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History of the FGBI“ARRIAH” international

cooperation on foot-and-mouth disease
(on occasion of the 65" anniversary of the Institute)

V. M. Zakharov
FGBI“Federal Centre for Animal Health” (FGBI“ARRIAH"), Vladimir, Russia

SUMMARY

The paper covers the long history of the FGBI “ARRIAH" international cooperation on foot-and-mouth disease, starting from 1964 when its name was the All-Union
Foot-and-Mouth Disease Research Institute. Foot-and-mouth disease was the main focus of the Institute’s research activities. Under of the auspices of the Institute,
a Coordination Board was established. It consisted of the specialists of the veterinary services, research and educational institutions from all the republics of the USSR.
A common research programme aimed at the development and implementation of effective tools and methods for FMD control was worked out. The next stage
of international cooperation was related to the functioning of the Council for Mutual Economic Assistance (CMEA or COMECON). Starting from 1977, the Institute
coordinated the CMEA member countries'research activities on 11 topics of the FMD issue, held meetings on the subject, as well as meetings of the Board of Commis-
sioners. After formation of the Commonwealth of Independent States (CIS), the Institute developed the long-term “Programme of joint activities of the (IS member
states for the prevention and control of foot-and-mouth disease in the CIS member states” (2004). Later on, the Programme was repeatedly altered and extended
to address new priorities, with the Institute undertaking the coordinating role. The “Set of joint measures of the (IS member states for the prevention and control
of foot-and-mouth disease for the period up to 2025”has now been adopted, and the FGBI“ARRIAH" also performs the functions of the base organization of the CIS
member states for the advanced training and retraining in animal disease diagnosis and control. At present, much of the FGBI “ARRIAH” international cooperation
on FMD takes place through its acting as the WOAH Reference Laboratory for Foot-and-Mouth Disease and the FAQ Reference Centre for Foot-and-Mouth Disease.
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Uctopua cranosneHuna B OI'bY «BHUWU3M» mexayHapogHoro
COTPYAHMYECTBA N0 AWLYPY (K 65-N€THI0 UHCTUTYTa)

B. M. 3axapoB
OIBY «DeiepanbHblii LieHTp oXpaHbl 380poBbA XnBOTHLIX» (OTBY «BHUIU3X»), 1. Bnagumup, Poccua

PE3IOME

Martepuanbl (TaTbit 0CBELLAKT MHOTONETHIOK UCTOPUID OCYLLECTBNEHNA MEXAYHAPOAHOTO COTPYAHUYECTBA Mo ALypy B OTBY «BHUU3M» HaunHas ¢ 1964 1.,
KOrZ1a yupex<ieHue eLLie HoCuno Ha3BaHie «Bcecolo3Hblil HayuHo-1CCNe0BaTENbCKMIA ALLYPHDIA MHCTUTYT». HayuHas TemaTuka no ALypy 6bina rnaeHcTBytLLel
ANA yupexxieHna, npu nHCTUTyTe 6bin c034aH KoopAnHaLMOHHbI COBET, B COCTB KOTOPOTO BXOAWAN CMELManICTbl BeTepUHAPHDIX (Y0, MCCnefoBaTeNbCKux
yupex aeHnii 1 yuebHbIX MHCTUTYTOB U3 Bex coto3Hblx pecnybank CCCP, npopabaTbiBanac eAvHad HayuHaa NporpamMma, HanpaBneHHas Ha pa3paboTky n BHe-
ApeHue 3deKTUBHBIX CPeaCTB 1 MeToA0B 60pbObI ¢ ALLypom. Credytowwnii 3Tan MexayHapoAHOro COTPYAHMYECTBA (BA3aH ¢ GyHKLMOHMpoBaHuem CoBeTa
3KoHOMUuecKoii B3aumonomotuy (C3B), Koraa MHCTUTYT € 1977 . KOOpAMHMPOBAN McCNeoBaHMA No 11 Temam npobnembl ALLypa cTpaH — uneHos (3B, nposoaun
COBeLLaHVA N0 TemaTuKe 1 3acefaHua CoeTa ynonHomoueHHbIX. C co3paHnem Coppyxectsa Hesasucumbix focypapcts (CHI) yupexaeHnem B 2004 1. 6bina pas-
pabotaHa fonrocpouHas «MporpamMma COBMeCTHBIX AeiiCTBUIA rocyaapcTB — yuacTHUKoB CHI no npodunaktuke u 6opb6e ¢ ALypom B rocyaapcraax CoppyecTsa,
K0TOpas 3aTem HeOHOKPATHO U3MeHANACh M NPpoANANach CNOABNEHMEM HOBbIX NPUOPUTETHBIX Liefelt, MPY 3TOM KOOPANHMPYHOLLAA PONib OTBOAUNACH UHCTUTYTY.
B HacToALee BpemaA NpuHAT «Komnnekc coBMeCTHbIX Mep rocyaapcts — yuactHukos CHI no npodunakTuke u 6opbbe ¢ Awypom Ha nepuog so 2025 rogar,
a OrbY «BHUN3X» BbinonHAeT TakKe GyHKLMY 6a30B0ii 0praHin3aLim rocyfapcTs — yuacTHukoB CHI no noBbiLLeHwio KBannduKaLmm v nepenoarotoBKe kaapos
B 06MaCT! ANArHOCTUKM 1 KOHTPONA 6one3Helt UBOTHBIX. CyLLIeCTBEHHYI0 PONb B MeXyHapOAHOM COTPYAHNYECTBE MHCTUTYTA NO ALLYPY HA COBPEMEHHOM 3Tane
urpaert ucnonHerue dyHkumii Pedepentroit nabopatopun BO3X no awypy, a Takxke PedepentHoro uentpa OAO no Awypy.

KnioueBbie cnosa: 0630p, ALyp, MexayHapoaHoe coTpyaHnyectso, OrbY «BHUN3M»

© ZakharovV. M., 2023
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The analysis of the centuries-old experience in com-
bating foot-and-mouth disease in the world has given
full grounds to the Food and Agriculture Organization of
the United Nations (FAO) and the World Organisation for
Animal Health (WOAH, founded as OIE) to define this prob-
lem in the developed Global FMD Control Strategy (2012)
as one of the classic global problems affecting animal farm-
ing industry, impeding free and safe movement of animal
products, requiring huge and constant governmental and
private investments in animal health protection in enzoo-
ticand disease free regions. That is, practically all countries,
whether foot-and-mouth disease affected or free, have to
bear the costs associated either with direct losses from
the disease or expenditures for measures to prevent it [1].

The same position is clearly formulated in the final lines
of the monograph “Foot-and-mouth disease” by the out-
standing German scientist H. Rohrer:“.. In order to achieve
the set goal - the complete elimination of epizootics (of
foot-and-mouth disease) ... with international relations
growing and reviving everywhere, an effective fight
against epizootics on the globe should become a com-
mon cause”[2].

Precisely in order to develop a scientifically sound sys-
tem of foot-and-mouth disease control measures with uni-
form methodological guidance and unified coordination
of research activities, Resolution of the Central Committee
of the Communist Party of the Soviet Union and the Coun-
cil of Ministers of the USSR No. 909-426 of 7 August 1958
was adopted. According to the Resolution, the Ministry
of Agriculture of the USSR was to establish the All-Union
Foot-and-Mouth Disease Institute with an experimental
laboratory for the testing of biological products against
highly dangerous infections in the RSFSR on the basis of
the existing research and educational institutions and
state-owned farms in 1958-1960 [3-8].

By the time of the Institute’s establishment and launch-
ing (1962), the number of foot-and-mouth disease affected
localities in the country annually amounted to hundreds
and thousands (type A, FMD in 1951-1954 and type A,
FMD in 1964-1968). Before the Institute was established,
more than 30 research institutions of the country had
been studying various aspects of foot-and-mouth disease
due to the urgency of this issue [9].

In June 1964, the All-Union Foot-and-Mouth Disease
Research Institute (the new name of the Institute accord-
ing to Order of the Ministry of Agriculture of the USSR
No. 225 of 25 November 1960) hosted the first coordina-
tion meeting on this issue with participation of the rep-
resentatives of 22 research and educational institutions,
veterinary services. The meeting addressed the outcomes

of research activities for 1963 and research activity plans
for 1964-1965. The Institute was tasked with the coordi-
nation of foot-and-mouth disease research activities in
the country.

In 1966, the Ministry of Agriculture of the USSR inclu-
ded the topic “Eradication of foot-and-mouth disease in
the country”in the plan of research activities, and the All-
Union Foot-and-Mouth Disease Research Institute was
designated as the lead institution in that respect starting
from January 1966. The following institutions were in-
volved in addressing the issue:

- 16 research institutes of the republics of the Soviet
Union;

- 8 veterinary research stations (those of Novosibirsk,
Altai, Kuybyshev, Kursk, Voronezh, Gorky, Irkutsk, Saratov);

—in 1970, they were joined by the Transcaucasian (Yere-
van, Armenia) and Central Asian (Dushanbe, Tajikistan)
branches of the All-Union Foot-and-Mouth Disease Re-
search Institute.

Under the auspices of the All-Union Foot-and-Mouth
Disease Research Institute, a Coordination Board was
established, which included the heads and specialists of
the veterinary services of the USSR republics, researchers
from research and educational institutes, staff members
of establishments dealing with the foot-and-mouth di-
sease issue. The meetings of the Board were held annually
starting from 1966. The Board was headed by professor
V. P. Onufriyev, the Director of the All-Union Foot-and-
Mouth Disease Research Institute.

The common scientific programme for the Develop-
ment and implementation of highly effective tools and
a scientifically based system of measures for the control
of foot-and-mouth disease in livestock taking into account
zonal animal husbandry systems was worked out.

The meetings of the Coordination Board had obvious
scientific significance and were also very important for
furthering the relevant knowledge, especially for the ear-
ly career staff members of the Institute, as they provided
an opportunity to come into direct contact with practi-
cal problems, get acquainted with the country’s leading
foot-and-mouth disease experts. In particular, the follow-
ing topics were addressed during the meetings: issues
of regional epizootology, progress in foot-and-mouth
disease vaccine development made by the All-Union In-
stitute of Experimental Veterinary Medicine (VIEV) and
the Soviet State Scientific and Control Institute for Vete-
rinary Drugs Control (VGNKI), the activities of the VGNKI
anti-epizootic mission led by I. A. Rostovtseva, etc. There
were, however, some unsuccessful experiments and scien-
tifically unsubstantiated statements, such as studies of
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the non-aphthous (intestinal) form of foot-and-mouth
disease and the transformation of one type of the virus
into another in the refrigerator, the possibility of the vi-
rus typing “by eye”, the failed experience of live foot-and-
mouth disease vaccine development using cold mutants
of the virus and attenuated strains.

The last, as it turned out, meeting of the Coordina-
tion Board was held in April 1991. During the meeting,
the overall outcomes were summarized and a significant
improvement of the foot-and-mouth disease situation in
the USSR was acknowledged, which was a natural conse-
quence of the immense work undertaken.

The next stage in the development of the Institute’s
international cooperation on foot-and-mouth disease
was associated with the member countries of the Coun-
cil for Mutual Economic Assistance (CMEA or COMECON).
On 14 September 1974, the Ministries of Agriculture of
the People’s Republic of Bulgaria, the Hungarian People’s
Republic, the German Democratic Republic, the Repub-
lic of Cuba, the Mongolian People’s Republic, the Polish
People’s Republic, the Socialist Republic of Romania,
the USSR and the Czechoslovak Socialist Republic con-
cluded the Agreement on the establishment of reference
centres for the most important strains of viruses, bacteria
and phages, their respective antigens and control sera,
as well as certain laboratory chemicals, and in December of
the same year - the Intergovernmental agreement on co-
ordination of research activities and the establishment
of reference centres in the topical areas of agricultural
science, which included the Agreement on scientific and
technical cooperation of the CMEA member countries for
the prevention and effective control of foot-and-mouth
disease, as well as the development of highly effective
foot-and-mouth disease vaccines. The functions of the co-
ordination centre were assigned to the VGNKI, and starting
from September 1977 - to the All-Union Foot-and-Mouth
Disease Research Institute, where a special unit — the Mu-
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seum of strains with the coordination centre working
group (A. I. Gritsenko, I. V. Zubov, V. M. Zakharov, L. A. Glo-
benko) was established in 1978.

The first programme of cooperation for 1976-1980
was adopted in December 1975 at the first meeting
of the Board of Commissioners (during all those years,
the USSR was represented by Deputy Head of the Main
Veterinary Department of the Ministry of Agriculture of
the USSR P. P. Rakhmanin). The programme included
11 topics and involved 22 institutions of 9 CMEA mem-
ber countries. The agreement provided for the coordina-
tion of activities carried out by national organizations on
the agreed topics, according to the joint work plans, tak-
ing into account the mutual interest of the parties. During
the coordination process, information was exchanged,
mutual consultations and practical trainings were held.

The cooperation results were discussed at the annual
meetings of the Board of Commissioners (Fig. 1). Every year,
the coordination centre held meetings on specific topics of
the foot-and-mouth disease issue, organized symposiums
and seminars, publication of scientific materials [10].

During the symposiums, the cooperation outcomes
were summed up, the key research activities for the up-
coming five years were formulated. For example, the De-
tailed programme for 1986-1990 was developed, which
was subsequently (at the meeting of the Board of Com-
missioners, Mongolia, 1988) transformed into the tar-
get project “Development and cooperative production
of veterinary medicinal products for the prevention and
control of foot-and-mouth disease’, with the All-Union
Foot-and-Mouth Disease Research Institute as the lead
institution. The following activities were planned: stu-
dies on the molecular biology and genetics of foot-and-
mouth disease virus, the development of technology and
manufacture of diagnostics, in particular those based on
monoclonal antibodies, the application of new adjuvants
and inactivants in vaccine production, the establishment

Fig. 1. Participants of the meeting of the Board of Commissioners of the CMEA member countries on foot-and-
mouth disease, Moscow, 1975 (V. P. Onufriyev is in the centre of the first row)
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of a bank of vaccines, including dry shelf-stable ones, for
the CMEA member countries at the facilities of the All-
Union Foot-and-Mouth Disease Research Institute.

Based on the joint research activity results, a number of
documents were developed, such as the CMEA standards
for foot-and-mouth disease diagnosis methods and tools,
Requirements for inactivated vaccines against foot-and-
mouth disease, Instructions for foot-and-mouth disease
control at pig breeding complexes, Recommendations for
foot-and-mouth disease prevention and control at large
livestock complexes, Draft measures to prevent the intro-
duction of exotic foot-and-mouth disease types.

The main positive outcomes of the CMEA member
countries’ cooperation on foot-and-mouth disease include:

- maintenance of sustainable foot-and-mouth disease
freedom of most CMEA member countries;

- acquisition of valuable experience in international co-
operation on foot-and-mouth disease with foreign part-
ners, including on a bilateral interstate basis;

- detailed familiarization of the researchers of the All-
Union Foot-and-Mouth Disease Research Institute with
foot-and-mouth disease diagnosticum and vaccine de-
velopment and production at the facilities of the leading
European foot-and-mouth disease centres (primarily in
Czechoslovakia, Hungary, Romania);

- assembly of a large collection of production and epi-
zootic strains of foot-and-mouth disease virus, which still
makes up the “golden fund” of the Institute’s museum of
microorganism strains.

The working meetings on various topics of cooperation,
symposiums, meetings of the Board of Commissioners
held annually alternately in each cooperating country en-
abled the researchers of the Institute to establish personal
and scientific contacts with foreign specialists and signifi-
cantly expand their horizons.

But the main outcome was that the All-Union Foot-and-
Mouth Disease Research Institute convincingly confirmed
the high scientific level of its research activities, demonstra-
ted the ability to ensure a clear coordination of comprehen-
sive efforts with respect to the foot-and-mouth disease issue
at both national and international levels, acquired the rele-
vant organizational experience, gained international recog-
nition and authority, which subsequently became the most
important factors in the development of the Institute.

However, with the dissolution of the USSR in 1991, in-
ternational cooperation in this direction ceased.

With the formation of the Commonwealth of Indepen-
dent States (CIS) in 1991 and the termination of the func-
tioning of the All-Union veterinary structures of the USSR,
which had ensured the centralized implementation of
the unified policy in the organization of anti-epizootic
measures, the epizootic situation in the newly formed
sovereign states worsened, which raised the question
of the need for anti-epizootic measure coordination in
the post-Soviet space.

The heads of the governments of 10 CIS member states
(Armenia, Belarus, Kazakhstan, Kyrgyzstan, Moldova, Rus-
sia, Tajikistan, Turkmenistan, Uzbekistan and Ukraine)
signed the Agreement on cooperation in the veterinary
field" in Moscow on 12 March 1993. The agreement

' Agreement on cooperation in the veterinary field.
Available at: https://fsvps.gov.ru/ru/fsvps/laws/203.html. (in Russ.)

Fig. 2. Leaders of the seminar: N. Belev (in the centre),
Director of the FGBI “ARRIAH" V. A. Gruby (to his right)

served as a basis for launching joint activities for the con-
trol and prevention of highly dangerous animal diseases.
Based on this agreement, the Intergovernmental Council
for Cooperation in the Veterinary Field was established
in the same 1993. During the meetings of the Council
(Tbilisi, October 1996; Yerevan, October 1997; Alma-Ata,
April 1998), the Institute, renamed the All-Russian Research
Institute for Animal Health (ARRIAH) in 1992, repeatedly
raised the question of the need for coordination of foot-
and-mouth disease control measures in the CIS member
countries [11-14].

Entrusted by the Intergovernmental Council for Co-
operation in the Veterinary Field, the FGI “ARRIAH", with
participation of the veterinary services of the CIS countries,
developed the Programme of joint activities of the CIS
member states for the prevention and control of foot-
and-mouth disease in the CIS member states? for the pe-
riod up to 2010. On 16 April 2004, the programme was
approved by a decision of the Council of the CIS Heads of
Governments (Cholpon-Ata, the Kyrgyz Republic).

The main goal of the programme was to ensure foot-
and-mouth disease freedom of each member state and
the Commonwealth as a whole. Its implementation be-
came a practical measure for foot-and-mouth disease
prevention and control in the CIS member states, allow-
ing to minimize economic damage in case of an outbreak.
On the basis of this programme, most of the CIS member
states developed and adopted national programmes, rules
(instructions) for foot-and-mouth disease prevention and
control. The progress of the programme implementation
was periodically addressed at the meetings of the In-
tergovernmental Council for Cooperation in the Veteri-
nary Field.

The main foot-and-mouth disease control activities un-
dertaken in the Russian Federation in 2007-2010 included:

- expert missions of the FGI“ARRIAH’, the FGI “Veterinary
Centre’, the Rosselkhoznadzor, the Veterinary Department
of the Ministry of Agriculture of the Russian Federation
to different regions of the Russian Federation and other
countries for the implementation of epizootological moni-
toring and participation in foot-and-mouth disease control
activities;

2 Programme of joint activities of the CIS member states

for the prevention and control of foot-and-mouth disease

in the CIS member states. Available at: https://e-ecolog.ru/docs/4ba3bDC
ZMR2FMLUJRmMuS2/77. (in Russ.)
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- manufacture of various diagnostic reagents and the
complement fixation test, ELISA, etc. test kits by
the FGI“ARRIAH" and their supplies to the Russian Federa-
tion regions, Azerbaijan, Armenia, Kazakhstan, Kyrgyzstan,
Uzbekistan, Belarus, Mongolia;

—tests of pathological material and serum samples from
animals from the Russian Federation, Kazakhstan, Kyrgyz-
stan, Tajikistan, Mongolia carried out at the FGI“ARRIAH";

- practical training of the veterinary specialists
from Kazakhstan, Kyrgyzstan, Tajikistan, Poland
at the FGI“ARRIAH";

- seminars, advanced training courses on animal foot-
and-mouth disease diagnosis, prevention and control
measures under modern conditions (the Russian Fede-
ration, Belarus, Kazakhstan, Kyrgyzstan, Moldova) [15-24].

As part of implementation of one of the programme
items, in accordance with the Decision of the Intergo-
vernmental Council for Cooperation in the Veterinary Field
of 27 October 2010, joint foot-and-mouth disease response
simulation exercises of the veterinary services of the Re-
public of Belarus, the Russian Federation and Ukraine were
held on 16-18 June 2011.The exercises were also attended
by the representatives of the veterinary services of Mol-
dova and Tajikistan. The simulation exercises took place in
the Gomel Oblast (Belarus), the Bryansk Oblast (the Rus-
sian Federation), the Chernigov Oblast (Ukraine), where
preventive vaccination of animals against foot-and-mouth
disease was not practised.

On 15-17 June 2011, the FGBI “ARRIAH" hosted a semi-
nar led by Professor N. Belev, the President of the OIE Re-
gional Commission for Europe. The seminar was aimed at
giving insight into the World Animal Health Information
System (WAHIS) operation principles (Fig. 2). The seminar
was attended by the representatives (national coordina-
tors) of 23 countries of Europe, Central Asia and Transcau-
casia. The seminar was prompted by the introduction of
new requirements for the submission of information on
the epizootic situation in the countries to the OIE.

After the implementation of the programme, many of
its activities were recognized as relevant for subsequent
years. In the light of that fact, the Intergovernmental Coun-
cil for Cooperation in the Veterinary Field recommended
that the FGBI “ARRIAH" should develop the Set of joint
measures of the CIS member states for the prevention
and control of foot-and-mouth disease for the period up
to 2020. The document was endorsed at the meeting of
the Intergovernmental Council for Cooperation in the Ve-
terinary Field held at the FGBI “ARRIAH" (Vladimir, 5 April
2013). Following a thorough discussion at the meeting of
the CIS Economic Council on 13 December 2013, the Set of
joint measures was approved by a decision of the Council
of the CIS Heads of Governments (Minsk, 30 May 2014).
The FGBI “ARRIAH” was designated as the coordinator
of the activities.

The Set of joint measures included the in-depth ana-
lysis of the foot-and-mouth disease epizootic situation in
the CIS member states and other countries of the world,
the forecast of the risk of foot-and-mouth disease in-
troduction, occurrence and spread in the CIS member
states, the identification of regions with high risk of foot-
and-mouth disease introduction and spread, measures
for foot-and-mouth disease prevention and control in
the CIS member states, proposals regarding measures
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aimed to improve the professional competencies of
veterinary specialists, to coordinate the joint activities
of the veterinary services of the CIS member states and
international organizations (the OIE, the FAO, the EU) for
the control of foot-and-mouth disease in animals, the as-
sessment of the expected effectiveness of the activities
planned.

An important point in the cooperation of the CIS coun-
tries was the decision taken following the meeting of
the CIS Economic Council (Minsk, 21 June 2019) to grant
the Federal State-Financed Institution “Federal Centre
for Animal Health” the status of the base organization of
the CIS member states for advanced training and retrain-
ing of personnel in animal disease diagnosis and control.

The main tasks of the base organization were defined
as follows:

- advanced training and professional retraining of spe-
cialists in diagnosis and control of animal diseases;

- studying, summing up, dissemination of experience
in personnel training in animal disease diagnosis and
control;

- facilitation of dissemination of modern methods
for training in animal disease diagnosis and control;

- coordination of the development and implementation
of joint innovative educational and research programmes
with relevant research institutions of the CIS member
states;

- organization of comparative and applied studies of
the problems of personnel training in animal disease di-
agnosis and control.

The granting of the base organization status to
the FGBI"ARRIAH" contributed to the development of pro-
fessional competencies of veterinary specialists and assu-
rance of animal disease freedom in the CIS member states.

The meeting of the Intergovernmental Council for Co-
operation in the Veterinary Field (Minsk, 11 October 2019)
commended the outcomes of the programme activities.
It was decided to extend the activities listed in the Set
of joint measures until 2025, and the FGBI “ARRIAH" was
tasked with the preparation of the relevant draft document
taking into account the proposals of the member states.

The draft document was endorsed at the meeting of
the Intergovernmental Council for Cooperation in the Ve-
terinary Field and approved by a decision of the Council
of the CIS Heads of Governments (Minsk, 28 May 2021).
At the same time, it was stated that the progress made
in the previous years allowed for the continuation of ef-
forts to achieve foot-and-mouth disease freedom and
eradicate the disease in the CIS countries. The implemen-
tation of the Set of joint measures of the CIS member
states for the prevention and control of foot-and-mouth
disease for the period up to 2025 will ensure the stability of
the epizootic situation in the CIS member states, the effec-
tiveness of implemented veterinary and sanitary measures
and foot-and-mouth disease freedom of the CIS member
states, the development of livestock industry and unhin-
dered international trade.

On the whole, the Set of joint measures envisages
the progressive expansion and enhancement of coopera-
tion between the veterinary services of the CIS countries
in the implementation of joint activities for the preven-
tion and eradication of foot-and-mouth disease. During
the entire period of consistent execution of this Set of
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measures, the following main stages should be imple-
mented:

- improvement of regulatory and communication
framework for the activities;

- organization of the implementation of adopted regu-
latory documents and exchange of information concern-
ing changes in the foot-and-mouth disease epizootic situ-
ation in each CIS member state;

- implementation of joint activities for foot-and-
mouth disease monitoring, prevention and eradication in
the CIS member states.

A separate aspect of the CIS countries’ cooperation
on foot-and-mouth disease is the interaction between
the Eurasian Economic Union (EAEU) member states in
the prevention, diagnosis, containment and eradication
of outbreaks of highly dangerous, quarantinable and zoo-
notic animal diseases. The EAEU member states are Ar-
menia, Belarus, Kazakhstan, Kyrgyzstan, Russia; Moldova,
Uzbekistan, Cuba are observers. The Treaty on the Eurasian
Economic Union, which entered into force on 1 January
2015, provides for the free movement of commodities, ser-
vices, capital and labour, the implementation of coordina-
ted, agreed or unified policy in economic sectors. The draft
Procedure for the application of common principles and
rules for the prevention, containment and eradication
of foot-and-mouth disease outbreaks in the Eurasian Eco-
nomic Union member states was developed (2017-2022).

As early as in the initial period after the dissolution of
the USSR, in addition to cooperation with the CIS coun-
tries, the question came up regarding the establishment
of a more intense interaction on foot-and-mouth disease
with the European countries, the development of close-
knit international cooperation with the main European
institutions dealing with the foot-and-mouth disease is-
sue within the framework of the FAO European Commis-
sion for the Control of Foot-and-Mouth Disease (EuFMD),
as well as under the auspices of the OIE.

A fundamental event in this regard was the internatio-
nal scientific conference “Towards a new foot-and-mouth
disease control strategy” with participation of the leading
European foot-and-mouth disease experts, which was held
in Vladimir and Suzdal in October 1991. The conference
demonstrated the progress made by the researchers of
the All-Union Foot-and-Mouth Disease Research Institute
in foot-and-mouth disease vaccine improvement, giving
grounds to really talk about a new strategy for combating
the disease [25]. The conference allowed for the establish-
ment of scientific contacts with specialists from Great Bri-
tain, France, Italy, Denmark, which became the prologue
for granting the Institute an international status.

At the third meeting of the Intergovernmental Coun-
cil for Cooperation in the Veterinary Field (Krasnodar,
April 1993), it was decided that it would be appropriate
to establish the OIE Reference Centre for Foot-and-Mouth
Disease for Eastern Europe. In view of that, an application
for the establishment of such centre at the FGBI “ARRIAH”
was submitted to the International Committee of the OIE.

Taking into account the huge contribution of the Insti-
tute to the development and implementation of the set of
measures to eradicate foot-and-mouth disease in the Rus-
sian Federation and the CMEA member countries, the OIE,
at the 63 General Session (1995), acknowledged the In-
stitute’s services as a scientific and methodological centre

and granted it the status of the OIE Regional Reference
Laboratory for Foot-and-Mouth Disease for Eastern Europe,
Central Asia and Transcaucasia.

In August 2013, the FAO Animal Health Service desig-
nated the Institute as the FAO Reference Centre for Foot-
and-Mouth Disease for Central Asia and Western Eurasia.
In November 2020, this status was changed to a broa-
der one - the FAO Reference Centre for Foot-and-Mouth
Disease. Previously, only four research centres had been
granted such status for foot-and-mouth disease by both
the OIE and the FAO: the Plum Island Animal Disease Cen-
ter (the USA), the Pirbright Institute (the UK), the University
of Brescia (Italy) and the Onderstepoort Veterinary Insti-
tute (South Africa).

The following were the OIE FMD Experts in different
years: Zh. A. Shazhko, Professor, Doctor of Science (Veteri-
nary Medicine), 1995; S. A. Dudnikov, Candidate of Science
(Veterinary Medicine), 1996-1997; V. M. Zakharov, Profes-
sor, Doctor of Science (Veterinary Medicine), from 1998
to the present.

The Institute’s functions as the OIE/FAO Reference Cen-
tres for Foot-and-Mouth Disease include:

- assessment and standardization of test methods for
foot-and-mouth disease;

- storage and distribution of reference biologicals and
other reagents used for foot-and-mouth disease diagnosis
and control;

- development of new foot-and-mouth disease diagno-
sis and control methods;

- collection, processing, analysis and dissemination of
information on the epizootology of the disease;

- provision of expert consultants to the OIE/FAO;

- scientific and technical training of personnel from
the OIE/FAO member countries;

- organization of scientific meetings on behalf of
the OIE/FAQ;

- coordination of scientific and technical research activi-
ties in cooperation with other laboratories (organizations);

- publication and dissemination of any information on
foot-and-mouth disease that may be useful for the OIE/
FAO member countries.

Reports on the activities of the OIE/FAO Regional Ref-
erence Laboratories and Collaboration Centres, which in-
clude the main outcomes of their activities, the number
of workshops and conferences held, as well as the staff
members’ publications over the past year, are submitted
annually.

An example of execution of these functions is coopera-
tion carried out in 2006-2007 under the Altandi 1 and 2 in-
ternational agreement with the Veterinary and Agroche-
mical Research Centre (Belgium) to study the correlation
between blood antibody titres in foot-and-mouth disease
vaccinated animals and their resistance to challenge with
type O, A and Asia-1 foot-and-mouth disease virus. Based
on the results of the studies, several papers were pub-
lished in foreign journals, and the identified estimates are
currently used in the European Pharmacopoeia [26-28].

Under the agreement between the FAO and
the FGBI “ARRIAH" (Agreement PO No. 303836 — EuUFMD
of 19 June 2013, valid until 31 December 2013), the Insti-
tute received funding for experiments to study the clini-
cal signs of foot-and-mouth disease in wild boars, deter-
mine the virus carrier state duration in foot-and-mouth
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Fig. 3. Commemorative Medal of the FAO European Commission for
the Control of Foot-and-Mouth Disease

disease-recovered animals, validate non-invasive sam-
pling methods for foot-and-mouth disease virus genome
detection.

Between 2002 and 2013, a large number of research
activities were carried out together with the US scientific
institutions through the International Science and Tech-
nology Center (ISTC), an intergovernmental organization.
They were aimed at studying recovered foot-and-mouth
disease virus isolates and some other viral animal disease
agents. The experience of joint research activities, our
staff members’ visits to the leading foreign laboratories,
joint publications of the results obtained contributed to
the professional development of the ARRIAH specialists.

In connection with the termination of the ISTC activities
in April 2015, a memorandum was signed on the transfer
of the equipment obtained for use in the research activities
within all the projects to the FGBI “ARRIAH" as gratuitous
technical assistance, which allowed strengthening the In-
stitute’s capacities for conducting research at the state-of-
the-art methodological level.

In view of the periodic occurrence of foot-and-mouth
disease in the Siberian and Far Eastern regions, coopera-
tion with China and Mongolia within the FAO Programme
of technical cooperation “On cross-border trade and re-
duction of the risk of transboundary animal diseases (with
a particular focus on foot-and-mouth disease)” was very
important for the Russian Federation.

Intense cooperation with Mongolia in the field of foot-
and-mouth disease control began back in 2011, when,
pursuant to Decree of the Government of the Russian
Federation No. 1427-rp of 12 August 2011, humanitari-
an assistance was provided to Mongolia by supplying
37 million doses of foot-and-mouth disease vaccine.
The epizootological study of foot-and-mouth disease
in Mongolia over an extended period of time allowed
for the country’s territory zoning based on the infection
introduction risk level. The zoning was approved by De-
cree of the Government of Mongolia No. 247 of 7 August
2011. The country adopted the Programme for impro-
ving the health of livestock and expediting the work
of the veterinary service of Mongolia. The Programme
stipulated that foot-and-mouth disease-related activities
would be implemented in three stages: the first stage —
2012, the second stage - from 2017 to 2018, the third
stage - from 2019 to 2021. The activities included foot-
and-mouth disease vaccine supplies on a contractual
basis and immunity monitoring tests [29].
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In 2019, the Ministry of Agriculture of the Russian
Federation received a proposal from the Ministry of Food,
Agriculture and Light Industry of Mongolia regarding
the activities within the third stage of the programme
for 2019-2021, which included:

- foot-and-mouth disease vaccine supplies;

- animal serum tests for the detection of possible foot-
and-mouth disease virus circulation;

- provision of advice on the organization of operation
of the Sangino biofactory (Mongolia);

- training of the biofactory’s foot-and-mouth disease
specialists at the FGBI“ARRIAH" postgraduate school;

- short-term training seminars for Mongolian specialists;

- periodic meetings of Mongolian and Russian specialists.

At the meeting of the heads of the veterinary services of
the countries with participation of the FAO representatives
(Vladimir, 23-25 January 2013), an Agreement of intent for
cooperation in the field of animal health and quarantine
was signed, which provided for the following:

- establishment of a mechanism for exchange of infor-
mation on animal health situation;

- cooperation in the field of prevention and control;

- joint research activities for the improvement of me-
thods for animal disease diagnosis.

In the period from 11 to 13 October 2016,
the FGBI“ARRIAH" hosted the 6™ Meeting on cross-border
trade and reduction of the risk of transboundary animal
diseases, which was held between China, Mongolia and
Russia under the auspices of the FAO. The meeting was
attended by the high-ranking representatives of the ve-
terinary authorities of China, Mongolia and Russia, as well
as highly professional teams from each country compris-
ing laboratory experts, epizootologists, technical experts
and representatives of aimags/provinces. It focused on
strengthening cooperation and information exchange
between the three participating countries: China, Mon-
golia and Russia. During the meeting, particular attention
was given to five transboundary diseases: foot-and-mouth
disease, African swine fever, highly pathogenic avian influ-
enza, peste des petits ruminants and lumpy skin disease.

