanderetal., 1986). The global discrim-
inatory power of complete VNTR scheme (HGDI)
was determined using the Hunter and Gaston dis-
criminatory index (HGDI) [2]. The HGDI was cal-
culated using the following formula:

| s

- mz‘«] X (g —1),

D=1
where N is the total number of isolates in the typing
scheme, s is the total number of distinct subtypes dis-
criminated by the typing method, and xj is the num-
ber of isolates belonging to the x'" subtype.

Genetic relationships analysis. VNTR data were
analyzed by the MIRU-VNTRplus web application
available at www.miru-vntrplus.org; VNTR profile
similarities were visualized by generating a dendro-
gram using the unweighted pair group method with
arithmetic averages (UPGMA); the genetic relation-
ships among the isolates were analyzed by construct-
ing a minimum spanning tree (MST), an undirected
network in which all the VNTR profiles are linked
together with the smallest possible linkages between
nearest neighbours, by the UPGMA method.
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Table 1. VNTR allelic distribution in 108 MAH clinical isolates

No. of tandem No. of isolates at the VNTR locus
repeat copies 32 292 X3 25 3 7 10 47
0 19
1 1 1 108 108 1
2 85 48 82 104 96
3 1 4 23 12
4 25 1
5 2 30 3
6
7 2
8 62
9 39
10 2
nd* 1 2 1 1
h** 0.57 0.32 0.66 0.36 0 0 0.06 0.19

* not determined (no PCR product was obtained). ** allelic diversity (h) was calculated as described by Selander et al. (1986).

Results

The genetic diversity of 108 MAH human strains,
isolated over a two 25 year-period in the Laboratory
of Clinical Mycobacteriology of the University
Hospital of Pisa, Italy, was investigated by determin-
ing the polymorphism of a set of eight MIRU-VNTR
loci as previously described by Thibault et al. [17].
We first quantified the resolution provided by each
VNTR locus by calculating its allelic diversity, which
depends upon both the number and the distribu-
tion of the alleles, according to Selander et al. [15].
As shown in Table 1, the allelic diversity (/) of the
VNTR loci of our collection varied widely, from 0
to 0.66. The VNTR loci 32 and X3 had a high diver-
sity index (4 > 0.5); three loci (292, 25, 47) showed
medium diversity index (0.1 < 4 < 0.5); the locus 10
achieved a low diversity index (4 < 0.1); the last two
loci (3, 7) did not show any allelic diversity.

The VNTR analysis revealed 25 distinct VNTR
patterns; of these, 13 patterns were unique, while
12 patterns were shared by 2 or more isolates, thus
yielding 12 clusters including a total of 95 isolates.
In particular, 1 cluster consisting of 24 strains, 1 clus-
ter of 15 strains, 2 clusters of 11 strains, 1 cluster
of 9 strains, 1 cluster of 7 strains, 1 cluster of 5 strains,
1 cluster of 4 strains, 1 cluster of 3 strains and finally
3 clusters of 2 strains were identified. The discrimi-
natory power of our VNTR analysis yielded an HGDI
of 0.990, indicating that VNTR typing has an excel-
lIent discriminatory power. Table 2 shows VNTR pro-
files and localization of infection of clustered and
unique MAH strains; no association of a particular
VNTR pattern with a particular clinical feature, such
as the disseminated, pulmonary or extrapulmonary
type of infection, was observed.

The genetic relationships between the study iso-
lates were then visualized by constructing a mini-
mum spanning tree (MST) based on the VNTR
profiles. The MST reflects the variations from one

Table 2. Characteristics of MAH strains

No. of isolates with specific
localization®

VNTR
pattern®

No. of Isolates
Other

Respiratory
tract
Blood

82221122 24
92221122 15
82421122 1
92421122 1
82521122
80531122
80531123
92521122
90531122
82231122
52421122
90221122
82321122
10 2221122
90421122
82231123
82241123
82221123
92221113
82531122
10 0531122
72511123
71331152
93331153 1 - - -
90331153 1 - - -

2VNTR patterns are expressed as strings of 8 numbers, each
representing the number of tandem repeats at a given VNTR position,
in the following order: locus 32, 292, X3, 25, 3, 7, 10, 47.

bLocalization was unknown for 17 patients.
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allele to another due to the loss or gain of one tan-
dem repeat sequence at a single VNTR locus.
The MST, illustrated in Figure, shows that most (21
out of 25) VNTR patterns, occurring either as clus-
tered or unique isolates, differed from the nearest
one for one allelic variation; one VNTR pattern dif-
fered for 2 allelic variations; three VNTR patterns
differed for 3 allelic variations. By this analysis,
the 25 VNTR profiles described above yielded two
clonal complexes, termed CC1 and CC2, including
21 and 2 unique profiles, respectively. CC1 (white
in Fig.) included a total of 104 isolates, 95 of which
clustered in the 12 clusters. CC2 (grey in Fig.), that
differed from CCI for three allelic variations, includ-
ed 2 isolates with unique VNTR profile.

Discussion

The aim of the present study was to determine
the genetic diversity of MAH strains isolated in a re-
gion of Italy by analyzing a set of eight VNTR loci.
The VNTR typing assay employed in the present
study showed that 5 VNTR loci of our MAH iso-

VNTR 82421122

VNTR 90531122

——-VNTR 80531123

lates (i.e., loci 32, 292, X3, 25 and 47) were enough
polymorphic to yield an acceptable allelic diversity.
Indeed, in agreement with previous reports [4, 10, 12,
17, 18], locus VNTR X3 turn out to be the most poly-
morphic, while loci VNTR 3, VNTR 7 and VNTR
10 were the least suitable for VNTR typing of MAH
isolates. Our VNTR analysis, that yielded 25 unique
VNTR patterns and identified 12 clusters including
a total 95 isolates, showed an excellent discrimina-
tory power (HGDI = 0.990), similar to that obtained
with VNTR schemes used by other authors [4, 5].
The results obtained through the VNTR analysis
showed that most MAH strains displayed a close
genetic relationship, as indicated by the minimum
spanning tree analysis; in fact, 21 out of 25 VNTR
patterns of the MAH isolates, occurring either as
clustered or unique isolates, differed from the nearest
one only for one allelic variation. This high phylo-
genetic proximity of the VNTR loci over a long time
period supports the concept that the MAH genotype
is highly homogeneous in our geographical area.
Other studies demonstrated geographical differences
in genetic diversity of MAH, suggesting the hypo-

VNTR 52421122

Figure. Minimum spanning tree based on VNTR profiles of a set of 8 loci of 108 MAH clinical isolates

Each small-size circle represents a single isolate; larger circles represent clusters of 2-24 isolates, depending on the circle size,
with identical VNTR profiles. For each cluster the number of the isolates is given in the circle and the VNTR profile in the callouts.
Numbers next to the branches indicate the level of changes more than 1 induced by loss or gain of VNTR copies at a given locus,
yielding a change from one allele to another. White and grey circles indicate VNTR profiles belonging to clonal complexes CCH1
and CC2, respectively, detected by the analysis at single locus variance. The tree was generated using the UPGMA method

by the MIRU-VNTRplus web application available at www.miru-vntrplus.org.
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thesis of the presence of possible sources of infection
and transmission pathways at the local level [3, 6, 7,
8, 9]. Interestingly on this subject, a recent popula-
tion structure study postulated the emergence of hu-
man-adapted MAH lineages on local scale, and sug-
gested that recombination facilitates local adaptation
of MAH [21].

In order to achieve a better control of MAH in-
fection, further investigations on larger collections

of MAH strains of human, animal and environmen-
tal origin are needed to clarify the sources of infec-
tion, the specific transmission pathway and the local
adaptation mechanisms of MAH.
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Abstract. Mycobacteria belonging to Mycobacterium (M.) avium complex (MAC) and M. abscessus complex (MABSC)
are the most frequent causes of mycobacteriosis in the world. In the last few years MAC and MABSC taxonomy was
rapidly changing due to new molecular methods conveying the possibility to differentiate between species. New tech-
niques are able to identify M. chimaera that was previously recognized as M. intracellulare and also differentiate subspe-
cies of MABSC. Due to their natural habitat, non-tuberculous mycobacteria (NTM) are constantly exposed to various
concentrations of antimicrobial drugs and other chemicals and consequently they had developed different mechanisms
of resistance. Macrolides and aminoglycosides are frequently used drugs to treat MAC and MABSC infections. The aim
of our nation-wide survey was to obtain information about MABSC subspecies prevalence in Slovenia and to assess
the percentage of misidentifications of M. chimaera isolates as M. intracellulare in the past. Moreover, the purpose of our
study was to reveal, which of the two species M. intracellulare or M. chimaera is clinically more relevant in Slovenia.
Further, the aim of the study was to detect mutations in erm(41), rrl and rrs genes, which are known to convey macrolide
resistance (erm(41) and rrl) and aminoglycoside resistance (rrs). One hundred and thirty-two Slovenian mycobacte-
rial isolates obtained from the National Mycobacterial Collection that belong to MAC and MABSC were analysed.
Genolype NTM-DR was used to differentiate M. intracellulare from M. chimaera and subspecies of MABSC. Our results
showed that 48% of previously identified M. intracellulare isolates were actually M. chimaera isolates and that M. absces-
sus subsp. abscessus was the most frequent subspecies of MABSC. Most of the MABSC isolates carried the inducible
macrolide resistance genes (erm(41) and rrl), however none of the isolates of MAC and MABSC had mutations in rrs
genes for aminoglycoside resistance.

Key words: nontuberculous mycobacteria, Mycobacterium abscessus, Mycobacterium avium, macrolide resistance, aminoglycoside
resistance, nation-wide study.

Contacts:
Sara Truden

Appec pnsa nepenucku:
Capa TpyaeH

lonHwuk 36, 4204 lonHuk, CnoseHus, HaunoHanbHas pedepeHc-
nabopatopws, YHUBEPCUTETCKAS KIIMHMKA PECMNPATOPHBIX

1 annepruyeckmx 3abonesaHui.

Ten.: +386 4 2569 409. dakc: +386 4 2569 117.

E-mail: sara.truden@klinika-golnik.si

Golnik 36, 4204 Golnik, Slovenia, National Reference Laboratory,
University Clinic of Respiratory and Allergic Diseases.

Phone: +386 4 2569 409. Fax: +386 4 2569 117.

E-mail: sara.truden@klinika-golnik.si

Bubnuorpaduyeckoe onucanue:

TpyneH C., XonHup-Losy M., Coapst 3., Ctapuuy Ipbsisey, M.
PeTpocnekTvBHbIN aHanu3 CnoBeHckux n3onsatos Mycobacterium avium
complex n Mycobacterium abscessus complex v MonekynspHbii npoduns
ycToinumBocTy // UHdekumns u ummynutet. 2018. T. 8, Ne 4. C. 447-451.
doi: 10.15789/2220-7619-2018-4-447-451

© Truden S. etal., 2018

Citation:

Truden S., Zolnir-Dové M., Sodja E., Star¢i¢ Erjavec M. Retrospective
analysis of Slovenian Mycobacterium avium complex and Mycobacterium
abscessus complex isolates and molecular resistance profile // Russian
Journal of Infection and Immunity = Infektsiya i immunitet, 2018, vol. 8, no. 4,
pp. 447-451. doi: 10.15789/2220-7619-2018-4-447-451

DOI: http://dx.doi.org/10.15789/2220-7619-2018-4-447-451

447



S. Truden et al. MHdekumns n uMmyHuTeT

PETPOCNEKTUBHbIA AHANIN3 CJIOBEHCKUX U30JIATOB MYCOBACTERIUM AVIUM COMPLEX
U MYCOBACTERIUM ABSCESSUS COMPLEX U MOJIEKYNIAPHbIA MPO®WUJIb YCTOUYNBOCTH

Tpynen C.!, ZKoauup-dosu M.!, Coapsa D.!, Crapuuy Dpbsasen M.?

! Yuusepcumemckas KAUHUKA PECRUPAMOPHBIX U aanrepeuteckux 3abonresanuil Toanuk, 2. Toanuk, Crosenus
2 liobaauckuii ynueepcumem, Jiobaana, Crogenus

Pestome. MukobakTepuu, mpuHaaiaexamue K Mycobacterium avium complex (MAC) u Mycobacterium abscessus comp-
lex (MABSC), sBnsitoTcsl HanboJjee YaCTBIMU IIPUIMHAMY MUKOOAaKTepro3a B MUpe. B mociaenHme HeCKOIbKO JIeT
takcoHoMuss MAC n1 MABSC 06bIcTpO MeHsach B pe3yibTaTe TMOSIBICHUS HOBBIX MOJIEKYJISIPHO-TEHETUUECKUX
METO/IOB, TIO3BOJISTIOIIMX BEISBIISATD Pa3IMIMS B IIpeieIaxX BUAA. DTO MO3BOIUIIO UACHTU(MUIINPOBATL BUI M. chimae-
ra, KOTOpbIil paHee oTHocUIU K M. intracellulare, a Takxe nuddepentimposats noasuast MABSC. Hetybepkyne3nbie
MUKOOAKTePUH SIBISIOTCS THITMYHBIMU OOMUTATEISIMU OKPYKAIOUICH cpelbl M B 3HAYUTEIBHON Mepe MOIBEPKEHEI
BO3IEHCTBUIO PA3IMYHBIX KOHIICHTPAlMil TIPOTMBOMUKPOOHBIX ITPEapaToB M APYTHX XUMUYECKUX BEIIECTB, UTO
MIPUBEJIO K Pa3BUTHUIO Pa3TUYHBIX MEXaHU3MOB MPUPOIHON PE3UCTEHTHOCTH. MaKpOIUIbl ¥ aMUHOTJIMKO3UIBI
HanoboJiee YaCcTo UCIOIb3YIOTCS A5 tedeH st uH@eKuii, BeizaBaHHBIX MAC 1 MABSC. Llenbio o011eHalMOHAIBHOTO
HcCce0BaHUS SIBJIsIach OlIeHKa pacripocTpaHeHHOCTH moasua0B MABSC B CnoBeHUHM, a TaKKe BbISIBJICHUE CTy4YaeB
OLIMOOYHON MACHTU(MUKALUY U30AITOB M. chimaera xax M. intracellulare panee. BMmecTe ¢ TeM 11eJ1b10 pabOTHI OBLIO
BBISIBUTD, KaKOW U3 ABYX BUN0OB M. intracellulare nnu M. chimaera iBNsincs KAMHUYECKU 3HAYMMBIM Ha TEPPUTOPUU
CnoBeHUHM, a TaKXe OOHaApyXeHHe MYTalluii B reHax erm(41), rrl u rrs, KOTOpbIE, KaK M3BECTHO, aCCOIMMPOBAHBI
C pa3BUTHEM YCTOMIMBOCTU K Makporuaam (erm(41) u rrl) m aMuHOTIIMKO3U Y (rrs). Hamu ObLIM TpoaHaIu3upOBaHbBI
132 nzonara MAC nu MABSC, nonydyenHslx n3 HannonanabHol KonneKuun MukoodakTepuii CroBenun. Genolype
NTM-DR ucnons3oBaicsa aiag nuddbepenunaun BunoB M. intracellulare v M. chimaera, a TaxxXe moaBuaoB MA-
BSC. Pesynbrarhl uccienoBaHus MoKa3aiu, uto 48% MU30J15TOB, paHee UAEHTU(GULMPOBAHHBIX KakK M. intracellulare,
OTHOCHUJIUCH K BUAY M. chimaera; HauOGosiee pacripocTpaHeHHBIM noaBuaoM MABSC asnsica M. abscessus subsp.
abscessus. bonpuinHcTBO U307151T0B MABSC 0061227111 reHaMU YCTOMYMBOCTHU K Makponuaam (erm (41) v rrl), onHaKo

HU onuH U3 u30a51ToB MAC 1 MABSC He BbIsSIBJIEHO MyTallMid YCTOWYMBOCTU K AMUHOTJIMKO3UY B T€HE F75.

Karoueesnle caosa: nemybdepkyresnvie mukobakmepuu, Mycobacterium abscessus, Mycobacterium avium, pe3ucmenmnocms,

MAKpoaudbl, AMUHO2AUKO3UObL, 00UEHAUUOHANbHOE UCCACA08AHUE.

Introduction
Non-tuberculous mycobacteria (NTM) are
environmental microorganisms that colonise

different surfaces and can be isolated from soil,
natural waters, air, household plumbing systems,
animals and human specimens too. They are resistant
to many disinfectants and antibiotics and therefore
many infections caused by NTM cannot be cured
with commonly used antibiotics [1]. They are causing
diseases especially among immunocompromised
patients.

Among Mpycobacterium (M.) avium complex
(MAC) there are two well known species causing
disease in humans, M. avium and M. intracellulare.
In 2004, development of more specific molecular
methods revealed a new species among MAC,
M. chimaera. Previously M. chimaera was, due
to similar phenotypic and genotypic characteristics,
misidentified as M. intracellulare. When M. chimaera
was first described in 2004 by Tortoli et al. [11]
it was estimated that it is a highly virulent species.
Afterwards results showed that M. intracelullare was
more virulent than M. chimaera (9, 11]. In MAC,
genes connected with macrolide and aminoglycoside
resistance are rr/ and rrs, respectively [6]. In 2012
M. chimaera caused two invasive infections after
cardiac surgery [8]. Afterwards more than 100 cases

of M. chimaera infections were revealed in European
countries and around the world. This opportunistic
pathogen became linked with heater-cooler units
(HCUs) used during cardiac surgeries. M. chimaera
has preferences to colonise warm, humid surfaces
where it forms biofilms and has high potential
to aerosolize. During surgeries, HCUs produce
aerosols and M. chimaera is dispersed into the air and
can colonize the patient. Due to M. chimaera’s slow-
growth, it can take even several years after surgery
to develop disease [4, 8].

Mpycobacterium abscessus, belonging to M. absces-
sus complex (MABSC), is one of the most resistant
pathogens as it possesses acquired and innate drug
resistance. In the last years, MABSC was divided
into three subspecies: M. abscessus subsp. abscessus,
M. abscessus subsp. bolletii in M. abscessus subsp.
massiliense. It is known that the three subspecies have
different resistance profiles, hence correct species
identification is clinically important. Three genes are
important for MABSC resistance: erm(41), rrl and
rrs. Gene erm(41) encodes the inducible 23S rRNA
methylase and contributes to inducible macrolide
resistance. Two erm(41) sequevars depending on the
T/C polymorphism at nucleotide 28, are present in the
MABSC population. M. abscessus subsp. abscessus and
M. abscessus subsp. bolletii harbour gene erm(41) with
a T at the nucleotide position 28 that leads to inducible
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macrolide resistance. M. abscessus subsp. massiliense
however, has due to a deletion in this region a non-
functional gene and is therefore macrolide susceptible.
Further, high level of macrolide resistance is caused
by point mutations in the peptidyl-transferase-binding
region of rr/ gene, which can be present in all three
subspecies. The macrolide antibiotic clarithromycin
was the drug of choice in last decade, and still
is for cystic fibrosis (CF) patients. Aminoglycoside
resistance is caused by single point mutations in the
rrs gene encoding 16S rRNA and is also present in all
three MABSC subspecies [2, 5].

The aim of our study was to perform a retrospective
analysis of all Slovenian MAC and MABSC isolates
with new molecular test GenolType NTM-DR, which
is known to successfully identify M. chimaera isolates
and also enables mutation identification in rrl/, rrs
and erm(41) genes [2, 4]. Our purpose was therefore
to identify how many M. chimaera isolates were
misidentified as M. intracellulare and to estimate
how many isolates are resistant to macrolides and
aminoglycosides and which mutations are prevalent
in Slovenia. Moreover, information about clinical
relevance of isolates was obtained.

Materials and Methods

In total 133 clinical isolates (obtained from 126
patients in the period from January 2007 to September
2016) from the Slovenian National Mycobacterial
Collection at the Clinic Golnik were included in our
county-wide survey. Clinical isolates were retrieved
from 70 male and 56 female patients. Fisher’s exact
test was used to statistically evaluate the data related
to clinical relevance. The threshold for statistical
significance was set at a P value of < 0.05. All isolates
were previously identified with the diagnostic test
Genolype CM/AS (Hain Lifescience, Nehren,
Germany) as MABSC (n = 31) or M. intracelullare
(n=102). The previously used test cannot differentiate
subspecies in MABSC and M. intracelullare
from the closely related species M. chimaera. All
investigated isolates were stored at —20°C on glass
beads and subcultured on Lowenstein—Jensen
medium or Middlebrook 7H10 agar plates. Total DNA

was extracted from two loops of mycobacterial cul-
ture resuspended in 0,3 mL of sterile water. Cell lysis
in the mycobacterial culture was done with incuba-
tion at 95°C for 20 minutes followed by sonication
for 15 minutes. Samples were centrifuged at maxi-
mum speed 14 000 RPM for 5 minutes. Supernatant
with the extracted DNA was used for Genolype
NTM-DR. PCR protocol and DNA hybridisation,
was done according to manufacturer instructions as
previously described [6].

Results and Discussion

In Slovenia in the last decade, the number of NTM
isolates is increasing [12]. In the period 2000—
2016 MAC and MABSC isolates were second and
seventh most frequently isolated NTM in Slovenia,
respectively. A similar trend — increasing number
of NTM’s — was noticed in other countries around
the world too [10].

Our nation-wide analysis of 102 MAC isolates
showed that 53/102 (52%) isolates belonged
to M. intracellulare and 49/102 (48%) isolates
belonged to M. chimaera. We can therefore conclude
that M. chimaera is nearly as common in our country
as M. intracellulare. Schweickert et al. [9] reported
that in Germany almost 86% of previously identified
species as M. intracelullare are actually M. chimaera.
Mok et al. [4] reported data from Ireland where 55%
of M. intracelullare isolates were misidentified and
are actually M. chimaera. Our study showed that
M. intracelullare was more often clinically relevant
than M. chimaera (29% vs. 6% of clinical isolates,
respectively). Our obtained results are concordant
with results of Schweickert et al. [9] and in contrary
with Tortoli et al. [11] who proposed M. chimaera
strains as more clinically relevant than other MAC
species.

Retrospective analysis of Slovenian MABSC
isolates from January 2007 to September 2016
showed that predominant species in our country
was M. abscessus subsp. abscessus 24/31 (77.4%),
followed by M. abscessus subsp. bolletii 4/31 (12.9%)
and M. abscessus subsp. massiliense 3/31 (9.7%). Our
results are comparable with other countries in Europe

Table. Isolates of M. abscessus complex, M. intracellulare and included in the study presented by patients
status and clinical relevance

All patients Cystic fibrosis patients
Mycobacterial species No. of all No. (%) of CR No. (%) of all No. (%) of CR
isolates isolates isolates isolates
M. abscessus subsp. abscessus 24 7(29.1) 4(16.7) 4(16.7)
M. abscessus subsp. massiliense 4 0 0 0
M. abscessus subsp. bolletii 3 1(33.3) 0 0
M. intracellulare 53 15 (28.3)* 0 0
M. chimaera 49 3(6.1)* 3(6.1) 0]
Total 133 26 (19.5) 7(5.2) 4(57.1)

P values obtained following Fisher exact test are indicated by asterisks as follows: * P < 0.05; CR: clinically relevant
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and in US, where M. abscessus subsp. abscessus
represents around 45—65% of all MABSC isolates
[7, 13]. Meanwhile in East Asia, the percentage
of MABSC isolates is much higher among all NTM
isolates. Furthermore, Asian countries also report
M. abscessus subsp. abscessus as frequently isolated
as M. abscessus subsp. massiliense [3] Our hypothesis
was also that M. abscessus subsp. bolletii is rarest
subspecies among MABSC in Slovenia, which would
be concordant with results yielded in other studies
[3, 7, 13]. Our hypothesis failed, but the number
of samples was relatively small so in future more
isolates will be need to be tested to confirm it.

Molecular analysis of resistance genes in MABSC
showed that all 4/4 (100%) M. abscessus subsp. bolletiii
and 22/24 (92%) M. abscessus subsp. abscessus had
the T polymorphism at position 28 in erm(41) gene,
which leads to inducible resistance to macrolides. All
3/3 (100%) M. abscessus subsp. massiliense isolates
also had the T polymorphism in erm(41) gene but due
to deletion in this gene, isolates did not show inducible
resistance to macrolides. No isolate of MABSC had
a point mutation in rr/ gene or in rrs gene. Thus, it can
be concluded that high percentage of MABSC isolates
can develop inducible macrolide resistance but high-
level macrolide resistance is not present at the moment.
None of Slovenian MABSC isolates from the study had
aminoglycoside resistance.
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M. abscessus subsp. abscessus was isolated from CF
patients too (see Table).
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Hellero aHaau3a MOJYYeHHBIX HYKJEOTUAHBIX MOCAEA0BaTEeIbHOCTE B HACTOSIIEe BPeMS IIMPOKO MPUMEH SI-
10Tcsl baliecoBbl (hMI0reHETUYECKHEe METOAMKM, KOTOPhIE MO3BOJSIOT UCMOIb30BaTh METOJ MOJEKYISIPHBIX YaCOB
B pacclieloBaHUU BCIBIIIEK 3a00JIeBAEMOCTH. DHTEPOBUPYCH HaKarauBaloT mopsaka 0,5—1% HyKJIeOTHIHBIX
3aMEH B IO, TIOATOMY JaXe KOPOTKHUI (hparMeHT reHoMa IMO3BOJISIeT aHAJM3UPOBaTh HUIOAMHAMUKY BUPYCOB
Ha YpOBHE Mepeqauu Mex/1y CTpaHaMU UJIM CMEHbI LIMPKYJIMpPYIolliero BapuaHTta Bupyca. Ha 6onee kopoTkoii Bpe-
MEHHOI1 IIIKaJie KOPOTKUH (pparMeHT OrpaHUYEHHO MPUTOACH JJISI U3YUCHUS MOJIEKYISIPHOI STUIEMHOJIOTUH, TI0-
CKOJIBKY TTO3BOJISIET JOCTOBEPHO pa3jinyaTh He 6ojiee 1—2 ciydaeB mepenauyu BUpyca B roa. Takum obpasom, ais
pacciaenoBaHUS BCITBIIIEK XKeIaTeIbHO ONpeneicHe HYKJICOTUIHOM IMOCaeI0BaTeIbHOCTH IIOJTHOM 00J1aCTH TeHO-
Ma VP1 unu moaHOreHOMHOI TToCIeoBaTeIbHOCTH. B pe3ynpraTe aHa m3a MMEIOIINXCS B 0a3aX TaHHBIX HYKJIEO-
TUIHBIX MOCJEN0BATEIbHOCTEN SHTEPOBUPYCOB BCe 00Jiee OUEBUIHBIMU CTAHOBSITCS OrpPAHUYEHUS, CBSI3aHHBIE
C HepaBHOMEpPHOI1 3((HEeKTUBHOCTBIO Hal30pa B pa3HbIX CTpaHaX MUpa U KOPOTKOM JJIMHON (pparMeHTa reHoma,
onpeaessieMoit mpu pyTUHHOM Hafnzope. Kak cieactsue, MOJHOUEGHHBIN aHAINU3 MOJEKYISIPHON SNUAEMUOJOT UM
SHTEPOBUPYCOB B IJ100AJbHOM MacllTabe ocTaeTcsl MpoodieMaTUYHbIM. Koau4ecTBO U3BECTHBIX HYKJIEOTUIHBIX
nocJjenoBaTeIbHOCTE SHTEPOBUPYCOB 3a nmocaenHue 20 JeT BIPOCIO B COTHU pa3, OJHAKO MTOHWMaHUe 3aKOHO-
MEPHOCTENl BOBHMKHOBEHUS BCIBILIEK 3HTEPOBUPYCHOU MHMPEKLMU MPAKTUYECKU OTCYTCTBYET. Db (HeKTUBHOE
pa3BUTHUE HaI30pa 32 SGHTEPOBUPYCAMU MOTPeOyeT BHEIPEHUSI HOBBIX METOAOB MCCIEAOBAHUS CTOUHBIX BOJ, 3KO-
HOMMYeCKH 3¢ (GEKTUBHOTIO BBICOKOITPOM3BOAUTEIBHOTO CEKBEHUPOBAHMSI, TApDMOHM3AIIMU CUCTEM Hal30pa B pa3-
HBIX CTpaHaxX MUpa.

Karouesvie caosa: snmeposupyc, MeHuH2um, SnU0eMU0N02US, HA030D, PUAOLEHEMUKA, IE0NOUUA.

CURRENT POSSIBILITIES AND POTENTIAL DEVELOPMENT OF MOLECULAR ENTEROVIRUS
SURVEILLANCE. EXPERIENCE OF RUSSIAN FEDERATION

Lukashev A.N.?, Golitsina L.N., Vakulenko Y.A.?, Akhmadishina L.V.?, Romanenkova N.I.c, Sapega E.Yu.4,
Morozova N.S.¢, Novikova N.A.", Trotsenko O.E.¢, Ivanova O.E."*

@ Martsinovsky Institute of Medical Parasitology, Tropical and Vector-Borne Diseases, Sechenov First Moscow State Medical
University, Moscow, Russian Federation

b Nizhny Novgorod Science Research institute of Epidemiology and Microbiology n.a. academician I.N. Blokhina, Nizhny Novgorod,
Russian Federation

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

4 Khabarovsk Research Institute of Epidemiology and Microbiology, Khabarovsk, Russian Federation

¢ Federal Center of Hygiene and Epidemiology of the Inspectorate for Customers Protection of Rospotrebnadzor, Moscow,

Russian Federation

I Chumakov Federal Scientific Center for Research and Development of Immune-and-Biological Products of Russian Academy

of Sciences, Moscow, Russian Federation

¢ Institute of Translational Medicine and Biotechnology, Sechenov First Moscow State Medical University, Moscow, Russian Federation

Abstract. Enteroviruses are small RNA viruses, which are ubiquitous and commonly cause outbreaks with various
clinical manifestations. In 2006, the Program on enterovirus surveillance was approved in the Russian Federation.
Over the last years, molecular-biological and bioinformatics methods for enterovirus epidemiology studies have been
developed both in Russia and worldwide. Currently, identification of enteroviruses is carried out by analyzing nuc-
leotide sequence of the full-length VPI genome region (ca. 900 nt). Routinely, it is sufficient to obtain a partial VP1
genome region sequence (ca. 300 bp) for enteroviruse verification in most cases; however, a more stringent type cri-
terion of 80% sequence identity should be used compared to the 75% sequence identity cut-off for the complete VP1
genome region. Further sequence analysis may be performed by using Bayesian phylogenetic methods, which allow
using molecular clock to trace outbreak emergence. Enteroviruses accumulate about 0.5—1% nucleotide substitutions
per year. Therefore, a short genome fragment may be used to analyze virus phylodynamics at the level of international
transfers and circulating virus variants. On a shorter timescale, a full-length VP1 genome region or a complete ge-
nome sequence are preferred for investigating molecular epidemiology, because a short sequence allows to reliably
distinguish not more than 1-2 transmission events per year. Thus, determining enterovirus sequences for full-length
VP1 genome region or full-genome sequence is preferred for examining viral outbreaks. It is increasingly apparent
that analyzing available enterovirus nucleotide sequences reveals limitations related to uneven surveillance effi-
cacy in various countries and short length of genome fragment measured in routine control. As a result, a proper
global-scale analysis of enterovirus molecular epidemiology remains problematic. Over the last 20 years, the number
of available enterovirus nucleotide sequences increased by hundred times, but understanding emergence of enterovi-
rus infection outbreaks remains limited. Further development of enterovirus surveillance would require new methods
for sewage monitoring, affordable high-throughput sequencing and harmonization of global surveillance systems.

