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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,
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CIRCULATION OF INFLUENZA VIRUSES AMONG HUMANS
AND SWINE IN THE TERRITORY OF KAZAKHSTAN
DURING 2017-2018

Abstract. 251 biosamples (191 nasopharyngeal swabs and 60 blood serums) were obtained from humans at
healthcare institutions located in various regions of the Republic of Kazakhstan. 369 biosamples (330 nasopha-
ryngeal swabs and 39 blood serums) were collected from swine farms.

In the polymerase chain reaction performed on 191 samples collected from humans, the genetic material of
influenza A virus was detected in 14.14% of cases, that of influenza B virus in 5.24%. When carrying out subtyping,
influenza A/HIN1 virus RNA was identified in 4.71% of samples, A/H3N2 virus RNA in 4.19%. In 330 samples
obtained from swine, the genetic material of influenza virus was found in 3.33% of cases, of which influenza
A/HINI virus RNA was detected in 2.12%, and A/H3N2 virus RNA in 1.21%.

The results obtained in the polymerase chain reaction, as well as data from serological studies in the hemag-
glutination inhibition assay and enzyme immunoassay, indicate co-circulation of influenza A/HIN1 and A/H3N2 and
B viruses among humans and influenza A/HIN1 and A/H3N2 viruses among swine in various regions of Kazakhstan
during 2017-2018.

When carrying out virological study of biosamples collected from humans and swine, 10 hemagglutinating
agents were isolated in chicken embryos and identified as influenza viruses with antigenic formulae A/HINI,
A/H3N2, and B.

The results of virological and serological studies underline the importance of conducting continuous monitoring
of the circulation of influenza viruses among humans and swine in Kazakhstan to identify the possibility of inter-
species transmission of the infectious agent.

Keywords: influenza virus, circulation, isolate, PCR diagnostics, hemagglutinin, neuraminidase, blood serum.

Introduction. A high variability of influenza A viruses due to the enormous mutation rate and rapid
replication leads to the appearance of viruses with new antigenic properties, which allows it to overcome
strain-specific immunity in the population and reach epidemic spread [1].

The presence of a segmented genome facilitates gene recombination between different influenza A
viruses [2]. Genetic reassortment between human and avian influenza viruses in swine can play a
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significant role in the emergence of pandemic strains, since swine are equally susceptible to both human
and avian influenza viruses [3-6].

The viruses such as influenza A/California/04/09 (HIN1)pdm09, containing a complex combination
of gene segments of swine, avian, and human influenza viruses that caused the first influenza pandemic in
XXI century [7] provided an example of such reassortment. These viruses completely replaced A(HINT1)
viruses circulating before and were widely distributed throughout the world along with seasonal influenza
A(H3N2) and type B viruses [2, 8].

Due to the fact that reassortment leads to the emergence of viruses with new biological and antigenic
properties capable of wide epidemic spread, the infection surveillance and timely pathogen diagnosis, both
in humans and in swine, are extremely important areas for combating influenza [9, 10].

The purpose of this study was to examine the characteristics of the circulation of influenza viruses
among humans and swine in the territory of Kazakhstan during the 2017-2018 epidemic seasons.

Materials and methods. Nasopharyngeal swabs from humans and swine were collected in vials
containing 2 mL of Medium 199 with 0.5% bovine serum albumin and antibiotic complex (50000 U/mL
of penicillin, 50 pg/mL of streptomycin, 3000 pg/mL of gentamicin, 5000 U/mL of nystatin). The samples
were kept for 4 days at 4 °C and stored in liquid nitrogen (-196 °C).

RIBO-prep and REVERTA-L reagent kits were used to isolate RNA from the samples under study
and perform reverse transcription reaction to obtain c-DNA. Primary screening was carried out in real-
time polymerase chain reaction (RT-PCR) with hybridization-fluorescence detection using the reagent kits
for detection of influenza virus RNA AmpliSens Influenza virus A/B-FL and AmpliSense Influenza virus
A-type-FL. (FSBI Rospotrebnadzor Central Research Institute for Epidemiology, Russia) on the Rotor-
Gene Q6plex (QIAGEN, Germany).