The information above only covers the history of the
main areas of the Institute’s international cooperation on
foot-and-mouth disease. At present, intense cooperation
is carried out on a multilateral, as well as bilateral basis in
relation to the introduction into practice of the Institute’s
scientific developments with respect to foot-and-mouth
disease and the marketing of foot-and-mouth disease di-
agnostica and vaccines.

The Institute’s active international cooperation on foot-
and-mouth disease has repeatedly been acknowledged
by the agricultural authorities of the country, the World
Organisation for Animal Health (WOAH, founded as OIE),
the FAO Veterinary Service, the CIS Intergovernmen-
tal Council for Cooperation in the Veterinary Field. In
particular, following the 19" Russian Agro-Industrial
Exhibition “Golden Autumn” held in Moscow in Octo-
ber 2017, the Institute was awarded a gold medal for
the development and implementation of the internatio-
nal project “The Set of joint measures of the CIS member
states for the prevention and control of foot-and-mouth
disease for the period up to 2020". But of particular sig-
nificance is the commemorative medal dedicated to
the 50 anniversary of the FAO European Commission for
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the Control of Foot-and-Mouth Disease, awarded to the In-
stitute as one of the world’s five leading foot-and-mouth
disease institutions in November 2004 with the wording
“in appreciation of the outstanding contribution to the con-
trol of foot-and-mouth disease in Europe through leader-
ship in technical areas and for the provision of services
that helped combat the disease in the regions of the world
where the foot-and-mouth disease situation posed a great
threat to European countries” (Fig. 3).
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Bovine leukemia virus occurrence in Dagestan
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SUMMARY

Results of diagnostic tests for bovine leukosis carried out in the Dagestan Republicin 2022 (as of October 1, 2022) showing bovine leukemia virus (BLV) occurrence
are presented in the paper for the whole Republic and for each municipality separately. In total, 632,454 susceptible animals were serologically tested with
immunodiffusion assay; 3,573 reactor animals (0.6% of tested animals) were detected. Proportion of infected animals was as follows: 0.5% — in administrative
raions, 1.6% — in urban districts and 1.1% — in distant pasture zones. Percentage of infected cattle varied from 0.01 to 4.9%. No hematological examinations for
bovine leukosis were carried out because seropositive animals were timely culled. In the breeding sector, the proportion of bovine leukemia virus carriers was
averagely 2.8%. Ninety-five bovine leukosis-affected localities were reported in the region as of 1January 2022. Eighty-one new BLV-infected localities had been
identified and bovine leukosis had been eliminated in 18 localities for 9 months of 2022. Totally, 158 localities were officially declared affected in 2022 (as of Octo-
ber 1,2022): 36 agricultural holdings (including 5 breeding holdings), 18 small-scale farms and 104 backyard farms. The largest number of bovine leukosis-affected
localities was registered in the Kizlyarsky (18), Tarumovsky (17), Babayurtovsky (16), Gunibsky (15), Tlyaratinsky (10) Raions and in the city of Makhachkala (9).
One disease-affected locality was reported in each of the Bezhtinsky, Buynaksky, Derbentsky, Kazbekovsky, Kayakentsky, Kizilyurtovsky, Khasavyurtovsky Raions
and towns of Khasavyurt and Yuzhno-Sukhokumsk. Two disease-affected localities were reported in each of the Rutulsky, Untsukulsky Raions, three disease-affected
localities were reported in each of the Gergebilsky, Laksky, Novolaksky, Tsumadinsky Raions. Four disease-affected localities were reported in the Sergokalinsky Raion,
five disease-affected localities were reported in the Charodinsky Raion, six disease-affected localities were reported in each of the Akhvakhsky, Dakhadaevsky,
Karabudakhkentsky Raions, seven disease-affected localities were reported in each of the Botlikhsky, Kumtorkalinsky and Shamilsky Raions. Comparative analysis of
serological and molecular genetic methods used for bovine leukosis diagnosis demonstrated the advantage of enzyme-linked immunosorbent assay and polymerase
chain reaction as compared to immunodiffusion assay used in veterinary practice.
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(TeneHb pacNpoCTPaHeHA BUPYCa NeiKo3a
KpYMHOTo poraToro ckoTa B JlarectaHe

H. P. byaynos, M. M. Mukaunos, L. A. lynawes, 3. A. lnnkosa, A. A. Xanukos

TTpuKacnniickuii 30HaNbHbIN HayYHO-NCCNIEAOBATENbCKII BeTEPUHAPHDIA MHCTUTYT — duanan OTBHY «DepepanbHbiii arpapHblil HayuHblil LeHTp Pecnybnmky [larectan»

(Mpukacnmitcknit 3oHanbHbli HUBN — dunuan OTBHY «OAHL, Pl»), r. Maxaukana, Pecnybnuka [Jarectan, Poccua

PE3IOME

/13noxeHbl pe3ynbTaTbl AMArHOCTUYECKMX MCCNEA0BaHMI Ha neiiko3 B Pecnybnuke [larecTaH B Lienom 1 0TAebHbIX MyHULMNanuTeTax 3a 2022 rof (Mo COCTOAHMI
Ha 1 0KTAGpA), XapaKkTepu3ytoLLe pacnpoCTPaHEHHOCTb BUPYyCa Oblubero Neiiko3a. Bcero 3a aHanu3upyemblil nepuos NoABeprHyTo Ceponornyeckomy Uccneso-
BaHMI0 B peaKLyy MMyHoAnddy3um 632 454 BoCIpUNMUMBBLIX XKUBOTHBIX, BbIABAEHO 3573 NONOXMTENbHO pearupyloLLye 0cobu, uto coctasnset 0,6% ot uncna
1CCnenoBaHHbIX. IHOULMPOBAHHOCTb XUBOTHBIX B AAMUHUCTPATUBHBIX paiioHax 6bina paBHa 0,5%, ropogax — 1,6%, 30Hax OTFOHHOT0 XUBOTHOBOACTBA — 1,1%.
(TeneHb 3apaeHHOCTU NOr0NI0BbA CKOTa BapbipoBana ot 0,01 Ao 4,9%. Beuay cBoeBpemeHHOI BbIOPAKOBKM CEPOMO3UTMBHDIX KUBOTHbIX reMaTonornyeckie
NCCNeL0BAHNA Ha NIEIIKO3 He NPOBOAMNNCH. B nieMeHHOM CeKTope HOCUTENbCTBO BUPYCa Neilko3a onpefenuny B cpesHem B 2,8% ciyyaes. Ha 01.01.2022
B pervoHe 6bino 3aperncTpupoBaHo 95 HebnarononyyHbix No neiko3y NYHKToOB. 3a 9 mecALeB 2022 r. BbIABUAN 81 HOBbIN MYHKT, 0340pOBIAN 18 1 MO COCTOAHMIO
Ha 1 0KTA6pPA HebnarononyyHbIMI OGULMaNbHO 06bABNEHbI 158 MYHKTOB, B TOM UMCE Ha CONbX03NPeANPUATUAX — 36 (113 HUX 5 NNemX03bl), B KpeCTbAHCKMX (dep-
MepckinX) — 18 1 NMYHbIX NOACO6HbIX X03AiicTBaX — 104. HanbonbLuee KonuuecTso HebnarononyuHbix no neiiko3y NyHKToB 3adukcuposaHo B Kusnapckom (18),
TapymoBckom (17), babatoptoBckom (16), TyHubckom (15), Tnapatunckom (10) paitoHax u r. Maxaukane (9). B bexxtunckom yuactke, byiinakckom, [lepbeHt-
ckom, KasbekoBckom, KaskeHTckom, KusuniopToBckom, XacaslopToBCKoMm paiioHax 1 ropogax Xacastopre u H0xHo-Cyxokymcke peructpupoBanoch no 1 ovary,
8 PyTynbckom, YHUYKynbckom paiioHax — no 2; B feprebunbckom, Jlakckom, Hoonakckom, Liymagunckom — no 3; B Ceprokanuuckom — 4; 8 Yapogukckom — 5,
B AxBaxckom, [laxagaesckom, KapabynaxkeHtckom — no 6; B botnuxckom, Kymropkanutckom u Lamunbckom paiioHax — no 7 oyaros. Mpu cpaBHUTeNbHOM
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aHanu3e ceponorinyeckinX U MoneKynAPHO-TeHeTUYeCKX MEeTOZi0B AarHOCTIKIN Gblubero neliko3a yCTaHoBAEHO NPeUMyLLECTBO UMMYHOGEPMEHTHOTO aHanu3a
1 NONUMEPa3HOI LIEMHON peakLui OTHOCUTENbHO MPUMEHAEMO B BETEPUHAPHOIA NPAKTVKe peakunn uMMyHoaNddYy3um.

KntoueBble cnoBa: neiiko3, BUpyc neiiko3a KpynHoro poratoro CKoTa, pacnpocTpaHeHie, peakuus UMMYHOANGGY31m, UIMMYHODEPMEHTHBII aHanu3, nonume-

pa3Has LenHan peakums, Pecnybnuka farectan

[ina untuposanua: bypynos H. P, Mukannos M. M., Tynawes LUL. A., filnukoBa 3. A., Xanukos A. A. (TeneHb pacnpocTpaHeHna BUpyca f1eiiko3a KpynHoro poratoro
cKoTa B [larectaHe. Bemepurapus cez00Hs. 2023; 12 (2): 111-118. DOI: 10.29326/2304-196X-2023-12-2-111-118.
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TV CeNbCKOX03ANCTBEHHDIX KUBOTHBIX, Mpukacnuitckuii 30HanbHblit HUBY — dunuan OFBHY «OAHL, PLI», 367000, Poccua, Pecnybnuka flarectan, r. Maxaukana,

yn. laxapaesa, 88, e-mail: vetmedservis@mail.ru.

INTRODUCTION

Bovine leukosis (BL) is a chronic infectious disease
caused by RNA-bovine leukaemia virus (BLV) belonging
to Retroviridae family, Deltaretrovirus genus. The infection
is widespread in many countries and remains an urgent
problem in most Subjects of the Russian Federation.
The numbers of diseased and infected animals have been
reduced in many regions of the country owing to timely
targeted preventive and elimination measures [1-3].

Losses caused by viral BL in animal industry are huge
due to animal mortality rate, reduced performance, re-
quired elimination of diseased animals, destruction of an-
imal carcasses and various organs with leukemic lesions,
underproduction of young animals, costs for milk pas-
teurization, reduced sales of young animals, failed animal
breeding activities [3-6].

According to the Information Analysis Centre of the Ve-
terinary Surveillance Department (FGBI “ARRIAH") data,
in 2021 viral BL was reported in 65 Subjects of the Rus-
sian Federation. A total of 2,070 affected localities were de-
tected and 25 localities had remained affected since 2020.
Totally 1,398.704 thousand animals were subjected to he-
matological examinations, 15,096 reactor animals (1.1%)
were detected, 15,611 animals were sent to slaughter [7].

Since the official BL reporting (starting with the mid-60s
of the last century) as a nosological disease and the use
of agar gel immunodiffusion assay (AGID) for serological
identification of the pathogen starting with the late 80s
of the last century there has been a steady increase in
the number of infected and diseased animals in the Re-
public of Dagestan. Therewith, numerous attempts to cope
with this disease were mostly unsuccessful as the infection
eradication on farms was not given due attention focusing
on the eradication of such chronic diseases as brucellosis
and tuberculosis [8, 9].

Clinical and hematological examinations and serologi-
cal tests carried out in 1988-2017 showed high prevalence
of the disease. Proportion of BLV-infected animals annually
varied within 1.1-32.2% (on average - 13.3%), morbidity
varied from 1.09% to 44.9% (on average - 15.3%). Propor-
tion of BLV-seropositive animals in breeding holdings was
high, 28.0% (from 6.4 to 41.5%), percentage of diseased

animals was 30.6% (from 14.8 to 45.6%) [10, 11]. A small
part of animals out of the cattle population was covered
by routine diagnostic tests: 0.9% of animals was subjected
to serological tests and 0.02% of animals was subjected
to hematological examinations during the whole analyzed
period [12, 13].

In line with the instruction of the Ministry of Agricul-
ture of the Russian Federation’, action plan? and draft Re-
publican target subprogram “Prevention and elimination
of bovine leukosis in holdings of the Republic of Dagestan™
for 2018-2020 were developed together with the Veteri-
nary Committee experts and approved by the Ordinance
of the Government of the Republic of Dagestan to ensure
sustainable freedom of the region from bovine leukosis.

Effective study of the BLV infection occurrence and
implementation of BL control measures in Dagestan has
begun since 2018. Analysis of the disease spread dynamics
for the last four years showed that the percentage of in-
fected animals decreased and percentage of diseased
animals increased. Thus, the proportion of BLV-carrier an-
imals out of tested animals was 4.0% (proportion of dis-
eased animals was 18.2%) in 2018; 2.9% (24.4%) in 2019;
1.4% (17.4%) in 2020 and 1.0% (19.0%) in 2021. In breeding
holdings, the proportion of the virus carrier and diseased
animals out of tested ones was 6.3 and 15.6%, respective-
ly. Proportion of the cattle covered by serological tests
and hematological examinations for BL in the munici-
pal raions in 2018-2021 in dynamics was 22.9 and 0.1%;
57.4 and 0.6%; 64.8 and 0.3%; 76.2 and 0.1%, respective-
ly [14-16].

' Development of the action plan for bovine leukosis control: letter

of D. Kh. Khatyov, First Deputy Minister of Agriculture of the Russian
Federation No. DKh-25-27/4786 of 27 April 2016. (in Russ.)

2 Action plan for bovine leukosis prevention and control in the Republic
of Dagestan for 2017-2020 approved by the Directive of the Government
of the Republic of Dagestan No. 323-r of 11 September 2017. Available at:
https://docs.cntd.ru/document/450340001. (in Russ.)

* Amendments to the official programme of the Republic of Dagestan:

“Development of agriculture and regulation of agricultural product,

raw material and food product markets for 2014-2020" approved
by the Ordinance of the Government of the Republic of Dagestan
No. 76 of 28 June 2018. Available at: https://docs.cntd.ru/
document/550147549. (in Russ.)
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It should be noted that number of seropositive ani-
mals was reduced owing to expanding the test coverage
of cattle in previously BL-free municipal raions located
in highland, mountainous and submountaine regions of
the Republic, as well as the immediate culling of AGID-posi-
tive animals without confirmation by hematological exam-
ination. Increase in morbidity is associated with long-term
BL persistence in the region, small coverage of AGID-posi-
tive cattle by hematological examinations and absence of
systematic targeted measures for the disease eradication.

In 2018-2021, 152 new disease-affected localities were
detected, the disease was eliminated in 65 affected loca-
lities within targeted subprogram implementation in the
region; 95 BL-affected localities had been officially regis-
tered by the end of 2021.

Lifetime diagnosis is the basis of anti-epizootic mea-
sures for BL. The effectiveness of lifetime diagnostic me-
thod depends on its specificity, sensitivity, easy-to-use and
low cost.

Imperfect methods for diseased and virus-carrier ani-
mal detection are one of the factors impeding the reduc-
tion of a period of BL elimination in affected localities.

Two serological methods: agar gel immunodiffusion
assay (AGID) and enzyme-linked immunosorbent as-
say (ELISA) are currently used for detection of specific
antibodies to BLV at veterinary laboratories of the coun-
try. Some researchers propose using polymerase chain
reaction (PCR) enabling detection of proviral DNA or viral
RNA directly in blood sample taken from the virus-infected
animal together with AGID and ELISA for accelerated BL
elimination in holdings [17-19].

These methods are aimed at identification of the infec-
tion or presence of the disease agent in animal. Some au-
thors propose using AGID, ELISA and PCR in combination
for effective implementation of measures for BL elimina-
tion in affected holdings [20-22].

Bovine leukosis epizootic situation in municipal raions
and distant pasture zones in the Republic of Dagestan was
objectively assessed and comparative analysis of serolo-
gical and genetic-molecular methods for BL diagnosis for
their effectiveness was carried out for the first time based
on the results of large-scale serological tests of cattle.

Large-scale and multifaceted study of BL epizootic fea-
tures and clarification of some theoretical and practical as-
pects are currently required for development of complex
of measures for the disease prevention and control.

The study was aimed at examination of the extent of
BLV occurrence in cattle in the whole territory of the Re-
public of Dagestan and in its separate municipalities for
selection of optimal methods for further control of BLV
infection.

MATERIALS AND METHODS

The study was performed in the Caspian Regional
Research Veterinary Institute — Branch of the Dagestan
Agriculture Scientific Center. Official reporting data of
the Veterinary Committee of the Republic of Dagestan,
Republic and Raion Veterinary Laboratories for 2022 (as
of 1 October) were analyzed and statistically processed for
assessment of epizootic situation on BL. Cattle of different
ages were tested.

AGID was mainly used for tests aimed at detection of
the virus carrier animals performed at the Republic Vete-

rinary Laboratories. Serological tests were performed in
accordance with the “Methodical guidelines for bovine
leukosis diagnosis” and epizootological investigations
were carried out in accordance with the “Methodical
guidelines for epizootological investigations of bovine
leukosis cases™.

Whole blood samples and serum samples were collec-
ted from 258 cows aged over three years and kept in BL-af-
fected holdings located in the Gergebilsky and Gunibsky
Raions for comparative assessment of the laboratory tests
(AGID, ELISA and PCR) used for BL diagnosis for their sen-
sitivity. Tests were performed using certified equipment
at the GBI “Kropotkinskaya Krai Veterinary Laboratory”.
Serum samples were AGID and ELISA tested for bovine
leukemia virus using the “Test-kit for serological diagnosis
of bovine leucosis” and “Test-kit for detection of antibo-
dies against bovine leukaemia virus with enzyme-linked
immunosorbent assay (ELISA) in serum and milk (variant
No. 1 - screening)” produced by the Federal State-Owned
Enterprise “Kursk Biofactory” — BIOK Co. (Russia), respec-
tively. PCR tests were performed using “FACTOR-BOVINE
LEUKOSIS- PCR kit” (“VET FACTOR’, Ltd., Russia).

Obtained data were statistically processed and ana-
lyzed with conventional methods [23].

RESULTS AND DISCUSSION

Positive trend for a decrease in proportion of BLV-infec-
ted animals at an increasing number of affected localities
indicates that BL remains a serious problem in Dagestan.
The results of diagnostic tests for BLV performed in Dages-
tan municipalities within the analyzed period are presen-
ted in Table 1.

A total of 632,454 susceptible animals were subjec-
ted to serological AGID tests for BL in 42 municipal raions,
3 urban districts and 7 distant pasture zones in Dagestan
and 3,573 (0.6%) reactor animals were detected. Propor-
tion of infected animals was as follows: 0.5% in administra-
tive raions, 1.6% in urban districts and 1.1% in distant pas-
ture zones. Proportion of affected animals varied from 0.01
to 4.9%. Totally, 70.9% of cattle population in the region
were covered by serological testing. No hematological
examinations for BL were carried out in the view of timely
culling of seropositive animals.

Proportion of BLV-infected animals significantly varied
in tested raions, towns and distant pasture zone when
the epizootic situation on BLV infection was analyzed in
the context of the administrative territories of Dagestan.

Currently, livestock holdings located in 12 rural raions
(Agulsky, Akhtynsky, Bezhtinsky site, Gumbetovsky, Do-
kuzparinsky, Kazbekovsky, Kaytagsky, Kurakhsky, Maga-
ramkentsky, Suleyman-Stalsky, Khivsky, Tsuntinsky Raions),
town of Kaspiysk and administrative territories of Bakres-
skaya, Derbentskaya, Kochubeyskaya and Ulankholskaya
distant pasture zones are free from BLV infection. Thirty
rural regions, city of Makhachkala, town of Khasavyurt

4 Methodical guidelines for bovine leukosis diagnosis: approved by

the Veterinary Department of the Ministry of Agriculture of the Russian
Federation No. 13-7-2/2130 of 23 August 2000. Available at:
https://docs.cntd.ru/document/1200118749. (in Russ.)

® Methodical guidelines for epizootological investigations of bovine
leukosis cases: approved by A. M. Smirnov, Academician, Veterinary
Medicine Division of the Russian Academy of Agricultural Sciences

on 19 June 2001. M,; 2001. 26 p. eLIBRARY ID: 23892805. (in Russ.)
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Table 1
Serological tests of cattle for bovine leukosis performed in the municipalities of Dagestan in 2022 (as of October 1)

Number of cattle L0 GG
Number | positive animals (+)
Raion/town/DPZ* of tested

Number of cattle Uit D
Number | positive animals (+)
Raion/town/DPZ* of tested

animals** | Number of animals®* | Number of
animals animals
Raion 28 | Nogaysky 22,495 | 16,229 15,018 3 0.02

1 | Aqulsky 10,795 | 3,434 4,136 - 0 29 | Rutulsky 17,760 | 7,232 12,819 13 0.1
2 | Akushinsky 36,454 | 21,725 44,002 61 0.1 30 | Sergokalinsky 9,732 4,605 7,136 56 0.8
3 | Akhvakhsky 19,531 | 8,686 13,060 92 0.7 31| Suleyman-Stalsky | 11,438 | 9,553 13,184 - 0
4 | Akhtynsky 9,778 5,585 8,993 - 0 32 | Tabasaransky 22,376 | 9,661 11,497 1 0.01
5 | Babayurtovsky 22,130 | 9,344 15,278 91 0.6 33 | Tarumovsky 31,071 | 19,236 26,335 423 1.6
6 | Bezhtinsky site 11,967 | 5,056 8,460 - 0 34 | Tlyaratinsky 8,692 | 3,953 15,018 3 0.02
7 | Botlikhsky 28,169 | 13,938 25,719 201 0.8 35 | Untsukulsky 19,082 | 9,646 11,665 89 0.8
8 | Buynaksky 43,730 | 12,544 20,653 24 0.1 36 | Khasavyurtovsky 35,290 | 19,566 26,911 58 0.2
9 | Gergebilsky 21,896 | 9,768 13,028 52 0.4 37 | Khivsky 10,339 | 3,778 5,073 - 0
10 | Gumbetovsky 24,350 | 11,831 16,886 - 0 38 | Khunzakhsky 24,262 | 11,483 13,425 1 0.1
11| Gunibsky 31,506 | 17,488 21,668 382 1.8 39 | Tsumadinsky 18,963 | 7,583 16,169 54 0.3
12 | Dakhadayevsky 27,927 | 12,593 16,271 77 0.5 40 | Tsuntinsky 8,439 4,403 3,203 - 0
13 | Derbentsky 12,991 5,271 8,661 5 0.06 41| Charodinsky 16,608 | 7,981 14,138 161 1.1
14 | Dokuzparinsky 8,856 4,946 10,516 - 0 42 | Shamilsky 28,192 | 10,967 22,125 161 0.7
15 | Kazbekovsky 13,587 | 6,964 10,154 - 0 City/Town

16 | Kaytagsky 10,439 | 3,754 5,808 - 0 1| Kaspiysk 887 480 575 - 0
17 | Karabudakhkentsky | 24,530 | 7,771 11,912 69 0.6 2 | Makhachkala 10,908 | 5928 1,733 238 2.0
18 | Kayakentsky 9,310 4,237 6,177 18 0.3 3 | Khasavyurt 3,547 2,100 2,422 3 0.1
19 | Kizilyurtovsky 12,730 | 7,569 11,969 2 0.02 Distant pasture zone
20 | Kizlyarsky 62,299 | 35,321 22,592 7 32 1 | Babayurtovskaya 4,574 1,723 1,765 61 3.5
21 | Kulinsky 17,089 | 9,299 14,141 4 0.03 2 | Bakresskaya 3,263 2,433 3,062 - 0
22 | Kumtorkalinsky 9,361 3,852 5,658 277 49 3 | Derbentskaya 800 420 1,161 - 0
23 | Kurakhsky 10,168 | 5,051 6,027 - 0 4 | Kizilyurtovskaya 2,401 1,419 2,869 47 1.6
24 | Laksky 30,141 | 12,403 24910 38 0.2 5 | Kizlyarskaya 3,140 2,002 2,130 57 2.7
25 | Levashinsky 33,987 | 9,598 16,538 2 0.01 6 | Kochubeyskaya 3,046 | 2,303 3,052 - 0
26 | Magaramkentsky | 18,716 | 8461 18,089 - 0 7 | Ulankholskaya 1,756 | 1,095 1,677 - 0
27 | Novolaksky 10,274 | 6,288 6,986 22 0.3 Total | 891,872 | 428,556 | 632,454 3,573 0.6

*DPZ — distant pasture zone;
**blood samples from some cattle were retested for diagnosis confirmation.
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and Babayurtovskaya, Kizilyurtovskaya and Kizlyarskaya
distant pasture zones remain BLV-affected.

Single cases of BLV infection were detected in animals
in the Derbentsky, Kizilyurtovsky, Kulinsky, Levashinsky,
Nogaysky, Tobasaransky, Tlyaratinsky Raions and in town
of Khasavyurt.

Up to 1.0% of BLV-infected animals was detected in
territories of 18 administrative raions (Akushinsky, Akh-
vakhsky, Babayurtovsky, Botlikhsky, Buynaksky, Gerge-
bilsky, Dakhadayevsky, Karabudakhkentsky, Kayakentsky,
Laksky, Novolaksky, Rutulsky, Sergokalinsky, Untsukulsky,
Khasavyurtovsky, Khunzaksky, Tsumadinsky, Shamilsky
Raions).

From 1.0 to 4.9% of BLV-infected animals were reported
in the Gunibsky, Kizlyarsky, Kumtorkalinsky, Tarumovsky,
Charodinsky Raions, city of Makhachkala, Babayurtovskaya,
Kizilyurtovskaya and Kizlyarskaya distant pasture zones.

In breeding holdings, 3.5% of dairy cattle and 0.6%
of meat cattle (averagely 2.8% of the total number of
tested animals) were found to be BLV-carriers. The pro-
portion of infected animals by holding varied from 1.1
to 12.2% (Table 2). The coverage of breeding cattle with
serological tests was 65.8%.

Eleven holdings were free from BLV infection, propor-
tion of infected animals in five holdings was found to be
low, from 1.1 to 3.6%. The proportion of infected animals
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out of tested ones was 12.2% in two holdings only:
SKhK “Agrofirma “Sogratl” (Gunibsky Raion) and AO “Kiz-
lyaragrocomplex” (Kizlyarsky Raion).

Thirteen (72.2%) out of 18 tested breeding holdings
were free from BLV infection. It should be noted that
KKh “Agrofirma Chokh” and SPK Kolkhoz “Krasny partisan”
where single BLV-infected animals had been detected
were not declared disease-affected.

As of January 1, 2022 there were 95 BL-affected locali-
ties in Dagestan that had been initially reported in 2021.
Eighty-one new leukosis-affected localities had been
found for 9 months of 2022 and there were 158 reported
BLV-infected localities as of the October 1,2022: 36 agricul-

Table 2
Serological tests of cattle for bovine leukosis in breeding holdings located in Dagestan in 2022 (as of October 1)

Number of cattle

Holding Holding type

tural holdings (including 5 breeding holdings), 18 small-
scale farms, 104 backyard farms.

Maximum number of affected localities was reported
in the Kizlyarsky Raion (18), Tarumovsky Raion (17), Baba-
yurtovsky Raion (16), Gunibsky Raion (15), Tlyaratinsky
Raion (10) and city of Makhachkala (9). One affected loca-
lity was reported in each of the following Raions: Bezhtin-
sky site, Buynaksky, Derbentsky, Kazbekovsky, Kayakentsky,
Kizilyurtovsky, Khasavyurtovsky and in the towns of
Khasavyurt and Yuzhno-Sukhokumsk. Two affected locali-
ties were reported in each of the Rutulsky and Untsukulsky
Raions; three affected localities were reported in each of
the Gergebilsky, Laksky, Novolaksky and Tsumadinsky

Number of AGID positive

Number animals (+)

of tested cattle DG

number of
animals

Gergebilsky Raion

1 | AO“Darada-Murada” dairy 981 645 1,809 23 13 affected

2 | PK“Murad” meat 1,040 627 500 16 3.2 affected

3 | KFKh“Kosulya” meat 351 243 301 - 0 free
Gunibsky Raion

4 | SKhK“Agrofirma“Sogratl” dairy 1,049 408 376 46 122 affected

5 | KKh“Agrofirma Chokh” dairy 1,302 617 614 7 1.1 free

Dakhadaeyvsky Raion
6 | SPK“Ulluchay” dairy ‘ 129 ‘ 107 ‘ 14 ‘ - ‘ 0 ‘ free
Kizilyurtovsky Raion

7 | SPL“Agrofirmaim. U. Buynakskogo” dairy 770 450 573 - 0 free

8 | 000 NPF“Plemservis” dairy 360 338 558 20 3.6 affected

9 | KFKh“Iman” dairy 460 304 294 - 0 free
Kizlyarsky Raion

10 | AO“Kizlyaragrocomplex” dairy ‘ 6,159 ‘ 2,762 ‘ 1,578 ‘ 192 ‘ 12.2 ‘ affected
Kulinsky Raion

11 | SPK“Kulinsky” dairy 795 509 965 - 0 free

12 | SPK“Plemkhoz im. B. Aminova” dairy 257 96 273 - 0 free

Khunzakhsky Raion

13 | SPKKolkhoz “Krasny partisan” dairy 380 220 520 n 21 free

14 | SPK“Alkhas Kuli” meat 257 110 130 - 0 free
Shamilsky Raion

15 | SPA“Otgonnik” dairy 285 110 280 - 0 free

16 | SPK“Mesed” dairy 356 244 628 - 0 free
Buynaksky Raion

17 ‘ 000 “Kurbanservis” meat ‘ 1,504 ‘ 683 ‘ 1,137 ‘ - ‘ 0 ‘ free

Kazbekovsky Raion
18 ‘ 000“Vympel-1" meat 484 424 484 - 0 free
Total 16,919 8,897 1,134 315 28
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Table 3
Results of diagnostic tests of cows for bovine leukosis with AGID, ELISA and PCR

Number of BLV-carrier animals detected with
(number of animals/%)

Number of tested samples

88/34.1 95/36.8 102/39.5

Raions; four affected localities were reported in the Ser-
gokalinsky Raion; five affected localities were reported in
the Charodinsky Raion; six affected localities were reported
in each of the Akhvakhsky, Dakhadayevsky, Karabudakh-
kentsky Raions, seven affected localities were reported
in each of the Botlikhsky, Kumtorkalinsky and Shamilsky
Raions. Most of BL-affected localities (97.5%) were found
in plain zone and other BL-affected localities (2.5%) were
found in submountain zone. No BLV was found in tested
animals located in highland and mountainous zones.

Bovine leukosis control is performed by governmental
and regional authorities in accordance with current legal
act, Order of the MOA of the Russian Federation No. 156
of 24 March 2021¢. With putting the said Order in force
the approach to BL diagnosis, declaring the localities as af-
fected ones and elimination of the disease in BLV-affected
population has significantly changed. As for disease di-
agnosis, the new veterinary rules provide for putting mo-
dern highly sensitive methods for early BL diagnosis (ELISA
and PCR) into veterinary practice that facilitates prompt
disease elimination in the affected holdings.

Results of tests of blood samples taken from cows using
different methods are given in Table 3.

Comparative analysis of serological (AGID, ELISA) and
molecular genetic (PCR) methods used for BL diagnosis
showed the advantage of enzyme-linked immunosorbent
assay and polymerase chain reaction as compared to im-
munodiffusion assay used in veterinary practice. Thus, 2.7
and 5.4% out of the cases previously AGID-tested negative
were positive when tested with ELISA and PCR, respectively.
It should be noted that all cases (100%) tested positive with
ADIG were tested positive with ELISA and PCR.

“Methodical guidelines for bovine leukosis diagnosis
and shortening the disease elimination period in the di-
sease-affected holdings in the Republic of Dagestan” [24]
has been developed and proposed for implementation;
they provide for putting modern test methods into vete-
rinary practice.

CONCLUSION

Analysis of data given in the paper shows that BL re-
mains a serious problem for animal farming industry of
the Republic of Dagestan as the number of affected loca-
lities especially backyard farms increases despite the posi-
tive trend for decrease in proportion of BLV-infected an-
imals. The coverage of cattle population with diagnostic
tests should be expanded for detection of all seropositive
animals. Young animals at the age of 6, 12, 18 months and

¢\Veterinary rules for implementation of preventive, diagnostic

and restrictive measures, quarantine imposition and lifting and other
restrictions to prevent the bovine leukosis spread and eradication

of bovine leucosis outbreaks: approved by Order of the Ministry

of Agriculture of the Russian Federation No. 156 of 23 March, 2021.
Available at: https://docs.cntd.ru/document/603433105. (in Russ.)

animals before their introduction to main herd should be
tested.

In holdings where BLV-infected susceptible animals are
still detected, measures for complete disease elimination
are to be taken: frequency of serological tests in the group
of seronegative animals should be increased until two suc-
cessive negative test results are obtained.

Complex application of AGID, ELISA and PCR as a pro-
mising test system for BL control measures is proposed
for detection of maximum number of BLV-carrier animals.
Putting ELISA- and PCR-based diagnosis in veterinary
practice in the Republic of Dagestan will allow early de-
tection of BLV carrier calves (sera taken from calves before
first feeding with colostrum are to be tested with ELISA
and sera taken from calves at the age of 15-20 days are
to be tested with PCR) and enhancement of the diseases
elimination effectiveness and shortening the disease eli-
mination period at final stages of BLV infection eradication
in agricultural holdings.
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Efficiency of the data generated

by the robotic milking system for comprehensive
diagnosis of mastitis in cows

M. N. Isakova, M. V. Ryaposova
Federal State Budgetary Scientific Institution “Ural Federal Agrarian Scientific Research Centre, Ural Branch of the Russian Academy of Sciences”
(FSBSI UrFASRC, UrB of RAS), Ekaterinburg, Russia

SUMMARY

Early mastitis diagnosis and treatment play a significant role in reducing the disease incidence in a dairy herd. Examination of the animals (n = 61) milked with
VMS™ V300 automated voluntary milking system (DeLaval, Sweden) showed that mean milk yield was 15.03 kg (min — 4.50 kg, max — 24.52 kg); mean milking
time in the group was 8 min 14 sec (min — 5 min 24 sec, max — 12 min 29 sec) during the observation period equal to 10,300 milkings. Milking time for the majority
of the cows (67.2%) complied with the standards and equaled to 4—7 min, mean milking time for 32.7% of the animals was 8 minutes. Mean interval between
milkings in the test animal group was 11 hours 30 minutes (min — 6 h 04 min, max — 18 h 54 min). Mean electrical conductivity of the milk was 4.14 1/0mxcm? for
the whole group of animals. Determined mean mastitis detection index (MDi) was 1.6 and varied in the range of 1.03 to 1.41. Minimal and maximal MDi was 1.0
and 11.1, respectively. Diagnostically representative increase in MDi within 1.8—2.2 was observed in 24.6% of animals. Significant MDi increase to more than 2.2
was found in 21.3% of high-yielding cows. All animals with MDi higher than 1.8 (28 animals) were examined for mastitis. Inflammatory reactions in udder were
detected in 28.6% of the animals, clinical and latent inflammations were detected in 7.1 and 21.4% of the cows, respectively. Tests of mammary gland secretion
showed that average somatic cell count was up to 200 and 201-300 ths cells/mL in 45.9 and 37.7% of the animals, respectively. Udder secretions of 4.9% of cows
contained 301-400 ths somatic cells/mL. In 9.8% of tested animals average somatic count was 401-700 ths somatic cells/mL, and in 1.6% of the animals — more
than 701 ths somatic cells/mL. Microbiological and PCR tests of mammary gland secretion samples taken from the animals with mastitis detected the following
contagious and coliform mastitis agents: Staphylococcus spp. (St. epidermidis, St. saprophyticus, St. haemolyticus), Streptococcus agalactiae, Staphylococcus aureus,
Escherichia coli, Enterococcus faecium. Various diagnostic techniques are found to be used for detection of mastitis in the herd and the data generated by robotic
voluntary milking station such as mastitis detection index (MDi) can be used for earlier detection of changes in cow’s mammary gland.

