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YBaxxaemble Kosuieru n yntatenu xypHana «MHpekuma n UMMyHUTET»!

INepen BaMu BBIMTYCK KypHaJjia, MOATOTOBJIEHHBIN B MIEPUOT, KOTJIa BHUMaHWe YUSHBIX BCEX CTpaH Ha-
npaBJieHO Ha M3ydyeHue HoBoro KopoHaBupyca SARS-CoV-2, a Takxke Ha pa3pabOTKy CpeICTB AUArHO-
CTUKHU, TpernaparoB JJid NpodUIAKTUKU U JeueHus uHdbeKlunu, noaydyusuieir HazBanue COVID-19.
IMonapnsioniee 6OABITMHCTBO IMyOJINKAIIW JAHHOTO HOMEpPA MOCBSIIIEHO pa3IMIHbIM BUPYCHBIM MHMEK-
UM, U, KOHEYHO, 0CO00E MECTO CPeIM HUX 3aHUMAIOT ITyOJIMKalluu Ha Hanbosiee 3JJ000THEBHYIO TeEMY
nocaegHux Mecsues — COVID-19.

IlepenoBas ctarbst «PoxneHHas B YxaHe: ypoku snuaemMuu COVID-2019 B Kurtae» A.B. CemeHoBa
n H.1O. ITieHnyHOM NpeacTaBisieT 0COObI MHTEePEC, MOCKOJbKY aBTOPHI TOECTUINCH TUYHBIM OITBITOM,
npuoOpeTeHHBIM B xo1ie paboThl B KuTae B heBpase 2020 roma B cocTaBe MEXAYHaPOIHON ieIeraliuu 9Kc-
neptoB BO3. B ueTbipex 0030pax MoapoOHO 00CYXKIAIOTCI UCTOPUS U3YUEHU I KOPOHABUPYCOB U UX Jeli-
CTBYyMOIIas Kjaccudukalys, MexaHu3Mbl IPOHUKHOBEHU I BUpYyCa B KJIETKY UeJIoBeKa, HEKOTOPbIE acIieK-
THl B3aUMOJICHCTBUSI BUpYCa U UMMYHHOM CUCTEMBI YeJI0BEeKa, a TaK>Ke MPUBEACH aHaIU3 O(GUIIMaTbHO
3aperucTpUPOBAHHBIX (ITO COCTOSSHUIO Ha HavaJio anpess 2020 rona) MeMUIIMHCKUX TEXHOJOTU M, n3yJyae-
MbIX 1 ipodunakTuku u JedeHuss COVID-19 B pa3Hbix cTpaHax. Ocoboe MecTo 3aHUMAET CTaThsl, MO~
CBSIIIIEHHAsI TUYECKUM BOIIPOCAM, KOTOPBIE CTABUT MEPel BCEMU CTpaHAMM HACTOS A STTUIESMHU .

YuuTsiBast akTyaJbHOCTH TPOOJIEMBI, MBI TNTAHUPYEM OCBEIIATh €€ U B TIOCTIEAYIOIIMX HOMepaxX Halllero
KypHaJia.

['naBHBII penakTop KypHalia
«MHDEeKINS 1 UMMYHUTET»,

akanemuk PAH, n.Mm.H., npodeccop Aper A. ToTonstH
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POXIOEHHAA B YXAHE: YPOKHW SNMUAEMUN
COVID-19 B KUTAE

A.B. Cemenos'?, H.IO ITmennynas>*

"®PYH HHUH snudemuonoeuu u muxpodbuonsoeuu umenu Ilacmepa, Canxkm-Ilemep6ype, Poccus

2@r'bOY BO Ilepesviit Cankm-Ilemepbypeckuii 2ocyoapcmeennblil Meouyunckuil ynueepcumem um. akad. U.I1. Ilasrosa,
Canxkm-Ilemepbype, Poccus

JOI'BY Hayuonanbhvlit MeOUYUHCKUL UCCAC008AMEAbCKUL UeHMP PMU3UONYAbMOHOA02UU U UHPEKUUOHHBIX 3a004e6aHUL
Munszdpaea Poccuu, Mockea, Poccus

*@I'bOY BO Pocmosckuii cocyoapcmeennbiii meduyunckuil ynugepcumem Munzopaea Poccuu, e. Pocmoe-na-Zony, Poccus

Pesiome. B ctatbe mpuBonutcs oueHka snuaemMuu COVID-19 B Kutae, KoTopyio MOXHO pa3nejuTh Ha HECKOJIbKO
aranoB. HecMoTps Ha Tpo3pavyHOCTh B MHPOPMUPOBAHUYM MUPOBOI OOLIECTBEHHOCTH, 3APAaBOOXPAHEHNE CTPaHBI
Ha TepBOM 3Tarle Pa3BUTHUS SMUIEMUN 0Ka3aJI0Ch HE TOTOBO K OBICTPOMY POCTY UMCIIa OOJBHBIX C BUPYCHOI ITHEBMO-
HUel, Mepbl NHGEKITMOHHOTO KOHTPOJIST OCIIECTBIISIUCH HE B TIOJIHOM Mepe, YTO TaKKe MPUBEJIO K OOTBIIOMY YUCTY
cilyvaeB MHGUIIMPOBAHUS CPEI MEIUITMHCKUX PaOOTHUKOB. COIIMAIbHO YS3BUMbIE TPYIIITH HACEIEHU S He o0Opaiia-
JINCh CBOEBPEMEHHO, B TOM YMCJIE, U TT0 MaTepUabHBIM MPUYMHAM, 32 MEIUITMHCKOM TToMoIibio. Ha BTopom aTarme
OITHOBPEMEHHO C OTPaHUYUTETHHBIMY MEPAMU, BBEICHHBIMY TOCYIapCTBOM ITPOM3OIILTA Tlepe3arpyska BCeil CUCTeMbl
3paBOOXPAaHEHUS: CTAJIO OCYIIECTBIATLCS OeCIaTHOe OKa3aHue MeAULIMHCKON moMouny namueHtam ¢ COVID-19
1 obecrieueHre CTPOXKANIINX Mep UHPEKIITUOHHOTO KOHTPOJISI, MHOTOYPOBHEBOE OTCJIEKMBAHUE KOHTAKTOB C TIOMO-
uipto [ T-TexHoornii, OpraHM30BaHO MHOTOKPAaTHOE HapallMBaHWe MOIITHOCTH rocruTaeii. COBMeCTHBIMU YCUITH SI-
MU MUHUCTEPCTB, CPEICTB MAaCCOBOW MH(POPMAIINH, COIMATIbHBIX CETEH 1 BOJIOHTEPCKUX ABMXKEHU I OblTa obecTieueHa
OecrnpelieHAeHTHAas colMaibHas MOOMIN3alus HaceJeHUs. be3yKOCHUTEIbHOE BBITIOJTHEHNE BCETO KOMILJIEKCA MED,
HarpaBJIEHHBIX Ha OOPBOY ¢ SMUIEMUEH, TO3BOIUIIO B3SITh HA TPEThEM ITATle €€ TIOJ KEeCTKUI KOHTPOJIb U TMPaKTH-
YecKU JIUKBUAUPOBATH, cirycTs 2,5 Mecsiua. OtBeTHbie Mepbl Kutas Ha snunemuto COVID-19 MoryT ObITH MMoJIE3HBI
JIPyTUM CTpaHaMm, B 00pb0e C TeKYIIeil IMaHeMueii 1 B IOATOTOBKE K OTBETY Ha OMOJIOTUYECKE YTPO3bI B OYIYIIIEM.

Karuesvie caosa: COVID-19, snudemuueckas kpusas, Kumaii, kopornasupyc, SARS-CoV-2, konmpoab nad sanudemueil.

BORN IN WUHAN: LESSONS FROM COVID-19 EPIDEMIC IN CHINA
Semenov A.V.*", Pshenichnaya N.Yu.*!

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

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

¢ National Medical Research Center of Phthisiopulmonology and Infectious Diseases, Moscow, Russian Federation
4 Rostov State Medical University, Ministry of Health of Russia, Rostov-on-Don, Russian Federation

Abstract. The COVID-19 epidemic curve in China can be divided into several stages. Despite transparency in informing
the world public about clusters of undiagnosed viral pneumonia, the country’s health care at the first stage of the epidemic
was not ready to provide adequate and rapid response for a fast increase in the number of patients with COVID-19, in-
fection control measures were not fully implemented, which also led to a large number of nosocomial cases of infection
among medical workers and patients. Socially vulnerable groups of the population did not refer for medical assistance
in a timely manner due to the lack of the disease danger understanding and also in connection with the high cost for them
of medical aid. At the second stage, simultaneously with the restrictive measures introduced by the government, the entire
health care system was rebooted: free medical care for patients with COVID-19 was provided and the strictest infection
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control measures were implemented, multi-level contact tracking system using IT technologies was organized, and the ca-
pacity of hospitals was increased many times. Through the joint efforts of ministries, mass media, social networks and
volunteer movements, an unprecedented social mobilization of the population was achieved. Strict implementation of the
entire set of measures aimed at fighting the epidemic allowed to take it under strict control at the third stage and practically
eliminate the epidemic after 2,5 months. China’s response to the COVID-19 epidemic can be useful to other countries,
in fighting the current pandemic and in preparing for a response to biological threats in the future.

Key words: COVID-19, epidemic curve, SARS-CoV-2, China, epidemic control and response, coronavirus.

Crryetsg mmouts 20 JIeT mocje BO3HUKINEN B KU-
TalCKOM ITPOBUHIIMY [ ' yaHIYH 3T IEMUU TSIKEJIOTO
ocTporo pecnuparopHoro cudapoma (TOPC, anri.
SARS), BbizBaHHOTO KOpoHaBupycom SARS-CoV
U pacnpoCTpaHUBILIEIroCs TOrna NaJieko 3a Ipene-
abl Kwuraiickoit Hapomnoii Pecnyonuku (KHP),
YeJIOBEYECTBO CTOJKHYJIOCH C MOCICACTBUSIMU HO-
BOIi, ele 00Jjiee MOILIHOM BCIIBIILIKN HENU3BECTHOI'O
paHee MHGPEKIINOHHOTO 3abojieBaHusI. HagaBimch
B T. YXaHb — cTonuie npopuHunu Xyoeit KHP, ata
BCIIBIIIKA JOCTAaTOYHO OBICTPO Mpuodpesia odleHa-
HMOHAJIbHBIE, a BCKOPE M O0ILIEMUPOBbIE MACIIITAOHI,
oduMaabHO MoJryduB 6 mapta 2020 1. craTyc maH-
nemuu [3]. Bo3Oynurenem 3abojieBaHUSI OKa3aJics
HOBBI{ BapMaHT KOPOHAaBMpPyCa, Ha3BAaHHBIM BIIO-
CJICIICTBUM KOPOHABHPYCOM OCTPOrO PECHHUPATOpP-
Horo cuHapoma 2-ro tuna (SARS-CoV-2). B orBet
Ha 3IUIeMUI0 HOBOI KOPOHABUPYCHON MHMEKINN
(COVID-19) B KHP 6b11111 mpennpuHATHI 6ecnpele-
JIIEHTHBIE Mepbl, OCHOBAHHEIC, OTYACTH, Ha ypOKax
npouwioi anuaeMuu SARS. BodHukIinas cutyauus
MO3BOJIMJa OLEHUTh MOTEHIIMaJl MOOMJIM3alMOH-
HBIX BO3MOXHOCTEI CTpaHbl, HOBbIE TEXHOJOI'WMU,
HaIpaBJIeHHBbIE Ha CIOCpXKMWBaHUE paCIpOCTpaHe-
HUS 3a00JIeBaHMS, a TAK>Ke M3BJICYb YPOKH Ha Oymy-
mmee, BHECS COOTBETCTBYIOIINE KOPPEKTUBHI B TIjIa-
HBI TIOATOTOBKH K MMaHIEMUU.

B ocHOByY nipemaraeMoii BHUMaHWIO YU TaTEIICi
CTaThU IMOJIOXKEH OIBIT COOCTBEHHOU pabOTHI aBTO-
POB B cOCTaBe 00beIUHEHHON TEXHUYECKOM MUCCUU
BO3—KHP B ¢eBpane 2020 . B Kurae, a Takske 1aH-
Hble HAyYHBIX MyOJMKalM, MOCBSIIEHHBIX OIU-
canuio snugemun COVID-19 u SARS. TlpoBenen
aHalmM3 snmuaeMudeckoro Ipoimecca COVID-19,
Mep, HaIlpaBJICHHBIX Ha IIPeOOTBpallleHNe M KOH-
TpoJib anuaemMuun B KHP.

ITannemuss SARS-CoV-2 crana codbbiTUEM, OKa-
3aBIIIUM TJ1y0Oouaiiliiee BJIMsSHUE HA HAIITMOHAJIbHbIE
1 MHPOBYIO CHUCTEMBI 3ApaBOOXpaHEHUsI, a TaK>Ke
Ha 5KOHOMMYECKNE, MOJUTUICCKNUE U KYJIBTYPHBIC
aCIIeKTHI JKM3HU HACEJICHUS BCeX KOHTUHEHTOB.

Bo Bpems smumemuu SARS B Kutae manHbIe
0 KJIacTepaxX aTUIMUYHON ITHEBMOHUMU, BO3HUKAB-
mux ¢ Hos1ops 2002 no ssHBapb 2003 . B palilOHHBIX
mkosaax r. I'vanuxoy npoBuHuUUU ['yaHAyH 10JITO
HEe MpelaBaJuCh TIJacHOCTU. BmepBbie OHM cCTa-
JIA AOCTYITHBI MHUPOBOI OOIIECTBEHHOCTU TOJIBKO
10 dpeBpang 2003 r., korma Ha caiite ProMED-mail
MOSIBUJIOCH COOOIICHWE O CIydasX aTUITHIHOU
nHeBMOHMH B I'vaHuzkoy. [lepBoHaYaIbHO 3Ty WH-
dopmalrio 00HAPYKWI B YUYUTEIbCKOM 4YaTe Ipe-
nogaBaTeb Koabl U3 KanudgopHuu. OH niepecia

Nearly 20 years after the Severe Acute Respiratory
Syndrome (SARS) pandemic caused by the SARS-
CoV coronavirusin the Chinese province of Guandun,
a much more powerful pandemic hit the whole world.
Starting in Wuhan, the capital of the Hubei prov-
ince, the epidemic quickly gained national and then
worldwide scale, turning into a pandemic by March
6, 2020 [3]. The PRC has taken unprecedented meas-
ures in response to the epidemic of a new coronavirus
infection, based, in part, on the past SARS epidemic
lessons. The current pandemic made it possible to as-
sess the potential of the country’s mobilization oppor-
tunities, new technologies aimed at curbing the spread
of the disease, and also to draw lessons for the future,
allowing appropriate corrections to be made in plans
for preparing for the pandemic.

The article is based on the experience of the au-
thors' own work as part of the WHO—China joint
technical mission in China in February 2020, as well
as scientific publications on the description of the
COVID-19 epidemic and SARS. The analysis of the
epidemic process COVID-19, measures aimed at pre-
venting and controlling the epidemic in China.

The pandemic of new coronavirus classified as
SARS-CoV2 was an event that had a profound impact
not only on nationals and world health systems, but
also on the economic, political and cultural aspects
of the lives of all continent’s countries citizens.

During the SARS pandemic in China, data
on atypical pneumonia clusters that began in the
period of November 2002 — January 2003 in dis-
trict schools in Guangzhou were not made public
for a long time. For the first time, they became avail-
able to the world public only on February 10, 2003,
when a message about SARS in Guangzhou appeared
on the ProM ED-mail site. Initially, this information
was discovered in a teacher’s chat by a school teacher
from California. He sent the information to a famil-
iar epidemiologist, who, in turn, sent it to ProMED-
mail [14].

At that time, 300 sick people and 5 dead were al-
ready registered in the province. On February 11,
in response to a request from WHO (immediately fol-
lowing the release of ProMED-mail), the Ministry
of Health of China announced that it was investi-
gating the outbreak and that the situation was un-
der control. 02/14/2003 China CDC also confirmed
that “contrary to rumors, the situation is under con-
trol”. And on February 21, a 64-year-old doctor from
Guangzhou province who was treating patients with
SARS symptoms went to the Metropol Hotel in Hong
Kong and infected 16 other hotel guests, which subse-
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CBEICHUSI 3HAKOMOMY SITMIEMHUOJIOTY, KOTOPBIN,
B CBOIO ouepenb, oTpaBui ux B ProM ED-mail [9].

Ha TOT MOMEHT B MPOBUHIIUU YXe OBbLIO 3a-
peructpupoBaHo 300 3a0oieBIINX U 5 yMepIIuXx.
11 ¢peBpansi, B OTBET Ha HEMEAJECHHO MOCIEA0BAB-
muii mocae Bbimycka ProMED-mail 3anpoc BO3,
MuHucrepcTtBo 3apaBooxpaHeHUs1 Kurtast coo06-
IIIMJIO, YTO OHO 3aHWMAETCsl pacciiefoBaHUEM 3TOM
BCOBIIKHA W CUTyallWsl HAXOAMTCS OO KOHTPOJIEM.
14.02.2003 r. CDC Kwurtas Takxe IOATBEPANIIO,
YTO «BOITPEKU CIIyXaM, CUTYaIlUs OI KOHTPOJIEM».
21 deBpanst 64-neTHU Bpay u3 r. ['yaHYKOY, JIeUNB-
Uit nanrveHToB ¢ cumntoMmamu OPBU, ornipaBui-
cs1 B [oHKOHT, ocTaHOBUJICS B OoTeJie «MeTpoIoab»
1 nHGULMpPOoBaJ 16 Ipyrux rocTeii OTes, 4To B [0~
CJIeMyIONIeM ITPUBEJIO K pacCIpOCTPaHEHUIO NH(EK-
MU B 29 cTpaHax MUpa, 3apaxxeHuto 6oaee 100 men-
PaOOTHUKOB M PAa3BUTHUIO TJIOOABHOM SITUICMUN
SARS. Takum o6pa3om, HeCBoeBpeMeHHOe UHGOP-
MHpPOBAaHNE O CUTYalluU, MPEICTaBIISBIICIH yTpo3y
300POBBIO HAaCEJIEHMUSI B MEXIYHapOAHOM MacIliTa-
Oe, TIPUBEJIO K TIOJTHOI HErOTOBHOCTU CTPaH U OT-
CYTCTBUIO HACTOPOXEHHOCTU Y MEIPAOOTHUKOB.

B otanuue ot curyauuu 2003 roga, nHdopma-
nuto o COVID-19 oprans! 3npaBooxpanenuss KHP
cpasy cheyiaJid OTKPBITOR IIJisi MUPOBOIO COOOIIIe-
CTBa, YTO ITO3BOJIMJIO BJIACTSIM MHOTHX CTPaH MHUpa
CBOEBPEMEHHO MPUHSTHh MEPhI U TIOATOTOBUTH COO-
CTBCHHBIC CHCTEMBI 3IpaBOOXpPaHEHHS K OophOe
¢ 3a00JIeBaHUEM.

XpoHoJiorust pas3Butus snugemuu COVID-19
B KHP Omina crnenmytomieir. 30 mexkabps 2019 1.
VXxaHbCKUI MYHUIMIIAJbHBI KOMMTET IO 3apa-
BOOXPaHEHMIO pacpOCTPaHUII COOOIIECHNUE 0COOO0M
BaXXHOCTHU, cojepKalllee MH(popMaluio o ciaydasx
3200JieBaHUSI THEBMOHUEN HEU3BECTHOI B3THUOJIO-
TUU, KOTOPBIE PETUCTPUPOBAJIMCH B TCUCHUE MECSI-
1a B cranuoHapax r. YxaHs. Ha 30 nexka6ps 2019 r.
B OOJBHUIIAX HAXOAUJIOCH 27 OOJBHBIX, MMEBIINX
PEHTIeHOJOTMYeCKre U Tomorpaduyeckue Ipu-
3HAKW WHTCPCTUIHNATBHON ITHEBMOHUM, KOTOPBIC
00OBIYHO HAOIIOAITCS NPU BUPYCHOM MOPa*Ke€HUU
JIETKUX. Y BCeX IMAIlMCHTOB B AcOI0TE 3a00JICBaHU S
oTMeyvaJjiach Juxopanaka cBbilie 38°C, neiiKorneHus,
TUM@POIIEHSI, Y HEKOTOPBLIX Pa3BUBAJICS OCTPBIN
pecriupatopHblii  muctpecc-cuHapom  (OPIC).
Ha ¢poHe aHTUOMOTUKOTEPANTUU B TeUeH e 3—5 nHeit
CYIIECTBEHHOI'O YJIYUYIIICHUSI COCTOSTHUS HE OTME-
yanochk. CHavasia cuMTaau, 4To MepBbie caydyau 3a-
0OoJieBaHUS OBLIIM CBSI3aHEI C ITOCEIICHUEM UJIN TOP-
TrOBJIEY Ha YXaHbCKOM PBIHKE MOPEIPOAYKTOB, I1e
OCYIIECTBJISIIACH TPOAaka TUKHUX JXUBBIX U TOJTBKO
YTO YOUTHIX XUBOTHBIX [2, 10, 14]. B mocnencreum
BBISICHMJIOCH, YTO CJIydaW aTUITMYHOW ITHEBMO-
HUM PETUCTPUPOBAJNCH €Ile C Hadajla AaeKaops
2019 rona, 3a 1—2 HeAeM 4O BCIIBIIIKY ITHEBMOHUU,
CBSI3aHHOI C PhIHKOM MOPEHPOAYKTOB, I HUKAKOU
SMUAESMHUOJIOTTYECKOI CBSI3U C HUM He UMenu [4].

Coo011am0ch TaKKe 0 BHYyTPUCEMENHBIX U BHYT-
PUOOJBPHUYHBIX CIIydasiX WHPUIIMPOBAHUS, B TOM
Jucie cpear MEAULIMHCKUX paOOTHUKOB [2, 5].

quently led to the spread of infection in 29 countries
of the world, infection of more than 100 health workers
and development of SARS pandemics. Thus, untimely
reporting of a situation that poses a threat to public
health at the international level has led to the complete
unpreparedness of countries and the lack of alertness
among health workers.

In contrast to the situation in 2003, the PRC pub-
lic health authorities immediately made information
about the epidemic of the new coronavirus infection
(COVID-19) accessible and transparent to everyone.
For many countries around the world, such informa-
tion has made it possible to take timely measures and
to prepare national healthcare system as much as pos-
sible for COVID-19 control.

The COVID-19 epidemic development in China
chronology was as follows. December 30, 2019 Wuhan
Municipal Health Committee. (Wuhan, Hubei
Province, PRC) distributed a message of special im-
portance containing information about cases of un-
known etiology pneumonia, which have been sequen-
tially recorded within a month in hospitals in Wuhan.
On December 30, 2019, there were 27 patients in the
hospitals who had radiological and tomographic signs
of interstitial pneumonia, which are usually observed
with viral damage of the Iungs. In the disease debut,
everyone had a fever over 38,0°C; leukopenia, lym-
phopenia, some developed acute respiratory distress
syndrome (ARDS). Against the background of anti-
biotic therapy, the condition did not improve signifi-
cantly within 3—5 days. At first, it was believed that
the first cases of the disease were associated with vis-
iting or trading in the Wuhan seafood market, where
wild live and freshly killed animals were sold [2, 15,
19]. Later it turned out that cases of COVID-19 were
recorded since the beginning of December 2019, 1-2
weeks before the outbreak of pneumonia associated
with the seafood market, and had no epidemiological
connection with it [7].

Intra-family and nosocomial cases of infection
have also been reported, including some cases amongst
medical workers [2, 9].

At the beginning of January 2020, the epidemic
in China began to rapidly gain momentum, spreading
to all the provinces of the republic and beyond, reach-
ing a maximum on February 4, when 3884 people
were confirmed the diagnosis COVID-19 within only
one day. After this date, daily morbidity rates began
to decline steadily (fig. 1). The exception was February
12 and 13 (14,108 and 5090 cases were recorded, re-
spectively). Starting from this dates for several days
more in Wuhan the diagnosis was made for patients as
a final only on the basis of clinical and radiological/
tomographic data, without laboratory confirmation
of SARS-CoV-2 RNA PCR presence.

A significant contribution to the increase of the
incidence rate was made by COVID-19 cases among
medical workers. In 422 medical institutions since
the beginning of the epidemic as of February 11, 2020,
1716 laboratory-confirmed cases were detected among
physicians, of which 5 were fatal [17]. In Wuhan
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B nauane suBaps 2020 roga snugemus B Kurtae
Hayaja ObICTPO HabOupaThb OOOPOTHI, pacHpoCTpa-
HMBIIUCH Ha BCE MPOBUHIIMMU PECITyOJIUKU U 3a ee
npenesbl, IOCTUTHYB MakcuMyMa 4 dpeBpajisi, Korga
B T€UCHME TOJBKO OMHUX CYTOK JUArHO3 OB ITOI-
TBepXIeH y 3884 yenoBek. C 3TOro MOMeHTa ITO-
Ka3aTeaM eXeTHEBHOM 3a00JIeBaeMOCTU CTAJId He-
YKJOHHO cHuXkartbces (puc. 1). MckaoueHune cocTa-
Buau 12 u 13 depanisa (3apeructpuponaHo 14 108
1 5090 ciiyyaeB cooTBeTCTBEeHHO). C 4 (heBpaJisi B Te-
YeHMe HEeCKOJbKMX AHEW B I. YXaHb 3TOT IMarHo3
CTaBUJICS MallMEHTaM KaK OKOHYATEJIbHBIN TOJIBKO
Ha OCHOBAaHUU KJMHUYECKUX M PEHTTEHOJIOTUYEC-
KUX/ToOMOTrpaddIeCcKUX TaHHBIX, 0€3 JJabopaTOpHO-
IO TTIOATBEPXKICHMSI.

CyliecTBeHHBIN BKJajJ B POCT 3abojeBaeMoO-
ctu BHecau caydyau COVID-19 y MeauumMHCKUX
paboTHUKOB. B 422 MeIUUMHCKUX YUPEKICHUSIX
C HayaJla 3MUJEMUU MO COCTOsIHUIO Ha 11 ¢es-
pansg 2020 r. BeisiBieHO 1716 nmaGopaTopHO MOI-
TBEPKICHHBIX CIydaeB Cpelud MEIMKOB, M3 HUX
5 metanbHBIX [12]. B YxaHe OBIJIO 3aperucTpupo-
BaHO 64% ciydaeB, B MpoBUHINU Xy6oit — 23,3%,
B ocTajbHbIX TpoBuHLMAX KHP — 12,7% (puc. 2).
Bcero Ha Hauvasno ¢deBpans B Kutae 3apa3uioch
okoJio 0,001% HaceneHus.

Peskomy mniepesiomy xoaa arMUAEMUU CIIOCOOCTBO-
BaJIi 3KECTKHE OrpaHMYMTEIbHbIE Mephbl, BBEICH-
HBIC TOCYIApCTBOM, 3KCTPEHHAas BCEOOBEMIIIOIIAS
IuBepcuUKAIINS BCEX MEIMIINMHCKUX PEeCcypcoB
W HapalllMBaHWE IOMOJHUTEIBHOTO MEIUIIMHCKOTO
MOTEHIIAJIa, BBEACHUS KECTKOTO MH(MEKIIMOHHOTO
KOHTpOJIs1 He ToabKo B JITTY, HO 1 Ha TpaHcropTe,
BO BCeX OOIIIECTBEHHBIX MECTaxX, a TaKXKe Oecrnpele-
JIEHTHAas collMajibHasi MOOMJIU3alus HacesleHus [15].

CraB MecTOM 3apoxaeHusa snuaeMuu, Kuraii,
B TO K€ BpeMsI IIEPBBIM CMOT TI€PEJIOMUTH XapaKTep
pPa3BUTHUS SMUIAESMHUUYCCKOT0 IIpolecca M IUKBUI-
poBath B cTpaHe snujgemuo COVID-19.

MepHl 1TT0 TIPeIOTBPAIICHUIO0 BO3HUKIIECH CUTY-
Al OBLIM TIPUHSTHI OBICTPO, HAYMHAS C paHHUX
cTaivii B I. YXaHe M APYTUX KJIOYEBBIX 00JIACTAX
NPOBUHLIUU Xy03ii, 10 MOJHOIO KOHTPOJISI HAaJl Te-

15000

64% of cases were reported, 23.3% in other districts
of Hubei province, and 12.7% in the rest provinces
of China (fig. 2).

A sharp turnaround in the epidemic, despite
the fact that only about 0.001% of total population was
infected in China at the beginning of February, was
reached by strong restrictive measures introduced by
the Government, urgent comprehensive diversifica-
tion of all medical resources and building up addition-
al medical potential, and introducing strict infection
control not only in hospitals, but also in transport,
in all public places, as well as an unprecedented social
mobilization of the population [20].

Having become the birthplace of the epidemic,
China, at the same time, was the first to turn the tide
of the epidemic process development and became close
to COVID-19 epidemic elimination in the country.

Prevention and control measures were taken quick-
ly from the early epidemic stages in Wuhan and other
key areas of Hubei Province to full control of the cur-
rent national epidemic. This was mainly done in three
stages, and two important events can be used to iden-
tify several stages.

Epidemic Prevention and Control Phase One

Firstly, information on the pneumonia clusters
on January 9, 2020 of the epidemic was quickly brought
to the WHO attention [21]. In a press release, WHO
noted that “Chinese scientists conducted a preliminary
determination of new coronavirus detected in a patient
who was hospitalized with pneumonia in Wuhan per-
forming complete sequencing of the virus’s genes using
an isolate from a single positive patient sample. The pre-
liminary identification of a new virus in a short peri-
od of time is a notable achievement and demonstrates
China’s increased potential to combat new outbreaks”.

Secondly, on January 20, a new coronavirus infec-
tion was included in the mandatory report on class B
infectious diseases and borderline quarantine infec-
tious diseases, as a result of which COVID-19 began
to be monitored and quarantined at transport hubs
in accordance with the law. This marked the transi-
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Figure 1. COVID-19 morbidity epidemic curve in China (according to www.worldometers.info
[https://www.worldometers.info/coronavirus/country/china])
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KylIeil HallMoHalbHOW snuaeMueit. B ocHOBHOM
3TO OBLJIO CAEIAHO B TPU 3Tala, KOTOPbIE pa3rpaHu-
YEHbI MEX]ly COOOI NBYMSI BaXXHBIMU COOBITUSIMU,
OIHO U3 KOTOPBIX 3aBEPLIMJIO MEPBBINA 3TAIl, a APY-
roe CTaJo rpaHULIE, OTMETUBILEHN IIEPEX0] OT BTO-
poro sTana 60pb0ObI C SNUIEMUENA K TPETHEMY.

[NepBbin aTan Mep No NPeaoTBPALLEHMIO
N KOHTPOJIIO Ha g, anuaemMnen

Bo-niepBhix, mH(MpOpMaIMs 0 KjaacTepax THEBMO-
HuU 9 guBaps 2020 rona 6p1J1a CBOEBPEMEHHO JOBE-
neHa oo ceeneHus BO3 [16]. B cBoeM mpecc-penunse
BO3 oTmeTusia, 4TO «KUMTaliCKUe yYeHbIe MPOBEJIU
npeaBapuTebHOE OINpeleieHe HOBOro KOpoHa-
BUpYCA, BBISIBJICHHOIO y TOCIIMTaJIU3UPOBAHHOIO
C MHEBMOHMEN IMallMeHTa B TI. YXaHb, BBIIIOJHUB
MOJIHOE CEKBEHNPOBaHNE TEHOB BUPYCa, UCITOIb3YS
M30JISIT U3 OTHOTO MOJOXUTEIBHOTO 00pa3iia maiu-
eHTta. I[IpenBapurenbHas UACHTU(GUKALINSI HOBOTO
BUpYyCa 3a KOPOTKHUI TTPOMEXYTOK BPEMEHU SIBJISI-
eTCSI 3aMETHBIM JOCTMKEHMEM W JIEMOHCTPUpPYET
Bo3pociunii moreHuuan Kuras B 60pb0oe ¢ HOBbIMU
BCHBIIIKAMM.

Bo-BTopnix, 20 sHBapst HOBasi KOpOHAaBUPYyCHAas
nHMpeKIMs ObljIa BKJIIOYeHA B 00I3aTeIbHBIN OTUET
00 nH@eKIMOHHbIX 3ab0eBaHMIX Kacca B u ka-
PAHTUHHBIX WH(PEKIMUOHHBIX 3a00JIeBaHUSAX MO-
TPAaHUYHOIO YPOBHH, B pe3yibrare yero COVID-19
HaJyaJjl ToaBepraTbCss MOHUTOPUHTY U KapaHTHUHY
Ha TPAHCIIOPTHBIX y3JaxX. DTO O3HAMEHOBAJO Ie-
pexon OT IepBOHAYaJbHOTO YAaCTUYHOTO KOHTPO-
JIsl K BCECTOPOHHEMY MPUHSATUIO PA3JIUYHBIX MEp
KOHTPOJSI B COOTBETCTBUU C 3aKOHOM. 23 sSHBaps
2020 ropa mpaButenbcTBo KHP BBE0 cTporiie Mmepul
COILIMAJIbHOTO IUCTAHIIMPOBAHUS W OTPaHUYCHUS
JNIBUKEHWsI CHavyajia B YXaHe, IJie BOZHUKJIA BCITHIIII-
Ka, a 3aTeM W B JPYyrux peruoHax. [IpoOTOKOJIbI
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tion from initial partial control to the comprehensive
adoption of various control measures in accordance
with the law. On January 23, 2020, the PRC govern-
ment introduced strict measures of social distance
and movement restriction, first in the Wuhan city,
where the outbreak occurred, and then in other re-
gions. The protocols for the diagnosis and treatment,
as well as for the prevention and control of epidemics,
have been improved and the isolation and treatment
of patients have been strengthened. Almost immedi-
ately, the measures taken had an effect on the epidem-
ic curve, which had gone down since the beginning
of February 2020.

Thirdly, the State Council of the People’s Republic
of China issued on February 8, 2020, “A notice
on streamlining work on the resumption of produc-
tion and the resumption of labor at enterprises,” which
states that China’s work to control national defense has
entered the stage of nationwide priority on prevention
epidemics and combating them for the comprehensive
restoration of normal socio-economic operations.

At an early stage of the outbreak the main strat-
egy focused on preventing the export of cases from
Wuhan and other priority areas of Hubei Province
and preventing the import of cases to other provinces.
These measures helped to control the source of infec-
tion and prevent its further transmission and spread.
A response mechanism was initiated with the par-
ticipation of many sectors in joint prevention and
control. Markets selling animal products were closed
and efforts were made to identify pathogens. The en-
tire genome of the COVID-19 virus was transferred
to WHO. The protocols for diagnosis and treatment,
epidemiological surveillance, epidemiological investi-
gation, close contact and laboratory tests were formu-
lated, and appropriate surveillance activities and epi-
demiological studies were carried out. Diagnostic test
kits were developed, and wildlife and livestock markets
were subjected to rigorous surveillance and control.
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B KHP no coctosiHuio Ha 11.02.20 [17]

Figure 2. The number of cases in health workers in COVID-19 epidemic in China as of 02/11/20 [17]
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MO0 IUWAarHOCTUKE W JICYEHUIO, a TaKxke Io mpodu-
JIJAKTUKE U KOHTPOJIIO SMUAEMUI ObIIU YJIYUILIEHBI,
a U30JISILMS U JIeueHUe OOJbHBIX ObIIU YCUJICHBI.
I[IpuHsSTBIE MEPBI MPAaKTUYECKU He3aMEAJIUTEIbHO
CKa3aJIMCh Ha SMNUACMUYECKON KpPUBOM, KOTOpas
rnola BHU3 yxke ¢ Hayaja peBpaiis 2020 roga.

B-tpersux, I'ocynapcrBenHblit copetr KHP, u3-
nan 8 despaisa 2020 1. «YBegoMmJieHe 00 ynopsao-
YUBaHUU pabOT IT0 BO3OOHOBIICHUIO TTPON3BOICTBA
7 BO30OHOBJICHUIO TPYAa Ha MPEANPUSTUSX>, B KO-
TOPOM OTMevaeTcs, uTo padbora Kutas no KoHTpo-
JII0 32 HallMOHAJbHOU OOOPOHOI BCTymuJia B CTa-
VIO OOIIeHAIIMOHAJIBHOIO MPUOPUTETA BOIPOCOB
M0 MPEeaOTBPAILEHUIO SMUAEMUN 1 OOPHLObI C HUMU
JIJIs1 KOMIIJIEKCHOTO BOCCTAHOBJIEHUSI HOPMaJIbHbBIX
COLIMATIbHO-2KOHOMUYECKU X ONepaluii.

Ha panHeil cragyuy BCIIBIIIKM OCHOBHOI CTpa-
Terueil OBIJIO TpemoTBpallleHWe BHIBO3a CJIydyacB
U3 YXaHU U APYTUX MIPUOPUTETHBIX oOacTeit mpo-
BUHIIMM Xy03i U MpeIoTBpaIIcHUN BBO3a CIIyJyacB
B JpyTrve€ MPOBUHIIMMU, YTO CIIOCOOCTBOBAIO KOH-
TPOJIIO UCTOYHMKA UH(PEKIIUU U PEAOTBPAILEH IO
NaJbHEWIIE €€ mnepegayd M pacnpoOCTPAHEHMUSI.
MexaHU3M MPOTUBOACUCTBUS SMUNEMUU U pearu-
pOBaHUS Ha yrpo3y €e pacrpocTpaHEeHUs ObLI 3a-
MNyIIeH MPU y4YaCTUUM MHOTUX CEKTOPOB IKOHOMU-
KU, TOCYIApCTBEHHBIX CTPYKTYP, BOJOHTEPCKUX
JBUKEHUI, y4aCTBOBABIIMX B COBMECTHOI NMpodu-
JIJAKTUKE UM KOHTPOJIe paclpoCTpaHeHUs 3a0oJieBa-
HU4. PpIHKM, TOpryomue npoagyKTaMu XKUBOTHOTO
MPOMCXOXKIACHUSI, OBIIN 3aKPBITHl U MPEIITPUHSITHI
MEPHI IJISI BBISIBJICHHU ST TATOT€HHBIX MUKPOOPTaHMU3-
moB. [lociienoBaTeIbHOCTM BCEro reHoma BHUpyca
COVID-19 6b11u nepenansl B BO3. beutu chopmy-
JIUPOBaHbI MPOTOKOJIbI NUATHOCTUKU U JIEUEHUS,
SMUIEMUOJIOTUYECKOr0 Haa3zopa, SMUIAESMUOJIOTHU-
YeCKOI'o paccjieioBaHUsl, BEICHUS TECHbIX KOHTaK-
TOB U J1aOOPaTOPHBIX UCMBITAHUM, a TaK>Xe ObLIU
MpPOBEAEeHbl COOTBETCTBYIOIINE HAA30PHBIE MEpO-
OPUSITUS U SMUAEMUOJOTUYECKE WCCIEeNOBaHUSI.
boinu pazpadboTaHbl HAOOPHI ISl JMATrHOCTUYECKO-
o TECTUPOBAHMS, a PHIHKHU AUKOU ITPUPOABI U KU~
BOM NITUIBI OBIJIM MIOABESPTHYTHI CTPOTOMY HAI30py
1 KOHTPOJIIO.

BTopon atan mep no npenoTepaLLeHmIo
1N KOHTPOJIIO HaA dnnaemMmnen

Ha crnenyroiieM »Tame OCHOBHOW CTpaTeruei
ObLJIO CHMKEHHE MHTEHCUBHOCTHU SMUAEMUU U 3a-
MeyieHue pocta 3aboneBaemoctu. [Ipousonia ne-
pe3arpys3ka BCeil CUCTEMBI 3IPaBOOXPAHEHU : CTAJIO
OCYILIECTBJISIThCS OecrniaTHOe OKa3aHUe MEeIUIIMH-
ckoii momomu manueHtam ¢ COVID-19, obGec-
MeYnBaIUCh CTpOXailime Mepbl MHGMEKIIMOHHOTO
KOHTPOJISI, BBEIEHO MHOTOYPOBHEBOE OTCJIEXKUBA-
HUE KOHTAKTOB ¢ moMollbio I T-TexHomoruii, opra-
HU30BAaHO MHOTOKPAaTHOE HapalllMBaHUE MOIIHO-
cTu rocruTaznei. B YxaHe u Apyrux npuopuTeTHBIX
obJtacTsX MpoBUHIIMU Xy03i OCHOBHOE€ BHUMaHUE
YAEJISJIOCh AKTUBHOMY JIEYEHUIO MALIUEHTOB, CHU-

The second stage of measures to prevent
and control the epidemic

At the next stage the main strategy was to reduce
the epidemic intensity and slow down the incidence
increase. The entire health care system was rebooted:
medical care for patients with COVID-19 was pro-
vided free of charge and strict infection control meas-
ures were provided, multi-level contact tracing using
IT technologies, multiple capacity building of hospi-
tals was organized, in Wuhan and other priority areas
of Hubei province active treatment of patients, reduc-
ing mortality and preventing the removal of patients.
In other provinces, emphasis was placed on the pre-
vention of entry, the suppression of the spread of infec-
tion, and joint prevention and control. At the national
level wildlife markets were closed and wildlife breed-
ing facilities were not only closed, but also isolated.

Measures have been taken to ensure that all cases
are cured and close contacts are placed under isolated
medical supervision. The measures taken included
the extension of Spring Festival weekend, the control
of movement on roads and the introduction of an ex-
amination of citizens’ movement validity at temporary
and permanent checkpoints in order to reduce the so-
cially insignificant movement of people, as well as
to cancel mass events and gathering of citizens, asso-
ciated with the risk of spread of infection. Information
on the epidemic and measures to prevent and control
it was regularly published. Strengthening public rela-
tions and public health education was also accompa-
nied by a coordinated distribution of medical supplies
and goods, the construction of new hospitals, the use
of reserved beds the edges of which were redistributed
to ensure the treatment of all cases; efforts were made
to maintain a stable supply of essential goods and pric-
es to ensure the smooth operation of society.

Assignificant event in the turn of the COVID-19 ep-
idemic was the fact that on January 22, 2020, after un-
derstanding the outbreak severity, the National Health
Safety Administration and the Ministry of Finance
issued a notification guaranteeing that the medical
expenses of all patients with confirmed COVID-19
will be subsidized by the Government. This policy was
later extended to all suspicious cases [13]. Removing
the catastrophic medical expenses of low-income
groups removed financial barriers for patients with
confirmed and suspected cases of COVID-19, allowed
them to immediately seek medical help, and also pro-
tected them from serious financial expenses.

During the COVID-19 epidemic in the PRC it was
necessary for citizens to voluntarily and simultane-
ously implement and assist the government’s initiative
to isolate the virus spreading such as keeping the social
distance, staying at home, washing hands frequently,
etc. It should be noted the unprecedented social mo-
bilization of the population, clearly and rigorously
complying with all the prescribed quarantine meas-
ures: universal hygiene of the hands, constant wearing
of masks when leaving the apartment/house, strict ad-
herence to restrictions on movement around the city.
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KEHUIO CMEPTHOCTU M IIPEHOTBPAIICHUIO BBIBO3a
OOJILHBIX. B Ipyrux ImMpOBUHIIMSX aKIIEHT JIeIaJICsS
Ha MpeaoTBpallleHUM BBO3a, MPECEUYeHUU pacIipo-
cTpaHeHUsI MH(PEKIINKU, COBMECTHON MpodUIaKTH-
Ke U KoHTpoJie. Ha HallMoHaIbHOM YPOBHE PHIHKU
JTUKOM TTPUPOABI OBIJIN 3aKPBITHI, 2 TOMEIIICHU ST 15T
pa3BelNeHMsT AMKUX XKUBOTHBIX HE TOJIBKO 3aKPHITHI,
HO W U30JIUPOBAHEL.

Beuin TIpUHSATHEL Mephl 1T 00ECIICYCHUS TOTO,
yToOBl Bce OosibHbIe ¢ COVID OblIM BBIJICUEHBI,
a TeCHBbIC KOHTAKTHI OBLIX ITOCTAaBJICHBI IO M30JI1-
poBaHHOE MenulIMHCKOoe HabjroaeHue. [TpuHsThIe
MEPHI BKJTIOUAJTU B ce0sI ITPOMAJICHNE BEIXOMHBIX THEU
B YyecTh BeceHHero mpasaHuKa, KOHTPOJIb U IIPO-
BepKa OOOCHOBAaHHOCTHU ITIEPEABUKEHUS TpaxKIaH,
JIOCMOTP Ha BPEMEHHBIX U ITOCTOSTHHBIX KOHTPOIb-
HO-TIPOITYCKHBIX MYHKTaX, C TEM YTOOBI YMEHBIIUTh
COILIMAJIbHO MaJIO3HAYMMOE IIepeMeIlleHUe JTIONCH,
a TaK>ke OTMEHUTh MaCcCOBbIE MEPOITPUSITUS U COOP
TpaskJaH, CBI3aHHBIC C PUCKOM PaCIIPOCTPaHEHUS
nHpekuun. MapopMmanuss ob amuaeMuun U Mepax
npodUIaKTUKU U OOPBOBI C HEU peryJIspHO MyOJIu-
KOBaJlaCb. YCHUJIEHUE CBSI3U C OOIIECTBEHHOCTbIO
M CaHUTapHOE MPOCBEIIeHE HAaCeJICHUsI COITPOBO-
XKIaJoCh TaKXe KOOPAWMHHPOBAHHBIM pacIpeme-
JIeHHWEM TIPEAMETOB U TOBApOB MEAUIIMHCKOIO Ha-
3HAYCHU S, CTPOUTEIBCTBOM HOBBIX OOJBHUII, WC-
MOJb30BaHUEM 3ape3epBUPOBAaHHBIX KoeK. Kpome
TOTO OBLIIM TIepepacIipeaesieHbl COOTBETCTBYIOIINE
MOMEILIEHU I, YTOObI 0OECEYUTD JICUEHUE BCEX CIY-
yaeB COVID-19; 6b111 peAnpUHSITH YCUIWS IS
noaaepKaHUs CTAOUIBHOTO MPEIJIOXKEHUS TOBAPOB
MepBOii HEOOXOAMMOCTH U LIEH Ha HUX, YTOObI 0Oec-
neyuTh 0ecrnepedoiiHyo paboTy obIecTBa.

Cyl1lecTBEHHBIM COOBITHUEM B MepeioMe SMUIe-
muu COVID-19 ctajio to, uto 22 ssHBaps 2020 rona,
MOoCJIe OCO3HAHUSI CEPbEe3HOCTHU BCOBIIKY, Hammo-
HaJbHOE yHpaBJIcHHEe Oe30IMaCHOCTH 3IpaBOOXpa-
HEHMSI M1 MMUHUCTEPCTBO (PMHAHCOB BBIITYCTUIN
YBEAOMJIEHUE, TAPAHTUPYIOLIEE, YTO MEAULIMHCKUE
pacxXombl BCeX MaIlMeHTOB, Y KOTOPBIX ITOATBEPKICH
COVID-19, oyayT cybcuaupoBaThbCsl TpaBUTEIb-
CTBOM. DTa TIOJIMTUKA ObIJa IT03KE pacIpocTpa-
HeHa Ha Bce IoJo3puTeabHble ciaydan [8]. CHaTue
C MaJIoOOeCIIeUeHHBIX CJIOEB HaceJIeHUsI KaTa-
CTPpOMUICCKUX IJII HUX MEAMIIMHCKUX PACXOI0OB
YCTpaHUJIO (PMHAHCOBBIE Oapbepbl AJIST MAIIMEHTOB
C TIOATBEPXICHHBIMU U ITOO03pEeBaCMBIMM CIITyda-
amu COVID-19, nmo3Bonaunyio uM He3aMeaJIUTEeabHO
oOpalmaThCcs 3a MEIUIIMHCKOI ITOMOIIBIO, a TaKXKe
3alIMTUIO OT CEPbE3HBIX (PMHAHCOBBIX TPAT.

Bo Bpems snuaemuun COVID-19 B8 KHP 6n110
ype3BbIYaliHO BaXHO M HEOOXOAMMO J00pPOBOJIb-
HOE M OIHOBpPEMEHHOE COOJIIOIEHME TpakIaHaMU
MPaBUTEIBCTBEHHBIX Mep IT0 HEpaCIIpOCTPaHECHUIO
BUpYca, TAKUX KaK COllMaIbHOE TUCTAHIIMPOBaHUE,
npeObIBaHUE JOMA, YaCTOE MBIThe PYK U T.1I. CiiemyeT
OTMETUTh OCECHpeleIeHTHYIO COLIMaJbHYIO MOOU-
JIU3aINI0 HACEJIEHU S, YeTKO I HEYKOCHUTEIBHO CO-
OJIIOIABIIIETO BCE TIPEANMUCAHHBIC MEPhl KapaHTUHA:
TMOBCEMECTHOE COOJTIOIEHe TUTUEHBI PYK, MOCTO-

In the social mobilization through the popular so-
cial media platforms in China (WeChat, QQ, Weibo,
etc.), the “we-government” platform also took part
to coordinate the volunteer movement and feedback
exchange with/from government agencies, allowing
them to instantly evaluate public reaction to govern-
ment decisions. Employees of the «Internet govern-
ment» platform have shown that if most people ad-
here to hygiene rules proposed by the government that
interrupt the COVID-19 spreading and actively ask
others to follow these rules by exchanging informa-
tion on social networking platforms, the distribution
of COVID-19 is successfully controlled [10, 16].

The media and social networks constantly in-
formed the public about specific recommendations
on how to sterilize hands or put on and take off masks.
Due to informing the population about the course
of the epidemic and the measures taken by govern-
ment structures was transparent and timely there were
no panic statements, groundless slogans and intimida-
tion. Informing the population was carried out in pub-
lic transport, supermarkets, pharmacies, medical in-
stitutions, hotels and other public places. The delivery
services for food and medicine and the evacuation
of household waste worked perfectly. Upon entering
all public places non-contact thermometry was per-
formed. It should be noted that residents of China
in large cities mainly live in condominiums with
a fenced area. At the entrance to such a residential
quarter thermometry was also carried out, taking into
account all incoming and outgoing from it. Entrance
and exit was carried out strictly according to passes
of different colors, depending on the reason for move-
ment. Volunteers worked in each condominium con-
ducting thermometry of people who are in home quar-
antine and providing their vital needs.

Epidemic Prevention and Control Phase
Three

At the final stage, the activities focused on reduc-
ing the number of cases carefully monitoring the epi-
demic and achieving a balance between prevention
and control of the epidemic and sustainable economic
and social development with a single command, highly
qualified leadership and the implementation of sci-
ence-based policies. In Wuhan and other priority ar-
eas of Hubei Province the focus has been on treating
patients and interrupting transmission with emphasis
on concrete steps to take appropriate measures to test,
receive and treat patients. An approach based on risk
assessment and prevention was adopted with differen-
tiated measures of prevention and control for different
regions. Relevant measures have been strengthened
in the areas of epidemiological investigation, case man-
agement and epidemic prevention in high-risk public
places. All sequentially taken measures, as a result, al-
lowed the PRC to successfully deal with the epidemic
and remove the national quarantine on March 25.

At all stages of the epidemic response there was
a clear coordination of the ministries and departments
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STHHOE HOIIIEHME MAaCOK IPH BBIXOJIE W3 KBapTUPHI/
JloMa, CTpOroe COOJII0IEHUe peXXrMa OorpaHUYeH Ui
MEePeIBUXKEHMS IO TOPOTY.

B couuanpHOIl MOOUIM3aLIMKU 4Yepe3 TIOMYJIsip-
Hble TUIAT(OPMBI CcolMadbHBIX Meaua B Kutae
(WeChat, QQ, Weibo u np.) Takke HpUHMMAaIa
yJacTtue IiaropMa <«MHTEPHET-ITPaBUTEIbCTBA»
(wegovernement) IJIsi KOOPIUHAIIMKM BOJOHTEPCKO-
o IBUXCHUS M OOpaTHOI CBSI3U C TOCYIApCTBEH-
HBIMU CTPYKTYpPaMu, MO3BOJISIOIIAsT MOMEHTAJIbHO
OLICHUTh PeaKIINIO OOIIeCTBAa Ha pEIICHUS IpaBU-
TeabcTBa. COTPYIHUKAMM IJIAT(MOPMBI «<MHTEPHET-
MpaBUTEIbCTBA» OBLJIO TMOKa3aHO, YTO €CJIU OOJIb-
IITHCTBO JIIOIEH MPUICPKUBAOTCS IMTPEIJIOKEHHBIX
MPaBUTEIbCTBOM ITPaBUJ TMTUEHBI, TIPEPHIBAIOIIUX
nytu pacrnpoctpaHeHusi COVID-19, u akTuBHO
MPOCST APYTUX CJIEeIOBaTh 3TUM IMpaBujiaM, oOMe-
HUBasICh MH(pOpMaLeil Ha TaTdopMax coluaib-
HBIX ceTelt, pactipoctpaneHue COVID-19 ycnenrHo
KOHTpoaupyercs [6, 11].

CMMH u coumanbHBIE CETH ITPOBOIMIN ITOCTO-
SHHO¢ WHGOPMHUPOBAHNWE HACEJICHUS O IIpaBU-
J1ax 00pabOTKM pyK, HaJACBaHUS M CHSTUS MaCOK.
CBoeBpeMeHHO, 0e3 MaHWYeCKUX 3asiBJAeHuli, 0ec-
MOYBCHHBIX JIO3YHTOB M yCTpallleHWI, Hacee-
HUIO COOOIIAJIOCh O XO/A€ SNUAEMUU, Mepax, Ipu-
HUMAaeMbIX NPaBUTEIbCTBEHHBIMU CTPYKTYPaMHU.
AKTyanbHas MH¢GoOpMalus TpaHCIupoBaaach B 00-
IIIECTBEHHOM TpaHCIIOpTe, CylepMapkeTax, arTe-
Kax, MEAUIIMHCKUX YUPEKACHUSX, OTSISIX U APYTUX
o01IecTBEHHBIX MecTaX. YeTKo paboTaiu CiayxKObI
JIOCTaBKHU MTPOMYKTOB U MEAMKAMEHTOB, 9BaKyalluu
OBITOBBIX 0TXOHOB. [1p1 Bxome Bo Bce 0OIIIeCTBEHHBIE
MecCTa IMPOBOAMIIACh OECKOHTAKTHAsI TEPMOMETPHSI.
Crnenyetr otMeTuTh, uTo kutenu KHP B kpymHbix
ropogax, B OCHOBHOM, KWBYT B KOHIOMWHHUYyMax
¢ oropoxeHHoit Tepputopueii. Ilpu Bxone B Takoi
JKUJIOUM KBapTaJ TaK3Ke ITPOBOIMIIACH TEPMOMETPU S,
yUJeT BCEX BXOISIIINX M BBIXOISIINX M3 Hero. Bxon
M BBIXOH OCYIIECTBIISIJICS CTPOTO IO MPONycKaM
pa3HOTO 1IBeTa B 3aBUCMMOCTHU OT MPUUYUHBI Tepe-
IBUXEeHUs. B KaxkJaoM KOHIOMUHUYME padoTaliu
BOJIOHTEPHI, MPOBOAUBIIINE TEPMOMETPUIO JIMILI, Ha-
XOIISIIIMXCSI Ha TOMAaIlTHEM KapaHTUHE, 1 00ecIieun-
BaBIIIME UX KM3HEHHBIC TOTPEOHOCTMU.

TpeTnin aTan mep No NPeaoTBPaLLEHNIO
N KOHTPOJIIO HaA dnnaemMmnen

Ha 3akJiiounTe/IbHOM 3Tane MeporpusiTUs ObLIn
COCPEIOTOYEHBI HAa COKPAIIEHU Y YrCJia KJIaCTepU30-
BaHHBIX I'PYIII CJIy4YaeB, TIIATEJIbHOM KOHTPOJIE MU~
JeMUU U JOCTUXKEHU M OaaHca MeX Ty MTpodhUIaKTU-
KO Y KOHTPOJIEM IMUJAEMUU U YCTOMUYUBBIM 9KOHO-
MUYECKMM M COLIMaJbHBIM Pa3BUTUEM, C €IUHBIM
KOMaHIOBaHMEM, BBICOKOKBaJIM(DUIIMPOBAHHBIM pY-
KOBOICTBOM M peaju3allueii TTOJUTUKH, OCHOBaH-
HOM Ha Hay4yHBIX JaHHBIX. B ¥YxaHe u apyrux npuo-
PUTETHBIX O0JACTSIX TPOBUMHLIMU XyO3il OCHOBHOE
BHUMAaHUE YISISJIOCH JICUCHUIO MAaIlMCHTOB U IIpe-
PBIBAHUIO IcpeaadYn MH(PEKIINHT, C aKIIECHTOM Ha KOH-

involved in the work to eliminate the COVID-19
epidemic. Interagency coordination has become
one of the priorities of Chinese authorities. The op-
erational headquarters was created in the early days
of the epidemic and coordinated the activities of the
Ministry of Health, the Center for Disease Control,
the Ministry of Science and Technology, the Ministry
of Forestry and Natural Resources, the Ministry
of Internal Affairs, the Ministry of Transport and
Communications and other ministries and depart-
ments involved in the epidemic elimination.

Development and application of new
technologies in epidemic control activities

During the epidemic, advanced computer tech-
nologies were urgently developed and put into prac-
tice. In particular, the use of big-data analysis systems
and artificial intelligence was used to strengthen con-
tact tracking and management of priority (high-risk)
population groups. Relevant medical insurance poli-
cies were transferred to the mode of “paying for medi-
cal insurance regardless of the place of issue and
the amount of insurance coverage”.

All provinces supported Wuhan and the most af-
fected areas in Hubei Province to quickly curb the dis-
ease spread and ensure timely treatment. More than
42,000 doctors and nurses were mobilized to help local
health professionals. Medical and social services were
provided with mobilized for help and appropriately or-
ganized groups of volunteers, who patronize people at
risk who are in quarantine, as well as resolve emergen-
cy situations for other groups of the population, who
worked in a targeted and comprehensive way.

The work of enterprises and organizations resumed
in stages and by parties. Also, normal social activity
in the country was gradually restored. Disease preven-
tion knowledge is being popularized to improve liter-
acy and public health skills. A comprehensive emer-
gency research program is underway in the develop-
ment of diagnostics, drugs and vaccines determining
the characteristics of the course of diseases and identi-
fying the source of the virus.

At the moment when China was confronted with
the COVID-19 epidemic there were no therapeutic
agents that reasonably claimed etiotropic based on in
vivo and in vitro studies. Initially clinicians turned
to the methods of therapy used for SARS therapy, also
used for MERS (in the absence of any clinical efficacy
data) — ribavirin, interferon alfa and beta, oseltami-
vir, lopinavir/ritonavir. In parallel, an urgent search
for drugs that violate the process of virus penetration
into the cell and its replication mechanism began
[8]. Along with experimental work in China, more
than 100 clinical trials were simultaneously launched
to evaluate the effectiveness of the antiviral therapy
COVID-19, including intranasal alpha interferons,
ribavirin, lopinavir/ritonavir, arbidol, chloroquine
phosphate, sofosbuvir, remdesivir, interferon-B1b
convalescents, monoclonal antibodies, etc. Their re-
sults should be known soon [5, 11].
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KpETHBIC IIarv 0 peajin3alliid COOTBETCTBYIOIINX
Mep IpU TECTUPOBAHU U, IIPUEME U JICYEHU U TTAllEeH-
ToB. I[lomxom, oCHOBaHHBIN Ha OLIEHKE PUCKA U IPO-
dunakTuke, ObUI NPUHIT ¢ AUPOEPEHLINPOBAHHbI-
MU MepaMU MPOMDUIIAKTUKY U KOHTPOJIS TSI pa3HBIX
peruoHoB. COOTBETCTBYIOLINE MEPbI ObLJIA YCUJIEHBI
B 00JIACTH 3MUAECMHOJIOTMYECKOIO0 PacCyIeIOBaHu s,
BEICHUS CJIydacB 3a00JIeBaHUS U TIPEIOTBPAIICHUS
SNUAEMUIA B OOIIECTBEHHBIX MECTAaX BHICOKOI'O PUC-
Ka. Bce mmociiemoBaTe1bHO IIPUHSITEIC MEPhI, B UTOTE,
no3sonuau KHP ycriemiHo cipaBUThCS ¢ anuaeMueii
M 25 MapTa CHSITh HalIMOHAJIbHBI KapaHTUH.

Ha Bcex sTamax mpOTUBOACWMCTBUS SOUIACMUUN
CyIIeCcTBOBaJIa YeTKasI KOOPIUHAIIMSI MUHUCTSPCTB
M BEIOMCTB, BOBJICUCHHBIX B paOOTY 10 TMKBU IALITUU
sanuaemun COVID-19. MexBeaoMcTBEHHasl KOOp-
NUHALKs CTajla OAHOM U3 NPUOPUTETHBIX 32134 K-
TalickuX BiacTeil. OnepaTUBHBIN 1ITA0 OB CO31aH
B TIepBbIC THU SMUACMUNU W KOOPAMHHUPOBAJ Ieii-
cTBUsT MUHHMCTEpCTBa 3apaBooxpaHeHUs, LleHTpa
10 KOHTPOJIIO 3a 3a00JIeBA€MOCTbI0, MUHUCTEPCTBA
HayKM U TeXHOJOruii, MMHUCTEPCTBA JIECHOTO XO-
3MCTBAa U MPUPOIHBIX pecypcoB, MUHUCTEPCTBA
BHYTPEHHUX JeJ, MMWHHUCTEpCTBA TpaHCIIOPTa
U CBI3U U IPYTMX MUHUCTEPCTB U BEIOMCTB, yya-
CTBOBABIIMX B pa0OTE 110 JIMKBUIALIUU SITUIAEMUU.

Pa3paboTka 1 NnpuMeHeHNe HOBbIX
TEXHONOrNN B MEPONPUATUAX
Mo KOHTPOJIIO Ha, anuaeMmnen

B xone sanuaemMun ObIIM BKCTPEHHO pa3pabdoTa-
HBI ¥ BHEAPEHBI B IIPAKTUKY ITepeIOBbIE KOMITHIO-
TepHbIC TEXHOJOrMU. B 4aCTHOCTHU, UCITOJIb30BaHbI
CUCTEMBI aHaJIn3a 0oJiblInX TaHHbIX (big data) u uc-
KYCCTBEHHBIM MHTEJIJICKT, IJIsl YCUJICHUS OTCICK -
BaHUSI KOHTAKTOB M YIIPaBJICHUS TTPUOPUTCTHBIMU
rpynnamu HaceyieHus1. COOTBETCTBYIOIINE TTOJIMCHI
MEOWIIMHCKOTO CTPaXOBaHUSI OBIJIM TepeBEICHBI
B PEXKUM «OIJIaThl MEAUIIMHCKOTO CTPaXOBaHUsI BHE
3aBUCHMMOCTHU OT MECTa BBIIaY1 U CYMMBbI CTPAaXOBO-
IO TIOKPBITH ST».

Bce mpoBMHIMM OKa3ajdW MOMAEPXKKY YXaHU
1 HaumboJiee MopaXeHHBIM palioHaM B IIPOBHUHIINU
Xy03i1, 4TOOBI OBICTPO 00Y34aTh pacrpoCTpaHEHUE
0OJIE3HNM U OO0ECIICYMTh CBOCBPEMEHHOE JICUCHUE
3aboieBlIMX. bbl1o MoOuauzoBaHo 6Oosiee 42 000
Bpaueli M MEOWIIMHCKUX CeCTep Ha ITOMOINb CIIe-
MaJMCTaM MECTHOW CUCTEMbI 3IpaBOOXPaHEHUS.
B moMomis MEAUIIMHCKUM 1 COIIMATBHBIM CITy>KOaM
MPEeIOCTaBISINCh MOOMJIM30BaHHbBIE AJIS1 MOMOIIU
M COOTBETCTBYIOIIMM 00pa30oM OpraHM30BaHHbBIC
TPYIIIIBI BOJIOHTEPOB, OCYIIECTBISBIINE MTaTPOHAX
JTIONE M3 TPYNI PUCKA, HAXOMSIIUXCS B KapaHTH-
He, a TaK>Ke TIOMOTaBIIIME PEIIUTh APYTHUE ITPOOIEMBbI
(B TOM 4mCJIIe ¥ ITPO0OJIEMbI, BOSHUKABIIINE SKCTPEHHO
y BceX rpymni rpaxaaH). OOy4eHHbIe ¥ TPEHUPOBaH-
HbIe BOJIOHTEPHI paboTaIu KOMIUJIEKCHO U mpodec-
CHMOHAJILHO, YTO TOBOPUT O BHICOKOM YPOBHE ITOATO-
TOBKM YYaCTHUKOB BOJIOHTEPCKOT'O ABUKCHUSI.

Also as soon as possible efforts were made to create
PCR test systems, their accelerated development and
production in order to provide all provinces of China
with diagnostic kits [4]. During the January 2020
it was possible not only to develop 8 diagnostic Kkits
but also to expand their production with a capacity up
to 1,650,000 tests per week. During the period from
January to March 2020, it was possible to develop and
begin production of both quick tests based on the ICA
technology and ELISA tests for serological screening
and assessment of collective immunity of convales-
cents and contact persons [4, 6].

Discussion

In the context of an epidemic or pandemic the clear,
efficient and transparent interaction of interdepart-
mental structures and the axis “the whole govern-
ment — the whole society” is of particular importance.

Outbreak financial protection matters. At the ini-
tial stage of COVID-19 epidemic in the PRC out-of-
pocket expenses created a significant financial bur-
den for low-income, socially vulnerable groups of the
population that already had severe clinical symptoms,
even for those covered by the social health insurance
system.

Social mobilization of the population plays a para-
mount role in controlling the epidemic. Social net-
works can be a useful channel for people with good
Internet literacy, but for those who do not have ac-
cess to the Internet, especially among older people.
Broad information coverage is required both through
the media and social networks.

In addition, timely treatment also depends on the
effective functioning of communities. Lack of com-
munity capacity and social mobilization in remote
subsidized areas and regions may be another key vul-
nerability for providing timely care to patients.

In addition to directly affecting the health of vul-
nerable populations, the epidemic will inevitably have
long-term socio-economic consequences for both
the people and the communities in which they live.
For example, it is believed that the outbreak of cholera
in London in 1854 still has negative economic conse-
quences for some areas and the city [1].

The epidemic has seriously affected the livelihoods
of vulnerable groups living in poor areas. Quarantine
led to the breakdown of transmission chains of infec-
tion, but also brought serious economic damage, espe-
cially to small businesses. Reduced income, in turn,
will harm future health [12]. Comprehensive support
is needed from the state for vulnerable small busi-
nesses to minimize the future negative consequences
of the impact of the COVID-19 epidemic on the na-
tion health [18].

Further research is needed both in relation to the
evolution, epidemiology of the virus, the pathogen-
esis of COVID-19, the improvement of diagnostic
methods, the development of etiotropic therapy and
COVID-19 prevention. Careful analysis is the key
to understanding all the social and economic conse-
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Ypokun anngemun COVID-2019 B Kutae

Pabora npeanpusTuii U oOpraHusalMii BO3-
OOHOBJISIJIACh MOATAHO M mapTUsMU. Takxke mo-
CTETNIEHHO BOCCTaHaBJUBAETCSl HOpMaJibHasl COLIU-
aJbHasl ACATENIbHOCTh B cTpaHe. OCyIIeCTBISIETCS
OOITYJIIpU3allusl 3HAHUN O mNpodUIaKTUKE 3a-
0ojieBaHUM C 1LEJIbIO TIOBBILIEHUS YPOBHSI MEIU-
LIMWHCKOU TPAaMOTHOCTU M TIOAJNEPKAHUS HABBIKOB
OOIIIECTBEHHOTO 3[paBooxpaHeHUus. [IpoBoauTcs
KOMILJIEKCHAas IMporpaMmMa Hay4HbIX UCCIIEIOBaHU I
B 00JIaCTU Ype3BbIUYAHBIX CUTYyallUui, pa3paboTKu
CPEeACTB AMAaTrHOCTUKU, JEYEHU S U MPODUIAKTUKH,
onpejaesieHue 0COOeHHOCTEe TeueHU s 3a00JIeBaHU i1
U BbISIBJICHHWE UCTOYHMKA BUpYyca.

ObcyxaeHne

B ycioBusix snuaeMuu M IaHIEMUU ocoboe
3HAYCHUE UMEET YETKOE, OTIepaTUBHOE U OTKPBITOE
B3aMIMOJICHICTBME MEXBEIOMCTBEHHBIX CTPYKTYP
M OCH «BCE€ TTPABUTEIBCTBO — BCE OOIIIECCTBOY.

BaxxHoe 3HaueHHWE BO BpeMsI BCITBIIIEK MMEET
¢uHaHCcoBas 3amuTa. Ha HauaibHOM 3Tarie Srmuae-
muu COVID-19 B KHP pacxoabl u3 coGCTBEHHOTO
KapMaHa co3JaBajiM CYylLIeCTBEHHOEe (UHaHCOBOE
OpeMms 1151 MaJIo00eCIIeYeHHbIX, COLIMAJIbHO-YSI3BU-
MBIX TPYIII HaceJeHM S YK€ UMEBIIIUX BbIPAKEHHY IO
KJIMHUYECKYIO CUMIITOMATUKY, Haxe IJIs TeX, KTO
OBLII OXBAaYCH CUCTEMOI COLTAIBHOT'O METUITTHCKO-
ro CTpaxOBaHUSI.

CouuanbHasi MOOMIM3ALIUST HACEAEHUST UT'pAEeT
MEPBOCTEIIEHHYIO POJIb B KOHTPOJIC HAad SITUISMUCH.
ConmajabHbIe CETH MOTYT OBITH ITOJIE3HBIM KaHAJIOM
IJISI JIIOJEU C XOPOILIEH MHTEPHET-TPAMOTHOCTBIO,
HO IJI51 TeX, Y KOTO HeT AocTyIla K MHTepHeTy, oco-
OE€HHO cpeau NoXuJIbIX Jtoneit. Heodxoaum muvpo-
KU MTHQOPMAIITMOHHBI oxBaT Kak yepe3 CMMU, Tak
M Yyepe3 ColaibHbIe CeTH.

Kpowme Toro, cBoeBpeMeHHOE JIeUeHHUe TaKXKe 3a-
BUCUT OT 3P eKTUBHOM paboThI cood1IecTB. OTCYT-
CTBHE TIOTEHIIMaJa COOOIIeCTBa U COLIMAIbHOI MO-
OUIM3aluu B yAaJEHHBIX HOTAllMOHHBIX pailoHax
U pEruoHax, MOTYT ObITh €Ille¢ OMTHUM KJIIOUYEBBIM
YSI3BUMBIM MECTOM JIJIsI OKa3aHUsI CBOEBPEMEHHOIM
TOMOIIY MAIlMCHTAaM.

IToMuMO  HENMOCPEACTBEHHOTO  BO3ACUCTBUS
Ha 3I0pOBbE YSI3BUMBIX T'PYIIIT HACEJICHUS, SIMTULC-
MUSI HEU30eXHO OyneT MMETh JOJTOCPOUYHBIE CO-
[MaJIbHO-9KOHOMMWYECKHME TIOCICACTBUSI KaK JJIst
JItoNeit, Tak U JJisl COOOIIECTB, B KOTOPHIX OHU KU~
ByT. Hampumep, cumTaeTcsi, 4TO BCHBIIIIKA XOJEPhI
B JlongoHe B 1854 romy Bce ellle MMeeT HeraTHB-
HBIE SKOHOMMYCCKHE TTOCICACTBUS IS HEKOTOPBIX
paitoHoB u ropoja [1].

DnuaeMus Cepbe3HO 3aTPOHYIA WCTOYHUKU
CPEICTB K CYIIECTBOBAHUIO YSI3BUMBIX TPYIIIT Ha-

quences of the epidemic and the development of opti-
mal preparation and response plans aimed at prevent-
ing future epidemics and pandemics.

Conclusions

Clear interaction between ministries and depart-
ments, government and society, strong restrictive
measures, social mobilization of the population and
tracking contacts using new computer technologies,
as well as ensuring the state all medical expenses dur-
ing the epidemic, play a key role in its elimination.
Equally important for mitigating the epidemic effects
is government support for the most vulnerable sectors
of the population and small business structures.

CeJICHUs, IIPOXMBAIOIINX B OCOHBIX pailoHaX.
KapaHTrH mpuBen K pa3phbIBy LIETIOUYCK ITepemadu
WH(EKIU, HO TIPUHEC U CEPbEe3HBIM 3KOHOMMU-
YecKU ypOH, B OCOOEHHOCTH MaJioMy OU3Hecy.
CokpallleHrde I0XOI0B, B CBOIO Ouyepenb, HaHECeT
yiiep6 oyayiuemy 3aopoBbio [7]. Heobxonuma Bce-
CTOPOHHSISI TIOAJEPKKAa CO CTOPOHBI IOcymapcTBa
YSI3BUMBIX CTPYKTYP MaJIoro Ou3Heca IJIsI MUHUMAa-
JTA3alY OyAyIINX HeraTUBHBIX ITOCTISACTBUNA BIIUSI-
Hus snmuaeMun COVID-19 Ha 3mopoBbe Hannu [13].
Heo0xonmnmMo nponoiaxkKeHue HayuyHbIX UCCAeI0-
BaHUI 3BOJIIOLIMY, MU AeMUoI0ruu Bupyca SARS-
CoV-2, maroreHeda COVID-19, coBepuieHCTBO-
BaHUU METOOOB AUArHOCTUKU, pa3paboOTKe 3TUO-
TponHoOi Tepanuu u Tpoduiaaktuke COVID-19.
HemanoBa>kHBIMU SIBISIIOTCSI TaKXKe aHAJIU3 COIM-
aJIbHBIX 1 2KOHOMHMYECKMX MOCJICICTBUN STUIESMUN
M pa3paboTKa ONTUMAJILHBIX IIJIAHOB ITOATOTOBKHU
M OTBETHBIX ACUCTBUIA, HAIIPABJICHHBIX Ha IIPEIOT-
BpallleHUe SMUAEMUI U MaHAEeMU 1 Oyay1ero.

BbiBOAbI

YeTKoe B3anMOIeICTBIE MEXK Ty MUHUCTEPCTBA-
MH W BEIOMCTBAaMHU, a TaKKe MEXIY ITpaBUTEIIhb-
CTBOM M OOIIIECTBOM, CTPOTME OTPAHUYUTEIbHbBIC
MEpBI, COLIMaIbHasi MOOMJIM3AIMsI HaceJIeHUSI U OT-
cleXXMBaHHWE KOHTAKTOB C MCITOJb30BaHMEM HOBBIX
KOMIBIOTEPHBIX TEXHOJOIMU, a Takxke obecreye-
HHE TOCyZapCTBOM BCEX METUIIMHCKHUX PaCXOI0B
B TIEPUOJ SIIUIEMUU UTPAIOT KIIIOUEBYIO POJIb B €€
nukBugany. HematoBaxkHoe 3HaYCHUE IJIST CMSIT-
YEeHUS TOCJCACTBUI AMUASMUN NUMEEeT IOIIepKKa
rocyIapcTBOM HauboJiee YsSI3BUMbBIX CJIO€B Hacele-
HUSI M CTPYKTYP MaJjioro OmsHeca.
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UCTOPUA USYHEHUA U COBPEMEHHA4
KJIACCUDPUKALIUA KOPOHABUPYCOB
(NIDOVIRALES: CORONAVIRIDAE)

M.IO. Illeakanos’23, A.1O. ITonosa*>, B.I'. leakos®, B.I. Akumkun’, B.B. MaJieep’

! Mexcoynapoonwiii hayuno-obpazosamenshulii yenmp ouonsoeuyeckoil bezonacnocmu Pocnompebnadsopa 6 larvnesocmounom
gedepanvnom ynusepcumeme, 2. Bradusocmok, Poccus

2Dedepanvhblii HayuHbLil yenHmp 6uopaznoobpasus nazemnoi 6uomost Bocmounoii Azuu JIBO PAH, e. Baradusocmok, Poccus
JDOBY3 Ilenmp eueuenvt u snudemuonoeuu ¢ lipumopcrkom kpae, e. Bradusocmok, Poccus

4 Dedepanvras cayucba no Hadzopy 6 chepe sauumeot npaé nompedbumeneii u 6aazonoryuus venosexa, Mockea, Poccus

> Poccuiickas meduyunckas akademus HenpepbleH020 NPogheccuonHarsHo2o oopazosanus, Mockea, Poccus

¢*OBEYH HUH snudemuonozuu u mukpobuonoeuu umernu Ilacmepa, Cankm-Ilemepbype, Poccus

" Henmpanvnorit HUH snudemuonoeuu Pocnompebrnaoszopa, Mockea, Poccus

Pesiome. BosHukiias Ha pyoexe 2019—2020 rr. cHavaja B T. YXaHb (KUTalicKol mpoBUHLIMK Xy03ii) U paciipocTpa-
HUBILAsICA 3aTeM BO MHorue cTpanbl Mupa anuaemust COVID-19 (Coronavirus disease 2019), aTuosornyecku cBsi-
3aHHas ¢ BUPYCOM TSIXKEJIOro OCTporo pecnupaTopHoro cuHapoma 2 tumna (SARS-CoV-2 — Severe acute respiratory
syndrome 2), mopoauja HOBYIO BOJIHY MHTepeca K KopoHaBupycaM. [lepBbie KOpOHaBUPYChl — MPEACTABUTENH Ce-
MmetictBa Coronaviridae n3 otpsna Nidovirales — ObIIA OTKPBITHI €1l B TIEPBOI MOJOBUHE ITPOLIIOro BeKa. [1epBoiit
KopoHaBupyc 4yesoBeka, HCoV-B814, 6b1s1 n3oanpoBad B 1965 1. 1 K HaCTOAILIEMY BpeEMEHH HE COXPAHMUIICS B BU-
PYCOJIOTMIECKUX KOUIEKIIMAX. 3a TPOIIeAInee BpeMsl TPOM30III0 MHOTOKPAaTHOE HACTOCHUE YCTapeBIINX Ha3Ba-
Huii. K Havamy XXI B. KOpOHaBUPYCH MPEACTaBISIN CEPhe3HYIO BETEPUHAPHYIO TTPOOJIEMY, OTHAKO CUMTAJIOCH,
YTO SMUIEMHUICCKIE KOPOHABUPYCH HE OTHOCITCS K UYHMCIY 0CO00 OmacHBIX. HayaHOMY COOOIIECTBY MPUIILIOCH
nepecMaTpuBaTh 3TU MpeacTaBieHus cHavyajga B 2002 T., Koraa BUPYC TSIXEJIOr0 OCTPOrO pecrnupaTtopHOro CUH-
npoMa (SARS-CoV — Severe acute respiratory syndrome-related coronavirus) NpoHUK B OMYJSILMIO JIOAEH U3 MO-
NyJasuuu Jetyunux Mmbiieil B Oro-BoctouHoit A3uu, a motom B 2012 1., Korjga ObIJIM OTKPBITHl MPUPOAHBIE OYaru
Bupyca bauxkHeBoctouHoro pecniupatopHoro cuHapoma (MERS-CoV — Middle East respiratory syndrome-related
coronavirus) Ha TeppUTOPUN ApPaBUIICKOTO MOJYOCTpOBa. B pe3ynbTaTe akTHBU3aLMK MHTEpeca K KOpOHaBUpycaM,
B IepBbIe ABa AecaTuaeTvss X X1 B. ObII0 OTKPBITO 00JIbIIOE KOJMYECTBO HOBBIX NpeactaButeieit Coronaviridae, 4To
MOTPeOOBaJIo HECKOJIbKUX PEBU3H I TAKCOHOMUYECKOM CTPYKTYPHI 3TOro ceMeiicTBa. Hactosamuit 0630p mocBsiieH
HMCTOPUHU U3YUEHUSI KOPOHABUPYCOB U CUCTEME UX COBPEMEHHOI KilacCu(uKaImm, KOTopas CI0XKMUIaCch Ha HAYaJl0
2020 1. B COOTBETCTBUH C TIOCICTHUMHU peKOMeHIanusIMu MexnyHapogHoro KoMuTeTa mo TaKCOHOMUM BUPYCOB.

Karouesnie caosa: xoponasupyc, Nidovirales, Coronaviridae, SARS-CoV, MERS-CoV, SARS-CoV-2, 2019-nCoV, COVID-19,
MaKCcoHOMUSL.
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Abstract. An epidemic of COVID-19 (Coronavirus disease 2019) etiologically associated with the SARS-CoV-2 (Severe
acute respiratory syndrome-related coronavirus 2) that occurred at the turn of 2019—2020 firstly in Wuhan (Hubei province
of China) and then spread to many countries around the world rose a new wave of interest to coronaviruses. The first coro-
naviruses — members of the Coronaviridae family belonging to the order Nidovirales — were discovered in the first half of the
last century. The first human coronavirus, HCoV-B814, was isolated in 1965 that was not preserved in available virological
collections. Over the last time, old-fashioned names and terms have been overlapped. By the beginning of the XXI century
coronaviruses posed a serious veterinary problem but it was believed that epidemic coronaviruses were not among highly
dangerous viruses. Scientific community had to revise such views first in 2002 when SARS-CoV (Severe acute respiratory
syndrome-related coronavirus) was transferred to human population in the Southeast Asia from bats, and then in 2012 when
natural foci of the MERS-CoV (Middle East respiratory syndrome-related coronavirus) were found on the territory of the
Arabian Peninsula. Due to an increased interest in coronaviruses, a large number of new Coronaviridae members was discov-
ered in the first two decades of the XXI century, which required to revise its taxonomic structure several times. This review
is aimed at outlining a history of investigating coronaviruses and their current classification that was shaped in early 2020

in accordance to the last recommendations of the International Committee on Taxonomy of Viruses.

Key words: coronavirus, Nidovirales, Coronaviridae, SARS-CoV, MERS-CoV, SARS-CoV-2, 2019-nCoV, COVID- 19, taxonomy.

Wctopuss u3yyeHUsT KOPOHABUPYCOB Haya-
gachk B 1931 r., Korma amepuKaHCKUE BeTepUHAa-
pol A.F. Schalk u M.C. Hawn omucanu «HOBOe
pecnuparopHoe 3abosieBaHue»! y upimasar [107],
B PYCCKOSI3BIYHOM JMUTepaType MOJy4yuBIlIee Ha-
3BaHUE <«MHG(EKIMOHHBIK OpOHXMUT Kyp» [3, 5].
DTUONOTMYECKUI areHT 3Toro 3aboJieBaHUSs, pa-
Hee Ha3bIBaBILIMICS BUPYC MH(PEKIIMOHHOTO OPOH-
xuTta (IBV — Infectious bronchitis virus), B HacTosI-
1iee BpeMsl HOCUT Ha3BaHUE KOPOHABUPYC MTUIL
(ACoV — Avian coronavirus) (Gammacoronavirus,
Igacovirus)* n BKITI04aeT B ce0s peXIe CAaMOCTOSI-
TeabHble KopoHaBupyc nHaeek? (TCoV — Turkey
coronavirus) [26, 85] m kopoHaBHupyc (a3aHOB
(PhCoV — Pheasant coronavirus) [26] (Ta6xa. 1).
B CCCP uHGQpEKIUMOHHBII# OpPOHXUT Kyp OBLI
BIIEpBbIC WACHTUGUIMPOBAH B 1946 T. y LBITLIAT,
BBIBEIECHHBIX M3 MMIIOPTUPOBAHHBIX AUl [5].
IMpupoaHbsiM pesepByapom ACoV, MO-BUIUMOMY,
SIBJISIIOTCSI a3uaTCKUe TpeacTaBUTEIM ceMelcTBa
dazanoBbIX (Galliformes: Phasianidae) [19, 115].
ACoV noBceMecTHO paclpoCcTpaHeH B MOMYASLU-
SIX JOMAILIHUX TITULL, TJIaBHBIM 00pa3oM Kyp (Gallus
gallus domesticus) v uHaeex (Meleagris gallopavo),
SIBJISIETCSI BHICOKOKOHTAruo3HbIM M HAHOCUT Ce-
PbE3HBIT SKOHOMMUYECKUI YIIEepO CETbCKOMY XO-
34MCTBY, Iopaxas pecliupaTopHbIi TPaKT, MOYKU

U PEINpONYKTUBHYIO CUCTEMY MHMUILIMPOBAHHBIX
MNTULl, BbI3bIBAas CHUKEHUE MpuUBeca U sSIULEHO-
CKOCTM B3POCJBIX OCO0eil, a TakXe JieTaJbHbIe
(5—25%, B HeKOTOpBIX ciaydasix — 10 60—90%) amu-
300TUM y LBITIJIST MEPBOro Mecsilia Xus3Hu [3, 5, 19,
75, 107, 115].

B 1946 1. amepuKaHCKUE MCCIeAOBATEIN
L.P. Doyle u L.M. Hutchings orucaiu BUpyc TpaHc-
MuccuBHOro ractposHtepurta cBuHeir (TGEV —
Transmissible gastroenteritis virus) [43], KoTopblii
IIIMPOKO pacrpocTpaHEeH BO BCeM MUpe, MpoTeKa-
eT B (popme TsIKeJIoro KkarapajbHO-reMopparuyec-
KOro TacTpo’HTepuTa, NMpody3HOU auapeu, pBO-
Tl U XapaKTepU3yeTCs BBICOKOW JIeTaJbHOCTBIO
(1m0 100%) cpeny mopocsT B BO3pacTe J0 JABYX He-
neib [3, 43, 102]. B 1986 r. Ha TeppuTopuu beabruun
ObLJI BIIEPBBbIE OIMCAH POJACTBEHHBIN pecnupa-
TOopHbI KopoHaBupyc cBuHeii (PRCV — Porcine
respiratory coronavirus) [95], KoTopblii B OTJMYUE
ot TGEV nopaxaeT ri1aBHbIM 00pa3oM pecrupa-
TOPHBI TpaKT — OT BEPXHUX €r0 OTAEJIOB 10 Jier-
kux [3, 95]. beino ycrtaHoBieHo, yTo PRCV He sB-
JISEeTCSI HE TOJIbKO CaMOCTOSITEIbHBIM BUPYCOM,
HO JaXXe OTACAbHBIM T'€HOTUIIOM — 3TOT BUpPYC-
HbIit BapuaHT uaeHtudeH TGEV u mnpeacraisi-
eT co0O0il ero maToTuM, OTJAMYAIOLIMICS Aeaelei
227 aMUHOKHUCJIOTHBIX OCTAaTKOB B IN-KOHIIEBOI

! «<HoBbIM» 3T0 3a60J1€BaHKE ObIJIO HA3BAHO, UTOOBI OTIIMYUTH €r0 OT OMUCAHHOTO B 1920-X I'T. 3a60/IeBaHU S, STUOJOTUYECKHU CBI3aHHOTO
¢ BupycoM nHdeximonHoro sapuHrorpaxenta ntuil (ILTV — infectious laryngotracheitis virus), KOToOpblii ceronHst Ha3bIBaeTCs repriecBUpPycC
kypuHbIiX 1-To Tinia (GaHV-1 — Gallid herpesvirus 1) (Herpesvirales: Herpesviridae, Iltovirus) |3, 5].
? 3pech U 1ajiee TAKCOHOMHUYECKOE MOJTOKEHNEe KOPOHABUPYCOB OYIeT yKA3bIBATHCSI O COKpalieHHOMY dhopmaty (Pod, [Todpod) — cm. tab. 1.
3 KopoHaBUPYCHBII DHTEPUT WHIEEK, BbI3biBaeMblii TCOV, HasbiBaJjics 60Jie3HbIO cu3oro rpedHst (bluecomb) [5].
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yactu S-6enka [108], yyacTByIOLIEro BO B3aMMO-
JIEMCTBUM BUPUOHA C MOBEPXHOCTHBIMU PEIEITO-
pamu KJieTok-mulneHeil. IlpencraButenu cemeii-
ctBa 1coBbiX (Carnivora: Canidae) cnocoOHBI 3apa-
xkatbcs TGEV u nopsinka 2 Helesib BBIACISITH BUPYC
¢ pexkanusamu [77]. OnHako B 1974 r. y cobak ObLI
OImMcaH COOCTBEHHBIM KOpPOHABMPYC, BBI3bIBAIO-
IIUN mopakeHue KuiedyHuka [22]. ITo3xe 3ToT BU-
pyc TOXe pasmesiMJId Ha IBa MaToTUIIa, MMEIOIINe
pa3auyMs B aMWHOKWCJIOTHOM TOCJIea0BaTe/hb-
HOCTHU S-TeHa: MeHee MaTOreHHBI KOpOHaBHpYyca
cobaxk 1-ro tumna (CCoV-1 — Canine coronavirus 1)
un ouskuii K TGEV 6onee natoreHHsiit CCoV-2 [3].
AHajoruyHasi CUTyalus ¢ pasfaejeHrueM Ha 1aTo-
TUTIBI B pe3yabTaTe pa3jiMuuii B CTPyYKType S-TeHa
BO3HUKJIa 1y KOpPOHABUPYCOB Koltaubux (Carnivora:
Felidae): MeHee neTaibHBIN KOPOHABUPYC SHTEPUTA
komiek (FECV — Feline enteritis coronavirus) mu-
POKO pacnpoCTpaHeH Cpeayd TUKUX M JOMAlTHUX
JKUBOTHBIX, BBI3BaHHasi MM OO0JIe3Hb MPOTEKaeT
OTHOCUTEJIBHO JIETKO M MOXET XPOHU3UPOBATHCS
[94], a BUpyc MH(pEKIITMOHHOIO MePUTOHUTA KOIIIEK
(FIPV — Feline infectious peritonitis virus) BcTpe-
YaeTcsl pexe, HO CIIOCOOEH BBI3BIBATh CUCTEMHOE
JetanabHoe 3aboseBaHue [93]. B HacTosiee Bpems,
CCoV-1, CCoV-2, FECV, FIPV, PRCV u TGEV
paccMaTpuBalOTCs Kak MOABUIBI allb(haKopoHaBU-
pyca 1-ro Tuna (AlphaCoV-1 — Alphacoronavirus 1)*
(Alphacoronavirus, Tegacovirus). BMecTte c TeM pecru-
paTtopHbIii KopoHaBupyc cobak (CRCoV — Canine
respiratory coronavirus) okasaJicsl IITaMMOM KOPO-
HaBUpyca KpymnHoro porartoro ckota (BetaCoV-1)
C BUJOM3MEHEHHBIM S-0enkoM [71], a maHTPONHBINA
KopoHaBupyc cobdak (PanCCoV — Pantropic canine
coronavirus) — mrtammoM CCoV-2 (AlphaCoV-1)
C €IMHCTBEHHOI XapaKTEpHOI 3aMEHOI B CIaliKo-
BoMm Oenike S: D125N [40] (Ta6a. 1).

B 1949 r. Ob11 onrcaH BUpYC remnatuTa MblIIei
(MHV — Murine hepatitis virus) [17, 29], koTo-
pbIii Ype3BbIYAWTHO IIMPOKO pacHpOCTpaHEH Cpe-
U AUKUX U JTaOOopaTOPHBIX JOMOBBIX Mblllei (Mus
musculus), BbI3bIBAeT MOpaXkeHWe MeYeHU U IMpU-
BOOMT K 3HAYMTENbHON JeTajabHOCTH (mo 100%)
CpeIy MBIIIAT-COCYHKOB B BUBApHBIX KOJOHUSX
[3, 20]. C 2011 r. MHV HocuT coBpeMeHHOE Ha-
3BaHUe «KOpoHaBupyc Mblleit» (MCoV — Murine
coronavirus) (Betacoronavirus, Embecovirus) [124].
K navany XXI B. MCoV 06b11 Hauboee n3ydeH-
HbIM nipenctaButenem Coronaviridae (ycTymnuB 3a-
TEM BTOT «TUTYJ» 0CO0O OITaCHBIM KOPOHaBUPYyCcaM
yengoBeka SARS-CoV u MERS-CoV). Ilono6Ho
MHOTUM JPYTMM KOpPOHaBMpycaM, MHOTOYMCJICH-
Hble uTaMMbl MHYV Ob1IM pasneneHbl Ha ABa Ma-
TOTHUIIA, TTOJYYUBIINE HA3BAHUS DHTEPOTPOITHBIX®

(BBI3BIBAIONINX IIUTOJM3 DHTEPOIIUTOB U MHOTIO-
YUCJIEHHbIE HEKPO3bl CHU3UCTON KUIIEYHUKA)
W TOJMTPOITHBIX (PEenpoayLUpYIONIUecs B BMH-
TEJIMM HOCOTJOTKH, ITopakatolive JTuMQoy3bl,
HO HE BNUTEJUN KUIIeUHWKA; U3BECTHBI HEMpo-
TpomHble mTaMMbl) [18]. B skcnepuMeHTaaIbHBIX
YCJIOBUSIX KPBICBI-COCYHKHW MOTYT OBITh 3apaxe-
Hel MHV, nosatomy HeKoTOpoe BpeMs 3TOT BUPYC
paccMaTpuBaJics KakK OOLLMIA AJIsI MbIIIE U KPHIC.
OnHako B 1970 r. ObLJI ONKMCaH CaMOCTOSITEIbHbIN
kopoHaBupyc Kpbic (RtCoV — Rat coronavirus),
BBI3BIBAIOIIMI TTOpaskeHUe PECITMPaTOPHOTO TpaK-
Ta U JIETKMX, a TakxKe cuajogakpuoaaeHuT [92].
K RtCoV uyBCTBUTENbHBI XKUBOTHBIE BCEX BO3pac-
TOB, HO B HAaMOOJIbIIE CTENEHU — HOBOPOXICH-
HBI€ KPBICATA, CPEIU KOTOPBIX HAOJIOAAEeTCST yMe-
peHHas ietaabHOCTh (0 40%) [3, 92]. OnucaHHbI
eme B 1948 r. J.A. Miles u M.G. Stoker KopoHaBU-
pyc nyddunoza (PCoV — Puffinosis coronavirus),
KOTOPBIl BBI3BIBAET KOHBIOHKTUBUTHI, BOJIBIPU
Ha rJTaBaTeJIbHBIX MepEeNoHKax Jall v CITa3Mbl pa3-
rubaTeIbHBIX MBI Y OOBIKHOBEHHBIX OypeBeCT-
HUKOB (Puffinus puffinus) Ha octpoBax CKoMep
1 CKOXOJIbM Yy I0TO-3aI1aTHOTO Mo0epexkbsl Yabca
(Benukooputanus) [82, 88], okazajcsa OJMU30K
K MHV u RtCoV. IlpuunHa KpoeTcs B TOIYJs-
IMOHHBIX B3aUMOACHUCTBUSAX MBIIIEBUIHBIX T'PbI-
3yHOB M OYpeBECTHUKOB, OTKJaJbIBAIONINX S
B HOpaxX, KOTOPbBIE 3aCEISIFOTCSI TPhI3yHAMU B MEX-
rHe3noBoii mepuoa. B Hacrtosiiiee Bpemss MCoV
BkIoyaeT B cedss RtCoV u PCoV B kauecTBe noa-
BUAOB (Tada. 1). BepositHee Bcero, k MCoV npu-
Hapyiexut u Bupyc Pynne (RNDV — Runde virus),
Tak U ocTaBlIuiics euie ¢ 1970-x rr. B ctatyce He-
kJaccupuuupoBaHHoro [3]. RNDV 6511 uzonupo-
BaH B 1977 1. U3 UKCOIOBBIX KJielleil Ixodes uriae,
COOpaHHBIX B THE3/IOBBIX KOJIOHUSIX MOPCKUX TITHII
Ha HOpBexXckoM ocTpoBe PyHae [118]. [ITuiibl BbI-
HYXJEHBI MCITOJIb30BaTh JJIS THE3J pPacIleIUHbI
CcKaJl MJIM PBITh HOPBI [HampuMep, Tak AealoT aT-
naHTu4yeckue Ttynuku (Fratercula arctica)l. DTn
K€ YKPBITUSI MCIOJB3YIOT 3aTeM TPbI3YHbBI, a Ha-
MUTaBIINECS MKCOAUABI MOTYT COIEPXaTb BUPYC
Mo KpaliHell Mepe B KMIIeYHUKe (ITOCKOJIbKY (haKT
ouonornyeckoit tpaHcmuccu RNDV He ycTaHOB-
sneH). KocBeHHO B MOJIb3Y 3TOW TMMIOTE3bl CBUJE-
TEJIBCTBYET OTCYTCTBUE KOPOHABHMPYCOB Cpeau
IITAMMOB, U30JIJUPOBAHHBIX OT I. uriae Ha HeOOb-
WX JIMIIEHHBIX ITPECHO BOJBI OCTPOBAX, TIE
IPBI3YHBI OTCYTCTBYIOT [9, 73, 104].

Ocenblo 1958 1. B KaHAACKOU MNPOBUHLUU
OHTapuo OBLIO 3apervucTPUPOBAHO TSIKe0e 3a00-
JIeBaHHME MOPOCSIT: MO AOCTUKEHUIO 6—7-THEBHOTO
BO3pacTa y XKMBOTHBIX OTMEYaJIMCh IPOXb KOHEU-

4 Anb(hakopOHaBUPYCHI APYTUX TUIIOB MIOKA OTCYTCTBYIOT, ¥ YKa3aHue Ha «1-if THTI» SBJISETCS UCTOPUYECKUM apTedaKTOM, ITOCKOJIBbKY BUDPYCHI
B coctaBe AlphaCoV-1 00beIMHSIIUCH HE Cpa3sy, a MOCTENEHHO, U HEKOTOPOE BPeMsI CYIIIECTBOBAIN TEPMUHOJOTUUECKUE TTPEITOKCHUST

10 aTb(haKOpOHABUPYCaM Pa3HBIX TUTIOB.

5 DHTrepoTponHbie mtaMMbl MHV HeKOTOpOE BpeMst paccMaTpUBAaIUCh KAK CAMOCTOSITETbH I JIeTaIbHbI KMIIIEYHbIN BUPYC MbInart [18],
HO 3TO TAKCOHOMMYECKOE MPEIJIOKEH UE HE MOJYYUJIO LIMPOKOM MOAAEPKKH.
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HOCTel, CheXXMBaHME M BU3I, a 3aTeéM pa3BUBAJICS
9HLEedaTOMUETUT, COMPOBOXIAIOIIUICI PBOTOM,
3aropaMu M KPUTUYECKUM wucTolieHuem [101].
JaHHoe 3aboJyieBaHUE TIOJYYMJIO IIMPOKOE pac-
npocTpaHeHue B NpoBUHIMM OHTApyo W Ha CO-
MpeaebHbIX TEPPUTOPUSX B TEUEHNE HECKOJIBKHUX
nociaenyromux aet [14]. A.S. Greig ¢ coaBt. (1962),
M30JIMPOBABIINE STUOJOTUYECKHU areHT 3TOTO
3a00JieBaHUSI U3 MO3ra OOJIbHBIX MOPOCST Ha Tep-
BUYHOI KJIETOYHOM KYJbType TOYKU CBUHBMH,
a7y eMy Ha3BaHUe TeMarrTiOTUHUPYIOMIUNA BU-
pyc sHuedanomuenuta ceuHeir (PHEV — Porcine
hemagglutinating encephalomyelitis virus) [48].
B 1972 r. E.L. Stair ¢ coaBT. onucajiu BblAeJIECHUE
U BJIEKTPOHHO-MUKPOCKOMUYECKYIO WICHTUhU-
Kalliio KOpoHaBHMpyca u3 (ekaauii HOBOPOXKICH-
HBIX TEJST, CTPaJalollnMX MOpaXXeHWeM KHuIled-
HUKa U pecnupaTopHoro Tpakrta [114]. DToT BUpycC
cHavaJja IMoJIlyYuJ Ha3BaHUE BUPYC AUAPEH TEJIST
Hebpacku, a MOTOM — KOPOHABUPYC KPYITHO-
ro poraroro ckotra (BCoV — Bovine coronavirus).
PoacTtBeHHbI KopoHaBupyc jaomwageit (ECoV —
Equine coronavirus) Obl1 MIASHTUDUIIMPOBAH
B 1999 1. [52]. BCoV, ECoV u PHEV Bxoasr B co-
ctaB O0etakopoHaBupyca 1-ro tumna (BetaCoV-1 —
Betacoronavirus 1)¢ (Betacoronavirus, Embecovirus)
(tadm. 1).

B 1965 1. D.A. Tyrrell u M.L. Bynoe, cotpya-
HUKM oTaesa OP3 MeauuuMHCKOro TrOCIUTAIs
B I. Cosicoepu (BenukoOpuTaHUs), UCIOJIb30Ba-
JIU OPraHHYIO KYJAbTypy Tpaxeu 14—22-HenebHO-
ro vegoBeyeckoro smopuona (HETOC — human
embryonic tracheal organ culture) AJisgs U30JSILUU
BUPYCOB W13 Ha3aJbHBIX CMBIBOB 00JibHBIX OP3
¥ TIOJIYYMJIU IIITAaMM MEPBOr0 KOPOHABUPYCa YesI0-
Beka (HCoV — Human coronavirus). 3TOT mtaMm
BOIIIEJI B UCTOPUIO BHUPYCOJIOTMM TIOJI Ha3BaHUEM
B814 (B cBsI31 ¢ MAapKHUPOBKOU COOTBETCTBYIOIIETO
cMmbiBa) [119]. Ton cnyctst D. Hamre u J.J. Procknow
13 YuKarckoro yHMBEpCcUTETa OMYyOJIMKOBAIU pe-
3yJabTaThl u3oaguuu mramma 229E or cryaeHTa
¢ cumnromamu OP3 [53]. B 1967 r. K. Mclntosh
C COAaBT. COOOIIMAN 00 U3OJSILIUU OOLIUPHON ce-
puu mrammoB ¢ momolibio HETOC, koTopble OHU
ob6o3zHavanu OCl, OC2 u T1.4. [78]. Haubonsuryio
M3BECTHOCTb U3 HUX noayuuia mramm OC43 [23].
WM3BecTHBIE B Te TOIBI KOPOHABUPYCHI YeJOBE-
Ka CUMTAJIUCh HACTOJBKO O€30MacHBIMU, UTO MX
Jaxe raccupoBayiu Ha BojoHTepax [25, 119]. K co-
>KaJICHUIO, TTOAaBJIsIIoNIee OOJBIIMHCTBO YKa3aH-
HBIX BbllIe mMITaMMOB 1960—1970 rr. He coxpaHU-
JIUCh B KOJUIEKIIMSIX M OKa3aJUCh YTEePSIHHBIMU,

3a uckaouyeHueM HCoV-229E (Alphacoronavirus,
Duvinacovirus) n HCoV-OC43. TlocienHuit BXOoAUT
B BetaCoV-1 B paHre noaBuaa (tadun. 1).

«KopoHanusi» KOpPOHaBUPYCOB  COCTOSJIach
16.11.1968 1., Koraa B CBET BbIIE OUepeaHOM 5168-ii
BBIMYCK >XXypHaja Nature, B KOTOPOM TpyIlia
M3 BOCBMHU BUPYCOJIOTOB (BKJIIOYasi HEKOTOPBIX
aBTOPOB MEPBBIX 3MUAEMUYECKUX KOPOHABUPY-
COB) OMNyOJUKOBajga KpaTKOE TaKCOHOMUYECKOE
NpeasioXeHue: BCJIEACTBUE XapaKTepHOW Mop-
¢donoruu BupuonHon (puc. 1) 1BV, MHYV, B§l14,
229E, OC43 Ha HeraTMBHO KOHTPACTUPOBAHHBIX
BJICKTPOHHBIX (oTorpadusx — BBIPaKEHHOTO
3y6uaToro (KopoHoobpasHoro)’ odopamiaeHus (Imo-
psaaka 20 HM) OKPYTJBIX IMJIEHOMOPGHBIX YaCTUIL
(120—160 HM) — OOBEAUHUTH 3TU BUPYCHI B TPyII-
ny «coronaviruses» [15]. TTockoJbKy nepeducieH-
HbIE BUPYChl NEpBOHAYaJIbHO paccMaTpuBaInCh
KaK MMKCOBHUPYCHI®, TO TpemIoXeHHe ObLIO Ha-
npasaeHo Tipodeccopy A.P. Waterson, Bo3srias-
JsiBIIeMy Toraa ['pynny u3ydeHusi MUKCOBUPYCOB
B cocTaBe MexXayHapoaIHOTO KOMUTETa MO TaKCo-
Homuu BUpycoB (ICTV — International Committee
on Taxonomy of Viruses). Yxe rog crycTs rnpu onu-
canuu RtCoV J.C. Parker ¢ coaBt. (1970) ucnomnb-
30BaJId B HA3BaHUM CTaTbU TEPMUH «COronavirus».
B I TakcoHomuueckom kartanore ICTV (1971 r.)
[34] kopoHaBUPYChI ObLIY BbIAEIEHBI B OTAEAbHYIO
rpymny (pon), a B 1976 r. ICTV npucBounJ1 KOpoHa-
BUpYyCaM CTaTyc cemeicTBa [35] u BKJIIOUUJ B HETO
M3BECTHBIE B TO BpeMsI, HO He YUTEHHbIE B [IEpBOHA-
yaiabHoM npemnoxkeHuu [15] TCoV, TGEV, CCoV,
PHEYV, RtCoV, BCoV u Bo3oyautens EVD.

B 1972 r. aHMIMICKUIA BeTepuHApPHBIN Bpay
J. Oldham omnwucan HoBoe WH(MpEKIIMOHHOE KU-
1eyHoe 3abojieBaHUE CBUHEU, KOTOPOE HAIlOMMU-
Hamo TGEV-uHAyLMpOBaHHBI TacTPOIHTEPUT,
Ho B oTsinuure otr TGEV mnopakaiao He CTOJIbKO Mo-
pPOCSIT-COCYHKOB, CKOJIBKO TIOPOCSIT-OThEMBIIIEH
[89]. 3aboseBaHue ObLJIO Ha3BAHO 3MU300TUYEC-
Koit BupycHoit nuapeeit (EVD — Epidemic viral
diarrhea). B 1976 r. 3THOJIOTMYECKUIA areHT IO~
pasneauuv Ha JBa TUIla, U CYUTaloCh, YTo EVD-2
Croco0eH TIopaXkaThb HE TOJBKO OTBEMBbIIIEH,
HO CBUHel Bcex Bo3pacTHbIX rpynmn [140]. B 1978 1.
cnelnuaJucTel M3 [eHTckoro YHUBepcHUTeTa
(benprust) mnokasajud 3HAYUTEJIbHOE OTJIUYME
EVD ot uzBectnoix Torna TGEV, PRCV u PHEV,
npeajoxus cuuTatb EVD caMocToSITenbHBIM KO-
poHaBHUpycoM [96], KOTOPEIT BCKOPE MOJYYUJIT CO-
BPEMEHHOE Ha3BaHHUE: SMU300THUYECKas auapes
ceuHeit (PEDV — Porcine epidemic diarrhea virus)

6 BCTaKOpOHaBI/IpyCH JPYTUX THUITOB ITOKa OTCYTCTBYIOT, M YKa3aHHUE Ha «1-1 TUTI» IBIISIETCS HUCTOPUYECKUM apTe(baKTOM, TTIOCKOJIBKY BUPYCHI
B coctaBe BetaCoV-1 00beqMHSAIUCH HE Ccpasy, a MoCTCIEHHO, U HEKOTOPOEC BPEMS CYILICCTBOBAJIN TEPMUHOJOTUYCCKUEC MTPEATOKEHU A

1o 6eTakopoHaBUpycaM Pa3HBIX TUIIOB.

7 B opurnHaabHOM cTaThe [15] «3y6uaroe obpamiieHe» Ha3BaHO «GaxpoMoii», a UMEHHO: «...there is also a characteristic «fringe» of projections

200 A long...».

8 MUKCOBUPYCHI (OT Ap.-Tped. pHEC — CIU3b) — ycTapeBliasi TaAKCOHOMUYeCKast TpyIina BUPYycoB, npeaioxeHHas B 1955 r. C.H. Andrewes
Y BKJIIOUABIIAS B Ce0sI BUPYCHI, CIIOCOOHBIE CBA3BIBATHCS C MOJIMCAXapUAAMU M TIIMKOIPOTEMHAMM HA MOBEPXHOCTH KJIETKU-MUILEHH.
BriocnenctBure Obl1a pa3aesieHa Ha HECKOJIBbKO ceMelicTB: Orthomyxoviridae, Paramyxoviridae, Coronaviridae, Pneumoviridae.
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(Alphacoronavirus, Pedacovirus) [31]. PEDV saBuset-
csl OMHMM U3 HanboJlee SJKOHOMUYECKU 3HAYUMbIM
BUPYCOM JJISI COBPEMEHHOTO CBMHOBOJACTBA, TMPU-
BOJS K 3HAYUTEJIbHOM (10 50%) 1eTaIbHOCTH CpEN
BCEX BO3PACTHBIX Ipynn ¢ nmukoM (1o 100%) y mo-
pOCSIT 5—6-HeIeIbHOrO BO3pacTa U 3HAYMTEIbHbIM
MOTepsIM TIpHUBeca BO BpeMsI OTKOPMa XXMBOTHBIX
[129]. D.U. Lee ¢ coast. (2016) ¢ momombio OT-
ITLP moka3zan, uto nopsinka 10% nmkux KabaHOB
(Sus scrofa) B Pecniyonuke Kopest uHGuIupoBaHbI
PEDV, Ha ocHOBaHUM Yero ObLJIO CAeJaHO MPearno-
JIOKEHUE O TOM, YTO TMKHE KabaHbI MOTYT CITYXXHUTh
MPUPOAHBIM Pe3epByapoOM 3TOT0O BUpYycCa.

DNU300TUYECKU  KarapajJbHBIi  DHTEPUT
(ECG — epizootic catarrhal gastroenteritis) cpeau
aMepuKaHCKUX® HOPOK (Neovison vison), onvcaH-
HbIl Ha 3Bepodepmax A.E. Larsen u J.R. Gorham
(1975), cHayana He paccMaTpuBaJicss KaK MHMEKIIU-
OHHOe 3a0oyieBaHMeE: TTOTEPs Beca U CHUKEHUE Ka-
yecTBa MeXa Y J)KUBOTHBIX B BO3pacTe 4 Mec. U cTap-
IlIe ITPpU OTHOCHUTEIHHO HEBBICOKOW JIETaJIbHOCTU
(< 5%) MorTu OBITH BBI3BAaHBI MHOXKECTBOM ITPUY M H.
Nudexkumonnas npupona ECG Obl1a ycTaHOBJIEHA
b B Hadase 1980-x rr. [109], a B 1985 r., mocie
Toro kak M. Hansen omucaJi BUpyCHbIE YaCTUIIBbI
B (hekanmmsax aMeprMKaHCKHUX HOPOK BO BpeMsI BIU-
3oo0tuu ECG B lanuwu, nossuicsa tepmuH ECGV
(ECG virus), paccmaTpuBaeMblii B TO BpeMsl Kak
«KOpOHaBUPYC-TIOA0OHKI» [47, 54]. B HacTosiuee
BpeMsi, ECGV HocuT Ha3zBaHUE KOPOHABUPYC HO-
pok 1-ro tuma (MkCoV-1 — Mink coronavirus 1)1
(Alphacoronavirus, Minacovirus).

BecHoit 1993 1. mo BOCTOYHOMY IOOEpPEKBIO
CIINA mnpokaTujach 3IMU300THUS Cpeau (pPeTok
(Mustela  putorius  furo)'!, conpoBOXaaBLIASICH
obuIbHON AUapeeit SpKO-3eJeHOro 1IBeTa C BbICO-
KHUM coAepxXaHueM ciau3u. 3abojeBaHUE OBICTPO
OXBaTHIBAJIO BCE CTAJA0 B MMTOMHUKE, HO JIeTallb-
HOCTbh He npeBbimasa 3%. B dexkanusax 601bHBIX
JKWUBOTHBIX OBIJIM HaWICHBI BUPYCHBIC YaCTUIIBI
C XapaKTepHOI KOpOHaBUPYCHOU MopdoJsioruei,
YTO TIO3BOJIMJIO Cpa3y ke KyjacCupUIMpoBaTh HO-
BBl BUPYC BMIM300TUYECKOrO KaTapaJbHOTO SHTE-
puta (ECEV — Epizootic catarrhal enteritis virus)
¢ ToyHOCThlOo 10 cemeiicTtBa [130]. M3BecTHBIN
¢ 2002 r. KOpoOHaBUpPYC CHUCTEMHOIo 3aboJieBa-
Husi xopbkoB (FSCV — Ferret systemic disease
coronavirus), BbI3bIBAIOIIMII SHTEPUT C BBICOKOM
JIeTalIbHOCTBIO [76, 97], okazajcsd WICHTUYCH
ECEV u otiinyaeTcs OT Hero JIMIb CTPYKTYpOit
S-6enka [132]. Ha ceromHsmuHuit geHb, ECEV
n FSCV o0beanHeHbl 1o oO0LIMM Ha3BaHUEM KO-

poHaBupyc xopbkoB (FrCoV — Ferret coronavirus)
(Alphacoronavirus, Minacovirus).

J.D. Small ¢ coaBt. (1979), uaentudunpys Tak
Ha3biBaeMblil «CTOKTOJIBMCKUI areHT», OIMCaJu
KOPOHaBUPYC KPOJMKOB, BBI3bIBAIOIINI Kapauo-
muonaruo (RbCoV-CMP — Rabbit coronavirus
cardiomyopathy provoking) (Incertae sedis) ¢ xa-
pakTepHoii Mopdosnorueit BupuoHoB (puc. 12K).
WUctopuio «CTOKTIOJIbMCKOTO areHTa» CJeayeT
HauyuHaTh ¢ 1912 1., Korma M3 LepedpoCIuHAIb-
HOM KUAKOCTU MallMeHTa ¢ Helpocuduairucom
ObLJI M30JIMPOBAH OAWH M3 HanboJiee M3BECTHBIX
MPOTOTUMHBIX IITAMMOB OJIEAHONW TPEMOHEMbI
(Treponema pallidum) Nichols, KoTopblii Hadyaiau
nmaccupoBaTh Ha JOMalllHUX Kpoaukax (Oryctolagus
cuniculus domesticus) myTeM WHTEPTECTUKYISIPHO-
ro (B ssmuko) BBemeHus [86]. C 1953 r. aToT mTamMMm
YCIIEIITHO TIepeBMBajcsd Ha KpoJyimkax B IlBennmn
BILUIOTh 10 1961 ., Korma cHayajga y OTOEJbHBIX
MHOKYJIMPOBAHHBIX XKUBOTHBIX, a IIOTOM BCE Yallle
CTaJIo pa3BUBaThCs 3a00JeBaHUE, XapaKTepu3ylo-
1eecst pekTajbHO TemIiepaTypoit cBbiie 40°C,
BBIpa*k€HHBIM OTEKOM JIETKWX, 3aCTOMHBIMHU SIBJIC-
HHUSIMU B MOBEPXHOCTHBIX JUMMATUIESCKHUX y3JIax
M JIeTaJIbHOCTBIO Ha ypoBHe 50—75% Ha (hoHe BhIpa-
JKEHHOU KapamoMuornaTuu. [oMoreHaT KpoJndbux
SIMYHUKOB, MPONYIIEHHBIN Yyepe3 0aKTepuaibHbIe
GUABTPBI TOCTE TeMMEepaTypHOl MHAKTUBaILMM 2
TpernaHeM, COXpaH$J CBOIO IaToreHHocThb [S1].
TTosyyeHHBI# TakuM o6pazoM UHGMEKIIMOHHBIN
npenapar U IoJiyau HazBaHue «CTOKIOJIbMCKOTO
areHTa», IIpUpola KOTOPOTO HECKOJIBKO JIET OCTa-
BaJlach Heu3BecTHoM [50], moka aecsaTh JIET CIyCTS
He mosiBuJiachk padora J.D. Small ¢ coat. (1979).
WUctounuk RbCoV-CMP ocrajncsg HeU3BECTEH.
Henb3s uckiiouarb, 4TO 3TO pe3yJjbTaT jabopa-
TOPHOI KOHTaMHWHAIMU. AHTUCBIBOPOTKA ITPOTUB
RbCoV-CMP B peakiiiu CBSI3bIBAHU SI KOMIIJIEMEH-
Ta B3auMopeiictBoBaja c aHtTureHamu HCoV-229E,
Ho He MHYV [110]; B peakiuu HEUTpaau3aluu Me-
TonoM Onsauek in situ — ¢ TGEV u CCoV, Ho He
¢ FIPV; Bakuumnanpotus CCV, FIPVuTGEV numsb
HE3HAYUTEJbHO CHUXaJa JeTajabHOCTh OT RbCoV-
CMP-undekuuu [111]. BepostHee Bcero, RbCoV-
CMP npeacraBiasieT co0Oif  CaMOCTOSITEIbHbII
BUpPYC U3 ceMeiicTBa Alphacoronavirus (tadn. 1),
OHAKO OTCYTCTBUE MOJICKYJISIPHO-TEHETUYECKHUX
JNIAaHHBIX HE TI03BOJISIET BEpUGUIIMPOBATH 3TY TMIIO-
Te3y. Hoaroe Bpemst RbCoV-CMP Obl1 e1MHCTBEH-
HBIM KOPOHaBUPYCOM KPOJUKOB M TMOCTEIEHHO
yTpaTuJl BTOpylo 4dacTh Ha3BaHusg (CMP) — Tak
JKe, KaK ¥ OTKPBITHIN 1M03Xe KOPOHABUPYC KPOJIH-

° B HacTosiIee BpeMsi reorpaduuecKuii TEpMUH «aMepUKaHCKash» B Ha3BaHWU JaHHOTO BHJIA CJIEAYET pACCMaTPUBATh B UCTOPUYECKOM
KOHTEKCTE, MOCKOJbKY B Pe3yJIbTaTe UCKYCCTBEHHOW MHTPOAYKIIMHU 3TOT BU LIMPOKO pacipocTpaHucs Ha repputopun CesepHoit EBpasuu,
CYIIECTBEHHO MTOTECHUB U COKPATUB apeali eBporeiickoit Hopku (Mustela lutreola).

10 KopoHaB1PyChl HOPOK MHBIX TUIIOB [TOKA HEU3BECTHBI, OMHAKO Ha3BaHue «MkCoV-1» oTpaxaeT HaaeX 1y Ha CYLIECTBOBAHUE Y EBPOINEHCKMX

HOPOK (Mustela lutreola) cobcTBeHHOTO BapuaHTa Bo3oynutens ECG.

" dpetku, naum bypo (Mustela putorius furo), — onoManiHeHHas popma JieCHOTro Xopbka (M. putorius).
2T pallidum coxpaHsieT XU3HECTIOCOOHOCTD B y3KOM JIMara3oHe TeMieparyp B pailoHe 37°C, mo3TOMY MOXET ObITh MHAKTUBUPOBaHa
HE3HAUYMTEJIbHBIM MTOBBIILIEHUEM TeMIIepaTyphl, TP KOTOPOM COXPaHSIETCs XKM3HECTTOCOOHOCTb 000JI0YeUHBIX BUPYCOB.
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Mennomepsl, chopMrpoBaHHbiE TpUMepamm 6enka S
Peplomers formed by the trimers of the protein S

lemarrnioTuHuH-acTepasa HE
Hemagglutinin-esterase HE

HykneokancupHslii 6enok N
Nucleocapsid protein N

TpaHcMeMbpaHHbI 6enok M
Transmembrane protein M

TpaHcMeMbpaHHble neHTamepsl 6enka E
Transmembrane pentamers of protein E

PucyHok 1. Mopdonorus BupmoHa KOpoOHaBUPYCOB: 3J1IeKTPOHHO-MUKpPOCcKonuyeckue ¢potorpadpun
M cxemaTuyeckoe n3obpaxeHue BUPMOHa
Figure 1. Morphology of the virion of coronaviruses: electron microscopy images and schematic image of the virion

A. Bupyc nHdekumnoHHoro 6poHxuTa Kyp, namn kopoHaesupyc ntuy, ACoV (Gammacoronavirus, Igacovirus), n3 paboTbl

G. Marsolais ¢ coasr. (1971). B. MouykyoLmMecs 4acTuLLbl BUpyca TPaHCMUCCUBHOMO raCTPOIHTEPUTA CBUHEN, U
anbdakopoHasupyca 1 Tuna, TGEV (Alphacoronavirus, Tegacovirus), n3 pabotel J.W. Rossen ¢ coasr. (1994). B. KopoHasupyc
SW1, CetCoV (Gammacoronavirus, Cegacovirus), n3 pabotsl K.A. Mihindukulasuriya ¢ coasr. (2008). I. KopoHasupyc
yenoseka NL63, HCoV-NL63 (Alphacoronavirus, Setracovirus), n3 pabotsl J.A. Lednicky ¢ coaBt. (2013). 4. KopoHasupyc
BnnxHeBoCTO4HOrO pecnmpaTopHoro cuHapoma, MERS-CoV (Betacoronavirus, Merbecovirus), n3 pa6otsl W.B. Park

¢ coaBT. (2016). E. KopoHaBupyc TSXenoro 0CTporo pecnupatopHoro cuHapoma 2 tuna, SARS-CoV-2 (Betacoronavirus,
Sarbecovirus), n3 pabotbl W.B. Park ¢ coagT. (2020). XK. KopoHaBupyc KponnkoB, Bei3biBaloLLMiA kapanomuonaTuio, RbCoV-
CMP (Incertae sedis), n3 pabotel J.D. Small ¢ coast. (1970). 3. CxemaTnuyeckoe n3obpaxeHne BUpMoHa KOPOHABNPYCOB.
0O60n04e4HbIe BUPYCHbIE YacTuLbl MetoT okpyrayio (120-160 HM) nneomopdHyto dpopmy. BynaBoBuaHbIE NOBEPXHOCTHLIE
nennomepsl, popmMumpyoLLme «3ybLbl KOPOHbI» AnnHo 10-25 HM, NpeacTaBnaoT coboi TPUMEPLI CNAaiKkoBOro rMKoNpoTenHa S
(150-220 kDa), nepBas cyobeauHuua (S1) KOTOporo B3aMMOENCTBYET C PELLEenTOPOM KNEeTKU-MULLIEHW. TTOBEPXHOCTHBIN
rnvkonpoTeunH HE (9-12 kDa), ob6nafatoLLmin remMarriioTMHUH-3CTEPa3HON akTMBHOCTLIO, MeeTcst b y BetaCoV-1, CRCoV-
HKU24, HCoV-HKU1, MCoV. Benok M (23-35 kDa) siensieTcst TpaHcMeMbpaHHbIM ¢ Tpex3axogHoi NeeCend-tononorvei
(AlphaCoV-1 [ononHUTENBHO COAEPXMT TPAHCMEMOPaHHLIN 6eok M’ ¢ ueTeipexaaxogHoi Ne°Ce°-tononorueit). NeHtamepsbl
6enka E (9-12 kDa) cnoco6Hbl pOpMMPOBaTb MOHHbIE KaHasbl M NMPeACcTaBAaoT OO0 BaXHbI GakTOp BUPYNEHTHOCTM
KOPOHABMPYCOB (TakMx NeHTaMepoB B 000/104KE BUPMOHA O4EHb MaNo — BCEro HECKOMIbKMX KOMWIA Ha BUPWOH). Hykneokancup,
(60-70 Hm) cnupanbHoit cummeTpumn popmupyeTcs pocdopunupoarHHbiM 6enkom N (50-60 kDa) B komnnekce C BUPUOHHOM
reHoMHoii PHK B dopme 0AMHOYHOIro cerMeHTa no3utueHol nonsipHoctu (BrPHK+), kotopsblili ™G kanvposaH' Ha 5'-

1 NonvafeHnnMpoBaH Ha 3’-koHue [3, 124].

A. Chicken infectious bronchitis virus, or avian coronavirus, ACoV (Gammacoronavirus, Igacovirus), from the article

of G. Marsolais et al. (1971). B. Budding particles of porcine transmissible gastroenteritis virus, or alphacoronavirus 1, TGEV

B3m7G kanupoBaHUE O3HAYAET HaIMYKe Ha 5'-KoHIe MosteKysibl PHK MoauuurnpoBaHHOTO pUGOHYKIEOTHIA — 7-METUIITYaHO3MHA, KOTOPbIi
coenmHeH 5,5 -TprudochaTHBIM MOCTHKOM C TIEPBLIM HYKJIEOTHIHBIM OCTaTKOM.
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(Alphacoronavirus, Tegacovirus), from the article of J.W. Rossen et al. (1994). C. Coronavirus SW1, CetCoV (Gammacoronavirus,
Cegacovirus), from the article of K.A. Mihindukulasuriya et al. (2008). D. Human coronavirus NL63, HCoV-NL63
(Alphacoronavirus, Setracovirus), from the article of J.A. Lednicky et al. (2013). E. Middle East respiratory syndrome coronavirus,
MERS-CoV (Betacoronavirus, Merbecovirus), from the article of W.B. Park et al. (2016). F. Coronavirus of severe acute respiratory
syndrome 2, SARS-CoV-2 (Betacoronavirus, Sarbecovirus), from the article of W.B. Park et al. (2020). G. Rabbit coronavirus that
causes cardiomyopathy, RbCoV-CMP (Incertae sedis), from the article of J.D. Small et al. (1970). H. Schematic representation

of the coronavirus virion. Enveloped virus particles have a rounded (120-160 nm) pleomorphic shape. Petal-shaped surface
peplomers that form "crown teeth” 10-25 nm long are trimers of spike glycoprotein S (150-220 kDa), the first subunit (S1)

of which interacts with the target cell receptor. Surface glycoprotein HE (9-12 kDa), which has hemagglutinin-esterase

activity, is available only in BetaCoV-1, CRCoV-HKU24, HCoV-HKU1, and MCoV. Protein M (23-35 kDa) is a transmembrane

with a triple-spanning NeCen® topology (AlphaCoV-1 additionally contains a transmembrane protein M’ with a tetra-spanning
NexeCee topology). Pentamers of protein E (9-12 kDa) are able to form ion channels and are an important factor in the virulence

of coronaviruses (there are very few such pentamers in the virion envelope — only a few copies per virion). A nucleocapsid (60—
70 nm) of helical symmetry is formed by phosphorylated protein N (50-60 kDa) in complex with virion genomic RNA in the form
of a single segment of positive polarity (vgRNA+), which is " G-capped at the 5’- and polyadenylated at the 3’-end [3, 124].

koB HKU14 (RbCoV-HKU14 — Rabbit coronavirus
HKUI14) [64], uTo yacTo 3aTpyaHSIET aHAIU3 KaTa-
JIOTOB BUPYCHBIX IITaMMOB. B HacTosIee BpeMs
RbCoV-HKU14 BkitoueH B BetaCoV-1.

Eme B V TakcoHomuueckoM katajore ICTV
(1991 r.) [122] cemeiictBo Coronaviridae monpas-
nensiyiochk Ha aBa pona (Coronavirus™ n Torovirus')
M HE BXOJUJIO B TAKCOHBI 00JIee BBICOKOTO MOPSII-
ka. B 1996 r. C.R. Pringle mo utoram X Mexy-
HapOIHOr0 BUPYCOJOrn4eckoro konrpecca (Mepy-
camumMm, 11-16.08.1996) dopmMyaupyeT TaKCOHO-
MUYECKOe MpelioKeHrne o (GOopMHUPOBAHUU OT-
psana Nidovirales Ha ocHoBe Arferiviridae (MOBBICUB
JI0 cTaTyca ceMeilicTBa paHee OTIEJbHBIA pOJ
Arterivirus) u Coronaviridae |98]. HazBaHue HOBO-
ro orpsjaa ObLJIO BbIOpaHO OT jaT. nidos (rHe3na),
MMOCKOJIBKY BKCIIPECCHsI TeHOMa BKJII0YaeT CUHTE3
3’-KOTepMHMHAJIbHBIX BJIOKEHHBIX CYOT€HOMHBIX
MPHK (puc. 2). CoBpeMeHHas1 CTpyKTypa CEMECTB
u ponoB Nidovirales npeacTaBieHa B TaOIUIIE 2.

K navany XXI B. 0 KopoHaBUpycax CJIOXUJIOCh
MHEHUE KaK 00 aKTyaJIbHbIX BETepUHAPHBIX 11aTO-
reHax, HO He ITPeACTaBIISIONINX 0CO00Ii OITacHOCTHU
i gyenoBeka. CuTyalnusi KapaiuHaJIbHO TTOMEH -
aack B 2002 ., Korga BUPYC TSKEJIOro OCTPOro pe-
criupatopHoro cuHapoma (SARS-CoV — Severe
acute respiratory syndrome-related coronavirus)
(Betacoronavirus, Sarbecovirus) OblT UASHTUDU-
IIUPOBAaH KaK 3THOJOTMYECKUI areHT 3NHIeMUU
B IOXKHBIX NMpoBUHLIMAX'® Kutas. B mepuon srtoii
snuaemuu, 01.11.2002—31.07.2003, Ha TeppuTopun
Kurasa! netanbHOCTh cocTtaBuia 9,2% (685/7429),
a Mo BCEMY MHUPY, C y4eToM 667 3abojeBIux u 89
yMepinux B 29 cTpaHax 3a mnpeaenramu Kuras's !
BCJIEAICTBHE 3aBO3HBIX ciiydaeB — 9,6% (774/8096)2°
[3, 4, 6, 11, 141]. BpI1O yCTaHOBJIEHO, YTO 3apaxke-

HUE JIIoJIell MPOU30ILJIO OT TMMalaiCKUX LUBET
(Paguma larvata) [49]. lanpHeiilnee n3yyeHUe 3KO-
noruu SARS-CoV no3Boyinjio ycTaHOBUTh, UYTO 3TOT
BUPYC SIBJSIETCS MPUPOIHO-OYArOBBIM, €ro MpU-
POIHBIM pEe3epPBYapoM SIBJISIOTCS JIETYy4YHe MBbIIIU
(Chiroptera, Microchiroptera) |3, 68, 79], KoTopble Tie-
pPeHOCIT UH(MhEKIMIO MHANIIIapaHTHO, HO BhIACSIOT
BUPYC CO CJIIOHOM, MoYoii U hekanusiMu, 3apaxas
MEJIKMX MJIEKOITUTAIONIU X, ITUPOKO UCTIOJb3YEeMbIX
B ctpaHax lOro-BocTtouHoii A3um ajs1 HyXJ BOC-
TOYHOU MEAUIIMHBI U YITOTPEOISIEMbIX B ITUIILY.
Onuaemusi, BoizBaHHasts SARS-CoV, moxacrer-
HyJia Mpoliecc u3ydyeHus KopoHaBupycosn. B 2004 r.
roJITIaHACKME HCCAedoBaTeIu OIlMcalu KOpoHa-
Bupyc denoBeka NL63 (ot anmi. Sample number
63 from the Netherlands) (HCoV-NL63 — Human
coronavirus NL63) (Alphacoronavirus, Setracovirus)
[45, 66, 121]. B auaBape 2005 r. corpynuuku ['oH-
KOHTI'CKOro YHUBEpPCUTETA U30JIUPOBAJIU OT 71-1eT-
Hero nauueHTa ¢ OP3, oCl0OXHEHHBLIM ABYCTO-
POHHEW MHEBMOHUEN, HOBBIA KOPOHABUPYC YEJIO-
Beka HKUI (HCoV-HKU1 — Human coronavirus
HKUI1) (Betacoronavirus, Hibecovirus) [135], mo-
JOXKUB HayaJlo ucnoJibdoBaHuio npepukca HKU
(ot anri. Hong Kong University) ¢ mopsiiKOBbIM
HOMEpOM IlITaMMa, KOTOPBI BCTpeyaeTcsl B Ha3Ba-
HUSIX MHOTMX BUPYCOB (TabJ1. 1). OnHaKo Ha MpOTSI-
XKEHUE «TpexX MATUAETOK», 2005—2019 rr., «yaapHbI-
MU TeMIIaM1» OTKPBIBAJIXCh HOBbIE KOPOHABUPYChI
pPYKOKpbLIbIX (Chiroptera): KOpoHaBUPYC MOJKOBO-
HocoB HKU2 (BtCoV-HKU?2 — Rhinolophus bat
coronavirus HKU?2) (Alphacoronavirus, Rhinaco-
virus); kopoHaBupyc nogkoBoHocoB HKU3 (BtCoV-
HKU3 — Rhinolophus bat coronavirus HKU3),
B HacTosiee BpeMs Bowenmuii B SARS-CoV; ko-
poHaBupyc koconanbix koxxaHoB HKU4 (BtCoV-

4 B Hacrosiuee BpeMst Coronavirus pasaeanics Ha aBa poa: Alphacoronavirus v Betacoronavirus (ta6in. 1).
5B Hacrosiiiee BpeMsi pof Torovirus sIBJsSIeTCSI IPOTOTUITHBIM /ISt IoacemeiictBa Torovirinae cemeiictBa Tobaniviridae B otpsine Nidovirales.

16 DIMULEHTPOM SMUIEMUY CTajla KUTaicKasi IpOBUHIIMS ['yaHIyH.

7 Bkatouast FonkoHr, Makao u TaiiBaHb, KOTOpbIE B cTaTUCTHKE BO3 BBIAEISIOTCS OTAETBHBIMU CTPOKAMHU, HO COTJIACHO 3aKOHOIATENbCTBY

Kwuraiickoit HapomgHoit Pecry6inKku, BXOISIT B €€ COCTaB.

18 KonmuecTBO COOGCTBEHHO 3aBO3HBIX CllyyaeB OblIo paBHO 121, emne 546 ciiyyaes cTaay pe3yJibTaToOM MOCIEAYIONINX 3apakKeH Ui,

1 Onu 3aBo3Hoit ciayuait SARS-CoV 6bL1 3apeructpupoBat Ha Tepputopun Poccuiickoit @enepaiinu B r. BiraroserieHcke.

20 B HEKOTOPBIX MCTOYHMKAX IPUBOJIUTCS yBeJdnYeHHas ctaructuka: 10,9 % (916/8422). Dro cBsizaHo ¢ TeM, yTo BO3 MCKIII04MIIA U3 CTATUCTUKI
326 ciyuaeB 3a6oseBaHus U 142 cMepTeIbHbBIX ciydast o GopMaabHBIM MPUYMHAM HEIOCTATOYHOCTHU JOKYMEHTAIbHOTO MOATBEPXKACHUSI,
XOTsI 3TH CJIyYau MPOJOJIXKAIOT UCIIOJIb30BaThCS B HALIMOHAJIbHOW CTAaTUCTHKE.
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PucyHok 2. 3kcnpeccus reHoMma KOpoOHaBMPYCOB Ha NpuMepe KopoHaBupyca mbiwein, MCoV
(Betacoronavirus, Embecovirus), npoToTUNHOro BUpyca 3Toro cemeiicrea?'

Figure 2. Expression of the coronavirus genome on the example of Murine coronavirus, MCoV (Betacoronavirus,
Embecovirus), a prototype virus of this family

BupwuoHHas reHomHas PHK+ (BrPHK+) npeactaenseT coboit ogHocerMeHTHyio Monekyny PHK no3utueHoit nonsipHocTu. Byayum
"G-KanupoBaHa Ha 5’-koHue 1 3’-nonnageHnnuposaHa BrPHK+ BoicTynaet B kayectBe MPHK s cuHTe3a ABYX NPOTSXEHHbIX
nonavnpoTenHos ppla v pplab anuHon nopsgka 4000 n 7000 aMUHOKMCAOTHBIX OCTATKOB COOTBETCTBEHHO (CM. BEPXHIOIO HYacTb
puicyHka). MonunpoTeunH pplab BknoyaeT B cebs ppla u o6pasyeTcs B pesynsrate UrHoprposanns pubocomoii B 20-30%
Clly4YaeB CTOM-CUrHana n3-3a Wnuibkn, CMEeLLatoLLen paMKy cumTeiBaHus. MonmnpoTtenHsl ppla v pplab He cywecTsyloT

B KJIETKE KaK e[lMHbIE MOJIEKYIIbI 1 KOTPAHCNSLMOHHO Hape3atoTcs npoTeasamMmu Ha 16 HECTPYKTYPHbIX 6eNKoB (Nsp — non-
structural protein): nsp1 — pacuwennsiet xo3saiickne MPHK, MHrnbupyeT npoaykumio MHTepdepoHoB, 61OKMPYET KNeTOYHbIV LINKJT;
nsp2, nsp4, nsp6, nsp11 — npeobpasytoT cknaaky aHA0NNA3MaTUYECKOro PETUKYIYMa U GOPMUPYIOT ABYXC/IOVHbIE BE3UKYIIbI,
B KOTOPbIX MPOUCXOAAT paHHue aTanbl COOpKM LOYEPHUX BUPYCHBIX YacTuw,; nsp3 — AQd-prbosa-1"-docdarasa, a Takxe
COAEPXUT ABa ayTONPOTEONNTMYECKMX dparmMeHTa nananmH-nogobHbIx npoteas (PL1 n PL2 — caiiTbl pacluenneHnst nokasaHbl
ctpenkamu); nsp5 — 3C-nonobHas npoTeasa (caiiTbl pacllensieHns nokasaHbl ctpeskamu); nsp7, nsp9 — apdexkT1BHO
CBSI3bIBAIOTCS C 0AHOLeno4YeyHbiMr PHK; nsp8 — B komniekce ¢ nsp7 crnocobHa BbIMONHATb PYHKLMIO AON0AHMUTeNbHOM PHK-
3asucumon PHK-nonumepassl (RARp — RNA-dependent RNA-polymerase); nsp10 — dopMupyeT «LMHKOBBIV nanewy»; nspl12 —
ocHosHas RdRp; nsp13 — 5>3’-renukasa (Hel — Helicase); nsp14 — 355’ ak3opuboHykneasa (TpebyeTcs Ans ucnpasneHns
owmnbok RARp) n ryaHnH-N7-metuntpaHcdepasa (GN7M — guanine-N7-methyltransferase); nsp15 — aHoopuboHykneasa
(NendoU, NeU, — Endoribonuclease); nsp16 — 2’-0O-meTtuntpaHcdepasa (O-MT — 2’-0-methyltransferase), meTunmpyioas
[1Ba nepBbIX HykneoTnaa nocne " G-kana. Mcnonbays BrPHK+ B kauectBe matpuubl, RARp crHTe3npyeT KoMnneMeHTapHy1o
reHoMHon PHK HeraTtmneHon nonspHocTy (krPHK), koTopas, B CBOIO 04epeb, BLICTYNAET B KA4ECTBE MaTpULbl 4N CUHTE3A
BrPHK" ons noyepHmx BUPMOHOB (Mpaeas 4acTb pucyHka). Mommmo atoro, RARp cuHTeaunpyeT Ha maTpuue BrPHK cepuio
cybreHomHbix PHK HeraTueHoi nonsipHocTy (crPHK™) ¢ paspbiBOM Lienuv 1 MepeHocoM ee K 5'-KoHLY MaTpuLbl, B pe3ynstaTte
yero Bce crPHK- aToi1 cepum nmetoT oamHakoBble 3-/5-bnaHrn 1 LeHTpasbHble YacTy Pa3fIMYHOM CTeNeHN BAOXEHHOCTW ApYr
B Apyra (H/XHSS 4acTb PUCYHKA). OTa 0COOEHHOCTb CUHTETUYECKOrO annapara sBAsSeTcs 06Lei AN BCex NpeLicTaBuTenein
oTpsaga Nidovirales, n3-3a KOTOpol OH 1 NOAY4YKUS CBOE Ha3BaHMe OT naT. nidos (rHe3aa). Janee crPHK™ ucnonbaytorcs

2 [Ipyrue KOpOHABUPYCHI MOTYT He nMeTh HE 1 HECKOIBKO OTIIMYATHCS CTPYKTYPOU 3'-KOHIIEBOTO HAG0PA TEHOB, YIaCTBY IOLINX
B ¢dopmuposanuu crm PHK.
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B Ka4ecTBe MaTpULLbl A1 CUHTe3a CyOreHoMHbIX MaTpuyHbix PHK no3nTrBHoM nonspHoctu (crmMPHK)?2, ¢ KOTOPbIX CYMTHLIBAIOTCS
CTPYKTYPHbIE 1 HEKOTOPbIE HECTPYKTYPHbIE Benikn. Coopka A04EPHMX BUPMOHOB NPOUCXOAMT B 9HA0MNNA3MTUYECKOM
pPeTuKynymMe, 1 3aTeM OHW MOKMAAI0T XO3SMCKYI0 KNeTKY NyTeM 3K30LMTO3a.

