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Abstract

The paper highlights the impact of two cross-border poultry infections with zoonotic potential (avian
flu and Newcastle disease) on the functioning of industrial poultry farms in the former Soviet Union
counties (Ukraine, Russia, Belarus, Kazakhstan), where the poultry industry is fairly well-developed.
Despite the permanent vaccination of poultry against Newcastle disease in industrial poultry farming,
the disease still affects individual farms in Ukraine, the Russian Federation, and Kazakhstan. In case
of outbreaks, the Russian Federation and Kazakhstan use inactivated influenza vaccines. In Ukraine,
for almost 20 years, outbreaks of influenza have been confirmed mainly on individual farms, and
one outbreak of highly pathogenic influenza was reported on an industrial poultry farm in 2020. In
the Russian Federation, highly pathogenic influenza occurs on industrial poultry farms more often.
In Russia, seven industrial poultry enterprises were affected by influenza in 2016-2017, and eight in
2018. Infection of poultry with influenza virus on poultry factory farms is an indication of shortcomings
in compliance with biosecurity measures. Influenza and Newcastle disease are always likely to occur
in the countries in question, as wild birds migrate through their territory, and they are a reservoir
of pathogens, therefore outbreaks are often associated with spring and autumn migrations of wild
birds. In all of said countries, a large number of poultry is kept by individual households, where basic
biosecurity, sanitation and preventive vaccination measures are not applied. This component is often
crucial in bringing viral infections such as influenza and Newcastle disease on large poultry farms. As
a result, the virus is brought onto poultry farms by synanthropic birds, humans, transport, feed, etc.
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INTRODUCTION

Poultry farming as an industry is the
most viable, flexible and profitable component
of animal husbandry, which can be developed
on a limited area and on the basis of innovation
and investment, using the experience of other
countries. Broiler meat is predominantly produced
at large broiler factory farms operating in a closed
production cycle. High biological precocity and
high reproductive cycle provide a regular supply of
fresh high-calorie products to consumers in large
cities, industrial centres and resort areas with a
significant concentration of population, as well
as help to successfully solve the food problem.!
Ukraine’s share in global poultry production
currently stands at 1.1%, which has allowed the
country to rank as the 21** world’s producer of
such products.? Ukraine ranks ninth in the world
market for egg production (1.4%). The country’s
share in the European egg production market is
7.6%.' According to statistics, in Ukraine, there are
currently 152 egg producers, 82 poultry producers,
102 producers of breeding products, as well as 338
inter-farm enterprises. Poultry is characterized
by high productivity, intensive growth and the
highest conversion of feed with good adaptation
to industrial conditions. In reality, however, the
efficiency of agricultural production in Ukraine is
lower than desired, and the production of poultry
products is insufficient to satisfy market needs.?

Meat is an important component of
human nutrition and has high nutritional value.
The content of nutrients in the meat of different
animal species is basically similar. Although chicken
meat is considered somewhat less caloric, it also
contains less fat, which strengthens its dietary
importance. In the production and processing
of poultry meat, it is important to observe the
standards of health and welfare of birds, which
directly affects the quality of the final product. The
meat of ducks, turkeys and other types of industrial
poultry has its own specific features, remaining a
desirable product in human nutrition.*

One of the advantages of technological
processes of companies in Ukraine is the closed-
loop character of all components of production.
Such companies control the production and
distribution units. The production process begins
with the collection of grain from the company’s

own arable land, from where the grain is then
transported to their own elevators. In the next
stage, raw materials are processed into feed at
the company’s production facilities. At the same
time, the incubation and brooding of young birds
at incubators takes place. The breeding, slaughter
and processing of poultry follows. As a next step,
the companies use their own vehicles to transport
the meat and eggs to supermarket chains, as well
as their own outlets. The production process
allows to minimize risks and transaction costs, and
therefore reduce the cost of production. The main
prerequisites for capturing the market by such
enterprises are their large capacity and capital, the
ability to use advanced equipment and operate in
a closed production cycle.>® The authors provide
evidence that introducing logistic management
of production turnover of large poultry farming
enterprises is necessary in order to facilitate
transition to system planning and the organization,
as well as to allow benefiting from the advantages
of rationalization of production processes and
the modern concept of management of material
resources.

The authors conclude that poultry
production to be optimized, an appropriate
information infrastructure needs to be created to
facilitate collecting, organizing and transmitting
information using new technologies, modern
software products, computers and computer
networks.” Poultry products are significantly
cheaper than pork and beef, which is very
important for countries where the majority of the
population has low purchasing power.?® Today, a
large part of the population prefers poultry meat
due to availability, nutritional and price factors.*

For the production of broiler meat,
the industrial poultry industry of Ukraine keeps
highly-productive poultry of modern crosses
supplied by the world’s leading companies. Upon
reaching the age of 42 days, the body weight of
chickens is 2.5-2.65 kg and the feed conversion
ratio is 1.6-1.7 kg per kilogram of gain. In private
(individual) household farms, broilers are kept
for up to 3—4 months.** In Ukraine, poultry other
than chickens accounts for only 9% of all poultry.
According to the State Statistics Service of Ukraine,
94% of geese, 96% of ducks and 65% of turkeys are
keptin individual household farms.*? According to
the Association of Poultry Farmers of Ukraine, in
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2017, poultry meat produced in the country was
obtained from: broilers — 94.3%; goose — 0.1%;
duck—0.18%; turkey —2.3%; meat of other poultry
species —3.2%. In 2019, the poultry population in
Ukraine increased by almost 10 million heads: from
222.6 million (as of December 1, 2018) to 232.2
million heads (as of December 1, 2019). From July
1, 2019 to July 1, 2020, the poultry population
decreased by 1.9% — to 248.79 million heads:
by 2.4% (to 121.35 million heads) in agricultural
enterprises and by 1.4% (to 127.44 million heads)
in small-scale farms. As of September 1, 2020, up
to 254.7 million birds were kept in Ukraine. At the
same time, according to FAO, Ukraine currently
does not have objective indicators on the scale of
threats to both food security and losses resulting
from the diseases of animals, birds, bees, etc., due
to the lack of primary data on livestock. However,
as we can see, the number of poultry kept on
individual farms (51.2% of the total number of
248.79 million) is slightly higher than in large
industrial farms (48.8%).13

Today, industrial poultry farming in the
Russian Federation is the main source of meat
and meat products in the country’s food market.
Poultry meat accounts for more than 40% of total
meat resources. In the Russian Federation, a vast
majority of poultry is produced by large industrial
poultry enterprises. Of the total volume of poultry
meat, 86% is produced by such companies and
only 14% comes from small-scale and household
farms. 1415

In the Republic of Kazakhstan, industrial
poultry farming is represented by 62 powerful
poultry farms, of which 36 are egg-laying
enterprises, 23 produce broiler meat, and three
are engaged in the production of waterfowl meat.
An analysis of the state of poultry farming in this
country showed that as of the beginning of 2019,
the poultry population in all categories of farms
was 44,452 thousand heads; in this case, large
poultry farms accounted for 32,388.5 thousand
heads, or 72.8%. The remaining birds are raised
on small-scale and household farms.®

In the total meat production volume in
the Republic of Belarus, the share of poultry is
42.8%, beef—24.5%, pork —25.7%, other species —
7%. The centralised governing body of the poultry
industry is the republican association “Belarus
Poultry”. The association consists of five poultry

breeding enterprises,?” egg-direction poultry
enterprises, 10 meat-direction poultry enterprises
and two enterprises operating in the compound
feed industry. In total, there are 56 state-held
and private poultry enterprises operating in the
industry of the Republic of Belarus. There are
eight meat and 12 industrial poultry farms in
the country, and they account for about 70% of
the total production volume. Along with state-
owned poultry farms, non-state-owned poultry
enterprises are developing intensively.”*® The
share of total production of broiler meat was 93%,
ducks—0.6%, turkey meat—0.5%, laying hens —2%,
other species (geese, ducks, ostriches) —0, 02%.°

Poultry farming carried out on an
industrial basis is the most intensively-developing
branch of animal husbandry. It requires a high level
material and technical base, breeding of special-
breed linear hybrids, as well as uninterrupted and
complete supply of high-quality feed with complete
feeds and protein and vitamin supplements, trace
elements, amino acids, antibiotics and vaccines for
all species, ages and sex groups of birds.?°

Biological features of a bird (meat
crosses) can only be used in modern technological
enterprises. Today, intensive technologies for
the production of broilers of different weight
categories allow for reasonable timing for breeding
roosters and hens separately, facilitate the use of
new parameters of stocking density, feeding and
watering front, as well as other standards that
ensure high productivity, and contribute to high
economic efficiency of broiler production as a
whole. All this suggests that further improvement
of production through the use of resource-
saving technologies and a fuller realization of
technological and organizational potential are
needed. Significant investments are possible only
in large industrial poultry enterprises where the
latest technologies are used.?

Poultry complexes are modern intensive
poultry enterprises. They are equipped with
complex technological systems for the preparation
and distribution of forages, automatic ventilation
and climate control. A large number of poultry is
kept in a limited space. The optimal microclimate
in poultry houses contributes to the full realization
of the birds’ genetic potential, disease prevention,
increasing natural resistance, as well as extending
the service life of the facilities and equipment.
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An optimal microclimate in the premises is
achieved through compliance with scientifically-
sound values of the environmental parameters
(temperature, humidity, speed, etc.) that comprise
it.22’23

Thus, industrial poultry farming is the
branch of animal husbandry that allows to obtain
a significant amount of high-quality food for the
population in the shortest possible time. Modern
intensive poultry farming can pose a potential risk
to the health of birds as well as people working
in such facilities.?* Researchers point out that the
functioning of livestock and poultry complexes
entails a threat to the environment, as harmful
gases, dust and bioaerosols with a high content
of pathogenic bacteria, viruses, fungal spores and
endotoxins are released into the atmosphere on
a daily basis. In most cases, the concentrations of
these pollutants are higher than the maximum
allowable level, which poses a potential risk to the
health of animals, poultry, poultry workers (farms),
as well as the population of nearby areas. The high
population density of birds and animals creates
conditions for outbreaks of mass infections,
including zoonoses, which spread rapidly to all
livestock.?

Further intensive development of poultry
farming in a market economy requires, first and
foremost, the veterinary welfare of flocks &
herds. Among the various responsible veterinary
measures, the main ones are preventing major
diseases among poultry and preventing acute
infectious diseases from being possibly introduced
onto farms. Currently, viral infections are especially
widespread in poultry. Zoonoses such as bird flu
and Newcastle disease continue to be the most
common and dangerous diseases in the world.
Wild migratory birds play quite an important role
in originating and spreading these diseases.?>%
There is always a threat of bringing bird flu and
Newcastle disease into the territory of Ukraine
during seasonal migrations of birds, and thus
the arising emergencies leading to significant
economic losses, especially in the regions that
are geographically at risk because of the main
migration routes of wild migratory birds that run
through them.?*2% The concept of “One Health”
defines the joint efforts in several disciplines
undertaken at the local, national and global levels
to ensure the health of humans, animals and plants

in the environment. Nowadays, in the context of
new zoonoses whose causative agents originate
from wild animals, scientists emphasise that it is
vital that different disciplines (medicine, veterinary
medicine and others) work together to solve these
problems. Transboundary zoonoses (which include
pathogens of highly-pathogenic avian influenza
and Newcastle disease) are frequent, and they
also require joint interdisciplinary collaboration to
develop strategies for the control, monitoring, and
response measures.” Over the past 30 years, there
has been a significant increase in new infectious
human diseases, of which more than 70% are
zoonotic.303!

Sources and data

The authors used the official data from
the OIE, Rosselkhoznadzor, the State Service of
Ukraine on Food Safety and Consumer Protection
on the epizootic situation of highly pathogenic
avian influenza and Newcastle disease in Ukraine,
the Russian Federation, Kazakhstan, and Belarus.

This paper draws on specialist literature
from CIS countries (states of the former USSR)
— Russian-language and Ukrainian-language
publications, as well as a small number of English-
language sources. Information processing was
performed by retrospective analysis.

As a standard choice, the selection of
scientific articles on the matters at hand mainly
comprises experimental and review articles on
the technological aspects of poultry keeping
in high-end enterprises, outbreaks of highly
pathogenic influenza and Newcastle disease,
cross-border diseases, zoonoses, farm biosafety,
control and prevention of the diseases in Ukraine,
Russian Federation, Kazakhstan, and Belarus,
the potential role of intensive poultry farming
technologies in spreading said diseases on poultry
farms. The specialist literature mostly belongs to
peer-reviewed publications. Methodical
approaches meet the criteria for authoritative
scientific publications. The specialist literature
(85-90%) was published no later than in 2005.

Characteristics of the most significant pathogens
of infectious poultry diseases with zoonotic
potential

Both infectious diseases in question
(highly pathogenic influenza and Newcastle
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disease) have a high zoonotic potential and are
considered cross-border infectious diseases.?
These infections can be introduced into the
territory of Ukraine with imported livestock
products or poultry, or spread through wildlife.3*3*
Regarding Ukraine, considerable risks exist of
cross-border entry and spread of disease from
the territory of its neighbours or countries with
which Ukraine maintains close trade and economic
relations.® According to the State Service of
Ukraine on Food Safety and Consumer Protection
and World Organization for Animal Health (WOAH)
data, over the last 20 years, bird flu was confirmed
in the country in 2002 (Kyiv), in 2004 (Kyiv), in
2005 (16 contaminated areas in Autonomous
Republic of Crimea, in 2006 (Sumy Oblast, Odesa
Oblast — two contaminated areas, Autonomous
Republic of Crimea — eight contaminated areas),
in 2008 (Autonomous Republic of Crimea — two
contaminated areas), in 2010 (Kyiv), in 2016
(Kherson Oblast — three contaminated areas), in
2017 (Mykolaiv Oblast, Odesa Oblast, Ternopil
Oblast, Chernivtsi Oblast — two contaminated
areas), in 2020 (Vinnytsia Oblast, Kherson Oblast,
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Mykolaiv Oblast, Odesa Oblast —two contaminated
areas) (Figure 1), Newcastle disease was officially
documented in 2006 (Kharkiv Oblast, Rivhe Oblast
— four contaminated areas), in 2007 (Zhytomyr
Oblast) (Figure 2b).

