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Summary. The aim of the work was to analyze current epidemic situation on highly pathogenic avian influenza
worldwide and in Ukraine during 2019-2020. The research was conducted in the framework of state control of
infectious animal diseases. The results of PCR tests obtained in the State Scientific and Research Institute of
Laboratory Diagnostics and Veterinary and Sanitary Expertise and in regional state laboratories, data of OIE website
(http://www.oie.int) in 2019 and 2020 were analyzed and summarized. During 2019-2020 outbreaks of highly
pathogenic avian influenza were detected in 53 countries of the World: in Europe — 22, in Asia — 21, in Africa — 7,
in America — 2, and in Australia — 1. In 2019 there was not registered any case of the highly pathogenic avian
influenza in Ukraine. In 2020 nine outbreaks of avian influenza were registered in commercial poultry farms (n = 2)
and backyards (n=7) of Vinnytsia, Mykolaiv, Kyiv, and Kherson regions of Ukraine. It was confirmed that all
characterized viruses were closely related and belonged to the highly pathogenic avian influenza virus H5N8 clade
2.3.4.4b identical to the avian influenza viruses currently circulating in Europe and Asia. Wild birds were identified as

the main modes of HPAIV spread
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Introduction. Avian influenza (AI) is an infectious
and contagious viral disease of birds. The etiological
agent is a negative-sense, single-strand RNA virus
with a segmented genome that belongs to the
Orthomyxoviridae family Influenzavirus A  genera.
Type A influenza virus can affect wild birds as well as
food producing birds (chickens, turkeys, quails, guinea
fowls, etc.) and pet birds, some subtypes of virus cause
high mortality rates. The virus has also been isolated
from mammalian species including humans. Based on
the antigenic structure of the surface glycoproteins
type A influenza viruses have been classified into
16 hemagglutinin (HA) subtypes and 9 neuraminidase
(NA) subtypes that replicates in birds in different
combinations (Alexander, 2007; Cox etal., 2000).
Recently, two additional HA and NA subtypes (H17N10
and H18N11) subtypes have been detected in bats (Tong
etal, 2012, 2013). Theoretically, thousands of different
combinations of HA and NA are possible.

Avian influenza viruses (AIVs) commonly detected in
the wild birds in most cases are avirulent or cause only
mild clinical signs (reduced body weight) (Feare, 2010;
The Global Consortium for H5N8 and Related Influenza
Viruses, 2016), and are referred to low pathogenic avian
influenza virus (LPAIV). However, LPAIV subtypes have
the capacity to mutate and become high pathogenic
avian influenza virus (HPAIV) — a systemic disorder
with an acute clinical course and high mortality rate
(Alexander, 2007). It is supposed that the transformation
occurs during transmission from wild birds and
adaptation of LPAIV to poultry (Feare, 2010; The Global
Consortium for H5N8 and Related Influenza Viruses,
2016). From the 16 HA subtypes of AIV detected in wild
birds, only H5 and H7 subtypes (regardless of the
N subtype) have the potential to mutate. According to
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the World Organisation for Animal Health (OIE), AIV is
defined as ‘an any influenza A virus with high
pathogenicity (HPAI) and H5 and H7 subtypes with low
pathogenicity (H5/H7 LPAI)’. OIE requires notification
for all H7 and H5 subtypes, regardless of their
pathogenicity (OIE).

The economic impact of AIV on poultry is severe,
since not only the decreasing of egg production and a
high mortality (may reach 100%) in birds are observed,
but also a significant restriction in trade. Another subject
of concerning is the ability of AIV to genetic
reassortments that can lead to development of advanced
human strains (Feare, 2010; Gaidet etal.,, 2010; King
et al.,, 2020).

AlVs are spread globally thanks to reservoirs such as
birds. Due to passage through the territory of Ukraine of
a large number of transcontinental migration routes of
wild migratory birds (pass from North Asia and Europe
to the Mediterranean, Africa, and Southwest Asia and
cross from the Baltic and Caspian seas to the Black and
Mediterranean seas, and from Western Siberia and
Kazakhstan to Western Europe and North Africa),
sharing common border with countries where cases of
Al were registered and trade relations with these
countries, there is a high risk of introduction of AIV into
the territory of Ukraine (Muzyka etal, 2012, 2017;
Sapachova et al., 2019).