Virion genomic RNA+ (vgRNA") is a monomeric positive-sense RNA molecule. Being m7G-capped at the 5’-terminus and
3’-polyadenylated vgRNA" acts as an mRNA for the synthesis of two extended ppia and pp1ab polyproteins about 2000 and 7000
amino acid residues long, respectively (see the upper part of the figure). The pplab polyprotein includes ppla and is formed

as a result of the ribosome ignoring the stop signal in 20-30% of cases due to a hairpin RNA loop that shifts the reading frame.
Polyproteins ppla and pplab do not exist in the cell as single molecules and are cotranslationally cut by proteases into 16 non-
structural proteins (nsp): nsp1 — cleaves host mMRNAs, inhibits interferon production, blocks the cell cycle; nsp2, nsp4, nsp6,
nsp1i-transform the folds of the endoplasmic reticulum and form two-layer vesicles in which the early stages of the assembly

of new virus particles occur; nsp3 — ADP-ribose-1"-phosphatase and also contains two autoproteolytic fragments of papain-

like proteases (PL1 and PL2 — cleavage sites are shown by arrows); nsp5 — 3C-like protease (cleavage sites are shown by
arrows); nsp7, nsp9 — effectively bind to single-stranded RNAs; nsp8 — in combination with nsp7 is able to perform the function
of an additional RNA-dependent RNA polymerase (RdRp — RNA-dependent RNA-polymerase); nsp10 — forms a “zinc

finger”; nsp12 — basic RdRp; nsp13 — 5~3"-helicase (Hel — helicase); nsp14 — 3'>5"-exoribonuclease (required for RdRp

error correction) and guanine-N7-methyltransferase (GN7M — guanine-N7-methyltransferase); nsp15 — endoribonuclease
(NendoU, NeU, — Endoribonuclease); nsp16 — 2’-O-methyltransferase (O-MT — 2’-O-methyltransferase) methylating the first
two nucleotides after the " G-cap. Using vgRNA" as a matrix RdRp synthesizes a complement negative-sense genomic RNA
(cgRNA"), which in turn acts as a matrix for the synthesis of vgRNA* for new virions (right part of the figure). In addition RdRp
synthesizes a series of subgenomic RNAs of negative polarity (sgRNA") on the vgRNA matrix with a chain break and transition into
the 5’-terminus of the matrix, as a result all sgRNAs of this series have the same 3’/5’-flanks and central parts of various degrees
of nesting in each other (lower part of the figure). This feature of the synthetic apparatus is common to all representatives of the
order Nidovirales, which is why it got its name from Latin nidos (nests). Further sgRNAs are used as a matrix for the synthesis

of subgenomic positive-sense matrix RNA (sgmRNA), from which structural and some non-structural proteins are translated.
Assembly of new virions occurs to the endoplasmic reticulum and then they leave the host cell by exocytosis.

HKU4 — Tylonycteris bat coronavirus HKU4)
(Betacoronavirus, Merbecovirus); KOpoHaBUpPYyC He-
tonbipeit HKUS (BtCoV-HKUS — Pipistrellus bat
coronavirus HKUS) (Betacoronavirus, Merbecovirus);
KopoHaBupyc anuHHokpbioB HKUS (BtCoV-
HKUS8 — Miniopterus bat coronavirus HKUS)
(Alphacoronavirus, Minunacovirus); KOpOHaBUPYC
HouHbIX KpbutaHoB HKU9 (BtCoV-HKU9 — Rou-
settus bat coronavirus HKU9) (Betacoronavirus,
Nobecovirus); KOpoHaBUPYC JIETYUYUX MbILIE
HKUI10 (BtCoV-HKUI0 — Bat coronavirus
HKUI10) (Alphacoronavirus, Decacovirus) [61, 62,
65, 134, 135, 137]; xopoHaBHpPYC IJIWHHOKPHI-
goB l-ro tuna (BtMiCoV-1 — Miniopterus bat
coronavirus 1) (Alphacoronavirus, Minunacovirus)
[32]; kopoHaBUpyC JOMOBBIX TJaJAKOHOCOB 512
(BtCoV-512 — Scotophilus bat coronavirus 512)
(Alphacoronavirus, Pedacovirus), onu3kuiit kK PEDV
[116]; kopoHaBupyc HouHbIX KpbliaHoB GCCDCI
(BtCoV-GCCDCI — Rousettus bat coronavirus
GCCDCI) (Betacoronavirus, Nobecovirus), poacT-
BeHHbI BtCoV-HKU9 [57]; anbdakopoHaBupyc
a3MaTCKUX pbIOOSAHBIX HOUHMUIL Sax-2011 (BtMr-
AlphaCoV-Sax-2011 — Myotis ricketti alphacorona-
virus Sax-2011) (Alphacoronavirus, Myotacovirus);
anb(pakopoHaBUpyc KuTaiickux BeduepHul SC2013
(BtNv-AlphaCoV-SC2013 — Nyctalus velutinus alpha-
coronavirus SC2013 (Alphacoronavirus, Nyctacovirus);
anb(akopoHaBUPYC  OOJbLIMX  MOAKOBOHOCOB
HuB2013 (BtRf-AlphaCoV-HuB2013 — Rhinolophus
ferrumequinum alphacoronavirus HuB2013) (Alpha-
coronavirus, Decacovirus); KOpOHaBUPYC JIETY4YHX
mbiieit CDPHEILS (BtCoV-CDPHEI15 — Bat corona-

virus CDPHEL1S5) (Alphacoronavirus, Colacovirus); 6e-
TakopoHaBupyc JucTtoHocoB [lpatta Zhejiang2013
(BtHp-BetaCoV-Zh13 — Bat Hp-betacoronavirus
Zhejiang2013) (Betacoronavirus, Hibecovirus) [147];
NL63-nmono6nsiii  kopoHaBupyc BtKYNL63-9b
(NL63-rBtCoV-9b — NL63-related bat coronavirus
BtKYNL63-9b)  (Alphacoronavirus,  Setracovirus)
[117], xopoHaBUpyC KHUTaUCKHUX MOAKOBOHOCOB
(BtRsCoV — Rhinolophus sinicus coronavirus) [56].

B 2008 r. mpu BCKPBITUM IOTUOIIEr0 B aKBa-
napke CaH-Jluero 13-neTtHero camua oenyxu (Del-
phinapterus leucas), poXIeHHOro B HeEBOJie, ObLIO
3aperucTpUpPOBaHO TEeHEpaJIM30BaHHOE IIOpaXe-
HUE JIETKUX M I1aTOJIOTMYEeCKUEe WM3MEHEHUs Iie-
YeHU, B KOTOPO# C ITOMOIIbIO TPAaHCMUCCUOHHOM
BJIEKTPOHHOM MUKPOCKONMU OBbIJIM OOHApY>KEeHbI
BUPYCHBIE YacTUILbl auaMeTpom nopsinka 100 HM,
HE IT03BOJISIIOIIME TPOBECTH JIOCTOBEPHYIO WIICH-
Tudukanuio Bupyca. MoJjieKyJasipHO-TeHeTUYEeCKHE
HUCCJIeIOBAHUS TO3BOJIMJIM YCTAHOBUTH, YTO 3THU
oTHOcuTeNbHO Hebosbiuue anasi Coronaviridae BU-
PMOHBI COAEPXKAT CaMblii TPOTSI>KEHHBII U3 BCEX 13-
BecTHbIX HayKe PHK-conepxaiiuii reHom (~31,5 kb)
HOBOTI'O KOPOHaBMpPYCa, KOTOPBIi cHavyajia MoJy4duI
obo3HaueHue SWI1 (ot anri. San Diego whale N 1),
aHa CeTOAHSLIHUM IeHb UMEHYETCSI KOPOHABHUPYCOM
kutoobpasHbix (CetCoV — Cetacean coronavirus)
(Gammacoronavirus, Cegacovirus) [81]. W3onsuus
B 2014 r. Tpex uzosisitoB CetCoV ot uHauiickux ada-
nuH (Tursiops aduncus), conepxaluxcsli B TOHKOHT -
CKOM OKeaHapuyMe, ITOATBEPAMUJIa TUIIOTE3Y O IIH-
POKOM pacripoCTpaHEHU U 3TOr0 BUpyca I10 KpalHen
Mepe cpeau 3yoaTbix KUToB (Odontoceti) [138].

22 3Hak «IJ1I0C» B ab0pesnarype crMPHK He miuiercs, MOCKONbKY MCIOJb3yeTcss TepMUH «MaTpuuHast PHK», 13 KOTOporo aBToMaruyecku

clielyeT Mo3uTuBHOCTb noJsspHoct PHK.
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Hcropust nzyyeHus Bupyca bk HEeBOCTOUHOTO
pecniupatopHoro cuHapoma (MERS-CoV — Middle
East respiratory syndrome-related coronavirus)??
(Betacoronavirus, Merbecovirus) Hauyajachb B HIOHE
2012 r., xorma u3 HazogapUHTeaJlbHOIO CMbIBa
60-JIeTHETO0 MYXXYMHBI C BHEOOJBbHUYHOW TIHEB-
MOHMUEM, TI03Xe CKOHYaBIIErocsi B TOCITUTAJe
r. JIxunna (3anmagHast yactb CayaoBcKoil ApaBun),
OBbLJI MOYYeH BUPYCHBINM M3OJISIT C BbIPa’KeHHBIM
mUTONnaTuYecKUM 3h(HEKTOM Ha MOIEIU TePEBU-
BaeMBbIX KJIETOUHBIX JUHUIN TOoYeK achpUKaHCKOMN
3esieHolt MapThIIKU (Vero) u makaku-pesyc (LLC-
MK-2). [TonumepasHas LierHasl peakiusi C yHUBep-
caJIbHBIMU KOPOHaBUPYCHBIMU IIpaliMepaMM T03-
BOJIMJIA ITPOBECTU ITEPBUUYHYIO MICHTU(DUKAIINIIO
BO30OynuTens kak mnpeactraButens Coronaviridae
[149]. TlocneayrouminM CEKBEHUPOBAHUEM, ITPOBE-
JNIEHHBIM B YHUBepcuTeTe Dpazmyc (Hunepnanabi),
OBLJIIO YCTAaHOBJIEHO, UTO HOBBIII OETaKOpPOHABUPYC
poacTBeHeH, HO He uaeHTuuyeH SARS-CoV, oyny-
Yy HauboJsiee OJIU30K B TEHETUYECKOM OTHOIIIEHUU
K BtCoV-HKU4 u BtCoV-HKUS5 [28, 120]. B cen-
T16pe 2012 r. B oAHY M3 JOHAOHCKUX KJIUHUK TO-
crynmui 49-1eTHU MyX4YMHaA C BHEOOJIbHUYHOM
JIIBYCTOpPOHHeW ITHeBMoHMel. I[lamimeHT OBLI 1O-
cTaBJieH u3 rocrutans Karapa, mo aToro moceian
CaynoBcKkyo ApaBuio U ckoHuajicsa Ha 30 CyTKM.
OT HavaJja 3abosieBaHus. M3 TpaxeaJibHbIX aclu-
paToB MamMeHTa ObLI TaKXe W30JMPOBaH IITaMM
MERS-CoV [21]. PeTpocnieKTUBHBIE CEpOIOrnyec-
KWe WCCIeAOBaHUSI TOKa3ajau, YTO IO MEHbIIeH
Mepe 9 ciiyyaeB BHEOOJIBHUYHBLIX ITHEBMOHUM,
M3 KOTOPBIX 2 3aBEPUIMJINCH JIETAJILHO (ITOATBEPXK-
nenbl ¢ nomoubio OT-TTLP nmarojsornueckoro ma-
Tepuasa), Cpeau MalueHTOB MOPAAHCKUX FOCITUTa-
aeit B mapte-anpeine (12—24 Hegenu) 2012 r. Ob11M
cBsg3aHbl ¢ MERS-CoV [13], u cTasio NOHSTHO, YTO
YeJIOBEUYEeCTBO CTOJIKHYJIOCh C HOBBIM OCO0O omac-
HBIM KOPOHaBHpPYCOM. AHaJIM3 WHMEKIIMOHHON
nunHamMuka MERS-CoV no3Boiinia oredecTBEHHBIM
criequanucTam caenaatb B KoHiie 2013 r. mporHos
0 «BO3POCIIIEM YPOBHE MU IEMUYECKOI OMTaCHOCTU»
[11], kKoTOPBIiA COBLICS C HAYAJIOM MaCIITaOHOM 21U~
JIEeMUYECKON BCIBIIIKY BecHoOli—eToM (14—24 He-
nenu) 2014 r. Ha Tepputopuu CaynoBCKoii ApaBuu
¢ neranbHOCThIO 42,1% (110/261) [87]. B Hauane
2015 r. ObLT cAeslaH OYepeaHOM MPOrHO3 O TOM, UTO
C BBICOKOIT BEPOSITHOCTbHIO BO3MOXeH 3aB03 MERS-
CoV B BocTouHny1o A3uio [7]: neliCTBUTENbHO, B T€-
puon 11.05—10.07.2015 B pe3dyabTaTe 3aBO3HOTO
cinyyas Ha tepputopuu Pecniyonuku Kopes Bo3-
HUKJIA KpyITHelIIas 3a mpeaejaMu ApaBUIICKOTO

MOJIyOCTPOBA 3IMUIEMHUYECKasl BCIIBIIIKA, BbI3BaH-
Hast MERS-CoV, ¢ neranpHocThio 18,5% (35/189)
[8, 90]. ITo manHubiM BO3 Ha Hauaso ssHBaps 2020 1.,
sgetaabHOCTh OT MERS-CoV B 27 cTpaHax mupa co-
craBuia 34,4% (866/2519) [142].

Ilpuponusie ouyaru MERS-CoV HaxonsaTtcs
Ha TeppuTOprUU ApPaBUICKOro TMOJYyOCTpPOBa, Tle
B KaueCTBE pe3epByapa BUpyca BHICTYNAIOT PyKO-
kpblabie [3, 83, 113]. YUenoBek MoxeT 3apaxkaTbCs
MERS-CoV B pe3yiabTaTe KOHTAaKTOB C BbIAEJIE-
HUSMU PYKOKPBIJIBIX JUOO OT MPOMEXYTOUHBIX
x03seB. CyXeHue Kpyra Moucka nocjaeaIHuX MeTO-
JIOM aHaJIOTUI ¢ JOCTaTOYHO M3YYEHHBIM K TOMY
BpemMeHu SARS-CoV He roaujiaoch, IMOCKOJbKY
dayHa apumHbIx JaHAIa@ToOB ApaBUM PE3KO
KOHTPACTUPYET C MYCOHHO-CYOTPONMMYECKUMU
JaHImadTaMu Oro-BOCTOYHOTO U BJIaXXHBIMH
Tponuyeckumu Janamadrtamu FOxHoro Kuras.
Ceposoruyeckasi pa3Beaka B NONYJSILUSIX CEb-
CKOXO3SIICTBEHHBIX XWBOTHBIX Ha TEPPUTOPUU
Owmana mokasana, 4yto 100% omHOropOBIX Bep-
onwaoB (Camelus dromedarius) UMeEOT aHTUTE-
Jla IpoTUB cyobeauHUIIbl S1 criaiikoBoro 6eska
MERS-CoV [99]. 3aTeM ObLIU MOTYYEHBI TPSIMbIE
JIOKa3aTeJbCTBa IIUPKYJISIIIMU B OpraHu3Me Bep-
oawogoB BapuaHToB MERS-CoV, uaeHTHUYHBIX
AMUAEMUYECKUM, 1 BO3MOXHOCTH 3apakeHUsI ue-
JIOBEKA OT 3TUX XKMBOTHBIX [16, 44]. PyKoKkpbibie
3apaxkaloT BepOJIIOAOB BO BpeMsi CBOUX THEBOK
B YKPBITUSX IJSI CEIbCKOXO3SIMCTBEHHBIX XXM-
BOTHBIX. OKa3ajaoch, YTO UMMYHHas MPoOCIoiiKa
npotuB MERS-CoV cpenu ogHorop6six BepoJIto-
noB umeeTcss B Adpuke, BkIwdasg KaHapckue
octposa [36, 84, 99]. BmecTe ¢ TeM crienupuyec-
kue aHTU-MERS-CoV aHTuTesna OTCYyTCTBYIOT
Yy OOHOropOBIX BepOaoaoB B ABcTpanuu?* [38],
YTO CBUJETEIBCTBYET O TOM, UTO 3TU XKUBOTHBIC
HE MOTYT ObITh OCHOBHBIM x03suHOM MERS-CoV.
Crneuuduueckue aHTU-MERS-CoV aHTuUTena
OblIM OOHapyxkeHbl y coaepxaluxcs B Kartape
anwnaka (Vicugna pacos) [100]. He wuckitoyeHo,
4yTO Bce Mo3ojeHorue (Artiodactyla: Tylopoda)
qyyBcTBUTENbHBI K MERS-CoV u MoryT BJIsSThCS
MPOMEXYTOYHBIM XO35TMHOM M YAOOHBIM MHIMKA-
TOPOM JJISI 3TOTO BUpYyca MPU HAJTUIUU TTPUPO/I-
HOTO pe3epByapa — PYKOKPBIJIBIX, COAepKallluX
BUpYC. DTO MpPEANnoJIoXEeHHE corjacyeTrcssi ¢ OT-
CYTCTBUEM MMMYHHOU MPOCIOUKHU Yy JBYTOpPOBIX
BepOonoB (Camelus bactrianus) Ha HE3IHAEMUU-
HbIX 1151 MERS-CoV Tepputopusx: B Kazaxcrane
[80], Mounroauu [27] u CeBepHom Kutae [70].
HecmoTpst Ha To uTo mouck xo3sseB MERS-CoV

B Tt MERS-CoV 6b110 TIPeIJIOKEHO HECKOJIBKO BpEMEHHBIX HA3BAHUIA: BUPYC OCTPOTO PECIIMPATOPHOTO CHHAPOMA C TOYE€THOI
HenoctarouHocThio (ARSRFYV — acute respiratory syndrome with renal failure), HoBbit KopoHaBupyc (NCoV — novel coronavirus), EMC/2012
(ot aurn. Erasmus Medical Center, 2012). [TocnexHee npenyioxkeHue IBIsII0Ch HAanboIee paauKaibHOM HOBAIlUEeH, TOCKOIbKY HEU3BECTHO
HY OJTHOTO Ha3BaHMUSI BUpPYca (B OTIMYHME OT IITAMMOB), B KOTOPOM ObI HUTYPUPOBAJIO Ha3BaHUE HAY YHO-UCCIIEI0BATEIbCKOTO YUPEKICHUS.

24 OnHOoropObie BepOJII0Ibl ObLIK 3aBE3€HbI B ABCTPAIUIO C TEPPUTOPUM APaBUIICKOTO MOJyoCTpoBa, [lakucrana u Adpranucrana B XI1X B.

M aKTMBHO UCIOJIb30BaJIKMCh TOTIa KaK TPAHCIIOPTHOE CPEAICTBO Ha apUAHBIX TeppuTopusix. C nosiBjieHrueM aBToMoOuIIeli B Hayate XX B.
HYK/a B I'Y>KeBOM TPAHCIIOPTE MOCTETIEHHO OTTaJja, BepOIIOAbl OMUYAIN 1 Ha CETOMHSIIIHUI ICHb MPEACTABISIOT KpyHeiiiee (opsiaka
800 ThIC. TOJIOB) ¥ €IMHCTBEHHOE TMKOE CTa10 OJHOrOpOBIX BEPOIIOIOB B MUPE.
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cpenu IPYTUX JOMAIIHUX JKUBOTHBIX — KPYITHOTO
poraToro cKoTa, Jioliajeii, K03, OBell — He yBEH-
yaJjcs ycrnexoM [55, 99], atu uccaeanoBaHus Cylie-
CTBEHHO CTUMYJIMPOBAJIM M3yYeHUE KOPOHaBM-
PYCOB B MOMYJSIIMAX MJIEKOMUTAKOIINX MTOMUMO
PYKOKPBIJIBIX.

MoJieKyasipHO-TeHeTUUYeCKU I CKpUHUHT 169 00-
pas3uoB ¢ekaluii CBUHEl 0e3 KJIMHUYECKUX MpU-
3HAKOB 3a0ojieBaHUll, CcOOpaHHBIX B [OHKOHTe
B trepuon 2007—2011 rr., okasaz, uro B 17 (10,1%)
W3 HUX TPUCYTCTBYET HOBBII KOPOHABUPYC, MOJIY-
YyUBIIUK cHayajia ooo3HaueHue HKUI15, a 3atem —
nenbrakopoHaBupyc cBuHeil (PDCoV — Porcine
deltacoronavirus) (Deltacoronavirus, Buldecovirus)
[137]. B 2014 r. pe3yabraThl paciiidpoBKH 3MU300-
TUI TWapeu Cpeau TOMalTHUX CBUHE B aMepUKaH-
ckux mrartax Oraiio u MHaouaHa mo3Boauau 060-
3HauuTh PDCoV 3TuoJloruyecKkuM areHToM 3TOro
3a6oneBaHus [125, 127]. HykneoTuaHble mocjeno-
BarejbHOCTU Hel-, S- u N-reHoB PDCoV MeHee uem
Ha 2% OTJIMYAIOTCSI OT KOPOHABUpYyca OEHTaIbCKUX
kouek? (ALCCoV — Asian leopard cat coronavirus)?2®
[42], 4TO CBUAETENBCTBYET O OOJIee LLIMPOKOM Kpyre
noTeHLMaabHbIX X03seB PDCoV.

B pesynabpraTe MOJIEKYISIPHO-BUPYCOJIOTYEC-
KOTro 00CJIeIOBaHUSI MOIYJISIIUI TPHI3YHOB B BOC-
TOYHOKUTAMCKON TPOBUHUIMU YKSI3SH, BEI-
nojsiHeHHoro B 2011—-2013 rr., ObLIM UAECHTUDU-
OMpOBaHBI TPU BHpyca (B Ha3BaHUSIX KOTOPBIX
GurypupyoT Ha3BaHWE AaIMWHUCTPATUBHOTO
pailioHa M COKpallleHHOE JIaTMHCKOE Ha3BaHUe
X03sIMHA): KOpOHaBUpPYC Mblliei JlyHIioaHb Aa
(LAMYV — Longquan Aa mouse coronavirus) oT mo-
JieBoii MbIIU (Apodemus agrarius), KOpOHaBUPYC
kpbic JlyHiwoanb Rl (LRLV — Longquan RI rat
coronavirus) OT MaJIOif pUCOBOW KpbIChl (Rattus
losea) n xopoHaBupyc Kpbic JlyHII0oaHb Rn
(LRNV — Lucheng Rn rat coronavirus) oT cepoii
KpbIChl (R. norvegicus) [126]. Iocnenyiomuii aHa-
JIM3 TeHOMOB MNoka3zaj, ytTo LAMYV gaBasiercs Ba-
puantoM BetaCoV-1, LRLV — MCoV, a LRNV
(Alphacoronavirus, Luchacovirus) umeeT cTaTycC
CaMOCTOSITEJILHOTO BHUIAa. AHAJIOTMYHbBIE MCCIIE-
IIOBAaHUSI TPBI3YHOB COTPYIHUKU [OHKOHTCKOTO
YHUBEPCUTETA ITPOBOANIIN B I0KHBIX ITPOBUHIINSIX
Kuras B 2010—2012 rr., uaeHTUGULMPOBAB KOPO-

HaBupyc kpbeic Kutags HKU24 (CRCoV-HKU24 —
China Rattus coronavirus HKU?24) (Betacoronavirus,
Embecovirus) [63].

B 2014 r. Bupycosoru u3 boOHHCKOro YHUBEpPCU-
Teta (I'epMmaHus) cooOIUAU 00 UASHTUDUKALIUU
HOBOIro KopoHaBupyca, 0au3koro k SARS-CoV,
OoT 00bIKHOBeHHOrO exa (Erinaceus europaeus) [37].
B HayuHOI1 JiuTepaType IIMPOKO pacIlpocTpaHe-
HO TIepBOHayYaJlbHOE€ Ha3BaHUE 3TOro BUpyca —
EriCoV (Erinaceus coronavirus) — HO B HacTosilIee
BpeMs, ICTV pekomMeHayeT Apyroe Ha3BaHMUE. KO-
poHaBupyc exeil 1-ro tuna (HdCoV-1 — Hedgehog
coronavirus 1)?”  (Betacoronavirus, Merbecovirus).
HdCoV mupoko pacnpocTpaHeH B MHOMNYJISILIUSIX
E. europaeus 3anagnoii EBporibl, BKJouasi Benuko-
opuranuio [37, 106]. Bupyc nmopaxkaeT CIM3HCTYIO
KUIIEYHWKA U BBIIESIETCS ¢ (heKaJIrusiMu, KOTOPbIe
MOTYT TPUOOpEeTaTh KEJIThII NJIV 3eJIEHbIi1 OTTEHOK,
OIHAKO HY Tuapest, HU JAPyTre KIMHUUEeCKHE TTPOSIB-
nenust HACoV-1-undekuuu He HabaogaoTcs. B re-
HeTtuueckoM oTHolueHu HdCoV 6auzok k MERS-
CoV, 4To TpedyeT MPOBEPKU TUITOTE3bI O LIUPKYIS-
uun MERS-CoV-nogoOHbIX BUPYCOB B MOMYJISILIN-
s1X apuorickux exem (Paraechinus aethiopicus), apeal
KoTopbix BkJo4yaeT CeBepHylo Adpuky, CynaH
1 ApaBUMCKUI TTIOJIYyOCTPOB, U JIMHHOUTIIBIX €Xel
(Paraechinus hypomelas) — TUTIMYHBIX oOMUTaTesei
apaBUMCKUX 0a3UCOB.

P.C. Woo ¢ coant. (2009), npoBenst MOJIEKYIsIP-
HO-TEHEeTHYeCcKoe oOciienoBaHue 6oJjiee YeM Toy-
TOpa THICSTY MEPTBBIX IITUIL, COOPAaHHBIX HAa TEpPU-
Topuu [OHKOHTa, OOHAPYXKWJIM TPU HOBBIX MpE/-
ctaButeliss Coronaviridae: KopoHaBUpyC 0101b0I0-
neit? HKUI11 (BuCoV-HKU11 — Bulbul coronavirus
HKUI11) (Deltacoronavirus, Buldecovirus); xopo-
HaBupyc aposnoB? HKUI2 (ThCoV-HKUI12 —
Thrush coronavirus HKU12), KoTopblil sIBsieTCS
noasugoM BuCoV-HKUI11; kopoHaBupyc MyHmii3®
HKU13 (MuCoV-HKUI3 — Munia coronavirus
HKUI13) (Deltacoronavirus, Buldecovirus). Tlozxe
Ta e MCCJenoBarebcKasl TpyIa oryojanKoBaia
pe3yJIbTaThl BBISIBIEHUSI U3 TpaxeaJlbHbIX CMBIBOB
TOHKOHICKMX MTUL KOpOHaBUpyca Oenoria3ok3!
(WECoV-HKUI16 — White eye coronavirus HKU16)
(Deltacoronavirus,  Buldecovirus); =~ KOpoHaBUpY-
ca BopoobeB HKU17 (SpCoV-HKU17 — Sparrow

25 BenraJibckasi Koiuka (Prionailurus bengalensis) He oTHOCUTCs K Jieoniapaam (Panthera pardus), Ho TiepeBOAUTCS Ha aHTJI. Kak Asian leopard cat
13-3a ee MATHUCTOI, «JIeonapaoBoii», okpacku. Ha rore poccuiickoro JanbHero BocToka 3TOT BUJI Ha3bIBAETCS «1aJbHEBOCTOUHBII KOT».

26Terom ALCCoV cekBeHMPOBaH JTHIIb YacTHuHO — cM. GenBank ID EF584908.

Y [IpenmnoJaraeTcsi, 4TO B APYTUX POIaX HACTOSIIIIMX exeil (Erinaceinae) MOTYT BCTpeYaThCsi KOPOHABUPYCHI IPYTUX TUIIOB.

28 B HEKOTOPbIX PyKOBOJICTBAX 3TOT BUPYC OLIMOOYHO MePEeBOAUTCS KaK KopoHaBupyc cosoBbeB HKUI1, MOCKOIBKY B @aHIJIMIACKOM SI3bIKE
cnoBo «bulbul» siBsieTcs citHOHUMOM «nightingale» (cooBbst). OnHaKO cooBbY (Luscinia sp.) MPUHALIIEXKAT CEMENHCTBY MYXOJIOBKOBBIX (Pas-
seriformes: Muscicapidae) u OTIMYAIOTCS OT OIOJIBOIOJIE — MpPeACTaBUTEICH ceM. 010JbOI0JIEBbIX, MU KOPOTKOMAJbIX APp03/10B (Passeriformes:
Pycnonotidae). BuCoV-HKUI11 6611 ©301MpOBaH OT KUTaICKUX O10b0I0JIeH (P. sinensis) u KpacHOIIEKUX 010b0105eit (P. jocosus). bronbotonu
pacrpocTpaHeHbl B TPOITMYECKUX M CyOTponrueckunx jecax AGpuku u Azuu.

Y ThCoV-HKU12 6611 U30JUpOBaH OT CU3LIX Ap0310B (Turdus hortulorum), rHE3ASIIErOCs B CEBEPHBIX KUTAUCKUX IPOBUHIIMAX U HA IOT€
poccuiickoro lansHero Boctoka, 3umytomiero — Ha tore Kurtas, Bo BoeTHame, Jlaoce, MbsinMe u ceBepe Taunana.

3MuCoV-HKU13 6bl1 M30IMPOBaH OT OCTPOXBOCTHIX O6POH30BBIX aMaauH (Lonchura striata) u3 poga MyHHUI CEMENCTBA BLIOPKOBBIX TKAYNKOB
(Passeriformes: Estrildidae), ooutaromux B FOro-Boctounoit A3uu u Ha moxyoctpoBe MHmocTaH.

3t benornasku (Zosterops sp.) — HeOOJIbIIME ITULIBI U3 CeMeiicTBa OeJIorIa3KoBbIX (Passeriformes, Zosteropidae) ¢ XapaKTepHBIM 000KOM U3 GeJIbIX
MepbeB BOKPYT [1a3, 00U TalolIue B aecax cyocaxapuaibHoit Abpuku, moayoctpoa Mumgoctan, BocTouHO (BKTI0Uast 10T POCCUIICKOTO

HanbsHero Boctoka) u FOro-BoctouHoit A3uu, ABcTpainu 1 OKeaHUU.
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coronavirus HKU17), npentuunoro PDCoV; ko-
poHaBupyca copoubux ciaBok¥ HKU18 (MRCoV-
HKU18 — magpie robin coronavirus HKUI18), uaeH-
tuaHoro MuCoV-HKUI13; kopoHaBupyca KBakB3?
(NHCoV-HKUI9 — Night heron coronavirus
HKUI19) (Deltacoronavirus, Herdecovirus); xopo-
HaBupyca cBuszeit HKU20 (WiCoV-HKU20 —
Wigeon coronavirus HKU20); kopoHaBupyca Ka-
mbimmHu, HKU21 (CMCoV-HKU21 — Common
moorhen coronavirus HKU21) (Deltacoronavirus,
Moordecovirus) [137].

B nauasie nexkadpst 2019 r. B cpeAMHHON KUTali-
CKOM MpoBUHIIMM Xy03ii CTaau pa3BUBATHCS SITH-
JIEeMUYECKe COOBITHS, CBSI3aHHbBIE C HOBBIM KOPO-
HaBHUPYCOM, CITOCOOHBIM BBI3BIBATh y JIONIEH TSIXKe-
Jible (BIJIOTH JIO JIETaJbHBIX) IIEPBUYHBIC BUPYCHBIE
nHeBMOHUM. [lepBblii ciaydail Takoil MMHEBMOHUU
ObUT OGMUIIMAJBHO 3aperucTPUpPOBaH B I. YXaHb
08.12.2019 r. [103]. ¥xke 30.12.2019 r. MeaULIMHCKOE
yhnpaBjieHHEe TOPOACKOro KOMMTETa 3IpaBOooOXpa-
HEHUST YXaHs BBIITYCTUJIM «CPOYHOE yBEIOMJICHUE
O TIOSBJICHUM TTHEBMOHUMW HESICHOM STHUOJIOTUW».
03.01.2020 . BO3 06bs1B11a 0 44 3200J1€BIIMX, U3 KO-
Topbix 27 (61,4%) nocemianu PeIOHBI ppIHOK YXaHsI,
Ha KOTOPOM IIpOAaBajoch OOJbIIOE KOJWYECTBO
aukux XUBOTHBIX. 07.01.2020 r. M30JUpPOBAHHBIMI
9TUOJIOTMYECKU A areHT 3abosieBaHUS ObLT UASHTU-
dbunmMpoBaH Kaxk npeacraButesib Coronaviridae v nmo-
aydun BpeMeHHoe obo3HadeHue 2019-nCoV (novel
coronavirus 2019) [148]. 12.01.2020 r. 6611 aHOHCHUPO-
BaH MOJTHOPa3MEPHBI1 TEHOM HOBOT'O KOPOHAaBUPY-
ca, YTO MO3BOJIUJIO MIPUCTYIUTH K pa3padbotke OT-
T1LLP TecT-cucTemM U reHHO-UHXXEHEPHBIX ITpernapa-
ToB [30, 143]. 3aboneBanue, cBsi3aHHOE ¢ 2019-nCoV,
nonyuyuyso HazBaHue COVID-2019 (Coronavirus
Disease 2019) [146].

OnuHHAAIATUMUJUIMOHHBIN I. YXaHb SIBJISIETCS
CTONIMIIEN OAHOM u3 Haubosee (60 MJIH 4YeTOBEK)
ryctroHacejeHHbIX (323 4JesloBeK/KM?) KUTAMCKUX
MPOBUHIIMNA C pa3BUTON CUCTEMOUN TPAHCIIOPTHOIO
COOOIIIeHUSI, TIOTOMY BIUAEMUS OBICTPO pa3BU-
Bajach B MUILIEHTPE (B MPOBUHIIMU XyO3ii) U cO-
NPOBOXIaJIach OOJBIIUM KOJTUYECTBOM 3aBO3HBIX
cllydyaeB Kak B Jgpyrue nposuHuuu Kwuras, Tak
u B npyrue ctpansl [91, 131]. ¥xxe k 30.01.2020 .
Komuter BO3 mno upe3BblYaliHBIM CHUTYalUSIM
OOBSIBUJI IMUAEMUYECKYIO BCITBIIIKY B IIPOBHH-
nuu Xy0sii, BeizBaHHYI0 2019-nCoV, upes3Bbluaii-
HOU cuTyauueit B 00JacTu OOLIECTBEHHOIO 31pa-
BOOXPAHEHMU I, UMEIOIIE MeXIyHapoaHOe 3Haye-
HMe: 00111as1 IeTaJIbHOCTh IO MUPY cocTaBuia 2,2%
(170/7818); BHe Kutas — 0,0% (0/82) (B 18 cTpaHax)
[145]. DTu xe unubpbl HA MOMEHT 3aBEPIICHU S TaH-

Hoit ctatbu 29.02.2020 r.: 3,4% (2924/85 403); 1,4%
(86/6009) (B 53 crpanax) [144]. HeroroBHOCTb MHO-
TMX CTPaH MUpa K TIPOBEICHNIO CTOJIb K€ XKeCTKHUX
MPOTUBOSMUIAEMUYECKUX MEPONPUSITUI, KaKue
ocymiecTBuy Kuraii, nenaet peajbHbIM pa3pacTra-
HHUe HBIHEUTHe! 3MUAEMUY B TTOJTHOMACIITaOHYIO
naHaeMuio3,

T'enom 2019-nCoV okaszajici TOMOJOTrUYEH
MERS-CoVHa50%,SARS-CoV —79%, BtRsCoV —
88%. YuutbhiBass 0COOEHHOCTH CTPYKTYpPBl FeHOMA
HoBoro kopoHaBupyca 2019-nCoV, ICTV nepe-
MMEHOBAJI €ro B BUPYC OCTPOro PeCcIMpaTOpPHO-
ro cunapoma 2-ro tuna (SARS-CoV-2 — Severe
acute respiratory syndrome 2) u BMecTe ¢ SARS-
CoV u BtRsCoV Bkitouun B noapon Sarbecovirus
(Betacoronavirus) [46]. SARS-CoV-2 saBisieTcs
MPUPOTHO-OYATOBBIM C pe3epBUPOBAHUEM BUpPYCa
B TIOMYJISLIUSX PYKOKPBUIBIX: Hanbosee OIM3KUM
IITAMMOM OT PYKOKpPbUIbIX siBasieTcss RaTG13 (ro-
moJtorust 96%), KOTOPbI MOKET ObITh CBEIEH B CU-
HOHUMBI SARS-CoV-2. [IpoMexXyTOUHBIMU X0351€-
BaMM MOTYT SIBJISITbCS MEJIKUE MJICKOTIUTAIOIINE.
DTO, B YaCTHOCTH, OOBSICHSIET, TTOYEMY MCTOYHM-
KOM BHMpyca cTaJl pblHOK YxaHs [72, 105, 128, 150].
XozsieBamu SARS-CoV-2 MoryT gBJISTBHCS IaH-
TOJMHBI: HYKJICOTUAHBIE ITOCJIEIOBATEJIbHOCTH,
uneHTudyHble SARS-CoV-2, ObliM 0OHapy>KeHbI
METOJ0M METareHOMHOTI'O CEKBEHUPOBAHU S Y SIBaH-
CKUX s11epoB (Manis javanica) |39, 59, 69, 133]. Msico
MaHTOJIMHOB SIBJISIETCSI AEIMKATECOM B CTpaHax
IOro-BocTouHoit A3uu, a KOKHBIC YEITyH IITUPOKO
WCITOJIb3YIOTCSI B BOCTOYHOM MEIUIIMHE, YTO Jieia-
€T 3TUX XKUBOTHBIX, BXOISIIIIMX B MeXTyHapOIHYIO
KpacHylo KHUTY, OTHMUMU U3 HauboJjiee MacCOBBIX
00BEKTOB HeJieraJibHOU Toprosau [112].

T'mnoteza W. Ji ¢ coanT. (2020) 0 BO3MOXHOI
poau KuTailckoir KoOpwl (Naja atra) U I0XHO-
KUTAMCKOTO MHOIOIOJI0COro Kpaita (Bungarus
multicinctus) B KadecTBe x03sieB SARS-CoV2 onu-
paeTcst UCKJIIOUYUTEIBHO Ha COTIOCTAaBJIEHU M YaCTO-
ThI BCTPEYaeMOCTH CUHOHMMMYHBIX KOJIOHOB B Te-
HOMeE BUpYCa U ITOTEHIINAJILHOTO X035TMHA, He TTO/-
TBEpXK/IeHa pe3yJibTaTaMU ITOJIEBbIX UCCIeTOBaHU I
M KpaliHe MaJIOBEpOsSiTHA, YUYUTHIBAsI 3KOJOTUIO
BUPYCOB U3 monaponaa Sarbecovirus 1 OTCYTCTBUEM
M3BECTHBIX HayKe KOPOHABUPYCOB ITPECMBIKAIO-
muxcs (Reptilia). I xoTs1 mociaeaHue MOryT ObITh
oOHapy>keHbl B Oy1yllleM, CKOpee BCEro OHU OyayT
dopMupoBaTh OTAEIbHOE MOJACEMENCTBO HAMOAO-
oue Letovirinae (cM. naiee).

TlepBas knaccudukauuss KOPOHABUPYCOB CJIO-
JKUJIaCch K KOHILY TiepBoro aecsatuiietus X XI B. (B To
BpeMst — poaa Coronavirus B coctaBe Coronaviridae,

32Copoubst cllaBKa, UJIK COpounii imama-apo3a (Copsychus saularis), — HeGOIbIIAs ITULIA U3 CEM. MYXOJIOBKOBBIX (Passeriformes: Muscicapidae)
C XapaKTepHOI YepHOI OKPACKOi M KPYITHBIMU O¢IbIMK MTSAITHAMU Ha 60Kax, oouTalnast Ha mojyoctpoBe Mumocran u B FOro-BoctouHoit

Asuu.

3NHCoV-HKU19 uzonupoBaH oT 00bIKHOBEHHBIX KBaKB (Nycticorax nycticorax), LiMpoKo pacrpoctpaHeHHbIX B CeBepHoii u FOXHOIT AMepuKe,
Adpuke 1 1oxHoM nosice EBpasuu 3a uckioueHuem Boctounoit Cubupu u Tubera.
34VKe 1mocJie HarpaBJieHusl cTaThy B XypHai, 11.03.2020, BO3 o6bsBuia Havasio nangemuu COVID-19. — Ipum. peo.
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YTO COOTBETCTBYET CEromHs moaceMeicTBy Ortho-
coronavirinae, cM. TabJ. 1, 2) U OCHOBBIBaJach
Ha pa3IM4yMsIX UX PELEeNTOPHOU CIennbpUIHOCTU
[2, 123]. K nepBoii rpyrire OblJ1M OTHECEHBI KOPO-
HaBUPYCHI, HCIIOJb3YIOIINEe B KayeCTBE KJIETOY-
Horo peuenTopa N-amuHonentuaazy (APN —
Aminopeptidase N), KoTopas TakxXe U3BeCTHa Kak
Mapkep KJjeTouHoil auddepeHuuposku CDI13:
CCoV-1, CCoV-2, FECV, FIPV, PRCV, TGEV (Bo-
menuve nosxe B AlphaCoV-1); ECGV (MkCoV-1);
ECEV, FSCV (FrCoV); HCoV-229E; PEDV. Bropas
rpyIia BKJoYaJla KOPOHABUPYCHI, IJISI KOTOPBIX
MMEJIOCH JIBa aJIbTEPHATUBHBIX KJIETOYHBIX peller-
TOopa — MOJIEKyJa KJIETOYHON aare3nuu, acColuuu-
poBaHHasl ¢ paKOBO-3MOpPHOHAJLHBIM aHTUTEHOM,
1 runa (CEACAMI1 — Carcinoembryonic antigen-
related cell adhesion molecule 1), naun CD66a,
n N-auetun-9-O-aueTuiHeipaMMHOBAasI KHUCJIO-
ta (Neu5,9Ac2 — N-acetyl-9-O-acetylneuraminic
acid): BCoV, CRCoV, ECoV, HCoV-0C43
(BetaCoV-1); HCoV-HKUI1; MHYV, RtCoV (MCoV).
Tpetps rpynna od0beauHsIIa B cebe KOpOHABUPY-
ChI, crienM(UIHBIe K 0.2’-3’-crajo3ngaM — TOJIH-
caxapujaM, TEPMUHMPOBAHHBIM CHUAJIOBOW, WJIU
N-aueruaHelipaMuHoBoOM, KucjioToid (NeuSAc —
N-acetylneuraminic acid), cBsI3aHHOI cO clieAyo-
UM MoHocaxapuaoM o2’-3’-cBs3pio: 1BV, TCoV
(ACoV), SW1 (CetCoV).

Knaccudukauusi, ocHoBaHHasli Ha pelLernTop-
HO# cnenUIHOCTH, C CAaMOTO Havaja IoJBepra-
Jlach KPUTHKE, MIOTOMY YTO CITAaliKOBBIM OeJloK S,
B3aMMOJIEUCTBYIOIIMI C KJIETOUHBIM PELEIITOPOM,
SIBISIETCSl HamboJjiee BapuaOeIbHBIM M OTpaxkaeT
Mpoliecc aaanTaly K NOTeHIINaJbHBIM X03sIeBaM,
a HE DBOJIIOIIMOHHBIC CBSI3M MEXY Pa3JIMnIHBIMU
KOpoHaBupycaMu. B najbHeii1emM BbIICHUIIOCH, YTO
BHOBb OTKpbIThie HCoV-NL63 u SARS-CoV, rene-
TUYECKU OJIM3KHKE Mo KOHCTaHTHBIM reHam (RdRp,
Hel, N) kK Bupycam BTOPOI1 I'pyIIibl, crienuduyec-
K1 CBSI3BIBAIOTCSI C aAHTMOTEH3WHIIpeBpallalo-
muM depmeHtom 2 tuma (ACE2 — angiotensin-
converting enzyme 2). I[Ipuniiock pa3geauTs rpyI-
ny 2 Ha ABe MOATrpymnIbl: 2A (BKJIIOYAIOIIYIO MPEeX-
Hioo rpynmny 2) u 2B (HCoV-NL63 u SARS-CoV).
CneurdruyHOCTh MpEeACcTaBUTEIEH MOATPYMIIbI 2A
B oTHoleHUU Neu5,9Ac2 0O0bsICHSETCS HaJluduem
DJIMKOTIPOTEMHA TeMarrJloTUHUH-3CTepasbl, ad-
¢UHHOro K TaKOMy TUNY cuano3unaoB. OTKpBITHE
MERS-CoV, BtCoV-HKU4 u BtCoV-HKUS, ans
KOTOPBIX PELENTOPOM SIBJISIETCS MUMEITTHINIIICTI-
tuaasa 4 tuna (DPP4 — dipeptidyl peptidase 4), niu
CD26, norpeboBajio BBemeHuss noarpymibl 2C.

OuepenHas noarpyimmna 2D noHagoOujach B CBS3U
¢ oTkpbiTueM BtCoV-HKU9 un BtCoV-GCCDCI.
TlepBas rpynna nuddepeHupoBasach B ABe MOJI-
TPYIIIBI M3-3a Pa3juduii B CTPyKType 3’ KOHIIe-
Boro Habopa reHon: noarpynna la (CCoV, FIPV,
FrCoV, MkCoV-1, TGEV) He umMmeeT, a noarpyIimna
1Ib (HCoV-229E, HCoV-NL63, PEDV) umeer no-
MOJHUTEJIbHYIO PAaMKy CUUTBIBAHUS IJISI OAHOIO
WJIM IBYX HECTPYKTYPHBIX OEJIKOB MEX Yy TeHaMU S
u E. AnanornuHasi nuddepeHLnpoBKa umena me-
cTo B TpeTheit rpymnmne: noarpynmna 3A (IBV, TCoV,
PhCoV) conepXXuUT paMKM CUUTbIBAaHUS IJ51 ABYX,
noarpynma 3B (SWI1) — nnasa tpex, a moarpyrra
3C (BuCoV-HKUI1, MuCoV-HKUI3 u ap. — cm.
TabJ. 1) — aJist 6osee yeM TpeX HeCTPYKTYPHBIX OeJ-
KoB Mexay redamu Su E [3, 7, 11, 33, 41, 124, 136].

TakuM obGpa3zoM, B Hayajie BTOPOTO JECSITU-
netus XXI B. TaKCOHOMUUYECKAsl CTPYKTypa poja
Coronavirus oka3zajlacb HAaCTOJbKO MO3aMYHOMH,
YTO TNOTPeOOBaOCh MOBBIIIEHUE paHTra TaKCo-
HoB, U B IX TakcoHomuueckom kartanore ICTV
(2011 r.) [124] pon Coronavirus miepemies B CTaTyc
noacemerictBa Coronavirinae. TIocKOAbKY HyMe-
panuio TPYIIl 4YacTO 3aMEHSJIM CUMBOJIbHBIMU
0003HAYCHUSIMU O, [, Y, TO TIEPBbIE YeThIPe OYKBBI
JNpeBHErpevYeckoro ajadaBuTa U MOJOXUIU B OCHO-
BY Ha3BaHUI YeTHIPEX HOBBIX POMOB: rpymma 1 —
Alphacoronavirus, rpynna 2 — Betacoronavirus, of-
rpynnsl 3a u 3b — Gammacoronavirus, TIOATPYII-
na 3¢ — Deltacoronavirus.

B aBrycrte 2018 r. TakcoHOMUYeCKasi CTPYKTY-
pa Coronaviridae moaBeprjiach o4epenHoOl cepbe3-
HOMU peBu3nU. Bo-1miepBbIX, ObIJIO BBEAECHO MMOHSITHE
noapoaa’s. B ocHOBY BbIAEICHUS MTOAPOAOB MO0~
JKEHBI TOPOTOBbIE 3HAYCHU ST TATPUCTUIECKUX TUC-
TaHUMNA Ha (DUJIOr€eHETUYECKOM JIepeBe, MOCTPO-
€HHOM METOJOM HauOOJbIIEro IMpPaBAONoOa00us
Mocje MHOXECTBEHHOTO BBbIPAaBHUBAHUS TOJHO-
pa3MepHbIX TEHOMOB BCE€X M3BECTHBIX IMPENCTaBU-
TeJielt cemeiicTBa. B HacTosiee BpeMs 3TOT HOPOT
JUTST oapoaa MpuHAT paBHbIM 0,186, aas poga —
0,789, nnga nmoacemeiictBa — 1,583 (MoxXeT mocTte-
TMEHHO MEHSTBhCS B 3aBUCUMOCTU OT PacCUIMpPEeHUS
MHOXEeCTBa M3BECTHBIX KOpoHaBupycoB) [I51].
Bo-BTOpBIX, Mccaenyss TPaHCKPUIITOMbBI pacKpa-
LIEHHBIX KapJMKOBBIX KBaK1l (Microhyla fissipes)3°,
K. Bukhari ¢ coaBt. (2018) ¢ moMoIbl0 METOAOB
METareHOMHOTO aHaju3a OMMuCaJU HOBBI KOpO-
HaBUPYC, NOJYUYUBLIMIA Ha3BaHUE JIETOBUPYC Yy3-
KOopoThIX KBakil 1-ro tuna (MLeV-1 — Microhyla
letovirus 1)37 (Alphaletovirus, Milecovirus). DToT BU-
pyc, Oyayyu reHeTUYeCKU NUCTAHTEH MO OTHOIIe-

35X0Tst TAKCOHOMMYECKOE OKOHYaH e Moapo/a MOKa elle COBMaaaeT ¢ OKOHYaHUEM poja — CM. TabJ1. | — He MPUXOAUTCSI COMHEBAThCS, UTO 3Ta

TEPMUHOJIOTNYECKAA HEOAHO3HAYHOCTDb 6y,£lCT ucIpaBJi€Ha.

36DTOT BU U3 pojia y3KOPOTBIX KBaK (Microhylidae, Microhyla) pactipocTpaHeH Ha TEpPUTOPUM LIEHTPAIBLHOTO U I03KHOTro KuTas u rmosyoctpoBa

Manakka.

IMLeV apyrux TUIOB MOKa HeU3BeCTHBI. OMHAKO Y3KOpoThie KBaku (Microhyla spp.) — oGLIMPHBIN poa MUKPOKBaKIl (Anura: Microhylidae),
BKJIIOYAIOLIM T HECKOJIBKO AECSTKOB BUJIOB C pa3HOOOPA3HOIi 5K0JI0rMell Ha 0OLIMPHOM apeaJie oT nojyoctposa MHaocTaH 1o AnoHuun
1 ocTpoBOB MaJaiickoro apxurnenara. buojgornueckoe pa3sHooOpasue 3TOro poja MoTeHIMATbHBIX X035I€B BUPYca CTOJIb BEJMKO, YTO TpeOyeTcs

3apaHee y4eCcTh BEPOSITHOCTD MOSIBJICHU ST HOBBIX TUTIOB M LeV.
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HUIO KO BceM npencraButenssm Orthocoronavirinae,
obl1 BeiAeneH ICTV B oTaenbHOE IMOJICEMENCTBO
Letovirinae. T1losiBieHUEe cpeAn KOPOHABUPYCOB UH-
(GEeKLMOHHbIX areHTOB 3€MHOBOIHBbIX (Amphibia),
C OIHOI CTOPOHBI, HapylIaeT 3KOJIOTUYECKYIO
IIEJIOCTHOCTB 3TOTO CEMEICTBA, JIMIIb HEAaBHO 00-
PETEeHHYIO TTOCJIe UCKJTIOUeHMEe U3 HeTO ToJceMeii-
ctBa Torovirinae, ConepKaBIlero BUPYChl pbio3® [3,
124] u umerolllero Tenepb paHr CaMOCTOSITEIbHOTO
cemeiictBa Tobaniviridae (ta6. 2). C npyroii cTopo-
HBI, MOSIBIISICTCI HaaeXX1a OOHAPYKUTH B pe3yIbTa-
Te pacIIMPEHUS CIIEKTpa MOTEHIIMAJIbHBIX XO3sEB
cJienibl 0oJiee NpeBHEe 3BOTIOIIMY KOPOHABUPYCOB.
YuuteiBasi oOHapyXeHHUe KOPOHABUPYCOB 3eM-
HOBOJIHBIX U Tropas3fgo OO0JIbIIYI0 OJU30CTh ITUIL
(OMHUX W3 OCHOBHBIX XO35IeB KOPOHAaBUPYCOB)
K IPECMBIKAIOIINMCS, HEXXEJIU K aM(PUOnSIM, MOXK-
HO MpeaIiojiaraTh CyIIECTBOBAHUE BUPYCOB 3TOTO
ceMeicTBa, MopakarolluX U peNTUIuR (BeposiTHEe
BCETO — B COCTaBE OTIEJIbHOIO MOACEMENCTBA).
IloncemeiictBo Orthocoronavirinae T€CHO CBSI-
3aHO C KpPBIJIATBIMU SKWBOTHBIMH, KOTOPBIC SIB-
JISIOTCS TIPUPOOHBIMU pe3epByapaMU IJISI 3TUX
BUPYCOB: PYKOKpbLIble — ajsi Alphacoronavirus
u Betacoronavirus, ntuubsl — nns Deltacoronavirus
u Gammacoronavirus. Hanudue cnenuaau3upoBaH-
HBIX K MJIEKONMUTAIOLIUM TOaApoaoB (cM. Tabua. 1)
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COVID-19: AN UPDATED REVIEW
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Abstract. COVID-19 is a zoonotic disease that showed higher levels of transmissibility in humans. Coronavirus has
the largest recognized genome (28—33 kb) of a positive-sense single stranded RNA. The genome composed of 5-end,
the translationable mRNA sequences for the key proteins; replicase, spike, envelop membrane, and nucleocapsid and
3’-end (polyA tail). This highly contagious virus may impair the immune system in the early phase of the disease, hence
the symptoms of the disease appear very rapidly. Importantly until now, there is no efficient strategy for containing the di-
sease. So, all the world scientists today are in a race against time to find a vaccine or treatment to COVID-19, which
requires a deeper understanding.

Key words: COVID-19, SARS-CoV-2, vaccination, virus structure, epidemiology, ACE2, spikes.

COVID-19: OBHOBJIEHHbIN B3rnaa
Isihak F.A., Hamad M.A., Mustafa N.G.

Koanedauc éemepunapnoii meduyunsl, Yuueepcumem Mocyaa, e. Mocya, Hpak

Pe3tome. COVID-19 siBnsieTcss 300HO3HBIM 3a00JIEBAaHUEM, 11 KOTOPOTO OOHapyXeH 0oJjiee BHICOKMIT YPOBEHD Tie-
penauu y yenoseka. Cpenu Bcex PHK-coaepxamux BUpycOB KOPOHABUPYCHl UMEIOT HauOOIbIINUI pa3Mep reHoma
(28—33 11.0.), MpenCcTaBIEHHBII MOJOXUTENbHO-TIONsIpHOM HUThI0o PHK. B yacTHOCTH, X TEHOM COIEPXUT 5'-KOHETI,
TpaHcaupyeMble MPHK, cooTBeTCcTBYIO1IME KITIOUEBBIM OeiKaM; pernnKasy, 06eaok spike (iui), 6e1Ku 000J0YKH,
HYyKJIeoKarcua u 3’-KoHel (moju-A XBOCT). DTOT BHICOKOKOHTAIMO3HBI BUPYC MOXKET BIMSTH HA UMMYHHYIO CH-
CTEMY Ha paHHe# cTaauy MHMEKIUU, U3-3a Yero CUMITOMBI 3a00J1eBaHMSI TIPOSIBISIIOTCS 0OYeHb ObICTPO. BaxxHo, UTO
JIO CUX MOp OTCYTCTBYET 3((PeKTUBHASI CTpaTerus 1Mo orpaHUYeHuI0 3TOro 3adoaeBaHus. Micxonas u3 aToro, yueHble
BCEro Mupa B TOHKE CO BPEMEHEM 3aHSIThl MIOMCKOM BaKIMH MM MeTonoB JieueHuss COVID-19, uto Tpedyet 6oJiee
I1y00KOro MOHMMaHUS TeUSHU S 3a00IeBaHM.

Karoueevie caosa: COVID-19, SARS-CoV-2, sakyunayus, cmpoenue supyca, snudemuonoeus, ACE2, wiunsl.

History of human coronaviruses

Human coronaviruses originated in 1965 when
it was discovered in human embryonic tracheal
organ cultures attained from the respiratory tract
of an adult with a common cold and the viruses
named B814 [69]. These viruses were termed “OC”
to describe that they were grown in organ cultures
[3]. Performed electron microscopy on fluids from
organ cultures infected with B814 found particles
that look like the virus caused infectious bronchi-
tis of chickens (IBV). Human coronaviruses were

until 2003 recognized as a normal cause of com-
mon cold symptoms, and rarely a cause of lower
respiratory tract disease, but occasionally if ever
a cause of serious illness. In 2003, a novel corona-
virus was established into humans from animals as
the causative agent of the outbreak of severe acute
respiratory syndrome (SARS). The SARS outbreak
revealed that coronaviruses can be life threating
human pathogens and led to the discovery of other
novel human coronaviruses as well as multiple novel
coronaviruses in bats, the likely reservoir for SARS
coronavirus [72].
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Human coronaviruses

The four most common human coronaviruses
named 229E (alpha coronavirus), NL63 (alpha coro-
navirus), OC43 (beta coronavirus) and HKUI1 (beta
coronavirus), did not jump from animals to humans
but rather use humans as their biological hosts.
According to the CDC, they can cause common
colds and self-limiting upper respiratory diseases
in immune-competent patients. While other human
coronaviruses are MERS-CoV (the beta coronavirus
that causes Middle East Respiratory Syndrome, or
MERS), SARS-CoV (the beta coronavirus that caus-
es a severe acute respiratory syndrome, or SARS) and
lastly SARS-CoV-2 (the novel coronavirus that caus-
es coronavirus disease 2019, or COVID-19) (fig. 1).
Sometimes coronaviruses that infect animals can
evolve and make humans ill and turn out to be a new
human coronavirus. Three recent examples of this
are SARS-CoV-2 (COVID-19), SARS-CoV-1 and
MERS-CoV [35].

Shape of coronaviruses

The virus particles were medium sized (80—
150 nm in diameter), pleomorphic, membrane-coat-
ed (enveloped), and covered with widely spaced club-
shaped surface projections (spikes) (fig. 2, color plate,
p. I). Coronaviruses are a large family of zoonotic vi-
ruses that possesses the largest RNA viral genomes
cause illness varying from the common cold to acute
respiratory diseases [33].

Epidemiology

During 2002—2003 outbreaks, SARS infection
was recorded in 29 countries in Europe, Asia, North
America, and South America. Overall 8098 infected
individuals were detected with 774 SARS-related
deaths [13]. It is still unclear how the virus entered
the human population and whether the Himalayan
palm civets were the natural reservoir for the virus?
The SARS epidemic gave the world of coronaviruses

a huge infusion of energy and activity that contrib-
uted to the large amount already known about the vi-
rology and pathogenesis of coronavirus infections
from the growing area of veterinary virology [34].

In 2012 another coronavirus capable of produc-
ing a severe acute respiratory illness later known
as Middle East respiratory syndrome (MERS) was
discovered in humans. The former case was found
in Saudi Arabia, and others were reported with-
in the subsequent year in France, Qatar, Jordan,
Tunisia, the United Arab Emirates, Germany and
the United Kingdom. All proved cases were directly
or indirectly linked to the Middle East [54].

A novel coronavirus outbreak was first recognized
in Wuhan, Hubei Province, China in December
2019. It has now been confirmed on six continents
and in more than 150 countries. There are many cor-
onaviruses known to be circulating in different ani-
mal populations that have not yet infected humans.
On December 31 2019, Chinese authorities alert-
ed the World Health Organization of an outbreak
of a novel strain of coronavirus causing severe ill-
ness, which was subsequently named SARS-CoV-2.
COVID-19 is the most current to make the jump
to human infection. This new virus seems to be very
communicable and has quickly spread worldwide.
The dynamics of SARS-CoV-2 are currently un-
known, but there is an assumption that it also has an
animal origin [14]. This virus has round or elliptic
and often pleomorphic shape and a diameter of ap-
proximately 60—140 nm. Like other CoVs, it is sensi-
tive to ultraviolet waves and heat. The whole genome
of SARS-CoV-2 has an 86% resembly with SARS-
CoV-1 [68].

Pathogenesis

The virulence mechanisms of SARS-CoV-2 have
an affinity to the function of the nonstructural pro-
teins (Nsps) and structural proteins. For instance,
research underlined that (Nsps) is able to impair
the host innate immune response [65]. The envelop
of the virus has an essential role in pathogenicity

Virus Middle East respiratory Severe acute respiratory
species syndrome-related — ~—— syndrome-related
coronavirus coronavirus
- ICTV-
Z  CSG T
: / N
§ Virus MERS-CoV -¢——  SARS-CoV —» SARS-CoV-2
@
| T
£ ) )
g Middle East Severe acute Coronavirus
WHO Disease respiratory syndrome  respiratory syndrome disease 2019
(MERS) (SARS) (COVID-19)
A
Year 2012 2003 2019

A Firstname

— Name origin

Figure 1. Current international classification of coronavirus diseases in relation to virus taxonomy ICD-11 [76]
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as it supports viral assembly and release. The angi-
otensin-converting enzyme 2 (ACE2) that found
on the cells of the lower respiratory tract of human,
has been linked as the receptor used for cell endo-
cytosis for both SARS-CoV-1 and SARS-CoV-2
(COVID-19) [85].

Among the structural component of CoVs,
the spike glycoproteins consist of two subunits (SI
and S2, see below). Homotrimers of S proteins com-
pose the spikes on the viral surface (envelop) lead-
ing the link to susceptible host receptors. In SARS-
CoV-2, the S2 subunit, having a fusion peptide,
a transmembrane domain and cytoplasmic domain,
is highly conserved. Thus, it could be the target
for antiviral (anti-S2) compounds. Other structural
elements on which research must necessarily fo-
cus are the ORF3b that has no homology with that
of SARS-CoVs and a secreted protein (encoded by
OREF8), which is structurally different from those
of SARS-CoV [31].

The researchers found that the receptor-binding
domain (RBD) portion of the SARS-CoV-2 spike
proteins had developed to efficiently target a molecu-
lar feature on the outside of human cells called ACE2
receptors, these receptors involved in controlling
of blood pressure. The spike protein of SARS-CoV-2
was so effective at binding the human cells; in fact, that
the scientists achieved it was the result of natural selec-
tion and not the product of genetic engineering [4].

The difference between SARS-CoVs 2020
and 2003 outbreaks

Here we mention the main deference that in-
cludes: Firstly, the Wuhan location is different,
which is the epicenter of COVID-19, joins multi-
ple aspects that make containment challenges. As
the largest city (more than 11 million people) in cen-
tral China, Wuhan is a major transport center, focal
point for trade and business, home to the biggest train
station and largest airport [75]. Secondly, the reason
might be that the infectious period is uncommon.
Isolation was efficient for SARS because peak viral
shedding happened after patients were already quite
ill with respiratory symptoms and could be easily
detected [74]. Thirdly, an explanation could be that
the transmissible rate might be higher for COVID-19
than for SARS. The fourth clarification is that
the clinical spectrum is different. China’s initial case
explanation was focused on pneumonia, and initial
case fatality rates (CFR) were described at about 10%
on the basis of this narrow case definition [29]. Fifth
the continued spread of SARS-CoV-2 is “more in-
fectious” but less severe than the SARS-CoV-1, and
everything indicates that the mortality rate of SARS-
CoV-2 is lower when compared to the outbreak
of SARS in 2003, as well as the stock markets around
the globe dropped sharply amid intensifying concern
about the economic impact of the COVID-19.

SARS-CoV-2 genome

Among a variety of viral genomes, coronavirus,
the most abundant virus (including SARS-CoV-2)
have the largest recognized genome (28—33 kb)
of a non-segmented positive-sense (+) single stranded
RNA [4]. The genome composed of 5" end (cap), has
UTR and leader sequences, that is critical to mRNA
transcription and replication, and 3’(polyA tail) end,
and in between the translationable mRNA sequences
for the essential key proteins; replicase, spike, envelop
membrane, and nucleocapsid [21]. About two-third
(~20 kb) of the genome create nonstructural proteins
(nsps), while remaining (~10 kb) encodes accessory
and structural proteins. Also, it should be noted that
each structural and accessory genes have transcrip-
tion regulatory sequences (TRSs) that are critical
in each gene transcription [24]. This genome under-
goes the replication in two steps producing mRNA
and subgenomic mRNA (fig. 3, color plate, p. I), while
the translation process directly employed host cell
ribosomes depending on either nested mRNA or ri-
bosomal frameshifting [23]. Faithfully, virus to over-
whelmed of their small mRNA, it is headed for trans-
lational maneuvers a) Biosynthesis of polyprotein pre-
cursor, and b) Non-translation (subgenomic mRNA,
RNA splicing, and mRNA editing). Besides that, ri-
bosomal frameshifting as a “slyness process” validat-
ed in other viruses such as HIV and Rous sarcoma vi-
rus, also in many living organisms and in human cells,
in which the individual ribosome moves to another
reading frame beginning the translation. This pro-
cess required at least two components: a) Sequences
of slippery homopolymeric (~7 nt), b) RNA second-
ary structure called pseudonot (~5—8 nt), it is thought
that the aim of ribosomal frameshifting is either de-
velopment of more than one polypeptide from a sing-
le mRNA and/or regulation of the developed protein
activities [66].

After an attack of the prefered host cell, part of the
viral genome, the 5-open reading frame (ORF)
is encoded to the biosynthesis of a polyprotein which
is subsequently cleaved by the viral-encoded pro-
teases developing several Nsps, including an RdRp
and an ATPase/helicase [67]. The above proteins
are liable for the viral genome replication and crea-
tion of nested transcripts which are utilized in the
formation of the viral other proteins [45]. As men-
tioned above, SARS-CoV RNA is contagious and at-
tends as the genome and viral mRNA, thus ORFla
and ORFIb are encoded by the genomic RNA, then
the translation arises through ribosomal frameshift-
ing (fig. 3). The resulting proteins ppla and pplab
are processed into the viral polymerase (RdRp) and
other non-structural proteins involved in RNA syn-
thesis, whereas, structural proteins are expressed as
subgenomic RNAs, each RNA (genomic and sub-
genomic) is translated to yield only the protein en-
coded by the 5’-most ORF [60].
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However, the genome of SARS-CoV-2 was se-
quenced in different centers around the world,
in brief, according to [45] it is composed of 29811
nt, (32.12%T, 29.86%A, 19.63%G, and 18.39%C),
whereas recently it is demonstrated that the complete
genome is 29,903 nt, it is revealed that these sequence
analyses are very closely related to the previously se-
quenced SARS-CoV [36].

SARS-CoV proteins
Spike

A glycosylated dense protein (about 150 kDa)
contributed to the virus pass into the cell [46]. Spike
is a trimeric fusion protein adapted to the continu-
ous conformational and structural changes triggering
virus membrane fusion with the host cell membrane
[39, 60], these changes activated when S1(see below)
binds to the own receptor on the host cell membrane.
The binding of S1 destabilizes trimeric protein lead-
ing to loss of S1 consenting to S2 conformational
changes ensuring post-fusion stability [9], besides,
after binding to the receptor, S1 receptor binding
domain (RBD) transiently change it is attendance.
Therefore, the spike, in addition to their key role
in the host immune response and reflecting of a spe-
cies and tissue determinant, spike also a consider-
able target of the antibody-mediated neutralization.
Depending upon the crystal structural and cryo-EM
studies [77] spike consists of three segments (fig. 4,
color plate, p. I); a large external part, anchoring
transmembrane part, and a small tail inside the virus.
The large part has two subunits S1 and S1, usually,
but not always, S protein is cleaved through a furin-
like protease of the host cell into two polypeptides
(S1 and S2) [21]. SI (specified to combined to host
cell membrane receptor), and S2 (act as fusion sub-
unit with host cell membrane) (fig. 5, color plate,
p. I). Furthermore, S1 consists of two parts; S1-N-
terminal domain (S1-NTD) contributed to the bind-
ing to the sugar [44, 71], and S1-C-terminal domain

(S1-CTD) denoted to recognizing of protein domain
of ACE2, APN, DPP4 receptors [18, 56], for more
information about SARS-CoV receptors see table 1.

On the other hand, it is confirmed that corona-
virus has two target hot spots in the human ACE2
receptor; Lys31 and Lys353, these hot spots have salt
bridge inside a hydrophobic domain, it is believed
that these spots play a key role in virus-receptor rec-
ognition and interaction [18]. During the SARS epi-
demic in 2003, interestingly, there was a high homo-
geneity between human and palm civet isolates of the
SARS-CoV, with remarkable S1-CTDs that differ
only in two residues at RBM; human SARS-CoV
Asn479 and Thr487 compared to civet SARS-CoV
Lys479 and Ser487, respectively [41, 60].

These residues (479 and 487) on the S1-CTD
of SARS-CoV collaborate with the above mentioned
hot spots, and continually vulnerable to mutations
of selection, for example the two common selective
mutations of SARS-CoV are K479N and S487T, en-
dorse the hot spots activity and enhance the affinity
of S1-CTD to human ACE2 [44, 49, 55]. Itis generally
assumed that the above two mutations play a critical
role in SARS-CoV transmission from civet to man,
and among humans during SARS-CoV epidemic [39,
43], another support to the key role of hot spots found
in the ACE2 of rats that lack the same previously
mentioned hot spots, consequently, SARS-CoV can-
not interact with rat ACE2 receptor, and rats resist
the infection [27].

Papain-like protease

Coronavirus Gene 1 encodes replicase polypro-
teins that are projected to be handled into 16 Nsps
(Nsps 1 to 16) (tabl. 2) through the action of two
proteases, a papain-like protease (PLP) and 3CLpro
[53]. Papain-like protease (PLP) is a multifunctional
protein, interferon adversary that establishes a do-
main of the replicase polyprotein, and at an initial
phase of the viral replication round may be active
to upset of IFN induction [7]. PLP catalyzes site-

Table 1. Common recognized receptors of coronaviruses*

Viruses

Recognized receptors

Alphacoronavirus (HCoV-NL63)
Betacoronavirus (SARS-CoV)

Zinc peptidase angiotensinogen converting enzyme 2 (ACE2) [27, 38]

Alphacoronavirus (TGEV, PEDV, PRCV)

Other zinc peptidase, aminopeptidase N (APN) [42, 44]

Alphacoronavirus (TGEV, PEDV) and

gammacoronavirus (IBV) APN [85]

MERS-CoV

KU Serine peptidase, Dipeptidyl peptidase 4 (DPP4) also known as CD26 [57, 79]
MHV Cell adhesion molecule, CEACAM1 [37]

BCoV N-acetyl-9-0O-acetylneuraminic acid [42]

*Here it must be noted that one of the unique characteristics of coronavirus their wide range of receptors. Besides, ambiguously various coronaviruses
could recognize the same receptor, in contrast, the individual virus can target various receptors. Therefore, it could be suggested that the novel

coronavirus currently may direct to changes their prefer receptor.
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Table 2. Size and functions of non-structural protein (Nsps) [64]

Nsps Size

Function

Act as a potential virulence factor, collaborated to cleave mRNA,

Nspf 110a.a, 20 kDa it is a target for 40S ribosomal subunit

Nsp2 70 kDa Disrupt intracellular signaling of the host

Nsp3 214 kDa Replication and transcription

Nsp4 56 kDa Transmembrane domain

Nsp5 34 kDa Highly conserved

Nsp6 33 kDa Transmembrane domain

Nsp7 (nsp interactome) 83a.a, 10 kDa Cap modification, mRNA capping, and fidelity of RNA synthesis

Nsp8 (nsp interactome) 200 a.a, 22 kDa

Key role in RNA synthesis, primase

Nsp9 (nsp interactome) 110 a.a, 13 kDa

Cap modification, mRNA capping, and fidelity of RNA synthesis

Nsp10 (nsp interactome) 139 a.a, 18 kDa

Replication cofactor, contributed to the formation of capping
machinery, most conserved protein

Nsp11

Nsp12 (RNA-dependent RNA

polymerase, RARp) 102 kDa

RdRp

Nsp13 (Helicase) 600 a.a, 66.5 kDa

Multifunction and highly conserved, contributed to the formation
of capping machinery, RNA 5’ triphosphatase, site for zinc
binding

Contributed to the formation of capping machinery, N7-Methyl

2’-0-MTase)

Nsp14 (Exoribonuclease) 58 kDa transferase, mismatch repair
Nsp15 (Endoribonuclease) 38.4 kDa Most conserved protein among coronaviruses proteins
Nsp16 (ribose 2’-O-methyl transferase, 33kDa Contributed to the formation of capping machinery, 2’-O-methyl

transferase

specific protein cleavage of the viral polyprotein.
Also, contrasting to the accessory proteins, that can
differ significantly among CoV species, conservation
of PLP activity is key to viral duplication and is thus
maintained among coronaviruses [21]. PLP catalyzes
the handling of the replicase polyprotein at cleavage
locations nspl/nsp2, nsp2/nsp3, and nsp3/nsp4. PLP
deubiquitinating action has been confirmed in sever-
al signaling, therefore, PLP considers a target to the
development of coronavirus inhibitors [39, 82].

3C like main protease

3C like main protease (3CLpro) that is NspS3,
the first enzyme that auto-cleaved from polypro-
tein to form mature enzymes. 3CLpro contributed
to the development of other Nsps which play a criti-
cal role during the viral replication cycle. However
3CLpro consists of three parts; domain I (§—101 resi-
dues), domain II (102—184 residues), and domain I11
(201—-303 residues), in addition to long loop (185—200
residues) connect domains I and 11, forming a cavi-
ty-like structure that demonstrated as an active site
of 3CLpro [51, 70].

RNA dependent RNA polymerase

RNA dependent RNA polymerase (RdRp) or
Nspl2 composed of 221 residues (25 kDa) it is one
of the conservative proteins of coronavirus, it has

a central role in replication/transcription complex.
RdRp is a vital protease that catalyzes the transcrip-
tion of RNA from template RNA, thus it is a target
of therapeutic agents. RdRp occurs toward C ter-
minal and three of residues (Ser, Asp, Asp) consid-
ered highly conserved [78]. Also, it is demonstrated
that RARp utilizes Nsp6 (made by Nsp8) as a primer
for RNA biosynthesis, RARp has an active site as an
enormous and profound furrow for the RNA biosyn-
thesis [60].

Immunity, Vaccination and Treatment
Immunity influences

The immune cells that play a major role in the con-
trolling of viral infection include natural killer (NK)
and cytotoxic lymphocytes like cytotoxic T lympho-
cytes (CTLs) [38, 83]. In the sickens with COVID-19
contagion there was a markedly reduced in the overall
issue of NK and CD8* T cells [84]. According to the
observations, the increased expression of NKG2A
in COVID-19 sickens led to a haggard in the function
of NK and CD8* T cells. While the sickens that con-
valesced after therapy, showed the restored normal
numbers of NK and CD8" T cells with a reduction
in expression of NKG2A [83, 84]|. This group evi-
dence proposes that the functional exhaustion of cy-
totoxic lymphocytes is correlated with SARS-CoV-2
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contagion. So, COVID-19 may destroy antiviral im-
munity in early-stage [84]. Also, the COVID-19 in-
fection diminished the levels of CDI107a, interferon
(IFN)-v, interleukin (IL)-2, granzyme B, and tumor
necrosis factor (TNF)-o [63, 84].

According to the obtained data from comparing
among three groups of people; healthy group (HG),
mild cases (MC) and severe cases (SC), the effects
of SARS-CoV-2 were proved clearly on NK, T cell
and CD8" T cell counts. Where T cell and CD8*
T cell numbers were lessened markedly in MC and SC
sickens in comparison with those in HG. Whereas,
The count of T cells and CDS8* T cells were mainly
lower in SC sickens than that in MC cases. The num-
bers of NK cells were minimized significantly in SC
sickens in comparison with those in MC cases and
HG. Of course depending on the results of treatment
the diseased cases (MC, SC) randomly with one
of the following medication (Kaletra®, Chloroquine
phosphate, Interferon) plus antibiotics; these medi-
cations contributed in the restored the normal num-
bers of NK, T cell and CD8" T cell in the convales-
cent people and reduced the ratio of NKG2A™ NK
cells [84].

The main immune influence manifestation
in COVID-19 is the leukopenia with WBC numbers
of2.91 x 10° cells/L and 70% of them were the neutro-
phils. Also, markedly raise blood levels of cytokines
and chemokines were recorded in sickens with
COVID-19 contagion that included MIPlo,, MIPI,
PDGFB, TNFa, IL-1-B, IL-1RA, IL-7, IL-8, IL-9,
1L-10, basic FGF2, G-CSF, GM-CSF, IFNy, 1P-10,
MCP-1, and VEGF-A. In several acute-phase pa-
tients that were turned to the intensive nursing, unit
manifested rise levels of pro-inflammatory cytokines
inclusive 1L.-2, 1L-7, 1L-10, G-CSF, 1P-10, MCP-1,
MIP-10, and TNFo that are explain to promote ill-
ness severity [5, 29].

The suppression of innate immune responses
is one of the main keys in most of the viral infec-
tions and respiratory viruses from them, so they have
the chance for their adequate replication and caus-
ing the disease. The outcomes for the host’s immune
response are that it is predominating imperfect, be-
lated or lessened, or exhibit too strong inducement
(after the lateness) that may result in tissue damage.
The influenced innate immune response also affects
following adaptive responses, and thus viral innate
immune escape oftentimes subverts entirely protec-
tive immunity [32].

Vaccination and treatment strategies

COVID-19 is the third extremely pathogenic cor-
onavirus infecting human beings in the 21 century
afterthe MERS-CoV and SARS-CoV. Paradoxically,
even after many years of research on coronavirus,
as yet there are no authorized vaccines or curative
agents to cure coronavirus contagion that point an
imperative necessity to evolve efficacious vaccines or

post-exposure prophylaxis to prevent upcoming epi-
demics [12, 13, 20, 62].

Notable exertions have been made to evolve ther-
apeutic interference versus coronavirus infection.
Principal explorer concentrated on recognize antivi-
ral molecules that can be attacking the spike protein
as it intermediate viral entrance, and their prospects
in stimulate host immune responses and triggering
preventive antibody responses in infected persons
[46, 62].

Asis known, until the present time there are no ef-
ficient vaccines or anti-viral therapeutic agents were
confirmed to cure COVID-19 or any other human
CoV hitting. The existing path to coronavirus disease
management focuses on supportive care. Quick ge-
neric health interferences with antibodies, anti-virals
or novel vaccine strategies are quite fundamental
to stem the virus and illness transition. Nevertheless,
there is an imperative requirement to behold new
remedies for curing clinically advanced cases to min-
ify deaths, virus propagation and to relieve the pos-
sible future outbreaks [59].

In general, there are many strategies to defense or
contain the COVID-19.

1) Passive antibody cure: can be deemed as a route
toboundary COVID-19 epidemics. Passive fortification
of antibodies that will recognize the epitopic zone in the
strange virus particle can minify the virus proliferation
and disease intensity. Antibodies for passive immuno-
therapy could be secluded from the blood of the ills or
it could be produced in the laboratories. Immuno-cure
by relocating the convalescence sera to the sickens may
be efficient in humans through neutralizing the virus
and prohibit more infection. Depending on the existent
proves and former expertise in the therapy of other viral
contagions like Ebola, SARS, MERS, and influenza,
the soon donation of convalescence sera or hyper-im-
mune immunoglobulin from sickens that having highly
antibody titers can probably decrease the viral load and
the deaths [6, 15, 47, 48, 50, 80]. The simple below fig-
ure 6 (see color plate, p. 11), summarizes the main pur-
pose of using passive immunity.

Obstacles for this way: Availability of adequate
donors, severity or clarity of clinical condition,
the viral kinetics, and host interactions of COVID-19
required to be clarified before recommending con-
valescent plasma as a preference treatment [26, 62].
Tiziana Life Sciences produced a monoclonal anti-
body known as TZLS-501, which can be used for the
therapy of COVID-19. It’s a human anti-interleu-
kin-6 receptor (IL-6R), which helps in preventing
lung injury.

2) Vaccines: COVID-19 challenge the world and
the biggest vaccine producing companies.

Thisparagraph summarizesthe main problem that
facing the world because the principles rules of uni-
versal vaccines producing companies are the eco-
nomic benefits and the funding, so the main problem
is the worry of these companies about the passing and
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end of this pandemic before their vaccines are ready
for marketing. Where, vaccine production has many
principles steps that spending long periods, and may
require several months or up to a year. For these ob-
stacles, we wrote the above paragraph “COVID-19
challenge the world and the biggest vaccine producing
companies”. Therefore, the task should not be the re-
sponsibility of vaccine manufacturing companies
alone, but rather there must be global cooperation
and support for these companies to intensify efforts
and try to produce an effective vaccine in abundant
numbers at low cost to be available to all, and this re-
quires as we mentioned cooperation at the global lev-
el as well Relevant organizations such as the WHO,

FDA, and others. The steps of vaccine production

and marketing include:

a. Choice the main particle of virus for using as an-
tigen (RNA, spikes, Viral proteins...) and the pre-
cursor of a vaccine,

b. The modification method to produce an attenu-
ated or avirulent vaccine,

c. Evaluation of in vitro responses or reactions,

d. Evaluation of in vivo responses in laboratory ani-
mals,

e. Evaluation of the safety of the vaccine (Include
the dosage, route of administration, single or
multiple doses),

f. Evaluation of the results of the clinical trials
on volunteers.

Depending on all the previous results, obtaining
approval from the authorized official authorities such
as the WHO or American Organization of FDA.

Several well-known companies have conducted
experiments to produce a vaccine for this pandem-
ic that under trial or in different partial steps of the
proving and below some examples:

e Vaccine by Medicago company: Produced virus-
like particles (VLP) of the coronavirus, and de-
veloped antibodies against SARS-CoV-2.

e Altimmune’s intranasal coronavirus vaccine: pro-
duce of the monocular-dose inoculates has been
accomplished, however, animal experiences will
go after.

e INO-4800: production by Inovio Pharmaceuti-
cals and Beijing Advaccine Biotechnology. An in-
novative coronavirus inoculation. The company
began pre-clinical experiences for clinical prod-
uct industrialization.

¢ mRNA-1273 vaccine: Manufactured by Moderna
and Vaccine Research Center. The vaccine goals
the Spike (S) protein of the coronavirus.

e Avian Coronavirus Infectious Bronchitis Vi-
rus (IBV) vaccine: Manufactured and modified
in MIGAL Research Institute in Israel for therapy
of COVID-19.

e TNX-1800: Manufactured by Tonix Pharmaceu-
ticals. It’s a modified horsepox virus.

e Recombinant subunit vaccine: Producing by Clo-
ver Biopharmaceuticals. The vaccine based on the
trimeric S protein (S-Trimer) of the COVID-19

coronavirus, which is accountable for adhering

with the host cells and occurring a viral infection.

e Vaxart’s coronavirus vaccine: An oral recombi-
nant vaccine in tablet formulation.

Interferon: The cellular tracers able to disclosed
viruses and stimulate the expression of the Interferon
type 1 (I IFNs) that divided to IFNo and IFNp.
Type 1 IFNs link to the ubiquitously expressed
IFNAR (IFNo/B receptor), stimulating the JAK/
STAT pathway [19].

The release of I IFN stimulates the expression
of hundreds of interferon stimulating genes (ISGs)
whose firstly serve to edge the further virus spread and
contagion. Also, type I IFNs can straightly stimulate
immune cells(e.g., stimulating phagocytosis, dendritic
cell maturation), and indirectly starting immune re-
sponses (e.g., induce the producing of chemokines and
cytokines by respiratory cells). Substantial antiviral
vigor by type I IFNs implicate declining viral process-
es such as cell entrance, proliferation, transcription,
and translation [61]. Other ISG products can degrade
viral nucleic acids or proteins, and many ISGs have yet
to be fully characterized. In addition to their principal
antiviral reaction, type I IFNs Induce the beginning
of the adaptive immune response by interceding den-
dritic cell (DC) activation, improving effector func-
tions of lymphocytes and macrophages, and induc-
ing the humoral (antibody) response for neutralizing
the virus [19, 52]. For all benefits of Interferon, the re-
searchers referred to it as a defense appliance for war-
fare against SARS-CoV-2.

Tiny-molecule drugs to warfare COVID-19:
Several medications that are also under trial or in dif-
ferent partial steps of proving, were announced [16]
and including:

e Chloroquine phosphate: It showed effectiveness
in the therapy of symptoms of the illness, among
the 30 medications that were used. Ills treated with
the drug showed the best decline in fever and faster
recovery time in clinical experiences that carried out
in hospitals in the Guangdong governorate and Hu-
nan governorate. Where up to date the world’s atten-
tion is directed toward the results of this medicine.

e Favilavir: It revealed efficiency in therapy the dis-
ease with negligible side properties in a clinical
trial encompassing 70 Sickens in China.

e AT-100 (rhSP-D): It produces by Airway Thera-
peutics, effective in preclinical studies and dimin-
ishes inflammation and lung infection, and also
produce the immune response for various respira-
tory illnesses.

e OYAI: production by OyaGen. Strong antiviral
effectiveness for coronavirus in a laboratory expe-
rience.

e BPI-002: by BeyondSpring company. It’s a tiny
molecule referred for therapy different contagions
including COVID-19. It can stimulate CD4*
helper T cells and CDS8" cytotoxic T cells and pro-
ducing an immune response against the virus.
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Table 3. Antimicrobial peptides in the
the respiratory system [81]

Antimicrobial peptides
in the respiratory tract

Alpha-Defensins (HNP1-4)
Alpha-Defensins (HNP5)

Produced by cell

Neutrophils
Epithelial

Epithelial, Macrophages,

Beta-Defensins (HBD1-4) Monocytes, Dendritic

LL-37

Lysozyme

Epithelial, Neutrophils

Epithelial, Neutrophils

Lactoferrin Epithelial, Neutrophils

Epithelial

Anionic peptides

e Ivermectin: The main using of ivermectin as ant-
parasitic, while a very recent study approved that
this drug has anti-viral efficacy in vitro and in-
hibit the SARS-CoV-2 [10].

e Other medications like NP-120 (Ifenprodil) by
Algernon Pharma, APNOI by University of Brit-
ish Columbia and APEIRON Biologics.
Antimicrobial peptides (AMPs): Referred as

“host defense peptides (HDPs)”, a portion of the

innate immune response exist in every type of life-

time. Basic differences find between prokaryotic and
eukaryotic cells represented by the effects of antimi-
crobial peptides, which produced by the eukaryotic
cells and some bacteria. These peptides are powerful,
wide spectrum antimicrobial which proved potency
as new curative factors. These peptides have been
confirmed to destroy Gram-negative and Gram-
positive bacteria, viruses, fungi and even convert or

cancerous cells [25, 58].

The more bountiful antimicrobial peptides in the
respiratory system of mammals are lysozymes, lacto-
ferrin, histatins, defensins, and cathelicidins [8, 25].
AMPs are found in numerous kinds of tissues inclu-
sive skin, eyes, oral bore, ears, airway, lung, female
genital system, vaginal secretion, bowels, and uri-
nary system [1, 17].

The defensins and the cathelicidin LL-37 are
the best AMPs were thoughtful in humans, and im-
portantly they have the immunomodulatory effect [2,
28]. AMPs as curative stuff appear particularly prom-
ised versus to emerging contagious viruses, which

References

none confirmed vaccines or medications are pres-
ently ready, such as dengue virus (DENYV) and Zika
virus (ZIKV) [81]. Table 3 summarized the antimi-
crobial peptides that found in the respiratory system.

3) Herd immunity: Some researchers, and scien-
tific and media channels suggested using the herd
immunity method for containing the COVID-19.
Whereas, the WHO criticized it, and mentioned that
far greater activity is needed. Other health pundits
said this pathway is empirical at bestead, and serious
at worse. Herd immunity means letting a large num-
ber of people catch a disease, and hence develop im-
munity to it, to stop the virus spreading [22].

The meaning of herd immunity is permitting
a great count of people to get a disease, so they develop
immunity to it, which helps to pause the virus perva-
sion. Herd immunity is explained in the figure 7 (see
color plate, p. II).

Finally, inclusive approaches to minify person-
to-person passing of COVID-19 are wanted to con-
trol the existing pandemic. Special attentiveness and
efforts to safeguard or minimize transmission must
be applied in sensitive inhabitants inclusive children,
health care providers, and old people. A guideline
was issued for the medical staff, healthcare providers,
and, public health persons and scientists who are con-
cerned in the 2019-nCoV [30]. The early dying cases
of COVID-19 contagion happened mainly in elderly
persons, perhaps due to a weakened immune system
that authorized quicker development of viral infec-
tion [40, 73].

Conclusion

1. COVID-19 is the biggest challenge to the world
in the 21 century.

2. It should be remembered that one of the unique
features of COVID-19 is a high rate of mutations.

3. COVID-19 may destroy antiviral immunity in the
early stage.

4. There is no efficient containing for the disease, al-
though there are many suggested strategies.

5. Strict public health measures have a reasonable
role in reducing the spread of the epidemic.

6. Certain drugs, such as (hydroxy) Chloroquine,
Kaletra, and Ivermectin perhaps promising in the
treatment of COVID-19.

1. Agierl., Efenberger M., Brzezinska-Btaszczyk E. Cathelicidin impact on inflammatory cells. Cent. Eur. J. Immunol., 2015, vol. 40,

pp. 225—-235.

2. Ahmed A., Siman-Tov G., Hall G., Bhalla N., Narayanan A. Human antimicrobial peptides as therapeutics for viral infections.

Viruses, 2019, vol. 11: 704. doi: 10.3390/v11080704

3. Almeida J.D., Tyrrell D.A. The morphology of three previously uncharacterized human respiratory viruses that grow in organ

culture. J. Gen. Virol., 1967, vol. 1, pp. 175—178.

4. Andersen K.G., Rambaut A., Lipkin W.I., Holmes E.C., Garry R.F. The proximal origin of SARS-CoV-2. Nat. Med., 2020.

doi: 10.1038/541591-020-0820-9

5. André P., Denis C., Soulas C., Bourbon-Caillet C., Lopez J., Arnoux T., Bléry M., Bonnafous C., Gauthier L., Morel A., Rossi B.,
Remark R., Breso V., Bonnet E., Habif G., Guia S., Lalanne A.l., Hoffmann C., Lantz O., Fayette J., Boyer-Chammard A.,
Zerbib R., Dodion P., Ghadially H., Jure-Kunkel M., Morel Y., Herbst R., Narni-Mancinelli E., Cohen R.B., Vivier E. Anti-

254



2020, T. 10, Ne 2 COVID-19: an updated review

12.

13.

14.

15.

19.

20.

21.

22.

23.
24.

25.

26.

27.

28.

29.

30.

NKG2A mAb is a checkpoint inhibitor that promotes anti-tumor immunity by unleashing both T and NK cells. Cell, 2018, vol. 7,
pp. 1731—1743. doi: 10.1016/].cell.2018.10.014

Arabi Y., Balkhy H., Hajeer A.H., Bouchama A., Hayden F.G., Al-Omari A., Al-Hameed F.M., Taha Y., Shindo N., Whitehead J.,
Merson L., AlJohani S., Al-Khairy K., Carson G., Luke T.C., Hensley L., Al-Dawood A., Al-Qahtani S., Modjarrad K., Sadat M.,
Rohde G., Leport C., Fowler R. Feasibility, safety, clinical, and laboratory effects of convalescent plasma therapy for patients with
Middle East respiratory syndrome coronavirus infection: a study protocol. Springerplus, 2015, vol. 4, p. 709. doi: 10.1186/540064-
015-1490-9

Baez-Santos Y.M., John S.E.S., Mesecar A.D. The SARS-coronavirus papain-like protease: structure, function and inhibition by
designed antiviral compounds. Antiviral Res., 2015, vol. 115, pp. 21-38. doi: 10.1016/j.antiviral. 2014.12.015

Beisswenger C., Bals R. Antimicrobial peptides in lung inflammation. Chem. Immunol. Allergy, 2005, vol. 86, pp. 55—71.
doi: 10.1159/000086651

Bosch B.J., van der Zee R., de Haan C.A., Rottier P.J. The coronavirus spike protein is a class I virus fusion protein: structural
and functional characterization of the fusion core complex. J. Virol., 2003, vol. 77, pp. 8801—-8811. doi: 10.1128/jvi.77.16.8801-
8§811.2003

. Caly L., DruceJ.D., Catton M.G., Jans D.A., Wagstaff K.M. The FDA approved drug ivermectin inhibits the replication of SARS-

CoV-2 in vitro. Antiviral Res., 2020: 104787. doi: 10.1016/].antiviral.2020.104787

. Casadevall A., Pirofski L. The convalescent sera option for containing COVID-19. J. Clin. Invest., 2020, vol. 130, no. 4, pp. 1545—

1548. doi: 10.1172/JCI1138003

CDC. In the absence of SARS-CoV transmission worldwide: guidance for surveillance, clinical and laboratory evaluation, and
reporting version 2. URL: https.//www.cdc.gov/sars/surveillance/absence.pdf

CDC. Interim clinical guidance for management of patients with confirmed coronavirus disease (COVID-19). URL: https.//www.
cdc.gov/coronavirus/2019-ncov/hcp/clinical-guidance-management-patients.html!

Chan J.F., Kok K.H., Zhu Z., Chu H., To K.K., Yuan S., Yuen K.Y. Genomic characterization of the 2019 novel human-path-
ogenic coronavirus isolated from a patient with atypical pneumonia after visiting Wuhan. Emerg. Microbes Infect., 2020, vol. 9,
pp. 221-236. doi: 10.1080/22221751.2020.1719902

Chan K.H., Chan J.F., Tse H., Chen H., Lau C.C., Cai J.P., Tsang A.K., Xiao X., To K.K., Lau S.K., Woo P.C., Zheng B.J.,
Wang M., Yuen K.Y. Cross-reactive antibodies in convalescent SARS patients’ sera against the emerging novel human coronavirus
EMC (2012) by both immunofluorescent and neutralizing antibody tests. J. Infect., 2013, vol. 67, pp. 130—140.

. Chen N., Zhou M., Dong X., Qu J., Gong F., Han Y., Qiu Y., Wang J., Liu Y., Wei Y., Xia J., Yu T., Zhang X., Zhang L.

Epidemiological and clinical characteristics of 99 cases of 2019 novel coronavirus pneumonia in Wuhan, China: a descriptive
study. Lancet, 2020, vol. 395, pp. 507—513. doi: 10.1016/S0140-6736(20)30211-7

De la Fuente-Nunez C., Silva O.N., Lu T.K., Franco O.L. Antimicrobial peptides: role in human disease and potential as immu-
notherapies. Pharmacol. Ther., 2017, vol. 178, pp. 132—140.

. DulL., Zhao G., Kou Z., Ma C., Sun S., Poon V.K., Lu L., Wang L., Debnath A.K., Zheng B.J., Zhou Y., Jiang S. Identification

of a receptor-binding domain in the S protein of the novel human coronavirus Middle East respiratory syndrome coronavirus as
an essential target for vaccine development. J. Virol., 2013, vol. 87, pp. 9939—9942.

Durbin R.K., Kotenko S.V., Durbin J.E. Interferon induction and function at the mucosal surface. Immunol. Rev., 2013, vol. 2535,
pp. 25—39. doi: 10.1111/imr. 12101

FDA. Coronavirus Disease 2019 (COVID-19). URL: https://www.fda.gov/emergency-preparedness-and-response/counterterrorism-
and-emerging-threats/coronavirus-disease-2019-covid-19

Fehr A.R., Perlman S. Coronaviruses: an overview of their replication and pathogenesis. Methods Mol. Biol., 2015, vol. 1282,
pp. 1-23. doi: 10.1007/978-1-4939-2438-7-1

Fine P., Eames K., Heymann D.L. Herd Immunity: a rough guide. Clin. Infect. Dis., 2011, vol. 52, pp. 911—916. doi: 10.1093/cid/
cir007

Flint J., Racaniello V.R., Rall G.F., Skalka A.M. Principles of virology. 4" ed. Washington, DC: ASAM Press, 2015.

Forni D., Cagliani R., Clerici M., Sironi M. Molecular evolution of Human Coronavirus genomes. Trends Microbiol., 2017, vol. 25,
pp- 35—48. doi: 10.1016/}.tim.2016.09.001

Gonzalez-Garcia M., Stiandker L., Otero-Gonzélez A.J. Antimicrobial peptides in multiresistant respiratory infections. Rev.
Cubana Med. Trop., 2019, vol. 71, no. 2, pp. 1-16.

Gralinski L.E., Menachery V.D. Return of the coronavirus: 2019-nCoV. Viruses, 2020, vol. 12, p. 2. doi: 10.3390/v12020135
Hofmann H, Simmons G., Rennekamp AJ, Chaipan C., Gramberg T., Heck E., Geier M., Wegele A., Marzi A., Bates P.,
Pohlmann S. Highly conserved regions within the spike proteins of human coronaviruses 229E and NL63 determine recognition
of their respective cellular receptors. J. Virol., 2006, vol. 80, pp. 8639—8652.

Hsieh N., Hartshorn K.L. The role of antimicrobial peptides in influenza virus infection and their potential as antiviral and im-
munomodulatory therapy. Pharmaceuticals (Basel), 2016, vol. 9, pp. 3. doi: 10.3390/ph9030053

Huang C., Wang Y., Li X., Ren L., ZhaoJ., Hu Y., Zhang L., Fan G., XuJ., Gu X., Cheng Z., Yu T., XiaJ., Wei Y., Wu W., Xie X.,
Yin W., Li H., Liu M., Xiao Y., Gao H., Guo L., Xie J., Wang G., Jiang R., Gao Z., Jin Q., Wang J., Cao B. Clinical features
of patients infected with 2019 novel coronavirus in Wuhan, China. Lancet, 2020, vol. 395, pp. 497—506. doi: 10.1016/S0140-
6736(20)30183-5

Jin Y.H., Cai L., Cheng Z.S., Cheng H., Deng T., Fan Y.P., Fang C., Huang D., Huang L.Q., Huang Q., Han Y., Hu B., Hu F.,
Li B.H., Li Y.R., Liang K., Lin L.K., Luo L.S., MaJ., Ma L.L., Peng Z.Y., Pan Y.B., Pan Z.Y., Ren X.Q., Sun H.M., Wang Y.,
Wang Y.Y., Weng H., Wei C.J., Wu D.E,, Xia J., Xiong Y., Xu H.B., Yao X.M., Yuan Y.F., Ye T.S., Zhang X.C., Zhang Y.W.,
Zhang Y.G., Zhang H.M., Zhao Y., Zhao M.J., Zi H., Zeng X.T., Wang Y.Y., Wang X.H.; for the Zhongnan Hospital of Wuhan
University Novel Coronavirus Management and Research Team, Evidence-Based Medicine Chapter of China International
Exchange and Promotive Association for Medical and Health Care (CPAM). A rapid advice guideline for the diagnosis and

255



F.A. Isihak, M.A. Hamad, N.G. Mustafa MHdekumns n uMmyHuTeT

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

treatment of 2019 novel coronavirus (2019-nCoV) infected pneumonia (standard version). Mil. Med. Res., 2020, vol. 7, no. 4.
doi: 10.1186/540779-020-0233-6

Kahn J., Mclntosh K. History and recent advances in coronavirus discovery. Pediatr. Infect. Dis. J., 2005, vol. 24, iss. 11,
pp. §223-85227. doi: 10.1097/01.inf.0000188166.17324.60

Kikkert M. Innate immune evasion by human respiratory RNA viruses. J. [nnate Immun., 2020, vol. 12, pp. 4—20.
doi: 10.1159/000503030

Lai M.M., Holmes K.V. Coronaviridae: the viruses and their replication. In: Fields Virology. Eds. Knipe D.M., Howley P.M.
Philadelphia, PA: Lippincott-Raven, 2001.

Lai M.M., Holmes K.V. Coronaviruses. In: Fields Virology. Eds.: Knipe D.M., Howley P.M., Griffin D.E., Lamb R.A.,
Martin M.A., Roizman B., Straus S.E. Philadelphia, PA: Lippincott Williams & Wilkins, 2001, pp. 1163—1185.

Lei J., Kusov Y, Hilgenfeld R. Nsp3 of coronaviruses: Structures and functions of a large multi-domain protein. Antiviral Res.,
2018, vol. 149, pp. 58—74.

Letko M., Marzi A., Munster V. Functional assessment of cell entry and receptor usage for SARS-CoV-2 and other linecage B
betacoronaviruses. Nat. Microbiol., 2020, vol. 10, pp. 562—569. doi: 10.1038/541564-020-0688-y

Lewicki D.N., Gallagher T.M. Quaternary structure of coronavirus spikes in complex with carcino embryonic antigen-related cell
adhesion molecule cellular receptors. J. Biol. Chem., 2002, vol. 277, pp. 19727—19734. doi: 10.1074/jbc. M201837200.

Li F. Structural analysis of major species barriers between humans and palm civets for severe acute respiratory syndrome corona-
virus infections. J. Virol., 2008, vol. 82, pp. 6984—6991.

Li F. Structure, function, and evolution of coronavirus spike proteins. Annu. Rev. Virol., 2016, vol. 3, pp. 237—261. doi: 10.1146/
annurev-virology-110615-042301

Li Q., Guan X., Wu P., Wang X., Zhou L., Tong Y., Ren R., Leung K.S.M., Lau E.H.Y., Wong J.Y., Xing X., Xiang N., Wu Y.,
LiC.,,ChenQ., LiD,, LiuT., ZhaoJ., Liu M., TuW,, Chen C., Jin L., Yang R., Wang Q., Zhou S., Wang R., LiuH., Luo Y., Liu Y.,
Shao G.,LiH., Tao Z., Yang Y., Deng Z., Liu B., Ma Z., Zhang Y., Shi G., Lam T.T.Y., Wu J.T., Gao G.F., Cowling B.J., Yang B.,
Leung G.M., Feng Z. Early transmission dynamics in Wuhan, China, of novel coronavirus-infected pneumonia. N. Engl. J. Med.,
2020, vol. 382, pp. 1199—1207. doi: 10.1056/NEJMoa2001316

Li SW., Wang C.Y., Jou Y.J., Huang S.H., Hsiao L.H., Wan L., Lin Y.J., Kung S.H., Lin C.W. SARS coronavirus papain-like
protease inhibits the TLR7 signaling pathway through removing Lys63-linked polyubiquitination of TRAF3 and TRAF6. Int. J.
Mol. Sci., 2016, vol. 17, no. 5, p. 678. doi: 10.3390/ijms17050678

Li W., Hulswit R.J.G., Widjaja 1., Raj V.S., McBride R., Peng W., Widagdo W., Tortorici M.A., van Dieren B., Lang Y., van
Lent JW.M., Paulson J.C., de Haan C.A.M., de Groot R.J., van Kuppeveld F.J.M., Haagmans B.L., Bosch B.J. Identification
of sialic acid-binding function for the Middle East respiratory syndrome coronavirus spike glycoprotein. Proc. Natl. Acad. Sci.,
2017, vol. 114, pp. E8508—E8517. doi: 10.1073/pnas. 1712592114

Lin H.X., FengY., Wong G., Wang L., Li B., Zhao X., Li Y., Smaill F., Zhang C. Identification of residues in the receptor-binding
domain (RBD) of the spike protein of human coronavirus NL63 that are critical for the RBD—ACE?2 receptor interaction. J. Gen.
Virol., 2008, vol. 89, pp. 1015—1024. doi: 10.1099/vir.0.83331-0

Liu C., Tang J., Ma Y., Liang X., Yang Y., Peng G., Qi Q., Jiang S., LiJ., Du L., Li F. Receptor usage and cell entry of porcine
epidemic diarrhea coronavirus. J. Virol., 2015, vol. 89, pp. 6121—6125.

Lu H. Drug treatment options for the 2019-new coronavirus (2019-nCoV). Biosci. Trends., 2020, vol. 14, pp. 69—71. doi: 10.5582/
bst.2020.01020

Lu R., Zhao X., Li J., Niu P., Yang B., Wu H., Wang W., Song H., Huang B., Zhu N., Bi Y., Ma X., Zhan F., Wang L., Hu T.,
Zhou H., Hu Z., Zhou W., Zhao L., Chen J., Meng Y., Wang J., Lin Y., Yuan J., Xie Z., Ma J., Liu W.J., Wang D., Xu W.,
Holmes E.C., Gao G.F., Wu G., Chen W., Shi W., Tan W. Genomic characterisation and epidemiology of 2019 novel corona-
virus: implications for virus origins and receptor binding. Lancet, 2020, vol. 395, no. 10224, pp. 565—574. doi: 10.1016/S0140-
6736(20)30251-8

Luke T.C., Kilbane E.M., Jackson J.L., Hoffman S.L. Meta-analysis: convalescent blood products for Spanish influenza pneumo-
nia: a future H5SNI1 treatment? Ann. Intern. Med., 2006, vol. 145, pp. 599—609.

Mair-Jenkins J., Saavedra-Campos M., Baillie J.K., Cleary P., Khaw F.M., Lim W.S., Makki S., Rooney K.D., Nguyen-Van-
Tam J.S., Beck C.R.; Convalescent Plasma Study Group. The effectiveness of convalescent plasma and hyperimmune immuno-
globulin for the treatment of severe acute respiratory infections of viral etiology: a systematic review and exploratory meta-analysis.
J. Infect. Dis., 2015, vol. 211, pp. 8§0—90. doi: 10.1093/infdis/jiu396

Mou H., Raj V.S., van Kuppeveld F.J., Rottier P.J., Haagmans B.L., Bosch B.J. The receptor binding domain of the new MERS
coronavirus maps to a 231-residue region in the spike protein that efficiently elicits neutralizing antibodies. J. Virol., 2013, vol. 87,
pp. 9379—-9383. doi: 10.1128/JVI1.01277-13

Mupapa K., Massamba M., Kibadi K., Kuvula K., Bwaka A., Kipasa M. Treatment of Ebola hemorrhagic fever with blood trans-
fusions from convalescent patients. International Scientific and Technical Committee. J. Infect. Dis., 1999, vol. 179, pp. 18—23.
Muramatsu T., Takemoto C., Kim Y.T., Wang H., Nishii W., Terada T., Shirouzu M., Yokoyama S. SARS-CoV 3CL protease
cleaves its C-terminal autoprocessing site by novel subsite cooperativity. Proc. Natl. Acad. Sci. USA, 2016, vol. 113, pp. 12997—
13002. doi: 10.1073/pnas. 1601327113

Newton A.H., Cardani A., Braciale T.J. The host immune response in respiratory virus infection: balancing virus clearance and
immunopathology. Semin. Immunopathol., 2016, vol. 38, pp. 471—482. doi: 10.1007/s00281-016-0558-0

Niemeyer D., Mosbauer K., Klein E.M., Sieberg A., Mettelman R.C., Mielech A.M., Dijkman R., Baker S.C., Drosten C.,
Miiller M.A. The papain-like protease determines a virulence trait that varies among members of the SARS-coronavirus species.
PLoS Pathog., 2018, vol. 14: e1007296. doi: 10.1371/journal.ppat. 1007296

Nour R., Houssam S. Middle East respiratory syndrome coronavirus (MERS-CoV): a review. Germs, 2019, vol. 9, pp. 35—42.
doi: 10.18683/germs.2019.1155

256



2020, T. 10, Ne 2 COVID-19: an updated review

55.

56.

57.

58.

59.

60.

6l.

62.

63.

64.

05.

66.

67.

68.

9.
70.

71.
72.
73.
74.
75.
76.
77.

78.

79.

80.

81.

82.

83.

Peng G., Xu L., Lin Y.L., Chen L., Pasquarella J.R., Holmes K.V., Li F. Crystal structure of bovine coronavirus spike protein
lectin domain. J. Biol. Chem., 2012, vol. 287, pp. 41931—41938. doi: 10.1074/jbc. M112.418210

Promkuntod N., van Eijndhoven R.E., de Vrieze G., Grone A., Verheije M.H. Mapping of the receptor-binding domain and
amino acids critical for attachment in the spike protein of avian coronavirus infectious bronchitis virus. Virology, 2014, vol. 448,
pp. 26—32.

Raj V.S., Mou H., Smits S.L., Dekkers D.H., Miiller M.A., Dijkman R., Muth D., DemmersJ.A., Zaki A., Fouchier R.A., Thiel V.,
Drosten C., Rottier P.J., Osterhaus A.D., Bosch B.J., Haagmans B.L. Dipeptidyl peptidase 4 is a functional receptor for the emerg-
ing human coronavirus-EMC. Nature, 2013, vol. 495, pp. 251—-254. doi: 10.1038/nature12005

Reddy K.V,, Yedery R.D., Aranha C. Antimicrobial peptides: premises and promises. Int. J. Antimicrob. Agents, 2004, vol. 24,
pp. 536—547. doi: 10.1016/j.ijantimicag. 2004.09.005PM1D155558 74

Rothana H.A., Byrareddy S.N. The epidemiology and pathogenesis of coronavirus disease (COVID-19) outbreak. J. Autoimmun.,
2020, vol. 109: 102433. doi: 10.1016/j jaut.2020.102433

Sah R., Rodriguez-Morales A.J., Jha R., Chu D.K.W, Gu H., Peiris M., Bastola A., Lal B.K., Ojha H.C., Rabaan A.A.,
Zambrano L.I., Costello A., Morita K., Pandey B.D., Poon L.L.M. Complete Genome Sequence of a 2019 Novel Coronavirus
(SARS-CoV-2) Strain Isolated in Nepal. Microbiol. Resour. Announc., 2020, vol. 9: e00169-20. doi: 10.1128/MRA.00169-20
Samuel C.E . Antiviral actions of interferons. Clin. Microbiol. Rev., 2001, vol. 14, pp. 778—809. doi: 10. 1128/CMR.14.4.778-809.2001
Shanmugaraj B., Siriwattananon K., Wangkanont K., Phoolcharoen W. Perspectives on monoclonal antibody therapy as poten-
tial therapeutic intervention for Coronavirus disease-19 (COVID-19). Asian Pac. J. Allergy Immunol., 2020, vol. 38, pp. 10—18.
doi: 10.12932/AP-200220-0773

Shi Y., Wang Y., Shao C., Huang J., Gan J., Huang X., Bucci E., Piacentini M., Ippolito G., Melino G. COVID-19 infection:
the perspectives on immune responses. Cell Death Differ., 2020. doi: 10.1038/541418-020-0530-3

Snijder E.J., Decroly E., Ziebuhr J. The nonstructural proteins directing coronavirus RNA synthesis and processing. Adv. Virus
Res., 2016, vol. 96, pp. 59—126. doi: 10.1016/bs.aivir.2016.08.008

Song W., Gui M., Wang X., Xiang Y. Cryo-EM structure of the SARS coronavirus spike glycoprotein in complex with its host cell
receptor ACE2. PLoS Pathog., 2018, vol. 14, no. &: e1007236. doi: 10.1371/journal.ppat. 1007236

Su S.,Wong G., Shi W., LiuJ., Lai A.C.K., Zhou J., Liu W., Bi Y., Gao G.F. Epidemiology, genetic recombination, and pathogen-
esis of coronaviruses. Trends Microbiol., 2016, vol. 24, pp. 490—502.

Subissi L., Imbert I., Ferron F., Collet A., Coutard B., Decroly E., Canard B. SARS-CoV ORF1b-encoded nonstructural proteins
12-16: replicative enzymes as antiviral targets. Antiviral Res., 2014, vol. 101, pp. 122—130. doi: 10.1016/j.antiviral. 2013.11.006
Tang X., Wu C., Li X., Song Y., Yao X., Wu X., Duan Y., Zhang H., Wang Y., Qian Z., Cui J., Lu J. On the origin and continuing
evolution of SARS-CoV-2. Natl. Sci. Rev., 2020. doi: 10.1093/nsr/nwaa036

Tyrrell D.A., Bynoe M.L. Cultivation of viruses from a high proportion of patients with colds. Lancet, 1966, vol. 1, pp. 76—77.
Verschueren K.H., Pumpor K., Anemiiller S., Chen S., Mesters J.R., Hilgenfeld R. a structural view of the inactivation of the
SARS coronavirus main proteinase by benzotriazole esters. Chem. Biol., 2008, vol. 15, pp. 597—606.

Walls A.C., Tortorici M.A., Snijder J., Xiong X., Bosch B.J., Rey F.A., Veesler D. Tectonic conformational changes of a cor-
onavirus spike glycoprotein promote membrane fusion. Proc. Natl. Acad. Sci., 2017, vol. 114, pp. 11157—11162. doi: 10.1073/
pnas.1708727114.

Wang L.F., Shi Z., Zhang S., Field H., Daszak P., Eaton B.T. Review of Bats and SARS. Emerg. Infect. Dis., 2006, vol. 12, pp. 12.
Wang W., Tang J., Wei F. Updated understanding of the outbreak of 2019 novel coronavirus (2019-nCoV) in Wuhan, China. J.
Med. Virol., 2020, vol. 92, pp. 441—447. doi: 10.1002/jmv.25689.

Wilder-Smith A., Teleman M.D., Heng B.H., Earnest A., Ling A.E., Leo Y.S. Asymptomatic SARS coronavirus infection among
healthcare workers, Singapore. Emerg. Infect. Dis., 2005, vol. 11, pp. 1142—1145. doi: 10.3201/id1107.041165

Wilson M.E., Chen L.H. Travelers give wings to novel coronavirus (2019-nCoV). J. Travel Med., 2020, vol. 27, iss. 2: taaa0l5.
doi: 10.1093/jtm/taaa015

World Health Organization. Clinical management of severe acute respiratory infection when novel coronavirus (2019-nCoV) in-
fection is suspected: Interim guidance. 28 January 2020. URL: https.//apps.who.int/iris/handle/10665/330893

Wrapp D., Wang N., Corbett K.S., Goldsmith J.A., Hsieh C.L., Abiona O., Graham B.S., McLellan J.S. Cryo-EM structure of the
2019-nCoV spike in the prefusion conformation. Science, 2020, vol. 367, pp. 1260—1263. doi: 10.1126/science.abb2507.

Wu E,, Zhao S., Yu B., Chen Y.M., Wang W., Song Z.G., Hu Y., Tao Z.W., Tian J.H., Pei Y.Y., Yuan M.L., Zhang Y.L., Dai F.H.,
Liu Y., Wang Q.M., Zheng J.J., Xu L., Holmes E.C., Zhang Y.Z. A new coronavirus associated with human respiratory disease
in China. Nature, 2020, vol. 579, pp. 265—269. doi: 10.1038/541586-020-2008-3

YangY.,DulL.,, LiuC., Wang L., Ma C., TangJ., Baric R.S., Jiang S., Li F. Receptor usage and cell entry of bat coronavirus HKU4
provide insight into bat-to-human transmission of MERS coronavirus. PNAS, 2014, vol. 111, pp. 12516—12521. doi: 10.1073/
pnas. 1405889111

Yeh K.M., Chiueh T.S., Siu L.K., LinJ.C., Chan P.K., Peng M.Y., Wan H.L., Chen J.H., Hu B.S., Perng C.L., LuJ.J., Chang F.Y.
Experience of using convalescent plasma for severe acute respiratory syndrome among healthcare workers in a Taiwan hospital.
J. Antimicrob. Chemother., 2005, vol. 56, pp. 919—922.

Yount N.Y., Andrés M.T., Fierro J.F., Yeaman M.R. The gamma-core motif correlates with antimicrobial activity in cysteine-
containing kaliocin-1 originating from transferrins. Biochim. Biophys. Acta, 2007, vol. 1768, pp. 2862—2872.

Yuan L., Chen Z., Song S., Wang S., Tian C., Xing G., Chen X., Xiao Z.X., He F., Zhang L. p53 degradation by a coronavi-
rus papain-like protease suppresses type | interferon signaling. J. Biol. Chem., 2015, vol. 290, pp. 3172—3182. doi: 10.1074/jbc.
M114.619890

Zhang C., Wang X.M., Li S.R., Twelkmeyer T., Wang W.H., Zhang S.Y., Wang S.F., Chen J.Z., Jin X., Wu Y.Z., Chen X.W.,
Wang S.D., NiuJ.Q., Chen H.R., Tang H. NKG2A is a NK cell exhaustion checkpoint for HCV persistence. Nat. Commun., 2019,
vol. 10, no. 1: 1507. doi: 10.1038/s41467-019-09212-y

257



F.A. Isihak, M.A. Hamad, N.G. Mustafa MHdekumns n uMmyHuTeT

84. Zheng M., GaoY., Wang G., Song G., Liu S., Sun D., Xu Y., Tian Z. Functional exhaustion of antiviral ymphocytes in COVID-19
patients. Cell. Mol. Immunol., 2020. doi: 10.1038/s41423-020-0402-2

85. Zhou P, Yang X.L., Wang X.G., Hu B., Zhang L., Zhang W., Si H.R., Zhu Y., Li B., Huang C.L., Chen H.D., ChenJ., Luo Y.,
Guo H., Jiang R.D., Liu M.Q., Chen Y., Shen X.R., Wang X., Zheng X.S., Zhao K., Chen Q.J., Deng F., Liu L.L., Yan B.,
Zhan F.X., Wang Y.Y., Xiao G.F., Shi Z.L. A pneumonia outbreak associated with a new coronavirus of probable bat origin.
Nature, 2020, vol. 579, no. 7798, pp. 270—273. doi: 10.1038/541586-020-2012-7

ABTOpbDI: Authors:

Ucuxak ®.A., noueHT kadeapbl Mukpobuonorum Konnepxa Isihak F.A., Assistant Professor, Department of Microbiology,
BETEPMHApPHON MeanLmMHbl MOCYynbCKOro yHuBepcuTeTa, r. Mocyn, College of Veterinary Medicine, University of Mosul, Mosul, Irag;
Mpak; Hamad M.A., Assistant Professor, Department of Microbiology,
Xamap M.A., noueHT kapeapbl Mmrkpobuonorun Konnegxa College of Veterinary Medicine, University of Mosul, Mosul, Irag;
BETEPMHApPHON MeanLmMHbl MOCYynbCKOro yHuBepcuteTa, r. Mocyn, Mustafa N.G., Professor, Head of Department of Physiology,
Mpak; Biochemistry, and Pharmacology, College of Veterinary Medicine,
MycTtada H.T., npodeccop, 3as. kabenpow puaunonoruu, University of Mosul, Mosul, Iraq.

6roxumun n papmakonorum Konnepxa BeTepuHapHoin MeanLmHbl
Mocynbckoro yHusepcuteta, r. Mocyn, Mpak.

MocTynuna B pepakumio 04.04.2020 Received 04.04.2020
MpuHsaTa k neyvatn 06.04.2020 Accepted 06.04.2020

258



Reviews 00630pbI

Russian Journal of Infection and Immunity = Infektsiya i immunitet NHdekumns n uMmyHnTeT
2020, vol. 10, no. 2, pp. 259-268 2020, T. 10, Ne 2, c. 259-268

BPOXAEHHbIW UMMYHUTET
NP1 KOPOHABUPYCHOU UHDEKLIUN

B.C. Cmupnos'-?, Aper A. ToroJisin?

'®@BFYH HUH snudemuonoecuu u muxpoouonoeuu um. Illacmepa, Cankm-Ilemepbype, Poccus
2AO0 MEBHIIK «I[umomed», Cankm-Ilemepbype, Poccus

Pestome. KopoHnasupycsl (CoV) npeactaBisiioT co60i MoIMMOpGHYIO TPYINY peCupaTOPHbIX BUPYCOB, BbI3bIBAIOLINX
OCTpbIe BOCMAJIUTEAbHbIC 3200JeBaHKS Y JOMAIIIHUX U CEJIbCKOXO3SIMICTBEHHBIX XKMBOTHBIX (KYPbI, CBUHBM, Oy ABOJIHI,
KOIIKH, cO0aKkM). ¥ moneit nHGbEKIKS 10 HelaBHEr0 BpeMEeHU Ha0J1101aJ10Ch TPEMMYIIIECTBEHHO B OCCHHE-3UMHMI Tie-
PHOM ¥ XapaKTepr30BaJach JETKUM, 3a4acTyIo 06CCUMIITOMHBIM, TedeHreM. CuTyanus pe3ko usMeHuaach B 2003 romy,
koraa B Krrae Oblia 3aperucTpupoBaHa BCITBIIIKA aTUITMYHON ITHEBMOHM U, BhI3BaHHasI maroreHHBIM CoV (SARS-CoV).
Crycts 10 net Bo3HUKIIAa HOBas Benblka CoV B BUae OJMXKXHEBOCTOYHOTO pecniupaTopHoro cuaapoma (MERS-CoV),
a B mekabpe 2019 1. ormeuensl ciydan SARS-CoV-2 (COVID-19), TpancdopmupoBaBmnecs B epBbie Mecsimbl 2020 T.
B MaHIeMuI0. Bo Bcex Tpex cirydasix 3a00J1eBaHME YacTO IIPUBOIUIIO K TSIKEIBIMUA OPOHXOJIETOYHBIMU TTOPaXKEHUSIMU,
BapbMPOBABLIMM OT CYyXOT0 UBHYPUTEIBHOTO KallLJIS 10 OCTPOro pecrnuparopHoro auctpecc-cunapoma (OPAC). OnHo-
BPEMEHHO C 3TUM OTMEUYEHBI MHOXECTBECHHBIE M3MEHEHMS B CUCTEME BPOKICHHOIO0 MMMYHHTETA, Jallle BCETO B BUJIE
BBIPaXKeHHOM BOCITAJIUTETbHON PeaKIINU B HUKHMX IBIXaTeIbHBIX Ty TSIX, TPOSIBIISBIINECS IIOBPEKICHNEM ITHEBMOIIU-
toB 11 mopsinKa, SBJICHUSMU arlonTo3a, T’MaTMHU3alIiell aJIbBEOIIPHBIX MEMOpPaH, 04aroOBBIM VJTH T€HEPaIN30BaHHBIM
OTEeKOM JierkKuX. JIeCTpyKTUBHBIE MPOLIECCHl B PeCIMPATOPHOM OTAEJE CONPOBOXIAIMCh MUTpallMeil B oyar Bocrale-
HUSI MOHOIIMTOB/MaKpoharoB U HEUTPOGUIbHBIX TpaHyIoIUTOB. Ha dhoHe mepeyncieHHbIX SIBIEHUI Haboaanach
BbIPa0OTKA MPOBOCHATUTEIbHBIX IUTOKMHOB, MHTEHCMBHOCTh KOTOPOI MOTJIa HapacTaTh 10 IIMTOKMHOBOIO IITOPMA.
Hns SARS-CoV xapakTepHbl CMUMIITOMBI BTOPUYHON UMMYHOJIEIPECCUM, TIPOSIBIISIIONIMECS B ITO3HEM HauaJie CMHTe3a
nHTep(EepOHOB 1 aKTUBALINY KTIoueBoro (pakropa BocnanzeHuss — NLRP3-undaammacomsl. [TprmamHoii momo6Hoi pe-
AKIIMH SIBJISIETCS «BOOPYKEHHOCTh» CoV 0OIIMPHBIM HAOOPOM CTPYKTYPHBIX X HECTPYKTYPHBIX OCIIKOB, 00JIaJaIOIIIX
MIPOBOCITAIUTEIbHBIMU U IMMYHOAETIPECCUBHBIMHU cBoMicTBaMM. OTcpoueHHBIN cuHTe3 IFN 1mo3BoIsI BUpyCy aKTHUB-
HO 1 OECIIPEITSITCTBEHHO PEIIMIIMPOBAThHCS, a KOTIa Bee XXe opraHmaM 3amyckan ciuHTe3 IFN 1, ero neiicTBre okasbiBa-
JIOCh BPEIHBIM U COMPOBOXAAIOCH YTXKeIeHeM TeueHUsT MHpeKuuu. Takum odpazoM, SARS MOXKXHO ¢ MOJHBIM OC-
HOBaHMEM OTHECTH K YUCTY UMMYHO3aBUCUMBIX MH(MEKIINH ¢ BEIPaKeHHBIM MMMYHOIIATOJIOT MIECKUM KOMITOHCHTOM.
Lenp 3TOr0 0630pa onrcaTh HEKOTOPBIE MEXaHU3MbI (POPMUPOBAHUS BPOXKICHHOTO MMMYHHOTO OTBETa HAa MH(MUIINPO-
BaHuUe matoreHHbIMU KopoHaBupycamu: SARS-CoV, MERS-CoV u SARS-CoV-2 (COVID-19).

Karuesnie caosa: koporasupyc, SARS-CoV, MERS-CoV, SARS-CoV-2, époscoennblii ummynumem, 4yumoxKuHol, 6HYyMPUKAMOUHbLU
pe2yasmopHbLil KAcKaod, uHmepgepoHsl.
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Abstract. Coronaviruses (CoVs) comprise a polymorphic group of respiratory viruses causing acute inflammatory diseases
in domestic and agricultural animals (chicken, pig, buffalo, cat, dog). Until recently, this infection in humans was mainly
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observed during the autumn-winter period and characterized by a mild, often asymptomatic, course. The situation changed
dramatically in 2003, when SARS outbreak caused by pathogenic CoV (SARS-CoV) was recorded in China. A decade
later, a new CoV outbreak occurred in the form of the Middle East respiratory syndrome (MERS-CoV), whereas in De-
cember 2019, SARS-CoV-2 (COVID-19) cases were recorded, which transformed within the first months of 2020 into the
pandemic. In all three cases, CoV disease led to severe bronchopulmonary lesions, varying from dry, debilitating cough
to acute respiratory distress syndrome (ARDS). At the same time, multiple changes in innate immunity were noted most
often manifested as a pronounced inflammatory reaction in the lower respiratory tract, featured by damaged type II pneu-
mocytes, apoptosis, hyalinization of alveolar membranes, focal or generalized pulmonary edema. Destructive processes
in the respiratory tract were accompanied by migration of monocytes/macrophages and granulocyte neutrophils to the
inflammatory focus. Such events were accompanied by production of pro-inflammatory cytokines, which magnitude could
ascend up to a cytokine storm. SARS-CoV is characterized by symptoms of secondary immunosuppression, manifested by
the late onset of interferon production and activation of NLR P3 inflammasomes — the key inflammatory factor. The reason
for such reaction may be accounted for by CoV arsenal containing extensive set of structural and non-structural proteins
exerting pro-inflammatory and immunosuppressive properties. Delayed IFN production allowed CoV to replicate actively
and freely, and when type I IFN synthesis was eventually triggered, its activity was detrimental and accompanied by an
aggravated infection course. Thus, SARS can surely be referred to immune-dependent infections with a marked immuno-
pathological component. The purpose of this review was to describe some mechanisms underlying formation of innate im-
mune response to infection caused by pathogenic coronaviruses SARS-CoV, MERS-CoV and SARS-CoV-2 (COVID-19).

Key words: coronavirus, SARS-CoV, MERS-CoV, SARS-CoV-2, innate immunity, cytokines, intracellular regulatory cascade, interferons.

BBeneHune

KoponaBupycel (CoV) oTHocATCS K OOJbIION
rpynne PHK-conepxauiux BUPYCOB, M3BECTHBIX
KaK BO30yAUTeNIN, TaTOTeHHbIE TIPEUMYIIECTBEH-
HO JUISI TITUIl, CEJIbCKOXO3SIMCTBEHHBIX, TOMAalll-
HUX U HEKOTOPBIX BUJAOB TUKUX XXUBOTHBIX [3, 15].
CeMeiicTBO KOpPOHABUPYCOB BKJIIOYaeT OKojio 37
BUJIOB BO30yIUTENC, pacTipeie/IeHHbBIX MO YeThI-
peM TpyIiraM U3 KOTOPBIX TOJIbKO albda- u 6era-
KOPOHAaBUPYCHI CIIOCOOHBI TTOpaKaTh YeJI0BEKa, 10~
MAaIlIHUX U AUKUX TITULL, KOIIEK U CO0aK, KPYTTHBIN
poraThlii CKOT U CBUHEN. Y YeJioBeKa BCTPeYaroTCs
yeThipe Buga CoV: 229E, NL63, OC43 u HKU, ko-
TOpbIE, KaK IPaBUJIO, BHI3BIBAIOT JIETKUE OCTPbIE
pecnupatopHble BuUpycHble uHpexuuu (OPBU),
MPOTEKAIONNE CO CKYIHBIMU CUMIITOMAMU WJIU
BOBce O0eccuMnToMHO [59]. CuuTaercsd, 4TO B Me-
puon ce3oHHoM Benbiliku OPBU 10 TpeTu ciydaes
npuxoantcs Ha CoV.

Takas BrosiHe OslaromojiydHasi KapTuHa Ha-
omonanace 1o 2003 roma, korma B Kurtae Obliia
3aukcupoBaHa nepBasi B UICTOPUM BCIIBIIIKA 3a-
OoJsieBaHMS, BbI3BAaHHOTO matoreHHbIM CoV, Ko-
Topoe monyumyio Ha3zBaHue SARS-CoV (Severe
Acute Respiratory Syndrome) [17]. CriycTs noutu
10 net Ha bauxHem BocToke mpou3oliia BTopas
Bcrnbimka CoV, Ha3BaHHasl «bBJIMXKHEBOCTOYHBIM
pecriupaTopHbiM cuHApoMoM» (MERS-CoV —
Middle East Respiratory Syndrome) [41, a Ha py0Oe-
xke 2019—-2020 rr. B Yxane (Kuraii) 0111 3aukcu-
pPOBaHBI TIepPBbIE CIIyYau TSKEJIOTO PeCITUPaTOPHO-
ro 3a00J1eBaHU s, TIPUIYNHON KOTOPOTO CTaJl HOBBIMA
nmaToreHHbIi KopoHaBupyc (SARS-CoV-2) [58, 66].
DTU BCOBIIIKY TIPU BCEX UX OCOOEHHOCTSIX, UMe-
IOT OJJHO OYeBUIHOE OOIllee CBOMCTBO: BBICOKYIO
BOBJIEYEHHOCTh B TTATOT€HE3 CUCTEMBI UMMYHHOM
3amuThl. C OJHOU CTOPOHBI, UMMYHHAasI CUCTEMa

WTrpaeT KJIOUEeBYIO POJib B KOHTPOJIE U 3JIMMUHA-
uuu CoV, ¢ Apyroit pa3HooOpa3HbIe €€ HApYILLIEeHU S
MOTYT TIPUBOAUTH K Pa3BUTHUIO TSKEJIOTO BOCIIA-
JIUTEJILHOTO 3a00JIeBaHUSI C OOIIMPHBIMU HEPEIKO
(haTanbHBIMKU HapYIIEHUSIMU MHOTOUYMCIEHHBIX
CHCTEM U OPraHoOB, B TIEPBYIO OUYePeb, NbIXaTeb-
HOIi cucTeMbl [58].

Bupuon CoV npencraisieT coboii mapooodpas-
Hyl0 yacTtuuy auamMetrpom 80—229 HM, coaepxa-
myto ogHouenoyeuHywo PHK mosuTuBHOI nossip-
HOCTHU, pa3mepomM okojo 32 000 HyKJIeOTUOAOB, ac-
couuupoBaHHylo ¢ N-0eikoM. BuproH okpyxeH
JIMTIUIHOM 00O0JI0YKOI, B KOTOPYIO BCTPOECHBI TPHU
CTPYKTYPHBIX O€JIKa, MMEIOIINX BaxKHOe 3HAUYeHUE
B natoreHe3e nHGeknuu. C BHEIIHE CTOPOHBI JIU-
NUIHOM MeMOpaHbl PacIOIOXEHBI TITUKOIIPOTEH-
HOBBIE IIUTIHI (S-0€10K), 00pa3ylolire HEKOe Moa0-
Ore KOPOHBI, OTKYJa W Ha3BaHUE «KOPOHABHUPYC».
OcHOBHOE TIpeAHa3HaYeHWe BTUX IIIUKOIIPOTEH-
HOB — CBSI3bIBAHUE C ITOBEPXHOCTHBIMH CTPYKTY-
paMU U CJIUSTHUE BUPHUOHA C LIUTOIIa3MaTUYeCKOMN
MeMOpaHoii KJIeTKHU xo3siuHa [59]. CuuTaeTrcsi, 4To
S-06eJIoK, a TOuHee ero JOMEeH-CBsI3blBalOIIUI pe-
uentop (RBD), MoxeT moaBeprarbcst KOHOOpMaIU-
OHHBIM U3MEHEHUSIM, TIO3BOJISIIOIINM eMy U30eraTh
pacrio3HaBaHUSI MeXaHU3MaMU BPOXKICHHOI'O MM-
MyHuTeTa [22]. Tun peuenTtopa CBsI3bIBaHUSI B OpP-
raHu3Me X03siMHa crieu@uyeH AJ1s1 KaXKJ10ro maTo-
reHHoro Bupyca. Tak, SARS-CoV u SARS-CoV-2
CBSI3BIBAIOTCSI C aHTMOTEH3WHITPEBPAIIAIONIUM pe-
uentopoM 2 (ACE2), torna kak MERS-CoV — ¢ nu-
nentuauamnentuaazou 4 (DPP4) [22]. Kpome Toro,
SARS-CoV MoxeT MpoHUKATh B KJIETKY B pe3yJib-
TaTe CBI3bIBAHMS C ellle ONHUM perentopom CD147
[65]. UMeroTca Takxke maHHble 0 ToM, 4yTo TLR4
MOXET pacIio3HaBaTh S-TIPOTEVH U MHIAYIIMPOBATh
aKTMBAIIMIO BBIPAOOTKN MPOBOCHATUTETbHBIX ITH-
TOKUHOB [38].
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B cocraB nunuaHoii MeMOpaHBbI BXOHST elle
JIBa BaXXHBIX CTPYKTypHbIX Oenka E u M [38].
IlogpoGHoOe omnucaHue yKa3aHHBIX CTPYKTYPHBIX
0EJIKOB He BXOAMT B 3aga4uy o03o0pa. CiaeayeTt ToJb-
KO YIOMSHYTh, YTO OHU TaKKe MOTYT y4acCTBO-
BaTh B (hOpMUPOBAHMHU BOCIAJUTEIBLHOI'O OTBETA
1 YKJIOHEHMU BUpPyca OT paclio3HaBaHM S CUCTeMa-
MH BpOXJIeHHOro nMMyHHTETa [39, 55]. [TokazaHo,
B 4YacTHOCTU, 4To M-0ejiok, Hapsay ¢ 4a, 4b
u Plppro 6enkamu MERS-CoV, yyacTByeT B noaa-
BJeHUU mmyTeit TpaHcayKiuu curHaioB [IFN [ tuna
n (pakTopa uHnnuanuu rpancassunuu NF-xB [55].

KpoMe nepeuyncieHHbIX CTPYKTYPHBIX OEJIKOB,
CoV reHepupyeT psi HECTPYKTYPHBIX (BCIOMOTra-
TeJbHBIX) OEJKOB, UTPAIOLINX BaXXHYIO POJb B aK-
TuBauuuM BocnajieHus, nogaBiaeHuun IFN I Ttuna
M YKJIOHEHUHU OT pacro3HaBaHU s BUpyca CUCTEMOM
BPOXJIEHHOTO UMMYHUTeTa [12, 49, 54].

Takum oOpa3oM, TMaToOreHHbIe KOPOHABUPYChI
MNPEACTaBISIOT CO0OI XOPOIIO <«BOOPYXXECHHOTO»
BO30YyIUTEJIsSI, CHOCOOHOTO BbI3bIBAaTh Y MHGUIIU-
POBAaHHOTO XO3sMHa TSXKeJoe, a MOpoi U cMep-
TeJbHOE 3a00JIeBaHME, COITPOBOXAAIOIIEECs IIMTO-
KWHOBBIM IIITOPMOM, MOHABJICHUEM BBIPAOOTKU
IFN u pazsutuem OPJIC, uT0 Ob1JI0 HATJISIAHO MTPO-
aeMoHcTpupoBaHo B Kutae u Mtanuu 3umoii-Bec-
Hoit 2020 rona.

MBI He cTaBUIIM nieped co0oi Ledb JaTh UcUep-
OBIBaOICe IMOJHBIN aHAJIN3 peakKIIM UMMYHHOU
CUCTEMBI UejoBeka Ha nHuurupoBaHue CoV Kak
TakoBbIM. Llesb aTOro 0630pa onucaTh HEKOTOPbIE
MeXaHU3Mbl (OpPMUPOBAHUS BPOXKIACHHOTO HM-
MYHHOTO OTBE€Ta MpPU UHPUIUPOBAHUU BBICOKO-
natoreHHbIMU SARS-CoV, MERS-CoV u SARS-
CoV-2 (COVID-19).

BpoxaeHHbIM MMMYHHbIN OTBET npu CoV

CucrteMa BPOXJIEHHOTO UMMYHUTETA, SIBJSI-
€TCsl OTHUM M3 TEePBbIX 0apbepOB HA MYTU BTOP-
XKEHUS B OpTAaHU3M ITATOTEHHOTO BO30YIUTENS.
Bce wusBectHhie CoV y uesioBeKa BHEIPSIOTCS
yepe3 pecnupaTopHyIo CUCTEMY, TJI€ BUPYC BCTY-
MaeT B MEPBUYHBI KOHTAKT C PECIUPATOPHBIM
snuTeaueM. B oTauuue ot BUpyca rpumnmna, Guk-
CUPYIOIIETOCS Ha JSMUTEJUU OPOHXUATBLHOTO
JiepeBa MocpecTBOM HeMpaMWHUIA3bl U TemMar-
rmoTuHuHaA [2], CoV UCIONb3YIOT UHBIE peliel-
Topbl. Tak SARS-CoV 1 SARS-CoV-2 obnanaroTt
CPOJCTBOM CBOETr0O MOBEPXHOCTHOI'O S-IIpOoTenHA
K ACE2, skcnpeccupyloliemMycss B HeOOJbIIOM
KOJIMUECTBE Ha BIUTEIMAJbHbBIX KJIETKaX ajlbBe-
0JI, Tpaxenu, OpPOHXOB, OPOHXMAJBHBIX CEPO3HBIX
xene3 [23, 36], torna kak Bupycsl MERS-CoV
CBSI3BIBAIOTCS C JIPYTMM KJIETOYHBIM PEIeITo-
pom (DPP4) [59]. Kpome ACE2 Bupycwi SARS
MOTYT MCIOJb30BaTh JOMOJHUTEIbHBIN pelien-
Ttop CDI147, uzBecTHbI TakXe Kak Basigin uau
EMMPRIN [65].

