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Introduction

Aim. To perform phylogenetic analysis of the hemagglutinin (HA) and neuraminidase (NA) genes of
influenza A(H3N2) viruses circulating in the Zhytomyr region during 2013-2014 epidemic season. To
make comparison of the HA and NA genes sequences of the Zhytomyr region isolates with the HA and
NA genes sequences of influenza viruses circulating in the world. Methods. Laboratory diagnosis was
conducted by real-time polymerase chain reaction (RT-PCR). In this study the sequencing and phyloge-
netic analysis were carried out. Results. For the first time the genes of influenza A(H3N2) viruses iso-
lated in the Zhytomyr region during 2013-2014 epidemic season, coding hemagglutinin and neuramini-
dase were compared with their orthologs. According to the results of this comparison the phylogenetic
tree was constructed. Additionally, the amino acid substitutions of the influenza viruses circulating in
Ukraine and worldwide were analyzed. Conclusions. The nucleotide sequences of the influenza A(H3N2)
viruses genes HA and NA isolated in the Zhytomyr region were identified. Based on the nucleotide se-
quences of HA and NA we constructed the influenza virus phylogenetic tree demonstrating that the virus
isolated in the Zhytomyr region was closely related to the Ukrainian isolate from Kharkov and in the
world to the isolates from Germany, Romania, Italy.
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jority of influenza A viruses. These pathogens are
more variable than the influenza B and influenza C

Influenza viruses are the most prevalent pathogens
of human respiratory infections and the most sig-
nificant because they cause high morbidity and mor-
tality [1]. Influenza affects all age groups of popu-
lation, but the highest incidence is recorded among
children and adolescents [2]. Influenza viruses ha-
ve the ability to cause annual epidemy, and someti-
mes — global pandemic. This is applied to the ma-

viruses due to unique antigenic properties of two
surface glycoproteins: hemagglutinin (HA) and neu-
raminidase (NA) [3].

Influenza viruses change the composition of their
surface antigens with high evolutionary rate that al-
lows them to evade the action of the immune system,
and thus to keep themselves in the human population
[4]. There are two main evolutionary mechanisms,
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which allow influenza viruses to constantly evolve
and re-infect their hosts, namely, an antigenic drift
and antigenic shift [3, 5-7]. The antigenic drift is a
result of the gradual accumulation of mutations that
are fixed in the viral genome. Such mutations can lead
to minor changes in the viral proteins resulting in bet-
ter survival of these viruses, including the capacity to
escape immune system recognition. During the anti-
genic shift, influenza A virus can get segment HA, and
possibly NA segment or another segment of the ge-
nome of different influenza virus subtype, resulting in
a radically new influenza virus with new properties
[6]. A high variability of influenza viruses makes it
necessary to conduct a comparative study of antigenic
and biological properties of influenza virus during
epidemics [5]. Also, surveillance and control of anti-
genic properties of circulating influenza viruses in the
population are annually required for the defining of a
new variant strain for vaccine [2, 8-10].

Thus, the aim of our research was to perform phylo-
genetic analysis of HA and NA genes of influenza
A(H3N2) viruses, which circulated in the Zhytomyr
region during the 2013-2014 epidemic season and their
comparison with those which circulated in the world.

Materials and Methods

The material for the study were the clinical samples
of nasopharyngeal swabs, pharyngeal swab, naso-
pharynx and nose, autopsy material selected in the
first three days and no later than the 5th day of illness
from the patients with suspected influenza and SARI
(severe acute respiratory infections) [11]. The pa-
tients were hospitalized in the Zhytomyr region chil-
dren and adult infectious departments of hospitals.
The autopsy material from dead patients was ob-
tained from the regional department of morbid anat-
omy and office forensics.

For carrying out the work there were used viro-
logical and molecular genetic methods of research.

Laboratory diagnosis was conducted by real-time
PCR (polymerase chain reaction). To detect influenza
virus types A and B there were used extraction kits
(Total RNA Mini Kit Spin Format, Bio-Rad, USA)
and reagent for reverse transcription (iScript cDNA
Synthesis Kit, Bio-Rad, USA), primers and probes re-

spective markers — Univ inf A, sw A, sw H1, H1, H3,
Univ inf B, RNase P (Biosearch, USA).

