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SUMMARY

A short report is devoted to the radical changes in the taxonomy of viruses. The metagenomic sequencing has revealed the presence of a vast variety of viruses in
diverse environmental samples without any connections with banal parasitism, infectivity, or pathogenicity. The understanding of viruses has expanded beyond the
original parasitic—pathogen model, and now virologists recognize the role of viruses in host regulation and the maintenance of natural ecosystems. Co-evolution of
the viral and cellular genomes includes mutual horizontal gene transfer and joint development of new biological functions, such as the mechanism of phylogenesis
and phylodynamics of coactants. The concepts of the origin of viruses and their relation to the Universal Tree of Life are formulated. In this regard, the International
Committee on the Taxonomy of Viruses (ICTV) changed the previous Code of their classification hierarchy from five ranks to a fifteen-rank one, that emulates a Linnaean
framework and accommodates the entire spectrum of genetic divergence in the virosphere. Changes in the rank hierarchy are based on the evolution of the recognition
of virus taxa over time, from a traditional phenotype-based characterization process to a multistage process that includes comparative sequence analyses of conserved
genes and proteins, including gene phylogeny, gene synteny and shared gene content. The ICTV, that oversees the official classification of viruses and nomenclature
of taxa, accepts possible non-hierarchical classifications of viruses beyond taxonomic attribution. The above provisions are illustrated with schemes of chimeric
polyphyletic origin of viruses and a new rank structure; the table gives examples of the modern classification of viruses that cause some socially significant infections.
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PE3IOME

Kpatkoe coobiLeHue NocBALIeHO paavKanbHbIM U3MEHEHUAM B TAKCOHOMUM BUPYCOB. C MOMOLLbI0 METareHOMHOT0 aHasu3a yCTaHOBEHO CYLLeCTBOBaHMe
OrpOMHOT0 K0AIMyecTBa pa3Ho06pa3HbIX BUPYCOB B OKpyXKaloLLieli cpefie BO BCeX cdepax u3Hu 6e3 Kakux-nmbo ceaA3eil ¢ TPUBUANbHIMU NapasUTU3MOM, UH-
DEKLMOHHOCTbH, MATOTeHHOCTBHO. [TpeficTaBNeH e 0 BUPYCaX BbILLO 3a paMKIM NepBOHAYANbHOIA MOAENHN Napa3uTUyecKiX NaToreHoB ¢ MPU3HaHMEM UX PO
B 610N0rMN X03AMHA 1 MO IEPXaHN €CTECTBEHHBIX 3KOCUCTEM. K0IBOMIOLA BUPYCHOTO M KNETOUHOTO FeHOMOB BKITIOYAET B3aUMHbIii FOPU30HTallbHbIil epeHoC
TeHOB 11 COBMECTHOE CO3aHIe HOBbIX B10N0rnueckx GYHKLMIA Kak MexaHn3m ¢unorexesa u GunoAnMHaMIKu CoakTaHToB. (hopmynupoBaHbl NpefcTaBne-
HUA 0 MPOMCXOXEHUN BUPYCOB W UX OTHOLUEHUN Ko BceobLuemy [ipesy Mushu. B cBasn ¢ sTum MexayHapoaHblii KOMUTET N0 TaKCOHOMIM BIAPYCOB U3MEHWA
NPEXHMiA KOf UX KNaccudnKaLMOHHOI nepapxmy 13 NATU PaHroB Ha NATHAALATUPAHTOBDIiA, TECHO COMMACYIOLLNIACA € COBPEMEHHOIA IMHHEeBCKON TaKCOHOMMell
11 BMELLAIOLLViA B CUCTEMY OPraHNuecKkoro M1pa Becb CeKTp reHeTUYeckoro MHoroo6pasus BUpocdepbl. /3meHeHua B paHroBoii uepapxui TakcoHoB 6asupytotca

© Makarov V. V., Buchatsky L. P, 2021
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Ha nporpecce 0T TPANLIMOHHOIA CerperaLinu BUPYCOB Ha 0CHOBE GeHOTUMA 0 MHOTOCTYNEHYAToro NPOoLLecca, BKIIYAIoLLEro CpaBHUTENbHbIE XapaKTepUCTUKM
nocnef0BaTeNbHOCTEN KOHCEPBATUBHBIX FEHOB U GENKOB, UNOTeHUI0 TeHOB, UX CHTE3, 0bLLee cofepanuie. MexayHapoAHblit KOMUTET N0 TaKCOHOMUM BUPYCOB,
0CYLLeCTBAAIOLLNIA HAA30p 32 0dULMANbHOI KnaccuduKaLeil BUPYCOB 1 HOMEHKNATYPOil TAKCOHOB, AOMYCKAET BO3MOXHbIE Herepapxiyeckue Knaccudukaumm
BUPYCOB BHE TaKCOHOMUUECKOIi KomneTeHLyu. [pUBeeHHble NONOXKeHNA UNIOCTPUPOBAHbI CXEMaMI1 XMEPHOTO NONMUNETUYECKOT0 NPOMCXOXKAEHUA BUPYCOB
11 HOBOA PaHroBoii CTPYKTYPbI, B Tab/uLie AaHbl NpUMepbl COBPEMEHHOI KNaccuduKaLmy BUpYCoB — Bo30yauTeNell HEKOTOPbIX COLMANbHO 3HAUNMBIX MHOEKLMIA.

KnioueBbie cnosa: 0630p, BUPYCb, TakcoHOMUA
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Viruses in the biosphere are ubiquitous and as obligate
intracellular parasites infect organisms of all biological
species, including giant viruses. Therefore, they are prob-
ably the most abundant organism on the planet, forming
a specific community of living matter of an independent
type, defined as the virosphere. Based on this, the original
principle of dividing biological entities into two groups of
organisms is defined: ribosomal organisms, which include
eukaryotes, archaea, and bacteria, and capsid organisms,
which include viruses. For other self-replicating structures,
the term ‘orphan replicons’ has been proposed (plasmids
and viroids) [1, 2].

Up to some moment, science and practice were focused
mainly on the negative effects of viral existence, based on
the definition given by Andre Lwoff (1957) when formu-
lating the concept of viruses as «strictly intracellular and
potentially pathogenic entities, with an infectious phase,
and possessing only one type of nucleic acid, multiplying
in the form of their genetic material, unable to grow and
to undergo binary fission and devoid of a “Lipmann sys-
tem” (i.e. a system of enzymes for the production of en-
ergy)» [3]. In the modern view, virus is a capsid-encoding
organism that is composed of proteins and nucleic acids,
self-assembles in a nucleocapsid and uses a ribosome-
encoding organism for the completion of its life cycle [4, 5].

Recent virological studies of the biosphere, their funda-
mental and applied results have become a new impetus
for the development of virology as a science of a peculiar
form of life, living matter at one of the initial stages of its
origin and evolution, previously united into a separate
kingdom of Vira. Hundreds of thousands of predominant-
ly unknown giant deoxyriboviruses forming the marine
viral metagenome (or virome), mainly of Prochlorococcus
bacteria — the main element of photosynthesis on Earth,
suggested a different role of viruses in the biosphere, in
the planetary cycle of genes, matter, energy, in the econo-
my of nature in general. They are responsible for the extra-
ordinary abundance of living creatures in an important, if
not the most important part of the planet — the World
Ocean, the primary source of living matter. Under these
conditions, detritus, the products of viral-induced lysis of
plankton single-celled organisms, provides more than a

third of organic resources in aquatic ecosystems; a bypass,
simplifying and accelerating vital processes viral shunt is
formed, giving a total annual yield of about 0.5 gigatons of
carbon [6]. Herewith, the density of the viral populationin
the surface layers of the ocean is apparently estimated in
hundreds of millions of viral particles per liter of water [7].

The data obtained during the study of new elements
of virology allowed us to suggest a hypothesis regarding
the role of virogenesis in the development of cellular life
forms. The structure and biochemistry of the newly discov-
ered largest mimiviruses have much in common with the
eukaryote nucleus and suggest possible viral eukaryogen-
esis by analogy with the vector of endosymbiotic origin of
other important cellular organelles, in particular marine
free-living alphaproteobacteria — mitochondria, cyano-
bacteria — chloroplasts of fungi and plants [4, 8].

However, conceptually, the attribution of viruses to the
living world is still questioned by many, and living cells,
de facto hosts in viral parasitic systems, are considered
to be a kind of reaction medium for the metabolic reali-
zation of alien genetic information. In particular, one of
the founders of Russian virology, Academician V. M. Zhda-
nov (1914-1987), denied the existence of viruses on the
population level, giving the preference exclusively to
biosynthetic aspects in research. The strict separation be-
tween living and non-living beings puts viruses far from
the Universal Tree of Life and, in fact, excludes them from
the modern system of the organic world, although objec-
tively they play an important role in evolution - the force
that drives the development of all life on Earth.

Advances in genomic sequencing and comparative
genomics over the past decade have made it possible to
elucidate many elements of the evolutionary relationships
between organisms at the subcellular and cellular levels.
The metagenomic sequencing has revealed the presence
of a vast variety of viruses in diverse environmental from
apparently healthy environment samples without any
connections with banal parasitism, infectivity, and patho-
genicity.

The understanding of viruses has expanded beyond
the original parasitic-pathogen model, and now virolo-
gists recognize the role of viruses in host regulation and
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Fig. 1. A simple tree diagram showing the chimeric origin of viruses
from pre-LUCA replication genes and post-LUCA structural genes.
Ancient MGE ancestors replace ancient cells, reflecting the origin of
virus replication genes from MGEs. The evolution of modern plasmids
and transposons from ancient MGEs is also depicted [10]
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the maintenance of natural ecosystems [9]. In particular,
co-evolution of the viral and cellular genomes includes
mutual horizontal gene transfer and joint development
of new biological functions, such as existent and widely
“used” mechanism of phylogenesis and phylodynamics of
coactants. From the tiny circoviruses, 12-27 nm in size,
harboring only two genes replicated and transcribed by
cellular enzymes having one structural protein to novel
giant deoxyriboviruses 400—-800 nm in size, containing
1,200 b.p. genome, which encodes more than 900 poly-
peptides; viruses and their host cells are ecologically and
evolutionarily intertwined [10].

The following diagram defining the origin of viruses
and their relation to the Universal Tree of Life can serve as
a kind of summarizing evidence (Fig. 1).

Virus taxonomy emerged as a discipline in the middle
of the twentieth century. Traditionally, classification by
virus taxonomists has been focused on the grouping of
evidently closely related viruses. The earliest version, the
nomenclature of viruses often connected to their ‘micro-
evolution’ and recognizing only genera and families, has
developed over time into a five-rank hierarchy of species,

Five-rank structure
(1991-2017)

<« Species (irregular)
Subgenus (...virus)

“ Genus (...virus)

“ Subfamily {...virinae)

<« Family (...viridae)
Suborder (...virineae)

* Order (...virales)
Subclass (...viricetidae)
Class (...viricetes)
Subphylum (...viricotina)
Phylum (...viricota)
Subkingdom (...viriles)
Kingdom (...virae)
Subrealm (...vira)

Realm (...viria)

Rank (...suffix)

REVIEWS | GENERAL ISSUES 0630PbI | OBLLIE BOMPOCHI

genus, subfamily, family and order based on Linnaean sys-
tem of classification, which remained in place until 2017.
However, today taxonomy as a branch science in biology,
studying the principles, methods and rules of organism
classification, is one of the developing areas, deploying
more and more novel methods of mathematical statis-
tics and computational biology, computer analysis, DNA
and RNA comparative analysis, analysis of cell ultrastruc-
ture and many other possibilities [11].

In this regard during the past few years, the Interna-
tional Committee on Taxonomy of Viruses (ICTV) has rec-
ognized that the taxonomy it develops can be usefully
extended to include the basal evolutionary relationships
among distantly related viruses. Consequently, the ICTV
has changed its 5-rank code to allow a 15-rank classifica-
tion hierarchy that closely aligns with the Linnaean taxo-
nomic system and may accommodate the entire spectrum
of genetic divergence in the virosphere (Fig. 2) [12].

The novel structure includes eight principal (or prima-
ry) ranks and seven derivative (or secondary) ranks. The
eight principal ranks include four that were already in
use (species, genus, family, and order), and four that are
new (class, phylum, kingdom, realm). Six new ranks are
derivatives of most of the remaining principal ranks. This
nomenclature of principal and derivative ranks includes
defined suffixes for taxa, follow those used in the Lin-
naean system.

Changes in the rank hierarchy are based on the evolu-
tion of the recognition of virus taxa over time, from a tra-
ditional phenotype-based characterization process to a
multistage process that includes comparative sequence
analyses of conserved genes and proteins, including gene
phylogeny, gene synteny, shared gene content and other
molecular features [12]. To illustrate the adopted changes,
the table shows the hierarchical position of some current
viruses.

As follows from the above examples, the divergence
of viruses progressively increases within the hierarchi-
cal cluster from the basal (realm) to the apical (species)
rank (compare representatives of the Riboviria realm).
Not all derivative ranks are fully populated by the

15-rank structure Taxa
(2019)
> Many
A
->
>
>
>
-
>
>
->
>
-
-
>
> A\
- Few

Fig. 2. The previous and the new taxonomic ranks and the number of taxa (shown in white font on the 15-rank structure).
Black arrows mean ranks common to both structures; pink arrows denote ranks introduced in the 15-rank structure [12]
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viruses (compare African swine fever, avian influenza
and SARS-CoV-2 viruses). There are many unresolved is-
sues due to the insufficient characteristics of macroevo-
lutionary ranking of individual viruses, so their taxonomy,
as well as in the whole organic world, is a dynamic and
continuous process.

In particular, the family Asfarviridae is assigned to the
order Asfuvirales of the Pokkesviricetes class and ranks
higher (see Table). However, in addition to the official
nomenclature the inclusion of the family of the unique
African swine fever virus in the assumed order Megavirales,
composed of members of a monophyletic, but heteroge-
neous lineage of large nuclear-cytoplasmic deoxyribo-
viruses, formerly called giruses, which also included the
poxviruses, iridoviruses, phycodnaviruses, mimiviruses
and other members of similar families, is still discussed [1].
With the constant discovery of new giant viruses (pandoro-
viruses, faustoviruses, molliviruses, etc.), this group is like-
ly to increase in the near future and the taxonomy of its
members remains debatable [13].

The International Committee on the Taxonomy of Vi-
ruses is a committee of the Virology Division of the Inter-
national Union of Microbiological Societies (IUMS), which
supervises the official classification of viruses and the
nomenclature of taxa. Since ICTV is a voluntary, largely

Table
Current classification of the viruses causing some infections of social importance in the 15-rank taxonomic hierarchy [12]

self-regulating and non-profit global organization, it al-
lows, in addition to the official taxonomy, possible clas-
sifications of viruses outside the taxonomic competence
of the ICTV.

For example, a non-hierarchical classification of vi-
ruses by D. Baltimore groups viruses into just seven
classes according to their genome type, and the way
their genetic information is realized, is generally recog-
nized and widely used. The classification takes into
consideration whether the DNA viruses contain double-
stranded or single-stranded genome or replicate through
single-stranded RNA; and RNA viruses containing positive
or negative double or single-stranded genome or whether
they replicate by reverse transcription [14]. For practical
epidemiology, the real phylodynamic systematics of vi-
ruses based on parasite systems and other biological
system approaches with distribution into such ecological
categories as reservoirs, amplifiers, sources of infection,
transmission is certainly important. Among other existing
and possible non-hierarchical classifications, systematiza-
tion techniques based on models of viral morphogene-
sis and morphology would be extremely interesting and
useful, where the nature and mechanisms of formation of
icosahedral capsid structures have practical significance
from the point of view of virus resistance outside the body.

Viruses

Ranks
a
Species | African swine fever virus | Bovine leukemiavirus™ | Influenza A virus™ Rabies lyssavirus™ Fo(;t'-and-m'outh- severe acute espiatory
isease virus syndrome-related coronavirus
Subgenus - - - - - Sarbecovirus
Genus Asfivirus Deltaretrovirus Alphainfluenzavirus Lyssavirus Aphthovirus Betacoronavirus
Subfamily - - - - - Orthocoronavirinae
Family Asfarviridae Retroviridae Orthomyxoviridae Rhabdoviridae Picornaviridae Coronaviridae
Suborder - - - - - Cornidovirineae
Order Asfuvirales Ortervirales Articulavirales Mononegavirales Picornavirales Nidovirales
Subclass - - - - - -
(lass Pokkesviricetes Revtraviricetes Insthoviricetes Monjiviricetes Pisoniviricetes Pisoniviricetes
Subphylum - - Polyploviricotina Haploviricotina - -
Phylum Nucleocytoviricota Artverviricota Negarnaviricota Negarnaviricota Pisuviricota Pisuviricota
Subkingdom - - - - - -
Kingdom Bamfordvirae Pararnavirae Orthornavirae Orthornavirae Orthornavirae Orthornavirae
Subrealm - - - - - -
Realm Varidnaviria Riboviria Riboviria Riboviria Riboviria Riboviria

* synonyms Bovine leucosis virus, Bovine type C oncovirus;
**serotype Influenza A virus subtype H5NT;

*** members Rabies virus, Arctic rabies virus;

F¥¥¥ no rank SARS-CoV-2.
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More on search for causes of sensitization
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SUMMARY

Despite the large number of papers dealing with the description of proposed methods for bovine tuberculosis diagnosis and mechanisms of non-specific reaction
development in diseased and healthy animals, various aspects require further study. Many specialists are still of the view, formulated when studying causes of
pseudoallergic reactions, that the agents of actinomycosis, trematode infections etc. can cause sensitization of the animal body to tuberculin PPD for mammals.
The possibility of sensitization of cattle body to Actinomyces bovis tuberculin was studied in 240 animals identified as actinomycosis diseased among 3,473 tested
animals. Only 11 (4.6%) of the total number of diseased animals were reactors to tuberculin PPD for mammals. During bacteriological tests of material from animals
euthanized for diagnostic purposes (tuberculin reactors and nonreactors with a confirmed postmortem diagnosis of actinomycosis), acid-tolerant nontuberculous
mycobacterium (NTM) cultures were isolated. The results of the experiment conducted in 628 cows of a dairy holding confirmed that Actinomyces bovis lacks
tuberculin-associated allergenicity: actinomycosis was detected only in one of 96 (15.2%) tuberculin reactors. The conducted clinical tests with high significance
level (P < 0.005) showed that there is no association between allergic reaction to tuberculin PPD for mammals and actinomycosis infection. The obtained results
are indicative of imperfections in differential diagnosis, and further studies in this field should significantly contribute to gaining a better insight into non-specific
sensitization of cattle body to tuberculin.

Keywords: tuberculosis, actinomycosis, sensitization, diagnosis, differentiation, parallergy, pseudoallergic reactions, mycobacteria, atypical acid-tolerant
mycobacteria
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K noncky npuunH ceHcubunmsanm
KpynHoro poratoro ckota K MMM J-Ty6epkynuny
1A MJTEKOMUTAOLLX
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PE3IOME

HecmoTps Ha 6onbLuoe KONMYECTBO PaboT, NOCBALLEHHDIX XapaKTEPUCTUKE MPEANOKEHHBIX METOLI0B AMArHOCTUKI TY6EpKy/e3a KpYMHOTO PoraToro ckoTa 1 Me-
XaHW3MaM NPOABNEHIA HecneLPUUecKiX peakLmii y 60abHbIX 1 30POBbIX KMBOTHbIX, MHOTME aCNEKTbl 3T0il NPO6AEMbI TPEOYHT JONONHUTENLHOTO U3yUeHNs.
Jlo HaCTOALLEr0 BPEMEHI MHOTUE CIELMANCTbI NPUAEPKIUBAIOTCA TOUKN 3pEHIS, CHOPMYNMPOBAHHOI NP U3yYEHIM NPUUMH NCEBA0ANNEPTUYECKIX PEaKLIA,
COTNIacHo KOTOPOi BO3OYAUTENN aKTUHOMMUKO3HOI MHGEKLIM, TPEMATOZI03HOI HHBA3MM 1 AP. MOTYT 6bITb NPUUMHOI CEHCMOMAM3ALIM MAKPOOPraHU3Ma XUBOT-
Hbix K [M1]-Ty6epKynuHy Ans MAeKonuTaKLLMX. Bo3MOXHOCTb CeHCUBUIN3aLMM 0praHi3ma KpyMHOro poratoro ckoTa K Tybepkynusy Actinomyces bovis u3yyann
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Ha 240 607bHbIX AKTUIHOMMKO30M XMBOTHbIX U3 3473 uccnefoBanHbIX. 13 uncna 6oabHbIx Tonbko 11 rono. (4,6%) pearupoany Ha MMA-Ty6epkynut ana
MeKonuTatoLyyx. lpu 6akTepronorinyeckom nccieoBaHuN Matepuana ot youTbiX ¢ AMarHOCTUYECKON LiebIo KUBOTHBIX (pearpoBaBLUMX 1 He PearpoBaBLUMX
Ha Ty6epKyNH C NOATBEPKAEHHBIM Ha AKTUHOMIKO3 NMATONOr0-aHATOMUYECKUM AUarHO30M) M30MPOBaHbI KyNbTYpbl KUCNOTOYCTOUMBDIX HETybepKyne3HbIx
muKobakTepuit. OTCyTCTBUE annepriu3npyloLmx Kk TybepKynuHy ceoiicTs y Actinomyces bovis 6bino noaTBePXAEHO pe3ynbTaTaMi SKCEPUMEHTa, NPOBESEHHOr0
Ha 628 XMBOTHbIX OHOT0 U3 MOIOYHBIX KOMMAIEKCOB, TA€ TONbKO Y 0AHOI U3 96 (15,2%) pearupylowmx Ha Ty6epKynH KOPOB BbIABIAM aKTUHOMIKO3. [Tpo-
BefieHHble KNNHNYecKne CCneoBaHNA C BbICOKON cTeneHbio AoctoBepHOCTH (P < 0,005) no3BonuAY yCTaHOBUTb OTCYTCTBIE B3AUMOCBA3M MeXAY anneprueit
Ha MNJ-Ty6epKynuH AnA MAEKONUTAOLMX U aKTUHOMIKO3HBIM UHGEKLMOHHBIM NPOLIeccoM. lTonyueHHble pe3ynbTaTbl CBIAETENbCTBYHOT O HECOBEPLIEHCTBE
AnddepeHLManbHON ANArHOCTUKM, 1 JanbHeline UcCnefoBaHNA B 3701 06MacTi JOMKHBI BHECTI CyLLECTBEHHDIIA BKNAJ B pa3BUTHe NpeAcTaBneHuii o HecneLm-
duueckoil ceHcMbUNM3aLMM OpraHN3Ma KpyMHOTo PoraToro CKOTa K Ty6epKynuHy.

KnioueBble cnosa: Ty6€pKyJ'|93, AKTUHOMMKO3, CBHCMOMNIN3ALNA, AMATHOCTHKA, AI/I(I)(I)epEHLlI/IaLlI/Iﬂ, napaanneprua, nceaoannepruyeckue peakunu, MUKobaK-
Tepun, aTunyHble KMCHOTOYCTOVNMBbIE MMKOéaKTepVIVI

[insa untuposaunusa: bapatos M. 0., yceitnosa M. C. K noucky npuumH ceHcnbunuzauum kpynHoro poratoro ckota k MMJ-TybepkynuHy Ana maekonutaiowmx.
BemepuHapus ce200us. 2021; 10 (4): 271-276. DOI: 10.29326/2304-196X-2021-10-4-271-276.

KoHdnukT uHTepecoB: ABTOpbI 3aABNAKT 06 OTCYTCTBUI KOHGNKTA NHTEPECOB.

[ina koppecnoHpeHumn: bapatos Maromes OmapoBiny, SOKTOp BeTepUHAPHbIX HayK, FaBHbIii Hay4HbIii COTPYAHUK NabopaTopun MHGEKLMOHHOI naTonorun
CeNbCKOX03ANCTBEHHBIX KUBOTHBIX, Mpukacrniicknii 3oHanbHblii HUBW — dunnan OTBHY «QAHLL PLL», 367000, Poccua, Pecniybnuka [larectaH, r. Maxaukana,

yn. [laxagaesa, 88, e-mail: alama500@rambler.ru.

INTRODUCTION

Non-specific reactions to tuberculin PPD for mammals
constitute an issue that affects animal husbandry world-
wide and has not been fully resolved despite the nume-
rous differentiation methods proposed. According to offi-
cial statistics, including those from the World Organisation
for Animal Health, at present, tuberculin reactors make up
about 54% of tested animals globally, in the CIS member
states — from 12.6 to 62.4%, in the Subjects of the Russian
Federation - from 7.8 to 49.3% [1-4].

Amongst the variety of microbial biota causing sensi-
tization of the animal body to tuberculin, atypical acid-
tolerant mycobacteria of groups Il, lll and 1V (according
to the classification of E. Runyon) are most significant as
regards the number and levels of the caused skin reactions.
Acid resistant saprophytes can also play a significant role
in the allergization of the body [3, 5-10].

According to current conceptions, microoganisms
that are closely related to mycobacteria, namely coryne-
bacteria, Nocardia and rhodococci, also have tuberculin
sensitizing properties. Their essential characteristics are
genus and species specificity to mycobacteria, as well as
common group specific antigens detected when cross
reactivity occurs. Interest in these microorganisms has at
present expanded due to their more frequent isolation
from the biomaterial from tuberculin reactive animals. Ex-
perimental and clinical data show that corynebacterium
cultures are isolated in 28.6% of cases [6, 11, 12], Nocardia
cultures —in 16.9% of cases [12], and rhodococci - in 26.3%
of cases [11, 13-15].

There is no doubt that parallergies hold a key position
among the causes of non-specific sensitization of the ani-
mal body. At the same time, characteristic reactions can
be attributable to other causes not associated with myco-
bacteria, various purulent processes caused by transient

microorganisms, parasitic diseases (trematode infections),
stress factors, protein load [3, 4, 9, 16].

Allergy is also attributed to different pregnancy patho-
logies, animal diets with an unbalanced proportion of
micro- and macronutrients, feeding with mold fungus
infected feedstuffs, etc. [16-18].

However, the further studies of allergic reactions to tu-
berculin in animals affected with trichophytosis, dicroce-
liosis, paramphistomatosis, echinococcosis did not reveal
any correlation. No association is found between sensitiza-
tion to tuberculin and stress factors, in particular in cows in
the antepartum and postpartum periods [19-21].

Convincing experimental evidence was provided with
respect to the absence of allergy in animals receiving
urea [16, 22].

The comparison between the results of coprological
tests of samples collected from fascioliasis affected ani-
mals and intradermal tuberculin test results yielded mu-
tually exclusive data. Tuberculin reactors made up 5.8% of
the tested fascioliasis affected animals, the coprological
test results were negative in 22% of tuberculin reactive
animals [5, 7].

The interest in examining the possibility of animal
body sensitization to tuberculin by microorganisms
having common genus specific characteristics with
mycobacteria, in particular Actinomyces bovis of the
genus Actinomyces of the order Actinomycetales with
characteristic high population genetic homogeneity
with the genus Mycobacterium, has at present expan-
ded [2,3,11,16,18,23].

Many specialists are currently of the view, formulated
when studying the genetic characteristics of these micro-
organisms, that evolutionary commonality and possible
presence of common antigens can be responsible for sen-
sitization to tuberculin [24, 25].

VETERINARY SCIENCE TODAY. 2021; 10 (4): 271-276 | BETEPUHAPUA CETOJHA. 2021; 10 (4): 271-276



ORIGINAL ARTICLES | BOVINE DISEASES OPUTUHATIbHbIE CTATbU | BONE3HI KPC

Table 1
Distribution of tuberculin reactor animals by actynomycosis occurrence level

Intradermal

Actinomycosis

tuberculin test

diseased

Number of tested reactors cattle
animals
number % number % nun_lber % number %
of animals ENTNELS ENTINELS of animals
1 SPK“Ordzhonikidze” 740 - - 43 58 - - 43 100.0
2 SPK“Lenina” 859 78 9.1 45 52 2 44 43 95.6
3 KFKh “Paraulsky” 300 8 2.7 19 6.3 1 53 18 94.7
4 SPK“Buynaksky” 500 66 13.2 69 13.8 5 72 64 92.8
5 SPK“Gelinsky” 300 48 16.0 59 19.7 3 5.1 56 94.9
6 KFKh “Rassvet” 543 - - 4 0.7 - - 4 100.0
7 KFKh “Tavrida” 231 - - 1 0.4 - - 1 100.0
Total 3,473 232 6.7 240 6.9 n 4.6 229 95.4

According to the data from some clinical studies, acti-
nomycosis diseased animals are reactive to tuberculin for
mammals. However, no experimentally proven and labo-
ratory-confirmed study results have been found.

The purpose of the study was to substantiate experi-
mentally a possible association between reactions to tu-
berculin tests and actinomycosis infection.

MATERIALS AND METHODS

Clinical tests were carried out in 3,473 cattle of diffe-
rent age and sex groups on seven farms of the Karabu-
dakhkentsky and Novolaksky Raions of the Republic of
Dagestan.

Tests for assessment of tuberculin sensitizing proper-
ties of Actinomyces bovis were carried out in 628 cattle at
adairy complex located in the Babayurtovsky Raion of the
Republic of Dagestan.

Allergy tests of cattle were carried out in accordance
with the “Veterinary rules for implementation of preven-
tive, diagnostic, restrictive and other measures, imposition
and lifting of quarantine and other restrictions aimed to
prevent the spread and eradicate the outbreaks of tuber-
culosis” approved by Order of the Ministry of Agriculture
of the Russian Federation No. 534 of 08 September 2020'.

The identification of the isolated mycobacterium cul-
tures was performed according to GOST 26072-89 “Ag-
ricultural animals and poultry. Methods of laboratory
diagnostics of tuberculosis” and GOST 27318-87 “Agricul-
tural animals. Methods of identification of atypical myco-
bacteria™.

The animals were subjected to clinical examination for
actinomycosis, including palpation of the affected area;

" https://docs.cntd.ru/document/565721619.
2 https://docs.cntd.ru/document/1200025492.
3 https://base.garant.ru/5917269.

laboratory tests of tissues collected from the infected
areas were carried out. The diagnosis was considered to
be confirmed only when Actinomyces bovis was isolated
from the material. In case of detection of neoplasms of
unknown etiology, histological analysis was performed in
accordance with the generally accepted procedures.

The obtained data were statistically processed using
parametric techniques; statistical significance of the re-
sults was determined with Student’s test.

TEST RESULTS

Allergy tests carried out on the farms revealed non-spe-
cific sensitization of animals to tuberculin PPD for mam-
mals. The percentage of reactor animals varied from 2.7
to 16.0%. Actinomycosis diseased animals made up from
0.4 to 19.7% (Table 1).

The tests showed that 232 (6.7%) out of 3,473 animals
reacted to intradermal tuberculin tests, the number of
actinomycosis diseased animals amounted to 240 (6.9%).

Among actinomycosis diseased cattle, only 11 ani-
mals (4.6%) tested tuberculin PPD positive, 229 ani-
mals (95.4%) were nonreactors.

On the farm SPK“Ordzhonikidze”, only 43 animals (5.8%)
out of 740 tested cattle were actinomycosis diseased,
no tuberculin reactors were detected. Similar results
were obtained for the small scale farms KFKh “Rassvet”
and KFKh “Tavrida” located in the Karabudakhkentsky
Raion.

The following actinomycosis diseased animals were
euthanized and subjected to postmortem examination:
11 tuberculin reactors and 10 animals with negative aller-
gy test results (Table 2).

As a result of the tests performed, Mycobacterium scrof-
ulaceum culture was isolated from the biomaterial from tu-
berculin positive animals, 7 strains were identified (63.6%).
This indicates that the sensitization of the body was caused
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Table 2
The results of postmortem examination and bacteriological tests of biomaterial
from actinomycosis diseased animals

Actinomycosis Number Post-mortem Bacteriological
diseased animals of animals diagnosis test results
. . . 7 Mycobacterium scrofulaceum strains
Tuberculin reactors n actinomycosis )

were isolated

’ - . 2 Mycobacterium scrofulaceum strains

Tuberculin nonreactors 10 actinomycosis . s .
and 1 Mycobacterium phlei strain were isolated

by atypical mycobacteria. The true cause of sensitization
was not identified for 4 animals, and this is indirectly in-
dicative of imperfections of the proposed methods for tu-
berculosis diagnosis in animals, in this particular case - of
laboratory methods. This suggests that sensitization can
be due to the presence of hydrocarbon oxidizing micro-
organisms (corynebacteria, Nocardia, rhodococci, etc.) in
the cattle body, the isolation of which requires specific test
procedures.

On the other hand, the isolation of two Mycobacte-
rium scrofulaceum strains and one strain of saprophytic
mycobacteria (Mycobacterium phlei) from the biomaterial
samples from animals with negative allergy test results
should be considered as confirmatory evidence for the
existing view that atypical mycobacteria are not always
able to cause the sensitization of the animal body to tu-
berculin.

Extensive literature data, as well as the results of the
study show that acid-tolerant nontuberculous myco-
bacteria are able to persist in the body latently, without
manifesting themselves in any way, for long periods of
time; this explains negative laboratory test results in 8
of 10 animals.

Tests for assessment of tuberculin sensitizing proper-
ties of Actinomyces bovis were carried out in 628 cattle at
a dairy complex located in the Babayurtovsky Raion of the
Republic of Dagestan. Among the tested cattle, 96 ani-
mals (15.2%) were tuberculin reactors, no actinomycosis
diseased animals were detected.

Based on the comparison of clinical signs and data from
the laboratory tests of animals for actinomycosis with al-
lergy test results, it can be concluded that the obtained
results show with high significance level (P < 0.005) that
there is no correlation between actinomycosis infection
and allergic reactions to tuberculin.

DISCUSSION AND CONCLUSION

The test results are consistent with extensive literature
data on the studies of specificity of tuberculin PPD for
mammals that demonstrate apparent specificity of the
allergen towards homologous sensitization.

Less intense in manifestation, short term reactions
to tuberculin are reported in animals infected with acid-
tolerant nontuberculous mycobacteria (NTM), as well as
with mycobacterium-like (hydrocarbon oxidizing) micro-
organisms (corynebacteria, Nocardia, rhodococci, etc.).

According to the statistics available, cross-reactions
are often detected, and this is indicative of the high de-
gree of the structural homogeneity of antigens, hence

the need for using more effective differential diagnosis
methods (postmortem examination, bacteriological
testing).

It is important to note that, in some cases, negative
laboratory test results call into question the effectiveness
of the diagnostic method applied, since mycobacteria are
characterized by continuous variation (in the opinion of
the majority of researchers, owing to antigen drift), which
results in new serological pathogenic variants.

In view of this, as well as taking into account cul-
ture method imperfections, a complex of diagnostic
methods, in particular molecular genetic techniques
(ELISA, PCR, etc.), should be used for isolation of common-
ly occurring transformed forms of mycobacteria (L-forms,
spheroplasts, protoplasts, filterable forms, etc.), as well as
for detection of latently persistent forms.

In the light of the obtained unequivocal evidence pre-
sented in this paper, when identifying the causes of pseu-
doallergic reactions, one should give due consideration
to the fact that actinomycosis and parasitic infections are
characterized by mixed clinical signs. In particular, atyp-
ical mycobacteria (Mycobacterium subsp.) and mycobac-
terium-like microorganisms (Corynebacterium, Nocardia
and Rhodococcus subsp.), being typical representatives of
gastrointestinal microbiota, can cause sensitization of the
body to tuberculin in case of immunity status decline in
animals.

The results of the study are consistent with the pre-
viously obtained data on identification of association
between reactions to tuberculin and invasive diseases
(trichophytosis, echinococcosis, dicroceliosis, fascioli-
asis, etc.) that show the absence of statistically significant
correlation between them.

REFERENCES

1. AvilovV.M,, PylininV.F, Ovdienko N. P, Vedernikov V. A.
Bol’she vnimaniya profilaktike i bor’be s tuberkulezom zhi-
votnykh = More attention to animal tuberculosis preven-
tion and control. Veterinariya. 1997; 8: 3-9. (in Russ.)

2. Donchenko A. S., Setedin V. A., Korzh A. N., Buda-
kova Z. Z. Sravnitel'naya otsenka nekotorykh diagnosti-
cheskikh testov pri eksperimental’noi sensibilizatsii
KRS razlichnymi vidami mikobakterii = Comparative
assessment of several diagnostic tests during experi-
mental sensitization of cattle with different mycobac-
teria. Nauchno-tekhnicheskii byulleten” VASKhNIL. 1984;
30: 15-19. (in Russ.)

3. Kuzin A. I, Semina L. K. Voprosy diagnostiki tu-
berkuleza krupnogo rogatogo skota = Issues of bovine

VETERINARY SCIENCE TODAY. 2021; 10 (4): 271-276 | BETEPUHAPUA CETOJHA. 2021; 10 (4): 271-276



ORIGINAL ARTICLES | BOVINE DISEASES OPUTUHATIbHbIE CTATbU | BONE3HI KPC

tuberculosis diagnosis. Veterinarnaya patologiya. 2004;
1-2 (9): 48. Available at: https://www.elibrary.ru/down-
load/elibrary_9165624_80364358.pdf. (in Russ.)

4. Naimanov A. Kh. Problemy diagnostiki i profilaktiki
tuberkuleza KRS v sovremennykh usloviyakh = Problems
of bovine tuberculosis diagnosis and prevention under
present day conditions. Veterinarnaya patologiya. 2004;
1-2(9): 18-23. Available at: https://www.elibrary.ru/down-
load/elibrary_9165613_19314706.pdf. (in Russ.)

5. Bazarbayev M., Syrym N. S., Yelekeyev T. A., Sadiko-
va D. R,, Sansyzbay A. R., Basybekov S. Zh., Yespembe-
tov B. A. The sensitins to differentiate non-specific re-
sponses in cattle to PPD-tuberculin for mammals. Vestnik
Altaiskogo SAU. 2016; 6 (140): 118-125. Available at: http://
www.asau.ru/vestnik/2016/6/118-125.pdf. (in Russ.)