Key words: enterovirus, meningitis, epidemiology, surveillance, phylogenetics, evolution.
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DHTEPOBUPYCBI — MeJKUe 0e300004euHbIe
PHK-coaepxaiiue BUpPYCbI, BXOASIIME B CeMeNi-
cTBO Picornaviridae, pon Enterovirus. B cooTBeTCTBUI
C HEeIaBHUMU pelIeHUSIMU MexXX1yHapOoaIHOTO KOMU-
TeTa 1o TakcoHomuu BupycoB (ICTV, International
Committee on Taxonomy of Viruses) SHTepOBUPYCHI
noapazaestor Ha 13 BuaoB: Enterovirus A-J u Rhino-
virus A-C. Y denoBeka BblaeasitoT BUabl Enterovirus
A-D u Rhinovirus A-C. JIaHHBIi 0030p TOCBSILLIEH
TOJIBKO COOCTBEHHO BSHTEPOBHPYCAM 4YeJIOBEKa,
To ecTb Buaam Enterovirus A-D. Mcnonb3yemoe pa-
Hee HaszBaHMe Human enterovirus Gojiee He NpU-
MECHSICTCSI B CBSI3U C T€M, UTO MPEACTAaBUTEIN BUIOB
A-D perylsspHO OOHapy>KMBAlOTCSI y MPUMAaTOB.
IMockoiIbKy B MOCHEOHHWE TOOBI MPaKTUIYECKU BCE
SHTEPOBUPYCH NACHTUMPUIIUPYIOT U OTHOCIT K U3-
BECTHBIM MJIM HOBBIM THITaM Ha OCHOBaHWY aHAJIU3a
HYKJICOTUIHOU TMOCIeA0BaTEIbHOCTU, BMECTO IPH-
MEHSIEMOI'O paHee TEPMHUHA «CEPOTUIT» PEKOMEHI0-
BaHO MCIOJb30BaTh TEPMUH «THUIl». Ha ceromusii-
HUWI JeHb u3BeCTHO Oosiee 120 TMMOB BHTEPOBUPY-
coB BUJ10B A-D. I1o coBpeMeHHBIM MpaBuaM TUIIbI
SHTCPOBUPYCOB O0O3HAYAIOT C YyKa3aHWEM BHIA,
Hampumep, «dHTepoBupyc A-71». ictopuuecku He-
KOTOpbI€ TUITBI Ha3bIBalOT BUpycaMu Kokcaku A u B
(manpumep, KB-A2/CV-A2 u KB-B3/CV-B3) u Bu-
pycamu ECHO (Hanpumep, E11).

DHTEPOBUPYCHl PACIIPOCTPAHEHBI TTOBCEMECTHO.
DHTepoBupycHass mHpekuusa (DBU) moxer mpo-
TeKaTh 0ECCUMITTOMHO, O YeM CBUIETEIILCTBYET pe-
TYJASIpHOE BBIACIICHUE SHTECPOBUPYCOB OT 3TOPOBHIX
ui. B 3aBHCHMMOCTU OT CTpaHBI M BPEMEHU roia
JacTOTa BBISBIICHUSI SHTEPOBHPYCOB B (eKaiu-
sIX 3IOPOBBIX HeTeil MoxeT mocturarb 20% [18, 35,
39]. B cayuyae pa3BuTus KaumHudyeckoit DBU yaie
Bcero HabmwopaeTcs jerkoe (gpedpusibHOe (TIPOCTY-
nornogobHoe) 3abo1eBaHNe 0e3 SIPKO BBIPAaXXKCHHOM
criennu(pUIeCKOl CUMITOMATUKH, B CBSI3U C YeM
OOJIBIMMTHCTBO TaKUX CIIydaeB JICUMTCS aMOyIaTop-
HO, He TUArHOCTUPYETCS 1 He peTUCTpUpYyeTCs KakK
OBH. OOGBIYHO TOCIMUTAIUIUPYIOT OOJTBHBIX C BK-
3aHTeMHbIMU popmamu DBU (vaiie Bcero Be3ukKy-
JISIPHBIA AEpMAaTUT), FepIIeTUUYECKOM aHTMHOI (Be31-
KYJISIPHBI TOH3WJUIUT UKW (DapUHTUT), CEPO3HBIM
MEHUHTUTOM. B cTpaHax yMepeHHOro Kimmara 3H-
TEPOBUPYCHI ABJISTIOTCSI OCHOBHOM IIPUIMHOM BUPYC-
HOT'0 MCHUHTHTA. B peaKkux cirydgasix SHTepOBUPYCHI
MOTYT BBI3BIBAaTh MEHUHTOSHIIC(MATNUT, TIXKEIIbIe
MOpaxkeHUs cephalia U JISTKUX, MYJBTUCUCTEMHYIO
UHMEKIMI0 HOBOPOXAECHHBIX, KIMHUYECKU CXO[I-
HY10 ¢ cericucoM. DBU MoXeT NposiBISITHCS B BUE
CIoOpaguvYecKMX CJIy4aeB U BCITBIIIEK, HO TIEPHUOIM-
YeCKHM Ha OTHCIIbHBIX TEPPUTOPUIX (DOPMUPYIOTCS
SIUIEMUYIECKIE TOTBEMBI 3a00JIEBACMOCTH.

DHTEPOBUPYCHI SBJISIIOTCS BaXXHBIM MCTOYHU-
KOM BO3HUKarIlux 3adonesanuii. B konue XIX B.
HavyaJjach MaHAECMUS MapaTuTHISCKOTO ITOJIMOMHUE-
auTta. B 1970 r. umena MecTo maHAeMuUsI TeMopparu-
YEeCKOIro KOHBbIOHKTMBHTA, BbI3BAHHOI'O SHTEPOBU-
pycom 70 Tumna [32, 40]. B 1980-¢ rr. B P® nipou3soii-
JIA KPYITHBIC BCITBIIIKM 3HTEPOBUPYCHOI'O YBEHTA,

BbizBaHHOrO Ell 1 E19 [2]. HaunHas ¢ koHna XX B.
B BoctouHoit 1 FOro-BocTouHoit A3uu npogosxka-
eTcsl maHaemusi BbI3BaHHOro EV-A71 Be3ukynsp-
HOI'O JiepMaTuTa, KOTOPBI Y HEKOTOPHIX OOJBHBIX
NpOTeKaeT C HEBPOJOTMYECKMMM OCJIOXKHCHUSIMU
(mermHTO3HICeanuT) [23]. B HacTtosmee Bpems
B Poccuut peryasipHO IpOMCXOISIT BCITBIIIKHT CEPO3-
HOro MEHMHTHUTA, 4allle Bcero BbizbiBaeMoro E30.
Hauunag ¢ 2010 r. B MUpe pacnpoCTPaHSIOTCS aTu-
nudHble popMbl nHMp ek CV-A6, ripoTekaloiie
C HEOOBIYHBIMU KOXHBIMU MPOsIBASHUSIMU [33].

C 2008 1. B Poccuiickoit @enepaliny peaansyercs
nporpaMma «DIMUIEMHUOJIOTUYCCKUI Haa30p U IIPO-
duIakTUKa SHTEPOBUPYCHON (HEMOIMO) WHMEK-
uuun». Ilocne ceprudukanmu B 2002 r. Poccuiickoii
Denepanny Kak cTpaHbl, CBOOOTHOIM OT MOJTMOMHUE-
auTa [9], Haa30p 3a UUPKYIASLUEN dHTEPOBUPYCOB
paccMaTpuBaeTCs Kak BaxKHas JOIOJTHUTEIbHAsI CO-
CTaBJIsIIONIAsl HaA30pa 3a MOJIMOMUETIUTOM U OCTPhI-
MM BSJIBIMU TlapaiudyamMu. Poct 3abosieBaeMocTu
OBU B oTmenbHBIX CyObeKTaxXx M B 1ieJoM o P®,
HaJW4Me CEe30HHBIX IIOIBEMOB 3a00J€BA€MOCTH,
peTUCTpalys STUASMUISCKUX 09aroB C TPYIIITOBHI-
MU clIydyasiMu 3a00JieBaHUI, BBICOKUI PUCK 3aBO3a
BBICOKOBHPYJICHTHBIX IITAMMOB OITPEACIISTIOT CaMO-
CTOSITEJIBHYIO aKTYyaJbHOCTb Ha/130pa 3a SHTEPOBU-
pycamu s Poccuiickoii @enepaiiyu.

B HacTtosiiee BpeMs1 Haa30p 3a SHTEPOBUPYCHOI
VHQEKIINEN MpeICcTaBIsIeT CO00Il HeMpephIBHOE Ha-
OIOIMEHME 3a SMUIASMHYSCKAM IIPOLIECCOM C IIEIBIO
OLICHKNW CHUTYyallul, CBOCBPEMEHHOTO IIPUHSITUS
yIIpaBJIeHYECKUX PEIIeHU, pa3pabOTKN U peayu-
3allMM CaHUTApPHO-TIPOTUBOSMUAEMUYECKUX (ITPO-
GpUIIaKTUYECKUX) MEPOITPUITUIL, 0OecIieunBaOIINX
CHUXXEHME PUCKOB pacrnpoctpaHeHusi DBU, mpeny-
OpexXaeHus TsKeablx popm DBU u hopmupoBaHus
04aroB C MHOXECTBEHHBIMHU CJTy9asiMU 3a00JIeBaHUA.
HeorpemaeMbiMu  cocTaBiasTiomuMu 3O OEKTUB-
HOTO Haa30pa SIBIISTIOTCS TOYHAS MACHTU(MUKALIAS
SHTEPOBUPYCOB U MH(pOPMATUBHBIE MOJICKYISIPHO-
SMUIEMUOJIOTMIECKUE UCCIICTOBAHMSI.

IlepBuyHasi TMarHOCTUKA SHTEPOBUPYCOB Y 00JIb-
HBIX U B OOBEKTAX BHEIITHEH Cpellbl TPOBOAMTCS HA Me-
cTax Ha Gasze jabopaTopuii MEIULIMHCKUX YUpexKae-
Huit 1 ®BY3 «lleHTpOB r'UrveHbl U SNUIAESMUOJIOT TN
B cyobekTax PM», mpenmyiectBeHHO MeTonoMm TTLIP.

KimaccmuyeckuM m moka ellle ITOCTaTOYHO IIi-
pOKO IIPUMEHSIEMBIM METOIOM WACHTU(MHUKAILINNA
SHTEPOBUPYCOB B BUPYCOJOTHMYECKUX J1aboparo-
pusix PD gBisieTcst ornpenesieHUue CepoTuna BUPY-
ca B peaKllMy HeHWTpaau3aluu C MOMOIIbIO TUIIO-
cneludUIEeCKUX MTUArHOCTUYECKUX CHIBOPOTOK.
I1aBHBIC HEIOCTAaTKM 3TOr0 METOIa — HU3Kasl IU-
TOITATOT€HHOCTh HEKOTOPBIX TUIIOB M HEIOCTATOU-
Has creInu(PUIHOCTh, IPUBOASIIIAS K OIINOOYHOMN
uaeHTuduKauuu Tuna Bupyca. [Ilpodiema crieuu-
GUIHOCTH TTPaKTUIECKW HE aKTyajbHa JIJIsI ChIBO-
poTok, usrotoBiaeHHbIX B CIIIA u B lNonnanauu,
OIHAKO Ha CErONHSIIHUN NeHb UX IPOU3BOACTBO
npekpaiieHo. MoJekyasspHass UIeHTUDUKAIIAS
(ompeneneHre HYKJICOTUIHOM ITOCICIOBATEIbHOC-
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MonekynsapHbIi HaA30P 3a SHTEPOBUPYCAMM

TH (parMeHTa TeHOMa, KOAMPYIOIIETO CTPYKTYyp-
Hble O€JIK1) MO3BOJISIET ONPEACAUTh TUM U MOATUIT
(reHOTHUII) KaK TpU MCCJIeIOBAHUU KJIMHUUYECKUX
00pa3lioB, TaK U BUPYCOB, BBIACICHHBIX B KYJIBTYpe
KJIeTOK. MoekymnsipHasi UASHTU(UKAIINS TPUME-
HSIeTCs BCe Yallle, OMHAKO B ITIOJIHOM Mepe TOCTYITHA
TOJIBKO HECKOJBKUM CITeIIMaIN3UPOBAHHBIM IICHT-
paM, Ha 0a3e KOTOPBIX €XeTromHO B IIeJioM 1mo PD
ucciaenyetcst okoyio 2000—2500 Bupyccomepxammux
obpasuos. Ha nepBom aTamne hopMUpoOBaHUS CUCTE-
MBI MOJIEKYJSIPHO-TEHETUYECKOTO MOHUTOPUHTA
SHTEPOBUPYCOB ITPOUCXOAMUIA OTPabOTKAa METOIMK
1 HaKOIUJICHUE MEPBUIYHBIX TaHHBIX. B maHHOM 006-
30p€ PacCMOTPEHBI OCHOBHBIE METOIMYCCKUE TIOI-
XOIIbI, TIPUMEHSIEMbIC TIPU aHAJIN3¢ TeHeTUIEeCKO
MHpOpMAIINN SHTECPOBUPYCOB, MX BO3MOXKHOCTH,
OrpaHUYCHUS W ITePCIICKTUBBI PA3BUTH .

Ilo wuToram necSITUJIETHErOo MOJIEKYJISIPHOIO
MOHUTOPUHIA TOJBKO B pedepeHC-1IeHTPe MO0 MO-
HUTOPUHTY BHTEPOBUPYCHBIX MHpeknuii (Huxe-
ropoackuit HUNM snuagemuonoruu m MuUKpoOUo-
jorum uMeHM akagemnka M.H. BiaoxmHoil) GbLIO
TUITMPOBAHO 0K0J10 3500 IITAMMOB SHTEPOBUPYCOB.
WpentudunupoBaHo 52 TuIa HEMNOJIUOMUEIUT-
HbIX OB: Bupychl Buma DHTepoBupyc A: Kokcaku
A2-6, 8, 10, 14, 16, EV-A71, EV-A76, EV-A120; Bu-
pychl Buga DHrepoBupyc B: Kokcaku A9, Kokcaku
B1-5, ECHO 1-7, 9, 11, 13-19, 21, 25, 29, 30, 31, 33,
DBB75; Bupycel Buga Durepoupyc C: Kokcakm Al,
13, 17, 19, 20, 21, 22, 24, EV-C99, EV-CI113, BBCl16.
E>xeromHo BBISIBJISIIOCH 0KOJIO 30-TU TUMOB HEMO-
JIUOMUEIMTHEIX OB, mpn 3TOM MHOTME THIBI 3H-
TEPOBUPYCOB XapaKTepPU30BAJIUCh HaJIUYUEeM He-
CKOJIBKMX OJHOBPEMEHHO LIMPKYJUPYIOLIUX TE€HO-
BapMaHTOB. YCTaHOBJICHBI 3TUOJIOTUUYECKIE areHThI
161 rpynnoBoro 3aboJyieBanus DBU [1].

Ha ocHoBe maHHBIX, OIyOJMKOBaHHBIX B 1999 r.
[30], MexxayHapomHbBIii KOMHUTET IO TaKCOHOMWUU
BUPYCOB OITpeNelIsIeT TUII SHTEPOBHpYyca Ha OCHOBA-
HHU CXOICTBA ¢ APYTUMH BHUpycaMU THIA OoJjice YeM
Ha 75% HYKJIEOTUIHON 1 85% aMUHOKWCIIOTHOM TT0-
CJIeIOBaTEIbHOCTH B MOJIHOM obGsacTu reHoma VP1
(oxo0 900 Hykneotuaos, oT 840 mo 930 y pa3HbIX
TUIIOB). biarogapst Tomy, 4To peKoMOMHAalUs B 00-
JIaCTU TeHOMa, KOOMPYIOIMIEH CTPYKTYypHBIC OCIKU
VPI1, VP2 u VP3 (1o He VP4) BcTpeuaeTcs penko [4,
20, 21], 11000 U3 3TUX YUACTKOB TeHOMAa MOXET ObITh
WCTIOJIb30BaH IS TUITMPOBAHUSI SHTEPOBUPYCOB
[5, 27], onHaKO TOYHBIE KPUTEPUU TUMA OyAyT He-
CKOJIBKO OTJIMYaThCS M3-3a Pa3HON BapuadeIbHOCTU
9TUX YUYaCTKOB reHoMa. Ha mpakTuke MoJeKyJIsspHOe
TUNIMPOBAHUE DHTEPOBUPYCOB B OOJBIIMHCTBE Jia-
oopaTopuit Mmupa u B PO mpoBoasiT Ha OCHOBAaHUU
dparmeHTa obiaactu renoma VP1 gimmHoit okoio 370
HYKJICOTHUIOB (TaK HAa3bIBACMBIA «TUTIHPYIOIINI»
¢dparMeHT), KOTOPbIII MOXET ObITh aMILTUGDUIIUPO-
BaH C MCMOJIb30BAaHUEM YHUBEPCAIbHBIX ITpaiiMepOB
[29]. dns1 aToro ¢oparmMeHTa reHoMa B 6a3e HaHHBIX
GenBank poctynHo 6onee 30 000 HYKJIEOTHUIHBIX
nocjenoBareabHoOCTel.  Mcmonb3oBaHME — APYTUX
CTPYKTYPHBIX OeJIKOB, HaripuMmep, VP2, 3aTpymHser

MOCJIEAYIONINI aHaIN3 U3-3a HEOOIBIIIOro KOJMYe-
CTBa ITIOCJIENOBATEIbHOCTEN 3TUX YYaCTKOB I'eHOMa
B 0ase naHHbIX GenBank (okon0 4000) 1 ¢ HepaBHO-
MEpPHBIM pacIipeneieHueM no tunam. OmnpeneaeHue
TUIIa yIOOHO ITPOM3BOINTH HA OCHOBAHUY CPAaBHECHMUSI
BBISIBJICHHON HYKJICOTHUIHOW ITOCICIOBATECIIEHOCTH
¢ 6azoii nanHbIXx GenBank nmpu oMoy MomcKoBo-
ro anroput™ma BLAST. T1pu ncnoib30BaHUU TaKOTO
MoIX0/Ia HEOOXOIMMO, UYTOOBI IIEPEKPBITHE TUITUPYE-
MOI1 TTO0C/IeIOBaTeIbHOCTHU € MOCIEA0BATEIbHOCTSIMU
n3 GenBank (Query coverage) 6b1710 He MeHee 90%.
Tonbko B TakKOM cliydyae BO3MOXKHO MHTEPIIPETUPO-
BaTh pe3yibrar. [1pu MCIOIb30BaHUM ISl TUITAPO-
BaHMS IPOrpaMM IJIsT (GUIIOTCHETUISCKOro aHaIn3a
HEOOXOMUMO HMCHOIb30BaTh HECKOPPEKTUPOBAHHBIC
nuctaHuuu (p-distance). Mcmonb3oBaHue Jit0060it
KOPPEKIINHY WJIN MOJCIIH 3aMeH, KOTOPbIEe ITPUMEHSI-
IOTCSl, HaIIpuMep, 1151 GUJIOreHeTUYECKOro aHaau3a
(monenu Jukes-Cantor, Kimura, GTR u T.m.) nenaer
HEBO3MOXXHBIM IPUMEHEHNE YKa3aHHBIX KPUTEPUEB.

Ha ceromusimHmii eHb HET YETKOTO KPHUTEPHSI
TUTIA IS 3TOr0 KopoTKoro ¢pparmMeHTa VP, Tockoib-
Ky Bapra0eTbHOCTD B TIOJTHOM M YACTUYHOM O0JTaCTH
VP1 mMoxeT HeckonabKO pasyiuyarbes. s onpene-
JIEHUSI TaKOTO KPUTEPUsI MBI TIOCTPOMIIM pacIipe-
JeJieHUue TOMapHbIX HYKJEOTUAHBIX ITUCTaHLIUN
B IIOJIHOI o0jiacTu reHoMa VP1 u B objacTu TUIIU-
pytoiero dparMeHTa mis 34 Haubosiee pacopocTpa-
HEHHBIX TUIIOB 3HTEPOBUPYCOB (puc. 1A, b; puc. 2A,
b). B monHoit o61actu reHoMa VP1 BHYTpUTHUTIOBEIC
CXOICTBA HYKJICOTUIHBIX MOCICAOBATEILHOCTE Ha-
xomsiTest B mipenenax 72—100% (puc. 1B), a amuHo-
KMCJIOTHBIX — B nipeaenax 84—100% (puc. 2B). Bosee
99% TioNapHBIX CpaBHEHMII HaXOAsTCsS B Ipeaeiax
npenjaoxeHHbIX 20 JIeT Hazaa KpUTepueB TUIA —
6osiee 85% cxoacTBa aMUHOKUCIOTHOM U 6ojee 75%
HYKJICOTUIHON TIocaemoBaTepHOCTA [30]. Takum
obpa3oM, 3a mocienHue 20 JIeT maHHBIC 3HAYCHUS
MpaKTUUECKU He M3MEHUJINCH, HECMOTPS Ha TIPUOJIH-
3utesibHO 100-KpaTHOe yBeauyeHUue 4Yucia JOCTYII-
HBIX ITOCJIEIOBATEILHOCTEN 9HTEPOBUPYCOB U ITOCTO-
STHHOE HakKoIlJleHue mytauuii [22]. B Tunupytoiiem
(dparmMeHTe HaOIIOHAeTCS CXOMHAasl KapTWHA, OJHa-
KO TpaHUILIa MEXIY TMCTAaHIIMSIMU BHYTPU U MEXIY
TUIIAMU He Takas BeipaxkeHHas (puc. 1b, I'; puc. 2b,
I'). Y3 oyt 9TO 7 MJIH pOaHAIN3UPOBAHHBIX IO~
HapHBIX Pas3IMUNil SHTEPOBUPYCOB B TUITHMPYIOIIEM
(dparMeHTe 3HaYCHM S CXOICTB TP BHYTPUTHUIIOBEIX
CpaBHEHU X OBITN He HU3Ke 72% N1l HyKJIEOTUIHBIX
¥ 84% aMWHOKHUCJIOTHBIX ITOCJIEIOBATEILHOCTEN BU-
pycoB ogHoro tumna (puc. 1T, puc. 2I'). OgHako MexX-
TUIIOBBIE CXOJICTBA MEXK Ty KOPOTKUMU (hpparMeHTaMu
VP1 pa3Hbix TUIIOB gocTurain 78 u 89% njst HyKjeo-
TUIHBIX 1 aMIHOKHWCJIOTHBIX ITOCJICTOBATEIbHOCTEH,
COOTBETCTBEHHO, TO eCTb Mexay 72—78% cxoncTBa
HyKJeoTuaHOW U 84—89% aMMHOKUCIOTHOM ITO-
CJIEIOBATEIIBHOCTH CYIIECTBYET «cepasl 30Ha» 3Ha-
YEeHU i, B KOTOPOI JOCTOBEPHOE OIpe/esieHue TUIa
HEeBO3MOXHO. TakuM 00pa3oM, ITpy UCTOJIb30BaHU U
KOPOTKOTO TUITHPYIOIIEro hparMeHTa CXOJACTBO 00-
see 80% nykiaeotuaHou 1 6osee 90% aMUHOKUCIIOT-

455



A.H. Nlykawes v gp. MHdekumns n uMmyHuTeT

HOIl TIOCJIeIOBAaTEIbHOCTU C M3BECTHBIMM BHUpYyCa- M aMMHOKMCJIOTHOM MocCjeaoBaTeIbHOCTU. B ciydae
MU TO3BOJISIET YBEPEHHO OIPEIeIUTh TUIT O0pa3lia.  IoNaJaHMs ITONMAPHBIX CXOACTB MEXIY ITOJTHBIMU
B cnopHBIX ciydasix, HallpuMep, i HEKOTOPBhIX  HocjeaoBaTebHOCTIMU VPl  1mpearnonokuTeabHo
Tumnos Buja DHtepoBupyc C [8], B cnyuyae Bepupuka- HOBOI'O THIIA BUpYca B «cepylo 30HY» (72—75% nns
MU OTKPBLITHS DB HOBOrO TMMNA UM OOHApPY>XKEHUSI  TOJHOW HYKJICOTUIHOIM mociiemoBaTeibHOCTH VP1
HOBOI'O T€HOTHUIIA U3BECTHOIO TUIIA, PEKOMEHAOBAaHO 1 84—87% 1151 aMUHOKMCJIOTHOM IOCJIe0BATEIbHOC-
orpe/ieJieHue TIOJTHOW HYKJICOTUIHOW TIOCNeNoBa-  TH) XKeJIaTeJIbHO 3KCIIEPUMEHTAIbLHOE TOATBEpKIe-
TeTBHOCTH o0acTy TeHoMa VP11, mprueM skejlatelb-  HUE TIPUHAIJICKHOCTU BUpPyca K HOBOMY THUITY C TIO-
HO paccMaTpHuBaTh CXOICTBO KaK HYKJICOTUIHOM, TAK ~ MOII[BIO CEPOJIOTMUECKUX METO/TIOB.
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PucyHok 1. F'mctorpammbl pacnpegeneHunii 3Ha4eHuii NonapHbIX CXOACTB MEXAY HYKNe0TUAHbIMU
nocnepoBateNbHOCTAMM NosiHbIX (A, B) n kopoTkux (B, ) yuactkoB VP1 gng 34 Hanbonee
pacnpoCcTpaHEeHHbIX TUMOB 3HTEPOBUPYCOB

Figure 1. Distribution of pairwise identity values between nucleotide sequences of full-length (A, C) and short (B, D)
VP1 fragments derived from most common 34 types of enteroviruses

MpumevaHue. PvcyHku B n T aBnsiioTca dparmeHTaMm pucyHkoB A v B COOTBETCTBEHHO B 06/1aCTU rPaHULbl MEXTUMOBBIX

1 BHYTPUTUMOBBIX CPABHEHUIA. TEMHO-CEPbLIM 1 CBETNO-CEPbIM LIBETOM MOKa3aHbl 3HAYEHNS MEXTUMOBOrO Y BHYTPUTUMNOBOMO
nonapHOro CX0ACTBa COOTBETCTBEHHO. Ha pncyHkax B 1 " YepHbIM LLBETOM NOKa3aHbl NePEKPbLIBAIOLLMECS 3HAYEHUS CXOLCTB,
KOTOPbIE HAXOASATCS B «CEpPOii 30He». MaTpuLbl MONapHOro CxoAcTea mexay 2615 nocnefoBaTeNbHOCTAMW S3HTEPOBMPYCOB
6blny paccymTaHbl B nporpamme MEGAG [37].

Note. Panels C and D represent magnified fragments of panels A and B, respectively, within the range of Intertypic and intratypic
comparisons. Intertypic and intratypic similarity values are shown in dark-gray and light-gray, respectively. Panels C and D
highlight in black the overlapping values presented in “gray zone”. Matrices of pairwise similarity values among 2615 sequences
were calculated by using MEGAG software [37].
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BaxXHBIM MpPEeUMYyIIECTBOM MOJIEKYJISIPHOTO TH-
MUPOBAHUS SIBJISIETCSI BO3MOXHOCTb TPOBEIECHUSI
¢uIoreHeTUYEeCKOro aHaIu3a MoTy4YeHHBIX BUPYCOB.
B ciiyyae sHTepoBUpPYCOB OJHOTO TUTIA JIJISI aHATN3a
WCTIOJIb3YeTCsI HyKJICOTUIHAST, 8 HE aMUHOKMCIIOTHAS
TOCJIEIOBATEILHOCTh, TIOCKOIbKY HYKJICOTUTHBIE 3a-
MEHBl HaKarInBamTcs TpubausutenbHo B 10 pas
obicTpee. PUIOTeHeTUUECKUIT aHATU3 TIOMOTAET BbI-
SICHUTh UCTOYHUKM 3aHOCA BUpYCa U ITYyTHU Pacpo-
CTpaHEHUsI, MPOCJIEIUTh PAa3BUTHUE BCIBIIIKU WU

MonHas nocneposatenbHocTs VP1
Full VP1 sequence

snuaemMuu. [Ipoctora noaydyeHUs ¥ aHaJIM3a HyKJIeO-
TUIHBIX TOCEAOBATEbHOCTEN MO3BOJSIIOT IPOBO-
JIUTH TAaKOI aHAJIM3 MOJIb30BaTEIsIM C MUHUMAJIbHON
KBanuduKalei, IpuyeM MeTOIbl He CoaepXKaT Me-
XaHM3MOB KOHTPOJISI KAYeCTBA ITOJTYYCHHBIX ITOCIIe-
JIOBaTEJIBHOCTEH, a KPUTEPUU JTOCTOBEPHOCTH OIIe-
HHUBAIOT 3HAYNMOCTDH (PUIOTCHETMYSCKIX B3aTMOOT-
HOIIICHUT, HO He MX ITOCJICAYIONIEH MHTePIpeTALINN.
Huxe MbI pacCMOTPUM OCHOBHBIE OTPaHUYEHUS JJTST
(bUTIOreHeTUYeCKOro aHau3a SHTePpOBUPYCOB.

MocnenoBaTenbHOCTb «TUNKMPYlOLWEero» pparmeHTa VP1
The “typing” VP1 fragment sequence
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PucyHok 2. F'nctorpammbl pacnpeaeneHuii 3Ha4eHuii NonapHbIX CXOACTB MEXAY aMUHOKUCIOTHbIMM
nocnenoBaTesibHOCTAMMU NoJiHbIX (A, B) u kopoTkux (B, I') yuactkoe VP1 gna 34 HanGonee

PacnpoCTPaHEeHHbIX TUNOB SHTEepPOBUpPyCcoB

Figure 2. Distribution of pairwise identity values between amino acid sequences of full-length (A, C) and short (B, D)
VP1 fragments derived from most common 34 types of enteroviruses

MpumevaHue. PucyHkn B u T sBnsiiotTca pparmeHTaMm pucyHkoB A b cOOTBETCTBEHHO B 06/1aCTU rPaHMLbl MEXTUMOBLIX

1 BHYTPUTUMOBBIX CPABHEHUIA. TEMHO-CEPbIM 1 CBET/O-CEPbIM LLBETOM NOKa3aHbl 3HAYEHUSI MEXTUMOBOIO ¥ BHYTPUTUMNOBOMO
NMonapHOro CX0ACTBa COOTBETCTBEHHO. Ha prcyHkax B 1 " YepHbIM LIBETOM NOKa3aHbl NePEKPbLIBAIOLLMECS 3HAYEHNS CXOACTB,
KOTOPbIE HAX0AATCA B «CEPOW 30He». MaTpuLLbl NonapHOro cxofacTea mexay 2615 nocnefoBaTenbHOCTIMU SHTEPOBMPYCOB

OblIM paccumTaHbl B nporpamme MEGAG [37].

Note. Panels C and D represent magnified fragments of panels A and B, respectively, within the range of Intertypic and intratypic
comparisons. Intertypic and intratypic similarity values are shown in dark-gray and light-gray, respectively. Panels C and D
highlight in black the overlapping values presented in “gray zone”. Matrices of pairwise similarity values among 2615 sequences

were calculated by using MEGAG software [37].
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Ha ceronusiminuii aeHs (Mait 2018 r.) B 6a3e gaH-
Hbix GenBank npencraBiaeHo okosio 53 500 HyKJ€eo-
TUAHBIX MOCJIEA0BATEIbHOCTE SHTepOBUPYCcOB A-D.
Oxo:10 39 000 U3 HUX OTHOCSITCS K 00JIaCTH TeHOMAa
VPI1. PacnpeneneHue u3BECTHBIX HYKJICOTUIAHBIX
MOCJIEIOBATEIBHOCTE IT0 BDeMEHU U MECTY BBIIICIC-
HUS KpalfHe HepaBHOMepHoOe. boirbimast yacts BUPY-
coB OnbL1a BeiaeaeHa nocie 2000 r. (puc. 3) B Kurae,
®dpanunn, Anonnn, CIHA, Maann, Huaepmangax,
P® — cTpaHax, KOTOpble NPOBOISIT AaKTUBHBII HaI-
30p 3a BHTepoBUpycamu (Taod. 1).

IIpu 3TOM maxke B mpenenax yKa3aHHBIX CTpaH
CYIISCTBYIOT 3HAYMTEIBHBIC Pa3IdIUSI MEXIY
MNpeICTaBIICHHBIMHA TUIIAMHW U TOJaMU BBIICICHUS.
JIasT MHOTMX THUIOB (PMJIOTEHETHMUYCCKUI aHaJInu3
HenH(popMaTuBeH u3-3a KpaliHe HEOAHOPOIHOU
BBIOOPKU JOCTYITHBIX B 0a3e naHHbIx GenBank Hy-
KJICOTUAHBIX ITocjaeaoBaTe/ibHOCTel. Hampumep,
33 u3 35 uzBecTHBIX nocienoBareabHocTeit EV-B85
obLTU BeIfesieHsl B Kutae B 2011 1.