Keywords: high-yielding cows, mastitis, diagnosis, robotic voluntary milking systems, milk yields, milking time, interval between milkings, electrical conductivity,
mastitis detection index (MDi), somatic cells, mastitis agents, contagious mastitis, coliform mastitis
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JOPeKTUBHOCTD UCMOMb30BAHNA AaHHbIX, NOJTYYEeHHbIX
C 3NIEKTPOHHON CMCTEMbI POOOTU3MPOBAHHOIO J0EHUA,
NPy KOMNNEKCHOI ANArHOCTIKE MACTUTA Y KOPOB

M. H. UcakoBa, M. B. PanocoBa

OTBHY «Ypanbckuit desepanbHblil arpapHblit HayuHO-1CCeS0BaTENbCKNIA LieHTP Ypanbckoro oTaenexna Poccuitckoi akagemmn Hayk» (OTBHY Yp@AHILL YpO PAH),

r. Ekateputbypr, Poccua

PE3IOME

BaxHyto ponb B CHUXKeHNKM 3a60neBaeMOCTY MONOYHOTO CTajja MACTUTOM UTPaloT PaHHAA AMATHOCTUKA U CBOEBPEMeHHble neyebHble MeponpuaTua. B pe-
3ynbTaTe UCCIeA0BAHMA XIUBOTHBIX (1 = 61), J0eHNe KOTOPbIX OCYLLeCTBAANOCH NPU NOMOLLY aBTOMATU3NPOBAHHOIA CMCTEMbI J06POBONBHOMO AOEHMA
VMS™V300 (DeLaval, LLBewnsa), yctaHoBneHo, uto 3a nepuoz HabntodeHus, paBHbiil 10 300 akTam JoeHna, cpesHuii Hapoit coctasun 15,03 kr (min — 4,50 kr,
max — 24,52 Kr); cpeHAA NPOROKNTENbHOCTb J0eHA No rpynne — 8 MinH 14 cek (min — 5 MuH 24 cek, max — 12 MuH 29 cex). [eprop BpemeHrM, 3a KoTopoe
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MPONCXOAINN LUK AOEHMA 6ONBLIMHCTBA KOPOB (67,2%), COOTBETCTBOBAN HOPMATUBHBIM NOKa3aTeNAM U COCTaBUA 4—7 MUH, y 32,7% XMBOTHBIX CPeAHAA
MPOAOMKUTENbHOCTb AOeHNA Obina 6onee 8 MUH. CpeLHMIA HTEPBAN MEXAY AOEHUAMM B UCCNEAYeMONi rpynne XUBOTHbIX paBHANCA 114 30 MuH (min — 64
04 MuH, max — 18 u 54 muH). CpeaiHAs 3NeKTPONPOBOAHOCTL MOMIOKA MO BCeli Fpynne XMBOTHbIX cOCTaBUNa 4,14 1/0mMxcm’. Onpeaeninu, uto cpefHuii no-
ka3atenb MDi (MHAeKC BblaBNeHUs MacTuTa) 6bin paseH 1,16 ¢ ananazoxom ot 1,03 go 1,41. MuHMManbHoe 1 MakcuManbHoe 3HaueHne MDi Haxoaunoch Ha
yposHe 1,01 11,1 cootBeTCTBeHHO. [IuarHocTuyeckoe ygenuuenue niaekca MDi B npegenax 1,8—2,2 Habniopanu y 24,6% xuBoTHbix. locToBepHOE NOBbILLE-
Hue HpeKca bonee 2,2 yctaHosneHo y 21,3% BbICoKONpoAYKTUBHbIX KOPOB. Bce xmnBoTHble c ypoHem MDi 6onee 1,8 (28 ron.) 6bin 06cnesoBaHbl Ha MacTyT,
BOCMANUTENbHbIE peakLyun B BbIMeHIn 06Hapyunn y 28,6% ocobeit, KNMHIYeCKoe 1 CKpbiToe BocnaneHine umenn 7,1 u 21,4% KopoB COOTBETCTBEHHO. lpu
NCCneoBaHNM CeKpeTa MONOYHOI Xene3bl yCTaHoBUAM, uTo Y 45,9 11 37,7% KNBOTHbIX CpeSiHee CofepXaHie COMaTUyeckinx KNeTok HaXOAUN0Ch B AnanasoHe
10 200 1 201-300 Tbic/Mn COOTBETCTBEHHO. B cekpeTe Bbimenn 4,9% kopoB cofepxanoch 301-400 Tbic/Mn comaTnuecknx Knetok, y 9,8% nccnenyembix
KUBOTHbIX NOKa3aTenb 6bin Ha yposHe 401-700 Tbic/mn, y 1,6% — cBbiwe 701 Tbic/mn. Mukpobuonornueckue n MLP-uccnesosanua npob cekpeta Mmonoy-
HOI Xene3bl OT XUBOTHbIX C MACTUTOM MOKa3anu, YTo CNeKTp Bo36YAuTeNeil KOHTarno3Horo 1 KonudpopmHoro MacTUToB NpeacTaBaeH: Staphylococcus spp.
(St. epidermidis, St. saprophyticus, St. haemolyticus), Streptococcus agalactiae, Staphylococcus aureus, Escherichia coli, Enterococcus faecium. YctaHoBReHo, uTo
ANA BbIABNEHNA MaCTUTa B CTaZe AOMKHbI ObITb UCMONb30BaHbI Pa3NMUHble NHCTPYMEHTbI ANATHOCTUKY, @ NOyYeHHble AaHHbIE C aBTOMATU3NPOBAHHDBIX
cuctem f06pOBONBHOTO 0eHNA, TaKKe Kak UHAEKC BbiABNeHUA MacTuta (MDi), MoryT npuMeHATbCA AnA 6onee paHHero BbIABNEHUA U3MEHeHWH, Npouc-
XOAALLUX B MONIOYHOIA Xene3e KopoB.

Kntoueble cnoBa: BbICOKONPOAYKTUBHbIE KOPOBbI, MACTUT, AMArHOCTUKA, aBTOMATU3MPOBAHHbIE CICTeMbI 406POBONIbHOTO A0EHMS, HaZ0W, NPOAOMKMUTENb-
HOCTb JI0EHNA, UHTepBaN MeXAY A0eHNAMU, JNeKTPONPOBOAHOCTb, MHAEKC BbABNeH!A MacTuTa (MDI), comatiueckue KneTkw, Bo36yAnTenn MacTiTa, KOHTaru-
03Hblii MaCTUT, KOUGOPMHbI MacTUT

bnaropapHocTu: iccnefoanus BbinonHeHbl B pamkax rocyapcTaeHHoro 3agaua Muo6pHayku Poccum no Teme N2 0532-2021-0009 «Pa3pabotka 6uonoru-
YecKIX TeXHONOT i ypaBEeHIA 340POBLEM XUBOTHbIX U NPUXM3HEHHOTO OPMIPOBAHNA KauecTBa NPOAYKLMN XMBOTHOBOACTBA U NTULIEBOACTBAY.
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INTRODUCTION

Milk production scaling-up focusing on raw milk quality
improvement is of great importance in the modern dairy
industry [1-3]. Inflammatory reactions of cow’s mamma-
ry gland are one of the factors affecting the milk quality
at the stage of primary milk production [3-5]. Mastitis in
high-yielding cows is a significant financial problem es-
pecially in dairy industry. Inflammatory cow’s mammary
gland diseases are one of the obstacles to extra premium
and premium milk production and marketing to processing
establishments due to high somatic cell levels in the milk
especially in animals with latent mastitis, increased milk
contamination with pathogenic and opportunistic micro-
flora and changes in milk fat-to-protein ratio [6]. There-
with, early diagnosis and treatment play an important role
in reducing the disease incidence in dairy herd. Detection
of somatic cells and analysis of their levels in cow’s milk
enable subclinical mastitis diagnosis at an earlier stage,
when no clinical manifestations are observed. Microbio-
logical and PCR tests of cow’s mammary gland secretions
allow for detection of a range of agents responsible for
inflammatory processes in cow’s udder and for identifi-
cation of the disease etiology. In our country, there has
been recently a steady trend for construction of large dairy
holdings for keeping large lactating cow populations that
hampers early diagnosis of the pathological process in
the mammary gland. Automated milking systems capable

of registering different parameters during milking can be
used for solving this problem. Analysis of the said para-
meters allows for detection of changes in cow’s mammary
gland [7].

Automatic milking systems (AMS) were first introduced
on dairy farms in 1990s [8]. For several decades, the dairy
farming industry of our country has been transitioning
to labor automation [9-14]. AMSs are increasingly being
introduced into practice owing to their undoubted advan-
tages, such as milk quality improvement and labor cost
reduction [12-16]. This voluntary milking technology for
dairy cattle provides for full automation of the process,
that is based on computer control and significant ave-
rage increase in milking frequency. AMSs are economically,
technically and socially relevant for agriculture industry
as well as animal physiology, health and welfare [17-21].
The cow’s udder is not examined at every milking when
the above said automatic milking systems are used. There-
fore, analysis of online measurements is of great impor-
tance [22-24]. Parameters registered by robotic milking
systems can vary depending on the robotic milking sus-
tem model and equipment configuration. Standard para-
meters to be controlled are as follows: milk yields, milking
time, interval between milkings, milk electrical conductivi-
ty, blood in milk [12, 24, 25]. Mastitis detection index (MDi)
is less known value registered by robotic milking system.
It is calculated based on three parameters: milk electrical
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conductivity, interval between milkings and presence of
blood in each udder quarter [12]. Currently, basic informa-
tion on this index can only be found in the user manual for
DelLaval VMS™ milking system (Sweden). MDi can be with-
intherange of 0.8 to 4.0. When it is lower than 1.8 it means
that this animal has no problems with its mammary glands.
When MDi is higher than 1.8 this indicates that the par-
ticular cow should be examined for mastitis, MDi higher
than 2.2 is indicative of inflammation in the cow’s udder.
However, there is no sufficient obvious scientific evidence
of relationship between MDi and mastitis in high yielding
cows.

The study was aimed at complex mastitis diagnosis
in cows, analysis of parameters registered by automated
voluntary milking system as well as assessment of MDi ef-
fectiveness for mastitis diagnosis in cows.

MATERIALS AND METHODS

The study was performed within the governmental pro-
gramme of the Ministry of Science and Higher Education
of the Russian Federation: research area No. 160 - Federal
Research Programmes of the Governmental Academies
of Sciences, research topic No. 0532-2021-0009 “Deve-
lopment of biological technologies for animal health
management and lifetime animal and poultry product
quality management” at the Reproductive Technolo-
gies Department of the Federal State Budgetary Scienti-
fic Institution “Ural Federal Agrarian Scientific Research
Centre, Ural Branch of the Russian Academy of Sciences”
(FSBSI UrFASRC, UrB of RAS) in 2020-2021.

The experiments were performed in high-yielding cows
(milk production — more than 8,000 kg) kept in the breed-
ing holding located in the Kamyshlovsky Raion, Sverdlovsk
Oblast. VMS™ V300 automated voluntary milking system
(DeLaval Company) was put into operation for group
of 61 cows in September 2020. A total of 10,300 milkings
were examined during the tested period (mean period -
4.9 months; min - 1 month, max - 7 months), the following
parameters were examined: milking time, interval between
milkings, milk electrical conductivity, MDi. The animals
with MDi higher than 1.8 were additionally examined for
clinical and subclinical mastitis. The animals were also exa-
mined for mastitis clinical signs by test milkings includ-
ing examination for symmetry and size of udder quarters,
changes in mammary gland skin and temperature. Special
attention was paid to supramammary lymph nodes: they
were examined for indurations. Changes in teat sphincters
and drawn udder secretions were registered.

Tests for subclinical mastitis were performed using
Keno™test diagnostic rapid test-kit (CID LINES, Belgium).
Somatic cell counts in the mammary gland secretions
were measured with viscometric milk analyzer “Somatos
Mini” (Sibagropribor Ltd., Russia) and DeLaval DCC coun-
ter (Sweden). The method for somatic cell count quan-
tification complies to the Russian Federation standards,
GOST 23453-2014".

Samples of mammary gland secretions (n = 8) were col-
lected from animals with mastitis during the observation
period for further microbiological and PCR tests aimed at
identification of the disease etiology. Tests were carried

" GOST 23453-2014 Milk. Methods for determination of somatic cells.
Available at: https://docs.cntd.ru/document/1200115756. (in Russ.)

out with real-time polymerase chain reaction (PCR) us-
ing set of reagents: Vetscreen.STREPTOROL-V, Vetscreen.
STAFIPOL, Vetscreen.KOLIPOL, Vetscreen.STREPTOROL
(OO0 IDS, Russia) and Rotor-Gene 3000 system (Corbett
Research, Australia). Cow udder secretion samples were in-
oculated in liquid and solid nutrient media: meat peptone
broth (MPB), meat peptone agar (MPA), Endo’s medium,
Sabouraud medium, mannitol-salt agar, enterococcus agar,
Gissa'’s colour media, for bacteriological and mycological
testing. The recovered isolates were identified in accord-
ing to Bergey’s Manual of Determinative Bacteriology
and Manual for determination of pathogenic and oppor-
tunistic fungi.

RESULTS AND DISCUSSION

Average milk yield in the group was 15.03 kg (min -
4.50 kg, max — 24.52 kg) during the observation period.
The mean milking time in the group was 8 min 14 sec,
minimal milking time was 5 min 24 sec, maximum milking
time was 12 min 29 sec. Mean milking time was 5-7 min,
and was consistent to physiological parameters of milk
ejection reflex and complied with the limits required for
machine cow milking. It was found that 67.2% of cows
were milked out in 4-7 minutes and average milking time
in 32.7% of cows was more than 8 minutes (Fig. 1).

Mean interval between milkings was 11 h 30 min in
the tested group, ranging from minimal interval of 6 h
04 min up to maximum interval of 18 h 54 min. Therewith,
the maximum interval of 20 h 11 min - 24 h 00 min was
registered once or more times in 31.2% of cows during
the observation period (Fig. 2).

Our previous tests showed that milk electrical conduc-
tivity in healthy cows was 3.5-4.5 1/0mxcm?, milk electri-
cal conductivity in cows with subclinical and clinical mas-
titis was 4.5-6.0 and 6.1-7.0 1/0Omxcm?, respectively [26].

Milking of cows with VMS™ V300 automatic volun-
tary milking system enables generation of the data on
the electrical conductivity of the milk from each mam-
mary gland quarter. Analysis of the data for the whole
observation period showed that mean electrical con-
ductivity in the test group was 4.14 1/0mxcm?; there-
with, in 16.4% of cows the milk electrical conductivity
was 4.5-6.0 1/0mxcm?. At the level of individual ani-
mal, electrical conductivity of the milk from left front
quarter of the udder was 4.50-5.23 1/0mxcm? in 23.0%
of the cows and more than 7.11 1/0mxcm? in 4.92%
of cows; electrical conductivity of the milk from right
front quarter of the udder was 4.52-5.05 1/0mxcm?
in 13.1% of the cows and 6.24-9.39 1/0mxcm? in 8.2%
of cows during the whole observation period. Simi-
lar analysis showed that the electrical conductivity
of the milk from left hind quarter of the mammary gland
was in the range of 4.54-5.20 and 6.06-9.14 1/Omxcm?
in the same number of animals (13.1%). Increase in elec-
trical conductivity of the milk from the right hind quarter
of the udder from 4.51 to 5.73 1/0mxcm? and from 6.22
to 7.93 1/0mxcm? was registered in 21.31% and 4.92%
of the animals, respectively.

Mean MDi was 1.16 (range: 1.03-1.41) during
the 7-month test period and 10,300 milkings. Minimum
and maximum MDi was 1.0 and 11.1, respectively (Fig. 3).
Therewith, MDi was 1.8 up to 2.2 in 50.8% of high yield-
ing cows, single index increase was registered in 26.2%
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Fig. 1. Distribution of the time of cow milking with robotic milking system
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Fig. 2. Distribution of the interval between cow milkings with robotic milking system

of animals. Thereat, diagnostically significant MDi increase
within the range of 1.8-2.2 was registered in 24.6% of cows.
MDi higher than 2.2 was registered in 36.1% of animals;
therewith increased MDi was observed in 14.8% of cows
during one up to four milkings but subsequently found
not be associated with mastitis in these animals. As aresult,
MDi higher than 2.2 in 21.3% of high-yielding cows was
considered indicative of mastitis. Increased MDi, 1.8-2.2
and higher than 2.2, was registered during maximum 38
and 19 milkings, respectively.

All animals with MDi of 1.8-2.2 and higher than 2.2 (15
and 13 cows, respectively) registered during more than
four milkings were examined for subclinical and clinical
mastitis. Mastitis was diagnosed in 28.6% of 28 examined
cows. Clinical and latent inflammation was detected in 7.1

and 21.4% of cows, respectively. Clinical mastitis was de-
tected in the cows with MDi higher than 2.2. registered
during 13-18 milkings. Subclinical mastitis was detected
in cows with MDi of 1.8-2.2 registered during 17-28 milk-
ings. No mastitis was detected in the cows with MDi less
than 1.8 during the whole test period. Examinations for
association between MDi and diagnosed mastitis showed
positive correlation (correlation coefficient: r = 0.78).
Tests of mammary gland secretions showed that mean
somatic cell count was 200 and 201-300 ths cell/mL
in 45.9% and 37.7% of animals, respectively, that was in-
dicative of absence of pathological processes in mammary
glands. Therewith, MDi for these animals was less than 1.8.
There were 301-400 ths/mL of somatic cells in the udder
secretions from 4.9% of cows with MDi of 1.8-2.0. Clini-
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Fig. 3. Mastitis detection index (MDi)

cal examination of these cows revealed subclinical mas-
titis in 3.6% of them. Somatic cell count was 401-700 ths

cell/mL in 9.8% of tested cows and their MDi was in

therange of 2.0-2.2. All these animals had inflammation in

the mammary gland and subclinical mastitis was detected

in 7.1 and 14.3% of cows, respectively. More than 701 ths

somatic cells/mL were detected in the milk from one cow

(1.6% of tested animals) with MDi higher than 2.2. Clinical

mastitis (3.6%) was detected during the clinical examina-
tion of the cow. Examination results are given in the Table

below.

Fourteen bacterial isolates were recovered from mam-
mary gland secretion samples collected from the cows
with mastitis and tested with PCR. The following etio-
logical agents of contagious mastitis were detected in
the samples: Staphylococcus spp. (St. epidermidis, St. sapro-
phyticus, St. haemolyticus) were detected 100% of samples;
Streptococcus agalactiae and Staphylococcus aureus were
detected in 25.0% and 12.5% of samples, respectively.
Escherichia coli inducing coliform mastitis in cows was re-
covered from 37.5% of samples.

Microbiological tests of mammary gland secretion
samples from the cows with diagnosed mastitis detec-
ted Enterococcus faecium, environmental microorganism,
in 100% of samples as well as Escherichia coli and Staphy-
lococcus epidermidis in 62.5% and 37.5% of samples, re-
spectively, and Staphylococcus aureus in 12.5% of samples.

Thus, microbiological and PCR tests are complemen-
tary methods for mastitis etiology identification enabling
detection of wide range of pathogens and selection of ef-
fective treatment.

CONCLUSION

All available diagnostic techniques (clinical examina-
tion, rapid tests, somatic cell counting, analysis of milk
electrical conductivity and microbiological and PCR
tests) should be used identification of mastitis of a par-
ticular type and for prescribing treatment and predic-
tion of the disease course. Tests results showed that
mean mastitis detection index (MDi) varied from 1.03
to 1.41, therewith, minimal and maximum MDi was 1,0
and 11.1, respectively. Diagnostically representative MDi
increase within 1.8-2.2 was registered in 24.6% of ani-
mals. Significant MDi increase to more than 2.2 was found

Table
Somatic cell counts in mammary gland secretion collected from
tested cows (n=61)

Number of animals

Somatic cell count, ths cells/mL

less than 200 28 459
201-300 23 37.7
301-400 3 49
401-700 6 9.8
more 701 1 1.6

in 21.3% of high yielding cows. Mastitis was detected
in 28.6% of animals with MDi more than 1.8, therewith
clinical and subclinical inflammations were detected
in 7.1% and 21.4% of cows, respectively. Tests of cow
udder secretions showed that mean somatic cell count
was not more than 200 ths cells/mL in 45.9% of animals;
somatic cell count was 201-300 ths cells/mL in 37.7%
of cows, and MDi for these animals was less than 1.8.
There were 301-400 ths somatic cells/mL in mammary
gland secretions collected from 4.9% of cows with MDi
within the range of 1.8-2.0. Somatic cell counts in 9.8%
and 1.6% of tested cows with MDi within the range
of 2.0-2.2 were 401-700 and more than 701 ths cells/mL,
respectively. Microbiological and PCR tests of mammary
gland secretion samples from the animals with mastitis
detected the following pathogens responsible for conta-
gious and coliform mastitis: Staphylococcus spp. (St. epi-
dermidis, St. saprophyticus, St. haemolyticus), Streptococ-
cus agalactiae, Staphylococcus aureus, Escherichia coli,
Enterococcus faecium. Estimated coefficient of correlation
between MDi and diagnosed mastitis was +0.78. Taking
into account recommendations given in VMS™ V300
Milking System Manual, where mastitis detection indi-
ces are roughly divided into the following ranges: less
than 1.8 -“normal udder’, 1.8-2.2 -“udder requires atten-
tion’, more than 2.2 - “mastitis”, performed experiments
have confirmed that MDi can be used as an additional
tool for mastitis diagnosis that allows early prompt mea-
sures to be taken.
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Clinical signs of caprine arthritis-encephalitis

and disease-related pathomorphological changes

V. Yu. Koptev, N. A. Shkil, N. Yu. Balybina, I. N. Penkova
Siberian Federal Scientific Centre of Agro-BioTechnologies of the Russian Academy of Sciences (SFSCA RAS), Krasnoobsk, Novosibirsk Oblast, Russia

SUMMARY

Over the past ten years, the small ruminant population in the Russian Federation grew sharply, especially goat population in backyards and on small-scale farms.
Alongside with the population growth, clinical signs of some sporadic diseases or diseases that had not been previously registered were detected in animals.
Caprine arthritis-encephalitis (CAE) is one of such diseases. It is a chronic infectious disease caused by a small ruminant lentivirus (SRLV) of the Retroviridae family,
which includes four genotypes, of which genotypes A (maedi-visna — MVV virus) and B (caprine arthritis-encephalitis virus — CAEV) are of epizootic significance.
The disease is characterized by long asymptomatic viral transmission and is associated with progressive lesions in the respiratory organs, joints and udder. The disease
also affects nervous system in kid goats aged between 2 and 3 months. Clinical signs of caprine arthritis-encephalitis are not pathognomonic; therefore, it is often
misdiagnosed, thus, resulting in a barrier to effective treatment. Given the fact, the issue of antemortem and postmortem diagnosis of caprine arthritis-encephalitis
is still urgent, because most veterinary specialists have never encountered this disease and the data available in the literature often do not fully cover all clinical
details and pathomorphological features. Therefore, the purpose of the work is to study CAE clinical signs and pathomorphological changes. The article describes in
detail clinical manifestation of this disease, postmortem lesions in organs and tissues of the sick animals. The results obtained suggest that the destructive changes
in the exposed organs are irreversible and, consequently, there is no effective treatment.
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KnuHnueckne npu3Hakun n natoMmopponornyeckme
M3MEHEHUA NpU apTpuTE-dHLEDANNTE KO3

B. 0. KonTes, H. A. lkunb, H. 10. banbi6una, U. H. llenbkoBa
OTBYH Cnbupckuii GesepanbHblil HayuHblli LieHTp arpobuotexHonoruit Poccuiickoii akapemun Hayk (COHLIA PAH), p. n. Kpachoobck, Hoocubupckas obn., Poccua

PE3IOME

MocneaHee pecatunetue Ha Tepputopun Poccuiickoil Oesepaumn HabntaaeTca peskoe yBennyeHme NorooBbA MEKOro poratoro CKoTa, B YaCTHOCTH K03, Co-
JZIEPXALLMXCA B JIAYHbIX MOZCOOHBIX 11 KDECTbAHCKUX depmepcKIX X03aiicTBax. Mpn STOM Bce uallle BeTepiHapHbIe CNeLManncTbl Hauani CTanKuBaTbca ¢ K-
HUYECKUMI PU3HaKaMV 3aboneBaHuii, paHee He PerucTpUpoBaBLLMXCA B HaLLeli CTpaHe NGO BCTPEUABLUMXCA B BUAE COPAANUECKUX ClyyaeB. OfHUM U3 HUX
ABNAETCA BUPYCHbIN apTPUT-SHLEdANUT K03 — XpOHUYECKoe MH EKLIMOHHOe 3ab0NeBaHIe, Bbi3bIBAEMOE IEHTUBUPYCOM MENKIAX XBAUHbIX XKUBOTHbIX CEMeiiCTBa
Retroviridae, BkntoyatoLLnm B ceba ueTbipe reHoTUNa, Ba U3 KOTOPbIX UMEOT INM300TUYECKOe 3HaueHue: reHoTun A (BUpyc maeau-BucHa — MVV) u reHoTun B
(Bupyc apTpuTa-sHuedanuTa ko3 — CAEV). ApTpuT-3HUedanuT Ko3 XapakTepuyeTca ANUTeNbHbIM 6eCCUMNTOMHBIM BUPYCOHOCUTENLCTBOM C NOCTEAYOLLAM
Pa3BUTMEM KIMHUYECKIX NPU3HAKOB NOPAXEHNA OPraHOB AbIXaHIA, CYCTaBOB KOHEUHOCTEIA 1 BbIMEHI, @ TaKXKe HePBHBIMI ABNEHUAMM Y KO3NAT 2—3-MeCAYHOr0
B03pacTa. KnuHuueckne npusHaku apTputa-dHLePanuTa Ko3 He SBNAOTCA NATOTHOMOHUYHBIMI, BCECTBUE YETO BETEPUHAPHbIE CELIMANNCTbI, CTANKMBASCh
C IaHHOIT CUMNTOMATUKOIA, YaCTO CTABAT NIOXHbIE AMArHO3bl, UTO NPUBOAUT K HU3KOI 3 deKTUBHOCTU TepaneBTYECKIX MEPONIPUATHIA. YUUTbIBAA BbiLLeyKa3aH-
Hblii GaKT, BONPOC NPUMKM3HEHHON 1 NOCMEPTHON AMArHOCTUKM apTpUTa-HLeGanuTa Ko3 A0 CUX 0P 0CTAETCA aKTyaNbHbIM, Tak KaK 60/IbLLIHCTBO BETepUHAPHbIX
CMeLUANMCTOB HUKOTAA He CTANKMBANNCD C AaHHbIM 3a60N1eBaHNeM, a UMEIOLLMECS B IUTEPATYPe AAHHDIE YACTO HEAOCTATOYHO NOAPOOHO OCBELLAKT BCE HIAHCHI
KNUHNYEeCKOI 1 naToMopdonoruueckoii KapTuHbl AaHHOIA natonorui. Mcxoas U3 31oro, Lesbio paboTbl 66110 U3yunTb KNMHUYECKIE NPU3HAKY U naToMopdonori-
yecKue 3MeHeHIA Npy BUPYCHOM apTpuTe-3HLedanuTe Ko3. B craTbe nogpo6bHO paccMaTpuBaloTea KNUHNYECKMe NPOABNEHUA JaHHOT0 3a6071eBaHINA, ONUCaHbI
NaTonoro-aHaToMUYecKme M3MeHeHIs B OpraHax i TKaHAX 60bHbIX KUBOTHBIX. [oyueHHble pe3ynbTaThl YKa3biBaloT Ha HEOOPATUMOCTb AECTPYKTUBHBIX U3-
MeHeHHii B IOPaXEHHbIX OpraHax 1, KaK CnefCTBIe, Ha OTCYTCTBUE IOGEKTUBHBIX CNOCO6OB Tepanuy.

KnioueBble cnoBa: apTpuT-3HLIEPaNUT KO3, NEHTUBUPYC, THEBMOHNA, TaTOMOPYONOrYeckas KapTiHa, MeKuii porablil kot
[insa yutuposauus: Kontes B. 0., Wkunb H. A., banbibura H. 10., Mexbkosa W. H. Knuknyeckue npusHaku v natomopdonornyeckine U3meHeHusa npu aptpute-

HUedanuTe Ko3. BemepuHapus ce200ns. 2023; 12 (2): 126—132. DOI: 10.29326/2304-196X-2023-12-2-126-132.

© Koptev V. Yu., Shkil N. A., Balybina N. Yu., Penkova . N., 2023
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KoHnukT MHTepecoB: ABTOPbI 3aABNAHT 00 OTCYTCTBUYN KOHGAMKTA UHTEPECOB.

[ina koppecnonpeHumnn: Kontes Bavecnas 0pbeBuy, KaHANAAT BeTepUHAPHDIX HAyK, BeAYLLMI HAyuHbI COTPYAHUK NabopaTopun 6one3Heii MoNoAHAKa
13BCu[1B COHLIA PAH, 630501, Poccua, Hosocubupckas 06a., p. n. Kpactoobck, a/a 8, e-mail: kastrolog@mail.ru.

INTRODUCTION

Easy and relatively cheap handling of backyard goats
resulted in a sharp increase in their population in the Rus-
sian Federation, thus, forcing veterinarians to deal with
clinical manifestations of the diseases that either had not
been previously registered in the country, or occurred
sporadically. The primary reason behind it is that, until re-
cently, there has been no veterinary control overimport of
animals from Russia’s near and far abroad and their move-
ments between the regions of the country. Poor veterinary
control arose from imperfect laws and outright negligence
of some goat breeders.

Under these circumstances, veterinarians working
with small ruminants (in particular with goats) have to
deal with a growing number of lesions in respiratory tract,
musculoskeletal system, as well as with mastitis that do
not respond to standard therapy. The progeny produced
by animals with these clinical signs can develop such neu-
rological conditions as loss of coordination and head tilt.
In most cases, a combination of the clinical features is in-
dicative of caprine arthritis-encephalitis.

Caprine arthritis-encephalitis (CAE) is a chronic infec-
tious disease of goats caused by a small ruminant lenti-
virus of the Retroviridae family. The family includes four
genotypes, of which genotypes A (maedi-visna virus, MVV)
and B (caprine arthritis-encephalitis virus, CAEV) are of epi-
zootic significance [1, 2]. The virus can easily cross the spe-
cies barrier between sheep and goats, causing a patholo-
gical process with similar clinical signs [3-8]. The disease is
characterized by a long asymptomatic virus transmission,
followed by development of lesions in the respiratory tract,
joints and udder, as well as by neurological disorders [9].
At the same time, genotype A lentivirus is believed to
affect respiratory organs, while genotype B causes a set
of lesions in musculoskeletal system.

The disease is reported in all countries with well-deve-
loped goat farming, including Russia [10-12].

CAE clinical signs are not pathognomonic, therefore,
it is often misdiagnosed by veterinary specialists, thus, re-
sulting in a barrier to effective treatment.

Currently, CAE diagnosis can be confirmed only by se-
rological and molecular biological methods, including en-
zyme-linked immunosorbent assay (ELISA) of blood sera
for antibodies to CAE virus, or real time polymerase chain
reaction (PCR) used to detect proviral DNA in pathological
samples from animals [13-15].

No medicinal products for CAE specific prevention and
therapy have been developed so far. Preventive measures
are mainly technical, i.e. segregation of seropositives and
seronegatives, kidding under sterile conditions and early
weaning of kid goats, followed by feeding with pasteu-
rized milk or whole milk substitute [16, 17]. Regular sero-

logical monitoring of herds for seropositive animals with
the following culling is one of the main preventive mea-
sures [18, 19].

The situation is complicated by the fact that the Minis-
try of Agriculture of the Russian Federation has not so far
developed any legal framework to regulate preventive
measures in the field. It means that, if seropositive ani-
mals are detected, there is either no response on behalf
of the state veterinary services, or they take hasty, often
illegal, measures to eliminate the sick animals as soon
as possible.

Despite a wide range of publications, the issue of ante-
mortem and postmortem diagnosis of CAE is still urgent,
because most veterinary specialists have never encoun-
tered this disease and the data available in the literature
often do not fully cover all clinical signs and pathomorpho-
logical features [20-22].

Thus, the purpose of the work was to study clinical signs
and pathomorphological changes caused by caprine arth-
ritis-encephalitis.

MATERIALS AND METHODS

The following data are required to diagnose CAE ante-
mortem: the anamnesis, clinical examination of animals
and the results of serological tests.

Bodywin vacuum tubes (China) with coagulation acti-
vator and EDTA were used for blood sampling.

The antibodies in blood serum was detected using
ID Screen® MVV/CAEV Indirect Screening Test (IDVet,
France) and CAEV/MVV Antibody Test Kit (IDEXX B.V,, the
Netherlands) for indirect ELISA. The results were read
with a semi-automated microplate absorbance reader In-
finite® F50 (TECAN, Austria).

CAE virus was detected in blood with a set of reagents
produced by “RealBest-Vet DNA CAEV (caprine arthritis-
encephalitis virus)” (Vector-Best, Russia), on Bio-Rad (USA)
amplification system.