The researches were carried out by the protocol (it
was given by WHO) of polymerase chain reaction
with reverse transcription real-time to detect and
study influenza A (HIN1) pdm from the Center of
Disease Control and Prevention (CDC) United States
(version 2009) [12].

Virological studies were carried out by the method
of isolation and cultivation of influenza viruses in
MDCK cell (epithelial cells kidneys female Cocker-
Spaniel) [10]. The isolates were later used for the
strain identification and sequencing.

The sequencing of influenza viruses isolates was
carried out in the WHO Collaborating Centre in Lon-
don. The sequences of influenza viruses isolated in ot-
her countries were found using web-site GISAID (the
Global Initiative on Sharing All Influenza Data —
http://platfom.gisaid.org). The package of software
MEGA 6.0 for carrying out the phylogenetic analy-
sis was used [13].

Results and Discussion

Influenza A (H3N2) virus in the Zhytomyr region
was detected during two epidemic seasons: 2011—
2012 and 2013-2014. In 22 samples (30.5 %) of the
72 samples tested during the epidemic season 2011—
2012 influenza A (H3N2) viruses were detected by
PCR in real time [12].

In this study, we have characterized influenza
A(H3N2) viruses circulating during 2013-2014 epi-
demic season in the Zhytomyr region.

There were examined 67 nasopharyngeal swabs
from patients with severe course of SARI and sam-
ples of autopsy material. 298 tests by PCR in real
time were carried out. This was done for the moni-
toring of influenza viruses circulation among differ-
ent groups of the Zhytomyr region population during
2013-2014 epidemic season. Influenza A (H3N2) vi-
ruses were detected in 18 samples (26.9 %). Other
influenza viruses in the epidemic season were not
found. The obtained results indicate widespread in-
fluenza among the different age groups of the
Zhytomyr region, but mostly children and young
adults were involved in the epidemic process.
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Fig. 1. Phylogenetic analysis of the HA gene of influenza A (H3N2) viruses isolated in the Zhytomyr region during 2013-2014 epi-
demic season
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For isolation of influenza viruses in MDCK cell
culture we used five samples, in which influenza
A(H3N2) viruses were detected [10].

For comparison, in our research we used the seg-
ments that encode the surface proteins HA and NA.
These proteins are mostly exposed to antigenic drift
and shift to avoid the effects of human immune sys-
tem. Hemagglutinin is a receptor-binding protein that
is the main target of the immune response. Therefore
it is the most variable protein in influenza viruses as
amino acid substitutions in the antigenic sites (A, B,
C, D, E) of HA molecules affect the antigenic prop-
erties of influenza virus. These events influence the
change of vaccine strains. He The neuraminidase
protein is less variable, but amino acid substitutions
in it affect the resistance of influenza viruses to the
antiviral drugs (neuraminidase inhibitors) [14].

The isolates were sent to the World Influenza Cen-
tre (London) for sequencing. In the epidemic season
2013-2014 for the first time there were made the se-
quences of genes HA and NA of influenza A(H3N2)
viruses isolated from the clinical material from pa-
tients of the Zhytomyr region and they were subse-
quently included in the GISAID database of influ-
enza viruses worldwide.

We found a very high similarity (99 %) of the HA
and NA genes of the Zhytomyr region viruses with the
HA and NA genes of influenza viruses in the group
with T2141 substitution on the phylogenetic tree using
BLAST system. Comparison of the nucleotide se-
quences of the Zhytomyr region virus HA and NA with
those of the T214I group viruses revealed several syn-
onymous nucleotide substitutions and no substitutions
that alter amino acid sequences of the proteins.

The HA and NA phylogenetic tree of the Zhytomyr
region strains and strains from all over the world was
generated using MEGA 6.0. Evolutionary distance
was calculated using the maximum composite likeli-
hood method. Statistical significance of the tree to-
pology was tested by bootstrap analysis of 100 pseu-
doreplicate datasets.

