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AIMS AND SCOPE

The mission of the publication is the delivery of information on basic development trends of veterinary
science and practice and highlighting of vital issues and innovative developments in veterinary area for
scientific community.

The journal is intended for scientists engaged in fundamental and applied research in the field of general
and veterinary virology, epizootology, immunology, mycology, mitoxicology, bacteriology, as well as
practicing veterinarians and doctors of veterinary laboratories and state veterinary services, university-
level teachers for veterinary, biological, medical specializations, graduate and postgraduate students.

LLENN U OBJIACTb (TEMATUYECKNI OXBAT)

Mwccuen nsgaHva agnaeTca npeactaBneHne nHbopmaumy 06 OCHOBHbIX HanpaBIeHUAX Pa3BUTHA
POCCUNCKON 1 MAPOBOW BETEPUHAPHOW HayKU Y MPAKTUKU U NPUBJIeYEHNE BHUMAHMWA HayYHOW
06L1eCcTBEHHOCTY K aKTyaJibHbIM MPO6sieMaM 1 MIHHOBALIMIOHHbBIM pa3paboTkam B 06/1aCTv BETEPUHAPUN.

*KypHan opreHT1POBaH Ha YUeHbIX, 3aHNMALLNXCA GyHAAMEHTANbHBIMU 1 NMPUKIAAHbIMU NCCNIeJOBAHNAMY
B 0651acTy 06LLEeN 1 BETEPUHAPHOW BUPYCOMOM N, SMN300TONOMMU, UMMYHOOMMY, MUKOOTUN,
MUTOKCUKONOTY, 6GaKTEPUONOMY, MPAKTUKYIOWNX BETEPUHAPHBIX Bpayel 1 Bpayeil BETePUHAPHbIX
nabopatopuii n rocyfapCTBEHHbIX BETEPMHaPHbIX CNy»0, Npenofasatenel BY3o0B BeTeprHapHo,
6ronornyeckon, MefMLUNHCKOM HanpaBneHHOCTEN, acCMMPaHTOB 1 CTyAeHTOB BY30B 1 Konnegxei.
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ABSTRACT

The paper covers the history of the Federal Centre for Animal Health, which started 65 years ago by the foundation of the All-Union Foot and Mouth Disease Research
Institute. The main research area — FMD prevention and control — was and still remains the leading one for the Centre. The current history of the Federal Centre for
Animal Health development is inextricably associated with the public administration reform in agriculture in 2000s, when the Federal Service for Veterinary and
Phytosanitary Surveillance (Rosselkhoznadzor) spun off the Ministry of Agriculture of the Russian Federation as an independent executive authority with broad
powers in the area of the veterinary and phytosanitary control and surveillance. The grounds for the re-subordination of the Federal Centre for Animal Health
to the Rosselkhoznadzor, historically novel executive authority in Russia, included high international prestige of the Centre and nationally and internationally
acknowledged qualification of its employees in the field of contagious animal diseases.
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Bknan OTBY «BHUN3X» B peanuzauuio
MeXJYHapO4HbIX NOJTHOMOYMUIA
Poccenbxo3Haza3opa

B. B. JlaBpoBckuit
OegnepanbHas cnyx6a no BeTepuHapHoMy 1 puTtocaHuTapHomy Haazopy (Poccenbxo3Hap3op), Opnukos nepeynok, 1/11, r. Mocksa, 107996, Poccust

PE3IOME

B catbe ocBewwaetca uctopus OegepanbHOro LEHTPA OXPaHbl 30POBbA XKIBOTHbIX, HAUANO KOTOPOI BbIN0 NONOKEHO 65 JIET TOMY Ha3aj NPy co3aHMM Beecotos-
HOTO HayYHO-ICCNIEA0BATENbCKOTO ALLYPHOTO MHCTUTYTA. OCHOBHAA HayyHas TeMaTUKa — NPodUNaKTIIKa 1 60Pb0a C ALLYPOM — Bbiia v OCTAETCA TIABEHCTBYIOLLEN
AnA yupexaeHus. CoBpemeHHas UcTopua paseutia OeepanbHOro LieHTPa 0XpaHbl 380POBbA KUBOTHbIX HEPA3PbIBHO CBA3aHA C PedOPMOii rOCYAAPCTBEHHOTO
ynpaBneHus B 061aCT CeNbCKOro X03AiCTBA B CTpaHe B 2000-X IT., Koraa B uione 2004 . 3 CTpYKTypbl MUHUCTEPCTBA CENbCKOTO X03AiiCTBA Poccuiickoil Dege-
pauuu 6bina Bblaeneqa OefepanbHas ciyx6a no BeTepuHapHoMy 1 GUToCaHUTapHOMY Haa30py (Poccenbxo3Haazop) B B CAMOCTOATENbHOTO (eaepanbHoro
OpraHa UCMONHUTENbHOI BAACTY € LMPOKIMM MOSTHOMOUUAMIA B Chepe BETEPUHAPHOIO 1 GUTOCAHTAPHOTO KOHTPOAA 1 Ha30pa. OcHOBaHMEM A nepenof-
unHes OeepanbHOro LUEHTPa 0XpaHbl 30POBbLA KUBOTHbIX POCCENbX03HAA30pY, UCTOPUYECKI HOBOMY ANA POCCU OpraHy UCTIONHUTENbHON BIIACTH, ABUINCH
BbICOKMIT MEXAYHAPOAHbIA aBTOPUTET HAYUHOTO LIEHTPA 1 MPU3HAHHASA HA HALMOHANLHOM 1 MEX AYHAPOHOM YPOBHE KBANMOUKALIMA €10 COTPYAHNKOB B 0651aCTH
3apa3HbiX 60NIE3Hel XKUBOTHBIX.

Kniouesbie cnosa: BHUAN, OTBY «BHUW3X», Poccenbxo3naazop, Awyp, MHGEKLUOHHbIE 60Ne3HN KMBOTHBIX
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Each anniversary is a good reason to sum up results,
outline new plans, honor the memory of tutors and col-
leagues who created the prestige and glory of the Center
as well as to support new generation entering the scientific
path in the time of challenges experienced by our country.

Fortunately, we still have talented scientists among us,
who in the 60s of the XX century were entrusted with im-
portant tasks for the development of domestic livestock
production, who made a huge contribution to the study
of the nature of foot-and-mouth disease and other infec-
tious animal diseases, methods of their prevention and
treatment, who earned the gratitude and recognition of
the domestic and foreign colleagues.

It is impossible to cover the entire scale of events
and achievements of the Federal Centre for Animal
Health (FGBI “ARRIAH") over 65 years in one article, so
let’s focus on the time period, part of which | witnessed
and directly participated as an adviser on agriculture in
the Russian Federation Embassy in Canada (2001-2005),
then at the Permanent Mission of the Russian Federation
to the European Union and Euratom (2006-2013) and
as Head of the Rosselkhoznadzor Department for Inspec-
tion Work within the Framework of International Coopera-
tion in the Veterinary Field and WTO, Assistant and Adviser
to the Head of the Rosselkhoznadzor for International Ac-
tivities (from 2013 to the present).

The history of the Federal Centre for Animal Health can-
not be considered in isolation from the problems, tasks
and achievements of the domestic agriculture, formation
of industrial livestock production in response to the de-
mand of the country’s population for high-quality animal
products, and their entry into the global markets.

The stages of the Federal Centre for Animal Health de-
velopment are inextricably linked with the reform of public
administration in the field of agriculture in the early 2000s,
with the separation of the new Federal Service for Vete-
rinary and Phytosanitary Surveillance (Rosselkhoznadzor)
from the Ministry of Agriculture of the Russian Federation
in July 2004 in the form of an independent federal execu-
tive authority with broad powers in the field of veterinary
and phytosanitary control and surveillance.

In accordance with the Regulations on the Rossel-
khoznadzor, the agency received unique powers in
the field of international cooperation:

— direct interaction with the veterinary and phytosan-
itary competent authorities of foreign countries, within
which the agency has the right to carry out control and
inspection activities in other countries;

- provision of official guarantees (certificates) as for the
safety of the imported and exported regulated products
through the border control of the commodities, as well
as confirmation of the traceability and safety of the com-
modities of the foreign and Russian origin by means of
the laboratory and analytical methods;

- the right to represent the interests of the Russian Fe-
deration in international specialized organizations, such as
the World Organization for Animal Health (WOAH, found-
ed as OIE), where the Deputy Heads of the Service have
been Council members for many years, the International
Plant Protection Convention (IPPC); the right to partici-
pate in the activities of the Codex Alimentarius Commis-
sion, established by the United Nations Food and Agricul-
ture Organization (FAO), and the Committee on Sanitary
and Phytosanitary Measures of the World Trade Organiza-
tion (WTO).

The basic principle, which determines the effectiveness
of the Rosselkhoznadzor’s activities, is the implementation
of the control and surveillance permissive and restrictive
measures during the manufacture and movement of re-
gulated commodities exclusively on the basis of modern
scientific knowledge and methods based on the interna-
tional recommendations (codes).

With this approach, the subordinate research institu-
tions (All-Russian State Center for Quality and Standar-
dization of Veterinary Drugs and Feed, All-Russian Plant
Quarantine Center and, of course, the Federal Centre
for Animal Health, which celebrated its 65™ anniversary,
became a significant Rosselkhoznadzor’s pillar in the im-
plementation of the new tasks.

The reason for the reassignment to the Rossel-
khoznadzor was high international prestige of the Fede-
ral Centre for Animal Health, nationally and internationally
recognized qualifications of its staff, established school
for training scientific manpower, serious methodological
and infrastructural support for activities, long-term practi-
cal experience in the prevention and control of infectious
animal diseases in various regions of Russia and the CIS,
high effectiveness of the preventive and quarantine mea-
sures, history of the veterinary standard-setting activities.

By the start of the public administration reform, the coun-
try’s leaders had formed a clear understanding of the need
for governmental support of the most important sectors of
agriculture as well as for regulation of foreign trade in food,
which was implemented in the Federal Law “On the Deve-
lopment of Agriculture” of 29 December 2006 No. 264-FZ.In
this law the Russian government for the first time declared
its direct responsibility for ensuring food security through
targeted financing of the leading sectors of the agricultural
economics, primarily livestock and crop production.

In the process of preparing these transformations,
the experience of the leading agrarian countries of
the world (the USA, Canada, Germany, Great Britain, France,
the Netherlands, India, and European Union countries)
was, of course, actively borrowed.

The reforms were also pushed by the vector to the WTO
accession taken back in 1995, the initiators of which pro-
mised significant benefits from equitable trade turnover of
the Russian commodities on international markets.
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One of the reasons why the world’s leading food ex-
porters persistently involved Russia in the WTO, promising
its free access to global food markets, was annoying al-
legedly excessive requirements of the national veterinary
legislation for imports, which allowed them to subsidize
exports and offer dumping prices for the notorious “Bush
legs” despite the undeniable competitive advantages of
the developed countries.

The Russian Federation accessed the WTO in 2012 as
a“developed country” despite the serious economic diffi-
culties caused by the transformation of the state structure
and adaptation of the economy to market conditions as
well as irrespective of the need to pay off external debts
and maintain economic ties within the CIS, which were
broken due to the collapse of the Soviet Union. This meant
rejection of many trade benefits and preferences that ex-
tended to most of the “developing” founders and mem-
bers of this “trade club’, established in 1995, and at the
same time a very modest level of governmental support
(%9 billion in 2012 and a decrease to 4.4 billion by 2018),
as compared, for example, with the developed member
countries of the Organization for Economic Cooperation
and Development (OECD), and even those funds lacked in
the country’s budget at that moment.

Russia received modest opportunities for customs
and tariff protection in the food sector (the doors were
especially wide open for the supply of live slaughter pigs
that subsequently put serious pressure on the industry).
Meanwhile, the developing countries in Latin America,
Middle East, Indochina, India, Turkey, not to mention Af-
rica, still easily impose prohibitive duties of tens or even
hundreds percent, and they do not hesitate to declare that
this is done to protect their own production and promote
rural employment.

It would be fair enough to admit that in the midst of ne-
gotiations on the WTO accession, Russia was tightly “on the
needle” of food imports, and governmental mechanisms
to support agriculture were launched with great difficulty.

Under these conditions, the authority to use sanitary
and phytosanitary protection measures (the benefits of
the WTO “green”and “amber”boxes allowed investments
in food safety) made the Rosselkhoznadzor an important

“player” regulating the food turnover on the foreign mar-
ket, of course, with scientific substantiation of its require-
ments.

In this regard, it became possible to invest serious funds
in development of the skills of veterinary personnel, im-
provement of the methodological, laboratory and infor-
mation and analytical activities, in capital construction
and purchase of modern equipment to achieve equiva-
lence and confirm scientific validity of the actions aimed
at the protection of the domestic market from the sub-
sidized and often substandard imports on the one hand,
and to ensure credibility of guarantees as for the safety
of domestic exported agricultural products on the other
hand, which was accompanied with the harmonization of
the national legislation with the international one.

It should be emphasized that at all stages of the WHO
accession and membership Russia has been faithfully
committed to its obligations, although the “alarm bells
have long been heard, indicating that its concerns in the
development of the national market, and even more so
the claims to international markets are of no interest for
the partners in the West.

"
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Thus, in the year of the Rosselkhoznadzor’s formation,
ten countries joined the European Union, most of which
are in Eastern Europe (Baltic States, Poland, Czech Repub-
lic, Slovakia, Slovenia, Hungary) and used to represent
an important export market for Russian food and feed.
The European Union unceremoniously tore up all existing
trade agreements between Russia and these countries,
including those in the veterinary and phytosanitary areas,
without any conditions or compensation for the loss of
the markets (while the United States and Canada received
such compensations). In the same year, after Russia’s ex-
tremely successful export of a large batch of grain to
the European Union after a record harvest in 2003-2004,
the European Union in collusion with the United States
and Canada introduced a tough tariff quota forimports of

“Black Sea” (read: Russian) low-protein (it was even called
fodder) wheat; after that there were no more records in
trade with the European Union.

Despite Russia’s heavy dependence on regular meat
imports from the European Union, especially in large
cities, the “newborn” Rosselkhoznadzor managed to put
the European Union in place, forcing, after a three-month
ban on the import of all livestock products, to sign a Me-
morandum on the terms of supply from the European
Union, after which it launched a wide-ranging campaign
to inspect establishments of the European Union member
states and approve new bilateral veterinary certificates.

It was a great disappointment in the fairness of the “free
market”and the universality of the international SPS rules,
but an important test of the Rosselkhoznadzor’s ability
to defend the interests of domestic pig farming under
the terms of the WTO membership was the dispute in
the panel of this organization in 2014 over the legality
of the Russian ban on the supply of pig products from
the European Union to Russia due to African swine fe-
ver (ASF) outbreaks in Lithuania, Poland, Latvia and Estonia,
risks of the disease spread over Western Europe and its
introduction into Russia.

At that time, the Federal Centre for Animal Health
provided expert support at all stages, participated
in inspections to the affected areas and in the prepa-
ration of the scientific analysis of the risk of ASF spread
in the European Union and its entry from the European
Union into the Russian Federation. As time has shown,
the scientific forecast proving the validity of Russia’s con-
cern about the possibility of ASF spread has been fully
confirmed. African swine fever spread to half of the Euro-
pean Union member states and caused serious damage
to the pig industry in the Baltic States, Poland, Germany,
Romania, Hungary, Bulgaria, Czech Republic, Slovakia, and
Italy. Unfortunately, at the stage of the proceedings before
the WTO panel, the Russian assessments were arrogantly
rejected due to “non-compliance” with European criteria
for the risk probability.

Faced with the manipulative nature of the highly likely
principle without sufficient evidence of threats or damage,
employees of the Federal Centre for Animal Health, who
developed the system of risk assessment and Russian
establishments’ ranking according to the degree of their
veterinary safety in the Rosselkhoznadzor’s electronic
information systems, subsequently made it a rule to pro-
ceed from the actual history of violations committed by
the establishment in the course of its activities and keep
its personal dossier.
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At the same time, with the direct participation of the Fe-
deral Centre for Animal Health, the process of strengthen-
ing trade relations was developed, and harmonization of
the legislation of the countries of the Customs Union, its
expansion and transformation into the Eurasian Econo-
mic Union with a single market (by the way, the European
Union categorically refused the recognition of its estab-
lishment in 2011), and therefore, with a unified, as far as
it was possible, veterinary and phytosanitary regulation
was carried out.

The coup d'etat in the Ukraine, annexation of Crimea
to Russia (the new authorities of the country then ig-
nored the year-and-a-half intergovernmental negotiations
(2014-2015), which could, among other things, preserve
full-fledged relations of the surveillance services and
beneficial, primarily for Ukraine, food trade with Russia),
imposition of economic sanctions by the United States,
European Union, Australia and Norway and imposition of
retaliatory “counter-sanctions” on the export of a number
of agricultural products from these countries resulted in
the reversal to the markets of the friendly countries, and
the process of food import substitution was launched.
In addition to active operation in the domestic market, this
process was accompanied with serious negotiations and
inspection activities with developing countries, primarily
Asian and Latin American, where timely information sup-
port and risk assessments performed by the employees
of the Federal Centre for Animal Health allowed to avoid
meat shortages without compromising the veterinary
safety of Russia.

Being isolated from the pressure of the subsidized food
exported from unfriendly countries, Russia took effective
measures to develop its own agriculture. The problem
of dependence onimported meat was replaced by the task
of opening export markets by exporting the surpluses.

The control system well-established by this time, up-
dated laboratories, modern establishments building their
business according to the recommendations and with
careful inspections by the Rosselkhoznadzor officers,
state registration of the establishments capable of being
compliant with the requirements of the foreign coun-
tries — all these aspects, linked into a single information
system “VetlS” moderated from the Federal Centre for Ani-
mal Health and ensuring full traceability of products from
disease-free zones, make a proper impression on the po-
tential importers.

Suffice it to say that by 2020 Russia became a net food
exporter, and in 2023 export revenue exceeded 45 bil-
lion US dollars, inter alia due to reliable guarantees from
the Rosselkhoznadzor regarding the safety of the expor-
ted products.

Due to high competencies in the field of prevention
and control of animal diseases, the Federal Centre for Ani-
mal Health became an essential link in the inspection
programs by the representatives of the foreign veteri-
nary services, and the governmental support of the ex-
ports of the livestock products made such visits available
to specialists from developing countries who see Russia
as a worthy competitor to traditional exporters, capable
of providing competitive prices and an impeccable level
of safety of beef, mutton, poultry meat, table eggs, dairy
and fish products.

When summing up, it can be concluded that the choice
made by the Rosselkhoznadzor in 2004, when it included

the Federal Centre for Animal Health among the organiza-
tions providing scientific support to regulatory measures

and execution of the new powers of the Service, was fully

justified. In any case, at allimportant stages, where the Ros-
selkhoznadzor faced the need to change approaches in its

work and adapt to changing external conditions, the em-
ployees of the institute proved to be on top, worthy of the

difficult tasks that befell the industry and the country over
the past 20 years.

In the Rosselkhoznadzor system the Federal Centre
for Animal Health confirmed its high status as an interna-
tional center for animal health protection, as evidenced by
its diverse and fruitful external relations, recognition of its
activities by international organizations such as the WOAH
and FAOQ, the Russian Academy of Sciences, as well as by
leading research centers of the world, demand for highly
effective author’s products (vaccines, diagnostics, test-kits)
far beyond the borders of our country.

Over the past 20 years, the Federal Centre for Animal
Health not only preserved, but also increased its traditional
competencies in the field of dangerous human and animal
disease prevention and control (development of control
methods and means), while reliably performing the func-
tions of a leading information and analysis center neces-
sary for successful governmental management of the ani-
mal husbandry and the market of animal products based
on scientifically justified recommendations, new scientific
facts, accurate and reliable forecast of the development of
the animal disease situation and an immediate response
to every case of a disease occurrence.

The Federal Centre for Animal Health became the main
base and industry flagship in the development and wide-
spread use of modern biotechnologies and electronic
information systems, which made it possible to com-
bine and systematize a huge amount of data on the ori-
gin and movement of any regulated animal products in
the country.

On this basis, a unique system of regionalization of
the country’s territory for animal diseases was built, which
allows real-time regulation of commodity flows, including
those moving across the state border, taking into account
information on the animal disease situation, changes
in veterinary legislation, departmental instructions and
legal veterinary norms, which are constantly updated
with the participation of the staff of the Federal Centre
for Animal Health.

It was the development of information systems and
continuous generation of an objective evidence base on
the farm animal disease situation and animal product safe-
ty that made it possible to make a breakthrough in the ac-
quisition of a number of international dangerous animal
disease-free statuses and, most importantly, to convince
during numerous inspections the world’s leading import-
ers of the safety of Russian animal products that already
in 2023 allowed to increase the animal product exports
to 2 billion US dollars, according to the estimates of the Na-
tional Meat Association.

Knowledge and skills in the Rosselkhoznadzor in-
formation systems are mandatory for the organization
of the production process and control of the establish-
ments involved in the animal product manufacture and
marketing chain, and such systems significantly reduce
the burden on the diligent business operators. It is im-
portant to emphasize that thanks to the coordinated
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work of the Rosselkhoznadzor and its scientific depart-
ments, unification and standardization of sampling
and processing techniques, improvement of laboratory
equipment, state accreditation and international system
of proficiency tests, an acceptable level of risk is achieved,
confidence in the security system in the country is
strengthened, and the risks of introducing counterfeit
products into circulation through fraudulent schemes
are reduced.

Despite the continuing risks of the occurrence of single
outbreaks of ASF, avian influenza, and a number of other
diseases, the epizootic situation in the country remains un-
der control. This is evidenced by the increase in the animal
product manufacture and consumption, sustained level
of governmental support for the agricultural sector, and

CONFERENCE PROCEEDINGS MATEPWAJTbI KOHOEPEHLINN

most importantly, in the continued growth of private in-
vestment in dairy and beef cattle breeding, pig farming,
poultry farming, industrial processing, storage and retail.
The processes of animal waste processing and disposal are
developing, which in turn has a beneficial effect on pro-
duction safety.

People, both consumers and manufacturers, trust
the Service and its scientific branch, this is the main result
of the activities of the Federal Centre for Animal Health,
which celebrated its 65" anniversary.

The report was made on the Scientific and Practical Con-
ference “Veterinary Science for Food and Biological Safety”
dedicated to the 65" Anniversary of the Federal Centre for An-
imal Health (Vladimir, 7-8 December 2023).
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Molecular epidemiology
of foot-and-mouth disease (review)

Aleksey V. Scherbakov
Federal Centre for Animal Health, Yur'evets, Vladimir 600901, Russia

ABSTRACT

Molecular epidemiological studies are an important tool for regional and global surveillance of foot-and-mouth disease (FMD). These tests are based on constantly
progressing technologies of nucleic acid sequencing and phylogenetic analysis. The use of these technologies made it possible to assess the genetic diversity of
the FMD virus, to analyze the evolution of the virus in the enzootic regions, and track the pathways of FMD epizootic and panzootic spread. Molecular epidemiological
studies have shown that within the long-known seven serotypes of the FMD virus, there are numerous topotypes (geographical types), genetic lineages and sublin-
eages. Usually, the foot-and-mouth disease virus of a certain topotype and genetic lineage evolves within a certain area, periodically causing regional epizootics.
However, over the past 30 years, two FMD panzootics have occurred, invloving several continents. The first panzootic occurred in the late 1990s — early 2000s and
was caused by 0/ME-SA/PanAsia FMD virus, and the second, caused by O/ME-SA/Ind-2001 virus, began in 2013 and continues to the present. The emergence
of FMD panzootics is probably a consequence of the economic globalization. FMD is not enzootic in Russia, but sporadic outbreaks of this disease are periodically
reported. Molecular epidemiological studies have shown that these outbreaks are caused by the infection introduction from neighboring Asian countries, mainly
from China. The FMD virus, which has come to the Russian Federation from other countries, is characterized by great genetic diversity and belongs to three serotypes,
five topotypes and eight genetic lineages: 0/Cathay, 0/ME-SA/PanAsia, 0/SEA/Mya-98, 0/ME-SA/Ind-2001, O/ME-SA/unnamed, A/Asia/Iran-05, A/Asia/Sea-97,
Asia1/V. The results of molecular epidemiological studies are taken into account when vaccine strains are to be selected for preventive vaccination of livestock in
FMD high-risk areas. The review is based on the analysis of 68 literature sources.
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MonekynapHasa 3n1u3001onorua Awypa (063op)

A. B. lllep6akoB
OIBY «DeepanbHblil LLeHTp oxpaHbl 340pOBbA XMBOTHbIX» (OTBY «BHUN3XK»), Mkp. I0pbesew, . Bnagumup, 600901, Poccua

PE3IOME

MonekynapHo-3nu300Tonoruyeckine UCCefoBaHUA ABNAIOTCA BAXHBIM UHCTPYMEHTOM PervoHanbHOro 1 robanbHoro Haj30pa 3a ALYpoM. 3Th UCcefoBa-
HIA 633NPyIOTCA Ha MOCTOAHHO NPOTPeCCUPYHOLLMX TEXHONOTUAX CEKBEHUPOBAHNA HYKNEUHOBBIX KICIOT 1 GunoreHeTyeckoro aHanu3a. lpumeHeHne faHHbIx
TeXHONOr i N03BOANNO OLIEHUTb reHeTYeckoe pasHoobpasue Bo36yauUTeNA ALLYPa, U3y4nTb IBOMIOLMIO BUPYCA B PETUOHAX, SH300TUUHBIX M0 3aboneBaHuio,
11 OTCAIXMBATL MYTU PACMPOCTPAHEHNA MU300TUIA 1 NaH300TUiA ALLypa. MonekynapHo-3M1300ToN0rNYeCKIe MCCEA0BAHNA NOKa3aNK, uTo B Npefenax AaB-
HO U3BECTHbIX CEMY (EPOTUMOB BIPY(Ca AILLyPa CYLLECTBYIOT MHOTOUMCIIEHHbIE TONOTUMbI (reorpaduueckue TUMbI), reHeTMYEeCKIne MMHNIA U Cy6nuHUM. 06bIYHO
BIPYC ALLYPa TOFO WM MHOTO TOMOTUNA W FeHETUYECKOiA JIMHUM IBONIOLMOHMPYET B NPEAeNax onpezenieHHoro apeana, nepyoMYecky Bbi3blBas PerioHaNbHble
anu3ootim. OfHaKo 3a nocnieaHue 30 NeT CYYMANCH ABE NAH300TUN ALLYPa, OXBATUBLLME HECKONbKO KOHTUHEHTOB. llepBas NaH300TIAA NPON30LLNA B KOHLE
1990-x — Hauane 2000-x rr. 1 6bina o6ycnoneHa Bupycom Awypa 0/ME-SA/PanAsia, a BTopas, Bbi3BaHHaA Bupycom 0/ME-SA/Ind-2001, Hayanacb B 2013 .
11 IPOJIONKALTCA A0 HACTOALLEro BpeMeHu. Bo3HMKHOBeHNMe NaH300TMii ALLypa, BepOATHO, ABNAETCA CeCTBIUEM ro6anu3aLummn MUpoBoi 3koHomukw. B Poccum
ALLYP He IH300TUYEH, OHAKO NEPUOSMUECKU PErUCTPUPYIOTCA Copajuyeckine BCMbILLKK 370/ 60ne3Hn. MonekynapHo-3n1300ToNornyeckine McciesoBaHua
MoKa3anu, YT 3T BCbILLKM BbI3BaHbI 3aHOCOM UHOEKLIM U3 COCEZIHIX a3UaTCKIAX CTPaH, IMaBHbIM 06pa3om u3 KuTas. Bupyc siuypa, npoHuKaBLumii Ha Teppu-
Topuio Poccuiickoil Oedepauun U3 Apyrux CTpaH, Xxapaktepu3yeTca 60bLUIM reHETUYeCKIM pa3Hoobpa3inem 1 OTHOCUTCA K TpeM cepoTiunam, NATI TonoTnam
11 BOCbMU reHeTuyeckum nnHnam: 0/Cathay, 0/ME-SA/PanAsia, 0/SEA/Mya-98, 0/ME-SA/Ind-2001, 0/ME-SA/unnamed, A/Asia/Iran-05, A/Asia/Sea-97, Asia1/V.
Pe3ynbTaTbl MONeKynAPHO-3MM300TONOMMYECKYX UCCNEAO0BAHMI YUNTBIBAKOTCA NP BbIGOPE BaKLUMHHBIX LUTAMMOB ANA NPOGUNAKTIYeCKOil BaKLMHALMK CKOTa
B 30HaX € BbICOKIM PUCKOM 3aHoca ALypa. 0630p coCTaBNeH Ha 0CHOBE aHank3a 68 MCTOYHMKOB.
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INTRODUCTION

Foot-and-mouth disease (FMD) is a highly contagious
viral disease of cloven-hoofed animals, that may cause epi-
zootics and inflict dramatic economic damage.

The causative agent of the disease is a non-enveloped
RNA virus, which belongs to Aphthovirus genus of the Pi-
cornaviridae family. There are seven viral serotypes: O, A, C,
Asia-1, SAT-1, SAT-2 and SAT-3.

Currently, the disease is widespread in Africa, Asia and
some parts of South America, in which it causes huge eco-
nomic losses to the agricultural sector. For the FMD-free
countries there is still a danger of the disease introduction
from the infected regions.

FMD is characterized by a very dynamic and complex
epidemiology. The FMD virus (FMDV) is rapidly evolving,
new genetic and antigenic variants of the virus are con-
stantly emerging that can overcome the immunity of vac-
cinated animals and cause outbreaks of the disease. This
significantly complicates the control of the disease and
determines the need to constantly monitor the FMDV
diversity in nature and to timely develop new vaccines
adapted to emerging viral lineages.

Global FMD surveillance is performed by the FMD re-
ference laboratory network of the World Organization for
Animal Health and the Food and Agriculture Organization
of the United Nations (WOAH/FAQ) [1], with the main task
to monitor the emergence of new FMDV variants with
modified genetic and antigenic properties which render
the available vaccines ineffective. An important surveil-
lance tool is the molecular genetic analysis of the FMDV.

THE HISTORY OF THE DEVELOPMENT
OF MOLECULAR EPIDEMIOLOGICAL
TECHNIQUES

Molecular epidemiology as a scientific field is the com-
bination of molecular biology, epidemiology and popula-
tion genetics that has become a powerful tool to develop
control strategies for infectious diseases [2].

Historically, the first attempts to use laboratory meth-
ods in epidemiological studies of FMD were associated
with serological tests. More recently, biochemical methods
such as FMDV SP polyacrylamide gel electrophoresis and
T1 oligonucleotide fingerprinting of the viral genome be-
gan to be used [3, 4, 5, 6]. However, the resolution of these
methods was low, and they were not widely used.

A revolutionary event in the molecular epidemio-
logy of foot-and-mouth disease was the use of sequenc-
ing technologies and phylogenetic analysis of the viral
genome sequences. In 1987 E. Beck and K. Strohmaier

showed that sequencing and comparative analysis of
the VP1 gene of FMDV field isolates from the outbreak re-
veal their origin [7]. In particular, they established that 14
out of 18 FMD outbreaks in Western European countries
between 1964 and 1985 were caused by vaccine strains.
In most cases they were induced by improperly inactiva-
ted FMD vaccines. Several more outbreaks could occur as
a result of the virus escape from the vaccine production
plants. The German scientists suggested that nucleotide
sequence analysis should be used as a standard method of
diagnosis, because when compared with other techniques
it more clearly reveals the origin and course of epizootics
and offers the possibility of preventing further outbreaks.
Beck E. and Strohmaier K. also proposed to prohibit the
use of formalin-inactivated FMD vaccines, since they are
the main source of FMDV in Europe. After this proposal was
implemented, no FMD cases have been reported in Europe.

Since the late 1980s and early 1990s, nucleotide se-
quence analysis has been widely used to characterize
FMDV field isolates [8-28].

Initially, the so-called direct RNA sequencing method
was used for these purposes [29]. It included such prepa-
ratory steps as FMDV propagation in cell culture, purifi-
cation and concentration of the virus and viral RNA, and
therefore the method was very laborious and time-con-
suming. In addition, it allowed the determination of only
130-150 nucleotide bases of the FMDV VP1 gene. Since
the mid-1990s, polymerase chain reaction (PCR) has been
used to amplify genetic material for sequencing [30, 31].
The PCR use has literally revolutionized the FMDV nucleo-
tide analysis technology: the time needed for testing was
reduced from 1-2 weeks to 1-2 days, it became possible
to produce the full genome sequence of the VP1 gene
and even of the FMDV. To sequence the FMDV full ge-
nome, E. M. Cottam et al. amplified 24 overlapping viral
genome fragments using PCR [32]. Further progress in full
genome sequencing was associated with the use of NGS
(next-generation sequencing) technology [33].

STUDY OF THE FMDV GENETIC DIVERSITY

An impressive bank of nucleotide sequences of FMDV
field isolate VP1 genes from different countries has been
created at the World Reference Laboratory for Foot-and-
Mouth Disease (Pirbright, UK) and the WOAH/FAO FMD
regional reference laboratory network for FMD. The anal-
ysis of this database made it possible to evaluate the virus
genetic diversity, to determine the viral evolution patterns
in the endemic regions, and track the pathways of the FMD
epizootic spread.
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Molecular biological studies have shown that there are
several levels of the FMDV genetic diversity: types, topo-
types, genetic lineages and sublineages. The division of
the virus into types fully corresponds to its classification
into serotypes, that is, at the genetic level, as well as at
the antigenic level, seven groups of the virus are distin-
guished, defined as types: A, O, C, Asia-1, SAT-1, SAT-2 and
SAT-3.VP1 varies by 30-50% between the types [34].

Within each serotype, A.R. Samueland N. J. Knowles [35]
identified geographical types, which they called topotypes.
VP1 nucleotide differences between the topotypes are up
to 15-20%. It is obvious that the topotypes were formed
as a result of the relatively independent FMDV evolution
in certain geographical regions. The figure shows current
FMDV pools. The FMDV division into topotypes generally
corresponds to the division of the viral distribution into
pools [36].

There are 11 topotypes within type O lineage: Ca-
thay (China), SEA (Southeast Asia), ME-SA (Middle East
and South Asia), Euro-SA (Europe and South America),
WA (West Africa), EA-1 (East Africa-1), EA-2 (East Africa-2),
EA-3 (East Africa-3), EA-4 (East Africa-4) and two extinct
Indonesian topotypes ISA-1 and ISA-2 [37, 38, 39].

FMD type A virus is differentiated into 3 topotypes:
Euro-SA (Europe and South America), Asia and Africa.
Within each of these three topotypes, a very large genetic
diversity of the virus has been revealed.

The emergence of the topotypes within serotypes A
and O common for Europe and South America is explained
by the fact that FMD of these two types was introduced to
the American continent from Europe in the 19" century.

Antigenically FMD Asia-1 viruses are less diverse than
other serotypes. All known Asia-1 isolates form the only
topotype - Asia. Knowles N. J.and Samuel A. R. explain the
relatively low genetic diversity of the the serotype by its
more recent origin than the others, or a severe ‘bottleneck’
purification with only a single topotype surviving [34].

FMDV serotype C has not been detected since 2004 and
is currently considered to be extinct. FMDV type C, like se-
rotypes Aand O, is presumed to have been introduced into
South America from Europe. However, the results of mo-
lecular biological studies allowed the British scientists from
the Pirbright Institute to assume that the serotype C was

Fig. FMDV pools [1]

A, O,5AT1, 2,3 Pool 6

introduced to South America and evolved from type A in
around 1870 [40]. Later, this serotype was introduced to
Europe from South America, and from Europe it spread to
Africa and Asia. The scientists assume that exactly the oc-
currence of serotype C viruses in South America is the rea-
son for their lower suitability to the ecological conditions
of the other continents, which prevented them from per-
sistence in the Old World.

SAT-1, SAT-2 and SAT-3 viruses are clustered into
13 (from I to XllI), 14 (from | to XIV) and 5 (from | to V) topo-
types, respectively [37, 38, 39].

The discovery of the viral topotypes and their distribu-
tion pattern formed the basis for global FMD control stra-
tegy, which suggests clustering of seven regional alliances
(seven regional FMDV pools) of FMD infected countries
and coordination of national roadmaps for FMD progres-
sive control pathway [41].

The FMDV is continuously evolving within each topo-
type, generating new genetic lineages that force out pre-
viously existing ones. Some lineages extinct quite quickly
after their emergence, while others are able to circulate
in their pools for a long time. The viral divergence within
such“long-lived” genetic lineages leads to the emergence
of sublineages. For example, by 2021, 17 sublineages were
distinguished within the genetic lineage A/Iran-05, and
8 sublineages within O/PanAsia-2 [42].

It was found that FMDV genetic lineages evolve at very
similar rates, estimated at an average of 1.3 x 1072 nu-
cleotide substitutions/site/year (min-max range of
1.1 X 1072 - 1.4 x 1072). These results indicate that FMDV
evolves under a strict molecular clock that is largely con-
stant among the different serotypes [42].

STUDY OF FMD PANZOOTIC SPREAD

Usually, FMDV of a certain topotype and genetic line-
age evolves within a certain area (pool), periodically caus-
ing regional epizootics. However, over the past 30 years,
two FMD panzootics have occurred, invloving several
continents.

Molecular epidemiological studies made it possible
to trace in detail the movements of the most devastating
FMD panzootic on record caused by O/ME-SA/PanAsia
virus. The virus was first isolated from FMD outbreaks

'Pool 3
0O, A, Asia 1

0O, A Asia 1

SAT1, 2,3
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in northern India in 1990. From 1991 to 1997 the new
lineage appeared to spread to other parts of India and
in 1998 it spread to Bahrain, Iran, Jordan, Kuwait, Lebanon,
Syria, Saudi Arabia, and Yemen. In 1999, the spread of the
PanAsian virus in the Middle East continued (outbreaks in
Israel, Turkey and the United Arab Emirates), and it started
rapidly spreading eastward from Hindustan: in May 1999
China reported FMD outbreaks caused by this virus, and
in June O/ME-SA/PanAsia virus was isolated in Taiwan. To-
wards the end of 1999, the PanAsia virus moved to Myan-
mar, Thailand, Vietnam, Laos and by April 2000 all mainland
Southeast Asian countries had experienced outbreaks due
to the new strain. In March 2000 FMDV type O appeared
in South Korea and Japan, and in April in Mongolia and Pri-
morsky Krai of the Russian Federation. It should be noted
that these East Asian territories previously had been free
from FMD for many decades [34, 43, 44].

FMD panzootic caused by O/ME-SA/PanAsia virus was
not limited to Asia. In September 2000 FMD type O was
first reported in the Republic of South Africa. The outbreak
occurred near the port of Durban. The origin was traced
to feeding pigs with uncooked swill from a ship arrived
from Asia. In February 2001, PanAsia virus was introduced
and caused devastation in the United Kingdom. To eradi-
cate the outbreak 6.5 million animals were destroyed,
and direct and indirect losses to the country amounted
to about 8 billion pounds. From the UK FMD moved to
Ireland, France and the Netherlands [45].

Another FMD epidemic, but less serious, started in 2013.
It was caused by O/ME-SA/Ind-2001 genetic lineage and
covered the entire Asian continent and North Africa. This
virus was first isolated in India in 2001 [45]. By 2009 it
had spread widely in the territory of Hindustan and di-
versified into five sublineages: a, b, ¢, d, and e. In 2009,
the O/ME-SA/Ind-2001 virus moved beyond its original
range for the first time and caused an outbreak in Iran.
Since 2013, the virus became panzootic and caused ex-
tensive outbreaks in North Africa and the Middle East
in 2013-2014 [46, 47, 48], in Southeast Asia in 2015 [49]
and East Asia in 2016-2017 [50].

Using the nucleotide sequences of VP1 (n = 424) full ge-
nome (n = 74) of O/ME-SA/Ind-2001 isolates from different
countries, K. Bachanek-Bankowska et al. [50] used phylo-
dynamic and phylogeographic reconstructions to track
the global spread of this virus. In particular, it was shown
that FMD outbreaks in the Middle East and North Africa
in 2013-2015 resulted from five independent introductions
of O/Ind-2001d sublineage virus from Hindustan, and out-
breaks in Saudi Arabia in 2016 were caused by two indepen-
dent introductions of another sublineage — O/Ind-2001e.

In 2015, O/ME-SA/Ind-2001 virus started its spreading
eastward from Hindustan: from Bangladesh to Vietnam,
and then sublineage d was introduced to Laos, and sub-
lineage e was introduced through Myanmar in 2016 to
Thailand and Vietnam. After that O/Ind-2001e sublineage
virus caused an FMD epizootic in East Asia, involving Chi-
na, South Korea, Mongolia and the Zabaikalsky Krai of the
Russian Federation.

In December 2021, O/ME-SA/Ind-2001 virus caused an
outbreak in the Orenburg Oblast of the Russian Federation,
and in January 2022 in the Republic of Kazakhstan [51].

This means that the panzootic caused by O/ME-SA/
Ind-2001 virus had much in common with the previous
one caused by O/ME-SA/PanAsia virus: both genetic li-
neages originated from the Indian subcontinent (Bangla-
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desh, Bhutan, India and Nepal), in both cases the disease
spread first to the west (to Central and Western Asia), and
only then the virus was introduced into Southeast and
East Asia. Both viruses demonstrated the ability to spread
rapidly in regions where other type O genetic lines were
enzootic, as well as to spread to normally FMD-free coun-
tries [50]. The emergence of FMD panzootics is probably
a consequence of the economic globalization.

REGIONAL FMD EPIZOOTICS
INPOOLS 1 AND 3

FMD panzootics, covering the entire Asia and even sev-
eral continents, are a rather rare event. Most FMD epizoo-
tics never expand beyond their regional pools. Regional
epizootics occur when antigenically modified FMDV vari-
ants appear that break through the existing population
immunity [52].

The FMD situation in the Russian Federation is influ-
enced by epizootic in Pools 1 (East and Southeast Asia)
and 3 (West and Central Asia).

In Western and Central Asia (Pool 3), the largest regio-
nal epizootics were caused by A/lran-05, O/PanAsia-2 and
Asia1/Sindh-08 lineages.

The A/Iran-05 virus was first identified in Iran in 2003.
In 2005 it spread widely in this country, and then caused
an epizootic that covered Turkey, Afghanistan, Pakistan,
Bahrain, Saudi Arabia, Jordan, and Irag. Sporadic FMD
outbreaks caused by this virus were reported in Israel, Le-
banon, and Kuwait. A/Iran-05 has forced previously circu-
lating A/Iran-96 and A/Iran-99 lineages out from the Mid-
dle East and is dominating in this region to the present.
During this period, the virus diverged into many sublin-
eages. Some sublineages (for example, Iran-055A%0¢) pe-
came widespread, while others (for example, Iran-054f0-07
and Iran-058"97) were reported only in one country (Tur-
key). Iran-058A"% sublineage virus was introduced to Libya
in 2009, and to Egypt in 2010 [53, 54, 55, 56, 57].

O/ME-SA/PanAsia-2 virus is derived from the O/ME-SA/
PanAsia lineage, which became widespread in Western
and Central Asia in the late 1990s. As an independent line-
age, O/ME-SA/PanAsia-2 was first reported in Iran in 2006.
In 2007, the virus of this lineage was introduced to Tur-
key, Afghanistan, Pakistan, Saudi Arabia, Israel, and then
to other countries in the Middle East. In 2011, the virus
from Turkey was introduced to Bulgaria. O/ME-SA/Pan-
Asia-2 virus has been dominating in Pool 3 since 2007.
During this time, it has diverged into several sublineages,
among them sublineage PanAsia-255° is the most wide-
spread [55, 56, 57]. In 2010, the virus of this sublineage
spread beyond Western Asia and caused FMD outbreaks
in Libya and Bulgaria [56].

