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NAS RK s pleased to announce that Bulletin of NAS RK scientific journal has been
accepted for indexing in the Emerging Sources Citation Index, a new edition of Web of Science.
Content in this index is under consideration by Clarivate Analytics to be accepted in the Science
Citation Index Expanded, the Social Sciences Citation Index, and the Arts & Humanities Citation
Index. The quality and depth of content Web of Science offers to researchers, authors,
publishers, and institutions sets it apart from other research databases. The inclusion of Bulletin
of NAS RK in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential multidiscipline content to our community.

Kasakcman Pecnybnukacbkl ¥nmmabiK fbiibiM akademusicbl "KP YFA XabapwbiCbl” fbiibIMU XKypHa-
nbiHeiH Web of Science-miH xaHanaHraH Hyckacbl Emerging Sources Citation Index-me uHOekcmeryee
KabblindaHraHbiH xabapnaliobl. byn uHOekcmery 6apbicbiHOa Clarivate Analytics KomnaHUsICbi XypHanobl
o0aH opi the Science Citation Index Expanded, the Social Sciences Citation Index xoHe the Arts &
Humanities Citation Index-ke kabbinday mecerneciH Kapacmbipyda. Web of Science sepmmeyuwinep,
asmopnap, bacnawbinap MeH MeKkemesiepee KOHMeHm mepeHdiai MeH canacbiH ycbiHaobl. KP ¥FA
XabapwebicbiHbiH Emerging Sources Citation Index-ke eHyi 6i30iH KoramMOacmbiK YWiH eH e3eKmi oHe
6edendi mynbmuducyunnuHapibl KOHMeHmke adasndbifbiMbi30bl 6indipedi.

HAH PK coobwaem, ymo Hay4Hbll xypHan «BecmHuk HAH PK» 6b1n npuHsam 0nsi uH0ekcuposaHusi
e Emerging Sources Citation Index, obHoeneHHol sepcuu Web of Science. CodepxxaHue 8 3mom UHOeK-
cuposaHuu Haxodumcsi 8 cmaduu paccmompeHusi komrnaHuel Clarivate Analytics 0ns OanbHelwezo
npuHamus xypHana e the Science Citation Index Expanded, the Social Sciences Citation Index u the Arts
& Humanities Citation Index. Web of Science npednacaem kauyecmeo u 2aiybuHy KOHmMeHma Orns
uccnedoeamenel, asmopos, usdamenel u y4pexdeHul. BknoueHue BecmHuka HAH PK e Emerging
Sources Citation Index demoHCcmpupyem Hawy [pPUBEPXKEHHOCMb K Hauboree akmyarnbHOMY U
enusimesisHoMy MynbmuducyuniuHapHoOMy KOHmeHmy 0515 Hauea2o coobuwecmea.
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SENSITIVITY OF 2015 KAZAKHSTAN INFLUENZA VIRUSES
TO CHEMOTHERAPY DRUGS

Abstract. One of the most important characteristics of influenza viruses is resistance to specific medicines.
Practice shows that it is impossible to select an etiotropic antiviral drug effective against the whole variety of circu-
lating viruses.

The purpose of this work was to study the resistance of the Kazakhstan strains of influenza virus to commercial
chemotherapy drugs with different mechanisms of action. Studies were conducted on new isolates of the influenza
A/HINTI viruses isolated in 2015. Sensitivity to influenza drugs was assessed by the level of inhibition of repro-
duction of 100 EIDs, (50% embryo infectious dose) of the virus by different drug concentrations in chick embryos.

It was established that the 2015 Kazakhstan strains of the influenza A/HIN1 viruses are sensitive to tamiflu and
resistant to arbidol and ingavirin. With respect to remantadine, both sensitive and resistant variants have been
detected among the viruses studied which indicates the heterogeneity of the influenza virus strains circulating in
Kazakhstan. The results obtained indicate the need to monitor the epidemiological surveillance and study drug
resistance in viruses — infectious agents.

Key words: influenza virus, chemotherapy drugs, anti-influenza agents, sensitivity, resistance.

