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PHYLOGENETIC ANALYSIS OF NEURAMINIDASE
GENE OF INFLUENZA A(H3N2) VIRUSES ISOLATED
IN UKRAINE IN 2013-2014 SEASON

Influenza remains a serious problem for the world. The accumulation of genetic changes
(mutations) in influenza viruses leads to changes in their antigenic properties, the
emergence of strains resistant to antiviral drugs and the emergence of new epidemics.
The aim of recent study was to perform the phylogenetic analysis of neuraminidase
gene of influenza A(H3N2) viruses isolated in Ukraine in 2013-2014 season. Methodes.
Molecular genetics, phylogenetic and statistical methods were used for this study.
Results. High (94%) genetic similarity of Ukrainian isolates and isolates from other
countries of 2013—2014 epidemic seasons demonstrates the stability of viral popula-
tions in Ukraine. The allocation of Ukrainian viruses to three different clusters points
to different ways of their spread to Ukraine. The analysis of NA sequences revealed
novel amino acid substitutions YI55F, D251V, S315G to the majority of Ukrainian
isolates. None of virus isolates of season 2013-2014 in Ukraine contained an E119D
mutation in NA sequence which is associated with oseltamivir resistance. Conclu-
sions. The results of our work showed that influenza viruses isolated in 2013-2014
epidemic season had not specific mutations, associated with resistance to antiviral
drugs such as oseltamivir.

Key words: neuraminidase, mutation, isolate, phylogenetic analysis.

Influenza viruses are the main cause of respiratory diseases in humans. Despite
significant scientific achievements of recent decades influenza becomes a serious
problem for the entire world. The most dangerous phenomenon is the emergence of
complications and chronic disease exacerbation after carried flu. The influenza virus
surface proteins hemagglutinin and neuraminidase are high variable, that’s why virus
could omit the host immune system [1]. Variability of influenza viruses is caused by
the changes in gene sequences that occur due to mutations. In turn, the accumula-
tion of genetic changes in viruses leads to changes in their antigenic properties [2].

The investigation of genetic changes among all influenza strains is necessary
to reveal that some RNA segments of A (H3N2) influenza virus are originated from
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viruses affecting different hosts. The phylogenetic analysis applied to new influenza
isolates allows to monitoring the rate and direction of virus variations practically in
real time. Furthermore, the comparative analysis of their protein sequences allows
to reveal point amino acid substitution providing the mechanism of virus adaptation
to human immune system. Sequences of surface antigens — hemagglutinin (HA) and
neuraminidase (NA) — are usually used for genetic analyses. Aminoacid substitution
E119D of NA gene leads to development of resistance to antiviral drug oseltamivir
(Tamiflu). Therefore, a comparative phylogenetic analysis of NA sequences of A
(H3N2) influenza viruses circulating in Ukraine during epidemic season 2013-2014
was the aim of the study.

Materials and methods

Nasal-throat washes taken from influenza-affected individuals from the differ-
ent regions of Ukraine during outbreak were used in the study. In total, 673 samples
were analyzed using real-time polymerase chain reaction (RT-PCR) in 2013-2014
seasons. Preparation of reaction mixture for PCR was made according to recom-
mended protocol “WHO. CDC protocol of realtime RT-PCR for swine influenza
A(HIN1) revision 17 [3].

Sequencing of influenza viruses A (H3N2) genes, isolated in our laboratory, was
performed in the World Influenza Center in London using the technology of RNA-
SEQ, which allows sequencing coding and noncoding mRNA (http://www.crick.
ac.uk/research/science-technology-platforms/advanced-sequencing/).

Neuraminidase (NA) gene sequences of influenza isolates A/Ukraine/77/2014 ,
(EPI_ISL 163129), A/Ukraine/218/2014 (EPI_ISL 162152), A/Ukraine/710/2013
(EPI_ISL 154035), A/Ukraine/728/2013 (EPI ISL 154036), A/Dnipro/227/2014
(EPI_ISL 162105), A/Dnipro/229/2014 (EPI ISL 162160), A/Dnipro/232/2014
(EPI_ISL 162107), A/Dnipro/234/2014 (EPI ISL 162108), A/Dnipro/235/2014
(EPI_ISL 162109), A/Kharkov/201/2014 (EPI_ISL 163099), A/Kharkov/203/2014
(EPI_ISL 162113), A/Zhitomir/286/2014 (EPI_ISL 162157), A/Zhitomir/290/2014
(EPI _ISL 162159); A/Ukraine/6004/2013 (EPI ISL 154034) and A/
Ukraine/6161/2014 (EPI_ISL_163128), which were received from Ukrainian surveil-
lance system; vaccine strain A/Texas/50/2012 (EPI_ISL 170149), reference strains
A/Perth/16/2009 (EPI ISL 87516), A/Victoria/361/2011 (EPI_ISL 158723), A/
Stockholm/18/2011 (EPI_ISL 93712), A/Hong Kong/146/2013 (EPI_ISL 176514)
and A/Samara/73/2013 (EPI_ISL 143568) and isolates from different countries were
selected to perform phylogenetic comparisons. Phylogenetic analysis was performed
using MEGA 5 software [4].

