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Aim. To analyze the pandemic influenza A(H1N1) strains that circulated in Ukraine during 2014-2015 epi-
demic season. Methods. Real-time polymerase chain reaction (RT-PCR). The phylogenetic trees were con-
structed using MEGA 6 software. Results. The strains, that were circulating in Ukraine were similar to those
of the A/California/07/2009 (HIN1) vaccine strain. Most strains belonged to the clade 6B. The H275Y muta-
tion in the neuraminidase (NA) gene was identified, that confers resistance to oseltamivir. Conclusions. Based
on the nucleotide sequences of HA and NA genes, we constructed the influenza virus phylogenetic trees. The
influenza virus isolated in 20142015 epidemic season had a specific mutation, associated with resistance to

antiviral drugs such as oseltamivir.
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Introduction

The influenza A(HIN1)pdm2009 (HIN1/2009) vi-
rus that emerged in humans during March and early
April 2009 spread rapidly among humans to develop
into the first human influenza pandemic in over 40
years [1]. The introduction of a new virus with in-
creased transmissibility into a population makes it
necessary the surveillance of the pandemic strain at
the molecular level [2].

The phylogenetic analysis applied to the influenza
isolates allows monitoring the rate and intensity of
virus variations practically in real time. Furthermore,
the comparative analysis of their protein sequences
allows revealing the point amino acid substitution
providing the mechanism of virus adaptation to hu-
man immune system and resistance to antiviral
drugs [3].

Materials and Methods

Nasal-throat swabs were taken from the patients
with suspected influenza and SARI (severe acute re-
spiratory infections). Diagnosis of HIN1pdm infec-
tion was carried out for all samples by the real-time
polymerase chain reaction (RT-PCR) [4]. The influ-
enza viruses A(HIN1)pdm were isolated in MDCK
cell culture [5]. The isolates were later used for the
strain identification and sequencing.

The sequencing of influenza viruses isolates was
performed in the World Influenza Center in London
using the technology of RNA-SEQ, which allows
the sequencing of coding and noncoding mRNA.
The sequences of influenza viruses from other coun-
tries were received from web-site GISAID (the
Global Initiative on Sharing All Influenza Data —
http://platform.gisaid.org) using BLAST analysis.
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The sequences were aligned using ClustalW algo-
rithm. The phylogenetic trees were built by the
neighbor joining method [6] applying the Kimura
2-parameter model [7]. A bootstrap technique with
1000 replications was used to test statistical validity
of received data [8]. Nucleotide sequences were
translated into amino acid sequences using MEGA 6
software [9].

Results and Discussion

In this study we compared the nucleotide sequences
of influenza viruses HA and NA proteins.

Comparison of hemagglutinin (HA) genes

The genetic comparison of the influenza virus
A(HIN1)pdm hemagglutinin genes showed that all
investigated isolates were genetically related to the
reference strain A/South Africa/3626/2013 and
saved high (96 %) genetic similarity to vaccines
strain A/California/07/2009.

The majority of the viruses isolated recently
match with the genetic group 6. This group is further
subdivided into subgroups 6A, 6B and 6C. Ukrainian
isolates belong to group 6B.

Phylogenetic data are presented in Fig.1.

All discovered isolates selected substitutions P83S
and 1321V, except vaccine strain A/California/07/2009,
also S203T — without A/Bayern/69/2009.

All Ukrainian isolates were substitutions E347K,
S451N and S185T. The 6B group was indicated by
existence of substitutions K163Q, K283E, and
E499K in HAl (e.g. A/South Africa/3626/2013),
significant part of viruses also contained - V3211 and
A256T, which were detected in 2012-2013 and
2013-2014 seasons. The A/Dnipro /454/2015 isolate
contained substitution D94N (aspartic acid is re-
placed by asparagines) and was the closest to isolate
from Belgium. The A/Ukraine/433/2015 was the
most related to the strains from Slovenia and was
selected substitutions R205K (arginine is replaced
by lysine) and S84N (serine is replaced by aspara-
gines). Influenza viruses circulated in 2014-2015
epidemic season had no mutation D222G, associated
with severe disease [10].
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Fig. 1. Phylogenetic analysis of the HA gene of influenza
A(HIN1)pdm viruses isolated during 2014-2015 epidemic season

Comparison of neuraminidase (NA) genes

Genetic comparison of influenza virus A(HIN1)pdm
neuraminidase genes showed that all investigated iso-
lates were genetically related to the reference strain A/
South Africa/3626/2013 and saved high genetic simi-
larity to the vaccines strain A/California/07/2009.

The phylogenetic data are presented in Fig.2.

All discovered isolates were distinguished substitu-
tion N248D compared with the A/California/07/2009,
except the A/Bayern/69/2009 strain. The substitution
V1061 identified in 2009 reverted to the wild type —
1106V in 2014-2015 epidemic season. Most viruses
were selected substitutions V2411, N369K and a
group of isolates contained the Ukrainian gain 134V,
N44S, N200S substitutions.

The influenza viruses A(HIN1)pdm isolated dur-
ing 2013-2014 season were distinguished substitu-
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Fig. 2. Phylogenetic analysis of the NA gene of influenza
A(HINT)pdm viruses isolated during 2014-2015 epidemic season

tions 134V, 1321V and K432E, which attended 2013-
2014 season, but were absent in 2012-2013 season.
All Ukrainian isolates were selected substitutions
[117M and I365M. Two isolates A/Ternopil/411/2015
and A/Ukraine/399/2015 were indicated by existence
of substitution [396M (isoleucine is replaced by me-
thionine), which were the closest to isolates from
Switzerland and Netherlands. Another unique substi-
tution had the A/Ukraine/161/2015 isolate - N307S.
Two viruses from Dnipropetrovsk were selected sub-
stitution P272H (proline is replaced by histidine).
The isolates A/Ukraine/160/2015 together with A/
Khmelnitsky/461/2015 and A/England/02/2015 re-
ceived amino acid substitution S339L .

