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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/HINTI 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 formulac 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.
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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(HINT)
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/HIN1
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/HIN1,
A/H3N2, and B viruses circulate among humans and A/HINI1, A/H3N2 viruses among swing 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
Sag(l);i)lllltng Naso;;l\:?;%/ngeal Serum int_luenza inﬂuen_za virus sybtypes inﬂuen_za
viruses type A virus | A/HINT | 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 x
Karaganda oblast 10 0 4 4 2 2 *
Almaty oblast 137 0 2 2 2 0 *
Aktobe oblast 98 0 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, ecight 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/HINIpdm 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/HINI A/HIN1pdm A/H3N2 type B
Almaty/04/18 40 30 <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
HIN1 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/HINTI 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.
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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 simultancously 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 simultancously
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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.
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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/HINI 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
(HINT1) 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 qualitics 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/HINI (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.
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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/HINI 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.
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! «(MHKPOBGHOTOTHS JKOHE BHPYCOJOTHS FHUTBIMH-OHIIPiCTiK opTambrsdy XKILIC, Ammarer, Kazaxcran,
“KasakcTan Pecry6IuKach! JSHCAY TBIK CAKTAY MHHHCTPITiHiH
«¥ ITTHIK KOFAMIBIK JCHCAYJIBIK CAKTAY OPTAIBIFBD) MIAPY AINBLIBIK XKy PTizy KyKbHIars! PMK
«CaHUTAPIBIK-3MTHICMISIIOTHSLIBIK CapanTaMa
JKOHC MOHHTOPHHT FRUTBIMH-TTPAKTHKATIBIK OPTATBIFRD (humaisl, Aamater, KazakcTas,
*Oymue SThyna aTsiHzars Ganamap 3eprrey emxanacsl, Mempuc, AKLII

2017-2018 %K. KASAKCTAH AYMAFBIHIAFBI AJAM )KOHE IIOLIKA APACBIHJIA
TYMAY BHPYCBLIHBIH ATHAJIBIMEL

Annoramus, 2017-2018 k. imger apamereiHAa KaszakctaH PecnyOmMMKacBIHBIH Op TYPJi aHMAKTApPBIHIAFHI
emaik MekemenepiHeH 251 OnocsHaMa (191 MyphIH-’KYTKBIHIIAK CHIHAMACHI koHE 60 KaH capbICysl) axbiHAbL. [Tom-
KA HIapyambUIIKTapbiHAH 369 MaTepuait (330 TaHAy-’KYTKBIHINAK YKOHE 39 KaH CApBICYBI) YKHHATIBL

IMommmepasasr TI30CKTI peakUUachiHAA amaMaapaaH >kuHAFaH 191 cerHaMaga A BHPYCHIHBIH TCHCTHKAJIBIK
marepuansl 14,14 % ansikramapr, B tymay supycel 5,24 % xypazasl. Cyorunrey ke3inae A/HIN1 Tymay BUPYCHIHBIH
PHK 4,71% cemamana aasikraamsl, A/H3N2 — 4,19%. [lomkanapaas >xuHamFan 330 CBIHAMATAH TYMay BHPYCHI-
HBIH TCHCTHKAIBIK Marcpuaisl 3,33% ambikramgst, comapaery imiaae A/HIN1 tymay BupycsmsH, PHK - 2,12%,
Kypaca, A/H3N2 tymay Bupycel — 1,21%.

IMomamepasasl TI30EKTI PEaKUMICHIHAA ANBIHFAH HOTIDKE, COHBIMCH KOCA MMMYHO(EpMEHTTI Tanmay >KOHE
TEMATTIIOTHHHH TEXEY PEAKIISICHIHAA CEPOJIOTHSIBIK 3epTrey HoTmxkenepi, 2017-2018 xemmaper Kazakcran
PecrnyOnmkachIHBIH 9p TYPAL aliMakTapsiHAars anamzaap apaceiaga A/HIN1, A/H3N2 >xone B Tymay BHpYCTapbIHBIH
afHAITBIMBIH KepCeTe i, ai momkamap apacsiaaa A/HINI xore A/H3N2 TyMay BHPYCTApPBIH KOPCCTEI.

Anam >koHE IIOIIKANAPAAH KMHAIFAH OHOCBIHAMANAPABI TAYBIK SMOPHOHIAPHIHIA BHUPYCOJIOTHSUIBIK 3CPTTCY
HOTIKECiHAe aHTHTCHOIK (opmynacet A/HIN1, A/H3N2 sxone B Ooxpm TabeuiateiH 10 TreMarTIFOTHHHHACY I
arcHT OOJTIHII AJIBIHIBL

BupyCOTOTHANBIK KOHE CEpPOIOTHAUIBIK 3€pPTTEY HOTIKENEpi, KazakcTaH ayMarsIHAAFbl agaM SKOHE MHIOINKA
apachlHIa WH(EKIMS KO3ABIPFBINIHBIH TYP apaiblk OEpily MYMKIHAITIH aMKBIHIAY VIIH, TYMay BHPYCBHIHBIH
afHATBIMBIHA YHEMI MOHHUTOPHHT KACAy IbIH MAHBI3IBLIBIFBIH KOPCETE 1.