Introduction. Acute respiratory viral infections (ARVI) and influenza are the most massive in-
fections of mankind and represent a serious problem for public health. Influenza is in the first place among
all human diseases in terms of social importance, huge damage to the health of the population and
economy [1]. The share of influenza and ARVI accounts for 10-30% of temporary disability among the
population. Influenza infection causes up to 40% of all adult diseases, more than 80% of all infectious
pathology, more than 60% of diseases among children. Each year, seasonal epidemics result in about 3-5
million cases of serious illness and about 250-500 thousand cases of death [2].

The ability of the influenza causative agent to change constantly in the process of replication presents
a serious problem for practical medicine and virology. Influenza viruses can acquire new properties even
due to point mutations in the genome, which leads to an ineffective treatment. One of the most important
characteristics of the virus is its resistance to specific drugs [3, 4].

Chemotherapy of viral infections, as a method of treatment, originates from the accidental detection
of antiviral properties of the adamantane derivatives in the late 1960s. An extensive experience in the
development and use of new agents for the treatment and prevention of viral infections has been accumu-
lated for this time. In the case of influenza, it is recommended to use drugs that have a direct inhibitory
effect on the virus reproduction, with different mechanisms of action. The most widely used etiotropic
drugs are represented by four groups [5]:

— ion channel blockers (adamantanes, including remantadine);

— hemagglutinin(HA)-specific chaperone (arbidol);

— neuraminidase (NA) inhibitors (tamiflu (oseltamivir), relenza, peramivir);

— NP-directed inhibitors (ingavirin).

— 18 ——
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The purpose of this work was to study the resistance of the Kazakhstan new epidemically important
influenza viruses to commercial chemotherapy drugs recommended for the treatment and prevention of
influenza infection.

Materials and methods. The following Kazakhstan influenza A/HIN1 viruses, isolated in 2015,
were used in the study: A/Aktobe/02/15, A/Atyrau/60/15, A/Atyrau/64/15, as well as reference strains
stored in the laboratory collection: A/Kostanay/353/15, and A/California /04/09 pdm, A/Solomon
Islands/03/06, A/New Jersey /8/76. The viruses were cultured in the allantoic cavity of developing
8-10-day chick embryos for 48 hours at 36 °C. Hemagglutination activity was determined according to a
conventional technique on 96-well plates using a 0.75% suspension of chicken red blood cells [6]. The
infectivity was calculated by the L. Reed and H. Mench method [7].

To determine the drug resistance of viruses, the effect of four commercial drugs (remantadine,
tamiflu, arbidol, and indavirin) from various manufacturers in an active form was examined. Remantadine
(Olainfarm, Latvia) was used in the form of rimantadine hydrochloride (alpha-methyltricyclo [3.3.1.1/.7]
decane-1-methanamine); tamiflu (F. Hoffmann-La Roche, Switzerland) as oseltamivir phosphate
(ethyl(3R,4R, 5S)-5-amino-4-acetamido-3- (pentan-3-yloxy) -cyclohex-1-en-1- carboxylate); arbidol
(Pharmstandard-Leksredstva, Russia) as umifenovir hydrochloride monohydrate (6-bromo-5-hydroxy-1-
methyl-4-dimethylaminomethyl-2-phenylthiomethylindole-3-carboxylic acid ethyl ester); ingavirin
(Valenta Pharmaceuticals, Russia) as imidazolylethanamide pentanedioic acid.

Sensitivity of viruses to anti-influenza drugs was assessed by the level of inhibition of reproduction
of 100 EIDs, of the virus by different drug concentrations [8] in chick embryos. A drug dose suppressing
the virus titer in the hemagglutination reaction twice compared to the control was considered inhibitory
concentration (ICsy). Three independent experiments were carried out for every combination of the drug
concentration and viral material in three chick embryos for each of them.

Results. To determine the drug resistance of the Kazakhstan influenza 2015 viruses, chemotherapy
drugs with different mechanisms of action were used in non-toxic concentrations for chick embryos.
The table presents the results of a study on the sensitivity of influenza viruses A/Aktobe/02/15,
A/Atyrau/60/15, A/Atyrau /64/15 and A/ Kostanay /353/15 to antiviral drugs in comparison with the
reference strains of the influenza A/HIN1 virus.