Sequences of influenza viruses from other countries were received from
Genbank (http://www.ncbi.nlm.nih.gov/Genbank) and GISAID resource (http://
platform.gisaid.org/), using BLAST (Basic Local Alignment Search Tool) analysis
(http://www.ncbi.nlm.nih.gov/ Blast.cgi). Sequences were aligned using Clustal W
algorithm. Phylogenetic trees were built by the nearest neighbor joining method [5]
applying Kimura 2-parameter model [6]. Evolutional distances were calculated in
terms of the number of base substitutions per site. A bootstrap technique with 1000
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replications was used to test statistical validity of received data [7]. Nucleotide
sequences were translated into amino acid sequences using MEGA 5 software [4].

Findings

In this study we compared nucleotide sequences encoding surface antigens of
influenza viruses NA proteins because they are highly prone to mutation-related
changes. The high similarity of HA and NA genes (94%) was observed for viruses
isolated on the different continents already at the stage of BLAST system-assisted
search and was confirmed by data obtained by other authors [8, 9]. Taking into ac-
count the considerable number (exceeding 1000) of available sequences of influenza
viruses, the geographic location and date of material sampling from a sick person
were chosen as the main criteria for search and selection.

The comparison of NA genes of influenza isolates demonstrated the high genetic
similarity equal to 94%.

All influenza viruses A(H3N2) isolated during 2013-2014 outbreak season were
found to be allocated to the subcluster 3C of the Victoria/208 cluster and retained
mutation S367N and K369T, which attributed to cluster 3, and also contained muta-
tions L81P and N402D (deletion/loss of glycosylation site [10]), which referred to
subcluster 3C.

Phylogenetic data are presented in Fig. 1.

All discovered isolates from this season were genetically related to vaccine strain
A/Texas/50/2012. According to the certain differences the isolates were divided into
3 genetic groups. Groups 1 and 2 are characterized by common substitution D93G
(asparadic acid is replaced by glycine) for isolates from epidemic season 2012-2013.
Also substitution E221D (glutamic acid is replaced by asparadic acid) has selected
in this groups, compared with the previous season isolates.

Group 1 — viruses with substitution I392T. This group contained isolates from
Kharkov — A/Kharkov/203/2014, which were the closest to isolate from Norway
and were selected substitution V396l (valine is replaced by isoleucine), and A/
Dnipro/234/2014 with substitution L338S (leucine is replaced by serine). Dnepro-
petrovsk’s isolate was the most related to strains from Turkey and France (fig. 1).

Group 2 — contained viruses with mutation V412I (valine is replaced by iso-
leucine). Four Ukrainian isolates belong to this group. Strain A/Dnipro/227/2014
acquired substitution Q5K (glutamine is replaced by lysine). A/Moscow/137/2013
was the most similar to our isolate, both selected mutation S332F (serine is replaced
by phenylalanine). Other three isolates A/Ukraine/710/2013, A/Ukraine/728/2013 i
A/Dnipro/235/2014 carried mutations S44P and P45S. Those strains probably were
introduced to the country in result of one entry during epidemic season. Strain A/
Ukraine/728/2013 also confer mutation G40D (glycine is replaced by asparagines
acid), and A/Dnipro/235/2014 — K75R (lysine is replaced by arginine). In general,
this group was more numerous and contained isolates from the European region only.

Group 3 — is the largest group. Mainly Ukrainian isolates from different dis-
tricts belonged to this group. Sequences of this group were more similar to refer-
ence strain A/Athens GR/112/2012 than to the newest reference viruses. Mutations
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Fig. 1. Molecular phylogenetic analysis of NA nucleotide sequences for influenza viruses
A(H3N2), NJ method Kimura 2-parameter model

Y 155F, D251V and S315G were new. The third group was quite heterogeneous
and contained strain from Alaska, USA and mainly from European country. Strain
A/Kharkov/201/2014 was the closest to isolates from Cyprus and Alaska. Isolates
A/Zhitomir/286/2014 and A/Zhitomir/290/2014 are placed next to each other on
the phylogenetic tree (fig. 1). Even little group indicated the multiply entering of
circulating influenza viruses to the Ukrainian territory. Isolates A/Ukraine/77/2014,
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A/Dnipro/232/2014 and viruses from Poland and Serbia gained substitution 1312T.
Influenza isolate from Dnipropetrovsk and Poland also conferred mutation T4341.