The necessity of epidemiological surveillance on Al
determined by the risk of introduction of new virus
strains into the country and penetration of the virus into
commercial poultry farms and backyards, the emergence
of epidemics that can lead to great economic losses.

The aim of the study was to analyze epidemic
situation on HPAI in the World and in Ukraine during
2019-2020.
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Materials and methods. The research was conducted
in the framework of state control of infectious animal
diseases. The results of PCR tests obtained in the State
Scientific and Research Institute of Laboratory
Diagnostics and Veterinary and Sanitary Expertise and in
regional state laboratories in 2019 and 2020 were
analyzed and summarized. Data of OIE website
(http://www.oie.int) and materials of scientific
publications were used.

Samples. During 2019-2020, 7,934 samples of
internal organs (intestines, lungs, heart, and trachea),
cloacal and tracheal swabs from poultry were tested. In
addition, 5,659 wild birds (mainly comprising duck,
swans, and pigeons) were examined in the same period.
A standard set of organ samples, oropharyngeal and
cloacal swabs, poultry manure were collected from dead
or shot wild birds.

Virus detection and subtyping. Cloacal and tracheal
swabs were immersed in 1 ml of phosphate buffered
saline (PBS), shaken and centrifuged for 10 min at
3,000 g. From organ samples 10% suspensions were
prepared, centrifuged for 10 min at 3,000 g. Total RNA
was extracted from 0.2mL of supernatant using a
IndiSpin Pathogen Kit (Indical Bioscience, Germany)
and reagents for column isolation of RNA/DNA
‘ArtRNA MiniSpin’ (ArtBioTech, Belarus) according to
the manufacturer’s protocol. The detection of ATV RNA
(detection of the M gene) was performed using a
VetMAX™-Gold AIV Detection Kit (Avian Influenza
Virus RNA Test Kit) (Thermo Fisher Scientific). In the
case of positive samples, the subtyping hemagglutinins
H5 and H7 were carried out by Adiavet AIV H5-H7 Real
Time (Adiagéne SARL, France). RT-PCR for the N8 gene
were carried out using AgPath-ID™ One-Step RT-PCR
Reagents (Ambion-Applied Biosystems) with N8 RT-
PCR primers and probe, described by Hoffmann et al.
(2016).

Virus sequencing. The pathogenicity of AIV were
determine according to a SOP ‘One Step PCR for
detection of H5 and H7 avian influenza virus and
cleavage site sequencing’ used by the OIE/FAO
international reference laboratory for AI at the Animal
and Plant Health Agency (Weybridge, UK).

Samples containing Al virus type A subtype H5N8
were submitted to OIE reference laboratory (Animal and
Plant Health Agency, Weybridge, UK) for AIV
pathogenicity — determination and full genome
sequencing. The RNA nucleotide sequences were
compared to nucleotide sequences of RNA viruses
circulated in Europe and Asia, nucleotide sequences of
RNA viruses were obtained from NCBI and GISAID
EpiFlu databases. Sequence comparisons were performed
with the BLAST.

Results and discussion. During 2019-2020 outbreaks
of highly pathogenic avian influenza were registered in
53 countries of the World: in Europe — 22, Asia — 21,
Africa — 7, America — 2, and in Australia — 1 (Table 1).

According to data shown in Table 1, the most
diversity of various H5 subtypes of HPAIV circulate in
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Asia (H5N1, H5N2, H5N5, H5N6, and H5NS). In Africa
H5N1, H5N2, H5N6, and H5N8 were detected. In most
European countries circulating of H5N8 of HPAIV were
observed, H5N6 was detected only in Denmark and
Ireland, H5N1 in Italy, United Kingdom, and the
Netherlands. H7 subtypes of HPAIV were detected in
America (H7N3 in Mexico, USA) and Oceania (H7N7 in
Australia).