6. Baratov M. O., Ahmedov M. M., Sakidibirov O. P. On
causes of non-specific reaction to tuberculin. Veterinarian.
2014; 2:24-28. Available at: https://www.elibrary.ru/down-
load/elibrary_21422421_32608163.pdf. (in Russ.)

7. Kassich Yu. Ya., Kochmarskii V. A., Tikhonov P. M., Zav-
gorodnii A. I. Izuchenie sensibiliziruyushchikh i patogen-
nykh svoistv atipichnykh mikobakterii = Studies of sensi-
tizing and pathogenic properties of atypical mycobacteria.
Veterinariya. 1989; 4: 13-15. (in Russ.)

8.Kuzin A. 1., Semina L. K. K etiologii paraallergicheskikh
tuberkulinovykh reaktsii i dinamike ikh vozniknoveniya u
krupnogo rogatogo skota = More on etiology of paraller-
gic tuberculin reactions and dynamics of their occurrence
in cattle. Profilaktika i lechenie boleznei sel’skokhozyaistven-
nykh zhivotnykh: tezisy dokladov Nauchno-proizvodstven-
noi konferentsii veterinarnykh rabotnikov = Prevention and
treatment of livestock diseases: abstracts for Research and
Production Conference of Veterinary Specialists. Vologda;
1986; 8-9. (in Russ.)

9. Yudin G. A. Prichiny, rasprostranenie, differentsia-
tsiya i profilaktika nespetsificheskikh reaktsii na tubercu-
lin = Causes, occurrence, differentiation and prevention
of non-specific reactions to tuberculin. Veterinariya. 1987;
12:29-32. (in Russ.)

10. Tsukamura M. Differentiation between the genera
Mycobacterium, Rhodococyss and Nocardia by susceptibil-
ity to 5-fluorouracil. J. Gen. Mycrobiol. 1981; 125 (1): 205-
208.DOI: 10.1099/00221287-125-1-205.

11. Berdichevskaya M. V. Ekologiya uglevodorodokis-
lyayushchikh bakterii neftyanykh plastov Permskogo Pri-
kam'ya: avtoref. dis. ... kand. biol. nauk = Ecology of hydro-
carbon oxidizing bacteria of the oil reservoir of the Kama
River Region (Perm Krai): author’s abstract of Candidate of
Science (Biology) thesis. Moscow; 1983. 28 p. Available at:
https://viewer.rusneb.ru/ru/rsl01000797175?page=1&ro-
tate=0&theme=white. (in Russ.)

12. Nesterenko O. A., Kvasnikov E. I, Nogina T. M. Nokar-
diopodobnye i korinepodobnye bakterii = Nocardiaform-
and coryneform-like bacteria. Kiev: Naukova Dumka; 1985.
334 p. (in Russ.)

13. Baratov M. O., Akhmedov M. M., Sakidibirov O. P,
Dervishov D. A. Sensibiliziruyushchie svoistva korinebakte-
rii k tuberkulinu = Tuberculin sensitizing properties of co-
ryneform bacteria. Veterinarnaya meditsina. 2011; 1: 31-33.
(in Russ.)

14. Lazovskaya A. L. Identifikatsiya kul'tur mikobakterii,
vyrosshikh na srede s solitsilatom natriya = Identification
of mycobacterium cultures grown in sodium salicylate

supplemented medium. Problemy tuberkuleza. 1994;
72 (5): 45-46. (in Russ.)

15.Wolinsky E., RynearsonT. K. Mycobacteria in soil and
their relation to disease-associated strains. Am. Rev. Respir.
Dis. 1968; 97 (6): 1032-1037. DOI: 10.1164/arrd.1968.97.6
P1.1032.

16. Latyshev A. S. O prirode somnitel'nykh i nespetsi-
ficheskikh reaktsii na tuberculin u KRS = On the nature of
inconclusive and non-specific reactions to tuberculin in
cattle. Nauchnye trudy Novosibirskoi NIVS.1971;4:179-181.
(in Russ.)

17. Martma O. V. Atipichnye mikobakterii i ih diagnos-
ticheskoe i epizooticheskoe znachenie pri tuberkuleze KRS:
avtoref. dis. ... d-ra vet. nauk = Atypical mycobacteria and
their diagnostic and epizootic significance for bovine tu-
berculosis: thesis abstract Doctor of Science (Veterinary
Medicine). Tartu; 1971. 46 p. (in Russ.)

18. Martma O.V.,, lygisor Kh. Kompleksnaya differentsia-
tsiya paraallergicheskikh tuberkulinovykh reaktsii =
Overall differentiation of parallergic tuberculin reactions.
Sbornik nauchnykh trudov Estonskogo NIl zhivotnovodstva
i veterinarii. 1982; 53: 46-53. (in Russ.)

19. Gulyukin M. 1., Naimanov A. Kh., Ovdienko N. P,
Vedernikov V. A., Verkhovskii O. A., Tolstenko N. G., et al.
Metodicheskie nastavleniya po provedeniyu issledovanii
pri mikobakteriozakh zhivotnykh = Methodical instruc-
tions for conducting studies in animal mycobacteriosis.
Moscow: All-Russian Research Institute of Experimental
Veterinary. 2012. 85 p. (in Russ.)

20. Levi D. T,, Yablokova T. B., Zhukova L. N. Optimiza-
tsiya metoda tuberkulinodiagnostiki pri ispol’zovanii
preparata PPD, BTsZh = Optimization of tuberculin diag-
nostic method using PPD, BCG preparations. Problemy tu-
berkuleza. 1987; 65 (12): 5-8. (in Russ.)

21.Azumal,, Ouchida A, TaniyamaT.,, YamamuraY., Sho-
ji K. The mycolic acids of Mycobacterium rhodochrous and
Nocardia corallina. Biken J. 1974; 17 (1): 1-9. PMID: 4854962.

22. Khuller G. K., Taneja R., Kaur S., Verma J. N. Lipid
composition and virulence of Mycobacterium tuberculo-
sis H37Rv. Aust. J. Exp. Biol. Med. Sci. 1982; 60 (Pt. 5): 541-
547.DOI: 10.1038/icb.1982.58.

23. Koloskova E. L. Patomorfologicheskie izmeneniya
u zhivotnykh, zarazhennyh raznymi vidami mikobakte-
rii: avtoref. dis. ... kand. vet. nauk = Pathomorphological
lesions in animals infected with different mycobacteria:
author’s abstract of Candidate of Science (Veterinary Me-
dicine) thesis. Moscow; 2007. 22 p. Available at: https://
viewer.rusneb.ru/ru/rsl01003071121?page=1&ro-
tate=0&theme=white. (in Russ.)

24. Gertman M. I. Znachenie L-form mikobakterii v di-
agnostike tuberkuleza krupnogo rogatogo skota = The
significance of L-forms of mycobacteria in bovine tuber-
culosis diagnosis. Intensifikatsiya molochnogo skotovodst-
va i puti uvelicheniya proizvodstva moloka: tezisy dokladov
nauchno-prakticheskoi konferentsii = Intensification of
dairy farming and ways to increase milk production: re-
search-to-practice conference abstracts. Chelyabinsk; 1986;
30-31.(in Russ.)

25. Golyshevskaya V. I, Akhunov Sh. B., Bibirgal E. A.
Sovershenstvovanie metodov vydeleniya izmenennykh
form mikobakterii tuberkuleza u bol'nykh so stabil’nymi
destruktivnymi izmeneniyami v legochnoi tkani = Im-
provement of methods for isolation of transformed forms

VETERINARY SCIENCE TODAY. 2021; 10 (4): 271-276 | BETEPUHAPUA CETOAHA. 2021; 10 (4): 271-276



276

ORIGINAL ARTICLES | BOVINE DISEASES OPUTHANIbHBIE CTATBY | BONE3HU KPC

of tuberculosis mycobacteria in patients with destruc-
tive lesions in lung tissue. Problemy tuberkuleza. 1987;
65 (10): 61-65. (in Russ.)

Received 02.06.2021
Revised 29.07.2021
Accepted 07.09.2021

INFORMATION ABOUT THE AUTHORS / UHOOPMALUA Ob ABTOPAX

Magomed O. Baratov, Doctor of Science (Veterinary Medicine),
Chief Researcher, Laboratory for Infectious Pathology of Livestock,
Caspian Regional Research Veterinary Institute — Branch of
Dagestan Agriculture Science Center, Makhachkala, Republic of
Dagestan, Russia.

Patimat S. Huseynova, Researcher, Laboratory for Infectious
Pathology of Livestock, Caspian Regional Research Veterinary
Institute — Branch of Dagestan Agriculture Science Center,
Makhachkala, Republic of Dagestan, Russia.

Bbapatoe Maromep OmapoBunY, [OKTOP BETEPMHAPHDBIX HayK,
rNaBHbIN HayYHbIN COTPYAHUK NabopaTopmn UHPEeKLNOHHON
NaToNoOrMN CeNIbCKOXO3ANCTBEHHbIX XMBOTHbIX [puKacnuiickoro
3oHanbHoro HUBW - dunnnana OrEHY «OAHL POy, r. Maxaukana,
Pecny6nuka [larectaH, Poccusa.

l'yceiiHosa lMatumart CyntaHOBHA, Hay4HbIl COTPYAHUK
nabopaTtopum MHPEKLIMOHHON NAaTONOT N CENTbCKOXO3ANCTBEHHbIX
XWBOTHbIX [lpukacnunckoro 3oHanbHoro HWBU -
dunuana OreHY «OAHL PI», r. Maxaukana, Pecny6nuka [JarectaH,
Poccus.

VETERINARY SCIENCE TODAY. 2021; 10 (4): 271-276 | BETEPUHAPUA CETOJHA. 2021; 10 (4): 271-276



ORIGINAL ARTICLES | SMALL RUMINANTS DISEASES
OPUTUHANBHbIE CTATbY | BONE3HN MPC

DOI: 10.29326/2304-196X-2021-10-4-277-284 (:
Semi-quantitative risk assessment of peste

des petits ruminants introduction with wild animals
into Russian Federation

S.V. Shcherbinin’, F. 1. Korennoy?, T. P. Akimova*, A. K. Karaulov*
FGBI “Federal Centre for Animal Health” (FGBI“ARRIAH"), Vladimir, Russia
! https://orcid.org/0000-0002-6434-0683, e-mail: sherbinin@arriah.ru

2 https://orcid.org/0000-0002-7378-3531, e-mail: korennoy@arriah.ru

3 https://orcid.org/0000-0003-3502-1146, e-mail: akimova@arriah.ru

* https://orcid.org/0000-0002-5731-5762, e-mail: karaulov@arriah.ru

SUMMARY

The Russian Federation was officially recognized free from peste des petits ruminants (PPR). As far as the disease infects both domestic and wild small ruminants,
it is important to identify the level of the threat associated with the wild fauna diversity in the neighboring countries, where PPR outbreaks were reported. For
that reason, habitats of various disease susceptible animal species were examined. Habitats of the wild susceptible animals were mapped for further examination
of the interactions between different animal species using zoological research data; PPR outhreaks in wild animals were also designated in the map thus allowing
for the detection of the potential routes of the infection spread in the population and introduction to the country. Analysis of the PPR epidemic situation in the
country demonstrated that the disease cases were reported in wild mountain animals (ibices and moufflons) and migratory steppe animals (gazelles and saigas).
Risk of this highly contagious viral disease spread in wild small ruminants in Mongolia was reported (probability 0.77). Expert survey was carried out for the
determination of possible trends and factors of the infection introduction with the wild susceptible animals, through which small ruminant epizootologists assessed
the risk probability. During the survey it was determined that PPR was expected to be introduced from Mongolia (probability 0.81), and of major significance
were seasonal migrations of wild animal populations. The resulted semi-quantitative parameters of the potential risk can be recommended for the arrangement
and implementation of measures aimed at prevention of PPR introduction and spread in the intact domestic and wild small ruminant populations inhabiting the
territory of the Russian Federation.
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PE3IOME

Poceuiickan Oepepauya npusHaHa cTpaHoii, 6narononyyHoi no yyme MeKuX XBauHbIx. lockonbKy faHHOe 3a60neBaHIe NOpaxaeT kak AOMALUHNX, TaK U ANKIX
MeNKMX BauHbIX, He06X0ANMO OLIeHNUTb YpoBeHb Yrpo3bl, (BA3aHHbIN C pasHoobpa3uem AuKoil GayHbl B rpaHuualLmx ¢ Poccueil cTpanax, B KOTOPbIX 3aperu-
CTPUPOBaHbI BCMbILLKI YyMbl MENKIX BauHbIX. [114 37010 6bIN0 NPOBEAEHO UCCNIe0BAHME apeanoB 061UTaHMA PasNnuHbIX BUAOB ANKIX XUBOTHBIX, BOCTPY-
UMYBbIX K AaHHOMY 3a60neBaHuio. C Liebto M3yueHna B3aMOopeiCTBINA NONYNALMIA Pa3NMYHbIX BUO0B KUBOTHBIX C MCMOb30BaHNEM JIAHHbIX 300710THYECKUX
MCcCnefoBaHmil 6bina cocTaBneHa Kapta apeanos 061UTaHNA AUKUX BOCMPUAMUMBLIX XKUBOTHBIX, HA KOTOPOIA TakKe 0TMeUeHbI BCTIbILUKM YyMbl CPEAN ANKUX
KUBOTHBIX, N0O3BONALLME BbIABUTH CYLLECTBYIOLLYH BO3MOXHOCTb PACPOCTPAHEHNA HOEKLMM BHYTPU STUX MOMYNALMIA 1 3aHOCA MHOEKLMN Ha TePPUTOPHIO
CTpaHbl. B xoze aHanu3a 3nu300TINYECKOIA CUTYaLLMN MO UyMe MENKMX XBAUHbIX YCTAHOBNEHO, UTO B MPUTPAHMYHbIX FOCYLAPCTBAX 3adUKCMPOBAHDI CllyYau 3a-
6oneBaHNA AUKMX FOPHBIX (FOPHble KO37bl 1 GapaHbl) U CTEMHbIX MUTPUPYIOLLMX (ZXeiipaHbl U cailraki) XUBOTHbIX. BbiABNeHa onacHOCTb pacnpocTpaHeHusa
J1aHHOIA BbICOKOKOHTArM03Hoii BUPYCHOI 60ne3HI cpepm AMKNX MeNKIX BauHbIX MoHronuy (BepoATHOCTb peanu3aumu cobbitua 0,77). Mpu onpefeneHu Bo3-
MOXHbIX HanpaBneHuii u GakTopoB 3aHOCA MHPEKLMI C AMKUMI BOCTPUNMUMBBIMI XXBAUHbIMM Obli NPOBEEH IKCNEPTHDII OMPOC, B KOTOPOM CMELMANNCTbI
B 06nacTi 3n1300T0N0OrM GONE3HEN MENKOTO POraToro CKOTa OLieHINI BePOATHOCTb peanu3aLii onacHocTu. B xose onpoca 6610 yctaHoBNEHo, UTo 0XKiAAETCA
3aHOC UyMbl MeNKKX XBauHbIX B Poccuiickylo Oefepaumio co cropoHbl Moxronuu (BepoaTHocTb 0,81), @ cambiM 3HaUUMbIM $aKTOPOM ABNAKTCA CE30HHbIE
MUTPaLM NOnyNALMiA AUKNX XBauHbIX. loNyUeHHble NONYKONNYECTBEHHDIE N0KA3aTeNN YPOBHA BEPOATHOI Yrpo3bl MOXHO PEKOMEHLOBATD K NCMONb30BAHINI0
MIpU NAQHUPOBAHINM M Peani3aLiui Mep No He[ONYLLEHMI0 3aHOCA U PACMPOCTPAHEHNA UyMbl MENKUX XKBaUHbIX B UHTAKTHbIE MONYAALIMM LOMALUHEro 1 AKOro
MeNKOro poratoro ckota Ha Tepputopuy Poccuiickoii Oepepaumn.

KntoueBble coBa: uyma MeNKIAX XXBAUHBIX, aHanu3, AnKue Menkie XBauHble, pUcK pacnpocTpaHeHus 3abonesaHia, ANM300TUYECKAR CUTYaLMs, 3aHOC YyMbl
MEJIKUX XBauHbIX Ha TeppuToputo PO

bnaropapHocTu: Pabota BbinonHeHa 3a cuet cpeacts OIBY «BHU3X» B pamkax TeMaTuki HayuHo-nccneoBaTeNbCkux pabot «BetepuHapHoe 6narononyunes.
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INTRODUCTION

Peste des petits ruminants (PPR) known as goat plague
and stomatitis-pneuma enteritis syndrome, is an infectious
viral disease of domestic and wild small ruminants which
poses threat to food security and balanced recourses in
Africa, Middle East and Asia.

PPR outbreaks have been reported in the disease-free
regions of the world and cause economic losses [1].

The recent reports and reviews on the PPR cases demon-
strate the ongoing geographic expansion of the nosoarea
in non-vaccinated susceptible populations of domestic
small ruminants which contributes to there virus spread
in areas where domestic animals and other species of sus-
ceptible species coexist. Thus, PPR caused high morbidity
and mortality of the Mongolian saiga (Saiga mongolica),
resulting in 80% decrease in the population and threate-
ning with this subspecies extinction. The PPR clinical signs
were also registered in other wild cloven-hoofed animals
in Asia. In Pakistan PPR was detected in Sindh ibex (Capra
aegagrus blythi). Recent PPR outbreaks were detected in
China in Siberian ibex (Capra ibex sibirica), argali (Ovis am-
mon) and goitered gazelle (Gazella subgutturosa) [2—10].

In several PPR endemic countries there is more and
more serological evidence of PPR reinfection in different
wild animal species but the disease in these populations
has not been confirmed [11, 12].

The wild fauna involvement in PPR spread is still un-
derstudied, however, the role of domestic small ruminants
as the source of infection for wild fauna is obvious. Wild
small ruminants are commonly found in PPR affected
countries and inhabit most of the pastures together with
small ruminants. It indicates that wild susceptible animals
have a great potential for the disease transmission both
between the populations of wild animals and between
wild and domestic animals [13].

This fact becomes especially critical for the border re-
gions of the Russian Federation with high density of the
small ruminant population when the epidemic situation in
neighboring countries is tense [14] and susceptible wild
animal species are diverse.

The aim of the research was to determine the potential
for PPR spread by susceptible wild animal populations in
the RF border regions with subsequent assessment of the
risks of the disease introduction into the territory of our
country with wild small ruminants.

MATERIAL AND METHODS

In the framework of risk assessment of PPR introduction
to the RF with wild ruminants the habitat of wild animal
species susceptible to this disease as well as their diurnal
activity were studied. PPR outbreaks in target species
populations were taken into account. Estimates (score)
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reflecting the potential for the infection spread between
the populations were determined. To study the interrela-
tion between the populations of different animal species
using the data of zoological tests a map demonstrating
habitats of wild susceptible animals was generated. The
map shows PPR outbreaks in wild animals allowing to de-
tect the possibility of PPR spread within these populations
and the infection introduction to the RF territory. The car-
tographic materials were compiled using ArcGIS program.

There were determined three factors capable of influ-
encing the potential for the infection spread between the
populations: different populations inhabiting common
territory (a), PPR outbreaks in wild fauna (b) diurnal ac-
tivities (c). To determine the significance of scores each
estimate was characterized (Table 1).

The estimates were assigned to wild animal spe-
cies (Table 2) and the arithmetic mean of these estimates
was calculated. Then the average estimates were conver-
ted to a fraction of the maximum possible score. Thus, the
capability of the infection to spread by the wild ruminant
populations was determined (Table 3). The data obtained
were rated according to the risk level.

After the major directions of PPR introduction with
wild ruminants were determined, a survey was conduc-
ted in the framework of which the experts in the field of
epizootology and small ruminant diseases assessed the
probability of the disease introduction to the Russian Fe-
deration and gave scores from 1 to 5, where 1 - the least
probability, and 5 - the greatest probability of the event
occurrence. Due to the survey it was possible to identify
the most probable factor, as well as the direction of the
introduction of PPR into the country.

Analysis of expert opinions (Table 4) was performed
according to the following algorithm [16]:

Xi, j - average estimates of the factors of PPR introduc-
tion to the RF under study;

Yi-the value of the probability of PPR introduction into
the RF.

Herewith, the risk value for Yi ranged from 0 to 1,
that’s why the probability of introduction was calculated
according to the formula:

(Yi/X)/R,

where YYi- the sum of estimates Xi, j;

X - the maximum number of scores for three fac-
tors [12];

R - maximum risk.

In all the tests the risk level was rated on the
scale [17, 18]: R < 0.3 - negligible risk of the event occur-
rence; 0.3 < R < 0.5 - low risk of the event occurrence;
0.5 < R £ 0.7 - moderate risk of occurrence; 0.7 <R<0.9 -
high risk of the event occurrence.

RESULTS AND DISCUSSION

The Russian Federation is recognized free from PPR. In
order to prevent the infection introduction and spread
into the area with the naive small ruminant population
and to maintain the disease free status the risk of the in-
fection introduction with wild fauna was assessed.

The OIE Terrestrial Code recommends to asses the
risks of the infectious disease introduction by detection
and analysis of the factors facilitating the infection agent
transmission and spread in susceptible animal populations

followed by the quantitative and qualitative process as-
sessment [15].

A quick overview of PPR susceptible wild ruminants.
West Caucasian tur (Capra caucasica) and Daghestan tur
(Capra cylindricornis) - cloven hoofed mammals belonging
to the Capra genus, Bovidae family, inhabiting Caucasian
mountains at an altitude of 3,000 m above sea level. In
winter the animals descend 1,500—2,000 m and cover up
to 10 km within the habitat. In summer they are active
usually at night and in winter during the day.

Siberian ibex (Capra sibirica) - cloven hoofed mammals
belonging to the Capra genus, Bovidae family, inhabiting
mountainous regions in Tajikistan, Kyrgyzstan, Mongolia,
RF, Kazakhstan, China, Afghanistan, and Pakistan. They are
mostly active during the day. They are sedentary animals
migrating short distances searching for food. They live at
the altitude 500-5,000 m above sea level.

Common ibex (Capra aegagrus) — cloven hoofed mam-
mals belonging to the Capra genus, Bovidae family, inhab-
iting Turkey, most part of the Asia Minor, in the Caucasus
and in a part of Pakistan. The altitudinal range - from 1,200
to 4,500 m above sea level. They are active mostly during
the day and travel the distance of 1-2 km per day within
the habitat.

Markhor (Capra falconeri) - cloven hoofed mammals
belonging to the Capra genus, Bovidae family, inhabiting
Western Himalayas, Kashmir, Little Tibet and Afghanistan,

Table 1

Specification of the estimates (scores) for determination of the probability

of the disease spread with wild fauna

Characteristics

a) Inhabiting
common
territory

The habitats of different populations exist separately. The represen-

tatives of the population belonging to a certain species don't enter

the populations of other species (due to natural or artificial barriers:
mountains, territories of other countries, water reservoirs, etc.)

The habitats of different populations exist separately or come
into contact with each other. The representatives of the population
belonging to one species can enter the population of another species
(for instance, populations located in the territory of one country,
but in the opposite parts of the country, or hoofed steppe animals,
inhabiting the regions at the foot of the mountains where mountain
hoofed species live)

The population of one species
is a part of the population of another species

b) PPR out-
breaks in wild
fauna

No PPR outbreaks were observed in wild fauna

PPR outbreaks in the wild fauna were observed
more than 24 months ago

PPR outbreaks in the wild fauna were observed less
than 24 months ago [15]

¢) Diurnal
activity

The periods of grazing and rest don't coincide
(for instance, the animals of one population are active during the
day and the animals of another population — at night)

Coincidence of the beginning of the rest period of one animal species
and the beginning of the active period of another species

Grazing and rest periods coincide
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Habitats of wild small ruminants:

mountain species

steppe species
% argali (Ovis ammon, Ovis vignei)
& common ibex (Capra aegagrus)
% markhor (Capra falconeri)
@77, siberian ibex (Capra sibirica)

* PPR outbreaks in livestock in 2014-2021

(7%, mongolian dzeren (Procapra gutturosa)
(7% dzeren tibetan (Procapra picticaudata)

saiga antelope (Saiga fatarica, Saiga mongolica)
#/%, tur (Capra caucasica, Capra cylindricomis) (7" goitered gazelle (Gazella subgutturosa)

A PPR outbreaks in wild animals in 2014 -2021

Fig. 1. Habitats of wild small ruminants

3000
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1000 T T
0
gazelle goitered
gazelle
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saiga roe deer

turs argali Siberian  common  markhor
ibex ibex

Fig. 2. Distribution of elevations of the habitats of the PPR-susceptible wild ruminants

inhabiting the disease infected countries

as well as the mountains along the Panj River, in the Kugi-
tangtau, Babatag and Darvaz ranges in Tajikistan. The alti-
tudinal range is from 500 to 3,500 m above sea level. They
are active mainly during the day and cover up to 1-2 km
within the habitat per day.

Mountain sheep, or argali, (Ovis ammon) - cloven-
hoofed mammals from the Ovis genus of the Bovidae fami-
ly. Inhabit the mountains and foothills of the West, Central
Asia, to the north - to the Transcaucasia, the Kazakh high-

lands and Southern Siberia, to the south - to the Himalayas,
to the east to the Greater Khingan Range, inclusive. They
live at an altitude of 1,300-6,100 m above sea level. They
are mostly sedentary animals, which can migrate horizon-
tally no more than 5 km. They are active throughout the
day resting or grazing.
Mongolian gazelle (Procapra gutturosa) and Tibetan

gazelle (Procapra picticaudata) - cloven hoofed mammals
from genus of Procapra, Bovidae family, inhabiting the
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Table 2
Matrix of estimated factors scores of PPR spread with wild ruminants

s Siberian ibex

(Capra sibirica)

(Capra caucasica,
Capra cylindricornis)

Markhor
(Capra falconeri)

Common ibex
(Capra aegagrus)

Mountain sheep
(Ovis ammon)

Mongolian gazelle 1 1 1 2 2 2

(Procapra
qutturosa) 1 2 1 2 2 2

Tibetan gazelle

(Procapra picticaudata) | 4 1 1 1 1 )

Saiga
(Saiga tatarica) 1 1 3 1 1 3 1 1 3 1 1 3 1 1 3
Roe deer 3 1 2 3 2 1 3 2 2 2 2 1 1 1 1
(Capreolus) 3 1 2 | 3 1 1 3 1 2| 2 | 1 1 1 1
*
apra caucasica
a,b, apra a 0
Mongolian gazelle 1 1 1 — parameters a, b, ¢ for turs;
(Procapra gutturosa) 1 2 1 — parameters a, b, ¢ for dzerens.

bunchgrass and partially desert steppes of Central Asia,
located at altitudes from 800 to 1,000 m above sea level
(Southern Altai, southern Tuva and Transbaikal, West-
ern China, Mongolia, Tibet, Himalayas). Daily activity is
polyphasic. They are most active in the evening and at
the beginning of the night, as well as in the morning until
10-11 o'clock. In June - July, gazelles feed during the day
with short rest breaks. The animals rest most of the night.

Goitered gazelle (Gazella subgutturosa) — clove-hoofed
mammals from the Gazella genus of the Bovidae family,
living in the desert and semi-desert regions of Tajikistan
and Mongolia (the historical habitat included Kyrgyzstan,
Iran, Armenia, Georgia and Dagestan). At the beginning of
the XXI century, their population encountered 140 thou-
sand animals in total, but by 2009 there was a massive
extinction of these ungulates. The average density in the
current habitats ranges from 0.003 (Mongolia) to 0.3 indi-

Table 3

viduals per 1,000 ha (Tajikistan). In summer, animals are ac-
tive from early to late morning. They mix with the Mongo-
lian gazelle population. The total number at the moment
does not exceed 11 thousand animals.

Saiga (Saiga tatarica) — are migratory bovids. Most of
the animals inhabit the southern territories of Kazakhstan,
wildlife parks of the Astrakhan Oblast, and the Republic
of Kalmykia in the Russian Federation, in Western Mongo-
lia. They live on flatlands, as well as at altitudes reaching
2,000 m above sea level. Animals make seasonal migra-
tions: they spend the winter in places where the height of
the snow cover does not exceed 15-20 cm, at the begin-
ning of summer they migrate to more northern regions. In
summer, they are active mainly at night, in winter — during
the day.

Roe deer (Capreolus pygargus, Capreolus capreolus)
are New World deer of relatively small size, slender and

PPR spread risk levels according to factor scores of PPR spread with wild ruminants

Turs

. Siberian ibex Mountain sheep Common ibex Markhor
XER) (Capra caucasica, (Capra sibirica) (Ovis ammon) (Capra aegagrus) (Capra falconeri)
(apra cylindricornis)
Mongolian gazelle " . "
(Procapra gutturosa) 1.16(0.38) 2.0(0.66) 2.3(0.77) 1.6 (0.55) 1.5(0.5)
Tibetan gazelle
(Procapra picticaudata) 1.0(0.33) 1.5(0.5) 1.5(0.5) 1.5(0.5) 1.3(0.43)
S2iga 16(0.55)" 1.83(0.61)" 183 (0.61)" 1.83(0.61)" 16(0.55)"
(Saiga tatarica) o R R R o
Roe deer . . . .
(Capreolus) 2.0(0.66) 1.83(0.61) 2.16(0.72) 1.5(0.5) 1.0(0.33)

Risk levels: * high risk, ** moderate risk, *** low risk, **** insignificant risk.
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Table 4
Average score of PPR introduction risk event

Directions
of the introduction

Average score of the possible factors of PR introduction to the RF (Xi, j)

1 Georgia 4.4 22 43 0.73
2 Turkey 23 1.0 39 0.48
3 Iran 21 1.1 3.6 0.45
4 Kazakhstan 4.7 2.5 42 0.76
5 China 43 23 3.6 0.68
6 Mongolia 49 29 44 0.81

*introduction during wild animal migrations;
**introduction with wild animals during mating period;

***introduction due to contacts between the wild and domestic animals on shared pastures;

Yi — PPRintroduction p-value.

subtle constitution. They exhibit territoriality during the
reproductive period. They are sedentary and seasonally
migrating populations. Animals live in the forest-steppe,
inhabiting semi-deserts and deserts, in high-mountainous
regions they ascend to an altitude of 3,000 m above sea
level; they are active early in the morning and at dusk.
They are widely spread in the southern border regions of
the Russian Federation, as well as in adjacent territories.
They are kept mostly in wildlife sanctuaries and national
parks [17, 19, 20].

Figure 1 shows the cartography of the habitats of wild
small ruminants and the diagram of distribution of eleva-
tions of the habitats of each described species is shown
in Figure 2.

Assessment of PPR introduction with susceptible
wild animals. Estimates of factors of PPR spread in the
populations of wild susceptible ruminants (Table 2) and
the results of their processing (Table 3) were converted
to probability values for the potential PPR spread by
different populations of wild ruminants (in case there

with wild small ruminaqts

Probability of PPR introduction with wild small ruminants:

| |oss
[ Jorm
[ o
[ EX

RF Regions by risk level of PPR introduction @

Fig. 3. Russian Federation entities with different levels of PPR introduction risk
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are contacts between mountainous and steppe popu-
lations).

Based on the data on the behavior of tested animals,
their geographical distribution, presence of mountains
in the border regions of the Russian Federation and
publications, describing the epidemic process in other
animals [4, 13], it was suggested that contacts between
steppe (migrating) and mountainous (non-migrating) PPR
susceptible hoofed animals can play a significant role in
the disease spread.

The research showed that interrelations between the
Mongolian gazelle (Procapra gutturosa) and the mountain
sheep (Ovis ammon) populations have the greatest po-
tential demonstrating a high risk of the event occurrence
(0.77 probability). The animals of these populations inhabit
the common area (Mongolia and the northern China), the
periods of their activity coincide and PPR outbreaks were
recorded in these populations. Considering the fact that
these populations are neighbors PPR introduction to the
RF is possible in case of outbreaks in these populations.

The contacts between the mountain sheep (Ovis am-
mon) and roe deer (Capreolus) also have a high potential
for PPR spread (0.72 probability) which indicates that there
is a threat of PPR introduction to the Russian Federation
with ungulates inhabiting Mongolia.

The least potential for PPR spread may demonstrate
the contacts between the Tibetan gazelle (Procapra pic-
ticaudata) and turs (Capra caucasica, Capra cylindricor-
nis), as well as roe deer (Capreolus) and markhor (Capra
falconeri). These animals don’t demonstrate any coinci-
dence of the factors, their populations are disconnected
and the probability of their inhabiting a common area
approaches zero.

Therefore, we can conclude that there is a high risk of
PPR spread by the populations of wild susceptible animals
inhabiting Mongolia (0.77 and 0.72 probability). It means
that it is necessary to enhance the measures preventing
the disease introduction in the Far East direction and fur-
ther disease spread [21].

The results of the expert survey of the specialists in the
field of epizootology and small ruminant diseases are gi-
ven in Table 4 and RF Subject rating according to the risk
of PPR introduction to their territory - in Figure 3.

The analysis of the expert survey (Table 4) showed that
the most probable factor of the infection introduction to
the RF is migrations of potentially infected wild ruminants.
Herewith, Mongolia (introduction probability - 0.81), Ka-
zakhstan (introduction probability — 0.76) and Georgia
(introduction probability — 0.73) demonstrate high risk.
Other directions (China, Turkey and Iran) demonstrate
a moderate risk (probability of introduction 0.68; 0.48
and 0.45 accordingly).

CONCLUSION

Based on the work performed a conclusion can be
made that PPR outbreaks in wild fauna pose serious threat
for the infection spread to the disease free herds. The most
probable factor of the disease introduction, according to
the experts, is seasonal migrations of wild animals. Pres-
ence of many wild animal populations in the Far East di-
rection may contribute to the disease spread. Herewith,
the experts consider that the probability of the disease
introduction from Mongolia is high (0.81 probability).

When planning activities for preventing PPR introduc-
tion and spread in the RF in the framework of activities
for maintaining the free status it is important to take into
account the results of the research and enhance the sur-
veillance in border regions and in the wild ruminant po-
pulations.
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SUMMARY

[tis thought that due to the high virulence of the African swine fever virus its circulation in the Russian Federation is accompanied by a low seroprevalence. However
taking into account a long-term ASF unfavourable situation, the introduction of the virus into the wild boar population, and the occurrence of attenuated viral
variants, the significance of serological testing aimed at the detection of viral antibodies is increasing. To collect field samples of biological material from animals
for molecular genetic, virological, and serological tests, filter paper, as well as swabs, can be used. The specificity and sensitivity of enzyme-linked immunosorbent
assay when testing blood absorbed by filter paper are worse than those shown when testing sera, but they allow effective detection of African swine fever virus
antibodies. It was demonstrated that blood absorbed on filter paper can be used for the immunoblot analysis, but the optimum performance could be achieved
when the immunoperoxidase technique in combination with samples, taken by swabs was used. When comparing results of enzyme-linked immunosorbent assay
performed on sera collected from domestic pigs (infected with ASFV isolates Antonovo 07/14 and Sobinka 07/15), and blood from ear veins absorbed on filter paper
the sensitivity was 88.9%, specificity — 90.6%. However, the use of the immunoperoxidase technique for testing blood from swabs showed 100% coincidence with
ELISA, while testing of sera with immunoperoxidase technique was superior to ELISA in sensitivity. This means blood sampling using swabs may be recommended
for tests after proper validation. This technique can be especially useful for collecting data about infected wild boars because effective eradication strategies are
impossible without such data.
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PE3IOME

(unTaerca, uTo BUIEACTBINE BbICOKOI BUPYNEHTHOCTY BUPYCA adPUKAHCKOI UyMbl CBUHEI! ero LpKynauma Ha Tepputopuy Poccuiickoit Oepepauun conpoBoxaa-
€TCA HU3KOI CeponpeBaneHTHOCTbI0. OfHaKo BBUAY ANUTENbHOMO Hebnarononyuna, BHeAPEHUA B NONYNALMIO ANKOro KabaHa v NoABAeHUA 0CabneHHbIX Bapu-
QHTOB BYPYCa NOBBILUIAETCA 3HAUMMOCTb CEPONIOTNYECKMX UCCNEA0BAHIIA, HaNPaBAeHHbIX Ha BbIABNEHVe aHTUTeN K Bo36yauTenio 6one3uu. [ina cbopa nonesbix
00pasLioB 6110N0rMYECKOro MaTepuana oT XMBOTHBIX C LieIblo MPOBEAEHNA MONEKYNAPHO-TeHETUYECKMX, BUPYCONOTUYECKIX 1 CEPONIOTNYeCKHUX MCCeA0BaHMil
MOXHO MCNONb30BaTb PUILTPOBANbHYH ByMary, a TakXKe 30HA-TaMNOHbI. CNeLMPUUHOCTD 1 YYBCTBUTENBHOCTL TBEPAODAZHOr0 UMMYHODEPMEHTHOTO aHaNK3a
npu uccnenoBaxiny 06pa3LioB KPoBM, HaHeCeHHOI Ha GUILTPOBaNbHYI Bymary, yCTynatT pesynbratam, NonyyaeMbIM NpU UCCIESOBAHIM CHIBOPOTKY KPOBHY,
HO TeM He MeHee N03BOMIAKT C YCNEXoM BbIABAATH CreLuduyeckie aHTUTena K BUpYcy adpuKkaHckoi uymbl cBuHeii. lokasaHa BO3MOXHOCTb UCMONb30BaHUA
dunbTPOBaNbHOA Gymaru, NPONUTAHHON KPOBbHO XKUBOTHBIX, ANIA UCCIEAO0BAHNA METOAOM UMMYHOONOTTIHTA, 0AHAKO ONTUMANBHOTO pe3ynbTaTa yaanoch Jo-
6UTbCA NPy NCNOb30BAHUM IMMYHONEPOKCUAA3HOTO METOAA B COYeTaHNK ¢ Npobamu, 0To6paHHbIMM 30HA-TaMMOHaMIA. [Tpy CpaBHeHUN pe3ynbTaTos TBepLo-
$a3Horo IMMyHOEPMEHTHOr0 aHaNk3a CbIBOPOTOK KPOBH, MONYYEHHbIX OT OMALLHMX CBUHEN (3apaKeHHbIX BUPYCOM adpUKAHCKON YyMbl CBUHEI M30NATOB
AnToHoB0 07/14 1 Cobukka 07/15), U KpoBi, 0TOGPAHHOI Ha GUALTPOBANBHYH ByMary Npu CkapuUKaLIM YLUHBIX BeH, UyBCTBUTENbHOCTb CocTaBuna 88,9%,
cneunduuHocTb — 90,6%. OfHaKo MCnonb3oBaH1e UMMYyHONEPOKCUAA3HOTO METOAA NpU UCCNIef0BaHNM 06pa3L0B BbICYLUEHHOIH Ha 30HA-TaMMNOHe KPOBM Mo-
kasano 100%-e coBnajeHue C MMMyHOGEPMEHTHbIM aHANM30M, B TO BPEMA Kak Npu UCCNES0BaHIN CbIBOPOTKI KPOBU MMYHONEPOKCUAA3HII MeToA npe-
B30LLEN UIMMYHO(GEPMEHTHDIII aHaNK3 No YyBCTBUTENbHOCTU. (leoBaTeNbHO, 0T60pP KPOBI C NpUMeHeHIeM 30HA-TaMMOHOB MOXET ObiTb peKOMEHL0BaH Al
npoBefeHNA UCCNeA0BAHNIA NOCIE COOTBETCTBYHOLLEI Banuaaumn. [JaHHbIA MeTod MOXeT ObITb 0c06eHHO none3eH Ana cbopa MHdopmaLim 06 MHGULIMPOBAHHDBIX
AVKUX KabaHax, TaK Kak ee 0TCYTCTBUE fieNaeT HeBO3MOXHbIM MpuMeHeHue 3deKTUBHbIX CTpaTeryil apasuKaLmm.

