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Introduction

Aim. To perform a phylogenetic and molecular-genetic analysis of the HA genes of influenza
viruses that circulated in Ukraine during the 20162017 epidemic season, and to compare them
with those that circulated in the world. Methods. Samples (nasopharyngeal swabs from patients)
were analyzed using the real-time polymerase chain reaction (RT-PCR). Phylogenetic trees
were constructed using MEGA 7 software. 3D structures were constructed in Chimera 1.11.2rc
software. Results. Ukrainian isolates from the 2016-2017 season have substitutions in the
antigenic sites which were not detected earlier; they and can influence the antigenic properties
of viruses. Otherwise the A(H3N2) and B/Victoria viruses retained the similarity to the vaccine
strains. For the A(HIN1)pdmO09, a higher similarity to the vaccine strain recommended for the
2017-2018 epidemic season was observed. Conclusions. In the 20162017 epidemic season,
all influenza viruses — A(H3N2), A(HIN1)pdm09 and B/Victoria acquired a number of unique
amino-acid substitutions in the HA gene. The results of this study reaffirm the continuous
genetic variability of circulating seasonal influenza viruses and the need for continued system-
atic antigenic and molecular surveillance.
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viruses are a group of pathogens in the family
Orthomyoviridae, which are classified into 6

Influenza viruses cause global epidemic infec- genera (A,B,C, Thogotovirus, Isavirus and
tions each year, a peak is from December to new unnamed genus). Type A influenza vi-
March. These pathogens have also contributed ruses are categorized based on their surface
to six global pandemics known so far. Influenza  glycoproteins: hemagglutinin (HA) and neur-
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aminidase (NA). So far 17 HA and 9 NA sub-
types have been identified [1]. Hemagglutinin
is known to be a major target region of neutral-
izing antibodies which inhibit binding with
sialic acid receptors effectively. Mutations in
the HA antigenic sites designated A, B, C, D,
and E in TAV of H3N2 subtype, may result in
strains which can escape recognition by pre-
existing neutralizing antibodies [2]. It is known
that the H1 HA molecules have four distinct
antigenic sites: Sa, Sb, Ca, and Cb [3].
Influenza viruses B/Victoria have four anti-
genic sites — 120-loop, 150-loop, 160-loop
and 190-helix [5]. As a result, these sites con-
sist of the most variable amino acids in the HA
molecule of the seasonal human HINI vi-
ruses that have been subjected to antibody-
mediated immune pressure (antigenic sites
H1). Gradual accumulation of mutations at
these sites is noted to be an integral component
of evolutionary dynamics and impacts viral
survival and fitness. This evolutionary mech-
anism, known as antigenic drift, is the basis
for frequent updating of the composition of
seasonal influenza vaccines [4]. The World
Health Organization (WHO) encourages
National Influenza Centers (NICs) to conduct
ongoing influenza virologic surveillance, to
monitor spread of viruses and their continuous
evolution. Combining data from phylogenetic
and molecular analyses of influenza viruses is
essential to detect virus variants that have
undergone antigenic drift, variants with en-
hanced virulence or variants with reduced
sensitivity to antivirals. Such combined ge-
netic, antigenic and phylogenetic analyses
provide improvements in the process of vac-
cine virus selection and inform patient treat-
ment regimens [5].

Methods

Nasal-throat swabs were taken from the pa-
tients with suspected influenza and SARI (se-
vere acute respiratory infections). Samples
were analyzed using a real-time polymerase
chain reaction (RT-PCR). Influenza viruses
were isolated in MDCK and MDCK-SIAT cell
culture. 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.
The sequences of influenza viruses from other
countries were received from web-site GISAID
(the Global Initiative on Sharing All Influenza
Data — http://platform.gisaid.org) using BLAST
analysis. The sequences were aligned using
ClustalW algorithm. Phylogenetic trees were
built by the neighbor joining method applying
Kimura 2-parameter model. The nucleotide
sequences were translated into the amino acid
sequences using MEGA 7 software [6]. 3D
structures were constructed in Chimera
1.11.2rc software (https://www.cgl.ucsf.edu/
chimera/).

Results and Discussion

Influenza viruses type A: A(HIN1)pdm09 and
A(H3N2); and influenza viruses type B, lin-
eage B/Victoria were circulated during 2016-
2017 epidemic season.