The animals were autopsied using a generally accepted
method of G. V. Shor [23]. Pathological material for histo-
logical studies was fixed in a 10% formalin solution. Histo-
logical preparations were stained with hematoxylin and
eosin according to the standard procedure.

RESULTS AND DISCUSSION

Clinical manifestations and anatomical and morpholo-
gical changes caused by caprine arthritis-encephalitis
were described in two backyard animals of different age.

Example 1. A crossbreed kid goat of 2 months old.
As the history taking shows, the animals at the age
of 1.5 months have such neurological signs as head tilt,
“circling”. The animal clinical status deteriorated over time,
as evidenced by the animal owners.

VETERINARY SCIENCE TODAY. 2023; 12 (2): 126—132 | BETEPUHAPUA CETOAHA. 2023; 12 (2): 126-132



ORIGINAL ARTICLES | SMALL RUMINANTS DISEASES OPUTMHANbHBIE CTATbY | BONE3HU MPC

Fig. 1. Clinical manifestations of
central nervous system lesions in
a 2-month-old CAE infected kid goat

The external examination demonstrated that the kid
constantly tilted rightward. The animal starts circling and
often gets lost in space. Coordination is bad, feed intake
becomes difficult (Fig. 1).

To confirm the preliminary diagnosis of “caprine
arthritis-encephalitis’, a blood sample was taken from
the mother goat to obtain serum and to test it in ELISA for
antibodies to the disease agent. The test results revealed
antibodies to CAE virus with S/P% — 603% (positive result
according to the instruction for the kit: S/P% = 60%).

Since the kid goat was fed with mother’s milk since
birth, he could have colostral antibodies to CAEV in sera.
Therefore, in order to exclude a false-positive ELISA result,
his blood sample was tested in PCR, which revealed a pro-
viral DNA of CAE virus.

The analysis of clinical signs together with the labo-
ratory diagnosis made it possible to ultimately diagnose

“caprine arthritis-encephalitis”. The animal owner decided
to cull and destroy the baby goat and the mother goat.

Example 2. A Nubian goat, 5 years old. It was bought at
the age of 2 months. As the history taking shows, a 3-year-
old animal demonstrates low mobility, lameness, refused
from mating.

As revealed by clinical examination, hock and carpal
joints are enlarged. The animal finds it difficult to walk
and weight-bearing lameness is observed (Fig. 2). During
palpation, the affected joints were stiff and painless.

To confirm the CAE pre-diagnosis, a blood sample
was taken from a goat after examination. An ELISA test
for CAEV antibodies in sera showed S/P% of 592% (in
accordance with the kit instructions, S/P% > 60% stands
for a positive result), which resulted in ultimate diagnosis
of “caprine arthritis-encephalitis”.

The goat’s condition significantly deteriorated the fol-
lowing year. The animal practically did not walk and such
respiratory signs as wheezing and dyspnea were seen.

Fig. 2. Enlargement of carpal joints
in a CAE-infected goat (5 years old)

After the emergency slaughter, the animal was auto-
psied and pathological material was sampled for histologi-
cal tests, i.e. samples from different brain regions, medulla
oblongata, meninges, lungs, articular capsule, and surface
of the articular cartilage of the affected joint.

The autopsy and subsequent histological examination
showed the following results.

The central nervous system. The dura mater has no
visible changes. The brain vessels are injected; the pete-
chial hemorrhages can be seen. Brain convolutions are
smoothed (Fig. 3).

Histological analysis of the cerebral cortex, medulla
oblongata and cerebellum revealed similar pathomor-
phological changes: hyperemia, pericellular and perivas-
cular edema in brain tissue, mononuclears clusters around

Fig. 3. Brain of a CAE-infected goat
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Fig. 4. Brain cortex of a CAE-infected goat. Histological
section. Hemostasis. Hematoxylin and eosin stain
(magnification 100x)

Fig. 5. Cerebellum of a CAE-infected goat. Histological
section. Hemostasis. Hematoxylin and eosin stain
(magnification 400x)

Fig. 6. Medulla oblongata of a CAE-infected goat. Histological

section. Perivascular edema, hemostasis, mononuclear
clusters. Hematoxylin and eosin stain (magnification 100x)

blood vessels (lymphocytes and monocytes) — perivascular
cellular sheaths, as well as scattered foci of cellular accu-
mulations (Fig. 4-6).

Respiratory organs. Lungs are enlarged, become airless.
The edges are rounded, the surface is rough. Fibrinous exu-
date is observed on the visceral pleura, local hemorrhages
are found. Advanced fibrosis can be seen (Fig. 7).

Fig. 8. Lung of a CAE-infected goat. Histological section.
Croupous pneumonia. Hematoxylin and eosin stain
(magnification 100x)

Fig. 7. Lung of a CAE-infected goat

The sections demonstrate broken lung architectonics.
Lung parenchyma is dense, of “rubber” consistency, lobu-
lated with local hemorrhages and extensive fibrosis.

Histological analysis of the lung tissue revealed signs
of inflammation, the lumen of the alveoli is filled with
exudate - reticulated fibrin masses and leukocytes. In
some parts of the section, the exudate does not fit tightly

Fig. 9. Lung of a CAE-infected goat. Histological section.
Croupous pneumonia. Hematoxylin and eosin stain
(magnification 400x)
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Fig. 10. Carpal joint of a CAE-infected goat.

to the alveoli walls - slit-like lumen can be seen. In the in-
teralveolar septa, inflammation is not pronounced, vas-
cular hyperemia, stasis and stroma edema are observed.
Blood clots are visualized in the lumen of some small
vessels. The whole combination of morphological chan-
ges observed in the micropreparation suggests croupous
pneumonia in the animal (Fig. 8, 9).

Carpal joint. The carpal joint demonstrates a 1.5-2 times
increase in size. The joint capsule edema with petechial
hemorrhages is observed. A great number of blood clots
is detected in the autopsied articular cavity (Fig. 10).

The synovial membrane is loose and blood-soaked.
The surface of the articular cartilage of the radial and meta-
carpal bones is yellowish, matte, with degenerative sites.

The histological analysis revealed eroded surface of
the articular capsule in the sick animal, which means de-
generative changes and destruction of the joint surface
due to arthritis (Fig. 11, 12).

The data obtained indicate that morphological changes
in the CAE-affected tissues are irreversible, which can be
a basis for animal culling and slaughter without any thera-
peutic support.

CONCLUSION

Caprine arthritis encephalitis is a chronic viral disease
when infected goats remain asymptomatic carriers for
a long time. The disease occurs in all the countries with
well-developed goat farming. The main CAE clinical signs
include arthritis of hock and carpal joints, respiratory le-
sions in the form of interstitial pneumonia, mastitis of one
or both mammary glands. Clinical signs observed in ani-
mals younger than 3 months include lesions of the cen-
tral nervous system, i.e. incoordination and head tilt.
The symptoms manifest themselves only at the end stage
at the age of 3-5 years, in young animals — within the first
2-3 months after birth. Due to poor awareness and taking
into account the fact that CAE clinical manifestations are
non-specific, the disease is often misdiagnosed, thus, re-
sulting in a barrier to effective treatment.

CAE clinical manifestations and post-mortem lesions
were studied during the research.

Necropsy of the CAE-infected animal revealed the fol-
lowing lesions in central nervous system: injection of ves-
sels and petechial hemorrhages on the brain surface.
The histological features included hyperemia, pericellular
and perivascular edema of brain tissue, as well as accumu-
lation of mononuclear cells (lymphocytes and monocytes)
around blood vessels.

The lung edges are rounded, the surface is rough with
advanced fibrosis. Fibrinous exudate is observed on the vis-
ceral pleura and local hemorrhages are found. Histological
examination revealed that the lumen of the alveoli is filled
with exudate - reticulated fibrin masses and leukocytes.

The joint capsule edema with petechial hemorrhages
is observed. A great number of blood clots is detected in
the articular cavity. The synovial membrane is loose. There
were degenerative sites on the surface of the articular car-
tilage.

The histological microscopy revealed eroded surface
of the articular capsule, which means there are arthritis-
related degenerative changes of the joint surface.

Fig. 11. Articular surface. Histological section. CAE-caused
erosion of the articular surface. Hematoxylin and eosin
stain (magnification 100x)

Fig. 12. Articular surface. Histological section.
CAE-related hemostasis. Hematoxylin and eosin stain
(magnification 100x)

VETERINARY SCIENCE TODAY. 2023; 12 (2): 126—132 | BETEPUHAPUA CEFOJHA. 2023; 12 (2): 126-132



ORIGINAL ARTICLES | SMALL RUMINANTS DISEASES OPUTMHANIbHBIE CTATbY | BONE3HW MPC

In general, the results obtained significantly add to
the earlier published data on CAE pathomorphological
changes [17].

The disease symptoms are not pathognomonic, which
may be a significant barrier to a correct diagnosis, if it is
based only on history taking and clinical analysis. Conse-
quently, the main diagnostic methods include ELISA for
antibodies to CAE virus in the animal sera or real-time PCR
for detection of proviral DNA.

Caprine arthritis-encephalitis clinically manifest itself
only at the end stage. At the same time, pathological
processes in tissues is irreversible. This fact makes it
pointless to treat animals with obvious clinical signs;
therefore, veterinary specialists should make the animal
owners focus on the on-farm disease prophylaxis and
prevention of the pathogen escape from the CAE-affec-
ted areas.

It is noteworthy that the Russian Federation has cur-
rently no regulations on CAE prevention approved by
the Ministry of Agriculture.
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Torovirus infection in animals:

areview
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SUMMARY

Massive digestive disorders of neonatal calves, clinically manifested as diarrhea causing severe dehydration, toxemia, immunodeficiency and metabolic disorders,
induce huge economic losses in animal husbandry. Etiopathogenetic lesions of the digestive organs are characterized by significant polymorphism, including
a wide range of various (physiological, sanitary and infectious) factors. Massive gastroenteritises in neonatal calves are primarily caused by such infectious
agents as viruses, bacteria and protozoa. Massive diarrheas are registered in 70-80% of newborn calves by the end of the first day of life. Diseased newborn
calves die on day 5-10 and mortality ranges from 15 to 55%. Rotavirus, coronavirus, pestivirus, parvovirus, enterovirus and kobuvirus, along with bacteria,
are most frequently detected in faecal samples collected from neonatal calves with diarrhea. Diagnostic and vaccine products for prevention of these infections
have been developed in the Russian Federation. At the end of the 20™ — the beginning of the 21 century a large number of cattle were imported to Russia from
the countries affected with different contagious diseases (USA, Denmark, France, Slovakia, Austria, Hungary, Germany, the Netherlands, Australia, Finland, etc.).
Despite the high activity and field effectiveness of vaccines against rotavirus and coronavirus infections and viral diarrhea, massive neonatal calf diarrheas causing
significant economic losses were registered in a number of large-scale livestock farms. Torovirus as well as the above-mentioned pathogens were detected in fecal
samples from diseased calves. This report provides data on torovirus infection indicating a wide geographical distribution of animal torovirus in many countries
of the world. All this suggests the need to take into account torovirus infection when conducting epizootological investigations in farms affected with massive
gastrointestinal diseases of neonatal calves.
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B. A. Muwenko', A. B. Muwenko?, T. b. Hukewmnna', 10. B. bposko®, A. U. Kywny6aesa*

1 OIBY «QefepanbHblii LIEHTP 0XpaHbl 300p0BbA XNBOTHBIX» (OTBY «BHUI3X»), r. Bnagumup, Poccus

2OrBHY «(OenepanbHbiii HayuHblil LeHTp — Bcepoccuiickuii HayuHo-1CCNIe10BaTENbCKMIA MHCTUTYT IKCMIEPUMEHTaNbHOI BETepUHApUN
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PE3IOME

BonbLuoil 3KOHOMUYECKMA YLLep6 XKIBOTHOBOACTBY HAHOCAT MACCOBbIE HAPYLLEHN!A GYHKLMI NALLEBAPEHIA HOBOPOXAEHHDIX TENAT, KNUHUYECKN NPoABNAI0-
LmMecs Aunapeeii, 06ycnaBnuBaloLLeil pasBuTUe BbipakeHHOI Aeruapatauuu, TOKCeMiu, IMMyHOAeDULITOB U HapyLLeHNa 06MeHa BelLecTB. dTuonaTtoreHe-
TUYeCcKue NopakeHA OpraHoB NMULLEBAPEHIA OTINYAIOTCA 3HAUNTENBHBIM NONMMOPOU3MOM, BKITIOUAIOLLMM LINPOKWIA CNEKTP Pa3NUYHbIX GaKTOPOB, B TOM
ymcne GU3NONOruyeckmX, CaHUTapHO-TUTMEHINYECKUX U MHGEKLMOHHBIX. [MaBHOI NPUYMHOI MACCOBbIX raCTPOIHTEPUTOB HOBOPOX/EHHbIX TENAT ABAAIOTCA
TaKue UHOEKLMOHHDIE areHTbl, Kak BUPYCbl, 6akTepuy 1 npocTeliwme. Maccoble Auapen pernctpupyiotca y 70—80% HOBOPOXKAEHHBIX TENAT YXKe K KOHLY
nepBbIX CyToK. [M6enb 60NbHbIX HOBOPOMXAEHHDIX TeNAT HacTynaeT Ha 5—-10-e cyT v cocTanset o1 15 fo 55%. Yawe Bcero B npobax dekanuii, 0To6paHHbIX
0T 60NbHbIX apeeii HOBOPOXAEHHDIX TENAT, HapAAY ¢ 6aKTepUAMI BbIABAAT POTaBUPYC, KOPOHABUPYC, MECTUBNPYC, MaPBOBHUPYC, SHTEPOBUPYC i KOOYBUPYC.
[ina npodunakTukm ykazanHbix uidekumil B Poccuiickoii Oepepaumn 6binn paspaboTaHbl AuarHocTuyeckue i BakunHHble npenapatbl. B koHue XX — Hauane
XXI Beka Ha Tepputoputo Poccum 6b1no 3aBe3eHo 607bLL0e KONMYECTBO KPYMHOTO POraToro ckota 3 pa3nuyHblx cTpaH mupa (CLUA, flanua, OpaHuma, CnoBakus,
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Asctpus, Benrpus, fepmanus, Hugepnanabl, ABctpanua, OuHnaHaua v ap.), HebnarononyyHbix no paay MHGEKLMOHHBIX Gone3Heii. HecmoTpa Ha BbICOKYH
aKTUBHOCTb 11 MoNeBYI0 3GeKTUBHOCT BAKLMH NPOTUB POTa-, KOPOHABUPYCHOI MHOEKLMIT 11 BUPYCHOIA AMapen, B pALE KPYMHbIX XUBOTHOBOAUECKIX X03AICTB
6binu 3aperncTpupoBaHbl MaccoBble Aapen HOBOPOX/EHHbIX TeNIAT, CTAHOBUBLLMECA NPUYMHOI 3HAUUTENILHOTO SKOHOMIYeCKoro yiepba. B npobax Gekannit
0T 6ONbHBIX TENAT KPOMe NepeunciIeHHbIX Bo36yauTeneii 6bin 06HapykeH TopoBMpYC. B faHHOM C006LLeHNI NpUBe/ieHbl JaHHDBIE 0 TOPOBUPYCHON MHOEKLIH,
(BUAETENBCTBYHOLLYE O LUMPOKOM reorpaduueckom pacnpocTpaHeHn TopoBIUpYCa XUBOTHbIX BO MHOTUX CTPaHax Mupa. Bce 370 roBopuT o HeobxoaumocTy yueta
TOPOBUPYCHOM MHGEKLIMM NPU NPOBELEHIM INN300TONOTMYECKVX PACCe[loBaHMil B HE6NArononyyHbIX N0 MAcCOBLIM eNyA0UHO-KULIEUHbIM 3a60neBaHNAM
HOBOPOXEHHDIX TENAT X03AliCTBaX.

KntoueBble cnoBa: 0630p, TOPOBUPYC, TENATA, NOPOCATA, NOLLIAAN, COOAKM, KOLLKM, INEKTPOHHAA MUKPOCKOMUA, MATONIOMUA XeNyA0UHO-KULLIEYHOTO TPAKTA,
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Gastrointestinal diseases of neonatal calves are ranked
as the leading cause of economic damage and remain
a topical issue in animal husbandry. This pathology is ge-
nerally manifested as diarrhea and has an infectious nature,
it is caused by various etiological agents and develops
as mixed infections.

Along with bacteria, rotavirus, coronavirus, pestivirus
(viral diarrhea virus — diseases of bovine mucosa), par-
vovirus, enterovirus and kobuvirus are most frequently
detected in fecal samples collected from neonatal calves
with diarrhea [1-9]. Inactivated vaccines were developed
in the Russian Federation to prevent rotavirus and coro-
navirus infections, as well as viral diarrhea — a mucosal
disease caused by genotype 1 virus [1-3, 10]. Currently,
cases of the circulation of pestiviruses belonging to more
than 15 subgenotypes of all 3 genotypes have been reg-
istered in the country [10]. All this indicates significant
difficulties in determining the etiology of gastrointestinal
pathology in neonatal calves. Such a variety of diarrhea
agents significantly complicates the diagnosis, resulting in
low effectiveness of prevention and leading to significant
economic damage.

Torovirus was first isolated in Berne (Switzerland)
in 1972 from a rectal swab of a newborn horse with di-
arrhea. At first this pathogen was named “Berne virus”
by the place where sampling was performed, later it was
classified as Equine torovirus (EToV) [11, 12]. In 1979, a vi-
rus similar in structure was detected in feces from diar-
rheal calves in Breda (USA), now known as Bovine torovi-
rus (BToV). On this farm a severe form of diarrhea had been
registered in young cattle for several months [13, 14].

In 1984 a virus with a similar structure was detected
in rectal specimens from children with diarrhea [15].
A few years later, in 1997, torovirus was identified by elec-
tron microscopy in stool samples from 3-week-old piglets
with diarrhea on a pig farm in the UK [16]. Subsequent-
ly, this pathogen (Porcine torovirus, PToV) was detected
in 6-40% of fecal specimens collected from diarrheal pig-

lets in the Netherlands, Canada, USA, South Africa, China,
Belgium, Italy, Hungary, Spain and South Korea [17]. Anti-
bodies to the torovirus were found in 50-100% of sera
from piglets of different age. Toroviruses were also de-
tected in fecal samples of other animal species with di-
arrhea [18-211]. It was found that there is a close genetic
relationship between the toroviruses of pigs, cattle, hor-
ses, dogs and cats. It is believed that interspecies recom-
bination between these pathogens is possible [16, 22, 23].
A number of researchers believe that toroviruses have
zoonotic potential [13, 17, 24]. According to the current
virus classification, toroviruses belong to the genus
Torovirus, which is part of the family Tobaniviridae', al-
though it was previously referred to the family Corona-
viridae [23, 25, 26].

Toroviruses are polymorphic, enveloped, pep-
lomer-bearing particles with a diameter of 120-140 nm.
The shape of a virion is a biconcave disk (Fig.). The ge-
nome of toroviruses is represented by an infectious
single-stranded positive RNA. The tubular nucleocap-
sid is bent into an open torus (swelling, node), hence
the name of the pathogen is “torovirus”[2, 13, 25, 27, 28].

The buoyant density of virion in sucrose
is 1.14-1.18 g/mL. Toroviruses are resistant to phospho-
lipase C, trypsin, chymotrypsin. Triton X-100 and organic
solvents destroy toroviruses. They persist for a long time
at from minus 20 to minus 70 °C and pH of 2.5 to 10.5. Re-
peated cycles of freezing and thawing result in loss of pep-
lomers and desintegration of virions [25].

Epidemiological properties of torovirus infection in-
clude long-term shedding of the pathogen from diseased
animals and virus-carriers. Cattle, pigs and horses are the
natural hosts of toroviruses. The main sources of the patho-
gen are diarrheal calves under 30 days of age [29, 30].
The virus sheds in feces and nasal discharge of diseased
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Fig. Electron micrograph of the virion and structure of the torovirus:
S-protein - glycoprotein spike;
HE-protein — hemagglutinin-esterase protein complex involved in virus-cell fusion and suppression of imnmune response;
M-protein — membrane protein;
N-protein — nucleoprotein (https://ictv.global/sites/default/files/inline-images/f68-08-9780123846846.png)

animals [14]. Feed and water contaminated with torovirus
can be considered transmission factors. Calves are mainly
infected via fecal and oral route [9, 31, 32].

Entering the gastrointestinal tract, toroviruses attach
to enterocytes of the apical surface of the villi of the distal
jejunum and ileum, as well as the large intestine [12, 33].
The virus enters enterocytes through receptor-mediated
endocytosis. Replication occurs in the cytoplasm of en-
terocytes. The replication cycle of toroviruses takes around
10-12 hours to complete. Toroviruses are released from
enterocytes into the intestinal lumen through pinocyto-
sis. The characteristic torus morphology of BToV is only
observed in extracellular viral particles or in vacuoles
near the cell surface. Necrosis of the crypt epithelium,
desquamation of villous enterocytes and their atrophy
are recorded during torovirus infection. Intestinal lesions
caused by the infection result in hypersecretory and mal-
absorptive diarrhea [27, 33, 34].

Torovirus is found in the feces of diseased calves, and
in some cases also in fecal samples taken from clinically
healthy young animals from farms affected with gas-
trointestinal diseases. It can be assumed that the test
samples were collected from calves at different stages
of the pathological process [35]. Torovirus was detected

in fecal preparation after three weeks [13, 36]. Natural
infection usually occurs in 2-5-day-old calves, but calves
up to 4 months of age are apparently susceptible to in-
fection as well [37-39].

This virus was detected in fecal specimens not only
from newborn calves with diarrhea, but also from clinical-
ly healthy adult cattle [40-42]. The clinical signs observed
during natural infection are identical to those demonstra-
ted during rotavirus and coronavirus infections [3-6, 43].
Noroviruses, neboviruses and kobuviruses, along with
toroviruses, were detected in feces of newborn calves with
diarrhea [29, 31]. Toroviruses were detected in fecal speci-
mens and nasal swabs of fattening cattle [8, 14, 31, 37].

The Japanese researchers first isolated the torovirus
in a human rectal adenocarcinoma cell line (HRT-18)
from the ileum contents of a calf with diarrhea. The cy-
topathic effect appeared on day 2-3 after virus in-
oculation. The torovirus accumulated in the titers
of 5.8-6.8 Ig TCID, /mL after passage 3 in cell culture.
Electron microscopy showed that toroviruses appear
as oval particles ranging from 100 to 170 nm in diame-
ter. Oval and elongated particles of approximately 100
to 170 nm in diameter with kidney-shaped projections
were detected in the supernatant of the infected culture,
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and torovirus-like (tubular and thorusnucleocapsid)
structures were detected in infected cells using elec-
tron microscopy. An antiserum against bovine torovi-
rus (BToV) reacted with the infected cells and neutralized
the isolate of this pathogen [44].

Epidemiological investigations conducted in farms
affected with mass diarrhea of newborn calves include
testing of blood sera from diseased animals for the pre-
sence of virus antibodies using enzyme-linked immuno-
sorbent assay (ELISA). To study the prevalence of torovirus
infection in the Netherlands and the FRG, serological tests
of blood serum samples (n = 1,313 and n = 716, respec-
tively) collected from breeding and fattening herds were
conducted. At the same time, antibodies were detected
in 94% of adult cattle, 90% of newborn calves had high
levels of maternal antibodies, which waned until the age
of 3 months [45].

In order to determine the role of bovine torovirus in
the development of diarrhea, the Japanese researchers
studied the prevalence of this pathogen. Fecal samples
of healthy and diarrheal calves were collected for test-
ing using reverse transcription polymerase chain reac-
tion. Torovirus was detected in 17.5% of samples from
diseased animals and in 7.0% of samples from healthy
calves. These data showed that BToV circulates in Japan
mainly among calves under 2 weeks of age [35, 46]. This
pathogen was also detected in fecal samples from new-
born calves with diarrhea in Canada [29]. In 2009-2014
fecal specimens from 235 newborn calves were tested in
Turkey. The torovirus RNA was detected in 4.7% of sam-
ples [32]. Subsequently, BToV was found in 16.7% of fecal
samples collected from 72 calves from various farms in
Turkey. In the phylogenetic tree, the virus isolates reco-
vered from faecal samples of calves in Europe, America,
Southeast Asia and Turkey were found to be divided into
separate branches [47].

Neonatal calf diarrhea causes significant economic
damage to livestock breeding in South Korea [38, 41].
Diarrhea was registered in one of the farms where
207 young cattle were kept. Genomes of pathogens of va-
rious infectious diseases were identified in fecal samples
of 164 (79.2%) animals. Rotavirus, coronavirus, torovirus,
parvovirus, norovirus, kobuvirus, pestivirus were detected
in 69.9% of samples, Escherichia coli and Clostridium bacte-
ria were detected in 31.8% of samples, protozoa (eimeria)
in 31.7% of samples, fungi in 14.0% of cases [38]. These test
results indicate a mixed etiology of this pathology.

Toroviruses were also detected in the tests for deter-
mining the etiology of diarrhea in newborn calves on Chi-
nese farms [39]. BToV was isolated from faecal samples
of calves with diarrhea in Croatia [28], Austria [22], from
newborn calves and piglets in Hungary [36]. As numerous
studies show, animal torovirus infection was diagnosed
worldwide: in Switzerland, USA, India, Iran, Canada, Ger-
many, France, Belgium, Great Britain, Costa Rica, the Ne-
therlands, New Zealand, South Korea, Turkey, Japan, Brazil,
Finland, Egypt, South Korea and the countries of South
Africa. In infected farms, torovirus-induced diarrhea is re-
gistered in 50-60% of neonatal calves, resulting in death
of 5-10% diseased calves. In most cases, the disease lasts
for 5-10 days [14, 29, 32, 33, 35, 37, 38, 41, 42, 44-46,
48-51]. The obtained study results indicate a wide distri-
bution of torovirus in livestock farms.
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Tests of fecal samples collected from newborn calves
with signs of diarrhea in several large livestock farms in
the Russian Federation, conducted using electron micros-
copy, revealed, besides rotavirus and coronavirus, viral
particles morphologically similar to astroviruses [43] and
toroviruses [6].

Laboratory diagnosis of torovirus infection is based
on test results of fecal samples by polymerase chain re-
action and detection of the pathogen in epithelial cells of
the small intestine by electron and immunoelectron mic-
roscopy. BToV was found to replicate in MDBK cells (calf
kidney cell culture), HRT-18 (human rectum adenocarcino-
ma cell culture cell culture) and calf thyroid gland. Current-
ly, there are no specific preventive tools for torovirus infec-
tion. Timely feeding with colostrum containing colostral
antibodies induces protection of newborn calves from this
infection. Along with this, compliance with sanitary and
hygienic requirements and biosafety measures, as well
as isolation of diseased animals are recommended. Toro-
viruses are believed by some researchers to play a certain
role in the pathogenesis of diarrhea of mixed etiology in
adult cattle [40-42, 45].

CONCLUSION

The presented data indicate a wide geographical dis-
tribution of torovirus in cattle, pigs, horses and other live-
stock species in different countries worldwide. Torovirus
infection is manifested by diarrhea of neonatal animals,
which leads to mass mortality of livestock and causes
great economic damage to livestock farms. Torovirus
sheds in faeces and nasopharyngeal secretions of di-
seased animals. The main route of infection of newborns
is fecal-oral. Lesions of the intestinal mucosa in neonatal
animals caused by torovirus infection result in the deve-
lopment of hypersecretory and malabsorption diarrhea.
Clinical signs and pathologic-anatomical changes due to
torovirus infection do not differ from those observed in
rotavirus, coronavirus infections of newborn calves and
viral diarrhea - diseases of bovine mucosa that are wide-
ly distributed in the Russian Federation. Toroviruses play
a specific role in the pathogenesis of diarrhea in adult
cattle. Data on the close genetic relationship of torovi-
ruses of cattle, pigs, horses, cats and dogs suggest a high
probability of cross-infection in these animals, which
shall be taken into account when clarifying the etiology
of mass diarrhea of these animal species. The torovirus
infection is epizootologically characterised by long-term
shedding of the pathogen in feces and nasal discharge
of diseased animals and virus carriers in high concen-
trations. Factors of torovirus transmission may include
feed, water and animal handling items contaminated
with the pathogen. All this indicates the need to take
into account torovirus infection when conducting epi-
demiological investigations in farms affected with mass
gastrointestinal diseases of newborn calves, piglets, foals,
as well as diseases of cats and dogs with diarrheal syn-
drome, based on the data of some researchers that toro-
viruses have zoonotic potential.
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Nontuberculous mycobacterium occurrence

in biological material and environmental samples covered
by epidemiological surveillance in the Republic of Dagestan

M. 0. Baratov
Caspian Regional Research Veterinary Institute — Branch of Dagestan Agriculture Science Center, Makhachkala, Republic of Dagestan, Russia

SUMMARY

Aninvestigation for causes of tuberculosis occurrence and persistence on farms, as well as of continuous presence of tuberculin reactor animals on tuberculosis-free
farmsimpeding allergy diagnosis revealed that the major cause is the persistence of pathogenic and nontuberculous acid-fast mycobacteria in the environment.
To determine the occurrence of typical and atypical mycobacteria in samples covered by epidemiological surveillance, 222 biological material samples from cattle,
248 environmental samples (manure, soil, water from different sources, feedstuffs), 44 milk samples from tuberculosis-affected farms, 20 vaginal discharge
samples from endometritis-affected cows and 405 sputum samples from tuberculosis-affected humans were tested. Isolation and identification were performed
in accordance with the guidelines. Thirty-nine cultures were isolated from the pathological material; of these, 7 (17.9%) were identified as Mycobacterium bovis
and 32 (82.1%) were identified as atypical mycobacteria. Among nontuberculous mycobacterium cultures, 16 (50.0%) were classified as belonging to group I,
2 (6.2%) — as belonging to group |1l and 14 (43.8%) — as belonging to group IV according to the Runyon classification. The following species were found to
be predominant: group Il — Mycobacterium scrofulaceum and Mycobacterium gordonae (scotochromogenous), group IV — Mycobacterium smegmatis and My-
cobacterium fortuitum (rapidly growing). No mycobacteria were detected in milk samples and vaginal discharge samples from tuberculin reactor cows. From
405 sputum samples from tuberculosis-affected humans, 64 (15.8%) cultures were isolated, of which 55 (85.9%) were classified as Mycobacterium tuberculosis,
9 (14.1%) — as Mycobacterium bovis. Out of 248 environmental samples tested, mycobacteria were detected in 65 (26.2%) samples, of which 58 (89.2%) were
atypical mycobacteria of groups II, 1l and IV; Mycobacterium bovis was isolated from 7 (10.8%) samples (soil and manure). The attempts to isolate Mycobacterium
tuberculosis failed. The tests demonstrated the wide spread of nontuberculous acid-fast mycobacteria in the environment irrespective of the altitudinal zone.
These findings constitute a basis for further monitoring of mycobacterium circulation in the environment in the Republic of Dagestan with a view of optimizing
preventive measures.
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PacnpocTpaHeHue HeTybepKyne3HbIX MUKobaKTepuii
B 00bEKTaX INM300TONOTMYECKOr0 HafI30pa
B Pecnybnuke [larecTaH

M. 0. bapatoB
[TpuKacnuiickuit 30HaNbHbII HayYHO-NCCEROBATENbCKII BeTepUHAPHDIA MHCTUTYT — duanan OTBHY «DepepanbHbiii arpapHblil HayuHbIiA LieHTP
Pecny6nuku [larectan» (Mpukacnuitckuit 3oHanbHblit HUBU — dunnan OTBHY «OAHL| PD»), r. Maxaukana, Pecny6nuka [larectan, Poccua

PE3IOME

Mpy onpeseneHni NPUUNH BOSHUKHOBEHISA 1 ANMTENbHOTO HEONAroNoyuMa X03AMCTB N0 TyGePKyNe3y, a TakXKe HANNUUS Ha NOCTOSHHOI OCHOBE pearupyioLLyx
Ha TyGepKyMH XMBOTHbIX B GNArononyuHbIx X03AiCTBaX, CNOCOBCTBYIOLLVMX 3aTPYAHEHINI0 ANNEPTUYECKOI ANATHOCTUKIA, YCTAHOBIIEHO, UTO OCHOBHOI SBAET-
(A COXpaHeHue B 06beKTax BHeLUHelt cpejibl NaToreHHbIX 1 HETYOepKyNe3HbIX KUCTIOTOYCTOIUMBbIX GOPM MUK0OaKTEpHiA. B Liensx onpeseneHna pacnpocrpa-
HEHHOCTV MInKOGAKTepUii THTYHBIX 11 aTUMMYHBIX OPM B 0GBEKTaX IMM300TONIONNYECKOr0 HaA30pa UCCTIef0BaHO 222 npobbl Gronoryeckoro matepuana ot
KPYMHOTO Poraroro ckota, 248 npo6, 0To6paHHbIX 13 06bEKTOB BHELUHeli Cpeabl (HaB03a, MOYBbI, BOAbI U3 Pa3HbIX UCTOUHIKOB, KOPMOB), 44 Npobbl MoroKa U3

© Baratov M. 0., 2023

140 VETERINARY SCIENCE TODAY. 2023; 12 (2): 140—146 | BETEPUHAPUA CETOJHA. 2023; 12 (2): 140-146



ORIGINAL ARTICLES | EPIZOOTOLOGY OPUTUHANBHBIE CTATBY | 3MA300TONOTNA

HebnarononyyHbIx no Ty6epkynesy xo3aiicTe, 20 Npo6 BRaranvLLHbIX BblAeNeHui 60NbHbIX 3HAOMETpUTaMI KOpOB 1 405 Npob MOKpOTbI 60bHbIX Ty6epKyne3om
ntopeit. Boigenexne n uaeHTMMKaLMIO NPOBOZIAM B COOTBETCTBIN € pekomeHaaumamu. /13 natmatepuana yaanocb BbienuTb 39 Kynstyp, U3 Kotopbix 7 (17,9%)
nieHTuduumpoBaHbl kak Mycobacterium bovis v 32 (82,1%) — Kak atunuuHble. 113 uncna Hety6epkynesHbix MukobakTepuii 16 (50,0%) otHeceHbl K rpynne |,
2(6,2%) — k rpynne |1l n 14 (43,8%) — k rpynne IV no knaccuukaumm PaHbowa. YctaHoBneHo JoMUHUpYIoLLee 3HaueHne BuaoB 13 rpynnbl || — Mycobacterium
scrofulaceum v Mycobacterium gordonae (ckotoxpomorenHbie), rpynnbl IV — Mycobacterium smegmatis w Mycobacterium fortuitum (6bicTpopactyiwme). B npobax
MOJI0Ka 11 BNAranuLHbIX BbiAeNeHNii 0T pearnpoBaBLLnX Ha Ty6epKyauH KOpoB MuKkobakTepui He 06Hapyuau. 113 405 npob mokpoTbl 60bHbIX TybepKyne-
30M Ntofielt yaanoch u3onnpoBathb 64 (15,8%) KynbTypbl, u3 KoTopbix 55 (85,9%) oTHeceHbl k Mycobacterium tuberculosis, 9 (14,1%) — k Mycobacterium bovis.
B 65 (26,2%) 0bpa3uax u3 00beKToB BHeLUHel cpedbl 13 248 nccneoBaHHbIX 06HapYKeHbl MUKobakTepuu, 58 (89,2%) U3 KOTOPbIX COCTABAANN aTUMMYHbIE
sugbi I, 11w IV rpynn, 8 7 (10,8%) cnyuasx 13 nouBeHHbIX Npo6 11 HaBo3a BbigeneHbl Mycobacterium bovis. 3onuposats Mycobacterium tuberculosis He ynanocs.
VlccneoBaHmA nokasanu WUPoKoe pacnpocTpaHeHme HeTy6epKyne3HbIX KNCIOTOyCTOIUNBbIX GopM B 06beKTaX BHELLHeI Cpefibl, He3aBICUMO OT BePTUKaNbHOI
30HanbHOCTY. MonyyeHHble AaHHble NpeACTaBAAOT 6a30BYI0 OCHOBY ANA AaNbHENLLIEr0 ANHAMUYECKOTO CeXeHIA 3a UpKynAaLveil MukobakTepuil B npupose
B ycnosuaAx Pecnybnuku [larectan B Liensx ontumn3anmn npodunakTuyeckux MeponpuaThii.