Ha cerogHgmHMit 1eHb B OOJBITMHCTBE CTpaH
JNIEMOHUPOBaHME TOCJEI0BaTEbHOCTEd BUPYCOB
Opu PyTUHHOM Haa30pe He MpaKTUKYEeTCs, U HO-
CTYITHBI B IIEPBYIO Oouepeab MaCCUBBI JaHHBIX IJIS
OTIEJILHBIX TUIIOB, MOJYYCHHBIC B pe3yjbTraTe Ha-
YUYHBIX HCclenoBaHuii. boilee Toro, KoamdyecTBO
TMOCJIeIOBATEILHOCTE! He B TTIOJTHOW Mepe OTpaXxaeT
MX MH(POPMATUBHOCTh, TaK KaK BO3MOXHO IEIO-
HUpOBaHWE OOJIBIIOTO KOJMYECTBA NMPAKTUYSCKH
UICHTUYHBIX IOCJeN0BaTEIbHOCTE, MOJYyYeH-
HBIX, HAIPUMEpP, BO BpeMsl pacciaedoBaHUS KPYIl-
HBIX BCHOBILIEK 3abojieBaeMOCTU. TakuM oOpa3om,
IPpHU CPaBHCHUU MOJTYYESHHOU MOCJIeIOBATEIbHOCTH
MOXHO OIpPEIeIUTh €€ CXOICTBO TOJBKO C M3BECT-
HBIMU BUpPYyCcaMU. DTO OOBSIICHSCT, TIOYEMY B JIUTE-
paType 9acTo 00CYXIarTCs 3aHOCHI 9HTEPOBUPYCOB
u3 EBponbl 1 Kurtasi, Ho He U3 ApPyrux cCTpaH, B KO-
TOPbIX HE BEAETCSI CUCTEMATUUYECKOI0 CEKBEHUPO-
BaHUSI PHTEPOBUPYCOB U NEIIOHUPOBAHUS JaHHBIX
B 6a3y gmaHHbIX GenBank. TouHo Tak ke BBIBOABI

1000
100
[2]
o 10
c
[
>
o
o 1
x
3
= 1000
S
5
o 100
Q0
IS
=}
E 10
X
s
“q,% 1
(©)
o
'S 1000
o
3
35
§ 100
g
2 10
o]l
e [ L0 1
EE
¢ [ HEV-D
S F 1000
p4 [
E 100
. . | .
1940 1950 1960 1970 1980 1990 2000 2010

['of BblOeneHns nocnepoBatensHocTn / Isolation year

PucyHok 3. KonuuecTBo penoHupoBaHHbIX B 6a3e gaHHbix GenBank nocnepoBaTtenbHocTe
3HTEPOBUPYCOB, BbiAeJIEHHbIX B pa3Hble rogbl, ¢ 1940 no 2017 rr. [22]

Figure 3. The number of enterovirus sequences isolated within 1940-2017 deposited in the GenBank [22]
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0 GOpMUPOBAaHNU B CTpaHaX C BBICOKOW IIJIOTHO-
CTBIO HaI30pa SHASMUYHBIX IITAMMOB, KOTOpBIC
HE BBIABJISJIMCb B APYTUX CTpaHaX, MOTYT OBIThb
CBsI3aHBI C HEPaBHOMEPHOCTBHIO Hal30pa B MUpE,
a HE C MICTUHHOM 21U IEMUOJIOTMEN BUPYCOB.

Jlyisg HauboJsiee pacOpOCTpaHEHHBIX TUIOB BH-
TEPOBUPYCOB KOJTMUYECCTBO U3BECTHBIX HYKJICOTU/I-
HBIX ITOCJIEIOBATEIBHOCTEM MCUYMCISICTCS COTHSI-
MW UIn TeicayaMu. DuUIOreHEeTUYCCKUIT aHaINU3
cpa3y BCeX U3BECTHBIX CUKBEHCOB B TAKOM cjlyyae
OymeT M 3aTpyAHEH TEXHWUYECKH M OTpaHUUICHHO
nHopMaTuBeH. BeiOop pedepeHCHBIX CUKBEHCOB
IS (UIIOTEHETUYCCKOTO aHajli3a MMEeT KJIIIo-
yeBO€ 3HAUCHUE IJIS MNOJYYECHMSI MaKCHUMaJlbHO
JIOCTOBEPHBIX pe3yabTaToB. [Ipym pydyHOM BBIOO-
pe pedepeHCHBIX MOCJIeNOBATEIbHOCTEN CYIIECT-
BYEeT PUCK CEpPbE3HOT0 WMCKaXXEHUS Pe3yJIbTaTOB.
OnTUMaIbHBIM TIOIXOI0OM MOXKET OBITH MCKJTIOUE-
HME U3 aHaJIM3a CAUIIKOM CXOIHBIX pedepeHCHBIX
MOCJICOOBATCIILHOCTEH, IIPYEM KPUTESPUU IJIsI UC-
KJIIOUYEHHU S MOTYT OBITH Pa3HBIMU AJISI pa3JIUdHBIX
Tpynm BUpycoB. Hampumep, mpm pacciaeagoBaHUN
BCHIBIIIKY 1IEJIECO00pa3HO BKJIOUATH BCE TTOCIIEIO-
BaTeJILHOCTU, OJIM3KME K BBIJIEJICHHOMY BO BpeMsI
BCIIBIIIKY BUPYCY, a IJIsI 00JIee OTIUIHBIX BUPYCOB
(Hampumep, OTJIMYAIOIIUXCS OT UCCIAEAYEMOT0 U30-
JisiTa 6osiee yeM Ha 5%) UCKIIOUYUTD «ITOBTOPHBIC»
MOCJIeA0BaTeIbHOCTU, KOTOPbIE OTJIMYAIOTCS APYT
oT apyra MeHee 4eM Ha 2—5%. Kakux-1160 yHU-
BepCaJbHBIX CTAaHIAPTOB M aJTOPUTMOB ITOI0Opa
pedepeHCHBIX HYKJCOTHUIHBIX IOCICI0BATEIb-
HOCTEeI NJIsT aHaJl3a He CYIIECTBYET, XOTsS MMEH-
HO 3TOT 3Tam aHaju3a SIBJSETCS ONpeaesiouuM
IS eT0 JOCTOBepHOCTU. Ha ceromHSIIHUI IeHb
MOArOTOBKAa pPENpe3eHTaTUBHOTO Habopa CHK-
BEHCOB [IJISI CPaBHEHUS SBIISIETCS 00Jice CIIOKHOU
3agaueil (KakK TeXHUUYECKU, TaK U C TOYKU 3PCHUST
SMUJEMUOJIOTUU U DBOJIOLMU), HEXXKEJTU COOCTBEH-
HO (pUJTOTeHeTUYCCKU T aHAJIN3.

KayectBo nenmonupoBaHHbIX B GenBank naHHBIX
B 1I€JIOM BBICOKOE, OTHAKO BCTPEUAIOTCS TIOCTICIOBA-
TeJIbHOCTU (MeHee 1%) ¢ O4eBUIHBIMU OLIMOKAMU
CEeKBCHUPOBAHUS WJIM aHHOTAIIMM (OaThI, MECTa BBI-
neneHus, Tuna). IckimnodeHune Tak X rocjiaeaoBaTe /b-
HOCTE SIBJISIETCS BasKHBIM 3TAITOM IJIST JAJIbHEHIIIETO
aHajau3a, 0COOEHHO C UCHoJib30BaHUeM baiiecoBbIX
GUIOreHeTUYECKMX METOIOB, MOCKOJBKY HaxKe He-
CKOJIBKO OIITMOOYHBIX MOCJICHOBATEIILHOCTEIT MOTYT
3HAUMTEIbHO HMCKA3UTh BCE PE3yJbTaTbl PacueToB.
I[Ipu3HakaMu OIIMOOYHBIX ITOCIICAOBATCIBHOCTEH
SIBJISTIOTCSI HECOOTBETCTBUE COOTHOIIEHUS MPOLICH-
Ta CHHOHUMHWYECKNX 1 HECMHOHMMMWYCCKUX 3aMeH
HabGaogaeMomy B cpenHeM B VPI1, rpynnsl nocaeno-
BaTEJIbHBIX aMIHOKHUCJIOTHBIX 3aMEH B OTHOCUTEITb-
HO KOHCEPBATMBHBIX y4YacTKaX I'e¢HOMa, HEIIPOIIop-
LIMOHAJIbHO JJIMHHbBIC BETBU Ha (DUJIOTCHETUYECKOM
JIepeBe, CKOPOCTh HAKOIUICHUST 3aMeH (rate) Ha OT-
JIeJIbHBIX BETBSIX AePeBa, 3HAUMTEIbHO OTIMYaroIIasi-
¢S OT CpEeMHE I JAaHHOTO (PMJTOT¢HETUIECKOTO JIe-
peBa u 1Jist VP1 B cpenrem (6 X 10— — 12 x 103 3ameH
Ha caliT B rof, TadJ. 2).

Ta6nuua 1. KonnyecTBo AOCTYNHbIX B 6a3e
naHHbix GenBank nocnepoBatenbHocTEN
HEeNnoJIMOMUESIUTHbIX BHTEPOBUPYCOB,
BblA,eJIeHHbIX B pa3HbIX CTPaHaXx

Table 1. Number of non-polio enterovirus sequences
isolated in various countries available in the GenBank
database

HYucno nocnegoearenbHocTen
ngatHa B 6a3e aaHHbIX GenBank
ountry The number of GenBank entries
Kurain . .
+ —
China 16 525 (+2506 — TaiiBaHb/Taiwan)
®dpaHuus 9795
France
AnoHusa 0777
Japan
Mnaus 2069
India
Hupepnanpbi
Netherlands 1987
Taunaup,
Thailand 1758
Pocc.ml 1679
Russia
CLUA
USA 1468
Mpoune cTpaHbl NM60
CTpaHa He yKa3aHa 20606
Other countries

Biaronapst tocTaTouHO BBICOKOI U TIpecKasye-
MO# CKOPOCTHU HAKOIUICHU ST HYKJICOTUIHBIX 3aMEH
Yy DHTEPOBUPYCOB OaXe Ha OCHOBAHUU IIPOLICH-
Ta CXOJCTBa HYKJIEOTUAHOW MOCJIENOBATEIbHOCTU
MOXHO BBITIOJIHUTh TpPyOylO0 OLIEHKY MWCTOYHUKA
U BPEMEHU MPOUCXOXaeHUs BUpyca. Ciaeayet npu-
HUMaTh BO BHUMaHUE, YTO CKOPOCTh HAKOTLJIEHUS
3aMeH MOXEeT pa3iauyatbcsd B 1,5—2 paza Mexay
pa3HbIMU TeHOTMNaMu omHoro tumna [25]. Kpome
TOro, Iocje TOTro Kak JBa BUpyca MMeJU OOIIero
npenka, HakarJuBajdu 3aMeHbl 00a, TO €CThb IPo-
LIEHT 3aME€H MEX Yy BUpyCaMU OTpaxkaeT CyMMapHoOe
BpeMsI OT O0LIero npeaka 10 KaXXJa0ro U3 BUPYCOB.
Hanpuwmep, eciu aBa Bupyca, BoiaeacHHbie B 2010 .,
paznuuamoTcss Ha 4% HYKJIEOTUIHOW MocienoBa-
TeJBHOCTU B oOsiactu reHoMa VP1, To ux oOmuii
IpenoK ckopee Bcero cymectBoBai B 2007—2008 rr.
(TIpu CKOPOCTH HAKOITJIEHHWSI 3aMEH KaXKIbIM BUPY-
coM 0,6 mnu 1% B roI COOTBETCTBEHHO).

V1006HBIM MOAXOAOM JJ151 OBICTPOI OLIEHKU MOJIe-
KYJISPHOM 3TN IEMHUOJIOT U SHTEPOBUPYCOB SIBJISICT-
csI oTIpeicJICHNE TeHOTUIIOB BHYTPpH TUTIA. 111 Ham-
0oJiee pacrpoCTpaHEHHBIX TUIMOB, Takux Kak Ell
[31], E30 [7], EV-AT71 [23], cyluecTBYIOT yCTOSIBILIW-
ecsl CUCTeMbl reHOTUIoB. Mcnoab30BaHUE T€HOTU-
OB 3HAYUTEJIBHO OOJIeryaeT OMUCAHUE Pe3yJibTa-
TOB U B3aMMOJICUCTBUE MEXAY HCCJIEeIOBATEISIMU.
VY HekoTopbix TUNOB, Hanpumep, E11, EV-A71, re-
HOTUIIBI YETKO OTAEJEHBI APYT OT Apyra Ha duio-
TeHETUYECKOM JIepeBE, XOTSI OMPEAeasiTh T€HOTUIT
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Ta6nuua 2. CkopocTu 3ameH ansg Hanbonee
pacnpocTpaHeHHbIX TUNOB [22]

Table 2. Nucleotide substitution rates for the most
common enterovirus strains [22]

CKOpOCTb 3aM€eH, 95% poBepuUTenbHbIN
x10-*3ameH/ |uHTepsan,x 10-%3amen/
Tvn caunt/rop caunt/rog
Serotype | Substitution rate, 95% confidence interval,
x 1073 substitutions/ x 1073 substitutions/

site/year site/year

CV-A6 9,0 7,2-11,2
CV-A10 8,3 6,3-10,3
CV-A16 8,2 6,6-9,9
CV-A20 4,1 2,2 -6,1
CV-B1 9.1 7,0-11,3
Cv-B3 6,8 5,5-8,0
Cv-B4 6,7 5,5-8,0
CV-B5 17 6,6-8.9
E-11 6,5 5,4-7,7
E-1 2,2 8,4-16,3
E-30 75 6,4-8,6
E-6 9,6 7,9-11,1
E-9 [26] 5,8 3,7-8,1
EV-AT1 6,0 5,5-6,5

TOJIBKO Ha OCHOBAaHUU CTEIEeHU OTJIMYMS HYKJIEO-
TUAHOI MOCJIeIOBAaTEIbHOCTU HE BCEria BO3MOXHO.
YV E30, HanpoTuB, oIpeaeeHUue TeHOTUTIOB B psilie
clIy4yaeB, OCOOCHHO [JIsI apXMBHBIX IIITAMMOB, HO-
CUT CyOBEKTUBHBIN XapakTep [7]. YHuBepcamibHBIX
KpUTEepHEB TEHOTHUITAa HE CYIIECTBYET. Y IIPUOJIM-
3UTEILHO TIOJIOBUHBI THUIIOB CYIIECTBYIOT YETKO
orpaHMYeHHBIE (PUIOTEHETHUYECKUE TIOATPYIIITHI.
Jas TaKuX TUIIOB XapaKTEpPHO MYJBTUMOAAJIbHOE
pacnpeneseHre BHYTPUTUIIOBBIX 3HAUEHU I Morap-
HBIX CXOICTB (pa3jIn4yMii) CO MHOXECTBOM ITUKOB,
YTO TIO3BOJISIET ONPENCIUTh KPUTEPUIl T€HOTHUIIA,
OOHAKO Y Pa3INYHBLIX TUIOB 3TU KPUTCPUU OyIyT
pa3HbIMU, B peneiax 12—20% pasnudust HyKJeo-
TUAHON MOCien0oBaTeIbHOCTU obiacTu reHoma VP1
[22]. ¥V apyroii yacTy TUIIOB HE HAOIIOAAETCS MYJIb-
TUMOJAJIbHOTO pacipeaeaeHus MoNapHbIX IMCTaH-
LM BHYTpM Tumna. B aTux ciaydasix HEBO3MOXKHO
onpeneuTh KOJIUYSCTBEHHBIE KPUTEPUU TeHOTU-
OB B BUIe (DMKCUPOBAHHOIO MPOIEHTa CXOACTBa/
pasIuuMs HYKJICOTUIHOM TIOCJIEIOBATCIBHOCTH,
OIHAKO BO3MOXHO OIlpeesicHIe TeHOTUIIOB Ha OC-
HOBE (pMJIOTEeHETUUECKOTO TPYTIIITUPOBAHUS IJI5T 00-
JIETYEHU I OOCYKACHU ST Pe3yJIbTaTOB.

st 6osiee TOUHOM OLIEHKU (UJTOAMHAMUKU DH-
TEPOBUPYCOB B HACTOSIIIEE BPEMSI IIIMPOKO UCITOJIb-
3yioT baiiecoBnl ¢duiaoreHeTnueckue metonbl [11],
KOTOpBIE CTaJau NOCTYNHBI ToJbKO B 2007 1. B ciy-
Yae IOCTaTOYHO OOJIBIIOTO 00beMa MCXOMHBIX JaH-
HBIX METOH SIBJISIETCSI BIIOJIHE BOCIHPOM3BOIMMBIM
¥ TIO3BOJISIET MOJIYYUTh OTBET O BPEMEHHU CYIIIeCTBO-
BaHMSI MOCJIEAHETO OOIIEro npeaka BUPyCcoB C yde-
ToM 95% noBepuTeIbHOrO MHTepBaja. Hampumep,
pacciaefoBaHUEe BCHBIIIKU MEHUHIO3HIIedaInTa,

BbI3BaHHOro ®B71 B PocroBe-Ha-/lony B 2013 r.,
BBISIBUJIO, UTO BUPYC, CKOpee BCero, OblJI 3aHEeCeH
Ha trepputopuio P® u3 Kuras 3a 3 roma 1o BCObIIII-
KU U 3aTeM LUPKyJIupoBaa B PD, He BbI3bIBas 3Ha-
YUMBIX BCITBIIIEK 3a0osieBaemMocTu [6]. 3a ot Tpn
rofga HET CBUACTEIIBCTB Mepenadrd 3TOi JUNHUMN BU-
pyca m3 Kuras, omHaKO, ITOCKOJBKY KOJIUYSCTBO
CHMKBEHCOB M3 OOJBIIMHCTBA CTpaH A3WU OCTACTCS
HEOOCTATOYHBIM, HE WCKJIIOYEHO, UYTO 3TOT BHPYC
HUPKYJIUPOBAI He TOJIbKO B PD, HO U «re yromgHo,
kpome Kutast u EBporibl».

baitecoBbl (puiioreHeTUYECKME METOAbI TaK-
Ke TTO3BOJISIOT UCCIenoBaTh dugoreorpaduio BU-
pycoB [17]. B aTtom ciyuae meron Monte-Kapio
¢ MapKOBCKMMM LEIISIMU HUCITOJIB3YeTCST IJIST OIl-
TUMHU3ALIANA pacdyeTa (QUIOTCHETUUECKUX B3al-
MOOTHOIIICHU TEeHOMHBIX II0CJIeA0BATEeILHOCTEM
BO BpeMEeHHU U B mpocTpaHcTBe. Pacuer dusoreo-
rpaduu XopolIo paboTaeT 151 300HO30B, TAKMUX KaK
oemreHcTBO [17]. B ciiyyae asHTepOBUPYCOB €ro Ipu-
MEHEHUE B 3HAYUTEIBHOMN CTeTIEHW OTpaHUYCHO JIU-
MHUTOM (DUIOTEHETUUYECKOTO pa3peIIeHM .

TeopeTrmyeckast BOSMOXKHOCTD Pa3IMIUTH 2 IIITAM-
Ma ¥ JIOCTOBEPHO OLICHUTH WX (PUIIOTeHCTUYECKHE
B3aMMOOTHOIIICHUS OIIPEIesieTCs] CKOPOCTBIO Ha-
KOIUIGHMSI 3aME€H U JJIMHON M3BECTHON HYKJIEOTHU/I-
HOI mocJjenoBareibHOCTU. [Ipu cKOpoCcTHU HaKorLIe-
Hug 3ameH 0,6—1,2% B rox B ydyacTKe reHOMa M-
Hoii 300 HYKJIEOTHIOB MOXHO OXMIATH TTOSIBJIEHUE
2—4 3ameH 3a roa. TakuM obpa3oM, aHaIN3 «TUIN-
pytoiero» ¢pparmeHta VPl TeopeTrnyecku mo3BoJIsI-
€T BbISIBUTb He 0osiee 2—4 3BOIIOLIMOHHBIX COOBITUIA
B TOI. DTOr0 JTOCTATOYHO JIJIST OLCHKU LIUPKYJISIIIUA
BUPYCOB B MaciliTabax CTpaHbl, HO HEAOCTATOYHO 15
paccienoBaHus (hUIOAMHAMUKY BUPYCOB, HAITPUMED,
BHYTPM BCOBIIIKU. [laxke TIodaHas IOCenoBaTe/Ib-
HOCTBh obJytacTu reHoma VP1 (okoso 900 HT) TeopeTu-
4YeCKU TT03BOJISIET OIPEaeIITh He 0ojiee 5—15 coObITUiA
B TOI U B IIEJIOM ITOXXOIMT TOJIBKO IJIs paCcCICIOBAHUS
KPYITHBIX BCHBIIIEK, HAaIlpUMEp, BCHBIIIKHA TTOJINO-
muenuta B Tamxkukuctane B 2010 1. [41]. YuuteiBas
TO, UTO JIMTEJIbHOCTh OMHOIO 1IMKJa HTEPOBUPYC-
HOM MHGEKLUU cocTaBiIsieT nopsaka 3—10 mHeit, ajis
JIOCTOBEPHOI'O  pacCjeNoBaHUSI  PaCIPOCTPaHEHUS
BHpYyCa BO BPeMsI BCITBIIIIEK MOXET ObITh PEKOMEHIO-
BaHO OmpeAesIcHNe TTOTHOM HYKJICOTUITHOM MOCIeIO-
BaTeJIBHOCTH. Ha ceromHsImIHmit IeHb B CUCTEME Ha/l-
30pa 3a sHTepoBUpycaMi B PP Takux paboT Ha pery-
JISIPHOI OCHOBE HE BEIETCSI.

IIpobnema paspeuieHuss (GUIOTEHETUYECKUX
METOJIOB HEOTHhEMJIEMO CBsSI3aHa C BOIIPOCOM HEO0O0-
XOIUMOI IMMJIOTHOCTU MOJIEKYISIPHO-T€HETUUYECKOTO
Haa30pa 3a SHTepOBUpycaMu. AHAIN3 (PUIOTSHETH -
YeCKUX MOCJIeIOBAaTCIBHOCTEI MO3BOISIET OLICHUTD
aJIeKBaTHOCTDL CYIIECTBYIOIIEl CHCTeMBbl Han3opa.
Llepro MOJIEKYITSIPHO-3ITUASMUOJIOTUIECKOTO Hal-
30pa MOXXHO CUYMTATh MOJTHOLIEHHOE ITPEACTaBICHUE
000 BceX BapuvaHTax HTEPOBUPYCOB, LIUPKYJIUPY-
IOLIMX Ha TEPPUTOPUHM, U MYTIX UX pacIpoCTpaHe-
Husg. Yactora oOHapyKeHUs pa3HbIX TUIIOB pa3-
JuJaeTcs B coTHU pa3 u B PO (http://www.nniiem.
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ru/development/informanalit/evi.html), 1 B apyrux
ctpaHax [15, 38]. bonee Toro, BHyTpu TUIIOB BO3-
MOXHO CYIIECTBOBAHUE PENKUX BAPUAHTOB BUPY-
COB, KOTOpbIC B TCUCHUE NCCITUICTUI HE BBISIBIIS-
JIMCH Jaxke TIPU JOCTaTOYHO MHTEHCUBHOM Haa30pe
[42]. C Touku 3peHU s BBISIBJICHU ST HOBBIX BADMAHTOB
BUPYCOB, IIJIOTHOCTh IEHCTBYIOIIETO Haa30pa Bce
ellle HeJb3sl MPU3HATh aJeKBaTHOM. DTOT IoKa3a-
TeJb MOXHO OyAEeT CUYMTATh HOCTUTHYTBIM, KOraa
J110001 peKU it TEHOTHUII, IPUCYTCTBYIOLINU I HA Tep-
putopuu P®D, OGyaeT mpeacraBieH KaK MUHUMYM
JnecsThio obpasiamu. Ha ceromHsrHui 1eHb Orpe-
JIeJIeHUEe OOJIBIIOTO KOJMYECTBAa HYKJICOTHIHBIX
MOCJIEIOBATEIBHOCTE MPaKTUICCKU MACHTUUYHBIX
BHUPYCOB HEIIEJICCO00pa3HO SKOHOMUYECCKHU, IIO-
CKOJIBKY MUHUMAJIbHYIO CTOMMOCTDH TUIIHPOBAHUS
OJIHOTO BHUpyca, 06e3 ydeTa Tpyao3aTpaT M HaKJal-
HBIX pacXoaoB, MOXKHO olieHUuThb B 3000 pyOuieii.

Llenbio mpoduiakTUUYECKUX MEPOITPUSITUIA, pa3-
paboTaHHBIX Ha OCHOBE NAHHBIX SMUIAESMUOJIOTH-
yecKoro Haazopa 3a DBU, aBisieTcsa CHUXKEHUE prC-
KOB (OopMHpPOBaHUS U PACIIPOCTPAHCHUS OYaroB
C MHOXECTBEHHBIMHU CJIydassMM 3a00JIeBaHU. DTa
LeNb SIBISIETCSI, BEPOSITHO, Hambojee TPYyITHOIO-
ctrkuMoit. [TporHo3poBaHNe B HACTOSIIIIES BPEMST
OMMpPAETCs HAa aHAJIM3 PETPOCIIEKTUBHOM 3a00/1eBa-
emocTu. O4eBUIHO, YTO MPOTHO3UPOBAHUE JOJIXKHO
0a3MpoBaThCs HA aHAJIM3€ MHOXECTBEHHBIX (haKTO-
pPOB, TaKMX KaK 3a00JIeBAEMOCTH B IIPEAIIECTBYIO-
e TepuoAbl, TaHHBIC MOJICKYJISIPHO-3IUIESMHO-
JIOTUYECKOTO0 MOHUTOPWHTA, IIOKa3aTesIn KOJIICK-
TUBHOI'O UMMYHUTETA.

Ha cerogHsirHuii 1eHb B MUpE OITyOJIMKOBAaHO
JIOCTaTOYHO OOJIbIIOE KOJIMYECTBO PadOT, MOCBSI-
IIIEHHBIX BO3MOXHBIM MPUYMHAM M MeXaHU3MaM
BO3HUKHOBEHMSI BCITBIIIEK M BMUAEMUI 3HTEPO-
BUPYCHOUM MH(MEKIINM, OMHAKO IEJIOCTHOI'O ITOHU-
MaHMSI 3TOTO MpoIecca Ha CCTOMHSIIITHUN IeHb HET.
K yucny (pakTopoB, KOTOPbIE MOTYT OBITh ACCOLIUU-
pOBaHBI ¢ BOBHMKHOBEHMEM BCHBIIIEK 3HTEPOBU-
pPYCHOIT MHMEKINU, OTHOCSIT KoJicOaHWe YPOBHS
KOJUIEKTUBHOI'O MMMYHMTETa, KJIMMaTU4ecKue
U colaabHble (pakTopbl. M3MeHeHe aKTUBHOCTH
HUPKYJISILIANA BUpPYyca, CBSI3aHHOE C CE30HHOCTBIO
SHTepoBUpYycHO uMHpeknuu (B PP mombem 3a-
00JIeBAEMOCTH C MIMKOM B MIOJIe—CEHTSIOPE) MOXKET
CIIOCOOCTBOBAaTh BO3HUKHOBCHHUIO WM MCUYE3HOBE-
HUIO U3 TUPKYJISIUA HOBBIX BApDUAHTOB SHTEPOBU-
pycoB. Iloka3zaHO, 4TO 3TOT MPOIECC MPOUCXOAUT
Jaxe B Ipeaesax omHoro tTumna. Hanpumep, pekoM-
ouHaHTHBIE (opMbl E30 peryjisipHO MOSIBISIIUCS,
nojyJyajau IIUPOKOE PacIlpoCTpaHEHUE B TeUCHUE
OOHOI'0 WM HECKOJIBKMX CE30HOB M CaMOIIPOU3-
BOJILHO Mcue3anu n3 uupkyasuuu B EBpone [24].
B mesoM MOXXKHO cKa3aTh, 9YTO CIIydailHbIe (DAKTOPHI
MOTYT UMETh He MEHBIIIee 3HAUCHUE IJI5T SITUIESMHO-
JIOTUM BUpPYCa, YeM KOJIJICKTUBHBI UMMYHHUTET.

Ponp reHeTMyeckuMx XapaKTepUCTUK BHUpyca
B BO3BHUKHOBEHUMU BCITbIIIEK 3a001€BaeMOCTHU OCTa-
eTcs HesicHOU. Bo BpeMs anuaeMu Be3UKYIsIpHO
sk3aHTeMbl B Kutae B 2008—2011 rr. EV-A71 OBIN

OCHOBHBIM HUPKYJIUPYIOIIUM BUPYCOM, HO OoJiee
YeM B ITOJIOBUHE CIy4YaeB OT OOJbHBIX C 9K3aHTEMOM
Boraeasin CV-Al6 u npyrue tumnsl [19]. B apyrux
ctpaHax FOro-BocTouHoit A3uu Bcnbiinku EV-A71
MOTJIY OBITh BBI3BaHBI B pa3HbIC TOABI Pa3INUYHBIMU
reHoturtamu Bupyca (B u C), mpu 3ToM mpuHIIN-
OHAJIBHBIX Pa3IMINU KIMHUYISCKON KapTUHEI BHI-
SIBJIEHO He ObL1o [23]. Bo BpeMs BCOBIIIKU CEPO3HO-
ro MmeHuHruTa B Xabaposcke B 2006 1. 0T OOJILHBIX
yaie Bcero BbiAeasyin E6, omHako y 4acTH JIMIT
npearoJjiaraéMbIM BO30YIUTEIEM MEHMHIUTA ObLI
E30, mipu TOM SIBHBIX pa3juM4Uil B TEUEHUU 3200-
JIeBaHMSI, BBI3BAHHOTO BHpPYyCaMHM pa3HBIX THIIOB
He Habmomanock. boiee Toro, puiioreHeTUYSCKUA
aHaJIM3 MoKa3aJ, YTO BbIACICHHBIC OT OOJLHBIX Ba-
puaHThl E6 B psine ciaydaeB uMesn OOIIero mpeaka
3a MHOTO JIET IO BCTIBIIIIKY, TO €CTh He ObLIN CBsI3a-
HBI MeXay coboil anuaemuosoruuecku [4]. Kpome
TOTO, B psiJiec paboT OlMcaHa LUPKYJISALMS BapuaHTa
BHUpYCa, BbI3BABIIErO BCIIBLILIKY, 10 U IOCJIe Hee [0,
13, 34], 9yTO TaK>Ke CTaBUT OO COMHEHUE POJIb KOH-
KPETHBIX MYTallUii B Pa3BUTUU BCITBIIIICK.