KntoueBbie cnioBa: adpukaHckas uyma CBUHel, ceponorinyeckas ANarHoCTvka, TeepaodasHblii UMMyHodepMeHTHbIN aHanu3, IMMYHONePOKCMAA3HbIil MeTop,
UMMYHOBROTTIHT, GUALTPOBaNbHaA bymara, 30HA-TaMMOHbI
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INTRODUCTION

African swine fever (ASF) is a contagious septic disease
of domestic, including ornamental, pigs and wild boars.
The disease can be hyperacute to asymptomatic [1-3].
The global ASF situation continues to deteriorate, threat-
ening global food security. At the moment, more than
50 countries are infected with the disease. Dramatic losses
are reported in Asian countries. For example, more than
100 million pigs have already been killed and died in China
alone [4].

To prevent ASF spread and eradicate the disease in
the population of domestic pigs, strict biological safety
measures, stamping out policy, and the suppression of il-
legal trade in pigs and pig products are required. Itis more
complicated to take similar measures in the wild boar
population due to the necessity to stick to biosafety prin-

ciples in animal habitats and the tendency of the disease
to become endemic if suboptimal eradication strategies
are used. At the same time, evaluating the ASF control ef-
fectiveness is impossible without a properly functioning
system of epizootological surveillance [5].

The presence of the virus in the wild boar population
creates a risk of infection for domestic pigs. After the ASF
virus introduction into the wild boar population, there is
a long-term challenge growing in space and time. In most
countries of the European Union, since the infection was
detected in wild boar, attempts have been made to contain
the infection by reducing the population density and, con-
sequently, the number of contacts between infected and
susceptible animals in order to prevent transmission of the
virus. However, the results of this strategy at an early stage
of epizootics in the infected area were unsatisfactory [6].
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It is believed that the so-called human factor associa-
ted with the violation of veterinary and sanitary rules by
people plays an important role in the spread of ASF [7]. At
the same time, I. Iglesias et al. using the spatiotemporal
analysis, established that in 2007-2013 in the Russian Fe-
deration, wild boars could be a source of infection in the
populations of domestic pigs in 32.23% of cases and in
wild pigs in 28.77% of cases [8].

The presence of infected wild boars increases the com-
plexity of ASF eradication in areas with a large number
of low biosecurity backyards. Wild boars are capable of
forceful invasion into farm ecosystems, which involves
them in the anthropogenic cycle of ASF transmission and
allows them to participate in the spread and persistence of
the virus in previously free areas [9]. Various biotechnical
measures, such as hunting predators and winter feeding
of animals, can lead to an increase in the population of
wild boars and create conditions for the rapid spread of
the infection [10]. Thus, in the system of ASF epizootologi-
cal surveillance and in the complex of measures taken to
eradicate outbreaks, it is necessary to take into account
the presence of a susceptible wild boar population in Rus-
sia. In addition, according to the requirements of the World
Organization for Animal Health (OIE) Terrestrial Code, it is
necessary to regularly monitor the population of wild ani-
mals for the purposes of ASF and CSF status recognition.

At the moment, serological diagnostics is less effec-
tive for the early identification of infected animals than
methods for viral antigen or genetic material detection.
Thus, from the moment of registration of the first outbreak
in 2007 to the present, only a small number of animals
have been found to have antibodies to the ASF virus in
the tests of swine serum samples using enzyme-linked
immunoassay (ELISA) [11].

However, the possibility is not excluded and there is
evidence of the occurrence of attenuated ASFV variants,
and infection with them may not lead to the rapid death
of pigs. Various studies show that in ASF-endemic areas,
mortality decreases and the number of asymptomatic and
chronic cases grows up, which in the future may require
adjustment of the applied diagnosis and control strate-
gies[12,13].

In addition, at large pig-breeding establishments,
where the so-called “naturally occurring death losses” oc-
cur, a mild or asymptomatic course of infection may re-
main unnoticed for up to several weeks [12]. This explains
the importance of diagnostic tests aimed at detecting
antibodies to the ASF virus, which should help reduce the
risk of spreading the disease.

Therefore, in order to determine the real ASF situation,
a fast, effective and reliable laboratory diagnosis is ne-
cessary. At the same time, in addition to the viral genome
identification by polymerase chain reaction (PCR), it is ne-
cessary to conduct serological tests for antibodies. It was
found that if at the beginning of the epizootic, a greater
number of ASF seropositive animals are identified among
young animals, then by the late phases of the epizootic
process, seroprevalence is higher in animals of older age
groups. This fact is probably related to the presence of in-
fected, not convalescent boars [14].

Itis believed that due to the high virulence of the ASFV,
its circulation in the Russian Federation is associated with
low seroprevalence [15]. Nevertheless, serological tests

can contribute to the early detection of the disease in
wild boar and increase the effectiveness of diagnostic
tests used in parallel with virological (molecular biologi-
cal) diagnostic methods, which can reduce the potentially
dramatic consequences of ASF spread [5].

These methods require an appropriate infrastructure
and technology for the rapid detection of seropositive
wild boars [16]. One of the possible solutions may be the
use of immunochromatographic methods [15, 17]. How-
ever, they are expensive for large-scale screening tests and
are not always applicable [18]. An alternative solution is to
detect antibodies in the tissues of internal organs (spleen,
lungs, liver) or in the saliva of infected animals [19]. Of all
the sample pools tested by researchers in 2008-2012, the
percentage of antibody detections in pig tissues using in-
direct immunofluorescence assay was 45% [20]. However,
the concentration of antibodies in such samples, as a rule,
is not comparable with their concentration in serum.

By itself, the technology currently used for sampling
serum into test tubes with a coagulation activator has
shortcomings. Thus, hemolysis is a big challenge, since it
is difficult to comply with the technology of sample prepa-
ration and transportation in the field, which can lead to
false positive results during laboratory diagnostics.

There are a large number of disposable consumables
for blood collection available on the market, containing
components that accelerate coagulation and facilitate
the process of separating serum from a clot. However, the
instructions for use do not always provide the necessary
information about the composition and properties of all
additives. As a result, there may be errors in the results
of immunoassay when using blood sampling kits, mainly
when testing fragile analytes (cytokines, etc.), which do
notinclude antibodies. On the other hand, some additives
are able to interact with antibodies and induce their con-
formational changes regardless of the type of the solid
phase used [21], which can lead to a decrease in the im-
munospecific activity of antibodies [22].

In the Russian Federation, it is not uncommon for hun-
ters not to send biological material from shot wild boars
for testing or not to report detected fallen animals, despite
the fact that this is prescribed by the current veterinary
regulations [23]. A simple explanation for this is the lack
of consumables and the difficulty to take blood samples
from dead animals. In order to expand ASF surveillance in
the wild, to increase the probability of detecting infected
animals and increase the sampling coverage, a simple and
inexpensive method of blood sampling on filter paper (FP)
can be used. The simplicity of sampling and transportation
of samples using FP can help hunters in solving logisti-
cal problems of delivering samples to the laboratory [24].
Blood samples can be taken without any special equip-
ment and special training, including from recently shot
animals. This approach will allow agent identification and
antibody testing, using a single sample easily obtained in
the field [25].

At the same time, swabs are successfully used for vi-
rological studies, which is especially important when car-
casses of wild boars are found, since their destruction is
an important link in anti-epizootic measures, and the na-
tural decomposition of the remains can take from several
days in the summer to several years under appropriate
conditions [26].
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The use of FP samples and swabs for serological studies.
The method of drying adsorbed blood on FP with subse-
quent elution and testing of various analytes has been
successfully used in diagnostic tests since 1927 [27].

Currently, FP is an affordable option for collecting bio-
logical samples to diagnose various infectious diseases
by serological and molecular biological methods. At the
same time, the sensitivity and specificity of solid-phase
enzyme-linked immunoabsorbent assay (SP-ELISA) when
using FP decrease compared to the use of blood serum,
although in most cases it remains at an acceptably high
level [25, 28-30]. However, reduced sensitivity is a poten-
tial limitation of FP samples in protocols that require un-
diluted serum [28].

Modern FP can be divided into two main types. The
first is carriers specially designed for the storage and iso-
lation of nucleic acids. This type of FP is impregnated with
substances that lyse cells, denature proteins, inactivate
biological material and protect nucleic acids from the nuc-
lease action. Carriers of the second type do not contain an
inactivation component and can be used for virus isolation
and serological studies [31].

When comparing the effectiveness of antibody detec-
tion by the ELISA method for blood samples adsorbed on
FP and SP-ELISA serum samples obtained from pigs, the
results of the studies showed comparable sensitivity [31].
It has also been shown that the ASF virus is isolated from
the blood-soaked FP after 9 months of storage at 37 °C
on a sensitive cell culture and can be genotyped. Never-
theless, the use of FP for the detection of genetic material
goes along with the decrease in the sensitivity [32].

Blood sera can be stored frozen for a long time. How-
ever, their subsequent testing shows a progressive de-
crease in the number of detected antibodies by most of
the diagnostic methods used [28]. Various studies have
shown that samples adsorbed on FP can be stored for a
relatively long period with a slight decrease in the titer
due to antibody destruction. Using immunoblotting, it
was found that a decrease in the titer of antibodies is ob-
served in all detectable protein epitopes [33].

Temperature and humidity play an important role in
the degradation of the analyte [29]. For example, the
antibody titer to the human immunodeficiency virus
decreases by approximately 15% during 30 days of sto-
rage at room temperature and uncontrolled humidity. At
higher temperatures, titer loss increases. Samples stored
under controlled humidity conditions (with a dissectant)
at room temperature remain stable up to 190 days.
At low temperature and humidity, antibodies to the hu-
man immunodeficiency virus on FP are stable for at least
56 months [33].

In the experiments of P. S. Curry et al. when comparing
samples on FP after one year, compared to frozen serum
stored for the same period, sensitivity was > 88% (for all
but two assays), and specificity remained > 90% [28].

General recommendations for increasing the storage
period is the need for complete drying of the blood ap-
plied to the FP, storage in a place protected from direct
sunlight and at a humidity of no more than 30%. For short-
term storage (up to two years) at a temperature of 4 °Cit is
recommended to use re-sealable zipper storage bags (zip-
locks) with a dissector and a humidity indicator. Long-term
storage is recommended at minus 70 °C [28, 33].

Thus, an important link in the diagnosis of various infec-
tious diseases is the observance of temperature conditions
during the transportation of samples to the laboratory and
their storage. For example, according to the World Health
Organization, more than 50% of the vaccines produced
in the world are lost. At the same time, vaccine losses in
unopened vials are usually associated with cold chain
and logistics problems [34]. Twenty-five percent of the
vaccines produced in the world are delivered to the des-
tination in various stages of degradation due to violation
of conditions during delivery [35]. Moreover, according to
the Global Alliance for Vaccines and Immunization, half of
the health care institutions in the poorest countries do not
have access to electricity at all, and only 10% have uninter-
rupted power supplies [36].

At the same time, the practice of using swabs by many
laboratories for sampling and testing by various methods
(PCR, commercial ELISA kits) demonstrates the versatility
of the samples obtained, as well as the simplicity of their
adaptation to the conditions of a particular laboratory.

Therefore, swabs and FP are a good option for serum
sampling to perform tests for ASF. They have a number of
advantages: the samples adsorbed on swabs or FP are easy
to handle, can be stored for long periods, can be separated
if repeated or additional diagnostic tests are required. Thus,
it is a practical, inexpensive and simple approach for ASF
epizootological surveillance in wild boar [30].

The aim of the work was to experimentally confirm the
possibility of using filter paper and swabs in sampling for
serological testing aimed at detecting ASFV specific anti-
bodies, as well as comparing various methods of testing
and sampling.

MATERIALS AND METHODS

The following materials were used for studies and ex-
periments:

— domestic pigs (crossbreeds of large white, landrace,
duroc breeds), delivered from a farm, free from major in-
fectious diseases of pigs of the Vladimir Oblast;

- wild European wild boars (8 animals, age 3-4 months),
imported from the ASF free farm of the Kostroma Oblast;

— ASFV isolates: Shikhobalovo 10/13, isolated from
adead wild boar in the territory of the Yuryev-Polsky Raion
of the Vladimir Oblast; Antonovo 07/14, isolated from a do-
mestic pig in the village of Lobok, Nevelsky Raion, Pskov
Oblast; Sobinka 07/15, isolated from a wild boar in the
hunting farm of the Vladimir Oblast; low virulent ASF vi-
rus of the 60" passage, obtained in cell culture CV-1 - ASF/
ARRIAH/CV-1/60;

- Class 3 filter paper (Whatman®, UK);

- swab (cotton swab) with a viscose tip (Ningbo Greet-
mede Medical Instruments Co., Ltd, China).

All animal experiments were carried out in strict accor-
dance with the interstate standards for the care and use of
laboratory animals adopted by the Interstate Council for
Standardization, Metrology and Certification, as well as in
accordance with the requirements of Directive 2010/63/EU
of the European Parliament and of the Council of the
European Union of 22.09.2010 on the protection of ani-
mals used for scientific purposes.

Enzyme-linked immunosorbent assay was performed
using the INgezim PPA Compac kit (Ingenasa, Spain) in
accordance with the kit instructions.
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Immunoblotting was performed using commercial
reagents (CISAINIA, Spain) in accordance with the manu-
facturer’s instructions.

The immunoperoxidase technique (IPT) for detecting
antibodies to the ASF virus was carried out in accordance
with the guidelines of the FGBI“ARRIAH"".

RESULTS AND DISCUSSION

During the bioassay on wild boars and domestic pigs
infected with the ASFV Shikhobalovo 10/13 isolate [3],
the possibility of using FP for blood sampling from dead
wild boars and subsequent testing for antibodies was
evaluated. For this purpose, a few hours after the death of
the animals the filter paper was soaked in the unclotted
blood flowing out the dissected vessels in the process of
the partial evisceration during the autopsy, mainly in the
thoracic cavity. Since systemic biochemical processes take
place in the blood after the death of the animal, blood
must be sampled as soon as possible. It is advisable to
use whole blood, since, despite the fact that the serosan-
guinous fluid contains antibodies, it is not equivalent to
whole blood [28]. Paired blood samples were taken from
domestic pigs into test tubes with a coagulation activator
and on FP.

The filter paper was dried at room temperature in
the animal facilities and placed in separate re-sealable
bags. About 0.5 cm? of blood was required to impregnate
1 cm? of FP. ELISA was performed 3 days after sampling.
The ASF ID Screen® African Swine Fever Indirect (IDvet,
France) kit for the detection of ASFV antibodies is commer-
cially available, which has a protocol for testing blood filter
paper samples [24]. There are also specially manufactured
versions of commercial kits for testing FP samples [31].
However, in this experiment, the possibility of using the
Ingezim PPA Compac kit (Ingenasa, Spain) followed by
immunoblotting confirmation was tested.

During immunoblotting testing of a sample taken from
a wild boar, the several slightly colored stripes were ob-
served on the nitrocellulose membrane, which indicates
the formation of an immune complex in areas containing
ASF virus proteins and, consequently, the presence of anti-
bodies in the sample. Stripes are not formed when testing
negative FP samples. When comparing samples obtained
from a hyperimmune piglet by the conventional method
and using FP, it is seen that the intensity of staining de-
creases in all areas of the nitrocellulose membrane coated
with a specific antigen. However, the samples remain po-
sitive.

Various methods of using FP were studied. In the first
case, the paper was placed in the sample buffer in a vo-
lume of 5 cm? on 5 cm? of the FP area, which is comparable
to the ratio prescribed in the instructions for the serum
kit, and was kept at room temperature for 5 minutes for
elution. The resulting eluate was introduced in a volume
of 0.1 cm? per well as test samples.

In the second case, the FP placed in the sample buffer
was kept for 3 minutes in a homogenizer with active stir-

" Metodicheskie rekomendatsii po vyyavleniyu antitel k virusu afrikanskoi
chumy svinei immunoperoksidaznym metodom = Methodological
recommendations for the detection of antibodies to the African swine
fever virus by the immunoperoxidase method: approved by FGBI “ARRIAH"
on 19.11.2020 No. 68-20. Vladimir: FGBI“ARRIAH"; 2019. 12 p. (in Russ.)

ring. Before being introduced into the wells of the micro-
plate, the eluate was centrifuged to precipitate the formed
blood elements and FP particles for 3 minutes at 1000 g.

In the third case, circles with a diameter of about 3 mm
were cut out of the dry FP and placed in the well of a micro-
plate with a buffer added. According to V. G. Pomelo-
va et al., within one hour, more than 90% of antibodies
are extracted from a disk with a 3.2 mm diameter placed
in the well of a coated microplate [25]. However, taking
into account the average FP impregnation capacity, the
blood:buffer ratio was approximately 1:30, which is lower
than the serum working dilution of the kit used (1:2).

For a reliable comparison of test methods for samples
obtained by different methods, it is necessary to compare
paired samples of blood applied to the FP and blood se-
rum taken from live animals. However, in our experiment,
due to the high viral virulence, which leads to rapid death,
the animals did not have time to develop antibodies. In
blood samples taken 2 or 3 days before death (6-12 days
after infection, according to the sampling schedule - once
every 3 days), antibodies were not detected in serum.
Therefore, the blood applied on the FP during autopsy was
tested using SP-ELISA and compared with the results of
immunoblotting, since this method is highly specific and
highly sensitive.

When comparing the SP-ELISA results of sera obtained
from domestic pigs (infected with ASFV isolates Antono-
vo 07/14 and Sobinka 07/15), and blood sampled on FP
during scarification of the ear veins, sensitivity was 88.9%
(with a 95% confidence interval — from 65.3 to 98.6%),
specificity — 90.6% (79.3-96.9%).

The sensitivity of the method using FP circles cut out by
the well diameter, placed directly into the well of a micro-
plate with a buffer, was low when tested by this kit. Pro-
bably, this method can be recommended only for use in
kits that allow high dilution of samples or using staining
enhancers. The method without centrifugation showed a
large number of false positive results. The method with
homogenization and centrifugation of the sample showed
the best sensitivity and specificity (Table 1).

When studying the results presented in Table 1, it can
be seen that the use of FP leads to both false positive and
false negative results. When comparing the data obtained
by testing of FP blood samples using immunoblot analysis
and SP-ELISA, it was found that one negative sample also
showed a false positive result and SP-ELISA.

The results obtained in this experiment are consistent
with the data published by T. Randriamparany et al. [31],
who tested ASF FP blood samples. In the mentioned
work, slight decrease in sensitivity was also observed. At
the same time, the authors concluded that the method of
blood sampling using FP is a suitable method for collec-
ting and storing samples.

In the experiments conducted by J. Carlson et al., tes-
ting blood swab samples by commercial ELISA kit when
compared to serum samples showed sensitivity of 93.1%
(95% confidence interval, 83.3-98.1%), and 100% specifi-
city (95.9-100.0%). The authors, therefore, concluded, that
the swabs are suitable for sampling and subsequent tes-
ting for ASFV antibodies by ELISA. In addition, field tests
of swabs during sampling from decomposed carcasses
of wild boars in an endemic area of Estonia by PCR also
showed high accuracy of the results [26].
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Table 1
Comparison of sensitivity and specificity of SP-ELISA and immunoblot analysis
when testing sera and blood absorbed on filter paper

SP-ELISA

Immunoblotting
Pos. 16 5 21 3 1 4
Neg. 2 48 50 0 4 4
Total 18 53 A 3 5 8

pos. — positive result;
neg. — negative result.

In the current conditions, when there is practically
no testing for ASFV antibodies performed in wild boar
samples, the use of methods that simplify the sampling
procedure from wild animals, even taking into account
some decrease in sensitivity, will enable to collect valuable
information about the dynamics of ASF spread. Therefore,
the possibility of detecting antibodies using a more sensi-
tive immunoperoxidase technique (IPT) was tested.

To compare the methods of blood sampling, IPT
and ELISA were used. The samples were represen-
ted by blood collected by ear vein scarification using
swabs (Fig. 1), as well as serum taken from domestic pigs
on the 10" and 31 days after infection with ASF virus
(ASF isolate/ARRIAH/CV-1/60). The results of the tests are
presented in Table 2.

Thus, the use of IPT for testing dried blood swab
samples (Fig. 2) showed a 100% match with ELISA, while
IPT used for testing serum even surpassed the sensitivity
of ELISA. Therefore, blood sampling using swabs can be
recommended for testing after appropriate validation.

This method will be especially useful for collecting infor-
mation about infected wild boars, since the lack of data
makes it impossible to use effective eradication strategies.

Wild boar play an important role in the ASFV spread.
Disease surveillance can be based both on testing of dead
boar carcasses (passive surveillance) and on the detection
of virus or antibodies in shot/caught wild boars (active
surveillance). Wild boars can be a reservoir for the infec-
tion, regardless of the virus circulation in the population
of domestic pigs. At the same time, passive surveillance
provides a higher probability of early detection of ASF,
especially during the first year in the early stages of the
epizootics.

The use of serological testing methods has a low diag-
nostic value at the initial stages of the epizootics. Never-
theless, active surveillance aimed at the identification of
seropositive wild boars may be preferable at later stages
(in the endemic phase) of the epizootics [5].

Consequently, in order to increase the effectiveness of
ASF epizootological surveillance in wild boar, especially at

Fig. 1. Blood sample absorbed on the swab
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Table 2

Comparison of results of serum and blood swab testing by ELISA and immunoperoxidase technique

Days after infection ELISA (serum) IPT (swabs) IPT (serum)
10 + 1:20

1:320
10 + 1:5160 1:81920
10 - - 1:20
10 + 1:640 1:640
31 + 1:20 1:320
31 + 1:1280 1:20480
31 + 1:1280 1:10240
31 + 1:80 1:5160
31 + 1:160 1:40960
31 + 1:160 1:81920

Fig. 2. Stained cytoplasm of infected cells when testing blood samples from swabs

(magnification 400x)

the late stages of epizootic, serological tests are necessary,
while the use of alternative sampling methods is justified.

CONCLUSION

The use of even the most highly accurate diagnostic
methods may be limited by the quality of the delivered
samples. And since it is required to detect not only
the ASFV antigen or genetic material, but also antibodies
to it, an alternative may be blood sampling using FP or
swabs. Thus, it is possible to take samples from recently
died and shot animals. In domestic pigs, blood samples

can be collected by simple scarification of the ear vein
without the use of test tubes, which reduces the risk of
environmental contamination when they are destroyed
or unintentionally opened, since the sample is not fluid.
The use of FP as a sample carrier can reduce the amount
of space required for long-term storage of the sample in
a frozen state. The disadvantages of such sample prepara-
tion include a decrease in the sensitivity of the diagnostic
methods used, however, the use of FP allows increasing
the mass coverage of tests for the main purposes of the
surveillance (early detection, prevalence determination,
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and evidence of the population freedom). Therefore, the
concept of using swabs and IPT is very promising, and in
some cases there is no alternative, especially after appro-
priate validation and, possibly, the selection of swabs that
provide more effective adsorption of samples, and can
be recommended for the detection of ASFV antibodies
in wild boar and domestic pigs. This approach combines
the advantages of using FP with the high sensitivity and
specificity of this diagnostic method.

The use of FP or swabs is most feasible when conduc-
ting mass screenings of target animal populations within
the ASF surveillance (including during state monitoring).
Blood samples can be collected using this method any-
where by minimally trained personnel, while the cold
chain is not required to be maintained.

There are various special types of FP and swabs, there-
fore, it is necessary to select a material that ensures effec-
tive adsorption of the sample, optimal cost of collection,
transportation and storage of samples. Before use, cali-
bration will be required for the corresponding method, or
a diagnostic kit.
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SUMMARY

There is currently almost no poultry holding where avian eimerioses, both monoinvasions and those associated with cryptosporidioses, salmonelloses and colibacte-
rioses, are not reported. In view of this, the disease control is an urgent challenge that shall be approached in its entirety, using various eimeriostats, antibiotics and
probiotics. Searching for new effective products with broad-spectrum antiparasitic action is one of priorities in avian eimeriosis control. Comparative tests of different
combinations of eimeriocidal products, namely solicox + chicktonic, maduvet + tylosin and eimeterm + enrofloxacin, for their treatment and protective effectiveness
were carried out under production conditions in broiler chickens of a poultry factory located in the Republic of Dagestan. To perform the tests, four groups of broiler
chickens (one control group and three test groups, each comprising 50 chickens) were formed based on the principle of analogues. The treatment and prevention scheme
adopted in the said poultry holding was used for the control group chickens. Test group 1 chickens were given solicox at a dose of 2 ml per 1 liter of drinking water in
combination with chicktonic (a feed supplement) at a dose of 1 ml per 1 liter of water during 4-5 days. Group 2 chickens were given maduvet at a dose of 3—5 mg/kg
of body weight with feed twice and tylosin at a dose of 5 g of powder per 10 liters of water once a day during 5 days; where necessary, the procedure was repeated
in 14-16 days. Group 3 broiler chickens were given eimeterm 2.5% at a dose of 7 mg/kg of body weight with water during 2 days in combination with enrofloxacin
atadose of 3 ml per 1 liter of drinking water during 5—6 days. It is shown that a decrease in the number of clinically diseased and dead chickens was observed in the
test groups after the use of eimeriocidal products that helped to improve zootechnical parameters of reared broiler chicks. Product extenseffectiveness and intens-
effectivenessin different groups of chickens were as follows: Group 1—89.2 and 96%, Group 2 — 87.6 and 94%, Group 3 —81.4 and 96%, respectively. The clinical signs
of eimeriosis were observed in the control group chickens throughout the entire period of studies, invasion extensity and intensity were 87.6 and 42.6%, respectively.

Keywords: eimeriosis, coccidiostat, solicox, chicktonic, maduvet, tylosin, eimeterm, enrofloxacin, effectiveness, droppings, broiler chickens, live weight, treatment
effectiveness, oocyst, caeca
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PE3IOME

B HacToALLee BpemaA MPaKTUYECKIN HET HU OFHOTO NTULIEBOAYECKOr0 X03AlCTBA, Fie Obl He PerncTpUpoBaNMCh JiiMepIo3bl NTHL, Kak MOHOUHBA3UK, TaK 1 B ac-
couyaLymm ¢ KpUnToCnopuAM03amu, canbmoHennesamu i konubaktepuosamu. C yueTom 310ro GakTa 6opbba ¢ AaHHLIM 3a60neBaHNeM ABNAETCA aKTyanbHOil
3apaueli, KOTopyto HeobX0ZUMO peLLaTb KOMMNEKCHO, C NPUMEHEHEM Pa3NYHBIX JAMEpUOCTATUKOB, aHTUOMOTUKOB 11 MPO6UOTUKOB. /13bicKaHue HOBbIX 3¢-
deKTMBHbIX Mpenapatos, 0651afaloLLyX LIMPOKIM CNEKTPOM aHTUNapa3uTapHOro AeicTBINA, — OAHO U3 NPUOPUTETHBIX HanpaBneHuil B Gopbbe ¢ siimepunozamn
nTuL. B npou3BoACTBEHHbIX yCnoBuAX 0fHOI u3 nTuuedabpuk Pecnybnukn [larectaH Ha ubinnATax-6poiinepax npoBeny (paBHUTENbHbIE UCMbITAHINA Pa3ANYHbIX
KoMOUHaLWil SiiMepUOLIMAHBIX MPEnapaToB: CONMKOKC + YMKTOHMK, MAZyBeT + TUMO3UH 1 liMeTepM + SHPONOKCALMH — C Lieblo BbIABAEHNA UX NeyebHoil
1 npodunakTyeckoil SpdekTBHOCTI. InA NpoBeieHA UCCNef0BaHMil Mo NPUHLMIY aHanoroB ChOPMUPOBANY YeTbIpe FpynMbl LbiNAAT-6poiinepoB: ofHa —
KOHTPONIbHaA 11 TpU — OMbITHble — N0 50 ToN10B B KaxA0. B KOHTPONbHOIE rpynne ucnonb3oBani cxemy neyebHO-NpoduNaKTNYeCKIX MeponpUATIIA, NPUHATYIO
B JaHHOM NTULIEBOAYECKOM X03AlicTBe. LibinnaTa-6poiinepbl nepBoii ONbITHOI rpynnbl nofyyani npenapar connkoKe B o3e 2 MA Ha 171 NUTbeBOIA BOAbI B COUe-
TaHWM C KOPMOBOIA 06aBKOI UNKTOHNK B 403€ 1 M Ha 171 BoZbI B TeueHe 4—5 aHeld. Libinnatam BTopoii rpynnbl C KOPMOM 3aiaBani npenapat MagyBeT B 403e
3—5 mr/Kr Maccbl Tena ABYKPATHO U TUA03WH B 403€ 5 T nopoLuKa Ha 10 1 BOAbI 0AMH pa3 B CyTKM B TeYeHue 5 fHel, npi He06X0AMMOCTY NpoLieAypy NOBTOPAIN
yepe3 14-16 pHeit. Libinnata-6poiinepbl TpeTbeil rpynnbl ABa AHA MonyYanu ¢ BoAON 2,5%-it npenapar siimeTepm B 03e 7 MI/Kr MacCbl Tena B KOMOMHaLmu
CIHPOYOKCALIMHOM B 403€ 3 M Ha 171 MUTbeBOIi BOAbI B TeyeHe 5—6 AHeit. [1oka3aHo, YTo B OMbITHbIX Fpynnax nocie NPUMeHeHMA JiMepUOLIMAHBIX NpenapaTos
Habniofany ymMeHblLeHe KONMYeCTBa KNMHUYeCKV 60nbHbIX 0c0Beit 1 CHIKeHNe Nafiexa, uTo cnocobCTBOBANO YNyyLLEHI0 300TeXHUYECKWX MoKa3aTeneil npu
BbIPALLMBAHIM LbINNAT-OPOINepoB. IKCTEHC- U UHTEHCIYPEKTUBHOCTL MPenapaToB B NepBoii rpynne UbINAAT coctasuna 89,2 u 96%, Bo BTopoii rpynne — 87,6
1 94%, B TpeTbeli — 81,4 1 96% COOTBETCTBEHHO. Y NTUL KOHTPONbHOI IpynMbl HabMKAANN KNMHUYECKNE NPU3HAKN S/iMepH03a B TeueHue BCero nepuoaa Uc-
CNe10BAHNA, @ NOKA3aTeNN IKCTEHCMBHOCTI U UHTEHCUBHOCTY HBA3UM COCTaBUAN 87,6 1 42,6% COOTBETCTBEHHO.

KntoueBbie cnioBa: 5/iMepuo3, KOKLMANOCTATHIK, CONMKOKC, YUKTOHNUK, MaZyBET, TUNO3UH, JIMETEPM, IHPODNOKCALIMH, SOGEKTUBHOCTD, NOMET, LibInnATa-6poii-
Nepbl, X1BasA Macca, neyebHan SOHEKTUBHOCT, 00LUCTA, CIeMble OTPOCTKM

bnarogapHocTu: Pabora BbinonHeHa npu ¢uHaHcoBoii noaaepke MuHobpHaykm PO B pamkax Mporpammbl yHAAMEHTaNbHbIX HAYYHbIX UCCE[0BaHNIA rocyAap-
CTBEHHbIX akaZemuil Hayk Ha 2013—2020 rr. no Hanpaneruio «<MonekynapHo-6ronorinyeckme u HaHobMoTEXHOMOTUYECKIE METOAbI CO3AaHIA 611oNpenapaToB HOBOTO
NOKONEH1A, TEXHONOTMY 1 CMOCOBI X NPUMEHeHNA C Lieblo 60pbObl 0c060 onacHbIMM MHGEKLIMOHHbIMM, Napa3UTapHBIMU 1 He3apa3HbIMI 60NIE3HAMY KUBOTHBIX».

[inauntuposanus: [laraesa A. b., Maxuesa b. M. CpaBHuTeNbHAA 3O YEKTUBHOCTD I/iMEPUOLIMAHDIX NPEnapaToB Npi eYeHnn UbINAAT-6poiinepoB B yCnoBuAX
MenKoTOBapHOro NPou3BOACTBA. Bemepurapus ce200HA. 2021; 10 (4): 295-300. DOI: 10.29326/2304-196X-2021-10-4-295-300.

Mpo3pauHocTb GUHAHCOBOI feATeNbHOCTI: ABTOPbI HE UMEIOT GUHAHCOBOI 3aUHTEPECOBAHHOCTY B NPE/CTABNEHHDIX MaTepUanax uin METofax.
KoHnukT MHTEpecoB: ABTOPbI 3aABNAIOT 06 OTCYTCTBUN KOHGANKTA HHTEPECOB.

[ins koppecnonpexumnn: [laraeBa AcuAT barayTauHOBHa, HayuHbIil COTPYAHMK NabopaTopui NO U3yYeHNio NHBA3UOHHDIX 60n1e3Hel CeNbCKOX03ANCTBEHHbIX
KUBOTHBIX 1 MTULL, MpuKacnuiickuit 3oHanbHbii HUBU — duanan OFBHY «DAHLL Pll», 367000, Poccus, Pecnybnuka [larectan, r. Maxaukana, yn. [laxanaesa, 88,
e-mail: nos4561@mail.ru.

INTRODUCTION

Eimeriosis is one of the most common diseases in
poultry husbandry. The disease is caused by protozoans
of the genus Eimeria, which propagate in the intestine
and cause digestion and absorption disorders, bodily de-
hydration, gastrointestinal wall bleeding, thereby increa-
sing the chances of infection with other agents. At present,
eimeriosis still continues to be a problem. Unfortunately,
there are almost no poultry farms where this parasite is
not present. When veterinary and sanitary rules are not
complied with, large amounts of Eimeria can accumulate
in poultry houses within a short space of time, thus con-
stituting a continuing threat of invasion occurrence and
spread, and cause huge damage. Many domestic and fo-
reign scientists have addressed this issue [1-10].

Like many parasitic infections, eimeriosis mainly af-
fects young poultry, since they are still developing their
immunity during the postnatal period. According to many
researchers, coccidiosis affects chickens aged from 10 days
to3 months [11, 12].

Infection in poultry usually occurs during warm and
humid seasons when conditions are favourable for the
growth of exogenous phase Eimeria and their persistence
in the environment. Such seasons are late autumn, winter
and early spring in the southern regions of Russia and late
spring, summer and early autumn in the north west of the
country.

According to the data from a number of researchers,
the disease control is complicated by the fact that chickens
are affected by 9 Eimeria species having different sensitivi-
ty to eimeriostats. A certain Eimeria species can infest only
one poultry species and is absolutely harmless for another
species, i.e. the disease agents are monotropic. S. K. Svan-
baev [13] studied morphologically similar Eimeria isolated
from turkeys and chickens and found them to be noniden-
tical, no cross-infection occurred.

Poultry that have had eimeriosis caused by one Eimeria
species remain susceptible to infection caused by another
species. Due to the short life cycle and high productivity of
Eimeria, the proportion of mass outbreaks in the poultry
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houses is continuing to increase, and eimeriosis is current-
ly considered to be the most costly disease.

Eimerioses often occur in association with cryptospo-
ridioses, salmonelloses and colibacterioses, thus constitu-
ting a serious threat for poultry holdings of various forms
of property. Even the mild form of eimeriosis in associa-
tion with cryptosporidia, along with inadequate feeding
and in the presence of other unfavourable factors, inflicts
significant economic damage on poultry farming. Global
economic losses due to eimeriosis are huge and make
more than 3 billion US dollars a year [14, 15]. The damage
is made up of expenses associated with chicken deaths,
growth retardation, reduced meat production, increased
feeding and treatment costs [16]. Therefore, the invasion
control methods undergo continuous improvement, and
new methods are developed [2, 5-7, 14, 16-271.

The long-term application of the same eimeriostats re-
sults in the appearance of resistant forms of coccidia. Many
domestic and foreign authors address this problem in their
papers [4, 22, 24, 28-32].

In view of this, treatment shall involve the alternating
use of various products, provided that the product admi-
nistration doses and schedules are complied with. At pre-
sent, the control of associative forms of avian eimerioses
is an urgent challenge that shall be approached in its
entirety, using various eimeriostats, antibiotics and pro-
biotics. Searching for new highly effective eimeriostats
with broad-spectrum antiparasitic action is increasingly
important.

The study was aimed at the examination of compara-
tive effectiveness of currently available eimeriocidal pro-
ducts for treatment of broiler chickens.

MATERIALS AND METHODS

The studies were carried out at the Laboratory for the
Study of Invasive Diseases of Farm Animals and Poultry
of the Caspian Regional Research Veterinary Institute —
Branch of Dagestan Agriculture Science Center and at the
AO “Poultry factory “Makhachkalinskaya” affected with
avian eimerioses.

