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A Word from the Editor-in-Chief

Dear readers! Your attention is invited to the second
issue of the journal, which offers you the articles on the
vital topic of Coronavirus infection.

In recent world history, 2019-2021 were marked by a
pandemic of the novel coronavirus infection COVID-19,
caused by the SARS-CoV-2. None of the previous epidemics
recorded in the current century, including SARS (2002)
and MERS (2012), has had such a global spread and such
significant social and economic consequences. To date,
more than 170 million cases of COVID-19 among people
are already known; more than 3.5 million people have fal-
len victims to the disease. Having a pronounced zoonotic
potential, coronaviruses are able to overcome the species
barrier. This led to spillover events at the beginning of the
pandemic: the SARS-CoV-2 spread to humans from bats,
possibly through an intermediate host (pangolins), and
then from humans to other species, primarily domestic
ones (dogs and cats), to zoo cats (tigers and lions), as well
as to minks. In the latter case, unprecedented measures
were taken in a number of European countries. For exam-
ple, Denmark culled almost all farm minks over fears of the
SARS-CoV-2 mutation in these animals.

Reports about COVID-19 cases in animals urged infec-
tious pathology and epizootology research institutions
to take immediate response measures. In this regard, the
FGBI “ARRIAH" and the FGBI “VGNKI’, subordinated to the
Rosselkhoznadzor, in a prompt manner developed di-
agnostic test kits, which allowed detection of two infec-
ted cats during screening tests. Taking into account the
need to establish the true COVID-19 situation in animals
in our country, amid a growing flow of data on cases in
different species abroad, the FGBI “ARRIAH" boosted its
screening activities in 2020-2021 among different spe-
cies, and developed and registered the product, the first
one in the veterinary world, aimed at prevention of this
disease in carnivorous animals. Besides, employees of the
FGBI“ARRIAH" and the FGBI“VGNKI” conducted advanced
on-line training courses, including free ones, on the epi-
zootic situation, diagnosis and prevention of COVID-19 in

animals. Thanks to the work done, our veterinary specia-
lists possess reliable tools for the infection diagnosis and
prevention in animals.

The issue of the journal that you are holding in your
hands summarizes the results of the work done. Its pur-
pose is to draw the attention of the scientific community
to the need for further study of the problem related to
the spread of COVID-19 among animals and to avoid the
negative development of the situation to panzootic.

| /,/
i
Y

I\/

7
Best regards,

Editor-in-Chief

Doctor of Science (Veterinary Medicine)
Artem Ye. Metlin
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SUMMARY

Development of specific protection in susceptible carnivores against COVID-19 caused by zoonotic agent is of great importance for maintaining epidemic
and veterinary favourable situation in the Russian Federation and prevention of new coronavirus infection spread in humans. Development of inactivated adsorbed
whole-virion vaccine (Carnivac-Cov) against coronavirus infection (COVID-19) for carnivores intended for specific disease prevention in fur animals and pet animals
(cats and dogs) and tests of the vaccine for its safety and effectiveness are described in the paper. The vaccine was developed and tested at the FGBI “ARRIAH”
(VIadimir) subordinated to the Rosselkhoznadzor in accordance with the Russian Federation legislation requirements. Clinical trials were carried out on fur farms, in
veterinary clinics and animal shelters. More than 330 animals (fur animals, cats, dogs) were involved in the preclinical and clinical trials. The trials have demonstrated
that the vaccine i safe for target animals. Carnivac-Cov vaccine administered twice intramuscularly at the dose of 1.0 cm? induces anti-SARS-CoV-2 immune response
14 days after the second administration that lasts for at least 6 months. The vaccine transportation, storage and application do not require any specific protective
equipment. The vaccine can be used on fur farms and in veterinary clinics without limitations. Carnivac-Cov is the first tool for specific COVID-19 prevention in
animals. The vaccine has successfully passed comprehensive quality control and is registered in the Russian Federation.

Keywords: SARS-CoV-2, prevention, COVID-19, vaccine safety and effectiveness, fur animal farming, pet animals.
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PE3IOME

[lina obecneyenna 3nn300Tuyeckoro 1 BeTepuHapHoro 6narononyuusa Poccuitckoii Oefepauii n npesoTBpaLLeHNa pacnpoCcTpaHeHNa HOBOIA KOPOHABMPYCHOI
UHOEKLMM Cpeam Nlofeil nepBoCTeneHHOe 3HaueHe UMeeT BONPoC OpMUPOBAHNA CeLNPUYEcKoil 3aLLUTbI CPeAN BOCTPUMMUNBBIX MAOTOAAHBIX KUBOTHbIX
npotu COVID-19, Bo36yauTens koToporo 06nafaeT 300H03HbIM NOTEHLMaNOM. B cTaTbe npescTaBeHbl pe3ynbTaTbl pa3paboTky, a Takie OLIEHKI 6e3BpesHOCTH
13$deKTUBHOCTY MHAKTUBUPOBAHHOIA COPOUPOBAHHOI LIeNbHOBUPUOHHON BaKLMHbI NPOTUB KOpoHaBupycHoi ukdexwm (COVID-19) Ans NNOTOALHBIX KUBOTHbIX
«KapHuBak-Ko», npeiHa3HaueHHoi Ana cneuuueckoil npodunakTvky 3a6onesaxna nyLUHbIX 3Bepeil v XKUBOTHIX-KOMNaHbOHOB (cobaK 1 KoLuek). PaspaboTky
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11 KOHTPONb KauecTBa Npenapara oCyLLeCTBAANN CornacHo TpeboBaHMAM 3akoHoAaTenbcTBa Poccuiickoil Defepaumy Ha 6ase noasegomcTBeHHoro Poccenbxos-
Haazopy OIbY «BHUU3X» (r. Bnagimup). Knunuueckne ncnbitanua npoBOANUAY B yCNOBIAX 3BePOBOAYECKIX X03AICTB, BETEPUHAPHDIX roCnuTaneli u npuiotoB
ANAKUBOTHBIX. B 061Ut CNOXHOCTY NpY NPOBEAEHNIN SOKAVHUYECKUX 11 KIMHUYECKIX MCCNeZ0BaHMI yuacTBOBaNO bonee 330 roNoB XMBOTHBIX (MyLUHble 3BepH,
KoLK, cobakn). [poBeieHHble UCnbiTaHNA NpenapaTa nokasany ero 6e3BpeaHOCTb ANA LieneBbIX KUBOTHbIX. Yepe3 14 cyTok nocnie ABYKPaTHOr0 BHYTPUMbILLIEY-
Horo BBeZieHUs UMMyHU3UpyloLLeii 103l (1,0 cv®) «KapHuBak-KoB» Bbi3biBaeT hOpMUpOBaHIe IMMYHHOTO 0TBeTa NpoTuB SARS-CoV-2 NposomKUTENbHOCTbIO
He MeHee 6 Mec. TpaHCMOPTUPOBKa, XpaHeH e 1 MpUMeHeHve npenapata He TpebyeT obecneyeHina 0cobbix yCnoBHiA. BakuuHa MoXeT cBO60AHO UCMONb30BaTLCA
B YCNOBUAX 3BEPOBOAYECKIX X03AIACTB 1 BeTepUHapHbIX KNMHUK. «KapHUBak-KoB» ABNAETCA NepBbIM B MUPe MHCTPYMEHTOM CreLnduyeckoi npodunakTuki
COVID-19 y xmBoTHbIX. [penapar ycnewHo npoLLen BCecTopoHHMIA KOHTPOMb KauecTBa 11 3aperncTpupoBaH Ha Tepputopun Poccuiickoii Oepepaumn.

KnioueBbie cnosa: SARS-CoV-2, npodunaktuka, COVID-19, 6e3BpeaHoCTb 1 3¢deKTUBHOCTb BaKLMHDI, MYLUHOE 3BePOBOACTBO, XKIBOTHbIE-KOMMAHbOHbI.

bnaropapHocTb: Pabota BbinonHeHa 3a cuet cpeacts OTBY «BHUN3M» B pamkax TemaTinku HayuHO-UCCnefoBaTeNbCkuX paboT «Pa3paboTka KomnneKcHoil
CUCTEMbI KOHTPONA MHPEKLIMOHHbIX 60NIe3Hel XUBOTHbIX U COBEPLUEHCTBOBaHME METOAOB UCCNe[0BAHNA 0CTaTKOB 3aMpeLLeHHbIX 1 BPeAHbIX BelLeCTB B opra-
HU3Me XMBOTHBIX, KOPMaXx 1 NPOAYKTaX KUBOTHOTO NPOUCXOXKIEHUAY.

[inauutuposanus: fankunaT. C., Hectepos A. A., bopuco A. B., Yana . A., KoHowoB A. B. Co3aaHue BakUMHbI NpoTvB KopoHasupycHoii uHdekuum (COVID-19)

NN0TOAAHBIX XUBOTHbIX «KapHuBak-Ko». Bemepurapus cezodHs. 2021; 2 (37): 82-87. DOI: 10.29326/2304-196X-2021-2-37-82-87.

Kondnukt nnrepecos: ABTopbl 3aABAAIT 00 OTCYTCTBUM KOHGNMKTA MHTEPECOB.

[ins KoppecnonaeHuymnn: fankuHa TaTbAHa CepreeBHa, KAHANAAT BETEPUHAPHDIX HayK, 3aBedytoLLnii nabopatopueit npodunakTinki bonesHei Menkux fo-
MaLLHKX XuBOTHbIX OIBY «BHUN3X», 600901, Poccus, r. Bnapumup, mkp. 0pbesew, e-mail: galkina_ts@arriah.ru.

INTRODUCTION

The first human cases of COVID-19, the disease caused
by new SARS-CoV-2 coronavirus, were officially reported
in Wuhan, People’s Republic of China, in December 2019.
Since that time the disease has spread around the world,
affected more than 170 min people and caused more than
3.5 min human deaths. Cases of COVID-19 transmission
from human to animals, its agent circulation in animal po-
pulation and its transmission back to humans were official-
ly reported [1, 2]. COVID-19 infection agent is an enveloped
single-stranded non-segmented RNA-virus, SARS-CoV-2,
belonging to Coronaviridae family, Betacoronavirus genus.
Coronaviridae family members are the major pathogens of
mammals (including humans), amphibians and birds [3-5].

Coronaviruses have multiple virus subgroups. Alpha-
and beta-coronaviruses (including coronavirus causing
common cold in humans) as a rule affect mammals;
gamma- and delta-coronaviruses generally cause infec-
tious diseases in birds and fish. Many of the common
coronaviruses causing diseases in domestic animals, such
as feline enteral coronavirus, belong to alpha coronaviru-
ses. SARS-CoV-2 affecting the human respiratory system
belongs to beta-coronavirus group [4, 6-8].

The initial source of COVID-19 infection agent has
not yet been identified, but the World Health Organiza-
tion (WHO) and World Organization for Animal Health (OIE)
are both of opinion that bats are the most probable envi-
ronmental reservoir of SARS-CoV-2. However, the agent
could undergo passages in an animal of other species that
was an intermediate host, before it infected the human
for the first time. Such intermediate host is supposed to
be a livestock animal, wild animal or farmed wild animal.
The role of animals in the infection spread is not clearly
defined. However, according to the OIE, some animal spe-
cies are susceptible to COVID-19. Zoonotic potential of
the agent was confirmed for the first time by detection
of SARS-CoV-2 genome in biomaterial samples collected
from dogs in Hong Kong [9-13].

SARS-CoV-2-susceptibility of animals is currently not
sufficiently understood, but there are some reports on
experimental infection of ferrets, cats, dogs and pigs. It
was demonstrated that SARS-CoV-2 effectively replicated
in cats and ferrets but dogs were low susceptible [4, 11].
B. S. Pickering et al. showed that pigs were susceptible to
nasal infection with SARS-CoV-2 at a high dose [12].

COVID-19 agent was identified and reported in mink
population in 10 countries: Canada, Denmark, France,
Greece, Italy, Lithuania, the Netherlands, Spain, Sweden
and the United States of America. First two disease out-
breaks on mink farms were reported in the Netherlands
in April 2020. Most affected farms reported SARS-CoV-2
infection cases in their workers that supposed coronavirus
transmission from humans (animal owner or handlers) to
minks and was indicative of the agent ability to become
a reverse zoonosis [1, 2, 13-15]. The situation was the
most complicated in Denmark where more than 17 min
minks were culled on fur farms due to partially detection
of SARS-CoV-2 mutation (cluster 5) variant that was able
to transmit from animals to humans [1, 2].

Thereafter, cases of SARS-CoV-2 infection in animals of
different species with respiratory and intestinal signs were
detected in several countries.

Emerging infectious diseases often pose threat to wild-
life and biological diversity. Fur animals escaping from the
farm can become the virus-maintaining source and can
cause agent spillover to sympatric wild animal species in
case of susceptible species presence. Currently available
information is not sufficient to assess the probability of
SARS-CoV-2 reservoir establishment in susceptible wild
animals.

Mink escaping from the farm has always been a prob-
lem for the countries where fur farming exists or has exis-
ted. It is believed that the number of escapes increases
during mass culling. It was found in one region of Denmark
that the majority of the minks living in the region were
born on a farm and then escaped. This is indicative of the

VETERINARY SCIENCE TODAY, JUNE Ne2 (37) 2021 | BETEPUHAPUA CETOLHS, MIOHb Ne2 (37) 2021

83



role of the farms as an actual sources for wild population
replenishment and maintaining of mink population at
large size. Similar conclusions were made in other coun-
tries. Escaped minks come into contact with wild minks:
hybridization between farmed and wild individuals in the
wild were documented.

The first free-ranged local wild mink with confirmed
SARS-CoV-2 infection was detected in Utah State (USA) in
December 2020. Phylogenetic analysis of the recovered
virus isolate confirmed that it was closely related to the vi-
rus isolated from the animals on a mink farm. This suggests
that the wild mink has been infected through indirect or
direct contact to the infected farmed minks [14, 15].

The risk of SARS-CoV-2 infection of humans by fur ani-
mals poses a serious threat to human health and socio-
economic development. The agent can be transmitted
from fur animals to wild animals through direct contact
between wild and infected farmed animals as well as in-
directly via infected carcasses, wastes and other contami-
nated objects, as a result of direct and indirect contacts
between fur animals/contaminated objects and stray
animals. Such stray animals could be an intermediate
species and transmit the virus to susceptible wild animals.
SARS-CoV-2 spread on mink farms creates new opportu-
nities for its evolution due to facilitating the agent trans-
mission to wild animal species that could become the virus
reservoirs [1, 2,13, 15].

Thus, development of specific anti-COVID-19 protec-
tion in susceptible carnivores is of utmost importance for
maintaining favorable veterinary situation in the Russian
Federation and prevention of the disease spread in humans.

Considering the abovementioned, the Rosselkhoz-
nadzor-subordinated FGBI “ARRIAH" was tasked to deve-
lop safe and effective vaccine against coronavirus infec-
tion (COVID-19) for carnivores and register it in the Russian
Federation.

MATERIALS AND METHODS

Carnivac-Cov vaccine was developed and tested for
its quality in accordance with Federal Law No. 61-FZ on
circulation of medcines and Order of the Ministry of Ag-
riculture of the Russian Federation No. 101 on approval
of the rules for preclinical testing of veterinary medicinal
products, clinical trials of veterinary medicinal products,
tests of veterinary medicinal products for bioequivalence.

Four pilot vaccine batches were used for preclinical and
clinical tests.

Carnivac-Cov vaccine active substance is inactivated
SARS-CoV virus. Aluminum hydroxide was used as an ad-
sorbing agent. All vaccine components were thoroughly
tested during incoming quality control including tests for
sterility and antigen innocuity in Vero C1008 by three con-
secutive passages.

Preclinical tests were performed at the FGBI “ARRIAH";
130 animals of different species (ferrets, minks, dogs, cats)
were used for preclinical trials. Clinical trials were per-
formed in 200 target animals (cats, dogs, minks, Arctic
foxes, etc.) on fur farms, in veterinary clinics and animal
shelters.

The animals were kept and used in accordance with the
Guidelines for laboratory animal keeping and use (Direc-
tive 2010/63/EU of the European Parliament and Council
of the European Union of 22 September 2012).

Serum samples from the animals were tested for speci-
fic antibodies against SARS-CoV-2 in accordance with the
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Methodical Guidelines for detection of anti-SARS-CoV-2
antibodies with enzyme-linked immunosorbent assay in
sera of susceptible animals [16].

RESULTS AND DISCUSSION

Carnivac-Cov vaccine was examined for the following
during its preclinical tests: interaction with other veteri-
nary medicinal products, toxicity for target and laboratory
animals, vaccine tolerability in healthy animals, immunity
duration.

Ferrets, minks, dogs and cats were used to determine
the interaction of the vaccine with other immunologicals.
Animals of each species were divided into four groups iso-
lated from each other, 5 animals per group. The animals of
the first groups were immunized with Carnivac-Cov vac-
cine, animals of the second groups were simultaneously
immunized with Carnivac-Cov vaccine and anti-rabies
vaccine, animals of the third groups were vaccinated with
the anti-rabies vaccine 5 days after Carnivac-Cov admi-
nistration and animals of the fourth groups remained
non-immunized.

Blood samples were collected from the animals 14 days
after their vaccination with Carnivac-Cov for sera prepara-
tion; the sera were tested for specific antibodies against
SARS-CoV-2 with enzyme-linked immunosorbent as-
say (ELISA). Test results showed that the antibody levels
in Carnivac-Cov vaccine-immunized test animals were
1:200-1:800 [16].

No signs of depression, loss of appetite, body tem-
perature rise or other clinical disorders were detected in
test animals during observation period of 35 days that
together with serological test results demonstrated Car-
nivac-Cov vaccine compatibility with other veterinary
medicinal products.

The vaccine was tested for its toxicity in ferrets, minks,
dogs, cats and white mice. Animals of each species were
divided into two groups, 5 animals per group. One im-
munizing dose (1.0 cm?) of the vaccine was administered
intramuscularly to the animals of the first groups. The vac-
cine was administered three times during the day every
6 hours.The animals of the second groups remained intact
(control groups). The animals of all groups were observed
for clinical signs including body temperature measuring
and recording the observation results during 14 days after
the vaccine administration. The animals were euthanized
on day 15 after the experiment had started and then sub-
jected to post-mortem examination for possible organ and
tissue lesions.

No intoxication signs were detected in animals of all
test groups: general body condition, body temperature,
water and feed intake, etc. were similar to that ones in
control groups of animals. Obtained data showed that Car-
nivac-Cov vaccine was not toxic for the said animal species.

The vaccine was tested for its tolerability in healthy ani-
mals. The tests were carried out in ferrets, minks, dogs, cats
injected intramuscularly by the recommended vaccine
dose (1.0 cm?) as well as by the vaccine doses that were 5,
10 and 50 times higher than the recommended dose. Each
vaccine dose was administered intramuscularly twice with
a 21-day interval. The animals of all groups were clinically
observed for 35 days after the first vaccine administration.
Afterwards, the animals were euthanized and subjected to
post-mortem examination. The test findings showed that
the vaccine administered at the recommended doses or
at the excessive doses induced no local reactions and had
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no lethal effect. Post-mortem examination showed that
organs of all test animals were normal. Thus, obtained
results have shown that Carnivac-Cov vaccine is safe and
non-reactogenic for carnivores.

Tests for determination of the vaccine immunizing dose
were carried out in 2 months-old ferrets, minks, dogs and
cats (35 animals of each species). The animals were divi-
ded into isolated groups, 5 animals per group, were intra-
muscularly injected with the vaccine at a dose of 0.5; 1.0
and 2.0 cm?® once and injected twice at the same doses at
a 21-day interval. The animals were examined for clinical
signs with daily thermometry during the whole observa-
tion period.

Blood samples were collected from all animals 14 days
after the last pilot vaccine administration. The prepared
sera were tested with ELISA for detection of specific anti-
SARS-CoV-2 antibodies.

ELISA tests showed that average specific anti-SARS-
CoV-2 antibody level in the animals vaccinated with Carni-
vac-Cov vaccine at a dose of 0.5 cm?® was significantly lower
than that ones in animals immunized with the vaccine at
doses 1.0 and 2.0 cm® (Table):

Thus, obtained results indicated that the minimal
immunizing dose of the pilot vaccine was 1.0 cm*when
the vaccine was administered intramuscularly twice at
a 21-day interval.

Tests for assessment of postvaccinal immunity duration
were carried out in ferrets, minks, dogs and cats (13 ani-
mals of each species) divided into groups isolated from
each other. Animals of tests groups (10 animals of each
species per group) were immunized with Carnivac-Cov
vaccine by double intramuscular injection of 1.0 cm? at
a 21-day interval. The animals of control groups (3 animals
of each species per group) remained non-vaccinated.

Blood samples were collected from all animals 2, 4 and
6 months after immunization and the prepared sera were
tested with ELISA for detection of specific anti-SARS-CoV-2
antibodies.

Sera test results showed that average specific anti-
SARS-CoV-2 antibody level in samples from the immu-
nized animals (test groups) was 1:420-1:520 during
6 months. Whereas, no specific anti-SARS-CoV-2 antibo-
dies were detected in sera collected from non-vaccinated
animals (control groups). Thus, the test results show that
Carnivac-Cov vaccine induces strong immunity response
against coronavirus infection (COVID-19) agent in the im-
munized carnivores that lasts for at least 6 months.

The vaccine contains no infectious agent or toxic sub-
stances and does not pose a potential threat to humans
and environment.

Carnivac-Cov vaccine was proven safe and effective
during the preclinical trials and that allowed for clinical
trials of the vaccine in cats, dogs, fur animals (minks, Arctic
foxes, foxes). The trials were carried out in target animals
(cats, dogs, minks, Arctic foxes, foxes) of different ages on
fur farms, in veterinary clinics and animal shelters. The
animals were injected intramuscularly twice with Carni-
vac-Cov vaccine at a dose of 1.0 cm® with a 21-day inter-
val (Fig. 1-3).

No local tissue reactions to the vaccine injection, dis-
ease signs or animal deaths were detected in the animals
during the observation period.

Blood samples were taken from the immunized animals
(cats, dogs, fur animals) 2,4 and 6 months after vaccination
to confirm duration of the postvaccinal immunity induced

by Carnivac-Cov in target animals in the field. Prepared
sera were tested with ELISA for specific anti-SARS-CoV-2
antibodies.

Tests showed that average specific anti-SARS-CoV-2 anti-
body levels in sera collected from the immunized animals
remained high throughout the whole observation period
and were as follows per group: 1:485 in cats, 1:304 in dogs,
1:500 in fur animals (Fig. 4-6). Clinical trial results confirmed
Carnivac-Cov vaccine safety and effectiveness.

Successful preclinical and clinical trials of Carni-
vac-Cov vaccine provided grounds for preparation of the

Table
Results of testing of sera from carnivores immunized with Carnivac-Cov vaccine

Tabnuua
Pe3ynbTatbl uccnepoBaHuA Npo6 cbIBOPOTKM KPOBY MAOTOAAHBIX XKUBOTHBIX,
MMMYHN3UPOBaHHbIX BaKLuHoii «KapHusak-Kos»

Injected dose,
volume / number
of injections

Number of

Animal species .
animals

level

Average antibody

1 5 0.5 cm*/once

2 5 0.5 cm*/twice 1:100
3 5 1.0 cm*/once 1:140
4 ferrets 5 1.0 cm*/twice 1:440
5 5 2.0 cm*/once 1:160
6 5 2.0 cm/twice 1:480
7 5 control <1:50
8 5 0.5 cm’/once 1:60
9 5 0.5 cm*/twice 1:100
10 5 1.0 cm*/once 1:120
N minks 5 1.0 cm*/twice 1:440
12 5 2.0 cm*/once 1:120
13 5 2.0 cm’/twice 1:340
14 5 control <1:50
15 5 0.5 cm*/once 1:80
16 5 0.5 cm*/twice 1:90
17 5 1.0 cm*/once 1:80
18 dogs 5 1.0 cm*/twice 1:240
19 5 2.0 cm*/once 1:150
20 5 2.0 cmP/twice 1:280
21 5 control <1:50
22 5 0.5 cm’/once 1:70
23 5 0.5 cm*/twice 1:110
24 5 1.0 cm*/once 1:120
25 cats 5 1.0 cm*/twice 1:360
26 5 2.0 cm*/once 1:150
27 5 2.0 cmP/twice 1:280
28 5 control <1:50
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Fig. 1. Carnivac-Cov vaccine is intramuscularly administered to the puppy
Puc. 1. BHympumebiweyHoe ssedeHue 8akyuHsl «KapHusak-Koe» weHKy

Fig. 2. Carnivac-Cov vaccine is intramuscularly administered to the cat

Puc. 2. BHympumbliweyHoe ssedeHue 8akyuHbl «KapHusak-Koe» kowke

Fig. 3. Carnivac-Cov vaccine is intramuscularly administered to the mink

Puc. 3. BHympumsiweyHoe 88edeHue 8akyuHel <KapHugak-Koe» Hopke

registration dossier for the adsorbed inactivated vaccine
against coronavirus infection (COVID-19) for carnivores
and subsequent registration of the said vaccine in the
Russian Federation.

CONCLUSION

Effective and safe product for specificimmunization of
carnivores against COVID-19 was developed based on the
studies performed at the FGBI“ARRIAH". Double immuniza-
tion of the animals at a dose of 1.0 cm® with a 21-day inter-
val induces antibody development at the following levels:
1:485 in cats, 1:304 in dogs, 1:500 in fur animals. The vac-
cine has been proven safe, non-reactogenic for carnivores.
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SUMMARY

Coronaviruses are a large family of viruses and they are wide spread in animals and humans. They can cause respiratory tract illnesses of various severity. The latest
recently discovered coronavirus (SARS-CoV-2) is an agent of COVID-19. The first human cases were reported in Wuhan (People’s Republic of China) in December 2019.
Since then, the disease infected over 153 million people and became the cause of more than 3 million deaths all over the world. Among the leaders in the confirmed
cases are the USA, India, Brazil, France, Turkey and Russia. In February 2020, it was determined that some animal species, including domestic cats and dogs, can
be infected with SARS-CoV-2. Reports of animal infection in zoos were submitted from the USA, Argentina, Czech Republic, Sweden, Spain, Estonia, RSA and India.
Cases of SARS-CoV-2 infection in fur-farmed minks were reported by 13 countries. The most large-scale COVID-19 outbreak in minks that involved about 300 mink
farms was reported in Denmark. During the COVID-19 pandemic, the agent’s transmission from humans to canines (Canidae), felines (Felidae), mustelids (Mustelidae)
and hominids (Hominidae) was confirmed. As of early May 2021, the disease cases in animals were reported by 33 countries. Due to COVID-19 epidemic spread and
detection of animal infection cases, diagnosis tools and methods were developed in the Russian Federation, and screening tests were performed in susceptible
animal populations in different regions of the country. COVID-19 monitoring results demonstrated the virus in two cats (in Moscow and Tyumen).
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PE3IOME

KopoHaBupycbl coCTaBAAKT MHOFOUMCNEHHOE CeMeIiCTBO BUPYCOB 1 LUNPOKO PAacnpOCTPaHeHbl Y MBOTHbIX U Niofeil. OHM CnocobHbI BbI3bIBaTb Y YenoBeka
pecnupatopHble 3a60neBaHNA pa3NuuHoii cTeneHn TaxecT. MocneHuil U3 HelaBHO OTKPbITbIX KOpoHaBMpycoB (SARS-CoV-2) ABnaeTca Bo3byautenem 3abo-
nesaxua COVID-19. MepBble cnyyan nHpuumposanms nopeit SARS-CoV-2 6binn 3apernctpupoBaHbl B ropoge YxaHb (Kutaiickaa HapopHas Pecny6nnka) B feka-
6pe 2019 r. CTex nop gaHHas 6one3Hb nopasiuna 6onee 153 MUANMOHOB YenoBeK, CTaB NPUYNHON bonee 3 MUANMOHOB CMepTeil No Bcemy Mupy. llngepamu no
KonuuecTBy noaTBepxaeHHbIX ciyyae anaiotca CLUA, WHawa, bpazunua, Opanuma, Typuna u Poccua. C pespana 2020 r. ycTaHOBNEHO, YTO HEKOTOpbIE BUAbI
KUBOTHbIX, B TOM UnCe lOMALLHIE KOLLKY 1 coBaKu, MoryT 3apaxatbca Bipycom SARS-CoV-2. CoobLuenma 06 MHOMLIMPOBAHMM XMBOTHBIX B 300MapKax CTainy
nocrynatb u3 CLLIA, Aprextinbl, Yeuckoii Pecnybauk, WLiseumm, Micnannn, Sctonmn, OAP, Muaum. O cnyyasx 3apaxerna Hopok SARS-CoV-2 Ha 3BepoBoaueckix
depmax coobyunu 13 ctpaH. Hanbonee macwrabHas Benbiwka COVID-19 cpenm Hopok, oxBaTuBLuas okono 300 HOpKoBbIX Gepm, npousoLuna B [laHuu. 3a
spema nangemun COVID-19 3adukcuposaHa nepegaua Bo30yauTenda ot yenoBeka k npeAcTaBuTeNam cemeiicTs ncoBbix ((anidae), kowaubux (Felidae), kyHbux
(Mustelidae), a Takxe romunug (Hominidae). o coctoaHuto Ha Hayano mas 2021 1. 0 3a60neBaHMN XNUBOTHbIX C006LLMAN 33 CTpaHbI. B (BA3M € InuaeMmyeckum
pacnpoctpaHetuem COVID-19 1 BbiABREHMEM CyyaeB 3apaxeHns XMBOTHbIX B Poccuiickoil Oepepaumn 6binu pa3paboTaHbl (peacTBa U METOAbI ANATHOCTUKM
NHOEKLIN 1 NPOBEAAEHbI CKPUHUHTOBbIE UCCNIeS0BAHMA B MONYAALMMA BOCTPUMMUMBDIX XKUBOTHBIX M3 Pa3NInuHbIX PErnoHOB CTpaHbl. B xone Monutopunra COVID-19
8 Poccun Bupyc-Bo3byauTent 6bin BbiABNEH y 2 Koluek — B Mockse 1 TiomeHU.

Kniouesbie cnosa: Koponasupycbl, COVID-19, SARS-CoV-2, anu3ootinyeckas cutyaums, MexsigoBas nepesaya, MOHUTOPUHT.
bnaropgapHocTb: Pabota BbinonHeHa 3a cuet cpeacTs OIBY «BHIUWU3X» B pamkax Tematuky HayuHo-uccneoBaTenbekux pabot «BetepuHapHoe bnarononyune.
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Ysana 1. A., Menuk A. E. PacnpocTpaHenue kopoHasupyca SARS-CoV-2 cpea niogieli v uBOTHBIX. BemepuHapus cezo0us. 2021; 2 (37): 88—96. DOI: 10.29326/2304-
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INTRODUCTION

Coronaviruses (Coronaviridae) is a family of related RNA
viruses of 46 species, organized in two subfamilies, that
cause diseases in mammals (including humans), birds
and amphibians. The name is associated with the struc-
ture of the virus, the spikes of which resemble the solar
corona [1, 2].

Coronaviruses are widespread in the animal world. Vi-
ruses of the Coronaviridae family affect bats, cats, dogs,
pigs, cattle, birds and other species [2].

The new SARS-CoV-2, which caused an outbreak of the
dangerous infectious disease COVID-19, was first detected
in December 2019. The World Health Organization (WHO)
declared it a public health emergency of international con-
cernon 30 January 2020, and announced it a pandemic on
March 11, i.e., a disease that broke out on a global scale
and covered several continents.

The detection of antibodies to the viral virion com-
ponents confirms the previous disease or asymptomatic
carrier state and indicates the presence of immunity. The
duration and strength of the immunity to the SARS-CoV-2
in different species is currently understudied. To detect
antibodies to animal coronaviruses, various methods are
used: neutralization test, enzyme-linked immunosorbent
assay, immunofluorescence assay [3-8].

Due to the wide spread of COVID-19 in the world and
the potential interspecific transmission, the goal was to
develop domestic tools and methods for diagnosing the

disease in animals, as well as to conduct screening studies
of biological material from susceptible animals in various
regions of the Russian Federation.

One of the tasks of the work carried out was to deter-
mine the target animal populations and conduct COVID-19
primary screening in these populations using laboratory
diagnostic methods.

MATERIALS AND METHODS

The data on COVID-19 animal cases were collected
based on statistical data from the WAHID/WAHIS data-
base of the World Organization for Animal Health (OIE), as
well as on scientific publications of foreign and domestic
authors and data from the mass media. Data on human
morbidity were taken from the archived data of the Johns
Hopkins University (USA) and the World Health Organiza-
tion (WHO) on COVID-19 outbreaks. Mapping and analy-
tics were performed in the FGBI“ARRIAH" using the ArcGIS
ESRI services.

For screening tests, Veterinary Services of 20 Russian
Federation Subjects with the participation of the Rossel-
khoznadzor Territorial Administrations and inter-regional
veterinary laboratories collected samples from animals
(nasopharyngeal/oropharyngeal swabs, rectal swabs,
fresh feces) using viscose-tipped sterile applicators.
Domestic cats, dogs, and mustelids (minks, sables, and
ferrets) were identified as the target population for sam-
pling, from which 1,312 samples of biological material
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Table 1
Number of SARS-CoV-2 infected humans across the world [11]

Tabnuua 1
KonnuectBo 3apaxeHHbIX kopoHaBupycom SARS-CoV-2 niopeii B mupe [11]

Number 7 Number .

@

Legend:
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Global Spread of COVID-19 in Humans in 2019-2021
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05.05.2021

N

0 1150 2300 4600 Km A
S T T T T |

Fig. 1. Global spread of COVID-19 in humans, 2019-2021

Puc. 1. PacnpocmpareHue COVID-19 cpedu ntodeti 8 mupe ¢ 2019 no 2021 2.

were collected. In addition, in order to determine the
presence of infected animals in the populations of wild
and domestic birds, as well as in the livestock populations
(cattle, small ruminants, pigs), 122 samples of biomaterial
from 26 Russian Federation regions were collected and
tested. The collected samples were transported to the
FGBI “ARRIAH" at a temperature of 4-8 °C. For analysis,
a PCR test kit was used to detect the SARS-CoV-2 RNA
(SARS-CoV-2 real-time RT-PCR, FGBI “ARRIAH") as recom-
mended by the manufacturer.

America 62,713,257 1,529,597 475

Europe 52,275,954 34.0 1,092,527 339

Southeast Asia 23,837,189 15.5 291,762 9.0

Eastern Mediterranean 9,274,240 6.0 185,875 58

Africa 3,330,385 22 83,259 26

Western Pacific 2,522,720 1.6 38,019 12
Total | 153,953,745 3,221,039
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RESULTS AND DISCUSSION

SARS-CoV-2 spread in the human population

In December 2019 in China, there was an increase in
the number of pneumonia cases. Investigations revealed
that the disease was caused by a previously unknown
virus, which was later identified as the new SARS-CoV-2
coronavirus. The infection spread quickly enough to other
countries (Fig. 1) [9].

According to the WHO data, as of May 5, 2021, the num-
ber of coronavirus infected people in the world exceeded
153 million, of which more than 3.22 million died (Table 1).
According to Johns Hopkins University, more than
155.2 million people were infected worldwide, and more
than 3.24 million died [10]. The leader in the number
of confirmed cases remains the United States, where
32.1 million infected people were recorded. In second
place is India (20.7 million), in third — Brazil (14.8 million),
in fourth — France (5.6 million), in fifth - Turkey (4.9 million),
in sixth — Russia (4.8 million) [11].

SARS-CoV-2 spread in animal populations

The first official notification of the OIE on the trans-
mission of the SARS-CoV-2 from humans to animals was
received on February 26, 2020 from Hong Kong. The dog
was quarantined after its owner was hospitalized due to
the COVID-19 infection. Samples of biological material
taken from the dog tested positive for SARS-CoV-2. At
the same time, the animal had no clinical signs of the
disease. Later, there were reports of SARS-CoV-2 de-
tections in domestic cats and dogs in Europe, Asia, and
America (Fig. 2).
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Fig. 2. Global spread of COVID-19 in animals, 2019-2021
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In Russia, the infection of animals with SARS-CoV-2 was
confirmed by the FGBI“VGNKI"and the FGBI“ARRIAH"”. The
virus was detected in two cats from Moscow and Tyumen.
In the course of further COVID-19 screening tests in the
populations of domestic, farm and fur animals (minks, fer-
rets, sables), conducted in 2020, no cases of the disease/
virus carrier state were detected.

SARS-CoV-2 infection of zoo animals was first reported
in March 2020 in the United States. In the Bronx Zoo (New
York), a tiger with clinical signs of respiratory disease was
diagnosed with SARS-CoV-2 infection during laboratory di-
agnostics. Five other tigers and three lions, which were kept
in two enclosures at the zoo, were also infected with SARS-
CoV-2.Then reports of animal infections in zoos began to
arrive from other US states: tigers in Indiana, Tennessee,
Virginia, Texas and Minnesota; snow leopard in Kentucky;
gorillain California; lion in Pennsylvania [12, 13]. Moreover
there was information in the media that in the State of
Georgia aquarium, otters got diseased with a coronavirus
infection. According to the aquarium staff, the otters had
symptoms of respiratory infection: sneezing, runny nose,
cough and mild depression [14]. Presumably, employees of
the zoos with an asymptomatic disease became a source
of infection for the animals.

SARS-CoV-2 infections among zoo animals have been
reported in other countries. Laboratory tests confirmed
the disease in gorillas and Indian lions at the Prague Zoo
(Czech Republic) [15, 16]. Representatives of the Spanish
Veterinary Services reported coronavirus positives in four
lions at the Barcelona Zoo [17].In January 2021, a lion was
diagnosed with COVID-19 at the Tallinn Zoo (Estonia) [18].

The Swedish National Veterinary Institute (SVA) has con-
firmed COVID-19 in two tigers and two lions kept at the
Boras Zoo.The media reported about the suspected SARS-
CoV-2 infection of two white tiger cubs in Pakistan [19].
In India, the coronavirus was found in lions at the Hyde-
rabad Zoo [20]. The OIE also received notifications about
the infection of cougars in the zoo in Johannesburg (South
Africa) and in Argentina.

In April, two mink farms in the Dutch province of North
Brabant in the municipalities of Larbeck and Gemert-Bakel
were diagnosed with a coronavirus infection. The animals
had a laboured breathing and increased mortality was
recorded. Experts believe that the source of infection in
minks was a human, because at the same time, some farm
employees had symptoms of respiratory disease.

Sporadic cases of the SARS-CoV-2 infection have been
reported in domestic ferrets in Slovenia and Spain [21, 22].

A total of 14 countries reported SARS-CoV-2 infec-
tion in mustelids (including domestic and wild). As of
April 2021 COVID-19 was registered on more than 400 fur
farms (Table 2).

The largest COVID-19 outbreak among minks occurred
in Denmark. It covered about 300 mink farms, which were
located mainly in the north of the country, in Northern
Jutland. Human cases of COVID-19 were also reported,
caused by new variant strains of SARS-CoV-2 detected in
farm minks. To prevent the further spread of the corona-

-virus variants isolated from minks among people, the
Danish authorities took a number of measures, including
the culling of mink population on the country’s farms [24].
Cases of transmission of the mutated virus from minks

VETERINARY SCIENCE TODAY, JUNE Ne2 (37) 2021 | BETEPUHAPUA CETOLHS, MIOHb Ne2 (37) 2021



ORIGINAL ARTICLES | CORONAVIRUS DISEASE (COVID-19) OPUTHATNBbHbIE CTATbY | KOPOHABUPYCHAA WHOEKLMA (COVID-19)

Table 2

COVID-19 outbreaks on mink farms across the world [21, 23-28]

Tabnuuya 2

Peructpauma ouaros COVID-19 Ha HopKoBbIX ¢pepmax B cTpaHax mupa [21, 23-28]

Gt Total mink | Number of infected Date
U farms mink farms of outbreak registration

1 Greece 13.11.2020 - 08.02.2021
2 Denmark 1,147 290 15.06.2020 — 07.12.2020
3 Spain 29 3 03.12.2020 - 15.03.2021
4 Italy 9 3 10.08.2020 — 18.03.2021
5 (anada 98 2 26.11.2020 - 16.12.2020
6 Latvia 9 2 04.2021

7 Lithuania 86 4 26.11.2020 — 30.03.2021
8 | the Netherlands 126 69 23.04.2020 - 04.11.2020
9 Poland 350 1 27.01.2021

10 | Republic of Belarus 8 1 02.2021

n the USA =245 16 26.07.2020 - 25.10.2020
12 France 4 1 16.11.2020

13 Sweden 40 13 23.10.2020 - 11.11.2020

Total 427 23.04.2020 - 04.2021

Table 3

to humans were also detected in other countries (USA,
Netherlands) [11, 29].