According to the World Organization for
Animal Health (WOAH) and the Federal Service
for Veterinary and Phytosanitary Supervision of
the Russian Federation, (over the last 10 years) in
the territory of the Russian Federation bird flu was
documented in 2010 — one contaminated area, in
2014 —two, in 2015 - six, in 2016 — eight, in 2017
— 35, in 2018 — 89, in 2019 - two, in 2020 — 80
contaminated areas, in 2121-2022 also present
in limited zones (Figure 2a). Newcastle disease in
2020 —11 contaminated areas, in 2121-2022 also
present in limited zones (Figure 2b). In Kazakhstan,
according to the same sources and over the same
period, the flu was registered in 2015 — one
contaminated area, in 2017 — one, in 2020 — 11
contaminated areas in 2121-2022 present in
limited zones; Newcastle disease was confirmed
in 2013 and 2018 (Table 1).

Humans can be affected by avian influenza

Figure 1. Outbreaks of HPAI in Ukraine 2005-2022 by WOAH WAHIS information system
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A(H5N1), A(H7N9), A(H9N2) and swine flu subtypes
A (HIN1), A (HIN2), (H3N2), reassortments (shift
variants) of avian influenza and swine flu may
also occur. Humans can become infected mainly
through direct contact with sick birds and animals,
or through pathogen transmission factors (virus-
contaminated environmental objects). It should
be noted that the effective transmission of
avian virus between humans has still not been
confirmed. Avian and swine flu viruses and their
reassortants cause a disease with a mild upper
respiratory tract infection, in which case fever
and cough are frequent symptoms, and patients
have a significant sputum secretion (especially in
the early stages). In some cases, the infection can
progress to severe pneumonia and even death.
Depending on the subtype of the virus, intestinal
symptoms, conjunctivitis, encephalitis and
encephalopathy can develop. As the waterfowl is
the leading reservoir of these pathogens (almost
all subtypes), eradication of these infections is
almost impossible, therefore such outbreaks will
occur in the future. Therefore, constant epidemic
surveillance, risk assessment and epidemic
investigation of each case of such infections, etc.
is crucial.

Confirmed outbreaks of avian influenza
in large industrial enterprises lead to substantial
economic losses. Companies incur considerable
costs in eliminating the consequences of
outbreaks, and do not sell young birds obtained
from parent herds (compliance with quarantine
zones requirements). As a result, meat and eggs
production drops significantly and discrepancy

s [

between the population’s demand and the supply
by livestock producers may occur. Influenza
outbreaks in 2004-2005 in Europe, the Middle
East, Central and Southeast Asia, Africa, and
North America resulted in significant economic
losses. Mankind will never be protected from
bird flu outbreaks, because wild birds know
no boundaries. The risk of infection can only
be reduced to a minimum through constant
compliance with biosafety requirements.3¢32
Geographically, the territory from Russian
Murmansk to Kamchatka, as well as the marshy
plains of northern Canada are a giant “melting pot”
in which migratory birds of the Northern and partly
Southern hemispheres nest every summer. In this
melting pot, various combinations of influenza
virus subtypes, reassortants and new strains are
formed. Young migratory birds are bred and fed
there, infected by these viruses in the nest and
then carrying them to new territories (migration
routes). Such migratory flows of birds also pose
a threat to local natural populations and poultry.
In winter, the “exchange” of viruses continues in
their wintering areas (coastal areas of the seas of
Africa, Asia, Europe, etc.). At the end of winter, the
reverse (spring), northward migration begins. This
is the so-called circular motion. In countries such
as China, Egypt and others, avian influenza is an
endemic infection, and the disease is now being
confirmed regardless of the time of seasonal flight
of birds (the virus is reserved by local birds).%
According to WHO, in 2016, more than
600 people died of bird flu in China alone. In
Europe, the number of deaths was 150. Another

, oy %

4

“

sose. [

Figure 2. Geographical distribution of (a) HPAl and (b) Newcastle disease on the territory of Ukraine, Russia, Belarus
and Kazakhstan 2005-2022 by report of OIE WOAH (https://wahis.woah.org)
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factor in increasing the virulence of influenza
viruses in Southeast Asia and North Africa is
the constant interaction of poultry with wild
birds, different species of animals, and human
populations. This is another type of “melting pot”,
where reassortment between influenza viruses of
birds, humans and animals (mostly pigs) occurs.®

According to the results of serological
tests performed by the Institute of Experimental
and Clinical Veterinary Medicine (Kharkiv) in 2003,
antibodies to avian influenza virus subtype H5
were detected in the serum of 4.93% of the wild
birds under study. In the same year, antibodies to
avian influenza virus subtype H5 were found in
egg yolks of 16.6% of the studied birds. In 2007,
2008 and 2011, antibodies to avian influenza virus
subtype H5 were detected in the blood serum of
mallards. The vast majority of highly pathogenic
variants belonged to A H5 and H7 influenza viruses,
so given the threat to birds, special attention
should be paid to these viruses and studies of their
circulation should be undertaken. Avian influenza
viruses of these subtypes began to infect humans.
In this case, the mortality rate was about 60%.%”
Serological studies of B. Stehniy et al.*® showed
that antibodies to influenza virus subtype H10
were detected in 33.3% of the samples, to subtype
H13 —in 10% and to subtype H14 — in 90% of
the samples taken from pied avocets. From the
samples of yolk extracts taken from the slender-
billed gull, 20% were positive for influenza virus
subtypes H10 and H14, and 80% tested positive
for subtype H13. In a study of Newcastle disease,
antibodies were detected only in the serum of the
Eurasian oystercatcher.

The epizootic situation of highly-
pathogenic influenza in the Russian Federation is
also quite strained.?®#° During the monitoring of
the influenza virus in the Saratov Oblast, influenza
pathogen A/H5NG6 of clade 2.3.4.4 was confirmed
to circulate for the first time in Russia. In the
spring of 2018, two different genetic lines of A/
HIN2 influenza virus, which were isolated during
outbreaks in several poultry farms, were confirmed
to circulate for the first time in Primorsky Krai
and Amur Oblast. Subsequently, this subtype of
the virus continued to spread in Russia, which
was confirmed when influenza A/H9N2 virus was
identified in wild birds in the Khabarovsk Krai and
Tomsk Oblast.*

Infection with the influenza virus in
wild birds and domestic ducks causes almost
no harm to them.*? In infected birds, a slight
decrease in body weight is observed,*** and a
mild, short-term fever,* as well as minor changes
in immunological parameters.* In wild ducks a
decrease in the number of eggs laid during one
week after becoming infected was observed.
Infected birds do not lose the ability to fly long
distances and thus can spread the virus during
seasonal migrations.*’-* Waterfowl and shorebirds
are natural reservoir species of influenza virus.
However, poultry are not natural reservoirs; they
are sensitive to infection and they develop the
disease.”®* Thus, the wild bird-carrier of influenza
virus (which in most cases is not clinically ill)
secretes the pathogen with saliva, nasal leaks and
manure, pollutes the environment and infects
other species of birds with which it comes into
close contact. Avian influenza viruses spread
globally thanks to such bird reservoirs. The ecology
of bird flu is in many respects determined by the
state of the immune system, annual life cycles, the
nature of migration and nutrition of wild birds as
a leading reservoir of the pathogen. Biodiversity
loss, as well as a radical change in wetland
ecosystems affects the activity of bird flu.>**2 The
causative agent of avian influenza easily adapts to
different species of animals and birds. Moreover,
such bird species as ducks, swans or pelicans can
pose a real threat to humans.>®* Human and avian
influenza viruses easily and rapidly exchange
amino acid residues to form reassortants, which
are fairly dangerous to humans.>*

Thus, wild waterfowl and shorebirds
are the main natural reservoir of influenza
viruses and play a major role in maintaining the
circulation of this pathogen. Influenza viruses of all
known subtypes of hemagglutinin (H1-H16) and
neuraminidase (N1-N9) have been isolated from
wild birds belonging to more than 100 species of
12 orders. However, most of these viruses were
isolated from the representatives of Anseriformes
and Charadriiformes. Viruses are constantly
isolated in Anatinae, Laridae and Sternidae, the
great crested grebe (Podiceps cristatus), domestic
ducks (Anasplatyrhynchos domesticus), mute
swans (Cygnusolor) and others. In line with the
World Organization for Animal Health classification
according to the structure of the hemagglutinin
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cleavage site, as well as the ability to cause disease
in birds, influenza viruses are divided into low
pathogenic (LPAI) and highly pathogenic (HPAI).
The international scientific community constantly
monitors and studies the disease, its epizootiology
and epidemiology, as well as the features of the
biological and genetic structure of the pathogen.
Information on the potential of some influenza
viruses (especially the highly pathogenic ones) to
overcome the interspecies barrier has prompted a
new wave of research on the ecology of influenza
virus, the discovery of new types of influenza virus
(influenza D virus in ruminants) and new hosts of
influenza A (two new subtypes of hemagglutinin
H17, H18 and neuraminidase N10—N11 have been
found in bats in South America). However, globally,
the most attention is paid to influenza A viruses,
because especially dangerous highly pathogenic
influenza viruses belong to this type. The winter
season in the Northern Hemisphere is usually
associated with an increased risk of spread of avian
influenza. For example, in the winter season of
2016-2017, a significant spread was observed of
highly pathogenic avian influenza subtype H5N8
in Europe and influenza virus subtype H5N6 in
Asia. Although the epizootic situation shows
encouraging signs of stabilization with the onset
of spring, there is an increased risk of further
outbreaks associated with spring migration of
birds, and therefore constant monitoring of the
situation is essential. Ukraine is no exception —nine
outbreaks of the new highly pathogenic H5N8 bird
flu were registered between November 2016 and
March 2017. Zoonotic strains of avian influenza
virus that have become endemic in China (H7N9)
and parts of Africa and Asia (H5N1) pose the most
significant risks to human health, so their biological
properties are constantly being studied and the
veterinary community is making every effort to
control these viruses and prevent their further
spread. There is no scientific evidence to suggest
that any restriction and attempts to regulate the
number of free-living wild birds (destruction of
nesting and resting places, shooting, etc.) can be
effective in controlling highly pathogenic avian
influenza. Detecting avian influenza, including
HPAI, in wild birds does not affect the country’s
sanitary status and does not lead to the loss
of disease-free status, and therefore there is
no reason to apply restrictive measures when

trading poultry or poultry products with other
countries.>>®! HPAI viruses spread rather rapidly
and become endemic to poultry, especially in
free-range domestic ducks (as was the case in
2003-2007 in Asia). In this case, spread of the
virus from poultry to wild birds is inevitable.®?
In China, influenza virus H5N8 of clade 2.3.4.4
was first isolated in 2010.5%% The pathogen has
become widespread and has caused outbreaks
among wild and domestic birds in various parts of
the world. In 2014, a subtype of H5N8 influenza
virus circulated in Southeast Asia and then entered
Europe and North America with wild birds traveling
along migration routes through the Russian
Federation.®*® The latter was confirmed by a study
of strain A/wigeon/Sakha/1/2014 (H5N8) isolated
in the Far East of Russia.®’ Study of the biological
properties of the virus showed a high degree
of identity with the strains circulating in Europe
and Southeast Asia. After a wide spread in 2014,
the H5N8 flu virus continued to circulate, and —
according to OIE — H5N8 outbreaks continued to
be reported in Korea and Taiwan until early 2016.%8
In May 2016, H5N8 appeared in the Republic of
Tuva in the Russian Federation. In 2016-2017, this
virus spread to the European part of the Russian
Federation.®"°

Influenza A variants adapted to birds
have a2'-3'-specificity. In birds, the terminal
a2'-3'-sialosides are found mostly on the surface
of the epithelial cells of the intestinal mucosa,
so in birds the flu occurs in the form of enteritis.
Aerogenic transmission of the virus is possible by
combining a2'-6'- and a2'-3'- specificities with
salivary epitopes. This combined specificity is
characteristic of the pandemic influenza A (HIN1)
pdm09 virus, which, as a consequence, has the
ability to spread by airborne droplets and cause
severe pneumonia in birds and other animals. The
ability of the influenza virus to adapt to different
hosts depends on its ability to rapidly change its
receptor specificity.”* Interspecific transmission
of influenza A virus is a multifactorial process
and occurs infrequently. Examples of overcoming
the interspecific barrier are cases of human
infection with influenza A viruses in birds and pigs
of subtypes H5N1, HON2, H7N7, H7N3, H7N2,
H1N2, HIN1v, H3N2v in Southeast Asia and some
countries in Europe and the United States.327273

All subtypes of influenza virus
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hemagglutinin are found in wild birds, but only
some of them are characteristic of mammalian
influenza viruses (H1, H2, H3 in humans, H1 and
H3 in pigs, H3 and H7 in horses).””® The incidence
of influenza has been reported in many species of
domestic and wild birds: chickens, ducks, turkeys,
Japanese quails, partridges, pigeons, gulls, terns,
guineafowls, penguins and others.”” In the study
of influenza, one of the most important issues is
identifying the sources and reservoirs of infection.
As already mentioned, in this respect wild birds
are of key importance. They usually have influenza
with little or no clinical symptoms, often in the
form of enteritis, which shows, first of all, a high
degree of adaptation and suggests that birds are
natural hosts for influenza virus A. However, in
some cases the disease is manifested by the mass
death of wild birds.” High resistance of viruses in
the environment, especially in water, and the fecal-
oral route of infection contribute to the constant
persistence of influenza pathogens among wild
birds.”>7*

During the surveillance of wild birds for
avian influenza virus (2001-2012) in the Azov-
Black Sea region of Ukraine, which is part of the
transcontinental migration routes of wild birds
from North Asia and Europe to the Mediterranean,
Africa and South-West Asia, researchers identified
27 combinations of HA and NA antigens. All isolates
were low pathogenic (LP) AlV, with the exception
of eight highly pathogenic (HP) AlV, which were
obtained during HSN1 HPAI outbreaks in 2006—
2008.7® Low-pathogenic strains of influenza virus
do not cause clinical disease, but almost always
replicate in the trachea and spleen, as well as cause
local and systemic cellular and humoral immune
responses.’’ Sequencing and phylogenetic analysis
of hemagglutinin (HA) genes have revealed
epidemiological links between the Azov-Black
Sea region and Europe, the Russian Federation,
Mongolia, and Southeast Asia. Subtypes AIV H1,
H2, H3, H7, H8, H6, H9 and H13 were closely
related to European, Russian, Mongolian and
Georgian isolates. Subtypes H10, H11 and H12
AlV have been epidemiologically associated with
viruses originating in Europe and Southeast Asia.
Ukrainian researchers also identified a new variant
of influenza virus H15 AIV in 2010; the latter has
a unique HA-NA subtype combination H15N7.
The new virus, along with the H15 virus isolated

in Siberia in 2008, constituted a new clade of H15
AlV isolates.”