The epidemic season of 2016-2017 years
was less intensive than the previous epidemic
season of 2015-2016 years. In Ukraine
A(H3N2) viruses played a main role in this
season, as well as in other European countries.
According to the Ministry of Health of Ukraine,
in the 2016-2017 season 30 fatal cases of in-
fluenza were registered, while in the previous
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season this figure was 10 times higher [7]. In
total in the 2016-2017season, according to the
official statistics, only 106,753 persons were
vaccinated against the flu, 15 % less than in
the previous season. HA gene sequences were
recovered from GISAID and phylogenetic
trees were constructed to determine the ge-
netic relationships of Ukrainian isolates with
the reference viruses and viruses circulating in
other countries in the same period. Complete
HA amino acid sequences of Ukrainian influ-
enza isolates were compared to those of the
vaccine viruses to identify substitutions that
might impact the vaccine effectiveness.

Characterization of mutations of influ-
enza viruses type A(H3N2)

The HA genes fell within genetic group 3C.
This group has three subdivisions: 3C.1, 3C.2
and 3C.3; subdivisions 3C.2 and 3C.3 have
undergone further evolution to yield subclades
designated as 3C.2a, 3C.3a and 3C.3b respec-
tively. New subclade 3C.2al was emerged in
the last 2016-2017 epidemic season. All vi-
ruses belonged to the genetic group 3C.2al
had acquired amino acid substitutions N171K,
1406V and G484E (I177V and G155E in HA2)
[7] (Fig. 1). The majority of Ukrainian isolates
belonged to a new genetic group 3C.2al. Only
three isolates belonged to the genetic
group 3C.2a. The mutation N128T resulting
in gain of glycosylation site was in the anti-
genic site B. This is one of the options for
defending the virus from immune protection
of the human body. Some of mutations can
influence the antigenic properties of viruses as
they are found in the antigenic sites. The mu-
tation in 144 position is located in the anti-
genic site A, two mutations 159 and 160 — in
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the antigenic site B, position 311 — in the
antigenic site C [3]. None of the substitutions
in HA relate to known MDCK culture-induced
substitutions [8]. The viruses from the group
3C.2a.1 were similar to the isolates from New
York, Cyprus, Florida and Ontario. The influ-
enza viruses A(H3N2) from the group 3C.2a.1
retain similarity to the vaccine strain A/Hong
Kong/4801/2014, so the emerged mutations in
new group 3C.2a.1 apparently did not affect
the antigenic properties of the virus. The strain
A/Hong Kong/4801/2014 was recommended
for the vaccine composition for the next 2017-
2018 epidemic season.

Characterization of mutations of influ-
enza viruses type B, lineage B/Victoria

Phylogenetic comparison of the influenza virus
type B HA genes has shown that all investi-
gated isolates are genetically related to the
vaccines strain B/Brisbane/60/2008 (Fig. 2).

Currently among the viruses of influenza B
the genetic branch B / Victoria the strains be-
longing to the genetic group 1A are circulating
in the world [9]. All these isolates have spe-
cific mutations, which attached these isolates
to the 1A group. On the phylogenetic tree of
the gene of HA, two reference isolates belong
to the genetic group 1B, but now these isolates
are not circulating in the world.

The comparison of molecular-genetic
changes was carried out with the reference
strain B/Malaysia/2506/2004. All the viruses
had mutations N75K, N165K, S172P, and
I199T comparing with the reference strain
(Fig.2). The mutations N165K and [119T are
placed in the antigenic site of 160-loops and
190-helix respectively. The accumulation of
such mutations in the antigenic sites leads to
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the changes in the antigenic properties of vi-
ruses [5].

Several mutations were in the antigenic
sites: 1117V and N129D — in 120-loop anti-
genic site, V1461 — in 150-loop antigenic site.
Ukrainian isolates were similar to the viruses
from different parts of the World. Despite the
mutations, the viruses retained genetical simi-
larity to the vaccine strain B/Brisbane/60/2008
at 99 % and strain B/Brisbane/60/2008 was
recommended for the vaccine composition for
the next 2017-2018 epidemic season [9].