TyliH co3aep: TyMay BHPYCHL, alHAIbIM, H30JT, [ITP-1HarH0CTHKACHL, FEeMAITIIOTHHUH, HEHPAMUHHUIA3A, KAaH
CapBICYBL
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'TOO «Hay4HO-NPOH3BOACTBEHHBIH HEHTP MUKPOGHOIOTHE H BHPYCOIOTHIY, ATMarhl, Kasaxcran,
“Ouman « HayvHO-TIPAKTHYECKHI HEHTP CAHHTAPHO-3ITHICMHUOIOTHUCCKOH IKCIEPTH3HI H MOHHTOPHHT» PITI Ha
[TXB «HanuoHANBHBIH ICHTP 0OMICCTBCHHOTO 3APABOOXPAHCHU MHHHCTSPCTBA 3APABOOXPAHCHAA Pectry Onku

Kazaxcran, Anmatel, Kazaxcras,
* letckmit nccaenoBarenbckmii rocrmutams Cs. Uy apr, Memguc, CIITA

IUPKYJISIIIASI BUPYCOB T'PUIIIIA CPEM JIOAEI U CBUHEM
HA TEPPUTOPUH KA3AXCTAHA B 2017-2018 IT.

Annoramusi. B simaemuaeckue ce3onst 2017-2018 rr. B pasmrumbix permoHax Pecmy6mmkm Kazaxcram ot
mozel B neueOHBIX YUPSKIACHISIX moyyeHa 251 omompoda (191 HOCOrmoTOUHBIH CMBIB B 60 CBIBOPOTOK KPOBH).
B cBuHOBOUECKHX X035iicTBaX coOOpaHO 369 MaTepunanos (330 HOCOTIIOTOYHBIX CMBIBOB H 39 CBIBOPOTOK KPOBH).
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B mommepaszHo# menHOH peakmuu B 191 oOpasme, COOpaHHOM OT JFOACH, TCHETHUCCKHH MATCPHAN BHpYCa
rpunma A Ov11 oOHapyxeH B 14,14% cnydaes, supyca rpumia B — B 5,24%. Ilpu cyOrummposarun PHK Bupyca
rpumma A/HIN1 uaerTnduumuposana B 4,71% mpod, A/H3N2 — B 4,19%. B 330 oOpa3uax, HOTyUCHHBIX OT CBHHCH,
TCHETHYECKUI MaTepua BUpyca rpuma Osut ooHapyskeH B 3,33% cny4vaes, n3 uux PHK supyca rpumma A/HIN1
BbIIBICHA B 2,12%, BUpyca rpumma A/H3N2 — 8 1,21%.

Pe3yasTaTel MOIyYEHHBIC B MOJUMEPA3ZHON LECMHOM PEaKUMH, TAKKE KAK U JAHHBIC CEPOJOTHUYCCKUX HCCIC-
JOBAaHWHA B PEAKIMH TOPMOKCHHS TEMATITFOTHHALIMHA M MMMYHO()CPMCHTHOM AaHAIM3E, YKA3bIBAIOT HA COLHPKY-
InuEo cpeau moaek B 2017-2018 rr. B pasmmaabix pernoHax Kazaxcrana supycos rpumma A/HIN1 u A/H3N2 u B,
cpeau ceuHEH — BUpycos rpumma A/HIN1 u A/H3N2.

[Tpu BHPYCOTOTHICCKOM HCCICIOBAHUH OHOIPOO, MOIYUCHHBIX OT JFOACH M CBHHEH, Ha KYPHHBIX 3MOPHOHAX
BBIZICNCHO 10 reMarrmfoTHHUPYIOIINX ar€HTOB, HACHTH()VMIUPOBAHHBIX KAK BUPYCHI IPHUINIA C AaHTUTEHHBIMA (DOPMY-
mamu A/HIN1, A/H3N2 u B.

Pe3ybTaTsl BUPYCOJOTHUCCKAX M CEPOJOTHICCKUX HUCCICAOBAHUN CBHACTEIECTBYIOT O BAKHOCTH MPOBEIACHUS
TIOCTOSTHHOTO MOHHMTOPHHTA IUPKYJLIIHH BUPYCOB TPHITIA CPEIU TFOJACH M CBHHEH Ha Teppuropun Kaszaxcrana amt
BBIIBIICHHUS BO3MOKHOCTH MEKBHIOBOI IIepeayud Bo30y TUTeI s HH(EKITHH.

KiroueBnbie cioBa: BUPYC IpUNIA, MUPKYJLIIES, w307T, [11{P-quarnocTuka, TeMarrrOTHHAH, HEHpaMUHUIA-
3a, CBIBOPOTKA KPOBH.
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