Hemagglutinating agents (HAA) were isolated in 9-10 day old developing chicken embryos. 0.75%
suspension of cock and human erythrocytes of 0 (1) blood group was used to indicate virus in the
hemagglutination assay (HA) [11].

Identification of viruses was performed in the hemagglutination inhibition (HAI) and neuraminidase
activity inhibition (NAI) assays with the kits of polyclonal diagnostic serums, according to WHO
recommendations [12].

Serological studies of blood serums were carried out in the HAI assay and enzyme-linked immu-
nosorbent assay (ELISA). The HAI assay was performed using the influenza A/HINI and A/H3N2 virus
antigen detection kits (Enterprise for the Production of Diagnostic Preparations LLC, St. Petersburg,
Russia). ELISA was performed using a test system for influenza A viruses (subtypes HIN1 and H3N2)
(FSBI Rospotrebnadzor Central Research Institute for Epidemiology, Russia).

Results. Biomaterials were obtained from humans and swine in the Kostanay, Karaganda, Almaty,
and Aktobe oblasts in 2017-2018. A total of 620 biosamples were collected (521 nasopharyngeal swabs
and 99 blood serums).

To study the circulation of influenza viruses among the population, 251 biosamples (191 nasopha-
ryngeal swabs and 60 serums) were obtained from patients with primary diagnoses of ARVI, influenza,
bronchitis, and pneumonia at healthcare institutions. 330 nasopharyngeal swabs and 39 serums were
obtained from 4-6-month-old swine at the livestock farms.

The characteristics of collected material and results of RT-PCR screening are presented in table 1.

As presented in Table 1, during primary screening of 191 nasopharyngeal swabs collected from
humans, the genetic material of influenza virus was found in 27 samples (14.14% of the total number of
samples examined). Influenza A virus RNA was detected in 17 biosamples (8.9%), and influenza B virus
RNA in 10 biosamples (5.24%). Subtyping of influenza A positive samples revealed influenza A/HINI
virus RNA in 9 samples (4.71%) and A/H3N2 virus RNA in 8 samples (4.19%).

Primary screening of 330 nasopharyngeal swabs collected from swine, resulted in detection of
influenza virus RNA in 11 samples (3.33% of the total number of samples), A/HIN1 influenza virus RNA
was found in 7 samples (2.12%), A/H3N2 virus RNA in 4 samples (1.21%).

Primary screening of nasopharyngeal swabs in RT-PCR therefore showed that influenza A/HINI,
A/H3N2, and B viruses circulate among humans and A/HIN1, A/H3N2 viruses among swine in the
territory of Republic of Kazakhstan.
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Table 1 — Characteristics of biosamples and RT-PCR screening of nasopharyngeal swabs collected
from humans and swine in different regions of Kazakhstan during 2017-2018

‘ Number of PCR-positive samples for
SaIr)I(l)[;Illltng Nasop;l\l:;’gngeal Serum inﬂuenza inﬂuen.za virus sybtypes inﬂuen;a
viruses type A virus | A/HINI | A/H3N2 | type B virus
Human biosamples
Kostanay oblast 52 14 2 0 0 2
Karaganda oblast 10 10 4 2 2 0
Almaty oblast 116 30 18 11 6 5 7
Aktobe oblast 13 6 3 2 1 1 1
Total 191 60 27 17 9 8 10
Swine biosamples
Kostanay oblast 85 39 3 3 1 2 *
Karaganda oblast 10 4 4 2 2 *
Almaty oblast 137 0 2 2 2 0 *
Aktobe oblast 98 2 2 2 0 *
Total 330 39 11 11 7 4 *
*A study was not conducted.

During primary infection of 9-10-day-old chicken embryos with the samples collected from humans
in different regions of Kazakhstan, eight HAAs were isolated: three from patients living in Karaganda and
five from Almaty, hemagglutination titers were of 1:4 - 1:16. Two HAAs with hemagglutination titers of
1:2 - 1:4 were isolated from the swine samples collected in the Kostanay oblast.

The results of determining hemagglutinin subtypes of new influenza virus in the HAI assay are
presented in table 2.

