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SUMMARY

The paper highlights the current knowledge on infection biology, epidemiology and evolution of monkeypox virus (MPXV), cowpox virus (CPXV), buffalopox
virus (BPXV), camelpox virus (CMLPV), as well as addresses some factors that modulate dynamics of orthopoxvirus transmission, manifestation of orthopoxvirus
infections and their preservation in nature. Despite the elimination of the historically infamous smallpox, orthopoxviruses remain a serious veterinary and health
problem. Their role is currently increasing while the number of persons not immune to smallpox grows. Along with this, there is a genetic transformation of
pathogens. In this regard, the risks of human infection with orthopoxviruses of zoonotic nature are increasing. The problem of monkeypox, cowpox, buffalopox
and camelpox and the respective agents included in the genus of zoonotic orthopoxviruses presents the greatest interest. Along with the increased number
of human monkeypox cases in 2020-2022, a retrospective analysis of the last 20 years shows that the activity of monkeypox outbreaks in the XXI century
intensified in Central African countries. Cowpox outbreaks in Europe and camelpox outbreaks in Southwestern and Central Asia have also become more active.
In 2011, in India, the camelpox virus overcame the interspecies barrier and caused a clinical pox-like disease in humans. Scientists are alarmed by these facts
as the camelpox virus genome is 99% homologous to the genome of the smallpox virus. This requires strengthening the epizootological and epidemiological
monitoring of orthopoxvirus zoonotic pathogens.
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Ocna 06e3bsH
1 [ipyrue opTonoKCBUPYCHbIE 300HO3bI

K. H. Tpyspes
OIBY «DefiepanbHblil LieHTp 0XpaHbl 380poBbA X1BOTHbIX» (OTBY «BHUI3X»), r. Bnagumup, Poccus;
https://orcid.org/0000-0003-3159-1969, e-mail: gruzdev@arriah.ru

PE3IOME

B npencrasneHHoii paboTe ocBeLLieHO TeKyLLee COCTOAHME 3HAHMIA, KacatoLuxca Guonorun MHGeKLum, NuaemMuonorii 11 380oMioLm BUpyca ocnbl 06e3sbax (MPXV),
ocnbl kopoB (CPXV), ocnbl ByiiBono (BPXV), ocnbl Bepbntogos (CMLPV), a Takxe HekoTopble GakTopbl, KOTOpble MOAYAMPYHOT AMHAMUKY Nepefaynt 0pTonoKceiI-
pyca, npoABNeHIe OPTONOKCBUPYCHDIX MHOEKLMI 1 X COXpaHeHue B npupoge. HecMoTpa Ha NMKBUAALMIO UCTOPUYECKY NeYaNbHO U3BECTHOI HaTyPabHON 0CMbl,
0PTOMOKCBMPYCbI 0CTAIOTCA Cepbe3HOi Npobnemoil BeTepuHapuy 1 35paBooxpaHeHua. VI ponib B HacToALLee BpeMsA BO3PacTaeT Ha GOHe YBENNYEHIA KONMYecTBa
Nofielf, KOTOpbIE He UMetoT UMMYHUTETa NPOTMB HaTypanbHoli ocnbl. HapAay ¢ 3TuM HabniofaeTca reHeTueckas TpaHcdopmaLma Bo36yauTeneii, uto CTaHOBUTCA
MPUYMHOI POCTa PUCKOB MOPaXKeHIA uenioBeka 0pTONOKCBUPYCaMIl 300H03HOI Npupopbl. HaubonbLunii uHTepec npefcTaBnseT npobnema ocnbl 06e3bsH, 0Cbl
KOpOB, 0CMbl 6yiiBONIOB 11 0CMbI BepO/IOLI0B, BO3OYAUTENN KOTOPbIX BXOAAT B PO 300HO3HbIX OPTONOKCBIPYCOB. Ha doHe yuallieHns nposBneHus cyyaes 3a-
6oneBaHna yenoseka ocnoit 06e3bAH B 2020—2022 rr. peTpocneKTUBHbIN aHanu3 nocnegHmx 20 neT NokasblBaeT, YTo aKTUBHOCTb 04aroB ocrbl 06e3bAH B XXI B.
BO3pacTana B rocyaapcreax LieHtpanbHoil Apukn. Takxke akTvBIU3MPOBanuCh ouaru ocnbl kopoB B EBpone, ocnbl Bepbntopos B H0ro-3anagHoii u LientpanbHoii
A3uu. B 2011 r. B MIHpum Bupyc ocnbl BepbniofoB npeofonen MexBuUA0BOI 6apbep U BbI3BaN KANMHUYECKYI0 0cnonoAo6Hylo dopmy 3aboneBanua y yenoeka.
Mopo6Hble GaKTbl TPEBOXAT YUeHbIX, Tak Kak reHOM BUpYca ocnbl BepOioZ0B Ha 99% roMonoriueH reHoMy BIpYCa HaTypanbHoli ocribl. 3T TpebyeT ycuneHus
3NU300TONIOMNYECKOTO U SMUAEMUONOTAYECKOT0 MOHUTOPUHTA 32 BO3OYAUTENAMM OPTOMOKCBUPYCHBIX 300HO30B.

KnioueBble cnoBa: 0630p, 0cna 06e3bAH, 0cna KopoB, 0cna GyiiBon0B, 0cna Bepo:Iiof0B, OPTONOKCBUPYChI, 300HO3bI
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INTRODUCTION

Why do poxviruses rank high as potential viral threats?
This family includes many pathogens that affect both
vertebrate (including humans) and invertebrate repre-
sentatives of the animal kingdom. Despite eradication of
the infamously known smallpox, the poxviruses belonging
to the genus Orthopoxvirus and causing serious zoonotic
diseases remain a challenge in veterinary medicine and
healthcare. This review summarizes general characteris-
tics of orthopoxviruses, as well as addresses current and
future threats posed by these viruses to humans, do-
mestic and wild animals. In-depth studies of this genus’
representatives allow expanding fundamental biologi-
cal knowledge and understanding the methodological
approaches to prevention and control of other infectious
diseases of zoonotic nature [1].

Currently, there is an increase in the number of humans
worldwide that are notimmune to smallpox, along with ge-
netic transformation of zoonotic pathogens of orthopox-
virus nature. This increases the risk of infection in humans.
Another risk factor is the ability of poxviruses to overcome
the species barrier, as it occurred in case of monkeypox
virus [2-7]. A retrospective analysis carried out within
the last 20 years shows that the activity of smallpox out-
breaks in monkeys increased in the XXI century in African
countries [8, 9]. Outbreaks of cowpox in Europe [2, 6, 7],
buffalopox [4, 10-12, 15] and camelpox in Southwest
and Central Asia [13, 14] also intensified. In 2011, in In-
dia, the camelpox virus overcame the interspecies barrier
and caused a clinical pox-like form of the disease in hu-
mans [16-19]. Scientists are alarmed by these facts [20-22],
as the camelpox virus genome is 99% homologous to that
of the smallpox virus [23]. Multiple mutations were identi-
fied in some genes, including the C18L gene responsible
for the host species’ gene [24].

GENERAL CHARACTERISTICS
OF ORTHOPOXVIRUSES

The family Poxviridae consists of two subfamilies:
Chordopoxvirinae (poxviruses of vertebrates) and Entomo-
poxvirinae (poxviruses of insects). The subfamily Chordo-
poxvirinae is represented by large DNA-viruses of a brick-
like or ovoid shape. They are grouped into genera and
infect mammals, with the exception of Avipoxvirus (infect
specifically birds) and Crocodylidpoxvirus (crocodiles serve
as natural hosts). The genus Parapoxvirus is isolated and
its members possess a unique spiral envelope that dis-
tinguishes them from other poxviruses (Orf virus, bovine
papular stomatitis virus and sealpox virus). Agents of mol-
luscum contagiosum and currently eradicated smallpox
are the only poxviruses that have humans as their host
and reservoir [25].

The best-known is the genus Orthopoxvirus, which
includes vaccinia virus, as well as monkeypox, cowpox,
buffalopox, camelpox viruses and some other orthopox-
viruses [25-28].

According to the IX International Committee on Taxo-
nomy of Viruses (ICTV) Report (2012), the genus Orthopox-
virus included 11 virus species (see the Table).

The taxonomy of the genus Orthopoxvirus is constantly
updated. In the XXI century the new representatives
of orthopoxviruses were detected in North America -
Skunkpox virus (SKPV), and in Africa — Uasin Gishu disease
virus (UGDV), which was named after the Kenyan province.
In2010,2015 and 2017 three more new members of the ge-
nus Orthopoxvirus were identified in Georgia (Akhmeta
and Van regions), USA (Alaska) and Italy: Akhmeta virus,
Alaskapox virus, and feline poxvirus, respectively [29-32].
The emergence of mutated animal orthopoxviruses that
are similar to the smallpox virus cannot be excluded [33].

In 2018, foreign researchers developed the first com-
plete synthesis of a horsepox virus, the work results were
published in the PLoS ONE [34].

To date, complete nucleotide sequences of orthopox-
viruses genome have been determined - they are deposited
in the GenBank international database. It should be noted
that the first full-genome sequencing of the smallpox virus
isolated in India in 1967 was carried out by researchers of
the State Scientific Centre of Virology and Biotechnology

“VEKTOR" [35-40]. Babkin I. V. determined the nucleotide
sequence of hemagglutinin and fusion protein genes
for various strains of the genus Orthopoxvirus. To develop
molecular methods for the diagnosis and differentiation
of orthopoxviruses, they were offered to use the sequence
of the A27L gene encoding a conserved virion protein [26].

The divergence of poxviruses from the original virus and
separation into modern genera began about 500 thou-
sand years ago. The Orthopoxvirus progenitor might
emerge about 300 thousand years ago. Gradually, various
species began to emerge within the genus (Fig. 1) [23, 24].
Calculations showed that species evolutionarily close to
the smallpox virus - camelpox virus and taterapoxvirus —
separated from a common ancestor (apparently rodent
virus) about (3.4 + 0.8) thousand years ago. In the process
of evolution the genus Orthopoxvirus split into two main
branches. At the same time, the genetic picture of evolu-
tion is very diverse and differs significantly for individual
orthopoxviruses [23, 24, 33,41, 42].

Orthopoxviruses multiply in cell cytoplasm, and there
are several stages of replication in the cells of infected
animals that are described in detail and are practically
the same for different representatives of the genus [43-45].

These viruses are sensitive to various disinfectants, in-
cluding solutions of 1% sodium hypochlorite, 1% sodium
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Table
Classification of orthopoxviruses [29]

Members of the genus Orthapoxvirus based on taxonomy of viruses

1991

Variola virus (VARV);
Monkeypox virus (MPXV);
Cowpox virus (CPXV);
Camelpox virus (CMLPV);
Ectromelia virus (ECTV);
Vaccinia virus (VACV)
(subspecies: Buffalopox virus, Rabbitpox virus);
Raccoonpox virus (RCN);
Taterapox virus (TATV)

1995

Volepox virus (VPXV)
2000

Uasin Gishu disease virus (UGDV) — named after
the Kenyan province, affects horses”

2010

Skunkpox virus (SKPXV)

Total 8 species | Total 9 species | Total 10 species Total 11 species

*not been approved as species.

= 500 thousand years
ago:

=300 thousand years
ago:

= 16-68 thousand years
ago:
virus circulation
among rodents

emergence of the Orthopoxvirus
genus progenitor

separation of poxviruses
into modern genera

Smallpox virus
= 400-1,600 years ago: = 1,400-6,300 years ago:

Subspecies 2 (Variola minor). In West Africa
and America the strains caused a milder form
of the disease

Subspecies 1 (Variola major). The strains
caused a more severe form of the disease
in Europe, Asia and East Africa

= 800 years ago: =400-5,000 years ago:

separation of Camelpox virus | separation of Taterapox virus

Fig. 1. Evolution of poxviruses (based on [33])

hydroxide, 1% peracetic acid, formaldehyde, 0.5-1% for-
malin and 0.5% quaternary ammonium compounds. They
are destroyed by autoclaving or boiling for 10 minutes, as
well as if exposed to ultraviolet light [39, 46].

It is believed that the monkeypox, cowpox, buffalopox
and camelpox viruses are genetically similar, might infect
humans and induce cross-immunity [26-28].

MONKEYPOX

Some infectious diseases occurring in monkeys pose
a danger to humans and other animals [47-51].

Monkeypox is a zoonotic disease caused by the mon-
keypox virus (MPXV) (Fig. 2), genome of which is represen-
ted by double-stranded DNA. MPXV belongs to the family
Poxviridae, the genus Orthopoxvirus [48].
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This disease is endemic in some Central and West Af-
rican countries. The circulation of the virus among wild
animals was established, monkeypox cases were recor-
ded in humans in Africa and countries outside the African
continent [52-53].

The natural MPXV reservoir and transmission mecha-
nism have not been definitively identified. Infection occurs
aerogenically (by airborne droplets), orally, via damaged
skin. Diseased primates (12 species), virus-infected hu-
mans, rodents are the sources of infection [52]. The di-
sease is characterized by intoxication syndrome, vesicular-
pustular rash on skin and mucous membranes [48].
Unfortunately, the collected data on this disease in mon-
keys are limited and scattered.

The pathogen was first isolated in 1958 at the State Se-
rum Institute in Copenhagen from a crab-eating macaque
with pustular rashes on the skin, and designated as a mon-
keypox virus [54, 55].

The virus is contagious, causes disease in almost
all simian species and can infect other animals, such
as ground squirrels (Spermophilus tridecemlineatus),
black-tailed prairie dogs (Cynomys ludovicianus), Kellen’s
dormouse (Graphiurus kelleni), mice, steppe marmots
(Marmota bobak). In Africa, MPXV is found in many ani-
mal species, such as striped squirrels, tree squirrels, Gam-
bian rats, striped mice. The pathogen immunologically
cross-reacts with other orthopoxviruses, but has specific
antigens that are detected using monoclonal antibodies.
The monkeypox clinical picture varies in different simian
species. The disease is most severe in orangutans. Green
monkeys develop a disease of moderate severity; rhesus
macaque, hamadryas baboons and chimpanzees have
a mild form of infection. The incubation period in ani-
mals experimentally infected parenterally ranged from 3
to 8 days [54].

In natural conditions the incubation period lasts 10 days.
The disease begins acutely: the temperature rises, cough
develops, lethargy and loss of appetite are observed. Ge-
neralized lymphadenopathy often develops by the end of
the first week, lasting up to 3 weeks. At day 3-14 papu-
lar rashes are found on the skin and mucous membranes,
undergoing ulceration with spread to the lips, eyelids,
mucous membranes of the mouth and pharynx. Later,
a papule turns into a pustule. The crusts are formed and
disappear on day 21, scars appear. Mortality ranges from 3
to 40% (in orangutans) [27, 50, 55].

Laboratory diagnosis is based on molecular bio-
logical (PCR), immunochemical (various modifications
of ELISA), virological (virus isolation in cell culture, using
the chorioallantoic membrane of chicken embryonated
eggs and laboratory animals) and serological test methods.
Itis advisable that personnel working with monkeys, espe-
cially those animals arriving during the quarantine period,
should be vaccinated against monkeypox [48, 50, 55].

The monkeypox virus is not an evolutionary progenitor
of the smallpox virus, but it is also considered dangerous
for humans [48, 56]. At the end of the XX century monkey-
pox rarely occurred in humans, but in the 2020s the fre-
quency and geographical distribution of infection cases
in humans increased [57, 58]. Monkeypox was first diag-
nosed in a traveler from Nigeria in the USA in 2001 [59],
and some more cases were identified in 2003. A prairie dog
was identified as the source of infection [60].
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In September 2017 a major outbreak of human monkey-
pox occurred in Bayelsa State (Nigeria) [61]. During the exa-
mination of 21 diseased people the following clinical signs
were recorded: skin rash — 100% of cases, fever — 80.1%,
itching — 66.7%, malaise — 61.9%, lymphadenopathy -
61.9%, chills and sweating - 61.9%, headache - 57.1%, oral
sores — 52.4%, genital ulcers — 41.6%, sore throat — 42.8%,
myalgia - 23.8%, pain - 23.8%, cough — 19.0%, conjuncti-
vitis — 19.0%, nausea and vomiting — 14.3%, sensitivity to
light - 14.3%, hepatomegaly - 9.5%, dehydration - 9.5%,
vulvar swelling —9.5%, poor appetite — 9.5%, tongue sores —
9.5%, scrotal swelling — 9.5%, diarrhea — 4.8%. This outbreak
and the subsequent export of the virus with travelers from
Nigeria to other parts of the world in 2018-2020 caused
serious concerns of scientists who assumed that MPXV
could occupy the ecologic and immunological niche left
vacant by the smallpox virus [61, 62].

The clinical picture caused by MPXV in humans is simi-
lar to that of smallpox, but they differ epidemiological-
ly [56]. Vaccination against smallpox protects people from
monkeypox. Human-to-human transmission of the virus
was reported [52].

Skin lesions of a monkeypox affected patient are shown
in Figures 3, 4.

According to the WHO, by mid 2022 the number
of people infected with monkeypox virus exceeded
3.4 thousand people in 50 countries of the world. More
than 86% of all infected individuals were residents
of European countries [63].

The MPXV biological properties were studied using
non-human primates, prairie dogs, African squirrels,
ground squirrels and immunodeficient mice [64]. Virus
titration in prairie dogs showed that Congo Basin clade
MPXV isolates are more virulent via intranasal route than
West African MPXV isolates [65]. According to A. A. Sergeev
et al., steppe marmot are the most sensitive to the mon-
keypox virus, while rabbits and guinea pigs intranasally
challenged with suspended Congo Basin MPXVV79-1-005
strain did not demonstrate any observable signs of the di-
sease. The results of this work suggested that steppe
marmots could be used as model animals for studying
the properties of this virus [64, 66].

Thus, MPXV is the causative agent of monkeypox.
The disease is similar to smallpox as regards its clinical
manifestations. The virus is mainly detected using labora-
tory diagnosis methods. Current epizootological monito-
ring of monkeys and other susceptible animals is neces-
sary due to the fact that monkeypox is recognized as
the most important orthopoxvirus infection in humans in
the era following smallpox eradication [54, 66, 67].

COWPOX

Until the 1970s it was believed that cowpox virus (CPXV)
causes outbreaks only in cattle population, demonstrating
clinical signs that are more often manifested in the form
of local (lesions on the skin of the udder and on the nipples),
more rarely systemic infection (which is more typical
for calves). Later it was found out that a much wider range
of animals are susceptible to the virus; moreover, CPXV is
pathogenic to humans and can cause systemic infection
in people with weakened immune status [21, 22, 24, 44, 68].

The causative agent of cowpox is a DNA poxvirus with
complex symmetry, belonging to the Poxviridae family,

Fig. 2. Monkeypox virus
(https://nashpoz.ru/wp-content/uploads/2022/05/2022-05-
19T105043Z_1152629469_RC2T9U9TZXDO_RTRMADP_3__
HEALTH-MONKEYPOX-PORTUGAL-SPAIN.JPG.jpg)

the genus Orthopoxvirus, the Cowpox virus species (clades
Brighton Red — CPXV-BR, GRI-90-CPXV-GRI) [68].

The virus propagates well in the chorioallantoic mem-
brane of chicken embryonated eggs, forming plaques, and
in certain cell cultures (Vero, MRC-5, RK13, etc.), inducing
a cytopathic effect [69].

CPXV replication in cutaneous cells of infected ani-
mals goes through a number of stages described in detail
and practically indistinguishable from other orthopox-
viruses [70-73].

Fig. 3. Vesicular-pustular lesions on feet of monkeypox
affected patient [61]

Fig. 4. Child with monkeypox virus infection
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The clinical signs of cowpox in different animals are
quite similar, regardless of the infected species, and
are mainly manifested as skin damage. The virus is epi-
theliotropic, the disease often starts with the appearance
of vesicular lesions, that later develop into a pustule with
a depressed center.

CPXV lesions in humans are usually localized and
self-limiting, but can lead to mortality in patients with im-
munosuppression [74, 75].

The study of the ecology of cowpox virus revealed that
this pathogen spread among laboratory and wild rodents
in natural biocenoses [70, 76-79]. High antibody titers de-
tected in felines (family Felidae) and some other carnivora
indicate a high infectivity of this virus. Outbreaks caused
by CPXV were reported in lions, leopards, cheetahs, snow
leopard, bush dog, banded mongoose (Mungos mungo)
and jaguarundi (Herpailurus yagouaroundi), as well as ele-
phants, rhinoceroses, camels in zoos and circuses [80-83].
Mortality among exotic animals and felines is high, al-
though no exact data are available. Exotic zoo animals can
getinfected if they are kept in close proximity to other ani-
mals that come into contact with wild rodents [75].

Numerous data on CPXV and its antibodies detected
in wild rodents allowed D. K. Lvov [68] to make an assump-
tion about the leading role of these animals as the main
reservoir of cowpox. Wild rats can be either a primary res-
ervoir or a reinforcing host [75, 79, 84].

Cowpox virus shows environmental stability. It survives
at low temperatures, in crusted scabs, in glycerin. The
virus-containing material subjected to heat treatment
is inactivated within a few minutes and it is relatively re-
sistant to disinfectants [85].

Diseased animals and virus carriers are the source of
the pathogen. Cowpox virus enters the body via aerogenic
or alimentary route during contact of diseased and healthy
animals via damaged skin and mucous membranes (udder,
nipples, scrotum, head, neck, thighs).

The clinical signs of the disease have been specified
in detail for cattle (Fig. 5). The disease is most commonly
manifested as mastitis associated with reduced milk yield
and lactation [85].

Animals recover in 3-4 weeks if no complications oc-
cur, and the disease is delayed for 1.5-2.0 months in case
of complications. Adult animals generally have a mild form
of disease. Calves develop bronchopneumonia and gastro-
enteritis.

Fig. 5. Affected udder nipples [86]

198

REVIEWS | GENERAL ISSUES 0630PbI | OBLLIE BOMPOCHI

The virus penetrates blood, lymph nodes and internal
organs. The viremia is accompanied by increased body
temperature, depression. Convalescent cows develop
lifelong immunity [85].

Reports on human cowpox cases appeared in the
XVIII century. Cowpox was considered an occupational
disease of milkers. The disease in humans is generally
benign, but complications may occur in unvaccinated
persons and individuals with weakened immunity. In rare
cases systemic infection or death are observed [40]. Natu-
ral CPXV isolates that are poorly studied or not studied
at all are potentially dangerous [66, 70, 87]. In the future,
the frequency of human infection may increase [75].

In 2008, four individuals were infected with cowpox vi-
rus in Krefeld (Germany). The CPXV HumKre08/1 virus was
isolated. CPXV-infected rats from a pet store were a source
of infection. All animals died. In the same year, another
infection case was diagnosed — cowpox virus was isolated
from an employee of a private reptile zoo in Landau (Fig. 6),
it was named CPXV HumLan08/1.

The HA gene sequence of both virus strains turned out
to be different. Figure 7 shows the evolutionary relation-
ships of orthopoxvirus isolates recovered during the speci-
fied outbreaks and reference orthopoxvirus strains [75].

Cowpox virus played a certain role in the specific pre-
vention of smallpox in humans. In 1796 E. Jenner deve-
loped a method of vaccination against this disease by in-
oculating CPXV to humans [88].

At present, CPXV should be considered as a rodent
virus — zoonosis with natural nidality. Human infection
is possible through contact not only with diseased cows,
but also with any infected animal. The risk of cowpox out-
breaks is high. Epizootological and epidemiological mon-
itoring is required [68, 75, 79, 84].

BUFFALOPOX

Buffalopox is a contagious viral disease affecting buf-
faloes (Bubalus bubalis) and, less often, cows. Information
on this infection is systematized in the review by S. V. Bori-
sevich et al. [15]. The disease is zoonotic. Humans (mainly
nursing staff and milkers) get infected from animals.

The causative agent is the vaccinia virus.

Till 5 to 80% of buffaloes get diseased during outbreaks.
The incubation period lasts 2-4 days. The disease clinical
manifestations include pox sores on the udder, nipples,
eyelids, in the groin area, on the scalp. Severe forms occur
in association with systemic rash. In 10 days the sores re-
solve with scab formation. There might be complications:
eye swelling and bulging, corneal ulcer, ear discharge. Re-
covery occurs within 1-2 months. Transmission of the virus
from animal to animal occurs through milkers, however,
there is no confirmed data on human-to-human infection
yet [89-91]. The disease does not cause a high mortality
among animals, but results in decreased productivity,
milk yield reduction and trade restrictions. Outbreaks are
reported in countries where buffaloes are bred as dairy
cattle [89, 90].

For the diagnosis and differentiation of the buffalopox
virus, methods of viral isolation, modern test systems for
the virus detection, including a polymerase chain reac-
tion based on buffalopox virus (C18L) specific gene, and
methods for determination of specific antibodies were
developed [92].
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The incubation period in humans infected with buffalo-
pox virus lasts 3-19 days. Lesions occur on the fingers
or forearms and, as a rule, are accompanied by a mild fe-
ver, which begins on day 1-4 and lasts 4-5 days. Recovery
occurs within 2 weeks [90]. There is an assumption that
the buffalopox virus became pathogenic for animals and
humans due to adaptive evolution [15, 89, 93].

The possibility of VACV interspecies transmission, in-
cluding cows, buffaloes and humans, implies potential re-
occurrence of the virus and emergence of new outbreaks.
Epizootological and epidemiological monitoring is neces-
sary [92, 94].

CAMELPOX

Camelpox is a zoonotic contagious disease that oc-
curs with the formation of typical cutaneous and mu-
cosal nodular-pustular smallpox lesions. Camelpox vi-
rus (CMLPV) belongs to the family Poxviridae, the genus
Orthopoxvirus [95].

The disease is recorded on almost all continents where
camel husbandry is practiced except Australia (where the
dromedary camel was introduced in the XIX-XX centuries)
and South America (where lamas and related species are
considered livestock animals) [95-97]. Serological tests
showed a high prevalence of CMLPV antibodies [98].

The nucleotide sequence analysis showed that CMLPV
is most related to the smallpox virus. Vaccination of camels
with vaccinia strains showed good results.

Camelpox virus multiplies in cell cultures (Vero, MA-104,
MS, BHK, camel skin) and in primary cell cultures (lamb
testicles, lamb kidneys, camel embryo kidney, calf kidneys,
chicken embryo fibroblasts) [99, 100], hemagglutinates
cockerel erythrocytes [99], is stable at pH of 5-8.5.

The incubation period lasts 9-15 days. Camelpox clinical
manifestations vary from mild smallpox lesions localized on
skin to moderate and severe lesions with systemic infection.
It might depend on the CMLPV strain or the immune status
of animals [98]. Skin lesions appear on day 1-3 after the on-
set of fever: first erythematous spots, papules and vesicles,
and then pustules that turn into crusts, localizing on eye-
lids, nostrils and ear edges. They can spread to neck, limbs,
genitals, mammary glands and perineum. Lymph nodes
get enlarged. In case of systemic disease, lesions are found
on the mucous membranes of the mouth and respiratory
tract, sometimes blindness is observed [98, 101-103].

Recovery occurs in 4-6 weeks. Pregnant cows might
abort. Mortality is usually associated with secondary in-
fections and septicemia [30, 96, 98].

Transmission of the pathogen occurs via contact with in-
fected animals in a contaminated environment. The route
of infection is aerogenic or through abrasions on the skin.
The virus is shedded with milk, saliva, and discharge from
the eyes and nose. Dried scabs formed during smallpox
infection may contain a live virus for at least 4 months and
contaminate the environment [97].

Immunity against camelpox is both antibody- and
cell-mediated. It is considered that circulating antibodies
are not indicative of the animal’s immune status [98]. Life-
long immunity is acquired after natural infection. A live
attenuated vaccine gives protection against the disease
for 6 years [104].

The camelpox virus is species-specificand does not infect
other animals, including cattle, sheep and goats [18, 102].

Fig. 6. Patient affected by cowpox virus strain CPXV HumLan08/1 [75]
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Fig. 7. Evolutionary relationships of orthopoxvirus recovered isolates
and reference strains [75]

CONCLUSION

Along with the increased number of human monkeypox
cases in 2020-2022, measures are required to strengthen
epizootological and epidemiological monitoring of zoo-
notic orthopoxviruses.

Outbreaks of orthopoxvirus infections make it urgent
to develop reliable and species-specific rapid methods
for detecting relevant pathogens, to expand the panel
of DNA samples of orthopoxviruses and include fowlpox
virus, rabbit myxoma virus, chickenpox virus, herpes simp-
lex virus type I and II.
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Epizootological and epidemiological issues, mole-
cular and biological mechanisms of virus replication and
virus-host interaction should be considered prospective
research developments within orthopoxvirus studies.
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SUMMARY

The following review considers modern scientific data on respiratory diseases in young cattle. The problem of respiratory diseases in calves does not lose its
relevance, since these pathologies rank second in frequency after diseases of the digestive system. In order to compile the data, the works of domestic and for-
eign researchers and collectives available in the collections of scientific conferences, seminars, symposiums, as well as in peer-reviewed periodicals, materials of
dissertations and abstracts were reviewed. The group of pathologies under consideration is sufficiently diverse and can be caused by high animal density in the
premises, overheating, hypothermia, unbalanced feeding, micronutrient deficiency, decreased body resistance, unfavorable epidemic situation and many other
factors. However, out of the major calf diseases, particular mention should be made of pneumonia, which is most often caused by viruses. In this case agents can
induce bacterial infection which aggravates and complicates the course of viral diseases. Microorganisms, such as Salmonella, Pasteurella and others, contribute to
secondary infection and cause mixed forms of pneumonia. Bronchopneumonia is another disease covered in the article. It is a respiratory pathology characterized
by inflammation of both the bronchi and lungs. As a rule, such disease types are most common in industrial animal husbandry, they are widespread and cause
significant economic damage to the dairy and beef cattle breeding industries. The article pays great attention to these pathologies, justifies the importance of
comprehensive preventive measures and timely diagnosis for livestock industries. To reduce the incidence of respiratory diseases in young cattle, it is necessary to
strictly follow technological and hygienic standards for animal keeping and feeding. The use of combined medicines and preparations containing microelements
increases treatment effectiveness.
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PE3IOME

B 0630pHoil CTaTbe paccmMaTpuBAIOTCA COBPEMEHHBIE HayuHble CBEEHINA 0 3a00/1EBaHISAX OPraHOB AbixaHA Y MONIOAHAKA KPYNHOTo poratoro ckora. Mpobnema
pecnupaTopHbIX 3a60neBaHNii Y TENAT He TEPAET aKTYaNbHOCTH, NOCKObKY AHHbIE NATOI0MY 3aHUMAIOT BTOPOE N0 PACMpOCTPaHEHHOCTH MeCTo nocrie bonesHeit
0praHoB nuLeBaperna. C Lenbto cucTeMaTin3aLyn AaHHbIX NpoBe/ieH 0630p paboT oTeuecTBEHHbIX 1 3apyBeXHbIX CCTIefoBaTeNeil U KONNEKTUBOB, OCTYMHbIX
B COOPHMKAX HayuHbIX KOHOEPEHLWI, CEMUHAPOB, CUMTMO3YMOB, A TAKXe B PELIEH3UPYEMbIX NEPUOANYECKIX HAYYHbIX U3AaHUAX, MaTepUanax AuccepTawimii
1 aBTOpedepatoB. PaccmaTpuBaemas rpynna natonoruii B JOCTATOUHOIA CTENEHM PazHOO6Pa3Ha, MOXKET NPOBOLMPOBATLCA CKyUEHHbIM COREPKaHNEM KMBOT-
HbIX, NEPErPEBOM, NEPEOXNa AEHUEM, HECBANAHCMPOBAHHBIM KOPMIIEHUEM, AedULIUTOM MUKPONIEMEHTOB, CHUKEHUEM PE3UCTEHTHOCTI OPraH3Ma, Hebnaro-
NPUATHOI SMN300TUYECKON CUTYaLelt U MHOTUMU APYrumu dakTopamu. OHAKO CPey OCHOBHbIX 3a60neBaHuMii TeNsT cneayet 0co60 BbIAENUTL MHEBMOHMIO,
KOTOPYI0 YalLie BCero Bbi3bIBatoT BIPYChI. [1pu1 3T0M BO36YAUTENM CMOCOGHBI MHULUMPOBATL AEATENbHOCTb PAAA OaKTEpUii, YCyryOnatoLIuX 1 0CNOKHAIOLNX
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TeueHue BUPYCHbIX 3a6oneBanuii. Takie MUKPOOPraH3Mbl, kak CanbMOHeNbl, MacTepenibl U Apyrie, CTAHOBATCA YYaCTHUKAMU BTOPUYHOTO MHGEKLIMOHHOTO
MpoLecca v C035AKT CMeLLaHHble hopMbl THEBMOHMA. [lpyroe ocBeLuaemoe B paboTe 3a6osieBaHue — GPOHXONHEBMOHMA. 3TO PecniupaTopHas natonoria, xapak-
Tepu3yHoLLAACs BOCMaNeHeM 0AHOBPEMeHHO GPOHXOB U NIETKHX. B NpoMblLLieHHOM X1BOTHOBOACTBE Takue GopMbl 3a60/1€BaHWI, Kak MpaBuno, BCTpeyaloTca
Haubonee yacTo, MMEIOT NOBCEMECTHOR PACMPOCTPaHeHe 11 HAHOCAT 3HAUNTENbHBIiA SKOHOMUYECKMIA ylepb 0TPACAM MOJIOUHOTO U MACHOTO CKOTOBOACTBA.
Ha3BaHHbIM NaTon0rMAM B CTaTbe yAeNAeTcA HaubonbLuee BHUMAHIE, 060CHOBbIBAETCA BaXKHOCTb KOMMEKCHBIX Mep MPOGUNAKTUKN 1 (BOEBPEMEHHON AMarHo-
CTVIKY B YCNOBMAX MPOMBILLIIEHHBIX XKBOTHOBOZYECKMX MPEANPUATHIA. [INA CHUMKEHNA YacTOTbl BO3HUKHOBEHUA PeCnnpaTopHbIX 3a6oneBaHuil cpean MONOAHAKa
KpYNHOTo poraToro Ckota Heo6X0ANMO YeTKO ClIefJoBaTb TeXHONOTMYECKUM U TUTMeHInYeCKIIM HOPMaM CORePKaHUA U KOPMIEHIA XUBOTHbIX. Mcnonb3oBaHme
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INTRODUCTION

Respiratory system pathologies in young cattle are one
of the major causes of livestock losses in dairy farming.
Among calves in the first month of life, they are recorded
in 17.2-23.6% of cases [1]. Respiratory diseases in calves
are mostly caused by the following pathogens: parainflu-
enza-3 viruses, infectious rhinotracheitis, and parvo- and
adenoviruses, as well as diarrhea, influenza and immu-
nodeficiency viruses. In this regard, a comprehensive
approach to the prevention and treatment of respiratory
diseases in animals is required [2-4]. Thus, timely diagno-
sis, prevention and treatment of non-infectious respiratory
diseases, among which pneumonia and bronchopneumo-
nia causing the inflammation of the bronchi and lungs, is
of crucial importance for cattle preservation and increase
in livestock product manufacturing [5-7]. The patho-
logy begins with serous exudation in the lung parenchy-
ma, which is typical for catarrhal pneumonia. When first
the bronchi are affected and then the process spreads ra-
pidly through the bronchial tree, such a disease, occurring
mainly in calves, is called bronchopneumonia [8, 9]. One
of the predominant reasons triggering the disease in win-
ter is hypothermia, in summer — overheating. Poor-quality
feeding, lack of nutrients during intrauterine development
and after birth has a negative impact on calves’ body re-
sistance [10, 11].

The purpose of this article is to analyze modern re-
ported data on respiratory diseases in young cattle, their
causes, as well as on methods of their prevention and
therapy.

MATERIALS AND METHODS

Methodological approaches are substantiated by
the study of works of domestic and foreign researchers
presented in the collections of scientific conferences, se-
minars, symposiums, peer-reviewed periodicals, materials
of dissertations and abstracts. The obtained data as well

as the research findings have been analyzed. The review
presents data on the study of young cattle, conducted
on the basis of farms in the Saratov, Voronezh, Nizhny
Novgorod, Novosibirsk, and the south of the Tyumen
Oblasts.

The respiratory system of cattle is comprised of the
upper (nasal cavity, paranasal sinuses, part of the oral ca-
vity, pharynx) and the lower (larynx, trachea, bronchi, lung
alveoli) airways. The upper respiratory tract, trachea and
bronchi make up the conducting zone of the respiratory
system. The main function of the respiratory system is gas
exchange - the delivery of oxygen to the body and the re-
moval of carbon dioxide from it. The air entering the lungs
is warmed up and disinfected in the upper respiratory tract,
while gas exchange occurs in the lower respiratory tract,
in the alveoli [12].

Animals can be affected by respiratory diseases
of different etiologies up to several times a year.
In food-producing animals, respiratory diseases account
for about 35% of the total number of diseases of non-
infectious etiology, while in non-food producing ani-
mals - 13-15% [13, 14]. Respiratory diseases in calves can
be caused by non-infectious and infectious factors: vi-
ruses and secondary bacterial infection caused by patho-
genic microflora.

Upper respiratory tract infections include pharyngitis
(inflammation of the mucous membranes and lymphoid
tissue of the pharynx), rhinitis (inflammation of the nasal
mucosa), frontal and maxillary sinusitis (inflammation of
the mucous membrane lining the sinuses), sore throat
and tonsillitis (inflammation of the tonsils). Lower respi-
ratory tract infections include bronchitis (inflammation
of the bronchi), pneumonia (inflammation of the alveoli),
bronchopneumonia (inflammatory process in the bron-
chi and alveoli, accompanied by the accumulation of exu-
date in the alveoli), laryngitis (inflammation of the larynx),
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tracheitis (inflammation of the mucous membranes
of the trachea), pleurisy (inflammation of the pleural
linings), alveolitis (inflammation of the pulmonary alve-
oli) [15, 16].