CBg3aBuIvecss ¢ TeM WU MHBIM PELenTOPOM
CoV 3areM TpaHCHOPTHUPYIOTCS B DHAOCOMY, THe
PHK Bupyca BbICBOOOXIAaeTcsI M pacHoO3HaeTCs
sHAocoMaabHbiMU peuentopamu TLR3 u TLR7.
Jlanee curHajJ TpaHCIAUPYETCSI HUXKECTOSIIUMU
nocpennukamMu TRIF, TRAF6 B HampaBiieHUM
Komiuiekca I-kB, KoTopblii n1uccolMUpyeT U BbI-
cBoboxgaer NF-kB, oTBeTCTBEHHBIM 3a CHHTE3
IIUPOKOT0 CHEKTpa MPOBOCHMAJUTEIbHBIX ILIUTO-
KWHOB, TaKWX, B 4aCTHOCTH, Kak prolL-1, 1L-6,
prolL-18, TNFa [9,16] (puc. 1, Bkaeiika, c. I11).

A pyroii cMTHaJI TpaHCAYIUPYETCS Yepe3 amarn-
TepHblid 6esok TRAF3 Ha cemeiictBo IRF, BkiI0-
yarouiee, Mo MeHbuieii Mepe, IRF3 u IRF7, ko-
TOpble mocjie (GocHOpUIUPOBAHUSI MUTPUPYIOT
B s1Apo, rae nHuumupyior cuare3 IFN I tuna [16,
46]. Eciiu curnan PHK Bupyca pacnosnaetcss TLR7
OH TpaHCAYLIMPYETCs Mo KJ1accuyeckoMy nytu [10].

CyuiecTByeT ellle oafuH NMyTh BHeapeHus CoV
B KJIETKY — TpSIMOE CIAMSHUE C TJ1a3MaTUISeCKOU
MeMOpaHoii. B 3ToM ciiydyae BUpUOH BBICBOOOX 1a€T
onHouenouyeuHyo PHK, koTopas cuHTe3upyeTt nBe
OTKpbIThIX paMKu cuuTbiBaHuss ORFla u ORFlab.
C 3TUX paMOK CHUHTE3UPYIOTCS MOJUIIPOTCUHBI
ppla u pplab, U3 KOTOpPBIX B pe3yabTaTe MOCTTPAH-
CISIMOHHBIX U3BMEHEHU 1 00pa3yloTcs 12 HeCTpyK-
TYPHBIX O€JIKOB, JIOKAJIU3YIOLINXCS B MEPUHYKJIIE-
apHOM IIPOCTpaHCTBe KjeTKU. HecTpyKTypHBIE
Oenku obpasytor komIiuiekc PHK-penninkasza-
TpaHCKpUIITa3a, KOTOpas ydyacTBYeT B CHUHTE3e
orpuuiatesbHoii nenu PHK [59, 64]. Kpome npo-
ueccoB pennukauuu, PHK pacnosnaeTcss nuTo-
miasMarudyeckumMu peuentopamu RLR 1 MDA 3,
TPAHCAYUUPYIOIIUMYU HUCXOASIINI CUTHAJ Yyepes
MAVS Ha npotenHoBbiit aHcaM0J1b TRAF-TANK-
IKKe-TBK 1, nanee na IRF3, IRF7 u NF-xB c nio-
CcJIeAYIOLIMM UMIOOPTOM B siaApo U cuHTe3oM IFN 1
TUIIA U IPOBOCIIAJIMTENbHBIX LIUTOKUHOB [16, 44].

Takum obpa3om, B KJIETKE CYIIECTBYET pa3BeT-
BJICHHAs CUCTeMa IepeHoca KJIeTOYHBIX CUTHAJIOB,
MO3BOJISIONIAsT CEKPEeTHUPOBATh IIMPOKHiIT HAOOP
LUTOKWUHOB, KOTOPBIE B 3aBUCUMOCTH OT BUPYJICHT-
HOCTH BO30YAUTENST U DYHKIIMOHATBHOTO COCTOS -
HUSI UHOPUIMPOBAHHBIX KJIETOK XO35IMHA, MOTYT
BBITIOJTHATH JIN00 3aIIUTHYIO (PYHKIINIO, TUOO0 IPH-
BOAUTH K HAPACTAHU IO HEKOHTPOJIMPYEMOTO BOCIIa-
JIEHUSI C MOCTEAYIOIIUM Pa3BUTHUEM TSIXKEJIbIX ITaTO-
JIOTUYECKUX peaKlUi BIJIOTh A0 TUOEIU UHPUILIU-
poBaHHOro opranusma [7, 11, 13, 14, 21, 34, 38].

Ponb NLRP3 nipu CoV

I[IponyKTHI B3aMOIEHCTBHUS BUPYyca C KJICTKO
X0351MHa, Oyab To MHeBMoUUT Il Tuma nam mak-
podar, pacro3HarTcs Takxe Nod-TmogoOHbIMU
peuentopamu [12, 51, 69], yyacTByomumMu B hop-
MHPOBAaHUM OCOOOTO TIOJUIIPOTEMHOBOTO KOM-
Mjekca, Ha3BaHHOro uHMIaMMacoMoii [69].
CyliecTByeT 00JbllIOe CEMENCTBO MH(MIaAMMACOM,
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BBITIOJTHSIOIINX pa3HOOOpa3Hble (YHKIUU B CHU-
cTeMe BpoxJaeHHoro umMmwmyHurtetra [23]. Cpenu
HUX HanboJbllee BHUMaHue npuBiekaeT NLRP3-
nHIaMMacoMa, KoTopass (popMUpyeTcsI B OTBET
Ha BTOPKEHUE Pa3JIMYHBIX ITATOTE€HOB, U SIBJISIETCS
KJI0UYEeBBIM (PAKTOPOM CUCTEMBbI MPOTUBOBUPYC-
HOM 3allMThl OpraHu3Ma xo3siuHa [69]. Llenbiii psin
natoreHoB, B ToM uucie PHK-conepxaliue naro-
TeHHBIe BUPYCHI, TaKMe KakK Bupyc rpumnmna, CoV
W Ip., UHAYLHUPYIOT cOOpKY U akTuBauuio NLRP3-
nHGpJIaMMacoOMbl Ha paHHEW cTaauu WHGEKIINU,
4YTO COIPOBOXJAAETCS 3aLIUTHOW peaKlUei opra-
HMU3Ma xo3s11Ha [32, 56].

BHenpeHue maToreHHOro BO30yAMTENSI COIPO-
BoxgaeTcs pacro3dHaBaHueMm ero PHK u 6enkos,
YTO BBI3BIBAET KacKall PEryasiTOPHBIX peakIlnii,
npuBoasux k coopke NLRP3 nndrammacomsl,
ob6pasyemoit 6enkamu NACHT, LRR, NLRP3,
criekornonooHoro 6enka ASC, npokacrmna3ssl 1 u nmo-
CJIenYIOLICi aKTUBAaLIMU 3TOro KoMmIujiekca [69].

IMpouecc dopMupoBaHUs U TOCIEAYONIEH
aKTUBAUMMU WHGIAMMACOMbl WHAYLIUPYETCS He-
CKOJNBKMMHU COOBITUSIMU. Pacrno3HaBaHue maro-
TeHHOTO BHpYyca, HaIpuMep, SHIOCOMaJIbLHBIMU
TLR3, TLR7 conpoBoxnaeTcss TpaHCAyKIMeh
curHasa go I-xB, auccouuanueil 3Toro KOMIJieK-
ca, BbicBOOOXIeHMeM NF-xB u ero mmmoptom
B SIPO C IMOCJICAYIOIINM CUHTE30M KacKajla Mpo-
BOCITAJINTEABHBIX IIUTOKNHOB, YaCTh U3 KOTOPBIX
CeKpeTHpyeTcsl B (popMe He3pesbIX MpeaIIecTBEeH-
HUKOB, HanipumMep, prolL-1, prolL-18 u ap.

OIHOBPEMEHHO C 3THUM BUPYCHBIC OCJIKH, Ta-
KHe Kak E-nmpoTenH n BcmoMoraTeJIbHBIN OeJIoK 3a,
aKTUBUPYIOT MOHHBIC KaHaJbl, IPUBOIS K yTeU-
Ke n3 KaeTku moHoB K' um mpuroka Ca?" [20, 37,
39, 48]. I[TogoOHBII MOHHBIN AMCOAIaHC SIBISIETCS
cunbHBIM akTHBaTopoM NLRP3-nHpIaMMacoMBI.
C npyroit CTOPOHBI, HAKOIIJICHUE ITPOMEXKYTOIHBIX
MNPOAYKTOB BUPYCHOIO MeTaboJM3Ma COIMPOBOX-
JIaeTcsl reHepalyeil aKTUBHBIX (OpM KHCIOpoaa
(ADK), moBpexaeHUEeM MUTOXOHIPHI C BBICBO-
ooxaeHuem u3 Hux JIHK [12, 69]. Hakowner, onpe-
JIEJIGHHYI0 pOJib B aKTUBALlUU SHIAOCOMBI MOXET
UrpaTh U KaTEIICUH, HEOOXOMMMBIN AJIS pacier-
JeHusT S-0ejika W IIOCJIEAYIOIIEeTOo ero CIUSHMS
¢ MeMOpaHoO#l kjeTku-muineHu [57]. U30bITOuHOE
BBICBOOOXKICHHME KaTeIICMHA B [IMTOIJIa3My TaKKe
oymet aktuBupoBaTh NLRP3-nHdaammacomy [69].

B pesynbraTre Bcex 3TUX COOBITHI yKe CO0-
panHas  NLRP3-undnammacoma  pacuierns-
eT mpokacrnasy 1 1o ee 3pejioii (popMbI, KOTOpasi
obecrneynBaeT IPOTEOJUTUUYECKYIO 00paboTKy
prolL-1, prolL-18 m mponuponTornyeckoro ax-
topa GSDMD po ux 3pensix ¢opm [6, 53]. B cBoio
ouepenb, GSDMD dopmupyeTr mopsl B Ijia3Mma-
TUYECKON MeMOpaHe, 4yTO o0JerdyaeT CEKpelUio
B MEXKJIETOYHOE ITPOCTPAHCTBO 3PEIBIX ITPOBOC-
HaJUTSIIBHBIX IIUTOKWHOB W BBI3BIBACT ITUPOITO3
KJIEeTOK [66]. CeKpeTUPOBaHHBIA B MEXKJIETOUHOE

mpoctpaHcTtBo IL-1f pekpyTupyer HeiTpodu-
Jbl, Makpogaru M LUUTOTOKCUYeckKue T-KIeTKU
B MECTO BOCIIaJieHUs, KOTOpPhIM B ciaydae SARS-
CoV gBIAIOTCI HUXKHUE IBIXaTeJIbHBIC ITyTH, TIe
HaKamJMBalOTCSd MPOAYKThI pa3pylIeHUs] BUPYCOM
aJIbBEOJISIPHBIX KJIeTOK [21].

OTMeYeHO, UYTO HM3KOBUPYJICHTHBIC BUPYCHI
CoV uarie JIOKaJu3yITCS B BEPXHUX IbIXaTeIIbHBIX
NyTSX U NpaKTUYECKU HE OMYCKAIOTCS Ha YPOBEHb
anbBeoJi. Kak cieactBue, 3TO CONMPOBOXKIAETCS
JIETKMM TE€UYeHUEM 3a00JIeBaHUS U MUHUMAaJbHOMI
CUMIITOMATHUKOM, a HEPEIKO U IIOJTHBIM OTCYTCTBU-
eM TakoBoli [9]. MHasa kapTuHa pa3BUBaeTCd MpU
UHOULIMPOBAHUU BbICOKOBUPYJIEHTHBIM IITaM-
MoM SARS-CoV niu MERS-CoV, KoTopbie CBSI3bI-
BalOTCS C aJIbBEOISIPHBIMU KJICTKaMu. B aToM ciry-
yae HEeUTpoUJIbl U LUTOTOKCUYECKUE T-KIJIETKU
COBMECTHO C CEKPETUPOBAHHBIMM LIMTOKMHAMU
M XeMOKMHaMM MOTYT CITOCOOCTBOBATH ITOBPEXIE-
HUIO JICTOYHOM TKaHU, Pa3BUTUIO MECTHOTO OTEeKa
M TSKEJION MMHEBMOHUU C MCXOJ0M B (puOpo3 Jjer-
KUx. BepossTHOCTh MOAOOHOr0 Ucxoaa yBeJanuduBa-
eTcs ¢ Bo3pactoM [28, 31]. [TokazaHo, UTO pa3BUTHE
TSIKEJIBIX TTOBPEXICHUN B HUXKHUX IBIXaTCIbHBIX
OYTSX MOXET COMPOBOXAATHCS HEKOHTPOJIUPYE-
MOM cekpelreil MpOBOCTaJUTEIbHBIX IIUTOKUHOB
M XeMOKWHOB, KBaJIUMUIINPYyeMOi KaK IMTOKMHO-
BbIi IITOpM [11].

Takum o6pazom, NLRP3-undmrammacoma sB-
JiseTcsl KJIIOYEBBIM 3BEHOM IaToreHesa, 4To Ae-
JIaeT €€ BO3MOXXHBIM OOBEKTOM TepareBTUUYCCKUX
maHunyiasuuid. Kak yxe ObIJIO yKa3aHO BHIIIE,
OJHUM M3 BO3MOXHBIX akTuBaTopoB NLRP3-
nHbIammMacoMbl stBiasioTcst ADK, reHepupyeMbie
B MpU TIOBPEXJEHUS JIU30COM, MUTOXOHAPUI
M BCJIEICTBUE IPYTUX MPOLECCOB [69].

OIDHUM U3 IIMUPOKO M3BECTHBIX aHTUOKCUIAH-
TOB, CITOCOOHBIX CBsI3bIBaTh ADK, momaBiissss Ta-
KHUM 00pa3oM IPOBOCIAJUTEIbHOE OECTBUE BU-
DPYCOB, SIBJIsSIeTCSI aCKOPOMHOBAsI KUCJIOTA, U3BECT-
Has kak ButamuH C [33]. B 2T0i1 cBSI31 JIOTUYHO
NPEeAnoa0XnUTh, YTO MPUMEHEHUE AHTUOKCUIIAH-
TOB, MOXET OKa3aTh aTTeHYUPYIolllee NeliCTBUE KaK
Ha MPOILIECChl aKTUBAIMM U (YHKIIMOHUPOBAHUS
NLRP3-undpraMmmacoMbl, Tak 1 B 1IeJIOM Ha Tede-
HUE OCTPOro BOCIAJIMTEJBbHOTO Mpoliecca BUPYC-
HOTo NMpoucxoxaeHus. [IpaBoMepHOCTb MOAOOHOM
TUIOTE3bl MOATBEPXKIAIOT JaHHBIE O IPOTUBOBOC-
NaJuTeJIbHOM aKTMBHOCTH aHTUOKCHIAHTOB IIpH
OPBMU, BbI3BaHHBIX BUpycaMUu TpuIIa, pecnupa-
TOPHO-CUHIIUTHUAJIBHBIM BUPYCOM, a TaKXe BU-
DPYCHBIX M OaKTepUaabHbIX ITHEBMOHUSIX U APYTUX
3a00sieBaHMSIX MHPEKIIMOHHOrO reHesa [8, 26, 27].
M3BecTHO, UTO TsIKeable MH(PEKIIUU YaCTO COMpPO-
BOXJAIOTCSI BBIPA>KEHHOI BOCIAJUTEIbHON peak-
uueit, o0yca0BJAEHHON B TOM YMCJIE TTOBBIILIEHHbIM
noTpebJIeHueM acKOPOMHOBOM KMCIJIOTHI C ITOCIIE-
IyoUel MpOoAYKIUEH ITPOBOCHIAJIUTEIbHBIX IIU-
TOKMHOB, COMNpoBoOXaaroleid aktuanuio NLP3-
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nHdaammacombl. [TokazaHO CHUXKEHUE UHTEHCUB-
HOCTHU BOcCIIajJieHus Ha oHe nmpuema ButamuHa C
[4]. BMecTe ¢ TeM BIMsIHUE aCKOPOMHOBOI KUCJIO-
THI HE OTPAaHUYMBACTCS TOJIBKO €€ aHTUOKCUIAHT-
HbIMU cBoiicTBamMu. [lokazaHo Takke ee MOAYIU-
pylolee aelficTBue Ha mpolecchl akTuBauuu NF-
KB u mocnenymolnyo 3KCOpecCcHio MpoBOCHATM-
TeJAbHBIX HUTOKMHOB, Takux Kak TNFo, 1L-6 u ap.
[5]. Bo3MOXHO, YTO UCTOIIEHUE YPOBHS BUTAMUHA
C y MOXUJBIX MallMEHTOB Ha (hOHE ITHEBMOHUU
CoV MoXeT oKa3aTbCs MIPUIMHOMN YTsIXKEICHUS Ta-
TOJIOTMUECKOTO Ipoliecca M HACTYIUICHU S (haTallb-
Horo ucxona. K coxayieHuio, TOJXHBIM 00pa3oM
MaHHBIN BOIIPOC HE UCCIEI0BAICS.

Hpyrum ¢paktopom aktuBauuu NLRP3-mH-
dramMmmacoMBl SIBIsIETCST yTeukKa moHOB K' uepes
dopmupyembie CoV MOHHBIE KaHajbl. B mpsiMbIx
9KCMepUMEeHTax ObIJI0 MOKa3aHO, YTO BHYTPUKJIE-
TouHoe ucrtomeHue K*, neitctByromee Ha NLRP3
WJIA BBIIIE TI0 PETYJISITOPHOMY KJIETOUHOMY Kac-
Kaly, SIBASIETCSI MUHUMAJBHBIM OOIIMM KJIeTOY-
HbIM COOBITHMEM, KOTOPO€ HEOOXOAMMO M J10CTa-
TOYHO IJis1 akKTuBauum BocrnajeHuss NLRP3 [47].
[MTaTodu3monornyecKknuit CMBICT 3TOr0 Mpoliecca
NPUMEHUTENBbHO K maToreHe3y CoV 3akiodaeTcs
B HapylIeHMHM B KJIETKE ONTUMaJIbHOTO MOHHOTO
OajtaHca, YTO MOXKET OBITH BEI3BAHO CTPYKTYPHBIMU
(E) n vectpyktypasiMu (ORF 3a) 6enkamu CoV,
GopMUPYIOIIUMHU MOHHBIE KaHAJIBI, Yepe3 KOTOPHIe
MPONCXOOUT yTedka noHoB K, u, HampoTuB, npu-
ToK noHoB Ca?* [12, 69]. B pesyibTaTte BHYTPUKJIC-
TOYHOE MOHHOE paBHOBECHE CABUTACTCS B KUCIYIO
30HYy, Bcaenctue yero NLRP3 nmonyyaet curnamnst
OMaCHOCTU U COOTBETCTBEHHO aKTUBUpYyeTcs [25].
D10 cBoiictBO NLRP3-uHdrammacomMbl OTKpbI-
BacT JOMOJHUTEIbHBIC BO3MOXHOCTU PETYISIIAN
aKTUBHOCTU BOCHAJMUTEIIBHOTO OTBETa IMyTeM 0OJI0-
KW POBKU KaJINCBBIX KAHAJIOB, XOTS 3Ta, Ha TTePBBINA
B3IJISI I, OYEeBUIHAS 3aa4a IMMPEICTaBISIETCS COBCEM
HE IIPOCTOM, UTO OOYCJIOBIEHO, C OAHOI CTOPOHBI,
HU3KOM crnenuduaHocThio 6iokaTopoB K' kana-
JIOB, a C IPYTroii, CPAaBHUTEJIbHO BBICOKOI TOKCUY-
HOCTbIO KaHauAaTHbIX coeamHeHu [30]. K yucny
HamnboJee N3BeCTHBIX OJokaTopoB K'Y kaHajoB oT-
HOCSITCSI TIPOM3BOMHBIC agaMaHTAaHOB, ITPOTUBO-
MaJsipuiiHble U TUIIOTEH3UBHbIE mpenapaThl [20,
43, 62]. B yacTHOCTH, TPOTUBOMAJISIPUMHBII TIpe-
napaT XJOPOKMH U €ro IPOU3BOMHBIC OBIJIU HC-
neiTadbl npu Tepanmuu COVID-19 [19], a 6i1okaTop
KaJIMeBbIX KaHAJIOB U UMMYHOMOAYJSITOp 2-0eH-
3UJ0EH3UMUIa30/1a TUAPOXJIOPUL HCIOIb3YEeTCS
B npenapate LlutoBup-3, mpuMeHsieMOM MpU MPO-
dunakTUKe M paHHeil Tepanuu rpunmna u OPBU
[2]. Takum oOpa3om, ympasiasemMas MOAYISLUS
NLRP3-undmamMmmacoMbl TpeacTaBasieT coboi
HOBOE€ TIepPCHEeKTUBHOE HampaBJieHHE IlaTOTeHe-
TUYECKOM Tepaliuyi BUPYCHBIX MH(EKIIN, B TOM
qucie u CoV, 1T KOTOPoit 0COOEHHO XapaKTepHa
TUNEPIUTOKUHEMMUSI.

LinTokmnHoBbln npodunb npm SARS-CoV

XapakTepHOl OCOOEHHOCTbIO MMMYHOMNAaTOre-
He3a CoV aBusieTcs (opMUPOBaHUE BOCTIATIUTEb-
HOrO OTBETa, BBIPAXXEHHOCTH KOTOPOTO 3aBUCHUT,
C OIHO# CTOPOHBI, OT BUPYJIEHTHOCTU BO30OyIUTE-
JIsl, a ¢ IPYTOi, OT UMMYHOPE3UCTEHTHOCTHU XO35T1 -
Ha. Kak y>ke ObIJ10 OTMeUeHO, 1J151 HU3KOBUPYJIEHT-
HBIX IITAMMOB TakKMxX, Hanpumep, Kak CoV 229E,
MECTOM TIEpBUYHOU (DUKcAlMU CIyKaT KJIETKU
MEpPLIATEJIbHOTO 3MUTEJUsI BEPXHUX AbIXaTellb-
HBIX NyTeil. Pe3yabraTroM aTOro siBjiseTcsl pa3BU-
THUE JIETKUX, MOPOM OECCUMITOMHBIX MHMEKIIMIA
[60]. MHast cuTyauusi CKJIaabIBAETCsS B OTHOLLE-
HUU BBICOKOBUPYJEHTHBIX ITaMMOB SARS-CoV,
MERS-CoV u SARS-CoV-2 [52]. TlaTtoreHHbI
BUPYC, TOCTUTASI PECIIMPATOPHOI'O OTAEIA JICTKHUX,
UuHbULIUpPYyeT mHeBMOUUTHI Il Tuma u uHAyUUpYy-
€T B oyare Cekpeluio IMMPOKOro mysaa ImpoBocIa-
JIUTEJIbHBIX IIMTOKMHOB U XeMOKWHOB, TAKUX KaK
IL-2, IL-7, IL-10, G-CSF, TNFo, CCL3, CCLS5,
CCL2 u CXCL10 B MeHbllIell CTeNeHU OH aKTHu-
Bupyet cekpenrio TNF u IL-6 1 MuHuMaJibHO —
IFNo/pB [10, 58]. Tlockonbky mnaroreHHbie CoV
aktuBupyiotr NLRP3-undpmrammacomy, 3TO0 co-
TIPOBOXIaeTCS CEKPEIMEit ITPOMUPOIITOTHUECKOTO
dakTopa GSDMD, KOTOpbIii BBI3bIBAET ITUPOII-
TOTUUYECKYIO TMbOesib MH(PUIIMPOBAHHBIX KJIETOK.
B pesynbraTe anmbpBeosia 3aIlOJHSICTCS KJICTOUYHBIM
IETPUTOM, 9TO PEKPYTUPYET B o4ar HEUTPOUIIEI
M MOHOLIMTBI/Makpodaru, ceKpeTupyoliie mpo-
BOCHAJIUTEJIbHBIE LIMTOKUHBI (puc. 2, BKJeilika,
c. IV). CymecTBeHHYI0O pojb B 3THX IIpoleccax
urpaet 6eyiok E o6omouku SARS-CoV [21].

ITo Mepe pa3BUTHUSI MATOJOTMYECKOTO MPOLIEC-
ca MUTPUpPOBABIIME B oyar U MHMOUIIMPOBAHHbIE
SARS-CoV wmakpodaru aeMOHCTPpUPOBAIIUA II0-
BollieHUe ypoBHeir 1L-2, 1L-4, 1L-5 IL-6, IL-8,
IL-10, TNFo ¥ lIMpOKOTO CreKTpa XeMOKHWHOB:
CCL3, CCL5, CCL2 u CXCLIO0 [11, 13, 34, 52].
OmHOBpPEMEHHO C 3TUM HabJ1I01a1ach aKTUBHAsI Ce-
kpeuus IFNo. OnHako B aToM caydae IFNa cno-
COOCTBOBAJ YCUJIEHU IO TTATOJOTMYECKOTro Mpolec-
ca, Kak 9To ObLJIO ycTaHOBJIEHO Y 601bHbIX MERS-
CoV [10]. ITpu cpaBHUTEIIBHOM OOCIECAOBAaHWY A~
OMEHTOB C TSKEJIOM CTETICHBIO 3a00JIcBaHUS OBLIN
OTMEUEHBI TTOBBIIIEHHBIE YPOBHU CHIBOPOTOUYHBIX
npoBocnaauTesbHbIX HUTOKMHOB (IL-6, TFNo)
n xemoknHoB (IL-8, CXCL10 u CCL5) no cpaB-
HEHUIO C YPOBHSAMH YIIOMSHYTBHIX IIUTOKHHOB
y MAIeHTOB C JICTKUM U YMEPEHHBIM TeUCHUEM
3aboneBaHus [33]. Beicokue ypoBHU LIMTOKMHOB
1 XxeMOKNHOB y manueHToB MERS-CoV koppenu-
pOBaIN C yBeIUUYEHUEM KOJIMYeCTBa HEUTPODHUIIOB
Y MOHOIIMTOB B JIETKMX 1 IepudeprIecKoil KPOBH,
YTO CBUJIETEJIbCTBYET 00 X BaXKHOI POJIM B IMaTO-
renese CoV nndexuuii [63].

Takum obpazom, penyukauuss CoV cornmpoBox-
JNAeTCsd WHTEHCUBHOW IIMTOKMHOBOW peaKlUueH,
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KOTOpasi HepeAKO MpUoOpeTaeT XxapakTep HUTOKM-
HOBOI'0 IIITOPMa, YTO IMTPOSIBJISIETCS, C OMHOI CTOPO-
HBI, HEKOTOPBIM CHUXXEHHEM BUPYCHOM Harpy3KHu,
a Cc Apyroil — mocTeneHHBIM HapacTaHUEM IIpU3Ha-
KOB JIbIXaTe€JIbHOW HEAOCTATOYHOCTHU, BbI3BAHHOI
HaKOITJIGHUEeM KJIETOYHOro NeTpuTa, OTEKOM Jier-
KUX U oOpa3oBaHMEM TMaJIMHOBBIX MeMOpaH, 3a-
TPYIHSIOIINX AbIXaHWe (pUC. 2, BKICKKa, c. IV) [21].
Bce aT0, BMecTe B3sTOE, MPUOOPETAET HEKOHTPO-
JIMPYEMBIA XapakTep, U MPUMEHEHUE UCKYCCTBEH-
HOWM BEHTUJISLIUU JIETKUX C UHTEHCUBHOU aHTUTU-
MOKCHUYECKOI Tepallhuell yke He cIracaeT CUTYyallnio,
MOCKOJIBKY B cllydae ObICTPOro MPOrpeccupoBaHUs
UHPEKI U K IbIXaTeJIbHOW He10CTaTOYHOCTHU TTPU-
COEOMHSIETCSI TIoUeuyHasi HEeIOCTaTOYHOCTh, U BCE
9TO IPOTEKACT Ha (POHE TSIKEIOTO IIUTOKMHOBOTO
IITOpPMA C SIBJICHUSIMU amoNTO3a, TMOEIbI0 SHOO-
TEJIUOLIMTOB U COCYAUCTOM YTEUKOM, HAKOTIJIEHUEM
M30BbITOYHO aKTUBUPOBAHHBIX Makpodaros, Heli-
TpodunoB n ¢GudbpobdIacToB, GUOPO30M MHTEP-
CTUIIMAJBHOIO M aJIbBEOJSIPHOrO IIPOCTPAHCTBA
U 3aKoHOMepHbIM pa3BuTueM OPIC, aBistonierocs
OCHOBHOM MPUYUHOI CMEPTU OOJIBHBIX C TSIXKEJIbIM
OCTPBIM peCcIpaTOpHbIM cuHApOoMoM [7, 11, 70].

NHTepdepOHbI

Peakiiust BpoXXIeHHOTO UMMYHUTETa HA BHE-
peHVe TaTOT€HHOTO BO30yIUTENSI TOCPEICTBOM
BbIpaboTKU sHHoreHHbIX [FN npeacTasisieT coboit
HaunboJee OBICTPBIN U YHUBEPCAJTbHBII MEXaHU3M
3alUMThl OT OOJibIIMHCTBA BUpycOB. [lpu sTOM
HauboJIee TTOJTHO NUCCISAOBAHEI IIPOTUBOBUPYCHEIE
cpoiictBa IFN I Tuma, Bkirrogatomue [FNo u IFNP.
Bcero cymectByer MmuHnumyMm 12 noarunoB [FNo
u onuH IFN [42]. [TatTepH aKcnipeccuu KOHKPeT-
Horo IFN B OCHOBHOM 3aBUCHUT OT TUIIa KJETOK,
BOBJICUEHHBIX B ITATOJIOTMYECKU it ripotiecc. K uunc-
sy mponyueHToB [FNP oTHOCSITCS suTeInabHbIe
KJIETKHY U GUOPOOIIaCThI, KOTOPBIE 9KCITPECCUPYIOT
ero Ha paHHEM 3Talle WHMEKIIMOHHOIO ITPOIeC-
ca. B otniuuume ot atoro, IFNo skcnpeccupyetcs
Ha 0oJjiee TO3HEM 3Tare MHPEKLUU IPYyTUMU TU-
naMu KJIETOK, 32 UCKJIIOUEHHUEeM AeHIPUTHBIX KJIie-
TOK, akcnpeccupytomnx IFNo ¢ camoro Hauana
nH@eKLMOHHOro npouecca [18, 61].

CyllIecTBYeT HECKOJbKO ajlbTepPHATUBHBIX ITy-
Teit cunte3a IFN (puc. 1, Bkieiika, c. 111):

I — sHOocoManpHBIH, KOTIa BUPYC, TPAHCIIOP-
TUPOBAHHBIM 3ITUMEMOpPaHHBIM PEIIETITOPOM B DH-
nocomy, BeicBoboxaaeT PHK, koTopas pacnosHa-
etcst TLR3/7/8. I1pu 3TOM CUTHAJI 110 HUCXOISIIIIUM
nyTsaM TpaHeayuupyetcs no IRF3/7, koTopsie mpu
3TOM (POoChHOPUIUPYIOTCT U MUTPUPYIOT B SIIPO.
DOyHKIMOHUPYS KaK (GaKTOphl MHUIIMALIUH TPAHC-
JISILMU, OHM 3aIlyCKaloT BbIPAOOTKY U CEKpeluio
IFNo/B;

II — ourommasMaTudecKuii, IIpu KOTOPOM BU-
pyc TIPOHUKAET B KJETKY ITOCPEACTBOM ITUHOIM-

TO3a, TIOCJE Yero IPOUCXOMUT BBICBOOOXKICHUE
PHK, pacnosnaBaHue ee RIG-1-mogoOHbIMU pe-
nentopamu (RLR), Takske mepeHOCSIIMMU CUTHA
Ha IRF3/7 no npyromy curHajibHOMY MapIipyTy.

INepeuncieHHbIe TYTU peaan3yIoTcs OOJIbITH-
CTBOM BMPYCOB, OIHAKO NJIs1 HEKOTOPBIX U3 HUX,
takux kKak SARS-CoV, MERS-CoV u SARS-
CoV-2, BBISIBJIICH Psii OCOOCHHOCTEH, KacarollnX-
Csl KOJIMYECTBEHHBIX XapaKTEPUCTUK, BPEMEHHBIX
napamMeTpoB U nocjeaoBatreibHOCTU cuHTe3a [FN.
ITokaszaHo, B yacTHOCTU, uTO MH(Ppekunusgs MERS-
CoV cnabo uwnaynupyet IFNo/B kak B 3KcIie-
PUMEHTAJbHBIX MOJENSIX, TaK U y O00JbHBIX [40].
B 3HauuTENIbHOU CTENEeHU 3TO BbI3BAHO HaJIUUKEM
y natoreHHbIX CoV MHOTOKOMIIOHEHTHOW CUCTe-
MBI TogaBiieHUs1 a3kcrpeccuun u cexkpeuuun IFN 1
tuna [40, 61]. YcTaHOBJIEHO, YTO 3Ty CUCTEMY 00-
pa3yloT Kak cTpykTypHble 6enku (E, M, N), tak
u HecTpykTypHble (ORF3b, ORF6, ORF7a, ORF9)
[40, 49, 68]. bbuin onMcaHbl pa3HOOOpPa3HbIE Me-
XaHU3MBbI MoAaBJIeHUs UHTepdepoHoreHesa. Tak,
Hamnpumep, oenkn N, ORF3b 1 ORF6 crioco6HbI
nogaBysaTh akTuBauuio IRF3, a ORF7a unrubupy-
eT CUHTe3 KJIeTOuHOTO O0enka [35]. UaTepecHo, 4TO
in vitro XUuMepHBI BUPYC, B KOTOPOM OTCYTCTBOBA-
au renbl ORF3ab, 4a, 4b u 5, nokazaj ycuJaeHHbI
otBeT IFN Tumna I u III [45]. DT nanHbie cBUAC-
TEJILCTBYIOT O TOM, YTO KOPOHABUPYC UCIIOIb3YET
MHOTOUMCJICHHBIE MEXaHW3MBI ITOJaBJICHUS WH-
TepdepoHoreHe3a MW YKJIOHEHUSI OT MMMYHHOIO
oTBeTa. YacTh U3 HUX CYMMUpOBaHa B TabJIULIE.

CBenmeHMsI, TIpeACTaBJICHHBIE B  TaOaWUIIE,
HU B KOEM CIIyJae He SIBJISIIOTCS UCYCPITBIBAIOIIMMH.
Mbl 0600IIMAM YACTh U3 HUX TOJABKO C LEJbIO UJI-
JIIOCTpalMU Hcroib3oBaHusd CoV CI0XKHOI MHOTO-
KOMIIOHEHTHOM CUCTEeMBI (h)aKTOPOB MTaTOI¢HHOCTH,
IPUMEHSIEMBIX BUPYCOM JIJISI 3aIIUTHI OT BPOXKICH-
HOro UMMYHUTeTa Xo3s1uHa. CIieayeT TakKe OTMe-
TUTb, YTO BaKHBIM (haKTOPOM IlaTOreHe3a MOXET
OBITh OTCpodeHHas npoaykuus IFN, o0OycioBieH-
Hasl IepeUYMCICHHBIMU BBIIIIE (paKTOpPaMM.

Ha 6omee mo3agHeM 3Tane WHMEKIUU, CUHTE3
IFN I tTuna Bce ke 3amyckaeTcs, OJHaKO B 3TOM
cnyuae IFN I peanusyer yKe He CTOJBKO 3a-
IIUTHYIO, CKOJIbKO IOBPEXIAIOIYI0 (DYHKIIMIO.
TTokazaHo, uto orcpoyeHHBId cuHTe3 IFN I Mo-
JKET COMPOBOXIAThCSl HAKOMJIEHUEM IMaTOT€HHBIX
BOCITAJIUTEIBHBIX MOHOHYKJIEAPOB, MOBBIIICHUEM
YPOBHSI IPOBOCHAUTEIIBHBIX INTOKUHOB M XEMO-
KWHOB B HUXKHUX ABIXaTeIbHBIX ITYTIX, (DOPMHUPO-
BaHUEM JIOKaJbHOTO UJIU TeHePaJIn30BaHHOTO OTE-
Ka JISTKUX U, HaKOHEll, HapyIlIeHUSIMU MPOTUBO-
BUPYCHBIX T-KJIeTOUYHBIX oTBeTOB [10]. M3 cka3zaH-
HOTO CJIEIyeT, UYTO IIPAKTUKyeMOe B KIMHUYIECKOMN
NpaKTUKE IIPUMEHEHHE C TePaIIeBTUUECKOM LIEThIO
IFN 1 ux MHAYKTOPOB, MPUMEHUTEIbHO K I1aTO-
reHHbIM CoV MOXXeT oKa3aTbCs ITPUEMOM IajIeKo
He 0e300MaHBIM. He BBI3BIBAaCT COMHECHUI M XO-
polIo JokKa3zaHa TeparneBTuuYeckas >(PbheKTUB-
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HocTh npuMeHeHu s IFN I Tuna B panHeMm nepuoje
uHpexkuu Ha 1—2 cyTku maHudectauuu. B ator
MEepUOM yallle BCero HaOJIoNaeTcs 3alepKKa CUH-
Te3a sHaoreHHoro IFN ¢ onHOBpeMeHHOI aKTUB-
HOU periukauueir BupyjieHtHoro CoV. BeneHue
sk30reHHoro IFN MoXeT cyliecTBEHHO CHU3UTh
YPOBEHb peIIMKAIIMU BUpPyca U, COOTBETCTBEHHO,
YMEHBIIUTHh TSKECTh (OpMHUPYEeMOro BoOcCHAJIH-
TEJILHOTO OTBETa WUJIM IIPEAOTBPATUTH €r0 COBCEM
[10]. Haznauenue nnayktopoB IFN B aToM nepuo-
Jie, CKOpee BCero, HUKaKoro TepaneBTUYEeCKOro pe-
3yJabTaTa UMeTh HE OyIeT.

OTcpoueHHOE IIPUMEHEHHE IPEernapaToB KOM-
mepueckoro IFN B ¢aze maHudecranmuu 3adose-
BaHUSI MOXET MMETb HEeOJaronpusTHBIC IMOCTESI-
CTBUSI, TIOCKOJIBKY B 3TOM cCJiy4ae, KakK ykKe OBLIO
ckaszaHo Bbile, BBeaeHue IFN, ckopee Bcero,
He OKasKeT TepaleBTuIeckoro addexra, HO MOXKET
MPUHECTHU CYIIECTBEHHBIN Bpea B BUJIe aKTUBALIUU
BOCITAJIUTEIBHON PEaKIIMM M MOCIYXHUTbH ITYCKO-
BBIM CHUTHAJIOM IJist (h)OPMUPOBAHUS IUTOKUHO-
Boro mtopMma [11]. Kpome Toro, 1o npuBeIeHHBIM
BBIILIE COOOPaXXEHUSIM, B 3TOM Meproae MHPEeKIIn-
OHHOTO IIpoIecca SIBHO He TMTOKa3aHO MPUMEHECHIE
KaKHMX-TM00 MHAYKTOPOB SHIOTeHHOTO MHTEepde-
pOHa B CBSI3M C YIrpo30il yCUJIeHUsS MWHQEKIIMOH-
HOTrO TIpoliecca U PUCKOM Pa3BUTHUS OCJOXKHEHU,
cpeau KOTOPBhIX HamboJiee CEepPbEe3HBIM SIBIISICTCS
OPJIC. B 3T0i1 cBSI3M BBI3BIBACT HEIOYMEHUE TIPEI-
JlaraeMo€ HEKOTOPHIMU aBTOPAMM MCTIOJIb30BaHUE
B KauecTBe (hapMaKOJOTMUYECKUX CPEICTB Mpera-
paToB roccuroJia (Karolei), a TeM 00ojee roMeoria-
TUYECKUX CPeAcTB (aHadepoH, aprodepon) [1].

Takum obpazom, IFN urparoTt KJ04YEBYIO pOib
B naroreHeze CoV, BO MHOTOM OITpeAesisl ee Te-
yeHue U ucxon. C npyroil CTOpPOHBI, caM BUpPYC
B IIpOIleCCE DBOJIIOIMU BBIPAbOTAl MHOXKECTBO
pPa3HOOOPA3HBIX CTPATETU YKIOHESHUS OT (PaKTo-
POB BPOXIECHHOTO UMMYHHUTETA. B 3T0i1 CBsI3M pn
pa3paboTKe TaKTUKU Tepanuu MHGEKIU, BbI3bI-
BaeMbIX mmaToreHHBIMU CoV, ciemyeT CTPEMUTBHCS
HE TOJBKO K IIONABJICHUIO PEIJIMKAIlMM BUpPYyca,
HO Y YMEHBIIIEHUTO TSI3KECTH BOCITAaJICHMSI.

3ako4yeHne

C MOMeHTa MOsIBJIECHUS IIepBOro IaTOreHHO-
ro CoV, Mocny>KMUBIIET0 3TUOJOTUYECKON MPUIU-
Hoit SARS, mpomrio noutu 20 jeT. 3a 3TO BpeMd
yesoBeuecTBO Tmepexuao Benbiliky MERS-CoV
M Ha MOMCHT HAallMCaHWs CTaTbU TIepeKUBaeT Tpe-
Thio BCbIIKY — SARS-CoV-2 nHdekumum, oobsaB-
nenHyto BO3 manaeMueii miaHeTapHOTO MaciiTada.
Kak MOrjio ImoJIyduThCs, YTO IIPAKTUYSCKH Oe3-
BpemHbie s yeaoBeka CoV 3BOTIOIMOHUPOBAIN
10 BBICOKOIMATOreHHBbIX BUpycoB? ToyHOro orBeTa
Ha 3TOT BOIIPOC CKOPEe BCEro HUKTO TaK U He TT0JTy-
YUT, OTHAKO COBEPILICHHO OUCBUIHO, YTO SBOJTIOLIUS
BUpYCa B OMpeAeJIeHHOM OTHOIIIEHU Y CBsI3aHa C yCU-

Tabnuua. BamsaHme 0CHOBHbIX U aKLLeCCOPHbIX
6enkoB CoV Ha HeKOTOpble (pYHKLUM BPOXAEHHOIO
nmmyHuteTa [49, 50, 68]

Table. The effect of CoV basic and accessory proteins
on some functions of innate immunity [49, 50, 68]

Benok CoV
CoV protein

BnusiHne Ha BPOXAEHHbIN UMMYHUTET
Effects on innate immunity
NF-xBT, JNKT, IL-8T, RANTEST, NLRP3-
undpnammacomal, anontosT, knetTouHblii
3a apect
NF-xBT, JNKT, IL-8T, RANTEST, NLRP3
inflammasomeT, apoptosisT, cell arrest

IFN | Tunal, anontosT, apecT KJIeTOYHOro

3b uukna

Type | IFN |, apoptosisT, cell arrest
6 IFN I Tunal

Type l IFN

NF-kBT, JNKT, p38 MAP kunasaT,
TpaHcnaums curianal, anontos!, apect
7a KJ/1eTOYHOro uyuKkna

NF-kBT, JNKT, p38 MAP kinaseT, signal
translation!, apoptosisi, cell arrest

®DyHKUMS HeU3BeCTHa

[ Function unknown
8a Anontosl
ApoptosisT
Pennukauus Bupycal
8b ) L
Virus replicationd
9b IFNJ

JICHUEM ero MaTOTeHHOCTU JJIsl YesioBeka. XOpOollIo
M3BECTHO, YTO MECTOM (pUKcalluU CJIabOIMaTOreH-
HOI'0 BUpycCa CJyKaT LUJIUapHble KJIETKU OPOHXU-
aJbHBIX MTYTEN, COCO0, MPU KOTOPOM HAOJIIOIAI0T-
csI cJlabble pecnupaTOPHBIE CUMIITOMBI, TUITMYHBIC
nass OPBU. HanpoTuBs, BLICOKOMATOT€HHBIE IITAM-
Mbl CoV pUKCUPYIOTCS YKe B ajibBeoJsiaX Ha MHEB-
monumTax Il Tumna, 4ro cormpoBoxgaeTcs (popMupo-
BaHUEM LIEJIOro psijia MaTOJOTMYECKUX ITPOIIECCOB,
NPUBOASIINX K PAa3BUTUIO OCTPOU TBIXaTeIbHOM He -
noctarogyHocTu 1 ncxonoM B OPIC. B ocHOBe yka-
3aHHBIX MPOLECCOB JIEXKUT IMUPOKUN CIEKTP BOC-
HaJUTENbHBIX SIBJICHUI OT TMOEIN ITHEBMOILIUTOB,
MHUTpAllAA B OYar aKTMBUPOBAHHBIX MOHOIIMTOB/
Makpo@daroB M HEUTPODUIBHBIX TPaHYJOLIUTOB,
JIO aKTUBAIIMU alloNTo3a, TMPOITO3a U COCYTUCTOMN
yTedKU. 3aKOHOMEPHBIM MCXOAOM 3TOTO IIpoliecca
OyIeT MacCHUBHasl CEeKpelrsl MPOBOCHATUTEIbHBIX
OUTOKWHOB, TMAJIMHMU3AIMS aJIbBEOISIPHBIX CTCHOK
W MHTEePCTUINS, JIOKAJIbHBINA MM TeHepaJIn30BaH-
HBII oTeK Jerkux. CTpeMUuTeIbHOE pa3BUTHUE TIepe-
YUCJIECHHBIX COOBITUI CBSI3aHO C MHOTOUYMCIICHHBI-
MU (GaKTopaMu MMMYHONCIIPECCUU, CEKPETHpYe-
MBIMU PEMIULUPYIOIIMMCS TTaTOTeHHBIM BUPYCOM.
Kak ye ckazaHo BbIIIIe, BUPYC CIIOCOOEH Ha paH-
HEell cTaauu MaTOJOTMUYECKOro Mpolecca MHIMOU-
poBatb cuHTe3 IFN, obecrieunBas cedbe onTUMab-
HYI0O CKOPOCTh perimkanuu. OgHOBpEeMEHHO He-
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CTPYKTYpHbIe OeJKU BUpyca akTuBupyioT NLRP3-
nHMIAMMacoOMy U CBSI3aHHOE C 3TUM CO3pEBaHUeE
1L-1, IL-18, nupontoTuueckoro pakropa GSDMD.
Ha 6onee mo3nHeit paze pa3BUTUS MHOEKIIMY Opra-
HU3M XO3sTMHA BCEe-TaKM HauMHAeT CEeKPETUPOBATh
IFNo, omgHaKo 3TO TOJIBKO YyCYT'yOJIsIeT CUTYyalUIo,
MMOCKOJIbKY CEKPETUPOBAaHHBI IIMTOKUH HE TOJIBKO
He 3allluIlaeT OpraHu3M oT MH(EKIInK, HO, HaIlpO-
TUB MOXET, YCUJIMTH MAaTOJOTMUYECKH A ITpoliecc.

Takum ob6paszoM, chopmupoBaBIIMEecs 3a IIO-
caeaHue 20 geT nmaToreHHbIe TamMmmbl CoV, Tpuoo-
peU WU YCUJTUIU MHOXECTBO (DAKTOPOB MaTOreH-
HOCTHU, OIPENEasIONINX TIXECTh TeUeHUsT UHDEeK-
LIMOHHOIO Tipoliecca. B 3Toli CBSA3M MOMCK HOBBIX
a(pdekTuBHBIX cpeacTB Tepanuu CoV u pa3padoT-
Ka 2(pGheKTUBHBIX BaKIIMH TPEACTABISIET COOOM
BaxkHellIee HalpaBjieHUe COBPEMEHHBIX UCCIEeN0-
BaHUI1 KOPOHABUPYCHON MHMEKIINU YeJIoBeKa.
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FrETEPOJIOr'MYHBbIE UMMYHHbBIE OTBETbI
B HOPME U NMPU NATOJIOTAN

A.Il. TonTbirnua'-2

'@BYH Mockogckuii HayuHo-uccaedosamensckuti uHcmumym snudemuosoeuu u mukpoouonroeuu um. I H. Tabpuuesckoco
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Pe3tome. UMMyHoIOrn4yeckast maMsTh ¥ TOJEPAHTHOCTD SIBJISIIOTCS IJIABHBIMU JOCTVXEHUSAMM U IPEUMYIIECTBAMU
aJanTUBHOTO UMMYHUTeTa. OpraHu3Mbl, 00J1analone aqalTUBHBIM UMMYHUTETOM, UMEIOT CEPbe3HbIe KOHKYPEHT-
HbIE TpeuMyllecTBa B 60phoe ¢ nHeKIuIMU. KiIeTK UMMYHOJOTMYeCKON aMsITU COXPaHSIOTCS AeCATUICTUSIMU
1 CIIOCOOHBI OTPa3UTh MOBTOPHYIO aTaKy MH(MEKIIMOHHOro areHTa. OnHako uccienoBanus X XI Beka rmokasaiu, 4To
KJIETKU MaMSITU CIIOCOOHBI OBICTPO U 3(MEKTUBHO YHUYTOXATh JaXKe HEPOACTBEHHbIE MaToreHbl. Takoii TUII OTBe-
Ta Ha3bIBAIOT T€TEPOJOTNYHBIM. [eTepoIornuHble UMMYHHBIE OTBEThI HAMOOJIEe TUITMYHBL IJIs BUPYCHBIX UH(pEK-
LM U APYTUX BHYTPUKJIETOUHBIX MH(PEKIMIA, Tae BEAYLIYIO POJIb B 3allKTe OpraHu3Ma urpaiot T-kietku. B 0630pe
PacCMOTPEHBI Pa3TIMUHBIC MEXaHU3MBI, BOBJICYCHHBIC B peaTu3alnio T-KJIeTOUHOM KPOCC-peaKTUBHOCTH, OITMCAHBI
MOJICKYJISIPHBIC TIPEAITOCHIIKY JJIST TEeTEPOJIOTUUHBIX OTBETOB T-KIeTOK. TakKe 00CyKIafoTCs KCIIepUMEHTaIbHEBIC
MTOATBEPXKACHUS CIIOCOOHOCTH T-KJIETOK MaMSITH K TeTEPOJOTMIYHBIM MMMYHHBIM OTBETaM Ha MBIIIMHBIX MOAEIISIX
U IpH MHQPEKIUSIX Y UyeaoBeKa. [eTeposlornaHbie MMMYHHEIE OTBETHI SIBJISTIOTCST BaXKHOIM COCTABJISIONICH MMMYHU-
TeTa y B3POCIHBIX M TOXMIIBIX, KOTAa B pe3yJbTaTe MHBOJIIOLINY TUMYCa CHIKAeTCs BBIXOJ HaMBHBIX KJIETOK Ha Tie-
pudeputo. Hapsiay ¢ oueBUIHBIMU MPEUMYIleCTBAMU, T€TePOJOTHYHbBIE UMMYHHBIE OTBETHI MPUBOIAT K MEepeKocaM
B perepTyape T-KJIeTOK MaMsTH, 3aMeHe UMMYHOJIOMUHAHTHBIX SIIMTOIOB HA MUHOPHBIE, UTO TO3BOJISIET BUPyCaM
YCKOJIb3aTh OT UMMYHHOI'O OTBETa, PUBO/A K IEPCUCTEHLIMM BUPYCa, UM, HAIPOTUB, K GYJIbMUHAHTHBIM (hopMam
nHbek1uu. JIpyras onacHOCTb FeTepOJIOrMYHOI0 MUMMYHHOI'O OTBETA — 3TO C/Iy4aiiHOe paclo3HaBaHUE ayTOIMUTO-
I1a B pe3yJibTaTe CMeHbI JOMMHAHTHOI'O PerepTyapa paco3HaBaeMbIX SIIUTOIOB, YUTO MOXET IPUBOIUTD K PA3BUTHUIO
AyTOMMMYHHOI MaToJoruu. TakxKe reTepoJOrMYHblii MMMYHUTET MOXET HApyllaTh MHAYLMPYEMYIO MeIUKAMEH-
TO3HO TOJIEPAHTHOCTH IIPU IepecanKax OPraHOB U TKaHell U MPUBOAMUTHL K OTTOPXKEHMIO TpaHciiaHTara. Cienyer
YUYUTHIBATh OCOOCHHOCTH IreTePOJOrMIYHBIX MMMYHHBIX OTBETOB TP pa3pabOTKe HOBBIX BAKIINH U IPUMEHECHUH WX,
0COOEHHO Y B3POCJIBIX U TIOXVITBIX JIIONEH.

Karuesnie caosa: eemepmoeuuﬂwﬁ UMMYHUmMem, Kpocc-peaKkmueHocms T-memorc, T-kaemku namamu, upycHole uH(j)elcuuu,
UMMYHONAmMocenes.

HETEROLOGOUS IMMUNE RESPONSES IN HEALTH AND DISEASE
Toptygina A.P.*"

@G.N. Gabrichevsky Research Institute for Epidemiology and Microbiology, Moscow, Russian Federation
b Lomonosov Moscow State University, Moscow, Russian Federation

Abstract. Immunological memory and tolerance represent major achievements and advantages of adaptive immunity.
Organisms bearing adaptive immunity display prominent competitive advantages in the fight against infections. Memory
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immune cells are preserved for decades and are able to repel a second attack of an infectious agent. However, studies
performed in the XXI century have shown that even unrelated pathogens may be quickly and effectively destroyed by
memory cells. This type of response is called heterologous so that heterologous immune response is mainly typical to viral
infections and other intracellular infections, where T-cells play a lead role in protection. This review will discuss various
mechanisms involved in implementing T-cell cross-reactivity, describe molecular prerequisites for heterologous T-cell
responses. Experimental evidence of memory T-cell potential to heterologous immune response in mouse models and
in human infections are also discussed. Heterologous immune response is an important immune arm in adults and the el-
derly when the yield of naive cells to the periphery declines due to thymus involution. Along with obvious advantages,
heterologous immune response leads to imbalanced memory T-cell repertoire, replacement of immunodominant epitopes
with minor ones allowing viruses to evade immune response that results in virus persistence, or, conversely, fulminant
infection course. Another threat of heterologous immune response due to switch in dominant repertoire of recognizable
epitopes is presented by random self-epitope recognition, which can lead to development of autoimmune pathology. Hete-
rologous immunity can also disrupt drug-induced tolerance in organ and tissue transplants and lead to graft rejection.
Heterologous immune response should be taken into consideration while developing and using new vaccines, especially

in adults and the elderly.

Key words: heterologous immunity, cross-reactive T cell, T-cell memory, viral infections, immunopathogenesis.

BeepgeHue

HcTopuyecku CI0XMUI0CHh TaK, YTO UMMYHOJIO-
rMIo Kak HayKy co3gajau Mukpoouoaoru B XIX B.,
KOTJa CepbEe3HYI0 MPOOIEMY COCTABIISIJIN TSKEIbIC
oCTphle MHMEKIMH, pa3pelnaBiiuecs J1UOO BHI-
3JI0pOBJICHUEM, JINOO CMepThio OoJbHOTO. [loJiroe
BpeMsI MMMYHOJIOTHsS pa3BUBajlach MMEHHO Kak
nHGEKIIMOHHASI UMMYHOJIOTH. JleTaabHO HCCIe-
IOBaH TICPBUYHBIN MMMYHHBIA OTBET Ha IIEPBYIO
BCTpedy C aHTUT€HOM 1 Ha MOJEIbHBIX >KUBOTHBIX,
U 'y OOJIBHBIX JII0[Ieli. XOpolIo n3y4yeHo hopMupo-
BaHMWe U NoJAepXKaHUe UMMYHOJOTMYeCKOI Imamsi-
TU ¥ BTOPUYHBI UMMYHHBIN OTBET Ha ITOBTOPHY O
BCTpEYy C aHTUTE€HOM. TeM He MeHee OCTalTCs He-
KOTOpbIe BoIpockl. Hampumep, nmoyemy B3pocibie
00J1e10T JNETCKUMU MHEPEeKUUSIMU TIXKeaee, 4em
netu? Ilouemy maneHbKUI peOEHOK WUAET B JET-
CKMI cal u 4yacTo OoJieeT, yepe3 roia-iaBa OosieeT
HaMHOTI'0 pexXe, a B3pocjble 00JICIOT CYLIECTBEHHO
pexe? TToHSITHO, YTO MaJIeHbKUII peOEHOK OTBE-
YaeT Ha KaxXa1yl0 WHGMEKIIMIO TIEPBUYHBIM UMMYH-
HBIM OTBETOM, KOTOPBIHi pa3sBUBAETCS MEHJEHHO,
HO HE MOXET Xe ObITb, YTOOBI 3a HECKOJIbKO JIeT
OH nepedoJie] BCEMU BO3MOXKXHBIMU MHPEKIUSIMU
1 chopMUPOBaJ HAa HUX COOTBETCTBYIOIIME KJISTKU
namaTu. [IpakTuyeckue Bpauu roBOpsiT, 4TO pede-
HOK «IIepepacTacT», YTO 3TO 3HAUYUT? BO3MOXHBIM
OTBETOM Ha 3TU BOMPOCHI SIBJISICTCS TaK Ha3bIBaec-
MBI T€TEPOJOTMYHBIA MMMYHHBIA OTBET, KOria
MMMYHHBIC KJIeTKH, COPMUPOBAaHHBIC Ha OIWH
MaToreH, OTBEeYaloT Ha IPYToi, HePOACTBCHHBIN
naroreH [9]. JlaHHOe ABJICHUE OMMUCAHO IJIsI OYCHb
OTHAJICHHBIX  TAaKCOHOMETPUYCCKHMX  COMHUII.
Hanpumep, uszsectHo, uto BakuuHa BLI2K 3amu-
IaeT MBIIIeH TaKKe U IIPOTUB OCTIOBAKIIMHEI [22].
T'eTeposoruyHasi UMMYyHHas 3alllMTa MOXET OCY-
LIECTBJSITHCS KaK 3a CUET BPOXKJAEHHOTO UMMYHU-
TeTa (XOpOILIO TeNepb U3BECTHBIN (P HEKT TPEHUPO-
BAaHHOTO UMMYHUTETA), TaK 1 3a CUET aAallITUBHOIO

uMmyHuTteta. Tak m3BecTHO, 4yTOo BakuuHa BII2K
JTaeT KPATKOCPOUYHYIO 3aIllUTy OT MHOTUX UH(MEK-
LMl 32 cYEeT aKTUBUPOBAHHBIX MaKpodaros (Tpe-
HUPOBAHHBIN BPOXIACHHBI WMMYHUTET) U IJIU-
TEJIbHYIO TIEPEKPECTHYIO 3alluTy (aZanTUBHBIN
UMMYHUTET) oT Mycobacterium tuberculosis, Listeria
monocytogenes, Brucella abortus v np. [5]. He Bmo-
He TIOHSITHO, 4acTO JM MMMYHHas 3alluTa OCy-
LIECTBJISIETCS 3a CYET IreTepOJIOTMUYHBIX OTBETOB,
SIBJISICTCSI JIM T€TEPOJIOTUYHBI UMMYHHBIIT OTBET
JIOCTaTOYHOM 3alIUTOU OT HEPOJACTBEHHOM MHGEK-
LMW U He SIBJSETCS JU reTepOoJOrMYHbIA UMMYH-
HBIM OTBET MPUYUHON ayTOMMMYHHOM MaTOJOTUN
[7, 40]. Tak>ke UHTEPECHO TIOHSIThH, 32 CUET KAKUX
MEeXaHU3MOB OCYIIECTBJIsIeTCS 3(PPEKT reTeposo-
TMYHOI'0 UMMYHHOI0 OoTBeTa. PaccMoTpeHnIo aTux
BOIIPOCOB OYIIET ITOCBSIICH HACTOSIIINIT 0030D.

MexaHn3mbl GOpMMPOBaHNS
reTeposIorMyHOro MMMYHHOIo OTBETA

TeopeTuuecku, Kpocc-peakKTUBHOCTh T-KIeTOK
MOXKET OCYIIECTBISITHCS 3a CUET 4-X MEXaHU3MOB.
IlepBbiii BapuaHT: y ABYX HEPOACTBEHHbBIX BUPYCOB
MOXET CJIYYaHO 0Ka3aThCs OJIMHAKOBBIA MOTUB —
AHTUTEHHBIN TIETITUI, IPUYEM JaXkKe B HEPOIACTBCH-
HBIX OeJKax, HO MOCKOJIbKY T-KJIETKU pacro3HaloT
He OeJIoK, a MEINTHI, TAKOEe COBITaIeHNE MOXET aK-
TUBUPOBATH T-KJIETKHN MaMsITH, COOPMHUPOBAHHBIC
Ha TMepBbIM MaToOreH, Npu IorajgaHUuu B OpraHU3M
BTOporo maroreHa [19]. dpyroii BapuaHT: HaJIu-
Yie B OpTaHU3Me XPOHUYECKON TIePCUCTUPYIOIICH
UHMEeK U, KOTopasi MOCTOSIHHO cjerka akKTUBU-
pyeT UMMYHUTET, UHAYLIUPYS MPOAYKIIUIO COOT-
BETCTBYIOIINX IIUTOKWHOB, KOTOPBHIC MOTYT UMETh
npsiMoe€ MPOTUBOBUPYCHOE BO3AEUCTBUE WU aK-
TUBUPOBATb BPOXJIEHHbIA WMMYHMUTET, HaNpu-
Mep, Makpodaru, Ha 3alluTy IIPOTUB BTOPOIl MH-
dexkuuu [3]. TpeTtuit MexaHusm: apdekT bystander,
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T-KJIETKHM TaMsITH MOTYT aKTUBHPOBAaThCSI 0€3 KOH-
TaKTa ¢ aHTUIEHOM B CpeJe IPOBOCIAJIUTEIbHbIX
HOUTOKWHOB, MHAYIUPOBAHHBIX IIPEIbIAYIIEe NH-
dexuueii [17]. A, HaKoHel, YeTBEPThIIA MEXAHU3M:
pacrio3HaBaHWEe ayTOAHTUTEHOB, BBIICISIOMINXCS
U3 TOBPEXIAEHHOW TKaHM B Cpele MpoBOCHAIM-
TEJIbHBIX IIUTOKMHOB, 0COOEHHO MHTepGhepoHOB |
u Il Tunos, nox necTBreM BTOpOro naroreHa. Tem
HE MeHee 0Ka3aJioCh, YTO Y KPOCC-PECaKTUBHOCTU
T-KJIeTOK ecTh ellle OaHa MpUYrHa.
CyiiecTBOBaBIlIasi paHee MapaaudrMa: OIWH
NeOTUA — OOWH KJIOHOTHIT T-KJIeTOK oKa3ajlach
HE COBCEM KOPPEKTHOM. XOpOIIo M3BECTHO, YTO
T-xnetounsiii peuentop (TCR) pacno3HaeT aH-
TUTEHHBIN MenTua B 11 aMUHOKUCIOT B IJIaBHOM
KOMILIeKce TKaHeBoi coBmectuMoctu (MHC) 11
y CD4" xnetok u B 9 aMUHOKUCIOTHBIX OCTaT-
koB B komruiekce MHC I y CD8" numdouuTos.
HccnenoBaHue KpUCTATIMUYECKUX CTPYKTYp Ta-
KUX KOMIIJIGKCOB MOKa3aJio, YTO, B OCHOBHOM,
TCR pacrnojioxeH IO auMaroHajyd KOMILJIeKca
MHC-nentua u 6osblasi 4yacTh B3aUMOJEUCTBU I
HampaBjeHa Ha pacro3dHaBaHnue MHC, a He men-
tuga [46]. Teopermyecku, n3 20 aMHUHOKMCIIOT
MOXHO COCTaBUTH 5 X 10! aHTUTEHHBIX TIENTUIOB
no 9 aMMHOKUCJOTHBIX ocTaTKoB 151 CD8" kie-
ToK 1 2 X 10" mo 11 ocratkoB aist CD4" kjeTok.
Teopernyecku y MBI MOXeET ObITh 10" Bapu-
aHTtoB TCR, a y uenoBeka u Toro 60Jiblie, TO €CTh
Bce cxonuTcs. Ho B pealbHOCTH Y MBIIIU (DOPMU-
pyercsa 10°, a y dyenoBeka 10° xyioHorunos [6, 25].
IIpu 3TOM M3 3TOTO KOJIMYECTBA CICAYET €Ile MC-
KJIIOUYUTh ayTOIETITUILI CaMOTr0O YeJoBeKa, Ha KO-
TOpBIe HE JTOJIKHO WHIYLIMPOBATbCSI MMMYHHOIO
otBeTa. [Mogcuurano, yto MHC I yenoBeka MoryTt
3KcIpeccupoBarb 2,5 X 10° coGcTBEHHBIX 9-Mep-
HBIX TICTITUIOB, a ITaTOTeHBI CIIOCOOHBI peaju-
3oBaTh 10°—10° 9-mepHBIX TenTHHIOB [46]. Takoii
packJiali o3HayvaeT, YTO KaXXAbI KJOH T-KjeTok
JIOJIKEH pearupoBaTh ¢ OoJjiee 4yeM OZHUM aHTHU-
TeHHBIM TrerrTuaoM. [1pu 3ToM T-KIEeTKM TOTXKHBI
OBICTPO U C BBICOKOI CIeM(PUUHOCTHIO pacIrio3Ha-
BaTh MENTHUABI MATOI€HOB U MPAaKTUYECKU HE pea-
rupoBaThb Ha aytorientuabl [44]. IMo-Buagnmomy
TIPY MOJIOXXKUTEIBHON U OTPULIATEIBHOM CEJICKIIUN
B TUMYCE UCKJIIOYAIOTCS ayTOpeaKTUBHBIC KJIOHHI,
HO He OrpaHUYMBAETCSI KOJIMYECTBO IeTEPOJTOT Y-
HBIX METNTUI0B, pACIIO3HABAEMBIX OJHOM U TOU Xe
KJIeTKOoi. PacueTnl mokasbeiBaioT, uTo Kaxx bt TCR
MOXET pacrno3HaBaTh 10°—10° BapuaHTOB MENTUIOB
[44]. U3 BbILLIECKa3aHHOI'O CJAEAYET, UTO Ha OAWH
AHTUTEHHBIN TENTUI MOXET OTBeYaTh HECKOJbKO
KJ10HOB T-kyeToK. B akciepuMeHTe moka3aHO, YTO
IEMCTBUTEIIBLHO, SMUTOI-CIICUMPUIHBIIA UMMYH-
HBI OTBET COCTOUT M3 HECKOJBKHMX COTEH KJIOHOB
T-xnetox [28]. KoHeyHo, pacrmo3HaBaHUE aHTUTEH-
Horo nenttuaa TCR pa3HbBIX KJIOHOB UMEET pa3HbIid
apuHUTET, HO, TEM HE MEHEEe, BEPOSITHOCTH TOTO,
yTo T-KjeTKa, pacro3HaBIIasi OOWUH W3 ITEITUIOB

TMEepBOro MaToreHa, MOXET TaK>Ke Paclio3HaTh OMUH
M3 3MUTOIIOB BTOPOTO MaTOreHa pe3Ko ITOBbIIIA-
ercs. boiee Toro, KJIeTKU MaMsITH, IO PSITY CBOMX
0COOeHHOCTEM, 60Jiee TOTOBbI K aKTUBALlMU, YeM
HauBHBIE KJIeTKU [34].

Ha MonexkynasipHOM ypOBHE CYIIECTBYET He-
CKOJIbKO MEXaHM3MOB, OOCCITEUMBAIOIINX KPOCC-
peakTuBHOCTb T-kneTok. Tak TCR obyiangaet HeEKO-
TOPOI MJACTUYHOCTBIO 3a CUET TOro, uTo T-KJeTKa
CHavaJia CJIOXKHBIM 00pa3oM cBa3biBaeTcss ¢ MHC,
a 3aTeM c 0OoJjiee BBICOKOW ad@OUHHOCTHIO B3au-
mogaeiictByeT ¢ nentuaoM. CDR3-o6nacte TCR,
Ooratasi TJIMIIMHOBBIMHM OCTaTKaMH, OalOIIMMU
OOJIBIIYIO MOABUKHOCTH, MOABEepraeTcss KOHMOp-
MaIlMOHHBIM M3MEHCHUSIM, YTO MO3BOJISICT JIYUIIIe
pacrio3HaBaTh pas3Hble KoMIlaekcbhl MHC-nentun
[20, 45]. Bropoit MexaHU3M — HapyllleHue TeOMeT-
pun cteikoBku TCR—MHC-mrenntua. IlokasaHo,
yto TCR He Bcerma TOYHO OPUEHTUPOBAH OTHO-
cuteabHo MHC, Tak:ke BO3MOXXHa 4YacTUYHAas
JIereHepanusl aHTUTEHHOro menTuaa (OH MOXeT
nUMeTh He 9, a 8§ 0CTaTKOB M JIy4llle YKJIaJbIBaTh-
ca B mweau MHC). OnucaHbl TaKxXe MeXaHU3Mbl
MOJICKYISIPHO MUMHUKPHUU U TMOKOCTU B CBS3BI-
BaHuu nentuna MHC [30, 48]. bonee Toro, TCR
MOXKET WCIOJb30BaTh KOMOWHAIIMU 3TUX MOJIE-
KYJSIPHBIX ME€XaHU3MOB, UTO ITOBBIIIAET BEPOSIT-
HOCTH BOBJICUCHM S Pa3JIMIHBIX KJIOHOB T-KJIETOK
B KOHKPETHBIA UMMYHHBIA OTBET, a CJIE€I0BATEIIb-
HO, TMOBBIIIAET BEPOSITHOCTh I'e€TePOJIOTMYHBIX OT-
BeTtoB [30]. Baxno, uro TCR B3aumoneicTByeT
npeumymectBeHHO ¢ MHC m pacmo3HaeT majeko
He Bce 9, uam 11 ocTaTKOB aHTUT€HHOTrO MernTuaa.
OOBIYHO OH B3aMMOAEHCTBYET ¢ 2—4 aMUHOKMUC-
JIOTHBIMM OCTaTKaMM, TOrAa KakK IpyTrue y4acTBY-
10T B cBsi3biBaHuM ¢ MHC [44, 46]. DKCTIepUMEHTHBI
0 3aMcHE aMWHOKWUCJIOT B aHTUTEHHOM TICTITU]IE
Ha CXOAHBIC TTOKa3aJaM, YTO MOKHO OMOXMMUUECKU
3aMCHHUTH MHOTHE aMUHOKMCJIOTHI B TIENITUAC Oe3
notepu cBsi3biBaHue ¢ TCR [16]. I3 aToro cienyer,
YTO IS UHAYKIIMU T€TEPOJOTMYHOTO UMMYHHOIO
OTBeTa HET HEOOXOMMMOCTHU JIBYM pa3HBIM ITaTOTE-
HaM uMeTb romosioruuHbie Ha 100% aHTUIreHHBbIE
NEeNTUABI, JOCTATOYHO, YTOOBI COBHAJIN KJTIOUEBbIE
aMUHOKHMCJIOTHBIE OCTaTKH, a OCTaJibHbIe HE Me-
Imajau pacliio3dHaBaHWO. Tak, HalpuMep, OIKUCaH
TeTepPOJIOTUUYHBIT MMMYHHBIT OTBET MEXIY BUPY-
coM renaruta C U aieHOBUPYCOM, ¥ KOTOPBIX MeM-
tun (133—147) core-6enka u AdS nentun (770—784)
UMeroT romoJioruio 53% [2].

Ponb reTeposiorm4HbiX UMMYHHbIX
OTBETOB B NPOTUBOMHDEKLIMOHHOMN
3auunTe

Ha MbILIMHO# MoaeIu ObLIO ITOKa3aHO, YTO UM~

MyHu3anus XuBoTHbIX BLIZK, Bupycom rpunmna A
(IAV), BupycoM JTUMOOIMTAPHOTO XOPUOMEHUH-
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ruta (LCMYV), MBIIIKMHBIM LIUTOMEraJIOBUPYCOM
(MCMV) u Pichinde Bupycom (PV) obecrieuuBao
3alllMTy OT BUpyca ocnoBaKIMHbI. UMMyHU3anus
KUBOTHBIX LCMYV, PV unu MCMYV zamuiiaer ux
OT 3apaXeHus AByMs JPYyTMMU BUPYCAMU U3 DTOU
TPOMKU C pa3HOi cTeneHblo 3PGEKTUBHOCTH.
3apaxenue AV, HecMOTps Ha 3alllUTy OT BUpYyca
OCITOBAaKIIMHBI, IeJacT MBIIIeil 0ojiee BOCIPUNM-
yuBbiMu K LCMV u MCMYV. A Bupyc ocrnoBak-
OWHBI BOOOIIIe HUKOTO HU OT YeTro He 3allluIlacT,
Kpome cebst camoro. [TocKonbKy aHaJIOTUYHEBIC 3D -
(GeKTHl OBLIM 3apeTUCTPUPOBAHBI KaK Ha MBIIIAX
nunuu C57BL/6, umerowmux H2b-ramnorun MHC,
tak 1 Ha TuHUU BALB/c, Hecymux H2d-rannorur,
TAaKOW BBICOKUI YPOBEHb MEPEKPECTHOMU 3alUThI
OT 3TUX OYEHb PA3HBIX MUKPOOPTraHU3MOB CBUJIC-
TEJIBbCTBYET B IOJIb3Y TOTO, YTO TeTEPOJIOTMYHbBIE
MMMYHHBIE OTBETHI SBIISIOTCSI HOPMaJIbHO 00-
el 0COOEHHOCThIO MMMYHOPEAKTUBHOCTU [42].
YuutbeiBas TOT (GakT, YTO Ha KaXIblil aHTUIEH-
HBIW MENTUA MOXET OTBeUaTh HECKOJIbKO KJOHOB
T-kJIeTOK, HY>KHO TTIOHUMAaTh, UYTO HE BCE SMUTOIBI
M He BCe KJIOHBI paBHbI MEXAY co0o0il mo adhdex-
TUBHOCTU. T-KJI€TOYHBIC OTBETHI HA OMHU MU TOITbI
BBICOKM, a4 Ha Apyrue HU3ku. Takasg nepapxus 060-
3HA4YaeTCcsd TEPMUHOM <«MMMYHOIOMUHAHTHOCTh
snutona» [47]. Dta uepapxus JOCTUTAETCS 3a CUET
3¢ HEKTUBHOCTHU IIPOIECCUHTAa BUPYCHBIX OEIIKOB
" TIpe3eHTanuu nentuaos B MHC neHapuTHBIMU
KJIeTKaM¥ Ha HayaJIbHOM CTaANU UMMYHHOTO OTBE-
Ta M HaTn4Ius T-KIJIETOK ¢ BEICOKUM CPOICTBOM MX
TCR k nanHomy snutony. UMMyHOTOMUHaAHTHAs
nepapxus SMUTOMOB MEHSIETCSI B pe3yJibTaTe reTe-
pOJIOTUYHOTO MMMYHHOTO OTBETa, KOTJIa BTOPOWA
3apakamplluil MaToreH KOAMPYeT BMUTOI, Tepe-
KPECTHO-PEaKTUBHBIN C MaTOreHOM, KOTOPBIN pa-
Hee 3apas3ui xo3siuHa. Tak, LCMV u PV otHocsT-
csl K apeHOBUpYCaM U MMEIOT IMepeKpecTHO-peak-
TUBHBIE anIUTONBI (00a Ha3biBaloTcss NP205—-212),
uMmemlre 6 061X aMuHOKKUCIOT U3 8. Ilpn Kax-
noi u3 3Tux nHpeknuit orsetr Ha NP205 aBnser-
cs1 cyOmOMMHAHTHBIM, cocTaBagss 1—-3% ot Bcex
orBeTuBIINX CD8" T-KkieTok. B TO Xe BpeMs npu
GOpPMUPOBAHUM TETEPOJTOTUUHOTO WMMYHHOTO
otBeTta, oTBeT Ha NP205 cTaHOBUTCS IOMUHUPYIO-
muM 1 cocrtasisieT 15—30% oT BceX UMMYHHBIX
otBeToB CD8*. A Te 3IUTOITEI, KOTOPBIC OBIJIN JO-
MWHAHTHBIMU ITPU TIEPBUYHOM NUMMYHHOM OTBETE,
CTaHOBSATCS cyonoMuHaHTHbIMU [4]. [Tpu BTOpHUY-
HOM MMMYHHOM OTBETE Ha TOT XK€ BUPYC OTMeda-
eTcsl He3HauMTeJbHOe cyKeHue perneptyapa TCR,
copMUpOBaBIIErocsl Mocjie MEPBUYHOIO UMMYH-
HOI'0O OTBEeTa, HO MPU reTepOJOrMYHOM UMMYHHOM
OTBeTe HabJIIogaeTcsl OYeHb CUJIbHOE CY>KEHUE pe-
nepTyapa, 4YTO NPUBOIUT K OJIMTOKJIOHAJIbHOCTU
MMMYHHOT0 oTBeTa [11].

l'eTeponOrMUyHbBIi UMMYHUTET, OCYIIECTBIIsIC-
MBIl KPOCC-PEaKTUBHBIMU T-KJIeTKaMU, ITO-BUIM-
MOMY, SIBJISICTCS OUYE€Hb BaXXHBIM KOMITOHCHTOM,

0COOEHHO Yy B3POCAbIX M TOXUJBIX OPraHU3MOB.
Y MaJleHBKMX JeTeil MMeeTCsI BHICOKMI YPOBEHB
HaWBHBIX T-KJIETOK 3a CYET aKTUBHOI pabOTHI TU-
Myca U OTCYTCTBM S OOJIBIIOTO KOJMYECTBA KJIETOK
naMsTH, TTO3TOMY peOEHOK OTBedyaeT Ha MHpeK-
LMW TIPEUMYIIECTBEHHO MEePBUYHBIM UMMYHHBIM
oTBeTOM. Takoil OTBET pa3BUBAECTCS OTHOCUTEIbHO
MEIJICHHO, a BPOXKIEHHBIT UMMYHUTET B OMUHOY-
Ky HE MOXET CIIPaBUTHCS C CePbe3HOM MHMEeKIM-
eli. UMeHHO mo3TOMY MajleHbKU T pebeHOK 0oJjieeT
qacTto. [TocTerreHHO (popMUpyeTCsT CyIIeCTBEHHBIN
nyn T-xinetok mamsatu. OQHOBpEeMEHHO ¢ BO3pac-
TOM pa3BUBaeTCsI (PU3MOIOTUYSCKAsT WHBOIIOLUS
TAUMYyCa, YTO OTPAaHUYMBACT ITOCTYIJICHNUE HOBBIX
HaMBHBIX KJIETOK M CHUKAET pa3HOOOpa3ue KJIOHO-
TUNOB T-KJAEeTOK. DTU UBMEHEHU ST MO Obl TIPU-
BECTU K CUTyallMl, B KOTOPOW BO B3POCJIOM WU
MOXUJIOM OpTaHMU3Me He HallJI0Ch Obl HU COOTBET-
CTBYIOIIMX KJICTOK TTaMsITU, HA HAWUBHBIX KJICTOK,
CMOCOOHBIX OTBETUTh Ha MHbekuo. C apyroi
CTOPOHBI, O0pbOa ¢ HOBOI MHGEKILMEl MyJoM Me-
PeKpeCcTHO-peakKTUBHBIX T-KJI€TOK Obljia Obl OUeHb
a¢dexTuBHOI 1 ObICTpOIL. [To-BUAMMOMY, UMEHHO
HaJWYUEM IeTepOJOrMYHbIX UMMYHHBIX OTBETOB,
B KOTOpBIC BOBJICUECHBI KJCTKHU MaMsITU, CHOPMHU-
pOBaHHBIE Ha NPYTHE MaTOTeHBI, U OOBSICHSICTCS
CYIIECTBEHHO MEHbIIIas1 3a00JIeBaeMOCTh MH(MEK-
OUSIMU B3POCJIBIX IO CPAaBHCHHUIO C MaJICHBKUMHU
netbmu [33]. C npyroif CTOpPOHBI, ITOKa3aHHBIN
Ha MblIax 3p@eKT CMEHbl JOMMUHAHTHBIX U CyO10-
MHWHAHTHBIX 3ITUTONOB U (GOPMUPOBAHUEC OJIUTO-
KJIOHAJIbHOCTM MMMYHHOTO OTBETa MOTYT MTIpaTh
3]Iylo myTKy. [Ipn reTepogornayHOM WMMYHHOM
OTBeTe MOTYyT (hOPMUPOBATHCI HE OINTHUMAaIbHEIC
B cBoeil 3¢ (PEeKTUBHOCTU 3JIMMWHALNU MAaTOI'CH-
Ha T-KJIeTOYHBIC OTBETHI, TAK KaK JOMUHHNPOBATH
NpU TaKWX OTBETaX HAYMHAIOT CyOIOMWHAHTHBIE
NepeKpPEeCTHbIE aHTUTEHbBI. DTO MOXET MPUBOAUTH
K YCKOJb3aHUIO MaToreHa M3-MoJ KOHTPOJSI UM-
MyHUTeTa, (GOPMUPOBAHUIO XPOHUUYECKMUX, Jia-
TEHTHBIX (hopM 3a00JeBaHUSI M BUPYCOHOCUTEb-
cTBY [27]. BO3MOXHO, UMEHHO 3TUM OOBSICHSIETCS
M3BECTHBIN (PAKT, YTO B3POCIbIC TsxXeliee OOJICIOT
IETCKUMU HHGMEKIUSIMU — OBICTPBI IeTeposo-
TUYHBIA UMMYHHBI OTBET B3pOCJIOTO JacT MEHee
3¢ OEeKTUBHYIO 3alIUTY B CMBICIIC KJIMPEHCA BUPY-
ca, 4YeM MEIJIEHHBIN IETCKUU TMTEPBUYHBIA UMMYH-
HBIA OTBET.

HccmenoBaHUSI TeTEPOJOTUIHBIX WMMYHHBIX
OTBETOB y UeJOBe€Ka 3HAYUTEJIbHO CJOXHEe, YeM
Ha MOJIEIbHBIX XKUBOTHEIX. TeM He MeHee HaKall-
JIUBAOTCS PaKThl, CBUAETEIbCTBYIOLINE O TOM, UYTO
UMMYHU3aIusl OpoTuB rpunmna mrammoMm HINI
obecreuBaeT HEKOTOPHI YPOBEHb 3alIUTHI U OT
mramma H2N2 [14]. AHajmoruyHble JaHHbIE ObIIU
MOJIyYEHbI MO FeTePOJOrMYHBIM UMMYHHBIM OTBE-
tam Mexxay HINT u H3N2 [18], HIN1 u H7N9 [39]
u gaxke HINI u H5NI1 [21]. dpyroii mpumep rete-
pPOJIOTUYHOTO HMMMYHHUTETa MEXIY HEePOICTBEH-
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[eTeponornyHbIi UMMYHUTET

HBIMU YeJIOBEYECKUMHU BUPYCaAaMU OMUCAH MEXIY
BupycoM rpumnma u renatuta C. Bblin oOHapyxkeH
snuton NS31073—1081 Bupyca renatuta C, B KOTO-
pOM COBITaTalOT 7 aMUHOKHUCIIOT U3 9 ¢ 3ITUTOIIOM
NA231-239 Bupyca rpunna [41]. ¥ 6onapminHCTBa
nanreHToB ¢ renatuToM C ObLI BbISIBJICH ITUPOKU M
CIIEKTP PeaKTUBHOCTH Ha IENITHIBLI BUpyca, TOTIa
KaK y ABYX ITAalIMEHTOB OBIJT OJIUTOKJIOHAJIbHBIN TUTI
MMMYHHOTO OTBeTa, MPUYEM Ha IepeKpPeCTHHIC
nenTuabl BUpycoB rpumnmna u rernatuta C. I numeH-
HO Y 3THX MallUEHTOB pa3BUJCSI (PyIbMUHAHTHBIN
Hekpo3 nedeHu [37]. Eme onuH npumep — BUPYC
OnureiiHa—bapp. ¥ ManeHbKUX aeTell MHPeK-
LM IIpOoTeKaeT yallle B CyOKJIMHUYECKO (hopme,
a y IOAPOCTKOB M MOJIOIABIX B3POCIIBIX MOXET /Ia-
BaTh KJIMHHUKY OCTPOTO MHGPEKIIMOHHOTO MOHO-
HyKJeo3a. XapakKTepHbIM MPU3HAKOM MOCJIETHETO
SIBJISICTCSl HAJIMUMEe B KPOBU OOJTBHOIO aTUIIMYHBIX
MHOHYKJIEapoB, KOTOpPbIe Ha caMOM Jejie IIpei-
CTaBISIOT COOOM IIMTOTOKCUYSCKHME COAepKaIle
rpaHyjibl akTuBupoBaHHble CD8" T-kneTku, oT-
Beuarome Ha EBV-unpuuupoBaHHble B-KieTku
W 3OUTEINAIbHYIO TKaHb. [Ipn 3TOM Takoii oTBeT
HE CJIUIIKOM 3D (GEKTUBEH B CMBICIIC SIIMMUHAIIAN
BUpyca. HeT HMKaKuX M0Ka3aTeabCTB, YTO IIpU
MOHOHYKJIe03¢ BUPYCHas Harpy3Ka BBIIIIE, YeM ITpU
cyoknmHnueckux ¢opmax. B To ke Bpems OBILIO
MOKa3aHo, YTO TPU OCTPOM MOHOHYKJIEO3€ JTOMMU-
HUPYIOT T-KJIETOYHBIE OTBETHI, IIEPEKPECTHO pea-
TUpylolIne ¢ 3anuTonaMu Bupyca rpumna [10].

B nipoiuiecce paboThl HaJl BAKIIMHOM K BUPYCY I'e-
natuta C, Tae B KaueCcTBe HOCUTEJ Sl UCTIONIh30BaJIN
0007104Ky aleHOBUpYyca ObLJI MOJYYeH OYEeHb XOPO-
muit 3¢pPexT Ha OJHU AaHTUTEHbI U MOUYTU HUKA-
Koro Ha apyrue. JIomoIHUTEIbHBIC UCCICTOBAHMS
BBISIBUJIM 3HAYUTEJIbHYIO TroMoJioruio (25—53%)
MEXIY OTOEAbHBIMU IIENITHIAMM 3TUX ABYX HeE-
POJICTBEHHBIX BUpPYcOB. bosiee Toro, uMmyHu3a-
OHSI MBIIIICH HEPEKOMOMHAHTHBIM, HECIIOCOOHBIM
K pernjuKanuu ageHOBUPYCOM TaKXe TPUBOAUIIA
K popMupoBaHUIO T-KJIETOYHBIX UMMYHHBIX OT-
BETOB, CIeM(UYHBIX K MENTUIaM BUpyca rernaTu-
ta C [2].

YyacTture reteponornyHbix NMMYHHbIX
OTBETOB B UMMYHOMATOJIOTNIA

B onucaHHOIi BbII€ MOJEIN MBILLIENH, TIEPBUYHO
nHpunupoBaHubix LCMYV, a 3areM MMMYyHU3U-
POBaHHBIX OCHOBAKIIMHOW, TMTOMHUMO OITMCAHHOIO
a¢dekTa 3alUThl OT OCITOBAKIIMHbI, Y HEKOTOPbBIX
MBILIEN TTPU HU3KOW BUPYCHON HArpy3Ke pa3BuU-
BaJICS TSKEJIbl MAHHUKYJUT B BUJIE BOCIAJICHUS
U HEeKpo3a BUCLIepaJIbHOM XU pPpOBOI TKaHU. Takoit
BUJI MATOJOTMU HECKOJIbKO HAMOMUHAET CUHIPOM
HeusBecTHOI aTuoyorun Bebepa—Kpuctuana,
OMMVCAHHBIN y YEJ0BEKA, a TAKXKE Y3EJIKOBYIO 2pU-
Temy IIpu BoiadaHke [31]. BaxkxHO, 4TO BO3HUKHO-

BEHME I1aTOJIOTMM HE CBSI3aHO C YPOBHEM BHPYC-
HOI Harpy3KW U TEHETHUYECKUMU (haKTOpaMH, T10-
CKOJIbKY BO3HUKAET JIMIIb Y HEKOTOPbHIX MBIIIEH
B T€eHeTUYECKM WUIASHTUYHOI rpynmne [24]. PaHee
ObLJIO MOKa3aHO, YTO 3alluTa B TaKOU cXeme 3KC-
MepUMEHTa OCYIIECTBISIETCS 32 CUCT BOBJICUCHUS
reTepOJOTMYHBIX T-KJIEeTOK MaMsITHU, OTBEYaIOIINX
Ha cyomoMuHaHTHBIA nentug niass LCMYV NP205,
MOCKOJIBKY €CTh IIEPEeKPECTHO pearupyromui
NenTua y BUpyca OCIIOBaKIMHEI allr, omHaKO He-
KOTOpBIC MBIIINA OTBevuanu Ha rentuabl GP34 nin
GP118, u 310 He O6bLIIO cBsA3aHO ¢ H2-rammoTumom,
a 3aBHCEJIO OT TUITa OTBETA Ha IMIEPBUYHYIO MH(PEK-
uuio LCMYV [12]. BDTo o3HayaeT, 4TO Aaxe y reHe-
TUYECKU WUIACHTUYHBIX OPTaHU3MOB, MEPEHECIITNX
OHY U Ty Xe WHdeKIunio, pernepryap T-KJIeTOK,
MOMUMO OOIIMX CHECHU(PUIHOCTEN, MOXKET pa3au-
YaThCs 3a CYET YACTHBIX ClleM(PUIHOCTEN, a Te,
B CBOIO OUYepe/ib, MOTYT JaBaTh ITIEPEKPECTHI C ayTO-
aHTureHamu [24]. Kak npoTeKTUBHBbIMI, TaK U ayTO-
UMMYHHBII 3¢(bDEeKT B ONMMMCAaHHOM 3KCIIEpPUMEHTE
MOJHOCTBIO OTMEHsIeTcs Tpu BBeaeHur aHTu-1FNy
aHTHUTEJ, TOorga Kak MaHHUKYJIUT 3aBUCE] TaKXKe
ot TNF [31, 32]. Bo3M0OXHO, BOBJIcUeHUE B ITaTOre-
HE3 ayTOMMMYHHOro 3a00JieBaHUSI T'eTePOJIOrUY-
HBIX T-KJICTOK TTaMsSITH, HE 3aBUCSIINX OT YPOBHS
TNF, oobsicHsieT ciiyyau Heygadu rpu aHTU-TNF
Tepanuu IMTAIlMEHTOB C ayTOMNATOJIOTHEIA.

IIpu ncnonb30BaHWMM MHTpPaHA3aJIbHON CXEMBI
BBEIACHU S BUpYyca MbIIIaM, MH(GUIIMPOBAHUE OCIIO-
BaKIIMHOM HAWBHBIX MBIIICH BBI3BIBACT OCTPOE
BOCTIaJIeHWE, HEKPOTUYECKU T OPOHXUOJIUT U OTEK
snerkoro. Ecau mbiiy O0b1in paHee MHOUIIUPOBA-
Hbl LCMV, TO B 1eTKuXx oTMevaeTcs auMdouuTap-
Hasg MHPUIBTpaus, HO KINHUYECKHN MBIIIN JIeT-
KO TIepeHOCAT MHGEKIINIO OCTTOBaKIIMHBI. OmHaKO
Y HEKOTOPBIX TaKWX MBIIICH BO3HUKAET OOJIUTE-
pUPYIOIIMIT OPOHXUOJUT, NMPUBOASIIMI K 3aKy-
nopke 6poHXUOoJI GUOPMHOM U BOCHATUTEIbHBIMU
KJeTKaMu. Y 4eJloBeKa TaKKe oIlMcaHa Mogo0Has
MaTOJIOTU I HEU3BECTHOM 3TUOJOTU U, TIPUBOASIIIIAS
K CMEpTHU TTallMeHTa. DTa MaToJOrUsl BCTpedaeTCs
B CJIyyae HACJIOCHMSI BUPYCHON MHMEKIINU ITOCIIE
TpaHCIUIAaHTAIMM Jerkux. CIUTarOT, YTO 3TO KJe-
TOYHO-OIIOCpeNOBaHHAasI MMMYyHoImatoaorus. Ilo-
BUIMMOMY, 32 3Ty ITATOJOTHUIO TaKXKe OTBEYAIOT T'e-
TEPOJOTUYHBIC KJICTKH ITaMsITH [32].

B skcmeprmMeHTax Ha MBIIIAaxX MOKa3aHO, YTO
TeTepPOJIOTUUHEIE MMMYHHEBIE OTBETHI Ha BUPYCHI
MOTYT BBI3BIBATh TaKWe TSKeJIble ayTOMMMYHHBIE
naToJOruM, Kak AuadeT UJIU pacCesIHHBIN CKIepo3
[8, 23]. HekoTopble BUPYCHl KOAUPYIOT MOJHUAPTU-
HUWHOBBII 3MUTOI, KOTOPbIK pacno3HaeTrcs CD4*
JuMdonuTamMu, BBIIEJIEHHBIMM Y MAllMEHTOB
C paccesIHHBIM cKJjiepo3oM [35]. DTu gaHHBIE CBU-
NETEIbCTBYIOT O TOM, UTO FeTePOJOTMUHBIA OTBET
Ha BUPYCHI MOXET SIBJISTHCS TPUITEPOM B 3aIyCKe
ayTOMMMYHHBIX Tlatojioruii. Tak, rmepBbiii BUpYC
MOXKET MMETh ayTOIIOJOOHBIM SMUTOIN W HapylIaTh
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TOJIEPAHTHOCTb, a MocJieAylollasi BUpPyCHasl WH-
deKlus 3a cYyeT KPOCC-peaKTUBHOCTHU CIBUIaeT
MUMMYHHBIIT OTBET Ha ayTOIIENTHUI C MUHOPHOTO
Ha JOMMHAHTHBI TUIl U CTaJKUBAaeT UMYHUTET
B ayTOMNATOJIOTHUIO.

B cBere BhIIeckazaHHOro 0cob0oe BHMMaHMUE
clenyeT YOeJIUTh MPpollecCy BaKIIMHAIIMY 1 KaJeH-
Iapro IMPpUBUBOK. TaK M3BECTHO, UTO BaKIIMHAIIM
BII2K, a Tak:ke BaKuMHaALUS KUBOW TPpUBAJIEHT-
HOM BaKIIMHOUW NPOTHUB KOPH, KPACHYXH W BIIU-
JIEMUYECKOTrOo MapoOTUTa KaKMWM-TO HEMU3BECTHBIM
CIoCOOOM 3alllMIIaeT TaKXe OT JIETaJbHbIX UCXO-
JIOB IIPA POTABUPYCHON MH(MEKIINY U THEBMOHWU.
Tlocnenylouiee BBeaeHUE YOUTOM KOMOMHMPO-
BaHHOI BakUMHBI AKIC oTMeHsieT 3TOT 3¢ deKT
U yBeauuuBaeT cMepTHocTb [15]. TlosiBunuch
ONMUCAaHUS HEMOHSTHBIX PeaKIIUi MpU BaKIlMHa-
MU MOJIOABIX XEHIIWH IIUPOKO pa3peKiaMU-
POBAHHOM BakKUIMHOM IPOTUB MNANUJIIOMABUPY-
ca [13, 26]. B cBeTe ommMcaHHBIX OCOOGEHHOCTEN
TeTepPOJOTMYHOTO HMMMYHHOTO OTBETa CJIeoyeT,
BUAMMO, OOMOJHUTEIBHO W3YYUTh MPOOIEMY
KPOCC-pEakKTUBHOCTU T-KJICTOK Ha aHTUTCHHBIC
SMUTONBI PA3JIUYHBIX BAKIIUH U CKOPPEKTUPOBATH
KaJIeCHIaph MPUBHUBOK OTHOCUTEIBHO TOTO, KOTIa
M B KaKOi MOCJen0BaTeIbHOCTU ClieAyeT MPOBO-
IUTh T€ WJIW WHBbIC BaKIIMHAIIMM, a He NJOOABISITh
HOBBIC BaKIIMHEI 110 IPUHINNY «KaK yIOOHEe 3TO
clenaThb».

l'eTepoOrMYHbBIE TUIT UMMYHOPEAKTUBHOCTU
MOXET BHOCUTD CBOIO JIENTY B OTTOP>KEHUE TPaHC-
mjiaHTaToB. M3BECTHO, YTO UMMYHOCYTIPECCUBHAS
Tepanus, HeoOxomuMMasi MpH TpaHCIUIAHTAllUU,
CITOCOOCTBYET pPa3BUTHIO BHPYCHBIX WHOEKIIUIA,
M 3TO MOXET IPUBOIUTH K OTTOpPXKeHUI0. OMHUM
M3 TI0IXOIOB, MO3BOJISIOIINX M30eXaTh UMMYHO-
CYIIPECCUBHOI TepanWM NPU aJIJIOTpPaHCIJIaHTAa-
OUU  SBIASETCS WHAYKLUUS aJJIOCTICHU(PUIHOTO
MMMYHHOIo oTBeTa T-KJETOK U Mmoclieaytouias
0JioKaJla KOCTUMYJIUPYIOIIMUX MOJIEKYJ B Ipolec-
ce aKkTMBallMM. TakKast TaKTHUKa BBIBOAUT aJIJlope-
aKTHUBHBIC KJIOHBI B COCTOSTHHE aHEpPTruH, a 3aTeM
U B amoITo3, U IpHU TocJenyolleid TpaHCIJaHTa-
MU MPOCTO HEKOMY OCYIIECTBJISITH OTTOPXKEHUE
[29, 38]. Ha MblimuHO Moaeau ObLIO ITOKa3aHO,
YTO paHHEe, B TeUCHME TePBBIX IBYX HEIEIb, MH-
dunMpoBaHWEe PELUUINNEHTOB KOXHOIO TpaHC-
miaanTtata LCMYV uau nepcucTeHIn I TOT0 BUpyca
elle Oo Iepecaaky IIPUBOIUT K OBICTPOMY OTTOP-
JKEeHUIO KOXXHOTO JIOCKyTa. B To ke BpeMs 3apazke-
Hue Mmbiieit LCMYV uepes 50 nHeit nocJie riepecai-
KU He IIPUBOINUJIO K OTTOPKEHUIO TpaHCIJIaHTaTa
[36, 43]. U3BecTHO, uTO T-KJIETKHU ITaMSITU HE CTOJIb
3aBUCHUMBI OT KOCTUMYJIUPYIOIINX CUTHAJIOB, KakK
HauBHbIe T-nmumdouuTtsl. [IpucyTcTBUe ajjocne-
Hu@UUHbIX T-KJIeTOK MmaMsTu, cOpMUPOBAHHBIX
Ha BUPYCHYIO MHGMpEKIIMI0, HO MepeKpecTHO pea-
TUPYIOIIIMX Ha AaHTUIeHBI aJlJIoOTpaHCIlJIaHTaTa,

CHIKAIOT 3¢ OEKTUBHOCT, MHIYKIIUU TOJIEPAHT-
HOCTH 3a CUET CTaHIapTHOI OJIOKaAbl KOCTUMYJIU-
pymooiux Moiekys. IMocienoBaTesbHOe 3apaXkeHne
MBIIIIEN ABYMST HEPOACTBEHHBIMU BUPYCAMU ITOBBI-
111aJIO YaCTOTY BCTPEYAEMOCTH aJIOCHELIM(DUIHBIX
T-xkneTok mamMsatu u 6oJjiee 3GHEKTUBHO TTPUBOIU-
JIO K OTTOP>KEHM IO TpaHcraaHTara [1].

3aknyeHne

Takum obpa3oM, reTepoJOruYHble UMMYHHbBIE
OTBETHI, TMO-BUAUMOMY, SIBJSIIOTCS pacnpocTpa-
HEHHBIM TUIIOM MMMYHHOTO OTBeTa Ha MHQEK-
LMI0, OCOOEHHO y B3POCJBLIX M TOXMJBIX OpTra-
HU3MOB. CniocobHOCTh T-KJIeTOK maMsITU Tepe-
KPECTHO pearnpoBaTh Ha HEPOJACTBEHHBIC BUPYCHI
TMO3BOJISIET B3POCIBIM OpraHW3MaM OIepPaTUBHO
oTpaxaTb UH(PEKIIUU U CIIOCOOCTBYEeT Oojiee HU3-
KOI 3a00JIeBACMOCTH B3POCIHBIX, IO CPaBHEHUIO
C MaJICHBKUMHU AeThbMU. ST TTOXMIIBIX OPraHU3-
MOB TETEPOJOTUUYHBIA UMMYHHBIM OTBET — 3TO
ele v Crmocod KOMNEHCUPOBTb MHBOJIOLIUIO TUMY-
ca M CHMXEHUe perepTyapa HauBHBIX T-KJIETOK.
HecMmoTps Ha siBHbIE TpeMMYIIIECTBA F€TEPOJIOTU-
HBIX UMMYHHBIX OTBETOB, 3TOT TUI pearupoBaHUSI
MMeEET CBOIO «TeMHYI0 CTOpOHY». Hanuuue atoro
THUIIa UMMYHHOTO OTBeTa MOXET OOBSICHUTH IIU-
POKYIO Baprua0eIbHOCTh B KJIMHUYECKOU KapTUHE
HEKOTOPbIX 3a00JIeBaHUI OT MOYTU OECCUMIITOM-
HOTO TEUYEeHUs OO JEeTaJbHOI'O MCXOAa y pa3HBbIX
WHIWNBUAYYMOB Ha OIWH M TOT Xe maToreH. Tak,
Hampumep, IIpu DireiiHa—bapp BupycHoit nH-
dexunu takast popma Kak MHPEKILIMOHHBIN MOHO-
HYKJICO3 Yallle BCTpeYaeTCs Y MOJIOABIX B3POCITBIX
U MOJAPOCTKOB U OYEHb peaKo y neTeit. Takxke re-
TEPOJIOTUYHBIE OTBETHI MOTYT OBITh BOBJICUCHEBI
B MAaTOJIOTHIO MpPU 3a00JE€BaHUSIX C OYEHb Bapua-
OeJbHOI KJMHMYECKONW KapTWHOW, KaK, HaIlpu-
Mep, BUPYCHBIW rematuT C MW JUXopaaka JcH-
re, Ipyu BUPYCHBIX 3a00JIEBAHUSX, TIE€ UMEIOTCS
OJINBKOPOJCTBEHHBIE CEPOTUIHI (IHTEPOBUPYCHI,
NanujJoOMaBUPYChl) HUAM TIpU TEPCUCTUPYIO-
IIMX BUPYCHBIX MHPEeKUUAX (reprneCBUPYCHBIX).
leTepomOrnYHBIN UMMYHHBIIA OTBET MOXET OBITH
MPUYMHOI HEOOBIYHON peaKlIMM Ha BAKIIMHALIUIO,
0COOCHHO MpPM BaKIIMHAIINU B3POCIBIX U ITPU BaK-
OWHAIUU OEeTE MHOTOKOMIIOHCHTHBIMHM BaKIIM-
HaMH. TakKe TreTepOJIOTUYHBIIT UMMYHHUTET MO-
KET OBITh TPUTTEPOM B PA3BUTUU ayTOMMMYHHOMI
MaTOJIOTUU Y IPUINHON OTTOPKEHUS TPAaHCIIJIaH-
TaTtoB. HecMOTpsl Ha CIOXKHOCTb U3YUYEHUSsI 3TOTO
TUIIA UMMYHHOTO OTBeTa y 4yejJoBeKa, HeoOXOoaU-
Ma JanbHeiass padbora B 3Toi obnactu. Takue
MCCJIeIOBAaHMS TTO3BOJST MCHOJb30BaTh OCOOEH-
HOCTH TFeTePOJIOTMYHBIX UMMYHHBIX OTBETOB ITPU
CO3JaHMU HOBBIX 0€30MaCHBIX BaKIIMH U MOA00pE
aJeKBaTHOM TepalmMM ayTOMMMYHHBIX 3a0oJjieBa-
HUH 0JI KaXKI0ro MalueHTa.
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PAHHAA OLLEHKA 3P PEKTUBHOCTHU
JIEKAPCTBEHHbIX CPEAOCTB MNPU JIEMEHUA
BOJIbHbIX C COVID-19

A.C. Koaoun'?

'@I'BOY BIIO Ilepsviii Cankm-Ilemepbypeckuii 2ocydapcmeennbiiit meduyunckuii ynueepcumem um. U.11. Ilagnosa,
Canxkm-Ilemepbype, Poccus
2@IrbOY BO Canxkm-Ilemep6ypeckuii eocydapcmeennniit ynugepcumem, Cankm-Ilemep6ype, Poccus

Pestome. KoponaBupycHas nundbexuus 2019 roaa sisisieTcsi COBpeMEHHbIM BBI30BOM MUPOBOMY coobuiecTBy. Ha hone
OTCYTCTBHUS BaKIIMH 3¢ GhEKTUBHBIC U Oe30MacHbIe JIEKapCTBa SIBJSIIOTCS YPIEHTHBIM 3aIIPOCOM CUCTEMBI 3 PaBOOX-
paHeHus. Hamu Oblila mpoBeaeHa OlieHKa MEAUIIMHCKUX TeXHoJorui, nsydaemeix npu COVID-19. [Touck nposo-
UM C TIOMOIIbI0 MexXayHapoaHoro pecypca ClinicalTrials.gov Ha Hayaso anpens 2020 roxa. B pesyiabrare 05110 1M0-
Ka3aHo, YTO KOJIMYECTBO HOBBIX KJIMHUUECKUX UCCIEIOBaHUM B Mupe, mocBsieHHbIx COVID-19, yBenmuuBaeTcs
Ha 65% B Heneo. Yalle MpoBOASATCS MHTEPBEHUMOHHbIE KInHNYecKue ucnbitanus 11 u 111 ¢aspl. Boabiias yacthb
WCCIeIOBaHMI 3aTlJIaHMPOBaHa WU MpoBoauTcs B 3amanHoi Esporre (n = 92), Kurtae (n = 79) u CILIA (n = 51). Kak
MpaBWJIO, OLICHMBAIOT CYppOraTHBIE TOUKM, TaKMe KaK: KIMHUUYECKOE BBRI3MOPOBJICHUE, 00JIerdyeHne 3a00eBaHUS
Ha OCHOBE 0aJIJTOB TI0 CUMITTOMAM (JIMXOpajJKa, Kalleslb, Iuapest, MAAJITUs, ObIIIKa), OTCYTCTBUE TTPOTPECCUPOBaA-
HUS OIBIIIKU, CKOPOCTh UCKYCCTBEHHOM BEHTHIISIIIUM, CKOPOCTH ITOCTYIIEHUS B OTAEJIcHHEe MHTEHCUBHON Tepannu
M T.0. B OCHOBHOM M3y4aloT aHTUMaJSIpUITHEIE JleKapcTBa. B HacTosIIee BpeMst HEeBO3MOKHO 00CyKIaTh 3(D(heKTUB-
HOCTb M 0€30ITaCHOCTb TOTO UJIM MHOTO JiekapcTBa ByiedeHu COVID-19, Tak KaK 60J1bIIMHCTBO UCCIEA0OBAHU I TOJIb-
Ko HauaTto. [Ipenyaraempie ceifyac B KIMHUYECKUX PEKOMEHIALIMSX TepaneBTUUYECKHUe CXeMbl HE UMEIOT ToJ Co00M
JIOKa3aTeIbHOM 0a3bl, a yKa3aHHbIE B HUX UCCASIOBAHMS B TYUIIEM CAyyae CYMTAIOTCS TeHePUPYIOLIMMU TUTIOTE3HI.

Karouesnie caosa: xoponasupycuas ungexuyus, COVID-19, kaunuueckue ucnoimanus, XA0pOXuH, 2UOPOKCUXAOPOXUH, peMdecusup,
NONUHABUD/PUMOHABUD, MOHOKAOHAAbHbIE AHMUMeAd.

AN EARLY ASSESSMENT OF THE EFFICACY OF MEDICINES IN THE TREATMENT OF PATIENTS
WITH COVID-19
Kolbin A.S.2"?

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

Abstract. Coronavirus infection 2019 is considered a modern challenge to the world community. In the absence of vaccines
and antivirals, effective and safe medicines are an urgent request from the healthcare system. We have evaluated the medi-
cal technologies for COVID-19 which are being examined. The search was conducted on the ClinicalTrials.gov at the be-
ginning of April 2020. As a result it was shown that the growth of new clinical trials in the world devoted to COVID-19
is growing by 65% per week. More often, interventional clinical trials of the II and 111 phases are carried out. Most studies
are planned or conducted in Western Europe (n = 92), China (n = 79), and the United States (n = 51). Surrogate points

Appec pnsa nepenucku: Contacts:

KonbuH Anekcein Cepreesny Aleksey S. Kolbin

197022, Poccusi, CaHkT-lNeTepbypr, yn. JIbea Tonctoro, 6/8, 197022, Russian Federation, St. Petersburg, L. Tolstoy str., 6/8,
®reoy BO MNCnermMy umenun akaa,. W.M. Nasnosa M3 PO. Pavlov First State Medical University.

Ten.: 8 921 759-04-49. Phone: +7 921 759-04-49.

E-mail: alex.kolbin@mail.ru E-mail: alex.kolbin@mail.ru

Bubnuorpaduyeckoe onucanue: Citation:

Kon6uH A.C. PaHHss oLeHka 3dPEKTUBHOCTN NeKAPCTBEHHBIX CPELCTB NPy Kolbin A.S. An early assessment of the efficacy of medicines in the treatment
neyeHny 6onbHbIX ¢ COVID-19 // Undekuwmsa u ummynuteT. 2020. T. 10, Ne 2. of patients with COVID-19 // Russian Journal of Infection and Immunity =

C. 277-286. doi: 10.15789/2220-7619-AEA-1458 Infektsiya i immunitet, 2020, vol. 10, no. 2, pp. 277-286. doi: 10.15789/2220-

7619-AEA-1458

© Konbun A.C., 2020 DOI: http://dx.doi.org/10.15789/2220-7619-AEA-1458

277



A.C. Konbux

MHdekumns n uMmyHuTeT

are usually evaluated, such as: clinical recovery, symptom-based disease relief (fever, cough, diarrhea, myalgia, shortness
of breath), lack of progression of shortness of breath, rate of artificial ventilation, rate of admission to the intensive care
unit, etc. It is antimalarial drugs that are mainly studied. Currently, it is not possible to discuss the efficacy and safety
of a drug in the treatment of COVID-19, as most studies have just begun. The therapeutic regimens proposed now in clini-
cal recommendations have no evidence base, and the studies indicated in them are at best considered hypothesizing.

Key words: coronavirus infection, COVID-19, clinical trials, chloroquine, hydroxychloroquine, remdesivir, lopinavir/ritonavir, monoclonal

antibodies.

AKTyanbHOCTb

B nexa6pe 2019 rona BcnblllIka KOPOHABUPYCHOM
oosiesnu (COVID-19) B Kutae pacnpoctpaHuiach
MOYTH MO BCEM CTpaHaM W MpuBeJia K CEepbe3HOM
Harpyske Ha MUPOBYIO CHCTEMY 31PaBOOXPAaHEHUS
M HEraTMBHO OTpa3uJiach Ha BCEX acCMeKTax XKU3-
HM HaceleHUs1 3eMHoro mapa [39]. Ilo maHHBIM
BO3, npubGausurensHo 15% mnonmein ¢ COVID-19
HMCIOT TSIXKeIyro dopMy 3a00jeBaHUS C MOpaxe-
HUEM B OCHOBHOM JIbIXaTEJIbHBIX MYyTei, 3a4acTylo
C BBICOKOW JeTalbHOCTBhIO [35]. AHajlu3 KOHTaK-
TOB, 32 KOTOPBIM CJIEAYIOT KapaHTUH U U3OJSLMS,
MOTYT 3(P(PEKTUBHO COKPATUTh pacHpoOCTpaHEHUE
COVID-19. KoHeyHO, HOIIIEHHME MAacCOK, MBIThE
pYK U ae3nH(eKIus IIOBEPpXHOCTEUH TaKKe CIIO-
COOCTBYIOT CHMXXCHUIO PUCKa 3apakeHHs. B To ke
BpEMsI 3TUOTPOMHAS M TaTOTeHEeTUYecKasi Tepa-
nuu COVID-19 B HacTosiiee BpeMsl He O100pEHBI.
XoTs MeXIAyHapoaHble U HallMOHAJbHbIE DKCIIePT-
Hble MEIUIIMHCKUE OpraHu3alliy IIpeajaralT pas3-
JIMYHBIE MEAMKAMEHTO3HBIE CXeMBbI, IPUHIIMIIBI UX
CO3MaHMS, ICTOYHUKN MHOOPMAIIMU O CaMUX Jie-
KapCTBaX, BKIIIOYCHHBIX B HUX, OCTAIOTCSI AUCKYTa-
oenbHbIMU [4, 11, 14, 15, 35].

Llenbio HACTOSIIETO UCCIEAOBAaHU I ObIJIa OIICH-
Ka 2(hGhEeKTUBHOCTU M 0E30MacHOCTU MEIMIIMH-
cKuX TexHoJioruit (nekapcts) npu COVID-19.

Matepwuasbl 1 METOLbI

Hngpexyusa. COVID-19 (Corona Virus Disease
2019) — 3T0 MH(MEKIIMOHHOE 3a00IeBaHIIEe, BRI3BaH-
HO€ HOBBIM KopoHaBupycoM B 2019 rony [35]. SARS
(Severe Acute Respiratory Syndrome) — TsI>Keblit
OCTPBI pPeCTUpPaTOPHBINA CHUHIPOM, MpPEICTaBIsI-
eT co0Ooil BUPYCHOE pecIiMpaTopHOe 3a00JieBaHME.
Bo30ynuTenb — KOPOHaBUPYC TSIXKEJIOro OCTPO-
ro pecnuparopHoro cuaapoma (SARS-CoV) [12].
MERS (Middle East respiratory syndrome) — O1m:k-
HEBOCTOUYHBIN PECITMPATOPHBIN CUHIPOM, TaKKe
cBsI3aHHBIN ¢ KopoHaBupycoM (MERS-CoV).

Ouyenxka mexnono2uil 30pagooxparnerus. OLeHKa
MeauUUMHCKUX TexHojoruit (OMT) sto mexauc-
LHMIUIMHApHasi 00JacTh, H3ydyalomias MeIUIIMH-
CKMe, COllMaJbHbIe, 3TUYECKNE U DIKOHOMUYECKIE
aCMEeKTHI MPUMEHECHU S MEIUIIMHCKUX TEXHOJIOT UM
(JlekapcTB, M3OEIUNM METUIIMHCKOTO Ha3HAYCHM S
U T.1.). BelaensoT paHHIOI0 U Kjlaccudyeckyo OMT
[3]. Kak npaBuso, nepsbliit Bug OMT ucnonb3yoT

Ha 2Tarax JOKJMHUYECKOTO U KJIMHUYECKOrO MC-
cJieOBaHU S JJEKAPCTBEHHOIO cpeJcTBa. B naHHOM
ciydyae Mbl u3ydyaeMm aeiicTBeHHocThb (efficacy);
YCJIOBUEM TaKOI'0 HCCJENOBAHUSI CUUTAIOT COCTO-
sSIHUE, KOrJa MPOBOAUTCS paHIAOMM3allus JieKap-
CTBa B cpaBHeHMU ¢ maue6o. Eciau ke Mbl mpoBo-
IVM CpaBHEHME HOBOTIO JIEKapCcTBa He C raiebo,
a ¢ UMEIOIIMMCS YK€ B KJIMHUKU JeKapCTBEHHBIM
CPEACTBOM UJIM WHOW MEAWIIMHCKOW TEXHOJIOTU-
eil, Takoi Bua 3P deKkTa Ha3BIBAIOT CPABHUTEIIb-
HOM meiicTBeHHOCTHIO (relative efficacy). YcimoBuem
OPOBEACHMUSI TaKMX MCCICOIOBAHMI MO TIPEKHE-
MY OCTaeTCsI paHIOMM3allusl, CTPOTUEC KPUTECPUH
BKJIIOUECHUST M MCKJIIOUCHUS MAIMEeHTOB B HCCIIE-
ITOBaHMS, a TaK XK€ IIpoYre TpeOOBAaHMUS CUCTEMBI
«Hannexaiass xkauHuyeckass npakTtuka» (Good
Clinical Practice, GCP). BTOpbIM HCTOYHUKOM
JTaHHBIX IBISIOTCS «TaHHBIC peaTbHOM KIIMHUYEC-
KO MpakKTUKW» WU «JaHHBIE peaIbHOro MUpa»
(Real-World Data, RWD). 3nechs Mmbl uzdyuaem ag-
¢dekTuBHOCTH (effectiveness) Mau cpaBHUTEIbHYIO
addexTuBHOCTD (relative effectiveness). 3aech Mbl
usydaeM 3(ppeKTuBHOCTS (effectiveness) niu cpan-
HUTENbHYI0 9 GeKTUBHOCTS (relative effectiveness),
TO €CTh aHaJIM3UPYEeM ITPEeUuMYIIeCTBa HOBOTO JIie-
KapcTBa Had YK€ HCIIOJIb3yeMbIMHU CPEICTBAMU
B peaJIbHOM KJIMHUYECKOW ITpaKTUKE, 3a4acTylO
C YTBEPXKICHHBIMU ITPOTOKOJAMHU JICUSHUS U MIPO-
dunakTUKM 3a001eBaHMTIi [2].

Hccnedosanus. TIpuMeHSIIN CISIYIONIYIO KJIac-
cuuUKaIuo WCCIeNOBAHUI: WHTEPBEHIIMOHHOE
kauHuyeckoe ucnbiTaHue (Clinical trial); MuHU-
MaJIbHO MHTEPBEHIIMOHHOE KJIMHNYSCKOE UCIThITA -
Hue (Low-intervention clinical trial); HeuHTepBeH-
uuoHHble ucciegoBaHus. K Clinical trial oTHOcAT
JItI000€e uccaeqoBaHue, OTBevalollee XOTs1 Obl OJ-
HOMY U3 YCJIOBUI: TOOPOBOJIBIIBI 3apaHee UHGOP-
MUPOBaHBI 00 ONpeAe/IEHHOI CTpaTeruu Teparnuu;
pellleHrde Ha3HAauYMTh UCCienyeMoe CPeaCcTBO MpU-
HHUMaeTCsl OMHOBPEMEHHO C PEIIEHUEM BKJIIOUUTH
cyOBbeKTa B MCCJIeIOBaHME; UCIIbITAHUE MPOXOAUT
BHE paMOK OOBIYHOW KJIMHMUYECKOW MNPaKTUKHU.
B manHOM ciryyae gaie mpoBOIST PaHIOMU3HPO-
BaHHBIC KIMHUYecKue nuccienoBanus (PKU), 3a-
yacTylo Iailebo-KoHTpoaupyemsbie [5]. K MmuHu-
MaJIbHBIM MHTEPBCHIMOHHBIM KJIMHUYESCKUM HC-
OBITAHUSIM OTHOCSIT UCTIBITAHUS Y JIIOHEH, TIe Bce
uccieayemMble JeKapcTBa, Kpome rianeodo, 3aperu-
cTpupoBaHbl. K HEMHTepBEeHIIMOHHBIM MCCIIEIOBA-
HUSIM OTHOCSIT NPOCHEKTUBHBIC U PETPOCIICKTHUB-
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Hble HaOIIOAaTeIbHBIE NCCICIOBAHN S, YIACTHUKN
KOTOPBIX He PaHIOMU3WPOBAHEI. BbrIOOp JeueHUST
B JaHHOM CJly4yae OCYIECTBJSICT MallueHT U1 ero
Jieyaluit Bpad ¢ ydeToM HaJU4U S UJIU OTCYTCTBU S
TOr0 MJM WHOTO JIEKAapCTB, BO3MOXHOCTBIO WU
He BO3MO3MOXHOCTBIO €ro IIPpUoOpPecTH.

Jlokazameavcmea. VICTOPUYECKU CJIOXKUJIOCH
TakK, 4TO MepapXUU JaHHBIX CBSI3aHBI C «IOKa3a-
TEJIbHOM MeaunuHol». HayuHasg wuHopmanusa
MOXET CUMTAThCS HaJIE)KHOM 1 0000111aeMOii, KOr-
JIa pa3Hble WCCISOOBATEIN COOOIIMIN O CXOXKUX
pesyabTaTtax. B atoii cBsizu y PKWM ectb MHOrO
NPEeUMYIIECTB: MNPOCICKTUBHBIN IM3aiiH, 3apa-
Hee 3aJaHHBIe, YEeTKO OIIpeleICHHBIC KOHECUHBIC
W CypporaTHble BaJMIMPOBAHHBIE TOUYKMU (MCXO-
IIBI), TPYIIBI pAaHIOMU3AIUHU U KOHTPOJ S, a TAKKe
OCJIETIJIEHUE, 3a9aCTy10 BCETO UCCIIEIOBAHMS, B 11€-
JISIX 00CCIIeYeHU ST HEIIPEAB3SIThIX OlIeHOK. [1o aTuMm
npuurnHaM PKW Ob1in pa3meliieHbl B OCHOBE BCEX
WepapxXuii 10Ka3aTeabCTB U CUUTAIOTCS «30JO0THIM
cTangapTom» [1].

Pecypcor. B Mupe cyliecTByeT HECKOJIbKO UCTOY-
HUKOB JAHHBIX MO KJWHUYECKUM MCCJIENOBAHU-
am: Kurait (http://www.chictr.org.cn); EBpocoro3
(www.clinicaltrialsregister.eu); Poccusi  (https://
www.rosminzdrav.ru). CaMbIM KPYITHBIM MeEXIy-
HapoaHbIM pecypcoM cuuTtaioT ClinicalTrials.gov,
perucTpupyeMble TaM KJIMHMYECKUE HCCJIeIoBa-
HUS TIPOBEPSIIOTCS U ONOOPSIOTCS YMpaBJICHHUEM
0 CaHUTApHOMY HaA30py 3a KadyeCTBOM ITHIIIC-
BBIX IpOAyKTOB 1 MenukaMeHTOB (Food and Drug
Administration, FDA).

Tlouck. Hamu aBax bl Obljia MpoaHaaIu3upoBa-
Ha 0a3a ganHbIX ClinicalTrials.gov: mepBbIit pa3 —
31 mapta 2020 r.; BTOpOii pa3 — 6 amnpenst 2020 r.
IMonck BejcsT ¢ MCIIOJB30BAHUEM CIIETYIOIINX
KJoueBbix cjioB: SARS-CoV-2; 2019-nCoV; 2019
novel coronavirus; severe acute respiratory syndrome
coronavirus 2.

Peaynbrathl

HOaHHble noucka

B pesynbraTe ObIIO MOKa3aHO, YTO 3a IEPUO/I
3 Heneab 2020 roga KOJIMYECTBO KJIMHUYECKUX MC-
cnepoBanuii (KWM) HapacTaeT, mpu 3TOM TEMII Ha-
pacTtaHus cTaj Bhille. Tak, ecii Ha KOHEIl MapTa
9TO ObLIO 84 B HeAeJl0, TO Ha Hadyajo amnpess ykKe
114 nccnenoBanuii B Henento. boapinag yvacte KU
3allJTaHUpOBaHA WM IIPOBOAMTCS B 3amamgHON
Espone (n = 92), Kurae (n = 79) u CILIA (n = 51).
IMopaBasiomee yuciao ucciegoBanuii (71,8%) siB-
JSI10TCSI WHTepBeHUMOHHbIMU, PKW, nuiaune6o-
KoHTpoaupyeMmbiMu. [lo dazam KW pasznensior-
caHa I — 9,1% wuccnenosanmii; 11 — 34,9%; 111 —
27,2%; 1V — 7,1%. P ucciaenoBaHU i HEBO3MOXKHO
OLIEHUTH MO TOMY, K Kakoi ¢daze KW ux mMoxHO
otHecTu (B 21,7%). B OCHOBHOM OIIEHUWBAIOT WJIN
MJIAHUPYIOT K OIIEHKE CyppOraTrHble TOUYKHU, TaKe

KaK: KJMHUYECKOE BBI3JOPOBJICHUE, OOJIeTUCHUE
3a00J1eBaHMS HAa OCHOBE 0aJIJIOB IO CUMIITOMam
(Muxopanka, Kallleab, Thapest, MUaJITUs, ONBIIIKA),
OTCYTCTBUE NPOTrPECCUPOBAHUS ONBIIIKH, BPeMS
HaXOXJIeHUSI MallMeHTa Ha WCKYCCTBEHHOW BEH-
TUJISILIUU JIETKUX, CKOPOCTH ITOCTYIIJICHUS B OTAC-
JICHWe MHTEHCUBHOM Tepanuu U T.0. [1o maHHBIM,
unsBiedeHHbIM u3 ClinicalTrials.gov, HEBO3MOXHO
ceiluac obcyxnmath 3(PGhHEeKTUBHOCTh KaKOU-TubO0
TEXHOJIOTMM, TaK KaK MCCJeIOBaHMS TOJBKO Ha-
YUHAIOTCI, JIMOO MIeT HaObop MalMeHTOB, JIMOO
OH BOT-BOT HauHeTcd. Tak, m3 330 omoOpeHHBIX
K mpoBeacHNio KW, 4yTb MeHee ITOJIOBUHBI HC-
ciaegoBaHuii akTUBHEI (n = 160). bojee yeM B 110-
noBuHe ciiydaeB (51,5%) uccnenoBaHus 3asiBJICHBDI,
OIOOpEeHBI, HO MHUIIMATOPHI IT0KA HE MPUCTYININ
K Habopy NalMeHTOB.

Tonbko neBsTh ucciaenoBaHuit u3 330 3akoHYe-
HbI Ha HavaJuo anpens 2020 roga. U3 HUX cemMb 1o-
CBSIIIICHBI aHAJIN3Y TSUCHU ST 3a00JICBAHM ST, OCJIOK-
HEHUSM, IUATHOCTHUYCCKUM KPUTEPUSIM, IIPO-
rHoctTuyeckuM daktopam. Toabko 2 KW Obuin
MOCBSIIIEHBl JeKapCTBEHHBIM cpeacTBaM. B ox-
HOM cJjiy4yae 3TO ObLJII aHaJM3 aHTUMAaJISIPUNHOTO
JieKapcTBa TUAPOKCUXJIOpOxMHaA. HasBaHue wmc-
ciaenoBaHUs — «DPGEKTUBHOCTDL U 0€30MaCHOCTh
TUIPOKCUXJIOPOXUHA AJIs JEUEHMUS ITHEBMOHUMU,
Bei3BaHHOU 2019-nCoV (HC-nCoV)». Ilo nmu3aii-
HY 9TO OBLJIO MHTEPBEHIIMOHHOE, OTKPBITOE, Ta-
paJijiejibHOe, PaHIOMU3MPOBAHHOE WCIBITAHUE
Ha 30 yuyacTHukax. PesyabTraTbl 00pabdaThIBalOT
(ClinicalTrials.gov, Homep: NCT04261517). BoBTO-
pOM cilydae 3TO OBIJT aHAJM3 TepalleBTUYCCKOMI
3 GEKTUBHOCTU MHTMOUTOpA MpOoTeasbl renaTu-
Ta C — paHonpeBupa. MccnemoBanue — «OueHka
Tl'anoBo (JlaHompeBHUp) B cCOYeTAaHUU C pUTOHABU-
POM B JICUCHUHW HOBOM KOPOHABMPYCHON MH(pEK-
U W»: NHTEPBEHIIMOHHOE KJIMHWYECKOE UCTIbITA-
HUe, OTKpbiToe, Ha 11 yyacTHukax. Pe3ynbrarhl
TakxXe B craauu ob6padborkm (ClinicalTrials.
gov, Homep: NCT04291729). B uenom u3 330 KU
(puc. 1). 56% 6bIIM MOCBSIIEHBI JIGKAPCTBEHHBIM
cpencTtBaM, B 33% u3ydaloT KJIMHUYECKOE Teue-
HHUE 3a00JeBaHUS M €ro OCJIOXHEHMI, MPOrHO-
3MpOBAaHME MCXOIOB, BBIIEICHUEC TPYIIT PUCKA,
OpraHu3allMoOHHBIE MePhI, B 5 U 6% usydawT 3¢ -
(EeKTUBHOCTh Pa3JMYHbBIX TECTOB U pecrnupaTop-
HYIO TepalMio COOTBETCTBEHHO; B 2% NpOBOIUTCS
aHaJIU3 KUTAMCKON MeAULUMHBI U B 1,5% — usyue-
HUE BaKIIWH.

B ampenie 2020 r Ha caiite ClinicalTrials.gov
OblM 3apeructpupoBaHbl a1Ba KM nisa usydyeHus
pomu BII2K (Bacillus Calmette—Guerin) B OTHO-
mweHnuu COVID-19. IlepBoe ucciaenoBaHue OyneT
npoBOAUThCI B Hunmepnanmax I1on Ha3BaHHEM
«CHUKEeHMUEe TIPOTYJIOB cpeau pabOTHUKOB 3apa-
BooxpaHeHUs 1pu manaemMuun SARS-CoV-2 ¢ no-
momblo BakuuHbl Bacillus Calmette—Guerin»
(ClinicalTrials.gov, Homep: NCT04328441). KnuHu-

279



A.C. Konbux

MHdekumns n uMmyHuTeT

YyecKoe WCHbITaHUEe SBJISIETCS TLIale60-KOHTPO-
JIUPYEMBIM aJgalTUBHBIM MHOTOLICHTPOBBIM paH-
NOMU3UPpOBaHHbIM. [lmaHuMpyeTcss K BKJIIOYEHUIO
B ucciaegoBaHue 15000 yyacTHHMKOB, OKOHYaHUE
HaMedeHo Ha 26 gekabps 2020 roga. Bropoe uccine-
JMOBaHME TUIAaHUPYIOT B ABCTpaJIuU TIOJ Ha3BaHU-
eM «Bakuunnauusa BL2K nis 3amiuTsel paOOTHUKOB
3apaBooxpaHeHus1 oT COVID-19» (BRACE). K1
OyIeT OTKPBITBIM PAaHIOMHU3MPOBAHHBIM M KOH-
TponupyembiM, I11 daza ¢ yuyactuem no 4170 me-
JNULMHCKUX paboTHUKOB. Llenbio uccienoBaHus
OyaeT ornpenejieHue BAUsSHUS BakuuHauuu BLI2K
Ha yacToTy u Tsaxxectb COVID-19 Bo BpeMs naHie-
muu 2020 roga. Okonuanue KM — 30 mapra 2022
roaa (ClinicalTrials.gov, Homep: NCT04327206).

Tonbko nekapcTBaM MoOCBsIeHO 172 uccneno-
BaHus (puc. 2). 3a 3 Henenu 2020 rona (KoHel Map-
Ta — HayvaJo amnpess), MPOU3OIITI0 MOCTeIIeHHOE
CMeIlIeHEe TpeHIa OT CpaBHEHUS OJHOIO KaKOro-
TO JIeKapcTBa ¢ IIaiebo (M3ydeHue MeiCTBEHHO-
CTH) K CPaBHEHUIO HECKOJIBKUX JIEKAPCTBEHHBIX
CpencTB MeX 1y coboil (CpaBHUTEIbHAS NEUCTBEH-
HOCTBh). JIuepamMu B TaKUX CPAaBHEHUSIX SIBJISTIOTCS
aHTUMAaJIIpUITHBIE CpeAcTBa (TUIPOKCUXIOPOXUH
U XJOpOXUH). UMEHHO 3a cYeT HUX U MPOU30ILIesT
npupocT B tanHoM cermeHTe KM (16%). [TpumepHO
11% wucciienoBaHU TTOCBSIIEHBI U3yYEHUIO MOHO-
KJIOHaJIbHBIX aHTUTE], TPeXOAe BCEro TOLIMJIM3Y-
Maby B ITpenoTBpaIlleHUM [IUTOKMHOBOTO IIITOPMA.
W3 rpynsl MaablX MOJIEKYJI IIPSIMOTO IPOTHUBOBU -
pycHoro neiictBust (9%) B OCHOBHOM M3Y4alOT POJib
peMaecuBHUpa.

31 mapTta 2020, n =216
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Kpatkasa ¢papmakogmHamumyeckas xapaktepucTuka
NU3y4yaeMbix JIEKAPCTBEHHbIX CPEACTB C NO3ULUUN UX
npumMmeHeHus npu COVID-19

AHTHMAJISIPUITHBIE CPEICTBA

Ha ampens 2019 roga 8 KM B ocHOBHOM M3y4a-
IOT aHTUMAJISIpUIHBIE cpeacTBa (puc. 2), a TOUYHee
IBYX UX IIPEICTaBUTEJICH: XJTOPOXUH U TUIPOKCHUX-
nopoxuH. ITo ganHweiM ClinicalTrials.gov, mpoBo-
nat 27 PKW, cpaBHUBawommx Ux ¢ mnjauedo (aei-
CTBEHHOCTB), U KAK MUHUMYM 16, cpaBHUBAIOLINX
WX ¢ IPYTUMMU JIeKapcTBaMU (CpaBHUTEJIbHAS OCii-
CTBEHHOCTB). XJIOPOXUH — IIIUPOKO UCTIOJIb3YEeMOe
JIEKapCTBO TPOTUB MAaJSIpUA U ayTOMMMYHHBIX
3a00JIeBaHM 1 (TAKNX KaK CUCTeMHasI KpacHas BOJI-
YJaHKa U peBMaTOMIHEII apTpuT). B 2006 1. B 3Kyp-
Hane «I'he Lancet Infectious Diseases» Ob1J10 moKa-
3aHO, UTO OH TaKXe MOXKET ObITh IMTOTEHIIMAJIbHBIM
NPOTUBOBUPYCHBIM cpeacTtBoM [30]. B wacTHOCTH,
XJIOPOXUH/TUAPOKCUXJIOPOXUH B KIMHUYESCKUX
WCTIBITAHUSX OBIIM IIPUMEHEHBI HJIST JICUCHUS
BUY-1-uHpuoupoBaHHBIX ITallMeHTOB. B To Xe
BpeMsI MEXaHU3M UX IPOTUBOBUPYCHOI'O AEMUCTBUS
OCTaeTCs 00CYKIaeMBIM.

ITo nanHubIM M. Vincent u coanT. (2005), xi10po-
XUWH SIBISIETCS CJTaOBIM OCHOBaHMEM, ITOCJIC BBEIC-
HUS B OpTaHU3M 4YeJIoBeKa JIEKapCTBO MOBHIIIACT
pH KMCIBIX BHYTPUKIIETOYHBIX OpTaHEJI, TAKNX
KaK 3HIO0COMBI/JIN30COMBI, KOTOPHIE B CBOIO OUe-
penb HeOOXOOUMBI IS CIUSHUS MeMOpaH BUDPY-
ca n KjaeTku miuekonutaiomiero [34]. IMTockoiabKy
MOAKHUCICHUE HMMEeT pellallee 3HauyeHUe JIs
co3peBaHMS M (QYHKIHMOHUPOBAHUS DHIOCOM,
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PucyHok 1. Knunnyeckue nccneaoBaHms pasnmyHbiXx MEAULMHCKUX TEXHONOMMIA png ynpaeneHus COVID-19
Figure 1. Clinical studies of different medical technologies to manage COVID-19
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npeamnoJjiaraloT, 4TO CO3pEeBaHME DHAOCOM IIpU
BBEAECHUM XJIOPOXMHA/TUIPOKCUXJIOPOXUHA MO-
JKEeT OJIOKMPOBATHCSI HA IMTPOMEXYTOUYHBIX CTaaM-
SIX 9HIOIMTO3a. B UTOre 3T0 MPUBOAUT K HECITO-
COOHOCTM HaJIbHEHIIero TpaHCIIOpTa BUPHOHOB
B KOHEUHBI CaliT BBICBOOOXIEHU I, K OJIOKUPOB-
Ke COOpKM HOBOTO BUPUOHA. SIBJIeHUE BIUSIHUS
pa3IuYHBIX BEIIECTB Ha CO3pEeBaHME JIM30COM
ob1710 chopMynupoBaHo B cBoe Bpems e doBoMm
(1974) 1 Ha3BaHO B MOCJeAYIOIIEM JU30COMOTPO-
nu3moM [9]. B Poccuu acpdexT BAUSIHUSA pa3any-
HBIX XMMUYECKMX BEIIECTB Ha JIM30COMBI, IIpU
JICYEHUM XPOHUYECKUX HMHGPEKIMOHHBIX 3a00-
JIeBaHUM, B 4YaCTHOCTMU TyOepKyJjie3a, M3ydajcs
I0.H. KypyHoBbiM [6]. COBpeMeHHBIE IKCIIEPU-
MEHTHI TT0Ka3ajaM, YTO XJOPOXUH NeUCTBUTEIHHO
osokuposaa TpaHcrmopT SARS-CoV-2 u3 paHHux
9HJI0COM B DHAOJU30COMBI [27].

CrenymoimuM BO3MOXHBIM MEXaHU3MOM Jeii-
CTBUSI SIBISIETCS MMMYHOCYNPECCUBHBIN 3 deKT
XJIOPOXWHA, UCTIOJIb3yeMbIid TIPU JI€YEHU U CUCTEM-
HOM KpacHoli BomyaHKU. Coo0111a/10Ch, YTO B OTBET
Ha nuHpexuuo SARS-CoV-2 pe3ko yBeauunBaeTcst
9KCITPECCHsl TAKUX ITPOBOCHATUTEIbHBIX IIUTOKM-
HOB, Kak IL-6 u IL-10. DT0 MOXET NPUBECTH K LIU-
TOKMHOBOMY IIITOPMY C ITOCJIeY IOl MOIMOpraH-
HOI HETOCTAaTOYHOCTHIO U cMepThio. M XJIOpoXuH,
U TUIPOKCUXJIOPOXUH 00J1aal0T UMMYHOMOYJIM -
pYIOIIMM AEUCTBUEM M MOTYT TOAABJISITH UMMYH-
HbIT oTBeT [31].

OkcnepuMeHThl, TmpoBeaeHHble E. Keyaerts
u coanT. (2004) in vitro nmokazajiu, 4TO XJOPOXUH
BJIMSIET HA PAHHIOIO CTAJIWIO PEIUIMKAIIMKU KOpOHa-
Bupyca SARS [23]. CoryacHo psiay JaHHBIX, BXOMd-
HBIMM BOpPOTaMU JiIsi MPOHUKHOBEHMS B KJIET-
Ky yenoseka npu COVID-19 saBasercs peuentop
ACE2 (Angiotensin-converting enzyme 2) [40].
WccnenoBatenu u3 lleHTpa Mo KOHTPOJIO W IIPO-
(dunakTuke 3abdoneBaHUi (ATiaaHTa, Jl>KopmxKus,
CIIIA) cooOLIUau O TOM, UTO in Vitro XJJOPOXUH Ha-
pylLIaeT TAMKO3MJIMPOBaHUE PelenTopa KOPOHABU-
pyca SARS ACE2 [34]. ITo ux MHEHUO, UMEHHO UH-
ruoupoBaHMe TIMKO3MJITpaHchepa3 BUpyca sSIBIsI-
€TCsI OCHOBHBIM ME€XaHM3MOM JICHUCTBUS XJIOPOXUHA.