The 2728 HA and NA protein sequences of influ-
enza A(H3N2) viruses of different strains circulated
during 2013-2014 epidemic season in the world we-
re downloaded from the GISAID database.

By random sampling we selected 48 isolates from
around the world during 2013-2014 epidemic sea-
son and constructed the phylogenetic tree of HA
genes (Fig. 1).

All the HA genes of the Zhytomyr region isolates,
as all Ukrainian and worldwide isolates studied with
vaccine strain A/Texas/50/2012 and reference strains:
A/Victoria/361/2011, A/Hong Kong/146/2013, A/
Stockholm/1/2013, A/Serbia/NS-210/2013, A/South
Africa/4655/2013, A/Samara/73/2013, A/Almaty/2958/
2013 fell within the A/Victoria/208 genetic and into
the of genetic subgroup 3C of group 3 [15]. All sub-
mitted isolates acquired in the evolution new joint
(Q33R), group (L157S, 1214T, N122D) and individ-
ual (V402I) amino acid substitution in a part of he-
magglutinin compared with vaccine strain and refer-
ence strains. Therefore, they can be divided into two
groups. The amino acid substitutions that define the-
se groups are:

The first genetic group included the isolates that
had substitution N145S (asparagine to serine) and
DA489N (aspartic acid to asparagine). The group com-
bined some viruses from Ukraine and the world and
reference strains A/Hong Kong/146/2013 and A/Sto-
ckholm/1/2013.

In turn, the reference strain A/Stockholm/1/2013 has
substitution 1242V and P289S, and virus A/Hong Kong/
146/2013 acquired a new glycosylation site S312N.

The second genetic group comprised a large quan-
tity of Ukrainian viruses including the Zhytomyr re-
gion isolates and reference strains that had T128A
(resulting in the loss of a potential glycosylation si-
te), R142G substitutions, along with the isolates from
all over the world. The group combined some viruses
from Ukraine, the world and reference strains A/Ser-
bia/NS-210/2013, A/So uth Africa/4655/2013, A/Sa-
mara/73/2013, A/Almaty/2958/2013.

The Zhytomyr region isolates were found to be
most closely related to the Ukrainian isolate from
Kharkov as well as to the isolates from Germany,
Romania, Italy. They have gained substitution [214T
(isoleucine to threonine).

Thus, analyzing the HA gene sequences of the
Zhytomyr isolates we can conclude that the strains
recorded in the Zhytomyr region, are similar to those
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Fig. 2. Phylogenetic analysis of the NA gene of influenza A (H3N2) viruses isolated in the Zhytomyr region during 2013-2014 epi-
demic season
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from other regions of Ukraine (the Kharkiv region)
or from abroad (Germany, Romania, Italy). This is
due to a high level of the migration both within the
country and abroad.

In the phylogenetic tree of the NA genes 65 iso-
lates from around the world were presented (Fig. 2).

The analysis of the NA genes of the Zhytomyr re-
gion influenza viruses showed similar results with
the analysis of the HA gene sequences. All investi-
gated isolates are within the genetic subgroup 3C of
A/Victoria/208 genetic clade, keeping mutation S367N
and N369T. These mutations are typical for the group
3. The mutations L81P and N402D (loss glycosyla-
tion site) are typical for the subgroup 3C.

All studied isolates of the 2013-2014 epidemic
season were genetically similar to the vaccine strain
A/Texas/50/2012, but had some genetic differences,
so they were divided into three genetic groups.

The first group includes the viruses from differ-
ent countries including Ukraine — A/Kharkov/203/
2014 (V3961) with substitution [392T (isoleucine
to threonine).

The second group is based on the Ukrainian iso-
lates and the isolates from different countries of the
world with replacement E221D (glutamic acid to as-
partic acid substitution) and V4121 (valine to isoleu-
cine substitution).