Characterization of mutations of influ-
enza viruses type A(HIN1)pdm09

The percentage of pandemic influenza viruses
was the smallest in the epidemic 2016-2017
season. Only two A(HINT1) viruses were iso-
lated in Ukraine — from Kharkiv and Odesa.
The viruses isolated in Ukraine in the 2015—
2016 season belong to the 6B genetic group,
which has two new subgroups 6B.1 and 6B.2
that emerged this season. All viruses belonged
to the genetic group 6B.1 in the 2016-2017
season. The amino acid sequence analysis was
performed in comparison with the vaccine
strain A/California/07/2009. This strain was in
the vaccine composition since 2009, and only
according to the recommendation for the
2017-2018 epidemic season it was replaced
by a new one [9]. Ukrainian viruses isolated
in the 2016-2017 epidemic season belonged to
new genetic group 6B.1 and were related to
the viruses from Maldives and England. It may
indicate the place of origin of Ukrainian vi-
ruses. The S162N main substitution appeared
in the Sa antigenic site and was observed in
all isolates of the 6B.1 genetic group, and this
mutation influenced the antigenic properties

of viruses [7]. That is why in the recommenda-
tion for the 2017-2018 epidemic season the
vaccine strain was replaced by a new one — A/
Michigan/45/2015, which belongs to the new
genetic subgroup 6B.1 [9].

All viruses had mutations - D97N, S185T,
and S124N (HA2), K163Q, A256T, K283E.
The mutation in position 185 was in the anti-
genic site Sb. The S185T substitution falls
within a domain defining the receptor binding
site (RBS). It has been reported that substitu-
tions in or near the RBS can influence the
antigenic properties of A(HIN1)pdmO09 vi-
ruses [10], and attachment of oligosaccharide
chains to the antigenic sites has been sug-
gested to facilitate the immune evasion. None
of these substitutions were associated with
known adaptation to propagation in MDCK
culture [11].

The A(HIN1)pdmO09 viruses isolated in
Ukraine in 2016-2017 belonged to the new
genetic group and were similar to the strain A/
Michigan/45/2015. It was recommended as a
vaccine strain for the next 2017-2018 epi-
demic season. The group 6B.1 influenza vi-
ruses are expected to dominate next season.

Conclusions

The 2016-2017 influenza season was less in-
tense in both the number of cases and the
number of deaths compared to the 2015-2016
season in Ukraine. This season also differed
by the main virus: it was the strain A/Hong
Kong/4801/2014 A(H3N2), which we expect-
ed as the main causative agent of the epi-
demic in 2016-2017. This strain was included
in the influenza vaccines. We expect a medium
level of epidemic in the next 2017-2018 sea-
son in Ukraine. The main virus may be A/

403



O. Yu. Smutko, L. V. Radchenko, A. Yu. Fesenko et al.

S27%Y
V4S0M AlOdesal69/2017
51— A/Kyivi15/2017
AlOdesal75/2017
70
— [AS30V]
— Petersbung/239/2017

53— A/Odesal57/2017
T135K 70 AlFlorida/25/2017
\ ASFlorida/ 1512017
TR ArKyivi3r2017 [R383Q)
S8 | A/ ississippi/09/2017
L A/Dnipro/244/2017
AlOntano/RV3126/2016
1140M _En{yiwswms

48 100 | |A’OdesalT21 2017

AIKyivigdi2017

A/Dnipro/245/2017
K92R, H311Q) AlZa POI'IZZEM-&QU"?
————— A/Dnipro/ 748/2016
00| A/Zaporizzal159/2017
— A/Dnipro/734/2016 [D225N]
AlKyivI3012017
27 || AlKharkovi966/2016 }[R142Gl
A/Kyivi957/2016 [D53N]
AJCyprus/F83/2017
AlNewYork/5899/2017
, | A/Odesal/65/2017
AlZaporizza/161/2017
ga | AlKyivi953/2016
AjZaporizzal/156/2017 [N31S]
AlKyivi292017 «[P21S, A113S,
72 |N121K, S144K~ AlZaporizza/160/2017 [v347M]  T131K, R261Q]
AlKyivi9452016
AlSouth Africa/lR2991/2015
AiGeorgial532/2015
Hong Kong/4301/2014
g7- AlHong Kong/5738/2014
_A!Hong Kong/146/213
Allletherland9525/2014 [R261Q]
AlSamara/73/12013
AlStockholmvVe/2014
% \— AlSwitzerland/9715293%2013

AlTexas50/2012

131,
N144S,
F150y, 2%
K160T,
N225D,
n12g7, Q311H10

D489N 2
N145S,
P198S

N128A,
R142

[P1035]

3C.2a1

3C.2a

Fig.1. Phylogenetic comparison of A(H3N2) influenza virus of the 2016—2017 season in terms of hemagglutinin (HA)
nucleotide sequences carried out by NJ (neighbor-joining) method, and Kimura 2-parameter model, with 1000 boot-

strap replications.

