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LLENN U OBJIACTb (TEMATUYECKNI OXBAT)
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Extension of scope of susceptible mammalian
species as avian influenza global situation
developed in 2023-2024

Milena V. Zhiltsova, Tatiana P. Akimova, Mariya N. Mitrofanova, Valentina P. Semakina, Evgeniya S. Vystavkina
Federal Centre for Animal Health, Yur'evets, Vladimir 600901, Russia

ABSTRACT

Introduction. Highly pathogenic avian influenza currently requires the close attention of the international community. Determining the factors affecting trans-
mission and replication of avian influenza virus in mammals and analysing the evolutionary processes involved will suggest which virus lineages will have the
spillover potential and infect non-typical hosts, including humans.

Objective. The paper is aimed at studying the avian influenza epidemic situation in mammals, description of the features of the avian influenza epizootic process,
retrospective analysis of influenza outbreaks in non-typical hosts.

Materials and methods. The study was carried out in the Information and Analysis Centre of the Veterinary Surveillance Department of the Federal Centre for
Animal Health (Vladimir). The data obtained was based on statistical data from the database of the World Organisation for Animal Health WAHIS and scientific
publications of foreign and domestic authors. Cartographic analysis was carried out using ArcGIS geographic information system (ESRI, USA).

Results. The avian influenza virus H5N1 epizootic process in 2022—2024 involved mammalians of various families (Bovidae, Mustelidae, Ursidae etc.) in which the
disease had not been previously recorded. Strict biosecurity measures and updated alert systems are of crucial importance to effectively prevent the spread of the
disease. In a limited number of countries (Bangladesh, Dominican Republic, China, Egypt, Indonesia, Laos, Vietnam, EU countries, etc.), vaccination has been used
as a preventive and emergency measure to protect birds from influenza.

Conclusion. Transmission of highly pathogenic avian influenza virus to mammals of different species, including livestock, may be the start of a future
pandemic. The recently recorded virus spillover indicates emergence of adaptive mutations and poses a threat to animal health, public health, food security
and biodiversity.

Keywords: review, avian influenza, mammals, livestock, cattle, epizootic situation, unusual hosts, extension of host scope, control strategies
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PaclumpeHue cnekTpa BOCNPUUMUMBLIX BUAOB
MJTeKOMUTAIOLLMX B XOA€ Pa3BUTKA INU300TUYECKON CUTYaLN
B Mupe no rpunny ntuy 3a 2023-2024 .

M. B. unbuoga, T. [. AkumoBa, M. H. MutpodaHoga, B. . CemakuHa, E. C. BbicTaBKMHa
OIBY «DefiepanbHblii LieHTp 0XpaHbl 380poBbA X1BOTHbIX» (OTBY «BHUIU3X»), mkp. I0pbesew, . Bnagumup, 600901, Poccua

PE3IOME

BBepeHue. BbicokonatoreHHbIii rpunn nTuL B HacTosLLee Bpems TpebyeT camoro NPUCTanbHOTO BHUMaHIA BCETO MeXyHapoaHOro coobiecTa. Onpeenenue
$aKTopoB, BNMAILLMX HA Nepeayuy 1 penavKaLMto BUpYca rpUnna NTAL Y MAeKONUTAIOLNX, @ TAKXKe aHaNl3 NPOMCXOAALLMX IBOSIOLMOHHBIX NPOLIECCOB Mo-
3BONUT NPeANONOXNTD, KaKue BUPYCHbIE MHUN OYAYT UMETb MOTEHLMAN K NPEOA0NEHII BUAOBOTO 6apbepa v HOULMPOBAHIID HETUMIMYHDIX X03A€B, B TOM
uncne niogei.

Lienb uccnepgoBanua. V13yueHine 3n1300THYECKON CUTyaLumi no rpunny NTUL Cpesin MNEKONUTAKOLLMX, ONCaHne 0COBEHHOCTeN MN300TUYECKOro NpoLecca
MpU rpUnne NTUL, PETPOCMEKTUBHBIiA aHANN3 BCMbILLEK FPUMNA Y HETUMNUHBIX X0351€B.

© Zhiltsova M. V., Akimova T. P, Mitrofanova M. N., Semakina V.. P,, Vystavkina E. S., 2025
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Matepuanbl u metogbl. PaboTy BbINOAHANN B UHPOPMALIMOHHO-aHANUTUYECKOM LieHTpe YnpaBneHusa BeTHaa3opa npu OIbY «DepepanbHblii LieHTp oXpaHbl
3710pOBbA KNBOTHBIX» (I. Bnagumup). C6op cBeAeHMil 0CYLLECTBAANN HA OCHOBE CTaTUCTUYECKOrO MaTepuana 6a3bl aHHbIX BceMupHoli opraHu3aumi 34paso-
oxpaHeHua xuBoTHbIX WAHIS v HayuHbIx ny6nukaumii 3apy6exHbix 1 0TeyecTBeHHbIX aBTOPOB. KapTorpaduueckuii aHanu3 npoBOANAM C NOMOLLbIo reorpadu-
yeckoil MHdopmauoHHoil cuctembl ArcGlS (ESRI, CLLA).

Pesynbratbl. € 2022 no 2024 r. B 3n1300TYECKHIl NPOLIECC, BbI3BaHHbIN BUpycom rpunna noatvna HSN1, 6binn BoBReYeHbI MAeKONUTaloLLMe Pa3finyHbIX ce-
MeVCTB, y NpeACTaBuTeNeil KOTOPbIX paHee 6one3Hb He perucTpUpoBanii: nonoporue, kyHuueobpastble, Measexsit  ap. [na 3GGeKTUBHOTO NpesoTBpaLLeHna
pacnpocTpaHeHua 3a60neBaHMA BaXHbI CTPorie Mepbl 6106e30MacHOCTY 1 akTyanu3auua cicTem onoelleHna. B orpannyenHom uncne ctpan (banrnapey,
[JlomuHukatckan Pecnybnuka, Kutaii, Erunet, ingoHesna, Jlaoc, BoetHam, cTpabl EBpocoto3a 1 Ap.) B kauectBe NpodunakTuueckoii IKCTpeHHoI Mepbl Ana
3aLLMTbI NTUL OT FPUNNA UCNONb30BaNM BaKLMHALMI.
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[AaTb CTapt 6yayLueit naHaeminu. Mexsigosas nepefaya Bupyca, perucTpupyemas B nociefHee Bpems, yKkasblBaeT Ha BOSHUKHOBEHIeE ajanTUBHbIX MyTaLuii
1 NpeCTaBAAeT coboii yrpo3y 30POBbI0 XKUBOTHBIX, 00LLECTBEHHOMY 3ApaBOOXPaHEHMI0, NPOLOBONbCTBEHHON 6e30nacHoCTI 1 Bropa3Hoobpasiio.
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INTRODUCTION

Avian influenza virus continues to pose a threat to ani-
mal and human health. H5 and H7 subtypes have caused
numerous outbreaks in wild and domestic birds and resul-
ted in mortality of at least 600 million poultry since 2005.
Many countries are now concerned about the develop-
ment and application of different strategies aimed at avian
influenza control.

Unlike H5N2, H5N3, H5N4, H5N5 and H5N6 subtypes
detected in a rather limited area or within the continent,
the H5N1 subtype started a large-scale intercontinental
spread [1].

H5N1 subtype has caused a significant number of out-
breaks in many countries in Europe, Africa, Asia and
the Americas [2].

The virus interspecies spillover usually results in a dead-
end infection. The probability that a complete set of adap-
tive mutations is acquired in a single immunocompetent
host and transmitted onwards to other hosts is extremely
low. Adaptive mutations occurring during an epizooty
could enhance adaptiveness of the virus through in-
creased polymerase activity to allow transmission to less
susceptible hosts. This is demonstrated by the results
of both experimental infections and isolation of the virus
from atypical wild and livestock hosts during outbreaks:
spread of high pathogenicity avian influenza (HPAI) H5N1
to farmed pigs in Indonesia, and transmission to cattle and
goats in the USA [3].

Evident changes in the epidemiology and ecology of
the virus now pose a threat to animal health, public health,
food security and biodiversity. Conventional control mea-
sures such as biosecurity, stamping-out and movement re-
strictions, although important, may not be sufficient. Most

countries have mechanisms in place to facilitate the requ-
lar exchange of information and best practices to coordi-
nate disease control policies and develop evidence-based
national strategies [4, 5].

The aim of the study was to investigate the avian in-
fluenza epizootic situation in mammals, to characterize
the avian influenza epizootic process and to retrospec-
tively analyze influenza outbreaks in atypical hosts.

MATERIALS AND METHODS

The study was carried out in the Information Analysis
Centre of the Veterinary Surveillance Department, Federal
Centre for Animal Health (Vladimir). The data were collec-
ted using statistical material from the WAHIS database of
the World Organisation for Animal Health (WOAH) and
scientific publications of foreign and domestic authors.
Cartographic analysis was carried out using ArcGIS geo-
graphic information system (ESRI, USA).

DYNAMICS OF HPAI OUTBREAKS AMONG

ATYPICAL HOSTS, INCLUDING LIVESTOCK

During the ongoing global outbreak of avian influ-
enza caused by the HPAI A/H5NT1 virus, both birds and
many mammalian species were found to be infected.
In 2022-2024 there was a marked change in the scope
and ratio of atypical hosts naturally infected with HPAI.
Mammalian species, including cattle and small ruminants,
were involved in the process.

The significantincrease in the number of detected mam-
malian infections (Fig. 1) from 139 in 2022 to 275 in 2023
is linked to the spread of infection and implementation
of expanded avian influenza monitoring programmes [6].
It cannot be excluded that some atypical hosts may be
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important reservoirs of infection. HPAI A/H5N1 virus has
recently demonstrated easy spillover into wildlife and agri-
culture, and has the potential to trigger a global pandemic.

The virus has currently impacted a variety of mamma-
lian species worldwide, including those classified as en-
dangered and threatened, potentially exacerbating their
conservation status. The most likely source of mammalian
infection appears to be close contact with infected birds,
with some evidence suggesting potential mammal-to-
mammal transmission [7].

Previously we described the HPAI global situation
in mammals in 2022 [8]. The virus was said to have a high
ability to spillover from birds to mammals such as muste-
lids (minks, otters, ferrets, badgers), felines (domestic cats,
cougars, leopards, lynxes), pinnipeds (common seals, grey
seals), bears (brown, grizzly, American black), bottlenose
dolphins, skunks, foxes, opossums, raccoons. HPAI mani-
festations in mammals range from asymptomatic to severe
forms.

HPAI virus strains that have already adapted to various
mammalian species currently continue to circulate.

HPAI EPIZOOTIC SITUATION
IN ATYPICAL HOSTS IN 2023-2024

In addition to the increased number of HPAI cases re-
ported in mammals, there has been a change in the ratio
of diseased animals belonging to various families over
the last 2 years (Fig. 2, Table).

Thus, in 2022 more than 50% of infected animals be-
longed to the Canidae family (red foxes). In 2023, there

Global HPALI situation in mammals
(2021 - 2024)
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was an increase in the number of cases among pinnipeds,
felines, farmed mustelids, as well as among new species:
forest polecat, coatis. In 2024 a significant number of out-
breaks were recorded in bovids (cattle, goats).

Deaths of seals due to HPAI A/H5N1 infection in 2022
have been confirmed in Quebec (Canada) and along
the US coast [9]. HPAI outbreak that began in November
2022 in Peruvian pelicans along the Peruvian coast and
adjacent islands spread to marine mammals, particularly
to South American sea lions, causing mass mortality by
early 2023. Researchers have confirmed the virus entry
into Peru from North America, presumably due to wild
bird migration [10, 11,12, 13].

There have been several cases of HPAI H5 transmission
among other domestic and wild birds, as well as zoo ani-
mals and wild predators.

Extension of the species range and increase in the num-
ber of reported cases are not only linked to the disease
spread, but also to the implementation of HPAI monitoring
programmes in various countries [6].

In 2024, infection cases of influenza A/H5N1 began
to be reported in cattle. Reports coming from the USA
on HPAI positive tests in dairy cattle and goats, as well as
probable transmission of the H5N 1 subtype virus between
cattle in dairy herds, are of concern because of the possi-
bility of rapid adaptation and further interspecies spillover.
All animals demonstrated similar clinical signs [14, 15].
The likely source of infection was cow feed or water that
were accessible to wild birds. Cases of HPAI transmission
from cattle to humans were recorded [16, 17].
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Fig. 1. Avian influenza epizootic situation in mammals in 2021-2024
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Fig. 2. Global distribution of avian influenza outbreaks by mammalian families in 2022-2024

Recombination of the North American viruses probably
occurred shortly before the outbreak emerged in cattle.
All isolates recovered from cattle were reassortants of
the Eurasian and North American genotypes first detect-
ed in late 2023. The outbreak in goats was not linked to
the outbreak in cattle. The HPAI H5N1 outbreak in cattle
likely went undetected for an extended period. Resear-
chers assume that the onset of the event occurred be-
tween 13 November 2023 and 18 January 2024 [18].

In light of recent HPAI situation in the USA the Ameri-
can Association of Bovine Practitioners (AABP) has taken
steps to redefine the disease syndrome caused by the avi-
an influenza virus and observed in cattle and designate it
as bovine influenza A virus (BIAV), which requires further
studies [19, 20, 21].

Experts at the Centers for Disease Control and Preven-
tion (CDC) believe that the current HPAl-associated risk
to humans is low, but people who come in contact with
infected birds or animals are at greater risk of contracting
HPAI A/H5N1 [22].

Infected cattle showed a non-specific course of infec-
tion, reduced feed intake and a sharp drop in milk yield,
but severe systemic influenza infection was demonstrated
in domestic cats receiving raw (unpasteurised) milk from
diseased cows. In addition, cases of cow-to-cow transmis-
sion were reported [23].

In response to this situation, the GF-TADs (Global
Framework for the Progressive Control of Transboundary
Animal Diseases) meeting was held on 4 April 2024 to
address identified cases of high pathogenicity influenza
in dairy cattle and goats in the United States of America
and the detection of the virus in humans. The importance
of early detection and transparency of notifications, as well
as cooperation between different national agencies, was
emphasized [24].

The WOAH continues to monitor the situation to de-
termine the risks to animal and human health. Timely re-
porting is crucial to objectively assess the disease situation
and prevent any type of misinformation. Based on the data
available the WOAH points out that restrictions on the
movement of healthy cattle and products thereof are not
recommended unless justified by an import risk analysis
conducted in accordance with Chapter 2.1 of the WOAH
Terrestrial Animal Health Code [25, 26].

GLOBAL CONTROL STRATEGIES

The first protective measure against HPAI spread
is early detection of outbreaks. Establishing accurate
warning systems is essential for effective prevention
and control of the disease. Strict biosecurity and hygiene
measures are also necessary to prevent outbreaks. When

infection is detected in poultry, a culling policy is usually
applied [27].

Vaccination of poultry may be recommended under
certain conditions. Vaccines used should comply with
the standards specified in the WOAH guidelines [28]. In
early 2023 it was allowed to conduct emergency vaccina-
tion of wild birds against HPAI as an immediate response
to an outbreak or when there was an increased risk of in-
fection entry.

Concerns about international trade restrictions hamper
use of vaccination, although its inclusion as a control tool
has been endorsed by international standards adopted by
the World Assembly of WOAH National Delegates. Unjus-
tified trade restrictions on poultry and poultry products
from vaccinated flocks have a huge impact on a sector
that contributes significantly to global food security and
the economy [29].

To date, vaccination has only been used in a limited
number of countries as a preventive or emergency mea-
sure to protect birds against HPAI [30, 31]. According to
various sources (including the WOAH), more than 30 coun-
tries have resorted to the use of vaccination against avian
influenza since 2005 [32, 33, 34]. The countries that have
officially declared HPAI vaccination are: Armenia, Belarus,
Bangladesh, Dominican Republic, China (including Hong
Kong), Egypt, El Salvador, Germany, Indonesia, Jordan, Ka-
zakhstan, Democratic People’s Republic of Korea, Kuwait,
Laos, Mongolia, Mexico, Niger, Pakistan, Peru, Singapore,
Sudan, Turkmenistan, Vietnam, Ecuador, Uruguay and
others. In some European countries (Ireland, Great Britain)
vaccination is allowed only in zoos [35, 36, 37]. In Russia,
preventive vaccination against HPAI is practiced in farms
(except poultry farms) according to the “Veterinary rules
for the implementation of preventive, diagnostic, restric-
tive and other measures, establishment and lifting of quar-
antine and other restrictions aimed at preventing spread
and eradication of high pathogenicity avian influenza’,
approved by Order of the Ministry of Agriculture of Russia
No. 158 of 24 March 2021.

In May 2023 the US Animal and Plant Health Inspection
Service (APHIS) announced that it had approved the emer-
gency use of avian influenza vaccine to prevent additional
deaths among California condors. Prior to this outbreak,
the US authorities had stated that strict biosecurity proto-
cols, including enhanced disinfection procedures as well
as destruction of infected birds, were sufficient to mitigate
the HPAI effects. Work is currently underway to develop
a vaccine against HPAI for cattle, as it is believed that vac-
cination will help reduce the risk of the disease spreading
to new animal species and lower potential losses to dairy
production facilities. Vaccination of farm poultry has long

VETERINARY SCIENCE TODAY. 2025; 14 (1): 613 | BETEPUHAPIA CETOAHA. 2025; 14 (1): 6-13



Table

REVIEWS | AVIAN DISEASES 0630Pbl | BOJIE3HI NTUL

Highly pathogenic avian influenza H5 in mammals in 2023-2024 (according to the WOAH data)

Country Animal species Outbreaks | Virus type Country Animal species Outbreaks | Virus type
South American fur seal 2 H5 Abert’s squirrel 1 H5N1
Argentina South American sea lion 14 H5 Polar bear 1 H5N1
Southern elephant seal 2 H5 Dolphin 13] 1 H5N1
Red fox 16 not typed Raccoon 6 H5N1
Belgium
Forest polecat 2 not typed Fisher 2 H5N1
South American fur seal Domestic cat n H5N1
Brazil 5 H5N1
South American sea lion Common seal 1 H5N1
USA
Grey seal 1 H5N1 Opossum 1 H5N1
Pine marten 1 H5N1 Cougar 17 H5N1
Germany
Red fox 6 H5N1 Red fox 20 H5N1
Raccoon 1 H5N1 Lynx 6 H5N1
Domestic cat 1 H5N1 Skunk 17 H5N1
Italy Domestic dog 1 H5N1 Goat 1 H5N1
Red fox 2 H5N1 (attle 33 H5N1
American mink 2 H5N1 Coatis 1 H5N1
Raccoon 3 H5N1 Uruguay South American sea lion 8 H5N1
Raccoon 3 H5N5 South American fur seal 3 H5N1
Domestic cat 2 H5N1 American mink 6 H5N1
(anada Red fox 1 H5N5 Otter 2 H5N1
Red fox 7 H5N1 Raccoon dog 9 H5N1
Skunk 1 H5N5 Finland Red fox 13 H5N1
Skunk 9 H5N1 Arctic fox 48 H5N1
Domestic dog 1 H5N1 Lynx 1 H5N1
Latvia Red fox 1 H5N1 Sable 1 H5N1
Red fox 1 H5N1 France Red fox 1 H5N1
Norway
Red fox 2 H5N5 Marine otter 2 H5
South American sea lion 2 H5 Chile Eurasian river otter 1 H5
Peru
Lion 1 H5 South American sea lion 31 H5
Russia Northern fur seal 1 H5N1
iouth Domestic cat 2 H5N1
American mink 2 H5N1 orea
USA
American black bear 1 H5N1 Japan Red fox 2 H5N1

been controversial among researchers and farmers in
the US. Poultry producers are concerned about the cost
and complexity of vaccinating millions of birds, as well as
trade restrictions [38, 39].

In May 2023, the 27 Member states of the Europe-
an Union agreed to implement a vaccination strategy
against avian influenza. The tasks were shared between
the states: France developed a vaccine for ducks, the Ne-
therlands - for laying hens, Italy - for turkeys and Hunga-
ry — for Peking ducks. Preliminary results were promising:

in Hungary, the mortality of vaccinated geese (HVT-H5
manufactured by Ceva Sante Animale) after challenge
was 2.93% compared to 76.23% in the control group, and
there was also a reduction in the viral shedding. In Italy,
a high level of clinical protection of turkeys was achieved
using HVT-H5 vaccine with a subunit or DNA vaccine ad-
ministered as a booster. Homologous vaccination gave
unsatisfactory results (25 to 40% protection) [40].

Study results of Dutch researchers showed that both
HVT-H5 vaccines by Ceva Animal Health and Boehringer
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Ingelheim effectively protected poultry in 8 weeks after
vaccination [41].

France was the first European country to introduce
mandatory vaccination of ducks from October 2023, de-
spite the risk of trade restrictions introduced by third
countries (USA, Japan) [42, 43, 44]. No outbreaks were re-
ported among vaccinated poultry in the south of the coun-
try thereafter. In the period from 2 December 2023 to
15 March 2024 the diseased birds were predominantly
found in unvaccinated poultry populations. The num-
ber of HPAI cases detected in wild birds and commercial
poultry was lower than in the same period last year [45].
According to the European Food Safety Authority report,
no outbreaks were reported in poultry in France from
16 March to 14 June 2024 [46].

Positive results of HPAI vaccination are also recorded
in Bangladesh, where poultry have been vaccinated since
2012. The number of outbreaks before vaccination was
18 times higher than after it. The latest avian influenza out-
breaks in the country were reported in 2019. The studies
conducted in Bangladesh suggest that poultry vaccination
can be part of a holistic strategy to mitigate HPAI conse-
quences if accompanied by monitoring to avoid latent
spread [47, 48].

Preventive vaccination has also been used success-
fully in Hong Kong since 2003, where no HPAI outbreaks
in poultry population have been reported since 2018 [49].

Emergency vaccination with Nobilis Influenza H5N2
vaccine conducted in the Czech Republic in 2021 helped
to preserve the national breed of geese. Poultry breeders
and the public perceive the possibility of vaccination very
positively [40].

CONCLUSION

Influenza A virus, including the H5N1 subtype, can in-
fect many animal species. In recent years, some HPAI virus
strains have adapted to new mammalian species, which
demonstrates likelihood that the virus will acquire a set
of additional adaptive mutations. Transmission of avian
influenza A virus to mammals, including humans, could
be the first step towards a future pandemic. Identification
of factors affecting transmission and replication of the vi-
rus in mammals will make it possible to predict which vi-
ral lineages are more likely to spillover and cause disease
in atypical hosts, including humans [50].

Although infection with HPAl mammalian strains is rare,
a growing number of publications indicate an increasing
prevalence of the disease, emphasizing the need for pre-
ventive measures to limit transmission, thereby preventing
a potential future epidemic in humans.

Environmental and epizootological changes that oc-
curred due to avian influenza outbreaks in recent years
have raised doubts regarding the exclusive use of stamp-
ing-out programmes. International organisations (WOAH,
European Food Safety Authority, European Commis-
sion) suggest that preventive vaccination can minimise
the number of outbreaks and the duration of the epizootic.
The use of vaccines may reduce the risk of avian influenza
spillover to new animal species and lower potential los-
ses. However, vaccination should complement, not replace,
other preventive and control measures such as avian in-
fection monitoring, early detection and biosecurity, and
is recommended as part of a comprehensive approach to
control of avian influenza outbreaks.
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Role of rotavirus, coronavirus and Escherichia coli
in disease etiology in young cattle (review)

llya A. Kruglov, Aleksandr V. Kononov, Alexander A. Nesterov, Svetlana V. Kononova, Olga V. Pruntova
Federal Centre for Animal Health, Yur'evets, Vladimir 600901, Russia

ABSTRACT

Introduction. One of the most prevalent groups of pathologies detected in young cattle involves gastrointestinal diseases. They are often caused by infectious
agents, among which rotavirus, coronavirus and pathogenic Escherichia coli are predominant.

Objective. Analysis and systematization of up-to-date information on the role of rotavirus, coronavirus and pathogenic Escherichia coli strains in the etiology of
diseases of cattle, including young animals, data on the incidence of these infections in the Russian Federation and other countries of the world as well as relevance
of vaccination against the above-mentioned pathogens.

Results. The paper provides information on the structure of rotavirus, coronavirus and Escherichia coli, on the biological properties of the pathogens, and factors
affecting the disease form and severity. Based on the analysis of domestic and foreign scientific publications, data on the prevalence of colibacillosis, rotavirus and
coronavirus infections are presented, and the main methods of their control are described. The significance of the vaccines for the prevention of these diseases is
confirmed, the factors influencing the vaccine prevention effectiveness are listed, and measures to increase it are given.

Conclusion. The average global incidence of rotavirus infection is 32.7%, coronavirus infection is 18.4%, and colibacillosis is 39.1%. In Russia, the prevalence rate
of the above-mentioned diseases is 41.4,33.1and 30.2%, respectively. Thus, in the Russian Federation, the incidence of bovine rotavirus and coronavirus infections
exceeds the global average by 8.7 and 14.7%, respectively. The colibacillosis situation in Russia is better than in most countries: the disease is reported by 8.9%
less frequently than the global average. High genetic diversity and prevalence of the above-mentioned pathogens require an integrated approach to their control.
One of the most effective methods is vaccination, which makes the development of effective and safe vaccines against rotavirus, coronavirus and Escherichia coli
infections an urgent task.
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3HaueHue poTaBmpPyCa, KOPOHABMPY(CA
n Escherichia coli B 3Tonorum 6one3Hen monoaHaAKa
KPYMHOro poratoro ckota (063op)

. A. Kpyrnos, A. B. KonoHos, A. A. Hectepos, C. B. KoHonoBa, 0. B. lIpynToBa
OTBY «DeepanbHblil LieHTp 0XpaHbl 380poBbA X1BOTHBIX» (OTBY «BHII3X»), mkp. I0pbesew, r. Bnagumup, 600901, Poccua

PE3IOME

BBepenue. OHOI 13 cambiX PaCpoCTpaHeHHbIX rPynn NaTooryiA, BCTPEUALLMXCA Y MONOAHAKA KPYMHOTO POraToro CkoTa, ABNAITCA 60Ne3HM XenyAouHo-
KiLLeyHoro TpaKTa. YacToii ux npuunHoil ABNAIOTCA BO36YANTENM MHGEKLWI, Cpesm KOTOpbIX NpeobnajatoLLiee 3HaUeHe UMEIOT PoTaBUpYC, KOPOHABUPYC 1 Na-
TOreHHas Gopma KULLEUHOI NanoyKMu.

Lienb nccnepoBanma. AHanu3 1 cucTemaTi3aLma akTyanbHoil HGOPMALIM 0 PO PoTa-, KOPOHABUPYCa 1 NaTOreHHbIX WTamMMoB Escherichia coli 8 3Tnonorun
60ne3Heli KpyNHOro poraToro CKoTa, B TOM YiC/Ie MONOAHAKA, CBEAEHNIT 0 3a6071eBaeMOCTI STUMI MHOEKLMAMI Ha TeppuTopuy Poccuiickoil Defepavinn u Apy-
TIAX CTPaH MMPa, a TaKXKe aKTyaabHOCTU BaKUMHONPOPUAAKTUKM MPOTUB BblLLIEHA3BAHHBIX NAaTOreHOB.

PesynbTatbl. B cTaTbe npepcTaBneHa nHdpopmauua o CTpoeHnM poTaBupyca, KopoHasupyca u Escherichia coli, 6uonornueckux caoiictBax Bo3byauteneii,
dakTopax, BUAILLMX Ha GOPMY 1 TAXECTb TeueHna 6one3Heit. Ha 0cHOBaHUM aHan3a HayuHoli ITepaTypbl 0TEUECTBEHHbIX 1 3apy6exHbIX aBTOPOB Npes-
(TaBNeHbl JaHHbIE 0 PaCNpOCTPAHEHHOCTU KONMOaKTep1o3a, poTaBUPYCHOI U KOPOHABMPYCHOI MHQEKLIMIA, @ TaKXKe ONCaHbl OCHOBHbIE METOibl X KOHTPONA.
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[loaTBEPX/AEHA BaXKHOCTD BAKLMH ANIA NPOQUNAKTUKY YKa3aHHbIX GonesHeil, nepeuncieHbl pakTopbl, BAUALME Ha IOOEKTUBHOCTL BaKLMHOMPOPUNAKTUKY,
11 pUBELIEHbI MepbI €€ NOBbILIEHNA.

3akntoueHue. (peHuii ypoBeHb 3a60n1eBaeMOCTM poTaBUpYCHOIt MHeKLMelt B Mupe cocTanaeT 32,7%, KOpOHaBUPYCHOI MHOeKLueil — 18,4%, konubakTtepn-
030M — 39,1%. B Poccun nokasartenb npeBaneHTHOCTY BbilLeynoMaHyTbIX 6one3Heii paseH 41,4; 33,1 1 30,2% cooTBeTcTBeHHO. Takum 06pazom, B Poccuiickoit
(eaepaumn ypoBeHb 3a60N1eBaeMOCT! poTa- 1 KOPOHABMPYCHOI MHOEKLMAMI KPYNHOT0 POraToro CKoTa NPeBbILLAET CPeHMIA NoKa3aTenb B Mupe Ha 8,7 u 14,7%
C00TBETCTBEHHO. INU300TIYECKAA CUTYaLINA Mo KonnbakTepuo3y B Poccun bnarononyyHee, yem B 60NbLUINHCTBE CTPaH: 60ne3Hb perucTpupyeTca pexe CpeaHero
MUPOBOTO 3HaueHUA Ha 8,9%. bonbLuoe reHeTYeCKoe pasHoobpasine U pacnpoCTPAHEHHOCTb BbILLEYMOMAHYTbIX BO3OYAUTENeil TPEOYIOT KOMANIEKCHOTO Nop-
xona ana 6opb6bl ¢ Humu. OfHUM U3 Hanbonee ddeKTUBHBIX CNOCOBOB ABNAETCA BAKLMHONPOGUNAKTIKA, UTO AenaeT pa3paboTky 3QdeKTUBHbIX 1 6e30nacHbIX
BaKLMHHbIX PENapaToB NpoTUB POTaBUPYCHOI, KOPOHABUPYCHON MHEKLMIA 1 FLePIUXIN03a aKTyanbHOI 3aaueli.

KnioueBbie cnosa: 0630p, poTaBupyc, KopoHaBupyc, Escherichia coli, MonosHAK KpynHOro poratoro CkoTa, peCinpaTopHble 1 KULLEYHble NaTonorum
bnaropgapHocTy: Pabota BbinonHeHa 3a cuet cpeacTB OIBY «BHIWU3X» B pamkax TeMaTuky HayuHo-UcceoBaTENbCKIX paboT «BetepuHapHoe bnarononyune.

[ina yutuposauus: Kpyrnos 1. A., KoHoHo A. B., Hectepos A. A., KoHoHoa C. B., lpyHToBa 0. B. 3HaueHue poTaBupyca, kopoxasupyca v Escherichia coli B 31no-
noruv 6onesHeii MONOAHAKA KPyMHOro poraToro ckoTa (063op). Bemepurapus cezo0ua. 2025; 14 (1): 14-23. https://doi.org/10.29326/2304-196X-2025-14-1-14-23
Kondnukr nurepecos: KoroHos A. B. v MpynToBa 0. B. ABAAITCA uneHamu peaKkonnerin xypHana «BeTepuHapusa cerofHs», Ho He UMetOT HUKAKOro OTHOLUEHMA
K peLLieHvto ony6nKoBaTb Ty CTaTbHo. PyKonucb NpoLLna NpUHATYH B XKypHane npoLieaypy peLieH3upoBaxua. 06 uHbIX KOHGAMKTaX UHTEPECOB aBTOPbI He 3aABNANN.

[ina koppecrnonperuuu: Kpyrnos Unba AnekceeBuy, acnupat, BeyLLnii cielnanuct nabopatopun 6MoTeXHONOTMI 1 KOHCTPYUPOBaHMS BUPYCHbIX MPenapatos
OTBY «BHUN3», mkp. I0pbesew, r. Bnagumup, 600901, Poccus, kruglov_ia@arriah.ru

INTRODUCTION VP2 and VP3, and the virion size is 70 nm. The segmented

Gastrointestinal (GI) diseases are one of the most pre-
valent groups of pathologies in young cattle. The Gl dis-
orders are most often associated with the lack of a com-
plex of necessary measures to prevent infectious diseases
in young animals: ineffective or untimely vaccination, un-
timely feeding with colostrum, non-compliance with hy-
gienic standards in the maintenance of production facili-
ties, faulty diet formulation and non-compliances with the
feeding technics. The combination of these factors creates
conditions for the development of enteritis of infectious
etiology in cattle [1, 2].

One of the most common causes of enteritis in young
cattle is the effect of rotaviruses, coronaviruses and Esche-
richia coli. Therefore, they make the most significantimpact
on the health of calves as compared to other infectious
agents that cause Gl disorders, thus requiring appropriate
preventive measures [3, 4].

The novelty of the analytical study lies in the generaliza-
tion of scientific information on the bovine disease situa-
tion caused by rotaviruses, coronaviruses and pathogenic
E. coli strains in the Russian Federation and other countries
of the world.

The purpose of this review is to analyze and systematize
up-to-date information on the role of rotavirus, corona-
virus and pathogenic E. coli strains in the etiology of bo-
vine diseases, inter alia in young animals, data on the in-
cidence of these infections in the Russian Federation and
other countries of the world, as well as relevance of vac-
cine prevention of the above-mentioned pathogens.

ROLE OF ROTAVIRUSES IN THE DEVELOPMENT
OF BOVINE PATHOLOGIES

The taxonomic group Reoviridae includes non-enve-
loped viruses containing double-stranded, segmented
RNA represented by 11 segments. Rotaviruses belong to
the family Sedoreoviridae. The rotavirus capsid consists

nature of the genome is the reason for the rotavirus reas-
sortment [2].

Since the rotaviruses are widespread, young cattle
can be infected with them from their first days of life. The
rotavirus infection in calves is clinically manifested by de-
pression, diarrhea, and dehydration (Fig. 1). During the
milk feeding, the feces of the diseased calves are of yel-
low or white color and of varied consistency (from watery
to thick), however, the presence of blood in the feces is
not typical for rotavirus infection. In case of secondary
bacterial infection, the mortality rate of newborn calves
can reach 60%. During autopsy, catarrhal or catarrhal-
hemorrhagic enteritis is reported in dead animals [2].

Fig. 1. Clinical manifestation of rotavirus infection, characterized by
diarrhea and depression (photo from the personal archive of A. V. Kononov)

of 3 layers. The outer layer is represented by VP4 and VP7
proteins, the middle one - by VP6, the inner one - by VP1,

VETERINARY SCIENCE TODAY. 2025; 14 (1): 14-23 | BETEPUHAPUA CETOAHA. 2025; 14 (1): 14-23 15



16

REVIEWS | BOVINE DISEASES 0630PbI | BONE3HI KPYTTHOTO POTATOTO CKOTA

Rotavirus infection is most acute during the cold
season, and the severity of the disease depends upon
the decrease in the indoor temperature. The risk of
severe disease is also increased by feeding with colos-
trum from cows that lack rotavirus antibodies as well as
by the presence of other enteropathogenic infectious
agents [2].

In addition to young animals, the adult animals can also
be infected with rotavirus, but their infection is asymptom-
atic. The number of asymptomatic carriers on the infec-
ted farms can reach 44%. The infected adult animals play
a significant role in the virus spread: within a few weeks,
one such animal can shed up to 10 viral particles per 1 g
of feces. Since this virus has a high resistance to environ-

mental factors, the pathogen can circulate on the farm
for a long time and infect a large number of susceptible
animals, including calves [2].

Enteritides of rotavirus etiology are reported in calves
more often than other infectious Gl diseases. On the in-
fected farms, they can infect up to 100% of calves, and
vaccination of cattle may be ineffective due to the rota-
virus reassortment and emergence of new recombinant
virus variants [5]. The incidence of the rotavirus infection
in cattle in the world and in the Russian Federation can
reach 70% or higher (Table 1 and 2).

Based on the systematized data, it can be concluded
that the average prevalence of rotavirus infection in cattle
in the countries of the world was 32.7% in 1981-2021.

ITiaol\’lIi:: rotavirus infection prevalence in the countries of the world
Country Region Estimated prevalence, % Source
Australia (2011) 79.90 [6]
Australia
Australia (2004—2005) 26.00 [7]
China (1984-2021) 35.70 8]
Iran (2000) 34.00 [9]
Iran (1981) Asia 31.74 [10]
Iran (2001) 28.80 [10]
Iran (2010) 27.90 [10]
Norway (2004-2007) 67.70 [11]
Switzerland (2005-2006) 58.70 [12]
Spain (2000) 43.50 [10]
Spain (1998) 42.70 [10]
Turkey (2007) Europe 41.17 [10]
Belarus (2020-2021) 39.60 [13]
Ukraine (2012) 28.60 [14]
Sweden (2003) 13.00 [15]
Sweden (1987-1988) 5.40 [16]
Argentina (1994-2003) 42.00 n71
Brazil (2007) 33.00 [10]
USA (2010) 12.20 [18]
South and North America
Brazil (2007) 11.00 [19,20]
Costa Rica (1981) 10.00 [10]
Costa Rica (1998) 7.00 [10]
Table 2

Bovine rotavirus prevalence in the Russian Federation

Federal district

Region of the Russian Federation

Estimated prevalence, % Source

Republic of Dagestan (2001-2005) North Caucasian 77.90 [21]

Irkutsk Oblast (2020) 44.40 [22]
Siberian

Irkutsk Oblast (2004—2017) 17.60 [5]

Central Black Earth Region (2017-2018) Central 2230 [23]

12 Oblasts (2007-2011) Central, Volga and Far Eastern 44.55 [24]
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As for the Russian Federation, the issue of the rota-
virus infection prevalence in cattle also remains relevant.
The data in Table 2 show that over the past 20 years,
the incidence on farms in the Russian Federation has av-
eraged 41.4%, which exceeds the same indicator in other
countries by 8.7%. Such a high prevalence may be due
to the non-compliances with calf housing conditions
and lack of appropriate preventive measures targeted
to all age groups of cattle on the farms of the Russian
Federation.

ROLE OF CORONAVIRUSES
IN THE DEVELOPMENT OF BOVINE
PATHOLOGIES

Bovine coronavirus belongs to the Coronaviridae family,
genus Betacoronavirus, and species Betacoronavirus grave-
dinis. The genome is represented by a single-stranded
(+) RNA and it is the longest among the RNA viruses. The vi-
rionis 65-210 nm in diameter and contains a supercapsid.

Coronavirus infection is ubiquitous. During their life-
time, up to 90% of animals become infected with corona-
virus. Based on the clinical picture, there are three disease
forms: intestinal, respiratory, and so-called winter dysen-
tery. The development of one disease form or another de-
pends not on the serotype of the pathogen, but on the age
of the recipient [2].

The intestinal form is most typical for young animals
from the first days of life to the age of five months. It is
characterized by inflammatory lesions of the large and
small intestines, which lead to severe diarrhea (often with
blood), as well as to high mortality rate, which can reach
20% [2, 5].

The respiratory infection is typical for calves from two
to six months of age, which is characterized by rhinitis,
cough, fever, loss of appetite, and often by concurrent
diarrhea (Fig. 2). In severe cases, dyspnea, bronchopneu-
monia, and weight loss up to exhaustion and death are
reported [2].

Fig. 2. Clinical manifestation of coronavirus infection, characterized
by depression (photo from the personal archive of A. V. Kononov)

In adult animals, the disease occurs in the form of win-
ter dysentery, which is characterized by the following clini-
cal signs: profuse diarrhea (up to 100% of cases), often with
blood, cough, seromucous nasal discharge, harsh rapid
breathing. The disease leads to the decrease in milk yield
from 25 to 90%, while restoring the previous milk yield can
take from 2.5 to 4 months [25].

The adult animals can be asymptomatic coronavirus
carriers, while being a source of infection transmission
with feces (96%) and nasal mucus (84%). Over 70% of adult
animals can shed the virus despite the presence of anti-
bodies. This is due to the fact that a long period of per-
sistence and shedding by the recovered animals are typical
for the coronavirus [2].

Low temperatures and lesser exposure to UV rays
in winter not only contribute to the pathogen persistence,

;ar:\lleal:"ence of bovine coronavirus infection in the countries of the world
Country Region Estimated prevalence, % Source
Australia (2011) Australia 21.60 [6]
Japan (1995-1997) 57.00 (27]
Asia
Iran (2010) 3.10 [10]
Norway (2004-2007) 3930 ]
Belarus (2020-2021) 28.70 [13]
Ukraine (2012-2019) 2240 (14]
Switzerland (2005-2006) Europe 7.80 [12]
Spain (1998) 7.30 (0]
Turkey (2007) 1.96 [10]
Sweden (2003) 1.00 [15]
Brazil (2007) 22.00 [10]
Brazil (2007) 16.00 [20]
South and North America

Costa Rica (1998) 9.00 [10]
USA (2010-2011) 20.90 (18]
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Table 4
Prevalence of bovine coronavirus infection in the Russian Federation

Federal district

Region of the Russian Federation

Estimated prevalence, %

Republic of Dagestan (2001-2005) North Caucasian 62.60 [21]
Siberia (2010) 71.30 [28]
Siberia (2022) 11.80 [29]
Siberian
Irkutsk Oblast (2020) 11.10 [22]
Irkutsk Oblast (2004—2017) 2.20 [5]
Central Black Earth Region (2017-2018) Central 26.70 [23]
14 oblasts (2007-2011) Central, Volga, Southern and Far Eastern 4590 [24]

but also reduce the overall level of animal resistance, which
leads to 50-60% increase in the amount of virus shed into
the environment, which, in turn, results in the increase in
the number of cases of coronavirus infection. In addition
to the time of year, the bovine infection with the corona-
virus is also affected by the physiological condition of
the animal, for example, during the calving period and
the first two weeks after it, the number of the virions shed
by the infected animal increases [2].

The virus can enter the body of calves not only by ali-
mentary route (through contaminated surfaces or contami-
nated udder and perineum of cows), but also by airborne
route, thus resulting in a high risk of infection [2, 26].

The analysis of publications from 1995 to 2022 showed
that the prevalence of bovine coronavirus in the world was
18.4% (Table 3), in Russia — 33.1% (Table 4), which is 14.7%
more than the global average.

DEPENDENCE OF THE DISEASE FORM
INYOUNG CATTLE ON E. COL/
PATHOGENIC PROPERTIES

Among the bacterial diseases of young cattle, colibacil-
losis (escherichiosis) caused by various E. coli serovariants
is the most prevalent.

E. coli bacteria have a complex antigenic structure
comprising three types of antigens: somatic O-antigen
(contains 164 variants); capsular K-antigen (90 variants)
and flagellar H-antigen (55 variants). These antigens in
various combinations make more than 9,000 serovariants,
170 of which demonstrate pathogenic properties [2, 30].

E. coli strains that cause animal diseases have various
pathogenicity factors, which include polysaccharides, ad-
hesins, enterotoxins, etc. Their functions include the fol-
lowing: hindering and weakening the immune response
(capsular polysaccharides), destruction of body cells (en-
terotoxins), attachment of bacteria to the surface of sus-
ceptible cells (adhesins), etc. [2].

The escherichiosis causative agents are subdivided
into two groups: diarrheagenic (DEC - diarrheagenic
E. coli) and extraintestinal pathogenic (EXPEC - extrain-
testinal pathogenic E. coli). Five main diarrheagenic
groups are relevant for cattle: enterotoxigenic (ETEC),
enteropathogenic (EPEC), enterohemorrhagic (EHEC),
Shiga toxin-producing (STEC) and necrotoxigenic (NTEC)
E. coli [31].

Enterotoxigenic E. coli attach to the surface of entero-
cytes using fimbrial adhesins. The distinctive feature of the
representatives of this pathogroup is presence of thermo-

stable (stl and stll) and/or thermolabile (Itl and Itll) toxins
that induce the secretion of electrolytes and water. This
leads to diarrhea in infected animals and, as a result, to de-
hydration and death [2, 32, 33].

Despite the fact that EPEC less frequently cause Gl dis-
orders in calves than EHEC and ETEC, they require monitor-
ing by the veterinarians due to their continuous on-farm
circulation. The analysis of the frequency of occurrence
of different E. coli pathogens in calves demonstrated that
EPEC circulates almost twice as frequently in the healthy
animals (14.6%) than in the diseased ones (7.5%) [4].

Enteropathogenic E. coli is characterized by the pre-
sence of the eae gene encoding the adhesive pathoge-
nicity factor intimin and by the lack of ability to produce
Shiga toxin (stx). Due to intimin, the bacterium attaches
to enterocytes, after which they are rejected that further
leads to diarrhea [4].

Based on the presence of the eae gene, Shiga toxic E. coli
are divided into 2 groups: EHEC (STEC LEE+), which have
the specified gene in their genome, and STEC (STEC LEE-),
which lack it. The common features of the both groups
include long-term persistence in the host, localization
in the small intestine, and presence of genes encoding
the ability to produce stx [2, 32].

Based on the studies on the identification of various
E. coli pathogens in calves conducted in 18 countries, it
was found that STEC LEE+ is less common than STEC LEE—:
in healthy calves, the frequency of their occurrence is 10.7
and 19.4%, respectively, and in the diseased ones - 6.0
and 18.2% [4].

Necrotoxigenic E. coli has a specific set of genes en-
coding cytotoxic necrotizing factor (CNF) and cytolethal
distending toxin (CDT). This pathogroup has many prop-
erties of E. coli that cause diseases with extra-intestinal
symptoms, such as presence of different fimbrial and
afimbrial adhesins and the ability to resist the complement
system [4, 33].

Currently, there are two known types of cytotoxic nec-
rotizing factors: CNF1 and CNF2. Presence of genes encod-
ing the cytotoxic necrotizing factor 1 (CNF1) is more com-
mon in strains that cause diarrhea. The genes encoding
the cytotoxic necrotizing factor 2 (CNF2) are found in E. coli,
causing sepsis [33, 34].