In total, from 1959 to 2013, 29 epizootics
of highly pathogenic avian influenza caused by
influenza viruses of subtypes H5 and H7 were
confirmed worldwide. The epizootic of highly
pathogenic avian influenza H5N1 began in 1996
and resulted in the death of more than 250 million
domestic and wild birds in 63 countries in 16 years.
More than 25 years ago, an epizootic caused by the
highly virulent influenza A/H5N1 virus broke out
in the southern Chinese province of Guangdong,
marking the beginning of a major epizootic of
the 21 century. Hemagglutinin of the prototype
strain A/goose/Guangdong/1/1996 (H5N1) has
changed many times and evolved into new genetic
subgroups, participating in various reassortments,
and has survived to this day. Its evolution took
place in Eurasia, Africa and America. The global
nature of the movement of these viruses has been
confirmed by many scientists.” In 2018, the H7N9
subtype virus, which caused poultry disease in
China, showed a high zoonotic potential and killed
significantly more people than the H5N1 virus.®
In HSN2 and H7N8 isolates isolated in the Crimea,
phylogenetic analysis revealed ecological links
between these viruses and isolates from Siberia
and Europe.®* A study conducted by scientists
in the Russian Federation in 2015 showed that
influenza viruses of type A subtypes H5, H7 and
H9 circulated among wild birds in their country.
The researchers noted that the risk of introduction
and occurrence of highly pathogenic avian
influenza is the highest in the regions bordering
China and Mongolia. They noted that outbreaks
of highly pathogenic influenza among wild birds
may occur in the future, and that this may also
lead to influenza outbreaks on farms with low
biosecurity.®? There has been a recent widespread
distribution of H5 subtypes with neuraminidases
of various subtypes in different countries of Asia,
Europe and Africa.®*#’

According to monitoring studies
conducted in the Russian Federation in 2017-
2018, antibodies to influenza A virus were
detected in private, small-scale farms owned by
the residents of Smolensk oblast and the Republic
of Crimea, influenza A/5 — in the Altai Territory,
Rostov and Kaliningrad oblasts, to influenza virus
A/H9 — in the Primorsky Krai. In 2018, antibodies
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to influenza A/H9 virus were also detected in
unvaccinated chickens on two poultry farms in the
Primorye Territory.® Epidemiological monitoring
conducted in the Russian Federation in 2019 did
not confirm the presence of antibodies to the
bird flu virus in unvaccinated birds, while studies
conducted in 2017-2018 revealed the presence
of post-infection antibodies to influenza A virus.
H5 virus was detected in serum samples of birds
in the Altai Territory, Rostov and Kaliningrad
oblasts. Influenza A/H9 virus was also found in
serum samples of birds in private, small-scale
farms and at two poultry farms in the Primorsky
Krai.® Influenza viruses also cause significant
damage to poultry farms where there is still an
appropriate level of biological protection. In the
period 2016—-2017, seven large poultry farmsin the
Russian Federation were affected by influenza.®
Since 2005, mainly subtype H5N1 of clade 2.2 was
isolated on poultry farms in Russia. Until 2015,
H5N1 was detected in Russia, but of a slightly
different line. High virulence for chickens remains a
characteristic feature of influenza A/H5N1 viruses
of the Asian genetic line A/Gs/Gd/96.°% In 2014,
H5N8 was detected. Further, H5SN8 was detected
in 2016—2017. In 2017, H5N2 was first isolated on
a poultry farm in Kostroma.5%#®

Apart from humans and birds, many
species of animals are also susceptible to influenza
A virus. Not only does the virus easily overcome
the interspecific barrier in birds, but it also infects
mammals. Humans as well as domestic (pigs,
horses) and wild animals (seals, minks, cetaceans,
etc.) are sensitive to influenza pathogens.
However, in the ecology of influenza A virus, wild
birds are of particular importance as they are its
natural reservoir. As already mentioned, almost
all combinations of hemagglutinin subtypes were
isolated from wild birds®°® and bats (except
one — H17).%” As subtypes of the virus circulate
among wild birds, 15 subtypes of influenza A
virus that infect birds are referred to as avian
influenza viruses (Avian Influenza Viruses, AlV).%®
These influenza viruses are found mainly in
populations of migratory waterfowl of certain
species. The pathogen is isolated from saliva, nasal
secretions and manure. The virus spreads in birds
with weakened immunity, through contact with
contaminated nasal, respiratory or fecal material
from infected birds. Infection occurs mainly by

the fecal-oral (alimentary) route.®*® Thus, poultry
and wild birds are the main source of the virus
for interspecific transmission of various taxa to
mammals, including whales, seals, pigs, horses and
humans.®*% |nfluenza A viruses, which often cross
the interspecific barrier due to the reassortment of
influenza virus genes and subsequently acquire the
potential for direct human-to-human transmission,
entail the highest risk of epidemics among humans
caused by animal and avian influenza strains.*

Given the fact that the influenza virus
can cause annual epidemics worldwide, it can
be argued that influenza is a problem of global
importance.® According to phylogenetic analysis,
some genes of pandemic virus strains still circulate
in infected wild birds. It is likely that the triple
reassortant virus that caused the 2009 H1IN1
pandemic originated at a bird migration site.103
Some genes of the HIN2 virus isolated from
migratory ducks in Hokkaido (Japan) are identical
to the genes of the H3N2 virus.'® Recent cases
of human infection with such highly pathogenic
subtypes as H5N1, H7N7, HIN2 and H7N9 have
also been reported.107-11°

Due to the high contagiousness of avian
influenza, the infection spreads rapidly between
farms by mechanical transmission and by indirect
contact factors, such as through contaminated
equipment, transport, feed and cages. Infection
among birds is transmitted through direct, close
contact with the source of the pathogen. In this
case, the fecal-oral route and the transmission of
the pathogen by indirect contact predominate
(for example, one gram of manure contaminated
with the H5N1 virus can infect 1 million birds).%*
In chickens, the avian influenza virus causes
a severe course of the disease, whereas, in
contrast, domestic ducks do not have clinical
manifestations and a strong immune response.*
The rate of resorption of influenza viruses in
natural reservoirs is quite significant.!* Given the
fact that avian influenza viruses have 16 types of
hemagglutinin and nine types of neuraminidase,
there may be 144 subtypes of the pathogen with
a free combination of different types of HA and
NA segments. Scientists have identified at least
103 subtypes of such viruses!'? which proves a
significant frequency of reassortment. Therefore,
in addition to the fact that domestic ducks can
be a reservoir species for influenza viruses, these
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pathogens undergo constant reassortment in their
bodies.344

Phylogenetic analysis of avian influenza
virus genomes has shown that the causative
agent in wild birds exists as a large pool of
interconnected gene segments that form so-called
“genomic constellations”.*'* Any combination of
viral segments can occur during the collection of
virions from such genomic formations. In fact, in
the body of wild waterfowl genomes of influenza
viruses undergo constant mixing. It is likely that
the constant presence of the virus in the body
of wild migratory birds contributes to the high
efficiency of reassortment.** In 2015, the shift
variant (reassortant) of the H5N2 virus, which
contained the genetic material of the HSN8 virus
of the Eurasian line and the H5N2 virus of the
North American line, caused enormous damage
to the US poultry industry. Approximately 50
million chickens and turkeys were killed in an
effort to contain the infection. The epizootic
affected large poultry farms with a high level of
biological protection.'®* The strain of influenza
virus that caused the 2009 pandemic proved to
be an unusual virus as it combined the genes
of at least four strains of influenza A virus that
infect humans, pigs and birds.'**5! During the
monitoring studies of wild birds in the Azov-
Black Sea region of Ukraine, the bird flu virus A/
mallard/Novomychailivka/2-23-12/10 (H15N7)
was isolated for the first time in Eastern Europe.
The sequencing results showed that the isolate
was low pathogenic and related to influenza
viruses of various subtypes from Western Siberia,
Western Europe, and Asia. Today, there is evidence
of the transmission of influenza virus by birds
through feathering during migration, which was
hardly taken into consideration in earlier studies
of the spread of the pathogen. Accordingly,
adsorption by feathers can play an important
role in understanding the ecology of the studied
virus.?®

Thus, avian influenza viruses are
characterized by a constant change of hosts.
Viruses easily cross the interspecific barrier,
infecting poultry, pigs, horses, and humans. It is
the constant reassortment of viruses in the body
of birds that allows the pathogen to effectively
overcome interspecific barriers, to adapt to
changes in the environment and other host

organisms. However, reassortment occurs not
only in natural reservoirs. From wild birds, the
flu virus is easily transmitted to poultry, which in
turn infects pigs. Also, swine virus is often isolated
from poultry, and avian virusis periodically isolated
from pigs.'** Human influenza viruses have also
been isolated from pigs. Cases of pigs becoming
infected through contact with farmers —and vice
versa — have been reported in the literature.'’
Accordingly, pigs can be co-infected with different
strains of avian and human influenza viruses, and
then avian, swine and human influenza viruses
can mix directly in their body.***” An example of
such “mixer” for influenza viruses in pigs was the
emergence of the reassortant virus in 2009.118
Reassortment of influenza viruses in the human
body, which is not a natural reservoir of influenza
viruses, is not common. However, reassortment
in the human body contributed to the emergence
and spread of amantadine-resistant subtype
of influenza H3N2 virus.!'® Reassortment of
influenza viruses in the human body often led to
the emergence of strains that caused epidemic
outbreaks of influenza in 1947, 1951 and 2003—
2004.44,120,121

Newcastle disease (ND) is the most
common among small private households in
Asia, Africa and South America. Today, Ukraine is
officially free of ND. However, during laboratory
studies, on occasion virus has been isolated
from synanthropic birds, namely: pigeons —
abstract and isolate paramyxovirus-1 (APMV-
1), wild ducks — lentogenic (Hitchner’s form)
and asymptomatic enterotropic forms of the
disease.’” The differences between the pigeon
variant (PPMV-1) and the classical paramyxovirus
(APMV-1) are that these viruses with an index
of intracerebral pathogenicity in one-day-old
“sterile” chickens exhibit properties characteristic
of lentogenic and mesogenic strains and, in most
cases, cannot cause disease in adult chickens.'?®
The difficult epizootic situation with ND is a
serious barrier to the exchange of genetic material
obtained from poultry. New viruses that cause
infectious diseases of birds necessitate a change
in the approach to monitoring and diagnosis in
industrial poultry farming. According to WHO,
in the first decade of the 21 century, outbreaks
of Newcastle disease have been reported in
87 countries around the world.*?* Currently in
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Ukraine, cases of and deaths from the disease
among birds have been registered in some small
homesteads and individual farms keeping poultry
of different species without complying with basic
veterinary and sanitary requirements.'?®

When ingested, ND virus can cause
depression and other symptoms similar to
influenza.32'?2 Severe conjunctivitis with retinitis,
which causes swelling of the parotid lymph nodes,
has been reported. In humans, ND can also
manifest as inflammation of the eyes and purulent
tonsillitis. In the case of aerosol vaccination of
poultry in poultry farms, service personnel are
advised to use respiratory masks and goggles
to prevent the vaccine virus from entering
the mucous membranes of the eyes and the
respiratory system. Manifestations of Newcastle
disease virus infection from poultry, wild ducks
and pigeons in humans begins with acute fever,
headache, lymphadenopathy, hyperemia and
conjunctival chemosis, burning pain, serous or
mucopurulent lesions and conjunctival follicles.
The disease persists for 7-10 days.3>?21%6 However,
specialist literature includes reports of lesions in
children, with the disease causing brain damage
and even death.® Humans are most frequently
infected by airborne transmission, inhaling virus-
contaminated dust, through dirty hands and the
surface of the conjunctiva. However, it should be
noted that the natural morbidity of humans is not
high. While the disease is not frequent among
humans, there is an occupational component
(veterinary workers who deal with poultry and
poultry farm workers become infected).321%

Wild birds are a natural reservoir for
the Newcastle disease virus since the virus has
a wide range of hosts, affecting birds in both
aquatic and terrestrial ecological complexes.*?7-13
Outbreaks of Newcastle disease occur worldwide.
Significant outbreaks of the disease have been
reported in Australia,’*! Korea'® and Israel.?®* In
the course of monitoring studies conducted in
the Russian Federation, the Newcastle pathogen
was repeatedly isolated.’?”* The strains closest
to NDV/Adigeya/Duck/8/2008 and NDV/Adigeya/
Duck/15/2008 were previously isolated from
domestic geese and ducks.'®* The latter suggests
that the same variants of the virus can infect wild
birds and poultry alike. Therefore, it is possible
that any genetic variant of the Newcastle disease

virus be introduced across extensive geographical
ranges.*3¢ |t is now proven that the range of
potential hosts of the virus includes, primarily birds
(Aves). Birds of the Galliformes and Columbiformes
orders are natural reservoirs of the virus, but it
has also been found in populations of more than
200 species of 27 orders. Wild migratory birds of
Anseriformes and Charadriiformes orders are also
carriers of the Newcastle disease virus, so there is
a constant risk of the virus entering poultry farms
or private yards where birds are kept.**’ In autumn
Newcastle disease virus mostly infects wild birds
— 55.6%, whereas in autumn it is already 81.8%.
The infection rate for the influenza virus in these
periods stands at 35.6% and 15.3%, respectively.!*®