Comparative tests of different combinations of eimerio-
cidal products, namely solicox + chicktonic, maduvet +
tylosin and eimeterm + enrofloxacin, for their treatment
and prevention effectiveness were carried out under pro-
duction conditions.

To perform the tests, 200 fourteen-day-old Ross-308
broiler chickens were selected based on the principle of
analogues; four groups (one control group and three test
groups, each comprising 50 chickens) were formed.

The treatment and prevention scheme adopted in the
mentioned poultry holding was used for the control group
chickens.

Test group 1 chickens were given solicox at a dose of
2 ml per 1 L of drinking water and chicktonic at a dose of
1 ml per 1 L of water during 4-5 days.

Group 2 chickens were given maduvet at a dose of
3-5 mg/kg of body weight with feed twice and tylosin at
adose of 5 g of powder per 10 L of water once a day during
5 days; where necessary, the procedure was repeated in
14-16 days.

Group 3 broiler chickens were given eimeterm 2.5%
at a dose of 7 mg/kg of body weight with water (this is
equivalentto 1 ml of the product per 1 L of drinking water)

Table 1
The scheme of the experiment carried out in Ross-308 broiler chickens

p— Product Number Product dose
P of chickens and treatment schedule
testgroup 1 | solicox + chicktonic 50 2mint ofwgter +1mi/1 L of water
during 4-5 days
3-5mg/kg of body weight twice +
59/10 L of water once a day
testgroup2 |  maduvet + tylosin 50 during 5 days; where necessary,
the procedure should be repeated
in 14-16 days
7 mg/kg of body weight (which is
test aroun 3 eimeterm 2.5% + 50 equivalent to 1 ml of the product
group enrofloxacin per 1L of drinking water) + 3 ml/1L
of water during 5-6 days
control group - 50 -

during 2 days and enrofloxacin at a dose of 3 ml per 1 L of
drinking water during 5-6 days.

The scheme of the experiment is presented in Table 1.

The experiment in animals was carried out in compli-
ance with GOST 33215-2014 adopted by the Interstate
Council for Standardization, Metrology and Certification
and according to the requirements of the Declaration
of Helsinki (2000) and Directive 2010/63/EU of the Euro-
pean Parliament and of the Council of 22 September
2010 on the protection of animals used for scientific
purposes.

The following material was used for testing: samples of
droppings from litter and feedstuffs, floor and tool swabs,
as well as caecum samples from dead poultry.

Coprological examination of the chickens’ droppings
was carried out before the start of the experiment and on
days 20, 26, 36, 46 after the product administration.

The intensity of Eimeria infestation in poultry was de-
termined according to Darling’s method standardized by
N. P. Orlov, droppings were tested using direct smears
stained with methylene blue, as well as flotation and cen-
trifugation technique (Nikitin and Breza).

Infestation level, the intensity (Il) and extensity (El) of
Eimeria invasion in the control and test group chickens
were determined by counting oocysts in 1 g of droppings
using a McMaster counting chamber or the counting
chamber developed by the Scientific Research Institute
Parasitology named after K. . Skryabin (VIGIS) in 20 micro-
scope fields of view.

The intenseffectiveness (IE) of the eimeriocidal pro-
ducts was calculated according to the formula:

_Cc-p
C

IE X 100%,
where Cis the geometric mean number of oocysts in the
control group chickens;
P is the geometric mean number of oocysts in the

test group chickens.

The extenseffectiveness (EE) of the products was de-
termined based on the number of broiler chickens that
became completely oocyst free after the treatment.
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The results of comparative studies of product effectiveness and some zootechnical
parameters of reared broilers

Parameter

control test test test
group group 1 group 2 group 3

Before treatment
Number of chickens in the group 50 50 50 50
Age of chickens, days 16 16 16 16
Average weight of one chicken
at the beginning of the experiment, g 1 121 1 120
Oocysts in caeca, mean number per FOV | 42.6+3.2 | 35.8+3.5 | 39.4+3.8 | 37.6+4.2
Oocystsn 20 dropping samples, mean | 355, 56 | 374438 | 334632 | 347436
number per FOV

After treatment
Number of chickens that died during 17 5 3 3
the observation period (46 days)
Mortality rate, % 34 4 6 4
Oocysts in caeca, mean number per FOV | 47.9+53 | 24+13 | 6.1+1.1 | 3.3£0.96
Oocysts in 20 dropping samples, 448+42 | 19+23 | 4817 | 2113
mean number per FOV
Product intenseffectiveness, % - 95 88 94
Survival rate during the observation
period (46 days), % 66 % % %
Daily average live weight gain during
the observation period (46 days), g 36 i i 4
Average feed intake per 1kg of live
weight gain during the observation 2.46 2.1 22 2.15
period (46 days), kg
Live weight at the time of slaughter, g 1,725 2,125 1,980 2,050

Number per FOV — number per microscope field of view.

298

In order to detect Eimeria and morphological lesions in
the digestive tract, the chickens were selectively subjected
to necropsy.

The therapeutic effectiveness of the products was as-
sessed based on the results of coproscopic examination
carried out for detection of Eimeria in poultry caeca, drop-
pings and swabs from various surfaces of the production
facilities.

The following performance indicators were taken into
account: survival rate for each poultry house, body weight
gain and feed conversion ratio.

The eimeriostat test results were statistically processed
using the Biometrics software.

RESULTS AND DISCUSSION

Intensity and extensity do not always characterize the
invasion process comprehensively. To get a clear picture
of the disease, one should perform a complete helmintho-

logical necropsy, taking into account the status of internal
organs and the severity of intestinal lesions in poultry.

Table 2 shows the results of comparative studies of the
product effectiveness, as well as some zootechnical pa-
rameters of reared broilers during the observation period.

The tests showed that the clinical signs of eimeriosis
were reported in the control group chickens throughout
the entire observation period, and in the test group chi-
ckens —only until the treatment started. During the 46 days
of the experiment, 17 chickens of the control group died,
the survival rate was 66%.

The necropsy of the fallen chickens revealed that the
most pronounced lesions were found in caeca: the caecal
cavity was filled with blood clots, the mucosa was thick-
ened, necrotic foci were observed in some places. The
walls of the duodenum were thickened, petechiae were
observed. Such diagnoses as typhlitis and duodenitis were
established.

The test group poultry looked clinically healthy. During
the entire observation period (46 days), 2, 3 and 2 chickens
died in groups 1, 2, 3, respectively, i.e. the survival rates
were 96, 94 and 96%. The necropsy of the fallen chickens
did not reveal any lesions characteristic of avian eimeriosis
in their internal organs and intestines.

Daily average weight gain during the observation peri-
od (46 days) in the control group was 36 g, and in the test
groups — 47, 44, 46 g, respectively. Feed intake per 1 kg of
live weight gain in the control group was 2.46 kg, and in
the test groups - 2.1, 2.2 and 2.15 kg, respectively. At the
end of treatment, average live weight of one chicken in the
control group was 1,725 g, and in the test groups — 2,125,
1,980 and 2,050 g, respectively, i.e. 114-400 g more than
in the control group.

During the rearing period, the control group chickens
demonstrated slower growth and development and failed
to gain the same live weight as the test group chickens.
The control group chicken mortality was 5-6 times higher
than that of the test group chickens.

Coprological examination revealed the presence of
three Eimeria species in the chickens’ droppings: E. tenella,
E. maxima, E. acervuling; the intensity of invasion in the con-
trol group was 42.6 + 3.2 oocysts in 20 microscope fields of
view, and in the testgroups-35.8 £3.5;39.4£3.8;37.6 £4.2.

It was found that, after the tested products had been
applied, the test group broiler mortality decreased consi-
derably, the number of oocysts in caeca and in 20 drop-
ping samples reduced to 2—6 oocysts in the microscope
field of view. The test results showed that the products
have pronounced eimeriocidal effect against Eimeria
oocysts, as well as high therapeutic effectiveness that was
95, 88 and 94% for test groups 1, 2 and 3, respectively, after
the treatment.

Data on the results of studies of the extensity (El) and
intensity (ll) of Eimeria invasion and the extenseffec-
tiveness (EE) and intenseffectiveness (IE) of the studied
eimeriocidal products in dynamics are presented in Table 3.

The test results showed that, after the products had
been used, the extensity and intensity of invasion on
day 46 of testing in group 1 chickens were 9.3 and 1.1%,
in group 2 chickens — 6.7 and 2.1%, in group 3 chickens —
7.3 and 1.5%, respectively.

On day 46 of observation, the product extenseffective-
ness and intenseffectiveness in group 1 broiler chickens
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Table 3

The results of studies of Eimeria invasion extensity and intensity and extenseffectiveness
and intenseffectiveness of the studied products at different time points during broiler chicken rearing

Extensity and intensity
of invasion (%) during testing

of chickens day 20 day 26 day 36 day 26 day 36

Number

Group and products

Product extenseffectiveness
and intenseffectiveness (%) during testing

Test group 1 50 15.1/ 14.4/ 13.7/ 9.3/ 74.3/ 759/ 89.2/
solicox + chicktonic 26 22 2.1 1.1 93.1 95.6 96.0
Test group 2 50 16.2/ 16.0/ 10.0/ 6.7/ 71.2/ 71.8/ 87.6/
maduvet + tylosin 2.8 25 2.9 21 86.9 91.9 94.0
Test group 3 50 16.8/ 15.0/ 1.2/ 7.3/ 75.3/ 76.9/ 81.4/
eimeterm 2.5% + enrofloxacin 2.6 2.2 2.0 15 92.2 95.1 96.0

Control arou 50 48.0/ 56.9/ 73.2/ 87.6/ B B B

group 358 484 5338 026

were 89.2 and 96%, in group 2 broiler chickens - 87.6 and
94%, in group 3 broiler chickens — 81.4 and 96%, respec-
tively.

By the end of the experiment, the extensity and inten-
sity of invasion in the control group chickens were 87.6
and 42.6%, respectively.

CONCLUSION

The tests performed showed that the clinical signs
of eimeriosis were reported in the control group broiler
chickens throughout the entire observation period, and in
the test group chickens - only until the treatment started.
In the control group, 17 chickens died, the survival rate
was 66%. Eimeriosis-associated mortality of the control
group chickens was 5—6 times higher than that of the test
group chickens.

Solicox at a dose of 2 ml per 1 L of drinking water in
combination with chicktonic at a dose of 1 ml per 1 L of
water for 4-5 days, as well as eimeterm 2.5% given with
water at a dose of 7 mg/kg of the body weight (which is
equivalentto 1 ml of the product per 1 L of drinking water)
in combination with enrofloxacin at a dose of 3 ml per 1L
of drinking water during 5-6 days demonstrated high ther-
apeutic effectiveness against eimeriosis in broiler chickens.

The effectiveness of maduvet given at a dose of
3-5 mg/kg of body weight twice in combination with ty-
losin at a dose of 5 g of powder per 10 L of drinking water
once a day during 5 days was 94%.
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SUMMARY

Avian influenza is a highly dangerous viral disease that causes huge economic damage to poultry farming. Currently, highly virulent influenza virus with N8 neur-
aminidase subtype is quite often detected in populations of domesticand wild birds in various countries of the world. The article provides data on complete nucleotide
sequences of the neuraminidase gene of highly pathogenic avian influenza virus isolates recovered in the second half of 2020 from pathological material received
from four regions of the Russian Federation. The conducted research showed that the subtype of the isolated virus was N8. According to the phylogenetic analysis,
isolates of N8 virus belong to group 8C.4. During the phylogenetic analysis of the neuraminidase, we also took into account data on hemagglutinin classification,
according to which H5N8 virus isolates belong to a widespread clade 2.3.4.4. Viruses of the clade were first registered in 2010in China and they have been circulating
up to now. The paper also provides data of a comparative analysis of nucleotide sequences of the studied isolates and the isolates from the international GenBank
and GISAID databases, recovered in other countries from 2007 to 2020. During the analysis of the amino acid sequence of the studied isolates, no substitutions were
found in the positions that affect resistance to neuraminidase inhibitors. The complete nucleotide sequences of the neuraminidase gene of the avian influenza virus
subtype N8 (isolates A/domestic goose/OMSK/1521-1/2020, A/duck/Chelyabinsk/1207-1/2020, A/duck/Saratov/1578-2/2020, A/goose/Tatarstan/1730-2/2020)
are published in the international GenBank and GISAID databases. Based on the analysis of the nucleotide sequences of the studied isolates, the article shows
gradual evolution of the N8 subtype virus.
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PE3IOME

[punn nTuy ABnAeTcA 0c060 onacHoit 60ne3HbI0 BUPYCHOI STMONOTMI, HAHOCALLE OTPOMHBIN KOHOMUYECKII yLepb NTULEeBOACTBY. B HacToALee BpemaA
B NONYNALMAX SOMALUHIX U SUKUX NTUL B Pa3NYHbIX CTPAHaX MUPa AOCTaTOYHO YacTo BbIABAAIOT BbICOKOBUPYNEHTHbIA BUPYC rpUnNa ¢ HelipamnHuAasoi
noatuna N8. B ctaTbe npeacTaBneHbl faHHbIe N0 U3yYeHIto NOHbIX HYKNEOTUAHBIX NOCNeA0BATENbHOCTE reHa HelipaMiHIAa3bl M30AATOB BUPY(CA BbICOKO-
NaToreHHOro rpunna NTuL, BbiAeNeHHbIX BO BTOPOil nonoBuHe 2020 r. u3 NaTonoruyeckoro Matepuana, NocTynuBLIero U3 YeTbipex pernoHoB Poccuiickoit
Oepnepauny. B pe3ynbrate npoBeeHHbIX UCCNeL0BaHNIT onpeseneH NoATUN BbiaeneHHoro Bupyca — N8. CornacHo AaHHbIM QUNOreHeTUUECKOro aHann3a,
u3onatbl Bupyca N8 otHocaTca K rpynne 8C.4. Mpu npoBeseHNI GUIoreHeTHYECKOro aHanN3a no HeiipaMuHIAa3e Takxe yuuTbiBanu faHHble Knaccudukavum
10 remMarrfioTUHIHY, COrNAcHO KOTOPON U30aATbI BUpyca H5N8 0THOCATCA K WnpoKo pacnpocTpaHeHHoi Knaje 2.3.4.4. Bupycbl fanHoii Knadbl Bnepsble 3a-
pervctpupoBatbl B 2010 r. B Kutae v npogomkaloT LMpKynMpoBaTh 40 HacToALlero BpemeHu. Takxe B paboTe npuBefeHbl faHHble (PaBHUTEbHOMO aHann3a
HYKNeoTUAHbIX NOCNeA0BaTeNbHOCTEI UCCNeAyeMblX U30NATOB 1 U30NATOB 13 MeXAyHApoAHbIX 633 AaHHbIX GenBank n GISAID, BbiaeneHHbIX B ApYrx CTpaHax
B nepuog ¢ 2007 no 2020 1. B xoze npoBeaeHNA aHanu3a aMUHOKICNOTHON NOCe0BaTeNbHOCTI UCCNeAyeMblX M30AATOB B NO3ULMAX, KOTOPbIE BANAIT Ha pe3it-
CTEHTHOCTb K HTOUTOPaM HeilpaMiHIAa3, 3aMeH He 06HapyeHo. [oHble HYKNeOTUAHbIE NOCNeL0BATENbHOCTI FeHa HeiipaMUHInAa3bl BUpYCa rpunna nTuy
noaTvna N8 u3onato A/domestic goose/Omsk/1521-1/2020, A/duck/Chelyabinsk/1207-1/2020, A/duck/Saratov/1578-2/2020, A/goose/Tatarstan/1730-2/2020
ony6nnKkoBaHbl B MexzyHapoAHbix 6a3ax GenBank u GISAID. Ha ocHoBaHUM aHanu3a HyKneoTMAHbIX NOCNeL0BATENbHOCTE M3YYeHHDIX M301ATOB NOKa3aHa
nocTeneHHas yBontoLna Bupyca noatuna N8.

Kntouebie cnosa: Bupyc rpunna nruu, OT-MLP, cekBeHnpoBakue, noatun Helipaminkuaasbl N8, punoreneTnueckuit aHanus, HSN8
bnaropapHocTu: Pabota BbinonHeHa 3a cuet cpeacts OIBY «BHUN3X» B pamkax TemaTuku HayuHo-uccneaoBaTenbekux pabot «BetepuHapHoe 6narononyune».

[ina yntupoeanua: Akwanosa 1. b., 3unakos H. I, Angpusacos A. B., Mectkos 1. [1., Hukorosa 3. b., Konocos C. H., YBana W. A. leHeTuueckuit aHanu3 Hykne-
OTUAHbIX MOCZ0BATENbHOCTEN FeHa HeiipaMIHIAa3bl U30ATOB BUPYCa BbicOKoMaToreHHoro rpunna ntuy A/HSN8, BbizeneHHbIx Ha Tepputopun Poccuiickoii
Oepnepauun B 2020 rogy. BemepuHapus ce200u. 2021; 10 (4): 301-307. DOI: 10.29326/2304-196X-2021-10-4-301-307.
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[ins koppecnoxpenyun: Akwanosa lepu3at baTbpxaHKbi3bl, KAHAWAAT BETEPUHAPHBIX HAYK, HAYUHDIAl COTPYAHUK OTZENA INM300TONOMYECKOr0 Mo-
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e-mail: peri.akshalova@gmail.com.

INTRODUCTION wild birds in the State of New Jersey (the USA) during

For many years, an unfavorable situation with highly
pathogenic avian influenza (HPAI) has been observed
around the world. Since 1996 highly virulent avian influ-
enza virus subtype H5N1, isolated from domestic geese
on one of the farms in Guangdong Province (China), has
become epizootic [1]. Due to the disease introduction into
the Russian Federation in 2005 resulting in significant dam-
age to the national poultry industry, modern diagnostic
methods were developed [2], primarily to detect A/H5N1
virus. From 2016 to 2020, outbreaks of HPAI caused by the
H5N8 subtype were regularly recorded in Russia and in
many countries of Asia, Africa and Europe.

One of the first HPAI H5N8 cases was reported
in 1983, when the virus was detected in turkeys in Ire-
land [3, 4]. In 2001, the next H5N8 case was detected in

environmental monitoring, and since then several spo-
radic cases of HPAI have been reported in the country.
After three HPAI isolates were detected in Korea in 2014:
A/breeder duck/Korea/Gochang1/2014 (H5N8), A/duck/
Korea/Buan2/2014 (H5N8) and A/Baikal Teal/Korea/Don-
glim3/2014 (H5N8), H5N8 subtype has spread widely
across the USA, and then throughout other Asian and
European countries [5-8]. The pathogenicity index of this
virus is significantly higher than that of the virus isolated
in Ireland [5]. According to Y. J. Lee et al., highly virulent
avian influenza viruses of HSN8 subtype detected in Korea
in 2014 occurred as a result of reassortment of the A/duck/
Jiangsu/k1203/2010 (H5N8) virus with viruses of other
subtypes that circulated in China from 2009 to 2012 [9].
The exact origin of the virus discovered in 2010 in China
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remains unknown. K. Zhao et al. note in their studies that
this strain was very likely a new reassortant of three sub-
types: H5N1 (high identity in the PB1, PA, M, NS genes),
H3N8 (in NA gene), H6N2 (NP gene) [10].

In late 2016, HPAI epidemic situation in the Russian Fe-
deration deteriorated. Thus, from November to December
2016, HPAI H5N8 outbreaks in domestic birds were recor-
ded in the Astrakhan and Rostov Oblasts, in the Krasno-
dar Krai and the Republic of Kalmykia. In 2017, more than
30 cases of highly virulent avian influenza virus subtype
H5N8 were detected in poultry herds in 8 regions: the Ros-
tov, Moscow, Nizhny Novgorod and Samara Oblasts, the
Republics of Tatarstan, Mari El, as well as in the Udmurt
and Chechen Republics. Influenza cases were detected in
wild migrating birds in the Krasnodar Krai and in the Ka-
liningrad Oblast, and in zoo birds in the Voronezh Oblast.
The disease outbreaks resulted in huge economic losses
on commercial farms of the Astrakhan, Rostov, Moscow
Oblasts, and in the Republic of Tatarstan [11].

In 2018, HPAI H5N8 was found in domestic birds from
the Kursk, Orel, Voronezh, Smolensk, Saratov, Samara,
Ulyanovsk, Penza, Nizhny Novgorod, Rostov Oblasts, the
Republics of Udmurtia, Mari El, Chuvashia and Tatarstan
(more than 80 cases) [12].

Thus, H5N8 influenza viruses, closely related to the iso-
lates originally recovered in South Korea in early 2014, have
globally spread. According to the information published
by the OIE on November 12, 2020, 265 outbreaks of highly
pathogenic avian influenza of H5N8 subtype (111 in do-
mestic, 154 in wild birds) were registered in Europe, Asia
and Africa [13], including outbreaks in 12 regions of the
Russian Federation: Kostroma, Kurgan, Omsk, Rostov,
Samara, Saratov, Tomsk, Tyumen, Chelyabinsk Oblasts,
Khanty-Mansi Autonomous Okrug - Yugra, the Republic
of Tatarstan, the Karachay-Cherkess Republic.

The purpose of this work was to genetically analyze
nucleotide sequences of N8 neuraminidase gene in HPAI
virus isolates, recovered in the Russian Federation in 2020,
in order to get up-to-date information on the genetic re-
latedness of HPAI isolates.

MATERIALS AND METHODS

Viruses. The following isolates of the avian influenza vi-
rus subtype H5N8 were used in the work:

- A/duck/Chelyabinsk/1207-1/2020 - it was isolated
from a domestic duck in the village of Peschanoe, the
Uvelsky Raion of the Chelyabinsk Oblast in late July 2020;

- A/domestic goose/Omsk/1521-1/2020 - it was isola-
ted from a domestic goose in the village of Irtyshsky, the
Omsk Raion, the Omsk Oblast in September 2020;

- A/duck/Saratov/1578-2/2020 - it was isolated from a
domestic duck in the Engels Raion of the Saratov Oblast
in September 2020;

- A/goose/Tatarstan/1730-2/2020 - it was isolated from
a domestic goose in the village of Meshcheryakovo, the
Buinsky Raion of the Republic of Tatarstan in October 2020.

The virus was isolated in 10-11-day-old SPF chicken
embryo eggs.

Primers. Several primer systems were used in the work,
designed to detect RNA of HPAI subtype N8 and to de-
termine complete nucleotide sequence of the neuramini-
dase (NA) gene of HPAI subtype N8 isolates (ZAO “Syntol’,
Russia).

Extraction of RNA. Viral RNA was extracted from the al-
lantoic fluid of SPF chicken embryo eggs infected with the
corresponding isolates, using the AmpliPrime RIBO-sorb kit
(NextBio LLC, Russia) in accordance with the instructions
for use.

Reverse transcription polymerase chain reaction (RT-PCR).
Reverse transcription followed by amplification of NA gene
fragments to determine the complete nucleotide se-
quence of HPAI isolates of N8 subtype was performed
in BioRad programmable amplifiers (Bio-Rad Laborato-
ries, USA). Synthesis of the first chain of complementary
DNA on viral RNA was carried out using RNA-dependent
DNA polymerase from avian myeloblastosis virus (AMV Re-
verse Transcriptase). The reaction was performed in 25 pl
of reaction mixture containing 1 pl of 10 mM dNTP, 5 pl of
5% buffer, 3 pl of 25 mM MgCl,, 1 ul of 10 uM forward and
reverse primer, 0.125 pl of reverse transcriptase (Promega,
USA), and 0.25 pl of Taq polymerase, 8.625 ul of RNase-free
water and 5 pl of total RNA. To prevent evaporation of the
mixture, 15 pl of Mineral Oil Light White (MP Biomedicals,
France) was layered on top. The reaction mixture was in-
cubated in an amplifier at 50 °C for 25 minutes to develop
the first cDNA chain. Then they were heated at 95 °C for
10 minutes. The next 39 cycles of conventional PCR were
carried out at the following temperature conditions: dena-
turation at 95 °C - for 50 seconds, annealing of primers at
55 °C - for 50 seconds, elongation at 72 °C - for 1T minute.

The amplification products were analyzed by electro-
phoresisin 1% agarose gel stained with ethidium bromide.

Purification of PCR products. cDNA fragments amplified in
PCR were purified using the Wizard® SV Gel and PCR Clean-
Up System kit (Promega, USA) in accordance with the man-
ufacturer’s instructions.

DNA sequencing. The primary nucleotide sequence of
AIV NA gene fragments was determined in an automatic
sequencer ABI Prism 3100 Genetic Analyzer (Applied Bio-
systems, USA) using the BigDye™ Terminator Cycle Se-
quencing kit (Applied Biosystems, USA) according to the
manufacturer’s instructions.

Phylogenetic analysis of nucleotide sequences was per-
formed using the BioEdit Software, Version 7.0.5.3 (http://
www.mbio.ncsu.edu/BioEdit/bioedit.html). To compare
the complete sequences of NA gene of the recovered iso-
lates we used NA gene sequences of the AIV/N8 strains
from the international GenBank (http://www.ncbi.nlm.nih.
gov/genomes/FLU/FLU.html) and GISAID databases.

The phylogenetic tree was constructed using the NJ al-
gorithm (including the resampling method “bootstrap”) in
the implementation of the MEGA package, Version 7.0.26.

RESULTS AND DISCUSSION

One of the main objectives of this research was to ob-
tain up-to-date information about the genetic relatedness
of AlV isolates recovered in 2020 in the Russian Federation,
as well as their comparison with other AlVs of subtype N8.

At the first stage of the research, we determined nu-
cleotide sequences of the neuraminidase gene of the four
influenza virus isolates and compared them with the se-
quences of AlV N8 subtype from Eurasia and Africa stored
in the international databases.

As a rule, the genetic characterization of avian influ-
enza viruses is based on the hemagglutinin classification,
which was implemented by the WHO/OIE/FAO working
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group and is widely used by the research community.
Judging by the available publications, there is no officially
regulated classification by neuraminidase. The only pub-
lication detailing the classification of neuraminidase sub-
types was prepared in 2012 by American scientists from
the University of Nebraska [14]. However, since then there
have been significant genetic changes in avian influenza
viruses, a large mass of new data has been obtained, which
raises the question of adding new information to the pro-
posed classification system [15-17]. The introduction of
an official virus classification system is not an easy task
and it requires a thorough analysis of all the nucleotide
sequences of isolate genes available in the database,
alignment, construction of phylogenetic trees and, based
on them, designation of clades and subclades. An even
more difficult question is whether the new system of vi-
rus nomenclature will be adopted and used by scientists
studying the influenza virus.

According to J. Xu et al., neuraminidase of subtype N8
is divided into three lines, each line has a letter designa-
tion: 8A, 8B, 8C [14]. Line 8A is “North American’, line 8B
is represented by viruses isolated from horses, and the
“Eurasian”line belongs to 8C. However, it is clear now that
the “line division” approach is not enough to describe the
viruses identified over the past few years. For example,
this classification does not include viruses of the H5N8
subtype, which were first isolated in China in 2010 and
subsequently became widespread in Southeast Asia, and
then in Russia, Europe and North America. Therefore, when
conducting a phylogenetic analysis of the Russian isolates
recovered in 2020 we took into account classification data
for both neuraminidase and hemagglutinin described in
publications.

For comparative and phylogenetic analyses of nucleo-
tide sequences of NA gene of AIV N8 isolates obtained
in this study, we used sequences of known strains of this
subtype belonging to different genetic groups from Gen-
Bank and GISAID databases. 92 nucleotide sequences of
the neuraminidase gene of 1,370 nucleotide bases in size
were considered in the work.

A dendrogram was constructed based on the complete
sequences of the NA gene of AIV N8 (Fig.), including vi-
ruses isolated in the Russian Federation, China, Thailand,
Vietnam, Korea, England and other countries from 2007
to 2020. The statistical reliability of the topology of phylo-
genetic trees was checked using bootstrap analysis; calcu-
lations were performed for 500 repetitions.

The Russian isolates of AIV H5N8 presented in the
work are highlighted in red font in the figure. The phylo-
genetic tree constructed on the basis on the nucleotide
sequences of NA gene demonstrated four different groups.
Based on the classification of neuraminidase developed by
J. Xu et al,, it can be concluded that all the isolates used in
the study belong to the“Eurasian”line 8C, which over time
has divided into several separate groups. The identification
of groups and subgroups clearly indicated on the tree was
performed independently using as an example classifica-
tion of neuraminidase of other subtypes, also developed
by J. Xu et al.[14]. As a result, each group was given a num-
ber. According to number Group One was named 8C.1,
Group Two — 8C.2, Group Three and Four - 8C.3 and 8C.4
respectively. Groups 8C.1,8C.2, and 8C.3 included isolates
of low pathogenic avian influenza virus.

Group 8C.4 mainly included isolates of highly pathoge-
nicavianinfluenzavirus, i.e. A/domestic goose/Omsk/1521-
1/2020, A/duck/Saratov/1578-2/2020, A/duck/Chelya-
binsk/1207-1/2020, A/goose/Tatarstan/1730-2/2020.

According to the classification by hemagglutinin, the
isolate Group 8C.4 is comparable to Subclade 2.3.4.4.b of
Clade 2.3.4.4.

The analysis of avian influenza virus isolates of HSN8
subtype recovered in 2020 demonstrates significantly
greater heterogeneity, as compared to the group of isolates
detected in 2016-2017. Thus, isolates of A/mute swan/
Kazakhstan/1-267-20-B/2020, A/barnacle goose/Germa-
ny-SH/AI02167/2020, A/chicken/England/030720/2020,
A/chicken/Netherlands/20016597-026030/2020,
A/domestic goose/Omsk/1521-1/2020, A/duck/Sara-
tov/1578-2/2020, A/duck/Chelyabinsk/1207-1/2020 form
avery homogeneous group of isolates which, presumably,
spread due to the migration of wild birds. The difference
between these isolates is 0.1-0.6%. However, it is worth
noting that isolates A/domestic duck/Poland/285/2020
and A/Mandarin duck/Korea/H242/2020 recovered in Po-
land and South Korea show significantly greater differen-
ces (4.1-4.9%). In addition, detection of isolate A/goose/
Tatarstan/1730-2/2020 is of great interest, as it demon-
strates a high similarity with avian influenza virus isolates
of the same H5N8 subtype isolated in 2017 and differs
from most isolates of 2020. The level of differences of
A/goose/Tatarstan/1730-2/2020 isolate from other isolates
identified in 2020 was 3.3%, and its genetic similarity with
A/swan/Voronezh/2/2017 isolate was 0.6%.

A comparative analysis of AV H5N8 isolates demon-
strated that the maximum level of differences in the nu-
cleotide sequence of the NA gene in Group 8C.4 was 9%.

The amino acid sequence of the studied isolates was
also analyzed. As indicated in the literature, there are
several amino acids, substitutions of which may affect
the AV resistance to drugs inhibiting neuraminidase ac-
tivity (zanamivir, oseltamivir): E119Q (number 117 based
on N8), R292K (291 based on N8), V116D (114 based
on N8), or potential sensitivity to oseltamivir and perami-
vir: H274Y (273 based on N8) [18-20]. There were no sub-
stitutions in the predicted amino acid sequence for the
above-mentioned positions. Amino acid residues directly
involved in the catalytic activity of an enzyme remained
unchanged: R118 (116 based on N8), D151 (149 based
on N8), R152 (150 based on N8), R292 (291 based on N8).

Comparative and phylogenetic analyses of AIV/N8 iso-
lates indicate the ongoing evolution of the highly patho-
genic avian influenza virus of H5N8 subtype in various
geographical regions.

The obtained nucleotide sequences of neuraminidase
gene of the following AIV N8 isolates A/domestic goose/
Omsk/1521-1/2020, A/duck/Chelyabinsk/1207-1/2020,
A/duck/Saratov/1578-2/2020, A/goose/Tatarstan/1730-2/
2020 were published in international databases Gen-
Bank and GISAID (MW276113, EPI1812535, EPI1811679,
EPI1815193).

CONCLUSION

The research undertaken helped to determine nu-
cleotide sequences of the NA gene of AIV A/H5N8 iso-
lates: A/domestic goose/Omsk/1521-1/2020, A/duck/
Chelyabinsk/1207-1/2020, A/duck/Saratov/1578-2/2020,
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_LEPI1800225 Aldomestic duck/Poland/285/2020 (H5N8)

EPI1812361 A/Mandarin duck/Korea/H242/2020 (H5N8)

EPI11811586 A/mute swan/Kazakhstan/1-267-20-B/2020 (H5N8)
MW276113 Aldomestic goose/Omsk/1521-1/2020 (H5N8)
EPI1811574 A/barnacle goose/Germany-SH/AI02167/2020 (H5N8)
EP11811702 A/chicken/England/030720/2020 (H5N8)
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Fig. Phylogenetic tree based on the nucleotide sequences of NA gene of HPAI subtype N8
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A/goose/Tatarstan/1730-2/2020. Up-to-date information
was obtained on genetic relatedness based on NA gene
of the studied AIV N8 isolates and isolates recovered
from 2007 to 2020 in the Russian Federation and other
countries. It was demonstrated that more information shall
be added to the current N8 subtype-based classification of
avian influenza viruses, due to the wide and rapid spread
of genetically similar avian influenza viruses of HSN8 sub-
type in Europe, Asia, and Africa during 2014-2017.
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SUMMARY

The paper presents results of avian influenza epidemiological monitoring in the Republic of Crimea in 2019—2020. The attention was focused on the study of water
basins of the Azov and Black Seas, the Sivash Lagoon and freshwater lakes in the Feodosia Urban Okrug, Leninsky, Sovetsky, Nizhnegorsky, Chernomorsky and
Saksky Raions to detect the avian influenza virus circulation. Examination of the above mentioned areas showed that some freshwater reservoirs became shallow
and dry, and aquatic vegetation degraded. The natural biotope analysis conducted in 2019 and 2020 showed a decreased number of semiaquatic wild birds. The
pathological material was sampled from semiaquatic and migratory wild hirds, as well as from poultry kept in poultry farms and backyards. The collected samples
were tested using real-time RT-PCR. In 2019, the AIV type A (H9) genome was detected in one fecal sample taken from wild birds near Kuchuk-Adzhigol Lake in
Feodosia Urban Okrug. The AIV type A (H5) genome was detected in 2020 during laboratory testing of pathological material taken from the remains of a mute
swan within the shoreline of a freshwater lake near the Ermakovo settlement of the Dzhankoysky Raion. The genetic analysis was performed in the FGBI “ARRIAH"
(Vladimir), and the N8 subtype neuraminidase of the influenza virus isolate was determined. The comparative genetic analysis of 258 bp nucleic acid sequences
of the AV H gene fragment showed that the identified isolate belongs to the Asian genetic lineage of highly pathogenic AIV subtype H5 (clade 2.3.4.4) associated
with the epidemic spread in Asia, Europe, the Middle East and Africa in 2016—2020.
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PE3IOME

B cTaTbe npezcTaBneHbl pe3ynbTatbl SMU300TONOMMYECKOT0 MOHUTOPUHIA rpUnNa NTUL Ha Tepputopuy Pecny6nuku Kpbim 8 2019—2020 rr. Mpu n3yyeHnn Lnpky-
NALUM BUPYCa rpunna nTuL ocoboe BHUMaHMe yaeneHo akBatopuam A30Bckoro 11 YepHoro mopeii, 3anuBy CvBaLl 1 npecHOBOAHBIM 03epam ropoAckoro okpyra
Oeopocua, JlennHckoro, CoeTckoro, HukHeropekoro, YepHomopckoro 1 Cakckoro paiioHoB. lpu 06Cie0BaHNm Bbilueyka3aHHbIX pailoHOB 6bIN0 0TMeYeHo
o6MmeneHue 1 nepecbixaHue HeKOTOPbIX MPECHOBOAHBIX BOA0EMOB, AerpadaLiua BOAHOI pacTUTeNbHOCTU. AHanu3 cocToAHuNA 06cneayemblx NpUpoAHbIX 610ToMoB
322019 112020 rr. noka3an cHNKeHe YUCTEHHOCTI AUKUX OKONOBOAHBIX NTULL. [Tpon3Be/ieH 0Tbop Npob natonoruyeckoro MaTtepuana ot OKONOBOAHOI 1 ANKOIA
nepeNneTHoli NTULbI, @ TaKXKe 0T NTUL, COAePXaLLMXCA Ha NTULedabpukax 1 B NMYHBIX NOACOOHBIX X03A/CTBaX rpaxAaH. MonyueHHble 06pasubl nccnesosam
MeTOZI0M NONMMepa3Holi LienHoli peakLyui B peanbHOM BpeMeHU ¢ 00paTHOI TpaHckpunumeit. B 2019 1. B osHoil npobe nomeTa 0T AMKOi NTULbI ¢ 03epa Kyuyk-
Amxurons ropopckoro okpyra eogocus 06Hapys«eH reHom Bupyca rpunna A ntuy nogruna HI. B pesynbrate nposegeHHbix B 2020 1. nabopatopHbIX Uccneso-
BaHWIi NaToNOMNYecKoro matepuana (0cTaHKkm nebeps-LumnyHa), 0To6paHHoro Ha beperoBoil NMHMN NPeCHOBOAHOTO 03epa BONM3M ¢. EpmakoBo [kaHKolickoro
palioHa, BbiABNEH reHoM Bupyca rpunna A nogtuna H5. Ha 6a3e OTBY «BHUN3X» (r. Bnagumup) 6bin npoBeaeH reHeTuyeckuii aHann3 1 onpesenex noatin
HellpaMiHMAa3bl BblAENeHHOro U30onATa BUpyca rpunna — N8. CpaBHUTENbHBII reHeTUYeCkuil aHann3 HyKNeMHoBbIX NOCTef0BaTeNbHOCTell dparmeHTa reHa H
ANMHOIA 258 H. 0. BUYCa rpunna NTUL NOKa3a, uto BbIABNEHHbIN U30NAT NPUHAANEXMT K a3UATCKOI reHeTUYECKOi IMHII BUPYCa BbICOKONATOreHHOro rpunna
nTuy nogtuna H5 (knapa 2.3.4.4), nonyumBLuero snu300Tinyeckoe pacnpoctpaHexue B 2016—2020 rr. B ctpaHax Auu, EBponbi, bakHero Boctoka u Agppuki.