P> Fig.2. Phylogenetic comparison of the B/Victiria influenza virus of the 2016 — 2017 season in terms of hemagglu-
tinin (HA) nucleotide sequence carried out by NJ (neighbor-joining) method, and Kimura 2-parameter model, with
1000 bootstrap replications.
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Fig. 3. Phylogenetic comparison of A(HIN1)pdm09 influenza virus of the 2016— 2017 season in terms of hemagglu-
tinin (HA) nucleotide sequences carried out by NJ (neighbor-joining) method, and Kimura 2-parameter model, with

1000 bootstrap replications.

Michigan/45/2015 (HIN1)pdmO09, which be-
long to the new genetic group.

In the 2016 — 2017 epidemic season, the
A(H3N2), A(HIN1)pdmO9 and B/Victoria in-
fluenza viruses acquired a number of unique
amino-acid substitutions in the HA gene.
Ukrainian isolates have substitutions in the
antigenic sites, which emerged in the previous
and 2016 — 2017 seasons not being detected
before, and can influence the antigenic prop-
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erties of viruses. Despite this, the viruses
A(H3N2) and B/Victoria retained the similar-
ity to the vaccine strains. For A(HIN1)pdmO09
a higher similarity was observed to the vaccine
strain A/Michigan/45/2015 for the 2017-2018
epidemic season than to A/California/07/2009.

New for Ukraine strain A / Michigan /
45/2015 of pandemic influenza viruses
A(HIN1) pdm09 may become the leading
cause of the next epidemic in the country. The
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B/Brisbane/60/2008 (B/Victoria lineage) and
A/Hong Kong/4801/2014 (A (H3N2)) strains
are not new and are unlikely to cause signifi-
cant epidemic discomfort next season.
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MouieKyJSIPHO-TEHeTUYHHUH Ta (ijloreHeTHYHM I
aHaJIi3 reHy reMarIlOTHHIHY BipyciB rpumy

O. 10. CmyTtsbKo, JI. B. Paguenko, A. 1O0. ®ecenko,
O. C. T'onry6xka, 1. I". Byn3aniBceka, A. I1. MiponeHnko

Mera. [IpoBectr (piTOreHSTHIHUN Ta MOJCKYISPHO-Te-
HeTWYHHH aHami3 re’iB HA BipyciB rpumy, 10 IHpKyITIO-
BaJIM Ha TEPUTOPIi YKPaiHU MPOTATOM €ITiIEMIYHOro ce-
30Hy 2016-2017 pokiB Ta NOPIBHATH IX 3 TUMH, 110 IIUP-
KymoBaii B cBiTi. MeToau. 3pa3ku (HasohapuriaabHi
3MHBH Bl MalieHTIB) Oy/IM NMpOaHai30BaHi METOIOM
ToTiMepasHoIl JIAHIIOroBoi peakiii B peasbHOMY vaci (3T-
[JIP). ®inoreneTnyHi nepeBa OyayBaiad B IPOTpami
MEGA7. 3D crpykrypu OymyBanu B iporpami Chimera
1.11.2rc. Pe3yabrarn. YKpalHCBKI 130JI9TH MaIH 3aMiHH
B aHTUT€HHUX CaiTax, 110 BUHUKIIHM B MOMEP/IHIX CE30HAX
Ta ernigieMivHOMYy ce30Hi 2016-2017 pokiB 1 He BUSBIISUTICH
paHiIe, sIKi MOXXYTh MaTH BIUTMB Ha QHTUTCHHI BJIAaCTH-
BocTi Bipycy. He muBistancs Ha 1ie, Bipycu rpumy A(H3N2)
Ta B/Victoria 30eperu momiOHICTh 10 BAaKI[MHHKX IIITAMIB.
JLits BipyciB rpury A(HIN1)pdmO9 Gyna nokaszana Buia
oiOHICTD 10 BaKIIMHHOTO IITaMy, PEKOMEHIOBAaHOTO Ha
eniemiynuii cezon 2017-2018 pokis. BucHoBku. B eri-
JemigHOMY ce30Hi 2016-2017 pokiB Bci BipycH TpHITy —
A(H3N2), A(HIN1)pdmO9 Ta B/Victoria HaOymu 3HaYHY
KUIBKICTh YHIKQJIbHUX aMIHOKHUCJIOTHUX 3aMIIICHb B TCHI
TeMaTIOTHHIHY. Pe3yJbTaT bOro JTOCHTIKCHHS ITif-
TBEP/UKYIOTH TIOCTIHY TEeHETUYHY MiHJIUBICTD IIUPKYITIO-
I04MX BIPYCIB CE30HHOTO I'PHITY Ta HEOOXIHICTh MOCTIN-
HOTO CHCTEMaTHYHOIO aHTUT'€HHOTO Ta MOJICKYJISIPHOTO
HarsiLy.
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KnmodoBi cioBa: Bipycu IpHiTy, TeManTFOTHHIH, aHTH-
TCHHUH CalT, MyTallii.