As seen from table 2, hemagglutinating activity of four isolates from humans (04/18, 05/18, 14/18,
and 15/18) was inhibited by immune serums against A/HIN1 and A/HINI1pdm viruses (from 1/4 to
homologous titer), that of three viruses (06/18, 07/18, and 08/18) by serum against influenza type B virus
(from 1/2 to homologous titer). Hemagglutinating activity of Karaganda/16/18 isolate was inhibited to 1/2
of homologous titer by serum against A/H3N2 virus.

Table 2 — Identification of hemagglutinin subtypes in influenza virus isolates obtained
from humans and swine during 2017-2018 in the HAI assay

Antihemagglutinin titer
Isolate with diagnostic serums against reference strains
A/HIN1 A/HINIpdm A/H3N2 type B
Almaty/04/18 40 80 <20 <20
Almaty /05/18 80 <20 <20 <20
Almaty /06/18 <20 <20 <20 160
Almaty /07/18 <20 <20 <20 80
Almaty /08/18 <20 <20 <20 80
Karaganda/14/18 40 160 <20 <20
Karaganda/15/18 40 80 <20 <20
Karaganda/16/18 <20 <20 80 <20
swine/Kostanay/471/18 40 20 <20 <20
swine/Kostanay/522/18 80 20 <20 <20
Homologous titer of serums against reference viruses 160 160 160 160
Note. The reciprocals of antibody titers are presented here and in table 3.
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Hemagglutination of two swine isolates from the Kostanay oblast (471/18 and 522/18) was inhibited
from 1/2 to 1/8 of homologous titers by immune serum against a reference virus with antigenic formula
A/HINI.

Identification of the neuraminidase subtype of influenza A virus isolates in the NAI assay is pre-
sented in table 3.

Table 3 — Identification of neuraminidase subtype of Kazakhstan influenza A virus isolates of 2017-2018
in neuraminidase activity inhibition assay

Anti-neuraminidase antibody titer

Isolate with immune serums against viruses

HINI H3N2
Almaty/04/18 100 <20
Almaty/05/18 100 <20
Karaganda/14/18 100 <20
Karaganda /15/18 100 <20
Karaganda /16/18 <20 100
swine/Kostanay/471/18 100 <20
swine/Kostanay/522/18 100 <20

As seen from table 3, enzymatic activity of isolates with hemagglutinin A/H1 was inhibited by poly-
clonal diagnostic serum against A/HIN1 virus, with hemagglutinin A/H3 by serum against A/H3N2 virus.

Identification carried out in the HAI and NAI assays showed that human isolates belong to in-
fluenza viruses with the antigenic formula A/HIN1 (Almaty/04/18, Almaty/05/18, Karaganda /14/18,
Karaganda/15/18), A/H3N2 (Karaganda/16/18) and to influenza type B viruses (Almaty/06/18,
Almaty/07/18 and Almaty/08/18). Two HAAs isolated from swine (swine/Kostanay/471/18,
swine/Kostanay/522/18) were classified as A/HIN1 influenza viruses.

The results of serological testing of 60 serums in ELISA and HAI assay collected from humans in
different regions of Kazakhstan are presented in figure 1.

9
S 50% Ve
Q
% 40% / 25,00%25,00°
23,33% . V0%
E 0 30% v : ’
= 0370
z 20% 1 8,33%
& 10% - 1,679 ,67%
0%
ELISA HAI

mA/HINI ®A/H3N2 =B  ®Mix (A+B)

Figure 1 — Detection of antibodies against influenza viruses in human serums in ELISA and HAI assay

As seen in figure 1, in ELISA antibodies against A/HIN1 influenza virus were detected in 16.67% of
cases (10 samples), against A/H3N2 virus in 13.33% (8 samples), against influenza B virus in 1.67%
(1 serum). In 23.33% of cases (14 samples), antibodies simultaneously against two influenza viruses
(A+B) were found in serums.

In the HAI assay antihemagglutinins against influenza A/HIN1 virus, as well as A/H3N2 virus, were
detected in 25.00% of the total number of samples (15 samples each), and in 1.67% (1 sample) against
influenza B type virus. The antibody titers were of 1:40 - 1:160. Seropositive serums simultaneously
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against influenza A and B viruses were detected in 8.33% of cases (5 samples) with antibody titers
of 1:80 - 1:160.