It should be noted that commensal E. coli, when inter-
acting with pathogenic species, can acquire new genetic
determinants encoding not only cell protective mecha-
nisms, but also pathogenicity factors. Therefore, it is a mis-
take to classify a strain as pathogenic only on the basis
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Table 5
Prevalence of bovine colibacillosis in the countries of the world
Country Region Estimated prevalence, % Source

Australia (2011) Australia 17.40 [6]
Iran (2013) 86.70 9]
Iran (2010) 76.45 [34]
India (2009) Asia 75.00 9]
Pakistan (1997) 54.00 [9]
India (1993) 23.00 9]
Germany (1997) 42.00 [9]
Spain (2008) 35.90 9]
Ukraine (2012-2019) 31.68 (4]
France (1999) Europe 20.30 [9]
Sweden (1987-1988) 11.50 [16]
Sweden (1993) 11.50 9]
Switzerland (2005-2006) 5.50 [12]
Brazil (2007) 69.00 [20]
Mexico (2000) South and North America 63.70 [9]
USA (2010-2011) 1.80 (18]

Table 6
Prevalence of bovine colibacillosis in the Russian Federation

Region of the Russian Federation Federal District Estimated prevalence, % Source
Amur Oblast (2003—-2005) 33.00 [36]
Far Eastern
Amur Oblast (2016-2019) 28.50 [37]
Republic of Bashkortostan (2014-2016) | 30.00 [38]
Volga
Perm Krai (2010-2020) 14.40 [38]
Irkutsk Oblast (2004-2017) 18.50 [39]
Siberian
Irkutsk Oblast (2001-2010) 1035 [38]
Rostov Oblast (2021) 74.20 [40]
Krasnodar Krai (1996-2015) Southern 43.55 [38]
Rostov Oblast (2017) 19.26 [41]

of a serovariant, since there are E. coli that are included
in the same serovar, but belong to different pathogroups
and, as a result, cause different pathological processes.
Such a tendency to variability may even lead to the ac-
quisition of pathogenicity factors of different pathogens
by one microorganism. For example, one of the publica-
tions mentions a hybrid strain containing EHEC and NTEC
genes [31, 35].

Infection of young animals with the colibacillosis caus-
ative agent occurs by the alimentary route. Infected adult
animals play an important role in the E. coli spread, con-
taminating water, various indoor surfaces and bedding
with bacteria, as a result of contact with which the infec-
tious agent can get on the udder and later be transmitted
to the calf [2].

In the beginning of the postnatal period, colibacillosis
in calves takes more often an enteritic form and less of-

ten a septic form. The severe enteritic form is manifested
by heavy diarrhea, rapid dehydration of the animal, sun-
ken eyes, depression and exhaustion, dry and grayish skin.
This disease form often ends with the death of the animal.
When calves are housed in good sanitary conditions and
the animal has colostral antibodies, the enteritis form may
be mild [2].

Septic escherichiosis is caused by non-diarrheagenic
E. coli (ExPEC). This form of colibacillosis develops due
to untimely feeding with colostrum (primary) or in the
presence of viral diseases (secondary). The septic disease
clinical signs are expressed by ataxia, lameness, anorexia,
hard breathing. The animal dies in 24-48 hours after their
onset [2].

According to the scientific publications for the peri-
od from 1987 to 2021, the most escherichiosis-infected
countries are Mexico, Brazil, India and Iran. The average
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global disease prevalence is 39.1% (Table 5). In Russia,
the incidence rate is at the level of 30.2% (Table 6).

It should be noted that E. coli causes diseases not only
in calves, but also in adult animals, which, depending on
the pathogen properties, can develop such infections
as mastitis, metritis and endometritis. Tests of milk from
mastitis-diseased animals demonstrated that the level
of E. coli was four times higher than in the milk of healthy
cows, which confirms the role of E. coli as one of the causa-
tive agents of bovine mastitis [42].

Currently, it has not been fully clarified whether
any pathogenic E. coli strains cause mastitis, or whe-
ther the cause of infection are E. coli of some individual
pathogroup. There is evidence that the mastitis causative
agent is an individual pathogenic E. coli group — MPEC
(mammary pathogenic E. coli), which includes many
extra-intestinal pathogenic E. coli strains: when studying
the genome of E. coliisolated from mastitis-diseased cows,
the ExPEC-typical pathogenicity factors were identified.
However, there is evidence of isolation of E. coli of STEC
group from the diseased animals, which indicates its pos-
sible involvement in the disease onset [42, 43].

Metritis and endometritis are also common E. coli-
induced pathologies on the farms, which should not
be underestimated, since under certain conditions they
can lead to infertility and further culling of cows. Despite
the fact that there is currently no clear opinion about
the presence of a separate E. coli pathogroup that cau-
ses metritis and endometritis, some scientists identify six
virulence genes, on the basis of which the E. coli strain
that causes these pathologies can be presumably iden-
tified. kpsMTII gene is emphasized among them, which is
probably responsible for the disease severity. Some pub-
lications note that presence of this gene carrying E. coli in
the uterine microflora 9.2-fold reduces the probability of
successful insemination [44].

MEASURES FOR PREVENTION
OF VIRAL AND BACTERIAL DISEASES
INYOUNG CATTLE

All the above-mentioned data demonstrate that the is-
sue of escherichiosis, rotavirus and coronavirus infections
is quite acute for the Russian Federation and foreign coun-
tries and requires effective measures to solve it.

Vaccine prevention remains one of the most effective
ways to control infectious diseases, including enteritis
of viral and bacterial etiology, which is confirmed by pub-
lications of domestic and foreign authors.

For example, the study conducted in Canada in 2022
showed a two-fold decrease in the disease incidence
in calves immunized with a live vaccine against corona-
virus infection [45].

The results of immunization of pregnant cows with
an inactivated vaccine against rotavirus and coronavirus
infections on the infected farms of the Russian Federation,
Belarus and Ukraine demonstrated that feeding newborn
calves with colostrum and milk derived from vaccinated
animals reduced the disease incidence in young animals
7 times and their mortality 6.4 times [46].

In Estonia, when studying the effect of the duration
of feeding newborn calves from cows immunized with
various inactivated vaccines against rotavirus, corona-
virus infections and colibacillosis with colostrum and
transitional milk, it was demonstrated that vaccination

of pregnant animals reduced the mortality of young
animals in comparison with the control groups. Feeding
calves with colostrum and milk from vaccinated animals
during the first 14 days after birth resulted in four-fold de-
crease in their mortality due to diarrhea. However, reduced
period of colostrum and transitional milk feeding resulted
in the decrease of the colostral immunity level in young
animals [47].

In addition to preventing Gl diseases, the vaccines with
an optimal set of rotavirus, coronavirus and E. coli antigens
can potentially reduce the number of pneumonia, mastitis
and metritis cases in older animals on the farms.

When developing new products, it should be borne
in mind that the effectiveness of specific preventive mea-
sures is influenced by such factors as the vaccine composi-
tion and the vaccination program implementation.

The first group of factors includes use of ineffective ad-
juvants or low-quality virus-containing source materials,
as well as use of the active vaccine ingredient compris-
ing strains with a low degree of antigenic matching with
the field isolates circulating in a particular region. In this re-
gard, monitoring of field isolates of rotavirus, coronavirus
and pathogenic E. coli circulating in the Russian Federation
and tracing changes in their genome will make it possible
to timely adjust preventive measures and determine the
most relevant vaccine composition when choosing from
existing products or when developing new ones.

The effect of antigenic affinity of the pathogen vaccine
strains and field isolates on the quality of vaccine preven-
tion may indicate a greater effectiveness of the use of do-
mestic products, since they are developed basing on the
strains isolated in the Russian Federation.

The decrease in the effectiveness of immunization
depends on the incorrect use of specific preventive mea-
sures: non-compliance with the dose, frequency and dead-
lines of vaccination; insufficient susceptible animal immu-
nization coverage; non-compliance with the conditions of
the vaccine storage and preparation for use; immunization
of the diseased animals, etc.

CONCLUSION

Rotavirus-, coronavirus- and E. coli-induced infections
are of great importance for animal husbandry, as they
affect not only newborn calves (Gl disorders, shortage of
the replacement population, mortality of calves, treat-
ment costs, etc.), but also adult cattle (mastitis, metritis,
source of infection, etc.) thus resulting in significant eco-
nomic losses.

The pathogens are widespread in many countries of
the world. Herewith, the average incidence of rotavirus
infection is 32.7%, coronavirus infection is 18.4%, and coli-
bacilliosis is 39.1%.

The issue of the aforementioned infections does not
lose its relevance for our country either. Thus, in Russia,
the incidence of rotavirus and coronavirus infections ex-
ceeds the global average by 8.7 (41.4%) and 14.7% (33.1%),
respectively. Of these diseases, escherichiosis is the least
prevalent (30.2%), which may be due to significant sea-
sonal temperature fluctuations in our country throughout
the year and the active use of antibiotics on the Russian
farms.

The wide variety and prevalence of the above-men-
tioned pathogens require an integrated approach to pre-
vent infection of cattle (both young and adult animals);

VETERINARY SCIENCE TODAY. 2025; 14 (1): 14-23 | BETEPUHAPUA CETOAIHA. 2025; 14 (1): 14-23



REVIEWS | BOVINE DISEASES 0B30PbI | BONE3HI KPYTHOTO POTATOTO CKOTA

an adequate diet, practicing good hygiene, housing and
feeding, implementation of animal quarantine measures,
etc. are essential. When speaking of measures to pre-
vent rotavirus, coronavirus infections and colibacilliosis,
it should be mentioned that vaccination is one of the most
effective ways to control them. Using a vaccine with an op-
timal set of antigens will not only protect calves from de-
veloping Gl disorders and reduce their mortality, but also
potentially reduce the number of pneumonia, mastitis
and metritis cases in older animals on the farms, which
makes the development of effective and safe vaccines
against rotavirus, coronavirus infections and escherichio-
sis an urgent task.
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Lumpy skin disease in the Middle East —
historical and statistical data

Yazid Khatib
Peoples’ Friendship University of Russia named after Patrice Lumumba, 6 Miklukho-Maklaya str., Moscow 117198, Russia

ABSTRACT

Introduction. Lumpy skin disease (LSD) is currently a matter of veterinary concern due to the significant economic losses of the livestock industry. The risk of LSD
spread and penetration into the disease-free countries is increasing every year. Therefore, timely monitoring of the infection spread for the development a strategy
for this disease control becomes of current importance. Description of the disease manifestations and course, evaluation of historical and statistical data on LSD
spread in the Middle Eastern countries as well as the further joint actions at the international level are presented in this review.

Objective. Analysis of historical and statistical data on clinical lumpy skin disease in the Middle Eastern countries.

Materials and methods. The following electronic databases were used for relevant data searching and collection: PubMed, Web of Science, eLIBRARY.RU,
mdpi.com, frontiersin.org, researchgate.net, etc. English literature data for 10 years were analyzed.

Results. In 1988 LSD spread outside the African continent then LSD stayed for a short time within the Middle Eastern countries and two years later spread further
to the west and east. Despite the further spread, recurrent LSD outbreaks were reported in the Middle Eastern countries over the next few years. Many countries
in the Middle East still face the problem of uncontrolled livestock movement, lack of high-quality laboratory diagnostics, and irregular contacts with international
health and surveillance organizations aggravated by the unstable political situation in the region. These problems indicate the importance of LSD control at the
international level, the significance of regional and international cooperation and effective biosafety policies.

Conclusion. Role of the Middle East region in LSD virus spread, probable causes of LSD infection in the region, trends for further actions for LSD control were
determined.
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3apa3Hblil Y3e1KOBbIN AepMaTuT
KPYMHOro poraToro ckota Ha banxHem Boctoke —
NCTOPUYECKIe 1 CTaTUCTUYECKIME JaHHbIe

fl. Xatn6
OTAQY BO «Poccuiickuit yHuBepcuteT Lpyx6bl HapoZos UmeHu Matpuca Jlymym6bl» (PYLH), yn. Muknyxo-Maknas, 6, r. Mocksa, 117198, Poccus

PE3IOME

BBepeHue. 3apazHblil y3enKoBbIil AepMATUT KPYMHOrO POraToro CKOTa, Takxe U3BECTHbIIA Kak HOLYNAPHDI AePMATUT, Ha laHHbI MOMEHT NpeAcTaBAsAeT coboit
aKTyanbHylo npo6nemy BeTepuHapuin BCIeACTBIE 3HAUNTENbHOT0 IKOHOMUYECKOT0 YLuep6a, NPUUMHAEMOT0 KUBOTHOBOAYECKOIA 0TPACM. PUcK pacnpocTpaHeHna
3apa3Horo y3enK0BOro AepPMaTyTa KPyMHOro POraToro CKoTa I NPOHUKHOBEHNA ero B 6narononyyHble no 3aboneBanmio CTpaHbl C KaxAblM FOA0M YBeAUYNBAETCA.
B ¢BA3M € 3TM aKTyanbHbIM BONPOCOM CTAHOBWUTCA (BOEBPEMEHHOE OTCIEXIBaHIE PacnpocTpaHeHna uHeKwLumn AnA BbipaboTku cTpateri 60pbObl ¢ Heil.
B npencrasneHHom 0630pe paccmoTpeHbl 0CoBeHHOCTM NPOABAEHNA 1 TeueHIA 3a60NeBaHNA, OLLEHUBAKTCA MCTOPUYECKME U CTATUCTYECKHE JaHHbIe NO pac-
MpOCTPaHEeHNIo 3apa3Horo Y3enKoBOro lepMatuTa KpyMnHoro poratoro CKoTa B cTpaHax bnwkxero Boctoka 1 Gypywime HanpaBneHus COBMeCTHbIX AelicTBi
Ha MeX[yHapoHOM YPOBHe.

Lienb nccnepoBaHnA. AHanus CTOPUYECKNX U CTAaTUCTUYECKIX AaHHbIX NPOABEHINA 3apa3HOT0 Y3eNKOBOro AepMaTuTa y KpymHOro poratoro CKoTa B CTpaHax
Banxnero Boctoka.

Marepuanbi n metopbl. (60p TeopeTHyeckoro Matepuana NpoBOAMAICA B 3NeKTPOHHbIX GrbauoTekax ¢ ucnonb3oBaHuem pecypcos: PubMed, Web of Science,
eLIBRARY.RU, mdpi.com, frontiersin.org, researchgate.net u ap. [poaHanu3upoBaHbl aHIN0A3bIYHbIe IUTEPaTypHble AaHHble 3a nocnesHue 10 ner.

© Khatib Ya., 2025
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Pe3ynbTartbl. [locnie BbIXOAA BUPYCa 3apa3HOTO Y3€NKOBOTO AepMaTiTa KpYMHOTO POraToro CKoTa 3a rpaHuLbl ADpUKaHCKOro KoHTUHEHTa B 1988 T. oH He-
Haforo 3aAiepXanca B npefenax cTpaH bamkxero Boctoka, yxe uepe3 iBa rofa NpoHUKHYB Aanee Ha 3anaj v BOCTOK. HecMoTps Ha AanbHeliwee pacnpo-
(TpaHeHue, B 6NKHEBOCTOUHBIX CTPaHAX elLie B TeueHUe HeCKOMbKIX NoCTeAyHoLLMX NeT 0TMeYanCb NOBTOPHbIE BCMbILLKY 3a60neBaHuA. MHorue CTpaHbl
BrukHero Boctoka Bee ewwje CTankuBatoTea ¢ npobnemoii 6eCKOHTPONbHOTO NepeMeLLIEHINA CKOTa, 0TCYTCTBUEM BO3MOMXHOCTE! ASl NPOBEEHINA KAUECTBEHHOI
NabopaTopHOil AMArHOCTUKY, HEPETYNAPHOCTbIO KOHTAKTOB C MEX/yHAapOAHbIMU OpraHu3aunamu B chepe 34paBooXpaHeHIs U HaA30pa, yCyrybnsembimu
HeCTabUIbHOCTbIO MONMTUYECKO CUTYALMN B pervoHe. [laHHble Npo6aembl NOAYEPKUBAKOT BaXHOCTb 60pbObI ¢ 3apa3HbIM y3eNKOBbIM IEpMATUTOM Kpyn-
HOTO POraToro CKoTa Ha MeXayHapOAHOM yPOBHE, 3HaUeHe PErMOHaNbHOTO 1 MeX/yHaPOAHOTO COTPYAHUYECTBA U NPOBeAeHUA IOOEKTUBHON NOAUTUKM
6robe3onacHoCTH.

3akntouenue. OnpeseneHa poib bIKHEBOCTOUHOTO PerioHa B pacnpocTpaHeHun Bo3byanTens 6onesHu, Ha3BaHbl BEOATHbIE NPUUMHBI Hebnarononyunsa
pervoHa no JaHHoMy 3a601eBaHmIo, CHOPMYNMUPOBAHO HANpaBIEHHe AaNbHEMLINX AeACTBUI B paMKax 60pbObl € 3apa3HbIM Y3€NIKOBbIM EPMATUTOM KpYMHOro
POraToro ckora.

KnioueBbie cnoBa: 0630p, 3apa3Hblil y3eNKOBbIN AePMATHT, KPYMHbIii poraTblil CKOT, BAUKHNIA BocTOK, MCTOpUYECKan BCMbILLKA, TPAHCTPaHUYHble GonesHu
KUBOTHBIX

bnaropapHocTy: ABTOp BbipaxaeT 6narofiapHoCTb 3a 6eckopbICTHYI0 MOMOLLb B MOATOTOBKe CTaTbit JOKTOPY Guonoruueckmx Hayk, npodeccopy Bnapumupy
Bnagumuposuuy Makaposy.

[ina uyutnpoBanusa: Xatn6 1. 3apasHblii y3enKoBblit SepMaTUT KPYMHOTO POraToro ckoTa Ha bakHem BocToke — ncTopuyeckie 1 CTaTuCTUYeCKIe faHHbIe.
Bemepurapus ce200ns. 2025; 14 (1): 24-31. https://doi.org/10.29326/2304-196X-2025-14-1-24-31

Kondnukr untepecoB: ABTop 3aBNAeT 06 0TCYTCTBUN KOHGNNKTA NHTEPECOB.

[Ins koppecrnoxaeHLym: Xatib f13ua, aCNupaHT, AenapTameHT BeTepUHAPHOIA MeANLMHbI ArpapHo-TexHonoruueckoro ukcTutyTa PYIH, yn. Muknyxo-Maknas, 6,

r. Mockga, 117198, Poccus, yazedkhatib@hotmail.com

INTRODUCTION

Lumpy skin disease is currently a matter of veterinary
concern due to the significant economic losses to the live-
stock industry caused by this disease. Lumpy skin disease
is caused by a DNA virus genus Capripoxvirus, family Pox-
viridae, and affects cattle and water buffaloes and charac-
terized by skin nodules in infected animals. This virus is
antigenically closely related to sheep poxvirus and goat
poxvirus, therefore it can infect small ruminants without
any clinical disease manifestations [1, 2, 3].

The disease is enzootic, rapidly explorative and some-
times fatal infection, despite the fact that, as often report-
ed, LSD is characterized by high incidence rate (more of-
ten about 20%, but it can vary from 3 to 85%) and rather
low mortality rate (less than 5%) [4, 5, 6, 7]. LSD affects
food-producing animals that results in reduced milk yields
in dairy animals and decreased weight gains in meat
animals that has a negative effect on food security due
to limited availability of high-quality animal products on
the world market. Reproductive performance in infected
animals as well as quality of hides derived from slaugh-
tered animals significantly reduce [2, 5, 6, 8, 9, 10]. In addi-
tion, the disease affects trade links and requires financial
costs for anti-epizootic measures. Taking into account its
ability to spread rapidly across the borders of countries
and cause significant damage, the World Organization
for Animal Health has included LSD in the list of the most
economically significant and notifiable transboundary vi-
ral animal diseases.

Lumpy skin disease was first reported in 1929 in North-
ern Rhodesia (now Zambia) and since that time the di-
sease outbreaks have occurred in various parts of Africa.
But the disease was contained to the African continent.
In 1988-1989 the disease cases were registered in Egypt
and Israel, and then LSD began to progressively spread to

the countries of the Middle East, Eastern Europe, Russia
and the Balkan Peninsula [4, 11, 12].

In 2019 LSD has already been reported in South
and East Asia. This has put livestock industry at risk in
such countries as Afghanistan, Pakistan, India, etc. LSD is
also detected in cattle in China, Cambodia, Singapore, and
Indonesia, and there is a threat of LSD spreading to the
LSD-free countries with significant livestock populations
(Australia, etc.) [4, 6]. There are also the first reports LSD
in humans [10], although, according to other data, the vi-
rus is not transmitted to humans [2].

The risk of further LSD spread and penetration into
the disease-free countries is increasing every year. There-
fore, timely monitoring of the infection spread for the de-
velopment a strategy for this disease control becomes of
current importance.

Description of the disease manifestations and course,
evaluation of historical and statistical data on LSD spread
in the Middle Eastern countries as well as the further joint
actions at the international level are presented in this re-
view.

The work was aimed at analysis of historical and sta-
tistical data on clinical lumpy skin disease in the Middle
Eastern countries.

MATERIALS AND METHODS

English literature data on LSD in the Middle East for
the last 10 years were analysed. The following electronic
databases were used for relevant data searching and col-
lection: PubMed, Web of Science, eLIBRARY.RU, mdpi.com,
frontiersin.org, researchgate.net, etc.

STUDY RESULTS

Lumpy skin disease is transmitted by biting insects.
The virus is transmitted by blood-sucking mosquitoes
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Fig. 1. LSD outbreaks reported from 2013 to 2017 in the Middle East region and neighboring countries [18]

(Aedes aegypti), biting flies (Stomoxys calcitrans, Haema-
tobia irritans, Musca domestica) and some tick species
(Rhipicephalus appendiculatus, Rhipicephalus decoratus,
Amblyomma hebraeum) [13]. LSD can also be transmit-
ted by non-vector route, through contact of animals with
fomites (feeders, waterers), through milk, semen, or in
utero [6, 10]. Hot and humid climate, rainy seasons, and
low-lying, swampy terrain are factors contributing to mul-
tiplication of LSD vectors [1, 4, 9].

Clinical LSD takes the following forms: acute to subclini-
cal or chronic form.The main symptoms include fever, lack
of appetite, oedema, generalized nodular skin lesions, en-
larged lymph nodes, emaciation, decreased lactation and
abortions in pregnant animals. Severe LSD form is cha-
racterized with ulcerative mucosal lesions in oral cavity,
larynx, trachea and esophagus. LSD virus localized in the
reproductive system can cause temporary or permanent
infertility in cows and bulls [7, 8, 9].

The virus is excreted by various routes: via lachrymal
and nasal secretions, blood, saliva, milk, and semen of
the infected animals. Nodules appearing on the mucous
membranes of the eyes, nose, mouth, rectum, udder and
genitalia quickly and then ulcerating can be attributed to
the priority routes of virus shedding [9].

Strict quarantine of animals entering the farm, control
of disease vectors, and preventive livestock vaccination
are the most important measures for LSD eradication
and prevention. Measures for LSD control at the inter-
national level, regional and international cooperation,

and an effective biosafety policy are also of great im-
portance [14].

The first LSD case in Northern Rhodesia in 1929 was
considered to be hypersensitive response of animals to in-
sect bites and was designated by the term “pseudocrani-
varia”. The infectious nature of the disease was discovered
in the period from 1943 to 1945, when LSD was already re-
corded in Southern Rhodesia (now Zimbabwe), Botswana
and South Africa. By 1946, the disease had spread to Mo-
zambique, in 1950 it was detected in Angola and Zaire,
in 1954 - on Madagascar, in 1956 — in Namibia, Tanzania
and Uganda. Over the next three decades, LSD were re-
ported in different African countries (Kenya, Sudan, Chad,
Niger, Ethiopia, etc.), and therefore the virus has long been
considered endemic to African countries [4, 10].

After the disease was reported in Egypt in 1988-1989,
LSD spread outside the African continent and was detect-
ed in Israel. Earlier, in 1984, LSD outbreak was reported
in Oman, but disease cases were not confirmed, although
the disease cases were repeatedly reported in 2009.
In 1986, LSD was detected in Kuwait, and the second
LSD outbreak occurred in 1991. The disease was reported
in Lebanon in 1993, in Yemen in 1995, in the UAE in 2000,
in Bahrain in 1993 and again in 2002, and in Saudi Arabia
and Iraqin 2013 [4, 15].

In 2014 LSD outbreak was reported in Azerbaijan.
In 2015 LSD was registered in such European countries as
Greece, Albania and Russia (another extensive outbreak
occurred in Russia in 2017). Large-scale vaccination against
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LSD was initiated in European countries for prevention
of the wide spread of infection, but disease cases never-
theless occurred [16]. In 2016 and 2018 LSD was reported
in Georgia, and in 2018 it was detected in such countries of
the Balkan Peninsula as Greece, Bulgaria, North Macedonia,
Serbia, Kosovo and Albania [4, 17].

Figure 1 shows map of LSD outbreaks reported
in 2013-2017 in the Middle East and neighbouring coun-
tries [18].

Since 2019 LSD has become a serious problem for live-
stock industry in Asian countries. The disease caused
devastating outbreaks in Bangladesh (2019-2020), then
in India and China (2020), spread further to Nepal, Bhutan,
Sri Lanka, Vietnam and Malaysia (2020). In 2021 LSD was
reported in Thailand, Laos NDR, Pakistan and detected
in Indonesia and Singapore in 2022 [4].

Morbidity and mortality reported during the Eurasian
epizootics are approximately 10% and 1%, respectively,
which, according to some authors, depends on the genetic
predisposition of cattle to LSD.

As for Middle East region, LSD stayed for a short time
within the region after spread outside the African conti-
nent and two years later spread further to the west and
east. In the Middle East region, recurrent disease outbreaks
were reported over the next few years. Some of them re-
ported in the scientific literature are described below.

In 2012-2013, LSD virus was detected in Syria and Iraqg.
The unstable political situation, civil conflicts and wars
had a negative impact on the veterinary services ac-
tivities, contributing to the further pathogen spread to
neighbouring countries of Southwest Asia [1, 6]. No spe-
cific treatment of infected animals was performed, and

conservative intervention was limited to symptomatic
therapy [6].

In 2013, LSD was detected in Turkey near the borders
to Syria and Iraq [19, 20, 21, 22, 23]. The infected animals
were not vaccinated against the infection. Mass immuni-
zation of cattle had been started in Turkey since 2014, but
outbreaks had been still recorded until 2019 [6, 24].

In 2013 LSD was found in cattle in Jordan. Infected
herds were treated with broad-spectrum antibiotics and
anti-inflammatory drugs [6].

In 2014 LSD was still recorded in Iraq (9 disease out-
breaks were reported in 2014) [9, 25].

In 2014-2016, the disease outbreaks were reported
in Iran, where the disease presumably spread from Iraq
due to the uncontrolled movements of infected ani-
mals across the common border [26, 27, 28]. According
to P. Sameea Yousefi et al. [7] 683 cattle were examined
for LSD clinical signs (fever, lack of appetite, decreased
milk yield, detection of typical skin nodules and enlarged
lymph nodes) during two-year observation period and
the above-mentioned signs were detected in 122 cattle
(prevalence - 17.9%). Therewith, the highest disease inci-
dence rate was observed in animals older than 5 years, and
the lowest in animals younger than 6 months. In vaccinat-
ed cattle, clinical signs were observed in 40.8% of animals,
in non-vaccinated cattle - in 71.3% of animals. At the di-
sease prevalence of 17.9%, the total mortality and lethality
in the four examined Iranian provinces were 3.5 and 19.7%,
respectively, that was non-consistent with earlier data
from Turkey (12.3% morbidity and 6.4% mortality) [29],
Oman (13.6-29.7% morbidity and 15.4-26.3% mortali-
ty) [30], Jordan (26.0% morbidity and 1.9% mortality) [31],

"Asia - Arabian Peninsula" and "Asia - Africa"

"Africa - Arabian Peninsula”

Trades:

"South Africa - East Africa"

""East Africa - West, Center and North Africa"
"South Africa - West, Center and North Africa"
"West Africa - Center and North Africa"

Fig. 2. Mapping of irregular flows of domestic ruminants in Africa and their links to Asia [34]
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LSD outbreaks sequentially reported in different world regions

Country

Virus origin

Possible ways of further

spreading

Time of LSD virus staying
within one region before further
spreading

1929 Zambia unclear neighbouring African countries
1943 Botswana Zambia Zimbabwe and South Africa
1944-1945 Zimbabwe, South Africa Zambia, Botswana Sudan and Ethiopia
1946-1956 Mozambique, Apgola, Zambia, Botswana Border coun’gnes where cattle
Madagascar, Tanzania, Uganda was imported
African countries — 59 years within
1957 Kenya undlear cattle importers the African continent
1971 Sudan insufficient data insufficient data
1973-1974 Chad, Niger, Nigeria (ameroor.l va Gopgola tate insufficient data
in Nigeria
1981-1983 Ethiopia Sudan insufficient data
1983 Somalia insufficient data insufficient data
1988-1989 Egypt African countries European countries and Israel 2years
1989 Istael Eqypt insufficient data within the Middle East countries
20 years —
1990-2010 Mediterranean countries Egypt, Israel All neighbouring countries spread to the Mediterranean
countries
2012-2014 Mediterranean countries Syria, Iraq Greece, Bulgaria
2013 Turkey, Iran Syria, Iraq insufficient data 6—7 years —
Eurasian LSD epizootic
) Turkey, Azerbaijan, Iran, . (spread of the virus in the South
R North fE
ussia Kazakhstan orthern regions of turope Eastern European, Middle East-
2015-2017 ern and Eurasian countries)
Countries located Turke Central and South Asian
in the Balkan Peninsula y countries
1o Bangladesh Perhaps India, Myanmar
India neighbouring countries Nepal, Bhutan
2019 China Kazakhstan, Russia Taiwan
Nepal India, China unknown
2020
Vietnam China unknown
Thailand unknown insufficient data
Pakistan India not clear 5 years —
2021 - T ; - spread in Southeast Asian
Mongolia Russia, China China, India Countries
(ambodia not clear not clear
Afghanistan unknown insufficient data
2022 Korea China, Nepal insufficient data
) ) Indonesia, threat to the northern
Indonesia India . .
regions of Australia
2023 Libya unknown Tunisia and other Northwest

African countries (Maghreb)
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Saudi Arabia (6.0% morbidity and 0.99% mortality) [32].
This inconsistency of the data on the disease prevalence
and mortality is explained by the authors of the above
study by variability of factors contributing to LSD (climate
humidity, ambient temperature, etc.).

In 2018 and 2019, outbreaks continued in Irag, name-
ly in Basra province. The overall disease prevalence in all
age groups of cattle was 18.7% (112 infected animals were
detected out of 600 examined animals). LSD was detected
in 92.8% of diseased animals, arthritis in 17.8% of diseased
animals, and lymphadenopathy was detected in 2.5% of
diseased animals [8].

The organization and quality of animal movement
control and specific LSD prevention in the Middle Eas-
tern countries depend on the well-coordinated activities
of veterinary services. Stamping out of infected animals
carried out in Egypt and Israel enabled LSD eradication in
these countries in 2006. However, other Middle Eastern
countries still face the problem of uncontrolled livestock
movements, lack of high-quality laboratory diagnostics,
and irregular contacts with international organizations in
the field of animal health and surveillance, exacerbated by
the unstable political situation in the region [1].

DISCUSSION AND CONCLUSION

Lumpy skin disease is a serious problem for livestock
industry in many countries due to its rapid spread and re-
sulting economic losses. The disease originated from Afri-
can countries has gradually affected Middle Eastern and
Asian countries and now threatens Western Europe and
Australia. Joint efforts aimed at livestock movement con-
trol, reducing the risk factor, destruction of contaminated
objects (dead animals and infected materials) are required
for prevention of the further LSD spread and for LSD era-
dication in the countries already affected by this disease.

Currently, infection spread control is of particular im-
portance due to the significant number of outbreaks re-
ported in the Middle East, and risk of LSD transmission
out of this region both to the west, towards the Balkan
Peninsula and Europe [33], and to the east and southeast,
towards Asian countries and further to Australia and New
Zealand, having large cattle populations and remaining
free from the disease. The further LSD spread could lead
to significant economic losses in the global livestock sector.

Therefore, the Middle East can be considered as a port
of entry for the infection spreading outside Africa to Eu-
rope and Asia. Thus, Figure 1 clearly shows the spread of
the disease from Egypt and Israel to other countries in
the Middle East, then westward to the Balkan Peninsula,
northward to the southern regions of Russia, and eastward
to Asian countries.

The rapid LSD virus spread in different countries can be
accounted for cattle movements across international bor-
ders and for migration of blood-sucking insects regarded
as disease vectors.

Figure 2 shows the directions of domestic ruminant
movements in Africa and Middle East and links of livestock
migration flows in these regions with Asian countries [34].
The map shows that the Middle East has close links with
African and other Asian countries as for livestock purchase
and sale. This significantly increases the risk of transmis-
sion of infectious large and small ruminant diseases
through the territories of Middle Eastern countries to new
territories.

Time intervals of LSD appearance on each of the conti-
nents were examined.

Aggregated table on the reported disease outbreaks
shows that since its first occurrence in Zambia, from 1929
to 1988, i.e. for 59 years, the disease had remained within
the borders of the African continent, and therefore LSD
was considered endemic to African countries. There is
no information about the country from which LSD virus
was introduced into the Middle East, in Egypt, in 1988, al-
though there are data on its further spread: the virus was
introduced from Egypt to Israel, and in the next year both
of these countries became the port of the pathogen entry
to the Mediterranean countries, as well as other Middle
Eastern countries. That was the way of LSD virus spread
from the African continent to the Middle Eastern coun-
tries and further to the western (Mediterranean countries)
and eastern (South, East and Southeast Asian countries)
regions [35].

It should be noted that LSD virus “stayed”in the Middle
East for the short period before its further spread to the
Balkan Peninsula and further to the east to other Asian
countries. This can be accounted for historically highly in-
tensive trade relations in this region, climate suitable for
virus vectors and insufficient control by veterinary surveil-
lance authorities.

Specific preventive vaccination is currently the only
effective method for LSD outbreak prevention, therefore,
mass vaccination appears to be an important compo-
nent of the general disease control strategy. In addition
to cattle vaccination, strict quarantine measures forincom-
ing animals, as well as slaughter of the diseased animals
are required for successful eradication of LSD. Veterinary
supervisory authorities should ensure strict control over
LSD susceptible animal movements between neighbour-
ing countries. Thus, the disease control should be carried
outin animal farming industry at all levels: from farm to in-
ternational supervisory agencies.
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ABSTRACT

Introduction. Pig farming, as a fast-growing branch of animal husbandry, is capable of prompt achieving a significant increase in the production of pork with high
nutritional properties and biological value. One of the acute problems of pig farming is respiratory diseases of viral and bacterial etiology. In the current economic
conditions, reducing the dependence of the Russian pig farming on technological imports is of particular significance. Production of domestically manufactured
feeds and veterinary drugs should be considered as the most important condition for achieving the technological sovereignty of the Russian Federation.
Objective. To analyze the provision of pig farming with domestic vaccines against such significant porcine respiratory diseases as swine influenza, porcine enzootic
(mycoplasmal pneumonia), porcine reproductive and respiratory syndrome and circovirus infection as well as to identify factors that hinder the development
of immunobiological drugs against these diseases.

Materials and methods. The information base of the research included data from pig-breeding organizations of the Russian Federation, the Rosselkhoznadzor's
state register of veterinary medicinal products, reference and special literature, publications of research institutions.

Results. Agents of swine influenza, porcine enzootic (mycoplasmal) pneumonia, porcine reproductive and respiratory syndrome, porcine circovirus infection are
the most prevalent pathogens that cause respiratory diseases in pigs on the pig farms. Over the past few years, Russian biofactories have been developing import
substitution programs for the necessary immunobiological drugs. By the end of 2023, the domestic establishments manufactured 19.3 billion doses of veterinary
vaccines, which is 3 billion doses more than in 2022.

Conclusion. Vaccination is the most efficient and cost-effective way to prevent viral infections. However, domestic immunological drugs against swine influenza
have not yet been developed in our country, and vaccines against porcine enzootic (mycoplasmal) pneumonia, porcine reproductive and respiratory syndrome,
porcine circovirus infection require modification due to high variability of the agents.
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PE3IOME

BBepneHue. (BUHOBOACTBO, KaK CKOPOCTIENas 0TPAC/b XKUBOTHOBOACTBA, CNOCOOHO B KOPOTKIE CPOKM FOOMTLCA CYLLECTBEHHOTO YBEMYEHIS NPON3BOACTBA
CBUHMHbI C BICOKIMY MIALLIEBBIMI CBOCTBAMMA 1 GI10SIOTVIYECKOI MONHOLEHHOCTbI0. OHOI 13 0CTPbIX NPO6AEM OTPAC/ ABNAITCA PeCIUPATOPHble 6ONe3HIN BU-
PYCHO-6aKTepUanbHOi STHONOTN. B CNOKMBLLINXCA SKOHOMUYECKIX YCIOBUAX 0C060€ 3HAUEHIE NPUOBPETAET CHUKEHIE TEXHOMOTUYECKOIl MMMOPTO3aBIUCAMOCTH
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POCCHIACKOTO CBMHOBOACTBA, MO3TOMY BbIMYCK KOPMOBbIX 1 BETePUHAPHbIX NpenapaToB 0TeYecTBEHHOro NPoN3BOACTBA HEOOXOANMO pacCMaTpUBaTh Kak Bax-
HellLLee YCNOBMUE JOCTUKEHUA TEXHONOTNYECKOTO CyBepeHuTeTa Poccuiickoit Oepepauim.

Lienb uccnepoBanua. AHanu3 obecneyeHHOCTI CBUHOBOACTBA 0TEUECTBEHHbIMU BAKLIMHAMY NPOTMB TaKMX 3HAUNMbIX PECIMPaTopHbIX 60ne3Hel (BUHell, Kak
TP, 3H300TMYeCKad (MUKONNa3MeHHaA) THEBMOHWS, PenpoayKTUBHO-PECMPaTOPHbIl CUHAPOM, LMPKOBIPYCHAA UHEKLIA, a TakxKe BbiABNeHIe GaKTOpoB,
KOTOpble NPEeNATCTBYIOT pa3paboTke UMMYHOOMONOrMYECKIX IeKapCTBEHHbIX MPENapaToB NPOTUB YKa3aHHbIX 3a60N1eBaHuil.

Martepuanbi u metoabl. MHhopMaLmoHHoii 62300 nccneoBaHNi ABNANNCH AaHHbIe CBUHOBOAYECKVX opraH3aLmii Poccuiickoii Oepepauun, rocyaapcTBeHHbIil
peecTp NieKapcTBeHHbIX CPEACTB ANA BeTepuHapHOro NpumeHeHna Poccenbxo3Haa3opa, HOPMaTUBHO-CNPaBOYHAA 1 CneLuanbHad nuTepaTypa, nybnukaumum
HayYHO-MCCNeS0BATENbCKUX YUPEXAeHMUIA.

Pe3ynbratbl. Bo36yautenn rpunna, 3H300Tnyeckoii (MUKoNAa3MeHHOIA) NHEBMOHUY, PENPOLYKTUBHO-PeCNPATOPHOTO CUHAPOMA, LINPKOBUPYCHOM MHQEKLMM AB-
NAKTCA HanboNee pacNPoCTPaHEHHbIMI NATOreHaMU, KOTOPbIe BbI3bIBAOT PeCMpaTopHble 60Ne3HI CBINHelt Ha CBIHOBOAYECKIX Komnekcax. Ha npotaxeHiu no-
CneHUX NeT poccuiickine Grodabpuku papabaTbiBatoT NporpamMmbl MIMNOPTO3aMeLLeHA HeoBXOAUMbIX MIMMYHOGONOrMYECKIX lekapcTBeHHbIX NpenapaTos. Mo
utoram 2023 r. oTeyecTBeHHbIE NPeANPUATUA BbIMYCTAM 19,3 MAPA 03 BaKLWH ANA BETEPUHAPHOTO NPUMEHEHA, 4TO Ha 3 MAPA 03 6onbLue M0 CpaBHeHNio c2022r.
3akniouenue. BakuuHauua ABnaeTca Hanbonee SOEKTUBHBIM M IKOHOMIYHBIM CMOCOBOM NPOGUNAKTUKY BIPYCHBIX NH EKLMIA. O4HAKO 0TeuecTBEHHbIE UMMYHO-
NIoruYecKue NeKapCTBEHHbIE Npenaparbl NPOTUB rpUNa CBUHeIA eLLe He pa3paboTaHbl B HaLLIei CTPaHe, @ BaKLHBI POTUB IH300TINYECKOI (MUAKOMNA3MEHHOI) NHeB-
MOHIM, PENPOAYyKTUBHO-PECNMPATOPHOTO CUHAPOMA, LNPKOBMPYCHOI MHOEKLMN CBIHeli TpebyIoT JopaboTKI B CBA3M C BbICOKOI M3MEHUMBOCTbI BO36yAuTeNell.

KnioueBble cnoBa: 0630p, BaKLWHbI, UMNOPTO3aMelLLeHne, CBUHOBOACTBO, pecnupaTopHble onesHu (BUHell, HaLMOHaNbHaA 6e30MacHoCTb

bnaropapHocTu: Pabota BbinonHexa npu nogaepxke MutobpHaykin Poccun B pamkax rocynapcteenHoro 3apaHua OT6HY «DefiepanbHblit uccnesosatenbekiii
LIeHTP BUpYconoruin 11 MuKkpobuonoruuy.
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INTRODUCTION

According to the Food Security Doctrine approved by
the President of the Russian Federation in 2010, the food
security of the Russian Federation is a state of the eco-
nomy that ensures the country’s food independence and
guarantees physical and economic availability of food
products compliant with the legislative requirements of
the Russian Federation.

Pork, along with poultry meat, is the most affordable
type of meat for the population and the key raw materi-
al for the meat processing industry, whereas pig farming,
as a fast-growing branch of animal husbandry, is capable
of prompt achieving a significant increase in production
of pork, characterized by high nutritional properties and
biological value [1]. According to the National Union of Pig
Breeders, the total volume of industrial pork production
in 2023 amounted to 5,627.2 thousand tons of live weight,
which is 352.1 thousand tons more than in 2022, and in
the past decade this value has been annually increasing
by at least 3-4%.

In the current economic environment, reduction of
the Russian pig industry dependence on the imports is
of particular importance. The predominance of foreign-
made technological equipment, feed additives and vet-
erinary drugs in the domestic market may make the in-
dustry dependent on the international situation. Therefore,
anincrease in the level of technical equipment of facilities,
modernization of manufacturing equipment, domestic
manufacture of feed and veterinary drugs should be con-
sidered as the most essential for improving the industry’s
effectiveness and sustainable development [2].

The subprogram “Development of technologies for
the production of veterinary medicinal products” will be
one of the priorities of the “Federal Research and Techno-
logy Program for Agriculture Development in 2017-2030",
approved by Decree of the Government of the Russian
Federation of 25 August 2017 No. 996. The comprehen-
sive research plan of the subprogram includes, inter alia,
development of scientific foundations for the production
of new domestic vaccines for the prevention of porcine
infectious diseases, thus contributing to animal health
protection, as well as animal livability and improvement
of their performance for the purpose of import substitution.

One of the acute problems of pig farming that slow
down the pork production growth rate are respiratory
diseases of viral and bacterial etiology, such as swine influ-
enza, porcine enzootic (mycoplasmal) pneumonia, porcine
reproductive and respiratory syndrome (PRRS), and por-
cine circovirus infection, which cause significant economic
damage to pig farms in the Russian Federation [3].

The purpose of the study is to analyze the availability
of domestic vaccines against viral and bacterial respira-
tory diseases of pigs in the Russian Federation, as well as
to identify factors that hinder the development of immu-
nobiological drugs against these diseases.

MATERIALS AND METHODS

The information base of the research included data
from pig-breeding organizations of the Russian Federa-
tion, the Rosselkhoznadzor’s state register of veterinary
medicinal products, reference and special literature, pub-
lications of research institutions. The range of vaccines was
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analyzed basing on the data from domestic biofactories
and manufacturers of diagnostic, preventive and thera-
peutic products against infectious animal diseases.

RESULTS AND DISCUSSION

Over the past few years, Russian biofactories and spe-
cialized research institutions have been developing
programs targeted at the substitution of the imports of
the relevant and promising immunobiological medicinal
products. Guided by the goal of achieving technological
sovereignty of the Russian Federation, the key players are
filling scarcity niches and investing in the development
of new medicinal products.

According to the National Veterinary Association (NVA),
which includes such leading manufacturers of veterinary
pharmaceutical and immunological products as VIC Group
of Companies, AVZ, NITA-FARM, Apicenna, Vetbiochem LLC,
Avivac, etc., in 2023, the total veterinary medicinal product
market in Russia amounted to 97.7 billion rubles, VAT in-
cluded. A significant contribution to the growth was made
by domestic manufacturers - NVA members, who collec-
tively increased production by more than 25% in 2023. By
the end of the year, domestic establishments produced
19.3 billion doses of vaccines for veterinary use, which
is 3 billion doses more than in 2022. Positive dynamics is
also observed in the extension of the product range by
the domestic establishments: in 2023, about 100 new me-
dicinal products were developed and authorized, which is
70% more than in 2022.

Porcine respiratory disease complex (PRDC) is a se-
rious challenge for pig farming as it causes devastating
economic losses due to lower growth rates of young
animals, increased mortality and high cost of treatment.
PRDC is a multifactorial disease, the development of which
depends on the combination of infectious pathogens, ex-
posure to environmental stressors and defects in the an-
imal breeding system [4]. The diseases included in this
complex, together with swine influenza, are present in all
major countries — global pork manufacturers, and Myco-
plasma hyopneumoniae, PRRS virus and porcine circovirus
type 2 (PCV-2) triad are the most common pathogens
causing PRDC in Asian countries. These etiological agents
suppress the host’s immune system and amplify the rep-
lication of each other and other pathogens. This results in
the weakening of the animal population, high mortality
of young animals, degradation of the boar semen perfor-
mance, as well as additional costs associated with diagnos-
tic, quarantine and therapeutic measures.