Ha anpens 2020 roga XJJOpOXUH BKJIIOUEH Mpak-
TUYECKU BO BCE MUPOBBIC KIMHUYECKUE PEKOMEH-
nanuu no npoduiaktuke u gedyeHutro COVID-19
[4]. TuapokcuxyJopoxuH cyiabdaT (MPOU3BOIHOE
XJIOPOXMHA) ObLI BIIEpBble CUHTE3MPOBaH B 1946 r.
MyTeM BBEJICHU ST TUIPOKCUIIBLHOM IPYIIITHI B XJIOPO-
XWH. B aKcriepeMeHTax Ha XKMBOTHBIX OBLJIO TIPOJIe-
MOHCTPHMPOBAHO, YTO OH SIBJISIETCSI TOpa3a0 MEHee
TOKCUYHBIM (TTpuMepHO Ha 40%), 4yeM XJIOPOXUH
[26]. Wcrmonb3ys mnonyiasilMOHHOE (apMaKOKU-
HETUYECKOe MOIeJUpOBaHUE U (DU3MOTOTUYECKU
000CHOBaHHOE (PapMaKOKMHETUYECKOE MOJICIH-
poBaHue (Physiologically Based PharmacoKinetic,
PBPK), ObLIO yCTaHOBJIEHO, YTO TUAPOKCUXJIO-
POXMH sIBJIsIeTCs 00jiee MOIIHBIM, YeM XJIOPOXWH,
cpeactBoM g uHpuupoBaHHbIX SARS-CoV-2

6

™ MAB k nraHzam unu 6;10KkaTopbl PeLenTopPoB (LUTOKMHOBBIN LUTOPM) [ AHTUMansApuitHble CPeACcTBa (MM30COMOTPOMNMU3M)
Monoclonal antibodies to ligands Antimalarial drugs
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Hyperimmune plasma MPOHNKHOBEHWIO BUPYCa )
E MAB K BUpYCY UnV peLeT.BX0A,.BOpOTa ANs BUPYCa Small molecules preventing virus entry
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77 [OTOBblE MMYHbIe KneTkn 1 CAK Mesenchymal stem cells
Ready-to- i llsand CAR
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| CumnTomatuyeckas Tepanus 0 HMBC, N'KC v npoTMBOBOCNANMUTENbHbLIE NPenapaThi
Symptomatic therapy NSAIDs, glucocorticosteroids and antiiflammatory

drugs

PucyHok 2. KnuHnyeckue nccnepoBaHus ieKapCcTBEHHbIX CPeACTB AJg ynpaBneHus COVID-19
Figure 2. Clinical studies of medical drugs for COVID-19 management
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[40]. B cBSI31 C 3TUM ITpU aHAJIM3€ MEXTYHAPOIHbIX
KJIMHUYECKUX PEKOMEHIAIMil, THUIAPOKCUXJIOPO-
XWH BCTpedaeTcs Jamie. B To ke BpeMs onTumaib-
Has 103a KakK XJIOPOXMHA, TaK U TUAPOKCUXJIOPO-
xuHa 19 SARS-CoV-2, Tak Bce elle HEM3BECTHA
u usyuaetcs [37, 39].

Mabie MOJIEKYJIBI TPSIMOTO

NMPOTHBOBHPYCHOTO NieiicTBuA (puc. 2)

Pemodecusup. Ha ampens 2020 roma ¢ pemmae-
cuBupoM mipoBoasaT 8§ PKW, cpaBHMBaIommuX ero
¢ 1ane6o (AeiiCTBEHHOCTh), U KaK MUHUMYM 3,
CPaBHUBAOIINX C OIPYTUMHU JIeKapcTBaMu (CpaB-
HUTEJIbHAs HeWCTBEHHOCTb). M3HauaabHO peM-
NecUuBUp ObIJIT pa3paboTaH IJs1 JIeYeHUS BUpyca
D6oma [28]. OCHOBHBIM MEXaHU3MOM JIEUCTBUS SIB-
JISIETCS €r0o CNOCOOHOCTh KOHKYypupoBaTh 3a PHK-
3apucuMyio PHK-noaumepasy (RdRP), uto Teo-
peTUYECKU TTO3ULIMOHUPYET €ro KaK CPEe/ICTBO IIU-
poxoro crnektpa npotuB Bcex PHK-Bupycos [33].
Yro kacaerca SARS-CoV, To B Moaeasix Ha MbI1lIax
Kak npo@UIaKTUYECKU 1, TaK U TepareBTUYCCKU
IpUeM peMIeCUuBHpa yaydlraga (GYHKIINIO JETKUX
U yMEHbIIaJ BUPYCHYIO Harpy3ky [32]. [Ipu aTom
peMIecUBUpP ObIT MCHOJb30BaH [JIs JIeUeHUS
nepBoro ciayuass nHdpekuuu COVID-19 B CIIA.
Ha ¢ one ero npueMa K IMHUYECKOE COCTOSIHUE TTa-
LMEHTa YJy4IInJoCh [22].

Dasunupasup. PaBunupaBup, TakKXKe HU3BECT-
HBI Kak T-705, sgBisgeTcs NOPOTHUBOBHPYCHBIM
npernapaTtoMm, KOTOpbiii Obl71 onoOpeH B 2014 roay
B AnoHuu nJis JedeHUs MH(pEeKI i, BbI3bIBa€MbIX
HNaHAeMUYECKUM BHpycoMm Tpurna. Ilocie BBenme-
HWS, JIEKapCTBO MTPOXOAUT BHYTPb MH(PUIIUPOBAH-
HOM KJIETKM, TIe U3 IpoJieKapcTBa MpeBpallaeTcs
B aKTUBHYIO ($ochoprOO3UINPOBAHHYIO (PopMYy,
KOTOpasl U pacriodHaercs B utore supycHoi PHK-
3aBucuMoit PHK-nonumepasoit Kak HE0OXOAMMbI A
cyocrpar ais pertukanuu [17]. [IpoTuBoBUpycHas
aKTUBHOCTH OblJIa MOJIy4eHa He TOJIBKO ITPHU TPUTI-
e, HO U MPHU JIEYeHU U TTallMeHTOB, MH(PUIIMPOBaH-
HBIX BUpYycoM D0osa u BUpycom Jlacca. DTo 1mo3Bo-
JIUJIO paclieHUBATh (paBUITMPABUP KaK ITPOTUBOBU-
pycHoe cpenctsBo u s npyrux PHK-supycos.

HNurudurops nporeas (puc. 2)

Ha anpens 2020 roga ¢ *UHrMOUMTOpaAMu NMpoTeas
npoBoasaT 3 PKHW, cpaBHUBaIOIIKUX UX C IJaledo
(meiicTBEHHOCTD), 1 KaK MUHUMYM 12, cpaBHUBA-
OIIUX UX C APYTUMU JIeKapcTBaMU (CPaBHUTEIIb-
Hasl AeCTBEHHOCTb).

Jlonunasup/pumonasup. JlonuHaBUp/pUTOHA-
BUpP — KOMOWHAIIMS IBYX MHTHOMTOPOB IIPOTEa3
BMY (mpoteas3bl U acrapTUITIPOTeas3bl) cTajla oji-
HUM M3 TMEPBbIX CPEACTB, KOTOPBI PEKOMEHI0Ba-
au nis aedyeHuss COVID-19. Panee 6bL10 IToKa3a-
HO, YTO JIOMTMHABUP 00JIalaeT aKTUBHOCTHIO KakK
in vitro, Tak U B 9KCIIEpUMEHTaX Ha XKUBOTHBIX MMPO-
THUB KOpPOHaBHpYyca OJIMKHEBOCTOYHOIO pecIThpa-
topHoro cuHapoma (MERS-CoV) [13, 16, 36]. Beiio
BBICKA3aHO TIPEANOJIOXKEHUE, YTO KOMOWHAIIMS

JIONMMHABUP-PUTOHABUD SIBJISIETCSI TTOTEHIIMATbHO
acdpdextusHoii 1 ipu COVID-19. B HacTos111ee Bpe-
MsI IIPOBOASIT KaK MUHUMYM TPU KJIMHWUYECKUX HC-
caegoBaHus Mo 3(P@EKTUBHOCTU U 0€30MaCHOCTU
JIonuHaBUpa/puToHaBupa. Cxoxee CpeacTBO — Oda-
pyHaBUp — uU3yvaroT B AByX K.

Pubasupun. PubGaBupuH, aHajJor ryaHO3UHAa,
MNpeacTaBligeT co00if MPOTUBOBUPYCHOE COEIMHE-
HUeE, UCTIOJIb3YeMOe IJIS JICUCHUsI HECKOIbKUX BU-
pycHbIX nHdekni, BKiatouas PC-uHnbekuio, re-
natut C 1 HEKOTOPbIe BUPYCHBIE TeMOpparuiecKue
nauxopanku. OOHaIeKMBalOILINe Pe3yJIbTaThbl ObIIN
MOJIY4eHBI ¢ prnbaBuprMHOM U Ha Moxeau MERS-
CoV y makak-pe3ycoB [19]. Ha anpenb 2020 r. npo-
BOISIT KAK MUHHUMYM OJHO CPaBHUTEJbHOE HCCIIe-
IOBaHME JIOIMTMHABUpa/pUTOHABUPA VS pUOaBUPUH
vs uHTepdepoH 6eta-1b.

YTo KacaeTcss MHTMOMTOPOB MpoTea3 BUPYCHO-
ro renaruta C, To Ha anpesib 2020 roga mpoBOIST
KJIMHUYECKOe UccieqoBaHe ¢ JTaHOTIpeBUpOM [25].

MauJibie MOJIEKYJIbI, MPENATCTBYIONIHE

NMPOHUKHOBEHUIO BUpyca (puc. 2)

Ha anpenn 2020 roga ¢ MaJabIMU MOJIEKYJIaMU,
OPEIMSITCTBYIOIIMMU TIPOHUKHOBEHUIO BHUPYCa,
nposonsit 7 PKWM cpaBHuBamIlue ux ¢ raiuedo
(IefiCTBEHHOCTD).

Aumaeonucmor  ACEl  (angiotensin-converting
enzyme 1 gene) uau umeubumopovl aHeUoOmMeH3UNpes-
pawarouezo pepmenma 1 muna (MAIID), 6a0xkamo-
pol peyenmopa aneuomensun-11 (bPA), aconucmol
ACE2. CorjlacHO OOHOM W3 TEOpUil, OCHOBHBIM
MyTeM TTPOHUKHOBEHM S BUpyca B IMUTEIUATbHbBIC
KJeTKu gaBasiioTcs peuentopbl ACE2 (angiotensin-
converting enzyme 2 gene), BBICOKasl BKCITpec-
cust kotopbix orMedyeHa B XKKT, cepale, nmoukax
U B abBeoJIIpHbIX KileTKax I Tuna [29]. U3BecTHO,
410 SARS-Co0V-2 nmeeTt BUPYCHYI0 000JI0UKY, YChI-
NaHHYIO IIUIIAMUA — TJIUKOIIPOTEMHAMM, COCTOSI-
UM U3 1BYX cyobenuHul. CyobeauHuna Sl cBsi-
3piBaeTcss ¢ ACE2 Ha moBepXHOCTH KJIE€TKHU, a CyOb-
eaAnHMUIIa S2 CAMBACTCS C KJIETOUHO MeMOpaHOIA.
Hpyroii (epMeHT-X035iUH, CepuHOBas MpoTeasa
TMPRSS2, 3atrem crmocoOGCTBYET MPOHUKHOBEHU IO
SARS-CoV-2 B kyeTKy uenoBeka. TeopeTudecku,
HNATI® u BPA moryT ObITh (hakTOpaMu pUcCKa st
passutusi COVID-19, Tak Kkak UHTUOUPYST aKTUB-
HocTth ACEI onu noeimator ACE2, a 3T0 B ¢BOIO
oyepenb MOXET YBEJIMYUTH MPOHUKHOBCHUC BU-
pyca B kjeTku [8]. B To e BpeMsl KIMHUYECKUX
NOATBEPXKICHUI, CBUACTEIBCTBYIOIIMX O TOM,
YTO BTH JICKapCTBa YXYAIIAIOT pe3yJIbTaTbl TP
COVID-19 noka Het. Ha aToMm (pone, CoBet 1o ru-
neptoHuun EBpomneiickoro oGiiecTBa KapauoJOroB
(Council on Hypertension of the European Society
of Cardiology), a 3aTeM m AMepuKaHCKasi acco-
Manuys KapauoJoroB, AMepuKaHCKOE OOIleCTBO
1O CeplIeYHOI HeOCTATOYHOCTU 1 AMEPUKAHCKUT
KoJenx kapauosnoros (American Heart Associa-
tion, the Heart Failure Society of America, American
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College of Cardiology) pekoMeHayeT, YTOObI Bpauu
U MalMEeHTHl IIPOHOJIXKAIMN JICUeHNUEe STUMU Cpel-
CTBaMU 1 HU B KOEM CJlydyae UX He OTMEH 11U [29].

Darwdasza (DAS1S1). Benercss KaKk MUHUMYM Ye-
ThIpe KJIMHUYCCKMX MCCIeOOBaHUSA ¢ IIroma3oit
(DASI181). JlanHO€e J1eKapCcTBO MpeacTaBisieT coOoit
PEKOMOMHAHTHBIN CAUTHIN OEJIOK cualnuaasbl, CO-
CTOSIIIIU U 13 KaTaIUTUICCKOTO JOMEHA CUaJINIa3bl,
MOJYUYEHHOTO U3 Actinomyces viscosus. YKa3aHHas
aKTMHOMMUIIETAa BXOOMT B COCTaB HOpPMaJIbHOU
OpaJIbHOM M XEJTYOOYHO-KUIIEUHOH MUKPOOHO-
Tbl 4yejoBeka. M3HauvanbHO, (dirogasza Iokaszaja
3(HEKTUBHOCTD IIPU BUPYCE TPUIMIMA Y KUBOTHBIX
[24]. B xome aHanmu3a JaUTEpaTypbl, JAHHBIX WC-
CJeIOBaHUM in Vitro N1 Ha KUBOTHBIX, OblJIa IIOKa-
3aHa ero MoTeHIIaJbHas 3(P(MEeKTUBHOCTh U IIPU
COVID-19 [20].

MOHOKJIOHAJIbHbIE AHTHTEJIA, OJIOKMPYIOIIHe

pacTBOPUMbBIE JUTAH/IbI WJIU PEIENTOPbI

K JIMTaHIaM

Ha amnpenap 2020 roma ¢ MOHOKJIOHAJIbHBIMU
aHTUTEJIaMU, OJIOKUPYIOIIMMU PAaCTBOPUMBIE JTU-
TaHAbl WJIW PEIENTOPHI K JINTaHAaM, ITPOBOIST JIe-
BaTHanuath PKU, cpaBHuBarlue ux ¢ miamnedo
(HeiCTBEHHOCTD), U KaK MUHUMYM 6, CpaBHUBAO-
IIUX UX C APYTUMHU JIeKapcTBaMU (CpaBHUTEIbHAS
JIeICTBEHHOCTb).

Touuauzymabd. CaMbIM YaCTBIM U3yYaeMBbIM JIe-
KapCTBOM SIBJISIETCS TOLUMIN3yMad — TyMaHU3U-
pOBaHHOE MOHOKJIOHaJbHOE€ aHTUTEJIO K pelern-
topy IL-6. Ilokaszano, uro npu COVID-19 pas-
BUBAECTCI BTOPUUYHBIN TeMo(paroluTapHbIA JTUM-
GoructTuouTo3 (UJIU LUTOKMHOBBIN IITOPM),
XapaKTePpU3YIOMINICI MOTHUEHOCHON 1 (aTajb-
HOM TUNEPIUTOKUHEMUEU C TTOJTMOPTaHHO HelIo-
CTaTOYHOCTHIO. 3a4aCTyI0 UMEHHO 3TO U SIBJISICTCS
OPUINHON CMepTedabHOro mcxoma. Cxoxast mpo-
OjsemMa Bo3HMKaeT Tpu ucnojb3zoBaHuu CAR-T
(Chimeric Antigen Receptor T-Cell) Tepanuu npu
JedyeHuun B-kiaeToyHoOro octporo JumM@ood1acTHO-
ro Jjeiiko3sa, rae yxe JokasaHa Benyiast pojib IL-6
Kak MeanaTopa IMCPyHKINU OPTaHOB, CBSI3aHHBIX
C HMTOKMHOBBIM IITOpMOM [21]. Toumauzymao sB-
JNsIeTCsl eAMHCTBEHHBIM 0no0peHHBIM FDA nekap-
CTBOM [IJIST KYITUPOBAHMSI IMTOKMHOBOTO IIITOpMa
npu CAR-T.

Heobxonumo moguepkHYyTh, YTO €CJId BOOOIE
aHaJIM3UPOBATh JU3allH HCCJIeNOBAaHUM BCeX Jie-
kapctB npu COVID-19, To uMeHHO AJiI MOHO-
KJoHanbHbIX aHTUTeN KW niaHupyroT ¢ Haubo-
Jiee TIEPCIIEKTUBHBIMU McxogaMu. Tak, 3amyIneHa
¢daza 2 MHTEPBEHIIMOHHOI0 KJIMHUYECKOTO UCHbI-
TaHUS C TOLIMJIN3YMaOOM — MHOTOLICHTPOBOE OJI-
HO3TalHOe OTKpbiToe. Bce 3apeructprupoBaHHBbIE
HallMeHThl TIOJIyYaloT JICYSHHUE TOLMIN3yMaOoM.
M3MepstoT ypoBeHb CMEPTHOCTHU 3a OJUH MeECSII,
U OH XK€ SABJIIETCS OCHOBHOW KOHEYHOW TOYKOW.
IMapannenpHO 3aIyllleHO HaOJIOMATEIbHOE KO-
TOPTHOE HUCCJIeIOBaHME, T/Ie YYaCTBYIOT ITAllUEHTHI,

KOTOpbIe HE MMEIOT ITpaBa Ha y4yacTue B MCCIEN0-
BaHUU (a3bl 2 (ObIJIM MHTYOMpPOBaHBI OoJiee yeM
3a 48 4 o peructpanun). Pazmep BEIOOPKU HAOJIIO-
IaTeJIbHOTO MCCJICTOBAHMUS HE OIIpPEIesicH alpro-
pHY, ¥ KOTOPTY 3aKpOIOT B KOHIIE BCETO IMPOEKTA.
B 00eux uccienoBaTeibCKUX IpyIinax y4yaCTHUKU
mojyJyaT OBe M03bl TOLMIM3yMmada 8§ MI/KI Beca
Tesa ¢ mHTepBajaoM 12 1 (ClinicalTrials.gov, HoMep:
NCT04317092).

IIpoBonasT Takke KIMHUYECKUE UCCAECTOBAHUS
¢ capuaymaboMm (n = 4), 6J0KaTOpoM pelernTopa
IL-6; 6eBanu3ymadom (n = 2), MOHOKJIOHAJIbHBIM
AHTUTEJIOM, WHTUOUPYIOUIUM OUOJOTrNYECKYIO
aKTUBHOCTH (haKTopa pOoCTa DHJAOTEJIUSI COCYIOB;
OapuUIUMTUHUOOM (n = 1), aHTUTEJIOM K (PaKkTOpy
HEKpo3a OITyXoJieii; MeriazyMmaobom (n = 1), aHTH-
TesoM K CD147.

OrpaHuyeHue

AHanu3upoBaau JaHHBbIE 1O KJIWHUYECKUM
WCCJIEIOBAHUSIM TPEACTAaBICHHBIX TOJBKO JIMIIb
Ha ClinicalTrials.gov Ha HauaJio anpens 2020 roaa.
He yuyuTtbhiBanu uccienoBaHusi, MpeacTaBJIeHHbIE
Ha KHUTAWCKOM U €BPOIEeNCKUX pecypcax, a Tak-
Ke KJIWHUWYECKUE MCCIeAOBaHUS, KOTOPbIE peru-
cTtpupytorcs B Poccum (MedJIOXUH, TUAPOKCU-
XJIOPOXWH, KOJUAABUP, capuaiyMad, oJloKu3ymao,
RPH-104). He mpencrtaBieH aHaam3 TpeOOBaHUM
1Mo BBeAeHUO U 3 HEKTUBHOCTU TUTIEPUMMYHHOM
mjia3mbl. 3a CKOOKaMU KpaTKoii (hapMaKOaIUHAMMU--
YeCKOW XapaKTepPUCTUKHM OCTAaJIUCh TaKue JieKap-
CTBEHHBIE CPEICTBA, KaK arOHUCTHI Toll-mogoOHbIX
peuentopoB, UHrUMOUTOpbl JAK-KuHAa3bI, TIIIOKOP-
TUKOCTEPOUIBI, UHTEPGHEPOHBI M TOTOBbIE UMMYH-
HbI€ KJIETKH, XOTSI OHU U OBIJIU BKJIIOUEHBI B OO A
aHanu3 (puc. 1 u 2).

Ob6cyxaeHne

IMangemus COVID-19 gaBisgercsa upe3BblUaii-
HOM cUTyalueil B 00JaCTU MEXAYyHapOAHOro 00-
IECTBEHHOTO 3IPAaBOOXPAaHEHUS W BCE CTPAHBI
MHUpPa HYXKIAITCS B CKOOPIMHUPOBAHHBIX MEX Y-
HapOOHBIX YCUJIUsIX 1Mo 6oproe ¢ COVID-19. B Ha-
crosmiee BpeMs BakuuH HeT, Ha ClinicalTrials.
2OV 3aperMCTPUPOBAHO TOJBKO 8 KIMHUYECCKUX
HCCIIeNoBaHU ¢ BakumHaMu. [Ipu 3TOM IiepBbIe
JaHHbIE, BO3MOXHO, OyAyT IIOJy4YeHBl He paHee
20 HOs16pst 2020 T. IO OMHON U3 HUX — OTKPHITOMY
HepaHJIOMU3UPOBAaHHOMY HucciienoBaHuio I da3sbl
¢ 40 3gopoBbiMU goopoBoabLaMu. Lenbio KU saB-
JISIETCSL U3y4YeHHMe 0e30ITaCHOCTU, MEePEHOCUMOCTH
n ummyHoreHHocTu INO-4800 (ClinicalTrials.gov,
naeHTudukarop: NCT04336410). Heobxonrmo 06-
paTUTh BHUMaHME, YTO 3TO TOJBKO TiepBast asa
Ha 340pOBBLIX AOOPOBOJBLIAX MO 0E30IMaCHOCTH.
C0XXHO ceiiyac cKasaTh, KOrJa MOXHO OXMIAThb
MepBbIe peaibHble PE3yJIbTaThl N0 3(h(HEKTUBHOCTU
BaKIIVH.
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B c¢BsI3M ¢ 3TUM B IIeHTpe BHUMAaHUST OKa3aJjcs
Leablii psa HemaTreHToBaHHBIX (uau off-label —
«BHE WHCTPYKILIMW») IJII JaHHOW WHGEKINN
CPEICTB — NPOTUBOBHPYCHBIX IIpEITapaToB IJIs JIe-
yeHust BUY, renatuta C, rpurnia; MOHOKJOHAJb-
HBIX aHTUTeN (K JIUraHgaM WJU K pelernTopam);
UMMYHOMOIYJISITOPOB M  HMMYHOCYIIPECCOPOB
(aronuct Toll-momoOHBIX pPELEeNTOPOB, KOJIOHUE-
CTUMYJIUPYIOMINX (PaKTOPOB, MHTEP(PEPOHOB ajb-
¢da u 6eta, uHruouTopoB JAK-KMHa3); TIIOKOPTU-
KOCTEPOUIOB; TUIIEPUMMYHHOM I1J1a3MBbl; TOTOBBIX
UMMYHHBIX KJIETOK; aHTUMAaJIIPUNHBIX CPEACTB;
AHTUMUKPOOHBIX CPEACTB ¢ GYHKIIMEH NHIYKIIUNA
UHTEep(PEepOHOB (ABUTPOMULIMH U KappPUMULIMH);
Me3€HXMMaJbHbBIX CTBOJIOBBIX KJIETOK.

Takxe BO3 3asgBu1a 0 3amycKe OOJIBIIOro KJIN-
Huyeckoro ucciaenoBanuss SOLIDARITY c uenbio
YCTAaHOBUTH HACKOJbKO A(PGHEKTUBHO HCIIOJIb30-
BaHUE psiia YK€ MPUMEHSIEMbIX JIEKapCTBEHHBIX
cpenctB 1nipu nedennu COVID-19: pemuecuBup;
XJIOPOXUH M THIAPOKCUXJIOPOXHWH, PUTOHABUP/JIO-
MUHABUP; PUTOHABUD/JIONMHABUDP U MHTEP(PEPOH-
oera [35]. [Tocne Toro kak Bpad COOOIIMUT, KaKue
JeKapcTBa JOCTYITHBI B 00/JbHULIE, BeO-caliT OyneT
PaHIOMU3MPOBATH ITAIIMEHTA K OMTHOMY U3 JOCTYII-
HBIX TIpENapaToB MJIN K MECTHOMY CTaHAAPTHOMY
neyeHuto COVID-19. lanHoe ucciegoBaHue OyaeT
OTKPBITBIM, UTO 0€3YCIOBHO C MTO3UIINI paHXKXHUPO-
BaHUS B JTOKA3aTCJIbHOW METUIIMHE HE TO3BOJUT
ero OTHECTH K BBICOKOHAJIEXKHBIM, TeM He McHee,
BUAUMO, BycioBusix COVID-19 koan4yecTBO TaKUX
KM Oynet moka JOMUHUPYIOLIM.

Hawm Takzke CJIOKHO OBLJIO MTHOPUPOBATH ITO-
3UOUU HAIIMOHAJBHBIX W MEXIYHApPOIHBIX BKC-
NepTHBIX opraHu3anuit. Tak, B peKOMeHIallM-
ax The International Surviving Sepsis Campaign
(SCCM, MexIyHapOoTHOU OpTaHU3aINH I10 U3yYe-
HUIO cercuca) He PEeKOMEHAYeTCs MCHOJb30BaTh
JIONIMHABUP/PUTOHABUD [J151 BEACHUS MallEHTOB
¢ COVID-19 [21]. JaHHOE 3aKJIMOYEeHUE OBLIO Cle-
JIaHO TIOCJIe aHaJIn3a Pe3yJIbTaTOB, IPOBEACHHOTO
B Mapte 2020 roma paHAOMU3UPOBAHHOIO HCCJIE-
noBaHus Ha 199 manueHTax. bblio mokaszaHo, 4TO
JIONTMHABUDP/pUTOHABUP HedhDEKTUBEH MpU Jie-
yeHuu COVID-19. Bce manneHThl ObLIM TOCIIUTA-
nusupoBaHbl ¢ pO, < 94%. He OblJIO HUKAKO# pa3-
HUIILI BO BDEMEHU A0 KJIMHWYECKOro YJIYUIICHUS,
B 28-nHeBHOI cMmepTtHOCTH (19,2% 1tipotus 25,0%;
95% noBepuTeNbHbINE MHTepBaa or —17,3 mo 5,7)
u onpenensemoit BupycHoit PHK [7]. B cBoux pe-
koMeHauussx SCCM yka3bIBaloT, YTO JAHHBIX JJI51
MOATOTOBKM PEKOMEHIAIIMil O IPUMEHEHUU TOLIM -
Tu3yMada, XJIOPOXWHA MW TUAPOKCUXJIOPOXMHA
npu JedyeHunu COVID-19 Tak:ke HeT [7].

OcTaeTcst OTKPBITBIM BOITPOC IIMPOKOTO IIPHUMe-
HEHM S aHTUMaJSIpUMHBIX CPEACTB, KaK Ha aMOyia-
TOPHOM 3TaIle OKa3aHU I METUITMHCKOM ITOMOIIIH, TAK
U caMocTodaTeabHO nanueHtamu [10]. Bo-nepBbix,
K COXaJIeHUI0, B MUPE pacTeT KOJIUYECTBO COOOIIIe-

HUM O HEXEJIaTEJIbHBIX SBJICHUSX, W, M0 KpalHeln
Mepe, 00 OIHOI cMepPTU y NallMeHTa, KOTOPbIU THJI
OUYUCTUTENb Ui aKBapuyMa H3-3a COIEPXKaHUS
B HeM xJyiopoxuHa [38]. [IpoTuBoMansspuitHbie TIpe-
mapaThl MOTYT BBI3BIBATh JKEJIYIOUKOBBIC apUTMUU,
yoauHeHue uHTepBaia QT u mpyrue cepiaedHble
TOKCUYECKUE SIBJICHUSI, KOTOPbIE MOTYT ITpeACTaB-
JIITh OCOOBIN PUCK IJISI KPUTHUCCKHU OOJTBHBIX JIFO-
neii [18]. Bo-BTOpbIX, TMAPOKCUXJIOPOXUH SIBJISICT-
Csl KpaeyroJdbHBIM KaMHEM B Tepalluud CHUCTEMHOM
kpacHoil BonyaHku (CKB). T'uapokcuximopoxvH
3¢ PeKTuBeH B KyMUPOBAHUU TaKMUX ITPOSIBICHU I
0one3HU, KakK 00Jib B cycTaBax U Chinb. JlekapcTBO
YMEHbIIAET HE TOJbKO TPOMOOTUYECKUE SIBJICHUS,
HO mpoaJieBaeT xKu3Hb nmanueHtam ¢ CKB. Crenyet
OTMETUTh, YTO OTMEHA TUAPOKCUXJIOPOXUHA MOXKET
MPUBECTU K PELIUAUBY 3a00JIEeBAaHUI, BKJIIOUas Ta-
KHe yIpoXaromine XXM3HU IIPOSIBICHUSI, KaK BoJIJa-
HOuHbIN Hedput [10]. Paa ctpan mupa, K npumepy
CIIIA, coobmatoT o TeKylleit HeXBaTKe THAPOKCU-
xnopoxuHa. Butore, B koHue mapta 2020 roma Takoi
peryJisiTop oopallleHus JeKapcTB, Kak EBporeiickoe
MenuimHcKkoe areHTcTBo (EMA), pekoMeHIoBajio
OrpaHUYNTh NPUMEHCHUE XJIOPOXMHA U THUIAPOK-
cuxjiopoxuHa npu COVID-19 nMeHHO u3-3a yka-
3aHHBIX BBIIIIE TTPUYMH.

BbiBOAbI

1. I[TpypocT  KJIWHUYECKUX  WCCIIENOBAHUN
B Mupe, mnocpsiieHHbIXx COVID-19, cocrtaBaser
IpuUMepHO 65% B HemeIo.

2. BOJABIIMHCTBO WHUILIMUPOBAHHBIX KJIWMHU-
YeCKMUX WCCIIeOBAHUI B MUPE, ITOCBSIIIEHHBIX
COVID-19, HanipaByieHO Ha JIeueHUEe MHMEKIINHU U e¢
OCJIOXKHEHUH, a He Ha MTPODUIAKTUKY UHGDEKIIUH.

3. Yalne npoBOASITCSI MHTCPBEHIIMOHHBIC KJIM-
Huyeckue ucrblTanus I1 dpasbl.

4. Ha navamno anpens 2020 roga B MUpe moMe-
HSJICSI OCHOBHOM TPEH/I B KIIMHUYECKOM MCCIIEIO-
Banuu COVID-19 — mpumMeHeHUe MHTUOUTOPOB
npoTteas (JiekapcTBa, MpUMEHsIEMbIe TIPU JIeYeHU U
BUY) «oTmano» auaepcTBO aHTUMAISIPUNHBIM JIe-
KapCTBEHHBIM CpeCTBaM.

5. B cBs131 ¢ TeM, 4TO OOJBLIMHCTBO KJIMHUYEC-
KWX WCCJIENOBAaHUI TOJBKO HAyaTo, B HACTOSIIEE
BpeMsI HEBO3MOXHO 00CyXAaTh 3(P(PeKTUBHOCTH
¥ 6€30TaCHOCTH TOTO MUJIM MHOTO JIEKapCTBa B JIeue-
Huu COVID-19.

6. Umeromuecs ceituac B Mupe U B PO kiuHU-
YEeCKHE PEKOMEHAAIMKY CO3Jal0TCs HA OCHOBE TaH-
HBIX, TOJIYYEHHBIX i1 Vitro; 3KCTIEpUMEHTaIbHBIX
MOMEJISIX Ha XXMBOTHBIX; €MMHUYHBIX KJIMHUYEC-
KHWX HUCCJIETOBAHUSIX HU3KOTO KayecTBa ¢ HEOOb-
UM KOJMIECTBOM ITAallMEHTOB; TaHHBIX peaIbHOMN
KJauHu4yeckoil mpaktuku (RWD) 6e3 ux neraib-
Horo ananu3za (RWE — Real-World Evidence, /lo-
KasaTesJabCTBa peajibHOro mupa). OObIYHO TaKue
HWCCJICIOBaHMS B JIYUIIIEM CIydyae CUMTAIOT TeHEPU-
PYIOIIIMMHU TUTIOTE3bI.
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STUYECKUUN KOMMEHTAPUU K COVID-19

O.1. Ky6apb

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

Pesiome. Cankr-Iletepoyprckuit HUHM snuaemuonornu u Mukpooduoioruu uMmeHu Ilacrepa Ha MpoTSIKeHUU MHOTHX
JIET BeJIeT HayyHble UCCIENOBAHMS MO TeMe «DTUKO-TPAaBOBbIE aCMEKThl MH(MEKIIMOHHON MaTogoruu». OJHUM U3 Ha-
MpaBeHN 1 JTaHHOM paOdOTHI CTAJI0 U3YYEHUE STUYECKOM COCTABISIONICH MJIaHMPOBAHMSI U YIIPaBJACHUS B TIEPUO TTH-
JIeMUii ¥ TaHaeMuii. JlaHHas KOHLIEMIUS TPHoOpeTaeT UCKIIUUTEIbHO aKTyallbHOE 3ByYaHUE B CUTYallMU PAa3BUTHS
nmaHaeMun KopoHaBupycHoit nHdexuu COVID-19, uto n ompeneanao ocTpyo HEOOXOMMMOCTh IKCIIpecc-uHpOp-
MMPOBaHHS 0 JAHHOMY BOIIPOCY M aHAJIM3a COCTOSHUS COOTBETCTBUS IPEANPUHIMACMBIX PEIICHWI W AeMCTBUIT
3TUKO-TIPaBOBOMY periameHTy PD u MexxayHapomHOMY CTaHIAPTy AEHCTBUI B YCIOBUSX YPE3BBIYANTHBIX CUTYAIIN i
SIMAEMUYECKOTO XapaKTepa. PalimoHaIbHO-TTpaKTUUYeCKast CTOPOHA CJICIOBAHUS IJT00ATBHOIN MICONIOTUM 3THUCCKOM
MIPUBEPXKEHHOCTH B TIEPUOI MUPOBEIX YTPO3, BEI3BAHHEIX paclpoCcTpaHeHNEeM MH(PEKIIMOHHBIX 3a00IeBaHI, TIPHU-
3BaHa CIOCOOCTBOBATH MPENOTBPAIIIEHUIO HAPYIIIEH U 1IETOCTHOCTH MTPOTUBOIMUIEMUIYECKUX MepP, (DOPMUPOBAHUIO
COLIMAJIBHOTO €IMHCTBA U, B KOHEUHOM MTOTE, 00eCIeUnTh CTAOMIBHOCTh TYMaHUTAPHBIX LIEHHOCTE! YeI0OBeYeCTBa.
DTolt mpobyieMe MOCBsIeHa TaHHas paboTa.

Karoueesnle caosa: smuneckas koHyenyus, HopmamusHroe peeyauposarue, nandemuu, COVID-19.

ETHICAL COMMENTS ON COVID-19
Kubar O.1.
St. Petersburg Pasteur Institute, St. Petersburg, Russian Federation

Abstract. Over decades, the St. Petersburg Pasteur Institute has been conducting research on Ethical and legal aspects of in-
fectious diseases. One of the areas in this study focuses on ethical issue in the planning and management during epidemics
and pandemics. This concept becomes extremely relevant in the situation of the COVID-19 coronavirus pandemic, which
has determined the urgent need for rapid updates on this issue and analyzing compliance of decisions and actions under-
taken to ethical and legal regulations in Russia and abroad. The rational and practical side of following the global ideology
of ethical commitment during worldwide threats due to spread of infectious diseases is aimed to facilitate in preventing
violated integrity of anti-epidemic measures, formation of social unity and, finally, to ensure stability of human values,
which will be discussed in this study.

Key words: ethical concept, legislation, pandemics, COVID-19.

HckimrounTenbHOE 3HAaYeHNE BKIIIOUCHUSI TUUEC-  ILIEJIBIM PSIZIOM OOBEKTUBHBIX XapaKTeprucTuk. Hau-
KOTro KOMIIOHEHTa B CHUCTEMY TUIAHWPOBAHUS IMPO-  OoJjiee YOeAUTETbHBIM U HEOMTPOBEPKMMBIM (haKTO-
TUBOSIMUIEMUYECKUX MEPOIIPUSITUI W YIIPABJIIGHUSI ~ POM MOXKET CIIY>KUTh MHOTOBEKOBAas MCTOpUYecKast
MPOIECCOM WX peaju3alnuy TpU BOZHUKHOBEHMU  TTaHOpaMa SMUASMUI/TTaHAeMUid MHGOEKIIMOHHBIX
YIpo3 U B XOJE Pa3BUTHUS MaHACMUIN OOYCIOBJICHO  3a00JicBaHUI U U3BJICUCHHBIC U3 Hee YPOKU [6].
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0O.1. Kybapb

MHdekumns n uMmyHuTeT

[ oKyMeHTasIbHbI PECYPC 3TUHECKOro
perynupoBaHus

OTHOCHUTEJIbHO COBPEMEHHOM CUTyallMM, BbI-
3BaHHOit COVID-19, cuMBoJIMUeCKUM MNpeacTaB-
JISIeTCSI TO OOCTOSITEIbCTBO, UTO MMEHHO ITIepBas
BCTpeUYa MHPOBOTO COOOIIIECTBA C TsXeoil hop-
MOl MH@EKIUU, OOYCJIOBJIEHHONW KOpPOHABUPY-
coM — SARS-2002, crana cBoeoOpa3HbBIM CUT-
HaJIOM K 3TUYECKOMY OCMBICIICHUIO U HaKOILJIe-
HMIO OITbITa 3THUYECKOrO pearupoBaHUs Ha IJIO-
OanbHBIC SIBJICHUS SIMUASMUYECKOIO XapakTepa.
JIOKyMEeHTaJIbHbIM CJIEACTBUEM TaHHOI'O IpOliec-
ca cly>XUT pa3padborka B 2005 rogy oObeauHEH-
HBIM LICHTpoM T10 omoaTtnke (JCB) YHUBepcurera
ToponTto (Kanaga) mepBoro pykoBoaCTBa IO 3TH-
YEeCKOMY IIJJaHMPOBAHUIO Ha Mepuod MNaHAEMUN
[30]. OO6BEKTUBHOCTH BBIBOAOB U PEKOMEHdalluii
ObLJTa OCHOBaHA HA MEXIUCIIUTIIMHAPHOM ITOJIXOJIE
K U3YYCHUIO TIPOOJIEeM 3IpaBOOXpPAaHCHUS TIPU HO-
MUHUPYIOIIEM 3HAYEHUU OLIEHOK B 00JlacTu Ouo-
atuku. Clenyer OTMETUTh, YTO TOCJIe pa3padboT-
KU 3TUYecKux pykosoiactB JCB, mexayHapoaHas
IpaKTHUKa ITOATOTOBKH K SIIUACMUSIM/TIaHISMUSIM
cTaja OpPUEHTUPOBATBHCSI HE TOJBKO Ha JTOCTOBEP-
Hbl€ HayUYHbI€ JaHHbIE 1 000CHOBaHHbIE€ TPUH LU ITbI
OOIIIECTBEHHOI'O 3/IpaBOOXPAHEHUSI, HO U TIpeIy-
CMaTpHMBAET IIPOIECC PACCMOTPEHUS STUYCCKUX
BOIIPOCOB M IIEHHOCTHBIX IPUOPUTETOB OOIIECTBA.
B aT0i1 cBSI3M mpencTaBiasieT UHTEPEeC MHUIIMaTUBA
Yuusepcuteta . XonkunHca (CIIIA) nmo opraHu-
3auuu B uione 2006 r. B Utanuu cbesga, MOCBs-
IIEHHOT'0 BOITPOCaM COLIMAJIbHOM CIIPaBEIJINBOCTH
u rputia [29]. B kadyecTBe ciaeayomero 3Ha4uMo-
ro COOBITHSI HEOOXOAUMO OTMETUTh «PykoBoacTBO
10 BOIPOCAM 3TUKHU B TIEPUOJ MAHAEMUM TPUTITIA»,
pazpaboranHoe B ¢deBpasie 2007 r. crienmaabHOMI
noarpymnmnoi rmo atuke CDC [26, 28, 31]. B kauectBe
BaXXHOr0O M HOPMaTUBHO-3HAUYMMOI'O pe3yjbTaTa
CJIEyeT CUUTaTh TOT (hakT, YTO BCE IPEACTaBIICH-
HbI€ BBIIIIE UCCIIEA0BAHUS SIBUJINCH 00OCHOBAHUEM
JIIST BKIFOUSHM ST 3TUYSCKOT0 KOMIIOHEHTA TTPH T1J1a-
HUpoBaHuM aeiictBuii BO3 B mepuon yrpo3bl maH-
aeMuu rpunmna [24]. 3HaMeHaTeAbHbBIM COOBITUEM
TaKXXe CTaJo MPUHATUE OOBEAWHEHHON ceccuen
MexayHapomHOTO U MeXnpaBUTEIIbCTBEHHOTO
komuteToB o 6mostuke FKOHECKO Jlexknapanuu
0 BOMNPOCY SMMUIEMUU, BbI3BBAHHON BUPYCOM JIH-
xopaaku Doona (2014 r.) [23, 32]. IlepeuucneHue
JIEUCTBYIONNX JTIOKYMEHTOB 3TUYECKOTO pearu-
poBaHUS Ha TJI00ANBHBINA ANUIEMUYCCKHIT IIPO-
1IecC B KOHTEKCTE MaHHOrO COOOIIECHUS, 3HAYUMO
C TOH TOYKHU 3PEHUS, YTO K MOMEHTY Pa3BUTUS
COVID-19, ynoTHOMOYEHHBIE Ha TO MEXIYHapOI-
HBIE CTPYKTYPBHl M MEXIYHapOOHOE COOOIIEeCTBO
B 1IeJI0M, 00JIagajio BCeM apceHaJIOM MPUHIIMIIOB
M aJITOPUTMOM JIEMCTBUI B chepe coLragibHO-MO-
BelleHUecKoro pearupoBaHus [1, 4, 23, 25, 33].

B ymoMSHYTBIX BBIIIIE CTpaTeTMYECKUX PYKO-
BOICTBAaX B Ka4eCTBE ITPUOPUTETHBIX BBIICICHBI
YeThIpEe KJIIOUEBBIC 3THUUYECKHE ITO3UIINHU, IECITh
PYKOBOIASIIUX (OCHOBHBIX) U ISITH ITPOLIEAYPHBIX
NPUHIIAIIOB, KOTOPHIE HEOOXOOAMMO YUYUTHEIBATH
NpHU MJIAHUPOBAHUU PAOOTHI B TAHAEMUIO UH(PEK-
OMOHHOTO 3a00JICBaHUS C LCIBI0O IPUHSITUS DTU-
YeCKM BbIBEpPEHHBIX peieHuii [25, 30].

I[IpmoputeTHasT HEelb W JIOTUKA ITaHHOTO CO-
OOIlleHUsI OCHOBaHa Ha akKIeHTe COOMIOACHUS
MTaHHBIX 3TUUYECKUX YCTAHOBOK, UTO, B CBOIO OYe-
penb, IIpeaycMaTpuBaeT X 3HaHWE U TTPaBUJIBHYIO
TpakToBKY B ycioBusax COVID-19. KnwoueBbiMu
STUYECKHN 3HAYMMBIMU MO3UIUSIMU, TTPUBEPXKEH-
HOCTh KOTOPBIM [OJIKHA 00s3aTeJIbHO COOJII0-
JIaThCsI IPU COCTABJIEHUHM TIJIaHA paboT Ha Tepuo
MaHAEMUU SIBISIOTCS cleaylomue: 1) obs3aresib-
CTBa M OTBETCTBECHHOCTH YIIOJTHOMOYCHHBIX Ha TO
OpraHoB 3a OpraHMU3allUI0 MOMOIIM HAaCEeJCHUIO
B TICpHMOM BCHBIIIEK 3apa3HbIX OOJIe3HEll; 2) BO3-
MOXKHOCTb OTPAaHUYUTEIbHBIX MEP IO OTHOIIIEHU O
K JIUMYHOI cBOOOIE B MHTEpecax OOIISCTBEHHOTO
3JI0POBbs, YTO MPEAYCMOTPEHO TaKOW Mepoii, Kak
BBeIeHME KapaHTHHA; 3) KOHIICHTpAIIUsl, yIIpaBJIc-
HHE U CIIpaBeIJIMBOE paclpelesicHe BCeX MMEI0-
IIUXCSI peCypcoB; 4) COMUIAPHOCTh U COTJIAaCOBaH-
HOCTB IIaTOB Ha MEXKXAYHAPOAHOM YPOBHE B IIJIaHE
r7100aJIbHOTO YIIPaBJICHUS CUTyallMeil 1Mo peryiu-
POBAaHUIO MEPOIPUSITUN, CBSI3aHHBIX C IepeMe-
MIEHUSIMU JIIOACH, B YACTHOCTU, TYPUCTUUYECKUX
noe3nok. CiemyeT OTMETUTh, UTO BCE 3asIBJICHHBIC
MO3UIIMU TIOJTHOLIEHHO TIpeacTaBJeHbl B hopMaTe
npaBoBoro 1onsg P® Ha mepuon neiicTBuit B 4pe3-
BblUAWHBIX CUTYyallMSIX, HAIJM CBOE OTpakeHue
B IEeMCTBYIOIINX OTPACIEBBIX 3aKOHAX M BKJIIOUCHBI
B aKTyaJIbHYIO ONIEPaTUBHYIO ITOBECTKY MPUHSITUS
pelIeHn i yIIOJTHOMOYCHHBIMHY HA TO OpraHaMHU TO-
CyIapCTBEHHOW BJIACTH, CAaHAMUIHAA30pa U 31pa-
BooxpaHeHus P® [8, 9, 10, 15].

B pamkax pa3BuUTHS yKa3aHHBIX BBIIIE KJIOUE-
BBIX MO3UIIM 1 pa3paboTaH IepeuyeHb U JaHO OMNuca-
HUE OECATU PYKOBOOSIINX ITPUHINIIOB TPUHSITUSI
ATUYECKMUX PEIIeHUI, K KOTOPbIM ITPUYUCICHBI:
IpaBO Ha JUYHYIO CBOOOMY, 3allITa OT HAHECCHU S
Bpena, MpOIOpPLUMOHAIbHOCTD, MPaBO Ha 3allUTy
JaCTHOM XU3HU, 00s13aTEIbCTBA IT0 OKa3aHUIO Me-
JTUIIMHCKOM MOMOIIU, B3aWUMOAEHCTBUE, CIIpaBe/-
JINBOCTH, IOBEPUE, COTUIAPHOCTH U YIIpaBJICHUE.

MpakTnkKa NPUMEHEHNS 3TUYECKUX
MPUHLMMOB B YCNIOBUSIX MaHAEMUM
COVID-19

B acrniekTe NpUIIOKEHUST K pealbHONM CUTYyalluu
COVID-19, xaxxaplif 13 3TUX IIPUHIIUTIOB IIPEIyC-
MaTpHMBaceT COOTBETCTBYIOIIee MOHUMAaHNE U JCii-
crBue. Tak, 9TMYECKMI1I NPUHLMII IIpaBa Ha JIUY-
HYIO CBOOOAY ITPU KPU3UCHBIX CUTYallUSIX B 31apa-
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BOOXpaHEHMU, K KOTOPBIM, OE€3yCJIOBHO, OTHO-
CUTCSI COBPEMEHHasl CUTyallus, MOXeT BKJIouaTh
OrpaHUYCHUS JTUIHOU CBOOOMIBI C IIEIbIO 3AIIUTHI
Bcero obOImecTBa (4TO TMPEAYCMOTPEHO 3aKOHOMIA-
TeabcTBOM PD) [3, 10, 15]. [Tpn aTOM OrpaHuYeHUS
cBOOOABI CieAyeT MPOU3BOAUTDH MPOMOPIIMOHAb-
HO HEOOXOAMMOCTH, YMECTHO, C NPUMEHEHUEM
MHWHUMAJIBHBIX MEp M CHpaBedInBoO. Peanmuzanumsa
MPUHIINTIA 3aIIUTHI O0IIECTBA OT HAHECEHM sl Bpeaa
He UCKJIoYaeT (M yacTo TpedyeT) AeiCTBUM YITOJIHO-
MOYEHHBIX TOCYIapCTBEHHBIX CTPYKTYp, CBSI3aH-
HBIX C BTOpXKEHUEM B cepy JUIHBIX CBOOOI, UYTO
OJTHO3HAYHO MponucaHo B ctatbe 11 «Mephbl U Bpe-
MEHHbIEC OTpaHUYEHU I, IPUMEHsIEMbIe TTpU BBee-
HMHM 4Ype3BblUaiiHoro noyioxeHus» MK3 PO No 3
«O upesBbyaitHom mojioxkeHum» oT 30.05.2001 r.
(B pemakuuu ot 03.07.2016 1.) 1 cepust OTpacieBbIX
3aKOHOJATEJIbHBIX aKTOB, PACCMOTPEHHBIX Aajee
[15]. COBOKYITHOCTbH BCE€X MPOMUCAHHbBIX B BHIIIEC-
HazBaHHOM PenepalbHOM KOHCTUTYIIMOHHOM 3a-
KOHE Mep, IPUMEHSIEMBIX B YCIOBUSX Upe3BbIUaii-
HOTO ITOJIOKEH M ST M BJIEKYIIIMX 32 COO0I U3BMEHEHUE
(orpaHuyYeHue) YyCTaHOBJIEHHBIX KoHcTuUTyLME
P®, dpenepanbHBIMU 3aKOHAMU M MHBIMU HOpMa-
TUBHBIMU IIPaBOBBIMU akTaMu P® TorHOMOYMIt
denepaIbHBIX OPTAHOB UCTIOJHUTEIBHOMN BJIACTH,
3aKOHOAATeAbHBIX (MIPEACTaBUTENAbHBIX) W MC-
MOJHUTEIBbHBIX OPraHOB BJIACTU CyOBEKTOB PO,
OpTraHOB MECTHOT'O caMOYIIpaBJICHMS, IIpaB opra-
HU3ali M OOINECTBEHHBIX OOBESOMHEHWI, MpaB
1 cBOOOM YeoBeKa M IrpakJaHWHa, JOJXHBI OCY-
IIECTBJISITHCS B TeX IIpeaesiaXx, KOTOPBIX TpedyeT
OCTpOTa CO3IaBIIerocs IogoxeHus1. Kpome Toro,
NPOBOIMMEIE Mephl HOJKHBI COOTBETCTBOBATh
MEXAYHaPOAHBIM 00s3aTeIbCTBAM, BhITEKAIOLIUM
13 MEXIYHApOIHBIX J0roBopoB PMD B o01acTl mpas
YeJ0BeKa, M He JOJIKHEI ITOBJICYb 32 CO00IT KaKyIo-
JTNO0 JUCKPUMUHAIINIO OTASTbHBIX JIW I UJTU TPYIIIT
HaceJeHU sl UCKJIIOUMTEJbHO IO MpU3HaKaM I10Jia,
pachel, HAIIMOHAJIBHOCTU, SI3bIKA, ITPOUCXOKICHM S,
MMYIIECTBEHHOTO W JOJXKHOCTHOTO ITOJIOXKCHMS,
MecTa XHUTEJIbCTBA, OTHOIICHUS K PEJIUTUN, YOeK-
JNEHU M, MPUHAIJIEKHOCTHU K OOIIIECTBEHHBIM 00be-
IUHEHUSIM, a TaKXe I10 IPYTUM 0OCTOSITEIbCTBAM.

B ycinoBusax COVID-19 oTmedeHbl pa3iudHbie
COIMaIbHO-TIOBEICHYECKNE PeaKIIMM, BbIpaxkalo-
1iMecss B IMPOTUBOACHCTBUU OIPAaHUYUTEIbHBIM
MepaM, B TOM YHCJIe HapyllleHue IpaBUJI KapaH-
TUHA (MOo0er U3 CTallMOHAPOB, NH(PUIIMPOBAHHBIX
KOPOHaBUPYCOM JIUI], HECOOJIIOJIeHUEe Mep caMo-
M3OJISILUKA TP KOHTAKTe W JIPYrre HapylICHUS,
HaIIpuMep, B CIIeLIMaJIbHBIX YCIOBUSX YUPEXKICHU U
Cy>XO0bI UcnioJIHeHUs HakaszaHuit PMD). [TogoodHoe
MOXHO TPaKTOBaTh, KaK 3aBEOMOE CO3IaHUE CU-
TyallM¥W OITACHOCTY JIJIST TPETHUX JINII, 4TO, B CBOIO
ouepenb, BJieYeT 3a COOOM MpUMEHEHUE CAaHKIIUM,
NPEeTyCMOTPECHHBIX TEUCTBYIOIMINMM 3aKOHOOATEIIb-
cTtBoM P® (B yacTHOCTH, MEp aIMUHUCTPATUBHOTO
BO3ACHCTBUS B TIOPSIIKE CyneOHOro TPOU3BOICTBA

mo 4. 1 ct. 19.5 KoAIl P®). I1pu 3TOM OTBETCTBEH-
HOCTb 3a HapyllIeH1e TPeOOBaHU U pesKMMa YpE3BbI-
YA HOTO ITOJIOXKEHM ST pPABHOMEPHO pacIIpeaeIsieTCs
Ha TpakJaH, JOJKHOCTHBIX JIMII U OpTaHU3AIINH.
Mepa OTBETCTBEHHOCTH YCTaHABINBAETCS B COOT-
BeTCTBUU co cTaTheil Ne 32 demepaibHOro KOHCTU-
TYLIMOHHOI'O 3aKOHA O YpEe3BbIUaiiHOM ITOJIOKCHUH,
a Takske 9acThio 2 ctathu 50 MemepaabHOIO 3aKOHA
o1 30.03.1999 Ne 52-P3 «O caHUTapPHO-3MUIEMHUO -
JIOTUYECKOM OJIarornoJiyduu HaceJIeHUs» U orepa-
TUBHBIMU HOPMATUBHBIMU JOKYMEHTAMU, IPUHU-
MaeMbIMU B KPU3UCHBIN niepuon [8, 13, 16].

TTopsimoK MpuMeHEeHN ST YKa3aHHBIX HOPMaTUB-
HBIX TTpaBUJI onipeaesieH pakToM o0bsBiaeHus1 BO3
naHIeMUU KOpOHaBUpYCHOW mHbekuuu 11 map-
Tta 2020 roma. C 3TOro MOMeHTa BCTyHacT B CHUITY
OPUHIAI OTBETCTBEHHOCTU JIIOOOro Tocymap-
cTtBa — ujeHa BO3 3a yBemomiaeHue o KOHKpeET-
HBIX WHQMEKIMOHHBIX 3a00JIeBaHUSAX M COOJIO-
JICHWE Mep II0 WX JOKaJIM3allMU B COOTBETCTBUU
¢ MEXIYHapOIHBIMU MEIMKO-CaAHUTAPHBIMHU IIpa-
BugamMu BO3 [5]. MexayHapoaHbBIM perjiaMeHTOM
yCTaHOBJIEHA T€CHasl B3aMMOCBSI3b OTBETCTBEHHO-
CTH KaXKIOTro KOHKPETHOro rocymapctBa (B JIHMIIE
CBOUX CTPYKTYpP) U MCITOJTHEHUS YHHUBEpPCAJIbHO-
ro NpUHIKINA YBaXXeHWSI aBTOHOMUWUW M IIpaB de-
noBeka. OTBETCTBEHHOCTbh TOCyAapCTBa MCXOOMUT
W3 IIPUPOIBI MEXTYHAPOIHO-TIPABOBOM CUCTEMHBI,
KOTOpast OIupaeTcss Ha TOCYyIapCTBO KaK Ha cpel-
CTBO (pOPMUPOBAHUST U IPUMEHEHUS CBOMX Ipa-
BUJI U PYKOBOACTBYETCS JIBOMHOU TOKTPUHOM ro-
CyIapCTBEHHOTI'O CYBEpCHUTETA M PaBEHCTBA TOCY-
nmapcts [31].

C TOYKHU 3pEeHU S TUYECKON KOHIIEN MU MOa00-
Hasl CUTyallMsl MMeeT 3aJaHHbIIA MeXaHW3M yIpaB-
JICHMSI Ha Ha4aJIhbHOM M Ha KOHEYHOM 3Tamax. Tak,
OPUHSATHE pEelIeHUl, ITpeaycMaTpUBaIOIINX BTOP-
KeHHE B chpepy ITUIHBIX CBOOOI U UX OrpaHUUYCHUE,
JOJI)KHO BKJIIOYATh B3BELIEHHOCTh UMITIEPaTUBHbBIX
Mep MO JOCTUXEHUIO COIIachs Ha MX IIPOBEICHNE,
000CHOBaHME W IIPEIOCTaBJICHUE OOIIECTBY MpPU-
YUH MMOTOOHBIX MEp, a TaKKe CO3TaHNe MeXaHU3-
Ma MOHMUTOPMHIA TPUHSTHIX PEIIeHU U 11aroB
B maHHOI cdepe. [IpuMepom Takoro mogxoma Mo-
XKET CIYXUTh PETPOCHCKTHBHAS OIEHKA ITOTCH-
OMaJIbHO JOCTUXMMOM TOJB3BI IS 3apaBoOXpa-
HEHUS OT BXOJTHOTO U BBIXOTHOTO CKPUHUHTA aBU-
araccaxxupoB B xoae nanaemuu rpunma A(HINI)
B 2009 1., mpoBeAecHHAs CITYCTS 2 Toja mocje ITaH-
IeMUU W SBUBIIMECS 0€3yCIOBHBIM apTyMEHTOM
AMUAEMUYECKON 11e71eCO00Pa3HOCTU U, OJHOBpE-
MEHHO, MMOBOAOM IJISI COBEPIIEHCTBOBAaHUS TyMa-
HUTApHBIX TTOaxonoB [27]. B 1ietoM Heobxommmo
YUYUTBIBATh, YTO MEPOIIPUATHUS, CBI3aHHBIE C MO-
HUTOPMHTOM, B TOM XK€ Mepe, KaK M BKJIOUEHUE
MexXaHH3Ma OIlepaTUBHBIX KOPPEKTUPOBOK, Tpe-
Oyl0T choeuMaJbHBIX pa3paboTOK C 00s3aTelb-
HBIM y4eTOM (paKTOPOB COLMAJILHOU TICUXOJIOTUU
M 3TUYECKOro HAIIOJHEHMUSI, 4TO ellle He 3asIBJICHO
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MHdekumns n uMmyHuTeT

B TIepeYHe NeMCTBYIOIIMX JOKYMEHTOB MO MaHIe-
muu COVID-19.

ToBopsi 0 cobOnaeHUN TTPOHNOPLIMOHATBHOCTU
Mep IO OTPAaHWYEHUIO JTUUYHOI CBOOOOBI 1, TEM Ca-
MBIM, 3alIMTHI O0IIIECTBA OT HAHECEHU ST Bpela, Clie-
JNyeT 4YeTKO MPUIEePKUBAThCS OCHOBHOIO IpaBU-
Jla — HE MEPEeXOAUTh I'PAHUIIBI TOTO, UTO NEeHCTBU-
TEJIBLHO OITPaBIaHO aKTyaJIbHBIM YPOBHEM pHCKa
WM KPUTUYECKON HEOOXOAMMOCTBIO ISl BCETO
obuwecrsa. [IpaBo nHAMBUAYyMa Ha COXPAaHHOCTD
YacTHON MHMOPMAIMU MOXET OBITh HE IIPUHSITO
BO BHMMaHHWE B KPU3UCHBIX YCIOBUSX IMaHIEMUMU,
€CJIU COOJTI0ICHME TaHHOTO TpaBa COMPSIXKEHO C He-
00XOIMMOCTBIO 3allIUThl OOIIECTBA OT CEPbE3HOTO
Bpena [3].

O0s3aTeIbcTBA MO OKa3aHUIO MEIMITMHCKOM
MOMOIIIA Y COYYBCTBUE CTPAJAaHUSIM SIBJISIOTCS
HEOTheMJIEMOI YacThlo BCeX MpodecCruoHaJIbHBIX
KOJIEKCOB I10 3THUKe B MeAUIIMHEe. PaboTHMKU 31pa-
BOOXpPaHEHM I HOJIXKHBI aAeKBAaTHO OILIEHUTH TPe0o-
BaHUS K CBOEeU MpodecCuoHalbHOU pOu B CpaB-
HEHUU C APYTMMU 00s13aTeJIbCTBAMU, CYIIECTBYIO-
IIMMHM MO OTHOIIIEHHU IO K COOCTBEHHOMY 3J10POBBIO,
CBOCH CeMbe U APYTUM OOCTOSITEIILCTBAM, BBIXOISI-
IIUM 32 paMKU ITpodeccruoHanbHoro goiara. Kpome
TOTO, PAOOTHUKM 3[IpaBOOXPaHEHUS CTAJIKNBAIOT-
Cs1 C CYIIECTBEHHBIM BBI3OBOM, CBSI3aHHBIM C pac-
npeaejeHeM HAaJIMIHBIX PECYPCOB, BO3MOXHOCTSI-
MU UMEIoIIeics TpakTUuKu, mpodhecCuoHaIbHBIM
JIOJITOM U YCJIOBUSIMU IESITEIbHOCTU. YHUKAaJbHAasI
NPUBEPKEHHOCTb MEAUIIMHCKUX PAOOTHHUKOB CBO-
et mpodeccuy BO BCeM MUPE B MIePUO ITaHICMUN
COVID-19, no mpaBy MOXET CIYXUTh IIPUMEPOM
rpak/IaHCKOrO TMOABUTA W, OJHOBPEMEHHO, I10-
CBhIJIOM M HaAeXJa0i K (pOpMUPOBAHUIO OOBEKTUB-
HO# maaTdOpMBbI Pa3BUTUSI MEIUIIMHCKONW HayKH
W IIPaKTUKU B OyAyIIEM.

IMpu 5TOM Upe3BbIYAITHO Ba’KHO, YTO COOJIIOE-
HUEe TIPUHIIMIA B3auMOJEHCTBUSI TpedyeT OT 00-
IecTBa MOANCPKKHU TeX, KTO HEeCeT HecopasMep-
HOEe OpeMsI T10 3alIUTE OOIIECTBEHHBIX MHTEPECOB
¥ IIpeIIpUuHUMAET BCE HEOOXOMMMBIE IIIary TT0 MU-
HUMU3ALMU 3TOro 6peMeHu. Mephbl 1o 3aluTe 00-
IIECTBEHHBIX MHTEPECOB KaK Obl HajJararT HEeIPo-
HOpPLHMOHAJIbHOE OpeMsI OTBETCTBEHHOCTH Ha pa-
0OTHUKOB 3npaBooxpaHeHMs. CIpaBeaTMBOCTh
B KOHTEKCTE COOJIIONEHU ST STUYECKHUX HOPM B 31Ipa-
BOOXpPaHEHMU MPEACTaBJISICT COO0I 3aKpeIJICHHOE
3a KaXJIBIM MallMeHTOM IIpaBO Ha ITOJyYeHUE He-
00XOMMOI eMy METUIIMHCKOM TToMoTu. [Tpu aTOM
OTJINYME COOTIONEHM ST JTaHHOT'O MpaBa B OOBIYHBIX
YCJIOBUSIX MEIUIIMHCKON TPaKTUKWA U B MEPUOL,
NaHASMHUU 3aKJIIYaeTCs B TOM, YTO B CUTYalluU
MaHIeMUU TIPUMEHUM U JOJIKeH JIeICTBOBATh UeT-
KU KpuTepuil (CTaHIapT) BbIOOpAa MMEHHO TOTO
BUA TIEPBOM MEIWLMHCKOW MOMOIIU, KOTOPYIO
HEOOXOIMMO U CJIEIyeT OKa3aTh ITAallMeHTY B 00s13a-
TeJIBHOM TIOpsiiKe. B 3aBUCMMOCTY OT cepbe3HOC-
TU KpU3HCa B COCTOSIHUM 3I0POBbBSI, MOXET OBITh

COKpalllcH He TOJIBKO 00OBEM 3JEKTHUBHBIX OIepa-
THUBHBIX BMEIIATEJIbCTB, HO U JUMUTHUPOBAHO OKa-
3aHMUE HEOTJOXKHOU MM HEOOXOOAMMON MEIUIIMH-
ckoit momouu [10, 14].

B 3TuX ycaoBUSsIX JOBepHe CTAHOBUTCSI HEOTh-
eMJIEeMbIM KOMIOHEHTOM B3aMMOOTHOIIIEHUI Bpa-
Ya ¥ MaleHTa, COTPYOIHUKOB M UX OpTaHU3allnid,
rpakJaHCKOrO OOIIecTBAa W YIIOJIHOMOYEHHBIX
Ha TO OPTaHOB 3JIpaBOOXPAHEHMSI, a TAKKEe OCHOBOM
B3aMMOIECUCTBUS IOCTAECIHUX BHYTPU CAMOM CUCTE-
MBI 3ApaBooxpaHeHUs1. OpraHu3aTopbl 30PaBOOX-
paHEHM S, OTBETCTBCHHBIC 3a IIPUHSITUE PCIICHUIA,
CTOSIT Tepel HeOOXOOMMOCThIO 3aBOCBaHUS HOBE-
pUS K CBOUM JEHCTBUSIM/PEIIEHUSIM OJHOBPEMEH-
HO C BHEAPEHUEM Pa3IUYHBIX KOHTPOJBHBIX MeEp
B IIEPUOJ Pa3BUTHUS KPU3NUCHBIX CUTyalllii B 31pa-
BooxpaHeHUU. OcOOBI 3TUUECKUIA BBI30B B IIEPUOL
naHaeMuu, 0e3yCIOBHO, CBsI3aH ¢ (pakKTOpoM (op-
MHUPOBaHUS NOBEPUs HACEJICHUS U HOCTUKCHUS
COTJIACOBAHHOCTH M COTPYTHHUYCCTBA MEXKIY MEIM -
OWHCKUMH pabOTHUKAMM W TPakIaHCKUM OOIIe-
ctBOoM. OUYeBUAHO, UTO IOBEpUE CTPOUTCS HA MHO-
TOKOMITOHEHTHOM UM JOJTOCPOYHOM ONBITE OLIEHKH
HaceJIeHHWeM KadecTBa MCAMIIMHCKHUX YCIYT U CO-
OWAJbHON 3aIUTHI, YTO OUKTYEeT HEIpPeMEeHHOE
TpeboBaHME CTAaOUJIBHOTO W TrapaHTUPOBAHHOIO
COBEPIICHCTBOBAHMUS CUCTEMBbl 3APaBOOXPaHEHMU S
B TEPCICKTUBE BHE 3aBUCUMOCTH OT KPHM3UCHBIX
CUTyallMii. DNUIeMUN/TTaHASMUN HaTJISIHO OT-
pakaroT HECOBEPIICHCTBO CYIIECTBYIOIINX CUCTEM
OOIIIECTBEHHOr0 3ApaBOOXpaHEHMSsI, UTO IIpoje-
MOHCTpUpoBaJia U Tekymas curtyauus COVID-19
B MUPOBOM MacuiTaoe.

IToMmnMoO TapaHTWI TOCygapCcTBa B OTHOIIEC-
HUHU KadyecTBa MEIMUIIMHCKONW MPOAYKIMU U yC-
JIYT, HENPEeMEHHBIM YcJIoBUEeM (GOpMUPOBAHUS
IOBEepUs SIBISIETCS KauyeCcTBO MHMOOPMAIIMOHHOIO
COITPOBOKACHMUSI BCEX IIPOTUBOSITUIACMHUUIECCKUX
MmeponpusaTuit. Cam pakT HEOOXOAMMOCTH UHGOP-
MUPOBaHUS HACeJIeHMSI 00 yrposax, CBSI3aHHBIX
CAMMUACMHUECH /TTaHIeMUCH, U MepaX 3alllUThI 00sI3aH
3aHMMaTh OTBETCTBEHHOE MECTO B OIlepPAaTUBHBIX
NOKYMEHTaX YIOJIHOMOYEHHBIX CJIYy>K0 CaH3MUI-
Haa3opa U 3apaBooxpaHeHUs. OgHAKO CUTyalus
no nHpopmuposanni COVID-19 8 CMU onHo-
3HAYHO BBICBETHJIA IPOOJIEMY OTCYTCTBUS 3HAHU I
U/UJU HECOOJIONEHUS ITUYECKUX IPUHIIMIIOB
WHOOPMUPOBAHUS, B YACTHOCTU AePUIUT Kyp-
HanucTcKoi 3Tuku. [Togdbopka nHGOPMAITMOHHBIX
0JIOKOB, 0COOEHHO Ha paHHEM 3Tane MHGOPMUPO-
BaHUS O Pa3BUTUU SMUAEMUU, Oblla HampaBJieHa
Ha IeMOHCTpalMIO HeolTpaBaaHHOM 3(pHeKTHOCTU
croxeTa, 0e3 cCOOJII0NEHUS MTPUHIIMIIOB OOBEKTUB-
HOCTH, TIOJTHOTHI, OaJlaHCca MOJb3bl M PUCKa U JIO-
CTYIHOCTM ITOHMMAaHUSI MaTepuaja pas3TndHBI-
MU KOHTMHreHTaMu. MHdopMalimoHHBIE OJIOKU
He M30eKaau MOJSIPHBIX MO3UIINI: (GaKTOpOB 3a-
NyTuBaHUS WM GOPMUPOBAHUS U3IUINHEH Oec-
MEYHOCTHU, YTO ONMPEALIISIIIOCh IIEPCOHATBHOM (Kak
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MpaBuI0, HenpodecCruoHaabHOI) MO3UIIUEN TOBO-
psiiero. 3Tu (GpakTopbl UMEIOT IMTPUHLIUNNATBHOE
3HAUYCHUE U UM CJIeIyeT YASIUTh 0co00e cocpeno-
TOYCHHOE BHUMAaHUE, ITOCKOJIbKY B YCIOBUSX 3a-
KOHOJIATeJIbHO OTIPEIeJICHHOTO MPUHIIUITA MH(pOP-
MMPOBAHHOTO COTJIacusl B CUCTeME OOIIECTBEHHO-
ro 31paBoOXpaHeHMs Hallel cTpaHbl [20], uMeHHO
OT KadecTBa JAaHHOW/IIOJIYYEHHON OTHCIbHBIM
WHIWBUAYYMOM U/WJIW OOIIECTBOM WH(MOpMALIUN
3aBUCUT MOHMMaHUe, MIPUHSITUE U MOCIeayollee
JIECTBUE, YTO B KOHCYHOM HUTOre U OMpeHeisIeT
ycrex IIPOTUBOSMUASMHUUYCCKUX W MEAUIIMHCKUX
MEPOIIPUITUN TIpU YIPaBICHUU KPU3UCHBIMU
CUTyallUsSIMU B 3paBOOXpaHEHUU (B YaCTHOCTH,
dopMUpYET NPUHITUE U COOMIOeHNE KapaHTUH-
HBIX ¥ IPYTUX OTPAaHUIUTEIBHBIX MED).

KacarenrbsHO Apyroro IIpUOPUTETHOTO TIPUH-
MMa, KOTOPbIM SIBJSIETCS COJIMIAPHOCTh, HEO0O-
XOIUMO OTMETUTh aKaJeMMUUECKYI0 U UCTOpUYEC-
KYIO IIeJIOCTHOCTh MAaHHOTO 3TUYECKOro KaHOHA.
Ilo cnoBam naypeara HobGeneBckoit mpemun 1928 r.
dpaHnysckoro yyeHoro Illapnasa Hukons: «...3Ha-
KOMCTBO C 3apa3HbIMU O0JI€3HSIMU BbI3bIBACT Y JIIO-
JIeli MpeacTaBJICHUE O CBSI3U U COJTMIAPHOCTH MEX-
Iy HUMU; Mbl 00BbeIMHEHBbI OOIIEel yrpoxarouiei
HaM OITaCHOCTBIO M 3TOT0 OJHOTO COOOpazkeHMS,
MaTepuaJuCTUIECKOTr0, 3rOMCTUYECKOro, I0CTa-
TOYHO, YTOOBI JIIOIN MPEKPATUIN CBOM COOCTBEH-
HBIC pa3gopbl U OpaTCKU OOBCAMHUINCH ITPOTUB
obuiero Bpara...» [7]. DTa ucTuHa OblJla MOATBEPXK-
JiIeHa Ha OMNbITE MHOTOJIeTHell OOpbObl C MH(pEK-
nusmu [23]. OgHako, B COBpeMEHHOM MUpeE, pa3-
BUTHE TTAHACMUU TpedyeT GOpMUPOBAHUSI HOBOTO
B3IJIsIAa Ha TIpollecc IIo0aJIbHOW COJIMIAapHOCTHU
U COMMAApHOCTU Hauuii. B rmo6anbHOM MaciuTabe
naHAeMusT OpocaeT BBI30OB UIAESIM HAI[MOHAJIBHOTO
CYBEpEeHUTETa, CEKPETHOCTH U 00O0COOJEHHOCTU
TeppuTopuii. Ha permoHajibHOM M HallMOHAJIBHOM
YPOBHE, MaHAeMU s TPeOyeT COMUIAPHbBIX U COrJia-
COBAHHBIX NEMCTBUN BHYTPU U MEXIY pa3any-
HBIMU YUPEXKICHUSIMU, IIPU3BIBACT K MEPECMOTPY
TPagUIIMOHHON IIEHHOCTU COOCTBEHHBIX MJIU TeP-
PUTOPMATIBHBIX MHTEPECOB. DTU WUAEU Ipornuca-
HBI BO BCEX JCUCTBYIOIIMX TOKYMEHTaX CTPYKTYP
OOH: IOHECKO un BO3, ogHako mmpakTuka aeii-
ctBuii B nepuog COVID-19 3avacTyio 1eMOHCTpU-
pyeT obpaTHOe, 4TO B OyaylleM IOTpedyeT Tia-
TEJBHOI'O aHaJIN3a U OLICHKMU.

OToeIbHBIM M CYyT'y00 BaXHBIM MOMEHTOM
B 00JIaCTM 3THYECKON KOHLCHIHWUW YIpPaBICHUS
NaHAeMUE SgBIIsIeTCS 4YeTKass W aapecHasl Ha-
MpPaBJCHHOCTb BCEX TPeOOBaHMII K TeM JIMIIaM,
Ha KOTOPBIX BO3JIOXEHBI (DYHKIIMU yIpaBICHUS.
HeoTbheMlIeMBIMU  YCIIOBUSIMU, TIPEABSIBISICMBbI-
MH K CTaTyCy yIpaBJICHUSs, SBIISTIOTCS 3TUYECKOE
MoBeAeHUEe, MPaBAUBOCTh, (DOPMUpPYIOIIAsT TOBE-
pHe, U CIIOCOOHOCTH K MPaBUJIBHBIM PEIICHUSIM.
IMox sTuM ciaenyeT MOHWMAaTh, 9TO pelIeHUE, Ha-
MpuMep, Kacaroleecsi pecypcoB, J0JIKHO OBITH OTI-

THUMAJbHBIM B IIJIaHC 3J0POBbA KOHKPETHOIO I1a-
LMEHTa U BCE CUCTEMBI 3ApaBOOXpaHCHUA B KpH-
TUYCCKUX YCJIOBUAX MAaHACMUU.

CooTBeTCTBME 3aKOHO4ATENLCTBA

P® aTnyeckmum npuHUmnam,
000CHOBbIBAOLUM PELLEeHNs U eNCTBUS
B YC/IOBUSIX MaHAEMU

IlonpobHOE paccMOTpeHHuEe CcyllecTBa 3TU-
YeCKHUX MPUHILMIIOB TJIAHUPOBAHUS B MNEPUOI
ra00ajabHbIX SMNUAEMUN/TIAHAEMUU TMO3BOJISICT
OpOCAeAUTh ILEJOCTHOCTh M AOCTAaTOYHOCTh 3a-
KOHOIATEJbHOIO U BEIOMCTBEHHOro obecrneue-
HUS BO3BMOXHOCTHU COOJIIOACHU ST 3TUX IPUHIIUIIOB
B P®. OOGbenMHEHHBI B3I Ha CIIOCOOHOCTh
CUCTeMBbl 31paBooxpaHeHuss P® ciienoBaTh ycio-
BUSIM oOecrieueHus IIpaBa Ha JUYHYIO CBOOONY,
3alllUTy OT HAaHECEHUs Bpenda, IpaBa Ha 3allUTy
YaCTHOM XXW3HU B YCJIOBUSX KPU3MCHBIX CUTya-
Ui, a TaKXe HCIIOJHEHUE APYTUMX T'yMaHUTap-
HBIX HOpPM, OIIpeAeJeHHBIX ITaHAeMuell, IoKa-
3pIBa€T HaJIMYME aJeKBaTHOIO HOPMAaTUBHOTO
nojiss. OCHOBHOI 3aKOH CTpaHbl, KAKOBBIM SIBJISI-
ercst Koncturynuss P®, npoBo3sriairaer rocy-
MapCTBEHHYIO 3aIlllMTy IOCTOMHCTBA JIMYHOCTU
M HEIONMYCTUMOCTH ero ymaseHus. [Ipu atom ye-
JIOBEK, €T0 IMpaBa 1 CBOOOIHI SIBASIIOTCS, COTJIAaCHO
cT. 2 peiictByromieit Koncturynuu P®, Bpiciieit
neHHocThIo [3]. OcCHOBaMM 3aKOHOAATEIbCTBA UH-
CTUTYyTa BpaueOHOI TalHBI, a TaKXe MHCTUTYyTa
JUYHON M CEMEMHOM TaMHBI, IPEAYCMOTPEHHOIO
cT. 23 Koncturyunu PO u ct. 19 PenepaibHOTO
3akoHa No 323-D3 «O06 ocHOBax OXpaHbI 340pPO-
Bbs TpaxnmaH B Poccniickoit denepanmu», 3a-
KperuIsieTcss MpaBO Ha 3allUTy YAaCTHOU KU3HU
[20]. TapanTust 3amUTHl MEePCOHAJBHBIX JaH-
HBIX obOecneueHa DdemepanbHBIM 3aKoHOM PO
«O06 mHpOpMaAILINHN, THOOPMALTMOHHBIX TEXHOJIO-
rusgx U o 3amure uHpopmauum» ot 27.07.2006 .
n ®enepanbHBIM 3aKOHOM P® «O mepcoHaIbHBIX
nanHbiX» [12, 18]. TIpaBOBBIE HOPMBI, PETYJIUPY-
OIINe CIeIUOUKY MHCTUTYTOB MHPOPMUPOBAH-
HOTO coTJIacus W BpadcOHOI TalHBI B CIIELINAJIb-
HBIX CUTyalMsIX OKa3aHWUs MEAUIIMHCKON MOMO-
I, HaAIJW OTpaXeHWe B TaKUX HOPMATUBHBIX
aktax, kak DenepanbHbll 3aKoH PO No 52-P3
«O caHUTapHO-3MUAEMUYECKOM OJIaronoJydyuu
HaceseHus»» (1999 1), DenepasbHbINE 3aKOH
No 157-®3 «O6 mmmyHonpoduIakTuke MHPEK-
IMUOHHBIX Oosie3Heil» (1998 r.) n DenepaibHBIN
3ak0oH No 323-D3 «O06 ocHOBax OXpaHbI 3I0POBbS
rpaxpaaH B Poccuiickoit ®eaeparnm» (2011 1.) [13,
17, 20]. B0o3MOXHOCTb OMNEepaTUBHOIO YIIpaBJie-
HUS B TIEPUOJ TTaHJAEeMHUM obecrieyeHa KOHCTUTY-
IIMOHHO 3aKPEIJeHHBIM CTAaTyCOM KPUTUYECKMX
CUTYyalllil, KOTJa WHTepechl ObOIIecTBa CTaBSATCS
BbIIIIE UHTEPECOB OTAEJbHBIX JI0Jei. DTU CUTya-

291



0O.1. Kybapb

MHdekumns n uMmyHuTeT

LMY 3aKOHOJATEJbHO IMPOIMUCAHbl B 1. 1, cT. 56
Konctutyuuu P®, rae npenycMOTpeHO, 4YTO
«...B YCIIOBUSIX YPE3BBIUATHOTO ITOJOXECHUS IS
obOecrieyeHNsT 0€30ITaCHOCTH TpaskgaH M 3alIUThI
KOHCTUTYIIMOHHOI'O CTPOSI B COOTBETCTBUHU C (he-
IepaibHbIM KOHCTUTYLIMOHHBIM 3aKOHOM MO-
TYyT YCTaHABIMBATBhCS OTIOEIbHBIC OTPAaHUYCHUS
npaB U CBOOOI ¢ yKa3aHUEM IIPEaesIoB U CpoKa MX
neiictBusi». B @3 «O06 ocHOBax OXpaHBbI 3JI0POBbS
rpaxaad B Poccuiickoit @enepanuu (ct. 20, m. 9,
10; ct. 27) yTOUHEHBI YCJIOBUS OKa3aHUS Meau-
OWHCKOIM ITOMOIIM 0e3 coTrjlacus TpakgaH U HMX
00SI3aHHOCTH: «...MeIUIIMHCKOE BMEIIATEIIHCTBO
0e3 corylacus rpaxkjaHWHa, OMHOIO U3 POAUTEICH
WJIA UHOTO 3aKOHHOTO IIPEACTaBUTENSI JOITyCKa-
€TCs: ...B OTHOLICHUWU JIWll, CTpajarouux 3abo-
JIEBAHUSIMU, TIPEICTABISIONIMMU OTACHOCTD sl
OKpyXaromux...». @enepanbHblit 3akoH PD «O ca-
HUTapHO-3MUAEMUYECKOM OJIaTOIIOYyUYUU Hace-
JICHUW ST» TIPONMCHIBACT BCE CAHUTAPHO-OTPaHUUM-
TeJibHbIE MO3ULIMU B crieliMaibHON cTaThe (CT. 31)
«OrpaHuYUTEIbHBIE MEPOTIPUITUS (KAapaHTUH)».
B naHHOI1 cTaThe 4YEeTKO yKa3aHbl (haKTOPBI, OMpe-
IeSIoIe BBEACHUE OTPAaHUUYUTEIBHBIX MeED,
KpPYT HOJXKHOCTHBIX JIUIl U OpraHoB Biactu P,
MMEIOIMX TIPaBO BHECTU IIPEIJIOKEHUE O BBEIE-
HUU OrPAaHUYUTEJBHBIX MEp, a TaKxke IOpPsIoK
BBeaeHUs 3TUX Mep. [loTHOMOUYMSI 1 OTBETCTBEH-
HOCTBH OPTraHOB TOCYIapCTBEHHOM BJIACTU MO 00¢-
CITEYCHUIO CAaHUTApHOU OXpaHBI Tepputopuu PD
MyTeM BBEIECHUS U OTMEHBbI Ha Teppuropuu PD
KapaHTHMHA M OCYIIEeCTBJICHUS CAaHUTAapHO-KapaH-
TUHHOTO KOHTPOJIS Ha TOCYAAapCTBEHHOM rpaHulIe
P®, a Takke MeXIyHAapOIHOTO COTPYIHUYECTBA
M 3aKJI0UYEHUs HOroBOPOB B 00JlacTU obecrieye-
HUSI CAaHUTAPHO-3MHUIEMHUOJOTUISCKOTO 0J1aToIo-
JIy4usl HaceJeHUSs, MPOMNMNCAHBI B IPYroil cTaThe
naHHoro 3akoHa (cT. 5) [13]. B nmiaHe cienoBaHus
9TUYECKHMM TOAXOJaM IIpU TIPOBEIEHUU CaHU-
TapHO-TIPOTUBOIMUIAEMUYCCKUX  MEPOITPUSITHUI
TaKXe 3acCIIy>KMBaeT PacCMOTPEHUS HOPMAaTHUBHO
3aKperjieHHoe TTpaBo rpaxaaH PD Ha monyyeHue
JNOCTOBepHOII MHMOpMalMu O ¢aKTopax, oKa3bl-
BaIOIIMX BPEeIHOE BAMSHUE HA 30POBbE, BKIIIOUAST
WHGOPMAILINIO O CAaHUTAPHO-3IMUASMUOJIOTHYEC-
KoM Onarorosyuynu. Tak, B mepuoa TaHIEMWUIid,
NpOBeAeHNE MEPOIPUSITUN MO NMPpeaAyPEXACHUIO
3aHOCa U OTPaHUYCHUIO pACIIPOCTPAHEHU S Cayda-
eB 00JIC3HU IPU OCYILICCTBICHUHN MEKIYHAPOIHO-
0 Typu3Ma JOJKHO CTPOUTHCS HA OCHOBAHUU Tpe-
OOBaHMI K BEITIOJTHEHUIO CT. 14 DenepaIbHOTO 3a-
KoHa «O0 OCHOBaxX TYPUCTUUYECKON AEATEIbHOCTH
B Poccuiickoit @enepaunn» uct. 10 PenepaibHOTO
3akoHa «0O0 3amuTe MpaB MOTpeduTENeli» B YaCTU
npaBa Ha TOJIly4eHWe MOJTHOW U JOCTOBEPHOM MH-
dopMaliy O TYPUCTUUYECKOM IIPOAYKTE, TO €CTh
B cydae SIMUASMHUYCCKON CUTyalluu — OO0 omac-
HOCTH TIOBBIIICHHOTO pHcKa M0 MHGPEKIIMOHHBIM
3aboneBaHusaM [11, 21]. UcrtonHeHUe 00513aTe1bCTB

M0 OKa3aHWI0 MEIUITMHCKON TTOMOIIM HACEJICHUIO
He ToJIbKO 3aKkperieHo Koncturyuueit PO kak He -
IpeMEHHOE TIpaBO IpaXiIaH, HO U MpeayCMaTpu-
BaeT (DMHAHCOBYIO OTBETCTBEHHOCTb TOCYyAapCcTBa
B ITepUO] KPU3UCHBIX SIMUIEMUISCKUX CUTYaIIUNA.
DdenepanbHbiil 3aK0H «O0 UMMYHOITPOMUIAKTH -
Ke MH(MEeKIIMOHHBIX 00JIE3HE» IITaCcuT, 4TO «...ou-
HaHCOBOE O0OecIleucHNEe MTPOTUBOSNUICMUUECKUX
MEPOIPUSITUI, OCYIIECTBIIIEMBIX B IIEISIX IPEI-
yOpeXAEeHUsI, OrpaHUYEHUS pPaclIpoCTpaHEHUS
M JIUKBUAAIIMUA WHGEKIIMOHHBIX 00JIe3HEeH, a TaK-
Ke TIpoBeAeHUE MPOPHIAKTUISCKUX ITPUBUBOK,
BKJIIOUEHHBIX B HALIMOHAJbHBIN KaJIeCHIAph SIBIIS-
eTCsI pacXoIHBIM 00sg3aTeabcTBOM P®» (rnasa 11,
cT. 6). HopMbI 1 TTOPSIIOK AeSITEAbHOCTU Ha MEPU-
O]l YPE3BBIYANHBIX CUTYallU, KAKOBOU SBISETCH
naHIeMUs KOpPOHAaBMPYCHOW WHQEKIIUHU, HaXo-
IUTCS B (hbopMaTe MCIMOTHEHU S MOJOXEHUI, Mpo-
nucaHHbIX B rinaBe VI «lapaHTum npaB rpaxmpgaH
M OTBETCTBEHHOCTDH I'paXkIaH 1 TOIXKHOCTHBIX JIUI]
B YCJIOBUSIX YpE3BbIYATHOTO MoIoXeHUs» [17].

OTpaalHO OTMETUTh, UTO B 3aKOHOJATEJbCTBE
P® nHauuio oTpaxeHue 3TUUYECKOE ITIOHMMaHUe
OPUHIINIIA B3aMMOICHCTBUS ITyTeM ITOOIECPKKU
TeX, Ha KOTO BO3JIOKEHO MaKCUMaJIbHOE OpeMsl OT-
BETCTBEHHOCTH TI0 3alllMTE OOIIECTBEHHBIX UHTE-
pecoB. Tak B M3 «O6 ocHOBax OXpaHbI 310POBbS
rpaxnaH B Poccutickoit @enepaninm» 3TUM BOIIPO-
caM nocBslleHaaBa 9 «MeaunHCK e paOOTHUK U
n dapMalneBTUUECKE PaOOTHUKMN, MEIUIIMHCKUE
opranusauuun» [20]. JaHHoe mojoxKeHrue OCHOBAHO
Ha KOHCTHTYILIMOHHO 3aKpEIJICHHOM IIpaBe KaXK-
JIOro 4YeJIoBeKa «...Ha TPy B YCJIIOBUSAX, OTBEYalo-
LIUX TpeOOBaHUSIM O€30MacHOCTU...» (M. 3, cT. 37
Koncturyuun P®D) [3]. DT ycnoBust onpeaeanim
XapakTep COBPEMEHHBIX ONIepaTUBHBIX aKTOB U MO~
cranoByienuii [IpaButenscrBa PP nmpu COVID-19
B YacCTH, Kacalollelcst 3allUThl 1 MMOOIIPEHUS Me-
JUILIMHCKUX PaOOTHUKOB [22].

B mrane coyeTaHHOTO MCIIOJHEHMSI TIPUHIIM-
OB COJMIAPHOCTH, CHPABEIJIMBOCTH W YIpaB-
JICHUsI, CIICUAJIbHOTO BHUMAHUS 3aCIy>KHWBaeT
npodeccroHalbHOE HAMNOJHEHHWE JaHHBIX OTU-
yeckux HopM. Ilo pesyibraTaM aHanm3a ACUCTBY-
OIIX CTAaHIAPTOB M CTpaTeTUU IIPOM3BOICTBA
W TIpUMEHEHUSI HOBBIX CPEICTB M METOHOB IMa-
THOCTUKM, JICYEHUSI U NMPODUIAKTUKU, a TaKXKe
IPYTUX 3HAUMMBIX XapaKTePUCTUK TJIaHUPOBAHUS
W yOpaBJICHUS, 00S3aTCIbHBIM SIBJISIETCS BKIIIO-
YyeHue rmapaMeTpa COMOCTaBJIEHMSI PUCKA,/TIOIb3bI
OT MOTEeHIMAJbHBIX pelleHUl u neicteuii [14, 19].
IIpuopuTeT 11€10CTHOrO MOAXOHA, BKJIIOYAIOIIETO
PaBHOIIEHHYIO 3HAYMMOCTh MEAMIIMHCKON U 3TH-
YEeCKOW CTOPOH OKa3aHW$ DKCTPEHHOUM MOMOIIN
TSIKEJIBIM OOJIBHBIM W3 TPYIIIT pUcKa B TIEPHOL
COVID-19, 6b11 yoenuTeabHO IIPOAEMOHCTPUPO-
BaH akagemukoM PAH A.l. UyuanuHbsiM, npence-
nateneM Poccuiickoro KoMmuTeTa o OMo3TUKE NpU
komuccuu P® mo menam FOHECKO, B akTyajb-
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OTunyeckuii kommeHTapuin k COVID-2019

HOM uHTepBblO «[THeBMOHUM—2020» TejekaHaly
«IMEDtv» ot 13 mapta 2020.

IToMmumMo rapaHTUl TOoCygapcTBa B OTHOIIE-
HUM KadyecTBa MEAUIIMHCKOW MPOAYKIIMU U YyC-
JIYT, HENpPEeMEHHBIM YycjoBueM GOPMUPOBAHUS
JIOBEpUSs SBJSIETCSI KadyeCTBO MH(OPMAIIMOHHOTO
COIPOBOXAEHUSI BCEX IMPOTUBOIMUIAEMUYECKUX
Mmeponpustuit. PakT HeoOXomMMOCTH UHGOP-
MUPOBAHUSI HaceJeHUs 00 yrposax, CBSI3aHHBIX
C maHAeMueil, u Mepax 3allUuTbhl HaXOAUT MECTO
BO BCEX ONepaTUBHBIX AOKyMeHTax P®. OmHako,
KakK ObIJIO OTMEYEHO BbIIIE, B OTAECIbHBIX CIydasix
OTCYTCTBYET MPOPadOTKa U KOHTPOJb 3TUUYECKUX
NPUHLMIIOB  pacrnpocTpaHeHUs  WHOOpMalLUuu
B CMWU u B UHTEepHETE, YTO OIpeaeisieT nepcriek-
THUBBI TI0 COBEPIIEHCTBOBAHUIO JAHHOTO KOMIIO-
HEHTa MOATOTOBKW W YIIPaBJEHUS KPU3UCHBIMU
CUTYyallMsSIMU B 3APABOOXPAHEHUU.

C TOYKM 3peHHus aAeKBaTHOIO PEeCypCHOro
obecrieyeHUsT OAHUM U3 HauboJjiee KPUTUUYHBIX
MOMEHTOB, TaKe MPOJEMOHCTPUPOBAHHBIX B yC-
JIOBUSIX COBPEMEHHON 3MUAEMUUYECKON CUTyalluu
U OAHO3HAYHO TPEOYIOLINUX MOCEeNYIOIIEeTo YI1yo-
JIECHHOIO aHaju3a U MOouCKa pelIeHUld, SIBaseTCs

coluajbHas U TyMaHUTapHasi 3aBUCUMOCTb TIep-
CHEKTUBHBIX HAayYHO-TEXHUYECKUX pa3paboToK,
4TO TIpeArioiaraeT yKpernjeHue yCuJIMii HayYHOTro
coo011ecTBa MO CO3IaHUI0 OTEUYECTBEHHOTO apce-
Haja CpeJACTB U METOMIOB 3alllUThl B paMKaXx ITpHUO-
PUTETHBIX TOCYIapCTBEHHBIX ITPOEKTOB.

3ak/yeHme

Pestomupyst Mmatepuaisl, IIpeacTaBiIcHHBIC B JaH-
HOM COOOIIICHNH, MOXXHO KOHCTaTUPOBAaTh, UTO 1IEJTh
MOCTUKCHUST STUYCCKOM IIEJIOCTHOCTH PEIIeHUM
W ICMCTBUIT Ha BCEX YPOBHSIX YIIPaBJICHUSI B Upe3-
BBIYATHON CUTYallMW SMUIASMUN/TTAaHIeMU MH(HEK-
OMOHHOTO 3a00JICBaHMS, 3VKICTCS Ha CICHOBAHUU
OPUHIIMIIAM COIIMAJIBHOM OTBETCTBEHHOCTH, COJIM-
TapHOCTHU, OTKPBITOCTA, 0OOCHOBAHHOCTHU U TTOHOT-
YEeTHOCTU TPaKJaHCKOMY OOIIecTBY. TOJIBKO MpHU-
BEPXXECHHOCTb 3TMM HPAaBCTBEHHBIM OCHOBaM M X
BKJIFOUYCHME B KOMILICKC CaHUTApPHO-3IMUICMUYEC-
KUX, MEIUIIMHCKHNX, 3KOHOMUYECKHMX, ITPABOBBIX,
aIMUHHUCTPATUBHBIX M COLIMAJIBHBIX TEXHOJIOTHA,
CIIOCOOHBI 00ECITeYNTh YCIIeX W MPeaoTBPaTUTh He-
00OCHOBaHHBIC PUCKMU.
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UCCJIEJOBAHUE OTAEJIbHbIX
3BEHLEB UMMYHHOWU CUCTEMbI
MbILLEW, UMMYHU3UPOBAHHbIX
CAUT-CNELUDOUYECKUMU MYTAHTAMU
BUPYCA TPUINA

C.I. Mapkymun, H.K. Axmarosa, B.H. Croannukosa, 1.1. AkonoBa, A.A. Prumes,
E.O. KannHnyeHKoO

OIbHY HUHU sakuun u coreopomox um. M. U. Meunuxosa, Mockea, Poccus

Pestome. [TyTem mpsiMoOro BBeAeHUS ts-MyTaIldi U3 TEHOB, KOTUPYIOMMX OCIKY IMTOJIMMEPa3HOT0 KOMILIEKCa psaa X0-
JIOI0a AT POBAHHBIX IITAMMOB — JOHOPOB aTTeHYAIIMY BUpPYyCa TPUIIIIA B TCHOM BUPYJIeHTHOro mTamma A/ WSN/33
(HINI), 6p111 OoTyYeHbI CAUT-crienubUIecKe MyTAaHTbl — KaHUJAThI B XUBbIE TPUTIIO3HBIE BAKIIUHBL. B TaHHOM
COOOIIEHNM TIPEJCTABIEHBI PE3YJIbTaThl CPABHUTEIBHOTO MCCIICIOBAHUS OTAEIbHBIX 3B€HbEB UMMYHHOM CUCTEMBI
MBI, UMMYHU3UPOBAHHBIX WHTPaHA3aJIbHO MYTaHTaAMU M KJIACCUYECKHUM XOJIOM0aTaNTHPOBAHHBIM peaccop-
TAHTOM, TIOJTYYeHHBIM TTYTeM CKPEIMBaHUS X0J010a allTUPOBAaHHOTO ITaMMa — noHopa A/KpacHomap/101/35/59
(H2N2) co mrammom A/WSN/33 (HINI1), nmeromnm cxoHbIe MOBEPXHOCTHbIE AHTUTEHBI (TEMATTTIOTUHWH U HEeli-
paMMHMAa3a) ¢ MyTaHTaMu. M3yyeHue MMMYHO(EHOTUIIa MOHOHYKJICAPHBIX JEHKOLIMTOB UMMYHU3UPOBAHHbBIX
MBIIIEH CBUAETEIbCTBOBANO 00 YMEPEHHOM CYMPECCUPYIOIIEM BAUSHUU CalT-creluduiyeckux MyTaHTOB U XA
peaccopTaHTa Ha OTIEJbHbIC CYOIOMYISIIMY UMMYHOTPOITHBIX KJIETOK. Bce mccneayemble BUPYChl MHAYLIMPOBAIU
Yy UMMYHU3MPOBAHHBIX MBIIICH aKTUBALMIO psiga cyormomyasuuii auMdorutos, BKiaodas MHC II-mo3utuBHBIE
kjaetku, CD45*/CD19* B-numbouutel 1 HatypaiabHbie Kujiepbl (CD16/327/CD3-). Cpoku U cTenieHb aKTUBALIMI
OTAEIbHBIX CYOMOMYISILU 3HAYUTEIbHO OTIMYAIKUCh. Y MbIIIEH, UMMYHU3MPOBAaHHBIX MyTaHTaMu M26 u U2, Ha-
Oatomanoch HanboJjiee aKTUBHOE MOBbIIeHUe KonnuecTBa CD16/327/CD3~ skcnpeccupyolux KJIeTOK Ha BTOPbIE
CYTKU TIOCJIe BTOPOI UMMYHU3AIINY 110 CpaBHEHUIO ¢ KOHTposieM (p < 0,05), 4To MOXKeT yKa3blBaTh Ha BaXKHYIO POJIb
HaTypaJ bHBIX KMJIJIEPOB B AKTUBAIIMM UMMYHHOT0 0TBeTa. B oTHomeHuu cyononynsuit CD4*/CD25*/Fox P3 pery-
JTITOPHBIX KJIeToK, CD4* T-xenmepoB u CD8" nuTOoTOKCHMYEeCKMX TMM(MOILKMTOB CYIIECTBEHHBIX U3MEHEHU I Ha PO~
TSDKEHUM BCETo CpoKa HaONIONCHUI He 0TMEYasioch, 3a UCKJIIOYEHUEM PEe3KOTO CHUXXEHUS KOJIMYECTBA aKTUBUPO-
BaHHBIX CD4*/CD25" kneTok (B 4 pa3a) Ha celbMble CyTKM T0CJIe BTOPOM MMMYHM3allMK MbIIIeil MyTaHToM M26.
MytanTtsl U2 1 M26 Bri3biBaiu 6osee ymepeHHoe nopbimeHne TLR2- u TLR4-no3uTuBHBIX KyieToK. MccnenyeMbie
BHUPYCHI OKa3bIBaJIM HEOMHO3HAYHOE BIMsIHUE Ha KoanuecTBO TLRY-akcnpeccupyonimx Ki1eToK y MMMYHU3UPOBaH-
HBIX XKMBOTHBIX. Bce uccienoBaHHbIe BUPYCHI MOBBIIIAIN (DarOIIUTapHYI0 aKTUBHOCTH MOHOLIMTOB, HO HE HEHTPO-
uoB. HecMoTpst Ha yMepeHHYI0 aKTUBAIINIO UCCIIEAOBAHHBIX 3BEHBEB BPOXKICHHOIO U a1alITUBHOIO UMMYHUTETA,
calT-crenuduIecKre MyTaHTHl aKTUBHEE BO3IEHCTBOBAIM HAa TyMOpaJbHbIC peaKIINU, MHIYIUPYs HapacTaHUE TH-
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TPOB aHTUTECJ, IPUIYEM UMMYHOICHHOCTb MYTAaHTOB Oblia BbIIIC, YEM MMMYHOI'CHHOCTD X0JIO40aAAIITUPOBAHHOI'O
pfacCcopTaHTa. l'lonyquHbIe JAaHHBIC CBUACTCJILCTBYIOT O NEPCIIEKTUBHOCTHU NCITIOJIb30BaAHU A CaﬁT-CHCHI/I(I)I/I‘{CCKVIX
MYTAHTOB B KQYE€CTBC KN BbLIX I'PUIITIO3HBIX BAKIIMH.

Karuesvle caosa: supyc epunna, caiim-cneyuguueckue Mymanmol, AmmeHyayus, UMMYHOLEHHOCMb, CYORONYASYUU AUMPOUUMOS,
Toll-nodobubie peyenmopsl, pazouumos.

EXAMINING IMMUNE ARMS IN MICE IMMUNIZED WITH SITE-SPECIFIC INFLUENZA VIRUS
MUTANTS
Markushin S.G., Akhmatova N.K., Stolpnikova V.N., Akopova I.1., Rtishchev A.A., Kalinichenko E.O.

Mechnikov Research Institute for Vaccines and Sera, Moscow, Russian Federation

Abstract. Site-specific mutants as candidates for live influenza vaccines were resulted from directly introducing into
the genome of the pathogenic influenza virus A/WSN/33 (HINI) strain ts mutations derived from the genes encoding
the polymerase complex proteins from some cold-adapted strains serving as attenuation donor. Here we present the data
of a comparative study examining immune system arms in mice immunized intranasally with influenza virus mutants and
classical cold-adapted reassortant obtained by crossing cold-adapted strain Donor A/Krasnodar/101/35/59 (H2N2) with
strain A/WSN/33 (HINI1) bearing surface antigens (hemagglutinin and neuraminidase) similar to mutants. Immunophe-
notyping mononuclear leukocytes from immunized mice indicated at moderate suppressive effect after using site-specific
mutant and the HA reassortant viruses on some immune cell subsets. All viruses in immunized mice resulted in activa-
tion of certain lymphocyte subsets including MHC II-positive cells, CD45"/CD19* B lymphocytes and natural killer
cells (CD16/327/CD3"). Timescale and magnitude of activation markedly differed for each cell subsets. Mice immunized
with mutants M26 and U2 peaked with count of CD16/32*/CD3~expressing cells on day 2 after the second immunization
compared with control (p < 0.05) that may suggest about an important role for NK cells in activating immune response.
In contrast, no significant changes were observed during the study in percentage of CD4*/CD25"/Fox P3 regulatory
T cells, CD4" T helpers and CD8* cytotoxic cells, except for a sharply decreased count of activated CD4*/CD25" cells
(4-fold) on day 7 after immunization with mutant virus M26. Moreover, mutants U2 and M26 more moderately increased
percentage of TLR2- and TLR4-positive cells. The viruses studied ambiguously affected count of TLR9-expressing cells
in immunized animals. All viruses increased phagocytic activity in monocytes, but not neutrophils. Despite the mode-
rate activation of innate and adaptive immunity arms, site-specific mutants more profoundly affected humoral reactions
inducing increased antibody titers, so that immunogenicity of mutant viruses was higher than that of the cold-adapted
reassortant. Thus, the findings hold a promise of using site-specific mutants as live influenza vaccines.

Key words: influenza virus, site-specific mutants, attenuation, immunogenicity, subpopulations of leukocytes, Toll-like receptors, phagocytosis

BBepneHune

BBeneHne B MpakTUKY MOJYUYEHUST TPUIIIO3-
HBIX KMBBIX BaKIIMH T€HHO-WHXCEHEPHBIX IMOI-
XOHOOB MOXET 3HAUYMTEJIbHO ONTUMU3UPOBATH OT-
IeJbHBIC 3Talbl 3TOTO IIpoilecca. B wacTHOCTH,
B ITOCJIeAHEee BpeMsI OOJIbIIOI MHTEpEC CPpean HC-
ciaemoBaTesieil BRI3BIBACT MOIXOI, IPEAIIoIararo-
MU TIpSAMOE BKJIIOUCHHE tS-MyTaluii, B3SITHIX
W3 TeHOMa XOJIoJOoamdalTUPOBaHHBIX (XA) IITaM-
MOB — IOHOPOB aTTeHYyaIl1 B TCHOM aKTyaJIbHOTO
SMUAEMUYECKOTO IITaMMa Bupyca rpumnmna [4, 5, 8,
9]. INonyyeHHBIC TaHHBIC CBUAECTEIBCTBYIOT O TOM,
YTO aTTEHYMPOBAaHHbBIE BApUAaHTHI BUPYyca IpUIIIIa,
MOJIYYEHHBIE C TTOMOIIBIO CalT-Creln(pUIECKOTo
MyTareHesa, WHAYLUPYIOT MNPpU HUMMYHHU3aALUU
0oJiee BBICOKHM I r'yMOpabHbIN OTBET U 00J1a1a10T
0oJjiee BBICOKOUM 3((PEeKTUBHOCTHIO B OMbITaX MpHU
TOMOJIOTMYHOM M FeTepOJTOrMYHOM KOHTPOJIbHOM
3apaxeHuu [6, 12] OmHakKo MOJEKYISIPHO-KJIIE-
TOYHBIE OCHOBBI BEICOKOM 3 (HEeKTUBHOCTHU CaliT-
criennUIeCKUX MYTAaHTOB BUpyca TPUIIIA OCTa-

I0TCS Heu3yuyeHHbIMU. B maHHOIT paboTe Ha Moe-
JIU calT-cneuruduyecKuXx MyTaHTOB mITamMMa A/
WSN/33, uMeouux pa3aIundyHOe KOJIUIESCTBO MY-
TalMi B TeHAX, KOAUPYIOWINX OCJIKY MOJINMeEpPaA3-
HOTO KOMILJIeKca M MX pa3JIMIHOEe pacupeaeacHre
B 3TUX I'eHAaX, MBI ITOTBITAJINCh UCCICAOBATH BTV -
HWEe WHTpaHa3aJIbHO MMMYHU3allUU JTaHHBIMU
MYTaHTaMW Ha OTIOEJIbHBIC 3BEHBSI HMMMYHHOTO
OTBETa MbIIIEi, B35IB B KaUeCTBE 00bEKTa CpaBHE-
HUus XA peacCOpTaHT, MOJYYEHHBIN MyTeM CKpe-
muBaHusg XA mramma A/Kpacnomap/101/35/59
(H2N2) u BupyieHTHoro imTtamma A/WSN/33
(HINI) 1 uMmeromuii obue mMoBepXHOCTHBIE aH-
TUTEHBI C CAUT-CHeINPUICCKUMHU MyTaHTaMU.

Matepuanbl n MeTob!

Bupycoi. B pabote wucnosib3oBaau CalT-
crrennnduueckme MyTaHTHI ImTamMma A/WSN/33
Bupyca rpunma [1, 6]. Mytant M26 umen 3 ts-
myTauuu B PBl-reHe, mnojsyyeHHble W3 TEHO-
ma XA mrtamma A/DHH Ap6op/6/60 (K 391 E,
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E 581 G, E457 D), mytauuio V290L B PB2-
reHe, ITOJYYEeHHYIO M3 reHoMa XA mrTamMmma A/
Kpacnonap/101/35/59, wu wmyraumio F 658 A
B PA-rene. Mytant U2 umen 3 myrauuu B PB2-
reHe, MOJIyUeHHble M3 reHomMa XA 1ITaMMOB
A/DHH Apb6op/6/60, A/Kpacnomap/101/35/59
u A/Jlenunrpan/134/17/57 (V290L, V478 L,
N 265 S coorBercTBeHHO). MyTtanT LAK2 nmen
2 mytauuu B PB2 reHe, mojsiydeHHBIE U3 T'€HO-
Mma XA mrammoB A/Jlenunrpan/134/17/57 n A/
Kpacnonap/101/35/59 (V478 L, V 290 L cooTBeT-
CTBeHHO). B paboTe TakxKe ObLI UCIIOIB30BaH XA
peaccopTaHT, UMEIOLINN 6 «BHYTPEHHUX» I'€HOB
ot XA mitamma A/Kpacuonap /101/35/59 u 2 rena,
Koaupyroliye TmoBepxHocTHBIe 0enku HA u NA
or mramMma A/WSN/33. Bce wucronb3oBaHHBIEC
B paboTe BUPYCHI MMOAICPKUBAJIN ITYTEM MacCakei
B 10—11-m1HEBHBIX KYPUHBIX SMOpPUOHAX.

Cpasrumenvnoe uccaedoganue UMMYHOEHHOC-
mu caiim-cneyuguueckux mymaumos u XA peac-
copmanma. B paboTe ucnoyib3oBaiu Oecrnopoj-
HBIX MBITIIeH (caMKH, Bec 10—12 T) U3 MTUTOMHUKA
PAH «Anapeeska». ['pynIibl MbllIeil ObLJIA UHTpPA-
Ha3zaJbHO MMMYHU3UPOBAHBI JIBYKPATHO [T0O30M
105 DU A5,. UHDEeKIMOHHBIT MaTepual BBOAUIICS
MbillIaM B o0bemMe 50 MKJI MoJ JerkKkuM 3(UPHBIM
HapKo30M. MpbIllIaM KOHTPOJBHOW TPYIIBl IBY-
KpaTHO BBOAUIU ¢uszpactBop. Uepes 10 nHeit no-
cJIe BTOPOM MMMYHUM3aIlMU Y MbIlIell Opajiu KpOBb
W OTIPENEISIIN TUTP aHTUTEJ, UHTUOU PY IO UX I'e-
MarTJIIOTUHAIIUIO.

Ouenka cyononyasiyuOHHOU CMpyKmypbl AUMGPO-
yumoe. Yepes 7 cyToOK 1ocJjie nepBoii U Ha 2-e u 7-¢
CYTKM MOCJIe BTOPOIX UMMYHU3ALIUU Y XKUBOTHBIX
OCYILIECTBJISIIM TOTaJIbHOE B3SITME KPOBU IO
3(UPHBIM HapKo30M. B kaxkaoit rpymrie OblJIO UC-
MoJb30BaHO Mo 14 )kuBOTHBIX. OLIEHKY CyOmoIy-
JISITAOHHON CTPYKTYPHl JUMMOILIMTOB OCYIIECT-
BJISIJIA METOAOM MPOTOYHON LIUTOMETPUU C MPU-
MEHEHHUEM MOHOKJOHaJbHBIX aHTuUTen (MKA)
(eBioscience, CIIIA) npoTUB KJIETOYHBIX aHTUTE-
HoB. KpoBb nHKyOUpoBanu B npucyrctBumu FITC-
u PE-MeueHHBIX aHTUTEN COIrJIaCHO HHCTPYK-
WU TIPOU3BOAUTEIISI. DPUTPOLUTHL pa3pyllialin
C TIOMOIIbIO JTU3Upylomero pactBopa «Optilyse»
(eBioscience, CIIIA). 3aTeM KJIeTKH ABa pa3a OT-
MbIBanu xojomHbeIM PCB. Pe3ynpTaThl yIUTHIBA-
1 Ha npoTodyHoM 1tutomeTpe «Cytomix FC-500»
(Beckman Coulter, CIIIA). MccnemoBanu comep-
XXaHMWEe KJIETOK C 9KCIIPeCcCHeil KJIETOYHBIX aHTHU-
renoB: CD45*/CD3*, CD3*/CD8", CD3"/CD4",
CD47/CD25*, CD4*/CD25*/Foxp3, CDI16/32%/
CD3-, CDIl16/32*/CD3*, CD45%/CDI19*, CDI19*/
CD5", 6eaxoB MHC II x1acca. Tak:ke olieHUBaJIu
comepXaHue KJEeTOK, skcrpeccupyromux TLRs
(TLR2, TLR4, TLRY). l'eiit nonyasuuu KJETOK
yCTaHaBJIMBAaJU Ha OCHOBE KOMOWHAIIUU TIPSIMOTO

1 OOKOBOI'O CBETOpACCESIHUS U pa3Mepa KJIeTOK.
I1pu yueTe pe3yabraToB nmoacuuTbiBaau 5000 kie-
TOK B Fe€HTe.

Onpedenenue gpacoyumapHoii aKMUBHOCMU MO -
Hoyumos u Heiimpoguaros. ParonmuTapHyIO aKTUB-
HOCTB OINpPEHESIsSIIN 1O ITOTJIOTUTEIBbHON CIOCco0-
HOCTHU YOUTHIX HaTrpeBaHMEM MUKPOOHBIX KJIETOK
S. aureus MOHOLIUTAMU W HeWTpoduIaMu Tepu-
bepruecKoil KpOBUM UMMYHU3UPOBAHHBIX MbIIIEH
(n = 10). YouTble HarpeBaHUeM OaKTEepUU OKpa-
muBanu FITC. K nepudepuyeckoit KpoBU MbI-
weit npubapiasan FITC-meuennie 6akrepun (10°
MHUKPOOHBIX KJIETOK/MKJ). 3aTeM IIpPOBOAMJIACH
OTMBIBKa HEIOTJIONEHHBIX OaKTEePUId.

KonnyecTBO MOHOILIUTOB UM HEUTPOdUIIOB,
zaxBaTuBnx FITC-mMeueHble OakTepuu, oIpe-
NeJSJId C TIOMOIIbIO MPOTOYHON ILIMTOMETPUU
(«Cytomix FC-500» ¢upmbel Beckman Coulter,
CIIA, ¢ CXP nporpaMMHBIM oOecredeHUeM).
T'eliT KJ1eTOUHOU MONYISALUU ONPENEISIIN MyTeEM
OIIEHKHU (PpOHTAIBHOTIO M GOKOBOTO CBETOPACCEH -
BaHUS U pa3Mepa KJeTokK. B kaxmom reiite oie-
HuBaau 10 000 kynetok. Pe3ynabraT npeacraBasiaim
KakK MPOLIEHT HEUTPOdUIOB MU MOHOIIUMTOB, (a-
rOUMTUPOBABIINX yOouTble HarpeBaHuem FITC-
MeueHble OaKTepuaabHbIe KISTKU S. aureus.

Cmamucmuueckas oopabomka dannvix. CTaTnc-
TUYecKast 00paboTKa JaHHBIX IPOBOAMIACH C IO~
MOIIbIO IPOTPAaMMHOTO obOecrieyeHud Statistica 10.
JIOCTOBEPHOCTH Pa3IUUYUil MEX/Ty CpaBHUBAEMBbI-
MM BeJIMUYMHAMU OIpPENesiii B paMKax Helapa-
MeTpuYecKoil 6a30BOM CTaTUCTUKU C UCIIOIb30-
BaHuem U-kputepust ManHa—YutHu. Paznuuus
paccMaTpuBaluCh KakK 3HAYMTEJNbHBIE mpu p <
0,05.

Pesynbrathl

Hmmynopenomunuueckue  xapaKkmepucmuxu
MOHOHYKNCAPHBIX ACUKOUUMOE Mblilell, UMMYHU3U-
POBAHHBIX UHMPAHA3AAbHO cAlim-cneyuguuecKumu
mymanumamu wmamma A/WSN/33 eupyca epunna
u XA-peaccopmanmom. Kax BUAHO U3 TaOJIULHI 1,
MHTpaHa3ajJbHOE BBEACHUE MbIlIaM XA peaccop-
tanta A/Kpacnonap/101/35/59 x A./WSN/33 co-
IPpOBOXIaJIoCh CHUXeHueM Konmyectsa MHC I1-
9KCIIPECCUPYIONINX KJIETOK Ha 7-¢ CYTKM ITOCIIe
nepBoit uMMyHu3anuu (—22%). OmHako Ha Tep-
BBIE ¥ HAa 7-€ CYTKHM IOCJIe BTOPOl UMMYHU3aIIUN
Habawaanoch Hebosblnoe nmoBbimieHue MHC 11-
aKCcIpeccupyromux kjaetok (B 1,3 m 1,2 pasa).
Hapsny ¢ aTuM oTMevajiach HEBbICOKasi aKTUBa-
uusg B-numdouurtos, conepxaliux Ha CBOei Io-
BepxHocTu perentop CDI19, hpyHKIIMOHUpPY O
Kak kopenemntop ¢ CD21 u CDS8I. IloBbimenune
KOJIMUeCTBa 3TUX KJIETOK Habjroaanoch Ha 2-e
cyTku (B 1,4 paza) u Ha 7-€ CyTKM mocJjie BTOpoii
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TaGnuua 1. CyononynsuMoHHasa CTPyKTypa nMmM¢oLUTOB Y UMMYHU3UPOBaHHbIX Mblluei, %

Table 1. Subpopulation structure of limphocytes of immunized mice, %

Cpoku onpepeneHus

The time CD45*/CD3* CD3'/CD8a+ CD3*/CD4* cp4;cp2s: | ©P4/CD25
o Foxp3
of determination
Fpynna 1 (mytaHt M26) (M+SD)
Group 1 (mutant M26) (M+SD)
7oyt lumm. 68,76:2,27 12,741,26 53,5+1,63 2,5¢0,3" 2,36+0,4
7 day limm.
2 cytllumm. 63.7+1,16% 20+1,41* 40,42 2.96+0.3 26+0,2
2 day Il imm.
7eyrll umm. 63,1£2,61 15,55+0,42* 48,55+1,5 1.42+0,22* 4.97+0,25
7 day Ilimm.
F'pynna 2 (mytaHT U2) (M+SD)
Group 2 (mutant U2) (M£SD)
7eyrlumm. 65,6+1,25 16,43+0,87 49,46+1,98 4,43+0,35 3,7620,55
7 day limm.
2cytllumm. 65,46+2,05 19,56+1,26* 50,26+2,05 5,73+0,35* 4,6+0,3
2 day llimm.
7eyrll umm. 73,542,64° 1375411+ 514135 3,0+0,33" 3,5+0,29*
7 day Ilimm.
Mpynna 3 (myTaHT LAK2) (M+SD)
Group 3 (mutant LAK2) (M£SD
7cyrlumm. 64,3+0,9* 15,43+0,97 42,442 07 3,33£0,35 2 66+0,35
7 day limm.
2cyrliumm. 64,56+2,1 14,2411 46,53+1,91 3,03+0,25 2730,25
2 day Il imm.
7eyrll umm. 67,542,58 15,72+0,62 42,62+1,98 4,05+0,2* 3,87+0,29
7 day Il imm.
Mpynna 4 (XA PeaccopTaHT) (M£SD)
Group 4 (CA Reasortant) (M£SD)
7cyrlumm, 72,36+1,69 17,43+0,97 51,46+1,27 3,43+0,3 3,2+0,2
7 daylimm.
2cyrllumm. 66,7+1,56 16,43+1,09 40,5+9,92 3.96+0.45 3,33+0.35
2 day Il imm.
7eyrll umm. 66,6+3,1 14,67+0,86 45,65+4,12 4,87+0,46 4,7+0,39
7 day Il imm.
Fpynna 5 (koHTponb) (M£SD)
Group 5 (control) (M£SD)
7eyrlumm. 69,23+2,45 14,6+0,9 49,5419 4,93+0,6 4,06+0,25
7daylimm.
2 cytllmm. 69,96+2,41 17,36+1,07 48,3+2 3,9+0,3 3,26+0,25
2 day Il imm.
7cyrllumm. 69,75+3,1 18,3+0,84 54,3541 63 5.640,25 5 44+0,25
7 day Ilimm.

Mpumeyanune. * p <0,05 — LOCTOBEPHOCTb PA3NNYMIA OTHOCUTENBHO KOHTPONS (HEUMMYHU3UPOBAHHBIE MbILLM) B COOTBETCTBYIOLLVIE CPOKM

HabnoaeHns (Tect MaHHa-YUTHM).

Note. * p <£0,05 — trustworthiness of differences relatively control (unimmunized mice) in time of observation (Mann-Witney test).

298



2020, T. 10, Ne 2

MyTaHTbI BUpYCa rpunna u UMMyHUTET

uMMyHu3auuu (B 1,6 pasa). Y Mmbliieir, UMMYHHU-
3MpOBAaHHBIX XA peaccoOpTaHTOM, ITOBBIIICHHAS
aKTHUBaOMs OTMeUYeHa Cpeay HaTypaJbHBIX KUJI-
JIepoB, 3Kcrpeccupymomux oemok CDI16, nHa 2-i
U 7-i IeHb Iocjie BTOpoil ummyHu3zauuun (B 1,64
n 2,1 pasa coorBeTcTBeHHO). [Ipn 3TOM HeEe Ha-
Oaroganoch 3aMeTHOM aKTUBAlLlMX CyOMOMyasI LU i
CD4/CD25 u CD4/CD25/Foxp3 peryasiTopHBIX
KJIETOK Ha TMPOTSIXEHUU BCEro mnepuoaa HadJo-
neHusi. UMMmyHusanusa meimeit XA peaccopTtaH-
TOM COIIPOBOXJAJlach HEOOJNBIINM CHUKCHHUEM
YUCJICHHOCTU T-XenmepoB Ha TO3MHUX CpPOKax
UMMYHM3auu (Ha 2-i IeHb TTO0CJIe BTOPOIl UMMY-
Huzauuu (—17%) v Ha 7-ii AeHb OCJIe BTOPOIA UM-
myHusauuu (—17%). Hapsimy ¢ 3TuM He BbISIBJIEHO
CYILIECTBEHHBIX U3MEHEHUI B unciaeHHocTu CD8-
OUTOTOKCHUYECKUX IUM(POIUTOB Ha ITPOTIKECHUN
BCEro nepuojaa HabaoneHul (tadJ. 1).

N3 tabauubl 1 BUAHO, YTO MHTpaHa3ajabHOE
BBeneHue MbliraM Mytanta LAK2 Ttakxke conpo-
BOXJaJIOCh CHUXeHueM kojaumdyectBa MHC II-
9KCIIPECCUPYIOIIMX KJETOK Ha 7-€ CYTKM MocJje
nepBoii UMMYyHU3aun (—22%) ¢ MOCIeaYIOIINM
HeOOJbIIMM TOBBILIEHUEM Ha 2-€ U 7-€ CYTKHM MOo-
ciie BTopoit uMMmyHusauuu (B 1,36 u 1,4 pasa co-
OTBETCTBEHHO). B oTnnuune ot XA peaccopraHTa
myTaHT LAK2 vHOyunmupoBall yMepeHHYIO aKTH-
Balnuio, B cpenHeM B 1,4 pasa, B-numdpouurtos,
9KcIpeccupyromux mojiekyay CDI19 Ha cBoeit
MOBEPXHOCTHU Ha MPOTSI)KEHU U BCEro neproaa Ha-
omoneHuii. [lpyu umMmyHusanuu mytrantom LAK?2
Habonanach 3aMelJieHHass akKTUBalus HaTy-
paldbHBIX KHJIJIEPOB Ha 7-¢ CYTKH IIOCJIC BTOPOIit
nMMyHmn3anuu. Takxke Ha 7-¢ CYTKH IOCJEe BTO-
poii MMMYHHU3allMd OTMEYEHO MOBBIIICHUE KO-
JINYECTBA KJIETOK € dKcIpeccuein mapkepa CDI16
B 2 pa3a. ¥ Mbllei, uMMyHU3upoBaHHbIX LAK?2,
He HabjroJanoch 3aMEeTHOM aKTMBallUM CyOMo-
nyasguuii  CD8-LUMTOTOKCUUYECKUX JUM@POLU-
TOB, peryasITOpHBEIX KiaeTok CD4/CD25/Foxp3,
n Th-2 ¢ mapkepom paHHeit aktuBauuum CD4/
CD25 Ha mpoTsIXKeHUU BCETro Nepuoja Habmaiome-
Huii. B otnuuue ot XA peaccopTaHTa U MyTaHTa
LAK?2 y MbllIeii, UMMYHU3UPOBAHHBIX MYTaHTOM
U2 He Habnwogaaoch CHUXEHUS CYOMOMyJsuu
MHC II-skcnpeccupyromux KaeToK Iocjie Mnep-
BOUl uMMyHU3auuu (tadma. 1). [Ipu aToM 6bLJIO OT-
MEUEeHO MOBBIIIICHNE YUCICHHOCTH KJIETOK Ha 2-U
" 7-11 1HU TTocjIe BTopoii uMMyHmn3anuu (B 1,7 pa3a
n 1,4 paza cooTBeTcTBeHHO). CyOomomyasmus
CD19-nmo3uTtuBHBIX B-1MuMbOIMTOB NOBHIIIAIaCh
Ha 2-e U 7-& CyTKU Tocjie BTOPOl MMMYHU3aluu1
(B 1,3 paza u 1,4 paza coorBeTcTBeHHO). CienyeT
0co00 OTMETUTh PE3KOEe TMOBbILIEHUE MOMYJs-
MU HATypaJIbHbIX KWJIJIEPpOB Ha 2-¢ (B 2,7 pa3a)
nHa7-e cyTku (B 1,7 pa3a) mocjie BTOpOil UMMYHMU-
3anuu. Co CTOPOHBI CYOITOITYISIIIUIN PEeTyasITOP-

HBIX KJIETOK, a TaKxXe cyonomnyasuuit T-xeamnepon
u CDS8-1uM@ouuToB He ObLJIO 3aMeUYeHO 3HauYu-
TEJIBHBIX KOJIeOaHM T Ha ITPOTSIKEHU U BCETO CPOKa
HaOJIIOOeHU .

IIpy MMMyHM3aLUU MbIlIeid MyTaHTOM M26
Habonanochk cHuXxeHue yucieHHoctu MHC 11-
9KCITPECCUPYIONIUX KJETOK Ha 7-€ CYTKM Iocljie
nepBoii UMMyHU3aunun (—29%) ¢ MmociaeayomnumM
KpPaTKOBPEMEHHBIM PE3KUM ITOBHIIICHUEM Ha 2-¢
CYTKM mocJjie BTOpoil ummMmyHu3auuu (8 2,17 paza).
OmHako yXe Ha 7-¢ CYTKHU MOcJie BTOPOt UMMY-
HU3aIMU KOJUUYECTBO KJIETOK, BXOISIINX B JaH-
HYIO CYOIONMyJSIIINI0, CPaBHSJIOCh C KOHTPO-
JeM. Hapsnay c¢ »TuM HaOJ10gajJoCch 3aMeTHOE
yBeaundyeHue koaudectBa CDI19-mo3uTUBHBIX
B-kneTok Ha 7-ii meHb TOCJe BTOPOW MMMYHMU-
3auuu (B 1,4 paza). Y MblllIeil, UMMYHU3UPOBAH-
HbIX MyTaHTOM M26, HabO0HaJICd PE3KUI ITOIb-
eM KOJIMYeCcTBa HaTypaJIbHBIX KUJUJICPOB Ha 2-¢
cyTKH (B 2,7 pa3a) mocje BTOPO MMMYHU3AIINU.
WNHTEepecHO OTMETUTbH, UYTO aHaJU3 CyOmomyJis-
HUU peryasaTopHbix kjaeTtok CD4/CD25/Foxp3
U aKTUBUPOBaHHBIX xeanepoB CD4/CD25 mo-
Kaszajq pa3uyHOe TMOBEAeHHE TaHHBIX KJETOK.
Cyononynsuusa CD4/CD25/Foxp3 He mipeTeprie-
BaJla U3BMEHEHUH Ha IIPOTSIKCHUU BCETO TIeproaa
HabmoneHnit. C 1pyTroit CTOPOHBI, CYyOMOIYyISI U S
CD4/CD25 pe3ko cHMXajlachb Ha 7-¢ CYTKHU IIO-
cjie BTOPOM MMMYHU3alUU (CHUXeHUEe B 4 pa3sa).
YV MblIeit, UMMYHU3UPOBAHHBIX MyTaHTOM M26,
HaO0J101a710Ch HE3HAYUTEJIbHOE CHUXeHUe cyo-
nonynsuuu T-xenrmepoB Ha 2-e¢ cyTtku (—17%)
M Ha 7-¢ CYTKHU IIOCJIE¢ BTOPOM MMMYHU3AIIUN
(—12%). Cyononyasitusi CD8 IUMTOTOKCUYECKUX
T-muMdoLInTOB HE M3MEHSJIACh MO YUCICHHOCTU
3a BeCchb nepuoa HabmoaeHuin. OTMe4eHO HeOOob-
1moe cHuxXeHue cyononyasiuuu CD45/CD3 Ha 2-i1
n 7-i1 gHU mociie BTopoi mMMyHu3auuu (10%
1 10% cOOTBETCTBEHHO).

Bauanueunmpanazanvhoii ummyHu3ayuu moviuietl
cailm-cneyuguueckumuy mymanmamu wmamma A/
WSN/33 na codepucanue TLR2, TLR4 u TLR9-
aKcnpeccupyruux Kaemox (epaunysoyumos). Toll-
NoNO0OHBIE PELEIITOPHI SIBISIIOTCI Hauboee Bax-
HBIMU NPEACTAaBUTEISIMU CeMeliCTBa CUTHATbHBIX
pPELIETITOPOB M UIPalOT BaXXHYIO pojb B aKTHUBa-
OUM MEXaHWU3MOB BpPOXICHHOIO HMMMYHUTETA.
OCHOBHBIE CTPYKTYPHBIC KOMITOHEHTHI BUPHUOHOB
BUpYyca IrpuIlna pacio3HawoTtcs Toll-pemerrropamMu
TLR3, TLR7, TLR8, TLRY9. OnHako B maHHOMI
paboTe HaM BaXHO OBUIO HCCJENOBaTh BIIUSI-
HME MHTpaHa3aJlbHOM MMMYHU3ALUU CAUT-
criennpUIeCKUMMU MYyTaHTaAMU BHpyca TpHUIIa
Ha cyononyiasauuu TLR2- u TLR4-mo3uTUBHBIX
KJIETOK, TTOCKOJbKY MMEJIUCh COOOIIEHUS O Cy-
IpecCU HAaHHBIX KJIETOK B MPOIEcce TPHUIIIIO03-
HBIX nH(peKknunii [3, 7]. BMecTe ¢ TeM BbeIpaxkeHHas
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Ta6auua 2. BamsaHne uMMyHU3auMm pa3fiMyHbiMU TUNAaMU aTTEHYMPOBaHHbIX BapUaHTOB BUpyca rpunna
Ha cogepxaHue TLRs-akcnpeccupylowmnx KneTok y MbilLein

Table 2. The effect of immunization with various types of attenuated influenza virus variants on the content of TLRs-
expressing cells in mice

TLR2, % TLR4, % TLRY, %
Cpoku
onpeaeneHus | paHynoumuTbl MoHouuUTbI FpaHynouuntbl MoHouunTbI FpaHynouuTbl MoHouuUTbI
The time Granulocytes Monocytes Granulocytes Monocytes Granulocytes Monocytes
of determination
M£SD M+SD M£SD M=SD M+SD M+SD

F'pynna 1*

Group I*
royrhumm. | oo 7e186% | 56,38+1,4 19,742,06 14,3+1,8 ° 26,8+2,29" | 10,6%1,59 **
7 day limm.
2eytilumm. | g yipogenes | 4052050 | 16,9+0,8 1M7e105 | 18,641,435 | 19,5¢2,09
2day llimm.
Toyrliumm. | o0 005700 | 29,4+1,66 % 25+1,86 ¢ 11£1,59% | 351£1,96** | 11,56%1,38 ***
7 day Il imm.

Fpynna 2*

Group 2¢
ToyTIumMM. | o) oip geer | 67,0843,56 % | 23,4+2,37 ° 18,6+1,77 * 2434159 | 154+1,53"**
7 day limm.
2eytilumm. | o oig16mee | 6976300 | 32.36:22%% | 304t2+ | 2643:212%% | 1342185
2 day Il imm.
ToyTlMMM. | o oiq 730 | 07562277 | 28642567 | 23.4:243* | 5384:254% | 21:176*
7 day Il imm.

Fpynna 3"

Group 3"
royrhumm. | o, gapsiee | 42,810,085 19+1,9°° 16,0441,7° | 47,9242,46** | 25 241,59 *#*
7 day limm.
Zoyrllumm. | oo 9o g wer | 83050747+ | 4712309 |491412,43 %% | 46,24+3,46*** | 39,3+1,95 *+**
2 day Ilimm.
royrilumm. |- o io o7 xeee | 24862175 21,7+155°* 20,6+1,4* 61,32:5,9* | 14,361,827
7 day Il imm.

Fpynna4°

Group 4°
TOYTIMMM | gup et | 62,3843,61 % | 83,6:2,55% | 4374295 | 46634363 | 242272
7 day | imm.
2oyTlhumm. | o7 gi530 | 35641675 | 1841455 | 1741,56% | 3548+157+ | 2834134 %
2day llimm.
ToyTllumMm. | os a6iq 615 | 19.38£148% | 254196 17,5+1,58 * 52,942,47* | 20,34%1,57 *
7 day llimm.

Fpynna 5* (koHTponb)
Group 5* (control)

Toyrlumm. | o oiq 57 | 19,1841,63 % | 19,241,57° 152+0,66° | 23,14%1,85°° | 7,02+1%*
7 day limm.
2eytilumm. | o) o i 5650 | 1812155 | 14,5:1,59 13,841,94#* | 19,2+1,82#° |5 45£0,65 *#"*
2 day Il imm.
TOYTIIMMM. | yq prqorene | 17761545 | 137519 | 12561,08% | 193+1467 | 67:0,53%
7 day Il imm.

Mpumeuanue. ***** p < 0,01 — JOCTOBEPHOCTL Pa3NNYMiA MeX Y rpynnamu (TecT MaHHa-YWUTHM) B COOTBETCTBYIOLLME CPOKM HABMIOAEHMS.
Note. **** p < 0,01 — trustworthiness of difference between groups (Mann-Witney test) in respective time of observation.
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MyTaHTbI BUpYCa rpunna u UMMyHUTET

cynpeccusi 3TUX KJEeTOK MorJjia MoBJjieub 3a co0oit
MHOBEIIIIEHNE pUCKA IMOSBICHUS BTOPUYHBIX OaK-
TepUuaJIbHbIX MHPEKIINIA.

M3 Tabauubl 2 BUIHO, 4YTO HWHTpaHa3alb-
Hasi WMMYHM3alusi MbIlIeil MyTaHTOM M?26
OKa3bpIBaeT HeOIHO3HayHoe BausgHue Ha TLR-
sKcnpeccupymiue kjaetku. Ha 7-e cyTku mocne
MepBOi MMMYHUM3aIlMM HaOJII0JaeTCs ITOBBIIIIE-
HUE 4YUCIEHHOCTH TOJIbKO TLR2-mTO3UMTUBHBIX
KJeToK (B 2,4 pa3a). OgHakKo Ha 7-e CyTKM Moce
BTOPO MMMYHMU3AILIMU Mbl BUOAUM 3aMETHOE ITI0-
BeireHne ynucieHHocTu TLR2-, TLR4- m TLR9-
NO3UTUBHBIX KaeToK (B 1,93; B 1,83 m 1,81 paza
COOTBeTCTBeHHO). Heckosbko npyrass cuTyauus
HaOJIomaeTcs y MBIIIE, MMMYHH3HMPOBAaHHBIX
myTanToM U2. OTMedYeHO IIOBBIIIEHUE YUCICH-
HocTu TLR2 u TLR4-m03UTUBHBIX KJIETOK Ha 7-¢€
CYTKH TIOCJIC TIEPBOM UMMYHM3AL WU, ITPUYEM MUK
aKTHUBHOCTHU IIPOCMAaTpPUBaAETCI Ha 2-¢ CYTKH II0-
ciae BTOpoii mMMyHu3auuu (B 2,47 u 2,28 pasa
cooTBeTcTBeHHO). [lonbem umncieHHoctu TLR9-
MO3UTHUBHBIX KJIETOK HAYMHACTCSI C OOJBITUM
Omo3JaHWEM M OOCTUTaeT CBOETO IMKa Ha 7-¢€
CYTKM MOCJe BTOPO UMMyHM3auuu (B 2,76 pasa).
WNHuTpaHa3zaibHOE BBEOCHWE MBIIIAM MYyTaHTa
LAK2 compoBoxaainoch 0oJiee 3HAYUTEIBHBIM
MOBBIIIEHUEM YUCJIEHHOCTU KJIETOK, DKCIIPECCHU-
pyoiuux uccieayemblie Toll-mogoOHbIE pelLenTo-
pBI, OMHAKO MUK MaKCHUMaJIbHOTO ITOAbeMa YUC-
neHHoct TLR2- m TLR4-mo3UTUBHBIX KJIETOK
ObIJI OTMEUEH Ha 2-€ CYTKHU IMOCJie BTOPOU UMMY-
HHU3alUMU, B TO BpeMs KaK MUK MoabeMa KOJU-
gyecTBa TLR9-1TO3MTUBHBIX KJIETOK HaOJIOOAJICSI
Ha 7-¢ CyTKH IT0CJIc BTOPO MMMYHU3aIUU. Y MBI-
e, MMMYHU3UPOBAHHBEIX XA-peaccopTaHTOM
MBI HaOJOOa T HaWBBICIIYIO aKTuBanmo TLR2-
1 TLR4-1T03UTUBHBIX KJIETOK Ha 7-€ CYTKH ITOCJIE
nepBoOii UMMYHM3alluu, B TO BpeMsl kKak TLR9-
MO3UTUBHBIE KJETKHU TOCTUTaJId MaKCUMaJbHOU
YUCIAEHHOCTU Ha 7-e¢ CYTKHU II0oCJie BTOPOMl MM-
MyHu3auuu. YpoBeHb akTuBauuu TLR2, TLR4,
TLRY Ha MOHOLIMTaX MaJIO OTJMYAJCS OT TAKOBO-
ro Ha TpaHyJiouuTax (Tadu. 2).

Bausinue uHmpana3anvHoil UMMYHU3AUUU Mbl-
weil caium-cneyuguueckumu MymaHmamu Ha aK-
mueayuro acoyumapHoil aAKmMueHOCmuU MOHOUU-
moé u Heilmpogunro6. MOHOUUTHl U HEUTPODUIBI
MOTYT OCYLIECTBISITH NPOTUBOBUPYCHBIN (-
GeKT ¢ TOMOIIbIO MOTJIOLIEHU ST, 00e3BpeKMBAHU S
W 3JUMHWHAOUM BUPYCOB W HWHOUIMPOBAHHBIX
UMU KJIETOK, YTO BedeT K MX aKTWUBAIlUU, CU-
CTEMHOM W JIOKAJIbHOW TIPONYKIHNU ITUTOKWHOB.
@darouuTapHy0 aKTUBHOCTb ONPEACISIIN 10 T10-
TJIOTUTEJIBHOM aKTMBHOCTH YOMTBIX HarpeBaHU-
€M MMKPOOHBIX KIJIETOK S. aureus MOHOLIMTaAMU
U HehTpoduiaMu KPOBU MMMYHU3UPOBAHHBIX
MbImreii. Kak BUIHO M3 puCyHKa, (paromuTapHas

%
100

80 - +
1

40 -

20

| I 1] \% K

PucyHok. @arouutapHas akTUBHOCTb MOHOLIUTOB
Y MbiLLEei, UMMYHU3UPOBAHHBIX PA3JIM4YHbIMU
TUNaMu aTTEHYMPOBaHHbIX BAPUAHTOB BUpPYyCa
rpunna (npepcraBneHo konu4ectso (%)
MOHOLMTOB, NOMIOTUBLUMX MUKPOOHbIE KNIeTKU
S. aureus)

Figure. Phagocytic activity of monocytes in mice
immunized with various types of attenuated

variants of influenza virus (presents the number (%)
of monocytes that have absorbed the microbial cells
of S. aureus)

Mpumevanue. | — MyTaHT M26, Il — MyTanT U2,

Il — MyTaHT LAK2, IV — XA peaccopTaHT, K — KOHTPOb
(HEMMMYHUN3NPOBAHHbIE MbILLIN).