As early as in 2020, there were reports of SARS-CoV-2
registered in wild fauna. The US Department of Agriculture
confirmed the first case of wild mink infection with corona-
virus in Utah. The authorities of the Spanish autonomous
community of Valencia also found SARS-CoV-2 in two dead
wild minks [12, 25].

Fur animals that have escaped from farms can act as
hosts, maintaining the virus circulation in the wild, and
cause the transmission of the SARS-CoV-2 to other species
of wild susceptible animals. However, there is currently no
evidence of the wide spread of coronavirus in the popu-
lation of wild minks living around animal farms, and the
available information is insufficient to assess the likelihood
of a SARS-CoV-2 reservoir occurrence in wild fauna [21].

Supposed animal hosts of SARS-CoV-2 [9, 12, 14, 26, 29-46]

Tabnuua 3

Mpepnonaraembie xo3saeBa SARS-CoV-2 cpepm xuBoTHbIX [9, 12, 14, 26, 29-46]

Possible origin
(natural reservoir)

Intermediate hosts (naturally susceptible animals)

During 18 months from the beginning of the COVID-19
pandemic, the transmission of the pathogen to canines
(Canidae), felines (Felidae) (including the subfamilies of
large (Pantherinae) and small (Felinae) cats), mustelids
(Mustelidae), as well as hominids (Hominidae) belonging
to the order Primates was recorded. The World Organiza-
tion for Animal Health recommends testing of all species
susceptible to the coronavirus.

Many tests have been conducted to study the effects
of SARS-CoV-2 on different animal species. As shown by
the results of recent experimental studies (Table 3), many
mammals can be infected with the new coronavirus, in-
cluding cats, dogs, mice, hamsters, bats, shrews, raccoon
dogs, and deer. In laboratory conditions, intraspecific
transmission of SARS-CoV-2 was observed in cats, minks,
ferrets, raccoon dogs, white-tailed deer, striped skunks,
some species of bats and hamsters, as well as rhesus ma-
caques, crab-eating macaques and other Old World mon-
key species [29, 30]. Also, various foreign studies show that
some farm animals (pigs, cattle, rabbits, ferrets, minks) are
also susceptible to SARS-CoV-2 [31-34]. Data on experi-
mental infection of cattle are scarce, and reports about pig
and rabbit infections are sometimes contradictory.

An international team of biologists studied the pro-
perties of 25 amino acids of the ACE2 enzyme (angio-
tensin-converting enzyme 2), which serves as a receptor
for SARS-CoV-2 in humans, and performed genomic and
structural analyses of ACE2 in 410 vertebrate species to
identify transmission routes and understand which animal
species are susceptible to the virus [47, 48]. The results al-
lowed the scientists to divide the animals into five groups.

The highest risk group included 18 species of Old World
primates: representatives of the families of marmosets (Cer-
copithecidae), gibbons (Hylobatidae) and hominids (Ho-
minidae), including humans. The second group included
some rodents, marine animals (dolphins, porpoises, beluga
whales, narwhals, and other cetaceans), deer, lemurs, and
members of the anteater family (Myrmecophagidae).

Arelatively large group of cloven-hoofed mammals was
classified as a medium-risk group for infection. It includes
domestic cattle, sheep, goats, as well as some species of
cloven-hoofed animals, kept in zoos and wildlife parks
(giraffes, okapis, hippos, water buffaloes, Saharan oryxes,
Saharan gazelles, yaks, alpacas, bisons, etc.). In felines, the
likelihood of infection was average, and in camels, hor-
ses, pigs, dogs and some other domestic animals — low. In
many representatives of fish, reptiles, amphibians, mono-
tremes, marsupials, martens, rodents and birds, the risk of
infection tends to zero.

Animals susceptible under experimental conditions

bats/reptiles/

pangolins

fruit bats (Egyptian rousettes), cats, dogs, minks, ferrets, primates (rhesus

dogs, cats (domestic cats, cougars, Malay,
Amur and Bengal tigers, lions, snow leopards),
primates (lowland gorillas), martens (frets, European
and American minks, Asian small-clawed otters)

macaques, crab-eating macaques, green monkeys, hamadryas, tamarins),
pigs, cattle (dairy calves), white-tailed deers, raccoon dogs, tree shrews,
striped skunks, North American raccoons, New Zealand rabbits, shrews,
rodents (mice, bank voles, hamsters: Syrian, Chinese, deer mice, bushy-

tailed woodrats, Roborovski dwarf hamsters)
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The authors of the study noted that the results ob-
tained in silico need to be confirmed experimentally,
while they can not be considered absolutely accurate.
Nevertheless, the results of the analysis significantly ex-
panded the range of potential intermediate hosts and
identified many species that may be at risk of infection
with the SARS-CoV-2 through its interaction with the
ACE2 receptors. In the future, these studies will help de-
termine which animal species can infect humans with the
coronavirus [47, 48].

COVID-19 monitoring studies in animals

in the Russian Federation

Since June 2020, screening studies of animal popula-
tions from various RF regions have been conducted by
the FGBI“ARRIAH" in order to detect the SARS-CoV-2 RNA,
using the test kit of its own production. 1,312 samples of
biomaterial from different animal species from 20 regions
of the country were tested. During the monitoring process,
a positive sample from a cat from the Tyumen Oblast was
detected (Table 4).

According to the results of the study, the SARS-CoV-2
is detected sporadically in the studied animal populations
(cats, dogs, minks, sables, ferrets) in the tested regions of
the Russian Federation. The virus was detected in two
cats - from Moscow (confirmed by FGBI "VGNKI”) and
Tyumen (confirmed by FGBI“ARRIAH").

In order to study the possibility of natural coronavirus
infection or SARS-CoV-2 transmission to animals with un-
proven natural susceptibility (large and small cattle, pigs,
domestic and wild birds), 122 samples of biomaterial col-
lected on farms in various regions of the Russian Federa-
tion were tested (Table 5).

The genome of the new SARS-CoV-2 was not detected
in any of the samples from wild and domestic birds, as well
as from farm animals.

CONCLUSION

The number of people infected with the SARS-CoV-2
in the world has exceeded 153 million. The leaders in the
number of confirmed cases are the United States (32.1 mil-
lion), India (20.7 million), Brazil (14.8 million), France
(5.6 million), Turkey (4.9 million), and Russia (4.8 million).

According to many virologists, humanity will be able
to cope with SARS-CoV-2 only through the acquisition of
immunity by the planet population. About 20 vaccines
against COVID-19 have been registered in the world [11].
However, according to the WHO, as of March 1, 2021, less
than 10% of the world’s population has antibodies to the
coronavirus.

There is currently no evidence that animals play a sig-
nificant role in the spread of SARS-CoV-2 in humans. Based
on the information available to date, the risk of human
infection from animals is considered low. The SARS-CoV-2
is primarily transmitted with respiratory droplets from
humans to humans [26, 29]. However, cases of the virus
transmission from animals to humans have already been
reported. For example, in Denmark, the Netherlands and
the United States, there was a transmission of the mutated
coronavirus from a mink to a human.

At the same time, the coronavirus can be transmitted
from humans to animals. A high likelihood of infection is
noted for animals that are in direct contact with humans.
Thus, COVID-19 cases in companion animals (dogs, cats,
ferrets) were reported in Europe, Asia and America.

Table 4

Results of testing biological samples collected from cats, dogs and mustelids

for SARS-CoV-2 RNA using FGBI “ARRIAH” manufactured test-kit

Tabnuua 4
PesynbTatbl nccnepoBaHus npo6 6uonormyeckoro matepuana oT KoLuex,

co6ak u KyHuL,eo6pasHbIX, nony4yeHHbie B xofe BbiAneHua PHK SARS-CoV-2
Cucnonb3oBaHueM TecT-cuctembl npoussopcTsa OIrbY «BHUN3MK»

Number Number
Region Species of tested of positive
samples samples
1 Altai Krai sables 31 0
2 Bryansk Obalst minks, ferrets 45 0
3 Vladimir Oblast dogs, cats 50 0
4 Kaliningrad Oblast minks ] 0
5 Kirov Oblast minks 30 0
6 Leningrad Oblast sables 31 0
7 Lipetsk Oblast minks 69 0
8 Nizhny Novgorod Oblast cats 30 0
9 Novosibirsk Oblast minks 35 0
10 Republic of Bashkortostan minks, sables 70 0
n Republic of Crimea minks 30 0
12 Republic of Mordovia minks 51 0
13 Republic of Sakha (Yakutia) minks 60 0
14 Republic of Tatarstan minks, sables 120 0
15 Republic of Udmurtia minks 60 0
16 Sverdlovsk Oblast cats, dogs, minks 17 0
17 Tver Oblast minks 301 0
18 Tula Oblast ferrets,minks, | gg 0
sables

19 Tyumen Oblast cats 67 1
20 | Yamalo-Nenets Autonomous Okrug sables 30 0

Total 1,312 1

In Russia, the infection of animals with SARS-CoV-2 was
confirmed by the FGBI“VGNKI"and the FGBI“ARRIAH"”. The
virus was detected in two cats from Moscow and Tyumen.
During the COVID-19 monitoring conducted in 2020 by
the FGBI “ARRIAH", no cases of the disease/carrier state
were detected in other studied animal populations (dogs,
minks, sables, ferrets, cattle and small cattle, pigs, domestic
and wild birds).

Infection of zoo animals with SARS-CoV-2 has been
reported in the United States, Argentina, Sweden, Spain,
Czech Republic, Estonia, South Africa, India. Cases that
have occurred on mink farms in the United States, Can-
ada, and several European countries, including Denmark,
Greece, Spain, Poland, France, Lithuania, Latvia, Belarus,
Sweden, Italy, and the Netherlands, show that the virus
can be transmitted from humans to minks. Sporadic cases
of SARS-CoV-2 infection have been reported in domestic
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Table 5

Results of testing biological samples collected from cattle, sheep and goats,
pigs and birds for SARS-CoV-2 RNA using FGBI “ARRIAH” manufactured test-kit

Tabnuua 5
Pe3ynbratbl UccnegoBaHuA npob 6uonornueckoro matepuana ot KPC, MPC,

CBUHEN 1 NTUL, nonyyeHHble B xoAe BbiABneHusa PHK SARS-CoV-2 cucnonb3oBanunem
TecT-cucrembl npoussopcrea OIbY «BHUU3M»

Number Number
Region Species of tested of positive
samples samples
1 Belgorod Oblast pigs 3 0
cattle 7 0
2 Vladimir Oblast
wild ducks, chickens 10 0
wild ducks 5 0
3 Voronezh Oblast
pigs 9 0
4 Zabaikalsky Krai chickens 5 0
5 Ivanovo Oblast pigs 3 0
6 Kaluga Oblast cattle 5 0
7 Kostroma Oblast pigs 3 0
ducklings 5 0
8 Krasnodar Oblast
pigs 3 0
9 Lipetsk Oblast pigs 3 0
cattle 3 0
10 Moscow Oblast
pigs 4 0
N Nizhny Novgorod Oblast cattle 3 0
12 Orel Oblast pigs 3 0
13 Penza Oblast turkeys 5 0
14 Perm Krai cattle 3 0
15 Pskov Oblast pigs 3 0
16 | Republic of Bashkortostan pigs 6 0
17 Republic of Dagestan small ruminants 2 0
18 Republic of Crimea swans 3 0
19 Republic of Mordovia cattle 3 0
20 Republic of Tatarstan cattle 4 0
21 Rostov Oblast swans 4 0
22 Samara Oblast cattle 3 0
23 Stavropol Krai pigs 3 0
24 Tambov Oblast pigs 3 0
25 Tula Oblast pigs 3 0
26 Chelyabinsk Oblast pigs 3 0
Total 122 0

94

ferrets in Slovenia and Spain [21, 22]. Cases of coronavirus
infection have also been recorded in wild mink popula-
tions in the United States and Spain, but the available in-
formation is insufficient to assess the likelihood of a SARS-
CoV-2 reservoir occurrence in wild fauna.

Recent experimental studies show that many mammals,
including some farm animal species, can be infected with
the new coronavirus.

These findings highlight the importance of regular tes-
ting of susceptible animal species and the study of SARS-
CoV-2 genetic material.
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SUMMARY

The novel coronavirus infection COVID-19, caused by the SARS-CoV-2, has triggered a pandemic, and has also been reported in animal populations — in farm minks,
dogs and felines: domestic cats, lions and tigers. The susceptibility of some animal species to the SARS-CoV-2 has been proven by experimental infection. Serological
methods are effectively used to detect the infection in animals. Currently, methods such as neutralization test, immunofluorescence assay and enzyme-linked
immunoassay are used to detect antibodies to coronaviruses. Thanks to these studies, a test kit was developed based on an indirect enzyme-linked immunoassay
to detect the SARS-CoV-2 antibodies in sera of susceptible animals. The use of a purified concentrated inactivated virus as an antigen allows the detection of anti-
bodies to various SARS-CoV-2 immunodominant proteins (S and N). The reaction conditions were optimized, and a positive-negative threshold was established
by testing of 154 negative sera from animals of six species (ferrets, minks, foxes, Arctic foxes, cats and dogs). The method reproducibility analysis showed that the
average value of the variation coefficient did not exceed 7%, which is an acceptable value. The specificity and sensitivity of the neutralization test, when testing
30 sera from ferrets was 100 and 92.6%, respectively. The high diagnostic sensitivity and specificity shown by testing of 50 serum samples from minks, foxes, cats
and dogs with different immune status, allow us to recommend the developed test kit for screening and monitoring tests and post-vaccination immunity control.
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PE3IOME

HoBas kopoHasupycHaa uHekuna (COVID-19), Bbi3biBaemas Bupycom SARS-CoV-2, cTana npuunHoi naHaemuu, a Takxe 6bina 3aperucTpuposaHa B nonynaumax
KUBOTHbIX — Y HOPOK )epMepCKINX X03AICTB, C06aK U NpeACTaBUTENeil KOLLAUbWX: JOMALLHIX KOLUEK, IbBOB 1 TUFPOB. [loka3aHa YyBCTBUTENHOCTb HEKOTOPbIX
BMA0B KIBOTHbIX K BUpYCY SARS-CoV-2 npu sKcnepumenTansbHoM 3apakeHunt. [InA BbIABNEHNA CyyaeB MHOULMPOBAHIA XUBOTHbIX SOOEKTUBHO NPUMEHAIOTCA
ceponorinyeckine MeTobl. B HactoALee Bpema AnA 06HapyKeHuA aHTUTeN K KOPOHABMPYCaM UCMOb3YHOT TaKue MeTOZbI, KaK peaKLma HeiiTpani3aLmm, iMMyHo-
(nyopecUeHTHbI MeToZ U UMMYHOGEPMEHTHBIIA aHanu3. B pe3ynbTate npoBefeHHbIX UCcefoBaHuii Gbina paspabotaHa TecT-cuctema Ha 0CHOBE HeNpAMOro
BapuaHTa IMMyHOGEPMEHTHOTO aHanu3a A BbIABNEHUA aHTUTeN K BUpYcy SARS-CoV-2 B CbIBOPOTKAX KPOBM BOCTPUUMUHBBIX XUBOTHBIX. icnonb3oBaHue
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B KauecTBe aHTUreHa OUNLLEHHOTO KOHLIEHTPUPOBAHHOMO MHAKTUBUPOBAHHOTO BUPYCA MO3BOAAET BLIABATD aHTUTENA K Pa3NAYHbIM UMMYHOAOMUHAHTHBIM
6enkam (S u N) SARS-CoV-2. OnTmMmM3npOBaHbI YCNOBNA NOCTAHOBKY peaKLyn, YCTaHOBAEH NO3UTUBHO-HEraTBHbIA NOPOT NP UCCNe[0BaHMN 154 HeraTUBHBIX
CbIBOPOTOK KPOBI OT VMBOTHDIX LLIECTI BUIOB (XOPbKOB, HOPOK, NNC, NMECLiOB, KoLLieK 1 cobak). [pu onpesenernt BOCNpOM3BOAMMOCTY METOAA CPefHee 3HaueHe
K03 uLMeHTa BapuaLliv He NpeBbILLAno 7%, uTo ABNAETCA AONYCTUMbIM 3HaueHneM. CneLnduyHoCTb 11 YyBCTBUTENBHOCTD OTHOCUTENBHO peakLMi HeitTpa-
NM3aLuy npu uccneoBaHuy 30 CbIBOPOTOK KPOBH OT X0pbKoB cocTaBua 100 1 92,6% co0TBETCTBEHHO. BbicoKas AarHoCTnueCKkas YyBCTBTENBHOCTb U CrieL-
$UYHOCTb, NOKa3aHHbIe Npy UcceoBaH 50 CbIBOPOTOK KPOBM OT HOPOK, JIAC, KOLUEK 11 C06AK C Pa3HbIM UIMMYHHbIM CTaTyCOM, O3BONAIOT PEKOMEHL0BATD
pa3paboTaHHyto TeCT-cucTeMy Ans NpoBefeHI CKPUHUHTOBBIX UCCNER0BAHMIA 1 KOHTPONA NOCTBAKLMHANBHOTO UIMMYHUTETa.

KnioueBbie cnosa: (OVID-19, SARS-CoV-2, aHTuTena, UMMyHOGEPMEHTHbIil aHanus.
bnaropgapHoctb: Pabota BbinonHeHa 3a cuet cpeacts OrBY «BHUN3M» B pamkax TemaTukin HayuHO-uccnefoBaTeNnbckix pabot «BetepuHapHoe bnarononyumer.

[ina uutuposaunus: Bonkosa M. A., 3unsakos H. T, fipocnasuesall. C., Yana . A., Tankuna T. C., Augpeituyk . b. PaspaboTka TecT-cuctembl AN BbIABNEHMA aHTUTEN
k BUpycy SARS-CoV-2 B cbIBOpOTKaX KpOBY BOCIPUNMYHBDIX KUBOTHbIX. BemepuHapus ce200Hs. 2021; 2 (37): 97-102. DOI: 10.29326/2304-196X-2021-2-37-97-102.
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INTRODUCTION

Coronaviruses are one of the major pathogens of
mammals (including humans), amphibians and birds [1].
The novel coronavirus SARS-CoV-2 (Severe acute respi-
ratory syndrome-related coronavirus 2) is the causative
agent of COVID-19, a 2019 coronavirus disease. The
SARS-CoV-2 belongs to Nidovirales order, Orthocorona-
virinae subfamily, Betacoronavirus genus (International
Committee on Taxonomy of Viruses, ICTV). Coronavi-
ruses are enveloped RNA viruses with single-stranded
unsegmented RNA [2]. The main structural proteins are
nucleoprotein (N), spike protein (S), envelope protein (E),
and matrix protein (M). The S-protein, consisting of two
subunits STand S2, forms a trimer on the viral membrane.
The S1 subunit contains a receptor-binding domain (RBD),
which is responsible for binding of the host cell to the
receptors, and the S2 subunit facilitates fusion between
the viral membranes and the host cell [2-4]. The S protein
is the most variable in the representatives of different
genera of Coronaviridae family and is responsible for their
transmissivity and adaptation abilities. The S2 protein is
more conservative than S1 [4].

The susceptibility to the SARS-CoV-2 infection of differ-
ent species is currently understudied. There are a number
of reports about the SARS-CoV-2 experimental infections
in ferrets, cats, dogs and pigs [5-7]. The SARS-CoV-2 was
found to replicate effectively in cats and ferrets. Dogs were
less susceptible to the infection, and ducks and chickens
were not susceptible at all [8]. B. S. Pickering et al. showed
that pigs are sensitive to nasal infection with a large dose
of the SARS-CoV-2 [7]. In natural environments (in zoos),
the SARS-CoV-2 genome was detected in cats, dogs, ti-
gers, and lions, showing signs of respiratory disease. In the
spring of 2020, the SARS-CoV-2 infection in minks and their
deaths were reported on farms in the Netherlands [9].

The peculiarity of this viral disease is the development
of antibodies to the components of viral particles, the de-
tection of which confirms the past disease or asymptom-
atic carrier state and indicates the presence of immunity.
The duration and strength of immunity to the SARS-CoV-2
in different species is not sufficiently studied.

Currently, various methods are used to detect antibodies
to animal coronaviruses: neutralization test, enzyme-linked
immunoassay, immunofluorescence assay [5, 6, 8-111. In
2020, IDvet (France) released the ID Screen® SARS-CoV-2
Double Antigen Multi-species ELISA multi-enzyme immuno-
assay kit for the detection of antibodies to the SARS-CoV-2
nucleoprotein in serum, plasma and whole blood of diffe-
rent species. There are a number of reports on the develop-
ment of other non-commercial ELISA kits for the detection
of antibodies to the S1 protein receptor-binding domain
(RBD) in animal blood [5, 10, 11].

Due to the COVID-19 wide spread of in the world and
the infection risk for humans and animals, the goal was
to develop a domestic ELISA test kit for detection of anti-
bodies against SARS-CoV-2 antigen in sera of susceptible
animals of various species to control post-vaccination im-
munity and conduct screening tests.

MATERIALS AND METHODS

Antigen. As an antigen in the enzyme-linked immuno-
assay (ELISA), the SARS-CoV-2 “variant B” strain, inactiva-
ted with B-propiolactone and cultured in Vero cells was
used. Purification and concentration of the inactivated
virus-containing culture liquid included low-speed cen-
trifugation and ultracentrifugation through a 30% sucrose
layer. The resulting 100-fold concentrated product was
used for ELISA. The presence of the virus was confirmed
by 10% sodium dodecyl sulfate polyacrylamide gel elec-
trophoresis (SDS-PAGE).

Sera. The SARS-CoV-2-free serum samples from animals
(ferrets, minks, foxes, cats, dogs, and other susceptible an-
imals) were used as negative controls), positive controls
were the SARS-CoV-2-specific sera of animals (ferrets,
minks, foxes, cats, dogs, and other susceptible animals)
with a titer of at least 1:800.

Indirect ELISA. Antigen working dilution in a carbonate-
bicarbonate buffer (pH 9.6) was added to the wells of a
96-well plastic plate (Nunc-Immuno Plates, Denmark), in-
cubated overnight at 4 °C, blocked with a 1% skimmed milk
powder solution (Carl Roth GmbH, Germany) in a tris-HCl
buffer solution (0.02 M tris-HCl, 0.15 M NaCl, 0.1% twin-20)
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(TBR-T), pH 7.4, for 1 hour at room temperature and then
washed three times using TBR-T. The serum samples were
titrated by two-fold serial dilutions for testing, starting
from 1:50 dilution and using 1% skimmed milk solution in
TBR-T. When testing single-diluted sera, 1:100 dilution was
used as a working solution. The test and control sera were
added into the plate wells in a volume of 100 pl and incu-
bated for 45 minutes at 37 °C. The bound antibodies were
detected by adding 100 pl of working dilution of protein A
from Staphylococcus aureus / horseradish peroxidase conju-
gate (Sigma, USA) diluted by dilution buffer to each well of
the plate. The plates were incubated for 45 minutes at 37 °C.
After each stage, the wells were washed 3-4 times with a
TBR-T buffer solution. To visualize the resulting complex,
100 pl of ABTS substrate solution [2,2-azino-di-(3-ethyl benzo-
aminosulfonate)] was added to each well and incubated
for 10-15 minutes at room temperature. The reaction was
stopped by adding 100 pl of a stop solution (1% sodium
dodecyl sulfate) to each well. The reaction was read by
spectrophotometric method at a wavelength of 405 nm.
The highest serum dilution that gave an optical density
(OD) of 2 or greater standard deviations above the negative
control was deemed the antibody titer. S/N value (where
S is the OD of the test sample, N is the OD of negative con-
trol) was determined by a single serum dilution method for
each sample.To determine the positive-negative threshold,
154 sera from clinically healthy animals of different species
were tested. The antibody titer, S/N value and standard
deviation were calculated, the sum of the mean and two
standard deviations determined the upper limit of the ne-
gative values, and the sum of the mean and three standard
deviations determined the lower limit of the positive values.
Electrophoresis and immunoblotting. Protein electro-
phoresis was performed in 10% SDA-PAGE for 1 hour at
a constant voltage of 200 V. Separated viral proteins were
transferred to a nitrocellulose membrane with a pore size
of 0.45 microns for 1 hour at a voltage of 100V using Mini
Trans-Blot Electrophoretic transfer cell, BioRad, USA ac-
cording to the manufacturer’s instructions. The membrane
was incubated for 1 hour in a 1% milk powder solution in
TBR-T buffer, at pH 7.4. Then they were treated with nor-
mal and the SARS-CoV-2 positive animal sera diluted 1:100
with TBR-T buffer for 1 hour while being stirred on a shaker.
After soaking in a Protein A-horseradish Peroxidase Conju-
gate (Sigma, USA) for 1 hour, the membrane was stained
with a substrate mixture including 4-chloro-1-naphthol
and 0.04% hydrogen peroxide. Each step was finished by
a 3-4 washings of the membrane with TBR-T buffer.
Statistical data processing. For statistical data processing,
we used the program Statistica 10.0 (Stat Soft. Inc., USA).

RESULTS AND DISCUSSION

After purification and concentration of the virus-
containing culture fluid, the presence of the virus in
the resulting preparation was determined by SDS-PAGE
electrophoresis of viral proteins and immunoblotting
using specific sera (Fig. 1, 2). The polypeptide position af-
ter electrophoresis corresponded to the data published by
other authors for SARS-CoV-2 [2, 4].

The testing of sera from animals vaccinated against
coronavirus infection (COVID-19) by immunoblotting
showed that antibodies were developed against the main
immunodominant proteins: spike protein S1- and S2-sub-
units and N-protein, this is confirmed by the data of other
researchers [10, 11].

The resulting inactivated virus material was used as an
antigen in indirect ELISA to detect antibodies to SARS-CoV-2.

When developing the ELISA test kit, the reaction
conditions were optimized: the antigen working dilu-
tion (1:300) and immunoperoxidase conjugate working
dilution (1:10000) was determined. Analyzing 30 optical
density values of tested control sera, diluted 1:100, their
acceptable values were established: not higher than 0.2 for
a negative control; not lower than 0.4 for a positive control.

To obtain an objective assessment of the immune re-
sponse, it was necessary to establish a positive-negative
threshold. 154 sera from clinically healthy animals of diffe-
rent species (ferrets, minks, foxes, Arctic foxes, cats and dogs),

S protei_n_’ «—— 225Da

. «— 150 kDa

S1 protein
. «+—— 100 kDa
S2 protein 4+—— 75KkDa
N protein < 50 KDa

+—— 37KkDa

Fig. 1. SARS-CoV-2 antigen. SDS-PAGE electrophoresis,
Coomassie Brilliant Blue G-250 staining:

1 - purified SARS-CoV-2 antigen protein fractions;

2 —molecular weight marker (BioRad, USA)

Puc. 1. AHmuezeH SARS-CoV-2. Snekmpocgpopes 8 10%-m [JCH-TAAT,
okpawusaHue Coomassie Brilliant Blue G-250:

1 — 6enkosble hpakyuu oyuweHHo2o0 aHmueeHa SARS-CoV-2;

2 — mapkep moneKynsapHsix eecos (BioRad, CLLA)

S protein

51 protein

52 protein

N protein
1 23 &5 8 9

Fig. 2. SARS-CoV-2 antigen protein immunoblotting

using normal and coronavirus-specific animal sera:

1 —molecular weight marker (BioRad, USA);

2, 6 - purified SARS-CoV-2 antigen protein fractions

using normal ferret and cat sera;

3,4,5,7,8, 9-purified SARS-CoV-2 antigen protein fractions using
coronavirus-specific sera of ferret (3), mink (4), fox (5), cat (7, 8), dog (9)

225 Da —»
150 kDa —»
100 kDa —»

75 kDa —»

50 kDa —»

37KkDa —»

25kDa —»
20kDa —»

4 5§ 6 7

Puc. 2. UmmyHob610mmuHe 6esnko8 aHmuzeHa SARS-CoV-2 ¢ HopmansHou
U cneyughuvecKkuMu K KOpOHABUPYCy CbiBOPOMKAMU KPOBU KUBOMHBIX:
1 — mapkep monekynsapHsix secos (BioRad, CLLA);

2, 6 — 6esiko8ble hpakyuu oyuueHHo20 aHmuzeHa SARS-CoV-2

C HOPpMAJ/1bHOU CbIBOPOMKOU KPOBU XOPbKA U KOWKU;

3,4,5,7,8, 9- 6enkosvle ppakyuu o4uweHHo20 aHmuzeHa SARS-CoV-2
€O cheyughuyeckol K KOpOHAasUpYycy CbiBOpOMKOU Kposu XopbKa (3),
HopKu (4), nucel (5), Kowku (7, 8), cobaku (9)
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Table 2

Table 1
Results of the method reproducibility study

Tabnuua 1
Pe3ynbTatbl MccnefoBaHuA BOCNPON3BOAUMOCTY METOAA

Operator /
day of run
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Mean S/N value Standard deviation (o) Coefficient of variation (CV%) Mean value (V%

Repeatability (by 6 tests)

”n 4.44 0.205 4.62
21 401 0.125 312
Weakly positive 3.70
12 3.76 0.144 3.82
2/2 4.05 0.129 317
”n 6.00 0.174 291
21 6.04 0.144 2.39
Strongly positive 2.43
12 6.05 0.285 47
2/2 6.25 0.170 272
Reproducibility (by 24 tests)
Weakly positive | 2 operators /2 days 4.07 0.280 6.99
512
Strongly positive | 2 operators / 2 days 6.08 0.197 3.24

not vaccinated against COVID-19, were examined in tripli-
cate on different days. As a result, the established mean S/N
value of negative sera was 1.333, and the standard deviation
was 0.3769. Based on the statistical analysis, the result was
considered negative if S/N was < 2.1; positive if S/N was > 2.5;
intermediate values were considered inconclusive. When the
serial dilution method was used, the antibody titer less than
or equal to 1:100 was considered negative, greater than or
equal to 1:200 value was considered positive.

The reproducibility of the method was evaluated by
the coefficient of variation within one run and between

Results of SARS-CoV-2 antigen antibody detection in homologous
and heterologous animal sera by ELISA

Tabnuua 2

Pe3ynbratbl BbiABNEHUA aHTUTEN K aHTUreHy SARS-CoV-2 B romonornyHbIx
¥ FeTepoNorMYHbIX CbIBOPOTKAX KPOBHU XKUBOTHbIX MeTogom DA

sample Antibody Qualitative assessment
P titer* of the result

Porcine transmissible gastroenteritis

! virus specific serum negative
2 Bovine coronavirus specific serum 50 0.78 negative
3 Bovine diarrhea virus specific serum 100 0.9 negative
4 | Infectious bronchitis virus specific serum 50 0.57 negative
5 Negative control serum 100 1.00 negative
6 SARS-CoV-2 positive control serum 800 5.70 positive

* Antibody titer is the reciprocal value of the serum dilution

(Tutp aHTMTEN — BeNMYMHA, 06paTHaA pa3BeeHNto CbIBOPOTKM).

100

the runs, doing retests of 2 positive serum samples from
susceptible animals (ferrets) with different concentrations
of antibodies (low and high). The coefficient of variation
of S/N values within one run was evaluated by 6 tests
conducted by one operator, the coefficient of variation
between the runs - by 24 tests conducted on 4 different
plates by two operators on different days (Table 1).

The results obtained by repeated ELISAs showed that
the mean value of the coefficient of variation did not ex-
ceed 7%. Thus, the use of the developed test kit for the
detection of the SARS-CoV-2 antibodies by indirect ELISA
gave reproducible results.

To confirm the specificity of the developed method,
sera specific for a-coronavirus (porcine transmissible
gastroenteritis virus), B-coronavirus (bovine coronavirus),
y-coronavirus (infectious bronchitis virus) and pestivirus
(bovine diarrhea virus) were used. It was shown (Table 2)
that the activity of the SARS-CoV-2 antigen against hetero-
logous sera did not exceed the background level (reaction
to non-immune serum).

In order to assess the relative specificity and sensitivity
of the test kit, the results obtained using the developed
ELISA and neutralization test were compared using 2 x 2
contingency table. Table 3 shows the results of the tes-
ting by two assays of 30 serum samples taken from ferrets
28 days after immunization with pilot vaccines against
coronavirus infection (COVID-19) of carnivorous animals
(produced by the FGBI“ARRIAH"). The data obtained indi-
cate that 3 samples were negative and 25 samples were
positive in both assays. Two samples, positive in neutrali-
zation test, when showed negative results when tested
by ELISA.

The ELISA specificity and sensitivity compared to these
parameters of the neutralization test used for testing of
postvaccinal sera was 100 and 92.6%, respectively.
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In order to determine the diagnostic sensitivity and
specificity, 50 serum samples from different species
(minks — 14, foxes — 10, cats — 14 and dogs — 12) were
tested before and after (after 4-6 weeks) vaccination
against COVID-19 with pilot vaccines produced by the
FGBI “’ARRIAH". The results of the studies are presented
in Table 4. Antibodies to SARS-CoV-2 were detected in the
sera of all vaccinated animals; before immunization, all
serum samples were negative in ELISA.

The results of antibody detection using the developed
test kit were compared with the results, obtained by the
commercial IDvet kit (France). For this purpose, 44 sera
from different species were tested using the FGBI“ARRIAH"
test kit and the IDvet commercial kit for the detection of
antibodies to the SARS-CoV-2 nucleoprotein in accordance
with the manufacturer’s instructions.

Antibodies to the SARS-CoV-2 were detected in all se-
rum samples of vaccinated animals, tested using the de-
veloped test kit (Table 5).

When testing by the IDvet kit, the SARS-CoV-2-specific
antibodies were detected only in the sera of vaccinated fer-
rets, foxes, and minks. No specific antibodies were found in
the blood of vaccinated dogs and cats. Since the IDvet kit is
designed to detect antibodies only to the SARS-CoV-2 nu-
cleoprotein, it can be assumed that the level of antibodies
to protein N in the sera of cats and dogs is very low, which
is also confirmed by immunoblotting of these sera (Fig. 2).
In serum samples from non-vaccinated pigs, virus-specific
antibodies were not detected by both ELISA test kits.

CONCLUSION

The developed indirect ELISA test kit for detection of an-
tibodies to the SARS-CoV-2 showed high specificity (100%),
sensitivity (92.6%) and reproducibility and can be used
for screening tests for the SARS-CoV-2 in different suscep-
tible species and control of the immunity after vaccination
against coronavirus infection (COVID-19) of animals.

REFERENCES

1. Cui J,, Li F, Shi Z.-L. Origin and evolution of pathoge-
nic coronaviruses. Nat. Rev. Microbiol. 2019; 17 (3): 181-192.
DOI: 10.1038/s41579-018-0118-9.

2.Yao H., SongY., ChenY, Wu N., Xu J,, Sun C,, et al. Mo-
lecular architecture of the SARS-CoV-2 virus. Cell. 2020;
183 (3): 730-738. DOI: 10.1016/j.cell.2020.09.018.

3. Kharchenko E. P. The coronavirus SARS-CoV-2: the
characteristics of structural proteins, contagiousness, and
possible immune collisions. Epidemiology and Vaccinal
Prevention. 2020; 19 (2): 13-30. DOI: 10.31631/2073-3046-
2020-19-2-13-30. (in Russian)

4. Herrera N. G., Morano N. C,, Celikgil A., Georgiev G. .,
Malonis R. J., Lee J. H,, et al. Characterization of the SARS-
CoV-2 S protein: Biophysical, biochemical, structural,
and antigenic analysis. ACS Omega. 2021; 6 (1): 85-102.
DOI: 10.1021/acsomega.0c03512.

5. Richard M., Kok A., de Meulder D., Bestebroer T. M.,
Lamers M. M., Okba N. M. A,, et al. SARS-CoV-2 is transmit-
ted via contact and via the air between ferrets. Nat. Com-
mun. 2020; 11 (1):3496.DOI: 10.1038/s41467-020-17367-2.

6.ShiJ,, Wen Z, Zhong G., Yang H., Wang C,, Huang B, et al.
Susceptibility of ferrets, cats, dogs, and other domesticated
animals to SARS-coronavirus 2. Science. 2020; 368 (6494):
1016—1020. DOI: 10.1126/science.abb7015.

7. Pickering B. S., Smith G., Pinette M. M., Embury-
Hyatt C., Moffat E., Marszal P, et al. Susceptibility of domes-

Table 3

Analysis of ELISA relative sensitivity and specificity for SARS-CoV-2

antibody detection in animal sera

Tabnuua 3

OueHKa 0THOCUTENbHOI YYBCTBUTENbHOCTH U cneuuduuHocTu UDA
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KUBOTHbIX B UDA
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Table 5
Results of SARS-CoV-2 antibody detection in animal sera by ELISA

Tabnuua 5
Pe3ynbTatbl BbiABNEHUA aHTUTeN K BUpYCY SARS-CoV-2 B cbiBOpOTKaX KpoBy XMBOTHbIX B DA

102

ELISA (FGBI“ARRIAR")

ELISA (IDvet)

1 Ferrets after vaccination 1,600 +0 5/5 707 + 66 5/5
2 Minks before vaccination 50+0 2/0 47+9 2/0
3 Minks after vaccination 1,025 225 8/8 529 +58 8/8
4 Foxes after vaccination 300 + 58 4/4 208 + 62 4/4
5 Non-vaccinated pigs 50+0 4/0 31+£18 4/0
6 Non-vaccinated Arctic foxes 50+0 2/0 240 2/0
7 Cats before vaccination 50+0 3/0 1£0 3/0
8 (ats after vaccination 560 + 264 5/5 0.80+0.01 5/0
9 Dogs before vaccination 50£0 4/0 83+6.6 4/0
10 Dogs after vaccination 700 £ 205 6/6 2.40£1.09 6/0

Serum samples from vaccinated animals were taken 4-5 weeks afterimmunization using experimental vaccines against coronavirus infection (COVID-19)

produced by the FGBI “ARRIAR" (Tpo6bl CbIBOPOTKY KPOBY 0T BaKLIMHUPOBAHHDIX XMBOTHDIX 0TOOPaHbI Yepe3 4—5 HefieNb NocIe UMMYHIU3aLNI
3KCNepvMeHTasIbHbIMU BAKLIMHHBIMI Npenapatamu NpoTuB KopoHaBupycHoii ukdekumy (COVID-19) npoussoactaa OTBY «BHUKU3X»);

* the average value of the antibody titer = the standard error of the mean, where the antibody titer is the reciprocal value of the serum dilution
(cpenHee 3HaueHue TUTPa aHTUTEN & (TaHAAPTHAA OLMOKa CpeaHero, Iae TUTP aHTUTeN — BeNYMHa, 06paTHaA pa3BeeHNio CbIBOPOTKIA);
**mean S/P + standard error of the mean (cpeaHee 3HaueHue S/P + cTaHAapTHasA oWMOKa CpeiHero).