C IpyToii CTOPOHEL, €CTh MHOTO ITPMEPOB YKa3bI-
BAIOIIMX Ha TO, UTO BO BPEM$I BCITBIIIIEK BUPYC MOXET
MoJIy4yaTh CITOCOOHOCTb HAaMHOIO Yallle BbI3bIBATh
CUMIITOMAaTUYECKYI0 WHGEKIWI0 WM aTUITMYHOE
3abojieBaHMe. Tak, BO BpeMsl BCIBIIIIKM MEHUHTO9H-
nedanuta, BeizBaHHOrO EV-A71 B PocTtoBe-Ha-/lony
B 2013 1., 32% (25 u3 78) mereit ¢ CMUMITOMAaMM SHTE-
POBUPYCHOM WHMEKIIMN HMEIN HEBPOJOTMYCCKIC
cuMnToMmbl [6]. Takast yactota HeWpoOWHMEKINU
PE3KO KOHTPACTUPYET C YaCTOTOU HelpouH eKIInuu
B0,3% ot 129 000 neteii c Be3UKYJISIPHOI 3K3aHTEMOM
BO BpeMsI BCbILIKY, BbI3BaHHOI EV-A71 Ha TaliBaHe
B 1998 r. [14]. B npyroii cuTyaniuu BO3HUKHOBEHUE
HOBOM KJIMHMYECKOM PAa3HOBUIHOCTU SK3aHTEMBI,
BoI3BaHHOU CV-A6, OBLJIO CBSI3aHO C HOBBIM BapuaH-
TOM BUpYCa, KOTOPBIU ITOSBUJICS HE3aI0JITO A0 BBISIB-
JIEHU S TIepBbIX cyvaes [12]. B mogoOHbIX cuTyalusx
pOJIb TEHETUUYECKUX JIETEPMUHAHT BUPYJICHTHOCTH
MPENCTaBIISIETCSI BeChMa BEpOSTHOM. B To ke BpeMs
JIO0 CEeTOHSIIHEro IHS He OIyOJMKOBaHO padoT, 10-
CTOBEPHO JMOKAa3bIBAIOIIUX POJIb KOHKPETHBIX MyTa-
LUK B BOBHUKHOBEHUM BCHBIIIEK 3a00JI€BACMOCTH.
B ciygae Bupyca moaromuenanTa (BXOASIIETO B BUIT
EV-C) BUpyIeHTHOCTB, KaK IMPAaBUJIO, OIIPEACIISICTCS
HECKOJBbKMUMHM MyTanusiMu [16, 28], mMosToMy MOMCK
TEHEeTUYECKUX IETePMUHAHT BUPYJIEHTHOCTU HETO-
JIMOMUETUTHBIX SHTEPOBUPYCOB MOXET OBITh OYEHb
CJIOXKHOM 3a7a4eit, peiaeMou ToJAbKO MPU MacllITad-
HOM MPUMEHEHUHN BBICOKOITPOM3BOAUTEIBHOIO CEeK-
BeHUpoBaHUs. He MCKIII0OUeHO Tak:Ke, YTO Il BU-
PYJICHTHOCTU SHTEPOBUPYCOB MMEET 3HAUYCHUE POJIb
MUHOPHBIX MYTaHTHBIX BapUaHTOB BHUPYCOB, KOTO-
pBIE TIPUCYTCTBYIOT B MOITYJISIIIMH, HO HE OIIPEIeIIsI-
FOTCSI TIpU OOBIYHOM CeKBeHUpoBaHUU 1o CaHTepy.
Hanpumep, 6e30macHOCTh aTTEHYUPOBAHHOI Bak-
LIMHBI OT MOJMOBUpPYyca 3 TUIIA ONpPeAeasieTCs 10aei
HelpoBupyJaeHTHoi myTauuu 472 U > C B nomnyJs-
nuu Bupyca. JIoOOMThCS IMOJTHOIO OTCYTCTBHUSI 3TOM
MyTalluM B BaKIMHE TEXHUUYECCKH HEBO3MOXHO,
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HO TIpH Joje MyTaHToB MeHee 0,8% BaKIIMHa Mpak-
TUYeCKn Oe3omacHa, a mpu noje 6osee 1,2% puck
BaKIIMHHO-aCCOLIMMPOBAHHOIO ITOJIMOMUEINTA Pe3-
Ko Bo3pacTtaeT [10]. [Tpu 3TOM cTaHmapTHOE CeKBe-
HHUPOBaHNUE MOXET BBISIBUTH TOJBKO MYTallUU, CO-
crasisioniue 6ojee 20% BupycHo nonyasiuuu [36],
TO €CTh B IIPUHIINIIC HE MO3BOJISICT aHAJIM3UPOBATh
Takue coobIThs. [IpoBepKa TMIIOTE3bI O POJIN MU-
HOPHBIX T€HETUYECKU BAPHUAHTOB B BOSHUKHOBEHU N
BCITBIIIIEK 3a00JIeBa€MOCTU OyAeT BO3MOXKHA TaKXKe
TOJIBKO ITPY MacIlITaOHOM MPUMEHEHU U BbICOKO MTPO-
M3BOAUTEIBHOIO CEKBEHUPOBAHMSI.

B psine paGoTr paccmaTpuBaeTcss BO3MOXKHOCTD
MIpeaCcKa3bIBaTh ITOSIBJICHUE HOBBIX SHTECPOBUPYCHBIX
WHQEKIINT Ha OCHOBE NETEKIIMU OeCCHMMIITOMHO
OUPKYIUPYIOIINX BUpPYycoB. IIpobGiemMa mHTEpPIIpE-
Tall TAKOTO pe3yjbTara 3aKJIdaeTcs B TOM, 4TO
paccienyloTcss TOJbKO ITOJIOKUTEIbHBIE COOBITUS
(BCIIBIIIKY), U HEU3BECTHO, 4YaCTO JIM TIOSIBJIEHUE
B LIMPKYJISIIIMY HOBOTO BapMaHTa BHUpYyca HE COITPO-
BOXJaeTcs MoJibeMoM 3abosieBaeMocTu. boiiee Toro,
TaKWe NCCIICIOBAaHMS B Meajie TOJIKHBI OBITH OCHO-
BaHBI HA CUCTEMATUISCKOM MOHUTOPUHTE CTOYHBIX
Bon. Ha ceromHsIIIIHMIT AeHb UCCIIEIOBAHUE CTOYHBIX
BOI MMeEET OIpelesIeHHbIE OrpaHNYeHUS: HEIOCTa-
TouyHasi 3PHEeKTUBHOCTh METOJIOB KOHLIEHTPUPOBA-
HMSI, UHTUOUpYIOIlee BIMSHHUE COCTaBa CTOUYHBIX
BO, 3aTpyAHsSOIIEeEe IPUMEHEHUE MOJICKYJISPHBIX
METONOB, M psd npyrux. OTCyTcTBHME MaccuBa JaH-
HBIX T10 HAaJI30PY 32 CTOUYHBIMU BOJAMU HE TIO3BOJISIET

Cnucok nutepatypbl/References

OLIEHUTh CTAaTUCTUYECKYIO 3HAYNUMOCTh 3IMU30IM-
yecKMX HaOmoneHuit. [IpoBeneHue CKPUHUHIOBBIX
MCCJIEIOBAHU MaTEepUAJIOB OT 310POBBIX JIOIECH MJIsI
oIpeneaeHUs «3MUASMUYECKOTo MOTeHIIMaaa Iup-
KyJUPYIOIIUX LITaMMOB» [5] Bpsig 1M MOXET OBbITh
IIUPOKO IIPAKTUYCCKU BHEIPEHO, a CKOPEe MOXET
OBITH MCITOJIH30BAHO ISl pEeIIcHU S HAyYHBIX 3a0a4.

Co3gaHHasg B MOCJIEIHHUE OecCITh JieT B PD cu-
cTeMa HaJI30pa 3a SHTEPOBUPYCAMHU B IIEJIOM CO-
OTBETCTBYET YPOBHIO CTpaH — JIMAEPOB B ITOH
obnactu u paboTaeT Ha COBPEMEHHOM METOAMYEC-
KOM M HaydyHOM ypoBHe. K coxajeHuto, Ha cerom-
HSIIHWI OeHb HE BIIOJIHE MOHSTHO, KaK MCITOJb-
30BaTh OOJIBILION 00BbeM JaHHBIX O 3a00JIeBaeMOC-
TH W MOJIEKYJIIPHOM COCTaBe LHPKYIUPYIOIINX
SHTEPOBUPYCOB I 3P HEKTUBHOTO BO3ICHCTBU S
Ha 3MUIeMUYSCKUN MpOoLecC U IMPUHSITUS OITH-
MaJIbHBIX yMOpaBJIeHUYECKUX pelieHuit. lis KoH-
BepTallMM JOCTHUKEHUM Haa3opa B CHUXEHHUE
3a00J1eBaeMOCTH He0OX0 MO Oosiee T1yOooKoe Mmo-
HUMAaHUE MOJIEKYJSIPHO-TEHETUYCCKUX MEXaHU3-
MOB (GOPMHPOBAHUS BapUaHTOB SHTCPOBUPYCOB,
CITOCOOHEBIX BBI3BIBATh OYAroBBIN ITOIBEM 3a00JIe-
BaeMOCTH. [ pyroit cTpaTernyecKoii 1eJabl0 pa3BU-
THUS HaJA30pa 3a SHTEPOBUPYCAMU MOKHO CUMTATH
BHeIpeHNEe DKOHOMUYECKU 3(PPEKTUBHBIX (TO €CTh
BBICOKO MYJIBTUITJIEKCUPOBAHHBIX) METOIOB OIpe-
IeIeHUsT HYKJIEOTUIHON IOCJen0oBaTeIbHOCTHU
C HCHOJIb30BAaHMEM BBICOKOIIPOU3BOAUTEIBLHOTO
CEKBCHHPOBAHUSI.
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Abstract. The Western Pacific Region (WPR) is comprised of 37 countries such as China, Japan, Mongolia, Republic
of Korea, The Socialist Republic of Vietnam, Papua-New Guinea, Australia, including Pacific Island Countries and Ter-
ritories (21 countries of PICTs, approx. 3 million people) etc., with a population of 1.85 billion people. Among them, Chi-
na is the largest and most populous (1.3 billion people) country of the Region. Large measles outbreaks were documented
to occur in the Region. In 2003, the Regional Committee announced officially about the WPR action plan on measles
elimination 2005, which, however, failed. Since 2012, WPR countries joined the WHO 2012—-2020 Global Measles and
Rubella Strategic Plan performing a routine measles vaccination (national immunization schedule) or within Expanded
Programme on Immunization (EPI). Basically, a two-dose immunization strategy is followed in the WPR countries.
Since 2002, measles supplementary immunization activities (SIAs) in children were conducted in the following countries:
Japan, Laos, Vietnam, Philippines, Mongolia, Cambodia, Papua New Guinea, and China. Starting from 2005, measles
management was considerably improved, demonstrating by 2012 decreased measles incidence rate down to 5.9 cases per
million population. In last years, a decreased measles immunization coverage in decreed population groups was noted
in the WPR countries that resulted in 2013—2015 measles epidemic involving almost all regional countries. In particular,
in China measles incidence rate was 19.6 cases per million population, whereas in the Vietnam Papua New Guinea and
Philippines it progressively increased reaching 182.8, 345.9 and 548.0 cases per million population, respectively. Early
children not vaccinated according to schedule, adolescents and young adults dominated among measles patients. It was
found that measles outbreaks were due to missed vaccination and increased level of vulnerability to measles. Children
under one, adolescents and young adults who did not receive a two-dose measles vaccination were in risk group. Analyz-
ing WPR measles epidemiology demonstrated that refusal of parents to vaccinate children, poor knowledge of advantages
related to vaccination, insufficient immunization coverage in immigrants, travelers, subjects changing place of residence,
workers of healthcare and educational facilities require special attention. In 2017—2018 season, the following measles
genotypes were found in the WPR: D8 — Australia, New Zealand, Republic of Korea, Singapore, Japan; HI — China;
B3 — Philippines, Australia and Japan; D9 — Singapore, Australia, Macau (China), Malaysia and Japan, H2 strains en-
demic in Vietnam. According to the WHO, measles endemic transmission has been successfully interrupted; Australia,
Macau, Mongolia and Republic of Korea are being verified to eliminate measles; Hong Kong (China) and Singapore
(based on available information) are ready to verify measles elimination. Thus, in the Western Pacific Region measles
elimination is achievable after solving current issues such as increasing and maintaining high-level routine vaccination
and conducting measles supplementary immunization campaigns in epidemically important contact clusters.

Key words: measles, Western Pacific region, disease incidence, elimination program, vaccination schedule, genotype.
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K BOMPOCY O PEAJIN3ALUN NPOrPAMMbI SJINMMUHALIUN KOPU
B CTPAHAX 3ANAAHO-TUXOOKEAHCKOIO PEFTMOHA BO3

Antunosa A.10., Buuypuna M.A., JlaspenTseBa N.H.
DbYH HHUHU snudemuonocuu u muxpoobuosoeuu umenu Ilacmepa, Cankm-Ilemep6ype, Poccus

Pe3rome. 3anmagHo-TuxookeaHckuii pervoH (3TP) oobeaunsieT 37 rocyaapcts, B ToM uncie Kurait, Anonuio, MoHromnuio,
Pecniyonuky Kopest, Boetnam, [Tanya-Hoyto I'BuHeto, ABctpanuio u ip. U3 Hux 21 crpaHa n3BecTHa Kak TuxooKeaHCKMe
OctposHrie rocymapctBa u Teppuropun (TOI'T). Hacerenue 3amagHo-THX00KeaHCKOTO perMoHa cocTaBisieT 1,85 Mapn
yesoBeK. CaMoii OOJIBIIIOI CTpaHOl PernoHa 1o IJIOMAIN 1 10 YUCICHHOCTU HaceaeHus (1,3 MJIpI 4eToBeK) SBIISeTCS
Kwuraii. B crpanax TOI'T npoxuBaet okosio 3 MiIH 4esnoBeK. Ha ocTpoBax pa3BuBajinch OCOOEHHO KPYITHBIE BCIIBIIITKY
kopu. B 2003 r. PernoHanpHbiil KomuteT hopManbHO 00BSBUI Lebl0 snuMuHanuio Kopu B 3TP k 2005 r., ogHako 10-
ctuub ee He yaajock. C 2012 r. crpanbl 3TP npucoeauHUINCh K mporpaMmmMe aaMMuHanuu kopu BO3 u I'mobaibHOMY
maany anuMmuHanuu Kopu K 2020 1. Bee ctpanbl 3TP mpoBoasiT BaKLIMHALMIO TPOTUB KOPU B paMKax PyTUHHON UMMY-
HM3aUUU (HallMOHAJbHBIE KaJeHAApU MPUBMUBOK) UM MPOrpaMMbl pactimpeHHoil ummynusauuu (ITPH). B ocHoBHOM
B CTpaHaX perMoHa UCIOJb3YeTCs IBYXA030Basl CTpaTerusi MMMyHU3aluu. [IporpaMMbl JOMOJTHUTEIbHON UMMYHU3ALIUT
(ITIAN) neteit mpoTuB Kopu, HaurMHas ¢ 2002 I., BBIMOJHUIM psifi rocyaapcTs: Anonus, Jlaoc, BbetHam, OUIUMNIUHEI,
Mouronus, Kamb6omxa, [Tanmya-Hoas I'Bunes, Kurait. Haunnas ¢ 2005 r. cutyanus mo kopu B 3TP 3HauMTE1bHO yIyU-
mmiack, K 2012 r. mokasaTesib 3a00J1IeBa€MOCTH B LIEJIOM CHU3MUIICS 10 5,9 Ha 1 MuTH HaceneHusl. B mocienHue roasl B cTpa-
Hax 3TP Habtona10Cch CHUKEHME YPOBHS OXBaTa BaKLIMHALLMEN IEKPETUPOBAHHBIX Py HaceneHus, U B 2013—2015 rr.
B 3TP pacnpoctpanuiack ouepenrHast SnUAeMUs KOPU, B KOTOPYIO B TOM MJIM MHOM CTETICH! OBLIM BOBJICUCHBI ITOYTH BCE
cTpaHbl perroHa. B Kutae mokaszarens coctaBui 19,6 Ha 1 muiH. HanGornee Bbicokue moka3aresin (Ha 1 MJIH 3a00JI€BILIMX)
obuTn oTMeveH bl Ha GununmnuHax (548,0), B [amya-Hosoii ['Bunee (345,9), Bo BoetHame (182,8) u np. Cpenu 3ab60neBIImx
npeobasany He BAKIIMHUPOBAHHBIE MO BO3PACTY AETU MJIAAIIETO BO3PACTa, a TAKXKE TOIPOCTKHU U MOJIObIE B3POCIIbIE.
Bemplmku Kopr OBITN CBSI3aHBI ¢ HAIMYKEM «ITPOITYCKOB» MMMYHU3AIINK M YBETMUYCHUEM KOJTMIECTBA BOCIIPUUMYNBBIX
K KOpM Jiull. B rpyme pucka netu Ao rojaa, NoApoCTKU U MOJIOIbIE B3POCIIbIe, KOTOPbIE HE MOJYYUIU 2 N03bl BAKLIMHBI.
AHau3 MU AEMUYECKOI CUTYAIlMU B PETMOHE MTOKA3bIBAET, YTO TPEOYIOT pellieHUsI MPo0JIeMbl OTKa3a pPOAUTENCi OT Bak-
LIMHAIIMY AETei, HEOCBEAOMJIEHHOCTb HAaceJIeH s O MMPeMMYIIeCTBaX BaKIMHALIMMY; HEMOCTATOUHbIN YPOBEHb OXBaTa UM-
MYyHU3alKell MUTPAHTOB, MyTELIECTBEHHUKOB U JIULI, MEHSIOIIUX MECTO XUTEIbCTBA, PAOOTHUKOB MEIUITMHCKUX U 00-
pazoBatenbHbIX yupexneHuit. B 2017—2018 rr. B perroHe onpeaeasiiuch reHotTunsl: D8 — ABctpanus, Hosas 3enanaus,
Pecniy6onuka Kopest, Cunranyp, SInonust; Hl — Kurait; B3 — @ununnunsl, ABctpanus u Snonus; D9 — Cunranyp,
ABctpanus, Makao (Kuraii), Manaiizus u SIinonus. llltammer reHotuna H2 sagemudnbr 1151 BeetHama. 1o maHHBIM
BO3 B bpyneii-lapyccaname, Kambomke u SImoHnM sHAEMUYHAS TPAaHCMUCCHS KOpU TIpeKpaliieHa; ABctpaiaus, Makao,
Monromus u Pecrryommka Kopest HaxomsiTest Ha 3Tare BepuduKamny anumMuHanny kopu; [loakonr (Kurait) m Cuaramyp
(o umerotelicst MHGOPMAaIMM) TOTOBBI K BepUBUKALIUK STUMUHAIIMY KOpU. TakuMm o6pazoM, anumuHanus Kopu B 3TP
BO3 poctuxuma npu pemeHnu CyuiecTBYOIIMX MPOOJieM — TIOBBIIIEHUS U MOJIEPXKAHUS BBICOKOTO YPOBHS PYTUHHOM
BaKILIMHAIIUU U TPOBENCHU S KaMITAaHU I TOTTOJHUTEIBbHOM UMMYHU3ALUY MUIEMUYECKY 3HAUMMBbIX TPYIIIT HACETIECHUS.

Karouesvte caosa: Kopb, 3(1/’106[‘[0-TMXOOKEGHCKLIL?peZuOH, 3050/!86[1€M06mb, npoepamma 3aumuHayuu, KaﬂeHdllpb NPpUBUBOK, ceHOMUN.

Introduction

The strategic plan for measles elimination by 2020
(WHO, 2012) calls for elimination in at least five
WHO regions, with the exception of the South-East
Asia[l, 2, 3, 23].

The Western Pacific Region (WPR) includes
37 continental and island states. Of these, 21 count-
ries are known as the Pacific Island Countries and
Territories (PICTs). PICTs are characterized by ac-
tive migration of residents between the islands and to-
wards urban centers. Geographical environment dif-
fers markedly from that of most other countries, and
extreme weather conditions upset regular medical care
for many months. Due to these peculiarities, PICTs are
united into one group for the epidemiological surveil-
lance of measles [18, 27].

The population of the Western Pacific Region
is 1.85 billion people. The largest country in the re-
gion, both in terms of area and population, is China

(1.4 billion people). The population of Papua New
Guinea is 7 million people. About 3 million people
live in PICTs. Other WPR countries include Australia,
Vietnam, Mongolia, Republic of Korea, Japan, and
others [29].

The measles surveillance system
in the countries of the WHO Western
Pacific Region

In the Western Pacific Region, particularly large
outbreaks of measles have developed on the islands.
In 1875, 27 to 50 thousand Fiji residents died as a re-
sult of importing the measles virus into a nonimmune
population. In 1893, the twentieth of the population
of Tonga died [18].

The fight against measles in the WPR began
in the second half of the 20" century, but until 2000
the incidence rate remained high. For example, in the

466



2018, T.8,Ne 4

Measles in the WPR WHO

Marshall Islands measles epidemics occurred every
10 years — in 1968, 1978, and 1988 [18].

In 2003, the Regional Committee formally declared
the goal of eliminating measles in the WPR by 2005
(Western Pacific Regional Plan of Action for Measles
Elimination). It was not achieved, however. A new goal
for the countries of the region has become the elimi-
nation of measles by 2012, according to the Regional
Strategy and Plan of Action for Measles and Rubella
Elimination in the Western Pacific [5, 20, 22]. National
plans were developed to achieve this goal. For examp-
le, in 2006, the Chinese Ministry of Health developed
a plan of action for eliminating measles in 2006—2012.
The elimination strategy included immunization, epi-
demiological surveillance and infection control [8].
This goal was also not achieved by 2012, so the WPR
countries joined the WHO Measles Elimination Plan
and the Global Measles Strategic Plan purporting
the measles elimination by 2020. A detailed plan of ac-
tion to achieve the goals was outlined in the Regional
Framework for Implementation of the Global Vaccine
Action Plan in the Western Pacific [20].

National systems of measles surveillance are cur-
rently being improved. In addition to the guidelines
of the WHO Regional Office, the WPR states and ter-
ritories have national regulatory documents governing
the activities on the elimination of measles. In China,
they have a National Measles Surveillance Guideline
(1998, 2003) [8]. Japan has a guideline of the Ministry
of Health, Labor and Welfare (Social Security) (Special
Infectious Disease Prevention Guidelines for Measles)
and the Infectious Diseases Control Law (2008) [11, 13].

The virological surveillance has become an in-
tegral part of the surveillance system for measles
in all countries of the region. For example, in China
a measles laboratory network operates since 2001, in-
cluding 331 prefecture laboratories in 31 provinces.
The National Measles Laboratory of China became
the regional reference laboratory in the WPR in 2003
[5]. In the WPR countries (including Japan (since
2008) and China (since 2009)), a system of measles
surveillance was launched based on the investigation
of each suspected measles case supported by labora-
tories [8, 13]. In China, clinical samples for measles
diagnosis are sent to measles laboratories, and samp-
les for genotyping are sent to the National Measles
Laboratory [8]. In Japan, upon registration of a sus-
pected measles case, a medical institution sends clini-
cal samples to prefecture and municipal health insti-
tutions for the isolation and genotyping of the measles
virus and to a commercial laboratory for the detec-
tion of IgM antibodies to the virus (through national
health insurance).

Data representation and analysis systems are being
improved. In China, measles is subject to registration
since the 1950s. In 2005, the National Disease Re-
porting System was implemented. Epidemiological
data from hospitals and regional Centers for Disease
Control and Prevention are transmitted over a compu-
ter network to the National Center for Disease Control
and Prevention. The mandatory registration of all sus-

pected measles cases is carried out in Japan. If the dia-
gnosis is confirmed by a laboratory examination, then
a confirmed measles case is recorded. In 2008, only
38% of suspected measles cases underwent laboratory
examination and were confirmed. In 2014, such cases
made up 90%, and genotyping was performed in 78%
of cases [13, 26]. In Vietnam, epidemiological data are
collected from four measles laboratories, where the
registration forms for investigating measles cases are
filled in monthly [14]. These data are then sent to the
EPI National Institute of Hygiene and Epidemiology.

Preventive vaccination of measles

All WPR countries carry out vaccination against
measles as part of routine immunization (national
vaccination schedules) or the Expanded Program
on Immunization (EPI). Investigations into a num-
ber of major outbreaks in the region involving people
vaccinated against measles have justified a two-dose
immunization strategy [10], which has been adopted
in almost all countries of the region.

Different vaccination schemes are used. In China,
a single dose of measles vaccine to children at the age
of 8 months was included in the national vaccination
schedule in 1978 [5, 8]. The second dose of the vac-
cine was recommended in 1986 at the age of 7 years,
and in 2005 the age of administration was reduced
to 18—24 months. In Japan, routine immunization
has been carried out since 2006 using measles- and
rubella-containing vaccines at the age of one year
(first dose) and before entering school (second dose)
[13]. In Australia, the first and the second doses are
administered to children aged 12 and 18 months re-
spectively [9]. In Vietnam, vaccination against mea-
sles with a single dose was introduced into the routine
immunization schedule in 1982. Since 2001, vacci-
nation of children from 9 months to 6 years has been
accepted as part of the National Expanded Program
on Immunization. Since 2006, scheduled vacci-
nation against measles with first and second doses
was introduced for children aged 9—11 months and
18 months respectively [4, 14, 17]. In PICTs, immu-
nization schedules vary considerably. The first dose
of measles-containing vaccine is intended for children
aged 12—15 months. The age of the second dose varies
from 13 months to 6 years. In 2015, 20 PICTs adopted
a two-dose vaccination strategy [10, 18].

In order to eliminate measles according to WHO
recommendations, it is necessary to maintain a vac-
cine coverage rate of at least 95%. In addition to rou-
tine immunization, 7 of the 16 non-island states
performed supplementary immunization activities
(SIAs) or campaigns against measles. For example,
in various parts of Vietnam, SIAs for the population
aged between 9 months and 10 years were executed
in 2002—2003 and for the population aged between 6
and 20 years — in 2004, 2007 and 2008 [17]. In the Lao
People’s Democratic Republic, SIAs were performed
in 2011 and 2014; in the Philippines, children born
in 2002—2010 and 2009—2013 were vaccinated in 2011
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and 2014 respectively. SIAs were also performed
in Mongolia (2012), Cambodia (2013), and Papua
New Guinea (2015-2016).

In Japan, from 2008 to 2012, a vaccination session
was performed for students of the first grade of middle
school (13 years old) and the third grade of high school
(18 years). Two doses of vaccine were administered
to children born in 1990—1999 [13].

An unprecedented SIA session was carried out
in China. The coverage rate of the primary measles
vaccination in China was not sufficient, although
increased from 80.4% in 2000 to 91.1% in 2009.
The coverage rate for the booster vaccination in 2009
was 84.3%. In order to stop the spread of measles virus
among children under the age of 14, who were most in-
volved in the epidemic process, 27 out of 31 provinces
of China initiated SIAs against measles independently
between 2003 and 2009, getting 185.7 million children
vaccinated. However, despite the success of individual
territories, a new increase in the incidence of measles
has been observed since 2008. In September 2010,
a national program for supplementary immunization
using measles-containing vaccine was performed,
which covered the children from decreed groups re-
gardless of their vaccine status. Within three weeks,
more than 100 million children were vaccinated; vac-
cination coverage was 97.5% [5, 14].

In 2014, mass vaccination sessions against measles
and rubella were conducted in the Federated States
of Micronesia, the Lao People’s Democratic Republic,
the Philippines, the Solomon Islands and Vietnam.

Thanks to SIAs, the vaccination coverage in the re-
gion has increased significantly. For example, in Viet-
nam in the period between 1994 and 2009, the primary
vaccination coverage was 93—97%, with the exception
of 2007 (83%) [17]. In Japan, the first dose vaccination
coverage in 2010—2013 was at least 95% of children,
who were subject to routine vaccination. The coverage
rate for the second dose in 2013 was 93%.

In 2014 in Japan, when studying the population
immunity to measles, it was shown that 73% of child-
ren under 5 months had (maternal) antibodies; at 6—
11 months, 12% of children were seropositive, and at
least 95% of people in age groups older than 2 years
had IgG antibodies to measles virus [13].

Among Australian students, 20.9% were vaccinat-
ed, while 51% had unknown vaccine status. The risk
group contained all people born after 1966, who did
not receive two doses of the vaccine.

In recent years, there has been a tendency in the
WPR countries to reducing or stagnating cover-
age of the decreed population groups by vaccination.
For example, a study of the intensity of immunity
against measles virus in Australia showed that the vac-
cination coverage rate was 93.3% in children at the age
of five [9]. During the measles outbreak in Vietnam
in April 2014, the absolute majority of affected child-
ren (86%) were not immunized or no vaccination data
were available [4].

To achieve the goal of eliminating measles in the
WPR countries, it is necessary to have a large number

of doses of a thermostable vaccine, as it should be ad-
ministered in a tropical climate. In close cooperation
with Japan (Kitasato Institute, Tokyo), PolyVac vac-
cine was developed and tested in Vietnam (Military
Academy of Medicine, Hanoi) on the basis of AIK-C
vaccine strain (Kitasato Institute, Tokyo). This
is the first vaccine that was produced in Vietnam by
the Center for Research and Production of Vaccines
and Biology (Ministry of Health) as part of the pro-
ject launched in 2013 that included the transfer
of POLY VAC technology and was funded by the Japan
International Cooperation Agency (JICA). The pro-
ject aims to create a combined measles and rubella
vaccine corresponding to WHO standards. In March
2016, with the assistance of Japanese experts from the
Japanese technology transfer unit (Kitasato Daiichi
Sankyo Vaccine) and the Center’s staff, a clinical trial
was carried out for the measles and rubella vaccine,
which proved to be safe and effective. With a current
capacity of 7.5 million doses per year, the Center can
fully meet domestic demand for vaccines and even
export them in future. Currently, Vietnam is among
the 25 states in the world that can produce vaccines
and four Asian states that can produce a measles and
rubella vaccine (after Japan, India and China) [24].

The incidence of measles in the WHO
Western Pacific Region

In 1974, at the beginning of the Expanded Program
on Immunization, 3 381 826 cases of measles were
registered in the WHO Western Pacific Region, with
33 818 children’s deaths due to measles. By 1990,
vaccination coverage in the region reached 93%,
the number of measles cases was reduced to 155 000
and the number of deaths up to 1561 [18, 20]. However,
the data reported through the WHO/UNICEF joint
reporting form (JRF) could be understated due
to weak surveillance systems, especially in countries
and areas with the greatest burden of diseases. WHO
estimates that in 2002 the number of measles cases
in the region could reach 6.7 million; measles could
be the cause of 30 000 deaths. For example, in 2003,
a large measles outbreak in the Marshall Islands ended
after more than 35 000 from 51 000 people were vacci-
nated, despite a reported high enough measles vacci-
nation coverage (80—93%) before the outbreak [10, 18].

As a result of the implementation of the Regional
Strategy and Plan of Action for Measles and Rubella
Elimination in the Western Pacific, the situation
of measlesin the WPR hasimproved significantly since
2005. From 2009 to 2012, the number of laboratory-
confirmed cases of measles in the WPR decreased by
84%; the incidence rate as a whole decreased to 5.9 per
1 million people. The highest incidence of measles
(confirmed cases) was in Malaysia (63.7 per million
of population), Philippines (15.9 per million of popu-
lation), and New Zealand (12.3 per million of popula-
tion) [16].

However, in 2013—2015, another measles epidemic
began in the WPR, which involved all countries of the
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region in varying degrees. In 12 countries, the inci-
dence rate significantly exceeded 10 per 1 million peo-
ple. The peak incidence in most countries fell in 2014,
when 80 576 cases of measles were recorded in the re-
gion (fig.) [31].

The highest rates were recorded in the Philippines —
548.0 per 1 million population (54 669 cases) and Papua
New Guinea — 345.9 (2589 cases), and in Vietnam,
the rate was 182.8 per 1 million (16 741 cases). In 2014,
834 confirmed cases were registered in Thailand [9].
In the island states (PICTs), 279 cases of measles (85.3
cases per 1 million of population) were recorded, includ-
ing 257 in the Federated States of Micronesia, where
the incidence rate was 2473.5 per 1 million people.
In Mongolia in 2015, there were 20 374 cases of measles
and 28 813 cases in 2016 [21, 27].

The Solomon Islands experienced a measles epi-
demic in June 2014 after the return of travelers from
Papua New Guinea with 4654 suspected measles
cases, including 38 serologically confirmed [18, 27].
To stop the outbreak on the islands, an additional im-
munization session was carried out. All residents bet-
ween the ages of 6 months and 30 years were vacci-
nated first in the epicenter of the outbreak, then in the
remaining territories [18]. Measles was also recorded
in New Zealand (274 cases, 60.2 per 1 million of po-
pulation). In Australia outbreaks were associated with
the importation of the virus from other countries [9].
The majority of the diseased was constituted by child-
ren who had not been vaccinated according to age,
adolescents and young adults .

Note should be made of the situation with measles
in the mainland countries of the region. China has
the bulk of all cases of measles in the WPR, so a de-

22000

crease in the incidence in the region is associated with
control over this infection in China. The average an-
nual incidence rate per 100 000 of population in 1960—
1969 was 572.0 and 355.3 in 1970—1979 [8]. During
1995—2004, as a result of successful vaccination ses-
sions, the incidence rate dropped to 6 per 100 000
population [5]. Despite the successes, large increases
in measles incidence were noted in 2003, 2005—2007,
2009, 2011-2012. In total, from 2005 to 2012, there
were 569 948 measles cases registered in the country
(59.9% among males), including 344 deaths. Children
under 1 year and people aged from 15 to 35 were most
affected [5, 8]. Nevertheless, the number of registered
measles cases was declining steadily, and in 2012
the incidence rate was 4.6 per 1 million of population,
with 98.3% of cases being confirmed in laboratory [16].