Table 1 — Circulation of HPAIV (types H5 and H7)
in the World in 2019-2020

ALV type Country
H5

Bhutan, China, India, Laos, Nepal, Nigeria,

H5N1 |Togo, Vietnam, Italy, United Kingdom,
The Netherlands

H5N2  [Chinese Taipei, Egypt
Belgium, Chinese Taipei, Denmark,

H5N5  |Germany, United Kingdom, Sweden,
Taiwan, The Netherlands

H5N6 Cambodia, China, Denmark, Ireland,
Nigeria, Philippines, Vietnam
Belgium, Bulgaria, Czech Republic, Congo,
Denmark, Croatia, France, Germany,
Hungary, Iran, Iraq, Italy, Ireland, Israel,

H5NS Japan, Kazakhstan, Kuwait, Korea, Namibia,
Nigeria, Norway, Pakistan, Poland, Romania,
Russia, Ukraine, United Kingdom, Saudi
Arabia, Slovakia, Slovenia, South Africa,
South Korea, Sweden, Spain, The Netherlands

H7
H7N3 [Mexico, United States of America
H7N7 |Australia

The analysis of an epidemiological situation of Al in
Ukraine during 2019-2020 was carried out (Tables 2-3).
In 2019-2020, 13,593 samples of pathological material
and swabs were tested by RT-qPCR, which includes
5,659 samples from wild birds and 7,934 — from
domestic. Samples of internal organs (intestines, lungs,
heart and trachea), cloacal and tracheal swabs, as well as
poultry manure were taken for the testing.

Table 2 — The results of AIV type A detection in
pathological material from birds

Object of study
Year Poultry Wild birds
Tested | 5o itive| % | 1% | positive | %
samples samples
2019 111 0 0 2,367 0 0
2020 7,823 149 |1.90| 3,292 4 0.12
Total| 7,934 149 |1.88] 5,659 4 0.07

In 2019 positive samples on AIV type A were not
detected. In 2020, 153 positive samples on Al type A
(149 samples from poultry and 4 — from wild birds)
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were detected. All AT positive samples were typed on H5
and H7 subtypes.

According to the data in Table 3, presence of AIV
subtype H5 were confirmed only in 54 samples of
pathological material and in 30 samples of cloacal and
tracheal swabs of poultry of Vinnytsia, Kherson, Kyiv
and Mykolaiv regions. In sample of pathological material

of poultry of Ternopil, Odesa, Kharkiv regions and
samples of pathological material of wild bird of Odesa
and Kherson regions H5 and H7 subtypes of AIV type A
were not detected.

In general 9 outbreaks of Al there were registered in
Vinnytsia (1), Mykolaiv (5), Kyiv (2) and Kherson (1)
regions (Table 4).

Table 3 — The results of AIV type A subtyping on hemagglutinins H5 and H7

. Number of Hemagglutinin subtype
No Region Type of sample samples s 0
. . pathological material of poultry 36 25 0
1| Vinnytsia swabs (cloaca and trachea) of poultry 30 30 0
2 | Ternopil pathological material of poultry 1 0 0
3 | Odesa pathological material of wild birds 2
pathological material of poultry 19 0 0
4 | Kherson pathological material of wild birds 2 0 0
pathological material of poultry 5 5 0
5 | Kyiv pathological material of poultry 6 6 0
poultry manure 1 0 0
6 | Mykolaiv pathological material of poultry 35 18 0
7 | Kharkiv pathological material of poultry 16 0 0
Total 153 84 0
Table 4 — Outbreaks of Al in Ukraine in 2020
Date Outbreak location Susceptible| Cases |Deaths| Killed Morbidity| Mortality|Fatality
rate, % rate,% | rate,%
18.01.2020|Pubakiv, Nemyriv District, 116,544 | 7,856 | 7,856 |108,688| 6.74 674 | 100
Vinnytsia Region (farm)
Kandybyne, Nova Odesa District,
02.122020| o R eion (backyard) 10 10 | 10 0 100 100 | 100
Novomatviivske, Nova Odesa
08.12.2020 District, Mykolaiv Region (village) 15 3 0 20 261 0 0
Yaselka, Ochakiv District,
23.12.2020 Mykolaiv Region (backyard) 21 3 3 18 14.29 14.29 100
23.12.2020[LCONIVKa, Ivankiv District, 463 | 463 | 463 | 0 100 100 | 100
Kyiv Region (village)
Borodianka, Borodianka District,
26.12.2020 Kyiv Region (backyard) 1 1 1 0 100 100 100
Trykhaty, Mykolaiv District,
28.122020)) 4 Remion (backyard) 16 1 1 15 6,25 625 | 100
28.12.2020|Vanivka, Arbuzynka District, 98,264 | 587 | 587 | 15 0.60 0.60 | 100
Mykolaiv Region (farm)
Zaozerne, Kakhovka District,
28.12.2020 Kherson Region (backyard) 43 26 26 17 60.47 60.47 100