Bird paramyxoviruses are isolated
from members of the families of sparrows,
rails, parrots, as well as ducks, geese, chickens,
pigeons and turkeys. The Newcastle disease virus
(paramyxovirus type 1; APMV-1) is widespread
in nature. While it has often been isolated from
poultry, synanthropic and wild birds of many
species, epizootics in wild birds are infrequent,
despite the fact that the virus has been isolated
from more than 50 species of wild birds. More
than 230 species of birds are susceptible to
natural and experimental infection.”>”* As for other
serotypes, in many countries paramyxovirus-2
(Yucape viruses) has been isolated from poultry
and wild birds, including rails, sparrows, ducks,
turkeys, parrots, and the like. Paramyxovirus-3
strains were isolated from exotic birds, parrots,
African and Australian finches, as well as waterfowl|
on the Atlantic, Pacific, and Baltic migration
routes. Strains belonging to paramyxovirus-4
and paramyxovirus-5 were isolated from finches,
pheasants and parrots in Japan, Israel and the
USA. Paramyxoviruses-6 were isolated in Hong
Kong from duck faeces, from water where the
birds lived, as well as from wild ducks in Canada,
Japan, Germany, Czechoslovakia and the United
States. Isolates belonging to paramyxovirus-7 and
paramyxovirus-8 were obtained from wild geese in
Japan and the USA, as well as from the gray heron
in Japan on the Pacific migration route. 7275139140
According to the results of sequencing of the F
21 gene of the VND isolate obtained from wild
birds and poultry in different regions of Ukraine
between 1992 and 2011, they belonged to five
genotypes, namely: |, 11, VI, VIl and XIV. Based on
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the structure of FO protein cleavage sites it was
determined that 5 isolates were velogenic and
had a high degree of similarity to VND isolates
which circulated in Russia for a long time. The
results allowed scientists to make assumptions
about their common origin. Isolates from pigeons
as well as white-fronted geese were identified as
velogenic and had a high degree of similarity to the
epizootic strains that caused the 2008 outbreaks in
West and Central Africa.'*! It has been proven that
some bird species, such as wild ducks, cormorants
and pigeons, reserve the Newcastle disease virus
and remain carriers for many years.'4>147
Ukrainian scientists have conducted
significant research on detecting paramyxoviruses
(APMV) in wild birds. A study of 6,735 wild birds
representing 86 species was conducted across
different seasons of 2006—2011. Twenty viruses
were isolated and subsequently identified
as APMV-1 (9), APMV-4 (4), APMV-6 (3) and
APMV-7 (4). The highest level of virus isolation
was observed during autumn migration (61%).
The level of excretion of pathogens was lower
in winter (from December to March) (32%). No
APMV strains were isolated from 1984 samples
during spring migration, nesting and post-nesting
(April to August). Sequencing and phylogenetic
analysis of four APMV-1 and two APMV-4 viruses
showed that one APMV-1 virus belonged to type
1 and was epidemiologically related to viruses
from China, three APMV-1 type Il viruses were
epidemiologically related to viruses from Nigeria
and Luxembourg, and one APMV-4 virus was
associated with goose viruses from Egypt.*®
During the autumn migrations of birds in the Azov
and Black Sea basins, different serotypes of avian
paramyxoviruses (APMV-1, APMV-4, APMV-6 and
APMV-7) were isolated from migratory birds.'*°
As noted by D. Musyka (2013), performing
seasonal transcontinental migrations, birds form
large flocks, overcome distances of thousands
of kilometers in a very short period of time,
and fly through regions with different epizootic
situations. From nesting, fattening, resting and
wintering areas, transcontinental migrations can
be encountered by sedentary and migratory birds.”?
During long flights, birds fly along certain migration
routes, stopping at places of mass permanent
stops, where migratory directions of birds from
different parts of the world converge.”?” It is in

such places that a large number of migratory birds
of different species concentrate on a limited area,
facilitating the circulation of pathogens. Even when
resting for a short time, migratory birds are able
to bring pathogens of infectious diseases into the
migration zone. Local movements can facilitate
the exchange of pathogens between migratory
species and local communities. Native birds can
be included in the circulation of pathogens that
are not typical for the area. The exchange of
pathogens is possible even between birds that
do not form any clusters. This is often due to
alimentary relationships, so-called food chains.
Some representatives of wildlife live near humans
as groups of synanthropic birds. They can be
migratory, nomadic, and settled. At different
times of the year and depending on climate
conditions, synanthropic birds stay in certain areas,
settlements, livestock facilities and other objects
of the agro-industrial complex and can also pose a
potential threat as a source of infectious diseases.
Almost all livestock farms, including poultry farms,
have a certain number of birds that permanently
live and feed on their territory. During local travels
over short distances, such birds can visit the
territories of other poultry farms or other livestock
facilities. During such mass flights from one facility
to another, infectious agents can be transferred.”

For the most part, the causative agent
of Newcastle disease is spread directly between
infected and healthy birds.™° Isolates and strains
of the virus are rather different from each other
in virulence properties, but there are strains that
cause almost a 100% mortality in sick birds.”>5!
In the European Union and the International Office
of Epizootics, the main criterion for classifying
Newcastle disease viruses by pathogenicity is the
determination of the intracerebral pathogenicity
index value in day-old chicks. This allows a
guantitative analysis of viruses by specific values
of compliance with the severity and calculation
of pathogenicity. Further, with the development
of molecular biological technologies, the method
of polymerase chain reaction (PCR) in its various
modifications, as well as sequencing, have
become important tools in the classification
of pathogenicity and phylogenetic analysis of
viruses.*?

Specialists of the Institute of Experimental
and Clinical Veterinary Medicine (Ukraine)

Journal of Pure and Applied Microbiology

2376

www.microbiologyjournal.org



Chechet et al. | J Pure Appl Microbiol. 2022;16(4):2363-2400. https://doi.org/10.22207/JPAM.16.4.69

conducted serological tests of egg yolk extracts
of slender-billed gulls and pied avocets, and
established the seropositivity of these birds
to paramyxovirus 1 at 49% of the samples.’?
Serological tests of egg yolks of wild birds
for the presence of antibodies to ortho- and
paramyxoviruses showed that of the 70 samples
of egg yolks taken by the authors from six species
of wild birds of the Azov Sea, 51.4% tested positive
for paramyxovirus infections, and 88.6% were
found positive for orthomyxoviruses.** Studies by
Ukrainian authors have confirmed the thesis that
wild migratory birds may be carriers of types of
Newcastle disease virus that are new to Ukraine.'*®

An analysis of serological monitoring
data collected in recent years has shown that
the situation concerning Newcastle disease in
the Russian Federation remains unstable. In fact,
despite the high seropositive status of poultry on
commercial poultry farms, there is an insufficient
level of protection on small farms due to the lack of
mass vaccinations, which poses a constant threat
of disease.® ¢ |n this country, researchers have
isolated genetic variants of type 1 and 2 Newcastle
disease virus from birds. Moreover, type 2 virus
had not previously been isolated in Russia. Type
1 viruses have been reported in Mongolia and
the Taimyr Peninsula. While these locations are
very far from each other, the areas are covered
by the Central Asian Flyway. Since no type 1 virus
has been isolated elsewhere, researchers believe
that Newcastle disease virus (of this type) was
transmitted by migratory birds, namely ducks that
migrated along the Central Asian migration route.
A significant number of viruses were isolated in
Chukotka. The East Asian-Australian Flyway passes
through this territory, crossing the territories of
Australia, Indonesia, China, Japan, the USA and
the Far East of Russia. The most likely source of
Newcastle disease virus in Chukotka are birds
migrating along this route, which demonstrates
their active circulation in these areas. This
hypothesis is also confirmed by the fact that
strains of Newcastle disease virus isolated in the
Far Eastin 2001-2002 are phylogenetically related
to the strains previously isolated in the United
States.’”!%8 The latter creates the preconditions
for the introduction of pathogenic variants of the
virus into the Far East of Russia. The presence
of Newcastle disease virus in Western Siberia is

most likely linked to large flocks of birds in the
Chanov Lake system between the Novosibirsk and
Omsk regions. Researchers point out that this is
where the Black Sea-Mediterranean, East African-
Eurasian and Central Asian flyways intersect.
Phylogenetic analysis of NDV/Adigeya/duck/8
and NDV/Adigeya/duck/9 isolates showed that
the highly pathogenic viruses belonged to type 2
genotype 7, while only type-2 viruses, genotypes
1 and 2 had previously been in isolated in Russia.
In terms of phylogenetics, the closest strain
to Adygea was Goose/China/2005. The latter
indicates that the isolates originate from Southeast
Asia or China and were introduced into the
territory of the Russian Federation by migratory
birds that migrate along the East African-Eurasian
flyway. 159,157

The significant role wild birds play in
the spread of low-pathogenic avian influenza
viruses and Newcastle disease has been reliably
confirmed.? In a study of wild birds belonging to
21 species of sedentary, nomadic and migratory
groups from 11 areas of the forest-steppe zone
of the Altai Territory of the Russian Federation,
specific antibodies to influenza virus were
detected in 34.2% of the samples, and antibodies
to Newcastle disease virus — in 60% of the
samples.'®* The same authors, studying 477
samples of blood sera (approximately 10 years),
found specific antibodies to influenza viruses in
25.2% and to the Newcastle disease — in 69.1%
of wild birds belonging to 26 different species
from 15 areas of the steppe zone of the Altai
Territory.'*>'%3 |n long-term studies of wild birds
as possible carriers of influenza viruses and
the Newcastle disease, Russian scientists have
identified 13 strains of influenza A virus subtype
H13N1 (four from seagulls, nine from cormorants)
and three strains of Newcastle disease virus from
cormorants.'®*

One study examined virulent Newcastle
disease viruses (NDV) from Bulgaria and Ukraine
over the period 2002-2013. All of these NDV
isolates had the same cleavage site associated
with virulence (‘113RQKR; F117’), and some had
an intracerebral pathogenicity index value in the
range of 1.61-1.96. The isolates were found to be
the most closely associated with viruses circulating
in Eastern Europe and Asia. Characteristically,
most of these viruses are isolated from poultry

Journal of Pure and Applied Microbiology

www.microbiologyjournal.org



//doi.org/10.22207/JPAM.16.4.69

2363-2400. https:

16(4):

’