KnioueBble cnoBa: ankas nepeneTHaa NTula, 0KOS0BOAHAA NTULA, rpUNM NTUL, MUrpauns, 0pHVITO¢ayHa, 3NU300TONOTNYECKNIA MOHUTOPUHT

bnarogapHocTu: Pabota BbinoNHeHa 3a CYeT G0[KETHbIX CPefiCTB NPy NPOBEAEHNI FOCYAAPCTBEHHOTO ANU300TONIOTNYECKOr0 MOHUTOPUHIA B PaMKaX Bbl-
MONHEHNA TOCYLAPCTBEHHOMO 3afaHuA (Mpuka3bl Poccenbxo3Hag3opa ot 28.12.2018 N2 1519, o1 25.12.2019 N 1423).

[Nina untuposanua: lagzesuy [1. B., Janunbuenko C. U1, Bopotunosa H. T, Macynbkuta M. A., Ynne B. A., Up3a B. H., Bonkos M. C., 3unakos H. I. 3nu3ooto-
NIOTUYECKMA MOHUTOPUHT rpunna nTu Ha Tepputopuu Pecny6anku Kpbim 8 2019—2020 rr. BemepuHapus ce200u. 2021; 10 (4): 308-316. DOI: 10.29326/2304-

196X-2021-10-4-308-316.
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OrBY «BHUN3X» B Pecnybnuke Kpbim, 295494, Poccus, r. Cumdepononsb, noc. Komcomonbckoe, yn. Wocceitnas, 21a, e-mail: gadzevich@arriah.ru.

INTRODUCTION

Avian influenza (Al) is a highly contagious viral disease
of birds, subject to the World Organisation for Animal
Health (OIE) notification. It causes enormous economic
damage and poses a serious threat to poultry farms
around the globe. The causative agent is an RNA virus
belonging to the family Orthomyxoviridae, type A (Influ-
enza A). There are 16 known hemagglutinin antigens (H1—
H16) and 9 neuraminidase antigens (N1-N9). The Al agent
has unique abilities to change its antigenic structure and
cross the species barrier [1-8].

Avian influenza virus (AIV) is steadily circulating in wild
migratory bird populations in many countries. Aquatic
and semiaquatic birds are the primary natural reservoir of
the virus [1, 2, 7-91. The Republic of Crimea located at the
crossroads of wild bird migration routes from Asia to Euro-
pean and African countries and back, is a stopover and
wintering place for many wild semiaquatic bird species.
It was primarily the AIV subtype H5N1 known to be circu-
lating until 2014 and causing epidemics in the Crimea in
2005, 2006 and 2008 [5, 10, 11]. At present the AlV subtype
H5N8 has become globally widespread and was detected
in domestic and wild bird populations in Europe, Asia and
Africa. In the Russian Federation the highly pathogenic

H5N8 influenza virus was initially isolated from dead
wild birds at Uvs Nuur Lake (Republic of Tyva) in May
2016 [2, 6-8, 9, 11-15]. Then the disease became wide-
spread and was recorded in both wild and domestic birds
in the immediate vicinity of the Crimean Peninsula, namely
in the Rostov Oblast, Krasnodar Krai, as well as in the Kher-
son and Odessa Oblasts in Ukraine [3, 16]. The next epi-
zootic wave started in August 2020 in the Southern Urals
and Western Siberia and affected most of the European
countries by the end of the year. The current epidemic is
caused by H5N8, H5N5, H5N4, H5N3, H5N1 subtype viru-
ses belonging to genetic clade 2.3.4.4, which originates
from the Middle East [6—8].

From 2009 to the present time no Al disease and morta-
lity cases have been reported in backyard and commercial
poultry on the territory of Crimea. But taking into account
that the AIV (H5N8) genome was detected in a mute swan
in the territory of the peninsula in 2017, and the animal
products imported from the Penza Oblast [11, 16] tested
positive for Al (subtype H9) in 2018, there remains a real
threat of AlV introduction into backyard and commercial
flocks in the Republic of Crimea.

Thus, the Al epidemiological monitoring is of relevant
importance on the territory of the Republic of Crimea.
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MATERIALS AND METHODS

The tests were conducted on the basis of the Laborato-
ry for Molecular Diagnostics of the Laboratory and Diag-
nostic Center of the FGBI“ARRIAH” Branch in the Republic
of Crimea in 2019-2020.

Biological material was collected from wild birds
during expeditions to the coast of the Azov and Black
Seas, the Sivash Lagoon and freshwater lakes in the Feo-
dosia Urban Okrug, Leninsky, Sovetsky, Nizhnegorsky,
Chernomorsky and Saki Raions with participation of
the Rosselkhoznadzor Administration for the Republic
of Crimea and Sevastopol City (Rosselkhoznadzor) spe-
cialists. The expeditions were arranged pursuant to the
research work plan of the FGBI “ARRIAH" Branch in the
Republic of Crimea and state epidemiological monitoring
plans.

The species identification of wild birds subjected to
biomaterial sampling was carried out using a bird field
guide [17]. During the expeditions the state of natural

Table 1
Pathological material sampling from wild birds in 2019

biotopes was assessed and the number of bird fauna in
this territory was calculated.

The material was delivered to the laboratory in sealed
water-proof insulated containers with cool packs in com-
pliance with current regulations. Laboratory tests were car-
ried out using Russia-manufactured commercial test kits in
accordance with the Veterinary Rules for Avian Influenza A
Laboratory Diagnosis [18].

Biomaterial samples from wild birds shot in various
hunting areas of the Crimea, samples from poultry kept in
poultry farms and backyards, as well as samples of animal
products were sent to the laboratory of the FGBI “ARRIAH"
Branch in the Republic of Crimea.

Identification of the AIV genome was carried out by ex-
traction of total nucleic acid from pathological material, re-
verse transcription of the obtained RNA and amplification
of specific sites of the cDNA derived from the influenza A
virus using real-time polymerase chain reaction (real time
RT-PCR). The following was used: a GRIPP commercial test

Sampling Number
Type of pathological material Sampling site

Faeces (wid bird) 6.5 km from Znamenskoye settlement (Spit Belyaus), Lake Donuzlav shore
Eurasian coot (Fulica atra), 4 (45346111, 32.954625)
February 18, Gull (Larus) (carcasses)
20 Faeces (wild birds) 1 Sasyk-Sivash Lake, Yevpatoria (45.200887, 33.415658)
Wild birds (carcasses) 9 Panskoe Lake, Chernomorsky Raion
Faeces (wild birds) 5
3 km from Yermakovo settlement, Dzhankoysky Raion
Gull (Larus) (remains) 1
e . st Do i
200 Faeces (wild birds) 3 5 km from Tomashevka settlement, Dzhankoysky Raion, Aigulskoye Lake
Faeces (wild birds) 8 3 km east of Tselinnoye settlement, Dzhankoysky Raion
Faeces (wild birds) 10 3 km from Melkovodnoye settlement, Dzhankoysky Raion, Aigulskoye Lake
Faeces (wild birds) 1 area of the Ablyamitsky bridge, Lake Donuzlav
Faeces (wild birds) 12 5 km from Znamenskoye settlement, Lake Donuzlav
August 08, Faeces (wild birds) 6 5 km from Mezhvodnoye settlement, Lake Panskoye, Chernomorsky Raion
2019 Faeces (wild birds) 7
Sparrow (Passeridae) (carcass) 1 5 km from Yevpatoria, Sasyk-Sivash Lake
Gull (Larus) (remains) 1
Mute swan (Cygnus olor) (remains) 1 Sasyk-Sivash Lake (45.204513, 33.410529)
Mute swan (Cygnus olor) (remains) 1 Sasyk-Sivash Lake (45.204128, 33.411204)
0“;3?;18’ Faeces (wild birds) 4 Sasyk-Sivash Lake
Faeces (wild birds) 18 shore of Lake Donuzlav, Ablyamitsky bridge
Faeces (wild birds) 15 shore of Lake Donuzlav, Spit Belyaus, 5 km from Znamenskoye settlement
Novezn(;?;r 5 Faeces (wild birds) 27 Lake Kuchuk-Ajigol, Feodosia Urban Okrug
Total 161
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Black Sea

Black Sea

s. Primorsky

354001

Lake Kuchuk-Ajigol
s. Beregovoye

Fig. 1. Sampling of pathological and biological material from semiaquatic wild birds in 2019

® — Jocation of sites for pathological and biological material sampling from wild birds

6. Feodosia
7. Leninsky Raion

1. Simferopol

2. Sevastopol 12. Belgorodsky Raion

3. Yalta 8. Kirovsky Raion 13. Krasnogvardeysky
4. Alushta 9. Sovetsky Raion 14. Pervomaysky Raion
5. Sudak 10. Nizhnegorsky Raion  15. Razdolnensky Raion

kit (the Rospotrebnadzor Central Research Institute of Epi-
demiology, Russia) for PCR detection and differentiation
of influenza virus (Influenza A virus) and differentiation
of subtypes (A H5, H7, H9), which includes AmpliPrime
RIBO-Sorb reagents for RNA extraction, Reverta-L for the
reverse transcription and reagents for Influenza A virus
¢DNA amplification and subtypes A H5, H7, H9 differen-
tiation using real-time hybridization and fluorescence
detection. The fluorescent signal was detected using the
Rotor-Gene Q amplifier (Qiagen, Germany).

RESULTS AND DISCUSSION

In 2019, the FGBI “ARRIAH" branch of the Republic of
Crimea together with the Rosselkhoznadzor professionals
arranged 5 expeditions, during which 8 Crimean raions
were surveyed (Fig. 1) and 161 samples of pathological
material from wild birds were collected (Table 1). The geo-
graphical sampling distribution is shown in Figure 1.

Wild waterfowl mass deaths were registered at Lake
Donuzlav in February 2019. At the time significant
congregations of Eurasian coots (Fulica atra) (about
8-10 thousand) were observed in this reservoir area.
There were also gulls (Larus), ducks (Anatinae) and single

11. Dzhankoysky Raion

16. Bakhchisaraysky Raion
17. Saksky Raion

18. Chernomorsky Raion

19. Krasnoperekopsky Raion
20. Donuzlav Lake

21. Sasyk-Sivash Lake
22. Sivash Lagoon
Raion

mute swans (Cygnus olor) identified. A large number of
Eurasian coot (Fulica atra) remains (about 1.5-2.0 thou-
sand) (Fig. 2a, b) and, occasionally, remains of mallards
(Anas platyrhynchos), common shelducks (Tadorna tador-
na), black-necked grebes (Podiceps nigricollis), Caspian
gulls (Larus cachinnans) (Fig. 2¢) were found within the
shoreline area.

In addition, Eurasian coots with clinical signs charac-
teristic of the Al acute form and demonstrating lack of
movement coordination, neck and head twisting (Fig. 3)
were found on the shore [19-21].

No pathological and anatomical findings were ob-
served during necropsy of Eurasian coot carcasses.

Nine wild bird carcasses were found in the Cher-
nomorsky Raion at Lake Panskoye located 20 km from
Lake Donuzlav (Table 1): Eurasian coot (Fulica atra) - 2,
red-crested pochard (Netta) — 1, mallard duck (Anas platy-
rhynchos) — 4, Eurasian wigeon (Mareca penelope) — 1,
greater scaup (Aythya marila) - 1. No wild bird mortality
was recorded in other Crimean Raions. A decrease in the
number of wild migratory birds was also noted during the
field expeditions as compared to the previous years, espe-
cially on the Sivash Lagoon shore.

Fig. 2. Remains of Eurasian coots (Fulica atra) (a, b) and a Caspian gull carcass (c) at the Donuzlav Lake
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Fig. 3. Eurasian coots demonstrating lack of movement coordination, head and neck twisting

A total of 13 samples of pathological material and
2 samples of wild bird faeces were taken during the expe-
dition in February 2019 (Table 1). The AlV genome was not
detected in these samples.

In August 2019 two field expeditions were arranged
to the sites of semiaquatic bird congregation, during
which the reservoirs of the Dzhankoysky, Chernomorsky
and Saksky Raions of the Crimea were surveyed (Table 1).
Testing of 77 faecal samples from wild birds and 3 patho-
logical material samples (bird remains) showed absence
of the AIV genome. During the survey of the above-men-
tioned areas it was noted that freshwater reservoirs be-
came shallow and some of them dried up completely, deg-
radation of aquatic vegetation was observed everywhere.

The freshwater lakes of the Chernomorsky and Saksky
Raions, including the coast of the Karkinitsky Gulf of the
Black Sea, were surveyed during the expedition conduc-
ted in October 2019. Two pathological material samples
from a mute swan and 37 faecal samples from wild semi-
aquatic birds were collected (Table 1). The AlV genome was
not detected in these samples.

The freshwater lakes in the Feodosiya Urban Okrug, Le-
ninsky and Sovetsky Raions, as well as in the Sivash Lagoon
area were surveyed on November 25, 2019. Wild semi-
aquatic birds were observed only at Lake Kuchuk-Ajigol
in Feodosia Urban Okrug (Fig. 1). The real-time RT-PCR

Black Sea

testing of 27 faecal samples collected in this territory
showed that the influenza A subtype H9 virus genome
was detected only in one of them.

In 2019 the Rosselkhoznadzor professionals also sub-
mitted 291 samples from birds shot in hunting areas and
548 samples from poultry from different Crimean Raions to
the Laboratory and Diagnostic Center of the FGBI “ARRIAH"
branch (the Republic of Crimea). The AlV genome was not
detected in these samples.

In total 1,000 samples of pathological material were
tested in the Laboratory for Molecular Diagnostics in 2019,
among them 16.1% were samples obtained from wild
semiaquatic birds, 29.1% - from wild birds shot in hunting
areas and 54.8% - from poultry.

In 2020, the FGBI “ARRIAH" Branch in the Republic of
Crimea, together with the Rosselkhoznadzor professio-
nals organized 3 field expeditions (in winter-spring and
autumn-winter periods) to wild waterfowl congregation
sites, during which the following areas of the Crimean
peninsula were surveyed: the shore of the Sivash Lagoon,
freshwater lakes of the Feodosiya Urban Okrug, as well as
Leninsky, Sovetsky, Nizhnegorsky, Dzhankoy raions (Fig. 4).

Fifty four samples from wild birds were collected for
real-time RT-PCR testing, including 2 pathological material
samples (the remains of a mute swan - Fig. 5a and a saker
falcon - Fig. 5b) and 52 faecal samples from wild birds.

s. Solyonoye Ozero

Fig. 4. Pathological and biological material sampling from semiaquatic wild birds in 2020

® — [ocation of sites for pathological material sampling from wild birds

1. Simferopol
2. Feodosia Urban Okrug

3. Leninsky Raion 5. Sovetsky Raion
4. Kirovsky Raion 6. Nizhnegorsky Raion 8. Sivash Lagoon

7. Dzhankoysky Raion
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The samples were taken on the shore of Lake Ku-
chuk-Ajigol (Feodosia Urban Okrug), at the Frontovoye
reservoir (Leninsky Raion) and the freshwater lake shore
near the Yermakovo settlement (Dzhankoysky Raion)
(Table 2). No bird congregations were found in the other
surveyed areas. Compared to 2019, the number of wild
semiaquatic birds decreased, most likely, due to the de-
composition of reedbeds, a decrease in the food supply for
wild birds, changes in wintering and stopover sites during
migration and nesting. The same trend was observed in
previous years [4].

Table 2 presents data on the sampling site of pathologi-
cal and biological material from wild semiaquatic birds, the
number of samples taken, as well as the types and num-
bers of birds observed during field expeditions.

The genome of influenza A virus subtype H5 was de-
tected in the pathological material collected from the re-
mains of a mute swan in the shoreline area of a freshwater
lake near the Yermakovo settlement, Dzhankoysky Raion,
in December 2020 (Fig. 5a). Fig. 5. Remains of a mute swan (a) and a saker falcon (b)

Table 2
Number and species of semiaquatic wild birds, number of samples in 2020

Number
of collected samples

Sampling date Bird species observed in the area Number of birds

Frontline reservoir, Leninsky Raion

Grey goose (Anser anser) 24
White-fronted goose (Anser albifrons) 20
February 04, 2020 Black-necked grebes (Podiceps nigricollis) 200 27
Large cormorant (Phalacrocorax carbo) 70
Saker Falcon (Falco cherrug) 1

Lake Kuchuk-Ajigol, Feodosia Urban Okrug

Mute swan (Cygnus olor) 60
Eurasian coot (Fulica atra) 400
Great bittern (Botaurus stellaris) 3
Grey heron (Ardea cinerea), 25
Great egret (Ardea alba)
Red-headed pochard duck (Aythya ferina) 200
November 03, 2020 Greater scaup (Aythya marila) 15 2
Tufted duck (Aythya fuligula) 20
Northern shoveler (Spatula clypeata) 90
Eurasian teal (Anas crecca) 120
Gadwall (Mareca strepera) 38
Mallard duck (Anas platyrhynchos) 70
The shore of a freshwater lake near the Yermakovo settlement, Dzhankoysky Raion
Mute swan (Cygnus olor) 18
December 18, 2020 Mallard duck (Anas platyrhynchos) 25 6
Eurasian coot (Fulica atra) 300
Total 54
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Table 3
Number and location of biological material samples taken from poultry, pathological material samples taken from wild birds
and animal product samples in 2020

Number of

Name of the material samples Sampling site
Biological material (chicken droppings) 50 Yalta Urban Okrug, Belogorsky Raion
Biological material (chicken droppings) 50 Pervomaisky Raion
Biological material (chicken droppings) 200 Nizhnegorsky Raion
Biological material (chicken droppings) 25 Simferopol Raion
Biological material (chicken droppings) 100 Razdolnensky Raion
Biological material (chicken droppings) 150 Sudak city, Feodosia city, Feodosia Urhan Okrug
Biological material (chicken droppings) 100 Kirovsky Raion
Biological material (chicken droppings) 100 Alushta Urban Okrug
Poultry biological material (cloacal swabs) 50 Yevpatoria Urban Okrug
Biological material (chicken droppings) 75 Sevastopol districts
Pathological material (wild bird carcasses) 14 Hunting areas in Sevastopol city
Pathological material (wild bird carcasses) 9 Hunting areas in Sevastopol city and Leninsky Raion
Pathological material (great bustard Otis tarda carcasses) 5 Hunting areas in Leninsky Raion
Frozen poultry meat (turkey) and frozen poultry offal (turkey) 12 Simferopol
Chicken eggs (30 pcs.) 6 pooled samples Sevastopol city
Biological material (semiaquatic waterfowl faeces) 36
Wi b remains (Saker falcon) : Lake Kuchuk-Ajigol, Feodosia Urban Okrug
Biological material (semiaquatic waterfowl faeces) n Frontline reservoir, Leninsky Raion
Wild bird remains (2 mute swan) ! The shoreline of a freshwater lake near Yermakovo settlement,
Biological material (semiaquatic waterfowl faeces) 5 Dzhankoysky Raion
Total 1,000

The genetic analysis was performed and the neuramini-
dase subtype (N8) of the identified influenza virus isolate
was identified on the basis of the FGBI “ARRIAH” (Vladi-
mir). The comparative genetic analysis of the AIV nucleic
sequences of the 258 bp H gene fragment showed that
the identified isolate belongs to the Asian genetic lineage
of the highly pathogenic AlV subtype H5 (clade 2.3.4.4),
which epidemically distributed in the countries of Asia,
Europe, the Middle East and Africa in 2016-2020. Accor-
ding to the GenBank international sequence database, the
A/duck/Egypt/SMG4/2019 (H5N8) virus isolated in Egypt
in 2019 is the most genetically similar to the identified
isolate (99.2—99.6% similarity). In addition, this isolate is
genetically similar to HSN8 subtype AlVs detected in Omsk,
Kurgan and Chelyabinsk Oblasts in 2020 (98.8—100.0%
similarity), and H5N8 subtype AlVs isolated in 2016—-2019
in the Voronezh, Rostov, Moscow Oblasts and the Republic
of Kalmykia (97% similarity). The hemagglutinin cleavage
site in the detected virus is -REKRRKR- which is characte-
ristic of highly virulent Al pathogens. No AlV genome was
detected in all the other tested samples.

Additionally, 28 samples collected from birds shot in
hunting areas of the Leninsky Raion and Sevastopol city

raions, 900 samples of biomaterial taken from poultry in
the Belogorsky, Pervomaisky, Nizhnegorsky, Simferopolsky,
Razdolnensky, Kirovsky Raions, the cities of Sudak, Yalta,
Feodosia and the Urban Okrugs of Yalta, Feodosia, Sevas-
topol, as well as 18 samples of animal products marketed
in Simferopol and Sevastopol were submitted to the Labo-
ratory and Diagnostic Centre of the FGBI”ARRIAH" branch
in the Republic of Crimea by the Rosselkhoznadzor pro-
fessionals (Table 3). The AIV genome was not detected in
these samples.

In total, 1,000 samples of pathological and biological
material were tested for avian influenza using real time
RT-PCR in 2020, out of them 8.2% were samples obtained
from wild birds, 90% - from backyard poultry and 1.8%
were samples of animal products.

CONCLUSION

Within the Al epidemiological monitoring in the terri-
tory of the Republic of Crimea in 2019-2020 nine areas
were surveyed and 2,000 samples of pathological and
biological material were tested, including 215 samples
(10.75%) from wild semiaquatic birds, 319 samples
(15.95%) from birds hunted in the hunting areas,
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1,448 samples (72.4%) from poultry, 18 samples (0.9%)
of products of animal origin.

The AIV genome was detected in two samples (0.1%)
collected from wild birds: on the shore of Lake Ku-
chuk-Ajigol in Feodosia Urban Okrug (avian influenza A
subtype H9) in November 2019 and on the lakeshore near
the Yermakovo settlement, Dzhankoy Raion (avian influen-
za A subtype H5) in 2020. This fact is another confirmation
that wild migratory birds present the main threat of Al in-
troduction into the Crimean territory.

Therefore, a timely analysis of monitoring study results
will allow monitoring the Al epidemic situation and, in
case of a threat, taking timely measures to prevent the AIV
spread, contain outbreaks and carry out measures aimed
primarily at breaking the transmission chain.

The prospect of further research is to conduct consis-
tent and detailed Al epidemiological monitoring on the
Crimean peninsula with the coverage expansion of the
studied areas (hunting areas, preserve areas).
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SUMMARY

Currently, vaccination is the main measure to combat rabies in domestic and wild animals. Inactivated and live vaccines are used for this purpose. Oral vaccines
for wild carnivores contain live attenuated rabies viruses in liquid or freeze-dried form, which are packaged inside edible baits. Since there are no consistent data
showing advantages of liquid and freeze-dried oral products for vaccine-induced immunity against rabies in animals, we compared effectiveness of these rabies
vaccines produced from rabies virus strain VRC-RZ2. Inmunogenicity was tested in mongrel dogs aged 3 months and older that are seronegative for rabies virus
antigens. The animals were randomly divided into three groups: two experimental and one control group. Group One was fed a block-type bait containing a blister
with liquid virus-containing suspension, Group Two was given a block-type bait containing a gelatin capsule with freeze-dried virus suspension. On Day 21 post
vaccination, blood samples were taken from all the animals and the obtained sera were examined in virus neutralization test to measure virus neutralizing antibodies
titers. The level of the immune response against rabies in the vaccinated dogs was assessed by intracerebral infection of animals with virulent rabies virus strain CVS.
The carried out research demonstrated that both groups of the vaccinated dogs had approximately the same titers of virus neutralizing antibodies that ranged
from 3.25 to 4.3 log,. The virus neutralizing antibodies observed in the immunized dogs ensured good protection from virulent CVS strain. All animals of the
control group died after infection demonstrating clinical signs of paralytic rabies. The results obtained show that both forms of the oral rabies vaccines are effective.

Keywords: rabies virus, oral vaccine, liquid vaccine, freeze-dried vaccine, antibodies, immunity
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PE3IOME

B HacToALLee Bpems 0CHOBHOIA Mepoii 60pbObl  6eLLeHCTBOM ABNAETCA BaKLMHONPOGUNAKTIKA LOMALLHUX 1 ANKIX XKUBOTHBIX, ZUN1A 3TOTO UCMONb3YIOT MHAKTUBY-
POBaHHbIE 11 X1Bble MPenapaTbl. BakwuuHbl AnA opanbHoIi UMMYHM3aLMI SUKUX NOTOAAHbIX KUBOTHBIX COLEPAaT XUBblE aTTeHyNPOBaHHbIE BIPYCbI OeLLeHCTBa,
KOTOPbIe B XXMAKOM UAN MoGUAM3MPOBAHHOM BUAe NOMELLAT BHYTPb Cbe06HOM NpUMaHKiA. B cBA3Y € 0TCYTCTBMEM 0BHO3HAYHbIX AAHHbIX O MPEUMYLLECTBAX
KIBKOro 1 MMounn3npoBaHHOTO NepopanbHoro npenapata Npu GOPMUPOBAHIUI Y XMBOTHBIX NOCTBAKLMHANBLHOIO IMMYyHUTETa NPOTUB belueHcTBa 6bino npo-
BEZIEHO CPaBHUTENbHOE U3yueHne 3GOEKTUBHOCTM JaHHBIX AHTUPAOMUECKIX BaKLIH, U3roToBeHHDIX U3 WTamma VRC-RZ2 Bupyca bewweHcTaa. IMMyHoreHHyto
3 $eKTUBHOCTb 3yyann Ha 6ecnopoAHbIX, CepOHeraTUBHbIX K aHTUreHam BUpyCa belueHCTBa cobakax B Bo3pacTe 0T 3 Mec. 1 cTapiue. MKUBOTHbIX ClyyaiiHbIM
00pa3om pa3zenunv Ha TpU rpynMbl: e ONbITHbIE U KOHTPONbHYI0. B nepBoii rpynne cobakam ckapmnuBany 6puKeT-npuUMaHKy, cofepxaluyto bnmcrep CxUAKoN
BUpYCCOAepaLLieil CycneH3ueit, Bo BTOPOI rpynne — OpuKeT-npumaHKy, BHyTpb KOTOPOV MOMeLLLeHa XenaTuHoBaA Kancyna c IMo¢unu3upoBaHHoii cycneH3ueli
BUpYca. Yepe3 21 cyT nocse MMMyHU3aLM Y BCeX XKUBOTHBIX 0TOMPany Npobbl KPOBY, MONyUYEHHbIE U3 HUX CbIBOPOTKY UCCIe0BANM B PeaKLui HeiiTpanu3aLum
[N onpeeneHa TATPOB BUPYCHERTpanu3yloLLux aHTuTen. HanpaxeHHOCTb aHTMpabuyeckoro MMMYHUTETa y BAaKLIMHUPOBAHHbIX C06aK OLieHIBaN NyTem UHTpa-
Liepe6panbHOro 3apaxeHus 1BOTHBIX BUPYNEHTHbIM BUpYCoM betlieHcTBa Wwramma CVS. B pe3ynbTate npoBeaeHHOro MCCNe0BaHMA YCTaHOBNEHO, UTo B 06eunx
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INTRODUCTION

Heads of State in 2018 to prevent and control rabies for

Rabies is a viral disease affecting central nervous sys-
tem of mammals, including humans [1]. Currently, this di-
sease is endemic in more than 150 countries around the
world. Despite the fact that rabies is preventable, accor-
ding to the World Health Organization (WHO), 59 thou-
sand people die from it every year in the world, mainly
in the poorest and most vulnerable communities. About
40% of the victims are children under the age of 15 living
in Asia and Africa [2].

The global response to rabies has been fragmented
and poorly coordinated so far. Currently, a collective
initiative “Unite Against Rabies” is being implemented
under the WHO, the goal of the initiative is to achieve
zero human deaths from rabies transmitted by dogs
by 2030 [3]. A set of joint actions of the the CIS Member
States was adopted at the meeting of the CIS Council of

the period up to 2025 [4].

Wildlife rabies control tactics have changed critical-
ly over the past few decades, partially due to the latest
scientific discoveries. Historically, rabies control measures
mainly consisted in destruction of target animal spe-
cies [5]. However, scientific breakthroughs have made it
possible to develop a method of oral immunization of wild
animals by packaging rabies vaccine inside edible baits
for carnivores.

There are now various types and forms of baits. Most
of them have approximately the same structure and con-
sist of a blister with a vaccine packaged inside a tasty bait,
with slight variations in size, bait compositions and types
of blisters [6, 7].

Most viruses used in production of live oral rabies
vaccines originate from the attenuated Evelyn-Rokitnicki-
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Abelseth (ERA) strain, which was derived from the original
Street-Alabama-Dufferin (SAD) strain. The parental SAD
strain was isolated from the salivary glands of a rabies-
infected dog in the USA, in 1935, and then attenuated by
serial passages in mice, chicken embryos and various cell
lines and was renamed as ERA [8]. The modified SAD Bern
vaccine strain was obtained as a result of serial passages of
the ERA strain in cell cultures, it was used in the first trials
of an oral rabies vaccine in Switzerland [9].

The success of wildlife rabies control by oral immuni-
zation has been demonstrated in a number of European
countries, such as Estonia, France, Italy and Switzerland.
It should be noted that these countries were declared ra-
bies-free only after several years of oral vaccination cam-
paigns using baits containing SAG2 vaccine strain (France
also used the recombinant V-RG vaccine) [10-12].

SAG2 (SAD Avirulent Gif) rabies virus strain is a modi-
fied live virus selected from SAD Bern in 1990 as a result of
two successive mutations [13].

Canada and the USA demonstrated successful use of
recombinant vaccines based on vaccinia virus and hu-
man adenovirus serotype 5: RABORAL V-RG® (Boehringer
Ingelheim Animal Health Inc., USA) and ONRAB® (Artemis
Technologies Inc., Canada) for immunization of wild ani-
mals [14-17]. These vaccines were produced on the basis
of a viral vector, which was created in 1984 as a recombi-
nant vaccinia virus V-RG expressing G-protein gene of ERA
rabies virus strain [11, 12, 18].

There are also freeze-dried oral rabies vaccines. One of
them was developed by scientists from VNIIVVIM (Russia)’,
the product contains a fixed rabies virus strain TS-80, ob-
tained in 1980 by G. A. Safonov et al. and deposited in the
VGNKI on February 17, 1988 [19]. RABIGEN® SAG2 vaccine,
developed by Virbac laboratory scientists (France), is an-
other means of specific prevention that has been used in
practice. This product is a live modified attenuated rabies
vaccine based on recombinant SAG2 rabies virus strain se-
lected from SAD Bern strain during a two-stage amino acid
mutation using neutralizing monoclonal antibodies. The
effectiveness of RABIGEN® SAG2 has been demonstrated
in accordance with the EU requirements for red fox and
raccoon dog in Estonia, France, Italy and Switzerland [10].

Despite the fact that the effectiveness of oral immu-
nization of wild carnivores was experimentally confirmed,
in order to develop and improve vaccines it is critically im-
portant to understand how vaccine viruses penetrate into
the host cell and replicate there.

In order to prevent rabies in the field, many countries
use blisters with a vaccine (filled with virus-containing
suspension prepared from different virus strains). How-
ever, some researchers have noted that the distribution of
block-type baits in cold weather can make the main im-
munogenic component freeze, therefore, when the bait is
eaten by animals, the vaccine does not have contact with
mucous membrane of the oral cavity, but gets into the
stomach, thus reducing effectiveness of vaccination [20].
A possible solution to this problem is to use the vaccine
with an acid-protective coating that protects the virus

from the inactivating effects of gastric juice, or to use
freeze-dried oral vaccine that is stable at low temperatures
and does not require chewing for the vaccine virus to have
contact with the oropharyngeal mucosa [21, 22].

The aim of the study is to compare immunogenic ef-
fectiveness of liquid and freeze-dried rabies vaccine pro-
duced from rabies virus strain VRC-RZ2.

MATERIALS AND METHODS

The vaccine strain of the virus. Fixed rabies virus strain
VRC-RZ2 was obtained from an organ/tissue rabic isolate
(puppy brain) and deposited in the collection of micro-
organisms of the RSE “Research Institute for Biological
Safety Problems” (RSE “RIBSP”, Kazakhstan) with the regis-
tration number P-7-04/D. This strain is recommended for
production of rabies vaccine used for oral immunization
of animals (Patent RK No. 174532). The titer of the vaccine
strain is 6.0-6.5 Ilg MLD, /0.03 cm”®.

Vaccine. Oral vaccines from VRC-RZ2 strain were used
for the research. The vaccines were used in two forms:

- liquid - the product weighing — 25-30 g contains
10 cm?® of rabies virus suspension in a blister packaged
in a block-type bait. The virus titer in one vaccine dose is
1087 TCID, /cm?,

- freeze-dried - the product weighing — 25-30 g con-
tains 10 cm® of freeze-dried suspension of rabies virus with
a stabilizing and acid-resistant polymer in a gelatin cap-
sule packaged in a block-type bait. The virus titer in one
vaccine dose is 107 TCID, /cm?.

Challenge virus. Reference rabies virus strain CVS was
used in the experiment. It is maintained and stored in the
collection of microorganisms of the RSE “RIBSP” (Kazakh-
stan). The infectious activity of the virus is 4.5-5.0 MLD, .

Animals and preparing them for the experiment. 15 mon-
grel dogs aged 3 months and older were used in the re-
search.

Before the experiment started, the animals were iden-
tified and quarantined for 14 days. During the quarantine
they were dewormed, subjected to clinical examination
and their sera were tested for specific antibodies to rabies
virus in virus neutralization test (VNT) [23]. For the pur-
poses of the experiment, we used those dogs who had
no specific antibodies to rabies virus and had not been
previously vaccinated against this disease.

Experiments on animals were carried out in accordance
with national and international laws and regulations on
protection and welfare of animals. The protocol was
approved by the Ethical Committee on Animal Experi-
mentation of RSE “RIBSP” of the Committee of Science of
the Ministry of Education and Science of the Republic of
Kazakhstan (Authorization Number: 0701/20).

Experiments on animals. At the end of the quarantine,
the dogs were kept without food for one day, then they
were randomly divided into three groups (5 dogs in each).
Animals of Group One were fed a block-type bait with
liquid vaccine in a blister, dogs of Group Two were fed a
block-type bait with freeze-dried vaccine in a gelatin cap-
sule. Group Three was used as a control. On Day 21 post

"Khripunov E. M., Isakova N. B., Evseeva S. D,, Vishnyakov I. F,, Nedo-
sekov V.V, Zhesterev V. ., et al. Virus vaccine against rabies for oral
immunization of carnivores. Patent No. 2157700 Russian Federation,
MPK A61K 39/205(2006.01), C12N 7/00(2006.01). VNIIVViM. Applica-
tion 25.01.1999. Publ. 20.10.2000.

2 Rusanova A. M., Zhilin Ye. S., Troitsky Ye. N., Mamadaliev S. M., Barakba-
yev K. B.,, Demchenko A. G. Fixed rabies virus strain VRC-RZ2 for prepara-
tion of preventive and diagnostic products. Patent No. 17453 Republic
of Kazakhstan, MPK C12N 7/00, C12R 1/93, A61K 39/205. Application
10.12.2004. Publ. 15.12.2009. Bulletin No. 12.
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Fig. Effectiveness of oral vaccination of dogs with liquid and freeze-dried vaccines

Table
Challenge of vaccinated dogs with virulent CVS strain of rabies virus

Animal Group Animal Number Infection dose, MLD,,
1.1 100 -

12 100 -
Group One (experimental) 13 100 -
14 1,000 -
15 1,000 -
21 100 -
22 100 -
Group Two (experimental) 23 100 +
24 1,000 -
25 1,000 -

“+"— the animal is affected;
“—"—the animal is not affected.

vaccination, blood samples were taken from all the dogs,
the obtained sera were tested in VNT [23] to determine the
titers of virus neutralizing antibodies (VNA).

Challenge. In order to assess anti-rabies immunity, on
Day 21 post vaccination all the animals were intracere-
brally infected with virulent rabies virus strain CVS at
a dose of 100 and 1,000 MLD,, and clinically observed
for 21 days.

Diffusion precipitation reaction (DPR). DPR was carried
out according to GOST 26075-20133.

Statistical data processing. Statistical analysis was per-
formed using GraphPad Prism Version 8.0.1. Two-way
ANOVAs test was used to analyse serological test results
after vaccination with both vaccines, as well as the diffe-
rence between the groups after the challenge. The value

3 GOST 26075-2013. Animals. Methods of Laboratory Diagnostic of Rabies.
Moscow: Standartinform; 2014. 10 p. Available at: https://base.garant.
ru/70995746.

of P < 0.05 was considered statistically significant. The
difference in the vaccination effectiveness between the
groups was assessed by One-Sided Fisher’s Exact Test for
two proportions at the Alpha significance level < 0.05.

RESULTS AND DISCUSSION

Observation of the vaccinated animals revealed that
dogs remained healthy for 21 days after immunization,
no changes in behavior or rabies clinical symptoms were
recorded, thus, suggesting that the oral vaccines used in
the experiment were safe.

Postvaccinal immunity was assessed by the level of ra-
bies VNA in the vaccinated animals. The experiment results
are shown in the figure.

It was found that dogs from Group One vaccinated
with the liquid vaccine had VNA titers ranging from 3.33
to 4.33 log,. VNA titre in Group Two immunized with
freeze-dried virus-containing suspension was in the range
from 3.25 to 4.33 log.,. Despite different forms of the oral
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vaccine used in the experiment, the maximum level of VYNA
in both groups of the vaccinated animals was 4.33 log,,
while there was no significant difference between VNA
titers in Group One and Group Two (P > 0.05).

It was demonstrated that the VNA developed in dogs
of both groups immunized with different forms of the oral
vaccine protected against infection with virulent rabies vi-
rus strain CVS.The experiment results are given in the table.

After intracerebral infection, all animals of Group One
remained clinically healthy for 21 days, regardless of the
infection dose. In Group Two, one dog (No. 2.3) died on
Day 3 after infection, the rest of the animals were clinically
healthy throughout the whole observation period, regard-
less of the dose of infection. As DPR showed no specific ra-
bies virus antigen was detected in the brain samples taken
from the dead dog. All animals of the control group died
within 5-8 days demonstrating clinical signs of paralytic
form of rabies. Specificity of the disease and the death of
dogs were confirmed in the DPR.