KnioueBble cnoBa: Tybepkynes, atunuuHble (HeTybepKynesHble) MIUK0OAKTepUM, KpyMHblii poraTblii CKOT, annepruyeckasn ANarHoCTiKa, 06beKTbl BHeLLHei
cpespl, buomatepuan, MM-TybepkynuH Ana MneKonUTAIOLLIAX, MaKPOOPraHU3M

[ina untuposanua: bapatos M. 0. Pacnpoctpatenue HeTy6epKyne3Hbix MuKo6akTepuil B 06bekTax anu3ooTonoruyeckoro Hag3opa B Pecnybnuke [larectan.
Bemepurapus ce2001s. 2023; 12 (2): 140—146. DOI: 10.29326/2304-196X-2023-12-2-140-146.

Kondnukr nntepecos: ABTop 3asBnAeT 06 OTCYTCTBUN KOHGANKTA NHTEPECOB.

[ina koppecnonpeHuun: bapatos Maromes OMapoBuy, IOKTOp BETEPUHAPHBIX HayK, IMaBHbIN HayYHbIA COTPYAHUK, 3aBeaytoLLnii nabopatopueil MHdeKLm-
OHHOI1 NaTONOMNN CENbCKOXO3ANCTBEHHBIX MBOTHIX, MpuKacnuitckuii 3oHanbHblit HUBW — dunuan OTBHY «OAHL PLl», 367000, Poccua, Pecnybnuka Jlarectan,

r. Maxaukana, yn. [laxapaesa, 88, e-mail: alama500@rambler.ru.

INTRODUCTION

The issue of tuberculosis prevention has become par-
ticularly relevant, given that large numbers of animals are
keptin relatively small areas with deficient insolation. Such
conditions, together with intensified performance, lead
to decreased body resistance and facilitate the airborne
transmission of tuberculosis agent [1-3].

The improvement of diagnosis system and the deve-
lopment of new reliable differential diagnosis tools, in-
volving, inter alia, the investigation of the role of atypical
acid-fast mycobacteria in macroorganism sensitization to
tuberculin PPD for mammals, are important for enhancing
the effectiveness of measures to combat bovine tubercu-
losis [4-7].

The wide spread of atypical acid-fast mycobacteria
in the environment has rendered intradermal tubercu-
lin test with PPD for mammals less indicative and sig-
nificantly complicated the diagnosis of tuberculosis [8].
The number of reports on the isolation of nontuber-
culous mycobacteria from animals and humans has
grown with the improvement of mycobacterium cul-
ture isolation methods and the deepening of relevant
knowledge [9-11]. According to the abundant literature
data, atypical mycobacteria are isolated from tuberculin
reactor animals in 44.6% of cases, from non-reactors -
in 48.8%. However, the question of what mycobacterium
species can sensitize animals to tuberculin and under
what conditions has not been fully elucidated; many
researchers are of the view that the ecological relation-
ships of such species have not been adequately inves-
tigated [12, 13].

The interest in this group of mycobacteria is attributed
to their ability to sensitize a microorganism to tuberculin

without causing any lesions associated with tuberculo-
sis [14, 15]. In view of this, in the absence of pathological
manifestations characteristic of tuberculosis, bacteriologi-
cal tests are carried out; based on the test results, the diag-
nosis is either confirmed or excluded. It should be added
that laboratory diagnosis methods are time-consuming
and require the use of highly efficient nutrient media
to obtain the most accurate result [7, 16]. Bioassay, a basic
laboratory method used to differentiate between speci-
fic sensitization and non-specific one (caused by atypical
mycobacteria), is time-consuming (up to 3 months or
more). The analysis of literature shows that bioassay has
low specificity for differentiation of most atypical myco-
bacterium species [17, 18].

It is known that not all atypical mycobacteria can sen-
sitize animals to tuberculin. Therefore, the issues of myco-
bacterium culture isolation from materials collected from
animals and identification thereof should be studied
inseparably from detection of allergic reactions and tu-
berculosis-specific postmortem lesions [19]. The issues
of human-animal interface and transmissibility, as well as
the possibility of human and animal mycobacterium
cross-circulation remain under-researched [20]. There are
reports that, in some cases, atypical mycobacteria were
found to be the etiological agents of different diseases in
humans [21, 22]. Most researchers reject their pathoge-
nicity for cattle and believe that such mycobacteria only
cause sensitization to tuberculin [23, 24]. It is also import-
ant that some atypical mycobacteria can cause mastitis in
cows and lymphadenitis in pigs [11, 25].

It is undisputed that, due to high resistance to various
physical and chemical factors owing to the high lipid
substance content in the bacterial cell, pathogenic forms
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of mycobacteria are widely spread in nature and have ex-
tensive contact with the microorganism [26-29].

According to the numerous reports, nontuberculous
acid-fast mycobacterium circulation monitoring results
indicate that such mycobacteria are well-established
in the environment and currently represent the major
cause of cattle sensitization to tuberculin PPD for mam-
mals [30-35].

Despite multiple papers concerning the occurrence of
these taxons in nature and their relationships with macro-
organisms, many aspects of this issue require further in-
vestigation.

The study was aimed at the determination of myco-
bacterium occurrence in biological material samples from
animals and humans, as well as environmental samples
in the Republic of Dagestan in relation to the altitudinal
zonality and species composition.

MATERIALS AND METHODS

For testing, 222 biological material samples from cattle
were used. Besides, 248 environmental samples such
as manure, soil from livestock facilities and pastures, wa-
ter from different sources, feedstuffs (straw, silage, haylage,
mixed grasses) were collected. In addition, 44 milk samples,
20 vaginal swab samples from endometritis-affected cows
and 405 sputum samples from tuberculosis-affected hu-
mans were tested.

Before inoculation, homogenized biological materials
were treated with a mixture of a 3% sodium lauryl sulfate

7(17.9%)

M. bovis

solution and a 3% sodium hydroxide solution, human
sputum samples were treated with a 0.5% chlorhexidine
bigluconate solution.

The isolation of cultures was carried out using egg
and saline media most commonly applied under labora-
tory conditions and demonstrating different growth inten-
sity and rate (the Lowenstein — Jensen, Petragnani, Sauton,
Finn-Il media). Differentiation between the human tuber-
culosis agent and other mycobacteria was performed
based on cultural and morphological, as well as biochemi-
cal properties. In some cases, mycobacteria were typed
with bioassay in guinea pigs and rabbits through animal
inoculation with the test material suspension prepared
with a sterile saline solution.

The identification of the isolated cultures was car-
ried out using conventional methods in accordance
with GOST 26072-89 “Agricultural animals and poul-
try. Methods of laboratory diagnostics of tuberculosis”
(COMECON Standard 3457-81) and GOST 27318-87 “Agri-
cultural animals. Methods of identification of non-typical
mycobacteria” (COMECON Standard 5627-86).

TEST RESULTS

During the bacteriological tests of 222 samples from
tuberculin reactor animals, 39 cultures were isolated, of
which 7 (17.9%) were identified as Mycobacterium bo-
vis and 32 (82.1%) - as atypical mycobacteria. Among
32 nontuberculous mycobacterium cultures, 16 (50.0%)
were classified as belonging to group Il, 2 (6.2%) - as

16 (50.0%)
group II

2(6.2%)
group ITI

14 (43.8%)
group IV

Fig. 1. Mycobacteria isolated from biological material samples from cattle

Table 1

Diversity of mycobacteria isolated from biological material samples from animals and humans

Type of mycobacteria
Number

Type Number ) ’
fsample of samples of isolated , Runyon's group
: cultures M. tuberculosis
- ) . 7 16 2 14
Biological material from animals 22 39 - (17.9%) - (50.0%) | (62%) | (43.8%)
Milk 44 - - - - - - _
Vaginal discharge 20 - - - - _ - -
64 55 9
Sputum from humans 405 (15.8%) (85.9%) (14.1%) - - - _
Total 691 103 55 16 - 16 2 14
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Table 2
Diversity of mycobacteria isolated from environmental samples

Type of mycobacteria

Type of sample JUILIER WU E7 Runyon’s grou
» p of samples of isolated cultures | 11 4 borculosis M. bovis yon's group
Pasture soil 29 12 4 - 5 3 -
Farm soil 17 3 - - 3 - -
Stagnant water 22 2 - - - - 2
Artesian water 26 - - - - - -
River water 24 - - - - - -
Mixed grass hay 30 6 - - 5 1 -
Straw 20 4 - - 1 3 -
Haylage 21 8 - - 6 1 1
Silage 25 3 - - 2 1 -
Manure 16 15 3 - 8 3 1
Samples from facilities 18 12 - - 3 9 -
Total 248 65 7 - 33 21 4
33 (56.9%)
group I1
7 (10.8%)
M. bovis zgln()s:l_;z]‘:_’:)

Fig. 2. Mycobacteria isolated from environmental samples

belonging to group lll and 14 (43.8%) — as belonging
to group IV (Fig. 1) according to the Runyon classification.

The analysis of isolated culture differentiation data al-
lowed for identification of the predominant associations
of atypical mycobacteria inhabiting the animal body.
These were the combinations of Mycobacterium scrofula-
ceum and Mycobacterium gordonae (group Il), Mycobacte-
rium smegmatis and Mycobacterium fortuitum (group V)
according to the Runyon classification (Table 1).

No mycobacteria were detected in 44 milk samples
from tuberculin reactor cows from tuberculosis-affected
farms and in 20 vaginal discharge samples from endomet-
ritis-affected cows with positive tuberculin test results.

During the tests of 405 sputum samples from tuber-
culosis-affected humans using the Léwenstein — Jensen
medium, 64 (15.8%) mycobacterium cultures were isola-
ted, of which 55 (85.9%) were identified as Mycobacterium
tuberculosis and 9 (14.1%) — as Mycobacterium bovis.

During the tests of 248 environmental samples, myco-
bacteria were detected in 65 (26.2%) of them; among

4 (6.9%)
group IV

these, 58 (89.2%) were classified as belonging to groups Il
Il and IV according to the Runyon classification. Bovine
mycobacterium culture was isolated in 7 (10.8%) cases,
the attempts to isolate Mycobacterium tuberculosis failed.
The results are presented in Table 2 and Figure 2.

Quantitative distribution of isolated tuberculous cul-
tures showed that such mycobacteria were isolated from
pasture soil and manure samples only. Nontuberculous
mycobacteria were detected in maize silage samples col-
lected from the pit silo at the bovine tuberculosis-free
dairy complex SPK “Dylym” in the Kazbekovsky Raion
(submountain zone), even with direct microscopy, and
this is indicative of their survivability and possible rep-
lication under the technological conditions of maize si-
lage fermentation. Subsequently, a more detailed analy-
sis found an association between permanent reactions
to tuberculin PPD for mammals on this farm and contin-
uous (based on the laboratory test results for a number
of years) circulation of atypical mycobacteria in the en-
vironment.
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The tests showed that nontuberculous mycobacteria
are detected in samples collected on farms, whether tu-
berculosis-affected or not, irrespective of the altitudinal
zone. In particular, Mycobacterium smegmatis and Myco-
bacterium phlei, the representatives of group IV of atypi-
cal mycobacteria, were isolated from manure samples
and leftover feed samples collected from the feed
bunks on the farms SPK im. Chapayeva (mountain zone)
and KFKh “Rassvet” (submountain zone). Mycobacterium
scrofulaceum (group Il) was isolated from samples collec-
ted at the dairy complex SPK “Khamamatyurtovsky” (flat-
land zone) and those collected in the area adjacent to
the farm SPK“Turchidag” (mountain zone).

The number of mycobacterium detections in the soil
samples from the flatland zone pastures is higher than
that in samples from the mountain zone. For example, no
bacteria were isolated from samples collected in some pas-
ture units of the farms SPK“Turchidag”and SPKim. Chapa-
yeva (mountain zone); however, they were detected practi-
cally in all samples from the flatland zone pastures.

Also, no mycobacteria were detected in the moun-
tain river and artesian well water samples. A group IV
representative (Mycobacterium fortuitum) was isolated
from water samples from the stagnant water bodies lo-
cated near the area adjacent to the farm SPK “Rassvet”
and the tuberculosis-affected dairy complex SPK“Tersky
(the Kizlyar zone of distant pastures) located in the flat-
land zone.

DISCUSSION AND CONCLUSIONS

The analysis of data from the study clearly reveals
that atypical mycobacteria of groups II, lll and IV (ac-
cording to the Runyon classification) can be the major
cause of macroorganism sensitization to tuberculin PPD
for mammals. The predominance of group IV bacteria in
soil, manure and stagnant water samples allows the con-
clusion that they are the typical obligate representatives
of nontuberculous mycobacteria that have steadily es-
tablished themselves in the environment of the Republic
of Dagestan and shape the gastrointestinal mycobacterial
landscape in cattle. Our findings are consistent with those
of P. S. Guseynova et al,, S. |. Dzhupina, M. Ridell, as well
as E. Stackebrandt and B. M. Goebel from the determina-
tion of major causes of cattle sensitization to tuberculin for
mammals [30-32, 35].

At the same time, in some cases during testing, no atypi-
cal mycobacteria were detected in the test samples. We
believe that this is due to the imperfection of laboratory
diagnosis, nontuberculous bacterium transition to a non-
culturable state, various transformations and changes in
the genetic structure. This fact is very important, since nu-
merous studies, including those of recent years, show that
atypical mycobacteria are isolated from bedding material
and environmental samples, but they are not detected in
the biological material samples from tuberculin reactor
animals, and vice versa [17, 18, 22].

There is therefore a need to use specific tests for each
particular typical and atypical mycobacterium species to
enable the characterization of their isolation, cultivation,
typing, as well as mycobacterium-like microorganisms’
ability to sensitize a macroorganism to tuberculin.

Enhanced laboratory diagnosis and monitoring of
nontuberculous mycobacterium circulation in the envi-

"

ronment will allow for rapid response and interpretation
of allergy test results for timely implementation of veteri-
nary and sanitary measures.

Thus, the presented data show that atypical mycobac-
teria are widely spread in the environment. Bovine tuber-
culosis agents are isolated from the biological material
samples from tuberculin reactor animals, environmental
samples and soil samples from areas adjacent to tubercu-
losis-affected farms, as well as sputum samples from tu-
berculosis-affected humans. Further work will be needed
to monitor the circulation of all types of mycobacteria in
all physical and climatic zones of the Republic of Dagestan
and to ensure control over the implementation of the vete-
rinary and sanitary measures aimed to prevent mycobac-
terium spread in the natural reservoirs.
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Molecular identification of Newcastle disease

virus isolated on the poultry farm of the Moscow Oblast
in summer of 2022
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SUMMARY

In August 2022, a sudden death in backyard chickens was reported in the Moscow Oblast (urban district Chernogolovka, settlement Starki). As a result, within just
afew days 45 chickens on this farm died or fell ill with the following signs — gray mucus discharge from nostrils and beak, coughing, gasping and rales. On day 1-3
after the onset of symptoms, the chicken died. The Newcastle disease virus, which is a representative of the Paramyxoviruses family, was isolated from the dead
poultry. We determined the nucleotide sequences of fragments in F gene (encodes the fusion surface protein) and in NP gene (encodes the nucleocapsid protein).
The motif of | SGGRRQKRFIG, , proteolysis site, typical for the velogenic pathotype, was determined for the F gene, and a phylogenetic analysis was carried out to
demonstrate that the isolate belonged to Subgenotype VI, Class Il of the subfamily Avulavirinae. The Basic Local Alignment Search Tool revealed that they are most
genetically related with isolates from Iran. It was found that the average death time of developing chicken embryos, infected with a minimum infectious dose, was
52 hours, which is typical for the velogenic pathotype. The virus caused 100% death in six-week-old chickens after oral infection and 100% death in all contact
chickens, including those kept in cages at a distance, which proves the high level of pathogenicity and contagiousness of the recovered isolate and its ability to
transmit both via fecal-oral and aerosols—borne routes. No death cases were reported in mice after intranasal infection with high doses.
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MonekynapHaa naeHTUdUKaLua BUPYca HbIKACNCKoil bonesHu,

BblZleNIeHHOT0 B JOMaLLIHeM nTuLexo3ancrse [logmockoBbA

netom 2022 ropa

A. A. Tpewanuna', A. A. Pruwes?, E. 10. lycroBa’, A. B. benskoBa', A. C. lam6apsan’, E. 0. bopaBneBa’

T OTAHY «OepepanbHblil HayuHbIiA LEHTP UCCIe0BaHMIA 11 pa3paboTKi MMYyHO6MoNornyeckux npenaparos um. M. M. Yymakosa PAH» (MHcTuTyT nonnomuennta)

(OFAHY «OHLMPUM um. M. 1. Yymakosa PAH» (UHcTutyT nonnommenura), r. Mocksa, Poccua
2 OIBHY «HayuHo-nccnefoBaTeNbCKuid MHCTUTYT BAKLMH 1 CbIBOPOTOK M. W. . Meunmkosa» (OTBHY HUMBC um. U. . MeunukoBa), . Mockga, Poccua

PE3IOME

B asrycte 2022 . 8 MockoBcKoii 06nacTu (ropogckoil okpyr YepHoronoska, iepeBHs (TapKi) Ha IMYHOM NMOABOPbE BHE3AMHO HAYANCA Najex Kyp, B pesynbrate
KOTOPOro B TeueHIe HeCKONbKMX AHelt norvbnu unm 3abonenin Bce 45 rofioB 370ro X03AiACTBA CO ClleAyIOLLMMI NPU3HAKaMU: BbeNeHNe Cepoit (31 U3 HO3Apeit
11 KNOBA, pe3Kue Kalundiolue 3Byk. Yepe3 1-3 AHA nocne NoABNEHUA CUMNTOMOB NTULA norubana. U3 TKaHeit, NonyyeHHbIX OT NaBLUKX Kyp, 6bin BblaeneH
BUPYC HbIOKACNCKOI Gone3Hu, ABNAIOLLMICA NpeacTaBuUTeNem 06LUMPHOTO cemeiicTBa NapamMUKCOBUPYCOB. OnpeaeneHbl HyKNeoTUaHbIe NOCNeA0BaTENbHOCTH
dparmenToB reHa F, KoaupyloLLero noBepxHOCTHbIiA 6enok cnuaHua, u reHa NP, kogupyiowuero 6enok Hykneokancupa. [ins reqa F onpegeneH MoTus caiita npo-
Teonm3a . SGGRRQKRFIG, , TUMMYHbIN ANA BenoreHHoro natoTuna, Takxe NPoBefeH GunoreHeTUYeCKMit aHanus, no pesynbratam KOTOPOro YCTaHOBAEHa Npu-

109 19
HaANeXHoCTb u30naTa K cybreHotuny VIl knacca Il noacemeiictsa Avulavirinae. C nomolwpio Basic Local Alignment Search Tool BbiaBneHo Hanbonee reHeTnyecku
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6n113K0e POACTBO C M30nATamMu 13 MpaHa. YcTaHoBNEHO, UTO CpefHee BpeMs CMepTU Pa3BUBAIOLLMXCA KYPUHBIX SMOPUOHOB NP 3apareHni MUHUMATbHON
UHGEKLIMOHHOI 030/ COCTaBINO 52 Y, YTO XapaKTEPHO ANA BENOTEHHOrO NatoTuna. Bupyc Bbi3bizan 100%-10 rbenb LbINAAT LWeCTUHEAENbHOrO BO3pacTa npy
0panbHOM 3apaeHuu, a Takxe 100%-il nafex BCero KOHTAKTHOr0 MONIOAHAKA, BKNIOUAA COAEPKALLMXCA B KIIETKAX HA OTAANEHNUH, UTO [10KA3bIBAET BbICOKMA
YPOBEHb MATOreHHOCTH 1 KOHTArMo3HOCTM BbIAENIEHHOTO M301ATa U €ro CNOCOBHOCTb PACMPOCTPAHATBCA HE TONIbKO GEKanbHO-0PaNlbHbIM, HO 11 3PO30/bHbIM
nyTem. [i16enb MblLLEil NPY MHTPaHA3aNbHOM 3apaXEeHIM BLICOKUMI 103aMM He Habntoaanac.

KnioueBbie cnoBa: BUpyc HbOKACNCKOIl 6071€3HM, NATOrEHHOCTb, MOHeKyﬂﬂpHO-FGHGTMHGCKMVI dHaJIn3, KOHTarno3HoCTb

bnaropapHoctb: Miccnegosanue npoduxancposaro OTAHY «DedepanbHblil HayuHbIii LIEHTP UCCNeA0BaHMIA U pa3paboTKu UMMYHOBUONOrMYeCKHil NpenapaToB
um. M. . Yymakosa PAH» (IHcTuTyT nonnomuenura).

[insa yutuposanma: Tpewanura A. A., Ptuwes A. A., Wyctosa E. 10., benakosa A. B., lambapan A. C., bopaenesa E. H0. MonekynapHas ugeHTu¢ukaums su-
pyCa HbloKaCncKoii GonesHy, BblAeNEeHHOro B JOMaLLHeM NTuLexo3aiicTBe oamockoBba netom 2022 roga. BemepuHapus cezo0us. 2023; 12 (2): 147-153.
DOI: 10.29326/2304-196X-2023-12-2-147-153.

KOH(I)HMKT UHTEepecoB: ABTOpr 3aABNAIT 06 OTCYTCTBUN KOH¢J'II/IKTa NHTEpecoB.

[ins koppecnonaeHumm: TpewanuHa AHacTacua AHLpeeBHa, MAaALLINiA HAyYHbI COTPYAHUK nabopatopui MonekynapHoii buonoru Bupyco OTAHY «OHLIUPUN
um. M. 1. Yymakosa PAH» (MHcTuTyT nonnommenuta), 108819, Poccua, r. Mocksa, noceneHine MockoBckmii, nocenok MHCTuTyTa nonnomuenuTa, LoMoBnagexue 8,

kopn. 1, e-mail: treshchalinaA@gmail.com.

INTRODUCTION

Newcastle disease virus (NDV), or Avian orthoavulavi-
rus 1 (AOAV-1), belongs to extensive Paramixoviridae fam-
ily, Avulavirinae subfamily, its representatives cause avian
diseases of various severity [1]. NDV affects more than
240 wild and domestic avian species and is an enveloped
negative-sense single-stranded RNA virus. The genome is
not segmented and is about 15,000 bases long, divided by
conservative non-coding regions into six genes in 3’-NP-P-
M-F-HN-L-5’sequence encoding eight proteins [2, 3].

One of the key factors that influence NDV pathoge-
nicity is the number of basic acids in the F protein cleav-
age site [4]. Low pathogenic virus strains have sequence
100°GGGR(K)QGRLIG, , in the proteolytic site and can
be cleaved only by extracellular trypsin-like proteases.
The motif of highly pathogenic NDV strains has several
basic amino acids (lysine or arginine) and phenylalanine
at amino acid position 117: | SGGRRQ(K/R)RF(V/I)G, ..
The protein of such a virus is able to transform into an ac-
tive form with the help of furin-like proteases present in
all body cells. This virus causes a generalized infection [5].

Phylogenetically, NDV is divided into 2 classes, Class |
includes only one genotype and is represented mainly
by apatogenic strains isolated from wild and domesticated
birds [6]. Class Il is divided into 21 genotypes and includes
strains of different virulence affecting a wide range of
hosts [7]. The class representatives are spread worldwide
and have regularly induced epizooties.

NDV poses a serious threat to poultry. The mortality
rate in the infected chickens can reach 100%. According
to the pathogenicity for chickens, NDV can be lentoge-
nic (low pathogenic), mesogenic (causing moderate
disease in adult chickens and death in young birds) and
velogenic (highly pathogenic for chickens of all ages) [3].

The virus may spread due to trade in poultry and
poultry products, as well as during movement of workers
from the infected poultry farms and during transporta-

tion [8]. Migration of wild birds is another way of the virus
spread [9, 10]. Although most apatogenic NDV isolates
recovered from wild birds do not pose a serious threat
to chickens, a mutation accumulation increases the virus
pathogenicity [11].

The aim of this research is to conduct a molecular
and phylogenetic analysis of the Newcastle disease virus
isolated from the chicken pathological material taken in
one of the backyards located in the Moscow Region, to
determine its pathotype; to study its pathogenicity and
contagiousness.

MATERIALS AND METHODS

Reagents. MycoKill AB (PAA Laboratories GmbH,
Austria); mini-kit for RNA virus isolation QlAamp Viral RNA
Mini Kit (QIAGEN, Germany); set of reagents for reverse
transcription MMLV RT kit, random decanucleotide primer,
set of reagents Tersus Plus PCR kit, nuclease-free water,
DNA markers and TAE buffer (Eurogen, Russia); ribonucle-
ase inhibitor (Syntol, Russia); set reagents for sequencing
ABI PRISM® BigDye™ Terminator v3.1 (ThermoFisher Sci-
entific Inc,, USA).

Virus isolation. Lung and kidney samples from dead
chickens were used to isolate the virus. Tissue fragments
were rubbed with fine glass powder; a fourfold phosphate
buffered saline (PBS) solution was added containing
0.4 mg/mL gentamicin, 0.1 mg/mL kanamycin, 0.01 mg/mL
nystatin and 2% MycoKill AB solution. The suspension
was centrifuged for 10 min at 4,000 rpm, and 0.2 mL of
the supernatant was inoculated through allantoic cav-
ity into 10-day-old developing chicken embryos (DCE).
Incubation lasted 72 hours at 37 °C; embryo death was
controlled twice a day. Then, virus-containing allantoic flu-
id (VAF) was collected and tested in the hemagglutination
test (HA test) using a 1% suspension of chicken erythro-
cytes according to the generally accepted method [12].
The amount of virus was expressed in hemagglutinating
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units. The 50% infectious dose (EID, ) was determined by
titration in developing chicken embryos.

RNA extraction, cDNA synthesis and sequencing. The viral
RNA was extracted from virus-containing allantoic fluids
using QlAamp Viral RNA Mini Kit (QIAGEN, Germany) ac-
cording to the manufacturer’s instructions. The reverse
transcription was carried out using a set of reagents MMLV
RT kit (Eurogen, Russia) in presence of a random decanu-
cleotide primer. The polymerase chain reaction (PCR) was
carried out in a volume of 25 pL using a set of reagents
Tersus Plus PCR Kit (Eurogen, Russia): sterile water for
PCR - 17.5 uL; 10x Tersus Plus buffer — 2.5 uL; 50x dNTP
mixture — 0.5 uL; direct primer fFapmv2 (10 pumol) — 1 uL;
reverse primer rfapmv2 (10 umol) - 1 pL, cDNA - 2 puL;
50x% Tersus polymerase - 0.5 pL. Oligonucleotides used in
the work: fFapmv2 (ATGGGCTCCAGACCTTCTAC); rFapmv2
(CTGCCACTGCTAGTTGCGATAATCC); fNPapmv (GGTAT-
TCTGTCTTCGGATTG); rNPapmv (TCATCCGATATAAACG-
CAT). The PCR products were analysed by 2% agarose gel
electrophoresis in a tris-acetate buffer. PCR fragments of
about 500 bp were cut out for clean-up from the gel using
the Qiagen MinElute Gel Extraction Kit (QIAGEN, Germa-
ny) according to the manufacturer’s instructions. The nu-
cleotide sequences of PCR fragments were determined
using ABI PRISM® BigDye™ Terminator v3.1 reagent kit
(ThermoFisher Scientific, USA), followed by PCR product
analysis on the ABI PRISM 3130 sequencer (ThermoFisher
Scientific, USA). The resulting chromatograms were ana-
lyzed using SnapGene Viewer program’.

Phylogenetic analysis. All the sequences were down-
loaded from the GenBank database?. The sequences
were processed using BioEdit 7.2° and MEGA X* [13, 14].
BEAST v1.10.4 software was used to perform a Bayesian
Markov Chain Monte Carlo-based phylogenetic analy-
sis (MCMC) of the nucleotide sequences (n = 150) using
the General Time Reversible (GTR) model [15]. The iTOL v6°
online service was used to visualize and annotate the tree.
Genotype was identified using phylogenetic topology.

Determination of the virus pathotype. The virus patho-
type was determined by the mean death time (MDT)
method. 0.2 mL of 10-fold dilutions of fresh VAF on PBS
(from 1073 to 107’) were inoculated into the allantoic cavi-
ties of 9-day developing chicken embryos. After that, they
were incubated for five days at 37 °C, checked 2 times
a day to control embryo death. MDT was calculated as
the mean death time of an embryo infected with a mini-
mum lethal dose. If MDT is up to 60 hours, the virus patho-
type is defined as velogenic, from 60-90 — as mesogenic,
more than 90 - as lentogenic.

Analysis of pathogenicity and contagiousness of the virus
for chickens. 6-week-old Leghorn chickens were infected
orally, with the virus added to the drinking bowl. Virus-free
fresh allantoic fluid was added into the drinking bow! for
the control and contact groups. Each group included
5 chickens; the groups were initially put into separate
cages. The chickens were daily examined for 10 days after
infection.

Analysis of the virus pathogenicity for mice. BALB/c mice
weighing 10-12 g were infected intranasally (under light
ether anesthesia) with 50 uL containing doses from 103
to 10°EID, /mouse. A group of 5-6 mice was infected with
each viral dose. The control group received virus-free al-
lantoic fluid diluted with saline solution. Survival rate
and mice weight were recorded within 15 days after in-
fection.

Ethical status. Animal experiments were conducted in
accordance with the “European Convention for the Pro-
tection of Vertebrate Animals Used for Experimental and
Other Scientific Purposes (Strasbourg, March 18, 1986)"°.
The Ethics Committee of the FSASI “Chumakov FSC R&D
IBP RAS” (Institute of Poliomyelitis), Resolution No. 4 of
December 2, 2014, approved the experiment design. All
measures were taken to reduce the suffering of animals.

RESULTS AND DISCUSSION

In late August 2022, mass death was reported in chick-
ens in the Moscow region (urban district Chernogolovka,
settlement Starki). Pathological material from the dead
birds was sent for laboratory tests to the (FSASI“Chuma-
kov FSC R&D IBP RAS” (Institute of Poliomyelitis). Lung
and kidney tissue suspensions were inoculated into 10-
day DCE through allantoic cavities. Newcastle disease
virus was detected in all HA-positive VAF samples tested
in RT-PCR. The isolate was named as NDV/chicken/Mos-
cow/6081/2022.

Molecular and phylogenetic analysis. While studying
the isolate, 438 bp F gene fragment (which includes
a site encoding the F protein proteolytic sites) was ampli-
fied and sequenced. The obtained nucleotide sequence
was analyzed using the Basic Local Alignment Search
Tool (BLAST)” and the analysis showed that NDV/chicken/
Moscow/6081/2022 isolate is most closely related to the
viruses recovered in Iran from chickens in 2011-2013
(similarity is 97.03-97.48% with the first five sequen-
ces). Several basic amino acid residues (arginine/lysine)
with | 'SGGRRQKRFIG,,, motif were detected in F protein
proteolytic site of the studied virus, as demonstrated
by the obtained sequence. This sequence is specific for
virulent strains based on the criteria used by the World
Organisation for Animal Health to assess the virulence
of NDV isolates [12].

Additionally, nucleotide sequence of the NP gene en-
coding the nucleocapsid protein (697 bp) was obtained.
This gene may also indirectly affect NDV virulence. Thus,
nucleotides 546 and 555 are different for lentogenic
and velogenic strains [16]. According to the sequencing
results, positions 546 and 555 in NP gene of the recov-
ered isolate correspond to the velogenic variant (two
thymines (T) in positions 546 and 555). Both sequences
were uploaded to the GenBank database under num-
bers 0Q190211 and 0Q190212.

For phylogenetic analysis, a sample was taken
from representative sequences of each genotype
of Class Il (n = 125) [7]. The sample was combined with

' SnapGene Viewer. Available at: https://www.snapgene.com/
snapgene-viewer.

2 GenBank. Available at: https://www.ncbi.nlm.nih.gov/genbank.
® BioEdit. Available at: https://bioedit.software.informer.com.

4 MEGA X. Available at: https://www.megasoftware.net.

*iTOL. Available at: https://itol.embl.de.

5The European Convention for the Protection of Vertebrate Animals
used for Experimental and other Scientific Purposes (Strasbourg,
March 18, 1986). Available at: rm.coe.int>168007a67b.

7 BLAST. Available at: https://blast.ncbi.nim.nih.gov/Blast.cgi.
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the sequence of F gene fragment of the Moscow isolate
and a sample from 24 most closely related viruses identi-
fied in BLAST. Phylogenetic analysis of the F gene fragment
showed that NDV/chicken/Moscow/6081/2022 isolate be-
longs to Genotype VI, Class Il (Fig. 1).