Interpretation of the results obtained by IDvet kit (MHTepnpetauusa pe3ynetatos B Habope IDvet): S/P < 50% — negative result (pe3ynbrat
oTpuLatenbHblit), S/P = 60% — positive result (pe3ynbrat nonoxutenbhbii), 50% < S/P < 60% — inconclusive result (pe3ynbTaT COMHUTENbHBIN).
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SUMMARY

The paper contains data on registration of the SARS-CoV-2 virus in the European mink population. Profound and detailed studies of the virus circulation in the
European mink population and the clinical manifestations of the disease, comprehensive approaches to the disease diagnosis, including epidemiological studies,
clinical and post-mortem examinations, molecular genetic laboratory diagnostics (polymerase chain reaction and full-genome sequencing) contributed to better
understanding of the disease features. The paper presents the data on post-mortem and histological lesions in the European minks infected with the new coronavirus
SARS-CoV-2 obtained during the research. All the animals from which the pathological material was collected were infected with SARS-CoV-2, and the diagnosis
was made using polymerase chain reaction (RT-PCR). The obtained and presented in the paper data reveal the features and dynamics of pathological processes
in the body of infected animals (European mink), demonstrate the characteristics of the lesions in organs and tissues in case of acute and chronic disease, explain
the clinical and post-mortem disease pattern and indicate the causes of animal deaths. All this together will allow veterinary specialists not only to quickly and
timely diagnose the disease in the population of fur animals (European mink), but also to take necessary therapeutic and preventive measures in a timely manner,
to select the most effective means for symptomatic and pathogenetic therapy as well as the most rational and effective substances and disinfection procedures.
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MHQUUMPOBaHMK KopoHasupycom SARS-CoV-2
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PE3IOME

[pepcTaBneHbl faHHble 0 peructpaumy Bupyca SARS-CoV-2 B nonynamMm Hopki eBponelickoid. lpoBegeH1e ry6oKux U AeTanbHbIX NCCIe[0BAHMIA LIMPKYNALMN
JaHHOTO BIPYCa B NOMYNALMN HOPKI €BPONECKON, U3yueHue KNMHNYECKOro NpoABReHa 60n1e3H1, KOMNNEKCHbIe NOAXOAbI B ANATHOCTUKe JaHHON GonesHu,
BKJTIOYAIOLLIME IM300TONOTYECKIE, KNMHUYECKIE U NATOI0r0aHaTOMIUeCKIe UCCE0BAHNSA, MOTIEKYNIAPHO-TEHETIUECKYH0 NabopaTopHyIo AMArHOCTUKY (nonu-
Mepa3HYIo LienHyto peakLio 1 NoNHOreHOMHOE CeKBEHNPOBaHIe) N03B0MAYN 6onee eTanbHo NOHATH pAf 0C06eHHOCTel JaHHOI 6one3Hu. B cTaTbe npuseaeHbl
[laHHble COBCTBEHHBIX UCCNIe[I0BaHMI 06 0COBEHHOCTAX NaTONIOr0aHATOMIYECKOIA KAPTUHbI 1 TUCTONIOTUYECKUX U3MEHEHNIl y HOPKY eBponeiickoil npu MHGULK-
POBaHMM HOBbIM KopoHaBupycom SARS-CoV-2. Bce uBOTHbIE, OT KOTOPbIX 0TOMPaNcA natonornyeckuit Matepuan, obinn nHduunpoatbl SARS-CoV-2, AnarHos
CTaBIUANCA C UCNOMb30BaHUEM nonumepasHoii LenHoit peakuim (RT-PCR). MonyueHHble n npuBeseHHbIe B UCCNEA0BAHINM JaHHbIE LIMPOKO PAcKpbIBAIOT 0CO6EH-
HOCTM W AMHAMINKY NaTONOTNYeCKUX NPOLIECCOB B OPraHM3Me MHGULMPOBAHHDIX XMBOTHbIX (HOPKY eBPONeNiCKoit), NoKa3blBaKT 0CO6EHHOCTY MPONCXO/ALLAX
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U3MEHEHWIl B OpraHax 1 TKaHAX KaK Npy 0CTPOM, TaK 1 Npu XPOHUYECKOM TeueHInn 60ne3HN, 06BACHAIT KNMHINYECKYIO U NaTONOroaHaTOMUYeCKylo KapTuHy
60n1e3HY 1 YKa3blBAIOT Ha MPUYMHDI NETNbHBIX NCXOLOB Y XUBOTHbIX. YUUTbIBAA 0UEBHAHYI0 BbICOKYI0 UHOOPMATUBHOCTb PE3yNbTaTOB FMCTONOTNYECKOro UCCre-
JO0BaHUA N0 CPaBHEHMHO C HeCMeLMdUYHOCTbIO NaTONIOr0AHATOMUYECKVX U3MEHEHMWIA, CYMTaeM NpoBezeHie ero 0643atenbHbIM MpU NOCTaHOBKe NpeABapuTeNb-
Horo AnarHo3a Ha COVID-19 y Hopok. Bce 370 B COBOKYNHOCT MO3BONUT BeTepUHAPHbIM CMieLinaniAcTam He TONbKO 6bICTPO 1 BOBPEMA ANarHoCTPOBaTh AaHHY0
NaTosoryio B MOMYALMM NYLUHbIX XUBOTHbIX (HOPKIA €BPOMEIICKOIA), HO 1 CBOEBPEMEHHO NPOBECTI HE0bXOANMble NeUebHO-NPOdUNAKTIYECKIe MepONpUATUA,
nogobpatb Haubonee 3QheKTMBHbIE CPEACTBA ANA CUMNTOMATUYECKOIA 1 NATOreHeTYeckol Tepanuu, nofobpatb Hanbonee paunoHanbHble U QPeKTUBHbIE

BELLECTBA U PEXNMbI A8 E3NHOEKLNN.

Kntouesbie cnoea: Hopka eBponelickas, kopoHasupyc, SARS-CoV-2, natonoroaHaromuyeckue 3mMeHeHnsa, ructonornyeckoe ncciesoBaxme.
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INTRODUCTION

The coronavirus infection COVID-19 caused by
SARS-CoV-2 virus has prevented humanity from returning
to a normal active life and communication in all spheres
for nearly two years already. Strict quarantine measures
are still in place in many countries, in some countries lock-
down have been implemented, some countries closed
their borders for foreigners and imposed restrictions on
leaving the country, the trade, political and social relations
between countries have been impeded. And to think that
at the beginning when the infection occurred and the
agent was identified the humanity neglected the situa-
tion and compared it with “common seasonal influenza”.
But unfortunately the disease appeared to be more severe
than influenza and for today more than two million people
have become its victims. The coronavirus infection can, of
course, be compared to the Spanish flu based on many
characteristics. However, one shouldn’t forget the time
when the Spanish flu, having claimed about 100 million
lives, occurred and healthcare level of that time. And now,
take into consideration the COVID-19 impact in the cen-
tury of high technologies and advanced medicine - the
comparison is not in our favour. Many doctors, virologists
and researchers consider that this is just the beginning of
the journey of the relatively aggressive and deadly virus.

One more characteristic of the new coronavirus raises
concern among scientists and epidemiologists in the
world - absence of distinct species specificity. Originally
it was proved that COVID-19 - is a zoonosis transmitted
from an animal to a human. The sources of the virus were
determined and bat is considered to be one of the basic
sources. However, there is some controversy as to whe-
ther pangolins and snakes were involved in the process
of mutation and agent transmission to the human. In the
first days and months of the pandemics the disease was
reported and studied only in humans, but currently the
situation has drastically changed [1-3].

According to the official data of the World Organiza-
tion for Animal Health (OIE), Food and Agricultural Orga-

nization of the United Nations (FAO), Centers for Disease
Control and Prevention (CDC), World Health Organiza-
tion (WHO), American Veterinary Medical Association
and some other international organizations SARS-CoV-2
has currently been recovered from quite a huge number
of animals. Moreover, the virus not only circulated in the
body of animals but causes the disease development and
death in some species. The clinical disease manifestations
are similar to those in humans: common symptoms are de-
pression, feed refusal, coughing, fever, labored breathing,
dyspnea, sometimes diarrhea [4].

So far, the disease has been registered and the clinical
picture in representatives of the Felidae family (cats, lions,
leopards, tigers and pumas) as well as in fur animals (Euro-
pean mink, tinker) has been partially described. Multiple
positive results of COVID-19 diagnostics in representatives
of the Felidae family were obtained in the USA, some Euro-
pean countries (Italy, France, Belgium, Lithuania, etc), in
the Russian Federation, Ukraine and China. All animals had
contacts with sick people (COVID-19 positive). The infec-
ted animals had damaged respiratory organs, the major
disease symptoms were nasal discharge, rapid and shallow
breathing, coughing. In several cases gastrointestinal dis-
orders were observed (diarrhea). The Chinese researches
performed an experiment and proved animal-to-animal
SARS-CoV-2 transmission within the cat population. Italian
researchers conducted a comprehensive examination of
cats and dogs in most COVID-19 affected Italian regions
and detected a relatively high percent of animals with
SARS-CoV-2 antibodies (dogs — more than 30%, cats —
more than 40% of all tested animals), which is indicative
of susceptibility of these animal species to the new vi-
rus [4, 51.

Besides data on the virus spread among pets (cats and
dogs) there are data on possible virus persistence and its
transmission within tinker population (a perfect biological
model for studying SARS-CoV-2). The virus circulation in
raccoon dogs and rabbits is also possible. There is evidence
of the possibility of infecting laboratory animals (white
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mice, golden Syrian hamster and guinea pig), badger, pig
(with experimental infection), small ruminants. There have
been published data on the possible (theoretical) infection
of about 400 animal species due to the receptor protein
ACE2 they have [5, 6].

Within the last months there have been reports from
some zoos about infection of gorillas (San-Diego). AVMA
has also provided data on profound studies of SARS-CoV-2
circulation in different animal species (more than 2000), as
a result of which the virus was recovered in samples col-
lected from civet cats, dolphins, armadillos, and anteaters.
The researchers determined that 80% of the tested pets
(cats and dogs) were infected. The data on SARS-CoV-2
circulation in populations of different animal species are
constantly updated [4-7].

The new coronavirus circulation in the mink popu-
lation and the pathological condition induced by it are
worth mentioning. As the latest OIE, FAO, CDC, WHO
data demonstrate minks are one of the potential (and
the only confirmed as for today) source of the backward
virus transmission to humans and one of the animal spe-
ciesin whose body the virus is likely to mutate. Denmark
published information about destruction of the entire
mink population (about 17 million animals) because of
the possible SARS-CoV-2 virus mutation in their body
and its probable transmission to humans (12 people).
Later the strain with a similar mutation was detected in
more than 200 people (according to official data of the
National Danish Institute for Infectious diseases). How-
ever, there was no any direct proof that the infection was
transmitted from minks, it was only a hypothesis. Previ-
ously, the Netherlands informed about possible infection
of two humans by minks. To date, data on the infection
of minks have already been published by many coun-
tries around the world (Poland, Lithuania, Denmark, the
Netherlands, the USA, etc.), in a number of countries it
was decided to destroy the mink population due to the
threat of the virus mutation and its transmission to the
human population [8-13].

The issue of the animal'’s role in SARS-CoV-2 spread and
its persistence in their populations and the virus influence
on the animal’s body is considered to be practically un-
studied. The research in this field is just taking shape in
several countries.

Based on the above, the circulation of SARS-CoV-2,
which causes COVID-19, in populations of various animal
species, as well as the features of the clinical and patholog-
ical disease manifestation, histological lesions during in-
fection with this virus are poorly understood and relevant.

The aim of the research was to identify the post-mortem
and histological lesions of the European mink (Mustela lut-
reola) during SARS-CoV-2 infection.

MATERIALS AND METHODS

The carcasses of culled European minks (young ani-
mals, parent stock) kept in industrial fur farms were used
as material for research. According to anamnestic data, in
May - June 2020, on a number of farms, there was an in-
creased morbidity and mortality of animals with signs of
respiratory tract and cardiovascular lesions.

The PCR tests (RT-PCR) of the biological material (swabs
from the mucous membranes of the oral, nasal cavities
and rectum) from sick and dead animals using test systems
for the detection of SARS-CoV-2 virus RNA (ArtBioTech LLC,
Republic of Belarus) revealed positive results.

During autopsy of mink carcasses the nature and seve-
rity of pathomorphological lesions were taken into ac-
count, a pathological diagnosis was made [14], macro pho-
tography was performed using natural light. The autopsy
was carried out in specially equipped rooms in compliance
with personal and biological safety rules followed by the
neutralization and disposal of biomaterial, disinfection of
the room and tools, preventing contamination of rooms
and equipment.

Pieces of the lungs, liver, kidneys, heart, pancreas, and
spleen were taken for histological examination [15]. The
resulting material was fixed in a 10% solution of neutral
formalin and compressed by paraffin embedding process
in accordance with the generally accepted method [16].
Dehydration and paraffinization of organ pieces was per-
formed using an spin tissue processor with carousel system
MICROM STP 120 (Germany). An automatic tissue embed-
ding centre MICROM EC 350 was used to embed the pieces
and prepare the paraffin blocks. Histological samples of
the organ pieces embedded in paraffin were prepared
using a rotary (pendulum) microtome MICROM HM 340 E.
De-embedding and staining of histological sections with
hematoxylin — eosin was performed using an automatic
station MICROM HMS 70. Histological examination was
performed using a light microscope “Biomed-6" (Russia).
The data obtained were documented by microphoto-
graphy using the DSM-510 digital reading and video input
system, as well as the ScopePhoto image input and prepro-
cessing software. Structural changes in the parenchyma
and in the stroma were taken into account according to
the guidelines [17,18].

RESULTS AND DISCUSSION

The major post-mortem lesions during the acute course
of the disease were characterized by the predominance
of hemodynamic disorders and serious disorders of the
cardiovascular and respiratory systems.

Macroscopic changes in the lungs were characterized
by the simultaneous development of a number of interre-
lated processes, among which three main combinations
were distinguished.

In the first case, severe acute venous hyperemia, serous
or serous-hemorrhagic edema, alveolar emphysema were
observed in the lungs (Fig. 1). Macroscopically, the lungs
did not collapse, their shape was not changed, the color
was dark red (almost black-red), the consistency was soft.
Jell-like clots or red foam were observed in incised primary
bronchi, and well - formed blood clots in dissected large
arteries and incised veins. The pattern of the lobular struc-
tureis poorly visible. These processes are most likely due to
the presence of fibrin in the transudate, which was further
confirmed by the results of histological examination. An
important sign indicating the absence of classical pneu-
monia is the buoyancy of the pieces in the water. On a
dark red background of the lung parenchyma, the areas of
emphysema were clearly visualized in the form of poorly

shaped, slightly elevated foci of gray-white color. The
fact of the development of this pathological process is
important for the disease diagnosis, and we consider it a
significant pathognomonic sign. However, when perfor-
ming an autopsy of dead minks, it can be easily confused
with post-mortem processes: redistribution of blood flow,
cadaveric autolysis, cadaveric emphysema. In this regard,
the results of histological examination are of decisive im-
portance.
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In the second case, a combination of acute serous pul-
monary edema with areas of alveolar emphysema was
observed. The lungs were not collapsed, with a doughy
consistency, classic for edema, pink-red, light-red (“car-
mine” lungs), their shape was not changed. The pattern
of the lobules is not pronounced, the pieces of the organ
float, completely immersed in the water.

In the third case, the following combination was ob-
served: acute serous edema, areas of alveolar emphysema,
small-focal pneumonia with localization in the anterior,
middle and caudal lobes of the lungs (Fig. 2-5). Against the
background of the processes described above (serous ede-
ma, alveolar emphysema), the presence of small-focal pneu-
monia was observed. The lesions were small (up to 5-6 mm),
dark red, localized subcapsularly in various parts of the
lungs (caudal, middle, anterior lobes). Pieces of the affected
lungs did not drown, but floated, completely submerged in
the water. In this regard, this process can be easily confused
with spotted hemorrhages. The small size of the inflamed
areas does not allow to determine the nature of pneumonia:
serous, catarrhal, fibrinous or interstitial. In this case, it is ne-
cessary to conduct a histological examination of the lungs.

When studying the heart, three variants of pathologi-
cal processes were also identified, indicating the develop-
ment of acute cardiac and concomitant cardiopulmonary
failure.

In the first case, in our opinion the most severe and
irreversible, there was an acute expansion of all cardiac
cavities with the development of a classic round heart,
sometimes with severe acute venous hyperemia of the
myocardium (Fig. 1, 2, 4). In the second case, the blood
content of the heart muscle was less pronounced, how-
ever, the characteristic signs of fatty degeneration of the
myocardium with its staining in a light yellow color came
to the fore (Fig. 3). Fatty degeneration of the myocardium,
liver and kidneys is the morphological equivalent of acute
intoxication of the body. In the third case, signs of asphy-

Fig. 1. Post-mortem lesions in a 6-month-old mink infected
with COVID-19: acute venous hyperemia (arrows on the
left), pulmonary emphysema (arrows on the right), acute
cardiac dilatation (arrows below). Background processes:
interstitial hepatitis, gallbladder expansion (left)

Puc. 1. [lamonozoaHamomuyeckue usmeHeHus

y 6-meca4HoU Hopku npu COVID-19: ocmpas eeHo3Has
2unepemus (cmpesKu csesa), sMgpuzema sieekux (cmpesku
cnpasa), ocmpoe pacuwupeHue cepoyd (Cmpesku 8HU3Y).
DoHosble npoyeccsl: UHMePCMUYyUaIbHell 2enamum,
pacwupeHue xea4Hoz20 ny3elps (ciesa)
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xia prevailed - acute expansion of the right ventricle and
atrium, blood stagnation in the pulmonary circulation
system (Fig. 5).

Considering the deep structural changes in the lungs,
the development of signs of asphyxia, viremia, infectious
shock, the formation of pronounced post-mortem blood
coagulation looks paradoxical not only in the cavities of
the heart and large arteries, but also in veins of various
sizes (Fig. 6). In our opinion, this is due to a systemic imba-
lance in the blood coagulation and anticoagulation systems
towards thrombus formation, which plays an important role
in the COVID-19 pathogenesis in humans and animals.

In addition, the autopsy of mink carcasses revealed
morphological signs of acute heart failure — cyanosis of
the mucous membranes, especially of such organs of the
oral cavity as the tongue and gums (Fig. 7), skin, skeletal
muscles, acute venous hyperemia of the liver and kidneys.
Most animals showed punctate hemorrhages in the renal
cortex (Fig. 8), and in some specimens, serous or hemor-
rhagic splenitis (Fig. 9).

In some cases, these processes developed concurrent-
ly with chronic feed toxicosis, the characteristic morpho-
logical sign of which was fatty liver and interstitial hepa-
titis (Fig. 1). At the same time, the liver was not enlarged,
the shape was not changed, the consistency was elastic,
dense, yellow, the pattern of the lobular structure in the
section was more distinct.

Six months after recovering from COVID-19, minks killed
for diagnostic purposes showed characteristic pathological
changes indicating a chronic course of the disease, long-
term persistence of the virus in susceptible livestock. As in
the beginning of the outbreak, the major processes were
observed in the lungs, cardiovascular system and blood.
Morphological signs of regeneration of the structure of
previously affected organs and tissues were not recorded.

Lung examination revealed alveolar emphysema, ede-
ma, hemorrhages, small- and large-focal interstitial pneu-

Fig. 2. Post-mortem lesions in a 6-month-old mink infected
with coronavirus SARS-CoV-2: pulmonary edema (OJ1),
pneumonia sites (1), acute cardiac dilatation (OPC)

Puc. 2. [lamonozoaHamomuyeckue usmeHeHus

y 6-MecsaYHOU HOPKU, UHGUYUPOBAHHOU KOPOHABUPYCOM
SARS-CoV-2: omek nezkux (OJ1), yauacmku nHeemoHuu ([1),
ocmpoe pacuiuperue cepoya (OPC)
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Fig. 3. Post-mortem lesions in a 6-month-old mink
infected with COVID-19: pulmonary edema (arrows
below), pneumonia sites (arrows on the left), acute cardiac
dilatation, myocardial lipidosis (arrows on the left)

Puc. 3. lamonozoaHamomuyeckue usmeHeHus

y 6-meca4Hou Hopku npu COVID-19: omek neakux
(cmpesniku 8HU3Y), y4acmku NHEBMOHUU (CmpesiKu C1e8a),
ocmpoe pacwiupeHue cepoya, xuposeas oucmpogpus
MUOKapoa (cmpesiku cnpasa)

Fig. 5. Pulmonary edema (O) with pneumonia sites (1) in
a 6-month-old mink. Enlargement of the left artrium and
pulmonary veins (arrows)

Puc. 5. Omek nezkux (O) ¢ yuacmkamu nHeemoHuu (I1)
y 6-meca4HoU Hopku. Ocmpoe pacuupeHue 1e6020
npedcepous u cucmemel J1e204HbIX 8eH (CmpesKu)

monia (Fig. 10, 11). The lungs were not collapsed, their
shape was not changed, the consistency was soft with a
doughy feel. The background color, as during the acute
disease, was pink-red, carmine. Subcapsular, well-defined
hemorrhages were common. There were also regions of
classic interstitial pneumonia with compaction of the pa-
renchyma, staining it in a “fleshy”, red-brown color, as well
as a more distinct pattern of the lobular structure. In all
cases, the buoyancy of the affected pieces of the lungs
was preserved. In some animals, an aggravating process
was noted - focal chronic fibrinous pleurisy.

In the heart there were signs of acute expansion, fatty
degeneration, but without venous hyperemia of the
myocardium (Fig. 10, 11). In the cavities of the heart, the
lumen of large arteries and veins, as in the acute course,

Fig. 4. Lungs of a 6-month-old mink infected with coronavirus
SARS-CoV-2: pulmonary edema (arrows on the left),
pneumonia and emphysema sites (arrows on the right),
round heart (arrows below)

Puc. 4. Jleckue 6-meca4Hol HOPKU, UHGBUUUPOBAHHOU
kopoHasupycom SARS-CoV-2: omek nezkux (cmpesiku c/e8a),
yyacmku nHe8MOHUU U SMu3eMbl (cmpesiku cnpaea),
Kpyanoe cepoye (cmpesiku 8HU3Y)

Fig. 6. Severe blood clot formation in the caudal vena
cava of a 6-month-old mink infected with coronavirus
SARS-CoV-2

Puc. 6. BoipaxxeHHOe (hopMupo8aHue NOCMePMHbIX
c8epmKo8 Kposu 8 KayoasieHou nosoli geHe 6-meca4HoUl
HOpPKU, UHpUyuposaHHol KopoHasupycom SARS-CoV-2

post-mortem blood clots were detected. The renal cortex
showed multiple punctate hemorrhages and brownish
pigment spots, which are “old” hemorrhages (Fig. 12).

The spleen was enlarged in size, had elastic consistency,
the parenchyma was red-brown in color with a steel tint.
The scraping of the pulp with the back of the knife is in-
significant.

Post-mortem diagnosis:

acute disease

1. Severe acute venous hyperemia, serous or se-
rous-hemorrhagic pulmonary edema, areas of alveolar
emphysema.

or

Serous pulmonary edema (carmine lungs), areas of al-
veolar emphysema.
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Fig. 7. Acute venous hyperemia of the mucous membrane
of the tongue in a 6-month-old mink

Puc. 7. Ocmpas 8eHo3Has 2unepemus causucmou
000/104KU A3bIKA Y 6-MeCAYHOU HOPKU

Fig. 9. Acute serous splenitis in a 6-month-old mink

Puc. 9. Ocmpeiti cepo3Heiti cnieHum
y 6-meca4YHOU HOPKU

ORIGINAL ARTICLES | CORONAVIRUS DISEASE (COVID-19) OPUTHATNBbHbIE CTATbY | KOPOHABUPYCHAA WHOEKLMA (COVID-19)

Fig. 8. Hemorrhages in the renal cortex in a 6-month-old
mink infected with the coronavirus SARS-CoV-2

Puc. 8. KposousnuaHus 8 Kopkosom gelyecmee
NoYKU y 6-Meca4YHoU HOPKU, UHGUUUPOBAHHOU
kopoHasupycom SARS-CoV-2

Fig. 10. Post-mortem lesions in an 18-month-old mink infected
with the SARS-CoV-2 coronavirus: interstitial pneumonia,
sites of emphysema (3), acute cardiac dilatation (OPC)

Puc. 10. [lamonozoaHamomu4eckue usMeHeHUsA

y 18-meca4HoU HOPKU, UHGULYUPOBAHHOU KOPOHABUPYCOM
SARS-CoV-2: uHmepcmuyuaneHasa NHEBMOHUS, y4acmku
amegpuzemol (3), ocmpoe pacwuperue cepoya (OPC)

Fig. 11. Interstitial pneumonia (UI) with emphysema sites (3)
in an 18-month-old mink. acute cardiac dilatation (OPC),
acute venous hyperemia of the myocardium

Puc. 11. ’umepcmuyuaneHas nHeamorus (Ul1) ¢ yaacmkamu
ameu3zemesl (3) y 18-mecauHol Hopku. Ocmpoe pacuiupeHue
cepoua (OPC), ocmpas 8eHo3HAs 2unepemus MUOKapoa

Fig. 12. Kidney of an 18-month-old mink infected
with the coronavirus SARS-CoV-2. Pigmented spots
in the cortex (old hemorrhages)

Puc. 12. [Noyka 18-meca4Hol HOpKU, UHGUUUPOBAHHOU
kopoHasupycom SARS-CoV-2. [luzmeHmHble nAMHa
8 KOPKOBOM 8eujecmae (cmapeble Kpo8ou3/IUAHUS)
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or

Serous pulmonary edema, areas of alveolar emphyse-
ma, small focal pneumonia with localization in the anterior,
middle and caudal lobes of the lungs.

2. Acute heart enlargement (round heart), acute venous
myocardial hyperemia.

or

Acute heart enlargement (round heart), myocardial
fatty degeneration.

or

Acute enlargement of artrium and right ventricle (cor
pulmonale, asphyxia), pulmonary veins.

3. Severe post-mortem blood coagulation in the cavi-
ties of the heart, large arteries and veins.

4. Acute venous hyperemia as well as fatty liver and kid-
neys. Pinpoint hemorrhages in the renal cortex.

5. Acute venous hyperemia of mucous membranes, skin
and skeletal muscles.

6. Acute serous or hemorrhagic splenitis (not always).

chronic disease

1. Alveolar emphysema, edema (carmine lungs) and
hemorrhages in the lungs, focal interstitial pneumonia.

2. Focal fibrinous pleurisy (complication).

3. Acute heart enlargement (round heart).

4. Severe post-mortem blood coagulation in the cavi-
ties of the heart, large arteries and veins.

5. Hemorrhages and pigment spots (old hemorrhages
in the kidneys).

6. Splenomegaly (hyperplasia of the spleen).

Histological diagnosis:

acute disease

« Lungs (Fig. 13-16) — vascular hyperemia of the micro-
vasculature, thrombosis of arterioles, venules, interalveolar
capillaries (disseminated intravascular coagulation syn-
drome, shock lungs), severe serous, serous-hemorrhagic
edema of interstitial tissue and parenchyma, necrosis
and desquamation of alveolar epithelium fibrin threads
in the form of a mesh, fragments of necrotic epithelium,

hemolyzed erythrocytes and eosinophilic hyaline mem-
branes, extensive lymphoid-macrophage peribronchitis
and perivasculitis, focal proliferation of fibroblasts, alveo-
lar emphysema.

« Liver (Fig. 17) — acute venous hyperemia, serous ede-
ma, thrombosis of the central veins of the hepatic lobules
and sinusoidal capillaries (disseminated intravascular
coagulation, shock liver), multiple hemorrhages, hemo-
siderin deposition (hemosiderosis), total droplet fatty
degeneration, areas of necrobiosis and parenchymal nec-
rosis.

«Pancreas - venous hyperemia, hemostasis (especially
in the area of the islets of Langerhans), vacuolar degene-
ration of individual acini epithelial cells.

« Kidneys (Fig. 18) — acute venous hyperemia, edema,
extensive hemorrhages, large-droplet fatty degeneration
of the epithelium of the urinary tubules.

« Spleen - focal lymphoid-macrophage infiltrates in the
red pulp, hyperemia of sinusoidal capillaries.

chronic disease

« Lungs (Fig. 19-21) - a pronounced proliferation of
interlobular and interalveolar connective tissue, lym-
phoid-macrophage peribronchitis and perivasculitis, the
formation of nodular lymphoid tissue, chronic venous
hyperemia, blood stasis in the vessels of the microvas-
culature, multiple hemorrhages with RBC hemolysis and
hemosiderin accumulation, large regions of alveolar em-
physema, atrophy or absence of alveolar epithelium.

« Liver - chronic venous hyperemia, hemosiderin depo-
sition (hemosiderosis).

« Kidneys (Fig. 22) - venous hyperemia, serous edema
of the glomeruli and intertubular connective tissue, he-
mosiderosis, deposition of uric acid salts in the lumen of
individual urinary tubules.

» Heart - serous myocardial edema.

« Spleen (Fig. 23, 24) - ubiquitous proliferation of con-
nective tissue (sclerotization), severe lymphoid hyperpla-
sia of the white pulp, deposition of hemosiderin granules
in the red pulp.

Fig. 13. Lungs of a 6-month-old mink:
venous thrombosis (arrows on the left),
lymphoid-macrophage perivasculitis
(arrows on the right), alveolar

rupture. Hematoxylin-eosin staining,
magnification x480

Puc. 13. Jleckue 6-meca4yHOU HOPKU:
mpom603 8eHysbl (CmpesiKu c/1ega),
JIUMGOUOHO-MAKPOpa2anbHbili
nepusackysium (cmpesku cnpasa), paspbls
aneeeos. OKpacKa 2eMamoKCcUIUHOM

U 303UHOM, ygenuyeHue X480

Fig. 14. Lungs of a 6-month-old mink:
hyperemia of capillaries (IK), fibrin (®)

and necrotic epithelium (H3) in the alveolar
lumen. Hematoxylin-eosin staining,
magnification x480

Puc. 14. Jleckue 6-meca4HOU HOPKU:
2unepemus kanunnapos (IK),

¢ubpuH () u Hekpomu3upoBAHHbIL
snumenut (H3) 8 npoceeme aneeeosn.
OKpacka 2eMamoKcusIuUHOM U 303UHOM,
ysesnuyeHue X480
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Fig. 15. Desquamated epithelium, fibrin
filaments, hyaline membranes in the lumen
of the lung alveoli of a 6-month-old mink.
Hematoxylin-eosin staining,

magnification x480

Puc. 15. CayweHHbIt 3numenud, Humu
¢ubpuHa, 2uanuHosbie MeMbpaHel

8 Npoceeme as1b8e0J1 J1e2KUX 6-Meca4HoU
Hopku. OKpacka 2eMamoKCUusIuUHOM

U 303UHOM, ysenuyeHue x480
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Fig. 16. Lungs of a 6-month-old mink:
lymphoid-macrophage peribronchitis
(arrows), emphysema. Hematoxylin-
eosin staining, magnification x120

Puc. 16. Jlezkue 6-meca4YHOU HOPKU:
JIUMOUOHO-MAKpPOazasbHele
nepubpoHxumesl (cmpenku), smgpusema.
OKpacka 2eMamoKCUIUHOM U 303UHOM,
ysenuyeHue X120

Fig. 19. Interstitial pneumonia in an
18-month-old mink. Hemostasis (I'C),
lymphoid nodules (J1¥), emphysema (3).
Hematoxylin-eosin staining,
magnification x120

Puc. 19. MIhmepcmuyuanbHas nHeemMoHus
y 18-meca4Hou Hopku. lemocmas (I'C),
numeoudHeie y3enku (1Y), smegusema (3).
OKpacka 2eMamoKCUIUHOM U 303UHOM,
ysenuyeHue X120

CONCLUSION

Fig. 17. Deposition of hemosiderin
granules () in the shock liver of a 6-month-
old mink, thrombosis (T) of sinusoidal
capillaries. Hematoxylin-eosin staining,
magnification x480

Puc. 17. OmnoxeHue epaHyn
2emocudepuHa () 8 wokosoul neyeHu
6-mecayHoU HopKu, mpom603 (T)
CUHYCOUOHbIX KANUJIIAPOS.

OKpacka 2eMamoKcusIuUHOM U 303UHOM,
ysesnuyeHue X480

Fig. 20. Lungs of an 18-month-old mink:
sclerotization, emphysema, hemosiderosis.
The alveolar epithelium is atrophied

or absent (arrows). Hematoxylin-eosin
staining, magnification x480

Puc. 20. Jleckue 18-meca4yHoOU HOPKU:
cKkiepomusayus, smeusema,
2emMocudepo3. AnbeeosiapHbIl Snumenudi
ampoguposaH usau omcymcmayem
(cmpenku). OKpacka 2eMmamoKCcuIUHOM
U 303UHOM, ysenu4eHue X480

Fig. 18. Hemorrhages in the kidney
of a 6-month-old mink (arrows).
Hematoxylin-eosin staining,
magnification x120

Puc. 18. KpogousnusaHus 8 nouke
6-MecaYHOU HOPKU (CcmpesKu).
OKpacka 2eMamoKCUIUHOM U 303UHOM,
yeesnuyeHue X120

Fig. 21. Lungs of an 18-month-old mink:
Sclerotization, emphysema (3), hemorrhages
with hemolysis (T) of erythrocytes,
hemosiderin granules (IC). Hematoxylin-eosin
staining, magnification x480

Puc. 21. Jleekue 18-meca4HOU HOpPKU:
Cknepomusayus, amguzema (3),
Kpogou3nuaHua ¢ 2zemosnusom (I)
3pumpoyumos, 2paHynel zemocudepuHa (IC).
OKpacka 2eMamoKCUUHOM U 303UHOM,
ysenuyeHue X480

Post-mortem lesions during the acute course of
COVID-19 in minks are characterized by the predominance
of hemodynamic disorders, serious disorders of the cardio-
vascular and respiratory systems i.e. development of acute
venous hyperemia, pulmanory emphysema and microfo-
cal pneumonia in various combinations, acute expansion
of the heart or its right cavities, acute venous hypere-
mia of the myocardium, liver, kidneys, skin and mucous
membranes, hemorrhages in the kidneys, pronounced
post-mortem blood coagulation in the heart, arterial lu-
mens and veins of various diameters. The development
of serous and hemorrhagic splenitis, in our opinion, can-
not be considered as a diagnostic marker of this disease.
In case of chronic disease, the nature of the pathological
picture remains, which is apparently associated with the
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long-term persistence of the pathogen in susceptible
minks. Morphological signs of a long-term viral infection
are focal interstitial pneumonia, lymphoid hyperplasia of
the spleen (splenomegaly), as well as the formation of pig-
ment spots at the site of hemorrhages due to the appea-
rance of hemoglobinogenic pigments.

Histological lesions in minks during the acute course
of COVID-19 are characterized by acute interstitial pneu-
monia and alveolitis complicated by respiratory distress
syndrome and alveolar emphysema. The immediate cause
of death is membranogenic pulmonary edema. Deep and
irreversible changes in the vessels of the microvasculature
of the internal organs (disseminated intravascular coag-
ulation syndrome, disseminated intravascular coagula-
tion syndrome) are a sign of shock development (infec-
tious-toxic, septic, etc.).
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Fig. 22. Hemosiderosis of the kidney of an
18-month-old mink. Hematoxylin-eosin
staining, magnification x480

Puc. 22. [emocudepo3 noyku 18-mecsa4Hou
Hopku. OKpacka 2eMamokCcu/iuHOM U
303UHOM, yseniuyeHue X480

Fig. 23. Spleen of an 18-month-old mink:
proliferation of a connective tissue (arrows
on the left), hyperplasia of lymphoid
nodules (arrows on the right). Hematoxylin-
eosin staining, magnification x120

Puc. 23. CeneseHka 18-meca4yHoOU HOPKU:
paspacmaHue coeduHUMesTbHoU

MKaHu (cmpesiku c/s1e8a), 2unepniasus
JIUMGPOUOHBIX y3e/IK08 (CmpeJsiKu cnpasa).
OKpacka 2eMamoKcUsIUHOM U 303UHOM,
ysesnudeHue X120

Fig. 24. Spleen of an 18-month-old mink:
proliferation of a connective tissue (arrows
on the left), deposition of hemosiderin
granules (arrows on the right). Hematoxylin-
eosin staining, magnification x480

Puc. 24. Cenesenka 18-meca4HoU HOpKU:
paspacmaxue coeduUHUMeIbHOU MKAaHU
(cmpenKu cnesa), omsoxeHue 2paHys
2eMocudepuHa (cmpesiku cnpasay.
OKpacka 2eMamoKcUIUHOM U 303UHOM,
yesenuyeHue x480

Structural lung disorders of minks with a long course of
the disease are characteristic of chronic interstitial pneumo-
nia, complicated by alveolar emphysema, combined with
profound lesions in the microvasculature (venous hypere-
mia, hemostasis, hemorrhages, local hemosiderosis). An
aggravating process caused by prolonged pulmonary and
heart failure is chronic venous hyperemia of internal organs
(liver, kidneys). General hemosiderosis is a concomitant
process, probably associated with prolonged intravascular
hemolysis of erythrocytes. Lymphoid hyperplasia and scle-
rotization of the spleen are signs of a viral infection that is
systemic in nature and accompanied by prolonged viremia.

Taking into account the relatively nonspecific patho-
logical changes and the obvious high information content
of the results of histological examination, we consider it’s
mandatory to perform it when making a presumptive di-
agnosis of COVID-19 in minks.
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SUMMARY

Data on FMD spread in Africa in 20172019 provided by the World Animal Health Organization (OIE) and World Reference Laboratory for Foot-and-Mouth Di-
sease (WRLFMD) were analyzed with the emphasis on the current epidemic situation in Northern Africa, and the analysis results are demonstrated as well. Brief
historical information on SAT-1, -2, -3 FMDV recovery in Africa is presented. Diagnostic test results demonstrate that the abovementioned virus serotypes are
circulating in the Southern, East and West African countries. However, there are reports on detection of SAT-1 FMDV in the Near East (1961-1965 and 1970) and
SAT-2 FMDV in Saudi Arabia (2000), Lebanon (2003), Bahrain, Egypt and Lebanon (2012). Infection of cattle with SAT-1, -2, -3 FMDV in Southern and East Africa is
associated with the contacts between the domestic livestock and wild cloven-hoofed ungulates, specifically with African buffaloes (Syncerus caffer). FMDV persists
in buffaloes for up to 4-5 years and in buffalo herds living within the limited area of the national reserves — for up to 24 years. Buffaloes are considered to be natural
reservoir of the virus. The basic disease control measure in Africa is prevention of any contacts between FMD susceptible livestock and buffaloes in the national
reserves and game sanctuaries. Moreover, crucial component of FMD prevention is vaccination of bovines kept in buffer zones around the wild cloven-hoofed
ungulates’ habitats against the virus serotypes spread by the latter. Foot-and-mouth disease remains one of the most economically significant infections in the
world and it involves losses due to the decrease of the agricultural production as well as due to the international trade restrictions.
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Ha Tepputopun AQpuKaHckoro KoHTUHeHTa 3a 2017-2019 1.
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PE3IOME

[TpeacTaBneHbl pe3ynbrathl aHanu3a AaHHbIX BceMupHoil opraHu3awim 3apaBooxpaHenma xuBoTHbIX (M3b) 1 BcemupHoli pedepeHTHoil nabopatopun no Awy-
py (WRLFMD) o pacnpoctpaHeHuy AiLypa Ha Tepputopui ADprKaHckoro KOHTUHeRTa B 2017—-2019 IT. € aKLeHTOM Ha COBPEMEHHYI0 MN300THYECKYH0 CUTYaLnio
B CeBepHoil Adpuike. JlaHa kpaTkas uctopuyeckas cnpaska 06 oTkpbiTiu cepotinos SAT-1, -2, -3 Bupyca Awuypa B Apuike. Kak noka3biBatoT pe3ynbTaTbl AuarHo-
CTUYECKVIX MCCNIE0BaHMIA, YKa3aHHble CepoTUMbI LUPKYANpYHT B cTpaHax H0xHoit, Boctounoii u 3anagnoit Agpuku. OaHako nmelotca coobLueHns 06 06HapyxeHnn
cepotina SAT-1 Ha bnxrem Boctoke (19611965 1 1970 rr.) n SAT-2 B Caypockoii Apasuu (2000 r.), Jusuu (2003 r.), baxpeiine, Erunte 1 Jiusun (2012 r.).
3ab0oneBaeMoCTb KpynHOro poraToro ckoTa ALlypom cepotunos SAT-1, -2, -3 8 H0xHoii 1 BoctouHoii Abpuke 06ycnoBneHa KOHTaKTOM AOMALUHET0 CKOTa C AUKNMN
NapHOKOMbITHBIMY, B YaCTHOCTY C adypukaHckum yiiBonom (Syncerus caffer). Bupyc Awypa nepcucTupyer B opraHusme 6yiiBonos Ao 45 ner, a B crafax byiisonos,
00MTIOLLMX HA OTPaHNYEHHbIX TEPPUTOPUAX HALWMOHANbHBIX NapKOB, — A0 24 neT. byiiBONbI CunTaloTCA eCTeCTBEHHbIM pe3epByapoM Bupyca. OcHoBHOIT Mepoit
60pb0bl ¢ 3a60neBaHeM Ha AQPUKAHCKOM KOHTUHEHTe ABNAETCA NpeceyeHie KOHTaKTOB BOCMPUMMUMBOTO NOTOI0BbA CKOTa C OyiiBONAMM B HALMOHaNbHbIX
napKax 1 OXOTHNYLYX 3anoBeHMKax. Kpome Toro, BaXHbIM acnekToM NpoYUAAKTUKY AlLypa ABNAETCA BaKLMHALMA KPYMHOrO POraToro ckoTa, HaxoAALLerocs
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B 6ydepHbIx 30Hax BOKPYr apeanos 06MTaHNA ANUKUX NAPHOKOMbITHBIX, POTUB TeX CEPOTUNOB, KOTOPbIe NEPEHOCATCA UMM, ALLyp 0CTaeTcA 0AHOI U3 Hanbonee
9KOHOMMYECKM 3HAUNMBbIX MHOEKLMIA XKUBOTHBIX B MUPE, NPV KOTOPOIi YObITKM CKNaZibIBAIOTCA 32 CYET CHIKEHUA YDOBHA NPOM3BOACTBA CNbCKOXO3ANCTBEHHON

NpoOAYKLMN 1 OrpaHveHna Me)KﬂyHapOﬂHOVI Toprosnu.

