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Isolated in Ukraine in 2005 and 2008
A. P. Gerilovych1, B. T. Stegniy1, A. B. Stegniy1, M. Yu. Stegniy1, K. Smietanka2, Z. Minta2
1

National Scienti¿c Center – Institute of Experimental and Clinical Veterinary Medicine
83, Pushkinska Str., Kharkiv, Ukraine, 61023
2
National Veterinary Research Institute
57, Partyzantow Ave., 24-100 Pulawy, Poland
e-mail: antger@rambler.ru;
e-mail: sekretariat@piwet.pulawy.pl
Received on Feb 3, 2014

Objective. To research the molecular characteristics of two HPAI strains – A/Ch/Syvash/02/05/H5N1 and
A/Ch/Krasnogvardeysk/58/08/H5N1, which were identi¿ed as representatives of the highly pathogenic H5N1
viruses. Methods. RNA extraction, real-time polymerase chain reaction (PCR). Results. The phylogenetic
studies revealed that the above mentioned strains belong to two various genetic lineages originated from the
Eastern European strains isolated in 2005, but differ from the viruses introduced to the Central and Western
Europe in 2005/2006, and also the lineages consisting of H5N1 viruses isolated in the Europe and Middle
East in late 2007. Conclusions. Relying on experimental studies, it can be concluded that the strains of
A/Ch/Syvash/02/05/H5N1 and A/Ch/Krasnogvardeysk/58/08/H5N1 are highly pathogenic.
Keywords: avian inÀuenza virus, real-time PCR, sequencing, phylogenetic analysis.

INTRODUCTION
Highly pathogenic avian inÀuenza (HPAI) is a widespread 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 measures [1, 2].
The diagnosis of avian inÀuenza should be a
complex of virological, serological and molecular
techniques. The last group is represented by detection 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 virulence by the establishment of amino acid sequence
at the cleavage site of hemagglutinin (HA) [3]. Phylogenetic 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 nature of Ukrainian strains isolated during the Crimea
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outbreaks, and to compare them to other HPAI strains
from various countries isolated in 2005í2007.
MATERIALS AND METHODS
This study was performed in the Molecular Diagnostics Department of the National Scienti¿c Center – Institute of Experimental and Clinical Veterinary Medicine (Kharkiv, Ukraine) and Department of Poultry
Diseases of the National Veterinary Research Institute
(Pulawy, Poland).
Viruses. A formalin-inactivated seed of two HPAI
isolates í A/Ch/Syvash/02/05 and A/Ch/Krasnogvardeysk/58/08 – was used as a material for RNA extraction.
RNA-extraction and (r)RT-PCR. RNA extraction was
performed with the use of RNA-extraction kit (QIAGEN, USA) based on the af¿ne sorbtion method. The
real time RT-PCR for M and H5, N1 genes was carried out based on the previously described protocols
[4í6] with own modi¿cations. The ampli¿cation of approximately 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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The phylogenetic relationship of Ukrainian strains í 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)