Chechet et al. | J Pure Appl Microbiol. 2022

[ogz ‘12 ss|nJ auaiBAy PaMO||e 10U dJe G9 JIAO pue 8T POMO||e 10U 3JE G9 JIAO pue 8T uopeulwexa [edlpaw Ajlep Heis jo
‘€6T ‘v6] y3m aoueljdwod quawdinba aaRoaj0id [BUOSIAd  Japun sidxJom Quawdinba aapRoajoid [BUOSIBd  Japun sixJom ‘Quawdinba aapoajoid [eUOSIBd  ‘UolEdYBOU NS ‘Juawdinba aARda30Ad [eUOSIad  UOLII0Id
spJiq p|Im Jo 1ySil Jo 1noJ aY) Suoje pue swiley
(leuondo) Aajnod Sunsixe wouy s1919Wo|1 O 4O sniped
uopenys 0300z|da Y3 Junodde ojul upyey e ulyum spaedyoeq aiealrd ur Asyjnod Joj osje "110443 |eUOIppE UE Se
[o€ “€T] ,9UOZ 1B3JY] DY) Ul Pasn SUIIJBA PaleArdeU| ‘,9U0Z 1824} 9] Ul Pasn aUIdIeA paleAndeu| ,9U0Z 18343, 9Y] Ul Pasn SUIIIBA PaJeALIOBU| U3pPICIO) S UOLEUIIIBA UOLRBUIIIEA
sAep T sl aunuesenb
3y1 JO UoLeINp 3Y1 Paysl|geisa aq Aew
shep Tg sl aunuesenb ay3 jo uoneinp ay| S2U0Z UOLDIIISAI [BUOLIPPE SISA[BUE YSII DY} JO
*3JUE||I9AINS PASERIDU] ‘SWe) JO uolesado jo $1NsaJ 8y} uo paseq ‘swiiey jo adA} [euonesado
shep 1z sl apow Pasojd — Wy 0G JO SNIPeJ B Y)UM, U0z shep T si auguesenb ay3 jo uoneinp Paso|2 ‘suolieAlasqo SulloyuOW— auoz
aupuesenb ayj Jo uopeINp Y| "USPPICIO) SI 9DUB|[ISAINS,, "9OUB||IDAINS PISEIDUI ‘SWiie) 3y (jeuondo) uoneurddea ‘swuey jo adAy  uondslosd ay3 Suipnjour wy OT JO Sniped e (,auoz
uoneudeA ‘swuey Jo adAy |euonesado pasold Jo adAy uonesado pasopd ‘syonpoud Aiynod  |euonesado paso|d ‘suolieAlasqo Suliojuow— 9JUe||I9AINS,,) ,8UOZ UOLIBAIDSAQ,, SUOLIBAISSO
‘SUOLIBAJIDSQO SulI0jlUOW— Wy OT JO sniped e pue Aijnod JO JUSWISAOW dY] UO SUOLIIIISaL - W)} OT JO SNIpeJ B 3U0z uoyealasqQ,,(jeuondo) Surioyuow ‘Asyjnod jo JsaySneys jeuondo
,2U0z uoneAIasqQ,, (jeuondo) uoneuiddea W) GZ Wnwiuiw snipes e Ylim ,2U0z Jayng, UOLBUIIIBA ‘SUOLeAISSCO Sulio)uow ‘syonpoud ‘syonpoud Auynod pue Asjnod jo uoneliodsuely
‘suoneAsasqo Sunoyuow ‘syppnpoud Aynod 's3onpoud AJjnod jo Juswanow Annod pue spuiq jo uoneyodsuely Jano uo ueq ‘Asynod Jo paie|os| — auoz parddul
pue spuiq Jo uoneyodsuel} JISA0 [0J3U0D 3y} uo ueq e yym aupuesenb ‘uonejndod |o13u0d ‘Adynod jo Suidasy pajejosi — wy G J0 3y} JO S19PJ0q Y} WO} W) € JO SNIpel e yHm
‘Aryinod jo Suidaay pajejos! — wy G Jo sniped Asnod jo Suiuing pue Suusaysne|s snipeJ e yum ,auoz Sujusleasyy, uonejndod (,8uoz uondanoud,) ,auoz Jayng, uoneindod
e yum ,auoz 3ulusiealy], uonendod Asynod jo ‘saunseaw 1no-Suidwels— wy g wnwiuiw Asynod jo Sujuing pue 3uuLysne|s Aaynod jo Suiuung pue Suuiaiysne|s
[9£T  8Buluing pue Suneysnels ‘sainseaw no-Suidwels snipeJ e yum AJo111i91 pue auoz pajdsju| ‘saunseaw 1no-3uidwels — sauoz pa1daju| ‘saunseaw 1no-uidwels — auoz pajosju]  yeaJqino
- 9UOZ PajddU| 'SISOUSEIP BY} JO UOLEWIYUOD ‘sisouSelp 3y} Jo uonewlyuod Alojeloge| *sisougelp ay} Jo uonew.yuod Alojeioqe| *sisougelp ay} Jo uonew.yuod Alojeioqe| 4O ased ul
‘b6 ‘9]  AJojeioge| ‘@21nias AJeulialaA 93e1S BY) Sulwioju] ‘921A4s AJeulalan a3e1s ay3 Sulwioyul ‘921AJ3s AJeullalan a1e1s ay3 Suiwioyul ‘921AJ3s AJeulialan a1e1s ay) Suiwioju]  asuodsay
pamoj|e si a1nynd ||
Ul SNJIA BZUSN[JUI JO UOLR|OS] BY [ "SUIIYD
uo A 980y3ed snouaaesiul Jo xapul ayy
0 SuIpJodde UleJ}s Pale|os] 9y} JO SDUI|NUIIA
3y} JO UOLIBUIWLIDIBP pUE BWl} [B3J Ul YId-1Y
uoneulIIeA JO YD d-1¥ ‘uolioeal uonIgIyul SSepIUIWEINAU
40 @2uanbasuod e jou aJe Aayl 1eyl auns ‘Aejap uoneunn|38ewsay Jo uondeal
10§ umouy| sI } JI ‘uooeas uoneun|Sewsay ‘¥SI13 ‘d@y Aq uoneaynuapi Juanbasgns ym
uone|0S! SNUIA 0S| YDId-1Y pue yS|13 sadAigns snuia jo SuidAy 331 Ul SNUIA 3y 03 SalpogLiue JO UonILBpP soAiquia uayd1yd Aep-TT-6 01Ul uadoyied ayy
‘Aejap uoneuyn|S8eway Jo UoNILDI PASN BB PUB UOLEIYLIUSP! J0) YD d-LY PUB YS|13 ‘Aejap ‘awl) |eaJ Ul Ydd-1Y 40 YId-1¥ Ag snuin ayy J0 uoneaynuap! ‘ysi13 Sudo|q pue 123J1p
[z81-08T swasAs 159} ‘WnJas poo|q pue suesio eusdiul  uoneun|SSeway Jo UORORA :pasn ale SwalsAs 4O YNY JO UOL3D2}3p ‘SNUIA 3} JO UOLe|oS! ‘Aejap uoneunn|gsewsay jo uonodeals ‘uoye}  ousouselp
‘9¢] ‘sBuiysem [eayoeJ} Jo [e2eo)d Jo sajdwes Sunsal 3591 ‘wnuas pue |eldjew |eaiSojoyled Sunsal :wnJas pue |eualew [ediSojoyied Sunsa) -1d12a1d asnyip jo uonoeal :s3s9) |eaiSojo4as  Asojesoqe]
uonanpal pue sishjeue
Bununy Aq swuey Asynod a8ie| punoue spaiq SWwiej [elIsnpul ul 3s1y sasnUIA Jo sadAigns mau Jo uoneaynuapl
swej punoJe p|im jo uope|ndodaq sw.ey punose Aiynod  UOLE|INDIID SNUIA JO SULIOHUOW 21300ZId] SWey ‘spaiq P|IM JO SulJO}UOW SNONULUOD SWLIey
Asynod 1noyym sauoz Jayng Suneas)  INOYIM SSUOZ Jayng Wy G wnwiuiw Supeas)  punode Asjnod 3noyum sauoz Jayng Supeas) puno.e A3jnod Inoyum sauoz Jayng Suneas)
*219 pasy ‘Yeis ‘Adynod yim snuia ayi jo Ajua *219 paay ‘Ye1s ‘Aaynod yum snuia aya jo Ajua *219 paay ‘Yeis ‘Aynod yum snuia ayy jo Aius *219 pasy ‘Yels ‘Adynod yum sniia syl Jo Ajua  saunsesw
[¢8T-08T 9y 1uanaid 01 swuey Asynod asie| jo [apow ay1 1uanaud 03 swuey Asynod adie| Jo japow ay31 1uanaud 03 swuey Asyjnod a8ie| jo [spow ay31 juanaid 01 swuey Asjjnod a8ie| jo [spow  aAnuUaAl.d
‘S€ET ‘08] Sunesado paso|d pue sainseaw Ajundasolg Sunesado paso|d pue sainseaw Ajlundasolg Bunesado paso|d pue sainseaw Alundasolg Bunesado paso|d pue sainseaw Ajundasolg |eJauan
224n0S sniejag uejsyyezey| sny )N SAINSea

ezuanjju| uelay d1uadoyied AjysiH Jo saunseaw uonedIpeId puB UOLBUAIJ ‘T 3.l

www.microbiologyjournal.org

2378

Journal of Pure and Applied Microbiology



//doi.org/10.22207/JPAM.16.4.69

2363-2400. https:

16(4):

’

Chechet et al. | J Pure Appl Microbiol. 2022

pamol||e J0u a1e usWOoM Jueudaid pue g JaAo

VA4 uopjeulwexa [ealpaw Ajlep uoneujwexa [eaipaw Ajiep UOLRUIWEXD [BJIPAW A[lEp  puE 8T J9PUN SIJOM ‘UOLIBUIWIEXS [BIIPaW Ajlep Heis jo
‘stz ‘o12] ‘uoneaynou ysi ‘uswdinbs aandejoad |eUOSIad ‘uonedynou ysi ‘quawdinbs aande104d [BUOSIad ‘UolieaYNOU YSU Quawdinba aAndal04d |BUOSIBd  ‘uoneaynou ysi ‘quawdinbs aandaload |eUOSIad uondaloid
uonoeas Aejap uoneunn|88ewsay ay3
Buisn swuey paeAydeq |euosiad ‘swaey Asynod
Ul IN0 PaLIIBD S| SPJIF JO UOISUS)} Apunwiwi
swue) pieAydeq |euostad ‘swiiey swie) pseAyoeq |euossad ‘swuej Ayjnod sw.e) pseAydeq |euossad ‘swuey Ayjnod uoneudea-1so0d Jo |0J1U0D |Bd130|043S J1polIad
Aynod u1 Ino paLIed SI spJig JO UoIsua} Ajunwwi U1 IN0 PaLIIeD S| SPJIg JO UOISUa)} Apunwiwi Ul 3N0 P3LLIED S| SPJIQ JO UOISUR} Ajunwiwi |9A3] 33€1S B3 1B PazIIoyINe 3¢ ISNW 3ulddeA
uoneuldeA-3sod JO [043U0D |B2150[013S JIPOLIdd  UOLEUIIIBA-}SOd JO [0J3UOD [BDIS0[013S JIPOLIdd  UOLEUIIIBA-}SOd JO [0J3U0D |BDIS0[01S JIPOLIad 3y} ‘pasn aJe SaUIDIBA PAJBALIDBUI PUE DAl
swuey Aiyjnod paeddoeq pue adie) jo swi.ey Asynod paeAyoeq pue agie| jo swuey Aiynod pieAyoeq pue agie| jo 921A19s AJeulia1aA 91B1S 3Y] JO [04IU0D
[602 ‘907 uopeziunwiwi Alojepuew 1oy pasn aie SaUIDJBA UoLeziunwiwi AJ0}epuew 4oy Pasn aJe SAUIDJBA  Uoleziunwiwi AJ0jepuew 1oy pasn ale saujdde 3y} Japun pajeulddeA Ajpunod aJe swaey pied
‘€0C ‘L8T] pajeanoeul pue aAl| Jusjeadjod pue -ouolN pajeAndeUl pue aAl| Juajendjod pue -ouo pajeandeul pue aAl| Juajeadjod pue -ouo\ -yoeq |euosiad pue swuey Aynod uo Asjnod ||y uoneulddep
*}N0 PaLLIED S| SPJIQ O UOLeUIdIeA
pue uoLeAIasqo ‘@uoz uoldalold ayy u|
(jeuondo) s|2A2 [eai3ojouydan
3U3 JO pua 3y} JaYe I0 AjreIpawwl
‘uone|ndod spui uone|ndod spuiq 1eawW Joj paianysne|s ale sasnoy Asyjnod
uope|ndod spJiq JO UOLBUIIIEA ‘SWLIBY JO [SpOW JO UOIBUIDOEA ‘SWIE) JO [9poW |euoesado JO UOLBUIDIEA ‘SWLIE) JO [9pOoW [euonesado pajayeun wouy spaiq AyyeaH ‘Suikossap
Jeuoesado paso|d asn — aUOZ UOLBAISSCO W OT U] paso|2 asn — 8UOZ UOLBAIRSGO W)} OT U] Paso|d asn — 8UOZ UOLBAIBSCO W) OT U] os|e aJe s383 ‘spJiq snoiidsns pue ydIs 1oy
*JN0 P3LIIED S| SPJIQ JO UOLIBUIDIBA pUE "IN0 paLLIed S| SPJIQ JO UOLIBUIIIBA pue *IN0 PaLIIed S| SPJIQ JO UOLBUIIIBA PUB pasn s 1no-Suidwels ‘waey Asjnod pajoaye uj
UOLeAIaSGO — BUOZ UoRI0Ld W € dY3 U] UOLBAISGO — UOZ UoRI3304d W € BY3 U] UOLeAIaSqO — dUOZ UonI}0Ld W) € 3Y3 U| 3U0Z UOLBAIBSQO W OT 3Y3 Jo Med si yaiym 3eaigino
spJiq snopaidsns pue 3dis 1oy spJiq snoaidsns pue ydis Joj pasn spJiq snojoidsns pue ydis Joj pasn  ‘wuej Asynod pajoaye ay3 punoJe paysl|gelss s Jo ased
[voz ‘£8T] pasn s11no-Suidwe)s ‘wJey Asynod paidaye u| s11no-Suidwels ‘wuey Aynod pajoaye u| 13no-Suidwe)s ‘wuey Aiynod pajdaye u| wy| € 1589 18 JO SNIpeJ e Y1IM auoz snosasuep y Ul asuodsay
90UB|NUIA UlRIIS
4O UOLIBUIWLIBBP PUE ‘UOLIEIYLIUSPI IXBU YUM
s|ewjue AJ0Jei0qe| JO SOAIGID USXIIYD UO SNJIA
3y1 Jo uone(osl “Ydd ‘vSI13 40 uonoeas Aejap
“4Dd ‘uoneaynuapl uoneunn|3Seway ay3 ul spJig pajeulddIeAun
uopoeas Aejap uoneunn|Sgeway ‘ys|13 :spaiq 1XaU YUM soAiquia usydIyd uo sniia - uondeas Aejap uoneunn|ggeway ‘ys|3 :spdiq ul S3IPOQLIUE JO UODIBIBP ‘salpoqrue
[90z Pa1eUIdIBAUN UI SBIPNIS [BJ180]0J3S ‘Salpoqrue 3y} Jo uoLe|os| ‘uolioeal Aejap uoneunn|S  pajeulddeAUN Ul S3IPNIS [eI180]0JBS ‘Salpogrue Suisn 21|s uleiq e uo poylaw asepixosad
20T ‘102 JUISAION|} JO POYIBW ‘YD d ‘UOLEIYLUSPI IXBU -Seway “yS$|13 :SpJiq PaeUIdIBAUN U] SAIPNIS  JUBISIION]} JO POYIBW ‘YD d ‘UOLEIYLIUSPI IXBU ‘eaydeJ) 3y} JO SUOLIIS [eulpn}SuO| spsouselp
‘Z6T-68T] Y1IM SoAIquia usyd1Yd UO SNJIA 3y} JO UOLe|0S|  [e2180[0.3S ‘SAIPOGUUR JUSISAION] JO POYIBA  YIM SOAIGUID USDIYD UO SNUIA 9Y3 JO UOLR|OS] UO S9IPOqLUE JUIISAION) JO poylaw 3yl  AJojeloge]
Anynod
pJeAsyoeq pue swJey 951e| UOLIEUIDIEA BULNOY
*219 paay ‘Ye1s ‘Aaynod yum snuia syl Jo Aqua 0319 pasy ‘Yeis ‘Auynod yum snuia oyl Jo Aius  '219 paay ‘Yels ‘Asynod yum snuia ayi o Anua *219 pasy ‘Yeis ‘Adynod yim snuia aya Jo Aua sainseaw
[eTe ay1 1uana.d 01 swuey Asynod a8ie| Jo japow 9y 1uanaid 01 swuey Asynod aie| jo |spow ay31 1uanaud 01 swuey Asynod a8ie| jo jspow 9y31 1uanaid 01 swuey Asynod adie| jo ]spow  aanuanaid
‘602-90] Sunesado paso|d pue sainseaw Ajlundasolg Bunesado paso|d pue sainseaw Ajundasolg Bunesado paso|d pue sainseaw Alundasolg Bunesado paso|d pue sainseaw Ajundasolg |esauan
224n0S sniejag uejsyyeze eissny auten|n sainsea|n