Another significant regional FMD epizootic in Western
and Central Asia was caused by the Asia1/Sindh-08 virus.
It was first identified in 2008 in Pakistan, from where it
spread to Afghanistan, Iran, Iraq, Bahrain and Turkey.
The Asia1/Sindh-08 virus has forced three other Asia-1 ge-
netic lineages out from the pool and is dominating this
region to the present [55, 56, 571.

In 2021, A. Di Nardo et al. [42] reconstructed the evo-
lutionary history and spatial dynamics of FMD in Western
and Central Asia (Pool 3) over the last 20 years. Having
analyzed the history of A/Iran-05, O/PanAsia-2 and Asia1/
Sindh-08 genetic lineages, they showed they highligh-
ted the pivotal role played by virus circulation in Pakistan,
Iran, and Afghanistan. These countries represent primary
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conveyors of FMDV infection across the region and are
important sites for generating genomic diversity in Wes-
tern and Central Asia. Phylogeographic reconstructions
further revealed three main patterns of transboundary
movements of viruses in Pool 3: 1) the continuous virus
interchange between Pakistan, Afghanistan, and Iran,
likely constituting interconnected large metapopulations;
2) the key role of Iran as hub of virus diffusion to the west;
and 3) the unidirectional migration of viruses from Iran
toward Turkey. This spatial pattern of FMDV spread in the
region is common to all its serotypes.

In the 20™ century, the region of Western and Central
Asia (Pool 3) had an enormous impact on the FMD situa-
tionin Russia, however, in the 215 century the main source
of FMD for the Russian Federation was Pool 1, which in-
cludes East and Southeast Asia. This is explained by the
drastic change in the FMD situation in this region. The FMD
situation in most of the East Asia countries remained rel-
atively favourable during the 20" century: Japan was free
since 1908, Korea since 1934, the Far East of the Russian
Federation since 1964, Mongolia since 1973 [43]. To a large
extent, this favourable situation was achieved by the buf-
fer role of China, which separated these countries from
Southeast Asia, where FMD of types O and A is enzootic. In
China itself, probably only the O/Cathay virus has histori-
cally been enzootic. This virus has a unique feature: it is ca-
pable of causing clinical disease only in pigs [58]. Probably,
the absence in China of FMDV capable of infecting cattle
ensured the disease freedom in Mongolia, Korea, Japan
and the Russian Far East during the 20" century [59].

Globalization and the PRC economic development have
changed the situation. In the late 1990s, FMD O/ME-SA/Pan-
Asia virus was introduced and widespread in China, which
probably moved from China to South Korea, Japan, Mongo-
lia and the Primorsky Krai of the Russian Federation in 2000.

Numerous Asia-1 FMD outbreaks were reported first
in China, and then in Russia (Amur Oblast, Primorsky and
Khabarovsk Krais, Chita Oblast), Mongolia and North Korea
in 2005-2006. The virus responsible for this epizootic had
only 1.11-1.74% VP1 nucleotide difference from viruses
from India collected in 1980-1981 and had no close rela-
tives among the isolates circulating at that time [60, 61]. The
most probable cause explaining the extremely close rela-
tionship of the isolates from 2005-2006 and 1980-1981 is
the use of the Indian strain-based vaccine in China [61, 62].

In 2009-2010 East Asia was almost simultaneously co-
vered by two epizootics caused by FMD A/Asia/Sea-97 and
O/SEA/Mea-98 viruses. Both genetic lineages are enzootic
in Southeast Asian countries. In 2009, the geographic range
of A/Asia/Sea-97 expanded and caused outbreaks in six
provinces of China, and in January 2010 in South Korea [63].
In 2013, the virus moved from the PRC territory to the RF
Zabaikalsky Krai and Amur Oblast and Mongolia [64]. The
O/SEA/Mea-98 virus was responsible for a larger epizootic
in East Asia in 2010: FMD outbreaks caused by this strain
were reported in China, Korea, Japan, Mongolia and the
Zabaikalsky Krai of the Russian Federation [63, 65].

Since 2016, O/ME-SA/Ind-2001 virus has probably
spread through China to Russia, Mongolia and South Ko-
rea [50].

This means, if 25 years ago only FMD O/Cathay virus
was enzootic in China, currently four more genetic line-
ages are circulating in the country: O/ME-SA/PanAsia,
O/SEA/Mea-98, O/ME-SA/Ind-2001 and A/Asia/Sea-97.This
poses a high risk of FMD introduction from China to Russia.

MOLECULAR EPIDEMIOLOGICAL STUDIES
OF FOOT-AND-MOUTH DISEASE
IN THE RUSSIAN FEDERATION

In the Russian Federation, FMDV phylogenetic studies
are conducted at the Federal Centre for Animal Health
(Vladimir), which is the WOAH Regional Reference Labora-
tory for FMD for Eastern Europe, Transcaucasia and Central
Asia and the FAO Reference Center for FMD. Since 2005
the Federal Centre for Animal Health has been involved
into the network of WOAH/FAOQ reference laboratories for
FMD responsible for the global FMD surveillance, with the
main task to monitor the emergence of new FMDV vari-
ants with modified genetic and antigenic properties which
render the available vaccines ineffective. The identification
of FMDV genetic lineages and variants with modified an-
tigenic properties makes it possible to promptly develop
new vaccines against them. Within its international respon-
sibilities the Federal Centre for Animal Health analyzes mo-
lecular genetic and antigenic properties of FMDV isolates
responsible for the FMD outbreaks in the Russian Federa-
tion, Central Asia and Transcaucasia. FMDV isolates that
caused outbreaks in Russia, CIS countries and in Mongolia
were characterized by molecular genetic methods at the
Federal Centre for Animal Health in the period from 1995
t0 2022 [51, 59, 62, 64, 65, 66, 67, 68].

Studies showed that FMD outbreaks in post-Soviet Rus-
sia were caused by the introduction of the virus belong-
ing to various serotypes, topotypes and genetic lineages
from infected Asian countries (Table 1). For example, FMD
O/Cathay, O/ME-SA/PanAsia, O/SEA/Mya-98, O/ME-SA/
Ind-2001, Asial, A/Asia/Sea-97 viruses were introduced
from China to various regions of the Russian Federation.

Table 1
Characteristics of the virus responsible for FMD outbreaks
in the Russian Federation in 1995-2021

Virus
(type/topotype/
genetic lineage)
1995 Moscow Oblast 0/Cathay
2000 Primorsky Krai 0/ME-SA/PanAsia
2004 Amur Oblast 0/ME-SA/PanAsia
20052005 | o, Chie O sl
2010-2011 Zabaikalsky Krai 0/SEA/Mya-98
2012 Primorsky Krai 0/ME-SA/PanAsia
Kabardino-Balkaria, Karachay-Cherkessia, A/Asia/lran-05
2013 Krasnodar Krai;
Zabaikalsky Krai, Amur Oblast A/Asia/Sea-97
2014 Primorsky Krai 0/SEA/Mya-98
Zabaikalsky Krai 0/ME-SA/PanAsia, A/Asia/Sea-97
2016 Zabaikalsky Krai 0/ME-SA/Ind-2001
2017 Republic of Bashkortostan 0/ME-SA/unnamed
2018 Zabaikalsky Krai 0/ME-SA/PanAsia
2019 Primorsky Krai, Khabarovsk Krai; 0/SEA/Mya-98
Zabaikalsky Krai 0/ME-SA/Ind-2001
2020 Zabaikalsky Krai 0/SEA/Mya-98
2021 Orenburg Oblast 0/ME-SA/Ind-2001
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Table 2

Characteristics of the virus responsible for FMD outbreaks
in the CIS countries and Mongolia in 1996-2022

Virus
(type/topotype/
genetic lineage)

Country

1996 Armenia 0/ME-SA/Iran-01
1997 Georgia 0/ME-SA/Iran-01
1998 Armenia A/Asia/Iran-96
1999 Georgia A/Asia/Iran-96
2000 Armenia, Georgia Asia-1, 0/ME-SA/PanAsia
2000-2002 Mongolia 0/ME-SA/PanAsia
2001 Georgia Asia1/Vi
2001 Kyrgyzstan, Tajikistan 0/ME-SA/PanAsia
2003 Tajikistan, Uzbekistan Asia1/Il
2004 Kyrgyzstan, Tajikistan Asial/ll
2004 Mongolia 0/SEA/Mya-98
2005 Mongolia Asial/V
2006 Armenia A/Asia/lran-05
2007 Kyrgyzstan A/Asia/lran-05
2007 Kazakhstan, Kyrgyzstan 0/ME-SA/PanAsia-2
2008 Tadjikistan 0/ME-SA/PanAsia-2
2010 Tadjikistan A/Asia/lran-05
2010 Kazakhstan 0/ME-SA/PanAsia-2
2010 Mongolia 0/SEA/Mya-98
2011 Kazakhstan, Kyrgyzstan, Tajikistan 0/ME-SA/PanAsia-2
2011 Kyrgyzstan A/Asia/lran-05
201 Tadjikistan Asia1/Sindh-08
2011 Kazakhstan 0/ME-SA/PanAsia
2012 Kazakhstan 0/ME-SA/PanAsia
2013 Kazakhstan, Mongolia A/Asia/Sea-97
2014 Tadjikistan 0/ME-SA/PanAsia-2
2014 Mongolia 0/ME-SA/PanAsia
2015 Tadjikistan 0/ME-SA/PanAsia-2
2015 Mongolia 0/SEA/Mya-98, 0/PanAsia
2016 Armenia A/Asia/G-VII
2016 Tadjikistan O0/ME-SA
2016 Mongolia A/Asia/Sea-97
2017-2018 Mongolia 0/PanAsia, 0/Ind-2001
2021 Mongolia 0/ME-SA/Ind-2001
2022 Kazakhstan 0/ME-SA/Ind-2001

16

FMD outbreaks in the North Caucasus in 2013 were caused
by the introduction of A/Asia/lran-05 virus from Trans-
caucasia, and the introduction of O/ME-SA virus of a rare
non-classified group from Central Asia caused outbreaks
in the Republic of Bashkortostan in 2017.1n 2021 O/ME-SA/
Ind-2001 virus was probably introduced to the territory
of the Russian Federation from Kazakhstan. Thus, the re-
sults of the studies conducted by the Federal Centre for
Animal Health suggest a large genetic diversity of FMDV
introduced to the Russian Federation.
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Phylogenetic analysis of the virus isolates responsi-
ble for FMD outbreaks in Transcaucasia (Armenia and
Georgia) and Central Asia (Kazakhstan, Kyrgyzstan, Ta-
jikistan, Uzbekistan) revealed that they belong to ge-
netic lineages that dominated Pool 3 at different peri-
ods: O/ME-SA/Iran-01, A/Asia/lran-96, O/ME-SA/PanAsia,
Asial1/Vl, Asial/ll, A/Asia/lran-05, O/ME-SA/PanAsia-2,
Asia1/Sindh-08, A/Asia/G-VIl (Table 2). In 2011-2013,
FMD outbreaks caused by O/ME-SA/PanAsia and A/Asia/
Sea-97 viruses, introduced from China were reported in
eastern regions of Kazakhstan. In 2022, O/ME-SA/Ind-2001
virus was introduced from China to Kazakhstan.

FMD outbreaks in Mongolia were caused by the virus
responsible FMD epizootics in Pool 1: O/ME-SA/PanAsia,
O/SEA/Mya-98, A/Asia/Sea-97, O/ME-SA/Ind-2001.

Within the network of the WOAH/FAOQ reference labo-
ratories for FMD, the Federal Centre for Animal Health
shares information on FMDV field isolates responsible
for oubreaks in various regions of the world. The VP1 nu-
cleotide sequences and full genomes of FMDV isolates
responsible for the outbreaks in Russia, CIS countries
and Mongolia produced by the Federal Centre for Ani-
mal Health were used to track the spread of global and
regional epizootics caused by O/ME-SA/PanAsia, Asial/ll,
Asia1/V, O/SEA/Mya-98, A/Asia/Sea-97, O/ME-SA/Ind-2001
viruses [42, 43, 47,50, 60, 61].

The results of molecular epidemiological studies per-
formed by the Federal Centre for Animal Health are taken
into account for the strain selection to manufacture vac-
cines and vaccinate livestock in FMD risk areas.

CONCLUSION

Thirty-five years of experience in molecular epidemio-
logy of foot-and-mouth disease proves that phylogenetic
analysis of the viral genome nucleotide sequences is an
effective tool to monitor FMD both on the regional and
global levels. FMD surveillance, which makes it possible
to track the emergence of new viral variants with modi-
fied genetic and antigenic properties, allows for the rapid
development of new vaccines and thus for a significant
improvement of FMD control performance.

The use of molecular biological methods has made it
possible to progress significantly in understanding of FMD
epidemiology, which is important for the development of
effective control strategies. The discovery of FMDV topo-
types and their distribution pattern formed the basis for
global FMD control strategy, which suggests clustering
of seven regional alliances (seven regional FMD pools) of
infected countries and coordination of national roadmaps
for FMD progressive control pathway.
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Influenza D virus in cattle (review)

Svetlana V. Koteneva, Alexander G. Glotov, Tatyana I. Glotova, Alexey V. Nefedchenko
Siberian Federal Scientific Centre of Agro-BioTechnologies, Russian Academy of Sciences, Institute of Experimental Veterinary Science of Siberia and the Far East,
Krasnoobsk 630501, Novosibirsk Oblast, Russia

ABSTRACT

The influenza D virus was first detected and identified in 2011. The overall amino acid sequence of influenza D virus shares approximately 50% identity with that
of influenza C virus, suggesting that both viruses had a common ancestor. Cattle is considered to be the primary natural reservoir for influenza D virus. The in-
volvement of this virus into the bovine respiratory disease complex has been confirmed. The virus causes mild to moderate disease in calves and replicates in both
the upper and lower respiratory tracts, promoting bronchopneumonia. The influenza D virus can be transmitted by contact or aerosol over short distances, has
a high transmission rate and can potentiate the effects of other respiratory pathogens. There are currently no vaccines or specific treatment for influenza D virus.
This virus can replicate and be transmitted by direct contact in ferrets and guinea pigs, which are surrogate models of human influenza infection, as well as in
well-differentiated human airway epithelial cells (hAECs). Currently five distinctive lineages of influenza D virus have been identified, co-circulating in worldwide
bovine and pig populations that may facilitate genetic reassortment between different viral strains. The virus has a zoonotic potential, and if its pathogenicity for
humans changes, its importance for public health will be great. Very high seropositivity rates among persons working with cattle in the USA and Italy have been
reported. There is no data in the available literature on the circulation of the influenza D virus in the Russian Federation. Research is needed to study this new virus,
as well as monitoring of the virus spread and circulation in our country to understand its role in bovine respiratory disease complex and its zoonotic potential.
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Bupyc rpunna D y kpynHoro poratoro ckota (0630p)

C.B. Kotenesa, A.T. [notos, T. U. InotoBa, A. B. Hepepuenko
Cnbupckuit denepanbHbIil HayuHblil LieHTp arpobuoTexHonoruii Poccuiickoil akageMum Hayk, MHCTUTYT 3KcnepumeHTanbHoii BetepuHapun Cubupu
1 [lanbHero Boctoka (3BCufIB COHLIA PAH), p. n. KpacHoo6ck, 630501, Hoocubupckas obnactb, Poccus

PE3IOME

Bupyc rpunna D BnepBbie 6bin 06HapyeH 1 upeHTudULMpoBaH B 2011 r. Ero aMuHOKMCNOTHas NOCNe[0BaTeNbHOCTb NPUMEPHO Ha 50% UAEHTUYHA aMUHO-
KICNIOTHOI nocnefoBaTenbHOCTU BUpyca rpunna C, uTo npesnonaraet Hauuue obuero npegka y o6oux natoreHoB. OcHoBHoIi pe3epByap Bupyca rpunna D —
KpYMHbIil poraTblii CKOT. YCTaHOBNEHO yuacTe JaHHOT0 BO36YAMTENA B KOMMAEKCe pecnupaTopHbix 60ne3Heli KpynHOro poratoro ckota. Bupyc Bbi3biBaeT
y TenaT 3aboneBaHue Nerkoil 1 yMepeHHoii cTeneHn TAXEeCTI U PennMLMPYeTCA Kak B BEPXHUX, TaK 1 B HIXKHUX OTAENaX AbixaTeNbHbIX nyTeid, cnoco6cTyA
BO3HMKHOBEHI0 GpoHXONHeBMOHUM. Bo36yauTens rpunna D nepesaeTca KOHTAKTHBIM 1 BO3AYLUHO-KaNebHbIM MyTem Ha KOPOTKME PacCTOAHMA, IMEET Bbl-
COKYH YacToTy nepesaun U MOXeT yCnuBaTh AeiicTBUe ApyriX naToreHoB. Ha cerofHALIHNIA feHb BaKLMH WA Cneuuduyeckoro NeyeHusa He CyLLecTByer.
AreHT cnocobeH pa3mMHOXaTbCA 1 NepeaBaTbca Npu NPAMOM KOHTAKTe B OpraHiu3Me XOPbKOB 1 MOPCKIAX CBUHOK, ABMALLMXCA CypPOraTHbIMU MOAENamu
ANA U3yYeHUs YenoBeYeCKOro rpUnna, a TakKe B KyNbTypax BbIcOKoAUOOepeHLMPOBAHHbIX MUTENNANbHbIX KNETOK AblxaTeNbHbIX nyTeii yenoeka hAEC.
B HacToAee Bpema onpeaeneHbl NATb reHeTUYECKUX TPy BUpYCa rpunna D, uwapKynupylowmx B nonynaLmnAx KpynHOro poratoro ckoTa 1 CBUHeil BO Bcem
MVpe, U4TO MOXeT CNocoBCTBOBATL FeHeTUYECKoil peKOMOMHALIM MeX Ay Pa3nvYHbIMM LuTaMMamK. Bo36yauTenb o6nanaet 300H03HbIM NOTEHLUANOM U, e
Npou30iifeT pe3Koe 3MeHeHe ero aToreHHOCTI ANA YenoBeKa, MOXeT ABUTLCA cepbe3Hoii npobnemoii ana obiiecTBeHHoro 3apaBooxpaHerna. Coobuianoch
0 BbICOKOM YPOBHE CEPONO3UTUBHOCTY K BUPYCY Cpeau NepcoHana xuBoTHosopueckux depm B CLUA u ltanuu. B gocTynHoii nuTepatype HeT LaHHbIX 0 LUPKYNA-
Lwn Bo36yautens rpunna D Ha Tepputopun Poccuiickoit Oegepaumn. Heobxoaumbl nccnefoBaHus, HanpaBneHHble Ha U3yyeHie 3TOro HOBOTO BUPYCa, a TaKKe
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npoBeAeHne MOHUTOPUHIA PaCNpOCTPaHEHUA U LMPKYNALNKA NaToreHa B Halweil (TpaHe AnA NOHUMaHNA ero PONK B KOMnJeKce pecnnpaTopHbIX 3aboneBaHuii

KPYMHOT0 poraToro CKOTa 1 300HO3HOI0 NOTeHLMana.

KnioueBbie cnosa: 0630p, Bupyc rpunna D, KpynHblil poraTblil CKOT, KOMIAEKC pecMpaTopHblx 3a601eBaHMiA, reHeTUUeCKIe IMHIK, 300HO3HDI NOTeHLMAN

bnarogapHocTy: liccnefoanue BbINONHEHO 33 CYET O10/KETHBIX CPEACTB B paMKaX BbIMONHeHNA rocyAapcTBeHHoro 3anaHua N2 0533-2021-0018 (COHLIA PAH).
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INTRODUCTION

Bovine respiratory disease (BRD) complex is one of
the most costly multifactorial diseases, affecting predo-
minantly young cattle in the whole world. The pathogens
most often responsible for respiratory conditions are infec-
tious rhinotracheitis virus and viral diarrhea virus (mucosal
diseases), respiratory syncytial infection, parainfluenza-3,
bovine coronavirus infection and Pasteurella multocida
(P. multocida) Mannheimia haemolytica (M. haemolytica),
Mycoplasma bovis (M. bovis), Histophilus somni (H. somni)
bacteria [1, 2, 3, 4.

Bovines were not considered susceptible to influenza
viruses until the discovery of influenza D virus (IDV). This
new species has been identified as a new etiological agent
involved in BRD [3]. The interest in research on IDV is in-
creasing and this highlights the importance and global
impact that this new virus may have, which mainly affects
cattle, although there is a wide range of other species that
can act as hosts.

Influenza viruses are RNA viruses belonging to the fami-
ly Orthomyxoviridae, which encompasses four monotypic
genera, classified on the basis of antigenic differences be-
tween their nucleoprotein (NP) and matrix (M) proteins:
Alphainfluenzavirus, Betainfluenzavirus, Gammainfluenza-
virus and Deltainfluenzavirus, each having one species —
Influenza A virus (IAV), Influenza B virus (IBV), Influenza C
virus (ICV) and Influenza D virus (IDV). Influenza A, B and
C viruses are known to cause respiratory diseases in hu-
mans [5].

Unlike other influenza virus types that affect a wide
range of mammals and birds and cause epidemics and
pandemics, cattle serve as the reservoir of IDV, but its
circulation among other mammalian species can not be
excluded 3,6, 7,8, 9].

Influenza D virus was initially isolated from a dis-
eased pig with the severe respiratory symptoms in Okla-
homa (USA) in 2011. It shared approximately 50% ho-
mology with the human ICV and was initially thought
to be its new subtype [10]. Subsequently, genetic, an-
tigenic and biological differences were identified [11].
In August 2016, the International Committee on Taxo-
nomy of Viruses (ICTV) officially classified IDV as a new
species that belongs to the genus Deltainfluenzavirus of
the Orthomyxoviridae family. Cattle are thought to be

the primary natural reservoir for IDV according to fur-
ther studies [11, 12]. Specific antibodies were also found
in horses, small ruminants, wild pigs, buffaloes, camels
and humans, especially in those who had been in con-
tact with cattle [10, 13, 14, 15, 16], this does not exclude
a wide range of hosts and transmission from cattle to
humans or other animal species.

This review provides information on recent advances
in IDV study, the prevalence of the virus and its role in the
bovine respiratory disease complex.

INFLUENZA D VIRUS CHARACTERISTICS

Influenza D virus presents an envelope and a seg-
mented genome, composed of seven negative-sense,
single-stranded RNA segments. The virus lacks neuramini-
dases, as does ICV. Virions are 80-120 nanometers in di-
ameter [17]. The segmented IDV genome encodes nine
proteins [18]. The three longest segments produce the
proteins PB2, PB1 and P3, needed for replication and viral
mRNA synthesis. The fourth segment encodes the hemag-
glutinin-esterase-fusion (HEF), which aids virus entry into
host cells, as well as is the main target of neutralizing anti-
bodies. The broader cell tropism of IDV compared to ICV
is explained by receptor-binding pocket in the HEF pro-
tein of IDV, which allows it to bind to various cell surface
molecules [19, 20]. The fifth segment produces the nuc-
leoprotein NP, which constitutes the viral ribonucleo-
protein complex [19]. The sixth segment encodes matrix
proteins M1 and M2 covering the viral membrane on it’s
the inside and exhibiting ion channel activity [21]. The se-
venth segment produces non-structural proteins NS1 and
NS2, which are involved in neutralization of the cellular
interferon response and mediate the nuclear export of
ribonucleoprotein [22].

Influenza viruses have exploited a variety of strategies
to increase their genome coding capacities. Splicing has
been demonstrated in the NS and/or M segments of influ-
enza viruses. All types of influenza viruses have a similar
mechanism for generating NS1 and NS2 proteins. How-
ever, each viral type exploits a unique strategy to gen-
erate M1 and/or M2 proteins. Herewith IDV also exhibits
a new mechanism for generating the M1 protein when
compared to ICV. It uses a proteolytic cleavage strategy
similar to the ICV strategy to produce M2 protein from P42
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protein, while unlike the ICV M segment, which generates
M1 protein through splicing, that solely introduces a ter-
mination codon, the splicing of the IDV M segment adds
an additional 4-amino-acid peptide into the preceding
exon [11].

Studies by J. Yu et al. showed that IDV has exceptio-
nal stability at high temperatures and acidity due to the
role of HEF glycoproteins and it is considered the most
stable of the four influenza viruses [17]. Influenza D virus
could resist and retain its infectivity even after exposure
to a temperature of 53 °C for 120 min. Furthermore, IDV
only lost 20% of the original infectivity when subjected
to a low pH of 3.0 for 30 min, compared with the rest of
influenza viruses that were completely inactive at low pH.
The stability of HEF at extremely low pH highlights a new
aspect of IDV replication that requires further study [23].

PATHOGENESIS

Influenza D virus has tropism for epithelial cells upper
and lower respiratory tracts and can cause mild to mode-
rate interstitial/bronchointerstitial pneumonia. The virus
was also detected in the nasal mucosa, trachea, bron-
chioles and lung tissues 8 days after infection of calves.
It was also detected in the tracheobronchial and medias-
tinal lymph nodes [3]. The highest viral load of IDV was
observed in the nasal cavity. High IDV RNA loads were also
found in the olfactory bulb and tonsils in sentinel animals
that were infected via aerosol, but IDV tropism for these
tissues could not be confirmed by immunohistochemistry
test or virus isolation [24].

Salem E. et al.[3], Ferguson L. et al. [18] showed that IDV
causes mild respiratory disease in calves experimentally
infected by direct contact. Influenza D virus infection can
alter the structural integrity of the respiratory epithelium
and as a result trigger a significant increase in neutrophils
in the trachea of infected animals [18]. This pathological
effect seems to suggest an etiological role of IDV in bovine
respiratory disease complex. Further investigation of IDV
pathogenesis and host responses in calves showed that
IDV infection resulted in moderate bronchopneumonia
with restricted lesions of interstitial pneumonia and sig-
nificant activations of pathogen recognition receptors
and chemokines CCL2, CCL3, and CCL4 [3]. The signaling
pathway to activate the type | interferon response was
not substantially activated in the lower respiratory tract
of IDV-infected calves [25].

The IDV genome was detected in serum samples from
seriously sick cattle, which implies that the virus could
cause temporary viremia and spread to other organs; IDV
was detected by RT-PCR in feces on day five post infection
and in the jejunum on day six post infection, which cor-
responds to the time of greatest viral RNA replication in
the respiratory tract. Yu J. et al. suggested that IDV could
replicate within the intestinal tract in a similar way to IAV
and IBV. This possible enteric tropism of IDV could be
due to the high acid stability of this virus [17]. In addition,
the high thermal and acid stability of the virus means that
IDV has a high resistance potential abroad, which could
explain its high transmission efficiency [3].

A number of researchers have demonstrated that in-
fection in guinea pigs or ferrets is asymptomatic [10, 26].
In guinea pigs, the virus has been detected in both the up-
per and lower respiratory tracts. However, lungs from in-
fected guinea pigs showed severe and extensive inflam-
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matory changes in the alveolar space with inflammatory
cell infiltration, perivascular cuffing, and destruction of
bronchiolar epithelium with exudation [26]. Animals also
demonstrated apoptosis in epithelial cells of the lungs. In
ferrets, IDV replicated in nasal turbinates and was not de-
tected in the lungs [10]. Clinical signs were not observed
in infected mice. Influenza D virus replication in mice was
observed mainly in the upper respiratory tract, less often
in the lower respiratory tract. Low titers of IDV were found
in mice intestines [27]. Infected mice showed a significant
increase of neutrophils and lymphocytes in the lung [28].
Influenza D virus replication in mice led to activate proin-
flammatory genes including gamma interferon (IFN-y) and
chemokine CCL2 [27].

Taken together, cattle infection experiments collec-
tively suggest that IDV is a mild to moderate respiratory
disease pathogen of bovines and acts as an important co-
factor of clinical bovine respiratory disease complex.

INFLUENZA D VIRUS SPREAD IN THE WORLD

Influenza D virus is widespread among cattle
in North and South America [14, 18, 29, 30, 31, 32],
Europe [33, 34, 35, 36, 37], Asia [38, 39, 40] and Afri-
ca[41,42].

Serological studies showed that IDV had been already
prevalent in cattle in the USA (Mississippi and Nebraska)
since 2003 [12, 29]. A serosurveillance across the USA
in 2014 and 2015 showed a high overall seropositive
rate of 77.5% nationally; regional rates varied from 47.7%
to 84.6%. Seropositive samples were found in 41 of the 42
states [30]. A metagenomic virome study conducted in
nasal swab samples from the feedlot cattle collected in
the USA, Canada and Mexico found a significant associ-
ation of IDV with other respiratory diseases [43, 44]. Anti-
bodies to IDV were also detected in sheep and goats in
North America, in 5.2 and 8.8% of blood serum samples,
respectively [13]. Horses also turned out to be IDV carri-
ers — 15.7% (n = 364) of serum samples were positive for
specific IDV antibodies [15]. A recent study evaluated the
seroprevalence of IDV in feral swine and found that 57 of
the 256 (19.1%) tested sera were positive for IDV and may
play a certain role in IDV ecology [14].

The presence of IDV in South America has also been
demonstrated by serological studies. In a study from Ar-
gentina, 85 (73%) of the 116 farms analyzed had at least
one positive animal. Of the 165 serum samples from bulls
over three years of age that had been collected in 2013,
originally to estimate the seroprevalence of reproduc-
tive diseases by HI assay, 112 (68%) were seropositive to
IDV [31]. Molecular detection of IDV from a case of bovine
respiratory disease has also been reported in Brazil [32].

Influenza D virus is widespread in European countries,
including France, Italy, Luxembourg, Ireland and the Uni-
ted Kingdom.

Influenza D virus genome was detected by PCR
in 6 (4.5%) samples of lung tissue and nasal swab taken
from healthy and clinically sick calves in France in 2015.
Coinfections with P. multocida, M. haemolytica, H. somni,
bovine respiratory syncytial virus and/or bovine herpes-
virus 1 were detected in four out of the six IDV positive
samples. In the other two samples, no coinfections with
the respiratory pathogens analyzed were detected [33].
Additionally, in France, a serological study was performed
on bovine sera (n = 3,326) collected from 2014 to 2018,
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in five regions. The resulting total seroprevalence was
47.2%, but the results varied depending on the geographi-
cal region (31.0-70.0%) [34].

Samples of nasal swabs and lung tissues were tested
between the years 2014 and 2016 in Italy. Of the samples
taken from cattle with BRD, there was a prevalence of 8.0%,
and of the samples taken from cattle without BRD, there
was a prevalence of 3.4% Of the 48 IDV positive samples
that came from cattle with BRD, in 62.5% of the cases, IDV
was the only viral agent detected, which further supports
the hypothesis that IDV may play a primary role in the oc-
currence of BRD. In 37.5% of the remaining samples, IDV
was found together with other respiratory viruses, es-
pecially bovine coronavirus. Influenza D virus RNA was
detected more often in nasal swabs (9.4%) than in lung
tissues (3.4%), which reinforces the finding from experi-
mental infection studies that the upper respiratory tract
is probably the preferred site of replication for this virus.
Serological studies performed in Italy in 2015, demon-
strated high prevalence of IDV (92.4%) in dairy farms [2].
In Luxembourg, IDV seroprevalence among animals was
80.2% in 2012-2016 [35]. In Ireland, during 2014-2016,
320 bovine nasal swab samples from 84 farms were tested
by RT-PCR. It was determined that 18 calves (5.6%) were
positive for IDV from 10 different farms (11.9%) [36].

In the UK, IDV was found in 8.7% of samples from calves
exhibiting signs of respiratory infections. In all cases, the
causative agent of influenza was detected in combination
with bacterial agents and in some cases as part of viral-bac-
terial associations. Viral RNA was present in both the upper
and lower respiratory tract and pathological changes in
lung tissues were observed alongside signs of concurrent
bacterial infections. Sequencing of one UK isolate revealed
that it is similar to viruses from the Ireland and Italy [37].

Influenza D virus was reported for the first time in 2014
in China, where viral genome was detected in 0.7%
of samples, collected from clinically health cattle [38].
Itis assumed that IDV has been circulating in Asian cattle
since 2011. It was found that IDV was widespread among
cattle, buffaloes, pigs, sheep and goats in southern China
in 2016-2017 [39].

In Japan IDV was detected in cattle in 2016 and was
highly contagious [25]. A recent study on the seropreva-
lence of IDV in sera collected between 2009 and 2018
showed 57% in average. It was proved that the virus of Jap-
anese lineage has been circulating since 2010 [40]. IDV
infection of cattle was first reported in Turkey in 2020 [45].

Bailey E. S. et al. [46] reported that IDV was identified
in poultry farm bioaerosols in Southeast Asia. Partial ge-
nome sequencing of M segment showed that the IDV
found in poultry farms was different from virus strains
circulating among cattle in North America. In this study,
it was not possible to carry out a complete sequencing of
the genome, particularly HEF sequence, and identify the
lineage of the virus. Further studies on the susceptibility
of poultry to infection are needed to investigate IDV infec-
tion in this species.

In Africa, IDV has been known to circulate in cattle since
2012. Antibodies to the virus have been detected in cattle,
small ruminants and dromedary camels in Morocco, Togo,
Cote d'lvoire, Benin and Kenya [41]. A high level of sero-
positivity (99.0%) was found in dromedary camels in Kenya,
indicating a potential new host for IDV [41]. These results
were confirmed by another serological study performed

in Ethiopia, where a high seropositivity of dromedary
camels to IDV was also observed [42]. Infection among
young cattle in African countries is less common, appa-
rently, due to a less intensive animal farming.

The ability of IDV to cause disease in humans has not yet
been thoroughly investigated, and it is not clear whether
this virus can sustain human-to-human transmission. Vi-
ral replication and transmission by direct contact in fer-
rets and guinea pigs, used for human influenza infection
modelling can suggest it [10, 26]. Holwerda M. et al. it has
been proved that IDV replicates efficiently in an in vitro
surrogate model of respiratory epithelium at ambient tem-
peratures that correspond to the human upper and lower
respiratory tract. The authors also demonstrated that IDV
can be efficiently propagated onto well-differentiated
hAEC cultures at both 33 °Cand 37 °C [47].

A serological retrospective study conducted in the USA
demonstrated the existence of specific antibodies against
IDV present in people, finding a prevalence of 1.3% of
the human population during 2007-2009 [10]. This means
IDV may pose a potential threat as an emerging pathogen
to personnel who are in contact with cattle [10]. A very
high seroprevalence was observed in the USA (91%) and
Italy (46%) in farm personnel. The prevalence of antibodies
against IDV in humans implies that the virus can infect hu-
mans and pose a potential threat to human health.

The IDV genome was detected by RT-PCR in nasal wash
samples of a pig farm worker in Malaysia [49]. In another
study conducted in the United States, IDV genome was
detected in bioaerosol samples in a hospital emergency
room in North Carolina [50] and Raleigh-Durham Inter-
national Airport [51]. These results suggest that IDV has
zoonotic potential. Humans generally have no preexisting
immunity against this newly emerging influenza virus.

INFLUENZA D VIRUS GENETIC DIVERSITY

The complete genomes of more than fifty cattle and
five pig IDV strains have been sequenced in six countries:
USA, France, Italy, Ireland, Japan, and China. According
to recent tests IDVs can be classified into five distinct ge-
netic lineages based on HEF [52]:

1) D/OK - detected in Europe (France, Italy and Ireland),
America (USA and Mexico) and Asia (China);

2) D/660 - detected in Europe (Italy) and America (USA
and Mexico);

3) D/Yama2016 - detected in Asia (Japan);

4) D/Yama2019 - detected in Asia (Japan and China);

5) D/CA2019 - detected in America (USA).

D/OK and D/660 viruses currently circulating in bovine
populations in the USA and Europe frequently showed
rearrangement events with each other and antigen-
antibody cross-reactivity between them which could result
in occurring of new antigenic variants that can overcome
previously existing herd immunity and pose a threat to
livestock health [17]. Chinese D/OK IDV strains differ from
strains of the same genetic lineage from the USA and Italy,
and are divided into sublineages in each country. D/OK
lineage strains isolated from pigs and cattle in the USA
and ltaly are grouped into one cluster, which suggests
a wider distribution of this genetic lineage in the world
and virus transmission between these animal species. Ac-
cording to molecular-genetic study the members of IDV
D/OK lineage isolated in dairy cows, pigs and goats from
Guangdong, PR China showed very low genetic diversity.
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In the D/660 lineage, the strains from France and the USA
diverged from each other earlier than strains within
each country, suggesting that this lineage also evolved
into sub-lineages in different countries. Interesting that
D/Yama2016, and D/Yama2019 lineages are only present
in Japan, and diverge substantially from D/OK and D/660
lineages circulating in other countries. However, in 2022
IDV, identical the D/Yama2019 genetic lineage, was re-
ported from China. During the recent outbreak of bovine
respiratory disease in South America, the first case of IDV
detection was reported and it was established that the
virus circulating in Brazilian cattle herds is divergent from
previously described IDV lineages from North America,
Europe and Asia according to phylogenetic analysis re-
sults [32]. In addition, a new genetic lineage was reported
from Turkey (D/Bursa2013) [53] and a new reassorted virus
in Namibia [54]. These results highlight the need to moni-
tor the IDV prevalence for better understanding of the viral
epidemiology and evolution.

CONCLUSION

The analysis of the publications demonstrates
the spread of IDV among animals worldwide. Cattle is con-
sidered the main reservoir of the virus and plays a signifi-
cantrolein its spread. Influenza D virus is an important co-
factor of clinically BRD complex as it can cause alone a mild
to moderate respiratory disease with a high transmission
rate, and can potentiate the effects of other pathogens.
The increasing number of IDV infection outbreaks in pigs
and cattle in recent years may be associated not only with
the growing attention to this new pathogen, but also with
an increased virulence of the virus. Influenza D virus has
the potential for spillover and adaptation to humans, and
if there is a drastic change in its pathogenicity to humans,
it could be a major public health concern.

The IDV peculiarity is its relative stability in comparison
with other influenza viruses, suggesting its evolution is
slow. There are currently no vaccines or specific treatment
for influenza D virus.

In Russia, studies on IDV spread and its role in the BRD
complex have not been conducted. International trade in
livestock entails the risks of the virus introduction into our
country, which can facilitate the spread of a new infection
among animals and pose a potential threat to human health,
if no control measures are taken. Therefore, the study of IDV
circulation in different regions of the Russian Federation is
important to prevent the infection in animals and humans.
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Etiology and epizootology of bovine mastitis
(analytical review)

Anna A. Andreeva, Valeria A. Evgrafova, Margarita S. Voronina, Olga V. Pruntova, Natalya B. Shadrova
Federal Centre for Animal Health, Yur'evets, Vladimir 600901, Russia

ABSTRACT

Mastitis is one of the most common global diseases of dairy cattle, it is detected in 5-36% animals in a herd undergoing a single examination, and the incidence
reaches 68% within a year, given that some cows get reinfected more than once. The disease causes significant economic losses to dairy industry both in the Russian
Federation and globally. Mastitis is an inflammation of the mammary gland that develops in response to the effects of various factors of the external and internal
environment, which are classified as mechanical, physical, biological, etc. Based on the clinical symptoms, the disease has two forms: clinical and subclinical. Both
the animal and its milk shall be subjected to a thorough examination for the diagnosis establishment. The final stage of the mastitis diagnosis in cows is laboratory
testing. In this case, the most informative is the bacteriological method, which helps to isolate a pathogen’s pure culture, identify it and determine sensitivity to anti-
microbial drugs. The latter plays a specific role in indicating the direction of further therapeutic measures, since the obtained data facilitate selection of effective
antibiotics against certain pathogens. Incorrect treatment, incompliances with the prescribed therapy, as well as unnecessary use of antimicrobials can lead to the
generation of multi-resistant bacteria. Due to the widespread spread of antibiotic-resistant microorganism strains, despite the large number of drugs currently used,
their effectiveness is constantly decreasing. The prospects for the further use of antibiotics as therapeutics are questioned by many researchers and international
organizations due to antibiotic resistance rapidly developing in many agents. Vaccination plays a significant role in infectious disease control. The use of vaccines
not only reduces mastitis occurrence in cows, but also significantly improves the quality of dairy products.
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JTMONOTUA 1 3NIU300TONOMMA MACTUTA KOPOB
(aHanuTUueckunin 063op)

A.A. Anppeesa, B. A. EBrpadoBa, M. C. BoponuHa, 0. B. lpyHToBa, H. b. Llagposa
OIBY «DefepanbHblit LieHTp 0xpaHbl 380poBbA X1BOTHbIX» (OTBY «BHIIU3X»), mkp. I0pbesew, . Bnagumup, 600901, Poccua

PE3IOME

Mactut ABnAeTCA 0IHUM 13 CAMbIX PAcMPOCTPaHEHHbIX 3ab0NeBaHMil MONOYHOTO CKOTA BO BCeM MUPE, MPU Pa30BOM 00CNef0BaHUN (Tajja BbIABNAETCA
y 5—-36% XUBOTHbIX, @ B TeueHUe rofa 3aboneBaemocTb JOCTraeT 68%, Npy yCoBUN UTO HeKOTOpble KOPOBbI Nepe6oneBatoT Aga pasa 1 6onee. B Poccuiickoit
Oegiepauuu, Kak 1 Bo BCeM MUpe, 6071€3Hb HAHOCUT 3HAUNTENbHBIIl SKOHOMUYECKMIA YLLeph MONOYHOMY XMBOTHOBOACTBY. MacTuT — 370 BocnaneHue Monou-
HOIA Xene3bl, KOTOpoe Pa3BMBAETCA B OTBET Ha BO3/IiCTBYE Pa3NUHbIX GaKTOPOB BHELLIHelt 1 BHYTPeHHelt cpefbl, KOTopble KNAaCCUPULMPYHOT Kak MexaHyeckue,
du3nyeckue, bronoruueckue u apyrue. Ha 0CHOBaHMN KNMHUYECKNX CUMNTOMOB 3a60N1eBaHIe MOXHO pa3feniTb Ha ABe GopMbl: KNMHUYECKYH 1 CYOKNMHU-
yecKylo. [inA ycTaHOBNEHMA AnarHo3a HeobxoAumo npoBeeHue BCeCTopoHHero 06ce0BaHNA Kak XMBOTHOTO, TaK 1 MOOKA. 3aBepLUALLMM Tanom npu
[LMarHoCTUKe MacTUTa KOPOB ABMAETCA BbINONHeHe NabopaTopHbIX NCCNE0BaHNIA, B JaHHOM Cyyae NPeUMyLLECTBO N0 MHOOPMATUBHOCTU OTAAeTCA bakTepuo-
I0rMYecKoMy MeToAY, CTOMOLLbIO KOTOPOTO YAAETCA BbIAENNATD YNCTYHO KYNBTYpY BO30YAMTENA, NPOBECTY €ro UAEHTUGUKALMI U ONPEAENUT UyBCTBUTENBHOCTD
K aHTUMUKPOOHbIM Npenapatam. llocnegHee urpaet ocobyto ponb AnA onpefieneHna BeKTopa AaNbHeliLnX neyebHbIX MeponpuaTMii, NOCkonbky NonyyeHHas
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UHOOPMALWSA M03BONAET N0A06PATb IOOEKTUBHDIIF aHTUOUOTIK MPOTUB KOHKPETHOTO BO36YAuTENs. HenpaBunbHbiii BbIGop, HecobtoeH1ne NpeanucaHHoro kypca
NeyeHIs, a TakXKe HeLienecoobpasHoe NpuMeHeHe NPOTUBOMUKPOGHBIX CPEACTB MOKET NPUBECTI K reHepaLuin MyNbTUPe3NCTEHTHbIX bakTepuii. Bcnepctaue
LNPOKOTO PAaCNPOCTPAHEHNS AHTUBUOTUKOPE3NCTEHTHBIX LUTAMMOB MIKPOOPTaHIU3MOB, HECMOTPA Ha GOMbLLIOE KOMYECTBO MCMONb3YEMbIX B HACTOALLEE BPEMS
npenaparoB, Ux 3PHEKTUBHOCTb NOCTOAHHO CHUKAETCA. [TepCneKTUBbI AANbHEMLIET0 MCMNONb30BAHMS AHTUBHOTUKOB B KAUeCTBE NEKAPCTBEHHDIX CPEACTB MHOTUE
WCCNENOBATENM 11 MEX AYHAPOAHDBIE OPraHU3aLMA CTABAT NOJ COMHEHIE M3-3a ObICTPO PA3BUBAOLLEICA K HUM PE3UCTEHTHOCTI Y MHOTIX BO36YauTENeii. Bakuu-
HOMPOGUNAKTIKA 3aHNMAET 3HauUTeNbHoe MecTo B 6opbbe ¢ MHOEKLMOHHbIMM GonesHAMI. TpUMEeHeHIe BaKLMH NO3BONIAET HE TONbKO CHU3UTb KONMYECTBO
MacTUTOB Y KOPOB, HO 1 3HAUUTENIbHO YAYULLAET KAueCTBO NOJTyYaemoil MONOUHOI MPpoayKLuIA.