Genotype VIl of Class Il originated in Asia presumably in
the 1980s and is now widespread in Eurasia and Africa; it is
as well recorded in South America [17-19]. The virus was
the cause of Newcastle disease Fourth Panzootic, which
has been ongoing since the 1980s [9]. The genotype in-
cludes only velogenic NDV strains that cause high mor-
tality in birds [20].

Determination of pathogenicity and contagiousness
of NDV/chicken/Moscow/6081/2022 isolate for chickens.
It was found that MDT for 9-day-old DCE is 52 hours, which
corresponds to the velogenic type (up to 60 hours).

To study the isolate contagiousness, three groups of five
6-week-old chickens were formed. To infect the birds of
Group 1, 10® EID, of NDV/chicken/Moscow/6081/2022 vi-
rus were added to the drinking bowl. The next day, the in-
fected chickens were put into a cage of Group 2. Cage No. 1
was removed and disinfected. The chickens from Group 3
were in Cage 3, located two meters away from Cages 1
and 2, so that to exclude contamination with feed par-
ticles and faeces, however, air and fine dust circulation
between the cages was possible. The death dynamics in
infected and contact birds is shown in Figure 2. All the in-
fected chickens died by Day 5, contact birds from Group 2
died on Day 6, and in Group 3 chickens fell ill on Days 6
and 7, after that all the birds died by Day 10. NDV/chicken/
Moscow/6081/2022 virus was detected in the organs of
the dead birds using PCR.

Thus, contact chickens (Group 2) caught the disease
from the infected ones almost immediately. The death of
chickens from Group 3, who did not come into a direct
contact with the sick ones, may be explained by the fact
that at some point one of the chickens became infected
through airborne droplets, thus causing the infection
spread and rapid death of the entire group. The experi-
ment results demonstrate a very high pathogenicity and
contagiousness of NDV/chicken/Moscow/6081/2022
isolate and show that the birds are infected not only by
fecal-oral route, but also through the air.

Pathogenicity of the virus for mice. Avulavirinae rep-
resentatives, as a rule, are non-pathogenic to mammals.
However, given the exceptionally high pathogenicity and
contagiousness of NDV/chicken/Moscow/6081/2022 iso-
late for chickens, it was decided to make sure that it is safe
for mammals.

The weight change dynamics in mice infected
intranasally with NDV/chicken/Moscow/6081/2022 is
shown in Figure 3. Groups 1, 2, 3 and 4 were infected at
doses of 10% 10% 10° and 10° EID, /mouse, respectively.
The control group was given placebo (virus-free allantoic
fluid, diluted with saline solution). Survival rate and mice
weight were recorded within 12 days after infection. No
mice died during the experiment. Figure 3 shows that
groups infected with high viral doses slightly became
slightly underweight on Days 2-5 after infection, but by
Day 12 almost all the mice were healthy.

Thus, NDV/chicken/Moscow/6081/2022 isolate of
Newcastle disease virus is practically not pathogenic for
mice, despite its very high pathogenicity for chickens.

w—Group 1

Group 2

-Group 3

number of live chickens

0 1 2 3 4 5 6 7 8 9 10
day post infection

Fig. 2. Dynamics of death in infected and contact chickens

145 == Group 1

14.0

135 = Group 2

130
o—Group 3

120
Group 4

average weight, grams

115

110 == Control

105

day post infection

Fig. 3. Dynamics of the mouse weight changes upon infection
with NDV/chicken/Moscow/6081/2022

CONCLUSION

In August 2022, all chickens died in one of the back-
yards of the Moscow region shortly after the first disease
symptoms appeared. Newcastle disease virus was detec-
ted in the dead bird tissues. Laboratory tests showed high
pathogenicity of the isolate for chickens and no pathoge-
nicity for mice.

Molecular analysis together with the MDT test helped
to check several factors indicating how NDV/chicken/Mos-
cow/6081/2022 isolate is related to velogenic NDV: presence
of a polybasic proteolytic site in F fusion protein, presence of
two amino acids in NP nucleocapsid protein, which is typical
for highly pathogenic NDV, MDT up to 60 hours.

The phylogenetically isolated virus belongs to Geno-
type VII, Class II. This genotype belongs to the “late” ones
(emerged after the 1960s) and includes viruses of the velo-
genic pathotype only. Most current outbreaks in chickens
in Asia and the Middle East are associated with this par-
ticular virus [21]. Its widespread is partly explained by
the fact that the strains related to this genotype are able
to spread in poultry vaccinated with popular commercial
vaccines [20].

In the Russian Federation, NDV poses a potential
economic threat to the poultry industry. As the Rossel-
khoznadzor data show, more than 25 outbreaks of New-
castle disease have been registered in various regions of
the country since 20198, Serological data show an increase

8 Rosselkhoznadzor. Available at: https://fsvps.gov.ru/ru. (in Russ.)
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in the number of immune wild birds and non-vaccinated
domestic ducks after 2017 [22-25]. To control the virus
spread, it is required to continue monitoring, as well as to
timely vaccinate poultry in backyards [26, 27].
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Dynamics of seasonal rabies incidence

in animals in Azerbaijan

Ch. V. Aliyeva’, Sh. K. Zeynalova?
! Azerbaijan Food Safety Institute, Baku, Republic of Azerbaijan
2 Central Veterinary Reference Laboratory, Ministry of Agriculture of the Republic of Azerbaijan, Baku, Republic of Azerbaijan

SUMMARY

The increasing number of rabies outbreaks is currently one of the most important challenges in both human and animal health. The epidemiological and epizootic
significance of rabies is determined by its absolute lethality in case of clinical manifestations, as well as global spread, latent incubation period and lack of specific
treatment. Rabies is endemic in Azerbaijan; wild carnivores, stray dogs and cats determining the natural type of rabies are considered the main source of infection
in the Republic. The dynamics of rabies natural cases has seasonal variability. As a rule, the number of disease cases increases in autumn, winter and spring, which
is associated with the biological characteristics of the main disease vectors and the climatic conditions in the region. The main purpose of the study was to inves-
tigate the spread of rabies in Azerbaijan in different seasons of the year. For this purpose, the statistical data were collected based on animal incidence by month
and season for the last four years (2018—2021). It was found that rabies cases were most often identified in the period from March to May: in 2018 — 21 (31%)
cases, in 2019 — 24 (38%) cases, in 2021 — 8 (40%) cases. The exception was 2020, when the majority of rabies cases occurred in December — February. To assess
the epizootological and epidemiological risks of rabies in the country, the disease frequency rate among various animal species was studied by year. The largest
number of rabies cases (54%) was shown to be detected among dogs. Cattle accounted for 38.1% of cases, 5.7% of positive samples were derived from stray dogs,
1.6% — from sheep, 0.6% — from horses. The study results have shown that animal rabies exhibits a clearly pronounced seasonal pattern in the Republic of Azerbaijan.
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[InHamunKa ce30HHOI 3a601eBaeMOCTU XKUBOTHBIX
beweHcTBOM B A3epbaitapkaHe

Y, B. Annesa’, LLl. K. 3eitHanoBa’
! A3epbaiipxaHcKuii MHCTUTYT Ge3onacHoCTY NULLEBbIX NPOAYKTOB, T. baky, A3epbaiimkaHckas Pecnybnmka
? LleHTpanbHasn pedepeHc-nabopatopua 3-ro ypoBHs 6uobe3onacHoctin, MUHICTEPCTBO cenbekoro xo3aiicTBa A3epbaiifkaHa, r. baky, Asepbaiigxanckas Pecnybnuka

PE3IOME

Ha cerogHALHuiA feHb 0AHOI 113 BaXKHelLLIMX NPO6aeM KaK 34paBoOXpaHeH!A, Tak v BeTepUHapUN ABNAETCA PACTyLLee KONNYeCTBO 04aroB pabuyeckoi uHdek-
L. IN1ZEMUONOr0-3MKM300TUYECKAA 3HAUMMOCTb BeleHCTBA onpeienaeTca abcoioTHOI NETaNbHOCTbIO MPI YCNOBUI NPOABNEHUA KIMHUUECKIX NPU3HAKOB,
MOBCEMECTHbIM PacnpoCTPaHEHNeM, NaTeHTHBIM UHKYOALMOHHBIM NePUOOM 1 OTCYTCTBIEM CPEACTB cneLvduyeckoro neveHus. B Asepbaiifxate beleHcTso AB-
NAETCA SHAEMUYHBIM 3a601eBaHeM, 0CHOBHbIM UCTOUHNKOM BUPYCa CYUTAOTCA AMKIE NNOTOARHbIE XUBOTHbIE, 6poadume cobaKin 1 KOLLKY, 06ycnaBnuBaloLLme
NpUPOAHbINA TN MHdeKLMHN B pecnybnuke. 06bIYHO ANHAMIKA eCTECTBEHHBIX CNy4aeB OeLLeHCTBA UMEET Ce30HHYH M3MEHUMBOCTb. Kak npaBuno, Yncio Ciyyaes
3aboneBaHuA yBENMUNBAETCA 0CEHbHO, 3MMOIE 1 BECHOI, UTO (BA3aHO € b11oNOryeil 0CHOBHbIX MepPeHOCUNKOB 60M1E3HI 1 NPUPOAHO-KANMATAYECKUMU YCI0BUAMMN
peruoHa. OCHOBHON Liefblo MCCef0BaHNA OblNo U3yyeHue pacnpocTpaHeHna beleHcTBa Ha Tepputopun Asep6aiigkaHa B pasHble ce30Hbl roga. [na storo
6Obin COBPaHbI CTaTUCTUYECKIE laHHble 33 nocneHue 4 rofa (2018—2021 rr.) ¢ yuetom 3a60N1eBaEMOCTY XMBOTHBIX N0 MECALLAM U C€30HaM. YCTaHOBNEHO, UTO
nyyan 3a6oneBaHuA GeLLeHCTBOM Yallie BCEro perucTpupoBaniuch B nepuog ¢ Mapta no mait: 8 2018 1. — 21 (31%), 8 2019 . — 24 (38%), 8 2021 1. — 8 (40%).
WckntoueHme coctaBun 2020 ., Koraa Nk 3aboneBaeMocTy NpULLIENcs Ha iekabpb — deBpanb. [15 OLEHKM MU300TONOMNYECKUX 1 INNAEMUONOTNYECKIX PUCKOB
BO3HIKHOBEHNA 6eLLeHCTBa B (TpaHe Obina U3yyeHa YacToTa BCTpeYaeMoCTy 3a60neBaHINA CPeSM KUBOTHbIX Pa3HbIX BUOB N0 rofjam. [okasaHo, uTo HanbonbLuee
KONMuecTBo CTyyae belueHcTBa (54%) 6bino BbiABNEHO cpeay cobak. Ha fonto KpynHoro poratoro ckota npUxoannoch 38,1% cnyyaes, 5,7% no3uTMBHbIX Npod
cocTaBnAnm 0bpasupl oT 6e310MHbIX cobak, 1,6% — ot 0BeL, 0,6% — oT noLwazeil. PeynbTatbl nccnefoBaHui Nokasany, 4to 3aboneBaHme beLeHCTBOM XIBOTHbIX
Ha Tepputopun A3epbaiizkaHckoi PecryOnuKin IMeeT YeTKO BbIPaXKEHHYI0 C@30HHOCTD.

KnioueBbie cnosa: 6ELUEHCTBO, 3MN300TNYECKAA CUTYaLNA, CE30HHOCTb, 3360ﬂEBaEMOCTb, AHaMUKa

[ina uuruposanua: Anvesa Y. B., 3eitnanosa L. K. InHamuka ce30HHoiA 3a6051eBaeMOCTY XXMBOTHIX GelueHcTBOM B A3epbaiiikare. BemepuHapus e200Hs.
2023; 12 (2): 154-157. DOI: 10.29326/2304-196X-2023-12-2-154-157.
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KoHnukT MHTepecoB: ABTOPbI 3aABNAHT 00 OTCYTCTBUYN KOHGAMKT UHTEPECOB.

[ins koppecnoxpexumn: 3eiiHanosa LLlanana Kapam, KanauaaT arpapHbix Hayk, ZoLeHT, Aupektop LieHTpanbHoii pedepetc-nabopatopuu 3-ro yposHs 6uo-
6e3onacHocTu, MuHUCTEPCTBO Cenbekoro xo3aicTBa AsepbaiidxaHa, AZ1122, Pecnybnuka AsepbaiipxaH, r. baky, icamanbckuit paiio, yn. A. M. Wapud3age,

196, e-mail: zeynalovaeddm@gmail.com.

INTRODUCTION

The World Health Organization (WHO) and other inter-
national organizations have set a goal to eliminate human
deaths due to dog rabies by 2030. Despite detailed infor-
mation on such a dangerous disease as rabies in the media,
there is still a need to increase public awareness [1-4].

Humans, as a rule, become infected via the bite of a ra-
bies-infected animal, most commonly dogs, cats, rabbits,
ferrets, foxes, wolves, raccoons, bats, etc. [5-7].

Rabies is an endemic disease and is subject to manda-
tory reporting throughout the territory of Azerbaijan. Wild
carnivores, stray dogs and cats are considered the main
source of the virus and cause the natural type of rabies
in the Republic [8]. The characteristics of stray dog popu-
lations (density, growth dynamics, etc.), most frequently
causing infection in humans, are unknown [9-11]. There-
fore, conducting research and epidemiological studies is
important for disease control [12-14].

The number of stray dogs in Azerbaijan is currently
quite large. Rabies cases in animals that attack people
are registered annually. At the same time, bites of stray
dogs are considered the main etiological factor [14-16].
The current program for managing the population of these
animals is to conduct sterilization and vaccination against
rabies. Killing of animals has been prohibited in Azerbaijan
since the “European Convention for the Protection of Pet
Animals”" was adopted in the country. Hence, it is very im-
portant to control the spread of zoonotic diseases (mainly,
rabies) throughout the country, as well as in the popula-
tion of stray and feral dogs bearing a number of problems
with socio-economicg, religious, environmental and politi-
cal consequences [3, 9, 15].

Not enough studies have been conducted in Azerbai-
jan to assess the risks of the pathogen’s spread. In addition
to the fact that stray dogs are the main cause of human
infection in the settlements of the Republic, forest areas on
the border with other countries are considered risk zones.
Epizootological monitoring, laboratory diagnosis, vaccina-
tion and public awareness campaigns are carried out in
Azerbaijan within implementation of measures aimed at
the disease elimination [17, 18].

According to the Ministry of Health of Azerbaijan,
18,702 cases of animal-bites in humans were registered
in 2016, 18,470 cases in 2017, 31,060 cases in 2018,
40,234 cases in 2019 and 21,671 cases in 2020 were recor-
ded. According to the data of the Center for Surveillance
of Highly Dangerous Infections, in 2016 there were 7 hu-
man deaths caused by rabies, in 2017 - 3 cases, in 2018 -
5 cases, in 2019 - 5 cases, in 2020 - 2 cases. Despite the

Table
Dynamics of seasonal rabies incidence in animals in 2018-2021

Number of rabies cases

December— | March— | June— | September—
February November

2018 16 21 17 14 68
2019 18 24 8 13 63
2020 17 5 3 4 29
2021 4 8 4 4 20
Total 55 58 32 35 180

measures taken, the problem of rabies incidence is still
relevant, so it is necessary to conduct risk analysis of ra-
bies virus spread.

This study was aimed at investigating the dynamics
of animal rabies transmission depending on the season.
For this purpose, statistical data on animal disease cases
in the Republic were analyzed for the period from 2018
to 2021.

MATERIALS AND METHODS

Seasonal changes in the population size, behavior
and physiological parameters of animals are considered
to be the factors that significantly affect the spread of wild
animal diseases [19, 20]. Understanding the basic mecha-
nisms and forecasting the seasonal spread of animal di-
seases such asrabies is crucial for the implementation and
optimization of strategies aimed at their control [21, 22].
To determine the seasonal dynamics of rabies, the statisti-
cal data were collected for the last 4 years (2018-2021), tak-
ing into account the morbidity of animals by month and
season. The rabies incidence in different animal species
for the specified period was calculated based on the data
provided by the National Veterinary Laboratory.

Rabies laboratory diagnosis is performed in accor-
dance with the Guidelines on Diagnostic Tests and Vac-
cines for Terrestrial Animals of the World Organization for
Animal Health (WOAH)2 The pathogen is identified using
the fluorescent antibody test (FAT), which is considered
the screening method. Positive samples are confirmed
using polymerase chain reaction (PCR) [23].

TEST RESULTS

The table shows data on seasonal rabies incidence in
animals for the last 4 years (2018-2021).

" European Convention for the Protection of Pet Animals (ETS No. 125).
Available at: https://www.coe.int/ru/web/conventions/by-member-
states-of-the-council-of-europe?module=treaty-detail&treatynum=125.

2 Rabies (Infection with Rabies Virus and other Lyssaviruses). In: WOAH.
Manual of Diagnostic Tests and Vaccines for Terrestrial Animals.

Chapter 3.1.18. Available at: https://www.woah.org/fileadmin/Home/
eng/Health_standards/tahm/3.01.18_RABIES.pdf.
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Fig. 1. Brain samples of suspected rabies cases submitted
to the laboratory in 2018-2021

It was found that rabies cases were most often regis-
tered in the period from March to May: 21 (31%) cases —
in 2018, 24 (38%) cases - in 2019, 8 (40%) cases - in 2021.
The exception was 2020, when the majority of rabies cases
occurred in December — February: 17 positive results were
obtained, which constituted 59%.

Figure 1 shows test results for 241 brain samples sub-
mitted to the laboratory from rabies-suspected animals
in 2018-2021. Among them, 180 samples were positive,
54 samples were negative, 7 samples were deteriorated
and could not be tested due to late delivery to the labo-
ratory.

To assess the epizootological and epidemiological risks
of rabies in the country, the frequency of the disease oc-
currence among animals of different species by year was
studied (Fig. 2). The statistical data provided by the Natio-
nal Veterinary Laboratory was analyzed and presented in
the form of a graph reflecting information on rabies detec-

tion cases among different animal species for the period
from 2018 to 2021.

In total, during the period under review, out of
180 positive results in the December - May season, the
largest number of rabies cases (54%) were detected in
dogs. The share of cases in cattle accounted for 38.1%,
5.7% of positive samples were received from stray dogs,
1.6% — from sheep, 0.6% — from horses.

DISCUSSION

According to the generally accepted knowledge, natu-
ral rabies epizootics are characterized by seasonal vari-
ability. As a rule, the number of disease cases increases in
autumn, winter and spring [24-26]. The highest frequen-
cy of rabies cases in our study was detected in the period
from December to May 2018-2021. There is a possibility
that this is due to the beginning of the bat breeding sea-
son [27]. It can be noted that the decrease in the number of
rabies cases in 2020-2021 coincides with large-scale vac-
cination campaigns for pet dogs [18]. The revealed trend
of seasonal morbidity requires further study in order to de-
velop an effective strategy of rabies control.

Other expected causes of seasonal fluctuations in
the incidence of animal infectious diseases are climatic
conditions, frequency of breeding cycles, migration and
lack of food [22]. Although domestic dogs do not exhibit
seasonal breeding tendencies, under certain conditions
their mating activity during the year may have a wave-
like character [28].

The analysis of epizootological data and the laborato-
ry test results allowed us to establish the nature of rabies
seasonality in Azerbaijan. The monthly dynamics of inci-
dence was revealed with the highest indicators in the pe-
riod from December to May and the lowest — from June
to September. These results are consistent with the re-
commendations on the scheme of preventive anti-rabies
vaccination of pet dogs [18].

horses

small ruminants

cattle

cats

dogs

jackals

0 5 10
jackals dogs stray dogs
12021 0 6 4
m 2020 2 8 6
m 2019 2 22 16
m 2018 2 27 8

_—
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e —
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Fig. 2. Incidence of rabies in different animal species in 2018-2021
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CONCLUSION

The study results have shown that animal rabies has
a clearly pronounced seasonality in the territory of the Re-
public of Azerbaijan. It was found that during the analyzed
period, the largest number of animal rabies cases were
recorded in the spring period, which is highly likely to be
related to the animal breeding season.
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Development of submerged

cultivation method for vaccine
Mycoplasma mycoides subsp. mycoides strain

0. G. Lapteva
Federal Research Center for Virology and Microbiology (FRCVM), Volginsky, Vladimir Oblast, Russia

SUMMARY

Members of Mycoplasma genus are widely spread in nature (soil, water, manure, cereals, food products), and there are ones pathogenic for humans, animals
and birds. The group of highly dangerous diseases include contagious bovine pleuropneumonia (CBPP) caused by Mycoplasma mycoides subsp. mycoides. Risk
of the disease agent introduction to Russia with imported livestock and raw materials still remains. Therefore, of topical importance is the improvement of
the (BPP vaccine manufacturing technology. The studies were aimed at the development of the method of the submerged cultivation of the vaccine Mycoplas-
ma mycoides subsp. mycoides strain. This method allows production of a large amount of the biological material and simplification of the biological product
manufacturing technology. Dynamics of the mycoplasma mass accumulation during the submerged cultivation was examined within the studies. Four phases
of the bacterial growth were clearly demonstrated. Insignificant decrease of the microbial cell concentration was reported in the first two days of cultivation;
days 3 and 4 were specified by the increase of the microbial mass concentration by several orders of magnitude: from 2.5 x 10° to 4.5 x 10° cells/volume
unit, on day 5 the concentration was in equilibrium and starting from day 6 the onset of the microorganism’s death phase was reported. Similar dynamics
was demonstrated during cultivation in the bioreactors. Singular fried egg-shaped colonies or their accumulations were observed at the visual examination
of the submerged cultivated mycoplasma. Therefore, when using submerged cultivation method and such parameters as mycoplasma seeding at a dose of
10° microbial cells / volume unit; 2/3 filling volume; incubation at (37 £ 0.5) °C; agitation at 90 rpm and use of synthetic nutrient medium, the bacterium
accumulates at the titre of 10° cell/volume unit.
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Pazpabotka cnocoba rnyouHHOro KynbTUBUPOBAHUA
BaKLHHOrO Wwtamma Mycoplasma mycoides subsp. mycoides

0.T.NanTeBa
OTBHY «DenepanbHblit MccnefoBaTenbCkuil LEHTP BUpyconorun n Mukpobuosnorum» (OFbHY OULBUM), noc. Bonbrunckwii, Bnagumupckas o6n., Poccua

PE3IOME

MpencraButenu posa Mycoplasma winpoko pacnpocTpaHeHbl B npupoge (MouBe, BOfie, HaBO3e, 3naKax, NULLEBbIX NPOAYKTAX), CPEAN HUX UMEHTCA BUAbI, NaTo-
reHHble A YenoBeKa, XUBOTHbIX 1 NTUL. K rpynne 0co60 onacHbIx HOEKLMOHHbIX Gone3Hell OTHeCEHa KOHTar103Haa NNeBPONHEBMOHNA KPYMHOMO poraToro
(KoTa, Bo36yauTenem Kotopoii anaetca Mycoplasma mycoides subsp. mycoides. B HacTosLLee Bpema puck 3aHoca Bo36yauTens uHexwum Ha repputopuio Poccun
CUMMOPTHBIM CKOTOM ¥ CbipbeM 13 HebnaronoyyHbIX PeroHoB COXpaHAETCA. B CBA3N CITUM COBEPLUEHCTBOBAHIE TEXHONOTAM U3rOTOBAEHNA BAKLIMHbI NPOTUB
KOHTaruo3Hoil nneBponHeBMOHIM ABNAETCA aKTyanbHo 3aaaueit. Lienblo faHHoro ccnefoBaHuA ABUAACL pa3paboTka rny6uHHoro cnocoba KynsTBMPOBaHMA
BaKLWMHHOro Wramma Mycoplasma mycoides subsp. mycoides. [lanHblii MeTog N03BONAET NOAYYaTh 33 KOPOTKMIA IPOMEXYTOK romaccy B 60nbLumx o6bemax
11 yNpOLLAET TEXHONOT I M3roToBNEHMA Gnonpenapatos. B npowecce paboTbl n3yueHa aMHamuKa HakonneHua 61IoMaccbl MUKonnasmbl npy 6e3omopHom meToe
KynbTUBMPOBaHUA. HarnaAHo NpofeMoHCTpupoBaHbl 4 Ga3bl pocta bakTepuu. B nepsbie ABoe CYTOK BbIPALLMBAHNA OTMEYANN HE3HAUUTEIbHOE CHUMKEHUe
KOHLIEHTPaLIn MUKPOOHbIX KNETOK, TPETbM — UeTBepTbIe CYTKIA XapaKTepK30Baniicb yBennueHnem 61omMacchl Ha Heckonbko nopsaaKoB ot 2,5 X 10880 4,5 x 10°
KNeToK B eMHILIE 06bEMA, Ha 5-€ CYTKM KOHLIEHTPaLNA HaXOANNACb B PaBHOBECHOM MONOXKEHUY, U HAUMHAA € 6-X CYTOK PerncTpupoBank Hactynnenme dasbl rv-
6enu MUKpoopraHu3ma. AHanornuHas MHamMInKa NpocnexXuBanach 1 Npy KynbTUBMPOBaHIM B 6uopeakTope. Mpu BIU3yanu3awum MIUKONMa3Mbl, NoftyyeHHoi npu
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BbIPALLYBAHIM FYBMHHBIM CoCo60M, Ha TBEPZAOI NUTaTeNbHOI Cpezie HabNioAANM eAUHIYHBIE KONOHWI UN MX CKOMAEHNA, UMetOLLVe BILS AMYHULbI-TNa3YHbU.
Takum 06pa3om, Ucnonb3ya 6e30M0pHbIii MeTOZ KyNbTUBUPOBAHNA 1 Takie NapaMeTpbl, Kak 3aceB MIAKOMa3Mbl B o3e 10° MUKPOOHBIX KNETOK B eAuHHLEe 06b-
€eMa, 00beM 3anonHeHus Ha 2/3, Temnepatypa uHKy6uposanus (37 +0,5) °C, nepemeLumBatue npin 90 06/MIH, a Takxe NpUMeHeHIe CUHTETUYECKOI NUTaTeNbHOI

Cpeabl 6aKT€pVIﬂ HaKananBaeTca B TUTPe 10° KneToK B eannnue obbema.

KnioueBble cnoBa: Mycoplasma mycoides subsp. mycoides, KoHTaruo3Has nneBponHeBMOHIA KpYMHOTO POratoro CKoTa, KynbTUBMPOBaHUeE, Gasbl pocTa

bnaropapHocTy: ABTOp BbipaxaeT NpU3HaTeNbHOCTL 3aMeCTUTENI0 AMpeKTopa No NPON3BOACTBY 1 kauecTBy 6uonpenapatos (Or6HY OULIBuM) A. B. NyHuwumHy.

PaboTa BbiNoNHeHa B pamKax rocyAapCcTBEHHOTO 3ajaHNA.

[ina uutuposanua: Nlantesa 0. . Pa3paboTka cnocoba rny61HHOro KynbTUBIPOBaHHA BaKLMHHOTO LWTamma Mycoplasma mycoides subsp. mycoides. Bemepurapus

ce200HA. 2023; 12 (2): 158-163. DOI: 10.29326/2304-196X-2023-12-2-158-163.

KoHdnukT nHTepecos: ABTOp 3a9BNAET 06 OTCYTCTBUN KOHGINKTA UHTEPECOB.

[ina koppecnoxpenyun: Nantesa OkcaHa [eopriesHa, KaHANAAT BETEPUHAPHBIX HAYK, CTapLUMii HayUHbIi COTPYAHUK NabopaTopum «/lekapcTBeHHble
cpencTBa ana xueotHbix» OF6HY OULIBuM, 601125, Poccus, Bnagumupckas obn., MeTywmHcknit p-H, noc. Bonbruxckuii, yn. Akagemuka bakynosa, ctp. 1,

e-mail: oksana-lapteva@rambler.ru.

INTRODUCTION

Large amount of the submerged cultivated biomass
is used in the manufacture of the anti-bacterial products.
The method of the submerged cultivation was put into
practice by N. E. Lebedev in 1950. The scientist demon-
strated the possibility of Enterobacteriaceae family mem-
bers'cultivation in the bioreactors with forced aeration and
agitation [1].

This method allowed for significant achievements in
the development of the industrial-scale biological pro-
duct manufacturing technologies [2]. Growth technolo-
gies of tularemia bacteria [3], Bacillus subtilis and Bacillus
licheniformis [4] used for probiotics production, etc. were,
inter alia, improved.

When submerged cultivated the microbial cells are
grown in liquid nutrient medium in special equipment -
bioreactors of different modifications. The reservoir
is equipped with the agitator of various configurations
with adjusted rotation speed, sensors of temperature,
pO,, pH and foam levels, whose readings are transmitted
to the computer display. Outside the bioreactor there are
sampling ports and other devices [5].

Liquid nutrient media are used for submerged cultiva-
tion.The media in such physical condition facilitate access
of the bacteria to the nutrient substances; they are easily
mixed when incubated thus allowing for the replenish-
ment of the nutrients essential for the culture [6].

Such bacteria as mycoplasmas are highly sensitive to
the growth media. In natural environment they are in
close contact with the host cells thus readily receiving
all substances necessary for their development. The sur-
face membranes of the mycoplasma and body cells are
nearly similar in structure, therefore, close membrane
contact occurs by way of dissolving in each other. This
interaction facilitates transportation of the nutrients es-
sential for mycoplasma from the host cell cytoplasm. Such
cooperation resulted in the evolutionary loss by the micro-
organism of the genes coding these substances. Therefore,
artificial nutrient media for mycoplasma cultivation shall
contain complex components necessary for their growth.

The protein base of the medium is the beef heart extract
or peptone. Back in the 1970s, the mostly recognized me-
dia included media based on Martin’s peptone and bovine
heart broth. Yeast extract is used as the growth factor and
source of vitamin B. The source of sterol is the equine se-
rum (less frequently, porcine one), supplemented in large
amounts. Bovine serum is not used as it can inhibit growth
of some mycoplasma species [7]. Thus, porcine serum is
used for Mycoplasma gallisepticum and Mycoplasma syno-
viae cultivation as it allows production of a large amount
of the mycoplasma biological material in the modified
Frey’s medium [8]. The source of energy involves glucose,
L-arginine or urea [9].

The majority of mycoplasma are facultative parasites
or commensals of animals and plants. The objects of the
mycoplasma paratization are quite numerous starting
from plants and up to mammals (including humans).
There are mycoplasma species pathogenic for humans,
animals and birds. They include M. mycoides — agent of
bovine, sheep and goat pneumonia; M. agalactiae — agent
of rheumatoid syndrome in sheep and goats, M. pneumo-
niae - agent of acute respiratory diseases and primary
atypical pneumonia in humans, which demonstrates high
hemolytic activity [10].

Among all mycoplasmas, Mycoplasma mycoides subsp.
Mycoides should be specifically mentioned as it causes
such highly contagious bovine disease as contagious
pleuropneumonia. The disease is characterized by fever,
fibrinous interstitial pneumonia, serofibrinous pleurisy
followed by formation of anemic necrosis and sequestra in
the lungs and accumulation of large amounts of exudate
in the thoracic cavity [11-13].

The global community rates the disease as a high-
ly dangerous one, and it is included in the list of noti-
fiable diseases by the World Organization for Animal
Health (WOAH). The disease is transboundary as well, and
its spread can result in grave consequences at the national
level. Annual economic losses due to contagious pleuro-
pneumonia suffered by the African countries amount
to 30 min euros [14-16]. In the late XIX - early XX centuries,
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the disease prevailed in European, Asian, African coun-
tries and in Australia. Severe animal health measures im-
plemented in different countries allowed for the disease
eradication in many localities of the globe. In the natural
environment the abovementioned pathogen infects only
ruminants, mostly cattle and zebu. In cattle contagious
pleuropneumonia is manifested by changed general
health condition (loss of appetite, pyrexia) and respiratory
signs (dyspnoea, polypnea, coughing and nasal discharge).
Sub-acute and acute disease is most often reported. The
animals pose the highest risk of the infection transmission
in case of chronic disease lacking obvious clinical signs [17].
The Russian Federation is the first EAEU country, which
in 2020 was included in the WOAH list of 20 countries
officially free from bovine contagious pleuropneumonia
(there are total of 182 WOAH member countries). The key
importance is currently given to the prevention of the di-
sease agent introduction into the country with the animals
and raw materials imported from the infected regions [18].
In this context, the vaccine production technology
should be developed, and there are critical control points
during the production process. Such enriched nutrient
media as F,, and Gourlay are used for mycoplasma cultiva-
tion thatin turn leads to possible bacterial contamination
(unintentional contamination). Use of antibiotics during
the medium preparation is very complicated due to high
sensitivity of mycoplasma to them (apart from penicillins
and sulfanilamides). This microorganism is demanding
to the medium pH, thus, hydrogen ion exponent should
be set within 7.8-8.0. The pH is rapidly decreasing during
cultivation that affects the mycoplasma harvest and its vi-
ability outside the cultivation environment [18].
Therefore, there are a number of difficulties in the my-
coplasma cultivation procedure, which should be given
particular attention; and use of submerged cultivation
in biotechnology is of topical importance.
The study was aimed at the development of the sub-
merged cultivation method for Mycoplasma mycoides
subsp. mycoides.

MATERIALS AND METHODS

Mycoplasma mycoides subsp. mycoides “MA-VNIIVVIM”
strain was used in the study. The strain was received from
the State collection of microorganisms causing dangerous
or highly dangerous diseases, including zooanthropono-
ses, and exotic animal diseases (CCP register number —
441429)'.

Nutrient media: nutrient broth and nutrient agar (Oxo-
id Ltd., Great Britain), yeast extract (Sanofi Diagnostics
Pasteur, France) and equine serum (BioloT Ltd., Russia).
Nutrient media were prepared according to the manufac-
turer’s instructions. The media were sterilized by autoclav-
ing at 121 °C for 15 min.

Equipment: bioreactor, 5 L (NBS, USA), shaker. In incu-
bator shaker, cultivation was performed in 250 cm? Erlen-
meyer flasks with 50 cm? of the nutrient medium. Key para-
meters were automatically controlled during cultivation in
bioreactor: temperature, agitation speed, pH of the media.

Cultivation in flasks in incubator shaker. The nutrient
medium was based on liquid broth and 10% yeast extract.

The medium was supplemented with 20% of inactivated
equine serum and filled at 50 cm? in 250 cm? flasks. The
bacterial inoculum was reconstituted to the initial volume
and 10-fold dilutions (107" and 10?) were prepared. Then
5.0 cm® of the 102 inoculum were transferred to the ready
nutrient medium. The flasks with the infected material
and control flask were incubated at (37 + 0.5) °C and static
shaking of 100 rpm.