MouiekyJISIpHO-TeHeTUYeCKUI 1
¢unoreHeTHYecKMi aHAJIN3 IeHA reMarrJIlOTUHMHA
BHPYCOB rpuinmna

O. 10. CmyTseKo, JI. B. Paguenko, A. 10. ®ecenko,
O. C. T'onyOka, U. I'. Bynzanusckast,
A. TI. MupoHeHko

Lens. [IpoBecTr (pUIOreHETUUCCKUI U MOJICKYIISIPHO-TE-
HeTH4YecKuii aHanm3 reHoB HA BupycoOB rpuma, KOTopble
LIUPKYJIMPOBAIIN HA TEPPUTOPUH YKPAMHBI B SMHIEMUYE-
ckoM ce3oHe 2016-2017 ro1oB 1 cpaBHUTH UX C TEMHU, YTO
nupKyiuposaim B Mupe. Metonbl. O0pasip! (Hazohapu-
THaJbHbIE CMBIBBI OT MAlMEHTOB) OBUTH MPOAHATH3HPO-
BaHbI METO/IOM MOJIMMEPA3HOM LIETTHOM peaKiuu B peajib-
HoM Bpemenu (OT-IILIP). ®unoreneTnyeckue epeBbs
ctpomn B iporpamme MEGA7. 3D cTpyKTyphI CTPOWITH
B iporpamme Chimera 1.11.2rc. Pe3yabTarbl. YKpauHcKue
M30JISITHI UIMETIM 3aMEHBI B aHTUTCHHBIX CaiiTax, BO3HUK-
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[IMe B MPEIBIIYIINX CE30HAX U AMNAEMHYECKOM CE30HE
2016-2017 rozoB ¥ He BBIABISUIICH paHee, KOTOPhIE MOTYT
MOBJIMATH HA aHTHTCHHBIC CBOWCTBA BUpyca. HecMmotps
Ha 310, BUpychl rpurma A (H3N2) u B / Victoria coxpa-
HUWJIU CXOJICTBO C BAaKIIMHHBIMHU IITaMMaMu. J{jist BUpycoB
rpunma A (HIN1) pdm09 6p110 moka3zaHo CXOIICTBO €
BaKIMHHBIM [ITAMMOM, PEKOMEH/I0BaHHBIM Ha SITH/ICMH-
yecknit ce30H 2017-2018 romos. BeiBoawl. B smmnemu-
yeckoM ce3oHe 2016-2017 ronos Bce BUPYCHI TpUIIa —
A(H3N2), A(HIN1)pdmO9 u B/Victoria mprrodpemnu 31a-
YHUTEJIFHOE KOJIMYECTBO YHHUKAIbHBIX aMHHOKHCIIOTHBIX
3aMEIEeHNH B TeHE TeMarmIIoTHHNHA. Pe3yJibTaThl 3100
WCCIIE/IOBAHUS! TTOJITBEPIKIAIOT ITOCTOSIHHYIO TeHETHYe-
CKYIO M3MEHYMBOCTh IUPKYIUPYIOIINX BUPYCOB CE30H-
HOTO I'pUIina 1 HeOGXOIlI/IMOCTI) IIOCTOSIHHOI'O CUCTEMATHU-
YECKOTO aHTUTEHHOTO M MOJISKYJISIPHOTO HaJ[30pa.

KuawueBble €J0Ba: BUPYChl IPUIIA, T€eMarTJIIOTH-
HUH, aHTUT€HHBIN CalT, MyTalllH.
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