Note. | — mutant M26, Il — mutant U2, lll — mutant LAK2,
IV — CAreassortant, K — Control (nonimmunized mice).

aKTUBHOCTb MOHOIIMTOB y MbIIIEI, MHTpaHa3a b-
HO UMMYHU3UPOBAHHBIX CAlT-CITIeN(PUICCKITMHU
MyTaHTaMu, IOBbBIIIAJIAaCh B Pa3JIMIHON CTele-
HU TI0 cpaBHeHUIO ¢ KoHTposeMm. Haunbonee 3a-
MeTHasl akKTuUBalus daronuTo3a HaOJIomazach
Yy MBIIIed, UMMYHHU3UPOBAaHHBIX MyTaHTOM U2
n XA peaccoptantoMm (B 1,9 m 1,93 pasza). bonee
yMepeHHas aKTuBalus ¢arouurosa HabmIioma-
Jach Yy MbIlIe, UMMYHU3UPOBAHHBIX MYTaHTOM
LAK2 (B 1,67 paza). Y MbIeit, IMMYHU3UPOBaH-
HBIX MyTaHTOM M 26, Ha0GII0maJICSI CAaMbIii HU3KUIA
UHJEKC akTuBauuu ¢arouurto3a (B 1,11 pasza).
WccnemoBanue darounuTapHO aKTUBHOCTU HEM-
TpoUIIOB HE BHISIBUJIO CYIIIECTBEHHBIX Pa3INIHit
B MCCJIeIOBAHHBIX IpyIIax (puc.).

H3zyuenue ummyHoeenHocmu cailm-cneyuguuec-
kux mymaumoe wmamma A/WSN/33. Tlpencras-
JISIJI0 OOJIBIIOM MHTEpeC UCCAeaoBaTh CIOCO0-
HOCTh OTHEJIBbHBIX CalT-crenuuIecKuX MyTaH-
ToB mrtamMmma A/WSN/33, umemux pa3udaHOe
KOJIMYECTBO MYTalMWii B T€HOME, MHIYIHPOBATH
T'YMOpPaJIbHBIA UMMYHHBII OTBET Yy MBIIIIECH HA NH-
TpaHa3aJbHYI0 UMMYHU3alno0. Kak BUAHO 13 Tab-
JULBI 3, MBIIIM, UMMYHU3UPOBAaHHbIE MYyTaHTa-
mu U2 m M26, xapakTepHu30BaJIuCh HAaWBBICIIUM
TUTPOM TyMoOpajbHbIX aHTUTed. MyTtaHT LAK?2
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WHIYLUPOBAJ 00Jiee YMEPEHHBIN TUTP T'yMoOpasib-
HBIX aHTUTEN. Y MBbIIeid, UMMYHU3NPOBAHHBIX
XA-peaccopTaHTOM, HaOJIOIAJICSI MUHUMAJbHBINA
TUTP TYMOpPaJIbHBIX aHTUTE (TabJI. 3).

Ob6cyxaeHne

[Mony4yeHHBIE HAMUW paHee TaHHbIE CBUETEIb-
CTBOBAJIM O TOM, YTO KakK MPU MHTpaHa3aJIbHOM
BBEJAEHUU MbIIIAM SIMUAEMUYECKOTO IITaMMa BU-
pyca rpunia A/KpacHomap/101/59 (H2N2), BHI-
3BIBAIOIIETO BUPYCHYIO ITHEBMOHUIO Y MBITIIE, TaK
W TTpU MHTPaHAa3aJIbHOM BBEJCHU U IITAMMa-I0HO -
pa arrenyauuun A/Kpacuomap/101/35/59 (H2N2)
HabJIIogaeTCsl CHUXEHNE YHUCAEHHOCTU CyOIoImy-
asuuin CD3, NK/CD3, CD5 (Bl-numdounuToB)
n CD4-no3utuBHbIX KjaeTok [2]. CyuiecTByeT
MPEenrnojoXkeHue, 4YTo UMMYHOCYIIpeCCUpYIollee
JeliCTBUE BAKIIMHHOTO BUPYCa MOXET ObITh OJTHOM
W3 IJIaBHBIX IPUYUH HU3KOU a(pdeKTuBHOCTU XA
KWUBOW TPUMMO3HONW BAKIIMHBI Y JUI] MOXUJIOTO
BO3pacra.

B nameit pabote ipu MHTpaHa3aJIbHOW UMMY-
HU3aIUU MbIIIE callT-crienupuiecKuMu MyTaH-
tamu mrtamma A/WSN/33 MBI Takke HaOIOoaIn
cynpeccupyoliiee AeCTBUE BUPYCOB Ha YUCJIEH-
HOCTb OTHEJbHBIX CYOMOMyJSIUUA HUMMYHOKOM-
METEHTHBIX KJIETOK, OTHAKO OHO OBIJIO BBIPAXKEHO
cnabee. CynpeccuBHOE AeiCTBUE MyTaHTOB M26
u LAK?2 Ha yncnenHoctb cyoronyasiuuu MHC 11-

MO3UTUBHBIX KJIETOK OBLJIO CKOPOTECYHBIM U CMEH SI-
JIOCh 3aMETHBIM ITOBBITIIICHEM KOJTMICCTBA KJIETOK.
CynipeccuBHoOe Bo3aeiicTBue MyTaHTa U2 Ha cy0-
nonyasunio MHC II-no3uTHBHBIX KJI€TOK BOOOILIE
oTcyTcTBOBaso. B ornunuume or XA peaccopraHTa
myTaHT LAK 2 uHayLupoBaa yMepeHHY0 aKTHUBa-
uuio CDI19-no3utuBHbIX B-1uM@ounToB Ha npo-
TSIXXEHUU BCEro repuopa HaoOJroaeHus. MyTaHThI
U2 n M26 xapaKTepHU30BaJINCh MTOBBIIIEHUEM I10-
OyJISIIAW JAaHHOTO THUITA KJETOK IOCJIe BTOPOM
MUMMYHU3AIUU.

MytaHTel M26 1 U2 nipeBocxoauau XA peac-
COPTAHT I10 aKTUBAIIUM HATYpPaJIbHBIX KUJJICPOB.
IMonyuyenHble HaMu (HAKTHI MO3BOJSIOT TIPEATIO-
JIOXKWTh, YTO JAHHBIN BUJI UMMYHOKOMITETEHTHBIX
KJIETOK UTpaeT HeHTPaJIbHYIO POJIb B UMMYHHOM
OTBeTe, WHIAYIIMPOBAHHOM AaTTEHYUPOBAaHHBI-
MW BapMaHTaMU BUpyca rpunmna. B monas3y aToro
TNPEATIOJOKEHNSI TOBOPUT M BBICOKAsI 3aIlllIMTHAs
3(DEeKTUBHOCTH CaliT-crieu(UIECKUX MYTaHTOB
OpU TETePOJIOTUYHOM KOHTPOJHHOM 3apakeHUU
[6]. Toll-tonooHbIe penenTopsbl (TLRS) saBiasgoT-
Ccsl BaXXHEUWIIMM 3BEHOM B aKTWBAIlMU BPOKJICH-
HOTO MMMYyHHUTeTa. OmpeneleHne CTENEeHU ydva-
CTUSI B MMMYHHOM IIpOllecCe WHAMBUAYaIbHBIX
Toll-momoOGHBIX pelEenTOPOB MPU UMMYHHU3ALUNU
WHAKTUBUPOBAHHBIMU WJM XWUBBIMU TPHUIIIIO3-
HBIMU BaKIIMHAMU B IEPCHEKTHBE MO3BOJIUT ITPO-
THO3UPOBATh pPa3BUTHUEC BPOXICHHBIX HNMMYH-
HBIX peakIIMii U UX BIAMSIHUEC Ha (DOpMUPOBAHUE

Ta6nuua 3. CpaBHUTENbHOE UCClIEf0BaHNE UMMYHOI€HHOCTU CaiiT-crneunduyeckux MyTaHTOB LUTaMMa
A/WSN/33 u XA peaccopTaHTa, NoJly4eHHOro npu ckpewmeaHuu wramma A/WSN/33 n XA wramma

A/KpacHopap/101/35/59

Table 3. Comparative study of the immunogenicity of site-specific mutants of A/WSN/33 strain and CA reassortant
obtained by crossing A/WSN/33 strain and CA A/Krasnodar/101/35/59

CbIBOPOTKA MbILLEI, NOSTyYEHHAs MTPU UMMYHM3aLun
uccnepyemMbiMU BUpycamm

TuTp CbIBOPOTOYHbIX aHTUTEN,
MHrMGupyowmx remarrioTuHaumio (log,)

The titer of serum hemagglutination inhibiting antibodies

Serum of mice obtained during immunization
by investigated viruses 1 WMMYHU3aUuua 2 UMMYHU3auuna
1 immunization 2 immunization
MyTtanTt M26/Mutant M26
PB1** A/AA (K391E, E581G, E457D)*** 4,0£0,5 7,0+0,5
PB2 A/Kr,;* (V290L) PAA/WSN/33 (F 685 A)
MyTanT U2/Mutant U2
PB2 A/Len,; (M478L), A/Kr,; (V290L), A/AA (N265S) 3,0:0,4 70+0,5
MyTtanT LAK2/Mutant LAK2
A/Len,, (V478L), A/Kr,; (V290L) 4,0£0,5 6,010
XA peaccopTaHT/CA reassortant
A/WSN/33 x A/Kr s 2,00,5 5,00,4
Helummyulwsuposauuble Mbiwmn (KoHTpob) ND 3,0:04
Unimmunized (Control)

Mpumeyanus. *XA wramm: A/AA — A/3HH Ap6op/6/69, A/Kr35 — A/KpacHopap/101/35/59 A/Len17 — A/Nexunrpaa,/134/17/57; **nonnmepasHblii rex;

***nokannaaums MyTaumm.

Notes. *CA strains: A/AA — A/Ann Arbor/6/69, A/Kr35 — A/Krasnodar /101/35/59 A/Len17 — A/Leningrad /134/17/57; **polymerase gene; ***mutation

localization.
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MyTaHTbI BUpYCa rpunna u UMMyHUTET

agalTUBHOIO WMMYHUTETa, M, KaK CJCICTBUE,
MOMOXET OLEHUTh 3>(PEPEKTUBHOCTL TPUIIIIO3-
HBIX BakIUH. [Ipy uMMyHM3allUU MBIIICH caiiT-
criennpUIeCKUMHA MyTaHTAaMKW MBI HaOJI0IaIn
aktuBanuio TLR9. M3BecTHO, 4TO aKTUBaLUI
TLR9BaeHAPUTHBIX KJIETKAX UHAYIIMPYEST CUHTE3
nHTepdepoHa I Tuna u npoBocnaauTEIbHbIX 1I1-
TOKMHOB, a TakKXe MPOAYKIMIO KOCTUMYIUPYIO-
mux mojiekya CD80/CD86 [10, 11]. AkTuBanus
TLRY Ha rpanynonuTax Habatoaadach y MbIIIEH,
NMMYHU3UPOBAHHBIX caiT-criennpuIeCKUMU
MyTaHTaM#, Ha MO3MHUX CTaIUSIX UMMYHU3aIIUN
B YMEPEHHOI CTECIICHU.

JaHHbIe TUTEPATYPbl CBUIETEIBCTBYIOT O TOM,
YTO TPU TPUIINO3HBIX MH@EKLMsIX HabIIomaeT-
ca cynpeccusi TLR2 u TLR4 [3, 7]. CnenyeT oT-
METUTb, UTO CHUXXEHHUE aKTHUBHOCTU 3Tux Toll-
MOOOOHBIX PEIENTOPOB BeIeT K ITOTABJICHUIO aK-
TUBHOCTH MaKpodaroB M 3JIMMUHALINU OaKTEpUA,
YTO IIOBBIIIAET OIMACHOCTHh BO3HMKHOBEHUS BTO-
pUYHBIX MHeKIMi. OQHaKO HaMU OblJ1a OTMede-
Ha aktuBauusg TLR2 u TLR4 y MbIleit, UMMyHU-
3UPOBAHHBIX CaMT-cnenuudUIeCKUMU MyTaHTa-
Mmu. He ObLI0 HaliieHO 3HAYUTEJbHBIX pa3auunni
B AMHaMuKe u ypoBHe skcnpeccur TLR2 u TLR4
Yy MBIIIE, WMMYHU3WPOBAHHBIX pPa3IUIHBIMUA
MyTaHTaMH. DTOT (paKT oTpaxaeT MeHee CICIU-
GUIeCKyI0 IpUPOAY BPOKIACHHOTO UMMYHUTETA,
KOTOpast MOXXET OKa3aThCs MPEUMYIIIEeCTBOM, KOT-
Jla MBI paccMaTpuBaeM aKTuBalnio Toll-1momo6HbIX
pPEeLenTOPOB KaK CPeaCTBO MPOMUIAKTUKU TPUII-
MO3HbIX 3a007eBaHU 1. AKTUBaLIU S Toll-mogoOHBIX
pelenTopoB Ha MMMYHOIIUTaX UMMYHU3UPOBaH-
HBIX MBIIICH HE BBISBHIJIA CEPBbE3HBIX Pa3TUIUNA

Cnucok nutepatypbl/References

MO CPaBHEHUIO C aKTWBAIIMEW TaHHBIX PELENnTO-
POB Ha TpaHyJIOUUTaX. ¥ MBIIIeil, HHTpaHa3alb-
HO UMMYHU3UPOBAHHBIX CANT-CHeIN(UISCKIMU
MyTaHTaMU BUpYyca FpUIlNa, HabJoaaaach 3aMeT-
Hasl aKTHUBa M PparonnuTo3a MOHOIIUTOB, IPUIEM
HaWBBICIINI MHACKC aKTUBaLUU GarouuTo3a Ha-
Oaropancs y Mbllleil, UMMYHU3UPOBAHHBIX MY-
TaHTOM U2 1 XA peaccopTaHTOM.

PaHee ObI10 MOKa3aHO, YTO caliT-crienududec-
kue MmyTaHThl r NY1682-S1 u r NY1682-TS2 Bupy-
ca rpunmna, UMCIoIIne ts-MyTallui B TeHaX, KOAH-
pyIoLIMX GeJIKM MOJUMEPAa3HOTO0 KOMILIEeKca, 00-
najgaayd 00JbllIeii UMMYHOT€HHOCTBIO, YeM KOM-
Mmepueckuit XA peaccopraHT Flumist-HINIpdm
[12]. TTonyyeHHble HaMU JaHHbIE HAa MOAEIAMU Ha-
WX CAalT-CreuPUIeCKUX MYTaHTOB ITO3BOJISIIOT
MOATBEPAUTH 3TOT BHIBOA O 00Jiee BHICOKOW MM-
MYHOT@HHOCTU caiT-crnenu@uueckux MyTaHTOB
o cpaBHEHUIO ¢ XA-peaccopTaHTaMM, UMCIOIIIH -
MM CXOIHBIE ITIOBEPXHOCTHBIE aHTUTeHbl. ClaeayeT
0c000 OTMETUTH, YTO HECMOTPSI Ha yMepEeHHOe
BJAUSIHUE UMMYHM3allUU CalT-CrelupruIecKuMu
MyTaHTaMU BUpYycCa I'pUIINA Ha OTASIbHbIC 3BEHbSI
BPOXIEHHOIO0O MMMYHHUTETAa MBIIICH, Mbl HAaOJIIO-
JIlali CPaBHUTEJBHO BBICOKHE IIOKa3aTelaHu Ty-
MOpPaJIbHOTO OTBeTa. DTOT (haKT CBUIAETEIbCTBY-
eT O TEPCHEeKTUBHOCTU MCIIOJIb30BAHUS CAMT-
crieunduIeCcKUX MYTAHTOB BUpyca I'pUIlla B Ka-
YeCTBE XUBBIX IPUMMNO3HBIX BAKIIMH.
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MUMUKPUYA B BEJIKAX PECINTUPATOPHbIX
BUPYCOB PS1A BEJIKOB UMMYHHOM
CUCTEMbI HEJIOBEKA

N.H. Kuaunckasa

OpMFVIHaﬂbeIe CTaTbu

NHdekumns n uMmyHnTeT
2020, T. 10, Ne 2, c. 305-314

OI'BY HUHU epunna um. A.A. Cmopodunyesa Munzopasa Poccuu, Cankm-Ilemep6ype, Poccus

Pe3siome. [IpoBeneH cpaBHUTENbHBIN aHAIN3 110 MOMCKY MOCJIEN0BATENbHOCTEN aMUHOKHUCIIOT B O€JIKaX BUPYCOB, BbI-
3BIBAIOIIUX PECIUPATOPHbIE MHGEKIUN (MM CUHAPOM PEeCHUpaTOPHBIX MHOEKIIMiT), TOMOJOTMYHBIX MOCIen0Ba-
TEJIbHOCTSM aMUHOKMCJIOT psijia 0€JIKOB UMMYHHOI CCTEMBI YesioBeKa. J1J1s CpaBHUTEIBHOTO KOMITBIOTEPHOIO aHa-
J13a ObIIM UCIIOJIb30BaHbI ciieaylonie Bupychl: KopoHaBupyc (SARS-CoV), anenoBupyc noarpynnsl C ceporuna |
(mramm adenoid 71), Bupyc xopu (mrtamm ICHINOSE-BA), kpacHyxu (mtamm Therien) u pecnmupaTopHO-CUHIIN-
ThanbHbIi BUpyc (itamMm Bl). [Torck roMOIOTUYHBIX TIOCIEA0BATEBHOCTEN B CTPYKTYPE BUPYCHBIX O€JIKOB U Oel-
KOB MMMYHHOM’ CHCTEMBI YeJIOBEKA OCYILECTBIISIN MyTeM KOMIIbIOTEPHOIO CPABHEHUS B HUX (PParMEHTOB AJIUHOIO
B 12 aMMHOKUCJIOT, MMPUHUMAST POACTBEHHBIMM T¢ U3 HUX, KOTOPHIE TPOSIBIISIIN UACHTUIHOCTD IT0 > § TTO3UIIUSIM.
[Moy4yeHHBIC JaHHEIEC IOKA3aJI1, YTO BUPYCHBIC OCIKU coAepKaT TOMOJIOTMIHEIE PparMeHTHI psifa OCIKOB MMMYH-
HOI CUCTEMBI X031 HA, YUACTBYIOIINX B PETYISIIINY KaK BOCIIAJIUTEIBHOTO, TaK 1 MMMYHHOTO OTBEeTOB. Tak, IpakTu-
YEeCKM JIJTST BCeX MCCIIEAYEMBIX BUPYCOB XapaKTEePHO HaJIMUKe TOMOJIOTMYHBIX TIOCICIOBATEIBHOCTE! K TAKUM OeJIKaM
MMMYHHOW CHUCTEMBI X03sSMHAa, KaK OCJIKM CUCTEMBI KOMIIJIEMEHTa, MHTEIPUHEI, alloNTO3-WHTUONPYIOIINe OCIKH,
nHTepaeiikuubl, Toll-mogo0HbIe pelenTOpbl. DTU KJIETOYHbIE OeJKM MIPUHUMAIOT CaMOe aKTHUBHOE Y4acTHe B pery-
JISILMUY BOCTIAJIMTEIbHOTO TMpoliecca U GOpMUPOBAHMM UMMYHHOIO OTBETa B OpraHu3me xo3sinHa. [1pu aTom Habop
0€JIKOB UMMYHHOI1 CUCTEMBI X0351Ha, K KOTOPBIM OOHAPY>XeHbI TOMOJIOTUYHbIE (DparMEHTHI B BUPYCHBIX OelIKax,
MHIMBUAYAJIEH JJIsI KaXJI0ro UCCIeI0BaHHOro BUpyca. MHTEpeCHO OTMETUTh, YTO HAaMOOIbIlee KOJIUUECTBO FOMO-
JIOTUYHBIX (hparMeHToB (10 20-TH) cOCPemOTOYCHO, B OCHOBHOM, B BUPYCHBIX O€JIKaxX, 001a1afolInX MOJNMepa3HO
U [IPOTEa3HO aKTUBHOCTBIO, UTO JaeT OCHOBAHUE MPEAIOI0KUTh, YTO 3TU OSJIKU, IOMUMO CBOE OCHOBHOI POJIM —
y4YacTUE B CUHTE3€ BUPYCHBIX HYKJICMHOBBIX KMCIIOT, MOTYT IPUHUMATD YYaCTUE B PETYJISLIUNA UMMYHHOM CUCTEMbI
x03siMHa. B 000109eYHBIX, BHYTPEHHUX U HECTPYKTYPHBIX BUPYCHBIX O€TKaX TOMOJIOTUYHBIE ()parMEHTHI BBISBIIC-
HBI B 3HAUMTENIPHO MEHBIINX KoymdecTBax (0T 1 1o 4-x). Kpome Toro, B psime BUPYCHBIX OCITKOB BBISIBIICHO TIO JBa
(bparMeHTa, TOMOJIOTUYHBIX Pa3HBIM 00JIACTSIM OIHOTO ¥ TOTO Ke KJIeTOUHOTro Oesnka. TakmM 00pa3oM, IMOTydeHHbBIE
JMAHHBIE TOTIOJHSIOT HAIIIW ITPEACTABJICHUS O TOM, YTO IIPOSIBJICHUST HAPYIIEHW I MMMYHHOI CHCTEMBI ITPU BUPYCHBIX
MHGEKIMSIX MOXET OBITh PE3YIBTaTOM CJIOKHBIX TTPOLIECCOB, CBSI3aHHBIX C MOAYIISIIINEH BPOXKICHHOM M aalITHBHON
MMMYHHOM CUCTEMBI XO35IMHA, ¥ OTKPBIBAIOT HOBBIE IMOIXO/bI K M3yUYEHUIO B3aUMO/ICICTBMSI BUPYCOB C UMMYHHOI
CUCTEMOIi X035IMHA U BbISIBJICHUIO HOBBIX (DYHKIIMIi BUPYCHBIX OEJIKOB.
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MIMICRY BETWEEN RESPIRATORY VIRUS PROTEINS AND SOME HUMAN IMMUNE PROTEINS
Zhilinskaya I.IN.
Smorodintsev Institute of Influenza, Ministry of Health of the Russian Federation, St. Petersburg, Russian Federation

Abstract. A comparative analysis on search for amino acid sequences in viral proteins causing respiratory infections (or res-
piratory infections syndrome) homologous to amino acid sequences from some human immune proteins was performed.
The following viruses were used for comparative computer analysis: coronavirus (SARS-CoV), serotype C subgroup ade-
novirus C (adenoid 71 strain), measles virus (ICHINOSE-BA strain), rubella (Therien strain) and respiratory syncytial
(BI strain) virus. The search for homologous sequences in viral and human immune proteins was carried out by computer
comparison of 12 amino acid fragments, which were assigned as homologous at identity in > 8 positions. The data obtained
showed that viral proteins contained homologous motifs in several host immune proteins involved in regulating both
the inflammatory response and immune response. Mechanistically, all viruses studied were characterized by sequences
homologous to host immune proteins such as complement system proteins, integrins, apoptosis inhibitory proteins, inter-
leukins, and toll-like receptors. Such cellular proteins are actively involved in regulating host inflammatory process and
immune response formation. Upon that, a set of host immune proteins, to which homologous fragments were found in vi-
ral proteins, was individual for each virus. Interestingly, the largest amount of homologous fragments (up to 20) was mainly
concentrated in viral proteins with polymerase and protease activity suggesting that these proteins apart to their major
role were involved in production of viral nucleic acids and might participate in regulating host immune system. Envelope,
internal and non-structural viral proteins, homologous fragments were detected in much smaller quantities (from 1 to 4).
In addition, two fragments homologous to various motifs of the same cellular protein were detected in some viral proteins.
Thus, the data obtained further support our understanding that signs of immune system disorders in viral infections can
result from multi-layered processes associated with modulation of host innate and adaptive immune system, and open
up new approaches to study interaction of viruses with host immune system and identify new functions of viral proteins.

Key words: mimicry, viral proteins, immune proteins.

BBepneHue

NHudununrpoBaHue BUPYCOM KJETOK XO3sMHA
NPUBOIUT K aKTUBALIUU €r0 UMMYHHOU CUCTEMBI
(KaK BpOXJEHHOI, TaK U afalTUBHOI) — TJ1aBHOM
3alIMUTHOU CUCTEMBbI, HaNMpaBJE€HHOWH Ha 3JIUMU-
HallMIO TaTOreHa. YCTaHOBJIEHO, YTO OCHOBHBbIE
KOMITOHEHTBI BUPYCOB (OJHO- U IBYXIIETIOUYECUHbIE
HYKJICMHOBbBIE KUCJOTHI U BUPYCHBbIE O€JiK1, 000-
3HayaeMble KaK MaTOreH-acCOLIMMPOBAHHBIE MO-
JIEKYJIIpHbIE TATTEPHBI), OCBOOOXIaeMble TIpPU
PENpOaYKIIMU BUPYCOB, PACIlO3HAIOTCS MaTTEPH-
pacno3HawmuMu peuentopamu (PRRs), Takumu,
kak Toll-momo6Hsbie peuentopsl (TLRs), peuentop
RIGI (rena 1, uHAYLIMPYEMOTO PETUHOEBOW KUC-
notoit) (RLRs) u peuenTop ceMmeiicTBa IUTOMNJIA3-
MaTUYeCKUX OEeKOB, YUYACTBYIOIIUX B aKTUBALIUU
kacma3 (NALP). AxtuBauusg PRRs compoBoxna-
eTCsl pa3BUTUEM TaKUX COOBITUI, KaK arouu-
TO3, aKTUBAILIUSI CUCTEMbBI KOMITJIEMEHTAa, CUCTEMBbI
KOaryJasiliii KPOBU, YCUJIEHUE aMOINTO3a, HEKPO-
3a, aytTodaruu, akTuBalusl YOUKBUTUH-IPOTEO-
COMHOW CHUCTEMBbI, XeMOTAKCUC B o4ar MopaxkeHus
HEeUTpodUIOB, MOHOLIMUTOB, Pa3BUTHUE JTOKAJIbHBIX
COCYIMCTBIX peaKlUid, CEeKpelus MNPOTUBOBOC-
NaJUTEbHBIX W TPOBOCTAJUTENbHBIX ILIUTOKU-
HoB. [IpennonararoT, 4TO B aKTUBAILIUU BCEX DTUX
npoleccoB 3ajeicTBoBaHo O0osiee 300 KIETOUHBIX
o0enkoB, He cunTas yyactusg miPHK [9]. B mpouec-
ce CBOEI 3BOJIIOIIMU BUPYCHI BbIpaboTaJid cTpaTe-
TUIO BO3JCUCTBUS HA 3Ty aHTUBUPYCHYIO 3aIIUTY,
KOTOpasl MO3BOJISET UM BMEIIMBATbCI B IMpOIEC-
Cbl UMMYHHOI CUCTEMBbI XO3sIMHA U 00ecrneuynBaTh

yCHemHyio ux penpoaykuuio [1, 2, 3, 5, 6, 7, 13,
14]. OpgHako MeXaHU3MBbI PEryasiiMU UMMYHHOTO
OTBETa XO3sMHA BUPYCaMM IO KOHIIA HEBBISICHE-
HbI. Lleablo HACTOSIIEro UCCIeI0BaHUsl ObLIO BbI-
SIBJICHUE B psijic OCJIKOB BUPYCOB, BbI3BIBAIOIINX
pecrnupaTtopHble MHOEKIUU (UM CUHIPOM pe-
CHMPATOPHBIX MHGEKIIMIT), TTOCIeI0BaTEIbHOCTEMH
AMUHOKUCJIOT, TOMOJIOTUMYHBIX aMUHOKUCIOTHBIM
MOCJIEIOBATEIBHOCTIAM psia OeKOB MUMMYHHOM
CHCTEMBbI 4YeJIOBEeKa, 4YTO ITO3BOJMUT pACIIMPUTH
Halle IpeacTaBiIeHUe 00 y4acTUU BUPYCHBIX OeI-
KOB B PETYJISILIUY UMMYHHO# CUCTEMBI XO3sIMHA.

Martepuanbl n MeToapbl

Bupycuol. J171s1 CPaBHUTEIBHOT'O KOMITBIOTEPHOTO
aHanu3a ObIJIM UCTIOJb30BaHbI CJIEYIOIINE BUPY-
cbl: kKopoHaBupyc (SARS-CoV), aneHoBupyc mom-
rpynasl C cepoturna 1 (mramm adenoid 71), Bupyc
kopu (mmtamMmM ICHINOSE-BA), kpacHyxu (IITaMM
Therien) n pecnupaTOpHO-CUHIIUTUATIBHBIN BUPYC
(utamm Bl).

Ilepsuunas cmpyxmypa 6eaKk08 UMMYHHOU CU-
cmembl Henoeexa U 0eaKo8 uccaedyemuvix GUpycos.
HMcTouHMKOM TIEepBUYHBIX CTPYKTYp OEJIKOB aHa-
JIM3UPOBAHHBIX BUPYCOB (KaK CTPYKTYPHBIX, TakK
U HECTPYKTYPHBIX) U Oosiee 50-TU OEJIKOB UMMYH-
HOW CUCTEMBI YeJIOBEKA CIYKMJIN OOIIEeTOCTYTHbIE
B MMHTepHeTe 6a3bl TOJTHOTEHOMHBIX JaHHBIX COOT-
BETCTBEHHO www.ncbi.nlm.nih.gov u www.nextprot.
org. [Torck TOMOJIOTMYHBIX TTOCIENOBATEIHbHOCTE
B CTPYKTYpP€ BUPYCHBIX OEJIKOB U O€JIKOB UMMYH-
HOUW CHUCTEMBbl OCYIIECTBJSJINU IyTeM KOMIbIO-
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TEPHOI'0 CpaBHEHMSI B HUX (pparMeHTOB IJIUHOIO
B 12 aMHUHOKMCIOT, MpPUHUMAasT POACTBEHHBLIMU
T€ W3 HUX, KOTOpble MPOSIBIASAIN UASHTUUYHOCTh
Mo > 8 TTIO3ULIUSIM.

B cTatbhe ucnonb3yeTcss MeXAYHApPOAHBIN KO
aMUHOKUCTOT: A — anaHuH, C — nucrteuH, D —
acnmaparuHoBasi Kuciaotra, E — riayramMmuHoBas
kucnora, F — ¢denunananvny, G — rmuuuH, H —
ructuauH, I — uzonenuuH, K — nusun, L — neii-
uuH, M — mMeTuoHuH, N — acnaparuH, P — npo-
JauH, Q — rnyramuH, R — apruHuH, S — cepuH,
T — TpeonuH, V — BanuH, W — tpuntodaH, Y —
TUPO3UH.

Peaynbrathl

B tabnauue 1 npuBeaeHbl JaHHbIE CPABHUTEIb-
HOI'O KOMIIBIOTEPHOTO aHan3a OEIKOB BHPYCOB
KOPH M KPAaCHYXM C KJIETOYHBIMU OeTKaM1 UMMYH-
HOI cucTeMbl uejioBeka. M3 tabnuibl 1 BUIHO, YTO
B TIOJIMMEpPa3e BUpPyca KOPU COCPEIOTOYCHO OCHOB-
HOE KOJIMYECTBO (hparMeHTOB aMHUHOKHCJIOT, TOMO-
JIOTUYHBIX OeJKaM MMMYHHOW CHCTEMBI YeJIOBEe-
Ka — 12 ¢pparMeHTOB, IpUYeM, BBISIBJIEHO 2 dpar-
MEHTa, TOMOJIOTMUHBIE pa3HBIM OOJIACTSIM MOJIe-
KYJIBI KJICTOYHOTO IIMTOIIJIa3MaTUIECKOTO OejiKa,
ydJacTBYIOIIero B aktTuBannm Kacmassl-1 (NALPI1).
B ocTanpHBIX OeIKax 3TOro BUpyca TaKKe MMEIOT-
cs1 (bparMeHTBI, TOMOJOTUYHBIC OeJIKaM MMMYH-
HOM CHCTEMBI YeJIOBeKa, HO B 3HAYUTEIHHO MCHB-
IKUX KoJInyecTBax — 1o 3 ¢pparmeHTa B 6enkax P, F
n NP; 2 dparmenta B HA u 1o omHOMY parMeHTy
B M u NS oOenkax. MHTepecHO MOAUYEPKHYTh, UTO
B BUpPYCHBIX Oenkax P m NS BbIsIBJIeH OIWH U TOT
Xe (pparMeHT, TOMOJIOTUYHBIN KJIETOUHOMY OEIKY
FADD. BaxHo TakxXe OTMETUTb, YTO MUMUKPUSI
K ceMelcTBaM TaKMX KJIETOYHBIX OCIIKOB MMMYH-
Hoii cuctembl, Kak NALP, TLR u IL BbisiBaeHa
NpaKTUYESCKH BO BCeX OeJIKaxX BUPycaX KOPH.

B Oenkax BuUpyca KpacHYXU TaKKe BBISIBJICHBI
¢dbparMeHTHl, TOMOJIOTUYHBIC KJICTOUYHBIM OeJIKkaM
UMMYHHOI CHCTeMBbI 4YejioBeKa (Tadim. 1). B oTinu-
Y1e OT BUpyca KOpU, HAUOOJIbIIIee KOJIUIECTBO T'O-
MOJIOTMYHBIX KJIETOUHBIM OeJIkaM (parMeHTOB CO-
cpenotoueHo B nmpotease P150 — 10 ¢pparMeHTOB,
M3 KOTOpPBLIX 2 (dparmeHTa roMojorudyHbl ¢ IgG3
n 2 ¢parmenta — c¢ ILR-17. O6pamaer Ha cebd
BHUMAaHWE W BBICOKAsI CTENeHb TOMOJIOTUU (par-
MeHTa 6enka P150, roMosornaHoro ¢ gparMeHTOM
KkaeTouHoro Oenka FaslL: m3 12 amMmmHOKHMCIOT —
9 aMHUHOKMCJIOT MACHTUYHBI M 2 aMUHOKMCIOTHI
n30(YHKIIMOHAJIBHEL. B 6erkax BUpyca KpacHyXu
P90, El1 u C BeisiBiIcHO 110 2—3 pparmMeHTa, ToMo-
JIOTMYHBIX KJIETOUYHBIM OenkaMm cemerictBa NALP
(NALP1 1 NALP14), pa3zabiM ¢pparMeHTaM MoJie-
KYyJbl UHTETPUHA-OL U IPYTUM KJIETOUYHBIM OeJIKam
MMMYHHOI CUCTEeMBI YeJI0OBEKa.

Y ameHoBupyca cepoturia C MUMUKPUPYIOIIHNE
dparMeHTHI OOHAPYKEHBI TOJIBKO B O€JIKaX TeKCOHE

(4 dparmeHTa), hudpuaa (2 pparMeHTa) U NIEHTOHE
(1 dparmenT) (tabdn. 2). CieayeT oTMETUTH (par-
MeHT 146—164 B GeJike TeKCOHA, MUMUKPUPY FOIIH i
dparmeHT 6eska [L-27: u3 19 aMMHOKMCIIOT 3TOrO
dparmeHTa 14 aMUHOKMCIOT UAEHTUYHBI U 4 aMU-
HOKHUCJOTBHl M30(PYyHKIIMOHAJAbHBI, YTO yKa3bIBa-
€T Ha OYEHb BBICOKYIO CTEINEHb IOMOJOTUU ITUX
(bparMeHTOB.

TTorck roMOJOrMYHBIX (PparMeHTOB B OeaKax
Bupyca RS mokaszan crneaylouiee (tradna. 3): Hau-
OoJiblliee KOJMYeCTBO (parMeHTOB, MUMUKPUPYIO-
UX OJIKU UMMYHHOI CUCTEMBbI, COCPEIOTOUYEHO
B L 6enke — 7 ¢pparmeHToB, B 6enke F — 5 dpar-
MeHTOB, B NP Genke — 2 ¢parMeHTa U MO OJHO-
My pparmMeHTy B 6esikax G u M. BaxkHO OTMETUTb,
4yToO B Oesnikax Bupyca RS comepxarcsa dhparMeHTHl,
roMoJIOTUYHBIE psaay 0esikoB cemeiictBa NALP (2,
3, 4, 5, 7), npuyeM MUMUKpUSI MoJieKysl NALP2,
NALPS5 u NALP7 BbIsIBIIsIETCSI B HECKOJIBKUX OeJi-
Kax Bupyca RS, 1 a1 romosoruyneie ¢pparMeHThI
He UJIEHTUYHBbI B BUPYCHBIX O€JIKaX.

JlaHHbIE MO MOMCKY (pparMeHTOB, TOMOJIOTHUY-
HBIX KJIETOYHBIM OejJKaM WMMYHHONH CUCTEMBbI
yejioBeka, B Oenkax KopoHaBupyca SARS npen-
cTaBJieHbl B Tabauue 3. M3 Tabauibl BUJIHO, UTO
NpakTUUYECKU Bce (pparMeHTbl, TOMOJOTMYHBIE
KJIETOUYHBIM OeJKaM MWMMYHHOW CHUCTEeMBbI, CO-
cpenmotoueHbl B perinkase (R) — 26 dparmeH-
TOB, M3 KOTOPBIX MO 2 (parMeHTa roMOJOTMYHbI
IL-9 u IL-27. B ocTtajbHbIX BUPYCHBIX OeJaKax —
El BbIsiBA€HO 7 TOMOJIOTUYHBIX (pparMeHTOB,
a B 6eakax M u NS (3b, 8a, 8b,9b) — o ogHOMY.
Heob6xonrMo mogyepKHyTh, YTO MUMUKpPUS Oeli-
KoB cemelicTBa uHtepaeinkmuHoB (1L-2, 1L-4, IL-5,
1L-9, IL-13, IL-22, 1L-27) aBisieTcsd OTAUYUTEb-
Hoil ueptoit SARS. TTomumo mumukpuu IL, B 6e-
Kax SARS noctaTouHO MHOro (pparMeHTOB, TOMO-
noruuyHbix 6eakam NALP (2, 4, 5, 7, 8, 9, 12, 14)
uTLR (1, 2, 3, 6, 10).

Ob6cyxaeHne

IIpoBeneHHBIN CPAaBHUTEIbHBIN KOMITBIOTEP-
HBIU aHaJIN3 O0EJIKOB BUPYCOB M OEJIKOB UMMYHHOM
CHCTEeMBI YeJIoBeKa IToKas3aJl, YTO BUPYCHBIC Oell-
KU comepKaT (pparMeHTHI, TOMOJOTMYHBIC OeIKaM
MMMYHHOI CUCTEMBI XO3SIMHA C pa3JINIYHON PyHK-
OMOHAJBLHOUW HampaBJIeHHOCTbhIO. [TouTn i Bcex
BHPYCOB XapaKTECPHO HAJIWINUEC TOMOJOTHMUYHBIX
dparMeHTOB K OeJIKaM CHCTEeMbl KOMIIJIEMEHTA,
WHTETpUHAM, aloIITO3-WHTUOUPYIOIIUM OeKaM,
uHTepseliknHaMm, Toll-mogoOHBIM pelenTopaMm.
M3BecTHO, 9YTO BCE 3TU KJICTOUYHBIC OCIIKM aKTHUB-
HO YYaCTBYIOT B PEIIPOAYKIINU U TTaTOTeHe3e BUPY-
cos [4, 10, 17, 18, 19, 20]. I1pu aTOM HaboOp GEIKOB
MUMMYHHOI CHUCTEMBI XO3siMHA, K KOTOPBIM OOHa-
PY>KeHBI TOMOJOTUYHBIE (hparMEHTHI B BUPYCHBIX
Oenkax, MHOANBHUIYAJICH IJI5I KaXK 0T 0 NCCIIeIOBaH-
HOTo Bupyca. XapaKTepHO, YTO HanOOIbIIIee KOJIH-

307



W.H. XunuHckas MHdekumns n uMmyHuTeT

Ta6auua 1. Mapbl roMonoruyHbIx pparMeHTOB HEKOTOPbIX 0€71KOB UMMYHHOW CUCTEMbI U BUPYCOB KOpU
M KpacHyxu
Table 1. Pairs of homologous fragments of some proteins of the immune system and measles and rubella viruses

Benku nMmyHHON

cucTeMbl YesioBeka Benku Bupyca kopu Benku BUpyca kpacHyxu
Proteins of the human Measles virus proteins Rubella virus proteins
immune system
Monumepa3sal MNonumepasza P90
Polymerase L Polymerase P90
RGGPVLKTYSRS (605-616)*

ICAM-1 I T O IR IR |
RGGSVLVTCSTS (40-51)**

Ig J-chain MVETALTPDACY (146-157)

STSTNLAHRLRD (1281-1292)

IFNo [ O I N R B
SLSTNLQERLRR (176-187)

EILKLNKCFYNS (1800-1811)

IL-9 I I I R |
EVLKNNKCPYFS (97-108)

QRANVSLEELRYV (1265-1276)

IL-34 [ I I Il
QRAQVSERELRY (81-92)

DVLDQNGFSDEGTY (314-325)

NALP1 DVLDONMGASILGVE (562-603) VERDGTDVALRAL (246-257)
PDVLESMRGHLI (1160-1171) \l,cl;llivcl;érl,\l,éllﬂ{,i (526-537)
PDYVEENRCALI (301-312)

FQCLRDTNSRLG (125-136)

NALP3 [ O T I I B
FQCIEDRNARLG (148-159)

RYLAYSLNVLEKYV (885-896)

NALP4 [ e N A |
RYLDLSANVLEKD (810-821)

VWNMAAGAGKTT (48-59)

NALP14 T T O R N I

VLQGAAGVGKTT (180-191)
GMLLGLGVLETL (1336-1347)

TLR9 I T O O |
GALLGLGNLTHL (193-204)

YSKVSDKVFQCL (117-128)

TLR10 [ O I I I R
YNKLSDSVFRCL (430-441)

UHTerpun-o6 rlz 1|< G tls II. T .T, rlz \Ir 1T rlz L S (1091-1102)

Integrin-o.6 RKSGLSSRVQFRNGQ (529-540)

RLEHEAGIRAYTV (220-231)

c3 A A O

RAHEAKIRYYTY (481-492)
FemarrnioTuHuH (HA) 06onoyveuHblii 6enok E1
Hemagglutinin (HA) Envelope protein E1
SCEGLGAWVPARA (58-69)
IL-32 T T I O O
SAQGLGAWVSAC (25-36)
TAEIHKSLSTNL (67-78)

TNFo |1 [ I
TAEASSSLSTSL (544-555)

UHTerpuH-02 YTAEIHKSLSTN (66-77) RIWNGTQRACTF (73-84)

Integrin-o.2 YPAETHLTRS TN (934-945) RIWNGTFASSTE (1078-1089)

Benok cnusaHus (F) 0O0onoyeyHblit 6enok E2
Fusion protein (F) Envelope protein E2
LGGLIGIPALTIC (504-515)

CD20 I T T I O R I
LGGLLMIPAGIY (66-77)

FMAVLLTLQTPT (11-22)

ICAM-3 I |
FVAVLLTLGVVT (490-501)

LIGQKLGLEKLLR (197-208)

TLR6 I I I I
LILQKNGLKDLF (382-393)
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Benkn uMMyHHoO
CUCTEMbI YeNI0BEKA Benku Bupyca kopu Benku BUpyca KpacHyxm
Proteins of the human Measles virus proteins Rubella virus proteins
immune system
docoonpoTteunt (P) KancupHbiii 6enok (C)
Phosphoprotein (P) Capsid protein(C)
KIISKLESLLLL (330-341)
NALP8 [ R I R B B A
KIMSKPDQLLLL (273-284)
LASFGTETIASLL (235-246)
NALP11 || s
RASECEEIASLL (731-742)
VQSGLDGDSTLS (130-141)
FADD L I
VQSGLDLFSMLL (39-50)
QETRSQTPAPKP (85-96)
FcR/b [ N |
QATLSQTPAVGP (462-473)
WHTerpun-o II. If\ CI; LL II. II.\ T ‘II II.\ ‘II CI; (285-296)
Integrin-c LEGDGLADVAVG (591-602)
HykneonpoteuH (NP) MpoTteasa (P150)
Nucleoprotein (NP) Protease (P150)
LDVVRNRIAEDL (216-227)
Cc3 S A O B I O
LDGVQNPRAEDL (308-319)
LAKAVTAPDTARA (178-189) APAPPAPRPARY (551-562)
IgD/C [ T I A O I RN
LAKATTAPATTR (122-133) VPAPPSPQPATY (342-353)
SADALLRLQAMA (491-502)
NOD2 I I A I S O |
SEKALLRRQACA (696-707)
DPPPPAPSPPAP (753-764)
DrERECIRCEAD (151-162)
1gG3 TPLGDATAPEPR (1021-1032)
é:lwldcl;llaéénécxlwla (102-113)
LLDEVLAPGGPY (4-15)
[ T O O I
ILR-17 LLLGVLAPGGAS (21-32)
VAAFDRGPLEDG (451-464)
YAAVEPGEPLAD G (678-689)
PPPPAPSPPAPP (754-7675)
FasL [ T T I A
PPPPPPPPPLPP (45-56)
EDGGRHLDTV QP (460-471)
NALP3 [ O O A A
EKEGRHLDMVQC (695-706)
SAAESLRAALAA (944-955)
NALP12 | T I I I O
SACEDLSAALTIA (757-768)
RERPSAPAGQPD (505-516)
NF-xB L O O
RERPSAPRGIPF (81-92)
RHSDARGTPPPA (738-749)
IL-16 I R A O O
RASDPRGLPDPA (101-112)
Mem©GpaHHbIii 6enok (M)
Membrane protein (M)
PeuenTop C2 CI"' T T ? lI) IoeT T llf T (16-27)
CR2 GSIAPGLSVTYS (171-182)
HecTpykTypHbiit 6enok (NS)
Nonstructural protein (NS)
VQSGLDGDSTLS (131-142)
FADD L I
VQSGLDLFSMLL (39-50)
I'Ipumeqauvm. <<|>> — WOEHTNYHblIe aMUHOKMNCNOTbI; «:» — VISOd)yHKLI,I/IOHaﬂbeIe aMUHOKUCNOThI. * — nocnenoBaTesibHOCTb aMUHOKUCTOT d)parmeHTa
6enka Kopy 1 KpacHyxu; ** — nocnenoBaTelbHOCTb aMMHOKMCIOT dparmeHTa 6eka UMMYHHOR CUCTEMBI.
Notes: «|» — identical amino acids; «:» — isofunctional amino acids. * — amino acid sequence of the measles and rubella protein fragment; ** — amino

acid sequence of a fragment of the protein of the immune system.
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TaGnuua 2. Mapbl FOMONOrMYHbIX GParMeHTOB HEKOTOPbIX 6€IKOB MMMYHHOW CUCTEMbI M afeHOBMpYyca
cepotuna C

Table 2. Pairs of homologous fragments of some proteins of the immune system and serotype C adenovirus

Benku uUMMyHHOII cucTeMbl Benku apeHoBupyca
Proteins of the immune system Adenovirus proteins
Benok rekcoH/Protein hexon

ELEDEEEAEEEE (147-158)*

ILR4 R T A T O I
ECEEEEEVEEEEK (370-381)%*
EDEEEAEEEERAEEE (149-162)

NALP6 I A A I A B O
EDTEEPEEEEEGEE (601-614)
LAGEKITANGLGQ (183-194)

NALP5 [ T I A
LAGSKITARGTIS (721-732)
EELEDEEEAEEEEEAEEEA (146-164)

IL-27 N O I O
EEEEEEEEEEEEEEEEEEE (164-182)

Benok ¢pubpos/Fiber protein

LTVQDSKLSTIAT (135-146)

NALP4 | L T O
LQVQDSTLSEST (643-654)
LAGEKITANGLQ (183-194)
[ T I I
LAGSKITARGTIS (721-732)

NALP5
LTLVLTKCGSQV (421-432)
[ O A | I
LTLRLQKCQLQV (845-856)

MeHTOH/Penton
WuTerpun-a2 LAYNYGDPQAGIRS (411-424)
. I O O A IO |

Integrin-o02 LAYNVGLPEAKIFS (28-41)

Npumeyanus. «|»— MAEHTNYHBIE BMUHOKMCAIOTHI; «:» — N30(DYHKLMOHANBHBIE AMUHOKUCNOTH; * — NOCNEL0BATENLHOCTL aMUHOKMCAOT dparmMeHTa

6enka ageHoBMUpyca; ** — nocnenoBaTenbHOCTb aMUHOKICOT dparMeHTa 6enka remocrasa.

Notes. «|» — identical amino acids; «:» — isofunctional amino acids; * — amino acid sequence of the measles and rubella protein fragment; ** — amino

acid sequence of a fragment of the protein of the immune system.

Ta6auua 3. Mapbl roMoAOrMYHbIX GPaArMeHTOB HEKOTOPbIX 6e/IKOB UMMYHHO cucTembl M BUpycoB RS
(pecnupaTopHO-cuHUUTUaNbHoro) u SARS (kopoHaBupyc)

Table 3. Pairs of homologous fragments of some proteins of the immune system and RS (respiratory syncytial)
viruses and SARS (coronavirus) viruses

Benku wﬂn;:::;):acucmmu Benku Bupyca RS Benku Bupyca SARS
. . RS vir rotein ARS vir rotein
Proteins of the immune system S virus proteins SARS virus proteins
Monumepasa L/Polymerase L Pennuka3sa R/Replicase R
SGITLGVLVPHYV (100-111)*
CcD8/p RN
SPITLGLLVAGYV (169-180)**
KSGSNINSNLIL (1467-1478)%*
CcD81 .
PSGSNIISNLTFEK (176-187)**
KTTLLKKLMCSM (186-195) NLKQLPFFYYSD (6340-6351)
NALP4 L L I L [ L O I N
KTTLLMKLMMAW (161-170) NLKQLVFFDFST (963-974)
LENLSITELSEKY (1194-1205) CCNLSHRFYRLA (5014-5025)
NALP2 [ R I I [
LEQLSQDELSKTF (15-26) CVNLSHRYTRLL (150-161)
LSLENLSITELS (1192-1203) AGAKLRSLNLGE (696-707)
NALP5 [ T I E R B I T I A T Y
LSLLQLSQTGLS (1165-1176) ANRNLRSLNLGG (835-846)
VMPLSAPTLVPQ (5533-5546)
ILR4 N
VPQLSEPTTVPQ (533-546)
LALLSDHQDLEKTWA (4159-4171)
IL-5 BN
LALLSTHRTLLIA (34-46)
AMVYTSDLLTNSV (583-555)
L I
IL-9 AMVLTSALLLCSV (4-16)
: LTFLTSLLILVQ (3562-3573)
T O O I I R |
LTFLKSLLETIFGQ (122-133)
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Benku uMMyHHOII cuctTemMsl

yenogeka B:gK'" Bupy(t:g RS Bg:;g gupyca tSIT\RS
Proteins of the immune system virus proteins virus proteins
GSGALRELTRETL (166-177)
IL-13 S T T I IO |
PSTALRELIEEL (39-50)
EEEEDDAECEEEE (930-942)
I T R I O
IL-27 EEEEEEEEEEEEE (164-176)
. VMPLSAPTLVPQ (5533-5544)
[ R R N N e |
VWPLGFPTLSPQ (231-242)
MeHTakeuH IITGLHPTQAPT (5916-5927)
. [ A I I R |
Pentaxin IDNGLHPTEDPT (34-45)
XemokuH CCL5 LAWPLIVTALRA (4099-4110)
. (! [ I I |
Chemokine CCL5 LAVILIATALCA (8-19)
LSLENLSITELS (1192-1203)
NALP7 [ A A
LSLENCRLTEAS (823-834)
IAGAKLRSLNLG (695-706)
NALP9 [ N I O I I I I
IACKTLRSLNLD (910-921)
CCNLSHRFYRLA (5014-5025)
NALP12 N T I IR I
CVNLSHRYTRLL (150-161)
LLALQQLEVEKFN (1657-1668)
TLR1 T A I R |
LEALQELNVAFN (467-478)
TLMIERFVSLAI (5222-5233)
TLR3 [ [ A
TLTNETFVSLAH (395-406)
LLALQQLEVEKFN (1657-1668)
TLR6 R I T A I R |
LEALQELNVAFN (472-483)
LTWKDISLSRLN (270-281)
TLR9 | [
LVLKDSSLSWLN (289-300)
SEVVLKKLKEKSTL (3950-3961)
TLR10 N T A R I
EEEVLKSLEKFSL (631-642)
SSSKTSEEHFVE (1468-1479)
NF-xB [ I T I I |
SSSKESQEEFLE (264-275)
UHTerpuH-o2 TKTVQIFTETTLIIJ? (4083-4094)
Integrin-o.2 SAIAALSDINMD (556-567)
WHTerpu-B2 (IZ\IIII.AAT(IZTIII?II(D (2890-2901)
Integrin-p2 CVLSQECTKFEKYV (19-30)
QLRNHALCNNEKL (940-951)
NOD2 [ I
QLOQKLALFNNEKL (844-855)
TIAGAKLRSLNL (694-705)
C5 [ A N B B |
TTAYALLTSLNL (1250-1261)
GLDSLDSYPALE (2271-2282)
VLA-3 o N T AT O B
GLRSLDAYPILN (555-566)
Peu,enTopVLA-4 IVOQMLSDTLEKGL (6068-6079)
[ A I R |
VLAR-4 IVQFLSKTDEKRL (876-887)
NLGERVRQSLLEK (4546-4557)
FADD I O T T I O B
NLTERVRESLRTI (136-147)
FnukonpoTteun G/Glycoprotein G 0GonoueuHblit 6enok E1/Envelope protein E1
TTTNPTKKPTLT (227-238)
CD8 [ IS T T T A I
TTAQPTEKKSTLEK (140-151)
WHrerpun-p2 LPDPLKPTKRSF (788-799)
. [ N B | [
Integrin-p2 LPDTLKVTYDSF (374-385)
RVVVLSFELLNA (495-504)
C6 | [ A |
RRSVLYFILLNA (3-14)
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OxoH4yaHue Tabauubl 3. Mapbl roMoONOrMYHbIX PparMeHTOB HEKOTOPbIX 6€/IKOB UMMYHHOI CUCTEMBbI
n BUpycoB RS (pecnupatopHo-cuHuuTUanbHoro) u SARS (kopoHaBupyc)

Table 3. Pairs of homologous fragments of some proteins of the immune system and RS (respiratory syncytial)
viruses and SARS (coronavirus) viruses (continued)

Benku UMMyHHOI CUCTEMbI
en He}':oagkac cre Benku Bupyca RS Benku Bupyca SARS
Proteins of the immune system RS virus proteins SARS virus proteins
GVLTPSSKRFQP (536-547)
IL-22 N
EVLFPQSDRFQP (102-113)
SQSVIIINNSTN (111-122)
NALP14 [ T A R |
SQSLIFLNLSTN (785-796)
PKTSEILDISPC (565-576)
TLR2 I Y I O O
PKTLEILDVSNN (456-467)
Protein S VSLLRSTSQKSTI (663-674)
. [ T I I
S protein VSLVDSTSEKSQ (537-548)
KLPLGINITNTFR (221-232)
VLA-3a [ O AT I T I |
KLLLSINVTNTR (618-629)
Benok cnuanua F/Fusion protein F 006onoueuHblii 6enok E2/Envelope protein E2
LSTYMLTNSELL (247-258)
NALP5 I A T E B I I
LITRFLTPSELL (266-277)
VIEFQQKNSRLL (220-231)
VLA-3a e
VSEQQQKLSRLQ (600-611)
GIAVSKVLHLEG (151-162)
C4a [ I O R R R
GDAVSKVLQIEZK (924-935)
LTNSELLSLIND (252-263)
TLR8 T T I I :
LTNLELLSLSFN (200-211)
UHTerpuH-o5 IEFQQKNSRLLE (217-232)
. [ T I I O I
Integrin-o5 IEFDSKGSRLLE (107-122)
Hykneonpoteun NP/Nucleoprotein NP MpoTtea3a P150/Protease P150
AKAYAEQLEKENG (350-361)
NALP3 [ I A A
AKALAEALKVNQ (795-806)
MKFEVLTLSSLT (109-120)
NALP2 T A R B
MLFETLTCSSGT (1001-1012)
M M
SANVSLDERSKL (91-102)
NALP7 T A
ANVLLDEGAML (797-808)
EELKQLLEQWNL (10-21)
IL-2 [ O B | |1
EELKPLEEVLNL (81-92)
NS NS 3b
MSRRRLLACLCEK (124-135)
MFG-E8 [ ST A T O |
MPRPRLLAALCG (1-12)
NS 8a
LIVLTCISLCSC (4-17)
NALP8 I T R R |
LTQLTCESLASC (851-864)
NS 8b
AGGALIARCWYL (52-63)
Cis [ I I B I
AGGALINEYWVL (460-472)
NS 9b
TNVVPPALHLVD (6-17)
VLA-3a R O I
TLVVPPALLLSS (644-655)
npumeqauvm. <<|>> — WOEHTUYHble aMUHOKUCIIOThI; «:» — VI30(‘DyHKLI,VIOHa}'IbeIe AMUHOKUCTOThI. * — nocnenoBaTebHOCTb aMUHOKNCTIOT d)paI'MeHTa
6enka KOPWU 1 KPpaCHYXW; o nocnenoBatesibHOCTb aMUHOKUCOT d)parmeHTa 6enka remocrasa.
Notes. «|» — identical amino acids; «:» — isofunctional amino acids. * — amino acid sequence of the measles and rubella protein fragment; ** — amino

acid sequence of a fragment of the protein of the immune system.
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MUMUKPUS BUPYCAMMN MMMYHHBIX GE/KOB

YeCTBO F'OMOJIOTMYHBIX (DparMeHTOB COCPEIOTOYUEC-
HO B BUPYCHBIX OeJIKax, 001aalonX MojJuMepas-
HOU aKTUBHOCTbIO — L-ToiuMepasa (BUPYC KOPU)
u P-90 (Bupyc kpacHyxu) (tabua. 1), moiumepasa
U pernivikasa BupycoB RS u SARS (T1a67. 3). B 060-
JIOYEYHBIX, BHYTPEHHUX U HECTPYKTYPHBIX BUPYC-
HBIX 0eJIKaX rOMOJIOTUYHBIe (hparMeHThI BBISIBJIC-
HBl B 3HAUYMTEJBHO MEHBIIUX KoiandyecTBax (oT 1
10 4-x). O6paliaet Ha ceOsl BHUMaHUe 3HAYUTEb-
Hasi MUMUKpPHUSI B OeJKax MCCIeAYEeMbIX BHUPYCOB
Takux 6eynkoB, Kak NALP, TLR, IL, npu 3ToM BbI-
SIBJIEHO IO HECKOJIBKO TOMOJIOTUYHBIX ()parMeHTOB
K 9TUM OeJiKaM B OJHOM M TOM K€ BUPYCHOM Oei-
Ke. BaxxHO Takke OTMETHTb, YTO TOMOJOTUYHBIC
¢dparMeHTHI ¢ OYeHb BBICOKOI CTENEHbIO TOMOJIO-
ruu K 1L-27, BeisiBJiIeHHBIe y ageHoBUpyca 1 SARS,
UAeHTUYHBI. [lepeyncieHHbIe BbIIIE KJICTOYHBIC
0OeJIKU IIPUHUMAIOT caMoe aKTUBHOE yJacTHe B pe-
TYJISIIIMKA BOCHAJIUTEILHOTO ITpoliecca u hopMupo-
BaHMU UMMYHHOI'O OTBETa B OpTaHU3Me XO3sIMHa.
MOXXHO MPEANOJIOXKNUTh, YTO MUMUKPHSI BUPY-
caMu OEJIKOB UMMYHHOM CHUCTEMBI MOXET UTpaTh
BaXXHYIO POJIb B €€ AU3PEryasiiiuM, BbI3bIBAsT IIU-
POKMIA CITIEKTp HapyLIEHUI: OT UMMYHOCYITPECCUU
JI0 IMTOKMHOBOTO IITOPMa. BhIlIerieHrne MUMU-
Kpu4eckruX hparMeHTOB U3 BUPYCHBIX OEJIKOB MO-
JKeT MPOMCXOIUTH 3a CUET pACIICTUICHUS UX KJie-
TOYHBIMM ITpOTE€a3aMu JIMOO BUPYCHBIMM ITPOTE-
azaMM. Y MHOTMX BUPYCOB IIpOTea3bl 3aIporpam-
MUPOBaHbI B UX TEHOME, KPOME TOT0, ITPOTea3HOM
aKTUBHOCTBIO MOTYT 00JamaTh M CTPYKTYpHBIC
BUpYCHBIe OeJiku. [TomTBepKIeHueM 3TOTO Ipe-
MOJIOXKEHU I MOTYT CJIY>KUTh JaHHBIE 00 OOHapyKe-
HUU NpoTea3Hol akTuBHocTU 6esika P150 y Bupyca
KpacHyxH [12], oOHapyxkeHue (pparMeHTa, MUMUK-
PUpPYIOIIMEro MHTMOUTOP Z-3aBUCUMOI MPOTeEa3bl
B Oeyike rekcoHa aaeHoBupyca. Ilpu »sTom ¢par-
MEHT, TOMOJIOTUYHBIA MHTUOUTOPY Z-3aBUCUMOI
MmpoTeasbl, COCTOST U3 16 aMUHOKMCIIOT C OYEHb

Cnucok nutepatypbl/References

BBICOKOM CTEIeHblO TOMOJIOTUM (YYMTBhIBAsi U30-
(YHKIMOHAAbHbIE AMMWHOKUCIOTBI) U BKJIIOYAJ
B ce0s1 (pparMeHT U3 MOCIEA0BATEILHOCTH 6 UIEH-
TUYHBIX aMUHOKUCJIOT [3].

Jpyroii moTeHUMaAbHbIM MEXaHU3M AU3pEry-
JSILUUU BUPYCHBIMU TOMOJIOTUYHBIMU (pparMeHTa-
MU MMMYHHOM CUCTEMBI XO3sIMHA MOXKET MPOsiB-
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BO3MOXHOW CBSI3M BO3HUKHOBEHUSI HapKOJIEIICUU
C BBICOKMM cojJiepKaHueM B BakliMHe Pandemrix
(GlaxoSmithKline) = HykJeompoTeMHa  BHUpYyca
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TuHa (opekcuHa) 2. Kak BBISICHUIOCH, pelenTop
TUTIOKPETUHA 2 COAEPXXUT B CBOEH BHEKJIETOUHOI
neTje MOTUB, MPUCYTCTBYIOLIUI U B COCTaBe HYK-
neornporenHa [8, 11, 15, 16].
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AHAJIN3 SKCIPECCUN TEHOB CUITHAJIbHbIX
NYTEW ANONTO3A U BbDKUBAHUS

B IEMKOUUTAX KPOBU OETEN

NMPU PA3JINYHBIX POPMAX TEMEHUA
Bri-6-MHOEKLUNNA
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Pesiome. HecMOTpst Ha MCKITIOUUTETbHYIO PACIIPOCTPAHEHHOCTh BUpYca repreca yenoeka 6 tuma (BI'Y-6), mone-
KYJSIpHbIe MeXaHU3MBI TlaToreHe3a BI'Y-6 mHbeKIMn ocTaloTcss BO MHOTOM HEeM3yueHHBIMM. B HacTosImee Bpemst
HE BBISBJIEHO CIelIM(MUUHBIX MOJEKYISPHBIX (GaKTOpoB HebmaronpusTHoro TedeHuss BI'Y-6 nHbekimm, KoTopbie
MO3BOJIMJIM ObI 00JIETYMTH BEIOOP aJeKBATHOM Tepanuy v MPeaynpeauTh pa3BUTUE OCTOXHEeHU . [lenbio HacTos e
pabOTHI SABJISIETCSl aHAJIU3 SKCIIPECCUM T€HOB CUTHAJIbHBIX MyTei arnornTo3a U BhIXKMBAaHUS B JIEHKOLIMTAX KPOBU Je-
Teit 7—17 et nipy pasnudHbIX GopMmax TeueHus BI'YU-6-nHdexMy. AHaIU3 TPOBOAMIICS C TOMOIIBIO pa3paboTaH-
HbIX Hamu JIHK-MUKpouuIoB, mo3BoASIONIMX OLIEHUBATh U3MEHEHUST YPOBHEH aKcnpeccun Kak oTaeabHbix MPHK,
TaK ¥ CyMMapHBIX YPOBHeH aKcrpeccun reHoB (-X). B octpoit dpase BI'U-6 nHbeknnn 6anaHc ypoBHEH SKCIIpeCCun
ucciaenyembix MPHK 1 reHoB cMmeliancst B CTOpOHY IpoanonToTuueckuX (akTopoB, YTO MOXET OKa3blBaTh CYylle-
CTBEHHOE BIMSHNE HAa YYBCTBUTEILHOCTD JICHKOIIMTOB K aronTo3y. B ¢a3e pekoHBameCeHIINNA OOJBITMHCTBO aJIb-
TepupoBaHHBIX YpoBHeit akcnpeccun MPHK 1 renHoB Hopmanu3zoBanock. Hamu BoisiBiaeH psag MPHK v reHoB, ypos-
HH 3KCIIPECCUU KOTOPHIX 3HAUMTEIBFHO M3MEHSIJINCh B OCTPOM (ha3e 3a0oseBaHmsl. [1o TaHHBIM TMTEPaTyphl TaKue
(baxTophl UTpaloT BaxkHYIO (DyHKIIMOHATBHYIO POJIb B PETYJISIIUM UCCIETyeMbIX CUTHAIbHBIX MyTeil. C 11e1bio To-
ncka BI'Y-6-accormmpoBaHHbBIX GAKTOPOB, BIMSIOIIMX HA GOPMUPOBAHKME KIMHUYECKOW KAPTUHBI TCUECHU ST TSIKE-
JIOU TePIIeCBUPYCHOM MUKCT-MHOEKIIMH, ObLT TPOBEIECH aHaIN3 BBISBICHHBIX HAMU 3HAYMMbIX M3MEHEHU I YPOBHE
skcrnpeccun MPHK 1 reHoB y manmeHToB ¢ Tskesioir BI'U-6+BOB+LMB Mukcr-undexuneit 1 BOb+ILIMB mMukct-
nHbeEKIMe cpeaHell TSKEeCTH Mo CPaBHEHMIO ¢O 310poBbiMU foHOopamMu. O6HapyxkeHbl S MPHK (FAF1-NM 007051,
DAPK2-NM 014326, CASP8AP2-NM 001137667, CASP8-NM 033356, BTK-NM_001287345) u 3 rena (FAS-Z,
Puma/BBC3-Z, ITCH-X), ypoBHU 3KCIIPECCUU KOTOPBIX 3HAYMTEIbHO MoBbiIIanuch npu BI'Y-6+BOb+1IMB mukct-
MH(EKIN 1 ocTaBalrch Hem3MeHHBIMU Tpy BOB+1M B Mmukct-undexkuun. Jlanusie MPHK MoryT c1yXuth KaHu-
JMATHBIMM TPOTHOCTUUYECKUMH (PaKTOpaMM pHCKa pa3BUTHUS TSKEIBIX (DOPM repIieCBUPYCHON MHGEKIINHY ¢ yIaCTHEM
BI'Y-6. Hacrosiiast paboTa 3HaYMTEIbHO paCIlMPSIET CYILIECTBYIOLINE MIPEACTABICHMS O MOJIEKYISIPHBIX MEXaHHU3MAaX
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H.A. CaxapHoB 1 ap. MHdekumns n uMmyHuTeT

natoreHe3a BI'Y-6 nH(eKIIMM ¢ yyacTreM CUTHAJIbHBIX YTl aronTo3a U BhIKMBaHU . BeIsIBICHHbBIE HAMU 3HAY M-
Mble U3MeHeH sl ypoBHeii akcnpeccruu MPHK 1 reHOB ¢ HanboJ1bIeit BepOSITHOCTBIO BHOCST BKJ1a 1 B matoreHe3 BI'Y-6
nHpekuun u Tsexesnaoin BI'Y-6+BOb+1MB Mukcr-nHdeknm.

Karoueesvie caosa: BI'9-6 ungpexuyus, maxceaas BI'Y-6+BIB+IIMB muxcm-ungexyus, neiikoyumot, sxcnpeccus MPHK, cuenanvnuvie
nymu, anonmo3s, /I HK-mukpouunuo..
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Abstract. Despite that human herpes virus type 6 (HHV-6) is extremely spread worldwide, molecular mechanisms of be-
hind HHV-6 infection pathogenesis remain largely unexplored. No molecular markers were found linked to unfavorable
course of HHV-6 infection which could allow to ease up selecting proper therapy and preventing development of compli-
cations. The aim of the study was to analyze expression of apoptosis and survival-related genes in blood leukocytes from
7—17-year-old children upon various forms of HHV-6 infection. The analysis was carried out by using DNA microarrays
developed by us allowing to assess changes in expression level both of individual mRNAs and total gene set (-X). It was
shown that during the acute phase of HHV-6 infection mRNA level was shifted toward pro-apoptotic factors. In the
convalescence phase, most altered mRNA levels returned to normal. We have identified a set of mRNAs and genes whose
expression level was significantly changed in acute disease phase. According to available data, these factors play an im-
portant role in regulation of studied signaling pathways. In order to search for HHV-6-associated factors, which mark-
edly affect disease pattern of severe herpesvirus mixed infection, we analyzed significant changes of mRNA and genes
expression levels in patients with severe HHV-6+EBV+CMYV mixed infection and EBV+CMYV mixed infection of mode-
rate severity compared with healthy donors. The levels of 5 mRNAs (FAFI-NM 007051, DAPK2-NM_ 014326, CAS-
PSAP2-NM 001137667, CASP8-NM 033356, BTK-NM _001287345) and 3 genes (FAS-X, Puma/BBC3-X, ITCH-X)
were significantly increased in severe mixed infection comorbid with HHV-6 (EBV+CM V+HH V-6) but without HHV-6
(EBV+CMYV) compared with healthy donors. Most of detected factors belong to Fas-mediated apoptosis pathway, and
may be considered as candidate prognostic development factors of severe herpes virus infection involving HHV-6. This
study profoundly extends existing understanding on molecular pathogenesis of HHV-6 infection involving apoptosis and
pro-survival signaling pathways. Marked changes of mRNA and gene levels most likely contributed to the pathogenesis
of HHV-6 as well as severe HHV-6+EBV+CMYV mixed infection.

Key words: HHV-6 infection, severe HHV-6+EBV+CMYV mixed infection, leukocytes, mRNA expression, signaling pathways, apoptosis.

B HacTosi11Iee BpeMsI He BBISIBJICHO CrielIM(ruec-
KUX MOJISKYISIPHBIX (DAaKTOPOB HEOJIATOIIPUSITHOTO

BeepneHue

Bupyc repneca yenoseka 6 Tumna (BI'4-6) otiiu-
4aeTcsl UCKJIIOYUTEIBHO ILIMPOKMM pacHpocTpa-
HEHMEM, €r0 HOCUTEJISIMU SIBJIsIeTCs 10 95% Mupo-
Boro HaceneHusi. MHpuUUupoBaHUE TTPOUCXOIUT
MPEeUMMYIIECTBEHHO B paHHEM BO3pacTe U coxpa-
HsieTcs TMoXMu3HeHHo [6, 7, 9]. BI'U-6 sBisercs
3THOJOTMYECKUM areHTOM BHE3aITHON 3K3aHTEeMbI
(poseousibl) y meteit [7, 25, 29], a Takke y4acTBYeT
B Pa3sBUTUM MHMEKIIMOHHOTO MOHOHYKJeo3a [2,
3]. PeaktnBauus BI'Y-6 nHdeKMM 9aCTO BO3HMU-
KaeT y MMMYHOKOMIIPOMETUPOBAHHBIX OOJBbHBIX
U MOXET NPUBOAUTH K CEPbE3HBIM OCJIOXHEHUSIM,
B TOM YUCJI€ TeNaTUTy, H1ehaTUTy U THEBMOHU U
BITJIOTH JI0 JieTajbHOro ncxona [6, 10]. ITpun MmukcTt-
undekuun BI'Y-6 ¢ apyrumu reprecsupycamu
(BOb — Bupycom Dnuureiina—bapp u [IMB — 1iu-
TOMErajJoOBUPYCOM) YCUJIMBAETCsS CTEIeHb BbIpa-
JKEHHOCTU U JIJIMTEJIbHOCTh KJIMHUYECKMX CUMII-
TOMOB 3a00JieBaHMsI, MOBBIIIACTCS PUCK Pa3BUTHUSI
ocJioxHeHuii [12].

teyeHus1 BI'Y-6 mHEKLMM, KOTOPHIE IMO3BOJIU-
au Obl OOJIErYUTh BHIOOP adeKBaTHOM Tepamnuu
W TOpEeaynpeauTbh BO3HUKHOBEHHE OCIOXHEHUIA.
DTO CBSI3aHO C HEOOCTAaTOYHON M3YyUYEHHOCTHIO
MOJICKYISIDHBIX MEXaHM3MOB ITaTOreHe3a JaHHO-
ro 3abosieBanus. Ilo nanubiM auteparypsl BI'U-6
WHOUIMPYET IHUPOKUMN CHEKTP KJIETOK MUMMYH-
HOM CHUCTEMBI, IPOSABIASA BbIPAXKECHHBIN TPONU3M
kK CD4* T-numdoumTam, MOHOLIMTAM U OTpa-
HUYeHHO permunupysach B CD8Y T-kierkax,
B-mumdounrax, NK-knerkax m makpodarax [2,
5]. Xopou1o u3BeCTHO, YTO ApYyTrue JMMOOTPONHbIE
repriecBupychl (BOb, IIMB) addhexkTuBHO MOTYIH-
PYIOT MMMYHHBIC peaKIIMU ITyTeM U3MEHEHUSI SKC-
MPECCUU TEHOB, PETYJINPYIONINX aKTUBAIIMIO, TIPO-
Judepanunio 1 arorTo3 B KJIeTKaX UMMYHHOM CH-
cremsl [4, 11, 14, 15, 16, 17, 24]. BeipaxkeHHOE n3Me-
HEHUE DKCIPECCUU T'e€HOB (B TOM YMCJIe Ha YPOBHE
MPHK), yuacTBy0OIuXx B peryiasiiuy CUTHaJIbHBIX
MyTEH arronTo3a ¥ BBIXKUBAHUSI B UMMYHHBIX KJICT-
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Kax, MOXeT OTpaxkaTh MOJIEKYJASIPHbIE MeXaHU3MBbI
nMmyHomaroredeza BI'Y-6 vndexkuuu. g Kom-
MJICKCHOTO aHaJn3a 3KCIPECCUM OOJBIIOTO KO-
audectBa MPHK TpaauliMmoHHbIE METOABLI UCCJIE-
noBaHusi (OT-TILP u ero pa3nuyHbie BapuaHThI)
SIBJISIFOTCSI TPYAOEMKHUMU U (PMHAHCOBO 3aTpaTHbI-
MU. OTHUM U3 BO3MOXHBIX UHCTPYMEHTOB IJISI pe-
meHus Takux 3agad sapiasitorcs JJHK-Mmukpountibr,
KOTOpbIE MO3BOJSIOT TPOBECTU OJHOBPEMEHHYIO
JNETeKIMI0 U TMOJYKOJMYECTBEHHBIM aHaIu3 He-
ckoJibKuX Thicsty MPHK [1].

Llempro HacTosIIEelr pabOTHI SIBISIETCS aHAIN3
9KCIIPECCUM T€HOB CUTHaJbHBIX MYyTel arorro3a
M BBI)KMBAHUS B JIEMKOLIUTaX KPOBU AeTeit, MHPU-
nupoBaHHbix BI'Y-6, npu pazinndyHbiXx hopMax Te-
YeHU ST MTHPEKIINN.

Matepuainbl 1 METOLbI

MarepuajioM HCCISOOBAHUS SBUJIMCH 00pa3-
bl eprdepudeckoil KpoBU, TOJYUYEHHBIE OT Jie-
Tel M moapocTKoB 7—17 yeT B ocTpoit paze BI'U-6
nHbekuuu cpeaHeit tsakectu (N = 21), B ocTpoit
daze BOB+IIMB-MukcT-uHdeKIUMU cpeaHeil Ts-
xect (N = 9) u B ocTpoii dase Tsxkenoin BI'Y-6+
BBb+IUMB mukcrt-undpexkuuu (N = 9). [danee
MPOU3BOAMIN MOBTOPHOE B3SITUE OOPa3liOB KPO-
B Yy TeX XK€ IMallMeHTOB B (pa3e peKOHBAJIECIICH-
AU TIPU OTCYTCTBUU KJIMHUYECKUX U JTabopaTop-
HBIX TPM3HAKOB 3a00JieBaHUS B CpeAHEM 4Yepes
2—2.,5 Mecs1a oT Hayajga MaHudecTaluu 3aboye-
BaHUs. B KkauecTBe Tpynnbl CpaBHEHU S UCTIOJIB30-
BaJIUCh 00pas3lbl mepudepruieckoii KPoBU TIpak-
TUYECKHU 3I0POBBIX TOHOPOB COMOCTaBUMOTO TT0JIa
u Bo3pacta (N = 23) (TabJ. 1).

B paborte ncnonab30BaluCh OCTATOYHbIE KOJIU-
yecTBa 00pa3loB, MOJYYCHHBIX IJISI ITPOBEICHUS
CTAaHIAPTHBIX JIMAarHOCTUYECKUX WCCIeIOBaHUMN
B KJMWHUYecCKol mnpakTuke. MHGOpMUpOBaHHOE
corjiacue pomuTeIeii MM OIEKYHOB Ha ITPOBEIE-
HHE MCCIEIOBATEIILCKOM pabOThI B COOTBETCTBUU
¢ XenbCUHCKOM JeKaapaliueii ObIJ0 ToJydeHo Jie-
YaliuMM BpayaMu KJIUHUKU.

Xapakmepucmuxka nayuenmos. HabGop rTpyI-
Nbl TTAIMEHTOB TIpoBoaumicd Ha 6asze I'BY3 HO
JAT'KB Ne 27 «Aitbonut» 1. HusxkxHero HoBropomna.
KnuHuyeckyve CUMIITOMBI TepIIECBUPYCHONM WH-
(GeKILUN OlLeHUBAJIUCh HA OCHOBAaHUU (pU3UKab-
HOTO WCCICOOBAaHMS U J1a0OPaTOPHBIX HAaHHBIX.
BenymmMyn KIMHUYECKUMU CHUMIITOMAMU ITalM-
€HTOB OBIJIM OCTPbI TOH3UJUIUT, TOH3UJLJIO(hapUH-
ruT, JumdbanaeHonaTus, TrenaTocIJieHoOMeraausl,
Juxopanka, (peOpUIbHBINA CYyITOPOXHBINA IIPUCTYII,
pexe — WHMEKIIMOHHAasg 3k3aHTema. M3 mabopa-
TOPHBIX aHAJIM30B MallMeHTaM ITIPOBOAUIICS OOIIMIA
(ompenesieHre NOJIU aTUITMYHBIX MOHOHYKJIEAPHBIX
KJIETOK) M OMOXMMHWYECKUIl (OIpeneacHUe YpOB-
Hell depmeHTOB neueHUu — ACAT u AnAT) ananu3s
KpoBHM (Tab1. 1). BeisiBieHME 9TUOTOTUYECKUX areH-

Ta6nuua 1. KnuHnyeckue n nabopatopHblie napaMeTpbl NaLMEHTOB UCCNeAYyeMbIX Fpynn

Table 1. Clinical and laboratory parameters of studied groups patients

Dimensions of sub-mandibular, parotid and
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toB nHpexkuuu (BOB, IIMB, BI'U-6) npoBoaunin
Ha ocHoBaHuU MeTonoB MDA u TTLP B peanbHOM
BpemeHu. C noMoiblo HabopoB <«BekTop-bect»
(Poccus) ompenensiaiv Hajluuue aHTUTE KJIAaCCOB
IgM u IgG x anTurenam BI'4-6, BOb u LIMB B chI-
BOPOTKE KpoBU MainueHToB. C MOMOIIbI0 HAOOPOB
«AMnanCenc® EBV-CMV-HHV6-ckpun-FL» Me-
TogoM IILIP B peajibHOM BpeMeHU BBISBJISIIM Ha-
muune JTHK IIMB, BOb u BI'Y-6 B obpa3siax 1me-
pudepuyeckoii KpoBu mnauveHToB. BI'U-6 nHbek-
UsI AUAarHOCTUpOBAjdach MPU HaJUYUU B KPOBU
JHK BI'Y-6 u antuten IgG k anturenam BI'Y-6,
a MUKCT-UHbeKIus npu Haauuuu B KpoBu JHK
n antuten IgM/IgG x anturenam BOb, 1LIMB
n BI'Y-6 B pasHBIX coyeTaHUsIX. TsKeCcTh 3a00Je-
BaHU S OMpPeesisiaach MO0 KOMITJIEKCHBIM KJIUHUYEC-
KUM U J1a00OpaTOPHBIM KPUTEPUSIM. BOABIIMHCTBO
MalMeHTOB MOCTYMNaJdu B CTAllMOHAP B COCTOSIHUU
CpedHe! CTerneHu TSKEeCTHU. Tskesble ciyyau Te-
YyeHUs 3a00J1eBaHUsI ObIJIU BBISIBJIEHbBI TIPU MUKCT-
nHpexknnn BOB+LIMB+BI'Y-6. Ha ocHoBaHum
MOJYYEHHBIX TaHHBIX ObIIU COPMUPOBAHBI TPYII-
nbl ucciaenoBaHus. KputepusiMmu BKIJIIOYEHUS Ma-
LIMEHTOB B I'PYMIbI SBUIUCH: BO3pacT oT 7 10 17 nier,
yCTaHOBJIEHHbIe  auarHodbl  «BI'Y-6-uHdekus
cpenHeii TskecTu», «BOB+HILIMB Mmukct-uHpekms
CpenHeil TsXKecTu», «Tskenas BI'U-6+BOb+1IMB
MHUKCT-UHGEeKIUST». KpuUTeprusIMu HEBKIIIOUEHUS
SIBUJIMCh: BO3pacT muaaiie 7 u ctapiie 17 jgeT; Ha-
JIMYMEe COMYTCTBYIOIIEH XPOHWYECKOU IMaTOJIOTUH,
Bausionneil Ha TedeHue BI'Y-6-undekumm (Tybep-
Kkyne3, BUU-undekuus, caxapHblii 1uadbeT, UMMY-
HoaepULMT). XapaKTepUCTUKaA KIMHUYECKUX U Jla-
OOpaTOPHBIX MapaMeTPOB MALIUEHTOB UCCEAYEMBbIX
rpynmn oTpaxkeHa B Tadnauie 1. Bce getu nmonyvanu
CUMIITOMAaTUYECKOE JIeUeHHE TepreCBUPYCHOU UH-
deknuu. B kauecTBe aTMOTpOMNMHOM Tepanuu BIY-6
WHGMpEeKIUU NalMeHTaM Ha3HayaJIuCh MPOTUBOBU-
pPYCHBIEe cpeAacTBa (ALlMKJIOBUP, PEKOMOMHAHTHBIN
yesioBeuecKuil uHTepdepoH anbda-2 6eTa ¢ Taypu-
HoM (pul FNo2[3), raHiukiioBup ¢ 12 JieT) mo moka-
3aHUSIM.

B kadecTtBe rpymnmnbl CpaBHEHMSI ObIJIU B3SIThI
0ob6pasubl KpoBU 23 KIMHUYECKU 300POBBIX AETEM.
Habop rpynmbl 310pOBBIX AeTe€l OCYIUECTBJISIJICS
Ha 6a3e nmoaukanmHu4Yeckoro otaesenus 'bY3 HO
JAT'KB Ne 27 «Aitbonnt» 1. Huskaero HoBropoma.
B uccienoBaHue BKJIIOYAJUCh TMALlUEHTHI, MPU-
XOAUBIIVE Ha TIJIaHOBBIM MpPUEM Bpada-lienuarpa
U/Uau nucrnaHcepusalunp. KputepusiMu BKIIO-
YeHUs B TPYIINY 3[0POBBIX JeTeil ObLIM: BO3pacT
ot 7 no 17 net, OTCyTCTBUE MPU3HAKOB XPOHUYEC-
KOl coMaTUUYeCcKOl MaToJOrMu Ha MOMEHT OCMOT-
pa, OTCYTCTBHE YCTAHOBJICHHBIX IPOSIBJICHUI
reprieCBUpycHo uWHOEeKUUU (MHOEKIIMOHHbIN
MOHOHYKJIE03, BHe3amHas 3K3aHTeMa, reprieTu-
YeCcKUl CTOMATUT) B TE€YEHMUE roaa A0 OCMOTpA.
KputepusiMu HEBKJIIOUEHUS B TPYIIY 3A0POBBIX
JeTeil OblIM Bo3pacT MJjaalie 7 u ctapuie 17 ner,

HaJu4due SMMU30J0B TepIeCBUPYCHOU HHMEKIINU
B T€YEHUE 3 MecsI1LIEB 1O OCMOTpPa, HAJIUYUe XPOHU-
YyeCcKOolt coMaTU4eCKOM MaTOJOTU M.

Huzaiin JTHK-mukpouuna. C nomolbo paspa-
00TaHHOI'0 HAaMU paHee ajJropuTMa «Splice variants
microarray design pipeline» [27] Obliu BBIOpaHBI
nocyenoBareabHoctu JHK-30H10B, crneuuduu-
HbIX 1151 MPHK 201 reHa curHaiabHbIX ITyTel ano-
MTO3a U BBIXKMBAHUSI.

Huzaitn  JJHK-mukpounna MomeaupoBaiu
Ha ocHoBe komupylomux (NM_Protein-coding)
u Hekoaupytomux (NR_Non-protein-coding) mo-
caenoBateabHocTeii MPHK, aHHOTHUpOBaHHBIX
B 6a3e maHHBIX Ref Seq NCBI (https://www.ncbi.
nlm.nih.gov/refseq/). Pa3zpaboTaHHBII MUKPOUYUIT
coaepxan 316 JJTHK-30H10B /151 OLIEHKU YPOBHEM
9KCIpEeCcCUuu cruiaicupoBaHHbIX uzodpopm MPHK
pa3HbIX TeHOB (Jajee — YPOBHU DKCIPECCUU
MPHK), n 138 JIHK-30H10B 1J151 OLIEHKU CyMMap-
HBIX ypoBHell skcnpeccuu MPHK, gaBasgmomiuxcs
NpoayKTaMu OJHOIO reHa (Jajgee — YpOBHU DKC-
npeccuu reHa, ormedeHbl 3Hakom ). CuHTtes JIHK-
30HJ0OB MpoBoAMJIM Ha ciaigax 12K microarray
in situ ¢ momolblo anmapara «B3 Synthesizer»
(CustomArray Inc., CIIIA) B COOTBETCTBUM C PEKO-
MEHJAM MU TTPOU3BOAUTEIISI.

Ilpobonodeomoséxka u  eubpuduzayus  PHK.
O06pa3sibl KpoBU 0O0pabdaThiBaJau pacTBOpoM «Iemo-
gutuk» (LIHWUUND, Poccust) anst ymaaeHUsS SpUT-
pouutoB. M3 mosydyeHHOU (pakiuu JIEHKOIIMTOB
BeLaesin TotaqbHylo PHK ¢ momoiibio Habopa
«Marno-cop6» (LHHMUUND, Poccus) ¢ nocnenyoieit
OUYUCTKON M KOHILIEHTpallMeil C MOMOIIbI0 (heHOJI-
xJjiopodopma. ToranbHyro MPHK (1,52 Mkr) noa-
Beprajii 00paTHOU TPaAaHCKPUMIIMU C TIOMOIIbIO Ha-
o6opa «Mint cDNA synthesis kit» (EBporeH, Poccus).
TTonyuennyo xJIHK ammaubunmpoBaiu B Xome
TTP ¢ nomomipio Habopa Encyclo («EBporen»,
Poccus) no nporpamme (95°C 25 ¢ — 60°C 25 ¢ —
72°C 6 muH). AMIutudurposannyio kJIHK (2 mkr)
noABepraju TPAHCKPUIIIMU C MOMOIIbIO Habo-
pa «I'7 RNA-polimerase» (Thermo Scientific, EU).
TTonoBuHa konnuectBaypuauHTpudocdaros (UTP)
B peak1IMOHHOI cMecu Obljla 3aMeHeHa Ha OMOTUHU-
JaupoBaHHble ypuauHTpudocdarsl (JHK-cuHTe3,
Poccus), B pesyabraTe nojaydaau nyja OMoTUH-Meue-
Hoit PHK, o6patHo kKommiemeHTapHoii MPHK uc-
ciegyemMoro ob6pasiia. PparMeHTUPOBAHHYIO OMO-
TuH-MeueHyo PHK (2 MKT) rubpuanszoBanu Ha MUK-
pouunsl 1ipu 40°C B TeueHue 18—20 u. IIpoueccuHr
MUKPOYUIIOB (OJIOKMpOBaHWE, MEUYEHHE, OTMbIBKA
U BHECeHUue cyOcTpaTa) BBINOJHSJIU C MOMOIIBIO
Habopa «ElectraSense Detection Kit» (CustomArray
Inc., CIITA) B COOTBETCTBUHU C IIPOTOKOJIAMU MTPOU3-
Bonutesisi. CYMThIBAHWE CUTHAJIOB TMOPUIM3AINU
MPOBOAUIN aMIIEPOMETPUYECKHM METOAOM C TIOMO-
uibto mpudopa «ElectraSense Reader» u mporpaMMbl
«ElectraSense application software» (CustomArray
Inc., CIIIA).
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Ilpomounas yumogpayopumempus. B obGpasuax
WCCJIENYeMBIX TPYIIIT U B TPYIIIE 3I0POBBIX JOHO-
pOB ObLJI MPOBEAEH aHaJIM3 COMePXKaHUS CyOITOITy-
aguuit geiikouuTtoB (CD45%), T-kiaetok (CD3%),
T-xunnepos (CD3* CDS8"), T-xeamepos (CD3"
CD4%), ny6nb-nto3utTuBHbIX T-K1eTOK (CD3" CD4*
CD8"), B-knetok (CDI19") u NK-knetok (CDI16*
CD56%) (ta6:. 4). IToacyeTt KoJMYeCTBA KJIETOK pa3-
JUYHBIX CyononyJsiuuii TuM@OLUTOB B nepude-
PUYECKOM KPOBU MTPOBOAUIN METOIOM 6-1IBETHOM
MPOTOYHO# IuTOhIyopuMeTpun. Kcnonab3oBaiu
npotouHblii nutodayopumerp «BD FACS Can-
to II» (Becton, Dickinson and Company, CIIA).
J st HacTpOMKY HATIPSIKEHUsT Ha POTOYMHOXKUTE-
JIIX 1 KO3 OUIIMEHTOB KOMIIEHCAIIUY TPUMEH SIJTN
Kaa1ubpoBouHble yactuubl «BD FACS™ 6-Color
Setup Beads» (BD Biosciences, CIIIA). PacueT a6-
COJIIOTHOTO M OTHOCHUTEIBHOTO COAep>KaHUs CyO-
MONMYJISIIUT TUMMOLIUTOB TeprudepuIecKoil Kpo-
BU MPOBOAUIU C IPUMEHEHUEM 6-1IBETHOM TMaHe-
au peareHToB «BD Multitest™» (BD Biosciences,
CIIIA) u nporpammHoro odecrnieueHust «BD FACS
Canto clinical software» (BD Biosciences, CIIIA).

Aneopumm ananruza dannwix. PacueT U3MeHEeHU
OTHOCUTEJbHBIX YpoBHel akcnpeccuu MPHK mipo-
BOJIMJIM TIO CJIEAYIOIIEMY aJITOPUTMY: ITOJIyUeHHBIC
CUTHaJIbl TMOpUAM3alY B Bule .ecd-daiiioB sKc-
MOPTUPOBAJIHN B .CSV-(ailyibl ¢ TIOMOIIBIO TTPOrpam-
Mbl «ElectraSense Analysis 3.4.2» (CustomArray Inc.,
CIIIA). Janee Bce pacyeTbl MIPOBOAMIN B CBOOOI-
HO pacIpocTpaHsIeMOoil cpelie MporpaMMUPOBAHU S
R Bepcuu 3.6.1 (The R Foundation for Statistical
Computing, Inc.). laHHbBIe HOpMaJIU30BaIU C TOMO-
11IbIO aJITOPUTMa KBAHTUJIbHON HOpMaau3auuu [28].

IMonyyeHHbIC 3HAYEHUST paccMaTpuBalu B Ka-
YeCTBE OTHOCHUTEJIbHBIX YPOBHEH 3KCIPECCUU M3-
yuaembix MPHK (manee — ypoBHell skcmpeccuu
MPHK). Ing pacueta u3MeHEHUI ypOBHEUl BKC-
npeccun MPHK (FC/fold-change) ucmnosib3oBanu
cpenHue 3HauyeHUs ypoBHel skcrpeccun MPHK
u rteHoB B rpymmax BI'U-6octp., BI'U-6pek.,
BOB+1IMBoctp., BOb+1IMBpek., BI4-6+BOb+
IIMBoctp., BI'd-6+BOBb+IIMBpek. u HOPM.
ITokazatens FC mo oTHolIeHUIO K HOpME pacCcuyu-
TeIBasin 1o ¢opmyne: FC X (%) = (Xcpen. x 100/
HOPMcpen.) — 100, rne X — Ha3BaHUE uccienye-
MOWM T'pYIIIIHI.

Hajiee oleHMBaJach CTaTUCTUYECKash 3HAYU-
MOCTb W3MEHeHHuI ypoBHell skcmpeccun MPHK.
st aTOTO CcpemHue 3HAaYeHUsI YPOBHE 3KCIpec-
cuu MPHK B rpynnax uccienoBaHus Uy 3I0POBBIX
JIOHOPOB CpaBHMBAJIM C MOMOIIIbI0 T-TecTa ¢ mo-
MPaBKOM Ha OXUIAEMYIO JIOJIIO JOXHBIX OTKJIOHE-
Huit (FDR/False discovery rate test) ¢ pac4eToMm Io-
Kaszaressl CTaTUCTUYEeCKOM 3HauuMocTH g. [1pu q <
0,05 paznuuusg Mexay CpeIHUMU 3HAYEHUSIMU
CUUTAJIA CTATUCTUYECKU 3HAYMMBIMMU.

Hamu 6b111 cchopMyaupoBaHbl JBa OCHOBHBIX
KpUTepusi 0TOOpa 3HAYMMbIX U3BMEHEHU I YPOBHEN

skcnpeccun MPHK mipu BI'H-6 nHbeknnu — 3Ha-
yenust q < 0,05 u [FC| > 20%. Tpu |FC| < 20% u3me-
HEHUS CYMTAIUCh HE 3HAUYMMBIMU U J1aJiee He pac-
CMaTpUBAaJIUCh.

AHanu3 pa3auunuii KoJu4ecTBa KJETOK CyOIo-
OyasSouii TUM@OIIMTOB B MCCIEAYEMBIX TI'pyIIIax
MO0 CPaBHEHMIO CO 3AO0POBBIMU JOHOPAaMU MPOBO-
IUJIM C TIOMOIIbIO HeMmapaMeTPUUYECKOro KpUTe-
pust ManHa—YuTHU—BUIKOKCOHA ITpU MOPOroBOM
3HaUYeHUU ypoBHS 3HauumocTu p < 0,05. Pacuer
Koppeasuuit ypoHei akcnpeccuu MPHK ¢ abco-
JIIOTHBIM COAEpXXKaHUEM CyOrmonyasiiuii TuMdoIu-
TOB IIPOBOJMJIV C TIOMOIIbIO KpuTepusi CnupMeHa
NpU TOPOrOBOM 3HAYEHWU YPOBHS 3HAYMMOCTHU
p <0,05.

PesynbraThl

NU3meHeHusa ypoBHe akcnpeccun MPHK
npu Br'4-6 nugekuun

Hamu npoBeneH aHalu3 yPOBHEUM 3KCIIPECCUU
MPHK 1 reHoB amonTo3a u BbIXKMBaHUS B JIEMKO-
LIUTaX KPOBU JIETEU B TPYIIIE NALIMEHTOB C OCTPOM
BI'U-6 nadekimeil cpemHeil TIXeCTH U B (pase pe-
KOHBAJICCUEHIIMU MO CPaBHEHMUIO CO 3I0POBBIMU
noHopamu. AHanusupyemble MPHK 1 reHsr 06111
CTPyNNUPOBAHBI 1O GYHKIIMOHATBHOU POJIU B CUT -
HaJbHBIX KacKagax. B pesyabraTte aHaaus3a HaMU
BBISIBJIEH PSJI 3HAUMMbIX U3BMEHEHU M YPOBHEU 3KC-
npeccuu MPHK u reHoB, onmucaHHBIX gajee.

N3 npoamontornyeckux (aKTOPOB BHEIIHE-
ro IyTU arionTo3a B OCTpoi haze 3aboJieBaHUS
BBISIBJISIJIOCH TIOBBILIEHHWE YPOBHEH BAKCIIPECCUU
MPHK u reHOB, KOAMPYIOIIMX JIMTaHIbl peELer-
TopoB cMmeptu (TRAIL/TNFSF10-X, HVEM-L/
TNFSF14-%), peuentopsl cmeptu (FAS-X, DR3/
TNFRSF25-%, DR4/TNFRSF10A-NM_ 003844
u DRS5/TNFRSFI10B-X), MemnuaTopbl amomnrTo3a
(FADD-NM _003824u FAF1-NM_ 007051, DAPK?2-
NM 014326, FLASH/CASP8AP2-NM _001137667),
nHunuaropable kKacnasel  (CASP8-NM 033356,
CASP2-Y) u Fas-aktuBupyemyio kuHazy FASTK-X.
B @ase pekoHBaJleCUEHLIUU YPOBHU BKCIPECCUU
Bcex mnepeuuciaeHHbIXx MPHK HopmanusoBanuch
(Tadu. 2).

Cpeny npoanonToTUudeckux (GakTOpOB MUTO-
XOHJPHAJIbHOTO MYTHU aloNTo3a B OCTPOI a3e 3a-
00JIeBaHU I BBISIBJISIJIOCH ITOBBIIIICHUE YPOBHEIM 3KC-
npeccuu reHoB PUMA/BBC3-X u BAX-X. U3 npy-
TUX NPOanoNTOTUYECKUX (haKTOPOB HAOII01aI0Ch
pe3Koe TOBBIIICHUE YPOBHSI 3KCIIPECCUU TeHa
OMI/HTRA2-X, a TakXe ypOBHEH 3KCIIpeccuu
MPHK u renoB snemeHToB anontocombl (CYCS-
NM 018947, APAF-1-%, CASP-9-%). M3 anTuarno-
NTOTUYECKUX (PaKTOPOB B OCTpOM (pase 3aboJieBa-
HUS OeTeKTUPOBAJIOCh 3HAUUTEIbHOE TTOBBIIIICHNE
ypoBHe#t akcrnpeccuu reHoB BCL2-X u BclXL/
BCL2LI1-X, ITCH-X, a Tak:Xe ypOBHS$ 3KCIIPECCUU
MPHK ITCH-NM_001257138. B ¢aze pekoHBa-
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Ta6nuua 2. UameHeHus ypoBHeii akcnpeccum MPHK (FC) B ocTtpoii pase BI'4-6 undekuum u B pase
peKoHBasecLeHL MM Mo CPaBHEHUIO CO 340POBbIMU AOHOPaMU

Table 2. Changes of mRNA expression levels (FC) in acute phase of HHV-6 infection and in recovery phase compared

to healthy donors

H FC (%) o FC (%) o
a3BaHue reHa B 0CTPOVA FC (%) B dpasze HasBaHue reHa B 0CTPOVA FC (%) B dpasze
n Homep MPHK daze pPeKoHBaNecLueHuun, Homep MPHK daze pPEeKOHBaNeCLeHLuun,
B GenBank ’ 3HayeHue q B GenBank ’ 3HauyeHue q
3HauyeHue q ; 3HauyeHue q ;
Gene nameand mRNA | _~,, - FC% in recovery phase, | Gene name and mRNA | _~,, . FC% in recovery phase,
number in GenBank FC%in acute gVal number in GenBank FC%in acute gVal
phase, gval phase, gval
Jluranpgbl peuenTopoB cMepTu MepuaTtopbl anonTosa
Death receptors ligands Mediators of apoptosis
TRAIL/TNFRelated _ FAS-Associated Death
Apoptosis Inducing 3?’8%’1 f(?gg Domain Protein/FADD- 3_2’5’%’1 5_’%35’)7
Ligand/TNFSF10-x | 959 a=u NM_003824 a=q, a=u,
HVEM-L/Herpesvirus FAS-Associated _
Entry Mediator Ligand;/ 4?’55%’1 1_,2(3)0{39 Factor 1/FAF1- 315 %),1 f 3(235
TNFSF14-% 9=9 q=" NM_007051 9=9 a="
PeuenTtopbl cMepTHn Death Asspciated 43,38, -1,29,
Death Protein Kinase 2/ -0.02 -093
eath receptors DAPK2-NM 014326 | 94=0 a=0,
FLASH/Caspase 8
Fas Cell Surface Death 31,13, -5,31, Associated Protein 2/ 32,61, -17,20,
Receptor/FAS-X q=0,03 q=0,62 CASP8AP2- q=0,04 q=0,15
NM_001137667
Fas-activated Serine/
DR3/Death receptor 3/ 57,10, 4,46, Threonine Kinase/ 180,82, 31,43,
TNFRSF25-X g<0,01 q=0,75 FASTK-S g<0,01 gq=0,21
DR4/Death receptor 4/ 20,90, -1,88, WHuumaTopHbie kKacnasbl
TNFRSF10A- - 003 -082 Initiat
NM_003844 q=0, q=0, nitiator caspases
DR5/Death receptor 5/ 42,95, -9,36, Caspase 8/CASP8- 48,81, =173,
TNFRSF10B-2 q=0,03 q=0,48 NM_033356 q=0,04 q=0,63
51,29, -2,98,
- - - Caspase 2/CASP2-X q=0,01 =081
MpoanonToTM4yeckne MMTOXOHAPUANbHbIE GaKTOPbI AHTMANONTOTUYECKNE MUTOXOHAPUasbHbIe GpaKTopbl
Pro-apoptotic mitochondrial factors Anti-apoptotic mitochondrial factors
PUMA/Bcl-2-Binding 59,84, 4,50, Apoptosis Regulator 75,18, 29,27,
Component 3/BBC3-X| g=0,01 q=0,78 Bcl-2/BCL2-X q=0,02 q=0,23
AB%Lﬁo‘;isgg‘gaﬁgté; | 2808 -6,8, BcIXL/BCL2 Like 1/ 71,26, 7,81,
P s q=0,04 q=0,48 BCL2L1-3 q<0,01 q=0,69
OneMeHThI anonToCoMbl ltchy E3 Ubiquitin 29,65, -11,60,
Apoptosome elements Protein Ligase/ITCH-X | q=0,04 q=0,29
Cytochrome G/CYCS- | 21,63, 4,73, Pt L. | 42:20, 15,20,
NM_018947 q=0,04 q=0,64 NM_ 001257138 g=0,04 q=0,27
Apo_pto_tic Protease- 86,19, -24.4, AKTMBaTOpbI Kacnas
Activating Factor-1/ <001 -048 C tivat
APAF-1-X a<y, q=0, aspase activators
HtrA Serine
71,46 21,98 . 127,96 49,03
Caspase 9/CASP-9- —— ) Peptidase 2/0Ml/ — DS
g=0,01 q=0,31 HTRA2-S g<0,01 q=0,07
AddekTopHbIE Kacnasbl WHruouropsl kacnas
Effector caspases Caspase inhibitors
Caspase 7/CASP7- 22,68, -7,24, Baculoviral IAP Repeat 39,07, -12,90,
NM_001267057 q=0,04 g=0,44 Containing 2/BIRC2-Z | q=0,04 q=0,32
AddekTopbl anonTo3a NLR Family Apoptpsis 135,38, 48,49,
Aooptotic effect Inhibitory Protein/ ~0.01 ~044
poptotic effectors NAIP-S g=0, g=0,
Endonuclease G/ 24,99, 1,95, Baculoviral IAP Repeat| —-34,94, -23,60,
ENDOG-NM_004435 g=0,02 q=0,83 Containing 2/BIRC3-Z | ¢=0,01 q=0,02
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H FC (%) o FC (%) 9
a3BaHue reHa B 0CTPOVA FC (%) B dpase HasBaHue reHa B 0CTPOVA FC (%) B dpase
n Homep MPHK daze peKoHBanecueHuum, Homep MPHK daze peKoHBanecueHuum,
B GenBank 3Haquv|,e q 3HayeHue q B GenBank 3Haqu|/;e q 3HavyeHue q
Gene name and mMRNA o ; FC% in recovery phase, | Gene name and mRNA o) ; FC% in recovery phase,
number in GenBank FC% in acute gVval number in GenBank FC% in acute gVval
phase, gVal phase, gVal
AnemeHTbl NF-kB-curHanbHoro nytu AnemeHTbl JNK-curHanbHoro nytu
NF-xB signaling elements JNK signaling elements
. TGF-Beta Activated
B{(Ui;(;f;%%i[‘e 43,34, 11,5, Kinase 1 (MAP3K?) 34,72, -10,5,
NM_001287345 q=0,04 q=0,47 Binding Protein 1/ q=0,02 q=0,31
TAB1-X
MAPK/ERK
TNFR-associated 63,98, -1, Kinase Kinase 21,11, 1,21,
Protein 1/TRAP-1-X q<0,01 q=0,93 Kinase 4/MAP4K4- q=0,04 q=09
NM_001242560
TNFR-associated 48,61, 5,101, MAP Kinase Kinase 4/ 69,20, 7,
Protein 5/TRAF-5-% g=0,01 q=0,7 MAP2K4-% g<0,01 g=0,61
NFKB Inhibitor Beta/ | 39,55, 3,287, 'I\D"r'ggglf]”Kf}]‘;t;‘gaﬁc/’ 118,02, 2,33,
NFKBIB-X g=0,01 q=0,78 MAPK14-> g<0,01 g=0,9
Nuclear Factor Mitogen-Activated
Kappa B Subunit 1/ 39’(%’7 2]8%‘4 Protein Kinase 14/ 3_3822 9’2355
NFKB1-X a=b a=u MAPK14-NM 001315 | 9459 a=u
Nuclear Factor _ C-Jun N-Terminal _
Kappa B Subunit 2/ 0’_996’ 13’8‘ Kinase 1/JNK1/ 3_8’19’ f’26‘
NFKB2-X q=091 q=0,11 MAPKS-X Hhtlite q=0,77
C-Jun N-Terminal
- - - Kinase 2/JNK2/ 4_1’76’ 2?’43’
MAPK9-X q=0,02 9=0,22
_ _ B Jun Proto-Oncogene/ 7,08, -14,3,
JUN-NM_002228 q=0,56 q=0,17

Mpumeyanusa. MonoxuTensHole 3HauyeHns FC — noBbiweHye ypoBHs akcnpeccun MPHK no cpaBHeHwuio ¢ goHopamu. OTpuuatensHble 3HadeHns FC —
CHUXeHMe YPOoBHs akcnpeccu MPHK no CpaBHEHWMIO C LOHOPaMU. £ — CYMMApHbI YPOBEHb 9KCnpeccuy reHa. CepbiM OTMEYeHbl CTaTUCTUYECKM

3HauMMble pasnmyms npum q < 0,05.

Notes. Positive FC values indicate an increase in the level of mMRNA expression compared to donors. Negative FC values indicate a decrease in the level
of mRNA expression compared to donors. £ — is the total level of gene expression. Gray indicates statistically significant differences at g < 0,05.

JIECLICHIIMY YPOBHM 9KCITPECCUM BCEX MEPEeYMCIICH-
HbIXx MPHK 1 reHoB HopMaiu3zoBaaucsk (Tad. 2).

N3 addexkTopHbIX Kacmas B ocTpoii pase 3adoJie-
BaHM s HA0JII0aJI0Ch TTOBBIIIIEHHUE YPOBH ST SKCIPEC-
cum MPHK CASP7-NM_ 001267057, KoTOpBIii HOP-
MaJin3oBaJicsl B (haze pekKoHBasecleHuuu. Cpenu
MHTUOUTOPOB Kacra3 B OCTpoil daze MHPEeKL U
BBISIBJISLJIOCH TTOBBIIIIEHUE YPOBHEI 3KCIIPECCUM Te-
HOB BIRC2-X (cIAP-1) u NAIP-X (BIRC-1). B To ke
BpeMsi ypoBeHb aKcnpeccuu reHa BIRC3-X (clAP-2)
CHMKAJICSI M OCTaBaJjICs MOHUXEHHBIM B (a3e pe-
KOHBAJICCLICHIIMM, YPOBHU O9KCIIPECCUU JIPYTUX
nepeuncieHHbIx MPHK HopmanuzoBanucek. M3 ag-
(GEKTOPOB arorTo3a B ocTpoii paze MHPpEeKI U OT-
MeuaJioch MoBbIlIEeHUEe YpoBHS 3Kkcnpeccun MPHK
ENDOG-NM 004435, KoTopblii HOpMaau30BaJCs
B (paze pekoHBayiecueHI MM (Taba. 2).

Cpenu  aktuBatopoB  NF-kB-curHanusHra
B ocTpoil ase 3abojeBaHUS BBISBISIOCH I10-
BbllleHUe YypoBHsS a3Kcnpeccun MPHK BTK-
NM 001287345 u ypoBHell BKCIPEeCcCCUU TeHOB-
Mmenuaropos TRAP-1-X u TRAF-5-X. C npyroi
CTOPOHBI Ha0JII01AJIOCH TTOBBIIICHUE YPOBHSI 3KC-
npeccuu reHa NFKBIB-X — nnruoutopa NF-xB.
B ¢dasze pekoHBajeCHEHIIMM YPOBHU MEPEUMCICH-

HeiXx MPHK HOopManuzoBaauck. YpoBHU 3KCIIpec-
cuu reHoB apdexkTopHoro 3BeHa NF-xB-curha-
auHra (NF-kB1-X u NF-xB2-X) ocraBanuch He-
M3MEHHBIMU KaK B OCTpOIi (pa3e 3a00aeBaHU S, TaK
U B (pa3e pekoHBajgecueHLuu (TadJ. 2).

W3 akTuBaTtopoB u MeauatopoB JNK-curnaauH-
ra B ocTpoil (ase 3abosieBaHUSI NOBBIIIAIUCH
ypoBHU 3Kcnpeccuu reHoB TABI-X, MAP2K4-%,
MAPKI14-Z, INK1/MAPKS-X u JNK2/MAPK9-Z,
a Takxe ypoBHM skcrnpeccun MPHK MAP4K4-
NM 001242560, MAPKI14-NM_001315 (raba. 2).
B dasze pekoHBaseCleHIIMM 3KCIIPECCUsI TTEPEIUC-
JeHHBIX (haKTOPOB HOpMau3oBajack. Heodbxonumo
OTMETUTH, YTO ypoBeHb aKcrnpeccun MPHK JUN-
NM_ 002228 (apdpexkTop JNK-curnaamHra) He u3-
MEHSIJICSI KaK B OCTpoil ¢haze 3aboyieBaHUsI, TakK
U B (ha3e peKoHBajeClUeHIMU (Tab. 2).

WU3meHeHusa ypoBHei akcnpeccun MPHK
y naumneHToB ¢ Taxenoi (Br4-6+B3b6+LIMB)
MUKCT-uHdekumen

bein mpoBemeH aHaaM3 YPOBHEH 3KCIIPECCUU
MPHK k1roueBbIX yYaCTHUKOB CUTHAJIbHBIX KacKa-
JIOB arloITo3a M BBIXKMBAHUS Y MAIIMEHTOB C TSXe-
JI0it MUKCT-UH(MeK1mei ¢ yuactruem BI'H-6 (BI'Y-6+
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BBb+1IMB), 1 Mukct-uHdekluen cpeaHeil Ts-
xectu 6e3 yyactust BI'4-6 (BOB+1IMB) no cpas-
HEHMIO CO 3J0POBBIMHM TOHOpaMu. B pesynbrare
BeisiBiieHo 5 MPHK (FAFI-NM_ 007051, DAPK2-
NM_ 014326, CASPS8AP2-NM 001137667, CASPS-
NM 033356, BTK-NM_001287345)u3rena(FAS-X,
PUMA/BBC3-%, ITCH-X,) ypoBHM 3KCHOpecCuu
KOTOPBIX OBIJIM 3HAYMTEIIHHO MOBBIMICHEI B OCTPOU
daze Ttskenoir BI'Y-6+BOB+IIMB  Mukcr-un-
¢dexkuu 10 CpaBHEHUIO CO 3J0POBBIMMU JOHO-
pamu. Ilpu sToM y manmmeHTOB B oOCTpoii (da3ze
BOB+1IMB MukcT-nHGEeKINU M3MEHEHUS YPOB-
Heit akcnpeccuu gaHHbIX MPHK 1 reHoB He Obliu
CTaTUCTUYECKM 3HauuMbiMu. B dasze pekoHBa-
necueHUMM mnocie Tskenoin BIY-6+BHOB+1IMB
MUKCT-UHPEKIUU ypoBeHb »3Kcrpeccun MPHK
CASP8AP2-NM 001137667 v ypoBeHBb 3KCTIpeCCUU
rena PUMA/BBC3-X ocTtaBajiliCh MOBbILLIEHHBIMU
10 CPaBHEHUIO CO 3MO0POBBIMU JOHOpaMu (Tad. 3).

CopaepxaHue cyononynauuit iTMuM¢poLunTOB
B 00pasuax uccnenyemMbix rpynn

B octpoii ¢ase BI'U-6 mHdpexkumu 1Mo cpas-
HEHUIO CO 3I0POBBIMU JTOHOpPaMU OBLIO BBISIB-
JIeHO TIOBBIIIeHUE coaepxaHnus CD45" neiiko-
uuTtoB (B 1,3 pasza), CD3* T-knerok (B 1,3 pa3za)
n CD3*CD4* T-xenmepoB (B 1,5 pasza). B ¢ase
PEKOHBAJIECIIEHIIMM KOJMYECTBO KJIETOK HOpMa-
Jm3oBajoch (Tads. 4). B octpoii dhaze BOB+1IMB
MUKCT-UH(PEKIIMU OTMEYaJIoCh CHUXKEHUE KOJIM-
yectBa B-kietok (CDI19%) (B 1,8 pasza), koTopoe
0OCTaBajIoOCh CHUXKEHHBIM B (haze peKOHBaJIECIECH-
uuu (B 1,9 paza) (ta6:. 4). B xone Tskenoinn BI'U-6+
BBb+IIMB MukcT-uHOEKI MU HE ObLJIO BbISIBJICHO
CTAaTUCTUYECKU 3HAYUMBIX M3MEHEHUU KoJin4e-
CTBAa KJIETOK I10 CPaBHEHUIO C HOpMOIi (TaduI. 4).

B3aumoces3b mexay yposHsaMu akcnpeccum MPHK
1 cogepxaHuem cyononynauuit numdeouuToB
B ocTpoi ¢paze BM'4-6 nudpekuun

IIpoBeneH KOpPPEISIIUOHHBIN aHAIN3 YpPOB-
Helt akcnipeccuun 5 MPHK u 3 reHoB — kaHauaar-
HBIX (baKTOPOB pUCKaA Pa3BUTHUS TSIXKETbIX (HOPM
3a00j1eBaHUsl — C IMPEACTaBJIEHHOCTbIO CyOIlO-
nyasuuii TuM@onuToB B ocTpoir ¢ase BI'Y-6
MHGEKIIMU U B OCTpOM (a3e TIKEeIOM MUKCT-
nHpekuu. B octpoii daze BI'U-6 unHbekumum
ypoBeHb akcnpeccun MPHK FLASH/CASPSAP2-
NM 001137667 xoppeiupoBajl C coAepXKaHUeM
CD3* T-knerok (0,456, p = 0,038) u CD3"CD4*
T-xennepos (0,543, p = 0,011), a ypoBeHb 3KCITpec-
cunu MPHK FAFI-NM_ 007051 xoppenupoBal
¢ comepxxanumem CD45" meiikonuTtoB (0,558, p =
0,009) u CD3"CD4" T-xennepos (0,468, p = 0,032).
B octpoii paze Taxkenoit MUKCT-UHGDEKIIUY (a TaK-
XKe M B IPYTUX IpyIIax UCcaeqoBaHusI) KOppesi-
LUK MEXIY YPOBHSIMU 3Kcnpeccuu faHHbIX MPHK
W comepKaHUEM MepeYMCICHHBIX CYONMOMYyISIIUA
JTUM@OIMTOB HE BHISIBIISIJIOCH.

O6cyxaeHne

OCOOEHHOCTHU 3JKCIPECCUM TEHOB aroInTo3a
¥ BeKMBaHUS nipu BI'Y-6 nHpeKIMM Ha YPOBHE
TPaHCKPUIILIUY ITPAKTUISCKU He n3ydeHsl. [1o He-
MHOTUM JINTePATyPHBIM HAHHBIM MCCJICAOBAHUSI
YYBCTBUTEJNBLHOCTU pPa3JIMYHbIX TumoB BI'Y-6-
UHGUIMPOBAHHBIX KJETOK K arlolTo3y MPOBO-
AUJIXCh Ha KJIETOYHOM U 0eJIKOBOM ypoBHe. brblio
nokasaHo, 4to BI'U-6 mHULIMKUpPYET amornTo3 pas-
JUYHBIX cyoronyasiuuii T-kKJeTok in vitro v in vivo
[18, 21, 30]. B oTmenbHBIX cliyyasix JoOaBJIieHUE
aHTUTEJ IIPOTUB peliernTopa cMepTu Fas ycunusa-
5o nanHbIi addekT [21]. [To nranabsM Gupta 1 co-
aBT. BI'Y-6-nHOynMpoBaHHBIN armonTo3 T-KJIeToK
accolMMUpoOBaJics ¢ aKTuUBauueil kacna3 3, 8 u 9,
YTO CBHUACTEIBCTBOBAJIO 00 aKTUBHOCTH BHEIITHETO
W BHYTPEHHETO (MUTOXOHIPHAJIBHOTIO) CUTHAJb-
HBIX ITyTel anonTo3a [18].

Hamu nanHble MOOATBEpPXKAAlOT aKTUBAILIMIO
MHOruX (akKTOpOB BHEIIHEro MNYTU amoITo3a,
B TOM UHCJIe yIaCTBYIOIINX B Fas-omocpemoBaHHOM
CUTHAJbHOM MYTU B JEUKOLIMTaX KPOBU B OCTPOU
dasze BI'Y-6 nadpekumu. ITokazaHo, 9TO B OCTPOM
dasze BI'Y-6 mHpekInU MO CPpaBHEHUIO CO 3110-
POBBIMHM IOHOpaMHM OajJlaHC YpOBHEH BKCIIpec-
cuu MPHK u reHoB cMellaeTcsi B CTOpOHY MpoO-
arnonTOTUUYECKUX (PaKTOpOB. DBbIN BBISIBJIEH psij
MPHK u reHoB, m3aMeHeHUSI ypPOBHEU B3KCHpec-
CUUM KOTOPBIX OBIIM 3HAYUMBIMU COTJIACHO pa-
Hee YCTAaHOBJEHHBIM HaMU Kputepusm. B daze
PEKOHBAJIECLIEHIIMM  OOJIBIIMHCTBO  aJibTepU-
poBaHHbIX ypoBHe MPHK HopmanuzoBanock.
Hamu BniepBbie 1MoKa3zaHO, YTO B JIEHKOIIMTAX TIe-
pudepudeckoil KpOBU BBISIBISETCS 3HAYUTEIb-
HOe TOBbILIEHUEe ypoBHeil skcrpeccun MPHK
M TeHOB-YYaCTHUKOB BHEIIHETO ITyTH aIlolTo3a:
nmuranaoB  (TRAIL/TNFSF10-Y), penentopoB
(FAS-X, DR3/TNFRSF25-%X, DR4/TNFRSF10A-

NM_003844, DRS5/TNFRSFI0B-X), wmeauaro-
pos (FADD-NM 003824, FAFI-NM_007051,
FLASH/CASPSAP2-NM _001137667),  KuHa3bI

(FASTK-X) 1 ununmaropHoit kacrasbsl-8 (CASPS-
NM _033356). IlonydyeHHBIE HAaHHBIE YKa3bIBalOT
Ha aKTUBAIlMIO BHEITHEro IyTH allonTo3a, KO-
TOopass MOXET OIHOBPEMEHHO WHIYIIMPOBATHCS
HECKOJIbBKUMU pelernTopaMu CMEPTH M Mpoario-
ntotuyeckuMu menuaropamu. FAF-1 m FLASH
SIBJISIIOTCSI MEHee M3YYeHHBIMH MPOaronTOTH-
YecKUMU MeauaropaMu mno cpaBHeHuio ¢ FADD.
TTokazaHo, 4yTO 06a U3 HUX BXOAST B COCTAaB KOM-
ninekca DISC m accoumupoBaHbl ¢ aKTUBaluel
Fas-onocpenoBanHoro amornro3sa [13, 20, 23, 26].
OTMeTuM, 4TO 1J1s1 ocTpoii haswl BI'U-6 nHbekm
OBLJIO TaKXKe XapaKTepHO CYIIECTBEHHOE ITOBBI-
IIIECHUEe YPOBHSI 3KCIIPECCUU I'eHa TUPO3UMH-KUHa-
3p FASTK-X, xoTOopasi, 1Mo JaHHBIM JUTepaTyphl,
SIBJISIETCSI Ba’XHBIM WHJIYKTOPOM arlornTo3a JIMM-
douutoB. IlokazaHo, uto FASTK akTuBupyercs
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B xoae Fas-omocpenoBaHHoro amnomnrto3a u ¢gocdo-
punupyet saepHbiit peryasatop TIA-1, KoTopblii
u3MeHsieT OajlaHC CILJIalficMHTa B CTOpPOHY oOpa-
30BaHUs TosHopasMmepHoil MPHK, kogupyroiei
npoanontoruyeckyto popmy Fas [22].

Hamu nokasaHo, 4Tto B octpoit dase BI'U-6
nHpekun OajlaHC ypoBHeil skcrpeccun MPHK
U TEHOB TaKXe CMENIaJiCsl B CTOPOHY IMPOATIONTO-
TUYECKUX MUTOXOHAPUAIbHBIX hakTopoB (BAX-Z,
PUMA/BBC3-X) u 53JeMEeHTOB aIlolTOCOMBI
(CYCS-NM 018947, APAF-1-X, CASP-9-%), uto
yKa3blBaeT Ha aKTUBAIIMIO HEKOTOPHIX 3BEHBLEB
MUTOXOHIPUAJBbHOTO TyTU amonTto3a. OmHako,
Hapsioy ¢ 9TUM, TOBBIIIAJIKMCh U YPOBHU 3KCITpecC-
CUM TE€HOB aHTHUAIMOITOTHUUYECKUX MUTOXOHIPU-
anpHBIX (pakTOpoB (BCL2-X, BCLXL/BCL2LI-Z,
ITCH-X), BHOCSALIMX CBOW BKJaJd B CJOXHYIO
KapTUHY MEXMOJEKYJISIPHBIX B3aWMMOOTHOIIEHUN
B CTPYKTYpE aIloIlITO3-aCCOLIMMPOBAHHOIO CUTHA-
JuHra. B mepmon peKoHBaJIeCIIEHIINN aJIbTePUPO-
BaHHbIe ypoBHU aKcnpeccur MPHK 6onbiminHCcTBa
dakTOpOB HOpMaATU30BaJIUCh. M3BeCTHO, 4YTO hak-
top BCL-XL gBnsercs cnenupuyecKUM aHTaro-
HHUCTOM MpoamnonTtoTudeckoro daxkropa PUMA/
BBC3-Z [31]. Bo3MOXHO, BbISIBJ€HHOE€ HAMU CUH-
XPOHHOE TTOBBIIIIEHWE YPOBHEW 3KCITPECCUU TeHOB
BCLXL-X u PUMA/BBC3-X B3auMHO HEeHTpaau-
3yeT UX aIloIITO3-aCCOIMMUPOBAHHYIO aKTUBHOCTb.
Takxe u3BecTHO, 4yTO youkBUTUH-nTurasza ITCH
omnocpeayeT MNPOTEaCOMHYIO nerpajaiuio Mpo-
aronTOTUYECKOTO MUTOXOHApHAJIbHOTO (daKkTopa
BID [8] u, TakuM o6pa3om, OJIOKUpYyeT aKTUBAIIUIO
MHTOXOHIPHUAJTBHOTO MYTHU aIlloIITO3a.

CoriacHo MmojiydeHHBIM HaMM TaHHBIM, B OCT-
poit ¢aze BI'Y-6 nHbeKIIMYM 3HAYUTETHHO MOBbI-
maauck ypoBHu skcnpeccuu MPHK u reHoB kac-
na3el CASP7-NM_ 001267057, akTtuBaropa Kacmas3s
OMI/HTRA2-X u suaonykseassl G ENDOG-
NM 004435, uyTOo CBUAETEILCTBYET 00 aKTUBALIMU
(GakTOpOB, yUYacTBYIOLIUX B peaiu3auuu 3¢ dek-
TOPHOU (ha3bI aItoNTO3a. B ITOIB3y 3TOr0 TakXe To-
BOPUT CHUKEHUE YPOBH S 3KcITpeccuu reHa clAP-2/
BIRC3-X, gBasrliierocss MHIuouTopoM 3ddek-
TOpHBIX Kacna3. C Ipyroii CTOPOHBI B OCTpOIi (pasze
BI'U-6 nHdeKIMM AeTEKTUPOBAJIOCH ITOBBIIIEHE
ypoBHeit akcnipeccnu aByX reHoB clAP-1/BIRC2-X
n BIRC-1/NAIP-X, B3aumomeicTBylomux ¢ 3@d-
(GEeKTOPHBIMHU Kaclia3aMU, U IPOSIBIASIONINX aHTHU-
aTfoNTOTUYECKIE CBOMCTBA.

Takum obGpazoM, HaMU TOKa3aHO, YTO B JIEW-
KoluTax nepudepruyeckor KpoBu B OCTpoii thase
BI'U-6 mnudekumm OajlaHC YPOBHENW 3KCIIPECCUU
MPHK cmeiiaercst B cTOpOHY ITpoanonTOTUUYECKUX
(daKTOpOB, CBA3aHHBIX C pealu3alueil KaKk BHEll-
HEro, TaK 1 MUTOXOHAPHUAJIbHOTO TTYTEN aIronTo3a,
a TakxXe akTuBaluei ero 3((peKTOPHBIX dIEMEH-
TOB. [loryyeHHBIE pe3yIbTaThl COTJIACYIOTCS C TaH-
HBIMU JIUTEPATyPhl, COTJIaCHO KOTOpbIM BI'Y-6 Mo-
KeT WHUILIMMPOBATh aloIlTO3 Pa3JIMYHBIX CyOIT0-

NyJISUUNA TUMOOLIMTOB B YCJIOBUSIX M Vitro W in vivo
[18, 19, 30]; B OTHOIIEHUN CyMMapHOU (paKIIuu
JICUKOIIMTOB NepudepruiecKoit KpOBU TaHHBIC TTO-
JIy4eHbl HaMu BriepBbie. C IpyToit CTOPOHBI MBI 00-
Hapy>XUWJIU MNOBbILIEHUE 3Kcnpeccuu pssaga MPHK
C aHTHUATIONITOTUYECKUMU (PYHKIIUSIMU, YTO MOXKET
SIBISITBCS OTPaskeHUEM aHTarOHUCTUYECKHUX B3aur-
MOACMCTBUI MEXIY MIPOAIONTOTUYSCKUM BIIUSI-
HueM BI'Y-6, HanpaBeHHBIM Ha aroITo3 JuMdo-
LIMTOB, KaK (haKTOPOB alalTUBHOTO UMMYHUTETA,
TakK 1 UMMYHHBIMU (paKTOpaMu, HaIpaBJICHHBIMU
Ha BBIXKMBaHME KJIETOK B XOJIe aHTUBUPYCHOTO UM-
MYHHOTO OTBETa.

Hamu nokasaHo, 4Tto B ocTtpoil ¢dase BI'U-6
WHOEeKIIUU B JeiKonuTax nepudepnieckoin Kpo-
BU Ha (pOHE IIOBBIIICHUS YPOBHEH BSKCIPECCUU
MPHK u reHos aktuBatopoB u meauatopoB NF-
kB- n JNK-onmocpenoBaHHBIX CUTHAJIbHBIX MYTEH,
ypoBHU 3kcrnipeccun MPHK u reHoB agdexTop-
Horo 3BeHa (NF-xB1, NF-kB2, cJun) ocraBanuce
HEU3MEHHBIMU 10 CPABHEHUIO CO 3MOPOBBIMU M10-
HOpaMM, YTO MOXET CBUIETEJIbCTBOBATH 00 OTCYT-
CTBUU BBIPAKEHHOI'O MMMYHHOTO OTBE€Ta Ha WMH-
GeKInIo, a TakKkKe KOCBEHHO OOBSIICHSITH MEHee
OCTphIe KIIMHUYecKKe nmposiBiieHust BI'Y-6 nHdek-
uuu no cpaBHeHuto ¢ BOb u LIMB undexkuusamu.

C uwenpio noncka BI'Y-6-accoummpoBaHHBIX
(GaKTOpOB, BIUSIONINX Ha YTsIXEJICHNE KINHUYE-
CKOU KapTUHBI MUKCT-MH(MEKIIMU, TPOBEJIEH aHa-
JIU3 BBISIBJICHHBIX HAMU MU3MEHEHUI YPOBHEM 9KC-
npeccu MPHK 1 reHOB y mMaliMeHTOB C TSIXKeJIOM
MUKCT-uH(pekuueir ¢ yuactuem BI'Y-6 (BI'Y-6+
BBb+LMB), u MukcT-uHdeKueit cpenHen Tsxe-
ctu 6e3 yuactust BI'U-6 (BOB+1LIMB) o cpaBHe-
HUIO CO 3J0POBBIMU AOHOpaMu. B pesynabraTe 00-
HapyxeHo 5 MPHK (FAFI-NM_007051, DAPK2-
NM 014326, CASPSAP2-NM_001137667, CASPS8-
NM 033356, BTK-NM 001287345), u 3 reHa
(FAS-X, Puma/BBC3-X, ITCH-X) ypoBHHU 3KcC-
MPECCUMN KOTOPBIX OBLIM 3HAYMTEIBHO ITOBBIIIIC-
Hbl B ocTpoil ¢daze BI'U-6+BDB+ILIMB mukcr-
UHGbEKIINU U He u3MeHsJIuch B rpynne BOb+1IMB
MUKCT-UHPeKuruu (tadba. 3), UYTO yKa3bIBaeT
Ha BI'U-6-accoumupoBaHHBIN XapakTep WH3Me-
HeHU maHHBIX (akTopoB. [lo GyHKOMOHAIL-
HOW pOJM B CUTHAJBHBIX TYTSAX K aHTHUAIIOMN-
TOTUYECKUM OTHocsATca 2 ¢dakTtopa — BTK-
NM 001287345 akTtuBatop B-KJIeTOYHOTO WUM-
MyHHoro otBeta, u ITCH-X — wmHTHOMTOp
MUTOXOHIPUAJBHOTO aronTo3a. bOoJbIIMHCTBO
BBISIBJIEHHBIX HaMM (paKTOPOB OTHOCITCS K MpPO-
aIoNTOTUYECKUM YYaCTHUKAM CUTHAJIBHOTO MYTHU
Fas-onocpenoBanHoro anonrto3a (FAS-X, CASPS-
NM 033356, CASP8AP2-NM 001137667, FAFI-
NM 007051, DAPK2-NM _014326). Kpome TorO,
PUMA/BBC3-X npuHamieXxuT K (pyHKIIMOHAb-
HOM TpymIe MpoaronTOTUYeCKX (PaKTOPOB MUTO-
XxoapuajabHOro anomnto3a. Heo6xonumMo oTMETUTD,
4yTO B (ha3e PEKOHBAJECUEHIIUU IOCJe TsXKeJoun
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BI'y-6+BOBB+1IMB MUKCT-UH(DEKIUU YPOBHU
skcnpeccnu  MPHK  CASPS8AP2-NM_ 001137667
n reHa PUMA/BBC3-X ocTaBaiuch IMOBBIIIIEHHbI-
MM I10 CPAaBHEHUIO CO 3J0POBBIMU JOHOPAMM, B OT-
nuyne ot BI'Y-6 nundexkuun B dpase peKOHBaJEC-
LEHI MU, TOe JaHHble YPOBHU HOPMAaJIMU30BaIMUCh
(Tabi. 3), 4yTO OTpaxkaeT MPOJOHTUPOBAHHOE BO3-
JNeiCTBUE JaHHBIX (PAaKTOPOB B YCIOBUSIX TSAXKEJION
MUKCT-UH(PEKIIMUA U, BO3MOXHO, CBSI3aHO C AJIU-
TEJBbHOCTBIO €€ KJIMHUYECKUX MPOSIBJICHUIA.

Takum o6pa3oM, crneuuuyeckoe BIAUSIHUE
BI'Y-6 Ha yTsKeaeHUE KIMHUYECKON KapTUHBI
BI'Y-6+BOB+IIMB  MHUKCT-UHPEKLUA  MOXKET
OBITh CBSI3aHO C U3MEHEHUEM YPOBHEH SKCIPEeCcCUu
MPHK psina npoanontoTuyeckux ¢pakTopoB U aK-
TUBalLMell BHelIHero Fas-omocpenoBaHHOro MyTHU
arornTo3a KJeTok. BeisgBieHHbsle HaMmu MPHK mo-
TYT CAYXUTh KAHAUIATHBIMU MPOTHOCTUYECKUMU
dakTOopaMu pUcKa pa3BUTUS TIKeJbIX (opM rep-
MeCBUPYCHOM MHGbeKLIMU ¢ yyacTruem BI'YU-6.

Hamu 6b1710 1TI0Ka3aHo, 4To B ocTpoii paze BI'U-6
nHbeknu ypoBeHb aKkcnpeccun MPHK FLASH/
CASP8AP2-NM 001137667 koppenrpoBaJic comep-
xkaHueM CD3* T-knetok u CD3*CD4" T-xenmnepos,
a yposeHb 3kcnpeccun MPHK FAFI-NM_ 007051
Koppeauponal ¢ coaepxkanuem CD45" neiikoluToB
n CD3*CD4* T-xennepoB. BoisiBJIeHHbIEe HAMY B3au-
MOCBSI3 COOTBETCTBOBAJIM U3MEHEHUSIM COJepXKa-
Hug cyononynguuit (CD3%) T-kuetok, (CD3*CD4%)
T-xenmnepos u (CD45%) neiikouMTOB B OCTpoil daze
BI'Yd-6 nHbeKUUM MO CPaBHEHUIO CO 3M0POBBIMU
JoHOpaMu. MBI pearnoaraeM, 4YTo KJIeTKU JTaHHbIX
CyOnomnyJisiiiuii BHOCST OCHOBHOW BKJIaJ B 9KCHpeC-
cuto MPHK FLASH/CASP8AP2-NM 001137667
u FAF1-NM _007051. Janxubsie MPHK MoryT urparb
CYIIECTBEHHYIO POJb B (GDYHKIIMOHUPOBAHUU U pe-
TYJASIUU COlePXKaHM S TIEPEUYUCIEHHBIX CyOIOnysi-
U TUMGOLMTOB B XOJ€ MPOTUBOBUPYCHOIO UM-
MYHHOro oTBeTa. B ocTpoil (haze Tsxeaoil MUKCT-
WHpeKInU (a TaKXkKe B APYTUX T'PyIIIax MccaeaoBa-
HUS) KOPPETSUUN MEXAY YPOBHSIMU DKCIIPECCUU
naHHbix MPHK u comepxxaHueM mepeducaieHHbBIX
CyOnomnyJsiiiuii He BBISIBJISIIOCH, YTO COOTBETCTBO-
Bajo (akTy OTCYTCTBUS pa3IUUUil B COAEPKAHUU
cyoronyasauuit JMM@OLUTOB B OCTPOi (haze Tsxke-
JIO MUKCT-UHGEKIIMU TTI0 CPABHEHUIO CO 3[10POBbI-
MU AoHOpaMu. /i OLIEHKU HEINoCPeaCTBEHHOIo
BJAUSHUS OOHAPY>KEHHBIX HAMU U3MEHEHUI ypOB-
Heil MPHK Ha comepxxanue u yHKIMOHaAJIbHbIE
CBOMCTBa KJIETOK MEPEUYUCICHHBIX CYOMOIMyIsIIIui
B xome BI'U-6 mHbexLnM HEOOXOOMMBI HaJIbHEN-
1I1e UCCAeAOBaHMS.