KnioueBbie cioBa: 0630p, MacTUT KOPOB, 3THONONKS, INM300TONOTIAS, NEYEHNE, TPOPUNAKTIKA, BaKLMHALNA

bnaropaprocTu: JlaHHoe uccnefoBatie duHaHcuposanocs MunmnctepcTBom 06pazoBatua u Hayki Poccuiickoil Oesepatim ana peanu3aunm 3apay Oeaepanb-
HOIi HayYHO-TeXHNYECKOI MPOrpaMMbl Pa3BUTUA TeHeTUYecKNX TexHonoruii Ha 2019—2030 rr. (Homep cornatuenua 075-15-2021-1054).

[ina yntupoBanua: Anapeesa A. A., Esrpadosa B. A., Boporuna M. C., MpynTosa 0. B., Waaposa H. b. 3Tuonorua n anuzootonorna Mactuta Kopos (aHanutu-
yeckinit 063op). Bemepurapus ce200Hs. 2024; 13 (1): 27-35. https://doi.org/10.29326/2304-196X-2024-13-1-27-35

Kounukt unrepecos: Mpyxtosa 0. B. ABnAeTCA uneHom pekonnern xypHana «Betepunapus ceroghs» ¢ 2012 ., HO He MeeT HUKAKOro OTHOLLEHNA K pelLe-
HUto onybAMKOBaTb 3Ty CTaTblo. PyKonucb npoLuna NpUHATYI0 B XypHane npoLeaypy peLeH3upoBanua. 06 HbIX KOHNMKTaX MHTEPECOB aBTOPbI He 3aABAANN.
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INTRODUCTION

Mastitis is one of the most common global diseases of
dairy cattle, itis detected in 5-36% of the herd population
undergoing a single examination. Within a year the inci-
dence reaches 68%, provided that some cows get diseased
twice or more [1].

Mastitis is an inflammation of the mammary gland that
develops in response to the effects of various factors of the
external and internal environment when animal’s body re-
sistance decreases and infection becomes complicated.
The disease is caused by various microorganism species
that penetrate the mammary gland and, as a result of in-
tensive reproduction, induce the infection. The main fac-
tors of mastitis are classified into mechanical, physical and
biological. Concomitant factors are: animal’s resistance and
immune status, failures in pre-milking and post-milking ud-
der hygiene procedure, incompliant disinfection of milking
devices, etc. Based on the clinical symptoms, mastitis can
be of two types: clinical and subclinical. Clinical mastitis
is often diagnosed directly by visual assessment of udder
inflammation or changes in the organoleptic properties
of milk, whereas subclinical mastitis is a latent form of
the disease characterized by absence of clinical signs and
3-4-fold rise in milk somatic cells count [2, 3, 4].

Mastitis causes significant economic losses consist-
ing in reduced milk yields and deteriorated milk quali-
ty (66%), rejection of products with decreased nutritional
and technological properties (6%), premature culling of
high-yielding cows due to dysfunction of udder quar-
ters (22%), burden of treatment costs (5%) and increased
costs on veterinary staff labour (1%). Drinking colostrum
from mastitis-infected cows to calves results in indirect,
but significant losses, it generally leads to mass gastro-
intestinal diseases and is one of the causes for mortality
in the early postnatal period. Mastitis is one of the most

economically significant cow diseases worldwide. Thus, for
example, the damage caused by this disease to the dairy
industry in Russia annually amounts to about RUB 1 bil-
lion, in England losses reach up to GBP 50 million, and in
the United States the annual estimated losses range from
USD 3 to 403 per cow [1, 5]. In view of the above, the issues
of cow mastitis etiology and epizootology are relevant for
veterinary medicine and the developing dairy industry.

The novelty of this study consists in the systematization
and detailed review of current data on the factors impact-
ing mastitis occurrence, spread, treatment and prevention
methods.

The aim of the review was to analyze and systematize
data from current research publications on the etiology
and basic patterns of development, spread, treatment and
prevention of cow mastitis.

Mastitis is a multi-factorial disease that develops under
the influence of mechanical, physical, biological and other
factors.

Mechanical factors belong to the most numerous
group of negative effects causing injuries to the udder
and nipples (microtrauma, bruises, cracks and wounds).
The injuries are often the result of incompliances with the
milking rules and technology, the most common causes
are: excessive vacuum or its fluctuations, high pulsation
frequency, use of non-standard teat rubber, unsatisfactory
pre-milking udder hygiene, as well as poor-quality prepa-
ration of milking equipment.

Physical factors predisposing to the occurrence
of mammary gland pathology include non-compliance
with the temperature conditions of reared animals. In-
flammation can develop under exposure to high and low
temperatures, resulting in tissue burns or frostbites which
can subsequently lead to an inflammatory process [6, 7].
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The biological factors of the disease include different
microorganism species. The development of an inflamma-
tory process in the udder often begins with the entry of the
pathogen into the animal’s body from the environment
through the nipple canal. Almost any opportunistic micro-
organism can cause both clinical and subclinical mastitis
when penetrating the mammary gland [8, 9]. The etio-
pathogenetic study shows that cow mastitis is a poly-
ethiological disease, the most common pathogens are:
Streptococcus spp. (S. agalactiae, S. dysgalactiae, S. uberis,
etc.), Staphylococcus spp. (S. aureus, S. hyicus, S. xylosus,
S. epidermidis, etc.), Escherichia coli, Candida spp. (C. krusei,
C. glabrata, C. rugosa), Mycoplasma spp. (M. bovis, M. dispar,
etc.), Trueperella pyogenes [10,11,12,13,14,15,16,17,18].
Watts J. L. came to the conclusion that 137 microbial spe-
cies and subspecies may cause inflammation of cow’s
mammary glands, some of them are part of the normal
microflora and, with rare exceptions, do not cause patho-
logical changes in udder tissues [19]. The researcher con-
siders S. hyicus, S. epidermidis, Corynebacterium bovis to be
conditionally pathogenic bacterial species. A number of
authors studying the problem of cow mastitis indicate that
the most severe forms of clinical mastitis in dairy cattle
were associated with group B hemolytic streptococcus
infection (S. agalactiae) [20, 21, 22], Staphylococcus aureus
(S. aureus) [23, 24] and pathogenic E. coli [25, 26, 27].
Analyzing the research papers of domestic and foreign
authors, it can be concluded that the diversity of micro-
organisms capable of causing mastitis is very large, in
addition, certain statistics on the prevailing pathogens
in different countries around the world can be found in
the literature [28, 29]. Thus, in the Russian Federation,
Staphylococcus aureus with detectability ranging from
42.8 to 87.3%, Streptococcus agalactiae (9.5-52.0%) and
a group of enterobacteria are of predominant impor-
tance in the development of mammary gland inflamma-
tion (9.6-16.7%) [27]. It should be noted that the mastitis
agent detected in biological sample tests can be isolated
both in monoculture and in various associations [30, 31].

A number of researchers (S. A. Sheveleva [32], P.N. Gon-
zalez et al. [33]) have the opposite opinion. They believe
that incompliances with the veterinary and zootechnical
rules for feeding, keeping and milking cows, injuries and
postpartum complications play a major role in the etiology
of mastitis. Moreover, the emphasis is made on feeding,
and microorganisms are of secondary importance. If an
enhanced control over milking, keeping, udder condition
maintenance and other preventive measures is carried out
in a dairy farm, the udder diseases are detected much less
frequently.

The literature data indicate that the season of the year
also affects the epizootic process of cow mastitis. Ro-
din N. V. et al. [34] note in their study that there is a ten-
dency for an increase in cow mastitis cases in the autumn
and spring periods, a decrease, in turn, occurs in the winter
and summer months. Thus, 14.8% of mastitis cases occur
in summer, while 26.9% occur in winter. The percentage
of mastitis cases recorded in the autumn-spring period
ranges from 19.4 to 40.0%. The largest number of diseased
cows is registered in areas where the stall period is the lon-
gest [35].

Such factors as gas contamination of premises, the con-
dition and type of flooring material in livestock holdings
are also responsible for increased number of cow mastitis
cases. According to M. V. Oskolkova and E. V. Kuzmina [36],
the incidence of mastitis in winter decreases up to 16.9%
when animals are kept in wooden premises with wooden
flooring.

Mastitis can occur during lactation, late gestation peri-
od, dry period, or immediately after parturition. The trans-
formation of mammary gland tissues during late gestation
period, dry-off and before calving results in reduction in
its resistance and, in case of infectious onset or a latent
inflammatory process, triggers the development of clinical
mastitis. Mastitis often occurs after calving due to intoxica-
tion as a result of udder edema and other post-parturient
diseases [37, 38, 39, 40].

According to the literature, the same infectious agent,
depending on its quantity and virulence, as well as local
and general resistance of the animal’s body, can induce
both clinical and subclinical forms of mastitis [1, 2, 3].

Clinical mastitis is characterized by the presence of pro-
nounced signs of udder inflammation and changes in milk
properties and composition. A physical examination of the
affected mammary gland reveals local symptoms such
as hyperemia, redness and pain during palpation, swell-
ing and lumpiness. The disease manifestations can also
include such general symptoms as behavioral changes,
fever, anorexia, depression, lethargy, inappetence and hy-
perthermia. Clots and flakes of precipitated casein, trans-
parent or bloody inclusions, as well as pus are found in
milk [3, 22, 39].

Subclinical mastitis, occurring without obvious signs
of local inflammation or systemic damage, rarely poses
an immediate life threat and occurs 15-40 times more
frequently than clinical mastitis. But sometimes there are
cases of short-term changes in milk composition [3, 23].
Due to the asymptomatic course, farmers often miss the
onset of the inflammatory process, are unaware of the de-
terioration in milk quality and the existing risk of spreading
mastitis pathogens to other cows in the herd. The disease
becomes chronic if no treatment is administered for more
than two months. Depending on the biological properties
of the pathogen, the infection can persist throughout lac-
tation or cow’s life span [9].

Mastitis became widely known at the end of the nine-
teenth century. The data accumulated since that time
made it possible to describe and classify the types of in-
flammatory processes occurring in the udder when
the clinical form of the disease is manifested. The classifica-
tion by A. P. Studentsov which identifies 5 main subgroups
of clinical mastitis based on the nature of inflammation
is most frequently used in practice.

The most common is serous mastitis (early stage of
the disease) characterized by swelling as the main sign.
The affected parts of the udder are hard, enlarged, with
pronounced hyperthermia. The general condition of the
animals is regarded as normal, without deviations. No ab-
normalities are found in milk during visual examination
at the initial stage of the disease; casein flakes are found
and milk becomes more liquid as the inflammatory pro-
cess progresses [28].
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Catarrhal mastitis occurs mainly when inflammation
is localized in the teat cistern or in large ducts. In this
case, casein flakes are observed only at the beginning
of milking; in case of inflammation of the udder alveoli,
the milk is heterogeneous and contains flakes through-
out milking process. Catarrhal mastitis is typically cha-
racterized by gray-colored secretions, as well as a signi-
ficant decrease in milk fat content due to the formation
of protein clots [4].

Hemorrhagic mastitis often develops as a result of se-
rous or catarrhal inflammation. With this type of cow mas-
titis, all udder quarters are affected. Animals demonstrate
intense breathing, inappetence, body temperature can
reach 40.0-41.0 °C, pronounced purple spots are found
on the surface of the skin. The ejected milk is of pink-red
color and has inclusions of casein flakes [41].

Fibrous mastitis is the most painful and one of the
most dangerous types of cow mastitis. This form is cha-
racterized by a sharp decrease in milk productivity, ani-
mal’s depression, a painful reaction and a typical sound
of crepitation when the affected part of the udder is
palpated. Most of the time, the cow lies down, gets up
with difficulty, lameness of both hind limbs is frequently
observed [4].

When purulent mastitis is developed, the general condi-
tion of the cow significantly deteriorates. This type is char-
acterized by the formation of dense hard lumps, animals’
body temperature increases by 1.0-2.0 °C. Milk contains
pus. Abscess may develop in the udder as inflammation
progresses. The prognosis is unfavourable in case of ab-
scess or phlegmon. The mammary gland acquires pustules
that spread to larger areas and, as a result, merge together.
Eventually a part of the gland loses its ability to function.
Milk obtained from the infected lobe (lobes) has a gray
color and contains multiple clots [3].

When any form of mastitis occurs (clinical or subcli-
nical), there is a deterioration in milk quality with regard
to sensory parameters, bacterial count and somatic cell
count. In case of mastitis, an increase in somatic cell
and bacterial count in raw milk means increased ac-
tivity of proteolytic and lipolytic enzymes. Plasmin, for
example, is a caseinolytic enzyme synthesized from plas-
minogen, which develops in blood and most likely enters
milk due to the destruction of mammary gland epitheli-
um. Casein degradation will generate foul-smelling meta-
bolites that will replace the pleasant odour associated
with fresh milk [40, 42].

The regulatory document specifying the requirements
imposed on milk and dairy products was substituted in
the Russian Federation since January 1, 2016; the Cus-
toms Union’s Technical Regulation “On safety of milk and
dairy products” (CU TR 033/2013) was enforced instead of
the Technical Regulation of Russia. The most significant
changes related to the quality and safety of milk were the
abolishment of milk grading and introduction of stricter
standards for antibiotic content. To date, common milk
standards have been approved, according to which milk
can be placed on the market, or in case of non-compli-
ance, it can be rejected without the possibility of fur-
ther processing and sale at reduced prices. According to
this document, the number of mesophilic aerobic and
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facultative anaerobic microorganisms shall not exceed
5 x 10° CFU/cm?; number of pathogenic microorganisms
shall be < 25 microbial cells, number of somatic cells shall
be <7.5x 10%°in 1.0 cm? of the product.

Along with that, the content of antimicrobial
drugs (AMDs) shall not exceed: 0.01 mg for levomyce-
tin, 0.01 mg for tetracyclines, 0.2 mg for streptomycin,
0.004 mg for penicillin in 1 kg (litre) of the product. The
AMDs admissible levels practically correspond to the an-
alytical limits of methods used for detection of antibacte-
rial drugs, and in general they can be classified as AMDs
inadmissible levels.

The above information confirms the relevance of mas-
titis control issues and the need to prevent financial los-
ses caused by this disease. Preventing the transition of the
subclinical form of mastitis into a clinical one is one of the
mostimportant links in the complex of measures aimed at
preserving udder health. This is possible in case of timely
and regular diagnosis (at least once a month) [6].

To establish the diagnosis, it is necessary to examine
the animal, measure its body temperature, pulse and respi-
ratory rate. Particular attention should be paid to the ingui-
nal lymph nodes and mammary glands during the exami-
nation. Udder examination includes visual examination,
palpation and trial milking. Visual examination should be
focused on skin integrity, color and udder symmetry. Signs
of mastitis during palpation include fever in the udder,
pain when pressed and typical lumps in mammary gland
tissue. During trial milking the attention is paid to the ef-
fort required for milking, amount and sensory parameters
of the ejected secretion [43, 44].

Latent (subclinical) mastitis is diagnosed using one
of the rapid diagnostic tests (RDTs): dimastin, mastidine,
mastotest, etc. The effect of RDTs is based on the detec-
tion of exceeding leukocyte levels and pH changes. Milk
control plates divided into 4 round sections (one for each
udder quarter) are used for testing. Both cisteral and pa-
renchymal milk samples should be used to obtain reliable
results [37].

The final stage in the diagnosis of cow mastitis is labo-
ratory testing. In this case, the bacteriological method
is preferable as it is the most informative [45], it helps
to isolate a pure culture of the pathogen, identify it, per-
form a comprehensive study if necessary (describe its
growth, proteomic and pathogenic properties) and deter-
mine susceptibility to antimicrobial drugs. Determination
of antimicrobial drug susceptibility plays a specific role
in determining further therapeutic measures due to the
fact that in this case the data obtained helps to find an
effective antibiotic against a specific pathogen. Incorrect
treatment, incompliances with the prescription, as well as
unnecessary use of antimicrobials can lead to the genera-
tion of multidrug-resistant bacteria [46].

Antibiotic therapy is used for all types of mastitis
caused by bacterial microflora, or in cases where there is
a secondary bacterial infection. The therapy has a num-
ber of positive aspects, such as rapid improvement in the
animal’s clinical condition, a low culling rate in a herd,
predictable losses in milk yield, as well as negative ones:
rejection of milk within the antibiotic withdrawal peri-
od during and after treatment. The presence of residual
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amounts of antibiotics in milk is dangerous for human
health and reduces the quality of dairy products, most
drugs have a long withdrawal period; besides, the cost of
AMDs is quite high [47, 48].

Due to the wide spread of antibiotic-resistant micro-
organism strains, despite the large number of drugs cur-
rently used, their effectiveness is constantly decreasing.
The prospects for the further use of antibiotics as therapeu-
tics are questioned by many researchers and international
organizations due to the rapidly developing resistance to
them in many agents. In recent decades, the antimicrobial
resistance has become a global problem not only in public
health, but also in veterinary medicine [49, 50, 51].

Irrational use of antibiotics, improper selection of the-
rapeutics and non-compliance with the recommendations
specified in the instructions, namely dosage, frequency,
and duration of treatment, contribute to antibiotic re-
sistance in bacterial populations. The AMR growth has
caused serious concerns around the world both from the
point of view of public health and food safety, and there-
fore use of antimicrobials in animal husbandry has been
under constant control for many years [2].

It's worth noting that antibiotic therapy should be
used only in extreme cases, mainly when the pathologi-
cal process becomes life-threatening for the animal. In all
other cases, it is best to treat animals with mastitis without
using etiotropic therapy, and if this is not possible, it is
recommended to use synthetic antimicrobials. The most
common ones include sulfonamides and nitrofurans [52].
These AMDs have a number of advantages: a wide range
of action, low toxicity, and relatively low cost. But there is
also a significant drawback - inefficiency in the treatment
of purulent mastitis [48].

The pathogenetic, along with etiotropic, therapy has
become widespread, it includes methods that affect the
nervous system and indirectly the entire body, contributes
to an active influence on the course of the pathological
process. The most common is novocaine blockade of ud-
der nerves. Its application contributes to the healing of an-
imals with mastitis, not only when used in combination
with medicinal products, but also independently. The main
novocaine blockades that are recommended for the treat-
ment of cow mastitis are: short novocaine blockade of ud-
der nerves according to D. D. Logvinov, blockade of the
external sacral nerve according to B. A. Bashkirov, method
of intra-aortic administration of novocaine according
to D. D. Logvinov. Pathogenetic therapy is highly effective
for acute mastitis before destructive tissue changes have
occurred, particularly in case of serous, catarrhal, puru-
lent-catarrhal mastitis [37, 44, 50].

Mastitis infection in cows often has consequences,
even if the drug therapy is selected properly. Literature
data, mainly foreign publications show evidence on the ef-
fectiveness of preventive vaccination of cows with mastitis.
Staphylococcal toxoids, bacterintoxoids and their combi-
nations with various adjuvants were used as immunizing
agents in different countries [47, 53, 54, 55].

Vaccination plays a significant role in the infectious di-
sease control. The use of vaccines allows not only reducing
the number of cows with mastitis, but also significantly
improving the quality of dairy products [2, 56, 57].

Vaccination of animals is a recognized way to reduce
the cost of veterinary services. Thanks to the development
of drugs for the prevention of mastitis, it has become pos-
sible to successfully control one of the most common di-
seases in dairy farming (the effectiveness of drug therapy
ranges from 70 to 98%) [55, 56, 58, 59].

Several imported vaccines against cow mastitis are cur-
rently available on the global pharmaceutical market: two
vaccines manufactured in Spain and one vaccine manu-
factured in France. However, due to the current global
political situation, introduction of expanded sanctions
and restrictions on the drugs that are not compliant with
the Good Manufacturing Practice (GMP) standards, these
vaccines are hardly accessible for the Russian livestock
breeders.

This circumstance has become the key aspect for con-
ducting research in order to develop new tools for the
specific prevention of cow mastitis.

CONCLUSION

Modern scientific data confirm that mastitis is the
main problem of dairy farming in all countries around
the world, and its subclinical form (unlike clinical masti-
tis) is the most common. In addition, the literature data
suggest that mastitis is a polyethiological disease. On
the one hand, it is caused by infectious agents (bacteria,
mycoplasmas, fungi), and on the other hand it is effected
by environmental factors that reduce the resistance of
the animal’s body. Predisposing and concomitant factors
have a great influence on the development of this di-
sease. The former factors include animal’s resistance and
immune status, the latter factors include incompliance
with zootechnical, preventive and therapeutic measures,
non-performance of pre-milking and post-milking hy-
giene of the udder, lack of control over the serviceability
of milking machines, as well as unsatisfactory disinfec-
tion of milking systems. Due to the fact that mastitis re-
mains one of the most common global diseases, it can
be assumed that farms engaged in breeding dairy cattle
do not fully comply with the required zootechnological,
preventive and therapeutic measures. With increased
control over the implementation of a set of measures,
it becomes possible to reduce the number of cases of
clinical and subclinical cow mastitis. Specific prevention
is the most effective way to control mastitis, however,
a strong and stable immunity can be achieved only with
strict observance of specific zoohygienic and technologi-
cal requirements.
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Avian adenovirus infections:
diversity of pathogens, hazard to poultry industry
and problems of immunoprophylaxis (review)

Yuriy R. Zelenskiy, Mikhail S. Volkov, llya A. Komarov, Natalya V. Moroz, Natalia S. Mudrak, Tatyana V. Zhbanova
Federal Centre for Animal Health, Yur'evets, Vladimir 600901, Russia

ABSTRACT

The data on diversity of adenovirus pathogens in nature and the role of the main representatives of the Adenoviridae family in poultry infectious pathology are
presented. Special attention is paid to problematic issues of immunoprophylaxis due to lack of cross-immunity between different virus serotypes. There is no single
and effective approach in the global strategy of immunoprophylaxis of avian adenoviruses, therefore, improving the means of avian adenovirus disease control is
an urgent and important task. Avian adenovirus infections are represented by different nosological units: egg drop syndrome, hydropericardium syndrome, ade-
noviral gizzard erosion, marbled spleen disease of pheasants, hemorrhagic enteritis of turkeys, inclusion body hepatitis and many unclassified diseases. The paper
provides data on the main nosological forms of adenovirus infections that pose a threat to cost-effective poultry farming, and highlights test results obtained by for-
eign authors on the effectiveness of some vaccines against adenovirus infection. Most vaccines have been developed to prevent avian hydropericardium syndrome,
however, occurrence of many virus serotypes requires effective means of prevention and diagnosis in order to control other infections caused by adenoviruses. There
is no registered vaccine against adenovirus infections that cause inclusion body hepatitis and adenoviral gizzard erosion. At the same time, inclusion body hepatitis
alone accounts for 2.9% of all recorded avian infectious diseases. Vaccines registered in the Russian Federation are not enough to fully control these infections, and
that requires a timely solution to the problem. The variety of avian adenoviruses determines the problems of their differential diagnosis and specific prevention.
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ALLeHOBUPYCHbIE UHOEKLMM NTUL;
MHOroo6pasue Bo3byautenen,

0MacHoCTb ANA NTULIEBOACTBA U NPobneMbl
MMMYHonpodunakTukm (063op)

10. P. 3enenckuii, M. C. Bonkos, . A. Komapos, H. B. Mopo3, H. C. Myapak, T. B. }{6aHoBa
OIBY «DeepanbHblil LLeHTp oxpaHbl 340pOBbA XNBOTHbIX» (OTBY «BHUN3XK»), Mkp. I0pbesel, r. Bnagumup, 600901, Poccua

PE3IOME

[TpepcTaBneHbl faHHble 0 MHOro06pasun Bo3byauTenei aeHoBUPYCHbIX MHGEKLMIA B IPUPOZE U POAI OCHOBHBIX NaToreHoB cemeiicTBa Adenoviridae B uHdex-
LIMOHHOI MaTonoruy CeNbCKoxo3AiCTBEHHOI NTULbI. Ocoboe BHUMaHMe yaeneHo Npo6aeMHbIM BONpocam UMMYHONPOGUNAKTIKI BBIAY OTCYTCTBUA NepeKpect-
HOrO MMMYHUTETA MeX[y pa3HbIMYU CepoTUNamm BUpYca. B Mupe HeT eanHOro v 3QGeKTBHOrO NoAxoaa B CTpaTervn UIMMYHONPOOUNAKTUKN afeHOBUPO30B
MTHL, NO3TOMY COBEpLUEHCTBOBAHUE CPeACTB 60pbObI ¢ afieHOBUPYCHBIMU 3a60n1eBaHNAMI NTULL ABNAGTCA aKTyanbHOI 1 BaXHOIT 3aAaueil. AeHOBUPYCHble
MHOEKLMN NTUL NPe/iCTaBeHbl Pa3HbIMU HO30MI0MMYECKVMY eIMHILAMU: CUHAPOMOM CHIDKEHNSA AILeHOCKOCTH, CUHAPOMOM rYAponepuKapauTa Kyp, 3po-
3ueil xenyzaka, 6one3Hblo MpamMopHoii cenie3eHKy $asaHoB, reMopparuyeckinm SHTEPUTOM UHAEEK, TenaTUToM C TeNbLAMU-BKITIOUEHUAMU 1l MHOXKECTBOM
HeknaccuuumpoBaHHblx 6onesHeii. MpuBoauTcA MHGopMaLMa 06 OCHOBHbBIX HO30M0TMYECKNX GOPMAX afeHOBUPYCHBIX MHEKLMIA, NpeaCTaBRALLNX YTrPo3y
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ANA peHTabeNnbHOro BefieHA NTULEBOACTBA, 0CBELLEHbI Pe3ynbTaThl NCCIeA0BaHMI 3apy6exHbIX aBTOPOB N0 M3yueHUto 3GHEKTUBHOCTI HEKOTOPbIX BaKLMH
NPOTUB afieHOBMPO30B. BONbLUMHCTBO BaKLMH pa3paboTaHbl ANA NPOGUAAKTUKI CUHAPOMA TUAPONePUKaPANTa Kyp, OAHAKO CylLeCTBOBaHME MHOMeCTBA
cepoTunoB Bo3byauTend Tpebyer co3faHna 3deKTUBHbIX CPEACTB NPOPUNAKTUKIA 1 AUATHOCTUKIA B LIENAX KOHTPONA U APYTUX UHOEKLINIA, BbI3bIBAEMbIX ajie-
HOBYMpYycamu. HeT Hu ofiHOI 3aperncTpupoBaHHoi BAaKLMHbI NPOTUB afieHOBUPYCHBIX MHGEKLII, BbI3bIBAIOLLAX TenaTuT ¢ TeNbLaMU-BKKYEHUAMM U 3po-
3110 enyaKa. Mpy 3ToM Ha 07110 TOIbKO renaTiTa ¢ TebLamu-BKIIoYeHnAMIN Npuxogutcs 2,9% oT BCex PerncTpupyemblx MHGeKLMOHHbIX 3aboneBaHuii nTuu.
BakuuH, 3aperucTpupoBaHHbix Ha Tepputopum Poccuiickoit Dedepavn, He0CTaTouHO ANA NOAHOTO KOHTPONA AaHHbIX MH(EKL WA, uTo TpebyeT CBoeBpeMeHHOro
peweHna npobaembl. MHoroobpasue Bo3byauTeneit aneHoBMPYCHbIX MHGEKLMIA NTIL 00YCNOBAMBAET NPo6AEMATUKY UX ANdOepeHLManbHO AMarHoCTUKM
1 cnewuduyeckoii npodunakTuky.

KnioueBbie cnoBa: 0630p, afeHoBMpYycHble uhdekuum nruw, Aviadenovirus, Atadenovirus, Siadenovirus
bnaropgapHocTy: Pabota BbinonHeHa 3a cuet cpeacTs OIBY «BHUWU3X» B pamkax TemaTuky HayuHo-uccneoBaTenbekux paboT «BetepuHapHoe bnarononyune.

[ina umrnposauusa: 3enenckuii 10. P, Bonkos M. C., Komapos 1. A., Mopo3 H. B., Myapak H. C., ®6aHoBa T. B. AneHoBupycHble MHdeKLMN ATUL: MHOTO-
06pa3ue Bo36yauTeNnei, 0NaCHOCTb ANA NTULEBOACTBA W Npobnembl UMMyHonpodunakTukin (0630p). Bemepurapus cecodws. 2024; 13 (1): 36—43.
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INTRODUCTION

Food security is a global problem, and poultry farming
accounting for about 39% of the global meat production
plays a leading role in solving it. In Russia poultry meat ac-
counts for 46% of the total meat production [1]. It should
be noted that confessional restrictions do not apply
to poultry products - no religion prohibits consumption
of chicken meat or eggs [2].

Poultry industry is greatly affected by infectious di-
seases, not only highly dangerous, but also economical-
ly significant, such as adenovirus infections tending to
spread widely. Previously researchers did not pay much
attention to fowl adenoviruses (FAdV) due to their limited
clinical significance, but in recent decades adenoviruses
became significant field pathogens causing diseases that
have a serious impact on poultry health and industry
profitability. In this regard the number of FAdV scientific
studies began to grow [3, 4]. In recent years, new data on
cross-immunity between different serotypes of adeno-
viruses were obtained, inactivated, live and recombinant
vaccines against certain diseases of adenovirus etiology
were developed, and their immunogenic activity was
studied.

The aim of this work was to summarize scattered in-
formation on fowl adenoviruses with special emphasis on
the diversity of pathogens and the problem of effective
immunoprophylaxis, as well as to show the role of some
adenovirus diseases in avian infectious pathology.

ADENOVIRUSES: TAXONOMY, DESCRIPTION,
SUSCEPTIBLE ANIMALS

Adenoviridae is a family of non-enveloped viruses with
icosahedral symmetry, 90 nm in diameter. Nucleic acid
is represented by double-stranded linear DNA (25-48 ki-
lobase pairs) with inverted terminal repeats and a termi-
nal TP protein (55 kDa) covalently bound to each 5-end
of both chains [5, 6, 7, 8. The viral capsid has a pseudo-

triangulation number of 25 and consists of 252 capsomers:
240 hexones and 12 pentones with fibrous processes rang-
ing in length from 9.0 to 77.5 nm [5, 9].

Adenoviruses were found in many vertebrates from fish
to humans and are represented by six genera:

- Mastadenovirus: 51 species with a capacity to infect
mammals, including humans;

- Aviadenovirus: 16 species infecting birds;

— Atadenovirus: 10 species with a capacity to infect rep-
tiles, birds, ruminants and marsupial mammals;

- Siadenovirus: 8 species infecting frogs and birds;

- Ichtadenovirus: 1 species infecting belugas;

- Testadenovirus: 1 species infecting red-eared sliders.

The demarcation of the genus is based on phylogenetic,
biological characteristics, as well as on the organization of
the genome [5, 10, 11].

Birds are affected by representatives of three genera of
the family Adenoviridae:

— Aviadenovirus (FAdV) includes species A, B, C, D, E di-
vided into 12 serotypes using a cross-neutralization test
that cause inclusion body hepatitis, hydropericardium
syndrome and gizzard erosion in both domestic and syn-
anthropic birds;

— Siadenovirus causes hemorrhagic enteritis in turkeys,
marble spleen disease in pheasants, adenovirus spleno-
megaly in chickens;

— Atadenovirus is a duck adenovirus that is pathogenic
to chickens and causes egg drop syndrome (EDS-76) [5, 12].

Thus, the variety of avian adenovirus infectious agents
determines the problematic issues of their differential di-
agnosis and specific prevention.

MAIN AVIAN ADENOVIRUSES

Egg drop syndrome (EDS-76) is a fowl adenovirus
infection affecting layers; it is manifested by decreased
egg production, shell thinning (up to its complete
loss) and depigmentation. It was first described by
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Dutch scientists in 1976 [13]. The causative agent of
EDS-76 is duck adenovirus (DAdV-1), contamination
of the live vaccine against Marek'’s disease resulted in
primary infection of chickens and adaptation to a new
host [14]. The major characteristic of EDS-76 is decreased
egg production by 15% or more [15]. Viral carriage is
typical of this disease: in the vast majority of cases birds
look healthy, the disease is not apparent but develops
when a bird reaches reproductive maturity and expe-
riences stress due to egg lay onset. EDS-76 is currently
widespread in many countries with developed poultry
industry [13].

Hemorrhagic enteritis of turkeys (HE) is a viral di-
sease of poultry caused by adenoviruses belonging to
the genus Siadenovirus, the species Turkey siadenovi-
rus A (TadV-A), and manifested as immunosuppression
in turkeys older than 4 weeks of age [16]. The disease
has two forms. The first variant implies that hemorrhagic
enteritis is caused by highly virulent strains of the patho-
gen and proceeds with pronounced clinical signs such
as depression and gastro-intestinal hemorrhages. The vi-
rus causes immunosuppression, so opportunistic bacte-
rial infections are often an intercurrent problem. This di-
sease often results in poultry mortality (up to 80%) due
to blood loss and secondary infection [17, 18]. The se-
cond form implies that hemorrhagic enteritis develops
without visible symptoms and is caused by low-virulent
strains of the virus that determine immunosuppression
resulting in the development of secondary bacterial com-
plications. This leads to economic losses due to necessity
to use antibacterial drugs and perform culling [19, 20].
The disease is widespread in turkey populations all over
the world [21].

Marble spleen disease of pheasants (MSD) is an infec-
tious disease affecting 3-8 month-old pheasants which
is caused by group Il adenovirus of the genus Siadenovi-
rus. The pathogen is closely related to the two other rep-
resentatives of the genus: the causative agent of adeno-
virus splenomegaly in chickens and the causative agent
of hemorrhagic enteritis in turkeys [22]. Typical signs of
the disease observed during necropsy include splenomeg-
aly and a marble spleen pattern. Congestion and pulmo-
nary edema are detected. Necrotized lymphoid follicles
and focal necroses in the liver are observed. The disease
is clinically manifested as respiratory failure, asphyxia
and sudden death. The mortality rate can vary from 1-3
to 15% [23], the disease is highly contagious and occurs
all over the world [24].

Avian adenovirus splenomegaly (AAC) is a viral disease
of chickens which is clinically, pathologically and anatom-
ically similar to the marble spleen disease of pheasants.
Necropsy performed in chickens reveals enlarged “marble”
liver, degenerative changes in the lymphoid lung tissue,
less frequently - pulmonary hemorrhages and pulmonary
edema [25].

Adenoviral gizzard erosion (AGE) is a chicken disease
caused by group | adenovirus FAdV-1. The capacity of avi-
an adenoviruses to independently cause avian diseases
has been disputed for a long time, but the leading role
of FAdV-1 in the etiology of adenovirus gizzard erosion
was proven in the last decade [26]. FAdV-1 belongs to
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the genus Aviadenovirus, species A (group | avian adeno-
viruses) [5]. The disease is widespread in Europe and Asia
(Iran [27], Japan [28], Sweden [29], Korea [30]). The disease
is clinically manifested by depression, anorexia [28], a de-
crease in weight gain and leads to death. The infection
often proceeds without visible clinical signs and is diag-
nosed post-mortem only. Autopsy shows necroses and in-
flammation of the gizzard mucosa, and hemorrhagic fluid
in the gizzard cavity is observed [26]. The disease spreads
both vertically and horizontally (mainly via fecal-oral
route) and affects both broilers and layers causing signif-
icant economic losses. Thus, during the outbreak of ade-
novirus gizzard erosion on a farm in Mazandaran province
(Iran) in 2019, the mortality rate of broiler chickens was 6%,
and the target slaughter weight was gained with a week’s
delay; besides, lots of affected gizzards were condemned
at the slaughterhouse [27].

Avian hydropericardium syndrome (HPS) is a viral
disease of poultry caused by fowl adenovirus FAdV-4
group | and leading to large economic losses in poultry
industry. It generally affects 3-5 week-old broiler chick-
ens. The mortality rate ranges from 30 to 80% in broilers
and from 2.6 to 15.29% in pullets [31]. It was not pos-
sible to determine the cause of this disease for a long
time. Its occurrence was associated with incompliances
in poultry feeding and keeping schemes, mineral and
vitamin imbalance, and toxicoinfection [32]. But this as-
sociation was not further confirmed [33]. The detection
of body inclusions in hepatocytes during histological
studies gave reason to believe that HPS is caused by the
virus [34]. Subsequently, the pathogen was isolated from
the liver of chickens that died from HPS and was identi-
fied as a group | avian adenovirus [35]. The HPS pathogen
is transmitted both vertically from vectors and infected
birds, and horizontally through litter, feed, water and
inventory contaminated with feces and excretions of
infected birds [36, 37]. The hydropericardium syndrome
virus is assumed to spread through live vaccines made
using adenovirus-infected chicken embryonated eggs.
Such cases were described in Pakistan [38]. The disease
is often asymptomatic and is associated with sudden
death. Diseased birds may demonstrate ruffled feathers,
droopy wings, depression, dyspnea, loss of appetite, di-
arrhea with green to yellow droppings [39]. The disease
manifestations depend on a large number of factors and
their combination: feeding and keeping conditions, natu-
ral resistance of the body, genetics, presence of concom-
itant diseases. HPS is more often manifested in poultry in
a state of immunosuppression due to such factor as in-
fectious bursal disease, feed toxicosis. Pure breed poul-
try is found to get diseased less often than cross-breds
in broiler industry [40]. Postmortem examination of di-
seased chicks reveals the following pathological and an-
atomical findings: an enlarged fiable liver with thickened
edges of pale brown or yellowish color, sometimes with
focal necroses; an overflowing gallbladder with strained
walls; swollen kidneys; a deformed flabby heart, often
with spot hemorrhages. The pericardial cavity is filled
with a clear straw-yellow fluid with a viscous consisten-
cy (up to 20 mL) [41]. Anemia, swelling of subcutaneous
adipose tissue, jaundice, hemorrhages in organs and
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tissues may be observed [42]. Histological studies reveal
basophilic and eosinophilic inclusion bodies in hepato-
cytes [43, 44].

Inclusion body hepatitis (IBH) is an acute viral disease
of 2-7 week-old broilers, accompanied by stunting and
sudden death, with mortality ranging from 10 to 30%.
The inclusion body hepatitis was initially viewed as a se-
condary disease associated with immunosuppression, but
later it was proved that the disease was infectious in nature,
the causative agent was the avian adenovirus of group | -
FAdV species D (serotypes 2, 11) and E (serotypes 8a, 8b),
affecting both layers and broilers. Broilers are most suscep-
tible to the disease, mainly young birds older than 2 weeks
get diseased [45, 46, 47, 48]. Thus, 92% of all cases of in-
clusion body hepatitis were associated with broiler chick-
ens in 2011-2021 in Spain. The pathogen mainly spreads
horizontally, but a vertical transmission pathway is also
noted [47]. The virus tends to reactivate with the onset
of egg production, causing a subclinical course of the di-
sease, providing vertical transmission [45]. Group | ade-
noviruses are capable of infecting not only chickens, but
also other bird species [48], in particular, pigeons, ducks,
quails, ostriches [47]. Clinical signs are non-specific, usu-
ally observed within 4-5 days and include depression,
ruffled feathers, sedentary behavior, birds’ maintaining
a sitting position. Necropsy reveals extensive or focal ne-
crosis in the liver that increases in size, has a fiable consis-
tency and a pale color [45]. There are cases of pancreatic
lesions involving necrosis and atrophy, as well as lesions
in kidneys [46] and spleen [49]. Histological examination
reveals lymphoid infiltration, focal necroses, cell degene-
ration [46] and basophilic intranuclear inclusion bodies in
hepatocytes [45, 50].

Thus, fowl adenoviruses cause various diseases lead-
ing to serious economic losses [49], which are expressed
in high mortality (up to 80% for HPS), reduced produc-
tivity and the need for forced antibiotic therapy against
secondary bacterial infections occurring in the setting
of adenovirus immunosuppression. This problem is rele-
vant and urgent for poultry industry due to the abilities
of adenoviruses to persist for a long time, reactivate, infect
not only livestock, but also synanthropic and wild birds, as
well as to spread with their help, to cause infection without
visible clinical manifestations, to spillover (EDS-76 virus).
Therefore, the development of methods for control of fowl
adenovirus infections is an important task and should
include not only the improvement of biosafety systems
in commercial establishments, but also the development
of surveillance programs, as well as specific immunopro-
phylaxis.

IMMUNOPROPHYLAXIS

Prophylactic immunization against adenovirus infec-
tions is of great importance and serves as an effective
tool in disease control. A decrease in the body’s defenses,
immunosuppression and stresses caused by both man-
made and biological factors are the reason for sudden
manifestation of FAdV-induced diseases [51]. And tak-
ing into account the intensification of poultry produc-
tion [13], control of adenovirus infections is becoming
an increasingly urgent problem [26]. Several types of vac-

cines are used for immunization: subunit, live, autogenic,
inactivated. Mainly inactivated vaccines have been deve-
loped and used for the prevention of FadV; organ-tissue
formolized liver homogenate vaccines are most com-
monly administered. These vaccines demonstrated high
immunogenicity in the field trials. Thus, according to
study results, the protectivity level in vaccinated poultry
challenged with a field homologous virus isolate ranged
within 80.0-98.9%, while the incidence level in unvacci-
nated birds in the control group was 60-100%. Despite
inducing high immunogenicity levels, these vaccines
have some disadvantages, such as high cost and impossi-
bility to standardize the antigen dose. A number of inacti-
vated culture virus-based vaccines have been developed.
Live vaccines based on attenuated adenovirus are also
known around the world. The great advantage of such
biologicals over inactivated vaccines is that they can be
administered orally. In the field trials these vaccines con-
ferred 94.7-100.0% protection against challenge with ho-
mologous virus in the setting of 30.0-100.0% incidence
in unvaccinated birds. Trials of subunit vaccines based on
recombinant proteins F1, F2, etc. have been conducted
in recent years, but the disadvantage of such vaccines is
their low immunogenicity [26].

The number of reports on evidence of cross-pro-
tection between serotypes belonging not only to one
but to different species is increasing, although previ-
ously it was believed that group | avian adenoviruses
lack or demonstrate weak cross-protection between
serotypes [52]. However, this statement is controver-
sial, since some researchers have proven the existence
of interspecies cross-protection [45]. A number of stu-
dies revealed that vaccination of poultry with combined
(FAdV-8a and FAdV-11) inactivated [53] or live [45] vac-
cines confers cross-protection not only against FAdV-8a
and FAdV-11, but also against other serotypes of D and E
species [52]. The results of another experiment showed
that vaccination against FAdV-4 induced protection not
only against the homologous serotype, but also against
the FAdV-10 serotype, which, like FAdV-4, is a represen-
tative of C species [54]. A study conducted by P. A. Steer-
Copeetal.in 2019 demonstrated evidence of interspecies
cross-protection between D and E species [52]. It follows
from the above that multi-strain vaccines are the most
prospective and can protect birds from a wide range of
pathogen strains.