Despite different etiology and ways of transmission,
respiratory diseases share a number of common features
in their pathogenesis. These features include mucus se-
cretion in the bronchi; superficial peeling of the mucosa,
the elements of which enter the bronchial lumen together
with blood; decreased functional pulmonary volume; im-
pairment of lung diffusion capacity, leading to changes
in blood composition; bronchial and lung walls become
less elastic, which leads to the increased energy expen-
diture for breathing. Severe forms of respiratory diseases
may lead to animal death or emergency slaughter [17, 18].

Non-infectious factors contributing to the develop-
ment of respiratory diseases include embryo develop-
mental disorders, hypoxia, gestosis, provoking changes in
the functional activity of the fetoplacental complex, adap-
tation disorders in the postnatal period. They may also
include the increased density of animals in the premises
and gas contamination [19, 20]. Exceeded levels of carbon
dioxide, ammonia, methane, hydrogen sulfide cause irri-
tation of the mucous membranes and lead to the inflam-
mation of the respiratory tract. Violation of sanitary and
hygienic standards in the premises where animals are kept
leads to high contamination of the mucous membranes
by opportunistic and pathogenic microorganisms. Respi-
ratory diseases in animals may occur in case of decreased
activity of antioxidant defense enzymes, insufficient intake
of vitamins that act as antioxidants, since increasing free
radical oxidation is a key factor in the inflammatory pro-
cess [20, 21].In addition to the lack of vitamins, non-specific
resistance of calves is negatively affected by the defici-
ency of trace elements involved in adequate functioning
of the immune system and the synthesis of antioxidant
enzymes, for example, selenium, iodine and zinc.

Viruses and bacteria infect endothelial cells of the bron-
chi, penetrate into respiratory tract tissue, and then spread
throughout the body with the blood flow. Temperature
changes, high humidity in the premises, inadequate diet
as well as vitamin and mineral imbalance also contribute to
the disease occurrence. Viral infections, especially in case
of contributing factors, spread rapidly and cause inflam-
matory reactions. Secondary bacterial infections cause
purulent processes in the lungs, which leads to the death
of animals [22].

Viral infections include infectious rhinotracheitis (her-
pesvirus infection), which damages the mucous mem-
brane of the respiratory tract in young animals, and when
complicated by bacterial agents, the disease proceeds
in the form of purulent pneumonia. Some of the main
clinical signs include: rhinitis, serous-catarrhal discharge
from nasal cavity, conjunctivitis. The disease mainly affects
calves of 1.5-4.0 months of age.

Lung damages are observed in calves of 3-6 months of
agein case of parainfluenza-3. Clinical signs include cough
and purulent sputum discharge from the nasopharynx, in-
creased body temperature. The disease is often associated
with other viral and bacterial agents, for example, Myco-
plasma bovis, Pasteurella multocida, Mannheimia haemolyt-
ica.There is a high probability of the immunosuppressive
effect of the virus [23].

Respiratory syncytial viral infection, occurring
in the form of latent or acute respiratory illness, is mani-
fested by high fever, catarrh of the upper respiratory tract,
serous rhinitis. The prognosis of the disease is most often
favorable.

Viral diarrhea is a disease of the mucous membranes
of cattle which most often occurs as a result of intraute-
rine infection. The infection affects the animal’s immune
system and is characterized by the development of both
intestinal and respiratory syndromes, formation of ulcers
on the mucous membranes is observed.

Secondary bacterial infections include pasteurellosis
(the causative agent Mannheimia haemolytica and Pas-
teurella multocida, serotype A), which cause pneumonia
in the presence of contributing factors, or complicate
the course of the primary viral infection.

The most common causative agent of mycoplasmosis
in cattle is Mycoplasma bovis, which is becoming the main
cause of pneumonia in young animals. The disease is of-
ten heralded by viral diarrhea, rhinotracheitis, coronavirus
infection, often at an early age. Calves demonstrate de-
creased appetite, depression, nasal discharge, wet cough,
wheezing. Other bacteria that cause secondary pneumo-
nia in cattle are Haemophilus, Klebsiella, Streptococcus [22].

Pneumonia in calves occurs due to the extension
of the infection from the upper respiratory tract. Patho-
genic microorganisms located on the mucous membrane
of the nasal cavity, paranasal sinuses, middle ear and lar-
ynx can be the cause of infection of the lower respiratory
system. Rhinitis and inflammation of the paranasal sinuses
are common in one-month-old calves and herald pneumo-
nia [24]. In stressful conditions, when the body’s defense
mechanisms are compromised, pathogenic microflora
causes the development of inflammation [25]. The inflam-
matory process can be localized in the alveoli, bronchi,
individual lung lobes or in the entire lung. By the nature
of inflammatory exudate, pneumonias can be catarrh-
al, fibrinous, serous, putrefactive, hemorrhagic, purulent
and mixed. Catarrhal and fibrinous are the most common
ones. Clinical signs of pneumonia include: increased re-
spiratory rate with wheezing (more than 60 breaths/min);
nasal (less often ocular) discharge; cough, sometimes with
purulent sputum; temperature of 41-42 °C; diarrhea; dull
demeanour; absence of rumination. In 4-5 months old
calves pneumonia can become chronic with no distinct
symptoms, while reduction in liveweight gain is observed.
If the disease is caused by contributing factors and sec-
ondary bacterial infections, treatment with antibiotics is
required. In case of viral and secondary bacterial infections,
specific prevention is effective [22, 26].

Bronchopneumonia is manifested by inflammation
of the bronchi and lung lobes with the accumulation
of exudate and desquamated epithelial cells in the alve-
oli[27, 28]. Opportunistic microorganisms cause inflamma-
tion of the bronchi, bronchioles and alveoli. In addition to
significant pathological changes in the lungs, malfunction
of the central nervous, cardiovascular and other body sys-
tems is observed [29].

According to a number of authors, bronchopneu-
monia occupies a leading position in terms of morbi-
dity and transmission rates among other pathologies of
non-infectious etiology in 1.5-3.5-month-old calves. Ac-
cording to some data, in the Voronezh, Nizhny Novgorod,
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Novosibirsk Oblasts, in different years, pathologies of the
respiratory system affect 29.10-59.36% of calves per year,
with the mortality rate of 6-35%. Animals that have suf-
fered from the disease demonstrate developmental and
growth delays, which makes them unsuitable for further
use [30]. Clinical examination of calves with this pathology
reveals dull demeanour: lowered ears, decreased appetite,
standing on their own away from the herd; then respira-
tory signs appear - increased temperature (up to 40 °C),
nasal discharge, cough, dyspnea, wheezing [31]. There
are three main steps in bronchopneumonia treatment:
stopping bacterial growth and reproduction, removal of
accumulated exudate from the bronchi and detoxification
of the animal’s body [30]. To prevent bronchopneumonia
in calves, it is necessary to control hygiene and tempera-
ture in the premises, as well as to provide a balanced diet
for animals [3].

The mineral status of the animal, which depends
on its mother’s diet and the feed given to young animals,
has a significant impact on the occurrence of respira-
tory diseases. Fetal intrauterine growth restriction due
to the deficiency of such trace elements as copper, sele-
nium, zing, cobalt, manganese leads to 2.08-fold increase
in respiratory disease cases in young animals in the neona-
tal period, 7.14-fold increase in bronchopneumonia cases,
as compared to animals from cows with the physiological
course of pregnancy; this, together with other factors
or complicated course of pregnancy, leads to the weak-
ening of the antioxidant defense system and, hence, to
oxidative stress [32, 33].

Results of studies by D. Shukla et al. [34] proved the role
of cobalt in the antioxidant protection of the lungs; its de-
ficiency, along with the deficiency of copper, zinc, man-
ganese and selenium, regulating the activity of super-
oxide dismutase, catalase and glutathione peroxidase, is
a risk factor for the development of bronchopneumonia
in calves.

Intrauterine disorders due to lack of trace elements
in pregnant cows contribute to the development of res-
piratory diseases in calves. Maternal health determines
fetal growth and wellbeing, the quality of colostrum
and milk [35]. Shaposhnikov I. T. et al. [36] found that
in case of protein and carbohydrate metabolism disor-
ders and calcium deficiency, antioxidant deficiency is de-
veloped in down calvers, which leads to the development
of respiratory and gastrointestinal diseases in their off-
springs. Other researchers [33, 37] proved the role of oxi-
dative stress in the pathogenesis of respiratory diseases
in young cattle. The authors found that antioxidant defi-
ciency, caused, in part, by the lack of trace elements, dis-
rupts the regulation of free radical oxidation processes
and contributes to the excessive amount of toxic protein
and lipid peroxidation byproducts in the bronchoalveolar
fluid and blood of sick animals, which not only damages
cell membranes but also inhibits the immune system.

Pneumonia and bronchopneumonia morbidity rates
in calves depend on chemical, physical, biological and en-
vironmental factors. This has been confirmed by studies
conducted by V. M. Aksenova et al. [27]. Failure of the lung
and bronchi defense mechanisms affected by pathogenic
microflora, and other factors compromising the immuni-
ty, influence the occurrence and the course of respiratory
infections [38, 391. It has been proved that hypothermia

REVIEWS | BOVINE DISEASES 0630PbI | BONE3HU KPC

of young animals leads to reductions in total immuno-
globulin levels in blood serum and to the development
of respiratory system pathologies in 59-69% of calves.
Imbalance in “organism - environment” system may also
play a certain role in the development of lung diseases
in calves. There is a correlation between emissions of car-
bon monoxide, hydrocarbons into the atmosphere and
the incidence of respiratory diseases in animals. Increase
in the mortality rate from respiratory system pathologies
in young animals was recorded in cities with the increased
level of air pollution [40].

Calves under one year of age are most susceptible
to respiratory diseases, and it should be noted that re-
covered animals can get infected again [3]. Since these
pathologies are widespread, the incidence rate is quite
high, and there is also a risk of disease reccurence, it is
necessary to develop effective treatment regimens using
modern drugs [31].

In case of calves recovering from bronchopneumonia,
in addition to conventional therapy, including etiotropic
treatment and novocaine blockade with 0.6% hydrogen
peroxide in 0.9% sodium chloride at a dose of 0.4 mL/kg,
it is recommended to administer 4 mL of “Antimiopathic”
on the first day, which helps to correct antioxidant defi-
ciency and acid-base balance. This product is based on vi-
tamins and trace elements, it successfully replenishes
deficient elements and helps to normalize trace element
homeostasis.

To prevent the development of respiratory diseases
in newborn calves, calvers should be injected with “Anti-
miopathic”in a single dose of 10 mL 60, 40 and 20 days
before calving; this will enhance antioxidant protection
in the newborn calves and reduce their oxidative stress,
compensate for postnatal hypoxia, acidosis and will lead
to the early formation of colostral immunity [19].

Respiratory diseases cause important economic losses
in industrial animal husbandry. To increase the effective-
ness of treatment of pneumonia in livestock, it is neces-
sary to optimize young animal nutrition as well as to use
combination medicines and preparations containing trace
elements. Animal keeping standards must comply with
the existing requirements [41]. A comprehensive approach
is needed in the treatment of pneumonia and broncho-
pneumonia, since their etiology is multifactorial. Therefore,
in modern production, veterinarians use vitamin and min-
eral complexes, drugs and broad-spectrum antibiotics to
treat respiratory diseases [42].

CONCLUSION

Nowadays, respiratory diseases are widespread
in young cattle, they are characterized by a variety
of pathoetiology, but the most common factor in the de-
velopment of pathology is decreased body resistance.
Therefore, it is necessary to take measures to prevent and
promptly detect pneumonia, bronchopneumonia and
other respiratory system diseases, which include clinical
examination of animals and blood tests, as well as to intro-
duce effective treatment and prevention regimens.

To reduce the incidence of respiratory diseases in
young cattle, it is necessary to strictly follow technologi-
cal and hygienic standards for animal keeping and feeding.
Timely vaccination of calves and the use of vitamin and
mineral premixes have a high preventive effect.
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Such preventive measures contribute to the reduction
of morbidity and, consequently, reduce the costs of treat-
ment and the likelihood of early death in young animals,
thus, preventing economic losses.
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SUMMARY

Reindeer invasive diseases cause significant damage to reindeer farms due to reduction in animal productivity and deterioration in quality of reindeer products.
Helminthiases take a special place among them. Knowledge of the epizootic situation will contribute to the successful organization of a system of therapeutic and
preventive measures to protect the domestic reindeer stock from helminthiases. The article presents assessment results for the invasive disease epizootic situation in
reindeer farms in the Murmansk Oblast in 2018—2021. The research was carried out in two large reindeer farms — APC*Tundra” and APCHFE SEN“Olenevod” during
the planned slaughter of reindeer. A total of 4,048 deer carcasses of all ages were examined and 199 samples of faeces were tested. A retrospective analysis of the
veterinary service’s data showed that, among helminthiases, mainly cysticercosis is recorded in reindeer herds of the Murmansk Oblast. The prevalence of cestodes
infection varies from 0.16 to 0.83% depending on the year, however the extensiveness of cysticercosis invasion of reindeer is decreasing. The prevalence of oedemag-
enosis varied in different age and sex groups from 25 to 100%. It was found that reindeer of all ages were infested with paramphistomiasis (12.50—15.15%), setariasis
(5.36—6.06%), nematodiasis (3.0—6.0%), dictyocaulosis (3.03—3.57%), protostrongylosis (3,0%) and, to the least extent, echinococcosis (0.04%). Helminths of
the genus Taenia, class Cestoda, that cause cysticercosis, mainly infest young animals — extensiveness of invasion (El) is 0.50—0.81%. Thus, oedemagenosis and
paramphistomiasis prevail in the structure of helminth infections; they are recorded in all reindeer herds. It was established that invasive diseases occur in the form
of mixed invasions. Mixed invasions most often occur in the following associations: oedemagenosis + protostrongylosis, oedemagenosis + paramphistomiasis +
setariasis, oedemagenosis + paramphistomiasis + cysticercosis (finnosis), oedemagenosis + dictyocaulosis + protostrongylosis.
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PE3IOME

/IHBa3oHHble 3a60NeBaHMA HAHOCAT 3HAUUTENbHbIN YLLEP6 0NleHEBOAYECKUM X03AICTBAM 3 CUET CHINKEHINA NPOAYKTUBHOCTI KMBOTHBIX 1 YXYALLEHNA KayecTa
oneHeBoayeckoi npoayKuyn. 0coboe MecTo Cpen HUX 3aHUMAKT reNlbMIUHTO3bI. 3HaHMe INU300TUYECKON 06CTaHOBKI byaeT cnocobCTBOBATH YCNeLLHOIA opra-
HU3aLMI CUCTEMbI TepaneBTIYECKUX U MPOGUNAKTUYECKUX MEPONPUSTII N0 3aLLUTe NOroNoBbS J0MALLHIX CEBEPHBIX ONIEHEN 0T Napa3uTapHbIX 3a601eBaHMUiA.
B cTaTbe npe/icTaBneHbl pe3ynbTaThl OLEHKM ANM300TUYECKOIT CUTYaLMI MO MHBA3MOHHBIM 33601eBaHNAM B ONleHeBOLYECKHX X03aiicTBax MypMaHCKoii obnactu
3a nepuog ¢ 2018 no 2021 r. Uiccnegosanma 6bin npoBeaeHbl B ABYX KpYMHbIX oneHeBoaYeckux xo3aiictax — CXIK «Tynapa» n CXMK ONX MHC «Onexesopy»
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BO Bpems NNaHOBOro0 y60s ceBepHbIX ofeHeii. Beero 6bino uccnegoBaHo 4048 Tyw oneHeii Bcex Bo3pacToB v 199 npo6 dekanuit. PeTpocnekTUBHbIN aHanm3
[ZaHHbIX BETEPUHAPHOIA CyObl MOKa3a, uTo U3 refbMIUHTO30B B 0eHEBOAYECKUX cTaZax MypmaHCKoii 06nacT B 0CHOBHOM PerncTpupyeTca LcTuLepKo3
(Cysticercosis). MpOLEHT 3apaXeHHOCTU XMBOTHBIX LiecTofaMu BapbupyeT no rogam ot 0,16 8o 0,83%, npu 3ToM HabNI0AAETCA YMEHbLLEHME IKCTEHCUBHOCTH
HBA3UI CEBEPHOTO ONEHs. PaCnpoCTpaHeHHOCTb deMareH03a No pa3HbIM NONOBO3PACTHBIM rpynnam coctasnana ot 25 no 100%. Moka3aHo, uto oneHu Beex
B03pacToB boneior napamducromatosom (12,50—15,15%), cetapnosom (5,36-6,06%), Hematogupennesom (3,0—6,0%), auktokaynesom (3,03-3,57%), npo-
TOCTPOHTINe30M (3,0%) 1 B MeHblLuelt cTeneHu SXMHOKOKK030M (0,04%). fenbMuHTamu popa Taenia knacca Cestoda, Bbi3bIBatoLLMMK LMCTULIEPKO3, 3apaXkaeTca
MPeuMyLLECTBEHHO MOOAHAK, IKCTEHCUBHOCTb MHBa3uN cocTaBnseT 0,50—0,81%. Takum 06pa3om, B CTPYKType 3a60N1eBaeMOCTH reNIbMUHTO3aMi JOMUHIpY-
foLLiee MONOKEHME 3aHMMAIOT SeMareH03 1 NapamucTomaTos, perucTpupyemble Bo BCeX 0NeHEBOAYECKUX CTajaX. YCTaHOBNEHO, UTO MHBA3NOHHbIe 60e3HN
npoTeKatT B Gopme MUKCT-MHBA3MWI, YalLie BCEro B CNeyHoLLIX accoLMaLNAX: 3AemMareHo3 + NpoToCTPOHTINe3s, 3aemareHo3 + NnapaMrcTomaros + cetapuos,

3/lemareHo3 + ﬂapaM¢M(TOMaT03 + UmncTnLepko3 (¢MHH03), 3[leMareHo3 + IMKTIOKayne3 + NpoToCTPOHIunes.

KnioueBbie cnoBa: gomaluHnii CEBeprIVI 0/1€Hb, 3NU300TUYECKAA CUTYALIUA, UHBA3UOHHDIE 60/1€3HM, FeNbMUHTO3bI

bnaropapHocTy: Bbipaxaem 6narogapHocTb cotpyaHnkam F0BBY «Mypmakckas 06nacTHas craHuma no 6opbe ¢ 60713HAMM KMBOTHbIX» U €70 PYKOBOAUTENHO
KocTiok Hatanum AnekcapapoBHe 3a 0ka3aHue BCECTOPOHHei MOMOLL NPY NPOBEAEHUN UCCNE0BAHNI.
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MaHcKoil 0bnactu. Bemepurapus cez00ns. 2022; 11 (3): 210-215. DOI: 10.29326/2304-196X-2022-11-3-210-215.
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INTRODUCTION

Reindeer husbandry is a traditional ancient occupation
of most peoples of the Far North. Deer is a major com-
ponent of the ecosystem of the Northern regions and
the welfare, level of economic and social development
of indigenous peoples largely depend on its rational
use. Preservation and further development of domestic
reindeer husbandry, increasing its productivity and prof-
itability are impossible without proper organization and
implementation of effective measures against infectious
and invasive animal diseases that can cause significant
damage to reindeer farms.

The main diseases causing significant economic da-
mage to reindeer husbandry are necrobacteriosis, oede-
magenosis, cefenomyosis and helminthiases. These infec-
tions are often registered in reindeer herds, reduce the
animals’ productive qualities [1-8] and often cause mor-
tality [9-11]. Helminthiases should be particularly noted.

Reindeer are ruminants, but due to scarce food supply
in their habitats, they developed food preferences untypi-
cal of ruminants. They can eat fallen horns of their relatives
and moose, brackish soil, chicks, bird eggs and droppings,
as well as lemmings. Cases of deer drinking from puddles
and simultaneously urinating and defecating were also
recorded. These and other factors increase the likelihood
of helminth invasion of deer [12].

Currently, there is only general information on diversity
of parasites in reindeer [10, 13-21], and detailed informa-
tion on parasitic infections is limited. Complete data on
parasitic prevalence and diversity will contribute to a more
targeted fight against infestations.

Reindeer diseases caused by helminths are widespread
in reindeer herds both in the Russian Federation [15-
17, 22, 23] and in the Scandinavian countries (Norway,
Finland) [24, 25].

Thus, in the Republic of Sakha (Yakutia) the infection
rate of deer with Setaria cervi was 32.8% [15], with Cysti-
cercus tarandi — 13.3%, Cysticercus parenchimatosa — 10%,
Paramphistomum cervi - 10%, Echinococcus granulosus —
10% among all tested animals. Larvae of nasopharyngeal
gadflies (Cephenomyia trompe) affected 36.6% of the deer
population, infection with larvae of hyperdermic gadfly
was established at 100% (Oedemagena tarandi, oedema-
genosis) [16].

The invasiveness of Dictyocaulus eckerti (dictyocaulo-
sis) in wild reindeer was 100%, in domestic reindeer it was
45.5% for adult animals and 100% for calves of the current
year of birth [22]. For comparison: in Norway, the preva-
lence of dictyocaulosis in wild reindeer varied from 28 to
80% depending on the period [24].

The level of prevalence of Oedemagena tarandi in deer
grazing on the territory of the Khanty-Mansi Autonomous
Okrug - Yugra, is much lower than in the Republic of Sakha
(Yakutia). The extensiveness of oedemagenosis invasion
varied from 0.71% in 2012 to 10.37% in 2015 [17].

The helminthiasis epizootic situation with regard to ani-
mal husbandry in the Murmansk Oblast remains practically
unstudied. To date, there is little data and research works
in the field of epizootology, epizootic process studies, as
well as scarce information on clinical signs, treatment and
prevention of reindeer invasive diseases in the region.

Timely epizootological monitoring, development and
implementation of preventive, quarantine and health
improvement measures in reindeer breeding farms are
necessary conditions for the control of diseases caused
by helminths [14].

For successful organization of a system of therapeutic
and preventive measures to protect domestic reindeer
population from parasitic diseases, knowledge of the bio-
logy of pathogens and their pathogenic effect on the host
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organism, as well as information on the epizootic situation
are necessary [26].

Therefore, the task was set to assess the epizootic situa-
tion of invasive diseases in reindeer breeding farms of the
Murmansk Oblast in order to develop an effective strategy
and tactics for the control, prevention and eradication of
helminthiases.

MATERIALS AND METHODS

Studies on the spread of invasive diseases and hel-
minth infestation of reindeer were conducted in 2018-
2021 in two large reindeer breeding farms of the Mur-
mansk Oblast (“Tundra”and“Olenevod”farms) during the
planned slaughter of animals at the slaughter sites in the
Lovozero settlement. In total, 4,048 carcasses from deer
of all ages (2,812 from the “Tundra” farm and 1,236 from

Table 1
Extensiveness of helminthiasis infestation of domestic reindeer
in reindeer farms of the Murmansk Oblast

Number of Helminthiasis Number of Extensiveness
tested carcasses infested carcasses | ofinvasion, %
cysticercosis 14 0.50
2,812
echinococcosis 1 0.04
T;::(r:a paramphistomiasis 7 12.50
56 setariasis 3 5.36
dictyocaulosis 2 3.57
cysticercosis 10 0.81
1,236
echinococcosis - -
OI?:re::]/od paramphistomiasis 5 15.15
33 setariasis 2 6.06
dictyocaulosis 1 3.03
Table 2

Extensiveness and intensity of helminthic invasion in reindeer
of different sex and age groups

. Sexand age Number Il, é é £
Holding 8 g | 2
group of samples | eggs/gfaeces | & S 2
=l 5| 8
] £ S
= 1<} [©
a £
button bucks under 14 34 3 _
1year old
“Tundra” bucks 2 s } -
farm does n 3-4 6 - -
females under 104 _ _ _
1yearold
button bucks under 50 3.5 - 3
1yearold
Olenevod does 6 _ _ _ _
farm
females under
5 B _ _ _
1yearold

the “Olenevod” farm), as well as 199 fecal samples were
examined.

Meat inspection included examination of animal’s ru-
men, reticulum and abomasum. The helminthiases distri-
bution was studied based on antemortem and postmor-
tem diagnosis and taking into account the epizootological
data. At the same time, coproscopic (ovoscopy, larvoscopy,
helminthoscopy), flotation (according to Fulleborn) and
sedimentation (sequential washing) tests were performed,
incomplete helminthological autopsy was carried out and
individual organs were examined according to K. I. Scria-
bin’s method [27].

The species diversity of helminth fauna was deter-
mined morphologically by microscopy of macro- and
micro-preparations using deer helminth identification
guide [28].

RESULTS AND DISCUSSION

Based on meat inspection results of parenchymal
organs and gastrointestinal tract of 2,812 deer carcas-
ses belonging to the “Tundra” farm, and 1,236 carcasses
submitted to the slaughtering site from the “Olenevod”
farm, infection with helminths of the genus Taenia (Tae-
nia hydatigena), class Cestoda (mainly young animals) was
detected, the extensiveness of invasion (El) was 0.5 and
0.81%, respectively. Infection with echinococcosis agent
(Echinococcus canadensis) was detected only in the “Tun-
dra”farm, while the El was insignificant and amounted to
0.04% (Table 1).

Of the total number of deer carcasses tested, 56 car-
casses from the “Tundra” farm and 33 carcasses from the
“Olenevod” farm demonstrated helminths of the genus
Paramphistomum (Paramphistomum cervi) belonging to
the digenetic trematodes (deer of all ages were infested) -
with El 12.50 and 15.15%, respectively, causative agents
of setariasis (Setaria tundra of a genus of parasitic round-
worms phylum Nematoda) - El 5.36 and 6.06%, and dictyo-
caulosis (Dictyocaulus eckerti, phylum Nematoda) - El 3.57
and 3.03%, respectively.

Thus, in the study of slaughter products, it was found
that the extensiveness of domestic reindeer invasion in
reindeer farms in the Murmansk Oblast varies from 0.04 to
15.15%. The most common parasitic diseases are param-
phistomiasis (15.15%), setariasis (6.06%), dictyocaulo-
sis (3.57%); less common are cysticercosis (0.81%) and
echinococcosis (0.04%).

Based on results of coproscopy (ovoscopy, larvosco-
py, helminthoscopy), combined sedimentation-flotation
studies and sequential washings, the extensiveness (El)
and intensity (Il) of helminthic invasion in reindeer of dif-
ferent age and sex groups were determined (Table 2). It
was revealed that the El of domestic reindeer with nema-
todiasis was from 3 to 6%, with protostrongylosis — 3%,
the intensity of invasion was from 3 to 5 eggs/g of feces.

Retrospective analysis conducted based on reports of
the veterinary service of the Lovozersk Animal Disease
Control Station for 2018-2021 showed that of all helmin-
thiases predominantly cysticercosis (or finnosis) is regis-
tered in reindeer of the Murmansk Oblast (Table 3).

Analyzing the results of meat inspection on farms, it can
be noted that in 2018 the highest El for finnosis (0.39%)
was in the “Tundra” farm. In the “Olenevod” farm the
maximum invasion rate (1.79%) was observed in 2020. In
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Table 3
Retrospective analysis of cysticercosis distribution in reindeer in the Murmansk Oblast

“Olenevod” farm Average, by farms

“Tundra”farm

Total number Animals Total number Finnosis Total number Animals
of slaughtered | with finnosis of slaughtered of slaughtered | with finnosis
. . detected .
animals detected animals ENIELS detected
2018 3,883 15 0.39 1,520 1 0.07 5,403 16 0.30
2019 2,995 7 0.23 1,902 1 0.05 4,897 8 0.16
2020 2,816 7 0.25 1,735 31 1.79 4,551 38 0.83
2021 3,381 5 0.15 1,338 8 0.60 4,719 13 0.28
2018-2021, the percentage of cestodes infestation for all ~ Table 4

farms, on average, was relatively low and varied from 0.16
to 0.83%. In 2021, there was a decrease in El, which is as-
sociated with the use of ivermectin-based drugs and in-
creased effectiveness of reindeer anti-parasitic treatment
and animal health control measures.

Infestation of reindeer by hypodermic gadfly larvae in reindeer farms

in the Murmansk Oblast

“Olenevod” farm

“Tundra”farm

At the next stage, the prevalence of hypodermic gadfly 5 4 % 2 5 4 " 3
larvae infestation in reindeer of the Murmansk Oblast was Sexandage | = ; _: = = ; _:' 2
studied by sex and age groups (Table 4). group £l 5| 8| 8 2|l | 2| &

Analysis of the obtained data shows that the highest E = g 2 S = g e
. . . . . . % = = 2 - =
invasiveness of domestic reindeer is observed in the “Ole- g | 2 s £ g | & 3 =
nevod” farm, where the El was 100% for all sex and age 2 €| 5] % 2| €| 8| s
groups. In the “Tundra”farm, the El was significantly lower, = =
but nevertheless quite high, especially in the groups of Bucks 43 | 43 3736|869 | 100 | 7 5 | 451 | 90.2 | 714
breeding l?ucks (71.4%) and calves.(50.7.%)..0n average, Does 6 6 | 475 | 792 | 100 | 4 1 a7 | 870 | 250
the extensiveness of edemagenous invasion in the entire
studied reindeer population of both farms was 70.3%. Deer calves 5 5 397 | 794|100 | 73 | 37 |3,005| 81.2 | 50.7

' Such a'high level of invasion with Oec'lemagena taran- Total| 54 | 54 | 4608|853 | 100 | 84 | 43 |3543| 824 | 512
di larvae is due to the fact that not all livestock (under
50%) of domestic reindeer are subjected to treatment
against hypodermic gadfly, and the treatment terms are
incompliant. and sex groups of animals from 25 to 100%. Oedemageno-

Analysis of the meat inspection results and studies  sis and paramphistomiasis occupy a dominant position
conducted using a combined method showed that the  and are recorded in all herds.
invasions identified in reindeer of the Murmansk Oblast, A retrospective analysis carried out during the meat
as a rule, occur in the form of mixed invasions in various  inspection of venison on the basis of veterinary reporting
associations, the most frequent being: oedemagenosis +  documents within planned animal slaughter showed that
protostrongylosis, oedemagenosis + paramphistomiasis+  among all helminthiases, mainly cysticercosis (finnosis) is
setariasis, oedemagenosis + paramphistomiasis + cystic-  registered in reindeer herds of the Murmansk Oblast.
ercosis (finnosis), oedemagenosis + dictyocaulosis + pro- It was established that invasive diseases occur in the
tostrongylosis. Similar data were obtained by researchers ~ form of mixed invasions. The following associations are
from Finland — more than half (53.3%) of the surveyed deer =~ most often registered: oedemagenosis + protostrongy-
population had mixed parasitic infections [25]. losis, oedemagenosis + paramphistomiasis + setariasis,

oedemagenosis + paramphistomiasis + cysticercosis

CONCLUSION (finnosis), oedemagenosis + dictyocaulosis + protos-

The results of the conducted studies have shown that  trongylosis.
invasive diseases of reindeer caused by helminths - rep- The conducted studies made it possible to assess the
resentatives of three classes: trematodes, nematodes and  epizootic situation of invasive diseases in reindeer breed-
cestodes — are registered in all surveyed farms of the Mur-  ing farms of the Murmansk Oblast. The data obtained will
mansk Oblast. contribute to the successful organization of a system of

The most common parasitic diseases are paramphisto-  therapeutic and preventive measures to ensure protection
miasis (12.50-15.15%), setariasis (5.36—-6.06%), nematodi-  of domestic reindeer population from helminthiases.
asis (3.0-6.0%), dictyocaulosis (3.03-3.57%), protostron-
gylosis (3.0%), echinococcosis (0.04%) is less common. REFERENCES
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ticercosis, infect mainly young animals, El is 0.50-0.81%. mandas A. M. The evaluation of the epizootic situation
The prevalence of oedemagenosis varied by differentage  in the populations of wild reindeer of the Arctic zone
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Bovine leukosis incidence
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SUMMARY

Results of epizootological analysis of data on bovine leucosis (BL) incidence in the Republic of Dagestan in 2021 are reported. Bovine blood was diagnostically
tested for leukosis in 32 veterinary laboratories and diagnostic offices including SBI RD Republican Veterinary Laboratory. 720,489 sera were serologically tested
and 7,188 (1.0%) samples were serologically positive for bovine leukaemia virus (BLV). Among the infected animals, 527 ones were subjected to haematologic
testing. Persistent leukocytosis was reported in 153 (29.03%) blood samples of haematologically tested BL diseased cattle. Statistical analysis of BLV prevalence
in the republic was performed for 41 Raions and 8 municipalities. High percentage of BLV infection in the animal population was reported in fourteen Raions:
Kumtorkalinsky (5.8%), Gunibsky (5.3%), Tarumovsky (3.3%), Karabudakhentsky (2.9%), Akhvakhsky (2.0%), Kizlyarsky (1.8%), Charodinsky (1.7%), Kazbe-
kovsky (1.6%), Babayurtovsky (1.5%), Tlyaratinsky (1.1%), Dakhadayevsky (1.04%), Sergokalinsky (1.02%), Novolaksky (1.0%), Shamilsky (1.0%), and in four
municipalities: Makhachkala (2.0%), Izberbash (1.14%), Khasavyurt (1.1%) and Yuzhno-Sukhokumsk (1.0%). In 21 Raions and two municipalities, BLV seropositivity
was below 1.0%. No BLV infected animals were detected in the Agulsky, Akhtynsky, Dokuzparinsky, Magaramkentsky, Khivsky, Suleiman-Stalsky Raions and in
Derbent and Dagestanskiye Ogni municipalities. Studies of BLV prevalence in 2015-2021 demonstrated that the highest level of the animal infection was reported
in 2015 (13.9%) and the lowest — in 2021 (1.0%). However, the number of animals serologically tested in 2021 exceeded the number of animals tested over the
whole study period. Therefore, the Republic of Dagestan remains BL infected region.
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KoHbIoOHKTYpa 3a60/1€BaemMoCT N1eiIK030M KPYMHOro poraToro
CKoTa Ha Tepputopun Pecnybnuku [arectan 3a 2021 rog

A. P. Myctradaes

[TpuKacnuiickuii 30HaNbHbII HayYHO-NCCEROBATENbCKII BeTepUHAPHDIA MHCTUTYT — duanan OTBHY «DeaepanbHbiii arpapHblil HayuHbli LieHTp Pecnybnukm
[Narectan» (Mpukacnuitckuit 3oHanbHblit HUBU — dunnan OTBHY «OAHL PLL»), Pecny6nuka [larectan, r. Maxaukana, Poccus;
https://orcid.org/0000-0002-5142-8360, e-mail: mustafaev_arkif@mail.ru

PE3IOME

lpeacTaBneHbl pe3ynbTaTbl IMU300TONONMYECKOr0 aHaM3a AaHHbIX N0 3a6071eBaeMOCTI NeiiKo30M KpyMHOTo poraToro ckota Ha Tepputopui Pecnybnuky [larectaq
82021 . [IarHocTuyeckue ucce0BaHIA KpOBM KPYMHOTO poraToro CKOTa Ha Neiiko3 6binu npoBezeHbl B 32 BeTepUHapHbIX NabopaTopuax v AarHoCTIYeCKIX ka-
6uHetax, B Tom uncne 'Y PLL «Pecnybnukanckan BetepuHapHas nabopatopus». Ceponoruueckim Metogom 6bino uccnesoBao 720 489 npob cbiBOpoTKIM KpoBH, U3
HIx 7188 (1,0%) 06pa3LioB oka3anuch cepono3uTUBHbIMY K BUPYCY N1eiiko3a KpyMHOro poratoro ckota. M3 uncia nHULMpOBaHHbIX XUBOTHBIX reMaTonorayecko-
My MCCIeL0BaHII0 NoABEPrHYTO 527 ronoB. llepcucTeHTHbII neiikoumTo3 BbiaBAeH B 153 (29,03%) npobax KpoBi rematonoryecku 601bHOr0 Neitko30M KpynHoro
poraroro ckota. [IpoBefieH CTaTUCTUYECKIiA aHaNK3 PacnpoCTpaHeHNA BUpyca Neilko3a KpymHOro poratoro CkoTa B pecny6auke B paspese 41 paiioHa v 8 ropoackmx
OKpYroB. BbICOKMii NpoLieHT MHOMLMPOBAHHOCTI NOFONI0BbA BUPYCOM Neiiko3a KpynHOro poratoro ckoTa BblABNeH B 14 paiioHax: KymtopkanuHckom (5,8%),
TyHnbckom (5,3%), Tapymosckom (3,3%), Kapabynaxkentckom (2,9%), AxBaxckom (2,0%), Kuznapckom (1,8%), Yapoaurckom (1,7%), Kasbekosckom (1,6%),
babatoptosckom (1,5%), Tnapatunckom (1,1%), laxagaesckom (1,04%), Ceprokanutckom (1,02%), Hosonakckom (1,0%), Lamunbckom (1,0%); 4 ropopax:
Maxauxkane (2,0%), N36epbalue (1,14%), Xacastopre (1,1%), H0xHo-Cyxokymcke (1,0%). B 21 paitoHe 1 B 2 ropofcKux OKpyrax nokasatesib cepono3uTUBHOCTH
K BUPYCy Neiiko3a KpynHoro poratoro ckota coctaun Meee 1,0%. B Arynbckom, AxTbiHckom, [loky3napuxckom, MarapamkenTckom, Xusckom, (yneiiman-Crans-
CKOM paiioHax, ropogax [lep6ent u [larectanckue Orin HGUUMPOBaHHbIE BUPYCOM feiiko3a KpYNHOTO poratoro CkTa XMBOTHble He BblABAeHbI. [pn u3yyeHnn
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INTRODUCTION

Bovine leukosis (enzootic bovine leukosis, EBL) is in-
duced by bovine leukemia virus (BLV), which causes neo-
plastic growth of hemoblasts in blood through malignant
degeneration and proliferation of immune cells, more spe-
cifically through the growth of the number of leukocytes
(B- leukocytes) [1-5].