The results obtained show that both forms of the oral
rabies vaccines are effective.

CONCLUSION

Analyzing the data obtained, it can be concluded that
both tested rabies vaccines, produced on the basis of ra-
bies virus strain VRC-RZ2 and used orally for dog vaccina-
tion, induce virus neutralizing antibody response resulting
in 100% protection against intracerebral infection with
virulent rabies virus strain CVS. Taking into account that
the freeze-dried oral vaccine is more stable at low tem-
peratures, it can be used in various geographical zones
of Kazakhstan.
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SUMMARY

Examination of the virus-cell interactions is of both scientific and practical importance. Our study was aimed at comparative characterization of rabbit myxoma
virus and Shope fibroma virus biological properties that manifested during the virus reproduction in RK-13/2-03 clonal continuous rabbit kidney cell culture. It
was demonstrated that the viruses varied in infection development and cytopathic effect duration in RK-13/2-03 cell culture. Apparent lesions in cell monolayers
infected by myxoma virus and fibroma virus at similar multiplicity of infection and cultivation temperature were observed on day 2 and day 3 of cultivation, respec-
tively, as well as maximum cell lesions with evident degeneration were observed on day 3 and day 6 of cultivation, respectively. Myxoma virus was accumulated
attitre 0f 6.25-6.50 g TCID, /0,2 cm’, and Shope fibroma virusa was accumulated at titre of 5.50—5.75 Ig TCID, /0.2 cm?. Shope fibroma virus demonstrated such
infectivity during three passages and myxoma virus demonstrated such infectivity during twenty passages. Prepared cultures were identified as myxoma virus and
Shope fibroma virus with molecular genetic analysis. Tests of the viruses for their antigenic relatedness showed that antibodies against myxoma virus were able
to neutralize Shope fibroma virus also. NT titres of antibodies against both viruses were similar (1:8). RK-13/2-03 cell culture was found to be highly permissive to
Shope fibroma virus that had been isolated from the diseased rabbit and not been an attenuated variant.

Keywords: continuous cell culture, myxoma virus, Shope fibroma virus, virus-specific cytopathic effect
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PE3IOME

/13yueHue xapaKTepa B3aUMOZEICTBINA BUPYCa C KNETKOI MEET KaK HayuHOe, TaK v NPaKTUuecKoe 3HaueHue. Lienibio HacToAaLuX UCCne0BaHMil ABUNAC (PABHU-
TefNbHas OLEHKa NPOABNEHIA pAZa OUONOTNYECKHX CBOICTB BIPYCOB MUKCOMbI 11 Grbpombi LLloyna Kponkos npy penpoayKLun B KNoHasbHoii nepeBUBaeMoil
MHUN KNETOK Noukm Kponuka RK-13/2-03. MokasaHo, uto pa3BUTMeE MHOEKLMM 1 ANUTENbHOCTb NPOABAEHNA LNTONATUYECKOTO AGICTBIUS B KyNbTYPe KNETOK
RK-13/2-03 u3yyaemblx BUPYCOB PasfnuHbl. BUAUMbIE NOPAKEHNA KNETOUHOTO MOHOCTOA NP OIMHAKOBOI MHOXECTBEHHOCTI 3apaXKeHIa U TeMnepaType
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KyNbTUBMPOBAHUA ANA BUPYCa MIKCOMbI Habntofanu Ha 2-e cyT, AnA Bipyca pubpombl — Ha 3- CyT, MaKkCManbHoe NopaxeHIe KNeToK ¢ BbIpaXkeHHOIA ereHe-
paLyeil 0TMeusIvt Ha 3- 1 6-€ CyT KyNIbTUBIPOBAHIA COOTBETCTBEHHO. BUPYC MUKCOMI HakannnBanca B TuTpe 6,25-6,50 Ig TUJ, /0,2 cm®, a Bupyc dpubpombl
loyna B TuTpe 5,50—5,75 Ig TUJL, /0,2 cv’. [laHHyto WHeKLMOHHYI0 aKTBHOCTb PerucTpupoBany y Bupyca dubpomb lLloyna Ha npoTaseHun Tpex, a Bupyca
MUKCOMbI — BAILIATV MACCXHDIX YPOBHeiA. MonekynapHo-reHeTyeckuii aHanu3 NoATBEPANN, UTO NONTyuYeHHble KyNbTypanbHble MaTepuanbl MAeHTUGULMPYIOTCA
KaK BIpYCb MUKCOMbI Kponinkos 1 dubpombi LLloyna. [py onpeaeneHnm aHTUreHHOro poACTBa 6b110 YCTaHOBAEHO, YTO aHTUTENA, NOAYYEHHDIE K BUPYCY MUKCOMbI,
CnocobHbl HeiiTpanu3osatb v Bupyc dubpombl LLoyna. Tutp aHTUTeN B peakuyun HeiiTpanu3aLuy 060mx BUpYCoB bbin nAeHTYeH 1 coctasun 1:8. YcTaHoBneH
BbICOKMiA YpOBEHb NePMUCCMBHOCTI KyNbTypbl KneTok RK-13/2-03 k Bupycy dubpombi Loyna, uzonuposaxHomy ot 60bHOTO KponuKka 1 He ABAAOLLEMYCA

aTTeHyNPOBaHHbIM BAPUAHTOM BUPYCa.

KnioueBble cnoBa: nepeBuBaemas KynbTypa KIeTok, BUpYC MUKCOMbI, BUYC Grbpombl LLloyna, uutonatuueckoe feilctaue Bupyca

bnarogapHocTy: Pabota BbinonHeHa B pamMKkax rocyAapCTBEHHOTO 3afaHus.

[ina untnposanua: Mlantesa 0. ., 0pkos C.T., Cungpakosa I1. M., ywuuun A. B. CpaBHUTeNbHaA XapakTepucTika penpoayKLmn BUpYCoB poda Leporipoxvirus
B NepeBuBaeMOoli KynbType knetok. Bemepunapus ce2oons. 2021; 10 (4): 323—328. DOI: 10.29326/2304-196X-2021-10-4-323-328.
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INTRODUCTION

Continuous cell lines used as a cell substrate for virus
and antigen accumulation for antiviral vaccine develop-
ment have significantly contributed to biotechnological
process effectiveness and stability. Use of continuous cell
lines has contributed to significant decrease in risks of en-
dogenous contamination that could be associated with
used primary cell culture and to solving of some ethical
problems associated with donor tissue collection from
mammals and in general enhancement of target product
biosafety.

Possibility of continuous cell line use for cultivation
depends mainly on permissiveness of the selected cell
system for the virus.

Consequently, examination of virus-cell interactions
and subsequent optimization of cultivation conditions
and parameters are of both scientific and practical signi-
ficance.

Viruses of Poxviridae family infect many mammal spe-
cies, propagate in target cell cytoplasm affecting both
skin and internal organs and can be responsible for epi-
demics causing significant economic losses [1, 2]. The
family is divided into two subfamilies: Chordopoxvirinae
and Entomopoxvirinae [3]. The first subfamily comprises
11 virus genera that cause disease in animals (vaccinia,
monkeypox [4], buffalo pox [5], sheep and goat pox [6],
lumpy skin disease [7], fowl pox [8], rabbit myxomatosis
and fibromatosis [9, 10], squirrel pox [11], etc.), as well as
in humans (smallpox). The second subfamily comprises
3 virus genera circulating in insects. There are genera in
Chordopoxvirinae that have limited host range including
viruses of Leporipoxvirus genus causing disease only in
rabbits, hares and squirrels.

Rabbit fibromatosis (Shope fibroma) is a viral di-
sease of domestic and wild rabbits characterized with
confined nodules and diffuse cirrhosis (fibromas) under

skin and mucosa, the main pathognomonic feature of
disease.

Rabbit myxomatosis is an infectious acute highly con-
tagious viral disease characterized with serous-purulent
conjunctivitis, edematous-tremelloid cell infiltration on
head and perineum, skin tumors.

Both diseases are caused by DNA viruses. These vi-
ruses do not significantly distinct from vaccinia virus
in their morphological features. Mature myxoma vi-
rus is 250-370 nm in size, and mature Shope fibroma
virus is 125-240 nm in size. Myxoma virus virions
are of brick-like form with rounded corners, have vil-
lous outer surface, dumb bell-shaped nucleotide and
double-stranded DNA [12].

Mature Shope fibroma virus virion is of brick-like form
with rounded edges. Fibroma and myxoma viruses are re-
lated in antigenic and immunogenic properties and there-
fore rabbits convalescent from fibromatosis are resistant to
myxomatosis agent [13].

Both viruses replicate in chicken embryonated eggs
but cause different lesions. Myxoma virus cultivation on
chorioallantoic membrane results in formation of cha-
racteristic foci (pustules) and subsequent embryo death,
whereas fibroma viruses induces mild changes and em-
bryo remains alive. Myxoma virus causes apparent cyto-
pathic effect characterized with cell rounding and cell layer
degeneration in primary and continuous newborn rabbit
kidney cell cultures. Fibroma virus reproduction in prima-
ry and continuous cell culture induces mild cytopathic
effect [12].

Poxvirus reproduction in cell culture is characterized by
its replication in the cytoplasm and release of the mature
virions from the cell with its destruction or without cell
membrane disruption (exocytosis). The induced cytopa-
thic effect is characterized with pyknosis, cell shrinkage
and destruction. However, members of the said virus
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family have their own specific manifestations during their
in vitro interactions with cells. Hinze and Walker detected

mild cellucidal effect caused by Shope fibroma virus culti-
vated in rabbit kidney cells [14].

There are limited data on cultivation of Leporipoxvirus
family viruses in Russian literature.

Considering the abovementioned, our study was aimed
at comparative characterization of myxoma and Shope
fibroma virus biological properties manifested during
their reproduction in RK-13/2-03 clonal continuous rab-
bit kidney cell culture as a basis for improvement of the
technology for production of vaccines against the diseases
caused by these pathogens.

MATERIALS AND METHODS

A clone of continuous RK-13/2-03 rabbit kidney cell sub-
line (Cat. No. 36.2) obtained from the FRCVM Cell Culture
Collection [15]; rabbit-pathogenic Shope fibroma virus
isolated from pathological materials (infectivity at 5 pas-
sage in rabbits - 4.111g 1D, /ml); rabbit myxoma virus (B-82
vaccine strain) with infectivity of 6.5 Ig TCID, /cm® were
used. The virus strains were obtained from the Govern-
mental Collection of Microorganisms Causing Dangerous,
Highly Dangerous Including Zooanthroponic and Foreign
Animal Diseases (CKP Reg. No. 441429, http://ckp-rf.ru/
ckp/441429/).

Specific rabbit serum against myxoma virus (NT titre —
1:8) was used.

The following nutrient media were used: liquid
Eagle’s DMEM medium supplemented with alanyl-
glutamine and glucose, 4.5 g/I, and Dulbecco solution
(NPP PanEco, Russia); Eagle’s MEM (Sigma, USA); fetal bo-
vine serum (Biological Ind., Israel).

RK-13/2-03 rabbit kidney cell culture was cultivated
in culture flasks (25 cm? growth area) and 96-well plates
(Corning, USA).

RK-13 cell subline was cloned to increase genetic
homogeneity level using end-point dilution method in
96-well plastic plates [16]. Prepared clones were cultiva-
ted in Eagle’'s MEM containing 20% of fetal bovine sera
and 50% of conditioned medium with pefloxacin (anti-
biotic) (20 pg/ml) for 10-14 days. The most promising
RK-13/2-03 clone was selected for further cultivation out
of 42 line clones based on their growth and virus-repro-
ducing property assessment results. Karyologic analysis
at 18™ passage showed that cells with 56 chromosomes
corresponded to the modal number that was 22%. Cyto-
morphological examinations showed that clonal culture
monolayer consisted of epithelial-like cells of polygonal
shape. The monolayer formed within 48-72 hours at the
seeding density of 100 ths cells/ml. The prepared clonal
RK-13/2-03 cell subline retained its original growth pro-
perties and morphological characteristics through 50 pas-
sages (observation period).

Shope fibroma and myxoma (B-82 strain) viruses were
cultivated in 2-day-old RK-13/2-03 cell culture grown in
DMEM supplemented with 10% fetal bovine serum. Be-
fore inoculation the growth medium was removed from
the flasks, the cell monolayer was washed twice with
Dulbecco solution for removing remained serum and
then the viruses were added at the multiplicity of infec-
tion of 0.002-0.003 TCID, /cell. The virus was left for ad-
sorption at (33.0 = 0.5) °C for 60 min. Then, maintenance

Eagle’'s DMEM supplemented with 2% fetal bovine serum
was added to the flasks. Inoculated cell culture was incu-
bated at (33.0 + 0.5) °C up to the evident virus-induced
cytopathic effect (CPE). The cell monolayer was observed
for the virus-induced lesions by examination of the cul-
ture flasks under Olympus inverted microscope (Olympus,
Japan).

Shope fibroma and myxoma virus infectivity was deter-
mined by conventional method of titration in RK-13/2-03
cell culture. For this purpose, RK-13/2-03 cells were seeded
in 96-well plates at concentration of 150 ths cells/cm?3. Two
days later, the cells were inoculated with 10-fold dilutions
(10"-107) of Shope fibroma and myxoma viruses upon
confluent monolayer formation and then were incubated
at temperature of (33.0 = 0.5) °C in 5% CO, atmosphere
and at 95%-relative humidity. The observation period was
10 days. Titration results were assessed based on the vi-
rus-induced CPE, the titre was calculated using Reed and
Muench method and expressed as Ig TCID, /0.2 cm?.

Virus DNAs were extracted with QlIAamp DNA Mini
kit (Qiagen, Germany) according the manufacturer in-
struction.

Primers proposed by Y. Li et al. [17] and S. Albi-
ni et al. [18] were used for detection of Shope fibroma and
myxoma virus genomes.

Polymerase chain reaction (PCR) products were puri-
fied with Cleanup Standard kit (ZAO Evrogen, Russia) with
subsequent Sanger direct sequencing using Applied Bio-
system 3130 XL DNA Analyser (Applied Biosystems, USA)
and reagents of BigDye™ Terminator v3.1 Cycle Sequen-
cing kit (Applied Biosystems, USA).

Conventional neutralization test was used for demon-
stration antigenic relatedness between myxoma and
Shope fibroma virus. RK-13/02-03 cell suspension (at
concentration of 100 ths cells/cm?) was added to 96-well
plates and the plates were incubated at temperature of
(37.0 £ 0.5) °Ciin 5% CO, atmosphere and at 95%-relative
humidity for 48 hours. Normal and myxoma virus-speci-
fic rabbit sera were titrated in duplicate (1:2—1:64) in two
plates; then, 1,000 doses of myxoma virus were added to
the first plate and 1,000 doses of Shope fibroma virus were
added to the second plate. Serum-virus mixture was kept
at temperature of (33.0 = 0.5) °C in 5% CO, atmosphere
and at 95% relative humidity and transferred to the plates
with cell culture and then incubated under the above-
mentioned conditions for 10 days. Results were recoded
starting with day 3.

RESULTS AND DISCUSSION

Apparent manifestations of the viruses’ reproduc-
tion were observed on day 2 (Fig. A) and day 3 (Fig. B)
of incubation of myxoma virus (B-82 strain) and Shope
fibroma virus, respectively, in RK-13/2-03 cell culture. Le-
sions in the culture caused by viruses at the beginning
of the infection were characterized with rounded cell ac-
cumulation and small bundle cluster formation. Charac-
teristic small disruptions of the cell layer were observed
in the culture infected with myxoma virus. Changes in
the infected monolayer: cell layer destruction with the
formation of a “grid” of elongated cellular elements sur-
rounded by rounded cells with sharply contoured thick
walls, became more apparent on day 3 of this virus cul-
tivation (Fig. C).
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Fig. Dynamics and nature of CPE caused by myxoma viruses and Shope fibroma virus in RK-13/2-03 cell culture
(magnification 100x). Myxoma virus manifestations on day 2 (A), Shope fibroma virus manifestations on day 3 (B),
myxoma virus-associated lesions on day 3 (C), fibroma virus-associated lesions on day 4 (D),

fibroma virus-associated lesions on day 5 (E), intact RK-13/2-03 cell (F)

Progressive destructive changes were observed in
cell monolayer infected with fibroma virus on day 4 of
incubation (Fig. D); maximum cell lesions with evident de-
generation were observed on day 5-6 of cultivation (Fig. E).
No such changes were observed in intact RK-13/2-03 cell
culture (control) (Fig. F).

Thus, dynamics of myxoma virus and Shope fibroma
virus —induced CPE was different in RK-13/2-03 cell culture
and the CPE became apparent on day 3 and 6, respectively.
The nature of cell monolayer lesions was identical through-
out the whole cultivation cycle.

Some differences were found when viruses' accu-
mulation during cultivation. Myxoma virus infectivity
reached 6.25-6.50 Ig TCID, /0.2 cm® during cultivation
period (3 days), whereas Shope fibroma virus titre was
5.50-5.751g TCID, /0.2 cm?® on day 6 of cultivation. Shope
fibroma virus and myxoma virus demonstrated such infec-
tivity levels during three and twenty passages, respectively.

Poxvirus amplicons were produced with PCR and nu-
cleotide sequencing was carried for their identification.
Resulting sequences were compared with gene sequen-
ces deposited in GenBank database using Blast software

(https://blast.ncbi.nlm.nih.gov/Blast.cgi). Molecular gene-
tic analysis confirmed that the resulting virus-containing
materials were myxoma and Shope fibroma viruses.

Neutralization tests of the viruses for their antigenic re-
latedness showed that antibodies against myxoma virus
were also able to neutralize Shope fibroma virus. Antibody
titres against myxoma and Shope fibroma viruses were
identical and equaled to 1:8. It was indicative of antigenic
relationship between myxoma and Shope fibroma viruses.

Significant differences in dynamics of CPE caused by
Shope fibroma and myxoma viruses in RK-13/2-03 cell
culture were found. Apparent cell monolayer lesions in-
duced by myxoma virus and Shope fibroma virus at similar
multiplicity of infection and cultivation temperature were
observed on day 2 and day 3, respectively, that was consis-
tent to the findings obtained during reproduction of these
viruses in primary cell cultures [12].

Cytomorphological examinations showed that cell cul-
ture lesions induced by the studied viruses were character-
istic of Poxviridae family members; rounded cells and their
agglomerations in the form of pox plaques were the main
CPE manifestations [19].
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The above-mentioned CPE differed from the CPE in-
duced by Mix-98 strain of myxoma virus characterized by
rounded cell pulling to the lesion centre with spider-like
bundle formation [20].

These two antigenically related viruses cultured under
similar conditions differed in their infectivity. Myxoma vi-
rus accumulated at higher titres since its B-82 vaccine
strain had been adapted to the said cell culture. However,
Shope fibroma virus isolated from organ lesions without
preliminary adaptation to RK-13/2-03 cells also actively
propagated in the cells as compared to other viruses of
Poxviridae family. For example, lumpy skin disease virus
required longer period of adaptation to continuous cell
cultures. Characteristic lesions in RK-13/2-03 cell mono-
layer were reported starting with the 3 passage, no
visible changes were observed in 1*-passage cell cul-
ture, minor changes were observed in 2"-passage cell
culture [21].

Studies of these two viruses showed no distinct cul-
tivation peculiarities and confirmed their antigenic rela-
tedness. Sequencing of culture virus-containing materials
showed their relevance to the taxonomic status.

CONCLUSION

Comparative characterization of myxoma virus and
Shope fibroma virus reproduction in continuous rabbit
kidney cell line revealed differences in cytopathic effect dy-
namics. The viruses induced identical lesions in RK-13/2-03
cell culture characterized by rounding of epithelium-like
monolayer cells followed by their blotch-like agglomera-
tion. Increasing destructive processes result in cell layer
destruction, formation of grid-like structures surrounded
by rounded cells.

It was found that myxoma virus being a culture vaccine
strain (B-82) had a higher infectivity.

Neutralization test demonstrated that myxoma virus
and Shope fibroma virus were antigenically related and
belonged to Leporipoxvirus genus.

RK-13/2-03 cell culture was found to be highly permis-
sive to virulent Shope fibroma virus isolate recovered from
the diseased rabbit.
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HayK, FMaBHbIN Hay4YHbIN COTPYAHVIK, 3aMeCTUTeNb ANpeKTopa no
npoun3BoacTBy 1 kKauectsy OIBHY OVILIBUM, noc. BonbruHckumi,
Brnagummpckas o6n., Poccus.
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SUMMARY

Based on the official statistics the situation of parasitic diseases in the Russian Federation is still quite unfavorable. The issues of soil contamination with Echinococcus
granulosus eggs are understudied that's why the objective of the research was to study canine echinococcosis which poses a threat to animal and human disease
freedom in the North Caucasian countries. Helminthological tests of the guardian dog feces were performed in seven North Caucasian Subjects: the Stavropol Krai,
the Karachay-Cherkessia Republic, the Kabardino-Balkaria Republic, Republic of North Ossetia —Alania, Republic of Ingushetia, the Chechen Republic, and the
Republic of Dagestan. As a result, it was determined that the average frequency index of echinococcosis occurrence was 85.07%. The moderate fecal egg count in
1,400 samples was 22.73 + 1.49 eggs per 10 grams of dog feces. The data obtained are indicative of the disease unfavourable situation in the Subjects and the
zoonosis spread at the regional level. Helminthological tests of 14,000 soil samples from near-village pastures for contamination with tapeworm eggs, including
Echinococcus granulosus, showed that the invasion rate in the Stavropol Krai was 65.80%, in Karachay-Cherkessia republic — 79.00%, in Kabardino-Balkaria —
82.60%, in North Ossetia — Alania — 74.65%, in Ingushetia — 88.20%, in Chechnya — 83.75%, in Dagestan — 79.85%. The results obtained testify to the high level
of soil contamination with the infective eggs. It was demonstrated that there is a relationship between the distribution of viable Echinococcus granulosus eggs in
pasture soils and ecological characteristics of the Subject: the largest number of viable Echinococcus granulosus eggs was observed in submountain areas, fewer
eggs were observed in flatlands, and the least number of eggs — in the mountain areas. The number of eggs detected in the soil samples from pastures is indicative
of the disease persistence in humans and animals. Results of the helminthological tests of 7,500 soil samples from 119 cattle-driving routes of the North Caucasus
demonstrate 100% contamination with parasitic agents which poses a threat of epidemiological and epizootological situation of echinococcosis in the Subject.

Keywords: North Caucasus, guardian dogs, cestode, Echinococcus granulosus species, examination, feces, eggs, distribution, pollution, pastures, soil
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PE3IOME

(CornacHo AaHHbIM 0duLMaNbHOI CTaTUCTUKK, B Poccuiickoil DepepaLim cuTyawys no napasuTapHbiM 6one3HaM octaeTca HebnarononyyHoii. Bonpocbl canutapHoro
3arpA3HeHIA NOYB pa3HbIX 06beKToB Allamu Echinococcus granulosus 0CTalTCA HEOCTAaTOUHO M3yUYeHHbIMMU, NO3TOMY Liebo UCCNe0BaHMA ABNANOCH M3yueHue
3XMHOKOKK03a C06aK KaK yrpo3bl 3M1300TUYECKOMY, SMUAEMIONOTUYECKOMY 1 CAHUTAPHO-TUrMeHnYeckomy bnarononyumto cy6bektos CeepHoro KaBkasa. lenb-
MIHTONOMMYeCKVe McCe0BaHINA NPpob dewiec npuoTapHbIX cobak nposenu B cemu pernoHax CeBepHoro KaBkasa: (TaBpononbckom kpae, KapauaeBo-Yepkecckoii
Pecnybnuke, Kabapauto-bankapckoii Pecnybnuke, Pecnybnuke CeBepan Oceust — Ananus, Pecniy6nuke VHrywetus, Yeuenckoii Pecnybnmke, Pecny6nuke [la-
rectaH. B pe3ynbrare ycTaHOBAEHO, UTO CPEAHMIA MHAEKC BCTPEUYAEMOCTI MHBA3MMN IXMHOKOKK03a cocTauA 85,07%. B 1400 npobax cpeaHmil HAeKC 0bunua auy
Echinococcus granulosus 6bin paBeH 22,73 + 1,49 3k3. B 10 T periec cobak. MonyueHHble JaHHbIe CBUAETENbCTBYIOT 0 CRHUTAPHOM Hebnarononyuum cybbekToB
N0 JaHHO/ UHBA3MN 1 LLIMPOKOM PACnpoCTPaHEHNI 300H03a B PeriMoHanbHOM MacluTabe. CaHUTapHO-renbMUHTONOrYecKe ccnefoBanua 14 000 npob no-
UBbI MPUCENbCKIX NACTOMLL HA 06ceMeHeHHOCTb Al aMK TeHUAT, B T. U. Echinococcus granulosus, nokasanu, uto B (TaBpononbCKoOM Kpae HHBa3MPOBAHHOCTb
cocTauna 65,80%, B KapauaeBo-Yepkecuu IKCTEHCUBHbIA NOKa3aTenb MHBa3MM Noys coctasun 79,00%, B Kabapano-bankapum — 82,60%, B CeBepHoii Oce-
i — Ananun — 74,65%, B UHrywetun — 88,20%, B Yeune — 83,75%, B [larectane — 79,85%. peacTaBneHHble pe3ynbTatbl yka3blBatoT Ha BbICOKMIl ypOBEHD
KOHTaMUHaL|MV NOYB PerioHa HBa3MOHHbIMI 3n1eMeHTaMu. [ToKa3aHo, 4To 06ceMeHeHHOCTb NOYB NACTOMLLHbIX YroAiA Ku3HecnocobHbIMI AliLamm Echinococcus
granulosus HaxoAuUNack B NPAMOIA 3aBICUMOCTI OT IKONIOTUYECKVX 0COBEHHOCTeN pervoHa: HaubonbLLee KONMYECTBO XW3HeCnocobHbIX Anw Echinococcus granulosus
COePXXanoch B MoyBax NPeAropHOi 30Hbl, MeHbLLee — Ha PaBHUHHOI TePPUTOPUM 1 MUHIIMAIbHOE — B TOPHOA 30He. [y 3TOM yCTaHOBNIEHHOTO KONNYeCTBa AML
B Npobax NouBbI NACTOMLL LOCTAaTOUHO ANA NOAAEPAHUA CTOMKOTO Hebnarononyums Cy6beKToB N0 XMHOKOKKO3Y MBOTHbIX 11 YenoBeka. PesynbraTbl caHUTapHo-
renbMUHTONOrNYeCKol IkcnepTi3bl 7500 npob nous 119 ckoTonporoHHbIx Tpacc cybbekTor CeBepHoro Kagkasa cBuaeTenscTaytot 0 100%-i 06cemeHeHHOCTH
MapasuTapHbIMI areHTamu, 4To CO3AAET Yrpo3y 0CA0KHEHINA INMAEMIONOTUYECKOI 1 IMN300TNYECKOI 00CTAHOBKM N0 IXMHOKOKKO3Y HA TEPPUTOPUI PEroHa.

KntoueBble cnoBa: CeepHblii Kakas, npuoTapHas cobaka, Lectoa, Bupn Echinococcus granulosus, 3xeneptu3a, dewec, aiiua, 06ceMeHeHHOCTb, 3arpsA3HeHme,
nactoua, noysa

bnarogapHocTu: Pabota BbinonHeHa Npu duHaHCoBOi noaaeprkke MutobpHayku PO B pamkax Mporpammbl GyHAAMEHTaNbHBIX HayUHbIX UCCTIeA0BaHI rOCy-
JLAPCTBEHHbIX aKajeMuid Hayk Ha 2013—2020 T. no HanpaeneHuio «MoneKynspHo-61onoruyeckve u HaHOOUOTEXHONOTUECKME METOIbI CO3AAHNA BulonpenapaTos
HOBOT0 MOKONEHA, TEXHONMOTM U1 COCOBbI X NPUMEHEHNA C Liefblo 6opbObl € 0¢060 OMacHbIMU MHGEKLMOHHBIMM, NAPa3UTapHBIMIA U He3apa3HbIMU H0NIE3HAMM
KIBOTHBIX».

[ins untnposanus: Kabapaues C. LUl., buttupos A. M., Aiiry6osa C. A., llonbaxmezoBa H. X. IxuHoKoKKo3 cobak B cybbekTax CeepHoro KaBkasa (MHdpacTpyk-
TYPHBbIA, MM300TONOrMYECKHIA 1 CAHUTAPHO-TUTEHYeCKWi aHanu3). Bemepurapus cezo0k. 2021; 10 (4): 329-334.D0I: 10.29326/2304-196X-2021-10-4-329-334.

[po3pauHocTb (puHaHCOBOI AeATeNbHOCTH: ABTOPbI He UMeT GUHAHCOBOI 3aUHTEPECOBAHHOCTY B NPEACTABNEHHbIX MaTepuanax uin MeTofax.
KoHdnukT unTepecoB: ABTOpbI 3aABNAKT 06 OTCYTCTBUI KOHGNNKTA UHTEPECOB.

[ins koppecnonpeHuun: Kabapanes Cappytant Lamwmtosiny, ZoKTop BeTEPUHAPHDIX HAYK, FMaBHBIil HayuHbIii COTPYAHWK, 3aBeAyoLMiA nabopatopueil no
W3yYeHHI0 HBA3MOHHbIX 6oNe3Heil CenbCKoX03ANCTBEHHDIX XUBOTHBIX U NTWL, Mpukacnuitckiii 3oHanbHblit HUBN — dunnan OTBHY «OAHL| PL1», 367000, Poccus,
Pecnybnuka llarectan, r. Maxaukana, yn. [laxanaesa, 88, e-mail: pznivio5@mail.ru.

INTRODUCTION

Multiple investigations showed that Echinococcus gran-
ulosus (E. granulosus) is a dangerous parasite for more than
100 animal species and humans. This helminthic species
poses epidemiological risk for human health in the Russian
Federation [1-12].

In accordance with the OIE and FAO the average
prevalence of echinococcosis in domestic and wild car-
nivores in South Africa was 86.5% [13-16], in Southeast
Asia - 75.9% [17, 18], in Latin America —68.3% [19], and in
North America — 62.8% [20].

Based on the OIE and FAO data echinococcosis in do-
mestic and wild ruminants in Africa occurs in the form
of epizootics, it's prevalence is 42.8%, in more than 40
of them prevalence is 58.5% [14, 21]. In Southeast Asia
echinococcosis prevalence in ruminants is 39.6% [18], in
Latin America — 34.5% [22], in North America — 28.4%
[20,23-25].

According to the World Health Organization (WHO)
echinococcosis is among diseases of parasitic etiology
posing global epidemiological risk and its prevalence is
300-1,250 cases per 100 thousand people [4].

In the Russian Federation echinococcosis of sheep and
cattle is a major problem for many livestock sectors and
one of the main reasons for decreased productivity in
more than 500 breeds and lineages of productive animals
and it 2-3.5 times exceeds the similar morbidity parame-
ters in the European countries [26].

In the Russian Federation as well as in the entire
world the contamination of soil at different infrastruc-
ture facilities with E. granulosus eggs is still quite under-
studied [2, 27].

The research was aimed at studies of echinococcosis
being the threat to welfare of the North Caucasian Sub-
jects in terms of animal and human diseases as well as
compliance with sanitary and hygienic requirements.
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MATERIALS AND METHODS

In seven North-Caucasian Subjects (Stavropol Krai, Ka-
rachay-Cherkess Republic, Kabardino-Balkarian Republic,
Republic of North Ossetia — Alania, Republic of Ingushetia,
Chechen Republic, and Republic of Dagestan) 1,400 feces
samples collected from 1,400 guardian dogs were tested
for E. granulosus epizootic activity using life-time diagnosis
methods (coproscopy, helminthoscopic methods, direct
smear method, Demidov and Fiilleborn methods).

When carrying out a sanitary and helminthological ex-
amination of the soil for taenia egg contamination, inclu-
ding E. granulosus, 14,000 soil samples from pastures and
7,500 soil samples from 119 livestock routes were tested
using certified parasitological ovoscopic methods.

Statistical processing of the material was carried out
using Biometrics computer software.

RESULTS AND DISCUSSION

Helminthological tests of samples collected from
guardian dog feces for echinococcosis with subsequent
determination of the E. granulosus prevalence and abun-
dance were performed under experimental conditions in
seven North Caucasian Subjects to assess the risks for hu-
man and animal health (Table 1).

As a result, it was determined that the average preva-
lence of canine echinococcosis was 85.07%, which is indic-
ative of the wide spread of the zoonotic parasite infection
at the regional level.

The average index of E. granulosus abundance de-
termined during tests of 1,400 feces samples was
22.73 £ 1.49 eggsin 10 g of dog feces which indicates that
the Subjects are infected with the disease.

The results of examining near-village soil for contam-
ination with taenia eggs (%), including E. granulosus, in
the North Caucasus based on the feces sample tests are
demonstrated in Table 2.

It was found that in the Stavropol Krai the pasture soils
were contaminated in 65.80% of cases, in the Karachay-Cher-
kess Republic — in 79.00%, in the Kabardino-Balkarian Re-
public - in 82.60%, in the Republic of North Ossetia - Ala-
nia — in 74.65%, in the Republic of Ingushetia — in 88.20%,
in the Chechen Republic - in 83.75%, and in the Republic
of Dagestan —in 79.85% of cases. Thus, the prevalence of the
echinococcosis agent eggs in soil samples of this category
was 79.12%, which indicates a high level of contamination
of the region’s soils with invasive elements.

The tests of 14,000 soil samples from near-village
pastures demonstrated that the abundance index of

Table 1
The results of helminthological tests of guardian dog feces samples for echinococcosis caused by the cestode E. granulosus in the North Cauca-
sian Subjects (according to Ova and Parasite Test of feces samples, %)

Amount

North Caucasian Subjects of dogs Amount of dogs.infested with taenia | Prevalence, Mean abundgnce index for
testod eqgs, including £. granulosus ) E. granulosus eggs in 10 g of dog feces

Stavropol Krai 200 155 77.50 18.76 £1.20
Karachay-Cherkess Republic 200 170 85.00 2340 +1.50
Kabardino-Balkarian Republic 200 179 89.50 26.82+1.70
Republic of North Ossetia — Alania 200 164 82.00 20.79 +1.40
Republic of Ingushetia 200 182 91.00 28.65+1.90
Chechen Republic 200 169 84.50 21.21+1.30
Republic of Dagestan 200 172 86.00 19.50 £ 1.40

Total 1,400 1,191 85.07 22.73+1.49
Table 2

The results of the sanitary and helminthological examination of the pasture soils for contamination with taenia eggs,
including E. granulosus, in the North Caucasian Subjects

Average abundance index
for E. granulosus eggsin 10 g
of soil samples

Amount of soil samples
infested with taenia eggs,
including E. granulosus

Prevalence of taenia eggs,
including E. granulosus, %

Amount of soil
samples tested

North Caucasian Subjects

Stavropol Krai 2,000 1316 65.80 15.72+£0.90
Karachay-Cherkess Republic 2,000 1,580 79.00 20.40+£1.20
Kabardino-Balkarian Republic 2,000 1,652 82.60 23.81+£1.40
Republic of North Ossetia — Alania 2,000 1,493 74.65 16.78 £1.10
Republic of Ingushetia 2,000 1,764 88.20 2460 £1.50
Chechen Republic 2,000 1,675 83.75 19.20+1.20
Republic of Dagestan 2,000 1,597 79.85 17.48+1.10

Total 14,000 11,077 79.12 19.71£1.20
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E. granulosus eggs was 19.71 + 1.20 eggs per 10 g sample,
which is indicative of epidemiologically hazardous con-
tamination.

Thus, the results of helminthological tests of dog feces
samples and sanitary and helminthological examination
of soils showed that all seven North Caucasian Subjects
(Stavropol Krai, Karachay-Cherkess Republic, Kabardino-
Balkarian Republic, Republic of North Ossetia — Alania,
Republic of Ingushetia, Chechen Republic and Republic
Dagestan) have the status of echinococcosis infection. The
reason for this is the poor implementation of anti-epizootic
measures addressing this invasion and non-compliance
with the dog deworming schedule.

Tests carried out during the growing season of 2020 in
the lowland, sub-mountain, and mountainous areas of the
Karachay-Cherkess Republic showed that the quantitative
content of viable E. granulosus eggs in soil samples of all
pasture lands directly correlated with the ecological char-
acteristics of the region, where the determining factors are
the effective temperature sum and humidity. The results
are demonstrated in Figure.

So, in the lowland natural and climatic conditions in the
area under study the share of samples with viable eggs of
the parasite in the soil in June was 45.9% of the number of

Table 3
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samples tested, in July — 41.3%, in October — 52.4% and at
the end of November - 46.4%. In the sub-mountain area,
this parameter in March was equal to 29.2%, in October —
79.2%, and in the third decade of November - 72.6%. In the
mountainous area, the number of viable eggs of E. gran-
ulosus in soil samples from pasture lands of the Subject
from March to August gradually increased from 18.4% to
57.4%, and by the end of November decreased to 37.0%.

Thus, when comparing samples from all pastures, the
largest number of viable E. granulosus eggs was in the soils
of the sub-mountain, the smallest number - in the lowland,
and the minimum - in the mountainous area. At the same
time, the detected amount of viable E. granulosus eggs
in the pasture soil samples is sufficient for maintaining
echinococcosis persistence in animals and humans in the
region.

At the next stage of the research, a sanitary and hel-
minthological examination of 7,500 soil samples from
119 livestock routes in six North Caucasian Subjects was
carried out for the detection of taenia eggs, including
E. granulosus (Table 3).

The results of the sanitary and helminthological exam-
ination indicate a high level of contamination of the soils
from livestock routes by invasive elements of the parasite.
All tested soil samples (100%) collected from the livestock
routes were contaminated with viable eggs of E. granulo-
sus, which may become one of the main threats to the san-
itary-epidemiological and epizootic situation in six North
Caucasian Subjects.