Cnucoxk nutepatypbl/References

3akJito4eHme

C nomomnbio JJTHK-MUKpoOUMnoB MpoOBEJEH IOy~
KOJIMYECTBEHHBI aHaJIu3 YPOBHEU 3KCIpPEecCUuu
MPHK u reHoB anonTto3a 1 BbIKUBAHUS B JIEMKOLIU-
Tax KpoBu aeteii ¢ B['U-6 nuHbekImeit B ocTpoii ase
3a0osieBaHus U B (pa3e peKOHBAJIECUEHIIMU MO CPaB-
HEHUIO CO 3I0pPOBbIMU JAOHOpamu. [lokazaHo, 4TO
B ocTpoii dasze nHdekru 6anaHc YpOBHEN sKcnpec-
cuu MPHK u reHoB cMmeliancss B CTOPOHY MpPoAarior-
TOTUYECKUX (PAKTOPOB, UYTO MOXKET OKa3bIBaTh CYILIE-
CTBEHHOE BJIWSTHUE Ha YYBCTBUTEIbHOCTh JIEHKOILIUTOB
K anonTo3y. B da3e pekoHBaleCLIEHIIY OOJIBIITMHCTBO
ypoBHeil skcnipeccun MPHK 1 reHoB HopMmanu3oBa-
Jock. Hamu BeIsiBiieH psn MPHK u reHoB, skcripec-
CUsl KOTOPBIX 3HAYUTEIbHO W3MEHSIaCh B OCTPOW
daze 3aboneBanus. JJaHHbie (aKTOPHI MO JTUTEPATYP-
HBIM JTaHHBIM WUTPalOT BaXHYIO0 (PYHKIIMOHAJIBHYIO
pPOJIb B PETYJISILIUU UCCIEAYEMbIX CUTHAJIBHBIX My TEM.
C uenbto norcka BI'Y-6-accollmmpoBaHHBIX (haKTO-
POB, BIUSIONIUX Ha yTSXKeJIeHUe KJIMHUYECKOUN Kap-
TUHBl T€YEHUS TepIEeCBUPYCHOU MUKCT-UH(DEKIIUH,
MpPOBENICH AaHAJU3 BbBISIBJIEHHBIX HAMU W3MEHEHUN
ypoBHeil skcnpeccun MPHK u reHoB y maimueHTOB
¢ tskenoir BI'Y-6+BOB+LIMB mukcr-ungekumein
u BOB+IIMB Muxkcr-uHdekmnen cpeaHen TsKe-
CTU MO CPAaBHEHUIO CO 3I0POBbIMU JOoHOpaMu. OOHa-
pyxenbl 5 MPHK u 3 reHa, ypoBHU 3Kcnipeccuu Ko-
TOPBIX OBLJIM CYIIECTBEHHO TOBBIIICHBI nipu BI'Y-6+
BOBb+IIMB MukcT-uH@eKMu 1 OCTaBaJluChb He-
usMeHHbIMU Tipu BOB+HIIMB wmukcr-uHbexkuum.
C Touku 3peHus1 PyHKIIMOHATBHOU MPUHAIJIEKHOC-
T OonblIMHCTBO Takux MPHK 1 reHoB siBistoTCS
KJIIOYEBBIMU YYACTHUKAMU CUTHAJIbHOrO myTu Fas-
OIOCPEOBAHHOTO arornTo3a. Takum o0pa3oM, BKJIAL
BI'Y-6 B yTsIXeNeHMEe KIMHUYECKOM KapTUHBI TSXKe-
JIOW MUKCT-UH(MEKIIUU MPEAIIOIOXKUTEIBHO CBSI3aH
C aKTUBalMENd TAaHHOTO CUTHAJIBHOTO MYTU U BBISIB-
JseHHble MPHK MoOryT c1yXnTh KaHAUAATHBIMU TTPO-
THOCTUYECKUMMU (paKTOpaMU pUCKA PA3BUTUS TIKe-
JIBIX (DOpPM TeprieCBUPYCHOM MHMEKIIUU C yYaCTUEM
BI'Y-6.

Hacrosimas pabota 3HAYUTEIBHO PACIIUPSIET
CYLIECTBYIOLIUE TMPEACTABICHUS O MOJEKYIIp-
HBIX MexaHu3Mmax mnatoreHe3a BI'Y-6 mHdexkuuu,
B peanu3alii KOTOPBIX 3aA€CTBOBAHbBI CUTHAJIb-
HbIE TTyTU aIlloNTO3a U BbIXKMBaHUS. BbIsIBIEeHHbIE
HaMU U3MeHeHUus ypoBHel skcnpeccuun MPHK
U T€HOB CUTHAJIbHBIX IMTyTE anmonTo3a U BbIXKWBa-
HUS ¢ HAUOOJIbIIEH BEPOSITHOCTHIO BHOCST BKJAJ
B matoreHe3 BI'U-6 undexkuuu u tsxxkenon BI'Y-6+
BOBb+IIMB Mukcr-nHGEKIIUN.
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NOKASATEJIU CUCTEMbI HEMPOMENTUAO0B
B OCTPbI/ MNEPUOA, ONOACHLIBAIOLLEIO
FEPINECA

C.B. Knpii!, E.B. Mapkeaosa', A.!. Cumakosa', A.B. Kapay.ios?

'@I'BOY BO Tuxookeanckuii eocyoapcmeennutii meduyunckuil ynugepcumem Munzdpaea Poccuu, e. Baadusocmok, Poccus
2@IAOY BO Ilepsviii Mockosckuii 2ocydapemeennbtii meouyunckuil ynueepcumem umenu M.M. Ceuenoea Munzopasa Poccuu,
Mockea, Poccus

Pestome. Cuctema HElipoNenTUAOB SIBJASIETCS BaXXHOM YacThlo B3aMMOIEHCTBUSI HEPBHOM CUCTEMBbI C 9HIOKPUHHOMN
1 UMMYHHO#. [lenTUaHBIE PeryasITOPhl OTBEYAIOT 32 HEMPEPHIBHOCTD CBSI3U 3JIEMEHTOB CUCTEM, TIOAAEPXKMBAIOIIMX
roMeocTa3 B OpraHM3Me, OMHAKO HECMOTPSI Ha O0MJIMe UCCAeIOBAaHUI B 00J1aCTU HEMPOIENTUIOB, paciiuhpOBaHbI
HE BCE KOHKPETHBIE MEXAHU3MBI U OCOOEHHOCTU B3aUMOIEHCTBUS OETKOBBIX MOJIEKYJI C KJIETKAMU U JIEMEHTAMU
MMMYHHOI CUCTEMBI, B TOM YHMCJIE U TIpH 3a00eBaHUAX. Llenp nccaenoBaHus: IpoBeCTH KOMILJIEKCHYIO OIICHKY CO-
CTOSTHUSI CHCTEMBI HEMPOTIENITUIOB Y TTAIIMCHTOB C OIOSICHIBAIONIINM TepriecoM. Mamepuanst u memoodst. beino obdcne-
JgoBaHo 106 MalKeHTOB, HAXOASIIMXCS Ha CTALMOHAPHOM JIEYEHUMH C JMAarHO30M OIOSICHIBAIOIINI Ieplec B IePUOL
¢ 2016 mo 2019 rr. I'pynmy koHTposst coctaBuan 30 IpaKTUYECKH 310POBBIX JOOPOBOJIbLIEB COIOCTABUMBIX 10 BO3-
pacTy 1 moJry. Y BCeX MaiMeHToB OBl YCTAHOBJIEH U Bepu(UITMPOBaH TUAarHo3, MPOU3BeNeH 3a00p CHIBOPOTKHU KPOBU
B TIepBbIE CyTKM rocrnurtanudanuu. Yepes 3 mecsiia mocyie BHITMCKUA MTPOBOIMUIOCH MOHUTOPUPOBAHUE COCTOSTHUS
MalKMeHTOB ¥ UX 00JIEBOTO CHHAPOMA. DTO MO3BOJIMIIO PETPOCTIEKTUBHO pa3/eInTh MallMeHTOB Ha 3 rpynimsl. [pym-
na 1 — MmaueHThl C ONOSCHIBAIOIINM TePIIeCOM, COTTPOBOXKIAIONIMMCS CIa0bIM TN YMEPEHHBIM 00JIEBBIM CUHIIPO-
MOM; I'pyTiIia 2 — MalleHThI C OMOSIChIBAIOUIMM IepPIIecoM, COMPOBOX IAIOIIUMCS CUJIbHOI 00Jbl0; TpyIina 3 — nmauu-
€HTBI C OMOSICBIBAIOIIMM I'eprecoM, OCJIOXHUBILIMMCS MOCTreprieTuyeckoi HeBpanarueit. Onpenenenue 6enxa sl00B,
OCHOBHOT0 0ejJlKa MMHelInHa, (haKTopa pocTa HEPBOB, MO3rOBOTO HelipoTpoduyeckoro ¢akropa, HelipoHcHe -
YeCKOi 9HOJ1a3bl B CHIBOPOTKE BEHO3HOI KPOBU MPOBOIMIIN C TIOMOIIBIO CTIeIM(UUECKUX peaKTUBOB (prupmbl «<R&D
Diagnostics Inc.» (CLLHA). Pe3yasmamei. Bplio ycTaHOBICHO TOCTOBEPHOE TMOBHIIIICHNE CHIBOPOTOYHOTO COMEPKAHU S
6enka S100B Bo Bcex rpyImax B CpaBHEHUH € TPYIITION KOHTPOJIS, 03 pa3Inunii MeXay TpynnaMu nauueHToB. Oc-
HOBHOI1 0€JTI0K MUEIMHA OBLI JOCTOBEPHO BBIIIIC BO BCEX MCCIIEAYEMBIX TPYIIIIaX OTHOCUTEIbHO KOHTpOIs. [Toka3aTe-
JI B TpYIIIe 2 ObLIM JOCTOBEPHO BhIIIE, yeM B Tpyrmax 1 u 3. ComepxkaHue hakTopa pocTa HEPBOB OBIIO JOCTOBEPHO
MOBBIILIEHO B TpyMIe | B CpaBHEHUU C KOHTPOJIEM, ¢ TpynnaMu 2 u 3. B rpynne 3 moka3zaTesib ObLI CyIIECTBEHHO HUXE,
4yeM B TpyIIie KOHTPOJISI U B TpyIre 2. Mo3roBoii HeiipoTpoduueckuit ¢hakTop OBLT JOCTOBEPHO CHUXKEH BO BCEX
o0cyenyeMbIX Tpymmax B CPaBHEHUU ¢ KOHTPOJIbHBIMYU 3HAUYCHUSIMU, 0€3 3HAYMMBbIX Pa3Iuduii MeXay IpyniamMu.
YpoBeHb HelpoHCIeMMUUECKOM 9HOTa3bl B CHIBOPOTKE KPOBU OBLIT TOCTOBEPHO TOBBIIIEH OTHOCUTEIBHO TPYITITHI
KOHTPOJISI U OCTaJbHBIX ABYX I'PYIII MallMEHTOB JUIIb B Tpymnie 3. [TogyyeHHbIe fTaHHbIE TTO3BOJIUIU BbIACIUTD ABa
KJaccudukaTopa Ajisl OLUEHKU PUCKa Pa3BUTHUS MOCTIEPIIETUUECKON HEBPAJITUM B OCTPBI TIEPUOI OIOSIChIBAIOIIE-
ro repreca, a Takxe Jaju yriayoJeHHoe MOHUMaHMe ITaToreHe3a HelfpOMMMYHHBIX HapyIIEHUH, COMTPOBOXAAOIIMX
OIIOSICBIBAIOII I TepIIeC.

Karoueenie caosa: neiiponenmuobt, eepnec, onoscvieaiouyuil auwaii, S100, MPB, NGF, BDNF, NSE.
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NEUROPEPTIDE SYSTEM PARAMETERS IN ACUTE HERPES ZOSTER
Knysh S.V.2, Markelova E.V.?, Simakova A.I.?, Karaulov A.V.

@ Pacific State Medical University, Viadivostok, Russian Federation
b I.M. Sechenov First Moscow State Medical University, Moscow, Russian Federation

Abstract. The neuropeptides comprise an important part in the nervous system interacting with endocrine and immune
systems. Peptide regulators are responsible for the continuity of communicating elements, which support homeostasis,
however, despite abundant research examining neuropeptides, not all specific mechanisms and features of interacting pro-
teins with cells and immune components have been uncovered. Objective: to perform a comprehensive assessment of neu-
ropeptide system in patients with herpes zoster. Materials and methods: 106 in-hospital patients were examined diagnosed
with herpes zoster within 2016—2019 period. Control group consisted of 30 healthy age- and sex-matched volunteers.
Blood serum was collected after verifying diagnosis on day 1. After discharge, patients were monitored for signs of pain
syndrome and overall state within 3 months. It allowed to divide patients into 3 groups retrospectively. Group 1 — patients
with herpes zoster, accompanied by mild or moderate pain syndrome; group 2 — patients with herpes zoster, accompa-
nied by severe pain; group 3 — patients with herpes zoster, complicated by postherpetic neuralgia. Level of serum protein
s100B, myelin basic protein, nerve growth factor, brain-derived neurotrophic factor, neuron specific enolase was meas-
ured by using specific reagents purchased from “R&D Diagnostics Inc.” (CLIIA). Results. it was found that level of serum
protein S100B in all groups was significantly increased compared to control group, showing no inter-group differences.
Amount of myelin basic protein in all study groups vs. control was significantly higher. Moreover, level of these parameters
in group 2 vs. group 1 and 3 was significantly elevated. In addition, level of nerve growth factor was significantly increased
in group 1 vs. groups 2 and 3, whereas in group 3 it was significantly lower than in control and group 2. Brain-derived
neurotrophic factor was significantly decreased in all the study groups compared to control, showing no significant inter-
group differences. Level of neuron-specific enolase was significantly increased in group 3 vs. control as well as group 1
and 2. The data obtained allowed to identify two parameters for assessing a risk of postherpetic neuralgia in acute herpes
zoster, as well as provided deeper insights into the pathogenesis of neuroimmune disorders accompanying herpes zoster.

Key words: neuropeptides, herpes zoster, shingles. S100, MPB, NGF, BDNF, NSE.

CucteMbl TIOmJAEpPKaHMUS TOMeocTa3a B Op-
raHu3Me 4YejJoBeKa HaXOHSITCs B ITOCTOSTHHOM,
IWUHAMMYHOM B3aMMOJCUCTBUM KaK MEXIY CO-
0Oolf, Tak U C CUMOMOTUYECKO ¢hyopoil — Oak-
TEPUSIMU, TIPOCTEUIIUMU, BUPYycaMu, TpubdaMU.
IMapagurMa TICUXOHENPOIHIOKPUHHONW MMMYHO-
goruu (P.N.E.I) paccmaTpuBaeT nmpouecchl, UMelo-
M€ MeCTO B OpraHu3Me 4YeJioBeKa, C MO3UIIUU
KOMIIJIEKCHOI OLIEHKYW POJIM M BKJIAJla OTAEJIbHBIX
3JIEMEHTOB HEPBHOU, UMMYHHOUW U 9HAOKPUHHOM
CUCTEMBI C YYETOM TICUXOJIOTUUYECKOTO COCTOSTHU S
yejoBeka [11]. MU3BecTHO O cepbe3HOM BIMSIHUU
TMICUXOJIOTUYECKOTO CTpecca Ha PUCKU Pa3sBUTHS
pa3MYHBIX CUCTEMHBIX 3a00JIeBaHU, TaKXKe Be-
POSITHO BO3AEHCTBUE PACCTPOMCTB B OJTHOM 13 UH-
TErpaTUBHBIX CUCTEM Ha IPyTHUe, YTO IMOTIEPKUBa-
eT MHTEpeC COBPEMEHHOM HayKH K MMOMCKY HOBBIX,
HEOMHO3HAYHBIX Ha TIEPBBIA B3I, MEXaHM3-
MOB BJIMSTHUSI HapyIIeHUil B UMMYHHOI CHUCTeMe
Ha maToreHe3 3a00JeBaHU T HEPBHOU U 9HIOKPUH-
Holi cuctem [20].

B Hactosiiiee Bpemsi chopMuUpoOBaIoCh Mpe-
CTaBJICHUE O CYIIECTBOBAHUW CUCTEMBI IEITTHI-
HBIX PETryJsSITOPOB U MX PELENTOPOB, KOTOPHIC
onpenessioT (GYHKIMOHAIBHYIO HETPEePbIBHYIO
CBsI3b HEPBHOW M MMMYHHOW CHCTEM W OTBEYalOT
3a aJICKBaTHYI0 CTUMYJISIIMIO WJIM WHTHUOWpPOBa-
HHUE pa3IUYHBIX (PYHKIIMII OpraHu3Ma C IeJIblo
noaaepXxkKu romeocrtasa [4]. OmHako, HECMOTpS
Ha oOMJIMe MCCJIENOBAaHUN B 3TOM HaIlpaBJICHUMH,

pacimiugpoBaHbl 1aJieKO HE BCe KOHKPETHbIE Me-
XaHU3Mbl U OCOOEHHOCTU B3aMMOACUCTBUS Mem-
TUAHBIX MOJIEKYJ C KJIeTKAaMU U 3JIeMEHTaMU UM-
MYHHOI CHUCTEMBbI, B TOM YHWCJIe TPU Pas3JUudHBIX
MaTOJOTUYECKUX COCTOSTHUSIX.

OmnosichIBaIIUii Teprec — 3TO Cepbe3HOE 3a-
OoJsieBaHUWE, BbI3BAHHOE peaKTHUBaAllMEeld BUpYyca
Human herpes virus-3 (HHV-3), Tak:xe u3BeCTHOro
KakK BUPYC BEeTpsiHOU ocmibl. [lepBUUHBIN KOHTAKT
C BUPYCOM B OOJIBIIMHCTBE CJy4aeB BbI3bIBACT pa3-
BUTHE BETPSIHOU OCIIBI, a MOBTOPHAsl aKTHUBallWs
BUpYyca, MPUOBIBAIONIErO B OpraHM3Me YejoBeKa
B TeYeHUEe BCell XXU3HU B COCTOSIHUU JIaTEHIIWHU,
MaHUdeCcTUpyeT B BUJE OIOSICHIBAIOIIETO Treprie-
ca — 3aboJsieBaHUS TECHO CBSI3aHHOIO C Helpo-
WUMMYHHBIM B3auMMOJEHCTBUMEM U 00Jiagaloliero
CITOCOOHOCTBIO K 4YacTOil XpOHU3alUU O00JIeBOTO
CUHJApPOMA U Pa3BUTUIO MOCTIEepreTUYECKON HEB-
paJiruu.

Ilo ceromHsImHUI AeHb OcTaeTcsl HechopMuU-
POBaHHBIM €AMHOE MHEHWE O KJWHUKO-J1abopa-
TOPHBIX MapKepaxX pPa3BUTUS MOCTTepIreTUYECKOU
HEBpAJITUM B OCTPBIA TMEPUO OIOSICHIBAIOIIETO
reprieca. MI3BecTHO, 4TO B OCHOBE IaToOreHe3a Jie-
XKaT MeXaHM3Mbl Tepudeprudeckoil U LEeHTpalb-
HOM CEHCUTU3allMM HEPBHOW CHUCTEMBbI, YTO MPO-
BOLIMPYET CTOWKOCTh HEWUPOMMMYHHOIO BOCIIa-
JICHUSI B KOpellKaX CIMHHOMO3TOBBIX TaHTJUEB
W HapyllleHWe TPOBEACHUS HEPBHBIX WMITYJIbCOB
MO HEPBHBIM CTBOJIaM [2]. ABJAeHUS NeMUETUHU-
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3allM¥ OOBEINHSIIOT OMOSICHIBAIOIINIA TeprieC W PsiJl
ayTOMMMYHHBIX 3a00JieBaHU 1, 0OyclIaBIUBas MO-
BBILIIEHHBIN PUCK KOMOPOUIHBIX COCTOSIHUI Y T1a-
IIUEHTOB C OTUMU MaToJoTusIMU [25].

BiivsiHue Bupyca Ha OpraHU3M ITPU XPOHUYEC-
KUX MTHOEKIMSIX, B TOM YUCJIE TPU OMOSIChIBAIOIIIEM
repriece, 3aBUCUT HE TOJBKO OT IPSIMOTO MOBPEXK-
nmaromrero 3 gekTa BUpUOHOB Ha KJISTKU OpPTaHM3-
Ma X03siMHa, HO M 00YCJIOBJIEHO UMMYHOTPOTTHBIMU
CBOICTBaMU BUpPYyCa, CIOCOOHOIO U3MEHSITh (hyHK-
IIMOHAJIbHOE COCTOSSHUE MMMYHOKOMIIETEHTHBIX
KJIeToK. Henb3ss 3a0bIBAaTh M O B3aMMOICHCTBUU
¢dakTOpOB BPOXJIEHHOIO UMMYHHUTETa, KaK C BU-
pycoM, TaK U MeXIy CO0Oi. AKTUBALIUS CUCTEMBbI
MaTPUKCHBIX METAJJONPOTeNHA3 CIIOCOOCTBYET
JIUTUICCKOMY TIOBPEXKACHUE MUEINHOBOI 000-
JIOUKH, YTO MPOBOILIUPYET TOBBIIIEHNE YPOBH S OC-
HoBHorO 0esika muearHa (MBP) — ogHoro us Hau-
OoJice N3YYEeHHBIX HEUPOIIETITUIOB, 00J1aaaloIIero
pa3IMIHBIMU PYHKIIUSIMU, KaK B HOpME, TaK U TP
natronoruu [25]. CeroaHs Bce elle OTKPBIT BOIIPOC
O 11eJIeCOOOPa3HOCTU MCHOJb30BAHUS MOAOOHBIX
€My MapKepoB ITOBPEXKIASHUS HEPBHOWM CUCTEMbI
B PYTUHHON KJIMHUYECKOM ITpaKTUKe, OMHAKO TaH-
Hble MUPOBOU nuTepaTypbl [28] U COOCTBEHHBIE
WCCJICNOBAHUS SBISIOTCS OOHAASKMBAIOIIUMU.
IIpencraBiieHbl JOKa3aTeJIbCTBA POJU MaTPUKCHBIX
METaJIJIONPOTENHA3 M MX MHTUOMTOPOB B (hopMu-
poBaHUM HEWpOMaTUYecKou 00 M ee XpOHU3a-
LMY B 3KCNepUMeHTe Ha Mbllax [19].

B npenliecTByIOIIMX HCCAEAOBAaHUSIX HaMU
ObLIM TIOJIyYEHBl JaHHbIe 00 aKTUBallUM MaT-
PUKCHOU MeTaJuionpoTenHaspl-9 (MMP-9) u ot-
HOCHUTEJIbHOM HEIOCTaTOYHOCTU €€ TKaHEBOTO
MHTUOUTOpa-1 y TMalUMeHTOB C OIOSIChIBAIOLINM
reprnecoM Hu IIOCTIEPHEeTUYECKOM HeBpaJrueun
[2]. N30bITOuHAsT (pyHKIIMOHAJIbHAST aKTUBHOCTH
MMP-9 o0ycinaBauBaeT MHTEHCUBHOCTb 0OJIEBO-
ro CMHApOMa B OCTPhLIi Ttepuon [16], B To ke Bpe-
MsI M3BECTHO, UTO MOBBIIICHHOE CHIBOPOTOYHOE
comepxkaHMEe MaTPUKCHOW MeTaJIONPOTEHHA3HI-2
B XPOHUYECKUI mepuoj 3aboeBaHUs 00yCTaBIu-
BaeT MJIUTENIbHBIN OosieBoit cuHapoM [18]. Hamu
OBLIM MOJIYYEHBI JTaHHBIC O TOM, YTO MOHMXXECHHOE
CBIBOPOTOUYHOE comepkaHnue MMP-2 B ocTphlit nie-
pHMOJI OTMOSICHIBAIOIIIETO repreca sBiseTcss hakTo-
poOM, TIOBBIIIAIOLIMM PUCK XPOHU3ALUU OOJIEBOTO
CUHJIpOMa MNpHU omoschiBampIileM repriece [3], 4yTo
ele pa3 NOABOAMUT HAC K MCCIIEIOBAHUIO CUCTEMBI
HelpornenTuaoB Kak (HakTopoB, 0oOycaaBIUBAIO-
mux ¢GYHKIIMOHUPOBAHUE M PEeMOJACIMpPOBaHUE
HEPBHBIX CTPYKTYP — OCHOBHOI II€JIM BUPYCHOTO
BO3IEeHCTBUS ITPU OTTOSICHIBAIOIIEM Tepriece.

B MupoBoit nuteparype OTCYTCTBYIOT KOM-
MJIEKCHBIE UCCIIEOBAaHM S ITMPOKOTO CITEKTpa Heil-
POIIENITUIOB MPU OIMOSICHIBAIOIIIEM TepIriece U MHbBIX
KauHudecknx BapuaHtax HHV-3 wunHbexuun,
4TO 00yClIaBIMBAET OTCYTCTBUE €AMHOTO MHEHUS
00 MMMYHOIIaTOreHe3e¢ HeWpOoHaJIbHBIX Hapylie-

HHUM, aCCOUMUPOBAHHBIX C peaKTUBALlME BUpyca
BeTpsSIHOI ocnbl. BnusiHue cucTeMbl HEMPOIIENTU-
HOB SIBJISIETCS KpaliHe MJIEUOTPOIMHBIM U €€ UCCIe-
JIOBaHWE COCOOHO MOBJMATH Ha (PyHIaMEHTab-
HO€ MOHMMaHMe MaToreHe3a 3aboJjieBaHUM, 3aTpa-
TMBAOIIMX UMMYHHYIO U HEDBHYIO CUCTEMBI.

Lenb uccaenoBaHus: MPOBECTU KOMITJIEKCHYIO
OLIEHKY CMCTE€Mbl HEUpPONENTUIOB Yy MNallMEHTOB
B OCTPBI IEPUOJ OMOSICHIBAIOLIETO Teprieca.

Martepuanbsl 1 MeToapl

B pamkax ucciienoBaTelbCKON pabdOThI HaMU
Ob1710 06caenoBaHo 106 malnMeHTOB, HAXOMSIIINX-
csa Ha neyeHuu B 'BY3 KKbB Ne 2 r. BranuBocTtoka
B 2016—2019 rr. ¢ guarHo3oM «OnosACBHIBAIOIIUI
repriec». ['pynmy KoHTponsi coctaBuiau 30 mpak-
TUYECKU 3JOPOBBIX TOOPOBOJIBLIEB COMTOCTAaBUMBbIX
o Bo3pacTy W moiy. Bo3pacT 00JbHBIX COCTaBUI
ot 25 1o 74 net (46,1+2,6). Y Bcex MmaLlMEHTOB a11a-
THO3 OBLJI YCTAHOBJIEH Ha OCHOBAHUU XapaKTEPHOU
KJIMHWYECKON KapTUHBI U ObIJT JTaOOpaTOpPHO Be-
pudunuposan nyrem onpeaeneHus JJHK Bupyca
BETPSIHOM OCIBI B CIIOHE MJIM CHIBOPOTKE KPOBU
MaIlMeHTOB MeTomoM KonmaecTBeHHOI [T P. dakT
peakTHUBAIIH, a He TTIEPBUIHOTO WH(MUIITUPOBAHUS
BupycoM varicella-zoster (VZV), Obl1 MOATBEPXK-
JIIEH MyTeM ompeneiaeHus aHTutea IgG K riImko-
npoteuny E (anti-VZV IgG-gE), uto saBisieTcsa
J1abopaTOPHBIM MapKepOM peaKTUBALlMM BUPYC-
HOM MHbeKIru. ¥ BceX MallMeHTOB ITPOBOAMJICS
MOHMTOPUHT Xaj0o0, KIMHUYSCKUX ITPOSIBICHUN
W YPOBHEU HEHPOICNTUIOB B CBEIBOPOTKE KPOBU
Ha l-e cyTKM rocrnutanu3anuu. [lanmeHTsl moy-
YyaJu CUMMOTOMATUYECKYI0 M IPOTUBOBUPYCHYIO
Tepanupo. Yepes 3 Mecsiia mociae BBIITUCKU, TTPO-
BOOMJIOCh MOHUTOPUPOBAHUE COCTOSHUS ITaIlM-
€HTOB C aHKETUPOBAaHMEM M OIECHKOIM XapaKTepa
U JJIMTEJIBHOCTU OOJIEBOTO CHMHApOMAa. DTO I03-
BOJIMJIO BBIAEJUTH T'PYIITy B 24 4yeaoBeKa C MOCT-
reprietudeckoir HeBpanarueit (II'H — 3 rpymnma).
I[TammeHTHl 6€3 IOCTTepHEeTUYECKON HEeBpaJTUU
Ha OCHOBAHUWU TAHHBIX, TOJTYYEHHBIX ITPU UCIOJb-
30BaHUM BU3yaJibHOI aHajioroBoii mkaabl (BALL),
OBLIM pacmpeneyieHbl Ha ABE TPYHNbI IO BHIpa-
KEHHOCTH 00JICBOTO CUHIPOMAa B OCTPHIN MEepUO/I
0oJie3HN. by BBIACIICHBI: IpyIia 1, co clIadbIM
U yMepeHHBbIM O0oyieBbIM cuHapoMm (BAI 1—4 cm
BO BpeMsI OCTPOTro Iiepuoaa 00Jae3HM), U TPyIIma 2,
C CUJIbHBIM O00JieBbIM cuHApoMoM (BAIIL 5 u 6onee
CM BO BpeMs OCTpOro Iepuoja 6oJie3Hun). JJaHHbIe
O rpyInax nalMeHTOB NpeacTaBJieHbl B TabauLe 1.

B pamMkax maHHOro HcCCIeIOBaHMS IIPOBEIC-
HO M3yueHue psja HeliponenTtuaos: Oenka s100B
(S100B), ocHoBHOro 6enka muejanHa (myelin basic
protein, MBP), ¢aktopa pocta HepBoB (neuronal
growth factor, NGF), mo3roBoro HeiipoTpodu-
gyeckoro dakrtopa (brain-derived neurotrophic
factor, BDNF), HelipoHCcITeIM(PUISCKON 3HOIA3HI
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Ta6auua 1. XapakTepucTuka o6cnesyemMbix rpynn
Table 1. Characteristics of examined groups

Mokasatenb Fpynna1 | Fpynna2 | Mpynna3
Parameters Group 1 Group 2 Group 3
BALL, cm (M£m) . . .
VAS, om (Mm) 3,2+0,4 8,6+0,8 6,7+0,4
KonuuyectBo, n 42 40 o4
Amount, n
CpepnHuii BO3pacT,
+

ner (M:m) 442432 | 484226 | 57,5:36
Mean age, years
(M+m)
MrH Het Het Oa
PHN Negative Negative Positive

(neuron-specific enolase, NSE) B cBIBOpoTKe KpOBU
MAIMEHTOB C OIOSICHIBAIOIINM TepITIeCOM U JTIONCH
KOHTPOJIbHOM I'PYIINHL.

Onpenenenue S1I00B, MBP, NGF, BDNF, NSE
B CBIBOPOTKE BEHO3HOU KPOBU MTPOBOAMJIN C TOMO-
IIbI0 CcrenM(UUIecKnuX peakTUBOB (pupMbl «R&D
Diagnostics Inc.» (CHIA) mMeTomom caHABUY-Ba-
puaHTa TBepAOo(Pa3HOro MMMYHO(MEPMEHTHOIO
aHaJIM3a COIVIACHO TIpMJIaTaeMbIM WHCTPYKIIH-
SgM. Y4eT pe3yJbTaTOB IMPOU3BOAMUIIN C MOMOIIbBIO
uMMYyHO(pEepMEeHTHOro aHaau3atopa <«Multiscan»
(®unnssaaus). Pacuer KojsimyecTBa MeaMaTOpPOB
NPOBOIUIM MYTEM ITOCTPOCHMSI KaaiuOpOBOYHOM
KPUBOM C TIOMOIIBIO KOMIIBIOTEPHOI ITpoTrpam-
Mbl. KonudecTBO BbIpaxkajiu B II/MJ UJIU HI/MIIL.
JlaHHBIC TIPEACTABISIM B BUIE MEIMAHBI M ABYX
kBaptuieir (Me, Q,s, Q;5). YpoBeHb HOBEpUTENb-
HOW BEpOSITHOCTHU ObIJI 3a1aH paBHBIM 95%, TO eCTh
HYyJIeBBIE TMIIOTE3bl OTBEprajuch B TOM cliydae,
KOrjga NOCTUTHYTBI YpOBeHb 3HauuMocTu P uc-
MOJIB3YEMOT'0 CTaTUCTUUECKOTO KPUTEPUS TIPUHU-
MaJ 3HadyeHust MeHee 5%. CraTtuctudeckas obOpa-
0OTKa MPOBOAMJIACH C UCIIOJIb30BaHMEM ITPOTpaM-
Mbl SPSS Statistics v.16. BHyTpu 1 MeXTpyTinoBbie
pasinyusl OLEHHUBAJU C IIOMOIIbIO KpUTEepUs
ManHa—YUTHU B paMKax NPUKJIATHON IMporpam-
Mbl. BO3MOXHOCTbh MCHOJIb30BaHMS TToKa3aTesei
B Ka4yeCTBE KJIaCCU(PUKATOPOB AJISI OLIEHKHU pHCKa
pasButus [II'H oueHuBanach ¢ MCnojib30BaHUEM
metona ROC-ananuza [10], ¢ moctpoeHue ROC-
KPHUBBIX.

Pesynbrathl

ComepkaHHE MCCIIENyeMbIX HEHPOIIEIITUIOB
B CBIBOPOTKE KPOBU IMAILIMEHTOB C OMOSIChIBAIOLIIUM
repriecoM Ha TIepBBIE CYTKHM TOCIHTAJIA3allNN,
a takxe cootHoimieHrue BDNF u NSE, npencrasie-
HBI B Tabnuie 2.

BBII0 yCTAaHOBJICGHO HOCTOBEPHOE ITOBBIIIICHHC
ceiBopoTouHOro ypoBHsi SI00B Bo Bcex muccneaye-
MBIX TPYIITIaX B CPaBHEHU U C TPYIIIION KOHTPOJISI 0e3
3HAYMMBIX pa3JIMIN MEXIY TPYIIIIaMU ITallICHTOB.

VYpoBeHb MBP Tak:ke cTaTUCTUYECKU 3HAYUMO
MOBBIIIAJICS B CBIBOPOTKE KPOBU MAIIMEHTOB C OITOSI -
CBIBAIOIIMM TePIIeCOM, TIPY 3TOM I'pyIINa 2 — malu-
€HTBI C CHJIBHBIM OOJIEBBIM CUHIPOMOM MMEIIN J0-
CTOBEpHO 60Jiee BHICOKOE MOBBIIIEHWUE YPOBHS HEll-
porenTuia B CBIBOPOTKE KPOBU B CpaBHEHUU ¢ 1-it
¥ 3-i1 TpynnamMu, MexX 1y KOTOPBIMU CYIIIeCTBEHHBIX
pa3INYMii BEISIBJICHO HE OBLIIO.

Conepxanue NGF umeno pazHoHarpaBjieHHbIE
U3MEHEHM I B 00CIeyeMbIX I'pyIlNnax. Y MmalueHTOB
CcOo cJIaObIM OOJIEBBIM CUHAPOMOM OBIJIO YCTAHOB-
JICHO TIOBBIIIICHUE CHIBOPOTOYHOro ypoBHSI NGF
B CpPaBHEHUWU C TPYNITION KOHTPOJIS M OCTaJIbHBIMHU
rpymnmaMu naunveHToB. Bo BTopoiil rpymnme coaep-
KaHue OejlKa He OTJIMYaoch OT 3HAYEHUM KOH-
TPOJIBHOM I'PYIIITHI, HO OBLJIO BHIIIE, YeM B TPYIITE 3.
IMauuentsr ¢ IIT'H, cdhopmuposaBuive rpymnmny 3,
UMEJ CTAaTUCTUYECKU HOCTOBEPHOE CHUKEHUE
CBIBOPOTOYHOTO cofepkaHMs OejiKa B CpaBHEHUU
CO BCEMHM 00CIeAYEMBIMU TPYTIIIAMH U KOHTPOJIEM.

BDNF noctoBepHO MTOHUXKAJICS BO BCEX 00Ce-
IYyeMBIX TPYIIaxX B CpaBHECHHH C TPYIIION KOH-
TpoJisd 6€3 3HAUMMBIX MEXIPYMNMNOBBIX Pa3IUUUIA.
NSE B rpyI1ire manueHTOB C ITOCTrepIieTUUeCKOM
HeBpaJITueli OB JOCTOBEPHO BHIIIIE, YeM B OCTaJIb-
HBIX IPYIIITaX U KOHTPOJBHOM TPYIINe, MEXKAY KO-
TOPBIMU PA3JIUYUIN YCTAHOBJIEHO HE ObLIO.

CootHomenne BDNF:NSE 6bv1710 mocToBepHO
CHUKEHO BO BCEX IpyNmax B CpaBHCHUH ¢ KOHTPO-
JieM. Mexy rpyrnnamMu Takxke orpeneaeHbl pa3iu-
Yus, CO CHUKEHHEM MoKa3aTesis B psSay OT pe3yJib-
TaTOB B IpyIine 1 K rpy1ie 3, rae ObIJI0 pacCuuTaHO
HanboJiee Hu3Kkoe cooTHomeHne BDNF:NSE

O6cyxaeHune

Benok S100 cymiecTtByeT B nBYX ¢hopmax: ro-
MoauMepHoit u rereponumepHoit. SI00B BapuaHT
Oesika, KOTOPbIN MPEICTaBIeH HE TOJbKO B KJET-
KaxX HEpBHOU TJIMM, HO U B MHBIX ME3CHXMMAaJb-
HBIX KJIETKaX: XOHIPOIMWTAaX, MEJIAaHOIMWTAaX, aau-
nonutax. @yaknouum S100B He orpaHMYMBAIOTCS
JIUIIb BHEKJIETOUHON aKTHUBHOCThIO. WM3BecTHO
00 ero yvyacTuu B IIpoleccaXx BHYTPUKJIETOUHO-
ro metabonam3Mma, (popMUPOBAHUU IIUTOCKEJICTa
U OTIEJbHBIX OpTaHeJJI. Pl KJIETOK CEKPETUPYIOT
S100B romogumep B (GpU3MOTOTMYECKUX YCIOBHUSIX,
OKa3bIBasl BHEKJIETOUYHOE BIMSHUE, ONIOCPEIOBaH-
HOE, B MEPBYIO o4yepenb, Yepe3 PelenToOphl K KO-
HEeUYHBIM NpoayKTaM riauko3unupoBaHus (RAGE).
dusnonornyeckre KoHIeHTpanuu Oeiaka S100
YYacTBYIOT B MeEXaHHU3Max perapaluu TIuajib-
HBIX KJIETOK U MMPOJIOHTUPYIOT XMU3HBb aCTPOIIMTOB
U HelipoHOB. OAHAKO B cliyyae MOBPEXAECHUS KJie-
TOK M BBICBOOOXIECHUST B CBIBOPOTKY KPOBH M30bI-
TouHOro nporenHa S100, MoxkeT Mpou3ouTH Gop-
MHUPOBaHHNE BOCITAJIUTENBbHON peakuuu. JaHHBIN
0eJIOK MOXKET BBICTYNAaTh M B KayecCTBEe «00Pa3oB
onacHoctu» DAMP (danger-associated molecular
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Ta6auua 2. CbIBOPOTOYHOE CoAepXKaHue uccneayembix nokasaresneil y o6cnenyemMoro KOHTUHreHTa
Table 2. The surveyed parameters amount in serum of examined contingent

npzt:;ae::gb Fpynna KoHTpoNS Fpynna 1 Fpynna 2 Mpynna 3
Control grou Group 1 Group 2 Group 3
Me (Qgs; Qz5) group p p p
4,23 26,4% 30,4* 28,6*
$100B, pg/mi (2,88; 7,42) (16,3; 32,8) (13,4; 39,1) (15,1; 38,2)
MBP, pg/ml 374 138,6" * 357,67 4 154,4* &
' P9 (12,6; 57,2) (89,5; 242,3) (286,4; 513,4) (80,4; 260,3)
10,3 174"+ 10,6° & 73" A
NGF, pg/ml (8,6; 12,1) (12,3: 23,2) (8,4;11,7) (4,1;91)
294 19.4% 19,6* 18,5*
BDNF, ng/mi (25,2; 32,1) (14,6; 23,1) (15,0: 23,2) (14,2: 25,2)
1,74 1,96* 2,124 5,93 #4
NSE, ng/ml (1,59; 4,25) (1,53; 2,82) (1,67; 2,36) (5,17; 7,99)
_ 184 10,32 * # 9,63 ° 4 3,07 %A
BDNF: NSE ratio (16,3 18.9) (9,47 11.97) (9.4: 9,83) (2,62: 3,4)

Mpumeyanue. CTaTucTYECKas 4OCTOBEPHOCTb PA3NNYMI MEXY rpyNnamMu: C rpynmnoii KoHTpons: * — p < 0,05; ® — mexay rpynnamn 112 p-p,
< 0,05; * — mexay rpynnamu 11 3 p-p, < 0,05; 4 — mexay rpynnamm 2 1 3 p,-p, <0,05.

Note. Statistical significance of differences between groups: with control group: * — p < 0.05; ® — between groups 1and 2 p,-p, < 0.05;

#* — between groups 1and 3 p,-p; < 0.05; 4 — between groups 2 and 3 p,-p, < 0.05.

patterns, DAMP), akTuBupysi BpOXIEHHYI HM-
MYHHYIO CUCTEMY U UHULUUPYIO HEUPOUMYHHOE
BocriajieHue. Takxke B JUTepaType MpeacTaBIeHbBI
TaHHBIe 00 aKTWBAIIMM HATypaJbHBIX KUJJIEPOB
yepe3 S100B-3aBucuMblii MexaHusm [26], 4To mo-
CTaTOYHO BaXXHO IJIsSI M3Yy4yeHUs IaToreHe3a Hei-
POHAJIBHOTO BOCHAJIEHUSI B OCHOBE OIOSICHIBAIO-
IIIero reprmeca.

IloBhIllIeHHOE  CBIBOPOTOYHOE  ColepxkKaHue
S100B y manyMeHTOB ¢ OMOSCHIBAIOLIUM TE€PIECOM
MPEaIloJOXUTEIBHO CBSI3aHO C IIpolieccaMu Heli-
pOHAJIbHOM CMEPTHU B pe3yJibTaTe aKTUBAILIUM TJIM-
aJBHBIX KJIETOK, C TIOCICAYIOIINM Pa3BUTHUEM BOC-
najeHus u rauvo3sa [27]. Henb3s ucknwovaTh U TO,
4TO JAHHBI HEWPOMNENTU OTBETCTBEHEH 3a pa3-
BUTHE KpUTUUYECKUX PopM VZV-nHEeKI U B BUIE
9HIleaduTa U MEHHUHIO3HIehanura, TaK Kak
3a CYET CBOe UMMYHHOI peakTuBHOCTHU, S100 crio-
COOCH y4JacTBOBaTh B Mpolleccax HapyIlIeHUs Iie-
JIOCTHOCTU remMaTosHledaindeckoro oapwsepa [1],
YTO TIOBBIIIAET MIAHC MUTpAllUM BUpyca. BromHe
BO3MOXHO, UTO HJAaHHOE ITOBBIIIICHUE OcjiKa XOTh
U TIpeAnosaraeT 3alllUTHBIA XapakTep IJis opra-
HM3Ma, HO IO IIPUIHNHE ITATOJIOTUUYECKOTO BIUSITHUS
BUpYyca IPUHOCUT Bpead. B psine nccienoBaTeabCKUX
pabot obcyxnaetcs poiab SI00B B hopmupoBaHumu
HeHTPaJbHON CEHCUTH3AIINU, JeXKaIllell B OCHOBE
HellponaTUyeckKoi ©0O0JIM, a TakXe BO3MOXHOCTb
CHUXKEHUSI MHTEHCUBHOCTH OOJIEBOTO CUHIpOMa
3a cueT uHrnomponanus S100B [22].

Cepbe3HbIM MPEISITCTBUEM AJI5I AMarHOCTUYEC
KOTO MCMOJIb30BaHUSI JaHHOTO HellpoMapkepa sB-
JISIETCSI €T0 3aBUCUMOCTD OT COITYTCTBYIOLIUX TICH-
XOTIaTOJOTUYECKUX COCTOSTHUI. OmyO0anMKOBaHbBI
ITaHHBIE O BJIUSHUM OECCOHHUIIBI, IeIIPecCUuu
1 UHBIX TICUXOJIOTUYECKUX PACCTPONCTB Ha ChIBO-
potouHoe conepxaHue S100 [9, 30], uTto, ¢ onHOI

CTOPOHBI, CIIOCOOHO CHU3UTh ITUArHOCTUYECKYIO
3HAYUMOCTb MapKepa, ¢ ApYyroi, IomYepKUBaeT
IMaTOr€HETUYECKYIO CBSI3b PACCTPOMCTB HEPBHOM
CUCTEMBI C XapaKTepoM HeWpomnaTuyeckoil 0oJiu.
CBOHCTBO OBICTPOIT HOpPMAaJIMU3allMU CBIBOPOTOY-
HOro coaepXXaHusl HelpomnenTuaa B OTCYTCTBUU
noBpexaaliero aredHra [13] mosBoJisieT npeamno-
Jjarath BO3MOXHOCTh olleHKHU S100B B monrocpou-
HOM JDMHaAMUKE JJisi MOHUTOPHUPOBAHUS IEPCHUC-
TEHIIMU TIOBpPEKAaioniero (gakropa M MpeauKIuu
GOpMUPOBAHUS CTOMKOro XpOHUYECKOTO OOJIEBO-
ro CUMHIpOMa.

OCHOBHOI 0€JIOK MHEJIMHA TaKXKe CUUTACTCS
OIHUM 13 HauboJjiee 3HAUMMbIX MapPKEPOB COCTOSI -
HU S HepBHOU cucteMbl. Benyueit dpynkuueit MBP
SBJISICTCST y4JacTue B (POPMUPOBAHUU MUCIUHO-
BOIl 000JIOYKM LEHTPaJbHOW U mepudepudeckKoi
HEPBHBIX CHCTEM, OTHAKO M3BECTHO O MMMYHHOM
peakTUBHOCTU Oejika, 4YTO oOyciaaBJIMBaeT Iia-
TOreHe3 ayTOMMMYHHBIX 3a0oJjieBaHUIi, B OCHO-
B€ KOTOPHBIX JICKUT (DOPMHUPOBAHUE ayTOAHTUTEN
K MBP. IIpu paccesiHHOM CKJIEpO3€ U CUCTEMHOM
KpacHOU BOJIYaHKE B CHIBOPOTKE MAllMEHTOB 00-
Hapy>XeHbl ayTOAHTHUTEJA C IIPOTCOTUTUICCKOU
aKTUBHOCTbIO — ab3uMbl. BeposiTHO, oHU hopmMu-
PYIOTCSI B Mpollecce JeaMUHU3alMM U TTOCTPaHC-
JISITMOHHOTO M3MEHEHM S OeJika, YTO B UTOTe IIPU-
BOOMUT K BO3MOXHOCTH KOHTakTa T-1MMGOIUTOB
¢ noBepxHocTbio MBP u umHuMuMauuu ayTouM-
MYHHOTO OoTBeTa. MHTEepeCHBIM SIBASIETCS TO, YTO
a031MMbl, TMpeAcTaBJICHHbIE Yy IMallMEHTOB C pac-
CEAHHBIM CKJIEPO30M M CUCTEMHOM KpPaCHOUW BOJI-
YaHKOM, TaKXKe OOHApy>KMBAIOTCS M Y 3I0POBBIX
auu, 6e3 MaHUpecTalMM JaHHBIX 3a00J€BaHUIA.
MOXHO NpeANoI0KUTh, YTO MOBPEXICHUE KIIETOK
HEPBHOM CHUCTEMBI M TJIMHU CIIOCOOCTBYET BBICBO-
ooxaenuto MBP c nanpHelinium hopMupoBaHUE
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ayToaHTuTea [12]. DTO MO3BOJISIET NPEATION0XKUTH
CyIIleCTBOBAaHME MOAOOHOrO MeXaHM3Ma B OCHOBE
KOMOPOMAHOCTU y MallMEHTOB C OINOSICHIBAIOLIUM
repIiecoM U psIIOM ayTOMMMYHHBIX 3a00JIeBaHUA.

OTCyTCTBUE HOCTOBEPHON Pa3HUIIbI MEXIY ChI-
BOPOTOYHBIM ypoBHeM MBP y rpynimsl 1 v rpymirisl 3
MO3BOJISIET TIpeaIiojiaraTh CYyIIeCTBOBaHUE (PeHO-
TUMMYECKON MPeapacloJoKeHHOCTH Y MallueHTOB,
C pPa3BUBIIENUCH B JAJIbHEUIIIEM MOCTTEPIIETUYECKOMN
Hepanrueit. Uccnemoanue C.J. Hedegaard ¢ co-
aBT. (2009) meMOHCTpPUPYET CYILIECTBOBAaHHME ayTO-
aHTuTel K MBP M y NOJTHOCTBIO 300pPOBBIX JIMII,
YTO OIpenesisieT W3MEHEHHYI0O HWMMYHHYIO pe-
aKTUBHOCTh y HAHHOW KaTeropuu JIroaeii B OT-
BET Ha TMOBBILICHUE ChIBOPOTOYHOIO COACPKAHUS
npoteuHa [15].

®dakrop pocra HepBoB NGF — oauH u3 Kiro-
YEeBBIX MOAYISITOPOB HENPOIHIOKPUHHOTO B3au-
MOIEUCTBUS, O KOTOPOM Ha HACTOSIIMUA MOMEHT
M3BeCTHO poctatoyHo MHoro. NGF yuacTtByeT
B KaHIIEpOreHe3e, Pa3BUTUU TIJIAyKOMBI, MaKyJIO
U peTuHomaTuu, nnabdera [6]. [To mpuymHe pacnpo-
cTtpaHeHus penentopoB K NGF Ha pasHbix Tumax
KJIETOK, MONBLITKU ucnoab3doBaHuss NGF B kaue-
CTBE TeparieBTUYECKOro areHTa AJIsI CUCTEMHOTO
IPpUMCEHEHUsSI BCTPETHJIM PSII TPYAHOCTEI, CBSI-
3aHHBIX C Pa3BUTUEM HeXkeJaTeIbHbIX MOOOYHBIX
3¢ EeKTOB, YTO 3aTPyTHSIET CO3TaHNe aaeKBaTHOMU
HEUPONPOTEKTUBHOM UM HEWpoOpereHepaToOpHOM
dapMaKkoJornyeckoi cyOCcTaHLIMU, OCHOBaHHOI
Ha NGF. OgHako onbIT TOITMYECKOrO NPUMEHEHU S
NGF obHanexuBaeT cBoeii 3ppeKTUuBHOCTHIO [5].
DKcrepuMeHTanbHoe wucciaemoBanne aHTU-NGF
Tepaluu MPOJAEMOHCTPUPOBAIO MNPOAYKTUBHYIO
periukauuio VZV, ornocpeloBaHHYIO yepe3 ak-
TuBanuio C-Jun n-tepmuHanbHoi KnHassl (JNK).

ROC Curve NGF
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PucyHok 1. OueHka BO3MOXHOCTHU UCMOJIb30BaHUS
NGF B cbiIBOpOTKE KPOBM KaK paHHEero Mmapkepa
pa3BuTUSA NocTrepneTuyeckoin HeBpanrum
metogom ROC-aHanunsa

Figure 1. Evaluation of the possibility of using NGF

in blood serum as an early marker of postherpetic
neuralgia by ROC analysis

K coxanenuio, npenmnosnaraercss 6ojee CIOXHBbIN
MexaHu3M ydactusi JNK B matoreHese OIoOsIChI-
BalOIIETO reprieca, TaK KakK B psIe KJICTOUHBIX
KYJABTYp OBUIN TIOJYYEeHBI TUaMETpPaIbHO MPOTH-
BOTIOJIOXKHbBIE Pe3yabTaTbl UMEHHO B ciaydae VZV-
uHpexkuum [17].

I[MonyyeHHBIE HaMU pe3yabTaThbl CBUIACTENIb-
CTBYIOT O pa3HOHAIIPABIICHHOCTH MEXaHU3MOB
nervicteuss NGF mipu omnosceiBaroiieM Trepriece.
VY manueHTOB U3 IpymImbl 1 co caabbiM 0OJIEBBIM
CUHJIPOMOM MOBBIIIIEHHOE CHIBOPOTOUYHOE COJIep-
xaHue NGF MoxeT ObITh NpU3HAKOM aKTUBHOM
HEMPpOMJAaCTUYHOCTU W aJeKBAaTHOW IOIIEPXKKU
romeoctasa B OTBET Ha BUPYCHOE IOBpEXJICHMUE.
OTCYyTCTBHME TOCTOBEPHOIO CHIBOPOTOYHOI'O MOBHI-
meHusg NGF B rpynre 2 u ero neuuinT B rpymniie 3
MOXET OBITh MPUUYUHOU BUPYCHOTO B3aUMOJEii-
ctBus ¢ NGF. 3BecTHO, 4TO anbdareprecBUpPyChH,
K KOTOpbIM oTHocuTcsa Kak HHV-3, tak 1 Human
herpes virus-1 (HHV-1) 1 Human herpes virus-2
(HHV-2) obmagaoT BbIpak€HHBIM T€HETUYECKUM
poactBoM. J.R. Cabrera ¢ coaBt. (2016) npencraBu-
Ju gaHHble o BiusHuu HHV-2 rnmukonporenna G
(SgG2) Ha 60JIeBYIO YYBCTBUTEIBHOCTh YepPE3 MO-
nyasauuio u Bzaumopaeiictsue ¢ NGF B cbiBopoTKe
KpoBu [8]. MoxHO moJsiaraTh, YTO MOAOOHOE B3a-
UMOJEUCTBUE MOXET ObITh aCCOLMHPOBAHO Kak
C BBIPAaKEHHOCTHIO OOJIEBOTO CHMHIpPOMA y ITallM-
€HTOB TPYIIIHLI 2, TaK U C Pa3BUTHUEM MOCTIepIIc-
TUYECKOI HEBpaJTruu B rpymnmne 3, o0yCTIOBJIEHHBIX
HapylIeHHeM HEeWpOoIJIacTUYHOCTU 3a cYeT pajs-
Butus nepunura NGF. YuuteiBast BeIpakeHHOCTh
medunura ceiBoporouHoro NGF y mamumeHTOB
rpynIsl 3, HaMU Obljla MPOBEIeHA OLIEHKAa BO3MOX-
HocTu ucnoab3oBaHuss NGF B cbIBOpoTKe KPOBU
KaK paHHEero Mapkepa pa3BUTHUS MTOCTTEpPIETUYESC-
Koit HeBpanruu MetomoM ROC-ananu3a. JlaHHBIE
npencraBjieHbl Ha pucyHke 1. [TomydeHHass Mo-
JIeJb MO3BOJISIET CYIUTh C BBICOKOU BEpPOSITHOCTbHIO
(AUC =10,831, p <0,05) o TOM, UTO TIOHUKEHUE ChI-
BoporouHoro cogepxanuss NGF menee 8,6 pg/ml
MOXET CIIYXUThb MPEIUKTOPOM XPOHMU3AIIUU OOIN
U Pa3BUTHUS MTOCTIEPHETUYECKON HEBPAJITUM.

Mo3sroBoii HelipoTpoduueckuii pakTop BDNF
OBLI M3y4YeH BO BpeMsI BOJHBI UCCICAOBAaHUN Heil-
pOTpO(dUHOB, TOCIENOBABIIECH TIOCHE OTKPBITUS
NGF. ®usuonoruyeckass pojb JaHHOTO Oeyka
nepBOHavyajlbHaA OMMChIBAJach B paMKax BIUSITHUS
Ha JesITeIbHOCTD IIEHTPAJIbHON HEPBHOM CUCTEMBI,
naMsTh U Tporecchl o0yueHus [7]. B To xe BpeMs
BDNF oTBeTCTBEHEH 3a BBIKMBA€MOCTb CTBOJIO-
BbIX KJIETOK, KJIETOK-TIPEAIIeCTBEHHUKOB HElpo-
HOB U B 1IeJIOM 3a HeliporeHes n nuddepeHIIPOB-
Ky KJIETOK HEpPBHOI cHUCTeMBbl. belok oOHapyXu-
BaeTcs B KJIeTKax B (hopMe CBOETO MpeIIeCTBEeH-
Huka — proBDNF, o6nanamliiero OTJIMYHBIMU
OT 3peJIOro MPOTeHa CBOMCTBAaMM, OJHAKO MMEH-
HO 3peiasg ¢opMa OejKa BBIIIOJHSIET MHOXKECTBO
HEUPOITPOTEKTUBHBIX (PYHKIWIA. DTO ITOATBEPK-
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JaeTcsl B MCCIEeIOBaHUAX, CHOOKYCHUPOBAHHBIX
Ha HCCledOBaHMU KaK BHYTPUKJIETOUHOIO, TakK
U cbiBopoToyHoro cogepxaHuss BDNF mpu Heii-
poIereHepaTUBHBIX, ayTOUMMYHHBIX U BUPYCHBIX
3aboneBaHusX [23, 24, 29]. UHTepeCcHBIM SIBASIETCS
TO, uTo npenmectBeHHUK BDNF co3peBaet myrem
€ro B3aMMOICHCTBHUS C pa3IUYHBIMM 3H3UMaMU,
B TOM YHCJIE C METAJIJIOIIPOTEUHA3aMU.

Hamu He 661510 BBISIBJIEHO JOCTOBEPHBIX pa3Jiv-
yuii B ypoBHe BDNF Mexny rpyrnmnamMu maliueHTOB
C OITOSICHIBAIOIIIMM TepIiecoM, YTO MOXKET CBHUIEC-
TEJIBLCTBOBATh O OoJice BHIPpaXKCHHBIX IpOIleccax,
3aTparuBalonInX HEHPOIPOTEKTUBHYIO (DYHKIINIO
BDNF Ha ypoBHe ero 6eika IpealleCTBEeHHUKA,
yKa3bIBasl Ha 11eJIeCO00Pa3HOCTh OLICHKU COlepKa-
Hust proBDNF ¢ mocaenymommm pacyeToM COOTHO-
LLIEH 1Sl 3peJioil U 1oHoI (popM HeliponennTuaa [31].

Heiiponcneuudguueckas sHonaza NSE — no-
NUGYHKIMOHANBHBIA  ®H3UM, IIPUHUMAIOUINII
ydJacTHe B IIpolleccax IVIMKOJIM3a M TIIOKOHEOTe-
He3a. B ciyuae skcnpeccuu NSE Ha nmoBepXHOCTHU
KJIETOK, TaHHBII MENTUI CITOCOOEH MHIYILIMPOBaTh
MPOBOCHAUTEIbHBI CUHTE3 HUTOKMHOB U XEMO-
KWHOB, YTO TaK>Ke MrpaeT pojb B IIpoleccax Heil-
poripoTeKuuu u HevponereHepanuuu. NSE — sto
crieuuduyeckas wusogopma 3HOJA3bl, 00paszo-
BaHHas U3 ajb@da-sHoJIa3bl, obagaomas TKaHe-
CIIeIM(UIHOCTHIO M IIPeACTaBICHHAs B KJeTKax
MUKPOIJIMU, HEMpOHaX U oJiuroaeHapouuTax [21].
NSE BbIcTymaeT B KaueCcTBE MapKepa MOBPEXASH U ST
HEPBHBIX CTPYKTYP, YEMY CIIOCOOCTBYET MOBBIIIICH-
Hasl CeKpelus IIPOTEerMHA U3 KJICTOK ITOCJIE TPaBM,
WIIEMWH, BIUSHUS OITyXOJIEBOTO pOCTa, Helpome-
reHepauuu. MMMyHopeakTuBHbIe cBoiicTBa NSE
00yCJIOBJIMBAIOT OTpPUIIATEIbHOE BIAMSHUE TMeMN-
TUOAA Ha CKOPOCTb pas3pelieHUs] HelpOHaJIbHOIO
BOCITAJICHUSI M HEHPOITPOTEKIINIO, UYTO OBIJIO ITOMI-
TBEPKAEHO DKCIEPUMEHTAJbHO MPU UCIOJIb30Ba-
Huu uaruourtopa NSE [14].

IMoBbIIeHHOE CHIBOpOTOUYHOE conep:kaHnue NSE
B rpynmne 3 CBUACTCILCTBYET 00 OTPUIATCIHHOM
a¢dekTe JTaHHOTO Oe1Ka MPU OMOSIChIBAIOIIEM Tep-
nece. HecMoTpsi Ha cyliecTBOBaHME JTaHHBIX KakK
O HEMPOIIPOTEKTUBHOM, TaK U O HEMpomereHepa-
TOpPHBIX cBoiicTBax NSE, 3aBUCSININX OT KOHIICH-
TpallMyd MpoTeuHa, MbI IpearnojaraeMm, uto NSE
MPOJIOHTUPYET HEMpOHaJIbHOE BOCMHaJIeHUE 3a CUeT
CYIIpecCCUM JUTUYECKUX MPOILIECCOB B HEPBHBIX
CTPYKTypax, 4YTO IIPOJIOHTUPYET XKW3Hb KIETOK,
nopaxeHHbix HHV-3, obecrieunBasi nauTteibHOE
BOCIajieHue U (opMuUpoBaHUE O4yara CEHCUTH3A-
MU, BEOYyIIEro K pa3BUTUIO MOCTTEePIIETUIYCCKON
HeBpanTuu. [TomoOHBIe M3MEHEHUS B OCTPBIN TIe-
pUOJ OIMNOSICHIBAIOIIETO Tepreca MOTYT 3aTpyl-
HSTh pPEMOJEIMPOBAHNE TKaHEel M BMEIIMBATBHCS
B (YHKIMOHUPOBAHUE CHUCTEMbl MAaTPUKCHBIX
MeTamonporenHas. [Ipm omeHKe BO3MOXKHOCTU
ucnonb3oBaHusl NSE kak Mapkepa mocTreprieTu-
yecKoit HeBpajruu oniia noctpoeHa ROC-kpuBas,

npeacraBiieHHass Ha pucyHke 2. JanHbie ROC-
ananmia (AUC = 0,978, p < 0,05) 1103BOASIIOT HAM
CUUTaTh, YTO UCHOJb30BaAaHUE CHIBOPOTOYHOTO CO-
nepxanusg NSE (rpu 3HaueHuu Boite 5,17 nr/mo)
B KauyecTBE MapKepa pPa3BUTHUS MOCTTEPIICTUICCKOMN
HEBpaJITUMd B OCTPBIA TMEPUOI OIOSICHIBAIOIIETO
reprieca 1ejaecoobpasHo.

Ilpy KOMIIJIEKCHOM aHaju3¢ COOTHOIICHMS
daktopoB BDNF u NSE Ornlna BbIsIBAeHa sipKasi
KapTuHa (YHKIUOHUPOBAHUS TIPOIIECCOB HE-
POIJIACTUYHOCTU TIPU OIOSICHIBAIOIIEM TIeprece.
VYxynmeHue cOCTOSTHUS aIeKBaTHOTO YHKIITMOHU-
POBAHUS IIPOLICCCOB XM3HEACITCABHOCT U PEMO-
JNeIMPOBaHU S HEPBHOM TKaHU, OLIEHMBaeMoe HaMU
¢ ucnoJibdoBaHueM cooTHoueHuss BDNF:NSE,
MMeeT TPEH K YXYAILICHUIO B 3aBUCUMOCTHU OT UH-
TEHCUBHOCTHU 6011 (rpyra | urpynmna 2), u oT pak-
Ta ee XpOHU3AINH. B TpyIIre mannueHTOB 0e3 IToCT-
repreTUYecKOil HeBpaaruM, NaHHBbIE W3MEHEHUS
HaOmonaoTces 3a cuet nepuuurta BDNF, B To Bpe-
MsI KaK y MallMeHTOB T'PYIIITHI 3, 3apeTucTpUPOBAHO
JNBYHaIlpaBJeHHOE U3MEHEHHE HEeHPOIIacTUIHOC-
TU C MOHUXEeHUEeM (PYHKIIMOHAJIBHOU aKTUBHOC-
T BDNF u ¢ moBblllIeHMEM HeWpoaereHepauuu,
accouuupoBaHHoii ¢ NSE. I[Tonaraem, 4To olLieHKa
TAaHHOTO COOTHOIICHHUS TTO3BOJISIET IIPOBOIUTH AW~
HaMMWYeCKOe HaOJI0ICHNE 32 COCTOSTHEM HEPBHBIX
CTPYKTYP B XOJ€ XPOHUYECKUX HeWpoBocHaIu-
TEJIBHBIX 3a00JIeBAaHUM, a TaKXe SIBJISICTCS MEHee
YYBCTBUTEJIbHBIM K TI'€HETUYECKU-IeTePMUHUPO-
BaHHBIM KOJEOAHUSIM SKCIIPECCUU HEWPONENTU-
OB, TaK KaK TI03BOJISICT OLIEHMBATh KOMILJIEKCHOE
NEWCTBUE NBYX 3HAUUMBIX OEJTKOB-PETYJISITOPOB
HEPBHOI CUCTEMBI.

IlongBonst utoru, cienyetr IMOMYEPKHYTh BaxK-
HOCTb CHUCTEMBl HEUPONENTUIOB B IMAaTOreHe3e
OMOSICHIBAIOIIETO Tepreca. 3aperiucTpupOBaHHBIC
B paMKaX MCCJIeIOBaHUSI U3MEHEHUSI CBUACTEIb-
CTBYIOT O CJIOXHOCTU B3aMMOAEUCTBUSI HEPBHOU

ROC Curve NSE

0,9 /’-'
08
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03
0,2
0.1

True Positive Fraction

0 0,2 0,4 0,6 0,8 1
False Positive Fraction

PucyHok 2. OueHka BO3MOXXHOCTU UCMNOJIb30BaHUS
NSE kak mapkepa nocTrepneTu4eckoii HeBpanrum
Figure 2. Evaluation of the possibility of using NSE

as an early marker of postherpetic neuralgia
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C.B. KHbiw 1 gp.

MHdekumns n uMmyHuTeT

M MMMYHHOW CHCTEéM B 3aBUCHUMOCTU OT KJIU-
HUYECKOro TEYEHM S OIIOSIChIBAIOIIETro Treprieca.
W3MeHeHUsT chIBOPOTOYHOIro coaepxaHus MBP
MnpeanosaralT CylllecTBOBaHUE (HEHOTUTTUYECKOU
MpPeapacnoaoKeHHOCTU K (HOPMUPOBAHUIO ayToO-
aHTUTEJ K OCHOBHOMY O€JIKY MUeIWHa, YTO, Be-
POSITHO, MOXET ObITh (PAaKTOPOM pUCKaA HE TOJIBKO
MOCTreprieTUYeCKO HeBpaaruum, HO U psijia ayTo-
UMMYHHBIX 3abosneBaHuii. Ilokazatenu SI100B
u BDNF, HecMOoTps Ha Hajluuue AOCTOBEPHBIX
M3MEHEHUIl B UX CbhIBOPOTOYHOM COJEpXKaHUU
B CPAaBHEHUU C KOHTPOJbHBIMU LIMPPAMU, TpeOy-
0T JaJibHEeWIIero yrjiyoJeHHOro WCCIeAOBaHUS
JIJ151 BOBMOXHOCTU (DOPMUPOBAHUS 0OBEKTUBHOIO
MHEHMSI 00 UX POJIM B MaTOreHe3e U uX NpuMeHe-
HUU OJ51 TUAarHOCTUKU M OLIEHKM PUCKOB pa3BU-
TUS TIOCTrepneTUYecKoll HEeBpaJIrMu Yy TalueH-
TOB C OIOSIChIBAIOIIMM TreprnecoM. Hamportus, us-
MmeHeHus1 B cogepxaHuu NGF u NSE nosBossior
HUCMOJIb30BaTh UX B KadyecTBe KJacCU(PUKATOPOB

pHUCcKa pa3BUTHUSI MOCTTEPIIETUYECKONW HEBpaJITruu
YK€ B OCTPBIN IEPUOJ OITOSICHIBAIOIIErO Teprieca.
PacueTHoe cooTHomeHrue BDNF:NSE, no Halemy
MHEHMIO, 11eJIeCO00pa3HO UCTIOIb30BaTh JIJIsI OLIEH-
KU JUHAMMYECKUX U3MEHEHU I B COCTOSTHUU HEPB-
HOI cCUCTEeMBI, OTHAKO 3TOT IMOAX0A TpedyeT OoJiee
r1yOOKOIro N3y4eHMU .

bnarogapHocTn

ABTOpBHI BBIpaXKarT 0JarogapHOCTb PEKTOPY
dIrbOY BOTIMY Munsnpana Poccuu LllymaToBy
Banentuny bBopucosuuy, npopektopy @PI'bOY BO
TI'MY MunsapaBa Poccuu EnuceeBoii Ekatepune
BanepreBHe, a Takzke HaydyHomy otaeny PI'BOY
BO TI'MY Munsapasa Poccuu, B 1ulie pyKoBoaM-
Teng 3aitueBoit EneHbl AneKcaHIpOBHBI, 3a TOM-
IEePKKY UCCISIOBaHU S B paMKaX BHYTPHUBY30BCKO-
ro HAy4YHOTO TpaHTa (PErucTpallMOHHBIA HOMEP
HHUOKTP AAAA-A19-119031190006-5).
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UMMYHOJIOTMYECKUE KPUTEPUN
9DDEKTUBHOCTU KOMIMJIEKCHOW
3TUONATONEHETUMECKOW TEPAMUU

Y BOJIbHbIX XPOHUYECKOW BUPYCHOM
WHOEKLUUEN, ACCOLUMPOBAHHOM

C BUPYCOM JMLUTENHA-BAPP

B.A. 3ypouka'?, O./. 3aokos!, M.A. /loopsinuna’, B.A. I'punenko’, E.B. 1aBbizoBa‘,
A.B. Yyknuen*, H.A. 3a6okpunkmii', A.Il. Capanyasues!, A.B. 3ypouka'-

Original articles

Russian Journal of Infection and Immunity = Infektsiya i immunitet
2020, vol. 10, no. 2, pp. 338-346

"®@I'BYH Hncmumym ummynonoeuu u guzuonroeuu YpO PAH, e. Examepunbype, Poccus

2 FOxcno-Ypanvckuii 2ocyoapemeennulil ynugepcumem (HAUUOHANbHbLI uccaedosamensckuil), 2. Yeaabunck, Poccus
I Unemumym kaemouno2o u gHympukasemouno2o cumouosa YpO PAH, 2. Openbype, Poccus

4@IBOY BO [0xcHo-Ypanvckuii cocyoapcmeennblil MeOuyunckuil ynugepcumem, e. 4ennounck, Poccus

Pe3iome. CIIOXHOCTD JIeUEHUSI XPOHUUECKUX BUPYCHBIX MH(EKIIUIA, COMPOBOXIAIONIUXCS TEPMaHEHTHON TIepCcH-
CTEHIIMEel BUPYCOB B LIEJEBbIX AMUTONAX POTOBOM MOJOCTHU, KOXU, yPOr€HUTAIBHOIO TPAKTA COCTOUT B MPAKTUYECKHU
MMOJTHOM OTCYTCTBMU Ha (papMaKoJOTMYECKOM PBIHKE MPEenapaToB, OKA3bIBAIOUIMX COYETAHHOE CUCTEMHOE BUPYIU-
UUAHOE U UMMYHOMOAYIUpYIoliee Aeiicteue. B paboTe mokazaHa KJIMHUKO-UMMYHOJIOTMYecKas 3((HEeKTUBHOCTD
KOMILJIEKCHOM Tepanuu Py JIEYEHU U XPOHUYECKOI BUPYCHOU MH(EKIIMU, aCCOUUUPOBAHHOM C BUPYCOM DIILITEHHA—
Bbapp (BOB). Llenbio uccienoBaHus IBUIACh OIIEHKA KITMHUKO-UMMYHOJIOTHYECKOH 3(D(PEKTUBHOCTU KOMIIIEKCHOIA
9TUOIATOTeHETUIECKOH Tepanny C UCTIONb30BAHUEM KOCMETHUUECKOTO CPENCTBA «AlierpaM» Y O0JbHBIX XpPOHUYEeCKOM
BUpPYCHOI1 nH(beKIMel, acconuupoBanHoii ¢ BOb. Mamepuanst u memods:. Habnronenus nposeneHb Ha 40 manueHTax
1o ieyeHus v 20 manueHTax nocjae KOMIUIEKCHON Tepanueil (LIMKJIbl Tepaluu COCTaBIsIM — Banalukjaosup (Ba-
Tpekc) B no3e 500 MKr 2 pa3a B neHb B TedyeHue 10 gHel, riokozamuHuamMypamuwinunentun (Jlukonun) B noze 10 mr
2 pa3a B ieHb B TeueHue 10 qHell — nepopasibHO, MENTUI AKTUBHOTO LEHTPA IPAHYJIOLUTAPHO-MaKpOodaraabHOro Ko-
JIOHUECTUMYJIUpYIoLIEro hakTopa (AuerpaM-crpeit) 3 pa3a B I€Hb OpOIIEHUE CTU3UCTHIX B TeueHue 10 gHeil — MecTHO.
[Tpu HEOOXONUMOCTHU KYPCHI JIEYeHU I TOBTOPSIUCH uepe3 20 aHeil mocyie OKOHYaHW s Tepanuu. Bece manueHTsl 10 Ha-
yasa jJedeHust v yepe3 30, 60 aHel mocie Tepanuy o6cIeNoBaHbl Ha HATWUKe B POTOBOM XXKMIKOCTH ¥ KPOBU TEHOMOB
B3b mMeTonom KauecTBEHHOM U KOJIMYECTBEHHOI nmoiuMepasHoi uenHoii peakuuu (ITLP) ¢ ucnonp3oBaHuem Tect-
cuctembl JIHK-texHomorus (Poccus) Ha mpudope I T-Lite; B 9Tu Xe cpoku Y OOJIbHBIX B CBIBOPOTKE OMPENeISINUCh
MMMYHOTJIOOyIMHBI Kacca G K siiepHOMY M KaliCuTHOMY aHTUTeHaM BOB, MeTomoM mnMMyHO(MEpMEHTHOTO aHaIn3a
(MDA) (tecT-cuctemsl mponsBoacTBa 3A0 «BekTop bect», Poccmst) m mpoBommiack olieHKa IMMYHHOTO cTaTyca (00-
WEKJIMHAYECKUE METOIBI, METOM MPOTOYHON LIUTOMETPUU, OLEHKA (PAarouuTapHOii aKTUBHOCTU HEUTPODUIIOB, Me-
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ton UDA). Pesyrvmamet. [IprMeHeHe KOMOMHAIIMY JaHHBIX TIPEITapaToB OCJIe OMHOTO-IBYX KYPCOB TEPAINH Y JIUII
¢ MoJIHOM 3MuMUHanMeir BOb 13 0cHOBHOro anuTONa €ro NepcuCcTeHUMU MPU XPOHUUYECKOM TeUeHU U 3a00J1eBaHUS
Ha (poHe KyNmUpOBaHUS Y HUX KJIMHUYECKUX MPOSIBIEHUI COMPOBOXIAETCSI BOCCTAHOBJIEHUEM OajlaHca UMMYHHOI
cucreMbl (T-, B-numponurtos, T-xennepos, CD3*CD25" nuMmdouuToB, nokasareneit ¢arouuro3a). HemHBa3uBHBbI
METOJ KOHTPOJISI 3JMMUHALIMKA BUPYca B POTOBOM XKUAKOCTHU € TTOMOLIbIO METOAA MOJUMEPA3HOI LEMHOM peakLuu
MOXeET CJIY>KUTb 00beKTUBHBIM KpUuTepueM 3¢ (GEeKTUBHOCTH JaHHOTO BUa TEPAIUU.

Karouesvie caoea: Inumeiina—bapp eupycras ungexuyus, 6aAa4UKA08UD, 2AIOKO3AMUHUAMYPAMUAOURENMUOD, KOCMemudecKoe
cpedcmeo «Auyeepam», AHMUBUPYCHAS AKMUBHOCIb, NPOMOYHAS YUMOMEMPUs, UMMYHODepMeHMHbll AHAAU3, NOAUMEPA3HAS UeNHAS
Dpeaxuyus, AUMQGoyumeol, UMMYHHbLI CAMYC.

CLINICAL DIAGNOSTIC CRITERIA OF EFFICIENCY FOR COMBINED ETIOPATHOGENETIC THERAPY
IN PATIENTS WITH CHRONIC EPSTEIN-BARR VIRUS INFECTION

Zurochka V.A.**, Zabkov O.1.2, Dobrynina M.A.?, Gritsenko V.A.¢, Davydov E.V.¢, Chukichev A.V.4,

Zabokritskii N.A.?, Sarapultsev A.P.?, Zurochka A.V.»"

“ Institute of Immunology and Physiology UrB RAS, Ekaterinburg, Russian Federation

b South-Ural State University (NationalResearchUniversity), Chelyabinsk, Russian Federation

¢ Institute of Cellular and Intracellular Symbiosis UrB RAS, Orenburg, Russian Federation
4 South Ural State Medical University, Chelyabinsk, Russian Federation

Abstract. Treatment of chronic viral infections accompanied by permanent virus persistence in the target epitopes of the
oral cavity, skin, urogenital tract is complicated by virtual lack of available drugs exerting combined systemic virulicidal and
immunomodulatory effects. Here we demonstrate clinical and immunological efficacy of combined therapy in treatment
of Epstein—Barr virus (EBV)-associated chronic infections. The aim of the study was to evaluate the clinical and immuno-
logical efficacy of combined etiopathogenetic therapy using the Acegram cosmetic product in patients with EBV-associated
chronic infections. Materials and methods. There were enrolled 40 patients monitored before treatment as well as 20 patients
followed up after combination therapy (cycle therapy consisted of oral valaciclovir (Valtrex) applied at dose of 500 ug twice
a day for 10 days, glucosaminylmuramyldipeptide (Licopid) — 10 mg 2 twice a day for 10 days, topical irrigation for mu-
cous membranes with granulocyte-macrophage colony-stimulating factor active center-derived peptide (Acegram-spray) —
3 times a day for 10 days. If necessary, treatment courses were repeated 20 days after the onset. All patients were examined
for the presence of EBV genomes in the oral fluid and blood using the qualitative and quantitative polymerase chain reaction
(PCR) using the DNA technology test system (Russia) on a DT-Lite device prior treatment and 30, 60 days post-therapy
time points. In addition, serum samples were analyzed for level of class G immunoglobulins specific to the EBV nuclear
and capsid antigens by using enzyme immunoassay (test systems manufactured by CJSC Vector Best, Russia) as well as
immune status (clinical methods, enu flow cytometry evaluation of the phagocytic activity of neutrophils, ELISA method).
Results. Use of single or two course combination therapy in subjects with fully eradicated EBV carriage associated with re-
versed clinical symptoms was accompanied by recovered immune system status (T and B cells, T-helper cells, CD3*CD25*
cells, phagocytosis parameters). A non-invasive approach proposed for controlling virus elimination in the oral fluid by
using polymerase chain reaction method may serve as to objectively monitor therapeutic efficacy.

Key words: Epstein—Barr virus infection, valacyclovir, glucosaminilmuramildipeptide, cosmetic “Acegram”, antiviral activity, flow
cytometry, enzyme-linked immunosorbent assay, polymerase chain reaction, lymphocytes, immune status.

000JI0YKa POTOTJIOTKU M YPOTCHUTAIBHOIO TPaKTa),
YTO BBIpaXkaeTCs B XPOHM3AIIMH ITaTOJOTMICCKOTO

BBepneHne

HecmoTpsi Ha 3HaUUTENIbHBIE YCIIEXU MPOTUBO-
BUPYCHOI Tepanuu pa3jM4yHbIX 3a00JIeBaHUM, Jie-
YeHUe XPOHWYECKUX BUPYCHBIX WHMEKIUI OcTa-
eTCs CJIOXHOU 3aJayeil BUPYCOJIOTUYECKON MH(OEK-
tosoruu. He sBisgeTcss MCKIIOUEHUEM U Tepamnus
XPOHUYECKOW BUPYCHOU WHGMEKIMU, aCCOLIUUPO-
BaHHOI ¢ BupycoMm OnuuteitHa—bapp (BOb) [14,
15]. CnoxxHOCTh JeYeHMsI AAHHOTo 3a0oJieBaHUS
0o0ycJiOBJIeHa TMEPCUCTEHIIMEN BUpYyca B SMUTEIUU
U SHAOTEJIMU POTOBOM IMOJIOCTU, KOXMU, YPOTCHU-
TajgbHOTO TpakTa. CucTeMHOE MPpUMEHEHUE TIPOTH-
BOBUPYCHBIX U WMMYHOCTUMYJUPYIOIIUX Mpena-
paToB 3a4acTyl0 OKa3bIBaeTcsd MaJIoa(p(hEeKTUBHBIM
U HE BeleT K dJIMMUHAILIMM BUpyca, a, HAalPOTUB,
MPUBOIUT K ITEPCUCTEHLIUU MOCIEIHETO B IUTONAX
€ro NMpeuMylIeCTBEHHOr0 pa3MHOXEH U (CIU3UCTAsT

npoluecca. JlaHHasi cuTyalus cBsi3aHa Ipexae Bce-
ro ¢ TeM, YTO Ha (papMalleBTUUECKOM PbIHKE MpaK-
TUYECKU OTCYTCTBYIOT Mpernaparhl AJIsI CUCTEMHOTO
M MECTHOTO MpUMEeHEeHU s, 001aaatolue NpsIMOil BU-
PYJAULMAHON aKTUBHOCTBIO, a TTPU MECTHOM UCIIOJIb-
30BaHUU IPOTUBOBUPYCHBIX MIPETIapaToB HE yAaeTCs
CO37aTh B CJIU3UCTBIX 000J0YKAX M Ha KOXE J0CTa-
TOYHOM KOHLIEHTPAIlMU, HEOOXOTUMOM IJIST DINMMU-
Haruu BUpYcoB [14]. YkazaHHBIE OOCTOSITETHCTBA
MO3BOJIMJIM HAM TIPEAJIOKUTH HOBYIO KOHLEMNLUIO
KOMOMHUPOBAHHOI Tepalluu, KOTOopas Mmperojara-
€T UCMOJIb30BaHUE KaK MECTHBIX, TAK U CUCTEMHBIX
nperapaToB ¢ MPOTUBOBUPYCHONH U UMMYHOCTUMY-
JIUPYIOLIEN aKTUBHOCTBIO, YTO 3TUOITATOreHETUYEC-
KM 0oJjiee 000CHOBAHO, YeM TOJbKO CUCTEMHOE UJIU
MECTHOE JIeUeHUE.
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B sTOM TtaHe oIpenelIeHHBIT WHTEePEC BBI3bI-
BaeT BO3MOXHOCTb MPUMEHEHUSI B KOMILJIEKCHOM
Tepaluyd BUPYCHBIX MHGEKIUN CUHTETUYECKOI'o
MHenTuaa akTUBHOIO 1IEHTpa IpaHyJIOLMTapHO-Ma-
Kpo(araibHOro KOJOHUECTUMYJIUPYIOWETro dak-
Topa (TM-KC®) — ZP2, mocKoabKy B HeOaBHEM
OUKJe padoT IMOKa3aHO, YTO YKa3aHHBINA MENTH/I,
MOMUMO MMMYHOTPOITHEIX W peHapaTUBHOIO 3(-
dekToB, obnanaeT aHTUOAKTEpPUATBLHON U MPOTU-
BOBUPYCHOI aKTUBHOCThIO [4, 5]. Hanuuue y naH-
HOro CUMHTETUYecKoro mnentuaa ZP2 yHukalbHON
KOMOWHAIIUM HWMMYHOOMOJOTUMYECKUX CBOKCTB
MO3BOJIMJIO CO3AaTh Ha €r0 OCHOBE HOBOE KOCMETH-
YeCKOe CPEeaCcTBO «AllerpaM», BEIITyCKaeMOE B BUC
cripesa urens [1, 2, 7, 8]. OnHako ero KJMuHUu4YecKas,
B TOM 4YHCJIE UMMMYHOTpOITHasI, 3(PPEeKTUBHOCTH
B KOMITJIEKCHOI TepaITiuy TepIieCBUPYCHBIX MHMEK-
LMl HE TeCTUPOBAJIACh.

Llenpio HacCTOSIIIETO MCCIEOOBAHUS SIBUJIACH
OlleHKa MMMYHOJOTHYecKoil 3(pdOeKTUBHOCTHU
KOMIIJIEKCHOW 3THUOMNATOT€HETUYECKOU Teparnuu
C WCIIOJIb30BAHUEM KOCMETHYCCKOTO CpeacTBa
«AnerpamM» XpOHUYECKOW BUPYCHON MHGEKIIUU,
BbI3BaHHOI1 BOB.

Matepuainbl 1 METOLbI

Knannuueckoe HabogeHue mpoBeaecHo Ha 40 ma-
LUEHTaX C XPOHMYECKOW BUPYCHOM WHGEKIIU-
eil, accouuupoBaHHoi ¢ BOb 1o Hauasia Tepanuu
1 20 mamueHTax MoJy4YaBIIUX KOMITIEKCHYIO ITPO-
TUBOBUPYCHYIO M WMMYHOMOIYJIUPYIOIIYIO Tepa-
MU0 [UKJIAMU, KOTOpasi BKJroYaJsia: nepopaibHbIi
npuemM BanauukJyiosupa (Bantpekc) B mo3e 500 MKr
2 pa3a B AeHb B TeueHue 10 qHeil 1 rIIoKO3aMUHUII-
mypamuinuiientun (JIukonum) B mo3e 10 mr 2 pasa
B JeHb B TeyeHue 10 qHeil, a TakKe MECTHOE OpOlLLe-
HUE CIUBUCTBIX 00osiouek B TeueHue 10 qHeit 3 pasa
B ICHB «ALlerpaM-cIIipeeM» (IeITHUI aKTUBHOTO 1IeH-
tpa 'M-KC®) [cepTudukar coorBercTBusi POCC
RU.AB66.H00840 (Ne 1467581)]. I1pn HeoOX0oaMMOC-
TU KYPCHI JIEYUEHU I MTOBTOPSAIUCH Yepe3 20 JHei 1o-

cJie OKOHYaHU S Tepanuu. Bce manueHTsl 10 Havasa
JedeHus v yepes 30 u 60 mHeit mocie Tepanuu oocie-
JIOBaHbl HA HAJIU4YME B POTOBOM KUIKOCTU U KPOBU
reHoMoB BOB MeTomoM KauyecTBEeHHOII U KOJU-
yectBeHHOIT IIIIP (TecTt-cucTeMbl mpou3BOICTBa
«AHK-texHonorus», Poccust) Ha nipubope AT-Lite;
B OTU XK€ CPOKU Y OOJTBHBIX B CEIBOPOTKE OITPEHCIsI-
Jiuch UMMYyHornoOyauHbI kiaacca G (IgG) k snepHo-
My U KarncugHoMy aHTureHam BOb, MeTomom um-
MyHodepmeHTHOro aHanu3a (MPA) (TecT-cucteMbl
npousBoacTBa 3A0 «Bektop bect», Poccus). Basstue
POTOBOI XUIKOCTH JIJIsl UCCISAOBAHUSI TIPOU3BOIM -
JIX yTPOM, HATOIIaK, caMOTeKOM, 4yepe3 30 MUH T10-
cJie TIOJIOCKAHMSI POTOBOI MOJIOCTH Bomoit. Tak:ke
IPOBOMUJICS OOIIWIA aHAaJIM3 KPOBM HA TeMaToJIo-
rudyeckomM aHasmzatope Medonic M20 (IIBerms).
O11eHKY UMMYHHOT'O CTaTyca MpPOBOIUIN METOI0M
NPOTOYHON HLMUTOMETPUM Ha LUTOMIOOPUMETPE
«Navios» (Beckman Coulter, CIIIA) ¢ mncnonab3o-
BaHMEM MOHOKJIOHAJNIbHBIX aHTuTen CD37CD4*,
CD3*CD8", CD3*CD16"CD56*, CD3-CDI16*CD56",
CD3*CDI19", CD45*, CD3*CD25*, CD3*HLA-DR"
(BeckmanCoulter, CIIIA). AGCOTIOTHOE KOJTUYECTBO
KJIETOK B TIEPEUMCIICHHBIX CYOITOITYJISIIIUSIX TIepude-
PUYECKON KPOBU ITOACYUTHIBAJIM C UCIIOJIb30BaHU-
eM cueTHbIX yacTtul Flow-Count (Beckman Coulter,
CIIA) [10] u nepecynTHIBAIU C yUETOM OOIIETO aHa-
Jn3a KpoBU, oleHuBalIu ¢arouutapHyio n HCT-
aKTUBHOCTBL HelTpoduiioB, ypoBuu IgA, IgM, IgG,
Cl-unrnoutopa, C3a 1 C5a KOMITOHEHTOB KOMIIJIE-
MEHTa I10 CTaHIapTHBIM MeTogukam (M1DA).
TTonydyeHHble JaHHBIE 0OpaboOTaHbl MeTodaMU
BapualMoHHoi ctaructuku [10, 11].

Pesynbtatbl 1 06CyXaeHne

Panee HaMu OBIJTIO TTOKA3aHO, YTO B MCCJIEIOBA-
HUSX in vitro U HaOIIOAEHUSIX in Vivo KOCMETUUECKOe
CPeICTBO «AllerpaM» 00J1aJaeT BbIpakK€HHBIM UM-
MYHOTPOITHBIM, aHTHOAaKTepHUabHBIM, MPOTHUBO-
BUPYCHBIM UM perapaluoHHbIM 3ddektamu [3, 4,
5, 6, 7, 8]. Onupaschk Ha 3TU JaHHbIE, YKa3aHHbI

Ta6auua 1. Onpepenenne IgG k saepHoMy 1 KancugHomy aHTureHam BOB y 60nbHbIX 40 U nocne

npoeepeHuns KOMIMJIEKCHOM Tepanuu

Table 1. Definition of IgG for nuclear and capsid antigens of EBV in patients before and after complex therapy

Haseanwue rpynnbl/Group name
HaumeHoBaHue nokasaTens 06Go3Ha4yeHue | MaumneHTsbl 00 Tepanuu | MauneHTbl NOcNe Tepanum
Name of the indicator Designation Patients before therapy Patients after therapy
n=40 n=40
19G k spepHomy aHTureny BB (koadpuumeHT
NO3UTUBHOCTH), yCI1.eA4,. M=m 17,48+1,91 20,76+0,89
IgG to the EBV nuclear antigen (coefficient M nin—Max (5,9-38,0) (13,3-24,3)
positivity), RU
19G k kancugHomy aHTureHy B3b (koappuumeHT M+m 17.66+0.42 19,11%2,29
NO3UTUBHOCTH), yCI.eA,.
IgG to EBV capsid antigen (coefficient positivity), RU Ma=Mnax (4,9-24,8) (3,0-31,2)

MpumeyaHue. p — JOCTOBEPHOCTb Pa3Nnymil noKasaTenein Mexzy rpynnamMu naLMeHToB 0 U NMOC/E TEPanumu paccyuTaHa cornacHo
HenapamMeTpmn4eckoro Kputepua BMHKOKCOHa, pasnnyna cHnTatTCca 40CTOBEPHLIMU U CTATUCTUYECKN 3HAYNUMbBIMW NPU P < 0,05.

Note. p — significance of differences in indicators between groups of patients before and after therapy is calculated according to the non-parametric
Wilcoxon test, the differences are considered reliable and statistically significant when p < 0.05.
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Ta6auua 2. MokasaTenu o6Lero aHann3a KPoBU y 00J1bHbIX XPOHUYECKOI BUPYCHOM nHdekumei,
accouuupoBaHHoii ¢ BOb, 5o n nocne npoeegeHus KOMNJIEKCHOW Tepanumn
Table 2. Indicators of the general blood test in patients with chronic viral infection associated with EBV before and

after the complex therapy

HaseaHwue rpynnbl/Group name

HaumeHoBaHue nokazatens 06o3HayeHue MaunenTel NaunenTel
o L [0 Tepanuu nocne repanuu
Name of the indicator Designation Patients before therapy Patients after therapy
n=40 n=40
Konuuecteo neiikouuToB kposu, 10°/n M£m 6,04+0,58 5,67+0,56
The number of blood leukocytes, 1091 M in=Mnax 3,9-13,5 2,9-9,8
Konuuecteo aputpoumutos kpoeu, 10'2/n M+m 4,87+0,14 4,68+0,1
The number of red blood cells, 10'%/I M =M 3,81-6,08 4,03-5,27
KoHueHTpauus remorno6una, r/n M=m 138,06+6,25 135,6+3,65
Hemoglobin concentration, g/I M in=Mnax 70-175 114-159
Femartokpurt, % M£m 40,34+1,19 39,96+1.08
Hematocrit, % M in=Mmax 31,8-51,9 33,7-47,1
CpepHuii kopnyckynsipHbiii 06bem (CKO), fL M=m 82,89+2,76 85,39+0,5
Average corpuscular volume (RMS), fL M nin=Mnax 56,4-102,8 76,1-91,5
CpepnHuii KOpnycKynsipHblit 06beM reMornoGuHa, nr M+m 28,4+1,16 29+0,43
The average corpuscular volume of hemoglobin, pg M in—Miax 17,4-37,0 25,8-31,2
CpenHas KOHUeHTpauusa kopnyckynapHoro Hb, r/n M=m 342,29+2,97 339,3+0,81
The average concentration of corpuscular Hb, g/I M nin=Mnax 309-359 337-347
Konuuecteo Tpom6ouutos, 10°/n M£m 238,16+19,6 217,4+15,2
The number of platelets, 10%/I M in—Miax 111-343 97-284
MpoueHT numdouuTtos, % Mem 34,48+1,96 41,5+2,03
The percentage of lymphocytes, % Main=Mnax 21-54 33-58
’ p <0,05
MpoueHT MOHOLUTOB, % M£m 7,65%0,89 6,8+0,73
The percentage of monocytes, % M in=Miax 3-18 1-10
MpoueHT cermeHToI AEPHbIX HEUTPOodUnoB, % M:=m 52,54+1,96 47,9+1,7
i Mnin=Mmax 35-56
The percentage of segmented neutrophils, % & 35-68
p <0,05
MpoueHT nanoykosifepHbIX HeMTpodunoB, % Mzm 2,22+0,29 1,2£0,24
The percentage of band neutrophils, % Main =M 0-5 0-3
’ p <0,05
MpoueHT 303uHOpuUnoB, % M=m 2,97+0,59 2,4+0,41
The percentage of eosinophils, % M in=Mnax 0-10 0-5
MpoueHT 6a3odunoe, % M=m 0,12+0,06 0,2+0,08
The percentage of basophils, % M in=Mnax 0-1 0-1
MpoueHT IoHbIX HenTpodunos, % M+m 00 0£0
The percentage of young neutrophils, % M =M nax 0+0 0+0
AGconioTHoe Konn4ecTso numdoumntos, 10°/n M+m 2,06+0,26 2,34+0,25
The absolute number of lymphocytes, 109/I M nin=M nax 1,08-6,02 0,96-4,02
AGconioTHOe KoNM4ecTBo MOHOLMTOB, 10%/n M£m 0,46+0,08 0,44+0,07
The absolute number of monocytes, 10%/I M in=Mnax 0,14-1,46 0,08-0,98
AGCoNI0THOE KOJINYEeCTBO rpaHynouuTos, 10°/n M Mj\r;: 3,52+0,3 2’195%2’55
The absolute number of granulocytes, 109/I minrmax 1,68-6,74 o
p < 0,05
LLinpuna pacnpepeneHusa KneTok KpacHoi kpoeu, % CV M Mj;; 13,82+0,14 141’5?-_2:0
Red blood cell distribution width, % CV min max 10,3-16,7 ’
p < 0,05
TpomGouuToKpuT, % M=m 0,19£0,02 0,17£0,01
Platelet, % M =M 0,08-0,473 0,07-0,24
CpepHuii 06bem TpombGoumTa, fL M=m 8,32+0,28 7,98+0,18
Average platelet volume, fL M nin=M nax 6,6-11,3 6,7-8,9
LLinpuHa pacnpepeneHua TpombounTta, % M£m 12,12+0,40 11,6£0,21
Platelet distribution width, % M =M i 9,9-16,7 10-12,6

MpumMeyaHme. p — LOCTOBEPHOCTb PA3NNYMIA NOKA3aTENEN MEXAY rPynnamu NaLMeHTOB A0 v MOC/E Tepanum paccyuTaHa CornacHo
HenapaMeTprUYeckoro Kputepust BunkokcoHa, pasnmnyns cHMTaoTcs LOCTOBEPHLIMU U CTaTUCTUYECKM 3HaYMbIMK npu p < 0,05.

Note. p — significance of differences in indicators between groups of patients before and after therapy is calculated according to the non-parametric
Wilcoxon test, the differences are considered reliable and statistically significant when p < 0.05.
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mpernapaTr OblJ1 BKJIIOYEH B KOMILJIEKCHOE JieUeHUe
MalMeHTOB C XPOHUYECKOU BUPYCHOU MHpeKIIUe,
accouuupoBaHHoIi ¢ BOB, B kKauecTBe cpencTna 1
MECTHOMU Teparuun.

[Tox HamuM HaGmoneHueM Haxonuauch 40 ma-
OMCHTOB C KJIMHWYECKOM KapTWHOUW (apuHTHUTa/
TOH3WJUINTA U CUHAPOMA XpOHUYECKOMN YCTAaI0CTH,
accouuupoBaHHbIX ¢ BOb. KnuHuuecku y Bcex
MAIlMEeHTOB BBISBISIUCH SHAHTEMBI U 9K3aHTEMBI,
MMEJIUCh B HAJIUYUU PhIXJIble MUHIAIUHBI U BOCHA-
JIeHUE€ 3aJlHeil CTEHKU POTOITIOTKU; BCE IMallMEHThI
OPeIbsIBISIIN XKaJT0Obl Ha TOBBIIIICHHYIO YTOMJIsIC-
MOCTb, CHUXEHUE padOTOCIIOCOOHOCTH, C1abOCTh
Ipu He3HAYUTEIbHOU (pU3MUecKoil Harpyske, ara-
TUIO U Pe3KHe MepeMeHbl HACTPOCHUS; Y HUX BHI-
gaBiasiiach cyodedpunabHasa Temreparypa. CpenHsis
JUTATEIBHOCTD 3a00JIeBaHMSI COCTaBJIsIIA TPU C T10-
JioBUHOI roaa. [Tpu nmepBruyHOM OOpaIlleHUU Talu-
€HTa IMPOBOAUJIOCH KOMIIJIEKCHOE 00CjenoBaHuUe,
BKJIIOYaBIlIee: cOOp aHaMHe3a U XaJjo0, (u3nKaab-
HBII OCMOTP, TSPMOMETPHIO, U HA OCHOBAaHU U TTOJTY-
YeHHBIX JaHHBIX Ha3HAYAJIUCh CICHYIOIINE MCCIe-
noBaHus: ITLLP poTtoBoii Xuakoctu u KpoBu Ha BOb
(KayecTBEHHO), a MPU TOJOXUTEIbHOM pPe3yJbTa-
T€ — ero KOJIMYECTBEHHOE OIlpeaesieHue, uccie-
noBaHue ypoBHell IgG K smepHOMY M KarcCUAHOMY
aHtureHaMm BBObB, mMmMmyHonornyeckoe mcciemona-
HUe (paciiMpeHHass MMMYyHorpamma). Kpurepusmu
oTOopa manueHToB ¢ BOb-accouumnpoBaHHOI WH-
dexnmeil IBISUINCH: KIMHUYeCKasl KapThuHa 3a00-
JIeBaHUS (XapaKTSPHBIN CUMITTOMOKOMIIJIICKC) M Ha-
nuyue crienubpudeckux IgG Kk anturenam BOb.

WroroBele umccienoBaHWsl MPOBOIMIINCH TOIb-
KO TeM IallMeHTaM, Y KOTOPBIX IO IPOILIECTBUU
20 gHeit mocae OKOHYaHM S TIOCJIETHEr0 Kypca KOM-
TUJIEKCHOM Teparnuu He onpeneisiacsa BOb metonom
ITLP v oTcyTCTBOBa/IMU KJIMHUYECKME TTPU3HAKM 3a-
0OoJieBaHUsI.

OnHUM U3 3pHEeKTUBHBIX ATMATHOCTUYECKUX Me-
TOAOB, IO JaHHBIM pa3JWYHbIX aBTOpPOB [1, 3, 13],
aBJisieTcs onpenenenue IgG K smepHOMY 1 KariCH/I-
HOMY aHTUreHaM B3Ob, ypoBeHb KOTOpBIX cuuTa-
eTCsS OJHUM U3 NMarHOCTUYECKUX KPUTEPUEB ITPU
OllcHKe cTanuu 3aboneBaHus. [ToaToMy MBI counu
HEOOXOMMMBIM OIIPENeINTh AWHAMUKY YPOBHEU
IgG x gmepHOMy U KarnicugHoMy aHTureHam BOb
Yy JaHHOM TPYIIITBI NallMeHTOB (Tad. 1).

WccnenoBaHus mokasaiu, 4To crienuduyeckue
UMMYHOIIOOYIUHBI G Yy OOJBbHBIX C XPOHUYECKOU
dopmoii BOb nMeroT auib TeHAEHIMIO K MOBbIIIEe-
HHUIO U HE MOTYT CIYXKUTb KpUTepueMm 3¢pPeKTruB-
HOCTU IIPOBOAUMON IMTPOTUBOBUPYCHOM U UMMYHO-
TPOIMHOU TE€pANUU.

B cBsA3M ¢ 3TUM MBI IIPOBEIU OIIEHKY COCTO-
SHUSI IMMYHHOT'O cTaTyca y OOJIbHBIX C JaHHOM
naToJIOTUEMN.

Ilpu aHanuze obuiero aHanuza rnepudepuyec-
Ko KkpoBH (Tabi. 2), oopaliaet Ha cebst BHUMaHUE
BbIpakeHHBIN pa30dpoc MnokaszaTeneil y OOJbHBIX
BOb; Ha (oHe Tepanuu pa3dpochl IToKazaTesei
nepudeprndeckol KpoBU 3HAUYUTEIBHO yMEHBIIA-
oTcsa. JJocTOBepHBIE pa3jIMuMs BBISIBIICHBI TOJIBKO
o TToKa3aTesiM «0eyioit» KpoBH, a UMEHHO, IIO0-
clie JleyeHus y O0onbHbIX BODb-accouumupoBaHHOM

Ta6nuua 3. Xapaktepuctuka nokasarteneii ¢paroymTapHoil akTMBHOCTU HENTPOGUIOB KPOBU Y 6OJIbHBIX
XPOHUYECKOI BUPYCHOI uHgeKkumnein, accouumpoBaHHon ¢ BAB, 0o 1 nocne npoBeaeHUs KOMMIEKCHOW

Tepanuu

Table 3. Characteristics of neutrophilic phagocytic activity in patients with chronic viral infection associated with EBV

before and after complex therapy

Haseanwue rpynnbl/Group name
H MauueHTbl MauuneHTbl
anMeHoBaHue nokasaTens 06o3Ha4YeHue [0 Tepanum nocne Tepanum
Name of the indicator Designation Patients before therapy Patients after therapy
n=40 n=40
AKTMBHOCTb paroumto3a HelTpodunos, % M£m 41,5151 37,8+3,9
The activity of phagocytosis of neutrophils, % M nin—Miax 5-91 11-59
WHTEeHCcMBHOCTL parouuTo3a HeUTPOOUNoB, ycn.en,. M+m 1,57+0,58 0,83+0,11
The intensity of phagocytosis of neutrophils, RU M nin=M nax 0,09-10 0,18-1,6
. M+m 2,09+0,16
®darouuTtapHoe yucno HeilTpodunos, ycn.en. M. —M 3,2+0,57 13-33
Phagocytic number of neutrophils, RU mn e 1,3-11 <’0 0’5
HCT cnoHTaHHas akTUBHOCTb, % M*m 27,82+4,2 24,4+4 3
NBT spontaneous activity, % M nin=M nax 7-79 8-61
WHpekc cnoHTaHHou HCT akTMBHOCTH, yen.epn,. M+m 0,39+0,09 0,31+0,04
Index of spontaneous NST activity, RU M nin—M ax 0,09-1,07 0,11-0,72
HCT nHayunpoBaHHasi akTUBHOCTb, % M*m 55,34+4,3 56,1£5,04
NBT-induced activity, % M in—M nax 21-94 21-83
HCT nHayunpoBaHHasi akTUBHOCTb, YCII.€A,. Mtm 0,83+0,07 0,77+0,07
NBT induced activity, RU M nin—M nax 0,31-1,54 0,42-1,26

MpumeyaHme. p — LOCTOBEPHOCTb PA3NNYMIA NOKA3aTENEN MEXAY rPynnamu NaLMeHTOB A0 ¥ MOC/E Tepanum paccyuTaHa CornacHo
HenapaMeTprUYeckoro Kputepus BUnkokcoHa, pasnunyns cHMTaloTcs LOCTOBEPHLIMU U CTaTUCTMYECKM 3HaYMbIMK npu p < 0,05.

Note. p — significance of differences in indicators between groups of patients before and after therapy is calculated according to the non-parametric
Wilcoxon test, the differences are considered reliable and statistically significant when p < 0.05.
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WH(peKIreld TOBBIIIAJ0Ch OTHOCUTEIbHOE KOJU-
YeCTBO JIMMGOILUMTOB, CHUXAJOCh OTHOCUTEIbHOE
1 a0COJIOTHOE KOJMYECTBO HEUTPOMDUIIOB U UX Ma-
JnouykosaepHBIX popm. I[Ipu 3TOM UMETUCH U HEKO-
TOpPbIE OCOOEHHOCTU CO CTOPOHBI «KKPACHOI» KPOBH,
HaIIpuMep, UMEJI0 MECTO IOBBIIICHUE ITOKa3aTelIs
IIAPUHBI paclpenesicHNs] KJICTOK KpacHOM KpOBU

y OOJIBHBIX MOCJIE MPOBEICHHOM TepaIrru. DT JaH-
Hbl€ KOCBEHHO CBUAETEJIbCTBYIOT O TOM, YTO XPO-
HUYecKasi BUpycHast MHGEKIMS MOXET NPUBOAUTH
M K YaCTUYHOMY TOBPEXKICHUIO BPUTPOUIHOIO
pOCTKa KpOBETBOPEHMS, HapYIIEHHIO ero (yHK-
ouii. [1pm 3ToM, y 9acTU ITAIIMEHTOB IO JICUCHUS
HaOJomascs O4YeHb BHICOKUM, JTMOO O4eHb HU3KUUA

Ta6auua 4. Xapaktepuctuka nMMdoLMTapHoro 3ageHa MUMMmyHuTeTa (ypoeHu CD-mapkepoB numdoumToB)
y 60JIbHBIX XPOHMUYECKO BUPYCHOI UHeKumeir, accouumpoBaHHoi ¢ BAb, 0o u nocne nposegeHus

KOMIMJIEKCHOW Tepanuun

Table 4. Characteristics of the lymphocytic immunity (levels of CD markers of lymphocytes) in patients with chronic
viral infection associated with EBV before and after complex therapy

Haseanwue rpynnbi/Group name
HaumeHoBaHue nokasarend 0Go3Ha4yeHue MauuneHTbl £0 Tepanum MauuneHTbl NOCNe Tepanumn
Name of the indicator Designation Patients before therapy Patients after therapy
n=40 n=40

T-numpouuntsl (CD3*'CD197), % Mzm 74,29+2 43 74,4+1,14
T-lymphocytes (CD3*CD19-), % M in=Minax 47,9-88,8 68,9-83,0

+ +
T-numdounTtbl (CD3*'CD19-), abc. M M::/: 1426,63+65,7 1?&?5;%51;3
T-lymphocytes (CD3*CD19-), abs. 0 784-1877 <005
T-xennepsl (CD3*CD4"), % M£m 46,65+2,29 48,61+2,16
T-helpers (CD3"CD4%), % M nin—Mnax 21,3-59,8 36,2-62,8

+ +
T-xennepsi (CD3°CD4*), aGe. " M:,r\;' 896,7:72,4,7 ”36775‘_123215%4
T-helpers (CD3*CD4%), abs. 0 352-1566 <005
T-untoTtokcuyeckme (CD3'CD8*), % Mxm 25,32+1,43 23,89+1,82
T-cytotoxic (CD3*CD8"), % Minin=M i 14,6-38,7 15,1-37,7
T-uutoTokcuyeckue (CD3*CD8*), abc. M=m 486,53+46,4 538,9+50,1
T-cytotoxic (CD3*CD8"), abs. M nin=M 158-938 277-892
CooTtHoweHue CD4*/CD8*, a6c. M+m 1,95+0,16 2,27+0,19
Ratio CD4*/CD8", abs. M in=Minax 0,96-3,8 0,96-3,4
T-NK numdouutsbl, % M£m 6,59+1,38 6,59%1,2
T-NK lymphocytes, % M =M pnax 1,4-24,6 1-15,4
T-NK numdouutsi, ade. M+m 127,1+29,5 125,5+20,3
T-NK lymphocytes, abs. M nin=Mnax 30-527 18-268
NK numdpouutbl, % Mzm 12,85+1,53 10,15+1,63
NK lymphocytes, % M in—Miax 2,5-28,3 0,8-21,7
NK numdouuTsl, abce. M+m 240,57+44,3 223,7+38,9
NK lymphocytes, abs. M in=Mnax 45-590 20-499
B-numdouuTs (CD3-CD19*), % " il\r;‘ 10,5+1,5 13’71 1115282

_ +\ 0 min~ VImax _ =19,

B lymphocytes (CD3-CD19), % 0 1,8-27,2 <005

+ +
B-numdouutsl (CD3-CD19), abc. M M:'r\;' 203,3+31,6 312’58_65_:79’4
B lymphocytes (CD3-CD19%), abs. 0 31-562 <005
CD25* numdouuntbl, % M£m 9,26+0,42 9,58+0,65
CD25* lymphocytes, % M in=Minax 7-14,1 7,6-15,6

+ +
CD25* numdouuntsbl, adbce. M :'r\T/: 178,37+12,3 ?2(2):13%(73
CD25" lymphocytes, abs. ) 86-293 <005
HLA-DR* numdouutsbl, % M Mi'\r:: 3,67+0,2 2’18312’83

_ + 0, min~ Vimax _ I T,

HLA-DR* lymphocytes, % 0 2-5,4 <0,05
HLA-DR* numdouutsbl, abe. M£m 71,5361 64,9+7,4
HLA-DR* lymphocytes, abs. M =M nax 22-126 18-109

MpumMeyanme. p — JOCTOBEPHOCTb PA3NNYMIA NOKA3aTENEN MEXAY rPynnamu NaLMeHTOB A0 v MOC/E Tepanum paccyuTaHa CornacHo
HenapaMeTpUYeckoro Kputepust BUnkokcoHa, pasnmnyns cHMTaloTcs LOCTOBEPHLIMU U CTaTUCTMYECKM 3HaYMbIMK npu p < 0,05.

Note. p — significance of differences in indicators between groups of patients before and after therapy is calculated according to the non-parametric
Wilcoxon test, the differences are considered reliable and statistically significant when p < 0.05.
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TaGnuua 5. XapakTepucTuka nokasarteneii ryMopanbHOro UMMYHUTETA Y 60J1bHbIX C XPOHUYECKOW
BMpPYCHOW nHdekumen, accoummpoBaHHoii ¢ BOB, o0 n nocne npoBepeHus KOMMJIEKCHOM Tepanumn
Table 5. Characteristics of humoral immunity in patients with chronic viral infection associated with EBV before

and after complex therapy

Haseanwue rpynnbi/Group name
HaumeHoBaHue nokasartens 06Go3Ha4yeHue MauueHTbl 0 TEpanuu MauueHTbl NOCNE TEpanum
Name of the indicator Designation Patients before therapy Patients after therapy
n=40 n=40
IgA, r/n M+m 1,52+0,1 1,45+0,08
IgA, g/l M in=Minax 0,77-2,5 0,88-1,92
IgM, r/n M+m 1,13+0,17 1,07+0,16
IgM, g/I M in=Minax 0,15-3,01 0,24-2,16
IgG, r/n Mzm 12,06+1,02 11,35+0,62
IgG, g/I M =M inax 5,89-23,05 7,29-15,0
C1 uHruburop, Mkr/mn M£m 285,25%18,3 296,74+34,5
C1 inhibitor, ug/ml M in=Mnax 152,9-460,5 150,1-698,4
C3a KOMMNOHEHT KOMMJIEMEHTA, HI/MN M=m 122,89+12,08 117,92+14,8
C3a complement component, ng/ml M nin=Mnax 62,04-259,2 65,9-246,5
C5a KOMNOHEHT KOMMNEeMeHTa, Hr/MA M=m 17,57+£2,9 18,32+2,5
C5a complement component, ng/ml M nin—Miax 2,93-51,73 0,46-31,11

MpumeyaHue. p — JOCTOBEPHOCTb Pa3Nnymil MoKasaTenein Mexzy rpynnamMu NaLMeHToB 0 U NOC/E TEPAnumu paccyuTaHa cornacHo
HenapaMeTprUYeckoro Kputepust BunkokcoHa, pasnunyns cHMTaloTcs LOCTOBEPHLIMI U CTaTUCTMYECKM 3HaYMMbIMK npu p < 0,05.

Note. p — significance of differences in indicators between groups of patients before and after therapy is calculated according to the non-parametric
Wilcoxon test, the differences are considered reliable and statistically significant when p < 0.05.

reMorjoOuH, B OTJAMYKE OT TPYIIIbl MPOJeUEHHbIX
MalMeHTOB, TAe IloKa3aTeJu TIeMOIJIoOMHAa peru-
CTPUPOBAINCH B TUAMNIA30HE CPSAHUX BEJIMUMH.

YuuTsiBasi NoJy4YeHHbIe HAMU JaHHbIE 00 U3Me-
HEHNU Ka4eCTBEHHOIO M KOJIMYECTBEHHO COCTaBa
0eJioil KpOBU JIO U TOCJIe MPOBENEHHOr0 TeparneBTU-
YEeCKOIo BMEIIATEIbCTBA, BasKHO OBLIIO ONpPEIS/INTD
COCTOSIHME OCHOBHBIX 3B€HbeB UMMYHHOI CUCTEMBI.

N3zyueHue paronutapHoit akTUBHOCTU HEUTPO-
¢buoB (Tadia. 3) mokasayio JOCTOBEPHOE CHUXKEHUE
nokaszaTteyas ¢arolydTapHOro 4Yucjia TIocie IIpo-
BeJIECHHOI Tepanuu Ha ¢oHe 4YeTKON TeHAECHLUU
K CHUKEHMIO OCTaJbHBIX ITOKa3aTeJieil, 3HaUeHUS
KOTOPBIX CJIOXHO WHTEPHNPETUPOBATH BCJIEICTBUE
UX AecsTUKpaTHoro pazopoca (M,,;,—M,...)- MoxHo
MHPEIITOIOKUTh, YTO IIPU YBEITUYSHU Y YHCIIa 00CIe-
JMIOBaHHBIX JTUI JaHHbIE pa3Inuus oKa3aTeaei Mo-
T'yT OBITh HUBEJIMPOBAHEL.

WM3yyeHue KJETOUHOI COCTaBJSIONIEd MMMYH-
HOro craryca (Tabj. 4) ImokKa3ajo, 9YTO Y OOJIbHBIX
XPOHUYECKON BUPYCHON WHGEKIIelH, acCoLuu-
poBaHHOII ¢ BDb, mocToBepHO CHMXKEHBI TOKa3a-
Tean T-TuM@POLUTOB, MPEUMYIIECTBEHHO 3a CYeT
T-xennepHbIX TMMGOLUTOB, B-muMdoLnToB 1 TUM-
douuToB ¢ MapKepaMu paHHel akTuBauuu (CD25%).
B T0 ke Bpems xoueTcs o0paTUTh BHUMaHUE Ha TOT
GdakT, 4TO pa3dpOChl U3yyaeMbIX MTapaMeTPOB KJie-
TOYHOTro (JIMMMOLIUTapHOI0) 3BeHa UMMYHHOI CH-
CTEeMBI TaK:Ke 3HAYMTEIbHBI OT OUeHb HU3KUX TUPP
(HUKe HOpMaTMBHBIX MOKa3aTeJeil), 10 IpeBbIla-
OIIMX HOpMaJIbHBIC TTOKa3aTenu KiieTok [10] (3To
OTHOCHUTCSI, B IIEPBYI0 OUYepelb, K IMoKa3aTeasIM 1IU-
TOTOKCHUUYECKHMX KJIETOK, HaTypaJIbHBIX KHWJIJICPOB,
T-NK-knerok). [TonoOHbIe BbIpakeHHbIE JeBUALIUN
KOJIMYECTBEHHOI'O COCTaBa KJIETOK MOT'YT OBITh CBSI-
3aHbl KaK C pa3HOU CTEMEHbIO TSIXKECTU 3aboJieBa-

HUS, TaK WM C pa3HBIMHU (ha3aMU BOCITAJIUTEIBHOIO
npolecca (CTereHb BhIpa>k€HHOCTU OTBETa Ha Xpo-
HHUYeCcKoe BocriajieHue). BoamoxxHo, OyneT HeoOxo-
IMO 0oJiee TIIATEIBHO IIPOaHaIN3UPOBATh TPYIIITY
J10 JIEUeH U sl IO CTETMEHU TSIXKECTU 1 XapaKTepy OTBeTa
UMMYHHOI CUCTEMBI (B CTOPOHY CYIIPECCUU U B CTO-
POHY aKTHBAIIMM MTOKAa3aTeJIeit).

WccnenoBaHue ryMopajbHOrO 3BeHAa MMMYH-
HOW CUCTEMBbI HE BBISIBUJIO 3HAUUTEJIbHbIX U3MEHE-
HUM U3ydaeMbIX IMapaMETPOB UMMYHHOMU CUCTEMBI
(tabJji. 5), yTo, B O0OLIEM, COIIACyeTCsl C JaHHbBIMU,
MOJYYeHHBIMUA HaMU ITPU M3YYEHUU CIIelnduyec-
KHUX UMMYHOTJIOOYJMHOB (cM. Tadj. 1). XoTa B 1e-
JIOM TIPOSIBIISICTCS Ta 3K€ TeHICHIINS, YTO 1 B APYTUX
HUCCIeOBAHUSIX, a MMEHHO CHUXEeHHUe pa3dpoca
nokaszaTejeil B I'pyIlle MpoJIeYeHHbIX IMallMEHTOB
10 CpaBHEHUIO C TTOKA3aTeIsIMU J0 Hayajia Tepanum.

3ak/n4yeHme

IMpo6Giaema moBbIeHUS 3(PHEKTUBHOCTU DIIU-
MHWHAIIMOHHOW IIPOTUBOBUPYCHOU TepaIrtuy U TO-
MCKa HAIEeXHbIX KPUTEPUEB €€ OLIEHKU MPU XPO-
HUUYECKUX BUPYCHBIX MHMEKIINSIX OCTACTCsS OIHOM
M3 CJIOXHBIX B COBPEMEHHON KJIMHUYECKON ITpaK-
TuKe [6]. B yacTHOCTH, 3TO KacaeTcs 1 MHGEKLINI,
accouuupoBaHHbIX ¢ BOb. IlpoBenenHoe Hamu
HWCClIenoBaHNE MMOKa3aiao, 4YTo Hanboaee mHopMa-
TUBHBIM KPUTEPUEM 3THUOMNATOTCHETHUUYCCKOM 3(h-
(GeKTUBHOCTU MPOBOAMMOI MPOTUBOBUPYCHON Te-
paruu SIBJASIETCS Ka4YeCTBEHHOE M KOJIMYECTBEHHOE
onpejaeseHue Haauuus reHoma BOb metonom ITLLP
B LieJIeBbIX anuTomnax. OnpenejaeHue ypoBHeii Criel-
ndpuueckux IgG B auHaAMMKe TeparneBTUYECKOTrO
npolecca He MOXET CIIYXUTb JOCTaTOYHBIM U 00b-
eKTUBHBIM KpuUTepreM 3(O(PEeKTUBHOCTU Teparruu
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B CHJIy OOJIBIIIOrO pa3dpoca MmoKasaTeseid U OTCYT-
CTBUSI JOCTOBEPHBIX pa3JUUUil MeXIy IpyIIaMu
MalMeHTOB 10 U MOCJE JICUCHUSI B YCIOBUSIX ITOJI-
HOI 3JMMUWHALIIM BUpyca. B To e BpeMs olieHKa
MMMYHHOI'O CTaTyca OTpaXaeT BOCCTaHOBJICHUE
OajaHca KJIETOYHOIO KOMITApTMEHTa WMMYHHOU
CHCTEMBI, Kacalolerocss HOpPMaJIW3alluu KOJIH-
yecTBEHHBIX mnokazateneit T- u B-numdouutos,
T-xenrmepoB,  aKTUBUPOBAHHBIX  JTUMMOIIUTOB
(CD25%), darouutosa HelTpoduaos (parouurap-
HOE€ YHCJI0), C YMEHbIIeHUEM CTeIlleHU pa3dpoca
(M,,;,,—M,,..,) TIoKa3aTeJsieil TpakKTUYeCKU IO BCEM
n3ydaeMbIM IIapaMeTpaM pacIIMpPEeHHONH WMMY-
HOorpamMMmbl. [lojydeHHBIe HAMU HAaHHBIC B ICJIOM
CBUOCTEIBCTBYIOT O HAJIMIUU STUOITATOICHETUYUEC-

KOl I MMMYHOJIOTHYECKON 3(PPHEeKTUBHOCTU KOM-
MJIEKCHOI CXeMbl Tepalluy XpOHUUYECKOI BUPYCHOM
uHbeKInU, accolluupoBaHHoii ¢ BOb, a HenHBa-
suBHasg IILP-mmarHoctuka HaJlW4yusi BUPYCHOTO
TeHOMa B POTOBOM XXKMIKOCTU MOXKET CIYXXKUTh Ha-
IEeXXHBIM KPUTEPUEM SIIMMUHALINY BUpPYyca.

Paboma evinoanena no meme uz [lrana HUP HH®
YpO PAH «Dapmakonocuueckas KoppeKyus Hapyuie-
Hull pusuosoeuveckux pyurxyuii No IToc. pecucmpayuu
AAAA-A18-118020690020-1 u no meme u3z Ilrana
HUP UKBC YpO PAH «BHnloeennble baxmepuans-
Hble uH@exyuu: 6o36ydumeanu, pakmopwl pucka, ouo-
Mapkepwl, pa3pabomka ai2opummos OuacHOCMUKU,
neyeruss u npoguaakmurku;, Ne loc. peeucmpayuu
116021510075.
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EPSTEIN-BARR VIRUS LMP1 ONCOGENE
POLYMORPHISM IN TATAR AND SLAVIC
POPULATIONS IN RUSSIAN FEDERATION
IMPACTING ON SOME MALIGNANT TUMOURS

V.E. Gurtsevitch?, K.V. Smirnova®®, L.V. Botezatu?, T.E. Dushenkina?®, A.K. Lubenskaya?,
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@ N.N. Blokhin National Medical Research Center of Oncology, Moscow, Russian Federation
b Pirogov National Research Medical University, Moscow, Russian Federation
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Abstract. Objective: To compare genetic structure of the main Epstein—Barr virus (EBV) oncogene, latent membrane protein
1 (LMPI), in EBV strains circulating in two genetically distinct ethnic populations in Russian Federation, Tatars and Slavs,
as well as assess an impact of diverse LM P1 variants on incidence and mortality rate for some malignant tumors partially
associated with EBV infection. Materials and methods. Oral washing samples were collected from 60 ethnic Kazan Tatars
and 65 ethnic Moscow Slavics. Carboxy-terminal nucleotide sequences (41 and 40 sequences, respectively) derived from
hypervariable LMP1 gene region were amplified from EBV DNA samples. Next, final nucleotide sequences were translated
into amino acid sequences and analyzed according to classification by Edwards et al. Results. Analysis of 41 and 40 LMP1
samples obtained from ethnic Kasan Tatars and ethnic Moscow Slavics, respectively, revealed significant difference in rel-
evant amino acid structures. In particular, all LMP1 samples derived from Moscow Slavics were found to belong to the four
protein variants: B95.8/A, Med—, Chinal and NC. Among them, low-transforming variant B95.8/A was dominant (82.5%).
In contrast, solely 21 out of 41 LMP1 samples derived from ethnic Tatars were classified as B95.8/A, Med— and Chinal vari-
ants. Importantly, the percentage of low-transforming B95.8/A variant among ethnic Tatar samples was significantly lower
compared to that one found in Moscow Slavics (29.3% vs. 82.5%). On the other hand, seven (17.1%) out of 20 other samples
formed a unique protein mono group characterized by LMP1 amino acid sequence differed from that one available in the
GenBank database. Such group of variants was designated as LM P1-TatK. The remaining 13 samples (31.7%) did not match
either protein variants, thereby forming the “beyond classification” (LMP1-TatBC) group. Conclusion. The data obtained
suggest that various LMP1 variants exist in EBV strains persisting in ethnic Tatrs and ethnic Slavics examined in Russian
Federation. It was also found that EBV strains isolated from ethnic Tatars contained a unique LMP1 gene variant encoding
protein LMPI1-TatK lacked in EBV strains derived from ethnic Moscow Slavics. Taking into account the genealogy of Tatars,
it cannot be ruled out that EBV strain bearing LM P1-TatK variant represented ethnically specific EBV strain that might cir-
culate many centuries ago among their historical human predecessors called Mongol-Tatar tribes. In addition, it was shown
that the LMPI variants in EBV strains isolated from ethnic Kazan Tatars and ethnic Moscow Slavics did not affect the inci-
dence and mortality of different forms of cancer consisting of EBV-associated cases.

Key words: Epstein—Barr virus, latent membrane protein 1, ethnic tatars and slavs, sequence analysis, phylogenetic analysis, real-time
PCR, Epstein—Barr virus DNA copies.
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NoJIMMOP®U3M OHKOIrEHA LMP1 BUPYCA SMNLUTEAHA-BAPP B BYX 3THUYECKUX FPYNMNAX
POCCWUN, TATAP U CNNABSAAH, U ErT'O BJINAHUE HA PASBBUTUE HEKOTOPbIX 3JTIOKAYECTBEHHbIX
ONYXOJNEH

I'ypueunu B.D.!, Cmupnosa K.B.!2, Bore3ary 1.B.!, /lymenbkuna T.E.!, Jlyoenckasa A.K.!, Iyoap B.!,

Cenrora H.B.!, JIuxtenmreitn A.B.!, ITerpos C.B.3

'@I'BY Hayuonanvholii meduyunckuii uccaedosamenvckuii uenmp onkosoeuu um. H.H. baoxuna M3 P®, Mockea, Poccus

2 Hayuonanvnoiii meduyunckuil ynugepcumem um. Iupoecosa M3 P®, Mockea, Poccus
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Pestome. Llerb pabOTHL: BRISICHUTH, OTIIMYACTCS JIM TeHETUYECKAsT CTPYKTYpa OCHOBHOTO OHKOT'€Ha BHpyca DIIITEH-
Ha—bapp (BOb), narentHoro memb6panHoro 6esnka 1 (LMP1), y mrammoB BOB, uupkyaupyommx B AByX pOCCUMCKMX
TeHETMYECKH Pa3HBIX IMOMYJISIIUSIX, STHUUECKUX TaTap M 3THUYECKUX CIIaBSH, U KaKOBO BIMSTHHUE Pa3JIMUHBIX Bapy-
aHToB LMPI B 3TUX nmonynsiuusax Ha ypoBeHb 3JI0KaU€CTBEHHBIX MATONOI M1, YaCTh KOTOPBIX accoliuupoBaHa ¢ BOB.
Mamepuanvt u memodsi. CMBIBBI TIOJIOCTY PTa OBIIM MOJyYeHbl OT 60 3THUYECKUX KAa3aHCKUX TaTap W 65 3THUYe-
CKHX MOCKOBCKHMX cJiaBsiH. COpoK 0JiHa U COPOK (COOTBETCTBEHHO) C-KOHIIEBBIX HYKJICOTUIHBIX MTOCIEI0BATEIbHO-
creii Haubouee BapuabeabHoii yacTu LMP1 6111 ammudunuposans u3 oopasiuos JHK BObB, sakcrparnpoBaHHBIX
13 COOTBETCTBYIOLINX CMBIBOB. HyKJIeoTHIHBIE ITOCIeA0BATETbHOCTH OBLIN IMTePEBEICHB B AMUHOKHUCIOTHBIE TTOCTIe-
JOBATEJBHOCTHU U KJIACCU(UIIMPOBAHBI B COOTBETCTBUM ¢ Kinaccubukamueit Edwards u coaBT. Pe3yromamsr. AHATN3
41 oopasua LMPI, monyyeHHOro oT aTHUYecKUX Tatap, 1 40 LMP1 o6pa31ioB, moJy4eHHBIX OT STHUYECKUX CIaBsIH,
BBISIBUJI CYIIIECTBEHHBIC pa3IMIus B CTPYKTYPe X aMIHOKUCIIOT. Bee 06pasisl LM P1 MOCKOBCKOTO IIPOUCXOKICHU ST
TIpUHAJJIEXaIN K YeThipeM OeqKoBbIM BapuaHTaM, B95.8/A, Med—, Chinal u NC. Cpenu HUX BapuaHT ¢ HU3KUM
ypoBHeM TpaHchopmanuu, B95.8/A, 6p11 momuaupytomum (82,5%). U3 41 obpasma LMPI Tarapckoro mpomcxox-
IeHUST TOJIBKO 21 661 KNaccuduumpoBad Kak B95.8/A, Med— u Chinal BapuanThl. [IpolieHTHOE comep:KaHUe HU3-
Ko TpaHchopmupytouiero Bapuanta B95.8/A cpenn KazaHCKuUX TaTap ObIJIO 3HAUMTEIBHO HUXE, YUeM Y MOCKOBCKUX
cnaBsiH (29,3% nporus 82,5%). W3 npyrux 20 o6pasio cemb (17,1%) o6pa3oBain YHUKAJIbHYIO MOHOTPYIIITY O€JIKOB
C aMUHOKHUCJIOTHOI CTPYKTypoii mocienoBaTenbHocTeir LMP1, otnuyHoit ot umetomeiics B GenBank. Dra rpynmna
BapuaHTOB Obls1a 0003HaueHa Kak LMP1-TatK. OcranbHbie 13 o6pasios LMP1 (31,7%) He cOOTBETCTBOBAIM HU OTHO-
MY U3 BapMaHTOB B BbIIIEyKa3aHHOM Kaaccudukanuu, GopMupys, TaKUM 00pa30oM, TPYIINY «BHE KJacCU(PUKALINN»
(LMP1-TatBC). 3akawuenue. IlonydeHHbIe TaHHBIE YKA3bIBAIOT Ha pa3HooOpa3ue BapuaHnToB LMPI B mrammax BOb,
MIEPCUCTUPYIOIINX Y STHUYECKMX TaTap M claBsH. Takxke ObII0 00HApyKeHO, 4To mTamMMbl BOb TaTapckoro mpouc-
XOXAEHUS coaepKaT YyHUKaAbHbIM BapuaHT reHa LMPI1, konupytomuit onko6enok LMP1-TatK, koTopblii OTCyTCTBY-
eT B mrTaMmMax BOb ciaBssHCKOTO TTporcxoxaeHus. [IpyHIMas Bo BHUMaHNE TeHEaJIOTUIO TaTap, HeJIb3sl UCKTIOUNTH,
yto mrtaMmm BOB, koaupytoniuit Bapuant LMP1-TatK, siBasgeTcs aTHUYeCKU crielupUIYecKUM ITaMMOM, KOTOPBII,
BO3MOXKHO, IIUPKYJIMPOBAJ CPEIU UX UCTOPUYECKUX MTPEIIIeCTBEHHUKOB, MOHTOJIO-TaTaPCKUX TJIEMEH, MHOTO BEKOB
Hazaj. bblio Takxxe nmokasaHo, uto BapuaHThl LMP1 B iiTammax BOb Tatapckoro v ciaBssHCKOTO MPOMCXOXKACHUS
HE OKa3bIBalOT KaKOT0-T100 BIMSHUS Ha TIOKa3aTe v 3a00JIeBAeMOCTH OITYXOJISIMUA M CMEPTHOCTHU OT HUX, KOTOPbIE
BKJIIOYAIOT U CJIyYau, aCCOLIMMPOBAHHBIE C 3TUM BUPYCOM.

Karouesnie caosa: supyc Inwmeiina—bapp, aamenmuoiii membpannbsiii 6enox 1, smuuyeckue mamapsl u cAagsme, AHANU3
nocaedogamenvHocmu, (hurocenemuueckuil anaau3s, I[P é pearvnom epemenu, konuu IHK eupyca Inumeiina—bapp.

Introduction

Epstein—Barr virus (EBV; Human herpesvirus 4)
is a double-stranded DNA virus with a genome size
of about 170 kb, belonging to the Herpesviridae
family, = Gammaherpesvirinae  subfamily and
Lymphocryptovirus genus. EBV is estimated to in-
fect up to 95% of the global adult population over their
lifetime [11]. Infection with the virus usually occurs
when someone comes into contact with the saliva
of an infected person, but can also occur through
blood transfusion and organ transplantation from in-
fected individuals [19, 40]. In early childhood, infec-
tion with the virus is usually asymptomatic; however,
infection of young people who have not previously
encountered the virus can lead to the development
of infectious mononucleosis [14].

Inahealthyperson, Blymphocytes (mainly mem-
ory B cells) and epithelial cells are the main targets
of the virus. EBV primarily infects epithelial cells
of the mucous membrane that lines the nasopharynx
and lymphoid formations surrounding the entrance
to the respiratory and digestive tracts (Valdeyer’s
ring, consisting of the tonsils and adenoids) [43].
Cells that are infected with the virus, other than
B lymphocytes, can also determine the development
and pathogenesis of a number of EBV-associated pa-
thologies [45]. Through the Valdeyer’s ring, the vi-
rus enters the peripheral blood and infects memory
B cells, in which EBV persists for life [29]. There
is no expression of latent proteins in these cells, as
only non-translated RNAs are transcribed from
episomal viral DNA. The recognition of a “related”
antigen by the receptor on memory B cells induces
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reactivation of EBV in the cell pool, and the dif-
ferentiation of plasma cells leads to the develop-
ment of a lytic infectious virus. In the bloodstream,
the virus is implanted by circulating memory B cells
into all parts of the peripheral lymphoid system, and
then returns to the oral cavity through the lymphoid
ring. In this case, the number of infected memory B
cells in the population of lymphoid elements of the
Valdeier’s ring and the peripheral blood are similar,
according to Laichalk et al. For every 10 million B
cells in the lymphoid formations of the Valdeyer’s
ring and peripheral blood, the number of infected
memory B cells averages 175 and 110, respectively,
although only 1% of infected B cells are in the pe-
ripheral blood [7]. In an infected person, the virus
avoids recognition by the immune system. This
is due to the expression of a limited number of vi-
ral genes in memory B cells, as well as interruption
of the mechanism of viral antigen expression on the
surface of these cells [38]. In the body of a healthy
person, the virus is under strict immunological con-
trol [37]. Weakening of the immune system for vari-
ous reasons allows the virus to actively multiply, and
the restoration of immunocompetence suppresses
the replication of the virus, reducing it back to the
background level.

Being a ubiquitous virus, EBV is able to simulta-
neously initiate a number of benign and malignant
pathologies. Benign neoplasms are the infectious
mononucleosis mentioned above and hairy leuko-
plakia of the oral cavity. The malignant neoplasms
include Burkitt’s lymphoma, nasopharyngeal car-
cinoma, certain histological variants of classical
Hodgkin’s lymphoma, a number of non-Hodgkin’s
Iymphomas and certain variants of stomach cancer,
among others [42, 45].

Numerous studies have shown that one of the la-
tent EBV infection genes, latent membrane protein 1
(LMP1), which encodes the oncoprotein LM P1, plays
an active role in the development of EBV-associated
pathologies. This protein has the ability to stimulate
cell growth, inhibit apoptosis in various cells types
[27, 34] and induce tumours in transgenic mice [28].
LMPI reduces the immunogenicity of viral proteins
and enhances their signalling activity [8, 23]. Studies
have shown that nucleotide substitutions in LMPI
sequences are usually located in regions that regulate
transcription or translation [16, 25].

The LMPI protein consists of 386 amino acids
that affect functional activity, immunogenicity, half-
life and the transforming potential, which can vary
significantly in viral isolates [42]. Unlike the pro-
totype variant LMP1-B95.8 of American origin,
LMPI1 “Cao” (LMPI1-Cao), of Chinese origin with
high tumourigenic activity, contains a characteristic
10-member deletion (30 bp) in the C-terminal do-
main, adjacent to the CTAR2 region, as well as three
I11-amino acid repeats, numerous point mutations
[13, 24].

Of the three LMPI domains identified,
the C-terminal domain is the most studied [31].
Analysis of this domain in different geographic re-
gions allowed Edwards et al. in 1999 to propose
a widely used classification, according to which all
studied LM P1 samples were subdivided into variants
that differed with respect to their key amino acid sub-
stitutions compared to the prototypic LMP1-B95.8
variant [15]. In this classification system, LMP1 vari-
ants are named according to their geographic origin.
However, the above classification of LM P1 was crea-
ted for EBV strains circulating among a population
inhabiting of a limited number of territories, thus
it is unclear whether it can be applied for the analy-
sis of LMP1 from other geographic regions [17, 36].
Unfortunately, a classification uniting all possible
variants of the gene has not yet been suggested, and
it would be very difficult to achieve. It is known that
the genetic structure of the population, environmen-
tal hazards and the spectrum of EBV-associated dis-
eases in different regions can differ significantly, and
it cannot be ruled out that LMP1 variants for each
population will contain unique structural changes
that are not related to the proposed classification.

The goal of this study was to find out whether
EBYV strains spread in representatives of two Russian
ethnic groups, Volga Tatars and Moscow Slavs, differ
in their EBV LMPI oncogene structure, and influ-
ence LMPI1 variants onto the incidence of some tu-
mors in above ethnic groups, part of which are EBV-
associated.

Materials and methods

Sampling. Throat washing samples were collected
from 65 ethnic Slavs and 60 ethnic Tatars. The latter
were students at the Kazan State Medical University
(KSMU), no less than third generation Tatars. This
group consisted of 15 males and 45 females, with an
average age of 21.5 years old. Similar washing samp-
les were obtained from ethnic Slavs (21 males and
19 females) with an average age of 47.5 years old.
This group consisted of Moscow city residents, who
were no less than third generation Russian Slavs.
Each throat washing sample was a cell suspension
obtained from each person after rinsing their mouth
with 15 ml of sterile PBS for 30 seconds. Washing
samples were collected in hermetically sealed plastic
vials and stored at +4°C before the study. The Ethics
Committee of the FSBI “N.N. Blokhin National
Medical Research Center of Oncology” approved
this study, which included randomly selected indi-
viduals in Moscow city and the R. Tatarstan who had
given their informed consent.

Extraction and amplification of the LMPI gene.
DNA from the throat washing samples was isolated
by phenol-chloroform deproteinisation. The pres-
ence of viral DNA in the isolated samples was evalu-
ated by real-time PCR, as described previously [20].
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Amplification of LMP1 was carried out in two stages
with the corresponding external and internal prim-
ers, according to a previously described technique
[22]. Each PCR product was purified using a mini-
column (Qiagen, Germany) according to the manu-
facturer’s instructions. Approximately 100—200 ng
of PCR product was used for each reaction, and
the DNA concentration was assessed visually in an
agarose gel. As a positive control, 100 ng of DNA iso-
lated from the B95—8 cell line was used. Each sam-
ple was analysed in duplicate. Negative water blanks
were included in every analysis.

Sequencing of LMPI PCR products. LMP1 am-
plicons were sequenced in both directions. DNA se-
quencing was performed by means of a panel of ABI
PRISM BigDye Terminator v3.1 reagents (Thermo
Fisher Scientific, USA), with subsequent analysis
of the reaction products on an automatic DNA se-
quencer (ABI PRISM 3100-Avant, Thermo Fisher
Scientific, USA). Data processing was carried out us-
ing Vector NTI software (Thermo Fisher Scientific,
USA).

LMPI classification. The nucleotide sequences
of LMPI1 samples amplified from DNA extracted
from throat washing samples and translated into
amino acid sequences were classified according to the
presence of mutations resulting in amino acid sub-
stitutions, deletions and duplications in the primary
protein structure. The LMP1 variants were deter-
mined according to the Edwards et al. classification
published in 1999. In this classification, the name
of LMPI variants reflected their geographic origin:
Alaskan (Ala), Chinal (Chl), China2 (Ch2), China3
(Ch3), Mediterranean-plus (Med+), Mediterranean-
minus (Med—), and North Carolina (NC). The vari-
ant LMPI1-Chinal has been reported to be an ana-
logue of the highly tumourigenic variant LMP1-Cao
[15, 33].