Cultivation in bioreactor. The ready nutrient medium
(3 L) was infected with working inoculum (300 cm?) and
transferred to the closed system bioreactor. Automated
cultivation mode was set: temperature - (37 £ 0.5) °C, agi-
tation — 90 rpm, bubble aeration followed by agitation -
from day 2 of cultivation.

Upon the cultivation completion, the cell viability was
assessed, the microorganism was visualized and microbio-
logical purity of the culture was determined.

The microbiological purity was controlled by inocula-
tion into the nutrient media according to GOST 28085-
20132,

The viable cell concentration was determined by end-
point dilution method. Pooled sample was used to prepare
the ten-fold dilutions (10'-107°) with phosphate buffered
solution (pH 7.2-7.4). Then 1.0 cm? of each dilution start-
ing from 10* and up to 10 were inoculated in 3 tubes
with ready nutrient medium. The tubes were incubated
at (37 £ 0.5) °C for 14 days. After that presence or absence
of the microorganism growth was visually recorded by
the opalescence appearance. The most probable number
of the cells in the volume unit was calculated according
to McCredy'’s table.

The strain was visualized by inoculating 0.1 cm?® of each
endpoint dilution demonstrating well-expressed opales-
cence in the broth into the dishes with solid synthetic nu-
trient medium. After the complete absorption, the dishes
with the inoculates were transferred to the CO_-incubator.
The inoculates were incubated for 5-7 days at (37 + 0.5) °C
in the 5% CO, environment at 95% relative humidity. The
resulted colonies grown on the solid media were micro-
scopically examined using Opton ID 03 optical microscope
(ZEISS, Germany).

RESULTS AND DISCUSSION

During the first round of the experiments, the dynamics
of mycoplasma material accumulation was determined
when cultivated in the suspension containing flasks in
the shaker. The cultivation was proceeded until the culture
reached the stationary growth phase. The initial mycoplas-
ma concentration in the nutrient medium at inoculation
was determined as 11.5 x 10° of the most probable num-
ber of microbial cells per volume unit. Hereafter, during
the subsequent 7 days of cultivation, samples were collec-
ted for the assessment of the biological material accumu-
lation. The results are demonstrated in Figure 1.

The graph demonstrates that the lag phase contin-
ued for 2 days of growth, when insignificant decrease
of the microbial cell concentration was observed and
the titres amounted to 2.5 x 10° — 9.5 x 10°. Day 3 and
4 were viewed as logarithmic growth phase when bacte-
rial population increased by several orders of magnitude.

! State collection of microorganisms causing dangerous or highly
dangerous diseases, including zooanthroponoses, and exotic animal
diseases. Available at: https://ckp-rf.ru/catalog/ckp/441429.

2 GOST 28085-2013 Medicine remedies biological for veterinary use.
Method of bacteriological control of sterility. Available at: https://
meganorm.ru/Data2/1/4293775/4293775115.pdf.
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During this period, the mycoplasma accumulated up
to 2.5 x 10% - 4.5 x 10° cells per volume unit. On day 5,
the concentration was in equilibrium with the log phase
and amounted to 4.5 x 10° being indicative of the trans-
mission of the culture to the stationary growth phase.
Starting from day 6 of cultivation, the significant decrease
of the bacterial material was observed that specified
the onset of the death phase.

The results of the experiment, therefore, demonstrated
that during the submerged cultivation the mycoplasma
passes through all four growth phases. The maximal cell
accumulation in the volume unit was observed on day 4
of cultivation during the exponential growth phase, the du-
ration of which amounted to 48 hours for the tested strain.

Optimal pH levels of the medium used for Mycoplasma
mycoides subsp. mycoides "MA-VNIIVVIM” strain propaga-
tion ranged from 7.8 to 8.0. Changes of pH according to
the oncoming growth phase were reported during culti-
vation in flasks. Within the first 2 days, the medium acidity
matched the original pH level of the prepared cultiva-
tion medium and equaled 8.0. On day 3-4, the pH level
amounted to 7.8. Upon the new phase onset, the pH level
gradually declined thus being indicative of active biomass
accumulation. On day 5-6, the pH varied from 7.7 to 7.5
that was associated with the accumulation of bacteria
waste products and decrease of nutrient substances es-
sential for the growth of the microorganism, which in turn
affected the culture growth.

Therefore, during the mycoplasma cultivation the hyd-
rogen ion concentration in the cultivation medium chan-
ges depending on the bacterial growth phase.

The parameters selected for cultivation in flasks (filling
level, infection dose, cultivation duration, agitation speed)
were applied for propagation in 5-liter bioreactor. During
cultivation the major attention was given to the babbling
as the nutrient medium contained high percentage of se-
rum that could result in foam formation. The results of
the studies of the microbial cell accumulation dynamics
are shown in the table.

As you can see, in the bioreactor all bacterial growth
phases can be traced, which are typically observed during
cultivation in flasks in the shaker. On day 4 of cultivation,
high accumulation of the mycoplasma was reported -
2.8 x 10° cell/ volume unit. The duration of the exponential
growth phase in the bioreactor also amounted to 48 hours
with equal accumulation of the biomass.

Therefore, the submerged cultivation method can be
used for the bacteria propagation during the contagious
bovine pleuropneumonia vaccine production.

To visualize the mycoplasma produced by the sub-
merged cultivation method, the tested sample was inocu-
lated onto the solid nutrient medium. On day 5 of cultiva-
tion, the grown mycoplasma colonies were well seen by
microscopy. Both singular colonies and their accumulation
were in sight (Fig. 2).

The colonies were of regular round saucer-like shape
with yellowish core and transparent gray edges (Fig. 3).
There were colonies in the stage of division by budding
(Fig. 4).

Hence, the biomass with high accumulation rate was
obtained during the submerged cultivation, and when
inoculated onto the solid nutrient media the mycoplasma
had typical fried egg-shaped appearance.
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Fig. 1. Dynamics of mycoplasma population growth
at suspension cultivation

Table
Accumulation of mycoplasma vaccine strain “MA-VNIIVVIM” in the fermenter

Cultivation duration (day)

Activity (MPN) 9.5%10° 2.5%10* 9.5x 108 28%10°

MPN — most probable number.

Fig. 2. Mycoplasma colonies

Fig. 4. Colony in the process of
replication

Fig. 3. Colony center

As well as continuous cell cultures, the bacteria, and
mycoplasmas in particular, are suspension cultivated and
pass through all growth cycle phases [19]. The mycoplas-
mas are cultivated for a relatively long time in contrast
to other bacteria, whose cultivation can take 18 hours, e.g.
salmonella [20].
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When mycoplasma is cultivated in suspension,
the growth process is clearly demonstrated both in shak-
er and in bioreactor. Each of four stages took a certain
time period. It was determined that loss of the bacterial
mass by one order of magnitude was observed in the lag-
phase, which continued for two days. Exponential, or
log-phase, also lasted for two days as distinct from other
bacteria, which need from several minutes to 24 hours for
the phase. For instance, in case of salmonellas this phase
takes 20-30 min; coliforms — 15-17 min, staphylococ-
cus — 25-35 min, bacillus Kochii = 19-20 hours [19]. The
stationary phase, during which equilibrium between the
bacterial growth and death was observed, lasted for one
day and the death phase further occurred.

Use of bioreactor for the mycoplasma cultivation al-
lowed to automatize the key cultivation parameters: tem-
perature, agitation of the liquid and air phases. Due to con-
tinuous agitation all components of the medium as well
as microbial cells were evenly distributed all over the work-
ing space of the bioreactor thus allowing for homogenous
bacterial mass production [21].

CONCLUSION

The study results demonstrated that submerged cul-
tivation method can be used for mycoplasma biomass
production. Such cultivation parameters as mycoplasma
seeding at 10° microbial cells/volume unit, filling at 2/3 of
the volume, incubation temperature (37 + 0.5) °C, agitation
at 90 rpm and use of synthetic nutrient medium resulted
in the bacterium accumulation at the titre of 10° cells/vol-
ume unit at logarithmic growth stage.

It was determined that when submerged cultivated
the vaccine strain Mycoplasma mycoides subsp. mycoides

“MA-VNIIVVIM” follows routine patterns during the four
phases of the growth cycle. Exponential phase duration
amounted to 48 hours. In case of this cultivation method
the strain retained the mycoplasma-typical growth pro-
perties: distinct opalescence in the liquid synthetic medi-
um and development of the pronounced fried egg shape
wheninoculated onto the solid synthetic nutrient medium.
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Inactivation of foot and mouth disease virus

for vaccine production

D. V. Mikhalishin, V. V. Mikhalishin, Y. M. Gochmuradov, Yu. S. E'kina
FGBI “Federal Centre for Animal Health” (FGBI“ARRIAH"), Vladimir, Russia

SUMMARY

Inactivation is the loss by a virus of ability to reproduce and infect susceptible animals while retaining its antigenic properties. In this paper, the effectiveness
of aminoethylethanolamine when used as an FMDV inactivant is shown. The inactivation rates under selected parameters, effect of aminoethylethanolamine on virus
stability during inactivation and on vaccineimmunogenicity after storage at 2—8 °C were determined. The method for calculation of 50% aminoethylethanolamine
inactivating concentration (IC)) which enables to determine quality parameters of the virus-containing suspension, to compare the inactivating agent activities and
their ability to ensure the vaccine innocuity within the given period of time is presented. It was established that IC  for purified and non-purified virus-containing
suspensions was identical (0.0045%), and its safety after 12 hours of inactivation was one TCID, per 10°~10™ L of the virus containing suspension. It was also
found that double increase in inactivation time increased the virucidal activity of aminoethylethanolamine by a factor of 1.8 for serotype 0 and 2.4 for serotype A.
At the same time, the removal of cell debris had no significant effect on the inactivation process. Aminoethylethanolamine does not destroy 146S virus particles
and it was confirmed by immunogenicity testing of the vaccines during storage. This means that 15% aqueous solution of aminoethylethanolamine, manufactured
by Russian Company 000 “Biokhimresurs” (Vladimir) complies with high quality standards. Inmunogenicity test of bivalent FMD vaccine for cattle by challenging
demonstrated that its potency was 10.08 protective doses per 2 cm? of the vaccination dose.
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WHaKTMBaLKA BUPYCa ALLYpa
1A N3r0TOBNEHNA BaKLIMH

1. B. Muxanuwm, B. B. Muxanuwmn, bl. M. Toumypapos, 0. C. Enbkuna
OIBY «DeepanbHblil LieHTp oxpaHbl 340pOBbA XMBOTHbIX» (OT'BY «BHUIU3X»), r. Bnagumup, Poccusa

PE3IOME

VIHakTUBaLMA — 3T0 NoTepA BUPYCOM CNOCOBHOCTH K PenpoayKLmMu U MHGULMPOBAHMIO BOCTPUMMYMBLIX XKUBOTHbIX NPU COXPAHEHNIN aHTUTEHHbIX CBOICTB.
B pabote noka3zaHa 3¢p¢peKTMBHOCTb NPUMEHEHNA AMUHOITUAITUAEHUMUHA B KaueCTBe MHAKTMBAHTa BUpYca ALypa. OnpeseneHbl CKOPOCTb CHUXeHNA TUTpa
NHOEKLMOHHOCTI NPV BbIOPAHHbIX MapaMeTpax NPoLecca HAKTUBALMI, BAMAHUE aMUHOITUAITUNEHIMMIHA Ha CTABUNBHOCTb BUPYCA B MPOLIECCE MHAKTMBALMN
11 Ha IMMYHOTEHHOCTb BaKLMH Nocne xpaHeHua npyu Temnepatype 2—8 °C. MpeAcTaBneH MeToz BbIUMCIEHNA NATUAECATUNPOLEHTHOI UHAKTUBMPYIOLLENi KOH-
LeHTpaLMM aMUHOSTUITIREHMUHA (K ), N03BONAIOLLEI ONPE/eNATb KaueCTBEHHY!0 XapaKTepUCTIKY BIPYCCOMepXalLiei CycneH3iy, (paBHUBaTb aKTHBHOCTb
HAKTUBAHTOB 1 11X CMOCOBHOCTL 0becneunBaTh aBUPYNEHTHOCTL Npenapara B 3afaHHblil NPOMEXYTOK BpeMeHU. B pe3ynbrate npoBeaeHHbIX UCCNef0BaHMi
6biN0 yCTaHOBNEHO, UTO 3HAUeHNe Ks0 ANA HEOUMLLEHHO 1 OUMLLEHHOI BUPYCCOAepMaLLMX CycneH3uii 6bino opuHakoBbiM — 0,0045%, a ypoBeHb be3onacHocTn
nocne 12 4 uHakTuBauun coctasun ogHy TUA, 8 10°~10" n BupyccofepxaLLieii cycnensuin. Takxe 6bino BbIABIEHO, UTO YBENNYEHMe BPEMEHU MHAKTUBALMN
B /1Ba pa3a NoBbICUNO BUPYNULMAHYI0 AKTUBHOCTb aMUHOITUNITUNEHMMUHA: AnA Tuna 0 — B 1,8 pasa, anAa Tuna A — B 2,4 pa3a. B 10 e BpemaA 0uncTKa oT Kne-
TOYHOrO Ae6puca Ha NPOLECC MHAKTUBALAM He 0Ka3blBasa CYLLLECTBEHHOTO BAMAHMA. AMUHOITUNITUNEHUMIH He pa3pyLuaeT 1465 yacTuubl BUPYCa, uTo 1 6bino
MOATBEPAEHO NP NCCNIE[OBAHNM UMMYHOTEHHOI aKTUBHOCTY BaKLIH B NpoLiecce XpaHeHna. Takium 06pa3om, aMiuHOSTIUNSTUAEHUMIH, BbINyCKaemblii B BUae
15%-ro BogHoOro pactopa poccuiickoi pupmoii 000 «buoxumpecypc» (. Biagummp), cooTBETCTBYET BbICOKIM CTaHAApTaM kauecTsa. lpu nccnefoBaHm um-
MYHOTEHHOCTU IMYNbCUOHHOI OMBANEHTHO MPOTMBOALLYPHOI BaKLIMHbI ANA KPYNHOrO POraToro CkoTa B 0CTPOM OMbITe YCTaHOBWAM, YTO aKTUBHOCTb Npenapata
coctaBuna 10,08 3aWuTHbIX 103 B NPUBMBHOM 06beme 2 Cv,

KnioueBbie cnoBa: BupycALlypa, BUpynuuuAHaA akTUBHOCTb, NHAKTUBAHT, BaKLHA
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INTRODUCTION

The production of whole-virion vaccines against foot
and mouth disease is a complex and multi-stage process.
One of the mandatory steps in the vaccine technolo-
gy is the inactivation of the foot and mouth disease vi-
rus (FMDV). Inactivation is the loss by a virus of the ability
to reproduce and infect susceptible animals while retain-
ing its antigenic properties [1].

The main requirement for the inactivant is that it must
change the viral nucleic acid but must not significantly
diminish the properties of the protein responsible for im-
munogenicity. Formaldehyde was the first chemical agent
used to inactivate the virus for the vaccine production [2].
Aninnocuous vaccine suitable for cattle immunization was
obtained using this substance.

Formaldehyde as an inactivant has a number of draw-
backs: narrow range of concentrations that inactivate viral
infectivity and reduce vaccine immunogenicity; the multi-
component nature of the inactivation curve [3-5], which
does not allow to determine the endpoint of inactivation
and the innocuity of the vaccine [6]; products of formal-
dehyde reaction with non-functional proteins are allerge-
nic [7]; vaccine shelf life is compromised by higher tem-
peratures. Hydroxylamine, methylglyoxal, and ethylene
oxide have been tested as inactivants, but they are not
widely used in the manufacture of antiviral vaccines.

Studies by F. Brown et al. [8, 9] have discovered a new
class of chemicals (aziridines) for inactivation, which are
superior in inactivation rate and in preservation of FMDV
immunogenic properties.

Bahnemann H. G. [10, 11] proposed using a mixture
prepared by synthesis of ethylenimine from 2-bromoethyl-
amine hydrobromide for inactivation of FMD virus. This
drug was called binary ethylenimine, which is widely used
in the manufacture of FMD vaccines.

Aziridines inactivate the viral infectivity in a first-order
reaction without significant reduction in immunogenicity.
Linear inactivation kinetic makes it possible to calculate
the innocuity level of the vaccine [12-16].

The interaction rate of the inactivant with the viral
protein envelope and the nucleic acid is directly propor-
tional to the concentration of the reacting groups. Be-
side the concentration of the inactivant, the inactivation
rate is influenced by temperature, incubation time, pH
of the medium and components of the virus-containing
suspension. During vaccine manufacture, special signifi-
cance is given not to the virus inactivation rate, but to
the ability of the chemical agent to ensure its complete
inactivation [17].

The complete inactivation of FMD virus is a critical
requirement in the production of FMD vaccine to en-
sure the safety of the product. The vaccine innocuity
can be controlled more effectively by the analysis of
inactivation kinetics used to determine the theoretical
time of inactivation, as well as the procedure of the virus
inactivation. The logarithmic graph of the residual in-
fectivity, depending on the inactivation time, should be
linear. This straight line allows extrapolation to the end-
point of the inactivation. Validation of the inactivation
process is an essential part of quality assurance [18, 19].
Aminoethylethanolamine (AEEA) in the studies of
N. A. Ulupov et al. was identified as most suitable in-
activant, which is currently used in the manufacture of
FMD vaccines [20].

Advantages and prospects of AEEA use in the produc-
tion of FMD vaccines has been noted by many authors
in their works [21-24]. The World Organization for Animal
Health recommends using binary ethylenimine to inacti-
vate FMDV for vaccine production [25]. The mechanism
of viral inactivation by ethylenimine and its oligomers con-
sists in alkylation of nucleic acid or protein due to the ring
opening reaction [6, 20].

This article presents some results of studies of the FMDV
infectivity inactivation using AEEA. A method for evalua-
tion of the inactivant virucidal activity and its effect on vac-
cine immunogenicity and antigen stability during storage
is demonstrated.

MATERIALS AND METHODS

Virus. Production strains of FMDV types A, O, C,
Asia-1, SAT-1, SAT-2, SAT-3 adapted to newborn rabbits
and BHK-21/2-17 cell suspension culture.

Animals: 18-20 g white mice, 3-5 day-old suckling mice,
250-300 kg cattle.

Cell culture: trypsinized primary porcine kidney cul-
ture (PK), BHK-21/2-17 suspension cells.

Inactivant: 15% aqueous solution of 1-(2-aminoethyl)-
aziridine (OOO “Biokhimresurs”, Russia) and anhydrous
AEEA stored on dry NaOH.

Determination of IC_ of inactivants. The determination
of AEEA virucidal activity is based on the determination
of inactivant concentration, which reduces the infectivity
of the virus-containing suspension to 10° LD, or TCID,  at
the specified parameters of time, temperature and pH. By
analogy with potency test by calculation of 50% protec-
tive dose, it is possible to calculate the concentration of an
inactivant that protects 50% of infected animals or culture
flasks from the virus (IC, ).
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The IC, was determined using Kerber — Ashmarin for-
mula:

IlgIC,,=1gD,_ -lgd(L -0.5),

where D__is the maximum concentration of the inac-
tivant at which all test targets are not infected with FMD;
d - multiplicity of tested inactivant concentrations;
3L, is the sum of ratios between the number of
non-infected suckling mice or PK monolayer flasks free
from CPE (cytopathic effect) with the number of infected
suckling mice or flasks.

The result of the IC,, determination is the percentage
concentration of the inactivant in the FMDV suspen-
sion, which reduces its infectivity to one LD, or TCID, in
the tested suspension volume.

Example:

An inactivant is added to the precisely measured vol-
umes of the tested virus-containing suspension, making
two-fold serial dilutions. The same pH and temperature
values are adjusted in the samples. After a defined incu-
bation period, the residual infectivity is determined using
suckling mice or cell culture. For each concentration of
the inactivant, 10 animals or flasks are used. The mice are
observed for 7 days, and the cell culture is monitored for
3-4 days. Number of affected and unaffected test targets
are recorded.

) Ratio between
Concentration Number of
Number of the numbers of non-
of the . non-affected | . .
L test animals . infected and infected
inactivant animals .
animals
0.005 10 0 0/10
0.010 10 3 3/10
0.020 10 7 7/10
0.040 10 10 10/10
0.080 10 10 10/10

Calculation of IC,) based on the data in the table:

IglC,,=1g0.08-1g2(0/10+3/10+7/10+10/10 +10/10 -
-05)=29-03%x25=29-0.75=2.15.

The antilogarithm of 2.15is 0.014, hence IC, = 0.014%.

The calculated concentration of the inactivant in the vi-
ral preparation, equal to 0.014%, reduces the infectivity to
the level of one infectious unit during a specified time, at
specified temperature and pH. The advantage of the me-
thod is the rapid determination of the viral inactivation
mode for vaccine production. The calculated concentra-
tion of the inactivant, which protects 50% of test subjects,
reflects the qualitative characteristics of any component of
the virus-containing suspension, the role of temperature,
pH in the AEEA inactivation and its virucidal activity for
a different batch and during storage [17].

Determination of the FMDV inactivation rate. The in-
activation rate was determined after calculation of IC,.
An inactivant was introduced into the viral suspension to
obtain a concentration several times higher than IC,, the
mixture was incubated at a given temperature, samples
of the suspension were taken every hour and stored fro-
zen until testing for infectivity. The constructed graph of
the infectivity titer reduction described the inactivation
rate and the vaccine innocuity level for a certain duration
of inactivation.

Experimental vaccines based on lapinized FMD virus
were prepared on acetate, ammonia and phosphate
buffer solutions. Viral suspensions containing 10% rabbit
tissue were purified with chloroform, AEEA solution was
added to a concentration of 0.03%, pH was adjusted with-
in 7.2-7.8 and then incubated at a temperature of 26-27 °C
for 24 hours. Vaccines containing 59.5% of the suspension,
30% of aluminum hydroxide with 3% Al,O,, 10% of glyce-
rin and 0.5% of 10% saponin solution were formulated
from innocuous suspensions.

A bivalent emulsion vaccine was formulated contain-
ing using inactivated suspension of cultured FMDV types A
and O and adjuvant Montanide™ ISA 206 in a ratio of 1:1
and containing 4 ug of FMDV 146+75S component of each
type per inoculation dose.

The immunogenicity of the vaccines was tested on adult
white mice, which were vaccinated subcutaneously with
0.4 cm® of whole vaccine and of the vaccine diluted 2, 4,
8, 16 times using phosphate buffer. After 21 days, mice
were infected with a homologous virus adapted to them
at a dose of 10* LD, /cm’. After an 8-day observation,
a 50% immunization dose of the vaccine (ImD, ) was de-
termined using the Kerber - Ashmarin formula.

A bivalent water-in oil-in water complex emulsion
vaccine was tested on cattle using quantitative method.
The vaccine was injected intramuscularly to three groups
of animals (five animals per each group), each subsequent
dose was decreased by a factor of 4 (2.0, 0.5 and 0.12 cm?).
Animals were challenged on Day 28 after immunization
by inoculation of 10*ID, /0.2 cm? of homologous virus
into the mucous membrane of the tongue. After 7 days,
the animals were examined and a protective dose (PD,)
per vaccination volume for each type of virus included in
the vaccine was established.

All animal experiments were conducted in strict accor-
dance with the GOST 33215-2014 and GOST 33216-2014
interstate standards for laboratory animal keeping and
handling, adopted by the Interstate Council for Standardi-
zation, Metrology and Certification, as well as in accor-
dance with the requirements of Directive 2010/63/EU of
the European Parliament and the Council of the European
Union, September 22, 2010 on the protection of animals
used for scientific purposes.

RESULTS AND DISCUSSION

The results of the studies aimed at determination of
the AEEA concentrations in a viral suspension, which re-
duce the virulence of samples to one LD, , after challenge
of 3-5 day suckling mice are shown in Table 1.

As we can see, 0.0025% AEEA concentration in sus-
pensions prepared using acetate and ammonia buffer
solutions and 0.0031% AEEA concentration in suspension

Table 1
Effect of medium used for lapinized FMDV type 0 suspension
on AEEA virucidal activity (n=7)

Ammonia buffer
solution

Acetate buffer
solution

Phosphate buffer
solution

IC,, value after virus inactivation for 24 hours at 26-27 °Cand pH7.2-7.8

0.0025 £ 0.00029
P <0.005

0.0025 £ 0.00029
P <0.005

0.00310.00031
P <0.001
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prepared using phosphate buffer solution reduced infec-
tivity to one LD, after 24 hours incubation at 26 °C.

Taking into account the published data that aziridines
inactivate FMDV infectivity in a first-order reaction and
the inactivation rate is proportional to the concentration
of the inactivant used, graphs were constructed to re-
duce the infectivity of type O in the phosphate buffer
at 26-27 °C for 0.01% and 0.02% AEEA concentrations.
These concentrations were 3.22 and 6.45 times higher
than the IC, value, which should have accelerated in-
activation by a corresponding factor. However, the ave-
rage inactivation rate after 3 and 6 hours of incubation
was 4 and 8 times higher than when 0.0031 £ 0.00031%
concentration was used.

The average values obtained by three experiments
to study the inactivation kinetics of FMDV types A, O, C,
Asia-1, SAT-1, SAT-2, SAT-3 using a phosphate buffer solu-
tion, AEEA at the concentration of 0.03% and at 26-27 °C
and pH 7.2-7.8, showed that, despite the differences in
the infectivity titers before the start of inactivation, infec-
tivity was lost in all 7 serotypes after 2 hours. If inactivation
lasted 8 hours, the innocuity level corresponded to one
LD,,in 0.1L (3 h)andin 10°L (6 h). Extrapolation of the in-
activation curves on 8 hour duration suggested that the in-
nocuity level of the suspension corresponded to one LD, ,
in 10'>3-10">% L for serotypes A, O, C, Asia-1, SAT-1, SAT-2,
SAT-3. The average inactivation rate of all 7 serotypes of
the FMD virus was 10** LD,  per hour.

Since the ethylenimine dimer is toxic, it is used as
aqueous solutions (for example, a 15% AEEA aqueous solu-
tion), and stability of the active substance in the solution
decreases during storage. Therefore, the next step was to
study the virucidal activity of 15% AEEA solution at 2-8 °C
after 0, 2, 4, 6 months of storage against cultural FMDV
type O.The results obtained are presented in Table 2.

As we can see, the virucidal activity of the inactivant
did not decrease after 6 month storage at 2-8 °C, since
the 50% inactivating concentration (IC,) did not change
significantly after 2, 4, 6 months compared to the original
concentration.

It was also found that 15 and 1% AEEA solutions pre-
pared using demineralized water remained active for
6 months (observation period) at 2-8 °C. Anhydrous AEEA
when stored over dry alkali (NaOH) remained active for
20 years (observation period) at a storage temperature
of minus 10-20 °C (unpublished data).

The effect of AEEA on the immunogenicity of lapini-
zed FMDV in a vaccine containing aluminum hydroxide,
glycerin and saponin was studied for serotype O, which is
the most labile one.

After purification with chloroform, AEEA solution was
added to the suspension samples of the lapinized virus to
a concentration of 0.03%. After 24 hours of the virus inac-
tivation at 26-27 °C and pH 7.2-7.8, innocuity was tested
and vaccines were formulated. To assess the immuno-
genicity of the vaccines, the method of ImD, | quantifica-
tion was used on 18-20 g white mice. The animals were
immunized subcutaneously with the vaccine diluted in
1/15 M phosphate buffer solution and challenged 21 days
after vaccination. The immunogenicity of the vaccines was
determined after manufacture, after a year and 8 years of
storage at 2-8 °C. The results of the experiments are pre-
sented in Table 3.

Table 2
Effect of storage time on AEEA virucidal activity
Inactivant storage time (months) IC,, (%)
0.0036
0 0.0040
0.0047
M+m 0.0041+0.0003
0.0050
2 0.0047
0.0043
M+m 0.0047 +0.0002
0.0029
4 0.0038
0.0047
M+m 0.0038 +0.0005
0.0050
6 0.0040
0.0052
M+m 0.0047 + 0.0005

Table 3
Dependence of FMDV type 0 immunogenic component stability
on suspension medium and storage time

Immunogenicity of vaccines for mice

AEEA .
Virus suspension | concentration (ImDy;in 1 cm’)
medium insuspension | after manufac- | after 1year after 8 years
(%) turing of storage of storage
0.16 0.15 0.18
1 Acetate buffer 0.03 0.17 0.19 0.21
solution ' 0.16 0.18 0.16
0.15 0.15 0.17
Mxm 0.16£0.008 | 0.17£0.021 0.18 £0.022
0.19 0.29 0.30
5 Ammonia buffer 0.03 0.19 0.19 0.25
solution ' 0.10 0.23 0.24
0.1 0.1 0.14
Mxm 0.15+0.049 | 0.21+0.076 | 0.23%0.067
0.12 0.16 0.21
3 Phosphate buffer 0.03 0.13 0.18 0.19
solution ' 0.13 0.21 0.20
0.14 0.20 0.23
Mxm 0.13+0.008 | 0.19+0.022 | 0.21%0.017
It was found that the AEEA optimal safe concentra-
tion made it possible to formulate vaccines identical in
immunogenicity, which did not decrease their activity
after 8 years of storage. However, this worked with those
vaccines in which the virus was suspended in an acetate
buffer solution. A tendency to decreased activities were
found in the vaccines from the virus suspended in ammo-
nia and phosphate buffer solutions.
In the process of FMDV inactivation, an inactivant ob-
tained by two methods of synthesis was used: the first —an-
hydrous AEEA was obtained by polymerization of ethylen-
imine, and AEEA aqueous solution containing piperazine
was obtained by cyclization of the AEEA sulfate ester.
The latter is still used in the manufacture of FMD vaccines
167
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Table 4
Effect of inactivation time on AEEA virucidal activity

IC,, (%)

Inactivation time (hours)

FMDV type O FMDV type A

0.0027 0.0031
12 0.0030 0.0030
0.0025 0.0025

Mxm 0.0027 £ 0.0001 0.0029 = 0.0001
0.0015 0.0014
24 0.0008 0.0009
0.0011 0.0012

M+m 0.0011+0.0001 0.0012 = 0.0001

Table 5
Effect of purification on FMDV type 0 inactivation

IC,, (%)

Number of trials

purified suspension unpurified suspension
1 0.0050 0.0048
2 0.0036 0.0040
3 0.0043 0.0040
4 0.0051 0.0052
M£m 0.0045 =+ 0.0007 0.0045 + 0.0006

Table 6
Immunogenicity of bivalent emulsion FMD vaccine for cattle

Ve Generalised foot infection

Vaccine description

dose (cm?)
20 - -
Emulsion vaccine B B
based on adjuvant _ _
Montanide™ ISA 206; | - g - 1008 | 1008

Antigen: _ _
Type 0—4 g, _ n

TypeA—4yg
+ -_
+ +
0.12 + +
+ +
+ +
Control + +

u_n

no podal generalization;
“+"podal generalization.

from a virus reproduced in BHK-21/2-17 cell suspension
culture.

At the next stage, the kinetics of FMDV type O infectivi-
ty reduction, reproduced in a BHK-21/2-17 cell suspension
culturein a 2,000 L bioreactor with 0.02% AEEA concentra-
tion and at 37 °C was analyzed. It was found that the inac-
tivation was significantly lower than the inactivation rate
of the lapinized virus, despite the fact that the inactiva-

tion temperature of the culture virus was 10 °C higher. This
can be explained by the fact that the FMDV inactivation
rate decreases with an increase in the salt concentration
in the suspension and pH increase. In our experiments,
the decrease in the inactivation rate is caused by the pre-
sence of the entire mass of whole BHK-21 cells and cell
debris and a higher concentration of salts and other orga-
nic substances in the suspension. However, the innocuity
level of the suspension after 12 hours of inactivation was
one TCID, in 10°-10" L of suspension.

Taking into account the fact that an increase in the tem-
perature of the virus-containing suspension contributes
to an increase in AEEA virucidal activity, the inactivation
process was started immediately after the virus finished
its reproduction in BHK-21/2-17 cell suspension culture
at 37 °C. Effect of inactivation time at 37 °C on the inac-
tivant virucidal activity was tested after 12 and 24 hours.

The results presented in Table 4 demonstrate that an
increase in incubation time at a constant temperature con-
tributed to an increase in AEEA virucidal effect for type O
by 1.8 times, for type A by 2.4 times.

Since a finely dispersed matter is formed during inac-
tivation, it is technologically more convenient to perform
inactivation before the purification of the virus-containing
suspension. It was therefore necessary to prove that such
an inactivation mode is sufficient to obtain an innocuous
suspension of both purified and unpurefied cultural
FMDV (Table 5).

It was found that IC, for unpurified and purified sus-
pensions was the same and amounted to 0.0045%. This
fact confirmed that the cellular debris contained in the un-
purified suspension did not have a negative effect on
the inactivation process.

Complement fixation testing of cultural FMD virus of
serotypes A, O, C and Asia-1 before and after inactivation
showed that 146S component of the virus was not de-
stroyed.

Using the developed inactivation mode of the FMD cul-
ture virus of types O and A, a bivalent emulsion vaccine
was formulated, which was tested for immunogenicity by
quantitation in cattle (Table 6).

The data in Table 6 demonstrate that the vaccine po-
tency for both types was 10.08 PD_ in a vaccination dose
of 2.cmd.

CONCLUSION

FMDV adapted to 2-3 day old rabbits and to BHK-21/2-17
cell suspension culture was used to test the virucidal
activity of the ethylenimine oligomer — N-aminoethyl-
ethanolamine (AEEA). The first stage of inactivant evalu-
ation was the determination of the concentration that
gives a non-virulent viral suspension at the specified pa-
rameters of the inactivation process (temperature, virus
concentration, duration, pH), and the calculation of IC_ .
IC,, for unpurified and purified suspensions was the same
and amounted to 0.0045%. This fact confirmed that
the cellular debris and lapinized non-functional proteins
contained in the unpurified suspension did not have
a negative effect on the inactivation process.

The constructed graph of infectivity titer reduction
with the selected inactivation parameters (0.02% AEEA
concentration at 37 °C) made it possible to determine the
innocuity after 12 hours of inactivation, which amounted
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tooneTCID, in 10°-10"" L of a virus-containing suspension
intended for vaccine production.

The analysis of the dependence of the AEEA concen-
tration and the vaccine storage duration on the FMDV im-
munogenicity showed that after inactivation 146S antigen
did not break down.