Kniouesbie cnosa: flyp, cepotunbl, Tonotunbl, ADpuKa, ecTecTBeHHbIN pe3epeyap.

bnaropapHocTb: Pabota BbinonHeHa 3a cuet cpecTB OTBY «BHUN3X» B pamkax HayuHo-uccneoBaTeNnbckux pabot no Teme «BetepuxapHoe bnarononyume».

[ina untnposanua: (ugoposckas M. B., ®omuna C. H., Kpemenuyrckas C. P. AHanu3 Bcnbilwek ALuypa cepotunos SAT-1, -2, -3 Ha Tepputopum AppukaHckoro
KOHTUHeHTa 3a 2017-2019 rr. BemepuHapus ce200ks. 2021; 2 (37): 113—120. DOI: 10.29326/2304-196X-2021-2-37-113-120.

KondnukT uHTepecoB: ABTOpbI 3aABNAKT 06 OTCYTCTBUN KOHGIMKTA UHTEPECOB.
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600901, Poccus, r. Bnagumup, mkp. t0pbese, e-mail: sidorovskaya@arriah.ru.

INTRODUCTION

Foot-and-mouth disease (Aphtae epizooticae) was first
reported in the XVI century and until now it remains one of
the predominant vesicular diseases of the cloven-hoofed
ungulates that causes losses to national economies and
requires substantial investment in the prevention and
management of disease outbreak consequences. In spite
of the Progressive Control Pathway for Foot-and-Mouth
Disease developed by the Food and Agriculture Organi-
zation (FAO) and European Commission for the Control
of Foot-and-Mouth Disease (EuFMD), the disease is still
reported in many countries of the world. The above men-
tioned document is the basis of the FAO/OIE Global Foot-
and-Mouth Disease Control Strategy, and it allows FAO/
OIE to approve national FMD control program developed
by a country, which should include a number of progres-
sive steps, inter alia a schedule of the susceptible animal
vaccination. Continent of Africa is of particular signifi-
cance as the majority of the disease outbreaks are being
reported there. According to the World Animal Health Or-
ganization (OIE), from 2017 to 2019, FMD was reported in
41 African countries. The map in Figure 1 demonstrates
global FMD epidemic situation as of late 2019, and it
clearly illustrates that African continent leads in the num-
ber of affected countries. During the above mentioned
period, there were 55 FMD affected countries in the world,
of these 33 countries were African ones, 23 countries were
Asian countries and only two countries were the European
ones (Russian Federation, Turkey).

Sporadic cases of the infection have been reported in
Africa for many decades. Figure 2 shows FMD epidemic
situation in Africa in 2017-2019. Studies of the virus that
caused the disease in the susceptible animal population
demonstrated that serotype O virus prevailed over other
FMDV serotypes (Fig. 3). The proportion of the registered
SAT-1, -2, -3 viruses amounted, however, to 29% of the
total number of FMD cases detected in the region. There-
fore, this fact should deserve specific attention during the
examination of the FMD outbreaks in Africa. Moreover,
during the study period, the virus remained untyped in
15% of cases of FMD detections in cattle.

Due to the increased risk of exotic isolate introduction
into the Russian Federation associated with the intensifi-
cation of the trade relations with North African countries
as well as due to the threat of the SAT FMD virus introduc-

tion from FMD affected African regions to the Near Eastern

and West Asian countries and their further spread into the

neighboring countries, the works were aimed at the de-
tailed study of SAT FMD epidemic situation in Africa.

History of SAT-1, -2, -3 FMDV detection in Africa

The disease was continuously reported in Southern
African countries back to the colonial era but only in the
first half of the XX century, while studying FMDV, through
the successive cross-protection tests in guinea pigs and
cattle the researchers managed to determine its type
difference. Development and implementation of such
method as compliment fixation test allowed for further
studies aimed at the FMD agent typing. As soon as such di-
agnostic tool as polymerase chain reaction appeared, mo-
lecular examination of the virus was made possible [1, 2].

SAT-1, -2 and -3 foot-and-mouth disease viruses were
first isolated by the World Reference Laboratory for Foot-
and-Mouth Disease (WRLFMD; Pirbright, Great Britain)
from the samples collected from the livestock animals in
Bechuanaland (Botswana) and Northern Rhodesia (Zam-
bia) in 1948. Retrospective studies of the viruses isolated
earlierin 1931 and 1937 in Southern Rhodesia demonstra-
ted close relatedness to the isolates recovered in 1948.One
more virus isolate from Southern Rhodesia appeared to
be the third new serotype. The discovered serotypes were
hereafter named as South Africa Territories 1, 2 and 3 (ab-
breviated as SAT-1, SAT-2 and SAT-3). The data on the above
mentioned serotypes were published by J. B. Brooksby [1].

According to the results obtained by F. Duchatel et al. [3]
during sequencing-based phylogenetic studies, SAT-1 and
SAT-2 FMDV serotypes have been circulating in African
wildlife for over 400 years. The scientists reconstructed the
evolution of various FMDV serotypes including SAT-1 and -2
starting from the XVI century and until 2016, and they also
evaluated potential influence of ecological and anthropo-
logical factors on their spread. Results of the studies were
demonstrated as phylogenetic trees [3, 4].

Current FMD epidemic situation

in Africa (SAT-1, -2, -3)

Spread of SAT-1 FMDV

SAT-1 virus serotype is widely spread in the countries
in Sub-Saharan Africa (SSA). Singular disease outbreaks
caused by the serotype were however reported on the
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Near East in 1962-1965 and 1969-1970, and then in
Greece in 1962 [5]. The serotype includes 13 topotypes
currently numbered with Roman numerals I-XIll. Topo-
type lis also known as Northwest Zimbabwe (NWZ), topo-
type Il - Southeast Zimbabwe (SEZ), topotype lIl - Western
Zimbabwe (WZ), topotype IV - East Africa 1 (EA-1), topo-
type VIl - East Africa 2 (EA-2) and topotype VIII - East Af-
rica 3 (EA-3) [6].

SAT-1 FMDV genome was detected in samples collec-
ted from cattle in Kenia in 2017. Sequencing of VP1 struc-
tural protein demonstrated that this serotype belonged
to topotype | that had never occurred in the region before.
FMD virus of SAT-1 serotype and topotype | was also re-
ported in Malawi. In August and October, 2017, six SAT-1
FMD outbreaks were reported in cattle in Greater Giyani
municipality, Limpopo province (RSA) [7, 8].

In early 2018, sixty-two disease outbreaks were repor-
ted in eastern and western provinces of Zimbabwe; by July
the outbreaks occurred in north-east part of the country —
close to the border with Mozambique. It should be noted
the FMD outbreaks are rare in this region. By Septem-
ber 2018, there were over 100 outbreaks caused by SAT-1
FMDV. The new outbreaks were reported in Midlands and
Masvingo Provinces [9, 10].

In January 2019, two FMD outbreaks (SAT-1) were again
reported in cattle in Masvingo and Matabeleland Provin-
ces, Zimbabwe [11]. During 2019, over twenty SAT-1 FMD
outbreaks were reported in Masvingo Province [12]. In the
third quarter, same year, SAT-1 FMD virus was isolated in
Cameroon, the disease caused by this virus serotype was

most recently reported in the North and Adamawa Regions
of the country in August — September, 2016. The phyloge-
netic analysis of the recovered isolates demonstrated that
they belonged to topotype X, and they were phylogeneti-
cally related to the virus isolated in Nigeria, 2015-2016 [13].

Spread of SAT-2 FMDV

This serotype includes 14 topotypes numbered with
Roman numerals [-XIV [6]. Out of the three SAT sero-
types SAT-2 foot-and-mouth disease virus also prevails in
Sub-Saharan Africa and thus it is sufficiently researched.
The outbreaks associated with this FMDV serotype were
however reported in north-eastern Africa and Near East: in
Yemen in 1990, in Kuwait and Saudi Arabia in 2000.1n 2012,
SAT-2 FMDV were reported in Egypt, Libya and Palestine.
The virus of this serotype was also isolated in Bahrain [5].
Forty-three outbreaks caused by this virus serotype were
reported in fourteen Egyptian provinces from February to
March, 2012. Studies of VP1 gene nucleotide sequence by
the WRLFMD demonstrated that the recovered isolates be-
longed to topotype VIl and two genetic lineages Ghb-12
and Alx-12, which had been previously widely spread.
SAT-2 FMDV-associated epidemic in Egypt was its first oc-
currence in the country from 1950. The phylogenetic anal-
ysis of the isolates that caused FMD outbreaks in Palestine
(Gaza Strip) in April 2012 indicated that the virus belonged
to topotype VIl of Ghb-12 genetic lineage and was rela-
ted to the Egyptian isolates. Again in February 2012, SAT-2
FMDV isolates belonging to topotype VIl of Lib-12 genetic
lineage were recovered in Libya. In March — April that year
SAT-2 FMD virus of topotype IV and genetic lineage Ken-09
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was isolated during the disease outbreak in imported live-
stock in the northern part of the Kingdom of Bahrain. This
was the first emergence of this serotype in the country [14].

In January 2017, SAT-2 FMDV was reported in Mata-
beleland North and Midlands Provinces, Zimbabwe. The
epidemic lasted until March 2017, and five outbreaks were
reported in cattle. FMD outbreaks were registered in the
same provinces in May. No data of the virus genotyping
were reported. Again in March, singular SAT-2 FMD out-
break was reported in cattle in Bushbuckridge municipa-
lity, Mpumalanga Province, RSA. It should be noted that
the above mentioned outbreaks were detected near Kru-
ger National Park [15, 16].

In February - July 2017, an FMD outbreak was reported
in Namanyane settlement, Ngamiland District, Botswana.
The OIE Sub-Saharan Africa Regional Reference Laboratory
(SSARRL, Botswana) identified SAT-2 virus and determined
genetic sequence of capsid VP1 protein of the virus. The
analysis of the isolate performed by the WRLFMD demon-
strated that it belonged to topotype Ill and was closely
related to the viruses isolated from cattle in Botswana
in 2015 [7].

Five outbreaks caused by SAT-2 FMDV were reported
in cattle in Namibia from July to September, 2017. The
outbreaks were located near Katima Mulilo Urban, Zam-
bezi Region. Topotype VII SAT-2 FMDV was also registered
in Uganda [71.

In October — December 2017, topotype Il SAT-2 virus
was detected in Botswana, Mozambique, Namibia, and
topotype Il SAT-2 virus was isolated in Zimbabwe [17].

Serotyping and genotyping results in case of FMDV
isolated in Ethiopia in March 2018 demonstrated that the
virus belonged to serotype SAT-2, topotype VIl of the ge-
netic lineage Ghb-12 [9].

In May 2018, singular SAT-2 FMD outbreak was repor-
ted in Thulamela settlement, Limpopo Province (RSA). No
genotyping was performed [9].

From June to August 2018, topotype Il SAT-2 FMDV
continued its spread in cattle in Botswana. In total, sev-
enteen outbreaks were detected in North-West District of
the country [10].

In August 2018, the French Agency for Food, Environ-
mental and Occupational Health & Safety (ANSES) pub-
lished the results of the phylogenetic examination of the
virus isolated from the bovine sample in Koundjourou
sub-prefecture, Republic of Chad in December 2016. The
published data demonstrated that the isolate belonged to
serotype SAT-2, topotype VII, genetic lineage Lib-12 [10].

From May to August 2018, fourteen SAT-2 FMD out-
breaks were reported in cattle in Southern (Neno) and
Central (Ntcheu, Dedza and Lilongwe) [9, 10] provinces of
Malawi.

In July 2018, diagnostic testing of 39 samples collected
from bovines and submitted to the WRLFMD from Sudan
demonstrated SAT-2 FMDV in five of them. Genotyping
revealed that the virus belonged to topotype VI, genetic
lineage Alx-12, while genome of topotype IV SAT-2 FMDV
was isolated from the samples submitted from Kenia
and collected during the period from January 2017 to
June 2018 [10].
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In late 2018, three new SAT-2 FMDV outbreaks were
reported in cattle in the RSA (Limpopo Province). No ge-
notyping results were published. Sub-clinical infection was
detected in buffalo population in Maruleng Local Munici-
pality, Limpopo Province [18].

Throughout 2019, SAT-2 FMDV outbreaks were still repor-
ted in Malawi, Zambia, Zimbabwe and Nigeria [11-13, 19].

In 2019, the WRLFMD tested samples collected in the
Arab Republic of Egypt from January 2017 to Novem-
ber 2018. FMD agent of SAT-2 subtype was detected in
the samples and its subsequent genotyping demonstra-
ted that the virus belonged to topotype VIl of genetic lin-
eages Ghb-12 and Lib-12 [11].

In January 2019, five more SAT-2 FMD outbreaks
occurred in cattle population in the Limpopo Prov-
ince, RSA[11].

In February that year, an FMD outbreak of the men-
tioned serotype was reported in cattle in the Northern
Region of Malawi. Phylogenetic tests demonstrated that
the virus belonged to topotype | and was related to the
virus previously reported in Zambia [19].

In March — April, 2019, eight SAT-2 FMD outbreaks were
reported in Mashonaland East Province and fourteen out-
breaks were registered in Mashonaland Central Province,
Zimbabwe [11, 19].

Twelve samples collected from cattle during the period
from January to April 2019 were tested by the WRLFMD,
and FMD viruses of SAT-2 serotype, topotype | were iden-
tified in four of them [19]. Another SAT-2 FMD outbreak
was also reported in cattle in Zambia-bordering region in
Malawi in 2019 [13].

Three more FMD outbreaks were reported in the Eas-
tern Province of Zambia in the second quarter of 2019.
Testing of the recovered isolates demonstrated circulation
of FMDV of serotype SAT-2, topotype | in this locality [13].

In December 2019, the Canadian Food Inspection
Agency (CFIA/ACIA) in cooperation with the National
Veterinary Research Institute of Nigeria (NVRI) obtained
the genome sequence of the foot-and-mouth disease
virus isolated from the samples collected from cattle in

80 (6%)
207 (15%)

243 (17%)

Plateau and Bauchi States of Nigeria in 2017-2018. SAT-2
FMDV was detected in eight samples. Sequencing of VP1
structural protein demonstrated that the virus belonged
to topotype VIl of genetic lineage Lib-12 [12].

In September 2019, singular SAT-2 FMD outbreak was
again reported in Mashonaland Central Province, Zimbab-
we. A series of fifteen SAT-2 FMD outbreaks was reported
in cattle in the Limpopo Province (RSA) from November
to December that year. One should emphasize that the
epidemics occurred in the national buffer zone [12].

Spread of SAT-3 FMDV

Out of three SAT serotypes of the FMDV, SAT-3 has rel-
atively small number of topotypes and the most limited
prevalence. To date, five different topotypes were identi-
fied and numbered with Roman numerals I-V. The tested
viruses were received from seven countries: RSA, Zim-
babwe, Zambia, Namibia, Botswana, Malawi and Ugan-
da[6, 20].

SAT-3 is one of the less studied virus serotypes. In
16 years after the last outbreak of this serotype FMDV
that occurred in Kruger National Park in Limpopo Pro-
vince (RSA) in 2006, the SAT-3 FMDV was isolated from
clinically healthy Ankole Longhorn calf that had contact
with wild buffaloes on the grasslands located in the
Queen Elizabeth National Park in Uganda. According to
VP1-coding nucleotide sequence, the emerged virus strain
was approximately 20% different from the related isolates
previously recovered from the buffaloes in Uganda in 1997.
African buffaloes are considered to play an important role
inthe FMDV circulation maintenance in the National parks
in Uganda, but no large-scale monitoring in wild animal
population is carried out [21-23].

Over the study period (2017-2019), SAT-3 FMD out-
breaks were reported in Zambia, Mozambique and Na-
mibia.

Testing of a sample collected from cattle in Lukulu
District (Western Province, Zambia) in May 2017 revealed
topotype Il SAT-3 virus and demonstrated its close phylo-
genetic relatedness to the isolates recovered in this area
in 2015 [17].
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Fig. 3. Proportion of different FMDV serotypes detected in Africa in 2017-2019 (according to the OIE/FAO

WRLFMD quarterly reports)
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In December 2017, an FMD outbreak was reported in
cattle in Chicualacuala District (Gaza Province, Mozam-
bique). As the SSARRL stated (Botswana), the outbreak was
caused by SAT-3 FMDV. Genotyping demonstrated that the
virus belonged to topotype | and it was phylogenetically
different from other viruses within this topotype [8].

In July 2019, two SAT-3 FMDV outbreaks were repor-
ted in cattle in Katima Mulilo Urban (Zambezi Region, Na-
mibia). Data on VP1 nucleotide sequencing were received
in August 2019. Further genetic tests demonstrated that
the virus belonged to topotype Il [13]. During the period
from October to December that year, five more outbreaks
of topotype Il SAT-3 FMD were reported in cattle in this
region [12].

WRLFMD quarterly reports show that SAT-1, -2, -3 FMD
viruses of different topotypes circulate in the African coun-
tries.

The following FMDV serotypes prevail in the Eastern
Africa (Ethiopia, Kenia, Sudan and Uganda): SAT-1 of to-
potype |, SAT-2 of topotype IV and SAT-2 of topotype VII,
genetic lineages Alx-12 and Ghb-12.

The following FMDV serotypes are relevant for Western
African countries (Cameroon, Republic of Chad, Nigeria):
SAT-1 of topotype X, SAT-2 of topotype VII; genetic lineage
Lib-12.

In the Southern African countries (RSA, Zimbabwe, Bots-
wana, Malawi, Namibia, Mozambique, Zambia) the follo-
wing FMDV serotypes are being reported: SAT-1 of topo-
type |; SAT-2 of topotypes |, II, Ill; SAT-3 of topotypes | and II.

Since 2012, topotype VII SAT-2 FMDV of genetic line-
ages Lib-12 and Ghb-12 have been reported in Northern
Africa, specifically in Egypt and Libya.

All three serotypes of SAT FMDV circulate only in South-
ern Africa and infect ruminant cloven-hoofed animals.
FMD outbreaks in the countries of the Southern, Eastern
and Western Africa are associated with the close contacts
between the domestic livestock and wild cloven-hoofed
animals during grazing, in particular with African buffalo
and impala (Aepyceros melampus) [3]. The unique trait of
FMD epidemiology in Africa involves continuous mainte-
nance of all three SAT-serotypes in African buffalo pop-
ulation. When crowded these animals serve as potential
source of sporadic infection for livestock and other FMDV
susceptible animal species. The precise mechanism of FMD
transmission from buffalo to cattle is understudied, and
according to F. Maree et al., it is facilitated by direct contact
between these two species [23]. Natural FMD outbreak has
been formed on the African continent, and buffaloes serve
as a natural reservoir of the disease agent for the domestic
and wild animals. This is due to the virus persistence in
wild cloven-hoofed animals as in some animals the virus
is maintained for up to 4-5 years and for up to 24 years in
small isolated herds (30-100 animals) [24].

A. N. Burdov et al. [24] defined four factors of FMD
spread in Africa associated with the animal movements:

1. Livestock animals are moved from Niger, Chad,
Northern Region of Nigeria and Mali to be sold in mu-
nicipal centers along the Atlantic coast and from North-
Eastern Africa to be sold in the Near East.

2. Livestock movements associated with the use of
community pastures, barter relations and normadism.

3. In the Western Africa, humans and livestock animals
migrate in large numbers to the south during the annual
drought seasons (January - February) and back to the
north as soon as monsoon season starts.
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4. Natural migration of wild animals in the East-African
and South-African plateaus.

In spite of FMD control measures taken by a number
of African countries the situation on the continent is still
unstable [25].

The majority of the disease outbreaks are reported in
Eastern and Western Africa, but the serotypes prevailing
in the Southern Africa tend to spread deep into the con-
tinent. Data of the WRLFMD reports suggest SAT-2 FMD
spread to Northern Africa. Detailed information on FMDV
outbreaks in the Northern Africa in 2017-2019 are shown
in Figure 4. However noteworthy is the fact that not all
outbreaks are typed. This fact significantly aggravate FMD
control on the continent.

According to the data published by I. McLachlan et al.,
many livestock owners in the African countries face annual
FMD outbreaks. Grave economic losses are due to the de-
clined production of agricultural products and loss of draft
cattle. Basic activities of the private and backyard farms
involve keeping and breeding of livestock for livelihood
and food security purposes. In the developing countries
with low and medium income the loss of profit in agri-
culture results in decline of health, education and meal
expenses. Livestock is also an integral part of social status
and cultural identity of the population in the majority of
the African countries. Therefore, further measures should
be taken in order to intensify FMD control in enzootic re-
gions of Africa [26].

CONCLUSION

Current SAT-1, -2, -3 FMD epidemic situation in the
African continent indicates that SAT-2 FMD continues
its spread towards Northern Africa and poses real threat
of introduction to the Near East and Western Asia. The
disease spread is accompanied with the steadily intensi-
fied trade relations between Northern African countries,
in particular, Egypt, Tunisia, Algeria, and Northern Asia as
well as Russian Federation. This fact encourages the inte-
rest in thorough study of the specific features of epidemic
FMDV isolates in Africa, as they are genetically different
from the strains previously detected in our and neighbo-
ring countries.

SAT-1, -2, -3 FMDV demonstrate significant infectivi-
ty and they can infect different animal species in mixed
populations not only in the African countries but generally
outside the continent.

The fact that African buffaloes and impalas serve as
natural reservoirs of all three SAT serotypes of the foot-
and-mouth disease virus should be also considered. The
virus can persist in wild cloven-hoofed animals for many
years. This explains the existence and maintenance of the
persisting FMD natural outbreak in Africa and, therefore,
the threat of new outbreak occurrence is still high.
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SUMMARY

Enzootic bovine leukosis has been an urgent problem of veterinary medicine both in the Russian Federation and abroad for more than a hundred years. A number of
aspects have been studied quite deeply; however, there are still areas that require additional research. These include the development of a fully adequate laboratory
model for reproducing bovine leukosis virus (BLV) infection. Preliminary studies have established that BLV infection of laboratory rats is accompanied by clinical,
morphological and hiochemical changes in the blood, signs of immune suppression, impaired immunological reactivity of the body, and morphofunctional changes
in the immunocompetent cells that correlate with bovine leukosis. In this regard, it is of interest to analyze disorders caused by these dysfunctions; the disorders
are demonstrated by changed morphometric characteristics of both the body and individual organs. The aim of the research was to study dynamic changes in body
mass and mass of internal organs in laboratory rats experimentally infected with BLV. There was a clear body mass increase in BLV-infected laboratory rats, then
followed by a decrease down to negative numbers. The reverse trend was observed for such internal organs of the experimental animals as liver, spleen, kidneys
and lungs. At first, their relative mass decreased to some extent, then increased with different dynamics in groups. The heart was the exception, as its relative mass
decreased and did not increase until the end of the experiment. The data obtained correlate with those provided by a number of authors that the relative mass of
various organs changes in the BLV infected animals because of proliferative, inflammatory, dystrophic and atrophic processes.
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PE3IOME

IH300TUYECKMI NeIK03 KPYMHOro poraToro CKoTa yxe bonee CTa net ABNAETCA aKTyaNbHOIl Npo6nemoii BeTepuHapHOi MeauumHbI Kak B Poccuiickoil Oepepaumm,
TaK 1 3a pybexxom. PAz acneKToB u3yueH JOCTaTOuHO 60K, HO eCTb 1 Takie, UTo TpebytoT NpoBe/ieHIn JONONHUTENbHbIX UCCTeoBaHMii. K ux uncny oTHocuTcA
pa3paboTka aZieKBaTHON BO BCeX OTHOLLEHHsAX TabopaTopHoil Mojeni AnA BoCpon3BeeHna MHdeKLI, BbI3BaHHOIA BUPYCOM NeiiKo3a KPyNHOro poratoro ckota
(BLV-undekuma). MpessaputensHbIMU nccnefoBaHMAMNY 66110 ycTaHoBAeHO, 4To BLV-MH(eKLnA nabopaTopHbIX KpbiC CONPOBOXAAETCA KOPPeNUpYIoLMMI C neli-
K030M y KpyMHOT0 POraToro CKoTa KAMHIK0-MOPhONOruyeckinmu 1 61oXMM1IeckuM1 U3MeHeHUAMI B KPOBM, NPU3HaKaMM UIMMYHHOI CYNpeccuy, HapyLueHnem
UMMYHONOTMYECKoil peakTUBHOCTI OpraHn3ma i MopOOPYHKLMOHANBHBIMY U3MEHEHUAMM Ha YPOBHE MMYHOKOMNETEHTHBIX KNETOK. B 3T0il (BA3M UHTepec
NpeAiCTaBNAET aHaN3 NPOBOLMPYEMbIX AAHHBIMU AUCOYHKLUAMIU HAPYLLEHHIA, HAXOAALLYMX (BOE OTParKeHUE B U3MEHEHUN MOPOMETPUUECKIX XapaKTePUCTUK
KaK BCEro OpraHu3ma, Tak 11 OTAENbHbIX OpraHoB. Llenblo nccnejoBaHuil CTano n3yyeHue AUHAMUKN Maccbl Tefa U BHYTPEHHUX OPraHOB 1abopaTopHbIX KPbiC
npy 3KcnepumeHTanbHoii BLV-nkdekunn. InHamika BecoBbIx nokasateneli Tena BLV-uHdMUMpoBaHHbIX Nab0paToOpHbIX KPbIC XapaKTepi30Banach BbIpaKeHHOIA
TEHZeHLMell K UX yBeAMYeHHI0 CNoCTeayLLMM CHUNKEHEM BOTb J10 OTPULIATENbHBIX 3HaueHuit. 06paTHad TeHAeHLMA Gbina 0TMeueHa AA TaKUX BHYTPEHHNUX
0praHoB JKCMepUMeHTaNbHbIX XUBOTHBIX, KaK NeyeHb, cene3eHKa, Nouku 1 nerkie. CHayana ux OTHoOCUTENbHaA Macca B TOM UM UHOIA CTENEHI CHUMKanach, 3aTem
yBeNMYMBanach C paHoil AMHaMIKOIA o rpynnam. McknioyeHme cocTauno cepALie, 0THOCUTENbHaA Macca KOTOPOro CHU3MNACh U He yBeNMYMBanach 10 0KOHYaH!A
KcnepumenTa. lonyueHHble JaHHbIe KOPPENUPYHOT C MHEHUEM PAfia aBTOPOB, uTo Npu BLV-uHdeKwLMM 0THOCUTENbHAA Macca pasnnuHbIX OpraHoB U3MeHseTCA
B pe3ynbTate NpoNMGepaTUBHbIX, BOCMANUTENbHBIX, AUCTPODUUECKNX 11 aTPODUUECKIX MPOLIECCOB.

KntoueBbie cnosa: Kpbicbl, 3H300TnYeCKMii NeiiK03 KpYNHOTo poraToro ckoTa, 0THOCUTENbHAA Macca, BHYTPEHHUe OpraHbl, CpefiHeCYTOUHbIiA NpuBeC, 0THOCU-
TeNbHbIli NpuBec.
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INTRODUCTION

Enzootic bovine leukosis (EBL) — a widespread dis-
ease, especially often detected in highly productive dairy
cows [1]. Cattle, sheep, and rabbits are used as models to
study pathological processes in the experimentally infec-
ted animals [2]. In the previous studies, Wistar laboratory
rats demonstrated susceptibility to oral and parenteral in-
fection with EBL [3, 4]. Since it was found that laboratory
animals infected with bovine leukosis virus (BLV) demon-
strate clinical, morphological and biochemical changes
in blood that correlate with enzootic bovine leukosis [3],
signs of immune suppression and impaired immunologi-
cal reactivity of the body [4], as well as morphofunctional
changes at the level of immunocompetent cells [5], Wis-
tar rats can be considered as a new laboratory model for
studying BLV in vivo. Such conclusions require a correlation
(at the level of disease pathogenesis) between laboratory
and naturally susceptible animals. Therefore, it is of par-
ticular interest to analyze the disorders caused by these
dysfunctions, i.e. those disorders that are demonstrated by
changed morphometric characteristics of both the body
and individual organs.

In this regard, the aim of the research was to study dy-
namic changes in body mass and mass of internal organs
of laboratory rats experimentally infected with BLV.

MATERIALS AND METHODS

Wistar rats (n = 60) divided into three equal groups
were used as an object of the study. The rats had an ade-
quate diet and daily received plenty of fresh milk from the
BLV-infected and diseased cows (as reported by the state
veterinary service), originating from collective farm“Zarya’
located in the Tamalinsky District of the Penza Oblast. Rats
of Group One () were fed on milk from intact cows, Group
Two (Il) was fed on milk from BLV-infected cows and Group
Three (1ll) was fed on milk from the cows with clinical form
of bovine leukosis. The animals of each group were divi-
ded into 2 subgroups: a - included adult rats, b - included
rat pups. The rat pups born during the experiment were
separated from their mothers after they started self-fee-
ding. Polymerase chain reaction (PCR) and enzyme-linked
immunosorbent assay (ELISA) were used to follow the dy-
namics of BLV infection in experimental rats 3, 6, 9 and
12 months after the experiment started.

Blood was aspirated from the lateral caudal vein into
vacuum tubes with aEDTA-K3 stabilizer (ethylenedi-
aminetetraacetic acid) and into test tubes with clot ac-
tivator (PUTH, China). For PCR diagnostics the following
reagent kits were used: “DNA-sorb-B”, “LEUKEMIA” and

“EF” (Federal State Budgetary Institution of the Central Re-
search Institute of Epidemiology of the Rospotrebnadzor,
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Table
Dynamics of BLV-infection in rats of the experimental group

Tabnuua
[vHamuka pa3Butua BLV-uHdeKumum y Kpbic JKCNepumMeHTanbHbIX rpynn

Groups and subgroups of animals

Test dates

3 months after - - - - + + - + + - X X
6 months after - - - - + + + + + + + +
9 months after - - - - + + + + + + + +
12 months after - - - - + + + + + + + +

“—"— negative result (oTpuLaTenbHblii pesynbrat);
“+" — positive result (nonoxutenbHbli pe3ynbrar);
“X" - not tested (uccneoBaHNA He NPOBOAMNCD).

Russia); the PCR procedure was held and the tests result

were read in Bio-Rad Laboratories equipment, Inc. (USA). 1000
Serological tests were performed using a “BLV antibody -
ELISA kit for serum and milk (option No. 1 - screening)” o I
produced by the FKP “Kursk Biofactory — Firm BIOK” .

(Russia) using Multiskan equipment (Thermo Scienti-

fic, USA). To confirm BLV infection in experimental rats, % [
presence (“+") or absence (“-") of proviral DNA and/or "_-._3 L '
antibodies were taken into account as qualitative indi- g 400 * } | I I il
cators. Animals that were positive for at least one of the 300 1 s I 1 |
indicators were used in the experiment, and negatively T | 3 |
reacting rats were culled. - II . II I I II | I

Five rats from each group were subjected to euthanasia I I |
and autopsy within the established time limits. The ani- ! la 1 Ila w 1lla b
mals were euthanized by cervical dislocation after diethyl Antmal group
ether aneStheSia. = original data = 3 months after = 6 months after 9 months after = 12 months after

All the experiments on animals were carried out strictly
in accordance with the Interstate guidelines for accommo-
dation and care of laboratory animals GOST 33216-2014  Fig. 1. Dynamic changes in animal body mass
and GOST 33215-2014, adopted by the Interstate Councilfor  Puc. 1. Junamuka usmeHeHus Maccel mena }ugomHbix
Standardization, Metrology and Certification, as well as in
accordance with the requirements of Directive 2010/63/EU
of the European Parliament and of the Council of the Euro-
pean Union of 22.09.2010 on the protection of animals 6
used for scientific purposes.

Parenchymal organs of animals: kidneys, liver, spleen,
heart and lungs were used as materials for morphometric
studies. Electronic scales JW-1 (e = 0.02 g) manufactured
by Acom Inc. (South Korea) were used to weigh rats and
their internal organs.

RESULTS AND DISCUSSION

The results of the serological, molecular, and genetic
tests presented in the table indicate positive dynamics of I I
the infectious process in experimental animals, i.e. at least
one of the diagnostic tests gave a positive result for the
group. This was most likely due to biological characteris- Animal gronp
tics of the infection causative agent and by the peculiari- w3monthsafter w6 months after + 9 months after 12 months after
ties of the disease pathogenesis. The animals of the control
group remained intact throughout the whole experiment.

The data on the body mass of experimental animals in-
dicates that the positive trend reported at the beginningof  Puc. 2. [luHamuka cpedHecymo4Ho20 npupocma maccsl mena

>

TR | T
T | | |
, mili 'l ] -

la b Il 11 1lla b =
T

Average daily mass gain in rats, g

Fig. 2. Dynamic changes in average daily mass gain
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Fig. 3. Dynamics of relative body mass gain in animals
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Fig. 4. Dynamic changes in relative mass of animal liver
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Fig. 5. Dynamic changes in relative mass of animal spleen

Puc. 5.ﬂUHGMUKG OMHOCUMeIbHOU MAcCCbl cesie3eHKU XXUBOMHbIX

the experiment was replaced by a negative one at the end

of the observation period, and cachexia began to develop

in the experimental animals following a sharp increase in

the body mass. This was most pronounced in the rat pups

of Group Ill, where absolutely no positive dynamics were

reported. At the same time, the control group rats natural-
ly gained weight. The changes in the body mass of animals

and the dynamic changes in the average daily and relative

mass gain of rats are shown in Figures 1-3.

As Figure 1 shows, the animals in the experimental
groups had pronounced positive dynamics in the body
mass change during 9 months of the experiment and
sharp negative dynamics at the end of the experiment. By
the third quarter of the experiment, the body mass of adult
rats in the experimental groups was 2.2 times more than
that in the control group, and the body mass of their pups
was 1.5 times more compared to the control. The obesity
in rats may be related to an increased fat content of milk
from the BLV-diseased and infected cows, which is often
caused by a decrease in milk volume resulting from sub-
clinical mastitis [6]. By the end of the experiment, the body
mass of rats in Groups lla and Illa decreased by 3.4 and
3.7 times in comparison to the previous indicators, and the
body mass of their pups decreased by 1.7 and 1.4 times,
respectively, whereas the body mass of the intact animals
continued to increase gradually. The steady development
of cachexia may indicate changes in the metabolism of the
experimental animals, since there is evidence that chronic
viral infections induce metabolic disorders [7], and bovine
leukosis is often accompanied by cachexia [8].

Figure 2 shows that the most pronounced positive
dynamic changes in the average daily mass gain was ob-
served in the first 9 months of the experiment in adult rats
that had milk from BLV-diseased and infected cows, then
the indicator became sharply negative in these animals.
At the beginning of the experiment, the rat pups from
Group Il rats showed an increase in body mass, but by the
end of the research, this indicator became negative, as well
as in the parent population. However, the average daily
mass gain of the rat pups from Group Ill first remained
at zero and then slightly decreased. Dynamic changes in
the average daily mass gain in animals directly correlates
with the indicators of the relative mass gain, and the cor-
responding trends are shown in Figure 3.

The dynamic changes in the relative mass gain of rats
in all groups had a negative trend (Fig. 3). The exception
was observed in adult rats, whose diet included milk from
cows with bovine leukosis, relative mass gain indicators
in animals of this group were not constant. By the first
quarter of the experiment, this indicator in Groups lla
and llla was (84.6 + 7.8)% and (78.9 + 7.1)%, respective-
ly, exceeding that in animals of the control group by 2.4
and 2.3 times. However, 6 and 9 months after the start of
the experiment, the relative mass gain in Group lla animals
decreased by 1.3 and 1.2 times, respectively, whereas it
first sharply decreased by 3.1 times in Group llla rats and
then increased by 3.6 times, which can be associated with
metabolic changes most likely caused by the hormonal
background of the animals. By the end of the experiment,
this indicator was negative in all experimental groups and
ranged from —(27.8 + 2.1)% and —(41.1 £ 3.8)% in the pups
from Groups lll and Il to —(73.0 = 7.1)% and —(70.2 + 6.6)%
in the parent population, respectively; however, this indi-
cator was positive in the control animals and remained at
(20.9 £ 1.7)% and (27.1 + 2.1)%.

124 VETERINARY SCIENCE TODAY, JUNE Ne2 (37) 2021 | BETEPUHAPISA CETOZHS, MIOHb N2 (37) 2021



ORIGINAL ARTICLES | BOVINE DISEASES OPUTVHAIbHbBIE CTATBU | BONE3HI KPC

Relative mass of the internal organs is an important
criterion that characterizes the state of the body. It is
known that the mass of any organ is directly related to its
functional state. At the same time, changes of the organ
volume and structure can be caused either by the age-re-
lated changes, or by any pathological processes [9]. Dy-

- ] [

namic changes in the relative mass of the internal organs 06 [ I

of the experimental animals demonstrated certain trends 0.5

in different groups. The data obtained are illustrated in 0.4 !

Figures 4-8. 3

Relative liver mass of the experimental rats initially
showed a negative trend (Fig. 4), most likely due to a rapid |
increase in the body mass. By the end of the experiment, .
la b Ila b

this indicator significantly increased in all experimental
groups, which may be caused by cachexia, as well as by Animal group

inﬂammatory processes and intoxication, which markers = 3 months after u 6 months after u 9 months after 12 months after
were identified during clinical, morphological and bio-

=)
w

Relative mass of the organ, %

=3
o

=3

la ity

chemical tests of blood from experimental animals [10, 11].
So, 3 and 6 months after the start of the experiment, the  Fig. 6. Dynamic changes in relative mass of animal kidneys
relative liver mass of rats of Groups lla and llla reduced by
2.3/2.2 and 1.5/2.1 times, respectively, in comparison to
the control group and by the end of the experiment, this

Puc. 6. JuHamuka omHocumesibHoU MAccbl NOYEK XUBOMHbIX

indicator already exceeded the indicators of the control
group by 1.2 and 1.3 times. In the middle of the experi-
ment relative liver mass of experiment rat pups was lower
by 3.0 and 2.6 times compared to the control, and at the L3 [
end - this indicator increased by 2.4 and 1.7 times com- L6
pared to the previous data; whereas the control rat pups
demonstrated approximately the same numbers over the
entire observation period.