Quantitative  determination of viral DNA.
The number of copies of viral DNA in 1 ml of throat
washing sample was determined by real-time PCR.
To construct the calibration curves, the DNA of dip-
loid Namalwa cells containing two integrated viral
genomes was used. This was based on the ratio of 3.3
pg of genomic DNA per copy of viral DNA [30].
For real-time PCR, primers for the 76-bp fragment
in the BamHI-W region of viral DNA (GenBank
ID no. VO01555) were used: sense primer W-44F
(5>-CCCAACACTCCACCACACC-3’), antisense
primer W-119R (5-TCTTAGGAGCTGTCCGA
GGG-3’); fluorescent probe W-67T (5’-FAM-CAC
ACACTACA-CACACCCACCCGTCTC-RTQI)
[32]. The DNA extracted from throat washings can
be used as a template for PCR when the unique
K-RAS gene is used as a control, as described pre-
viously [9]. The reaction was conducted in 96-well
plates on a CFX96 device (Bio-Rad Laboratories,
USA). The 50-pl reaction mixture (Synthol, Russia)
contained 0.3 uM of each of the primers, 25 nM

of the fluorescent probe, 4 mM of MgCl, 200 mM
of each ANTP, 1 unit of Taq polymerase, 10 pul
of DNA solution in 10 mM Tris-HCI buffer (pH 8.0)
and 1 mM EDTA (corresponding to 50 ul of wash
sample). Each analysis included two negative con-
trols that did not contain DNA. The PCR conditions
were denaturation for 5 min at 95°C, followed by 40
cycles at 95°C for 15 s then at 56.5°C for 30 s. The re-
al-time PCR was analysed using CFX Manager soft-
ware (BioRad).

Phylogenetic analysis. To analyse the phyloge-
netic relationship among ethnic Tartar EBV isolates,
the LMP1 C-terminus sequences were compiled. All
sequences were aligned, and the distances between
each sample were calculated with the ClustalW
program using the Kimura two-parameter model.
A phylogenetic tree was constructed from these ma-
trices by the neighbour-joining method using MEGA
software. The main LMP1 EBV variants (Alaskan,
NC, B95.8/A, Med—, Chinal, China2) available
in GenBank were used for phylogenetic comparison.

Statistical analysis. Standardized rates (SR)
for the incidence and mortality and their standard
errors (SE) in 2015—2017 years for some malignant
tumours among which EBV-associated cases are di-
agnosed in Moscow and the R. Tatarstan, were ob-
tained from the publication “Malignant neoplasms
in Russia in 2015—2017 (incidence and mortality)”,
Eds.: A.D. Kaprin, V.V. Starinskiy, G.V. Petrova;
Moscow, 2018; Mean values of SR for incidence and
mortality and their SE in 2015—2017 for both sexes
were analysed. 95% confidence intervals (CI) for SR
were calculated as SR+1.96 SE. Absence of overlap-
ping of CI for Moscow and the R. Tatarstan proves
statistically significant difference between SR at P =
0.05 level, the overlapping of CI shows that the differ-
ence is not significant.

Results

The multinational population of the Russian
Federation is known to consist of numerous an-
cient ethnic groups that have preserved their own
culture and customs, and have occupied certain re-
gions of the country for centuries. Therefore, it was
important to perform a comparative analysis of the
LMPI1 oncogene structure of EBV strains persisting
in these groups (which we assume have been trans-
mitted from generation to generation since histori-
cal times) and to clarify the effect of these strains
on the incidence of tumours of certain localizations
due to the cases associated with the virus included
in these tumours.

Tatars represent one such ethnic group, the sec-
ond largest one in the Russian Federation after Slavic
people (fig. 1, A and B). Representatives of Slavic
nation are dominant in Moscow (91.5%), while
Tatars occupy only the third position (1.38%) after
Ukrainians (1.42%; fig. 1A). In the R. Tatarstan,
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“ Ethnic composition of the Moscow
population (12.5 million) according to 2018

1.42% 1.38%

91.5%

[] Ethnic Russians

B Ethnic Ukrainians

E Ethnic composition of the Tatarstan
population (3.893 million) according to 2018

3.1%

39.7% 53.2%

[ Ethnics Tatars B Ethnics Chuvash

Figure 1. Leading ethnic nations in Moscow city (A) and the Republic of Tatarstan (B)

the Tatar population is slightly higher than the Slavic
population (53.2% vs. 39.7%, respectively), and sig-
nificantly exceeds the third ethnic nation, Chuvash
(3.1%; fig. 1B).

LMP1 polymorphism

The investigation of LMPI1 in the EBV strains
circulating among ethnic Tatars was carried out by
studying the throat washings from students of the
KSMU, representatives of all administrative territo-
ries of the R. Tatarstan (tabl. 1). Analysis of the nu-
cleotide and translated amino acid sequences of the
41 LMPI1 amplicons obtained from 60 samples re-
vealed significant polymorphism. According to the
Edwards et al. classification [21] of the 41 sequences
only 21 could be classified. Of these, 12 sequences
corresponded to B95.8/A (29.3%, 12/41) variant, 6 —
to Med— (14.6%) and 3 — to Chinal (7.3%) variants.
LMPI1 sequences homologous to Alaskan, Med+,
China2, China3 and NC variants were not detected.
Among the other 20 LMPI1 sequences that did not
correspond to any variants of the above classifica-
tion, seven (17.1%) formed a mono group consisting

of sequences which differed not only from the se-
quences of Moscow Slavs, but also from sequences
of other Kazan Tatars. This group was designated as
LMPI1-TatK. The remaining 13 unclassifiable Tatar
sequences (31.7%) formed a group that was desig-
nated as LMPI outside the classification (LMP1-
TatBC). In contrast to the low percentage of the low-
transforming variant LM P1-B95.8 found in the Tatar
group, this variant was dominant among the repre-
sentatives of the Slavs (82.5% and 29.3%, respectively).
Among representatives of the Moscow Slavs, the per-
centage of LM P1-Med-variant was lower than in the
Kazan Tatars (2.5% vs. 14.6%, respectively); however,
the difference between these values was not statisti-
cally significant. The percentage of LMPIChinal
variant was practically identical in both ethnic groups
(7.5% vs. 7.3%, respectively) (tabl. 1).

LMP1 sequence analysis

Analysis LMP1 samples of Tatar origin showed
that many of them contained so-called Cao-
associated mutations (tabl. 2). One such mutation,
a deletion of 5 aa (276—280) observed in 16 samples

Table 1. Polymorphism of LMP1 in the EBV strains circulating among Moscow Slavs and Kazan Tatar

LMP1 variants according to the LMP1 variants outside the Edwards et al.
Edwards et al. classification* classification
Number Number Total: 21 (51.2%) Total: 20 (48.8%)
of examined of amplified
individuals LMP1 samples Beyond Edwards’ Unique to the
B95.8/A | Med- Chinat NC et al. classification ethnic Tatars
(TatBC) (TatK)
Ethnic Moscow Slavs
65 40 33/40 1/40 3/40 3/40 0/40 0/40
(100%) (82.5%) (2.5%) (7.5%) (7.5%) (0%) (0%)
Ethnic Kazan Tatars
60 4 12/41 6/41 3/41 (0%) 13/41 7/41
(69.5%) (29.3%) | (14.6%) (7.3%) ° (31.7%) (17,1%)

* Edwards et al. 1999 (20)
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Table 2. C-terminal domain mutations in the LMP1-Tat* variants in comparison with low (LMP1-B95.8) and

highly transforming (LMP1-Cao) LMP1 variants

Mutations in CTAR Cao-associated LMP1 mutations unique
LMP1 and other regions LMP1 mutations to the ethnic Tatars
variants @322N | CTAR1 | CTAR2 | CTAR3 | Deletion | Insertion | Deletion | Deletion | Deletion
191-232| 351-386 |275-330| 276-280 | 302-303 | 346-355 | 312-316 | 382-386
LMP1-B95.8 & LMP1-Cao variants
B95.8 - - - - - - - - -
Cao Q322N G212S S366T | 276-280 Haa (11aa x3) 10 aa - -
LMP1-Tat* variants
T-2 - - - 276-280 5aa. 11aa x3 - 5aa 5aa
T-4 - S229T - 276-280 5aa 11aa x3 - 5aa 5aa
T-5 - S229T S366T | 276-280 5aa 11aax3 - 5aa 5aa
T-6 - S229T - 276-280 5aa 11aax3 - 5aa 5aa
T-33 - S§229T S366A - - 11aa x3 - 5aa 5aa
T-44 - - S366T | 276-280 5aa 11aax3 - 5aa 5aa
T-45 Q334R S229T - - - - - Saa 5aa

(39.0%), belongs to the CTAR-3 region of the LMP1.
This region is required for activation of the Jak3/
STAT signalling pathway, and is located between
the CTAR-1 and CTAR-2 carboxy-terminal LMP1
regions. In 22 samples (53.7%), rare LMP1 insertions
of 33 aa (302—303) were detected, which were found
to be located within the same CTAR-3 region. Single
point mutations that do not occur in known LMP1
variants were also identified. Among them, a mu-
tation in codon 252 (G — A) was detected in seven
samples (17.1%). This mutation is within the CTAR-2
region, which is the region that recruits the TNFR-
associated death domain protein (TRADD) and
the so-called receptor-interacting protein (RIP).
In six samples (14.6%), LM P1 mutations were found
in codon 317 (D — E) within the CTAR-3 region, as
well as in codon 229 (S — T) in five samples (12.2%).
The latter substitution is located in the CTAR-1 re-
gion, which actively interacts with TNFR proteins
(TRAFI, 2 and 5). It can be assumed that the detect-
ed mutations may change the intracellular activity
profile of a number of signalling pathways, as well as
their biological activity. Sequence analysis of LMP1
samples from representatives of Slav group showed
a similar result, which is not surprising, given that
mutual enrichment of gene pools, as well as the ex-
change of EBV strains, between the Slavic and Tatar
populations took place over the centuries.

However, particular interest are the seven LMP1-
TatK samples of Tatar origin, which are structur-
ally different not only from the other LMP1 sam-
ples of Tatar origin and those of Slav origin, but also
from LMP1 samples of healthy people and patients
with head and neck tumours from different regions
of Russia [41]. This group of samples was character-
ized by the combined content of 5-amino acid dele-
tions in codons 312—316 and 382—386, which were

absent in all other LMP1 samples that we have ana-
lysed so far (tabl. 2). Given the genealogy of the ethnic
Tatars studied (at least the third generation) it can be
assumed that the LMPI1-TatK variant probably rep-
resents an evolutionarily ancient strain of the virus.

Amino acid repeats and insertions

A number of studies have shown that the C-termi-
nal LMP1 domain contains a different number of re-
peats consisting of 11 aa (PQDPDNTDDMG), lo-
calised between aa 253 and 306. The prototype vari-
ant LMP1-B95.8 contains four such repeats and two
inserts consisting of 5 aa (PHDPL), one of which
is located between the second and third repeats (275—
279), and the second after the last repeat (302—306).
Box 5 aa is a JAK3 motif within the CTAR3 domain
(aa 275—330), which presumably participates in the
JACK3/STAT signalling pathway [31, 33]. To char-
acterise LMP1 of ethnic Tatars, the C-terminal
domains were analysed for repeats and insertions
(fig. 2). Forty-one samples denoted by the letter T
were studied. A structure of 11-aa repeats and 5-aa
inserts, similar to the prototype strain LM P1-B95.8,
was found for 16 samples. Seven 11-aa repeats were
observed in 21 samples, 13 of which lacked the 5-aa
insert between the second and third repeats, as pre-
sent in the prototype variant LMP1-B95.8. In ad-
dition, point mutations (D — G) were detected
in 17 samples in the region of 11-aa repeats. Similar
mutations were found in patients with nasopharyn-
geal carcinoma, who were residents of the North
Caucasus of Russia [41]. The findings suggest that
EBV isolates from ethnic Tatars contain LMPI
variants which possess both a B95.8-like structure
of repeating elements and a structure characteristic
of LMP1 variants of African and Japanese origin [26].
However, unlike EBV isolates of Japanese origin,
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0 PQDPDNTDDNG PQDPDNTDDNG PQDPDNTDDNG PQDPDNTDDNG PQDPDNTDDNG PQDPDNTDDNG PQDPDNTDDNG PHDPL

—-11 PQDPDNTDDNG PQDPDNTDDNG PHDPL PQDPDNTDDNG PQDPDNTDDNG PHDPL

PQDPDNTDDNG PQDPDNTDDNG PHDPL PQDPDNTDDNG PQGPDNTDDNG PHDPL
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PQDPDNTDDNG PQDPDNTDDNG PHDPL PQDPDNTDDNG PQDPDNTDDNG PQDPDNTDDNG PQDPDNTDDNG PQDPDNTDDNG PHDPL
PQDPDNTDDNG PQDPDNTDDNG PQDPDNTDDNG PQDPDSLDDNG PQDPDNTDDNG PQDPHNTDDNG PQDPDNTDDNG PHDPL

T-20 PQDPDNTDDNG PQGPDNTDDNG PHDPL PQDPDNTDDNG PQGPDNTDDNG PHDPL

PQDPDNTDDNG PQDPDNTDDNG PHDPL PQDPDNTDDNG PQDPDNTDDNG PQDPDNTDDNG PQDPDNTDDNG PQDPDNTDDNG PHDPL

T-25 PQDPDNTDDNG PQDPDNTDDNG PHDPL PQDPDNTDDNG PQDPDNTTDNG PQDPDNTDDNG PQDPDNTDDNG PQDPDNTDDNG PHDPL
T-27 PQDPDNTDDNG PQGPDNTDDNG PHDPL PQGPDNTDDNG PQGPDNTDDNG PHDPL
T-28 PQDPDNTDDNG PQGPDNTDDNG PHDPL PQDPDNTDDNG PQGPDNTDDNG PQDPDNTDDNG PQDPDNTDDNG PHDPL

T-29 PQDPDNTDDNG PQDPDNTDDNG PQDPDNTTDNG PHDPL

PQDPDNTDDNG PQGPDNTDDNG PQDPDNTDDNG PQDPDNTTDNG PQDPDNTDDNG PQDPDNTDDNG PQDPDNTDDNG PHDPL

T-32 PQDPDNTDDNG PQGPDNTDDNG PHDPL PQGPDNTDDNG PQGPDNTDDNG PHDPL

T-33 PQDPDNTDDNG PQGPDNTDDNG PHDPL PQGPDNTDDNG PQDPDNTTDNG PQDPDNTDDNG PQDPDNTDDNG PQDPDNTDDNG PHDPL
T-34 PQDPDNTDDNG PQDPDNTDDNG PHDPL PQDPDNTDDNG PQGPDNTTDNG PQDPDNTDDNG PQDPDNTDDNG PQDPDNTDDNG PHDPL
T-35 PQDPDNTDDNG PQDPDNTDDNG PHDPL PQDPDNTDDNG PQDPDNTTDNG PHDPL

T-36 PQDPDNTDDNG PQGPDNTDDNG PHDPL PQDPDNTDDNG PQGPDNTDDNG PHDPL

T-42 PQDPDNTDDNG PQDPDNTDDNG PHDPL PQDPDNTDDNG PQGPDNTTDNG PQDPDNTDDNG PQDPDNTDDNG PQDPDNTDDNG PHDPL
T-43 PQDPDNTDDNG PQGPDNTDDNG PHDPL PQGPDNTDDNG PQDPDSTDDNG PHDPL

T-44 PQDPDNTDDNG PQGPDNTDDNG PQDPDNTDDNG PQDPDNTDDNG PQDPDNTDDNG PQDPDNTDDNG PQDPDNTDDNG PHDPL

T-45 PQDPDNTDDNG PQDPDNTDDNG PHDPL PQDPDNTDDNG PQDPDNTDDNG PHDPL

T-46 PQDPDNTDDNG PQGPDNTDDNG PQGPDNTDDNG PQDPDNTDDNG PQDPDNTDDNG PQDPDNTDDNG PQDPDNTDDNG PHDPL

T-48 PQDPDNTDDNG PQDPDNTDDNG PHDPL PQDPDNTDDNG PQDPDNTTDNG PHDPL

T-49 PQDPDNTDDNG PQDPDNTDDNG PHDPL PQDPDNTDDNG PQDPDSTDDNG PHDPL

T-50 PQDPDNTDDNG PQGPDNTDDNG PQDPDNTDDNG PQDPDNTTDNG PQDPDNTDDNG PQDPDNTDDNG PQDPDNTDDNG PHDPL

T-52 PQDPDNTDDNG PQDPDNTDDNG PQDPDNTDDNG PQDPDNTDDNG PQDPDNTDDNG PHDPL

T-53 PQDPDNTDDNG PQDPDNTDDNG PHDPL PQDPDNTDDNG PQDPDNTDDNG PQDPDNTDDNG PQDPDNTDDNG PQDPDNTDDNG PHDPL
T-54 PQDPDNTDDNG PQDPDNTDDNG PQDPDNTDDNG PQDPDSLTDNG PQDPDNTDDNG PQDPDNTDDNG PQDPDNTDDNG PHDPL

T-56 PQDPDNTDDNG PQGPDNTDDNG PHDPL PQDPDNTDDNG PQDPDNTDDNG PHDPL

T-57 PQDPDNTDDNG PQDPDNTDDNG PHDPL PQGPDNTDDNG PQDPDNTDDNG PHDPL

T-58 PQDPDNTDDNG PQGPDNTDDNG PHDPL PQDPDNTDDNG PQGPDNTDDNG PHDPL

T — Number of throat flushing samples from ethnic Tatars;
PQDPDNTDDNG — 11 aa repeating elements;

PHDPL — 5 aa sequences insertion;

D — G — point mutations in the region 11 aa

Figure 2. 11 aarepeats and 5 aa insertions in the C-terminal domain of LMP1 isolates from ethnic Tatars

point mutations D—G in LMP1 were often en-
countered in isolates from Tatar and Slavic samples.
The difference in the number of repeats and 5-aa in-
sertions between repeats for the JAK3 motif could be
explained by recombination events that arise during
the process of viral replication [33]. However, others
have hypothesised that the mutational changes are
related to the geographical origin of EBV [26].

EBV concentration in throat washing samples

From the literature and the results of own inves-
tigations, the saliva of even healthy individuals can
contain EBV particles [12, 21]. In general, the con-
centration of viral particles in saliva is much higher
than in peripheral blood. These particles, which are

mixed with saliva, appear in the oral cavity as a result
of EBV-induced lytic destruction of infected epithe-
lial cells of the mucous membrane lining the naso-
pharynx and the Valdeier’s lymphoid ring, in particu-
lar. In our study, the median number of EBV DNA
copiesin 15 ml of throat washing samples varied from
833 in the group of Moscow Slavs to 3538 in Tatar
students from KSMU (tabl. 3). However, the medi-
an number of viral DNA copies per cell in identical
volumes of throat washing samples was 0 in students
and 0.01 in Moscow Slavs. The data obtained prob-
ably indicates moderate replication of the virus in the
oral mucosa of individuals tested, as we detected less
than 1 copy of the viral genome per cell in the cell
suspension, which is in line with other studies [7, 10].
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Table 3. Oral cavity EBV infection in representatives of ethnic Tatars and ethnic Slavs

Number of EBV DNA Number of EBV DNA
copies in 15 ml of throat copies per 1 cell
Number Average age . .

Groups of observations (years) washings of throat washings

Median IQR* Median IQR**
Students of the KSMU* ethnic 60 21.5 3538 0-183792 0.00 0-0.009

atars

Healthy adults, ethnic Slavs 65 475 833 0-3281025 0.01 0-0.257

* KSMU — Kazan State Medical University. ** IQR — interquartile range.

Phylogenetic analysis

The 41 LMP1 sequences of Tatar origin were used
to generate a phylogenetic tree to elucidate the genet-
ic relationship between EBYV isolates of ethnic Tatars.
The neighbour-joining tree, constructed with addi-
tional LMP1 C-terminus sequences from GenBank

B95-8 S
T14
T42
T53
B95.8/A
P
(0]6;
P
Cao
Med-
Chinat
T21 Chinat
_r':‘mg
T35
T45
o T4
— T33 Tat®
T5
T2
T44
0.05

Figure 3. Phylogenetic analysis of the LMP1
samples from throat washing of ethnic Tatars

(Alaskan, NC, B95.8/A, Med—, Chinal and China2),
showed that the LM P1 sequences of the tested throat
washing samples represent a heterogeneous group.
Based on their sequence variations, the LM P1 alleles
under investigation could be classified into five vari-
ants, for which corresponding clusters were created
in the phylogenetic tree: B95.8/A, Chinal, Med—,
BC, and TatK (fig. 3). The LMP1 B95.8/A and TatBC
variants were represented with the same frequen-
cy (both 29.3%). The estimated frequencies of the
LMPI1 Med— and Chinal variants were lower (14.6%
and 7.3%, respectively). As seen in the phylogenetic
tree, part of the investigated LM P1 sequences formed
a separate phylogenetic group, TatK one, which most
likely had a different EBV ancestor. It was also shown
that LMP1 TatBC samples, which did not relate
to any variant in the phylogenetic tree, were located
quite close to the branches belonging to previously
reported LMPI1 variants with increased transforming
activity (NC, Alaska, Med—) and the new TatK vari-
ant, but they were genetically distant from sequences
of the prototype LMP1 B95.8/A variant.

The higher polymorphism of the LMP1 gene
identified for EBV strains among ethnic Tatars
compared to that of the Slavic group (tabl. 1) allow
us to suggest a higher rates of incidence and mortal-
ity among the Tatar population for some malignant
neoplasms in which cases associated with EBV are
included. To find out the validity of our assump-
tion the tumours of the oropharynx, nasopharynx,
gastric cancer and Hodgkin’s lymphoma were in-
cluded in the list of analysed pathologies (tabl. 4).
It is known, that EBV-associated cases of tonsil and
lymphoepithelial salivary gland cancers are part
of the oral cavity tumours [44]. Among tumours
located in the pharynx, nasopharyngeal carci-
noma associated with EBV is often diagnosed [6].
Among stomach tumours some cases are associated
with EBV [35]. And among the Hodgkin’s and non-
Hodgkin’s lymphomas EBV-associated cases can be
also detected [2, 4, 5].

An analysis of the standardized incidence and
mortality rates per 100,000 populations in 2015—
2017 years revealed that no statistically significant
differences between above rates for nasopharyngeal
and oropharyngeal tumours and Hodgkin’s lym-
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phomas, were found for geographical regions com-
pared. Statistically significant differences for both
the incidence and mortality rates were obtained only
for gastric cancer. However, given the fact that EBV-
associated gastric cancers make up only a small per-
centage of tumours of this localization (up to 10%),
their effect on morbidity and mortality rates can
hardly be taken into consideration.

Discussion

Since the discovery of EBV in 1964, numerous
studies have been devoted to its study. The interest
in EBV has not waned due to the unique properties
of the virus. EBV, which is present in virtually eve-
ry human body without harming it, has a powerful
transforming potential. Due to this ability EBV is ae-
tiologically associated with a wide range of benign
and malignant human neoplasms.

Molecular biological studies revealed that
the transforming and oncogenic (under certain con-
ditions) properties of EBV are due to the function
of nine latent viral proteins, comprising six nuclear
and three membrane proteins. Each of these proteins
contributes to virus-associated carcinogenesis, but
the transforming capacity of LMP1 prevails. It has
also been found that LM P1 samples from various ge-
ographical regions are characterised by a wide variety
of polymorphisms, upon which several LMPI classi-
fications have been based. Among these classification
systems, the most widely used in the literature is the
Edwards et al. classification [15]. However, in some
geographical regions, LMP1 samples do not fit into
the “Procrustean bed” of the above classification [18,

39] and additional efforts should be made to create
a more universal classification system.

It is important to note that, according to our
knowledge, not a single study has been devoted
to the investigation of ancient EBV strains. As la-
tency genes are characterised by a large nucleotide
diversity, particularly LMP1, it cannot be ruled out
that mutations that occurred in the virus genome
over the course of evolution led to the formation
of virus strains with new structures and properties.
In this regard, it is important to compare so-called
“modern” EBV strains with strains that circulated
among our ancestors several centuries ago.

This study represents an attempt to clarify this
issue. To this end, the genetic structures of LMP1
from representatives of ethnic Tatars and Slavs, pos-
sible carriers of ancient virus strains, were compared.
The genetic succession of Kazan Tatars to their an-
cient predecessors is based on the following histori-
cal facts, “... after the conquest of the Volga Bulgaria
in 1236 by the Mongols and a number of Bulgarian
uprisings of 1237 and 1240, the Volga Bulgaria be-
comes a part of the Golden Horde. Later on, after
the collapse of the Golden Horde and the emergence
of a number of independent khanates in its place,
the Kazan Khanate was formed on the Bulgarian
lands. As a result of the consolidation of part of the
Bulgars with another Kypchak and partly Finno-
Ugric population of the region, the Kazan Tatars
are formed” [1]. The ethnic Slavs in our study
were represented by native inhabitants of Moscow.
It should be noted, however, that Moscow was
captured by the Mongol-Tatar troops in 1238 [3]
and, consequently, there was mutual enrichment

Table 4. Standardized incidence and mortality rates for malignant tumors in Moscow and the R. Tatarstan
per 100,000 populations in 2015-2017, among which EBV-associated cases are diagnosed (both sexes)

Region Nasopharynx Oropharynx Gastric Hodgkin’s Lip, oral cavity,
9 (C11%) (C10) cancer(C16) Lymphoma (C81) | pharynx (C00-14)
Incidence per 100,000 population
Moscow 0.16 (0.03**) 0.94(0.7) 10.67 (0.22) 1.64 (0.12) -
R. Tatarstan 0.25(0.075) 0.84 (0.11) 15.08 (0.48) 1.85(0.22) -
Statistically
significant No No Yes*** No -
differences
Mortality per 100,000 population
Moscow - - 9.39(0.19) 0.36 (0.5) 3.33(0.12)
R. Tatarstan - - 11.22 (0.42) 0.38(0.8) 4.09 (0.25)
Statistically
significant - - Yes No No
differences

*C11 — The section in the book “Malignant neoplasms in Russia in 2015-2017 (incidence and mortality)”, eds.: A.D. Kaprin, V.V. Starinskiy, G.V. Petrova;
Moscow, 2018 [45]. **Standard error. ***Yes — The difference between the standardized incidence and mortality rates was statistically significant at P =

0.05 level.

355



V.E. Gurtsevitch et al.

MHdekumns n uMmyHuTeT

of the gene pools of the Slavic and Tatar popula-
tions for centuries, as well as the exchange of EBV
strains. Therefore, it is not surprising that among
representatives of the Tatar and Slav ethnic groups
studied, the EBV strains contained the same variants
of LMPI1. On the other hand, detection among eth-
nic Tatars, i.e. Tatars no less than in the third gen-
eration, unique LMP1 variant (TatK), which does
not comply with Edwards et al. classification and
was not found among LMPI1 variants of representa-
tives of ethnic Slavs, raises the question of the ori-
gin of the EBV strain carrying this variant of LM P1.
It can be assumed that this viral strain is related ei-
ther geographically to the territory of Tatarstan, or
ethnically to the Tatar ethnic group. In the latter
case, why it is impossible to assume that this EBV
strain has an ancient origin? Further investigations
involving increased number of ethnic Tatars, as well
as a detailed analysis of the structure and molecular
properties of the TatK LMPI variant, will probably
allow us to clarify the question of whether an an-

cient EBV strain exists indeed and whether it affects
the morbidity and mortality rates of certain tumours
in the Tatar population.
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Pestome. B HacTosmiee BpeMst OTMEUEH POCT MTOJMATUONIOTHUSCKUX BOCIIATCHUM CIU3UCTBIX BEPXHUX IBIXaTeIbHBIX
MyTell ¢ M3MEHEHUSMU TIPEACTaBUTENICH Pe3UICHTHON U TPAaH3UTOPHON MUKPOOHOU (PJIOPHI, BO MHOTHMX CIydasx
C YBEJIMUEHHO yCTOWYMBOCTHIO K aHTHOMOTHKAM. OCHOBHYIO POJIb B Pa3BUTUY BOCMIATUTEIHBHOTO TIPOIEcca B KOJIb-
e [TuporoBa—Banpaeiiepa UTpaiT YCIOBHO MAaTOreHHbIE MUKPOOPTaHU3Mbl. BocnannTenbHbIi ipoliecc B TuMda-
TUYECKOM TOH3UJIISIPHOW TKAaHU MPUBOJIUT K Pa3BUTHIO CUCTEMHBIX OCJIOKHEHHUI B opranusMe. boprsba ¢ ocTpbiMu
1 XPOHMYECKUMU MHMEKIIMSIMU BEPXHUX TbIXaTETbHBIX TTYTEH, SBISETCS ITIaBHOM 3a1a4eii NeTCKOI OTOPUHOJapH-
rOJIOTUHU, TaK KaK MOCIEACTBUEM 3TUX UHMEKIUHN SBISIOTCS OCIOXHEHUSI CO CTOPOHBI CEPAEYHO-COCYIUCTOMN, MO-
YeroJI0BOM CUCTEM U OTIOPHO-IBUTaTEILHOTO annapaTa. Pe3ynbraThl MccienoBaHU, MOCBSIIEHHbIE JaHHOM MpobJIe-
Me BechbMa MPOTHBOPEUMBHI, B CBSI3M C YeM BO3HMKJIa HEOOXONMMOCTH BHITTOJIHEHU I JaHHOM paboThl Ha TEPPUTOPUU
Mo 0BbI, OTHOCSIIENCS K CMEIIaHHBIM TUIIaM KJIMMaTU4YeCcKuX ycaoBuit. Lleabio paboTHI SIBASIIOCH M3YUEHUE POJIT
MMKPOOHOTO (haKTOpa B 3THOIATOTEHE3e XPOHMYECKOT0 TOH3WILINTA Y AeTeil. bakTeprosornueckue uccieaoBaHu s
MUKPOQIIOPHI TOBEPXHOCTU HEOHBIX MUHIAJIMH BBITTOTHEHBI Y 608 mereit 3 5 rpymm: I rpymnmna — 333 pebeHka ¢ KoM-
MTEHCUPOBAHHBIM XPOHMYECKUM TOH3MILIHTOM; I rpynma — 87 meTeit ¢ IeKOMITIEHCHPOBAHHBIM XPOHUUECKUM TOH-
suutom; I rpynmna — 91 pebeHOK ¢ ocTpbiMU UHGMEKIIMSIMU BEPXHUX IbIXaTeIbHBIX YTl (TpyTia cpaBHEHUS);
IV rpynmna — 48 neteit mocyie aHTUOMOTUKOTEPATINHY TIPU JIEIEHU U OCTPBIX MH(MOEKIIM I BEPXHUX ABIXaTEIbHBIX Ty TEi;
V rpynna — 49 mpakTU4yecKu 3[0POBLIX AeTell (KOHTposbHast). [Ipr ocTphIX BOCTIATUTEIbHBIX MPOIleccaX B MUH-
JTaJnHAX U TeKOMITeHCAIuu (GyHKIMK 3aIIUTHl TUM(PATHIECKOTO TIIOTOYHOTO KOJIbIIA [J-TeMOJUTHYECKUI CTpPeT-
TOKOKK orpenensiin B 17,4% cinydaeB npoTuB 3,5% B rpyIie KOHTPOJIS, TPU BBICOKOM YYBCTBUTEIBHOCTH ITPAKTU-
YeCcKU KO BCeM TpyIlnaM aHTUOMOTUKOB. Streptococcus pneumoniae, BbIACISIBIIMICS BO BCeX IpyINnax UCCAEIOBAHUS
¢ yacroroit 4,8—21,7%, B ToM 4yucie y 310poBbIX (14%), XapaKTepru30BaJCsl CHUXCHHOI YyBCTBUTEIbHOCTDIO K JICii-
CTBUIO aHTUOMOTHUKOB. [loJyueHHBIE pPe3yabTaThl CBUIETEIBCTBYIOT O TOM, YTO YaCTO 0OOJICIOIINE AETU C OCTPHIMU
1 XPOHMYECKUMM UHGEKIMSIMU BEPXHUX IbIXaTeIbHBIX yTel (DOPMUPYIOT TPYIITY PUCKA Pa3BUTHUS COMATUIECKUX
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3abosieBaHuMii. Bricokast yacToTa BhISIBICHUS Strepfococcus pneumoniae yKa3blBaeT Ha HEOOXOIMMOCTh UMMYHOIPO-
(uakTHKM, MPUMEHEH M I TEPATIEBTUUYECKOM BAKIIMHALIMU KaK COBPEMEHHOI0, KOMITJIEKCHOTO TIOAXO0/a IIPU JIEYEH U
JAHHOTO KOHTUHTEHTA JIETE.

Karoueesnle caosa: monsusisum, MuKpoOHas gaopa, 4y8cmeumenbHOCms K AHMUOUOMUKAM, CMPENMOKOKK, NHEBMOKOKK,
BAKUUHAUUA.

A ROLE OF OROPHARYNGEAL MICROBIOTA IN DEVELOPING ACUTE AND CHRONIC DISEASES
OF THE UPPER RESPIRATORY TRACT

Ababii I.1.2, Danilov L.A.?, Maniuc M.K.?, Ababii P.I., Ghinda S.S.?, Trofimciuc M.G.?, Kostinov M.P.®4,
Poddubikov A.V.

@ State University of Medicine and Pharmacy “Nicolae Testemitanu” Chisinau, Republic of Moldova

b “Chiril Draganiuc®, Chisinau, Republic of Moldova

¢ I. Mechnikov Research Institute for Vaccines and Sera, Moscow, Russian Federation

4 Sechenov First Moscow State Medical University, Ministry of Health of the Russian Federation, Moscow, Russian Federation

Abstract. Currently, a rise in incidence of polyethological inflammation of the upper respiratory tract mucosa paralleled by
altered resident and transient microbiota displaying in many cases increased antibiotic resistance has been noted. Oppor-
tunistic microbes play a major role in developing inflammatory process in Pirogov—Waldeyer’s ring. An inflammatory pro-
cess occurring in the tonsillar lymphatic tissue results in host systemic complications. Fighting against acute and chronic
infections of the upper respiratory tract holds the main task in pediatric otorhinolaryngology, as they can consequently elicit
the cardiovascular, genitourinary and musculoskeletal complications. The results of studies examining this issue remain
very contradictory, which accounted for a need to conduct our study on the territory of Moldova featured with mixed cli-
matic conditions. Here, we wanted to study a role of microbial factor in etiopathogenesis of chronic tonsillitis in children.
Bacteriological microbiota data for superficial palatine tonsils were obtained form 608 children subdivided into 5 groups:
group I — 333 children with compensated chronic tonsillitis; group II — 87 children with decompensated chronic tonsil-
litis; group I1I — 91 children with acute upper respiratory tract infections (comparison group); group IV — 48 children with
acute upper respiratory tract infections treated with antibiotic therapy; group V — 49 apparently healthy children (control
group). It was found that B-hemolytic streptococcus exerting high sensitivity to virtually all antibiotics groups was detected
in 17.4% of children with acute tonsilar inflammatory processes and decompensated defense in the lymphatic pharyn-
geal ring compared to 3.5% in control group. Streptococcus pneumoniae was isolated in all study groups ranging within
4.8-21.7%, including 14% in apparently healthy children characterized by reduced antibiotics sensitivity. The data obtained
suggest that sickly children with acute and chronic upper respiratory tract infections constitute a risk group for developing
somatic diseases. The high incidence of Streptococcus pneumoniae indicates a need for performing immunoprophylaxis, use
of therapeutic vaccination as a up-to-date, combined approach in treatment of such pediatric cohort.

Key words: tonsillitis, microbiota, antibiotic sensitivity, streptococcus, pneumococcus, vaccination.

BeepgeHue

B HacTosmiee BpeMsI OTMEUEH POCT IMMOJIUITHO-
JIOTMYECKUX BOCHAJICHUI CIM3UCTBIX BEPXHUX
IbIXaTeJbHBIX MyTeill ¢ M3MEHEHUSIMU IIpeacTa-
BUTEJIEH PE3UICHTHOM U TPAaH3UTOPHOI MUKPOO-
HOU GJIOpbI, BO MHOTHUX CJIy4yasiX ¢ YBeJMUYECHHOU
YCTOMUMBOCTHIO K aHTUOUMOTHKaM. HeOHble MUH-
JajJvuHbl — OCHOBHOW IIpeAacTaBuUTeNb (OaIn-
KYJASIPHOTO armapara JUM@OTIOTOYHOTO KOJb-
na IImporoBa—Banpaeitepa — (QYHKIMOHAIBHO
aganTUPYIOTCS W IIPUCIIOCAOINBAIOTCS K HOBBIM
ycinoBussM. OCHOBHBIM 3TUOJIOTMYECKUM dak-
TOPOM B Pa3BUTUM BOCIIAJMTEJbHOI'O IMpoliecca
JTUMOOTIOTOYHOrO KOJIbIa, Ha (OHE 3alepKKH
CO3peBaHUSI UMMYHHOU CHUCTEMBI C HapyIIeHUEM
npoleccoB obOpa3zoBaHUS UWHTepdepoHa, SIBIsI-
IOTCSI YCIOBHO-IATOTEHHBIE MUKPOOPraHW3MBbI.
CregoBaTenbHO, CYIIECTBYET JTOBOJBHO CJIOXHAS
eroykKa IaToJOTUYECKHUX ITPOIIECCOB B PA3BUTUU

OCTPBIX M XPOHUYECKUX 3abojieBaHUU JTUMDO-
BMUTEINaIbHONA CUCTEMBI TIOTKMU [5, 12, 25].

bopbsba ¢ oCTpbIMU U XPOHUYECKUMU UHPEK-
LHMSIMU BEPXHUX JbIXaTeAbHBIX MYTEU SBISIETCS
IJIaBHOM 3aJadyer NEeTCKOM OTOPMHOJAPUHIOJIO-
TMy, TaK KakK TOCJEACTBUSIMM 3TUX MHOEKIIUi
SIBJISIIOTCSL OCJIOXKHEHUSI CO CTOPOHBI CEPACUYHO-
COCYAMCTON, MOYEIOJIOBOW CUCTEM W OIOPHO-
JNIBUTATEJIbHOIrO amnmnapara. ¥ TpeTu MNallMeHTOB
XPOHUYECKUN TOH3UJUIUT aCCOLMUPYETCS C pas-
JUYHBIMU CHUMIOTOMaMM MHTOKCUKALIMU: ycCTa-
JIOCThIO, TIOTepeil ammneTuTa, cyodeOpuanTeToM,
6ossiMU B 00J1aCTU CepALla U CYCTaBOB, KOTOPHIE
MIPUBOAAT K CHUXEHUIO TPYAOCIIOCOOHOCTHU U UH-
BaJIMIU3ALINHU.

Kuralickue yyeHble, IIpU UCCAESIOBAHUU MUK-
po6Hoit paopsl y 1449 maliMeHTOB ¢ XPOHUYECKUM
TOH3UJUIUTOM, B BOo3pacTe oT 3 10 60 jieT, BhISIBJISI-
JU B-TeMOJUTUYECKUI CTPENTOKOKK TPYIITbl A
B 3,0% cayuasx [28].
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Klug T.E. B KOMIJIEKCHOM HCCJIeAOBaHUU
MaTOTeHHOCTU MUKPOOHOU (GJIOphl MHWHIAJTWH
NoJydyusa cjaeaylouue aaHHbie: Fusobacterium
necrophorum onpenensinu B 22% ciaydaeB y 00JIb-
HBIX C XPOHMYECKUM TOH3MJIJIUTOM U Yy 30% 310-
POBBIX MAIUEHTOB; B-TeMOJIUTUYECKUI CTPETTO-
KOKK T'PYIIITBI A ObLJI BbISIBJIEH B 7,5%, 30JI0TUCTBII
cTaUIOKOKK — B 56,3%, remoduibpHasi najaod-
Ka — B 6,2% cnydaeB B rpynne u3 80 mamueHTOB
MocJjie TOH3UJIDKTOMUM [26].

Roberts A.L. uz CIIA mnoka3sanu, 4to B-remMo-
JIMTUYECKHUM CTPEIITOKOKK IPYIIbl A IpU UM-
MYHOMIYOPECLIECHTHOM aHaJiu3e IPUCYTCTBYET
y 37% nereii mocjie TOH3UJIKTOMUHU 110 MPUYMHE
runepTopduu HeOHbIX MUHAAIUH, Uy 33% 1ocie
TOH3UJIPKTOMUMU MO IIPUIYMHE XPOHUYECKOI'O TOH-
sunnuta [27].

IIpu usydyenuu GakTepuaibHON (DIOPHI BEpX-
HMX IbIXaTeJIbHBIX YTl y 81 maliMeHTa ¢ OCTPbIM
GapUHIOTOH3UJUIUTOM AaBTOPbl u3 bpasuiuun
OOHApYXMJINU P-TEeMOJUTUYECKUN CTPENTOKOKK
rpymibl A B 40,7% cnydaes [23].

ApedpreBa H.A. wucciepoBaia OakTepuab-
HYyI0 ¢aopy HEOHbIX MUHAAJUH y 120 mauueH-
TOB TIOCJIe BCKPBITHS MapaTOH3WJIJISIPHOTO ab-
clecca U oOHapyXuJja clienyoliue MUKpoopra-
HU3MBIL: S. pyogenes — 7,5%, S. viridans — 14,1%,
Streptococcus spp. — 11%, S. aureus — 11,6%,
S. epidermidis — 12,5%, Staphylococcus spp. —
6,6%, E. coli — 8,3%, C. albicans — 4,2%. by1i10 110-
Ka3aHO, YTO CTPEINTOKOKK MrpaeT Ba>KHYIO POJb
B JICKOMIIEHCAIIMM BOCIAJMTEJIbHOTO Ipoliecca
B HeOHOI MUHAauHe [4].

AzamatoBa E.C. ucciegoBaia MUKPOOHYIO
daopy y 133 nmeTeit ¢ XpOHUYECKUM OEeKOMITEH-
CUPOBAHHBIM TOH3UJJIUTOM 0€3 KaKUuX-JI1ubo
ocinoxHeHuii. B 40% cnydaeB Obl1 OOHapy:KeH
S. aureus, y 7% — S. pneumoniae, cMellaHHas
diopa S. pyogenes u S. salivarius — B 30% cuy-
yaeB, S. aureus n S. pyogenes — B 17% cayuaes.
C. albicans upenTudunupoBanu y 6% ob6cieno-
BaHHBIX AeTeit [1].

Kprokos A.M. nmokaszaj, 4TO OCHOBHbIM 3TUO-
JIoTu4YeckKum ¢akKTOpoM B Pa3BUTUMU XPOHHYEC-
KOr0 TOH3WJIJIMTA U €r0 OCJOXHEHMU Yy [OeTei
ocTaeTcsl B-reMOJIMTUIECKU I CTPETITOKOKK TPyTI-
nul A, gaie Bcero y geteii 5—10 net. [IpucyrcrBue
B-reMOJIMTUYECKOTO CTPENTOKOKKA TpYyIIbl A

OoITpcacjidaiIn I/IMMYHOCI)C])MCHTHI:IM aHaJINn30M
C OLIECHKOH AHTUCTPCIITOKOKKOBBIX AHTUTCII.
Hanuaue B-FGMOHI/ITI/I‘IGCKOI‘O CTPCIITOKOKKA

IPYIIbl A ObIJIO BBHISIBJIEHO Y 46,5% TallieHTOB.
s mpenoTBpallleHUs OTIAJEHHBIX OCJIOXHEe-
HUI, 5TUM MOalMEHTaM Ipeajiarajioch Ha3Haye-
HUe Kypca aHTubuotukorepanuu [11].
WUccnenoBanue, npoBeaeHHoe B CIIA, moka-
3aJI0 TIPUCYTCTBUE B-TEMOJTUTUICCKOTO CTPETITO-

KOKKarpymnibl AB20,4% ciiydaeBy AeTell C OCTPbIM
GapruHTOTOH3UJUTUTOM U Y 12% 310pOBBIX AeTei
[24]. TlepcuctupoBaHue B-TeMOTUTUIECKOTO
CTPEITOKOKKA I'PYIITBI A 'y OOJIBIIIOTO KOJIMYECTBA
3I0POBbIX AeTell 0€3 KIMHUYECKUX MPOSIBIACHUN
CBHUJIETEJIBCTBYET O TOM, YTO COCTOSTHUE 30POBbSI
yeJoBeKa SIBJISIETCS PE3yJbTaTOM CBSI3U MEXIY
HACJIEICTBEHHBIMU U KOHCTUTYLMOHHBIMHU OCO-
OCHHOCTSIMM OpraHuM3Ma B COOTBETCTBYIOIIEH
OKPY2Kalollel cpele.

AsHabaeBa JI.D. BeIgBUIIA, YTO B ClIydyae rmapa-
TO3UJIJISPHOTO abcliecca B HEOHBIX MMHAATMHAX
y MallMeHTOB C XPOHMUYECKUM TOH3MJIIUTOM B 70%
ciydaeB ObIJ1 OOHapy>kKeH BUpyc DmiuteitHa—bapp,
B 32,2% — crpenTokokku u B 30,9% — craduiio-
KOKKHU. ABTOpaMu ObIJIO BHICKA3aHO MPeaIooxKe-
HUE, YTO C YBEIMYSHUEM MPOILICHTA MMPUCYTCTBUS
CTPENTOKOKKA B TUM(POUAHON TKAaHU MUHIOAJIUH
yBeJIMYMBaCTCS IIPOIEHT OCIOXKHEHUI [2].

KpoMe m3ydyeHUsT BUIOBOrO cOocCTaBa MUKPO-
GJIOpEl TIPHM  XPOHUYECKOM TOH3UJUINTE, IIPHU
CTPENTOKOKKOBO MHMEKIIMU HEOOXOTNMO HC-
ciaemoBaTh  yPOBEHBb  aHTHUCTpemnToam3mHa-O
MpEeNCTaBJSIONero co00l aHTUTEeNa K aHTUTEHY
B-TeMOJUTHUYECKOro CcTpenToKokKka. HekoTtopsie
aBTOpPBI CUYUTAIOT, YTO YBEJIUYEHUE YPOBHS
aHTucTpenTon3nHa-O TOATBEPXKAAET TMPUCYT-
CTBUE XPOHMUYECKON CTPENTOKOKKOBOW WHOEK-
IIUU, 2 OTCYTCTBUE [3-TEeMOJIUTUIECKOTO CTPEIITO-
KOKKa B Ma3KaX ¢ HeOHbIX MUHIAJIWH TIpU 0aKTe-
PUOJIOTUYECKOM HCCJIEIOBAHUU CBUJIETEIHCTBYET
0 BO3MOXHOCTHW BHYTPUKJIETOYHOTO HAXOXICHU ST
aHTureHa [13].

Takum obOpaszom, JaHHBIE O MUKPOOUOILIEHO3€e
BEPXHUX JBIXaTeJIbHBIX ITyTE MPHU OCTPBIX U XPO-
HUYECKMX BOCMAJIMTEJbHBIX ITpoleccax B COBpe-
MEHHOU Hay4YHOU JuTeparype, CBUIETEIbCTBYIOT
0 ero BapuabeJbHOCTHU, KaK IJIs NeTel, Tak U IJIs
B3pOCBIX. DTOT (aKT yKa3blBaeT Ha HEOOXOAU-
MOCTb aHaJIn3a MUKPOOHOI (hIOPbI, IPUCYTCTBYIO-
1€t B BEPXHUX JAbIXaTeJIbHBIX MYTIX B pa3IUUHBIX
reorpauyeckmx 30Hax, TaK KaK COCTOSTHME 3110-
pOBBs YesioBeKa (hopMupyeTcs B pe3yJibTaTe CII0XK-
HOTO B3aMMOACUCTBUS MEXAY OCOOCHHOCTSIMU
KOHCTUTYILIUU 4YeJOBEKAa M OKPYXalollel Ccpeibl,
oO1recTBa, B KOTOPOM OH pa3BUBaeTCH.

Llenp mcciemoBaHUsI: ONpeaeaeHEe BHIOBOTO
cocTaBa O0akTepuaabHOU (DJIIOPHI MPU XPOHUUIEC-
KOM TOH3WJIJIUTE Y ACTE.

M3BecTHO, YTO B COCTaB IMMOCTOSTHHON MUKPO-
(JIOPBI POTOTIIOTKU BXOISAT CIEIYIOIINE TPYMBI
MHUKPOOPTaHU3MOB: 0aKTEepUU, CIUPOXETHI, TPU-
OBI, BUPYCHI, ITpocTeitmume. COOTHOIIEHUE aHad-
POOHBIX U a’pOOHBIX OakTepuil coctasasetr 10:1.
BwmecTte ¢ TeM B HallleM MCCIEIOBAaHUU MBI OTpa-
HUYUJIUCH U3YUYEHUEM TIeii3aka a3pOOHBIX YCIOB-
HO TTaTOT€HHBIX OAKTEPUIA.
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HayuHo-uccienoBaTeIbCKMil IPOEKT U MTPOTO-
KOJI ucciegoBaHusl Obliu ogobpeHbl Komutetrom
no HayyHoii 3TmkKe locygapCTBEHHOro MeIH-
OWHCKOTO W (apMaleBTUIECKOrO0 YHUBEPCUTE-
ta uM. H. Tectemuuany Pecnyonuku MoamoBa
(mpotokon Ne 5 ot 12.19.2013). IMTanueHTHI ObLIU
BKJIIOUEHBI B HCCJIEIOBaHMUE IIOCJIE TOJIYUYCHUS
NUCbMEHHOT0 MH(GOPMUPOBAHHOTO COTrJacus po-
OUTENCH.

bakTtepuonornueckoe mcciaeaoBaHUE MUKPO-
(GJIOpPBI C TIOBEPXHOCTU HEOHBIX MUHAJIUH ObIJIO
BbINOJIHEHO Y 608 meTeit B Bo3pacte ot 2 10 18 et
M3 CEIbCKOM U TOPOACKOW MECTHOCTH, KOTOPEIE
HaXOAMJIUCh Ha aMOyJaTOPHOM JIEYEHUU B OTO-
PUHOJIAPUHTOJIOTUYECKOM KOHCYJIBTaTUBHOM
KabuHete JleTcKoll pecnmyOIMKAaHCKOU KJIWHU-
yeckoii 6oapHULIBI UM. E. Kouara r. KumnHeBa
(MonnoBa).

ITauueHTHl OBLIIM pas3aejeHbl Ha 5 Tpymnm:
1 rpynmna — 333 pebGeHKa ¢ KOMIEHCUPOBAHHBIM
XPOHUYECKUM TOH3UJIJIUTOM; 2 rpynna — 87 ne-
Teil C JCKOMIICHCUPOBAHHBIM XPOHUYECCKUM
TOH3WJIIUTOM. ['pymnIbl cpaBHeHMS: 3 TpymnIa —
91 pebGeHOK C OCTPHIMU MHMEKIIUSIMU BEPXHUX
IBIXaTCAbHBIX NyTell ((PapUHTUT U puHOGaAPUH-
ruT); 4 rpynna — 48 geTeil mocie JeYeHU T OCTPhIX
NHPEKONH BepXHUX OBIXaTeJIbHBIX MTYTEH C TIpU-
MEHEHHEM aHTUOMOTUKOTEepaIlnu, S5 rpyrmna —
49 TTpakTUUYEeCKU 3TOPOBEIX ACTEH.

IIpu mmpoBegeHUN KJIWHHWYECKOTO KCCJIEIOBa-
HUS OblIa MCITOJIb30BaHa KjaccuduKalus Xpo-
HUYECKOTO TOH3UJUIMTA, MpedJioKeHHas akajie-
mukoM M.b. ConmatoBeim (1975).

3abop Marepuajia MpPOU3BOAUIM YTPOM Ha-
TOlaK A0 Hayaja JedeHus B 1, 2, 3 rpymnnax,
B 4 rpynmne — mo OKOHYaHMU Kypca aHTHOaKTe-
puanbHO Tepanmuu (depe3 8—10 mHeil oT Hadasa
3a00JIcBaHM ), B 5 TpymIie — YyTPOM, HaTOIIIAK.

bakTepmosornyeckoe WCCIeIOBAHUE BBITIOJ-
HSJIM KJIACCMUYECKUM METOIOM ITOCJIe KOHCYJIbTa-
MY OTOPUHOJIAPUHTOJIOTa, UCCIeOBaHNE BKJIIO-
JaJio IMOCeB OTIEJISIEMOTO C TTOBEPXHOCTH HEOHBIX
MWHIAJIWH Ha MUKPODIIOPY C MOCIEIYIOIINM BEI-
JIeJIeHEM YUCTOW KYJIBTYPBI MUKPOOPTaHU3MOB,
uaeHTuduKalueil 1 TeCTUpoBaHMEM Ha YYyBCTBU-
TEJbHOCTb K aHTUOMOTUKAM B MEAMIIMHCKON Jia-
oopatopuun «Synevo» JlemapraMeHTa MUKPOOMO-
JIOTUU.

YyBCTBUTEIBHOCTh K aHTUOMOTHKAM OIIpe-
eI ¢ TPUMEHEHUEeM NUCKO-An(GdY3MOHHOTO
metona Kupou—bayspa. UHTepnipeTainio aHTU-
OMOTHMKOTpaMM BBITIOJHSIJIN B COOTBETCTBUU
co ctanmaptom CLSI 2013 (NCCLS) — «Clinical
and Laboratory Standards Institute». B uccienona-
HUU UCIIOJIb30BaJIN MUTAaTeAbHBIC CPEIBl U TUCKU

IS aHTUOMOTUKOTpPAaMM TIPOU3BOACTBA (UPMEI
OXOID (AHr1us).

Hns naeHTUudUKaIMM O0eTa-TeMOJUTUYSCKUX
CTPENTOKOKKOB OBIJI MCIIOJIb30BaH OUArHOCTU-
yeckuit Habop aig arrmotuHauuu <«OXOID-
test» C JIaTeKCHBIMHM YacTUIIAMU, CBSI3aHHBIMU
Cco cnelndUIecKUMMU aHTUTEJIaAMU K CTPEIITOKOK-
kam rpynn A, B, C, D, E, F, G.

Bce KynbTypbl, OTHECEHHBIE K CTPEIITOKOKKAM
IpyInbl A ObLIU MPOTECTUPOBAHBI C UCTTOJIb30BaA-
Huem Hab6opa O.B.I.SPYR nns moarBepXaeHus
BUIa Streptococcus pyogenes.

Hnsa mpentudukauuu Staphylococcus aureus
ObLI KcIIoNb30BaH Habop «OXOID Staphytest plus
latex agglutination».

st maeHTUGUKALIUU TpaMOTPUIIATSIIBHBIX
Enterobacteriaceae v Nonenterobacteriaceae OblJ
ucrnoJib3oBaH Habop «ApiE».

OueHka o0pa3loB Obljla MpOM3BeAeHa TYyTEM
KOJIMYECTBEHHOTO ITOACYETa MHUKPOOPTAaHU3MOB,
YYUTHIBAJIW KOJIWUYECTBO BBIPOCIINX KOJOHUI
onpeaeIeHHOTO TUMa, YMHOXAJIN Ha CTCIeHb pa3-
BeAeHU I U KOO(GUILIMEHT, 0OpaTHBI KOJIUUYECTBY
MOCeSTHHOTO Marepuayia. Pe3yrbraTbl mpeacTaB-
JIEHBI B KaueCTBEHHOM BbIpaxeHuwu (+, ++, ++-+,
++++) [12].

CraTuCcTUYECKHE METOABI: ajJbTepHATUBHOE
BapbupoBaHue, Kputepuii x*> [lupcoHa.

PesynbraThl

B ma3skax ¢ moBepXHOCTU HEOHBIX MUHIAIUH
y JdeTeil ¢ AeKOMIEHCUPOBAHHBIM XPOHUYECKUM
TOH3WJIIUTOM (rpynma 1) mpeobnanan S. aureus —
59,7% cnydaeB. B mopsinke yOBIBAaHUS CJeIOBaJIA
Streptococcus B-haemolyticus rpynnsl A — 8,1%,
Streptococcus [-haemolyticus rpynnbel C — 6,5%,
S. pneumoniae — 4,8%, Enterococcus spp. — 3,2%
u Neisseria spp. — 1,6%. Y Tpex NalUeHTOB
S. aureus ObLI OOHAPYXXEH BMeCTe CO Streptococcus
B-haemolyticus rpynmisl C m'y nByX — co Streptococcus
B-haemolyticus Tpymiisr A.

B Maskax ¢ MOBEPXHOCTM MUHIAIWH JAeTei
2 rpynnbl (C KOMIOEHCUPOBAHHBIM XPOHUYECKUM
TOH3WJIIUTOM) mnpeobianan S. aureus — 41,4%
ciayyaeB. [lajmee B mopsiike yObIBaHUSI CliedoBa-
nu: S. pneumoniae — 12,1%, Neisseria spp. — 7,4%,
Enterococcusspp.— 5,1%, Streptococcus B-haemolyticus
rpynmisl A — 4,3%, Streptococcus B-haemolyticus
rpymisl C — 2,3% u Pseudomonas aeruginosa — 2%.
MukpoOHbIe accouuauuu S. aureus ¢ JIAPYTUMU
MUKPOOPTaHU3MaMHU Y JI€Tel C XpPOHUYECKUM KOM-
MEHCUPOBAHHBIM TOH3UJLIMTOM OB CJIEAY IO~
mu: B 10 — cayuasix Streptococcus [-haemolyticus
rpynnel A (11,5%); B 8 — S. pneumoniae (9,2%);
B 5 — Enterococcus spp. (5,7%); B 4 — Streptococcus
B-haemolyticus rpynrsl C (4,6%).
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AHaM3 JIeWCTBUS pPa3JIUYHBIX TPYIIIT aHTHU-
OMOTUKOB Ha OaKTepUU, UACHTUDUIIMPOBAHHBIE
B IpyIINax uUccjaemoBaHUs 1 1 2, yCTAaHOBHII, 9TO
nedasocnopuHBI Pa3HBIX ITOKOJICHUH (1ledaTak-
cuM, 1eda3onuH, uedajeKcuH, nedaxiaop, uedy-
poKkcuM, 1eTPUAKCOH) in Vitro SIBASIOTCS BBICO-
KO2(PHEeKTUBHBIMU (4YBCTBUTEIBLHOCTD 90—95%).
YyBCTBUTEIBHOCTh MUKPOMJIOPHI K IMOJTYCUHTE-
TUYECKUM ITEHUOMWJIJIMHAM COCTaBUJIa: IJIsI TIe-
HUunuiIauHa — 38%, ajas okcauujauHa — 85%,
IS aMIIANUIIMHA — 37%, NIl aMOKCUILIMIIIIV-
Ha — 70%. KoMOuHana aMOKCULIMJIJINH + KJia-
ByJIaHOBasI KHMCJIOTA IIPOSIBJIsIIa aHTUMUKPOOHOE
neiictBue B 95% ciaydaeB. UyBCTBUTEIBHOCTH
K MakpoJyuaaMm coctaBuiia 70% Ajist SpUTPOMUIIM -
Ha, 83% nas KnapuTpoMuLMHa U 78% st a3uT-
POMHUIIMHA.

B npobax, oTOOpaHHBIX y HeTeil C OCTpPbI-
MU WHQEKUIUSIMU BEPXHHUX IBIXaTCIbHBIX IIy-
et (3 rpymnma), npeobnanan S. aureus — 38,8%.
B 12,2% cnyuaeB Oblina oOHapyxkeHa Neisseria
spp.; S. pneumoniae — B 10,2%, Streptococcus
B-haemolyticus rpynnesl A — B 9,2%, Streptococcus

B-haemolyticus tpynmiet C — B 5,1%, Streptococcus
B-haemolyticus rpynmiet G — B 3,1% cnyuaes.

B Mmukpodiope c moBepXHOCTU HEOHBIX MUH 1A~
JIMH Y IeTei, IOJIy4aBIIuX aHTUOUOTUKU (4 TpyII-
ma), Takxe mpeobGnaman S. aureus, HO C MEHb-
LIeil 4acTOTOM BCTPEYAEMOCTU, YEM B IIEPBBIX
tpex rpynnax (30,4%). B 21,7% ciyyaeB mnpu-
cyTcTBOBaN S. pneumoniae, B 6,5% — Escherichia
coli, B 4,3% — Streptococcus B-haemolyticus rpyn-
nel A m Enterococcus spp., 2,2% — Streptococcus
B-haemolyticus rpynnsl C u Neisseria spp. Y 21,7%
JeTeil 3HAauYMMOT0 pPOCTa YCJIOBHO IATOrE€HHOM
MUKpPOGI0OPHI OOHAPYKEHO He OBIIO.

B rpynme mpakTUyecKu 3J0POBBIX JeTei
(5 rpynma) Ha MNOBEPXHOCTHU HEOHBIX MMHIA-
JUH mpeoGmaman S. aureus — 57,9% cnydaes,
U gajiee B Tnopsake yobiBaHUS: S. pneumoniae —
14,0% wu Neisseria spp. — 10,5%. Streptococcus
B-haemolyticus rpyminbl A O6bl1 0OHapyXeH B 3,5%
cnyuaeB, E. coli — B 3,5%. Seratia marcescens,
Klebsiella oxytoca n Klebsiella pneumoniae ObINU
BbISABIEHBL Y 1,8% nereii. B 3,5% ciydyaeB MUKPOO-
Has dJjopa oOHapyKeHa He Obljia.

Ta6auua 1. AKTUBHOCTb MMKPOOHBIX areHTOB NPU NoceBe ¢ HEOHbIX MUHAANWUH
Table 1. The activity of microbial agents in the seeding with the tonsils

CTeneHs aKTUBHOCTH Fpynna 1 Mpynna 2 Fpynna 3 Fpynna 4 Fpynna 5
Dearee of activit Group 1 Group 2 Group 3 Group 4 Group 5
g y n=333 n=88 n=91 n=48 n=49
++++ 40,7% 39,6% 21,7% 25% 32,2%
+++ 35,1% 23,1% 33,6% 37,5% 37,3%
++ 8,3% 14,4% 15,84% 8,3% 28,5%
+ 8,3% 9,9% 18,8% 4,1% 3,4%

Npumeyanme. ++++—p,_;<0,001; p,, < 0,05 p, 5 < 0,01; +++ —p,, <0,001; ++ — p; 5 < 0,015 p45 < 0,01; + p;_5 < 0,05; p;_, < 0,01; p;5 < 0,00.
Note. —p,_3<0,001; p,_, < 0,05; p,.5 < 0,01; +++ — p,, < 0,001; ++ — p,_5 < 0,01; p4_5 < 0,01; + p,_5 < 0,05; p,_, < 0,01; p5_5 < 0,00.

Ta6nuua 2. AHTUOMOTUKOPE3UCTEHTHOCTb LUTAMMOB S. pneumoniae (n = 43)
Table 2. Antibiotic resistance of S. pneumoniae strains (n = 43)

AHTUOMOTUKM YyBCTBUTENbHbIE YMepeHHO Pe3nCTEeHTHbIe Pe3ucTeHTHble
Antibiotics Sensitive Moderately resistant Resistant

Amokcuumnani 80 16 4
MeHnumMnauH 82 18 -
LedoTtakcum 84 15 1

Ledypakcum 90 8 2
QpUTPOMULUNH 14 8 78
Knaputpomuumx 13 10 77
BaHkomuuumH 73 19 8

OdnokcauuH 1 1 1
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Ta6nuua 3. Yucno cnyvyaeB oOHapyXeHus 6aKkTepuii B pa3fiIniHbIX y4acTKaX IMOTKU Y AeTein
C XPOHMYECKUM KOMMNEHCUPOBAHHbIM TOH3UANUTOM (n = 34)

Table 3. The number of cases of detection of bacteria in different parts of the pharynx in children with chronic

compensated tonsillitis (n = 34)

oo | e | Mogan | Hocormena
Detected microorganisms The surface of the tonsils
S. aureus 15 16 9
S. epidermidis - 1 -
S. pneumoniae 13 1 9
E. coli 2 3 1
Enterococcus spp. 12 12 11
Neisseria spp. - - 3
H. influenzae 1 1 1
Streptococcus f-haemolyticus 1 1 1

Mpumeyanue. y21-2 < g2y 121-3 < s 122-3 < Ylos.
Note. %21-2 < %45 121-3 < ¥gs; %°2-3 < ¥gs.

AHaau3 aHTUOMOTUKOPE3UCTEHTHOCTU BbI-
IeJCHHBIX KYJbTYpP B rpynmax 3—5 yKasbIBaeT
Ha OTCYTCTBUE 3HAYMMBIX OTJIIMYMI OT pe3yJibTa-
TOB, MOJYYEHHBIX B Ipynnax 1—2, ¢ Haubosablei
YYBCTBUTEJBLHOCTBIO K IpyIIIe HedaJloCHOPpUHOB
(87-95%).

AKTHUBHOCTb MUKPOOHBIX aT€HTOB, TO €CThb KO-
Jn4ecTBO KojoHueobpasywiux eauHul (KOE)
OOHapy>KeHHBIX I[pM I[OCEBE MAa3KOB, B3SITbIX
y OTUX JIeTell oleHUuBaau B 39,6% ciaydaeB Ha 4+,
B 23,1% cnyyaeB — Ha 3+, B 14,4% cnydyaeB —
Ha 2+ u B 9,9% ciyyaeB Ha 1+.

CreneHb aKTUBHOCTU MUKPOOHBIX areHTOB,
OOHAapyKEHHBIX IIPU MEPBUYHOM MOCEBE Ma3KOB
C HEOHBIX MUHJAJIMHAX OTpakeHbl B Tabauie 1.

AHanu3s AHTUOMOTUKOYYBCTBUTEIbLHOCTHU
Streptococcus B-haemolyticus TpyTiibel A B MEPBBIX
Tpex rpyIiiax mokKasall, YTO OH ObLJI YyBCTBUTE-
JIEH KO BCEM UCCJICAOBAaHHBIM IpyIlliaM aHTUOMO-
THUKOB. DTOT IAaTOT¢H MPOSIBJIsIET MaKCUMaJIbHYIO
AKTUBHOCTb Yy JEeT€il C IEKOMIIEHCUPOBAaHHBIM
XPOHUYECKUM TOH3UJIJIUTOM.

CTpyKTypa YCTOMYMBOCTU LIMPKYJIUPYIOLINX
LITAMMOB S. pneumoniae K aHTUOMOTUKAM YKa3bI-
BAeT HA BBICOKYIO YYBCTBUTEAbHOCTD K ITE€HULIMI-
nmuny (82%), amokcuumianny (80%), uedanocmo-
puHaM (84—90%), BankoMULIMHY 95,8. YpoBeHb
YCTOMYMBOCTU K IIperaparaM TI'PYIIIIbl MaKpOJIM-
noB coctaBui 76,5—77,8% (tadin. 2).

Ipu aHanuze MHUKPOMGIOPHI pa3IUYHbBIX
Y4YaCTKOB IJIOTKHU (ITOBEPXHOCTH HEOHBIX MUHIA-
JIMH, JJaKYHbl MUHJIAJWH, CJIMU3UCTass 000JIouKa
HOCOIVIOTKH) Y 34 neTeil ¢ XpOHUUYECKUM KOMIIEH-
CHUPOBAaHHBIM TOH3UWJLIUTOM (Tabda. 3). [IpumepHoO

B PaBHbIX IPOIOPLUSIX (0€3 CTATUCTUYECKOM pas3-
HUIIBI) BCTPEUAJINCh CIASAYIONINE MUKPOOPTaHU3-
Mbl: S. aureus, S. pneumoniae, Enterococcus spp.,
E. coli, Streptococcus B-haemolyticus, Haemophilus
influenzae.

O6cyxaeHune

TenneHU M yBEJTMUYEHU S YMCIa PpELIUMIUBUPYIO-
IUX U XpPOHUYECKUX (HOpPM TaTOJOTMU BEPXHUX
JbIXaTeJbHbIX MYTEN y AeTel oTpaxkaeT MHOXECT-
BO (haKTOPOB OMOJTOrMYECKOM U CollMaibHOM cde-
DBI, BJIUSIONIMX Ha MMOKa3aTeJI 310POBbs HaceJie-
HUsI. XPOHUYECKUUN TOH3UJUIUT SIBISIETCS OOJHUM
M3 caMbIX pacIpOCTPaHEHHBIX 3a00JeBaHUI Ts-
JKEJIO MOAAAIOIINXCS JICUCHU 0, O YeM CBUICTEIIb-
CTBYIOT MHOTOUYMCIICHHBIC HayYHbIe PaObOTHI OTe-
YeCTBEHHBIX M 3apyOeKHBIX CIICIIMAJIUCTOB, pe-
KOMCHIAIIMU NpoheCCUOHATbHBIX aCCOIIMAIINA.
Mexay TeM KJIMHUYeCKass CUMIITOMAaTHKa XpOHU-
YEeCKUX BOCIAJUTEJbHbBIX MOPAKEHU HOCOIJOT-
KM BO MHOTOM OIMNpeaesisieTcsl MepCUucTupyloiei
MUKpOGJIOpO U cpeaoit oOMTaHUs MaKpoopra-
Hu3Ma. Pesyabrarhl McCaeIOBaHUM, MOCBSIIEH-
HbIe TaHHOU npobyieMe, BeCbMa IMIPOTUBOPEUYUBHI,
B CBSI3M C YeM BO3HMKJIAa HEOOXOAUMMOCTDH ITPOBE-
JIEHUs TaHHOW pabdoThl Ha Tepputopuu Moiigo-
Bbl, UMEIOIIEN CMEITAHHBIU TUTT KIIMMaTUYECKUX
YCJIOBUI.

AHanu3 MUKpPOOHOU (iopbl HEOHBIX MUHIA-
JINH TTOKa3ajl, 9T0 BO BCeX 5 TpyIlnax mpeobdira-
nan S. aureus. DT JaHHbIE COBMAAAIOT C PE3YJb-
TaTaMu OOJIBIIMHCTBA WCCJEIOBAaHUMN, OMHAKO
Mo HAllMM pe3yJibTaTaM U IO JaHHBIM HEKOTOPBIX
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IPYTrux aBTOPOB [22], 3HAYUTENbHOU POIU daH-
HOTO areHTa B JIEKOMIIEHCAIlMU BOCTAJIUTEb-
HOTO Tipollecca He BeIgBieHO. E. KapmoBa mpu
HcclIeqoBaHUN 84 MaIMEHTOB C XPOHUYECKUM
TOH3UJUIUTOM, BBIABUJIA y 85,6% Ha CIAU3UCTON
TJIOTKM acCollMalluM MeXAy CcTadUI0OKOKKaMU
U CTpeNnTOKOKKamMu. M3 jakyH HEOHBIX MUH-
manuH B 52,5% cnydaeB BeIiceBajicss — S. aureus,
B 14,9% — S. epidermidis, B 18,2% — Streptococcus
B-haemolyticus, npyrast KOKKOBast MUKpodiaopa —
7%, rpuonl pona Candida — B 7,4% ciydasix [10].

I[To HamIMM maHHBIM NOPU OCTPBIX BOCHAJIM-
TEJIBHBIX IIpolleccaX B MUHIAJIMHAX (IeKOMIICH-
CUPOBAHHBIN XPOHUYECKUI TOH3UJIJIUT) BHISIBIIE-
HO BJIMSIHUE P-TeMOJMTUYECKOTO CTPENTOKOKKA
C IOCTAaTOYHO BBICOKOI aKTUBHOCTbIO B accolua-
uuu ¢ S. aureus nan 6e3 Hero. AHaJJOTMUYHbBIE pe-
3yJbTaThl OBIJIN ITYYEeHBI U IPYTUMU HUCCIea0BaTe -
aamu [21].

Pesymbrarbl ucciegoBaHUS IMOKa3ajaW, dYTO
Yy 3HAYUTEIIBHOTO Y CJIa MAllMeHTOB UX BCEX TPy
HWCCIJIENOBAaHMS TIPUCYTCTBYET S. pneumoniae, KO-
TOPBIM OTJIMYAETCSI OTHOCUTEJIIbHON YCTOMYUBOC-
ThIO K I€HCTBUIO aHTUOUOTUKOB.

[MonyyeHHBIE MaHHBIE IEMOHCTPUPYIOT, UYTO
Ha CJIM3UCTON JIUMMOTIOTOYHOIO KOJblla Y 3/10-
POBBIX OeTeil IMTPaKTUUECKU BCeTIa MPUCYTCTBYET
OakTepuasibHasl yCJIOBHO TTaToreHHas ¢Jjiopa, Ko-
Topasi, B CBOIO o4epeab, BeCbMa aKTHUBHa.

BuisiBIeHHBIC Ha TTOBEPXHOCTU HEOHBIX MHH-
IaJuH OaKTepUM B U3YUYEHHBIX TpyInax AeTei
B OOJIBIIIMHCTBE CJIy4yaeB XapaKTepU30BaJIMUCh J10-
CTaTOYHOM YYyBCTBUTEJIbHOCTHIO K lie(aIoCnopu-
HaM ¥ aMOKCUIIMJJIMHY B KOMOWHAIINU C KJIaBYy-
JIJAHOBOW KUCJOTOW, OBLJIM MEHEEe YyBCTBUTEIbHbI
K MaKpOJIMIaM W OJTYCUHTETUYECCKUM TTIEHU I~
JIMHAM.

B-reMoJIMTUYECKUIT CTPENTOKOKK TPYyNmbl A
WMeJ JTOCTaTOYHYI YYBCTBUTEJIBHOCTH K Iledha-
JIOCTIOPMHAM Pa3HbIX MOKOJEHMU I, K aMOKCHUIIUJI-
JVHY B COYETAHMU C KJIABYJIAHOBOW KMCJIOTOM,
a TaKXXe K MOJIYCUHTETUYECKUM MTEHU I UJIJIMHAM.

Cnucok nutepatypbl/References

Hanuuyue ogHOro u TOro e BUAAa MUKPOOP-
TaHW3MOB WJIM KOMOWHUWPOBAHHOU OakTepuab-
HOW (bJIOPBI B pa3HbIX 00JACTSX IVIOTKU yKa3bIBaeT
Ha €eAUHCTBO XPOHUYECKOTO BOCNIAJIUTEIbHOTO ITPO-
necca IMM@O3MUTETNaTbHON CUCTEMBbI Y NETEH.

3akJ/yeHme

B poTorioTke 4esmoBeKa MOCTOSHHO IIEPCHC-
TUPYIOT pa3IudHbie BUABI MHKPOOPTAaHU3MOB,
KOTOpble B OOJBIIMHCTBE CJIydyaeB oOecIiedn-
BalOT OMOJOrMYEeCKHU CcUMOMO3, HEOOXOaU-
MBI IS TIOAJepXKaHUS HeobxoauMoro OajnaH-
ca MEXIy OpraHU3MOM M OKpY>XaloIllel cpeaou.
IIpoHUKHOBEHME OOMOJHUTEIBHBIX MUKPOOpTa-
HU3MOB (Jalle CTPEIITOKOKKOB) MM aKTUBU3AI U
COOCTBEHHBIX HapylIaeT 3TOT OaJlaHC, BHI3BIBAs
XPOHUYECKUU TOH3UJIJIUT B YCITOBUSIX CHUKCHUS
MECTHOTO U/HMJIN O0IIeT0 UMMYHUTETA IIPU TAKUX
dakTOopax pucka Kak ajuiepruyeckue 3abosieBa-
HUS, HaCJeACTBEHHAs TMPeapaclolokKeHHOCTb,
cucTeMHbIe 3a001eBanus U T.4. [3, 16, 17, 18].

ITonydyeHHBIE pe3yJbTaThl MOATBEPXKIAIOT,
YTO YacTo OoJielollne NeTU C OCTPBIMU U XPO-
HUYECKUMHU WH@EKUIUSIMU BEPXHUX IbIXaTelb-
HBIX ITyTEW COCTABJSIOT TPYIIITYy PUCKaA pa3BU-
TUS OCJIOKHEHHWII, OCOOEHHO TIpU BBISBIICHUU
-TeMOJIMTUYECKOTO CTPENTOKOKKa Tpynmibl A
M HYyXJalTcs B HaOaoaeHuun JIOP-Bpaueil u Bpa-
yel npyrux crnenuaibHocTeit [20].

B Pecniy6onmke MonmoBa B-reMonuMTAYECKUA
CTPETITOKOKK TPyHnmnbl A YYBCTBHUTEJICH NpPaKTH-
YeCKM KO BCeM TpyIlliaM aHTUOMOTHKOB. YacTtoe
BBISIBJICHUE S. pneumoniae, KOTOPbI OTAMYAECTCS
CHUKEHHOI YYBCTBUTEJILHOCTBIO K JCHCTBUIO aH-
TUOUOTHUKOB, U3BECTHAS POJIb B-T€MOTUTUYECKOTO
CTPEINTOKOKKA IpyMnibl A B pa3BUTUU NEKOMIICH-
callMu BOCHaJIMTEJbHOrO Mmpoiecca B JUMMDOUI-
HOM TKaHU TJIOTKHU, CBUIAETEJIbCTBYIOT O HEOOXO-
NUMOCTU MPOPUTAKTUUECKON U TepareBTUUECKOMN
BaKIIMHAIIMU MPOTUB OaKTepualbHbIX UHOEKIIUNA
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THE LOCAL INTERFERON-CORRECTIVE
THERAPY IN CHILDREN WITH CONGENITAL
CLEFT LIP AND PALATE, SUFFERING FROM
THE RECURRENT RESPIRATORY INFECTIONS

LV. Nesterova®®, M.N. Mitropanova?, G.A. Chudilova?, S.V. Kovaleva?, E.O. Khalturina®

@« RUDN University of Ministry of Education and Science of Russia, Moscow, Russian Federation
b Kuban State Medical University of Ministry of Health Development of Russia, Krasnodar, Russian Federation
¢ .M. Sechenov First Moscow State Medical University (Sechenov University), Moscow, Russian Federation

Abstract. It is known that children with congenital cleft lip and palate are suffering from recurrent respiratory infections,
which worsen the state of their health, and also complicate the results of reconstructive surgical treatment. The aim of the
study was to detect defects of mucosal immunity in children with congenital cleft lip and palate, suffering from recurrent
respiratory infections, and to create the program of local interferon corrective therapy with an assessment of its effective-
ness. The studies included 56 children from the age of 1 to 3 years. Three groups of children were formed: group 1 —
26 children with congenital cleft lip and palate (antibiotic therapy); group 2 — 30 children with congenital cleft lip and
palate (antibiotic therapy + local interferon therapy), group 3 — the control group. The clinical examination included
a medical history, an assessment of the symptoms of recurrent episodes of acute respiratory infections and exacerbations
of chronic infections. Microbiological studies were performed using standard methods. The status of local immunity was
detected: the concentrations of secretory IgA, cytokines IL-17, IL-4, IL-6, IL-1pB, IFNy in the oral fluid were tested by
ELISA. Results of the study established that in group 1 and group 2 clinical criteria of immunodeficiency with an infec-
tious syndrome were revealed: repeated acute respiratory viral infections from 10 or more times a year, complicated by
frequent exacerbations of chronic bacterial infection (up to 10 or more per year). Assessment of the state of local immunity
in children with congenital cleft lip and palate revealed a lack of sIigA compared with the control group. Before treatment
in group 2 oral fluid level of IL-17, IL-6 were statistically significant increase (p < 0.05); the results of the study also estab-
lished increase in the level of IL-1p and a decrease in anti-inflammatory I1L-4 and regulatory IFNy relative to the control
group (p > 0.05). After complex treatment with the inclusion of local interferon therapy in group 2 the appearance of sIgA,
increase in the concentration of 1L-4, IL-1B and a decrease 1L-17 in oral fluid were observed (p > 0.05). The concentra-
tions of IL-6, IFNydid not change (p > 0.05). After treatment in group 2 there were a decrease in exacerbations of chronic
upper respiratory tract infection and in frequency of acute respiratory viral infections compared with group 1 (p < 0.05).
Positive clinical efficacy of local interferon therapy (the gel of recombinant IFNa2b in combination with oxidants — Vi-
feron gel) in the process of staged rehabilitation of children with congenital cleft lip and palate has a protective clinical
effect in reducing the frequency of acute respiratory viral infections, reducing the number of postoperative complications,
reducing hospital stay, duration of antibacterial therapy and the number of exacerbations of chronic bacterial infection.

Key words: congenital cleft lip and palate, recurrent respiratory infections, immunocompromised children, complex immunorehabilitation,
immunotropic therapy, mucosal immunity.
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NOKAJIbHASI UHTEP®EPOHOKOPPEKTUPYIOLLASI TEPANUS Y AETENA C BPOXXAEHHBIMU
PACLLEJIMHAMU rybbl U HEBA C BO3BPATHbIMU PECITUPATOPHbIMU MHOEKLUNUSIMU

Hecreposa 1.B.12, Mutponanosa M.H.!, Yyaunosa I'A.!, Kosaaesa C.B.!, Xaarypuna E.O.3

T @IrABOY BO Poccuiickuii ynusepcumem opyucovi Hapodoé Munucmepcemea o6paszosanus u Hayku Poccuu, Mockea, Poccus
2 @r'BOY BO Kybauckuii eocydapcmeentulii Meduyunckuil ynueepcumem Munzopasa Poccuu, e. Kpacnodap, Poccus

3 ITepeuiii Mockogckuil eocydapemeentoliit meouyunckuil ynusepcumem um. M.M. Ceuenosa (Ceuenosckuii ynusepcumem),
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Pe3tome. M3BecTHO, YTO IETH C BPOXKACHHON pacCIIeTMHOM I'yObl M HeOa CTpalaloT OT PeIIMBUPYIOIINX PECITUPATOPHBIX
MHOEKIIUI, KOTOPBIE YXYIIIaI0T COCTOSTHHE UX 3MOPOBbSI, a TAK3KE OCJIOKHSIOT Pe3YJIbTaThl PEKOHCTPYKTUBHOTO XUPYP-
TMYECKOTo JeueHHUsI. Llebio TaHHOT0 NCCIIeMOBaHMS SBIIOCH BBISIBIICHNUE Ne(PeKTOB MYK0O3aJIbHOTO UMMYHMTETA Y ACTEH
C BPOXKIECHHOM pacIleIMHON I'yObI ¥ Heba, CTpaJaolInX PelUuANBIPYIOMNMI HHOEKIMIME pEeCIIMPaTOPHOIO TPAKTa,
a TaK>Ke CO3JaHue TIPOrpaMMBI JIOKAaJIBHOM MHTEeP(hEPOHOTEPAITIH C TIOCIIEMYIOIIEH OIIeHKOI ee 3¢ (PeKTUBHOCTH. B mc-
CIICIOBAHUY TIPUHSIIN ydacTre 56 jeTeit B Bo3pacte oT 1 roma g0 3 sieT. Bbutn cdhopMupoBaHbl TPU TPYIIIBL: 1-51 TPyTI-
na — 26 jeTelt ¢ BpOXAEHHOM paciiieIMHOM T'yObl M HebGa (aHTUOMOTHKOTepanus); 2-s1 rpyria — 30 neTeii ¢ BpoxkIeHHOM
pacieIMHON TryObl U Heba (aHTUOMOTUKOTepanus + JlokajabHast MHTepdepoHoTepanusi), 3-s1 rpyIna — KOHTPOJIbHAs
rpynmna. KnuHuyeckoe oociienoBaHe BKIIOUaJI0 B cedst cOop aHaMHe3a, olueHKy cumntomMoB OPBU u ob6ocTpeHuii xpo-
HUYECKUX MHGeKIMit. MUKPOOMOIOrnYeCcK e CCIeNOBaHM s TPOBOIUIUCH C UCIIOJb30BAHMEM CTaHIAPTHBIX METONOB.
Onpenessiiv mapaMeTpbl MyK03aJbHOIO MMMYHHTETA, a UMEHHO: KOHLeHTpauuio sIgA, nutokunos 1L-17, IL-4, IL-6,
IL-1B, IFNY B poToBoii xkxunkoctu metonoM MDA, Peaynbrarsl nccaenoBaHus MoKas3aiu, 4To B 1-if U 2-ii rpynmnax aetei
OBLITU IETEKTUPOBAHBI KIIMHUYECKUE KPUTEPUN UMMYHOIEe(PULINTA ¢ MHGEKIIMOHHBIM CHHIpOMOM: rmoBTopHble OPBU
ot 10 1 6osiee pa3 B rof1, OCIOXXHEHHBIC YaCTHIMU 000CTPEHUSIMU XPOHMUECKUX OaKTepraabHbIX MH(peKuii (1o 10 1 60-
nee B rom). OmpenencHre mapaMeTpOB MYKO3aIbHOTO MMMYHHMTETA Y ICTCH C BPOXKICHHOM pacIleIMHON TYOBl U Heba
ITOKA3aJI0 OTCYTCTBUE SIgA TI0 cpaBHEHMIO ¢ KOHTPOJBHOH rpymmoit. Ilepen nedeHneM y meTeit 2-if TPYIIIBI YpOBCHB
IL-17, IL-6 B poTOBO¥i XMIKOCTH GBI CTATUCTUYECKU 3HaUYMMO ToBbIleH (P < 0,05); mo pe3y/ibTaTaM MccienoBaHus
TaKXe YCTaHOBJIEHO TIOBBIIIeHNe YpoBHS IL-1f u cHIKeHMe mpoTtuBoBocanuTenbHoro 1L-4 u perynsaropHoro IFNy
OTHOCHUTEJIbHO I'pymIibl KoHTposst (P > 0,05). ITocse mpoBeaeHMs KOMILJIEKCHOM Tepanuu ¢ BKJIIOUEHEM JOKaIbHOMI NH-
TepdepoHoTEparTiK Bo 2-i TpyIIe oTMedaeTcs mosiByieHue sIgA, mosbinienre KonteHTpauuu [L-4, [L-1 u cHuxeHune
IL-17 B poToBoii xunkoctu (P > 0,05). Konuentpauuu IL-6, IFNy He usmenunucs (P > 0,05). [Tocne tepanuu Bo 2-it
IpyIine HabM0AaI0Ch CHUXXEHME YaCTOThl 00OCTPEHUI XPOHMYECKUX MH(PEKIIMM BEPXHUX AbIXaTeJbHBIX MyTel U ya-
ctotel OPBU 1o cpaBHenuio ¢ 1-i rpynmnoii (P < 0,05). [To3uTuBHBIN KIMHUYECKUI 2 PEKT TIOKaTbHON MHTEP(HEPOHO-
tepanuu (renb pekoMbuHaHTHoro IFNo2b B coueTaHnu ¢ aHTUOKCUAaHTaMKU — BudepoH rejib) B Ipoliecce Mo3TamHoit
peabuINTALIMK IETEH ¢ BPOXKIEHHOM paciieIMHOM I'yObl M HeOa OKa3biBaeT MPOTEKTUBHBIN KITMHUUECKU I 3(P(hEKT, BbI-
paxaronuiics: B cHuxxeHur 9actoTel OPBU, yMeHbIIeHM KOTMYECTBA MTOCICONepallMIOHHBIX OCJIOXHEHU, COKpaIlle-
HUU BpeMEHU TIPeObIBaHMUS B CTAllMOHAPE, CHUKEHWH ITUTSIIBHOCTH IIPUMEHEHN ST aHTHOAKTepHaTbHBIX ITPErapaToB,
YMEHBIICHUT KOJTNIEeCTBA 000CTPEHU M XpPOHNIECKUX 04aroB 0aKTepraaTbHOM MH(MEKIIAM.

Karoueguvie caoea: 6podicdennasn pacujeauna yowl u Heba, peyuousupyroujue pecnupamopHule UHGeKyul, UMMYHOKOMNPOMEMUPOBAHHbIE
Oemu, KOMHAEKCHASA UMMYHOPeaduAumayus, UMMYHOMPONHASA Mepanus, MyKo3aAbHblil UMMYHUMem.

Introduction

There has been a progressive increase in the
number of children with congenital malformations
throughout the world recently. According to WHO
data, congenital clefts of the lips and palate (CCLP)
are found in 0.6—1.6 cases per 1000 newborns and
in frequency of occurrence they occupy the 2d—3rd
place among all congenital malformations of a per-
son. Every year in the Russian Federation more than
20.000 children with CCLP are born [1]. These mal-
formations in children are not only a medical, but also
a social problem and require the use of a range of re-
habilitation measures, including the timely therapeu-
tic and reconstructive surgical care. To date, the most
important method of treatment for CCLP is surgical,
however, the timing of surgical intervention often has
to be postponed due to the high incidence of infec-

tious and inflammatory diseases of the oral cavity,
respiratory tract and ENT organs. A previous clini-
cal observation in children with CCLP showed that
these children suffered of complicated and uncom-
plicated ARVI 10 or more episodes per year with an
acute period of 4 to 14 days or more, i.e. the patients
were immunocompromised [5, 6]. In addition, de-
spite the continuous improvement of the operations
technique, as well as a significant advance in patient
care after plastic surgery, the frequency of early and
long-term postoperative complications remains quite
significant. An indisputable fact is that the formation
of the inflammatory process in children with CCLP
is associated with anatomical and topographic fea-
tures that facilitate the penetration of pathogenic
microflora onto the oral and nasal mucosa. The pro-
longed presence of pathogenic microflora on the mu-
cous membranes is accompanied by impaired mu-

369



|.V. Nesterova et al.

MHdekumns n uMmyHuTeT

cosal immunity [2, 4, 10]. In recent years, a lot of in-
formation has accumulated about the role of pro- and
anti-inflammatory cytokines in providing anti-in-
fection resistance and in the processes of the forma-
tion of inflammatory responses. Many of these cy-
tokines are present in saliva: IL-1, IL-2, IL-4, IL-5,
IL-6, IL-8, IL-17, TNFa, IFNa, IFNy, epidermal
growth factor and other growth factors and cytokines
[3, 9, 11]. These numerous factors produce mucosal
epithelium, lymphocytes and macrophages embed-
ded in the epithelium under the influence of pholo-
gogenic stimuli entering the oral cavity and upper
respiratory tract. In addition, serum transudate and
salivary glands are a source of cytokines in saliva [3,
9]. An important role in anti-infection protection be-
longs to secretory immunoglobulin A (sIgA). Defects
in mucosal immunity lead to easier invasion of path-
ogens and contribute to their persistence, which sup-
ports inflammatory processes. The emerging defects
in the functioning of local and systemic immunity
in children with CCLP require the development
of new approaches to comprehensive rehabilitation.
At the same time, one of the most important priority
areas is the development of new immunotherapeutic
approaches aimed at restoring the defective function-
ing of both mucosal and systemic immunity, which
should, from our point of view, increase the effective-
ness of comprehensive rehabilitation.

The aim of the study: to identify the features of the
defects in mucosal immunity in children with CCLP,
followed by an assessment of the effectiveness of local
interferon therapy, which is included in the compre-
hensive of rehabilitation measures.

Material and methods

Treatment groups. The studies included 56 chil-
dren with congenital clefts of the lips and palate
(CCLP) from the age of 1 to 3 years, who are prepared
for a surgical operation to repair a soft palate defect
(veloplasty), or were early gentle operated to repair
a hard palate defect (uranoplasty), all patients were
performed cheiloplasty (surgical lip restoration)
in the maxillofacial department of Facial Surgery
Children’s Regional Clinical Hospital in Krasnodar,
Russia. The parents (guardians) of the children
gave their informed consent to participate in the
study in accordance with the WMA Declaration
of Helsinki — Ethical Principles for Medical Research
Involving Human Subjects, 2013. All procedures
used in this study were approved by the Independent
Ethic Committee of Kuban State Medical University
(Approval No: 59 from 18.01.2018).

Three groups of children were formed random-
ly: group 1 — 26 children with CCLP (10 boys and
16 girls), having clinical signs of secondary immu-
nodeficiency with an infectious syndrome, under our
clinical supervision (comparison group); group 2 —
30 children with CCLP (13 boys and 17 girls) who also

have clinical signs of secondary immunodeficiency
with an infectious syndrome, but their comprehen-
sive rehabilitation program included local interferon
therapy by application of gel — recombinant IFNo2b
in combination with antioxidants (a-tocopherol ace-
tate) — Viferon (Feron, Russia). Group 3 — the con-
trol group consisted of 30 healthy children of the
same age.

Samples of oral fluid were obtained during a rou-
tine examination by a dentist and were stored at
—20°C until further analysis.

Microbiological studies. Microbiological stud-
ies of the oral cavity, nasopharynx and nasal cavity
in children with CCLP were performed to identify
pathogenic and conditionally pathogenic microor-
ganisms using standard methods.

ELISA. The state of mucosal immunity was
studied in all groups of children. In group 2, stud-
ies of mucosal immunity were performed twice —
before and after local interferon therapy. To assess
the state of mucosal immunity in the oral fluid sam-
ples, the concentrations of secretory IgA (sIgA) and
cytokines 1L-17, IL-4, 1L-6, IL-1B, IFNy were de-
termined by enzyme-linked immunosorbent assay
(ELISA) by microplate reader (Ascent, Finland) us-
ing appropriate test systems (“Vector-Best”, Russia)
following the manufacture’s instruction.

Statistical analysis. A statistical processing of the
results was carried out using computer programs
Microsoft Excel, StatPlus 2009 using nonparamet-
ric tests of Wilcoxon and Mann—Whitney and para-
metric Student's test. The results were presented as
the median with the upper and lower quartiles (Me
[QI; Q3]) or as arithmetic mean and the error of the
mean (M=*m) depending on distribution. The signif-
icance of the differences was determined at p < 0.05.

Results

Analysis of the clinical status of children with
CCLP in groups 1 and 2 revealed the clinical crite-
ria for secondary immunodeficiency with an infec-
tious syndrome: repeated ARVI from 12 or more
times a year, complicated by frequent exacerbations
(up to 10 or more per year) of chronic bacterial infec-
tion in the form of chronic rhinitis, chronic tonsil-
litis, chronic sinusitis, chronic pharyngotracheitis.
Children received from 8 or more courses of antibac-
terial therapy per year, including the latest generation
of cephalosporins used parenterally (tabl. 1).

According to the results of microbiological and
bacteriological studies, 10 cultures of gram-positive
(S. epidermidis, S. viridans, S. pneumoniae, E. du-
rans, E. faecium, E. faecalis) and gram-negative
(Haemophilus influenza, Haemophilus parainfluenzae)
bacterial microorganisms, as well as C. albicans and
C. krusei, were identified. We also have established
that the composition and density of microbial com-
munities in different biotopes in children with con-
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genital cleft lip and palate is not the same. In all stud-
ied biotopes from all groups we revealed significant
changes in the qualitative and quantitative composi-
tion of microbes.

In the course of the study, it was revealed that pa-
tients with group 1 and group 2 with CCLP had dis-
turbances in the microbiocenosis of the oral cavity
and upper respiratory tract against the background
of physiological inflammation of the gum mucosa
during eruption of temporary teeth. The most com-
mon bacterial associations were . viridans, S. pneu-
moniae, Enterococcus faecalis (in 30% of cases), and
monocultures of bacteria mainly E. durans, E. fae-
cium, S. epidermidis, Haemophilus influenza (in 70%
of cases) and Candida albicans (in 20% of cases) with
an abundance of soft plaque. Viral infections were
represented by persistent respiratory and herpetic vi-
ruses, repeated acute herpetic stomatitis. Thus, a de-
crease in anti-infectious resistance was associated
with persistent viral and bacterial infection.

Assessment of the state of local immunity in chil-
dren with CCLP revealed a lack of sIgA in the OF
compared with the control group of the correspond-
ing age (fig. 1).

A statistically significant increase in CCLP level
of IL-17 in 4.03 times to 21.8 [10.0; 37.8] pg/ml vs.
5.4 [3.8; 5.9] in the control (p < 0.05), IL-6 up to 3.8
[1.37;4.3] pg/mlvs. 2.63 [2.41; 2.85] pg/ml (p < 0.05).

The results of a study of IL-1 level in CCLP allowed
to establish only a tendency to increase — 42.13
[30.0; 57.8] pg/ml vs 34.3 [27.3; 36.1] pg/ml in control
(p > 0.05) and decrease in anti-inflammatory IL-4
(p > 0.05) and regulatory IFNy (p > 0.05) relative
to control values of relatively healthy children (fig. 2,
tabl. 2).

Taking into account the identified defects in the
functioning of antiviral immunity, the presence
of clinical criteria for secondary immunodeficiency
with an infectious syndrome, and the clinical status
of patients at different stages of surgical treatment
of congenital cleft lip and palate, we developed a pro-
gram of local interferon therapy to prevent the occur-
rence of acute respiratory viral infections and reduce
the incidence of bacterial infections of the nose and
oropharynx, as well as the incidence of postoperative
complications.

In both clinical groups antibacterial therapy was
prescribed empirically, according to current infor-
mation about the resistance of pathogens to certain
antibacterial drugs. Further, the correction of anti-
biotic therapy was carried out in view of the results
of bacteriological studies (inoculation of the micro-
flora of the oral cavity, nasal cavity and nasopha-
rynx) and determination of sensitivity to antibiotics.
The drugs of choice were antibacterial agents from
the group of cephalosporins (lifaxone, cefaxone,

Table 1. Comparative clinical efficacy of complex local interferon therapy in children with congenital clefts
of the lip and palate and secondary immunodeficiency (M+m)

After therapy
Clinical criteria of treatment Before Group 2 Signifi
. fi
efficacy therapy Antib(i;ort(i’::“t)h1era Local interferon therapy+ ‘gnificance
Py antibiotic therapy
pi2<0.05
Number of ARVI cases per year 12.3+1.2 8.6+1.8 4,9+2.3 P;3<0.05
P23 <0.05
. P12 <0.05
Number of ARVI exacerbation cases 10.3%0.58 8.03+0.74 3.4+0.34 <0.05
per year o R o 51.3 < 0.05
2.3 .
Number of chronic bacterial infection p.,<0.05
exacerbation cases per year (chronic ’ '
rhinitis, chronic tonsillitis, chronic 5.1£2.61 4.5+0.52 3.80.56 Prs>0.05
sinusitis, chronic pharyngotracheitis) P25 > 0.0
Number of antibiotic therapy courses P2 <0.05
per year (including parenteral) 8.96=012 7:20+0.86 6.34+0.58 S‘B Z 882
2.3 .

Table 2. The state of mucosal immunity in children with congenital cleft lip and palate before and after local

interferon therapy (Me [Q1; Q3])

Group IL-17, pg/ml IL-4, pg/ml IL-6, pg/ml IL-1B, pg/ml IFNY, pg/ml slgA, g/l
Control 5.4 18.65 2.63 34.31 16.74 0.51
[3.8;5.9] [15.1; 19.14] [2.4;2.85] [27.3; 36.13] [5.2;17.3] [0.46; 0.63]
‘b*;?:r"ez 21.28* 12.4* 3.8* 42.13 12.7 o
treatment [0.01; 37.8] [7.1;13.1] [1.4;4.32] [30.0; 57.8] [8.11; 17.5]
Group 2 after 14.18*# 17.3 214 57.3*# 11.8 0.32*
treatment [5.3; 33.6] [15.9; 18.9] [1.37;5.3] [45.9; 63.96] [9.6; 16.9] [0.29; 0.30]
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Control CCLP before treatment  CCLP after treatment

Figure 1. Concentration of secretory
immunoglobulin A in children with congenital cleft
lip and palate before and after local interferon
therapy

Note: *significance of control group.

cephalosporin, azaran, ceftriaxone, etc.). The dose
of the drug and the duration of course was deter-
mined by the age of the child, its weight, concomi-
tant somatic pathology and the nature of postopera-
tive complications.

In children of group 2, a locally recombinant in-
terferon o.2b gel was used by application of the mu-
cous membrane of oral cavity and nose 3—4 times
a day 10 days before surgical treatment and within
1 month after surgical treatment starting on the sec-
ond postoperative day.

The total duration of the course of local inter-
feron therapy before and after surgical treatment was
10 days and 1 month accordingly.

After the complex treatment through the local
interferon therapy with recombinant interferon alfa-
2b — gel in children of group 2 with CCLP, there was
noted the appearance of sIgA 0.32 [0.29; 0.30] g/1
in the OF (p < 0.05), reaching a lower control value
of 0.45 [0.34; 0.60] g/1, increase of the concentration
of IL-4 to 17.3 [15.9; 18.96] pg/ml to a control level
(p > 0.05), as well as a level of IL-1B to 57.3 [45.9;
63.96] pg/ml (p < 0.05) against the decrease in the

pg/mi
0 g

amount of IL-17 to 14.18 [5.3; 33.6] pg/ml (p < 0.05)
and unchanging values of the concentration of 1L-6,
IFNy (p > 0.05).

The developed tactics of local interferon therapy
demonstrated a pronounced regression of local cy-
tokine imbalance and partial but significant restora-
tion of slgA level. The comprehensive treatment al-
lowed compensation for some defects of mucosal im-
munity in CCLP, which was clinically accompanied
by a decrease in respiratory morbidity.

The first stage of surgical treatment in children
of group 1 was complicated by suppuration and/
or disruption of sutures, long courses of antibiotic
therapy, a long period of stay in the hospital, and
a long period of rehabilitation. However, the inclu-
sion of local interferon therapy in the comprehensive
treatment in patients of group 2 demonstrated a pro-
nounced clinical effect, manifested in a decrease
in the incidence of acute respiratory viral infec-
tions in 75.18+2.335 cases, as well as the incidence
of exacerbations of chronic foci of upper respiratory
tract infection in 63.15+4.53% of cases, a decrease
in the number of postoperative complications (sup-
puration of surgical sutures, surgical suture discrep-
ancy) in all patients of this group — 100% of cases,
faster healing of postoperative wounds in all pa-
tients, reduction of the duration of hospital stay by
25.34£0.98% as compared with group 1, which pa-
tients were not received local interferon therapy (p <
0.05), a decrease in the duration of antibiotic use
in 92.0£5.8% of children compared with group 1
(p < 0.05), the effectiveness of rehabilitation in-
creased in 100% of cases.

In addition, a 2.5—3-times decrease in the in-
cidence of complicated and uncomplicated acute
respiratory viral infections and their duration made
it possible to conduct stage-by-stage surgical reha-
bilitation in time, to reduce in 1.3 times the number
of hospital days and the duration of antibiotic therapy
during surgical treatment, and also prevent the de-

50 4
40

30 ~

2. 21.28 18.65

14.18**

10 4
0 B —

57.3*

4213

34.31

17.3
16.74
12.4* 127 118

IL-17 IL-6

IL-4 ' IL-1B ' IFNy

[l Control [C] cCLPbefore treatment [] cCLPafter treatment

Figure 2. The cytokine profile of the oral fluid in children with congenital cleft lip and palate before

and after local interferon therapy

Note: *p < 0,05 compared with control group, *p < 0,05 compared with group 2 before treatment.
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velopment of both early and long-term postoperative
complications (tabl. 1).

Studies have shown that the implementation
of complex treatment with the inclusion of local inter-
feron therapy with recombinant interferon alfa-2b —
Viferon-gel of children of the 2" group with CCLP
allows to compensate for the disorders caused by both
the functional immaturity of the immune system and
the formation of various defects due to the presence
of frequent respiratory infections due to congeni-
tal cleft lip and palate. Thus we noted the absence
of various complications of the postoperative period,
as well as a decrease in respiratory morbidity.

Discussion

Children of this age are characterized by a state
of physiological inflammation of the gingival mu-
cosa during teething, which in children with CCLP
is associated with a constant additional viral load
(persistence of respiratory and herpes viruses, acute
herpetic stomatitis) and bacterial load represented
by streptococcus associations At the same time there
was a lack of acute clinical manifestations of the dis-
ease. Defects in the microbiocenosis of the mucous
membranes of the oral and nasal cavity are the cause
or consequence of the decrease in local and systemic
immunity and of the immunity stress. Thus, a study
of the ecological characteristics of the microflora
of the oral cavity, nose and nasopharynx during cleft
palate suggests that the pathology of the palate creates
the conditions for the formation of dysbiosis in these
biotopes, which is caused by certain physical, chemi-
cal and biological changes in the ecosystem, the de-
gree of which increases with age.

It is notable, that an imbalance in the most im-
portant mediator of the inflammation development
of IL-1 was revealed, the first manifestations of the
biological effect of which are manifested in the activa-
tion of local protective reactions and anti-inflamma-
tory IL-4 together with IFNvy, which are key factors
determining the type of immune response and po-
tentiating the expression of the secretory component
of IgA. The established defects of mucosal immu-
nity necessitate the development of new approaches
to local immunotropic therapy aimed at the restora-
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tion of mucosal immunity of the mucous membranes
of the oral and nasal cavities, which contributes to the
regression of established defects and prevents the oc-
currence of repeated respiratory infections and post-
operative complications. The pathology of the inter-
feron system of congenital or acquired origin is very
diverse. Numerous studies of recent years have con-
vincingly shown the existence of primary and sec-
ondary acquired disorders in the IFN system, which
is clinically manifested by atypically occurring vi-
ral and viral-bacterial infections. At the same time,
the development of unusual clinical symptoms follows
changes in the IFN system that occur both at the cel-
lular and molecular levels. The complex of immu-
norehabilitation measures for immunocompromised
children with viral respiratory and herpetic infections
uses recombinant IFNo2b in combination with anti-
oxidants, due to the universal antiviral, antibacterial
and immunomodulating nature of its action [7, §].

Conclusion

Thus children with CCLP have clinical signs
of secondary immunodeficiency with an infectious
syndrome associated with impaired mucosal immu-
nity, which is manifested in an imbalance of pro- and
anti-inflammatory cytokines and a complete defi-
ciency of secretory immunoglobulin A. Local inter-
feron therapy, that is included in the comprehensive
rehabilitation program, had a pronounced protective
clinical effect, which was manifested in a decrease
in the incidence of acute respiratory viral infections,
a reduction of the number of postoperative compli-
cations, a reduction of the duration of hospital stay,
a decrease in the duration of the use of antibacterial
drugs, and a decrease in the number of exacerbations
of chronic bacterial infection. Selected immunologi-
cal criteria for assessing the state of mucosal immu-
nity allow not only to conduct objective detection
of its defects, but also to monitor the effectiveness
of local interferon and immunotherapy.
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XAPAKTEPUCTUKA HAMNPAXEHHOCTH
NMPOTUBOKOPEBOIO UMMYHUTETA
B SABUCMMOCTU OT BO3PACTA

A.I. Connc'?, O.A. I'ycakosa'?, ®.H. I'masmusposa’, A.A. Epemenko'-?,
H.K. Urnarosa'?, B.W. Ky3smuueBa'!, 1.A. bopoauna', C.C. Hensiikun’

'@I'BOY BO Camapckuii 2ocydapcmeenbiii meduyunckut ynueepcumem M3 PD, 2. Camapa, Poccus
2 Kaunuxu Camapcko2o 20cyoapcmeenno2o meduyuHcko2o ynusepcumema, 2. Camapa, Poccus

Pesome. DningeMmonornieckas CUTyalus IO pacIpocTpaHeHNI0 KOpeBOoi MH(MEKIINN B MIpe HeoqHO3HaYHa. Ha-
pSALY CO CTpaHAMM, TOOMBIIMMMUCS SMMMHWHAIINN KOPEeBOUM MH(PEKIINN, €CTh M TaKKe, B KOTOPHIX 3a00JI¢BAEMOCTh
OCTaeTcs Ha JOCTaTOYHO BBICOKOM ypoBHE. [10CKOJIbKY KOPb SIBISI€TCS BAaKIIMHOYTIPaBIsieMoit nHbeKIne, eqnH-
CTBEHHBIM rapaHTOM JOCTMXKEHU S IMMUHALIMY TaHHON MHMEKIINU SBISETCS 00ecTieYeHre JOCTaTOYHOT O 0XBaTa
HaceJIeHU s BakKIIMHONpoduiakTuKoi. Llenbio Halero uccienoBaHus SIBJISIJIACh OLIEHKA YPOBHS TPOTHBOKOPEBOTO
MMMYHUTETA Y MEIUIIMHCKOTO TiepcoHana Kimmauk CaMapcKoro rocy1apcTBEHHOTO MEIMIITMHCKOTO YHUBEPCUTETA
u corpynHukoB ®I'BOY BO «Camapckuii TocynapcTBeHHBIM MEAUIIMHCKUI YHUBEPCUTET». B MccienoBanum npu-
Haau yyactue 1503 uenoBeka (18—79 net). Bee nuua B Bo3pacte no 55 et (77,58%) umenu 1oKyMeHTaJbHbIE CBeIe-
HUS 0 BAKLIMHAILIMY TPOTUB KOPU. Y aOCOJIIOTHOTO OOJNBIIMHCTBA JIUIIL cTapile 55 1eT OTCYTCTBOBAIM JOKYMEHTA b-
HbIe TTOATBEPXKACHMS IMTPOBEIeHHOM BaKIIMHALIMY U TTIepeHeceHHOoM KopeBoii nHdexkuun. Cogepxanue IgG k Bupycy
KOpH B CbIBOpOTKe KpoBu onpenesiin meronom MDA («BektoKopb-IgG», 3A0 «Bektop-bect», r. HoBocubupck).
CpenHuii mokasarenb cofaepxkaHus IgG K BUpyCy KOpH B reHepaJibHOM cOBOKYIHOCTH cocTaBmi 1,0220,02 ME/mi.
[onoxuTeNbHBIE PE3YIBTATH HAOIIOAAINCH Y 72,52% 00cienoBaHHbIX Tnll. «CpeaHunii ypoBeHb» comepxanusa IgG
K BUpYCY KOpHM ObLI XapakTepeH s 52,9% obcienoBaHHbBIX UL (cpeaHuii Bo3pact — 41,4%0,5 net). «Boicokuii
ypoBeHb» nokasatenst 1gG K Bupycy kopu Habmonancs y 19,62% (cpennuii Bozpact — 54,240,72 net). Conepxa-
Hue IgG K BUpycy Kopu HUXe MTOPOroBOTO 3HaYeHU s Habonanochk y 27,48% o0caenoBaHHBIX UL (CPeIHUHI BO3-
pact — 33,25%0,53 net). Takum oOpaszoM, y 34,16% o0cieqoBaHHBIX BAKIIMHMPOBAHHBIX JIML COAEPXKAaHUE AaHTUTEI
OBLJIO HUKE 3alIMTHOTO, IpUYeM 0OJIbIIast YacTh U3 HUX — JIMIIA MOJIOZIOTO Bo3pacTta. B Oosee ctapmiux Bo3pact-
HBIX I'pyIIax ¢ yBeJWYEHUEM Bo3pacTa HaOMIofaeTcs U yBednueHue cpeaHero conepxanus IgG K Bupycy Kopu.
[lpu aHanu3e 3aBUCMMOCTU YPOBHSI MPOTUBOKOPEBOI0O UMMYHMTETA OT BO3pacTa ObIJIM BBISIBJICHBI CIEYIOIINE
3aKOHOMEPHOCTU: TIPU YBEJIMUYEHUHU BO3pAcTa, MOJISI JIUIL C «BBICOKUM» cofiepxkaHueM IgG K BUpycy KOpU pacTer,
a C «<HU3KHUM» — CHUXAETCS. YUUTHIBAs HAAUYKME Cpear 00CIeayEeMbIX JUIl ¢ HU3KUM YPOBHEM IIPOTUBOKOPEBOTO
MMMYHHUTETa OOJIBIIOro MpPOILIeHTa paHee BaKIIMHUPOBAHHBIX, MOXHO CIeIaTh BEIBOI, UTO B MOJIOZIOM B3POCIOM
BO3pacTe HEOOXOMMMO IMTPOBOAUTH MCCIEAOBaHME Ha comepkaHue IgG K BUpyCy KOpH IJIsI pelIeHMS BOIIpOca O He-
00XOIMMOCTH MTOCTIeAYIONIeH peBaKIIMHAIINH.

Karouesnie caosa: kops, ummyrnumem, uMmyHozr00yaun G, 6aKkyuHayus, pe6akyuHayus, meOuyurckue pabomnuku.
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PATTERN OF RESILIENT AGE-RELATED MEASLES IMMUNITY
Sonis A.G.*?, Gusyakova O.A.*", Gilmiyarova F.N.?, Ereshchenko A.A.*", Ignatova N.K.*?, Kuzmicheva V.1.2,
Borodina I.A.?, Nenjajkin S.S.P

@ Samara State Medical University of MH RF, Samara, Russian Federation
b Clinics of Samara State Medical University, Samara, Russian Federation

Abstract. Epidemiological situation describing global measles spread is ambiguous. Along with countries succeeded
in measles eradication, there are those wherein measles rate remains at quite high level. Because measles is a vaccine-pre-
ventable infection, it may then be eradicated solely by ensuring sufficient population coverage with preventive vaccination.
The aim of our study was to assess level of measles immunity in medical workers at the Clinics of Samara State Medical
University as well as the Samara State Medical University. There were enrolled 1503 subjects (aged 18—79 years), among
which all individuals under 55 (77.58%) but not older counterparts provided with medical record on previous measles vac-
cination or measles infection. Level of serum measles virus-specific IgG antibodies was measured by using ELISA (Vek-
toKor-IgG, JSC Vector-Best, Novosibirsk), with mean concentration ranging in general population within 1.02£0.02 IU/
ml. Positive results were observed in 72.52% of the examined individuals. Average vs. high measles virus-specific IgG level
was detected in 52.90% (mean age — 41.410.5 years) and 19.62% (mean age — 54.2+0.72 years) of individuals, whereas at
level below threshold — in 27.48% of subjects (mean age — 33.25+0.53 years). Thus, in 34.16% of the surveyed vaccinated
individuals mostly presented by young subjects contained anti-measles virus-specific antibodies below protective level.
Older age groups were shown to increase in average IgG amount with age. Interestingly, age-related measles immunity
pattern was observed: percentage of subjects with high vs. low measles virus-specific IgG level increases and decreases,
respectively. Taking into consideration a large percentage of subjects previously vaccinated against measles among carriers
of low measles immunity, it may be concluded that measles virus-specific IgG antibody level must be monitored in young

adulthood to decide of whether subsequent revaccination is necessary.

Key words: measles, immunity, immunoglobulin G, vaccination, revaccination, medical workers.

BeeneHue

Ilo mHpopmanuu EBporeiickoro permoHalib-
HOro O1opo BcemmpHOiT opraHM3aliuy 34PaBOOX-
paHeHUd 3a TIepuoJI C SHBaps 1o nekadbpsb 2018 TT.
MakcUMaJIbHBIC  ITOKa3zaTedn  3a00JeBacMOCTH
KOpbIO 3apeructpupoBaHbl B Ykpaune (1209,25
Ha 1 miH), Cepoun (579,32 Ha 1 MmiH), ['py3un
(563,84 na 1 man), Anbanuu (499,60 Ha 1 MJH),
Yepuoropuu (322,62 na 1 man), I'peuun (196,82
Ha 1 MiaH). HampskeHHOIT ocTaeTcs CUTyallus
B Pympraum (55,51 wa 1 man), Utamuu (42,45)
u Ppanuuu (44,66) [11]. ITo granHbIM oTueTa BO3
3a 2017 T., HEKOTOpPBIE PETUOHBI U TEPPUTOPUHU I10-
TepsIJIn CTAaTyC «CBOOOAHBIX OT KOopu», a 11 cTpaH,
paHee MMEBIINX MOKa3aTeJIb UMMYHM3AIIUN TIPO-
TuB Kopu 90%, He cMOIJIY IIOATBEPAUTH ero [12].

EBporeiickast peruoHaJIbHasT KOMUCCHS TI0 Be-
puduKanuy 3TMMUIHAIIINA KOPU U KPACHYXH B OT-
yete 3a 2017 . mpunia K BEIBOMY, UYTO B 43 rocy-
ITapcTBax — WieHaX EBponeiickoro permoHaIbHOTO
oropo BO3 6bla TIpepBaHa SHIEeMUYHas Tiepena-
Ya KOpHW Ha TIPOTSIKECHUW MUHUMYM 12 MECSIICB;
B 37 TocymapcTBax IIPOM30IIJIa SINMUHALIN ST DHIIC-
MHWYHOH TIepemadyn Kopu (Ha IIPOTSIKEHUUW MHUHU-
MyM 36 MmecsieB); 10 rocygapcTB MpU3HAHBI DHIE-
MHWYHBIMHY B OTHOIICHUH Kopu B 2017 T., BKJTIO9as
I'epmannio n Poccuiickyto @emepaiinio, Ipu 3TOM
B 00eMX cTpaHax mepegadya MHPpEeKInuM ObLIa mpe-
pBana B 2016 1. [1].

B mociiemame roabl, o JaHHBIM TOCYIapCTBEH-
Horo nokaana Pocrorpedbnan3opa ot 2017 1., oTme-
JaeTCSIyBEeINUYCHIE yPOBHSI 3a00JIeBAa€MOCTH KOPBHIO

B Poccuu B 4,1 pa3a u coctaBisiet 0,49 Ha 100 Thic.
HaceneHust (2016 r. — 0,12). UMeromnecss TaHHbIE
B IIEJIOM COOTHOCSITCS C yPOBHEM 3a00JIeBaeMOCTU
B Mupe — 19 cnyuaeB Ha 1 MJTH yesioBek [4].

B cooTBeTcTBMM €O CTpareruvyeckKuM Iijia-
HomM BO3 kx 2020 r. miaaHupyeTcs JUKBUAUPO-
BaTh KOPpb KaK MUHUMYM B NsaTU perrnoHax BO3.
B namreii crpaHe Oblia paszpadboraHa I[lporpamma
«DnuMuHaANMSI KOpU M KpacHyxu B Poccuiickoit
Denepaunum» (2016—2020 rr.) [6]. CoritacHo >TOM
I[Mporpamme, 1JIsT CHUXXEHWSI Cpeau HaceJIeHUs
Poccnmiickoit Denepaliny 9uciia JIAL, BOCIIPUUM-
YUBBIX K BUPYCY KOPHW, OBLIM MPOBEAEHBI JOTIOJ-
HUTEJbHBIC TTPOTUBOAMUIEMHUYCCKUE MEPOITPHUSI-
TUSI, HaNpaBJICHHbIE Ha yBeJMYeHUE OxBaTa Ha-
cesieHUs TTpuBUBKaMU. OOMHUM U3 WHIWKATUBHBIX
nmokaszaTesieil yCIIeITHOCTU BBIMIOJTHEHUS 3ajad
IMporpaMMBbl IBASIETCS AOCTUKEHHME M TOIAepXKa-
HUe 3a00J1eBaéMOCTH KOPbIO Ha YPOBHE MEHEe Ofl-
HOTO cJTy4ast Ha 1 MJTH HaceJeHUsI.

3a mociienHUe HEeCKOJIBKO JIET Ha TepPUTOPUU
P® mpoBoaucs psiji MCCIeAOBAaHUM 1O OIIEHKE Ha-
MPSIXKEHHOCTU TYMOPAaJbHOTO UMMYHHUTETa K BH-
pycy kopu (puc. 1).

Taxk, B MocKkoBcKoil obiactu npu obcaeaoBa-
HUU 939 06pa3LoB ChIBOPOTOK KPOBU JJOHOPOB BbI-
siBaeHO 16,5% cepoHeraTUBHBIX JULI, MAKCUMAaJTb-
HOE KOJMYECTBO KOTOPBIX TPUXOAMTCS Ha BO3-
pacTHoil uHTepBas oT 18 mo 40 net [8]. [Toxoxas
cuTyanus ckiuanbiBaetrcs B [lepMu, rie HanOGOIb-
I TIPOLIEHT BOCHPUUMYMBBIX JIUI K BUPYCY
kopu (20% n3 481 yenoBeK) HabIIOMAETCS B BO3pac-
Te oT 18 no 35 net [7]. CornacHo ApyroMy ucciaeno-
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BaHUIO, TaKXe IMPOBeAecHHOMY B MoOCKBe, IpH 00-
cleqoBaHUM MEAMIIMHCKUX PAaOOTHUKOB U BOEH-
Hoclyxamux (866 4eaoBeK) HOJIsSI CepOHEraTUB-
HBIX UL coctaBuia 19,4% [5]. [pu onpeneneHnu
HaTIIPSIXKEHHOCTU TPOTUBOKOPEBOTO MMMYHHUTETA
cpenu B3pocCJoro u aetckoro HaceaeHus (103 yeno-
Beka) B PoctoBe-Ha-/loHy H0JISI cepOHEraTMBHBIX
mun (12,8+£3,4%) npuxomauiaachk Ha BO3pacT OT 22
1o 26 net [9]. IIpu obcaenoBaHUU MEAULIMHCKUX
paboTHUKOB B OGHMHCKE (467 00pa31ioB CHIBOPOT-
KU KPOBU) HU3KAasI HAITPSIXKEHHOCTH IIPOTUBOKOpE-
BOr0 MMMYHUTETA BblsIBUJIACh ¥y 6% o0CaeqoBaH-
HbIX aul [10].

Kaxk u3BecTHO, KOPb SIBJISIETCSI BAKIIMHOYITPaB-
ngemoit nnpexkuueii. Ilepsas B Poccum maccoBas
BaKIIMHAIIMS JIETCKOTO HaceJeHUs Oblia IpoBe-
meHa B 1968 1. (omHOKpaTHas BaKIMHALUSI B 15—
18 mecstieB; ¢ 1986 1. — B 12 MecsneB), YTO TTO3BO-
JIUJIO 3HAYMTEJIbHO CHU3UTh 3a00JIeBA€MOCTbh, pac-
IPOCTPAaHECHHOCTh, Pa3BUTHE OCIOXHEHUU Cpemu
nmeteif. CuuTaeTcs, YTO MOCJIC BBEACHUS IIPOTUBO-
KOpEeBOM BakKIMHBI B 95% ciydaeB (opMupyert-
Cs1 NJUTENbHBIA TyMOpaJibHbIi MMMYHUTET [2].
B mocnenyroiye rogsl BaKIIMHAIIAS CcTajla HOCUTh
mraHoBHI xapakTep. CoriracHo HammoHalbHOMY
KaJICHIapo MNpo@UIIaKTUUYECKNX NPUBHBOK BaK-
LMHAILUSI MPOTUB KOPU OCYIIECTBJsIETCS B 1 ron
n B 6 net. [TonpocTKu 1 B3pocible 10 35 JIET, HE IPU-
BUTBIC paHEe, He MMEIOIINEC CBCACHUIT O PUBUB-
Kax IIPOTUB KOPU M paHee He OOJIEBIIMM KOpPBIO,
NPUBUBAIOTCS ABYKPATHO C MHTEPBAJIOM HE MEHee
3 mecsaues [3].

ITockonbKy €MWHCTBEHHBIM TapaHTOM IOCTHU-
KEHUSI DJIMMHUHALIMA KOPEeBOM WHMEKIIUU SIBIIS-
eTcs obecrieyeHue JOCTaTOYHOTO OxBaTa Hacelie-
HMSI BakKIMHOMPOGDUIAKTUKON, OCHOBHBIC CHUJIBI
W CPEACTBA MOJIKHBI OBITh HaIlpaBJICHBI HA TTOBHI-
IIIeHe oXxBaTa HacejeHus TNpuBuBKaMu. Ocoboe
BHUMaHWE CcJeayeT oOpaTUTh Ha TPYNIbl JIUIIL,
B KOTOPBIX YPOBEHb UMMYHHUTETAa MOXET OKa3aTh-
CsI HEOOCTaTOUYHO BBICOKMM JJISI TpEeKpaIlleHUs
SHASMHUYHON U PKYJISIOUN BUpyca Kopu. K Takum
TpyniaM OTHOCSITCS JIMIIa, He BaKIIMHUPOBaHHBIE
HaaJexaluM odopa3oM B MPOILJIOM, ITKOJbHUKU
W CTYICHTBI, BOGHHOCIYXaIlnue, pAOOTHUKU MEIM-
OMHCKUX 1 00pa30BaTeIbHBIX OPTaHU3aINiA.

Llesrb McciienoBaHUST — OIIEHKA YPOBHS ITPOTHU-
BOKOPEBOI0 MMMYHUTETAa y MEIUIIMHCKOTO Iep-
conana Knmauk CamMapcKoOro rocyaapCTBEHHOTO
MEOWIIMHCKOTO VHUBEPCUTETa W COTPYIHUKOB
®dIrbOyY BO «Camapckmii ToCymapCTBEHHBIN Me-
JULIMHCKUUN YHUBEPCUTET.

Marepuanbl n MeTopl

B uccnepoBanuu npuHsaau yyactue 1503 yeno-
BeKa B Bo3pacte oT 18 po 79 ner, u3 Hux 23,9% —
MYK4YUHBI, 75,7% — >XeHIIUHBI. Bce auia B BO3-
pacTe 10 55 J1eT, IpUHIBIINE YIacTHE B MICCIIeI0BA -
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PucyHok 1. Pe3ynbTaTbl OLLEHKN YPOBHS
NMPOTUBOKOPEBOIr0 MMMYHMUTETA Yy Pa3JIM4HbIX FPymnn
HaceneHus B HEKOTOPbIX pernoHax Poccuiickoi
depepauun

Figure 1. The results of assessing of measles immunity
in various groups of the population in some regions

of the Russian Federation

Huu (77,58%), uMean TOKyMEHTaJIbHbIE CBEICHMU S
O IBYKpaTHOW BaKIWHAIMU IIPOTUB KOpuU. Y ab-
COJIIOTHOI'O OOJIBIIIMHCTBA JIMIL cTaplie 55 JeT oT-
CYTCTBOBAJIM ITOKYMEHTAJbHBIC ITOATBEPXKICHUS
NPOBEICHHON BaKIWHALIMKM U ITEPEHECEHHON KO-
peBoii mHpekuuu. JInma, nMeBiIne abCOTIOTHBIE
MEIUIIMHCKIE ITPOTUBONOKA3aHU S K ITPOBEICHUIO
BaKLMHOMpoduiaakTuku (3 yenoBeka: 1 yeloBeK
B BO3pacTe 10 55 1eT, 2 ueaoBeKa — cTapiie 55 J1eT),
He OBIIIY BKJTIOUEHEI B IccliefoBaHMEe. MaTeprajaoM
MCCJIeIOBaHUS SIBJIsIJIach BEHO3HasI KPOBb, B3sITas
B IIPOOMPKM C aKTHUBATOPOM CBEPTHIBAHUS KpO-
BU C NMPUMEHEHHWEM BaKyyMHBIX cucTeM. [locite
HeHTPpU(YTUpOBaHUSI KPOBU B IOJYYSHHON CHI-
BOpOTKe omnpenensau coaepxanue I1gG K Bupycy
KOpM METOJIOM HMMYHOMEPMEHTHOro aHajau3a
C IpUMEHEHNEM TecT-cucTeMbl «BekToKops-I1gG»
(3A0 «Bektop-bect», . HoBocubupck). CornacHo
MHCTPYKIMU, pa3pabOTaHHOUW ITPOU3BOAUTEIISIMU
TECT-CUCTEMBI, PEe3yJbTaT MCCIIENOBAHUS WHTEP-
NpeTUpoBajcsd KaK MOJOXUTEIbHbBI MPU YPOBHE
1gG > 0,180 ME/mn. Craructudeckass oo6padoTka
NAaHHBIX TPOBOAMJIACH C HMCITOJb30BaHUWEM ITaKe-
Ta npukaagHeix mporpamm Excel 2016, IBM SPSS
Statisctics 11.0.

Pesynbrarhl

I1pu aHanu3e pe3yabTaTOB UCCIeIOBaHUS ObITN
MOJTy4YeHbl JaHHbBIC, TIPEICTAaBICHHBbIE HA PUCYH-
ke 2. CpenHuii mokasarenb coaepxaHus IgG K Bu-
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[ 0,0-0,179 ME/mn|IU/m
[] 0,180-1,99 ME/mn|IU/ml
[ > 2,0 ME/mn|1U/ml

27,48%

52,90%

PucyHok 2. CopepxaHue IgG K Bupycy kopu
(ME/mn) y MmeguumnHckoro nepcoHana Knuuuk
Camapckoro rocynapCTBEHHOro Me AULUHCKOro
yHuBepcurteTa u cotpyaHukos Prboy BO
«CamapcKui rocysapCTBEHHbIN MegULUHCKNIA
yHUBEpCUTET»

Figure 2. The concentration of IgG to measles virus
(IU/ml) in the medical staff of the Clinics of Samara
State Medical University and the staff of Samara State
Medical University

pyCy KOpH B reHepaibHOU COBOKYITHOCTHU COCTaBUJI
1,02+0,02 ME/Mn (Mennana — 0,614 ME/mon).
IMonoxurtenbHbie pe3yJbTaThl IMPU OIpeaesie-
Hum ypoBHs 1gG k Bupycy kopu (6osiee 0,180 ME/
MJI) HaOmonaanch y 72,52% o0ciienoBaHHBIX JIWILI.
Jnst nanbHEUIero aHajinu3a, BCe MOJOXKUTEbHbIE
pe3yJbTaThl ObLIN YCJIOBHO pa3ae/ieH bl Ha 3HAaYeH U ST
«cpennero ypoBHs» (IgG 0,18—1,99 ME/Mn) u «Bbi-
cokoro ypoBHs» (IgG > 2,0 ME/mn). ConepxaHue
IgG x Bupycy kopu B nuamnasone 0,18—1,99 ME/mn
(0,967%£0,64 ME/Mu) 6Gb110 XapakTepHo 151 52,90%
obcJieNoOBaHHBIX JIML, CPEAHU BO3pacT B JaHHOU
rpynmne coctaBui 41,4+0,5 net. «Bricokuit ypo-
BeHb» nokasateJsisi [gG K BUpycy Kopu Habatoaancs

y 19,62% o6cnenoBaHHbIX aull. CpeagHUil BO3pacT
B IaHHOWU rpymnmne coctaBui 54,2+0,72 rona.

Conepxxanue IgG K BUpPyCy KOpU B CBIBOPOTKE
KpoBU HMXKe ToporoBoro 3HadyeHus 0,180 ME/mn
Habmoganock y 27,48% ob6ciaeqoBaHHBIX JIMIL, YTO
CBUJIETEJICTBOBAJIO 00 OTCYTCTBUM ITPOTUBOKOPE-
BOI0 MMMYHUTETa y TaHHOMW IpyMNnbl 00CIea0BaH-
HbIX. CpeaHM 1 BO3pacT B JTaHHOM IpyIMIe COCTaBUII
33,25+0,53 neT, a cpenHee coaepxkanue IgG K BUpy-
cy kopu — 0,058 ME/mu1.

Pacrnipenenenue nokasareseil «<HU3KOIro», «Cpei-
HEro» M «BBICOKOTO» ypoBHel IgG K BUpycy Kopu
Cpeny pa3IMYHBIX BO3PACTHBIX TPYIIM, COTJAcHO
KJaccupukauuu BO3, npeacraBjieHO Ha pUCyHKe 3.

PesynbraTthl Gojiee AeTalbHOTO PacCMOTPEHMS
3aKOHOMEPHOCTEN 3aBUCUMOCTH YPOBHSI IPOTHUBO-
KOpPEBOTro UMMYHUTETA OT BO3pacTa MpeacTaBJICHbI
Ha pucyHKke 4.

O6cyxaeHune

Cpenm 1503 ob6cnenoBaHHBIX Oojiee YEeTBEPTU
auu (27,48%) He uMmeNln AOCTATOYHOIO YPOBHSI
IgG x Bupycy Kopu mas1 GOpMUPOBAHUS MPOTHU-
BOKOpPEBOro MMMYyHHUTeTa. HecMoTpsa Ha TO 4TO
Yy Bcex o0ceqoBaHHbBIX JIULL B BO3pacTe a0 55 JieT
(77,58%) umesoch MOKYMEHTaJbHOE IIOATBEPXK-
IeHWEe TIPOBEICHHON MBYKpPAaTHOM BaKIIMHOMIPO-
dunakTuku, y 34,16% BaK LIHHUPOBAHHBIX COAEP-
KaHWe aHTHUTEJ ObIJIIO HUXXE 3allMTHOTO IIPU I0-
nyctuMoM ypoBHe < 7%. Ilpuuem GoJjibliiasi 4acTh
W3 HUX — JHIla MOJIOAOTO BO3pacTa, YTO CBUIE-
TEJIBCTBYET O HM3KOM YPOBHE CHEIM(MUIESCKOIro
IPOTUBOKOPEBOT0 UMMYHUTETA CPEeIU MOJIOIOTO
B3pocioro HaceyneHus1. OCOOEHHO HAaCTOpaXKMBa-
eT TOT (PaKT, UYTO CPEeaM JIUIL C OTCYTCTBUEM WM-

75-90 net
75-90 years old

—rT

60-74 net
60-74 years old

—

45-59 net
45-59 years old
18-44 net
18-44 years old
0 50

100 150 200 250 300 350 400 450 500

Konuyectso yenosek
Total number of people

[ «Bbicokuii» yposeHs IgG
«High» level of IgG

[] «Cpeanuit» yposets IgG
«Intermediate» level of IgG

B <Huskuit» yposers IgG
«Low» level of IgG

PucyHok 3. PacnpepeneHue nokasaTtenein «<HU3KOro», «CpeAHero» u «BbiIcokoro» ypoHeu IlgG k Bupycy
KOpW cpeau pa3NinyHbIX BO3PacTHbIX rpynn (knaccugukaumsa BO3)
Figure 3. Distribution of «low», «intermediate» and «high» levels of IgG to measles virus among different age groups

(WHO classification)
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PucyHok 4. 3aBUCMMOCTb YPOBHS MPOTUBOKOPEBOIr0 MMMYHUTETa OT BO3pacTa
Figure 4. The dependence of the level of measles immunity on age

MYHUTETA K BUPYCY KOpH 67,8% — KEHIIUHBI JI€-
TOPOJHOIO BO3pacTa, YTO MOTEHIIMAJIbHO MOXKET
MPUBECTH K POCTY PaCpoOCTpaHEHHOCTU KOPEBOM
MHPEKIUU cpeay AeTeil B JOBaKIIMHAJIBHOM IIE-
puone (mo 12 mecs1ieB).

B GoJiee crapmmx Bo3pacTHBIX I'PYIIIIax OTMe-
qaeTcs Cieaylonas TEHJAECHLMS: C yBeJIWYEHUEM
BO3pacTa HaOJII0JaeTcsl M YBEJIMYEHUE CPEIHETO
conepxanusa IgG K BUpycy KOpH.

Ipu aHaM3e 3aBUCUMOCTH YPOBHS IIPOTUBOKO-
pEBOrO0 MMMYHUTETA OT BO3PacTa ObIJIM BbISIBJIEHBI
CJEeNYIOIIEe 3aKOHOMEPHOCTHU: IIPU YBEJIWYEHUN
BO3pacTa, O JUIL C «BBICOKMM» COIEPKAHUEM
IgG x BUpycy KOpHU pacTeT, a ¢ «<HU3KUM» — CHU-
xaercsa. C y4eTOM OTCYTCTBMUSI CBEAEHMUI 00 MH-
GEKIIMOHHOM aHaMHe3€e JIMIL CTaplleil BO3pacTHOM
rpynnbsl JaHHBIA (QakT, BEPOSITHO, MOXKXHO OOBsIC-
HUTBH TEM, 4YTO Y IIPEICTaBUTEENH OOJIee CcTapIIero
BO3pacTa, MOMMUMO MMOCTBAKIIMHAJIHLHOIO UMMYHMU-
TeTa, UMEETCS €lle U MPUOOPETEHHBIN MHPEKIIM-
OHHBIN ITOCJIE NEPEHECEHHOIo 3a00JIEBAaHUSI, TakK
KaK JI0 BBEIEHM I MACCOBO MMMYHM3AIINUA BEPOSIT-
HOCTB 3apa3uThCs BUPYCOM KOpH OblLIa TOCTAaTOYHA
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PE3YJIbTATbl USYHEHUA KOJUJIEKTUBHOIO
UMMYHUTETA KKOPU Y JIUL B BO3PACTE
CTAPLLE 35 JIET

JI.B. Pyouc'-?

! Meduyunckuii uncmumym @IEOY BO I[lemposzasodckuii eocydapcmeennnlil ynugepcumem, . Illemposzasodck, Poccus
2I'BY3 I'opodckas noaukaunurxa No 4, e. I[lemposzasodck, Poccus

Pestome. Boicokuii ypoBeHb 3a001€BaeMOCTU KOPbIO, PETUCTPUPYEMBII B CTPaHE B IMOCAEAHME TObI, C aKTUBHBIM BO-
BJICUEHHMEM B 3MUIEMUUECKU I MTpoLecC B3pocyoro HaceneHus (0K0s10 40% GONbHBIX) OMpenaensieT aKTyaJlbHOCTh U3-
YYeHU s KOJJIEKTUBHOTO UMMYHUTETA B pa3HbIX BO3PACTHBIX I'PYIINAX C LEIbIO OIICHKHU CTEIIEHU pUCKa 3a00IeBaHMSI.
B cTaTtbhe mpencTaBiaeHbl pe3yabTaThl UCCIEAOBAHUS HAJIMYMS aHTUTEN K BUpycy kopu y 402 xureneii r.IleTpo3aBon-
cka: 164 nuu, ponusiiuxcs B 1970—1983 rr. (36—50 jet) u 238 auw, ponusiuuxcs B 1948—1968 rr. (51-71 rox). BoisiB-
JICHO, YTO BO BTOPOIL IPYIIIE JOCTOBEPHO BHILIE HE TOJIBKO A0S CEPONO3UTUBHBIX J1ull (94,1£1,5 u 77,4+3,3% coort-
BETCTBEHHO), HO 1 yacToTa 0OHapyxeHus IgG B BbicoKuX KOHLIeHTpauusx (5 u 6oxee ME/im) — 39,7£3,5 u 15,4+5,8%
COOTBETCTBEHHO. AHAJIM3 MIPUBUBOYHOIO aHAMHe3a IMoKa3all, uTo 13 351 JeroBeKa ¢ 3alIUTHBIM YPOBHEM aHTUTE]
ObLIM OMHOKPATHO W1 ABYKpaTHO npuBUTH 20,9%, 13 Hux 14 — B meTcTBe 1 63 — B TedyeHue 15 JIeT 1o UCCIef0BaHUS.
N3 51 yenoBeKka ¢ OTCYTCTBMEM aHTUTEN K KOPY WJIM YPOBHEM HUXE 3aLIUTHOrO NPUBUTH 13,7%: nsaTepo B AETCTBE,
nBoe — B nocnennue 15 netr. Cpenu auw, poauBiuxcs B 1948—1968 rr., 87,1+2,2% He uMenu CBeAEHUI O IIPUBUB-
Kax M, BEepOSITHO, He OB NPUBUTHL. [1pr 3TOM cpenn HUX J0Js 00CIeIOBAaHHBIX C 3aIIATHBIM YPOBHEM aHTUTE]
OblJ1a JOCTOBEPHO BHIIIIE, YeM B rpyrrme 36—50 et — 87,1+2,2 u 62,2+4,3% cooTBeTcTBeHHO. DAKT IepeHeCeHN s KOPU
BIETCTBE OTMETUJIM 23 yeaoBeka. M3 Hux aHTuTe 1a BhIsIBIEHDI Y 21 yesoBeka, B TOM UMCJIe Y IeBITH B TUTPE 5 U 6oJiee
ME/mun. IIpeobramanue B rpyiine ponuBinuxcs 1o 1969 r., koraa B Pecriy6iuke Kapenust perucTpupoBasics BhICOKHUA
ypoBeHb 3a0oeBaemMocTH (477—2176,0 Ha 100 ThIC.), CEPOMO3ZUTUBHBIX K KOPU JUI] IPEMMYIIECTBEHHO C BHICOKUMU
TUTPaMH, CBUAETEIbCTBYET O COXPAHEHU U HATIPSKEHHOTO MOCTUH(MEKIIMOHHOTO UMMYHUTeTa. OTCYTCTBHE 3aIIUT-
HOTO YPOBHSI aHTUTEJI K BUpYCYy Kopu Y 22,6% nuil B Bo3pacte 36—50 net (1969—1983 rr. poxaeHust), 00yCI0BIEHHOE
HHU3KMM YPOBHEM ITOCTUH(MEKIIMOHHOTO M HEeIOCTATOUHON HAIPSKEHHOCTHIO MOCTBAKIIMHAIBHOIO MMMYHUTETA,
OTpeaesieT X KaK TPYIIITY BEICOKOTO PUCKA 3apakeHMS.