This bovine viral disease is widely spread in the USA,
Canada, China, Japan and Russian Federation. West Euro-
pean countries (Norway, Finland, Sweden, Denmark, etc.)
and New Zealand are considered BLV-free. In such coun-
tries as Italy, Portugal, Latvia, Greece, Romania, Bulgaria
and Belarus, BL cases are sporadic [6-12]. According to
the animal health recommendations specified in the Ter-
restrial Animal Health Code of the World Organization for
Animal Health', any premises should be considered leuko-
sis free in case 99.8% of the animals in the herd were BLV
free for the last three years [13, 14].

Over the recent years, a number of programs aimed
at BLV spread prevention and disease eradication on
the livestock farms were approved in the Republic
of Dagestan. They included “Plan for bovine leukosis
prevention and control in the Republic of Dagestan
in 2017-2020" (approved by the order of the Republic
of Dagestan government of 11 September 2017 No. 323-p),

“Bovine leukosis prevention and eradication on the farms
in the Republic of Dagestan” (approved by order of the Re-
public of Dagestan government of 28 June 2018 No. 76).

Hematological and serological diagnostic tests of blood
of nearly total bovine animal population are performed in
the Repubilic for the detection of BL infected and diseased
animals. Bovine leukosis, however, remains the pressing
challenge in the region. One of the reasons of such situa-
tion is absence of targeted activities for the disease control
in Dagestan as well as lack of full-scale preventive mea-
sures stipulated by the Veterinary Law*.

! https:/fsvps.gov.ru/fsvps-docs/ru/oie/oie_terrestrial_code_g_t1.pdf.
2 https://docs.cntd.ru/document/450340001.

3 https://docs.cntd.ru/document/550147549.

“Veterinary rules for implementation of preventive, diagnostic,
restrictive and other measures, imposition and lifting of quarantine
and other restrictions aimed at containment and eradication of bovine
leukosis outbreaks: approved by Order of the Ministry of Agriculture
of Russia of 24 March 2021 No. 156. Available at: https://docs.cntd.ru/
document/603433105.

Therefore, the goal was to study the BLV spread in
the region and to perform an epizootological analysis
of the data on BL incidence in the Republic of Dagestan
in 2021.

MATERIALS AND METHODS

The basic materials used for the investigation of enzoo-
tic bovine leukosis in the Republic of Dagestan included
reports of the Republican, Interraion and Raion veterinary
laboratories for 2021 as well as data notified by the Raion
diagnostic offices. Bovine (native) blood sera delivered
from different settlements and livestock farms of various
types of ownership were used in the studies.

Serological and hematological tests were performed
in accordance with “Methodical instructions for diagnosis
of bovine leukosis” using immunodiffusion assay (AGID)
and hematology analyzer. The epizootological studies
were performed in compliance with “Methodical instruc-
tions for epidemiological study of bovine leukosis”[15, 16].

RESULTS AND DISCUSSION

Bovine leukosis diagnostic tests were performed in
32 Interraion, Zonal veterinary laboratories including
SBI RD Republican Veterinary Laboratory as well as in
the diagnostic offices located in the Raions. Biological
materials (blood, sera) collected from the animals were
delivered to the veterinary laboratories according to their
service area. However, there are distant pastures, where
the animals are mostly moved in autumn and winter.
All diagnostic tests of the animals kept on the premises
located in such areas are performed in the zonal veteri-
nary laboratories [17, 18]. In 2021, officers of the veteri-
nary laboratories of the Republic of Dagestan subjected
720,489 bovine serum samples to serological tests for BLV,
and 7,188 (1%) of the samples were reported seropositive.
During the same period blood collected from 527 animals
was hematologically tested for persistent leukocytosis,
and 153 (29.03%) blood samples from hematologically
diseased cattle were identified.

Table 1T demonstrates the results of serological and he-
matological tests of bovine sera and whole blood samples
for EBL. Therefore, the highest amount of serological tests
was performed in the laboratories located in the lowland
area of Dagestan, where the major part of the animal
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Table 1
BL epizootological monitoring in the Republic of Dagestan, 2021

Serological tests
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Hematological tests

of AGID-positive animals

Veterinary .
o) | v |- | | e | O
samples | detected
1 |Republican 47,538 2,377 5.0 103 22 214
2 | Aqulskaya 4,444 - - - — _
3 | Akushinskaya 24,974 - - - - _
4 | Babayurt 44,456 789 1.8 312 90 28.8
5 | Botlikh 51,768 - - - -
6 | Buynaksk 28,242 81 0.3 - - -
7 | Gumbetovsky - - - - - -
8 | Gunib 16,236 48 0.3 - - -
9 | Dakhadayevskaya | 16,565 - - - — _
10 | Derbent 18,075 25 0.14 - - -
11 | Dokuzparinskaya 22,193 - - - - _
12 | Izberbash 15,608 134 0.9 - - -
13 | Kasumkent 21,764 - - 2 - -
14 | Kizilyurt 38,339 188 0.5 - - -
15 | Kizlyarsk 41,244 680 1.6 - - -
16 | Kochubeyskaya 42,574 973 23 90 32 35.6
17 | Kulinskaya 11,847 4 0.03 - - -
18 | Kurakh 8,257 - - - — _
19 | Lakskaya 17,866 4 0.02 - — _
20 | Levashy 19,775 48 0.2 - _ _
21 | Maydanovskaya 24,124 - - - - _
22 | Nogayskaya 16,051 1 0.07 - - -
23 | Rutulskaya 6,402 - - - — _
24 | Tabasarany 12,208 29 0.2 - - -
25 | Tarumovskaya 26,313 803 3.1 - - -
26 | Tlyaratinskaya 3,631 - - - _ _
27 | Khasavyurt 89,979 969 1.08 20 9 45,0
28 | Khivskaya 6,437 - - - — _
29 | Khunzakh 4,217 - - - — _
30 | Tsuntinskaya 10,253 - - - - _
31 | Charodinskaya 12,640 25 0.2 - - -
32 | Shamilskaya 16,469 - - - — -
Total | 720,489 7,188 1.0 527 153 29.03
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population is accumulated: in Khasavyurt Zonal Vete-
rinary Laboratory — 89,979 bovine serum samples; in
the Republican Veterinary Laboratory — 47,538 bovine se-
rum samples; in Babayurt Veterinary Laboratory — 44,456
bovine serum samples; in Kochubeyskaya Veterinary
Laboratory - 42,574 bovine serum samples, in Kizlyarsk
Veterinary Laboratory — 41,244 bovine serum samples;
in Kizilyurt Veterinary Laboratory — 38,339 bovine serum
samples; in Tarumovskaya Veterinary Laboratory — 26,313
bovine serum samples, in Izberbash Veterinary Laborato-
ry — 15,608 bovine serum samples. BLV seropositivity rate
amounted to 1.08% (969 animals); 5.0% (2,377 animals);
1.8% (789 animals); 2.3% (973 animals); 1.6% (680 animals);
0.5% (188 animals); 3.1% (803 animals); 0.9% (134 animals),
respectively. Analysis of the data submitted by the nine
veterinary laboratories demonstrated that the level of
the BLV infected animals was below 0.5%: in Derbent —
0.14% (25 animals), in Buynaksk - 0.3% (81 animals),
in Gunib - 0.3% (48 animals), in Levashy - 0.2% (48 ani-
mals), in Tabasarany — 0.2% (29 animals), in Charodin-
skaya —0.2% (25 animals), in Nogaysk - 0.07% (11 animals),
in Kulinsk — 0.03% (4 animals), in Laksk — 0.02% (4 animals).
In other 14 veterinary laboratories and diagnostic offices,
located mostly in the mountainous regions, no bovine leu-
kosis was diagnosed. No animal sera were tested for spe-
cific precipitating antibodies against BLV in Gumbetovsky
Diagnostic Office.

The resulted data demonstrate that there is large-scale
serological testing for BLV antibodies performed in the Re-
public, but hematological tests of blood sera are random,
and the complete picture of EBL prevalence cannot be,
therefore, made. Nevertheless, those little if any hemato-
logical analysis data obtained in 2021 and earlier indicate
that the incidence level is high and hematologically di-
seased animals are not removed from the herd [19].

On the next stage, epizootological data on bovine leu-
kosis in Raions and towns of the Republic in 2021 were
analyzed. Dagestan consists of 41 Raions and 10 munici-
palities. Bovine sera were serologically tested for leu-
kosis nearly in each administrative unit (Table 2). Total
of 720,489 blood samples were tested and 7,188 (1.0%)
of them turned seropositive. High percentage of BLV in-
fected animals was reported in 14 Raions and 4 munici-
palities. The highest number of the seropositive animals
is housed on the lowland farms and on remote pasture
premises located in the foothill and mountainous re-
gions. BLV infection in these Raions and municipalities
ranged from 1.0 to 5.8%: in Kumtorkalinsky Raion — 5.8%,
in Gunibsky Raion - 5.3%, in Tarumovsky Raion - 3.3%,
in Karabudakhkentsky Raion — 2.9%, in Akhvakhsky
Raion - 2.0%, in Kizlyarsky Raion — 1.8%, in Charodin-
sky Raion - 1.7%, in Kazbekovsky Raion - 1.6%, in Ba-
bayurtovsky Raion — 1.5%, in Tlyaratinsky Raion - 1.1%,
in Dakhadayevsky Raion - 1.04%, in Sergokalinsky Raion -
1.02%, in Novolaksky and Shamilsky Raions — 1.0% in
each, as well as in municipalities of Makhachkala - 2.0%,
Izberbash - 1.14%, Khasavyurt - 1.1% and Yuzhno-
Sukhokumsk - 1.0%. In 21 Raions and 2 municipalities
BLV seropositivity level was below 1.0%. In other 6 Raions
(Agulsky, Akhtynsky, Dokuzparinsky, Magaramkentsky,
Khivsky, Suleiman-Stalsky) and two municipalities (Der-
bent, Dagestanskiye Ogni) no BLV infected animals were
detected.
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Table 2

BL diagnostic tests in the Raions and municipalities of the Republic of Dagestan, 2021

(according to SBI RD Republican Veterinary Laboratory)

Serological tests
Raions

and municipalities

Number " Infected animals
e AGID-positive detected, %

Serological tests

Number AGID-positive
ENTNELS

Raions

and municipalities

Infected animals
detected, %

1 | Aqulsky 4,552 - - 27 | Nogaysky 15,139 10 0.07
2 | Akushinsky 45,590 180 0.4 28 | Rutulsky 9,201 36 0.4
3 | Akhvakhsky 14,887 299 2.0 29 | Suleiman-Stalsky 9,297 - -
4 | Akhtynsky 10,391 - - 30 | Sergokalinsky 6,353 65 1.02
5 | Babayurtovsky 1,372 174 15 31 | Tabasaransky 12,453 29 0.2
6 | Botlikhsky 32,405 130 0.4 32 | Tarumovsky 30,225 983 33
7 | Buynaksky 28,213 81 03 33 | Tlyaratinsky 13,536 151 1.1
8 | Gergebilsky 24,863 193 0.8 34 | Untsukulsky 13,493 93 0.7
9 | Gumbetovsky 11,356 35 0.31 35 | Khasavyurtovsky 59,650 305 0.5
10 | Gunibsky 24,432 1,300 53 36 | Khivsky 7,196 - -
11 | Dakhadayevsky 13,605 14 1.04 37 | Khunzakhsky 12,880 54 0.4
12 | Derbentsky 14,754 22 0.15 38 | Tsumadinsky 16,568 88 0.5
13 | Dokuzparinsky 9,077 - - 39 Tsunti.nsky, o 6,528 1 0.2
14 | Kazbekovsky 14,807 3 16 Bezhtinsky Distict 3215 - -
15 | Kaytagsky 5477 ) 0.04 40 | Charodinsky 20,298 349 17
16 | Kizilyurtovsky 14,397 45 03 41| Sharmilsky 23,306 24 10
17 | Kumtorkalinsky 5,256 305 58 42 | Kizlyar m. 7,086 20 03
18 | Kayakentsky 7,840 56 07 43 | Makhachkala m. 14,785 290 2.0
19 | Karabudakhkentsky 9,228 263 29 44 | Kaspiyskm. 706 4 06
20 | Kizlyarsky 25874 167 18 45 | Izberbash m. 702 8 1.14
21 | Kulinsky 22,206 111 05 46 \s(ﬂim;.mskm. 3,895 39 10
22 | Kurakhsky 9,090 2 0.02 7 | Derbentm. 50 B B
2 | Laksky 22,863 170 07 48 | Dagestanskiye Ogni m. 456 - -
24 | Levashinsky 21,965 77 0.4 19 | Khasavyurtm. 2,505 57 .
25 | Magaramkentsky 15,192 - - Total | 720,489 7,188 1.0
26 | Novolaksky 10,674 106 10 *Bezhtinsky District — administrative region within Tsuntinsky Raion.

It was established that the level of BLV infection of
the animals in the Republic did not decrease in 2021 (1.0%)
as compared to 2020 (1.02%), and the number of the ani-
mals diagnostically tested for bovine leukosis increased [20].

Bovine leukosis epizootic data for 2015-2021 were re-
viewed for the examination of BLV spread dynamics.

The Figure demonstrates that the highest amount of
the serological tests for bovine leukosis was performed
in 2021, and the number of the infected animals was the
lowest in this period. In 2015, only 7,310 bovine blood
samples were tested and the seropositivity amounted
to 13.9% (1,016 animals). High percentage of the in-
fected animals was associated with the random testing

for leukosis and lack of any program for the disease pre-
vention and control in the Republic of Dagestan. Large-
scale diagnostic testing for bovine leukosis was started
in the region in 2018 and it was performed according to
the “Plan of measures for bovine leukosis prevention and
control to be implemented in the Republic of Dagestan
in 2017-2020" but no disease control and preventive
measures were implemented. As soon as the Plan was
approved, the number of animals subjected to diagnos-
tic tests increased dramatically: 223,293 animals in 2018;
625,970 animals in 2019; 524,930 in 2020; and 720,489 an-
imals in 2021.The percentage of the BLV infected animals
decreased from 4.03% (2018) to 1.0% (2021).
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2015
==@==Total ID tested 7,310
=== Seropositive 1,016
== nfected 13.90%

2021
223,293 | 625,970 | 524,930 | 720,489
7,188
1.00%

Fig. BL spread dynamics in the Republic of Dagestan, 2015-2021

Therefore, it can be concluded that the percentage of
the BLV-infected animals and level of the leukosis inci-
dence remain still high. This situation can be explained by
the fact that systemic activities on the on-farm prevention
and control of the disease have been started just recently
and are carried out not in full extent.

CONCLUSION

In 2021, diagnostic tests for bovine leukosis were per-
formed in all veterinary laboratories in the Republic of
Dagestan, excluding Gumbetovsky diagnostic office.

720,489 bovine serum samples were subjected to sero-
logical tests, out of which 7,188 (1.0%) were seropositive.
High levels of animal infection were identified in 14 Raions
and 4 municipalities. In 2 municipalities and 21 Raions BLV
seropositivity level was below 1.0%. No BLV infected animals
were detected in Agulsky, Akhtynsky, Dokuzparinsky, Maga-
ramkentsky, Khivsky, Suleiman-Stalsky Raions and in Der-
bent and Dagestanskiye Ogni municipalities. Over the peri-
od from 2015 to 2021 the lowest percentage of BLV infected
animals was reported in 2021 - 1.0% of tested animals.

Proceeding from the above the conclusion can be
made that bovine leukosis is diagnosed almost in all vete-
rinary laboratories of the Republic, the incidence level
is high and targeted control and preventive measures are
incomplete.
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SUMMARY

Lack of statistical data and inconsistences in science and practice make it impossible to give at least approximate tuberculosis prevalence rates in the Republic of
Dagestan. Every year the number of tuberculin reacting animals is increasing. For example out of 2,944 tested heifers of breeding age in 2014-2019, up to 30%
of animals had positive reactions in tests. During this period out of 1,166 emergency slaughtered animals, tuberculosis was confirmed in 326 animals (28%). Bac-
teriological tests revealed 291 mycobacterium cultures, 107 out of them were Mycobacterium bovis, the other 184 cultures were identified as atypical ones. Based
on the species differentiation of 58 cultures, 22 Group Il cultures (according to Runyon classification) were isolated; 18 out of them belonged to Mycobacterium
gordonae, 2 to Mycobacterium flavescens, and species of two cultures could not be identified. Four cultures of Group |1l were species of Mycobacterium intracellulare.
Out of 32 cultures of Group 1V, two belonged to Mycobacterium smegmatis, seven to Mycobacterium fortuitum and one to Mycobacterium phlei, 22 cultures were
not identified. To elucidate the role of milk in tuberculosis epidemiology 82 samples of milk from reactors from two farms were tested. In the farm, where reactors
were awaiting their removal for a long time, mycobacteria were detected in 20% of milk samples, whereas in the recently infected farm the detection rate was 4%,
which suggests that long awaiting periods present high risks. Microscopic, conventional phenotypic and targeted biochemical tests indicate that pseudo-allergic
reactions, revealed by tests, result from the atypical mycobacteria of the mentioned groups and species, which present in the animal organism, and seem to be
responsible for the tuberculin sensibilization. Timely and comprehensive diagnostic and animal health measures will improve the situation.
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PE3IOME

/13-3a HecoBepLUEHCTBA CTAaTUCTUYECKIX AaHHbIX U HECOOTBETCTBYA PACUETHBIX M NPAKTUYECKIX NOKA3aTeneil He NpeaCTaBNAeTCA BO3MOXHbIM NPUBECTU XOTA
6bl NpubAN3NTENbHbIE LUGPDI 0 3360NM1EBaEMOCTY XUBOTHBIX Ty6epKyne3om B Pecnybnnke [larectaH. C KaxabiM roAOM YUCTIO pearnpyloLLnX Ha Ty6epKyIuH Xi-
BOTHbIX pacTeT. Tak, 13 2944 nccnenoBaHHbIX TeNIOK CyyHoro Bospacta B 2014—2019 rr. BbiaBneHo A0 30% ocobeil, pearupyloLLnx Ha BBeAeHIe TybepKynHa. 3a
3T0T nepuop 13 1166 noBeprHyTbIX BbIHYKAEHHOMY Y600 XMBOTHBIX AMArHo3 Ha Tybepkyne3 nogteepxaeH y 326 (28%). Mpu npoBeaeHM 6akTepronornyeckux
1CCNIeS0BaHMI yaanocb 30n1upoBath 291 kynbTypy MukobakTepuit, u3 Hux k Mycobacterium bovis oTHeceHo 107 KynbTyp, ocTanbHble 184 uaeHTMdNLMPOBaHbI Kak
aTunuyHble. Bo MHorux xo3aiicTBax ogHoBpemeHHo ¢ Mycobacterium bovis Bbinenanuch n HeTy6epKynesHble KUCI0ToycToiRumMBble MukobakTepuu. Mpu BuAoBoil
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anddepeHumralim 58 KynsTyp n3011poBaHo 22 KyNbTYpbl BTOPOii rpynnbl (Mo PaHboHy), 18 u3 KoTopbix oTHeceHbl K Mycobacterium gordonae, 2 — k Mycobacterium
flavescens, y AByX BUROBYIO NPUHAANEXHOCTb YCTAHOBUTD He YAaNoChb. YeTbipe KynbTypbl TpeTbeli rpynnbl ABNAKTCA NpeAcTaBuTenamu uaa Mycobacterium
intracellulare. 13 32 kynbTyp ueTBepTOii rpynnbl 2 0THeceHbl K Mycobacterium smegmatis, 7 — k Mycobacterium fortuitum w 1 — k Mycobacterium phlei, y 22 kynsTyp
BUZ He YCTaHoBNeH. [InA BbIACHEHNA POy MoNoKa B anu3ootonorun Tybepkynesa nccnesoBaxo 82 npobbl 0T pearupytoLux Ha Ty6epKyNUH XIUBOTHBIX ABYX
X03A1iCTB. B ogHOM, raie pearupytoLuye X1BOTHbIE NepesepXUBANNCL ANUTENbHbIA NePUOL, MK0OaKTepui B MONOKe BbIABAANNCH B 20% cyyaes, B Apyrom, rie
Ty6epkynes BbiABeH HeaBHO, 404 00HapyxeHna cocTaBnAna 4%, YTo roBOPUT 0 6ONbLLIOI ONACHOCTY AAUTENbHOIA NepeAePXKM KUBOTHBIX C MONOKUTENbHOI
anneprinyeckoil peakumeii. lpoBefeHHble MKPOCKOMUYECKIe, TPAANLMOHHO GeHOTUNNYECKHe U y3Kile BUoxuMUYeckie NCCNefoBaHNA CBUALTENbCTBYHT, UTO
BbIABMAEMbIE B POLieCCe AUATHOCTUKI Napaanneprinyeckine peakLuy 06ycnoBneHbl Hanuunem B OpraHu3me X1BOTHBIX aTUMNYHbIX MUK0OaKTepuii 0TMeYeHHbIX
TPYNN 1 BUZ0B, KOTOPbIe, M0-BUAMMOMY, 00YCNaBANBAIOT CEHCMOUNM3ALMIO OpraHu3Ma K TybepkynuHy. (BoeBpemeHHOE 1 MONHOE BbIMONHEHNe AArHOCTUYECKUX
11 BeTepUHAPHO-CAHUTaPHbIX MEPONPUATHIA NO3BONIUT YNYULLNTD CUTYaLI B pecrybnuke.

KnioueBbie cnioBa: TybepKynes, KpynHblii poraTblil CKOT, MUK0OKTEPUH, aTUNMYHble MUK0GaKTEpUI, HeBnarononyyHble MyHKTbI, TYOEPKYNMH, annepruveckue
uccneioBanua, nddepeHunaius, naeHTudnKaLs, napaanneprayeckie peakiun

[ina untnposanua: bapatos M. 0., yceitnosa M. C. AKTyanu3upoBaHHas 3NK300TINYECKaA CUTYaLMA MO TyOepKynesy KpynHoro poratoro ckota B Pecnybnuke
Narectan. Bemepunapus ce200ns. 2022; 11 (3): 222-228. DOI: 10.29326/2304-196X-2022-11-3-222-228.
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INTRODUCTION

In recent years, certain success has been achieved in
many districts of the Republic of Dagestan due to com-
prehensive organizational, economic, veterinary and
sanitary measures aimed at eradication and prevention
of bovine tuberculosis (BT). There has been a noticeable
improvement in hygiene practices employed across ani-
mal production and increase in the number and quality
of diagnostic tests. Diseased cattle are timely isolated
and slaughtered. At the same time, bovine tuberculosis
in some regions of the Republic still poses a serious threat
to animal production and human health [1, 2].

Comprehensive research conducted earlier on the BT
epidemic situation in all natural and climatic zones
of the Republic showed the highest prevalence of the dis-
ease in the lowland farms and a steady increase in the in-
cidence due to fundamentally different factors that com-
promise the immunobiological status of animals. Out
of 26 infected farms, identified in the Republic in recent
years, only three were located in the mountainous area.
This is explained not by the resistance to tuberculosis
of local cattle, but by the fact that in mountainous areas,
due to the small size of farms, the delivery of feed and
contacts between animals, including in the private sec-
tor, are restricted, and abundant vegetation of alpine and
subalpine meadows, significant solar aeration, and large
pastures, etc. are available [1-5].

The results of the study suggest that farms become in-
fected due to various reasons: the introduction of infected
young replacement animals, feeding with raw milk, pool-
ing and regrouping of young replacement animals and
cows from farms with different animal health statuses,
long awaiting periods for diseased animals, inappropriate

veterinary, preventive and organizational and manage-
ment measures, etc. [5-12].

Along with the study of various pathogen introduc-
tion ways, indicators of the incidence rate and the influ-
ence of various factors on the spread of tuberculosis are
of considerable interest. These data are directly related to
the organization of preventive measures, investigation
of the likely timing of the pathogen introduction into
the farm, as well as evaluating of the performance and
reliability of diagnostic tests [13-17].

The incidence rate of cattle re-infection in the infected
areas depends mainly on the quality of feeding and ma-
nagement conditions. Severe violations of hygienic con-
ditions, micro- and macroclimate, unbalanced diet lead to
a decrease in individual resistance of the macroorganism,
contribute to the transmission of the pathogen from
one animal to another and reduce the incubation period
[18-23].

In this regard, a large group of transient nontuberculous
acid-fast mycobacteria and mycobacteria-like microorgan-
isms related to mycobacteria, which are widespread in na-
ture and are not fastidious to environmental conditions and
resistant, is of particular interest. Under these conditions, it
is acceptable that infection of cattle with non-tuberculosis
microorganisms occurs with a frequency no less than in-
fection with tuberculosis-causing pathogens, which ulti-
mately results in sensitization of the body to mammalian
PPD-tuberculin and false positive results due to the low
specificity of the diagnostic tests used [1, 2, 24-27].

In general, the problem of diagnosing tuberculosis,
including in Dagestan, involves nonspecific reactions to
tuberculin. Reacting animals are often identified among
livestock purchased outside the Republic [1, 2, 7].
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In this regard, the aim of the work was to obtain addi-
tional data on bovine tuberculosis situation in the Repub-
lic of Dagestan and the causes of nonspecific sensitization
to mammalian PPD-tuberculin.

MATERIALS AND METHODS

In total, from 2014 to 2019, 2,944 heifers of breeding
age were subjected to skin test. For the post-mortem
examination, 1,166 animals were slaughtered using a hu-
mane method. 291 cultures of mycobacteria were isolated
from pathological material obtained from 67 farms. Identi-
fication and differentiation of 104 cultures was carried out
based on the Runyon classification.

The intradermal tuberculin skin test, post-mortem
examinations of animals slaughtered for diagnostic
purposes and laboratory tests of pathological material
were performed in accordance with the “Manual on the
Diagnosis of Animal Tuberculosis” (2002)'. The mamma-
lian tuberculin produced by the FKP “Kursk Biofactory”
(Russia) was injected intradermally using a needle-free
BI-7 injector (JSC MIZ-Vorsma, Russia). The reactions were
recorded and evaluated 72 hours after injection by mea-
suring the thickness of the skin using TB caliper. Animals
with increased skin thickness by three or more millime-
ters in comparison with a healthy area were considered
reactors [3, 5, 11].

When conducting a simultaneous test, a complex aller-
gen from atypical mycobacteria (CAM) was used together
with mammalian PPD-tuberculin. The results were evalu-
ated by the intensity of responses to tuberculin and CAM.
A more intense reaction to tuberculin indicated homolo-
gous infection.

During the post-mortem examination, attention was
paid to the site and size of granulomas (tubercles), the
nature of inflammation in the lymph nodes, vessels and
capsules surrounding the tubercles. The necrosis color,
the density of the junction with the surrounding cap-
sule, the capsule inner surface as well as, the consisten-
cy of the nodule contents when incised were analyzed.
Post-mortem focal catarrhal and catarrhal-purulent inflam-
mations were detected in the lungs of cattle from farms
infected with tuberculosis for a long period. Extensive le-
sions in the lungs, caused by lobular and lobar pneumonia
with multiple necrotic foci, along with lymphadenitis of
the bronchial and portal lymph nodes, became a visible
confirmation of advanced tuberculosis.

Isolated mycobacteria were identified in accordance
with GOST 26072-89 (ST SEV 3457-81) “Agricultural ani-
mals and poultry. Methods of laboratory diagnostics of
tuberculosis”? and GOST 27318-87 (ST CMEA 5627-86) "Ag-
ricultural animals. Methods of identification of non-typical
microbacteria”.

The lymph nodes (parotid, submandibular, pre-scapu-
lar, bronchial, portal, supramental) served as the material
for laboratory testing. The seed was pre-treated using the
Sumiyoshi-Léwenstein and Hohn method by acid expo-
sure for 30 minutes.

Primary identification was performed taking into ac-
count cultural characteristics: colony growth rate on dense

' https://files.stroyinf.ru/Data2/1/4293744/4293744181.pdf.
2 https://docs.cntd.ru/document/1200025492.
3 https://base.garant.ru/5917269.

nutrient media, colony color, pigmentation and colony
morphology.

The material was seeded on blood agar by spreading
2-4 drops of the suspensions from the Léwenstein — Jen-
sen medium. Next, the plates with blood agar were placed
in an incubator at a temperature of 37 °C with oxygen.
The results were analyzed visually after 24-48 hours of in-
cubation.

The relation of the isolated culture to Mycobacteri-
um tuberculosis complex or to non-tuberculous acid-fast
mycobacteria was confirmed by specific laboratory and
conventional phenotypic, microscopic and targeted bio-
chemical methods. Among the biochemical methods,
niacin, nitrate reduction and heat stable catalase tests
were used [28].

RESULTS

TB skin tests of 2,944 heifers of breeding age, supplied
in 2014-2019, showed up to 30% reactors in some groups.
Reactions in individual animals persisted for up to a year,
tuberculin allergic reactions disappeared and occurred
from time to time.

In one of the farms, 29 reactors were identified out of
the purchased 136 animals by the end of the quarantine.
These animals were tested simultaneously after 40 days,
with 20 reacting and 13 of them repeatedly reacting. The
control slaughter of three animals did not reveal any
post-mortem lesions consistent with tuberculosis. The
results of bacteriological tests of animals slaughtered
for diagnostic purposes were negative. After 45 days, the
animals were re-tested and only five animals re-reacted.
The next testing was performed after 6 months, all previ-
ously reacting animals showed no reactions, on the con-
trary, positive reactions to tuberculin were registered in
43 animals, who had not reacted before.

A similar situation was observed in other farms that pur-
chased genetically improved or breeding heifers.

In 2014, 28 of the imported animals were slaughtered
for diagnostic purposes, tuberculosis was not detected
in any case, but the introduced animals continued to re-
act to tuberculin.

To clarify the results of skin tests in 2014-2019, 1,166 ani-
mals were subjected to control slaughter. At the same time,
tuberculosis lesions were found in the lymph nodes (pha-
ryngeal, bronchial, mediastinal, submandibular), as well as
generalization involving parenchymal organs in 326 ani-
mals, representing 28.0% (Table).

The test results showed a decreasing coincidence of the
skin test results with post-mortem results. Thus, during
control tests of reactors in 2014, tuberculosis lesions were
detected in 77.0% of animals. In 2019, thanks to targeted
actions, including keeping of livestock in isolators, on-farm
processing, introduction of healthy animals and the imple-
mentation of veterinary and sanitary measures pursuant
to regulations, the proportion of diseased animals with
tuberculosis lesions decreased to 9.2%.

291 cultures of mycobacteria were isolated during lab-
oratory tests of pathological material of slaughtered ani-
mals from 67 farms. Their differentiation enabled to reveal
that 107 cultures in 31 farms were Mycobacterium bovis,
184 isolated cultures in 36 farms belonged to atypical my-
cobacteria. Atypical mycobacteria were isolated simulta-
neously with Mycobacterium bovis in 15 farms.
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Table
Results of post-mortem and bacteriological tests for tuberculosis

Slaughtered | Detected | % S?engs |nc|ud|ng
in total atypical ones
Mycobacterium atypical
bovis »

Cultures isolated Group by Runyon

2014 122 94 71.0 15 - - -1 -1-
2015 15 47 409 n 7 3 4 - - -1 -1-
2016 165 59 35.8 167 105 24 81 55 - 2] 1] 32
2017 348 91 26.1 195 105 50 55 26 -7 8
2018 243 19 7.8 116 48 n 37 16 - 1211 3
2019 173 16 9.2 150 16 9 7 7 - 1 1 5
Total 1,166 326 28.0 654 291 107 184 104 - |52 ] 4|4

In a number of farms, despite a significant number
of reactors, tuberculosis was not established by post-mor-
tem examinations and bacteriological tests. In most cases,
atypical mycobacteria were isolated from the pathological
material of these animals.

Of 104 cultures of atypical mycobacteria being differen-
tiated according to the Runyon classification, 52 were clas-
sified as Group Il (scotochromogens), 4 as Group Il (non-
chromogens) and 48 as Group IV (rapid growers), Fig. 1.

Detections of reactors not showing any visible patho-
logical lesions in internal organs are frequent in Dagestan.
Isolation of such animals does not stop the detection
of new reactors. Therefore, the observed phenomenon
is ofinterest and is the reason for its comprehensive study.

According to various publications, laboratory tests of
biological materials often reveal atypical mycobacteria
belonging to Ranyon IV organisms — Mycobacterium for-
tuitum and Mycobacterium chelonae, which can be poten-
tially pathogenic for both animals and humans.

At the same time, the sensitizing and pathogenetic
roles of rapid growers for cattle remain understudied and
controversial. In this regard, when assessing the tubercu-
losis situation, special attention should be paid to identi-
fication of isolated mycobacteria, including atypical ones,
since knowing the species has a great practical and theo-
retical importance for successful prevention and eradica-
tion of tuberculosis on farms.

Nontuberculous acid-fast mycobacteria have a num-
ber of common features with true tuberculosis agents
(morphology, tinctorial properties, acid-, alcohol- and
alkali-resistance), but at the same time they have a num-
ber of properties similar to saprophytic mycobacteria
(colony shape, growth rate, enzymatic activity, drug re-
sistance).

In order to differentiate species within groups, 58 cul-
tures were subjected to a more detailed testing.

As a result, out of 22 cultures of Group II, 18 were iden-
tified as Mycobacterium gordonae, 2 as Mycobacterium fla-
vescens, two species could not be identified.

It was found that all 4 cultures of Group lll are represen-
tatives of Mycobacterium intracellulare species.

Of 32 cultures of Group IV, 2 were classified as Myco-
bacterium smegmatis, 7 as Mycobacterium fortuitum and
1 as Mycobacterium phlei, 22 cultures were not identi-
fied (Fig. 2).

The data obtained reflect the high species heterogene-
ity of atypical mycobacteria in cattle reactors.

Of all the tested cultures, 34 different species were es-
tablished in 34, which is 58.6%.

The results of quantitative distribution show that
the largest number of identified species was classified
as Group Il. They can probably play a significant role
in the sensitization of cattle to mammalian PPD-tuber-
culin, but further studies using a larger number of strains
are needed to confirm the correlation between the species
and sensitization.

The distribution analysis of the identified species
showed that the highest number of different species
of atypical mycobacteria isolated from reactors’ patho-
logical material was observed in Group IV, which is an ex-
perimental confirmation of numerous published data.
At the same time, considering that only 31.3% of cultures

= Groupll
= Group Il

= Group IV

Fig. 1. Grouping of isolated atypical mycobacteria based
on Runyon classification
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18 — M. gordonae

. flowvescens

4 — M. intracellulare

22-7

7 — M. fortuitum

D
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Group Il - 22 cultures

Group I - 4 cultures

Group IV - 32 cultures

Fig. 2. Species differentiation of atypical mycobacteria

(10 out of 32) were identified in this group, it becomes ob-
vious that representatives of this group play a particularly
important role in the sensitization of the macroorganism
to tuberculin.

In general, the data obtained became the basis for fur-
ther dynamic monitoring of the circulation of nontuber-
culous acid-fast microorganisms in biological material
in order to optimize differential diagnosis of bovine tu-
berculosis.

To clarify the role of milk in the epizootology of tuber-
culosis, 82 samples from reactors from two farms were tes-
ted. One of the farm had been infected for a long period;
the other had been infected recently.

In the first farm, where reactors awaited their removal
for long periods, mycobacteria in milk were detected
in 20% of cases; in the second farm, the detection rate
was 4%, which suggests the great danger of prolonged
awaiting periods.

CONCLUSION

The data obtained give grounds to believe that
the pseudoallergic reactions in skin tests are caused
by the presence of atypical mycobacteria of the above
mentioned groups and species in animals, which appar-
ently cause sensitization of the organism to tuberculin.

The results of species differentiation did not allow iden-
tification of a certain group of atypical mycobacteria spe-
cies causing increased sensitization to tuberculin.

Isolation of pure mycobacterium cultures from patho-
logical material and their identification should be carried
out in close connection with the detection of allergic re-
actions to tuberculin.

Due to the complex contradictory BT situation
in the Republic of Dagestan, a comprehensive plan of anti-
tuberculosis measures was drawn up. At the same time,
the main attention was paid to the protection of BT free
farms from the introduction of tuberculosis, timely and
complete identification and removal of diseased animals
and reactors from farms, measures to destroy the patho-

gen in the environment and raising healthy young animals
to replace diseased livestock. Diagnostic activities were
strengthened in free farms and farms where the disease
is eradicated under veterinary control.