Swine influenza is an acute respiratory disease of pigs
caused by type A influenza virus belonging to the family
Orthomyxoviridae. The disease is accompanied by high
morbidity (up to 100%) and low mortality (10-15%). Fe-
ver, apathy, anorexia, serous nasal discharge and upper
respiratory tract lesions are typical for it [5, 6].

The swine influenza transmission patterns vary between
and within the countries due to such factors as climate, pig
population and farming methods. The main vehicles of
the virus transmission are airborne and contact ones, as
well as with personnel and care products. Humans and
pigs have the same set of receptors in the respiratory cells,
so interspecific transmission of influenza A viruses occurs in
both directions. Introduction of effective measures for influ-
enza control and prevention will, therefore, help to maintain
the health of not only pigs, but also humans [7].
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Upon contact with the respiratory mucous membrane,
which is, as a rule, the portal of the infection entry, the
influenza virus starts its replication thus leading to the ne-
crosis of the affected tracheal and bronchial cells, impaired
blood circulation, damage to the vascular system and fur-
ther, in complex cases, to hemorrhages on the skin and
mucous membranes as well as hemorrhages in internal
organs.

Currently, at least three different subtypes of influen-
za Avirus (HIN1,HIN2 and H3N2) are jointly circulating all
over the world, inter alia in the Russian Federation. Here-
with, pigs can act as a “mixing vessel” in which influenza
viruses of various origins can reassort (including with avian
and human influenza pathogens), creating new progeny
viruses capable of replicating and spreading in humans [7].

Vaccination is the main tool for swine influenza control.
However, despite the large number of vaccines, the di-
sease still cannot be effectively controlled, as the pathogen
strains are very diverse and prone to mutations. Therefore,
development of the vaccines capable of providing broad
heterologous protection against antigenically diverse virus
strains is crucial for the effective disease control [8, 9, 10].

The majority of globally used modern vaccines against
swine influenza contain inactivated whole viruses with an
adjuvant for intramuscular injection and are used either in
sows for protection during pregnancy and in piglets during
suckling, or in repair young animals to make their clinical
signs milder. These products are targeted at the induction
of the serum antibodies that neutralize the influenza vi-
rus on the respiratory mucous membranes. In the foreign
countries, the inactivated vaccines are manufactured local-
ly and contain various antigenic and genetic virus strains
circulating in the relevant region, which is indicative of
high evolutionary capacities of the virus [7]. For example,
about half of the vaccines used in the United States are
customized and herd-specific. One of the solutions to this
problem could be an approach to constructing vaccines
involving cocktail of numerous immunologically promis-
ing amino acid sequences of various strains of swine in-
fluenza virus [11].

Only foreign immunological medicinal products for
swine influenza prevention are currently listed in the Ros-
selkhoznadzor’s register of the veterinary medicinal pro-
ducts. All vaccines are inactivated and contain type A swine
influenza virus of subtypes HIN1 and H3N2 (Italy, Spain)
and subtypes HIN1, HIN2 and H3N2 (Germany), Table 1.
Thus, despite a fairly wide range of products available
on the Russian market, it is necessary to develop a domes-
ticinactivated vaccine against swine influenza comprising
those virus strains that circulate in the Russian Federation.

Porcine enzootic (mycoplasmal) pneumonia is a chronic
infectious disease caused by the bacterium Mycoplasma
hyopneumoniae, which is accompanied by cough, catarrhal
bronchopneumonia and a decrease in such performance
parameters such as survival rate, average daily weight gain,
feed conversion rate [12]. The infection is mainly spread
via airborne route, indirect transmission and infection
through contact with wild boars are also possible [13].

The disease pathogenesis is very complex and has not
been fully examined. The agent attaches to the ciliated
epithelium of the trachea, bronchi, and bronchioles, caus-
ing damage to the mucosal mucociliary clearance system
(ciliostasis), which interferes with the normal functioning
of the cilia, leads to a delayed and ineffective immune
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response, and contributes to a higher susceptibility of ani-
mals to other respiratory infections [14].

Mycoplasma hyopneumoniae is able to enhance
replication of PRRS virus and PCV-2, increasing severi-
ty of pneumonia in pigs. Practicing pig breeders most
often use vaccination rather than antibiotic treatment
and prefer combined vaccines to effectively control
the entire range of porcine respiratory diseases. Immu-
nization against M. hyopneumoniae is usually carried out
atthe age of 21 days. If the pathogen is detected in swabs
from the larynx of suckling piglets, vaccination can be
carried out at 7 days of age to avoid M. hyopneumoniae
transmission in weaning piglets and to control enzootic
pneumonia during fattening on the farms [15, 16]. As for
breeding sows, in some herds pigs are immunized against
M. hyopneumoniae during the quarantine, before they are
delivered to the breeding sow premises. Such practice al-
lows to avoid immunity upset in breeding population by
reducing the bacterial load and severity of clinical signs in
vaccinated pigs in M. hyopneumoniae-positive herds [17].

The majority of the commercially available bacterin vac-
cines are adjuvanted whole-cell preparations of the inacti-
vated cultured M. hyopneumoniae [18]. For the prevention
of porcine enzootic pneumonia, a domestic VERRES-M.hyo
(Vetbiochem LLC, Moscow) inactivated vaccine has been
enlisted in the Rosselkhoznadzor register of veterinary
medicinal products, as well as a number of foreign-made
vaccines that can be used in the disease-affected breeding
and commercial pig holdings (Table 2).

The main advantages of the vaccination involve an in-
crease in the daily weight gain of piglets (2-8%) and feed
conversion rate (2-5%), as well as a reduction in animal
mortality. Moreover, the period of reaching the slaughter
weight is shortened, the clinical signs of lung lesions and
their treatment costs are reduced [19]. However, the dis-
advantage of these vaccines is that protection against
the onset of M. hyopneumoniae-caused clinical signs and
lesions is often incomplete, and vaccination leads to only
a slight decrease in the transmission rate. There is, there-
fore, a need to develop new vaccines capable of provid-
ing more efficient protection. New vaccines are currently
being actively tested, including aerosol and feed-based
vaccines, as well as subunit and DNA vaccines. Feed-based
vaccines or aerosol vaccines could significantly facilitate
the operational procedure of the mass immunization of
pigs, and would also create immunity at the infection
entrance gate, i.e. in the respiratory tract. However, as
a result of the experiments, it was found that even triple
aerosol immunization was less effective than intramus-
cular administration, so this method still needs to be im-
proved [12, 14, 19].

Porcine reproductive and respiratory syndrome (PRRS) is
a quarantinable contagious viral disease that is manifested
in reproductive dysfunction in sows and boars and severe
pneumonia in newborn piglets and weaned piglets during
fattening.

The PRRS etiological agent is an RNA-genome arteri-
virus (genus Betaarterivirus, family Arteriviridae) capable
of replication in the pig macrophages, thus resulting in
the increased animal susceptibility to primary and secon-
dary infections, decreased animal growth as well as morbi-
dity and mortality development and increase [20].

The virus transmission can be both horizontal and ver-
tical. The infection mostly occurs through the contact with

Table 1
Register of main vaccines against swine influenza registered
in the Russian Federation

Vaccine Vaccine type Influenza virus strain used Manufacturer
Bayovac® Influ inactivated X53a (HIN1), MRC 11 (H3N2) Fatro S.p.A., Italy

o Laboratorios
GRIPORK inactivated A(HINT)OLL, A(H3N2)GHA Hipra, 5.A, Spain

Haseliinne/IDT2617/2003 (HIN1), DT Biolodika

Respiporc FLU 3 inactivated Bakum/1832/2000 (H1N2), GmbH Gergman
Bakum/IDTI769/2003 (H3N2) ! y

Table 2

Register of main vaccines against porcine enzootic (mycoplasmal) pneumonia

registered in the Russian Federation

Vaccine Vaccine type Influenza virus strain Manufacturer
VERRES-M.hyo inactivated Mycoplasma hyopneumoniae Vetblgﬁt;;r: LG
Boehringer
Ingelvac R Mycoplasma hyopneumoniae Ingelheim
MycoFLEX® inactivated (strain J) Vetmedica GmbH,
Germany
e . Intervet
Porcilis® M Hyo inactivated Mycoplasma h}/opneumonlae International B.V,
ID Once (strain 11)
Netherlands
— R Mycoplasma hyopneumoniae .
Suvaccin MN-One inactivated (strain P-5722-3) Zoetis Inc., USA
R Mycoplasma hyopneumoniae | Ceva Sante Animale,
Hyogen inactivated (strain 2940) Hungary

the diseased animals, as well as through vehicles, cloth-
ing and footwear of the personnel, through blood-suck-
ing insects and birds. In addition, the infection is possible
through boar semen, where the pathogen remains active
for up to 2 weeks. The virus can cross the placental barrier
in the second half of pregnancy and infect the fetus, and
the surviving piglets become the virus carriers. There is
also some evidence of the infectious agent airborne (aero-
sol) transmission [21].

The disease economic damage involves losses due
to reproductive dysfunction of sows (abortions, stillbirth,
death of 80-100% of newborn piglets) and the cost of di-
agnostic and quarantine measures, especially during acute
and massive outbreaks, when 1-3% of adult breeding
stock may die [22, 23, 24, 25].

Vaccination is the main tool for PRRS prevention, how-
ever, genetic studies demonstrated that the virus genome
has one of the highest mutation rates among the RNA
viruses, which contributes to its extensive antigenic and
genetic variability [26]. There are at least three subtypes of
the PRRS type 1 virus, differentiated based on ORF-5 gene
analysis [27]. The reported genetic diversity of the field vi-
rus isolates is the main obstacle to the disease control [28].

A number of both domestic and foreign manufactured
vaccines have been currently authorized in the Russian
Federation, which can be subdivided into two large
groups: live attenuated vaccines and inactivated vac-
cines. The range of the key Russian vaccines against PRRS
is presented in Table 3.
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Table 3

Register of main vaccines against porcine reproductive and respiratory syndrome
registered in the Russian Federation

PRRS virus strain

Vaccine Vaccine type used Manufacturer
- domestic author’s Vethiochem LLC,
VERRES-PRRS inactivated strain OB Russia
production strain Federal Centre
ARRIAH-PRRS inact inactivated KPR-96, European for Animal Health,
genotype Russia
inactivated production strain Federal Centre
ARRIAH-RePovac combined KPR-96, European for Animal Health,
genotype Russia
) N production strain Federal Centre
Au':\sF;ElTPRRS l?jrcrﬂ)ﬁtee; KPR-96, European for Animal Health,
Jeszy genotype Russia
Resvac live dr strain PRRS-1SBC, Shchelkovo
y genotype 1 biocombinat, Russia
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Taking into account both safety aspects and wide vari-
ety of PRRS virus strains, the inactivated vaccines are pre-
ferable to attenuated ones, but despite these advantages,
they are not effective enough. The inactivated products
induce a lower immune response than the attenuated
live ones, since the vaccine virus strains do not replicate
in the vaccinated animals. The inactivated vaccines are not
recommended to be used for immunization of seronega-
tive animals. Vaccination of seropositive animals (due to
natural infection or immunization with live vaccines) with
inactivated products, nevertheless, causes a pronounced
secondary humoral and cellular immune response, which
allows them to be used in combined vaccination pro-
grams [29].

The effectiveness of the attenuated live vaccines is
due to the fact that they ensure the development of not
only humoral, but also cellular immune response against
the PRRS virus. However, live vaccines have significant
disadvantages. The protective immune response caused
by the attenuated PRRS vaccines depends on the gene-
tic diversity of the field virus strains circulating in a given
region. The greatest effect of immunization is assumed to
be achieved when the vaccine virus is antigenically simi-
lar to the field one. Moreover, there are serious concerns
about the safety of the attenuated vaccines, since viremia
develops after immunization of pigs with live products
and a vaccine virus is shed during a few weeks, which can
be directly or indirectly transmitted to the unvaccinated
susceptible animals [30].

Circovirus infection in pigs is a viral disease, mainly
of weaning piglets [31]. The causative agent is PCV-2,
which belongs to the Circovirus genus of the Circoviri-
dae family, which includes small single-stranded non-
enveloped DNA viruses with an unsegmented circular
genome [32]. The mechanisms of PCV-2 recognition, at-
tachment and penetration into the body are currently not
fully understood. The virus is believed to use a relatively
common cellular receptor, since the virus replication
and PCV-2 antigen were reported in many different cell
types [33]. After entering the host’s body and complet-
ing the 2—-4-week incubation period, PCV-2 replicates in
the lymph nodes, infects B cells and spreads throughout
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the body through the lymphatic system. Viremia in pigs is
detected between days 7 and 14 after the virus inocula-
tion. PCV-2 is capable of causing long-term infection and
the viral DNA is detected in pigs for up to 125 days after
experimental infection [34].

Porcine circovirus type 2 can be transmitted by several
routes. The main route is with infected excretions (includ-
ing urine, saliva, semen) or through the direct contact
with the infected pigs. The virus can also be transmitted
placentally, although this transmission route is less fre-
quent [35, 36]. Experiments in piglets also demonstrated
that some slaughter products (lymphoid tissue, skeletal
muscles, and bone marrow) can be a source of infection
in pigs and, when fed to experimental animals for 3 days
they can lead to viremia and seroconversion in all ani-
mals [37, 38].

The causative agent of circovirus infection in pigs
is widespread in many countries of the world with de-
veloped industrial pig breeding and it causes significant
economic damage due to high morbidity and mortality,
decreased performance and reproductive capacities of
the animals [38].

There are currently four types of porcine circoviruses
globally identified: PCV-1, PCV-2, PCV-3 and PCV-4 [39].
PCV-2 plays animportant role in the pathologies of piglets
of 6-16 weeks of age. It causes damage to various systems,
but the disease clinical signs develop only in young ani-
mals with compromised immune system. When replicat-
ing in the cells of the piglets'immune system, PCV-2 causes
immunodeficiency disorders, which increase the suscep-
tibility to other infectious agents, reduce the immune re-
sponse to vaccination, and result in the animal death [40].

Specific prevention of circovirus infection is successful-
ly carried out with inactivated and recombinant subunit
vaccines, which significantly reduce the piglets’morbidity
and mortality during finishing and fattening [38].

The viral subunit vaccine is formulated with the com-
ponents of the main viral immunogen by means of ge-
netic engineering. The commercial subunit vaccines
against porcine circovirus infection have been developed
and manufactured primarily based on the expression of
the recombinant capsid protein ORF-2 in the baculovirus
expression system.

To prepare an inactivated vaccine, the PCV-2-infected
cells are inactivated by a physical or chemical method, as
a result of which the virus loses its infectious capacities,
but at the same time retains its immunogenicity [40].
To date, several domestic vaccines against circovirus in-
fection have been registered and certified in Russia, which
contain the recombinant capsid protein ORF-2 of porcine
circovirus type 2 (Table 4).

The technology of manufacturing vaccines against por-
cine circovirus infection is constantly being updated due
to high frequency of mutations in the HCV-2 genome and
emergence of new virus subtypes. Currently, nine PCV-2
genotypes are known (from PCV-2a to PCV-2i). Circovirus
genotypes 2a, 2b, and 2d are widespread worldwide, while
other genotypes are detected sporadically [41]. The emer-
gence of new virus genotypes leads to ineffective vaccina-
tion, which dramatically increases the spread of circovirus
infection outbreaks. To date, PCV-2d is the most common
and dominant genotype, it has a higher virulence, causes
more serious clinical signs and pathological lesions as com-
pared to classical genotypes 2a and 2b. The majority of
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the commercially available vaccines against porcine circo-
virus infection are based on capsid proteins of PCV-2a and
PCV-2b viruses and they are often ineffective against PCV-
2d. In this regard, there is a need to develop new effective
vaccines to protect against the most clinically significant
PCV-2 genotypes [42].

CONCLUSION

Porcine respiratory diseases are a serious problem
causing devastating economic losses in the pig industry
due to decreased animal growth rate, as well as increased
livestock mortality and cost of treatment. Among the mul-
tiple etiological agents such pathogens as Mycoplasma
hyopneumoniae, porcine reproductive and respiratory
syndrome virus and porcine circovirus type 2 remain the
most prevalent PRDC-causing ones in the Russian Federa-
tion. Swine influenza also causes great economic damage
to production, being at the same time a potentially dan-
gerous agent for humans.

Vaccination is one of the most efficient and cost-effec-
tive means to prevent the viral infections. However, domes-
ticimmunological medicinal products against swine influ-
enza have not yet been developed, and vaccines against
enzootic (mycoplasmal) pneumonia, porcine reproductive
and respiratory syndrome, and porcine circovirus infection
require further development due to high variability of the
pathogens, which hinders the development of a universal
vaccine product.

In the current economic conditions, it is of particular
importance to reduce the use of foreign immunobiologi-
cal drugs and to accelerate domestic vaccine production
in order to achieve technological sovereignty of the Rus-
sian Federation. In this regard, manufacturers of veterinary
medicinal products are actively developing new vaccines
and improving existing ones, and they are working to ex-
pand the collection of pathogens that can later become
the basis for the development of new medicinal products.
However, the full cycle of the development of a single vac-
cine takes from three to five years, and the domestic manu-
facturers cannot fully cover the needs of the industry so far.

Government support provided to the manufacturers of
the veterinary medicinal products as regards to the acce-
lerated registration of the medicinal products contributes
to the introduction of new capital-intensive projects, and
creation of new production facilities will allow for the sig-
nificant increase in the volume of the manufactured pro-
ducts in the coming years.

REFERENCES

1. VanderWaal K., Deen J. Global trends in infectious
diseases of swine. Proceedings of the National Academy
of Sciences. 2018; 115 (45): 11495-11500. https://doi.
org/10.1073/pnas.1806068115

2.Tikhomirov A. |. The state of pig breeding technologi-
cal and product import substitution in Russia. Bulletin of Al-
tai State Agricultural University. 2015; (1): 159-165. https://
elibrary.ru/tbdcxv (in Russ.)

3. Polishchuk S. V., Belyavtseva E. A. Diagnosis enzo-
otic pneumonia pigs at farm “Veles-Crimea”. Transactions
of Taurida Agricultural Science. 2015; (1): 164-171. https://
elibrary.ru/wfdujf (in Russ.)

4. Chae C. Porcine respiratory disease complex: Interac-
tion of vaccination and porcine circovirus type 2, porcine
reproductive and respiratory syndrome virus, and Myco-

Table 4

Register of main vaccines against porcine circovirus infection registered in the Russian

Federation

PCV-2 strain

Vaccine
used

Vaccine type

Manufacturer

recombinant viral capsid

VERRES-CIRCO protein ORF-2

recombinant

Vetbiochem LLC, Russia

recombinant viral capsid

recombinant | " ein ORF-2 (PCV2b)

ReCircoVac

Armavir Biofactory,

Russia

Circostop inactivated strain PCV2/SHBC

Shchelkovo biocombinat,

Russia

plasma hyopneumoniae. The Veterinary Journal. 2016; 212:
1-6. https://doi.org/10.1016/j.tvjl.2015.10.030

5.Rajao D. S., Anderson T. K., Gauger P. C,, Vincent A. L.
Pathogenesis and vaccination of influenza A virus in swine.
In: Influenza Pathogenesis and Control - Vol. I. Eds. R. Com-
pans, M. Oldstone. Current Topics in Microbiology and
Immunology. Springer; 2014; 385: 307-326. https://doi.
org/10.1007/82_2014_391

6. Chauhan R. P, Gordon M. L. A systematic review ana-
lyzing the prevalence and circulation of influenza viruses
in swine population worldwide. Pathogens. 2020; 9 (5):355.
https://doi.org/10.3390/pathogens9050355

7.Mancera Gracia J. C,, Pearce D. S., Masic A., Balasch M.
Influenza A virus in swine: epidemiology, challenges and
vaccination strategies. Frontiers in Veterinary Science. 2020;
7:647. https://doi.org/10.3389/fvets.2020.00647

8. Ma W. Swine influenza virus: Current status and
challenge. Virus Research. 2020; 288:198118. https://doi.
org/10.1016/j.virusres.2020.198118

9. Sandbulte M. R., Spickler A. R., Zaabel P. K., Roth J. A.
Optimal use of vaccines for control of influenza A vi-
rus in swine. Vaccines. 2015; 3 (1): 22-73. https://doi.
org/10.3390/vaccines3010022

10. Pliasas V. C., Neasham P. J., Naskou M. C., Neto R,,
Strate P. G., North J. F,, et al. Heterologous prime-boost
H1N1 vaccination exacerbates disease following challenge
with a mismatched H1N2 influenza virus in the swine mo-
del. Frontiers in Immunology. 2023; 14:1253626. https://doi.
org/10.3389/fimmu.2023.1253626

11. Bullard B. L., Corder B. N., DeBeauchamp J., Ru-
brum A., Korber B., Webby R. J., Weaver E. A. Epigraph
hemagglutinin vaccine induces broad cross-reactive im-
munity against swine H3 influenza virus. Nature Communi-
cations.2021;12:1203. https://doi.org/10.1038/s41467-021-
21508-6

12. Raev S. A., Aliper T. |. Diagnosis and prevention en-
zootic pneumonia pigs. Veterinariya. 2014; (10): 15-21.
https://elibrary.ru/sxsylf (in Russ.)

13.0vsukhnoT.V, Terentiev S.S., Yashin I.V.,, Blokhin A. A.
Mycoplasma hyopneumoniae infection in pigs. Pigbreed-
ing. 2023; (5): 44-49. https://doi.org/10.37925/0039-
713X-2023-5-44-49 (in Russ.)

14. Maes D., Boyen F,, Devriendt B., Kuhnert P,, Summer-
field A., Haesebrouck F. Perspectives for improvement of
Mycoplasma hyopneumoniae vaccines in pigs. Veterinary
Research. 2021; 52:67. https://doi.org/10.1186/s13567-
021-00941-x

15.Yang S., Oh T, Mago J., Iwakuma A., Chae C. Optimal
vaccination strategy against Mycoplasma hyopneumoniae,

VETERINARY SCIENCE TODAY. 2025; 14 (1): 32-39 | BETEPUHAPUA CETOZHA. 2025; 14 (1): 32-39

37



porcine reproductive and respiratory syndrome virus, and
porcine circovirus type 2 in case of early M. hyopneumo-
niae infection. Veterinary Medicine and Science. 2020; 6 (4):
860-874. https://doi.org/10.1002/vms3.284

16.Tassis P. D., Tsakmakidis |., Papatsiros V. G., Koulialis D.,
Nell T, Brellou G., Tzika E. D. A randomized controlled study
on the efficacy of a novel combination vaccine against
enzootic pneumonia (Mycoplasma hyopneumoniae) and
porcine Circovirus type 2 (PCV2) in the presence of strong
maternally derived PCV2 immunity in pigs. BMC Veterinary
Research. 2017; 13:91. https://doi.org/10.1186/512917-
017-1014-7

17. Arsenakis ., Michiels A., Schagemann G., Gomez-
Duran C. O., Boyen F., Haesebrouck F., et al. Effects of
pre-farrowing sow vaccination against Mycoplasma
hyopneumoniae on offspring colonisation and lung le-
sions. Veterinary Research. 2019; 184 (7):222. https://doi.
org/10.1136/vr.104972

18. Michiels A., Arsenakis I., Boyen F., Krejci R., Haese-
brouck F., Maes D. Efficacy of one dose vaccination against
experimental infection with two Mycoplasma hyopneumo-
niae strains. BVIC Veterinary Research. 2017; 13:274. https://
doi.org/10.1186/s12917-017-1195-0

19. Maes D., Segales J., Meyns T., Sibila M., Pieters M.,
Haesebrouck F. Control of Mycoplasma hyopneumoniae
infections in pigs. Veterinary Microbiology. 2008; 126 (4):
297-3009. https://doi.org/10.1016/j.vetmic.2007.09.008

20. Niederwerder M. C,, Jaing C. J., Thissen J. B,, Cino-
Ozuna A. G., McLoughlinK.S.,Rowland R. R. R. Microbiome
associations in pigs with the best and worst clinical out-
comes following co-infection with porcine reproductive
and respiratory syndrome virus (PRRSV) and porcine cir-
covirus type 2 (PCV2). Veterinary Microbiology. 2016; 188:
1-11. https://doi.org/10.1016/j.vetmic.2016.03.008

21. Arruda A. G, Tousignant S., Sanhueza J,, Vilalta C,,
Poljak Z., Torremorell M., et al. Aerosol detection and
transmission of porcine reproductive and respiratory syn-
drome virus (PRRSV): What is the evidence, and what are
the knowledge gaps? Viruses. 2019; 11 (8):712. https://doi.
org/10.3390/v11080712

22. Renken C., Nathues C., Swam H., Fiebig K., Weiss C.,
Eddicks M., et al. Application of an economic calculator
to determine the cost of porcine reproductive and re-
spiratory syndrome at farm-level in 21 pig herds in Ger-
many. Porcine Health Management. 2021; 7:3. https://doi.
org/10.1186/s40813-020-00183-x

23. Calderén Diaz J. A, Fitzgerald R. M., Shalloo L., Ro-
drigues da Costa M., Niemi J., Leonard F. C,, et al. Finan-
cial analysis of herd status and vaccination practices for
porcine reproductive and respiratory syndrome virus,
swine influenza virus, and Mycoplasma hyopneumoniae
in farrow-to-finish pig farms using a bio-economic simu-
lation model. Frontiers in Veterinary Science. 2020; 7:556674.
https://doi.org/10.3389/fvets.2020.556674

24. Boeters M., Garcia-Morante B., van Schaik G., Se-
galés J., Rushton J., Steeneveld W. The economic impact
of endemic respiratory disease in pigs and related inter-
ventions —a systematic review. Porcine Health Management.
2023; 9:45. https://doi.org/10.1186/s40813-023-00342-w

25. Ruedas-Torres |., Rodriguez-Gémez I. M., San-
chez-Carvajal J. M., Larenas-Mufoz F., Pallarés F. J., Car-
rasco L., Gébmez-Laguna J. The jigsaw of PRRSV virulence.
Veterinary Microbiology. 2021; 260:109168. https://doi.
0rg/10.1016/j.vetmic.2021.109168

REVIEWS | PORCINE DISEASES 0B30PbI | BOJIE3HI CBUHEN

26.Renukaradhya G. J., Meng X.-J,, Calvert J. G., Roof M.,
Lager K. M. Inactivated and subunit vaccines against por-
cine reproductive and respiratory syndrome: Current sta-
tus and future direction. Vaccine. 2015; 33 (27): 3065-3072.
https://doi.org/10.1016/j.vaccine.2015.04.102

27. Stadejek T., Stankevicius A., Murtaugh M. P, Oleksi-
ewicz M. B. Molecular evolution of PRRSV in Europe: Cur-
rent state of play. Veterinary Microbiology. 2013; 165 (1-2):
21-28. https://doi.org/10.1016/j.vetmic.2013.02.029

28. Huang Y. W., Meng X. J. Novel strategies and ap-
proaches to develop the next generation of vaccines
against porcine reproductive and respiratory syndrome
virus (PRRSV). Virus Research. 2010; 154 (1-2): 141-149.
https://doi.org/10.1016/j.virusres.2010.07.020

29. Mateu E., Prieto C.Tipy dostupnykh vaktsin protiv re-
produktivno-respiratornogo sindroma svinei i ozhidaemye
rezul'taty ikh primeneniya = Types of available vaccines
against porcine reproductive and respiratory syndrome
and expected results of their use. Effectivnoe zhivotnovod-
stvo. 2022; (1): 24-25. https://elibrary.ru/ufidwc (in Russ.)

30. Glazunova A. A., Korogodina E. V., Sevskikh T. A.,
Krasnova E. A., Kukushkin S. A., Blokhin A. A. Reproduc-
tive and respiratory syndrome of pigs in pig breeding
enterprises (review). Agricultural Science Euro-North-East.
2022; 23 (5): 600-610. https://doi.org/10.30766/2072-
9081.2022.23.5.600-610 (in Russ.)

31. Ouyang T., Zhang X, Liu X., Ren L. Co-infection of
swine with porcine circovirus type 2 and other swine vi-
ruses. Viruses. 2019; 11 (2):185. https://doi.org/10.3390/
v11020185

32.Gillespie J., Opriessnig T., Meng X. J., Pelzer K., Buech-
ner-Maxwell V. Porcine circovirus type 2 and porcine cir-
covirus-associated disease. Journal of Veterinary Internal
Medicine. 2009; 23 (6): 1151-1163. https://doi.org/10.1111/
j.1939-1676.2009.0389.x

33. Darwich L., Segalés J., Mateu E. Pathogenesis of
postweaning multisystemic wasting syndrome caused by
Porcine circovirus 2: An immune riddle. Archives of Virology.
2004; 149 (5): 857-874. https://doi.org/10.1007/s00705-
003-0280-9

34. Pogranichnyy R. M., Yoon K.-J., Harms P. A., Swen-
son S. L., Zimmerman J. J,, Sorden S. D. Characterization
of immune response of young pigs to porcine circovirus
type 2 infection. Viral Immunology. 2000; 13 (2): 143-153.
https://doi.org/10.1089/vim.2000.13.143

35. Allan G. M., Kennedy S., McNeilly F,, Foster J. C., El-
lis J. A., Krakowka S. J., et al. Experimental reproduction of
severe wasting disease by coinfection of pigs with porcine
circovirus and porcine parvovirus. Journal of Comparative
Pathology. 1999; 121 (1): 1-11. https://doi.org/10.1053/
jcpa.1998.0295

36.ParkJ.-S., Kim J,,HaY., Jung K., Choi C,, Lim J.-K,, et al.
Birth abnormalities in pregnant sows infected intranasal-
ly with porcine circovirus 2. Journal of Comparative Patho-
logy. 2005; 132 (2-3): 139-144. https://doi.org/10.1016/].
jcpa.2004.09.003

37.Opriessnig T., Patterson A. R., Meng X.-J., Halbur P. G.
Porcine circovirus type 2 in muscle and bone marrow is
infectious and transmissible to naive pigs by oral con-
sumption. Veterinary Microbiology. 2009; 133 (1-2): 54-64.
https://doi.org/10.1016/j.vetmic.2008.06.018

38. Green S. A., Matveeva I. N., Bogomolova O. A,
Fedorov Yu. N., Popova V. M., Kryukova E. N., Litenko-
va I. Yu. Assessment of PCV2 circulation among pigs of

VETERINARY SCIENCE TODAY. 2025; 14 (1): 32-39 | BETEPUHAPUA CETOJHA. 2025; 14 (1): 32-39



REVIEWS | PORCINE DISEASES 0B30PbI | BOTIE3HI CBIHE

different ages and antigenic activity of a vaccine against
this infection. Veterinariya. 2019; (12): 20-26. https://doi.
0rg/10.30896/0042-4846.2019.22.12.20-26 (in Russ.)

39. Fehér E., Jakab F,, Banyai K. Mechanisms of circo-
virus immunosuppression and pathogenesis with a fo-
cus on porcine circovirus 2: a review. Veterinary Quarterly.
2023;43 (1): 1-18. https://doi.org/10.1080/01652176.2023.
2234430

40.Guo J,, Hou L., Zhou J.,, Wang D., Cui Y., Feng X., Liu J.
Porcine circovirus type 2 vaccines: commercial applica-
tion and research advances. Viruses. 2022; 14 (9):2005.
https://doi.org/10.3390/v14092005

41. Pleguezuelos P, Sibila M., Cuadrado-Matias R.,
Lépez-Jiménez R., Pérez D., Huerta E., et al. Efficacy studies

of a trivalent vaccine containing PCV-2a, PCV-2b geno-
types and Mycoplasma hyopneumoniae when adminis-
tered at 3 days of age and 3 weeks later against porcine
circovirus 2 (PCV-2) infection. Vaccines. 2022; 10 (8):1234.
https://doi.org/10.3390/vaccines10081234

42. Lim J., Jin M., Yoon I, Yoo H. S. Efficacy of bivalent
vaccines of porcine circovirus type 2 and Mycoplasma
hyopneumoniae in specific pathogen-free pigs challenged
with porcine circovirus type 2d. Journal of Veterinary Sci-
ence. 2022; 23 (3):e49. https://doi.org/10.4142/jvs.21287

Received 15.11.2024
Revised 11.12.2024
Accepted 29.01.2025

INFORMATION ABOUT THE AUTHORS / UHOOPMALINA 0b ABTOPAX

Tatyana V. Mikhaleva, Cand. Sci. (Veterinary Medicine), Academic
Secretary, Samara Research Veterinary Institute — Branch of Federal
Research Center for Virology and Microbiology, Samara, Russia;

https://orcid.org/0000-0001-6411-6027, tatyanamihaleva@mail.ru

Svetlana S. Konnova, Deputy Director, Saratov Research
Veterinary Institute — Branch of Federal Research Center for
Virology and Microbiology, Saratov, Russia;
https://orcid.org/0000-0003-1282-7980, konnovass@yandex.ru

MuxaneBa TaTbsAHa BnagumunpoBHa, KaH. BET. HayK, YUYeHbln
cekpetapb CamHUBW - dunmnana OIEHY OULBuM, r. Camapa,
Poccus; https://orcid.org/0000-0001-6411-6027,
tatyanamihaleva@mail.ru

KoHHoBa CBetnaHa CepreeBHa, 3aMecTUTeNb AUpPeKTOpa

CapHWBW - dunnana OreHY OULIBuM, r. Capatos, Poccus;
https://orcid.org/0000-0003-1282-7980, konnovass@yandex.ru

Contribution of the authors: Mikhaleva T. V. — review of the research publications on the topic, search for information in
the Rosselkhoznadzor’s state register of the veterinary medicinal products, development of the research concept and text preparation;
Konnova S. S. - review of the research publications on the topic, collection and analysis of the data of the pig breeding organizations,
biofactories and manufacturers of the animal infectious disease diagnostic, prevention and treatment tools, text preparation.

Bknap aBTopoB: Muixanesa T. B. — usyuyeHune HayuHbix ny6avkauuii no Teme, novck nHdopmaumm B focyaapcTBEHHOM peecTpe
NeKapCTBEHHbIX CPEACTB ANA BETEPUHAPHOIO NMPUMEHeHNA Poccenbxo3Haa3opa, pa3paboTka KOHLENLMN UCCIeA0BaHNIA 1 MOArOTOBKa
cTatbui; KoHHoBa C. C. — n3yuyeHune HayuyHbIX My6inKaLmin no Teme, c6op 1 aHanm3 AaHHbIX CBUHOBOAYECKIMX OPraHm3aLyi, OTEYeCTBEHHBIX
6110habpPUK N KOMMNaHWIA — NPOV3BOAMTENEN CPEACTB AUNATHOCTUKI, MPOGUNAKTUKI 1 NeYeHNA NHGEKLMOHHDBIX 60/1€3HEN XKNBOTHDIX,

NOAroToBKa CTaTbW.

VETERINARY SCIENCE TODAY. 2025; 14 (1): 32-39 | BETEPUHAPUA CETOAHA. 2025; 14 (1): 32-39

39



ORIGINAL ARTICLES | AVIAN DISEASES
OPUTUHANBHbIE CTATbU | BONTE3HW NTHL

M) Check for updates (cc)

https://doi.org/10.29326/2304-196X-2025-14-1-40-46

Development of test-system for detection
of H5 and H7 avian influenza virus RNA
by multiplex real-time RT-P(R assay using internal control
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ABSTRACT

Introduction. High pathogenicity avian influenza is a dangerous highly contagious viral infection of domestic and wild birds that recently has become widespread
in Europe, Asia, Africa and Americas. The causative agent of the disease is type A influenza virus of subtypes H5 and H7. Real-time RT-PCR is one of the most rapid
and effective techniques for avian influenza virus identification and typing, so development of the test system based on this technique with internal control to be
used for control of the reaction main stages is of current importance. At the same time, the multiplex format of RT-PCR allows for simultaneous identification of
several targets that reduces the consumption of reagents and the reaction time.

Objective. Development of test-system for detection of H5 and H7 avian influenza virus RNA with multiplex real-time RT-PCR in biological samples and its
characterization.

Materials and methods. H5, H7, H3, H4, H10, H16 avian influenza virus, Newcastle disease virus, infectious bursal disease virus, infectious bronchitis virus, Marek’s
disease virus, avian adenovirus isolates were used. MS2 bacteriophage was used as internal control.

Results. Optimal primer-probe combinations were selected, test-system characteristics were determined: specificity for homologous and heterologous avian
disease viruses, analytical sensitivity, reaction amplification efficiency, repeatability and reproducibility.

Conclusion. Determination of the developed test system validation parameters has shown that it is specific only for H5 and H7 avian influenza virus, its analytical
sensitivity for each subtype was 1.5 Ig EID, /cm?, and the amplification efficiency was 92 and 97%, respectively. The test system was validated through its use
for testing biological samples submitted to the laboratory, the test results were consistent with the results of tests with standard diagnostic methods used in the
Reference Laboratory for Avian Viral Diseases of the Federal Centre for Animal Health.
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Pa3paboTKa TeCT-CUCTEMbI ANd BbIABNEHMA

PHK Bupyca rpunna ntuy noarunos H5 n H7 metogom
mynbtunnekcHon OT-MLP B pexume peanbHoro BpemeHu
C UCNOJTb30BaHNEM BHYTPEHHEr0 KOHTPONbHOro 0bpasLia
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OTBY «DeepanbHblil LieHTp 0XpaHbl 380poBbA X1BOTHBIX» (OTBY «BHIW3X»), mkp. I0pbesew, r. Bnagumup, 600901, Poccua

PE3IOME

BBepeHue. BbicokonatoreHHblii rpunn nTuL ABNAETCA 0060 0NACHOI BbICOKOKOHTArMO3HOI BUPYCHOI MHGEKLIME AOMALLHVX 1 AVIKUX NTUL, B NOCNEAHMe FObl
MoNyuyBLLEH LWMPOKOE pacnpocTpaHeHue Ha TeppuTopui cTpaH EBponbl, A3uu, Abpuku u Amepuku. Bo3byauTens 3aboneBaHua — BUpyC rpunna Tuna A noATnoB
H5 u H7. OpHum u3 Haubonee GbICTPLIX 1 IPHEKTUBHBIX COCOOOB MAEHTUGUKALMY U TUNMPOBAHMA BUpYca rpunna ntuy snsetca OT-MLP B pexume peanbHoro
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BpeMeHU, B (BA3N C YeM NPeACTaBAALTCA aKTyanbHOil pa3paboTka TecT-CUCTeMbl Ha OCHOBE AAHHOTO METOAA C UCMIONb30BaHUEM BHYTPEHHEr0 KOHTPONbHOTO
06pasLia AnA BO3MOXHOCTU KOHTPOAA OCHOBHbIX 3TanoB NpoBe/eHa peakwu. Mpu 3ToM NocTaHoBKa peaKLuin B MynbTUMNEKCHOM GopmaTe NO3BONAET OAHO-
BPEMEHHO MAEHTUOULIMPOBATb HECKONBKO LieNIeBbIX MULLEHEI, YTO YMEHDbLLAET Pacxoz peareHToB 1 BpeMa MOCTAHOBKY peakLm.

Lienb nccnepoBanms. Paspabotka TecT-cuctembl A BbiABAeHNA B npobax uonoruyeckoro matepuana PHK supyca rpunna ntuw noatunos H5 v H7 metogom
mynbtunnekcHoii OT-MNLP B pexime peanbHOro BpeMeHu 1 onpefieneHie ee 0CHOBHbIX XapaKTepUCTUK.

Matepuanbi n metopbl. Vcnonb3oBanu 3onaThl BUpYyca rpunna ity nogtunos HS, H7, H3, H4, H10, H16, Bupycbl Hblokacnckoil bonesHn, nHGeKLmoHHoi byp-
CanbHoi bonesHu, MHOeKLMOHHOro OpoHxmTa Kyp, 6one3HI Mapeka v ageHoBIUpYC NTUL. B KauecTBe BHYTPEHHEr0 KOHTPOAbHOro 06pa3Lia cnyxwn baktepuodar MS2.
Pe3ynbrartbl. [lofo6paHbl ONTUMANbHBIE COUETAHINA CACTEM NPaiiMepoB U 30HAOB, ONPEAeNeHbI XapaKTePUCTUKY TeCT-CACTEMBI: CNELGUYHOCTb B OTHOLLEHMUN
TOMONOTMYHBIX 11 TeTePONOrUYHbIX BUPYCOB B0ne3Heil NTUL, aHaNTUYeCKaa YyBCTBUTENbHOCTD, IQGEKTUBHOCTL peakLmin amnandukaLmum, NoBTopAeMocTb
11 BOCMPOU3BOANMOCTD.

3akniouenue. [Tpy onpezeneHny BanuaaLMOHHbIX XapaKkTepUCTUK pa3paboTaHHOI TeCT-CUCTEMbI YCTAHOBAEHA ee CNeLMPUUHOCTb B OTHOLLEHMN TONIbKO BUPYCa
rpunna ntuy noaTvnos H5 n H7, aHanutnueckan yyBCTBUTENbHOCTb ANA KaX0ro NoaTvNa coctasuna 1,5 Ig BM,ﬂsoch{ 3hdeKTBHOCTL amnnudukaumm — 92 n97%
00TBeTCTBEHHO. [1poBeieHa anpobaLya TecT-cucTeMbl NpU UCCAEA0BAHIUM NOCTYNAlOLLYX B nabopatopuio Npob bronoruyeckoro matepuana, pesynbrabl CO0T-
BETCTBOBA/IV TAKOBBIM ANA CTaHAAPTHBIX MArHOCTUYECKIX METOLOB, UCNOMb3yeMblX B pepepeHTHoI nabopatopuy BUpYycHbIx 6onesHeii nuy OFBY «BHUU3X».

KnioueBbie cnoBa: BbICOKONAToreHHbIii rpunn i, Bupyc rpunna nraw noatvna H5, Bupyc rpunna ntuw nogvna H7, OT-MNLP-PB, Tect-cuctema
bnaropapHocTy: Pabota BbinonHeHa 3a cuet cpeacTs OIBY «BHUWU3X» B pamkax TemaTuky HayuHo-uccneoBaTenbekux pabot «BetepuHapHoe 6narononyune.

[ina untupoanusa: [pexqesa A. [1., 3unakos H. T, Auppuacos A. B., Ko3nos A. A., 0BunHHukoBa E. B., Angpeituyk 1. b., Mectkos I1. [1., Yana I. A. Pazpabotka
TecT-cucTembl Ana BbiAgneHna PHK supyca rpunna nuy nogrunos H5 u H7 metogom mynstunnekcHoil OT-MNLP B pexume peanbHoro BpemeHu CMcnonb3oaHnem
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INTRODUCTION

Avian influenza is one of the most dangerous viral
diseases of poultry and wild birds, that affects primarily
respiratory and digestive systems. The disease is caused
by virus of genus Alphainfluenzavirus, Orthomyxoviridae
family. The virus genome is a single-stranded (-)RNA com-
posed of the 8 segments allowing high-rate virus evolu-
tion owing to reassortment [1]. Avian influenza virus (AIV)
is classified into 16 subtypes by hemagglutinin (HA) and
9 subtypes by neuraminidase based on antigenic diffe-
rences in surface proteins [2].

The natural reservoir of the AV is wild waterfowl. The
infected wild waterfowl are asymptomatic or demon-
strate mild clinical signs. The virus naturally spread along
the migration routes of wild migratory birds and at the
same time is transmitted to poultry [3, 4]. High pathoge-
nicity AlV is the most dangerous for poultry industry, since
it can cause severe, rapidly developing disease with 100%
mortality. High pathogenicity AlVs are believed to evolve
under natural conditions from low-pathogenic H5 and H7
viruses through point mutations in HA gene causing accu-
mulation of multiple basic amino acid at the HA cleavage
site [4, 5, 6, 7, 8. High pathogenicity avian influenza is to
be notified to the World Organization for Animal Health
(WOAH), regardless of the causative virus subtype.

Outbreaks of the disease caused by H5 high pathoge-
nicity AlV were regularly reported in poultry and wild birds
in the Russian Federation in 2021 - early 2024 (H5N1, H5N5
and H5N8 virus isolates were recovered) [9]. In 2024, high
pathogenicity avian influenza outbreak caused by H7N3
AIV was reported in poultry kept at a poultry establish-
ment in Australia [10]. Previously, disease cases, includ-
ing cases in humans, caused by H7 AIV were reported in

the North and South American, European, African and
Asian countries [11, 12].

Current high pathogenicity avian influenza situation
in the Russian Federation requires ongoing monitoring.
Real-time reverse transcription-polymerase chain reaction
(real-time RT-PCR) is the most rapid and accurate tech-
nique for detection of AIV RNA in biological materials from
various poultry and wild bird species that enables simul-
taneous virus typing. This technique has high sensitivity,
specificity, and is relatively rapid allowing high throughput.

Highly effective test system for detection of H5 and H7
AIV RNA by real-time RT-PCR is proposed in this paper.
The developed test system contains exogenous internal
control, that allows control of the main reaction stages
(extraction of nucleic acids, reverse transcription and PCR)
and elimination of false negative results.

The study was aimed at the development of real-time
RT-PCR-based test system enabling simultaneous detec-
tion H5 and H7 virus RNAs in biological materials and con-
trol of the reaction procedure at all stages, starting with
the nucleic acid extraction.

MATERIALS AND METHODS

Viruses. Isolates of AIV of various subtypes, Newcastle
disease, infectious bursal disease, infectious bronchitis,
Marek’s disease viruses and avian adenovirus obtained
from the working collection of the Reference Laborato-
ry for Avian Viral Diseases of the Federal Centre for Ani-
mal Health were used (Table 1). MS2 bacteriophage with
an infectious activity titre of 10° PFU/cm? served as internal
control [13].

RNA extraction was performed using a “RIBO-prep” re-
agent kit for RNA/DNA extraction from clinical samples
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(AmpliSens®, Russia) according to the manufacturer in-
structions. At the extraction stage, internal control was
added to each sample (including negative extraction
control), 0.01 mL of internal control per sample.