Study on the sensitivity of the Kazakhstan and reference strains of influenza 2015 A/HIN1 viruses to antiviral drugs

Strain Inhibitory concentration®, mg/mL
Remantadine Tamiflu Arbidol Ingavirin
A/Aktobe/02/15 6.3£0.4 3.1£0.3 does not inhibit does not inhibit
A/Atyrau/60/15 3.5+0.3 13.0+0.1 does not inhibit does not inhibit
A/Atyrau/64/15 3.9+0.7 7.2+0.2 does not inhibit does not inhibit
A/Kostanay/353/15 does not inhibit 3.4+0.3 does not inhibit does not inhibit
A/California/04/09 pdm does not inhibit 3.5+0.02 does not inhibit does not inhibit
A/Solomon Islands/03/06 6.4+0.02 3.4+0.02 does not inhibit does not inhibit
A/New Jersey/8/76 12.65+0.2 6.25+0.1 does not inhibit does not inhibit
*A drug concentration which causes a decrease in the reproduction of the virus in developing chick embryos by 2 times is
indicated.

As can be seen from the table, the ICs, values against the West Kazakhstan viruses (A/Aktobe /02/15,
A/Atyrau /60/15, A/Atyrau /64/15), as well as the reference variant A/Solomon Islands/03/06, were 3.50
to 6.4 mg/mL for remantadine. The A/Kostanay/353/15 strain, like the reference virus A/California/04/09
pdm, showed resistance to remantadine.

Reproduction of the A/Atyrau /60/15 strain was inhibited by the drug Tamiflu at a concentration of
13.0 mg/mL. Three other Kazakhstan influenza 2015 viruses, like the reference strains taken in the expe-
riment, showed a high degree of sensitivity, since their reproduction was suppressed by the drug at low
concentrations of 3.1 to 7.2 mg/mL.

All the viruses studied showed absolute resistance to the drugs Arbidol and Ingavirin.
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Discussion. Practice shows that it is impossible to select an etiotropic antiviral drug effective against
the whole variety of circulating viruses. As is known, remantadine is the most widely used drug among the
adamantane series, which blocks M, protein and thus stops the regulation of pH level and disrupts the
process of virus uncoating. Remantadine was the main drug for the treatment of influenza for more than
35 years. In the early 1980's, the first data on viruses resistant to this drug were published [9]. By 2006,
the number of resistant strains had increased to 70-100% in various regions of the world, and later began
to decline [10]. Data from numerous studies described in the literature confirm the resistance of the
variants of the pandemic A/H1N1/2009 strain to the adamantane drugs [11].

The results of studying the sensitivity of the Kazakhstan strains to remantadine showed that the
A/Kostanay/353/15 virus exhibited resistance like the reference variant A/California /04/09 pdm; in
contrast, the strains A/Aktobe/02/15, A/Atyrau /60/15, and A/Atyrau/64/15 were found to be sensitive to
this drug. This may be one of the major signs of the heterogeneity among the population of influenza
viruses circulating in the Republic.

Inhibitors of influenza virus neuraminidase (tamiflu, oseltamivir) are used in clinical practice since
the late 1990s, when more than 80% effectiveness of the drug has been shown [12, 13]. They interact with
the active center of the enzyme and are competitive inhibitors, disrupting the penetration of viruses into
the cell and budding of mature virions from the membranes of infected cells. Use of oseltamivir shortens
the average duration of disease by 37%, diminishes the symptom manifestation in 30-38%, and reduces
the incidence of influenza-related complications by 67% and complication-associated mortality in high-
risk patients by 71% [10]. At the same time, the influenza virus demonstrates a high potential for the deve-
lopment of oseltamivir-resistant strains. For example, resistance to this drug has reached 95-100% by
2007-2009 [14].