Three vaccines against avian adenovirus infections
induced by group | adenoviruses have been registered
in Russia: inactivated adsorbed vaccine against avian hy-
dropericardium syndrome (ARRIAH, Russia) [55], liquid
inactivated vaccine against adenovirus inclusion body
hepatitis — avian hydropericardium syndrome based on

“T-12" strain (VNIVIP, Russia) and inactivated emulsion
vaccine against adenovirus body inclusion hepatitis
(AVIVAC) [56]. Unfortunately, there is no registered vac-
cine against FAdV-induced inclusion body hepatitis and
gizzard erosion. At the same time, inclusion body hepa-
titis alone accounts for 2.9% of all recorded avian infec-
tious diseases [56]. There are several vaccines available
in our country to protect poultry from group lll adeno-
virus causing egg drop syndrome: vaccine against EDS-76
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based on strain “B8/78" produced by VNIVIP, inactivated
mono- and polyvalent vaccines against EDS-76 (strains
“BISS”and “B8/78") produced by Federal Centre for Animal
Health and some other manufacturers [57].
Unfortunately, there is no single and effective approach
in the strategy of preventive immunization against avian
adenoviruses in the world, therefore, improving the means
of combating avian adenovirus diseases is an urgent and
important task [13].

CONCLUSION

Avian adenovirus infections are spread globally, in-
cluding Russia, and pose a danger to economically ef-
fective poultry industry. Diversity of virus serotypes and
isolation of individual nosological forms of adenovirosis
cause significant challenges in the diagnosis and specific
prevention of these infections. Given the absence or in-
sufficiency of cross-protection between different adeno-
virus serotypes, an urgent problem is the development
of specific preventive measures against each serotype of
the causative agent of adenoviruses, causing a clinical-
ly significant infection. The variability of the adenovirus
tropism, the ability to long-term persistence, recorded
cases of spillover, a high incidence rate in some nosologi-
cal forms (HPS, hemorrhagic enteritis of turkeys) require
the development of infection control programs in com-
mercial poultry industry, including active and passive
monitoring of the pathogen’s circulation.
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Testing of diagnostic test-systems for detection

of antibodies to foot-and-mouth disease virus structural proteins
with enzyme-linked immunosorbent assay

for their serotype specificity

Natalia N. Lugovskaya, Ekaterina A. Silanteva, Tatyana V. Okovytaya, Anastasiya A. Kharitonova, Ykhlas M. Gochmuradov,
Evgeniya A. Razgulyaeva, Olesya 0. Budina, Elena A. Yasneva
Federal Centre for Animal Health, Yur'evets, Vladimir 600901, Russia

ABSTRACT

A total of 138 serum samples from pigs and cattle vaccinated against foot-and-mouth disease virus (FMDV) of one or two serotypes or infected with FMDV were
used for testing of 24 enzyme-linked immunosorbent assay (ELISA) diagnostic tests-systems for detection of antibodies against FMDV structural proteins produced
by 6 manufacturers (Federal Centre for Animal Health, Prionics, IZSLER, Innovative Diagnostics, BIONOTE and MEDIAN Diagnostics) for their serotype-specificity.
All used test-systems detected apparent serotype-specific activity (homologous reaction) as well as cross-reacting virus-specific antibodies that was accounted for
some reasons related to conservative epitopes in amino acid sequence of FMDV virion capsid VP1-VP3 polypeptides, accessibility of internal conservative epitopes
of /P4 polypeptide for the animal’s immune system during virus replication or vaccine antigen (virus) destruction in the animal’s body in the process of immunity
development, as well as the pilot anti-FMD vaccine composition, etc. Nevertheless, the analysis of a large data set (about 3,500 tests) showed that the homologous
serotype-specific reaction in general was significantly higher and predominant, the proportion of virus-specific non-protective antibodies, including cross-reacting
ones, was not significant and did not distort the results of ELISA tests of anti-FMD vaccine for itsimmunogenicity. Inconclusive test results require confirmation with
other serological tests. Complex tests for FMDV using different diagnostic methods such as ELISA with standard and reference test-systems and/or virus neutralization
test in cell culture are to be considered as the best option.
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|/|3y‘-|€HI/IE CEpOTI/II'IOCI'IELI,VId)VILIHOCTI/I ANArHOCTUYECKUX
TECT-CNCTEM ONA BbIABNEHUA aHTUTEN K CTPYKTYPHbIM benkam
BIIPYyCa ALLYypPad I/IMNI)/HOd)epNIEHTH biIM dHA/IU30M

H. H. NyroBckas, E. A. CunanTtbeBa, T. B. OkoBbiTas, A. A. Xaputonosa, bl. M. loumypapos, E. A. Pasrynaesa, 0. 0. byauua, E. A. ficneBa
OTBY «DeepanbHblil LieHTp 0XpaHbl 380poBbA X1BOTHBIX» (OTBY «BHIIU3X»), mkp. I0pbesew, 1. Bnagumup, 600901, Poccua

PE3IOME

Mpy u3yyeHnn cepotunocnelduuHoCTM 24 ANArHOCTUYECKIX IMMYHODEPMEHTHBIX TeCT-CUCTeM ANA ONpe/eneHna aHTUTeN K CTPYKTYpHbIM Genkam Bupyca
Awypa 6 nponssoguteneii (OrbY «BHUU3X», Prionics, IZSLER, Innovative Diagnostics, BIONOTE u MEDIAN Diagnostics) 6bino nccnegoano 138 06pasLios cbi-
BOPOTKY KPOBY CBYUHE! 1 KPYMHOr0 POraToro Ck0Ta, BaKLMHUPOBAHHbIX MPOTVB ALLYPa OAHOTO W JBYX CEPOTUMOB NIN60 MHOULMPOBAHHBIX BUPYCOM ALLypa.
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Bce ncnonb3oBaHHble TCT-CUCTeMbI HapAZY C APKO BbIpaXKeHHOI cepoTunocneLMdpuyeckoil akTMBHOCTbIO (OMONOrVYHAA peaKkLna) BbIABNANN TakxKe HeKoTopoe
KONMYECTBO NepeKpecTHo-pearnpyroLLMx BUpycocneMduyeckmx aHTuten, uto 6bino 06ycnoBReHO PAROM NPUYNH, (BA3AHHDBIX C KOHCEPBATUBHbIMU SNATONAMY
B AMUHOKICIOTHOI NOCNe0BATeNbHOCTA KancuaHbIx nonunentugos VP1-VP3 BupuoHa Bo3byautena Alypa, ¢ LOCTYNHOCTbIO BHYTPEHHUX KOHCEPBATUBHBIX
3nuTonos nonunentinaa VP4 Ans UMMYHHOI CUCTEMbI KMBOTHOTO NP PENANKaLyMN BUPYCa MW AeCTPYKLMI BAKLIMHHOTO aHTUreHa (BUpyca) B OpraH13me XuBoT-
HOrO B X0/}€ IMMYHHOT0 NPOLIECCa, a TaKXKe C KOMMOHEHTHBIM COCTaBOM JKCMEePUMEHTaNbHOI NPOTUBOALLYPHOI BaKLMHbI 1 Ap. TeM He MeHee aHanu3 60NbLLoro
MaccvBa AaHHbIX (okono 3500 nccnefoBaHuin) nokasan, uto roMonoruyHas cepotunocneLudpuyeckan peakuua B Lenom Obina 3HauuTeNbHO Bbille U ABNANACH
JOMUHUpYHOLLEi, ZONA BUPYCOCELNUUECKNX HE3ALLUTHBIX aHTUTEN, B TOM YMCTe U NepeKpecTHO-pearupytoLLmx, 6bina He CToNb 3HAUNTENbHON 1 He MCKaXa-
Na pe3ynbTaTbl OLEHKI IMMYHOrEHHOCTY NPOTUBOALLYPHON BaKLMHbBI B IMMYHOGEPMEHTHOM aHanu3e. B COMHUTENbHBbIX Cyuasx TpebyeTca NoATBepXAeHUe
pe3ynbTaTos B ApyriX ceponornyeckinx peakunax. ONTumanbHbIM BapuaHToM ClieflyeT cuuTaTh KOMMIEKCHble NCCNef0BaHNA Ha ALLYP C MPUBAEYeHNEM Pa3HbIX
METOZI0B ANarHOCTUKY, TaKUX Kak MMMYHO(GEPMEHTHDIl aHanu3 ¢ UCMONb30BaHNEM CTAHAAPTHBIX U PedepeHTHbIX TeCT-CACTEM U/UNK peakLna BUPYCHOI Heil-
TPanu3aLum B KyNbType KNeTok.

KnioueBble cnoBa: ALyp, IMMyHODEPMEHTHBIi aHanw3, cepoTMnocneLuduuHoCTb

bnaropapHocTu: Pabota BbinonHeHa 3a cueT cpeacTs OTBY «BHUN3MK» B pamkax HayuHo-uccnegoBaTeNbCckux pabot no Teme «BetepuxapHoe bnarononyume».
ABTOpbI BbIpaXatoT 6naroapHoOCTb COTPYAHMKaM CeKTopa biuotexHonoruu nabopatopun npodunaktukn awypa OrbY «BHUN3X»: mnaawwemy HayuHomy coTpya-
HUKY KaHp,. BeT. Hayk [0. C. EnbkuHoii 1 Bepywiemy BeTBpauy M. A. LLleBueHKo 3a paboTy CKMBOTHBIMY, 3aBeAyIoLLEeMY pedepeHTHOIA labopaTopueil AnarHoCTUKI
Awypa B. B. Hukudopoy 3a npesoctaBneHHble 06pasLibl CbIBOPOTKY KPOBK OT NepeboneBLuyx ALLypom cepotina SAT 2 CBUHEI! 1 KpYMHOTO poraToro cKoTa.

[ina yntuposauua: flyrockas H. H., Cunanbesa E. A., OkoBbitaa T. B., XapuToHoBa A. A., foumypapos bl. M., Pasrynaesa E. A., byanna 0. 0., ficieBa E. A. U3yye-
Hine cepoTUNOCneLndUIHOCTI IMArHOCTYECKIX TECT-CUCTeM ANA BbIABNEHNUA aHTUTEN K CTPYKTYPHbBIM 6enkam BUpYCa ALLypa UMMyHOGEPMEHTHBIM aHaNu30M.

Bemepunapus ce200ks. 2024; 13 (1): 44-56. https://doi.org/10.29326/2304-196X-2024-13-1-44-56

Koudnukr untepecos: ABTopbl 3aABAAKT 00 OTCYTCTBIM KOHGANKTA MHTEPECOB.

[ins koppecnonpenuun: Jlyrosckas Hatanua HukonaesHa, KaHz. 61on. Hayk, pykoBogutenb cektopa nabopatopuu npodunaktinku Attypa OrbY «BHUN3N,

MKp. 0pbesed, . Bnagumup, 600901, Poccus, e-mail: lugovskaya@arriah.ru

INTRODUCTION

Foot-and-mouth disease (FMD) is one of the most high-
ly contagious viral diseases of domestic and wild cloven-
hoofed animals that is well-known since ancient times
and can have drastic economicg, social, and environmental
impact. The disease is caused by aphthovirus of Picorna-
viridae family and is characterized by fever, mucous and
epithelial aphthous lesions and other symptoms. There
are 7 immunologically distinct serotypes of FMDV: O, A, C,
SAT 1, SAT 2, SAT 3 and Asia 1[1, 2].

Specific vaccination is one of important tools used
together with other measures to combat the infection.
Since the virus of different serotypes practically does
not induce any cross-immunity and vaccines based on
the virus strains that differ from the field strains of the
same virus serotype may confer incomplete protection,
thorough selection of the virus strains to be incorporated
in the developed vaccines is required to achieve maxi-
mum possible protection of animals in the particular
region [T, 2].

Two major methods for testing serum samples for anti-
bodies to FMDV structural proteins: virus neutralization
test (VNT) and enzyme-linked immunosorbent assay
(ELISA), are used for laboratory diagnostics for the purpose
of assessment of vaccine effectiveness, immune status and
immunity level in susceptible animals [1, 2].

Virus neutralization tests is considered a gold standard
for FMDV since its allows direct detection of the virus neu-
tralizing antibodies in serum samples from vaccinated or
convalescent animals, thereby determination of the level
of protection against FMD caused by the virus of particular
serotype.

Enzyme-linked immunosorbent assay based on the
inactivated whole virus or recombinant virus antigen co-
vers the whole range of virus-specific antibodies, primarily
virus neutralizing ones, owing to the virion structure. This
allows ELISA to be used for laboratory FMD diagnosis as an
alternative or confirmatory method like VNT.

However, we repeatedly detected cross-reactive anti-
bodies with test-systems for detection of different virus
serotypes in serum samples from FMD vaccinated or con-
valescent animals. Some researchers reported the same
phenomenon during performed serological tests [3, 4, 5.
The nature of this phenomenon is unclear and requires
further research.

The virion is non-enveloped and is a capsid surrounding
RNA-genome. The capsid forms an icosahedral structure
with a sedimentation coefficient of 146S and comprises
60 copies of protomer unit consisting of four structural pro-
teins, VP1 to VP4. The virus forms intermediates during its
replication: empty 75S capsid lacking nucleic acid, 12S pen-
tamers and 5S protomers. During degradation the capsid
appears to dissociate into separate units. The surface pro-
teins VP1-VP3 carry epitopes responsible for FMDV sero-
type specificity and virus-neutralizing antibody develop-
ment, while the internal VP4 protein is more conservative
in different virus serotypes and antibodies against VP4 epi-
topes do not confer protection against the infection [3, 6].

Accessibility of internal conservative epitopes for the
animal’s immune system in the presence of a certain
number of 12S and 5S subunits along with an intact
antigen (capsid antigen with unchanged structure) con-
tained in the vaccine or during FMDV replication at the
time of infection may be one of probable reasons for the
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cross-reactivity of antibodies between serotypes. Presence
of conservative epitopes in the amino acid sequence of
capsid surface proteins (VP1-VP3) may be the other rea-
son. The latter is supported by detection of cross-reactive
virus neutralizing antibodies with VNT, which may also be
indicative of some cross-serotype protection [4, 5].

In this paper, an attempt was made to explain the na-
ture of the cross-reactions in ELISA, as well as to assess
the effect of this phenomenon on the possibility of deter-
mination of serotype specificity of post-vaccination and
post-infectious antibodies in serum samples from pigs
and cattle. For this purpose, mono-specific panel includ-
ing experimental serum samples collected from infected
pigs and cattle or from pigs and cattle single-vaccinated
with FMD vaccine based on one FMDV strain. The serum
samples were concurrently tested with commercial ELISA
test-kits for detection of antibodies against FMDV struc-
tural proteins of different manufacturers: Federal Centre
for Animal Health (FGBI“ARRIAH"), Russia; Prionics, Nether-
lands/Switzerland; IZSLER & The Pirbright Institute, Italy/
Great Britain; Innovative Diagnostics, France; BIONOTE,
South Korea; MEDIAN Diagnostics, South Korea. The used
FGBI “ARRIAH" test-kits were strain-specific polyclonal
test-systems based on liquid-phase blocking ELISA, used
foreign test-kits were serotype-specific monoclonal com-
petitive ELISA test-systems.

MATERIALS AND METHODS

The following samples were used for the test: retained
serum samples from pigs and cattle infected with serotype
SAT 2 and O FMDV or vaccinated with monovalent and
bivalent anti-FMD vaccines. Before testing the samples
were kept at minus 20 °C. Monospecific panel contained
81 serum samples including 8 serum samples from con-
valescent animals and 73 serum samples from animals
vaccinated against serotype A (25 samples), serotype O
(31 samples), serotype Asia 1 (17 samples) as well as 57 se-
rum samples collected from pigs immunized with pilot bi-
valent emulsion vaccine against serotype A and O FMD
before and after challenge with serotype O FMDV. Serum
samples were tested with ELISA and some serum samples
were tested with VNT.

Two specimens of pilot emulsion vaccine contain-
ing FMDV O 2212/Primorsky/2014 and A 2155/Zabai-
kalsky/2013 strain antigens at different concentrations
were tested in piglets. Challenge tests were carried out
in accordance with recommendations of the World Orga-
nization for Animal Health (WOAH) [2]. Two groups of ani-
mals, 15 pigs per group, were formed for the experiment.
The animals were immunized subcutaneously with the
vaccine containing different antigen amounts (undiluted,
1:5 and 1:25 diluted antigen, 5 animals per antigen dilution
in each group) in a volume of 2.0 cm? (1 dose). Another
two non-vaccinated animals served as controls. Blood
samples were collected from all animals on day 21 after
immunization and subjected to serological testing, then
the animals were challenged with aphthous FMDV O 2212/
Primorsky/2014 strain at a dose of 10*ID, /0.2 cm®. Chal-
lenge test results were recorded and blood samples were
collected on day 8 after challenge.

All experiments in animals were carried out in strict
accordance with GOST 33215-2014, Interstate standard
for the laboratory animal keeping and handling, adopted
by the Interstate Council for Standardization, Metrolo-

gy and Certification, as well as in accordance with the
requirements of Directive 2010/63/EU of the European
Parliament and Council of the European Union of 22 Sep-
tember 2010 on the protection of animals used for sci-
entific purposes.

The test-kits based on liquid-phase blocking ELISA
for detection of antibodies against structural proteins of
different strains of serotype A, O, Asia 1 FMDV (Table 1)
developed by the FGBI “ARRIAH” in accordance with the
instructions on their use as well as the following commer-
cial test-kits for detection of antibodies against serotype
A, O, Asia 1 FMDV produced by leading European and
Asian manufacturers in according to their manufacturers’
instructions were used:

- PrioCHECK® FMDV Type A (Prionics, Netherlands/
Switzerland);

— PrioCHECK® FMDV Type O (Prionics, Netherlands/
Switzerland);

— PrioCHECK® FMDV Type Asia 1 (Prionics, Netherlands/
Switzerland);

- SPCE for antibodies specific to FMDV Serotype A
(IZSLER & The Pirbright Institute, Italy/Great Britain);

- SPCE for antibodies specific to FMDV Serotype O
(IZSLER & The Pirbright Institute, Italy/Great Britain);

—ID Screen® FMD Type A Competition (Innovative Diag-
nostics, France);

- ID Screen® FMD Type O Competition (Innovative Di-
agnostics, France);

— ID Screen® FMD Type Asial Competition (Innovative
Diagnostics, France);

— FMD Type O Ab ELISA (BIONOTE, South Korea);

—VDPro® FMDV Type O Ab b-ELISA (MEDIAN Diagnostics,
South Korea).

Test results were interpreted based on percentage of
inhibition (PI) calculated for each tested sample according
to the formula and interpretation criteria indicated by the
test-kit manufacturer.To easily perceive large data sets, the
results obtained with the test-kits as optical density (OD)
values to be expressed as S/N ratio (Innovative Diagnos-
tics — IDVet, MEDIAN), were also recalculated to Pl values.

Foot-and-mouth disease virus antigen was serotyped
with indirect sandwich ELISA using hyperimmune rabbit
serum and guinea pig serum prepared against intact cap-
sid antigen of one of FMDV strains (146S-Ag) as described
above with some modifications as capture antibody and
detection antibody, respectively [2, 7]. For this purpose,
96-well ELISA plates (NUNC, Denmark) were coated with
the solution of strain-specific rabbit serum (serotypes A,
O, Asia 1 or SAT 2 FMDV) in 0.05 M carbonate-bicarbonate
buffer, pH 9.6. Then, successive steps of adding tested
or control antigen samples, detection antibodies (strain-
specific guinea pig serum for relevant serotype) and anti-
species immunoperoxidase conjugate diluted with 0.01 M
tris-buffered saline solution supplemented with 0.01% of
Tween 20 detergent containing 10% of bovine fetal serum
to the plate wells were carried out. All test steps were car-
ried out at 37 °C for 1 hour and the plates were washed
after each step to remove non-bound components. The
reaction was visualized with ABTS (2,2'-azino-di(3-ethyl-
benzothiazoline)-6-sulfonic acid) substrate for 20 min at
room temperature; the reaction was stopped with 1% so-
dium dodecyl sulfate.

The intact antigens of FMDV were also serotyped with
direct ELISA when the antigen adsorbed in the plate wells
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was detected with commercial peroxidase-conjugated se-
rotype-specific monoclonal antibodies produced by Prio-
nics, IZSLER, Innovative Diagnostics, BIONOTE, MEDIAN
Diagnostics companies. The reaction conditions were
similar to that ones for sandwich ELISA.

Optical density values of tested samples that were
2.5 times greater than conjugate control OD value (back-
ground control) in both assays were considered positive.

Foot-and-mouth disease VNT was carried in con-
tinuous IB-RS-2 porcine kidney cells in accordance
with the WOAH recommendations [2]. The VNT was
carried out using 96-flat-bottom well culture micro-
plates. The virus, 10* TCID, /0.05 cm? (accepted range:
10'%-10** TCID, /0.05 cm?), was added to two-fold dilu-
tions of tested and control serum samples prepared with
the nutrient medium (Eagle’s MEM). Then, the plates were
incubated at 37 °Ciin 0.5% CO, environment for one hour
and IB-RS-2 culture cell suspension at concentration of
106 cells/cm® was added to all wells, 0.05 cm? per well, and
the plates were incubated under the same conditions for
48-78 hours. The reaction results were read based on cyto-
pathic effect (CPE) developed in the control wells contain-
ing infected cell culture without sera from tested animals.
Virus-neutralizing antibody (VNA) titre was defined as the
last serum dilution showing 50% inhibition of the virus
CPE[2].

VP1 amino acid sequences of FMDV of different
serotypes were aligned in accordance with the data
obtained from the NCBI and publicly accessible sour-
ces[6,8,9,10,11,12,13,14,15]:

— A (A/TAN/26/2013); GenBank: AX168858.1;
- A (A,,/IRQ/24/64); GenBank: ARO74643.1;
- A (A/TUR/2/2014); GenBank: QWL55674.1;
- A (A/TUR/2006); GenBank: ACC63168.1;
- A (A/PAK/2013); GenBank: APZ88528.1;
- O (wild type of type O FMDV); PDB: 7ENP_1;
-0 (0O/TUR/33/2011); GenBank: QWL56951.1;
- O (O/PAK/2019); GenBank: UFI08025;
- Asia1 (Asial/BAN/DH/Sa-319/2018);
GenBank: QED10746.1;
- Asia1l (Asia1/284-3/4_ISB/Pak_2012);
GenBank: APZ88631.1;
— Asial (Asia1/Shamir/89); GenBank: ASV50713.1;
- C1 (C1/Loupogne BEL/53); GenBank: AAA91488.1;
— SAT2 (SAT2/LIB/2012); GenBank: AFU55197.1;
— SAT2 (SAT2/EGY/Ismailia/2018); GenBank: QZE50286.1.

Electrophoretic separation of the proteins in polyacryl-

amide gel was carried out as described earlier [16, 17].

RESULTS AND DISCUSSION

Twenty-four ELISA test-kits for detection of antibodies
against FMDV structural proteins produced by various
manufacturers were tested for their serotype-specificity
using the panel of monospecific porcine and cattle sera.
The test-kits for FMD diagnosis manufactured by leading
foreign companies such as Prionics, IZSLER, Innovative Di-
agnostics, BIONOTE and MEDIAN Diagnostics, are based
on direct competitive ELISA. Serum immunoglobulins
and horseradish peroxidase-conjugated monoclonal anti-
bodies compete for specific binding to the virus or recom-
binant antigen. The FGBI “ARRIAH" tests-kits contain spe-
cificand nonspecific components for indirect liquid-phase
blocking ELISA. This ELISA variant for detection of anti-
bodies against FMDV structural proteins is a competitive

Table 1
FMDV strains used in the test-kits produced by the FGBI “ARRIAH” for virus
neutralization tests and/or for monospecific serum preparation

OIS Name of production FMDV strain Shqrt st@in Topotype Qenetic
serotype designation NEEN
A 2155/Zabaikalsky/2013 A/Zab/13 ASIA Sea-97
A 2029/Turkey/2006 A/TUR/06 ASIA Iran-05
A A 2269/ARRIAH/2015 A/ARRIAH/15 ASIA G-Vl
A,/Iraq/24/64 A,,/IRQ/64 ASIA Irag-64
A/Tanzania/2013 A/TAN/13 AFRICA G-1
02047/Saudi Arabia/2008 0/SAU/08 ME-SA PanAsia2
02356/Pakistan/2018 0/PAK/18 ME-SA PanAsia2
02212/Primorsky/2014 0/Prim/14 SEA Mya-98
0,/Manisa/Turkey/1993 0,/Manisa/93 SEA Mya-98
0 0,/Campos/1994 0,/Campos/94 | EURO-SA -
02344/Mongolia/2017 0/M0G/17 ME-SA Ind 2001
0 2311/Zabaikalsky/2016 0/Zab/16 ME-SA Ind 2001
0.2620/0renburg/2021 v ?;;‘1 MESA | Ind2001
0/Kenya/2017 O0/KEN/17 EA-2 -
Asia-1 1946/Shamir 3/89 oal o | ASA | Shami
AsaT 1" psia-1 2145 Majikistan/2011 | Asial/TAJIT | ASA | Singh-08
Asia-12356/14/Pakistan/2018 | Asial/PAK/18 ASIA Singh-08
SAT2/LIB/39/2012 SAT2/LIB/12 Vil Lib-12
A2 SAT2/ERI/98 SAT2/ERI/98 Vil -

ELISA variant and is characterized by preliminary step of
FMDV antigen-tested serum interaction (“liquid phase”)
during which theimmunodominant epitopes in the FMDV
antigen amino acid sequence are blocked by specific im-
munoglobulins. The other steps of the assay are generally
similar to other ELISA variants. Competing antibodies are
homologous strain-specific polyclonal antibodies in gui-
nea pig blood serum (detection antibodies) that bind to
free antigenic determinants [2, 18, 19, 20].

Figure 1 shows that none of above test-kits used for
testing sera collected from animals on day 21-28 after their
vaccination with anti-FMD monovalent vaccines based on
the virus strains indicated in Table 1 demonstrated 100%
serotype-specificity. The reaction to homologous sera
was predominant, however, the number of cross-reacting
samples turned out to be significant.

The cross-reactivity was also measured during the tests
of 6 serum samples from SAT 2 FMD convalescent pigs and
cattle (Table 2).

Analysis of the obtained results showed that the ma-
jority of used test-systems detected cross-reactive anti-
bodies in sera collected from animals on day 21-31 after
their infection with FMDV SAT2/ERI/98 strain. Therewith,
the detected cross-reactivity was significantly lower than
that one detected by SAT2/LIB/12-ARRIAH test-system: all
6 samples were tested positive with Pl __ = 97.6%. Four
monoclonal test-systems: A-PrioCHECK, O-PrioCHECK,
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Fig. 1. Results of ELISA tests of serum samples from animals immunized
with monovalent anti-FMD vaccine (n = 73)

O-I1ZSLER and Asia1-IDVet did not detect anti-FMDV anti-
bodies in convalescent animals. However, two serum
samples from control pigs infected with aphthous sero-
type O FMD virus-containing suspension during vaccine
tests were tested positive with heterologous A-PrioCHECK
test-system (Table 3).

The cross reactions were observed in samples
from pigs after their challenge with FMDV O 2212/Pri-
morsky/2014 strain during tests of bivalent emulsion
anti-FMD vaccine based on A 2155/Zabaikalsky/2013
and O 2212/Primorsky/2014 strains (Table 3). Six hetero-
logous test-systems for serotypes Asia 1 1 SAT 2 detected
low cross reactivity to serotypes O and A or did not detect

Table 2
Results of ELISA tests of serum samples from animals
infected with SAT 2 FMDV

Serum samples from cattle and pigs,
21-31dpi SAT2/ERI/98 (n =6

Diagnostic test-system

A/Zab/13-ARRIAH 64.9 5/6
A/TUR/06-ARRIAH 66.7 5/6
A,,/IRQ/64-ARRIAH 62.8 4/6
A/ARRIAH/15-ARRIAH 545 5/6
ATTAN/13-ARRIAH 62.6 3/6
A-PrioCHECK 363 0/
A-IZSLER 74.8 4/6
A-IDVet 450 3/6
O/Prim/14-ARRIAH 60.2 5/6
0/Zab/16-ARRIAH 51.8 4/6
O/PAK/18-ARRIAH 52.8 4/6
0/SAU/08-ARRIAH 64.8 5/6
O/KEN/17-ARRIAH 61.9 3/6
0-PrioCHECK 348 0/
0-IZSLER 456 0/
0-IDVet 358 3/
0-BIONOT 155 /6
0-MEDIAN 37.0 3/6
Asial/PAK/18-ARRIAH 374 2%
Asial /TA/11-ARRIAH 57.8 4/6
Asial/Shamir/89-ARRIAH 71.9 5/6
Asial-PrioCHECK 52.8 4/6
Asial-IDVet 314 0/6
SAT2/LIB/12-ARRIAH 97.6 6/6

dpi — days post infection; pos/n — number of ELISA positive serum samples
to total number of tested serum samples; results of tests with heterologous
ELISA test-systems are given in italics, positive Pl values are given in bold.

any cross reactivity to serotypes O and A, however, only
two-test kits (Asial-PrioCHECK and Asia1-IDVet) did not
detect any anti-FMDV antibodies in sera from both vacci-
nated and control animals after challenge. The following
interesting dependence was observed when sera were
tested with test-systems for serotype A FMDV: the num-
ber of seropositive animals increased and the antibody
level increased significantly 8 days after infection with
FMD serotype O compared to that ones before infection,
however, mean Pl value in the test group was lower than
that one in control (unvaccinated) animals. This could be
the evidence of partial neutralization of serotype O FMDV
with antibodies against serotype A FMDV, i.e. the evidence
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of cross-protection. This was confirmed by results of VNT
of FMDV A 2155/Zabaikalsky/2013 strain. Tables 3 and 4
show that number of animals demonstrating positive VNT
reaction to serotype A FMD virus before and after infection
remained unchanged but it was not possible to determine
the proportion of cross-reactive VNAs since the animals
were vaccinated against serotype A FMDV. But virus-spe-
cificantibodies of this category were detected in sera from
control animals and protective VNA titre was 1:45 or 1.651g,
similar to VNA titre detected when FMDV Asia-1 2356/14/

One animal in each of two groups of pigs vaccinated
with the vaccine diluted 1:25 demonstrated systemic di-
sease after challenge with aphthous virus. Therewith, no
ELISA antibodies to serotype A FMDV were detected and
threshold antibody levels to serotype O FMDV were de-
tected using tested ELISA test-kits for serotype O, except
for the FGBI “ARRIAH" test-kits for O 2356/Pakistan/2018,
O 2311/Zabaikalsky/2016, O 2047/Saudi Arabia/2008,
O/Kenya/2017 strains, in these two pigs before challenge.
Virus neutralizing antibody titres against FMDV A 2155/

Pakistan/2018 strain was used. Zabaikalsky/2013 and O 2212/Primorsky/2014 strains in
Table 3

ELISA and VNT results for serum samples from pigs vaccinated with bivalent vaccines against type A and 0 FMDV before and after challenge
test using type 0 FMDV

Serum samples collected from pigs on

21 dpv 29 dpv 8 dpi
(vaccination against serotype A (vaccination against serotype A and 0 FMDV), (infection with serotype O FMDV)
and 0 FMDV) 8 dpi (infection with serotype O FMDV) non-vaccinated controls

Diagnostic test-system

| 0

mean”

A/Zab/13-UNT n/d 12/29 n/d 12/28 n/d 2/2
A/Zab/13-ARRIAH 39.6 13/28 59.2 18/28 76.0 2/2
A/TUR/06-ARRIAH 36.9 10/28 57.9 18/28 75.1 22
A,,/IRQ/64-ARRIAH 48.0 15/28 67.6 22/28 80.7 22
A/ARRIAH/15-ARRIAH 28.7 4/28 54.1 17/28 73.2 22
A/TAN/13-ARRIAH 38.2 9/28 58.7 17/28 65.5 22
A-PrioCHECK 36.0 3/28 4.8 9/28 52.4 172
A-IZSLER 77.3 23/29 76.1 21/28 84.5 22
A-IDVet 51.54 15/29 58.52 19/28 78.6 2/2
0/Prim/14-UNT n/d 10/29 n/d 28/28 n/d 2/2
0/Prim/14-ARRIAH 74.3 26/28 87.8 28/28 91.3 2/2
0/Zab/16-ARRIAH 53.1 18/28 76.8 24/28 90.0 2/2
0/PAK/18-ARRIAH 50.9 16/28 75.6 23/28 94.2 2/2
0/SAU/08-ARRIAH 51.9 16/28 73.4 23/28 89.8 2/2
O/KEN/17-ARRIAH 453 12/28 73.1 21/28 93.9 2/2
0-PrioCHECK 73.5 25/28 82.0 27/28 89.9 2/2
0-1ZSLER 58.6 529 7.2 16/28 714 2/2
0-IDVet 63.4 13/29 77.9 21/28 71.7 2/2
0-BIONOT 494 18/29 73.1 25/28 80.1 2/2
0-MEDIAN 52.0 23/29 68.0 27/28 60.0 2/2
Asia1/PAK/18-ARRIAH 23.0 0/29 39.9 6/28 78.5 22
Asia1/TAJ/11-ARRIAH 287 3/29 50.3 13/28 80.3 22
Asia1/Shamir/89-ARRIAH 294 1/29 47.9 13/28 76.2 22
Asia1-PrioCHECK 215 0/29 24.8 0/28 359 072
Asia1-IDVet 6.6 0/29 5.8 0/28 20 072
SAT2/LIB/12-ARRIAH 6.8 0/29 19.0 4/28 61.6 22

dpv — days post vaccination; dpi — days post infection; pos/n — number of ELISA positive serum samples to total number of tested serum samples;
n/d — not detected; results of tests with heterologous ELISA test-systems are given in italics, positive Pl values are given in bold.
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the serum samples were 1.08 and 0.78 |g, respectively, that
was lower than protective level (data are not provided). At
the same time, serum samples from challenged control
pigs were tested positive by 22 out of 24 ELISA test-kits
and 7 out of 14 VNT both serotype O-homologous and
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serotype O-heterologous ones (Tables 3 and 4).

Our studies have detected and repeatedly confirmed
the presence of cross-reactive antibodies in sera tested
with ELISA and, to a lesser extent, with VNT. In our opinion,

this could be accounted for as follows:

- presence of conservative epitopes in VP1-VP3 capsid

polypeptide amino acid sequences;

— accessibility of internal conservative epitopes of VP4
polypeptide for the animal’s immune system due to pre-
sence of 125 and 5S subunits in the vaccine, during FMDV
replication or vaccine antigen (virus) degradation in the

animal body during immunity development.

The diagnostic kits used in our study had their own
distinctive features. First, they differed in competitive
antibody origin. Monoclonal antibodies are used as com-
petitive ones in foreign test-systems (Prionics, IZSLER, In-
novative Diagnostics, BIONOTE and MEDIAN Diagnostics),
the FGBI “ARRIAH" produces the test-kits based on poly-
clonal antibodies. Serotype-specificity is the main goal
of test system developers for any test variant, the serotype
specificity is determined by surface capsid epitopes. For
this purpose, laboratory animals being antibody donors
are immunized with FMDV intact antigen that mainly con-
sists of 146S subunits. In the FGBI “ARRIAH" highly puri-
fied FMDV antigen subjected to sucrose density gradient
fractionation in the form of the intact capsids not divided
into smaller subunits is used for preparation of hyperim-
mune polyclonal rabbit and guinea pig serum for gene-

Table 4

Results of testing of serum samples from control animals (n = 2) infected with FMDV

02122/Primorsky/2014 strain with VNT (8 dpi)

Virus dose,

FMDV strain TCID, /0.05 i T o VNA, Ig
A 2029/Turkey/2006 10738 1.08
A 2155/Zabaikalsky/2013 104 1.65
A 2269/ARRIAH/2015 1076 0.98
A,,/Iraq/24/64 10 1.34
A/Tanzania/2013 10" 1.34
02356/Pakistan/2018 10 2.56
02311/Zabaikalsky/2016 108 2.03
02212/Primorsky/2014 107 2.26
02047/Saudi Arabia/2008 102 2.10
0/Kenya/2017 10 2.40
Asia-11946/Shamir/Israel/3/89 10" 1.20
Asia-12145/Tajikistan/2011 101 1.08
Asia-12356/14/Pakistan/2018 101 1.65
SAT2/LIB/39/2012 1076 1.08

T VNA —mean titre of virus neutralizing antibodies; results of tests with heterologous VNT

mean

are given in italics, protective level of virus neutralizing antibodies is given in bold.

50

rating capture and detection antibodies, respectively. Thus,
the probability of generating antibodies to internal highly
conserved epitopes is low. However, according to the pub-
lications of some researchers, surface polypeptides also
have conservative antigenic determinants inducing
cross-reactive VNAs [4, 5].

He Y. et al. [4] detected and identified serotype O/A
cross-reactive neutralizing antibodies (R50) in cattle with
single B cell antibody isolation technique as well as deter-
mined virus-NAb complex structures with cryo-electron
microscopy. R50 were shown to engage FMDV-O capsids
as well as FMDV-A capsids and to bind to BC/EF/GH-loop
of VP1 polypeptide and to GH-loop of VP3 polypeptide,
revealing a previously unknown antigenic site. The cross-
serotype neutralizing epitope recognized by R50 is highly
conserved among serotypes O/A.

To illustrate this, 14 amino acid sequences up
to 214 a. a. in length, of VP1, one of surface proteins,
of FMDV of different serotypes were analyzed in order
to determine the probability of conservative epitope
presence [9, 10, 11, 12, 13, 14, 15, 16, 17]. The sequences
were aligned with FMDV A/TAN/26/2013 strain (GenBank:
AX168858.1). Figure 2 shows that this probability exists,
since conservative sites with a minimum number of sub-
stitutions are found.

Putative epitopes of surface polypeptides were as-
sessed for theirimmunogenicity during serotyping the in-
tact antigen of different FMDV strains with ELISA variants:
sandwich ELISA with capture and detection polyclonal
antibodies, direct ELISA with horseradish peroxidase-
conjugated monoclonal antibodies (Tables 5 and 6).

Analysis of obtained data shows that FMDV intact anti-
gen at concentration of 0.025 mg/mL was distinctly sero-
typed by most of the ELISAs using both polyclonal and
monoclonal antibodies. Two direct ELISAs with conjugates
detected cross-reaction: A-IZSLER (serotype SAT2/LIB/12
antigen) and A-IDVet (serotype Asia 1 antigen), these find-
ings together with cross-reaction detected with VNT con-
firmed, in our opinion, the presence of conservative epi-
topes in surface polypeptides. These epitopes appeared
to be less immunogenic as compared to loop-regions (Fi-
gure 2) due to their location on capsid surface. Protruding
loop regions of amino acid sequence induce primary im-
mune response. The cross-reactive antibody response de-
tected with both ELISA as well as with VNT in convalescent
animals was lower than homologous (serotype-specific
response) response (Tables 2, 3 and 4) the similar results
were obtained when sera from vaccinated animals were
tested with the ELISAs (Figure 1).

The performed tests allow us to conclude that pa-
rallel tests with the test-systems designed for different
FMDV serotypes are required for determination of sero-
type-specificity of anti-FMDV antibodies in sera from in-
fected animals. The serotype should be determined based
on predominant results. Cross-reactive antibody level is
not important for post-vaccination immunity level, since
this category of antibodies, regardless of the cause of their
appearance, is virus-specific and indicates the animal’s im-
mune system state. The level of the animal protection from
infection is directly proportional to the total number of
virus-specific antibodies that are predominantly VNAs due
to the structural features of the virion.

Table 7 shows responses of two cattle (animal
No. 1 and animal No. 2) to administration of the pilot

VETERINARY SCIENCE TODAY. 2024; 13 (1): 44-56 | BETEPUHAPUA CETOIHA. 2024; 13 (1): 44-56



ORIGINAL ARTICLES | FOOT-AND-MOUTH DISEASE OPUTVHANIbHBIE CTATBU | ALLYP

A/TAN/26/2013 1 ttatgesadp vtttvenygg etqvqrrhht svefimdrfv  klgvsspthv  idlmgthghg
A,,/IRQ/24/64 1 d-t-t----- -i-nln----  --=--------
A/TUR/2/2014 1 d-g-------  -inpv-----  -——-—---- a
A/TUR/2006 1 d-g------ a -ispv----- @ ————————- a
A/PAK/2013 1 d-g-v-----  -inpv-----  -——-—---- a
O, wild type of FMDV 1 d-s--1---- -vtpkdsin- 1----- ps-t
O/TUR/33/2011 1 d-s--1---- -vtpkdgin- 1--—-- pa-t
O/PAK/2019 1 d-s--1---- -vtpkdqgin- l-==== pa-t
Asial/BAN/DH/2018 1 ---ta--1-- d-a-vl---- --nepks-q- 1l----ipa-t
Asial/ISB/Pak_2012 1 ---aa--1-- d-g-vl---- --tnpka-qt 1----ipp-t
Asial/Shamir/89 1 ---ta--1-- d-a--1l---- --tapkniqgt 1l----ips-t
Cl/Loupogne BEL/53 1 | —————————m mmmmmmme d-a-vl---- -vt--gng-t 1-v--a-kdn
SAT2/LIB/39/2012 1 --sa--g--v ---dpsth-- nvgeg--k-- e-a-1ll--st  hvhtgktsf- v---n-kkka
SAT2/EGY/Ismailia/2018 1 --sa--g--v  ---dpsth-- nvgeg--k-- e-a-1ll--st hvhtgktsf- v---n-keka
A/TAN/26/2013 61 lvgallraat yyfsdlevvv rhegnltwvp ngapeaalan tsnptayhke pftrlalpyt
RA,/IRQ/24/64 61 | ————-————- i

A/TUR/2/2014 61 | ————-——-—-

A/TUR/2006 61 | ————-————-

A/PAK/2013 6l | m=m=mmmeee

O, wild type of FMDV 61

0/TUR/33/2011 61

O/PAK/2019 61

Asial/BAN/DH/2018 61 v-t-pa----

Asial/ISB/Pak_2012 61 v-t-pv---- ----kt--dc

Asial/Shamir/89 61 v-a-pv - ----kd--n-

Cl/Loupogne BEL/53 61 t-t-k----- —-——-vs--d-

SAT2/LIB/39/2012 61 vgdhtrvfwqg pngaprttqp gd--mvfa-g gv--f-i-f-
SAT2/EGY/Ismailia/2018 6l | —----i---s- vg-htrvfwg pngapr-tql gd--mvfa-g gv--f-i-f-
A/TAN/26/2013 121 | aphrvlatvy ngtskysaat sgrrgdlgsl aarvaaqglpa sfnygalrat tihellvrmk
A;,/IRQ/24/64 121 | mm=mmmmmmm mmmmeeee gg  t------- p- mmmmmmmmme eme fomig-= mmmmmmm——-
A/TUR/2/2014 121 | —=====—-—- —==fe-i-== p---------
A/TUR/2006 121 | ———mmmm - mmfemimmn mmmmemeeee
A/PAK/2013 121 | ———mmmmm oo g g ---f--ik--  —mmmmmmme-
O, wild type of FMDV 121 | -—-====--=  -—- c--aegs lpnvrgdlqv l1-gk--rplp tsfnygaika -rvte-lyrm
0/TUR/33/2011 121 | —===== - --nc--gesh  tanvrgdlqv  l-gk--rtlp tsfnygaika -rvse-lyrm
O/PAK/2019 121 | —————————- --nc--geg- vtnvrgdlgv 1-gk--rtlp tsfnygaika -rvte-lyrm
Asial/BAN/DH/2018 121 | —=====m=m- --ktt-get- -r-gdlaala qrvsrgqlpts fnygavkaen  itel-irmkr
Asial/ISB/Pak/2012 121 | ———------- --kta-gge- pr-gdlaaia qrvstslpts fnygavkadn itel-irmkr
Asial/Shamir/89 121 | —————————- --kta-get- sr-gdmaala qrls-rlpts fnygavkad- itel-irmkr
Cl/Loupogne BEL/53 121 | ————---- a- t--tt-t-s- r-dlah-aat h--hlptsfn fgavk-eti- ellvrmk-ae
SAT2/LIB/39/2012 121 | ----1-s--- --ecd-nktv tai---raa- --ky-dntht lpstfnfgfv -vdkpvdvyy
SAT2/EGY/Ismailia/2018 121 | ----1-s--- --ecv-kkpv asi---raa- --ky-dstht  lpptfnfgfv -vdkpvdvyy
A/TAN/26/2013 181 | raelycprpl latevsager ykgkiiapak qll

A,,/IRQ/24/64 181 | —=====---- h -—=

A/TUR/2/2014 181 | -——————--- -—=

A/TUR/2006 181 | ———————-—-- -—=

A/PAK/2013 181 | ——====———- -

O, wild type of FMDV 181 | kraetycprp —-lavhpsaa-

0/TUR/33/2011 181 | kraetycprp -laihpnea- --

O/PAK/2019 181 | kraetycprp -laihpe-a-

Asial/BAN/DH/2018 181 | aetycprpl- aldttqdrrk geiiapekqv 1

Asial/ISB/Pak_2012 181 | aetycprpl-  aldttqdrrk qeiiapekq

Asial/Shamir/89 181 | aetycprpl- aldttqdrrk g-iiapekqv 1nf

Cl/Loupogne BEL/53 181 | lycprpil-i gp-gdrhkqgp lvapakqll

SAT2/LIB/39/2012 181 | rmkraelycp rpllptydha grdrfd--ig verq

SAT2/EGY/Ismailia/2018 181 | rmkraelycp rpllpaydha grdrfd--ig verq

Fig. 2. Amino acid sequence of surface VP1 polypeptide of FMDV of different serotypes, 214 a. a. (according to the GenBank
NCBI data; GH-loop region is indicated in red)

monovalent anti-FMD vaccine based on Asia-1 1946/
Shamir/Israel/3/89 strain. Clinically healthy same-aged
young bulls kept under similar conditions demonstrated
different patterns of immune response development. If
sera from both animals tested with ELISA on day 14 after
their vaccination reacted only to serotype Asia 1, then
on day 23 after vaccination antibodies were detected
in serum from animal No. 1 with 7 out of 8 ELISA test-
kits for serotype A and with 3 out of 10 ELISA test-kits
for serotype O whereas the serum from animal No. 2 re-
mained serotype-specific. Therewith, the level of specific
antibodies against serotype Asia 1 FMDV was the same
in both animals. This could be accounted for by different
rate of the immunity development in the bulls capable
of provoking destruction of the injected vaccine anti-

gen. According to our observations, the level of humoral
immunity, as a rule, reaches a peak on the 21° day after
vaccination and achieves a plateau, over time (obser-
vation period: 14-45 days after vaccination), the num-
ber of serotype-specific antibodies practically remains
unchanged or the changes are insignificant, and cross-
reactive antibodies show stable dynamics (data are not
provided).