Timely and comprehensive anti-tuberculosis measures
will allow achieving positive results in the disease control.
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SUMMARY

The paper presents trends in the epizootic situation on classical swine fever (CSF) in the Russian Federation, for 2007—2021. Most likely, a drop in the number of CSF
outbreaks throughout the country results from two factors: a geographical shift of the disease outhreaks from the European part of Russia to the eastern regions
bordering on China (into the wild boar population), as documented between 2015 and 2021, and a large-scale vaccination of domestic pigs practiced in the recent
years. The introduction and spread of CSF in the Russian Federation are, most likely, associated with the internal risk factors (i.e. quality of anti-epizootic measures,
mainly vaccination) and with the territories, where the virus circulates in wild boars. Expansion of vaccination coverage since 2011 is one of the factors contributing
to a decrease in the number of clinical CSF cases registered in domestic pigs of the Russian Federation. The infection spread in domestic pigs is still on a downward
trend. For purposes of analysis, current trends of CSF spread in domestic pigs and wild boars in the Russian Federation, as well as the volume of the vaccine used,
were visualized in relative numbers (taking into account total number of pigs in the country) used to build a regression model. Currently, vaccination against classical
swine fever in the Russian Federation (and its good quality) is an essential prerequisite to contain the infection spread in the country.
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PE3IOME

[pencTaBneHa TeHAeHLMA Pa3BUTUA INM300TUYECKOI CUTYaLLIAM NO KNACccueckoil uyme cBinHet B Poccuiickoi Oeaepaumu 8 2007—2021 rr. KoHcTatupyeTca GakT
TeppuTopuanbHoro cMelenna B 20152021 rr. ouaro uxdexLmy 3 eBponeiickoii yactin Poccun B BOCTOUHbIe, NpUrpaHiyHble ¢ Kutaem perobl B nonynaumio
AUKOro KabaHa 1 ycuneHna BaKLMHONPOGUAAKTMKIA B JOMALLHE NONYNALMN B NOCNeAHNE TOAbl, UT0, BepOATHee BCero, 6biNo onpeaensioLLum B CHUXKeEHIN
KONMYeCTBa 04aroB KNaccueckoil YyMbl CBUHeIA Ha BCeil TeppuTOpUN CTpaHbl. OCHOBHbIe 0COBEHHOCTY 3aH0Ca M pacnpocTpaHeHnA MHeKLun B Poccuiickoii
Oezepaumn ¢ 6onbLueil BEPOATHOCTbIO CBA3aHbI C BHYTPEHHUMY GaKTOpamMm pucka (KauecTBO UCMONHEHUA NPOTUBOIMN300TUYECKIX MEPONPUATHI, TNABHBIM
00pa3om BaKLMHALMK) 1 TEPPUTOPUAMY LMPKYNALIM BUPYCA CPeAN AnKNX KabaHoB. K uncny GakTopoB, CNoCobCTBYHOLLNX CHIDKEHMIO YNCIA PerncTpupyembix
KNUHUYECKMX CTyYaeB KNaccuyeckoi YyMbl CBIHeN B MONynALmMy JoMaLLHuX cBuHelt Poccuiickoil Oefepavini, MoXHO 0THecTH npupocT ¢ 2011 1. 06bemMoB Bak-
umuHaumy. TpeHg Hebnarononyyna B nonynALMM ZOMALLHUX CBUHEN 0CTAeTCA HCNaZatoLLnM. TeHAEHLMIN PA3BIUTUA SNU300TUYECKOI CUTYaLM NO KNaccuyecKoii
yyme CBUHeil Ha Tepputopun Poccuiickoii Degepauy B nonynaunAxX AOMALUHIX U SUKUX CBUHEN 1 06bemMbl NPUMeHeHA BaKLMH ANA Lieneli aHanu3a 6binm
BU3yanu3MpOBaHbl B OTHOCUTENbHBIX BENNYMHAX, YUNTbIBAIOLLIX 0OLLYI0 YNCNEHHOCTD NMOFONI0BbA (BIUHEN B CTPaHe, KOTOpble MCN0Nb30BaN ANA NOCTPOEHUA
PerpeccuoHHoil MoZeni. Ha ocHoBe aHani3a aH NporHo3 Ha 2022 . B yC0BUAX COXpaHeHIA BbIGpaHHoIA B cTpaHe cTpaTervin 6opb0bl ¢ 3aboneBaHmnem. Bakum-
HaLwA NPOTYUB KNaccuyeckoii uymbl cBUHelt B Poccuiickoit DesiepaLn 1 ee KauecTBo Ha JaHHbIi MOMEHT 0CTaeTcA npesonpeAensiowym GakTopom CAepKMBaHIA
pacnpocTpaHeHus MM300TN HA TEPPUTOPUN CTPAHDI.

KntoueBbie cnoBa: knaccuyeckas yyma BUHeit, Poccuiickasn (De,uepauMﬂ, 3Mn300TNYECKaA CUTyauus, peTpOCI'IeKTMBHbIﬁ dHanu3, BakuuHauua

bnaropapHoctu: iccneoBanme npoBeeHo 3a CUeT CpencTB GefiepanbHOro OofKeTa B paMKax rocyAapCTBEHHOT0 3aaHuA o Teme «OLeHKa IN1300TINYeCKOil
cuTyaumum cybnonynALuii BoCnpunMUmBLIX X1BOTHBIX B Cy6beKTax Poccuitckoii Oepepaum Ana noATBepxAeHNA X 6narononyyna no CTaTycHbIM HGeKumnam
B COOTBETCTBUM C TPeboBaHMAMI MIb 1 NOAroTOBKa NPOrHO30B BO3MOXHOTO 3aHOCA U PACMPOCTPAHEHNA TPAHCTPAHUUHDIX 60Ne3Hel XKIUBOTHBIX C UCMOfb30Ba-
HUeM MeTOZ0B MOZENMPOBAHMA U MPOTHO3MPOBAHMAY.

[ina yutuposauus: Oranecan A. C., LWesuos A. A., Llep6akos A. B., KopeHoii 0. 1., Kapaynos A. K. Knaccuyeckas uyma CBuHeiA: peTpocneKTUBHbIA aHanm3
3M1300THYeCKoil cuTyauum B Poccuiickoit Oepepaunm (2007-2021 rr.) u nporHo3 Ha 2022 r. Bemepurapus cezodns. 2022; 11 (3): 229-238. DOI: 10.29326/2304-

196X-2022-11-3-229-238.
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INTRODUCTION

Classical swine fever (CSF) is a transboundary viral
disease, which remains one of the most serious swine
diseases in the world. It is caused by an RNA virus belon-
ging to Pestivirus genus of Flaviviridae family [1]. There are
three CSF virus genotypes with three to four subgeno-
types, that do not directly correlate with the virulence. It
is important to note that genetic diversity does not make
it possible to obtain true serotypes and it has noimpact on
the vaccine effectiveness [2, 3]. A wide range of CSF clini-
cal signs (including the ones observed after vaccination)
requires a laboratory confirmation of the disease. In most
countries with well-developed pig industry CSF occurs, at
least, sporadically [4, 5].

Wild boars are a reservoir of the virus, which is able
to circulate for a long time in the infected population,
thus, posing a threat to poorly protected pig farms and
backyards. It can be assumed that the disease is also en-
demic in certain countries of South and Central America
and in some parts of Eastern Europe and Asia [2, 6, 7]. Little
is known about the situation in Africa [4, 5].

CSF control strategy in the disease-free countries main-
ly includes conventional measures to control an outbreak
of a highly dangerous disease: quarantine, destruction
of all animals in the infected herd, contact tracing, timely
and reliable diagnosis, creation of restriction zones, tracing
commodities associated with the risk of the virus spread.

Once such strategy is in place, vaccination is assumed as
a possible, however, an emergency option, although it was
practiced at the first stage of the disease control in the cur-
rently disease-free countries [2, 8]. Vaccines are used as
a routine option to contain the disease in CSF endemic
regions of Asia, Eastern Europe, America and some African
countries [4, 8].

In Russia, the situation on CSF in domestic pigs is get-
ting less tense [9] in most parts of the country, which
is, probably, explained by mass vaccination and strong
anti-epizootic measures (passive surveillance, compart-
mentalization, regionalization). At the same time, taking
into account CSF potential for rapid territorial and trans-
boundary spread, it seems appropriate to retrospectively
analyze the epizootic situation in the Russian Federation
and to discuss the expected course of events, assessing
infection status of the wild boar population and the use
of vaccination.

MATERIALS AND METHODS

For this research, we used data from the World Animal
Health Organization information system (WAHIS) together
with the official veterinary reports from the FGBI “Veteri-
nary Center” [5].

The information was processed with the help of de-
scriptive statistics, correlation and regression analysis
using STATISTICA 10 software (StatSoft, Inc., 2011).
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For the purposes of analysis, CSF trends in domestic
pigs and wild boars in the Russian Federation, as well as
the volume of the vaccine used, were visualized in relative
numbers K1 and K2 for the period from 2007 to 2020. Total
pig population in the country was taken into account; K1
is the ratio between the number of outbreaks per year to
the total pig population (million animals), K2 is the ratio
between the number of animals vaccinated against CSF
(million animals) and the total pig population (million ani-
mals). K1 and K2 values for 2011-2018 were used to build
a regression model [10].

Prognostic values for CSF outbreaks in 2022 were cal-
culated based on “Poisson random walk” model using
the Poisson distribution. Calculations were done in the
@RISK program using Monte Carlo simulation in 10,000 ite-
rations. The time interval from 2010 to 2021 was chosen
for analysis.

The analysis results and the forecast are given in discus-
sion and conclusion.

RESULTS AND DISCUSSION

Epizootic situation on classical swine fever in diffe-
rent countries. According to the official data of the World
Organization for Animal Health (WOAH) for 2021, only
38 countries on different continents are officially free
from CSF, and 3 countries have separate disease-free zones.
A difficult situation is registered in Asian and South Ameri-
can countries. Thus, from 2017 to 2019 more than 300 CSF
outbreaks were recorded in Indonesia; more than 150 out-
breaks were reported in Vietnam within the same period;
more than 50 outbreaks — in China and India (each); 18 out-
breaks — in Nepal; 11 outbreaks — in Thailand; more than
230 outbreaks - in Cuba; 150 outbreaks — in Peru; 115 out-
breaks - in Ecuador; 25 outbreaks - in Colombia; 11 out-
breaks - in the Dominican Republic and Haiti (each) [5].

More than a quarter-century Japan remained free from
CSF without vaccination. However, in 2018, the virus was
introduced into the wild boar population and the infec-
tion spread widely. Next year, compared to the previous
year, Japan reported a decrease in the number of out-
breaks from 1,633 to 972 due to vaccination of wild
boars [5, 11, 12].

In South Korea, since 2017, there has been a rapid in-
crease in the number of seropositive wild boars caught
near the demilitarized zone bordering on North Korea. CSF
spread in South Korean wild boars was reported from west
to southeast, due to such external factors as small-scale
hunting, geographical features and road network deve-
lopment. The virus introduction was associated with infec-
tion circulating in wild boars in China, where the disease
is endemic [13].

In Colombia, 134 CSF outbreaks were reported in
the Atlantic coast region within six years (from 2013
to 2018). The first outbreak in 2013 was associated with
the import of infected pigs from Venezuela, where, un-
der the current socio-economic circumstances, pig
prices were lower from those in Colombia. The role of
the illegal trade in pork and animals between the coun-
tries is still unknown, but the fact that the Colombian
police confiscated 48.8 tons of pork and 778 smuggled
live pigs in the departments of Guajira, North Santan-
der, Arauca, Cesar and the metropolitan area of Bogota
(from 2013 to 2018) confirms that such trade shall not

be underestimated. Most outbreaks (95%) were reported
in the backyards. CSF introduction and spread mainly re-
sulted from import of infected pigs (38%) and movement
of people (37%) [14].

Brazil remained CSF-free for ten years. In 2018, CSF virus
was re-introduced to the country and 38 outbreaks were
registered in domestic pigs. In 2019, 30 more outbreaks
were recorded in domestic pigs; for 10 months of 2020,
2 outbreaks were also reported in domestic pigs. However,
due to the lack of accurate data, it is difficult to judge what
exactly caused the situation [15].

Owing to the absence of CSF outbreaks, some coun-
tries (mainly African) have declared freedom of their ter-
ritories from CSF without any official recognition from
the WOAH [5].

The WOAH classifies CSF as one of those six diseases,
which require official recognition for a country to get
the freedom status [5]. As of 2021, 38 countries in the world
were recognized CSF-free. In 2021, disease-free status was
reinstated in Colombia and Brazil for those zones, which
are key pig industry centres in Latin America; and Romania
lost its status in 2020 based on the findings of the WOAH
mission aimed to check compliance with the provisions of
the Terrestrial Animal Health Code. Infection eradication
programs were earlier implemented in most officially re-
cognized disease-free countries. Those programmes were
implemented step by step, often included vaccination at
the first stage to reduce the number of clinical cases and
contain the disease spread, however, the vaccination was
totally excluded at the final stages, regardless of the large
economic costs [2, 16].

The list of the countries where vaccination against CSF
is currently practiced (according to WAHIS) includes: Ar-
menia, Azerbaijan, Belarus, Bosnia and Herzegovina, Bul-
garia (only wild boars), People’s Republic of China, Taiwan,
Colombia (in some zones), Cuba, Dominican Republic,
Ecuador, Macedonia, Haiti, Hong Kong, India, Indonesia,
Korea, Madagascar, Moldova, Montenegro, Myanmar,
Nepal, Peru, Philippines, Serbia, Timor, Ukraine, Vietnam,
Thailand, Russia [5].

Thus, the global epizootic situation on classical swine
fever (in Eurasia, Central and South America) remains
tense. The main CSF control measures include: vaccination
and prevention of involvement of wild boars and domestic
pigs (from a poorly protected population) into the epizoo-
tic process.

Epizootic situation on classical swine fever in the Rus-
sian Federation in 2007-2021. CSF cases are annually
registered in Russia. From 2007 to November 2021 (as
of 25 November 2021), 42 CSF outbreaks were reported
in domestic pigs and 51 in wild boars.

Figure 1 shows that infection trends have different
directions for populations of CSF susceptible animals. So,
adownward trend is shown for domestic pigs (with an ave-
rage number of outbreaks per year — 2.47 + 2.48). On the
contrary, an upward trend is shown for wild boars (with
an average number of outbreaks per year - 3.00 + 2.50).
Thus, CSF situation tends to improve in the population
of domestic pigs; however, it tends to worsen for wild
boars.

Retrospective data obtained after examination of CSF
outbreaks show that, within the analyzed time period,
the outbreaks in domestic pigs were reported on the farms
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with low biosecurity levels, where animals were often fed
food wastes or where failures in vaccination against CSF
were observed. A serious problem arouse from the im-
possibility to find accurately the pathogen source and
its transmission paths on such farms. Virtually all the op-
tions were plausible: introduction with feed; feeding food
wastes to the animals; because of pig handlers; import
of live animals; contacts between free-ranging domestic
pigs and wild boars, etc. Taking into account multiple
ways of the disease introduction, there is a permanent risk
of further virus spread in the pig population on poorly pro-
tected farms. Therefore, it was difficult to detect the ways
of further spread while searching for connections between
suspicious/disease-related farms.

The pathogen introduction into the wild boar popula-
tion poses a significant risk of CSF spread. Alongside with
it, an increase in the number of CSF cases registered in
the recent years in the Far East is alarming.

The analysis of CSF territorial distribution in the Russian
Federation from 2016 to 2020 (no cases detected in 2021)
showed that the disease was registered in wild boars in
the Primorsky Krai and the Amur Oblast, and in domes-
tic pigs it was only reported in the Primorsky Krai and
the Moscow Oblast (Fig. 2).

Since 2013, there has been a geographical shift of
CSF-affected area to the western and eastern borders of
the Russian Federation. In addition to it, since 2015, CSF
outbreaks were reported exclusively along the eastern
border of the country: in the Amur Oblast and the Pri-
morsky Krai with one backyard incident in the Zibrovo vil-
lage, the Serpukhov District of the Moscow Oblast being

an exception. On 7 July 2018, CSF was diagnosed there
with the help of polymerase chain reaction carried out by
GBUV MO “Moscow Regional Veterinary Laboratory”. The
fact that no data are available on other confirmatory labo-
ratory tests (i.e. differentiation of the detected genetic ma-
terial: an epizootic or vaccine strain) raises doubts about
reliability of the made diagnosis.

The FGBI “ARRIAH” regularly receives materials
for CSF laboratory tests. In 2020, pathological material
was received from the Primorsky Krai, taken from wild
boars shot in three districts of the region: Shkotovsky
(FGBI"GOOH “Orlinoye”), Pogranichny (near the settlement
of Sofye-Alekseyevskoe), Spassky (near the settlement
of Novovladimirovka).

Initially, the received material was tested in the FGBI“Pri-
morsky Interoblast Veterinary Laboratory” using real-time
reverse transcription polymerase chain reaction (RT-PCR).
The test resulted in detection of CSF RNA. Later on, the
FGBI “ARRIAH" tests confirmed CSF agent in the samples,
and helped to type the detected virus. For this purpose,
E2 gene fragment of the virus was amplified, sequenced
and subjected to a comparative analysis.

Phylogenetic analysis showed that the Primorsky
isolates of 2020 belong to subgenotype 2.1 of CSF virus
(Fig. 3). At the same time, isolates from the Shkotovsky and
Spassky raions belong to Cluster 2.1d and are genetically
very close to Primorsky isolates recovered in 2015-2019.

The CSF virus isolate from the border region belongs
to a different cluster and is genetically closely related to
the virus isolated from a wild boar in the Amur Oblast
in 2019.
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Fig. 1. Number of CSF outbreaks in the Russian Federation among domestic pigs and wild boars in 2007-2021
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type 2.1 [9].

It shall be also noted that, in 2017, CSF was registered
in wild boars in the north of South Korea (in province
Gyeonggi-do), and then in 2018-2019 (in Gangwon-do
province). 16 CSF virus strains, isolated in 2017-2019
from wild boars, were identical to YC16CS strain (subgeno-
type 2.1d) isolated in 2016 during CSF outbreak in bree-
ding pigs not far from the border on North Korea [13].

As mentioned above, all the Primorsky isolates
of 2015-2020 belong to subgenotype 2.1 of CSF virus,
whichis predominant in China, therefore, it can be assumed
that it has been circulating in wild boars in the Primorsky
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Fig. 3. Position of CSF virus Primorsky isolates (2020) in the phylogenetic
tree (comparison of E2 gene nucleotide sequences; wb — wild boar)
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Krai since 2015. Thus, S. V. Terebova et al. [19-21] noted

that in 2015-2019 a natural and anthropurgic focus was

very likely formed in this region. As shown in the available

reports, risks of CSF spread in the Primorsky Krai remained

high due to the facts that individual populations in some

backyards were not vaccinated for a long time or vaccina-
tion coverage was insufficient; animals were purchased

from unreliable sources without veterinary accompanying

documents; and CSF-affected free-range pig farms are lo-
cated close to the forest edges.

According to the Chinese researchers, C-strain-based
vaccines (Chinese vaccine strain — C-strain) are able to in-
duce protection against all the identified CSF virus sub-
groups [3, 18, 22, 23]. Mass vaccination of domestic pigs
in the Russian Federation with domestically produced live
vaccines also induces protection in most susceptible an-
imals, regardless of the circulating virus isolates [2, 24]. It
helps to reduce significantly the risk of pathogen introduc-
tion from infected wild boars, especially in areas located far
from the affected ones. However, such a risk shall be also
taken into account, when situation with the vaccination
refusal changes. Taking into account the difficult situa-
tion on CSF in China and close economic ties between
our countries (including the option of illegal cross-border
transportation of products contaminated with CSF patho-
gen), one shall not exclude the re-introduction of new CSF
subgenotypes into the Far Eastern Federal District and
the formation of natural and anthropurgic foci.

Vaccination. The mass vaccination of animals
supposedly resulted in a decrease in the number of repor-
ted CSF cases in Russia [9, 24, 25]. The use of live attenua-
ted vaccines in the country makes it impossible to differen-
tiate vaccinated animals from the infected ones, although

these vaccines are believed to induce a more effective and
long immune response [2, 22, 26].

Those factors that help to reduce the number of CSF
outbreaks in domestic pigs include: routine vaccination,
regionalization of the Russian territory, strong anti-epizoo-
tic measures, a decrease in the number of poorly protected
farms [9, 24, 25]. Thus, in 2007-2018, population of domes-
tic pigs on small farms with low biosecurity level (back-
yards, small-scale farms, the farm of an individual entre-
preneur, etc.) decreased from 7.6 to 2.9 million. However,
the number of pigs on large-scale farms, on the contrary,
increased from 8.7 to 20.8 million over the same period.
However, implementation of all the above-mentioned
measures (especially vaccination refusal) is not sufficient
to radically change the epizootic situation.

To assess the overall vaccination against CSF in
the Russian Federation, veterinary reports (forms
1-vet and 1-vet-A) were analyzed, taking into account
statistical data on the number of domestic pigs. For
27 years (from 1991 to 2017), a correlation was estab-
lished (r = -0.49769 at p < 0.05) between an increase in
the vaccination coverage and a decrease in the number
of registered CSF outbreaks in the domestic pigs (Fig. 4).
The K1 value tended to reach 2.5 only from 2011
(atK2=0.13+£0.15 (M £ m) from 2011), at the same time
from 1991 to 2011 K1 did not exceed 3.0 and averaged
1.84 + 0.35 (M £ m), while K2 was 10.06 + 11.65 (M + m)
(at min = 0.45; max = 39.00). Therefore, we chose for ana-
lysis the period starting from 2011.

Using a regression analysis, we assessed dependence
of the number of registered CSF outbreaks (using K2 coef-
ficient) and vaccination (K1 coefficient) from 2011 to 2018
(Table).
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Fig. 4. Coefficient K1 (number of vaccinated animals) and K2 (number of outbreaks) in 1991-2017
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The determination coefficient (R-square) in the pre-
sented model (0.948 > 0.8) indicates that the correlation
between analyzed K1 and K2 parameters can be well ex-
plained, given that the strong inverse correlation between
K1 and K2 (r = -0.97) is significant (p < 0.05). The analy-
sis of variance indicates the significance of differences
in mean values (F < F ; 0.0000444645), the coefficient of

“x"variable is negative (t-statistics indicate its significance;
p < 0.000045) and remains within the negative limits of
the 95% confidence interval. Coefficient”Y”also maintains
its sign within the 95% confidence interval and is signifi-
cant (p < 0.00002). The absolute error of approximation
(MAPE = 39%) is in the range of 20% < A < 50%, so we can
say that the model-fitting accuracy is satisfactory.

Based on the data of the obtained regression model,
vaccination of livestock with K1 value = 3.372 will allow
to reach K2 < 0.0001 (which means 1 outbreak per
10,000 years, which is evaluated as a “minor risk”).

Thus, expansion of the CSF vaccination coverage
from 2011 can be among the factors that contribute to
a decrease in the number of CSF clinical cases in domestic
pigs of the Russian Federation.

Immunization of pigs against CSF is mostly known
as a forced measure, unable to stop virus-carriage in
the previously infected herd [7, 27, 28]. In the pig herds,
even among the vaccinated ones, there are always un-
protected animals with a weak immune system due to
the low age-associated immunoreactivity of piglets and
suppression of the post-vaccination immunity with co-
lostral antibodies. Latently infected sows transplacen-
tally transmit the pathogen to the young, who become
virus-carriers [1,27-30]. It has been reported that the mass
use of live vaccines affects the adaptive evolution of CSF
virus, including recombination of epizootic and vaccine
strains [23]. These disadvantages of the vaccination are
viewed as a potential risk of the long-term virus circula-
tion on the affected farms. Therefore, when country’s sta-
tus of freedom from CSF is determined, the international
recommendations (Chapter 1.6 of the Terrestrial Animal
Health Code) take this into account and prescribe not
to immunize either domestic pigs or captive wild boars
against CSF in the last 12 months; or, if vaccination was
carried out, it is recommended to differentiate immune
pigs from the infected ones [5, 7].

On the other hand, in many countries, where CSF era-
dication programs were successfully implemented with-
out any vaccination, flaws in epizootic surveillance and
infection control systems were fraught with the mass
disease spread. Thus, in 1997-1998, 429 CSF outbreaks
were registered in the Netherlands; in 2000, 16 outbreaks
were reported in the UK, and 49 outbreaks were repor-
ted in Spain in 2001-2002. In 2006-2007, 1,597 CSF out-
breaks were reported in domestic and wild pigs in Ro-
mania. To stabilize the epizootic situation in the country,
a decision was made to temporarily return to immuniza-
tion of domestic pigs. In 2006-2009, CSF was registered
in Croatia (129 outbreaks among domestic pigs), Hungary
(225 outbreaks in wild boars), Bulgaria (12 outbreaks in do-
mestic and 4 in wild pigs), Slovakia (more than 10 out-
breaks in wild pigs) [5, 9, 24]. After 10 years of CSF freedom,
in 2018, 38 outbreaks were reported in Brazil in domestic
pigs, and after 11 months of 2019 there were more than
30 outbreaks. Measures taken to stabilize the situation in

the country were mainly aimed at strengthening the sys-
tem of CSF epizootological surveillance and control in
the disease-affected areas [15]. In Japan, where vaccina-
tion was not practiced for more than 26 years, CSF was
reported in 2018 in wild boars and pigs. Spatiotemporal
analysis conducted in Gunma and Saitama prefectures re-
vealed anthropogenic factors in the disease spread. In res-
ponse to the outbreaks, from March to May 2019, wild
boars from certain areas of Aichi and Gifu prefectures were
twice subjected to peroral immunization using commer-
cial Pestiporc Oral vaccine (IDT Biologika GmbH, Germany),
which failed to prevent CSF spread, although a decrease

Table
Regression analysis of CSF registered outbreaks (using coefficient K2)
and vaccination (using coefficient K1), from 2011 to 2018

Year K2.(Y) K1 (x) (Y) Calculated rs;?jfaslss"zg)

2011 | 0427807487 | 2459893048 | 0396101668 | 0.031705819
2012 | 0265957447 | 2765957447 | 0263219277 | 0.00273817

2013 | 0104712042 | 3.036649215 | 0.145694436 | -0.040982394
2014 | 0051282051 | 3.179487179 | 0.083679218 | -0.032397167
2015 | 0093023256 | 3.069767442 | 0.131315667 | -0.038292411
2016 0 3395348837 | -0.010040318 | 0.010040318
2017 | 0043478261 | 3.334782609 | 0.016255407 | 0.027222854
2018 | 0042194093 | 3367088608 | 0.00222928 | 0.039964813

MAPE (£([0]/Y) / n X 100%) = 39%

Mean absolute percentage error (MAPE) is satisfactory (20% < A <50%)

Regression statistics

Multiple R 0.973724123
R-square 0.948138669
Adjusted R-square 0.939495113
Standard error 0.035700785
Observations

Analysis of variance

Significance level of F

Regression 0.139808953 | 0.139808953 | 109.6931347 4.44645E-05
Residual 6 | 0.007647276 | 0.001274546
Total 0.147456229

Data on coefficients of the regression equation

Coefficient Stzrrlr((i).‘:rd t-statistics Low 95% | High 95%

Y-intersection | 1464100669 | 0.12814027 | 11.42576543 | 2.6961E-05 | 1.1505527 | 1.7776486
Variable x -0.434164811| 0.041453852 | -10.47344904 | 4.44645E-05 | -0.5355987 | -0.3327309
235
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in the number of cases in the severely affected areas was
noticeable [11]. Similar results of wild boar vaccination in
the Primorsky Krai in 2004-2016 also demonstrated that
the mass mortality of wild boars was reduced, however,
the virus circulation was not prevented [19, 20].

The negative aspects associated with no-vaccination
CSF eradication policy (stamping out, logistical and tech-
nological costs for biosafety and control, ethical issues)
suggest that immunization is the key measure to control
future outbreaks, taking into account serious concern
about the global threat posed by re-emergence of a popu-
lation immunologically naive to CSF. Therefore, the most
urgent task today is to continue research with the purpose
to create more effective vaccines against CSF [2, 22, 26].

Regarding DIVA strategy, it is worth noting that the first
generation of marker vaccines (commercial subunit E2 vac-
cines), despite their safety, did not demonstrate the same
high effectiveness as live attenuated vaccines did [2, 22].
In some countries, work is ongoing to create vaccines that
could be used as part of the DIVA strategy. However, their
use for CSF control and eradication must be combined
with well-organized and implemented epizootological
surveillance, quarantine measures at the borders and bio-
safety of the pig industry [22].

We believe that today CSF zoning of the Russian Fede-
ration with creation of disease-free zones without vacci-
nation and preservation of vaccination in disease-affected
(risk) zones is the most progressive way as demonstrated
by the already implemented FMD zoning of the country’s
territory [5]. In terms of general veterinary and sanitary
and quarantine measures, FMD and CSF zoning are simi-
lar, but CSF-focused surveillance shall be strengthened
separately, as well as CSF-related quarantine measures in
the existing zones. In our opinion, the CSF control with
the use of live attenuated vaccines practiced for decades
in the Russian Federation paved the way for vaccination
refusal in future and for successful eradication of this in-
fection, as demonstrated by officially CSF-free countries
or countries with CSF-free zones [2, 14, 15].

CSF outbreaks expected in 2022 in the Russian Fede-
ration. Modeling for the possible number of CSF cases
in 2022 showed that an average of 3 (95% confidence in-

terval: 0-5) outbreaks can be expected in the population
of domestic pigs, and 3 (0-6) outbreaks in the wild boar
population (Fig. 5).

CONCLUSION

Over the past decade, there has been a geographical
shift of CSF-affected area from the central to the eastern
regions of the Russian Federation along the borders. How-
ever, unlike the previous years 2019-2020, the CSF trend
showed an upward direction in the wild boar population
(a growth), which is associated with the disease spread in
the Primorsky Krai and the Amur Oblast. If the existing level
of specific prevention is in place, the long-term forecasts
suggest that the situation with a low number of outbreaks
in domestic pigs will persist (sporadic CSF outbreaks).

The short-term forecasts for 2022 suggest that there
will be 0-5 CSF outbreaks in the population of domestic
pigs (with the expected average of 3) and 0-6 outbreaks
in the population of wild boars (with the expected ave-
rage of 3). These are domestic pigs on small-scale pig farms
with low biosafety (biosecurity) level (where violations
(non-compliances) are reported during vaccination), who
are expected to become a CSF target population in 2022.

The main peculiarities of the infection spread in the Rus-
sian Federation are more likely associated with the internal
risk factors (i.e. quality of antiepizootic measures, main-
ly vaccination) and the territories of the virus circulation
among wild boars. In terms of wild boars, the susceptible
animals from the Primorsky Krai bordering on the PRC and
the DPRK will be the main CSF target in 2022, as a high
probability was earlier reported in the area (since 2015)
to form a natural and anthropurgic foci of the infection
and CSF virus was widespread in the wild boar populations
of the region (China, South Korea, the DPRK and the Pri-
morsky Krai of the Russian Federation). At the same time,
one shall not exclude potential anthropogenic impact
which may result in penetration of the infection into any
regions of the Russian Federation.

Thus, expansion of the CSF vaccination coverage
from 2011 can be among the factors that contribute to
a decrease in the number of CSF clinical cases in domestic
pigs of the Russian Federation. Currently, vaccination

Expected number of CSF outbreaks in
domestic swine

[} ean=.595906

2,5%
2632 54741

Expected number of CSF outbreaks in
wild boar

Mean=3,094259

0

] 95% 2.5%
37 6,3855

Fig. 5. The projected number of CSF outbreaks in the population of domestic pigs and wild boars for 2022
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against CSF (and its good quality) in the Russian Feder-
ation is an essential prerequisite to contain the infection
spread in the country. Infection spread in domestic pig
population is still on a downward trend.

To make a reasonable choice of a future CSF control
strategy, it is required to introduce an effective system
of epizootological surveillance that will be able to con-
firm freedom from the infection or to determine the exact
area of infection (including latent carriers) in domestic pigs
and wild boars in different regions of the country. It is un-
acceptable to confirm freedom from the disease, simply
relying on the fact that there are no notified CSF outbreaks
in the population, where vaccination is widely practiced.

If a decision is made to refuse vaccination, new mea-
sures shall be efficiently implemented step by step (being
tried and tested on farms with a high level of biosecurity).
First, they shall be implemented in the areas of the low-
est CSF risk occurrence, and only after that, if successful,
throughout the whole country.

We believe that CSF zoning of the Russian Federation
with creation of disease-free zones without vaccination
and preservation of vaccination in disease-affected (risk)
zones is the most progressive way, as demonstrated by
the already implemented FMD zoning of the country’s
territory.
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SUMMARY

During the analyzed period of 2015—-2018 number of pigs kept on backyards and in agricultural organizations as well as number of wild boars living in the Crimean
lands declined by 25.34% and 26.09%, respectively, due to African swine fever introduction. In 2016—2018, ASF epizootic situation in domestic pigs and wild
boars was the most complicated in the Sovetsky, Razdolnensky, Belogorsky Raions and in Sudak municipality, respectively. The unauthorized burials of dead
domestic pigs, which could have caused the dangerous disease agent introduction into the wildlife were detected. Number of tests for ASF carried out within both
passive and active monitoring increased during the said period: 527 tests were carried out in 2015 and 7,754 tests were carried out in 2018. In 2018, ASF virus was
detected with polymerase chain reaction (PCR) in 8 samples of pathological materials from wild boars, that was 0.1% out of total number of the samples tested
in the FGBI "ARRIAH" Branch in the Republic of Crimea and FGI RC“Regional State Veterinary Laboratory of the Republic of Crimea”. Large-scale diagnostic tests
performed in domestic pigs and wild boars contributed to rapid diagnosis of outbreaks and disease eradication. It should be noted that in case of ASF occurrence
in domestic pigs only, the disease could be eradicated with a complex of anti-epizootic measures in initial outbreak areas. Absence of the disease in the Crimean
Peninsula during the last years proves the effectiveness of the measures taken for ASF spread prevention.
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PE3IOME

3a aHanu3upyemblit nepuop ¢ 2015 no 2018 r. Ha Tepputopum Pecnybnikm Kpbim BCneaCTBUe 3aHOCA AQPUKAHCKOI UyMbl CBUHEI YUCNEHHOCTb MOTrON0BbA 10-
MaLLHUX CBUHEIA B IMYHDBIX NOACOOHBIX X03AIACTBAX U CeNIbCKOX03ANCTBEHHbIX OPraHU3aLmMaX COKpaTunach Ha 25,34%, nonynauua aukoro kabawa, obutaioLuero
B KPbIMCKUX YTofbAX, yMeHbLMA0cb Ha 26,09%. B 2016—2018 rr. Hanbonee HanpsxeHHas 3NM300THYECKaA CUTyaLnA No appUKaHCKOIF uyme Cpeau AOMALLHIX

© Kosharny N. G., Danylchenko S. I., Pasunkina M. A., Gadzevich D. V., Vorotilova N. G., 2022

VETERINARY SCIENCE TODAY. 2022; 11 (3): 239-247 | BETEPUHAPUA CETOAHA. 2022; 11 (3): 239-247 239



240

ORIGINAL ARTICLES | EPIZOOTOLOGY OPUTUHANBHbIE CTATBY | 3M300TONOMNA

BUHel cnoxunach B Coetckom, PasgonbHeHckom, benoropckom paitoHax, a cpean Ankux kabaHos — B ropoackom okpyre Cyaak. BoiaBneHbl pakTbl HecaHk-
LIMOHMPOBAHHDIX 3aXOPOHEHWI TPYNOB AOMALLHIX CBIHEN, KOTOPbIe, BO3MOXHO, ABUANC NPUUNHOI 3aHOCA BO3OYAUTENA OnacHoli 60ne3HN B AnKyto dayHy. 3a
JLaHHblii Nepuoj BpeMeH! KoNNyeCTBo NPOBOAMMBIX 1abopPaTopHbIX UCCNEf0BaHIT HA aQPUKAHCKYI0 YyMY CBIHEN B paMKaX Kak NacCUBHOTO, TaK 11 aKTUBHOTO
MOHUTOpUHIa yBenuuunocs: B 2015 r. 66110 npoBeseHo Beero 527 uccnenoBaxuii, a B 2018 r. BbinonHexo 7754 nccnesosaxua. B 2018 r. 8 8 o6pasuax nato-
N0rVYecKoro Matepuana ot AKX KabaHos C UCoNb30BaHNeM NOAUMEPA3HOIA LEMHOM peakLyi 6bin BbIABNEH BUPYC adpUKaHCKOI YyMbl CBIHEN, 4TO COCTaBUNO
0,1% ot 061Lero KonuyecTBa uccnefoBaHuii, nposedeHHblx B Quanane OIBY «BHUN3X» u TBY PK «PernonanbHas rocysapcTBeHHan BeTepuHapHaa nabopatopus
Pecny6rmki Kpbim». Peanuzauna WwipokomaciutabHbIX AUarHoCTUUECKIX MCCNeA0BaHII CPean MOT0I0BbA OMALLHMX CBUHEN 1 AKX KabaHOB cnocobcTBOBaNA
6bICTPOMY BbIABNEHNIO BCMbILLEK 1 IMKBUAALMI 3a60neBaHMA. CneZlyeT OTMETUT, UTO NP BO3HUKHOBEHNIN adPUKAHCKOIA yMbl CBUHEI TONbKO (e oMaLL-
HUX CBUHeli Gone3Hb yAaeTca UCKOPEHUTb C MOMOLLbI0 KOMMNEKCa 06LLENPUHATLIX NPOTUBOINM300TYECKIX MEPONPUATUI B NepBIYHbIX ouarax. OTcyTcTBUe
3aboneBaHuA Ha TeppuTopuu KpbiMckoro nonyocTpoBa B nocieaHue rofibl JoKasbiaeT 3pdeKTMBHOCTb NPOBOAUMBIX NPOGUNAKTUYECKIX MEPONPUATII N0 He-
JLOMYyLLEHMIO PaCNPOCTPaHeHNA adpUKaHCKOIA YyMbl CBUHEIA.

KnioueBble cnoBa: a¢pI/IKaH(Kaﬂ yyma CBUHEIA, AMKIN KaﬁaH, [IOMaLLHAA (BUHbA, Pecny6nv||<a KprM, 3NW300TONOTNYECKNIA MOHUTOPUHT

bnarogapHocTb: iccriefoBaxne NpoBeEH 3a CYeT CPEACTB deaepanbHoro blofxeTa B paMkax rocyAapCTBEHHOrO 3aaaHus no Teme «OLeHKa SNM300TUYeCKoil
CUTYaLMm Cy6nonynauuii BOCPUMMUHBBIX XUBOTHbIX B Cy6bekTax Poccuiickoit Oegepauin Ang NOATBEPXKAEHUA UX 6N1arononyyuns no CTaTycHbIM MHOEKLUAM
B COOTBETCTBUY ¢ TpeGoBaHUAMI M3Ib 1 NOArOTOBKA MPOrHO30B BO3MOMHOI0 3aHOCA M PACMPOCTPAHEHINA TPAHCTPAHNUHbIX 6ONE3HEN KUBOTHBIX C NCMONb30Ba-
HIIEM METOZI0B MOJIENIPOBAHIS 1 NPOTHO3UPOBAHNSY.
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INTRODUCTION

The Russian Federation is perceived in the world as
an unpredictably endemic territory for contagious animal
diseases posing a threat to global livestock sector. In this
regard, epizootological surveillance of dangerous infec-
tious diseases becomes extremely important [1-6].