Primers and probes. Several sets of primers and probes
for amplification of H5 and H7 AIV HA gene fragments
were selected and tested based on the analysis of pub-
lications on development of test systems and methods
for detection of H5/H7 AIV in biological samples with
real-time RT-PCR [14, 15, 16, 17]. Since real-time RT-PCR
was performed in a multiplex format, the dyes included
in the TagMan probes were selected in such a way as
to generate a stable fluorescent signal and not inhibit the
signals in other detection channels (Green/H5, Orange/H7,
Crimson/internal control). The selected primers and
probes were synthesized by the Syntol company (Russia),
and the specific primers and probe for internal control [13]
were synthesized by the Alkor Bio Company Ltd. (Russia).

Real-time RT-PCR was performed in one step using
amplification reagents manufactured by the Syntol com-
pany (Russia) in Rotor-Gene 6000 programmable amplifi-
er (Corbett Research Pty Ltd, Australia). The reaction mix
(20 uL per sample) contained: deionized (bidistilled) wa-
ter - 5.35 pL; 10x PCR buffer - 2.5 uL; 25 mM MgCl, solu-
tion — 4 pL; 25 mM deoxynucleoside triphosphate (dNTP)
solution — 0.4 pL; forward and reverse primer solutions

Avian virus isolates used for the study

Virus Strain/isolate

H5N2 avian influenza virus A/duck/Italy/5952/2015
H5N2 avian influenza virus A/avian/Italy/6558/2015
H5N2 avian influenza virus A/duck/Italy/6926/2017
H5N1 avian influenza virus A/duck/Altai/469/2014

H5N1 avian influenza virus

A/dalmatian pelican/Astrakhan/485-1/2022

H5NS5 avian influenza virus

A/shelduck/Kalmykia/1814-1/2021

H5N8 avian influenza virus

A/duck/KChR/1590-20/2020

H7N2 avian influenza virus

Afchicken/Italy/1670/2015

H7N3 avian influenza virus

Afturkey/Italy/9289/02

H7N7 avian influenza virus

A/duck/Italy/4932/2018

H3N8 avian influenza virus

A/wild duck/Primorsky/1872-13/21

H4N6 avian influenza virus

A/wild duck/Primorsky/1872-11/21

HIN2 avian influenza virus

A/chicken/Udmurtya/2008-1/21

HIN2 avian influenza virus

Aqull/Tyva/767-113/21

H10N7 avian influenza virus

A/wild duck/Primorsky/1872-13/21

H16N3 avian influenza virus

A/mallard/Khabarovsk/12/14

Infectious bronchitis virus H-120

Infectious bursal disease virus

Winterfield 2512

Newcastle disease virus

LaSota (genotype II)

for AIV/H5, 10 pmol/pL — 1 L of each primer; fluores-
cent probe for AIV/H5, 10 pmol/pL - 0.75 pL; forward and

reverse primer solutions for AIV/H7, 10 pmol/pL - 1 pL
of each primer; fluorescent probe for AIV/H7, 10 pmol/uL -
0.75 uL; forward and reverse primer solutions, fluorescent

probe solution for MS2, 10 pmol/uL - 0.5 pL of each primer;

SynTaq DNA polymerase - 0.25 pL; MMLV-revertase —
0.5 pL. The reaction was carried out according to the fol-
lowing procedure: reverse transcription — 20 min at 40 °C;

polymerase activation — 8 min at 95 °C; 40 PCR cycles - 10s

at 95 °C; 35 s at 55 °C; 15 s at 72 °C. The fluorescence sig-
nal was detected at the stage of primer annealing using

the Green/H5, Orange/H7, and Crimson/internal control

channels.

The test system was examined for its specificity by per-
forming real-time RT-PCR using RNAs extracted from
homologous and heterologous viruses (Table 1).

The test system was assessed for its analytical sensitivity
by performing real-time RT-PCR with extracted RNA of seri-
al 10-fold dilutions (108-1073) of a virus-containing suspen-
sion (AIV strains: A/duck/KChR/1590-20/2020 H5N8 and
A/turkey/Italy/9289/02 H7N3, initial infectivity titre was
8.5 |g EID, /cm?®) with internal control in triplicate for each
dilution. The reaction sensitivity for each sample was esti-
mated as the virus amount (measuring units - g EID, /cm?)
corresponding to the last dilution, at which at least 95%
of positive results were obtained (in 20 repeats) [18].

For repeatability assessment, positive samples were
tested 3 times in 5 repeats during three days. Mean thresh-
old cycle (Ct), standard deviation, and coefficient of varia-
tion for the obtained results were determined within one
real-time RT-PCR run and between runs.

To determine the reaction efficiency (E), the results ob-
tained during the reaction runs for analytical sensitivity
testing were used. The reaction efficiency was estimated
after plotting a linear regression graph (in the coordinates

“virus dilution”/ “threshold amplification cycle Ct") accord-
ing to the following formula:

E=(10("m) - 1) x 100%,

where m is the slope coefficient of the straight
line [19, 20, 21].

RESULTS AND DISCUSSION

Optimal combinations of primers and probes were
determined based on the results of testing of primer and
probe combinations for amplification of H5 and H7 AIV
HA gene fragments. Nucleotide sequences are shown in
Table 2.

Selected sets were tested in real-time RT-PCR with
AV strains of H5N2, H5N1, H5N5, H5N8, H7N2, H7N3 and
H7N7 subtypes and internal control in mono- and multi-
plex reaction format. Threshold cycle value, above which
the reaction results should be considered negative, was
set at 36.00 for the Green/H5 and Orange/H7 channels. In
all tests, H5 or H7 AIV RNAs were confirmed to be present
only in the samples containing the relevant virus subtype.

Optimal internal control concentration was deter-
mined by performing real-time RT-PCR using several
10-fold dilutions of the MS2 virus-containing suspen-
sion (10°-107 PFU/cm?3) and simultaneous identification
of one or two specific targets of the test system (AIV/H5
and AIV/H7). Based on the test results, concentration
of 10° PFU/cm?® was selected that enabled a stable

Avian adenovirus KR95 (type C)
Marek’s disease virus 3004
42
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fluorescent signal increase in detection channel for inter-  Table 2

nal control without inhibiting the signal in other channels  Primers and probes used for amplification of H5 and H7 AIV HA gene fragments

for AIV/H5 and AIV/H7 (Fig. 1) and did not exceed sensitiv- N Ol T
ity of the primers-probe system for internal control while

simultaneously identifying AIV/H5 and AIV/H7 at high {511

ACATATGACTACCCACARTATTCAG

concentrations. When the Ct value is > 35 for Crimson/in-
ternal control detection channel, the results of the entire ~ H5RH1

AGACCAGCTAYCATGATTGC

study are considered unreliable, i.e. errors were made at

. . L H5Zond
the stage of nucleic acid extraction, reverse transcription,

(FAM)TCWACAGTGGCGAGTTCCCTAGCA(RTQ1)

or PCR, or the test sample contains impurities capable of  |HgH7

GGCCAGTATTAGAAACAACACCTATGA

inhibiting the reaction.
Test of real-time RT-PCR test-system for its specificity RHAH7

GCCCCGAAGCTAAACCAAAGTAT

using extracted RNAs of H3, H4, H9, H10, H16 AIV and other H7Zond
RNA- and DNA-containing viruses (Newcastle disease,

(ROX)CCGCTGCTTAGTTTGACTGGGTCAATCT(BHQ2)

AIV/HS
70 5.5 g EIDgy/cm?
60
» 4.51g EIDsp/cm?
250
©
@
§4n
= 3.5 g EIDsy/cm?
30
20 2.51g EIDgp/cm?
1.5 Ig EIDsy/cm?
10 —
5 10 15 20 25 30 35 40
Cycle
25 .
AlV/H7 5.5 Ig EIDs/cm?
2‘0 .
8 4.5 Ig EIDspfem?
£15 1 /
:
“10 3.5 Ig EIDsp/cm?
. 2.51g EIDsp/cm?
- | 1.51g EID5y/cm?
5 10 15 20 25 30 35 40
Cycle
Internal control
[ 1]
e
8
8
B
(T

Cycle

Fig. 1. Graphs of fluorescence intensity increase during real-time RT-PCR on Green (10-fold AIV/H5 dilutions),

Orange (10-fold AIV/H7 dilutions) and Crimson (internal control) channels
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Table 3
Real-time RT-PCR Ct values for 10-fold AlV/H5 and AIV/H7 dilutions

The average Ct value for dilution, n =3

107 107 107 10 107 10

Detection channel / AIV subtype
(virus titre in the initial suspension
was 8.5 ED, /cm’)

Green/H5 19.74+0.13 23.13£0.02 26.76 £0.53 30.37 £0.44 33.80£0.07 -

Orange/H7 212001 25.17£0.08 28.23£0.03 31.39£0.39 35.08£0.52 -

u_n

— negative result.

infectious bursal disease, infectious bronchitis, Marek’s  straight line slope (m) and correlation coefficient (R?). Ide-
disease viruses, adenovirus) showed the absence of cross-  ally (at 100% efficiency), mis -3.32, but values in the range
reactions with the above-listed pathogens. from -3.2 to -3.5 are considered optimal. Values greater

Analytical sensitivity of the test-system used for test-  than 0.98 are optimal for R? [20, 22]. Determined reaction
ing 10-fold dilutions of the virus with an infectious titre  efficiency parameters for the developed test system are
of 8.5 Ig EID, /cm? (Fig. 1, Table 3) for AIV/H5 the sensitivity ~ presented in Table 4.
limit corresponded to 10~ dilution of the virus (in 20 re- The reaction efficiency for AIV/H5 (Green channel) was
peats a positive result was obtained in 95% of cases)  91.74%, for AIV/H7 (Orange channel) was 96.92%. Para-
at the average Ct value of 34.16 + 0.54 and a coefficient  meters such as straight line slope coefficient and the co-
of variation of 1.59%; for AIV/H7 the sensitivity limit cor-  efficient of determination for AIV of both subtypes corre-
responded to a virus dilution of 1077 (in 20 repeats, posi- spond to optimal values [20, 22].
tive result was obtained in 100% of cases) with average Ct The reproducibility of the test system was assessed
value of 35.17 £ 0.65 and a coefficient of variation of 1.84%.  based on standard deviation (SD) for each series of 10-fold

Accordingly, the minimum virus amount that can be  dilutions (107-1073,n = 3). For AIV/H5 standard deviations
detected by the developed test systemis 1.5 Ig EID, /cm®  varied from 0.02 to 0.53; for AIV/H7 standard deviations
for AIV/H5 and AIV/H7. varied from 0.03 to 0.52.

Linear regression graphs were plotted for reactions For repeatability assessment, the same viruses were
with AIV/H5 and AIV/H7 to determine the efficiency pa- used at a 10 dilution, each sample was tested in 5 re-
rameters (Fig. 2). The following parameters should be ta-  peats. For AIV/H5, the average Ct value within the runs
ken into account for evaluation of the reaction efficiency:  varied from 22.89 to 23.36; SD was 0.22-0.33; the coeffi-
cient of variation was from 0.92 to 1.17%. For AIV/H7, the
average Ct value ranged from 24.53 to 25.06; the SD - from
0.18 to 0.23, and the coefficient of variation - from 0.71
to 0.94%. Repeatability values between runs for AIV/H5
were as follows: average Ct - 23.09 + 0.32, coefficient of
variation - 1.41%; for AIV/H7: average Ct — 24.53 + 0.31,
coefficient of variation - 1.25%.

A total of 434 biological samples were tested for H5
and H7 AIV RNA with the developed test system, AIV/H5
RNA was detected in 268 samples. No AlV/H7 RNA was
detected in tested samples. The results obtained using
the developed test system correspond to those obtained
during testing of the same samples by standard molecular
diagnostic methods used by the Federal Centre for Animal
Health Reference Laboratory for Avian Viral Diseases [23].

CONCLUSION

The test system for detection of H5 and H7 AIV RNA
by real-time RT-PCR was developed. The proposed test
system parameters were determined: the specificity was
Fig. 2. Graphs of standard straight lines based on real-time RT-PCR results 100% (AIV/H5 and AIV/H7), analytical sensitivity limit

AIV/H7 dilutions

when 10-fold H5 and H7 AlV dilutions were used was 1.5 Ig EID, /cm? (AIV/H5 and AIV/H?), the reaction

efficiency was 92% (AIV/H5) and 97% (AIV/H7). The de-

Table 4 veloped test system can be used for qualitative analysis

Reaction efficiency parameters for AIV/H5 and AIV/H7 of H5 and H7 AIV RNA in biological samples from birds
Detection channel / (GIEE) Straight line slope Reaction efficiency and otheranimals.
AIV subtype coefficient (R?) (m) (B), % REFERENCES

Green/H5 0.997 3537 91.74 1. Lycett S. J,, Duchatel F,, Digard P. A brief history of

bird flu. Philosophical Transactions of the Royal Society B:

Orange/H7 0.99 ~3.398 96.92 Biological Sciences. 2019; 374 (1775):20180257. https://doi.

org/10.1098/rstb.2018.0257
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Immunogenic activity of “ARRIAH-AviFluVac”
vaccine against high-pathogenicity H5N1 avian influenza
virus relevant for Russia in 2023

Natalia V. Moroz, Dmitry L. Dolgov, Sergey V. Frolov, Alena D. Grekhneva, Vladimir Yu. Kulakov
Federal Centre for Animal Health, Yur'evets, Vladimir 600901, Russia

ABSTRACT

Introduction. Vaccination against high-pathogenicity avian influenza (HPAI) is a well-proven way to control the disease. Inactivated whole-virion products are
the most popular among the influenza vaccines. It is important to study immunogenicity of "ARRIAH-AviFluVac” vaccine against currently circulating HPAI viruses.
Objective. To assess immunogenic activity of "ARRIAH-AviFluVac”inactivated vaccine against high-pathogenicity avian influenza virus (H5N1 subtype) which was
relevant for Russia in 2023.

Materials and methods. For testing purposes 4 vaccine dilutions were prepared containing whole and diluted H5 avian influenza virus antigen (1/25, 1/50
and 1/100). Each diluted sample was used to vaccinate a separate group of 4-week-old chickens. On day 28 post vaccination, the chickens were challenged
with avian influenza virus A/qull/Kirov/998-1/2023 H5N1, which was isolated during an outbreak in the Russian Federation and was phylogenetically defined
as high-pathogenicity agent belonging to the Asian genetic lineage of HPAI subtype H5 (clade 2.3.4.4b). Dead and sick chickens were reported in the infected
groups for 6 days.

Results. The chickens vaccinated with a whole antigen dose were found to be completely protected from the clinical signs after the challenge. A decrease in the
antigen concentration in the vaccine volume decreased the vaccine-induced protection. The mortality rate after the challenge of control (intact) chickens was 10/10.
An analysis of the dependence of the vaccine protectivity on the volume of the antigen immunizing dose showed that one inoculation dose contained 97 PD, .
An analysis of the link between protection and strength of the post-vaccination humoral immunity allowed to calculate that the expected mean antibody titer in
the group, which corresponds to 90% protection in the vaccinated birds, was 5.7 Iogz, or=1:52.

Conclusion. “ARRIAH-AviFluVac” vaccine demonstrates high immunogenicity against high-pathogenicity avian influenza virus (H5N1) which was relevant for
Russia in 2023.

Keywords: high-pathogenicity avian influenza, inactivated vaccines, antigen dose in the vaccine, vaccine protective effect
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AMMyHOreHHas akTMBHOCTb BaKLMHbI
«BHUW3M-ABn®nyBak» npoTnB akTyanbHoro
ona Poccun B 2023 roay Bupyca
BblcoKonartoreHHoro rpunna ntuy H5N1

H. B. Mopos, [1. 1. Aonros, C. B. ®ponos, A. [l. [pexHesa, B. 0. Kynakos
OIBY «DefepanbHblil LLeHTp oxpaHbl 340poBbA XMBOTHbIX» (OTBY «BHUNU3XK»), Mkp. I0pbesew, . Bnagumup, 600901, Poccua

PE3IOME

BBepeHue. BakunHonpodunakTiKa BbICOKONATOreHHOrO FpUnna NTiL ABNAETCA HaAEXKHbIM CMocobom 60pbObl ¢ 60ne3HbH0. Cpedin aHTUrPUMNO3HBIX BAKLMH
Haubosee LIMPOKOE PacnpocTpaHeHIe UMET MHAKTUBUPOBAHHDIE LieNbHOBUPUOHHbIE NpenapaTbl. /3yueHie MMMYHOreHHO aKTUBHOCTY BaKLMHbI «BHUV3X-
Asu®nyBak» NpoTMB aKTyanbHbIX BUPYCOB BbICOKOMATOrEHHOTO rpUNNa NTIL ABNAETCA BaXKHOI 3ajauell.

Lienb nccnepoBanua. OueHKa UIMMYyHOTEHHOI aKTUBHOCTI MHAKTUBUPOBaHHOI BakLuHbl «BHUN3X-ABu®nyBak» npotus aktyanbHoro and Poccun 8 2023 1.
BbICOKOMATOreHHOT0 BIpYCa rpunna ntuy noatuna HSN1.

© Moroz N. V., Dolgov D. L., Frolov S. V., Grekhneva A. D., Kulakov V. Yu., 2025
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Matepuanbi u meToAbl. [InA ncnbITaHuii roToBUN 4 BakLMHHbIX 06pa3Lia, CofepXaLLyX LienbHbIA v pa3BefeHHblit 1/25, 1/50 n 1/100 aHTuren Bupyca rpunna
ntuy H5 B npueiMBHOM 06beme. KaxabIM npenapatom 6bina NpuBKTa 0TAENbHAA rpynna nTuy 4-HefenbHoro Bo3pacta. Yepes 28 cyT Kypbl Obini 3apareHbl
Bupycom rpunna ntuw A/gull/Kirov/998-1/2023 H5N1, kotopblii b1 BbiZeneH Bo Bpema BCMbILLKM 3a60neBaHnA Ha Tepputopuin Poccuiickoil Oepsepauun n dpuno-
reHeTYeck onpezeneH Kak BblCOKOMAToreHHbIil BO36yauUTeNb, NpUHafAexXaLUyii K a3uaTckoi reHeTUYeCKoil MK BUPYCa BbICOKOMATOTeHHOro rpunna nruy
noatuna H5 (knaga 2.3.4.4b). B rpynnax 3apaxeHHbIX NTUL B TeueHue 6 AHeil perncTpupoBany norubLunx v 60abHbIx ocobeit.

Pe3ynbTaTtbl. YCTaHOBUAY, YTO NTULbI, NPUBHUTbIE LieAIbHOI 403011 aHTUTeHa, ObIIN NOMHOCTBIO 3aLLMLLEHbI OT KAUHUYECKOTO NpoABAeHUA 6onesHn nocie
KOHTPONbHOTO 3apaxeHna. YMeHbLLeHNe KOHLeHTPaLI aHTUreHa B NPUBMBHOM 06beMe 06YCIOBIUNO CHUXeHIe NPOTEKTUBHON 3aLLUTbl BakLMHbI. Mokasa-
TeNb CMEPTHOCTU NOC/Ie 3aparKeHINA KOHTPONbHbIX (MHTAKTHbIX) UbINAAT coctaBun 10/10. AHanu3 3aBUCUMOCTY NPOTEKTUBHOI aKTUBHOCTY BAKLMHbI OT BEAUYNHbI
VIMMYHU3UpYIOLLEI 03bl aHTUTEHA NOKa3an, YTo 0fHa NPUBMBHAA 103a cofepxana 97 ML, . UccnepoBaHme (BA3U NPOTEKTUBHOI 3aLUMTHI U HAMPSAKEHHOCTY
MOCTBAKLMHANBHOTO TYMOPaNbHOTO MMYHUTETA NO3BOAUNO ONPESENUTb, UTO 0XIAAEMbIil CPeHerpynnoBoii TUTP aHTUTEN, KOTOPbIN COOTBETCTBYET 3aLuuTe
90% BaKUMHMPOBAHHBIX NTHLL, COCTaBUN 5,7 Iogz, unm = 1:52.

3aKnioueHue. BakuuHa «BHUN3X-ABnOnyBak» 0bnagaet BbICOKOI IMMYHOTEHHON aKTUBHOCTbIO NPOTYB aKTyanbHoro Ana Poccun B 2023 1. BUpYca BbICOKO-
natoreHHoro rpunna ntuy nogruna H5N1.

KnioueBbie cnoBa: BbICOKONATOreHHbIN BUPYC rpUNNa NTUL, NHAKTUBMPOBAHHbIE BAKLMHDI, 033 aHTUIEHa B BAKLIMHE, NPOTEKTUBHbIN 3deKT BaKLMHbI
bnaropapHocTu: Pabota BbinonHeHa 3a cuet cpeacts OIBY «BHUN3X» B pamkax TemaTuku HayuHo-uccneaoBatenbekux pabot «BetepuHapHoe 6narononyune».

[insa yutuposanma: Mopos H. B., flonros [1. /1., Oponos C. B., Tpextesa A. [1., Kynakog B. 10. iMmyHoreHHaa akTuBHOCTb BakuyHbI «BHUN3MK-ABu®nyBak»
npoTus aktyanbHoro ana Poccun B 2023 rony Bupyca BbicokonatoreHHoro rpunna ntuy H5N1. Bemepunapus cezo0Ha. 2025; 14 (1): 47-54.

https://doi.org/10.29326/2304-196X-2025-14-1-47-54

Konnukt untepecos: ABTopbl 3aABAAIT 00 OTCYTCTBIM KOHGNUKTA MHTEPECOB.

[insa koppecnoxaenyuu: Mopo3 Hatanba BnagumupoBHa, KaHg. BeT. HayK, 3aBedytownii nabopatopueii npodunaktiki bonesHeii ntuy OIBY «BHUN3M»,

mKp. lOpbesed, . Bnagumup, 600901, Poccus, moroz@arriah.ru

INTRODUCTION

High-pathogenicity avian influenza (HPAI) is now a mat-
ter of concern for poultry farming all over the world. HPAI
(H5N1) virus is the cause of devastating epizooties that
cause significant economic damage. For example, 11 mil-
lion birds had been detroyed in France by March 2022 due
to HPAI (H5N1) spread; and, by September 2022, losses in
the United States had exceeded 20 million chickens [1, 2].
Totally, 67 countries on five continents reported HPAI
(H5N1) outbreaks in 2022, resulting in loss of more than
131 million poultry [3]. From April to June 2023, HPAI
(H5N1) outbreaks were reported in 25 European countries
in domestic and wild birds, with a total of 98 and 634 epi-
sodes, respectively [4].

As of 17 October 2023, the following HPAI (H5N1)
outbreaks were registered in the Russian Federation, as
the Rosselkhoznadzor reported: 57 settlements - in wild
birds; 6 settlements — on poultry farms; 8 settlements — in
backyard poultry [5]. It was noted that the disease affec-
ted atypical wild avian species that year, namely seagulls.
For example, there was an outbreak at the Borisovskiye
Prudy in Moscow with dead seagulls detected. H5N1 sub-
type virus genome was isolated from the remains found
there [6]. In the central regions of Russia, HPAIl-infected
poultry farms are all located in the immediate vicinity of
the settlements where HPAI (H5N1) outbreaks were re-
corded in wild birds [5], which clearly indicates the source
of the virus spread.

The influenza large-scale spread is primarily explained
by the pathogen characteristics. At the synthesis stage in
an infected cell, viral RNA does not have a repair mecha-
nism and retains all possible “errors”in the structure, which
with a probability of at least 1/10° determine changes in
the virus phenotype [7]. Compared to DNA-viruses with

the maximum probability of error during genome repli-
cation of 1/10%, this is a three times difference. Each round
of RNA-virus replication generates a mixed population
with many variants, most of which are not viable, but
some of them contain mutations that can become domi-
nant under appropriate conditions [8, 9]. At the pheno-
typic level, these may be changes in antigenic properties
and/or changes in the pathogen tropism. In the first case,
the modified agent can evade the immune response of
the macroorganism, in the second case, it can increase
virulence.

We emphasize that the influenza virus genome is rep-
resented by independent RNA fragments (8 fragments). If
one cell is infected with various virus variants, recombina-
tion may occur, i.e. the exchange of genome fragments,
which will lead to qualitative changes in the pathogen
properties, including a change of the host specificity [1].
For example, in June 2023, influenza A (H5N1) virus was
detected in 24 domestic cats in Poland. Infected animals
showed neurological and respiratory signs, and in some
cases, death was reported. In July 2023, two human cases
of influenza A virus subtype H5N1 were reported in the UK,
and in two cases influenza A virus subtype HIN2 was iso-
lated [4].

Thus, the scheme depicting known avian influenza vi-
rus ecological niches (Fig. 1) only partially reflects the natu-
ral habitat of the pathogen [10].

Along with restrictive measures, specific prevention
is a well-proven way to control HPAI. Inactivated whole-
virion vaccines are the most popular among anti-influ-
enza vaccines [11, 12]. Protectivity of such vaccines de-
pends on two related factors: the antigen concentration
in the vaccine and the structural correspondence be-
tween the vaccine antigens and the field isolate [12, 13].
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At the same time, for biosafety reasons it is recommen-
ded to use low-pathogenicity virus variants to obtain
antigens [14]. “ARRIAH-AviFluVac” is an example of an in-
activated vaccine for specific prevention of HPAl based on
a low-pathogenicity virus variant.

The objective of the research was to assess effective-
ness of "ARRIAH-AviFluVac’, the inactivated vaccine against
HPAIH5N1 which caused local outbreaks in several regions
of Russia in 2023.

To achieve the objective the following tasks were set:

- to determine phylogenetic type of the HPAl isolate re-
covered in the outbreak in the Russian Federation, which
will be used to test the vaccine protective effect;

- to assess 50% protective dose contained in the in-
oculation volume;

- to calculate post-vaccination antibody titer that pro-
tects 90% of the vaccinated birds.

MATERIALS AND METHODS

The research object: “ARRIAH-AviFluVac” inactivated
emulsion vaccine against avian influenza (H5). The antigen
concentrations (D) in the vaccine inoculation dose (repre-
sented by “Yamal” production strain of low pathogenicity
avian influenza H5 virus) were regulated by diluting it with
saline solution in the ratios of 1/25, 1/50 and 1/100. When
preparing vaccine samples, the active component (anti-
gen) was combined with an oil adjuvant in a ratio of 30:70
(by weight) and emulsified on a high-speed Silverson lab-
oratory mixer (Great Britain) at a speed of 6,000 rpm for
5 minutes. The emulsion stability after mixing was evalu-
ated after centrifugation at 1,000 g for 10 min. The emul-
sion was considered stable, if creaming of the light (oil)
fraction did not exceed 5% by volume, and no creaming
of the heavy (water) fraction was observed.

Thus, vaccine samples were prepared containing
awhole antigen (D = 1) and antigens diluted at 1/25, 1/50
and 1/100 (D = 25, D = 50 and D = 100) from the initial
concentration.

Poultry. For the experiment, avian influenza virus
seronegative 4-week-old Lohmann Brown cross-breds
were used. The chickens were handled in accordance
with GOST 33215-2014 and in accordance with Directive
2010/63/EU (dated 22.09.2010) on protection of animals
used for scientific purposes.

Vaccination. Each vaccine sample was tested in a sepa-
rate group of 10 chickens. The vaccine was injected intra-
muscularly into the chest area at a dose of 0.5 cm?. Addi-
tionally, a virus control group was formed (10 chickens),
where no vaccination was performed (intact chickens).
Chicken groups were kept in isolated rooms with autono-
mous ventilation, water and feed supply.

Chicken embryos. SPF chicken embryos (9-11-day-
old) were used for the research (VALO BioMedia GmbH,
Germany).

Isolation of avian influenza virus. The pathological mate-
rial obtained from the seagulls that died of HPAI was used.
A 10% tissue suspension was prepared on a phosphate
buffer (pH 7.2-7.4), which was centrifuged for 15 min
at 1000 g. Antibiotics were added to the supernatant
(100 U/mL of benzylpenicillin sodium salt, 100 pg/mL
of streptomycin sulfate and 50 U/mL of nystatin). The re-
sulting material was injected into the allantoic cavity
of chicken embryos in a volume of 0.2 cm?. Embryos were
incubated at a temperature of 37 °C and a relative humi-

Wild birds

Humans

HIN1, H3N2
(H2N2)

HIN1/2
H2N3, H3N2

Pigs Poultry

Fig. 1. Ecology of influenza A virus ([10] with changes).
Hemagglutinin (H) and neuraminidase (N) variants are
indicated. Black arrows show the pathogen circulation

in host species, gray arrows show the virus interspecies spread

dity of 60-70% with ovoscopy done daily. The embryos
that died 24 hours after incubation or more were used for
harvesting extraembryonic fluid. The death specificity was
confirmed by hemagglutinating activity in the hemagglu-
tination test and by identification of hemagglutination in-
hibition with a specific serum [15].

Calculating virus titer in chicken embryos. Method of li-
miting dilutions was used. Serial tenfold dilutions of
the virus material in a phosphate buffer (pH 7.2-7.4) were
prepared. Each dilution was tested in a group of embry-
os (n = 5). The material was inoculated into the allantoic
cavity in a volume of 0.2 cm?3. The virus presence, which
means i.e. a positive reaction, was confirmed, if the em-
bryo death was observed after more than 24 hours of in-
cubation. The titer was calculated according to Karber and
expressed as EID, /cm®.

Reverse transcription polymerase chain reaction (RT-
PCR). The total RNA was isolated using RNeasy Mini Kit
(QIAGEN, the Netherlands, cat. No. 74106) in accordance
with the manufacturer’s instructions. One RT-PCR stage
was performed using OneStep RT-PCR Kit (QIAGEN,
the Netherlands, cat. No. 210212) with appropriate primer
systems for detecting avian influenza virus genome and
identifying H5N1 subtype.

Sequencing the virus genome. Nucleotide sequen-
ces of the gene fragments were determined using ABI
Prism 3130 automatic sequencer (Applied Biosystems,
USA). BioEdit application software package, Version 7.0.5.3,
was used to analyse and compare nucleotide and corre-
sponding amino acid sequences. Sequences of isolates
and strains of A/H5 avian influenza virus previously pub-
lished in the international GenBank database were also
used for comparative analysis (https://www.ncbi.nlm.nih.
gov/genomes/FLU/Database). The phylogenetic tree was
constructed and edited using NJ algorithm in MEGA pa-
ckage, Version 7.

Hemagglutination assay (HA assay). Samples of an-
tigen-containing materials were examined in HA assay
according to the procedure described in instructions
for a hemagglutination inhibition test kit used to detec-
tion of antibodies to avian influenza virus subtype H5.
The titer of hemagglutinating units was calculated.
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Hemagglutination inhibition test (Hl test). Avian blood
serum samples were tested in HI test in accordance with
the instructions for the hemagglutination inhibition test
kit used for detection of antibodies to avian influenza virus
subtype H5 (Federal Centre for Animal Health, Russia) [16].
The antibody titer was calculated. The result was consid-
ered positive, if the titer was 1:16 and more, that is 4 log,.

Challenge. Immunized and intact birds were chal-
lenged on day 28 post vaccination. HPAI strain A/gull/
Kirov/998-1/2023 H5N1 was used for the challenge at
a dose of 6.0 Ig EID, . The viral material was injected in-
tramuscularly into the thigh area in a volume of 0.5 cm®.
Clinical status of the challenged birds was monitored for
10 days.

Processing experimental data. Conventional methods
were used to process the set of variables (mean values,
standard deviations, and standard errors of the mean
were calculated). Elements of regression analysis were
used. Special statistical methods are described in the text.
Calculations were done and the graphs were drawn using
Excel application.

RESULTS AND DISCUSSION

Virus isolation, virulence assessment and phyloge-
netic analysis. It was found that the tested biological
material contained the infectious virus that was lethal to

Al/Black-Headed Gull/England/400174/2023 | A/H5N1 || HA | 2023-04-18 | EPI ISL 17710052 7
A/Mediterranean Gull/Netherlands/4/2023 | A/ HSN1 || HA | 2023-05-26 | EPI ISL 17821078
Alcommon tern/Czech Republic/8807-4/2023 | A/ H5N1 | | HA | 2023-05-05 | EPI ISL 17884627
Alblack-headed gull/Austria/23061496-001/2023 | A/ HSN1 || HA | 2023-05-09 | EPI ISL 17716079
AlgulliUdmurtiya/1001-5/2023| A / H5N1 | | HA | 2023-05-06

Alblack-headed gullitaly/23VIR1481-4/2023 | A/ H5N1 | | HA | 2023-02-18 | EPI ISL 17679757

AlgulliMariy-EI11002-7/2023 | A/ H5N1 | | HA | 2023-05-06

A AJgulliKirov/998-1/2023 | A/ HSN1 | | HA | 2023-05-06

AlLarus argentatus/Belgium/9013 0001/2022 | A/ H5N1 | | HA | 2022-07-08 | EPI ISL 14404351
L A/Anser anser/Spain/2636-3 22VIR8632-11/2022 | A/ H5N1 | | HA | 2022-06-29 | EPI ISL 15234356
AlNene Goose/Northern Ireland/013322/2022 | A | H5N1 | | HA | 2022-10-10 | EPI ISL 15586116
'LA!yellow-legged gullSpain/4836-4 23VIR1687-16/2022 | A | H5N1 | | HA | 2022-12-20 | EPI ISL 17679799
A/Anser anser/Belgium/12540 0001/2022 | A/ H5N1 | | HA | 2022-10-24 | EPI ISL 17071926
Algrey heron/taly/22VIR12030-3/2022 | A | HSN1 || HA | 2022-11-20 | EPI ISL. 16079808
E rlands/6/2022 | A | H5N1 | | HA | 2022-06-06 | EPI ISL 13613221

the embryos (specific mortality was 23/30). Samples of ex-
traembryonic fluid tested positive in HA assay (from 1:64
to 1:256) and RT-PCR revealed high concentraiton of avian
influenza virus genome in them (mean Ct value = 18).

The hemagglutinin cleavage site of the isolated avian
influenza virus had a structure -REKRRKR-, which made it
possible to characterize is as potentially highly virulent.

Virus-containing extraembryonic fluid intravenously in-
jected to ten 5-week-old chickens, seronegative to the avi-
an influenza virus, resulted in death of 9 chickens (90%)
during the following 10 days after injection (i.e. 10-fold
dilution in phosphate buffer was used and each chick-
en received 0.1 cm?®). The dead chickens showed typical
clinical signs of HPAI (diarrhea, nasal discharge, cyanosis
of unfeathered skin areas). The death specificity was con-
firmed by RT-PCR, which revealed HPAI virus genome in
the biological material. The results obtained corresponded
to the clinical signs of HPAI [14].

Comparative genetic analysis of hemagglutinin frag-
ment nucleotide sequences revealed that the virus be-
longs to the Asian genetic lineage of HPAI virus subtype H5
(clade 2.3.4.4.b), which earlier became epizootic for Asia,
Europe, Africa, North and South America. The isolated
virus was identified as avian influenza virus strain A/gull/
Kirov/998-1/2023 H5N1. The strain position in the phylo-
genetic tree is shown in Figure 2.

Alturkey/Stavropoli211-1V/2022 | A/ H5N1 | | HA | 2022-02-01 | EPI ISL 13692620
L Almallard/Scotland/057554/2021 | A/ H5N1 || HA | 2021-11-14 | EPI ISL 13369757

L Algoose/Tyumen/33-53V/2021 | A/ HSNA | | HA | 2021-10-07 | EPI ISL 8769009

— Alchicken/Saratov/245-7V/2022 | A/ H5N1 | | HA | 2022-09-15 | EPI ISL 16618950
AlquaillKursk/234-20V/2022 | A/ H5N1 | | HA | 2022-07-11 | EPI ISL 14857061

+ Alchicken/Rostov-on-Don/6-3V/2022 | A / H5N1 | | HA | 2022-08-17 | EPI ISL 16618959
A/Duck/lvanovol/1462-3/2022 | A1 H5N1 | | HA | 2022-07-22

Afturkey/ltaly/21VIR11386-1/2021 | A/ H5N1 || HA | 2021-12-16 | EPI ISL 14760784
L Alchicken/Chelyabinski201/2020 | A/ HSNS || HA | 2020-09-08 | EPI ISL 654833

L Algoose/Omsk/01161/2020 | A/ HSNS | | HA | 2020-08-17 | EPI ISL 644130

L Alchicken/Rostov-on-Don/308-03/2020 | A / HSNS | | HA | 2020-10-25 | EPI ISL 1114747

—— Alchicken/Voronezh/1488/2018 | A/ H5N8 | | HA | 2018-11-02 | EPI ISL 336929
A/Mallard/Hungary/1574a/2017 | A/ H5N8 | | HA | 2017-01-14 | EPI ISL 255220

Aldomestic duck/Siberia/50K/2016 | A/ H5N8 || HA | 2016-10-10 | EPI ISL 240678
AlGoose/Hungary/22493/2020 | A/ HSN8 | | HA | 2020-05-04 | EPI ISL 813599

Alwild duck/Tyval35/2016 | A/ H5N8 | | HA | 2016-05-25 | EPI ISL 231684
Alturkey/Germany-NUAR2248-L02708/2017 | A/ H5N8 | | HA | 2017-03-14 | EPI ISL 436180
A/White fronted goose/Hungary/801/2017 | A/H5N8 | | HA | 2017-01-09 | EPI ISL 255219
Alchicken/Bulgaria/136 19VIR3315-1/2019 | A/ H5N8 | | HA | 2019-04-01 | EPI ISL 603226
A Alduck/KChR/1590-20/20 | A | HSNE | | HA | 2020-09-21

Alduck/italyM7VIR10767-13/2017 | A /HSN8 | | HA | 2017-12-01 | EPI ISL 316581
AlMew Gullfﬂemarlnn ds/1/2016 | A/ H5NS | | HA | 2016-11-23 | EPI ISL 255910
Alchick n-Don/44/2017 | A/ H5N8 | | HA | 2017-04-18 | EPI ISL 275287
Alchicken/Astrakhan/3131/2016 | A/ H5N8 | | HA | 2016-12-13 | EPI ISL 240110
Alswan/Voronezh/02/2017 | A/H5N8 | | HA | 2017-01-03 | EPI ISL 17733701
Alchicken/Kalmykia/2643/2016 | A/ HSN8 | | HA | 2016-11-21 | EPI ISL 247725

Algoose/Kalmykia/813/2016 | A/ H5N8 | | HA | 2016-11-07 | EP1 ISL 17767846
o« European isolates HPAI H5N8 clade 2.3.4.4c '
isolates HPAI H5N1 clade 2.3.2.1¢

gdong/1/96 | AT H5N1 || HA | 1996-01-01 | EPI ISL 1254

Fig. 2. A phylogenetic tree based on the full-length hemagglutinin gene sequences
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her n‘ itzerland-Basel/i230080/2023 | A/ H5N1 || HA | 2023-01-17 | EPI ISL 17179654

Alnorthern gannet/Spain/22VIR12774-36 3583-6/2022 | A/ H5N1 | | HA | 2022-10-07 | EPI ISL 16507176
(— Alchicken/Estonia/TA-2304130 23VIR3148-1/2023 | A /H5N1 || HA | 2023-02-15 | EPI ISL 17679824

A [Rostov-on-Don/159-7V/2021 | AJH5N1 | | HA | 2021-12-13 | EPI ISL 9009317

'|._ NpheasarmFlnlandM-QQ 21VIRT689-1/2021 | A/ H5N8 | | HA | 2021-01-01 | EPI ISL 7778769
/duc [1578-2/2020 | A/ H5NB | | HA | 2020-09-18 | EPI ISL 626649

HPAI H5 clade 2.3.4.4b
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Table

Indicators of vaccine immunogenicity against H5N1 avian influenza virus

Indicators according to the tested antigen concentrations

Hl titre (linical indicator

Antigen concentration, D*

Protective activity (P), %

Yc/n*** P=(1-Yc/n)x 100
1 6.67 0/10 100
1:25 533 110 90
1:50 433 4/10 70
1:100 2.00 6/10 50
control 0.47 10/10 0

* antigen concentration in the inoculation volume;
**mean log antibody titer in the group of the vaccinated chickens, n =3;

*** ¥ — number of clinically diseased and dead birds after the challenge [indicator assessed during the experiment];

n —number of chickens in the group before the challenge.

According to GenBank and GISAID (EpiFlu) databases,
the most genetically related to A/gull/Kirov/998-1/2023
H5N1 are H5N1 subtype viruses detected in 2023 in several
European countries. Taking into account the time of detec-
tion in the European countries (i.e. February — May 2023)
and comparing the data to the GISAID database (EpiFlu),
identical isolates had been actively circulating for several
months, at least, since the beginning of 2023.

Thus, taking into account spread of H5N1 influenza vi-
rus in the region, as well as introduction and spread of in-
fection in a number of RF regions, A/gull/Kirov/998-1/2023
H5N1 virus strain was used in further work.

Assessing vaccine immunogenicity. All vaccine
samples containing certain antigen concentrations were
tested in birds in parallel. On day 28 post vaccination,
mean log, antibody titer against avian influenza virus was
calculated in Hi test (log, T).

Further, all experimental groups were infected with
the A/gull/Kirov/998-1/2023 H5NT1 strain. For 10 days,
current clinical indicators were examined daily in each
group (c = a + b, where a and b are the number of clin-
ically diseased and dead birds, respectively). At the end
of the observation, the accumulated clinical indicators in
the groups were assessed (Xc/n, where n is the number
of birds in the group before infection) and the protective
activity of the vaccine type P = (1 - 3c¢/n) x 100 was cal-
culated.

Indicators of the vaccine immunogenicity established
in experimental groups are shown in the Table.

The relationship between the antigen concentration
in the inoculation volume (D) and the vaccine protective
activity (P) was studied. Regression analysis was used
to construct the most probable model of the relationship
between the antigen concentration and the vaccine pro-
tective activity [17]. The following linear regression equa-
tion was drawn up: P = (-0.5184) D + 100.31 (R? = 0.98),
where P is the predicted index value corresponding to
the given D.

Correlation regression analysis was used to graphically
represent the regression of P and D. The results are shown
in Figure 3.

Using the regression equation, it was calculated that
the antigen concentration providing protection for 50%

(PD,,) of the vaccinated poultry is 97, which corresponds
to initial antigen concentration of 1:97. Thus, the vaccine
protectivity is 97 PD,, which is consistent with the re-
quirements of the World Organization for Animal Health,
i.e.PD,, > 50.

Studying relationship between vaccine protectivity
and humoral antibody titers. The relationship between
humoral antibodly titers (T, log,) and vaccine protectivity
was analysed (P, %), using the data obtained for the tes-
ted antigen concentrations. The results are shown in
Figure 4.

Regression line P by log, T is shown, where ‘P is the in-
dex predicted by equation ‘P = (11.093) log, T + 26.667,
with an adequacy score of R?=0.97.

The resulting equation allowed us to calculate the ex-
pected antibody titer (T, ), which corresponds to 90% pro-
tection of the vaccinated poultry. The desired estimate was
log, T, =5.7.

It is known that HPAI outbreaks on poultry farms (for
example, in the USA) mostly coincide geographically
with the migration routes of wild waterfowl [1]. Given
the role of avifauna in the disease spread in some re-
gions of the Russian Federation, A/gull/Kirov/998-1/2023
H5N1 strain should be considered epizootically dange-
rous. Therefore, it is justified to use the strain for chal-
lenge purposes to assess the protectivity of the vaccine
against H5N1.

The antigen concentration in the inoculation volume of
the inactivated vaccine is the most important characteris-
tic of the vaccine. The major antigen (hemagglutinin) can
be measured in absolute units, such as weight units [11], or
in units of action, such as PD, . The inoculation volume of
an effective avian influenza vaccine is considered to con-
tain 50 PD, [12, 14], which corresponds to 0.3-7.8 [12] or
3 ug of hemagglutinin [14].

The challenge procedure fully corresponded to
the generally accepted method [14]. The results obtained
demonstrate that the inoculation volume of “ARRIAH-
AviFluVac” contained 97 PD_, which ensured protection
of 100% of the immunized poultry who received one inoc-
ulation volume, thus, proving the possibility to practically
use it in accordance with the attached instructions. This
means that the antigenic potential of “ARRIAH-AviFluVac”
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Fig. 3. Relationship between the tested antigen concentrations and protectivity of the vaccine against HPAI H5N 1
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Fig. 4. Relationship between H5 virus antibody titer and level of the vaccine protectivity

vaccine against A/gull/Kirov/998-1/2023 H5N1 strain is
1.9 times higher than the recommended protective ac-
tivity [14].

Previously, protective properties of a “Yamal” strain-
based vaccine [18] were analysed and the vaccine induced
effective protection against heterologous HPAI H5N8 sub-
type (A/duck/KChR/1590-20/2 strain). A/duck/KChR/1590-
20/2 virus also belongs to genetic clade 2.3.4.4b. The results
of the phylogenetic analysis given in this work indicate
an active antigenic drift of influenza A virus subtype H5N1
in Eurasia in 2016-2023 (Fig. 1). Those avian influenza virus
isolates against which the“Yamal”strain-based vaccine has
proved to be effective, are shown in Figure 2 in a black
triangle.

Since poultry are protected from generalized avian
influenza mainly by antibodies developed against viral
hemagglutinin [19], HI test data are important to indicate
post-vaccination humoral antibody level. HI antibody titer
of 4log, is known to protect the poultry from infection and
death [14, 19], and antibody titer of 6.5 log, prevents, inter
alia, local replication of the virus [20]. At the same time, it is
required that the antibody titer should be more than 4 log,

in 80% of the poultry population [21]. Within this research,
90% protection of the vaccinated birds corresponded

to the expected titers of 5.7 log, for “ARRIAH-AviFluVac”
vaccine.

CONCLUSIONS

The following conclusions can be made based on the
obtained results.