When the antigen with the structure disrupted for
various reasons is used for immunization, a large-scale
cross-reaction of virus-specific antibodies can occur which
makes serotyping with ELISA difficult.

Thus, cattle sera collected on day 21 after their vac-
cination against FMD with the vaccine based on FMDV
O 2620/0Orenburg/2021 strain demonstrated high cross
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Table 5
Results of serotyping of FMDV intact antigen with sandwich ELISA

Sandwich ELISA (FGBI “ARRIAH") for detection of FMDV Ag of the virus serotype:
1465-FMDV Ag

specimens

(C=0.025 mg/mL)

A/Zab/13 pos. pos. neg. neg. neg. neg. neg. neg.
A/TUR/06 pos. pos. neg. neg. neg. neg. neg. neg.
A/ARRIAH/15 pos. pos. neg. neg. neg. neg. neg. neg.
A.,/IRQ/64 pos. pos. neg. neg. neg. neg. neg. neg.
0/Zab/16 neg. neg. pos. pos. pos. pos. neg. neg.
0/PAK/18 neg. neg. pos. pos. pos. pos. neg. neg.
0/SAU/08 neg. neg. pos. pos. pos. pos. neg. neg.
0/Prim/14 neg. neg. pos. pos. pos. pos. neg. neg.
O/KEN/17 neg. neg. pos. pos. pos. pos. neg. neg.
Asia1/Shamir/89 neg. neg. neg. neg. neg. neg. pos. neg.
Asial/TAJ/ N neg. neg. neg. neg. neg. neg. pos. neg.
Asial/PAK/18 neg. neg. neg. neg. neg. neg. pos. neg.
SAT2/LIB/12 neg. neg. neg. neg. neg. neg. neg. pos.

FMDV Ag — antigen of FMDV.

Table 6
Results of FMDV intact antigen serotyping with direct ELISA using commercial monoclonal antibody-horse radish peroxidase conjugates

Direct ELISA with commercial conjugate for detection of FMDV Ag
146S-FMDV Ag

(C=0.025 mg/mL)

specimens PrioCHECK IZSLER BIONOTE | MEDIAN
A 0 A 0 A 0 0 0

A/Zab/13 pos. neg. pos. neg. neg. neg. pos. neg. neg. neg. neg.
A/TUR/06 pos. neg. pos. neg. neg. neg. pos. neg. neg. neg. neg.
A/ARRIAH/15 pos. neg. pos. neg. neg. neg. pos. neg. neg. neg. neg.
A.,/IRQ/64 pos. neg. pos. neg. neg. neg. pos. neg. neg. neg. neg.
0/Zab/16 neg. pos. neg. pos. neg. neg. neg. pos. neg. pos. pos.
0/PAK/18 neg. pos. neg. pos. neg. neg. neg. pos. neg. pos. neg.
0/SAU/08 neg. pos. neg. pos. neg. neg. neg. neg. neg. pos. pos.
0/Prim/14 neg. pos. neg. pos. neg. neg. neg. pos. neg. pos. neg.
O/KEN/17 neg. pos. neg. pos. neg. neg. neg. pos. neg. pos. pos.
Asia1/Shamir/89 neg. neg. neg. neg. pos. neg. pos. neg. pos. neg. neg.
Asial/TAJ/ N neg. neg. neg. neg. pos. neg. pos. neg. pos. neg. neg.
Asial/PAK/18 neg. neg. neg. neg. pos. neg. pos. neg. pos. neg. neg.
SAT2/LIB/12 neg. neg. pos. neg. neg. pos. neg. neg. neg. neg. neg.

FMDV Ag — antigen of FMDV.

reactivity when tested with 11 out of 13 ELISA test-kits for
detection of antibodies to structural proteins of serotype
A, Asia 1 and SAT 2 FMDV comparable to homologous
reaction and low response when tested with other two
test-kits (A-PrioCHECK, Asia1-PrioCHECK), Table 7. In this
case, the cross-reactivity was caused by disruption of cap-

sid antigen integrity that resulted in development of large
numbers of antibodies against internal conservative epi-
topes of VP4 polypeptide.

Electrophoretic analysis of the antigen-containing
material used for the pilot vaccine preparation showed
the cleavage of VP1-VP3 structural polypeptide molecules.
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The non-disrupted 1465-Ag of FMDV Asia-1 2145/Tajiki-
stan/2011 strain (intact antigen, band 1) is given for com-
parison (Figure 3).

However, the VNAs at the amount of 2.70 Ig (VNA
titre — 1:512), determined by VNT for FMDV O 2620/Oren-
burg/2021 strain was sufficient to protect from the infec-
tion (Table 8). When the same serum sample was tested
with VNT for cross virus neutralizing activity, serum neu-
tralization of FMDV A 2155/Zabaikalsky/2013 strain was
observed up to final serum dilution of 1:128 (2.10 Ig). At
the same time, VN testing of the serum against O 2356/
Pakistan/2018 showed significant cross-serotype neutral-
ization of FMDV SAT2/LIB/39/2012 strain (1.65 Ig).

Thus, the altered vaccine antigen structure did not in-
terfere with the immune response development, however,
it could hamper ELISA testing of the vaccine for their pro-
tective properties.

Table 7
Results of ELISA tests of serum samples from cattle immunized with monovalent vaccine against type 0 and Asia 1 FMDV

Nevertheless, this must be avoided during large-scale
vaccine production through strict control of the vaccine
components. The above example was used for better un-
derstanding of possible causes of cross-reactivity in ELISA.

Our study results are consistent with the data pub-
lished by the Pirbright Institute (Great Britain) [3]. Testing
of 294 monovalent mainly bovine sera collected following
infection, vaccination, or vaccination and infection with
one of five FMDV serotypes showed that over half of the
samples, representing all three immunization categories,
were positive to at least one heterologous serotype and
some were positive to all serotypes tested. Preliminary
studies with stabilized recombinant capsid antigens
of serotypes O and A that did not detect internal epitopes
showed reduced cross-reactivity of serum samples, sup-
porting the hypothesis that capsid integrity can affect
the serotype-specificity of the SP-ELISAs. The residual

Sera from cattle, Pl (%)

Dlagnostictest-sytem | T T—— st Shamirs sl Samirs
A/Zab/13-ARRIAH 97.1 354 82.2 21.7 17.3
A/TUR/06-ARRIAH 93.8 6.5 63.0 1.1 22.3
A.,/IRQ/64-ARRIAH 89.2 364 68.8 38 6.56
A/ARRIAH/15-ARRIAH 90.1 4.4 40.5 233 25.9
A/TAN/13-ARRIAH n/t 31 81.5 87 373
A-PrioCHECK 58.3 233 63.8 17.9 351
A-IZSLER 95.8 71.0 81.6 674 70.3
A-IDVet 97.7 35.6 81.4 36.6 34.3
0/Prim/14-ARRIAH 96.6 48.3 58.4 312 395
0/Zab/16-ARRIAH 95.9 16.7 383 6.4 14.7
0/PAK/18-ARRIAH 96.1 352 337 124 18.6
0/SAU/08-ARRIAH 96.0 345 68.2 228 252
O/KEN/17-ARRIAH n/t 21 33 53 7.1
0-PrioCHECK 973 40.5 48.4 23.9 255
O-1ZSLER 95.8 56.1 415 38.6 55.6
0-IDVet 85.9 4.2 1.0 -26.6 —43.6
0-BIONOT 98.9 32.0 39.7 21.0 22.9
0-MEDIAN 90.0 40.0 54.0 30.0 20.0
Asia1/PAK/18-ARRIAH 92.2 67.3 84.6 63.7 84.5
Asial/TAJ/11-ARRIAH 88.7 62.3 721 61.6 715
Asia1/Shamir/89-ARRIAH 90.6 72.8 90.8 71.9 89.9
Asia1-PrioCHECK 47.1 74.8 80.4 74.2 81.7
Asia1-IDVet 81.9 85.2 88.9 78.9 75.9
SAT2/LIB/12-ARRIAH 81.5 n/t n/t n/t n/t

dpv — days post vaccination; n/t — not tested; results of tests with heterologous ELISA test-systems are given in italics, positive Pl values are given in bold.
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Fig. 3. Polyacrylamide gel (12%) electrophoresis of FMDV
antigen specimens:

M - protein marker, 10-200 kDa;

1-1465-Ag Asial/TAJ/11 (intact antigen);

2~Ag,5s O/Orenburg/21;

3~ A9, O/Orenburg/21;

4~ AG,r,s Asial/PAK/18;

5= Agecp Asial/PAK/18.

Ag, s — antigen concentrated with 35% sucrose gradient
ultracentrifugation (UCF);

AG,ecp — antigen precipitated with 8% polyethylene
glycol 6,000

Table 8

Results of tests of serum samples from cattle vaccinated with anti-FMD vaccine
based on 0 2620/0renburgsky/2021 or 0 2356/Pakistan/2018 strain

with neutralization test using homologous and heterologous FMDV serotypes

T . UNA, Ig

0/Orenburg/21 0/PAK/18

Virus dose,
T0ID,,/0.05 cm?

FMDV strain

A2155/7abaikalsky/2013 10146 2.10 1.38
02356/Pakistan/2018 101 >2.86 3.00
02620/0renburg/2021 1018 2.70 1.70
Asia-11946/Shamir/Israel/3/89 10%% <078 1.08
SAT2/LIB/39/2012 106 0.90 1.65

T ... YNA—mean titre of virus neutralizing antibodies; results of tests with heterologous VNT
are given in italics, protective level of virus-neutralizing antibodies is given in bold.

cross-reactivity associated with capsid surface epitopes
was consistent with the evidence of cross-serotype virus
neutralization.

CONCLUSION

Thus, all ELISA diagnostic test-kits for detection of anti-
bodies to FMDV structural proteins produced by different
manufacturers: FBGI “ARRIAH” (Russia), Prionics (Nether-
land/Switzerland), IZSLER & The Pirbright Institute (Italy/
Great Britain), Innovative Diagnostics (France) BIONOTE
(South Korea), MEDIAN Diagnostics (South Korea) were
shown to detect some cross-FMDV serotype reactive
antibodies. Such cross-reactive antibodies could develop
due to the following: presence of conservative epitopes
in FMDV surface polypeptide amino acid sequence, dis-
ruption of the capsid integrity provoking development
of antibodies against internal highly conservative poly-

peptide. Nevertheless, the analysis of a large data set
(about 3,500 publications) showed that homologous
serotype-specific reaction in general was significantly
higher and predominant, the proportion of virus-spe-
cific non-protective antibodies, including cross-reactive
ones, was not significant and did not distort the results
of ELISA tests of anti-FMD vaccine for its immunogenicity.
In exceptional cases, the test results require confirmation
with other serological tests. Complex tests for FMDV using
different diagnostic methods such as enzyme-linked im-
munosorbent assay (ELISA) with standard and reference
test-systems and/or virus neutralization test in cell culture
are to be considered as the best option.
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ABSTRACT

Porcine circovirus-associated diseases (PCVDs) are among the most significant challenges for pig farming in developed countries. Porcine circovirus type 2 (PCV-2)
is considered the main etiological agent of postweaning multisystemic wasting syndrome in piglets. Mass PCVD occurrence has been reported in most regions of
the world, that results in serious economic consequences. Optimal PCVD prevention is known to be achieved through a set of veterinary and sanitary measures
in combination with vaccination. High evolutionary virus variability facilitating new genotype and strain emergence requires development of new candidate recom-
binant vaccines against PCV-2 infection. The study was aimed at construction of prokaryotic system for PCV-2 ORF-2 gene fragment expression and its functionality
assessment. A genetic insert constructed from the most immunogenic type-specific PCV-2 epitopes based on genotype 2a, 2b, 2d strain and isolate consensus
sequence was cloned into the expression vector pET-22b(+) that was incorporated into the Escherichia coli strain Rosetta 2(DE3). The transformants were selected
based on the marker gene of ampicillin resistance on a selective medium. Target gene expression was induced by adding of isopropyl-8-D-1-thiogalactopyranoside
at different concentrations. As a result, Escherichia coli Rosetta 2(DE3)/pET-22b-ORF-2 strain, a producer of capsid protein fragment (92—233 amino acid residues),
was constructed. It was found that in the presence of 1 mM isopropyl-B-D-1-thiogalactopyranoside, the expression level of soluble truncated rCap was 35—-40 mg/L
6 hours after induction. The expression product was tested for its specificity with indirect ELISA using whole-virion PCV-2-hyperimmunized porcine serum. It was
shown that the positivity coefficient of producer strain cell lysates averaged to 4.34 (p < 0.005). The recombinant rCap protein is suitable for serological diagnosis
and is also of interest as a vaccine component, which is the goal of our further studies.

Keywords: porcine circovirus type 2, postweaning multisystemic wasting sindrome, ORF-2, prokaryotic expression system
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KoHCTpynpoBaHue npoKapuoTNUeCKoil CUCTEMbI IKCIPECCUM

dparmeHTa reHa ORF-2 umpkoBupyca CcBMHeil 2-ro Tuna

A.T.Taneesa', A. P. AxynoBa', K. B. Yconbues', H. . Xammapos', M. A. EpumoBa'?

' OTBHY «@eziepanbHblil LieHTP TOKCMKONIOTNYECKO, paguaLinoHHoli 1 bronornyeckoil beonacHoctu» (OrbHY «OLITPB-BHVIBI»), HayuHbiii ropogok-2,
r. Ka3aHb, 420075, Pecny6nuka Tatapctan, Poccua

20rb0Y BO «KasaHckan rocyapcTBeHHas akaZeMina BeTepuHapHoii MeauuuHbl um. H. 3. baymanar, yn. Cubupckuii TpakT, 35,

r. Ka3aHb, 420029, Pecny6nuka Tatapctan, Poccua

PE3IOME

LiupKoBUpYCHble 60M1e3HN CBUHE HA CETOAHSALIHIIA AEHb SBASIOTCA OHOI U3 HanboNee 3HAUMMBIX NP06EM (BIHOBOACTBA B Pa3BUTHIX CTpaHax. Linpkosupyc
cBuHeii 2-ro Tuna (LIBC-2) cunTaeTca 0CHOBHBIM STHONOTIYECKM AreHTOM CUHAPOMA MYILTUCUCTEMHOIO MOCTEOTHEMHOTO UCTOLLEHNS NOPOCAT. (yyai MaccoBoil
3a60/1€BAEMOCTI CBIHEI LUPKOBUPYCHIMYU 60NE3HAMI 3aPErNCTPUPOBaHBI B GONIbLINHCTBE PETVIOHOB MUPA, UTO BIIEYET 3a CO6OIi Cepbe3Hble IKOHOMUUECKME
NOCNeACTBIA. VI3BECTHO, YT ONTUMANbHII NPOYUNAKTUUECKNIA IGEKT B OTHOLLIEHUN JaHHBIX MHOEKLINIA JOCTUTAETCA 3a CYET NPOBEAEHNSA KOMMIEKCa BeTepy-
HapHO-CaHUTAPHbIX MePONPUATHIA B COYETAHNM € BaKLMHALME. YUNTbIBAA BbICOKYH SBOMOLIMOHHYI0 N3MEHUMBOCTb BUPYCA, CNOCOOCTBYIOLLYH MOABNEHNIO HOBbIX
TeHOTIMOB U LUTAMMOB, BOMPOC Pa3paboTKin HOBbIX KaHAWAATHbIX PEKOMOUHAHTHBIX BaKLMH NPOTUB LMPKOBUPYCHOIT MHdeKLMI, Bbi3BaHHOIi LIBC-2, ocTaeTca

© Galeeva A. G., Akhunova A. R., Usoltsev K. V., Khammadov N. I, Efimova M. A., 2024
© Federal Centre for Animal Health, 2024
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OTKPbITbIM. LlenAamu HacToALLero nccnefoBanma ABUAUC KOHCTPYMPOBaHIe NPOKapHOTUYECKOi cuctembl IKcnpeccn dparmenTa reHa ORF-2 LIBC-2 1 ouenka
ee QYHKLMOHANbHOCT. [eHeTIuecKas BCTaBKa, CKOHCTPYMPOBAHHAA U3 Haubonee UMMYHOTeHHbIX TUMocneLuueckinx anutonos LIBC-2 Ha 0cHOBaHUY KOHCeH-
CYCHOI NOCNIe0BATENbHOCTI LUTAMMOB M U30/ATOB reHOTUNOB 2a, 2b, 2d, KNOHMPOBaHa B SKCNpeccuoHHbIi BekTop pET-22b(+), KoTopbiii 6bin pewnnumupoBaH
B Wramm Escherichia coli Rosetta 2(DE3). 0T60p TpaHchOpMaHTOB 0CYLLECTBAANN HA CENEKTUBHOI Cpeie N0 MapKepHOMY TeHy yCTORYMBOCTA K aMMULMIINHY.
VIHBYKuWIo SKCNpeccui TapreTHOro reHa NPOBOAWAM BHECEHUEM Pa3NINYHbIX KOHLeHTpauwil n3onponua-B-D-1-Tnoranaktonupaxosuaa. B pesynsrate uccnego-
BaHWI ObIA CKOHCTPYMPOBaAH LWTamM Escherichia coli Rosetta 2(DE3)/pET-22b-0RF-2 — npopyueHT dparmenTa KancugHoro 6enka (92-233 a. 0.). YctaHoBneHo,
yto B npucytctBim 1 MM u3onponun-B-D-1-Tuoranaktonupaxo3uaa ypoBeHb SKCMPeccn pacTBOPUMOro ykopoueHHoro rCap socturaet 35—40 mr/n yepe3
6 4 nocTHayKuun. CneunduyHoCTb NPOAYKTA IKCMPECCUU OLIEHMBANM B HENPAMOM UMMYHOGEPMEHTHOM aHasnu3e C CbIBOPOTKOI KPOBU CBUHBY, rUNEpUM-
MYHW3UPOBaHHOI LieNbHOBIMPUOHHBIM LIBC-2. bbino nokasaHo, uto Ko3dduLmeHT No3uTUBHOCTIA NM3aTOB KNETOK LUTAMMa-NPOJYLIEHTa COCTABAAN B CPEAHEM
4,34 (p < 0,005). PekombuHaHTHbIii Genok rCap npurofeH AnA Leneil ceponornyeckoil AMarHOCTUKIA, a TakxKe NpeaCTaBAAeT MHTEPeC B KauecTBe KOMMOHEHTa
BaKLMHbI, YTO ABAAETCA LieNbH0 HALLNX JanbHEILLNX U3bICKaHMIA.

KnioueBble cnoBa: LpKoBupyc (BUHeli 2-ro TUna, CNHAPOM MYNBTUCUCTEMHOTO NOC/IEOTHEMHOTIO UCTOLLEHUA, ORF-2, npokapuoTnyeckaa cucrema skcnpeccun

bnaropapHocTu: ABTopbl 6narogapat ctapiuero HayuHoro cotpyaHuka HUJ OpenLab «[eHHble u kneTouHble TexHonorum» OFAOY BO «KasaHckwit (MpuBon-
CKuit) defiepanbHblil yHuBepcuTeT» KaHA. 6uon. Hayk P. 0. XaiipynauHa 3a npesocTaBnerme sKcnpeccupytowero Wramma Escherichia coli, a Takxe CoTpyAHNKOB
OKN «LLenkoBckuii 6uokom6buHaT»: -pa buon. Hayk, npod. 1. H. MaTBeeBy v kKaHa. 6uon. Hayk H. B. XaycToBy — 3a npefocTaneHie runepuMmMyHHON CbIBOPOTKIA
K LPKOBHPYCY CBIHEN 2-T0 TWNa 1 NNOZOTBOPHYHO ANCKYCCUIO.

[ina untnposanua: faneesa A. I, AxyHosa A. P, Yconbues K. B., Xammagos H. 1., Epumosa M. A. KoncTpynpoBaHue npokaproTuyeckoil cucTembl KCpeccin
dparmenTa reHa ORF-2 unpKoBupyca cBIHel 2-ro Tuna. BemepuHapus ce2o0us. 2024; 13 (1): 57-63. https://doi.org/10.29326/2304-196X-2024-13-1-57-63

KoHdnukT unTepecoB: ABTOpbI 3aABNAKT 06 OTCYTCTBUI KOHGNUKTA UHTEPECOB.

[ins koppecnonpeHumn: faneea AHTOHNHa [1e60BHa, KaHA. BET. HayK, 3aBeayloLLnii nabopatopueil BUPYCHbIX aHTPono300H0308 OIBHY «OLITPB-BHUBIA»,

HayuHbiii ropopok-2, . KasaHb, 420075, Pecnybnuka Tatapctan, Poccus, e-mail: antonina-95@yandex.ru

INTRODUCTION

Today, porcine circovirus-associated diseases (PCVDs)
are among the most significant challenges for pig farming
in developed countries. Porcine circovirus type 2 (PCV2)
is considered the main etiological agent of post-weaning
multisystemic wasting syndrome in piglets and also in-
volved in porcine dermatitis and nephropathy syndrome,
porcine respiratory disease complex and infectious con-
genital tremor of piglets [1]. Porcine circovirus-associated
diseases can manifest as subclinical and clinical infections,
while subclinical infection is the most common form of
the infectious process caused by PCV2, and manifested by
reduced average daily weight gain without specific clinical
signs [2]. The systemic disease mainly affects piglets aged
6-15 weeks and is characterized by anorexia, dyspeptic
disorders and lymphadenopathy [3]. Events of high mor-
bidity of pigs caused by circovirus infections have been
reported in most regions of the world that results in seri-
ous economic consequences for the pig industry [4, 5, 6, 71.

Porcine circovirus type 2 belonging to the Circovirus
genus of Circoviridae family is a small icosahedral non-
enveloped DNA-containing virus with a circular genome
that is 1,766-1,768 bp long [8]. There are 4 known types
of PCV showing high nucleotide identity (68-76%) and
similar genomic organization [9, 10]. The genomic DNA
of PCV2 consists of several open reading frames encod-
ing main viral proteins — ORF-1 (replicative protein), ORF-2
(capsid protein), ORF-3 (apoptotic protein), ORF-4 (apop-
tosis inhibitor) [11]. ORF-2 encoding a capsid protein with
a molecular weight of =30 kDa is of the greatest interest
for development of tools for specific prevention and di-
agnosis of diseases caused by PCV2 [12]. To date, 5 main
PCV2 genotypes have been identified: 2a, 2b, 2¢, 2d, 2e;

over the past 20 years 2a, 2b and 2d genotypes have been
predominant in different regions of the world [13].
Optimal PCVD prevention is known to be achieved
through a set of veterinary and sanitary measures in com-
bination with vaccination. Currently, two vaccines against
circovirus infection (PCV2): “Circostop” whole-virion in-
activated vaccine (Shchelkovo Biocombinat, Russia) and
“VERRES-CIRCO” recombinant vaccine based on ORF-2 pro-
tein produced in the baculovirus expression system (Vet-
biochim-Russia), are available on the Russian market [14].
However, considering high evolutionary PCV2 variability
promoting potential emergence of different genotypes
and strains [15], it can be stated that development of new
candidate recombinant vaccines conferring cross-protec-
tion against strains of different virus genotypes requires
further discussion. An analysis of commercial vaccines
available in the world has shown that vaccines based on
the recombinant Cap protein produced in baculovirus
expression system are successfully used. However, use of
this eukaryotic system is often time-consuming and ex-
pensive [16], and therefore it is very important to produce
a vaccine protein using other expression tools.
The study was aimed at construction of prokaryotic
system for PCV2 ORF-2 gene fragment expression and its
functionality assessment.

MATERIALS AND METHODS

Strains and plasmids. To generate a consensus sequence
of ORF-2 gene fragment, the following nucleotide se-
quences of PCV2 genotype 2a, 2b and 2d epizootiologi-
cally significant strain and isolate genomes deposited in
the GenBank database of the National Center for Biotech-
nological Information (NCBI) were used:
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—2agenotype: IAF2897 (ID AF408635.1), ID AY094619.1,
DE99/2014 (ID MW262923.1), AUT-1 (ID AY424401.1),
SPA1 (ID AF201308.1), 212 (ID AY256455.1);

- 2b genotype: QZ0401 (ID AY691169.1), NL_Con-
trol_1 (ID AY484407.1), 24657 NL (ID AF201897.1),
n10eu (ID DQ629116.1), ADDLPP 10069 (ID EU594437.1),
DE1054/2014 (ID MW262924.1), AUT5 (ID AY424405.1);

- 2d genotype: 28031_Mantova_32_13/12/2013
(ID KP231140.1), Uy99 (ID KP867050.1), BDH
(ID HM038017.1), DE222-13 (ID KP698398.1).

Expression pET-22b(+) vector (Novagen, Germany) was
used for the target gene cloning and the following Esche-
richia coli Rosetta 2(DE3) strain was used for the target
gene expression: F-ompT hsd SB (rB- mB-) gal dcm (DE3)
pRARE2 (CamR) (Novagen, Germany), kindly provided by
R. F. Khairullin, Cand. Sci. (Biology).

Antigenic construction design. PCV2 amino acid se-
quences were analyzed using the Immune Epitope Da-
tabase (IEDB, USA) resource; density of B-cell epitopes
was the main criterion for selection of the fragment for
expression. BLAST-analysis was used for searching for
homologous amino acid sequences of epizootiologically
significant PCV2 strains and isolates. Physical and chemi-
cal properties of truncated ORF-2 gene were predicted
using Peptide Property Calculator (Innovagen AB, Swe-
den), homologous modelling of three-dimensional pro-
tein structure was performed with SWISS-MODEL web-
server (SIB, Switzerland). Truncated ORF-2 gene sequence
(276-699 bp) was optimized by codons for expression into
E. coli without changes in its amino acid composition and
synthesized by the external institution (Eurogene, Russia)
and then cloned in pET-22b vector at BamHI and EcoRl
restriction sites. Presence of the whole gene in the vector
was confirmed by sequencing. Recipient strain cells were
transformed by heat-shock followed by further selection
on agar medium supplemented with antibiotics (ampicil-
lin — 200 pg/mL, chloramphenicol - 34 pg/mL).

Table

The main epitopes of Cap protein included in the antigenic composition

i Position in proteome, a. a.

(sequence, name)

Expression of rORF-2. To induce target gene expression,
E. coli Rosetta 2(DE3)/pET-22b/ORF-2 strain cells were
cultivated in Luria — Bertani nutrient medium containing
ampicillin and chloramphenicol in ES-20 temperature-
controlled shaker (Biosan, Latvia) at temperature of +37 °C
and 180 rpm to achieve optical density (OD) of 0.7. Gene
expression was induced by adding of isopropyl--D-1-thio-
galactopyranoside (IPTG) (Promega, USA) at concentration
of 1 MM, then cells were cultivated for 5-6 hours. Cell ly-
sates were generated by mechanical disintegration of
the biomass in L-buffer (50 MM tris-HCI, pH 8.0; 0.3% KCl;
2 MM PMSF); the target products were subjected to initial
purification using NEBB-10 bacterial protein extraction
kit (Diaem, Russia). The protein concentration was deter-
mined with M. Bradford method [17]. The cell lysates were
tested for mature recombinant rCap protein with analyti-
cal disc electrophoresis in 15% polyacrylamide gel with
Coomassie G250 stain.

Indirect enzyme-linked immunosorbent assay (iELISA).
rCap was examined for its serological activity with iELISA.
For this purpose, immunoglobulins G were purified from
the serum prepared by hyperimmunization of pigs with
PCV2 (Shchelkovo Biocombinat, Russia) by one-step ion
exchange chromatography on DEAE cellulose [18], and
then used for coating of medium-binding polystyrene
plates (Corning, USA), 50 ng per well, and the plates were
incubated at a temperature of +4 °C for 16 hours. Then,
the plates were washed thrice with Tween-containing
phosphate-buffered solution (T-PBS) and cell lysates di-
luted at 1:10 with PBS were added to the wells and the
plates were incubated at temperature of +37 °C for 1 hour.
The cell lysate transformed by pET-22b plasmid without
insertion was used as negative control, recombinant E2
antigen of classical swine fever virus produced in simi-
lar expression system was used as heterologous control.
After washing, specific peroxidase conjugate prepared
using modified P. K. Nakane and A. Kawaoi method [19]

Characteristics

RPWLVHPRHRY 2%6-36 Conformational epitope that reacted with PCV-positive porcine sera; it is considered

(external core epitope) one of the predominant domains based on its PCV2 neutralizing capacity [20]

TRLSRTFGYTVK

(P100) 4758

PFEYYRIRKVKVEFWP

(P102) 92-107 Peptides demonstrated high binding reactivity with sera from PCV2-immune pigs.
Itis reported that they can be used for differentiation of vaccinated and convalescent

(SPITQGDRGVGSSAVILDDNFVT 108137 animals [21]

KATALTY (C2)

VTMYVQFREFNLKDPPLKP

(P106) 215-233

o B It was identified as type-specific neutralizing epitope. It was shown to be used

KATALT (EF-region) 134-139 for differentiation of pathogenic PCV2 and non-pathogenic PCV1 [22]

YHSRYFT 156-162 Conformational epitope fragment was recognized by PCV1- and PCV2-neutralizing
monoclonal antibodies; was detected in transfected PK-15 cells [23]

VLDSTIDYFQPNNKR 166180 The epitope.includeq in.the.candida.te vaccine. based onAinfectious PCV2b clone
prevented virus replication in experimentally infected pigs [24]

VDHVGLGTAFENSIY 193-203 Itis a potential heparan sulfate binding site responsible for PCV2 attachment
to target cells [25]
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was added, 20 ng per well, and the plates were incuba-
ted as described for the first step. The plates were washed

five times and the substrate, tetramethylenbenzidine, was

added.The plates were incubated in the dark place at room

temperature for 15-20 minutes. Then, stop solution (0.2 M

sulfuric acid solution) was added and test results were read

at a wavelength of 450 nm using Model 680 plate reader

(Bio-Rad, USA). Optical density (OD) values were interpre-
ted semi-quantitatively with an indication of the positivity

index - the ratio of test sample OD value to cut-off value

calculated based on minimum absorbance of the samples

collected at the post-induction stage. The data were ana-
lyzed using Statistica 7.0 software (StatSoft, USA) with

Mann - Whitney U test adjusted for multiple comparisons.
The p-value < 0.05 was considered the threshold value for

statistically significant differences.

RESULTS AND DISCUSSION

Bioinformatics analysis has shown that the 92-233 a. a.
fragment of Cap protein is of the greatest interest for de-
signing the antigenic composition structure, since it is

Dralll BspEL StyL,Blpl, Aval, BsoBI,PacRTI, PspX, +6
AcchSL, Kpnl, Zral, AatIl, PstI, +2

Psil,Alol,BsaXl

characterized by the highest density of type-specific epi-
topes. Moreover, some researchers previously reported
the immunogenic potential of different domains of this
fragment (Table).

Thus, modified fragment of truncated Cap amino
acid sequence comprises the major significant epitopes
being the targets for serological diagnosis. Prediction of
the physical and chemical properties of this multi-epitope
polypeptide demonstrated that its molecular weight was
17.8 kDa, it was highly soluble and had an optimal half-life
(more than 20 hours) in vivo for E. coli.

At the next stage of the study, pET-22b/ORF-2 expres-
sion vector was constructed and used for transformation
of E. coli Rosetta 2(DE3) cells, then the conditions for
producer strain cultivation were optimized. Thus, diffe-
rent modes were used for induced cell cultivation: the
different ranges of culture OD values before induction
(from 0.5 to 1.0 ODU), different concentrations of added
IPTG (from 0.2 to 2.0 mM), different time periods (from 2
to 6 hours) and temperatures (from +25 to +37 °C) were
tested. Tests of the polypeptide profiles of cell lysates cor-
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Fig. Characteristics of the prokaryotic PCV-2 rCap expression system:

A - scheme of the pET-22b/ORF-2 expression vector; B — optical density of rCap tested with iELISA using hyperimmune
porcine serum, where negative control is lysate of cells transformed with pET-22b plasmid without insertion,

and heterologous control is a recombinant E2 protein of classical swine fever virus, produced in the same expression system;
C - electrophoregram of expression products, where M band is the molecular weight marker Precision Plus Protein™
Unstained Protein Standards (Bio-Rad, USA), bands: 1 - target protein after primary purification;

2 - negative control (lysate of cells transformed with the pET-22b plasmid without insertion);

3, 4 - lysates of cells transformed with the pET-22b/ORF-2 plasmid before induction;

5 - producer strain cell lysate 6 hours after induction. The target protein fraction is indicated by arrows
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responding to each set of cultivation parameters showed
that the optimal parameters were as follows: culture OD
value before induction - 0.6 ODU, IPTG concentration -
1 mM, post-induction cultivation conditions - 6-7 hours
at a temperature of +37 °C. This cultivation mode provides
the recombinant product yield at the level of 35-40 mg/L,
which is 1.75-2.00% of total biomass of the producer.

rCap serological activity and specificity was confirmed
by testing with iELISA. Thus, total protein product OD was
1.065 +0.144 ODU, the positivity index was 4.34 (p < 0.005).
The main characteristics of the prokaryotic rCap expres-
sion system are shown in the Figure.

The presented data confirm functionality of the deve-
loped expression system that holds great promise for fur-
ther use of produced rCap for diagnostic and preventive
purposes.

Some researchers have been reported successful coli-
expression for producing anti-PCV2 vaccine components.
For example, X. Xi et al. reported that a full-length soluble
Cap, expressed in E. coli, under neutral pH conditions
self-assembles into homogeneous virus-like particle (VLP),
corresponding in size to intact PCV2 and providing pro-
tection in vivo comparable to that one provided by com-
mercial vaccines [26]. Expression of Cap fused with various
modified bacterial proteins is of particular interest. In par-
ticular, there is evidence that recombinant Cap fused with
flagellin has elicited higher virus neutralizing antibody
levels in the mouse model thereby promoting humoral
and cellular immune responses [27]. However, limitations
of prokaryotic expression systems have also been repor-
ted. It is known that the full-length Cap can be expressed
only in those E. coli strains that possess plasmids carrying
tRNA genes of rare E. coli codons (pRARE). Moreover, the
expression product often cannot be purified under native
and denaturing conditions so additional optimization
of the insertion is required [28].

Despite the acceptable levels of truncated rCap synthe-
sis achieved and the product specificity confirmed during
this study, the development of an efficient and effective
method of its purification will play a key role in vaccine
protein production scaling up.

CONCLUSION

Prokaryotic system for expression of PCV2 ORF-2 gene
fragment containing the most immunogenic capsid pro-
tein epitopes was constructed during the study. The ex-
pression system functionality was confirmed by presence
of mature multi-epitope polypeptide in cell lysates of
the producer as well as by serological activity detected
by iELISA using anti-PCV2 hyperimmune porcine sera. Ac-
cording to these data, the expressed polypeptide appears
to be suitable for serodiagnosis and is also of interest as
a component of the recombinant vaccine that will be
the goal of our further studies.
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Risk factors for African swine fever spread
in wild boar in the Russian Federation
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ABSTRACT

The analysis and assessment of risk factors associated with the occurrence, spread and persistence of African swine fever (ASF) virus in wild boar population are
an important tool in determining the strategic measures aimed at eradicating epizootics and mitigating their consequences. A thorough examination of foreign
and domestic literature revealed that wild boar population management factors, socio-economic and environmental ones, that mainly account for the density and
number of animals were the most significant and associated with the risk of ASF outbreak occurrence in wild animals. In order to identify risk factors for the spread
of the disease in wild boar in the Russian Federation subjects, a regression model was built to examine the relationship between the annual number of ASF outbreaks
in wild boar at the municipal raion level, wild boar population density and some other factors for the period between 2007 and 2022. Based on the subject-level
regression modelling results, a positive association between the intensity of the disease outbreaks and wild boar population density was identified in 42.5% of
the model regions of the Russian Federation. Other significant factors were the length of roads, the presence of forest cover and outbreaks in domestic pigs. How-
ever, on the whole, for all the infected subjects, the regression model demonstrated the failure of the wild boar population density factor to explain the observed
ASF outbreak distribution, and this may be indicative of the existence of other epizootic drivers of the disease spread in the wild. One of such mechanisms may be
the persistence of infectious potential in the external environment and in the formed stationary local foci of African swine fever, despite the anti-epizootic measures
taken, including the measures aimed at regulating the number of susceptible population — depopulation.
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(DakTopbl prCKa pacnpocTpaHeHua aQPUKAHCKON YyMbl CBUHEN
cpenu ankux kabanos B Poccuinckoin Qepepatinm

0. 1. 3axapoBa’, A. A. bnoxun’, 0. A. Byposa’, U. B. lmn’, ®. U. KopenHoii?

T OIBHY «DepepanbHblit uccneoBatenbekuii LeHTp BUpyconorun n mukpobuonorum» (OF6HY OULIBUM); Huxeropogckuit HayuHo-uccnefoBaTenbekmit
BeTepUHapHbIit IHCTUTYT — dunman OTBHY «DegepanbHblil MCCNeA0BaTENbCKUI LEHTP BUPYCONOTUN U MUKPOOUONOTM»

(HHWUBW — ¢unuan OTBHY OULIBUM), yn. BetepunapHas, 3, r. Huxwuii Hosropog, 603950, Poccua

2OrBY «(DenepanbHblii LLeHTP 0XpaHbl 380poBbA XUBOTHbIX» (OT'BY «BHUU3X»), mkp. tOpbesed, . Bnagumup, 600901, Poccua

PE3IOME

AHanu3 1 oLieHKa GaKTOpoB PUCKa, CBA3AHHBIX C BO3HUKHOBEHMEM, PaCMpoCTPaHeHeM 11 nepcucTeHLmeli Bupyca ahpuKaHcKoii YyMbl CBIHeNE B nonynaLmu
LNKMX KabaHOB, NpeacTaBnAeT 060/l BaXHblit UHCTPYMEHT B ONPeAeNeHNI CTpaTernyeckiux Mep, HanpaBneHHbIX Ha MMKBIAALMI U CMATYEHUe NOCeACTBUI
3nu300TWii. [leTanbHoe n3yyeHue 3apy6exxHoii 1 0TeueCTBeHHOIA IUTEPaTypbl MO3BOANNO CAENaTh BbIBOZ, UT0 GaKTOpPbI yNpaBAeHNs NonynsLuAMIA JUKMX
kabaHoB, COLMANbHO-IKOHOMUYECKME U (BA3aHHblE C BHELUHeil (pefloii, B OCHOBHOM OMpefensioLye nIoTHOCTb 11 YUCNEHHOCTb XKUBOTHBIX, ABNANMACH
Hanbonee 3HaYMMbIMU 11 ACCOLIMMPOBAHHBIMM C PUCKOM BO3HUKHOBEHWA 04aroB adpuKaHCKoi YyMbl CBUHEN B AUKOW GayHe. [InA BbiABNEeHNA $akTopos
pucKa pacnpocTpaHeHua 3a6oneBaHuA cpepm AUKKMX KabaHoB B cybbekTax Poccuiickoii Desepaumy 6bina nocTpoeHa perpeccioHHas Modenb, UccieaytoLyan
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B3aNMOCBA3b MEXAY eXErofHbIM KONYeCTBOM BCMblLUeK adpuKaHCKoii YyMbl CBUHeN cpeain KabaHoB Ha YpOBHE MYHULMNANbHBIX PaiioHOB, MNOTHOCTbH
nonynAum Kabana v pazom apyrux GakTopos 3a nepuos ¢ 2007 no 2022 r. Mo pe3ynbTatam NPOBEAEHHOTO PErpecCMOHHOrO MOAENMPOBAHMA HA YPOBHE CYGbeKTOB
B 42,5% MoZenbHbIX perinoHoB Poccuiickoil Oeaepaum 6bina BbiABNEHa NONOXKIUTENbHAA B3aUMOCBA3b UHTEHCUBHOCTY BCbILLEK 3a6071€BaHNA 1 NNOTHOCTU
nonynAuum Kabawa. [lpyrumu 3HaunmbiMu Gaktopamn ABUANCH MPOTAXKEHHOCTb aBTOOPOT, HANMYME NECHOTO NOKPOBA U BCTbILIEK CPEAN SOMALLHUX CBIHEN.
0nHako B Lenom Ana Bcex HebnarononyuHblx Cy6beKToB perpeccuoHHan Moenb Nokasana HecocToATeNbHOCTb GakTopa NAOTHOCTY nomyAALMY KabaHa AnA
00bACHeHNA HabnioaaeMoro pacnpeaeneHna BblLuek appUKAHCKON YyMbl CBUHEI, YTO MOXET yKka3blBaTb HA HAMUMe UHbIX IMU300TUYECKUX ApaiiBepoB
pacnpocTpaHeHua 3aboneBaHua B AMKoi npupoge. OBHUM 13 TakuX MeXaHU3MOB MOXET ABNATHCA COXpaHeHe MHOEKLMOHHOT0 NOTEHLMana BO BHeLUHeil cpefe
11 B c)OPMUPOBAHHDIX CTALMOHAPHDIX NOKANbHBIX 0uarax adpuKaHCKoii YyMbl CBUHEIT, HECMOTPA Ha MPUHIMAeMble NPOTUBOINU300TUYECKIE MEPONPUATHA,

BKJIKOvamwLue B cebsn Mepbl N0 PerynnpoBaHiio YNCIEHHOCTA BOCMPUIAMYNBOTO NOronoBbA — Aenonynauuto.