Therewith, epizootological surveillance refers to
the process of continuous animal health monitoring
including recording data on the disease spread and
the analysis of the collected data. The surveillance results
are the basis for predicting the epizootic situation de-
velopment and used for targeting the infectious animal
disease agent containment measures. The surveilance
is also required for determination of the epizootic status
of a particular territory for international trade and trans-
portation [4, 6, 7].

The surveillance is divided into passive and active
depending on the used data collection methodology
and tools. Passive surveillance is mainly aimed at early de-
tection of infected animals (incident diagnosis). Active sur-
veillance provides for broader population-based studies
to estimate the disease prevalence or to prove absence
of the disease.

Historically, measures attributed to passive surveillance
were predominantly carried out in Russia while active sur-
veillance measures were carried out rarely.

In 2011, the Russian Federation joined the World Trade
Organization (WTO). Annual official laboratory epizoo-
tological surveillance for highly dangerous animal diseases
is one of the requirements of the Agreement on Russia’s
accession to the WTO. Accordingly, the first Official Labo-

ratory Epizootological Monitoring Plan' was approved
by Rosselkhoznadzor Order No. 120 of 8 April 2011. Tests
carried out under this Order were of active surveillance
character, but, probably, in order not to confuse epizooto-
logical surveillance with the veterinary surveillance, term
used in Russia, a similar term is used for its designation -
epizootological monitoring [6, 8, 9].

Official laboratory epizootological monitoring cove-
ring extensive list of infectious animal diseases including
African swine fever (ASF) has been carried out annually in
the Russian Federation for the Agreement implementation
since 2011 [8].

MATERIALS AND METHODS

Data on ASF situation, numbers of domestic pigs and
wild boars in the Republic of Crimea in 2015-2018 were
obtained from the Federal State Statistics Service Depart-
ment for the Republic of Crimea and city of Sevastopol,
Rosselkhoznadzor Territorial Administration for the Repub-
lic of Crimea and city of Sevastopol, State Veterinary Com-
mittee of the Republic of Crimea, Ministry of Agriculture
of the Republic of Crimea, State Committee for Forestry
and Hunting of the Republic of Crimea. The methodology
for wild boar number estimation was not specified.

Pathological material samples collected from domestic
pigs and wild boars for testing were provided by the Raion

' Laboratory tests to be performed within the Rosselkhoznadzor
measures taken for compliance with the WTO SPS Agreement
requirements at the Russian Federation accession to the WTO for 2011:
approved by Rosselkhoznadzor Order No. 120 of 8 April 2011. Accessed
at: https://base.garant.ru/2175474.
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Veterinary Prophylactic Centers and hunting farms of
the Republic of Crimea and city of Sevastopol as agreed
by the Rosselkhoznadzor Territorial Administration for
the Republic of Crimea and city of Sevastopol. Pathological
material sampling methods were not indicated in the ac-
companying documents.

Results of laboratory tests for ASF were provided by
GBI RC “Regional State Veterinary Laboratory of the Re-
public of Crimea” and supplemented by the data ob-
tained in the framework of official epizootological moni-
toring for ASF carried out by the Laboratory for Molecular
Diagnostics of the Laboratory and Diagnostic Centre of
the FGBI“ARRIAH" Brach in the Republic of Crimea.

ASF virus DNA was extracted from tested samples
using sorbent method in accordance with the instruction
for use of “Ampli Prime DNA-sorb-V” reagent kit for DNA
extraction from clinical samples (“NextBio” LLC, Russia).

Real-time polymerase chain reaction (rtPCR) was per-
formed with “ASF” test system for detection of African
swine fever virus (FBSI “Central Research Institute of Epi-
demiology” of the Federal Service for Consumer Rights
Protection and Human Welfare, Russia) and Rotor-Gene Q
amplifier (QIAGEN GmbH, Germany).

Analysis of the ASF outbreaks reported in the Republic
of Crimea was carried out based on open publications of
the Rosselkhoznadzor and World Organization for Animal
Health (WOAH) databases [8, 10].

Maps were provided by the Information Analysis Centre
of the FGBI“ARRIAH" (Vladimir).

The purpose of this work was to provide a general
overview of the ASF situation in the Republic of Crimea
in 2015-2018, to study of wild boar and domestic pig
population dynamics as well as to analyze passive and ac-
tive monitoring data for determination of the disease in-
troduction risk and disease spread in the region.

RESULTS AND DISCUSSION

Despite the fact that Republic of Crimea was ASF free, di-
sease prevention centre was established in 2015 in view of ex-
pansion of the epizooty in Ukraine. According to the State
Veterinary Committee of the Republic of Crimea, the centre
staff-members monitored the health status of wild boars
living in the eastern part of the peninsula, and together
with Rosselkhoznadzor specialists participated in inspec-
tions of foodstuffs supplied to Crimea from Ukraine [11, 12].

There were 2,300 wild boars and 167,151 domestic
pigs including 77,340 domestic pigs kept in backyards
and 89,811 domestic pigs kept in agricultural holdings in
the Republic of Crimea in 2015 [13-15].

A total of 527 pathological and biological material
samples from domestic pigs kept in backyards and agricul-
tural holdings as well as from wild boars were tested with
PCR at the GBI RC “Regional State Veterinary Laboratory
of the Republic of Crimea” in 2015 in the framework of pas-
sive surveillance for determination of ASF introduction risk
and spread in the region (Table 1).

Atotal of 158 and 145 pathological (biological) material
samples were collected from domestic pigs kept in agricul-
tural holdings and backyards, respectively, that accounted
for 0.18 and 0.19% of the total population; 224 pathologi-
cal material samples collected from wild boars were tes-
ted that accounted for 9.74% of total wild boar population.
No ASF virus genome was detected in the tested samples.

In 2015, the Republic of Crimea was considered ASF
free based on the test results for but the disease outbreaks
were reported in domestic pigs and wild boars in borde-
ring countries and in the Krasnodar Krai [11, 16, 17].

In 2016, the wild boar population decreased by 23.22%
(1,766 animals), and domestic pig population decreased
by 13.47% (79,578 animals in backyards and 65,062 ani-
mals in agricultural holdings) [11, 15, 18].

According to the State Veterinary Committee of the Re-
public of Crimea and the Rosselkhoznadzor Territorial Ad-
ministration, the first ASF outbreak was reported in late
January 2016 on the farm (s. Novoselovskoe, Razdolnensky
Raion) and adjacent territories where unauthorized burials
of domestic pigs were found. Notice on imposed quaran-
tine was published on the Rosselkhoznadzor Territorial
Administration site. Later, the disease outbreaks were
registered in the Belogorsky (s. Aromatnoe) and Leninsky
Raions [8, 11, 15].

Multiple unauthorized burials of domestic pigs and
dead domestic pigs were found in the Republic of Crimea
that facilitated the said infectious disease spillover

Table 1
Laboratory tests for ASF carried out by the FGI RC“Regional State Veterinary
Laboratory of the Republic of Crimea” in 2015

Pathological (biological) materials

Raion in the Republic

from domestic pigs from wild boars

of Crimea
=

Bakhchisaraysky 16 - 132 _
Belogorsky 16 - 25 -
Dzhankoi 15 - - -
Kirovsky 2 - 2 -
Krasnogvardeysky 158 - - -
Krasnoperekopsky 15 - - -
Leninsky 10 - 1 -
Nizhnegorsky 10 - - _
Pervomaysky 15 - - -
Razdolnensky 10 - - -
Saksky 15 - - _
Simferopolsky 5 - 22 _
Sovetsky 5 - - -
Chernomorsky 10 - - -
Alushta/Yalta - - 22 _
Simferopol 1 - - _
Sudak - - 20 _

Total 303 0 224 0
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Laboratory tests for ASF carried out by the FGI RC“Regional State Veterinary
Laboratory of the Republic of Crimea” in 2016

Raion in the Republic

of Crimea

Pathological (biological) materials

from wild boars

from domestic pigs

(0.23% of the total domestic pig population) were found
to be infected and destroyed in the backyard of the out-
break [8, 11].

In 2016, 2,517 PCR tests of pathological and biological
material samples taken from domestic pigs kept in back-
yards, agricultural holdings and from wild boars were car-
ried out at the GBI RC“Regional State Veterinary Laborato-
ry of the Republic of Crimea”in the framework of passive
monitoring for ASF in the region (Table 2).

A total of 1,176 and 1,254 pathological and biological
material samples were collected from domestic pigs raised
in agricultural holdings and in backyards, respectively, that
accounted for 1.81 and 1.58% of the total domestic pig
population, and tested. Eighty-seven pathological ma-
terial samples were collected from wild boars (4.93% of
the wild boar population recorded in the peninsular) and
tested.

It should be noted that ASF virus genome was detected
in 29 pathological material samples from backyard domes-
tic pigs that accounted for 1.15% of total number of tests.

According to the Rosselkhoznadzor Territorial Ad-
ministration data, seven ASF outbreaks in domestic pigs
(s. Aromatnoe, s. Pesochnoe, s. Dmitrovka, s. Chapayevo,
s. Novoselovskoe, s. Berezovka, s. Razdolnoe) were detec-
ted and officially confirmed in the Belogorsky, Leninsky,
Sovetsky, Pervomaysky and Razdolnensky Raions. A to-
tal of 268 infected backyard pigs (0.34% of total number
of pigs in the said backyards) were destroyed in the infec-
ted settlements (Figure 1).

In the beginning of 2017 the number of domestic pigs
in the peninsular decreased by 9.15% (66,489 backyard
pigs and 64,913 pigs kept in agricultural holdings), and
number of wild boars decreased by 11.10% (1,570 animals)
as compared to that ones in 2016 [15, 18].

In 2017 the first ASF outbreaks were reported in Janu-
ary in the backyards in s. Dmitrovka, Sovetsky Raion. Hence,
state of local emergency was introduced and quarantine
was imposed (Figure 2).

In March 2017, ASF outbreaks were detected in s. Kara-
sevka (Belogorsky Raion) as well as in the Sovetsky Raion
(near s. Zavetnoe and s. Dmitrovka), where two sites of un-
authorized burials of dead pigs were found. The results
of laboratory tests carried out at the FGBI “ARRIAH" re-
vealed ASFV genome in some samples taken on the burial
sites [8, 11, 12].

In May 2017, dead wild boars were found 2.5-3 km from
s. Gromovka (Sudak municipality), 1.5 km from Sudak city,
and 1.3 km from s. Fersmanovo (Dobrovskoe rural com-
munity, Simferopolsky Raion). ASFV genome was detec-
ted in some pathological material samples collected from
the dead wild boars and tested at the FGBI“ARRIAH"[8, 11].

Earlier, the Rosselkhoznadzor Territorial Administration
for the Republic of Crimea informed on detection of un-
authorized dead animal dumping sites in the Belogorsky
and Sovetsky Raions, ASFV genome was detected in
all biomaterial samples taken from the said dead animals.
The zone of the imposed quarantine covered areas adja-
cent to s. Mezhgorye (Zelenogorskoe rural community,
Belogorsky Raion) where dead wild boars were found and
three sites near s. Kurortnoe (Aromatnovskoe rural com-
munity, Belogorsky Raion) where wild boar remains were
found. Three areas of Sudak municipality (2.5 and 3 km
north-west from s. Gromovka and 1.5 km north-west from

number number
of samples PCR results PCR results
Bakhchisaraysky 146 - 4 -
Belogorsky 80 - 21 -
Dzhankoi 81 - - -
Kirovsky 45 - - -
Krasnogvardeysky 936 - - -
Krasnoperekopsky 135 - - -
Leninsky 103 - - -
Nizhnegorsky 30 - - -
Pervomaysky 92 3 - -
Razdolnensky 220 26 - -
Saksky 137 - - -
Simferopolsky 240 - N -
Sovetsky 35 - - -
Chernomorsky 127 - - -
Alushta/Yalta 1 - 1 -
Kerch 4 - - -
Simferopol 4 - 2 -
Sudak 10 - - -
Feodosia 4 - n -
Total 2,430 29 87 0
to wildlife. Thus, a dead wild boar was found on Yevpato-
ria city beach in January 2016. ASF virus genetic material
was detected in pathological material samples collected
from the said animal and simultaneously tested with PCR
at the FGBSI“Federal Research Centre for Virology and Mic-
robiology” and at the ASF Reference Laboratory of the
FGBI“ARRIAH".

State of natural emergency had been introduced in
the Republic of Crimea since February 8, 2016 due to ASF
outbreak.

The disease outbreaks were registered on the pig farm
located in the Prevomaysky Raion and in the Leninsky
Raion (s. Pesochnoe) in November 2016.

According to the Rosselkhoznadzor Territorial Admini-
stration, the quarantine zone covered three settlements:
Pesochnoe, Ostanino and Zeleny Yar. Therewith, 180 pigs
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ASF epizootic situation
in the Republic of Crimea (2016)

Fig. 1. ASF epizootic situation in the Republic of Crimea in 2016

ASF epizootic situation
in the Republic of Crimea (2017)

Fig. 2. ASF epizootic situation in the Republic of Crimea in 2017

Sudak city) were also included in the quarantine zone.The
Rosselkhoznadzor experts noted that ASF outbreaks were
reported in wildlife [8, 11, 12].

Despite the fact that no new ASF outbreaks had been
registered in the territory of the Republic of Crimea since
June 2017, the State Veterinary Service of the region con-
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tinued to carry out preventive measures aimed at the di-
sease occurrence and spread prevention.

In October 2017, the burial of eight dead pigs was found
1.47 km to the north from s. Sovetsky. ASFV genome was
detected in pathological material samples collected from
all dead and subjected to laboratory testing [8, 11, 12].
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Table 3
Laboratory tests for ASF in the Republic of Crimea in 2017

GBI RC“Regional State Veterinary Laboratory
of the Republic of Crimea” (passive monitoring)

Raion in the Republic

of Crimea from domestic pigs

FGBI“ARRIAH" Branch in the Republic of Crimea
(active monitoring)

pathological (biological) materials

from wild boars from domestic pigs from wild boars

il PCR results LSS PCR results Ay PCR results LS PCR results
of samples of samples of samples of samples

Bakhchisaraysky 324 - 45 - -
Belogorsky 110 - 19 - - - 5 _
Dzhankoi 330 - - - - - - -
Kirovsky 75 - 4 1 - - - _
Krasnogvardeysky 1,600 - - - 200 - _ _
Krasnoperekopsky 107 - - - - - - -
Leninsky 100 - - - - - - _
Nizhnegorsky 100 - - - - - - -
Pervomaysky 256 - - - - - - -
Razdolnensky 225 - - - - - - -
Saksky 230 - - - - - _ _
Simferopolsky 435 - 8 - 200 - 13 -
Sovetsky 25 - - - 38 13 - -
Chernomorsky 190 - - -~ - - - -
Sevastopol - - - - - - 53 _
Alushta/Yalta 5 - - - - - 7 -
Yevpatoria 5 - - - - - - _
Kerch n - - - - - - -
Simferopol 20 - 13 5 - - - -
Sudak 10 - - - - - - -
Feodosia 15 - - - - - - -
Total 4173 0 89 6 438 13 78 0

In 2017, 516 PCR tests of pathological and biological
materials from backyard pigs and pigs kept in agricultu-
ral holdings as well as from wild boars were carried out
by the FGBI “ARRIAH” Branch in the Republic of Crimea in
the framework of active monitoring for determination of ASF
introduction risk and spread in the region. The GBI RC “Re-
gional State Veterinary Laboratory of the Republic of Crimea”
performed 4,262 tests for the same period (Table 3).

Specialists of the Laboratory for Molecular Diagnostics
of the FGBI “ARRIAH” Branch in the Republic of Crimea
examined pathological and biological material from do-
mestic pigs kept in agricultural holdings (200 samples)
and in backyards (238 samples), which amounted to 0.31%
and 0.36% of the total number of animals kept in holdings
of different ownership types, respectively.

Seventy-eight pathological material samples (4.97%
of total wild boar population) were collected from wild
boars for testing.

ASF virus genome was detected in 13 pathological ma-
terial samples collected from backyard pigs that accoun-
ted for 2.52% of total number of PCR tests performed in
the FGBI“ARRIAH" Branch in 2017.

The GBI RC “Regional State Veterinary Laboratory of
the Republic of Crimea” tested 2,254 pathological and bio-
logical material samples (3.47% of total population) taken
from pigs kept in agricultural holdings and 1,919 patho-
logical and biological material samples (2.89% of total
population) taken from backyard pigs. Eighty-nine patho-
logical material samples taken from wild boars (5.67% of
the recorded population) were tested.
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ASFV genome was detected in 6 pathological material
samples from wild boars that accounted for 0.14% of to-
tal PCR tests carried out in the laboratory for reporting
period.

According to the Rosselkhoznadzor data, 15 ASF out-
breaks were reported in the Republic of Crimea in 2017 in-
cluding 6 outbreaks in pigs kept in backyards and agricul-
tural holdings and 9 outbreaks in wild boar population. Six
settlements located in the Sovetsky and Belogorsky Raions
were recognized as ASF infected: s. Luchevoe, s. Khlebnoe,
s. Dmitrovka, s. Rovenka, s. Alexeyevka, s. Karasevka.

ASF outbreaks in wild boar population were reported
near s. Gromovka (Sudak municipality), s. Fersmanovo,
s. Druzhnoe (Simferopolsky Raion), near s. Mezhgorye,
s. Kurortnoe and s. Zemlyanichnoe (Belogorsky Raion) as
well as s. Lavanda (Alushta municipality) (Figure 2).

At the beginning of 2018 the wild boar population
increased by 7.65% and was 1,700 animals, whereas

Table 4
Laboratory tests for ASF in the Republic of Crimea in 2018

GBI RC“Regional State Veterinary Laboratory
of the Republic of Crimea” (passive monitoring)

the domestic pig population decreased by 5.02%
(59,900 backyard pigs and 64,900 pigs kept in agricultural
holdings) [8, 11, 12, 15].

In 2018, 1,000 PCR tests of pathological and biological
materials from pigs kept in backyards and agricultural
holdings as well as from wild boars were carried out by
the FGBI “ARRIAH” Branch in the Republic of Crimea in
the framework of active monitoring for determination
of ASF introduction risk and spread. The GBI RC “Regional
State Veterinary Laboratory of the Republic of Crimea” per-
formed 6,754 tests (Table 4).

In February 2018, ASFV genome was identified in
the pathological materials collected from dead wild boars
detected to the south of Asret district (Sudak municipality)
and tested by specialists of the FGBI “ARRIAH” Branch in
the Republic of Crimea. The said results were confirmed
by the Reference Laboratory for African swine fever of
the FGBI“ARRIAH" (Vladimir).

FGBI“ARRIAH" Branch in the Republic of Crimea
(active monitoring)

pathological (biological) materials

Raion in the Republic

of Crimea from domestic pigs

from wild boars

D PCR results D PCR results B PCR results D PCR results
of samples of samples of samples of samples
219 - 294 - 60 - - -

from domestic pigs from wild boars

Bakhchisaraysky
Belogorsky 168 - 38 3 26 - - -
Dzhankoi 463 - - - 45 - 5 -
Kirovsky 270 - 3 - - - - -
Krasnogvardeysky 1882 - - - - - - _
Krasnoperekopsky 314 - - - - - - -
Leninsky 156 - - - - - - -
Nizhnegorsky 190 - - - 65 - - _
Pervomaysky 300 - - - 150 - - _
Razdolnensky 191 - - - 50 - - _
Saksky 590 - - - - - - _
Simferopolsky 1023 - 60 - 400 - 7 -
Sovetsky 146 - - - - - - _
Chernomorsky 199 - - - 56 - 2 _
Sevastopol 148 - - - - - 127 -
Alushta/Yalta 5 - - - - - 2 -
Kerch 12 - - - - - - -
Simferopol 20 - 3 - - - - -
Sudak 10 - - - - - 5 5
Feodosia 20 - 30 - - - - -
Total 6,326 0 428 3 852 0 148 5

VETERINARY SCIENCE TODAY. 2022; 11 (3): 239-247 | BETEPUHAPUA CETOAHA. 2022; 11 (3): 239-247



246

ORIGINAL ARTICLES | EPIZOOTOLOGY OPUTUHANBHbIE CTATBY | 3M300TONOMNA

ASF epizootic situation
in the Republic of Crimea (2018)

Fig. 3. ASF epizootic situation in the Republic of Crimea in 2018

In April 2018, ASFV genome was identified in the patho-
logical materials collected from wild boars (s. Mezh-
gorye, Belogorsky Raion) and tested by specialists of
the GBI RC“Regional State Veterinary Laboratory of the Re-
public of Crimea” (Figure 3).

A total of 3,445 and 3,723 pathological and biological
material samples from pigs kept in agricultural holdings
and from backyard pigs that accounted for 5.32 and 6.22%
of total pig population kept in holdings of different owner-
ship type, respectively, were tested in 2018 [8, 11, 18].
A total of 576 pathological material samples from wild
boars (33.88% of the total population) were tested. ASFV
genome was detected in 8 pathological material samples
that accounted for 0.1% of total PCR tests carried out in
the FGBI “ARRIAH" Branch in the Republic of Crimea and
the GBI RC “Regional State Veterinary Laboratory of the
Republic of Crimea”.

CONCLUSION

African swine fever has not been reported in the Re-
public of Crimea since 2016. Since logistics in the Republic
is arranged in such a way that products come not only
from the Subjects of the Russian Federation, the ASF virus
can be introduced by any route: starting from unautho-
rized movements of domestic animals that could be ASFV
infected, and products derived from them, ending with
animal buyers, feed sellers, etc.

Unfortunately, it is the human factor that most often
plays a role in the ASF virus spread, as evidenced by illegal
burials of dead domestic pigs, which could have resulted
in infection of wild animals.

Thousands of pigs had been destroyed in 2016-2018
due to ASF introduction to the Crimean peninsula. ASF
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epizootic situation in domestic pigs and wild boars was
the most complicated in the Sovetsky, Razdolnensky,
Belogorsky Raions and in Sudak municipality, respectively.
As a result, the population of pigs kept in backyards and
agricultural holdings and population of wild boars de-
creased by 25.34% and 26.09%, respectively.

Number of laboratory tests performed in the frame-
work of passive and active monitoring aimed at determi-
nation of ASF introduction risk and spread had increased
by ten-folds from 2015 to 2018.Thus, 527 pathological and
biological material samples from domestic pigs and wild
boars were tested in 2015 whereas in 2018 a total of 7,754
of such samples were tested. Large-scale diagnostic tests
performed in domestic pigs and wild boars contributed
to rapid diagnosis of outbreaks and timely anti-epizootic
measures implementation.

The disease has been eradicated owing to timely
measures for ASF spread prevention that is evidenced
by results of monitoring tests carried out in the Republic
of Crimea in following years.
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KowapHbiin Hukonan leHHapgmneBny, pykoBoauTenb cektopa
nabopaTopu AMArHOCTVKN 60NIe3HEeN XKMBOTHbIX TAGOPaTOPHO-
avarHoctnyeckoro ueHtpa Ounnana OIBY «BHUN3XK»
B Pecny6nuke Kpbim, . Cumdepononsb, Poccusa.
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HayK, pykoBoamTesb 11abopaTopHO-AMarHOCTUYECKOrO LieHTpa
Oununana OTBY «BHUW3XK» B Pecnybnuke Kpbim, r. Cumpepononsb,
Poccua.

MacyubknHa Mapus AnekcaHapoBHa, KaHANMAT BETEPUHAPHbIX
HayK, 3aBefywlwuin nabopaTtopueinn AnNarHOCTUKM GonesHen
KMBOTHbIX NlabopaTopHO-AMarHoctTuyeckoro ueHtpa Ounvana
OrBY «BHUW3K» B Pecnybnuke Kpbim, r. Cumdepononb, Poccusa.

FapseBuy [lanun BuktopoBuy, Befywuii BeTeprHapHbIi Bpay
nabopatopun MonekynspHoOn AMarHOCTUKM nabopaTopHo-
avarHoctnyeckoro ueHtpa Oununana ONBY «BHUN3XK»
B Pecny6nuke Kpbim, r. Cumdepononsb, Poccusa.

Bopotunosa Hapexpa lpuropbeBHa, KaHANAAT BETEPUHAPHBIX
HayK, 3aBegylowmin nabopatopurein MoNeKyNAPHON ANArHOCTUKN
nabopaTtopHoO-AMarHocTnyeckoro ueHtpa O@unuana
OrBY «BHUW3K» B Pecnybnuke Kpbim, r. Cumdepononsb, Poccusa.
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SUMMARY

Bovine leukosis is one of the most common infectious diseases of farm animals, causing significant economic damage due to a decrease in production of livestock
products, premature culling and slaughter of cows and servicing bulls. The disease needs special attention and control on behalf of the on-farm veterinarians and
zootechnicians. The article briefly describes epizootic situation on bovine leukosis in the Russian Federation in 2004-2020. It also includes a report on the disease
situation in “Sibirskaya Niva” LLC (the Irkutsk Oblast) for 2015-2021 and assesses effectiveness of health support and disease prevention measures taken on the
farm. The paper gives a brief description of the agricultural establishment: its zoosanitary status as well as zootechnical, veterinary, therapeutic and preventive
measures (disinsection, deratization, vaccination). Based on the data obtained, we found the ultimate cause of bovine leukosis on the farm: presumably, these were
crossbred animals brought into the farm. In order to eradicate the disease, “Sibirskaya Niva” LLC has developed a plan on health support and disease prevention,
which includes veterinary, zootechnical and economic measures. Thus, due to the actions taken from 2015 to 2019, the number of infected cows and heifers reduced
by 6.42 and 2.78 times, correspondingly. At the same time, the overall number of infected animals decreased by 9.9%. Task-oriented measures taken by the state
veterinary services made it possible to steadily reduce the number of infected animals by 2020. The comprehensive approach embracing the farm peculiarities has
proven to be effective to quickly eliminate bovine leukosis, as the above-mentioned agricultural establishment exemplified it.
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PE3IOME

Jleiiko3 KpynHOro poraToro ckoTa — 0O 13 Haubonee pacNPOCTPaHEHHbIX NHPEKLMOHHBIX 3a60N1eBaHMI CeNbCKOXO3ANCTBEHHBIX KUBOTHBIX, HAHOCALLMX
3HauUTENbHbIIA SKOHOMUYECKNIA YLLep6 BCneACTBIe HefonoNyyeHIa NpoayKToB XIBOTHOBOACTBA, NPeXxAeBpeMeHHOIi BbIOPaKOBKM 1 y60s KOpoB 1 ObIKoB-
npon3soguTeneii. bonesHb Tpebyet 0c060ro BHUMAHNA 1 KOHTPONA CO CTOPOHBI CMIELMANICTOB BETEPUHAPHOI 1 300TeXHIYeCKoil Cnyb xo3aiicTB. B cTatbe
KpaTKo 0XapaKTepu30BaHa INN300TIYeckas 06CTaHOBKa NO NeiiK03y KPYMHOO poraToro ckoTa Ha TeppuTtopuy Poccuiickoit Oepepauum 8 2004-2020 rr., a Takke
npecTaBneHbl pe3ynbratbl N3yyeHna cutyauum no 3abonesanuio 3a 2015-2021 rr. 8 000 «Cubupckas Husa» UpkyTckoit 06nacT n oueHeHa 3GGekTMBHOCTL
0370pOBUTENbHO-NPOGUNAKTUYECKIX MEPONPUATIN, POBEAEHHDIX B X03AlicTBe. IpuBeaeHa kpaTkas XapakTepucTika CeNbCkoxo3ANCTBEHHOTO NPeANPUATUA:
300UTUEHNYeCKIe NOKa3aTen i, 300TeXHIYeckie, BeTepuHapHble i neyebHo-npodunakTueckue (Le3nHCeKLa, AepaTu3auys, BakuuHauna) meponpuatus. Ha
0CHOBaHWV MOTyYeHHbIX AaHHbIX ObiNa yCTaHOBNEHa NepBONPUYMHA NOABNEHNA Neiiko3a KpYMHOTO POraToro CkoTa B X03AICTBe: NPeANoNoXUTeNbHO, UCTOUHUKOM
BUpYCa ABUNUCH BBE3eHHble NOMeCHbIe XIBOTHbIe. [InA nukBuaauum 3abonesanna B 000 «(ubupckas Husa» paspabotaH nna 0340poBUTENbHO-NPOGMNAK-
TUYECKMX MePONPUATHIA, BKNKOYAIOLLMI BETEPUHAPHDIE, 300TEXHUYECKIe 1 OPraHIn3aLMOHHO-X03AMCTBEHHbIE NpoLeAypbl. B pe3ynbrate npoeseHHoii paboTb
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€2015 no 2019 1. UHGULMPOBAHHOCTL CPEAN KOPOB M TENOK CHU3MNACh B 6,42 1 2,78 pa3a COOTBETCTBEHHO. Mpi 3ToM 06LMit YPOBEHD MHGULMPOBAHHOCTH
KUBOTHbIX yMeHbLUMACA Ha 9,9%. bnarogapa LeneHanpaBneHHoii paboTe, NpoBOAVIMOIE rocyapCTBEHHOI BeTepUHaPHOI Cly60il, k 2020 T. yaanocb Ao6uUTbCA
CTabUNbHOTO CHUXKEHIA YPOBHA MHOMLIPOBAHHOCTM UBOTHBIX. Ha npuMepe AaHHOTO cenbXxo3npeanpuaTUA foKa3aHa SdeKTUBHOCTb CNNAHUPOBAHHOTO Cyye-
TOM 0C06EHHOCTe! X03AIICTBA KOMMEKCHOTO N0JAX0a, MO3BOAMBLLETO B KOPOTKYE CPOKM NPOBECTI 03[0POBNIEHIE X03AICTBA OT NeiiK03a KPYMHOro poraToro cKota.

KnioueBbie cnoBa: neiikos, BUpyc neitko3a KPYMHOro poratoro Ckota, rematofioriyeckue uccneaoBaHua, ceponoruyeckue NccneaoBaHnaA, 0340poBUTENbHO-
I'IpO(I)I/IHaKTI/I‘IeCKI/Ie meponpuATna

[ina untuposanus: firyaun A. P, Cancnenko C. A., Ycosa W1, A., Crporatosa W1. fl. Komnnekc meponpuaTuii no 6opbbe ¢ neliko30M KpynHOro poratoro ckoTa.
Bemepurapus ce2o0ns. 2022; 11 (3): 248-253. DOI: 10.29326/2304-196X-2022-11-3-248-253.

Koudnukr nutepecos: ABTopbl 3aABAAIOT 00 OTCYTCTBIM KOHONMKTA UHTEPECOB.

Dina KoppecnoHaeHuun: HI’yﬂMH AneKcaan PuHatoBiy, Bpay-opAnHaTop Ka¢e,upb| anu3ooTonoruu, MMKpOﬁVIOl'IOI'MVI, napasuTonorui 1 BeTepuHapHo-caHn-

TapHoli 3kcnepTu3bl OIBOY BO KpacHoapckuii TAY, 660049, Poccus, . KpacHoapck, np. Mupa, 90, e-mail: npayagudin@gmail.com.

INTRODUCTION

Bovine leukosis is a chronic infectious disease caused
by bovine leukemia virus (BLV). The damage caused by
the disease on farms includes a drop in production of milk,
slaughter products and offspring; premature culling and
slaughter of cows and servicing bulls [1].

Leukosis is registered in most countries with well-
developed livestock industry. The disease is mostly spread
in the USA and in some countries of Central Europe, as well
asin Denmark and Sweden. Based on the report of the Ros-
selkhoznadzor Information and Analysis Center on the epi-
zootic situation in the Russian Federation, 18,636 animal
cases were registered in the country in 2020 and 442 sites
were affected with bovine leukosis [1-6]. Figure 1 depicts
an upward trend in the year-on-year dynamic changes in
the number of the affected sites.

In 2020, new outbreaks of bovine leukosis were regis-
tered in the Altai, Krasnodar, Perm, Primorsky, Khabarovsk
Krais, in the Republics of Dagestan, Ingushetia, Kalmykia,
Karelia, Crimea, North Ossetia, Tatarstan, in the Khanty-
Mansi Autonomous Okrug, in the Amurskaya, Astrakhan,
Vladimir, Voronezh, Irkutsk, Kaliningrad, Kaluga, Kirov,

Kurgan, Kursk, Novgorod, Tyumen and Chelyabinsk
Oblasts [5, 6].

The increase in the number of leukosis cases and lack
of effective prevention tools and methods add urgency
to the problem which needs to be solved not only for the
purposes of veterinary medicine, but also for general bio-
logy [7, 8].

The purpose of the research is to assess measures taken
to control bovine leukosis in “Sibirskaya Niva” LLC.

To achieve the purpose, the following tasks were set:

— to study epizootic situation on bovine leukosis in “Si-
birskaya Niva” LLC;

— to analyze measures taken to control bovine leukosis
in “Sibirskaya Niva” LLC;

— to assess effectiveness of the measures taken over
the past 7 years.

MATERIALS AND METHODS

Primary veterinary records and veterinary reports were
used as a practical basis to study the epizootic situation
on bovine leukosis in “Sibirskaya Niva” LLC (the Irkutsk
Oblast), as well as to assess the disease control measures.
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Fig. 1. Number of bovine leukosis-affected sites in the Russian Federation in 2004-2020 [6]
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RESULTS AND DISCUSSION

“Sibirskaya Niva” LLC keeps one animal species, i.e.
black-and-white dairy cattle. There are no driveways or
cow tracks next to the farm. The livestock farms are located
at least 500 m away from residential areas and household
buildings. The animals are kept in standard cow barns de-
signed for 100 animals. These are brick-built barns com-
plying with the relevant zoosanitary requirements and
having artificial lighting, central heating and combined
supply and exhaust ventilation.

Cow watering site is equipped with individual water
bowls with water supplied from artesian wells. Animal
feeds are stored in a specially designated storage facility
protected from birds and rodents and silage is stored in a
sealed trench. Feeds are regularly tested for bacterial con-
tamination, mycotoxins and heavy metals.

The feed preparation room, isolation pen and veteri-
nary pharmacy properly comply with the sanitary and
hygiene requirements.

The manure is removed out of the cow barns twice
a day with a scraper conveyor, then transported to the
manure storage site located 600 m away from the farm
for further biothermal decontamination. On-farm dead
livestock and slaughter wastes are buried in burial sites
in the settlement of Orinsk or burned in a trench.

Formaldehyde, caustic soda, chloramine and bleach
are used on the farm for disinfection. Required amounts
of disinfectants are stored in a pharmacy warehouse
in sealed original containers with labels on. The use
of disinfectants is registered in a special log. A mobile dis-
infection station (UDP) and a spray nozzle SAG-1 are used
for disinfection of cattle barns. For preventive purposes
cattle barns are disinfected after the grazing season be-
gins and before the housing season starts. The calving area
is sanitized, as soon as the animals leave calving cubicles.
Calve nurseries are sanitized every time after the calves
are moved to calf barns.

Disinfection of the farm production facilities includes
4 stages:

1. Spray treatment of the interior surfaces in the pro-
duction facilities and in ventilation shafts with a hot 2%
caustic soda solution, exposure time - 30 minutes.

2. Mechanical cleaning: removal of left-over feed, ma-
nure, mechanical impurities using pressure washing unit
from the mobile disinfection station.

3. Wet disinfection with a hot 5% caustic soda solution,
exposure time — 1 hour (concentration of the working solu-
tionis 1 L/m?).

4. Indoor air aerosol disinfection with a 40% formalde-
hyde solution (15 mL/m?3), exposure time - 2 hours. Then
the room is ventilated, the remaining formaldehyde is
neutralized by sprayed 20% hydrous ammonia. Walls (to
a height of 1.5 m), feeders and cubicle divisions are treated
with 15% freshly slaked lime. Disinfection quality control is
ensured by the Irkutsk Interregional Veterinary Laboratory
which tests farm swabs for coliform bacteria.

For disinsection purposes, a 1% aqueous solution
of chlorophos is used to destroy insect breeding sites.
Before blood-sucking insect (horseflies) season starts,
the skin of animals is treated with a 2% solution of chlo-
rophos. Deratization is carried out regularly after rodents
are detected; more often in autumn and winter when
the rodents move indoors. For these purposes, baits

with zinc phosphide are used. Special attention is given
to preventive measures: floors are repaired, doors and
gates are sealed, grain feeds scattered on the floor are
removed, etc.

Farm workers are provided with overalls and personal
protective equipment in accordance with the regulations.
The overalls are washed once a month in the laundry
room. The clothes are pre-soaked for 30 minutes in a 2%
formaldehyde solution. Employees can enter the farm
only through the shower and changing facilities, where
they take off their casual clothes, take a shower and put
on overalls. Industrial and sewage wastewater goes to the
settlement sewage system and pass through a sewage
treatment plant. Awareness-raising campaign aimed at
educating farm workers is in place. The farm workers are
monthly lectured on veterinary and sanitary topics.

The dairy herd is restored from the young replacements
reared on the farm. The cows showing signs of estrous be-
havior are artificially inseminated (manocervical method)
in compliance with veterinary and sanitary rules (the ex-
ternal genitalia are washed with a 1:5000 solution of furaci-
lin, disposable pipettes and gloves are used). Semen from
serving bulls of “Irkutskgosplem” LLC is used for insemina-
tion of cows and heifers.