1. The virus isolated from the pathological material
was identified as H5N1 A/gull/Kirov/998-1/2023 strain,
which belongs to the Asian genetic lineage of H5 subtype
(clade 2.3.4.4b). The strain is characterized as epizootically
dangerous for the Russian Federation.

2.1t has been established that “ARRIAH-AviFluVac”inac-
tivated vaccine ensures protection from HPAI virus strain
A/gull/Kirov/998-1/2023 (H5N1) and, on day 28 after vac-
cination, it completely prevents clinical manifestation of
the disease during challenge. The protective potential of
the vaccine was 97 PD_ in one inoculation dose.

3.1tis shown that “ARRIAH-AviFluVac”vaccine induces
intense humoral immunity against influenza in poultry
on day 28 after administration. The post-vaccination
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HI antibody titer to HPAI, corresponding to protection
of 90% of the vaccinated poultry, was as predicted,
i.e.5.7 log,.
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Creating a laboratory model of Mycoplasma
gallisepticum and Mycoplasma synoviae associated infection
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ABSTRACT

Introduction. Respiratory mycoplasmosis and infectious synovitis are economically significant and notifiable avian diseases, therefore, the issue of Mycoplasma
gallisepticum and Mycoplasma synoviae control on poultry farms is of great importance. Vaccination is one of the ways to ensure specific prevention, however,
when a vaccine is developed, its protective properties are assessed with special focus. Challenge does not always lead to the disease manifestation due to its
predominantly chronic and factor-dependant nature.

Objective. Laboratory simulation of the factors that contribute to the disease manifestation and a histological analysis of pathological changes in the infected
and vaccinated poultry.

Materials and methods. Seronegative and vaccinated 67-day-old Haysex white cross chickens were selected for the experimental purposes. We used S6 strain
of Mycoplasma gallisepticum, WVU 1853 strain of Mycoplasma synoviae and A/chicken/Amursky/03/12/HIN2 strain of low-pathogenicity avian influenza virus.
Results. The associated infection of mycoplasmoses and low-pathogenicity avian influenza is manifested as a disease with pathohistological changes that include
mild respiratory and joint disorders. Histological tests of the infected non-vaccinated poultry revealed damaged tracheal ciliated epithelium with desquamation.
The poultry vaccinated against mycoplasmosis and experimentally infected showed no signs of epithelial separation, however, local submucosal edema was
observed in the trachea. Non-vaccinated poultry infected with low-pathogenicity avian influenza virus HIN2, Mycoplasma gallisepticum and Mycoplasma synoviae
demonstrated dystrophic changes and lymphocyte infiltration in the third eyelid gland which suggested an inflammation. Lymphocytic lung tissue infiltration was
detected both in the vaccinated and non-vaccinated experimentally infected poultry. All groups of chickens, except for the control one, demonstrated lymphocyte
depopulation in the cortical substance of the fabricium sac.

Conclusion. The study resulted in developing a challenge procedure for poultry using Mycoplasma gallisepticum and Mycoplasma synoviae agents, in defining
conditions for clinical manifestation of mycoplasmoses, in detecting infection-caused pathological changes at the cellular level.
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BocnpousseaeHue accounmnpoBaHHON MHGEKLLAN,
obycnosnenHoi Mycoplasma gallisepticum
n Mycoplasma synoviae, B nabopaTopHbIX YCNOBUAX

0. A. Koznos', M. C. Bonkog', 0. A. Yynuna', H. B. Mopo3', B. H. Uip3a’, B. B. lpoHun?

' OIBY «QepepanbHblil LIEHTP 0XpaHbl 380poBbA XnBOTHBIX» (OTBY «BHUN3M»), mkp. 0pbesed, . Bnagumup, 600901, Poccua
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PE3IOME

BBepeHue. PecniupatopHblii MIKOMNIa3M03 1 MIHOEKLIMOHHIA CUHOBWT MTUL, ABNIAKTCA SKOHOMUYECKM 3HAUUMbIMM 1 HOTUGULUPYEMbIMM GONIE3HAMM, N03TOMY
sonpoc 6opb6bl ¢ Mycoplasma gallisepticum n Mycoplasma synoviae Ha nTuLieBofYeCKUX NPeANPUATUAX ABNAETCA aKTyanbHbIM. [IpuMeHeHIe BaKLIMH — OANH 13
noco6oB cnewnduyeckoil NPoPUNAKTUKN, 0AHAKO NPy pa3paboTke NpenapaToB 0C060€ BHIMAHIE YAENAETCA OLEHKe UX MPOTEKTUBHbIX CBOACTB. KOHTponbHoe
3apaXkeHue He BCeraa NPUBOANT K NPOABNIEHNIO G0NIE3HIN BBIAY ee NPEUMYLLECTBEHHO XPOHUUECKOTO TEUeHMS 1t haKTOPHOCTH.
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Lienb nccnepoBanua. Boccozaanme GakTopos, cnoco6CTBYIOLLNX NPOABNEHMIO G0Ne3HI B Na60PATOPHbIX YCNOBUAX, U BbIABEHIE NATONONMYECKUX U3MeHeHWI
B OPraHu3me 3apakeHHbIX ¥ UMMYHU3MPOBAHHbIX MTUL} Ha TUCTONOTMYECKOM YPOBHE.

Marepuanbl u meTopbl. B kauecTse NofoNbITHbIX KMBOTHbIX ObINM 0TOOPaHbI CEPOHEraTUBHDIE 11 BAKLMHUPOBAHHbIE Kypbl kpocca Xalicec benbiii B Bo3pacte
67 cyT. B xoze onbita ucnonb3osanu wramm S6 Mycoplasma gallisepticum, wramm WVU 1853 Mycoplasma synoviae w wramm A/chicken/Amursky/03/12/HIN2
BUPYCa HU3KOMATOTEHHOrO rpunna nTuL.

Pe3ynbTatbl. ACCOLMMPOBAHHOE TeYeHe MIKOMNA3MO30B C HU3KOMATOreHHbIM FPUNNOM NTUL NPOABNAETCA 3a60/1eBaHMEM 1 NATOTNCTONOTNYECKUMM U3MeHe-
HUAMM, CPeY KOTOPbIX Nerkue pecnupatopHble paccTpoiiCTBa v CYCTaBHON CUHAPOM. [TpU TUCTOAOTNYECKOM UCCIeA0BAHMN Y 3aPaXKeHHbIX HeBAKLIMHUPOBAHHbIX
MTUL, BbIABUMM HApYLLeHNe LLeOCTHOCTI PECHIUTYATOr0 SNUTeNA Tpaxeu C 04arami ieckamaLmy. Y BakLMHUPOBAHHO NPOTUB MUKOMNa3M03a U SKCnepuMeH-
TaNbHO MHGULIMPOBAHHOI MTULIbI NPU3HAKOB OTCNAMBAHUA ANUTENNA He HAbNIOAANOCH, 0AHAKO BLIABNANM TOKANbHI 0TeK NOACIN3NCTOrO CNI0A Tpaxei. B xenese
TPETbero Beka y HeBaKLIHNPOBAHHDIX NTULL, 3apaXeHHbIX BUPYCOM Hu3KonatoreHHoro rpunna ntuy, HIN2, Mycoplasma gallisepticum n Mycoplasma synoviae,
0TMeyanu AUCTpoduyeckie M3MeHeHNA 1 UHOUALTPaLIMIO NMMOOLIUTAMK, UTO CBUAETENLCTBOBANO 0 HAMYIMM BOCNANeHNA. B rpynne Kak BaKUMHUPOBAHHBIX,
TaK 1 HeBaKLMHMPOBAHHbIX JKCMEPUMEHTANbHO MHOULIMPOBAHHDBIX NTUL B TKAHAX NErkX BbIABAANN MMdOLMTapHyto uHGuUALTpauyio. Bo Beex rpynnax nuu,
Kpome KOHTPONbHOI, HabntoAany KapTuy AenonynaLmui AMMQOLUTOB B KOPKOBOM BelLiecTBe ¢abpuumeBoii cymky.

3aknioueHue. PeynbTaTom JaHHOTO UCCNE[0BaHNA ABNAETCA C03/aHNe MeTOAA NPOBeAeHUA KOHTPONbHOrO 3apaxenua ntuy Mycoplasma gallisepticum
n Mycoplasma synoviae, a Takxe BbliBNeHIe YCNOBUIA ANA KNMHUYECKOro NPOABAEHMA MUKONNa3MO030B, YCTaHOBMEHME NaTONOrMYeCKUX U3MeHeHUI Ha KNETOYHOM
YPOBHE BCNEACTBIE UHPULMPOBAHUA.

Kntouesbie cnosa: Mycoplasma gallisepticum, Mycoplasma synoviae, ractonorus, KOHTPONbHOE 3apakeHme
bnaropapHocTu: Pabota BbinonHeHa 3a cuet cpencts OTBY «BHUN3M» B pamkax TemaTikin HayuHo-uccnesoBaTenbckix pabot «BetepunapHoe 6narononyune».

[insa uurnposanusa: Koznos [1. A., Bonkos M. C., Yynuna 0. A., Mopo3 H. B., Up3a B. H, poruH B. B. Bocnpou3seaeHue accounmpoBanHoi uHdekLmu, 0bycnos-
nenwoit Mycoplasma gallisepticum w Mycoplasma synoviae, B nabopatopHbix ycnousx. Bemepunapus ce200n. 2025; 14 (1): 55-61. https://doi.org/10.29326/2304-
196X-2025-14-1-55-61
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INTRODUCTION

Respiratory mycoplasmosis and infectious synovitis are
economically important diseases caused by Mycoplasma
gallisepticum and Mycoplasma synoviae [1]. The peculia-
rity of these mycoplasmoses is their chronic nature with
exacerbation resulting from reduced natural resistance
or caused by stress factors of various origin [2]. Vaccina-
tion is one of the ways to prevent these diseases [3]. When
vaccines are developed, special attention is paid to their
protective properties demonstrated in the challenge
tests. Taking into account that avian mycoplasmoses are
factor-dependent, it is rather difficult to reproduce the in-
fectious process in the laboratory. Thus, the issue of testing
protective properties of vaccines against respiratory myco-
plasmosis and infectious synovitis has become especially
important in the antimicrobial resistance control time.

Mycoplasma gallisepticum causes respiratory mycoplas-
mosis in chickens and turkeys, with the following signs:
rales, coughing, rhinorrhea, aerosacculitis. This disease
is predominantly chronic, spreads slowly in the flock, my-
coplasma-carriers frequently occur. The disease can be
aggravated by such stress factors as vaccination, poor
feeding, draughts, high concentration of ammonia in
the air, etc. Post-mortem lesions resulting from respirato-
ry mycoplasmosis include serous, serous-fibrinous or fib-
rinous exudate in the nasal cavity and suborbital sinuses.
Tracheal mucosa is hyperemic, lungs are full of blood,
pneumonia may occur. Pathognomonic sign consists in se-
rous, serous-fibrinous or fibrinous aerosacculitis of thoracic
or abdominal air sacs: with thickened and opaque walls

and exudate accumulated in the cavity. The non-compli-
cated form is characterized by no lesions of parenchyma-
tous organs [4, 5].

Mycoplasma synoviae is the pathological agent causing
infectious avian synovitis, characterized by arthritis, ten-
dovaginitis, synovitis and anemia. The disease clinical signs
may include lameness, pale comb, stunting and swelling
in the metatarsal and tibiotarsal joints, plantar surface
of the paw, and thoracic bursa [6]. During subacute and
chronic disease, the surface of the affected joints is mace-
rated, covered with exudate crusts and necrotic mas-
ses [7, 8, 9]. Periarticular tissues and tendon sheaths in
the affected joints are edematous, transparent exudate
accumulates in the joint cavity; the chronic course is char-
acterized by a significant amount of fibrinous masses [10].
The disease may also manifest itself as a respiratory syn-
drome indistinguishable from respiratory mycoplasmosis.
Egg Apical Abnormalities (EAA) is believed to be a patho-
gnomonic sign of infectious synovitis, which causes signi-
ficant economic losses due to the need to cull table and
hatching eggs [4, 11].

Despite the extensive list of avian mycoplasmosis
characteristics, such characteristics as chronic nature and
factor-dependence create certain difficulties in creating
infections in the laboratory.

It is difficult to assess protective properties of the vac-
cine developed for specific prophylaxis of chronic diseases.
For acute infections, such as high-pathogenicity avian in-
fluenza and Newcastle disease, it is easy to assess vaccine
protective properties in challenge tests; however, this
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method has significant limitations for chronic infections,
including mycoplasmosis, because it is not always possible
to reproduce well-pronounced clinical signs in the labora-
tory [12,13, 14].In addition, mycoplasmosis pathogens can
persist in the body for a long time and remain undetected
by the immune system (biological mimicry) [4, 9, 15].

Thus, creating a laboratory model of mycoplasmosis
to assess protective properties of newly developed vac-
cines is assumed a timely and relevant task. Given that
infections of mycoplasma origin belong to factor-depen-
dent diseases, it was necessary to select a trigger for clin-
ical manifestation [16, 17]. For this purpose, a reproduc-
tion model of co-infection caused by M. gallisepticum,
M. synoviae and low pathogenicity avian influenza virus
(subtype HON2) with zero intravenous pathogenicity index
(IVPI =0) was tested in the experiment. According to some
foreign authors, co-infection with low pathogenicity avian
influenza virus (H3N8) significantly affects M. gallisepticum
pathogenesis [18]. Infection of clinically healthy birds with
this pathogen in the laboratory does not lead to clinical
signs. However, on poultry farms, the co-infection of low
pathogenicity avian influenza and mycoplasmosis causes
respiratory infection [10, 19].

A laboratory-created model of mycoplasma and low
pathogenicity avian influenza co-infection may be used
both for assessing vaccine protective properties and for
analyzing the role of each pathogen in the pathogenesis
of mixt-infection.

MATERIALS AND METHODS

Strains. Strains S6 of M. gallisepticum and WVU 1853
of M. synoviae were used during the experiment. Strain
of low-pathogenicity avian influenza virus A/chicken/
Amursky/03/12/HI9N2 (hereinafter - HON2) was used as
a co-infecting agent (trigger).

Inactivated emulsion combined vaccine against respira-
tory mycoplasmosis and infectious synovitis, produced by
the Federal Centre for Animal Health (pilot batch).

Infectious doses. M. gallisepticum culture with activity
of 6.0 log, hemagglutinating units and M. synoviae with ac-
tivity of 3.0 log, agglutinating units were used for infection.
The infectious doses of low pathogenicity avian influenza
virus was 10° Ig EID/0.5 cm?.

Poultry. Seronegative and vaccinated 67 day-old Hisex
white egg cross chickens were used for the experimental
purposes. The chickens were kept in the animal facilities of
the Federal Centre for Animal Health, the keeping and feed-
ing conditions corresponded to zoo-hygiene requirements.

The dose and method of infection. The infection pattern
and methods are given in Table 1.

Clinical observation and post-mortem examination.
During the whole experiment (35 days post vaccination),
the experimental chickens were monitored to assess their
general condition (mobility, body condition score, reac-
tion to external stimuli, crowding, depression, feed and
water refusal, etc.).

On day 14 post infection, the chickens were euthanized
and post-mortem examination was performed to describe
lesions in organs and tissues. Pieces of organs and tissues
were sampled for histological tests.

All the experiments were carried out in accordance with
Directive 2010/63/EU of the European Parliament and of
the Council of 22 September 2010 on protection of ani-
mals used for scientific purpose.

Histological tests were conducted in the Center for pre-
clinical tests located in the Federal Centre for Animal
Health. Organ sections were stained with hematoxylin and
eosin, examined microscopically and followed by taking
photographs.

Serological tests. Levels of specific antibodies to M. gal-
lisepticum and M. synoviae were measured in avian sera
using ELISA test kits manufactured by the Federal Centre
for Animal Health; antibodies to the avian influenza virus
HIN2 subtype were detected using hemagglutination
inhibition (HI) test kits also manufactured by the Federal
Centre for Animal Health.

RESULTS AND DISCUSSION

On day 3 after infection of non-vaccinated chickens
with a combination of HON2 + M. gallisepticum + M. syno-
viae pathogens (group No. 2), mild respiratory symptoms
were observed, in particular, the chickens were passive,
had watery eyes, conjunctival injection (reported in 6 out
of 10 chickens). Between days 5-10, the following signs
were noted: persistent skin hyperemia spotted in feather-
less patches on the heads, watery eyes and rhinorrhea.
Nasal exudate dried into scabs, which easily fall off by
themselves (in 9 out of 10 chickens). At the same time,
5 chickens from the group showed a change in behavior
consisting in hypodynamia. Post-mortem examination of
chickens in this group revealed signs of catarrhal laryngo-
tracheitis with petechial hemorrhages (Fig. 1).

On day 7 post infection, some chickens from group
No. 2 demonstrated lameness, in addition the birds were
apathetic. Pronounced swelling, skin cracks and exudation
were observed on the plantar surface of the paws (Fig. 2).
Chickens spend a very high proportion of their daylight
hours in recumbency. Opening of the affected sole parts
showed severe swelling of the soft tissues with serous exu-
date; the soft tissue was swollen and had a gel-like consis-
tency. These signs may suggest an articular inflammation
caused by infectious synovitis.

Table 1
Infection procedure (scheme and methods)

Group Number
number | of birdsin Vaccine Infection
the group
Inactivated emulsion HIN2 (intranasally, ocularly);
combined vaccine M. gallisepticum,
1 10 against respiratory M. synoviae
mycoplasmosis and infectious (intranasally, ocularly,
synovitis (pilot batch) intramuscularly)
HON2 (intranasally, ocularly);
M. gallisepticum,
2 10 Not vaccinated M. synoviae
(intranasally, ocularly,
intramuscularly)
3 10 Not vaccinated HIN2 (intranasally, ocularly)
M. gallisepticum,
4 10 Not vaccinated M synoviae
(intranasally, ocularly,
intramuscularly)
5 (control) 5 Not vaccinated Was not carried out
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Fig. 1. Petechial and striped hemorrhages on the tracheal
mucosa in the non-vaccinated poultry after infection
with HON2 + M. gallisepticum + M. synoviae

(photo by D. A. Kozlov)

In groups No. 1 (vaccinated against mycoplasmosis),
No. 3 (infected with HON2), No. 4 (infected with M. galli-
septicum and M. synoviae) and No. 5 (negative control), no
visible clinical abnormalities were observed.

Morphological examination of the respiratory tract
revealed that non-vaccinated poultry infected with HON2
influenza virus, M. gallisepticum and M. synoviae (group
No. 2) had disrupted ciliated epithelium in trachea with
desquamation. Chickens vaccinated against mycoplas-
mosis infected with HIN2 + M. gallisepticum + M. syno-
viae (group No. 1), showed no signs of desquamation, how-
ever, local swelling of the submucosal layer was detected.
Morphological structure of the trachea in control chickens
was preserved, all layers were clearly visible (Fig. 3). At the
same time, lymphocytic infiltration of lung tissue was de-
tected in both groups of vaccinated and non-vaccinated
chickens. All chicken groups, except for the control one,
demonstrated a drop in lymphocytes in the cortical layer
in the bursa of Fabricius, which proves activation of the
immune system and the redistribution of lymphocytes
after infection.

After infecting the non-vaccinated chickens using
intranasal and ocular methods (HON2 + M. gallisepti-
cum + M. synoviae), the third eyelid gland demonstrated
dystrophic changes and lymphocytic infiltration (Fig. 4),

Fig. 2. Inflammation of the plantar surface of the foot
in the non-vaccinated chicken on day 7 after infection
with HON2 + M. gallisepticum + M. synoviae: edema,
exudation (photo by D. A. Kozlov)

which suggested inflammation [16, 20]. The group of the
challenged vaccinated chickens, on the contrary, demon-
strated a drop in lymphocyte in the third eyelid gland
tissue.

All the experimental chickens, except for the con-
trol ones, showed signs of accidental thymus involution.
White pulp of the spleen predominated over the red one
in the non-vaccinated infected chickens. The experimental
non-vaccinated chickens infected with HON2 virus (group
No. 3) had lymphocytic infiltration of kidneys and focal
hemorrhages.

Histological tests of the intestines in all groups revealed
that the duodenum serous and muscular membranes
were preserved, autolysis was observed in the apical re-
gion of the intestinal villi and intestinal crypts were well
expressed. Chyme was detected in the intestinal lumen.
Cecal lymphoid follicles were identified on the border be-
tween the small and large intestine. They were structured,
oval-shaped, without a pronounced reactive center.

The observed hyperemia of the vessels in various or-
gans probably results from insufficient exsanguination.

The disease specificity after infection was confirmed by
testing samples of chicken serain ELISA and Hl test. Table 2
shows mean antibody titers in vaccinated and non-vacci-
nated chickens before and after the challenge.

Fig. 3. Morphological structure of the trachea:

a - vaccinated and infected chicken; desquamation of the ciliated epithelium and submucosal swelling;
b - vaccinated and infected chicken; preserved tracheal structure;

¢ - control group; normal tracheal structure (hematoxylin and eosin staining, magnification 100x;

photo by O. A. Chupina, V. V. Pronin)
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Fig. 4. Histological examination of the third eyelid gland:

a - non-vaccinated infected chicken,; lymphocytic infiltration and dystrophic changes;
b - control group; normal structure of the third eyelid gland (hematoxylin and eosin staining,

magnification 100x; photo by O. A. Chupina, V. V. Pronin)

The data obtained demonstrate that the immune sys-
tem of the non-vaccinated chickens reacted to infection
with each pathogen. At the same time, mycoplasmosis
antibody titer in groups No. 2 and 4 significantly increased
after infection (age-related), indicating mycoplasmas re-
production in chickens and stimulation of the immune
response. Similarly, for groups 2 and 3, an age-related in-
crease in the titer of anti-hemagglutinins to the HON2 influ-
enza virus indicated its replication in the body. In group 1
(vaccinated poultry), titers of antibodies to M. gallisepti-
cum, M. synoviae, and HON2 influenza virus also increased
after infection depending on the age. However, it should
be noted that on day 21 after vaccination, mycoplasmosis
pathogens were also administered intramuscularly, which
increased the immune response (a booster effect) and
was accompanied by an increase in the titer of specific
antibodies. At the same time, the absence of a clinically
pronounced disease and histopathological changes inim-
munized birds indicated the vaccine effectiveness.

Table 2
Antibody titre before and after vaccination and infection

Mean antibody titer in group

Before challenge /

Post vaccination

CONCLUSIONS

1. Low-pathogenicity avian influenza virus (HON2 sub-
type) with a zero intravenous pathogenicity index can
be used as a co-infecting agent to assess the protective
activity of mycoplasmosis vaccines during a laboratory
challenge test.

2. The co-infection of mycoplasmosis and low-patho-
genicity avian influenza is manifested by a clinically pro-
nounced disease and histopathological lesions.

3. The clinically associated form of respiratory myco-
plasmosis and infectious synovitis is reproduced in
the laboratory after preliminary infection of poultry with
the low-pathogenicity avian influenza HON2 virus and
is accompanied by mild respiratory disorders and joint fai-
lure. Histological examination of infected non-vaccinated
birds revealed damaged tracheal ciliated epithelium with
desquamation. A chicken vaccinated against mycoplas-
mosis and challenged with HON2 influenza virus, M. gal-
lisepticum and M. synoviae, showed no desquamation

Post Challenge

vaccinations (day 21)
Mg =102+ 64 Mg = 2,688 + 902 Mg=4,013+1,012 Mg=7,105+ 1,812
1 Ms=34+12 Ms =2,830 + 803 Ms = 3,590 + 899 Ms=7,200 + 1,679
HIN2 =0 HIN2=0 HIN2=3.4+0.33 HIN2=43+0.15
Mg =84+ 53 Mg = 1,002 + 402 Mg =3,013+914
2 Ms=12+8 Not vaccinated Ms =948 + 899 Ms = 2,590 + 688
HIN2=0 HIN2=33+04 HIN2=4.4+0.3
3 HIN2=0 Not vaccinated HIN2=4.0+0.44 HIN2=45+03
Mg =66 + 43 ) Mg =1,383 £212 Mg =2,080 £ 765
4 Ms=24+12 Not vaccinated Ms = 907 + 64 Ms = 1,648 + 966
Not challenged
Mg=16+9
5 Ms=28+12 Not vaccinated Mg =206 + 82 Mg =304+ 102
HIN2 =0 Ms =118 + 89 Ms =194 + 90
HIN2=0.6+0.3 HIN2=0.5+0.2

Mg — Mycoplasma gallisepticum; Ms — Mycoplasma synoviae. For Mg and Ms geometric mean ELISA titers were calculated in the group,

for HIN2 the titers were expressed as Hl log,.
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signs, however, local swelling of the submucosal layer was
detected. Trachea morphological structure in control chi-
ckens was preserved, all layers were clearly visible.

4. A significant increase in antibody titers after infection
of chickens non-vaccinated against mycoplasmosis and
low-pathogenicity avian influenza suggested pathogen
reproduction in chickens.
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Functional and metabolic activity of neutrophils
in young cattle sensitized with a non-agglutinogenic
strain of Brucella

Olga 0. Manakova, Tatiana A. Yanchenko, Vasily S. Vlasenko
Omsk Agrarian Scientific Center, 26 Korolev ave., Omsk 644012, Russia

ABSTRACT

Introduction. Brucellosis remains one of the most common highly dangerous zoonotic infections. Resistance to the pathogenic microorganisms of the genus
Brucella depends on the appropriate cell-mediated immunity, which includes the activation of the bactericidal mechanisms of phagocytes. Despite the repeatedly
proven role of neutrophils in the fight against many bacterial pathogens, the functions of these immunocompetent cells in the setting of brucellosis have long
remained unstudied.

Objective. The study aimed to examine the functional and metabolic activity of neutrophils in young cattle sensitized with a non-agglutinogenic strain of Brucella.
Materials and methods. The functional and metabolic state of neutrophils in young cattle immunized against brucellosis with a vaccine produced from the
non-agglutinogenic RB-51 strain of Brucella abortus was assessed on days 7, 14, 21, 28, 35 after immunization using nitroblue tetrazolium (NBT) test, as well as
based on the level of the enzymatic activity of myeloperoxidase and the content of non-enzymatic cationic proteins. The measurements were made photometrically
in the spontaneous and stimulated variants of the test, with subsequent calculation of stimulation coefficients. Disintegrated and corpuscular antigens prepared
from Brucella vaccine strains with different antigen structures were used as reaction stimulants.

Results. It was found that the functional and metabolic status of neutrophils in young cattle immunized with the non-agglutinogenic strain of Brucella is char-
acterized by increased neutrophil activity in the NBT test on days 7 and 35 of the experiment, by the absence of significant changes in the enzymatic activity of
myeloperoxidase and a decrease in the content of non-enzymatic cationic proteins on days 7—14 after vaccination.

Conclusion. The most pronounced increase in stimulation coefficients was observed when using disintegrated Brucella antigens as a reaction stimulant.
The highest stimulation coefficients were registered on day 28 after vaccination during the assessment of the oxygen-dependent metabolism of neutrophils with
the NBT test and on day 14 during the assessment of the oxygen-independent metabolism.

Keywords: neutrophils, antigens, cattle, vaccination, Brucella
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LUTaMMOM bpyuenn
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darouuToB. HecMoTpsA Ha HEOAHOKPATHO A0Ka3aHHYH Ponb HeliTpodunos B 6opbbe co MHOrMY 6aKTepuanbHbIMK NaToreHami, GYHKLUN TUX IMMYHOKOMMe-
TEHTHbIX KNETOK Npyu bpyLiennese 0CTaBannch Hen3yYeHHbIMI B TEUEHUE NPOJOMKUTENILHOTO BPEMEHMU.

Lienb uccnepoBanua. V3yyenie dyHKLUOHANbHO-METaboNNYECKON aKTUBHOCTIA HERTPOGUNOB Y MONIOAHAKA KPYNHOTO POraToro ckoTa, CeHCUOUAN3NPOBAHHOTO
HearroTMHOTeHHbIM LWTamMMOM bpyLens.

Matepuanbi u MeToAbI. Y MONOHAKA KPYNHOr0 POraToro CkoTa, UIMMYHI31POBAHHOTO NPOTUB BpyLienne3a BaKLMHOI 13 HearrioTHHOreHHoro WTamma Brucella
abortus RB-51, oueHuBanu GyHKLMoHanbHo-MeTabonnyeckoe coctoAHme HeitTpodunos Ha 7, 14, 21, 28, 35-e cyT nocie IMMYHU3ALNK B TeCTe C HUTPOCUHUM
TeTpa3ouem, a Takie o ypoBHI0 GepMeHTHOIA aKTUBHOCT MUENONepoKCUAA3bI 1 CofepXaHmio HedepPMEHTHBIX KaTUOHHBIX 6eKoB. 13mepeHua nokasareneit
MpoBOAMAN GOTOMETPUYECKUM CNOCOBOM B CMOHTAHHOM 11 CTUMYNIMPOBAHHOM BapUaHTaX MOCTAHOBKY C NOCNEAYIOLMM PacyeToM Ko3GOULIMEHTOB CTUMYNA-
Lmn. B kauecTse CTUMYNATOPOB peaKLyu NPpUMEHANN Ae3NHTerpaTbl 6pyLIenn 1 KOpNyCKYNAPHbIE AHTUTEHDI, U3rOTOBIEHHbIE U3 BAKLMHHBIX LUTAMMOB Opyuenn
C Pa3HOIA aHTUreHHOM CTPYKTYPOIA.

Pe3ynbratbl. bbino yctaHoBREHO, UTO NPY UMMYHI3aLMN MONOAHAKA KPYNHOTO POraToro CKOTa HEarraioTHOTEHHbIM LUTaMMOM GpyLenn ¢yHKLMOHaNbHO-
MeTabonnyeckuit cTraTyc HeiiTPOGUNOB XapaKkTepu3yeTca yCuneHnem akTUBHOCTY HEiTPOGUNOB B TeCTe C HUTPOCUHUM TETPa30aMeM Ha 7-e 1 35-e CyT uccnedo-
BaHWA, OTCYTCTBIEM BbIPAXEHHbIX U3MeHeHHil B Noka3aTenax ¢epmeHTHON aKTUBHOCTU MeNonepoKCMaa3bl, a TaKKe CHINKEHUEM KOANYeCTBa HedepMEHTHbIX
KaTUOHHDIX 6eNKOB Ha 7—14-e cyT nocse BaKUMHALMM.

3aknioueHue. Hanbonee BbipaxkeHHOe yBenuueHne Ko3QGuLMEeHTOB CTUMYNALMN OTMEYAETCA NPU NPUMEHEHUN B KauecTBe CTUMYNATOPA peakLinu e3uHTe-
rpatoB 6pyuenn. [pu oLeHKe KICIOPOA3aBUCUMOT0 MeTaboN3Ma HeTPOUIOB B TeCTe C HUTPOCUHUM TETPA30MEM MAKCUMANbHbIE 3HAUEHNA KOIQOULIMEHTOB
CTUMYAALMY 0TMEYAnH Ha 28-e CyT Nocse BaKLMHALMM, PU OLIEHKe KINCIOPOAHE3aBUCMMOT0 MeTabonn3ma — Ha 14-e cyT.

KnioueBble c110Ba: HEATPODUIbI, HTUTEHbI, KpYMHbIil POraTblil CKOT, BAKLMHALMA, GpyLennbl

bnaropapHocTu: (ratba noaroToBReHa npu GHaHCOBOI nopdepke MuHuCTepcTBa 06pa3oBaHuA 1 Hayku PO B pamKax MpoBeAeHNA HayuHO-IMCCNef0BaTeNb-
ckmx pabot no Teme FNUN-2022-0035 «Pa3paboTka HOBbIX 1 yCOBEPLUEHCTBOBAHME CYLLECTBYIOLMX CPEACTB M METOZ0B AUAarHOCTUKY U NPOGUNAKTUKM COLManbHO
3HaUMMbIX MHGEKLMI C LieNblo COXpaHeHA MU300TYeCKoro 6aarononyymna 1 NoayyeHns kauecTBeHHON v 6e3onacHoli NPoAyKLMY C y4eToM reHeTudeckix 6as
[JaHHbIX 1 0cobeHHOCTeli BO30yauTeNeil, HanpaBneHuil 11 CeneKLIMY XUBOTHOBOACTBA, TeXHONOTUIA KOPMAEHNA, SKOHOMUYECKIX U reorpaduueckix yCnoBuit».

[ina yntuposanua: Manakosa 0. 0., fiHuenko T. A., Bnacenko B. C. OyHKLmOHanbHO-MeTabonnyeckas akTUBHOCTb HEATPOPUIIOB Y MONOSHAKA KPYNHOTO
poraroro koTa, CeHCMOUNU3MPOBAHHOTO HEArrMKTUHOTEHHbIM LWUTaMMOM Gpyuenn. Bemepurapus cezodHs. 2025; 14 (1): 62—68. https://doi.org/10.29326/2304-

196X-2025-14-1-62-68

KoHnukT MHTepecoB: ABTOPbI 3aABNAHT 00 0TCYTCTBUYN KOHGAMKTA UHTEPECOB.

[ins koppecnoxpenyun: Maxakosa Onbra OneroHa, MAaALLmil HayYHbIi COTPYAHUK nabopatopuy cneumuduyeckoii npodunaktiki bpyuennesa otaena ete-
punapuu OTBHY «Omckuii AHL, yn. llepmonToBa, 93, r. Omck, 644001, Poccus; golovachcheva@mail.ru

INTRODUCTION

Despite the scientifically based system of brucellosis
control measures in place in animal farming, bovine bru-
cellosis remains endemic in most territories of the Russian
Federation and poses a risk to livestock farms [1, 2].

One of the main components of the said system is now
specific prevention [3, 4, 5, 6] mainly aimed at the repro-
duction of asymptomatic or latent infection in farm an-
imals in combination with non-sterile immunity turning
into post-infection sterile one [7, 8, 9].

The resistance of a macroorganism to the pathogenic
microorganisms of the genus Brucella at the first stages
of infectious process development depends on the activ-
ity of cellular protection factors, namely the activation of
the bactericidal mechanisms of phagocytes [10, 11, 12].
Polymorphonuclear neutrophils are the main phago-
cytic cells responsible for protection against brucellosis.
The functional and metabolic status of neutrophils deter-
mines the severity of the inflammatory reaction that deve-
lops in response to the entry of infectious pathogens into
the body [13, 14, 15]. The bactericidal properties of neutro-
phils are provided by hydrolytic enzymes, cationic proteins
and reactive oxygen species [16, 17, 18].

The examination of the enzymatic and non-enzymatic
systems of neutrophils makes it possible to detect chan-
ges in the body at the early stages of infectious process
development, prior to the occurrence of more profound

changes in the organs and systems, which are detected
with conventional test methods. Scientific literature de-
scribes the specific features of neutrophil system func-
tioning revealed by tests in laboratory and other ani-
mals [19, 20, 21].

Cell-mediated immunity to brucellosis in food produc-
ing animals is an issue of particular scientific interest to-
day. In vitro tests for cellular response to stimulation with
Brucella antigens prepared at the Omsk Agrarian Scienti-
fic Center can be considered an informative and objective
approach to analyzing the immunological restructuring
of the body at the early post-vaccination stages, which is
very important when evaluating the effectiveness of im-
munobiological products.

The study aimed to examine the functional and meta-
bolic activity of neutrophils in young cattle sensitized with
a non-agglutinogenic strain of Brucella.

MATERIALS AND METHODS

The work was performed at the Department of Veteri-
nary Medicine of the Omsk Agrarian Scientific Center.

The test material was heparinized bovine peripheral
blood. Sampling was carried out before vaccination and
ondays 7, 14, 21, 28, 35 after vaccination.

Bacterial strains. The antigens were prepared using
the following Brucella strains from the bioresource col-
lection of the Department of Veterinary Medicine of the
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Omsk Agrarian Scientific Center: Brucella abortus 16/4 in
the stable R-form and Brucella abortus 19 in the S-form.

Young animals were immunized with bovine brucellosis
vaccine based on the non-agglutinogenic RB-51 strain of
B. abortus (the USA).

Animals. The experiment was carried out in 4-5-month-
old Red Steppe heifers (n = 50). The animals were loose
housed and received a balanced diet.

The antigens were prepared at the scientific laboratory
using the modified methods of N. P. lvanov [22].

C, is a corpuscular antigen prepared from B. abortus
19 strain.

C, is a corpuscular antigen prepared from B. abortus
16/4 strain.

D, is a disintegrated antigen prepared from B. abortus
19 strain by ultrasonic disintegration.

D, is a disintegrated antigen prepared from B. abortus
16/4 strain by ultrasonic disintegration.

The functional and metabolic state of neutrophils was
assessed with nitroblue tetrazolium (NBT) test using
a modified method [23], as well as based on the content
of cationic proteins and myeloperoxidase using a modi-
fied method described by N. M. Khitrik [24]. The measure-
ments were made photometrically in the spontaneous
(without antigen treatment) and stimulated (with anti-
gen treatment) variants of the test. The test results were
read using a Fluorofot STD-Less-486-M multichannel im-
munochemistry analyzer (Russia) and expressed in rel-
ative optical density units, with subsequent calculation
of the stimulation coefficient according to the following
formula:

value for stimulated

sample
Stimulation coefficient = P

value for spontaneous
sample

The disintegrated (D, and D,) and corpuscular (C,and C)
Brucella antigens were used as reaction stimulants.

The mathematical processing of the obtained numerical
data was carried out using the standard methods of vari-
ation statistics involving the determination of arithmetic
mean (M) values and the calculation of arithmetic mean
errors (m). Student’s t-test was used to assess the signifi-
cance of differences (p). We also applied the normalized
deviation method involving automatic determination
with a special computer software [25] using the following
formula:

where tis the normalized deviation;
M is the mean for the test (M) and control (M)
groups;
S, is the standard deviation for the control group.

RESULTS AND DISCUSSION

The study was conducted on a brucellosis-free com-
mercial farm where bovine brucellosis vaccine based on
the non-agglutinogenic B. abortus RB-51 strain is used on
a regular basis.

The initial stage of the study included the assessment of
the functional and metabolic state of neutrophils with NBT
test, tests for the enzymatic activity of myeloperoxidase
and non-enzymatic cationic protein content carried out at

different time points after the sensitization of the animals
with the non-agglutinogenic strain of Brucella.

It was found that after an increase by day 7 from
the start of the experiment, the spontaneous tetrazolium
activity of neutrophils showed a slight downward trend
and reached a minimum by day 28, then it increased again,
but did not reach a significant difference as compared with
the baseline values.

When the corpuscular (C,, C,) and disintegrated (D, D,)
antigens were added to the phagocyte cell suspension,
the increased generation of oxygen radicals in neutro-
phil granulocytes was also observed by day 7; then it re-
turned to the initial level (that before the administration
of the vaccine) on days 14-28 from the start of the exper-
iment depending on the antigen used. It should be noted
that on day 35, there was again an increase in the induced
NBT activity. In particular, a statistically significant 2.1-fold
(p < 0.05) and 1.9-fold (p < 0.05) increase was registered
after stimulation with the C, and D, antigens, respectively,
as compared with the relevant values before vaccination.

From day 14 after vaccination, an increase in the NBT
stimulation coefficient was observed when using the cor-
puscular C, C, and disintegrated D, antigens as inducers,
whereas the stimulating effect of the D, antigen was ob-
served starting from day 21. It should also be noted that
the stimulation coefficient reached its maximum values on
day 28 from the start of the experiment, especially when
the phagocytes interacted with the disintegrated D, and
D, antigens (the coefficient increased 1.6- and 2.3-fold,
respectively, as compared with the values before sensiti-
zation with Brucella). Subsequently, a decrease in the NBT
stimulation coefficients was observed; however, the coef-
ficient remained at the same level when the C, antigen
was used (Table 1).

The data from the tests confirmed our previous find-
ings. In particular, the highest stimulation coefficients
in the tests for the tetrazolium activity of neutrophils in
guinea pigs immunized with a non-agglutinogenic strain
of Brucella had been observed on day 28 after immuniza-
tion [26].

The spontaneous and stimulated enzymatic activity
of myeloperoxidase, which also characterizes the oxy-
gen-production ability of neutrophils, did not show any
statistically significant changes during the dynamic tests.
The stimulation coefficients reached their maximum val-
ues on day 21 from the start of the experiment, except
when the disintegrated D, antigen was added to the blood
samples (Table 2).

Neutrophil cationic proteins are another indicator,
which, unlike the previous two, characterizes the anaer-
obic metabolism of phagocytes. The dynamic tests re-
vealed certain specific features of its changes that were
not observed during the tests for the tetrazolium and en-
zymatic activity of neutrophils. In particular, the spon-
taneous activity of antimicrobial peptides (2.15 + 0.48)
at the beginning of the experiment) reached a minimum
(1.03 £ 0.03) on day 14 after the sensitization of the an-
imals with Brucella and then, after a short-term slight
increase (up to 1.23 £ 0.19) on day 28, decreased again
(to 1.07 £ 0.11) on day 35.

When the blood samples were treated with the cor-
puscular antigen prepared from the S-strain, the activity
of cationic proteins decreased 1.3-fold (p < 0.05) by day 14
from the start of the experiment, then 1.78-fold (p < 0.05)
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Table 1

Stimulation coefficient dynamics in tests for tetrazolium activity of neutrophil granulocytes

in young cattle at different time points after vaccination, M = m

Days after vaccination

Before vaccination

Antigen

G 0.63+£0.17 0.65 +0.02 1.00+0.28 1.05+0.06 1.00+0.08 1.03+0.24
G 0.72+0.31 0.75+0.13 0.89+0.10 0.85+0.10 1.04+0.14 0.80+0.11
D 0.82+0.44 0.71+0.09 0.85+0.22 0.87 +0.09 133+0.19 0.80+0.16
D 0.78+£0.25 0.70 +0.07 0.72+0.14 1.18+0.33 1.80+0.32 0.73+0.13

Table 2
Stimulation coefficient dynamics in tests for enzymatic activity of myeloperoxidase of neutrophil granulocytes

in young cattle at different time points after vaccination, M + m

Days after vaccination
Antigen
Before vaccination
G 0.87£0.13 0.99+£0.02 0.99+0.01 1.02£0.01 0.99+0.01 1.00+0.01
G 1.00 £+ 0.02 0.99+£0.02 0.97 +0.01 1.03£0.01 0.95+0.01 0.97 +0.01
D 1.01£0.03 1.00£0.01 1.00 £ 0.004 0.98 +0.02 0.85+0.10 0.99 +0.01
D, 0.96 £0.02 0.98 £0.02 0.97 £0.01 1.03£0.01 0.94+0.01 0.96 +0.01

on day 28 and 1.67-fold (p < 0.05) on day 35 as compared
with the baseline values. When the antigen prepared
from Brucella R-strain was used, a significant decrease in
the oxygen-independent metabolism of neutrophils was
registered from day 21 after the administration of the
non-agglutinogenic Brucella strain to young cattle.

When the disintegrated D,- and D,-antigens were used,
a decrease in the activity of neutrophil cationic proteins
was observed at a later time point. In particular, the anti-
microbial activity of phagocytes decreased 1.73-fold
(p < 0.05) and 2.24-fold (p < 0.05) on day 28 from the start
of the experiment and 2.46-fold (p < 0.05) and 3.4-fold
(p < 0.05) on day 35, respectively, as compared with the
initial values.

On day 14 after the sensitization of the animals with
Brucella, the stimulation coefficient reached its maximum
value, with the most pronounced 1.54-fold (p < 0.05) and
1.68-fold (p < 0.05) increase, as compared with the baseline
values, having been observed when using the disintegra-
ted D, and D, antigens, respectively. At the subsequent
time points of the study, the coefficient decreased (Table 3).

Table 3

The stimulation coefficient dynamics in the tests for
non-enzymatic cationic proteins of neutrophils in young
cattle confirmed our previous findings from the experi-
ment in guinea pigs immunized with a non-agglutinogen-
ic strain of Brucella, during which the most pronounced
activity of non-enzymatic cationic proteins of neutrophils
was observed on day 14 after the administration of the im-
munobiological [27].

At the next stage of the study, a special computer soft-
ware was applied to statistically process the stimulation
coefficients of the NBT test, myeloperoxidase and cationic
proteins, using the normalized deviation method to deter-
mine the degree of their transformation as compared with
the mean values at different time points of the experiment.
When the deviation from the mean exceeded +1.0 sigma,
the difference was considered statistically significant, which
was indicative of a pronounced specific sensitization of neu-
trophils to Brucella. The results are presented in Table 4.

The data show that in the NBT test, a pronounced
specific sensitization was registered on days 14-35 from
the start of the experiment when using the corpuscular

Stimulation coefficient dynamics in tests for non-enzymatic cationic proteins of neutrophils

in young cattle at different time points after vaccination, M+ m

Days after vaccination

Antigen
Before vaccination
G 0.89+0.18 1.22+0.21 1.30£0.10 1.49£0.31 0.86+0.12 0.96+0.13
G 1.24£0.14 1.25+0.27 1.80+0.26 1.03 £0.03° 1.10£0.26 1.38£0.16
D 143£0.18 1.45£0.35 220+0.19° 141+0.24 1.40£0.20 1.16£0.19
D, 1.28+0.18 1.31£0.28 215+0.17° 1.52+0.29 0.96 +0.12 0.74 £ 0.06°

p < 0.05.
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Table 4

Determination of specific sensitization of neutrophils to Brucella by analysis of stimulation coefficients of NBT test,

myeloperoxidase and cationic proteins

Antigen

Days after vaccination

NBT test
G +0.05 +1.21 +1.39 +1.21 +1.30
G +0.52 +0.30 +0.24 +0.60 +0.13
D, -0.14 +0.41 +0.61 +0.67 -0.20
D, -0.19 -0.14 +0.93 +2.38 -0.10
myeloperoxidase
G +0.50 +0.53 +0.67 +0.50 +0.54
G -0.30 -0.72 +0.96 -147 -0.90
D, -0.17 -0.29 -0.53 -2.78 -0.44
D, +0.40 +0.22 +1.69 -0.66 -0.07
cationic proteins
G +1.06 +1.32 +1.93 -0.10 +0.21
G +0.05 +2.23 -147 -0.56 +0.55
D, +0.06 +2.42 -0.07 -0.09 -0.85
D, +0.09 +2.76 +0.76 -1.01 -1.69

C, antigen and on day 28 when using the disintegrated
D, antigen as a stimulant, whereas in the tests for the en-
zymatic activity of myeloperoxidase, it was registered only
on day 21 when using the disintegrated D, antigen as an
inducer (t = +1.69).