CONCLUSION

As shown by the results of the sanitary and helmintho-
logical examination of feces samples of guardian dogs
in the North Caucasian Subjects (Stavropol Krai, Kara-
chay-Cherkess Republic, Kabardino-Balkarian Republic,
Republic of North Ossetia — Alania, Republic of Ingushe-
tia, Chechen Republic, Republic of Dagestan), the aver-
age prevalence of echinococcosis invasion amounted to
85.07%, which indicates a wide distribution of this zoono-
sis in the region. In 1,400 feces samples, the abundance
index of E. granulosus eggs was 22.73 + 1.49 eggsin 10 g
canine feces.

Sanitary and parasitological studies of the soils of the
near-village pastures in the Stavropol Krai demonstrated
that 65.80% of samples were contaminated with taenia

The results of the sanitary and helminthological examination of the cattle-driving routes for contamination with taenia eggs,

including E. granulosus, in the North Caucasian Subjects

; . (attle-driving routes | Amount of tested soil | Amount of soil samples contaminated
North Caucasian Subjects . .
under testing samples with E. granulosus
18 900 900

E. granulosus
prevalence, %

Karachay-Cherkess Republic

Kabardino-Balkarian Republic 22 1,230 1,230 100

Republic of North Ossetia — Alania 15 700 100

Republic of Ingushetia 10 500 100

Chechen Republic 13 670 100

Republic of Dagestan 41 3,500 3,500 100
Total 119 7,500 7,500 100
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eggs, including E. granulosus, in the Karachay-Cherkess
Republic the extensive soil invasion rate was 79.00%, in
the Kabardino-Balkarian Republic — 82.60%, in the Repub-
lic of North Ossetia — Alania — 74.65%, in the Republic of
Ingushetia - 88.20%, in the Chechen Republic — 83.75%,
in the Republic of Dagestan — 79.85%. Thus, the average
prevalence of the echinococcosis causative agent eggs
in soil samples of this category was 79.12%, which indi-
cates a high level of soil contamination with cestode eggs.
When testing 14,000 soil samples, the abundance index of
E. granulosus eggs was 19.71 £ 1.20 in 10 g sample, which
is evident of dangerous contamination of pasture soils in
the North Caucasus.

Studies carried out during the growing season of 2020
under the conditions of different climatic zones of the Ka-
rachay-Cherkess Republic showed that the largest num-
ber of viable E. granulosus eggs was in the sub-moun-
tain area, less - in the lowland and the minimum - in
the mountainous area. At the same time, the detected
amount of viable E. granulosus eggs in the pasture soil
samples is sufficient to maintain the persistent infection
in the entire region.

The results of the sanitary and helminthological exam-
ination of the soils from the cattle driving routes of the
North Caucasian Subjects indicate a 100% contamination
with taenia eggs, including E. granulosus, which poses a
threat of worse epidemiological and epizootic situation
for echinococcosis in the region.
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Ka6appuee CappytanH LaMmiwntoBmny, JOKTOP BeTEPUHAPHbIX
HayK, rMaBHbI HAyYHbIi COTPYAHWK, 3aBeAytoWwmin nabopaTtopurei
MO M3yYeHWIO MHBA3NOHHBIX 60Ne3Hel CeNbCKOX03ANCTBEHHbIX
XKMBOTHbIX 1 NTUL MpuKacnuinckoro 3oHanbHoro HUBW — dunuana
OrBHY «®AHL, POy, r. Maxaukana, Pecny6nuka [larectaH, Poccus.

Butrtupos AHatonuii MypaiweBu4, JOKTOP GMONOTMYECKIX
HayK, MaBHbIN HayYHbI COTPYAHMK NabopaTopru No 13yyeHuto
MNHBA3VOHHbIX 60Ne3HelN CelbCKOXO3ANCTBEHHDBIX KUBOTHbIX
n ntuy Mpukacnuinckoro 3oHanbHoro HVBW - dununana
OrBHY «®AHL, Py, r. Maxaukana, Pecny6nuka [larectaH, Poccus.

Aiiry6osa CabuHa AHaToNbeBHAa, HayuYHbll COTPYAHUK
nabopaTtopun KONNEKTUBHOIO Nonb3oBaHuA MprKacnuinckoro
30HanbHoro HABW - ¢dunnana OIEHY «OAHL, PL», r. Maxaukana,
Pecny6nuka darectaH, Poccus.

MNonbaxmeposa HaiimaTt XyHKepoBHa, Hay4YHbIl COTPYAHUK
nabopatopun KonneKTUBHOIo Nonb3oBaHuaA MpukKacnuitckoro
3oHanbHoro HUBW - dunnnana OrEHY «OAHL POy, r. Maxaukana,
Pecny6nuka [arectaH, Poccusa.
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Coagulase gene and agr complex
polymorphism-based genotyping of Staphylococcus aureus
isolated from lower primates

V. A. Kalashnikova
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SUMMARY

Staphylococcus aureus is a pathogenic microorganism causing a great number of diseases in humans and animals. Many researches on genotyping Staphylococcus
aureus isolated from humans and mastitis affected cowsare performed, but no foreign reports on typing of Staphylococcus aureus detected in monkeys have been
found. Staphylococcus-induced infections are however widely spread in primates. The paper demonstrates results of molecular and genetic examination of Staphy-
lococcus aureus isolated from lower primates. The examination was based on typing of coagulase gene and polymorphic locus of arg gene that regulates expression
of pathogenicity-associated genes. Structures of coagulase gene (coa) and polymorphic types of requlatory gene (agr) were studied in 145 Staphylococcus aureus
isolates recovered from various monkey species. The studies resulted in singular coagulase gene fragments of four dimensions: 600, 750, 800 and 900 bps. Following
Alul endonuclease restriction results Staphylococcus aureus was classified in seven different coa-types. Coagulase gene of genotype VIl predominated (31.7%),
genotype Il was detected less frequently (9.7%). Each Staphylococcus aureus isolate is specified by a definite coagulase gene restriction profile; therefore, at least
seven Staphylococcus aureus strains are currently circulating in the monkeys in the monkey facilities. Herewith, those staphylococci that bear genotype VIl coagulase
gene are invasive as they are isolated from various organs and pus as well as from feces and nasal cavities of the animals. Analysis of the study results demonstrated
that bacteria of this species could be transmitted between different monkey species. Apart from human Staphylococcus aureus, in whose genome agr/ prevails, agrlV
prevailed in the isolates outlined in this paper (59.3%); agrll and agrlll were detected in 5.5 and 2.1% of the isolates, respectively.
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[eHoTUNUPOBaHWe Staphylococcus aureus, BblAeNEeHHOTO

Y HASLWUX MPUMATOB, Ha OCHOBE I'IOJ'II/IMOp(I)I/BMa KOdryNna3Horo

r€Ha U reHOB KOMMJIeKCa agr

B. A. KanawHnukoBa
OrBHY «HayuHo-uccnefoBaTenbCKuil MHCTUTYT MeauLIMHCKoi npumatonorim» (OFBHY «HUWU MI»), r. Coum, Poccus;
https://orcid.org/0000-0002-1574-8674, e-mail: vikky.aw@gmail.com

PE3IOME

30n0TMCTbIN CTaQUNOKOKK (Staphylococcus aureus) — naToreHHblii MUKPOOPraHU3M, Bbi3blBaloLLmil 60NIbLLOE K0NYeCTBO 3a60n1eBaHNIi Y YeNoBeKa 1 KUBOTHBIX.
lpoBeneHo MHOro 1ccneoBaHuii Mo reHoTUNNPOBaHWio Staphylococcus aureus, BbleNeHHbIX y NoAeil U NP MACTUTaX Y KOPOB, HO AAHHBIX NO TUNMPOBAHIO
Staphylococcus aureus, 06Hapy»eHHoro y 06e3baH, B 3apybexHoil nuTepaType He HaiifeHo. OfHaKo MHdeKLUM CTagUNOKOKKOBOI MPUPOAbI Y NPUMaTOB pac-
MPOCTPaHeHbl WNPOKO. B cTaTbe NpeACTaBeHbl pe3ynbTaTbl MONEKYNAPHO-TeHETIYECKOTO U3yUYeHIa 300TUCTbIX CTadUIOKOKKOB, M30/IMPOBAHHBIX OT HU3LLINX
00€3bsiH, Ha OCHOBE TUNMPOBAHUA KOAryNa3HOro reHa 1 NonUMopAGHOro JI0Kyca agr, ABNAKLLEroca PerynaTtopom IKCpeccun reHoB natoreHHocTy. MposeeHo

© Kalashnikova V. A., 2021
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nccnenoBaxue CTPYKTYpbl KOArynasHoro reHa (coa) U nonumopHbIX TUNOB perynaTopHoro rexa (agr) y 145 nsonatos Staphylococcus aureus, BbifeneHHbIX 0T
00€3bAH pa3Hbix BIA0B. [ToNyueHbl 0ANHOUHbIE GParmMeHTbI KoaryNnasHoro reHa yetbipex pazmepos: 600, 750, 800 1 900 . H. o pe3ynbTatam pecTpUKLMN SHA0-
HyKnea30ii Alul u3yueHHble 30110TUCTble CTaQUNOKOKKIN KNaccudnumMpoBaHbl Ha ceMb pasnnuHbix coa-TnoB. Hanbonee yacto o6Hapyxusanu Vil rewotun (31,7%),
pexe — | reHoTUn KoarynasHoro rexa (9,7%). [ind kaxgoro u3onara Staphylococcus aureus xapakTepeH onpezeneHHblil npOGUb PECTPUKLIAM KOAryNa3HOro reHa,
(nefioBaTeNbHo, Cpean 06e3bAH NUTOMHIKA LMPKYANPYET Kak MAHMMYM CeMb LUITAMMOB 3010TUCTOr0 CTadUNOKOKKa. Mpn 3ToM CTaQUAOKOKKY, COfepxaLLme
KoarynasHbiii rex VIl reHoTuna, ABAAIOTCA NHBA3MBHBIMY, TaK KaK BblAeeHbI U3 Pa3IMYHbIX OPraHoB U THOA, a TaKxe deKannii u HOCOBOM MONOCTU XKUBOTHBIX.
AHanu3 pe3ynbTatoB 1Ccne0BaHIA NOKa3an, uTo Mex Ay pasHbIMI BUAaMY 06e3bAH BO3MOXHa nepeaaya 6akTepuil faHHOT0 BWAA. YCTaHOBAEHO, UTo, B OTANYME
0T 06HapyeHHbIX Y Niofeil u3onAToB Staphylococcus aureus, B reHoMe KoTopbIX Npeobnagaer agrl, y U3yueHHbIX B HacToALLeil paboTe U301AT0B NpeBanupy-
et agrlV (59,3%). [pynnb! agrll v agrill netekTnpoBaHbl y 5,5 1 2,1% U30nATOB COOTBETCTBEHHO.

KnioueBble cnoBa: 06e3bsHbl, Staphylococcus aureus, KoaryniasHblii reH, perynaTopHblii rek, rpynbl KOMMeKca agr

bnarogapHocTu: PaboTa BbiNoMHeHa 3a CYeT CpefCTB rochio/KeTa, BXOAUT B Pa3feN HayuHbIX NCCIeA0BaHMil N0 HOEKLMOHHOI naTonorun 0be3baH «[eHeTu-
yecKoe pa3Ho06pasie 1 MoneKynApHan XapakTepucTuka Staphylococcus aureus, W30MPoBaHHbIX OT 00€3bAH».

[ina untuposanua: Kanawnukosa B. A. TeHotunupoBanue Staphylococcus aureus, BbiAeNneHHOr0 y HU3LLMX MPUMATOB, Ha OCHOBE MONMMOPGIU3Ma KoarynasHoro
reHa v reHoB Komnnekca agr. BemepuHapus cezo0ua. 2021; 10 (4): 335-341. DOI: 10.29326/2304-196X-2021-4-39-10-4-335-341.

Kounukr nntepecos: ABTop 3aABnAeT 06 0TCYTCTBUM KOHGANKTA MHTEPECOB.

[ins koppecnoHpenuum: KanawHukosa Buktopua AnekceeBHa, kKaHanaaT 6uoNOrNYeCKUX HayK, Beaylumii HayuHblit cotpyaHuk OFBHY «HUW M», 354376,

Poccus, KpacHogapckuii kpai, . Couw, ¢. Becenoe, yn. Mupa, 177, e-mail: vikky.aw@gmail.com.

INTRODUCTION

Staphylococcus aureus is the cause of human and animal
diseases including benign infections of the skin and soft
tissues [1, 2]. Danger of the pathogen involves its capa-
city to cause severe infections to the extent of lethal ones
(pneumonia, sepsis, etc.). This is due to the action of a large
number of virulence factors produced by it, such as staphy-
lokinase, adhesins, hemolysines, leukocidins, enterotoxins,
etc. [2, 3], whose expression is regulated by aspecific sys-
tem — additional regulator gene agr [2, 4-7]. Although this
locus is a conservative one, it consists of polymorphic hy-
pervariable fragment used for classifying St. aureus strains
to one of four groups (polymorphic types) — agrl, agrll, agrlil,
agrlV - by polymerase chain reaction (PCR) [4, 8]. Some re-
searchers insist that agr-groups influence the virulence of
the strains and disease progression [9].

In the late twentieth century, molecular typing
methods became applicable for the research of different
pathogenic microorganisms, and they allowed for the de-
tection of epidemically significant strains. Such methods
allowed detection of genetic determinants of St. aureus vi-
rulence and therefore it was established that this microor-
ganism belongs to heterogenic and polymorphic species,
in which pathogenicity genes are located in the chromo-
somal pathogenicity islands, chromosomal cassettes and
prophages. In different strains, these genetic elements are
present as allelic forms and specified by different degree
of mobility [4]. Horizontal transfer of genes located on the
mobile genetic elements results in the genetic diversity
within St. aureus.

One of the key St. aureus virulence factors is coagu-
lase - extracellular product of the strains and it stimulates
prothrombin thus resulting in blood clotting. Coagulase
gene coa is genetically variable, i.e. polymorphic [10, 11].

Coagulase typing was developed as one of the mole-
cular tools used for identification and differentiation of
St. aureus strains [12, 13]. Coagulase gene amplification is
considered simple and accurate typing tool for St. aureus
isolated from different sources and bearing relevant infor-
mation on the genetic background of the isolates [14, 15].
This method is based on the detection of variability and

polymorphism resulted from the mutations occurring

on coagulase gene 3’-terminal bearing tandem arrays of
81 base pairs (bp) and changing the size of the gene [16-19].
DNA fragments associated with the coagulase gene vari-
able region are subjected to PCR-amplification followed by
restriction enzyme (endonuclease) cleavage and analysis

of the different restriction fragment lengths or patterns

(PCR-RFLP).The differentiation of isolates is based on the

data on the number and size of such fragments. There-
fore, examination of the polymorphism of such St. aureus
virulence genes as coagulase and regulatory ones can

be of diagnostic importance [12, 20]. Coagulase gene

genotypes are well studied in case of St. aureus spp. iso-
lated from humans [21]. Many studies were also devoted

to the examination of the coa-gene polymorphism in

St. aureus spp. Isolated from mastitis-affected caws and

milk [1, 6, 11, 15, 22-25].These studies demonstrated

that different St. aureus genotypes can be isolated from

mastitis-affected cows not only in different geographical

locations but within the same herd [6]. According to the

published data, the strains can be transmitted between

humans and different animals including monkeys [24]. Hu-
man strains of St. aureus colonize and infect monkeys, both

captured and wild [26, 27]. Acquisition and loss of genes

located on mobile genetic elements are considered the

main factor of the microbe adaptation after transmission

between the hosts [26].
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No research data on coagulase gene polymorphism
and allelic variants of the regulatory gene of St. aureus
isolated from various monkey species were found in pub-
lished reports.

The purpose of this work is to carry out genotyping of
St. aureus isolates recovered from various monkey species
basing on the coagulase gene polymorphism and poly-
morphic types of the regulatory gene.

MATERIALS AND METHODS

We studied 145 St. aureus isolates recovered as are re-
sult of bacteriological tests of 33 live and 100 dead mon-
keys of various species (Macaca mulatta - 51, Macaca
fascicularis - 33, Papio hamadryas - 33, Papio Anubis — 9,
Chlorocebus sabaeus — 3, Macaca nemestrina - 3, Cebus ca-
pucinus — 1), kept in captivity in the Adler monkey colony.
Monkeys of both sexes (@ —69, & —64) and of different age
(from day 0 to 35 years of age) were tested. Swabs from
the nasal mucosa (n=11), pharynx (n = 1), urethra (n=1),
wound pus (n = 2) were taken from living monkeys for the
study. Fecal samples were collected from rectum (n = 18).
In case of dead animals, test materials included pieces of
organs and biological fluids collected during post-mortem
examination (lungs - 66, liver — 11, spleen - 12, kidney - 6,
lymph node - 9, uterus - 1, caecum 4, pus - 2, biological
fluid - 1).

All animal experiments were performed in strict com-
pliance with interstate standard on laboratory animal
keeping and handling GOST 33215-2014, adopted by
Interstate Council on Standardization, Metrology and
Certification and pursuant to the requirements of Direc-
tive 2010/63/EU of the European Parliament and of the
Council of 22 September 2010 on the protection of ani-
mals used for scientific purposes.

The material was inoculated to the salt agar with
egg yolk and 5% blood agar and incubated at 37 °C for
24-48 hours. The grown staphylococcus colonies were
examined morphologically (based on description of co-
lonies, their pigmentation, Gram staining) and biochemi-
cally, taking note of lecithinase activity in salt agar with
egg yolk, hemolytic activity in blood agar as well as their
blood clotting activity. The species were identified using
commercial test-kits‘Multimicrotests for biochemical iden-
tification of staphylococci (MMTS)’ (OOO NPO Immunotex,
Russia). Until further tests, the St. aureus isolates were
stored at minus 20 °C.

DNA extraction and agr-typing were performed as
described above [28].The coagulase gene was detected
according to the procedure described in the previous pa-
per [29]. Coagulase gene structural polymorphism was
examined according to J. V. Hookey et al. [30] using Alul
restriction endonuclease (New England BiolLabs, USA)
according to the following procedure: 5 pl 10x NEBuffer,
34 ul of deionized water, 10 pl of DNA, 1 ul of Alul. The
mixture was incubated for 1 hour at 37 °C. Further analysis
was based on the obtained amplicons, amount and length
of the restriction fragments. Coa-PCR-RFLP-patterns were
demonstrated as numerical code: first number (before
slash) corresponds to the PCR-product length; next (after
slash) lengths of restriction Alul-fragments are designated.

The amplification products were visualized in Tris-ace-
tate buffer (TAE) using 2% agarose gel (Sigma, USA) stained
with ethidium bromide solution (0.5 pg/ml) at 130V gradi-

Table 1
Specification of coagulase gene PCR-products (amplicons) of St. aureus
isolated from monkeys

(~ nF:Jﬁ_bzzo(;jfut:;sseIZ;airs) of ii\loulgntle)se r(%) A S
1 600 42 (29%) 1
2 750 17 (12%) 1
3 800 19 (13%) 3
4 900 67 (46%) 3

ent for 50 min (electrophoresis of the restriction products
occurred at 80V for 1 hour 35 min). Upon the electropho-
resis completion, the results were visualized in UV transil-
luminator (wave length 254 nm). The size of the amplicons
was determined using 100-1200 bp DNA ladder (Evrogen,
Russia). There action results were UV photographed.

RESULTS AND DISCUSSION

Four types of amplicons were identified following
the results of the coagulase gene amplification (Table 1).
The table demonstrates that the majority of the iso-
lates (46%) contained 900 bp type IV coagulase gene.

Use of Alul endonucleases allowed for identification
of seven different coagulase gene restriction profiles
(genotypes) in the tested isolates that provided from one
to three restriction fragments varying size — from 80 to
750 bp (Table 2).

Table 2
Frequency of monkey’s St. aureus coagulase gene and agr detection
by genotypes and types

coa-gene genotype | coa-PCR-RFLP-patterns,
(restriction profile) bp

agr-type (number)

agrl—6

| 600/600 V22

28(19.3%)

agrl -1
agril -2
agrlV—1

Il 600/300 14.(9.7%)

agrl =5
agrll -1
agrlvV—11

I 750/750 17 (11.7%)

agrl -4

IV 800/400-220-80 agrlV —15

19(13.1%)

agrl -8
agril -2
agrill =1
agrlV—17

v 900/220-180-80 18 (12.4%)

Vi 900/450-220-80 agrl -3 3(2.1%)

agrl—11

agrll -3

agrill -2
agrlV — 30

vil 900/550-220-80 46 (31.7%)
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Fig. Coagulase gene restriction profiles of St. aureus isolated from different monkey species

Wherein, similar length of amplicons and specific re-
strictions were typical for each group. Absence of any dif-
ference in the amplicons size is indicative of the absence of
the difference in the number of nucleotide repeats, while
similar restriction sites indicate structural similarity of
these repeats. The majority of St. aureus isolates belonged
to type VIl (31.7%); less frequently genotype VI coagulase
gene was detected (2.1%).

It should be noted that the restriction profile of
600/600 bp (coa-gene of genotype I) was frequently ob-
served in St. aureus isolated from baboons: in 25 out of
42 tested isolates (Figure). Detection of coagulase gene
with such structure in two macaques and capuchin can
be explained by the fact that these animals were quaran-
tined together with baboons (St. aureus infected or car-
riers) that resulted in their infection with this isolate. It can
be therefore supposed that St. aureus circulates between
the monkeys at the quarantine facilities.

Pattern 900/550-220-80 (genotype VII) was more fre-
quently detected in St. aureus isolated from macaques:
in 36 out 87 tested isolates. Only three rhesus macaques
demonstrated coagulase gene having 900/450-220-80

Table 3

pattern (coa-gene of genotype VI). While each isolate is
specified by its own restriction profile, the obtained data
demonstrate that at least seven St. aureus isolates circulate
in monkeys kept in Adler monkey colony.

St. aureus strain containing genotype VIl coa-gene
(900/550-220-80) is invasive because it is isolated from all
organs and pus (Table 3).

On the other hand, the majority of St. aureus isolates
detected in feces and nasal cavities of clinically healthy
monkeys possess genotype | of coagulase gene (pat-
tern 600/600). St. aureus with coagulase gene of genotype
Il and VII were most frequently isolated from the lungs
of dead monkeys with diagnosed pneumonia. Some re-
searchers supposed that St. aureus with prevailing coagu-
lase genotype are more resistant to neutrophils as com-
pared to the ones with rare genotypes [23].

Agr-typing of St. aureus demonstrated that agr of
group IV was detected in more than half of the isolates,
while agr of groups Il and Il were detected rarely (Table 4).

The table demonstrates that agrill was detected in two
St. aureus isolates recovered from the liver and in one iso-
late recovered from the spleen. In none of the 66 St. aureus

Types of coagulase gene of St. aureus isolated from biomaterials of monkeys

Test material (amount

Type of
coa-gene lung liver kidney spleen lymph node caecum pus feces nasal mucosa
(n=66) (n=11) (n=6) (n=12) (n=9) (n=4) (n=4) (n=18) (n=11)
8 1 1 0 0 1 1 9 5

|

Il n 1 0 0 0 0 1 1 0
I 12 1 0 1 0 2 0 0 1
v 8 1 1 3 2 0 0 3 0
v 8 1 0 1 2 0 0 3 3
Vi 0 1 1 1 0 0 0 0 0
vil 19 5 3 6 5 1 2 2 2
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Table 4
Regulatory gene groups identified in St. aureus isolated from different biomaterials of monkeys

agr-type, quantity (%)
Test material
Lung 22(33.3%) 3(4.6%) 0 41(62.1%) 66
Liver 4(36.4%) 0 2(18.2%) 5 (45.4%) n
Kidney 2(33.3%) 0 0 4(66.7%) 6
Spleen 4(33.3%) 0 1(8.3%) 7 (58.4%) 12
Lymph node 4 (44.5%) 0 0 5(55.6%) 9
Uterus 0 0 0 1 1
Pus 1 2 0 1 4
Body fluid 0 0 0 1 1
Caecum 2 1 0 1 4
Feces 5(27.7%) 1(5.6%) 0 12 (66.7%) 18
Nasal mucosa 4 1 0 6 Ll
Throat 0 0 0 1 1
Urethra 0 0 0 1 1
Total 48 (33.1%) 8(5.5%) 3(2.1%) 86 (59.3%) 145

isolated from the lungs of the monkeys the regulatory
gene of group Ill was detected, and the isolates recovered
from the liver and spleen did not demonstrate agrll.

The frequency of detection of agr complex genes in
St. aureus isolates with different types of coagulase gene
is shown in Table 2. Analysis of agr-typing results demon-
strated that in all isolates with Type VIl coa-gene only
group | regulatory gene was detected. Group IV agr pre-
vailed in all remaining staphylococci.

CONCLUSION

Use of coagulase gene typing, therefore, allowed for
the detection of different genotypes among St. aureus iso-
lated from various monkey species. This fact confirms that
St. aureus has certain heterogenicity in 3"-terminal region
of coa-gene. Four types of 600-900 bp coagulase gene
and seven its restriction profiles with the fragments vary-
ing from 80 to 550 bp in length were detected during the
studies. Type IV coagulase gene of 900 bp in length was
the most wide spread and it was detected in 46% of the
isolates, as well as genotype VIl coa-gene restriction (pat-
tern 900/550-220-80 bp) detected in 31.7% of St. aureus.
The obtained results demonstrate that pneumonia in
monkeys are induced by St. aureus strains exhibiting wide
coagulase gene polymorphism; however, the majority of
St.aureus isolates recovered from the lungs (19 of 66) were
classified in coagulase gene restriction profile VII (28.8%).
There search results suggest that at least seven St. aureus
isolates circulate in monkeys kept in the monkey colony
and these microbes are able to induce pneumonia; they
can be part of the concomitant microflora during intes-
tinal diseases (thus persisting both in the intestines and

internal organs) and colonize nasal cavity of the clinically
healthy animals.

The agr-typing demonstrated that group IV regulatory
gene prevailed in St. aureus isolated from monkeys, while
agrl prevailed in St. aureus isolated from humans, and agr/
and agrlll prevailed in St. aureus recovered from the mas-
titis-diseased cows [4, 6, 25]. Spread of other St. aureus
virulence determinants is to be further studied, and the
above mentioned genes are to be sequenced that will al-
low to identify whether they belong to the clonal lineages
of St. aureus circulating in monkeys, to compare them with
the data resulted from the examination of the strains iso-
lated from humans and other animals and to assess the
epidemic situation in the monkey facilities in terms of this
bacterial pathogen.
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SUMMARY

Laboratory and field experiment on use of the feed additive based on Bacillus subtilis endo- and exometabolites for the cows in different physiological periods is
described in the paper. The feed additive impact on main body systems of the tested cows (n = 30), milk production parameters, growth rate of the calves (n = 18)
born to the said cows were examined. The feed additive was added to the diets for the cows of test groups, 15 g per cow. The feed additive was found to have a
positive effect onimmunohematological and metabolic processes in postpartum cows. Neutrophils’phagocytic activity increased by 12.5 and 14.6% in the animals
of test group 1and test group 2, respectively, as compared to that one in control animals (42.8 + 1.9%). Neutrophil absorbency increased by 2.5 times, 3.2 times
and 2.1 times in the animals of test group 1, test group 2 and control group, respectively. The proportion of T-lymphocytes in blood of animals in test group 1
and test group 2 was 44.5 and 48.9%, respectively, proportion of T-lymphocytes in blood of control animals equaled to 37.5%. Trend for increase in total protein
concentration in cow sera owing to increase in albumin fraction was observed in postpartum period: it was 72.91 + 3.45 g/L in test group 1; 75.54 £ 412 g/L
in test group 2; 70.95 % 4.25 g/L in control group. Average daily milk yield in cows of test group 1, test group 2 and control group for 150 days of lactation was
24.50+1.86 kg; 25.33 = 1.45 kg and 22.75 + 4.41 kg, respectively. Higher growth rate was reported for the calves born to the cows received the diet supplemented
with the said feed additive. Heifers of test group 1and test group 2 have reached body weight of 193.51 £ 5.76 and 195.33 + 3.76 kg and in control group — of
187.33 +4.98 kg within 6 months. Feed additive based on endo- and exometabolites of Bacillus subtilis is recommended for cow diets for high-yielding dairy herd
creation and food-producing animal health maintenance.

Keywords: dairy farming, feed additive, Bacillus subtilis, immunohematology, biochemistry daily body weight gain
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PE3IOME

[TpencTaBneHbl pe3ynbratbl HayuHO-NPOU3BOACTBEHHOIO OMbITa NPUMEHEHMA KOPMOBOIE 406aBKI Ha 0CHOBE SHA0- 1 3K30MeTabonuToB Bacillus subtilis koposam
B pasHble Qu3nonornyecke nepuosbl. M3yueHo ee BAAHUe Ha GYHKLMOHMPOBAHME OCHOBHbIX CUCTEM OPraH3Ma NOAOMbITHbIX XUBOTHbIX (1 = 30), nokasatenn
MOJI0YHOI NPOAYKTUBHOCTM, NHTEHCMBHOCTL POCTA POAMBLUMXCA OT HUX TenaT (n = 18). KopoBam 13 ONbITHbIX FPynn BBOAUAM B PALMOH KOPMOBYH A00aBKY
B fio3e 15 1 B cyTKM Ha 1 ronoBy. YcTaHoBAEHO, 4TO KOPMOBaA 400aBKa 0Ka3blBaeT MONOXMUTENbHOE BAUAHIE HA HOPMANM3ALINI0 MIMMYHOreMaTonornyeckux
11 MeTabonnueckix NpoLeccoB y KOpoB B NOCNepoaoBoil nepuop. Mokasatenb GaroLuTapHoil akTUBHOCTI HEATPODUIOB Y KMBOTHBIX 1-it ONBITHON rpynMbl
yBenuuunca Ha 12,5%, 2-ii onbITHOIA rpynnbl — Ha 14,6% No cpaBHeHMI0 € KOHTPObHOIA rpynnoii (42,8 + 1,9%). MornotutenbHas CNocobHOCTb HeATpOGUNOB
y 0cobeii 1-it ONbITHOI rpynnbl yBENUUUNach B 2,5 pasa, 2-it ONbITHOI rpynnbl — B 3,2 pa3a, KOHTPOAbHON rpynnbl — B 2,1 pa3a. Cofepxaxue 0THOCUTENbHOrO
Konuuectsa T-nUMQOLUTOB B KPOBY KUBOTHBIX T-1 11 2-i4 OMbITHBIX FPYNN PErUCTPUPOBaNK Ha ypoBHe 44,5 1 48,9% C00TBETCTBEHHO, Y 0C06€li KOHTPONbHOI
rpynnbl AaHHbIA NoKa3aTenb b paBeH 37,5%. B nocneposoBoil nepuo oTMeyani TeHAEHLMIO K YBEAUYEHMIO KOHLeHTpaLum obLuero 6enka B CbiBOpoTKe
KPOBM KOPOB 3a CYeT NOBbILLEHNA anbOymuHoBo dpakumu: B 1-ii rpynne — 72,91 + 3,45 r/n; Bo 2-ii rpynne — 75,54 + 4,12 r/n; B KOHTPONbHOIA rpynne —
70,95 % 4,25 r/n. YctaHoBneHo, uto 3a 150 AHei nakTawum cpeHeCyTouHbIN yA0IA y KopoB 1-i rpynnbi coctaBun 24,50 + 1,86 Kr; 2-i rpynnbl — 25,33 & 1,45 kr;
KOHTPONbHON rpynnbl — 22,75 + 4,41 Kr. 3aperucTpupoBaxa onee BbICOKaA NHTEHCUBHOCTb POCT TENAT, POXAEHHbIX OT KOPOB, KOTOPbIM B 0CHOBHOI paLMoH
BBOZWNM KOPMOBYH0 106BKY. Tennouku 1-it 1 2-il OMbITHBIX Fpynn 3a 6 Mec. AOCTUTNI XMBOIA Maccbl Tena, paBHoil 193,51 + 5,76 n 195,33 £ 3,76 kr, a ocobu
KOHTpONbHOi — 187,33 £ 4,98 kr. B Liensax peanu3aumu 3afaun no Co3faHNI0 BbICOKONPOAYKTUBHOTO MOIOYHOTO CTajja 11 COXpaHeHus buonornyeckoro bnarono-
NYYmnA CeNbCKOX03ANCTBEHHbIX XMBOTHbIX-NPOAYLIEHTOB KOPMOBas [l06aBKa Ha OCHOBE KOMMNEKCa IHA0- 1 3k30MeTabonuToB Bacillus subtilis pekomeHzoBaHa
K IPUMEHEHNI0 B paLiitoHaX KOpMAEHUA KOPOB.

KnioueBble cnoBa: MonouHoe XMBOTHOBOACTBO, KopMoBas o6aBka, Bacillus subtilis, nmmyHorematonorus, 6uoxumus, cpeHeCYTOUHbIi NPUPOCT KNBOIA
Maccbl Tena

bnaropapHocTu: Pabota BbinonHeHa npu duHaHcoBoii nopaepxke MunobpHaykun Poccun B pamkax lporpammbl GyHAAMEHTabHbIX HayUHbIX UCCNEeA0BaHMUI
rocynapcTBeHHbIX akasemuii Hayk Ha 2013—2020 rr. no HanpaeneHuio «<MonekynapHo-61onornyeckue U HaHobUOTEXHONOTMYECKIE METOAbI CO3AaHIA buonpe-
MapaToB HOBOTO NOKOIEHA, TEXHONOMM 1 CMOCO6bI MX MPUMEHeHUA C Liefblo 60pbObl ¢ 0¢060 OMACHBIMI MHOEKLMOHHBIMIA, NaPa3UTAPHBIMI 1 He3apa3HbIMU
00N1E3HAMI XKUBOTHBIX».
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INTRODUCTION

Dairy livestock farming is currently one of the fast-
paced agricultural subsectors in the Russian Federation.
The said subsector development, improvement and eco-
nomic efficiency as for satisfying dairy product needs of
the country’s population should be largely fostered by
the state support mechanisms optimization, investment
attracting, technological efficiency and herd performance
improvement [1, 2]. The main way of milk production
ramp-up is sustainable management of the animals with
world-class genetic potential and raising of high-yielding
dairy cows, development and usage of physiologically
adequate and economically sound feed preparation and
feeding schemes [3, 4].

Increase in domestic milk production driven by animal
performance improvement and creating enabling envi-
ronment for their genetic potential realization is the task
that is getting more urgent every day due to dairy cattle
population reduction in our country. At the same time,
determination of milk and dairy products safety indica-

tors remains urgent for maintaining the national human
population health.

Systematic dairy farming development is intimately
associated with the designing a system for animal perfor-
mance improvement as well as for animal health protec-
tion. All kinds of methods including application of diffe-
rent products that are not always environmentally-friendly
are used for this purpose. Therefore, biotechnological
methods and tools for animal farming industry moderni-
zation are being increasingly put into practice, especially
those associated with use of new feed additives developed
on the basis of prebiotics and metabiotics [5, 6]. Metabiotic
feed additives contain metabolites or structural compo-
nents of probiotic microorganisms. Metabiotics stimulate
selectively the growth and biological activity of normal gut
microbiota. They are targeted to gut functioning normali-
zation through stabilizing effect on the microbiota and
eubiosis support, they optimize metabolism and immuni-
ty processes that ultimately should result in an increase in
animal performance and product quality [6-8].
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Design of laboratory and production experiment in cows

Group of animals Experiment design

Test group 1(n=10)

Basic diet + 15 g of the feed additive administered
to each cow for 14 days before calving

Test group 2 (n=10)

Basic diet + 15 g of the feed additive administered to each
cow for 14 days before calving and for 14 days after calving

Control group (n =10)

Basic diet

344

Development and introduction of new domestic feed
additives based on bacterial cell metabolites capable of
maintaining controlled gut microbiocenosis and not inter-
fering with gut microbiota that are easily producible and
stable during their storage is the main task for researchers
and developers in biotechnological industry [6, 7, 9].

The study was aimed at testing of feed additive based
on Bacillus subtilis endo- and exometabolites for its effect
on cow main body systems’ functioning and cow milk
yields as well as on their offspring weight gain rate.

MATERIALS AND METHODS

The study was performed in the Laboratory for Immu-
nology and Pathobiochemistry of the Ural Research Vete-
rinary Institute of the FSBSI UrFASRC, UrB of RAS and in
one agricultural holding located in the Ural Federal District
in spring-summer period and in summer-autumn period
in 2019.

Second- and third-lactation Russian black pied cows
with at least 75% Holstein genetics (n = 30) and heifers
born to them (n = 18) were used for the study.

The tested feed additive contained a complex of Ba-
cillus subtilis endo- and exometabolites (proteins, amino
acids, enzymes, antibiotic substances, structural compo-
nents of destroyed bacterial cells, etc.).

The following analogues groups of animals were
formed for laboratory and field experiment: two test and
one control group, 10 cows in the same physiological
state — in late dry period per group. All animals were ap-
parently healthy, kept in one holding facility and fed on
the diet used in the said holding. Cows of both test groups

Table 2
Design of the test of heifers for hody weight gains

were fed individually with tested feed additive in addition
to the basic diet. The period when the cows were fed with
the feed additive (14 days before and after calving) was
determined based on the period of maximum metabolic
load on the animals’ body [10]. Design of laboratory and
field experiment is given in Table 1.

The cows were daily observed for their physiologi-
cal state for 150 days. Control milkings were performed
monthly starting from day 15 after calving to assess the
milk yields. Milk fat mass fraction was determined with
‘CombiFoss FT+ automatic analyzer (Foss, Denmark).

Blood samples for laboratory tests were collected thrice
to vacuum tubes; on day 1 after calving (background), 14
and 28 days after calving in morning hours before feeding.

The experiments in animals were carried out in accor-
dance with the Declaration of Helsinki (2000) and Directive
2010/63/EU of the European Parliament and of the Council
of 22 September 2010 on protection of animals used for
scientific purposes.