The results of serological testing for influenza of 39 serums collected from swine in the Kostanay
oblast are presented in figure 2.

50% /

40% /
$ 30% N
= /
S 20% -
o /
=
= 10% -
o
o

0%

ELISA HAI
B A/HswiN1 B A/HIN1 u A/H3N2

Figure 2 — Detection of antibodies against influenza viruses in swine serums in ELISA and HAI assay

As seen in figure 2, in ELISA antibodies only against influenza A/H3N2 virus were detected in swine
serums in 15.38% (6 samples).

In the HAI assay antihemagglutinins against A/Hsw1N1 virus were detected in 2.56% (1 sample) of
the total number of examined serums, against A/HINI in 7.69% (3 samples), and against A/H3N2 in
23.08% (9 samples). The antibody titers were of 1:20 - 1:40.

The results of primary screening of nasopharyngeal swabs in RT-PCR and serological studies of
blood serums therefore indicate co-circulation of influenza A/HIN1 and A/H3N2 and B viruses among
humans, influenza A/HIN1 and A/H3N2 viruses among swine in different regions of Kazakhstan during
2017-2018.

Discussion. Literature data suggests that interspecies transmission of human and swine influenza A
(HINT) viruses is an important factor in studying the evolution, ecology, and epidemiology of pathogens.
There are theoretical substantiations of the possibility of interspecific transmission of influenza A virus
between birds and marine animals, birds and swine, seals and humans, swine and humans [13, 14]. The
appearance of reassortants with new qualities and the mechanisms that cause the adaptation of animal and
avian influenza viruses to the human body are still largely unknown.

Today, the most acute problem is influenza caused by the new virus A/HIN1 (the so-called swine
influenza). This virus is a typical emergent infection (from English “emergency” which means a sudden,
unpredictable case), with the possibility of transmitting a known pathogen to a new host. Swine influenza
can acquire pandemic proportions [15].

The unpredictable variability of influenza A viruses does not allow any prognosis regarding “swine”
influenza virus, since analysis of its pathogenic properties has shown that the evolution of this virus can
follow the path of recovering some signs of pathogenicity, and this, in turn, can lead to transition of this
virus to the category of highly pathogenic [9].

In this regard, the most important areas in the fight against influenza are the obtainment of new data
on the evolution of influenza pathogens that contribute to the effective infection surveillance, as well as
timely diagnosis of the pathogen and disease prevention.

— 10 —
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Conclusions. Primary screening of 521 nasopharyngeal swabs in RT-PCR and serological studies of
99 blood serums in the haemagglutination inhibition assay and enzyme immunoassay indicate co-
circulation of influenza A/HIN1 and A/H3N2 and B viruses among humans, influenza A/HIN1 and
A/H3N2 viruses among swine in different regions of Kazakhstan during 2017-2018.

The results of virological and serological studies highlight the need for continuous monitoring of the
circulation of influenza viruses among humans and swine in Kazakhstan to identify interspecies
transmission of the infectious agent.

H.T. KJ‘IHBJ‘IeeBal, H. C. OHrapﬁaeBal, H.T. CaKTaFaHOBl, T.U.T neﬁoBal,
I'. B. .JIyKMaHOBa', M. I'. lllamenoBa', M. X. Casros', B. J. Bepe:mH',
I. E. Hycyn6aesa’, A. M. Aiikum6aes’, P. /. Be6ou’

! (MHKPOGHOIOr s 5KOHE BHPYCONOTHS FHUIBIMU-OH/IIpicTiK opTanbrby XKIIC, Anmatsl, Kazaxcran,
*Kazakctas PecryGIuKkachl IeHCayIIblK CAKTay MUHHCTPIITiHIH
«¥IITTBIK KOFaMIIBIK JIEHCAYJIBIK CaKTay OPTAJIbIFbDy IIapyaIlbUIbIK XKypri3y KyKeiHIars! PMK
«CaHUTapIIBIK-3TUIEMUSIIOT MSUIBIK capanTaMa
JKOHE MOHUTOPHHT FhUIBIMU-NIPAKTUKAJIBIK OPTANIBIFEDy (uiHaisl, Anmatsl, Kasakcras,
*Oymue SThyna aTbingars! Gananap seprrey emxanacsl, Memduc, AKIII