were performed using primers designed in the NVRI,
Pulawy. All classical RT-PCRs produced products consisting of three overlapping regions of the total length
of approx. 1200 bp. Both real-time and classical RTPCR were performed using the Qiagen reagents.
Sequencing. Sequencing of ampli¿ed products after
puri¿cation (Qiagen DNA Puri¿cation kit) was performed 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
2005í2008 (n = 37) using Clustal W. The phylogenetic
tree was constructed by the Neighbour Joining algorithm (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.
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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 InÀuenza A virus. More accurate 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 RTPCR(s)/H5. The PCR products of A/Ch/Syvash/02/05/
H5N1 and A/Ch/Krasnogvardeysk/58/08/H5N1, obtained 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/ȝl, 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 branches 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/Krasnogvardeysk/58/08/H5N1 were determined as highly pathogenic. They belong to two separate genetic lineages,
what means that there were at least two independent
introductions of H5N1 to the Ukrainian poultry Àocks.
These ¿ndings, based on the analysis of 864 bp region
of HA gene (approx. half of the HA gene), are statistically reliable, but need to be con¿rmed by the sequencing of the whole genome.
PROSPECTS FOR FURTHER STUDIES
Experimental data will be used for GenBank submission, 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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Ɇɟɬɚ. ȼɢɜɱɢɬɢ ɦɨɥɟɤɭɥɹɪɧɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɿ ɞɜɨɯ ɲɬɚɦɿɜ ɜɿɪɭɫɭ ɝɪɢɩɭ ɩɬɢɰɿ í A/Ch/Syvash/02/05/H5N1 ɿ A/Ch/
Krasnogvardeysk/58/08/H5N1, ɿɞɟɧɬɢɮɿɤɨɜɚɧɿ ɹɤ ɩɪɟɞɫɬɚɜɧɢɤɢ ɜɢɫɨɤɨɩɚɬɨɝɟɧɧɨɝɨ ɜɿɪɭɫɭ H5N1. Ɇɟɬɨɞɢ. ɊɇɄɟɤɫɬɪɚɤɰɿɹ, ɩɨɥɿɦɟɪɚɡɧɨ-ɥɚɧɰɸɝɨɜɚ ɪɟɚɤɰɿɹ ɭ ɪɟɚɥɶɧɨɦɭ ɱɚɫɿ. Ɋɟɡɭɥɶɬɚɬɢ. Ɏɿɥɨɝɟɧɟɬɢɱɧɿ ɞɨɫɥɿɞɠɟɧɧɹ ɩɨɤɚɡɚɥɢ, ɳɨ ɡɚɡɧɚɱɟɧɿ ɲɬɚɦɢ ɧɚɥɟɠɚɬɶ ɞɨ ɞɜɨɯ ɪɿɡɧɢɯ