In the tests for cationic proteins, which perform their
function under anaerobic conditions, specific sensitiza-
tion was registered at earlier time points as compared
with the indicators of oxygen-dependent metabolism. In
particular, when the C; antigen was used, a deviation from
the mean that exceeded +1.0 sigma was observed from
day 7 to day 21, whereas when the C.-, D.- and D,-anti-
gens were used, it was observed only on day 14. It should
be noted that the disintegrated antigens induced a more
pronounced specific sensitization (from +2.42 and above).

CONCLUSION

The results of the tests performed show that the func-
tional and metabolic activity of neutrophils in young cattle
immunized with B. abortus RB-51 strain is characterized by
a 1.1-2.4-fold increase in the spontaneous and stimulated
tetrazolium activity of neutrophils on days 7 and 35 after
vaccination irrespective of the antigen used, a 1.2-2.1-fold
decrease in the concentration of cationic proteins from
days 7-14 from the start of the experiment and the ab-
sence of any pronounced changes in the content of myelo-
peroxidase.

A pronounced (1.5-2.3-fold) increase in the stimulation
coefficients was observed when the disintegrated anti-
gens were used. Based on the results of the mathematical
processing involving the use of the normalized deviation
method, the highest stimulation coefficients were ob-
served during the assessment of the aerobic metabolism

of neutrophils (NBT test) on day 28 after the inoculation
of the vaccine strain when using the D, antigen (t=+2.38)
and during the assessment of anaerobic metabolism (cati-
onic proteins) on day 14 when using the D, and D, anti-
gens (t = +2.42 and +2.76, respectively), which was indi-
cative of a pronounced specific sensitization of neutrophils
to Brucella.
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ABSTRACT

Introduction. The new coronavirus infection (COVID-19) agent SARS-CoV-2 has become widespread in the world and has caused the pandemic that started in 2019.
The virus is a zooanthroponotic infectious agent that causes infection in humans as well as in many mammal species. To date, SARS-CoV-2 has been reported both
in domestic and in wild animals. Moreover, successful experimental infection of certain animal species was reported during the studies. There is also the evidence
that infected animals can transmit the virus to other animals in natural settings through contact including virus transmission between animals of different species.
Currently, some researchers fear that SARS-CoV-2 may spread to mammalian species in the wild that will become a natural reservoir responsible for this infection
outbreaks in humans. Furthermore, the virus effect on potentially susceptible wild animal species, including endangered animal species, is currently not fully
understood. Therefore, the infection spread in wild animals requires further study. This requires highly sensitive and specific diagnostic methods. Enzyme-linked
immunosorbent assay (ELISA) using SARS-CoV-2 nucleocapsid protein as an antigen can be used for serological surveillance of the new coronavirus infection in
animals. Recombinant protein used as an antigen is the most preferable because of its safety.

Objective. The study was aimed at preparing highly concentrated recombinant SARS-CoV-2 nucleocapsid protein and testing it for antigenic activity and specificity.
Materials and methods. The following was used for the study: SARS-CoV-2, pQE plasmid, Escherichia coli IM109 strain. The following was performed: reverse
transcription and polymerase chain reaction, molecular cloning, recombinant protein synthesis, recombinant protein purification, indirect ELISA was used.
Results. Molecular cloning of SARS-CoV-2 N-gene was carried out using prokaryotic expression system. Escherichia coli clones producing 33 kDa recombinant
SARS-CoV-2 nucleocapsid protein were prepared. Optimal expression and purification conditions for highly concentrated antigen preparation were determined.
It was shown that optimal inducer concentration was 0.5 mM, optimal expression period was 4 hours. Urea at a concentration of 8 M as a denaturing agent and
optimal imidazole concentration of 0.4 Min the elution buffer were selected based on the results of study of optimal conditions for recombinant antigen purification.
Use of the optimal expression and purification procedure allowed us to prepare 1.5 mg of purified antigen from 100 mL of Escherichia coli culture. The recombinant
protein demonstrated its high antigenic activity and specificity when tested with indirect ELISA.

Conclusion. Preparation of highly concentrated recombinant SARS-CoV-2 nucleocapsid protein enables its further use as an antigen for ELISA test system for
detection of antibodies against SARS-CoV-2 nucleocapsid protein in animal sera.
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[lonyyeHne pekoMOUHAHTHOrO
HyKneokancuaHoro 6enka SARS-CoV-2

A. C. fikoBnesa, A. B. Kanblumna, A. M. Tumuna
OTBY «DepepanbHblil LieHTp oXpaHbl 350poBbA XMBOTHbIX» (OTBY «BHUN3XK»), Mkp. I0pbesew, . Bnagumup, 600901, Poccua

PE3IOME

BBepenue. Bo36yautens HoBoil kopoHaupycHoil nHdekumm (COVID-19) SARS-CoV-2 nonyuun wiupokoe pacnpocTpaHeHie B MUpe, CTaB NPUYNHOI NaHAEMIM,
KoTopas Hauanach B 2019 . Bupyc ABNAETCA 300aHTPONOHO3HBIM UH(EKLIMOHHBIM areHTOM, BbI3bIBAET MHOEKLMIO KaK Y YeN0BeKa, TaK 1y MHOTUX BUAOB MNeKo-
nuTatwux. K Hactoawemy BpemeHn metotca coobLueHna o Boiasnexnm SARS-CoV-2 y fomalLHInX KMBOTHDIX, @ TakXe Y NpeAcTaBuTeneil AKoi dayHbl. Kpome
T0r0, NPOBeAeHbI UCCNEA0BAHIA N0 YCMIELIHOMY JKCEPUMEHTabHOMY 3apaXeHnio HEKOTOPbIX BUAOB XIBOTHbIX. IMeloTcA Takxe AoKka3aTenbCTsa Toro, UTo
NHGULMPOBaHHbIE 0C0O1 MOTYT NepeaaBaTb BUPYC APYIVM XUBOTHBIM B eCTECTBEHHBIX YCIOBUAX NPU KOHTAKTe, B TOM Uncie MeXAy pa3HbiMi BUAamu. B Ha-
cToALLee Bpema pAj nccnegosateneil onacaetcs, uto SARS-CoV-2 pacnpocTpauTca Ha BUAbI MAEKOMUTAIOLMX B ANKOW NPUPOZE, KOTOPbIe CTaHYT NPUPOAHBIM
pe3epByapoM, UTo MOXET ObITb NPUYMHOI BCMbILLEK MHdEKLIMY B NONyAALMY Niodeil. lTpu 5ToM Bo3AelicTBUE BUPYCa Ha NOTEHLMANbHO BOCMPUMMUMBbIE BUAbI
KUBOTHBIX VIKOIA NPUPO/bI, B TOM UMCIe CYe3aloLLme, B HACTOALLee BpeMa 10 KOHLA He U3yyeHo. B cBA31 ¢ 3TuM HeobX0AUMOo NpoBOANTL UCCNeL0BaHNA
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110 U3yYeHWIo PacnpoCTpaHeHIa AaHHOI MHGEKLUM cpesin XKUBOTHBIX AUKOI dayHbl. [Ind 3T0ro TpebyloTcA BbICOKOUYBCTBUTENbHDBIE U CELMOUUHbIE AUarHO-
CTUYeckue MeToAbl. IMMyHOpepMeHTHBI aHanw3 ¢ NpUMeHeHem B KauecTBe aHTUreHa HykneokancuaHoro 6enka SARS-CoV-2 moxeT 6biTb MCMonb3oBaH AN
CeposIorNyeckoro Haa3opa 3a HoBOI KOPOHABMPYCHOI UHeKLMel cpean XMBOTHbIX. [IpuMeHeHNe B KauecTBe aHTUreHa pekoMOIHaHTHOTo benka ABNAeTCA
Haubonee npeanoYTUTENbHBIM C TOUKY 3peHna be30nacHoCTH.

Llenb nccnepoBaHus. Monyyenne pekombuHaHTHOro HykneokancugHoro 6enka SARS-CoV-2 B BbICOKOI! KOHLIEHTpaLUy 1 NPOBEepKa ero aHTUreHHO akTUBHOCTI
1 cneynduuHoCTI.

Marepuanbi u meTopbl. B pabote ucnonb3osanu: SARS-CoV-2, nnasmugy pQE, wramm Escherichia coli IM109; ocywecTBnAnv 06paTHYI0 TPaHCKpUILMIO 1 NOAN-
MepazHyIo LieMHyH peakLinio, MoneKkynApHoe KNOHNPOBaHIe, CHTe3 PeKOMOUHAHTHOTO 6eNlka, 04NCTKY peKOMOMHAHTHOTO Genka, IPUMeHANM HenpAMOIi BaphaHT
UMMYHOGEPMEHTHOTO aHaN3a.

PesynbTatbl. BoinonHeHo monekynapHoe knoHuposaHue N-reqa SARS-CoV-2 ¢ ncnonb3oBaHuem npoKapuoTuyeckoil cuctembl 3kenpecciu. Monyyebl KNOHbI
Escherichia coli, npogyuumpyloLLne pekombUHAHTHbIIA HykneokancuaHbii 6enok SARS-CoV-2 pasmepom 33 k/la. OnpeaeneHbl ONTUManbHble yYCI0BMA KCIpeccui
1 0YMCTKM, 0becneynBaloLLe NoyyeHe Npenapata aHTUreHa B BbICOKOI KOHLieHTpaLmu. [okasaHo, 4To ONTUManbHOI KOHLEHTpaLell UHAYKTOpa ABNAETCA
0,5 MM, onTumanbHblii nepuog skcnpeccun — 4 u. B peynbrate nccnefoBaHuA ONTUMANbHBIX YCOBMI 0UMCTKIN PeKOMOUHAHTHOTO aHTUTeHa B KauecTBe fie-
HaTypupylLLero areHTa onpeAeneHa MoyeByHa B KoHLeHTpauuu 8 M, nogobpaHa onTumanbHaa KoHLeHTpauua umugasona — 0,4 M B antoupyiotem bydepe.
lcnonb3oBaHue onTUMANbHOI CXeMbl SKCNPECCHiA U QUUCTKI MO3BONMA0 NOoNyYuTh 1,5 Mr ounLeHHoro aHTureHa ¢ 100 M KynbTypbl Escherichia coli. Tlokasaxa
BbICOKAA AHTUreHHaA aKTUBHOCTb 1 CneLdUUHOCTb peKoMOUHAHTHOrO Genka B HenpAMOM BapuaHTe MMMYHOGEPMEHTHOrO aHanu3a.

3aKnioueHue. lTonyueHne pekombUHaHTHOrO HykneokancuaHoro 6enka SARS-CoV-2 B BbICOKOI KOHLEHTpaLMM MO3BOAUT B NEPCNeKTUBE UCNOb30BATb €ro
B KauecTBe aHTUreHa npy pa3paboTke UMMYHODEPMEHTHOI TeCT-CUCTEMbI NA BbIABNEHNA aHTUTEN K HyKneokancugHomy 6enky SARS-CoV-2 B cbiBopoTKax

70

KPOBU XMBOTHbIX.

KnioueBbie cnosa: kopoHaupyc, SARS-CoV-2, HykneokancuaHblii 6enok, UMMyHODepMEHTHbI aHanu3
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Kondnukt nutepecos: ABTopbI 3aABNAIOT 06 0TCYTCTBUM KOHONMKTA MHTEPECOB.

[ins koppecnoupeHuun: fikoBneBa AHactacua CepreeBHa, KaHA. 6110N. HayK, CTapLUMit HayYHbIA COTPYAHUK pedepeHTHOIl nabopatopuu no 0co6o onacHbIM
6onesnam OIbY «BHUU3X», mkp. 0pbesed, . Bnagumup, 600901, Poccus, yakovleva_as@arriah.ru

INTRODUCTION

The new coronavirus (SARS-CoV-2) caused a pandemic
of acute respiratory infection that swept the world and
led to the deaths of several million people [1]. The in-
fected person can develop either asymptomatic disease
or severe pneumonia resulting in death in case of total
lung damage. SARS-CoV-2 is an enveloped single-stran-
ded RNA-containing virus of the Coronaviridae family,
Betacoronavirus genus. The virus virion has characteristic
crown-like appearance with spike (S), membrane (M) and
envelope (E) proteins located in a two-layer phospholipid
envelope. The new coronavirus has 30 kb RNA genome
encoding 16 non-structural proteins and 4 main structural
proteins: spike (S), membrane (M), envelope (E), and nu-
cleocapsid (N) [2].

Besides humans, SARS-CoV-2 is capable of infecting
many mammalian species [2, 3, 4, 5, 6, 7, 8,9, 10]. Ac-
cording to the World Organization for Animal Health
(WOAH), the new coronavirus was detected in cats,
dogs, rodents (hamsters), minks and ferrets, zoo animals
(monkeys, tigers, lions, cougars, etc.), deer, foxes, horses.
Since the beginning of the pandemic, 35 countries have
reported SARS-CoV-2 in animals according to data given
in the review prepared by the Rosselkhoznadzor Informa-
tion Analysis Center [11].

Currently, it is found that the virus can be transmitted
from one animal species to another, from humans to ani-
mals, and from animals to humans [12,13,14,15,16,17, 18].

In May 2023, the World Health Organization has an-
nounced the end of the pandemic, but some groups of
scientists consider this announcement premature. They
suggest that the virus could pose a threat to public
health for decades. Even if the virus circulation in the hu-
man population is completely eliminated, SARS-CoV-2
will pose a danger to human health and domestic
and wild animal health due to hidden reservoirs in
the wild [13, 19, 20].

Some animal species could play the role of a natural
reservoir of this virus. Serological monitoring for the new
coronavirus infection in domestic and wild animal popu-
lations is carried out in some countries to study this pos-
sibility. For example, in France, more than 5,600 serum
samples from cats and dogs were tested for antibodies
to SARS-CoV-2, and in China, more than 20,000 samples
from these two animal species were tested. Seromonitor-
ing of the new coronavirus infection in wild fauna is active-
ly carried out in the USA. High seroprevalence has been
found in raccoons, squirrels, red foxes, opossums, skunks,
white-footed mice, and white-tailed deer [21, 22, 23].

Investigation of SARS-CoV-2 spread in wild and domes-
tic animals requires appropriate diagnostic tools. In 2021,
enzyme-linked immunosorbent assay (ELISA) test-system
for detection of antibodies to SARS-CoV-2 in animal sera
was developed at the Federal Centre for Animal Health [24].
Inactivated coronavirus is used as an antigen in this
test-system. However, the virus cultivation is required for
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the preparation of such antigen that is associated with
a high biological risk. Recombinant SARS-CoV-2 proteins
produced in prokaryotic or eukaryotic expression systems
can be a safer alternative to the antigen prepared from
the native virus. Previously, the nucleocapsid protein was
shown to be the most immunogenic SARS-CoV-2 protein
having conserved amino acids [25, 26].

The study was aimed at preparation of recombinant
SARS-CoV-2 nucleocapsid protein for further use as an
antigen for ELISA test-system.

MATERIALS AND METHODS

Virus. Clinical samples (nasal swabs) from the patient
with confirmed COVID-19 were used for SARS-CoV-2 RNA
extraction.

The viral RNA was recovered using GF/F glass fiber fil-
ters according to O. G. Gribanov et al. method [27].

Reverse transcription polymerase chain reaction
(RT-PCR). SARS-CoV-2 N-gene was amplified with RT-PCR.
The RT-PCR products were analyzed with agarose gel-elec-
trophoresis at 50 MA using 1.5% agarose gel containing
0.001% ethidium bromide.

Molecular cloning of RT-PCR products was performed
with common methods [28]. Also, pQE plasmid (plas-
mid QIAGEN, Netherlands), Escherichia coli JM109 strain
(Promega, USA) were used.

Recombinant protein synthesis. E. coli was cultivated
in orbital shaker at 150 rpm and 37 °C. Isopropyl-3-D-1-thio-
galactopyranoside (IPTG) was added to the cell culture that
reached the logarithmic growth phase. Recombinant pro-
tein was analysed using sodium dodecyl sulfate-polyacryl-
amide gel electrophoresis (SDS-PAGE).

Recombinant protein was purified with metal-chelate
affinity chromatography using Ni-NTA-agarose (Thermo
Fisher Scientific, CLLA).

Indirect enzyme-linked immunosorbent assay (ELISA) was
carried out using Tris buffered saline with Tween 20 (TBS-T)
for plate washing. 1% milk in TBS-T was used for block-
ing nonspecific binding sites and for dilution of sera and
secondary antibodies. Protein A conjugate (KPL Company,
Italy) was used for tests; ABTS (2,2-azino-bis (3-ethylben-
zothiazoline-6-sulfonic acid) was used as a substrate for
peroxidase conjugate.

RESULTS AND DISCUSSION

The fragment of N-gene of SARS-CoV-2 was amplified
by RT-PCR using primers containing the BamHI and Sall
restriction sites.

The pQE plasmid and the gene fragment were digested
with restriction enzymes. A ligase mix containing the trea-
ted amplicon and plasmid vector were transformed into
chemically competent cells of E. coli strain JM109. The cell
pellet was spread on LB-agar containing 100 pg/mL of am-
picillin. After transformation, the resulting colonies were
screened and several E. coli clones expressing the recombi-
nant SARS-CoV-2 nucleocapsid protein containing a poly-
histidine tag at the N-terminus were selected. The molec-
ular weight of the protein was 33 kDa that corresponded
to the estimated data.

To increase the concentration of recombinant protein
expressed in the selected E. coli clone, the optimal concen-
tration of the inducer and the optimal expression period
ensuring maximum protein accumulation in bacterial cells
were determined.

Solutions of 0.1, 0.2, 0.5, and 1.0 mM IPTG were used
to determine the optimal concentration of the inducer.
The protein expression level was determined visually in
12% SDS-PAGE. The accumulation of recombinant protein
reached a peak at an IPTG concentration of 0.5 mM and
did not change when the inducer concentration was in-
creased by twofold. The concentration of 0.5 mM was de-
termined as optimal, and subsequently all expression runs
were carried out using this inducer concentration.

To determine the optimal period of recombinant pro-
tein expression, E. coli cell lysate was examined 2, 4, and
18 hours after induction. The protein accumulation level
was analyzed with 12% polyacrylamide gel electrophore-
sis. The maximum level of recombinant protein expression
was observed 4 hours after adding of the inducer (Fig. 1).
The protein amount was lower 18 hours after induction
that may be accounted for its destruction during long-
term E. coli cultivation. Thus, the optimal time for recombi-
nant protein synthesis was considered to be 4 hours after
induction.

The recombinant protein was purified with metal che-
late chromatography. When cell lysate was prepared un-
der native conditions, the most of the protein remained
in the cellular debris, so further lysis was carried out under
denaturing conditions.

To prepare purified protein at maximum concentration,
studies were carried out to determine the optimal compo-
sition of lysis and elution buffers.

The following was included in the buffer composi-
tion: 8 M urea - for lysis buffer No. 1, and 6 M guanidine

marker_ 1 2 3 4 5 6 marker

Fig. 1. Determination of optimal period of recombinant
SARS-CoV-2 nucleocapsid protein expression:
protein molecular weight marker

(170, 130, 95, 72, 55,43, 34, 26, 17, 10 kDa);
1—E. coli JM109 cell lysate;

2 - cell lysate of SARS-CoV-2 N-gene-containing
E. coli clone, 18 hours after incubation;

3 - cell lysate of SARS-CoV-2 N-gene-containing
E. coli clone, before induction;

4 - cell lysate of SARS-CoV-2 N-gene-containing
E. coli clone, 2 hours after induction;

5 cell lysate of SARS-CoV-2 N-gene-containing
E. coli clone, 4 hours after induction;

6 — cell lysate of SARS-CoV-2 N-gene-containing
E. coli clone, 18 hours after induction
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Fig. 2. Effect of lysing buffer composition

on purified recombinant SARS-CoV-2 nucleocapsid protein
solubility and yield:

1 - cell lysate of recombinant E. coli clone,

4 hours after induction;

2 - sediment of recombinant protein-expressing cells after
treatment with lysis buffer No. 1 containing 8 M urea;

3 - purified recombinant protein when denaturing buffer
containing 8 M urea was used;

4 - sediment of recombinant protein-expressing cells after
treatment with lysis buffer No. 2 containing 6 M Gu-HCl;

5 - purified recombinant protein when denaturing buffer
containing 6 M Gu-HCl was used

hydrochloride (Gu-HCl) - for lysis buffer No. 2. Under
denaturing conditions, most of the protein was cleared
from cellular debris by centrifugation. The protein yield
was approximately the same when both 8 M urea and 6 M

Fig. 3. Effect of elution buffer composition

on purified recombinant

SARS-CoV-2 nucleocapsid protein yield:

1 - cell lysate of recombinant E. coli clone,

4 hours after induction;

2 - purified recombinant protein when buffer A was used;
3 - purified recombinant protein when buffer B was used;
4 - purified recombinant protein when buffer C was used;
5 - purified recombinant protein when buffer D was used
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GuHCl were used (Fig. 2). It was decided to use 8 M urea as
a denaturing agent.

Cell lysate was purified by metal chelate chromatog-
raphy using Ni-NTA (nickel-nitrile acetate) agarose. Four
buffer variants were used for N-protein elution: buffer A
(8 M urea, 0.1 M Na,HPO,, 0.01 M tris-Cl, pH 4.0), buffer B
(8 M urea, 0.1 M Na,HPO,, 0.01 M tris-Cl, 0.2 M imidazole,
pH 8.0), buffer C (8 M urea, 0.1 M Na,HPO,, 0.01 M tris-
Cl, 0.4 M imidazole, pH 8.0), buffer D (8 M urea, 0.1 M
Na,HPO,, 0.01 M tris-Cl, 0.5 M imidazole, pH 8.0). The pro-
tein concentration in each eluate was assessed visually
based on electrophoregram. The highest concentration
of recombinant protein was found in the eluate derived
using buffer C (Fig. 3). Thus, the maximum yield of puri-
fied N-protein was achieved by denaturation using buffer
containing 8 M urea and elution using buffer containing
0.4 M imidazole.

During experiments for optimization of expression
and purification conditions, the following scheme for
recombinant SARS-CoV-2 nucleocapsid protein prepara-
tion was determined. One milliliters of recombinant E. coli
clone cell suspension collected after overnight incuba-
tion was added to 0.1 L of LB medium supplemented with
100 pg/mL of ampicillin and incubated 37 °C at 150 rpm,
until a density of OD,, = 0.5 was reached. For induction
IPTG was added to a final concentration of 0.5 mM and
the culture was incubated for another 4 hours at 37 °Cand
150 rpm. The cell suspension was clarified at 5,000 rpm for
15 min. The pellet was resuspended with 5 mL of lysis buf-
fer containing 8 M urea. The cellular debris was removed
by centrifugation at 12,000 rpm for 5 min.The supernatant
was used for metal chelate chromatography. The clarified
lysate was mixed with 1 mL of sorbent (Ni-NTA agarose)
for 15 min, then the resulting suspension was centrifuged
at 12,000 rpm for 1 min. The pellet was washed twice with

3 marker

marker 1 2

Fig. 4. Assessment of recombinant SARS-CoV-2
nucleocapsid protein size and purification level:
protein molecular weight marker

(170, 130, 95, 72, 55, 43, 34, 26, 17, 10 kDa);

1 - cell lysate of recombinant E. coli clone
before induction;

2 - cell lysate of recombinant E. coli clone,

4 hours after induction;

3 - purified recombinant protein
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Table

Results of tests of recombinant SARS-CoV-2 nudleocapsid protein for its antigenic activity with indirect ELISA

Control serum dilution

ELISA OD value of controls

= +CNo. 1 +CNo.2 +CNo. 3
1:20 0.094 2.552 2.839 3.102
1:40 0.092 1.170 2.712 3.054
1:80 0.083 1.91 2.628 2.995
1:160 0.081 1.261 2.240 2.803
1:320 0.078 0.753 1.717 2.420
1:640 0.078 0.466 1.181 1.899
1:1,280 0.077 0.266 0.693 1.293
1:2,560 0.070 0.182 0.422 0.849

a lysis buffer. Elution was performed by adding 1 mL of elu-
tion buffer containing 0.4 M imidazole to the pellet, the pel-
let was stirred for 1 min, then centrifuged at 12,000 rpm
for 1 min. The supernatant was tested for recombinant
protein. The 12% polyacrylamide gel electrophoresis was
performed to assess the degree of purification and the size
of the resulting protein (Fig. 4). The protein concentration
was measured by Bradford assay.

Optimization of parameters of recombinant SARS-CoV-2
nucleocapsid protein expression and purification allowed
for preparation of highly concentrated protein. The yield
of purified protein from 100 mL of E. coli culture was 1.5 mg.

The recombinant SARS-CoV-2 nucleocapsid protein
was tested for its antigenic activity in indirect ELISA us-
ing control rabbit sera. For this purpose, the recombinant
protein diluted to 1:800 with carbonate-bicarbonate buf-
fer was added to ELISA plate wells and the plate was in-
cubated overnight. After blocking of non-specific binding
sites and subsequent washing, control rabbit sera diluted
from 1:20 to 1:2,560 were added to the plate wells. Sera
from three rabbits immunized with the SARS-CoV-2 (+C)
antigen were used as a positive control, and serum from
non-immunized rabbit (-C) was used as a negative control.
Sera were removed after 1 hour, the plate was washed, and
protein A peroxidase conjugate was added. After another
1 hour, the plates were washed and ABTS substrate was
added for reaction visualization. ELISA results are shown
in the Table.

The studies showed that the recombinant nucleocap-
sid protein demonstrated high antigenic activity against
positive control sera and absence of nonspecific binding
with negative control serum.

CONCLUSION

The molecular cloning of the gene encoding
the SARS-CoV-2 nucleocapsid protein was performed us-
ing a prokaryotic expression system.

E. coli clones expressing recombinant nucleocapsid
protein were prepared.

The expression and purification conditions ensuring
a high yield of purified antigen were determined.

Indirect ELISA test results have shown that prepared
recombinant protein has high antigenic activity and can
be used for detection of antibodies against SARS-CoV-2
in animal sera.
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Polymorphisms in TLR4 gene associated
with risks of bovine mastitis development

Maksim V. Bytov, Yulia A. Osipova, Chulpan R. Yusupova, Vladlena D. Zubareva
Ural Federal Agrarian Scientific Research Center, Ural Branch of the Russian Academy of Sciences, 112a Belinsky str., Ekaterinburg 620142, Russia

ABSTRACT

Introduction. Inflammatory mammary diseases in cows remain the most common challenge in dairy industry, notwithstanding the improved preventive measures
and treatment schemes. One of the methods to prevent mastitis in dairy cows is the genetic selection of the most disease-resistant individuals. Toll-like recep-
tor 4 (TLR4) plays a central role in the innate immune response. There are publications about TLR4 significance for mastitis development, its genetic polymorphisms
associated with somatic cell counts.

Objective. Determination of genetic diversity and association with the development of clinical mastitis for three polymorphic loci of TLR4.

Materials and methods. To achieve the objective cattle health history (n = 421) was used, subclinical mastitis was diagnosed using rapid test for somatic cell
counting in milk, TagMan real-time polymerase chain reaction was used for genotyping of cattle for rs8193046, rs8193060, rs29017188 polymorphisms.
Results. Association studies established that rs8193046 and rs29017188 polymorphisms are the most promising candidates to be used in selection programs aimed
at mastitis risk mitigation in the Ural populations. For rs8193060 no reliable results of association tests are obtained, though risk of mastitis in GCG haplotype-animals
(for SNP rs8193046, rs8193060, rs29017188 alleles) is statistically lower.

Conclusion. It is noted that the abovementioned polymorphisms can be used for marker-assisted selection of cattle to prevent risks of mastitis in the populations
inthe Ural.

Keywords: TLR4, mastitis, cattle, risk of disease development, association tests

Acknowledgements: The research was carried out within the framework of the state assignment of the Ministry of Education and Science of Russia
No. 0532-2022-0001“Development of technology for marker-assisted selection of cattle for genes associated with disease resistance”.

For citation: Bytov M. V., Osipova Yu. A., Yusupova Ch. R., Zubareva V. D. Polymorphisms in TLR4 gene associated with risks of bovine mastitis development.
Veterinary Science Today. 2025; 14 (1): 76-81. https://doi.org/10.29326/2304-196X-2025-14-1-76-81

Conflict of interests: The authors declare no conflict of interests.

For correspondence: Vladlena D. Zubareva, Junior Researcher, Department of Animal Genomics and Selection, Ural Federal Agrarian Scientific Research Center,
Ural Branch of the Russian Academy of Sciences, 112a Belinsky str., Ekaterinburg 620142, Russia, zzub97@mail.ru

YK 619:618.19-002:636.22/.28:577.21

Accoumauuu nonumoppu3moB reHa TLR4
C PUCKOM pa3BUTUA MACTUTA KPYMHOMO POraToro CKoTa

M. B. bbiToB, 10. A. Ocunoa, Y. P. l0cynosa, B. [l. 3y6apesa
OTBHY «Ypanbckuit denepanbHbIil arpapHblii HayuHO-1CCIeS0BaTeNbCKNIA LieHTP Ypanbckoro oTaeneqna Poccuitckoii akagemmun Hayk» (OTBHY YpOAHILL YpO PAH),
yn. benuckoro, 112a, r. Ekatepunbypr, 620142, Poccua

PE3IOME

BBepenue. BocnanutenbHble 3a60neBaH1A MONOYHOI Xene3bl KOPOB 0CTAIOTCA HanboNee pacnpocTpaHeHHol Npobaemoli MoIOYHOT0 CKOTOBOACTBA, HECMOTPA
Ha onTUMU3Mpyemble NPodUNaKTIYeCK1e Mepbl 1 CxeMbl ieyeHna. OBHUM U3 Cnoco60B Npeaynpex AeHuA Pa3BUTIAA MACTUTa Y KOPOB MONOYHOTO HaNpaBReHusA
MpOAYKTUBHOCTI ABNAETCA FeHeTUUeCKaA CeneKLya Hanbonee ycToiiumBblx K 3abonesanuto ocobeir. Tonn-nosobHblii peuentop 4 (TLR4) urpaer kntouesyio ponb
BO BPOXLEHHOM MMYHWTETE, B IUTEPATYpPe UMETCA AaHHbIE 0 ero 3HAUNMOM BAUAHUN HA Pa3BUTIE MACTUTA, ONMCAHbI ACCOLMALIMN FeHETNYECKUX NOANMOp-
GU3MOB reHa TLR4 co 3HaUEHNAMM UHAEKCA COMATUYECKMX KNETOK.

Lienb nccnepoBanusa. Onpeenenue reHeTMYeCkoro pasHoo6pasua 1 CTeneHm accoumaLy ¢ pa3BuUTHEM KMHUYECKOro MacTUTa A4 3 NoNMMOPGHDBIX 10KYCOB,
pacnonoxeHHbix B rexe TLR4.

Marepuanbl u MeTofbl. [ JOCTUXEHNA NOCTaBNEHHO Lienu NCMoNb30BaHbI AaHHbIe aHaMHe3a KpyNHOro poraToro ckota (1 =421), npoBezieHa AarHocTinka
CyOKNMHMYECKOro MacTITa NPy NOMOLLMN IKCMPeCC-TecTa ANA ONpeseneHna KONMYeCTBa COMaTUUECKINX KNETOK B MOJIOKe, PY FeHOTUNUPOBAHINM KPYMHOTO pora-
TOr0 CKoTa No nonumopduamam rs8193046, rs8193060, rs29017188 npumeHeHa noanuMepasHas LienHas peakuus B peanbHOM BpemeHI no TexHonorun TagMan.
Pe3ynbrartbl. [Tpy npoBeaeHnN accoLMaTUBHbIX TECTOB YCTaHOBNEHO, uTo nonumopduambl rs8193046 n rs29017188 asnaioTca Hanbonee nepcnekTUBHLIMY
KaHANAATaMK ANA UCNOAb30BAHUA B CeNEKLIMOHHBIX MPOrpaMMaXx AA CHIDKEHNA pucka 3a60neBaemMocTv MacTUToM B nomynALMAX Ypanbckoro perioua. fina
rs8193060 0TZENbHO AOCTOBEPHDIX PE3y/bTaToB aCCOLMATUBHBIX TECTOB HE BbIABNEHO, 0iHAKO XMBOTHble ¢ rannotunom GCG (ana anneneit SNP rs8193046,
rs8193060, rs29017188) MMetT CTaTUCTIYECKV 3HAUMMBIIT 60ee HU3KMIl PUCK Pa3BUTIA MaCcTWTa.
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3akntoueHue. 0TMeYeHo, uTo AaHHble I'|OJ'II4M0p¢VI3MbI MOXHO UCNoNb30BaThb ANA MapKep-OpVIeHTVIpOBaHHOVI CeNeKunn KpynHoro poraToro Ckota Ana npo-

(I)I/IﬂaKTI/IKI/I pucKa pa3BuUTUA MmactTuTa B nonynAauuax ypaanKoro pernoHa.

KntoueBbie cnoBa: TLR4, MacTuT, KpymHblii poraTblii CKOT, pucK pa3BuTHs 3aboneBaHins, accoLuaTuBHbIe TecTbl

bnaropapHocTu: Pabota BbinonHeHa B pamkax rocyAapcTBeHHoro 3aaanua MunobpHayku Poccum no Teme N2 0532-2022-0001 «Pa3pabotka TexHonorun ans
MapKep-0p1eHTUPOBAHHOI CeNeKLM KpYNHOTO POraToro cKoTa no reHam, accoLMMpoBaHHbIM C YCTORYMBOCTbIO K 3a60MeBaHUAMY.

[ina uutuposanus: boiros M. B., Ocunoga 10. A., 0cynosa Y. P, 3y6apesa B. 1. Accoumanyum nonumopduamos reHa TLR4  puckom pa3BuTiA MactiTa KpynHoro
poraroro ckota. Bemepurapus cezo0us. 2025; 14 (1): 76-81. https://doi.org/10.29326/2304-196X-2025-14-1-76-81

KoHnuKkT MHTepecoB: ABTOPbI 3aABAAIOT 06 OTCYTCTBINN KOHQINKTA UHTEPECOB.

[insa koppecnonpenuun: 3ybapesa BnagneHa IMutpreBHa, MnaaLwnii HayuHblii COTPYAHUK OTAENA FeHOMHDBIX UCCIE[OBAHMIA U CeNeKLMI XKIUBOTHBIX
OTBHY YpOAHUL YpO PAH, yn. benunckoro, 112a, r. Ekatepunbypr, 620142, Poccus, zzub97@mail.ru

INTRODUCTION

Inflammation of a mammary gland (mastitis) is one
of the costliest diseases in cattle. Preventive measures
and treatment regimens are being optimized, including
in order to save labor and expenses. Such measures in-
clude preventive vaccination and administration of vari-
ous antimicrobial drugs [1, 2, 3]. An alternative to reduce
mastitis incidence in farms is genetic selection. Long-term
selection of dairy cattle for high milk flow, preferred due
to machine milking, resulted in weakening of the mamma-
ry streak canal sphincter that represents a physical barrier
for pathogen entry [4]. Susceptibility to mastitis is based
on a number of factors, both external (nutrition, keeping
practices, stress factors, milking techniques) and internal
(immune mechanisms, important to be understood in or-
der to increase the resistance of animals) [5].

The immune response plays a key role in the disease
pathogenesis. Toll-like receptor 4 (TLR4), as an intrinsic
immune receptor, exhibits widespread in vivo expression
and its dysregulation significantly contributes to the on-
set of various diseases, encompassing cardiovascular
disorders, neoplastic conditions, and inflammatory ail-
ments [6]. The search for associations with colibacillosis
risks revealed that TLR4 (rs8193046) gene polymorphism
G* allele frequency was higher in diarrheic calves than in
control animals [7]. In a study of the association of single
nucleotide polymorphism (SNP) with the risk of paratuber-
culosis caused by Mycobacterium avium, it was shown that
A/G heterozygotes produced a higher risk of this infectious
disease [8]. An experiment aimed to find polymorphism
haplotypes in TLR4 gene and conducted in different cattle
populations revealed that the A*allele is present in all hap-
lotypes and might negatively effect on milk somatic cells.
The C*allele also has a negative effect on this value and the
G* allele might positively effect on milk somatic cells [9].
It is worth noting that in this study, no corrections for mul-
tiple comparisons were made in the search for statistically
significant haplotypes. At the same time, in a study of the
some SNP associations with risks of subclinical mastitis, it
was shown that individuals with G/G genotype had higher
average somatic cell counts [10].

In the case of rs8193060, indications were obtained for
the association with reproductive traits: incidence of cys-
tic ovaries, early reproductive disorders, calving ease, and

production longevity [11]. There is evidence of the gene-
tic association of polymorphisms with paratuberculosis
infection, moreover it was established that the C/T geno-
type might be beneficial [12]. The study aimed to find
polymorphism haplotypes in the TLR4 gene for rs8193060
produced ambiguous results: the C* allele might confer
both positive and negative effects [9]. The analysis of
rs8193060 associations with somatic cell counts showed
that T/T genotype is not beneficial [10].

The rs29017188 polymorphism has the highest pleio-
tropic effect based on full-genome studies. There is evi-
dence of its effect on the calving interval [13], lactation
persistence [14] and milk composition [15].

Unfortunately, to date, no mechanisms have been iden-
tified for how exactly TLR4 gene polymorphisms affect
the body’s immune functions. Bhat R. R. et al. described
the supposed mechanism of SNPs falling in TLR4 promo-
ter and 5'untranslated region. Researchers have found ab-
sence of heterozygous condition in these loci in individu-
als with susceptibility to mastitis, which is most likely due
to transcriptional factor binding profile, which ultimately
changes the expression of this gene [16].

Based on the above, the aim of the study was to analyze
the genetic diversity and to search for associations of TRL4
polymorphisms with the risks of mastitis in cattle.

MATERIALS AND METHODS

For genotyping of 421 cattle for rs8193046, rs8193060,
rs29017188, the protocol previously described by
A. Q. de Mesquita et al. [10] with a change in oligonucle-
otides for rs8193046 was used (Table 1). Herewith all ani-
mals were genotyped for rs8193060 and rs29017188, and
387 out of them for rs8193046. Animals from five farms of
the Ural region were used.

The criterion for inclusion an animal into a risk group
was clinical and subclinical mastitis in the disease histo-
ry. Rapid tests measuring somatic cell counts were used
to diagnose subclinical mastitis. If no mastitis had been
recorded in the animal during three lactation periods,
and the rapid test showed a negative result, the animal
was considered resistant to mastitis. Blood was collec-
ted from the tail vein of all animals into vacutainer tubes
containing EDTA (ethylenediaminetetraacetic acid) as
an anticoagulant.
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Table 1
Oligonucleotide sequences

SNP Oligonucleotide sequence
F, GAGAGGAGAGTTGCTTGGAAGTCT
R,GCTCCATGCACTGGTAACTAATGT

P1, [HEXICAGGAAGACACCGCA[BHQT]

P2, [ROX]CAGGAAGACACCACA[BHQ2]

158193046

Amplicon length, bp

107

F, CCACTCGCTCCGGATCCT
R,CCTTGGCAAATTCTGTAGTTCTTG

P1, [HEXJACTGCAGTTTCAACCGTATC[BHQ1]
P2, [ROXJACTGCAGCTTCAACCGTA[BHQ2]

1s8193060

79

F, CCAGCTTCCTCTTGTTGTTACTTCA
R,(GGGAGGAGAGGAAGTGAGA

1529017188
P1, [HEX]TATTTATCTCCTCTGCCACCGGA[BHQT]

P2, [ROX]TTATCTCCTCTGCCACCCGAG[BHQ2]

150
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Fig. 1. Linkage disequilibrium (R?) plot of the studied SNPs

Table 2

0.8

—_

The genotype distribution was analyzed for compliance
with Hardy — Weinberg principle; linkage disequilibrium
and the Shannon diversity index were calculated using
GenAlEx package (version 6.5) for Microsoft Excel [17].
Linkage disequilibrium graphs were constructed using
SRplot web tool [18].

Association tests for each SNP individually, the search
for the most common haplotypes and their associations
with mastitis risks were performed by SNPassoc R package
(version 2.1.0) [19].

RESULTS AND DISCUSSION

The allelic diversity and genotype distribution are shown
in Table 2. When calculating the Hardy — Weinberg propor-
tion, 1 degree of freedom was used. Based on the analysis
results, a statistically significant deviation from equilibrium
allele distribution was revealed for rs8193046 polymor-
phism. Such deviations can occur for a number of reasons:
selective pressure, genotyping errors, inbreeding. The most
likely explanation is the pressure of artificial selection.

Based on the linkage disequilibrium analysis, it can be
concluded that the pairs of rs8193046 and rs8193060 al-
leles, as well as rs29017188 and rs8193060 demonstrate
linkage disequilibrium: R? = 0.2 and R? = 0.4, respectively
(Fig. 1).

The genetic diversity of the studied cattle popula-
tions was also evaluated by TLR4 gene polymorphisms.
The Shannon diversity index approaching 1 reflects a high
diversity level. Thanks to the analysis, it was found that
the diversity between populationsis low (D'=0.015). How-
ever, on average, a higher diversity index value (D’= 0.403)
can be observed within populations, from which it can
be concluded that they are genetically stable (Fig. 2). Since
there are no differences in the diversity for these polymor-
phisms between the studied populations, further tests
were performed jointly.

Association tests were performed individually for each
of the TLR4 gene polymorphisms to identify associations
with mastitis risks. A summary of the results is presented
in Table 3:rs29017188 SNP showed the largest number
of statistically significant inheritance models, including
taking into account the Bonferroni correction, while
the recessive inheritance of mastitis risk was significant
for rs8193046 and rs29017188. The recessive inheritance
for rs8193046 also has the lowest Akaike information cri-
terion (AIC) value, and the odds ratio (OR) suggests that
animals with A/A genotype have a higher risk of mastitis.

Genotype distribution, allele frequency, and p-value of Hardy — Weinberg equilibrium

Genotypic

: . Pl
Genotype Number of animals frequency, % Alleles Allelic frequency X* (p-value)

AA 89 3.0 .

’5861 9:246 G 145 375 ’é* f’éﬁ 20,397 (< 0.0001)
6/G 153 395
o 184 37 .

“8;9:?60 or 191 454 g ;gg 0.116 (0.734)
T 46 10.9
o 75 17.8 .

’522°l7g 8 6 M 50.4 g igé 0.314(0.575)
6/G 134 318
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Fig. 2. Shannon diversity index for intra- and interpopulation assessment:

D’ - diversity index; O’ - overlap index

For rs29017188, the recessive inheritance model also had
the lowest AIC value, OR for the C/C genotype was 2.30,
this means the risk of mastitis is presumably more than
2 times higher in individuals of the studied populations.

The results of the haplotype search showed that
ACC, GCG, and GTG (for the rs8193046, rs8193060,
and rs29017188 SNP alleles, respectively) are the most
common, accounting for more than 85% of the total
sample (Table 4).

Animals with the GCG haplotype have a statistical-
ly significant lower risk of mastitis (for SNPs rs8193046,
rs8193060, rs29017188). We assume that an increase in
the proportion of individuals with this haplotype in farms
where mastitis in dairy cows is challenging may have
a positive effect on the disease occurrence. The results of
the search for associations of haplotypes with phenotypes
coincide with the results of the identification of individual
polymorphism associations and are more consistent with
the data obtained by P. Wang et al. [9].

Table 3
Results of association tests for each of the SNPs for five inheritance models

CONCLUSION

In the course of the study, the genetic diversity of the Ural
dairy cattle populations was analyzed. The rs8193046 poly-
morphism of the TRL4 gene revealed deviation from the
Hardy — Weinberg equilibrium, which is most likely due to
the influence of artificial selection pressure.

Based on the results of association tests, it was assumed
that SNP rs8193046 and rs29017188 are the most prom-
ising candidates for use in breeding programs to reduce
the risk of mastitis in the studied populations. It is worth
noting the low effectiveness of genomic estimate ex-
trapolation even among populations of the same breed;
however, the results obtained during the study coincide
with the previously published data [9]. The GCG haplotype
for rs8193046, rs8193060, and rs29017188 was found to
be statistically significant based on the association tests.
This haplotype can be probably used for positive selec-
tion to reduce the risk of clinical mastitis in dairy cattle
populations.

Codominant Dominant Recessive Overdominant log-additive
158193046 0.04887* 0.17175 0.01478* 0.47568 0.02935%
158193060 0.51985 0.34612 0.73568 0.25287 0.58147
1529017188 0.00671* 0.06545 0.00248* 0.57736 0.00368*

* p-value < 0.05; in bold — p-value < 0.016 (Bonferroni correction).

Table 4
Haplotypes and their associations with mastitis risks

158193046, rs8193060,

1529017188 Frequency 95% confidence interval
ACC 0.3491 1.00 reference haplotype -
G(C 0.0643 0.86 0.45-1.64 0.6515
G(G 0.2145 0.53 0.36-0.80 0.0022*
GTG 0.3020 0.74 0.52-1.05 0.0894
Other rare haplotypes 0.0701 0.60 0.33-1.12 0.1083

* p-value < 0.05; in bold — p-value < 0.016 (Bonferroni correction).
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Optimization of freeze-drying process
for anti-Chlamydia hyperimmune serum

Vitaliy V. Evstifeev' ?, Sergey I. Yakovlev', Fidail M. Khusainov', llgizar R. Akbashev', Svetlana V. Sadykova'
' Federal Center for Toxicological, Radiation and Biological Safety, Nauchnyi gorodok-2, Kazan 420075, Republic of Tatarstan, Russia
?Kazan State Academy of Veterinary Medicine named after N. E. Bauman, 35 Sibirskiy trakt str., Kazan 420029, Republic of Tatarstan, Russia

ABSTRACT

Introduction. The distribution area of Chlamydia infection in livestock and wild animals currently extends across almost all continents. At present, initial diagnosis,
screening tests and certain stages of epizootiological investigations aimed at Chlamydia carrier detection are conducted in the Russian Federation using the “An-
tigen and Serum Kit for Serological Diagnosis of Chlamydiosis in Livestock”. It is important in the production of diagnostics to ensure stability of different test kit
components during their storage and transportation. One way of addressing this issue is to stabilize diagnosticum components by freeze-drying.