In general, variability rate of NA genes was lower than in the HA genes in
outbreak season 2013-2014. All discovered isolates had not conferred mutation
associated with reduce susceptibility to oseltamivir.

Influenza viruses A (H3N2) from 2013-2014 outbreak season were genetically
different. They were allocated in the subcluster 3C of cluster Victoria/208 and were
related to vaccine strain A/Texas/50/2012.

According to the results there were identified 8 different pathways of influenza
viruses’ penetration on the territory of Ukraine.

The high (94%) genetic similarity observed of Ukrainian isolates to viruses
isolated during epidemic season 2013-2014 in other countries. The allocation of
Ukrainian viruses to three different clusters points to different ways of their spread
to Ukraine. The analysis of NA sequences revealed novel amino acid substitutions
Y 155F, D251V, S315G to the majority of Ukrainian isolates. None of virus isolates
of season 2013-2014 in Ukraine no contained E119D mutation in NA sequence
associated with oseltamivir resistance.
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I'PUITY A(H3N2), BUALIEHUX B YKPATHI B CE30HI 2013-2014 pp.

Pedepar

Memoto Oanoi pobomu 6y10 npogedeHHs (iloceHemuUuHo020 AHANI3y 2eHi8
Hetipaminioaszu eipycie epuny A(H3N2), eudinenux 6 Ykpaini 6 2013-2014 ce3oHi.
Memoodu. B pobomi 6ynu uKopucmari memoou MoneKyiapHoi 2enemuxu, inoeenii ma
mamemamuunoi cmamucmuxu. Pesynemamu. Bucoka (94%) cenemuuna nooionicme
VKPAIHCbKUX [3071AMi8, 8UOLIeHUX Ni0 4ac enioeMiuHo20 Ce30Hy 8 IHWUX KpaiHax
c8i0uUmMb NPo cmabinbHicms 8ipycHoi nonynayii 8 Ykpaini. PoamiugeHHs yKpaiHcoKux
i307151mie 8ipycie 2puny y mpbox pizHux K1acmepax ceioyums npo pizui WIAXU 3aHeCeH-
Hs 8ipycié Ha mepumopito Yxpainu. Ananiz nociioognocmeit NA sussus y 6invuiocmi
VKPAIHCOKUX [307151Mi6 HOBI 3amiuyeHHs: aminokuciom y nonoxcenuax Y155F D251V,
S315G. 2Kooen i3 00cniodncy8anux i3onsamie gipycy epuny He MiCmus 8 nociio08HOCHI
NA mymayii E119D, aky acoyirorome i3 pe3ucmenmuicmio 00 03e1bmamisipy.
bBinvwicms sunaokie pecnipamopHux 3axeoproeaHb MHOOUHU CHPUYUHEHT 8ipycaMmil.
Tosepxuesi enikonpomeinu ipycy epuny € 8UCOKO 8apiabenrbHUMU, 8HACTIOOK 4020
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30amHi YHUKAMU 6NAUGY IMYHHOI cucmemu 20cnooapsi. J{ocniodcents 2eHemuyHux
3BMIH ceped 6CiX Wmamie GIpycie epuny € GadCIUSUM OJisl BUSHAUCHHS NOXOONCEHHS.
ceemenmis PHK sipycis epuny A(H3N2) 6i0 001020 uu OeKilbKOX pi3HUX 20Cn00apis.
3acmocysanns ginocenemuuno2o ananizy 0038015€ NPOBOOUMU MOHIMOPUHE DIGHSL
ma HanpsAMKY MIHIUBOCMI 8IPYCi6 2pUny NPaAKmMuyHo y peaibHomy daci. binbw mozo,
NOPIBHSAHHS AMIHOKUCIOMHUX NOCIO08HOCHEN POOUMb MOJNCIUBUM BUABILEHHS NO-
YAMKY HOBUX 3AMIUEHb MA CROCMEPI2amuy MexanizMu adanmayii 6ipycy 00 IMyHHOT
cucmemuy 1100uHU. 3azeuuail 0 QPilo2eHeMuyH020 aHALI3Y BUKOPUCHOBYIOMb
NOCNIO0BHOCMI NOBEPXHEBUX aHmu2enie — eemazmomuniny (HA) ma netpaminioasu
(NA). Memoro nawoi pobomu 6yno nposecmu QhinoceHemusHULl AHAi3 NOCII008HOCMEN
NA sipycis epuny A(H3N2), eudinenux ¢ Ykpaini 6 2013—2014 ce3zoHi.