Our isolates were in the group which included the
Ukrainian isolates and the isolates from around the
world. In this group there were found new substitu-
tions Y155F, D251V, S315G. Our isolates are locat-
ed along with the viruses from Kharkiv and Baden-
Wiirttemberg. This group is very heterogeneous and
is similar to the reference virus A/Athens GR / 112/
2012 more than to new reference viruses.

Conclusions

The Zhytomyr region isolates were found to be most
closely related to the Ukrainian isolate from Kharkov
and in the world to the isolates from Germany,
Romania, Italy. All these viruses are specified by the
substitution 1214T. Our influenza viruses of 2013—
2014 epidemic season have a high genetic relation-
ship (99 %) to the viruses carrying the 1214T substi-
tutions. All nucleotide substitutions in the genomes

of the Zhytomyr region isolates are synonymous.
The Zhytomir region isolates were placed in a domi-
nant subgroup world 3C of A/Victoria/208 genetic
clade. They, like many Ukrainian and world isolates,
were similar to the reference strain A/AthensGR/
112/2012, more than to new reference viruses.
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®disoreHeTHYHUH aHATi3 BipyciB rpumy
A(H3N2), mo uupkyaoBain B JKuromupcebkiii 06aacti
NPOTAroM eniiemiynoro cesony 2013-2014pp.

O. I bosinberka, I. M. Kupnuyk, L. I'. Byn3aniscbka,
A. I1. Miponesxo, JI. B. Paguenko, O. 0. CmyTbKO

Merta. 3po6uTH (QiIOTeHeTHIHUI aHAaTi3 TeHIB TeManTIOTHHIHY
(HA) i metipamininasu (NA) Bipycis rpumy A(H3N2), mo Oyaun
noumpeHi B JKUTOMHPCHKii 0071acTi mix yac emigeMiqYHoro ce-
30Hy 2013-2014pp. i MOpiBHATH X 3 TUMH, 110 LUPKYITIOBAJIN B
cBiti. MeToau. JlaGoparopHy 1iarHOCTHKY 31ii{CHIOBaIH 3a J0-
nomoroto [IJIP y peamsromy waci (real-time RT-PCR). Bymo
MPOBEACHO CEKBEHYyBaHHS Ta  (IJOreHeTHMYHHH  aHais3.
PesyasTaTn. B emigemiunomy ce3oni 2013-2014 pp. Buepie
Oyso 3pobneHo cekBeHyBaHHs reHiB HA Ta NA BipyciB rpuiy
A(H3N2), BunineHnx 3 KIIHIYHOTO MaTepially XBOPHX 3
JKuToMupchKoi 001aCTi Ta B MOJANIBIIOMY YBIMIILTH 10 Oa3u aa-
HUX BipyciB rpumy 3 ycporo cBity (GISAID). BucHoBkmH.
JKUTOMHPCBKI {30JISITH PO3TAIIYBAIMCh TIOPSA 3 YKPATHCHKUM
i30msTOM 3 XapKoBa, a cepell CBITOBUX HOPSAL 3 i30JATaMu 3
Himeyuunu, Pymynii, ITanii. B mocmigoBHOCTSX reHiB reManio-
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THHIHY Oys10 BUsiBIeHO 3aMimenHs 1214T. Bunineni nHamu i30-
JISITH B enigeMivHoMy ce30Hi 2013-2014pp. Maiiu BHCOKY reHe-
THYHY cnopimHeHicTs (99 %) 1o BipyciB, IO 3HAXOASATHCS B
rpyTi Ha QLTOreHEeTHYHOMY JIepEBi, TOMY 1[0 MAIOTh CHHOHIMIY-
He 3aMileHHs. JKUTOMUPCHKI 130JIATH PO3TALIYBAIUCH Y JIOMi-
Hytouiii rpymi B cBiTi 3C rpymnu 3 renernuHoro kinacrepy A/Vic-
toria/208 i Oynu momiOHMMHU 10 BakIUHHOTO mTamy A/Texas/
50/2012. B nocniJOBHOCTSIX TeHIB HelipaMiHija3u CyTTEBUX 3a-
MiIlleHb BUSBIIEHO He Oymo. XKutoMupcehki i30mstH, sk 1 6arato
YKpaiHCBKHX Ta CBITOBHX 130JIATiB BUSIBHJIMCH TOTIOHUMH JIO
pedepenc-mramy A/AthensGR/112/2012, Hix 10 GinbII HOBUX
pedepenc-Bipycis.