Relative spleen mass of animals changed during the
experiment in the following way (Fig. 5). It first decreased

in experimental rats by 1.4-2.1 times, varying from group ‘ ! x I I :
to group, in connection with the body mass gain and with :
the exception of Group Il adult animals, where the rela- - I
tive spleen mass first slightly increased by 1.1 times, and 0 . o
La

Ila 1 Ma LG
Animal group

e

Relative mass of the organ, %

e e
[

then sharply decreased by 2.7 times. Then, this indicator
changed in Groups lla and I1b and the organ increased
by 1.9 and 1.6 times at the end of the experiment, which

= 3 months after = 6 months after = 9 months after 12 months after

was, probably, caused either by inflammatory or prolifer-
ative processes in the spleen alongside with a decrease in
the body mass gain. Group lll rats and their pups demon-
strated a progressive reduction in the organ volume by 3.0
and 2.1 times, respectively, compared with the control. The
trend was possibly associated with atrophic processes.
Six-nine month after the start of the experiment,
relative kidney mass of rats from the experimental s
groups (Fig. 6) decreased by 1.6/1.8/2.5 compared to
the initial data for Groups lla/llb/llla, alongside with the
body mass increase. At the end of the experiment, there

was an increase in the relative mass of the organ in all o 1 [
the experimental groups by 1.2-1.9 times as compared )
to the data obtained in the third quarter. The increase :
may be associated with proliferative processes or kidneys 03 I I I ]
hypertrophy due to intoxication. Group llIb rats were an
exception with a constant increase in the relative kidney 02
mass, because there was not an initial increase in the rel- ol
ative body mass gain. It should be noted that the relative ,
la 1 i b

kidney mass of the experimental rat pups was 1.2 times fita s
higher than that of the rat pups from the intact animals. Animal group
In adult rats from Group Il this indicator was 1.3 times = 3 months after # 6 months after = 9 months after 12 months after
higher, and in rats from Group Ill it was 1.6 times lower
than that in the intact animals.

As Figure 7 shows, relative mass of the rat lungs did Fig. 8. Dynamic changes in relative mass of animal heart

not change so dynamically as in case of other organs  Puc. 8. JuHamuka omHocumenbHoOU Maccebl cepoya XUsoMHbIX

Fig. 7. Dynamic changes in relative mass of animal lungs

Puc. 7. JuHamuka omHocumesibHoU MAaccbl J1e2KUX XUBOMHbIX

Relative mass of the organ, %
=)
&=
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described above. It increased sharply only in animals from
Group llla. At the end of the experiment, the indicator in
the given group exceeded that one in the control group
by 2.8 times. This indicator increased by 1.3 times in the
pups from Groups Il and lll, as compared to the intact ones.
This was due to autopsy-confirmed single and double
pneumonia in many experimental rats which could be
triggered by BLV-induced immunosuppression. According
to N. G. Kozyreva et al. [2], P. Dimitrov et al. [12], pneumonia
often accompanies experimental BLV infection in rabbits,
which confirms the research results.

Relative heart mass in animals from all the experi-
mental groups demonstrated a dynamic decrease by
2.5-3.0 times compared to the control (Fig. 8), despite ca-
chexia reported at the end of the experiment. This may be
due to the progressive atrophy or dystrophy of the organ
alongside with metabolic disorders.

CONCLUSION

Thus, the obtained results demonstrate that the exper-
imental BLV infection is accompanied by regular changes
in both absolute and relative indicators of body mass and
mass of internal organs in Wistar laboratory rats. There was
a clear body mass increase in BLV-infected laboratory rats,
then followed by a decrease down to negative numbers.
The reverse trend was observed for such internal organs
of the experimental animals as liver, spleen, kidneys and
lungs. At the beginning of the experiment, their relative
mass decreased to some extent, then increased with dif-
ferent dynamics in groups. The heart was the exception, as
its relative mass decreased and did not increase until the
end of the experiment.

The data obtained correlate with the results provided
by other authors stating that BLV infection induces disor-
ders not only in the hematopoietic, but also in other vital
organs of the animal. As a result of proliferative, inflam-
matory, dystrophic and atrophic processes, the relative
mass of various organs changes [13], with the most pro-
nounced changes found in the spleen, liver, kidneys and
heart [14-16].
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KpacHukoBa EkatepuHa CepreeBHa, JOKTOP BeTepUHapHbIX
HayK, AoLEeHT, npodeccop Kadenpbl 300TEXHUN 1N BETEPUHAPUY
OrbOY BO MuuypuHckui TAY, r. MuuypuHck, Poccusa.

PaguoHoB PomaH BnagumupoBuy, KaHauaaT 61Monornyeckmx
HayK, accuCTeHT Kadeapbl 60ne3Heln XMBOTHbIX U BETEPUHAPHO-
caHuTapHo akcnepTusbl OIOY BO Capatosckuii FAY, r. CapaTos,
Poccus.

KpacHukoB AnekcaHap Bnagnmnposuy, LOKTOP BETEPUHAPHbIX
HayK, JOLIeHT, 3aBeAyoLWmnii Kadepoit 300TEXHNM 1 BETEPUHAPWN
OrboOYy BO MuuypuHcknin TAY, r. MuuypuHck, Poccusa.

CeetoszapoBa AHHa lOpbeBHa, acnnpaHT Kapeapbl 300TEXHUN
n BetepuHapun OrbOY BO MuuypuHckun TAY, r. MuuypuHck,
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Prevalence of feline viral leukemia in Moscow
and the Moscow Oblast with the analysis of hematological
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SUMMARY

Feline viral leukemia is an infectious disease that is common throughout the world. Despite the statistical records that have been successfully kept in other countries
for many years, there is little data on the prevalence of the infection in the Russian Federation, and the samples are represented by a small number of animals.
11,807 blood samples collected in Moscow and the Moscow Oblast were tested for FelV antigen and antibodies against FeLV by polymerase chain reaction, en-
zyme immunoassay, and immunochromatographic assay. The prevalence of feline viral leukemia was 12.8%, which correlates with the prevalence of the disease
detected in developing countries, and speaks of a high disease prevalence in domestic cats in Moscow and the Moscow Oblast. Most often, feline leukemia virus
was detected in free roaming domestic cats. During the diagnostic studies, the following hematological abnormalities were found: anemia, thrombocytopenia,
lymphopenia, and a shift of the leukocyte formula to the left. Biochemical blood tests showed the increased levels of total protein, aspartate aminotransferase,
alkaline phosphatase, and C-reactive protein. The obtained data demonstrate non-specific hematological and biochemical abnormalities in infected cats, and
dictate the need for further study of the risk factors that predispose cats to the infection with this viral disease. Feline viral leukemia should be suspected in case of
a non-specific clinical picture, as well as in case of abnormalities in blood biochemical and hematological parameters of free roaming cats or of those which have
had a confirmed contact with their conspecifics.
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PE3IOME

BupycHas neiikemms KoLLeKk — MHOEKLMOHHOe 3aboneBaHue, pacnpocTpaHeHHoe o Bcemy Mupy. HecMOoTpA Ha CTaTCTUYECKHIA yUeT, KOTOpbIi yCMeLIHo BeeTca
B ZIpYryX CTPaHax MMPa Ha MPOTAXKEHIM Y Ke MHOTVX IET, AaHHble 0 pacnpocTpaHeHun ukdekumum B Poccuiickoit Oefiepaiiini ManouncieHHbl, a Bbi6opKi npecTas-
NeHbl HeOONbLLNM KONNYECTBOM XMBOTHbIX. lTpoBeaeHo nccneposanme 11807 06pa3LioB KpoBi, c0bpaHHbIX Ha Tepputopuu r. Mocksbl 1 MockoBcKoi 06nacTy, Ha
Hanuuue aHTUreHa BUPYCa Neiikemun KoLLeK U/van aHTUTeN NpoTus Bo36yaAuTeNs MeToaamu NoauMepasHoil LeMHo peakLmu, MMMyHODepMEHTHOTO U IMMYHO-
Xpomatorpaduyeckoro aHanu3o8. [peBaneHTHOCTb BUPYCHOI Nelikemim KoLuek coctasuna 12,8%, 4To KoppenupyeT C npeBaneHTHOCTbI0 3a601eBaHNA, BbIABNEH-
Hol B Pa3BUBAILLMXCA CTPAHAX, U XapaKTepU3yeT BbICOKYH CTENeHb PacnpoCTpaHeHHOCTU MHGEKLIMY B NONYAALIUM ZOMALLHIX KoLuek I. MockBbl 1 MockoBcKoii
obnactu. Hanbonee yacto BpyC NeiikeMikt KOLLEK BbIABAANN Y CAMLIOB 1 CAMOK, MetOLLMX CBOBOAHbIN J0CTy Ha ynuuy. Mpy npoBeAeHUN MarHOCTNYeCKIX
CCNEe[0BaHMIT YCTAHOBMEHbI CNeAYIOLLMe FeMaToNornyeckine OTKIOHEHNA: aHeMin, TPOMOOLUTONeHNA, NMMOOLITONEHA 1 CABUT NeiikoLMTapHOR Gopmynb
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BNeBO. buoxumuyecknii aHanu3 KpoBi NoKasan noBbiLLeHUe YpoBHeil 06Lero benka, acnapTratamuHoTpaHcdepasbl, WenouHoi docdarasbl 1 (-peakTUBHOMO
6enka. MonyyeHHble aHHble 0TPaXaOT HeCneLudUYHOCTL reMaTonorinyeckoil i 6UOXMMIUYECKOIl KapTUHDI aHaN3a KPOBM, NPEACTaBEHHON Y MHOULIMPOBAHHbIX
KOLLIEK, M AMKTYIOT He06X0AMMOCTb flanbHeilLLero n3yueHns GakTopoB pucka, NpeApacnonaratolLux KoLLeK K 3apaeHinio JaHHbIM BUPYCHbIM 3aboneBaHuem.
BeTepuHapHble cnewuancTbl JOMKHbI N0A03peBaTh 3aboneBaHue BUPYCHOI NeiikeMueli KOLLEK B Cyyae HanMunA HecneLduueckoil KIMHUYECKOi KapTuHbl,
a TaKxKe B CN1yyae BbIABNEHMUA OTKNOHEHWI 0T HOPMbI MApaMeTPOB reMaToNoruyeckoro 1 GUOXUMINYECKOro aHanu3a KPOBY XIUBOTHDIX, UMEHLLUX CBOOOAHDII
ZOCTYN Ha YL WK UMEIOLLYX NOATBEPXKEHHDIA KOHTAKT C COpoAnYamu.

KnioueBble cnoBa: BupycHas neitkemus KoLUeK, BUPYCHbIA IMMYHOZEULIT KOLUEK, UMMYHOCYNPECCUA, NPEBANEHTHOCTb, aHeMUA.

bnaropapHocTb: ABTOp BbipaxaeT Npu3HaTeNbHOCTb JOKTOPY Guonornyeckux Hayk, npodeccopy AenaprameHTa BeTepuHapHoilt meanumnbl ATU PYH
Bnagumupy Bnagumuposuyy Makaposy 3a noMOLLb B HanUCaHK 1 peAakTMPOBAHUN CTaTbl.

[ina untupoBanua: 3eHueHkoBa A. M. peBaneHTHOCTb BUPYCHOI NeiikeMuu KoLLiek B ycnoBusx r. MockBbl 11 MocKoBCKoid 0611aCTi ¢ aHann30M rematonorinye-
CKUX 1 61OXMMUYECKIX NapaMeTpoB KpoBU. BemepuHapus ce2o0us. 2021; 2 (37): 128—131. DOI: 10.29326/2304-196X-2021-2-37-128-131.

KoHdnukT MHTepecoB: ABTOp 3asBNAET 06 OTCYTCTBUN KOHGINKTA HHTEPECOB.

[ina KoppecnonaeHumn: 3eHyeHkoBa AHHa [leTpoBHa, acnUpaHT AenapTameHTa BeTepUHAPHOI MeAULMHBI ArpapHo-TexHonornyeckoro MHcTuTyTa PYIH,

117198, Poccus, r. MockBa, yn. Muknyxo-Maknas, A. 8, kopnyc 2, e-mail: oshea.rorey@gmail.com.

INTRODUCTION

Feline viral leukemia is an infectious disease caused by
feline leukemia virus (FeLV) belonging to the genus Gam-
maretrovirus of the family Retroviridae. This viral agent was
discovered and described in 1964 by William Jarrett, and
since then it has been found in blood and saliva samples
from cats all over the world [1].

Feline leukemia virus is responsible for a wide range of
clinical syndromes associated with immunosuppression
and bone marrow disorders [2]. Thus, the clinical signs
most often associated with immunosuppression are
neutropenia, lymphocytopenia, and the development of
such opportunistic infections as feline calicivirus infection,
chlamydiosis, toxoplasmosis, and cryptococcosis [3]. Im-
paired bone marrow function leads to the development of
non-regenerative anemia, which can be autoimmune, and
thrombocytopenia. In addition, the risk of developing can-
cer (especially lymphoma) in infected cats is higher than
in the healthy ones [4].

A large number of studies on the prevalence of feline
viral leukemia in developed countries are presented in the
literature sources. Thus, the prevalence of the infection in
Southern Germany is 1.8% [5], in Switzerland - 3% [6], in
the United States of America and Canada - 3.1% [7]. How-
ever, there is no exact data on the prevalence of feline viral
leukemia in the Russian Federation due to the country’s
scale and the lack of necessary diagnostics. Nevertheless,
in recent years, results of the studies aimed at determi-
ning the occurrence and prevalence of feline viral leuke-
mia in certain cities of the Russian Federation have been
published. Thus, the registered prevalence of feline viral
leukemia in Vladivostok in 2018 was 15.9% [8].

Prevention plays a significant role in reducing the risk
of virus transmission to healthy cats. The most effective
measures include keeping the infected animals indoors,
preventing them from contact with their conspecifics,
mandatory castration of the infected animals, as well as
vaccination against FelV infection. Currently, non-adju-
vanted recombinant and inactivated vaccines are avail-
able on the market, demonstrating the same effectiveness
against the pathogen [9].

In connection with the above, the purpose of this re-
search was to study FelV prevalence in Moscow and the
Moscow Oblast and to analyze abnormalities in blood
biochemical and hematological parameters of the infec-
ted cats.

MATERIALS AND METHODS

Study design. 11,807 cat blood samples (both contai-
ning whole blood and serum) were tested for FeLV antigen
and antibodies against FeLV. Data on animals and blood
samples were collected between October 2018 and Octo-
ber 2019. 174 medical case histories were analyzed. The
study included such criteria as gender, neuter status, ac-
cess to the outdoors, and contact with conspecifics. The
subject of the study was 6,529 male and 5,278 female cats.

Polymerase chain reaction. The study was based on
the detection of the feline leukemia virus proviral DNA in
blood of infected animals and was carried out using the
Rotor-Gene Q amplifier (QIAGEN, Germany). Using a com-
mercially available DNA extraction kit, Ql/Aamp DNA Blood
Kits (QIAGEN, Germany), proviral DNA was isolated from
200 pl of whole blood samples containing EDTA (Ethylene-
diamine tetraacetate, anticoagulant). Amplification was
performed using CFX96 Touch Real-Time PCR Detection
System (Bio-Rad Laboratories, Inc., USA).

Enzyme-linked immunosorbent assay (ELISA). The study
was aimed at detecting the feline leukemia virus antigen
using SNAP FIV/FeLV Combo test system (IDEXX, USA) in
whole blood samples containing EDTA and in the FeLV in-
fected cat sera according to the kit instructions.

Immunochromatographic analysis (IHA). The study
was based on the detection of feline leukemia vi-
rus antigen in blood serum samples using rapid test
FIV Ab + FeLV Ag Combined Test (Quicking Biotech Co.,
Ltd., China) according to the manufacturer’s recommen-
dation.

Hematological and biochemical tests. The results of
124 general blood tests and 80 biochemical tests were
assessed. Hematological testing of whole blood samples
(25 pl, containing EDTA) collected from infected cats was
performed using an automatic analyzer Biocode-Hycel
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Celly 70 (Biocode-Hygel, France). Biochemical testing of
the infected cat blood sera (up to 40 pl) was carried out
using a BA-400 analyzer (BioSystems S. A., Spain).

RESULTS AND DISCUSSION

The study of 11,807 blood samples demonstrated 12.8%
prevalence of FelV (1,514 animals) in cats in Moscow and
the Moscow Oblast. The obtained results correlate with the
data on the disease prevalence in developing countries.
For example, FeLV prevalence in Thailand is 16.5% [10], and
in Brazil - 12.5% [11].

High FelV prevalence in Moscow and the Moscow
Oblast is probably due to the lack of recommendations
for vaccination against this pathogen in the annual im-
munization schedule for healthy cats, as well as due to
the large number of free roaming cats. According to the
study, 89.7% of cats had their freedom to roam outdoors.
Most often, feline leukemia virus was detected in male cats
(61.3% — 928 animals), which may be due to their more
aggressive zoo-social behavior towards their conspecifics,
as well as their predisposition to live a feral-lifestyle. This
observation confirms similar conclusions made in earlier
studies [7]. In addition, 64.8% of cats (61 out of 94 animals)
had a confirmed contact with their conspecifics at home
or outdoors.

Despite the fact that some literature sources [2] pro-
vide data demonstrating that the risk of FeLV infection in
non-castrated male cats is higher, the study did not prove
it: 66.6% of the infected cats (618 animals) were neutered
when the disease was diagnosed. Thus, the conclusion re-
garding the relationship between the neuter status of cats
and the risk of infection with the feline leukemia virus in
this study could not be made.

The summary of the results is presented in the Table.

Prevalence of feline viral leukemia by sex, neuter status, and access to the outdoors

Tabnuua

PacnpocTpaHeHHOCTb BUPYCHOI NeiiKeMU KOLLEK B 3aBUCUMOCTH OT NMONa, cTaTyca
MHTaKTHOCTH KOLUEK 1 ;0CTYNa Ha ynuLy

Number 0

Sex:
male cats 928 61.3
female cats 586 38.7
Total 1,514 12.8
Neuter status:
neutered male cats 618 66.6
intact male cats 310 33.4
neutered female cats M 70.2
intact female cats 175 29.8
Access to the outdoors:
free-roaming 70 89.7
indoor keeping only 8 10.3
Total 78 -
Contact with conspecifics:
confirmed 61 64.8
absent 33 35.2
Total 94 -
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Assessment of 124 complete blood count test results
revealed a decrease in red blood cell levels (RBC) in 46%
of animals (57 cats), decreased hemoglobin levels (HGB)
in 54.8% of animals (68 cats) and decreased hematocrit
levels (HCT) in 60.5% of animals (75 cats). In addition,
thrombocytopenia (PLT) was diagnosed in 58.1% of the
tested cats (72 animals), an increased level of band neu-
trophils was found in 45.2% of cats (56 animals). Decreased
lymphocytes levels were observed in 32.3% of cats (40 an-
imals), and the increased erythrocyte sedimentation rate -
in 37.9% of cats (47 animals).

Thus, the results obtained indicate that at the moment,
the most common hematological abnormality occurring
in infected cats in Moscow and the Moscow Oblast is ane-
mia. Most often, it is of non-regenerative nature and can
be caused by an autoimmune reaction. Therefore, diagno-
sis of FeLV infection should be included in the screening
protocol for any cat with anemia signs.

It is worth noting that thrombocytopenia was diag-
nosed in more than half of the animals (58.1%), this fact
can be associated with both aggregation of feline platelets
induced by EDTA contained in test tubes for hematological
testing, and an autoimmune reaction.

The following changes in the biochemical profile of the
blood were observed during the studies: increased urea
level — in 30% of cats, increased aspartate aminotrans-
ferase (AST) level — in 77.5% of cats, increased C-reactive
protein level - in 87.5% of animals, hyperglycemia was
observed in 56% of cats. In addition, water-electrolyte
balance disorders were reported: hypokalemia and hypo-
natremia which may result from hypo- or anorexia were
diagnosed 71.4% and 60% of cases, respectively, as well
as some common disorders of the gastrointestinal tract,
such as vomiting and diarrhea.

Thus, biochemical analysis of FelV infected cat blood
demonstrated non-specific results indicative of the patho-
logies not associated with the viral disease. It should be
noted that most animals had abnormal blood biochemical
parameters, typical for a non-specificinflammatory process:
increased AST, C-reactive protein, and total protein levels.

CONCLUSION

Results presented in this study demonstrate a high prev-
alence of feline viral leukemia in Moscow and the Moscow
Oblast. Based on the obtained from the medical case history
of the infected animals, it can be concluded that the major
risk factors associated with the disease are gender and ac-
cess to the outdoors. Cats brought to a veterinary clinic had
a wide range of clinical manifestations associated with viral
leukemia. The most pronounced abnormality in the hema-
tological parameters in infected cats, which may be a good
reason to suspect feline viral leukemia, was anemia. We be-
lieve that further research is needed on the prevalence of
feline viral leukemia in the Russian Federation, the risk fac-
tors, and the clinical signs associated with this viral disease.
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SUMMARY

At the end of 2020, a large-scale bird death was registered at one of the poultry farms in the Astrakhan region, the cause of which was avian influenza. Data on
detection of the marker substitutions in viral proteins of avian influenza virus A/chicken/Astrakhan/2171-1/2020 isolate are presented in the paper. Type A H5N8
avian influenza virus was identified with complex PCR-based methods in the submitted samples. Hemagglutinin gene fragment sequencing identified REKRRKR/
GLF, highly pathogenic avian influenza virus isolate-characteristic amino acid sequence of the hemagglutinin cleavage site. Phylogenetic analysis of nucleotide
sequences of hemagglutinin gene segment (848—1105 bp ORF) allowed A/chicken/Astrakhan/2171-1/2020 H5N8 isolate to be classified to highly pathogenic avian
influenza virus genetic clade 2.3.4.4. Comparative analysis of genome segments using available databases showed that A/chicken/Astrakhan/2171-1/2020 H5N8
virus related to A/H5 avian influenza virus isolates detected in the Russian Federation in 2016—2020. Analysis of the studied virus isolate hemagglutinin amino acid
identified AlV-characteristic G,, QRG,,, amino acids in the receptor-binding domain of the protein enabling high-affinity binding to avian epithelial cell SAa-2,3-
gal receptors. Single mutations, 70G in NEP protein and 13P in PB1 protein, out of the list of the reported influenza virus mutations affecting successful influenza
virus replication in mammals were identified. No mutations affecting virus sensitivity to anti-viral medicines, rimantadin, amantadine, oseltamivir and zanamivir,
were detected. The following mutations recognized as pathogenicity determinants in mice were found: 425 in the NS1 protein and 30D protein 215A in M1 protein.
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PE3IOME

B KoHue 2020 r. Ha oaHoIt M3 nTMLepabpyk B AcTpaxaHcKoil 06nacTu Bbina 3aperncTpupoBaHa MaccoBas rubenb NTUL, NPUYNHOI KOTOPOIA CTan rpunn NTML.
B pabote npencTaBneHbl JaHHble N0 BbIABNEHUI MapKepHbIX 3aMeH BIpYCHbIX Genkos u3onaTa Bupyca rpunna ntuy A/chicken/Astrakhan/2171-1/2020. B pe-
3ynbTaTe KOMNAeKCa CCnefoBaHmi ¢ MCNONb30BaHUEM NOAUMEDA3HOI LIEMHOI peakwLi B NOnyYeHHbIX npobax 6bin MaeHTMMUMPOBAH BUPYC rpunna ntuy
una A nogtuna H5N8. CornacHo pe3ynbTaTam ceKBeHUPOBAHNA Y4acTKa reHa remarrioTMHIHA YCTaHOBNeHa aMUHOKNCIOTHAA NOCNef0BaTeNbHOCTb CaifTa
pacuiennenua remarrniotuHuHa REKRRKR/GLF, xapaktepHas Ana u3014ToB BbICOKONATOreHHoro rpunna ntuy. QuaoreHeTuueckiii aHann3 HykneoTUAHbIX no-
CNefjoBaTeNbHOCTENA YYacTKa reHa reMarroTuHuHa (848—1105 H. 0. 0TKPLITON PaMKM CYMTBIBAHKA) MO3BOMMA YCTAHOBUTD NPUHAANEXHOCTb u3onaTa A/chicken/
Astrakhan/2171-1/2020 H5N8  reHeTiueckoii knage 2.3.4.4 BbICOKONATOreHHOT0 BUPYCa rpunna L. B peynbtate (paBHUTENbHOTO aHaNM3a reHOMHbIX cer-
MEHTOB C MCMIONb30BaHNeM JOCTYMHbIX 6a3 JaHHbIX ycTaHoBNeHo poacTBo Bupyca A/chicken/Astrakhan/2171-1/2020 H5N8 ¢ u3onatamu Bupyca rpunna A/H5,
BbIABNEHHbIMU Ha TeppuTopuy Poccuiickoil Degepauum B 2016—2020 rr. AHanu3 aMmMHOKICIIOTHO NOCe0BaTENbHOCTY BUPYCHOTO remMarroTUHIHA aHanN3u-
POBAHHOTO U301ATa BbISBIT B PELIENTOP-CBA3bIBAIOLLEM LieHTpe Geftka amuHokucnoTsl G,, QRG,,, XapakTepHble A4 BUpyca rpunna nTiy u obecneuvsaiowiye
MOBbILLEHHbII apPuHUTET K peLientopam SAa-2,3-gal anuTennanbHbIx KNeToK NTIL. V13 uncna onvcaHbix MyTaunii BUpYCa rpunna, BAMALLMX Ha yCMeLHYIo
penpoayKLMH €ro B OpraHu3Me MieKonuTatoLyx, 6binn BblABREHbI eanHnYHble MyTawum 70G B 6enke NEP v 13P B 6enke PB1. MyTauuii, BanAtowmx Ha uyBCTBU-
TeNbHOCTb BUPYCA K NPOTUBOBUPYCHBIM Npenapatam: pUMaHTaANHY, aMaHTaNHY, 0CeNbTaMUBUPY 11 3aHaMUBMPY — He 06HapyeHo. BbiaBneHbl MyTauun 425
B 6enke NST 130D, 215A B 6enke M1, npu3HaHHble ieTepMItHAHTaMU NaTOreHHOCTY AN MblLLei.,

Kniouesbie cnosa: fpunn ntuy, H5NS, reHeTuyeckiii aHanus, aMUHOKUCIOTHbIE 3aMeHbl.
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INTRODUCTION In 2020, H5N8 Al virus widely spread across the Euro-

Avian influenza virus (AlV) is a dangerous highly conta-
gious causative agent of respiratory ilinesses in birds. Mor-
tality in birds infected with H5 and H7 Al viruses reaches
100%.

Since 1996, highly pathogenic avian influenza (HPAI)
caused by A/H5N1 Al virus has become epidemic in the
South-Eastern Asian countries. The disease outbreaks
occurred in 2005-2007 caused significant losses to the
poultry industry of the Russian Federation. H5N8 Al vi-
rus was detected in a migratory duck in the Republic of
Sakha in 2014. Then, H5N8 Al viruses have repeatedly
caused outbreaks in poultry and wild bird populations
in Russia as well as in Asian, African and European
countries up to the present time. Epidemic HPAI situa-
tion in the Russian Federation aggravated in late 2016.
In 2016-2017 H5N8 HPAI outbreaks were reported
in poultry in the Rostov, Astrakhan, Samara, Moscow,
Nizhny Novgorod Oblasts, Krasnodar Krai, Republic of
Tatarstan, Mariy El, Kalmykia as well as in the Udmurt
and Chechen Republics. The disease outbreaks caused
great economic losses to Russian commercial establish-
ments [1].1n 2018 H5N8 Al virus was detected in poultry
in the Kursk, Oryol, Voronezh, Kostroma, Smolensk, Sara-
tov, Samara, Ulyanovsk, Penza, Nizhny Novgorod, Rostov
Oblasts, Udmurt Republic, Republic of Mariy-El, Chuvash
Republic and Republic of Tatarstan [2].

pean and Middle East countries as well as Russian Feder-
ation and Kazakhstan territories. Moreover, H5N5 Al virus
was detected in the Omsk and Rostov Oblasts. In late 2020,
H5N8 Al virus was detected in humans contacting to the
diseased poultry on the poultry farm located in the Astra-
khan Oblast (https://www.interfax.ru/russia/752017).

Human Al cases require further investigations inclu-
ding whole-genome sequencing followed by analysis
of deduced amino acid sequence A/chicken/Astra-
khan/2171-1/2020 for detection of possible markers of
tropism and virulence for mammals.

MATERIALS AND METHODS

RNA extraction. RNA was extracted with RIBO-sorb kit
(FBIS“Central Research Institute of Epidemiology” of the RF
Federal Service for Customers’ Rights Protection and Hu-
man Well-Being Surveillance, Russia; cat. No. K2-1-Et-100)
according to the manufacturer’s instructions.

Real time reverse transcription-polymerase chain
reaction (rt RT-PCR). One-step rt RT-PCR was carried
out with OneStep RT-PCR Kit (Qiagen, Netherlands;
cat. No. 210212) using 25 mM magnesium chloride solu-
tion (Promega, USA; supplied with the kit, cat. No. M8296)
and a set of primers for M gene and HA, NA genes of
H5N8 AIV. Reaction mix (25 ul) was prepared. The re-
action mix contained 1x buffer for RT-PCR, 1.25 mM
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MgCl,, 0.4 MM dNTP, 0.4 pmol/ul of forward primer and
0.4 pmol/pl of reverse primer, 0.3 pmol/pl of fluorescent
probe, 1 ul of reverse transcriptase and polymerase mix
(Qiagen, Netherlands; cat. No. 210212), 5 ul of total RNA
solution. Reverse transcription was performed at 50 °C
for 30 min. The following temperature/time conditions
were used for amplification: 95 °C — 10 min. (polymerase
activation), then 40 runs, each consisting of three steps
(95°C-10sec., 55°C-35sec, 72°C- 10 sec.).

Reverse transcription-polymerase chain reaction (RT-PCR).
Conventional RT-PCR was performed in one-step with
OneStep RT-PCR Kit (Qiagen, Netherlands; cat. No.210212)
using 25 mM magnesium chloride solution (Promega,
USA; supplied with the kit, cat. No. M8296) and a set of
primers for HA gene of H5 subtype AIV. Reaction mix
(25 pl) was prepared. The reaction mix contained 1x buf-
fer for RT-PCR, 1.25 mM MgCl,, 0.4 mM dNTP, 0.4 pmol/pl
of forward primer and 0.4 pmol/pl of reverse primer, 1 pl
of reverse transcriptase and polymerase mix (Qiagen,
Netherlands; cat. No. 210212), 5 pl of total RNA solution.
Reverse transcription was performed at 50 °C for 30 min.
Amplification was performed under the following tem-
perature/time conditions: 95 °C — 10 min. (polymerase
activation), then 40 runs, each consisting of three steps
(95 °C - 30 sec., 58 °C - 60 sec., 68 °C — 120 sec.) and final
elongation - for 7 min.

A/chicken/Rostov/1836-1/2020(N8)
A/chicken/Samara/1938-1/2020(N8)
A/wild duck/Chelyabinsk/1207-2/2020(N8)
A/chicken/KMAR-Yugra/1925-1/2020(N8)

A/goose/Tatarstan/1823-2/2020(N8)
A/chicken/Stavropol/2190-1/20(N8)
A/goose/Kurgan/1345-24/2020(N8)

Alchicken/Tomsk/1778-7/20(N8)
A/chicken/Kostroma/1761-20/20(N8)

A/chicken/Astrakhan/2171-1/20(N8)

Alturkey/Omsk/1312-4/2020(N8)
A/duck/Saratov/1578-2/20(N8)
A/Duck/Egypt/SMG4/2019/N8
' A/swan/Tumen/1479-3/2020(N8)
Alchicken/Rostov/3163/2017(N8)
A/chicken/Voronezh/2944/2018(N8)
A/swan/Kaliningrad/85/2017(N8)
Alchicken/Tatarstan/804/2017(N8)
A/chicken/Moscow/338/2017(N8)

‘duck/ ChR/1590-l4/2%N83
Algoose/Tatarstan/1730-2/2020(N8)
A/duck/Ulyanovsk/1729-1/2020(N8)
A/swan/Krasnodar/43/2017(N5)
A/duck/East China/S1109/2014(N8)
Algrebe/Tyva/446/2016(N8)
Al/chicken/Kostroma/3175/2017(N2)
A/goose/Zhejiang/925106/2014(N6)

A/broiler duck/Korea/Buan2/2014(N8)
A/wigeon/Sakha/1/2014(N8)
A/duck/Guangdong/wy19/2008(N5)
A/duck/Vietnam/LBM638/2014
Alchicken/Jiangxi/10129/2014(N6)
A/duck/Vietnam/50/2007

2344

A/Sichuan/1/2006

A/chicken/Hunan/1/2009
————— A/chick/Bangladesh/14VIR2665-21/14

Altiger/Jiangsu/01/2013
’—'; Alduck/Altai/469/2014
L A/pelican/Astrakhan/272/2015

A/duck/Vietnam/NCVD-KA415/2012(N2)

A/duck/Tanah Laut/0514095/2014
Al/grebe/Tyva/433/2010
Alchicken/Primorsky/85/2008

A/wild duck/Fujian/1/2011

A/duck/Vietnam/LBM132/2012
Algrey heron/Hong Kong/837/2004
——— A/Bangladesh/3233/2011
A/chicken/Egypt/1071g/2010
A/Egypt/N0001/2015

Afturkey/Turkey/1/2005
A/duck/Novosibirsk/02/05
A/grebe/Tyva/805/06

L— A/chicken/Krasnodar/776/07
A/Goose/Guangdong/1/1996

A/turkey/Ireland/1378/1983(H5N8)

0.02

Fig. 1. Phylogenetic tree constructed using HA gene fragment sequence
(848-1105 bp) of H5 HPAI virus isolates and strains

Puc. 1. QunozeHemuyeckoe 0peso, NOCMpPOeHHoe C NOMOW|bIO
nocnedosamenbHocmel ¢ppazmeHma eeHa HA (848-1105 H. n.) uzonamos
u wmammos supyca BT nodomuna H5
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Sequencing. HA gene fragment nucleotide sequences
were determined with automated ABI Prism 3100 se-
quencer using BigDye Terminator Cycle Sequencing kits
(Applied Biosystems, USA) according to the manufacturer’s
instructions. Whole-genome sequencing was performed
with MySeq analyzer (lllumina, USA) according to the ma-
nufacturer’s instructions. Double stranded DNA synthesis
was carried out with cDNA Synthesis System (Roche, Swit-
zerland) according to the manufacturer’s instructions. DNA
libraries were prepared with commercial XT kit and Nex-
tera XT Index Kit (Illumina, USA).

Nucleotide sequences. Nucleotide sequences of H5 sub-
type AlV isolates and strains published in the GenBank
database, NCBI electronic source (www.ncbi.nlm.nih.gov/
nucleotide), and the EpiFlu database (https://www.gisaid.
org) were used.

Analysis of the nucleotide sequences and correspon-
ding amino acid sequences was carried out with BioEdit
software, version 7.0.5.3.The sequences were aligned with
ClustalW multiple sequence alignment software. Phyloge-
netic tree was constructed with NJ algorithm using MEGA
package, version 6.06.

RESULTS AND DISCUSSION

Mass mortality of poultry was reported on a poultry
farm located in the Astrakhan Oblast in December 2020.
Results of the tests carried out by local veterinary labo-
ratory indicated the avian influenza virus presence in the
tested samples. The samples were sent to the Reference
Laboratory for Viral Avian Diseases of the FGBI“ARRIAH" for
confirmation of the test results and further virus typing.
Type A H5N8 Al virus was identified in the submitted
samples with a complex PCR-based tests. Virus hemagglu-
tinin cleavage site, REKRRKR/GLF, was identified based on
analysis of deduced amino acid sequence. The obtained
results allow detected virus to be identified as highly
pathogenic avian influenza virus.

The isolated A/chicken/Astrakhan/2171-1/2020 virus
was classified to genetic clade 2.3.4.4 based on phyloge-
netic analysis of its HA gene nucleotide sequence (Fig. 1).
Diagnostic fragment of the hemagglutinin gene sequence
(848-1105 bp of open reading frame — ORF) was used for
the phylogenetic analysis.

Whole-genome sequencing was performed to iden-
tify marker substitutions indicative of A/chicken/Astra-
khan/2171-1/2020 virus adaptation to mammals. Compar-
ative and phylogenetic analyses showed high similarity of
A/chicken/Astrakhan/2171-1/2020 virus to the vast ma-
jority of H5N8 Al virus isolates recovered in the Russian
Federation in 2020 and described earlier [3]. No genomic
segment reassortment events between A/chicken/Astra-
khan/2171-1/2020 virus and the virus isolates of other
types or H5 genetic clades were found.

HA protein amino acid sequence of A/chicken/Astra-
khan/2171-1/2020 H5N8 isolate was analyzed. G,,,QRG,
amino acids (according to H3 subtype numbering) were
detected in viral protein receptor-binding domain (Fig. 2).

According to the earlier studies, a group of G,,.QRG,,,
amino acids is characteristic of the viruses isolated from
birds and targets to SAa-2,3-gal receptors [4].

According to the literature data, virus hemagglutinin
contains marker amino acids that are located in the recep-
tor-binding domain and conservative for the virus isolates
recovered from birds but distinct from the relevant amino
acids in the virus isolates recovered from mammals [4, 5].
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Fig. 2. Segment of deduced amino acid sequence of the virus HA receptor-binding domain

Puc. 2. Yaacmok npedcka3aHHol amuHOKUCIomHoU nociedo8amesibHoOCMu peyenmop-céssbi8arouje2o OOMeHa

BUPYCHO20 eeMdaee/ltomuHuHa

Table 1 shows HA protein amino acid residues related to
receptor specificity characteristic of H5 Al viruses and hu-
man influenza virus.

For A/chicken/Astrakhan/2171-1/2020 isolate,
AlV-characteristic amino acid residues are located in all
above-mentioned positions (except for 159, 222, 227).
Amino acid residues non-characteristic of human and
avian influenza viruses are located in three positions.

H5 HPAI viruses can infect humans despite that their
hemagglutinins interact predominantly with SAa-2,3-gal
cell receptors. However, in cases of successful influenza
virus replication in mammalian cells, the researchers
identified mutations in other virus genes supposed to be
markers of the influenza virus adaptation to mammals for
its replication [6-11]. Table 2 shows amino acid residues
of A/chicken/Astrakhan/2171-1/2020 isolate proteins res-
ponsible for successful influenza virus replication in birds
or mammals. Amino acid substitutions facilitating virus
replication in mammalian cells were identified only in NEP
protein (70G substitution) and PB1 protein (13P substitu-
tion). In all other positions AlV-characteristic amino acid
residues were identified.

Additionally, deduced amino acid sequences of the vi-
rus proteins mediating the virus sensitivity to medicines
were analyzed. Currently adamantanes (rimantadin and
amantadine) are the medicines with known mechanism
of action. These medicines are blockers of ion channels
formed by type A influenza virus M2 protein. Influenza
virus resistance to rimantadin and amantadine could be
accounted for mutations in M2 protein (L26F, 27 V27A,
30 (A—V/P), 31 (S—N/R), 34 G34E) resulting in chan-
ges in ion channel configuration. The following amino
acids were identified in M2 protein of A/chicken/Astra-
khan/2171-1/2020 isolate: leucine (26L), isoleucine (271),
alanine (30A), serine (31S), glycine (34G) that indicates the
virus sensitivity to the adamantanes [10].

Besides adamantanes, there are also virus neuramini-
dase inhibitors, such as the most common oseltamivir
and zanamivir. The most oseltamivir-resistant viruses
have histidine-to-tyrosine substitution in position 274
(H274Y) [11]. Marker for oseltamivir resistance was not
detected in A/chicken/Astrakhan/2171-1/2020 during
the analysis. However, some studies showed that resis-
tance to neuraminidase inhibitors varied depending on
NA subtype of influenza virus and different NA mutations
could result in different resistance levels. Thus, four marker
substitutions related to complete or partial resistance to
oseltamivir and zanamivir were identified for N2 subtype
viruses [12].

Finally, the analysis for markers of virulence for mam-
mals was carried out. Analysis identified serine (S) amino
acid in position 42 of NS1 protein. This substitution is a
marker of virulence for mice and is able to antagonize the
host cell interferon induction, as well as to prevent NF-kB

Table 1

HA protein amino acid residues related to receptor
specificity of influenza virus

(according to H3 type)

Tabnuua 1

AMWHOKMCIOTHbIE OCTAaTKK 6eNKa remMarrnioTUHUHA,
onpepensiowye peLenTopryio cneLuduUHOCTb BUpPYCa rpunna
(mo nopTuny H3)

Position No. A/chicken/ Avian Human
(according Astrakhan/ inf . infl .
toH3 subtype) | 2171-1/2020 influenza virus | influenza virus
153 w w -
158 N N/D N
159 D N S
183 H H -
190 E E D
194 L L |
221 S S P
222 Q K -
225 G G/N D
226 Q Q /I
227 R S A
228 G G S

pathway activation during immune response [7]. More-
over, 30D, 215A amino acid substitutions in M1 protein
recognized as determinants of pathogenicity for mice
were found [13].