However, in 2013, another epidemic increase in the
incidence rate was registered in China, when the figure
was 19.4 per 1 million of population and 26 883 cases
of measles were registered. The maximum was noted
in 2014 (52 628 cases of measles). Two peaks of inci-
dence were observed, one in April-May and another
in August—October. Among the diseased, children pre-
vailed; the average age of the patients was 11 months.
Twenty-four deaths were recorded, 13 of them in child-
ren less than 8 months old, 8 at the age of 8—23 months,
and 3 cases in children in the 24—48 month age group.
The rise in incidence was due to a decrease in the cove-
rage with primary vaccinations; in the 8—23 month age
group, 72% of children were not vaccinated in 2013 [5,
8]. In 2016 and 2017 there were 25 584 and 5999 con-
firmed cases of measles in China and the incidence rate
was 18.5 and 4.3 per 1 million of population respectively
[24, 25].
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Japan is a measles-free country, despite its large
and dense population. However, in 2014, as a result
of the importation (from the Philippines, in particu-
lar), a measles outbreak began in the country, involving
employees of educational institutions and medical per-
sonnel. Due to active supervision, the outbreak ended
in about one week. Of the diseased, 47% were not vac-
cinated, 19% were vaccinated once, 7% were vacci-
nated twice, and 27% did not know their vaccine sta-
tus. The proportion of children under the age of 1 year
was 20%, of which 83% were not vaccinated. The share
of adults (= 20 years) constituted 70% of measles ca-
ses that occurred in 2013, compared to 33% in 2008.
Among the diseased who were older than 6 years and
should have received two doses of the vaccine, 70 of 142
(49%) were not vaccinated [12, 13]. After stopping
the outbreak, the incidence rate in Japan was 0.3 per
1 million of population in 2015 [13, 27]. In 2017, 187
confirmed cases were registered, the incidence rate be-
ing 1.46 per 1 million of population [24, 25].

In Vietnam, the high incidence is also due to the
shortcomings of preventive vaccination of measles and
to the presence of a large number of people suscepti-
ble to measles. From 2004 to early 2008, there were
isolated outbreaks of measles in Vietnam, mainly
in the mountainous areas of the Northern Region
of the country. In October 2008, measles outbreaks
were reported in three provinces of the Northern
Vietnam. In Vinh Phuc province, 17 college students
fell ill with measles. In Thanh Héa province, measles
had spread among children under the age of 15, but
the outbreak ended after mopping up immunization
in December 2008. The highest number of cases was
in Hanoi province. The first rash case was registered
on October 20 in a 19-year-old student of one of Hanoi
educational institutions. By the end of 2008, 84 con-
firmed measles cases had been reported, 68 of them
among 18—26-year-olds. In total, 184 measles cases
were reported in Vietnam in 2008. From October 2008
to January 2010, there were 7948 confirmed measles
cases in 60 of the 63 Vietnam provinces, the incidence
rate being 93 cases per 1 million of population [17, 30].
High incidence rates were noted in two age groups —
children under 12 months and at the age of 1—4 years
(318 and 328 cases per 1 million of population respec-
tively). Among those who fell ill, 53% were older than
15 years. These were mainly students of colleges and
universities [17]. Only 30% of patients were vaccinated.
The 2013—2015 measles epidemic in Vietnam affected
24 cities and provinces, including major urban cen-
ters like Hanoi and Ho Chi Minh City. In 2013, 1233
confirmed measles cases were registered and 7580
in 2014 [4, 30]. In 2014, the coverage rate of the first
dose of measles vaccine was 85.6% [6]. Among those
who fell ill in 2014, only 22.4% of children over 1 year
were vaccinated once, 1.3% were vaccinated twice,
and 76.3% had no information about vaccination [14].
In 2014—2015, an additional immunization session
against measles was organized in Vietnam for children
born between 2000 and 2013 [20]. In 2016, 368 cases
of measles were registered, the incidence rate being 3.9

per 1 million of population; in 2017, 588 cases of meas-
les with an incidence rate of 6.22 per 1 million [25].

The Philippines is one of the countries most heavi-
ly afflicted by measles. About 60 000 cases of measles
were registered between 2011 and 2014, with a peak
in 2014 after Typhoon Haiyan [9], the incidence rate
being 548 per 1 million. In 2017, there were 1602 cases
of measles [24, 25].

The measles outbreak did not stop in Malaysia,
where the number of cases increased from 22 in 2014
to 1964 in 2017, the incidence rate being 61.7 per 1 mil-
lion of population [25, 27].

The criterion for measles elimination is the ab-
sence of circulation of endemic measles virus within
36 months from the date of registration of the last case,
provided that an adequate system of measles surveil-
lance is in place.

During the 2009—2012, measles viruses of D9
(Philippines, Malaysia and Singapore), D8 (Malaysia)
and H1 (China, identified since 1993) genotypes were
most frequently detected in the WPR. Until May 2010,
measles viruses of D5 genotype circulated in Japan. B3,
D4 and G3 genotypes, which were found in the WPR
during this period, were imported from other regions [10,
16]. In 2009—2012, measles viruses of D4, D8, D9 and
D11 genotypes were also found in China. Since 2003,
measles viruses of H1 and H2 genotypes have been de-
tected in the central (Nha Trang) and northern (Hanoi)
parts of Vietnam [7]. H2 strains are endemic and are
circulating constantly in the capital of Vietnam. Viruses
of H1 genotype were detected in 2008—2010 (Northern
and Southern Regions) and in 2014 (Hanoi). Both en-
demic transmission and importation from China are
probable [17]. Since 2014, measles viruses of D8 geno-
type have been isolated in South Vietnam, which have
at least three unique amino acid sequences in the N
gene and form a separate D8-VNM cluster. The strain
of measles virus from India is probably the closest one
to the ancestral form of this genovariant [14, 20, 27].
In 2014—2015, the H1 genotype prevailed in the WPR
(China, Mongolia); B3 and D8 were detected, but there
was no D9 genotype [31]. In 2017—2018, the following
genotypes were identified in the region: D8 in Australia,
New Zealand, Republic of Korea, Singapore, Japan;
HI1 in China; B3 in Philippines, Australia and Japan
(including those imported from the Philippines); D9
in Singapore, Australia, Macau (China), Malaysia and
Japan [5, 8, 13, 27, 28].

The Regional Verification Commission for Meas-
les Elimination in the Western Pacific Region found
in 2015 that endemic transmission of measles vi-
rus was stopped in Brunei, Cambodia and Japan.
Australia, Macau, New Zealand and the Republic
of Korea are at the stage of verifying measles elimina-
tion; Hong Kong (China) and Singapore (according
to available information) are ready to verify the eli-
mination of measles. New Zealand and the Republic
of Korea were also the first to confirm the elimination
of rubella in 2015 [9, 21, 22]. In 2015, a measles out-
break began in Mongolia. The majority of confirmed
cases were in children under 9 months of age, but there
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were more suspected measles cases in those aged 15—
24 years; 80% of the diseased were not vaccinated [31].

Despite the fact that in 2017 the incidence of mea-
sles in the region decreased to 11.8 per million of po-
pulation, the spread of the infection did not stop.
In January 2018 330 confirmed cases of measles from
708 in the region were registered in the Philippines
and 290 cases were registered in China [27]. Measles
outbreaks were also registered in Malaysia, Papua
New Guinea and Vietnam [9, 21, 22].

Conclusion

Despite the success of preventive vaccination,
measles outbreaks are associated with “skipped” im-
munizations and an increase in the number of people
susceptible to measles. Risk groups are children under
one year, adolescents and young adults who have not
received two doses of the vaccine. [5, 8]. It is essential
that a high level of vaccination coverage is maintained.
Special attention should be paid to persons, who were
not included in the vaccination programs and were
not covered by the second dose of measles-containing
vaccine, not to mention the first one.

Parents’ refusal to vaccinate children prevents
achievement of measles elimination. It is noted that
the development of the epidemic of the disease in Viet-
nam was facilitated by insufficient awareness of pa-
rents and loss of public confidence in the government
vaccination program [6, 15]. Many parents stopped
vaccinating their children, leaving them susceptible
to measles. For many countries in different WHO
regions it has been shown that the level of people’s
awareness of the benefits and risks of vaccination cor-
responds to the level of education. Governments use
different ways of convincing people about the advan-
tages of immunization. For example, in Australia,
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a “No Jab, No Pay” policy has been introduced, re-
lated to financial incentives for parents [9].

The vaccination of travelers and people changing
their place of residence is an important part of pre-
ventive measles vaccination program. In Australia,
the most popular tourist routes include Indonesia
(Bali), Thailand, India and China. In 2014—2015
about 9.2 million people traveled abroad. Studies have
shown that only 1.6% of Australian travelers were
vaccinated against measles prior to travel. Among
the measles cases, 80% of people have repeatedly
traveled outside of Australia [9]. It was also shown that
in Australia, migrants are the key risk group to be vac-
cinated against measles.

In China more than 30% of measles cases were
registered in 2005—2007 among the “floating popula-
tion”, that is, people without a permanent residence
permit in the area where they actually lived. Routine
vaccination is carried out at the place of official regis-
tration. The number of “floating” people is constantly
growing due to the increased migration of rural popu-
lation to urban centers [4]. It is necessary to increase
the level of vaccination coverage among travelers.

Timely diagnosis of measles and compliance with
the anti-epidemic regime remains a major problem.
During a measles outbreak in Hanoi, parents often
brought sick children to the hospital, which soon be-
came the source of infection of measles-contact child-
ren and the center for transmission of infection [4, 19].

To sum up, seven countries in the Western Pacific
Region achieved measles elimination by 2017: Aust-
ralia, Brunei, Cambodia, Macau (China), Mongolia,
Republic of Korea and Japan. Thus, the elimina-
tion of measles in the WHO Western Pacific Region
is achievable if current problems are addressed, that is,
the increase and maintenance of a high level of routine
and supplementary immunization.
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PE3Y/IbTATbl MONEKYJIAPHOWU AETEKLIUU

U XAPAKTEPUCTUKA BUPYCOB IrPUMMA

U APYINX BO3BYAUTENEN PECMUPATOPHbIX
WHOEKLIMX B POCCUN, CE3OH 2017-2018 IT.

A.A. Comununa', JI.M. lanunenko', A.b. Komuccapos!, A.B. ®anees',
M.M. IIncapesa!, M.10. Eponkun', H.W. Konosajosa!, I1.A. Ilerposa!, A.A. IlITpo!,
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Pesome. AKTUBM3a1Ms1 BUPYCOB rpumniia B ce30H 2017—2018 rr. Hauaach 3HAUUTENBHO MO3XKE B CPABHEHUU C TSITHIO
MPEIIIECTBYIOIMMK CE30HAMM. DIUAEMUS TPUIINA IPOAIUIach B TedeHue 12 Henenb (¢ 6 mo 17 Hemeno), umena
CPEIHIO MHTEHCUBHOCTH ¢ BoBieueHueM 10,4% HaceseHust ctpaHbl. Jletn Bo3pacTHbIX rpynm 0—2 u 3—6 JieT, Kak
00bIUHO, OoJien Hanbojee yacto. CpelHss YacToTa TOCMUTaJIN3alluy nauueHToB ¢ rpunmnom 1 OPBU cocraBuia
2,6% u Obl1a HauboJsee Boicokoit (5,4%) B Muaniieit Bo3pacTHoit rpymme (0—2 net). Yncao cMepTebHbIX UCXOA0B
[IPY TPUIIIIE B 3TOM Ce30HE OBLIO B 2 pa3a BhIlle, 4eM B ce30H 2016—2017, 4T0 MOXET OBITH OOBSICHEHO pPacIIpocTpa-
HenmeM BupycoB rpurnma A(HINI)pdm09, koTopsle, To-TIpeXXHEMY, IBISIOTCS OCHOBHOM IMTPUUMHOM JIeTaIbHBIX MC-
XOIIOB TIpU TPUIIIE B cTpaHe. Bcero 3a ce30H B 55 cOTpYIHMYAOIINX PETUOHAIBHBIX 0a30BBIX J1a00PaTOPUSIX OBLIO
ob6cnenoBaHo ¢ nomoibio OT-TTLIP B peanbHOM BpemeHu 72 759 manpeHToB. ['purin 6611 1a00paTOPHO MOATBEPKICH
¢ momoiupio TTLP B 12 149 (20,7%) cny4dasx, u3 yucia Kotopsix 39,3% cocrasuiu Bupychl rpumna A(HINI)pdm09,
29,6% — A(H3N2) u 31,1% — Bupycnl rpunmna B (SImararckoii nuHuum). [lepBble ciydau rpumnma ObLIM 3aperucTpu-
pOBaHbBI B caMOM HavaJjie ce3oHa (Heaeau 40—45.2017), omHaAKO OTYETIMBOE YBEJIMUYEHUE YACTOTHI UX AETEKIIUHU ObIIO
yCTaHOBJIEHO Julb Ha 2 Hexese 2018 r. ¢ mukoMm Ha 13—14 HedeasiX U MOCHEAYIONUIMM MOCTENEHHBIM CHUXEHUEM
BILIOTh IO KOHIIA Ce30HA. BhISIBJICHBI ONpeneeHHbIe OTIMYUS B 3TUOJOIMU T'PUTIIIO3HON 3200JIeBAEMOCTH MEXIY
denepanbHbiMU okpyraMu. OmpeneseHa poJib BUPYCOB I'puIlna 1 Apyrux Bo3oynuteneir OPBU Ha pasHbIX cTamgu-
SIX BIMUAEMHUYECKOTOo Tpoliecca. Tak, B MpendnuaeMUYecKuil epruoa pocT 3a001eBaeMOCTH ObLI 00YCIOBJIEH, B OC-
HOBHOM (0K0J10 32,7% cily4aeB) He IPUIIIO3HBIMU BUPYCAMU, B 0COOEHHOCTH PUHOBUPYCAMU U PECIIMPATOPHO-CHUH-
uuTHaabHbIM BupycoM (10,2 u 8,0% ciiydyaeB COOTBETCTBEHHO), TOrA KaK J1ab0opaTOPHO MOATBEPKACHHbBIE CIydan
rpumnna (JITIT) peructpuposanuch auuib B 3,4%. B nepuon snumemun vactora JIIT ysenuunnace no 29,2% npu
OIHOBPEMEHHOM CHIKEHUHU YaCTOTHI 3a00JIcBaHMN I IMapar puIlmmo3Hoii, afeHOBUPYCHOI, O0KaBUPYCHOM, KOPOHABH-
PYCHOI 1, 0COOEHHO, PUHOBUPYCHOI THOJIOTUM, B MEHbBINIEH CTETIEHW CHU3UJIACh YacTOTa WH(EKIINHU, BEI3BAHHON
peCUPaTOPHO-CUHIIUTUATBHBIM BUpycoM. B mocTanuaemuueckuii nepuon poib BupycoB rpunia A(HIN1)pdm09,
A(H3N2) u B cHusutacs 10 6,1; 6,9 1 3,6% cOOTBETCTBEHHO, C yBEJIUUYEHUEM 3HAYMMOCTU PUHOBUPYCHOM MHPEK MK
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(no 9,5% 3aboseBaHuil). AHTUTEHHBIN U TeHeTHUecKuit aHaau3 Bupycos rpumma A(HIN1)pdm09 u A(H3N2), uupky-
nupoBaBiIKX B ce30H 2017—2018 rr., mokasaJ, 4To Bce MpoaHaIM3UpOBaHHbIE BUPYChI TpUIINa A, B OTIUYME OT BUPYCOB
rpunmna B, mo cTpykType moBepXHOCTHBIX TeHOB, COOTBETCTBOBAJIM IITAMMAaM, BBEAEHHBIM B COCTaB BaKIMH 1151 CeBep-
Horo nojymapus Ha ce3oH 2017—2018 rr. BMmecTe ¢ TeM, BO BHYTpeHHUX reHaxX HUPKYIUPYIOLIUX BUPYCOB ObLI 00OHApPY-
KeH psia 3aMeH. KOHTposib 4yBCTBUTEILHOCTH 316 BUPYCOB rpumna A 1 B K mpoTMBOBUPYCHBIM IpenaparaM rmokKasall,
4TO a0COMIOTHOE OONBIIMHCTBO 13 HUX (99.7%) COXpaHUJIM CBOIO YYBCTBUTEIBHOCTb K MHTMOMTOpAM HepaMUHMAA3bI.

Karouesvie caosa: mosexyrapuas ouaenocmura, epunn, OPBU, cenemuueckuii ananus, anmueernvle c60UCMEa, AHMUBUPYCHbIE
npenapamel.

SUMMARY OF INFLUENZA AND OTHER RESPIRATORY VIRUSES DETECTED AND CHARACTERIZED
IN RUSSIA DURING 2017-2018 SEASON

Sominina A.A.?, Danilenko D.M.?, Komissarov A.B.?, Fadeev A.V.%, Pisareva M.M.?, Eropkin M.Yu.?,

Konovalova N.1.%, Petrova P.A.?, Shtro A.A.?, Stolyarov K.A.?, Karpova L.S.?, Burtseva E.I.", Vasin A.V.?

@ Smorodintsev Research Institute of Influenza, St. Petersburg, Russian Federation
b N.F. Gamaleya Federal Rerearch Center of Epidemiology and Microbiology, Moscow, Russian Federation

Abstract. The influenza season 2017—2018 started significantly later compared to the five previous seasons. Influenza
epidemic lasted for 12 weeks (weeks 6—17), was of moderate intensity and 10,4% of the population of the country was in-
volved with children aged 0—2 and 3—6 years being the most affected groups as usually. The average hospitalization rate
of patients with ILI and ARI was 2,6% and was the highest in infants aged 0—2 years (5,4%). The number of influenza-
associated deaths was two times higher this season compared to 2016—2017 which can be attributed to the circulation
of A(HIN1)pdmO9 viruses that still is the major cause of lethal influenza outcomes in the country. A total 72 759 patients
were investigated by RT-PCR in 55 collaborating RBLs. Laboratory confirmed influenza (LCI) was detected in 12 149
(20.7%) cases, of which 39.3% were influenza A(HIN1)pdm09 viruses, 29.6% were A(H3N2) and 31.1% influenza B
(Yamagata lineage) viruses. The first cases of influenza viruses were detected at the very beginning of the season (weeks
40—45.2017), however a distinct increase in the rate of detection was registered only from the week 2.2018 with the peak
on the week 13—14.2018 and subsequent gradual decline up to the end of the season. The certain differences in the etiology
of morbidity between Federal Districts were registered. The impact of influenza and other ARI agents in different stage
of epidemic was determined. In the pre-epidemic period, the incidence growth was occurred mainly due to ARI agents
(about 32,7%), especially due to rhinoviruses (RhV) and RSV (10.2 and 8.0% cases, respectively) while LCI were regis-
tered in 3.4% only. During the epidemic, the rate of LCI detection increased up to 29.2% at simultaneous decrease in fre-
quency of parainfluenza, adenovirus, bocavirus, coronavirus and, especially, rhinoviruses, to a lesser extent RSV infec-
tion. In the post-epidemic period, the role of influenza A(HIN1)pdm09, A(H3N2) and B viruses decreased up to 6.1; 6.9
and 3.6%, respectively, with increase of rhinoviruses (9.5% of diseases). Genetic analysis of influenza A(HIN1)pdm09 and
A(H3N2) viruses circulating in 2017—2018 season showed that all analyzed viruses by the structure of surface genes encod-
ing antigenic determinants, in difference from influenza B viruses, corresponded to the vaccine strains recommended by
WHO for the Northern Hemisphere for 2017—2018 epidemic season. However, significant changes in the internal genes
of circulating viruses were revealed. The control of the susceptibility of 316 influenza A and B viruses to antiviral drugs
showed that the absolute majority of them (99.7%) retained their susceptibility to neuraminidase inhibitors.

Key words: molecular diagnostics, influenza, ARV, genetic analysis, antigenic properties, antivirals.

BBeneHune

B oTiinune oT KOHTPOIUPYEMBIX BUPYCHBIX MH-
dexnmii, Takux Kak oclia, MOJUOMHUEINUT, KOpPb,
KpacHyxa, MapoTHUT, IMUAEMUN TPUIITIA TTPOIOT-
JKaIOT CBUPETICTBOBATh B MUPE, BBI3bIBAS €KETOTHO
110 440 000—553 000 cMepTeabHBIX UCXOAO0B [8], Tpu
3TOoM okoJio 28 000—111 000 cmepTeit peructTpupy-
eTcs cpeau aeTeli B Bo3pacte 10 S et [13].

B uensx cHuxeHus yuiepba ot rpunma BO3
PEKOMEHIIYeT €XeTOMHYI0 BaKIIMHAIIWIO JIIoAei
U3 «TPYyII pUcKa» UHOUIIMPOBAHUS U Pa3BUTUS
TSIKEJIBIX  OCTPBIX PECIUPATOPHBIX WHGMEKIINA
(TOPH1) ¢ omacHOCTBbIO CMEPTEJbHBIX WCXOMOB
ot rpurnma. K ux ynciy B mocjaeaHne ToIbl OTHECE-

HBI OepeMeHHBIC XKeHIIWHEI, TETH MJIAAIIero Bo3-
pacrta (6—59 MecsueB), IMOXUIbIE JTIIOAU, OOJIbHbBIE
C onpeNeIeHHOW XpOHUYECKOW MaToJI0THUe, a Tak-
)Xe paOOTHWKMU 3IpaBOOXPaHEHMS, COILIMAJTBHBIX
cnyx0 u cepnl oopazoBaHus [20].

O4yeBUAHO, YTO IS (OPMUPOBAHUS HOBBIX
pelIeHni Mo IIpo0bJieMe TpUIlia HEOOXOIUM KOM-
MJIEKCHBIM TOAXOH C YYEeTOM 3HAaYMMOCTU pa3-
HBIX COCTaBJISIONIUX SIMTUIEMUYECKOro IIpoliecca,
BKJIIOYasl CPOKM Hayajla M IIPOAOJIKUTEIIBHOCTH
SMMUICMHUH, €€ NHTEHCUBHOCTbD, TSI3KECTh, CTCTICHb
BOBJICUEHHOCTH pPa3HBIX BO3PAaCTHBIX TPyNN Ha-
ceJIeHUs, TToKa3aTeJIu TOCIUTaIu3alui U CMepT-
HOCTH, HapsIAy C aHaJIM30M CTPYKTYPHBIX U OUO-
JIOTMYECKUX OCOOEHHOCTE BO30OymuTesIeil, rere-
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POreHHOCTU BUPYCHOW MOMNYJSLMWU, U, TJIaBHOE,
omnpeaesieHue COOTBETCTBUS LUPKYIUPYIOIIUX
BHUPYCOB IIITAMMAaM, BBEICHHBIM B COCTaB BaKIIMH.
Heo6xonnMo exxeroaHo onpeaesiTb HauboJsee ysi3-
BUMbIE BO3pacTHbIE T'PyMIlbl HAaceJIeHUsI B OTHO-
LIEHUU AJOMMHUPYIOLIUX BUPYCOB I'puIinia u apy-
rux, Hanbojee 3HaAYMMBIX, Bo3oynuteieii OPBUA.
BaxxHO omeHWBaTh POJIb U3MCHEHUI YPOBHS IIO-
NYJSLIMOHHOTO MMMYHHUTETa K COBPEMEHHBIM
LITaMMaM BUpYyca I'pUIlla B peryasiliuu 3TUOJOTUU
HaABUTAIOIIMXCS AMUAECMUM, a TaKXKe KOHTPOJIU-
pOBaTh YYBCTBUTECIBLHOCTh BUPYCOB K JIUIICH3UPO-
BaHHBIM B P® aHTUBUPYCHBIM IIpenapaTam.

JIJ151 BBITIOJTHEHUSI 9TUX 3a7a4 B MOCJeIHNE TOAbI
B Poccuiickoit Penepannn paspaboTaHa MYJIbTH-
MJIEKCHasl cucteMa Hapnzopa 3a rpunnoM n OPBU
C YCOBEPIIIEHCTBOBAHHOUW MH(PACTPYKTYPOIl Tpaau-
LIMOHHOTI'O 31 AEMHUOJIOTMUYECKOro Haa30pa U HOBOM
cucTeMoii curHaabHoro Hazazopa 3a TOPU cpenu
TOCIUTATU3NPOBAHHBIX OOJIBHBIX, a TAKIKE TPUIIIIO-
MOTOOHBIMH 3a00JICBAaHUSIMHU M OCTPBIMU PECHpa-
topabiMu MHpekussMu (I'TI3/OPU) cpenn Gosb-
HBIX, HAXOASIIIMXCS Ha aMOy1aTOPHOM JISYEHU .

Lenbo wuccaegoBaHUil OblJI MHTETpUpPOBaH-
HBIW aHAJIN3 SIMUIASMUOJOTUICCKUX TaHHBIX U pe-
3yJIbTATOB MOJIEKYJASIPHON AMArHOCTUKU TpUIIIa
u npyrux OPBU B pasHbix peruoHax P® B mensax
omnpeAcsieHUs] TIEPBUYHOTO CTapTa SIUICMUMH,
OIIEHKM €¢ MHTEHCUBHOCTHU, reorpaduu pacmpo-
CTpaHEHUs U omnpeaeaeHus JOMUHUPYIOLIUX BO3-
OynuTeneil, a TakxXe YIJIyOJEHHBIM aHaJli3 3BO-
JIIOLIMY BUPYCOB I'PUIIIIa HA OCHOBAHUM OIIpeaese-
HUSI aHTUTEHHBIX U TeHETUYECKUX O0COOCHHOCTEH
LHUPKYJUPYIOLIUX BUPYCOB T'pUIIia, B TOM YMCIE
C MCIIOJb30BaHUEM aHTUTEHHOW KapTorpaduu,
GbUIOreHETUYECKOro aHaau3a U MOJHOT€HOMHOTO
NGS-cekBeHUpOBaHUS.

OCHOBHBIE UTOTU UCCJIeOBaHU M B ce30H 2017—
2018 rr. mpeacTaBJeHbl B HACTOSIIIEN CTaTheE.

Matepunasbsl 1 MeTOLbI

OpraHu3allMOHHAasl CTPYKTypa TpaaulliOH-
Horo Hana3opa (TH) m curHanpHoro Hazazopa
(CH) 3a rpunnomM U APYTMMU PECHUPATOPHBbI-
MU uHbekuusmMu B Poccum Oblia omucaHa pa-
Hee [1, 5, 19]. TH ocymecTBasicsd cujlamu IBYX
HauwmonanpHbIX IeHTpoB o rpunny BO3 (HLII)
B Cankr-Iletepbypre m MockBe B COTpyAHUYECTBE
¢ 60 pernoHanbHBIMU GA30BBIMU JTAGOPATOPUSIMU
(PBJI) B cucteme Pocnotrpednanzopa, CH 3a TOPHU
u I'T13/0OPU — B 10 PBJI pacronoxkeHHBIX B pa3HbIX
denepanbHBIX OKpyTax (PO) Poccun. Bece nanHbIe
aKKyMYJIMPOBAJIMCh B DJIGKTPOHHOU 0a3e JaHHBIX
HUUW rpunmna anss ObICTPOW aBTOMaTU3UPOBAH-
HO#t 00pabOTKM TOCTyIallleii WHGOpMaLuu.
Pesynbrarhl aHammn3a SMMUASMHUOJOTUICCKHUX U JIa-
OopatopHbIXx naHHbiX B cuctemMe TH u CH npen-
CTaBJSIJIUCh exXeHeneabHOo B MwuH3npaB Poccuu,

PocnorpedbHanzop u ob6patHo B PBJI Ha npo-
TSIKEHUU Bcero ce3oHa. OOHOBpEMEHHO daH-
Hble BBOAUIU B 0a3nl maHHbiX EBpoBO3 (TESSy)
u BO3 (FluNet) u ny0JnkoBanuch B OKOJJIETEHE
FluNews Europe (http://flunewseurope.org) u Ha
caiite FluNet (http://www.who.int/influenza/gisrs_
laboratory/flunet/en), a Takxe Ha caiite MHCcTUTYTa
(www.influenza.spb.ru).

Ananus 3aboneeaemocmu. OTHOCUTENIbHbBIE T10-
KazaTtenu 3aboseBaeMocTU M3 pacyeTta Ha 10 000
HaceJeHUs (B IIEJIOM U TI0 BO3PACTHBIM TpyIIiaM
0-2, 3—6, 7—14, 15—64 roma u GoJiee), onpenes-
JIUCh aBTOMAaTU4YeCKU (C MCMOJIb30BAHMEM CIie-
nuaabHblX locnporpamMM o00pabOTKM JaHHBIX
«INFLUBASE», pazpabortanHbix B HMHCTUTYyTE)
Ha ocHoBe cooOiueHuit n3 PBJI, mocTtymnarwoummx
yepe3 MHTepHeT B 0a3zy maHHbix HUMWM rpunma.
IToka3zaTenu 3a60eBaeMOCTH AJIsI KaXKA0I'0 ropo-
J1a COMOCTABJISIIUCH C PETYISIPHO OOHOBJISIEMBIMU
eXKCHEOCIbHBIMA JSNUICMUYSCKUMU IIOPOTaMU
(BIT) [2]. Kpome Toro, exeHeneabHO YUYMUTHIBA-
JIOCh YUCJIO CydyaeB rocCluTalru3aluu ¢ TPUIIIIOM
u OPBU no TeM ke Bo3pacTHBIM I'pynIiaM U YUCJIO
cMmepTeabHbIX ucxogoB ¢ INL[P-moaTBepXaeHHBIM
rpunmnom. [loka3zarenb JETaJTbHOCTU BbIpaXKaiu
B BUJE OTHOIIEHUSI YMCa ClydyaeB CMEpTH OT Jia-
0OpaTOpPHO MOATBEPKACHHOrO T'pUMNa K YHUCITY
3aperucTPUPOBAHHBIX ciiydyaeB rpunma u OPBU
u3 pacuera Ha 100 000 3a6o01eBaHUIA.

Kpumepuu onpedenenus nauanra snudemuu epun-
na. Pe3koe yBenuueHUe ypoOBHs 3a00JeBaeMOCTU
C TPEBBIIICHUEM EXCHEACIBHBIX IOPOTOB 0OoJee
yem Ha 20% u BeisiBiieHueM [111 P-noaTBepK A€ HHBIX
cyJaeB TpHIIIa, OBIJIO OCHOBHBIM KPHUTEPHUEM
omnpeAeeHrs Havyajaa MUAEMUN B OTAECJIbHBIX TO-
pomax. B 1ensix ompemeneHHMSI cTapTa SIUIACMUN
B CTpaHe YCpeaHEHHEBIEe IToKa3aTeJIi 3a001eBacMO-
CTH TI0 BCEM ropojaM corocTtaisiyiuch ¢ DI mis
CTpaHBbI B LIEJIOM 1 0a30BOI TMHUEHR 3a001eBaeMOC-
tu (BJI) [20]. I1peBbimenue BJI, conmpoBox parorie-
eCsl pPOCTOM YacTOTHI ASTCKIIUW BHPYCOB T'PUIIIIA,
ObLJIO CUTHAJIOM HavaJia anuaeMuu B Poccum.

JlabopaTopHbIii Haa30p BKJOYAJ] AETEKIIUIO
crienndUISCKUX MOCICO0BAaTEIBHOCTEI BUPYCOB
TpUIIIIa U ceMU ApyTrux Bo3oyaurtenaeit OPBU B OT-
TTILP ¢ ucnonb3zoBanueM HabopoB «AMIAuCeHC»
(UutepnabcepBuc, Poccus), BblaeaeHUe, aHTU-
T€HHBIX U TCHETUYECKUI aHAI13 BUPYCOB I'pUIIIIA,
TECTUPOBAaHNE UX HAa YYBCTBUTEIBHOCTh K IIPO-
TUBOBUPYCHBIM IperapaTaM (03eJbTaMUBUP, 3a-
HaMUBHUpP, pUMaHTaauH). B wensix noaaepxa-
HUS CHUCTEMBbI INI00AaJbHOI'O Haja3opa 3a TPUMIIOM
(GISRS) npoBomucst 0OMeH perpe3eHTaTUBHBIMU
" Apeiid-BapruaHTaMU BUPYCOB I'PUIIIIa MEK Y IBY-
msa HUT B Poccuu u CoTpyaHUYAOLIMMU LIEHTpaA-
mu BO3 no rpunny B Atnante (CILLA) u JlongoHe
(BenmukoOpuTanus).