Kuaouosi caosa: Bipycu rpumry A(H3N2), dinorenernyannii
aHali3, emiIeMiYHUI CE30H, MyTallil.

dusorenernyeckuii ananau3 supycos rpunna A(H3N2)
KOTOpPbIe HUPKYJIUPOBaIH B JKuToMupcKoii od1acTu
B NIePUO/] dNUAeMUYecKoro ce3oHa 2013-2014rr.

O. I. bosumeckast, M. H. Kupuayx, U. I. Byn3anusckas,
A. T1. Muposrenko, JI. B. Paguenxo, O. FO. CMyTbKO

Heas. [TpoBecTu GpuinoreHeTHUECKUI aHAIN3 TEHOB reMarmiio-
tiHrHa (HA) 1 netipammamniass! (NA) Bupycos rpurma A(H3N2),
KOTOpBIE IUPKYIUpOBaN B JKUTOMHPCKOI 001acTH BO BpeMs
snunemudeckoro ce3oHa 2013-2014rr. u cpaBHUTH UX C TaKO-
BBIMHU CO Bcero mupa. Metoabl. JIabopaTopHyI0 IMarHOCTUKY
nposoaunu ¢ nomotisio [P B peansHOM Bpemenu (real-time
RT-PCR). Bbuto mpoBeieHO CEeKBEHHUpPOBaHUE U (pUIIOreHeTH-
yeckuil ananus. Pesyabrarsl. B snunemudeckom ce3one 2013—
2014rr. BuepBble OBLIO CAETaHO CeKBUHUpoBaHHE TeHoB HA Ta
NA Bupycos rpunma A(H3N2), BuaeneHHbIX U3 KIMHAYECKOTO
Marepuasia 0oabHBIX B JKHUTOMHPCHKOW 00acTH M B JalbHEU-
IeM BOILIM B 0a3y JaHHBIX BHPYCOB I'DHUIINIA CO BCETO MHpa
(GISAID). BbiBoasbl. JXutomMupckue H3014Thl pa3MEeCTUINCh
PSIIOM C YKPAaMHCKHM H30JISITOM U3 XapbKoBa, a CPeIH MUPOBBIX
psinoM ¢ uzonsramu u3 I'epmanuu, Pymeinuy, Uranuu. B nocne-
JIOBAaTEIbHOCTSX TeHOB T'eMarIIOTHHIHA OBITIO BRISIBICHO 3aMe-
menve [214T. BeineneHHble HAMH H30TSTHI B TIHAEMUYECKOM
ce3oHe 2013-2014rr. uMenu BBHICOKOE TEHETHYECKOE CXOJCTBO
(99 %) x BUpycaM, KOTOpbIE HAXO/ATHCS B TPYIIIE Ha (pHITOreHe-
TUYECKOM JepeBe, TaK KaK MMEIT CUHOHHMUYECKOE 3aMellle-
Hue. JKUTOMHUpCKHE H30ISTH Pa3MECTHINCH B JOMUHUPYIOIICH
cyorpymme B mupe 3C rpynmsl 3 TeHETHUECKOTo Kiactepa A/
Victoria/208. B mocienoBaTenbHOCTAX TeHOB HEHpaMUHUAA3HI
CYILECTBEHHBIX MyTalMii He BbIABIEHO. JKuToMupckue u3o0ms-
TBI, KAK MHOTO YKPAaWHCKMX W MHPOBUX M30JIATOB OKa3aJUCh
nogoOHBIMU K pedepenc-mrammy A/AthensGR/112/2012, yem
K OoJiee HOBBIM pedepeHC-BHPYCaM.

KawueBbie caosa: supycs rpurnna A(H3N2), ¢punorene-
TUYECKUH aHaJIN3, SMTUACMUYCCKUI CE30H, My TallH
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