The resistant viruses possessed an H275Y [11]
substitution in the NA protein. The H275Y substitu-
tion or other known substitutions associated with the
reduced susceptibility to NA inhibitors were ob-
servedinoneisolate from Kiev-A/Ukraine/292/2015.

Conclusions

Etiological structure of influenza viruses in Ukraine
was different from neighboring countries and European
region, where viruses A(H3N2) were dominant. Influ-
enza viruses B/Yamagata were predominant in Ukraine.
The activity of influenza viruses type A(HIN1) pdm09
and A(N3N2) was significantly lower than type B in
Ukraine during 2014-2015 epidemic season. Etiologic
process was of moderate severity.

The influenza viruses type A(HIN1)pdm isolated
in Ukraine during 20142015 located in group 6B and
their hemagglutinin and neuraminidase genes almost
did not change. The genetic comparison of the influ-
enza virus A(HIN1)pdm genes showed that all inves-
tigated isolates were genetically related to the refer-
ence strain A/South Africa/3626/2013 and saved high
genetic similarity to the vaccines strain A/Califor-
nia/07/2009. Among strains analyzed the H275Y mu-
tation in the neuraminidase (NA) gene was identified,
which confers resistance to oseltamivir.
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®dinorenernynuii ananis Bipycis rpuny A (HIN1)pdm,
enigemii 2014-2015 B Ykpaini

JI. B. Paguenko, O. 10. CmyTbKO, A. FO. decenko,
A. T1. MipoHeHKo

Meta. MonekynsapHuii Ta (DUIOreHeTHYHII aHAJ3 MaHAEMIYHIX
BipyciB rpuny A(HIN1), 1o tmpkysoBaau B YKpaiHi IpoTsArom ce-
30Hy 2014-2015 pokiB. MeToam. 3pa3ku Oy/u IpoaHai30BaHi Me-
TONOM MoJiMepasHoi Janirorooi peaxiii (ILJIP) B peasibHOMY Yaci.
Oinorenernuni iepesa Oyrysam Biporpami MEGA 6. Pesynbrarn.
CHKBEHCH YKpaiHChKUX 1301TiB BipyciB rpumy A(H1N1)pdm Gymix
nomiOHMMH 0 BakuuHHOro mramy  A/California/07/20009.
binbricTs mramiB Hanexam 10 kiagy 6B. Cepen gociimpKyBaHuX
i3o5sTiB BUsBIIIM MyTaiiro H275Y B reHi HeifpamiHigasy, sika 3y-
MOBJIIOE CTIHKICTh 10 o3enbTaMiBipy. BucnoBku. Basyiounce Ha
crkBeHcax reHiB HA 1 NA BipyciB rpuity moOymyBaitu (hiloreHeTid-
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Hi iepeBa. YKpalHCBKHH Bipyc, BuineHuit B ce30ni 2014-2015 po-
KiB MaB crieni(ivHy MyTaLlifo, SIKy aCOLIOIOTh 3 CTIHKICTIO J0 MPo-
THUBIPYCHHX TIpEMapariB, TAKUX SIK 03eJbTaMiBIp.

Kuaouosi caosa: Bipycu rpury A(HIN1)pdm, myraris, i-
JIOTEHETHYHUHN aHaJIi3, 130JIST.

duiioreHeTH4YeCKHUIi aHAIN3 BUPYCOB rpunna A
(HIN1)pdm, snugemuu 2014-2015 B Ykpaune

JI. B. Paguenxo, O. 0. CmyTbko, A. }O. ®ecenko,
A. II. MupoHeHKo

Leab. MonekynspHbIii 1 pUIIOTeHETHYESCKUI aHaAITN3 TTaHIeMITde-
ckux BupycoB rpumma A(HINI1), koTopble LHPKYIMpOBaId B
Vkpaune Ha nporsbkeHn 20142015 ronos. Metoabl. O6pasibt
OBUTM MPOAHATM3UPOBAHBI METOJIOM MOJIMMEPA3HOI LEMMHON peak-
u (ITP) B peamsHOM BpeMenu. DUIOreHETHYECKHE JCPEBbs
noctpowsy B porpamme MEGA 6. Pe3ybTarsl. CHKBEHCHI yKpa-
HMHCKHUX M30515T0B BupycoB rpumnma A(H1N1)pdm 6bumm mogoOHbI-
MH K BakiuHHOMY mmrammy A/California/07/2009. BonbiHCTBO
LITAMMOB NpUHAIeKATN K KiIaiiay 6B. Cpenu uccienoBaHHBIX
M30JISITOB OOHapyxuiu MyTarmio H275Y B reHe HeifipaMuHKIa3bI.
BoiBoabl. OcHOBbIBasich Ha cukBeHcax reHoB HA u NA Bupycos
TPHIIIA, TOCTPOMIIH (DHIIOTCHETHICCKHUE ACPEBhs. YKPAHHCKHI BU-
pyc, u3onupoBanHbIii B ce30He 20142015 ronoB mmen cnermdu-
YECKyI0 MYTallUIO, KOTOPYIO aCCOLMHUPYIOT C YCTOHYMBOCTBIO K
IIPOTUBOBUPYCHBIM IIpETapaTaM, TAKUM KaK OCEJILTAMUBUDP.

KnawueBsie caosa: Bupycs rpunma A(HIN1)pdm, myrtammst,
(uioreHeTHYECKN aHAIN3, U30JIAT.
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