KnioueBble cn1oBa: ahpuKaHcKan uyma CBUHeNd, HakTopbl prcka, Kabak, NOTHOCTb MONYAALMM, PETPECCUOHHbIN aHanu3, Poccuiickan Degepauns

bnaropapHocru: Pabota BbinonHeHa npu nopaepxke Muno6pHayku PO B pamkax rocynapctaenHoro 3aganua OIbHY «DenepanbHblil nccnegoBatenbekiii

LIEHTP BUpyconorum un MI/IKp06VIOﬂ0rl/Illl».

[ina untuposauus: 3axaposa 0. I1., bnoxu A. A., byposa 0. A., flumn W1. B., Kopertoit 0. I1. ®akTopbl prcka pacnpocTpaHeHna adpukaHckoii uymbl CBUHeIA
Cpenu Anknx kabaxo B Poccuitckoii Oenepaumn. BemepuHapus ce200ua. 2024; 13 (1): 64—72. https://doi.org/10.29326/2304-196X-2024-13-1-64-72
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yn. BetepuxapHas, 3, r. Huxuuit Hosropog, 603950, Poccus, e-mail: ozakharova@ficvim.ru

INTRODUCTION

African swine fever (ASF) is a transboundary viral di-
sease that affects both domestic and wild pigs and causes
enormous damage to pig farming [1, 2, 3, 4]. African swine
fever may demonstrate unique regional patterns associa-
ted with a set of risk factors that should be taken into con-
sideration when choosing appropriate surveillance and
control strategies [5]. Multiple studies focus on the eluci-
dation of the role of domestic and wild pigs in the occur-
rence of outbreaks and the spread of the infection.

Of particular interest is the analysis of risk factors con-
tributing to the spread of the disease in wild boar, includ-
ing its introduction into the ASF free areas [6]. The ecologi-
cal cycle with the involvement of the wild boar and ASF
virus presence in the environment is the main challenge
of the present-day ASF epizootiology, since not all me-
chanisms of the pathogen persistence in the ASF infected
areas have yet been revealed [7, 8].

The analysis of the ASF situation in the Russian Federa-
tion shows that the disease is widely spread both in wild
boar and domestic pig populations almost throughout the
entire territory of the country, including the regions where
wild boar population density is reportedly very low [9].

Despite numerous attempts undertaken by researchers
in many countries to develop a safe and effective vaccine
against African swine fever, the disease eradication stra-
tegy is at present based on the principles of risk assess-
ment and identification of the main factors contributing
to the infection spread, as well as on compliance with
strict biosecurity and biocontainment measures. Most
ASF eradication and prevention measures are grounded
on the classical principles of disease control, including
epizootiological surveillance, investigation and killing of
infected herds, establishment of protection and surveil-
lance zones. These measures are coupled with a ban on
swill feeding to pigs, strict quarantine and biosecurity/bio-
containment measures, as well as with control over the
movement of animals and pig products [2, 10, 11].

The importance of assessing the current ASF situation
and the spread dynamics of this disease, which is devastat-
ing for the pig industry, dictates the need to develop me-
thods for model forecasting of ASF outbreak occurrence
in the ASF free areas of the Russian Federation and in the
areas where the disease persists.

The remoteness of local foci of the infection in wild boar
from initial outbreaks highlights the significance of human
economic activities as a major, if not the key, factor asso-
ciated with the spread of the disease [12, 13, 14]. It should
be borne in mind that ASF transmission occurs not only
through a direct contact between animals, but also indi-
rectly, for example, through infected carcasses of wild boar
killed by the disease and through environmental objects
contaminated with the virus [12, 15, 16]. The detection of
ASF occurrence in the wild boar habitat during the ongo-
ing epizootic in Europe and its association with environ-
mental factors made it possible to identify and describe
the pathogen transmission cycle named “wild boar - ha-
bitat”[17, 18]. Thus, it seems justified to conclude that wild
boar play an important role in the spread and circulation
of ASF virus in the European countries. The complex bio-
logy of wild boar and environmental factors having impact
on their habitat shall be at the core of efforts aimed at ASF
control [19].

Discussions are currently underway regarding the de-
pendence of ASF agent spread rate on wild boar popu-
lation density. Based on the experience of the European
countries, such an association prevails, but it is not always
observed [5]. Pejsak Z. et al. suggested that sustained cir-
culation of the virus in wild boar in Poland requires the
density that exceeds 2 animals per square kilometer [19].
Due to the peculiarities of the ASF epizootic process, such
a trend mainly depends on the structure and social rela-
tionships within the susceptible wild boar population and
between the age-sex groups.

The threshold density theory does not provide any
clear-cut answers regarding the patterns of ASF virus
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spread, the persistence of outbreaks in the wild boar
population and the disease agent transmission to other
susceptible populations, including domestic pigs. Model-
ling approaches are based on the key assumptions such
as homogeneous and random interaction between di-
seased and healthy animals, which is hardly reproducible
in the wild.

The specified urgency of studying the biology of wild
boar and ASF virus persistence in the environment high-
lights ecological, as well as landscape and climatic risk
factors for the infection introduction and spread as a spe-
cial category of predictors that are of priority for conside-
ration [19, 20].

The study was aimed at the identification of the main
risk factors for ASF spread in the wild boar population, in-
cluding the determination of significance of susceptible
animal density in the epizootic process in the ASF infected
subjects of the Russian Federation.

MATERIALS AND METHODS

Model regions. The subjects of the Russian Federation
in which ASF outbreaks were reported in the wild boar
population in 2007-2022 and for which the information
on the number of wild boar at the raion level was available
for the said period were selected for the study. The model
regions shown in Figure 1 comprise 40 subjects located
in the European (zone I) and Far-Eastern (zone Il) parts

Fig. 1. ASF situation in wild boar population in the Russian Federation subjects (2007-2022)

of Russia. Municipal raions were used as model units for
the assessment of the disease occurrence and factors.

African swine fever data. Data on ASF outbreaks repor-
ted in the wild boar population in the Russian Federation
in 2007-2022 were acquired from the official database of
the World Organisation for Animal Health (WOAH)'. An-
nual information on the number and density of the wild
boar population for 2007-2022 was acquired through
requests submitted to the regional Ministries of Environ-
ment and Natural Resources and Committees on Wildlife
Protection and Management of the Russian Federation
subjects.

Regression analysis. The investigation of dependence
between ASF outbreak occurrence and intensity and risk
factors, in particular wild boar population density, in-
volved the use of a negative binomial multi-factor regres-
sion model for the model subjects with long-term ASF per-
sistence in wildlife. The dependent (response) variable was
the number of ASF outbreaks in wild boar in the specified
municipal raion in the relevant year, and the explanatory
variables were the socio-economic and ecological factors
described below.

A negative binomial regression model is a certain type
of regression employed for analyzing count data where

'WOAH. Disease situation. https://wahis.woah.org/#/dashboards/
country-or-disease-dashboard
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the variance of the response is greater than its mean
(i.e. where overdispersion is observed) [21]. In our case,
choosing negative binomial regression was justified by
the distribution of the number of outbreaks in wild boar
in the municipal raions where the mean value is 0.84, the
variance is 38.41.

The significance of the variables was evaluated with
Student’s t-test based on p-value (p < 0.05 is indicative
of sufficient statistical significance of the variable as a re-
gression model predictor). The global fit of the models was
evaluated using the adjusted coefficient of determination
R?, which is the proportion of the variation in the depen-
dent variable explained by the model.

Modelling was carried out in two stages:

1) for all raions of the model subjects taken as a whole;

2) for the raions of each individual subject.

Selecting potential risk factors for ASF occurrence in wild
boar. As aresult of literature data analysis, information was
collected on potential risk factors for ASF spread in wild
boar population, which is presented in Table 1.

The selected factors were the explanatory variables in
the regression modelling aimed at the identification of ASF
outbreak dependence on population density and other
risk factors using negative binomial regression.

Software. The primary processing and evaluation
of data were carried using Microsoft Office Excel software
(Microsoft Corporation, Redmond, Washington, the USA).
The mapping of ASF situation, the number of wild boar
and cluster analysis were carried out using ArcMap 10.8.1
software (Esri, Redlands, California, the USA). Regression
modelling was performed using R statistically oriented
software environment (R Core Team, 2023).

RESULTS

Retrospective assessment of ASF situation in the wild
boar population. During the analyzed period (from 2007
to 2022), 1,054 ASF outbreaks were registered in the wild
boar population in the model subjects, which accoun-
ted for 41.7% of all outbreaks of the disease. The largest
numbers of outbreaks in wild boar were reported in 2013
(116 outbreaks), 2016 (118 outbreaks), 2020 (170 out-
breaks) and 2021 (104 outbreaks). Geographically, ASF
outbreaks were concentrated in the following subjects: the
Ryazan, Moscow, Tula, Tver, Vladimir, Smolensk, Samara
Oblasts, as well as in the Pskov and Leningrad Oblasts ad-
jacent to the border with Estonia. In the Far East, the long-
term persistence and stationary foci of African swine fever
were reported in the Primorsky Krai and in the border
areas - local territories, in which wild boar population
density is currently still rather high.

In some regions, ASF occurrence in the wild boar popu-
lation is sporadic with a trend towards the virus persistence
in the environment, with the disease outbreaks being re-
ported throughout the entire epizootic (for example, in
the Nizhny Novgorod Oblast); in other regions, the disease
occurs as a mass epizootic and affects a considerable num-
ber of animals within a short period. Such an epizootic oc-
curred in the Samara Oblast in 2020, with 60 ASF outbreaks
having been reported in wild boar within the year.

The disease occurrence in wild boar was characterized
by pronounced seasonality with peaks during summer
months (July — August), as well as in November - Decem-
ber and February (Fig. 2).

Identification of dependence of ASF outbreak occur-
rence in wild boar on population density and other risk
factors. Modelling for all the model subjects as a whole
showed that wild boar population density is statistically
insignificant as an explanatory factor (p, = 0.546) and the
coefficient of mutual determination is low (R*=0.256). This
allows for the conclusion that it is impossible to establish
an unequivocal association between wild boar population
density and repeated ASF outbreaks for all the model sub-
jects as a whole (Table 2).

At the same time, modelling for individual subjects
of the Russian Federation revealed statistically signifi-
cant (p, < 0.05) positive dependence of ASF outbreak

Table1
Risk factors for ASF spread in wild boar population (overview)

Risk factors Measgrlng Inforrnahon References
units on possible effect
Forest cover The availability of a large forested
(proportion 0 area, proximity to forest expanses
of the total area % increase the probability of diseased 15,22, 23, 24)
of araion) animal detection
Water bodies There is an association between
(proportion o the availability of and proximity (15, 24]
of the total area 0 to surface watercourses and ASF !
of a raion) spread
There is an association between
Fields with shrub the availability of meadow and shrub
vegetation (area) km? vegetation with a height of more [15]
9 than 1.5 m and infected animal
detection
) High probability of infected animal
:lilglht above sea m detection under optimal habitat [25,26,27]
conditions
Human pooulation There is an association between
densit pop people/km? | high human population density [24]
y and infection occurrence
Concentration
of settlements, Changes in the concentration may (15,22, 25
including rural settlements/km? | have an effect on diseased animal 2’6 2’7] !
settlements and detection !
villages
There is an association between
. . the probability of diseased animal
Hunted wild boar animals detection and the number [26,27]
of hunted animals
An increase in the number of roads
Road lenath km may result in increased infected
and dens?t and km/km? animal detection; it is also an indirect | [15, 25, 26, 27]
y indicator of the economic activity
of the human population
Agiculture There is an association between an
the availability farms mcrea_sTIm thelrumber ng'g farmz, [26,27]
of small pig farms especially small ones, and increase
infection occurrence in animals
Proximity to outbreaks increases
fgg;iﬁ?k? S outbreaks the probability of infection [26,27]
P9 occurrence
. There is an association between high
Wild bogr . animals/km? | density and the probability (22,25, 26,
population density : 27,28]
of disease occurrence
67
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Fig. 2. Seasonality of ASF outbreaks in wild boar in the Russian Federation
subjects, 2007-2022

Table 2
Results of regression analysis of ASF outbreak dependence on risk factors
in the Russian Federation subjects (2007-2022)

) R E)] Standard
Variables - p-value
coefficient error
Forest cover proportion, % 0.657 0.342 0.0001
Road length, km 0.354 0.235 0.0001
ASF outbreaks in domestic pigs 1.032 0.657 0.003
Wild boar population density, animals/km? 3.056 3.415 0.546

occurrence on wild boar population density in 17 out of
40 regions (42.5%), which is shown in Table 3.

Despite the revealed dependence of epizootic intensity
on wild boar density in certain subjects of the Russian Fe-
deration, ASF outbreaks in wild boar in some regions were
reported even in those areas where wild boar population
density was significantly lower than the recommended
value of 0.25 animal per 1,000 ha (0.025 animal/km?) ap-
proved by Order of the Government of the Russian Fede-
ration No. 2048-r of 30 September 2016 (as amended on
4 February 2021) on the “Action plan for prevention of Af-
rican swine fever introduction into and spread in the Rus-
sian Federation”. This suggests that wild boar population
density is not the only risk factor for ASF spread.

Figure 3 shows the results of regression modelling
of ASF outbreak occurrence dependence on wild boar
population density in the model subjects of the Russian
Federation. Also, the distribution of susceptible animal
population density in 2022 is shown for the regions in
which the reliable dependence of ASF spread on wild boar
population density was revealed.

The results of negative binomial regression analysis of
reported ASF cases in wild boar taking into account several
climatic and socio-demographic factors are presented in
Table 2. The proportion of forest cover, the length of roads

and outbreaks in domestic pigs were found to be the main
predictors of epizootics.

DISCUSSION

Based on the analysis of literature sources describing
risk factors for ASF expansion in the countries of the world,
human activity is presented as the most significant pre-
dictor, especially as regards the movement and import of
live pigs and pig products [12, 22, 25]. Many researchers
note that wild boar dead of ASF, being a source of the in-
fection spread, act as a no less important factor in the vi-
rus transmission both within the wild boar population and
to domestic pigs, and this may be indicative of the virus
persistence due to the presence of infected wild boar car-
casses or their remains [16, 29, 30].

When considering wild boar habitat conditions as part
of ASF spread risk analysis, one should take into account
both biotic and abiotic factors such as climatic factors
(temperature, rainfall amount, humidity, cloud amount,
UV radiation level), landscape factors (vegetation type,
vegetation cover area, height above sea level, soil type,
the presence and accessibility of water bodies), anthro-
pogenic activity and associated changes in the wild boar
habitat (human population density, man-made struc-
tures, buildings, roads, farm concentration and livestock
density), as well as factors related to wild boar population
characteristics (wild boar population density, geographi-
cal distribution) and the biological properties of ASF virus —
the form and stage of the disease (the proportion of sero-
positive wild boar in the population), viral load, incidence
and prevalence levels [31].

Thus, a comprehensive understanding of potential risk
factors for ASF spread in wild boar is fundamental and
crucial for effective control of the disease. In this respect,
it is obvious that in case of single-factor analysis of ASF
risk, there is a probability of leaving out essential ele-
ments relevant for the infection transmission to wild boar.
Therefore, to model the association between ASF occur-
rence in wild boar and potential predictors, many studies
applied multi-factor approaches, thereby emphasizing
the significance of the identified risk factors [23, 26, 32, 33].

Environmental factors that directly influence the pos-
sibility of the disease occurrence underlie the spatial and
temporal patterns of ASF spread. It is known that the con-
dition of forest cover has potential impact on the mainte-
nance of favourable wild boar habitat conditions; another
key predictor of ASF occurrence is the presence of water
bodies [34].

As regards optimal wild boar habitat conditions, any
type of land cover that provides animals with shelter, water
and feed should be taken into account as an ecological
risk factor for ASF occurrence [28, 35, 36]. Itis possible that
maintaining the size of wild boar populations at the speci-
fied level requires optimal habitat conditions, including
forest cover consisting of certain tree species [35]. In ac-
cordance with this viewpoint, researchers demonstrated
the association between ASF occurrence in wild boar and
the area of forest cover in different geographical regions
of Europe, including the Baltic countries [25, 26] and Ita-
ly [23], which indicates that the probability of detecting
the infection agent in this animal species is higher in the
regions with large forest expanses [37]. The results of
a spatio-temporal study conducted in Czechia in the area
affected by ASF in 2017-2018 provided additional
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Fig. 3. Dependence of ASF spread in the raions of the Russian Federation subjects on wild boar population density
based on regression modelling results. The figure shows the wild boar population density as of 2022

information on the relative effect of forest cover on de-
tection of ASF virus infected wild boar. Though search
activities aimed at detecting dead animals were carried
out in a relatively small area affected by ASF, more than
70% of all carcasses were found in the forests [15]. The re-
gression modelling of factors underlying the risk of ASF
spread in the Russian Federation subjects demonstrated
the significance of the forest cover factor, thus confirming
the above statement.

Risk factors for ASF occurrence in wild boar associated
with the population characteristics of the species include
the total number or density, spatial and temporal distri-
bution of animals. The concentration of ASF susceptible
animals (domestic pigs, wild boar) plays an important role
in the infection transmission chain. Despite the potential
significance of the wild boar population density factor for
ASF spread [38], it is very difficult, practically impossible,
to determine the actual number of these animals and
to conduct continuous monitoring due to their constant
migrations. Therefore, in many countries, the population
density is estimated based on the number of hunted wild
boar per size of the area [35, 39] or using other methods
such as camera traps [40]. It is important to understand
that actual estimates of wild boar density are likely to
be rough approximations of the true absolute value and
are probably biased depending on the availability of initial
data on the number of hunted animals.

The revealed spatio-temporal patterns of ASF outbreak
spread in the Russian Federation subjects suggest that
even with low wild boar population density (less than
0.25 animal per 1,000 ha of hunting areas), there is still

Table 3
Characteristics of regression indicators of dependence of ASF outbreaks in wild boar
on wild boar population density in the Russian Federation subjects (2007-2022)

VETERINARY SCIENCE TODAY. 2024; 13 (1

Russian Federation |  Regression Standard 95% Cl
subject coefficient error (confidence interval)
Kaluga Oblast 5.565 1.811 1.421-15.634 0.002
Novgorod Oblast 8.834 3.869 0.679-19.679 0.022
Orenburg Oblast 34.163 15.493 5.325-25.456 0.027
Oryol Oblast 13.296 5.807 3.911-28.044 0.022
Chechen Republic 4.345 EpAL| 1.658-2.213 0.032
Chuvash Republic 39.070 12.047 7.579-91.482 0.001
Rostov Oblast 33.495 0.785 31.944-135.024 0.000
Samara Oblast 27.656 8.844 10.487-50.677 0.001
Saratov Oblast 7.278 2.167 2.269-15.414 0.000
Stavropol Krai 87.722 11.827 64.026-110.587 0.000
Ulyanovsk Oblast 96.345 35.817 12.109-260.338 0.000
Vladimir Oblast 13.059 3.137 1.244-25.423 0.000
Volgograd Oblast 18.234 5342 5.341-21.231 0.000
Tver Oblast 8.274 1539 3.661-14.281 0.000
Amur Oblast 21.052 9.438 9.438-34.887 0.000
Primorsky Krai 1.051 0.713 0.123-4.063 0.014
Khabarovsk Krai 6.870 3.398 0.01-10.456 0.043
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a possibility of the pathogen transmission from infected
objects to susceptible animals and the virus spread in
the environment [41, 42]. The overall regression model
of ASF outbreak occurrence dependence on wild boar po-
pulation density in the ASF infected subjects of the Russian
Federation in 2007-2022 showed that the intensity of ASF
outbreaks generally does not depend on the population
density, and this may be attributed to uneven raion-level
spatial distribution of this animal species. Despite the said
fact, such dependence still exists in some subjects; this
confirms the assumption that in some regions, there are
raion-level geographical sites with increased susceptible
animal densities, and migrations lead to ASF virus spread
to new, previously ASF free areas. At the same time, it is
important to pay attention to the nature of the revealed
dependence: the positive values of regression coefficients
confirm that a higher population density contributes to
a more intensive spread of the disease.

Our study demonstrated the significance of the road
length factor, which is associated with the possibility
of people movement during ASF monitoring, especially
in summer and autumn; it is also an indirect indicator of
the intensity of transport and economic links contribut-
ing to the dissemination of products contaminated with
the agent throughout the territory. A similar conclusion
was made in the studies conducted in Estonia between
2014 and 2017. It was proved that the length of roads in
the region is a factor that enhances the chances of detect-
ing infected animals [25].

Hunting is repeatedly mentioned in the literature as
a risk factor for ASF spread due to potential wild boar
migrations as a result of hunting activities of humans.
Therefore, when an ASF virus infected wild boar is de-
tected and quarantine is imposed in the hunting area,
it is recommended to stop any kind of hunting within
the surveillance zone, except for activities aimed at regu-
lating the number of wild boar to be carried out by spe-
cially trained people, while maintaining necessary mea-
sures to prevent the movement of animals outside this
zone [43, 44].

The analysis of data obtained in Estonia in 2018
and 2019 showed that pig population density on small
farms where a maximum of 10 pigs are kept is a risk factor
for ASF occurrence in wild boar [6, 27]. This may be due
to potential contacts between domestic and wild pigs that
are typical for small farms without any biosecurity/biocon-
tainment measures in place. The results of our study also
demonstrate that ASF outbreaks in domestic pigs are an
important risk factor for the infection spread in wild boar.

CONCLUSION

The literature analysis results allow for the conclusion
that main factors for ASF spread in wild boar are environ-
mental factors and human activities, which determine the
major directions of the strategy for the infection control
in wildlife. Regression modelling was aimed at the identi-
fication of main risk factors for ASF spread in the wild boar
population in the ASF infected subjects of the Russian
Federation. For Russia as a whole, the overall regression
model demonstrated the failure of the wild boar popula-
tion density factor to explain the observed ASF outbreak
distribution, and this may be indicative of the persistence
of infectious potential in the external environment and
in the formed stationary local foci of African swine fever.

However, it should be noted that results are heavily de-
pendent on the reliability of available data on the size
of the wild boar population. Modelling of an epizootic
allowed for the identification of factors for ASF outbreak
spread in wild boar such as forest cover percentage, road
length and ASF outbreaks in domestic pigs, which confirm
the significance of both natural and socio-demographic
predictors. The wild boar, being a participant of the ASF
transmission chain, may act as a risk factor only in case
of high susceptible animal density at the initial stage of an
epizootic. Selection of an ASF control strategy should take
account of every link in the virus transmission chain and
every opportunity for the infection elimination in the area
where eradication measures are implemented.
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Scientific justification of Mycobacterium avium
survival in natural environment of Republic of Dagestan

Magomed 0. Baratov, Arkif R. Mustafayev
Caspian Regional Research Veterinary Institute — Branch of Dagestan Agriculture Science Center, 88 Dakhadaeva str., Makhachkala 367000, Republic of Dagestan, Russia

ABSTRACT

Contamination of the environment with the infectious animal disease agents is still a pressing problem for the poultry farms. Mycobacterium avium can grow and
replicate in organic wastes from the poultry farms for a long time thus contaminating vast adjacent areas and being the source of infection not only for wild and
domestic animals but also for humans. The studies were aimed at the examination of the duration of Mycobacterium avium survival in the natural environment
in two geographical regions of the Republic of Dagestan characterized by different soil and climate. Samples of Mycobacterium avium-contaminated feces and soil
collected from pastures and farmyards (on the surface and from 5 cm depth) were tested. The experiments demonstrated that pathogenic for chickens mycobacteria
survived for up to 30 days in the samples collected in the sub-mountainous areas in summertime, when the air temperature ranged from 15.1 to 30.0 °C, land
surface temperature — from 17 to 38 °C, air humidity — from 44 to 94% and average monthly precipitation amounted to 1.5 mm. From September to May, with
the air temperature ranging from —10.8 to +25.0 °C, land surface temperature from —14 to +30 °C, air humidity 26—100% and average precipitation 0.39 mm,
the bacteria survived for up to 213 days on the soil surface on the pastures and farmyards, and for up to 243 days at the depth of 5 cm and in the feces. In the plain
area, in the same time period in the slightly saline soil with high humus content and at air temperature from —11.9 to +27.3 °C, soil temperature from —13 to +45°C,
air humidity from 37 to 100% and average precipitation 20.4 mm, Mycobacterium avium survived just like in the sub-mountainous area, i.e. for 213 and 243 days,
respectively. The post-mortem lesions in the internal organs of the poultry corresponded to the tuberculosis clinical signs in 86 of 171 birds (50.3%). The study results
will allow for the development of the optimal algorithm for animal health and management measures aimed at tuberculosis eradication on the poultry farms.
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HayuHoe 060cHOBaHMe nonuaaanToreHHoCTH
MUKODaKTepUiA NTMUbEro BMAA B 00 beKTax BHeLLHel cpefpbl
B ycnoBuaAx Pecnybnukn [arectaH

M. 0. baparos, A. P. MyctadaeB
lpuKacnuiickuii 30HaNbHbIN HayYHO-UCCNEROBATENbCKII BeTEPUHAPHDIA MHCTUTYT — duanan OTBHY «DepnepanbHbiii arpapHblil HayuHblil LeHTp Pecnybnuky [larectan»
(Mpukacnuiickuit 3oHanbHblit HUBW — dunnan OTBHY «OAHL| P0»), yn. [laxazaesa, 88, r. Maxaukana, 367000, Pecnybnuka [larectan, Poccus

PE3IOME

[ina nTuueBoAYeCKX X03AIACTB akTyanbHoi Npobnemoil 0cTaeTca 3arpAa3HeHIe OKpyXaloLLeil cpefibl Bo36yauTenamu uHdeKLMoHHbIx bonesHeil. Mukobaktepum
Ty6epkynesa nTuubero BUAa MOTyT AAUTENbHOE BPEMA PacTy 1 PA3MHOXATbCA B OPraHNyecKux 0TXoAax ntuuedabpuk, 3arpa3Has orpoOMHble NPUMbIKAIoLLMe
TePPUTOPUIN 1 ABNAACH MPU 3TOM UCTOYHUKOM 3apaXkeHusA He TONbKO AUKMX 11 JOMALLHMX KUBOTHDIX U MTULbI, HO 11 yenoBeka. Lienbio paboTbl ABNANOCH U3yyeHue
NPOAOIKUTENBHOCT XI3HecnocobHocTn Mycobacterium avium B 06bekTax BHeLUHeit cpefibl B ABYX reorpaduueckux 3oHax Pecnybnukm [larectan ¢ pasHbimm
MOYBEHHO-KNMMATUYECKIMI XapaKTepUCTUKamu. VccneioBaHmio NoABEPrNCh KOHTAMUHUPOBaHHbIE MUKOBAKTEPUAMM NTUYLEr0 BIAA NPO6bI (MOBEPXHOCTHbIE
1 Crny6uHbI 5 CM) NOYBbI NACTOMLL, BbIFYAbHOTO ABOPA M MOMETA. JKCNepUMeHTbI OKa3anu, YTo B 06pa3Liax 13 npearopHoil 30Hbl, 0T06paHHbIX B NeTHee Bpems,
Korza Temnepatypa Bo3ayxa kone6anacs ot 15,1 fo 30,0 °C, noBepxHocTit nousbl — o1 17 Ao 38 °C, BNaxH0CTb BO3AyXa — 0T 44 110 94% v (pefHemecAuHoe
KONMYeCTBO 0CaZKOB COCTABAANO 1,5 MM, 13HECNOCOGHOCTL NaToreHHbIX ANA Kyp MUKobakTepuii coxpaxanach Ao 30 aHeii. C ceHTAGpA no mail npu Temnepa-
Type Bo3ayxa o1 —10,8 4o +25,0 °C, nousbl o1 —14 go +30 °C, BRaxHoCTI Bo3Ayxa oT 26 4o 100% 1 cpefHem KonuyecTe 0caakos 0,39 MM Ha NOBEPXHOCTU
MOYBbI NACTOMLL U BbIrYNbHOTO IBOPa 6aKTepIM 0CTaBANNCH XIU3HECNOCOOHBIMIN A0 213 AiHeli, Ha ryOuHe 5 M 1 B nomeTe — f0 243 fHeil. B paBHUHHOI 30He
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© Federal Centre for Animal Health, 2024
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B 3T0T e BpeMeHHoii NepuoA B (nabo3aconeHHoi nouBe co 3HauUTENbHbIM COAepXaHeM rymyca npu Temnepatype Bo3ayxa ot —11,9 o +27,3 °C, nousbl
o1 —13 po +45 °C, oTHoCMTeNbHOI BRaxHocT o1 37 o 100% 1 cpeHeMecAHbIX 0cakax 20,4 MM MUK0GaKTepun NTUYbEro BIAA BbIXMBAY KaK B YCIOBUAX
MPeAropHoNi 30Hbl — B TeyeHue 213 1 243 AHeli COOTBETCTBEHHO. [1aT010r0-aHaTOMIYeCKVe M3MEHeHNA BO BHYTPEHHIX OPraHax nTiL, COOTBETCTBOBANM KINHM-
Yeckim npu3Hakam Tybepkynesay 86 (50,3%) u3 171 ocobu. llonyyenHble pe3ynbratbl N03BOAAT pa3paboTaTb ONTUMaNbHbIA aNropuT™ MpoBe/eHIA KOMNeKca
BETePUHAPHO-CAHUTAPHDIX 11 OPraH3aLMOHHO-X03ACTBEHHbBIX MEPONPUATIIA ANA 0340POBNEHNA NTULIEBOAYECKIX MPEANPUATHIA OT Tybepkynesa.

KnioueBble cnoBa: Mukobaktepun nTubero Buaa, Tybepkynes, npobbl, nousa, NOMeT, NTULEKOMMNEKC, NacTOMLLA, YCTOYNBOCTD, 3aparkeHNe, 3arpA3HeH-
HOCTb, UCTOYHUK MHOEKLMiA

[ina yntuposauusa: bapatos M. 0., Myctadaes A. P. HayuHoe 060cHOBaHIe nonuaganToreHHOCTI MKobaKTepuii NTMYbero Buaa B 00beKTax BHeLUHei cpefibl
B ycnouax Pecnybnuku [larectan. BemepuHapus ce200ks. 2024; 13 (1): 73-77. https://doi.org/10.29326/2304-196X-2024-13-1-73-77

KoHdnukT unTepecoB: ABTOpbI 3aABNAKT 06 OTCYTCTBUI KOHGNUKTA UHTEPECOB.

[ins koppecnoxaenuuu: bapatos Maromez OMapoBuy, A-p BET. Hayk, MaBHbIi HayuHbIi COTPYAHWK, 3aBeaytoLLuit nabopaTopueit MHGeKLIOHHOI naTonorum
CeNbCKOX03ACTBEHHDIX XMBOTHBIX, ITpukacnuiickuii 3oHanbHblii HUBU — dunuan OF6HY «OAHLL PLL», yn. [laxanaesa, 88, r. Maxaukana, 367000, Pecnybnuka

[larectaH, Poccus, e-mail: alama500@rambler.ru

INTRODUCTION

One of the distinctive features of mycobacteria is their
stability in the body and various ecosystem objects, which
creates great problems for the epizootological control and
diagnosis of tuberculosis. Despite the apparent freedom
of the Republic of Dagestan from tuberculosis, the patho-
gen circulation still continues, inter alia in the environment,
thus maintaining a tendency to the infection spread on
the previously free farms [1, 2.

Commercial poultry farming and hereto related short
life cycle of commercial chickens, their keeping and feed-
ing factored in their exterior and health parameters, un-
doubtedly made the problem of avian tuberculosis less
significant [3, 4, 5].

At the same time, due to the high stability of Mycobac-
terium avium in the environment (according to the pub-
lished data, it survives in the soil at the depth of up
to 60 cm for more than 3 years), the chicken tuberculosis
epizootic process has not been interrupted. Moreover, the
disease cases are also detected in the private sector, where
uncontrolled and unsystematic movement of poultry and
slaughter products is often practiced without appropriate
veterinary control. The diseased poultry, being the main
source of infection, inter alia for wild birds, expands and
complements the natural reservoir [6, 7, 8].

When eradicating the disease on the farms, timely re-
moval of the diseased animals from the herd is important,
but the problem lies in the fact that weakened and emaci-
ated birds do not react to tuberculin, so they remain unde-
tected for some time, while the risk of infection of healthy
birds is proportional to the duration of cohabitation with
the diseased ones [9, 10].

In this regard, research on the dynamic tracking of the
tuberculosis agent, inter alia in the environment, using
the proposed up-to-date methods, may be essential in terms
of control and prevention of the disease in chickens [11, 12].

According to some published data, tuberculosis-dis-
eased chickens often become a source of infection for
cattle, causing sensitization to PPD-tuberculin for mam-
mals [13, 14, 15].

One of the reasons aiding to the spread of this infection
is known to be contaminated outer environment, which

deserves special attention during epizootological exami-
nation [16].

The study of the tuberculosis agent stability in the soil of
pastures and poultry yards and in feces as well as the related
question of the infection sources and transmission routes
is of great importance, since disinfection of large pastures
infected with the excretions of the diseased chickens is dif-
ficult for economic reasons. In this regard, in our opinion,
the correct approach to solving the issue is to rely on their
self-decontamination in a natural way [17, 18, 19, 20].

Given these circumstances, the task was set to find out
the duration of Mycobacterium avium stability in the soil
of the pastures, poultry yards and in feces in two climatic
zones of the Republic of Dagestan.

MATERIALS AND METHODS

The work was carried out in the sub-mountainous and
plain areas of the Republic. Certain areas with different to-
pography and soil composition were isolated both on sur-
face and at the depth of 5 cm. Strips of silk contaminated
with M. avium were introduced into the soil in these sites,
as well as into the feces. The material was contaminated
with the second generation culture of the mycobacteria
isolated from the chicken died of tuberculosis.

Samples were collected from these sites to determine
the survival rate of the mycobacteria. Each sample was
individually crushed in 2 mL of sterile saline solution. The
resulted mass was filtered through ashless filter paper;
1 mL of the suspension was intramuscularly administered
to seronegative healthy chickens of 2 months of age. The
infected chickens were kept isolated. Every month they
were checked by allergy and clinical tools. At the same
time, inoculums and smears were prepared from the emul-
sion after its appropriate treatment.

The chickens that reacted positively to the allergen
were subjected to diagnostic slaughter, and post-mor-
tem examination was performed. The lesions were used
for inoculation on the culture media for the production
of the initial culture and for preparation of the smears for
M. avium detection.

During the research, the basic ethical principles of
experiments in animals were followed, which are set out
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in the “European Convention for the Protection of Verte-
brate Animals Used for Experimental and Other Scientific
Purposes” (Strasbourg, March 18, 1986). Report of the Bio-
ethics Commission of the Caspian Regional Research Ve-
terinary Institute — Branch of Dagestan Agriculture Science
Center No. 7 of 16 November 2023.

In the sub-mountainous area, the experiments were
conducted in mildly alkaline black soil. The soil samples
contained carbonic and sulfuric acid anions, chlorine, cal-
cium, magnesium, potassium and sodium cations. The
amount of humus amounted to 5.69%.

Two experiments were carried out in the sub-mountai-
nous area. The first one (June — August 2019) was carried
out under the following meteorological conditions: air
temperature ranged from 15.1 to 30.0 °C, soil surface tem-
perature — from 17 to 38 °C, air humidity — from 44 to 94%,
average monthly precipitation - 1.5 mm.

To determine the mycobacteria stability, the test
samples were collected on days 30 and 61.

The second experiment was carried out from Septem-
ber 2019 to May 2020 with air temperature fluctuations
from -10.8 to +25.0 °C, soil temperature from -14 to +30 °C,
air humidity from 26 to 100%. During the experiment, the
average precipitation amounted to 0.39 mm. The test
samples were collected on days 61,91, 122, 153, 182, 213
and 243.

Table 1
Parameters of M. avium survival in sub-mountainous environment (experiment one)

Inthe plain area, the experiments were conducted from
September 2019 to May 2020 in slightly saline soil with
a significant humus content under the following meteo-
rological conditions: air temperature ranged from -11.9
to +27.3 °C, soil temperature — from -13 to +45 °C, relative
humidity - from 37 to 100%, average monthly precipita-
tion - 20.4 mm. The samples contained large amounts of
phosphorus and chloride salts.

The samples were tested in a similar way to the experi-
ment conducted in the sub-mountainous area.

RESULTS AND DISCUSSION

In the first experiment conducted in the sub-mountai-
nous area, on day 30 of the tuberculosis agent presence in
the feces and soil of the pastures and poultry yard, viable
and pathogenic for chicken mycobacteria were found
both on the surface and at 5 cm depth.

M. avium could not be detected in any of the samples
collected on day 61 (Table 1).

Results of the second experiment demonstrated that
M. avium died on day 213 on the soil surface of the pas-
tures and poultry yard, and on day 243 at 5 cm depth and
in the feces (Table 2).

In the plain area, M. avium introduced to the soil surface
of pastures and poultry yard also died within 213 days, and
at 5 cm depth and in feces — within 243 days.

Samples Air temperature, °C Soil temperature, °C Air humidity, % Avefa.ge monthly REERIE O.f
precipitation, mm mycobacteria
i 30 15.1-30 17-38 44-94 1.5 +
oi
61 15.1-30 17-38 44-94 1.5 -
30 15.1-30 17-38 44-94 1.5 +
Feces
61 15.1-30 17-38 44-94 1.5 -
Table 2

Parameters of M. avium survival in sub-mountainous environment (experiment two)

Samples Air temperature, °C | Soil temperature, °C Air humidity, % rﬁii:;ﬂg{:)?}";':% Preseg;:t(e);?yco-
61 ~108...425 14,430 26-100 039 +
91 108...425 14,430 26-100 039 +
m 108...425 14,430 26-100 039 +
Soil 153 108...425 14,430 26-100 039 +
182 ~108...425 ~14...430 26-100 039 +
213 ~108...425 14,430 26-100 039 -
"3 ~108...425 14,430 26-100 039 -
61 ~108...425 14,430 26-100 039 +
91 ~108...425 14,430 26-100 039 +
winsan |12 ~108...425 14,430 26-100 039 +
depth 153 108...425 14,430 26-100 039 +
and feces 182 108...425 14,430 26-100 039 +
213 108...425 14,430 26-100 039 +
"3 108...425 14,430 26-100 039 -
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Table 3
Macroscopic post-mortem lesions of internal organs of poultry

. ‘ Tuberculosis lesions of
uantity o

poultry L liver and liver and liver, spleen | intestinesand | Generalized
E S A
spleen intestines and intestines | mesentery process
m 9 10 6 9 16 13 7 16 86
% 53 5.8 35 53 9.4 7.6 4.1 9.4 50.3
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In order to identify post-mortem changes in internal
organs and to establish the role of emaciated and wea-
kened poultry in tuberculosis infection of the disease sus-
ceptible poultry, diagnostic slaughter of such poultry in
the amount of 171 birds was carried out on several poultry
farms. During pre-slaughter clinical examination, attention
was paid to exhaustion, lameness, low mobility, drooping
wings, loss of feather shine. Some chickens demonstrated
gastrointestinal disorders, anemia of earrings and wattles,
significant mortality was also reported (Table 3).

The post-mortem examination of 171 weakened and
emaciated poultry demonstrated tuberculosis granulo-
mas, especially in parenchymal organs, in 86 birds, which
amounted to 50.3%.

The results of the conducted studies have shown that
in the sub-mountainous and plain areas of the Republic
of Dagestan the Mycobacterium avian died within 61 days
on the surface of pastures, poultry yard and at 5 cm
depth and in feces in summer; and within 243 days
in the autumn-winter-spring period.

Thus, it can be noted that when eradicating the disease
on the tuberculosis infected poultry farms, it is advisable
to slaughter poultry in summer. When poultry is slaugh-
tered in June, the pastures infected with the tuberculosis
agent are self-decontaminated in the shortest possible
time, i.e. in 61 days. This period coincides with the time
when the poultry farm is repopulated with young birds
born in the current year. Egg incubation in the Republic
is started in February, and in March poultry farms receive
chickens that reach 6 months of age in August.

In view of the established terms for the pastures
self-decontamination, the replacement young poultry
can be transferred to the poultry houses, from where
the poultry will be delivered for slaughter in June and
the premises will be disinfected. In such case, the pas-
tures where the infected poultry grazed until June will
not pose any danger of infection for the young birds born
in the current year.

CONCLUSIONS

The following conclusions and practical recommenda-
tions were made as a result of the research.

1. Quarantine of the pastures contaminated with Myco-
bacterium avian should be imposed for 2.5 months in sum-
mer and for 8.5 months in autumn.

2. Slaughter of poultry on the infected farms for tu-
berculosis infection eradication should be carried out in
June, since in summer the pastures are self-decontam-
inated from the tuberculosis within a shorter period of
time. When slaughter is performed in such a time, there
is a possibility of using the pastures by the replacement
young birds born in the current year and the chance of
the poultry infection with tuberculosis is excluded.