The first outbreak of AI was registered in an
industrial poultry farm with a total number of layers over
98,000 in Vinnytsia Region (Buhakiv Village of Nemyriv
District) on 18 January 2020. The outbreak was detected
in the course of passive surveillance at an establishment
for laying hens. It was the first outbreak of AI caused by
HPAI H5N8 virus in our country over the last 3 years.
The presence of HPAIV type A subtype H5N8 in the
poultry samples were confirmed by OIE reference
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laboratory in Animal and Plant Health Agency
(Weybridge, UK). Whole genome sequence analysis was
shown high identity with European H5NS8 viruses (i.e.
Poland and Slovakia 2020) clade 2.3.4.4b. The genotype
of the virus is the same as those viruses that have been
detected in domestic and wild birds in Europe since
December 2019. They are reassortants of LPAI viruses
from Eurasia and HPAI A (H5N8) viruses from Africa.
In particular, PB1 and NP genes derive from Eurasian
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wild bird strains and the remaining genes are most
similar to viruses circulated in West Africa in 2019. It is
likely that this reassortment occurred in wild migratory
birds in Asia during the summer and then spread to
Eastern Europe with the autumn migration of birds.

The first outbreak was quickly eradicated. Correct
and quick reaction on this first outbreak that was
slaughtering of all susceptible poultries in the farm
(108,688 birds) and undertaken veterinary and sanitary
measures helped to stop spreading of the AIV.

Another eight outbreaks of HPAIV were registered
during December 2020.

AT outbreaks were registered in five districts of the
Mykolaiv region: two outbreaks in backyards in Nova
Odesa District (in Kandybyne Village 02.12.2020 and in
Novomatviivske Village 08.12.2020); single outbreaks in
backyards in Ochakiv (Yaselka Village 23.12.2020) and
Mykolaiv districts (Trykhaty Village, 28.12.2020); and on
an industrial poultry farm in Arbuzynka Ditrict
(Ivanivka Village 28.12.2020).

In Kyiv Region two AI outbreaks were registered.
First outbreak of AIV type A subtype H5N8 were
registered 23.12.2020 in poultry (23 turkeys and
440 chickens) founded on a roadside in a distance 1 km
from Leonivka Village Ivankiv District. Second outbreak
of Al was recorded 26.12.2020 in a backyard in
Borodianka Village Borodianka District during an
epidemiological investigation of the AI outbreak in
Ivankiv District.

28.12.2020 Al outbreak was registered in poultry in a
backyard in Zaozerne Village Kakhovka District Kherson
Region.

The source of infection has not been found yet for
any of the registered outbreaks of AI. Wild birds are the

most likely source of AIV in our country, even
considering the fact that in farms the poultry did not
have outdoor access. Indirect contact with infected wild
birds thought polluted environment by infected birds
can lead to AIV spreading. Analysis of migration routes
of wild birds indicates that Mykolaiv, Odessa, and
Kherson regions are located at the crossing of wild bird
migratory routes, so the risk of introduction of AIV by
wild migratory birds is high.

The higher number of outbreaks observed in poultry
and it absence in wild birds could be explained by an
ineffective passive surveillance of wild birds, by a
different host response to virus infection between
domestic and wild birds, or by herd immunity of wild
birds due to past seasons’ exposure to HPAI A (H5).

Conclusions. During 2020, nine outbreaks of Al were
detected in two commercial poultry farms and in seven
backyards of Vinnytsia (1), Mykolaiv (5), Kyiv (2), and
Kherson (1) regions in Ukraine. It was confirmed that all
isolated viruses were closely related and belonged to the
HPAIV H5N8 clade 2.3.4.4b identical to the AIV that are
currently circulating in Europe and Asia. Wild birds and
human activity were identified as the main modes of
HPAIV spread. Further epidemiological studies should
be directed to identifying possible risk factors and
understanding routes of AIV spreading. Systematic
surveillance and prevention epidemiological measures
need to be continuing.
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