Bvidenernue eupycoe u anmueennuiii anaaus. B pa-
00oTe TPUMEHSIIM CTaHIZAapTHBIE OIepPallMOHHEIC
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MHdekumns n uMmyHuTeT

MpoLenypPbl BbIIEJIEHU S BUPYCOB C UCIMOJb30BaHU-
eM kjaetok MDCK unu MDCK-SIAT B cooTBeT-
CTBUU C AEUCTBYIOIIMMU MeETOAUYECKUMU PEKO-
meHnanusamu [3] u Pykosoactsom BO3 [10].

Bkparue, KiaMHu4Yeckue oOpaslbl OT Iallu-
eHToB ¢ rpunnoM u OPBU, cycneHaupoBaHHBbIE
B TpaHcrniopTHoit cpeae (UTM-RT, Copan, CIIIA),
MCIIONb30BaAu AJis 3apaxkeHus Kjetok MDCK,
BbIpalleHHBIX B cpeae Mrna MEM ¢ 5% deranb-
HOM CBIBOPOTKHU TIOCJI€ ABYKPATHOW MNPOMBIBKU
MOHOCJIOSI U BBEAEHUSI CBOOOAHOU OT ChIBOPOTKU
cpennl, conepxaieid Tpunicud TPCK (2 Mmkr/mi).
NHbunvpoBaHHbIE KJETKU, WHKYOUpPOBaHHBIE
B CO, TepMocTare, peryjasipHO UCCJieIoBaJId B UH-
BepTUpoBaHHOM MuUKpockorie (UNICO, CIIA).
Tpu Hanuuuu LI cpeny cobupaiu U UCHOJb30-
BaJIu IJ151 ONpeiesIeHUsI FeMarraoTUHUHOB.

AHTUTEHHBI aHalu3 BUPYCOB ITPOBOAUIU
B PTTA nau MUKpoHelTpaausaluu ¢ UCIOJIb30-
BaHUEeM Habopa cnenuduIecKUX aHTUCBIBOPOTOK
K pedepeHc-1TaMMaM U POCCUUCKUM U3O0JISITaM.
Kpome TOro, nnasi aHTUT€HHOTO aHajJu3a HOBBIX
M30JISITOB  HCIIOJIb30BaJM MOCTUH(MEKIIMOHHbIE
CBIBOPOTKU XOPBKOB, JIOOE3HO MpenoCcTaBJIeHHbIE
CII BO3 B JloHoHe, 1 JMAarHOCTUYECKUE ChIBO-
POTKU B cocTaBe Habopa, nojiyueHHoro u3 CL[ BO3
B AtinaHnTte (CIIHA), 3a 4TO aBTOPHI BbIpaXKaloT UM
CBOIO 0J1aroAapHOCTb.

Tenemuueckuii anaiusz supycos. BolneneHue BU-
pycHoii PHK npoBoauiau ¢ ucrnoib3oBaHUEM Ha-
oopa peareHToB Qiagen RNeasy mini kit (Qiagen,
I'epMaHUsl) B COOTBETCTBUM C PEKOMEHIALIUSIMU
npousBoauTtesisg. [lomHoreHoMHyI©O amIIUpUKa-
MO TEHETUYECKOro MaTepuaga UCCaeayeMblX BU-
PYCOB MPOBOAUIU METOAOM OJHOCTYMNEHYaTOl 00-
PaTHOM TPAaHCKPUMNILIMU — MOJUMEPA3ZHON LETTHOM
peakuuu (OT-TILP) ¢ ucnonab3oBaHueM Habopa

peareHToB SuperScript III High Fidelity RT-PCR
kit (Life Technologies, CIIIA). Cneuudpuyeckyto
aMITIMGpUKAILMIO MOCJeA0BaTeIbHOCTEH, KOAUPY-
IOIIMX ITOBEPXHOCTHBIE AHTUTEHBI MCCIEAYEMBbIX
BUPYCOB TIPOBOAMJIM METOJOM OIHOCTYIEHYATON
OT-ITLP c ucnojsb3oBaHUEM Habopa peareHTOB
Ambion AgPath-1D c opuruHajJbHBIMU TIpaiiMepa-
Mu. i (pUIOreHeTUYEeCKOro aHajausa MoJlyyeH-
HBIX MOCTIEN0BAaTEbHOCTE! UCHOIb30BAJIOCh MPO-
rpamMmHoe obecrieueHre MEGAG.

Cekxeenupoeanue H06020 nokoaenus. Ornpenesne-
HHUE TeHEeTUYECKUX ITOCIeA0BaTeIbHOCTEH ITPOBO-
nuiock Ha cekBeHaTope [llumina MiSeq (Illumina,
CIIIA) ¢ HaGopom peareHToB Illumina MiSeq
Reagent kit v3 600 cycle.

st OlLIeHKM pe3yJbTaTOB CEKBEHUPOBaHMS,
M3BJICUCHUST KOHCEHCYHBIX ITOCJIeA0BaTeIbHOCTEM
M OLIEHKU T'eTePOreHHOCTU BUPYCHBIX TOIYJISIIANA
MCMOJIb30BaJIOCh MporpaMMHoe obecrieyeHue Ite-
rative Refinement Meta-Assembler.

PesynbraThl

IT1]P-duaenocmurxa epunna ¢ HI[I'u PBJI. B ce30H
2017—2018 (nepuon c 40 negenu 2017 r. mo 20 Henesto
2018 r.) mpoBeneHO U3yYeHUE BKJiaaa BUPYCOB IPUII-
na A u B u npyrux Bo3oyauTtesneii B 3a060JieBa€MOCThb
OCTPBIMU PECITUPATOPHBIMU BUPYCHBIMU MH(MEKIIU-
amu (OPBU) no pesynsraram IMLP-geTtekuuu Bu-
pycoB B oOpa3uax ot 72 759 60abHBIX, MOJYYEHHBIM
nByMss HUTI B corpyanuyectBe ¢ 55 PBJI. YacroTa
JNETeKIIMU BUPYCOB TPUIIIIA B CPETHEM 3a BECh CE30H
rno crpaHe B 1enoM coctaBuia 20,7%. Bcero GbL10
JuarHoctupoBaHo 12 149 ciyuaeB rpurmna, u3 Ko-
Topbix 39,3% cocrtaBuyiu Bupychl rpurima A(HI1NI)
pdm09, 29,6% — Bupycel rpurnna A(H3N2) u 31,1% —
BUPYCHI rpurimna tuna B (ta6:. 1).

Ta6auua 1. Pesynbratbl MLUP-guartoctukm rpunna B ropopax Poccuiickoint Depepauum
Table 1. Influenza PCR testing conducted in various cities of the Russian Federation

Yucno
PedepeHc-LeHTpbI nabopatopwii- OGCn:Mg:(a)HHbIX Yucno |'||J,P-I10.l10)KI/ITeJ.'I.bHI:.IX ciyyaes rpunna
Mo MOHUTOPUHIY rpunna Y4aCTHUKOB GOﬂ'beIX Number of PCR-positive influenza cases
Reference centers Number .
h I . Number of patients
for influenza monitoring of laboratories . Bcero
involved examined A(H1N1)pdmO09 | A(H3N2) B Total
Mpu ®reY HUU rpunna
um. A.A. CmopoauHueBa 9846
At Smorodintsev Research 46 61183 3790 2910 3146 (16,1%)
Institute of Influenza
Mpu ®rey HULSM
uM. H.®. FTamaneun 2303
At FSBI “N.F. Gamaleya 10 1576 987 683 633 (19,9%)
NRCEM”
YacToTa peTekuuv BUPYCOB rpunna 8.9% 6.6% 500 20.7%
Frequency of detected influenza viruses ’ ’ ’ ’
MpoueHTHOe cooTHOLeHue BO30yauTenei o 0 0
A proportion of influenza viruses 39,3% 29,6% 31,1%
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PucyHok 1. MOHUTOpPUHI pacnpocTpaHeHus BUPYyCcoB rpunna no pesynbtatam MLUP-anarHoctukmn
Figure 1. PCR used in monitoring influenza viruses spread

Monumopune pacnpocmpanenus upycos epunnd. YcTaHOBICHBI BBIPAaXKCHHBIC OTIMYUS B IIO-
IMepsoie ciryuau rpurma A(HIN1)pdm09, a Takske KazaTesasx 3a0ojeBaeMOCTU MeXy (enepajbHbI-
BupycoB A(H3N2) u B, Obli 1marHOCTHPOBAHBI MU OKpyramu, Kotopasi Oblj1a HauboJjiee BbICOKOI

B camMoM Hayajie ce3oHa (40—45 memenm 2017 r.), B YpanbckoM, CeBepo-3amangHoMm 1 [1puBoIKCKOM
ONHAKO OTYETJIMBBINA, MPOrpecCUBHEI pocT 4ac- PO m HanmMmeHbIIel B KOXXHBIX paitoHax EBporeii-
TOTHI AeTEKIINHY BUPYCOB TPUIITIA 3aPETUCTPUPOBAaH  cKoil yactu Poccum (puc. 3).
JINIITG B TICPBOM nekame sHBaps 2018 . ¢ TuKoM gua- IIpomoaKNTEIbHOCTh AITUACMUN B pa3HBIX (e-
THOCTHPOBaHUS Ha 13 Hefelle U IMMOCIeNYIONIUM IT0-  JIepaJbHBIX OKpyrax BapbHpoBasia oT 7 mo 11 He-
CTEeTIEHHBIM CHUXXEHMEM YHCJIa BBISIBISIEMBIX CIIy-  OeJIb U, KaK IIpaBUJIO, OblJIa Ha HECKOJIBKO HEICIhb
yaeB BIJIOTH 10 20 Henenu 2018 1. B pasButnu - Kopoue, YeM B ITpeabIAYIIeM CE30HE.
IEeMUU C CAMOTO e¢ Havyajla aKTMBHO Y9acTBOBAJIN Tocnumanuzayus. YBeInueHUE ITOKa3aTesI TOC-
Bce 3 BO3OymuTens, HO ¢ 8—9 Hemenu u g0 17 He-  NUTAIM3allMM OOJIBHBIX C KIMHUYECKUM IUArHO-
nenu 2018 1. mo ganubeiM TTIIP-MmoHUTOpMHTA Ha- 30M «TPUIII» OBIJIO 3apETUCTPUPOBAHO Ha 3—4 He-
METUJIOCH Ipeodramanue Bupyca rputira A(HINI) nensix. Bornudue or3a00j1eBa€MOCTHY €I0 3HAUYEHU ST
pdmO09 (puc. 1). Ha tiuke (13 Hemesnst) OBIIM BHINIE IO CPABHEHUIO
Cpasuenne IILIP-manHBIX ¢ TI0Ka3aTelsIMU C IIpealIeCTBYIOMUM ce30HOM (1516 1 1097 ciaydyaeB
SIMUASMHUYECKOI 3a00JeBaeMOCTH IMOKAa3ajlo OIle-  3a Helmedlo, COOTBETCTBEHHO) (puc. 4).
pexapinyo (Ha 4 Hemeaw) pPoJib TUATHOCTHUYEC- Teorpacdusa pacmpocTpaHeHUsT BUPYCOB TPUIIIa
Koit mHMOpMAIIUU, TTOCKOJBKY CTapT 3MUIASMHWM,  IIpeacTaBicHa B Ta0J. 2, KOTOpas IMOKa3bIBacT CO-

OIlpeae/IeHHbBIN MO IIPEBBILICHNIO 0a30BOM JIMHUM  LMPKYJISLUIO BceX 3 BO30yauTeeil B pa3HbIX Peru-
U BIUIEMUYECKOro mopora 3a00jieBaeMOCTH HJISI  OHAaX CTPaHbI C HEOOJbIIUMU OTIMYMSIMU B 3TUOJIO-
CTpaHbl, ObLJI 3aperUCTPUPOBAH JUIIb Ha 6 Heaesle  ruu Mexay PenepalbHbIMUA OKpyraMu. Tak rpumnn
2018 1., TOrma Kaxk IOBBIIIEHHWE YaCTOTHI JUATrHO- A(HINI)pdm09 HeckoIbKO Yalle TMarHoCTUPOBaIN
CTHpPOBaHMS TpUIIIIa — CO 2 Heaexu roaa (puc. 2). B LlenTpanprom, Cubupckom u I[IpuBomkckom PO,

ITo cpaBHeHHMIO ¢ mpembimymuMu ce3oHamMu  A(H3N2) — B Ceepo-3anmamHom u LleHTpaisHOM
B 2017—2018 rr. 3aperucTpupoBaHoO OoJjiee MMo3aHee ®DO, Bupycwl rpunma B — B CeBepo-3ammagHom u Ce-
HayaJjo dNUIEMUU U BpeMsI IOCTUXKEHUS IMuKa 3a-  Bepo-Kaskaszckom DO, rae yacrora [T P-getexkunmu
00JIEeBAEMOCTM, a TakKXKe CHMXKEHME MoKa3aTejleil  yKa3aHHBIX BUPYCOB ObLla JOCTOBEPHO BBILIE CPE/-
3a00J1eBaeMOCTH (B CpEIHEM 110 BCEM BO3PACTHBIM  Heii 1o PD B 1esiom.

rpymnmnam repe6oseno 9,7% HaceJleHUs 1O CpaBHE- Jlemaavnocms. Bcero 3a OTYETHBIM TIepHon
Huio ¢ 14,2% B 2016—2017rr.). Kak 06b14HO, 3200- u3 PBJI moctynuiam coobuieHus o 53 jieTaabHBIX
neBaemMocThb rputiiioM 1 OPBU cpeau nereit mnan- ucxonax ot INLIP-nmoaTBepXaeHHOTro rpUmIia, 4To
mrero Bo3zpacta (0—2 1 3—6 JIeT) B AeCITKU pa3 mpe- Ob1J10 B 2,1 pa3a 0omblle MO CPAaBHEHUIO C ITPEabI-
BBIIIAJIa aHAJIOTUYHBIC TTOKA3aTesI AJIsI B3pOCHBIX  aymieit smuaemueii. Bupyc rpunma A(HIN1)pdm09
u coctasisiaa 51,1 u 56,2% OT YMCIEHHOCTU CO- OblJT OCHOBHOW MNPUYMHOU JeTalbHBIX MCXOI0B
OTBETCTBYIOLIMX BO3PACTHBIX I'PYIII IIpoTus 4,8% (41 13 53 cMepTenbHBIX ClIydaeB). 9 cirydaeB OBIIIO
B BO3pacTHOl rpynmne 15—64 jer. cBs3aHO ¢ BUpycom rpunna A(H3N2) u 3 cryyass —
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PucyHok 2. CpaBHUTesIbHbIE JaHHbIe N0 AUHAMUKE Pa3BUTUS ANUAEMUIA rpunna 3a nocnegHue Yetbipe
ce30Ha no nokasarenam sabonesaemoctu rpunnom u OPBU B 60 ropopax PP

Figure 2. Comparative data assessing dynamic changes in developing influenza epidemics during the four previous
seasons based on influenza and ARVI incidence in the 60 cities of the Russian Federation

¢ BupycoM rputria B. OcHOBHasI Macca CMepPTEIIb-
HBIX WCXOIIOB 3aperUCTPUpOBaHA B BIUICMUYCC-
KW I10 TPUIIITY IEPUOI, O 5 cIydasiX CMEpTH OBLIO
COOOIIeHO O Havajla SMUIACMUM, B TOM YHCJIC —
3 cnyuast ot rpunna A(HIN1)pdm09, 1 — ot rpun-
na A(H3N2) u 1 — ot rpumninia B (puc. 5).

Boapiiras 9acTh MaiMeHTOB, YMEPIIUX OT TPUII-
mna, OblJ1a U3 CTAPIINX BO3PACTHBIX TPYIII U UMeJia
COITYTCTBYIOIIYIO ITATOJIOTUIO. B TmociemHeM ce3o-
HE OTMCUYCHO yBEJIMYCHHUE YMCIa CMEPTEIbHBIX HC-
XOIOB Cpenu OOJBHBIX C AMA0CTOM, OXUPECHUEM,
CepICUYHO-COCYANCTON MATOJIOTHEl M OOJIC3HSIMU
BHYTPEHHUX OpPTaHOB. YMepIilure 00J1bHbIE HE ObLN
BaKIIMHUPOBAHBEI OT TpUIIIA, 3a MCKIIOUCHUEM

%

onHoro namueHta ¢ XbJI. Yerbipe ciayyas cMep-
T OT TPUINA 3apeTUCTPUPOBAHO CpEan HCTCA.
bepeMeHHBIX cpean yMepIINX OT TPUIIIIa HEe BBISB-
seHo. [Toka3aress IeTaIbHOCTH OT TPUIIIIA 32 TIePHU-
on srmmaemun 2017—2018 cocrasua 0,93 wa 100 000
nepedosieBnx rpuniioM u OPBU u 6w11 B 2,7 pa3a
BEBIIIIE TT0 CPaBHEHUIO C SITUAESMHUEH IPOIIIOro roma
(0,34 1a 100 000 mepeboJIeBIINX), KOTOA LIUPKYJIH-
poBau ToabpKO Bupychel rpunia A(H3N2) u B.
Ouyenxa ywepba om epunna u dpyeux 8030you-
meaeii OPBU. B uengx auddepeHIMPOBAHHOTO
BBISICHCHM S yIllepba OT TpHImna U IPYTUX BO30Yy-
nuteieit OPBU npoBeneHo cpaBHEHME YaCTOTHI UX
IEeTeKIIMM B MaTepuajlaX OT OOJIBHBIX Ha pa3HBIX
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PucyHok 3. CpaBHeHue nokasaTeneii 3abonesaemocTu rpunnom u OPBU no ¢pepepanbHbIM OKpyram
B anuaemuyeckue nepuopbl 2017-2018 n 2016-2017 rr.
Figure 3. Comparison of influenza and ARl incidence rate among Federal Districts of the Russian Federations during

2017-2018 and 2016-2017 epidemic periods
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Figure 4. Monitoring hospitalization rate of patients clinically diagnosed with influenza during the 2016-2017
and 2017-2018 epidemics

Ta6nuua 2. 0co6eHHOCTU LMPKYNSALMY BUPYCOB rpyunna B pasHbix ¢peaepanbHbIX OKpyrax
B ce30H 2017-2018 rr.
Table 2. Features of circulating influenza viruses found in various Federal Districts during 2017-2018 season

YactoTta gnarHoctupoBaHus rpunna (%)
depepanbHbIli OKPYr Prevalence of verified influenza virus infection (%)
Federal District B/9mararta
A(H1N1)pdmO09 A(H3N2) B/Yamagata
LleHTpanbhbiii/Central 13,3 8,9 4,5
HOxHbIi/Southern 8,2 1,4 2,7
Cesepo-3anagHbiit/North-Western 8,4 9,3 8,1
LanbHeBocTouHbIi/Far Eastern 2,1 55 47
Cubupckwii/Siberian 11,7 6,0 2,7
Ypanbckuii/Ural 0,6 1,6 41
MpuBosxckwmii/Privolzhsky 10,6 6,1 5,3
Cesepo-Kaskasckuii/North-Caucasian 8,2 41 10,1
Poccuiickas Pepepaums (ycpegHeHHbIe faHHbIe)
i h 8,9 6,6 5,2
Russian Federation (averaged data)
15

3 Bcero/Total — 25 Bcero/Total — 53
< O H3-22,B-3 Hipdm-41,H3-9,B-3
S22 104
as
£2
55 s
T E

=z

0+ A N — NN RN RRR R —H
40 42 44 46 48 50 52 2 4 6 8 10 12 14 16 18 20 40 42 44 46 48 50 52 2 4 6 8 10 12 14 16 18 20
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] A(HINT)pdm [ A(H3N2) [

PucyHok 5. 3Tuonorus netanbHbiX UCXOA,0B OT Ja0OPaTOPHO NOATBEPXAEHHOIO rpunna,
3aperucTpupoBaHHbIX B pernoHasnbHbiX 6a30BbIX JabopaTopusax B ce30Hbl 2017-2018 1 2016-2017 rr.
Figure 5. Etiology of laboratory-confirmed influenza fatal cases registered in Regional Base Laboratories during
2017-2018 and 2016-2017 seasons
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Ta6nuua 3. YacTtora MNUP-geTekuum BUpYyCcoB rpunna v apyrux so3oyguteneii OPBU B pa3Hbie neprogbl 3NUaeMnNyYecKoro npowecca

Table 3. Frequency of PCR-detected influenza viruses and other ARVI causative agents found in various periods of epidemic process
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CTaausIX Pa3BUTHUS SMUAEMUU. YCTAHOBJIEHO, YTO
B NpeadNUAeMMUEeCKU Tepruoa pocT 3abosieBae-
MOCTHU ObLJI OOYCJIOBJIEH, B OCHOBHOM, PUHOBUPY-
camu u PC-Bupycom (10,2 u 8,0% ciaydyaeB cOOTBET-
CTBEHHO) MpPU MEHbIIIEM y4acTUM aJIeHOBHUPYCOB,
BUPYCOB Iaparpurima, O00KaBHUPYCOB, KOPOHAaBU-
pycoB u MetanHeBMoBupycoB (1,1—-4,7%). B cymme
pasubie Bo3Oynutenu OPBU HerpurnmosHoii aTu-
OJIOTUW BBI3BAJIM B MPEIIMUAEMUIYECKUN TIepU-
o1 okojo 32,7% 3aboneBaHMIA, TOTIAa KaK BUPYCHI
rpUIITa — JIMIIb OKOJIO 3,4% MHMeKInii.

B nepuon snupemun (6—17 nemenu 2018 1.)
JacToTa JAUAarHOCTUPOBAHWS TpPUIIIa BO3pocia
10 29,2%, B Tom uncie A(HIN1)pdmO09 — o 11,8%,
A(H3N2) — no 8,2%, rpunma B — no 8,2%.
IIpu 3TOM, Kak M B NPOILJIOM TOHYy, HAOJIOmaI
CHUMKEHUE YacTOThl 3a00JIEBAaHUI TaparpMIIno3-
HOM, aJeHOBUPYCHOI, OOKaBUPYCHOU, KOPOHABU-
PYCHOII M, 0COOEHHO, PUHOBUPYCHOM 3TUOJIOTUH.

B mmocTanuaeMuyeckuii mepuoma, Korga 3adome-
BaeMocTb rpunmiom 1 OPBU nouia Ha cnafg u yac-
ToTa oOHapyxeHus BupycoB rpunmna A(HINI)
pdm09, A(H3N2) u B cHusuiace 10 6,1; 6,9 u 3,6%,
OCHOBHYIO POJIb BHOBb CTaJli UTPaTh PUHOBUPY-
col (9,5% 3aboneBaHmii). B 1ieaoM (3a BeChb Ce30H
2017—2018) mo yactoTe auarHoctupoBaHusi PCB
U PUHOBMPYCHI YCTyHaau TOJbKO BUpPycaM Ipullla
A(HINI)pdmO09 (Ttab. 3).

MOHUTOPUHT  UUPKYJSILUU  BO3OyaUTEIEH
OPBUM Herpunmno3HOW 3TUOJIOTUM TOATBEPAUI,
YTO B Hayaje Ce30Ha HauOOJbIIYI0 aKTUBHOCTh
OPOSIBASLIM PUHOBUPYCHL. HemocpencTBeHHO Tie-
pen snuaemMueit (3a 3 HeleJu A0 €e Havyajia) 1OMU-
HUpYylolyto pojb npuobpen PCB, 3HauuTeabHO
MPEBBICUB YPOBEHb LIUPKYJSIUU OPYTUX PECHU-
paTOpHBIX areHTOB. B mocTanuaeMuyecKuii mepu-
O Ha TIEPBHIN IIJIaH BHOBbH BBHIIIJIN PUHOBUPYCHI,
KOTOpbIE JOCTAaTOYHO AKTMBHO LIMPKYJIUPOBaIU
Ha NPOTSIKEHU U BCero ce3oHa (puc. 6).

Boidenenue u ammueeHHas XapaKkmepucmuxa
upycoe epunna. 3a TIEpUOM SIMUISMUN B CUCTEME
HUTI u PBJI 6bi10 BeimeneHo 1374 Bupyca rpuri-
na, B ToM yucie 430 mramma A(HIN1)pdmO09, 282
mramma A(H3N2) u 662 miramMa Bupyca I'puliiia
B fAmararckoit ntunuu. B HUUM rpunmna aHtureH-
HO oxapakTepu3oBaHo 535 miramMmoB B PTTA unu
peaklMM MUKPOHEUTpasn3alu, UCIOJb3yeMOM,
B OCHOBHOM, 1151 BUpycoB rpurnima A(H3N2) ¢ Hu3-
KOI reMarmifoTUHUPYOLIEH aKTUBHOCTBIO.

AHTUTEHHOE KapTUPOBaHUE BUPYCOB TPUIIIIA
noka3saJio, yto Bupychl rpunna A(HIN1)pdmO09 co-
XpaHSJIM CBOE€ aHTUITeHHOE eAMHOO0Opa3ue, O 4YeM
CBUIETEIbCTBOBAJNIAa paBHAs YIaJIeHHOCTh CO-
BPEMEHHBIX H30JIATOB OT pedepeHc BUPYCOB A/
Kamudpopuus/07/2009 u  A/Mwuuuran/45/2015,
XOTS B TOCJICAHEM CE30HE HaAaMETUJIOCh (popMUPO-
BaHNE ABYX SIBHO PAa3JIMYMMBIX TPYIIIT MU30JSTOB,
4TO CBUJIETEILCTBOBAJIO O MOCTEIIEHHO HaMedalo-
memcs apeiide Bo30yauTes.

I
(o5}
o



2018, T.8,Ne 4

MonekynapHas AeTekLMs BUPYCOB rpunna

Bupycsl rpunna A(H3N2) npoieaiiero ce3oHa
PaBHOMEPHO TpyMNIIMPOBaIUCh BMECTE C BUPYCAMU
rpumnna cesoHa 2016—2017. AHTUTeHHBbIC pa3Jin-
YU BUPYCOB MEXIY OTACIbHBIMUA T€HETUYECKUMU
noArpynmnaMu BHyTpu rpynnbsl 3C.2a He oOHapy-
JKeHBI, OAHAKO OUeBUIHBI X aHTUTCHHBIE OTJINY ST
ot rpynusl 3C.3a.

HemHorouncnaeHHble BUpychl rpurina B Bukrto-
PUAHCKOW Pa3HOBUIHOCTU T'PYMNIUPOBATUCH B €M-
HBII KJacTep ¢ BUpycamu rpulina B mpouuibix et
BBIACJCHUS B CUJIY UX TECHOTO aHTUTEHHOIO POJi-
cTBa. Ta Xe 3aKOHOMEPHOCTH BbIsSIBJIEHA U AJI51 BUDY-
coBrpunna B fAmararckoit pa3HOBUAHOCTH, KOTOPbIE
IIIAPOKO PACIIPOCTPAHUINCH B MOCIECAHIO 2MUIe-
MUIO, HO TPYNMNUPOBAJIUCh BMECTE CO IITaMMaMU
2015—2017 rr. Beraenenus (puc. 7, I11 obnoxka).

TakuM ob6pa3zoM, pe3yJibTaThl BbIACICHUS BUPY-
COB MOATBEPAMJIA AKTUBHOE yUacTHE BCEX TPEX BO3-
oynuteneit rpunna A(HIN1)pdm09, A(H3N2) u B
B aTHoJsioruu anuaeMuu 2017—2018 rr. AKTUBHOCTb
BCEX TPEX BUPYCOB CTajla YCTOMUYUBO MOBBIIIATHCS
co 2 Henenu 2018 I. ¥ UX LUPKYASIUS TPOIOJIKA-
Jlach BILJIOTH IO KOHIIA C€30HA, BKJIOYasi MOCTIIU-
NEMUYECKU T TTEPUOL.

lI'eHeTuyeckuii aHaau3 BUPYCOB TpUIIla Ce-
3oHa 2017—2018 rr. mokasaj, 4TO IO CTPYKType
T€HOB, KOAUPYIOIIMX aHTUTEeHHbIE NeTepMUHAaH-
Thl, BCE aHaJU3UPOBAHHBIE BUPYChl Tpumnma A
COOTBETCTBOBAJIM BaKIMHHBIM IITaMMaM, pe-
KoMeHA0BaHHBIM BO3 nysg npousBoacTBa Bak-
uuH B CeBepHOM MOJylIapuU Ha SMUIeMUYEC-
kuii cesoH 2017—2018 rr. I'eHeTnyecku OBLIO
oxapakTtepu3oBaHo 59 Bupycos rpunna A(HINI)
pdm09. Bce oHU oTHOCUIUCH K DUTIOreHEeTHYeC-
Koit rpynmne 6B (pedeperc-mtamm — A/IOxHas
Adprka/3626/2013) ¢ xapakKTepHBIMK 3aMeHaMM
AMUHOKMUCJIOTHBIX OCTaTKOB B TeMarrilOTUHUHE
(HA) — K163Q (aHTHTreHHBIi caiiT Sa) u A256T —

250

¥ TIpUHAAIeXanu K moarpymmne 6B.1, xapaktepu-
3YIOIIENCS TOMOJHUTEbHBIMU 3aMEHAMU aMUHO -
KUCJIOTHBIX ocTaTKOB S162N (ImosiBJIEHME ITOTEH-
LIMAJILHOTO caiiTa TIuMKo3ujaupoBaHus) u 1216T
(puc. 8).

CorylacHO (UJIOTEHETUYECKOMY aHajlu3y TeHa
HA Bce Bupychl rpunna A(H3N2) 2017—2018 rr.
oTHOcUIMCH K KJanay 3C.2a (65 BUpycoB) U pasie-
Asgauch Ha 3 reHeTnuyeckue noarpynnel: 3C.2a3 (5
Bupycos), 3C.2alb (19 BupycoB) u 3C.2a2 (41 Bupyc)
(puc. 9).

TToarpynmna 3C.2a3 xapakTepu3yeTcsl 3aMeHaM 1
N121K u S144K B HA (anTureHHsbiit caiit A). HAI
HEKOTOPBbIX BUPYCOB NaHHOU MOATPYIIIBI TaK>Xe
konupyeT T135K (4TO MprUBOAUT K MOTEPE MOTEH-
HuajJbHOro cairta rauko3uaupoBaHus), RI150K
u R261Q.

BoaAbIIMHCTBO CEKBEHUPOBAHHBIX BUPYCOB OT-
Hocunuchk K moarpynme 3C.2a2 u xapaKTepuso-
Banuch 3ameHamu TI131K, RI42K (aHTUTeHHBIN!
cait A) u R261Q B HA. HekoTopble U3 BUPYCOB
B 2TOW moarpyrmie umenu 3ameHy S144R (Bupy-
cel u3 Camapsl), 1pyrue BUpycbl — 3amMeHbl P21S
u K92R (anTturennsiii caiit E). beinu nneHTudu-
nupoBaHbl 2 Bupyca (A/Cankt-Iletepoypr/RII-
334S/2018 u A/Cankr-Iletepoypr/RI11-449S/2018)
¢ 3ameHamu B ctebse (H311Q) u TpaHcMeMOpaH-
HoMm gomeHe (I550V).