Thus, despite the absence of known marker amino acid
substitutions enabling effective replication in the mam-
mals in the studied virus, identification of markers of viru-
lence for laboratory animals indicates the need for further
investigations of the biological properties of H5N8 avian
influenza viruses.

CONCLUSION

Analyses of A/chicken/Astrakhan/2171-1/2020 vi-
rus have showed that it is closely related genetically
to H5N8 AlV isolates recovered in 2020 during avian
influenza outbreaks occurred in the Russian Federation
and belongs to genetic clade 2.3.4.4 of H5 subtype. No
genomic segment reassortment between the analyzed
virus and both influenza viruses of other types and H5N8
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Amino acid residues determining influenza virus host range

Tabnuua 2
AMUHOKNCNOTHbIE 0CTaTKK, ONpefensiolLye CNEKTp X034eB BUpYca rpunna
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Protein / A/chicken/Astrakhan/ Avian Mammalian
position No. 2171-1/2020 influenza virus influenza virus
PB1
13 p L p
99 H H Y
368 I | v
PB2
44 A A S
81 T T M
199 A A S
27 T T A
588 A A I
613 v v I
627 E 3 K
661 A A T
674 A A/S T
701 D D N
702 K K R
PA
28 p p L
55 D D N
65 S S L
100 v ) A
356 K K R
382 E 3 D
400 S Q1/s L
409 S S N
552 T T S
NP
33 v v |
61 | | L
100 R R v
109 I | v
136 L L M
214 R R K
283 L L p
293 R R K
313 F F Y
375 D D G/E
M1
137 T T A
M2
16 E E G
20 S SIN N
28 | I IV
55 L L F
78 Q Q K
NEP
70 G S G

136

genetic clade 2.3.4.4 viruses isolated earlier in the Russian
Federation was found with whole-genome sequencing.
Analysis of virus molecular markers indicates A/chicken/
Astrakhan/2171-1/2020 virus adaptation to birds and ab-
sence of mutations related to adaptation to mammals,
including humans. No markers of the virus resistance to
anti-viral medicines of adamantane class, oseltamivir and
zanamivir, were identified.
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Morphological characterization of spleen and bursa
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SUMMARY

The study was aimed at examination of age-related morphology of spleen and bursa of Fabricius of Pekin ducks with a dietary selenium deficiency and its correction
with an organic selenium additive. The experimental study was carried out in 85 day-old ducks divided into two groups, control group and test group, 40 ducks per
group, the experiment lasted for 120 days. Control group was fed with standard mixed feed for meat-type poultry. The test group of ducks was fed with the feed
supplemented with DAFS-25k organic selenium additive, 1.3 mg/kg of feed, that fully compensated selenium deficiency. The study showed that the dynamics
of absolute body weights and relative weight gains in control and test groups correlated to the general biological pattern — increase in absolute parameters and
decrease in relative parameters were dependent on age. Therewith, maximum relative weight gain intensity was reported at the age of 15 days and maximum
increase in relative spleen and bursa of Fabricius weights was reported in at the age of 30 days. Weight gain parameter drastically decreased on day 75 and remained
low up to the age of 120 days. Changes in the relative spleen and bursa of Fabricius weights were non-linear throughout the study. Therewith, in ducks of all ages
tested spleen parameters remained approximately at the same level but bursa of Fabricius parameters changed — relative weight of bursa of Fabricius decreased
by the age of 45 days and then increased again by the age of 75 days. Relative weight gains and relative spleen weights of ducklings in test group were higher than
that ones of ducklings in control group during the examined ontogenesis periods. The opposite pattern was observed for bursa of Fabricius: the above-mentioned
parameters in test group were lower than that ones in control group. It was concluded that organic selenium additive had a positive effect on development of the
immune system organs and reduced the stress factor impact on duckling organism.

Keywords: Pekin ducks, spleen, bursa of Fabricius, organic selenium additive.

For citation: Lazareva Ye. E. Morphological characterization of spleen and bursa of Fabricius of the Pekin ducks in selenium-deficient area. Veterinary Science Today.
2021;2(37): 138-143. DOI: 10.29326/2304-196X-2021-2-37-138-143.

Conflict of interest: The author declares no conflict of interest.

For correspondence: Yelena E. Lazareva, Pharmacist-Laboratory Assistant, 000 “IBC "Generium”, 601125, Russia, Vladimir Oblast, Petushinsky Raion, s. Volginsky,
Zavodskaya, 273, e-mail: a-e-e@list.ru.

YK 619:636.597.85:636.087.72:611.41

Mopdonorinyeckas oueHKa cene3eHKim 1 KnoakanbHom 0ypcbl
YTOK NEKUHCKOIA NOPOAIbl B CeNeHAULITHOM PErioHe
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PE3IOME

Llenblo HayuHO-MCCNeA0BATENbCKOO OMbITA CTANO N3yyeHie BO3PacTHON MOPYONOTIM Cene3eHKI 1 KnoakanbHoli 6ypcbl YTOK NeKMHCKoi MopoAbl npu seduunte
CeNeHa B paLyoHe 1 ero KOppeKTUPOBKe CefleHOpraHnyecknm npenapatom. JKCnepuMeHTanbHOe UCCNefoBaHe NpoBoaMIN B TeueHne 120 AHeli Ha 85 yTKax
CYTOYHOrO BO3PACTa, Pa3AeNeHHbIX Ha KOHTPONbHYIO U OMbITHYHO rpynnbl no 40 ronoB B kaxoii. KOHTponbHaA rpynna nonyyana craHAapTHbIA KOMOMKOPM AnA
BbIPALLVIBAHNA MACHOI NTULIbI, @ B PALIMOH YTOK OMbITHON rpynnbl Ao6aBnanu ceneHopraHuyeckuii npenapat JAOC-25k B konuyectse 1,3 Mr/Kr Kopma, UTo NoHO-
CTblo BOCMONHANO AeduLT ceneHa. B xope 1ccne0BaHMii YCTaHOBMEHO, UTO MHAMINKa aBCONIOTHOIT Maccbl Tena i ee 0THOCUTENbHOTO NPUPOCTa B KOHTPONbHOI
11 OMILITHO rpynnax NoAYMHAETCA 06LLeli 61oNOrNyeckoil 3aKOHOMEPHOCTY — NOBbILLEHME aBCONKOTHBIX NOKa3aTeNeli U CHUXKEHIUe OTHOCUTENbHBIX NoKa3aTeneit
U3MEHAIOTCA ¢ Bo3pacTom. [pu ToM MaKcMManbHasA UHTEHCUBHOCTb OTHOCUTENbHOTO NPUPOCTa MacChbl TeNa 0TMeyaeTca B 15-CyTouHOM BO3pacTe, a OTHOCH-
TebHaA Macca cene3eHKm 1 KnoakanbHoii 6ypcbl — B 30-CyTouHOM. 3HaueHve noka3aTens NpupoCcTa Macchl TeNa Pe3ko CHINKAETCA Ha 75-€ CYTKM 1 0CTaeTcs Ha
HU3KOM ypoBHe 10 120-CyTOUHOTO BO3pacTa. 3MeHeHA OTHOCUTENbHOI MaCChl cene3eHKky i KNoakanbHoil Gypcbl Ha BCem MPOTAXeHUN UCCIeL0BaHNA HOCAT
HenuHeiiHblit XapakTep. lTpu 3Tom nccneyemble NoKasatenin Cene3eHKM y NTUL Bex BO3PACTHbIX Py 0CTAIOTCA NPUMEPHO Ha OAHOM YPOBHE, a NokasaTenu
KnoakanbHoii 6ypcbl npeTepneBatT pAf U3MeHeHUi — K 45-CyTOUHOMY BO3pacTy OTHOCUTENbHAA Macca OpraHa CHUXAeTCs, a 3aTeM K 75-M CyTkam BHOBb
B03pacTaer. B u3yuaemble nepuozbl OHTOreHe3a nokasaTeNy OTHOCUTENbHOTO NPUPOCTA MACChl TeNa W OTHOCUTENbHOI MACCbl CeNe3eHKM YTAT OMbITHOM rpynmbl
MpeBbILLANY AHANOTUYHbIE OKA3aTeNy NTUL KOHTPOALHON rpynnbl. B oTHOLeHK KnoakanbHoil 6ypcbl HabniopaeTca 06paTHad KapTiHA — YKa3aHHble 3HaYeHusA
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B OMbITHOIA rpynne 6bini MeHbLUe, YeM B KOHTPONbHOI. (AenaH BbIBOJ, UTO CeNleHOpraHMYecKuii Npenapar okasan nonoXKuTeNbHoe BUAHYE Ha Pa3BUTIE 0PraHoB
UMMYHHOI CMCTeMbI 11 HUBENMPOBAN BO3/eiICTBYUE CTPECC-GaKTOPa Ha OPraHN3M YTAT.

KnioueBble cnoBa: YTKI neKMHCKnii nopoApbl, cene3eHka, KnoakajibHas 6ypca, (eﬂeHOpraHVNE(KVIVI npenapar.
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Bemeputapus ce2001s. 2021; 2 (37): 138—143. DOI: 10.29326/2304-196X-2021-2-37-138-143.
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[ina koppecnoHpeHuuu: Jlasapesa Enexa SnyapaosHa, npousop-nabopant 000 «MBL| «leHepuym», 601125, Poccus, Bnagumupckas 06, MeTywmHckmit

paiioH, nrT Bonbruxckuii, yn. 3aBoackas, c1p. 273, e-mail: a-e-e@list.ru.

INTRODUCTION

Poultry farming is one of high-technology and profi-
table agricultural industries in the Russian Federation and
supplies consumers with meat, eggs, as well as technical
raw materials — down and feathers. Duck farming is a
promising trend in poultry industry along with chicken
farming owing to high growth rate of this poultry spe-
cies [1]. Currently, special attention is paid to the meat-
type duck farming, where the significant share belongs to
Pekin duck farming [2]. Pekin ducks are easy to raise and
can reach body weight of 3 kg at the age of 6 weeks when
they are fed with a balanced diet [3].

It is impossible to realize animal and bird potential
without understanding of development pattern for organs
and systems thereof, where the immune system plays the
key role, conferring protection from diseases of various
etiologies. Several studies have been devoted to examina-
tion of the development of the poultry immune system
organs [4-10], but the data on development of Pekin duck
immune system organs are non-systematic and fragmen-
ted [2, 11, 12].

Feed additives fortifying poultry diet with the required
microelements and vitamins as well as reducing product
losses have an impact on internal organ growth and deve-
lopment [13, 14]. Selenium is currently recognized as one
of the most important elements [15], it stimulates efficient
utilization of feed metabolic energy, enhances nutrient di-
gestibility and intake and thereby contributes to poultry
performance improvement [16].

Thus, the study goal was to examine age-related mor-
phology of spleen and bursa of Fabricius of Pekin ducks
with a dietary selenium deficiency and its correction with
an organic selenium additive.

MATERIALS AND METHODS

Clinically healthy Pekin ducks obtained from
OO0 PPK“Romashino’, Moscow Oblast, were used for the
study. The ducks were raised on a backyard farm located in
the Gus-Khrustalny Raion, Vladimir Oblast, in accordance
with requirements and standards laid down in the Me-
thodical Guidelines for poultry establishment technologi-
cal designing, RD-APK1.10.05.04-13.

All experiments were carried out in poultry in strict
accordance with the International Standard, GOST 33215-
2014, adopted by the Interstate Council for Standardiza-
tion, Metrology and Certification as well as in accordance

with Directive 2010/63/EU of the European Parliament and
Council of 22 September 2010 on protection of animals
used for scientific purposes.

Experimental study was carried out in 85 day-old ducks
for 120 days. The ducks were randomly divided into two
groups, control group and test group, 40 birds per group.
Five ducklings were subjected to diagnostic killing before
the experiment to determine syntopy of immune system
organs and their absolute and relative weights. Control
group was fed with standard mixed feed for meat-type
poultry and test group was fed with the feed supplemen-
ted with organic selenium additive, DAFS-25k, 1.3 mg/kg
of the feed. The amount of feed additive was estimated
based on the test of the feed for actual selenium content
performed in the Kostroma Oblast Veterinary Laboratory.
The poultry were provided with the free access to drinking
water. The ducks were daily examined for their appearance,
mobility, feed intake. Five ducks from each group were
weighed and killed with generally accepted methods at
a 15 day-interval.

Spleen and bursa of Fabricius were dissected and exa-
mined for their topography, colour, form, size and integri-
ty. The ducks were weighed with a 1.0 g precision torsion
balance. Spleen and bursa of Fabricius were weighed
with Pocket Scale MH-200 0.01 g precision electronic
balance immediately after necropsy. Relative weight
was calculated in accordance with the formula proposed
by G. G. Avtandilov:

w,=w, /WX 100%,
where w, and W - absolute spleen (or bursa of Fabricius)
weight and live body weight, respectively. Dynamics of
relative weight gain in ducks was calculated in accordance
with Brodi formula:
k= e Wo 000
0,5x (W,+W,) '
where K - relative weight gain (%) during for a specified
period of time;
W, - weight at given age;
W, - initial weight.

Estimated numerical values were processed biometri-

cally as proposed by G. F. Lakin (1990).

RESULTS AND DISCUSSION

Our studies showed that use of organic selenium feed
additive at the recommended dose had no negative effect
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Table 1
Live weights and relative weight gains of Pekin ducks in control and test groups

Tabnuua 1
Mokasatenu uBoii Maccbl U OTHOCUTENbHOTO NPUPOCTa YTOK NEKMHCKON NOPOAbI
KOHTPO/IbHOW 1 ONbITHOM rpynn
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on the Pekin ducks: birds in both groups willingly ate feed,
were motile and adequately responded to external stimuli.
Analysis of absolute body weight and relative body weight
gain dynamics in control and test groups has indicated
that it correlates to the general biological pattern - in-
crease in absolute parameters and decrease in relative
parameters depend on age (Table 1, Fig. 1). The weights
of ducks in both groups changed synchronously, however,
ducks of test group significantly outperformed their coun-
terparts in control group throughout the study.
Therewith, weight gains were the highestin 15 day-old
ducks and then sharply decreased at the age of 30 and
75 days that could be accounted for the onset of critical
development periods — embryonic down replacement by
first feathers and juvenile molting, respectively. Further,
relative body weight gains in ducks remained low up to
120 days of age. Absolute weight gains in ducks of tests
group were consistently higher as compared to that ones

Live body weight, g Relative weight gain, %

Age,
1 83.60 +3.62 - -
15 26148 £15.59 | 274.50 +17.48* 103.09 106.62
30 458.29+17.49 | 484.58 +33.56* 54.69 55.35
45 887.34+£32.60 | 971.28 +40.56* 63.77 66.86
60 1,512.62 +15.28 | 1,751.26 + 28.38* 521 57.30
75 1,698.39 +16.04 | 2,014.49 +29.31* 11.57 13.98
9 2,047.27 £18.54 | 2,439.82 +15.49* 18.63 19.10
105 2,429.49 £17.74 | 2,950.48 + 20.36* 17.08 18.95
120 | 2,670.28+17.88 | 3,250.43 +14.36* 9.44 9.67
* P <0.05 as compared to control (P < 0,05 B cpaBHeHMN C KOHTPOEM).
120
=
g 100
5
= 80
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Fig. 1. Dynamics of relative weight gains of Pekin ducks
in control and test groups

Puc. 1. JuHamuka omHocumesibHO20 NpUpPOCMa Maccel mesd ymok
nNeKuHCKoU Nopo0bl KOHMPOJILHOU U ONbLIMHOU 2pynn
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in ducks of control group owing to favourable organic
selenium additive effect on body weight gain in ducks.
Obtained data on dynamics of absolute and relative body
weights in ducks of control and tests groups are consis-
tent with the data provided by other authors [13], however
there are insignificant differences in absolute values [2].

Examination of immune system organs of Pekin ducks
showed that spleen was oval, of reddish-brown colour
and located on the left side in phrenic cavity between
proventriculus and gizzard (Fig. 2). Bursa of Fabricius was
an elongated-oval unpaired cavity organ in the form of di-
verticulum of the dorsal wall of proctodeum of the cloaca
and connected with it by a duct. Its dorsal surface lied
close to lumbosacral bone, its ventral surface was in con-
tact with the dorsal wall of the cloaca. Findings on syntopy
and shape of the examined organs are consistent with the
data obtained by other authors [9, 11].

Changes in absolute and relative spleen weights were
consistent with general biological pattern: absolute spleen
weight increased and relative spleen weight decreased
with age. It should be noted that changers in relative
spleen weights in ducks of control and test groups were
non-linear (Table 2, Fig. 3).

Thus, the relative spleen weight gain was the highest
at the age of 15 days and 30 days in both groups. Then,
this parameter synchronously decreased in ducks by the
age of 45 days that could be accounted for completion
of the period of embryonic down replacement with first
feathers that was stressful for birds. More drastic decrease
in relative spleen weight in ducks of test group could be
indicative of pronounced adaptive processes associated
with selenium in the duck body. Relative spleen weights
remained stable up to the age of 120 days, therewith, re-
lative spleen weights were higher in ducks of test group.
Other authors also noted that critical periods and techno-
genic factors had an impact on the immune system organ
development [10].

Analysis of relative bursa of Fabricius weight dynamics
showed that this parameter was non-linear similar to the
relative spleen weight parameter (Table 3, Fig. 4).

Relative bursa of Fabricius weight drastically increased
in ducks of control and test group by the age of 15 days
and kept increasing and reached maximum by the age of
30 days; however this parameter decreased by the age
of 45 days. Relative bursa of Fabricius weight increased
in both groups at the age of 60 to 75 days probably due
to the onset of the next critical period of the duck deve-
lopment. However, this parameter tended to decrease in
ducks of both groups already from the age of 90 days. It
should be noted that relative bursa of Fabricius weight
in control group within the all tested age periods were
higher than that one in test group that was associated
with higher body weight of ducks in test group. Available
literature data on bursa of Fabricius size during postnatal
ontogenesis are quite contradictory. Findings on the dy-
namics of the relative organ weight obtained during the
study are consistent with the data of some authors [17-21],
but differ from the data on maximum absolute mass of the
organ [17-20, 22, 23].

CONCLUSION

The maximum relative weight gain of Peking ducks
was observed at the age of 15 days, then this parameter
decreased with a sharp drop on day 30 and day 75. The
relative weight gains in ducks of test group were higher
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than in ducks of control group during all tested periods
of ontogenesis.

Dynamics of changes in relative spleen weight showed
that the development of the organ was almost the same
both in control group and test group. Therewith, maximum
values were reported in ducks at the age of 15 and 30 days
and then those values just slightly and synchronously fluc-
tuated in both groups. Relative spleen weight in ducks of
test group was higher than that one in ducks of control
group throughout the study.

Relative bursa of Fabricius weight in Pekin ducks inten-
sively increased up to the age of 15 days, but reached the
peak level at the age of 30 days both in control and test
groups. There were more pronounced wave-like fluctua-
tions in the relative weight of the examined organ, associ-
ated with critical periods due to diet changes and moltings
in control group.

Thus, it can be concluded that the organic selenium
additive had a positive effect on the development of the
spleen and bursa of Fabricius, enhancing the adaptive
capacity of the duck body during critical periods of its
development.
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Fig. 3. Dynamics of relative spleen weight of Pekin ducks
in control and test groups
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SUMMARY

The spread of the bovine leukemia virus impedes the development of livestock production and causes considerable losses. Despite the measures implemented,
the problem of bovine leukosis eradication remains relevant in different regions of Russia. The article presents data on distribution of enzootic bovine leukosis in
the Republic of Dagestan. Over the past five years, the lowest level (1.02%) of leukemia virus infection in cattle in the Republic was recorded in 2020. Laboratory
tests for bovine leukosis were carried out in 41 raions and 7 municipal districts: no disease was diagnosed in 12 raions and 4 municipal districts, and the
animal seropositivity index in the rest of areas was less than 1%. A high level of animal infection with the leukemia virus was recorded in the following raions:
Dakhadaevsky (10.3%), Shamilsky (7.9%), Tarumovsky (3.1%), Kizlyarsky (2.3%), Babayurtovsky (2.2%), as well as in the town of Yuzhno-Sukhokumsk (3.8%). In
other districts, the parameter’s values ranged from 1 to 2%. In total, 524,930 animal sera samples were serologically tested using the immunodiffusion method,
out of which 5,362 samples were seropositive in 2020. 1,265 sera samples from animals infected with the leukemia virus were tested using the hematological
method, 251 animals (19.8%) with persistent leukocytosis were identified, which is the average for the past years. Comparative analysis of the morbidity rate for
bovine leukemia virus in farms of different categories showed that in public farms of the republic the percentage of infection level was higher (3.3%) than in the
individual sector (0.7%). Thus, bovine leukemia infection level in the republic tends to decrease. Nevertheless, the infection and morbidity rates in cattle remain
high in some raions and municipal districts, in particular, in the public sector.
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INn300TNYECKaA 06CTaHOBKA MO IH300TUYECKOMY
N1eiiko3y KpymHOro poraToro CKOTa B 061LIeCTBEHHbIX
M MHAUBUAYANbHBIX X03AicTBaX Pecnybnuku JlarecTaH

A. P. Myctradaes

[TpuKacnuiickuii 30HaNbHbIN HayYHO-NCCEROBATENbCKII BeTepUHAPHbIA MHCTUTYT — duanan OTBHY «DepsepanbHbiii arpapHblil HayuHbIiA LieHTP
Pecny6nuku [larectan» (Mpukacnuiickuit 3oHanbHblit HUBW — dunnan OTBHY «OAHL| PD»), Pecny6nuka [larecta, r. Maxaukana, Poccus;

ORCID 0000-0002-5142-8360, e-mail: mustafaev_arkif@mail.ru

PE3IOME

PacnpoctpaHeHue Bupyca neiiko3a KpynHoro poratoro ckota NPenATCTBYeT Pa3BUTUI0 MBOTHOBOACTBA U HAHOCUT 3HAUMTeNbHbIN yuiepb. HecmoTpa Ha npu-
HUMaeMble Mepbl, Npobnema NMKBUAALMY NeiiKo3a B Pa3NuHbIX pernoHax Poccuin MpojomKaeT 0CTaBaTbCA akTyanbHoIL. B cTaTbe npeAcTaBneHbl AaHHble
110 pacnpoCTpaHeHuIo Neiiko3a KpynHoro poratoro ckota B Pecnybnuke [larectan. 3a nocnepHue nAatb neT HaMeHbLLWIA npoLeHT (1,02%) HOMUMPOBAHHOCTH
KIBOTHBIX BUPYCOM Neiiko3a B pecny6nuke otMeyeH B 2020 r. JlabopaTopHble MCCNef0BaHMA Ha NeliK03 KpYNHOTo poraToro ckota NpoBOANNUC B 41 pailoHe
11 7 FOPOACKMX OKpYyrax, B 12 1 4 13 HUX, COOTBETCTBEHHO, 3a060N1eBaHMe He AMAarHOCTMPOBAHO, B OCTAMbHDIX NOKa3aTeNb CePONO3UTUBHOCTY KMBOTHbIX COCTABUA
meHee 1%. BbIcokiii ypoBeHb MHOULMPOBAHHOCTY XKIUBOTHBIX BUPYCOM Neiiko3a 6bin ycTaHOBNEH B cledylolmx paitoHax: Jaxagaesckom (10,3%), Wamunb-
ckom (7,9%), Tapymosckom (3,1%), Kusnapckom (2,3%), babatopToBckom (2,2%), a Take B T. KxHo-Cyxokymcke (3,8%). B ocTanbHbix paitoHax nokasatenu
HaxoAuANch Ha ypoBHe oT 150 2%. Beero 3a 2020 1. ceponornyeckitm MeToAOM C UCTI0Nb30BaHMEM peakLi UMMyHopuddy3um bbino nccnegosano 524 930 npob
CbIBOPOTKIN KPOBM KUBOTHbIX, U3 HUX 5362 0Ka3anuncb cepononoxutenbHbiMie. 0T MHOUUMPOBAHHBIX BUPYCOM NEiK03a XXMBOTHbIX reMaToIornyeckium MeToom

144 VETERINARY SCIENCE TODAY, JUNE Ne2 (37) 2021 | BETEPUHAPUA CETOHA, WHOHb Ne2 (37) 2021



ORIGINAL ARTICLES | EPIZOOTOLOGY OPUTUHANBHBIE CTATBY | 3M1A1300TONOTNA

nccnenoBanu 1265 npo6 Kposwu, BbiABEHO 251 xuBoTHOE (19,8%) C NepCMCTEHTHBIM NEAKOLMTO30M, YTO ABNAETCA CPEAHIM NOKa3aTenem 3a npoluesiume
rofibl. CpaBHUTENbHbIN aHaNN3 pacnpocTpaHeHHOCTY BUPYCa Neiiko3a KpYMHOTo POraToro cKoTa B X03AICTBaX pa3HbIX KaTeropuii NoKasan, uto B 06LLECTBEHHbIX
X03ACTBaX pecny6MKv NPOLEHT MHOULMPOBAHHOCTY BbiLLe (3,3%), uem B nHANBMAYanbHoM cekTope (0,7%). Takim 06pa3om, Neiiko3 KpynHoro poratoro ckota
B pecnybnuke UMeeT TeHAEHLII0 K CHUXKeHIo. TeM He MeHee B HEKOTOpbIX palioHaXx 1 FOPOACKUX OKpYrax HOULMPOBAHHOCTb 1 33601eBaeMOCTb XIBOTHBIX
0CTaeTCA BbICOKOI, 0COBEHHO B 06LLIeCTBEHHOM CEKTOpe.

KnioueBbie cnoBa: IH300TYECKNIA NEIKO3 KPYNHOTO POraToro ckoTa, UHGULMPOBAHHOCTb, PACNPOCTPAHEHHOCTD, CEponorua, 3aboneBaemocTb, Pecnybnnka
JlarectaH.

[ina untuposanus: Myctagaes A. P. 3nu3ootuyeckas 06CTaHOBKa 10 IH300TUUECKOMY NIEiiK03Y KPYMHOTO POraToro CKOTa B 06LLECTBEHHbIX U NHANBUAYANbHbIX
xo3aicTBax Pecny6nuku [larectan. Bemepurapus ce2o0Hs. 2021; 2 (37): 144-150. DOI: 10.29326/2304-196X-2021-2-37-144-150.

KoHdnukT unTepecoB: ABTop 3aBNAET 06 OTCYTCTBUN KOHGNNKTA NHTEPECOB.

[ina koppecnonpeHumn: Myctagaes Apknd PamasaHoBIY, KaHANAAT BETEPUHAPHBIX HAYK, BEAYLLMIA HAYYHDI COTPYAHMK abOPaTOpUM MHOEKLMOHHOIA NaTo-
IOTUN CeNbCKOX03ANCTBEHHBIX XUBOTHbIX, MpuKacnuiickuii 3oHanbHblit HUBU — dunuan OTBHY «OAHL| PL1», 367000, Poccua, Pecnybnunka JarectaH, r. Maxaukana,

yn. laxanaesa, 88, e-mail: mustafaev_arkif@mail.ru.

INTRODUCTION

Bovine leukosis virus, or bovine leukemia virus (BLV) be-
longs to the genus Deltaretrovirus of the family Retroviridae.
Many viruses of this family directly or indirectly (by way of
malignancy or proliferation of organs with neoplastic cells)
cause neoplasms or leukemias of the hematopoietic sys-
tem in animals and humans. The bovine leukemia causa-
tive agent refers to exogenous viruses and causes the di-
sease known as bovine leukosis. Due to its location-specific
nature it is also called enzootic bovine leukosis.

The characteristic feature of the disease is that it mainly
occurs in animals in a chronic form with no visible clinical
signs. Nevertheless, bovine leukosis diagnosis is made using
serological, hematological and other types of laboratory
testing. The bovine leukosis is rarely clinically diagnosed
in farms by veterinary specialists, and the morbidity rate in
infected livestock can reach up to 3-10% depending on the
epizootic tension and the animal keeping conditions.

The bovine leukemia virus is transmitted from a di-
seased animal to a healthy one through fluids (blood, sali-
va, milk, etc.) that contain cells infected with this pathogen
(B-lymphocytes), and to a lesser extent — through mono-
cytic macrophages. The transmission routes of the virus
are horizontal and vertical. Cattle (cows, bulls) of different
breeds and all ages (older than 5-6 months) are suscep-
tible to the leukemia virus in natural conditions. However,
in spontaneous conditions BLV can be transmitted to other
species (buffalo, zebu, sheep, elk, yak, alpaca) [1-4]. As the
previous study results showed, all cow breeds bred in the
Republic of Dagestan (red steppe, black-and-white, Sim-
mental, Caucasian brown, Shvitskaya, indigenous breed)
of different ages are susceptible to BLV, but the highest
percentage of infection was detected in animals aged
5-7 years [5].

Enzootic bovine leukosis is widely distributed in many
countries (USA, Bulgaria, Uzbekistan, etc.), as well as in the
Russian Federation [6-9]. The disease used to be hemato-
logically diagnosed in the Republic of Dagestan during the
Soviet times; since 1988 the serological method has been
implemented in veterinary laboratories and immunodif-
fusion test (IDT) is used for the diagnosis. The number of
infected animals detected in the Republic increased as a

result of bovine leukosis serological diagnosis introduced
in Dagestan. However, the failure to implement the leuko-
sis control program, as well as the lack of health-improving
and preventive measures led to increased frequency of in-
fection in animals in the farms of the Republic [10].

In view of the above, the aim was to conduct an epizoo-
tological analysis of the enzootic bovine leukosis distribu-
tion in the Republic based on the farm status.

MATERIALS AND METHODS

The official data of the GBU RD “Republican Veterinary
Laboratory”, as well as the results of internal testing con-
ducted in the Laboratory for Infectious Pathology of Live-
stock Animals of the Caspian Zonal NIVI within the last
10 years served the basis for the analysis of the bovine
leukosis epidemic situation. A retrospective analysis was
performed using hematological and serological methods.
Serological diagnosis for bovine leukosis was performed
using immunodiffusion test (IDT).

Diagnostic studies for enzootic bovine leukemia were
conducted in accordance with the “Methodical guidelines
for the diagnosis of bovine leukosis” [11], and epizooto-
logical studies were conducted in compliance with the

“Methodical guidelines for bovine leukosis epizootological
studies”[12].

RESULTS AND DISCUSSION

Over the past 5 years large-scale serological testing
for bovine leukosis was conducted in the Republic of
Dagestan using immunodiffusion test (Fig. 1). The largest
number of sera samples were tested in 2019 (625,970),
of which 15,578 (2.50%) were seropositive. The smallest
number of studies were conducted in 2017 (7,466), when
seropositive animals were detected in 577 cases (7.70%).
A high level of BLV infection in cattle population was noted
in 2016 - 1,433 (13.20%) sera samples out of 10,842 gave
a positive result when IDT was used. Starting from 2018,
the number of leukosis diagnostic tests increased after
the Action Plan for Bovine Leukosis Prevention and Con-
trol in Republic of Dagestan for 2017-2020 (Order of the
Government of the Republic of Dagestan No. 323-r of Sep-
tember 11,2017) was adopted. Thus, 223,293 sera samples
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were tested in 2018, the seropositivity of animals was
4.03% (8,998 animals). As compared to 2017, the number
of serological tests for bovine leukosis in 2018 increased
by almost 30 times, and the percentage of infection de-
creased by about 2 times. By 2020, the percentage of in-
fection with the bovine leukemia virus was 1.02%, i.e. 5,362
out of 524,930 animals were seropositive.

As it can be seen in Figure 1, in recent years the maxi-
mum number of serological tests for bovine leukosis were
performed in 2019-2020, while a high percentage of ani-
mal infection with BLV was recorded in 2016-2017.This is
due to the fact that until 2018 diagnostic tests for leukosis

u Total number of IDT-tested
animals

625,970

B Number of BLV-infected animals

Animal infection level

223293 1.02%

5862 g 2.50%

15,578 <@ 4.03%

8,998 <@ 7.70%
> 1320%

in the Republic were carried out randomly and using small
numbers of cattle kept in flat areas where transhumance
is practiced.

The hematological studies were conducted in the
Republic to identify diseased animals among those in-
fected with the leukemia virus over the past 10 years,
which showed a high percentage of persistent leukocy-
tosis. As it can be seen in Figure 2, the largest number of
hematological tests conducted in cattle were recorded
in 2019 (6,070), 2020 (1,265) and 2018 (1,202), and the
lowest — in 2015 (79) and 2012 (81). A high percentage
of animals with hematological disease was observed
in 2011 (44.9%) and 2010 (42.8%), and a low percen-
tage - in 2014 (16.7%) and 2015 (17.7%). Within the past
3 years the bovine leukosis morbidity was 24.3% in 2018,
24.4% —-in 2019, 19.8% — in 2020. The results obtained are
explained by the fact that the farms of the Republic do not
carry out timely culling of infected adult livestock in case
of loss of productivity, and cattle infected with the leukosis
virus continue to be kept in the herd.

As itis shown in Figure 2, the bovine leukosis morbidity
fluctuations over time are minimal. This is due to the fact
that animals with hematological disease are not subjected
to slaughter.

In the course of the epizootological analysis, the 2020
data obtained from the GBU RD “Republican Veterinary
Laboratory” were analyzed (Table 1). The laboratory tests
conducted in 41 raions and 7 towns of the Republic showed
that bovine leukosis was detected in cattle in 29 and 3 ad-
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Fig. 1. Distribution of enzootic bovine leukosis
in the Republic of Dagestan in 2016-2020
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Kaitagsky, Karabudakhkentsky, Kurakhsky, Magaram-
kentsky, Novolaksky, Suleiman-Stalsky and Khivsky) and
in 4 towns (Makhachkala, Kaspiysk, Derbent and Dages-
tanskiye Ogni). A high level of BLV infection was found
in the following raions: Dakhadayevsky — 10.3%, Shamil-
sky — 7.9%, Tarumovsky — 3.1%, Kizlyarsky — 2.3%, Babayur-
tovsky — 2.2%, as well as in Yuzhno-Sukhokumsk — 3.8%.
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Fig. 2. Dynamics of detection of leukosis-infected animals with hematological disease

in the Republic of Dagestan in 2010-2020
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Table 1
Epidemic monitoring of bovine leukosis in the Republic of Dagestan in 2020 (according to the data of GBU RD “Republican Veterinary Laboratory”)

Tabnuua 1
InKM300TONOrMYECKUiA MOHUTOPUHT Neiiko3a KPYNHOro poratoro ckota B Pecny6nuke Jlarecran B 2020 .
(no panHbim I'BY P[] «Pecny6nukanckas BeTepuHapHas naboparopus»)

Serological testing

o ——
and municipal districts Number IDT-positive Number Diseased animals
of animals of sera samples identified

1 Aqulsky 1,666 0.40
2 Akushinsky 35471 131 0.37 - - -
3 Ahvakhsky 18,261 - - - - -
4 Akhtynsky 5,725 - - - - -
5 Babayurtovsky 12,710 284 2.20 - - -
6 Botlikhsky 11,378 154 1.40 - - -
7 Buinaksky 5,052 - - - - -
8 Gergebilsky 14,492 79 0.50 - - -
9 Gumbetovsky 2,834 4 0.10 - - -
10 Gunibsky 33,864 278 0.80 - - -
N Dakhadaevsky 2,754 285 10.30 - - -
12 Derbentsky 13,817 31 0.20 - - -
13 Dokuzparinsky 2,562 - - - - -
14 Kazbekovsky 3,500 - - - - -
15 Kaitagsky 4 - - - - -
16 Kizilyurtovsky 14,159 10 0.10 - - -
17 Kumtorkalinsky 1,545 4 0.30 - - -
18 Kayakentsky 5,812 29 0.50 - - -
19 Karabudakhkentsky 33,310 - - - - -
20 Kizlyarsky 22,250 642 2.30 - - -
21 Kulinsky 18,358 135 0.70 - - -
22 Kurakhsky 2,855 - - - - -
23 Laksky 15,545 5 0.03 - - -
24 Levashinsky 16,756 145 0.90 - - -
25 Magaramkentsky 10,785 - - - - -
26 Novolaksky 1,494 - - - - -
27 Nogaisky 16,243 6 0.04 - - -
28 Rutulsky 2,776 4 1.50 - - -
29 Suleiman-Stalsky 3,425 - - - - -
30 Sergokalinsky 6,897 20 0.30 - - -
31 Tabasaransky 8,577 18 0.20 - -
32 Tarumovsky 7,097 223 3.10 271 86 31.70
33 Tlyaratinsky 14,758 175 1.20 - - -
34 Untsukulsky 8373 65 0.80 - - -
35 Khasavyurtovsky 77,467 1,368 1.80 303 59 19.50
36 Khivsky 4,893 - - - - -
37 Khunzakhsky 8,693 27 0.30 - - -
38 Tsumadinsky 19,622 83 0.40 - - -
39 Tsuntinsky 6,599 17 0.30 - - -
40 Charodinsky 19,280 335 1.70 685 100 14.60
41 Shamilsky 8,209 651 7.90 - - -
42 Kizlyar 41 4 1.00 - - -
43 Makhachkala 100 - - - - -
44 Kaspiysk 98 - - - - -
45 Izberbash 902 6 0.70 - - -
46 Yuzhno-Sukhokumsk 2,663 100 3.80 6 6 100
47 Derbent 354 - - - - -
48 Dagestankiye Ogni 487 - - - - -
Total 524,930 5,362 1.02 1,265 251 19.80
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Table 2
Distribution of bovine leukosis in individual and public farms in the Republic of Dagestan in 2020

Tabnuua 2
PacnpocTpaHeHue neiiko3a KpynHOro poraToro Ckota B MHAMBUAYaNbHbIX U 06L1eCcTBEHHbIX X03AiicTBaX Pecny6nuku [larectan B 2020 .

Total of animals tested for bovine leukosis

Raions in individual farms in public farms
and municipal districts T —

1 Agulsky - - - 1,666 7 0.40
2 Akushinsky 28,669 81 0.30 6,802 50 0.70
3 Ahvakhsky 18,261 - - - - -
4 Akhtynsky 5,725 - - - - -
5 Babayurtovsky 10,420 140 1.30 2,290 147 6.40
6 Botlikhsky 10,892 130 1.20 486 24 4.90
7 Buinaksky 5,052 - - - - -
8 Gergebilsky 14,492 79 0.50 - - -
9 Gumbetovsky 2,649 4 0.20 185 - -
10 Gunibsky 33,814 278 0.80 50 - -
n Dakhadaevsky - - - 2,754 285 10.30
12 Derbentsky 13,817 31 0.20 - - -
13 Dokuzparinsky 2,562 - - - - -
14 Kazbekovsky 3,500 - - - - -
15 Kaitagsky - - - | - -
16 Kizilyurtovsky 10,672 9 3,487 1 0.03
17 Kumtorkalinsky 1,545 4 0.30 - - -
18 Kayakentsky 5,812 29 0.50 - - -
19 Karabudakhkentsky 33,310 - - - - -
20 Kizlyarsky 22,250 642 2.30 - - -
21 Kulinsky 9,305 15 0.20 9,053 120 130
22 Kurakhsky 2,855 - - - - -
23 Laksky 15,545 5 0.03 - - -
24 Levashinsky 12,982 9% 0.70 3,774 49 130
25 Magaramkentsky 10,785 - - - - -
26 Novolaksky 1,494 - - - - -
27 Nogaisky 16,243 6 0.04 - - -
28 Rutulsky 2,086 31 1.50 690 10 145
29 Suleiman-Stalsky 3,425 - - - - -
30 Sergokalinsky 6,787 20 0.30 110 - -
31 Tabasaransky 8,577 18 0.20 - - -
32 Tarumovsky - - - 7,097 223 3.10
33 Tlyaratinsky 13,490 151 1.10 1,268 24 1.90
34 Untsukulsky 8,253 62 0.80 923 3 3.20
35 Khasavyurtovsky 77,467 1,368 1.80
36 Khivsky 4,771 - - 122 - -
37 Khunzakhsky 8,693 27 0.30 - - -
38 Tsumadinsky 19,460 77 0.40 159 6 3.80
39 Tsuntinsky 6,447 15 0.20 152 2 130
40 Charodinsky 9,686 51 0.50 9,594 280 3.00
41 Shamilsky 1,784 10 0.60 6,425 641 10.00
42 Kizlyar 0 4 1.00 - - -
43 Makhachkala - - - 100 - -
44 Kaspiysk - - - 98 - -
45 Izberbash 902 6 0.70 - - -
46 Yuzhno-Sukhokumsk 2,663 100 3.80 - - -
47 Derbent 354 - - - - -
48 Dagestankiye Ogni 487 - - - - -

Total 468,404 3,489 0.70 56,496 1,872 3.30
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The 1-2% morbidity rate due to leukosis was registered in
4 raions of the Republic: Khasavyurtovsky (1.8%), Charo-
dinsky (1.7%), Botlikhsky (1.4%), Tlyaratinsky (1.2%), and
in the town of Kizlyar (1.0%). In other raions and muni-
cipal districts the percentage of BLV infection was less
than 1.0%. In 2020 a total of 524,930 animal sera samples
were serologically tested using IDT, 5,362 (1.02%) samples
among them were seropositive. In 2020 1,265 sera samples
from IDT-positive animals were tested hematologically,
and 251 animals (19.8%) were identified as having the
hematological disease. Hematological studies of animal
sera for leukosis were conducted in 3 raions (Tarumovsky,
Khasavyurtovsky, Charodinsky) and in the town of Yuzhno-
Sukhokumsk, which does not fully reflect the situation on
bovine leukosis morbidity in the Republic.