At the present time tamiflu is effectively used in the treatment of influenza, because the currently
circulating strains related to the pandemic 2009 virus, resistant to remantadine, retain sensitivity to
tamiflu. At the same time there are reports on the detection of oseltamivir-resistant pandemic variants of
the influenza A virus [15]. In the conducted studies, tamiflu was effective against all viruses taken in the
experiment, both reference and Kazakhstan.

In the literature there are a number of references to the effectiveness of arbidol against influenza
viruses and absence of resistant strains [16]. The mechanism of action of this drug lies in the violation of
conformational changes in the second HA subunit, necessary for penetration through the endosomal
membrane, which leads to disturbances in the reproduction of the virus at a stage of the virion assembly
[17]. During the work with the Kazakhstan isolates of the influenza virus, those sensitive to arbidol and
ingavirin were not detected among them.

Drug resistance in viruses is the result of changes in hereditary properties [18] and develops with
repeated administration of drugs [19, 20]. There are described cases of isolation of resistant strains from
the samples obtained from patients who had not previously taken specific antiviral agents, which can be
explained by the transmission of such strains from person to person [16]. The stability of influenza viruses
is caused by mutations in that viral protein, which is the target of the drug action [21, 22].

Drug resistance poses a threat to the effective prevention and treatment of influenza infection, since
resistant pathogens are not amenable to standard therapy, which leads to a prolonged course of the disease,
increased health care costs, and the risk of death. Patients remain infectious for a longer time, which
increases the risk of spreading the viruses among other people.

Conclusions. The study on the resistance of Kazakhstan strains of 2015 influenza viruses to commer-
cial chemotherapy drugs showed their sensitivity to tamiflu, and resistance to arbidol and ingavirin. With
respect to remantadine, both sensitive and resistant variants have been detected among the viruses studied,
which indicated the heterogeneity of the influenza virus strains circulating in Kazakhstan. The research
findings indicate the need to monitor epidemiological surveillance and study drug resistance in viruses.
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2015 7K. KASAKCTAHBIK TYMAY BUPYCTAPBIHBIH
XUMUSIBIK TIPEITAPATTAPFA CE3IMTAJIABIFbI

AnHoTanusi. Tymay BHPYCHIHBIH MaHbBI3/Ibl CHIIATTaMaJapbIHBIH Oipi — Ipenaparrapra Kapchl TO3IMILTIrI.
Taoxipubene kopceTKeH e, allHaNbIMIarbl OapiIbIK BUPYC TYpJIepiHe 3THOTPOITH BUPYCKA KapChl ALK Ipenapar-
Tappl THIMII TaHJlay MYMKIH eMec.

JKYMBICTBIH MakcaTbhl KOMMEpLISUIBIK XUMMSUIBIK TpernaparTapra KaTbicThl KazakcTaHmarel Tymay BHpYC
IITaMMAAPBIHBIH TYPAKTBUIBIFBIH 3epTTey. 3eprreynep 2015 xpuinl okmaynaarad A/HIN1 TymaysIHBIH BUPYCHIHBIH
JKaHa M30JITTaphlHA KYpri3inmi. Bupycka Kapcel mopinepre ce3iMTalIBIFBIH TAaybIK 3MOPHOHIApPBIHIA TIperapat-
TapAblH 9PTYPJ KOHLEHTpauusuiapbiMeH Bupycrapasie 100 D115y penpoyKIusCchiH TOMEHACTY IeHIeii apKbLIbl
OaraylaHbl.
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2015 x. Kazakcranneik A/HINI Tymay BHpyC mTaMMAAaphl TAMUQITIOTE CE3IMTaIIBIFBI J)KOHE apOUIOIMEH HH-
TaBUPHHIE TYPAKBITHUIBIFBl AHBIKTAIbl. PEMaHTAIMHIe KATBICTHI 3ePTTEITCH BUPYCTAP/BIH apachlHa CE3IMTAaIIbI
JKOHE TO3IMIi HycKalapbl aHBIKTAIIBI, Oy nereHimi3 KasakctaH alfHaNIBIMIAFbl TYMay BHPYC IMITaMMIAPBIHBIH Oip-
KEeJKI eMec eKeHIHIIriH kepcereai. HoTmxkenep 3MuIeMUONIOTHSIIBIK Kaaranayabl 0aKpliay jKOHE BUPYCTBIK JKYK-
MaJbl areHTTEeP/IH J9PITIK TOIIMIUIINH 3epTTey IIH KaKETTUIrH KOpCeTe/Ii.