S9SEaSIP 9|3SeIMaN JO sainseaw uonpeldipels pue uojuanald g ajqeL

www.microbiologyjournal.org

2379

Journal of Pure and Applied Microbiology



Chechet et al. | J Pure Appl Microbiol. 2022;16(4):2363-2400. https://doi.org/10.22207/JPAM.16.4.69

(backyard farms), which points to the conclusion
that there is a “home” or “urban” cycle of virus
circulation. The molecular characteristics of the
nucleotide sequence of genes for complete fusion
of proteins suggests the circulation of virulent
strains of NDV VIId subgenotype from Eastern
Europe, with periodic introduction from Asia. In
addition, these studies support the thesis that
subgenotype VIId is much more widespread in
Eastern Europe than previously thought. The
presence of “backyard” livestock (individual farms)
in these countries forces the relevant services to
conduct continuous epidemiological monitoring of
NDV on these farms, as such viruses have a high
virulence potential and can be introduced into
large poultry farms in various ways.*®> The close
genetic link between the isolates from Bulgaria,
Ukraine, China, Israel, South Africa and Russia is
explained by the migration of wild birds. In fact,
the role of wild birds in the epidemiology of NDV
has been confirmed by special studies.¢®
Phylogenetic analysis performed by
Kazakh scientists showed that the virus isolated
from birds which died at a poultry farm where
livestock was vaccinated against Newcastle disease
belonged to genotype VIld, whereas isolates
obtained from unvaccinated birds on individual
farms in Almaty, Zhambyl and North Kazakhstan
regions belonged to genotype VIlb. The disease
and death of poultry in Almaty, Zhambyl and
North Kazakhstan regions of the Republic of
Kazakhstan in 2010, 2012 and 2013 were caused by
Newcastle disease virus. Studies have shown that
Newcastle disease virus causes outbreaks in both
vaccinated and unvaccinated birds. Outbreaks in
vaccinated birds may have been due to decreased
immunity.s”148 |t should be noted that the strains
of Newcastle disease virus used to make the
vaccine belong to genotype 11.1% Outbreaks may
be due to decreased immunity, because in the
case of a well-established vaccination schedule,
classical vaccines belonging to genotype Il provide
100% protection of birds despite the antigenic
differences from the epizootic strain.'° |t is
believed that vaccination against the Newcastle
disease should provide immunity against infection
and suppress replication of the virus. However,
according to some authors, while existing vaccines
prevent clinical disease, they cannot stop the
replication and spread of a virulent virus.*7® An

analysis of such studies shows that virus production
was significantly lower only when a vaccine based
on a certain genotype was used.'47®

Under the biological interaction
programme, the genetic diversity and evolution
of the virus responsible for the Newcastle disease
was jointly investigated by The Southeast Poultry
Research Laboratory (SEPRL) of the US Department
of Agriculture, and veterinary laboratories
in Russia, Pakistan, Ukraine, Kazakhstan and
Indonesia. Information from Kazakhstan, the
Russian Federation, and Ukraine has facilitated
identifying possible migration routes for birds
that can carry both virulent NDV (vNDV) and low
virulence NDV to Europe. Further, genetically
related NDV strains were isolated from wild birds
in Ukraine and Nigeria, as well as from birds in
the continental United States, Alaska, the Russian
Federation, and Japan, which identifies wild birds
as a possible mechanism for intercontinental
transmission of low-virulence NDV. The recent
discovery of new vNDV subgenotypes suggests
that a new, fifth panzootic originated in Southeast
Asia, spreading to the Middle East, and Eastern
Europe.'”

Measures to control and prevent the infectious
diseases of birds with zoonotic potential in
industrial poultry farming

In case of an outbreak of Newcastle
disease or highly pathogenic influenza, immediate
action must be undertaken. Certified diagnostic
laboratories and a rapid alert system are needed
to mobilize and implement effective anti-epizootic
measures.** As international experience shows, the
modern methods of combating Newcastle disease
do not differ from those applied to tackle influenza
(Table 1, Table 2). These control methods are
based on the provisions of Directive 92/66/EEC. In
case of an outbreak of the disease, each country,
depending on the epizootic situation, carries
out a full or partial sanitary slaughter of birds
that are infected or suspected of being infected
within a three-kilometer radius (protection zone).
Vaccination and systematic control of poultry
by serological methods'’® are performed within
a radius of 10 kilometers (surveillance zone).
Nowadays, specialists in many countries are
adopting the American approach to eliminating
flu outbreaks, i.e. destroy the infected herds
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(“stamping-out”) within 24 hours after the disease
has been detected.>®

In industrial enterprises (large poultry
farms), if an outbreak of influenza or Newcastle
disease occurs, birds are slaughtered in poultry
houses using generators and gas, disinfectants
are used during the cleaning and packing of
carcasses, equipment is disinfected, staff receives
disposable overalls, special transport is used. All
these activities are carried out in a few hours, as
the carcasses simply begin to decompose in the
warm season. After these measures have been
undertaken, dry cleaning, washing, disinfection
and drying takes place, and the limiting period
begins before a new batch of birds is brought
in.36,177,138

In Russia, the strategy to combat bird
flu is also based on radical measures — destroying
all susceptible livestock. As an additional effort,
poultry in at-risk areas is vaccinated. In this
country, vaccines that are made from the epizootic

Highly pathogenic avian influenza

Wild birds

Synanthropic
birds

l'.

Rl
® ,"4 ©

strain H5N1 obtained during the outbreak of
highly pathogenic influenza in 2005 are used
in such areas. Researchers advise that the risks
associated with the flows of wild birds are largely
unmanageable. The genetic evolution of influenza
viruses also cannot be controlled, and it often
ends in the emergence of new reassortants.
In such case, it is essential that the identified
risks be managed and appropriate measures be
implemented at each poultry farm, as migratory
birds can leave their droppings anywhere. These
days researchers are linking the disease to
seasonality even less than before, as the virus
survives in manure at +4°C for more than 50 days in
the environment and more than 100 days in frosty
weather. Although synanthropic birds (crows,
sparrows, tits) do not migrate, they can participate
in the transmission of the pathogen to poultry.
Oftentimes the delayed response of veterinarians
and poultry owners reduces the effectiveness of
disease-control actions. The problem is especially

Newcastle diseases

Poultry production
Population

i
- .”

Endemic area N
Poultry farms staff

Reservoirs of virus

Poultry, staff,
transport, other fomites

Figure 3. Links of large poultry farms and epizootological and zoonotic threats

Journal of Pure and Applied Microbiology

www.microbiologyjournal.org



Chechet et al. | J Pure Appl Microbiol. 2022;16(4):2363-2400. https://doi.org/10.22207/JPAM.16.4.69

serious in the case of subtypes HSN8 and H5N2,
which are characterized by a fulminant disease
course. Untimely diagnosis leads to a delayed
introduction of specific measures. In addition
to this, secondary outbreaks of the virus can
occur from such focuses of infection. Insufficient
outreach to the population that keeps poultry on
individual farms leads to such owners withholding
information about the deaths of chickens, ducks,
geese, etc. A dead bird disposed of in violation
of sanitary rules becomes a target for wild birds
and birds of prey, which severely aggravates the
epizootic situation. 851178

General preventive measures (Table 1)
should guarantee strict compliance with the rules
aimed at ensuring a closed operating model of
large poultry farms, as well as their biological and
sanitary protection.?’ In general, the prevention
of infectious diseases in large industrial poultry
enterprises includes high-quality veterinary and
sanitary measures; compliance with poultry
farming standards; creating favourable housing
conditions; the use of complete and safe (in
the matter of pathogenic microorganisms, fungi
and products of their vital activity) feed that
correspond to the age and direction of cultivation;
stress prevention; the use of vitamin and mineral
supplements, probiotics, phyto-preparations,
drugs that support the immune system such as
tonics, drugs that increase resistance, anti-stress
drugs and, accordingly, specific prevention. 13179180
Only strict technological discipline and high
veterinary and sanitary production culture as well
as full-fledged feeding promote the creation of
reliable immune protection in a herd.8.18

An analysis of the production technology
of poultry products indicates that poultry farms
are stocked with day-old chicks purchased from
sources that are safe in veterinary and sanitary
terms. Before bringing in the next batch of birds,
complete disinfection of the buildings is carried out
by cleaning the buildings (including the removal
of coop bedding). The territory of almost all large
poultry farms is surrounded by 2.5-3-meter fences
that run along the perimeter of the borders of
poultry farms, thus protecting the enterprise from
the intrusion of outsiders, animals and birds. Entry
roads to poultry farms are always paved. There are
no open reservoirs on the territory of poultry farms
so as not to create living conditions for waterfowl.

In each poultry house and feed storage, there are
ventilating and technological apertures equipped
with frames with a small metal grid which prevents
synanthropic or wild birds from entering the room.
If a dead wild bird is found, its carcass is disposed
of.’®¥ The whole set of veterinary and sanitary
measures described above is implemented.!38183

In Ukraine, the prevention of influenza
virus on poultry farms also relies on a set of
measures implemented by representatives of
the State Food and Consumer Service and the
veterinary services of poultry enterprises. As
an additional step, these measures also include
continuous monitoring of wild birds, identification
of new subtypes of viruses to assess the risk,
creating buffer zones throughout the farm and
production areas, preventing rodents and wild
birds from entering the poultry farm, using barriers
on all transport routes and staff entry routes,
preventing outsiders from entering the poultry
farm and reducing production traffic at poultry
farms. Potential carriers of the virus include staff,
factors of virus transmission can be equipment,
feed, visitors, transport, air, etc. The “biosecurity
system” suggests that staff cannot enter the farm
area freely. People leave all their clothes and shoes
in the “quarantine zone”, after which they shower
and change into overalls and special shoes.3®
Thus, large poultry complexes must have in place
a comprehensive control system comprising
epizootiological monitoring of the technological
cycle of production, microbiological and virological
monitoring of chicken breeding (in broiler farms),
diagnostic monitoring (serological testing),
microbiological testing, vaccination, disinfection,
and derivatization.'*®

In addition to the above measures,
as part of the system of ensuring veterinary
welfare on poultry farms, an analysis of the risks
of contamination of products is performed at
each stage of the technological process. Thus,
throughout the technological chain of feed
production and until ready feeds are placed
in feeding troughs, a continuous process of its
inoculation with microflora takes place. All the
facilities involved in the production cycle can be
identified as critical risk points — hatcheries, poultry
houses, feed mills, etc. Veterinary specialists pay
special attention to slaughterhouses, recycling
houses, and the buildings where autopsies are
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performed. Protective measures are implemented
in all such buildings and the spread of pathogens
is prevented owing to constant disinfection. 38183

In the context of large-scale poultry
farming, typical, for example, for Russia, vaccination
is one of the main means of preventing infectious
diseases (Table 1). Currently, up to 4-16 (taking
into account serovars) infections (viral, bacterial,
parasitic) are prevented through vaccines. Intense
immunity against most of them is achieved by
repeated administration of vaccines.*179.180
Researchers note that the emerging situation
with bird flu is a unique phenomenon, as the
frequency and severity of bird flu outbreaks do
not decrease from year to year. Over time, it may
even be necessary to vaccinate people working
in the poultry business with vaccines of subtypes
that can potentially infect humans.**

The experience of poultry farming
establishments from different countries shows
that only a healthy bird can have a high level of
productivity. Specific prophylaxis with the use of
vaccines also facilitates preventing such cross-
border diseases as Newcastle disease in poultry
(according to the relevant schemes in poultry
farms, parent flock, poultry, and broiler eggs are
vaccinated). However, specific prevention of highly
pathogenic and low pathogenic avian influenza
in Ukraine is not implemented. In this case,
compliance with biological safety and undertaking
appropriate sanitary measures at poultry farms
play a key role.*®

Large industrial farms often stock their
livestock with breeding and hybrid birds, using
eggs from different European countries. In
different countries, vaccines and diagnostic tests
may differ even across one cross-vaccination. This
means that different vaccines and vaccination
schemes may be used within a single company.
Vaccination is always stressful as a significant
amount of vaccine virus is released into the
environment (in the case of live vaccines). It is
also necessary to take into account the antigenic
incompatibility of vaccine strains with the ones
circulating on farms. The negative factors that can
be at play on farms are the immunosuppressive
state of poultry, vaccine regimens violations, and
the presence of latent infections with persistent
viruses. In addition to this, veterinary and sanitary
problems may arise on such farms: violation of

sanitary requirements when preparing buildings
for bringing in poultry; violation of feeding
rules, stress; mixing birds of different ages or
from different countries or different suppliers
within a single flock; unreasonable introduction
of new vaccines, change of vaccines or their
manufacturers; violation of guidelines for the use
of vaccines; lack of diagnostic monitoring tests;
lack of specialist attention to immunosuppressive
conditions that affect birds’ productivity and
health.’®* Fundamentally, protection of poultry
flocks on industrial farms relies on compliance
with a high level of biosecurity and vaccination
of livestock, high-quality and comprehensive
monitoring, as well as compliance with veterinary
and sanitary requirements and standards. Cluster
approach to the development of the poultry
industry in a certain area is effective in the case
of an infectious disease outbreak only when the
feed mill, incubator, processing enterprise and
other members of the cluster interact on an
exclusive basis. Such a requirement is necessary,
as in such case the company operates in isolation
from other entities, and even if the products are
exported from this area, they are completely safe
for humans and birds.**3%

In general, the optimal level of outlays
for veterinary measures in relation to the cost
structure of poultry products is 2-4%. However,
there are certain veterinary and sanitary problems
that, as a rule, arise in the case of significant
savings and outlays for veterinary preventive
measures of less than 2% of the cost structure. Any
violations related to poor quality of vaccination,
veterinary and sanitary measures, poor feed
quality, savings on ventilation systems, lighting,
heating, equipment failure, insufficient training
of staff and specialists — always lead directly or
indirectly to significant veterinary problems and
economic losses.'®