1

3. When carrying out the disease eradication activities,
all weakened and emaciated poultry should be periodical-
ly culled and destroyed in a specially designated place, and
veterinary and sanitary measures should be subsequently
carried out.
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Role of ixodid ticks in tick-borne pathogen spread
and circulation in the Belarusian Lakeland

Alexandr A. Osmolovsky, Iryna A. Subotsina
Vitebsk State Academy of Veterinary Medicine, 7/11 Dovatora str., Vitebsk 210026, Republic of Belarus

ABSTRACT

Results of ixodid tick analysis for their ecological, epizootological and epidemiological significance for tick-borne pathogen spread across the Belarusian Lakeland
are presented. The ticks were collected in publicly accessible areas of the Vitebsk Raion in April — November 2022: 8 routes were tracked, 18 flag-km were passed,
529 tick specimens were collected, including 350 imago ticks and 179 nymph ticks. The ixodid tick genus and species were determined using N. A. Filippova’s ixodid
tick determinator. All caught ticks were tested for Borrelia spp., Anaplasma spp. (Ehrlichia spp.), Babesia spp. and Tick-borne encephalitis virus genetic materials with
real-time polymerase chain reaction using the reagent kit for nucleic acid extraction from environmental samples in accordance with the manufacturer’s instruc-
tions. The specimens were grouped in accordance with the MG 3.1.1027-01“Collection, recording and preparation for laboratory tests of blood-sucking arthropods
being vectors of natural focal infections”; therewith, one specimen includes only one tick. Differences in the numbers of ixodid ticks and the occurrence of genetic
markers of tick-borne pathogens in them were found to be associated with ecological characteristics of the examined territories. The following epidemically and
epizootically significant ticks contributing to transmissible infection and invasion spread were found in the Belarusian Lakeland: ticks of Ixodes and Dermacentor
genera; their frequency index was 70.1 and 29.9%, respectively. Tick-transmitted pathogen prevalence rate in the examined territories of the Vitehsk Raion was as
follows: 61.7% for Borrelia spp., 25.8% for Anaplasma spp. (Ehrlichia spp.) and 25% for Babesia spp., mixed infections were found in 10.8% of the ticks. No Tick-borne
encephalitis virus genetic materials were found in the specimens. Total infection rate for ixodid ticks was 22.7%.
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Ponb NKCOA0BbIX KJieLleli B pacnpocTpaHeHnH
M LLUPKYNALMN BO30YaUTENEN KNeLleBblX UHGeKLMA 1 MHBA3UIA
Ha TeppuTopuin benopycckoro loo3epba

A. A. OcmonoBckwmii, U. A. Cy660TnHa
Y0 «Butebckan oppeHa «3Hak MNoueta» akazemus BeTepuHapHoil Meanumkbl» (YO «BrABM»), yn. 1-a [loBatopa, 7/11, r. Bute6ek, 210026, Pecny6nnka benapyco

PE3IOME

[TpuBeeHbl pe3ynbTaTbl aHan3a IKONOro-3MM300TONOTNYECKON 1 SNAEMMONIOTNYECKOi 3HAUMMOCTIN UKCOZOBBIX KNelLeil B pacnpocTpaHeHInu i LMpKynaumum
B0306yavTeneil KnewweBbIX MHdeKLii Ha Tepputopun benopycckoro Moosepba. (6op 06pa3wios npooawaYN canpend no HoA6Pb 2022 1. Ha 06beKTax 0TKPbITOR NpU-
pofibl Butebckoro paitoHa, npu 3ToM npoiifeHo 8 mapLupyTos, oTpaboTao 18 ¢naro-kunomeTpoB, cobpaHo 529 3k3emnnApoB kneLueid, B ToM uncie 350 B3pocsbix
umaro 1 179 vumd. PogoByto v BUAOBYI0 NPUHAANEXHOCTb MKCOZOBBIX KNeLueli ycTaHaBAnBanu ¢ nomoLLbto onpeaenutens H. A. Oununnosoit. Bce 0TnoBneHHble
0061 6611 MCCNe0BaHbI Ha Hanuue reHeTyeckoro Matepuana Borrelia spp., Anaplasma spp. (Ehrlichia spp.), Babesia spp. v Tick-borne encephalitis virus meTogom
nonnMepasHoii LeMHON peakLyu B pexxime peanbHoro BpeMeHi ¢ MCnosb3oBaHueM Habopa peareHToB AnA IKCTPAKLMI HYKNENHOBbIX KUCNOT 13 00bEKTOB
OKpY»aloLLieil cpefibl B COOTBETCTBUN C MHCTPYKLMelt npou3BoguTena. [pynnupoky npob ocywiectensny B cootsetctaim ¢ MY 3.1.1027-01 «C6op, yueT u nog-
roTOBKa K 1abopaTopHOMY UCCNIe0BaHINI0 KPOBOCOCYLLMX UNEHUCTOHOUX — NEPeHOCYMKOB BO3OyAuTENeil NPUPOSHO-0YAroBbIX MHGEKLMI», NPY 3TOM B OZHY
npoby BKI0Yanu TonbKo 0AHOTO Knelwya. OnpeaeneHo, YTo pasnnuna B nokasaTensx YNCIEHHOCT UKCOROBbIX KNeLLedt 11 BCTPeYaeMOCTH B HUX FeHeTUYeCKUX
MapkepoB Bo36yauTeneil Knewwesbix MHGEKLMIl UMEIOT onpe/eneHHylo (BA3b C IKONOrNYeCKUMU 0C0OEHHOCTAMY U3y4aeMblX TepPUTOPHIA. YCTaHOBAEHO, YTO
8 benopycckom Moo3epbe dayHa anuaemMUYeCKI U SMU300TNYECKN 3HAUYMMbIX BUAOB KNeLLedt, CocoBCTBYIOLMX PACNPOCTPAHEHMIO TPAHCMUCCUBHBIX MHGEKLMI
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11 NHBa3MiA, NpefCTaBNeHa knetuamu pogos /xodes u Dermacentor, upexc BcTpeyaemocty coctain 70,1 1 29,9% cooTBeTcTBeHHO. loKa3aHo, uTo cnekTp Bo3-
byauTeneil nHdeKLIMOHHbIX 3a6oneBaHuil, NepefaBaeMblx NKCO0BLIMM KNeLLaMI, Ha UCcedyemblx Tepputopusax Butebckoro paitoHa B 61,7% cnyyaes npes-
ctasneH Borrelia spp., B 25,8% — Anaplasma spp. (Ehrlichia spp.) w 8 25% — Babesia spp., npu 5ToM MUKCT-UHQULMPOBAHHOCTL NepeHOCUnKoB coctasuna 10,8%.
TeHeTuueckuii MaTepuan BUpyca KneLeBoro SHuedanuta B npobax o6HapyxeH He 6bin. 061L1as MHOULMPOBAHHOCTb MKCOZOBbIX KNelleii coctapnana 22,7%.

KnioueBbie cnosa: benopycckoe loo3epbe, NKCOA0BbIE KNELLH, TPAHCMUCCMBHBIE MHDEKLMK, BOppenio3, aHannasmo3 (3pnnxuo3), babesunos

[ina untuposanua: Ocvonosckuit A. A., (y66otuna W. A. Ponb nKkcopoBbIX Knelweit B pacnpocTpaHeHu 1 LUpKynALmuY Bo3byauTeneii KneiuesblX MHeKLyil
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KoHpnukT MHTepecoB: ABTOPbI 3aABNAHT 00 OTCYTCTBUN KOHGAMKTA GUHAHCOBDIX/HEQUHAHCOBBIX MHTEPECOB, (BA3AHHDIX C HAMMCAHUEM CTaTby.

[ina koppecnongexuun: (y66otHa MpuHa AHaTONbeBHA, KaHA. BET. HayK, AOLEHT Kadeapbl Inn300Tonorn u nHdekunoHHolx boneseii YO «BrABM»,
yn. 1-a loatopa, 7/11, r. Butebik, 210026, Pecny6nuka benapyco, e-mail: irin150680@mail.ru

INTRODUCTION

In the last decade, there has been a steady trend to-
wards increasing the incidence of tick-borne infections
in animals and humans, expanding their nosoareals,
detecting mixed infections, as well as registering previ-
ously unknown pathogens and new nosological disease
forms in Europe, including the Republic of Belarus, and in
Asia[1,2,3,4,5].

So far, in the Republic of Belarus, almost all attention
has been focused on only two tick-borne infections -
viral tick-borne encephalitis and Lyme borreliosis. In fact,
the reports on vector-borne diseases non-typical for Be-
larus — anaplasmosis, tularemia, tick-borne rickettsiosis,
have become more often and Crimean hemorrhagic fever,
monocytic ehrlichiosis, etc. have become spread inten-
sively in neighboring countries [6]. Detection of human
granulocytic anaplasmosis in some countries bordering
the Republic is of the greatest interest for practical health-
care. Antibodies to anaplasmas were most often detected
in sera from chronic patients with neurological disorders
who had a history of tick bite (18.2%), as well as from
patients with Lyme borreliosis (13.5%) [1]. Therefore, the
attention of epidemiologists and infectious disease spe-
cialists has been recently focused on tick-borne mixed
infections.

To date, it has been reliably proven that infection of
the tick with 2-3 viral as well as bacterial and/or pro-
tozoal pathogens is not an exception, but a pattern [7].
According to the literature, the mixed infection can
reach 36% in the structure of tick-borne infections in
endemic territories [8]. Moreover, up to 5% of ixodid
ticks harbor Lyme borreliosis and tick-borne encephali-
tis agents [9]. Clinical and serological tests have shown
that tick-borne encephalitis can develop both in the
form of mono- and more severe mixed tick-borne viral
and bacterial diseases in individuals who have reported
tick bites [10, 11]. Therefore, any disease caused by tick
bite should be considered as a potential mixed infec-
tion [6].

Analysis of the available literature showed that the larg-
est number of ecological and epizootiological studies of
ixodid ticks were carried out in the central and southern
regions of Belarus (Gomel, Brest, Minsk Oblasts and city
of Minsk); there are also some data for the Grodno and

Mogilev Oblasts but sporadic study data - for the Vitebsk
region (Belarusian Lakeland) [12].

Geographically, the Belarusian Lakeland is a lake pla-
teau in the north of the country, forming the southeastern
part of the Baltic Uplands between the middle part of the
Western Dvina River and the middle part of the Neman
River basin, and occupies about 19% of the territory of Be-
larus. The major (larger) part of the Lakeland is located in
the Vitebsk Oblast territory, and its small parts are located
in the Minsk and Grodno Oblasts [13]. The Lakeland was
named after large number of lakes (over 3,000) located in
this area. The lakes form the following very picturesque
landscape groups: Braslavskaya, Narochanskaya, Lepel-
skaya, Glubokskaya.

The Lakeland climate is the coldest and wettest in Be-
larus. The area is a part of the northern moderately warm
humid agro-climatic zone.

Forests are the basic natural vegetation in the Lakeland.
They occupy about 40% of the territory, which corresponds
to the national average. The most wooded (up to 50%)
areas are sandy lowlands, covered by coniferous forests
that are often marshy. Coniferous species (mainly pine)
predominate in the forests, their proportion reaches 60%.
The highest proportion of spruce forests (17%) in the Re-
public is a peculiarity of its vegetation. There are very few
oak forests (less than 2%), and other broad-leaved species
are almost not found. Birch, alder and aspen forests pre-
dominate among small-leaved forests [14].

Meadows occupy a very small area. Drylands predomi-
nate among them, and there are significantly fewer low-
land and floodplain meadows. The meadows are heavily
overgrown.

There are few marshes in the Lakeland, but in some
places they form large massifs (Yelnya, Obolsky marshes,
Belmont). The widespread upper sphagnum and transi-
tional bogs are a distinctive features of the land.

Thus, all above-described natural and geographical
features of the Belarusian Lakeland are similar to subtaiga
landscapes that creates unique conditions for ixodid tick
habitats.

The study was aimed at analysis of the ecological, epi-
zootiological and epidemiological role of ixodid ticks in
tick-borne pathogen occurrence and circulation in the
Belarusian Lakeland.
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MATERIALS AND METHODS

The numbers and species of sexually mature ixodid
ticks were recorded from April to November 2022. Due to
the peculiarities of daily activity of ixodid ticks, the record-
ing was performed during the period of maximum ixodid
tick activity: on clear days — in the morning, from the mo-
ment the dew dries up to the onset of daytime heat, and in
the evening after the heat decreases until dusk or evening
temperature drop; on cloudy days without midday heat -
during the day. At the same time, the night air temperature
should have been at least 8 °C [15].

Adult (imago) and nymph ticks were collected in public-
ly accessible natural environment in the following Vitebsk
region territories: Tulovsky botanical reserve, Tulovo agri-
settlement (a/s); park named after Soviet Army; beach of

“Burevestnik” children’s health camp and territories adja-
cent to it, s. Zui; Pridvinye biological reserve, s. Shevino;
Luzhesnyansky dendrological park, s. Luzhesno; “Cherto-
va Boroda” botanical reserve; Ruba Ski Centre territory;
forest area near s. Sokolniki. All territories had subtaiga
landscapes.

The coordinates of the examined territories were deter-
mined using satellite navigators (GLONASS/GPS receivers)
in the global positioning system.

In open (clearings, lawns, glades) and forest areas with
tall grass and shrubs, flag made of plain light fleecy fabric
(waffle, flannel) was used for tick collection. A piece of fab-
ric (60 x 100 cm) is attached with its narrow side to a stick
and dragged through vegetation in an unfolded form; the
person dragged the flag in front of or at the side of himself/
herself and periodically inspected it.

The route length was calculated based on tracked
10-meter distance intervals, the10-meter distance inter-
val was predetermined by counting double steps. Stops
was made to take notes and to inspect own clothes after
completion of each 10-meter distance interval.

The length of the observation route (1 flag-km of na-
tural biotope) was the main unit for the tick population
estimation.

A total of 8 routes were tracked, 18 flag-km were passed,
529 tick specimens were collected, including 350 imago
ticks and 179 nymph ticks.

The ixodid tick genus and species were determined us-
ing N. A. Filippova'’s ixodid tick determinator'. Tick species
were identified in vivo with binocular microscope (16x).

Collected ticks were placed in glass tubes with cot-
ton-gauze plug or in plastic tubes with screw caps. Each
tube was labeled. The following information was indicated
in the label: collection place and time, tick species, sex, life
stage and feeding level3.

Caught ticks were tested for animal and human di-
sease agents by detection of disease agent genetic mate-
rials with real-time polymerase chain reaction (PCR) using
thermocycler. The specimens were grouped in accordance

' Filippova N. A. Fauna of the USSR. New edition, No. 114. Arachnids. Vol. 4.
Issue 4. Ixodid ticks of Ixodinae subfamily. Leningrad: Nauka; 1977. 396 p.
2 MG 3.1.3012-12 Collection, recording and preparation for laboratory
tests of blood-sucking arthropods in natural foci of dangerous infectious
diseases: Methodical Guidelines. Moscow: Federal Centre of Hygiene

and Epidemiology of the Federal Service for the Oversight of Consumer
Protection and Welfare of the Russian Federation; 2012. 55 p.
3Domonova E. A, Tvorogova M. G., Podkolzin A. T,, Shipulina O. Yu.,
Karan L. S., Yatsyshina S. B. et al. Collection, transportation and storage of
biological material for PCR diagnostics: Methodical Guidelines. Moscow:
Central Research Institute for Epidemiology; 2021. 112 p.

with MG 3.1.1027-01 “Collection, recording and prepara-
tion for laboratory tests of blood-sucking arthropods
being vectors of natural focal infections™, therewith, one
tick was considered as one specimen. Genetic materials
were extracted from the specimens with the reagent kit
for nucleic acid extraction from environmental objects in
accordance with the manufacturer’s instructions.

Differences in mean values were assessed for their sta-
tistical significance with Student’s t-test (t).

RESULTS AND DISCUSSION

Atotal of 529 tick specimens, including 350 imago ticks
(66.2%) and 179 (33.8%) nymph ticks were collected in
publicly accessible natural environment along the desig-
nated routes (Table 1). Therewith, nymph ticks were caught
along three out of eight routes.

Species and sex composition of collected ixodid ticks is
given in Table 2. Tick frequency index was calculated based
on the data given in Table 2: number of specimens in
which ticks of particular species were detected expressed
as percentage of total number of tested specimens.

It was found that epidemiologically and epizootiologi-
cally significant tick species in the Belarusian Lakeland
(Vitebsk Raion), responsible for the spread of tick-borne
infections and invasions, were represented by ticks of Ixo-
des and Dermacentor genera, that was generally consistent
with other studies. Thus, the frequency index for Ixodes
ticks was 70.1%, and for Dermacentor ticks was only 29.9%.

Ixodes ricinus (European forest, castor bean, sheep tick)
is a temporary ectoparasite with long feeding period and

“ambush” technique for attack.

Adult ticks in fasting period are absolutely flat, have
a small size, 3-4 mm only, and fasting nymph ticks are
about 2 mm in size. During feeding the ticks enlarge signifi-
cantly in size, especially females (hundreds of times), and
their bodies become of ovoid shape. The body of the adult
tickis a leathery sac, harder on the back (scutum); ticks lack
eyes and wings, but have 4 pairs of legs. The scutum com-
pletely covers the body of male ticks, while in female ticks
it covers only the anterior third of the body. Females are
larger than males and of reddish color; they change their
color to gray in engorged state. Nymphs are of light-brown
color and change their color to grayish-brown in engorged
state. Non-continuous poor-developed marginal groove is
a distinctive phenotypic feature of Ixodes ricinus.

All active phases of the tick life cycle (egg development
and molting) take place in the forest litter.

Ixodes ricinus prefer to live in sparse splashing sites
and young small-leaved forests (birch, aspen, alder), where
there are clearings with high herbage, and the soil is co-
vered with thick leaf layer. Ticks also like to settle in wil-
low thickets forming along melioration ditches running
between fields.

Ixodes ricinus is a carrier of Tick-borne encephalitis virus
of the European genotype, less pathogenic to humans,
Borrelia burgdorferi sensu lato complex (ixodid tick-borne
borreliosis, or Lyme disease), Anaplasma phagocytophilum
(granulocytic anaplasmosis), Babesia spp. (canine piroplas-
mosis, babesiosis of cattle) [16].

4 Collection, recording and preparation for laboratory tests of blood-
sucking arthropods being vectors of natural focal infections: Methodical
Guidelines. Moscow: Federal Centre for State Epidemiological
Surveillance of the Ministry of Health of the Russian Federation;

2002. 55 p.
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Table 1
Absolute numbers of ixodid ticks in examined natural biocenoses

Examined territories

Number of imago ticks,

Number of nymph ticks,

absolute units absolute units

Tulovsky botanical reserve, Tulovo agrisettlement (a/s) 31 -
Park named after Soviet Army 32 -
Beach of “Burevestnik” children’s health camp and territories adjacent to it, s. Zui n -
Pridvinye biological reserve, s. Shevino 47 -
Luzhesnyansky dendrological park. s. Luzhesno 78 -
“Chertova Boroda” botanical reserve 26 39
Ruba Ski Centre territory 48 8
Forest area near s. Sokolniki 77 132

Table 2

Species and sex composition of ixodid ticks in the examined natural biocenoses, absolute units

Examined territory

Dermacentor Ixodes

Tulovsky botanical reserve, Tulovo agrisettlement (a/s) 18 12 - 1 - -
Park named after Soviet Army 22 9 - 1 - -
Beach of “Burevestnik” children’s health camp and territories adjacent to it, s. Zui 2 1 - 3 5 -
Pridvinye biological reserve, s. Shevino 23 20 - 2 2 -
Luzhesnyansky dendrological park, s. Luzhesno 4 1 - 34 39 -
“Chertova Boroda” botanical reserve 4 2 8 18 2 31
Ruba Ski Centre territory 5 3 2 32 8 6
Forest area near s. Sokolniki 4 8 10 56 9 122
Total, n =529 82 56 20 147 65 159

Dermacentor reticulatus (meadow tick) can live in open
spaces in leafy and mixed forests — forest clearings, forest
edges, but prefer meadows and pastures with dense tall
grass, can survive under water during flooding, live in
flood meadows, can be found on lawns, prefer wet pla-
ces — ravines, road ditches, springs. So, the tick mass re-
production foci can form in livestock grazing areas [17].
The ticks are highly cold-resistant. The activity of meadow
ticks starts almost a month earlier than that one of forest
ticks — in April - May.

Ticks of Dermacentor genus have special features: all
phases of the tick life cycle take place within one year, and
imago ticks can survive two to three winter periods with-
out feeding [18].

The characteristic morphological features of Derma-
centor genus are light enamel pigments in the form of
spots of various shapes and sizes, most apparent on the
dorsal scutum and less apparent on the legs and proboscis.
The shape of enamel spots and their number vary greatly.
The male tick is of light color with dark markings. In fe-
male tick, only scutum is of light color, but female tick body
is dark-brown [19].

Meadow tick is a vector of thick-borne encephalitis,
borreliosis, babesiosis (piroplasmosis), anaplasmosis, ehrli-
chiosis, rickettsiosis, tularemia, listeriosis, erysipeloid,
Q fever, tick typhus, Omsk hemorrhagic fever [18, 19].

All collected ticks were tested for genetic materials of
Borrelia spp., Anaplasma spp. (Ehrlichia spp.), Babesia spp.
and Tick-borne encephalitis virus with real-time PCR.

It was found that 120 (22.7%) out of 529 ticks were carri-
ers of infectious animal and human disease agents (carrier
ticks) and 409 (77.3%) ticks were provisionally “clean” ticks
since the range of detectable DNA markers was limited.
Therewith, Borrelia spp. DNA was detected in the largest
number of the carrier ticks: 74 (61.7%) out of 120 ticks;
Anaplasma spp. (Ehrlichia spp.) DNA was detected
in 31 (25.8%) out of 120 carrier ticks and Babesia spp. DNA
was detected in 30 (25.0%) out of 120 carrier ticks (Fig. 1).

Ixodid tick-borne borreliosis is one of the critical health
concerns associated with transmissible natural focal infec-
tions in many countries, including the Republic of Bela-
rus, in the view of its ever-increasing social, medical and
economic importance [20, 21, 22]. In general, borreliosis
is a pronounced transmissible tick-borne human and ani-
mal disease. For example, according to literature data [23],
in Russia the proportion of ixodid tick-borne borrelioses
amounts to about 30% out of the total number of natu-
ral focal infections and amounts to more than 55% out
of infections caused by the ixodid tick-transmitted agents.
Other studies results have shown that spontaneous bacte-
riophoricity (infection of ticks with Borrelia) of ixodid ticks
in natural foci can reach 70% and even 90% [24].
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Fig. 1. Detection of tick-borne pathogen DNASs in ixodid ticks-carriers
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The natural foci of ixodid tick-borne borreliosis directly
depend on natural landscapes: there are especially many
of them in mixed forests located in the moderately humid
climatic zone, that is highly consistent with that one in
the Vitebsk region. Many infected wild and domestic ver-
tebrate species (rodents, deer, moose, goats, cows, dogs,
horses, etc.) as well as birds transmitting infected ixodid
ticks over long distances during migratory flights serve as
Borrelia reservoirs and carriers.

According to the data obtained by staff-members of
the Group for Arbovirus Infections of the Republican
Research and Practical Center for Epidemiology and Mi-
crobiology monitoring the transmissible infection patho-
gen circulation dynamics in the Republic of Belarus, tick
bacteriophoricity in natural environment has increased in
the Republic on average from 12.4 to 19.1% over the last
decade.

Anaplasmas are agents of transmissible seasonal di-
seases of cattle and humans.

So far, anaplasmas have been known only as animal
disease agents, and anaplasmoses have been of veterinary
interest, but currently humans are proven to be also sus-
ceptible to the infection [25]. PCR amplification method
has made it possible to make significant amendments to
anaplasmas taxonomy that greatly facilitates the disease
diagnosis.

Sick animals and anaplasma carriers are the source of
the invasion.The pathogen is transmitted by 11 ixodid tick
species, one Argass tick species and insects. Besides cattle,
reindeer, zebu, buffaloes, moose, roe deer and antelopes
are susceptible to Anaplasma marginale [26].

Anaplasmosis is widespread almost everywhere. The
disease is usually reported in spring, summer and autumn.
However, the disease cases can be reported in winter in
case of poor animal management and feeding, as well as
violations of aseptic and antiseptic rules during veterinary
and zootechnical manipulations (blood collection with
one needle, tagging, etc.). Anaplasmosis is often reported
in the form of mixed invasion with piroplasmidoses [27].

According to veterinary reports, the Bryansk, Pskov
Oblasts bordering to the Republic of Belarus, as well as Rya-
zan, Kaliningrad, Vladimir Oblast and other regions of the
Russian Federation are anaplasmosis-affected [5, 11]. Mass
infection and disease in livestock animals result in deaths,
reduced growth in young animals and reduced milk yields

in cows, inefficient feed conversion, increased costs due
to expensive treatment, extensive testings and measures
to be taken to combat the disease. All this causes huge
economic losses.

Ehrlichiosis as well as anaplasmosis is caused by rickett-
sia-like bacteria and transmitted by ticks. Both humans are
animals (dogs, cats, wild canine and feline animals, etc.) are
affected by ehrlichiosis. Different tropism to blood cells is
a distinctive feature of these tick-borne rickettsioses. Thus,
Anaplasma affect leukocyte granulocytes (mainly neutro-
phils) and Ehrlichia have a tropism for monocytes, that
was the reason to name the diseases transmitted by them
as human granulocytic anaplasmosis and human mono-
cytic ehrlichiosis, respectively. Both anaplasmosis and
ehrlichiosis are new infections for the Republic of Belarus
and require more detailed study. According to the scientific
data published by the Republican Research and Practical
Center for Epidemiology and Microbiology, the proportion
of human granulocytic anaplasmosis cases among 64 pa-
tients with tick-borne infections was 23.4%, and monocytic
ehrlichiosis cases in humans were sporadic [1].

Babesiosis (piroplasmosis) is a natural focal ixodid tick-
borne disease caused by hemoprotozoan parasites of Ba-
besia genus [28]. Ixodid ticks of Rhipicephalus, Dermacentor,
Hyalomma, Ixodes ricinus, Haemaphysalis leachi genera, as
well as Argas ticks are main vectors of the infection and
main hosts of the parasite [29]. Cattle and canine animals
are mainly affected. In humans, the disease is caused
by three Babesia species: Babesia microti — in America,
Babesia divergens and Babesia rodhaini — in Europe. More
than 100 cases of human babesiosis have been described
in the literature, the most of them were fatal [30].

Western tick-borne encephalitis is a diseases caused
by arbovirus, the life cycle of which requires Ixodes ricinus
ticks as a participant of the virus circulation and as a reser-
voir of the virus in nature. Tick-borne encephalitis has been
studied in Belarus since the early 40s of the last century,
when its natural foci were identified in the Belovezhskaya
Pushcha territory, and the virus was isolated from Ixodes
ricinus ticks [12].

According to the Republican Research and Practical
Center for Epidemiology and Microbiology, the number
of Ixodes ricinus ticks infected with Tick-borne encephalitis
virus has been slowly but steadily increased with periods
of stabilization in the Republic of Belarus over the past
decade [20].

It should be noted that none of the parasites collec-
ted during this study had the Tick-borne encephadlitis virus
genetic markers. At the same time, it is believed that tick-
borne encephalitis remains the priority tick infection for
the Polesie region, where as in the Republic as a whole,
number of ixodid ticks in natural biotopes steadily in-
creases, number of the ticks naturally infected with vari-
ous pathogens also increases, and infected vector habitats
expand [12].

Many cases of mixed infections (from 18 to 32%) inixodid
ticks have been described in the literature [1, 2, 4, 10, 15];
but in our study, only 13 out of 120 ticks were found to
be infected with several pathogens (Fig. 2). While, more
than two pathogens were detected in two specimens only.

Detection of several pathogens in one tick makes the
tick-borne mixed infections an important and priority
problem for the Republic of Belarus and requires compre-
hensive study.
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parasites was approximately the same in other examined
publicly accessible natural environment areas and ranged
from 15.6 to 21.5% (Fig. 3).

The results of tests of ixodid ticks-carriers collected in
the territory of “Chertova Boroda” botanic reserve and on
the beach of “Burevestnik” children’s health camp and in
the territories adjacent to it (s. Zui) for DNAs of transmissi-
ble tick infection pathogens are shown in Figure 4.

Detected differences in ixodid tick numbers and tick-
borne pathogen genetic marker occurrence correlate with
the ecological characteristics of the examined territories.

The “Chertova Boroda” botanical reserve is a locally
important nature reserve located in the Chretova Boro-
da stow to the south-west of Vitebsk, to west of the Ore-
khovo microraion, on the right bank of the Western Dvina
River. Its terrain is hilly with wet ravines and characteristic

10.8%

89.2%

One pathogen = Mixed infections

Fig. 2. Mixed infections in examined ticks

The study showed that the largest number of infected
ticks (38.5%) was collected on the territory of the “Cherto-
va Boroda” botanic reserve, the smallest number of infec-
ted ticks (9.1% at p = 0.00015) was collected on the beach
of “Burevestnik” children’s health camp and in the ter-
ritories adjacent to it (s. Zui). The proportion of infected

mixed-forest landscape with many shrubby thickets and
grass deadwood. The territory is ideal for a permanent
habitat for ixodid ticks.

The route ran through the territory belonging to “Bu-
revestnik” children’s health camp, mixed forest, settlement
of Zui (Vitebsk Raion), 6 km from Vitebsk. The landscape is
predominantly mixed forest with meadows located closer
to the northeastern part of the camp and to the Laucesa

Forest area near s. Sokolniki 21.5
Ruba Ski Centre territory 21.4
“Chertova Boroda” botanical reserve 38.5

Luzhesnyansky dendrological park, s. Luzhesno 19.2

Pridvinye biological reserve, s. Shevino 21.3
Beach of “Burevestnik” children’s health camp 9.1
and territories adjacent to it, s. Zui *
Park named after Soviet Army 15.6
Tulovsky botanical reserve, Tulovo agrisettlement (a/s) 19.3
0.0% 5.0% 10.0% 15.0% 20.0% 25.0% 30.0% 35.0% 40.0% 45.0%

Fig. 3. Proportion of infected ticks in the examined territories

Babesia sPP. - — 24
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Borrelia PP e ———— 50
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B “Burevestnik”, s. Zui B “Chertova Boroda”

Fig. 4. Results of tests for detection of tick-borne pathogen DNAs in ixodid ticks-carriers in the “Chertova Boroda” botanic
reserve as well as on the beach of “Burevestnik” children’s health camp and in the territories adjacent to it (s. Zui)
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River shore. The small number of collected ticks can be
accounted for regular measures for destruction of ecto-
parasites and larvae thereof taken in the territories adja-
cent to the camp.

The results of tests of ixodid ticks-carriers collected
in six other examined territories for DNAs of transmissible
tick infection pathogens are shown in Figure 5.

The range of transmissible infection pathogens carried
by ixodid ticks was found to be different in examined ter-
ritories.

Thus, only Borrelia spp. DNA was detected in carrier
ticks collected in the territory of the Park named after
Soviet Army; only Borrelia spp. and Anaplasma spp. (Ehrli-
chia spp.) DNAs were detected in the ticks collected from
the vegetation in the Pridvinye biological reserve (set-
tlement of Shevino) and the Tulovsky botanical reserve
(Tulovo agrisettlement). Whereas, Borrelia spp. and Ana-
plasma spp. (Ehrlichia spp.) as well as Babesia spp. genetic
materials were detected in the carrier ticks collected along
the routes running through the Luzhesnyansky dendro-
logical park (s. Luzhesno), Ruba Ski Centre territory and
the forest area near s. Sokolniki.

Itis important to note that Borrelia spp. was the patho-
gen most often detected in carrier ticks collected along
all routes (15.6 to 80% bacteriophoricity). Thus, tick-borne
borreliosis is the predominant transmissible infection in
the territory of the Belarusian Lakeland.

CONCLUSION

It was found that epidemiologically and epizootiologi-
cally significant tick species in the Belarusian Lakeland
responsible for spread of transmissible infections and
invasions were represented by ticks of Ixodes and Derma-
centor genera, their frequency index was 70.1 and 29.9%,
respectively.

It was shown that 22.7% of ixodid ticks in the Belarus-
sian Lakeland were potential carriers of the following hu-
man and animal infectious diseases: tick-borne borreliosis,
anaplasmosis (ehrlichiosis), babesiosis.

No Tick-borne encephalitis virus genetic materials were
found in the specimens tested during the study.

The range of infectious disease agents transmitted by
ixodid ticks in the Belarusian Lakeland (Vitebsk region)

Fig. 5. Detection of tick-borne pathogen DNAs in ixodid ticks-carriers in other six examined territories

was found to be as follows: Borrelia spp. were detected
in 61.7% of tested ticks, Anaplasma spp. (Ehrlichia spp.) -
in 25.8% of tested ticks and Babesia spp. - in 25% of tested
ticks. Therewith, the proportion of mixed infected vectors
was 10.8%.

Numbers of ixodid ticks and presence of tick-borne
pathogen genetic markers in them were found to correlate
with the ecological features of the examined territories.
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Flow cytometry study of DNA transformation
dynamics in BHK-21/SUSP/ARRIAH cell culture
during rabies virus reproduction

Marina N. Guseva, Maksim I. Doronin, Maxim A. Shevchenko, Dmitry V. Mikhalishin, Alexey V. Borisov,
Yulia S. El'kina, Tatyana V. Okovytaya, Valery M. Zakharov, Valery V. Mikhalishin
Federal Centre for Animal Health, Yur'evets, Vladimir 600901, Russia

ABSTRACT

The study examines the DNA transformation dynamics of BHK-21/SUSP/ARRIAH subline cells during rabies virus reproduction. Cells infected with the virus and
control intact cells were cultivated under similar conditions. The identification of dependence of the virus infectivity on reproduction time revealed that the virus
infectivity titre increased from (3.2 +0.2) Ig CCID, /cm?’ at the time of inoculation to (7.63 + 0.3) Ig CCID, /cm? after 48 hours of reproduction, with the most
intensive increase having been observed within the first 24 hours. The cell concentration changed from 0.5 to 1.9 million/cm?, i.e. increased by a factor of 3.8.
After 24 hours, the cell growth rate slowed down. Findings from the examination of cell cycle phases during rabies virus reproduction in the host cell allowed for
the estimation of duration and predominance of G1, S, G2 + M phases at different stages of cultivation. The dynamics of changes in the apoptotic cell population
in the control and test samples was similar within 36 hours of cultivation. After the said period, the proportion of apoptotic infected cells was 28—42% higher than
that of apoptotic control cells. After 9 hours, the proportion of cells undergoing G1 phase increased by 11.7% in the test samples, whereas it decreased by 16.6%
in the control samples. Subsequently, the number of G1 phase cells in the control and test samples changed in the same way: a 40% decrease was observed after
15-18 hours, it was followed by a 45—46% growth jump, then again a 39-40% decrease and an increase were observed. After 33 hours of reproduction and till
the end of cultivation, the proportion of infected cells undergoing G1 phase was significantly higher (by 12-21%) as compared with control cells. The percentage
of S phase cellsin the test and control samples was the same during the first day of the virus reproduction, with sharp jump-like 3.4- and 2.4-fold increases having
been observed after 15 and 24 hours, respectively. After 24 hours, the infected and control cells began to demonstrate differences, which gradually increased from 8
to 137% by the end of reproduction. After 30 hours of reproduction, the proportion of test sample cells undergoing G2 + M phase began to decrease by 17-28%
as compared with the control cells. The cell switch-over to the synthesis of complete rabies virus particles occurred after 24 hours of reproduction. This is indicated
by changes in the host cell cycle phases, as well as by the slowing down of BHK-21/SUSP/ARRIAH cell population growth.
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WccneoBaHne MeTo0M NPOTOYHON LIUTOMETPUN AUHAMUKY
TpaHchopmauuu HK B kynbtype knetok BHK-21/SUSP/ARRIAH
npu penpoayKLmmn BUpYca OeLeHCTBa

M. H. TyceBa, M. U. loporun, M. A. lieByenko, [l. B. Muxanuwu, A. B. bopucos,
10. C. EnbkuHa, T. B. OkoBbiTas, B. M. 3axapos, B. B. Muxanuwux
OIBY «OefepanbHblil LLeHTp oXpaHbl 340pOBbA XMBOTHbIX» (OTBY «BHUNU3X»), Mkp. I0pbesew, . Bnagumup, 600901, Poccua

PE3IOME
ViccnepoBatne nocaALeHo u3yyeruto AuHamukn Tpancdopmavmn IHK knetok cybnunmm BHK-21/SUSP/ARRIAH npu penpogyKuuu B Hux Bupyca beLuen-
(1Ba. NHuLMpoBaHHble Bo36yANTENeM 1 KOHTPONbHBIE UHTAKTHble KNETKY KyNbTUBMPOBANUCH B aHANOTNYHBIX YCNOBUAX. [TpK BbIABNEHUN 3aBUCUMOCTH
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MHOEKLMOHHOCTI BUPYCa OT BpEMeHM PENpOAyKLNY YCTAHOBIIW, YTO TUTP €ro MHOEKLMOHHOV aKTUBHOCTY yBennuMBanca ot (3,2 £ 0,2) lg KKII, /cv® npu
uHokynaumu 1o (7,63 + 0,3) g KKII, /cm® yepes 48 y penpoaykuny, Ho 6oMiee UHTEHCMBHO OH BO3pacTan B NepBbie 24 u. KoHLEHTPaLMA KNIeToK npu 37om
n3meHunach ¢ 0,5 4o 1,9 MaH/cm?, To ecTb BbIpocia B 3,8 pa3a. CnycTal 24 4 KpaTHOCTb NPUPOCT KNETOK 3amMeaAnach. B npovecce nyyeHns ¢a3 knetouHoro
LMKNa NPy PenpoyKLMn B KNeTKe-X03A1He BUPYyCa OeLleHCTBa NoNyyeHbl pe3ynbTaTbl, N03BONANLLME OLEHUTb NPOAOIKUTENLHOCTL U JOMUHUPOBaHNe
$a3 G1, S, G2 + M Ha pa3Hbix 3Tanax KynbTBUPOBaHNA. [IuHaMMKa M3MeHeHWI NONYNALMI KNETOK, HAXOAALLMXCA B anonTo3e, B KOHTPOAIE 1 onbiTe Obina
OZMHAKOBOI B TeueHue 36 4 KynbTBUPOBaHMA. 1o NpoLLecTBUM AaHHOTO BpeMeHY MHOULMPOBAHHDIX KNETOK B CTaZun anonTo3a 6bino Ha 28—42% 6onbLue
110 CPaBHEHNI0 € TAKOBbIMY B KOHTpOE. JlonA KNeToK, HaxoAAwwmuxea B cragun ¢asbl G1, yepe3 9 4 B onbITHbIX 06pa3Liax yBenuuunach Ha 11,7%, B KOHTPONb-
HbIX, Ha060pOT, yMeHbLLIMAACh Ha 16,6%. B fanbHeliiem KonnuecTBo KneTok B G1-dase v B KOHTPONIE, 11 B OMbITE U3MEHANOCb OAMHAKOBO: Yepe3 1518 y
Habnioganu ymeHbLueHue Ha 40%, fanee — pocToBOIA CKauoK Ha 45—46%, NoTom onATb CHUXeHue Ha 39—40%, 3aTem BHOBb yBenuueHue. Mocne 33 4
PenpoyKLMN 1 0 OKOHYAHNA KyNbTUBMPOBAHNA A0NA MHGULMPOBAHHDIX KNETOK, HaxoAAwWuxcA B dase G1, 6bina 3HaunTenbHo bonbLue (Ha 12-21%), uem
KOHTPOMbHbIX. KonnyecTBo KneTok B Gase S B onbiTe 1 KOHTPONE B NepBble CYTKN PenpoAyKLMK BUpyca 6bino 0AMHAKOBbIM, NPy 3TOM HabnlAanu peskoe
kauykoobpasHoe yBennuenue yepes 151 24 4B 3,4 1 2,4 pa3a cooTBETCTBEHHO. Yepe3 24 u Mexay MHOULMPOBAHHBIMY 1 KOHTPONbHBIMU KNETKaMI Hayanu
NPOABAATLCA Pa3fnynA, KoTopble NocTeneHHo Bo3pactani ¢ 8 4o 137% k okoHuaHuio penpogykumn. B dase G2 + M uepe3s 30 y penpoayKLmMu KOANYECTBO
KNeTOK OMbITHbIX 00pa3Li0B HAaUMHaNo yMeHbLIATbCA Ha 17-28% No CpaBHEHMIO C KOHTPONbHBIMIA. [lepecTpoiika KNeTKIn Ha CUHTE3 MOMHbBIX YacTuL, BUpYca
6ewweHCTBa HacTynana yepes 24 4 penpogykuuu. 06 370M roBOPAT U3MeHeHuA B (asax KNeTOUHOTO LMKNa KNeTKI-X03AMHa 1 3aMeZNeHie NpupocTa camoit
nonynauum knetok nunim BHK-21/SUSP/ARRIAH.

KnioueBble cnoBa: npotouHas UNTOMETPUA, (asbl KNETOUHOTO LMKNa, cycnen3ua knetok BHK-21, Bupyc Gelwencrea

bnaropapHocTu: UccnepoBaue nposeaeHo 3a cuet cpeacts OBY «BHUN3M» B pamkax HayuHo-nccnesoBatenbckix pabot no Teme «BetepunapHoe 6naro-
nonyyme.

[ina untuposanusa: [ycea M. H., loponunn M. ., Wesuenko M. A., Muxanuwu [1. B., bopucos A. B., Enbkuna 10. C., Okosbitas T. B., 3axapos B. M., Muxanu-
wuH B. B. Viccnegoanme metogom npotouHoii uutometpun AuHamukm tpaHcdopmaumn JHK 8 kynbtype knetok BHK-21/SUSP/ARRIAH npu penpogykumy Bupyca
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KoHdnukT MHTepecoB: ABTOpbI 3aABNAKT 06 OTCYTCTBUI KOHGNNKTA UHTEPECOB.

[ina KoppecnonpeHumn: [yceBa MapuHa HukonaesHa, kaHz. 6uon. Hayk, cTapLunii HayuHblil COTPYAHMK nabopaTtopuu npodunakTuky Awlypa OrbY «BHUU3X»,
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INTRODUCTION

Rabies is an acute disease of warm-blooded animals
that affects the central nervous system. All domestic and
wild animal species, as well as human beings are suscep-
tible to the disease [1, 2, 3, 4, 5].

The virus reproduction cycle includes its adsorption
onto the cell surface, penetration into the cell, uncoating,
transcription, translation, replication, assembly and bud-
ding.

Primary transcription does not require structural pro-
tein synthesis. There are 2 types of rabies virus transcrip-
tion: 1) at first, leader RNA is transcribed with genomic
RNA, then 5 monocistronic mRNAs are sequentially tran-
scribed, from which N, P, M, L proteins are translated in
the cytoplasm, and G gene mRNA is translated in poly-
somes associated with the Golgi apparatus membrane;
2) transcription of antigenomic (positive-sense) RNAs,
which serve as templates for the synthesis of new gen-
erations of negative-sense genomic RNAs, with genomic
RNA. Unlike primary transcription, genomic RNA repli-
cation by the described mechanism can occur only si-
multaneously with translation and synthesis of structural
proteins, especially N and P ones, necessary for RNA en-
capsidation by nucleocapsid structures. L, N, and P pro-
teins mainly control RNA transcription and replication,
whereas M protein occupies an intermediate position
between the nucleocapsid and the virion shell and par-
ticipates in RNA condensation. Besides, M protein plays
a key role in RNA synthesis regulation and budding of the

virus [6, 7]. At the final stage of assembly and budding,
nucleocapsids “put on”the viral envelope represented by
G protein integrated into the cell membrane. Glycopro-
tein determines the neurovirulence and neuroinvasive-
ness of rabies virus.

The place of viral particle formation depends on the
virus and host cells. For representatives of the genus Lyssa-
virus of the family Rhabdoviridae, to which rabies virus be-
longs, the synthesis and assembly of nucleocapsids occur
in the cytoplasm, and budding occurs through the plasma
membrane of the cell, from which the virion acquires an
additional lipid layer.

Rabies virus does not cause characteristic cytopathic
changes in cells. All transcription and replication events
occur in the cytoplasm inside Negri bodies. These struc-
tures are typical for rabies and, thus, can be used as
a pathognomonic symptom of the infection [8].

Flow cytometry is a modern technology that ensures
rapid, high-quality and multiparametric analysis of cells. It
is widely used in such fields of medicine as immunology,
pharmacology, cytology, oncology, hematology, genetics,
infectology [9, 10, 11,12, 13, 14, 15].

Flow cytometry makes it possible to collect a va-
riety of data: to determine DNA and RNA content in a
cell, the total number of proteins and the number of
specific proteins recognized by monoclonal antibodies,
to investigate cell metabolism, to study the transport
of calcium ions and the kinetics of enzymatic reactions
[15,16,17,18, 19, 20].
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Each cell has its life cycle from the moment of its
formation by mother cell division to mitosis or death. It
is called a cell cycle. The cell cycle consists of two peri-
ods: 1) cell growth period (interphase); 2) cell division
period called M phase (from the Greek word “mitos”,
meaning “thread”). In its turn, each of the said periods
has several phases. Usually, the interphase takes at least
90% of the time of the entire cell cycle. Most of cell com-
ponents are synthesized throughout the interphase,
and this makes it difficult to identify individual stages
within it.