Objective. The study was aimed at optimization of freeze-drying process for specific anti-Chlamydia serum, the serum assessment for compliance with character-
istics laid down in the technical specifications for the test kit control and testing of the serum for its stability.

Materials and methods. The serum was prepared using blood from sheep immunized with emulsion vaccine based on Chlamydia psittaci AMK-16 strain. Prior
to freeze-drying, the hyperimmune sera were subjected to freezing to a temperature of minus 60 °C. The sera were freeze-dried using a Scientz 30F freeze-dryer
(China). Two freeze-drying procedures with different temperature conditions and chamber pressures were applied. The resulting sera were tested for compliance
with the technical specifications for the diagnostic test kit. The freeze-dried sera were put into storage for 24 months and tested with complement fixation test
during this period.

Results. Based on the test results, the freeze-drying procedure employing a lower pressure and the highest heating temperature was found to be the most
effective for the specific sera. The serum tests for compliance with characteristics laid down in the technical specifications for the test kit showed that the serum
quality met all relevant requirements. The stability test results demonstrated that the hyperimmune serum freeze-dried using the improved procedure remains
specific during 24 months.

Conclusion. The work performed allowed for optimization of freeze-drying process for specific anti-Chlamydia serum intended for the diagnostic test kit.
The resulting serum is fully compliant with characteristics laid down in the technical specifications for the diagnosticum. It was established that the freeze-dried
serum shelf life is at least two years, during this period the serum retains its activity and physico-chemical properties.

Keywords: chlamydiosis, Chlamydia psittaci, sublimation, freeze-drying (lyophilization), serum, test kit
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OTpaboTka pexxuma nuodpunusanuu
rUNepuMMYHHOW XNaMULUINHOMN CbIBOPOTKMA

B.B.EBcTudees’ ?, C. U. ixoenes', ®. M. Xycaunos', I. P. Ak6awes', C. B. CagbikoBa’

' OIBHY «DeepanbHblii LIeHTP TOKCMKONOTMUECKO#, paguaumoHHoii 1 buonoruyeckoii 6esonacHoctu» (Or6HY «OLTPB-BHUBIA»), HayuHbiii ropogok-2,

r. KazaHb, 420075, Pecnybnuka Tatapctan, Poccus

2(rb0Y B0 «KasaHckan rocynapcTBeHHas akajemus BeTepuHapHoii Meauumtbl umenn H. 3. baymana» (OTb0Y BO Kazackas FABM), yn. Cubupckuii Tpak, 35,
r. KazaHb, 420029, Pecnybnuka Tatapctan, Poccus

PE3IOME

BBeneHue. (0BpeMeHHbIi apean XnamMuaNAHOR UHOEKLMN CeNbCKOXO3ANCTBEHHDIX U AKX XKUBOTHbIX OXBATIBAET NOUTM BCe KOHTUHEHTbI. B HacToAwee
BPeMs ANA NOCTaHOBKM NEPBUYHOTO ANArHO3a, NPOBEAEHNA CKPUHUHTOBBIX UCCNIEA0BAHMIA 1 OTAENbHbIX 3TaN0B JNU300TONONUYECKUX 00CNEA0BAHNI C Lienbio
BbISIBNIEHIA XNIAMUANOHOCUTENelt B HaLLeil CTpaHe NpuMeHIoT «Habop aHTUreHOB 1 CbIBOPOTOK ANA CEPONIOTMYECKOi ANArHOCTUKIA XNIaMUAI030B CENbCKOX03ii-
CTBEHHbIX KMBOTHBIX. [pU POM3BOACTBE CPE/ICTB AMATHOCTUKY BAXHOI 3a/1aueii ABNAETCA 0becneyeHme CTabuIbHOCTI Pa3NMUHbIX KOMMOHEHTOB TeCT-CACTEM
B MPOLIECCE X XPaHEHNs 1 TPAHCOPTUPOBKIA. OIHIM U3 MyTeid PeLweHIs 3Toi npo6siembl ABNAETCA CTAbIIN3ALNA Pa3NAYHBIX KOMIOHEHTOB IMATHOCTYECKIX
npenapaTos NocpeACTBOM AMOGUA3ALMN.

© Evstifeev V. V., Yakovlev S. I., Khusainov F. M., Akbashev I. R., Sadykova S.V., 2025
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Lienb nccnepoanma. 0Tpa6oTka pexmma nnodunmnaLmuy cneLnduyeckoi XAamuaniiHoil CbIBOPOTKN, OLieHK ee COOTBETCTBIA XapaKTepucTikam, 3aABNeHHbIM
B TEXHUYECKMX YCNOBUAX HA KOHTPONb TECT-CACTEMBI, 1 UCTIbITaHINe CTABUNBHOCTY 3TOr0 KOMMOHEHTA.

Martepuanbl 1 metoabl. CbIBOPOTKY NONYYaNK U3 KPOBM OBELL, IMMYHU3MPOBAHHbIX IMYNbCUOHHBIM BaKLMHHbIM npenapaTom wramma «AMK-16» Chlamydia
psittaci. [lo npoBefeHUa npoLeaypbl Cybnumaiim runepuMMyHHbIe CbIBOPOTKYN 3amopaxkuBani o Temnepatypbl MitHyc 60 °C. Jluodpunuzaumio coiBopoTok
npoBOAWAYN Ha annapare Scientz 30F (KuTaii) Byma cnocobamu, pasnuuaiowmmincs TemnepaTypHbIMIA peXMami 11 faBaeHuem B kamepe. [0ToBble npenapa-
Tbl CbIBOPOTOK KPOBI OLEHMBAAN HA COOTBETCTBIE TEXHUYECKIM YCNOBUAM ANarHOCTUYeckoro Habopa. MonyyeHHble cybnumarbl 3aknagbiBani Ha xpaHeHue
Ha CPOK 24 Mec. 1 nccne0Bany B peaKLum (BA3bIBaHUA KOMNIEMEHTa Ha NPOTAXEHUM 3TOro nepuofa.

Pesynbrartbl. B xofie npoBefeHHbIX 1CCNe10BaHIi BbIN0 yCTaHOBNEHO, UTO Hanbonee SQGeKTUBHLIM OKa3anca cnocod inodunmuaLm cneLuduueckux cbisopo-
TOK, K KOTOPOM NpoLiecc cy6nimaLMv NpoxoAun npy 6onee HU3KOM JaBReHNI 1 Hanbonee BbICOKOIA TemnepaType HarpeBa. OLeHKa CO0TBETCTBUA NONTyYeHHOro
npenapara xapakTepucTikam, 3aABNeHHbIM B TEXHIUECKUX YCIOBUAX Ha TECT-CUCTEMY, OKa3ana, YTo KauecTBO CbIBOPOTKY 0TBeYaNno Bcem TpeboBaHuaM. Pesynb-
TaTbl M3yyeHuA CTabuAbHOCTM TUNePUMMYHHOI CbIBOPOTKIA MPOAEMOHCTPUPOBANM, UTO BbICYLLEHHDIA YCOBEPLLIEHCTBOBAHHLIM CMOCOBOM Npenapar He TepaeT
BOEIA CNeUMdUYHOCTY HA NPOTAXKEHNN 24 MeC.

3aknioueHue. B pesynbrate npoeeHHON paboTbl Obin 0TPabOTaH ONTUMANBHBIN PEXUM TMOGUAM3ALMM CNELIMPUUECKOR XNAMUAMIIHON CHIBOPOTKN ANA
LMArHOCTUYECKol TecT-cucTeMbl. lTonyueHHblit npenapaT MOAHOCTbIO COOTBETCTBYET XapaKTepUCTUKAM, 3aABNEHHBIM B TEXHUYECKUX YCOBUAX HA AMArHOCTI-
KyMm. YCTaHOBNEHO, YTO ANUTENbHOCTb XPAHEHNA TNOGUAN3NPOBAHHON CHIBOPOTKM COCTABAAET He MeHee ABYX NIET, B TeueHIe JAHHOr0 Nepropa ee akTUBHOCTb

n d)I/I3I/IKO-XI/IMVIq€(KVI€ CBOWCTBA HE CHINKATCA.

KnioueBbie cnosa: xnamuguo3, Chlamydia psittaci, cybnumaums, nnodunusaums, coiBopotka KpoBH, TeCT-cuctema

bnaropapHocTu: Pabota BbinonHeHa 3a cuet cpeacts OrbHY «OLTPB-BHUBI» B pamkax HayuHo-uccnefoBatenbckoii pabotbl no Teme «Pa3paboTka AuarHo-
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INTRODUCTION

Chlamydiosis is an infectious disease common for ani-
mals and humans. It is caused by gram-negative bacteria
of the family Chlamydiaceae, genus Chlamydia [1, 2, 3, 4].
Once in the body of an animal (cattle, sheep, pigs, horses,
rodents, birds, cats, dogs and many others), Chlamydia
affects various body systems [5] including the immune
system, which, in turn, facilitates subsequent co-infec-
tion with other pathogens [1]. The concurrent clinical
signs of chlamydiosis and other infections in the animals
hamper the accurate and timely diagnosis [6]. Chlamydia
infection more frequently takes a chronic course, which
also hinders the timely detection of infected animals after
the introduction of the pathogen to the herd [7].

The distribution area of Chlamydia infection in livestock
and wild animals currently extends across almost all con-
tinents and therefore its diagnosis is an urgent issue [8, 9].

At present, initial diagnosis, screening tests and cer-
tain stages of epizootiological investigations aimed at
Chlamydia carrier detection are conducted in the Russian
Federation using the “Antigen and Serum Kit for Serologi-
cal Diagnosis of Chlamydiosis in Livestock” (ROSS RU D-RU.
RA01.V.19342/23) [10, 11].

It is important in the production of diagnostica to en-
sure stability of biological properties of various test kit
components during their manufacture, storage and
transportation [12, 13]. One way of addressing this issue
is to stabilize the protein molecules of different diagnosti-
cum components by freeze-drying [14, 15, 16].

The“Antigen and Serum Kit for Serological Diagnosis of
Chlamydiosis in Livestock” manufactured by the Federal
Center for Toxicological, Radiation and Biological Safety

(Russia) contains two antigens (specific and control) and
two animal sera (positive and negative to Chlamydia anti-
gen). All components of the kit are freeze-dried [10].

During the test kit development, specific freeze-drying
conditions were selected for each component of the kit.
It should be noted that the freeze-drying procedure
should be developed for each particular freeze-dryer de-
pending on its design and characteristics, and freeze-dry-
ing parameters may vary for each component.

Scientz 30F freeze-dryer (China) was purchased as part
of renovation of the technical facilities of the diagnostic
test kit production site. It has more powerful vacuum
pump and refrigeration unit. This has allowed for drying
time reduction with the batch size remaining the same.
Moreover, owing to the electronic control unit for drying
parameters available in the freeze-dryer, the tempera-
ture and vacuum control ranges have become more ac-
curate that makes it possible to set more process control
points. Therefore, the drying procedure used previously
for the old less powerful machine lacking precise control
of the process parameters became unacceptable. New
parameters and criteria for freeze-drying process control
had to be developed and optimized. The scientific novelty
of the work lies in the development of new parameters
for freeze-drying of specific anti-Chlamydia serum using
new equipment while maintaining the serum characteris-
tics laid down in the technical specifications.

The study was aimed at optimization of freeze-drying
process for specific anti-Chlamydia serum, the serum as-
sessment for compliance with characteristics laid down
in the technical specifications for the test kit control and
the serum testing for its stability.
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MATERIALS AND METHODS

The work was carried out at the Laboratory for Animal
Viral Diseases, Federal Center for Toxicological, Radiation
and Biological Safety.

Strain. Chlamydia psittaci AMK-16 strain with infectious
titre of 10°* LD, /0.3 mL deposited to the Microorganism
Strain Collection of the Federal Center for Toxicological,
Radiation and Biological Safety (reference No. 11 of 5 Sep-
tember 2017) was used for the inactivated antigen prepa-
ration.

Biological models. To prepare the antigen, Chlamy-
dia was cultivated in 6-7-day-old embryonated chicken
eggs. Romanov sheep aged 1.5 years with a live weight of
45-50 kg were used to prepare hyperimmune sera.

During the experiment, the animals were handled
in compliance with Directive 2010/63/EU of the Europe-
an Parliament and of the Council of 22 September 2010
on the protection of animals used for scientific purposes.

Test kits. The complement fixation test (CFT) was carried
out using the “Antigen and Serum Kit for the serological
diagnosis of Chlamydia in farm animals” (Federal Center
for Toxicological, Radiation and Biological Safety, Kazan).

Equipment. The hyperimmune sera were freeze-dried
using a Scientz 30F freeze dryer (China).

Methods. The antigen for immunization of the sheep
was prepared from infected yolk membranes of embryo-
nated chicken eggs that died on days 4-7 after infection by
homogenizing them in phosphate buffered saline (pH 7.2)
at aratio of 1:9 with subsequent differential centrifugation
to remove ballast substances, inactivation with formalin
and concentration [17].

The serum was prepared from the blood collected
from the sheep immunized with specific Chlamydia anti-
gen emulsified in the original oil-lanolin adjuvant. The sera
were tested for their antigenic activity with CFT using spe-
cific Chlamydia antigen in accordance with TU 9388-020-
00492374-2007.

The sheep were bled under anesthesia. The blood was
taken from the jugular vein. The blood was collected in
sterile glass vessels, the inner surface of which was mois-
tened with saline solution. To separate the serum, the ves-
sels with blood were placed in a thermostat for 40-60 mi-
nutes, then blood clots were separated from the walls of
the vessels, and the vessels were placed in a refrigerator at
a temperature of 4 °C for 24 hours. The separated serum
was decanted to remove the clots, centrifuged at 3.5 thou-
sand rpm for 20 minutes to remove red blood cells and
then preserved with boric acid.

The resulting sera were filled into paired glass am-
poules (OST 64-2-485-85, Russia), 1.0 cm?® per ampoule,
using a BioHit single-channel pipette (Finland). In total,
three batches of hyperimmune ovine sera were prepared
for the study.

All sera were divided into two equal parts and freeze-
dried using two different freeze-drying procedures.

Before freeze-drying, the sera in ampoules were frozen
in a freeze dryer chamber at a temperature of minus 60 °C
for 14 hours.

The freeze-dried sera were put for storage for 24 months.
at a temperature of 18-22 °C. The freeze-dried hyper-
immune sera were tested with CFT every month to assess
its activity and to determine the shelf life.

The sera were tested for their antigenic activity with
CFT before and after freeze-drying in accordance with

the “Instruction for the use of the “Antigen and Serum
Kit for Serological Diagnosis of Chlamydiosis in Livestock”
approved by the Director of the Federal Center for Toxico-
logical, Radiation and Biological Safety on 19 May 2016
(ROSS RU D-RU.RA01.V.19342/23).

The test was carried out in a volume of 1.0 cm? in Flo-
rinsky test tubes. The working dose of the antigen was
used for the test. The sera were inactivated during 30 min-
utes and titrated by preparing 2-fold dilutions (starting
from 1:5). Before test, the complement was titrated in
the hemolytic system using its doubled dose; immune
anti-Chlamydia and known negative serum as well as
control antigen were used to control the test specificity.
The hemolytic system was prepared using a 2.5% mixture
of washed ram red blood cells and standard hemolytic
serum at doubled titer. The test was carried out on water
bath at a temperature of 37 °C. A 1:10 serum dilution was
taken as the diagnostic titre, and a 1:5 dilution was consi-
dered inconclusive [18].

The resulting serum was to comply with the characte-
ristics laid down in TU 9388-020-00492374-2007.

The prepared serum was tested for the following pa-
rameters: appearance, colour, presence of extraneous mat-
ter and mold, moisture content, solubility, CFT activity and
specificity as well as shelf life.

The serum was visually examined for its appearance,
colour and presence of extraneous matter and mold.

To test the freeze-dried serum for its solubility, saline
solution was added to the ampoules with the serum,
1.0 cm?® per ampoule, the ampoules were shaken and
the time until the freeze-dried serum completely dissolved
was recorded.

The moisture content in the freeze-dried serum was
determined in accordance with the rules laid down in
GOST 24061-2012. Freeze-dried sera weighing 0.1 g were
ground into powder. The prepared samples were evenly
distributed over the bottom of a preliminarily weighed
weighing vessel. After weighing, the weighing vessels con-
taining the serum samples were placed in a drying cabinet
and kept at a temperature of 105 °C for 60 minutes. Then,
they were cooled and weighed.

Moisture content was calculated according the follow-
ing formula [19]:

M1 _Mz

X=
M1_Mo

%100,

where Xis moisture content, %;

M, is the weight of the weighing vessel containing
the serum sample before drying, g;

M, is the weight of the weighing vessel containing
the serum sample after drying, g;

M, is the weight of the weighing vessel without
the serum sample, g.

STUDY RESULTS

During the first stage of the study, the prepared sheep
sera were tested for their antigenic activity. The sera of all
the three batches reacted with Chlamydia antigen at a titre
of 1:160 when tested with CFT. Then the sera filled in am-
poules, 1.0 cm? per ampoule, and frozen to a temperature
of minus 60 °C, were freeze-dried using two different
procedures. Temperature and vacuum pressure values
during hyperimmune sheep serum freeze-drying accord-
ing to procedure 1 are shown in Figure 1.
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Fig. 1. Temperature conditions and vacuum pressure during hyperimmune serum freeze-drying using procedure 1
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Fig. 2. Temperature conditions and vacuum pressure during hyperimmune serum freeze-drying using procedure 2

This freeze-drying procedure included keeping sera un-
der vacuum for 26 hours with a gradual pressure decrease
from 148 to 100 Pa within the first 25 hours and to 40 Pa
within the subsequent one hour. The shelves were cooled
during the first 7 hours. Then, during the next 6 hours
(hour 8 to 13 after the freeze-drying start), the shelves were
heated to a temperature of 0.2-0.8 °C, and the tempera-
ture of the shelves was kept within these limits for hour 14
to 21 after the freeze-drying start. The shelves of the freeze-
dryer were switched to heating mode (up to a temperature
of 35 °C) on hour 22 of the freeze-drying. The serum was
dried under such conditions for another 4 hours until its
temperature in the ampoules reached 25 °C.

Temperature and vacuum pressure values during hy-
perimmune sheep serum freeze-drying using procedure 2
are shown in Figure 2.

The difference between the procedures was that under
procedure 2 the vacuum pressure was maintained at 11 Pa
during the 1%t hour after placing the sera into the freeze
dryer. During the next 3 hours, the pressure in the freeze
dryer chamber gradually increased to 43 Pa and was
maintained at this level for the next 5 hours. From hour 9
to hour 11 after the freeze-drying start the pressure in the
chamber was increased to 47 Pa. From hour 13 to hour 20
of the freeze-drying process, the pressure in the chamber
was decreased to 2.2 Pa. The freeze dryer shelves were
cooled for 1 hour. From hour 2 to hour 9 the shelves were

gradually heated to a temperature of 0.6 °C. Temperature
of the shelves was kept at this level for the next 10 hours
(starting from hour 10 to hour 20 after the freeze-drying
start). During the last 2 hours of the serum freeze-drying,
the freeze dryer shelves were heated from 1 to 54 °C until
the serum temperature in the ampoules reached 25 °C.

Figure 3 presents the photographs of hyperimmune
sera freeze-dried using the two procedures described
above.

Freeze-drying Freeze-drying
using using
procedure 1 procedure 2

Fig. 3. Appearance of sera from the same batch freeze-dried
using two different procedures
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Table

Physico-chemical and biological parameters of freeze-dried anti-Chlamydia hyperimmune sera and their compliance
with characteristics laid down in technical specifications

Parameter

Serum characteristics in accordance with

Serum freeze-dried using

Serum freeze-dried using

TU 9388-020-00492374-2007 procedure 1 procedure 2
Apearance Dry homogeneous amorphous mass _ +
PP in the form of cake
Colour Light cream + +
Extraneous matter, mold Not allowed + +
Moisture content, %, maximum 4 + +
The contents of the ampoules shall dissolve -
Solubility in saline solution within 25 minutes and be (undissolved fragments are +
a homogeneous suspension observed after 10 minutes)
Activity: CFT titre, at least 1:80 + +
Specificity in CFT Shall react only with specific Chlamydia antigen + +

The table shows the results of the freeze-dried serum
tests for compliance with characteristics laid down in tech-
nical specifications.

It was found that the serum freeze-dried using proce-
dure 1 did not comply with the specified characteristics.
No cake-like homogeneous mass formed in the ampoules.
The resulting serum did not dissolve properly in the water.
The serum freeze-dried using procedure 2 fully complied
with the specified characteristics.

The serum samples freeze-dried using procedure 2
were used for subsequent tests of hyperimmune serum
for their activity during the long-term storage.

The results of tests of the freeze-dried Chlamydia hyper-
immune serum for its antigenic activity carried out during
24 months after its freeze-drying are shown in Figure 4.

It was found that the activity of hyperimmune sheep
sera did not decrease below the antibody titre specified
in the technical specifications (1:40) during two years after
its freeze-drying. On month 4, 12 and 21 of storage, one
serum out of three reacted at a titre of 1:80, so the mean

titre at this time of the study was 1:133. During the follow-
ing months, all sera reacted at a titre of 1:160. A decrease
in the titer of anti-Chlamydia antibodies detected at some
time points of the study could be associated with errors
in CFT procedure.

DISCUSSION

As practice shows freeze-drying is the optimal preser-
vation method for the sera intended for long-term stor-
age [20]. Previously, optimal freeze-drying procedure was
determined for the equipment available at that time for
freeze-drying of the specific anti-Chlamydia serum being
a component of the manufactured diagnostic kit. The
sera freeze-dried using that procedure complied with
the technical specifications for the manufactured test-kit.
New modern freeze-dryer with more powerful characte-
ristics, larger drying chamber and electronic control unit
enabling temperature and vacuum monitoring and regu-
lating, was purchased as part of technical renovation of
the production site.

170
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o1 2 3 4 5 6 7 8B 9 1011121514151
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17 18 19 20 21 22 23 24
Month after freeze-drying

B Mean antibody titre

Fig. 4. Anti-Chlamydia hyperimmune ovine serum activity during its long-term storage (24 months)
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Two procedures for specific anti-Chlamydia serum
freeze-drying are described in the paper. The first pro-
cedure was as close as possible to the freeze-drying
procedure used for old equipment. That freeze-drying
procedure was found unsuitable for the new equipment.
Therewith, a new freeze-drying procedures was developed
(the second procedure).

Information on the development of freeze-drying pro-
cedures for specific sera and immunoglobulins used for
diagnostic test systems is available in the scientific litera-
ture. The freeze-drying period for these products ranges
from 24 to 30 hours [14, 16, 21, 22]. The first freeze-drying
procedure used during the study took 26 hours. The
freeze-drying procedure developed for the new equip-
ment (the second freeze-drying procedure) made it pos-
sible to reduce the drying time to 22 hours, which was the
first difference between the two methods.

The second difference was the temperature conditions
for heating of freeze-dryer shelves. With the first proce-
dure for the specific serum freeze-drying, the temperature
of the freeze-dryer shelves ranged from minus 39 to mi-
nus 38 °C for the first 6 hours. Whereas with the second
procedure for specific serum freeze-drying, the serum was
loaded into freeze-dryer chamber cooled to minus 35 °C
and starting from the first hour the shelves were hea-
ted first to minus 4 °C (for the first 8 hours), then to plus
0.5 °C (for the next 10 hours). The sublimation process
at the specified parameters in the first case lasted for
22 hours, in the second case —for 20 hours. In the first case,
the sublimation process was too slow during the first
6 hours after the freeze-drying start due to very low tem-
perature and relatively low vacuum.Then, during heating
of the shelves, the vacuum levels throughout the drying
process also remained low (from 135 to 101 Pa at the sub-
limation stage). All of this together prevented complete
moisture evaporation from the serum during set time
period. The residual moisture condensed during the final
drying process and dissolved part of the freeze-dried se-
rum cake in the ampoule (Fig. 3). The optimal temperature
and vacuum enabling preparation of freeze-dried specific
serum of appropriate quality were selected for the second
freeze-drying procedure.

In the paper of A. V. Komissarov et al. data on the cor-
relation of the serum freeze-drying time with the amount
of the serum to be freeze-dried are presented. The data
indicate that the freeze-drying time reduces with a de-
crease in the amount of the serum loaded into the freeze-
dryer [14]. In our study, not all moisture evaporated and
condensed on serpentine cooler during the set time in-
terval when the first freeze-drying procedure was used,
although this freeze-drying procedure was optimal for
the previous freeze-dryer. This was accounted for increase
in the amount of the serum subjected to freeze-drying
in the new freeze-dryer having larger drying chamber.
Considering this, in order to optimize the freeze-drying
process, the time for cooling freeze-dryer shelves could
be increased, which would improve the drying process,
but would significantly extend the sublimation time
period. However, the period of freeze-drying of various
products can be reduced by selecting the optimal mode
of accelerated heating of the freeze-dryer shelves with-
in subzero temperatures at the stage of sublimation [23].
This principle was used for the second procedure for spe-
cific anti-Chlamydia serum freeze-drying. The new proce-

dure for serum freeze-drying has enabled preparation of
a high-quality component for the diagnostic kit in large
volumes.

CONCLUSION

Freeze-drying process for specific anti-Chlamydia se-
rum intended for the diagnostic test kit has been optimized
during the study. The resulting serum is fully compliant
with characteristics laid down in the technical specifica-
tions for the diagnosticum, TU 9388-020-00492374-2007

“Antigen and Serum Kit for Serological Diagnosis of Chla-
mydiosis in Livestock”.

The optimized freeze-dried procedure differed from
the previously used procedure in the reduced heating
time of the freeze-dryer shelves at subzero temperatures
and increased vacuum, which, in turn, enabled shor-
tening of the serum freeze-drying time and preparation
of high-quality component used for the test-kit manufac-
turing.

It has been established that the freeze-dried serum
shelf life is at least two years, during this period the serum
retains its activity and physico-chemical properties.
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Metal nanoparticles, silver nanoparticles
and theirimpact on human and animal health (review)

Anastasia D. Sumarokova, Lyudmila N. Statsevich
Novosibirsk State Agricultural University, 160 Dobrolyubova str., Novosibirsk 630039, Russia

ABSTRACT

Introduction. Due to increased prevalence of different diseases and antimicrobial resistance development in recent year, such advancements of the humankind
as nanomaterials have gained the significance. A relatively small amount of data (lack of data) on biological distribution, pharmacokinetics and potential toxicity
of nanometals for the organism hinders the development of safer and more effective drugs.

Objective. Analysis and summary of data published in modern scientific literature on studies of metal nanoparticles and silver nanoparticles, their distribution
and impact on human and animal health, as well as their use in biomedicine and veterinary medicine.

Materials and methods. Publications were searched for in eLIBRARY.RU, cyberleninka.ru, scholar.google.ru, www.mdpi.com, www.researchgate.net,
www.sciencedirect.com, PubMed database. The literature published during last six years and more recent publications have been used.

Results. Nanostructures can be organic, inorganic and hybrid. One of the most studied inorganic materials are metal nanoparticles. They are widely used both in
engineering and biomedicine, in particular in veterinary medicine, as bactericidal and virucidal agents, anti-cancer drugs and diagnostic tools. In the CIS members,
silver nanoparticles are most commonly used. Itis known that shape, size and surface electric charge affect the antibacterial activity of nanostructures. Several types
of silver-based drugs are available at the market now: colloidal, silver cluster and zerovalent silver. Zerovalent silver-based drugs are least toxic. Nanoparticle-based
drugs can reach target tissues through local administration such as oral, inhalation, subcutaneous administration, and directly into blood flow by intraperitoneal or
intravenous injection. Biodistribution of metal nanostructures depends on particle type, their size, surface, interaction with proteins as well as routes of exposure,
doses and hydrophobic properties. Pharmacokinetics of silver nanoparticles does not differ from that of metal nanoparticles, furthermore nanosilver does not
accumulate in spleen, liver, kidneys and lungs which is potentially toxic.

Conclusions. Further in-depth studies of nanoparticle biodistribution, compatibility and potential toxicity are needed to facilitate the development of more
effective and safe therapeutic drugs.
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HaHouacTuubl MeTannoB, HaHoYaCTULbI cepebpa
W UX BNUAHNE HA OPraHN3M YenOoBeKa U KIBOTHBIX
(0630p nuTEpaTypbI)

A. . Cymapokoga, J1. H. CraueBuy
Orb0Y BO «HoBocnbupckuil rocynapcTaeHHblil arpapHblii yuusepcutet» (OTB0Y BO Hosocubupckuii TAY), yn. Lobponiobosa, 160, r. Hosocubupck, 630039, Poccua

PE3IOME

BBepenue. B cBA31 ¢ pocToM uncna 3a601eBaHUi pa3nnyHON STONOMMI U Pa3BUTUEM aHTUOUOTUKOPE3NCTEHTHOCTY B MOCNEAHIE HECKONBKO NET BO3POCTa
3HAUMMOCTb TaKOro AOCTUKEHINA YeNOBEYECTBA, KaK HaHOMaTepUanbl. (PaBHUTENbHO HEOONbLLOE KONMYECTBO AAHHBIX (HEAOCTATOK AaHHbIX) 0 Gropacnpese-
neHnm, GapMaKoKMHETUKE, a TaKiKe NOTEHLMANbHOIA TOKCUYHOCTY HAHOMETANNO0B ANA OpraHU3Ma 3ameanAeT papaboTky bonee He3onacHbIx i IPHeKTUBHBIX
NeKapCTBEHHbIX CPeaCTB.

Lienb uccnepoBanua. Ananus v 06061LeHMe JaHHBIX COBPEMEHHOIT HayyYHOI NUTEpaTypbl, NOCBALLEHHOI U3YYeHNI0 HAHOUYACTIL, METasOB 1 HaHOYaCTUL
cepebpa, UX pacnpeieneHna 1 BUAHIAA Ha 0praHN3M YeNoBeKa U KIUBOTHDIX, a TAKXKe Mo MPUMEHEHNH0 B chepe BIOMEANLIMHbI 1 BETEPUHAPUN.

Matepuanbl u metogbl. Tonck ncTouHnKos nponzsogunca B cuctemax eLIBRARY.RU, cyberleninka.ru, scholar.google.ru, www.mdpi.com, www.researchgate.
net, www.sciencedirect.com, 6a3e aaHHbix PubMed. licnonb3oBanack nuteparypa, ony6ankoBanHas 3a nocieaHue 6 net, v 6onee paHHUe UCCNER0BAHUA.
Pe3ynbTatbl. HaH03/1IEMEHTbI IENAT Ha OpraHuueckie, Heoprauyeckue n rubpuaHble. OfHoI 13 Hanbonee U3yyeHHbIX HeOpraHUYECKIX HAHOCTPYKTYP ABNAKTCA
HaHOYaCTULbI MeTannoB. OHN HAaXOAAT LIMPOKOe NpUMeHeHIe KaK B MHXEHepUH, TaK U B 6MoMeAnLMHe (BeTepuHapuy) B kauecTse HakTepuLMAHOTo 1 BUPY-
NINLMBHOTO arenTa, CpeacTs Ana 60pbObl ¢ pakom, a Takxe B chepe AnarHoctuku. Ha epputopun CHI nonynapHbIMI HaHOMeTannaMm ABNAKTCA HAHOYACTULLbI
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cepebpa. M13BecTHo, uTo Ha aHTNGAKTEPUanbHYt aKTMBHOCTb HAHO06BEKTOB BIMAIOT UX HOPMA, Pa3Mep 1 MOBEPXHOCTHbIiA 3apAp. Ceituac Ha papmaLieBTUUeCKOM
PbIHKe CyLLeCTBYeT HeCKoNbKo BUAOB Npenapatos cepebpa, NpeAcTaBieHHbIe B PafnyHbIX Gopmax: KONMoUAHoe (KaTMOHHOE), KNacTepHoe U HyNbBaneHTHoe
(meTannuueckoe) cepe6po. Mpenapatbl HynbBaneHTHoro cepebpa HanMeHee TOKCUYHbIE MO CPABHEHNIO C 0CTaNbHbIMK. JleKapcTBa Ha 0CHOBE HaHOPa3MepHbIX
YaCTUL, MOXHO BBOAUTD OPasbHbIM, MHTANALMOHHBIM 11 AePMalbHbIM CN0C00AMK, @ TaKXKe HenocpeiCTBEHHO B CUCTEMHDII KDOBOTOK MOCPEACTBOM BHYTpU-
6PIOLLINHHO MW BHYTPUBEHHOI MHbeKLyN. BiuopacnpeseneHne METANNYECKUX HAHOCTPYKTYP 3aBUCUT OT TUMA YaCTHL, UX pa3Mepa, NOBEPXHOCTHOTO 3apAza,
MOBEPXHOCTHOTO MOKPLITIA, CBA3M € BeNKamu, a TaKxKe 0T MyTei BO3AeACTBIA, A03bl v ruApodobHOCTM. DapMaKOKMHETUKA HaHOYACTUL cepebpa He oTAnYaeTca
0T pacnpefeneHua HaHouacTUL MeTannoB, NPy 3ToM HaHOpa3MepHoe cepedpo CocobHO HakannMBaTbCA B cene3eHKe, NeYeHy, MouKax 1 IeTKiX, YTo MOXeT
BbI3bIBaTb NOTEHLMANbHbIN TOKCUYECKIt SPPeKT.

3aknioueHue. Heobxoaumbl fanbHeiilue yraybneHHble UCCnefoBaHNA 6uopacnpefeneHus, COBMECTUMOCTY U NOTEHLMANbHOM TOKCMYHOCTY HaHOYACTWL,
KOTOpble MOMOryT pa3paboTath bornee 3hdekTUBHbIE U He30MacHble eKapCTBEHHbIE Npenapatbl.

KntoueBbie cnosa: 0630p, BUAbI HAHOUACTIL, HAHOYACTILLI METANNOB, HaHocepebpo, bropacnpeaenexie, npenapatbl HaHocepebpa, aHTbaKkTepuanbHas
AKTUBHOCTb, TOKCMYHOCTD

p,l'lﬂ HUTUpOBaHUA: CyMapOKOBa A. ﬂ,., (raueswy J1. H. HaHouacTuupbl MeTannoB, HaHoYaCTULbI cepeﬁpa W X BINAHNE Ha OPraHi3M YenoBeKa N XUBOTHbIX

(0630p nutepartypbl). Bemepunapus ce200ks. 2025; 14 (1): 90-100. https://doi.org/10.29326/2304-196X-2025-14-1-90-100
Kondnukr nntepecos: ABTopbI 3aABAAIOT 00 OTCYTCTBUN KOHGNMKTA HTEPECOB.

[ina koppecnonpexumnn: (ymapokosa AHactacua imutpuesHa, acnupant, Ob0Y BO Hosocubupckuii FAY, yn. Bobponiobosa, 160, r. Hoocubupck, 630039,

Poccus, stasaaan@gmail.com

INTRODUCTION

Overuse of antimicrobials inhibits the symbiotic micro-
flora and contributes to the development of drug-resistant
pathogens, thus hindering the drug therapeutic action
and causing side effects and complications. New resis-
tant mechanisms of some pathogens threaten the scope
of treatment for many infectious diseases. Successful
treatment of even common illnesses such as pneumonia,
sepsis, and foodborne diseases is hindered and sometimes
impossible due to the reduced effectiveness of antimicro-
bials'. The growing global antimicrobial resistance (AMR)
concern has created an urgent need to reduce the use
of antimicrobials and search for the most effective drugs
to replace them [1].

The field of nanotechnology is growing rapidly. The use
of nanomaterials to face biomedical and veterinary chal-
lenges, such as the diagnosis and treatment of various
diseases, is currently one of the priority scientific trends.
Metal nanoparticles (MNPs) proposed for use in public and
animal health possessing unique chemical and biological
properties that make them versatile in their functions are
of particular interest among the wide range of nanopar-
ticles (NPs) [2].

Currently, there are three main groups of action
of nanostructures on biological objects:

1) modification (iron and copper NPs);

2) toxicity (NPs of copper, aluminum oxide, silver, iron,
iron hydroxide);

3) mutagenicity (NPs of silicon, nickel hydroxide, iron
oxide, titanium dioxide, gold, zinc oxide, copper oxide and
silver) [2].

The most commonly used metal NPs are silver, gold,
iron oxide, copper and zinc [3]. In veterinary medicine,
these nanomaterials are mainly used as antiviral and anti-
microbial agents [4].

" The World Health Organization. Antibiotic resistance. https://www.who.
int/ru/news-room/fact-sheets/detail/antibiotic-resistance

Silver nanoparticles (AgNPs) are of particular interest
among MNPs. They are mainly used for antimicrobial and
anticancer therapy. AgNPs are also applied in the promo-
tion of wound repair and bone healing, or as the vaccine
adjuvants and anti-diabetic agents [5].

While nanotechnology is regarded as one of the fore-
most technologies already applied in diverse subjects, its
application in veterinary science is still in its infancy sta-
ges when compared to other sister disciplines. Herewith,
it already has revealed new opportunities in molecular
biology, biotechnology, and has revolutionized virtually
all veterinary medicine and animal science disciplines
these days by offering new, small-scale devices and
materials that are beneficial to living organisms [6]. NPs
increasingly invade animal therapeutics, diagnostics, pro-
duction of veterinary vaccines, used as farm disinfectants,
for animal breeding and reproduction, and even in the
field of animal nutrition. Their replacement of commonly
used antibiotics directly reflects on the public health, as
they minimize the problem of drug resistance in both hu-
man and veterinary medicine, and the problem of drug
residues in milk and meat [7].

Nanometals-based products, particularly AgNP-based
products, are actively studied and used as antimicrobi-
al, antiviral, antifungal [8] and antitumor agents, as well
as analgesic drugs [9] and dietary supplements to in-
crease animal performance, improve their immunity,
and even as a part of a synergetic anti-AMR bacteria sys-
tem [10,11,12,13].

Despite the fact that nanoobjects are already being
used to solve various biomedical and veterinary prob-
lems, there is currently insufficient data on the bio-
distribution of nanoelements in the body. At the same
time, understanding the patterns of NPs distribution in
the body, taking into account their different composi-
tion and structure, is of paramount importance for iden-
tification of the prospects of their further biological and
medical use [14].
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The paper reviews the achievements in nanomaterial
use over the past 20 years. This review is intended to pro-
vide valuable information for researchers interested in
the medical and veterinary applications of MNPs, namely
of AgNPs.

The purpose of the work is to analyze and summa-
rize the data of modern scientific literature on the study
of MNPs and AgNPs, in particular in the field of biomedi-
cine and veterinary medicine, as well as on the study
of their distribution and impacts on the human and ani-
mal body.

MATERIALS AND METHODS

The research data concerning the study of MNPs,
namely of AgNPs, over the past 20 years have been used
for this review. The published data on the properties
of MNPs and AgNPs, their impact on the human and ani-
mal body, and their application in the field of veterinary
medicine and biomedicine have been analyzed.

The literature was searched and analyzed using the fol-
lowing online resources: eLIBRARY.RU, cyberleninka.ru,
scholar.google.ru, www.mdpi.com, www.researchgate.net,
www.sciencedirect.com, PubMed databases.

Foreign and domestic reviews (57%) on NPs, their types,
synthesis, distribution and impacts on the body, applica-
tion in various fields; and research papers (43%), present-
ing the results of the studies on the use of MNPs and AgNPs
as diagnostic agents, therapeutic drugs, dietary supple-
ments and others have been selected for the analysis. 66%
of the publications analyzed have been published over the
past 6 years (11.5% of them were published in 2023, 7.7%
in 2024), and 34% are earlier studies.

TYPES OF NANOPARTICLES

USED IN MEDICINE AND DIAGNOSTICS

To date, many types of NPs have been developed that
are used in the biomedical and veterinary fields. NPs are
divided into organic, inorganic and hybrid. Most organic
nanostructures are biocompatible, biodegradable, and
non-toxic, while most inorganic NPs are smaller in size, ex-
hibit better penetration capability, drug loading capacity,
excellent stability, tunable degradation rates and release
profile [15, 16,17, 18, 19].

Inorganic NPs include particles of metals or their oxides,
semiconductor NPs (silicon oxide), which include quantum
dots, as well as carbon derivatives (graphene, fullerenes,
carbon nanotubes). Organic nanoobjects are represented
by structures based on lipids and their derivatives (lipo-
somes, lipid NPs, micelles), as well as synthetic compounds
of a polymeric nature: linear (classical) and branched (den-
drimers, dendrons) [15].

In this review, inorganic NPs, namely MNPs, are fo-
cused on. They can be produced in the form of spheres,
nanocapsules, rods and other shapes that are highly
stable and effective in various conditions with easily con-
trolled physicochemical properties. Unfortunately, MNPs
have some drawback: the complexity of manufacturing
(uniformly sized, homogeneous in shape and surface
charge) and the difficulty of eliminating them from the
body [20].

The most commonly used MNPs in biomedicine
are gold, silver, copper oxide, zinc oxide, magnesium
oxide, iron oxide, titanium dioxide, and aluminum
NPs [21, 22, 23, 24, 25].
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Silver nanoparticles have long been widely studied to be
used in various fields of biomedicine and veterinary medi-
cine due to their antimicrobial properties and antioxidant
activity [26]. They are effective both against gram-negative
and gram-positive bacteria and are incorporated into fab-
ric wound dressings [27].

Gold nanoparticles are another group of MNPs that
are being extensively explored and have shown promise
in medicine and diagnostics, for example, antibacterial, in
anticancer therapy for targeted drug delivery and reduc-
ing the tumor growth. In addition, AgNPs are used in spec-
troscopy and to enhance optical imaging [28, 29].

In addition, the last frequently explored group of MNPs
are metal oxides. The use of zinc oxide, ZnO; copper (II)
oxide, CuO; magnesium oxide, MgO; titanium (IV) oxide,
TiO,; aluminum oxide, Al,O; iron (I, Ill) oxide, Fe,O, has
been studied for a long time [30, 31, 32, 33, 34, 35, 36, 37].

Iron oxide is currently gaining popularity due to its
magnetic properties. Iron oxide NPs are used as drug
delivery vehicles, for magnetic resonance imaging, can-
cer diagnosis, and tissue engineering [30]. Tin oxide has
unique electrical properties that depend on the size of its
NPs [31]. Tungsten trioxide is often used as sensing mate-
rial for chemiresistive gas sensors [32]. Titanium dioxide
conducts electricity, therefore, it has found application in
optical and solar energy, as well as in the medical, food and
microbiological industries for the photocatalytic steriliza-
tion [33, 34]. Magnesium oxide NPs are utilized to reduce
air pollution and as catalysts for organic reactions [35].
Copper oxide NPs have found applications in various cat-
alytic fields, including oxidation and photothermy [36].
Magnesium, copper, aluminum, and zinc oxides have
also proven to be potential antibacterial and antifungal
agents [37].

SCIENTIFICINTEREST
IN SILVER AND GOLD NANOPARTICLES
AND THEIR ANTIBACTERIAL ACTIVITY

Over the past 20 years, the number of publications
found for “gold nanoparticles in medicine” search query
has changed annually on Google Scholar?> web search
engine from 1,360 links in 2003 to 61,900 in 2023, with
the largest number found in 2022 (67,800). For “silver
nanoparticles in medicine” search query there were
904 publications found in 2003, and in 2023, their num-
ber reached 51,500; the largest number (56,600) was also
available in 2022 (Fig. 1).

The number of publications for “gold nanoparticles
in veterinary medicine” and “silver nanoparticles in vete-
rinary medicine” search queries is almost 9 times less
(Fig. 2). The lowest number of links in English on these
topics was observed in 2003 (127 and 103, respectively).
The largest number of publications for“gold nanoparticles
in veterinary medicine” query was available in 2023 (7,570).
The number of links for “silver nanoparticles in veterinary
medicine” in the same year was the largest in the last
20 years (7,910).

For “HaHouyacTuubl 30n0Ta B meanumHe” search query
in Russian, there were only 12 publications on the same
web search engine in 2003 and 225 in 2023 (Fig. 3). For
“HaHouvacTuLbl cepebpa B MeguumHe” search query in Rus-
sian, 395 publications were found in 2023, whereas in 2003

2 https://scholar.google.com
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there were only 20.The largest number of publications on
“HaHoYaCTMLbI 30/10Ta B MeanLuHe” was in 2018 (438), and
on “HaHouacTMLbl cepebpa B MeauumHe” —in 2016 (636).

The number of publications on “HaHouacTuubl
30/10Ta B BeTepuHapumn” and “HaHovacTuubl cepebpa
B BeTepuHapuun” in Russian was 5-8 times less than
the search results for NPs in the medicine. At the same
time, in 2005 absolutely no links were found for each of
the search queries (Fig. 4).

The largest number of publications on “HaHovacTuLbI
cepebpa B BeTepuHapum” was in 2020 (136), and on

“HaHoYacTuLbl 30110Ta B BeTepuHapun” —in 2018 (57).

Further analyzing the interest in the use of nanostruc-
tures in medicine, 569 queries on “HaHoOYacTULbI 30110Ta
B meauunHe” were recorded in the Yandex search engine
from January 2018 to December 2023 (Fig. 5). The largest
number of queries was in 2022 (140). The number of que-
ries on“HaHouacTuLpbl cepebpa B MegnumuHe” on yandex.ru?
during the same period was 749. The peak of popularity
of search queries on this topic occurred in 2023 (202 re-
quests).