Complete blood count was performed with ‘Abacus
Junior Vet hematology analyzer (Diatron, Austria) using
standard reagents (Diatron, Austria); white cell count
was measured in Romanowsky-Giemsa-stained blood
smears (300 cells per smear) under ‘Olympus BX 43" mic-
roscope (Olympus, Japan). Immunological tests of blood
comprised tests for relative T- and B-lymphocyte content,
T/B index, phagocyte index (Pl), phagocytic activity (PA)
of neutrophils and monocytes according to P. N. Smirnov
et al. (2007) [11]. The reaction results were viewed under
MC 100 (XP) binocular microscope (Micros, Austria) and re-
corded. Biochemical tests including turbidimetry, colorim-
etry and kinematic analysis were carried out with ‘Chem
Well-2910 Combi’ analyzer (Awaveness Technology, USA)
using original reagent panels (Vital Diagnostics SPb, Rus-
sia; DIALAB GmbH, Austria). The reliability of the per-
formed measurements was confirmed by tests of reference
materials recommended by the reagent manufacturers.

Three groups of heifers were formed for tests for body
weight gains in the offspring of the cow dams involved
in the laboratory and field experiment. The design of the
test of calves for their body weight gains is given in Table 2.

Arithmetic mean and standard deviation were calcula-
ted for all values and expressed as X + s.d. Calculations and
graph plotting were performed with PAST (version 4.05)
and MS Excel 2016 packages.

Frequency

Group of animals

characteristics day 16 and onwards of individual weighing
_ Heifers born to the
Testgroup T(1=6) | cous oftest group 1 At birth:

) Heifers were Heifers were . at the age of one month; .
Testqroup2 (n =) | Heifersbormtothe |yl ted | individuallyfed | Pocled whole milk at the age of two months;
cows of testgroup 2 | yvico vith their | with milk from their and basic d.'et for at the age of three months.;
, young animals at the age of four months;
dams’ colostrum dams tth £ the.
Heifers born to the atthe age ot nve months,

Control group cows of control at the age of six months

(n=6) group
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RESULTS AND DISCUSSION

The background tests of the cows of test groups and
control group for main morphological blood gradients
demonstrated their compliance with standard values for
the postpartum period without significant intergroup dif-
ferences. Tests of blood samples collected from the cows
14 and 28 days after calving showed that erythrocyte, he-
moglobin, leukocyte, lymphocyte, platelet counts were
variable but were within the normal limits. Dynamics of he-
matological indicators correlated with hematopoiesis nor-
malization in cows in postpartum period. The experiment
findings correlated with data of other researchers [12, 13].

Analysis of the cellular component of the immune
system showed that monocyte-macrophage phagocytic
activity had increased by day 28 of the experiment as evi-
denced by increased absorption capacity of phagocytic
cells. Neutrophils’ phagocytic activity increased by 12.5%
(test group, PA 55.32 + 1.31%) and 14.6% (test group 2,
PA 57.44 +1.72%) in tests animals, as compared to that one
in control animals (PA 42.80 + 1.91%). Enhanced neutrophil
absorbency was reported in animals of all groups but its
dynamics was different. In test group 1, phagocytic index
increased by 2.5 times as compared to background one
and averaged to 9.61 + 0.54 c. u. In test group 2, phago-
cytic index increased by 3.2 times (11.82 + 1.14 c. u.), and
in animals of control group phagocytic index increased by
2.1 times (8.21 + 0.76 c. u.). Relative T-lymphocyte con-
tent in blood of animals of test group 1 and test group 2
were 44.5 and 48.9%, respectively, that was correlated to
standard physiological parameters (40—60%). Relative
T-lymphocyte content in control animals were 37.5%.

T/B-lymphocyte index in animals of test group 1 and
test group 2 was 1.51 £ 0.12 and 2.22 + 0.09 c. u., res-
pectively, that was indicative of the balance between
cellular and humoral immunity components. In control
animals humoral immunity component slightly prevailed
by day 28 of the experiment, T/B-lymphocyte index was
1.39+0.07 c. u.

Thus, it could be supposed that the feed additive ad-
ministration had an indirect positive impact on hemato-
poiesis normalization and natural resistance stabilization
in postpartum cows.

Analysis of changes in biochemical parameters in cows
of all group after calving revealed a trend for increase in
total protein concentration in cow sera owing to increase
in albumin fraction. Total protein concentration was
72.91 £ 3.45 g/L in test group 1; 75.54 + 4.12 g/L in test
group 2; 70.95 +4.25 g/L in control group by day 28 of the
experiment (Figure 1).

Slight fluctuations in cholesterol and triglyceride levels
within the reference limits were observed in cows of all
groups when their lipid metabolisms were assessed. Thus,
in cows cholesterol level was not more than 3.2 mmol/L,
triglyceride levels were in the range of 0.2—0.3 mmol/L.

It was also important that alkaline phosphatase enzy-
matic activity values were positive in cows of test groups.
Alkaline phosphatase level was by 20.56% and 29.46%
lower in cows of test group 1 and test group 2 as compared
to that one in cows of control group on day 28 of the expe-
riment. Aspartate aminotransferase (AsAT) activity in cows
of all groups was within the reference limits. Detected
changes were indicative of total decrease in toxic load on
the cows’ hepatobiliary system in the postpartum period.

Mineral metabolism intensity was assessed based on
dynamics of calcium and phosphorous levels in cow sera.
Thus, cumulative calcium and phosphorous values in sera
of test group 1 and test group 2 cows were averagely by
5.66 and 6.67% higher than that ones in cows of control
group (Figure 1).

It could be supposed that some variability in blood im-
munobiochemical parameters in cows of test groups were
associated with indirect positive impact of the feed addi-
tive that was correlated with some research results [2, 12].

Moreover, the additive was noted to have positive ef-
fect on accumulation of the significant energy required
for animal health and performance maintaining. This was

Control group

Test group 2

Testgroup 1

0.00 20.00

Phosphorus (mmol/L)
st Alkaline phosphatase (U/L)  # AsAT (U/L)

# Total protein (g/L)

40.00 60.00 80.00 100.00

m Calcium (mmol/L)

RN

m Cholesterol (mmol/L)

= Albumin (g/L)

Fig. 1. Biochemical parameters on day 28 of experiment
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Fig. 2. Dynamics of average daily milk yields (kg) during the experiment

supported by the data on cows’ milk yields for the whole
test period.

Figure 2 shows graphs of milk yields in all groups.
The highest milk yields were registered by day 90 of lac-
tation. Average daily milk yields in cows of test group 1,
test group 2 and control group were 28.70 + 2.65 kg;
32.17 £1.92 kg and 27.90 + 3.24 kg, respectively.

The following average daily milk yields were registered
in test group 1, test group 2 and control group by the
end of the experiment: 24.50 + 1.86 kg; 25.33 + 1.45 kg;
22.75 + 4.41 kg, respectively.

Milk production levels in the cows fed the diet supple-
mented with the feed additive remained higher than that
ones in the cows of control group during the whole test
period starting with the second month after calving.

Mass fraction of protein is an important criterion for
milk quality evaluation. The mass fraction of protein va-

ried within the range of 2.85-3.38% during the whole ex-
periment period. The average mass fraction of protein in
control group, test group 1, test group 2 was 3.01, 3.03,
and 3.27%, respectively, proved the feed additive positive
effect on milk quality.

In the view of modern technologies introduced in dairy
farming, replacement heifer raising under controlled con-
ditions is of great importance for high-yielding dairy herd
creation. It could be achieved through increase in young
animals’body weight gain rates that are directly associated
with future milk yields [14].

Therewith, average daily body weight gains of future
replacement heifers born to the cows fed the feed additive
were determined (Figure 3).

The calves born to the cows fed with the feed additive
in dry and postpartum periods developed more intensive-
ly in the first months of their lives than others under similar
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Fig. 3. Dynamics of average daily body weight gains (g) in heifers
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feeding and keeping conditions. Average body weight of
newborn calves born to the test and control cows was
37.91 + 1.24 kg. Then, high body weight gain rate was
reported in heifers born to the dams fed with a diet sup-
plemented with the feed additive. Thus, the heifers born
to the cows of test group 1 and test group 2 had reached
body weight of 193.51 £ 5.76 and 195.33 + 3.76 kg, respec-
tively, for 6 months and the heifers born to control cows
had reached body weight of 187.33 + 4.98 kg for 6 months.

Weight gains in heifers of test groups were higher than
that ones in control group during the whole experiment
period that confirmed the positive feed additive impact
on young animals’ growth rate.

The first 6 months of life are proved to be the most im-
portant for the internal organ development and functional
adjustment, for the development of the ability to absorb
nutrients from various feed components, that have indi-
rect impact on the future animal’s milk production and
growth rate [15, 16]. The experiment data can be accoun-
ted for the feed additive positive impact including dams’
metabolism normalization, easier calving, more viable less
disease-susceptible offspring with more efficient diet nut-
rient intake. The results of the study are correlated with the
data of some authors [17-19].

CONCLUSION

Promising use of Bacillus subtilis metabolite com-
plex-based feed additive in dairy farming was demon-
strated in the laboratory and field experiment. The said
feed additive was shown to have positive impact on cows’
hematopoietic and metabolic processes. Thus, blood im-
munohematological and biochemical parameters had
been restored and normalized by day 25-28 regardless of
the scheme of the tested feed additive administration to
experimental animals in the postpartum period. Protein,
lipid and mineral metabolism indicators in the cows of test
groups were at the upper normal limit. Analysis of meta-
bolic indicators of hepatobilliary system state showed that
the toxic load on parenchymal organs of test animals was
minimal on day 28.

Tested Bacillus subtilis metabolite complex-based feed
additive has a prolonged corrective effect on the cows’
intestinal eubiosis manifested by effective diet nutrient
absorbance and digestibility. This was confirmed by av-
erage daily milk yields in cows of test group 1 and test
group 2 that were 24.50 + 1.86 and 25.33 + 1.45 kg as
compared to that ones in cows of control group that were
22.75 +4.41 kg.

Feeding of the heifers born to the feed additive-fed
dams with their colostrum and milk had a positive impact
on the heifers growth rates (average daily body gains in
the heifers born to cows of test group 1 and test group 2
were 862 g and 878 g, respectively; average body weight
of the test group 1 and test group 2 at the age of 6 months
was 193.51 £ 5.76 kg and 195.33 + 3.76 kg, respectively).

For creation of a high-yielding dairy herd and maintai-
ning of food-producing animal health it is recommended
to use Bacillus subtilis endo- and exometabolites-based
feed additive in the diets for the cows: 1) in late dry pe-
riod - at a dose of 15 g/animal for 14 days before calving;
2) in postpartum period for prevention metabolic disorders,
general resistance correction and performance improve-
ment — at a dose of 15 g/animal for 14 days after calving.
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SUMMARY

Chlorella shows a wide spectrum of biological activity, in particular, it exhibits a pronounced antioxidant activity and demonstrates anti-inflammatory, antitumor
and antiviral properties. A number of research works have been devoted to studying feed advantages of this unicellular green algae when used in the diets of
livestock animals, but the possibility of including different Chlorella species in the diet of primates has not been practically studied. The aim of this work was to
assess the possibility of replacing high-protein animal and vegetable feeds with Chlorella, to calculate the digestibility coefficients for the diet nutrients and the
effect of algal dry and suspension forms on hematological and serum biochemical parameters in male rhesus monkeys. The data obtained during the experiment
indicate that the inclusion of Chlorella in the diet both in the dry form and cell suspension improves nutrient digestibility. Thus, the digestibility of crude protein in
the animals receiving algae suspension increased by 4.18% (p < 0.05), that of crude fat — by 4.70% (p < 0.01), crude fiber — by 4.14% (p < 0.05) and crude ash —
by 12.32% (p < 0.001). The digestibility coefficients of crude protein in the primates receiving compound feed supplemented with Chlorella powder were higher
by 6.83% (p < 0.001), those of crude fiber — by 4.78% (p < 0.05) and crude ash — by 18.93% (p < 0.001). The hematological study results indicate the absence
of side effects from long-term Chlorella consumption by primates. The introduction of dry Chlorella into the diet increased blood glucose levels to the upper limit
of the control values, while Chlorella suspension did not produce this effect. Thus, Chlorella can be successfully used as a component of a balanced laboratory diet
for primates or as a feed additive.
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PE3IOME

Xnopenna 06n1aaaeT LWMpoKuM CNEKTPOM B1ON0rHYECKoil aKTUBHOCTH, B YACTHOCTM, NPOABNAET BbIPaXKeHHYH0 aHTUOKCUAAHTHYI0 aKTUBHOCTb, NPOTUBOBOCNANK-
TeNbHble, NPOTUBOOMYXONEBbIE 1 NPOTUBOBUPYCHbIE CBOIICTBA. /13yueH1to KOPMOBbIX AOCTOMHCTB 3T0il OHOKETOUHOI 3eM1eH0ii BOAOPOCIM NPU HCMONb30BAHIN
B COCTaBe PaLIMOHOB ANA CeNbCKOXO3ANCTBEHHbIX XXUBOTHbIX MOCBALLIEH PAA UCCNIEN0BAHWI, 0AHAKO BOMPOC BO3MOMXHOCTY BK/HOYeHUA pasHbiX BItA0B Chiorella
B PaLMOH NPUMATOB MPaKTyecKn He u3yyeH. Lienblo AaHHoii paboTbi Gbina oLieHKa BO3MOXHOCTI 3aMelLieHIs BbICOKONPOTEMHOBLIX KOPMOB WBOTHOrO 1 pac-
TUTENbHOTO NPONCXOXAEHNA Ha XOPeNny, onpeeneHine KO3GULMEHTOB NepeBapUMOCT NMUTATENbHbIX BELLECTB PALMOHOB U BANAHMA CYXOIi 11 CyCMIeH3MOHHOI
$opm BOAOPOCNN HA reMaTonoruyeckie, GUoXIMIYECKile NoKasaTeNu KPoBi Y CAMLIOB MakakoB-pe3ycoB. [TonyueHHble Npy NpoBefeHNI 3KCepUMeHTa AaHHble
CBUAETENbCTBYIOT 0 TOM, YTO BKIOUEHIE B PALIMOH XNIOPEN/Ibl Kak B CYXOM BUAE, TaK 1 B BUAE KNIETOUHON CyCen3uu CnocobCTBYyeT nyyLuieil ycBOAEMOCTY NUTaTeNb-
HbIX BeLLecTB. Tak, B rpynne XMBOTHBIX, MOMyYaBLUMX CyCMeH3M0 BOJOPOCH, YCBOAEMOCTb CbipOro MpoTeitHa yBenuunnach Ha4,18% (p < 0,05), cbiporo xupa — Ha
4,70% (p < 0,01), colpoit kneTyatkin — Ha 4,14% (p < 0,05) u cbipoii 30161 — Ha 12,32% (p < 0,001). Y npumartos, B peLientypy Kombukopma KoTopbix Obin BBeAeH
MOPOLLIOK XNI0PeNbl, KOIPGULUEHTbI NepeBapuMOocTy Cbiporo npoTenHa bbinm Bbilwe Ha 6,83% (p < 0,001), colpoit knetyatku — Ha 4,78% (p < 0,05) u cbipoil
3071bl — Ha 18,93% (p < 0,001). Pe3ynbTaThl rematonoruyeckix Mccnef0BaHmil YKa3blBaloT Ha OTCYTCTBYE NOBOUHBIX IPHeKTOB OT AnuTENbHOrO ynoTpedneHua
XNopennibl npumatamu. BeeeHue B paLoH Cyxoii Xnopenibl Cnoco6CTBOBaN0 NOBbILLEHNI0 YPOBH MI0K03bI B KPOBI A0 BEPXHENi rPaHMLibl KOHTPOMbHbIX 3Ha-
YeHMiA, TOrAa Kak CyCneH3ua XNopeNibl He OKa3biBana Takoro ¢ ekTa. Takum 06pasom, xnopenna MOXeT ObITb YCNeLHO CNOb30BaHa B kayecTBe KOMMOHEHTa

6anaHcMpoBaHHOro 1abOPATOPHOTO PaLMoHa ANA NPUMATOB WA B KauecTBe KOPMOBOI 406aBKM.

KnioueBbie cnoBa: Xnopenna, nepesapumocTb, C0CTaB KPOBU, OMoXUMIUYECKIii aHanu3 KpOBH, CyCneH3nA, NpumMatbl

[ina yntupoBauus: fanoHos H. B., Manuewko An. B., Manuerko AH. B., Yyryes K. 1. Bananue xnopennbl Ha rematonoruyeckie nokasarenu u 6uogocTynHocTs
NUTaTeNbHbIX BELLECTB PaLNOHa Y MaKakoB-pe3ycoB. BemepuHapus cezodus. 2021; 10 (4): 349-356. DOI: 10.29326/2304-196X-2021-10-4-349-356.
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INTRODUCTION

Of all freshwater algae, the unicellular green algae Chlo-
rella (Chlorella spp.) is the most widely used and serves
a suitable model for laboratory testing and application
in production [1]. The diameter of mononuclear vegeta-
tive cells of this alga does not usually exceed 15 microns,
the protoplast has one cup-shaped chloroplast with
a pyrenoid in the thickened part. Chlorella species repro-
duce exclusively by autospores (generally 4-8 per cell) [2].
Chlorella has long been used as a food source, it surpasses
all plant feeds and agricultural crops in vitamin content,
it contains amino acids, including essential ones, which
indicates its prospects as a source of valuable organic mat-
ter [3]. In addition, microalgae are cultivated in bioreactors
using mineral nutrient media, and the grown suspended
plant cell culture is used as a genetically modified platform
for the production of heterologous proteins [4, 5].

Chlorella actively produces proteins, carbohydrates,
lipids, vitamins with an easily adjustable ratio of these
compounds when its cultivation conditions are changed.
On average, dried algae contain 45% protein, 20% carbo-
hydrates, 20% fat, 5-10% fiber, zinc, iron, magnesium, cal-
cium, phosphorus, etc. Many of the substances found in
Chlorella accumulate in the culture medium containing vi-
tamin B1 (thiamine), B2 (riboflavin), B3 (pantothenic acid),
B5 (nicotinic acid), B6 (pyridoxine), B12 (cyanocobalamin),
folic acid and its derivatives, para-aminobenzoic acid,
H (biotin), inositol [6, 7]. The amount of these vitamins in
the culture fluid significantly exceeds their amountin cells.
Therefore, when using Chlorella biomass as a feed additive,
it is also possible to give animals cell suspension with no

loss of vitamins and other biologically active substances
in the growth medium.

Chlorella shows a wide range of biological activities,
in particular, it exhibits pronounced antioxidant acti-
vity and has anti-inflammatory, antitumor and antiviral
properties [8]. It was found that the alga protects the
INS-1 (832/13) cells in the pancreas from damage by
hydrogen peroxide, prevents damage to mitochondrial
membranes, restores the adenosine triphosphate levels
and reduces the cellular content of reactive oxygen spe-
cies [9]. The constituents composing the Chlorella cell wall
have immunostimulating properties, which are manifes-
ted in increased activity of NK cells, as well as increased
production of interferon-y, interleukin-12, and interleu-
kin-18 - Th1-associated cytokines [10]. Chlorella used in
humans with viral hepatitis C helps to reduce virus RNA
expression, as well as the level of alanine aminotransfer-
ase and aspartate aminotransferase [11]. Dried Chlorella
pyrenoidosa powder induces a chemopreventive effect
on hepatocancerogenesis in rats [12]. Both Chlorella
extracts [13] and polypeptides exhibit antitumor prop-
erties [14]. Clinical trials have shown that supplements
containing Chlorella vulgaris can alleviate hyperlipidemia,
hyperglycemia, protect against oxidative stress, as well as
prevent development of cancer and chronic obstructive
pulmonary disease [3]. In addition, taking Chlorella during
pregnancy may reduce dioxin content and increase immu-
noglobulin content in breast milk [15].

Introduction of Chlorella suspension in the diet of
livestock animals minimizes mortality in young animals,
promotes better feed absorption, enhances intestine
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peristalsis, preventing stagnation and inflammation of
gastrointestinal tract mucosa (diverticulitis), reabsorption
of toxic substances, as well as distribution of non-sapro-
phytic microbes [7]. The algae anti-inflammatory and anti-
oxidant properties remove symptoms of ulcerative colitis,
irritable bowel syndrome and Crohn’s disease. Chlorella
provides essential nutrients [16, 17], increases body’s
resistance to infectious diseases, which is especially im-
portant when animals are kept outdoors in winter, and is
a preventive remedy for vitamin deficiency conditions in
the autumn-winter period [7].

Chlorella can be added to the diet of humans and an-
imals in the form of suspension, paste or dry biomass [7].
However, the possibility of including different algae spe-
cies in the diet of primates has not been practically stu-
died. Taking into account the diverse biological effects of
Chlorella supplements, it is necessary to evaluate not only
the effect on the digestibility of substances, but also on
the main hematological and biochemical parameters of
the organism.

Thus, the aim of the study was to assess the possibility
of replacing high-protein feeds with Chlorella of animal
and plant origin, to determine the digestibility coefficients
for nutrients in diets and the effect of algal dry and sus-
pension forms on hematological and biochemical blood
parameters in male rhesus monkeys.

MATERIALS AND METHODS

Animals. Fifteen male rhesus monkeys (Macaca mulatta)
aged from 7 to 15 years (FSBSI “RIMP” monkey breeding
facility) that were kept in individual cells were used in
the experiments. According to the method of pairs of
analogues and taking into account the age, the animals
were divided into three groups — a Control Group and two
Experimental Groups (5 animals in each), which received
different diets [18].

Animal experiments were performed in accordance
with the interstate standards for the maintenance and care
of laboratory animals GOST 33215-2014 and GOST 33216~
2014, adopted by the Interstate Council for Standardiza-
tion, Metrology and Certification, as well as in accordance
with the requirements of the Helsinki Declaration (2000)
and Directive 2010/63/EU of the European Parliament
and the Council of the European Union of September 22,
2010 on protection of animals used for scientific purposes.
The study was approved by the Bioethical Commission of
the FSBSI“RIMP”.

The composition of the feed used. Complete granulated
compound feed manufactured at the production site of
the FSBSI“RIMP” was used in the experiment. In contained
wheat — 21.40%, soybean cake - 17.42%, sunflower cake —
13.83%, skimmed milk powder - 14.39%, corn — 13.35%,
corn gluten - 11.24%, egg powder - 3.30% and sugar —
4.27%.The diet of the Control Group animals was energeti-
cally balanced by adding 0.80% sunflower oil. The biochem-
ical composition of feed and Chlorella is shown in Table 1.

Chlorella (Chlorella vulgaris, IGF No. C-111 strain) was
used in the diets of Experimental Group primates in the
form of a suspension at 55-60 million/cm? cell concen-
tration (Biocenter Geoflora, LLC, Russia) and dry powder
(Green, LLC, Russia). Chlorella suspension was administered
with drinking water at 2.8 ml/kg of body weight per day
in addition to complete compound feed. When Chlorella

powder was introduced into the diet (13.25%), the content
of skimmed milk powder decreased by 90%, and that of
egg powder - by 9% in the compound feed formula.

The experimental design is presented in Table 2.

The primates in the first (Control) Group were given
complete granulated compound feed and tap water, the
animals in the second (Experimental) Group received Chlo-
rella suspension included in the diet. The animals in the
third (Experimental) Group received compound feed mod-
ified with Chlorella powder. The experiment lasted 35 days.

At the first stage, the animals were handled to get pre-
pared for the cell keeping conditions for 5 days and the
diet was replaced to exclude the influence of previous
feeding. The feeding schedule for primates in all groups
was the same.

At the second stage, the quantity of consumed feed
and excreted faeces was recorded for 5 days. Faeces were
collected daily at the same time (morning and evening),
weighed and ground in a mortar. 50% of the homoge-
nized mass were taken for testing during each sampling.
The collected portions were stored in a refrigerator. After
the recording period was over, the initial moisture level
was determined in the collected faeces samples by drying
to constant weight at 60-70 °C.

The non-organic matter in the biochemical compo-
sition of the complete compound feed was determined
using a wave-dispersive X-ray fluorescence spectrome-
ter SPECTROSCAN MAX-GVM (NPO “SPECTRON’, LLC, Rus-
sia) in accordance with the“Method of measuring the mass
fraction of Mg, Al, Si, Zn, B, S, Cl, K, Ca, Ba, Ti, Cr, Mn, Fe, Ni, Br,
Rb, Sr in powder samples of plant materials by X-ray fluo-
rescence method using X-ray devices for spectral analysis
SPECTROSCAN MAX (M-049-RM/12)", FR.1.31.2014.17343.
The other indicators were determined using the
NIRS DS2500F feed spectral analyzer (FOSS, Denmark).

Clinical and biochemical blood tests. Venous blood and
the serum thereof were used for testing. Blood samples
(2.5-3.0 ml) were taken from the ulnar or femoral vein on
an empty stomach before Chlorella supplementation and
35 days post the experiment. Whole blood was stabilized
with a heparin solution, and hematological analysis was
performed using automatic Coulter AcT 5diff CP analyzer
(Beckman Coulter, USA). The level of erythrocytes, leuko-
cytes, platelets, hemoglobin concentration, hematocrit,
mean erythrocyte volume, erythrocyte anisocytosis were
determined. The erythrocyte sedimentation rate (ESR) was
evaluated according to Panchenkov’s method.

Blood serum was obtained from anticoagulant-free
venous blood that was left in a centrifuge glass tube at a
temperature of 15-20 °C until a clot was formed. Decanting
and centrifugation was performed with a thin glass rod for
10 min at 1,000-1,500 g. Biochemical analysis (the content
of total protein, glucose, total bilirubin, calcium, phospho-
rus) of non-hemolyzed blood sera was carried out within
2-3 hours after submission using commercial test kits (High
Technology, Inc., USA) and a semi-automatic biochemistry
analyzer (BioChem SA; High Technology, Inc., USA) in accor-
dance with the manufacturer’s instructions.

Statistical analysis. The obtained results were pro-
cessed statistically using the GraphPad Prizm 8.0 Soft-
ware (USA) and expressed as arithmetic means and stan-
dard errors. The statistical significance of the differences
was determined using a one-way dispersion analysis of
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Table 1
Complete feed and Chlorella powder biochemical composition

Complete compound feed with

Parameters (per 1kg) Complete compound feed Chlorella powder (13.25%) Chlorella powder
Metabolizable energy (primates), MJ 13.36 1332 21.14
Dry matter, g 818 813 983
Crude protein, g 269 278 500
Digestible protein (primates), g 227 231 -
Lysine, g 88 91 51
Methionine + cystine, g 6.8 9.3 36
Tryptophan, g 33 43 15.0
(rude fat, g 70 67 259
Crude fiber, g 39 40 10
Nitrogen-free extracts, g 284 280 356
Starch, g 242 241 -
Sugar, g 192 191 -
Caldum, g 16.3 16.4 11.0
Phosphorus, g 8.8 9.6 18.0
Magnesium, g 26 26 0.7
Potassium, g 59 5.8 9.8
Sulfur, g 24 23 2.5
Ferrum, mg 75 120 528
Copper, mg 14.5 14.7 5.0
Zinc, mg 209 19.0 3.0
Manganese, mg 20.1 20.0 2.2
Cobalt, mg 10.5 10.4 0.2
lodine, mg 0.18 0.42 3.0
Carotene, mg 13 13 6.5
Vitamin A, IU 800 158 1,700
Vitamin D, IU 15 14 127
Vitamin E, mg 6.1 6.0 8.7
Vitamin B1, mg 5.2 5.2 2.5
Vitamin B2, mg 3.0 29 9.6
Vitamin B3, mg 5.4 53 22
Vitamin B4, mg 735 77 2,175
Vitamin B5, mg 2434 2419 1.6
Vitamin B12, ug 143 12.0 11.0

variance followed by a posteriori corrections for multiple
comparisons in accordance with Tukey’s and Sidak’s
method. The accepted level of statistical significance was
p < 0.05 [20].

RESULTS AND DISCUSSION

Changes in the blood system are among the first signs
of changes occurring in the body as a whole, which is of

great diagnostic importance in alimentary disorders [21].

The results of the hematological analysis of primate blood
are presented in Table 3.

It was found that the number of leukocytes in the Ex-
perimental Groups slightly exceeded the upper limit of the
reference values at the beginning of the experiment. At
the end of the experiment, no significant changes in the
level of leukocytes were observed. The number of eryth-
rocytes and platelets was within the reference values in
all groups, both at the beginning and at the end of the
experiment, with no significant differences between the
groups. The hemoglobin level and the mean hemoglobin
content per erythrocyte did not differ between the groups
both at the beginning and at the end of the experiment.
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Table 2
Experimental design

Number of animals Feeding conditions

| Control 5 Complete compound feed
Il Experimental 5 Complete feed + Chlorella suspension 2.8 mi/kg of body weight
Il Experimental 5 Complete feed + dry Chlorella content (13.25%).
P 90% of milk powder and 9% of egg powder were replaced with dry Chlorella

ESR values were within the limits of the physiologi-
cal norm at the beginning of the experiment as well as
following Chlorella administration. The ESR and leukocyte
levels established in the blood indicate absence of inflam-
matory processes in experimental animals that received
both standard and experimental diets.

Thus, during long-lasting Chlorella introduction into the
dietin suspension or dry powder forms as part of granular
compound feeds, there was no significant change in the
hemogram indicators both between groups and in terms
of reference values.

Some serum biochemical parameters were determined
to assess the Chlorella effect on metabolism (Table 4).

The glucose level was within the physiological norm
in all groups at the beginning of the experiment. At the
end of the experiment there was a statistically significant
increase in the glucose level to the upper values of the
physiological norm in Experimental Group IlI following
dry Chlorella introduction into the diet. The test for di-
gestibility coefficient determination (Table 5) of nitro-

Table 3
Hematological parameters in rhesus monkeys

Control Group | Experimental Group Il Experimental Group Il

gen-free extracts (NFE) showed no statistically significant
increase (p > 0.05) in the carbohydrate intake in Group Il
animals (79.90 + 2.03%) as compared to the Control
Group (78.05 + 1.12%). However, the NFE digestibility
coefficient was the highest in Group Il (82.20 + 2.03%)
as compared to the Control Group (p > 0.05). It is known
that Chlorella and its components can produce a hypo-
glycemic effect [23, 24] as well as increase blood glucose
levels in animals [25]. Perhaps the effect of Chlorella intake
depends on its rate in the diet. Thus, more detailed studies
of dry Chlorella effect on carbohydrate metabolism and
assessment of how it is correlated with the dose in the
diet are required.

At the beginning of the experiment the level of bili-
rubin derived from hemoglobin in bile pigment cells
was within the reference values. At the end of the experi-
ment the mean bilirubin level in Experimental Group I
(10.38 + 5.28 uM/L) as compared to the Control Group
(6.98 + 1.47 uM/L) was 48% higher but the differences did
not reach statistical significance (p > 0.05).

Parameters at the beginning at the end at the beginning atthe end at the beginning atthe end Reference
of the of the of the of the of the of the values™
experiment experiment experiment experiment experiment experiment
Leukocytes, x10°/L 98+1.6 108+2.0 126+1.0 134+18 115+16 102+£14 3.1-121
Erythrocytes, x10"/L 6.30 +0.05 6.43+0.17 6.31£0.18 5.84+0.09 6.14+0.39 6.14+0.19 439-7.02
Hemoglobin, g/L 143.0+£1.0 1450+ 1.0 145.0£6.0 137.0£4.0 135.0£9.0 137.0+£4.0 96.0-143.0
Hematocrit, L/L 0.43+0.01 0.43+0.00 0.43+0.02 0.41+0.01 0.41+0.03 0.41+0.01 0.26-0.47
Mean corpuscular volume, x10™L 67.8+0.4 68.2+0.4 68.4+1.1 69.8+1.0 66.0£0.8 67.2+0.8 67.6-71.5
':':rae"r;‘fhr::)‘g't‘;l”g‘g“’"te"t 28403 28+03 29405 25+04 20+04 2304 | 187-260
Anisocytosis of erythrocytes, % 13.0+0.2 13.2+03 13304 13104 134+03 13.6+03 12.7-15.2
Platelets, x10°/L 308.0+18.0 316.0 +26.0 418.0+23.0 366.0 + 60.0 292.0+48.0 273.0+27.0 155.0-619.0
Mean platelet volume, x10L 9.7+0.2 9.9+03 9.0+04 9.8+03 9.5+04 10.0£0.5 8.0-14.8
ESR, mm/h 0.9+0.1 0.9+0.1 1.1£0.1 15403 0.8+0.1 11+£04 0.5-5.0
Data are presented as mean and standard error, n = 5 for all groups.
* reference values are given based on B.-S. Koo et al. [22].
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Table 4
Serum biochemical parameters in primates

Control Group | Experimental Group Il Experimental Group Ill

Parameters at the beginning attheend at the beginning attheend at the beginning attheend Reffrenie
of the of the of the of the of the of the Values
experiment experiment experiment experiment experiment experiment

Glucose, mM/L 443044 3.32£038 5.46£0.78 3.68 £0.33 459+0.46 6.73+0.51* 1.83-6.66
Total bilirubin, pM/L 6.99 +2.74 6.98 +1.47 893+£277 416 £0.66 6.87 £5.11 10.38 +5.28 1.71-11.97

Phosphorus, mM/L 1.17£0.19 0.61+0.12 0.88+£0.18 0.44+0.14 133£0.17 0.77 £0.17 1.06-2.13

(alcium, mM/L 2.56 £0.06 2.01+0.17 247 £0.06 2.04+0.10 2.65+0.11 2.75+0.12 1.75-2.45
Total protein, g/L 89.00 £ 8.00 80.00 £2.00 86.00 = 3.00 82.00£5.00 | 104.00£3.00° | 89.00£3.00 | 39.00-78.00

Data are presented as mean and standard error, n = 5 for all groups.
* reference values are given based on B.-S. Koo et al. [22];

?p < 0.001 as compared to Control Group;

®p < 0.05 as compared to the beginning of the experiment;

¢p < 0.05 as compared to Experimental Group II.

Calcium and phosphorus levels in the blood of animals
in all three groups were within the reference values at the
beginning of the experiment. By the end of the experi-
ment these parameters did not change statistically signifi-
cantly, but the phosphorus level was below the reference
limits in all groups (Table 4) despite higher phosphorus
digestibility coefficients in Groups Il and Ill (Table 5).

The protein levels in the blood of animals both at the
beginning and at the end of the experiment were higher
than the reference values in all groups (Table 4). At the
beginning of the experiment higher protein levels were
observed in sera of Group Il (104.00 + 3.00 g/L) animals
as compared to the Control Group (89.00 + 8.00 g/L,
p > 0.05). Increased serum protein levels in Group Il at
the beginning of the experiment were probably transient
and were not associated with Chlorella action in the diet
of animals.

Daily feed intake and excreted feces were recorded and
the chemical composition thereof was analyzed allowing
to determine the nutrient digestibility coefficients of va-
rious diets (Table 5).

This indicator in the primates of the Experimental
Groups was statistically significantly higher than thatin the
Control Group animals (Table 5). Thus, the digestibility co-
efficients of crude protein were higher by 4.18% (p < 0.05),

Table 5
Digestibility coefficients

those of crude fat - by 4.70% (p < 0.01), crude fiber -
by 4.14% (p < 0.05), crude ash — by 12.32% (p < 0.001) in
Group Il animals that received Chlorella suspension. In
Group Ill where Chlorella powder was included in the diet
composition the digestibility coefficients of crude protein
were higher by 6.83% (p < 0.001), crude fiber — by 4.78%
(p < 0.05), crude ash — by 18.93% (p < 0.001).

The obtained results indicate that the nutrient digesti-
bility improved when Chlorella was introduced in the diet
of primates (as compared to traditional feed); these results
are consistent with the published study results available
on nutrient digestibility when adding Chlorella vulgaris
microalgae into the diet of Boer goats [25], as well as
comply with the previously obtained data on increasing
the digestibility of crude protein, crude fiber and calcium
accessibility when the diet is enriched with Chlorella
powder or suspension [26]. Enhancing the digestibility of
crude protein, which is the most valuable part of the feed,
is the most important effect of introducing Chlorella into
the diet [27].

CONCLUSION

Thus, the inclusion of dry Chlorella as a substitute for
high-protein feeds of plant and animal origin in the pri-
mate diet composition had a positive effect on the nutrient

Crude protein, % | Crude fat, % Crude fiber, % Crude ash, % Crude NFE, % Phosphorus, %

| (Control) 65.34 £ 1.04 38.09+0.98 25.88+£1.01 41.58+0.88 78.05+1.12 4437 £1.94 59.79£2.01
Il (Experimental) | 69.52+0.95% | 42.79+0.79%* | 30.02£0.90% | 53.90+1.00*** | 79.90+2.03 | 53.66+1.58** | 60.51+1.61
Il (Experimental) | 72.17 £0.96*** |  40.70 +0.87 30.66 £ 1.12% | 60.51£1.21%%% | 82.20£2.03 | 58.17 £1.96*** | 67.86+3.12

Data obtained by averaging five measurements for each animal and the mean for the group (n =5).
*p <0.05,** p <0.01, *** p <0.001 as compared to Control Group. Data are presented as mean and standard error.
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digestibility. At the same time, the hematological test re-
sults generally indicate the safety of long-term (35 days)

Chlorella supplementation in primates. The preparation of
complete granular compound feeds supplemented with

Chlorella powder allows balancing the diet in terms of nu-
trients and biologically active substances. Similar patterns

are typical for Chlorella suspension supplementation: the

experiments conducted in this regard showed best results

for digestibility parameters, indicating that the use of this

green algae suspension can significantly increase the me-
tabolism level.
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FanoHos Hukonaii BacunbeBud, KaHamaat bronornyeckux
HayK, CTapLuii HayuHbln coTpyaHuK, OTBHY «HAW MM, r. Coun,
Poccus.

MNaHuyeHko Anna BauecnaBoBHa, KAHAMAAT MEOULIMHCKIX HAYK,
BefyLMIA HayYHbI COTPYAHMK nabopatopun MoneKynapHom
6uonoruu OreHY «HUW MMM, r. Couu, Poccus.

ManueHko AHpgpenn BnagumupoBu4, JOKTOP MeAULNHCKUX
HayK, FMaBHbIN HayYHbI COTPYAHMK NabopaTopun MONeKynapHon
6uonornn OrbHY «<HNW MMy, r. Coun, Poccus.

Yyryes KOpwuit MeTpoeuy, KaHanAaT GMONOrMYECKUX HayK,
BeAyLWMU HayuHbin coTpyaHuk OTBHY «HUW MI», r. Couwn,
Poccua.
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