Until 2014, no cases of bovine leukosis were registered
in “Sibirskaya Niva” LLC. This is primarily explained by the
fact that routine serological diagnosis of leukosis using
agar gel immunodiffusion (AGID) test in the Irkutsk Oblast
began in 2014. It can be assumed that before some leu-
kosis-infected animals were culled due to weight losses
and a decrease in milk production. Probably, the infection
was introduced into the farm in 2014, following delivery
of mixed-bred heifers. Large gatherings of cattle during
blood collection, vaccination, therapeutic manipulations,
etc. play a key role in transmission of bovine leukosis to
healthy susceptible animals.

In 2015, serological tests of blood sera samples from
the entire herd [9] revealed that the number of leukosis
infected cows and heifers was 32.1 and 13.9% (on ave-
rage 19.5%), respectively (Fig. 2, 3, Table). Following the
tests, the farm was declared leukosis affected.

In order to eradicate the disease the following health
support action plan was elaborated by the Institute of Ex-
perimental Veterinary Medicine of Siberia and the Far East
of the SFSCA RAS together with the Veterinary Services
of “Sibirskaya Niva” LLC.

Veterinary measures:

1. Pursuant to results of serological tests of animal
blood sera, the dairy herd shall be divided into leukosis
infected and healthy cattle.

2. Leukosis infected cows shall be segregated in one
of the yards and tested for leukosis 2 times a year using
a hematological method. Blood sera from animals of this
group shall not be serologically tested [4, 9].

3.The sick animals shall be culled, sent to meat proces-
sing plant or emergently slaughtered on the farm.

4. Calves from the sick cows shall be reared in isolation,
shall be fed colostrum from mother cows for 10 days and
then milk from healthy animals, bulk pasteurized milk
or calf milk replacer [9].

5. Blood sera samples from healthy cows shall be sero-
logically tested every quarter. Reactors shall be transferred
to the infected group [2, 10].
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6. The main dairy herd shall be restored from serone-
gative heifers [11, 12].

7. Sera samples from the young cattle shall be serologi-
cally tested at the age of 6, 12, 18 months and before they
join the main herd. Reactors shall be moved to the fat-
tening group with subsequent slaughter for meat. It is also
possible to subject these animals to immunostimulating
therapy in combination with the use of immunomodula-
tors [13, 14].

Veterinary and zootechnical measures:

1. Ensure clear identification numbering of cattle of all
sex and age groups.

2. Prohibit the use of non-sterile tools and other mate-
rials during animal handling.

3. Prevent contacts between infected and intact animals.

4. Any on-farm animal regrouping shall be authorized
by the chief veterinarian.

5. AGID-positives shall be culled.

Economic measures:

1.Employees shall be timely assigned to immobilize ani-
mals during mass blood sampling for leukosis tests, and

vehicles shall be provided for transportation of animals to
the meat processing plant.

2. Key implementers of the on-farm health support
measures shall get bonus payments.

3. Quarterly reports from livestock specialists on im-
plementation of the action plan aimed at ensuring farm
freedom from bovine leukosis shall be reviewed.

4.The action plan shall be annually corrected following
its implementation assessment.

The use of such a detailed approach [5, 15, 16] during
implementation of the health support plan in 2015-2021
made it possible to achieve a stable decrease in the num-
ber of leukosis infected animals (Fig. 2, 3, Table).

The dairy herd animals, whose blood sera contained
BLV-specific antibodies, as revealed by serological tests,
were subjected to hematological tests. It resulted in de-
tection of cows with hematologic stage which helped to
reduce their number in the herd over time[5,6,11-14, 17].

As a cost-saving measure for the farm, no BLV geno-
typing was carried out. Leukosis causative agent is known
to include 10 genetic groups and several subgroups.
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Fig. 2. Dynamic changes in the number of BLV infected cows, 2015-2021
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Table
Changes in the overall number of the infected livestock, 2015-2021
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Number of infected animals, %
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Fig. 4. Assessing the number of BLV-infected animals in 2019

BLV isolates recovered in the Russian Federation belong
to genetic groups 4,7 and 8[5, 18, 19]. In the Irkutsk Oblast
BLV belonging to the Belgian and Australian subgroups
circulates in the cattle population.

Calves from infected and sick cows were healthy and
received milk only from healthy animals, since BLV can be
transmitted through colostrum or milk [5, 16, 19, 20].

From 2015 to 2019, the number of infected cows and
heifers decreased by 6.42 and 2.78 times, respectively. At
the same time, the overall number of infected animals de-
creased by 9.9%.

Figure 4 depicts data on BLV spread in different age and
sex groups in 2019. The highest percentage of infected
animals was reported in cows and heifers.

In 2020, AGID revealed no specific precipitating anti-
bodies to BLV antigens in blood sera from the herd.

Thus, thanks to the purposeful work done by the state
veterinary services from 2015 to 2019, the number of
BLV-infected animals decreased to 9.6%, and since 2020
no infected animals have been detected on the farm. Le-
thality and mortality rates were not taken into account,
since the disease was chronic and no deaths were record-
ed. The animals were culled at the very first clinical signs
and when changes in blood leukogram were reported. As
of 1 October 2020, the disease was completely eradicated
on “Sibirskaya Niva” LLC farm.

CONCLUSION

Bovine leukosis was diagnosed on “Sibirskaya Niva”LLC
farm following positive results of serological and hema-
tological tests. Epizooty of bovine leukosis on the farm
broke out in 2015 and was presumably caused by impor-
ted crossbreeds.

In order to eradicate the disease, a plan of health sup-
port and preventive measures (veterinary, zootechnical
and organizational and economic) was developed.

The measures taken to prevent and eliminate bovine
leukosis based on the integrated plan (taking into account
peculiarities of the farm as well as timely diagnosis) made
it possible to eradicate the disease and improve health
status of the herd.

The research was conducted before the Order of the Mi-
nistry of Agriculture of the Russian Federation No. 156
of 24 March 2021 was published (“Validating veterinary rules

for preventive, diagnostic, restrictive and other measures, the

establishment and cancellation of quarantine and other re-
strictions aimed at preventing the spread and elimination

of outbreaks of bovine leukosis”).
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SUMMARY

In vaccine production, it is particularly important to purify the virus-containing suspension in order to remove ballast proteins and fats, which, when present in
high concentrations, are responsible for depression or allergic reactions in animals. Polyguanidine and its derivatives have long been used for such purposes. At
present, the market offers polyhexamethylene guanidine hydrochloride, a cationic polyelectrolyte with a unique combination of physico-chemical and biocidal
properties allowing for it to be used in nearly all spheres of economy. Flocculation properties of polysept (polyhexamethylene guanidine hydrochloride) vary from
batch to batch, and this has necessitated the development of a test system for determination of the incoming material quality, which has a significant impact on
virus antigen concentration during vaccine production. Seven batches of polyhexamethylene guanidine were tested for flocculation properties, changes in FMDV
immunogenic component concentration in the virus-containing suspension, osmolality of solutions at different percentage concentrations. Indicators of incoming
material suitability for FMD vaccine production were determined. The batches of polysept should be tested for flocculation properties at different concentrations of
the polymer (0.007, 0.0105 and 0.01575%) in dynamics during 24 hours. After this period, the turbidity of solutions should not exceed 30 FNU (formazin turbidity)
at concentrations of 0.0105 and 0.01575%. It is also necessary to determine the osmolality of polysept solutions at different percentage concentrations (6, 8, 10,
12, 14%). Osmolality values should be within the following ranges: 260 = 20 mOsm for a 6% solution; 330 == 25 mOsm for an 8% solution; 400 = 25 mOsm for a
10% solution; 460 = 30 mOsm for a 12% solution; 520 = 20 mOsm for a 14% solution.

Keywords: polyhexamethylene guanidine hydrochloride, foot-and-mouth disease virus antigen, immunogenic components, flocculation, turbidity, osmolality
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PE3IOME

[Tp1 NPoU3BOACTBE BaKLNH BaXHYI0 PONb UTPAET OUNCTKA BUPYCHOI CyCneH3uu oT 6annacTHbIX 6ENKOB U XXMPOB, BbICOKAA KOHLIEHTPaLMA KOTOPbIX BbI3bIBaeT
yrHeTeHUe OpraH13ma XXUBOTHbIX UK annepriyeckne peakwinu. Ha npoTaxeHnn [UTENbHOTO BPEMEHY A 3TUX Lieneil NPUMEHANI NOAUTyaHAUH 1 ero npo-
U3BOAHbIE. B HacToALee BpeMA Ha PbIHKE MPeANaraloT KaTUOHHbIA NOANINEKTPOANT NOANTeKcaMETINEHTyaHUANH TUAPOXNOPUA, 06N1afatoLLMil YHUKANbHBIM
coueTaHuem GU3NKO-XUMINYECKNX 1 G1OLMAHBIX CBOICTB, KOTOPbIE MO3BONAIOT UCMOMb30BATb €ro NPaKTUYECKM BO BCex chepax HapoHoro xo3ailcTga. Maptun
nonvucenTa (nonureKcameTUneHryaHuanH rugpoxnopuaa) OTMYaoTca Apyr oT Apyra no GnoKynupyLLMM CBOIACTBAM, MO3TOMY BO3HMKNA HE0OX0AMMOCTb
pa3paboTarb TecT-cucTemy ANA onpefeneHna kauectBa nocTynalolLeil NpoayKLMK, CyLLeCTBEHHO BAMAIOLLET0 Ha MOTEPH aHTUreHa BUpYyCca Npu NPOM3BOACTBE
BaKLMH. bbinn n3yueHbl Kak GnokynupytoLyye cBOIACTBA, TaK 11 NOTEPA MMYHOTeHHbIX KOMMOHEHTOB BUPYCa ALLYpa U3 BUPYCCOAEepXaLLeli CycreH3nm, a Take
0CMONANBHOCTb PACTBOPOB Pa3HON NPOLIEHTHOI KOHLIEHTPALMIN CemMI CepUi MoNMreKcameTneHryaHuaNH rnapoxnopuaa. YCraHoBneHbl KpUTepuin npUrosHoCTI
MoCTynaloLLeil NpoayKLIMM ANA NPON3BOACTBA NPOTUBOALLYPHBIX BAKLYH: MPOBEPKA B AMHAMMKE (NIOKYNMPYIOLLIMX KAuecTB NapTUii nonumepa npi pasHbix ero
KoHueHTpauuax (0,007; 0,0105; 0,01575%) Ha npoTsxeHun 24 u. Yepes ykasaHHoe Bpema MyTHOCTb pacTBopa AoHa 6biTb He 6onee 30 FNU (dopmazuHosas
cTeneHb MyTHOCTI) Npy KoHLeHTpauwax 0,0105 1 0,01575%. Takxke Heo6xoA1MMO onpeenaTb 0CMONANBbHOCTb PaCTBOPOB NMONMCENTA Pa3HOIA NPOLIEHTHOI KOHLIEH-
Tpauuu (6, 8, 10, 12, 14%). 3HaueHue 0CMONANBHOCTI JOMKHO YKNAAbIBATbCA B CNeaytoLLe rpaHnLbl: 6%-i pactBop — 260 + 20 mOsm; 8%-ii — 330 + 25 mOsm;
10%-it — 400 =+ 25 mOsm; 12%-i — 460 + 30 mOsm; 14%-ii — 520 + 20 mOsm.

KnioueBbie cnoBa: nonurekcameTuneHryaHnanH ruspoxnopuga, aHTUreH BUPYCa ALLYpa, UMMYHOTeHHbIE KOMMOHEHTbI, GROKYNALMSA, MyTHOCTb, OCMONANBHOCTb
BnarogapHocTu: Pabota BbinonHeHa 3a cuet cpeacts OrbY «BHUN3M» B pamkax TemaTukin HayuHO-UCCIef0BaTENbCKIX paboT «BeTepuHapHoe bnarononyuuer.

[ina untuposanus: lycesa M. H., loporun M. U., LWesuenko M. A., Muxanuwwun [1. B., Toumypagos bl. M., Muxanuwmn B. B., Enbkuna 10. C. Onpegenenne
KpuTepueB Ana nccnegoBaHuA GnokynupyrLLyx CBOIACTB NonuCenTa (MoanreKcameTuneHryaHnanH ruapoxnopua). Bemepunapus cezoous. 2022; 11 (3): 254-261.

DOI: 10.29326/2304-196X-2022-11-3-254-261.
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INTRODUCTION

In vaccine production, the purification of the virus-
containing suspension is of particular importance.
Polyguanidine and its derivatives have long been used for
such purposes. At present, the market offers polyhexam-
ethylene guanidine hydrochloride (PHMG hydrochloride),
a cationic polyelectrolyte with a unique combination
of physico-chemical and biocidal properties allowing for it
to be used in nearly all spheres of economy [1-8].

Polyhexamethylene guanidine hydrochloride is
a water-soluble chlorine-containing polymer with
a molecular mass of 10,000 Da, represented by formula
[-NH-C=(NHxHCI)-NH-(CH_) -] . Chlorine included in its
composition is a complex salt of hydrogen chloride with
a strong basic nitrogen of the compound. The preparation
with the empirical formula (C H, N.Cl) manufactured under
the trademark “Polysept” (OO0 “Pharma-Pokrov’, Russia) is
a water-soluble polymer product, which has the character-
istics of both a cationic polyelectrolyte and a polymer, con-
tains polar guanidine and nonpolar hexamethylene groups
imparting adhesive and surfactant properties to it and can
therefore be broadly applied in economy. PHMG hydro-
chloride has a high bactericidal and fungicidal effect. Its
0.05% solutions kill both gram-positive and gram-negative
microorganisms within 5-25 minutes. The product is safe
for humans, animals and the environment [8-10].

Physico-chemical properties of PHMG hydrochloride:
it is colourless and odourless (some low quality pro-
duct samples may smell like ammonia), fireproof, explo-
sion-safe, fully soluble in water, alcohol-soluble, does
not lose its properties at subzero temperatures, does not
decompose and retains its physico-chemical and bioci-
dal properties when heated to 120 + 5 °C. The shelf life
is at least 5 years for a 20% aqueous solution and at least
7 years for a 100% concentrate.

Biocidal properties of PHMG hydrochloride: it is a bio-
cide with a broad-spectrum antimicrobial activity against
gram-negative and gram-positive bacteria (in particular,
mycobacteria causing tuberculosis and legionellosis), vi-
ruses (including enteric and post-transfusion hepatitis
viruses, human immunodeficiency virus, poliomyelitis
virus, influenza virus, herpesviruses, etc.), fungi, in parti-
cular mold, yeast and yeast-like fungi, fungi of the genus
Candida, dermatophytes.

Product form: lumps (pellets) containing at least 95-98%
of PHMG hydrochloride or an aqueous solution containing
20% of PHMG hydrochloride. Where necessary, aqueous
solutions containing up to 50% of the active ingredient
can be prepared [4].

PHMG hydrochloride is produced by the interaction
of hexamethylene diamine and guanidine hydrochlo-
ride [11, 12].
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Formazin turbidity reference values
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Polysept has been found to have flocculation proper-
ties. Itis applied as a 9% solution (1.5-2.0 mg of dry matter
per 1 L of waste water) [13].

In the production of inactivated vaccines against foot-
and-mouth disease, polysept is added in the form of a 5
or 10% aqueous solution to reach the final concentration
of 0.005-0.03% (pH 7.6-8.0). Flocculated ballast proteins
are removed by centrifugation, separation or sedimenta-
tion. The use of PHMG hydrochloride concentrations grea-
ter than 0.03% results in a significant reduction of the vi-
rus concentration; a decrease in FMDV infectivity titre and
146S component concentration are observed [10, 14].

Unfortunately, flocculation properties and other cha-
racteristics of polysept may vary from batch to batch, lea-
ding to a decrease in the concentration of the virus pro-
tein used for vaccine production. It is therefore important
to develop a test system for tests of PHMG hydrochloride
batches for flocculation properties.

The aim of the study is the selection of a test system
for tests of polysept (PHMG hydrochloride) for its floccu-
lation properties.

MATERIALS AND METHODS

Cell line. BHK-21/SUSP/ARRIAH, a continuous suspen-
sion culture of neonatal Syrian hamster kidney cells, was
used for the study [15]. The cells were grown in metal fer-
menters with a working capacity of up to 1,800 dm? in ac-
cordance with the Master formula record for production
of the vaccine against FMD of various types.

PHMG hydrochloride was supplied by OO0 “Pharma-
Pokrov” (Russia), TU 9392-001-32963622-99, batches:
No. 343 of 09 July 2020; No. 522 of 20 November 2020;
No. 48 of 21 February 2021; No. 57 of 26 February 2021;
No. 71 of 26 March 2021; No. 219 of 27 August 2019;
No. 168 of 27 August 2021.

To perform the study, 10 and 20% solutions were pre-
pared in an enameled container using demineralized wa-

Turbidity, FNU

=343 =522 wfed8 5] wfemT] =219
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Fig. 1. Turbidity dynamics in the zero-hour sample at different polysept

concentrations

256

ter. The mixture was heated to 90-100 °C with constant
stirring until complete dissolution of the polymer, cooled
at 18-25 °C and then placed in the cold chamber (4-8 °C).

The turbidity of the prepared PHMG hydrochloride solu-
tion was measured using a portable HI 98713 turbidity
meter equipped with an IR-diode (Hanna Instruments,
Germany) according to the manufacturer’s instruction.
Turbidity was reported in FNU (a formazin turbidity unit).

The values and corresponding degrees of turbidity
are presented in Table 1 [16].

To measure the osmolality of the tested solutions at dif-
ferent concentrations (6, 8, 10, 12, 14%), an OSKR-1M cryo-
scopic medical osmometre (Russia) was used.

The concentration of FMDV total viral protein and its
components was determined according to the“Methodical
guidelines for determination of concentration of 146S, 75S,
12S components of vaccine strains of culture FMD virus
with complement fixation test (CFT)"[17].

Tests for flocculation properties. The tests were carried
out as follows: the inactivated FMD virus suspension was
transferred into 0.5 dm? bottles (0.4 dm? of the suspension
per bottle), then a 10% polysept solution was added to reach
the final concentrations of 0.007, 0.0105, 0.01575, 0.02362,
0.03544, 0.05316% (1:5). Samples for turbidity tests were
collected after 0 (a zero-hour sample), 2,4, 6,8 and 24 hours.
The concentrations of total viral protein and its compo-
nents were determined 24 hours after addition of polysept.

Statistical processing of data. Numerical data were sta-
tistically processed by generally accepted methods of vari-
ation statistics using a personal computer and Microsoft
Excel software.

RESULTS AND DISCUSSION

During the first stages of the study, different batches
of polysept were tested for their flocculation properties.
For this purpose, a 10% polysept solution was added to
the inactivated FMD virus suspension at different con-
centrations in the total volume. Samples were collected
at different time intervals. It was found that the higher
the flocculant percentage, the greater were turbidity va-
lues in the zero-hour samples (Fig. 1, Table 2). Turbidity in
the controls varied from 101.5 + 19.9t0 219.3 + 10.8 FNU;
in the polymer-supplemented suspension, turbidity varied
from 258.0 + 32.9 to 826.0 £ 61.6 FNU depending on the
batch and concentration of polysept (the differences were
significant, p < 0.005).

According to literature data, the adsorption of a floccu-
lant onto dispersed phase particles can occur as a result
of electrostatic, chemical interactions, ion exchange, under
the effect of Van der Waals forces. Flocculation effective-
ness, floc size and density depend largely on the intensity
and duration of mixing, as well as on flocculant amount.
The addition of a small amount of the flocculant leads to
a sharp increase in floc hardness.

The formation of aggregates of particles, i.e. the bin-
ding of particles through the formation of bridges with
the polymer, is a result of interaction between macromol-
ecules adsorbed onto dispersed phase particles and loose
particles. The adsorption of ionogenic flocculants onto op-
positely charged dispersed phase particles occurs mainly
due to electrostatic attraction. Flocculation rate is the hi-
ghest when the concentration of flocculant-coated par-
ticles and that of uncoated particles are the same [18-20].
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Table 2
Turbidity dynamics at different polymer concentrations (n = 3)

Time Turbidity (FNU)
(hours) 0.007% 0.0105% 001575% | 002362% | 0.03544% | 0.05316% Control
0 482+120 | 5578+413 | 5688+86 | 6728+177 | 62544346 | 585.4+95 | 200.6+69.5
2 3542492 | 2388+246 | 1090+150 | 85.6+117 | 887+30 | 693+47 | 180.0+60.0
4 30764126 | 11754295 | 7124114 | 533482 | 594457 | 494+38 | 17364513
T 6 30464112 | 855+104 | 512+128 | 382488 | 306+83 | 190+14 | 16924527
8 244+140 | 7004205 | 3534106 | 258+37 | 249+23 | 193+31 | 1704518
2 5444224 | 472413 | 196+35 | 13115 | 151+23 | 125431 | 1428+30.1
0 25804329 | 33734388 | 3610276 | 4263+295 | 46404262 | 5113+223 | 1507+27.0
2 2334252 | 21674208 | 3407240 | 1113432 | 857445 | 742433 | 163.0+375
4 18474323 | 24374405 | 1087499 | 704+51 | 580+24 | 56636 | 1637427
2B 6 18304282 | 22204236 | 707121 | 476404 | 384+14 | 347£029 | 1603+390
8 18104275 | 1473+297 | 685+187 | 381+11 | 293426 | 230430 | 127.0%269
| 15504245 | 999402 | 349+45 | 234+52 | 18718 | 125+15 | 1243+299
0 207+374 | 33004358 | 337.7+333 | 4353+555 | 51774585 | 54374409 | 1015+199
2 | B667+167 | 886+113 | 909+191 | 793+344 | 1029+115 | 852+139 | 1107+10.1
4 15074259 | 620483 | 478+143 | 494+40 | 475+80 | 497+93 | 1013£15
. 6 7454210 | 444484 | 404+27 | 300437 | 4604134 | 354%15 | 1048+99
8 291+164 | 291499 | 263480 | 250+17 | 323488 | 300+30 | 1024+56
2 413416 | 198+58 | 127422 | 159+67 | 17.2+44 | 186+108 | 1010+46
0 45774402 | 49834343 | 5367+559 | 6347+37.2 | 760.0+239 | 8260+616 | 1140+166
2 136079 | 1058+116 | 99455 | 970+151 | 903+95 | 90.6+25 | 1187+32
4 810479 | 665+33 | 7524131 | 693+118 | 797+138 | 858+23 | 1017+76
Y 6 594406 | 582+33 | 468+22 | 471+18 | 433+29 | 383+29 | 110.0+100
8 485+20 | 370440 | 309+09 | 352+46 | 313%55 | 31.0£17 | 1067+58
2 B3+75 | 219+19 | 188+12 | 158+27 | 182+17 | 196+25 | 762+77
0 33974100 | 5333416 | 5063+11.85 | 60204131 | 6233+252 | 6133+186 | 14404304
2 2637+237 | 1M03+119 | 792+46 | 903+32 | 1022469 | 1260+46 | 119.0+145
4 837433 | 65132 | 479+46 | 626+62 | 590481 | 550+87 | 1057+125
S 6 843+40 | 446+59 | 354+24 | 445440 | 456+132 | 578404 | 1230+211
8 917476 | 418+22 | 298+69 | 360+42 | 400+79 | 454=113 | 1167+146
2 3064159 | 196421 | 129415 | 129415 | 147+13 | 151+31 | 1117£155
0 2603+117 | 33174172 | 4233+252 | 495.0+59.1 | 585.0 4439 | 6573+306 | 12804192
2 21434162 | 10194150 | 817+117 | 774498 | 822481 | 960+30 | 1553340
4 827+83 | 6654192 | 505+81 | 476+19 | 579464 | 740+49 | 1146+216
S 6 12474705 | 618+55 | 440426 | 404+78 | 437+70 | 595+130 | 1125177
8 698+104 | 465+60 | 200+34 | 31017 | 322+28 | 441+44 | 1075+210
2 3494109 | 192455 | 120422 | 102436 | 13910 | 126+37 | 117.0£207
0 2893+70 | 33934225 | 4297+200 | 5053+268 | 5957467 | 6453+413 | 2193+108
2 21004131 | 9955480 | 8244108 | 8.1+164 | 865+138 | 825423 | 1157496
4 7624181 | 658+147 | 532+119 | 543+128 | 60148 | 574+109 | 1103+64
e 6 698+76 | 447+25 | 427491 | 428483 | 464+43 | 543+163 | 1013442
8 5804139 | 348+08 | 322454 | 287422 | 344%96 | 360+135 | 111.0£158
2 3064125 | 170408 | 175435 | 167+16 | 14915 | 158+38 | 99.0+223
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Based on perceptions of the chemical nature of floccu-
lation processes, it is logical that the higher the content of
the flocculant, the more intensive flocculation is, and this
was observed during the tests.

Tests of polysept of different batches (at the concen-
tration of 0.007%) for its ability to precipitate cell debris
showed the following: after 4 hours, four of the tested
batches demonstrated a 68.3-82.0% (by 3.1-5.7 times)
decrease in turbidity, which declined to medium values
(the differences are significant, p < 0.005); batch No. 48
demonstrated a 74% (by 3.9 times) decrease in turbid-
ity after 6 hours; batch No. 343 demonstrated an 88%
(by 8.2 times) decrease in turbidity after 24 hours; batch
No. 522 demonstrated no cell debris precipitation even
after 24 hours (Fig. 2A, Table 2).

=343 ffl=522 el e 5T e T] =219 168

b

500

400

300
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When the amount of the added flocculant was in-
creased by 1.5 times (0.0105%), six of the tested batches
demonstrated a 57-81% (by 2.3-5.3 times) decrease
in turbidity of the polymer-supplemented suspension;
however, the turbidity still remained rather high (Fig. 2B,
Table 2). After 4 hours, five PHMG hydrochloride batches
demonstrated an 80-87% decrease in turbidity, which
declined to medium values (16-100 FNU). Batch No. 343
demonstrated a decrease in turbidity after 6 hours, and
batch No. 522 did not demonstrate satisfactory cell debris
precipitation even after 24 hours.

In further tests, when polysept concentration was in-
creased to 0.05316% (by 7.5 times), rapid precipitation of
debris was observed as soon as after 2 hours. After 24 hours
(according to FMD vaccine production technology), the tur-
bidity of the suspension was 10-20 FNU, and this was indi-
cative of satisfactory flocculation (Fig. 2C-F, Table 2).

Debris sedimentation was observed in the control
samples containing no flocculant (Fig. 2G, Table 2); how-
ever, turbidity decreased only by 1.1-2.2 times as a result
of natural sedimentation, and, after 24 hours, the turbidity
still exceeded 100 FNU, being unsatisfactory in terms of
the vaccine production technology.

At the following stages of the study, the concentrations
of total viral protein and FMDV antigen composition were
determined.
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Fig. 2. Dynamics of flocculation properties of polysept batches at different polymer concentrations
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Fig. 3. Relative changes in concentrations of total viral protein (TVP) and immunogenic components of FMD virus
supplemented with polysept of different batches
The study involved the use of antigens of different Since the use of higher flocculant concentrations re-
FMDV strains, and it was therefore incorrect to apply  sulted in better antigen purification and lower anticom-
absolute measures when calculating losses at different  plementary activity of viral antigen preparations as de-
PHMG hydrochloride concentrations. In view of this, the  termined with CFT, this could probably explain a slight
losses were reported using relative measures, with mea-  rise in the content of total viral protein and immunogenic
sures in the control production sample (0.01% of polysept)  components of FMD virus when polysept concentration
taken as 100%. The test results are presented in Figure 3. was increased from 0.007 to 0.03544%.
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Table 3
Osmolality reference values for determination of polyhexamethylene guanidine
hydrochloride suitability for FMD vaccine production

PHMG hydrochloride concentration, % Osmolality, mOsm
6 260+20
8 33025
10 400+ 25
12 460 £30
14 52020

All the batches of polysept at the concentration
of 0.05316% demonstrated an 8.0-65.4% decrease in FMDV
total viral protein and immunogenic component content.
It was found that, when the turbidity of the suspension
was very high, CFT tests yielded false (erroneously low)
results, and the immunogenic component content was
14.5-39.3% lower as compared with the control (Fig. 3).

At the final stage, the osmolality of solutions of polysept
of all the tested batches was measured at different concen-
trations of the flocculant (Fig. 4). Batch No. 522 polysept
osmolality was considerably different from that of other
batches at all the tested concentrations (the differences
were significant, p < 0.001). In particular, at PHMG hydro-
chloride concentration of 6%, the osmolality of this batch
was 324 + 4 mOsm, whereas in other batches it varied
from 241 + 3 to 288 + 4 mOsm. As for 14% polymer solu-
tions, the differences were even higher: 664 + 8 mOsm in
batch No.522,and 482 + 5 and 573 = 10 mOsm in the rest
of the batches.

Thus, to determine the suitability of polysept batches
for FMD vaccine production, it is necessary to test the poly-
mer for its flocculation properties at different concentra-
tions (0.007,0.0105, 0.01575%) over the period of 24 hours.
The application of higher PHMG hydrochloride concentra-
tions is economically disadvantageous.

The production of FMD vaccines involves the use of
a 10% polysept solution. At this PHMG hydrochloride
concentration, all the batches found suitable for produc-
tion demonstrated the osmolality values that ranged from
370 mOsm to 440 mOsm. Batch No. 522 demonstrated
a higher osmolality, namely 504 £ 5 mOsm.

CONCLUSION

As a result of the tests performed, the following indi-
cators of PHMG hydrochloride suitability for FMD vaccine
production were determined:

- flocculation properties of a batch of polysept at dif-
ferent concentrations (0.0105 and 0.01575%) evaluated
in dynamics over 24 hours. After this period, the turbidity
of 0.0105 and 0.01575% polysept solutions should not ex-
ceed 30 FNU (Table 2);

- osmolality of PHMG hydrochloride solutions mea-
sured at different concentrations (6, 8, 10, 12, 14%). The
osmolality should be within the reference values specified
in Table 3.
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SUMMARY

Mycoplasma bovis is considered one of bovine mycoplasmosis pathogens responsible for respiratory diseases, mastitis, arthritis and keratoconjunctivitis. The paper
presents results of the study on optimizing the component composition of the culture medium for Mycoplasma bovis “Kaluga 2020” isolate, as well as the study of
this pathogen’s growth stages. The color-changing units assay and the culture method combined with colony-forming unit quantification were used for determi-
nation of Mycaplasma activity. It was found that when cultured in an optimized nutrient medium based on modified Hayflick broth, the microorganism enters a
logarithmic growth phase after first 24 hours of growth, in 72 hours the Mycoplasma culture enters a stability phase, and a decline phase is recorded in 84 hours.
The effect of percentage content of glucose, fresh yeast extract and horse serum in the nutrient medium on accumulation of Mycoplasma bovis “Kaluga 2020"isolate
was evaluated using the one-factor-at-a-time approach. It was found that the greatest effect on Mycoplasma accumulation was exerted by such growth factors
as fresh yeast extract and horse serum in the nutrient medium (p < 0.05), while changes in the amount of glucose did not stimulate Mycoplasma bovis growth.
Based on results of the conducted studies, the appropriate composition was determined and the optimal content of growth factors in the medium for culturing
Mycoplasma bovis “Kaluga 2020” isolate was selected: 12.5% of fresh yeast extract and 25% of horse serum. The use of the optimized nutrient medium based on
modified Hayflick broth allowed 5-fold increase in accumulation of Mycoplasma biomass (3.98 x 10° CFU/ml) compared to the standard medium (0.79 x 10° CFU/ml).
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PE3IOME

Mycoplasma bovis aBnAeTca oAHUM 13 BO36yAUTENEl MUKONNA3MO30B KPYMHOrO poraToro Ck0Ta, Bbi3bIBaOLLMM pecriupatopHble 6one3Hu, MacTuT, apTput
11 KepaTOKOHbIOHKTUBWT. B CTaTbe NpefcTaBneHbl pe3ynbTaTbl MCCIef0BaHINA N0 ONTUMI3ALMI KOMIOHEHTHOTO COCTaBa NUTATENbHOI Cpeabl ANA KyNbTUBY-
poBaHua n3onata «Kanyra 2020» Mycoplasma bovis, a Takxe U3yueHus CTauil pocta Bo36yautens. [lng onpefeneHna akTUBHOCTU MUKOMIA3M MCONb30BAN
METOZ N3MepeHIA LiBETON3MEHAIOLLNX eANHULL U KyNbTYpanbHbIil METOZ C NOACYETOM KONOHNe06pa3yloLLnX eAnHuL,. YCTaHOBAEHO, YTO NPU KyNbTUBMPOBAHMN
B ONTMMU3MPOBAHHOIA NUTaTebHON Cpefie Ha 0CHOBE MOANPULIMPOBAHHOTO ByNboHa XelidanKka MUKpOOPraHu3m BCTynaeT B Gasy norapudmuyeckoro pocta no
UCTeYeHNN NepBbIX 24 4 PocTa, Yepe3 72 4 KyNbTypa MUKONNa3M NepexoduT B CTabunbHbil nepuog, a yepes 84 u peructpupyetca dasa cnaga. Bauanme npo-
LIeHTHOTO COAEPXKaHNA FIKO3bl, CBEXEro APOXKeBOro IKCTPaKTa 11 CbIBOPOTKIN KPOBM NOLUAAM B NUTaTeNbHON cpefe Ha HakonneHue nonata «Kanyra 2020»
Mycaplasma bovis oueHuBanu ¢ ncnonb3oBaHnemM MeTofia «OANH GakTop 3a pa3». bbino ycTaHOBNEHO, UTO HanboNbLLee BAUAHME HA HAKOMNEHME MUKOMIa3M
0Ka3bIBaso COf\ePXKaHue B NUTaTeNbHON Cpefie TakuX GakTOPOB POCTa, Kak CBEXUI APOXKEBOI IKCTPAKT U CbIBOPOTKA KpoBi nowwaan (p < 0,05), B To Bpema
KaK U3MeHeHue KonnyecTBa rioKo3bl He cTUMynuposano poct Mycoplasma bovis. B pe3ynbTate npoBeseHHbIX MCCNeA0BaHII ONpeAeneH NoAXOAALLMI COCTaB
11 Mofo6paHo onTManbHoe cofepxaHue GakTopoB pocTa B cpeae AnA KynbTBMpoBanua usonata «Kanyra 2020» Mycoplasma bovis: 12,5% cBexero Apox:xeBoro
KCTpaKTa 1 25% CbIBOPOTKY KpoBiA NoLaju. MprMeHeHre ONTUMU3MPOBAHHOIT NUTaTeNbHOI CPefibl Ha 0CHOBE MOANPULIPOBaHHOTO ByNboHa Xeiidnuka no-
3BOMNO YBENMYMTD HakoneHve 61nomaccbl MuKkonnasm B 5 pas (3,98 x 10° KOE/mn) no cpaBHeHuto co cTaHZapTHoii cpegoii (0,79 X 10° KOE/mn).
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INTRODUCTION

Mycoplasma bovis (M. bovis) is a causative agent of
bovine mycoplasmoses, which is widespread all over
the world and is common in the Russian Federation as
well [1, 2]. This pathogen is one of the etiological agents of
bovine respiratory diseases, also causing mastitis, arthritis
and keratoconjunctivitis [3, 4].

M. bovis was first isolated from cattle with severe masti-
tis in the USA in 1961 [5, 6]. M. bovis is considered respon-
sible for a quarter to a third of all economic losses in cattle
industry due to respiratory diseases [7].

Laboratory diagnosis of bovine mycoplasmoses
includes cultural, serological and molecular test
methods [8, 9]. At the same time, the pathogen isolation
by culturing in nutrient media is one of the most reliable
methods of the disease diagnosis. Currently, various types
of nutrient media are widely used for M. bovis cultivation,
including Hayflick medium [10], modified PPLO medi-

m [11], Eaton’s medium [12] and others.

Optimization of nutrient medium composition is one
of the most important aspects for improving the myco-
plasma culture technique, as well as for diagnostic studies
using isolation method [13]. At the same time, the com-
plexity of the component composition of nutrient media
and the long period of mycoplasma growth require multi-
stage studies [14].

Mycoplasma growth rate and activity are estimated
using several methods: color-changing unit (CCU) assay,
colony-forming unit (CFU) count, measurement of turbidi-
ty, reduction of tetrazolium salts to formazane, determina-

tion of adenosine triphosphate (ATP) cell concentrations
using luciferin-luciferase luminometry, etc. [15].

The aim of the paper is to study M. bovis growth dyna-
mics during in vitro cultivation and to optimize the compo-
nent composition of Hayflick nutrient medium.

MATERIALS AND METHODS

Isolate. M. bovis “Kaluga 2020 isolate recovered from
biological material samples of calves demonstrating
clinical signs of respiratory disease in 2020 was used for
the study. The M. bovis isolate was identified using real-
time polymerase chain reaction.

Nutrient media. Modified Hayflick broth was used as
a standard liquid nutrient medium [16]. BBL™ Mycoplas-
ma Broth Base (BD, USA) was used for its preparation.
BBL™ Mycoplasma broth base in an amount of 20 g was
dissolved in 1 L of distilled water, thoroughly mixed and
sterilized by autoclaving at a temperature of (121 + 0.5) °C
for 15 minutes, then it was cooled to (50 + 2) °C. 20 mL
of non-heated horse serum, 0.5 mL of 40% glucose solu-
tion, 10 mL of fresh 25% yeast extract solution, 1.5 mL
of 0.5% phenolic red solution, 1 mL of penicillin solution
(200,000 units/mL) and 0.04 mL of 10% thallium acetate
solution were added to 100 mL of the medium. The pH
of the finished broth was adjusted to 7.8 by adding 1.0 M
NaOH solution.