The interphase is divided into G1, S and G2 subphases.
A period within the interphase, during which cell nucleus
DNA is replicated, is called “S phase” (from the word “syn-
thesis”). It should be noted that not only DNA replication,
but also the basic biosynthesis of structural and functional
proteins of the cell occurs during the interphase (mainly
in S phase). A period between M phase and the begin-
ning of S phase is called G1 phase (from the word “gap”),
and a period between the end of S phase and subsequent
M phase is called G2 phase [21].

The use of flow cytometers in the studies made it pos-
sible to identify important data on the reproduction cycle
phases of cells, as well as to obtain the results that allowed
for the estimation of duration and predominance of the
corresponding cell cycle G1, S, G2 + M phases at different
stages of cultivation [18, 19, 20, 22, 23]. In the light of the
above, it can be concluded that the nature of changes in
the cell cycle during virus replication in a cell is important
for understanding the process of virus reproduction, but
is understudied.

The aim of the study was to examine the dynamics
of DNA transformation in BHK-21/SUSP/ARRIAH cell cul-
ture during rabies virus reproduction using flow cytometry.

MATERIALS AND METHODS

Cell line. Suspension continuous culture of newborn
Syrian hamster kidney cells BHK-21/SUSP/ARRIAH was
used in the work [24]. The cells were grown in metal bio-
reactors with a working capacity of up to 1,800 dm? in ac-
cordance with the “Master formula record for production
of vaccine against foot-and-mouth disease of different
types” approved by the Director of the Federal Centre for
Animal Health.

Rabies virus. Production “ARRIAH” strain of rabies virus
was used to infect the cells.

Nutrient medium used to grow cells. Eagle’s medium sup-
plemented with 5% of fetal bovine serum (Serana, Germa-
ny) and 0.25% blood protein hydrolysate (Russia) was used.

Rabies virus cultivation. Rabies virus reproduction was
carried out during 48 hours in 0.5 dm? flasks using Mini-
sart® RC25 Syringe Filters 17764-ACK @ 25 mm (Sartorius,
Germany).

Growth rate was calculated as the ratio of the final (after
48 hours) and initial cell concentrations within one pas-
sage.

Cellinfection with rabies virus. Suspension BHK-21/SUSP/
ARRIAH cell culture was inoculated with culture rabies vi-
rus at a dose of 0.1 CCID, /cell. Samples containing infec-
ted cells were designated as test samples; cells not inocu-
lated with the virus served as control and were cultivated
under similar conditions.

The identification of cell cycle stages was carried out us-
ing an Accuri™ C6 flow cytometer and a BD Cycletest™ kit

for working with a cytometer, as well as a reagent kit for
quantitative DNA content analysis in cells C6 Flow Cyto-
meter Fluid Kit (Becton Dickinson and Company, USA).

The determination of rabies virus infectivity titre was
carried out in accordance with “Methodical guidelines
for indirect determination of infectivity titre of culture ra-
bies virus “ARRIAH" strain in vaccine production seed with
real-time reverse transcription polymerase chain reaction
(real-time RT-PCR)".

Samples were collected every 3 hours throughout
the entire time of rabies virus reproduction. The concentra-
tion of BHK-21/SUSP/ARRIAH cells in the suspension was
determined using a Goryaev chamber for counting blood
cells,dA0.000.851, compliant with TU 64-1-816-84.The cell
suspension in a volume of 1 cm® was supplemented with
an equal volume of 0.2% trypan blue solution, thoroughly
mixed and used to fill the chamber. The number of cells
in 1 cm? of the suspension was calculated using the for-
mula [21]:

X=A><B><4,000

% 1,000,
3,600

where Xis the number of cells in 1 cm3; A is the total num-
ber of cells in the chamber; B is the suspension dilution.

The counting was performed using a microscope at 10x
magnification.

Statistical data processing. Numerical data were statisti-
cally processed with generally accepted methods of vari-
ation statistics, using a personal computer and Microsoft
Excel software.

RESULTS AND DISCUSSION

The virus reproduction dynamics was assessed based
on the following indicators:

- dependence of the virus infectivity titre on reproduc-
tion time;

- changes in apoptosis and debris;

- changes in cell cycle stages (G1, S, G2 + M).

During cultivation, the hydrogen ion concentration
(pH) of the suspension was checked every 3 hours.

Figure 1 shows the dynamics of rabies virus infectivity
during its reproduction in BHK-21/SUSP/ARRIAH cell cul-
ture.

It was found that the virus infectivity titre increased
from (3.2+0.2) Ig CCID, /cm? at the time of inoculation to
(7.63 + 0.3) Ig CCID, /cm? after 48 hours of reproduction,
with the most intensive increase having been observed
within the first 24 hours (up to 6.76 CCID, /cm?).

Within 48 hours, the cell concentration changed
from 0.5 to 1.9 million/cm?, i.e. increased by a factor of 3.8
(Fig. 2).

At the next stage, experiments were conducted
to study changes in rabies virus infectivity titre in BHK-21/
SUSP/ARRIAH cells with different initial concentrations:
(0.77 £0.1); (3.0 £ 0.2) and (1.1 £ 0.1) million/cm?. It was
found that the accumulation of complete viral particles
in the infected cells with different concentrations oc-
curred within the first 12 hours of reproduction (Fig. 3).

" Doronin M. I, Mikhalishin D. V., Borisov A.V., Balashov A. N., Mudrak N. S.,
Zakharov V. M. Methodical guidelines for indirect determination

of infectivity titre of culture rabies virus “ARRIAH" strain in vaccine
production seed with real-time reverse transcription polymerase chain
reaction (real-time RT-PCR): approved by FGBI“ARRIAH" 23.12.2021

No. 66-21. Vladimir; 2021. 59 p.
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Fig. 1. Rabies virus infectivity dynamics during its reproduction in cell
culture (n=3,p < 0.05)
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Fig. 2. BHK-21/SUSP/ARRIAH cell concentration dynamics during rabies
virus reproduction (n =3, p < 0.05)
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Fig. 3. Rabies virus accumulation dynamics during its reproduction in cells
with different initial concentrations (n = 3, p < 0.05)

90

Subsequently, the virus accumulated 1.1-1.2 times more
intensively in the culture with initial cell concentration of
(0.77 £ 0.10) million/cm?3. This is probably due to the limi-
ted amount of nutrients for the reproduction and growth
of cells with a higher concentration.

Tests were carried out to study changes in cell cy-
cle phases during rabies virus cultivation in suspen-
sion BHK-21/SUSP/ARRIAH cells. Under standard op-
timal conditions, intact populations are distributed
according to cell cycle phases as follows: G1 - 30-75%,
G2 + M - 2-18%, S — 2-33%, polyploids — up to 4% and
debris - 1-20% [23].

It was found that the dynamics of changes in the apop-
totic cell population in the control and test samples was
similar within 36 hours of cultivation (a small time shift
of 3 hours between the test and control samples was ob-
served after 9 and 12 hours of reproduction). The propor-
tion of apoptotic infected cells was 28-42% higher than
that of apoptotic control cells 36 hours after the start
of cultivation (Fig. 4).

After 9 hours, the proportion of cells undergoing
G1 phase increased by 11.7% in the test samples, whereas
it decreased by 16.6% in the control samples. Subsequent-
ly, the number of G1 phase cells in the control and test
samples changed in the same way: a 40% decrease was
observed after 15-18 hours, it was followed by a 45-46%
growth jump, then again a 39-40% decrease and an in-
crease were observed. After 33 hours of reproduction and
till the end of cultivation, the proportion of infected cells
undergoing G1 phase was significantly higher (by 12-21%)
as compared with the control cells.

The comparison of the number of cells undergoing
apoptosis + debris and G1 phase revealed a certain
synchronicity between these phases: after 9 hours of
the virus cultivation, G1 phase increased by 10-12%,
at the same time apoptosis decreased by 10-11%, then
a decrease in the percentage of G1 phase cells and an
increase in the proportion of cells in apoptosis and
debris were observed. A more pronounced “mirroring”
of these cell cycle phases was observed after 24 hours
of cultivation. A similar pattern was seen in the study
of the cell cycle during foot-and-mouth disease virus
reproduction [22].

The diploid phase of the cell cycle (G1), during which
the synthesis of mRNA, structural proteins and other cell
components began, prevailed in the cell cycle of intact
BHK-21/SUSP/ARRIAH population. This phase accounted
for 30 to 75% of cells, depending on the cultivation con-
ditions, which is reflected in earlier studies [23].

It is known that during G1 phase, cells start to grow
in size, mRNA and enzymes required for subsequent DNA
replication are activated [21].

G1 phase cells in the suspension culture were main-
tained at 37-70% throughout the entire virus repro-
duction time, i.e. cells infected with the virus served as
a source of energy and material for the synthesis of viral
components, as well as for the assembly of complete
virions.

The transition from diploid (G1) phase to synthetic (S)
phase is one of the check points of the cell cycle. Depend-
ing on the amount of nutrients and energy, as well as on
external factors of cultivation, the cell“decides” whether to
enter the cell cycle or to go into a non-dividing quiescent
state known as GO phase that leads to apoptosis. The main
event of S phase is DNA replication, which has its specific
features [21].

In our tests, the percentage of S phase cells in the
test and control samples was the same during the first
day of the virus reproduction, with sharp jump-like
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3.4- and 2.4-fold increases having been observed after
15 and 24 hours, respectively (Fig. 5). After 24 hours,
the infected and control cells began to demonstrate
differences, which gradually increased from 8 to 137%
by the end of reproduction. It can be assumed that the
cells undergoing the said phase also participated in the
virus reproduction.

In G2 phase, the last of three successive phases of
the cell cycle interphase, and M phase, a tetraploid popu-
lation was formed. In the intact and rabies virus infected
cells of BHK-21/SUSP/ARRIAH line, the phase of prepara-
tion for mitosis and mitosis itself accounted for 2 to 20%
of the entire population. After 30 hours of reproduction,
the proportion of test sample cells undergoing these
phases began to decrease by 17-28% as compared with
the control cells (Fig. 6). This was probably due to the fact
that the overall biosynthesis and functions of the host
cell were inhibited as a result of the biosynthesis of rabies
virus components; therefore, the percentage of G2 + M
phase cells decreased.

The number of polyploid cells in the test samples
was approximately equal during 45 hours, with a sharp
2.0-2.5-fold increase having been observed only within
the last hours of the virus reproduction. In the control
cells, the population ploidy was abrupt: 2.06-, 2.7-, 1.56-
and 3.18-fold increases were observed after 9, 21, 42 and
48 hours, respectively. It can be assumed that polyploid
cells were partially resistant to the virus. This fact has al-
ready been noted earlier in the study of foot-and-mouth
disease virus reproduction in BHK-21 cells [22].

The DNA histograms of BHK-21/SUSP/ARRIAH cells
during rabies virus reproduction 24 hours after the start
of infection and after 42 hours of cultivation (Fig. 7) sum-
marize the graphs shown in Figures 4-6.

CONCLUSION

The phases of the cell cycle during rabies virus reproduc-
tion in the host cell were examined, the results obtained
allowed for the estimation of duration and predominance
of the corresponding cell cycle G1, S, G2 + M phases at
different stages of cultivation.

When studying the dynamics of changes in the DNA
of BHK-21/SUSP/ARRIAH cells infected with rabies virus, it
was found that after 24 hours of the virus cultivation, the
proportion of cells in G1 phase increased as compared
with the control cells (by 12-21%). Since mRNA, structu-
ral proteins, other cell components that are also necessary
for rabies virus virion assembly are synthesized during
G1 phase, the growth of cells in this phase of the cycle
can be considered expectable.

It was found that since the main event of S phase is DNA
replication, a linear decrease of S phase during rabies virus
cultivation after 24 hours of reproduction may also be in-
dicative of the cell switch-over from cell DNA replication
to viral RNA synthesis.

It was revealed that G2 phase and M phase (post-
synthetic, or premitotic phase, and mitosis itself) of
the test sample cell life cycle were relatively decreased
(by 17-28%) as compared with the control cells, i.e. the
infected cells spent less time in the division stage than
the uninfected ones. This was probably due to the fact
that the overall biosynthesis and functions of the host
cell were inhibited as a result of the biosynthesis of rabies
virus components.
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&
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~——test G1

== control apo+debris
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Fig. 4. Changes in percentages of cells undergoing apoptosis + debris
and G1 phase in BHK-21/SUSP/ARRIAH culture during rabies virus
reproduction (n =3, p < 0.05)
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Fig. 5. Changes in percentages of cells undergoing S phase
in BHK-21/SUSP/ARRIAH culture during rabies virus reproduction
(n=3,p<0.05)
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Fig. 6. Changes in percentages of G2 + M phase cells
in BHK-21/SUSP/ARRIAH culture during rabies virus reproduction
(n=3,p<0.05)

The polyploid cells formed during the cell and virus cul-
tivation were found to be partially resistant to rabies virus
and probably had the least sensitivity.
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Fig. 7. Comparison of DNA histograms of BHK-21/SUSP/ARRIAH cells during rabies virus reproduction and
those of control samples after 24 hours (A - test, B — control) and after 42 hours (C - test, D — control)

It was established that BHK-21/SUSP/ARRIAH cell
switch-over to the synthesis of complete rabies virus
particles occurred after 24 hours of reproduction, as indi-
cated by changes in the host cell cycle phases, as well as by
the slowing down of the cell population growth.
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Improved production strain maintenance
technique for Burkholderia mallei 5584 (Master seed)
used for glander diagnostic agent production
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ABSTRACT

One of the aspects important for strain collection maintenance is the optimization of existing methods and development of new techniques for microbial strain
preservation, that is why the improvement of previously developed methods for authentic strain preservation is an urgent task. The article provides information on
the maintenance of Burkholderia mallei 5584 (Master seed) using previously developed technique, which was supplemented with new stages in accordance with
modern requirements for strain collections of highly dangerous disease agents. The previous strain maintenance technique involved its storage in its native state,
which facilitated accumulation of genetic mutations and, ultimately modification of bacterial cell properties. To extend the storage time of this strain and to ensure
the stability of its biological properties, the freeze-drying method was used. Skimmed milk was used as a cryoprotectant. Freeze-drying was performed under
selected conditions. This technique allows for the strain sub-culturing on sensitive models once every 5 years, which is more expedient and safe from an economic
and biological point of view. For safe handling of Burkholderia mallei 5584 production strain, an inactivation technique using gamma rays at 30 kGy was developed,
which allowed to achieve microbial suspension sterility and preserve the bacterial cell structure. When comparing the previously developed and supplemented
techniques, it was found that the improved technique of Burkholderia mallei 5584 (Master seed) maintenance makes it possible to avoid the loss of its biological
properties needed for the production of high-quality laboratory diagnostic agents used for timely disease detection in susceptible animals by diagnostic tests.
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Burkholderia mallei 5584 (Master seed), npumeHaemoro
IN1A N3rOTOB/EHNA CaMHbIX AUArHOCTUKYMOB
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ABNAGTCA aKTyanbHoIl 3adaveit. B cTatbe npuBefieHa nHdopmauma no noaaepxaHuio Npon3BoACTBEHHOro Wramma Burkholderia mallei 5584 (Master seed)
C MCNONb30BaHKMeM pa3paboTaHHoil paHee CMCTEMbI, KOTOpas bbina JONONHEHa HOBbIMM TanamMu CONAcHO COBPEMEHHbIM TpeboBaHNAM, NpebABAAEMbIM
K KONNeKLMOHHBIM GOHAAM LTaMMOB Bo306yauTeneil 0co6o onacHbix 6one3Heii. lpeablayLuas (xema NoAAepXaHNA LITaMMa NpesycMaTpUBana ero XpaHeHue
B HATWBHOM BHJ€, UTO CTIOCOOCTBOBANIO HAKOMMIEHNIO TeHETNYECKIX MyTaLWii 1, Kak CTiefiCTBUE, U3MEHEHI0 CBOCTB GaKTepuanbHoil KneTku. [1ns yBenuyenus
CPOKOB XpaHeHWA JAHHOIO LUTaMMa 1 0becneyeHna CrabunbHOCTY ero 61MONOrMYecKIX CBOIACTB NPUMeHeH MeToZ nnodunusauun. B kauecTse kpuonpotektopa
MCnoNb30Bany 06e3xmpeHHoe MooKo. CybniMaLIMoHHYI0 CyLLKY TPOBOAMAY NO BbIOPaHHOMY pexxumy. [laHHbI/ METOZ AAeT BO3MOXHOCTb MacCipoBaTh LUTaMM
Ha YyBCTBUTENbHbIX MOAENAX OfUH Pa3 B 5 N1eT, uTo 6onee BbIrOAHO 11 6e30MacHo ¢ SKOHOMIUECKOIA 1 Bronoruyeckoil Tovek 3peHns. [ina 6esonacHoii pabotb
C NPON3BOACTBEHHBIM LUTaMMOM 5584 B036yauTena cana pa3paboTaH MeToZ ero MHaKTUBaLMM ramma-nyyamu npu 30 KIp, KoTopblii no3BonmMn J06UTbCA CTe-
PUNLHOCTI MUKPOBHOIA B3BECU 11 COXPAHUTb CTPYKTYpPY OaKTepuanbHbIx Knetok. Mpu cpaBHeHUM paHee pa3paboTaHHOI U JONONHEHHOI (XeM YCTaHOBNEHO, YTO
YCOBEPLUEHCTBOBAHHAA CMCTeMa NoaAepxaHus Wramma Burkholderia mallei 5584 (Master seed) no3gonseT ckniounTb yTpaty ero 61onornyeckinx CBOMACTB,
HeobX0AMMBIX 1A POM3BOACTBA KaUeCTBEHHDIX CAMHBIX AMArHOCTUKYMOB, UCMOMb3YeMbIX 1A (BOEBPEMEHHOTO BbIABNEHUA 3a00/1€BaHNA Y BOCIPUUMUUBBIX
KUBOTHBIX NPY NPOBEAEHUM ANATHOCTUYECKUX UCCTIeZl0BAHMIA.

KnioueBbie cnosa: can, Burkholderia mallei, naccax, nuodunuzuzauna, buonoruyeckue cBoiicTea, ramma-o6nyyetue

BnaropapHocty: Pabota BbinonHeHa 3a cuet cpects OTBHY «OLTPB-BHUBI» B pamkax HayuHo-1ccnefoBaTenbckoil paboTbl no Teme «/3yyenne bronornyeckix
XapaKTepuCTvK LWTaMMoB Bo36yavTeneli 3apasHbix 1 0C060 0NacHbIX 6one3Heit XUBOTHBIX 1 MX CTaBUNbHOCTY B NPOLieCce ANNTENbHOT0 XpaHeHus».
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wramma Burkholderia mallei 5584 (Master seed), npumeHAemoro Ans U3roToBAEHNA CanHbIX AUArHOCTUKYMOB. BemepuHapus ce2o0Hs. 2024; 13 (1): 95-102.
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INTRODUCTION

Freedom from contagious and highly dangerous infec-
tious diseases, in particular from glanders, is ensured by
the veterinary service, responsible for anti-epidemic mea-
sures aimed at prevention of the pathogen introduction
into the Russian Federation using systematic monitoring
of the animal health status among horse populations (don-
keys, mules), as well as containment and eradication of the
disease in case of its occurrence [1].

Glanders is an infectious disease of equine animals,
caused by the bacterium Burkholderia mallei, which of-
ten develops chronic infection. Under natural conditions,
feline predators can also be infected (when eating meat
of glanderous animals). The infection can be also trans-
mitted to camels and humans [2, 3, 4, 5]. This pathogen is
classified as pathogenicity group Il (hazard) agent. No spe-
cific preventive or therapeutic agents against glanders
have been developed yet, and therefore the disease is an
exceptional issue for the biological safety of the Russian
Federation [6, 7].

Since the late 50s of the last century to the present,
glanders has not been reported in Russia. Although there
have been cases of glanders suspicion during this period,
none of them have been confirmed [8]. To date, a glanders
outbreak was reported in the Zabaikalsky Krai followed by
the introduction of quarantine (Resolution of the Zabai-
kalsky Krai Governor of 18.02.2023 No. 8."). The risk of oc-
currence of new glanders cases can not be excluded due

' On the establishment of restrictive measures (quarantine) in the
territory of Chita city: Resolution of the Zabaikalsky Krai Governor
of 18.02.2023 No. 8. https://media.75.ru/documents/152305/8-
ot-18-02-2023.pdf

to the infection presence in the countries bordering Russia
(Mongolia and China), where the veterinary legal require-
ments are often not observed, in particular, illegal livestock
exchange/movement and import of animal raw materials
can occur [1, 9]. Besides modern international contacts,
involving glanders-susceptible animals (trade, tours of
circuses and animal theaters, equestrian competitions,
international auctions, etc.), can create an unpredictable
glanders situation.

Currently, glanders is often reported from Mongolia,
Turkey, Iran, Iraq, the Arabian Peninsula countries, Brazil,
China, India, and the Philippines [9, 10, 11, 12, 13, 14].
According to the World Organization for Animal Health,
the Food and Agriculture Organization of the United Na-
tions, and the World Health Organization, there is a ten-
dency in the world of increased glanders cases in hu-
mans and animals, which qualifies it as a re-emerging
infection.

To prevent the occurrence, importation and introduc-
tion of this disease into the country, diagnostic measures
are taken using glanders diagnostic agents produced by
the Kursk Biofactory — BIOK company (glanders positive
serum for complement fixation test — CFT; B. mallei antigen
for CFT; mallein and B. mallei colored antigen for plate ag-
glutination test — AT) using production strain Burkholderia
mallei 5584. It is provided by the State Strain Collection,
containing pathogens of highly dangerous diseases used
in the veterinary medicine and livestock industry, where
the strain is stored in native and freeze-dried states with
its biological properties maintained. A number of authors
proved that the storage of microorganisms in their na-
tive state does not satisfy the current standards, since
mutations accumulate during the sub-culturing process
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ultimately resulting in modification of their original bio-
logical properties [15, 16, 17, 18]. Taking into account,
that one of the aspects important for strain collection
maintenance is the optimization of existing methods
and development of new techniques for microbial strain
preservation, the improvement of previously developed
methods for authentic strain preservation is an urgent
task [19, 20, 21, 22].

Based on the above, the aim of the work was to im-
prove the production strain maintenance technique for
Burkholderia mallei 5584 (Master seed), used to preserve
its viability and biological properties.

MATERIALS AND METHODS

Activities associated with the maintenance of the Bur-
kholderia mallei 5584 (Master seed) were performed in
the “State Microbial Collection” of the Federal Center for
Toxicological, Radiation and Biological Safety.

The strain is stored in its native form on beef-extract
glycerol agar and is subcultured every 30 days followed by
testing of its biological properties once a year. The strain
stored in freeze-dried state (skimmed milk cryoprotectant)
is tested for its viability and compliance with the proper-
ties stated in its accession form every 5 years and in vivo
passaging using sensitive models (golden hamsters) once
avyear.

The growth properties and cell morphology of
the strain stored in native and freeze-dried forms were
studied in second-generation cultures grown on beef-
extract glycerol agar, beef-extract glycerol broth and Pav-
lovsky potato agar. The tinctorial properties were studied
by microscopy of Gram-stained smears; motility was evalu-
ated by the hanging drop method using light microscopy.
The fermentative activities were tested by inoculation in
Hiss’ medium and skimmed milk, as well as by the for-
mation of hydrogen sulfide in beef-extract glycerol agar
and indole in Strogov growth medium inoculated with
culture, using test papers (lead acetate papers and oxalic
acid papers, respectively), placed above the surface of the
medium. The catalase test was performed by adding 3%
hydrogen peroxide to the grown culture.

The strain pathogenicity was evaluated by inoculation
of sensitive laboratory animals (golden hamsters), fol-
lowed by an assessment of glanders consistent clinical
signs, post-mortem lesions in lungs, liver, and spleen and
isolation of the pathogen pure culture.

In order to study the agglutination properties of the
Burkholderia mallei 5584 (Master seed), an antigen and
antiserum were prepared, which were tested by plate AT.
Serum was prepared by triple immunization of rabbits
with inactivated Burkholderia mallei 5584 (Master seed)
cells at a concentration of 2 x 10° microbial cells/cm? by
injection into the marginal ear vein at three-day intervals:
the first injection was 0.5 cm?, the second injection was
1.0 cm?, the third injection was 2.0 cm?. Total exsanguina-
tion of rabbits was performed on day 7 post last injection.

The serum was tested for its antigenic properties (using
plate and tube AT and tube CFT).

To determine the specificity, closely related B. pseudo-
mallei and Alcaligenes faecalis were used [23]. The strains

2 Glanders laboratory diagnosis: guidelines. Moscow: Federal Center for
Hygiene and Epidemiology of Rospotrebnadzor; 2011. 22 p.

were inoculated on beef broth glycerol agar and meat-
peptone agar, incubated at 37 °C for 48 hours, washed
with 0.85% NaCl solution and tested by AT and CFT in ac-
cordance with SanPiN 3.3686-21°.

The production strain biological properties were main-
tained in accordance with the accession form by passag-
ing in golden hamsters, infected subcutaneously in the
occipital area.

The experiments with the laboratory animals were
performed in accordance with the general ethical prin-
ciples of the European Convention for the Protection
of Vertebrate Animals used for Experimental and Other
Scientific Purposes (Strasbourg, March 18, 1986). The ex-
periments were scientifically substantiated and approved
by the Bioethics Commission of the Federal Center for
Toxicological, Radiation and Biological Safety (Protocol
No. 10 of 11.09.2023).

To obtain the antigen, the Burkholderia mallei
5584 (Master seed) was inactivated with gamma rays
using “Issledovatel” device (Russia) at previously deter-
mined radiation dose of 30 kGy in the radiobiology de-
partment®.

When optimizing the inactivation modes, doses of 15,
20, 25, 30, 35 kGy were used. For this purpose, cell suspen-
sions with concentrations of 10° microbial cells/cm?* were
prepared using sterile 0.85% NaCl solution. The inactiva-
tion was tested by inoculation of cells on growth media
(beef-extract glycerol agar and broth) followed by incu-
bation for 10 days at 37 °C.

The freeze-drying conditions were optimized using
LZ-9 freeze-dryer (Frigera, Czech Republic). Skimmed milk
and sucrose-gelatin medium were used as cryoprotectants.

In this work, the technique of the production strain
maintenance for the Burkholderia mallei 5584 (Master
seed) was used [22], which was supplemented with new
stages that meet modern requirements for the storage of
collection strains.

RESULTS AND DISCUSSION

To improve the quality and conformity of production,
reference and vaccine strains, the comprehensive study
of the stability of their biological properties is needed
with the focus on their characteristic genetically fixed
features: morphological, biochemical, antigenic and
others [17, 24, 25]. The viability and biological proper-
ties of the Burkholderia mallei 5584 (Master seed) were
studied using the previously developed and supple-
mented maintenance technique for the strain used for
the production of diagnostic agents, in accordance with
the modern requirements for the microorganism sto-
rage [8, 22, 26].

The obtained results showed that the strain grew on
beef-extract glycerol agar in the form of translucent
smooth shiny colonies, becoming confluent on day
3-5 after inoculation on the medium surface (Fig. 1A).

3 SanPiN 3.3686-21 Sanitary and epidemiological requirements for the
prevention of infectious diseases: approved by Resolution of the Chief
Sanitary Inspector of the Russian Federation No. 4 on 28.01.2021.
https://docs.cntd.ru/document/573660140 (date of access 15.11.2022).
4Shashkarov V. P, Gainutdinov T. R,, Idrisov A. M., Guryanova V. A.,
Vagin K. N,, Vasilevsky N. M., etc. Methodological recommendations

on the use of ionizing radiation for inactivation of livestock infectious
disease pathogens. Kazan: MeDDoK; 2021. 17 p.
https://doi.org/10.31016/fctrb-viev-2020-2
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Fig. 1. Growth of Burkholderia mallei strain 5584
(Master seed) on beef-extract glycerol agar (A)

and beef-extract glycerol broth (B). The ring and pellicle
are indicated with a red arrow on the surface

of the growth medium

The bacterial culture on beef peptone glycerole broth on
day 3-5 caused turbidity of the medium, a pellicle and
aring formed on its surface (Fig. 1B). A viscous precipitate
was observed at the tube bottom, spinning and breaking
when shaken.

When Pavlovsky potato agar was used, amber honey-
like growth appeared on day 2 (Fig. 2A), mucous growth
of a darker color appeared on day 5 (Fig. 2B).

In the hanging drop, the cells were immotile, but
Brownian motion was observed. A smear of the Burkholde-
ria mallei 5584 (Master seed) prepared from a 2-day culture
and Gram-stained, looked like granular round-end rods

[a] '

- g

Fig. 2. Growth of Burkholderia mallei 5584 (Master seed)
on Pavlovsky potato agar: 2-day culture (A);
5-day culture (B)

when studied by microscopy with oil immersion. The bac-
teria were gram-negative, colored pink, and caused milk
to coagulate without further peptonization (Fig. 3A).
During the growth, the test strips changed their color in
the broth which suggested the formation of hydrogen
sulfide by bacteria (Fig. 3B); 12% gelatin was not liquefied
(Fig. 3C), indole and catalase were not formed (the color of
the test strip did not change).

The culture of the Burkholderia mallei 5584 (Master
seed) did not change the color of the Hiss’ medium
to yellow and did not cause the formation of gas bubbles
in floats, since it did not ferment sugars.

"i i

Fig. 3. Milk coagulation without further peptonization (A); formation of hydrogen sulfide (B);
no liquefaction of 12% gelatin (C) by Burkholderia mallei 5584 (Master seed)
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For safe handling of pathogens of I-Il pathogenicity
groups (hazard), in particular when preparing antigens
and hyperimmune sera, the pathogens must be inactiva-
ted by various methods (physical, mechanical, chemical,
etc.). The previous technique of strain maintenance inclu-
ded inactivation of cells by autoclaving at a temperature
of 120 °C for 15 minutes, which resulted in their complete
destruction. Therefore, a gamma radiation dose was se-
lected for the Burkholderia mallei 5584 (Master seed). The
results are given in Table 1.

It was found that 30 and 35 kGy irradiation completely
killed the strain; therefore, a dose of 30 kGy was used in
further work.

Plate agglutination test for the agglutination properties
of the glanders serum obtained against gamma-irradia-
ted antigen showed positive reaction in the form of small-
grained agglutinate formed within 1-2 minutes.

The pathogenicity of the strain was tested by infection
of golden hamsters by injecting a 2-day culture grown on
beef-extract glycerol agar at 37 °C for 48 hours, washed
off with saline solution at a dose of 1 x 10° microbial
cells/cm® subcutaneously into the occipital area. Animals
died on day 5-10.The autopsy revealed the following glan-
ders-consistent post-mortem lesions: a purulent necrotic
lesion at the injection site, multiple necrotic 2-3 mm no-
dules in internal organs (liver, spleen, lungs). A pure bac-
terial culture was isolated from inoculations made from
internal organs, heart blood and injection site.

Table 2

Table 1
Determination of Burkholderia mallei 5584 (Master seed)
inactivation dose by gamma irradiation

No. Gamma radiation dose, kGy Antigen inactivation
1 15 -
2 20 -
3 25 -
4 30 +
5 35 +

Testing of the antigenic properties of the Burkholderia
mallei 5584 (Master seed) using sera from inoculated labo-
ratory animals showed that tube AT titre was 1:1600, CFT
titre — 1:320, plate AT titre - 1:120.

The resulting serum gives cross-reactions in AT and
CFT with B. pseudomallei - 1:1600 and Alcaligenes faeca-
lis — 1:40.

In order to preserve the purity of unique production
and reference microorganism strains, they are passaged
in vivo using sensitive laboratory animals [15, 27, 28, 29].
In this regard, in order to maintain the biological pro-
perties of the production strain Burkholderia mallei 5584
(Master seed), as stated in its accession form, it was pas-
saged in golden hamsters. At the same time, a pure strain

Original and supplemented techniques of Burkholderia mallei 5584 (Master seed) maintenance

No. Initial technique

with testing of biological properties once a year

Improved technique

Regular subculturing of the strain stored in native state on beef-extract glycerol agar (every 30 days),

2 | Notdone

Testing of viability and biological properties (once every 5 years)
of a freeze-dried strain culture

3 | Passage in sensitive models (golden hamsters) once a year

Passage in sensitive models (golden hamsters) once 5 years

4 | Notdone

Freeze-drying of the isolated culture after passage

beef-extract glycerol broth and Pavlovsky potato agar

Testing of the cultural properties and colony morphology by inoculation on beef-extract glycerol agar,

6 | Testing of tinctorial properties and cell morphology by microscopy of Gram-stained smears

7 | Testing of cell motility and Brownian motion by microscopy of culture in the hanging drop

8 | Indole formation

9 | Testing for catalase

10 | Formation of hydrogen sulfide

11 | Testing of fermentative activities by inoculation in Hiss’medium and skimmed milk

12 Inactlvat.mn of the strain by autodlaving at 120 °C Inactivation of the strain by gamma irradiation at 30 kGy for 2 hours
for 15 minutes
13 | Not done Testing of agglutination properties in plate AT using glanders serum

14 | Testing of pathogenicity by inoculation of culture to golden hamsters

1 testing by plate AT and CFT

Testing of antigenic properties and antigenic specificity by immunization of rabbits and serum
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culture was isolated, which was tested for authenticity
and put in further storage in native state, with subse-
quent sub-culturing on the beef-extract glycerol agar
every 30 days.

The previous strain maintenance technique of the Bur-
kholderia mallei 5584 (Master seed) involved its storage in
its native state, which facilitated accumulation of genetic
mutations and, ultimately modification of bacterial cell
properties [22]. Since the primary task of microbial collec-
tions is to preserve strains in an unchanged state for a long
time, a freeze-drying stage was added. The freeze-drying
step included the following:

- freezing of the culture for 12 hours;

- transfer of the culture to the freezer, plate tempera-
ture -52°C;

- vacuuming;

- freeze-drying in automatic mode for 12 hours;

- heating (p) after 17 hours from the moment of culture
loading at the following parameters: plate temperature
+10 °C, ambient temperature 0 °C;

- heating (p + 1) after 18 hours with the following pa-
rameters: plate temperature +20 °C, ambient temperature
+5 °C, vacuum 0.5 trr;

—end of drying after 24 hours: plate temperature +32 °C,
ambient temperature +25 °C, vacuum 0.05 trr.

After drying, the bacteria were tested for viability and
compliance with the data in the accession form, then
put into storage in a freeze-dried state at +4 °C and after
5 years the viability and biological properties were tes-
ted [30].

In parallel, the native strain culture was maintained
with sub-culturing every 28-30 days on beef-extract gly-
cerol agar and comparative testing of biological properties
was performed once a year.

After storage of the Burkholderia mallei 5584 (Master
seed) for 5 years using an improved maintenance tech-
nique, it was found that it retains its viability, without loss
or change of its morphological, biochemical, serological
and virulent properties.

Thus, the improved maintenance technique for Bur-
kholderia mallei 5584 (Master seed) includes the steps
shown in Table 2.

The use of the freeze-drying allowed to increase
the storage terms of the Burkholderia mallei 5584 (Master
seed) and ensure the stability of its biological properties
throughout the entire storage period.

In addition, freeze-drying allowed passaging of the
strain in sensitive laboratory animals once every 5 years,
which is more expedient and safe from an economic and
biological point of view.

Handling of strains of pathogenicity groups I-Il (hazard)
poses a threat of potential escape of a biological agent
into the production area air, human habitat and personnel
infection. Reliable methods for their inactivation must be
developed for this purpose. In our case, the gamma irra-
diation method was used. At the same time, the optimal
dose of 30 kGy was determined, which made it possible to
inactivate the strain and preserve the structural integrity
of bacterial cells, being the antigens for hyperimmune sera
preparation and serological reactions.

Thus, the improved technique for the Burkholderia mal-
lei 5584 (Master seed) maintenance meets modern require-
ments for collections of pathogens of highly dangerous
diseases for a long periods.

CONCLUSION

Thanks to the work performed, the technique for the
Burkholderia mallei 5584 (Master seed) maintenance was
improved, ensuring the preservation of its biological pro-
perties necessary for the production of high-quality labo-
ratory diagnostic agents used during annual diagnostic
tests for the timely detection of diseased animals.
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ANNIVERSARY DATES
IOBUNENHbIE JATHI

On 75" anniversary
of Vladimir A. Mischenko

Vladimir Alexandrovich Mishchenko was born on
4 February 1949 in the village of Staroverovka, Kharkiv
Oblast. In 1971, after successfully graduating from the
Kharkov Veterinary Institute, he worked as a veterinarian
at Staroverovskaya Poultry Farm. But his life was changed
by his interest in science, to which he devoted his activi-
ties having joined the All-Union Foot-and-Mouth Di-
sease Research Institute as a senior laboratory assistant
in 1973. During these 50 years, Vladimir A. Mischenko
passed the glorious path of a Russian scientist: in 1977
he defended his Candidate thesis, and in 1991 he became
the youngest Doctor of Science at the Institute. In 1994,
he was awarded the academic title of Professor. The work
records of Vladimir A. Mishchenko in different periods in-
cluded such entries as “Head of Laboratory for Virus Iden-
tification”, “Academic Secretary of the Institute”, “Head
of Laboratory for Bovine Diseases”, “Deputy Director
for Manufacture”, “Head of Department for Bovine and
Porcine Disease Monitoring”.

The scientific research conducted under the leadership
of Vladimir A. Mishchenko dealt with the development of
modern tools and methods for the diagnosis of foot and
mouth disease and other animal diseases is known to
a large number of scholars in Russia and abroad. He was
the first to diagnose Aujesky’s disease in single-humped
camels, and to isolate the causative agent of porcine re-
productive and respiratory syndrome in Russia as well as
to develop means and methods of the disease diagnosis
and specific prevention. Vaccines against rotavirus and
coronavirus infection, parainfluenza-3, infectious bovine
rhinotracheitis and other immunobiological products
were created and introduced into veterinary practice.

The results of Vladimir A. Mishchenko's research were
published in more than 260 scientific papers - these are
monographs, scientific articles, conference reports, pa-
tents and author’s certificates. In addition, a large num-
ber of methodological guidelines were developed. Vladi-
mir A. Mischenko is a developer of 20 types of vaccines,
15 diagnostic kits, and a co-author of more than 30 regu-
latory documents in the field of veterinary virology. He
was awarded the honorary title of “Honored Inventor of
the Russian Federation”. For his contribution to the de-
velopment of the industry, Vladimir A. Mishchenko was
awarded 5 medals of the Exhibition of National Economy
Achievements.

Possessing professional competence and personal
qualities, the Professor is always willing to share his know-
ledge and vast experience with the younger generation,
helping the applicants for academic degrees to prepare
theses. His actions, always aimed at results, outstand-
ing mind and desire for constant self-development help
to adequately fulfill the responsible role of a mentor.
Twenty-two Candidate and three Doctoral dissertations
were defended under his scientific supervision. Vladimir
A. Mischenko is in demand as a consultant at agricultural
establishments, and as a lecturer for the postgraduate stu-
dents, and at advanced training courses for veterinarians.

Vladimir A. Mishchenko is a member of the Acade-
mic Council, Dissertation Councils of the Federal Centre
for Animal Health and Federal Scientific Centre VIEV RAS,
scientific supervisor of two postgraduate students, and we
are sure that Vladimir A. Mischenko is in the prime of his
creative powers to solve the tasks set for the next years in
the field of veterinary development.

Vladimir Alexandrovich, we believe — you have

many more achievements ahead. We wish you good
health, patience in solving all issues, cheerfulness
and optimism, well-being to you and your loved ones!
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COLLEAGUES’ COMMEMORATION
MAMATW KONTET

Nickolay A. Ulupov

(on 95™ anniversary)

Nickolay Alekseevich Ulupov was born on 23 February
1928 in s. Glukhovo, Stavrovsky Raion, Vladimir Oblast.
Since childhood he was engaged in agricultural works on
a local collective farm. After school he entered the Vladi-
mir Aviation Mechanical College, successfully graduated
from it and got a job as an adjuster at a weaving factory
in Lakinsk.

From 1949 to 1953 he served in the ranks of the Sovi-
et Army, during 1951-1953 he served as an aircraft tech-
nician in the People’s Republic of China (PRC) as part of
the military contingent of the USSR under the command
of three-times Hero of the Soviet Union A. . Pokryshkin. In
February 1951 he was awarded a commemorative medal
for assistance to various special forces units of the People’s
Liberation Army of China by Chairman of the People’s Re-
public of China Mao Zedong.

After demobilization from the Soviet Army he entered
the Moscow Veterinary Academy and after graduation
in 1959 he was assigned to the All Union Scientific Re-
search Institute of Veterinary Virology and Microbiology
(Pokrov) where he worked as a laboratory assistant and
junior researcher.

In 1963-1966 he was a postgraduate student at All
Union Scientific Research Institute of Veterinary Virology
and Microbiology and in 1967 he defended his candidate
degree thesis.

In 1967 he was competitively elected to the position
of senior researcher at the All-Union Foot-and-Mouth
Research Institute (Vladimir) where he conducted stu-
dies on the development of methods for FMD virus cul-
tivation, purification from ballast proteins, inactivation in
the manufacture of vaccines based on lapinized virus and
biopreparation drying methods. He made an invaluable
contribution to the development of production techno-
logy for inactivated vaccines based on lapinized FMD virus.
He developed a bactericidal method of virus-containing
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suspension purification for the preparation of sterile vac-
cines without sterilizing filtration. This manufacturing
technology was implemented at the Sumy Biofactory, Ta-
bakhmel Bioplant, Pokrov Biological Plant, Yurievetsvetbio-
preparation Plant.

Nickolay A. Ulupov developed an original technique
for inactivating the lapinized virus with formaldehyde us-
ing ammonium ions, as a result, the vaccine safety level
increased significantly. He was the author of the invention
on the use of an ethylenimine dimer (aminoethylethylen-
imine) for inactivation of the FMD virus in the manufacture
of viral vaccines. The introduction of this new inactivant
made it possible to develop safe, highly effective and com-
petitive biologicals based on lapinized and cultured FMD
viruses.

The results of Nickolay A. Ulupov’s research were sum-
marized in his doctoral thesis that was successfully de-
fended in 1985. Its main focus was to improve methods
of FMD virus reproduction, purification and inactivation.
The method of purification from ballast proteins using
flocculants developed by Nickolay Alekseevich made it
possible to obtain sterile highly active preparations based
on lapinized FMD virus of all serotypes.

Nickolay A. Ulupov published more than 100 scientific
papers, he was an academic advisor and supervised five
candidates of science in getting a degree who later pur-
sued his research studies. He is the author of 25 patents of
the Russian Federation.

Nickolay A. Ulupov passed away after a serious and pro-
longed illness in 2003. We cherish the memory of the out-
standing man, innovator in biology, inventor and effective
researcher who will remain in our hearts forever.
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PEQEPEHTHAA TABOPATOPUA BO3X N0 BONE3HW HbIOKACNA

WOAH COLLABORATING CENTRE FOR DIAGNOSIS

AND CONTROL OF VIRAL ANIMAL DISEASES IN EASTERN
EUROPE, CENTRAL ASIA AND TRANSCAUCASIA

LIEHTP BO3X N0 COTPYJHUYECTBY B OBNACTU AUWATHOCTUKI 1 KOHTPONA
BMPYCHbIX BONE3HEN XWBOTHbIX A1 CTPAH BOCTOYHOW EBPOMbI,
LIEHTPANbHO A3111 11 3AKABKA3bA

FAO REFERENCE CENTRE FOR FOOT-AND-MOUTH DISEASE
PEOEPEHTHBIA LLEHTP OAO MO ALLYPY

FAO REFERENCE CENTRE FOR ZOONOTIC CORONAVIRUSES
PEOEPEHTHBIA LEHTP OAO N0 300HO3HbIM KOPOHABUPYCAM