IMoarpynna 3C.2alb B 1esoM XapakTepus3o-
Bajach 3amMeHaMu K92R (aHTurenHsiii caiit E)
u H311Q. HekoTtopble BUpPYCHl JaHHOW MOATpPYyM-
nbl umeau B HA 3aMeHbl, NpUBOAsIINAE K yTpaTe
NOTEHIIMAJbHOIO calTa T[JIUKO3UJIUPOBAHUS —
N122D (anturennsiii cait A), T135K (aHTUTEH-
HbIN caiiT A) u T128A. B pe3yabrate 3ameHbl T135N
TaK>Xe B aHTUTEHHOM caiiTe A Mpou30I11JI0 CMellle-
HUE MOTEHIIMAaJbHOI'0 caliTa TIUKO3UJIUPOBAHUS
u3 nosioxkeHus 133 B mosioxxeHue 135.
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Figure 6. PCR-monitoring of circulating non-influenza acute respiratory pathogens during 2017-2018 season
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PucyHok 8. dunoreHetnyeckoe gepero no reHy HA eupycos rpunna A(HIN1)pdmO09
Figure 8. A phylogenetic tree for influenza A(HIN1)pdmQ9 hemagglutinin gene
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PucyHok 9. dunoreHetnyeckoe pepero no reHy HA supycoB rpunna A(H3N2)
Figure 9. A phylogenetic tree for influenza A(H3N2) hemagglutinin gene
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PucyHok 10. @unoreHeTnyeckoe gepeso no reHy HA Bupycos rpunna B Amararckoi nuHumn
Figure 10. A phylogenetic tree for Yamagata lineage influenza B hemagglutinin genes
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B ce3on 20172018 rr. mpou3011I1 3HAYUTEIbHbIE
M3MEHEHMsI BO BHYTPEHHUX T€HaX LU PKYIUPYIOLINX
BUpycoB. Bo3pociio obliiee Koan4ecTBO aMUHOKUC-
JIOTHBIX 3aMEH OTHOCUTENIbHO pedepeHc-Bupyca
MO0 CpPaBHEHUIO C JIBYMS MPEAbIAYIIMMU TOJaMU.
IMTpu sTOM GoJiee BbICOKAsI CTENEHb U3MEHUYUBOCTU
ycTaHoBJIeHa il BupycoB rpuriina A(HIN1)pdmO09
1o cpaBHeHu1o ¢ nontunom A(H3N2).

Heo6xonmnmMo oTMEeTHUTB TTOJTHOE HECOOTBETCTBUE
AHTUTEHHBIX CBOMCTB LIUPKYAUpOBaBLIUX B 2017—
2018 rr. BupycoB rpunna B fmararckoii TuHUMN
wrammy B/Bpuc6an/60/08 (BuxkropuaHCKOi Ju-
HWUW) B COCTaBE BaKIIMH, YTO HE MOTJIO HE CKa3aThCs
Ha nokaszaTreysix ux 3(pheKTUBHOCTU. AOCOTIOTHOE
OOJIBIIMHCTBO CEKBEHUPOBAHHBIX BUPYCOB T'PUTII-
na B (55 mTaMMOB) OTHOCUINCH K KJTaiiay 3, ObLIN
nonooubl mrammy B/TIxyket/3073/2013 u Hecnun
psiZl XapaKTepHBIX 3aMEH B aHTUTeHHBIX caiiTax BC,
BA, BB u BD. Tpu Bupyca (B/Mocksa/2/2018, B/
Camapa/2/2018 u B/Camapa/RI11-840S/2018) umenu
3aMeHy D232N, 4To npuBeso K YyCUJIEHUIO MOTEH-
LIMaJbHOIO CcaiiTa TMUKO3WJIMPOBAHUS. Y ABYX BU-
pycoB u3 MpkyTcka HaboAaM 3aMEHY B MO3ULIUU
253 B anturenHoM caiite HA BD (K253N) (puc. 10).

KoHTpomb uyBcTBUTENBHOCTH 316 BUPYCOB TpUTI-
na A(HINI)pdm09, A(H3N2) u B x nauueHsupo-
BaHHBIM B Poccuu mMpoOTUBOBUPYCHBIM Mpernaparam
rMmokasajl, YTo abCOJIIOTHOE OOJIBIIMHCTBO M3 HUX
(99,7%) coxpaHWI CBOKO YYBCTBUTEIBLHOCTH K WH-
ruouTopaM HelipaMUHUIA3bl (03eIbTaMUBUD, 3aHa-
MUBHUP) U PEBUCTEHTHOCTb K PEMaHTaIUHY.

Ob6cyxaeHne

INpowmenmmii snuaeMUIecKuii Ce30H MO TPUII-
ny B Poccuu otnunyancsa 6ojiee Mo3gHUM CTapTOM
W MEHBIIEH MPOMOJIKUTEIBHOCTBIO. DIIUIACMUS
2017—2018 rr. ObL1a cpenHel MO WHTEHCUBHOCTU
U 110 CBOMM MapaMeTpaM Obljia COMOCTaBMMa C 3MU-
nemueii 2014—2015 rr., Tak>ke CBI3aHHOM C y4acTH-
eM BceX TpexX BO30ymuTelleil Ce30HHOI'O TpHIIIa.
B TeueHue ce3oHa Besach HempepbiBHaAs1 pabdborta,
HarpaBjJieHHasT Ha peaJii3allliilo KOMIIJIEKCHOTO
MOoAX0/1a K PEIICHU IO TTPOOJIEMBbI I'PUIIIIAa Ha OCHOBE
N3yYCHUS SIIUISMHUOJIOTUICCKNUX OCOOCHHOCTEH
COBPEMEHHBIX IMUAEMUI 3a CUET BHEAPEHUS KO-
JINYECTBEHHbIX KPUTEPUEB OLIEHKW MHTEHCUBHOC-
THU BNUACMUU MO MoKa3aTeasiM 3a00JIeBaeMOCTH,
TOCIIUTAIM3alluM U cMepTHOCTU. Pacuer u mpu-
MEHeHUe O0a30BbIX JUHUI 3a007eBaeMOCTU IJIS
orenenbHbix @DemepalibHbIX OKPYTrOB M CTpPaHBbI
B 11€JIOM TTO3BOJIMJI YETKO OIPEeNeIUTh Hayaslo 31u-
IeMUU, KOTOpash Hadajlach B MPOIICAIIEM CEe30He
3HAYUTEJbHO MO3Xe, yeM B cTpaHax CeBepHOI
AmMepuku U 3anagHoil EBpomnbl, a Takke B Mpe-
mecTBytome 4 cesoHa B P®D. IMomumo sTOTO,
OBLIM BBISIBJICHBI OTIMYUS MEXIY (henepaaibHBIMU
OKpyramMu Mo CpokKaM HayaJjia SIMUAEMUU, a TaKXKe
M0 mokasaTeJsiM 3a00JIeBa€MOCTU U TTPOAOJIXKU-

TEJIBHOCTU TIepHoAa SIMUAEMUYECKOTO TIoIbeMa
3aboieBaeMocTU. TpaguuMOHHO HauboJjiee WH-
TEHCUBHOU 3nmuaemMus Obliia B CeBepo-3araiHoM,
IMpuBonxckom u Ypanbckom PO. Ykazanusie PO
Ha TPOTSKEHUU MHOTUX CE30HOB SIBISIOTCS JIM-
NUPYIOIIKMMHU TI0 ToKa3aTedsM 3a00JIeBaeMOCTH.
YeTKoli CBSI3U C 0COOEHHOCTSIMU ATUOJOTUU 3a00-
JIeBaeMOCTH B JaHHBIX PETMOHAX HE BBISIBJICHO, UTO
omnpeeisieT HeoOXOIMMOCTh BbISICHEHU ST ITPUINH-
HO-CJIEICTBEHHBIX CBsI3€il ¢ TOUKU 3pEHU S KIuMa-
Toreorpamnueckmx, ColaabHbIX, AeMoTrpaduuec-
KUX 1 UHBIX (paKTopoB. YacToTa rocniuTaain3alumu
¢ rpunnoM 1 OPBH B mpouieniieM snuneMuyec-
KOM Ce30He ObljIa HeCKOJIbLKO BbIIle ce3oHa 2016—
2017 rr. (2,6 npotuB 2,4%), Korga JOMUHUPOBAJ
Bupyc rpurniia A(H3N2), u coBnamaiia ¢ TaKOBOU
st ce3oHa 2015—2016 rT., Korma B CTpaHe aKTUB-
HO uupkyauponaj Bupyc rpunma A(HIN1)pdmO09.
IIpu sTOM, YMCIIO JeTaJIbHBIX UCXOOOB B 2,1 pa3sa
MpeBHIIIAI0 TakKoBoe ais1 ce3oHa 2016—2017 rr.,
4TO, HECOMHEHHO, CBSI3aHO C aKTUBHBIM y4acCTUEM
BupycoB rpunna A(HIN1)pdmO09 B atuosoruu mo-
ciaenHei snuaeMuu. Bupycol rpunna A DaHHOTO
MOATHUIIA TO-TIPEXHEMY SIBIISIOTCS OCHOBHBIM (haK-
TOPOM JIETaJIbHBIX UCXOJA0B OT Tpunmna B Poccuu,
B oTyinuMe oT cTpaH CeBepHO AMEPUKU, IIe BaK-
HYIO pOJIb B CMEPTHOCTH UTPaAeT TaK3Ke BUPYC TPUTI-
na A(H3N2) (21% B cTpyKType AETCKOM CMepT-
Hoctu oT rpunna B CIIA B ce3on 2017—-2018) [12].
WHutepecHo, yto B Poccuu mo nokasarensim 3a00-
JIEBa€MOCTH B MOCJEIHME TOIbl pacTeT UHTCHCHB-
HOCTB 3MUASMUI TPUIIIIA, CBI3aHHBIX C YYaCTUEM
Bupyca rpunna A(H3N2) [1] Ha ¢poHe BbIpaxxeHHOM
TeTEepOreHHOCTH HUPKYJIUPYIOIIUX TOIMYJISIIANA
3TOTO BUpPYCa C perucrpalmeii HOBbIX I'€eHeTUYeC-
kux cyoknaiimos 3C.2a3, 3C.2alb n 3C.2a2 c xa-
pakTepHbiMU 3aMeHaMu B TeHe HA. B To xxe Bpems
JI0 CUX TIOp HE ONpelesieHbl JeTepPMUHAHTHI, KO-
TOpble OOBSICHSIM Obl TSIXKEJOe TedeHHe MHpeK-
nuu, BeizBaHHON A(HIN1)pdmO09, ¢ omacHOCTBIO
JICTAJIBHBIX WCXOMIOB Yy psima KaTeropuil OOJBHBIX
C COITyTCTBYMOIIIEH maToJyiorueii. Hamm uccinenosa-
HUs [7] NO3BOAUAM YCTAaHOBUTH, YTO B MOCIECIHUE
TOIBI TTOSIBUJICS PSIA 3aMEH BO BHYTPEHHUX IreHax
Bupyca. McciaemoBaHUsI KOJIJIET, TPOBEACHHBIC TIPU
aHanuze 109 BupycoB rpunmna A(HIN1T)pdm09, Bbi-
JNEJIGHHBIX U3 MaTepuaJioB OT YMEpPIIUX B CE30HE
2015—2016 rr. BeISIBUIM OOJiee 4acTyIO BCTpedae-
MocTh 3aMeHbl D222G [6] B reMarriaioTMHHWHE,
POJb KOTOPOU aKTUBHO OOCYyXJalach B Hay4YHOU
nutepatype paHee [16]. OmHako AJsl BbISIBICHUS
CBSI3M MYyTalluii B TEHOME BUPYCa C TSIXKECThIO BbI-
3BIBA€MOT'0 MU 3a00JIeBaHU ST HEOOXOIUMO IPOBO-
JIIUTh MHOXECTBEHHbBIE CUCTEMaTU3UPOBAHHBIE UC-
CJIEIOBAHUS C IETAJIbHOU KJIMHUYECKOU KAapTUHOM
Ha KaXkJoro MmaiueHTa, OoTOOpaHHOIO B MCCJIeI0Ba-
Hue. B HacTosImee BpeMs TaKne UCCIeOI0BaHUSI Be-
IyTcs B paMkKax [7100ajqbHOrO MpoeKkTa Mo rociu-
TaJbHOMY Haa3opy [9, 14].
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AHaIU3 aHTUTEHHBIX U TE€HETUUYECKUX CBOMCTB
BUPYCOB T'pUIINa, LIMPKYJIUPOBABIINX B SMUIEMU-
yeckuil ce3oH 2017—2018 rr. mokasaj, 4TO BUPYCHI
rpunmna A(HIN1)pdm09 u A(H3N2) cooTBeTcTBO-
BaJiIu II0 CBOMM CBOMCTBaM IIITaMMaM, BBEICH-
HBIM B COCTaB TPMBaJIEHTHBIX BakKIMH. OmHAaKO
chTyalldsi 1o rpunny B ObL1a TIPOTHUBOITOJIOX-
HOM, TOCKOJIBKY B Poccuu noMuHUpOBaAM BUPY-
cbl rpunmna B fmararckoii pa3HOBUIHOCTH, B TO
BpeMsI KaK B BakKIIMHY ObLI BKJIOYEeH IITamMM B/
Bpuc6en/60/2008 BukTopriaHCKOM pa3HOBUIHOCTH.
HecoBnanenune BaKIIMHHOTO KOMITOHEHTA I10 TPUII-
ny B sBisieTcs yacToii mpo6eMoil mpu UCITOJIb30Ba-
HUW TPUBAJCHTHBIX BaKIIMH: 3a MOCJICIHUE STHUIC-
MUYECKHE CE30HBI TaKOE HECOOTBETCTBHE HAOIIOIA-
B 2014—2015, 2015—2016 1 2017—2018 rr. Benenue
M M POKOE NCITOIb30BaHME KBaIpUBAJICHTHBIX BaK-
IIUH TIPU3BAHO YCTPAaHUTh TaKue HECOOTBETCTBUSI
[15]. o HacTosiluero BpeMeHW B Hallleii cTpaHe
He 0OHapy>KeHBI AeIeIIMOHHbIC BADUAHTHI, aHTUTECH-
HO oTiMyarolmecss ot Bupyca B/bpucoen/60/2008.
B To Xe BpeMs Takue BUPYCHI IIUPOKO ITUPKYJIH-
poBaJIu B IpouieaiieM ce3oHe B ctpaHax CeBepHO
Amepuku, B Kutae, FOxHoit Adprke 1 HEKOTOPBIX
EBporeiickux crtpaHax. Ha mpeacrosiuii smu-
JIEeMUYECKHUII Ce30H B COCTaB TPMBAJIECHTHBIX BaK-
nuH 3KcnepTsl BO3 pekomeHmoBajiu 1mtamMmm B/
Komnopano/06/2017, OTHOCSIIMIACS K AEIELMOHHbBIM
BapuaHTaM. [lo HaluM JaHHBIM HaceJieHue Poccun
HE MMEET BbIPaKeHHOTO MMMYHUTETa K MOI0OHBIM
BUpYyCaM, B CBSI3M C YeM POJIb CBOEBPEMEHHOI BaK-
UHALMK B TIPEeIIBEPUN HACTYMHAIOIIETO SMUIEMU-
YECKOro ce30Ha 0COOEHHO BeMKa.

B HacTos11elt paboTe BriepBblie MTPOBEAEH CpaB-
HUTEJbHBIA MOHUTOPUHT ILIUPKYJISIIMU BHPYCOB

Cnucoxk nutepatypbl/References

rputra u apyrux Bo3oynuteneit OPBU Ha pa3zHbix
CTaaUsIX SITUAEMUUYECKOTO ITpollecca B LIeJIsIX OLIeH-
KM MX OTHOCUTeJabHOro yuiep6a. [Ipu aTtom noka3za-
Ha BaxkHasi pojib PECIUPATOPHO-CUHIIUTUATBHOTO
BUpPYCa HEIMOCPEACTBEHHO B MPEARNTUAEMUYECKU A
Nepuoa U B MEpUOJ SITUAEMUU, TOrIAa KaK PUHOBU-
pYChbl aKTUBHO ILIMPKYJIUPOBAIU Ha TMPOTSIKEHUU
Bcero ce3oHa. boJiee neTanbHbBI aHATU3 B paMKax
TOCIMUTAJBHOTO HaA30pa MoKasaJ BaKHEUIIYIO
posab PCB u puHoBupycoB B pazsutuu TOPU y ne-
Teil Myaaiiero Bo3pacta [19], koTopas nmoaTBepx-
JlaeTCsl MHOTOUYMCJIEHHBIMU WCCIEIOBaHUSIMU [4,
11, 17]. YaenbHass 3HAUUMOCTb APYTUX BO3OYAM-
TeJielt (MeTalTHEBMOBUPYCHI, alIcHOBUPYCHI, Mapa-
TPUIITIIO3HbIE, KOPOHA- 1 OOKaBUPYCHI) B Pa3BUTUU
AMUAEMUYECKOTO Mpoliecca Obljla HAMHOTO HUKE,
HO B COBOKYMHOCTU BCe OHU BbI3bIBau 6ojiee 30%
OCTPBIX PECITUPATOPHBIX UHGDEKIIUIA.

bnarogapHocTn

PykoBoncTBO M crnenuanuctel HalmmoHambHBIX
neHTpoB 1o rpurty (HIII) BbipakaioT MCKpeH-
HIOIO 6J1aT0IapHOCTD pyKoBoasiieMy coctaBy @BY3
LI'D, snumemuosoram u Bupycosioram 60 peruo-
HaJBbHBIX 0a30BBIX JIA0OPATOPHMIiA, COTPYTHUYAIO-
mux ¢ HII B Cankr-IleTepObypre 1 MocKkBe B BbI-
TMOJTHEHUM IIMPOKOr0o KpyTa SIMHUIAESMUOJIOTMISCKIX
WMCCIICIOBAaHUI 10 TPUIIITY M PETYJISIPHOE TIPEACTaB-
JieHue JabopaTtopHbIX faHHBIX. Cnenuanuctel HIIT
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NEW OPPORTUNITIES TO IDENTIFY AND TYPE
STAPHYLOCOCCUS spp. BY USING MALDI-TOF
MASS SPECTROMETRY

A.S. Stepanov, N.V. Vasilyeva

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

Abstract. Mass spectrometry profiles of microorganisms obtained by time-of-flight matrix-associated laser desorp-
tion/ionization (MALDI-TOF) mass spectrometry are a source of information about peptide profiles can be used
for microbial identification and typing. A variety of technical and bioinformational solutions complicate developing
of a united mass-spectro-profile database. Staphylococcus spp. strains are good studied objects for identification by
MALDI-TOF mass spectrometry, frequently resulting in nosocomial infections, especially in immunocompromised
patients. Rapid differentiation of nosocomial, multiresistant and highly virulent isolates of Staphylococcus spp. allows
to reduce the lethality in weakened and immunocompromised patients. The study was aimed at assessing comparabil-
ity and reproducibility of identification and typing results for Staphylococcus spp by MALDI-TOF mass spectrom-
etry. Comparing 292 Staphylococcus spp. isolates in clinical specimens obtained fron the multidisciplinary hospital
at the NWSMU im. I.I. Mechnikov was carried out by using MALDI-TOF mass spectrometer BactoSCREEN 1D
(Litech, Russia) and Bruker Biotyper 3.1 (Bruker GmbH, Germany). Comparability of Staphylococcus spp. identifica-
tion showed that 95.9%; 12 isolates (4.1%) by “Bruker Biotyper 3.1” and 3 isolates (1.1%) by using “BactoSCREEN
ID” were incorrectly identified. Repeated identification leveled the differences between the systems used. In addition,
it was shown that the method of protein extraction did not affect reliability of Staphylococcus spp. species identifica-
tion by using databases (%%, p > 0.05) compared to intraspecific typing (%%, p < 0.0001). Using different extraction
protocols showed that Staphylococcus spp. mass-spectra differed by peak intensity level within the mass range up
to 4000 m/z, 5300+600 m/z and 6500£500 m/z, as well as higher than 7000 m/z. Peaks of low-molecular weight
peptides were detected under full protein extraction compared to sample preparation on plate extraction. To develop
a unified protocol for mass-spectrometry profile processing, a reliability of the basic statistical variables (mode, me-
dian, maximum, minimum and arithmetic mean) was evaluated. Analysis of the median mass spectrometry profiles
is recommended for Staphylococcus spp. intraspecific typing by using MALDI-TOF mass spectrometry as the most
reproducible and consistent approach. As a result, two systems for MALDI-TOF mass spectrometry reliably identify
Staphylococcus spp., but standardization of sample preparation and bioinformation analysis is required for Staphylo-
coccus spp. typing.

Key words: Staphylococcus spp., MALDI-TOF mass spectrometry, typing, mass-spectra, cluster analysis, identification.
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HOBbIE BOBMOXHOCTU AN UAEHTUDUKALIUUN U TUNMNPOBAHWUA STAPHYLOCOCCUS spp.
METOAOM MALDI-TOF MACC-CMNEKTPOMETPUU

Crenanos A.C., BacuabeBa H.B.

Cegepo-3anadnwiii cocydapcmeennviii meouyunckuil ynusepcumem um. M. U. Meunuxosa, Cankm-Ilemep6ype, Poccus

Pesiome. Macc-crekTpo-npoduan MUKPOOPraHU3MOB, MOJyYaeMble ¢ TIOMOIIbIO BPEMSIIPOJIETHON MaTpulie-ac-
COLMMPOBaHHOU sa3zepHoil pecoporuu/monusanuuu (MALDI-TOF) macc-cieKTpoMeTpun SIBISIOTCSI MICTOYHU-
KOM MH(MOPMALINU O MENTUAHBIX TPOGUIISIX, KOTOpast MOXET OBITh MCIOAb30BaHa JUIST UACHTU(DUKAIIUKA U TUIIH-
poBaHusi. Pa3zHooOpa3ue TeXHMYECKUX UM OMOMH(OPMALIMOHHBIX peIIeHU 3aTpyaHseT (GopMHUpOBaAHUE €IUMHON
0a3sl Macc-crekTpo-mpoduneii. bakrepun poma Staphylococcus IBISIOTCS ONHUMU U3 Hanbosiee M3yIEHHBIX 00b-
ekToB 1J1d uaeHTudukanuu ¢ nomouiblo MALDI-TOF macc-cneKTpoMeTpuu, a TaKXe SBISIOTCS YaCTBIMU BO3-
OyIMTEISIMU BHYTPUOOTbHUYHBIX MHGEKINA, B 0COOCHHOCTH CpelIy MMMYHOKOMITPOMETPUPOBAHHBIX MallMeH-
TOB. MeTtonbl OBICTPON IUGBGEPSHINPOBKN HO30KOMMATBHBIX, IMOJUPE3UCTCHTHBIX W BHICOKOBUPYJICHTHBIX
n30JTOB Staphylococcus Spp. TIO3BOJST CHU3UTh JICTAIBHOCTD CPEIN OCIa0JeHHBIX 1 UMMYHOKOMIIPOMETHUPOBaH-
HBIX ManueHToB. Lleabio uccaenoBaHus Obla OLeHKa COMMOCTABUMOCTHU M BOCIIPOM3BOAMMOCTHU PE3YJIbTaTOB UACH-
TUbUKAIKUKU U TUNMpoBaHus Staphylococcus spp. ¢ momoibio MALDI-TOF macc-cnektpomeTpuu. CpaBHUTEIbHBIE
uccaenoBaHus 292 u3onsitoB Staphylococcus spp., BbIACASHHBIX U3 KIMHUYECKHMX 00pa31i0B Ha 0a3¢ MHOTONPOGhUIIb-
Horo cranmoHapa C3IMY um. .M. MeunukoBa npoBoauiu ¢ momonisio MALDI-TOF macc-crnekTpoMeTpoMeTpoB
«BactoSCREEN ID» (OO0 «JIutex», Poccust) u Bruker Biotyper 3.1 (Bruker GmBH, I'epmanust). ComoctaBUMOCTh
pe3yJIbTaTOB BUAOBOI uaeHTUdDUKauu Staphylococcus spp. coctasisiiaa 95,9%; npruueM cpeayu HepaBUIbHO UICH-
TUGULIUPOBAHHBIX M30JIITOB U3014TOB 12 (4,1%) cocTaBiasin uAeHTU(LMPOBaHHbIE ¢ ToMolibio Bruker Biotyper 3.1
u 3 uzonsara (1,1%) Staphylococcus spp. ¢ momoinbto BactoSCREEN ID. IMopropHas naeHTHdKALMS HUBETUpPOBaa
pa3nIuuus MEXIY MCIIONb3YeMbIMU CUCTEMaMU. BBISBUIIN, UTO CMTOCOO 3KCTPAKIINU OETKOB HE BIUWSI HA HAIEXK-
HOCTb BUIOBOU UAeHTUGUKALIUU Staphylococcus spp. ¢ UCTIONB30BaAHIEM CPaBHUBAEMBIX OMOJINOTEK JAaHHBIX (), p >
0,05) B oToTiume oT BHYTpUBUIOBOTO TUTIMpOBaHU (), p < 0,0001). Macc-crextpsl Staphylococcus spp. TPy UCTIONb-
30BaHUM PA3TUYHBIX TTPOTOKOJIOB 3KCTPAKIIMHU Pa3IMIaINCh IO YPOBHIO MHTEHCMBHOCTY ITMKOB TMAITa30HOB Macc
10 4000 m/z, 5300600 m/z 1 6500+£500 m/z 1 60:1ee 7000 m/z. [ITMKKU HU3KOMOJIEKYJISIPHBIX ITENTHUI0B BHISBIISIN
MPU TIOJTHOM 3KCTpaKIMK Oesika B OTAMYUU OT TPOOOMOATOTOBKY HA TOBEPXHOCTU MUleHU. 7151 hopmupoBaHust
YHUPULIMPOBAHHOTO MPOTOKOJa 00pabOTKM Macc-CIeKTpo-Npoduiieii TpoBOAMIMN OLIEHKY HaJAeXKHOCTH 0a30BbIX
CTAaTUCTUYECKMX BEJIMYMH (MoJa, MeAMaHa, MAKCUMYM, MUHUMYM U cpenHee apudmeTrndyeckoe). AHaIn3 MeIHaHbI
Macc-CreKTpo-npoduieit peKOMEHIyeTcsl UCTIONb30BaTh JJIs1 BOCTIPOM3BOAUMOCTY U CTAOUIBHOCTHU PE3YJbTATOB
BHYTPUBUIOBOTO TUTIMpOBaHUS Staphylococcus spp. ¢ momoribio MALDI-TOF macc-cnektpomerpuu. B pesynbra-
Te CPaBHUTEJIBHBIX UCCACIOBAHUN BRISIBUIN, 4TO ABe cucTeMbl 111 MALDI-TOF macc-criekTpoMeTpust HalIeskHO
UIeHTUGUIUPYIOT Staphylococcus spp., a IS THITUPOBAHUS TpeOyeTcss YHUPUKALIMS TTPOOOIIOATOTOBKY ¥ OMOWH-
(opMallMOHHOTO aHANU3A.

Karouesnie caosa: Staphylococcus spp., MALDI-TOF macc-cnekmpomempus, munuposanue, Macc-cheKmp, KAACmepHblil AHalu3,
udenmuuxayus.

Introduction

Staphylococcus spp. are important causative
agents of human infections especially in intensive
care units (ICU) [2]. The spread of methicillin-re-
sistant isolates of Staphylococcus spp. is the cause
of the patients condition burden in hospital media
[1, 6].

MALDI-TOF mass spectrometry is an effec-
tive method for identifying Staphylococcus spp.
Nevertheless, increasing of the number of nosocom-
ial infections associated with Staphylococcus spp. re-
quires rapid and reliable identification and obtaining
additional information about resistance potential
and epidemiological significance [10, 18]. The prob-
lem solution is impossible without unified typing
protocol development and a multicentral compari-

son of a MALDI-TOF mass spectrometry results,
but to the date MALDI-TOF mass spectrometers are
represented by several independent technical solu-
tions with independent mass spectrometry libraries
[18]. Methods of sample preparation, technological
features of devices and approaches to bioinform-
atic analysis among manufacturing companies are
different, which interfere obtaining of a multicen-
tral data analysis. Moreover, the proposed methods
for typing Staphylococcus spp., in particular MRSA,
do not have united approaches [14, 19]. Data about
reproducibility of MALDI-TOF mass spectrometry
as a method of typing are contradictory [3, 5, 17].
Thus, to form a unified system for identification
and typing of Staphylococcus spp. where is neces-
sary to evaluate the reliability, reproducibility and
comparability of the results of identification and
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typing conducted using various technical solutions
and data libraries.

Atpresent, MALDI-TOF mass spectrometers are
presented as technical solutions from manufactu-
rers: “Bruker” (Germany), “bioMerieux” (France),
“Shimadzu” (Japan), “Litech” (Russia). “Bruker”,
“bioMericux” and “Shimadzu” use mass-spectra
databases “Saramis” and “MS RUO” for identifi-
cation each are very close [11], but “Litech” uses an
original database, different from previously noted.
For the identification of microorganisms cultures,
manufacturers sugest different methods of samp-
le preparation, which is due to the features of ob-
taining mass-spectro-profiles included in the data
libraries [11]. Due to the libraries of MALDI-TOF
mass spectrometers are separated, where is difficult
to compare the effectiveness of MALDI-TOF mass
spectrometry for the typing of Staphylococcus spp.
and screening for methicillin resistance [11].

Thus, the study purpose was a comparative as-
sessment of the comparability of the results of spe-
cies identification and typing of Staphylococcus spp.
using various libraries, sample preparation proto-
cols and technical solutions in the field of MALDI-
TOF mass spectrometry.

Materials and Methods

Staphylococcus spp. isolates (n = 292) were ob-
tained from samples of patients from a multidisci-
plinary hospital in St. Petersburg. First inoculation
was carried out on a set of media: Colombia agar
with 5% sheep erythrocytes (Biomedia, Russia),
yolk-salt agar (NITF, Russia). Plates were incuba-
ted for 24 hours at 37°C.

MALDI-TOF mass spectrometry was performed
using Bruker AutoFleX Speed mass spectrometers
(Bruker GmBH, Germany) and BactoSCREEN ID
(Litech, Russia). Incubation of Staphylococcus spp.
on Colombia agar with 5% sheep erythrocytes
for 24 hours at 37°C. Extraction of peptides was
carried out by the following methods:

1. Direct extraction on the target using

a 70% solution of formic acid, drying in air
for 2 minutes [4].

2. Total extraction by alcohol-acid method [15]
with purification by acetonitrile solution.

3. Short protocol of alcohol-acid extraction
without precipitation of cells components and
acetonitrile purification [13].

After this, o-cyano-4-hydroxycinnamic acid

was added and dried in air.

Using a Bruker AutoFleX Speed mass spectrom-
eter, mass spectra were collected using a linear TOF
protocol with a laser frequency of 20 Hz and an
estimate in the mass range of 2000 to 20 000 m/z.
The voltage on the acceleration was 20 kV, the volt-

age IS2 was 18.6 kV. For total spectrum, 1200 sepa-
rate spectra were collected from the entire target
area. The identification of cultures was carried out
according to the protocol “Bruker Taxonomy”, in-
cluded in the software package “Bruker Real Time
Classification 3.1”. In the case of “Score” above 2.0,
the identification was considered good, for isolates
that had “Score” from 1.4 to 1.9 were re-identified.
To increase the reliability, this procedure was re-
peated twice for each isolate.

Sampling and analysis of mass spectra obtained
with the MALDI-TOF mass spectrometer “Bruker
AutoFleX Speed” was carried out using the “R 3.3.3”
software package with the MaldiQuantForeign ex-
tension package [7]. The Savitzky-Golay proto-
col was used to smoothing, and the baseline level
was performed using a statistically-dependent
non-linear cross-referenced algorithm (SNIP)
[12]. Noises were excluded using the “Friedman’s
Super Smoother” method included in the R 3.3.2
MaldiQuantForeign software package. Analysis
of variance was used to estimate the variability
of peak intensities on the obtained mass spectra
in the R-commander software package.

Using the BactoSCREEN ID mass spectro-
meter, identification of Staphylococcus spp. pro-
vided accordance with manufacturer recomenda-
tions. Identification was carried out twice for each
culture in order to improve reliability. ATCC 29213
S. aureus strain was used as a control sample. A pre-
liminary grouping of the results of MALDI-TOF
mass spectrometry using the mass spectrometer
data was carried out using software package R 3.3.3
by the original program code.
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Figure 1. Staphylococcus spp. identification results
using Bruker Autoflex Speed and BactoSCREEN ID
(Litech Ltd.)
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Figure 2. Reliability of Staphylococcus spp.
identification using “Bruker AutofleX Speed”
(Biotyper 3.1) library

Results

Identification of Staphylococcus spp. 292 isolates
using MALDI-TOF mass spectrometer “Bacto-
SCREEN ID” and “Bruker AutofleX Speed” have
revealed a high level of comparability (fig. 1).