To prepare a solid nutrient medium, 6.7 g of Bacto™
Agar (BD, USA) was added to the modified Hayflick broth.
After autoclaving, the semi-product was cooled to a tem-
perature of (50 + 2) °C, and medium supplements were
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Fig. 1. 3-day-old M. bovis culture grown in solid nutrient
medium (magnification 20x)

added according to the above-specified procedure. The
prepared nutrient medium was poured into Petri dishes,
cooled until completely solidified and stored at a tempera-
ture of (4 +£2) °C.

Determination of M. bovis “Kaluga 2020” isolate activi-
ty. To determine the mycoplasma activity, the CCU assay
and culture method with CFU count were used. A series of
10-fold successive dilutions of the suspension containing
M. bovis “Kaluga 2020" isolate (107'-107°) were prepared
in Hanks' saline solution. 10 pL of microbial suspension
of each dilution were inoculated in solid nutrient medi-
um in three duplicates. The inoculations were cultivated
in a thermostat at a temperature of (37 £ 0.5) °C in 5%

Table 1
Correlation between M. bovis biological activity and CCU value

Mycoplasma biological

Duration fivit
of cultivation, Medium color change actvity
: lg CFU/mL | Ig CCU/mL
24 from red to red-orange 7.0 5.0 74
72 from red-orange to orange 8.9 10.0 7.2
9 from orange to orange-yellow 8.0 9.0 7.1
168 from orange-yellow to yellow 6.4 4.0 6.8

gradient of the nutrient medium color change
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Fig. 3. Growth phases and accumulation of M. bovis “Kaluga 2020" isolate
when cultivated in modified Hayflick broth

Fig. 2. 4-day-old M. bovis culture grown in solid nutrient
medium (magpnification 40x)

CO,-enriched atmosphere for 9 days. Reading of titration
results was conducted by counting single colonies and cal-
culating the average CFU number in 10 L of the highest
suspension dilution, in which the growth of M. bovis co-
lonies was observed. The obtained value was used to cal-
culate the CFU number in 1 mL of the initial suspension of
the test material.

The activity of M. bovis “Kaluga 2020" isolate was evalu-
ated in 96-well culture plates using the color-changing
units [17, 18] method. 20 pL of initial M. bovis suspension
were mixed with 180 uL of modified Hayflick broth with
phenolic red in the first wells of the plate, then serial
10-fold dilutions of the test suspension were prepared
(107-107°). Wells without M. bovis were used as a nutrient
medium control. The plates were incubated at a tempera-
ture of (37 + 0.5) °Ciin 5% CO,-enriched atmosphere for
14 days. Accumulation of M. bovis metabolic products re-
sults in a pH shift to acidity, which causes a color change
of the indicator from red to yellow. The color change of
the nutrient medium and M. bovis activity in the culture
suspension were recorded every 24 hours.

The concentration (titer) was determined in CCU/mL as
the maximum dilution of M. bovis-containing suspension,
in which a color change was observed [19].

The pH of the medium was monitored using a pH meter
according to the operating instructions of the device.

Statistical analysis. The Minitab/Statistics program (ver-
sion 19.1, USA) was used for experimental data analysis.
The results obtained were found to be reliable (p < 0.05).

TEST RESULTS

During cultivation of M. bovis on solid modified Hayflick
medium the colonies with irregular edges and a knobby
protuberance resembling a fried egg were observed
(Fig. 1, 2).

Determination of growth phases and maximum
accumulation time of M. bovis “Kaluga 2020"” isolate
when cultivated in modified Hayflick broth. M. bovis

“Kaluga 2020" isolate was cultivated at a temperature of
(37 £ 0.5) °C for 10 days, while samples of culture suspen-
sion were taken every 24 hours and the M. bovis activity
was estimated by titration methods using CFU count (cul-
ture method) and color-changing units assay. The study
results showed that the “Kaluga 2020” isolate culture en-
tered the logarithmic growth phase after 24 hours of cul-
tivation and the maximum level of mycoplasma biomass
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Fig. 4. Effect of various components of nutrient medium on accumulation of M. bovis “Kaluga 2020” isolate

accumulation was recorded in 72 hours, after which a de-
cline phase occurred with a decrease in the biological ac-
tivity of the cultivated material (Fig. 3).

Correlation of biological activity values of mycoplas-
mas identified by color-changing units assay and cul-
tural method. Analysis of the obtained results showed
that the maximum isolate accumulation was observed
in 72 hours of cultivation (8.9 Ig CFU/mL). The indicated
mycoplasma concentration correlated with the change
in the color of the nutrient medium (10 Ilg CCU/mL),
which corresponded to a pH of 7.2. With longer cultiva-
tion, the biological activity of the cultured material was
recorded to decrease to 6.4 lg CFU/mL, which was com-
parable to the concentration of microorganisms equal to
41g CCU/mL (Table 1).

Determination of the optimal nutrient medium com-
position for M. bovis “Kaluga 2020” isolate cultivation. At
the first stage of the work, the modified Hayflick medium
components that most significantly affected the accumu-
lation of M. bovis “Kaluga 2020" isolate were determined.
The studies were carried out by modifying the standard
composition of the Hayflick medium with respect to the
three components: glucose, fresh yeast extract and horse
serum. At the same time, the percentage quantity of only
one of the three components was changed in each series
of experiments, while the standard parameters of other
growth factors remained the same.

To determine the effect of glucose on M. bovis growth,
a nutrient medium containing this component at 0.25;
0.50;0.75; 1.00; 1.25% was used, fresh yeast extract — at 5.0;
7.5;10.0; 12.5; 15.0%, horse serum - at 10, 15, 20, 25, 30%.
Changes in the biological activity of mycoplasmas were
monitored by CFU count using titration method.

The obtained results showed that the content of two
growth factors in the nutrient medium is of the highest
importance for M. bovis accumulation: fresh yeast extract
and horse serum, while glucose does not have a significant
effect (Fig. 4).

After identification of the most significant growth fac-
tors of the nutrient medium, it was necessary to determine
their optimal ratio. For this purpose, testing of 25 experi-
mental nutrient media with different amounts of these
components was conducted. M. bovis accumulation was
determined by titration and expressed in Ilg CFU/mL.

According to Table 2, the M. bovis maximum activity
(9.60 Ilg CFU/mL) is observed when cultivated in a nutri-
ent medium containing 12.5% fresh yeast extract and 25%
horse serum.

The obtained results are confirmed by the data
on changes in the biological activity of M. bovis “Kalu-

Table 2
Effect of nutrient medium composition on accumulation
of M. bovis “Kaluga 2020 isolate

Contents of the studied components

Experiment lg CFU/mL
1 5.0 10 7.80
2 7.5 10 7.90
3 10.0 10 8.00
4 12,5 10 8.20
5 15.0 10 7.90
6 5.0 15 7.70
7 75 15 7.90
8 10.0 15 8.00
9 12,5 15 8.20
10 15.0 15 7.80
n 5.0 20 7.70
12 7.5 20 7.90
13 10.0 20 8.10
14 12,5 20 8.00
15 15.0 20 7.80
16 5.0 25 8.10
17 7.5 25 7.90
18 10.0 25 8.00
19 12.5 25 9.60
20 15.0 25 7.79
21 5.0 30 7.50
22 7.5 30 7.85
23 10.0 30 8.00
24 12.5 30 7.80
25 15.0 30 7.60
ga 2020" isolate when cultured in a standard and opti-
mized Hayflick nutrient medium (Fig. 5).
When cultured in an optimized medium the biologi-
cal activity of M. bovis was on average 3.98 x 10°CFU/mL,
which is 5 times higher than that of M. bovis when cultured
in a standard Hayflick nutrient medium (0.79 x10° CFU/mL).
265
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Fig. 5. Activity of M. bovis “Kaluga 2020" isolate when cultivated in
standard and optimized Hayflick medium
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DISCUSSION

Based on the results of the conducted studies, it can be
concluded that there is a correlation between the growth
phase, the accumulation of mycoplasmas, the CFU indica-
tor and the nutrient medium color (CCU parameter).

The transition from red to orange corresponded to
the phase of exponential growth of mycoplasmas, and
when the growth peak was reached, a change in the color
of the medium from red-orange to orange was observed.
During further cultivation the medium colour changed
successively to orange-yellow and yellow, which corres-
ponded to the decline phase as a result of cell lysis and
intracellular ATP depletion. Similar results are confirmed
by the foreign colleagues’data [15, 20].

Mycoplasma cultivation is considered a laborious tech-
nique [18], and the search for optimal media for obtaining
high-quality biological material of these microorganisms,
as well as for production of specific means of mycoplasmo-
sis immunoprophylaxis is of urgent importance [21].

It was established that glucose had a minor effect on
M. bovis growth and accumulation, which is consistent
with the literature data [22, 23].

The use of optimized nutrient medium based on modi-
fied Hayflick broth containing 12.5% fresh yeast extract
and 25% horse serum showed a 5-fold increase in accumu-
lation of M. bovis “Kaluga 2020"isolate (3.98 x 10° CFU/mL)
as compared to the standard medium (0.79 x 10° CFU/mL).
The results obtained in similar studies on optimization of
the nutrient medium composition for M. hyopneumoniae
cultivation indicate only a 3-fold increase in mycoplas-
ma accumulation as compared to the standard medi-
um [13, 24].

Studying M. bovis growth, as well as determining
the log phase, can play an important role in future investi-
gations on isolation of this species mycoplasmas, cultiva-
tion and vaccine development.

CONCLUSION

The study results showed that after first 24 hours of cul-
tivation in a liquid medium M. bovis “Kaluga 2020" isolate
entered the phase of logarithmic growth and reached
the maximum accumulation level in 72 hours. A decline

phase occurred and the biological activity of the resulting
material decreased with longer cultivation in 84 hours.

It was found that the growth factors — fresh yeast ex-
tract and horse serum - had the greatest effect on accu-
mulation of M. bovis “Kaluga 2020"isolate when cultivated
in Hayflick medium. The optimal content of these com-
ponents in the culture medium was selected — 12.5 and
25%, respectively. An optimized nutrient medium based
on modified Hayflick broth can be used to obtain bacterial
material for the development of diagnostic products and
means of specific prevention of M. bovis-induced diseases.
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SUMMARY

Melioidosis is a highly dangerous infectious disease caused by Hazard Group |l bacteria Burkholderia pseudomallei, against which specific prevention and treatment
tools have not been developed yet. Both humans and animals suffer from the disease. Previously the disease was prevalent in Southeast Asia regions, but currently
is reported almost in all continents of the globe. Potential possibility of the agent introduction to the Russian Federation as well as the risk of malevolent use of this
agent as a tool of bioterrorism dictates the need for storage of this pathogen in the microorganism collections to study its properties, develop and test diagnostic,
detection and identification means. Microorganism Collection Laboratory of the FSBSI“FCTRBS-ARRVI” s responsible for storage and preservation of Burkholderia
pseudomallei (-141 reference strain, submitted by Federal State Scientific Institution “Russian Research Anti-Plague Institute “Microbe” under the Rospotrebnadzor
(Saratov city) for research purposes in 1983 and as a back-up strain in case of its loss by other collections. The purpose of the work was to study the preservation
of biological properties of freeze-dried Burkholderia pseudomallei (-141 strain after 11 years of storage. It was established that under optimal storage conditions
(temperature of 4—8 °C, skimmed milk as a cryoprotectant) the strain remained viable and retained its biological properties during the whole observation period.
(-141 strain showed saccharolytic, oxidase, catalase and proteolytic activities, did not generate hydrogen sulphide, which is consistent with the melioidosis agent
biochemical features. The strain was refreshed by passaging in golden hamsters and Burkholderia culture was isolated and freeze-dried. Burkholderia pseudomallei
(-141 freeze-dried strain was tested for quality parameters, records were made and the strain was deposited.
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PE3IOME

Mennouzao3 — 0cobo onacHoe nHekLMoHHoe 3a6oneBanue, Bbi3biBaemoe bakTepuamu Burkholderia pseudomallei, oTHocawmmuca K Il rpynne natoreHHocTH,
MPOTIB KOTOPOTO He pa3paboTaHbl ciewnduueckme cpeacTBa NPOYUAAKTIAKY U ieyeHma. Mennonzo30m 60neloT KaK NItofK, Tak v KMBOTHble. PaHee 3a6oneBanue
6bino pacnpocTpaHeHo B paitoHax H0ro-BoctouHoit A3um, B HacToALLee BpeMA perucTpupyeTca NouTH Ha BCeX KOHTUHEHTax 3eMHOro Lapa. lloTeHumnanbHaa
BO3MOXHOCTb 3aB03a BO30yAMTENA Mennonao3a Ha Tepputopuio Poccuiickoit Oefiepaniuy, a Takxe onacHoCTb NpeHaMepPeHHOT0 MPUMEHeHNUA ero B KauecTse
CpeAcTBa Gronoruyeckoro Teppopu3ma ANKTYeT He06XOAVMOCTb COAEPKAHNA AAHHOTO NaToreHa B KONNEKLMAX MAKPOOPraHU3MOB ANA NPOBeAeHNA cCeioBa-
HUiA N0 M3yYeHWI ero 0CHOBHbIX CBOICTB, Pa3paboTKe 1 NCMbITaHMI0 CPEACTB ANArHOCTUKI, MHAMKALMM U nAeHTdUKaLMK. JlabopaTopua KoNNeKLMM LTaMMOoB
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mukpoopraxiusmos Or6HY «OLTPB-BHUB» ocywiectBnAeT xpaHeHue 1 nopaepxaHue pedepentHoro wramma C-141 Burkholderia pseudomallei, nonyyeHHoro
13 OKYH Poccuitckmit HayuHo-uccnesoBaTeNbekiii NPOTUBOYYMHBII MHCTUTYT «Mukpo6» PocnotpebHaazopa (r. Capatos) B 1983 I., AnA NpoBeeHNA HayuHO-
11CCNIe10BaTeNbCKMX PaboT, a Takxe B kauecTe AyOnupyloLLero LiTamma B Clyyae yTpatbl ero B Apyrux konnekumsx. Lienbto pabotbl ABAAN0CH 13yyeHue coxpaHHo-
T 6ronoruyeckix cBoiicTs Wwramma (-141 Burkholderia pseudomalleinocne 11 net xpaHeHus B IMOGUAU3MPOBAHHOM BUAE. YCTAHOBNEHO, YTO MPI ONMTUMANbHBIX
YCNOBUAX XpaHeHnA (Temnepatypa ot 4 4o 8 °C, kpuonpotekTop — 06e3X1peHH0e MOIOKO) LUTAMM COXPaHAN CBOK XI3HECMOCOBHOCTb 1 B1oNOrHYecKIe CBOICTBA
B TeYeHue BCero cpoka Habnioaenna. Litamm C-141 obnagan caxaponutiueckoii, OKCUAA3HOIA, KaTanasHoil U NpoTeONUTUYECKON aKTUBHOCTbI, CEPOBOAOPOA,
He 06pa30BbIBaJ, UTO COOTBETCTBYET OMOXMUYECKIIM NPU3HAKaM BO36YANTENA Mennonpo3a. lpoBeseHo 0CBEXeHMe LWTaMMa NyTeM Naccaa Yepe3 opraHu3m
3010TUCTBIX XOMAYKOB, BbIAE/IEHa KynbTypa OypKXonbaepuil, kotopas 6bina nnodunusuposanxa. mopunusmuposannbiii wramm C-141Burkholderia pseudomallei
6bIn NpoBepeH No NokasaTeNam KauecTsa, Ha Hero 0GopmIIEH MACMOPT, LUTAMM 3a0XeH Ha XpaHeHue.

KnioueBbie cnoBa: 0c060 onacHble 60n1e3H1, MeNMoUa03, LUTaMM, XpaHeHue, naccax, HMO¢MHM33L|MH

bnaropapHocTu: Pabota BbinonHeHa 3a cuet cpepcts OTBHY «OLTPE-BHUBII» B pamkax HayuHo-uccneoBaTenbekix pabot no Teme «KonneKkumoHMpoBaHme,
MojepXaHue, NONOHeHIe 1 XpaHeHue LTaMMoB Bo36yauTeneii 0coo onacHbix 6onesHeii (00b), opraHu3auua ux yueta, npoBedeHue UCCeL0BaHUi N0 13-
yueHuto 61onornyeckux CBOMCTB 1 obecneyeHna NpeAnpUATII arponpOMbILLNEHHOT0 KOMMeKca WTammami Bo36yauteneii 00b».

[ina yutnposauus: Aptembesa E. A, Menbhukosa 1. A., PoauoHos A. 1. OnbIT AnuTenbHoro xpaHeHus pepepeHTHoro wramma C-1418o36yautend menuonsosa

(Burkholderia pseudomallei). BemepuHapus ce2o0ns. 2022; 11 (3): 268—-272. DOI: 10.29326/2304-196X-2022-11-3-268-272.

KOH(I)JWIKT WHTepecoB: ABTOpr 3aABNAKT 00 OTCYTCTBUN KOH(I)HVIKTa ¢l4HaHCOBbIX/H€¢MHaHCOBbIX WNHTEPECoB, (BA3aHHbIX C HaNUCaHWeMm CTaTbu.
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OTBHY «OLTPB-BHUBI», 420075, Poccus, Pecnybnuka Tatapctan, r. Kasab, Hayubiii ropopok-2, e-mail: alexandrvetspets@gmail.com.

INTRODUCTION

The strains of microorganisms are stored and main-
tained in public and national collections existing on
the premises of research institutions. The collections in-
clude from hundreds to thousands or more of storage
units. They are formed by the microbial strains submitted
by biosecurity organizations, veterinary, medical, phyto-
sanitary and other institutions, conducting microbiological
tests [1, 2]. The main task of collections of microorganisms
is to maintain the cultures in conditions that exclude their
loss, change or degradation of morphological, biochemi-
cal, serological and toxic properties, as well as sensitivity
to antibiotics during long-term storage [3, 4]. The collec-
tions include back-up, archival, field, reference and produc-
tion strains and are the national heritage of the country,
which ensure its biological and food security [5]. The mic-
robial strains stored in the collections are needed for fun-
damental and applied scientific research, the development
of therapeutic, diagnostic and preventive drugs, as well
as for the development of modern test-kits, immunobio-
logical products and therapeutic drugs against infectious
diseases reported on the territory of the Russian Federa-
tion (anthrax, brucellosis, etc.), as well as against diseases,
posing a potential risk of being introduced into the coun-
try from infected regions [6]. One of such infections is
the highly dangerous disease melioidosis, which is ende-
mic throughout Southeast Asia region [7]. In this regard, it
is impossible to exclude the threat of introduction of this
zoonosis into the territory of our country, as well as the risk
of acts of sabotage using Burkholderia pseudomallei as an
agent of biological terrorism. This creates the need to store
strains of this microorganism in collections, to maintain
and study the biological properties of the pathogen [8].
The laboratory of the microorganism strain collection of
the FSBSI “FCTRBS-ARRVI” is responsible for maintaining

the collection of B. pseudomallei strains, being a potentially
dangerous biological agent.

The purpose of this study was to study the preservation
of the biological properties of freeze-dried B. pseudomallei
strain C-141 after 11 years of storage.

MATERIALS AND METHODS

Biological safety. The work was conducted in the Mic-
roorganism Collection Laboratory of the FSBSI “FCTRBS-
ARRVI"in accordance with SanPiN 3.3686-21".

Strains. Freeze-dried B. pseudomallei reference strain
C-141 (isolated from the patient’s blood in 1948 in Sai-
gon), received in accordance with the established proce-
dure from the FSSI“Russian Research Anti-Plague Institute

“Microbe”under the Rospotrebnadzor (Saratov city) in 1983
was used in this work.

Nutrient media. To revive the freeze-dried culture of
the strain under study and to study the preservation
of its morphological properties, meat peptone glycerol
agar (MPGA) and meat peptone glycerol broth (MPGB)
were used.

To detect the formation of hydrogen sulfide, MPGB with
4% glycerol was used; MPGA with 4% glycerol was used
to study catalase activity. The above-mentioned nutrient
media are produced by the FSBSI“FCTRBS-ARRVI".

Biochemical properties were analyzed using Hiss’ me-
dia (NPO Microgen, Russia).

Laboratory animals. Five golden hamsters were used
to revive the strain. All animal experiments were conduc-
ted in strict accordance with the interstate standards for

" SanPiN 3.3686-21 Sanitary and epidemiological requirements to prevent
infectious diseases: approved by Resolution of the Chief Medical Officer
of the Russian Federation No. 4 dated 28.01.2121. Available at:
http://vnipchi.rospotrebnadzor.ru/s/203/files/ND/safety/95493_64.pdf.
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Fig. Cultural and morphological properties of B. pseudomallei C-141 strain: A — day-old culture, grown on meat peptone
agar; B - dissociated culture in 48-72 hours of incubation; C — Gram stained smear of the tested culture

270

laboratory animal handling adopted by the Interstate
Council for Standardization, Metrology and Certification,
as well as in accordance with the requirements of the Euro-
pean Convention for the Protection of Vertebrate Animals
used for Experimental and other Scientific Purposes
(ETS No. 123, Strasbourg, 18.03.1986).

Equipment. The culture was freeze-dried using LZ-9.2
freeze-dryer (Frigera, Czech Republic).

Test methods. After the viability of the strain was
established and second generation culture was ob-
tained by passaging, its biological properties were
studied for compliance with specifications according to
MU 4.2.2787-10"Laboratory Diagnostics of Melioidosis”[9].
To study the cultural characteristics, the strain was inocu-
lated on MPGA and MPGB. Tinctorial and morphological
properties were determined by microscopy of the prepara-
tions based on a 2-day culture fixed in a Nikiforov mixture
and stained according to Gram. The mobility of bacterial
cells was established by microscopic examination of na-
tive preparations made by the hanging drop technique.
The formation of saccharolytic enzymes was determined
using Hiss’ media. The proteolytic properties were tested
by seeding the culture using inoculating loop in 12% ge-
latin, and then 2-3 drops of culture in saline solution were
added to skimmed milk. The results were recorded during
3 days. The formation of hydrogen sulfide was determined
in MPGB using an indicator paper soaked in lead acetate
and inserted into a test tube. The oxidase activity was an-
alyzed by applying a 1% solution of hydrogen peroxide to
the surface of a culture grown on MPGA. The final reading
of the results was performed on 7-10* day.

After testing the basic properties of B. pseudomallei
C-141 strain, it was passaged in golden hamsters by sub-
cutaneous injection of a 2-day agar culture suspension.
The animals were monitored for 5-6 days. The dead ani-
mals were autopsied and samples from liver, spleen, lungs,
injection site, heart blood were inoculated onto MPGA
and MPGB, which were cultivated at 37 °C for 3-4 days [10].

A pure culture of the B. pseudomallei C-141 strain
was lyophilized using skimmed milk as a cryoprotector.
The freeze-drying conditions were designed for this type
of pathogen.

The lyophilized culture was tested for its viability, its ba-
sic properties were studied using the data obtained, a data
sheet of the strain was issued, reports were filled out, and
then ampoules with the strain were deposited.

RESULTS AND DISCUSSION

Replenishment of the laboratory’s collection of micro-
bial strains of the FSBSI “FCTRBS-ARRVI” with the B. pseu-
domallei C-141 strain was dictated by the need to develop
methods for differential diagnosis of glanders and melio-
idosis, since the causative agents of these particularly
dangerous infectious diseases are antigenically closely
related. In addition, this strain is deposited in the collec-
tion as a back-up strain in case it is lost in other collec-
tions. For 38 years, the strain has been stored in native
state on MPGA (working cultures) and in lyophilized form
and has been periodically subjected to testing for its via-
bility and biological properties. The culture of the strain
stored in its native state is re-inoculated onto MPGA every
3 months and tested for its basic properties. Lyophilized
cultures are tested once every 5 years.

Currently, the storage of the B. pseudomallei C-141
strain in the collection and the relevant works are dicta-
ted by the ongoing globalization in all spheres of human
activity, the development of tourism, especially in tropical
climate areas, international relations in the field of trade,
sports, etc., creating a risk of introducing exotic infections
on the territory of our country, including melioidosis. Be-
ing a biological agent, B. pseudomallei creates a potential
threat of its deliberate use as a means of biological terro-
rism. Melioidosis was included in the list of socially signifi-
cant hazardous diseases by Decree of the Government of
the Russian Federation No. 715 of December 1, 2004 con-
cerning approval of the list of socially significant diseases
and the list of hazardous diseases®.

At the first stage, the cultural properties of the B. pseudo-
mallei C-141 strain stored for 11 years in freeze-dried form,
were studied. After 24 hours of cultivation at a tempera-
ture of 37 °C, small, translucent, convex colonies of gray-
ish color with smooth edges and a smooth surface grew
on the MPGA (Fig. A). After 48-72 hours of incubation, signs
of culture dissociation appeared: some colonies were trans-
parent, others had a folded surface (Fig. B). Growth mani-
fested by light turbidity was recorded on the MPGB after
a day; in the following days the turbidity increased, a pre-
cipitate and a surface film formed, which after 4-5 days be-
came folded, changing its color from gray-yellow to brown.

2 Concerning the approval of the list of socially significant diseases and
the list of hazardous diseases: approved by Decree of the Government of
the Russian Federation No. 715, dated 01.12.2004. Available at: https://
docs.cntd.ru/document/901916651.

VETERINARY SCIENCE TODAY. 2022; 11 (3): 268272 | BETEPUHAPUA CEFOJHA. 2022; 11 (3): 268-272



ORIGINAL ARTICLES | VETERINARY MICROBIOLOGY OPUTUHATNBHBIE CTATbY | BETEPUHAPHAA MUKPOBIONOT KA

Microscopy of smears prepared from a 2-day old agar
culture of the strain, fixed in the Nikiforov mixture and
Gram stained demonstrated small, gram-negative cells
located singly, in pairs and in short chains with characte-
ristic bipolar staining (Fig. C). When viewed under a mic-
roscope of the “hanging drop” preparation made from
Burkholderia culture, the rectilinear movement of bacte-
ria was recorded.

Testing of the biochemical properties of the B. pseu-
domallei C-141 strain showed that it had a saccharolytic
activity: it oxidized glucose and changed the color of
the indicator and the nutrient medium. The inoculations
on MPGB did not generate hydrogen sulfide: the indica-
tor paper impregnated with lead acetic acid did not turn
black. The strain had oxidase, catalase (when 1 mL of 1%
hydrogen peroxide solution was applied to the Burkholde-
ria culture grown on MPGA, gas bubbles appeared) and
proteolytic (it coagulated and peptonized milk, liquefied
12% gelatin) activity (Table).

The results of the test showed that the biochemical
properties of the C-141 strain are consistent with the spe-
cies characteristics of B. pseudomallei provided for by
the Bergey's manual [11]. This fact suggests that the strain
optimal storage conditions and the work carried out
for 38 years contributed to the preservation of its viability
without loss of its biological properties.

To maintain the basic properties of strains during their
long-term storage, it is necessary to revive them in sus-
ceptible animal models [12]. For melioidosis agent, such
models are golden hamsters, white mice and guinea pigs.
Golden hamsters were used in this work. The disease
in these animals proceeds in an acute form, death occurs
within 3-5 days, depending on the strain and the dose,
besides these animals are convenient for maintenance
and care. B. pseudomallei C-141 strain was passaged
by subcutaneous injection of live culture to golden ham-
sters at a dose of 10° live microbial cells per 1 cm? suspen-
ded in saline solution. Then the hamsters were monitored.
Depression, lethargy, anorexia, death on day 4-6 were
registered in animals. During the autopsy, necrotic nod-
ules, 2-3 mm in diameter, were found in the liver, spleen
and lungs. Bacteriological testing of samples from internal
organs and heart blood revealed a culture with B. pseudo-
mallei-consistent biological properties.

The primary task of microbial collections is to preserve
the strains in an unchanged state for a long time. For
this purpose freeze-drying is most often used [13]. The
isolated culture of the B. pseudomallei C-141 strain was
lyophilized to preserve the basic properties for a long
time. Skimmed milk was used as a cryoprotector, which
is effectively used for freeze-drying of glander pathogen
strains [14].

Lyophilization was carried out according to the previ-
ously optimized conditions:

1. Freezing of the material for 18 hours to minus 40 °C
in the freezer.

2. Transfer of the material to the freeze-dryer, cooling
the plate to minus 52 °C.

3.Vacuumization.

4. Lyophilization in automatic mode for 12 hours.

5.Turning on heating (p) after 17 hours from loading of
the material with the following parameters: plate tempera-
ture 10 °C, medium temperature 0 °C.

Table
(-141 B. pseudomallei biochemical properties

Parameter of tested strain

1 Glucose oxidation +

in Bergey’s manual

2 Hydrogen sulfide formation -

3 Oxidase activity +
4 Milk coagulation +
5 12% gelatin liquefaction +

6.Turning on heating (p + 1) after 18 hours with the fol-
lowing parameters: plate temperature 20 °C, medium tem-
perature 5 °C, vacuum 0.5 trr.

7.Next 24 hours: plate temperature 32 °C, medium tem-
perature 25 °C, vacuum 0.05 trr.

The freeze-drying process was completed at a relative
humidity of the material in the range from 2 to 3.5% [15].
Testing of the B. pseudomallei C-141 strain after lyophiliza-
tion showed its viability and preserved basic properties.

After refreshing the strain by passaging in susceptible
animal models, lyophilization and quality control in accor-
dance with SanPiN 3.3686-21, a data sheet was issued and
corresponding entries were made in the registration form
No. 517/u “Card of individual registration of a collection
pathogenic biological agent’, after which the strain was
deposited.

CONCLUSION

The results of the study showed that under optimal
storage conditions (temperature from 4 to 8 °C, skimmed
milk as a cryoprotector), the B. pseudomallei lyophilized
C-141 strain retained its viability and biological properties
for 11 years of storage (observation period). The strain had
saccharolytic, oxidase, catalase and proteolytic activity, did
not generate hydrogen sulfide, which is consistent with
biochemical features of the B. pseudomallei species.

Refreshing of the strain by passaging in susceptible
animal models (golden hamsters) and preservation by lyo-
philization will ensure its maintenance in a viable state
and preservation of its basic properties for a long period
of time.
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SUMMARY

The paper presents results of the studies on isolation of bacteriophages active against Bordetella bronchiseptica. Three new bacteriophages were recovered from
clinical samples from animals with respiratory signs:vB_BbrS_2/200220.7.2,vB_BbrS_4/200220.7.1,vB_BbrM_5/200220.7.2. The bacteriophage isolation method
and basic biological properties thereof have been specified in detail. The Iytic activity of isolated bacteriophages was determined by the agar layer method varied
from (2.3 +1.4) X 10810 (9.0 +0.2) x 10 PFU/mL, and the lytic spectrum ranged from 61.5 to 76.9%. The bacteriophage titer stability was shown during 8-month
storage of phage lysate with no preservative added. The morphology of bacteriophage plaques was tested in various nutrient media and analyzed based on two
parameters: size and transparency. Dissociation of plaques into clear colonies, turbid colonies, and clear colonies with turbid halos was observed in the media.
Plaques also were varied in size from 0.6 + 0.2 to 2.6 + 0.1 mm. Great thermal stability was noted during exposure of bacteriophages to high temperatures rang-
ing from 440 to +95 °Cwith 5 °Cincrement. The specificity study showed that the isolated bacteriophages lyse closely-related bacteria. The electron microscopy
of each bacteriophage revealed such parameters as the average diameter of the head and the average length of the tail. In accordance with the international
classification of viruses by morphological characteristics the vB_BbrS_2/200220.7.2 and vB_BbrS_4/200220.7.1 phages have been assigned to the family Sipho-
viridae, vB_BbrM_5/200220.7.2 bacteriophage has been assigned to the family Myoviridae. The obtained results of in vitro studies have shown that the isolated
bacteriophages can be promising for phage therapy of Bordetella bronchiseptica-induced diseases in veterinary medicine.
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PE3IOME

[TpencTaBneHbl pe3ynbTaTbl COOCTBEHHBIX CCe0BaHMIA N0 BblaeneHuto 6akTeprodaros, akTUBHbIX B 0THOLLEHUN Bordetella bronchiseptica. U3 knunnueckoro
MaTepuana ot XUBOTHBIX C MPU3HaKaMIn pecnupaTopHbIX 3a6oneBaHNil BbieneHo Tpu HOBbIX 6akTepuodara: vB_BbrS_2/200220.7.2, vB_BbrS_4/200220.7.1,
vB_BbrM_5/200220.7.2. MoppobHo onncaHa MeToauKa Bbldenexna 6aktepuodaros 11 ux 0CHOBHble bronornyeckue CBOACTBA. JIuTYeCKasa akTUBHOCTb Bbl-
JIeNeHHbIX 6akTepuoaros, onpeaenaemas MeTO0M arapoBbiX C1I0eB, BapbupoBana ot (2,3 + 1,4) x 10° no (9,0 + 0,2) x 108 BOE/mn, a cnekTp nuTYECKOTO
neiicTBuA coctaBun ot 61,5 10 76,9%. MokasaHa crabunbHOCTb TUTPa 6akTepuodaros npu xpaHeHUn Garonnata B TeueHne 8 mecAueB 6e3 fo6aBNeHNA KOH-
cepBaHTa. Mopdonoruio HeraTBHbIX KONOHWI 6aKTepuodaros U3yuani Ha pasnnyHbIX MUTATENbHBIX CPEAAX M aHANU3UPOBASIA MO ABYM MpU3HAKaM: pasmep
11 npo3pauHocTb. Ha cpenax Habnoganach AMccoumaLma HeraTuBHbIX KONOHUI Ha MPO3pauHble, MyTHbIE, U MPO3PaYHble C MyTHBIMI 0peonami. BAALIKM Takxke
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paznuyanics no pazmepy: ot 0,6 + 0,2 0 2,6 £ 0,1 mm. OTMeueHbI BbICOKMe NoKa3aTeny TemnepaTypHoi YCTORYMBOCTY NP BO3AEACTBUN Ha bakTepuodarn
BbICOKOIH Temnepatypbl 0T +40 fo +95 °C ¢ waroBbiM uHTepBanom 5 °C. 3yueHue cneunduyHOCTM NOKa3ano, uTo BbliaeNeHHble b6aktepuodaru nunpyrt
6nu3kopoacTBeHHble 6akTepuy. B xoze INeKTPOHHO-MUKPOCKONMYECKMX UCCNE[0BaHMIT ANA KaxAoro 6akTepuodara 6biv onpeseneHbl Takue napameTpbl, Kak
CpeZHee 3HaueHue J1aMeTpa roNoBKM U CpeSiHee 3HaueHue ANMHbI XBOCTa. B COOTBETCTBUN C MeXAYHAPOAHOA HOMEHKNATYPOi BIPYCOB N0 MOPGONOrnyeckim
napametpam ¢aru vB_BbrS_2/200220.7.2 wvB_BbrS_4/200220.7.1 oTHeceHbl k cemeiicTBY Siphoviridae, 6aktepuodar vB_BbrM_5/200220.7.2 — k cemeiicTBy
Myoviridae. NonyyeHHble peynbTaTbl MCCNEAOBAHWIA in vitro NoKa3anu, uTo BblaeneHHble 6akTepuodhary MoryT 6bITb NepCNeKTUBHBIMU ANA NPUMEHeHWA B Be-

TepuUHapHoil MeanLMHe B Garotepanui 3abonesaxuii, Bbi3BaHHbIX 6aktepueil Bordetella bronchiseptica.

Knwouesbie cnosa: 6aktepuodarn, Bordetella bronchiseptica, darotepanus, daronpopunakTika

[insa yntuposauus: Kouetosa T. A., 0ckeBuy B. B., Capukoall. T., MonoBa B. M. BbizeneHue v u3yueHue Guonornyeckux coicTs bakTepuodaros, cneLnduuHbix
k Bordetella bronchiseptica. Bemepurapus ce2o0Hs. 2022; 11 (3): 273-279. DOI: 10.29326/2304-196X-2022-11-3-273-279.
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INTRODUCTION

Bordetella bronchiseptica is an aerobic gram-negative
motile bacterium. It causes respiratory diseases in most
domestic animals (pigs, rabbits, cats, dogs) and wild ani-
mals of all ages, however, young individuals under one
year of age and animals with chronic diseases are at risk
of infection most of all [1-3]. The bacteria multiply in the
epithelial cilia of the respiratory tract; infection is airborne,
the incubation period lasts from 5 to 20 days [2, 4].

Respiratory infection (bordetellosis) caused by B. bron-
chiseptica develops quite quickly, causing infectious
tracheobronchitis in dogs, commonly known as “kennel
cough’, pneumonia, rhinitis in cats and rabbits [3, 5, 6]. In
some cases, the disease can actively progress to broncho-
pneumonia and result in death [1, 7, 8]. B. bronchiseptica
is the cause of atrophic rhinitis and bronchopneumonia
in pigs. Atrophy of the nasal septum and nasal conch can
occur [3, 4, 9, 10]. It has been reported cases of human
infections with B. bronchiseptica bacteria [2, 3, 5,6, 11-14].
The disease mainly affects children, people with chronic
diseases and weakened immunity. People get infected by
direct contacts with sick animals, the possibility of cross-
infection between humans is not excluded [5, 6, 11-14].

To date, the main means of bordetellosis therapy in pets
and livestock are antibiotics, but their effectiveness is re-
duced due to the spread of B. bronchiseptica antimicrobial
resistant strains [15, 16]. This entails an active increase
in morbidity among animals, a reduced productivity
of farm animals, and, therefore, economic losses in ani-
mal production. There is a direct threat to human health,
since there is a risk of infection with antimicrobial-resistant
strains of B. bronchiseptica from carrier animals.

The development of new tools and methods of preven-
tion and treatment of bordetellosis is an urgent task in vete-
rinary medicine. One of the promising and safe solutions
to thisissue is the use of products based on bacteriophages.
The prospects for the use of phages active against B. bron-
chiseptica are conditioned by their safety, and the lack of
a negative impact on the normal flora of the body [4, 17].