Thus, based on the official data provided by the
GBU RD“Republican Veterinary Laboratory’, the number of
BLV-infected animals has sharply decreased to 1.02%, being
the lowest indicator in the Republic in recent years [13].

Cattle are kept in private (individual) or public (state
unitary enterprise, agricultural production cooperative,
small-scale farms, etc.) sectors in the Republic of Dagestan.
The farm’s status is also an important factor in the distribu-
tion of BLV. For example, contrary to the private sector, a
large number of animals are kept together in public farms,
which means that there is close contact of livestock and
joint processes of cow milking, feeding, veterinary and
zootechnical handling procedures. All this leads to in-
creased level of BLV infection in animals in public farms of
the Republic (Table 2).

As it is shown in Table 2, the number of cattle kept in
individual farms in the Republicis larger. 468,404 samples
from cattle in private farms were serologically tested
in 2020, 3,489 (0.7%) samples out of them were seropo-
sitive. In total 56,496 sera samples from cattle in public
farms were tested for leukosis, and the infection rate was
3.3% (1,872 animals). The number of seropositive animals
in the public sector exceeds the number of seropositive
animals in individual farms by more than 4 times, and
the percentage of infection in livestock in some areas
reaches 10% and even higher (Dakhadaevsky - 10.3%,
Shamilsky - 10.0%).

Based on the above, it can be concluded that BLV is
distributed in all livestock sectors in the Republic, and, in
particular, the distribution is more intensive among cattle
in public farms. One of the reasons for the spread of infec-
tion in the public sectors of the Republic is the entry of
infected and leukosis-diseased animals from other regions
back in the Soviet times [13].

CONCLUSION

The serological studies for bovine leukosis conducted
in the Republic of Dagestan show that in 2020 the general
level of BLV infection decreased to 1.02% as compared to
previous years. The number of animals with hematological
disease detected among BLV-infected animals in the farms
of the Republicin 2020 remains at a high level (19.8%). He-
matological studies for bovine leukosis are carried out ran-
domly in the Republic, covering small quantities of animals
and not all infected livestock population. Nevertheless, the
detection rate of animals with the hematological disease is
high, which indicates that animals infected with leukosis
are not subjected to slaughter. A comparative analysis of
the BLV frequency in farms of different categories showed
that the percentage of infection in animals is higher in the

public sector as compared to the private (individual) sector.
Bovine leukosis is distributed in many raions and munici-
pal districts, and that remains one of the main problems of
animal husbandry in the Republic of Dagestan.

REFERENCES

1. Aida Y., Okada K. Amanuma H. Phenotype and on-
togeny of cells carrying a tumour-associated antigen that
is expressed on bovine leukemia virus-induced lympho-
sarcoma. Cancer Res. 1993; 53 (2): 429-437. PMID: 8380256.

2. Wu D., Takahashi K., Murakami K., Tani K., Koguchi A.,
Asahina M., et al. B-1a, B-1b and conventional B cell lym-
phoma from enzootic bovine leukosis. Vet. Immunol. Im-
munopathol. 1996; 55 (1-3): 63-72. DOI: 10.1016/s0165-
2427(96)05631-0.

3. Mirsky M. L., Olmstead C. A., Da Y., Lewin H. A. The
prevalence of proviral bovine leukemia virus in periph-
eral blood mononuclear cells at two subclinical stages of
infection. J. Virol. 1996; 70 (4): 2178-2183. DOI: 10.1128/
JVI.70.4.2178-2183.1996.

4. Nekoei S., Hafshejani T. T,, Doosti A., Khamesipour F.
Molecular detection of bovine leukemia virus in periphe-
ral blood of Iranian cattle, camel and sheep. Pol. J. Vet. Sci.
2015; 18 (4): 703-707. DOI: 10.1515/pjvs-2015-0091.

5. Mustafaev A. R. Specificity of bovine leukemia virus
depending on the breed, age and type of animal. Ve-
terinaria i kormlenie. 2020; 4: 42-44. DOI: 10.30917/ATT-
VK-1814-9588-2020-4-15. (in Russian)

6. Gillet N., Florins A., Boxus M., Burteau C., Nigro A.,
Vandermeers F, et al. Mechanisms of leukemogenesis in-
duced by bovine leukemia virus: prospects for novel anti-
retroviral therapies in human. Retrovirology. 2007; 4:18.
DOI: 10.1186/1742-4690-4-18.

7. Gulyukin M., Barabanov ., lvanova L., Stepanova T,
Kozireva N., Simonian G., et al. Monitoring of epidemiolo-
gic situation with bovine leukemia in production and
breeding herds of Russian Federation in 2014-2015. Ve-
terinaria i kormlenie. 2016; 4: 5-41. eLIBRARY ID: 26383305.
Available at: http://vetkorm.ru/magasines/veterinariya-
i-kormlenie-4-ijul-avgust-2016g/. (in Russian)

8. Makarov V. V., Lozovoy D. A. Epizootological features
of modern cattle leukemia. Vestnik of the Russian Agricultu-
ral Sciences. 2020; 1: 53-58. DOI: 10.30850/vrsn/2020/1/53-
58 (in Russian)

9. Mischenko V. A., Petrova O. N., Karaulov A. K,
Mischenko A. V. The problem of bovine leukemia. Vla-
dimir: FGBI “ARRIAH"; 2018. 38 p. Available at: http://
www.arriah.ru/sites/default/files/private/books/prob-
lema-leykoza-krupnogo-rogatogo-skota-va-mishchen-
ko-petrova-ak-karaulov-av-mishchenko-2018/problema_
leykoza_pechat.pdf. (in Russian)

10. Mustafaev A. R. The comparative analysis of spread
of the leukosis of cattle in the Republic of Dagestan.
Veterinarnyj Vrach. 2019; 2: 25-30. DOI: 10.33632/1998-
698X.2019-2-25-30. (in Russian)

11. Methodical instructions for diagnosis of bovine leu-
cosis [Metodicheskie ukazaniya po diagnostike lejkoza
krupnogo rogatogo skotal: approved by Veterinary De-
partment of the RF Ministry of Agriculture on August 23,
2000 No. 13-7-2/2130. Available at: http://docs.cntd.ru/
document/1200118749. (in Russian)

12. Methodical instructions for epidemiological study
of bovine leucosis [Metodicheskie rekomendacii po epi-
zootologicheskomu issledovaniyu pri lejkoze krupnogo
rogatogo skotal: approved by Academician A. M. Smirnov,

VETERINARY SCIENCE TODAY, JUNE Ne2 (37) 2021 | BETEPUHAPUA CETOLHS, MIOHb Ne2 (37) 2021



150

ORIGINAL ARTICLES | EPIZOOTOLOGY OPUTVHANBHBIE CTATBY | 3M1300TONOMNA

Veterinary Medicine Department of the Russian Academy  lenie. 2017; 5: 25-27. eLIBRARY ID: 30352854. Available
of Agricultural Sciences, on June 19, 2001. M., 2001. 28 p.  at: http://vetkorm.ru/magasines/veterinariya-i-kormle-

(in Russian) nie-5-sentyabr-oktyabr-2017g/. (in Russian)

13. Mustafaev A. R., Gulyukin M. 1., Gaydarbekova Kh. M.
The analysis of the epizootic situation of the virus of cattle Received on 03.03.2021
leukosis in the Republic of Dagestan. Veterinaria i korm- Approved for publication on 23.04.2021

INFORMATION ABOUT THE AUTHOR / NHOOPMALIMA OB ABTOPE

Arkiv R. Mustafayev, Candidate of Science (Veterinary Medicine), =~ Myctadaer Apkud PamasaHoBuY, KaHAWAAT BETEPUHAPHBIX

Leading Researcher, Laboratory of Infectious Pathology of Farm  Hayk, BegyLumii Hay4HbI COTPYAHMK NabopaTopuv MHGEKLNOHHOM

Animals, Caspian Regional Research Veterinary Institute - Branch NaToONOrMmn CeNbCKOXO3ANCTBEHHbIX XUBOTHbIX, MpUKacnnncknn

of Dagestan Agriculture Science Center, Makhachkala, Russia. 3oHanbHbIi HUBU — dunmnan OTBHY «®OAHL| PA», r. Maxaukana,
Poccus.

VETERINARY SCIENCE TODAY, JUNE Ne2 (37) 2021 | BETEPUHAPUA CETOHA, WHOHb Ne2 (37) 2021



REVIEWS | GENERAL ISSUES
0630Pbl | OBLLME BOMPOCHI

DOI: 10.29326/2304-196X-2021-2-37-151-158
UDC619:616.98:579.852.11

Features of anthrax natural foci and Bacillus anthracis
ecology

A.P.Rodionov', E. A. Artemeva?, L. A. Melnikova’, M. A. Kosarev*, S. V. lvanova®

Federal State Budgetary Scientific Institution “Federal Center for Toxicological, Radiation, and Biological Safety” (FSBSI “FCTRBS-ARRVI"),
Republic of Tatarstan, Kazan, Russia

' ORCID 0000-0003-0853-5678, e-mail: alexandrvetspets@gmail.com

20RCID 0000-0002-6204-6077, e-mail: artemevaelena2 1@mail.ru

3 ORCID 0000-0002-0159-3843, e-mail: vnivi@mail.ru

“ORCID 0000-0002-5577-486X, e-mail: kosarev@vnivi.ru

5 ORCID 0000-0002-4378-8569, e-mail: 9274281396@mail.ru

SUMMARY

Anthrax remains a global problem, both for veterinary and human medicine, due to the wide spread of its soil foci throughout the world. The ability to sporulate
is the main feature of Bacillus anthracis, which allows the pathogen to persist in the environment for a long time. Understanding the ecology of B. anthracis
is essential for successful control of this infection. This review analyzes the data from the global literature, reflecting the modern understanding of the vital
functions of the anthrax agent in various ecological niches. As a result of the work, it was revealed that many links in the chain of B. anthracis lifecycle in
the abiotic environment remain poorly understood. A more in-depth study is required for issues related to the mechanisms, ways of living and evolution of
the anthrax causative agent outside the animal body. A separate section of the review describes the problems of anthrax foci in soil. It is shown that today
there are no effective and environmentally friendly methods and means of their elimination. In addition, the question of the expediency of their use remains
open. According to some researchers, the increasingly emerging initiatives for the elimination or conservation of anthrax burial sites are not only useless,
but also harmful, since they exclude the possibility of further predicting the risks associated with soil foci that surround livestock burial sites and cannot be
decontaminated. The study and new approaches to solution of the highlighted issues will make a significant contribution to solving the global problem of
protecting animals and people from this infection.

Keywords: Anthrax, ecology, Bacillus anthracis, soil foci, natural focality, cattle burial site, permanently infected settlement.

For citation: Rodionov A. P, Artemeva E. A., Melnikova L. A., Kosarev M. A., lvanova S. V. Features of anthrax natural foci and Bacillus anthracis ecology. Veterinary
Science Today. 2021; 2 (37): 151-158. DOI: 10.29326/2304-196X-2021-2-37-151-158.

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

For correspondence: Alexander P. Rodionov, Junior Researcher, Laboratory for Collection of Strains of Microorganisms, FSBSI “FCTRBS-ARRVI", 420075, Russia,
Republic of Tatarstan, Kazan, Scientific town-2, e-mail: alexandrvetspets@gmail.com.

YK 619:616.98:579.852.11

0cob6eHHOCTI NPUPOJHOI 04ArOBOCTI CUOUPCKOIA A3BbI
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PE3IOME

(nbupckan A3Ba 0CTaeTcA rMobanbHoil Npobnemoil Kak AnA BeTepUHAPHON, Tak U ANA TyMaHHOIA MeSULMHbI B CBA3Y C LUMPOKVIM PacnpOCTPaHEHUeM ee MOUBEHHbIX
0yaroB B0 BceM Mupe. CNocoBHOCTb K CopynALMI ABAAETCA aBHOIi 0c0beHHOCTbI0 Bacillus anthracis, no3sonatoLueil Bo30yAUTENIO COXPAHATLCA B OKpYXKaloLLieid
Cpefie B TeueHve AnuTeNnbHoro BpemeHu. loHumanme sxkonorun B. anthracis Heobxogumo Ana ycnetuHoii 60pb0bl ¢ faHHoi MHeKLyedt. B HacToAwem 063ope
NpoBefieH aHanu3 JaHHbIX MUPOBOIA INTEpaTypbl, OTPAXAKLLMX COBPEMEHHOE NpeSiCTaBNeHNe 0 XKI3HeeATeNbHOCTI BO36YANTENA cubUpCKoii A3BbI B pa3-
JNIMYHbIX IKONOTIAYECKIAX HULLAX. B pe3ynbTate paboThl BbIABNEHO, UTO MHOTYE 3BeHbA B LieNH XU3HeAeATeNbHOCTI B. anthracis B abuoTuueckoii cpefie ocTatotea
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Manon3yyexHbIMu. bonee rnybokoro uyyexna Tpedyiot BONPOCbI, KacatoLyeca MexaHu3moB, CNoco60B CylLecTBOBAHMA v 3BOAIOLMN BO3OYAuTeNA cubupckoit
A3Bbl BHE OPraHu3ma xunBoTHoro. 0TaenbHbIM pasaenom 0630pa npefcTaseHbl Npobnembl nouBeHHbIX 04aroB cubupckoii A38bl. lokasaHo, YTo Ha CerofHALHMIA
JieHb He CyLLeCTBYeT IQPEKTUBHBIX U Ge3BPEAHbIX ANA OKPY>KatoLLelt Cpefibl METOAOB U CPEACTB UX IMKBUAALMMN. Kpome TOro, 0CTAETCA OTKPLITLIM BOMPOC 0 Liefie-
€006pa3HOCTI X NpuMeHeHNA. [0 MHeHHI0 HEKOTOPbIX UCCNIeioBaTeNeid, BCe YaLLe BOHUKAIOLLME MHILMATIABbI MMKBUAALMI U KOHCEPBALMN CUOUPEA3BEHHBIX
CKOTOMOTUNbHUKOB He TO/IbKO 6ecrione3Hbl, HO 1 BPeSHbI, Tak Kak UCKIIOUaoT BOIMOXHOCTb B AaNbHeliLuem NporHo3upoBaTb PUCKIA, CBA3HHbIE C MOYBEHHbIMM
04aramu, KOTopble OKPYXaloT CKOTOMOTUIILHUKIA 11 He MOTYT ObITb 06€3BpexeHbl. /3yueHue 1 HoBble NOAXOAbI K PELLEHHI0 0CBELLIEHHbIX BOMPOCOB BHECYT (BOIA
3HAUUTeNbHbIIA BKNaA B peLueHue rnobanbHoil npobnembl 3alLuTbl XUBOTHDBIX U NHOAEN 0T JaHHOI NPUPOAHO-0YAroBoi MHGeKLMN.

KntoueBbie cnosa: (nbupckas A38a, 3konorus, Bacillus anthracis, nouBeHHble 0uary, NpupoaHas 04aroBoCTb, CKOTOMOTUIbHUK, CTALMOHAPHO HEONAroNosyyHbIil
MyHKT.

[ins untuposanua: Pognoros A. M., Aptembesa E. A., MenbHukosa Jl. A., Kocapes M. A., iBaHoBa C. B. 0cobeHHOCTU NpUpOAHOIA 04aroBOCTM CMBUPCKOIA A3BbI
1 3konoruu Bacillus anthracis. Bemepurapus ce2odns. 2021; 2 (37): 151-158. DOI: 10.29326/2304-196X-2021-2-37-151-158.
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INTRODUCTION

The main feature of the causative agent of anthrax (Ba-
cillus anthracis) is the ability to form spores that persist in
the environment for decades until they get the possibility
to penetrate into a susceptible organism. B. anthracis in
spore form is a perfect infectious agent. To date, there are
a large number of works devoted to the processes occur-
ring in B. anthracis infected macroorganism [1, 2]. However,
aspects concerning B. anthracis relationships in soil eco-
systems and the environment are still poorly understood.
This review analyzes the life cycle of B. anthracis in various
ecological niches.

Bacillus anthracis spore and sporulation

The spores are formed in the environment or in labora-
tory conditions when grown on nutrient media, provided
there is an access of oxygen, lack of nutrients, high hu-
midity, and temperature of 26-37 °C. One vegetative cell
is capable of forming a single spore, which is located in
the center or subterminally. At temperatures above 43 °C
or below 12 °C, sporulation does not occur.

Sporulation is triggered by the lack of a nutrient sub-
strate. In this case, the spo0A gene encoding the protein
of the same name is activated. Then, by phosphorylation
the SpoOA protein is activated into SpoOA~P, causing the
expression of more than 200 genes. These genes are re-
sponsible for sporulation. When the endospore formation
is complete, the mother cell wall is lysed, releasing the
mature spore into the environment [3].

The B. anthracis spore consists of the core, surrounded
by coats: the cortex, the coat proteins and the exospo-
rium (Fig. 1) [4].

The spore core consists of a chromosome tightly bound
to acid-soluble proteins [5]. The interaction between DNA
and proteins, high levels of dipicolinic acid, calcium and
other ions provide protection from a variety of adverse
effects, including elevated temperatures and ultraviolet
radiation.

The cortex is the inner part of the spore, surrounded by
a membrane and peptidoglycan layer, which in turn are

surrounded by several layers of proteins called the coat
proteins.

The coat protein surface is distinguished by folds, which
extend along the long axis of the spore, and allow the spore
to withstand the core growth during its germination [6-10].

Fig. 1. Thin-section electron micrograph of a Bacillus
anthracis spore (Sterne strain). Core (Cr), cortex (Cx),
coat (Ct), interspace (IS) and exosporium (Exo)

are indicated [4]

Puc. 1. CmpoeHue cnopsl 8036ydumers cubupckol A38bl:
Cr - a0dpo, Cx — kopmekc, Ct — 6esikosaa 060/104Ka,
IS — npomexymok, Exo — 3xk30cnopuym [4]
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Fig. 2. Transmission electron microscopy analysis of B. anthracis-Acanthamoeba castellanii interactions [27]:

A and B - Micrographs show spores of strain 9131 contained in A. castellanii phagosomes (open arrowheads) after 6 (A)
and 12 h (B) of coculture at 37 °C, respectively; C — A vegetative Sterne spore within an A. castellanii trophozoite

in a phagosome after 6 h of coculture; D — Vegetative forms of Sterne inside and outside amoebas after 12 h

of infection (black arrows). N — nucleus; vf - vegetative form

Puc. 2. lpocseyusarowas 31ekmpoHHAs MUKpockonus e3aumodelicmeus B. anthracis ¢ nouseHHoU ame6boli [27]:

A u B - Haxooawuecs sHympu amebbl Acanthamoeba castellanii cnopbl wumamma 9131 B. anthracis u Ha4ano

ux npopacmatus yepes 6 (A) u 12 4 (B) coemecmHozo KynemusuposaHusa npu 37 °C; C — npopacmarue wmamma Sterne
B. anthracis sHympu ameb6el; D — secemamugHsie hopmel umamma Sterne B. anthracis aHympu u cHapy»u amebul Yepe3
12 4 nocsie coeMecmHo20 Kysbmugupo8aHus (d4epHole cmpesnku). O6o3HaqeHus: N — a0po; vf — sezemamusHas opma

These coat proteins perform a number of important
functions:

1) prevent the penetration of large molecules and toxic
substances;

2) protect against the aggressive action of other micro-
organisms [11-13].

In general, the protective functions of these structures
allow spores to remain dormant for many years [14, 15].

The exosporium is the outer-most structure of the spore,
in most Bacillus species it is separated from the underlying
structure by interspace, the composition and functional
purpose of which remains a mystery. The exosporium
consists of a basal membrane surrounded by hair-like pro-
jections. The collagen-like glycoprotein BCLA is the main
component of these projections. Thanks to the hair-like
projections of the outer structure, the spores can adhere

to the soil fragments, which allows them to stay on the sur-
face and enter the body of animals during grazing. In re-
cent years, the BCLA protein has been given special atten-
tion as a possible antigen for vaccine development [16, 17].
The BCLA protein, composing the exosporium, interacts

with the phagocytes of the host organism, thereby pro-
moting the penetration of the pathogen into the cell and

its subsequent germination - the process by which the

spores stop being dormant [4].

Germination is initiated by presence of essential nut-
rients, which is detected by receptors in the inner mem-
brane of the spore. The binding of the receptors leads to
a cascade of successive reactions, including the influx of
water, the release of cations and dipicolinic acid, the pH
rises to 7.7, and the glycopeptide cortex is hydrolyzed.
When pH changes, intracellular enzymes are activated,
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the spore coats are destroyed, and vegetative metabo-
lism reactivates, including the production of powerful
virulence factors [18].

Ecology of B. anthracis in soil

To date, there are several different theories of the B. an-
thracis ecology in soil. The first was put forth in 1941 [19].
According to this theory, the pathogen is able to germi-
nate in certain «incubator areas», that is, in soils rich in or-
ganic matter, calcium, with a pH greater than 6.0 and an
ambient temperature above 15.5 °C. Sporadic outbreaks of
anthrax occur as a result of the pathogen germination in
the surface soils under certain climatic and environmental
conditions, contributing to accumulation of high concen-
trations, able to infect grazing animals.

A competing hypothesis suggests that these local accu-
mulations emerge from the physical pooling of spores in
rainwater depressions because of the spores hydrophobic
surface character [20-22]. Furthermore, vegetative cells of
B. anthracis were suggested to be unable to successful-
ly compete with resident soil microbiota and have never
been found in natural environments. Also the clonal ge-
netic character of this microorganism, isolated from infec-
ted animals, argues against frequent episodes of soil pro-
liferation. This statement is inconsistent with the fact that
probe sequencing of soils contaminated with B. anthracis
spores showed the presence of isolates that lack one or
both virulence plasmids [23, 24]. The latter is indicative
of the active metabolism of the pathogen in the environ-
ment, but its further fate in the soil is disputable.

Over time, an increasing number of laboratory results
contradicted the established opinion that B. anthracis is
an obligate pathogen and is able to reproduce exclusive-
ly in susceptible animals. For example, other members of
the genetically homogeneous group B. cereus sensu lato
were discovered as common inhabitants of the inverte-
brate gut [25], and as saprophytes in the rhizosphere of
plants [26]. This gave rise to the assumption that the B. an-
thracis germination is not limited to the animal body.

Cc D
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After study of closely related species, similar studies
were conducted in the laboratory conditions, which con-
firmed the capacity of B. anthracis to germinate in the
rhizosphere of some plants [26] and inside soil amoe-
bas (Fig. 2) [27], which significantly expanded knowledge
about its life cycle and the capacity to dictribute in the
environment.

In addition, domestic researchers have found that
B. anthracis spores can persist and spread in the soil with
earthwormes. It was found that 50-70% of spores retain
their properties and virulence in the worm gut for 30 days
(the study period) [28].

No less interesting is the life cycle of B. anthracis, in-
teracting with bacteriophages that mediate phenotypic
changes and cause the appearance of lysogenic variants of
the pathogen with a pronounced improvement in survival.

In the course of long-term studies, various B. anthracis
phages were identified (Fig. 3) [29], including for vaccine
strains with low virulence, such as Sterne, Pasteur, and Vol-
lum [30]. As for field strains, soil isolates of B. anthracis of-
ten contain phage plaques when cultured [26]. In addition,
studies of more than 160 natural B. anthracis isolates re-
covered from the environment and from diseased animals
showed that more than 20% of them were infected with
various phages. Free, infective phages for B. anthracis are
also found in many environments, including sewage, tan-
nery effluent, animal hair, soil and water at or near anthrax
carcasses, as well as soil at non-endemic areas [29].

As an example of the bacteriophage-mediated variabi-
lity of B. anthracis, the results of studies published in the
early 215t century can be cited. The strains of bacilli isolated
from wild apes in African countries: Cameroon and Cote
d’Ivoire are described in the papers. The studied bacteria
were characterized by the motility, resistance to penicillin
and diagnostic gamma phage, the ability to form a capsule
not only after induction by CO, and bicarbonate, the secre-
tion of protective antigen and lethal factor. These strains
had both the toxin and the capsule plasmid pBCXO1 and
pBCX02, with sizes corresponding to the B. anthracis viru-

Fig. 3. Transmission electron micrographs of bacteriophages negatively stained with 2% uranyl acetate [29].
The bacteriophages infecting B. anthracis include, (A) W, (B) Wip1, (C) Wip2, (D) Wip4, (E) Wip5, (F) Frp1,
(G) Frp2, (H) Htp1, and (I) Bcp1. An extract from the gut of the earthworm Eisenia fetida is shown (J)

with two distinct and uncharacterized phages indicated by arrows

Puc. 3. lpocseyusarouas 31ekmpoHHas MUKpockonus 6akmepuoghazos, evidesieHHbix om B. anthracis,
ompuyamersibHO OKpaweHHbIx 2%-M pacmeopom ypaHunayemama [29]. bakmepuoazu, uHpuyupyrowue
B. anthracis, sknroyarom: (A) W, (B) Wip1, (C) Wip2, (D) Wip4, (E) Wip5, (F) Frp1, (G) Frp2, (H) Htp1

u(l) Bep1. J - skempakm u3 kuwieyHuka 0ox0es020 yepes Eisenia fetida (cmpenkamu 0603HayeHs!

08a HeUOeHMUMUUUPOBAHHbIX haza)
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lence plasmids pXO1 and pX0O2. Genetic analysis of these
strains revealed a close relationship with both classic
B. anthracis strains and two uncommonly virulent B. cereus
and B. thuringiensis isolates. The authors of the study pro-
posed that the newly discovered strains share a common
ancestor with B. anthracis or that they emerged recently by
transfer of the B. anthracis plasmids to a strain of the B. ce-
reus group [31-34]. These strains were designated B. cereus
biovar anthracis. These strains were as virulent for mice
and guinea pigs as wild-type B. anthracis and remained
virulent after removal of the plasmid encoding capsule
synthesis. In addition to the poly-D-glutamate capsule,
these strains were found to produce a hyaluronic acid
capsule encoded by the pBXO1 plasmid. Such phenotypic
changes enabled systemic dissemination, thus providing a
clear evolutionary advantage [35]. In this regard, it is rele-
vant to further study the life of these B. anthracis strains in
the environment and organisms of susceptible animals as
pathogens of potentially new infectious diseases.

Ecology of B. anthracis in the environment

More than 50 species of animals belonging to 8 orders
and 23 families are susceptible to the B. anthracis, which
explains the reason for the wide geographical spread of
this infection around the world [20]. However, birds are
not susceptible to this pathogen, nevertheless, they play
a significant role in the epizootology and epidemiology
of anthrax, contributing to the spread of spores to new
territories [36].

Itis known that the condition for B. anthracis circulation
in nature is the contamination of the soil with spores after
the death of a diseased animal. However, if the integrity of
the carcass is preserved, the bacilli do not sporulate and
die [37]. Therefore, the activity of scavenger birds has a sig-
nificant impact on the circulation of the pathogen: carcass
consumption contributes to spore formation, and disper-
sing the remains leads to widespread contamination of the
soil with spores.

Experimental studies of other authors have shown that
birds, consuming meat of infected animals, can secrete
spores of the pathogen with excrement for a long time
and transfer them in the beak and on the paws. Flying over
long distances, birds can spread spores in areas where
this disease has not been previously recorded [38]. In our
country, scavenger birds consuming reindeer carcasses are
actively involved in the spread of B. anthracis spores. Syn-
anthropic birds are also dangerous. For example, studies
were conducted in the UK to study the role of house spar-
rows Passer domesticus in the spread of B. anthracis spores.
Scientists have found that 2% of these birds are carriers of
B. anthracis spores. The researchers suggest that in coun-
tries with a high incidence of anthrax, the percentage of
infected sparrows must be higher [36].

One of the indicators of anthrax prevalence in nature
is the circulation of the pathogen among various rodent
species. Reports on the isolation of B. anthracis from field
rodents in the Russian Federation regions and the former
Soviet Union countries evidence that anthrax is latent in
naturally infected mouse-like rodents. B. anthracis cultures
were repeatedly isolated from clinically healthy field mice
showing no post-mortem changes in organs and tissues,
which reflects the possibility of unhindered spore disse-
mination with these animal species.

The ability to transfer B. anthracis spores with
blood-sucking insects is also very important. Flies, horse-

flies, ticks, and mosquitoes feed on the blood of infected
animals. Then, moving and biting a healthy animal, they
introduce the pathogen into a new susceptible organism.
In addition, it was found that, flying into the adjacent ve-
getation, they secrete both spores of the pathogen and
vegetative cells. The researchers noted that B. anthracis
spores were found on the leaves of plants at a distance of
1-3 meters from the dead animal carcass [20].

Thus, in addition to susceptible animals, there are a
large number of species that contribute to the mainte-
nance and spread of the pathogen in the environment,
which, in turn, makes it difficult to control this infection
and requires strict measures for specific prevention of
anthrax.

Problems of anthrax soil foci

One of the main reservoirs of B. anthracis is the soil,
which is considered the second source of the disease af-
terinfected animals. Infection with B. anthracis spore form
was reported after contacts with spore-contaminated soil
in 3-14% out of total number of cases [39]. Spore-contam-
inated soil can remain a source of infection for many de-
cades.To date, it has been established that anthrax bacillus
spores can persist for up to 200 years. However, the exact
period of possible presence in the soil and the ability to
infect living organisms with B. anthracis spores has not yet
been established [20].

A retrospective analysis of data on anthrax incidence in
Russia in the 18" and 19' centuries shows that it was one
of the most common diseases. During this period, more
than 100,000 cases were officially recorded in the country.
In the 20™ century, 69,827 anthrax outbreaks occurred
on the territory of our country [40]. Many carcasses were
buried without prompt control, which led to a wide spread
of soil foci and an increase in the number of anthrax animal
burial sites on the territory of Russia.

In the Russian Federation today, there are more
than 35,000 permanently anthrax infected settlements,
14,109 animal burial sites, of which 3,193 are anthrax burial
sites [41]. Abandoned animal burial sites and animal burial
sites with unknown geographical coordinates are particu-
larly dangerous. Many soil foci are not marked on maps or
on the terrain. Initially, these burials were under the con-
trol of local veterinary services, but over many decades, as
a result of numerous reorganizations and the transfer of
control functions over animal burial sites from one agency
to another, the archived data on these animal burial sites
were lost in most cases. As a result, on the territory of our
country there are a large number of anthrax soil foci, both
known and uncontrolled, which pose a great danger of
potential spread and infection with this highly dangerous
infection.

To date, Russian scientists have developed a number of
methods for the disinfection of anthrax soil foci, but there
are no effective and environmentally friendly methods
among them. It should also be noted that it is impossible
to accurately determine the effectiveness of disinfection
of anthrax soil focus, since, according to researchers, the
possibility of detecting B. anthracis and isolating it from
the soil is no more than 1.5% [42]. In this regard, all exis-
ting anthrax burials have a potential danger to a greater
or lesser extent [43].

Recently, due to the use of previously abandoned
land, increase in residential development, there is a need
for a detailed study of this danger, which, according to
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researchers, persists because of violated conditions
for burial site maintenance [44]. According to available
data, on the national scale, on average, 37% of biological
waste disposal sites are in poor veterinary and sanitary
condition [40]. The situation related to the maintenance
of burial sites in infected regions poses a potential dan-
ger and requires constant monitoring of the state of
these sites.

Currently, specialists are developing methods for stu-
dying the epizootological and epidemiological danger of
anthrax burials, aimed at assessing the risks of their pos-
sible impact on outbreak occurrence and the spread of
infection in order to prevent it [42].

According to the researchers, the increasingly emerging
initiatives for the elimination or conservation of anthrax
burial sites are not only useless, but also harmful, since
they exclude the possibility of further predicting the risks
associated with the soil foci that surround the burial sites
and cannot be decontaminated [42, 45]. In addition, local
disinfection of known soil foci is not able to provide its
complete elimination. Due to the fact that several dozen
species of wild animals are susceptible to anthrax, which
are potential carriers of it, it can be assumed that there are
many other foci in the wild, and with each new animal that
becomes diseased, their number increases.

CONCLUSION

One hundred and fifty years of studying the ecology of
B. anthracis has allowed us to shed light on many aspects
of the pathogen’s existence in the environment, to estab-
lish its connection and interaction with various species
of living organisms. However, many links in the life chain
of B. anthracis in the abiotic environment remain poorly
understood. Questions concerning the mechanisms, ways
of existence and evolution of anthrax causative agent
outside the animal’s body also require an in-depth study,
which will make a significant contribution to solving the
global problem of protecting animals and people from this
natural focal infection.
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SUMMARY

The due performance by the veterinary service of its assigned functions depends largely on the amount of funding provided for different aspects and types of its
activities. The paper presents analysis results for 13 main funded activities of veterinary services in 85 Subjects of the Russian Federation in 2019. All the funded
activities were reviewed in relation to three funding sources: the federal budget, the budget of a Russian Federation Subject and extrabudgetary sources. The paper
examines funding levels of the Russian Federation Subjects’ veterinary services (against actual funding requirements) with respect to each object of expenditure
and each funding source; besides, the share of each funding source in overall funding of the veterinary service of the country on the whole and of certain types of
its activities was determined. In 2019, overall funding of the veterinary service of the country amounted to about 49.5 billion rubles which made up 96% of funding
requirements for this period. The major sources of funding were the budgets of the Russian Federation Subjects (56.3%) and veterinary services'own extrabudgetary
resources (43.2%). Only 0.5% of all the funds received by the state veterinary service of the Russian Federation were allocated from the federal budget. The following
4 out of 13 analyzed aspects of activities of the Subjects’ veterinary services were fully funded: staff salaries, anti-epidemic activities, the purchase of reagents and
test systems, the implementation of monitoring and screening programmes at the Subject level for contagious animal disease control. The funding levels for other
activities of the country’s veterinary service were from 9% (accreditation of veterinary laboratories and maintenance of accreditation) to 87% (the implementation
of regional monitoring of food product, raw material, animal product quality and safety; animal health awareness-raising and information activities).

Keywords: Funding of veterinary service, veterinary service funding sources, funding level, federal budget, budget of Russian Federation Subject, extrabudgetary
funding.
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PE3IOME

BbinonHeHue BeTepuHapHoii cny060il Ha JOMKHOM YPOBHE BO3NI0MEHHDBIX Ha Hee GYHKLMIA BO MHOTOM 3aBUCUT OT 06bema GUHAHCUPOBAHUA PasNNYHbIX Ha-
npaBneHnii 1 BUROB JeATeNbHOCTY. B (TaTbe npefcTaBneHbl pe3ynbTaTbl aHanu3a 13 0CHOBHbIX HanpaBAeHHii pHAHCUPOBAHNA [eATENbHOCTIA BETEPUHAPHBIX
nyx6 B 85 cybbekTax Poccuiickoir Oegepaumn 8 2019 1. Bce HanpaBnexna GuHaHMPOBaHUA PaccMaTPUBANUCL B pa3pese TPex MCTOUHIKOB: U3 pefepanbHoro
brozkeTa, broKeTa cybbekTa PO 1 BHeOKAXETHBIX MCTOUHMKOB. B paboTe paccMoTpeHbl Nokasatenu obecneyeHHOCTH BETCYKO cy6bekToB PO duHaHwmpo-
BaHueM (0T peanbHoii NOTPEBHOCTY) MO KAXKAO0N CTaTbe PACcXOA0BAHNA CPEACTB U KAXKAOMY UCTOUHUKY GUHAHCUPOBAHWA, a TaKXe ONpeAeNneHbl 40N KaKL0ro
CTOYHUKA QUHAHCUPOBAHMA B 06LLem 06beme GUHAHCMPOBaHNA BETCNYXObI CTPaHbI B LIeSIOM 1 N0 KOHKPETHbIM HanpaBneHuam ee AeatenbHocTu. 06wmit
06bem GrHaHCMPOBaHNA BeTepUHapHOil Cy6bl cTpanbl B 2019 T. cocTaun okono 49,5 mnpg pybneii, uto cooTBeTCTBYET 96%-1 06€cneyeHHOCTH OT Tpebyemoro
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GUHAHCMPOBaHWA 32 AaHHbIit nepuop. OCHOBHbIMM MCTOUHNKaMI GUHAHCUPOBAHNA ABUANCH OlofKeTbl CyobekToB PO (x sona 56,3%) v BHebIoAXeTHbIe Cpes-
(TBa Camux BETCTYXO (Mx pona 43,2%). 113 denepanbHoro OtoaxeTa 6bio BbiAeneHo T011bKo 0,5% Bcex AeHEXHDbIX (PeACTB, GakTuecku noctynusLumx 8 2019 .
B FOCYAAPCTBEHHYI0 BeTepUHApHyto cy6y PO. MonHas 0becneyeHHOCTb GUHAHCUPOBaHIMEM BETCIYXObl CyobekToB PO Habntoaanack no uetbipem (13 13 aHanu-
31pyeMblX) HanNPaBNEHMAM: Ha 3apaboTHYH NNaTy COTPYAHUKOB, Ha NPOTUBO3NKM300TUYECKIE MEPONPUATIA, Ha 3aKYNKY PeareHToB 1 TeCT-CUCTeM, Ha peanu3aLmio
MOHUTOPUHTOBBIX 1 CKDUHUHTOBbIX POrPaMM CyGbEKTOBOr0 YPOBHS MO KOHTPONIO 3apa3Hbix 607e3HeiA XKUBOTHBIX. [0 0CTaNbHbIM HaNPaBeHNAM AeATENbHOCTU
YPOBEHb 00ecneyeHHoCTH GUHAHCUPOBaHKEM BETCTYObI CTPaHbl COCTaBUN OT 9 (Ha aKKpeAUTaLMIO0 U NOALEPXKaHMe aKKpeAUTaL M BeTepUHAPHbIMY NabopaTo-
puamu) 5o 87% (Ha npoBezieHue PernoHanbHOro MOHUTOPUHIA KauecTBa v 6e30MacHOCTH NIALLEBbIX NPOAYKTOB, CbIPbA, MPOAYKLVY XXUBOTHOFO NPOUCXOXAEHNS;
Ha BeTEPUHAPHO-NPOCBETUTENDCKYI0 N NHPOPMALMOHHYHO IEATENbHOCTD).

KnioueBble cnosa: OuHaHpoBaHue BeTepuHapHoIi Cy6bl, UCTOUHUKM GUHAHCMPOBAHWA BETEPUHAPHOI CNyX0bl, ypoBeHb GUHAHCOBOrO 0becneyeHus,
denepanbHblil Giogxer, blomkeT cybbekTa denepaunn, BHebIogxKeTHOE GUHAHCMPOBaHKE.

bnaropapHocTb: Pabota BbInonHeHa 3a cuet cpeacts OIBY «BHU3MX» B pamkax TeMaTuki HayuHo-UccneoBaTeNbCkux pabot «BetepuHapHoe bnarononyunes.