2017-2018 K. KASAKCTAH AYMAT'BIHJIATBI AJAM KOHE IIIOIKA APACBIHJIA
T¥YMAY BAPYCBIHBIH AMHAJIBIMBI

Annoranus. 2017-2018 x. imger apaneirbiHga Kazakcran PecmyOnmukachlHBIH op TYpii aiiMaKTapbIHIAFBI
eMaik MekeMenepineH 251 omocsiHama (191 MYpBIH-KYTKBIHIIAK ChIHAMACH XkoHe 60 KaH capbIcysl) ansrHAb. [Llom-
Ka mapyambsuisikTapseiHad 369 matepuan (330 TaHay-KYTKBIHIIAK JkKoHE 39 KaH capbICybl) KHHAIIBL.

ITommmepasasl Ti30EKTI peakIuachlHAa amamaapaaH >knHanraH 191 celHamMaga A BHPYCHIHBIH T'€HETHKAIBIK
marepuansl 14,14 % anbikrangsl, B tymay Bupycsl 5,24 % kypaznsl. Cyoruntey kesinge A/HIN1 tymay BUpyCHIHBIH
PHK 4,71% ceinamana ansiktangsl, A/H3N2 — 4,19%. lomkanapaan skunanran 330 cblHaMaZaH TYMay BHPYCHI-
HBIH T€HETUKAJBIK Marepuanbl 3,33% aHbikTangpl, comapzbiy imiame A/HIN1 tymay Bupyceiasiy PHK - 2,12%,
Kypaca, A/H3N2 tymay Bupycs — 1,21%.

[Monmmepazapl Ti30eKTI peakIUsChIHAA ajbIHFAaH HOTHIKE, COHBIMEH KOCa MMMYHO(EPMEHTTI Tajjay >KoHE
TeMarTJIIOTHHUH TEXKEY pEeaKLMsCHIHIA CEpOJIOTHSIIBIK 3epTrey HoTmkenepi, 2017-2018 sxbumaper Kasakcran
PecnyOnukachIHBIH op TYpIIi aiiMaKTapbIHIAFE agaMaap apacsiana A/HIN1, A/H3N2 xore B Tymay BUpycTapbIHBIH
alfHaITBIMBIH KepceTei, ai momkanap apacsiaaa A/HINI xone A/H3N2 Tymay BUpPYCTapbIH KOPCETE.

AnaMm XoHE IIONIKaJapAaH KWHAJIFaH OMOCBIHAMANapsl TaybIK SMOPHOHAAPBIHIA BHPYCOJOTHSIIBIK 3€PTTEY
HoTkeciHae aHtureHgik ¢opmynacei A/HIN1, A/H3N2 >xone B Goibin Tabbuiatein 10 reMarritoTHHHHICYII
areHT OeJiHIN aJbIH/BL.

BupyconorusiibIK xKOHE CEpOJIOTHSUIBIK 3epTTey HOTwKenepi, KazakcTaH ayMarbIHIAFbl afaM JKOHE IIOMIKA
apacbiHa WH(EKIUs] KO3ABIPFBIIIHBIH TYP apaiblk Oepily MyMKIHIITH aiKblHIAYy YIIiH, TyMay BHPYCHIHBIH
alfHaJIbIMbIHA YHEMI MOHUTODPHHT JKacay IblH MaHbI3AbUIBIFBIH KOPCETE 1.

TyiiH ce3aep: TyMay BUPYCHI, aifHaJIbIM, U30JAT, [ITP-nnarnoctukacel, reMarrIloTHHUH, HelipaMiIHNUIa3a, KaH
CapBICYHI.
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'TOO «Hay4HO-TIpOHM3BOICTBEHHbII LIEHTP MUKPOOHOIOTHH U BUPYCOJIOrHI», AnMaThl, KasaxcraH,
*®unnan «HayuHO-IIPAKTHYECKHIl IEHTP CAaHHTAPHO-3ITHIEMHOIOIHUECKOH IKCIepTH3bl U MOHUTOpHHTay PI'TI Ha
[IXB «HammoHanbHBIH EHTP 00IIECTBEHHOTO 3ApaBOOXPaHEeHU» MHUHNUCTEPCTBA 3IpaBOOXpaHeHHs PectryOmku