Karouesnie caosa: Kopb, cepoaoeuveckue ucmeaosaﬁuﬂ, 6AKUUHauus, KOANEKMUBHBLIL UMMYHUmMem.

A SURVEY OF EXAMINING HERD MEASLES IMMUNITY IN ADULTS OVER 35 YEARS OLD
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Abstract. A high measles incidence rate has been registered in Russia in recent years, with adults being actively involved
in the epidemic process (about 40% of patients), thereby underlying relevance of assessing herd immunity in different
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age groups to measure its risk. The data on examining serum antibodies to measles virus in 402 residents of Petroza-
vodsk are shown: 164 and 238 subjects were born in 1948—1968 (51—71 years) and 1970—1983 (36—50 years), respec-
tively. It was found that the second group had significantly higher percentage not only of seropositive persons (94.1%+1.5
vs. 77.4%3.3%, respectively), but also frequency of detected high IgG level (5 and more 1U/l) reaching 39.7+3.5 vs.
15.445.8%, respectively. Analysis of vaccination history showed that of 351 people with protective antibody levels,
20.9% were vaccinated once or twice, 14 of them in childhood and 63 within the 15 years prior to the study. Of the 51
people with no measles antibodies or below protective level, 13.7% were vaccinated: five in childhood, and two within
the last 15 years. Among those who was born in 1948—1968, 87.1+2.2% provided no information about previous vacci-
nations and probably were not vaccinated. In this group, percentage of those examined with a protective antibody level
was significantly higher than in the 36—50 years group — 87.1+2.2 and 62.2+4.3%, respectively. In addition, 23 subjects
confirmed that they recovered after measles in childhood. Of these, antibodies were detected in 21 subjects, including
9 having serum titer at level of 5 or more 1U/ml. Until 1969, the Republic of Karelia registered a high level of measles
morbidity (477—-2176,0 per 100 thousand). The predominance in the group born before 1969, individuals seropositive
to measles mainly at high titer, indicates that intense post-infectious immunity was preserved. The lack of protective
level of antibodies to measles virus in 22.6% of persons aged 36—50 years (1969—1983 year of birth), due to the low level
of post-infectious and insufficient durability of post-vaccination immunity allowing to definer them as a high risk group

for measles infection.

Key words: measles, serological studies, vaccination, herd immunity.

BBeneHune

C 2011 r. B Poccun Havasics moabeM 3aboJieBa-
€MOCTH KOpPbIO ¢ 3aKkpereHuem B 2018 r. MecTHOM
LHUPKYJSIIIMA HEKOTOPBIX TeHOTHMIIOB BUpyca [6].
IMuku 3a60n1eBaeMocTU peructTpuponaiuch B 2014
u 2019 rr. (3,2 u 3,1 Ha 100 ThIC. HAaceJIEeHUS COOT-
BeTcTBeHHO). OK0J10 40% GOJMIBLHBIX KOPBIO B CTpa-
He B IMOCJIeIHME TOJbl COCTABJISIIIN B3pocibie [6, 7],
HO JaHHBIE O BO3PACTHOM CTPYKTYype 3a001eBaeMo-
CTU yIaJIOCh HAUTHU JIUIIIb B OHOM UCCJIENOBAHUU,
npoBeneHHOM B MockBe U MOCKOBCKOI o0JjlacTu
[9]. Haubonee mnopaXeHHOUW BO3pacTHOW TpyIl-
MO cpeny B3pOCIbIX OKA3aJIUCh JIMlIAa B BO3PaCTe
1o 40 net (80%), HanMeHee — nuia crapiie 50 et
(4%). O cTeneHu pucka 3ab0JieBaHUS B 3aBUCUMO-
CTU OT BO3pacTa MOXHO ObLJIO Obl CYAMTH MO pe-
3yJbTaTaM U3yYE€HUS KOJIJIEKTUBHOTO UMMYHMUTE-
Ta, OMHAKO AJISI CePOJOTMYECKOTO MOHUTOPUHTA
B KayeCTBE MHAUKATOPHBIX OTpeeIeHbl BO3pacT-
Hble TpynbI 10 49 et [4]. BMecTe ¢ TeM oTnesibHbIe
WCCJIEIOBAHMSI, TIPOBEICHHBIE B TIOCJIEIHNE TOMbI
B Pa3HbIX PETMOHAX CTPAHBI, BBISIBUJIU CYIIIECTBEH-
HbIe Pa3JIU4YMs YaCTOTHI OOHAPYKEHUS MPOTUBO-
KOPEBBIX aHTUTEJ B OTJEJbHBIX BO3PACTHBIX TPYTI-
nax aul ctapiie 30-1eTHero Bo3pacta [2, 9, 10].

Pecniybnuka Kapenus c mokasarejiem 3abose-
BaemocTtu 4,7 Ha 100 ThIC. B 2018 T. BOIIITa B YMCIIO
HauboJjiee HEeOJaronmojJy4yHbIX MO KOPU CYyOBbeK-
TOB CTpaHBbI [6] B pe3ysbTaTe pa3BUTUS BCITBIIIKU
C TIPEUMYIIECTBEHHBIM BOBJICUEHUEM B3POCIJIOTO
HaceneHus: 23 u3 29 60JbHBIX.

Llesip HacTOSIIEro UCCAEAOBAHUS — WU3YUYUTH
COCTOSTHVE KOJUJIGKTUBHOTO MMMYHUTETa K KOpHU
B pa3HbIX BO3PACTHBIX TpyMnax B3pOCJIOro Hacee-
Hus T. [leTpo3aBoiacka crapiue 35 JieT 1Jigd onpene-
JeHusa 3O@GEeKTUBHONW TaKTUKU NpodUIIaKTHUEC-
KUX MEPOTIPUSITUIA.

Martepuanbl 1 MeToabl

I[MpoaHanmu3upoBaHbl pe3yabTaThl HCCIEOOBa-
HUS KPOBU HA HAJIM4YMe aHTUTeN Kiacca G K BUPY-
cy kopu y 402 gyenoBek (paOOTHUKOB U MAllMEHTOB
nonukanHUK 1. [leTpo3aBoacka), TPOBEIEHHBIX
B 2014, 2016, 2018 1 2019 rr. O6ceg0BaHHbIE ObLIN
pasnmesieHbl Ha 2 rpyImnbl: 164 4yeaoBeKa, pPOIUB-
muxcs B 1970—1983 rr. (36—50 ieT K MOMEHTY HC-
clenoBaHUs) U 238 yenoBeK, pOOUBIIUXCS B 1948—
1968 rr. (51—71 TOoA K MOMEHTY HCCJeIOBaHUSs).
YV 238 yesioBeK € MOJOXKUTEIbHBIMU pE3yJabTaTaMU
ucciaegoBanusg (199 nun B Bo3pacte 51—71 ropa
u 39 nui B Bo3pacTte 36—50 j1eT) mpoBeaeHa OLieHKa
TUTPOB AHTUTEII.

CepoJioruueckyre MCCIeNOBaHUS OCYIIEeCTBIISI-
JIUCh B pa3HbIX JIAOOpaTOpUSAX: B KJIUHUKO-AUA-
rHocTuyeckoit jnabopatopuu ['BY3 «loponckas
nonukanHuKa Ne 4», B BUPyCOJIOTUYECKO 1abopa-
Topun OBV 3 «lleHTp TUTHUEHBI U SITUACMHUOJIOTU U
B PK», B maboparopuu I'bBY3 «PecmybimkaHckas
nH(peKIMoHHasE OOJbHUIIA» U KOMMEPUYECKUX
JlabopaTopusX C UCIIOJb30BAHUEM aBTOMATU3U-
POBaHHBIX MMMYHO(MEPMEHTHBIX aHaJU3aTOPOB.
3alUTHBIN TUTP aHTUTEJ K BUPYCY KOPU OTIpelie-
JieH Tosibko aist metonoB PHTA (1:10) u PTTA (1:4)
[4], mpu mpoBeneHnu MDA cepono3UTUBHBIMU
K BUPYCY KOPU CUUTAIOTCS JIUIlA C YPOBHEM aHTU-
TeJl, YKa3aHHBIM B MHCTPYKIIUU K UCIIOJIb30BaH-
Holi TecT-cucteme [5]. B maHHOM wucclieqoBaHUU
MPUMEHSJIMCh HAOOPHl PEareHTOB s UMMYHO-
(bepMEHTHOTO KOJTMUYECTBEHHOTO M Ka4eCTBEHHO-
ro ompenejeHuss UMMYHOTJIO0yJInHOB Kiacca G
K BUPYCY KOPHM B ChIBOPOTKe KpoBu «BekToKophb-
IgG» mpousBoncTBa AO «Bektop-bect» (Poccus).
CornacHo MHCTPYKIIUU IO MTPUMEHEHUIO HAOOPOB,
UCCIIeyeMblil 0Opa3el] cCuuTasICs OTPULIATETbHBIM,
ecnu KoHueHTpanus IgG k Bupycy Kopu Obljia Me-
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Hee 0,12 ME/MJ, HeomnpeneJeHHbBIM — IPpU KOH-
neaTpauuu ot 0,12 mo 0,18 ME/MJT 1 TTOJIOXUTEITb-
HbIM, €CJIM KOHLIEHTpal1s Oblja 00JbllIe UJIU paB-
Ha 0,18 ME/mi. YciioBHO B KavyecTBe 3alllMTHOTO
ObL1 pUHSAT ypoBeHb 0,18 ME/Mmu1.

PesynbTathl uccienoBaHus ObIJIM COMOCTaBJEe-
HBI C JaHHBIMU O TIPUBMBOYHOM aHaMHe3€e 00cie-
JIOBAaHHBIX Ha OCHOBAaHWUMU 3amuceil B amOynaTop-
HBbIX KapTax ¥ 0 epeHeCEeHHOM paHee 3a00JeBaHUU
KOpbIO Ha OCHOBAaHUM MHGOpPMAIIMU, TTOJTyYeHHOMN
OT caMUX OOCIeNOBaHHBIX, a TaKXe C IoKa3aTe-
JsIMU 3a0071€BaEMOCTU KOPbIO Ha TEppPUTOPUU
Pecnyonuku Kapenus ¢ 1950 mo 2018 rr. Ouenka
MPUBUTOCTU NeTeil B mepuon ¢ 1968 mo 1977 rr.
MpoBeJeHa Ha OCHOBAHWM apXMBHBIX MaTepuajioB
CTaTUCTUYECKUX OTYETOB O IMPOGUIAKTUIESCKUX
nNpuBMBKax B pailoHax Pecnyonuku Kapenus.
Cratuctuueckass o0padboTka IMpPOBOAMJIACH C UC-
noJib3oBaHueM t-kputepust CtologeHTa (P-0,95).

Peaynbrathl

W3 402 o6cenenoBanHbiX aull y 87,3%1,7% tutp
aHTUTEJ] K BHUPYCY KOpHU IIpeBblllajl yPOBEHb
0,18 ME/mu, y 1,5+0,6% 6bi1 B mipenenax 0,12—
0,17 ME/Mnny 11,2+1,6% oxka3zancs Huxke 0,12 ME/
MJI (Tabr. 1). Joast mui ¢ 3alIUTHBIM TUTPOM aHTH-
Tesa B rpyimie poauBliuxcs B 1948—1968 rr. (Bo3-
pacT K MOMEHTY ucciaeaoBaHuss — 51 rog u crap-
1ie) Obljaa JOCTOBEPHO BhbILIE, YEM B IPYIIE pO-
puBLxcs B 1969—1983 rr. (36—50 net) — 94,1%1,5
u 77,4%3,3% cOOTBETCTBEHHO.

JlaHHbIE O TUTPAX aHTUTEJ K BUPYCY KOPH yaa-
Jochk mpoaHanu3upoBath y 238 m3 351 ugesmoBeka
C IIOJIOKUTEIbHBIMM pe3yjbTaTaMU MCCJIeA0Ba-
Hus. Beicokue tutpel aHTtuTen (5 m Beime ME/
M) umenu 35,7£3,1% desioBeK, aHTUTEIa B Aua-
nazonax 0,18—0,99; 1-2,99 u 3—4,99 ME/Mmn BbI-
SBJISIINCh NPAaKTUYECKU C OJMHAKOBOM YacTo-
Toii — ot 20,6+2,6 no 23,1+2,7% COOTBETCTBEHHO
(Ta6. 2). OmHAKO y JIUII, OTHOCSIIINUXCS K Pa3HBIM
BO3PACTHBIM TIpyHMaM, HAMPSXEHHOCTb HUMMY-
HHUTETa CYILIECTBEHHO pasjaudajiach. B Bospact-

Hoit rpynrme 36—50 aet (39 uenosek) y 43,6+7,9%
ypOBeHb aHTHUTeN He mocTturain 1 ME/Ma u munrs
y 15,4+5,8% mnipesbimran 5 ME/mi. ¥V nun crapiie
51 rona (199 yenoBek) aHTUTENa B TUTpax 5 u 00-
Jjee BBIABIANUCHL B 39,7+3,5%, eme 24,6+3,1%
MMEIN TUTPBI aHTUTEN OT 3 1o 5 ME/Ma u numib
y 16,1+2,6% onu 611 MeHee 1 ME/mut.

daxkT nepeHeceHWsl KOPU B JIETCTBE OTMETHJIN
23 yenoBeka. M3 HUX TUTpbI aHTUTEN S U 6oJiee ME/
MIJI UMEeIH AeBITh, 3—4,99 ME/Mn — mrects, 1—2,99
n 0,18—0,99 ME/mMn — mo tpu, 0,15 u 0,019 ME/
MJI — TI0 OJTHOMY 4YeJI0BeKY. TUTp aHTUTEJ, COOT-
BETCTBOBABIIWI OTPUIIATEIBHOMY PE3YJIbTaTy, BbI-
sIBJIEH y Bpaya 52 JIeT, COOOILIMBIIEMY O TIEpeHEeCeH-
HOI B TIOAPOCTKOBOM BO3pacTe B CPEAHETSIKEION
(dopme Kopu, TTOTpeOOBaBILEH TOCITUTAIU3A .

CBeneHMSI 0 IPUBUBKAX IIPOTUB KOPU MMEJINCH
B MEAMIIMHCKON ToKyMeHTanuu 84 u3 402 yenoBek
(20,9%). 13 351 yenoBeka ¢ 3allUTHBIM YPOBHEM aH-
tuten npuButhl 77 (21,9%), u3 Hux 14 — B neTcTBe
un 63 —B TeueHue 15 jet no nccaenoanus. M3 51 ge-
JIOBEKa C OTCYTCTBUEM aHTUTEN K KOPU WJIM yPOB-
HEM HMKe 3alUuTHOTO nsitepo (9,8%) ObLIu MpuBU-
THI B IETCTBE (JIBO€ OMHOKPATHO, TPOE IBYKPATHO),
JIBOE B TedyeHue 15 net no ucciienoBaHus (OOUH O~
HOKpaTHO, OAWH 3a 7 U 1 Mecs1l 10 UCCAeA0BaHMSI).
Cpenm nuli, He UMEIOIIUX CBEICHUII O MPUBUBKAX,
B BO3pacTHOI rpyririe 51—71 roa gojs Jull ¢ 3alUT-
HBIM ypoBHeM aHTUTEN — 87,1+2.2% (195 u3 224 ye-
JIOBEK) 0Ka3ajiach JJOCTOBEPHO BBIIIIE, YEM B TpYIITe
36—50 met — 62,2+4,3% (79 u3 127 yesnoBek).

O6cyxaeHune

ComnocTaBjieHUe Ppe3yJIbTATOB UCCAESA0OBAHMS
KPOBM Ha HaJM4YMe aHTUTEJ K BUPYCY KOPU Y JIUILI
36—50 net u 51-71 roma BBISIBUJIO CYILIECTBEHHBIE
pa3inyus YPOBHSI KOJUIEKTMBHOIO MMMYHHTETA
K MH(MEKIL MU B 3TUX BO3pACTHBIX rpyIinax. B rpyn-
ne auu, poguBiuuxcs B 1948—1968 rr., nmo cpaBHe-
HMIO ¢ poauBLIMMUCcS B 1969—1983 rr., 10CTOBEPHO
BBILLIE OKA3aJIUCh HE TOJIbKO J0JISI CEPONO3UTUB-
HbIX Jul (94,1%£1,5 u 77,4%3,3% COOTBETCTBEHHO),

Ta6nuua 1. Pe3yanaTb| unccnegoBaHna MMMYHUTeTa K KOpu

Table 1. The results of a study of immunity to measles

Fonbl poxaeHus/ Yucno PesynsTaTt uccnepoBaHus
BO3pacTHasd rpynna| ob6cnepnoBaHHbix | Mokasatenb Research result
Birth years/age Number Indicator MonoxutenbHblii | Heonpeaensiemslii | OTpuuaTtenbHbIii
group of examined Pozitive Undetectable Negative
1948-1968 938 abc./abs. 224 2 12
51-71ron/years % 94,141,5 0,8+0,6 5,1+1,4
1969-1983 o a6c./abs. 127 4 33
36-50 net/years % 77,4%3,3 2,4%1,2 20,131
abc./abs. 351 6 45
Wrtoro/Total 402
% 87,3+1,7 1,5+0,6 11,2+1,6
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Ta6avua 2. HanpsiXkeHHOCTb UMMYHUTETA K BUPYCY KOPU Y JIUL, C YPOBHEM aHTUTEN Bbille 3aLUTHOrO
Table 2. Intensity of immunity to measles virus in individuals with antibody levels above protective

Fopbl poxaeHus/ Yucno TuTpbl aHTUTEN K BUPYCY KOPU
Bo3pacTHasrpynna | o6GcnepoBaHHbIX I'I(|>Kg.3a:'enb Measles antibody titers
Birth years/age group | Number of examined naicator 0,18-0,99 1,0-2,99 3,0-4,99 >5,0
1948-1968 ab6c./abs. 32 39 49 79
199
51-71ron/years % 16,142,6 19,6+2,8 24,6+3,1 39,7+3,5
1969-1983 39 abc./abs. 1 10 6 6
36-50 ner/years % 43,6279 25,7+7,0 15,4%5,8 15,4%5,8
abc./abs. 49 49 55 85
WUroro/Total 238
% 20,6+2,6 20,6+2,6 23,1£2,7 35,7+3,1

HO U yacToTa ooHapyxeHUus [gG B KOHLIEHTpalLlUU
5 u 6onee ME/nm — 39,7+3,5 n 15,4+5,8%. YpoBeHb
aHTuten meHee 1 ME/Mn B crapiueii rpyrie, Ha-
NPOTUB, BCTpedalsics B 2,7 pa3a pexe, UeM y Jull 60-
Jiee Mojiogoro Bospacra: 16,1+2.6 n 43,6+7,9% co-
OTBETCTBeHHO. He 3aluiieHHbIMU OT KOPU Cpeau
aui B Bo3pacte 51-71 roga okasaauchk 5,9+1,5%,
a 36—50 et — 22,61+3,3%. [1onydyeHHEBIe pe3yabTa-
THI O YACTOTE OOHAPYKEHUSI CEpOHETaTUBHBIX JIUI]
COIIACYIOTCSI C MAaHHBIMU IPYTUX aBTOPOB IO TPy II-
ne 50 net u crapue: 5% [9], 4,7% [10], 0; 9,5 u 14,3%
[2]. Cpenu Gosiee MOJOABIX JIULL BBISIBASIIUCH MO~
Ka3aTrejau KakK COOTBETCTBOBABIIME MOJTYYCHHBIM
B HallleM MCCJIeIOBaHWMU, TaK U OTJMYAIOIIUEeCs:
30—39 ner — 16,1; 25,6 u 38,1% [2], okono 32% [9],
7,1% [10]; 40—49 metr — 0; 18,2 u 34,5% [2], 10,9%
[10], okomo 15% [9].

Bricoknii ypoBeHb KOJJEKTUBHOTO MMMYHU-
TeTa K KOpM y Jull, poauBiiuxcs B 1948—1968 rr.,
He oOoImpeneasics WMMyHu3anuei: 87,1+2,2%
HE WMEJMN CBEACHWI O NMPUBUBKAX, JOCTOBEPHO
He NMPMBUBAJIUCH MOcJeaHue 15 JeT 1, BEpOsSITHO,
He ObLIM MPUBUTHI paHee. JInla, ©MeBIIME CBele-
HUSI O IPUBUBKAX, BOCHOBHOM, OBbIJTM BAKLIMHUPO-
BaHEBI B IeTcTBe, B 1968—1972 rr. BakuuHanus ne-

Tell npoTUB Kopu B Kapeyinu, kak u eliie B psije nu-
JIOTHBIX PErMOHOB, OblJ1a HavyaTa B 1968 1., 3a 5 jeT
IO BBEICHMS IIJIaHOBOW BaKIIMHAIIMM TI0 BCei
crpane [8]. Briepuon ¢ 1968 1o 1977 rT. B pecniy6am-
K€ eXeroaHo npuBuBaaochk oT 10 go 17 TeiC. AeTeil.
Yucsio HOBOPOXKIEHHBIX B 3TU TOIAbI COCTABJISIIIO
okoJio 11 ThIC., cenoBaTesibHO, TOMUMO JIETEi BTO-
pOTo roja XXM3HW YaCTMYHO NMPUBUBAJIUCH HEe 00-
JIEBIIIVE€ KOPbIO IeTU O0Jiee CTapIIuX BO3PACTOB.

Cpenu nui; 36—50 JeT ¢ 3allMTHBIM YPOBHEM
AHTUTEJI JOKYMEHTAJbHO TIOATBEpXIAeHHBbIE |
WJIU 2 TIPUBUBKM ITPOTUB KOPU MMEJIM B aHaAMHe-
3¢ 48 n3 127 yenosexk (37,8%), HO, TTO-BUIMMOMY,
JIOJISI BAKIIMHUPOBAHHBIX B 3TOW Tpynne 3HaYu-
TEJIbHO BBINIE, TaK KakK 4YacTbh OOCIeAOBaHHBIX,
poauBliuxcs nocie 1970 r., orMeyasa nojaydyeHue
NPUBUBKY B JETCTBE, HO HE MMeJia MOATBEPXKIe-
HMS 3TOro (pakTa B MEIUIIMHCKON TOKYMEHTAIIUU.
YacTh ABYKPATHO IIPUBUTBIX BTOPYIO 03y Bak-
HMHBI TIOJIy4YrJja B JIETCTBE, TaK KaK peBaKIIMHa-
uus geteit B Kapenuu nposoautcs ¢ 1982 r. [§],
B TO BpeMsI KakK BO BCeil cTpaHe oHa Obljla BBeIeHa
B 1997 r. Ho GoibLIMHCTBO OBIJIO peBaKLIMHUPOBA-
Ho ¢ 2005 r., Korjaa B pecny0JiMKe Hayajgach UMMY-
HM3aI1Ms B3POCJIOro HaceJeHUsI.
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Figure. The incidence of measles in Russia and the Republic of Karelia in the period 1950-2018. (per 100 thousand)
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VIMMYHUTET K KOPW Y B3POCIIbIX

3aboseBaeMOCTh KOPbIO B pecrnyoinke B 1950—
1967 rr. peructpupoBajachk Ha ypoBHe 605—2176,0,
B cpeaHeM cocTasiss 1215,9 Ha 100 Teic. Hacene-
Hus (puc.). B atoT nepuon B I[leTpo3aBoiacke peru-
CTPUPOBAJIOCH OKOJIO 28% OT umciia 00JIbHBIX B pec-
nyo6auke. [locie BBeaeHUsI BaKIIMHAILIMW 3a0o0Jie-
BaeMOCTbh cHM3MIach ¢ 1242,5 Ha 100 TeIC. B 1967 T.
110 477,9 1a 100 ThIC. B 1968 T., cpeTHEMHOTOJIETHU i1
ypoBeHb B niepuos ¢ 1968 o 1982 r. cocraBui 325,6
Ha 100 TheIC. ¢ KONnebaHusaMu ot 48,5 Ha 100 ThIC.
B 1980 mo 928.,2 ma 100 Teic. B 1982 1. ITocie BBe-
JIEHU ST peBaKIIMHAIIMK 3a00J1eBaeMOCTb CHU3MJIaCh
1o 36,6 Ha 100 TeiCc. B 1983 I. 1 mpoaoikaaa CHU-
xkatbces 10 ypoBHs 0,1 Ha 100 Teic. B 1999 1. C 2000
WMEJIN MECTO JINITb 3aBo3bl Kopu: B 2006 11 2007 TT.
(o 1 cnyyaro) u B 2018 1. ¢ bopMupoBaHUEM oyara
29 cnydyaeB. MHOToNETHSISI TMHAMUKA U YPOBEHb
3abosieBaeMocTu B Kapenuu aHajJlOrMYHBI IOKa-
3aTensiMm no Poccuu (puc.), roe MHTEHCUBHOE CHU-
KeHUe 3a001eBaeMOCTH TaKxXKe HadaJoch ¢ 1968 T.,
4TO, MO-BUAUMOMY, OBIJIO CBS3aHO C TIPOBEICHUEM
BaKIIMHAIIMU B PsIJIe PETMOHOB €111 10 BBEICHM S €€
o BCEU CTpaHe.

IIpeobnananue B HalleM MCCACIOBAHUM CPEOU
POIMBIIUXCS B TOIBI BHICOKOW aKTUBHOCTH BIIH-
JIEMUUYECKOro IIpoliecca KOpW JHIl, HE OTMeYaB-
mux (axkra 3a6o71eBaHUS U HE TTPUBUTHIX IPOTUB
KOpHM, HO MMEIOIINX MPOTHUBOKOPEBbIE aHTUTEA,
MpuYeM IPEMMYIIECTBEHHO B BBICOKMX TUTpaXx,
CBUAETEIBCTBYET O COXPAaHEHWUW Y HMX Hamps-
JKEHHOTO  MOCTUH(MEKIIMOHHOT0 WMMYHUTETa,
MPUOOPETEHHOTO B pe3ysibTraTe MepeHeceHus Oec-
CUMIITOMHBIX U CTePThIX (hopM 3abosieBaHUsI. DTO
MOATBEPXKIAIOT U JaHHbIe 0 KoHUeHTpauuu IgG
K KOPM Yy JIUII, Y KOTOPBIX B IETCTBE OBLJIO TUATHO-
CTUPOBaHO 3abojeBaHUEe (HU3KWUN TUTP aHTUTE]
y IBYX Y€JIOBEK MOT OBITh CBSI3aH C MHAWBUIYaJlb-
HBIMU OCOOEHHOCTSIMM MX MMMYHHOTO OTBETa).
Ha ocHoBaHMU pe3yJIbTaTOB UCCIIEIOBAHUS, TTOTY-
YEHHBIX HAMU U ApyruMu aBTopamu [9, 10], puck
3a00JieBaHUsI KOPbIO HaceJeHUsl B BO3pacTe CTap-
me 50 JIeT MOXHO OlLIEHMBAaTh KakK HU3KUU. DTO
CTaBUT II0Jl COMHEHUE 11eJIeCO00Pa3HOCTh BaKIIM-
HallMM OTIEJbHBIX KOHTUHIEHTOB (pPabOTHUKOB
MEIUIIMHCKUX M 00pa3oBaTeIbHBIX YUPEXKICHU;
JIVII, HAIpaBJIsIeMbIX Ha IJAaHOBYIO TOCIIMTAJIV-
3allMl0) B TOI BO3pacTHOI rpyrre. BakuyuHauus
3a HECKOJILKO JIHEI 0 TOCTYIIJIEHUsI B CTallMOHAp
MpeacTaByIsieTCs HelleJlecoo0pa3Hol elle U B CUITy
TOTO, YTO MOKUJIOK BO3PACT U CTPECCOBOE BO3JICH-
CTBUE Pa3JIMYHBIX ONEPAaTUBHBIX BMEIIATEIbCTB
CHUMXXAlOT aKTUBHOCTb (hOPMHMPOBAHUST MOCTBAaK-
IUHAJbHOIO UMMYyHUTeTa. CleayeT OTMETUTb,
YTO HOPMATUBHBIE JTOKYMEHTBI HE ITpeArnoaaraioT
3alpeT Ha TUIAHOBYIO TOCITUTAIM3alMI0 HEeTpu-
BUTBIX JULL denepanbHblii 3aKoH «O0 uMMy-
HOIpodUIaKTUKe WHGEKIIMOHHBIX OoJie3He»
Neo 157-®3 ot 17.09.1998 T. B ciryyae BOBHUKHOBE-
HMSI MaCcCOBBIX MH(PEKIIMOHHBIX 3a00JIeBAaHU I MJIN

IpU YyIpo3e BO3HUKHOBEHUS 3MHUIEMUI TIpemyc-
MaTpHBacT OTKa3 B IIpUEMe HENPUBUTHIX TpakIaH
TOJIBKO B 00Opa30BaTeJIbHbIC OpPraHM3alliid U 03-
TOPOBUTENIbHBIC, HO HE MEIWIIMHCKHUE yUPEKIC-
HUSI, a CAHUTAPHO-3ITUIEMUOJIOTMUEeCKHUE TTpaBHia
CIT 3.1.2952-11 «I1podunakTuka KOpHU, KpaCHYXH
M 3MHUIEMUYECKOro MapoTHTa» 3alpellaroT Ijia-
HOBYIO TOCHOMTAJMU3AlMI0 HEIPUBUTHIX TOJbKO
W3 9UCJIa IV, KOHTAaKTUPOBABIIUX C OOJIBHBIM.

OTCyTCTBYE 3alIUTHOTO YPOBHS aHTUTEJ K BUPY-
cy Kopu y 22,6% nuu B Bospacte 36—50 net (1969—
1983 rr. poxaeHus) oIpeneasieT WX Kak Tpymnmny
BBICOKOTO pHCKa 3apaxkeHWs. HemocTaTouHast 3a-
IIAIIEHHOCTh 3TOW YacTW HaCEJICHUSI, pOIMBIIICICS
B TIEpUO, CHUKEHUSI IIMPKYJISIIIAN TUKOTO BUpYCa,
MOXET OOBSICHSITBCS KaK PE3KO COKPATHUBIIMMCS
YUCJIOM JIUT C TOCTUH()EKIINOHHBIM UMMYHHUTETOM,
TaK W HEAOCTATOYHOI HANPSKEHHOCTHIO MMOCTBaK-
nuHaJbHOro nMMyHuteta. IlocienHee obycioBie-
HO OTCYTCTBHUEM PeBaKIIMHALINY MJIA €CTECTBEHHOTO
oycrep-addeKTa, a TakKe ¢ HeIOCTaTOUHON UMMY-
HOTEHHOCTBIO BaKIMHBI. Tak, mo maHHbIM CaHKT-
Tlerepoyprckoro HUMBM um. Ilactepa, ¢ 1982 1.
B pe3yabTare rurepaTTeHyalu BAKIIMHHOTO IITaM-
Ma HaOJII0JAJIOCh CHUXXKEHNWE WMMYHOIe€HHOMN aK-
TUBHOCTHU TTPOMBIIIJIEHHBIX CEPUM KMUBOM KOPEBOI
BaKILMHBI, YTO BBIPakajoCh B 3HAYMTEJIBHOM YyBe-
JIMYEHUW CPeAU MPUBUTHIX JOJU NETEe ¢ HU3KUMU
TUTPAMU aHTUTEJI. BEIMYCK BAKILIMHEBI C UCIIOJIb30Ba-
HHMEM IITaMMa C BOCCTAHOBJICHHON MMMYHOTEHHO-
CTBIO HAYaJICS JIUIIB B 1996 I. B OTIEIBbHBIX PETMOHAX,
K KOTOPBIM OTHOCHJIach M Kapenns; oHa HadaJia uc-
nosab3oBatbes ¢ 1993 1. [3]. Bo3aMoKHbBIE HapyILIEHU S
TeMIlepaTypPHBbIX YCJIOBUU XpaHEHU S XKUBOM JTUODU-
JIM3UPOBAHHOUN BaKIMHBI B 3TU TOAbl OKa3bIBaJu
MEHbIIIee BJIMSHUE Ha UMMYHOT€HHOCTb BaKIIMHBI.
Taxk, B Hepa3BeAEeHHOM COCTOSIHUM OHa XapaKTepu-
3yeTcsl AOCTAaTOYHO BBICOKOI Te€PMOCTa0OUIbHOCTHIO:
B cyxoM Buae npu +22..+25°C coxpaHsieT cTaOUIb-
HOCTb B TeueHue Mecsua [1]. [TpumeHenue B 80-x —
Havaje 90-X IT. IpoIIJIOro BeKa HeAOCTaTOYHO UM-
MYHOT'€HHOU BaKIIMHBI HA TEPPUTOPUSIX C HUZKUM
YPOBHEM 3a00JIeBAEMOCTU KOPbIO TTPUBEJIO K MOSIB-
JIEHWIO cpeny HacejaeHUs 36—50 JieT 3HaYNTeTbHOM
MPOCIONKHU JIULL C OTCYTCTBUEM 3aLIUTHOTO YPOBHS
aHTUTEJ K BUPYCY, YTO OINpeaessieT BaKHOCTh obec-
MeYeHrsI BBICOKOI'O OxBaTa peBaKIIMHAIIME 3TOM
BO3PACTHOI I'PYIMbI.

ITo ouenke cneuuanuctos BO3, orpaHnuuyeHue
LHUPKYISLMU BUPyca KOPU B MOIYJISILIMU HACTyTIa-
€T, KOorJia KOJJIEKTUBHbIA UMMYHUTET MPEBbILIACT
95% [11], B cBsI3U C 4YeM KpPUTEPUEM SIMUIAEMHUOJIO-
TMYECKOTO 0J1aronoaydusi IpUHSITO CYUTATh BbISIB-
JICHVE B MHIMKATOPHBIX I'pyIax He 6oiee 7% ce-
POHEeTraTUBHBIX K BUPYCY KOopU Jull [5]. PedyabTaThl
HallleTO HUCCJIENOBAaHUSI CBUIAECTEIbCTBYIOT O BO3-
MOXHOCTU PaCHpOCTPaHEHUSI KOPU Cpelur B3pOcC-
goro HacejneHus Ilerpo3aBoacka, TIpeumylie-
CTBeHHO 10 50-71eTHero Bo3pacra.
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BbiBOAbI

1. JIuna B Bo3pacte ctapiie 50 JeT UMEIOT BbI-
COKMI YPOBEHb HaIPSIKEHHOI0 KOJJIEKTUBHOTO
MOCTUH(MEKIITMOHHOTO UMMYHUTETa K KOPU; TOJIsI
JIVII, UMEIOLIMX 3alIUTHBI YPOBEHb aHTUTEJ CO-
crasuna 94,1%.

2. Hanuuue B Bo3pacTHOi Tpymnme 36—50 et
3HAUUTENbHOU nmonu jun (22,6%), He WMEKIINX

3alIMTHOTO YPOBHSI aHTUTE] K BUPYCY KOpHU, 00-
YCJIOBJIECHHOE DPSJIOM (haKTOPOB, OMNpeAesiseT HX
KaK IrpyTiy pyUcKa 3apaKeHusl.

3. INocTBaKIMHAJIBHBIIT UMMYHUTET, CHOPMU-
POBAaHHBIM B OTBET Ha BBEICHME >KMBOM KOPEBOU
BaKIMHBI, YCTYMNAET MO HAIPIKEHHOCTU MOCTUH-
¢GEeKIIMOHHOMY U B YCJIOBUSIX CITOpaaIMYeCcKOu 3a-
00JIeBaeMOCTH TPpeOyeT CTUMYJISILIMU B BUJI€ peBaK-
LUHALUNA.
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NMPAKTUHECKUE ACIMNEKTbI BbI9ABJIEHUS,
KYJIbTUBUPOBAHUA U XAPAKTEPUCTUKH
KJIMHUYECKUX U30J19TOB BUPYCA
VARICELLA-ZOSTER

@®.I'. Haruena, E.I1. Bapkosa, A.H. JIucakos, A.B. Cunopos, B.B. 3Bepes,
0O.B. Ocokuna, A.JI. CtpoeBa

DOIbHY HUHU sakuun u coreopomox um. M. U. Meunuxosa, Mockeéa, Poccus

Pe3iome. [To HacTosi111er0 BpeMEHU MPUHSTO CUMTATh, YTO MH(MDEKIIMOHHOCTD BUpyca varicella-zoster (VZV — varicella-zoster
Virus) octaeTcsi TECHO CBSI3aHHOI C KJIETKOM, ¥ BHOBb C(hOPMUPOBAHHBII BUPYC HE BHICBOOOXIAETCS B KYJIBTYpaJbHYIO
cpeny. M3BecTHO Takxe, 4To VZV TpyaHO BhIpalIMBaTh B KJETOYHBIX KYJIBTYPaX, MOCKOJbKY OH MEIJEHHO PeIIMIUpPY-
€TCsl, UMEEeT OrPaHUYEHHBIH CIIEKTP YYBCTBUTENBHBIX KJIETOUHBIX KYABTYp. KpoMme Toro, uzonsuus VZV 3aBUCUT OT BUIa
WCIIOIb30BAaHHBIX KJIETOUHBIX KYJIBTYD, XapaKTepa KJIMHUYECKOro MaTepraa, HaJIuuus XKU3HeCTIOCOOHOTO BUpyca 1 Bpe-
MEHH TPaHCIIOPTUPOBKHU. Lleab paboThI: M3yueHMe MPONYKIIMU MH(MEKITMOHHOTO BHEKJIETOYHOro VZV ¢ UCToNb30BaHU-
€M Pa3IMYHBIX KJIETOYHBIX KYJAbTYp. Mamepuans: u memodst. B paboTe UCIIONb30BaIN 8 pa3TUIHBIX KJICTOUHBIX KYJIBTYD,
BKJTFOYAS TUTUIOMIHBIC KJIETKH JITKMX SMOPHOHA YeIoBeKa M KOXKHO-MBIIIIEUHYI0 TKaHb 3MOproHa 4yesioBeka (KM-27),
a TaKKe TiepeBUBacMbIe KJIETOYHBIC IMHIH YeJIoBeKa M 00e3bsTH. B KauecTBe KITMHMUECKUX M30JISITOB OBLITH MCIIOTh30BAHEI
KOPOUKH OT BE3UKYJISIPHOI CHITIN, KOTOPBIC TIOMEIIAIN B KPHOIIPOOUPKHU C TPAHCITIOPTHOM CPemoil M TPaHCIIOPTAPOBATHI
B XuIKoM a3ote. MHpeKnoHHoCTh VZV OlieHWBaIM Ha MHOULIMPOBAHHBIX KJIETOUHBIX KYJIBTYpax IO peakiny reMaj-
COpOLIMY CO B3BECHIO SPUTPOLIMTOB MOPCKMX CBUHOK MJIM YeJI0BEKa C HYJIEBOI TPYIIOil KPOBU U MOATBEPXKAaIN B peak-
LIMU HEMPSIMOK UMMYHO(DIYOPECLEHLIMU C MOJMKJIOHATBHBIMU CHIBOPOTKAMMU OT JIIO/IEH, TIepeOOoIEBIIMX OMOSIChIBAIOLIM
repriecoM. Pesyismamei. B pabote ObL10 MccienoBaHo 27 KIMHUYECKUX 00pa3lioB B BUIE KOPOUEK OT BE3UKYISIPHOM ChIMTU
OT MallMeHTOB, 3a00JICBIIMX BETPSIHOM OCIIOiA, M OMH 00pa3ell OT MalieHTa B Bo3pacTe 63 JieT B (haze 000CTpeHUsI pelu-
JIUBUPYIOLIETO OMOsIChIBaloIero repreca. IlepuuHoe 3apaxeHue KIMHUYECKUMM U300/ TaMU ITPOBOAMIIM Ha IITaMMax
JTUTUTOUIHBIX KJIETOK JIETKUX SMOpHoHa yenoBeka (JIDU-3) nmpu HU3KMX TemriepaTypax. bbiio ycTaHOBIEHO, YTO KOpOY-
KU OT BE3UKYJISIPHOI CBITIH, B3ATHIC OT MAIMEHTOB C 1 1Mo 18 CyT BKIIIOUMTEIBHO C MOMEHTA TIOSIBJICHUS CHITTH, BBI3BIBATI
Ha MOHocJ1oe KJieToK JIDU-3 nuTonatnyeckoe AeiicTBIE B BUJIE IUTOIN3A KJIETOK BOKPYT Kopouku. CriennduaHocts LITT/T
nonteepxaaau [TL[P-PB. 1151 olieHK1 MMMYHHBIX CBIBOPOTOK ObLJIM MTPUTOTOBJIEHBI BUPYCHbBIE AHTUTEHbI HA 7 KJIETOUHBIX
JIMHUSIX, 3apakeHHBIX TJa0opaTopHbIM mTaMMoM «Ellen» VZV (CILIA). beita 00Hapy>keHa BEICOKasI CrielndrIecKasi aHTH-
VZV aKTUBHOCTH MBIITUHBIX CBIBOPOTOK B MDA 1Tpr MCITONIb30BaHMH B Ka4eCTBe TBepa0(a3HOTo COPOCHTA BCEX UCTIONB30-
BaHHBIX JIN3aTOB MH(UIIMPOBAHHBIX KJICTOUHBIX TMHMIA. B aKcIIeprMeHTax 110 perponyKuuu VZV ObIJI0 YCTaHOBIICHO, YTO
BHEKJIETOYHBII BUPYC BBICBOOOXIAETCS B KYJIBTYpaabHYIO cpefy ¢ 1 CyTOK ¢ MOMEHTa MH(ULIMPOBAHUS YYBCTBUTETBHBIX
KJIETOK, U UH(DEKLIMOHHOCTh BUPYCCOAEpKaIIel XK MIKOCTU YBETMUMBAETCS B MTPOLIECCE JATbHENILETr0 KyJIbTMBUPOBAHUSI.

Karouesvie caosa: varicella-zoster, herpes zoster, Kyibmypa KAemok, KAUHUMECKULL U3045M, Penpo0yKUUs 8Upyca, peaKuyus
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PRACTICAL ASPECTS ON IDENTIFICATION, CULTIVATION AND CHARACTERISTICS

OF VARICELLA-ZOSTER VIRUS ISOLATES

Nagieva F.G., Barkova E.P., Lisakov A.N., Sidorov A.V., Zverev V.V., Osokina O.V., Stroeva A.D.

Mechnikov Research Institute of Vaccines and Sera, Moscow, Russian Federation. Anjaparidze Virology Branch

Abstract. Until now, it has been considered that infectivity of the varicella-zoster virus (VZV) is closely related to tar-
get cell, and newly formed virus is not released into the culture medium. It is also known that it is hard to grow VZV
in cell cultures, due to its slow replication rate and a limited range of sensitive cell cultures. In addition, VZV isolation
depends on type of cell culture used, nature of clinical material, presence of viable virus and transport time. Objectives.
To study production of infectious extracellular VZV in various cell cultures. Materials and methods. Eight cell cultures
were used, including human embryonic diploid Iung cells and human embryonic dermomuscular tissue (KM-27), as well
as continuous human and monkey cell lines. Crusts detached from vesicular lesions were used as clinical isolates, which
were placed into cryo-vials added with transport medium and transferred in liquid nitrogen. VZV infectivity was assessed
in cell cultures by using hemo-adsorption assay with erythrocyte suspension isolated from guinea pig or human zero group
blood and confirmed by indirect immunofluorescence with polyclonal sera from varicella or herpes zoster convalescents.
Results. There were examined 27 clinical samples consisting of crusts from vesicular lesions isolated from patients with
chickenpox, as well as one sample from 63-year old patient with exacerbated recurrent herpes zoster. Primary infection
with clinical isolates was performed on diploid human lung embryo cells (HLEC) at low temperature. It was found that
clinical samples collected within day 1—18 inclusive after the onset of skin eruption were able to induce cytopathic effects
in HLEC cell monolayer such as cytolysis around dermal crusts. Specificity of cytopathic effect was confirmed by using
real-time polymerase chain reaction (RT-PCR). Viral antigens were prepared on 7 cell lines infected with the laboratory
strain Ellen VZV (USA) to assess the immune sera. A high anti-VZV specificity of mouse sera was detected by ELISA
while all the lysates of infected cell lines were used as the solid-phase sorbent. In experiments on VZV reproduction dem-
onstrated that extracellular virus was released into the culture medium starting from day 1 after infection of target cells,
and infectivity of the virus-containing fluid ascends during further cultivation.

Key words: Varicella-zoster virus, cell culture, clinical isolate, virus reproduction, hemo-adsorbtion reaction, immunofluorescent analysis,
monoclonal antibodies, real-time PCR assay, individual virus collecting.

BeepneHnue

Varicella-zoster virus (VZV) sgBiisieTcst 3TUOJ0-
TMUYECKUM areHTOM BETPSIHOI OCITBI U OITOSIChIBAlO-
mero reprieca (Herpes zoster — HZ) 1 MOXKeT BBI3bI-
BaTh TSKEJIbIe CUCTeMHBIe MH(MEKIINU HEeHTPab-
HOI HEpPBHOW CUCTEMbl U PECIUPATOPHOIO TpakTa
y MallMeHTOB ¢ UMMYHoaeduutamu. IlocaenHue
MOT'YT TaKxe CTpagaThb OT AMCCEMUHMPOBAHHBIX
3a00JIeBaHM 1 MHOTOYUCIICHHBIX OPTaHHBIX CUCTEM
[2,7,8,9, 13, 17]. UaduuupoBanue VZV cepoHe-
raTUBHOI OEpeMEHHON XEHIIUHBI B IIEPBOM TpPU-
MecTpe 0epeMEHHOCTU MOXET BbI3bIBAaTh MH(MUILIN-
poBaHue mjoaa B 1% ciaydaeB, 4TO IMOPOM MOXET
NPpUBECTU K YPOICTBY Iutoma. MHGUIIMpPOBaHUE
XEHIIIMH BO BTOPOM HWJIM TPETheM TPpUMeCTpe Oe-
PEMEHHOCTHU MOXET pacnpOCTPaHUTHCS Ha IJIOJN,
M BbI3BAaTh peaKTUBaAlLlMIO JIATEHTHOrO BUpYcCa
B CEHCOPHBIX HEPBHBIX FaHIIUSIX, IpuBoasi K HZ.
Her neranpHOro o0OBsSCHEHUS TmosiBIeHUs1T HZ
Yy MJIaIeHIIEB WM Y MaTepyu Ha IMO3THMUX CTaAMUSIX
oepemeHHOCTH [3].

JIo HacToglIero BpeMeHU IPUHSITO CUYMUTATh,
4TO MH(pEKLIUOHHOCThL VZV ocTaeTcsi TeCHO CBSI-
3aHHOI € KJIETKOM, U BHOBb C(hOPMUPOBAHHBII BU-
pycC He BBICBOOOXKIAETCs B KYJIbTYPaabHYIO CPEIy.
Tecnaga acconmanuga VZV ¢ KJIEeTKOW OCHOBBIBA-
Jlach Ha BKCIEPUMEHTAJIbHBIX JaHHBIX. BbIIO T0-
Ka3aHo, YTO BHOBb CKOHCTPYMPOBAHHbBIE BUPYCHbBIE

YaCTHUIIbI MePEXOST B MO3MHUE SHIOCOMBI KJIETKH,
colepKaline KUCIbIe SH3UMBI, TJIe OHU AeTpaaupy-
oT. lerpanupoBaHHBIC BUPUOHBI SIBJISTIOTCS TIJ1€0-
MOpGHBIMU 1 HEMH(MEKLIUOHHBIMU [3, 4, 6, 11].
Llenb paboThI: onTUMU3ALMS CITOCOOa BbISIBJIE-
HUS, KYJbTUBUPOBAHUS W OLEHKU PEeNPOLYKIIUU
in vitro BHEKJI€TOUHOTro MH(peK1InoHHoro VZV ¢ uc-
MOJIb30BAaHUEM Pa3IMUYHBIX KJIETOYHBIX KYJIbTYD.

Matepuanbl 1 MeToOb!

Kyavmypor kaemoxk. B paboTe ucnoiab3oBaiu
IMITaMM OUILIOUAHBIX KJIETOK JErKUx 3MOpHoHa
yemoBeka (JIDY-3), mrraMM AMIIOMIHBIX KJIETOK
KOXHO-MBIIIIEYHOM TKaHMW 5SMOpHMOHA dYeJIoBeKa
(KM-27), nepeBruBaemMble KjeTouHble TuHUU Hela,
Hep-2, J1-41, Vero (knoH E6), Vero CCL-81, kj1eTK1"
MeaaHoMBbI uenoBeka (MeWo).

JurionaHble KJIETOYHBIC KYJBTYPhl BbIpallll-
Baiu Ha rurarteabHol cpeae JIMEM/F-12 (PanEco,
CIIA) ¢ 10mMM HEPES, ¢ 5% sMGpuoHaibHOI ChIBO-
potku KopoB (DCK) (HyClone, CIITA) c no6aBneHu-
eM 2 MM L-tinyramuna u 40 MKT/MJI TeHTaMUIIHA.

IlepeBrBaeMble KJIeTOYHbIC JMHUM BbIpallliBa-
nu Ha cpene IMEM ¢ 5% BCK (PAA Laboratories
GmbH, ABcTpus) ¢ nobaBieHueM 2 MM r1yTamMu-
Ha 1 40 MKT/MJI TeHTaMUIIHA.

Depmenmor. B padboTe ncoab3oBain Taq-mom-
mepasy dupmbl «CuHTON» (MockBa, Poccus).
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Iloayuenue KauHuuecKux uU3041mo6 Om NAyUueH-
moeé ¢ 6empsAHOU OCNOU U ONOACHIBAIOULUM 2ePNeCOM.
Knuanyeckuii Matepuan OT WHOUIIMPOBAHHBIX
MallieHTOB B BUIE KOPOYEK OT BE3UKYIISIPHOU
CBITIM OBLJI B3SIT B Pa3jiW4YHbIE CPOKU OT IEPBOTO
JIHSI MosIBJIeHUS chilmU. Kopouku HemocpencTBeH-
HO MEePEHOCUJIN B XUIKUI a30T B KpUOIIPOOHUpKax
C TPAHCIIOPTHOM cpemoit. TpaHCIIOpTHAS cpeaa co-
crosina u3 1 ma nurareabHoit cpenst IMEM/F12,
¢ 10 MM HEPES, 5% BCK, 100 MKr/MJ KaHAMU I~
Ha 1 5 MKr/MJa Micokill (mpoTuBOrpuOKOBHIT Mpe-
napat ¢pupmber PAA Laboratories GmbH, ABcTpus).

Hzonauyua VZV 6 kyaemype kaemok. Bupycel
M30JIMPOBAM IyTeM IepeHoca KOpoUyeK OT Be3U-
KYJSIPHOM CBIIIM B TPAHCIIOPTHOM Cpelle Ha MOHO-
CJIOM OMTUIOUAHBIX KjaeToK JIDY-3, BeIpamieHHBIX
B KYJBTYypaJbHBIX (haKoHax TUIOMIAAbI0 25 cM?,
BHOCUJIM 4 MJI TIOAJEpPXKUBAOIIE NUTaTeIbHOM
cpenbl IMEM ¢ 2% BCK. KyjibTuBUpOBaHKE NPO-
BOOWJIM B TepMmocTtaTe npu Ttemneparype 30°C mo
nosiBjieHus uutonaruueckoro aeicteus (LITT)
BUPYCa BOKPYT KOPOYKHU OT BE3UKYJI, B OCHOBHOM,
oT 2 1o 12 cyt. KynasrypalbHblii pj1akoH ¢ nHPU-
OMPOBAaHHBIMU KJICTKAMM IBYKPAaTHO 3aMOpaXKu-
Banu npu —70°C ¢ mocaenymoumuM OTTauBaHUEM
npu +4°C. KneTouyHyo B3BeChb LEHTPpUGYTUPO-
Banu mpu 1000 06./MmuH B TeyeHue 10 MuH, oTOU-
pajii HaZOCaJOYHYIO KUIKOCTh B KOTOPYIO BHO-
CUJIM CTaOMIMU3aTOp, Pa3jWBaJd HAIOCAJIOUYHYIO
XKUAKOCTh B amMnyJyibl 1o 0,5 M1 U TnepeHoCUJIu
Ha —70°C [0 UCI0Jb30BaHUSI.

Onpedenenue ungexyuonnoit akmuenocmu VZV.
OmnpeneneHre MHGEKIIMOHHOW aKTUBHOCTU BU-
pyca NpoBOAMIMN Ha KJETOUHON KyJabType KM-27,
BbIpAllleHHOM Ha ABYX 24-JTYHOYHBIX IJIaHIIETaX.
IToceBHasT KOHIEHTpallMsl KJIETOK COCTaBJsIa
100 x 10°® knmeTok Ha JIYHKY. Bupycconepxairyto
sxunkocTb (BCXK) pasponuiiu gecsitukpatHo ¢ 107!
g0 107'°) 3aTeM B JIyHKU OBYX IUIAHIIET C KJIETOY-
HBIMU TecT-KyabTypamMu BHocusu no 0,1 ma BCXK
B pas3HbIX pasBeneHusx. Kontakt BCXK c kie-
TOYHBIM MOHOCJ0eM Tiponosikaics 1,0—1,5 4 mpu
36,5°C B armocdepe ¢ 5% CO,. OnuH IIaHIIET
¢ MHOULUMPOBAHHBIMU KJIETKAMHU MCIIOJIb30BaJIU
ST TIOCTAHOBKU peakIUM TeMaJCOpOILIUU, IPy-
TOW — JJI5I TOCTAHOBKY PeaKIIN1 HeTIPSIMOU UMMY-
HodyopeciieHIIMU. Pe3yabraThl TUTPOBAHUS B pe-
akiuu remaacop6uuu ¢ 0,25% B3BeChbIO 3pUTPOLIU-
TOB MOPCKOI CBUHKU UJIM 3PUTPOLIUTOB YeJIOBEKa
rpynnsl kpou 0 (I) (Rh+), yautsiBanu Ha 7—9 cyT-
K1 C MOMeHTa MHGUIIMPOBAaHUS. 3a TUTP BUpYyca
NpUHUMAJU MaKCHMMaJIbHOE pa3BelecHME BHUpYca,
BbI3bIBalollee reMaacopouuio B 50% mHbuLIupo-
BaHHBIX KYJIBTYDP, TTPU OTCYTCTBUU TeMaICOPOIINN
B KOHTPOJIbHBIX HEMH(MUIIMPOBAHHBIX KYJIbTypax.
Tutp BuUpyca BbIpaxkaiud B reMaacOpOMPYIOIIMX
enmuaunax B 0,1 mia (FAJE 50/0,1 mur). Peaknuro re-
MaJcopOLK MOATBEPKAATN B HEIPSIMOI peaKIInu
WUMMYHO(MIYOpPEeCIEeHIIMM C CBIBOPOTKAMU OT IIa-

LIMEHTOB, MepeOOJIEBIINX OMOSIChIBAIOIIUM repIie-
coMm. Tutp Bupyca BbIpaxkaau B UMMYHOdJIyopec-
nupyromux dokycax B 0,1 ma (UD,,/0,1 mi).

Ilocmanoska peaxkyuu eemadcopbyuu. ToToBUIN
0,25% B3BeCh BPUTPOLIMTOB MOPCKOM CBUHKU WJIU
yeJioBeKa MyTeM TPEeXKPaTHOI'0 OTMbIBAHUSI 3pU-
TpouuToB 0,9% uzoroHunyeckum pacrsopom NaCl.
ITo 0,3 M B3BeCH 3pUTPOILUTOB BHOCUJIMN B JIYH-
KV TUJIAaHIIeT ¢ WHGUIMPOBAHHBIMU KJIETKaAMU.
Knetku ¢ sputpouutamMmu BbiaepxXuBaau 30 MUH
npu +4°.+8°C U HONOJHUTENbHO BBIACPKMBA-
am 30 MUH TIpU KOMHATHOM TeMmepaType. 3aTteM
JIYHKU TIJIaHIIIeTa TPeXKPaTHO OTMBIBAJIM OT 3PHU-
TpouuToB 0,9% muzoroHndeckum pactBopom NaCl
W PEerUCTPUPOBAJIM HAaJUYUE UM OTCYTCTBUE Te-
MaacopOLINM B CBETOBOM MUKPOCKOIIE (yBeande-
Hue x70).

Ilocmanoéka peakuyuu Henpamol UMMYHODAYO-
pecuenyuu. IlnaHuieT ¢ *HOUIIMPOBAHHBIMU KJIET-
Kamu 3aMopaxwuBanu Tipy —20°C. U3 xaxmpoi
JIYHKU ¢ MHPUIIMPOBAHHBIMU KJIETKAMU TOTOBU-
JIU TipenapaTt Ha MpeAMETHOM CTEKJI€, BhICYIIUBa-
JU MpU KOMHATHOI TemIiepatype U (uKCHUpoBa-
nmu 2% mnapadopMaibieruaoM, IIpeABApUTEIbHO
JIBaKIbl (DUIBTPOBAHHBIM Yepe3 MUJIJIUTIOPOBBIM
bunptrp ¢ pasmepoM nop 0,22 mxkm (Millex-GV)
DdukcupoBaHHBIE KJIETKU ITPOMBIBAJIU AUCTUILIN-
pOBaHHOI BOMOI, ITOCJIC JISTKOTO BBICYIIMBAHUS
Ha mpenapaT HaHocuJu 1o 30 MKJ BUpyCCTEIH-
¢dbuyeckoil CHIBOPOTKM U BbIACPXKMUBaIU 45 MUH
BO BJIaxkHoI kKamepe npu 37°C. 3aTeM Ha IIpernapar
HaHOCMJIMN KoHbBIoraT «0ejok A—PUTII» (Sigma,
CIIIA) B pabouyeM pa3BeIcHUHN C KOHTPACTUPYIO-
et kpackoit DBaHc rony6oii (Biochem, ®paHiius)
U BeIaepxXUBaau 30 MUH BO BJIaXXHOW Kamepe npu
37°C. YyeT peakKlIMM MPOBOIUJMN IO JIIOMUHEC-
HOEeHTHBIM MHKpockonoM «Optika» (Mranus) mmpu
niauHe BoaHBI 510—550 HMm (yBenuueHue x40 unu
x100).

Hughgpepenyuposanue VZV om eupycoé eepneca
npocmoeo muna 1 u 2 ¢ nomMouwjbio MOHOKAOHANbHBIX
aumumen (MKA). MKA-1H-110 pearupoBaivi TOb-
KO C BUPYCOM Iepreca IpocToro 1 Tuma v OblJu Ha-
npaBjieHbl K raukonportenay gB, a MKA-2H-208
pearupoBaii TOJIBKO C BUPYCOM repiieca IIpocToro
2 Tura u ObLJIM HaIlpaBJIEHbI K TIUMKoOIpoTeuay gD.
MKA mnonyyalu myTeM BBEIEHUSI COOTBETCTBY-
IOIIUX MBIIIUHBIX JUM@OIUTAPHBIX TUOPUIOM
B OPIOIITHYIO MOJIOCTh CUHTEHHBIX MBIIICH JTMHUN
BALB/c. TlonyyeHHBIE acCIMTUYECKHE XUIKOCTHU
KOHILIEHTPUPOBAJIU U OUYHUILIAJIM IO METOMY, OMU-
caHHoMY paHee [14].

[Tloayuenue noaukaonasbHoU Moluunoi anmu-VZ V-
cneyuguueckoi UMMYHHOU cbigopomku. IlsaTu-
HeleJIbHbIX caMOK Mblieid nuHuu BALB/c, cBo-
OOIHBIX OT TaToreHHoi ¢aopsl (Spf), UMMyHU-
3UpOBaJId BHYTPUOPIOIIMHHO BHPYCCOACPKAIIAS
xkuakocth (BCXK) nadoparopHoro mramma «Ellen»
(CILIA) c Tutpom 5,0 1g TALE,,/0,1 ma. [TpoBoanan
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3 HuKJIa MMMYHU3allUU C MHTepBajgaMu 2—3 Hele-
JIW, KaXIbIA LUKJ BKJIKOYAJ BHYTPUOPIOIIMHHOE
BBeneHue BCXK mramma «Ellen» mo 0,5 M 3 nHs
noapsa.

Onpedenenue cneyuguueckoii aKkmueHOCMU Mbl-
WUHBIX UMMYHHBIX Cbl8OpOMOK 6 Henpsamoi HDA.
DA TecT-cucteMy co3maBajin o Metony [15] B Ha-
et Moagudukanuu. KopoTko: 113aThl KJIETOK, UH-
GbUuLMPOBaHHBIX JJaOOpaTOPHBIM IITaMMoM «Ellen»
VZV pa3pyiianu yabTpa3ByKOBbIM J€3WHTErpaTo-
pOM, OIpeaesisiii KOHIEHTpalrio 6eaKa Ha CIleK-
TpodotomeTpe NanoPhotometer NP 80-Touch
(Tepmanus) u o 50 MKJI Ju3aTa ¢ KOHLEHTpAllU-
eil 100 MKr/MJI BHOCWUJIM B JIYHKU 96-TyHOUHBIX
UMMYyHoJiornyeckux TaHmeT (Nunc, HaHus).
I[InaHmeTsl ¢ aHTUTEHOM CYIIWJW B TepMOCTaTe
npu 37°C B TeyeHue 18—20 4. B KauecTBe KOHbIOTa-
Ta UCTOJb30BaIU AHTUMBIIIUHYK KO3JIUHYIO ChI-
BopoTKy (Bio-Rad, CIITIA) B paboueM pa3BeaecHUN.

B kauectBe VZV-nmmyHocopOeHTOB mist MDA
Ucnoab3oBaau gu3aThl KjieTok KM-27, Hela, Hep-2,
JI-41, Vero CCL-81, Vero (xnon E6), MeWo, nndpu-
nupoBaHHBIX ITaMMoM «Ellen» VZV. B kauecTBe
OTPUILIATEIBHOTO KOHTPOJS TMNPUMEHSJIU HEeUuM-
MYHHBIe ChIBOpOoTKU Spf Mbitreit iuanuu BALB/c.
IMocranoBky M®P®A mnpoBoauaM OOILICTIPUHSTHIM
METOIOM.

Buvidenenue THK VZV. ToranbHyto JIHK Beine-
JSIAM U3 KJETOYHBIX JUHUN MeWo, nHpuumupo-
BaHHBIX KJIMHUYECKUMU U30JISITAMU BUPYca, KOTO-
pbie MpeIBaPUTEIbHO IMTAaCCUPOBAIU B AUTIJIOUTHBIX
KJIeTKax JIerKMX 3MOpHUOHA YeJIoBeKa MPU HU3KUX
Temreparypax. Has moaydeHusi oo6pasuoB JJTHK
OBbLJI MCIIOJIb30BaH HAOOP AJIS1 BbIACACHUS TOTAJb-
Hoit JHK «K-cop6» (CuHTOJN, MOCKBa). BeiaeneHue
NPOBOAMUJIN IO MPOTOKOJY MPOU3BOAUTENS C He-
KOTOPBIMU MOAU(DUKAIUSIMHA, a UMEHHO: TP 00-
pabdoTke o6pasloB nporenHasoit K BpeMss nHKyOa-
uu yBenuuuBanu a0 16—20 gacos. TlonydeHHbIe
obpa3siibl, coaepxKallire Kak BUPYCHYI0, TaK U KJe-
TouHyto JIHK, vcnonb3oBaau B 1ajbHENIIIEM B Ka-
YyecTBe MaTPUIlbl B MOJUMMEPa3HOU 1IEIMHON peak-
uuu B peasbHoM BpemeHu (ITL[P-PB).

Onpedenenue eupycuou JIHK IT1]P-PB c eubpudu-
3aUUOHHO-DAYOPECUCHMHBIM YHUemOoM pe3yAbmamos
(6apuanm TagMan 30H008). BruorH(MOpPMaLIMOHHbI i1
aHaJIM3 HYKJICOTUAHBIX MOCIEA0BATEIbHOCTEMH,
a Tak>ke KOHCTpyUPOBaHUE MpaiMepoB U MPood AJ1s
T1IIP-PB npoBoauau B mporpaMMHOM obOecriede-

Huu «Vector NTI 11» ¢ ucnojsib3oBaHueM MaTepu-
aJloB JOCTYNHOW HYKJEOTUIHONM O0a3bl AaHHBIX
GenBank. Ilpaiimepsl U TpoObI ObIIU CUHTE3UPO-
BaHbI B hupMme «CuHtom» (MockBa, Poccus).

Jwv3aiiH 1 BBIOOp BapMaHTOB ITPOBEACHUSI peak-
U aMTUIMUKALIMK IJIST OTIpeieIeHUsI BUPYCHOM
AHK ob11u mpoBeneHbl paHee [1], B majbHeAIINX
SKCIIEpUMEHTaX MCITOJb30Bajld BapuaHT aMILJIM-
dukanuu dparmeHTa reHa supyca orf29 ¢ TagMan
30HA0M [5], B KOTOPOM TIOSIBJIEHUE CUTrHajia 00-
YCJIOBJIEHO 5’-3K30HYKJICa3HOM aKTUBHOCTBIO Taq
noJimMepasbl, OTIIEIJIS IO OT 30Haa dayopec-
HEHTHBII MapKep IOoCcje ero TMopuan3aluu Ha Ma-
Tpuie BupycHoit JHK. ITpu aToM daryopecueHus
CaMOTO 30H/1a TTIOJABJISETCS TYIIUTEIEM, PACIIOIO-
)KeHHBIM Ha ero 3’-koHie. IlociemoBaTelbHOCTHU
npaiiMepoB W MCHOJb30BAHHBIM 30HJ, a TaKXe
JIoOKaJI3alisl TeHa, U3 KOTOPBbIX OHU IMOJy4YeHBI,
npeacTaBJieHbl B Tabauie 1.

B xone psima sKCriepuMeHTOB ObLIM ONTUMU3U-
pOBaHBI YCJIOBUS IPOBEACHUSI peaKIIuud, a UMEH-
HO: 00beM peaklLMOHHOW cMecHu, COCTaBUBIIMI
25 MKJI; COCTaB peaKIIMOHHOM CMEeCH C Colep>KaHM-
€M HUXKEIepPeUYMCIeHHBIX KOMITIOHEHTOB B CJIETYI0-
IIMX KOHEUYHBIX KOHIeHTpauusax: 0,5 mcM kax-
Joro npaiimepa, 1 mcM ¢payopeclieHTHOro 30H/1a,
1 en. Tag-monuMepasbl, OGHOKpATHBIN Oydep s
MpOBEAEeHUSI PEeaKIMM OT IPOU3BOIUTEIISI TMOJIM-
Mmepa3sbl ¢ coaepxxanuem 1,5 mM MgCl, u 0,2 mM
THT®, a takxe 3 mxa JHK marpuner. TTLP-PB
npoBoauau Ha amiutudukarope AT-96 («AHK-
TexHomnorusi», Poccus) no cienytoleii mporpamme:
npeaBapuTenbHas aeHatypauuss 95°C — 2 MuH;
45 nukios: 95°C — 15 ¢; 55°C — 60 ¢ ¢ yueToM ¢ury-
opecueHuuu no kaHaisy FAM npu Temmeparype
55°C BO BpeMsI KaxKJI0T0 LIUKJIA.

Yyer pe3ynabraToB peakluyd OCYIIECTBIISIIN
C TIOMOIIIbIO MporpaMmMHoro obdecrieueHusi «Real-
Time PCR» nipu6opa «1T-96».

PesynbraThl

OT MalMeHTOB C BETPSTHOM OCIHOM TOJNYy4YUIU
27 KITMHUYEeCKUX 00pa3loB U ONUH 00pa3ell OT MHa-
LMeHTa C HayaJIbHOM (a30ii 000CTPEHU S PeLUI-
BUPYIOIIETO OMNOSIChIBaloNIero reprieca. B Tabmu-
e 2 mpeacTaBjeHa NHGOpMaLMs O TTallieHTax.

Bonbmasg yacTh KIMHUYECKUX 0Opa3lioB MU30-
JIUpOBaHa OT BOEHHOCJIYXAIIUX IIEPBOTO Toaa

Ta6auua 1. OnuroHykneoTuaHble npaimepbl U GpJIyopecLeHTHO-Me4eHbli TMOpUAN3aLNOHHbIA 30HA ANe

BbiaBnenus QHK VZV metopom NLUP-PB

Table 1. Oligonucleotide primers and TagMan probe for the detection of VZV DNA by real time PCR

HassaHue Xapaktepuctuka HykneotupgHasa nocnegoBartenbHOCThb (5°—3’) MuieHb
Name Characteristic Nucleotide sequence (5'—3’) Target

VZV-29-F Mpamoii/Forward CAGGTATTTTCAGTCCTCTTCAAGTG

VZV-29-R OGpaTHbIii/Reverse TTAGACGTGGAGTTGACATCGTT orf 29

VZV-29-Z | dnyopecueHTHbI 30HA,/Fluorescent probe FAM-TACCGCCCGTGGAGCGCG-BHQ1
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Cy>KObI, 3a00JIEBIIMX BETPSHOU OCMO B BOMH-
cKoli yacTu MOCKOBCKOI oOysiacTu. JIBa KJIMHUYEC-
K1X o0pasiia MojiydeHbl OT JIeTeil, HaXOMUBIIUXCS
Ha JIeYeHUU B NETCKOW KJIMHUKE, OIWH oOpasell
MOJTy4YeH OT MIKOJBHMIIBI 1-TO KJlacca U OAUH 00-
pa3zell ToJIy4YeH OT MalueHTa ¢ peluIuBUPYIOITUM
OITOSICHIBAIOIIIMM T€PIIECOM.

DrnuaeMudecKasl BCITbIIIKA, BOZHUKIIIAs B BO-
MHCKON vyacTu MOCKOBCKOM 007acTH, BKJIIOYa-
ga 34 BOGHHOCYXAallMX, 3a00JIEBIIMX BETPSTHOM
ocrnoii. KnuHudeckue o6pas3bl 1S KCCIIeOBaH M S
ObLIM B3SITHI y 24 BoeHHOCHyXamux. U3 Hux 79%

KJIMHUYECKUX 00pa3lioB MPUXOAUJIOCh Ha 3a00-
neBmuXx B Bo3pacte 19—21 roa. Kopouku oT Be3u-
KYJSIpPHOW ChIMU OBIIY B3SIThl OT HayaJia BbIChITIA-
Hus ¢ 1-ro mo 18 cyTKwu.

27 U30J59TOB U3 28 TIpY TIEPBUYHOM 3apaXeHUU
UHAYLUpoBalu uTonatuueckuii acdext (LIITIT)
B KyJbType KiieTok JIDYU-3, a m3oisat mox Ne 10 nH-
nyuupoBa LTI ToabKo Ha BTOPOM Iacca>XHOM
YPOBHE.

Ilpu mnepBuyHOM 3apaxeHuu JIODY-3 (20—
21 maccax) Ha MOHOCJI0O€ BOKPYT KOPOUKM Ha BTO-
pble CYyTKM C MOMEHTa MHGUIMPOBAHUS HabJII0-

Ta6bnuua 2. UHdopmauus o naumeHTax c BeTpAHO OCrnoi 1 onoscbiBalowmm reprnecom B r. Mockee
1 B MockoBCKoW 0651aCTU, Y KOTOPbIX Oblsiv B3Tbl 00pas3Libl KOPOYEK BE3UKYJISIPHOMN CbinNun

Table 2. Information about patients with chickenpox and herpes zoster from Moscow urban area and suburban region
provided vesicular rash crust samples

UcTouyHuk nonyyeHus Aenb 3a6opa
No Oarta 3a6opa KJINHU4YECKOro oGpasua ot Havana una nupP-PB
° nauumeHTa BospacTt Mon NOSIBJIEHUS CbINU . .
Ne patient o6pasua Age Sex oﬁpasua. . Sampling day Cytopathic | Real-time
Sample date S%uéﬁﬁifgl cs)grtsrl)r;;ng of the sample from effect PCR
the onset of rash
1 12.2013 63 m/m | Ocyipexaenne 5 + +
state institution
2 11.2014 6 x/f wkona/school 6 + +
3 02.2015 20 M/m B/u4*|m/u 7 + -
4 02.2015 21 M/m B/4|m/u 12 + +
5 02.2015 19 M/m B/4|m/u 9 + +
6 02.2015 21 M/m B/4|m/u 5 + +
7 02.2015 24 M/m B/4/m/u 12 + -
8 02.2015 21 M/m B/4|m/u 10 + -
9 02.2015 25 M/m B/4|m/u 10 + -
10 02.2015 20 M/m B/4/m/u 9 + H.W./in.
1 02.2015 20 M/m B/4|m/u 10 + +
12 02.2015 20 M/m B/4|m/u 8 + +
13 02.2015 24 M/m B/4|m/u 8 + +.
14 02.2015 19 M/m B/4|/m/u 15 + +
15 02.2015 21 m/m B/4|m/u 13 + +
16 02.2015 20 M/m B/4|m/u 18 + +
17 02.2015 21 M/m B/4|m/u 4 + +
18 02.2015 19 M/m B/4|m/u 1 + +
19 02.2015 19 M/m B/4|m/u 3 + +
20 02.2015 20 M/m B/4|m/u 3 + +
21 02.2015 21 M/m B/4|m/u 5 + +
22 02.2015 23 M/m B/4|m/u 5 + +
23 02.2015 19 M/m B/4|m/u 6 + +
24 02.2015 21 M/m B/4|m/u 6 + +
25 02.2015 19 M/m B/4|/m/u 5 + +
26 02.2015 22 M/m B/4|m/u 6 + +
1rop
27 032015 | 10OMecaues| . KNMHMKa/clinic 1 + +
1year
10 months
28 03.2015 16 x/f KNMHUKa/clinic 1 + +

MpumMeyanme. * — BomHckas 4acTb MOCKOBCKO 06nacTu; ** — KNMHUYECKMiA M30a9T BbidBas LIMZ Ha 2-M naccaxHOM YPOBHE; «+» — NMONOXUTENbHas

peakuus; «-» — oTpuuaTenbHaa peakumd; H.n. — He nccneaosanu.

Note. * — military unit of the Moscow region; ** — clinical isolate caused cytopathic effect at the 2" passage level; “+” — positive reaction;
“~” — (negative reaction); i.n. — information is not available.
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nanu LIT B BUAE OKPYIJIBIX HUTOJIUTUYECKUX
KJIETOK M YacTUYHOE pa3psiKeHUe KJIETOUHOTO
MoOHocCJ0s1. Ha TpeThbu CyTKM ¢ MOMeHTa WH(MUII-
poOBaHUS Ha KJeTOYHOM MoHocjoe JIDY-3 obHa-
PYXMBaJIM YBEJIMUYEHHOE KOJIMYECTBO IMJ1aBaloOIIMX
OTKPETUJIEHHBIX OKPYIJIBIX KJIETOK. B 3TOT MOMEHT
KYJbTypajabHble (hJIAKOHBI C MHMUIITMPOBAHHBIMU
KJeTKaMMu JOBYKpaTHO 3aMopaxuBaau Ha —70°C
C mocieaylomuMm padMopaxkuBaHuem. Ilocie
OoCaXIeHUsT WHOUIIMPOBAHHBIX KJETOK TyTEM

Ta6nuua 3. Boisenenue OHK VZV B KnuHn4yeckux
o6pasuax oT nauMeHTOB C BeTPSHOWN ocnoW

u onosicbiBatowmm repnecom metogom MLP-PB
Table 3. Detection of VZV DNA in clinical samples from
patients with chickenpox and herpes zoster by real
time PCR

KonuyectBo
naccaxeia
MoporoBsiii ot(lztilv:l?;::oe B KJleTKax
N UUKN konmit [IHK N34/Mewo
Threshold . The number
cycle Kelative num_ber of passages
OFDNACOPIES | i, the cells HEL/
Mewo
1 27,7 63 6/1
2 249 422 8/1
3 >55 0 a1
4 28,9 27 a1
5 30,0 123 2/1
6 249 426 2/1
7 >55 0 41
8 >55 0 2/1
9 >55 0 2/1
1 26,6 131 2/1
12 28,9 24,4 2/1
13 27,3 102 2/1
14 35,1 1,8 2/1
15 33,3 2,4 2/1
16 37,0 1,2 2,1
17 30,3 119 2,1
18 32,6 2 2/1
19 32,3 4,6 2/1
20 30,6 83 2/1
21 26,6 130 2/1
22 30,1 20,7 2/1
23 26,4 130 2/1
24 27,2 94 21
25 33,0 2,8 2/1
26 28,6 58,5 2/1
27 33,7 1 3/1
28 30,6 84 2/1
Mewo >55 0
KB/WC >55 0
PC/RM >55 0

Mpumeyanne. KB — koHTponb Boapl; PC — peakunoHHas cMech.
Note. WC — water control; RM — reaction mixture.

HeHTpUudyrupoBaHuss BHekJeTouHylo BCXK wc-
MOJb30BaJIM AJI TOCJeayIoNero naccaxa B Kie-
TOYHOU KyJAbType MPU HU3KUX TeMIlepaTypax.

Kak BumHO 13 TabauIIbl 2 KOPOUKHU OT BE3UKY-
JISPHOM CBIMU, B3SIThIE€ OT MALIMEHTOB C BETPSTHOM
OCIIOl M OMOSIChIBAIOIUM repriecoM ¢ 1 o 18 cyTku
C MOMEHTA BBICBIMIAHWS, BbI3bIBAJU Ha MOHOCJOE
kJjeTok JIDY-3 LIT. N3 nutepaTypHbIX UCTOYHMU-
KOB U3BECTHO U IKCIEPUMEHTAJIIBHO YCTAaHOBJICHO,
YTO BUPEMUS Y MALIUEHTOB C BETPSTHOW OCMO MO-
JKET NPOAO0JIKaThcs B TeueHue 18 u 6ojiee cyTok [2].

Crnieuuuynocts LIITA nmoarBepxaanau B ITL[P-
PB, pe3yabTarhl uccaegoBaHUS IIPEaCTaBICHBI
B Tabauuax 2 u 3. Koppensuug LITO u ITLP-PB
MCCJIEMOBAHHBIX KJIMHUYECKUX U30JIITOB Ha BTO-
POM maccaxKHOM ypoBHe cocTaBua 81,5%.

Crneunduieckyo aKTUBHOCTb MBIIIUHBIX UM-
MYHHBIX CBIBOPOTOK olleHMBanu B UPA. Ha pu-
cyHKax | u 2 mpeacTaBieHbl pe3yJbTaThl UCCIIENO-
BaHUS.

bbl10 ycTaHOBJIEHO, UTO aHTU-VZV-crienudu-
yeckasi MbIIIIMHAS CBIBOPOTKA OT Spf MbIlIed TUHUU
BALB/c (puc. 1), ucciemoBaHHasi Ha IBYX COpOEH-
tax KM-27 u Vero CCL-81, oka3ajiach BLICOKOUM-
MYHHOW U TUTPBI CBIBOPOTOK KOJe0aTUCh B IIpene-
aax 1:25000—1:50 000. ITpu sToM 3HaYEHU ST MMOKa-
3areneil OIl,;, Ha uMMmyHocopoeHTe KM-27 ObLin
HECKOJIBKO BBIIIE B OTJMYME OT aHAJOTMYHBIX MO-
Kaszartesieit Ha uMMyHocopoeHTe Vero CCL-81.

OnHOBpEMEHHOE MCCJIeNOBaHUE yKa3aHHOU
BbIIIE aHTU-VZV MBIIIUHOW CBIBOPOTKMU Ha IIECTU
copbeHTax: KM-27, HelLa, Hep-2, JI-41, MeWo,
Vero (Kion E6), Tak:ke MoKa3ajo BEICOKYIO CIEI-
dudeckyo aHTU-VZV aKTUBHOCTb CBIBOPOTKHU.
W3 3TOro0 sKcriepuMeHTa ClIeayeT, 4To Bce 6 ucciie-
MIOBAaHHBIX KJE€TOUYHBIX JUHUN 00eCcreyrnBaOT Bbl-
COKYIO PENMPOAYKTUBHYIO aKTUBHOCTb VZV 1mTaM-
ma «Ellen».

Ha pucyHke 3 mpeacTtaByieHbl pe3yJbTaThl TU-
TpoBaHUsT B MDA MBIIIMHBIX CHIBOPOTOK, TOJIY-
yeHHbIX OT SpF mbieit niunuu BALB/c, ummy-
Hu3upoBaHHBIX BCXK oT KJIMHMYECKOTO U30JisITa
VZV Ne 1, koTopbIii Tipolies 8 rmaccaxeid Ha KJIeT-
kax JIBY-3 (puc. 3A), U KIMHUYECKOIO MU30JIITa
VZV Ne 2, Ha 10-M ITaccakHOM YpOBHE Ha KJIETKaX
JIBY-3 (puc. 3b).

AHanu3 pe3yabTaTOB MCCIACIOBAHUS ITOKAa3bI-
BaeT, YTO 00a M30JIsiTa BbI3bIBAJIU BBICOKUN ypO-
BE€Hb I'YMOpPaJIbHBIX BUpYycCcOEUGPUUECKUX aHTU-
TeJl Ha Bcex luecTu copbeHTax. I[Ipu aTom crienyert
OTMETHUTb, UTO YPOBEHb AaHTUTEJ] 3aMETHO BBIIIE
Ha copbeHTe U3 KJeTok KM-27, mHpumposaH-
HBIX ITaMMoM «Ellen» VZV.

MN3BecTHO, 4TO aJibareprnecBUpPYChl: BUPYC
npoctoro repreca 1-ro tuna (HSV1), Bupyc npoc-
Toro repreca 2-ro tuna (HSV2) u VZV (HSV3)
007a1al0T BBICOKOI TromoJiorueit reHomon [10].
Hns nubdepeHMpoBaHUS pa3IMYHBIX ITAMMOB
repriecBUpPycoB Oblja MpoOBeIeHa HempsiMasl peak-
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. HopmanbHas ceiBOpoTka/Normal serum

PucyHok 1. UMmmyHOdepMeHTHbIi aHanu3a: 3HauyeHus Ol ;, aHTn-VZV cneundunyHom MbiLLMHON CbIBOPOTKU

(Spf), uccnepoBaHHoli Ha ABYX cOpOeHTax

Figure 1. ELISA: OD,5, values of anti-VZV specific mouse serum (Spf) tested on two sorbents
MpumeyaHue. MNokasatenm oueHeHbl Ha poTomeTpe Thermo Scientific Varioskan Flash.
Note. Indicators evaluated on a photometer Thermo Scientific Varioskan Flash.

IUST UMMYHOMDIYOPECUEHIIUU, PEe3yJabTaThl KOTO-
pOIii IpencTaBIeHbl Ha PUCYHKE 4.

C penwio nuddepeHumposanus VZV BUPYCHO-
ro mramMmma Ne 1 u BupycHoro mramma Ne 2 — ajib-
dareprnecBUpPyCcOB TUIMA 3 OT ajb(parepriecBUpPycoB
tuna 1 v tTuna 2, npemnaparbl U3 KJICTOYHOM KYJIBTYPbI
JIDY-3, unpuumpoBanHbie VZV BUPYCHBIM ILITAM-
MoM Ne 1 u BUpyCHBIM InTamMMoM Ne 2 Ha 12 mac-
CaXkHOM YpPOBHE, OKPACUJM MMMYHHOI ChIBOPOT-
KOl OT HepeOOJICBIIEr0 OMOSICHIBAIOIIUM T'epPIeCOM
(puc. 4, 111 obnoxKa, BepXxHU U HUXKHUN CHUMKU
1-To neBoro psiaa), MeImHbIMU MK A K BUpyCy rep-

neca 1 tuna (MKA 1H-110) x rmukonporeuny gB
(puc. 4, BepxHUe U HUXKHUE CHUMKU CPEITHEro psiia)
n MKA x Bupycy repreca 2-ro tuia (MKA 2H-208)
K Tnukonporeuny gD (puc. 4, BepXHUN U HUXKHUE
CHMMKH IIpaBOro psina). B kayecTBe KOHbIOraTa MC-
noJib3oBain 6e1o0k A-OUTILI (Sigma, CIIIA).

Kak BMIHO M3 MOJYYEHHBIX JAHHBIX, AMIIJIO-
uaHbie kiaetku JIDY-3, mHpunumposanHele VZV
BUPYCHBIMU ImTamMmMaMu Ne 1 m No 2, BBI3BIBAIOT
(JIyOpeCLIEHLIMIO TOJIBKO B ClIy4yae OKpallvMBaHUSI
WMMYHHON CBIBOPOTKOI OT MepeOOoJIEBIIEro Omno-
SICBIBAIOILLIMM T'€pIIECOM U HE BBI3BIBAIOT (hiiyopec-
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Il HopmansHas ceisopoTtka/Normal serum

[] Vero (knoH EB)/Vero (clone E6)

PucyHok 2. UMMHYHODEepMeHTHbI aHanu3: 3HadyeHus OMN,,, aHTn-VZV-cneunpuyHon MbILLIMHOMN
cbiBOpoTKM (SpF), uccnenoBaHHOM Ha LecTu copOeHTax

Figure 2. ELISA: the values of the OP,q4, anti-VZV-specific mouse serum (SpF) tested on 6 sorbents
MpumeyaHwme. Nokasatenmn oueHeHbl Ha doTomeTpe Bio-Rad Model 680.

Note. Indicators evaluated on a photometer Bio-Rad Model 680.
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PucyHok 3. TutpoBaHue B UDA cbiBopoToK 0T SpF Mbiwweit nuHuu BALB/c, UMMYHU3UpPOBaHHbIX
BMpYyCOCOAepXaLMMm XUaKocTamu oT BocbMoro (A) u pecartoro (B) naccaxei Ha kneTtkax JI9Y-3

Figure 3. Titration in ELISA of serum from SpF of BALB/c mice, immunized with virus-containing fluids

from the eighth (A) and tenth (B) passages on HEL-3 cells

LHEeHLMU TIpU OKpallMBaHUM MBIIIUHBIMU MKA
K BUPYCY ITPOCTOro reprieca 1 1 2 TUTIOB, TO €CTh Mbl
HaOJIogaeM OTCYTCTBHE MEPEKPECTHOM pPEaKTUB-
HOCTU MeXAy ajbdarepriecBupycaMu 1 u 2 Tumna
" arbareprecBUpycoM 3 TUIIA.

W3 nutepatypbl u3BecTHO, uTo VZV B 1po-
1ecce pernponyKIIMM TECHO CBSI3BIBAETCSI C KJIET-
KOI M, KaK CUUTAIOT MCCJeI0BaTe/IU, HE BBIXOAUT
B KyJbTYpaJibHYIO cpeny. C 11e1bI0 OIPOBEPKEHU S
9TOTO YTBEPXICHUS OBLI IIOCTABJICH SKCIICPUMEHT
Mo pernponyKuuu usonsara VZV Ne 1 Ha TUTITIONI-
HbIX KJeTKax JIDY-3 ¢ exxemHeBHBIM COOPOM KYJTb-
TypaJdbHOU Cpeabl U OIpeaeieHUeM B Hell MH(peK-
IIMOHHOTO BUPYyCa B peaKIIuu reMajcopOInu 1 He-
npsiMoit uMMyHodayopeceHIInU. KyasTypy Kie-
Tok JIDY-3 3apazkanu ¢ MHOXecTBeHHOCTbIO 0,02.
TuTtpoBaHMEe MHOMBUIYAJIbHBIX BUPYCHBIX COOPOB
NPOBOAMIM Ha AUIIJIOMAHBIX KjeTkax KM-27.
W3 naHHBIX, IpeACcTaBICHHBIX B Ta0auUIIE 4, CTAHO-
BUTCS ICHO, 4TO 130JiaT VZV Ne 1 Ha kireTkax KM-
27 5 heKTUBHO pENnpPOaYLIUPYETCS, U C TIEPBBIX CY-
TOK C MOMEHTA 3apakeHUsI BUPYC OOHApyXKMBaeTCs
B KYyJbTypajbHOUW cpene. EkenHEeBHBIN WHIWBU-
nyaabHBIN coop mo3Boisaia nMeTb BC2XK ¢ BeIcOKOIT
UHMEeKIMOHHOI aKTUBHOCTHIO. [Ipu 3TOM HEeoOXO0-

JMMO OTMETUTD, YTO HAOJII0AaIach IpsiMast Koppe-
JISIOUsT MTHPEKIMOHHOCTY B peaKIIUU reManacopo-
LHMKU CO B3BECHIO DPUTPOLIMTOB MOPCKOW CBUHKMU,
¢ peakiueil HempsIMO UMMYHOMIYOpPEeCICHIIUH.

Ob6cyxaeHne

B 3TOM MCcienoBaHUM MBI M3yYajii XapaKTepr-
CTUKYKJIMHUYECKUX U30sToBVvaricella-zoster, B3s1-
TBIX OT MAlIUEHTOB, 3a00JICBIINX BETPSHOM OCITOM
WJIY OTIOSICHIBAIOIINM repIiecoM. BbUIN TTOydeHBI
M30JISITHI OT 4-X KaTeropuii nmauueHToB: 24 odpasiua
OT BOCHHOCIYXAIINX 1-To roma CiIyXObI BO Bpe-
M$ BCIBIIIKY BETPAHOU OCITBI B BOMHCKOW 4YacTH,
2 obpasua oT maluuMeHTOB, 3a00JIEBIINX B AETCKOM
KJIWHUKE (BHYTpUOOJIbHUYHAS MHOEKIIMS), OMUH
oOpa3sell OT 3I0POBOI IIKOJBHUIIBI IISCTH JIET, 3a-
0OoJIeBIlICi BETPSIHOM OCIIOM B JOMAIIHUX YCJIOBU-
sIX U OMH oOpasell OT B3pOCJIOro namueHTa 63 jet
B MOMEHT peaKTUBAIlNM P IUBUPYIOIIETO OO -
chIBatollero reprneca. Bee 28 KTMHUYECKUX U305~
TOB OBIJIM JOCTaBJICHBI B JTAOOPATOPUIO B KUIKOM
a30Te B KpUONPOOUPKaAX C TPAHCIIOPTHOM Cpeaoit
U TIPECTaBASIIU COO0 KOPOUKM OT BE3UKYJISIPHOT
CBIITH, B3SITHIC 00 18 MHS OT HavaJia ceinnu (Tadlr. 2).
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Tabnuua4. UHdekunoHHas akTUBHOCTb UHanBunpyanbHbIX BUPYCHbIX CﬁOpOB B pa3JiniyHblie BpeMEeHHbIe

UHTEepBanbl
Table 4. Infectious activity of individual viral harvests during various times
Homep LleHs nocne UHdekumnoHHasa akTuBHoCTb B Ig UHdeKunoHHaa akTUBHOCTb
BUDYCHOrO c6oba | 3apaxenus remMoapcopoupyoLwmx eaAMHUL, B lg HOPManu30BaHHbIX eANHUL,
Py . P P 50/0,5 mn ummyHodpnyopecueHuuu 50/0,5 mn
Virus collection Day after Infecti tivity in Ig h dsorbi it Infecti tivity in | lized
number infection nfectious activity in |g hemoadsorbtion units Infectious activity in Ig normalize
50/0,5 mi immunofluorescent units 50/0,5 ml
1 1 4,0 4,0
2 2 5,0 5,0
3 3 6,0 6,0
4 6 6,0 6,0
5 9 7,0 7,0
6 12 7,0 7.0
7 15 8,0 8,0
8 19 75 8,0
9 23 8,0 8,0
10 26 8,0 8,0
KoHTponb:
BakuwuHa Varilrix 6.0
Control: Varilrix ’
vaccine

Kopouku 10 mpoBeaeHus 3KCIepUMEHTOB XPaHU-
JIUCH B XKMJIKOM a3oTe uau rpu —70°C.

Kopouku momelaim Ha MOHOCJIOW AMUIIJIOU-
HbIX KJIeTOK JIDY-3 B poCTOBOI MUTATETbHOM Cpe-
Jie U KYJbTUBUPOBAJIY MIPU TIOHUKEHHOM TeMIiepa-
type. LITTJ] BoKpyr Kopouek pa3BUBAIOCh Ha KJie-
TOYHOM MOHOCJIO€, HauMHas CO BTOPBIX CYTOK
¢ MOMeHTa uHMULMpPOBaHUS KJeTOoK. Bce 28 06-
pas3loB OKa3aJMCh MOJOXUTEIbHBIMU. DTOT pe-
3yAbTaT MOATBEPXKIAE€T U3BECTHBIC NaHHBIC JUTE-
paTypbl, UTO BUPEMUS MIPU BETPSIHOU OCIIE€ MOXET
npoaoyiXaTbcsl He MeHee ueM 18 cyTtok [2]. Kpome
TOTO, TIOJIyYEHHBIE PE3YJbTaThl YETKO T€MOHCTPU-
poBayiud, 4TO 2M(PEKTUBHBIM KIMHUYECKUM MaTe-
puajaom st uzonsiuuu VZV sBiisijiacb HE TOJbKO
BE3UKYJISIpHAS XUIKOCTD [12, 16], HO U KOpPOYKH,
chopMuUpOBaHHBIE MOCTE WCUYE3HOBEHUS XUJIKO-
CTU U3 BE3UKYII.

Hamu skcnepuMeHTaaibHO MoKa3aHo, 4To VZV
obsiafag IMUPOKUM CHEKTPOM YYBCTBUTEIBbHBIX
KJeTok (puc. 1, 2 u 3), akTUBHO PenpoAyLUPO-
BaJIC B HUX U BBICBOOOX1AJICH B KYJbTYPaJIbHYIO
Cpeay C MePBbIX CYTOK C MOMEHTA UH(PULIUPOBAHU S
KJIeTOK (Tab. 4).

OnHakKo HEOOXOAMMO OTMETUTh, YTO BHEKJIE-
TOYHBIA BUPYC HE BBISIBJISIJICS METOIOM OJISIIIEK,
U JJ151 eT0 OOHAPYKEHU ST MbI UCITOJIb30BaJIU METOIbI
reMajcopOl Ha YYBCTBUTEJbHBIX KJETKaX WJIU
peaku IO HEMPSIMOii UMMYHOMIYOPECLEHIINH.

C nepBBIX CYTOK C MOMEHTA 3apaXeHus Kije-
TOYHOTO MOHOCJIOS BHEKJIETOYHBIU BUpPYC OOHa-
pyXWuBaJicd, KaK B peaklUu TeMaacopOluu, Tak
U B peaKIlMU HEMTPSIMOU UMMYHOMITyOpeClieHIIU U,
M K 5-M CyTKaM ¢ MOMEHTa MHMUIIMPOBAHUS WH-
(EeKIIMOHHOCTDh YBEJIUYMBAIaCh U B aJibHENIIIEM

JlocTUTajla MaKCUMaJIbHbIX BeJU4YUH. [Ipu aTOM
HEO0OXOIUMO OTMETUTH, YTO SBHOTO IIUTOITATUIEC-
KOro NeMCcTBUS Ha KJIETOYHOM MOHOCJO€ He Ha-
osroganu. Hanbosee 4yBCTBUTEIbHON KJIETOUHOMN
AuHUuen aag penaukauuu VZV okaluch KJAETKU
KM-27 u MeWo. OagHako HeWH(PULIMpPOBaAHHAas
KJeTouyHass guHuss MeWo obOnanajiia cnocobHO-
CThIO CBSI3bIBATh 3PUTPOLIMTHI MOPCKUX CBUHOK
M YeJoBeKa M B CBSI3U C BDTUM OKaszasjlach He Mpu-
roAHOM s NeTeKU MU MHPEKIITMOHHON aKTUBHO-
CTU BHEKJIeTOUYHOTO VZV.

B nanHOM McciaenqoBaHUU C MOMOIIbIO MbI LI Y-
HbIX MKA K BUpycam npoctoro reprneca 1 u 2 tu-
MOB U UMMYHHOU CBIBOPOTKMU OT TNepedoJieBIIETO
OTIOSICHIBAIOIIIMM FEPIiecoM B peaKIl MU HEMPSIMOT
uMMyHodayopecueHuuu (puc. 4) 6pLJI0 MOKa3a-
HO OTCYTCTBUE MEePEKPECTHON peakKTUuBHOCTU
MEXJYy BbIIIEyKa3aHHBIMU alibda-reprnecBupy-
caMu, HECMOTPSI Ha BbICOKYIO TOMOJIOTUIO UX Te-
HomoBs [10].

Takum o0pa3oM, HaIIMMU UCCIAEIOBAHUSIMU
MbI YETKO IPOJIEMOHCTPUPOBAIU, YTO VZV U BUpY-
cbl HZ oGiiananu IIMPOKUM CIIEKTPOM KJIETOUHBIX
KYJBTYDP, B KOTOPbIX OHU 3(pHEeKTUBHO pernauliu-
poBaivch. [Ipy 3TOM HaMU MOKa3aHO, YTO BHEKJIE-
TOUHBIN VZV BbICBOOOXa€TCsI B KYJIbTYpalbHYIO
cpeny C MNepBbIX CYTOK C MOMEHTa MHMUIMPO-
BaHus. KpoMe Toro, Mbl mepBbIMU MPEAJIOXKUIN
MeTOJl OLIeHKW MH(EKIIMOHHOU aKTUBHOCTU VZV
Mo uX remMajacopoupytolleil cmocoOHOCTU Ha Kile-
TOYHBIX KyJAbTypax. Haubosee ontumMaibHOU Kie-
TOYHOW JUHUEN AJIS 3TUX LeJel ABISIUCH KIIETKU
KM-27 unu no0ble KJIeTOUHbIE JUHUU U3 KOKHO-
MBILIEYHOM TKaHU SMOPUOHOB YeJIOBeKa UJIU KOX U
B3pPOCJIOTO YeJI0BEKA.
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NPABWUJIA AJ19 ABTOPOB

CTaTby MPEACTABISIOTCS B peIaKIIMIO Yepe3 CUCTEMY dIeKTpOHHOro u3nateabcTna (http://iimmun.ru) B cooTBeT-
CTBUHU ¢ TpeGoBaHMAMMU XypHana «MHGbeKIUT 1 UMMYHUTET» U «MHCTpYKIIMEH [T aBTOPOB», MPeACTaBIeHHOM
Ha caiite. C dpeBpans 2016 roga xxypHaa «MHbeKLUS 1 UMMYHUTET» MyOJIUKYET CTaThbU HA ABYX S3bIKaX (PyCCKOM
U aHTJIMIICKOM).

OCHOBHble BUAbI CTaTeil, Ny6/IMKyeMbIX B XXypHane

OpurnHaJbHas CTATHSA

CTaTbs T0JKHA OMMUCHIBATH PE3YJIbTaThl 3aKOHYEHHOT0 ccliefoBaHus. JlomyckaeTcss 00beM cTaTh 10 20 Maliu-

HOIIMCHBIX CTpaHMUII, BKJIIOYask pUCYHKHU, Tabauibl. CTaThs HOJXKHA coaepKaTh: 1) BBeAeHUe; 2) MaTepraibl U METO-
Ilbl; 3) pe3yabTaThl UccaenoBaHUI; 4) 00CyXKaAeHUe pe3ybTaToB; 5) 6JarofapHOCTH.

e BBenenne conepxuT 000CHOBaHUE LIEJIU U 3a]a4 TPOBEIEHHOr0 UCCIEA0BAHUSI.

e Marepuajbl 1 METOIbI MOTYT M3JIaTaThCs B BUE OTIAEJIbHBIX (DPATMEHTOB C KOPOTKMMU MO/I3aT0JIOBKAMMU.

e Bce HeTpaaAMIIMOHHBIE MOAMGbUKAIIMA METOJAOB TOJIXKHbBI OBITh OMUCAHbBI C TOCTATOUHOM CTENMEHbIO MO/~
po6HocTH. sl BCeX MCMOJIb3yEeMbIX B pab0Te PeaKTUBOB, JKMBOTHBIX, KJIETOUHBIX KYJIbTYp U T.lI. HEO0-
XOJMMO TOYHO yKa3bIBaTh MPOU3BOIMTEIICH U/WUIU UICTOYHUKU TOJyYeHU ST (C Ha3BaHUSIMU CTPaHbl, QUP-
MBI, UHCTUTYTA).

e Pe3ynbTaThl ONMUCHIBAIOTCS B JIOTMYECKON MOCIEA0BATEILHOCTU B BUIE OTIEJbHBIX (DparMeHTOB, pa3ae-
JIEHHBIX MO/13ar0JIOBKaMU, 0€3 2JIEMEHTOB 00CYXAeH s, 0€3 MOBTOPEHU I METOINYECKUX MOJPOOHOCTEI,
0e3 nyospoBaHUs UM POBBIX TaHHBIX, TIPUBEJACHHBIX B TaOJIMIIAX U PUCYHKAaX.

e B 00cyKaeHUH MPOBOAUTCS AETAIbHBINM aHAJINU3 MOJTYYEHHBIX JAHHBIX B COMMOCTABJIEHUY C TaHHBIMHU JI-
TepaTypbl, UTO CIYKUT 0OOCHOBAHMEM BBIBOJIOB M 3aKJIIOUEHU T aBTOPOB.

e Paznen «baarogapuocTu» He siBJIsieTCS 00s13aTeIbHBIM, HO KpaliHe XKejatesieH. B 3Tom pa3nesie aBTopbl MO-
TYT BbIPa3UTh MPU3HATEIBHOCTh OpraHMU3al, CyOCUINpPOBABIIeH TTPOBEIeHNE UCCIIeIOBAHU I, KOJlJIe-
ram, KOHCYJIbTUPOBABIINM pabOTY B ITPOLIECCE €€ BBITMOJHEHU ST U/ WU HATTMCAHM S, A TAKKE TEXHUIECKOMY
nepcoHay 3a MoMolllb B BRIMOJIHEHU U UCCliefoBaHuil. biarogapHocTH 3a mpegocTaBiaeHue crienuduyec-
KUX peaKTUBOB UJIU 000PYAOBaHUSI, KaK MIPAaBUJIO, TIOMEIIAIOTCS B pazaelie «MaTepuajibl U METOIbI».

Kparkue coobmenns

Kypnan ny6aukyeT HeOOJIbIINE M0 00bEMY CTaThU, KOTOPLIE UMEIOT 0€3YCIOBHYIO HOBU3HY M 3HAUMMOCTbh. DTHU
CTaTbU MPOXOAST YCKOPEHHOE PelieH3MPOBaHUE U MYOJIUKYIOTCSI B KOPOTKHME CpoKU. OOIIMit 00beM KpaTKOTo co00-
IIEHW ST OTPAaHUYEH 8§ MAIIIMHOMMCHBIMU CTPAaHULIAMU, KOJTMYECTBO PUCYHKOB M/UJIM TaOJIUIL HE MOXET ObITh OoJiee 3,
a CIMMCOK MCTOJb30BaHHBIX INTEPATYPHBIX UICTOYHUKOB He JOJIKeH MPeBbIATh 15. TUTYIbHBIN TUCT oopmIsieTcs,
Kak onucaHo Huxe (cM. «[logroroBka crateii»). Pazmenbl KpaTKOro cooOIIeH s aHaJOTMYHBI BBIIIEONIMCAaHHBIM pa3-
JleJlaM OPUTUHAJbHOM CTaTbU, HO HE BBIACISIOTCS 3aTOJOBKAMU U MOA3ar0JIOBKaMU, Pe3yJabTaThl MOTYT ObITh U3J10-
>KEHBI BMECTE C O0CYXJICHUEM.

O030pHBIE CTATHHU U JEKIUH

O030pHbIE CTATbU U JIEKITMHU B OCHOBHOM 3aKa3bIBAIOTCSI pEeIAKIIMEN NI MOTYT OBbITh PEKOMEHIOBAHbI OMHUM U3 UJje-

HOB peakosuiernu. bosee nonpo6Hyo nHdopMalrio o mpaBuiIax oHOpMIEHUS ITUX CTATE MOKHO Y3HATh B pelaKIiu.

Bubnuorpacduyeckme ctaHgapTbl ONMCAHUS LUTUPYEMbIX NyGnuKkaumni

OnucaHue cTaTbu U3 XKypHAJa:

Canuna T.1O., Mopososa T.1. UmmyHonornueckue Metons! B uddepennranbHoil auarnoctuke // Tybepkynes u 6071€3HU TEeTKHX.

2011. T. 88, Ne 11. C. 50-53.

Salina T.Yu., Morozova T.I. Immunological methods in differential diagnostics. Tuberculosis and Lung Diseases, 2011, vol. 88, no. 11, pp. 50-53.

OnucaHue cTaThby U3 KHUTU (MOHOTpaduu):

ypsiruna U.A., YectnokoBa M.B., Kitumos B.T. [TceBnoTyoepkyies. HoBocubupcek: Hayka, 2003. 320 c.

Shurygina I.A., Chesnokova M.V., Klimov V.T. Pseudotuberculosis. Novosibirsk: Nauka, 2003. 320 p.

IIpumepsi npaBuabHOTO 0hOPMIIEHHS AHIJIOA3BIYHBIX CCHIJIOK:

Turenne C.Y., Wallace R., Behr M.A. Mycobacterium avium in the postgenomic era. Clin. Microb. Rev., 2007, vol. 20, no. 2, pp. 205—229.

Goodman J.W., Parslow T.G. Immunoglobulin proteins. Basic and Clinical Immunology. Ed. Stites D.P., Terr A.1., Parslow T.G. Appletion &

Lange, 1994, pp. 66—79.

CchUIKY Ha TUTEpaTypPHbIC MICTOYHUKHU B TEKCTE CTaThU, B PUCYHKAX M Ta0IM1IaX 0003HAYaIOTCSI apabCKUMU I -
paMu B KBaJpaTHBIX cKoOKax [1, 2, 3,...]. He momyckaioTcs cChIJIKM Ha IMCcCepTallnu, aBTopedepaThl JUCCepTalnii,
myOoJIMKaluy B COOPHUKAX, METOANYECKHE JOKYMEHTHI MECTHOTO ypOBH . KoIruecTBO NICTOYHUKOB HE OrpaHUYEHO.
B xax ot cchliiKe MpuBOISITCS BCe aBTOPhI padoThl. HeonmyO1nKoBaHHBIE CTaTbU B CITMCOK HE BKJIIOUAIOTCS.

00603Ha4YeHNs, COKpaLLEHUS U eAUHULLbI U3MEepPEeHNs

JIst CIOKHBIX TEPMUHOB MJIW Ha3BaHM I, HanboJiee YaCTO UCTIOJIb3YeMbIX B TEKCTE CTATbU, MOXKHO BBECTH (B KPY-
IJIBIX CKOOKAaX IOCJjie MepBOro YIIOMMHAHUS TIOJTHOIO Ha3BaHUS TepMMHA) He Oosee 3—5 HeTpaaUIIMOHHBIX COKpa-
IIEHUI. Y3aKOHEHHbIe MEXIYyHapOAHBIMU HOMEHKJIATypaMu COKpAIIeHUs WCMOJb3YIOTCS B COOTBETCTBYIOILEH
TpaHcKpunuuu. Hampumep, 171 TepMUHA «MHTEPIEHKWH» UCTIONIb3yeTcsT cokpaienue «IL», a He pycCKOSI3bIYHBII
BapuaHT «JI»; aHaIOrn4HO 3TOMY UCTIONB3YI0TCs cokpalneHus: < NF», a He «TH®» unu «®DHO»; «CD», a He «C».
Ha3zBaHus1 MUKpOOPTaHU3MOB IPUBOISITCS B OPUTMHAJIBHOM TPAaHCKPUIILIMU C UCHOJAb30BaHueM KypcuBa (E. coli,
Streptococcus pyogenes). ETMHUIIBI U3BMEPEHU S TPUBOASTCS 0€3 TOUKHU MOCJe UX COKPallleHHOr0 0003HaYeHUsI, perfia-
MEHTUPOBAHHOI'O MEXYHAapOJHBIMU NIpaBUiaMu (¢, 4, cM, MJi, MT, kDa u 1.11.).
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Od)OpMHEHMe WINIOCTPATUBHOINO Matepuana

WnnocTpaTuBHbI MaTepua J10JKeH ObITh OPUTMHAJTBHBIM, T.€. paHee HUTJAE He onyOJMKoBaHHBIM. O0lee Ko-
JINYECTBO MJUTIOCTpALUii (TabJIUI] 1 pUCYHKOB) HE JIOJXKHO MpeBbIIaTh BOCbMU. [1pu 60JibIlieM KOJTMYECTBE UIIJTIO-
cTpauuii ux myoJuKanus onjadynBaeTcs aBTopoM. [1ydiukanums HBETHbIX MJUTIOCTpALIMi (HE3aBUCUMO OT UX KOJIM-
YeCTBa) TaKKe OIJIAYMBAETCS aBTOPOM.

Pa3meps! naocTpanmii:

* MakcuMaJibHasi Beicota — 210 MM

* MakcuMajbHas muprHa 18 1 crondua — 82 mwm, 1ist 2 ctoa61oB — 170 Mm

Ta6anupl. Kaxkaas Tabania mpenocTaBisieTcsl OTAeIbHBIM daiisom. Tabauiiel HyMepyloTcs apabckuMu nudpa-
MU OTAEJIBHO OT HyMepaluu PUCYHKOB (rpacdukoB u potorpacduii). HazBanue reuaraercs Han Tabauieii. Bech Tekct
Ha PYCCKOM sI3bIKe, colepKalluiics B Tabauile, BKIoYash eAUHUIBI U3MEPEHUsI, JOJKeH ObITh MepeBeaeH Ha aH-
TJIMICKUI S3bIK; TPU 3TOM MEPEBOJL CeAYET MOMEIIATh B SYEHKY C COOTBETCTBYIOLIUM PYCCKUM TEKCTOM OTAEIbHOMI
crpokoii. HazBaHue TabauIIbl M TEKCT IpUMEYaHUsI K Hell TaKkKe JOJIXKHBI ObITh MepeBeeHbl Ha aHTJIMMUCKUI SI3bIK
U TPUBEACHBI MO/l PYCCKUM TEKCTOM C HOBOW CTpOKU. [lJisl MOMETOK B TabJaMIIaX CleNYyeT UCIOJAb30BaTh OAHY WU
HecKoJbKo (*). [losicHeHMs TevyaTaioTcs IOoCje COOTBETCTBYIOIIEro KojauuecTna (*) monm tadbmuueit. EquHuIbI n3me-
peHusl, TPy HEOOXOAMMOCTH, BKJIOUAIOTCS B 3aTOJIOBKY CTPOK UJIM CTOJIOIIOB.

Pucynku (rpaduku u ¢ororpadun). B Tekcte ctaThu Ha3BaHUSI pUCYHKOB (rpadukoB, potorpaduii) u Tadbiuil pas-
MelaloTces cpasy nocje abzalia, rjae Ha HUX JaeTcs repBasi cchliika. Bce pucyHKU HyMepyloTcsl ociea0BaTe1bHO apad-
CKUMU UMpaMU TT0 Mepe MX BKJIIOYEHUS B TEKCT cTaTh. Ha3BaHUSI PUCYHKOB U MOATIMCHA K HUM BBIHOCSITCSI B BUIE
CITMCKa B OTASBHBIN aita. B crircke yka3eIBaloTCs: HOMEp pUCYHKa, Ha3BaHMe (C OOJIBIION OYKBHI), TEKCT ITpUMeYa-
Huii (111 MUKpodoTorpaduii 10JXKHO ObITh yKa3aHo yBeaundyeHue). [lonnucu K pucyHKaM JaioTcsl KpaTKue, HO 10cTa-
TOUHO MH(bOpMaTUBHbIe. HazBaHM S pUCYHKOB M TPUMEUYaHU I K HUM, HAPUCYHOUHbIE MOAMUCH, TEKCT JIETEHIbI JOJIK-
HBbI OBITH ITepeBeIeHbl HA AHTIIMICKUT SI3bIK M pa3MelleHbI TTOJl COOTBETCTBYIOIIMM TEKCTOM C HOBOM CTPOKU. PUCYHKM
MOTYT OBITh MpeACTaBICHBI B TpaduuecKuX hopmaTax ¢ pacimpernueM .tif (paspemenue He meHee 300 dpi ipu 100%
MaciTabe), .eps uin .ai. M3o0pazkeHuss, BCTpoeHHBIE B TOKyMeHThl Word, He mpuHuMaoTcs. ['paduku u guarpaMMbl
MPEAOCTABISIOTCSI BMECTE C TaOJIMIIaMU, Ha OCHOBE KOTOPBIX OHU ObLJIM CO3JIaHbl, UJIU C YUCTCHHBIMU 0003HAUEHM -
MM MoKasaTesieid, 0ToOpakaeMbIX COOTBETCTBYIOIIMMU TpadrUyecKMMU 2JIeMEeHTaMU (CTOJIOMKAaMU, CEKTOPaMU U T.I1.)
B BUJIe (DaiiJIoB ¢ paciiMpeHusiMu .doc Uiiu, pearnoyTuTeabHee, .XIs.

MnaTa 3a ny6nukauuio ctatei

[Ipu coGmromeHnM MpaBuUII MyOJIUKAILMs cTaTeil B XXypHaie «/HbeKInsa 1 UMMYHUTET» SIBJISETCS OecCIIaTHOMN
IUTS1 aBTOPOB M YUPEXIEHU I, B KOTOPBIX OHU paboTaloT. Penakiiys MoxXeT MoTpedoBaTh OIJIATY B CICAYIONIUX Cyyda-
sx: 1) 3a myO6aMKaLMIO IIBETHBIX UJLTIOCTPALIMii; 2) MTPpU 00JbIIOM KOJIUYECTBE HILTIOCTPATUBHOIO MaTepuaJa (CBbIlIe
8 mimocTpanuii).

MoprotoBka cTartei

IMpu penocTaBAeHNN CTATbU aBTOPBI TOJXKHBI pyKOBOJCTBOBATHCS TPEOOBAHUSIMU, TIPUBEICHHBIMU B HUXeCIIe-

nyomux nyHKTax. CTaThsl MOXET ObITh OTKJIOHEHA, €CJIM OHa UM He COOTBETCTBYET.

1. HampaBiisist cTaThIoO B >KypHaJ, aBTOPbI FapaHTUPYIOT, UTO MOJaHHbIE MaTepUasibl He ObIIU paHee OMmyOJIMKOBaHbI
MMOJTHOCTBIO MJIW TI0 YacTsIM, B JII000# hopme, B JII0OOM MeCTe MJIK Ha JTII0OOM si3biKe. Tak ke aBTOpbI TapaHTUPY-
0T, YTO CTaThsI He TIpeACTaBIeHA I pACCMOTPEHUS U MyOIUKaIlUuy B IpyroM XypHaie. C MOMeHTa TIPUHSTUS
CTaThU K TeyaTu B KypHayie «MHbeKIns 1 UMMYHUTET» TPUBEACHHBINM B Hell MaTepral He MOXET OBITh OITy-
OJIMKOBaH aBTOpaMU IOJHOCTBIO MJIM I10 YaCTsIM B 1100011 (hopme, B TI0OOM MeCTe 1 Ha J1I000M sI3bIKe O0e3 coria-
COBaHUS C PYKOBOJCTBOM XYypHasa. VICKTI0UeHEM MOXET SIBJAAThLCS: 1) MpeaBapuTeabHash UM MoCIeaylomas
MyOJIMKALIMsI MATePUAaIOB CTaThU B BUE TE3UCOB MJIM KOPOTKOT'O pe3ioMe; 2) UCITOIb30BaHE MaTePUAJIOB CTaThU
KaK 4acTH JIEKIIMY UK 0630pa; 3) MCTIOJb30BaHUE aBTOPOM TTPEAICTABICHHBIX B KypHAaJI MaTepHajoB IIPU HATIH-
CaHWM AUCCEPTAllMU UM KHUTHU. BocripousBeneHue Bcero U3naHus UM 9acTH JTIOOBIM CITOCOOOM 3arpeliaeTcst
0e3 MUCbMEHHOTO0 pa3pellleHus u3aareieil. Hapyuenue 3akoHa OyneT mpecyieaoBaThes B cyneOHoM mopsiake. Ox-
pansietcss 3akoHoM P®D Ne 5351-1 «O06 aBTOpCKOM TpaBe U cMeXXHBIX paBax» oT 09.07.93 1.

2. @aiin oTIIpaBiIgeMOil CTaThbU MpeacTaBieH B ¢opmare .doc, .docx, .rtf.

3. [TomuMo (aiina co cTaThbeil, IIPeIoCTaBICHBI CIeaYIoIre (paitIb:

1) daiin ¢ MeTagaHHBIMU (IIPU 3aTPy3Ke B CUCTEMY eMY IpUCBauBaeTCsa UM «MeTagaHHBIC»):
e haMuIMsI, UM, OTYECTBO, YUueHasl CTelleHb, yUYeHOe 3BaHHe, NOJXKHOCTb aBTOpa, OTBETCTBEHHOTO
3a TaJIbHEN YO TIepernucKy ¢ peaakiiveit (Ha pycCKOM U aHTJIMCKOM $I3bIKaXx);
e Ha3BaHUE YUPEXKIECHUS, TOae paboTaeT OTBETCTBEHHBIN aBTOP (B pyCCKOM U OGUIIMATBHO MTPUHSITOM
aHTJIMICKOM BapuaHTax);
TMOYTOBBIN apec IS IEPENUCKY ¢ YKa3aHUEeM ITOYTOBOTO MHIeKca (Ha pyCCKOM M aHTJIMHCKOM SI3bIKaXx);
TesnedoH, akc (c yKazaHMeM Koja CTpaHbl U ropojaa), e-mail;
daMuIMsa U MHUIIMAJIBI OCTaJbHBIX COABTOPOB, UX YUEHbIE CTENeH U, yUeHbIe 3BaHU I, TOJXKHOCTH;
MOJTHOE Ha3BaHUE CTAThbU, HAIIPABJISIEMOM B peIaKIIMIO;
KOJIMYECTBO CTPAHUII TEKCTa, KOJTUYECTBO PUCYHKOB, KOJIMYECTBO TaOJIUIIL;
paszaena XXypHaia, IJisT KOTOpOro nmpeaHa3HavyeHa qaHHas paborta: «Jlekuuun», «O630pbl», «Opurn-
HaJIbHBIE CTAaThi», «KpaTKue coobIeHsI», «B MOMOIIL MTPaKTUYECKOMY Bpady»,
e /aTa OTIIpaBJeHU S PaOOTHI.
2) OTckaHUpOBaHHas KOMUs (haiija ¢ MeTaJaHHBIMU MOAMUCAaHHAs BCEMH aBTOpaMHu (ITPU 3arpy3Ke B CUCTe-
My eMy ImpucBauBaeTcst UMs «IToamucu aBTOpOB»).
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3) TuTyabHBIN IUCT (IIPpU 3arPy3Ke B CUCTEMY eMy MpUCBauBaeTCsa UMsl « [UTYJIbHBIN JTUCT»), 10 (hopMe:

e Ha3BaHUeE CTaThy (0€3 UCIOIb30BaAHU ST KAKUX-TMOO COKPAIIIEHU i, HA PYCCKOM U aHTJIMICKOM SI3bIKaX);

e (hamMuIMsl, UMSI, OTYECTBO, yUeHasl CTEIeHb, yUeHOe 3BaHUe, JOJIKHOCTD KaXXI0ro U3 COABTOPOB CTaTbU
(ITOJTHOCTBIO, HAa PYCCKOM U aHTJIMMCKOM SI3bIKaX);

e MopasaelieHue 1 yuapekjaeHure, B KOTOPOM BBITIOJTHsIJIaCh paboTa; B ciiydae, eCJIM aBTOpaMU CTaTbU
SIBJISTIOTCSI COTPYTHUKU Pa3HBIX YUPEXKJISHUI, TO MOCIeTHUEe HYMEPYIOTCS 110 MOPSAKY, HauMHas
C eAMHMUIIBI, U COOTBETCTBYIOIIAS IIMdpa pa3MmeliaeTcs nocje aMuany aBTopa, MpeacTaBsoero
NIaHHOE yupexIeHue; AJs1 MAapKMPOBKM aBTOPOB B aHIJIOSI3bIYHON YacTU CTaThbd BMECTO LMD UC-
MOJb3YITCS JIJAaTUHCKUE OYKBHI (a, b, ¢, d u T.11.);

e COKpalIeHHOE Ha3BaHUE CTAThbU [1JIsl BEPXHEro KOJOHTHUTYJIA (He 60jiee 35 CMMBOJIOB, BKJIIoUast po-
GeJIbl M 3HAKU MPperMHAHU S, HA PYCCKOM U aHTJIMICKOM sSI3bIKax);

e He MeHee 6 KITI0UEeBBIX CJIOB Ha pPYCCKOM M aHIUIMHCKOM SI3bIKaX;

e ajpec IJIs MEpeNuCcKU ¢ yKazaHueM HoMmepa TejiepoHa, (pakca u agpeca e-mail.

4)

Pesiome (mpu 3arpy3ke B cucTeMy eMy npucBauBaeTcs uMs «Pe3iomMe»). [IpenocTaBisieTcs B BUe OJHOI0 ad-

3alia 6e3 cChlIoK U crielududeckux cokpaiieHuii. Oo6bem — He meHee 300 cioB. Pe3tome B mojHOM oObeMe
MpeACTaBIsIETCS TaKKe B IepeBo/ie Ha aHIIMHCK U I3bIK. B OTHEIbHBIX CiTyyasix, 1Mo peleHu o peJaKIimoH-
HOM KOJIJIErnU, MOXET ObITh 3aTPe00BaH pa3BepPHYTHI BADUAHT PE3IOME Ha aHTJIUHCKOM SI3bIKE.

5) PUCYHKM, €CJIM OHU €CTh — KaXXIbIX OTAEIbHBIM (haitoM (IMTpu 3arpy3Ke B CUCTEMY KaXKJIOMY PUCYHKY TTpH-
cBauBaeTcs uMs «PucyHoxk IlopsiakoBbiii HoMep pucyHKa. Ha3zBaHue pucyHKa»).

6)

®aiin B popmare .doc, .docx, .rtf co cmuckoM, B KOTOPOM yKa3bIBalOTCS: HOMEp pUCYyHKa, Ha3BaHUe (C 00JIb-

1I0¥ OYKBBI), TEKCT IpUMEUYaHU i (1151 MUKpodoTorpaduii 1oakHO ObITH YKa3aHo yBennueHue). [oamucu
K pUCYHKaM Jal0Tcs KpaTKue, HO I0CTaTOYHO MH(MOPMaTUBHBIE.

7)

BeICHEBI 3aT0JIOBKOM B (haiijie ¢ caMoil Tabaulieit).
8) aiiy c HUTUPYEMOI TUTEpaTypoii (IIPU 3arpy3Ke B CUCTEMY eMy ITpucBauBaeTcs ums «JIuteparypa») B Buae
TaOJIMIIbI U3 YEThIPEX CTOJIOLOB (aJ1bOOMHAsI OpHUeHTaLl M), Te:

Tabnuibl, eci OHU €CTh — KakJast OTACJIbHBIM (haiiioM (Ha3BaHUe KaxKI0M TaOJIUIIbI JOJKHO OBITh TIPU-

ITopsakoBblit
HOMep CCHLIKH

ABTODDI, HA3BAHKE MYOIMKALMH
1 HCTOYHHUKA, TIe OHA
OnyO0JMKOBAHA, BLIXOAHbIE AHHbIE

®.1.0., Ha3BaHKe MyOIHKAIMA H HCTOYHHKA
Ha aHIJIMIACKOM f3bIKe

[Toanbiii uHTEpHET-2/IpEC
(URL) uurupyemoii ctaTbu
u/unm ee DOI

Pasmeinatorcs

B Ta01M1Ie

B ajihaBUTHOM
MopsiiKe, BHavYaIe
PYCCKOSI3bIUHBIE,
3aTeM Ha sI3bIKax
C JIATUHCKOIA
rpacdukoi

VkasbIBaTh

1o 6ubarorpapuyecKkomy
CTaHapTy, MPEACTABICHHOMY
BbILLE

OdunraabHOE aHTIOSI3bIYHOE Ha3BaHUE
nyOJMKalMK U UCTOYHKKA, TIe OHA
ory0JIMKOBaHA — JIJISI PYCCKOSI3bIYHBIX CTATEi.
B penkux ciyuasix, KOraa He CylecTByeT
ouIIMaTbHBIX AHTJIOS3bIYHBIX HA3BAHU,
penakius MPOCUT MPEAOCTABISATh X EPEBO/I,
0003Hayas ero KpaCHbIM LIBETOM HIpUQTa.
J11s1 aHTI0SI3BIYHBIX MYONMKANMIL M HCTOYHUKOB
B 3TOM CTOJI0IIe CTABUTCS MPOYEPK

B oM ciyuae, eciu
nHdopMalus o cTaTbe
He pa3MeleHa

Ha o(UIIMaTbHOM caiiTe
W3IaHUs, IOTTYCTUMO
ucnosnb3oBath URL ctatbu
CO CTOPOHHUX CAalTOB,

B T.4. CUCTEMBI
www.e-library.ru.

DOI cratbu npuBoauTCS
B KBaJPaTHBIX CKOOKAxX
nocie URL-aapeca

4. TekcT noJKeH ObITh HAOpaH C ONMHAPHBIM MEXCTPOYHBIM MHTEPBAJIOM; UCIIOJIb3yeTCs Kerib mpudTa B 14 MyHK-
TOB; JIJIsI BBIZICJICHU ST UCTIOJIB3YETCSI KYPCHB, a HE TTOIUePKMBaHUE; BCE CChIJIKY Ha MJLTIOCTpaluu, TpadKuy 1 Tad-
JIVIIBI PACTIOJIOKEHBI B COOTBETCTBYIOIIMX MECTaX B TEKCTE, a HE B KOHIIE TOKYMEHTA.

(9,

. TeKCT COOTBETCTBYET CTUJIMCTUYECKUM 1 OMOIrorpauuyecKuM TpeOOBaHUSIM.

6. Eciu BBl OTIIpaBIIsieTe CTaThiO B PELIEH3MPYEMbIil pa3/iesl XKypHalia, TO Bbl COMIACHBI C TPEOOBAHUSIMU CJICIIOTO
peleH3MPOBaHMSI, TOAPOOHEEe 0 KOTOPOM MOXHO y3HATh Ha caiite xypHaja (http://iimmun.ru) B pyopuke «Pe-
HeH3upoBaHue» paszaeiia «O KypHaje».

Bbl MokeTe 0(hOPpMUTH MOANMMUCKY HA XKYPHAJ
«Hdeknus ¥ IMMYHUTET» Yepe3 OTIAeJJeHUsI CBI3U:
Karanor «Pocneyarb» — ungekc 95001;

O0bennnennblii karajor «[Ipecca Poccun» u 3eKTpoHHbIil KaTajor «Poccuiickas nepuoauka»

B ceTH Internet Ha caiite www.arpk.org — ungexc 41392.
Ilena cBoGoaHAas.
Ionnucka Ha 3JeKTPOHHYIO BEPCHIO JKYPHAIa
Ha caiite www.elibrary.ru
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Unnioctpauum k ctatbe «COVID-19: 0GHOBNEHHbIV B3rnggy» (aBTOPbI:

H.I. MycTtada) (c. 247-258)

®.A. Ucuxak, M.A. Xamap,

lllustrations for the article “COVID-19: an updated review” (authors: Isihak F.A., Hamad M.A., Mustafa N.G.) (pp. 247-258)

COVID-19

The virus associated with the outbreak originating in Wuhan,
China, has been designated severe acute respiratory
syndrome coronavirus 2 (SARS-CoV2). The disease caused
by that virus is now officially called COVID-19.

Medscape

SRS GLY(g)OPROTEIN MEMBRANE PROTEIN
{ ) (M)
HEMAGGLUTININ-
EERS () NUCLEOPROTEIN
N)
ENVELOPE SMALL ¢ GENOMIC RNA
MEMBRANE
PROTEIN (E)
Figure 2. Human coronavirus. A) EM photo. B) Structure [13]
SARS-CoV-2
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Figure 3. Genome of SARS-CoV2 [https://viralzone.expasy.org/785]

Figure 4. SARS-CoV proteins structure (A. Spike. B. Nucleoprotein.
C. Replicase polyprotein 1a. D. Replicase polyprotein 1ab.

E. Envelop small membrane protein. F. M protein)
[https://www.uniprot.org/uniprot/?query=human+sars+coronavirus]
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of spike



Unnioctpauum k ctatbe «COVID-19: 06GHOBNEHHbIV B3rnaa» (aBTopbl: d.A. Ucuxak, M.A. Xamap,
H.T. MycTtada) (c. 247-258)

lllustrations for the article “COVID-19: an updated review” (authors: Isihak F.A., Hamad M.A., Mustafa N.G.) (pp. 247-258)
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Figure 6. Graphic of convale or containing COVID-19 [11]
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Figure 7. Herd immunity [https://commons.wikimedia.org/wiki/File:Community Immunity.jpg]
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Unnioctpauumn Kk ctatbe «BpoXXAeHHbIA UMMYHUTET NPU KOPOHABUPYCHOMU MHDEKLUN»

(aBTopbl: B.C. CMupHoB, Aper A. TotonsiH) (c. 259-268)

lllustrations for the article “Innate immunity in coronavirus infection” (authors: Smirnov V.S., Totolian Areg A.)
(pp. 259-268)
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PucyHok 1. MNaTb nyTeit nepeHoca nipopmMaL M naToreHHOro KOPoHaBUpyca B KNeTKy X0391Ha
Figure 1. Five pathways for transferring pathogenic coronavirus information to the host cell

1. SARS-CoV, SARS-CoV-2 cBsi3bIBaOTCA C KNeTo4HbIM perentopom ACE2 1 TpaHCNOPTHPYIOTCS B 3HA0COMY.

2. SARS-CoV, SARS-CoV-2 cBS3bIBAIOTCS C LOMNOSIHATENbHLIM KNETOYHbIM peuentopom CD147 1 TpaHCMOPTUPYIOTCS B SHAOCOMY.
3. MERS-CoV cBsigbiBaeTCS € k1eTouHbIM peLentTopom DPP4 1 Takke TpaHCNOPTUPYETCS B 3HLOCOMY.

B aHpocome CoV BbicBobox aaeT PHK, koTopasi pacno3Haetca TLR3/7. 3atem HUCXOASALWMIA CUTHAN TpaHCAyuMpyeTcs nmbo

no nytv TRIFSTFAF3—IRF3, koTopbili nocne GpocdopuimpoBaHms MMNOPTUPYETCS B SAPO KNETKU-XO35MHA, rae SKCnpeccupyeT
IFN. Mpwn pacnoaHasanum TLR7 curHan TpaHcayumpyetcs no nytn MyD88—TRAF6—I-kB—NF-kB. TpaHCnALMOHHBbIN

akTop MMNOPTUPYETCS B AAPO0 1 3KCMPECCUPYET BbIPpabOTKY MPOBOCMaNUTENbHbLIX LMTOKMHOB. B npoueccax cuHTesa
npoBocnanuTenbHbIX LMTOKMHOB 1 IFN TLR3 1 TLR7 MoryT aelicTBOBaTb B3aMMO3aMEHSIEMO (He NOKa3aHo).

4. Bupyc NpoHKKaeT B KNETKY NOCPEACTBOM NMHOLMTO3a, rae BeicBoboxaaet PHK, koTopas pacnosHaetcst RIG-1/MDA5S, panee
curHan TpaHcnopTupyetcs Ha TBK1-IRF3, nocnegHuin umnoptupyeTcs B AP0, Bbi3biBas cMHTES IFN.

5. S-anTurex Bupyca CoV pacnosHaetcs TLR4, koTopbIli 3aTEM MOXET TpaHCIMpoBaTbes mbo no nytn TRIFSTBK1—IRF—IFN,
nmbo yepes nyte MyD88—TRAF6—NF-kB— npoBocnanuTenibHble LMTOKMHbI (HE MOKa3aHo).

MonyXvpHbIMU pUMCKMMM Udpammn 0603Ha4eHbl Aga NyTn cuHTesa IFN:

| — aHpocoManbHbI NyTb TpaHCAyKumm curiana ot TLR3 po IRF3/7;

Il — umnTonnasmartmyeckmin NnyTb NnepeHoca curHana ot RLR1 oo IRF3/7.

Ha npuBefeHHbIX Cxemax C LLeSbio YNPOLLEHNS OMNYLLEHbI afIbTEPHATMBHbLIE MYTW TPAHCAYKLMN CUrHANOB, YacTb a4anTepHbIX
NPOTENHOB, YHACTBYIOLLMX B TPAHCAYKLMM CUrHANOB, a Takxe y3/bl GochopunmnpoBaHns 1 youKBUTUHUPOBAHMS.



Unnioctpauun Kk ctatbe «BpoXXaAeHHbI UMMYHUTET NPU KOPOHABUPYCHOW MHDEKLUN»

(aBTopbi: B.C. CMupHOB, Aper A. TotonsH) (c. 259-268)

lllustrations for the article “Innate immunity in coronavirus infection” (authors: Smirnov V.S., Totolian Areg A.)
(pp. 259-268)

Comments for figure 1 from previous page:

1. SARS-CoV, SARS-CoV-2 binds to the ACE 2 receptor and is transported to the endosome.

2. SARS-CoV, SARS-CoV-2 binds to the additional cellular receptor CD147 and is transported to the endosome.

3. MERS-CoV binds to the DPP4 cell receptor and is also transported to the endosome.

In the endosome, CoV releases RNA that is recognized by TLR3/7. Then the downstream signal is transduced either along

the TRIF-TFAF3-IRF3 pathway, which, after phosphorylation, is imported into the nucleus of the host cell, where it expresses
IFN. When TLR7 is recognized, the signal is transduced along the MyD88—TRAF6—I|-kB—NF-xB path. The translational factor
is imported into the nucleus and expresses the production of pro-inflammatory cytokines. In the synthesis of pro-inflammatory
cytokines and IFNs, TLR3 and TLR7 may act interchangeably (not shown).

4. The virus enters the cell via pinocytosis, where it releases RNA, which is recognized by RIG-1/MDAS5, then the signal

is transported to TBK1-IRF3, the latter is imported into the nucleus, causing IFN synthesis.

5. CoVvirus S antigen is recognized by TLR4, which can then be transmitted either via the TRIF-TBK1—IRF—IFN pathway or
through the MyD88—TRAF6—NF-kB— pro-inflammatory cytokines (not shown).

Bold Roman numerals indicate two pathways of IFN synthesis:

I — endosomal signal transduction pathway from TLR3 to IRF3/7;

Il — cytoplasmic pathway of signal transfer from RLR1 to IRF3/7.

In order to simplify the diagrams, the alternative ways of signal transduction, part of adapter proteins involved in signal
transduction, as well as phosphorylation and ubiquitination sites are omitted.

NFa, IL-6
IL-1B, CCL2
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PucyHok 2. YnpolieHHas cxema naTosiorm4eckoro npowuecca npu ¢pukcauum natoreHHoro CoV B anbBeone
Figure 2. A simplified diagram of the pathological process when fixing pathogenic CoV in alveol

Bupychl (HacTuLbl KPACHOrO LiBETA) BHEAPSIOTCS B NHEBMOLMTHI |l TUna (A), roe akTMBUPYIOT CUHTES 1 BbICBOOOXAEHME
NPOBOCNANUTENbHBIX LUTOKMHOB M XeMOKUHOB TNFa, IL-6, IL-18, CCL2 1 oip. (0TMe4YeHO cuHuMM cTpenkamu). OLHOBPEMEHHO

B pe3ynbrate akTueaumm NLRP3 nHdnammacomsl 1 n3661To4HOM0 BeicBOOOXAeHNS TNFo 4acTb kneTok nornbaeT B pedynsraTe
anonTo3a v nuponTto3a (Mp). Kak cnencTeue, B anbBeone HakananBaeTCs KNeTOUHbI AeTPUT (1), CNoCOOCTBYOLLMIA MPUTOKY
rpaHynoumnTos (Ip) n makpodaros (M), KOTopble LONONHUTENBHO CEKPETUPYIOT MPOBOCNANNTENbHBIE LUTOKUHBI 1 XEMOKWMHBI.
OnHOBPEMEHHO Pa3BUBAIOTCS HAPYLUEHNS TIEFOYHON MUKPOLMPKYNSLMN, NPUBOASILLME K 9KCTPaBa3aLuy nna3mbl B anbBeosy
(3c) n nocnenytoemy GOpMUPOBAHUIO TMANNHOBLIX MembpaH (M) [Mo: 22, 52].

Viruses (red particles) are introduced into type Il pneumocytes (A), where they activate the synthesis and release of pro-
inflammatory cytokines and chemokines TNFa, IL-6, IL-1B, CCL2, etc. (blue arrows). At the same time, as a result of the activation
of the NLRP3 inflammasome and excessive release of TNFa, some of the cells die in apoptosis and pyroptosis ([p). As a result,
cellular detritus ([1) accumulates in the alveolus, which contributes to the recruiting of granulocytes (I'p) and macrophages
(M), which additionally secrete pro-inflammatory cytokines and chemokines. At the same time, disturbances in pulmonary
microcirculation develop, leading to extravasation of the plasma into the alveolus (3c) and the subsequent formation of hyaline
membranes (TM) [22, 52].



VlﬂﬂlOCTpaLWIVI KCTaTbe «I1paKTvmecxue acneKTbl BbiIBJIEHUS, KYyJIbTUBUPOBAHUA N XapaKTepUucTukun
n3onsaToB BUpyca varicella-zoster» (aBtopbi: ®.I. Harneea, E.l. BapkoBa, A.H. Jlucakos, A.B. Cupopos,
B.B. 3Bepes, 0.B. OcokuHa, A.[l. Ctpoesa) (c. 387-396)

lllustrations for the article “Practical aspects on identification, cultivation and characteristics of varicella-zoster virus
isolates” (authors: Nagieva F.G., Barkova E.P., Lisakov A.N., Sidorov A.V., Zverev V. V., Osokina O.V., Stroeva A.D.)
(pp. 387-396)

--

PucyHok 4. Peakuus Henpsamoi ummyHodnyopecueHuuu (x400)
Figure 4. The reaction of indirect immunofluorescence (x400)

A)VZV Ne 1, 12 naccax + ceiBopoTka naumeHta HZ; B) VZV Ne 1, 12 naccax + MKA HSV 1-1H 110; B) VZV Ne 1, 12 naccax + MKA
HSV 2 — 2H-208; ') VZV Ne 2, 12 naccax + ceiBopoTka naumeHta HZ; 1) VZV Ne 2, 12 naccax + MKA HSV 1-1H 110; E) VZV Ne 2,
12 naccax + MKA HSV 2 — 2H-208; XX) KoHTponb, HenHduumpoBaHHble knetku J194-3.

A) VZV No. 1, 12 passage + patient serum HZ; B) VZV No. 1, 12 passage + Mab HSV 1-1H 110; C) VZV No. 1, 12 passage + Mab
HSV 2 — 2H-208; D) VZV No. 2, 12 passage + patient serum HZ; E) VZV No. 2, 12 passage + Mab HSV 1-1H 110; F) VZV No. 2,

12 passage + Mab HSV 2 — 2H-208; G) Control, HEL-3.
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