ɝɟɧɟɬɢɱɧɢɯ ɥɿɧɿɣ ɬɚ ɩɨɯɨɞɹɬɶ ɜɿɞ ɲɬɚɦɿɜ ɡɿ ɋɯɿɞɧɨʀ
ȯɜɪɨɩɢ, ɜɢɞɿɥɟɧɢɯ ɭ 2005 ɪɨɰɿ, ɚɥɟ ɜɿɞɪɿɡɧɹɸɬɶɫɹ ɜɿɞ
ɜɿɪɭɫɿɜ, ɩɨɲɢɪɟɧɢɯ ɭ ɐɟɧɬɪɚɥɶɧɿɣ ɿ Ɂɚɯɿɞɧɿɣ ȯɜɪɨɩɿ
ɭ 2005/2006, ɚ ɬɚɤɨɠ ɥɿɧɿʀ, ɳɨ ɩɨɽɞɧɭɽ ɜɿɪɭɫɢ H5N1,
ɿɡɨɥɶɨɜɚɧɿ ɜ ȯɜɪɨɩɿ ɿ ɧɚ Ȼɥɢɡɶɤɨɦɭ ɋɯɨɞɿ ɧɚɩɪɢɤɿɧɰɿ
2007 ɪɨɤɭ. ȼɢɫɧɨɜɤɢ. Ƚɪɭɧɬɭɸɱɢɫɶ ɧɚ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ ɞɨɫɥɿɞɠɟɧɧɹɯ, ɦɨɠɧɚ ɡɪɨɛɢɬɢ ɜɢɫɧɨɜɨɤ ɫɬɨɫɨɜɧɨ
ɬɨɝɨ, ɳɨ ɲɬɚɦɢ A/Ch/Syvash/02/05/H5N1 ɿ A/Ch/Krasnogvardeysk/58/08/H5N1 ɽ ɜɢɫɨɤɨɩɚɬɨɝɟɧɧɢɦɢ.
Ʉɥɸɱɨɜɿ ɫɥɨɜɚ: ɜɿɪɭɫ ɝɪɢɩɭ ɩɬɢɰɿ, ɉɅɊ ɭ ɪɟɠɢɦɿ ɪɟɚɥɶɧɨɝɨ ɱɚɫɭ, ɫɟɤɜɟɧɭɜɚɧɧɹ, ɮɿɥɨɝɟɧɟɬɢɱɧɢɣ ɚɧɚɥɿɡ.
ɋɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ ɢɡɨɥɹɬɨɜ ɜɢɪɭɫɚ
ɜɵɫɨɤɨɩɚɬɨɝɟɧɧɨɝɨ ɝɪɢɩɩɚ ɩɬɢɰɵ, ɜɵɞɟɥɟɧɧɵɯ
ɜ ɍɤɪɚɢɧɟ ɜ 2005 ɢ 2008 ɝɝ.
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ɐɟɥɶ. ɂɡɭɱɢɬɶ ɦɨɥɟɤɭɥɹɪɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɞɜɭɯ
ɲɬɚɦɦɨɜ ɜɢɪɭɫɚ ɝɪɢɩɩɚ ɩɬɢɰɵ í A/Ch/Syvash/02/
05/H5N1 ɢ A/Ch/Krasnogvardeysk/58/08/H5N1, ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɧɧɵɯ ɤɚɤ ɩɪɟɞɫɬɚɜɢɬɟɥɢ ɜɵɫɨɤɨɩɚɬɨɝɟɧɧɨɝɨ
ɜɢɪɭɫɚ H5N1. Ɇɟɬɨɞɵ. ɊɇɄ-ɷɤɫɬɪɚɤɰɢɹ, ɩɨɥɢɦɟɪɚɡɧɚɹ
ɰɟɩɧɚɹ ɪɟɚɤɰɢɹ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ. Ɋɟɡɭɥɶɬɚɬɵ. Ɏɢɥɨɝɟɧɟɬɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɭɤɚɡɚɧɧɵɟ
ɲɬɚɦɦɵ ɨɬɧɨɫɹɬɫɹ ɤ ɞɜɭɦ ɪɚɡɧɵɦ ɝɟɧɟɬɢɱɟɫɤɢɦ ɥɢɧɢɹɦ ɢ ɩɪɨɢɫɯɨɞɹɬ ɨɬ ɲɬɚɦɦɨɜ ɢɡ ȼɨɫɬɨɱɧɨɣ ȿɜɪɨ-
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ɩɵ, ɜɵɞɟɥɟɧɧɵɯ ɜ 2005 ɝɨɞɭ, ɧɨ ɨɬɥɢɱɚɸɬɫɹ ɨɬ ɜɢɪɭɫɨɜ, ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɯ ɜ ɐɟɧɬɪɚɥɶɧɨɣ ɢ Ɂɚɩɚɞɧɨɣ ȿɜɪɨɩɟ ɜ 2005/2006, ɚ ɬɚɤɠɟ ɥɢɧɢɢ, ɨɛɴɟɞɢɧɹɸɳɟɣ ɜɢɪɭɫɵ H5N1, ɢɡɨɥɢɪɨɜɚɧɧɵɟ ɜ ȿɜɪɨɩɟ ɢ ɧɚ Ȼɥɢɠɧɟɦ
ȼɨɫɬɨɤɟ ɜ ɤɨɧɰɟ 2007 ɝɨɞɚ. ȼɵɜɨɞɵ. Ɉɫɧɨɜɵɜɚɹɫɶ ɧɚ
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ, ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɬɨɦ, ɱɬɨ ɲɬɚɦɦɵ A/Ch/Syvash/02/05/H5N1 ɢ
A/Ch/Krasnogvardeysk/58/08/H5N1 ɹɜɥɹɸɬɫɹ ɜɵɫɨɤɨɩɚɬɨɝɟɧɧɵɦɢ.

5.

6.

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɜɢɪɭɫ ɝɪɢɩɩɚ ɩɬɢɰɵ, ɉɐɊ ɜ ɪɟɚɥɶɧɨɦ
ɜɪɟɦɟɧɢ, ɫɟɤɜɟɧɢɪɨɜɚɧɢɟ, ɮɢɥɨɝɟɧɟɬɢɱɟɫɤɢɣ ɚɧɚɥɢɡ.
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