Kazaxcran, Anmvartel, Ka3zaxcras,
3I[eTCKI/H71 uccaenoBatenabckuil rociutanb Ce. Uynsl, Mempuc, CIITA

LUPKYJISILUS BUPYCOB I'PUIINA CPEJU JIIOJEI 1 CBUHEN
HA TEPPUTOPUHU KA3AXCTAHA B 2017-2018 I'T..

Annoranus. B smupemudeckue ce3onsr 2017-2018 rr. B pasnmuHbIX perrmoHax PecrmyOnmkum Kaszaxcran ot
Jrozieil B JIeueOHBIX yupexaeHusx noixydena 251 6uonpobda (191 HOocornoTouHslit cMbIB U 60 CHIBOPOTOK KPOBH).
B cBuHOBOUECKHX X03s1iicTBaXx coOpano 369 matepuano (330 HOCOTIOTOYHBIX CMBIBOB U 39 CEIBOPOTOK KPOBH).
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B nonumepasnoii uenHoit peakiuu B 191 oOpasiie, coOpaHHOM OT JItO[ei, FTeHeTHYECKUi Marepuall BUpyca
rpunmna A Obut oOHapyxeH B 14,14% ciyuaes, Bupyca rpunmna B — B 5,24%. Ilpu cyorunupoBanun PHK Bupyca
rpunmna A/HIN1 naentudunmposana B 4,71% npo6, A/H3N2 — B 4,19%. B 330 oOpa3uax, NOIy4eHHBIX OT CBUHEH,
TeHeTUYeCKUil MaTepuall BUpyca rpummna 0but ooHapyxen B 3,33% cnyvaes, u3 Hux PHK Bupyca rpunna A/HIN1
BbIsIBIIeHA B 2,12%, Bupyca rpummna A/H3N2 — B 1,21%.

Pe3ynbTaThl Mojy4eHHbIE B MOJIMMEPA3HOM 1ICTTHOM peakiuy, TakKe KaK M JJAaHHbIE CEPOJIOTMYECKUX HCCIie-
JIOBaHUW B PEaKIMUd TOPMOXKCHHUSI FeMAarrIIOTHHAIIMK U MMMYHO(EPMEHTHOM aHallU3e, yKa3bIBAIOT Ha COLUPKY-
nsinuio cpeny Jroneit B 2017-2018 rr. B pasnuuHbix pernonax Kazaxcrana Bupycos rpunna A/HINT u A/H3N2 u B,
cpenu cBuHeii — Bupycos rpurna A/HIN1 u A/H3N2.

[Ipu BUPYCOJIOTHYECKOM HCCIIEIOBAaHUN OHOMPOO, MOMYUYSHHBIX OT JIIOJICH M CBHHEH, Ha KYPUHBIX YMOpPHOHAX
BbIJesieHO 10 reMarriroTHHUPYIOIIUX areHTOB, UICHTU(HUIIMPOBAHHBIX KaK BUPYChI TPHUIINA C AaHTUTEHHBIMU (OpPMY-
mamu A/HIN1, A/H3N2 u B.

Pe3ynbTaThl BUPYCOJIOTHUECKUX U CEPONIOTHUECKUX HCCIICAOBAHUI CBUAETEILCTBYIOT O BaXKHOCTH IIPOBE/ICHHS
MOCTOSTHHOTO MOHUTOPHHTA LUPKYJSIIIMK BUPYCOB TPHIINA CPENIM JIIOJIei U CBUHeH Ha Teppuropun Kazaxcrana juis
BBISIBJICHUS] BO3MOKHOCTH MEXBH/IOBOM Hiepeiaud BO30ynuTens HHOEKIHH.

KuroueBble cjioBa: BUPYC TPUIMIA, OUPKYILIIKSA, n30iAT, [IL[P-nnarnoctuka, reMarriiOTHHIH, HeHpaMAHUAA-
3a, CBIBOPOTKA KPOBH.
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