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INTRODUCTION

Highly pathogenic avian in  uenza (HPAI) is a wide-
spread avian viral disease. The form of the disease 
caused by H5N1 subtype has affected many Asian, 
European and African countries in last  ve years. The 
system of effective control and prevention of HPAI is 
based on the monitoring and speci  c preventive mea-
sures [1, 2].

The diagnosis of avian in  uenza should be a 
complex of virological, serological and molecular 
techniques. The last group is represented by detec-
tion and identi  cation methods for virus type and 
subtype recognizing using classical and real-time 
reverse transcription polymerase chain reaction 
(RT-PCR, rRT-PCR), followed by assessment of vi-
rulence by the establishment of amino acid sequence 
at the cleavage site of hemagglutinin (HA) [3]. Phy-
logenetic studies aiming to establish relationship 
between virus isolates are also becoming a part of 
routine diagnostic procedures.

The aim of this study was to con  rm the HPAI na-
ture of Ukrainian strains isolated during the Crimea 

outbreaks, and to compare them to other HPAI strains 
from various countries isolated in 2005 2007.

MATERIALS AND METHODS
This study was performed in the Molecular Diagnos-

tics Department of the National Scienti  c Center – In-
stitute of Experimental and Clinical Veterinary Medi-
cine (Kharkiv, Ukraine) and Department of Poultry 
Diseases of the National Veterinary Research Institute 
(Pulawy, Poland).

Viruses. A formalin-inactivated seed of two HPAI 
isolates  A/Ch/Syvash/02/05 and A/Ch/Krasnogvar-
deysk/58/08 – was used as a material for RNA extrac-
tion.

RNA-extraction and (r)RT-PCR. RNA extraction was 
performed with the use of RNA-extraction kit (QIA-
GEN, USA) based on the af  ne sorbtion method. The 
real time RT-PCR for M and H5, N1 genes was car-
ried out based on the previously described protocols 
[4 6] with own modi  cations. The ampli  cation of ap-
proximately 300 bp region encompassing the cleavage 
site HA gene was carried out in the classical RT-PCR 
[7]. For phylogenetic studies, two additional RT-PCRs 
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were performed using primers designed in the NVRI, 
Pulawy. All classical RT-PCRs produced products con-
sisting of three overlapping regions of the total length 
of approx. 1200 bp. Both real-time and classical RT-
PCR were performed using the Qiagen reagents.

Sequencing. Sequencing of ampli  ed products after 
puri  cation (Qiagen DNA Puri  cation kit) was per-
formed in the Genomed Sequencing Center (Warsza-

wa) by the ABI-technology. The corrected sequences 
were aligned with HA-gene sequences of H5N1 viruses 
isolated in the Asian and European countries between 
2005 2008 (n = 37) using Clustal W. The phylogenetic 
tree was constructed by the Neighbour Joining algo-
rithm (BS value = 1000) in Mega 3.1 software [8]. The 
translation of nucleotides into amino acids was done 
(Mega 3.1) and the sequence of amino acids at the 
cleavage site of HA was established.

The phylogenetic relationship of Ukrainian strains  A/Ch/Syvash/02/05/H5N1 and A/Ch/Krasnogvardeysk/58/08/H5N1 
(highlighted with «•» sign) and other European and Asian HPAI viruses (constructed by NJ, BS value = 1000)
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RESULTS AND DISCUSSION

The  rst step of our research showed that viruses 
A/Ch/Syvash/02/05 and A/Ch/Krasnogvardeysk/58/08 
are the representatives of In  uenza A virus. More ac-
curate typing gave us the possibility to determine the 
subtype of isolates as H5N1 according to the results of 
HA and NA genes ampli  cation by rRT-PCR.

The results were con  rmed in the conventional RT-
PCR(s)/H5. The PCR products of A/Ch/Syvash/02/05/
H5N1 and A/Ch/Krasnogvardeysk/58/08/H5N1, ob-
tained in 40-cycles and 45-cycles ampli  cation runs, 
were clearly visible on electrophoregramms (the size 
of the bands was 545, 300, and 651 bp in three applied 
PCR) and did not contain any additional unspeci  c 
bands. Puri  ed PCR-products were determined in the 
concentrations of 19.7 and 24.9 ng/ l, respectively.

The amino acid sequences of the HA cleavage site 
were typical of HPAI (the motif PQGERRRKKR*GLF 
found in both isolates contained multiple basic amino 
acids).

At the nucleotide level, both Ukrainian isolates shared 
approx. 97 of similarities. The phylogenetic analysis 
(Figure) revealed that they located on different branch-
es of phylogenetic tree. The strain A/Ch/Syvash/02/05/
H5N1 located closely to some H5N1 strains isolated 
in Russia but it was clearly different from other strains 
isolated in Europe in 2005 and 2006. That would 
suggest that it does not belong to the lineage, which 
was introduced to the Central and Western Europe in 
2005/2006. The strain A/Ch/Krasnogvardeysk/58/08/
H5N1 grouped together with H5N1 strains isolated in 
Europe (Poland, Romania, Russia, Germany, Czech 
Republic) and the Middle East (Kuwait, Saudi Arabia) 
in the second half of 2007.

CONCLUSIONS
In accordance with experimental data, the strains 

A/Ch/Syvash/02/05/H5N1 and A/Ch/Krasnogvar-
deysk/58/08/H5N1 were determined as highly patho-
genic. They belong to two separate genetic lineages, 
what means that there were at least two independent 
introductions of H5N1 to the Ukrainian poultry  ocks. 
These  ndings, based on the analysis of 864 bp region 
of HA gene (approx. half of the HA gene), are statisti-
cally reliable, but need to be con  rmed by the sequenc-
ing of the whole genome.

PROSPECTS FOR FURTHER STUDIES
Experimental data will be used for GenBank sub-

mission, in future it is planned to make full-genome 
sequencing of HPAI strains A/Ch/Syvash/02/05/H5N1 
and A/Ch/Krasnogvardeysk/58/08/H5N1.
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