[ina yutuposanua: Knuxosuukas U1. M., linbaes M. A., Kapaynos A. K. OunaHcoBoe obecneyeHne JeATebHOCTY FOCYAAPCTBEHHOI BETEPUHAPHON CYKObI

cy6bekToB Poccuiickoit Oegepauum. Bemepurapus cezodns. 2021; 2 (37): 159-165. DOI: 10.29326/2304-196X-2021-2-37-159-165.

KoHdnukT unTepecoB: ABTOpbI 3aABNAKT 06 OTCYTCTBUI KOHGNUKTA UHTEPECOB.

[ins koppecnonpenuyn: KnuHouuKas Mpuna MuxaiinoHa, kaHauaar 5KOHOMUYECKIX HayK, CTapLLiA HayUHbIil COTPYLHUK NHGOPMALIMOHHO-AHANMTUYECKOTO
uenTpa OTBY «BHUKU3X», 600901, Poccus, r. Bnagumup, mkp. l0pbesew, e-mail: klinovitskaya@arriah.ru.

INTRODUCTION

Funding level is one of the most important characte-
ristics of state veterinary service activities.

In order to ensure animal disease freedom in the coun-
try as a whole and in particular Subjects of the Russian
Federation (hereinafter — the Subjects), preventive, diag-
nostic, therapeutic, veterinary and sanitary, as well as other
measures are implemented that are primarily aimed at the
reduction of animal production costs and prevention of
significant economic losses resulting from infectious ani-
mal disease outbreaks, as well as of acute zoonotic infec-
tions in humans. The implementation of such activities
requires substantial funds allocated from different sour-
ces: the federal budget, the budgets of the Subjects and
extrabudgetary sources. The federal funds are provided for
the control of certain highly dangerous infectious animal
diseases (African swine fever, rabies, avian influenza, foot-
and-mouth disease, classical swine fever, etc.) in order to
ensure the country’s veterinary and sanitary safety and are
expended in full compliance with the Law of the Russian
Federation on the federal budget for a particular period
and the Budget Code of the Russian Federation [1, 2].

The consolidation of the role of the Subjects’ authori-
ties in regional economic governance increases the signi-
ficance of regional budgets that are created, approved and
expended at the discretion of the Subjects’ authorities in
accordance with the Budget Code of the Russian Federa-
tion [3, 4]. Almost all the veterinary service activities are
funded from regional budgets.

The income from rendering chargeable services, bank
borrowings, etc. can serve as extrabudgetary funding
sources [5]. They are also regulated by the law and are ne-
cessary to provide additional funding for different activi-
ties of the Subjects’veterinary services and have proven to
be animportant element of sustainability of the veterinary
service as a whole.

The government and its structures should ensure the
availability of sufficient funding for the state veterinary ser-

vice maintenance and implementation of key veterinary
activities aimed at accomplishing the assigned tasks [6].

In view of the fact that available and official informa-
tion on the funding of the state veterinary service of the
country as a whole and of each particular Subject is very
limited, the study was aimed at selection, collection and
overall analysis of the most relevant indicators that al-
lowed for assessment of funding level for different types
of activities in each Region. The findings of the study
aimed at the analysis of compiled quantitative data on
the structure and level of funding are, for the first time,
presented in this paper.

MATERIALS AND METHODS

Data for 2019 provided by the veterinary executive
authorities of the Russian Federation Subjects using
the primary data collection form developed by the
FGBI “ARRIAH" served as a practical basis for the analysis
of funding of the state veterinary service of the Russian
Federation and its Subjects. The information was received
from 85 Subjects. The data were collected using Assol.
Express component of FGIS VetlS.

Theoretical and methodological framework for the
study includes the laws of the Russian Federation and
methods of analysis described in contemporary scientific
articles on this issue published in the field-specific publi-
cations.

The following methods were used: analytical method,
comparative analysis, descriptive statistics, compilation
and grouping methods.

In this study, funding level was determined based on
the ratio between actually provided and required (ne-
cessary) funding, i.e. the state veterinary services of the
Subjects were given the opportunity to determine inde-
pendently, based on reasonable expenses, their material
and resource requirements for the execution of tasks and
functions laid down in the Veterinary Law of the Russian
Federation, taking into account each Region’s particular
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circumstances (natural climatic conditions, territorial fac-
tors, social and economic development level, specific fea-
tures of economic activities, etc.).

RESULTS AND DISCUSSION

The state veterinary service of the Russian Federation
is tasked with ensuring compliance with veterinary and
sanitary safety requirements [7]. A certain economic foun-
dation is required for effective functioning of the veteri-
nary service. This means that there is a close relationship
between the veterinary service’s performance and funding,
the level of which has an effect primarily on the organiza-
tion of preventive and anti-epidemic activities, as well as
on the level of staff salaries, fit-out of facilities, the avai-
lability of means of transport, the purchase of laboratory
equipment, etc.

The state veterinary service of the Russian Federation
is funded from three sources: the federal budget, the bud-
gets of the Subjects and extrabudgetary funding sources.
In 2019, the overall funding (from all the funding sources)
of the state veterinary service amounted to about 49.5 bil-
lion rubles, of which 56.3% were allocated from the bud-
gets of the Subjects, 43.2% - from extrabudgetary sources,
and about 0.5% - from the federal budget (Fig. 1).

In the country as a whole, veterinary service funding
level was 96%. Funding received from the Subjects’ bud-
gets and the federal budget was lower than requirements,
as indicated by the level of funding provided from these
sources — 89 and 97%, respectively. Only extrabudgetary
funding of the veterinary services’ activities was sufficient
to cover the requirements for funding from this source.

The level of funding from the Subjects’ budgets was
low (not more than 50% of requirements) in 6 Regions of
the Russian Federation. Full (100%) funding was provided
in 54 Subjects. Funding levels for the veterinary services
of the remaining 25 Subjects varied over a wide range -
from 51 to 99%.Thus, the veterinary services of 31 Regions
of the country were, to varying extents, underfunded as
regards the implementation of their assigned tasks.

The largest part (62%) of all funds allocated to the
veterinary services (from all funding sources) was used
to pay staff salaries and fully covered funding require-
ments for such expenditures in the country as a whole.
The veterinary services of 64 Subjects were 100% funded
from the regional budgets for the payment of staff sala-

Federal budget
Extrabudgetary 0.5%
sources
43.2%

ries; in other Regions, the levels of such funding varied
from 40 to 99% (most of the veterinary services of these
Subjects attracted additional funding from extrabudge-
tary sources). It should be noted that the salaries of ve-
terinary specialists in most Regions of the Russian Fe-
deration are not high. In particular, veterinary specialist
salaries, including executive salaries, were average or
just above average for the Subject as a whole in 31 Sub-
jects, and when excluding executive salaries — only in
15 Regions. Such situation requires the attention of the
Subjects’ authorities. Decent salaries will provide the ba-
sis for veterinary profession prestige enhancement, and
this will allow for state veterinary service staffing with
qualified personnel for appropriate implementation of
the tasks assigned [8].

In order to attract and retain qualified personnel,
many veterinary services implemented social support
measures for veterinary specialists that are to be funded
from local budgets and extrabudgetary sources only. The
level of funding for these expenditures in the country as
a whole (from all the funding sources) was 18%, from the
budgets of the Subjects - only 16%, from extrabudgetary
sources — 50%. No funding from any sources was envi-
saged for these expenditures in 54 (out of 85) Subjects.
The veterinary service funding requirements for these
expenditures were fully covered through local budgets in
16 Regions only. Underfunding of this aspect of veterinary
service activities may result in lower level of competence
among veterinary specialists. To improve the situation,
more active attraction of additional budgetary and extra-
budgetary funds is required, in particular in order to retain
veterinarians in rural locations, to provide material incen-
tives and advanced training for them.

One of important characteristics of the veterinary ser-
vices of the Subjects is the level of veterinary specialists’
qualification. Over the past 5 years, about 67% of the ve-
terinary specialists of the country’s state veterinary service
received advanced training. According to the veterinary
services of the Subjects, in 2019, more than 91 million
rubles were spent on advanced training; three quarters
of these funds were provided from extrabudgetary sour-
ces, funding level was 99%. Funding from the Subjects’
budgets covered 43% of requirements in the country as
a whole. The amount of funding allocated for advanced
training of veterinary specialists from regional budgets

Budgets of Russian
Federation Subjects
56.3%

Fig. 1. Funding structure of the state veterinary service of the Russian Federation in 2019

Puc. 1. Cmpykmypa puHaHcupo8aHus 20Cy0apcmeeHHoU semepuHapHoU ciiyx6wbl PO 8 2019 2.
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over the year varied from 7 thousand to 8 million rubles.
Extrabudgetary funding amount varied from 80 thousand
to 7 million rubles for a Subject. Notably, funding allocated
for such expenditures from local budgets was higher than
that from extrabudgetary sources in 7 Subjects only; no
funding was provided from any sources in 12 Subjects. In
the country as a whole, funding level for advanced training
of veterinary specialists was 72%.

One of the main tasks of the veterinary service is the
implementation of anti-epidemic activities aimed at pre-
vention and control of infectious animal diseases. In the
country as a whole, funding requirements for the imple-
mentation of anti-epidemic activities were fully covered.

The budgets of the Subjects were the key source of
funding for such activities; their share of the overall fun-
ding for such expenditures was 93%. Funds attracted
from the federal budget accounted for 2% of the total
funds spent on anti-epidemic activities in the country,
funds attracted from extrabudgetary sources - for 5%.
Funding from the federal budget was allocated to 17 Sub-
jects that needed and applied for federal budget funding
for 2019. According to the Subjects’ veterinary executive
authorities, 60 Subjects had no need for federal budget
funding, but in 2018 the outbreaks of highly dangerous
and quarantinable diseases, such as rabies, brucellosis,
African swine fever, avian influenza, lumpy skin disease,
sheep pox, etc. were reported there (one to six infections
in a Subject), and that could have served as a ground
for applying for federal budget funding for anti-epide-
mic activities for 2019. Many of these Subjects may have
intended to solve this issue through local budget funding
only; these include 5 Subjects where 1 to 3 diseases (Afri-
can swine fever, rabies, brucellosis) were reported, how-
ever they did not plan to receive and received no funding
from any source in 2019.

Most of the Subjects (58 out of 85) were fully funded
for the implementation of anti-epidemic activities from
regional budgets and thus were able to purchase disinfec-
tants, vaccines, diagnostic kits, test systems, expendables,
etc. in sufficient quantities. The level of funding was very
low (only 8% of requirements) in one Oblast. Funding si-
tuation can be considered as close to critical in 2 Subjects
where funding levels were 20 and 28%. Besides, 8 Regions
of the country received no funding from this source. In
the remaining 16 Subjects, 43 to 99% of requirements for
anti-epidemic activity funding from local budgets were
covered.

Thus, the analysis results show that there is an obvi-
ous connection between funding and infectious animal
disease freedom (including with respect to quarantinable
and highly dangerous diseases) of a Subject. Consequently,
underfunding of such activities has negative impact on
the epidemic situation in the Regions of the country.

Many indicators, in particular the level of funding for
the purchase and fit-out of facilities for the veterinary
service activities, show the extent to which the Subjects’
authorities are interested in veterinary service develop-
ment. In the country as a whole, the level of such funding
was as low as 37% of requirements. The level of funding
provided from the Subjects’ budgets was 25%. The prob-
lem was solved mainly through extrabudgetary funding
that covered 93% of requirements. No federal budget
funding was provided for. The level of funding for these
expenditures was very low (3, 5 and 12%) in 3 Subjects.
The veterinary services in 41 Regions received no funding

for these purposes from local budgets. At the same time,
the veterinary services in other 34 Subjects were 100%
funded from the Subjects’ budgets for the purchase and
fit-out of facilities required for their activities. Funding
levels varied within the range of 25-96% in the remain-
ing 7 Regions. Appropriate implementation of duties
and responsibilities assigned to the veterinary service,
in particular the number and scope of veterinary acti-
vities conducted, depend on the condition and fit-out
of its facilities.

Funding for the purchase of laboratory instruments
and equipment (including those required for veterinary
and sanitary examination) was provided from the Subjects’
budgets and extrabudgetary sources (only one Oblast re-
ceived funding for these expenditures from the federal
budget) and covered 67% of required funding for the ve-
terinary service of the country as a whole. The overall level
of veterinary service funding provided from the Subjects’
budgets was 65%, of that provided from extrabudgetary
sources — 73%. The level of funding was influenced by the
situation in 9 Subjects, which, according to the submitted
data, had the need for funding but in fact no funds were al-
located to them. The veterinary services of 3 Oblasts were
significantly underfunded (with their funding levels being
8, 12 and 15%) from the Subjects’budgets. The veterinary
services in 46 Subjects received full (100%) funding from
this source. Due to underfunding, veterinary laboratories
were provided with less diagnostic tools than required,
and that naturally affected the technical capabilities and
modernization of laboratories.

The situation is much better as regards the funding of
veterinary laboratories for the purchase of reagents and
test systems in the country as a whole. Funds for these
expenditures were provided from three sources, and 100%
of funding requirements were covered. Most of the funds
for these purposes were allocated from extrabudgetary
sources being 2.4 times higher than funds provided from
the Subjects’ budgets and 11 times higher than those re-
ceived from the federal budget. The federal budget funds
were allocated to 7 Subjects only, and that allowed to fully
cover the requirements for funding from this source.

The level of funding provided from local budgets for
these expenditures was 100% in 46 Subjects. No funding
from this source was envisaged for many veterinary ser-
vices (in 30 Subjects). The level of funding from the Sub-
ject’s budget was the lowest (5%) in one Oblast; in the
other 8 Subjects, funding levels were 45-96%. Underfun-
ding of laboratories can affect their technical capabilities,
reduce the range of veterinary services provided, and this,
in turn, will have impact on epidemic situation control in
the Region.

As for veterinary laboratories’ activities related to ac-
creditation and maintenance of accreditation, 73% of
funds received for these purposes were attracted from
extrabudgetary sources and only 27% - from the bud-
gets of the Subjects. Extrabudgetary funding almost
fully (97%) covered the requirements, whereas funds
allocated from the Subjects’ budgets covered only 3%
of required funding from this source. This suggests that
60 Subjects received no funding from local budgets; in
order to make up a shortfall of funding, funds from extra-
budgetary sources were attracted. The situation is quite
the opposite in 18 Subjects the authorities of which are
interested in accreditation of the veterinary laboratories
of the Region and, consequently, in the maintenance of
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their status as evidenced by 100% funding provided for
these activities. In the remaining 7 Subjects, the levels
of funding provided by the Subjects were 9 to 59%. It is
known that the accreditation of laboratories in a certain
field serves as an evidence of their competence upon
which the reliability of test results and the validity of
managerial and organizational decisions made on their
basis depend.

Funding for the purchase of various means of trans-
port (in particular, specialized ones) was provided from
the local budgets of the Subjects, as well as from extrabud-
getary sources and covered 39 and 85% of requirements,
respectively, in the country as a whole. In absolute terms,
funds provided from the Subjects’budgets were 1.7 times
more than those provided from extrabudgetary sources.
Full (100%) funding from the Subjects’ budgets was pro-
vided in 40 Regions of the country. However, no such fun-
ding was provided in 34 Subjects. The situation was close
to critical in 5 Oblasts, where funding levels were 3 to 36%.
Underfunding for the purchase of means of transport, es-
pecially of specialized ones, can result in undue replace-
ment and maintenance of vehicles and, consequently,
affect the mobility of veterinary service specialists and
implementation of the full range of disinfection activities,
and this can be critical for providing prompt veterinary
assistance, especially in remote areas.

The purchase of Komarov’s disinfection units (DUKs)
and other disinfection units was 93% funded from the
local budgets, and only 7% of funds were attracted from
extrabudgetary sources. However, data show that fun-
ding allocated from the budgets was not sufficient, since
it covered only 23% of required funding from the Sub-
jects. This was due to the situation when the veterinary
services of 13 Subjects had the need for funding for the
purchase of such disinfection units, but received none. Al-
together, 56 veterinary services received no funding from
local budgets. At the same time, the veterinary services
in 22 Regions were fully provided with funding from this
source. For the remaining 7 veterinary services, this indi-
cator varied over a wide range of 16-88%. In the country as
a whole, the level of funding from both sources was 24%.

Funding for such essential activities as implementation
of monitoring and screening programmes at the Subject
level aimed at contagious animal disease control, the tasks
and objectives of which are determined by the Subjects
veterinary services, was to be provided from the local bud-
gets. Indeed, 96% of funds allocated for these purposes
were provided from the Subjects’ budgets and 4% - from
extrabudgetary sources. Funding from the Subjects’ bud-
gets was allocated in 25 Regions of the country (full fun-
ding was provided). Regional funding was not provided for
in 60 Subjects, despite the fact that the veterinary services
of 6 Regions had the need for such funding during this pe-
riod. In some Subjects, certain funds forimplementation of
such programmes were allocated from the local budgets,
though there was no planned requirement for such fun-
ding. In the country as a whole, funding requirements for
monitoring and screening programme implementation
were fully covered.

Regional monitoring of quality and safety of food
products, raw materials, animal products, feed and bio-
logical materials, the tasks and objectives of which are
also determined by the Subject’s veterinary service, was
funded from regional budgets (89%) and extrabudge-
tary sources (11%). The situation was most favourable

'

in one third of the Subjects (26 Subjects) where funding
requirements for these expenditures were fully covered.
The complete absence of funding was reported by 55 Re-
gions of the country, 5 of which had the need for such
funding. As for the remaining 3 Subjects, their funding
levels were 25, 60 and 70%. In the country as a whole, the
level of funding from both sources was 87%; in particular,
the level of funding provided from the Subjects’ budgets
was 86%, from extrabudgetary sources — 89%. Increased
funding will allow expanding the scope of tests for quali-
ty and safety parameters for food products, raw materials,
animal products, feed, etc.

One of important tasks in the work of veterinary ser-
vices is carrying out animal health awareness-raising
and information activities (organization of citizens’
meetings, production of leaflets, presentations, lectures,
media publications, website maintenance, etc.) [9]. In
total, about 40 million rubles were spent for their im-
plementation in the country, which covered 87% of fun-
ding required for these purposes. Funding was provided
from two sources: regional budgets and extrabudgetary
sources (40 and 60%, respectively.) On average, across
the country, the level of funding from the Subjects’ bud-
gets was 74%, from extrabudgetary sources - 99%. Fun-
ding from local budgets was provided in 27 out of 85 Re-
gions of the country, 25 of which were 100% funded for
these activities (in 2 Subjects, the funding levels were 0.4
and 11%). No funding from the local budgets was provi-
ded for in other Regions of the Russian Federation. Be-
sides, the veterinary services of 37 Subjects received no
funding from any source.

The complete absence of funding or low funding
of such activities is likely to be indicative of the lack of
the Subject authorities’ interest in animal health aware-
ness-raising and information activities among the people
of the Region, which are primarily aimed at preventing ani-
mal diseases and enabling people to actindependently in
various situations. N. |. Pirogov, a great Russian surgeon,
wrote,“Medicine of the future is preventive medicine”[10].

Funding levels for various activities of the state vet-
erinary service described above are more visibly shown
in Figure 2.

CONCLUSION

The analysis of information provided by the veterinary
executive authorities of the Russian Federation Subjects
allowed for objective assessment of funding level of the
veterinary services of the country as a whole and of indi-
vidual Subjects in relation to their main activities.

In the country as a whole, funding level was 96%. The
budgets of the Subjects were the major source of funding
which covered over half of total actual expenditures over
the year. The largest part (62%) of all the funds allocated
to the veterinary services was used to pay staff salaries, the
rest of the funds were distributed among other activities.

Annual funding was fully provided from local budgets
in 54 Regions of the country. The funding requirements
for the following activities were fully covered through fun-
ding from the Subjects’budgets:

- staff salaries - in 64 Subjects;

- the attraction and retaining of qualified personnel -
in 16 Subjects;

- advanced training - in 35 Subjects;

- the implementation of anti-epidemic activities —
in 58 Subjects;

VETERINARY SCIENCE TODAY, JUNE Ne2 (37) 2021 | BETEPUHAPUA CETOLHS, MIOHb Ne2 (37) 2021



ORIGINAL ARTICLES | GENERAL ISSUES OPUTUHATIbHBIE CTATbY | OBLLIE BOMPOCHI

- the purchase and fit-out of facilities for the veterinary
service activities — in 34 Subjects;

- the purchase of laboratory instruments and equip-
ment - in 46 Subjects;

- the purchase of reagents and test systems - in 46 Sub-
jects;

- the accreditation of veterinary laboratories and its
maintenance - in 18 Subjects;

- the purchase of means of transport — in 40 Subjects;

- the purchase of DUKs and other disinfection units -
in 22 Subjects;

- the implementation of monitoring and screening
programmes at the Subject level - in 25 Subjects;

- the implementation of regional quality and safe-
ty monitoring for food products, raw materials, etc. -
in 26 Subjects;

- animal health awareness-raising activities among the
public - in 25 Subjects.

The effectiveness in veterinary activities depends on
many factors, such as veterinary specialists’ qualification
level, the availability of specialized means of transport and
equipment, the availability of facilities, public awareness
level, etc. It is therefore essential that all the state veteri-
nary service activities be fully funded from the budgets of
various levels.
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SUMMARY

Today, one of the most common non-communicable diseases, which, according the World Health Organization experts, dominates the structure of human morbidity
and mortality is osteoporosis. The aim of this study was to determine the effect of water from the hot springs of the Afyonkarahisar region on the calcium content
and the levels of certain hormones in the blood of rats with experimentally induced osteoporosis. 25 female albino rats of the same age were used in the experiment.
Ovaries were removed from all animals under anesthesia with ketamine (200 mg/kg) and xylazine (10 mg/kg), after which they were divided into two groups: control
(10 animals) and experimental (15 animals). The animals of the control group were given tap water twice a day through an orogastric tube and they were bathed
init for 15 minutes at the same time, the water temperature was (35 = 2) °C. The animals of the experimental group were given fresh water from the Siireyya | hot
spring using the same method. Blood clinical, hematological and biochemical parameters were measured prior to the study, as well as on day 1,7, 14, and 21 after
the ovariectomy operation. The ovariectomy demonstrated inconsistence of the tested blood parameters with the standard ones. In the course of the treatment,
by day 21 of the experiment, the parameters normalized, and the most noticeable changes were observed in the rats of the experimental group (p < 0.05). The
results of the work performed showed that Siireyya | hot spring water contributed to a significant improvement in the clinical, hematological and biochemical
blood parameters in rats with osteoporosis, therefore, it can be used for prevention and treatment of this disease in combination with other types of treatment.
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PE3IOME

Ha cerogHALWHMI eHb 0AHUM U3 Haubonee pacnpoCTpaHeHHbIX HeUHGEKLMOHHBIX 3a60/1EBaHMIA, KOTOPOE, N0 JaHHBIM SKCNEpTOB BcemupHoil opraHmu3aumi
371PaBOOXPAHEHIA, 3aHIMAET BEAYLLEE MECTO B CTPYKTYpe 3a60/1EBAEMOCTY U CMEPTHOCTM HACENEHs, ABNAETCA 0CTeonopo3. Lieibto HacToALLero uccnenoaxus
610 ONpezieneHe BMAHUA BOAbI U3 TEPMasbHbIX MCTOUHUKOB pernoHa AGbOHKapaxmcap Ha CofiepXaHue KanbLyys 1 YPOBHIN HEKOTOPbIX TOPMOHOB B KPOBY
KPbIC C BOCMPOM3BE/IeHHbIM 0CTEONOPO30M. B 3KCMepumeHTe cnonb30Bani 25 caMok Kpbic-anb6iHOCOB 0AHOTO BO3pACTa. Y BCeX KMBOTHbIX NOJ aHeCTe3uelt CUc-
M0/1b30BaHNEM KeTaMitHa (200 Mr/kr) v KcunasiuHa (10 Mr/Kr) yaanuim SuYHIKY, NOCe Yero X pasaenii Ha ABe rpynmbl: KOHTpoNbHyo (10 ocobeit) v onbITHYH
(15 0cobeit). XKUBOTHbIX KOHTPOIbHON FPyNMbl ABaX/Ibl B ZIeHb Yepe3 0poracTpasbHblil 30HA BbinauBany BoJONPOBOAHOI BOAOIA 1 B TeueHue 15 MUHYT B 0HO
11 TO e BPeMA Kynau B Heii, Temneparypa Bogbl cocTassna (35 = 2) °C. MMBOTHbIE OMbITHOI FpyNMbl B TOM e PeXuMe NoAYuany CBEXyto BOAY U3 ropayero
UCTOYHMKa Siireyya |. KnuHuueckie, rematonoruueckue v 6MoXMMInYECKe NapamMeTpbl KPOBM U3MEPSIY 10 HaYana UCCNeA0BaHIA, a Takke Ha 1,7, 14 1 21-e ¢yt
nocne 0BapuaKToMuu. llokasaHo, 4To NoCe 0BAPUIKTOMINM OTMEUANACH OTKMOHEHIA OT HOPMbI BENMYMH UCCNIEyEMbIX OKa3aTeneil KpoBu. B npouiecce neveHus
K 21-M cyT JKCNepUMeHTa HabMtoAancs NpoLecc HopManU3aLMK NokasaTeneii, Havbonee 3ameTHble U3MEHEHIA MPOU30LLITN Y KPbIC OMbITHOI rpynmbl (p < 0,05).
Mo uToram paboTbl 6b110 yCTaHOBEHO, UTO BOAA U3 TePMANbHOTO UCTOYHMK Siireyya | cnocobCTBOBaNA 3HAUMTENLHOMY YNYULLEHUHO KAMHUYECKWX, FeMaTono-
TUYECKUX M GOXMMUYECKIX NOKa3aTeneil KPOB Y KPbIC C 0CTEONOPO30M, CTIE[J0BATENIbHO, €8 MOXHO UCMOMIb30BATb ANS NPOGUNAKTUKI U NEYeHIns JaHHOrO
3a60/1eBaHNs B KOMIIEKCE C APYrUMIA BIUAAMM SlEUeHNS.

Kniouesbie cnoBa: AdboHkapaxvcap, 6anbHeoTepanis, 0CTeonopo3, Kpbica.
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INTRODUCTION

Osteoporosis is a disease characterized by low bone
density and increased brittleness in the bones and is one
of the common syndromes of the menopause period [1].
It was reported that osteoporosis was responsible for
1,700 bone fractures per day in Europe, and this number
will increase with rising in the elderly population and put
a great burden on the health system [2]. As a matter of
fact, not only the resorption in the bone accelerates in the
menopause, but also some changes in many blood param-
eters, especially hormones, such as estrogen [3].

Various substances in hot spring waters have been
shown to provide significant benefits in reducing the
symptoms of osteoporosis by reducing the osteoclastic
effect [4]. In addition, it is stated that the calcium, which is
found in the hot water and fast absorbed in the intestine,
and increases the ionized calcium level in the blood and
eliminates the calcium deficit. Therefore, the oral intake of
the spa waters will provide great benefits in closing the cal-
cium deficiencies [5]. It has been reported that treatment
with hot spring waters can also benefit ovaries to work
more regularly, actively and for a longer period of time, by
helping the circulatory system to work more actively, to
help nutrition and regulate tissues [6].

In this study, it was aimed to reveal the effectiveness of
Stireyya | hot spring water, which has rich mineral content,
especially calcium, in the treatment of osteoporosis.

MATERIALS AND METHODS

The experimental part of this study was carried out in
Afyon Kocatepe University Experimental Animals Applica-
tion and Research Center, in accordance with the Directive

of Afyon Kocatepe University Experimental Animals Ethics
Committee (AKUHADYEK) with the report number 137-18,
and supported by Afyon Kocatepe University Scientific Re-
search Projects Board (AKUBAPK) as Master’s Thesis Project
with No. 19.5AG.BIL.04.

Animal Material. In this study, 25 female Albino rats of
the same age were used. Ten of 25 rats served as control
group (CG), while 15 rats assigned as study group (SG). All
the rats was kept in plastic cages in Afyon Kocatepe Uni-
versity Experimental Animals Application and Research
Center in a stable environment where the same humidi-
ty (50-60%) and heat (17-22 °C) conditions were created
for 12 hours night and 12 hours day. During the study, the
rats were provided to get ad libitum rat food.

Creating Experimental Osteoporosis. In this study, ova-
riectomy operation was performed according to the
method reported by M. Berkoz et al. [7]. According to this
method ketamine (200 mg/kg) and xylazine (10 mg/kg)
anesthesia was administered intraperitoneally, following
disinfection and shaving of the operation area in female
rats. Then, the abdominal cavities were opened, the tubers
were ligated using '0 chrome caTRIGut, and ovaries was re-
moved from uterus. Finally, peritoneum, connective tissue,
muscle tissue and skin were sutured. Operation site was
disinfected with Batikon.

Groups and Treatment Procedure. A total of 25 rats, 10
from the control group and 15 from the study group,
whose ovaries were removed, were taken into the 21-day
treatment period according to the following method:

1. Control Group (CG). Totally 10 ovariectomized rats re-
ceived tap water twice a day with an orogastric tube at the
same time every day with the calculation of 1 L/33 kg body
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weight. In addition, all rats in this group were bathed at
(35+2)°Cin tap water for 15 minutes at the same time eve-
ry day. After bathing, the rats were placed in their cages.
2.Study Group (SG). In order to treat 15 ovariectomized
rats in this group, Stireyya | hot spring water was given
twice a day with an orogastric tube at the same time every
day with the calculation of 1 L/33 kg bw. In addition, all rats
in this group were bathed at (35 + 2) °C in Sureyya | hot
spring water for 15 minutes at the same time every day,
and following the bath, the rats were placed in their cages.

Surreyya | Spa Spring water, whose terrapeutic effective-
ness on osteoporosis was investigated in this study, is a
volcanic origin mineral water, containing carbon dioxide
and rich in minerals such as calcium, magnesium, and it
has a mineral content of more than 4 g (4,046.8 ug/L) per
liter.

Blood samples were collected according to the method
previously described by H. B. Waynforth and P. A. Fleck-
nell [8] before the study, after the ovariectomy opera-
tion, and on days of 1%, 7, 14t and 21 following ovari-
ectomy operation. Blood samples were collected under
ketamine (200 mg/kg) and xylazine (10 mg/kg) anaesthe-
sia acoording to the method described by M. A. Suckow
etal. [9].

Clinical Examinations. Body temperatures (T), respira-
tion rates (R) and heart frequencies (P) were measured and
recorded in all the rats during the study.

Hematological Examinations. For hematological exa-
minations, blood samples collected into blood tubes
containing EDTA, and measured in Chemray Brand blood
count commercial test kits (Rayto Life and Analytical Scien-
ces Co., China). Total leukocyte (WBC), erythrocyte (RBC),

Statistical comparison of body temperature, pulse frequency and respiratory rate

Ta6nuua 1

CraTucTuyeckoe (paBHEeHKNe TeMmnepaTypbl TeNa, 4acToTbl Ny/bCa U AbIXaHUA

Y XKMBOTHbBIX

Time of indicator measurement

Parameters (X = SD)

BS (n=25) 37304030 | 3131644522 | 104.23+32.23°

AOF (n = 25) 37304020 | 3091844324 | 103.12+30.20°

AT G(=10) | 3720030 | 312.26+41.14° | 104.18 +26.34¢
1*day SG(n=15) | 37304020 | 3332743221 | 109.16 + 241X
AT G(r=10) | 37302020 | 313.12£22.18° | 105.13 +18.24¢
7 day SG(n=15) | 37304020 | 3461242112 | 11620+12.22°
AT G(r=10) | 37.30£020 | 314111025 | 106.04:10.10¢
14" day SG(n=15) | 37204020 | 357.22+1128° | 118.45+8.10°
T (G(r=10) | 37202020 | 31313+613 | 105.16+4.24°
21" day SG(n=15) | 37.30+020 | 46431+7.06° | 11921+3.16°
Normal physiological parameters | 37.00—38.00 360.00 +3.30 100.90 = 4.40

=-4The values in the column are statistically significant (p < 0.05).

=4 3HaueHus B CTonbLE ABNAKTCA CTaTUCTUYECKN 3HaUMMbIMK (p < 0,05).

BS — before study (no nccnenosanus), AOF — after ovariectomy (nocne oBapuaktomim),
AT — after treatment (nocne neyenus), (G — control group (KoHTponbHasA rpynna),

SG — study group (3kcnepumeHTanbHas rpynna).
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hematocrit (HCT), hemoglobin (HB), mean corpuscular
hemoglobin (MCH), mean corpuscular volume (MCV),
mean corpuscular hemoglobin concentration (MCHQ),
lymphocytes (LYM), neutrophils (NEUT), eosinophils (EOS),
monocytes (MON) and basophils (BAS) were measured he-
matologically.

Blood Biochemical Examinations. Gamma-glutamyl-
transferase (GGT), aspartate aminotransferase (AST), total
protein (TP), albumin (ALB) and glucose (GLU), triglycer-
ide (TRIG), total cholesterol (TCHOL), high-density lipopro-
tein (HDL), low density lipoprotein (LDL) was measured in
Cobas Integra 400 Plus (Roche Diagnostics GmbH, Ger-
many) analyzer using commerical kits. In addition, estra-
diol (E2), calcitonin (CT) and calcium (Ca) measurements
were made with ChemWell, Chromate 4300 Elisa Reader
device (Awareness Technology, Inc., USA) using commer-
cial Elisa kits (Sunred Biological Technology Co., Ltd, China).

Statistical Analyses. Analysis of variance (ANOVA) were
used for statistical analyses. Intra-group differences were
revealed by Duncan test. For statistical analyses, Win-
dows-compatible SPSS Statistics 18.1 (IBM, USA) package
program was used, and p < 0.05 was determined as an
important value.

TEST RESULTS

Although no age difference was detected between the
groups (p > 0.05), the mean bw before starting the study
(310.2 g) was found to be statistically significantly higher
(p > 0.05) than the mean bw after ovariectomy operation
(286.4 g). The most important loss of body weight was me-
sured in SG rats (283.2 g) on 21t day of treatment.

Clinical Findings

The clinical findings determined for both groups are
presented in Table 1. According to this Table, while no
significant difference was observed in periods measured
in terms of T (p > 0.05), it was determined that P and R
statistically significant differences (p < 0.05) occurred, and
the highest levels were formed on day 21 in SG animals.

Hematological Findings

The results of the hematological measurements shown
in Table 2. According to this Table; it was determined
that mean WBC, NEUT and MCV increased significantly
(p < 0.05) following ovariectomy operation. Conversely,
mean RBC, HB, HCT, LYM and MCHC decreased significantly
(p < 0.05). With the start of the treatment period, mean
RBC, HB, HCT, LYM, and MCHC levels increased in both
groups, but these increases were statistically more signi-
ficant (p < 0.05) in SG animals. However, it was observed
that the biggest heamtological changes in the last day of
study (21t day) in SG animals.

Blood Biochemical Findings

The blood biochemical measurements shown in
Table 3. According to this Table; it was seen that mean GGT,
AST, LDL, TRIG, TCHOL and GLU increased significant-
ly (p < 0.05), whereas mean ALB, TP, CT, E2, HDL and Ca
decreased significantly (p < 0.05) following ovariectomy
operation. On the other hand, it was determined that a
reverse course was shaped in terms of the mentioned
parameters, and the most important changes occurred in
SG rats and on the 21 day of the study (p < 0.05) during
treatment period.

DISCUSSION AND CONCLUSION

In our study, it was observed that the mean bw de-
creased after the ovariectomy operation, and the lowest
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mean bw was obtained in SG rats treated with Sireyya |
hot spring water. This finding was found to be consistent
with findings reported by researchers [10] who found that
treatment with mineral waters reduced lipid absorption,
but increased burning.

In our current study, P frequencies and R rates in SG
rats which were treated with hot spring water were higher.
Y. Agishi claimed that hot spring water caused an increase
in circulating flow, resulting in vasodilation in peripheral
vessels and step-up in P frequency and R rate [11].

D. L. Millis et al. reported that leukocytosis occurred in
the hemogram after the experimental ovariectomy ope-
ration in the dogs, while neutrophilia, lymphopenia and
eosinopenia were noticeable in the differential blood pic-
ture [12]. In our study, similarly measurements were deter-
mined following the ovariectomy operation. Moreover, it
was found that the percentages of NEUT increased, while
the percentages of LYM and EOS decreased. With the tran-
sition to the treatment period, it was determined that WBC
and NEUT levels decreased in SG rats treated with Stireyya |
hot spring water. This finding is consistent with some re-
searchers [13] who reported that hot mineral waters sup-
press the immune system and that adrenocorticotropic
hormone and cortisol release in baths made with these
waters increase and lead to a decrease in T-lymphocytes.
In addition, it has been reported that Mg deficiency has
an encouraging effect on the occurrence of inflammatory
symptoms, therefore it may have an effect on leukocytosis
and macrophage activation [14]. In our current study, the
detection of lower mean WBC acount in SG rats treated
with Mg rich Siireyya | hot spring water was found to be
compatible with findings found out by these above re-
searchers.

As in humans, the increase in turnover due to rapid
bone loss in the early period of the absence of estrogen is
observed in rats [15]. Although there are 3 types of estro-
gen, E1 (estrone), E2 (estradiol), E3 (estriol), E2 measure-
ments are used in the determination of estrogen levels,
since estradiol (E2) is the strongest and most produced
type of estrogen [16]. Indeed, estrogen has a direct effect
on bone structure, acting on calcium metabolism, bilate-
ral effect on calcium absorption and excretion [17]. In this
study, determining that E2 and Ca levels decreased after
ovariectomy operation supports the findings of these re-
searcher. However, an increase of E2 and Ca levels in SG
rats can be accepted as an evidence that the spa treatment
we applied increased E2 and Ca levels.

In our study, it was also determined that AST, GGT and
GLU levels measured after ovariectomy operation were
high, whereas E2, CT, Ca, TP and ALB levels were low. After
treatment period, E2, CT, Ca, TP and ALB levels were higher
in SG rats which treated with Siireyya | hot spring water
when compare to CG rats which treated with tap water.
Additionally, AST and GGT levels were still higher in CG
animals, unlike SG rats.

It has been reported that LDL, TRIG and TCHOL levels
increase significantly in the case of menopause, whereas
HDL levels decrease [18]. Similar findings were deter-
mined following ovariectomy operation. With the start of
treatment, complete improvement in lipid profile was ob-
served; LDL, TRIG and TCHOL levels decreased, while HDL
levels increased in SG rats which treated with Siireyya |
hot spring water. These data confirm the findings of some
researchers [19] who reported that mineral waters were
highly effective in normalizing the degraded blood lipid

levels. Abnormal lipid profile was still observed in CG rats
even on day of 21 of the treatment.

Calcitonin (CT) is a hormone produced by thyroid
gland C cells that increases calcium and phosphate accu-
mulation in the bone and slows the osteolysis process by
decreasing osteoclast activity [20]. In our study, although
CT levels decreased after ovariectomy operation, it was
found that by the onset of the treatment period, CT le-
vels significantly increased in SG animals, while there was
an opposite situation in CG animals. Our findings was in
line with the findings obtained by M. Cecchettin et al.
who reported that spa treatments had positive effects
on bone density and increased CT levels in women with
osteoporosis in the postmenopausal period undergoing
spa treatment [21].

Some researchers reported that bone-derived osteo-
calcin hormone regulates the insulin secretion of the
pancreas, while estrogen has a direct effect on it [22]. It
has also been reported that blood GLU levels have a di-
rect relationship with CT levels so that glucagon infusions
decrease CT levels, while Ca infusions decrease glucagon
levels and lead to an increase in CT levels [23]. Higher GLU
levels following ovariectomy in this study was in full agree-
ment with results of another study [24]. On the other hand,
increased GLU levels were observed in CG animals even at
the and of the study, despite normalized in SG rats.

Consequently, it has been determined that Siireyya |
hot spring water was very successful in treatment of osteo-
porosis in the rats with osteoporosis. Hence, it can be used
safely in removing unwanted symptoms of osteoporosis
itself or when combined with other medical treatments.
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