However, vaccination remains the main
component in the complex of special veterinary
and sanitary measures. Therefore, bird treatment
schemes in poultry farms mostly constitute
programs or technological maps of vaccination.®
Each poultry farm has its own technology for
the specific prevention of infectious diseases.
Following the technology allows to achieve a full
immune response, suppress subclinical disease
course, reduce the incidence of secondary
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infections and minimize the use of veterinary
drugs for therapeutic and prophylactic purposes.
Immunization of birds against Newcastle disease
is carried out by practically all large poultry
enterprises in Russia without exception.'®® Most
poultry farms vaccinate poultry three times,
after a complex vaccination against Marek’s
and Newcastle diseases at the age of one day;
according to another scheme — twice; the rest
of poultry farms carry out a single vaccination,
in this case, one of them is a comprehensive
vaccination against Newcastle disease and
infectious bronchitis. In Russia, vaccines of both
Russian and foreign origin are used: “AVIVAK-NH"
strain “La Sota” (NVP “Avivak”), “AVIVAK-NH" strain
“Bor-74 VDNKI” (NVP “Avivak”), “ND La-Sota”
(ZOETIS), “BIO-VAC NDV 6/10” (FATRO, Italy),
“ND C2” (00O “Intervet” MSD Animal Health),
“HIPRAVIAR® CLON / H120”, LABORATORIOSHIPRA,
SA., Spain).1#7.188

The use of Newcastle disease vaccines
which contain any genotype of the virus protects
poultry from death and clinical symptoms,
however, in this case the release of the virus into
the environment is not prevented, which can
contribute to the spread of infection, especially
where there are genetic structure differences
between the field virus and vaccine strains.
Therefore, vaccines made from phylogenetically
similar strains of the Newcastle disease virus
circulating in the region should be used for
immunising poultry.’819! |n industrial poultry
farming, observing the intervals between
vaccinations is essential. Veterinarians in most
poultry farms face the problem of developing
vaccine prophylaxis schemes taking into account
the origin of the parent flock, constant serological
tests for antibody titers and the combination of
vaccines.'®?

A certain role may also be played by
specific prevention with the use of exclusively
inactivated vaccines in the system of measures
to prevent and control highly pathogenic avian
influenza.’® In recent years, Ukrainian scientists
have developed and successfully tested biological
products based on domestic strains for the
prevention of highly pathogenic avian influenza
in the form of mono- and bivalent?*'% as well
as trivalent®® vaccines against highly pathogenic
avian influenza and Newcastle disease. However,

such biological drugs against avian influenza are
not yet legally permitted for use in the country.

The ideal vaccine against avian influenza
should protect the bird from the disease,
stimulating a protective immune response, as
well as prevent the bird from contamination.’
However, the currently available commercial
influenza vaccines are not able to prevent infection
and induce sterilizing immunity.**®

In Russia, preventive vaccination against
avian influenza is allowed. For example in 2015,
million of the country’s birds were vaccinated
against influenza, and nearly 19 million birds were
revaccinated. In Russia, preventive vaccination
is applied in order to prevent highly pathogenic
influenza in individual households located in areas
at a higherrisk of the disease. Given that the main
source of influenza virus is wild migratory birds, the
risk of highly pathogenic avian influenza pathogens
entering Russian territory is permanent. In Russia,
the Newcastle disease virus is detected in pigeons
and chickens almost every year.

The results of serum testing carried out
on four industrial enterprises of the Republic
of Crimea revealed a high level of intensity of
immunity to Newcastle disease in poultry. At the
same time, the authors of the study note that
diagnostic titers of antibodies to the disease
were found in poultry blood serum collected
from individual farms in three settlements where
vaccination against Newcastle disease was not
carried out. The latter indicates that the causative
agent of the disease circulates in poultry from
individual farms.2°® Russian researchers have
described outbreaks of Newcastle disease on
poultry farms that did not vaccinate birds against
the disease. The tests of antibody titers in poultry
showed high concentrations of post-infection
antibodies. The virus was isolated in a polymerase
chain reaction.?®*

In Ukraine, the poultry kept on poultry
farms isimmunised against Newcastle disease with
vaccines from strains “ND Clone 30”, “La-Sota”,
“HIPRAVIAR-B1/H120”, “VH”, “VG/GA” produced
in different foreign countries. It was found that
the intensity of poultry’s immunity in laying hens
was 100%, for broiler chickens it ranged from
89 to 100%, and for quail it stood at 85-87%.%%
Ukrainian scientists B.T. Stehnii et al.2** studied
the epizootic situation and post-vaccination
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immunity against Newcastle disease in several
industrial poultry farms in different regions of
Ukraine. In the lvano-Frankivsk region, 255-day-old
birds were examined for the presence of antibodies
to the ND virus; the antibodies were detected in
dilutions of 1: 256-1: 32768, in which case the
CV ratio was 12.1 and the immunity intensity
was 100%. After 30 days, the authors tested the
blood serum of chickens from the same poultry
house again. At the time of the tests, titers to ND
virus ranged from 10 to 13 log2, and the intensity
of immunity was also 100%. The antibody titers
were in the range of 1: 64-1: 8192, CV was 31.86,
and immunity was 95% in chickens aged 349 days
kept on the same poultry farm, but in a different
poultry house. The authors examined the blood
serum of chickens aged 232 and 236 days kept
in two poultry houses on farms in the Chernivtsi
region. 100% intensity of immunity was found
in both cases. In young chickens, antibody titers
ranged from 8 to 13 log2, in older birds — from
9 to 13 log2. During the testing of blood serum
taken from 107-day-old chickens from poultry
farms in the lvano-Frankivsk region, the intensity
of immunity was 100%, whereas antibody titers,
in this case, were in the range of 6-10 log2. A test
of blood serum collected from poultry farms in the
Kharkiv region revealed the presence of antibody
titers in the range of 1:32-1:4096, although the
intensity of immunity was 100%.2%

Belarusian scientists note that the
territory of the Republic of Belarus is free from
highly pathogenic influenza and Newcastle
disease, while these diseases are registered in the
Russian territory almost every year. Scientists in
the Republic of Belarus believe that the success
in combating these diseases was achieved
through vaccinations and monitoring.?® There is
currently no systematic monitoring of Newcastle
disease in Russia.?® For the prevention of avian
influenza at large poultry enterprises of the
Republic of Belarus, among other measures,
general veterinary and sanitary measures aimed
at improving the biological safety of these
production facilities are strictly adhered to, and
the following tests are performed on a regular
basis: testing of pathological material and hatching
eggs to detect highly pathogenic influenza virus;
serological tests for the presence of specific
antibodies in the serum of birds from poultry

farms, poultry, and wild birds, as well as day-old
chicks imported into Belarussian territory; poultry
workers are prohibited from breeding poultry in
their individual yards; it is prohibited to import live
poultry, products of poultry processing as well as
feed and feed additives from countries affected by
highly pathogenic avian influenza into Belarussian
territory.?%®

As already mentioned, the policy of
some poultry farms in working with poultry is to
only use inactivated vaccines against Newcastle
disease. It is believed that such drugs do not cause
immunosuppression, there is no replication of
live vaccine virus, which eliminates the negative
impact factors of vaccination on the body.?%”
Although in Russia and Kazakhstan, the leading
role in poultry breeding and rearing belongs
to specialized poultry enterprises, a significant
part of poultry is kept on individual, small-scale
farms. Such farms often take on the functions
of “incubators” where no sanitary requirements
are observed, and eggs of unreliable origin are
often used.?®® Such private entrepreneurs often
ignore any anti-epidemic and special prevention
measures. Researchers point out that preventive
immunisation of pigeons, pheasants, guinea fowl,
turkeys, and chickens in individual poultry farms
must be carried out due to the significant economic
damage caused by Newcastle disease, the spread
of the virus and the danger of introducing the virus
from smallindividual farms to large poultry farms.
The purpose of such vaccination is to achieve
the longest possible group immunity, which
prevents virulent strains of the virus from being
introduced in such groups of birds with subsequent
reproduction and spread of infection.?®

Nowadays industrial poultry farming uses
Newcastle disease vaccines that do not require
revaccination. A single Vectormune® HVT-NDV
vector vaccine dose administered in an incubator
is absolutely sufficient for stable immunity
against the disease to form and develop, which
reduces the impact of stress as compared to mass
vaccinations of poultry by watering. According
to Ukrainian scientists, when a vector vaccine is
used, horizontal spread of the vaccine virus does
not occur.??

In large poultry farms, the concentration
of several pathogens (infectious chicken anemia,
infectious bursal disease, Marek’s disease) often
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leads to severe immunosuppressive conditions,
accompanied by less effective protection of
birds following vaccinations against infectious
diseases, a significant increase in mortality,
susceptibility to secondary infections, and the
threat of infectious diseases, especially Newcastle
disease.?!! Therefore, veterinarians should take
this aspect into account when working with
poultry.

In modern realities, the use of hatching
eggsisalways associated with risks of transboundary
spread of infectious diseases, especially avian
influenza and Newcastle disease.?*? Transmission
of low-pathogenic avian influenza viruses through
hatching eggs of agricultural birds is highly
probable, as the surface of eggs and containers
may become contaminated with these agents.
A high probability of influenza virus spreading
through a marketable egg was observed in quails,
turkeys, geese, and chickens.?** The analysis of the
steps taken by European Union Member States in
the fight against avian influenza?*?** shows that
the set of measures also includes a ban on egg
displacement, regardless of the pathogenicity of
influenza (highly- or low pathogenic). In this case,
the egg, as well as poultry, feeds, meat, people,
and pathogen-containing objects are identified
as potential sources for the recovery of influenza
viruses within or spread between farms. However,
breeding enterprises that produce hatching eggs
and day-old chicks for export perform tests in
accordance with Article 10.4.32 of the Code. 2132
In this case, it is noted that, according to said
provision, additional monitoring requirements
to confirm the farm’s status as satisfactory in
terms of avian influenza include evidence of
no infection with highly pathogenic and low
pathogenic influenza viruses. Poultry kept on such
enterprises must be tested for the virus based on
random samples, using serological test methods in
accordance with the general requirements of the
Code. The tests and analyses, depending on the
risk of infection, should be conducted on a regular
basis, but at least every 21 days.?** It is necessary
to use supervision based on clinical examinations
of livestock in such work. Chapter 10.4 of the Code
states that the purpose of clinical surveillance is to
identify clinical signs of avian influenza, primarily
highly pathogenic influenza, at herd level. The
following production indicators are monitored

to help detect flu in the early stages of infection:
increased death rate; reduction of feed or water
consumption; detection of respiratory symptoms
of the disease; reduced egg production. Reduced
feed consumption and egg production is basically
the only indicator suggesting that the herd may
be infected by low-pathogenic influenza virus.
Clinical supervision and laboratory tests should
complement each other and be conducted
consistently to obtain unequivocal confirmation.
The result of a serological examination (random
or probability) allows proving with confidence the
absence of infection caused by influenza viruses in
the country, zone, or compartment. In this regard,
careful documentation of tests conducted?32*
will be of particular importance. The summary of
HPIV and Newcastle diseases general preventive
measures, laboratory diagnostic rules, response
in case of outbreak, vaccination strategies in the
countries are shown in the Table 2 and Table 3
accordingly.

Potential role of intensive bird growing during
outbreaks of viral zoonosis

In the conditions of intensive poultry
farming, an optimal indoor microclimate is
necessary, as birds’ bodies are characterized by
a fairly high level of metabolism and are rather
sensitive to changes in the external environment.
Therefore, one of the most important tasks in
poultry farming is to create favourable conditions
in poultry houses in order to increase poultry
productivity, reduce morbidity, mortality, and
culling.?'%2'7 For each poultry species and depending
on age, there are certain ranges of values of
microclimate parameters which require the
minimum amount of energy to maintain biological
processes at an optimal level, i.e. the so-called
biological comfort zone. The lower limits of such a
critical zone determine the lower critical values of
microclimate parameters, at which the organism
begins to increase its biological activity in various
ways (increased feed and water consumption,
muscle activity, etc.), which ultimately leads to
an increase in heat production, and, accordingly,
the body’s heat consumption due to a decrease
in productivity.?’® The use of modern tunnel
ventilation systems of leading manufacturers
makes it easy to regulate air speed, allowing to
create an optimal microclimate and comfortable
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conditions for poultry, adapted to their age.?*®
Microclimate indicators and the corresponding
maximum productivity indicators can be achieved
only if modern technologies are used in aviculture
and at large poultry farms. However, it is necessary
to consider the fact that large poultry enterprises
produce a significant amount of harmful gases,
manure and other biological waste. In this case,
the production technology should ensure that the
workers of such enterprises and the population
living within a certain distance from poultry farms
are protected. Furthermore, while it is much easier
to establish biological safety measures and prevent
infectious diseases in industrial enterprises than
in household plots, the losses caused by highly-
contagious pathogens are many times higher.?
Intensive farming creates opportunities for
rapid passage of the pathogens to hundreds of
thousands of aves and increase their virulence.
Pathogens of infectious diseases with cross-
border characteristics and zoonotic potential
(avian influenza and Virulent Newcastle disease)
are particularly dangerous for modern poultry
farming.?® Consequently, the veterinary component
acquires major significance in ensuring the smooth
functioning of industrial poultry enterprises. The
zoonotic nature of these infections makes their
relevance all the more considerable. One Health
now actively intervenes at all levels (local, national,
global) in order to prevent the occurrence of such
dangerous zoonoses. The significance of zoonoses
in the global modern world will only increase in
the future.?®3!