Identification of 12 Staphylococcus spp. isolates
(4.1%) was unreliable using Bruker AutofleX Speed
(Biotyper 3.1): five S. epidermidis, one S. aureus, two
S. auricularis, one S. haemolythicus, three S. simu-
lans, but the differences have been eliminated by
repeated identification.

Using the database of the “BactoSCREEN ID” de-
vice, 3 isolates (1.1%) were not identified: two S. simu-
lans and one S. epidermidis, which were reliably identi-
fied by Bruker Biotyper 3.1. The isolates were identified
correctly after second round of identification.
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Figure 3. Reliability of Staphylococcus spp.
identification using the “BactoSCREEN ID” library

When using “Bruker AutofleX Speed” (Biotyper
3.1), the lowest reliability of identification was re-
vealed for S. simulans and S. haemolythicus (fig. 2).

Analyzing the stock of Staphylococcus spp. using
the database of the “BactoSCREEN ID”, the low
reliability of the . simulans species identification
and atypical spectra of S. hominis, S. epidermidis
and S. aureus was revealed, which were lay outside
the general population of values (fig. 3).

Evaluating the effect of extraction protocols
on the identification reliability, where was estimated
the level of reliability of identification using data-
bases “Bruker Biotyper 3.1” and “BactoSCREEN
ID” (fig. 4) did not depend on the extraction proto-
col (Fisher criterion, p > 0.05). Statistically signifi-
cant differences in the reliability of identification
were revealed between the databases during the on-
plate extraction (Fisher criterion, p < 0.001).

To assess the differences in mass spectra profiles
obtained with different extraction protocols, the dif-
ferences in the structure of the mass spectrometry
profiles of S. epidermidis (n = 82) were compared;
linear and diagonal discriminatory analysis were
used. Total extraction is characterized by a rather low
intensity of peaks in the regions: 5300+600 m/z and
6500£500 m/z and higher than 7000 m/z. On the
other hand, the intensity of signals of low molecular
weight peptides (3500+100 m/z) was higher at com-
plete extraction (fig. 5). The combined extraction
method was characterized as an intermediate, in-
cluding the positive sides of both full extraction and
direct application.
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Figure 5. Comparison of mass spectrometry profiles of S. epidermidis, depending on the method
of extraction of peptides
The structure of the mass spectrometry profiles Intraspecific structure of other Staphylo-

of other Staphylococcus spp. species also differed de-
pending on the method of protein extraction: the in-
tensity of the median mass range peak peptides was
the most intensive at direct application and ex-
traction on the target, while the use of a complete
extraction protocol allows more effective detec-
tion of peaks of low molecular weight proteins (up
to 4000 m/z) .

To estimate the effect of peptide extraction
on the identification result, the possibilities of har-
monizing the sample of mass spectra based on main
statistical parameters of the mass spectrometer pro-
file were evaluated. In contrast to the previously
proposed harmonization methods for high-intensi-
ty stable sites, median harmonization was used [18].
Since the scatter of the peaks in the 6800—9500 m/z
ranges was significant and the harmonization was
not universal for all species (fig. 6).

Comparing the structure of the S. epidermidis
population by analysis of harmonized and un-
harmonized mass-spectrometry profiles, revealed
statistically significant differences in the intras-
pecific clusters structure (fig. 7).

The discrimination of S. epidermidis into clus-
ters was characterized by high stability: only 10%
of the isolates were assigned to different clusters at
the re-identification and mass spectrometer profile
evaluation.

coccus spp. also differed depending on using of mass
spectra harmonization protocols. Based on boot-
strap analysis, where was obtained the harmoniza-
tion allow to discriminate only two general clusters
in all Staphylococcus spp. with stapility during 100-
fold repetitions (alpha > 0.95). Nevertheless, the pro-
tein extraction method had a statistically significant
effect on the intraspecific Staphylococcus spp. dif-
ferentiation despite the harmonization using (2,
p <0.0001).
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Figure 6. Evaluation of the stability
Staphylococcus spp. mass-spectra profiles
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Discussion

The comparison of the identification results
292 Staphylococcus spp. isolates revealed 95.9%
of the coincidence of species identification using
both the Bruker “Biotyper 3.1” databases and
the “BactoSCREEN ID” devices. The lowest rating
of identification reliability was revealed for S. simu-
lans using both instrument solutions.

Reliability of species identification, expressed
as “Score” (Bruker Biotyper 3.1) and “lIdentity
Reliability” (BactoSCREEN ID), did not differ
significantly depending on the protocol of protein
extraction, but statistically significant differences
in the intensity of individual peaks of mass spectra
were found. Moreover, when using extraction on the
target, some peaks of low molecular weight proteins

99 | 94

were not detected, which can be used for typing or
evaluating resistance [16]. Similar results of bac-
terial identification were obtained by comparing
the instruments of Vitek MS (bioMerieux, France)
and Bruker Microflex: for gram-positive bacteria,
the comparability of identification results between
instruments was 97.4% [9], for Gram-negative bac-
teria — 99.4% [8]. Thus, despite the differences
in bioinformation and technical solutions, the spe-
cies identification using MALDI-TOF mass spec-
trometry is reliable, and the results are comparable.
The differences obtained by comparing the iden-
tification results can be explained by the library
structure features of mass-spectrometer, which
are formed on the basis of the complete extraction
protocols of the protein (Bruker Biotyper 3.1) and
extraction on-plate extraction (BactoSCREEN ID).
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The results of our research show that to compare
the results of typing on different systems for MALDI-
TOF mass spectrometry, where is necessary to carry
out mass-spectrometry harmonization based on the
mass-spectrum median estimate similary to the
Savitzky—Golay protocols [7]. Using of previously
proposed calibrations of peaks intensity on the range
6800+300 m/z [14] is less reliable due to the high
variability of the absolute intensity of these peaks.

The structure of the obtained clusters in the case
of S. epidermidis was stable for 90% isolates du-
ring MALDI-TOF mass-spectrometry repitition.

However, statistically significant effect of used ex-
traction protocol on the results of intraspecific typ-
ing of all Staphylococcus spp. was observed.

Thus, the use of MALDI-TOF mass spectro-
metry for Staphylococcus spp. identification was cha-
racterized by high reproducibility of results using
various technical solutions in the field of mass spec-
trometry, extraction protocols and various data lib-
raries. However, quantitative analysis of peaks for
intraspecific typing requires not only a single bioin-
formational approach, but also unification of sample
preparation protocols.
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Abstract. Currently, a search for augmenting antibiotics activity is still crucial due to elevated frequency of detecting
carbapenem-resistant Gran-positive bacterial isolates. To resolve this, it might be reasonable to combine carbapenems
metal-B-lactamase (MBL) inhibitors. Unfortunately, no MBL inhibitors approved for treatment of carbapenem-resistant
infections are currently available. Pathogenic bacteria may survive antibiotic attack, exert tolerance and persistence ac-
companied with the ongoing infectious process. In connection with this, determining dependence between antimicrobial-
related bactericidal effect and exposure time on microbes at 4, 8, 12 and 24 hours after the onset, a so called time-Kkill
assay, is necessary. A synergy between both agents was noted upon reduced microbial population by > 3 log,,. A checker-
board array followed by seeding the microplate well contents onto a dense nutrient medium at various time points were
used to assess a synergistic efficacy of carbapenems applied together with clodronic acid against MBL-producing VIM-
genotype P. aeruginosa 532/14 clinical isolate obtained from patients with infectious complications (minimal inhibitory
concentrations [MIC] for imipenem or meropenem were 512 pg/ml), microbial burden 10° CFU/ml. Optical density was
measured at two wavelengths (490 and 630 nm) in ELx800 reader, within 4—24 hour exposure time to determine time
of logarithmic growth phase emerging in test culture. It is noteworthy that magnitude of optical density is a difference
between two bichromatic measurements resulting in remarkably reduced inaccuracy due to scratches or fingerprints left
on the plate. It was found that clodronic acid exhibited a synergic bactericidal effect with carbapenems against a clinically
resistant MBL-producing VIM-genotype P. aeruginosa 532/14 strain. Upon that, imipenem-related antimicrobial activ-
ity was evident as early as 8 hours after the onset decreasing cell growth down to 1.4 log,, compared to control, whereas
12 hours later it resulted in total inhibition of test strain by decreasing growth of the test strain by 6 log,,. Meropenem
in combination with clodronic acid showed a more pronounced activity: complete absence of P. aeruginosa 532/14 growth
by 8 hours of incubation, growth suppression by 3.2 log,,, which reached 6 log,, 12—24 hours after the onset. Time-kill assay
allows to identify efficient combinations of carbapenems and MBL inhibitors, which is of great importance for increasing
therapeutic efficacy of patients with severe purulent-septic complications.

Key words: clodronic acid, carbapenem-resistant Gram-negative bacteria, metal- -lactamase inhibitor, carbapenems, time-kill assay.
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TIME-KILL ASSAY: 3 ®EKTUBHOCTb CUHEPTMAHOIO AEACTBUS KAPEANEHEMOB
W KNIOAPOHOBOW KUCNOThI

Adunorenosa A.I'."-2, Bopomuiosa T.M.3, Adunorenos I'.E.2, Manaii JI.10.2, Cnupuaonosa A.A.*
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J@I'BY Bcepoccuiickuii yenmp 3KkcmpenHol u paouayuonnol meduuunvt um. A.M. Hukugoposa MYC Poccuu,
Cankm-Ilemep6ype, Poccus
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Pestome. B cBs31 ¢ BO3pociiieii 4acTOTOi BbIIEICHMUSI U30IITOB IpaMOTPUIIATeIbHBIX MUKPOOPTaHM3MOB, PE3UCTCHT-
HBIX K KapOarieHeMaM, BaXKHBIM 0CTaeTCs TIOMCK CITIOCO00B YCUIICHUSI IEHCTBUS 3TOTO KJIacca aHTUOMOTUKOB. OTHUM
13 BO3MOXHBIX CITOCOOOB PEIICHUS 3TOM MPOOJIEMBI SIBJISIETCS KOMOMHAIIMSI KapOalleHeMOB ¢ IIperapaTaMyu — WH-
ruouTopaMu Metao-6eta-makramas (MbBJI). K coxanenuio, B HacTosIee BpeMsI pa3pelleHHBIX IJI IIPUMEHEHU S
B KJIMHWKE MHTHOMTOpoB MBJI KapbarmeHeMpe3UCTEHTHRIX MUKPOOPTaHU3MOB. [IaToreHHBIe MUKPOOPTaHU3MBI MO-
I'YT TMepeXXnUBaTh aHTUOMOTUYCCKYIO aTaKy, IIPOSBISTh CBOMCTBA TOJCPAHTHOCTU M IEPCUCTCHIINU, TIPU 3TOM MH-
(bexIMOHHBIN Mpouecc MpoaoxkaeTcs. B cBSI31 ¢ TUM BaxXHO ONpeaeeHUe 3aBUCUMOCTH MEXAY OaKTepULIMIHBIM
JefCTBEM aHTUMHUKPOOHBIX CPEIICTB M BpEMEHEM 3KCITO3UIIMY WX BO3ICHCTBISI HA MUKPOOPTaHU3M He B OHOM Bpe-
MEHHOI TOuKe uepe3 24 U MHKYyOalluK, a B HECKOJIbKUX — uepe3 4, 8, 12 u 24 4, Tak Ha3biBaeMasi KpuBasi 3aBUCUMOCTH
«BpeMsl — JeTajbHoe aeicTBue» (time-kill assay). CuHepruaHblii 3p@eKT ABYX MpenapaToB oTMeUaeTcs Mpu yClIo-
BUM CHUKEHUS YPOBHSI MUKPOOHOM MOMyasiuuu Ha > 3 log,,. s olieHKU 3¢ (HEeKTUBHOCTH CUHEPTUIHOTO IeHCTBU S
KapOameHeMoB U KJIONPOHOBOI KMCJIOTHI MCMOJIb30BaTUM MUKPOMETOI MEPEKPECTHOIO TUTPOBAHUS («IIaXMaTHOM
TOCKH») C TIOCTETYIOIIMUM BHICEBOM COAEPXKMMOTO sSTueeK Ha TIJIOTHYIO ITUTATEIbHYIO CPeay B pa3HbIe BpEeMEHHBIE ITPO-
MeXYTKH. MccenoBaHus IPOBOAMIN B OTHOIIEHU Y KJIMHUYECKOTO ITamMa Pseudomonas aeruginosa 532/14, Beine-
JICHHOTO OT MAIIMEHTOB ¢ MH(MEKIIMOHHBIMU OCJIOXKHEHUSIMU, Tpoayuupyomero MBJI renorumna VIM u xapakTepu-
3YIOIIETOCS BEICOKOM CTEMEHBIO PE3UCTEHTHOCTH K KapbameHeMaM (MITK nmurieHama mim MmeporneHema 512 MKT/Mi);
mukpoOHas Harpy3ka 10° KOE/mu. Ha punepe ELx800 mpoBomniv nsMepeHre ONTHUYECKON TIOTHOCTH TIPH IBYX
JUTHAX BOJTH (490 1 630 HM) TPy SKCTIO3ULIMSX OT 4 110 24 4 1 BBISIBJISLIA BpeMsl TIOSIBJICHU ST JIOTapu(MUIeCKOi hasbl
pocTta TecT-KyabTypbl. ClleflyeT OTMETUTD, YTO TIPU OMXPOMATUIECKOM M3MEPEHUH 3HaYeHWe ONTUYECKON MJI0OTHO-
CTU SIBJISIETCSI Pa3HUIICH ABYX U3MEPEHU, TIPY 3TOM 3HAUUTETbHO CHUKAETCS TIOTPEITHOCTh Pe3YJIbTaTOB, BHI3BAH-
Has HapalnMHaM{ WK oTIieyaTKaMu MajblieB Ha MiaHmeTe. B uccaenoBaHuu nokasaHa ClocOOHOCTh KJIOAPOHOBOM
KHUCJIOTHI MPOSIBISATh CUHEPTUIHBIN OaKTepULIMAHBIN 2 deKT ¢ KapbaneHeMaMU B OTHOLIEHU U KJIMHUYECKOIO pe-
3UCTEHTHOTO 1TamMma P. aeruginosa 532/14, npoayiupyoliero Mmetaaio-oera-nakramasy reHoruna VIM. Ilpu atom
B TAKOM COYETaHUM aHTUMUKPOOHOE MeHCTBUS y UMUIIEHEMa HauMHaeTCs ¢ 8§ yacoB MHKYOa1uu 10 ypoBHs 1,4 log,,
M0 CPaBHEHUIO C KOHTPOJIEM, a € 12 4 OTMEUYEeHO MOJIHOE MMOJAaBJIEHNE POCTA TeCT-KYIAbTyphl. [Ipn 3TOM CHUXEHUE
pocTa TecT-LITaMMa cocTaBuiIO 6 log,,. MeporneHeM B KOMOMHALIMK C KJIOAPOHOBOM KUCIOTOM IPOSIBIISLI 60Jice BbI-
pakeHHYI0 aKTUBHOCTB: TTOJIHOE OTCYTCTBHUE pocTa P. aeruginosa 532/14 X 8 yacaM MHKYOaIMM, ITOIABICHIE POCTa
Ha 3,2 log,,. DTOT Mokasareb yepe3 12—24 1 coctaBu 6 log,,. [TonyueHre KpuBOil 3aBUCMOCTH «BPEMST — JIETaIbHOE
TeiCTBUE» TI03BOJISICT BEIABIATH 3G PeKTUBHBIE KOMOMHAIINK KapOarieHeMOB 1 HHTMOMTOPOB MeTaJJI0-0eTa-I1aKTa-
Ma3 rpaMOTPUIIATEILHBIX 0aKTEPUl, UTO MMeeT OOJIbIIIOoe 3HAYeHUE ISl TIOBBIIIeHUS 93¢ (MEKTUBHOCTH JIEUEHU S TSI~
KeJIbIX THOWHO-CENTUYECKUX OCJIOXHEHUIA Y TallueHTOB.

Karouesoie caosa: k100porosas kucioma, KapoanenempesucmenmHuole epamompuamenbHble MUKPOOPeAHU3Mbl, UHUOUMOP
Memanno-6ema-1aKkmamassl, kapoanenemol, «time-kill assay».

Introduction

Due to the increased frequency of isolation
of isolates of gram-negative microorganisms resist-
ant to carbapenems, it is still important to find ways
to enhance the action of this antibiotics class. One
of the possible ways to solve this problem is combin-
ing carbapenems with agents that are metal-beta-lac-
tamases (MBL) inhibitors. Unfortunately, at present
no MBL inhibitors for carbapenem-resistant micro-
organisms are approved for clinical use [9]. Beta-
lactam inhibitors are known and used in public health
practice: tazobactam, sulbactam and clavulanic acid.

In addition, a number of chemical compounds are
studied as inhibitors of beta-lactamases [11].

In the sphere of activities performed by microbi-
ological laboratories, the determination of depend-
ence between the bactericidal action of antibiotics
and the time of exposure of a microbe to their effect
(time-kill assay) is widely recognized. In general,
it is a question of determining the bactericidal or
fungicidal action of antibiotics or their combinations
not at a single time point (usually after 24 hours), but
in dynamics. Indications for the application of this
technique relate mainly to in-depth studies of new
antimicrobial agents or their properties, as well as
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to the effects of bacterial resistance that haven’t been
yet studied in everyday practice of microbiological
laboratories (so-called “tolerance” of microorga-
nisms, “persistence”, “minor colonies”, etc.) [3, 4, 6].

Earlier, we showed the ability of etidronic acid
(a medicinal agent from the group of bisphospho-
nates) to enhance the action of carbapenems on clin-
ical strains of gram-negative bacteria that are resist-
ant to carbapenems and produce MBL [1]. This study
originated from the search for new MBL inhibitors
for carbapenem-resistant microorganisms approved
for clinical use and enhancing the action of carba-
penems.

Materials and Methods

To assess the effectiveness of the synergistic ac-
tion of carbapenems and clodronic acid, we used
the cross-tapering micromethod (chessboard me-
thod) intended for testing the sensitivity of micro-
organisms to the combined effect of two antibiotics
[12, 13], followed by inoculation of well contents onto
Miiller—Hinton solid medium. To study the depend-
ence between the antimicrobic action of test articles

combination with the time of exposure of a micro-
organism to their effect (time-kill assay), we deter-
mined the bactericidal activity of the mixture of me-
dicinal agents not at a single time point after 24 hours
of incubation, but at several time points: after 4, 8, 12
and 24 hours of incubation.

The study used antibiotics (imipenem and mero-
penem) diluted during standard titration in Miiller—
Hinton medium [5]. The initial clodronic acid concen-
trate for preparing an intravenous solution containing
60 mg/ml was diluted in Miller—Hinton medium by
successive two-fold dilutions. 95 pl of clodronic acid di-
lution were added to the wells of a polystyrene 96-well
plate containing 95 pl of the antibiotic dilution, so that
the volume of the mixture made up 190 pl. We stud-
ied the Pseudomonas aeruginosa 532/14 clinical strain
isolated in patients with infectious complications that
produces MBL of the VIM genotype and is charac-
terized by a high degree of resistance to carbapenems
(MIC of imipenem and meropenem being 512 pg/ml).
The microbial burden was 10° CFU/ml. 10 pl of micro-
bial suspension were added to each well. Thus, the final
microbial burden of the test strain in each well ran to 5 x
10* CFU in 200 pl.

Table. Suppression of P. aeruginosa 532/14 growth over time in the presence of a combination

of carbapenems with clodronic acid

The CFU amount in 1 pl of medium, when inoculated onto a solid growth medium
. . (n=5,P<0.05)
Test articles and their doses
before 4 hours 8 hours 12 hours 24 hours
incubation of incubation | ofincubation | ofincubation | ofincubation

P. aeruginosa 532/14 culture growth 3 8.64 x 105+ 1.9 x 106+
control 102+1.5 116+0.9 1.64 x 103£2.4 9.4 10° 3 3% 10°

5 6.
Imipenem % MIC 1012.3 12615 | 156x10°488 | oX 10 Lo
Decrease in the CFU number in log,, B _ _ B _
relative to the control

5. 6
Clodronic acid % MIC 92+0.9 96+1.2 11xi0s77 | HEX 100 oy
Decrease in the CFU number inlog,, _ _ B B B
relative to the control
# MIC of Imipenem +3; MIC 87:8.8 90:8.8 60+8.8 0 0
of clodronic acid
Decrease in the CFU number in log,, B B 14 6 6.3
relative to the control ' :

5 6
Meropenem % MIC 96+2.4 10542.8 15x10::23 | §9X 0% e
Decrease in the CFU number inlog,, B B B B B
relative to the control

5 6
Clodronic acid % MIC 92+2.1 96+1.4 14x 10024 | B8XI0% Pyl
Decrease in the CFU number in log,, B B B B B
relative to the control
% MIC of meropenem + % MIC
of clodronic acid 100+2.2 84+2.6 0 0 0
Decrease in the CFU number in log,, B B 39 6 6.3
relative to the control ’ :
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After every 4 hours of incubation, we performed
inoculation out of wells with the test article concen-
tration of 2 MIC, as well as combinations of the cor-
responding carbapenem and clodronic acid in doses
of 2 MIC. During inoculation, 1 pl of the respective
well contents was introduced into 1 ml of Miiller—
Hinton medium and then 1 ul was plated onto the sur-
face of the Miiller—Hinton agar and spread evenly
with a spreader. Incubation took 24 hours at 37°C.

Using the ELx800 reader (Bio-Tek Instruments
Inc., USA), we measured the optical density at two
wavelengths (490 and 630 nm) at exposures from 4
to 24 hours and revealed the start time of the testing
culture logarithmic growth phase. It should be noted
that in bichromatic measurement, the optical density
value is the difference between two measurements,
which reduces significantly any possible errors in re-
sults caused by scratches or fingerprints on a plate.

The obtained results for 5 replications were sub-
jected to statistical processing using Microsoft Excel
2007 and Statistica 6.0 by methods of parametric and
nonparametric statistics.

Results and Discussion

Our preliminary studies based on the chessboard
method defined both the intrinsic antimicrobic ac-
tion of clodronic acid and its ability in sub-bacte-
ricidal concentration to increase the effect of car-
bapenems on the test strains of antibiotic-resistant
gram-negative bacteria producing MBL. Then we
modeled a system showing the ability of bisphospho-
nates to inhibit the activity of MBL and prevent an
increase in the level of resistance to carbapenems
in test strains of gram-negative microorganisms that
were previously sensitive to them [2].

Table shows the results of inoculating the P. aeru-
ginosa 532/14 clinical strain onto a solid growth
medium at test time intervals. Literature data regis-

0,45

0,4 1
0,35
0,3 1
0,25
0,2 1
0,15
0,1 1
0,05

0 [
Ohrs 4hrs 8hrs 12 hrs 24 hrs

—{}— imipenem ', MIC

—@— imipenem ", MIC +
clodronic acid ', MIC

- < = culture control
- =A~ - clodronic acid '/, MIC

Figure 1. Phases of P. aeruginosa 532/14 growth
in the presence of imipenem and clodronic acid

ter the synergistic effect of two agents provided that
the microbial population is reduced by > 3 log,, [8].

The data in Table indicate that the combined
use of sub-bactericidal concentrations of carbape-
nems and clodronic acid as the MBL inhibitor has
a “lethal effect” on the resistant P. aeruginosa 532/14
strain in the period from 8 to 24 hours. The reduction
of the CFU number in the presence of a combination
of imipenem and clodronic acid ran to 6 log,, by 12—
24 hours of incubation. In the presence of a mixture
of meropenem with clodronic acid, this effect was
registered after 8 hours of incubation, when the test
strain growth decreased by 3.3 log,, in comparison
with the control. These data indicate a synergistic
bactericidal effect of the combinations used [10].

The determination of the time-kill assay for the
combination of imipenem or meropenem with clod-
ronic acid against P. aeruginosa 532/14 was based
on the optical density of the substrate at various ex-
posures. The data are presented in Fig. 1 and Fig. 2.

The logarithmic phase of the test strain growth
in the control began after 4 hours of incubation.
The culture growth curves in the presence of sub-
bactericidal doses of the corresponding carbapenem
or clodronic acid on both graphs run in parallel up
to 12 hours. Then, the rate of P. aeruginosa 532/14
growth slowed by 24 hours. In the presence of a com-
bination of sub-bactericidal concentrations of imipe-
nem or meropenem with clodronic acid, the absence
of a logarithmic growth phase of the test microorga-
nism was observed.

When it comes to the matter of life and death
of a patient with an infection caused by multiresistant
microorganismes, it is important to determine the bac-
tericidal action of combinations of antibiotics, rather
than the bacteriostatic one, since the patient’s weake-
ned immunity does not complement the action of an
antibiotic. Pathogenic microorganisms survive an
antibiotic attack and show tolerance and persistence,

0,45

0,4
0,35
0,3 1
0,25
0,2
0,15 4
0,14

0,05

Ohrs 4hrs 8 hrs 12 hrs 24 hrs

—{— meropenem '/, MIC

—@— meropenem ', MIC +
clodronic acid ', MIC

- < = culture control
- =A== clodronic acid '/, MIC

Figure 2. Phases of P. aeruginosa 532/14 growth
in the presence of meropenem and clodronic acid
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while the infectious process continues. In this regard,
it is important to determine the dependence between
the bactericidal action of antimicrobial agents and
the time of exposure of a microorganism to their ef-
fect (the so-called time-kill assay) [6].

Our preliminary studies based on the chessboard
method have made it possible to identify promis-
ing MBL inhibitors for gram-negative bacteria from
among the medicinal agents, i.e. bisphosphonates al-
ready approved for clinical use [1].

The present study shows the ability of clodronic
acid to exhibit a synergistic bactericidal effect with
carbapenems against a clinical resistant P. aeruginosa
532/14 strain producing MBL of the VIM genotype*.
In this combination, the antimicrobic action of imi-

penem starts after 8§ hours of incubation up to 1.4 log,,
level as compared with the control. After 12 hours,
the total suppression of testing culture growth is re-
gistered. The decrease in growth of the test strain ran
to 6 log,,. Meropenem in combination with clodronic
acid showed more pronounced activity, i. e. complete
absence of P. aeruginosa 532/14 growth by 8 hours
of incubation and suppression of growth by 3.2 log,.
In 12—24 hours, this rate ran to 6 log,,.

The results of our study are consistent with foreign
authors’s methodical approach to the estimation of the
synergistic effect of antimicrobial combinations [7, 8,
10, 14]. The derivation of the time-kill assay allows
us to identify effective combinations of carbapenems
and promising inhibitors of metal-beta-lactamases

for gram-negative bacteria, which is of great impor-
tance for the increase in treatment efficacy for patients

* Patent no. RU 2618433 has been obtained based on the research findings.

with severe purulent-septic complications.
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1. RESULTS AND DIRECTIONS OF ACTIVITIES
TO ENSURE THE EPIDEMIOLOGICAL SAFETY
OF THE POPULATION IN MODERN CONDITIONS

1.1 doi: 10.15789/2220-7619-2018-4-1.1
FEATURES OF HIV EPIDEMIC SITUATION AMONG
CHILDREN AND TEENAGERS OF THE FAR EASTERN
FEDERAL DISTRICT

E.A. Bazykina'?, O.E. Trotsenko?, V.B. Turkutyukov',

L.A. BalakhontsevaZ?, V.O. Kotova?

'Khabarovsk Research Institute of Epidemiology and Microbiology,
Khabarovsk, Russia; >HI Pacific State Medical University,
Vladivostok, Russia

The objective of the research was to evaluate the frac-
tion of children and teenagers in the structure of the HIV-
positive people subjected to regular medical check-upsin the
Far Eastern Federal District (FEFD) during 2013—2017.

Three age groups were analyzed during the study: 0—
7 years old, 8—14 years old, teenagers (15—17 years of age).
The data of the official reporting form No. 61 was utilized.

An increase in the fraction of HIV-infected teenagers by
6.5 times from 0.04£0.02% in 2013 t0 0.3+0.05% in 2017 (p =
10-°) was detected. The percent of children aged 0—7 years
rose by 38.29% from 0.47£0.07 to 0.65+0.07% (p = 0.07).
A decline of the index by 45.9% was registered in children
aged 8—14 years from 0.61+0.08 to 0.33+0.05% (p = 0.003).
A statistically significant decline of the index by 43.21%
from 0.8140.12% down to 0.46+0.08% (p = 0.014) in the
age group of 8—14 years as well as an increase of the frac-
tion of HIV-positive teenagers by 4.8 times from 0.05+0.03%
up to 0.29+0.06% (p = 0.0007) in 2013—2017 was registered
only in the Primorsky Region. In 2017, the Magadan Region
children and teenagers were free of HIV-infection. No ca-
ses of HIV-positive children aged 8—14 years were registered
in Jewish Autonomous District and Kamchatka Region
while in the Chukotka Autonomous District children aged
8—14 years and teenagers were free of HIV. That said HIV-
positive children aged 0—7 years were registered almost in all
constituent entities of the FEFD. The fraction of specified
HIV-positive children was higher compared to the mean rate
in the FEFD (0.65+0.07%) in Amur Region (2.4+0.79, p =
0.011) and Republic Sakha (Yakutia) (1.65+0.37%, p = 0.03).

The increase of the fraction of HIV-positive children
aged 0—7 years necessitates strengthening of preventive
measures against mother-to-child transmission of HIV.
The rise of the teenagers’ proportion in total structure
of HIV-positive people can indicate on their low HIV
awareness and highlights the need to improve the preven-
tive measures against HIV in this age group.

1.2 doi: 10.15789/2220-7619-2018-4-1.2
MODERN CHARACTERISTICS AND TENDENCIES

OF DIARRHEAL INFECTIONS EPIDEMIC PROCESS

IN RUSSIA

E.A. Cherepaniva'2, A.A. Goliusov?, A.V. Linok3,

N.N. Filatov?*?, E.G. Simonova??

!Federal Center of Hygiene and Epidemiology of Rospotrebnadzor,
Moscow, Russia; °I. M. Sechenov First Moscow State Medical
University, Moscow, Russia; ’I. Mechnikov Research Institute

of Vaccines and Sera, Moscow, Russia

In recent years diarrheal infections enhance their lead-
ing role in the structure of population infectious diseases.

The global trend towards the expansion of viral patho-
gens range and laboratory diagnostics development have
changed the etiological structure of pathogens. At pre-
sent nearly 70% of the reported diarrheal infections cases
with identified etiology in Russia caused by viral patho-
gens. The results of molecular-genetic and epidemiologi-
cal analysis indicated an increase of circulating pathogens
genetic diversity, as well as strengthening of norovirus
infection etiological significance. Since the implemen-
tation of registration system norovirus incidence rate has
increased by 15 times. In Moscow, noro — and rotavirus
infections outbreak incidence was 34% (2011) and 38%
(2016). The maximum number of infection cases (414 peo-
ple) was detected in outbreaks caused by norovirus.

Every fourth etiologically identified case of diarrhoe-
al infection in Russia belongs to food zoonoses. Among
them, salmonellosis holds the leading positions. In recent
years its incidence rate has a weak decrease tendency with
25-36 cases per 100 000. Salmonellosis outbreaks are se-
cond by registration frequency only to viral etiology out-
breaks and are recorded among adults mainly. In Moscow,
the share of children in the salmonellosis outbreak struc-
ture was 18.6%.

Despite the evident decrease in shigellosis incidence
in Russia (with an average annual rate of 17.2%), this in-
fection remains relevant for several regions. Among them
are not only regions with water supply quality problems
(Republics of Tuva, Dagestan, Khakassia, Karachay-Cher-
kessia, Astrakhan region, etc.), but also megacities. In Mos-
cow, where incidence rate doesn’t exceed 5 cases per 100 000,
shigellosis leads by the focal index (27.3). Shigellosis keeps
the second place in terms of the outbreak morbidity, having
a large proportion of children (76%) in its structure.

Finally, one of 