Tyiiin ce3aep: TymMay BUPYChI, XUMHOIIPENapaTTap, TyMayFra Kapchl A9pijep, Ce3IMTaNAbIK, TYPAKThUIBIK.
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'PTTI «MHCTUTYT MHKPOGHOJIOTHH U BUPYCONOrHI», AnMaThl, Kazaxcran,
ZI[STCKI/Iﬁ uccienoBaTensckuil rocrurans Ce. Uyner, Membuc, CIITA

YYBCTBUTEJIBHOCTDb KABAXCTAHCKHUX ITAMMOB
BUPYCOB I'PHIITIA 2015 r. K XUMHWOIIPEITAPATAM

Annotanusi. OHOIM M3 Ba)KHEHIIMX XapaKTEPUCTHK BUPYCOB IPUINIA SBISETCS PE3UCTEHTHOCTh K crienuu-
YECKUM JIEKapCTBEHHBIM Cpe/cTBaM. [IpakTuka 1mokasbiBaeT, YTO HEBO3MOXKHO MOA0OPATh 3THOTPOITHBIA MTPOTHBO-
BUPYCHBIH npenapar, 3G(GeKTHBHBIN TPOTHB BCETO MHOT000pa3usl HUPKYIUPYIOIINX BUPYCOB.

enp HacTosmiel pabOTHl COCTOSUIA B M3YYEHHH PE3UCTEHTHOCTH Ka3aXCTAaHCKUX LITaMMOB BHUpYca I'pHIIIA MO
OTHOUIEHHUIO K KOMMEPYECKUM XMMHUOIIpeapaTaM pa3InyHoro MexaHn3Ma jeicTBus. MccnenoBanus MpoBOIUIA HA
HOBBIX m30JATax BUpyca rpunmna A/HIN1, Beimenenssix B 2015 r. UyBCTBUTENFHOCTE K MPOTUBOTPUIIIIO3HBIM CPEJI-
CTBaM OIICHMBAIM IO YPOBHIO mopaBieHus penpoxykmmu 100 DUs, BuUpyca pa3sTUYHBIMH KOHIICHTPALUSMH
IpenaparoB B KypHHBIX SMOpHOHAX.

YcTaHoBIIEHO, YTO Ka3axcTaHCKHe mTaMMbl Bupyca rpunmna 2015 r. A/HIN1 4yBcTBUTEIbHBI K TAMUGIIIO U yC-
TONYUBHI K apOUI0Ty M MHraBUpHHY. [10 OTHOLIEHHIO K peMaHTaJUHY CPEIH HCCIeOBaHHBIX BUPYCOB OOHAPYKEHBI
KaK qyBCTBUTEJIbHBIC, TAK U PE3UCTECHTHBIC BAPHAHTHI, YTO CBUAETEIBCTBYET O HEOJHOPOIHOCTH LIUPKYIHUPYIOIIUX B
Kasaxcrane mramMMoB BUPYCOB TI'pHuIlIa. HOJ’Iy‘leHHble Ppe3yJIbTaThl YKa3bIBAOT Ha HeO6XO[ll/IMOCTl) IMPpOBEACHUA
MOHHUTOPHHTIA IO SMHIEMUYECKOMY HaJ30py M M3YyUeHHMs JIEKaPCTBEHHOW YCTOMUYMBOCTH BHPYCOB — BO30yauTEIeH
MH(EKIHUOHHBIX OOJIe3HEH.

KitroueBble cj0Ba: BUPYC T'pHUIIA, XMMHUOIIPENaparhl, IPOTHBOTPUIIIO3HBIE CPEACTBA, YyBCTBUTEIBHOCTD,
PE3UCTEHTHOCTb.
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