Thus, an increase in the productivity
of broiler poultry farming is associated with
the optimization of feeding, maintenance and
metabolism.??° Large-scale poultry farming
provides for the harmonious development of
the industry, uses the most modern production
technologies and keeps the cost of obtaining
products (meat and eggs) low. Poultry products
are affordable and fully meet the needs of the
population. The technology of raising poultry is
optimized and facilitates obtaining the maximum
amount of products at the lowest cost and in a
short time. Although the costs of meat and egg
production in private household plots are several
times higher than in large poultry enterprises,*! it
is not possible to significantly reduce the number
of such low-commodity farms in the former USSR.

The potential role of wild fowl in reserving
pathogens of the two significant zoonotic diseases
in question has been proven by numerous
studies.?>* For example, the real-time situation in
places of aves concentration can be seen based on
data on the allocation of positive samples in the
structure of the migration range of wild fowl, the
placement of poultry farms, recreational objects
and other establishments, and satellite images
using GIS technology, as well as documentation.
Based on such studies, Russian scientists have
identified 27 zones of high risk of infection of
birds, humans and farm animals. The authors
indicate that the zones were not determined by
geographical area, but rather by the extent to
which they pose an increased epidemiological
threat, namely the zoonotic component.??!
Now, the zoonotic component to be taken into
consideration is that in addition to monitoring
the variability of the virus (for example, avian
influenza) circulating in the human population (to
track drift variants of the virus that can evade the
immune response), constant monitoring of these
pathogens that circulate among different hosts is
crucial. Control of the influenza virus circulating
among wild fowl is necessary to monitor the
emergence of new variants of the virus in the
natural reservoir, and among poultry —to track the
influenza virus that can infect people who come
into contact with birds. In addition, it isimportant
to monitor the circulation of the influenza virus
in populations of potential intermediate hosts
(primarily pigs) to identify the variants of the
influenza virus that can infect humans and be
successfully transmitted from person to person,
causing epidemics and pandemics.??2 In household
plots of citizens who often keep pigs and different
types of poultry at the same time, this might be a
viable solution (Figure 3).

Geographically speaking, Ukraine
occupies a central place in Europe and is located
at the crossroads of migration routes of wild
fowl of many species, and has favorable climatic
conditions for the existence of many living beings,
including birds.”>?2® According to the latest data,
the ornithological fauna of Ukraine is represented
by aves of 414 species, 207 of which nest on its
territory. The wild fowl is often a reservoir of
avian influenza and Virulent Newcastle disease
pathogens. Three out of 14 transcontinental
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global migration flows pass through the territory
of Ukraine, and almost the entire territory of
the country is located within the main migration
routes of aves from North Asia and Europe
to the Mediterranean, Africa and South-West
Asia. Ukraine lies at an intersection of the flight
directions of birds from the Baltic and Caspian
seas to the Black and Mediterranean seas, from
Western Siberia and Kazakhstan to Western
Europe and North Africa. The most intense
ornithological situation concerns the south of
Ukraine, namely the Azov-Black Sea coast, which
is where aves flying from the north of Europe
to the south concentrate, settling in numerous
waterbodies along the sea. On the other side, the
main migration route of aves from Kazakhstan,
the Caspian Sea and South-Eastern Europe, and
through the mouth of the Don further to the
south-west of Europe passes along the Azov-Black
Sea coast. The ornithological situation on the coast
is one of the most intense in Eastern Europe. A
significant number of waterfowl nest and winter in
the south of Ukraine. 7>742?4|n fact, the entire south
of the country is at an increased risk of spreading
infections carried by wild fowl throughout the year.
The second most critical region where seasonal
migrations cause a tense ornithological situation
is located within Polissia, in the floodplain of the
Desna River and along the Dniprovskyi cascade
of reservoirs. Several migration routes leading to
Western Europe from Northwestern Siberia and
direct continental routes from the Baltic states
and Scandinavia and Northern Eastern Europe also
intersect here.”2?2

As already noted in the previous sections,
in the industrial poultry industry of the former
USSR countries (Ukraine, Russian Federation,
Kazakhstan, Belarus), Virulent Newcastle disease
is controlled by vaccines and constant serological
monitoring. However, the situation in the
private farms owned by citizens remains mostly
uncontrolled. Researchers from the Russian
Federation point to the fact that the infection has
been confirmed in the Krasnodar and Stavropol
territories and in the Chechen Republic. The virus
circulates on household farms owned by families
living in the south of the Russian Federation.
Preventing avian influenza on poultry farms
requires a strict permit regime, staff training and
hygiene. Even if poultry farm employees do not

keep poultry at home, their neighbours often do.
The virus can infect the poultry population and
spread into the premises of poultry enterprises.
Household plots are at the highest risk of
infection. Birds kept on such farms can come
into contact with wild fowl, which is the primary
source of the avian influenza virus. Owners of
small household plots cannot preclude contact
between poultry and wild birds and ensure that
poultry is kept without open-air run. Scientists
note that as a primary measure to prevent the
virus from entering the territory of poultry farms,
biological safety rules must be strictly observed.?*®
Synanthropic aves species are a kind of vector of
transmission of the virus between the reservoir
of infection in wild avifauna and susceptible
poultry. However, if household plots do not
engage in poultry farming, influenza outbreaks
among poultry are not observed, as there are
no susceptible organisms whose presence would
lead to an inevitable disease in case of a natural
outbreak.?

Successful vaccination of susceptible
livestock and its quality control are important
parts of the program of specific prevention in
poultry farms of the former USSR countries. The
effectiveness of vaccine prevention programmes is
assessed on the basis of a number of factors, the
main ones being: the general state of health of
poultry, high indicators of safety and productivity
of vaccinated poultry. The quality of vaccinations
performed in broilers and laying hens is assessed
by conducting routine serological monitoring
(primarily Virulent Newcastle disease) to control
the intensity of post-vaccination immunity in
vaccinated poultry.?”” Farms and household plots
are always at risk of poultry disease. This is one
of the reasons why large industrial enterprises
vaccinate the entire poultry population. Household
plots are often located at a small distance from
industrial poultry enterprises, and synanthropic
poultry can carry the causative agent of the
disease.?”® Monitoring studies of poultry from
household plots are conducted in Ukraine and
Belarus, but not in the Russian Federation.?®
Another problem in the specific prevention of
Virulent Newcastle disease is the discrepancy
between the vaccine strains used on poultry and
those that are constantly circulating in these
areas_189—191
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Virulent Newcastle disease has not
been present on the territory of Ukraine for a
long time (more than 13 years) due to preventive
vaccinations.'#2% At present, the disease occurs
mainly in a subclinical form, which is manifested
by a slight respiratory pathology, a significant
difference in the titers of antibodies to the
pathogen in one herd, and the occurrence of
secondary infections (colibacteriosis) against
the background of the subclinical course of the
disease. The subclinical form of Virulent Newcastle
disease contributes to the activation of other
viral pathogens — avian infectious bronchitis
virus, metapneumovirus infection, and mollicutes
(respiratory mycoplasmosis). The problem is
particularly relevant for large poultry holdings.*®*
An urgent scientific and practical task consists
in zoning the territory according to the levels
of epizootic risk of Virulent Newcastle disease.
Assessing the risk of entry of the pathogen from
the outside and the nature of its spread within
the state is an important task in the development
of anti-epizootic measures aimed at preventing,
localizing and eliminating epizootics.?2%23°

Currently, Russian researchers are
particularly concerned about the fact that in 2018
poultry enterprises with a high level of veterinary
and sanitary protection and zoned production
locations (Rostov and Penza regions) were affected
by avian influenza. Upon detecting the influenza
virus, quarantine measures were introduced at eight
large poultry farms. Epizootics of highly pathogenic
avian influenza have become widespread, as 82
outbreaks have been documented in 15 regions of
the Central, Southern, and Volga Federal districts.
The Veterinary Medicine Service was particularly
concerned about the infection pervading large
poultry enterprises with existing biosecurity
systems and sanitary zones (eight such outbreaks
in 2018).231

According to the recommendations of
the OIE, in the event of an outbreak of influenza,
veterinary medicine workers should conduct a
“stamping-out” of poultry from the focus of the
infection and potential carriers of the virus. In this
case, birds kept in household plots are allowed
to be vaccinated. However, the OIE does not
recommend exporting poultry after vaccination.
That is why almost all countries prohibit the import

of poultry products (except for heat-treated ones)
from regions affected by avian influenza. In this
case, veterinary services impose self-restrictions
on exports in accordance with multilateral and
bilateral trade agreements, but the host country
has the right to introduce stricter measures. For
example, an importing country may prohibit
the import of poultry products not only from a
separate administrative unit, but also from another
importing country. If avian influenza is detected in
wildlife but not in poultry, the importing country
may impose an embargo and prohibit import
for a period exceeding the agreed time limits of
quarantine measures.*

Currently, it is proved that the zoonotic
potential of influenza viruses in humans is realized
through subtypes A(H5N1), A(H7N9), A(HIN2),
A(H1IN1), A(HIN2), and A(H3N2). Often, these
human-pathogenic subtypes are reassortant
forms of interaction between avian and swine
influenza viruses. The disease is very difficult
to control and prevent, because wild migratory
fowl are simply layered with different subtypes
of this pathogen. The major flow of aves twice
a year (spring and autumn migration) between
continents only contributes to the spread of
the pathogen.3? Preventive vaccination against
influenza, while improving the epizootic situation
for this disease in household plots (for example,
in the Russian Federation), does not reduce the
risk of the disease.'®® Thus, it should be concluded
that outbreaks of avian influenza will continue to
occur in the future, which will require joint work
of veterinary and medical services, epidemic and
epizootic monitoring, constant risk assessment
and response measures.

It can also be stated that the development
of the poultry industry, the emergence of new
technologies for keeping and feeding poultry, as
well as the achievements of biotechnology, not
only will fail to reduce the range of infectious
diseases, but on the contrary, extend it due to the
emergence of new diseases (infectious anemia of
chicken, hepatitis E, astrovirus infection, etc.). New
strains or serovariants of already known infectious
diseases appear: infectious bronchitis of chickens
— serovariants D 388, 4/91, QX, CR8S, it-02;
Virulent Newcastle disease — 7 serological variants;
infectious bursal disease; metapneumovirus
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infection —serovariants A and B; reovirus infection
— Polish variant; influenza — H5N1, H7N9); and
the number of infections caused by reassortant
viruses is also growing (infectious bronchitis of
chickens-isolate 062545/09 Swedish and various
reassortants of influenza virus).*® All these
pathogens present in industrial poultry farming
increase the biological load on the immune system
of poultry and manifest themselves as additional
stressors.

Currently, in many developing countries
(in Africa, Asia and South America, including
Ukraine, the Russian Federation, Kazakhstan,
Belarus), a significant part of poultry is kept in
household plots and farms. In addition, part of
this poultry is often a hidden reservoir of the
causative agent of Virulent Newcastle disease. This
situation seriously impedes the development of
large-scale industrial poultry farming. After several
passages of the causative agent of this disease
vertically through the eggs, chickens become
its natural reservoir. This is facilitated by the
constant vaccination of aves. The phenomenon is
confirmed by reports that vaccinated hens remain
latent carriers of the causative agent of Virulent
Newcastle disease.?*? Poultry from household
plots and synanthropic poultry can be a kind
of “bridge” between wild fowl and aves from
industrial poultry enterprises in the transmission
of influenza viruses. In Ukraine, it is in rural areas
that a significant number of private yards and
farms where poultry is kept are concentrated, with
practically no control by the veterinary service. In
such plots, the population (“backyard poultry”)
lacks basic biological safety measures, there are
no disinfection gates, sometimes even fences,
often even employees of large industrial poultry
enterprises keep poultry in their yards.?® In these
households, the spread of avian influenza and
Virulent Newcastle poultry disease is influenced
even by meteorological factors, because there
are no biosecurity systems and a controlled
microclimate like in industrial enterprises.?*

CONCLUSION AND FUTURE PERSPECTIVES
Thus, analyzing outbreaks of avian

influenza and Virulent Newcastle disease in the
former USSR, a distinctive chain can be observed:

wild migratory fowl — poultry of household plots
and synanthropic aves — poultry of industrial
enterprises.

The occurrence of avian influenza or
Virulent Newcastle disease in any poultry farm
causes significant economic damage not only to the
farm, but also to the entire region, and ultimately
to the country as a whole. The destruction of the
entire poultry population affected and closing the
poultry enterprises, restrictions on the activities
of other farms in the risk zone, the costs of
liguidation and anti-epizootic measures are the
leading components of economic losses in case
of occurrence of these two cross-border diseases
of poultry with zoonotic potential. Subsequently,
the resumption of activities of such enterprises
affected by outbreaks of avian influenza or
Virulent Newcastle disease requires significant
investment.* The very emergence of new and
repeated (already eliminated outbreaks) of avian
influenza now indicates not only a low level of
biosafety at enterprises, but also often the lack
of competence or inability of the veterinary
service of poultry enterprises themselves to
provide reliable protection against epizootics.36
For veterinary medicine workers, the problems
of biosafety and biosecurity is an urgent problem,
they primarily concern industrial poultry farms
and enterprises where products are obtained for
human consumption.?*

Zoonotic viral diseases of poultry

highly pathogenic avian influenza and
Newcastle disease, although to varying degrees,
pose a threat to human health. These diseases
are a public health problem, especially bird flu,
which poses a constant pandemic threat. Modern
approaches to managing such threats are based
on the principles of the One Health concept.?®
In both cases, large poultry farms may have a
potential role in the spread of viral zoonoses to
the public through poultry products or through
contamination of personnel. The large number
of birds in industrial farms, the close contact with
birds of large numbers of personnel, and the
large amount of potentially contaminated waste
create an environment conducive to the rapid and
significant spread of viral zoonoses. Also, endemic
zones can be created around large poultry farms,
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and the bird population, even with vaccination, can
also become endemic for Newcastle disease.?”
In Ukraine, Russia, Kazakhstan and
Belarus, the threat of viral zoonoses originating
from birds is real and requires control by the state
veterinary medicine and Public Health system.
The topic of reducing the risks of the spread of
Highly pathogenic avian influenza and Newcastle
disease to large poultry farms and protecting the
population from these diseases need to be studied.
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