Bacteriophages can be used not only as an alternative
to antibiotics, but also in combination with all types of tra-
ditional antimicrobial therapy [17]. In a study conducted

by G.Y. Park et al. [10], it was found that bacteriophages
have therapeutic potential against respiratory diseases
caused by B. bronchiseptica and can participate in the sup-
pression of bacterial inflammation. However, the mecha-
nism of this process remains under-studied.

The purpose of this study was to isolate bacteriophages
active against B. bronchiseptica, to study their biological
properties for further evaluation of potential practical ap-
plication in veterinary medicine.

MATERIALS AND METHODS

Strains of B. bronchiseptica bacteria were isolated
from clinical material from rabbits, dogs and cats (muco-
sal swabs, faecal samples, water from drinkers). Samples
were submitted from animal shelters, veterinary clinics
and veterinary institutes of Moscow and the Moscow
Region. The B. bronchiseptica pathogenic isolates were
selected based on the results of identification of microor-
ganisms by microscopic, biochemical and mass spectro-
metric methods to create a working collection of strains
of RPC“MikroMir”. The strains were certified and deposited
into the collection of microorganisms of RPC “MikroMir".
All bacterial strains under study were preliminarily tested
for the absence of profages in the culture by S. Luria and
D. Darnell method [18], as well as using induction by ultra-
violet radiation [19].

B. bronchiseptica bacteria were cultured at a tempera-
ture of (37 £ 0.5) °C for 24 hours on BHI agar (HiMedia Lab-
oratories Pvt. Limited, India) with 5% sterile defibrinated
sheep blood added.

The isolation of bacteriophages and the study of their
biological properties were carried out by methods pro-
posed by M. Adams [20] and D. M. Goldfarb [21]. Bacterio-
phages were isolated from samples of biomaterial of ani-
mals from which strains of B. bronchiseptica had been
previously isolated. The samples were resuspended in
20 mL of isotonic saline solution. Large particles and bac-
teria were removed from the resulting suspension by low-
speed centrifugation (5,000 rpm, 20 min) using Avanti J-E
centrifuge (Beckman Coulter, Inc., USA) [22]. Pathologi-
cal materials of the liquid phase were centrifuged with-
out preliminary resuspending at the same parameters.
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The supernatant was separated from the precipitate and
centrifuged on an Optima L-90K ultracentrifuge (Beckman
Coulter, Inc., USA) at a high speed (27,000 rpm, for 120 min).
The precipitate was resuspended in 0.05 M Tris-HCI buf-
fer (pH 7.0-7.2) and filtered through membrane filters
(pore sizes 1.2; 0.45; 0.22 microns) of Sartorius, Germany.
The presence of phages in the filtrate was detected by
the Gratia method [20, 21]. The detection of various types
of plaques on the bacterial lawn of the test culture sug-
gested the presence of several types of phages in the tes-
ted material [22]. Pure bacteriophage lines were obtained
from morphologically homogeneous plaques. For this
purpose, 0.1 mL of an 18-hour culture of the test strain
was inoculated into flasks with 20 mL of BHI broth and
incubated in a growth chamber (Binder, Germany) at 37 °C.
A fragment of an agar plate with a single phage plaque
was introduced into the log-phase culture. A flask with-
out a plaque fragment served as a control. The contents
of the flasks were cultured in a growth chamber (Binder,
Germany) at 37 °C for 24 hours, after this, clearing was ob-
served in the flasks with the test strain, and pronounced
turbidity of the medium was observed in the control flask.
Then the contents of the flasks were centrifuged for 20 min
at 5,000 rpm on an“Avanti J-E” centrifuge (Beckman Coulter,
Inc., USA) [22]. The collected supernatant was successively
filtered through different membranes (pore size 1.2; 0.45;
0.22 microns). The obtained phagolysate was tested again
by the agar layer method [20, 21]. The procedure was re-
peated until homogeneous plaques were obtained.

To obtain a sufficient amount of phagolysate with a con-
sistently high titer, bacteriophages were cultured accor-
ding to the following method: 0.3 mL of a phage-sensitive
culture of B. bronchiseptica was added to flasks with 50 mL
of BHI broth. The suspension was incubated in an orbital
shaker-incubator (BioSan ES-20/60, Latvia) at 140 rpm
at 37 °Cfor 2.5 hours. Then 3.0 mL of a pure bacteriophage
line was introduced into the flasks and cultured at 37 °C
for 18-24 hours at 140 rpm. After this time, the contents
of the flasks were centrifuged at a low speed for 20 min at
5,000 rpm, then the phage particles were re-precipitated
at 27,000 rpm for 120 min on an “Optima L-90K” centrifuge
(Beckman Coulter, Inc., USA). The precipitate was resus-
pended in 0.05 M Tris-HCI buffer (pH 7.0-7.2) and filtered
through membrane filters (pore sizes 1.2; 0.45; 0.22 mi-
crons). To determine the titer, the phagolysate was titrated
according to generally accepted methods on dense nutri-

ent media (Gratia method) [20, 21], after which the filtrate
was placed in sterile test tubes for storage at 4 °C.

The lytic activity of the isolated phages was determined
by the Gratia method [20, 21].

The spectrum of lytic activity was studied on 13 test
cultures of B. bronchiseptica by spot testing [22].

The bacteriophage plaque morphology was stu-
died on various dense nutrient media: 1.5% BHI-agar
(HiMedia Laboratories Pvt. Limited, India) with the addi-
tion of 5% sterile defibrinated sheep blood, 1.5% BHI-agar
(HiMedia Laboratories Pvt. Limited, India), 1.5% FPH agar
(FBSI SSC PMB, Russia), 1.5% Bordetelagar (FBSI SSC PMB,
Russia) [23]. 1.0 mL of dilutions of the titrated bacterio-
phage and 0.1 mL of bacterial suspension were added
to tubes with 0.8 or 0.4% BHI-agar (HiMedia Laboratories
Pvt. Limited, India), then were inoculated on pre-prepared
plates with solid agar (1.5%). The morphology of plaques
was studied after incubation for 18-20 hours at 37 °C [22].

Electron microscopy of the obtained bacteriophages,
counterstained with 1% uranyl acetate, was performed on
a transmission electron microscope JEM-1011 (JEOL, Ja-
pan). The figures were taken using a side-mounted cam-
era Erlangshen ES500W (Gatan, USA). The bacteriophage
parameters were measured using the ImageJ program.

The specificity of the phage was studied by spot tes-
ting of phagolysate on the lawn of closely related bacteria:
Bordetella parapertussis C-95, Bordetella parapertussis C-94,
Bordetella pertussis C-99. The strains were obtained from
the RPC“MikroMir” collection of microorganisms.

To study the thermal stability of isolated bacteriopha-
ges, phagolysates were heated in a dry block heater “Ter-
mit” ("'DNA Technology” LLC, Russia) with a temperature
increase from 40 to 95 °C. A sample was taken from the test
tube every 20 min, while increasing the temperature
by 5 °C [24]. The control tubes were not heated. The ac-
tivity of the tested phages was determined by the Gratia
method [20, 21].

The titer stability of the phage in the sealed tube was
studied using the Gratia method and stored at 4-8 °C with-
out the addition of a preservative for 8 months [20, 21].

RESULTS AND DISCUSSION

Three new virulent bacteriophages were isolated from
samples of animal biomaterial (Fig. 1), which were de-
signated as: vB_BbrS_2/200220.7.2; vB_BbrS_4/200220.7.1;
vB_BbrM_5/200220.7.2.

Fig. 1. Electron micrographs of bacteriophages active against B. bronchiceptica: A - vB_BbrS_2/200220.7.2;
B-vB_BbrS_4/200220.7.1; C - vB_BbrM_5/200220.7.2
(1% uranyl acetate solution was used as a counterstain, 250,000x magnification)
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Morphology of bacteriophage plaques

Nutrient medium

Plague morphology

vB_BbrS_2/200220.7.2

vB_BbrS_4/200220.7.1

vB_BbrM_5/200220.7.2

— clear, — clear,
01.8+03mm; 01.2+03mm; — clear,
) — turbid — turbid 00.6+0.2mm;
o RUL , 2 ;
1.5% BHl-agar with blood 009 0.1 mm; 01.0+0.1mm; _ turbid,
— clear with turbid halo, — clear with turbid halo, 01.9+0.1mm
023+03mm 024+0.1mm
1.5% BHI-agar ~ turbid, #1.1+0.1mm ~ turbid, 3 1.0 +0.1mm ~turbid, 6 1.0 +0.1mm
1.5% FPH-agar —turbid, 0 1.0 £ 0.1 mm —turbid, 0 1.0 £ 0.1 mm —turbid, #1.0£0.1Tmm
—clear, — clear, — clear,
022403 mm; 01.6+0.2mm; 015+0.2mm;
— turbid — turbid — turbid
0, ’ 1 ,
1:5% Bordetelagar 00.9+0.1mm; 01.0+0.1 mm; 01.0+0.1 mm;
— clear with turbid halo, — clear with turbid halo, — clear with turbid halo,
024+02mm 02.6+0.1mm 02.1+0.1mm
The plague morphology was studied on various nutri-  logy was observed when 0.8% agar was used in the upper

ent media and analyzed by two parameters: size and trans-  layer. At the same time, when using 0.4% agar in the up-
parency. The manifestation of these signs depended on  per layer, mainly large (2.5 + 0.1 mm) clear plaques were
the composition of the nutrient medium and the concen-  formed on BHI- and FPH-agar nutrient media, i.e. agar di-
tration of agar in the upper layer. Table 1 presents the re-  lution promotes the formation of more clear plaques and
sults of the analysis of the morphology of plaques ob- an increase in their size. This means, the composition of
tained in B. bronchiseptica strains. Dissociation of plaques  the nutrient medium has a significant effect on the mor-
into clear, turbid and clear with turbid halos was observed  phology of plaques, which corresponds to the conclusions
on various media. Plaques also varied in size, the smallest ~ made by N. Ramesh et al. [23]. In addition, in M. Adams’
ones had a diameter of 0.6 + 0.2 mm, and the largest —  publication [20] it was also noted that the plaque count
2.6 £ 0.1 mm. It is worth noting that this plaque morpho-  will not give the absolute number of phage particles

Table 2
Lytic spectrum of isolated bacteriophages active against B. bronchiseptica

Bacteriophages

e vB_BbrS_2/200220.7.2 vB_BbrS_4/200220.7.1 vB_BbrM_5/200220.7.2

1 B. bronchiseptica 200220.7.1 ++++ ++++ ++++
2 B. bronchiseptica 200220.7.2 ++++ ++++ ++++
3 B. bronchiseptica 200220.6.1 - + _

4 B. bronchiseptica 1 + - ++

5 B. bronchiseptica 2 ++++ ++++ -

6 B. bronchiseptica 3 ++ ++ ++

7 B. bronchiseptica 4 - + -

8 B. bronchiseptica 200220.4.4 +++ - _

9 B. bronchiseptica C-93 - + _
10 B. bronchiseptica C-97 + +++ +
n B. bronchiseptica C-98 + + +
12 B. bronchiseptica 43 - + +
13 B. bronchiseptica 44 - - ++

“~":no plaque; “+": a plaque with multiple secondary bacterial colonies; “++": a plaque with few secondary bacterial colonies; “+++": a plaque with sporadic
secondary bacterial colonies; “+++-": clear plaques without any secondary colonies of bacteria grown [25].
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Fig. 2. Heat resistance of isolated bacteriophages

Table 3

Temporal variations in lytic activity of bacteriophages active against B. bronchiseptica

Bacteriophage Titer before storage, PFU/mL Titer after 8 months of storage, PFU/mL
vB_BbrS_2/200220.7.2 (23£1.4)x10° (3.1£0.4) x 10
vB_BbrS_4/200220.7.1 (9.0£0.2) x 10 (8.60.2) x 10
vB_BbrM_5/200220.7.2 (6.1£1.2)x 10 (41£1.1)x 10

present in the inoculum; this number depends on the nut-
rient medium and the strain of sensitive bacteria.

Titers of vB_BbrS_2/200220.7.2; vB_BbrM_5/200220.7.2
bacteriophages were determined on a test strain
of B. bronchiseptica 200220.7.2 and were (2.3 £ 1.4) x 108,
(6.1 £ 1.2) x 108 PFU/mL, respectively. The bacterio-
phage vB_BbrS_4/200220.7.1 had the highest titer -
(9.0 £0.2) x 108 PFU/mL. Its titer was determined on a test
strain of B. bronchiseptica 200220.7.1.

The results of tests of lytic activity spectrum of isolated
bacteriophages are presented in Table 2. The tests were
performed in triplicate. Tests demonstrated that the isola-
ted bacteriophages had different spectrum of lytic action.
The maximum spectrum of lyticaction was shown by phage
vB_BbrS_4/200220.7.1, which lysed 10 out of 13 bacterial
strains (76.9%). Bacteriophages vB_BbrS_2/200220.7.2 and
vB_BbrM_5/200220.7.2 61.5% of B. bronchiseptica strains
were lysed.

For each isolated bacteriophage, parameters such as
the average diameter of the head (from vertex to vertex)
and the average length of the tail were determined. Virions
of the phage vB_BbrS_2/200220.7.2 consist of 49 £ 2.67 nm
icosahedral head and a flexible non-contractile tail,
171 £ 2.26 nm long. Virions of the bacteriophage
vB_BbrS_4/200220.7.1 have morphology, which is similar to
the VB_BbrS_2/200220.7.2 phage: 61 + 2.88 nm icosahed-

ral head and a flexible non-contractile tail, 158 £ 6.17 nm
long. Virions of the phage vB_BbrM_5/200220.7.2 consist
of 108 £ 3.49 nm icosahedral head and a straight contrac-
tile tail, 69 + 5.37 nm long. In accordance with the interna-
tional classification of viruses by morphological parameters
phages vB_BbrS_2/200220.7.2 and vB_BbrS_4/200220.7.1
are assigned to the family Siphoviridae, bacteriophage
vB_BbrM_5/200220.7.2 to the family Myoviridae.

The specificity test showed that the isolated bacterio-
phages lyse not only the strains of B. bronchiseptica, but
also active against the strains of Bordetella parapertus-
sis C-95 and Bordetella parapertussis C-94.

The testing of bacteriophage thermal stability demon-
strated that heating of phages for 20 min at more than 40 °C
results in a decrease in their lytic activity (Fig. 2). Bacterio-
phages vB_BbrS_2/200220.7.2 and vB_BbrM_5/200220.7.2
are completely inactivated at 80 °C, bacteriophage
vB_BbrS_4/200220.7.1 is inactivated at 95 °C. The tests were
performed in triplicate.

To use theisolated phages in production, it is necessary
to study the change in their lytic activity over time [26, 27].
Bacteriophage filtrates were stored in vials at 4-8 °C with-
out any preservative added. Lytic activity was determined
after 8 months. It was found that during this period of time,
the titer of bacteriophages did not decrease. The results
are presented in Table 3.
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CONCLUSION

Thus, bacteriophages vB_BbrS_2/200220.7.2,
vB_BbrS_4/200220.7.1, vB_BbrM_5/200220.7.2, according
to the results of in vitro studies, are promising for further
scientific research in the context of phage therapy of dis-
eases caused by the bacterium B. bronchiseptica. The use
of drugs based on virulent bacteriophages in veterinary
medicine will safely and effectively eliminate the infec-
tion without affecting the normal flora, minimize the risk
of transmission of B. bronchiseptica antimicrobial-resis-
tant strains to humans, improve the livestock productivity
and economic performance in the animal production.
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SUMMARY

Mouse embryonic stem cells are widely used as a promising material for producing of new cellular systems with desired properties in cellular and molecular biology,
pharmacology, virology, medicine, veterinary medicine and biotechnology. Each type of cells requires different electroporation conditions that are determined
experimentally. Therefore, the main goal was to optimize conditions of electroporation with Neon® Transfection System, a new-generation device, by selecting
and changing of various parameters (voltage, impulse width and number of impulses) to maximize efficiency of D3 embryonic stem cell line transfection and to
maintain cell viability. The following parameters were found to be the most optimal for the said cells: impulse voltage— 1200V, impulse width — 10 ms, number of im-
pulses — 3. Under given conditions, viability of the cells after electroporation was 91%, and transient transfection efficiency (24 hours after electroporation) assessed
based on bacterial f-galactosidase production was 88%. It was shown that with higher cell density any electroporation condition tested yielded higher transfection
efficiency ranging between 34 and 88%. It was demonstrated that only 5 out of 12 tested protocols with different parameters could be successfully used for insertion
of DNA plasmid carrying lacZ Escherichia coli gene into D3 cell line. Thus, the experiment results show the more optimal conditions can be selected experimentally
taking into account available information on electroporation protocols for similar cell types recommended by the device manufacturer. Electroporation of mouse
embryonic stem cells with the new-generation device can be an effective method for in vitro insertion of nucleic acids into the cells of interest to the researcher.
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Acknowledgements: The study was carried out within FGUG-2022-0010 “Maintaining and developing collections of cell cultures and microorganisms based on
the fundamental studies, development of bacterial and viral strains with desired properties for use in veterinary medicine with biotechnological methods including
nanobiotechnologies, improvement of infectious disease diagnosis and specific prevention tools".

For citation: Savchenkoval. P, Savchenkova A. A. Electroporation of mouse embryonic stem cells with Neon device. Veterinary Science Today. 2022; 11 (3): 280-284.
DOI: 10.29326/2304-196X-2022-11-3-280-284.

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

For correspondence: Irina P. Savchenkova, Doctor of Science (Biology), Professor, Chief Researcher, Stem Cell Laboratory, FSCVIEV, 109428, Russia, Moscow,
Rjazanskij prospekt, d. 24, korpus 1, e-mail: s-ip@mail.ru

YK 576.3:57.017.642:57.088

JnekTponopauna 3SMOPMOHANbHbIX CTBOMOBbIX KIETOK MbILLIK
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PE3IOME

3M6p|/|0Hal'|bele (TBOJIOBbIE KNETKI MbILLIN LLPOKO UCMONb3YIOTCA B Ka4eCTBe NEPCNEKTUBHOIO MaTepuana ind co3aHnA HOBbIX KNETOYHbIX CUCTEM C3aAaHHbIMU
CBOVICTBAMM B KNETOYHOIA 1 MOHeKyﬂﬂpHOI?I buonoruu, ¢apmaK0norvw|, Bupyconoruun, meaulHe, BETEpUHapun u 6broTexHoNOrIM. [Ina kaxgoro Tuna Knetok
Tpe6y|0Tcn Pa3Hble yCNoBKA SNEKTPONOPALIK, KOTOPbIE JOJIKHDI 6bITb onpeneneHbl 3KCNepUMeHTaIbHO, NO3TOMY 6bina nocTaBneHa Lenb nytem nonﬁopa nun3-

© Savchenkova I. P, Savchenkova A. A., 2022

280 VETERINARY SCIENCE TODAY. 2022; 11 (3): 280-284 | BETEPUHAPUA CETOZHA. 2022; 11 (3): 280-284



ORIGINAL ARTICLES | GENERAL ISSUES OPUTUHATNBbHBIE CTATbY | OBLLIE BOMPOCHI

MeHeHUA Pa3NnyHbIX NapaMeTpoB (HaNPAXKeEHMA, LIMPUHbI MIMNYAbCa U KONMYeCTBA MMMYNIbCOB) ONTUMIU3MPOBAT YCNOBIA 3N1EKTPONOPALIAM NPU UCMIONb30BAHMM
neKTponopatopa HoBoro nokonexna Neon® Transfection System, obecneunBatoLuye BbICOKYI0 3QdeKTUBHOCT TpaHCdeKLIMM SMOPUOHANBHBIX CTBOMOBbIX KNETOK
NHUM D3 1 X KU3HECN0COBHOCTb. YCTaHOBNEHO, UTO Hanbonee NOAXOAALMMY NapamMeTPami ANA AaHHbIX KNETOK ABNAKTCA: UMNYNbCHOe HanpsaxeHue — 1200V,
LMpMHa uMAyNbca — 10 ms, KoNYECTBO UMAYNLCOB — 3. NPy AaHHBIX YCTIOBIAX XKU3HECMOCOBHOCTb KNETOK Nocre dneKTponopaLyy coctauna 91%, a 3dpdeTms-
HOCTb BpemeHHoIi TpaHcdekLm (24 4 nocne 3neKTponopaLm), oLeHMBaeMas no NpoAYKLMN 6akTepuanbHoii f-ranaktosuaasbl, socturana 88%. Mokasawo, uto
npy 6onee BbICOKOI KNETOUHOI KOHLLeHTpaLmi Ntobble MCNbITaHHble pexuMbl IneKTponopaumn obecneunsatot bonee BbICOKYH IOPEKTUBHOCTL TpaHCPeKLMM
B A1anasoHe ot 34 o 88%. lpopeMoHcTpupoBaHo, uto And BBeaeHua JHK nnazmupbl c reom lacZ Escherichia coli B kneTkn ankni D3 13 12 n3yyeHHbIX NpoToKoNoB
( pa3HbIMY NapaMeTPaMK MOXHO yCMeLLIHO MCMoNb30BaTh 5. Takim 06pa3om, NoyyeHHbIe B IKCNEPUMEHTE pe3ynbTaTbl MOKa3blBaIOT, YTo, UMeA NPeABaPUTENbHYH
MHOOPMALIVH 0 PeXMMaXx 3NeKTPONOPALIMY aHANOTNYHOTO TUNA KNETOK, KOTOPYIo PeKoMEeHZYeT NPoI3BoAMTeNb Npubopa, MOXHO Nos06paTh IKCNEepUMEHTANIbHBIM
nyTem 6onee ONTUMaNbHbIe YCI0BIA. INEKTPONOpaLIAA SMOPIOHaNbHBIX CTBONOBbIX KNETOK MbILLIA € CTIONIb30BAHUEM JIEKTPONOPATOpa HOBOFO MOKOMEHNSA MOXET
6bITb IOGEKTUBHBIM METOZOM BBE/IEHIA HYKNEUHOBbIX KUCIOT B NPeCTaBAAloLLYe MHTEPeC ANA UCCIef0BaTeNa KNeTKu in vitro.

KntoueBble cnioBa: SMOpHoHanbHble CTBONOBbIE KNeTKH, BBeAeHIe 3k3oreHHoii JHK nnazmupbl, snektponopatop Neon, rew lacZ Escherichia coli, 5pdektuBHocTd
TpaHcheKLmI, XKU3HeCN0CobHOCTb

bnaropapHocTu: Pabota BbinonHeHa no teme FGUG-2022-0010 «Moagepanue v pa3BuTIe KONNEKLMIA KYNLTYP KNETOK 1 MUKPOOPraHU3MOB Ha 0CHOBE QyH-
ZAMeHTaNbHbIX UCCIeL0BaHMIA, pa3paboTka 6akTepuanbHbIX 1 BUPYCHBIX LUTAaMMOB C 3aZaHHbIMU CBOICTBAMM ANA NPUMEHEHUA B BETEPUHAPHON MeANLIMHe
C MCNoNb30BaHNeM MeTOAO0B 6OTEXHONOTMM, B TOM UNCIIE HA OCHOBE KNETOYHbIX HaHOOMOTEXHONOTWIA, YCOBEPLUEHCTBOBAHME AMATHOCTUKI U CPeACTB Cre-
Unduueckoi NPoGUNAKTIKN HHEKLMOHHDIX O0ne3Heil».
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INTRODUCTION

Since their discovery in 1981 [1, 2] mouse embryonic
stem cells (ESCs) have been widely used as a promising
material for the creation of new cellular systems with de-
sired properties in cellular and molecular biology, phar-
macology, virology, medicine, veterinary medicine and
biotechnology. These cells have following features: high
rate of doubling, specific marker gene expression con-
firming their origin, ability to respond to growth factors,
causing morphological and biochemical changes leading
to the ESCs differentiation into cells with a phenotype si-
milar to more than 225 cell types in culture, and retention
of early pre-implantation embryo properties both in vitro
and in vivo.

The introduction of exogenous DNA into mouse ESCs
enables genetic modification of their genomes, but also
use of such cells for gene-edited animal creation [3].
Methods of recombinant molecule introduction into
ESCs require careful selection due to their morphologi-
cal features: small cells with a large nucleus and a narrow
cytoplasm rim that grow in dense colonies, usually on
a fibroblast monolayer. Electroporation is considered as
the most acceptable way of highly efficient introduction
of exogenous DNA into these cells without cellular chan-
ges and with retained differentiation capacity [4]. During
such transfection, cells are exposed to a high-voltage im-
pulse in the presence of exogenous nucleic acid. High vol-
tage causes short-term permeability of the cell membrane,
which allows foreign nucleic acids to enter the cell [5, 6].
Each type of cells requires different electroporation con-
ditions that are determined experimentally. Intensity of

the electric field and the impulse duration shall be taken

into account, as they are key parameters for achieving

maximum transfection efficiency and maintaining cell vi-
ability after the procedure. The impulse applied to the cells

can be generated in two different waveforms: rectangular
and exponential decay. Rectangular waveforms rely on

a constant charge being applied to the cells for a set time.
The use of rectangular signals allows applying multiple im-
pulses. During the exponential decay waveform, the initial

voltage is set, and the attenuation duration (time con-
stant) is the product of capacitance setting and resistance

of the circuit including the sample. Since the sample resis-
tance mainly depends on the ionic strength of the electro-
poration buffer, while the resistance is constant, effect
of capacitance setting changing on the impulse can be

determined empirically [7]. Buffer solution components

are also have an impact on transfection efficiency and cell

viability. Earlier, buffer solution with high ionic strength

(low resistance), such as phosphate-buffered saline (PBS)
or serum-free growth medium, was adapted to for mouse

ESC-D3 electroporation with high capacitance [8].

The goal was to optimize the electroporation condi-
tions providing high efficiency of mouse ESCs transfec-
tion and viability due to purchasing of Neon® Transfer
System (Invitrogen, Thermo Fisher Scientific, USA), new
generation electroporator. Unlike previously systems used
for electroporation, for example Gene Pulser (Bio-Rad),
unique 100 or 10 L tips are used as an electroporation
chamber for electrical impulse exposure instead of cu-
vettes. It was demonstrated that the above-said device
could be used for successful transfection of the foreign

VETERINARY SCIENCE TODAY. 2022; 11 (3): 280—284 | BETEPUHAPUA CETOZIHA. 2022; 11 (3): 280—284

281



ORIGINAL ARTICLES | GENERAL ISSUES OPUTUHATNBHBIE CTATbY | OBLLIE BOMPOCHI

DNA incorporation-incompetent cells, primary and im-
mortalized hematopoietic cells, as well as stem cells and
cells of various tissues [9-11].

MATERIALS AND METHODS

Mouse embryonic stem cells (D3 line) were tested.
The mouse ESCs were cultivated in DMEM containing
4.5 g/L of glucose, 10% fetal bovine serum (HyClone,
USA), essential amino acid solution, 2 MM a-glutamine,
0,1 MM B-mercaptoethanol and antibiotics: penicillin
and streptomycin at final concentration of 50 U/mL and
50 pg/mL, respectively (NPP “PanEco’, Russia). The ESCs
were cultivated in monolayer of mouse diploid embryonic
fibroblasts pre-treated with mitomycin C (final concentra-
tion: 30 pg/mL for 3 hours) to block mitosis.

pcDNATM3.1/His/lacZ plasmid comprising nucleo-
tide sequence of lacZ Escherichia coli marker gene is used
for transfection. Foreign DNA was re-precipitated with eth-
anol (70%) and dissolved in sterile buffer (0.1 mM EDTA,
1 MM Tris-HCl, pH 8.0) before transfection.

Transfection was performed by electroporation using
Neon® Transfection System device and starter kit of re-
agents according to the manufacturer’s instructions (In-
vitrogen, Thermo Fisher Scientific, USA). The day before
transfection the ESCs were passaged to separate them
from feeder layer be taking an advantage of differences
in cell adhesion and seeded in Petri dishes (60 mm in dia-
meter) without fibroblasts 24 hours before transfection so
that they were in an exponential growth phase on the day
of electroporation.

The cells were washed twice with phosphate-buff-
ered saline without Ca** and Mg?** ions (PBS-2); 1 mL
of trypsin (NPP “PanEco’, Russia) was added and the cells
were incubated at 37 °C for 2 minutes before electro-
poration. The cells were resuspended after adding 9 mL
of supplemented DMEM and then transferred to sterile

Table

15 mL polypropylene tube (Sarstedt, Germany) and
centrifuged at 200 g for 5 minutes. The precipitate was
resuspended in 10 mL of PBS and the cells were calculated
in Goryaev’s chamber. The cell were precipitated again
and buffer solution R from the kit for electroporation was
added to the precipitate: up to final cell concentration
of 1.0 x 107 cells/mL in the first case and two times less
concentration (0.5 X107 cells/mL) in the second case, as
well as DNA plasmids, pcDNATM3.1/His/lacZ (final con-
centration of 1 ug/mL). DNAs and ESCs were mixed in
the buffer and 10 pL of the mixture were collected by
a pipette with tips for electroporation. The pipette is fixed
in the holder for electroporation and exposed to electric
current using preliminary set or manually entered pro-
tocols in Neon device. The transfected cells were trans-
ferred (10 pL) to the well of 24-well tissue culture plate
containing 500 pL of suitable growth medium without
antibiotics and the procedure was repeated 11 times
for each cell concentration only changing the parameters
for the electroporator. The plate with transfected mouse
ESCs and control (non-transfected ESCs) was incubated
at 37 °Ciin humidified 5% CO, atmosphere for 24 hours.

The cells were tested for their viability after electropo-
ration through their staining with trypan blue (0.02% solu-
tion). Percentage of viable cells was calculated as the ra-
tio of the number of unstained cells to the total number
of cells multiplied by 100.

Transfection efficiency was assessed based on presence
of B-galactosidase, lacZ E. coli gene expression product
in the cells. For this purpose, X-gal (Sigma-Aldrich, USA)
was used as a substrate. The cells were fixed with cold
methanol (—20 °C) on ice for 15 minutes before staining.
Proportion of blue-green-stained cells (8-galactosidase-
producing cells) was calculated providing that at least
1,000 cells were analyzed. Non-transfected ESCs served
as negative control.

Optimization of conditions for electroporation of D3 mouse embryonic cell line in 10 pL tip (Neon)

Transfection efficiency/viability, % (m = SEM)

Protocol Impulse Impulse Number
No. voltage, V width, ms of impulses cell concentration: 0.5 X 10° cell concentration: 1,0 X 10°
1 1,000 10 3 29+0.1/70+0.04 39+0.01/83+0.5
2 1,000 20 2 37+0.6/77+0.05 39+0.5/79+0.1
3 1,000 40 1 37£0.7/64+0.3 37+0.01/68+0.7
4 1,200 10 3 74+0.02/86+0.8 88+0.7/91+0.04
5 1,200 20 2 6620.03/87+0.01 70+0.6/90+0.3
6 1,200 20 3 65+0.04/85+0.1 7620.5/89+0.7
7 1,200 40 1 44+0.5/58+.001 57+0.4/60+0.3
8 1,400 10 3 71£0.05/70+0.3 78+0.1/88+0.1
9 1,400 20 2 68+0.2/70+0.5 81+0.1/90+0.5
10 1,400 20 3 65+0.4/66+0.6 70+0.7/72+0.6
1 1,400 30 3 33+0.7/59+0.02 57+0.4/66+0.1
1 1,500 10 3 26+0.6/46+0.3 35+0.1/48+0.01
12 1,500 40 1 22+0.07/34+0.4 34+0.2/41£0.2
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The cells were visualized with inverted phase-contrast
microscope (Carl Zeiss, Germany) using AxioVision Rel. 4.8.
software. The experiments were performed in triplicate.
Arithmetic mean (m) and standard error of the mean (SEM)
were calculated.

RESULTS AND DISCUSSION

Several experiments for introduction of foreign DNA
plasmid containing lacZ E. colimarker gene in mouse ESCs
with electroporation using Neon® Transfection System de-
vice designed for mammalian cells and starter reagent kit.
Two sets of electroporation parameters recommended
by the device manufacturer were used for mouse ESCs
transfection (protocols No. 5 and 8 in the Table). Several
combinations of voltage (1,000; 1,300; 1,400 or 1,500 V),
impulse duration (10, 20, 30, 40 ms) and number of impul-
ses (1-3), as indicated in the Table, were additionally tes-
ted. Different cell concentrations, 0.5 X 10° or 1.0 x 10° cells
in 10 pl, were used to optimize conditions.

Data given in the Table show that the best results were
obtained when protocols No. 4 and 9 were used: transfec-
tion efficiency was the highest and proportion of stained
cells was higher than that one when the other electro-
poration parameters were used.

The method produces reproducible results that has
been determined by comparing its effectiveness in three
repeated experiments. Parameters recommended by
the device manufacturer for mouse ESCs (protocols No. 5
and 8 given in the Table) were also efficient but were infe-
rior to the expected parameters. Thus, the manual states
that 79% and 88% efficiency of the mouse ESCs transfec-
tion with EGFP gene-containing plasmid at 99% and 96%
cell viability can be achieved after 48 hours using the pro-
posed parameters in accordance with protocols No. 5 and
8, respectively.

Data analysis showed that cell concentration in the sus-
pension was one of the most important variables having
an impact on efficiency of the transfection performed
with Neon device. Obtained results allows us to conclude
that at a higher cellular concentration, in our case two-
fold concentration, any tested electroporation protocols
provided higher transfection efficiency in the range of 34
to 88%. The said values varied from 22 to 74% when lower
cell concentration was used.

Unlike standard cuvette-based electroporation
methods, the Neon system uses unique reaction cham-
bers — Neon tips that generate higher electric field for bio-
logical samples. The tips maximizes the gap size between
two electrodes while minimizing the surface area of each
electrode. This results in minimal pH change, less ion
formation, and negligible heat generation. This design
enhances transfection efficiency and cell viability as well
as maintains ergonomic workflow. It would be of interest
to assess cell viability after electroporation since the trans-
fection occurred in the mixture microvolume (buffer solu-
tion, DNA and cells). Cells subjected to electroporation and
not subjected to electroporation (not exposed to foreign
DNA and electric impulse) were handled in a similar way.
The results showed that ESCs viability (1.0 x 10° cell con-
centration) after transfection according to protocol No. 4,
5,6, 8,9 parameters (Table) was comparable with that one
of control ESCs 95 + 0.2% (ESCs not subjected to electro-
poration) was as follows: 91, 90, 89, 88 and 90%, respec-

tively. The cell viability was the highest (91%) when the fol-
lowing parameters were used: impulse voltage - 1,200V,
impulse width - 10 ms, number of impulses - 3.

Mouse ESCs, promising for engineering a laboratory
model for viral infection studies [12] and being immorta-
lized cells, i.e. immortal in culture, were selected for
the experiments. lacZE. coligene being a part of pCMV-lacZ
plasmid was successfully introduced in the said cells with
Gene Pulser device (Bio-Red, USA) at transfection efficiency
of 35% during previous experiments [8]. Therewith, maxi-
mum proportion of the cells survived after electroporation
was 82%. Comparative examinations of mouse D3 embry-
onic stem cell electroporation with Neon device (from 34
to 88%) for electroporation efficiency have shown the ad-
vantage of the new-generation electroporator where trans-
fection occurs in tips. It should be noted that the Neon sys-
tem allows the use of very small volumes for transfection,
is miniaturized for the use of tips for electroporation and 10
or 100 pL volumes for transfection.

During the experiment foreign DNA plasmid,
pcDNATM3.1/His/lacZ, was successfully introduced into
mouse ESCs at transfection efficiency of 88% by chan-
ging electroporation parameters. Data on the efficiency
of foreign RNA [13-15], DNA and proteins introduction
into cells non-competent to take up foreign material using
Neon electroporator are currently accumulated [16-18].
The experiment data are consistent with these reports,
however, cells shall be tested for their quality and the pa-
rameters shall be optimized for each cell culture before
transfection. Differences noted in the electroporation pro-
tocols published in scientific literature [9, 10, 16] suggest
that even minor changes in cell growth conditions could
have a significant impact on foreign DNA introduction
into them.

CONCLUSION

Thus, the results obtained during the experiment show
that more optimal conditions can be selected experimen-
tally, when preliminary information on electroporation
modes for similar cell type recommended by the manufac-
turer is available. Electroporation is shown to be a very ef-
fective method for nucleic acid introduction into the cells
of interest, including those that are often considered
difficult for transfection. The high transfection efficiency
for the cells described in this paper is achieved by opti-
mization or determination of electroporation parameters
for Neon device. The following parameters are found
the most suitable parameters for mouse D3 embryonic
stem cells: impulse voltage - 1,200 V, impulse width -
10 ms, number of impulses - 3, at which cell viability after
electroporation is 91%, and the temporary transfection
efficiency (24 hours after electroporation) assessed based
on bacterial protein $-galactosidase production is 88%.

The analysis of the obtained results indicates the need
to select optimal conditions for electroporation of mouse
D3 ESCs due to the peculiarities of their behavior in culture.
The concentration of cells in the suspension is shown to
be one of the most important variables affecting trans-
fection efficiency under optimized electroporation con-
ditions. Obtained results allows us to conclude that at
a higher cellular concentration, two-fold concentration
in our case, any tested electroporation protocols provide
higher transfection efficiency in the range of 34 to 88%.
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The best electroporation conditions for any cell type
can be obtained by using a system that allows adjustment
of parameters including waveform, voltage, as well as cell
density, which can significantly affect both the cell viability
after electric current exposure and transfection efficiency.
Proportion of viable cells (comparable to that one in con-
trol, i.e. non-transfected cells) or transfection efficiency can
be increased by changing these parameters. It is demon-
strated that only 5 out of 12 tested protocols with diffe-
rent parameters can be successfully used for introduction
of DNA plasmid carrying lacZ Escherichia coli gene into
ESCs-D3. Thus, Neon® Transfection System electroporator
(Invitrogen, Thermo Fisher Scientific, USA), allows selection
of conditions that are the most suitable for creating cells
with the specified properties.
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