At the same time, there have been no search queries for

“HaHoYacTULbI 30/10Ta B BeTepuHapun” and “HaHoYaCTULbI
cepebpa B BeTepuHapun” on this engine over the past
5 years.

The graphs show (Fig. 1-4) that links in English on nano-
structures in medicine and veterinary medicine exceed
the number of links in Russian by more than 100 times.
Also, based on the number of publications appearing
during the year, it is clear that foreign colleagues’interest
in MNPs in medicine decreased only a year ago, in contrast
to the interest of our colleagues, which has tended to de-
crease over the past five years. At the same time, data from
Yandex Wordstat suggest an annual increase in the interest
of scientists from Russia and the CIS countries in AgNPs
in the field of biomedicine. Gold nanoparticles have not
aroused stable interest among researchers over the past
six years (Fig. 5).

It has been established that the number of foreign stu-
dies in the field of veterinary medicine devoted to MNPs
is increasing every year (Fig. 2). Russian-speaking veteri-
nary scientists were not consistently interested in investi-
gation of gold and silver NPs since 2015-2016 (Fig. 4).

A difference of 8-9 times between the number of links,
both in English and in Russian, on the use of NPs in me-
dicine and in veterinary medicine may be due to the fact
that NPs in veterinary practice have not yet found such
wide application as in public health. However, research on
the use of NPs to treat and diagnose diseases of pets and
livestock is also conducted. Vaccines are being developed
against a number of significant bacterial and viral diseases,
such as equine influenza, bovine viral diarrhea, and New-
castle disease, as well as NPs-based carriers for the delivery
of imaging tools, antibiotics, vitamins, and drugs, includ-
ing those targeting neoplastic diseases [38].

Thus, despite the declining interest of Russian scien-
tists in investigation of nanomaterials use in medicine and
veterinary medicine, judging by the number of publica-
tions on this topic, our compatriots are more interested in
AgNPs and their use as a base for therapeutic drugs. And
this is not surprising, because NPs have long been the
most widely used antibacterial nanoagents due to their

3 https://wordstat.yandex.ru
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broad spectrum of action against a variety of bacteria, vi-
ruses and fungi [39].

The earliest known reference to the use of silver
in medicine goes back to the 19t century, when it was
used to prevent gonococcal conjunctivitis in newborns,
and later, in the 20" century, silver was used by surgeons
for local treatment of burn wounds and as internal anti-
septics [40, 41, 42].

Colloidal silver has been produced in a wide variety
of forms for over 100 years. Currently, there are many ways
to synthesize more effective forms of colloidal AgNPs.

The methods of synthesis of nanoparticles can be con-
ditionally divided into two groups: reduction of silver
ions (Ag*) and dispersal to nanoscale sizes. The first group
involves chemical methods, and the second group in-
volves physical methods. At the same time, nanoscale
silver can have various geometric shapes: spherical, pyr-
amids, rods, cubes, etc. [43]. The bactericidal effect of NPs
depends on different parameters including size, shape,
and the surface charge of the particles [39].

The shape of nanoparticles. As shown by the results
of studies conducted in 2016 and 2019 aimed to explore
the effect of NPs shapes and facets on antibacterial activity,
crystalline particles with a high-atom-density and a higher
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number of facets have better activity against bacteria.
For example, triangular silver nanoprisms with 111 facets
have a higher atom density and, accordingly, exhibited
better antibacterial efficiency than that of the spherical
and rod-shaped silver particles with 100 and 110 facets [44,
45]. For example, S. Pal et al. synthesized spherical, rod-
shaped NPs and truncated triangular nanoplates, and
then evaluated their antibacterial activities against E. coli
in solution and on agar plates. The researchers concluded
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that truncated triangular nanosilver exhibited the high-
est biocidal activity followed by silver nanospheres and
nanorods. Scanning transmission electron microscopy
revealed that all nanostructures can bind to membrane
surface, alter the cell membrane permeability and subse-
quently cause the cell death. However, truncated nano-
triangles present the highest percentage of exposed facets,
which favor the direct interaction with the main compo-
nents of the cell membrane, lead to the enhanced surface
binding, cell uptake, and efficiently killing of bacteria [39].

Helmlinger J. et al. studied the effect of NPs shape on
Staphylococcus aureus. They concluded that nanoplatelets
exhibited the highest toxicity, followed by nanospheres,
nanorods, and finally nanocubes [46].

The size of the nanoparticles. Experimental studies ob-
served that the antibacterial activity was directly propor-
tional to the decrease in NPs size: efficiency decreased
as NP size increased. For example, AgNPs with a size
of 1 to 10 nm are more effective in inhibiting bacterial
growth [46, 47, 48]. This is probably due to the concen-
trated accumulation of NPs in the cell membrane and
cytoplasma of microorganisms [49, 50]. It is also suggested
that the increased antibacterial activity may be because
of the fact that smaller nanoelements are able to release
their toxic components at a higher rate due to higher
surface-to-volume ratio as the size of the NPs decrea-
ses [47, 51]. In addition, recent studies showed that small
and medium sized AgNPs strongly affect mitochondrial
electron transport, autophagy and phagocytosis, and the
integrity and organization of organelles [52].

The surface charge of nanopatrticles. The antimicrobial
activity of NPs can be changed by modifying their sur-
face charge. Hu C. et al. demonstrated that AgNPs with
a positive surface charge have increased antibacterial
activity [53]. Antimicrobial activity is also mediated by
released Ag* ions from NPs surface. This occurs because
of oxidative dissolution: first, metallic silver is oxidized in
the presence of dissolved oxygen, and then the formed
basic oxide is dissolved in acidic conditions. Silver ions also
possess high affinity to electron-donating groups that are
extensively present on membrane or proteins. Ag* ions
can readily coordinate with DNA, RNA, peptides forming
the insoluble compounds and thus hindering the cell di-
vision and reproduction [39].

SILVER NANOPARTICLE-BASED DRUGS

It can be said that rapidly developing AMR brings silver-
based drugs to the forefront again.

Currently, there are several types of silver-based drugs
of different dosage forms available on the pharmaceutical
market.

The most well known drugs are based on colloidal
(cationic) silver (Ag*): these are silver oxide, silver salts (ni-
trates, sulfates, phosphates), silver complexes (citrates or
lactates), and free silver aqueous cations. Colloidal silver
products available on the market are “Tinosan SDC” (BASF,
Germany), “Argolife” (Art Life, Russia), silver sulfate (Aurat,
Russia) [54].

There are also metallic micro-dispersed and nano-
dispersed forms of silver products (cluster silver), in which
the main amount of silver is in the low-toxic metallic form
Ag®. Cluster silver products are highly effective and less
toxic than products containing a higher amount of catio-
nic silver [55]. Such products include: “AgBion-2" (Concern
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“Nanoindustria”, Russia), “Argovit” (Vector-Vita, Russia),
“Poviargol” (Institute of macromolecular compounds, Rus-
sia), “Argonica” (VectorPro, Russia).

Nulvalent (metallic) silver is a separate category
of products, namely colloidal ion-free silver (Ag®), for
example, of the trademark “KND” (Sentosa Factoring NP,
Russia): colloidal silver concentrate “KND-S’, colloidal silver
and copper concentrate “KND-SM’, colloidal silver concen-
trate “KND-S-K’, cosmetic raw materials and supplements

“"AREGONA (KND-SP)” [54].

As noted above, preparations containing silver in a fine-
ly dispersed form are significantly less toxic than products
based on silver salts. Nulvalent silver products are much less
toxic than those based on cluster silver. This is due to the
almost complete absence of cationic Ag in nulvalent silver.

Cationic silver is also reduced in its composition and
incompatible with many components of practical systems
(for example, with saline solutions), unlike cluster and nul-
valent silver, which are more compatible and stable [55].

Nanosilver-based drugs are very promising for use in
veterinary medicine and zootechnics. AgNPs can be used
for biosafety purposes on farms, for hatchery fumigation,
sterilization of poultry houses and cages. It has been found
that AgNPs can improve the adaptive immune system
of birds [56] and hatching rates [57]. In 2023, physiologi-
cally stable, bio-compatible AgNPs were produced which
may be used for targeted drug delivery in veterinary medi-
cine that could offer enhanced therapeutic efficacy with
minimal side effects [58]. In the same year, it was found
that the addition of nanosilver to milk fed to calves has
a positive effect on their metabolism. Therefore, nanosilver
can be used to prevent infectious diseases of calves during
the first month after their birth, which will mitigate the
risks of AMR development and improve livestock produc-
tion performance [59].

DISTRIBUTION OF NANOPARTICLES
IN THE BODY

The distribution of a pharmaceutical substance con-
taining nanoelements in organs and tissues changes sig-
nificantly, affecting the pharmacodynamics of the drug. In
this regard, the study of NPs biodistribution is the most
important stage in the studies [60]. However, currently
most NPs are still in the preclinical evaluation phase with
few approved for clinical use. Most articles are devoted
to in vitro studies of nanomaterials and there are relative-
ly few publications on in vivo biodistribution studies. At
the same time, the lack of concrete data on the distribu-
tion and accumulation of NPs in organs and tissues limits
their application [61, 62].

Pharmacokinetic studies are needed to assess the dis-
tribution of NPs and their toxicity. Absorption, distribution,
metabolism and elimination are the four processes that
make up pharmacokinetics [63]. Few pharmacokinetic
studies of nanoforms have been conducted, and only
nanomaterials are controlled*®, but there are no standards
and regulations regarding NPs biodistribution, which
makes the evaluation of this parameter difficult.

40On supervision of nanotechnology products and nanomaterial-based
drugs: Regulation of the Chief Medical Officer of the Russian Federation
23.07.2007 No. 54. https://docs.cntd.ru/document/902056894

® Procedure and organization of control over nanomaterials: Guidelines of
17.10.2011 MI 1.2.2966-11, htpps://docs.cntd.ru/document/1200095623

The biodistribution of MNPs depends on NPs’type, size,
surface charge, protein binding, effects, dose and/or hy-
drophobicity [62, 63].

The rate and degree of absorption are influenced by
the physiological environment and the NPs’ characteristics.
Nanoformulations pass across physiological and physical
barriers that selectively block the transport of molecules,
reducing NPs bioavailability. Cellular uptake is heavily
influenced by size, surface charge, and shape [64, 65].
The route of administration and the characteristics of
the NPs affect absorption [62].

The MNPs with a negative surface charge has a hi-
gher absorption rate at the gastrointestinal membrane
in the oral route, and it is related to the size of the small
intestine. The pulmonary route has a larger contact area,
which makes absorption easier [62].

The major routes of MNPs-based drug administration
are oral, inhalation, dermal and directly into the blood
stream by intraperitoneal or intravenous injection [63].

Generally, blood half-life is shorter in rodents than in
larger laboratory animals (e.g., rabbits or monkeys) and dif-
fers between intravenous and oral exposures. Oral, dermal,
or inhalational absorption is low (< 5%), but may increase
with smaller sizes, negative charge, and appropriate coat-
ings [63].

Metallic NPs can be distributed throughout the body,
primarily accumulating in the liver, spleen, and lymph
node due to nonspecific uptake by reticuloendothelial
cells, and could remain in the body for > 6 months. Metal-
lic NPs (< 100 nm) can cross the blood-brain barrier (BBB),
favored by coating with BBB-permeable neuropeptides.
Placental transfer depends on the stage of embryonic/
placental maturation and surface composition of NP, and
may be enhanced by coating with biocompatible mole-
cules (e.g., ferritin or polyethylene glycol). Renal and biliary
excretion is generally low due to persistent accumulation
in tissues, but renal elimination could be substantially in-
creased with smaller sizes and specific coatings (e.g., gluta-
thione) [66].

DISTRIBUTION AND TOXICITY
OF SILVER NANOPARTICLES

The absorbed AgNPs are dispersed throughout many
systems, including the dermis, respiratory, spleen, diges-
tive, urinary, nervous, immune, and reproductive systems.
The primary distribution sites are the spleen, liver, kidneys,
and lungs. Little AQNP deposition seen in the teeth and
bones [63].

In addition to directly exposed tissues, NPs are also de-
livered to various organs with blood circulation. Nanosilver
particles easily penetrate the body and cross biological
barriers (BBB and blood-testis barrier) and can potentially
produce a cytotoxic effect. Thus, non-specific distribution
of AgNPs may produce cytotoxicities such as dermal toxic-
ity, ocular toxicity, respiratory toxicity, hepatobiliary toxici-
ty, neurotoxicity and reproductive toxicity, which limit the
applications of AGNPs. The potential cytotoxicity of AGNPs
depends on the routes of administration and the proper-
ties or characteristics of the AgNPs, such as the size, shape,
and concentration (Fig. 6) [63].

However, the specific mechanisms of MNPs and AgNPs
distribution and accumulation in various tissues and or-
gans, as well as their potential toxicity, have not yet been
sufficiently studied [5, 62].
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IMPACT OF SILVER NANOPARTICLES
ON ANIMAL BODY

Silver nanoparticles may have different effects on
the physiological parameters of animals, depending on
the duration of use and doses of silver-based drugs. At
the same time, both healthy and diseased animals always
demonstrate changes in the biochemical and morpholog-
ical blood parameters. Nanosilver mainly affects red blood
cells and platelets, to a lesser extent affecting monocytes
and leukocytes. Previously, O. A. Zeinalov et al. noted
a moderate increase in platelet count and a decrease
in white blood cell counts in healthy mice treated with
high doses of highly dispersed metallic AgNPs [67]. Also
E. M. Tsygankov et al. detected an increase in red blood
cells and platelet counts in replacement flocks after using
a cluster silver-based drug [68]. Study of 2021 found a sig-
nificant decrease in white blood cell levels after using nano-
dispersed silver to treat cows with serous mastitis, and
a slight decrease in monocyte counts and an increase in
hemoglobin levels were also observed [11]. When using
highly dispersed nanosilver in mice with Newcastle di-
sease, the monocyte count decreases, the mean corpus-
cular hemoglobin concentration decreases, and red blood
cells, hemoglobin, and hematocrit levels increase [69].

Silver nanoparticles are particularly attractive for vete-
rinary medicine as dietary supplements used to increase
animal performance and immunity [10, 11, 12, 13]. There
are publications describing the promising use of virocidal
agents based on nano- and organic silver to prevent New-
castle and Aujeszky’s diseases [69, 70, 71]. It is also well
known that NPs in drinking water or dietary supplements
exert anabolic effect; they can increase body weight and
muscle mass [72, 73,74, 75].

However, as mentioned above, AgNPs mainly accumu-
late in the “filter organs” of the body, and can cross bio-

logical barriers. Toxic effects and cognitive impairment are
noted after prolonged use of silver-containing drugs in
animals, presumably due to the accumulation of AQNPs in
the brain; and the use of silver-based drugs during mating,
pregnancy and lactation of animals leads to a significant
accumulation of AgNPs in tissues and organs not only
of parents, but also of their offspring [76, 771.

Thus, AgNPs administered in doses not exceeding
10 mg per 1 kg of body weight per day have biotic effects:
they stimulate the respiratory function of the blood, in-
crease red blood cells and hemoglobin levels; they stim-
ulate the body defenses by increasing white blood cell
count in the bloodstream [67, 68, 78]. Low doses and ad-
ministration of nanosilver for maximum 30 days exert no
significant effect on the gut microbiota and increase the
animal performance [72, 73, 74, 75]. The use of silver-con-
taining drugs in high concentrations, as well as their pro-
longed use, negatively affects the mammalian body, and
even can cause death [76, 77, 79].

Therefore, further in-depth studies of the biodistribu-
tion, compatibility and potential toxicity of NPs are still
needed to facilitate the development of effective dietary
supplements and safe drugs [5, 60, 62, 63, 66, 79].

CONCLUSIONS

Based on the analysis of publications it can be conclu-
ded that.

1. Over the past 20 years, a wide range of nanomaterials
have been introduced in biomedicine, veterinary medicine
and diagnostics. They are divided into organic and inor-
ganic NPs. The latter include NPs of gold, silver, copper
oxide, zinc oxide, magnesium oxide, iron oxide, titanium
dioxide and aluminum.

2. The use of NPs in veterinary practice has not yet
found such widespread use as in public health, but it keeps
expanding every year.
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3. AgNPs are of the greatest interest to Russian scien-
tists, as they have long proven themselves as an antibac-
terial nanoagent.

4. There are physical and chemical methods for NPs
synthesis. They include reduction of silver ions (Ag*) and
dispersal to nanoscale sizes.

5. The antibacterial activity of AgNPs is influenced by
their shape, size and surface charge.

6. Currently, there are three types of silver-based drugs:
colloidal (cationic), cluster and nulvalent (metallic).

7. The biodistribution of MNPs is affected by the type
of particles, their size, surface charge and coating, protein
binding, as well as the exposure route and dose.

8. The distribution of AgNPs does not differ from the
MNPs pharmacokinetics, while nanoscale silver most often
accumulates in the spleen, liver, kidneys and lungs, which
potentially can be cytotoxic.

9. Nanosilver administration in low doses and maxi-
mum for 30 days strengthens the immunity and improves
the performance of animals, and prolonged use of AgNPs
and/or administration in high concentrations contributes
to the accumulation of silver in mammalian organs and
tissues, exerting a toxic effect.
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PCR-RFLP analysis of insecticide resistance
to pyrethroids, organophosphates and carbamates
in Musca domestica L.
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Scientific Centre of Siberian Branch of the Russian Academy of Sciences, 2 Institutskaya str., Tyumen 625041, Russia

ABSTRACT

Introduction. Zoophilic flies play a significant role in animal disease transmission, and insecticide resistance being a relevant veterinary issue globally is an obstacle
to effective fly population control. Molecular methods are more commonly used to monitor and diagnose insecticide resistance in insect populations.

Objective. The study aims to assess distribution of the main mutations associated with resistance to pyrethroids, organophosphorus compounds and carbamates
in three field populations of Musca domestica L. collected in 2021-2023 in livestock facilities of the Tyumen Oblast.

Materials and methods. Genotyping of CYP, vssc and ace-2 genes was performed using polymerase chain reaction and restriction fragment length polymorphism
analysis.

Results. One mutation in the vssc gene (L1014F) associated with resistance to pyrethroids and two mutations in the ace-2 gene (G342A, G342V) conferring resistance
to organophosphorus compounds and carbamates were found. The resistant allele L1014F was present in 40—70% of the tested insects of all three populations
with 30-55% frequency. The G342A allele was found in 10 and 60% of insects from two populations with frequencies of 5 and 30%, respectively. The G342V allele
was detected in 40% insects of only one population with a frequency of 25%.

Conclusion. The results obtained indicate the potential for conferring resistance to pyrethroids, organophosphorus compounds and carbamates in the studied
populations of Musca domestica, which should be taken into account when selecting disinsectants for livestock-keeping facilities and protecting animals from
insects. Further molecular tests of Musca domestica flies from the regions bordering the Tyumen Oblast will be useful for developing a strategy to contain spread
of resistant alleles in local populations.
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AHANN3 NHCEKTULMAHON YCTOMYMBOCTY
K nupeTponaam, pochopopraHnueckum coeIMHeHNAM
u kapbamatam y Musca domestica L. metogom MLP-TAPO

A. 1. MenbHuuyk, K. C. KpectoHowmHa, A. I. Kunapeitkuna, K. 0. Macnakosa, J1. 1. finruposa, E. A. CunusanoBa

Bcepoccuiickuii HayuHo-1ccnei0BaTeNbCKIIA MHCTUTYT BeTepUHAPHOIA SHToMonory v apaxHonorn — dunuan OrbYH QeaepanbHoro uccnesoBaTeNbCckoro
LieHTpa TioMeHCKoro HayuHoro LieHTpa Cbupckoro otaeneHna Poccuiickiii akagemmun Hayk (BHUMBIA — dunuan TiomHL| CO PAH),

yn. UctutyTekas, 2, r. TiomeHb, 625041, Poccus

PE3IOME

BBepieHue. 3HauvMbIM GaKTOpOM B pacnpocTpaHeHn 3a00MeBaHUii XKIUBOTHbIX ABNAKTCA 300QUIbHbIE MyXH, KOHTPONIb YUCTIEHHOCTY KOTOPbIX OCTIOXHAETCA
npo6nemoii UHCEKTULIMAHOIT PE3UCTEHTHOCTH, aKTYaNbHOI ANA BETEPUHAPUYN 11 MeAULIHBI BO BceM MUpe. [Ins MOHUTOPUMHTA 1 AMArHOCTUKIA YCTORYMBOCTM
K MHCeKTILMAAM B NONYNALMAX HACEKOMbIX BCe 60MblLee NPUMEHEHMe HAXOLAT MONeKYNAPHbIE METOZbI.
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Lienb nccnepoBanua. OueHka pacnpocTpaHeHna 0CHOBHbIX MyTaLiuii, aCCOLIMMPOBAHHbIX € PE3UCTEHTHOCTbIO K NpeTponAam, GocdopopraHnyeckum coefmnHe-
HUAM 1 kapbamatam, B Tpex npupoAHbIX nonynaunax Musca domestica L., cobpanHbix B 2021-2023 rr. B 1BOTHOBOZUECKNX MoMeLLieHnAX TomeHcKoil obnactu.
Marepuanbi u metoabl. MeTozoM nonvmMepasHoii LienHoii peakLyui ¢ aHann3om NoaUMopG13mMa SNUH PecTPUKLMOHHBIX GparmMeHTOB BbINONHEHO reHoTUN-
poBaHue reHoB (P, vssc n ace-2.

PesynbTatbl. BoiaBnexa ogHa mytauua B rexe vssc (L1014F), cBA3aHHas € yCTORYMBOCTbIO K NUPETpOMAaM, 1 iBe MyTaumn B rexe ace-2 (G342A, G342V), obe-
CneyyBaloLLne pe3nCTeHTHOCTb K pocdopopraHinyeckum coefHeHAM v kapbamatam. PesnctenTHblit annenb L1014F npucytcreoBan y 40—70% uccnefoBaHHbIX
0cobeii Bcex Tpex nonynAumii ¢ yactotoit 30—55%. Annenb G342A o6HapyxeH y 10 1 60% ocobeit ABYX nonynALMii ¢ yactoToii 5 1 30% COOTBETCTBEHHO. Anefb
G342V BbiaBneH y 40% ocobeii ToNbKO 0AHON NONYAALMY € YacToToit 25%.

3aknioueHue. [lonyueHHble pe3ynbTaTbl (BUAETENLCTBYIOT 0 MOTeHLMane GopmupoBaHIA yCTOIUNBOCTI K NUPETpouaam, GocdopopraHinyecknm CoeuHEHNAM
1 Kapbamartam B UccnefoBaHHbIX nonynAunax Musca domestica, uTo HeobXoANUMO yuuTbIBaTH NPU BbIGOPE CPEACTB ANA Ae3NHCEKLNI KUBOTHOBOAYECKMX NO-
MeLLEHWI 1 3aLLUTbI KUBOTHBIX OT HaceKOMbIX. [lanbHeiiLume MonekynapHble uccnegosanua Musca domestica 3 rpaHuyaLLnx ¢ TomeHcKoi 06nacTbio pernoHos
6yayT nonesHbl AnA BbipabOTKY CTpaTeruin No CAEPXUBAHNIO PACTPOCTPAHEHIA PE3UCTEHTHBIX anfeneil B I0KaAbHbIX NONYAALMAX.

KntoueBble cnoBa: KOMHaTHasA MyXa, NHCEKTULIMADI, NHCEKTULIMAHAA PE3UCTEHTHOCTb, MapKepbl y(TOI7NVIBOCTI/I, MONeKynApHaa A1MarHoCTika

bnaropapHocTi: Pabota BbiNoNHeHa B pamkax rocyAapCTBeHHOro 3afaxna MuknctepcTsa Hayki u Bbiciuero o6pasoBanusa Poccuiickoii Oepepaun
(tema Ne FWRZ-2022-0022).

[ina untuposanma: MenbHuuyk A. 1., KpectoHownna K. C., Kunapeiikuna A. T., MacnakoBa K. 10., inruposa J1. fl., CunueanoBa E. A. AHanu3 nHcekTLmMaHoi
YCTOUMBOCTH K NUpeTponpam, pocdopopraHuyeckum coefnHeHnaM 1 kapbamatam y Musca domestica L. metogom MLP-MAAPO. Bemepurapus cezoons. 2025;

14.(1): 101-108. https://doi.org/10.29326/2304-196X-2025-14-1-101-108

Konnukt untepecos: ABTopbl 3aABAAIT 00 OTCYTCTBIM KOHGNUKTA MHTEPECOB.

[ina koppecnonpenumn: (unusaxosa Enexa AHaTonbeBHa, kaHA. G1on. HayK, BeayLLyil HayuHbIii COTPYAHUK nabopaTopuy MoneKynapHoi bronorun u 6uo-
TexHonorim Hacekomblx, BHUMBIA — dunuan TiomHLL CO PAH, yn. UkcTuTyTckas, 2, . TiomeHb, 625041, Poccus, sylivanovaea@mail.ru

INTRODUCTION

Insects are a significant factor in the spread of various
human and animal diseases [1, 2], including synanthro-
pic and zoophilic flies, in particular Musca domestica L.
house fly (Diptera: Muscidae) [3, 4]. The ability of adult
M. domestica to be a mechanical vector of such patho-
gens as helminth eggs, protozoa, viruses and bacteria, in-
cluding antibiotic-resistant strains, has been demonstra-
ted in a number of studies [4, 5, 6, 7]. Thus, Mannheimia
haemolytica, Pasteurella multocida and Histophilus somni
causing bovine respiratory diseases were recovered from
M. domestica collected at feedlots from animals suffer-
ing from bovine respiratory disease symptoms [5]. When
homogenates prepared from house flies from US dairy and
livestock farms were tested, tetracycline and florphenicol
resistance genes with prevalence ranging from 5 to 95.8%
were identified in recovered bacteria [6]. The ability
of Newcastle disease virus to persist in an infectious dose
in the gut of flies for four days after feeding with infected
milk and for one day in chicken droppings has been shown
under laboratory conditions [7], which increases the risk
of disease spread via flies present in poultry farms. Given
the veterinary importance of zoophilic flies, it is necessary
to control their numbers.

Despite the great interest in pest control biological
methods, the chemical method based on the use of syn-
thetic insecticidal agents remains widely used. Synthetic
pyrethroids, neonicotinoids, organophosphorus com-
pounds (OPCs), and carbamates are most often used
for protecting animals from insects and disinsecting live-
stock premises both in Russia and abroad [4, 8]. M. domes-
tica quite rapidly develop resistance against insecticides
when used intensively: for example, more than 20-fold

increase of resistance to permethrin [9] and alpha-cyper-
methrin [10] was revealed under laboratory conditions
over 10-20 generations. According to a number of stu-
dies, resistance to pyrethroids (deltamethrin, permethrin,
beta-cyfluthrin, cypermethrin) was observed in house fly
field populations in China [11, 12], Pakistan [9], Iran [13],
USA [14], Saudi Arabia [10, 15], the Moscow and Kaluga
Oblasts of the Russian Federation [8]. In the Tyumen Oblast,
tolerant and exceptionally highly pyrethroid-resistant field
populations were also recorded [16, 17]. OPC-resistant
house fly populations were found, for instance, in Chi-

a [12], Iran [18], and Saudi Arabia [15, 19]. Insecticide re-
sistance of M. domestica field populations makes it difficult
to control their numbers.

The molecular target of pyrethroids is voltage-sensitive
sodium channels (vssc), and the presence of mutations in
the genes encoding this protein, i.e. knock-down resis-
tance (kdr), is recognised as a marker of resistance to py-
rethroids [14, 20]. Of the five known alleles associated with
target insensitivity and, consequently, pyrethroid resis-
tance of insects, the kdr (L1014F) and kdr-his (L1014H) are
the most frequently investigated [13, 14, 20]. Target insen-
sitivity is often combined with another major mechanism
of pyrethroid resistance, namely enhanced detoxification
of insecticides via cytochrome P450-dependent monooxy-
genases (CYP). A confirmed molecular marker of this type
of resistance is the presence of a 15-base pair (bp) insertion
in the CYP6D1 gene [21, 22]. Acetylcholinesterase (AChE),
encoded by the ace gene, is a key enzyme of the choliner-
gic system and a major target of OPC and carbamate in-
secticides, which block the transmission of nerve impulses
at cholinergic synapses. Resistance to OPC and carbamates
may result from insensitivity of AChE due to mutations in
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the ace gene or due to mutations in the carboxylesterase
gene, leading to an increase in the hydrolytic activity of
the enzyme with respect to OPC [20, 23]. M. domestica is
known to have only one AChE-encoding gene, ace-2 [24],
and six major mutations associated with resistance to OPC
and carbamates have been described in detail: V260L,
A316S, G342A, G342V, F407Y, and G445A [25, 26, 27].

Analysis of insecticide resistance in M. domestica field
populations in Russia is traditionally carried out using
toxicological methods [8, 17, 28], which allow establish-
ing the presence of a stable phenotype and the level
of resistance and do not explain the mechanisms under-
lying insecticide resistance [29]. The resistance mecha-
nisms are defined and the potential for its formation is
assessed using biochemical and molecular methods [30],
and these steps are critical for rationalized selection of
insecticidal agents and development of insecticide appli-
cation schemes. As compared to traditional toxicological
methods, molecular tests provide more complete infor-
mation on the population structure, and the combination
of toxicological and molecular methods allows objective
assessment of the level of adaptation of the population
to insecticide load [31]. Among molecular methods for de-
tecting mutations associated with insecticide resistance,
PCR-RFLP (polymerase chain reaction - restriction frag-
ment length polymorphism) is used [32]. The PCR-RFLP
method is cost-effective, easy to implement and requires
only basic molecular genetic equipment; it is widely avail-
able and is a good alternative to sequencing.

The aim of the study was to test Musca domestica flies
collected from three field populations in the Tyumen
Oblast for the presence of mutations in CYP, vsscand ace-2
genes associated with resistance to pyrethroids, OPC and
carbamates by PCR-RFLP.

MATERIALS AND METHODS

The study was aimed at M. domestica flies of three field
populations: Nov (56.53700°, 65.24238°), Cha (56.781583°,
65.96014°), Nik (55.55352°, 70.62864°) collected in live-
stock facilities of the Tyumen Oblast in 2021-2023.The first
generation (F1) was obtained from the collected insects
of each population under insectarium conditions, 3-5 day
old adult flies were frozen and stored at —80 °C before they
were used for testing.

DNA was isolated from adult flies (5 females and males
of each population) using alkaline lysis [33]. The amplifi-

cation process was performed with GeneExplorer GE-96G
(Bioer, China) using an individual primer pair for each gene.
P1, P2, P3, P4 primers were used for genotyping mutations
in the vssc gene, and AceF and AceR primers taken from
the study of X. Qiu et al. [32] were used for the ace-2 gene.
For genotyping of mutation in the CYP6DT gene, the S35
and AS2 primers and restrictase were used according to
F. D. Rinkevich et al. [34]. The amplification conditions
were identical except for the temperature of primer an-
nealing (Table 1): at 95 °C for 5 min, further at 95 °Cfor 20s,
at 62-53 °C for 30 s, at 72 °C for 30 s (5 cycles), at 95 °C
for 20 s, at 60-51 °C for 30 s, at 72°C for 30 s (35 cycles),
at 72 °C for 10 min. The PCR reaction mixture included:
1 pL of total DNA; 4 uL of 5X ScreenMix-HS PCR prepared
mix (Eurogen, Russia); 0.3 pL of each primer (25 uM);
14.4 uL of purified sterile water (18.2 uS/cm). The restric-
tion enzymes and test conditions are indicated in Table 1.
Visualization of restriction results was performed through
electrophoresis with 2% agarose gel containing ethidium
bromide.

RESULTS AND DISCUSSION

The prevalence and frequency of mutations associated
with resistance to pyrethroids and OPCs have been inves-
tigated in M. domestica field populations in Denmark [35],
Turkey [36], Iran [26, 37], USA [14, 34], Kazakhstan [22], Uni-
ted Arab Emirates (UAE) [38] and other countries. Regarding
M. domestica populations in the Russian Federation, resis-
tance to pyrethroids and other insecticides was previous-
ly assessed using mainly toxicological methods [8, 17, 28].
Data on molecular test results of the house fly field popu-
lations and the genetic potential for insecticide resistance
in local populations of the Russian Federation have not
been published in the open access.

Sse9l and Fat | restrictases are used for vssc geno-
typing with PCR-RFLP. The Sse9l restrictase cuts the am-
plicon into 2 fragments of 96 and 60 bp, respectively,
in the presence of the L1014F mutation. The L1014H
mutation is detected using the Fat | enzyme, which, in
the presence of the mutation, cuts the 220 bp amplicon
into fragments of 170 and 50 bp long, respectively [22].
Combining the both test results, we identified the follow-
ing genotypes (Fig. 1): 1014 (L/L), 1014 (L/F), 1014 (F/F).
The L1014F mutation was detected in 70% of the tested
flies of the Nov and Cha populations and in 40% of the flies
of the Nik population (Table 2).

Table 1
PCR-RFLP assay conditions
: 2ey Annealing Amplicon . . Restriction
A=) temperature, °C length, bp (EAEESD MR conditions
P1. GTGCTGTGCGGAGAGTGG
P2. GAAGCCTCCATCCTGGGAG %0 156 Ssedl Lo R
s 20 min - 65°C
P3. AGCTGTATACCCTTCTTCT -
P4, CGAAGTTGGACAAAAGCAAA d 20 Fatl L1014H
$35. AGCTGACGAAATTGATCAATCAGT 1h-37°C
CYPEDT | A2, CATTGGATCATTTTTCTCATC % B-m Hpy 188l POV | 0 min— 65°C
Mh1 | 6342 Zgh.' 378000(
a2 AceF. CGGTGCATTTGGGTTTCTAC 57 609 min—
AceR. CGTAACCGCTAAGATCTGCTG e
3h-37°C
Ao G342A -3
20 min - 65 °C
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Table 2
Distribution of detected mutations associated with insecticide resistance
in three populations of M. domestica in the Tyumen Oblast
Number of flies with Allele
the genotype
L/L L/F F/F

Proportion of flies
frequency, %

with L1014F
mutation, %

Population

Allele
frequency, %

Proportion
of flies with mutation, %

Number of flies with
the genotype

(ha 10 70 3 4 3 50

Nik 10 40 6 2 2 30

10 40 5 1 4 5 25

A B o
s
S
a2 3 ......,""'""
iy
L2 5 g
.4 -
” ~ —150 bp
m 4 —100 bp
Fig. 1. Electrophoregram for PCR-RFLP amplification products
of the vssc gene region: A — using Sse9l restrictase;
B - using Fat | restrictase; 1 -1014 (F/F), 2- 1014 (L/F), 3- 1014 (L/L)
1 23 4 3 b 5% 9 10
E el TR O e — g
W e M e R e M : - " 38%&,
——300 bp
IR 593 = 14 015 160 A% 18 1519 20
‘ o e W e Sese—500 bp
- - -

g

Fig. 2. Electrophoregram for PCR-RFLP amplification products
of CYP6D1 gene region using Hpy 188lll restrictase:
1-20 - different M. domestica species

Hpy 188lIl restrictase is used for CYP genotyping with
PCR-RFLP.Theresistant allele CYP6D1v 1 is characterised by
a 15 bp insertion that disrupts the recognition sequence
of the Hpy 188IIl enzyme. As a result, after restriction, frag-
ments of 432 and 279 bp will be characteristic of the wild-
type genotype, and 732 bp will be characteristic of the
genotype carrying the mutation [34]. No resistant allele
of CYP6D1v1 was detected during the study, but Figure 2
shows that in some flies the 432 bp band is additionally
cut by the Hpy 188lll enzyme.

PCR-RFLP assay of the ace-2 gene was performed us-
ing Mh1 | and Aco | enzymes. The Mh1 | restrictase has
a restriction site (GGC) that is characteristic of the wild-
type genotype, 342G. After restriction, the two fragments
of 361 and 248 bp detected in the electrophoregram are

indicative of a wild type genotype, and a 609 bp fragment
is indicative of the G342A or G342V mutation. The Aco |
restrictase identifies the G342A mutation and cuts the am-
plicon into 2 fragments of 361 and 248 bp long. Thus,
combining the two assays allows the detection of 6 diffe-
rent genotypes [32]. In our study we managed to detect
3 different genotypes (Fig. 3). G342A or G342V mutations
were found in the Nov population. In the Nik population,
the proportion of flies with G342A and G342V mutations
was 10 and 40%, respectively. In the Cha population, only
G342A mutation was detected in 60% of flies (Table 2).

In total, 3 (L1014F, G342A, G342V) out of 5 tested muta-
tions were identified using the PCR-RFLP. The distribution
frequencies of the resistant alleles in the three popula-
tions are presented in Table 2. The kdr mutation (L1014F)
was found in the hetero- and homozygous state in 7 out
of 10 flies of the Nov and Cha populations and in 4 out
of 10 flies of the Nik population. The kdr-his mutation
(L1014H) was not detected in any of the three populations.
Test results for field populations of M. domestica in Turkey
showed that the frequency of kdr and kdr-his alleles was
8 and 20%, respectively [36]. A survey of six field popula-
tions of the house fly in Kazakhstan showed the presence
of the kdr allele in one of the populations with a frequen-
cy of 5% and the kdr-his allele in another population with
a frequency of 14.3% in the heterozygous state [22]. Inte-
restingly, the L1014F mutation was not reported in the Ira-
nian population of M. domestica, and the percentage of
kdr-his polymorphism (L1014H) was low at 4.7% [37]. On
the contrary, in the USA, the kdr (L1014F) mutation was
present in all six studied populations of house flies found
in poultry and livestock farms, and kdr-his (L1014H) muta-
tion was present in five populations. The frequency of kdr-
his and kdralleles varied widely in the populations, ranging
from 12.5-28.1% and 7.1-76.6%, respectively [14]. A recent
paper reported the detection of the kdr allele in M. do-
mestica flies from the United Arab Emirates with the fre-
quencies ranging from 9.4 to 46.9% [38]. The frequency of
the resistant kdr allele (30-55%) in house fly populations
in the Tyumen Oblast is comparable to that of populations
from the USA and the UAE.

According to literature data, the knockdown resistance
was first reported in house flies in the 1950s as insensitivity
of sodium channels to the action of dichlorodiphenyltri-
chloroethane (DDT). It was later found that such resistance
was associated with a nucleotide substitution (cytosine for
thymine) in the vssc gene, resulting in the replacement
of leucine with phenylalanine at position 1014 (L1014F)
of the sodium channel alpha subunit [39]. As a result,
structural changes in the protein molecule occur, affect-
ing the interaction of the insecticide with the target. This
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mutation also leads to the formation of resistance to pyre-
throids, as they have a similar mechanism of action to DDT.
The L1014F mutation, in addition to M. domestica, has

been found in other two-winged insects (e.g., Culex and

Anopheles mosquitoes, Haematobia fatheads), red cock-
roach (Blattella germanica), cat flea (Ctenocephalides felis),
rat flea (Xenopsylla cheopis), triatomine bugs (e.g., Triatoma

infestans), and other arthropods [39, 40].

One of the sufficiently described mechanisms of re-
sistance to pyrethroids in insects is the enhancement
of detoxification mediated by cytochrome P450-depen-
dent monooxygenases (CYP) [41]. This type of insecticide
resistance in M. domestica is associated with increased
expression of the CYP6DT gene in the presence of 15 bp
insertion (CYP6D1vT allele) [34]. In the USA, the resistant
CYP6D1vT allele was detected with a frequency of > 75%
in 5 studied populations of M. domestica [14]. According
to V. Taskin et al., the frequency of CYP6D1v1 in house fly
population from Turkey was 39% [36]. In Kazakhstan, this
allele was present in 3 out of 6 populations of M. domestica
with a much lower frequency: 4.4-6.3% [22]. In our study,
PCR-RFLP assay did not reveal an insertion characteristic
of the resistant allele of CYP6D1v; however, a mutation
described earlier for M. domestica laboratory culture was
detected in flies from the Nov and Cha populations [42].
Freeman J. C. et al. rightly pointed out in their study that
CYP6D1v1 is only partially responsible for the increased ex-
pression level of CYP6D1 [14]. Due to the high evolutionary
plasticity of CYPs, their other representatives or other mu-
tations not yet described may be involved in the formation
of resistance to insecticides - in general, and pyrethroids -
in particular, in local M. domestica populations.

Detection of a rather large percentage of flies with
the kdr mutation among M. domestica of the three field
populations under study is not surprising, since, accord-
ing to the surveys, pyrethroids (mainly deltamethrin and
cyfluthrin) had been used for premise disinsection and ani-
mal protection from annoying insects for several seasons
in livestock farms where the flies were collected. The use of
these insecticides in this case served as a selection factor
that apparently allowed the kdr (L1014F) mutation to gain
a foothold in the populations under study. It is believed
thatin the presence of the kdr (L1014F) mutation, a higher
level of pyrethroid resistance is formed than in the pre-
sence of the kdr-his (L1014H) mutation [36, 37]. In order
to slow down the emergence of populations highly resis-
tant to pyrethroids, it is advisable to replace pyrethroids
with insecticides with a different mechanism of action
(e.g., pyrroles, oxadiazines, insect growth regulators, etc.)
in the studied livestock farms.

The higher Diptera have only one AChE-encoding gene
and, accordingly, mutations providing resistance to OPCs
and carbamates in this group of insects were found only
in the ace-2 gene. Such mutations individually or in com-
bination lead to amino acid substitutions close to the
catalytic triad of the active centre of the enzyme, affecting
the orientation of the amino acids of the triad and limiting
the access and/or binding of bulk insecticides (enzyme in-
hibitors) in the substrate centre of the protein [25]. Six such
mutations have been described in detail for M. domestica:
V260L, A316S, G342A, G342V, F407Y and G445A [25, 28].
In addition to M. domestica, resistance to OPCs and car-
bamates is known to be formed by a similar mechanism
in other insect species, such as the green meat fly Lucilia

A

a1 o .
600bp s il G ol s e
Lo
400 bp —tws ,
300 bp — v .l
200 bp — -

Fig. 3. Electrophoregram for PCR-RFLP amplification products
of ace-2 gene region: A — using Mh1 | restrictase;

B —using Aco I restrictase; 1 - 342 (G/V), 2 - 342 (G/G), 3 - 342 (G/A)

cuprina [43], Drosophila melanogaster [44, 45], and tephritid

fruit flies Bactrocera oleae [46] and Bactrocera dorsalis [47].
In their study S. Baskurt et al. [48] indicated equivalent

substitutions of amino acid residues in the AChE molecule

for M. domestica and D. melanogaster. Literature data indi-
cate that mutations underlying resistance of the house fly

to OPCs and carbamates are widespread worldwide. Thus,
resistant alleles G342A and G342V were found in flies of
field populations of M. domestica of the USA, China, Iran,
Kazakhstan [14, 22, 26, 49]. In house fly populations from

Kazakhstan, G342A and G342V resistant alleles were found

with a frequency of 27-48 and 0-20%, respectively [22].
G342A and G342V mutations were detected in 30 and 40%

of M. domestica flies from Iran, respectively [26]. In our

study, the G342V resistant allele was only present in the Nik

population (the mutation was present in 40% of flies) with

a frequency of 25%, the G342A allele in the Nik (in 10%

of flies) and Cha (in 60% of flies) populations with a fre-
quency of 5 and 30%, respectively, and these mutations

were not detected in the Nov population. Itis assumed that

the allele with the G342V mutation plays a more significant

role in AChE insensitivity and the formation of a high level

of resistance to certain insecticides compared to that with

G342A mutation [14, 25, 49].

CONCLUSION

In this study, PCR-RFLP assay showed presence of
the kdr allele (L1014F), responsible for resistance to pyre-
throids, with a frequency of 30-55% and the G342A/V al-
leles associated with resistance to OPCs and carbamates,
with a frequency of 5-30% in flies from three and two field
populations of M. domestica in the Tyumen Oblast, respec-
tively. The presented data indicate the potential for forma-
tion of resistance to pyrethroids, OPCs and carbamates in
the studied populations. On the basis of the obtained results
it is possible to recommend replacement of these insecti-
cides during disinsection of livestock facilities with prepa-
rations from other groups in order to mitigate the spread
of resistant alleles in local populations of M. domestica. Fur-
ther molecular studies of insects from different regions of
the country are required to assess more fully the situation
regarding resistance to pyrethroids, OPCs and carbamates
and the potential for its formation in M. domestica in Russia.
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FGBI "FEDERAL CENTRE FOR ANIMAL HEALTH"
ARRIAH (FGBI "ARRIAH")

OTBY «OEJEPATIbHbIA LLEHTP OXPAHbI 30POBbA XIUBOTHbIX»

WOAH REFERENCE LABORATORY FOR FOOT AND MOUTH DISEASE
PEQEPEHTHAA TABOPATOPUA BO3X MO ALYPY

WOAH REFERENCE LABORATORY FOR AVIAN INFLUENZA
PEQEPEHTHAA TABOPATOPWA BO3X MO rPUMNY NTUL

WOAH REFERENCE LABORATORY FOR NEWCASTLE DISEASE
PEQEPEHTHAA TABOPATOPUA BO3X N0 BONE3HN HbIOKACIA

WOAH COLLABORATING CENTRE FOR DIAGNOSIS

AND CONTROL OF VIRAL ANIMAL DISEASES IN EASTERN
EUROPE, CENTRAL ASIA AND TRANSCAUCASIA

LIEHTP BO3X N0 COTPYJHUYECTBY B OBNACTU AUWATHOCTUKI 1 KOHTPONA
BMPYCHbIX BONE3HEN XWBOTHbIX A1 CTPAH BOCTOYHOW EBPOMbI,
LIEHTPANbHO A3111 11 3AKABKA3bA

FAO REFERENCE CENTRE FOR FOOT-AND-MOUTH DISEASE
PEOEPEHTHBIA LLEHTP OAO MO ALLYPY

FAO REFERENCE CENTRE FOR ZOONOTIC CORONAVIRUSES
PEOEPEHTHBIA LEHTP OAO N0 300HO3HbIM KOPOHABUPYCAM