Knwuoei cnoea: sipyc epuny, epun, inocenemuunutl anauis.
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®UJIOTEHETUYECKUI AHAJIN3 TEHA HEHPAMUHMUIA3BI
BHUPYCOB I'PHUIIIIA A(H3N2), BBIJ/IEJIEHHBIX B YKPAUHE
B CE30HE 2013-2014 rr.

Pedepar

Lenvio npeocmasnennou pabomol 6vL10 NPOGEOCHUE PUNO2EHEMULECKO20 AHATU3A
2eH08 Hetipamunudasvl supycos epunna A(H3N2), evioenennvix k Yrpaune ¢ 2013-2014
cezone. Memoowl. B pabome 6vinu ucnonvb3068amsbl Memoobl MONEKYIAPHOU 2eHem-
Ku, Qunocenuu u mamemamuyeckon cmamucmuku. Pezynemamot. Boicokas (94%)
2EHEMUYECKAST CXOANCECMb YKPAUHCKUX U3O0NAMO8, GbLOCLEHHbIX 8 INUOEMUYECKUL
CE30H 6 OpyeUxX CMpAanax, ceUOEemenbCmeyen o0 CmaduIbHOCMU GUPYCHOU NONYAAYUU
6 Yxpaune. Pacnonodicenue yKpauncKux usonsamos 6Upycos 2punnd 6 mpex pasiuyHbix
KAACMepax ceu0emenbCmayen 0 pasiuidHbIX nymsx Nonaoanus UpYycos Ha meppumo-
puio Vpaunwt. Ananus nocredosamenvrocmeti NA 6vis6ui 6 6016UUHCIEE YKPAUHCKUX
UBOJISIMOB HOBbLE 3aMelfeHuss amunkuciom 6 nonoxcenusx Y155F, D251V, S315G. Hu
O0UH U3 UCCTIEO0BAHHBIX U3ONAMOE BUPYCA SPUNNA He UMEN 8 NOCTe008AMEIbHOCMU
NA mymayuu E119D, c komopoii accoyuupyrom pe3ucmeHmuocns K 0Celbmamugupy.
Bonvuwuncmeo cryuaes pecnupamophuvlix 3a6071e6anuil 4e106eKa 6bI36aHbL BUPYCAMU.
Tosepxnocmuule 2IUKONPOMEUHBL BUPYCA SPUNNA ABTAIOMCS BbICOKO APUADETLHIMU,
scredcmaue 4ezo CnocoO bl u30e2ams 6030€elCmeus UMMYHHOU cucmemvl Xo3auna. Mc-
CNIe00BAHIE 2EHEMUYECKUX UBMEHEHULL CPeOU 6CeX WUMAMMOS BUPYCO8 2DUNNA AGISAEMCS
BAVICHBIM 0151 Onpedelenus npoucxodicoerust ceemenmos PHK supycos epunna A(H3N2)
01 0OH020 WU HECKOTIbKUX PAa3HbIX X035e6. [Ipumenenue ghunozenemuueckozo ananusa
no360751€m NPOBOOUMb MOHUMOPUHE YPOBHS U HANPABTEHUS, USMEHUUBOCTNU BUDYCO8
2pUnna npaKmuyecku 6 peaibHom epemenu. bonee mozo, cpagnenue aMuHOKUCIOMHBIX
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NOC1e008amMeNbHOCMEN Oelaent B03MOICHbIM bIABNICHUE HAYALA HOBLIX 3AMel eHUll U
HaOM00ams MexXanu3Mbl A0ANMAayuu UPYca K UMMYHHOU cucmeme uenogexda. ObbluHo
07151 hunoeenemutecko2o anaau3d UCNOIbL3VIONM NOCIE008AMEeTbHOCTU NOBEPXHOCHIHBIX
anmueenos — cemazentomununa (HA) u netipamunuoaser (NA). Lenvio naweil pabo-
mbl ObLI0 NPOGECMU PuUIOZEHEMUYEeCKULl aHAIU3 nociedosamenvrocmel NA supycog
epunna A (H3N2), evidenennvix 6 Yxpaune 6 2013—2014 cezone.

Kniouesvie cnoesa: eupyc epunna, epunn, Quiocenemudeckull anaius.
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