Immunogenicity of bivalent FMDV vaccine for types A
and O was 10.08 PD,  in 2 cm? vaccination dose. Virucidal
activity, stability, high inactivation rate, minimal damage
to 146S antigen indicates that AEEA has a number of ad-
vantages over other aziridines, used for FMDV inactivation.
Thus, 15% aqueous solution of aminoethylethanolamine,
produced by the Russian company OOO “Biokhim-
resurs” (Vladimir) meets all high quality standards.
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Optimizing a low-temperature preservation

technique for Bacillus anthracis strains

A.P.Rodionov, E. A. Artemeva, L. A. Melnikova, D. M. Sahibullina
FSBSI“Federal Center for Toxicological, Radiation and Biological Safety” (FSBSI“FCTRBS-ARRVI”), Kazan, Republic of Tatarstan, Russia

SUMMARY

The use of pure microbial cultures is associated with the following key challenges: storage, transportation and resuscitation after a long-term preservation. The cur-
rently used anthrax vaccines are produced using various strains of Bacillus anthracis. According to the storage passport data, anthrax strains are now stored in
30-40% glycerin solutions, which helps to preserve a sufficient number of viable cells without losses to their pathogenic properties for three years. It is obviously
an urgent task to develop a long-term preservation technique for Bacillus anthracis strains. The aim of this study was to optimize a low-temperature preservation
method for Bacillus anthracis strains that ensures viability and no losses to biological properties of the pathogen. Two vaccine strains of Bacillus anthracis were selec-
ted for the research: i.e. K-STI-79 and 55-VNIIVViM and two cryoprotective media (No. T— 15% glycerin solution with 15% glucose solution and No. 2 — 30% neutral
glycerin solution in saline solution). At first biological properties of the strains were studied and the number of viable cells was calculated. Later on, the strains
were placed into low-temperature preservation facilities, at the temperature of —40 and —70 °C. Six months later, the effect of three thawing cycles on viability and
biological properties of the agent was tested: i.e. at room temperature (22 + 2) °C, in a water bath at a temperature of (37 & 1) °Cand in a household refrigerator
at a temperature of (6 + 2) °C. As demonstrated, the best option is to preserve the cells at —70 °C and thaw them in a water bath at (37 + 1) °C. Further research
will be focused on duration of the low-temperature preservation that will ensure appropriate viability and biological properties of the pathogen.
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0TpaboTKa pexxuma HU3KoTeMnepaTypHOIl KOHCcepBaL|u
wtammoB Bacillus anthracis

A. . PoauoHos, E. A. AprembeBa, Jl. A. MenbHukoBa, [l. M. CaxubynnuHa

OTBHY «DesepanbHblii LLEHTp TOKCMKONOrMYeCKoil, paanaLuoHHoli u buonornueckoil 6esonacHoctu» (OFBHY «OLTPB-BHUBI), r. KazaHb, Pecnybnuka Tatapcta, Poccua

PE3IOME

KntoueBoit npobnemoii ncnonb3oBaHua YUCTbIX KyNbTyp MIUKPOOPraHN3MOB ABMAETCA UX XpaHeHIe, TPAHCMOPTUPOBKA, BOCCTAHOBNEHHME XIU3HECN0COOHOCTI
nocne ANUTeNbHOI KOHCePBALMI € COXPaHEHMEM LieHHbIX 6ronornyeckinx (BoicTs. lpumeHsaemble B HacToALLee BpeMA NpoTUBOCOMpeA3BeHHble BaKLHbI
C03/3AK0TCA C MCNOb30BAHNEM Pa3nnyHbIX WTammoB Bacillus anthracis. Ha cerogHAWHuIA feHb LWTaMMbl BO36yAUTENs CUOMPCKOIA A3BbI, COTNACHO AaHHbIM Na-
CNOPTOB, KOHCepBUPYHOT B 30—40-NpOLIEHTHBIX PaCTBOPaX MMLEPUHA, NO3BOAAKLLMX COXPAHATL JOCTATOYHOE KOMMYECTBO XI3HECMOCOBHbIX KNETOK, a Takxke
(BOIiCTBa BO36yAuTeNA B TeueHue Tpex net. QueBMaHo, uTo papaboTka cnocoba KoHcepBaww WTammoB Bacillus anthracis ana 6onee NpoLomKMTENbHOTO Xpa-
HeHuA Bo30yauTena ABNAETCA akTyanbHoil 3apaveit. Lienbto pabotbl 6bino 0TpaboTaTh pexym HU3KoTeMMepaTypHOI KoHcepBaLum WrammoB Bacillus anthracis,
06ecneynBatLLVil COXPAHHOCTb XI3HECNOCOBHOCTY 1 Gronornueckinx CBOIACTB BO36yauTeNns. [Ina npoBeseHNa nccnesoBaHuii 6bini 0To6paHbl 1B BaKLUHHBIX
wramma Bacillus anthracis: K-CTI-79 n 55-BHUWBBuM, a Takxe aBe kpuonpotekTopHble cpefbl: N T— 15%-ii pacTBop rauLepuHa ¢ 15%-m pacTBOpOM FioK03bl
1 N 2 — 30%-1i HeiiTpanbHbI pacTBOp FMLEPUHA Ha GU3nonornyeckom pacteope. Ha nepeom s1ane 6bi1 n3yyeHbl 61noNorMyeckue CBOACTBA LUTAMMOB U NOA-
CYUTAHO KOMMYECTBO XI3HECMOCOBHbIX KNeToK. Mocne yero WTammbl Obii NOMeLLeHbI Ha HU3KOTeMNepaTypHYlo KoHcepBaLyio npu MuHyc 40 n munyc 70 °C.
Yepes 6 MecALLeB XpaHeHNA 13yyani COXPAHHOCTb WX KU3HECNOCOBHOCTY 1 BUoNOrMuecKuX CBOICTB NPU TPEX PEXMMax Pa3MOPO3KU: U KOMHATHOI Temnepa-
Type (22 = 2) °C, Ha BoAAHoIt 6aHe npu Temnepatype (37 + 1) °C v B 6biToBOM XoNoAMNbHUKe Npu Temnepatype (6 = 2) °C. bbino yctaHoBneHo, uTo Hanbonee
MOAXOAALLMM PEXIIMOM ABUNOCH XpaHeH e KNneTok npu MuHyc 70 °C v pa3mopaxmBaHue Ha BoAAHoI 6ae npu (37 £ 1) °C. lanbHeiiwne nccnesoBaqna bymyt
HanpaseHbl Ha YCTaHOBNEHe MAKCUMaNbHO BO3MOXHOI ANMTENbHOCTI XPaHEHMSA LUTAMMOB NPY HU3KOTEMMEPATYPHOM PeXMMe KOHCepBaLUM, NI KOTOPOii
COXPAHATCA XN3HECNOCOOHOCTb 11 B1ONOrNYecKVe CBOICTBA BO30YAuTeNs.

Kniouesbie cnoBa: cubnpckan a38a, Bacillus anthracis, wtammbl, HU3KoTeMnepaTypHas KoHcepauua
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MoB Mukpoopraquzmo OTBHY «OLTPE-BHIBI», 420075, Poccus, Pecnybnuka TatapcTan, r. Kasawb, HayuHblii ropogok-2, e-mail: alexandrvetspets@gmail.com.

INTRODUCTION

Any research into infectious diseases, basic microbio-
logy, structural and molecular biology is based on the use
of pure microbial strains that are also crucial for the pur-
poses of biotechnology and biomanufacturing [1, 2].
The use of pure microbial cultures is associated with the
following key challenges: storage, transportation and
resuscitation after a long-term preservation without
any losses to their valuable phenotypic and genotypic
characteristics [3, 4].

The Culture Collection Centres that supply research
laboratories and biological establishments with valuable
pathological strains face an important task to select an ap-
propriate preservation method and adjust it to a particu-
lar microorganism [5]. Optimally selected preservation
methods and protocols ensure good viability and stable
biological properties of specific microbial strains for a long
time. Therefore, collection centers use various preserva-
tion methods: subculturing, storage in mineral oil, sto-
rage in water and water-salt solutions, drying on solid
media, low-temperature preservation (from -10 to -80 °C
and below), cryopreservation (storage in liquid nitrogen
at-196 °C) and freeze-drying [6]. The most frequently used
long-term storage lab methods include low-temperature
preservation and freeze-drying.

Low-temperature preservation of microorganisms
consists in freezing pure cultures of bacteria or viruses
in a cryoprotective medium that protects the microorga-
nisms from ice crystals during storage, freezing and thaw-
ing [7, 8]. The storage period depends on the storage tem-
perature and the cooling/thawing rate [9]. Many Collection
Centers successfully preserve bacterial cultures in modern
freezers that maintain temperatures down to -86 °C [6].

Freeze-drying is a desiccation tool used for frozen
biomaterials, when water is evaporated in a frozen state
(in a vacuum) and does not pass through the liquid
state. Thus, the original structure of the freeze-dried
subject is retained [7]. Freeze-drying is now recognized
as the method ensuring the longest storage of micro-
organisms, and convenient transportation of the freeze-
dried material [10].

Low-temperature preservation is a more available tool,
since it does not require a complex infrastructure (except

for a freezer), whereas freeze-drying requires more specific
equipment and specially trained engineers and technical

staff [11]. This method ensures a 10-year storage of micro-
bial cells without any losses to their properties [5].

There are publications in Russian and foreign litera-
ture on low-temperature storage technique mainly used
for BSL Ill and IV pathogens [12-15]. However, develop-
ment of preservation protocols for BSL | and Il pathogens
is equally important.

Most highly dangerous diseases were eradicated with
the help of various immunobiological drugs produced on
pure microbial cultures [16-19]. Anthrax is a highly dan-
gerous zooanthroponosis, widely spread in many coun-
tries, the spore-forming microorganism Bacillus anthracis is
the causative agent [20]. Relative freedom of our country
from this disease has been achieved by annual vaccination
of all the susceptible animals, as well as humans who may
face a risk of infection [21]. Animals and humans are im-
munized with the vaccines produced from B. anthracis
living cells: strains 55-VNIIVViM and STI-1, corresponding-
ly [22]. In order to ensure biological safety of our country,
it is strategically important to preserve those properties
of the pathogen that contribute to a strong anti-anthrax
immunity.

Currently, anthrax strains are stored in Collection
Centers in a freeze-dried form or in sealed ampoules
with 30-40% glycerin solutions. Freeze-drying of B. an-
thracis cells enables to store them for decades, however,
recent research done by Russian experts demonstrate
that freeze-drying of strains of highly dangerous disea-
ses makes it difficult to achieve a required biosafety level
in the course of work. This is explained by the fact that
freeze-drying is accompanied by generation of aerosols,
which contain cells of the freeze-dried pathogen [23].
Preservation of B. anthracis in glycerin solutions is a safer
method; however, in this case pathogens may be stored
maximum for 3 years (according to the strain data
sheet). There are no data in Russian or foreign literature
on low-temperature preservation of B. anthracis strains.
However, based on the data available [5, 6, 8], it can be
assumed that, in terms of pathogen handling, preserva-
tion method is safer than freeze-drying, and it ensures lon-
ger pathogen viability than storage in glycerin solutions.
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The above data demonstrate how important it is to search
for an optimal low-temperature preservation tool for
B. anthracis strains. The scientific novelty of the research
consists in comparing viability of the B. anthracis cells
preserved and stability of their biological characteristics
under different low-temperature preservation conditions,
when two cryoprotective media are used.

Based on the above, the purpose of this work was to op-
timize low-temperature preservation tool for B. anthracis
strains that will preserve appropriate viability and biologi-
cal characteristics of the pathogen.

MATERIALS AND METHODS

Strains. Two anthrax strains from the collection were
used for the research: K-STI-79 and 55-VNIIVViM, stored
in 30% and 40% glycerin, respectively. These two strains
were selected for safety reasons, as they are vaccine strains,
which retain all the properties of the pathogen, except for
the capsule formation.

Nutrient media: meat-peptone agar (MPA), meat-
peptone broth (MPB), 5% blood MPA, 12% gelatin,
skimmed milk, GKI medium, Hottinger broth produced
by the FGBSI“FCTRBS-ARRVI".

Reagents. For the purposes of this work we used
non-specific preservative-free horse serum produced
by FKP “Kursk Biofactory — BIOK Company” (Russia); gen-
tian violet (p. a.), basic fuchsin (p. a.), lodine crystals (p. a.),
crystalline glucose (p. a.), glycerin (p. a.) produced by
00O NPO “TatHimProdukt” (Russia).

Equipment. The culture was handled in biosafety cabi-
net BMB-“Laminar-S"-1,2 PROTECT (LAMSYSTEMS CC,
Russia). Cultures were grown in a vertical water ther-
mostat TV-40 (Russia). Smears were examined using
MICMED-5 microscope (“LOMO” JSC, Russia). A desktop
centrifuge OPn-8 (OAO TNK“Dastan’, Kyrgyzstan) was used
for centrifugation.

Methods. Before low-temperature preservation, we
studied biological properties of the strains given in strain
data sheets, according to MUC 4.2.2413-08 “Laboratory di-
agnostics and detection of anthrax causative agent”'.

After checking the properties, suspensions of spore-
shaped cells were prepared in saline solution. The concen-
tration of viable cells in suspensions was determined after
inoculation onto MPA followed by CFU counting?

Then the prepared suspension was centrifuged
and the supernatant was discarded. The precipitate
cells were mixed with 1 cm? of cryoprotective medium
No. 1 (15% glycerin solution with 15% glucose solution)
and cryoprotective medium No. 2 (30% neutral glycerin
solution in saline solution) and placed in plastic cryo-
tubes with screw caps. After protective media were ad-
ded, the tubes with the resulting suspension were care-
fully rotated along the vertical axis, kept for 30 minutes
at room temperature to better intermix the medium with
the cells and placed into a low-temperature preservation
unit (at -40 °Cand -70 °C).

' MUC 4.2.2413-08 Laboratory diagnosis and detection of anthrax
causative agent: methodical instructions. Moscow: Federal Center of
Hygiene and Epidemiology of Rospotrebnadzor; 2009. 69 p. Available at:
https://files.stroyinf.ru/Data2/1/4293752/4293752010.pdf. (in Russ.)

2 Labinskaya A. S. Microbiology and the techniques of microbiological
research. 4" ed.,, revised and supplemented. Moscow: Medicine; 1978.
394 p. (in Russ.)

For the purposes of comparison, a cell suspension was
also prepared, put into 30% and 40% glycerin solutions
(K-STI-79 and 55-VNIIVViM, respectively) and stored at 4 °C
in accordance with the recommendations of the strain
data sheet.

The preserved cells were thawed after a 6-month pre-
servation, until the ice crystals in test tubes completely
disappeared. The following different thawing techniques
were used:

- at room temperature (22 + 2) °G;

- in a water bath at a temperature of (37 £ 1) °G;

- in a household refrigerator at a temperature
of (6 +2)°C.

After thawing, serial 10-fold dilutions were prepared
in 0.9% saline solution, then the resulting dilutions were
inoculated into Petri dishes and CFU counted. Each sample
was inoculated into 5 Petri dishes. The biological proper-
ties of the strains were studied as described above.

The Mann — Whitney U test was used to assess the sta-
tistical significance of the obtained results. Differences
at p <0.01 were considered statistically significant (after
recalculating the number of comparisons). Quantitative
data in Figure 3 and in Table 2 are represented as M + SD
(where M is the mean value, SD is the standard devia-
tion) [24].

RESULTS AND DISCUSSION

Biological properties of B. anthracis strains before
low-temperature preservation. When assessing cultural
and morphological properties, it was found that the strains
in the MPB demonstrated a growth typical for anthrax,
i.e. they look like a lump of cotton wool at the bottom
of a transparent medium (Fig. 1A). When shaking, moiré
patterns appeared on the surface of the medium. On day
five, the bacteria formed a strong chain along the tube
walls on the surface of the medium. On MPA, colonies
are grey-white; with a ground-glass surface and promi-
nent wisps (Fig. 1B). Under low magnification, the grown
colonies had ‘curled hair’ appearance — R-shape (Fig. 2A).
Microscopy of gram-stained smears demonstrated that
the strain cells formed chains of large, spore-forming,
gram-positive rod-shaped bacteria (Fig. 2B).

The cultures demonstrated a lack of motility, as ob-
served in the motility test. A 24-hour Incubation of cells
on 5% blood agar revealed no hemolytic activity. Five
days later, a typical strain growth occurs as “inverted fir
tree”appearance in 12% gelatin with typical “stocking-like”
liquefaction on the surface. The growth cultures cause
coagulation and peptonization of skimmed milk. Cells
grown in GKI medium with subsequent Rebiger staining
demonstrated no ability to form capsules. The “string pearl”
appearance test showed that the strains are sensitive
to penicillin.

The study of the biological properties of the vaccine
strains K-STI-79 and 55-VNIIVViM B. anthracis revealed
that all the properties corresponded to strain data sheet
and, except for capsule formation, are typical for anthrax
pathogen (Table 1).

Counting colony-forming units of B. anthracis strains
before low-temperature preservation. The next stage was
to count CFU for each strain before cryoprotective media
were added. For this purpose, cell suspensions were pre-
pared in saline solution. After that, tenfold cell dilutions
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Fig. 1. Culture properties of Bacillus anthracis strain 55-VNIIVViM after 24-hour cultivation:

A — the culture growth looks like a lump of cotton wool (indicated by an arrow) in MPB;

B - the growth of colonies on MPA

Fig. 2. Colony morphology and shape of B. anthracis bacteria strain 55-VNIIVViM cells after the 24-hour cultivation:
A - R-shaped colonies under low magnification (8 x 40);
B - Gram staining of the strain (yellow arrow - vegetative cell forms; red — emerging spores; green — spores)

were prepared (up to 107%), inoculated onto Petri dishes
with MPA, cultivated at 37 °C for 24 hours and the grown
colonies were counted.

The average CFU count for the tested strains is shown
in Figure 3.

After the grown colonies were counted, the prepared
suspensions were centrifuged at 4,500 rpm for 30 min-
utes. The precipitated cells were mixed with 1 cm?
of cryoprotectors, placed for preservation at —40 °C
and -70 °C, as well as in 30% and 40% glycerin solutions
at(6+2)°C.

Solutions of 15% glycerin with 15% glucose
and 30% glycerin were cryoprotective media of choice.
The choice of these cryoprotectants resulted from the fact
that glycerin is the most widely used protective medium.
Glycerol solutions of various concentrations were first used

for preservation of pathogenic prokaryotes and viruses
as early as the beginning of the 20" century [25]. Current-
ly, it has become the “gold standard” for cryopreserva-
tion [26]. As noted by many foreign experts, the glucose
solution (1 to 18%) added to the mixture of cryoprotec-
tors improves the survival rate of different microorga-
nisms [8, 25]. Our choice of this combination of solutions
as a protective medium was explained by the fact that glu-
cose belongs to protectors that penetrate the cell wall, but
do not pass through the cytoplasmic membrane. While
glycerin can penetrate through the cytoplasmic mem-
brane of cells [25]. Thus, it can be assumed that the com-
bination of these solutions should ensure greater survival
of the cryopreserved cells.

Comparing effectiveness of low-temperature preservation
of B. anthracis strains. The work shows that the viability
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Fig. 3. CFU (M £ SD) of B. anthracis strains K-STI-79
and 55-VNIIVViM before a low-temperature preservation

of anthrax strains cells was best preserved when stored
at a temperature of -70 °C with further thawing in
a 37 °C water bath (Table 2). At the same time, there was
no significant difference in viability of cells preserved in
different cryoprotectors. The CFU count did not show any
statistically significant difference from the CFU count re-
ported during storage in glycerin solutions in a refrigera-
tor. While evaluating the results obtained, it is necessary
to take into account the fact that the preparation of cells
for low-temperature preservation is associated with huge
losses resulting from centrifugation, mixing with a cryo-
protector, freezing and thawing, which do not occur
during storage in a household refrigerator. It suggests
that the selected preservation tool helps to save a larger
number of cells than other techniques.

Strain cells stored at —40 °C demonstrated significantly
less viability under all thawing schemes. However, thaw-
ing at 37 °C helped to save a larger number of viable cells.
The results obtained can be explained by the fact that
the storage at —40 °C does not help to completely stop re-
crystallization. Thawing of the stored cells in a refrigerator

Table 2

Table 1
Biological properties of B. anthracis vaccine strains K-STI-79 and 55-VNIIVViM

Criterion/property B. anthracis K-STI-79 B. anthracis 55-VNIIVViM
Motility -
Hemolytic properties -
Proteolytic properties:
12% gelatin +
skimmed milk +

Capsule formation -

Penicillin sensitivity +

Spore formation +

is a time-consuming process that may result in prolonged
ice recrystallization, which is one of the major factors that
destroy frozen cells [8, 26].

CFU count after the low-temperature preservation
was followed by an assessment of the pathogen biologi-
cal properties, which demonstrated their full compliance
with strain data sheet.

Thus, we can say that the selected method of low-tem-
perature preservation of anthrax pathogen at -70 °C
looks promising for further work. Further research will be
focused on duration of strain storage using a low-tempera-
ture preservation method that will ensure the pathogen
viability and preserve its biological properties.

CONCLUSION

The conducted research demonstrate that anthrax cul-
tures stored at a temperature of -40 °C or -70 °C, retained
their viability and biological properties for 6 months.
Comparison of two preservation methods (at -40 °C
and at-70°C) allowed us to conclude that storage at —70 °C
is more preferable.

CFU count of B. anthracis cells after low temperature preservation for 6 months (M +5))

CFU count
before freezing

Cryoprotector

) 0 ;
Temperature after thawing at a temperat after storage in 30/40% glycerin
of storage at a temperature of

(22+2)°C (B7x1)°C

(6+2)°C (6+2)°C

B. anthracis 55-VNIIVViM

-40°C 93.40 +1.81% 94.20 + 2.58% 87.80 £5.71%
Medium No. 1
—-70°C 100.40 + 2.96 101.60 +3.43 90.80 + 2.86*
109.00 + 8.04 101.80 +3.96
—40°C 92.20 +2.77* 93.80 +3.11* 88.40 +4.77*
Medium No. 2
-70°C 101.00 +2.12 102.40 +2.40 91.40 + 3.20*
B. anthracis K-STI-79
—40°C 94.20+4.43 94.60 + 3.64 88.00 +2.73*
Medium No. 1
-70°C 100.20 + 6.26 98.00 +4.47 86.40 +5.31
101.20 +9.50 101.20 +9.55
—40°C 92.60 +4.82 92.00 + 1.87* 90.20+3.70
Medium No. 2
-70°C 101.00 +4.30 97.40 +5.12 92.80+3.34

* statistically significant difference (p < 0.01).
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At this stage of research, comparison of pathogen sto-
rage in two protective media did not allow us to choose
a more effective one. Such comparisons will be made after
a longer storage period, and as a result, an optimal cryo-
protector will be selected.

Comparison of three thawing methods used for
the tested strains revealed that the most gentle way is
to thaw the cellsin a water bath at +37 °C, because it helps
to preserve largest number of viable cells.
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Properties of Actinobacillus pleuropneumoniae

isolates

V. A. Evgrafova, 0. V. Pruntova, N. B. Shadrova, A. M. Timina
FGBI “Federal Centre for Animal Health” (FGBI“ARRIAH"), Vladimir, Russia

SUMMARY

Results of tests of six Actinobacillus pleuropneumoniae isolates recovered from the diseased pigs kept in animal holdings located in the Russian Federation for their
biological properties (biochemical, proteomic, antigenic and pathogenic ones) are presented in the paper. Proteomic properties were determined with mass-spec-
trometry using Autof MS 1000 mass-spectrometer (Autobio Diagnostics Co., Ltd, China): protein profiles were plotted and the peaks characteristic for each isolate
were identified. Mass-spectra of tested Actinobacillus isolates and reference Actinobacillus pleuropneumoniae DSM 13472 strain were found to be in the m/z range
of 2,000-12,000 Da. The following peaks (m/z) were common for all Actinobacillus pleuropneumoniae isolates and the strain: 2,541 + 2; 4,267 + 2; 5,085 £ 2;
6,450 £ 2;7,207 + 4; 9,408 + 3; 11,820 + 6. Therewith, the highest intensity (100%) was reported for the peak at 5,085 + 2, that was supposed to be a specific
feature of Actinobacillus pleuropneumoniae. All isolates were confirmed to belong to Actinobacillus pleurapneumoniae species and to 2, 5 and 9 serotypes by real-time
polymerase chain reaction using species-specific and serotype-specific primers. Actinobacillus pleuropneumoniae isolates were tested for their pathogenic properties
by experimental infection of white mice and 2.5—-3 month-old piglets. All tested isolates were pathogenic for both white mice and piglets. Isolate No. 4 belonging
to serotype 5 was found to be the most virulent out of tested isolates. Thus, LD, was 4.19 Ig microbial cells for white mice and 5.49 g microbial cells for piglets that
was consistent to the data of other authors carried out tests of actinobaccilli isolated in the Russian Federation for their pathogenicity. The isolates were deposited
to the FGBI “ARRIAH" Collection of Microorganism Strains.
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(BOWCTBA U30NATOB
Actinobacillus pleuropneumoniae

B. A. EBrpadoga, 0. B. lpynToBa, H. b. LappoBa, A. M. Tumuna
OIBY «DeiepanbHblil LieHTp oXpaHbl 380poBbA XnBOTHLIX» (OTBY «BHUIU3X»), r. Bnagumup, Poccua

PE3IOME

[lpencTaBneHbl pe3ynbTarbl U3yueHus 61MONOrYeCKuX CBOIACTB (BroxuMUYecKine, NPOTEOMIYECKIE, aHTUTEHHDIE 11 NaToreHHble) 6 u3onaToB Actinobacillus pleuro-
pneumoniae, BbieNeHHbIX 0T 6ONbHbIX CBUHEIA B XKIBOTHOBOAYECKUX X03AiiCTBaX Poccuiickoii Oepepauun. lpoteomuyeckie cBOIACTBA ONpesenanu nocpeacTBoM
MAcC-CMeKTPOMETPUYECKOT0 aHann3a C MCnosb3oBaHem macc-cnektpometpa Autof MS 1000 (Autobio Diagnostics Co., Ltd, Kutaid): 6bimm nocTpoeHbl 6enkoble
npounu 1 onpeaeneHbl xapakTepHble NUKN ANA KaXA0ro N30M1ATa. YCTaHOBIEHO, YTO BCe MACC-CNEKTPbI M3y4aeMmblX U30AATOB aKTUHOOALMAN 1 pedepeHTHOro
wramma Actinobacillus pleuropneumoniae DSM 13472 naxopsTca B Ananasone m/z 2000—12 000 [la. [ina Bcex u3onAToB 1 wramma Actinobacillus pleuropneu-
moniae o6wmmm 6binn NuKA m/z: 2541 £ 2; 4267 + 2; 5085 £ 2; 6450 + 2; 7207 + 4; 9408 + 3; 11 820 % 6, npy 3TOM Camas BbICOKas UHTEHCUBHOCTD (100%)
6bina 3aperncTpupoBaxa ana nuka 5085 £ 2, KOTOPbIiA, Kak NpeAnonaraem, MOXHO CYMTaTb UCKIOUNTENbHOI 0cobeHHoCTblo Actinobacillus pleuropneumoniae.
[TpuHannexHocTb Beex u30nAToB k BUBY Actinobacillus pleuropneumoniae n cepotunam 2, 5 1 9 6bina noaTBepxaeHa METOA0M NOAUMEPA3HOIA LIENHOI peakLmui
B peanbHOM BPeMeHM C UCMONb30BaHNEM BUAO0- U CePOTUN-CNeLduyHbIX npaitmepos. MatoreHHble BoiCTBA Actinobacillus pleuropneumoniae onpegenany npu
IKCMepUMeHTanbHOM 3apaxeHuy 6enbix MbiLueid 1 nopocaT 2,5—3,0-mecauHoro Bo3pacta. Bee ncnbityemble 30n4Tbl 6bn NatoreHHbI Kak Ans 6eNbix MbllLeil,
TaK 1 AnA CBUHeNl. YCTaHOBNEHO, UTO U3 BCeX M3y4aeMblX U30ATOB Havbonee BbiCoKas BUPYNEHTHOCTb XapakTepHa Ana usonata Ne 4, KoTopblil OTHOCUTCA
k 5-my cepotuny. Tak, /I, AnA Genbix Mbilueii coctauna 4,19 g m. K., 4A NopocaT — 5,49 Ig m. K., 4T0 COTNAcyeTCA ¢ JaHHbIMIM APYruX aBTOPOB, NPOBOAUBLUNX
I1CCNIE0BAHIA NATOTeHHOCTI aKTUHOBALWMAN, BbIAeNeHHbIX Ha Tepputopuu Poccuiickoit Oefepaumu. M30naTbl AenoHNPOBaHbI B KONNEKLMIO LUTAMMOB MUKPO-
opraHu3moB OTBY «BHUNU3X».

KnioueBbie cnoBa: akTuHobawunnesHas nNeBPONHEBMOHUA, U30NIAT, (BOICTB, nonmepasHaA LenHaaA peakuua, MacC-CneKTPOMETPUA, NaTOreHHOCTb

© Evgrafova V. A., Pruntova 0. V., Shadrova N. B., Timina A. M., 2023
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bnaropapHocty: Pabota BbinonHeHa npu nogaepxke rpaHTa MuHucTepcTBa Hayku 1 Bbicluero obpasoBanus Poccuiickoii Oefiepauunn B pamkax peanusaumm
OTZENbHbIX MeponpuATHii OefepanbHoil HayuHO-TEXHUYECKOI NPOrPaMMBbl Pa3BUTUA FeHETUUECKIX TeXHoNorMil Ha 2019-2027 rr. (cornatwenme Ne 075-15-

2021-1054).

[insa untuposanua: EsrpadosaB. A, MpynTosa 0. B., LWaaposa H. b., TamuHa A. M. CBolictea u3onatos Actinobacillus pleuropneumoniae. Bemepurapus ce2o0Hs.

2023;12 (2): 178-184. DOI: 10.29326/2304-196X-2023-12-2-178-184.

Kondnukr unTepecoB: ABTOpbI 3aABAKT 06 OTCYTCTBUN KOHGINKTA UHTEPECOB.

[ins koppecnoxpenuuu: MpyHTosa Onbra BnaancnasosHa, LOKTOp Gronornyeckinx Hayk, npoheccop, rMaBHblil HayUHbI COTPYAHIK MHYOPMALIMOHHO-aHaNK-
Tuyeckoro LeHTpa OTBY «BHUU3X», 600901, Poccua, . Bnagumup, mkp. KOpbesew, e-mail: pruntova@arriah.ru.

INTRODUCTION

Actinobacillus pleuropneumoniae (APP) causes porcine
pleuropneumonia, a disease that is widespread in many
countries of the world and in the Russian Federation. This
highly contagious disease is characterized by sudden on-
set, short clinical course, fibrin-hemorrhagic lung lesions
in acute form or cough and decreased weight gains in
chronic form of the infection. Porcine pleuropneumonia
often leads to the animal death. Pigs of all ages are suscep-
tible to the disease but 2-4-month-old piglets are the most
susceptible. Persistence is a distinctive feature of the di-
sease associated with long-term carriage of the bacterium
by animal [1, 2]. The severity of the disease depends on
the several factors the most important of which are APP
serotype, infective dose, concomitant infections and ani-
mal keeping conditions [3-5].

In recent decades, there has been a trend in the Rus-
sian Federation towards an increase in the number of
porcine APP-infected holdings, which could be account-
ed for breeding animal import from Western Europe and
Canada, and absence of porcine pleuropneumonia in the
list of infections from which the live pigs imported into
the Russian Federation shall be free according to veteri-
nary requirements [6-8].

Currently, there are some vaccines for porcine pleuro-
pneumonia prevention classified into bacterin-toxoid,
toxoid and bacterin-based (whole-cell bacteria). Bacte-
rins confer protection against homologous serovars but
do not protect against infection with heterologous sero-
vars [9-13]. Vaccines based on inactivated Apx toxins are
effective for reducing the incidence and clinical manifes-
tations associated with the infection, but they are not able
to prevent colonization by the pathogen in the lungs and
their use poses a potential threat of infection of the herd
by asymptomatic carrier-animals [9, 11, 14]. The develop-
ment of universal anti-porcine pleuropneumonia vaccine
able to protect against all known serovars is a tough task
due to the lack of cross-immunity. The best way to erad-
icate this disease is to isolate and identify the causa-
tive agent in a particular APP-infected holding, to test
the agent for its biological properties, to manufacture
a vaccine and to apply the said autogenic vaccine in the
said holding. Autogenic vaccines for porcine pleuropneu-
monia control are used in such countries as France, USA,
Canada, etc. [9, 15, 16]. Considering the above-said, test-
ing of APP isolates recovered from diseased pigs kept in

animal holdings of the Russian Federation for their bio-
logical properties is of great importance. The novelty of
the study was as follows: to recover new APP isolates, to
test them for their biological properties, to deposit them
into the FGBI“ARRIAH" Collection of Microorganism Strains
for further vaccine development.

The study was aimed at isolation of APP agents from
diseased pigs in animal holdings of the Russian Federation,
to test them for their biochemical, proteomic, antigenic
and pathogenic properties.

MATERIALS AND METHODS

Bacteria isolates. The following APP isolates recovered
from pigs with respiratory disorders kept in the pig hold-
ings located in the Russian Federation were used:

No. 1 - A. pleuropneumoniae “AU-21" isolate of sero-
type 2 recovered in the Kursk Oblast;

No. 2 — A. pleuropneumoniae “N-21" isolate of sero-
type 2 recovered in the Kursk Oblast;

No. 3 - A. pleuropneumoniae “VT-22" isolate of sero-
type 2 recovered in the Ryazan Oblast;

No. 4 - A. pleuropneumoniae “KG-21" isolate of sero-
type 5 recovered in the Belgorod Oblast;

No. 5 — A. pleuropneumoniae “OE-22" isolate of sero-
type 9 recovered in the Kursk Oblast;

No. 6 — A. pleuropneumoniae “DI-22" isolate of sero-
type 9 recovered in the Kirov Oblast.

Database of MALDI Autoflex Ill mass-spectrometer
(Bruker Daltonik GmbH, Germany). Mass-spectrum of re-
ference A. pleuropneumoniae DSM 13472 strain.

Test animals. APP isolates were tested for their patho-
genic properties in white mice weighing 16-18 g and
in 2.5-3.0 month-old piglets delivered from infectious
disease-free holdings.

All tests in animals were carried out in strict compliance
with intergovernmental standards on laboratory animal
keeping and handling adopted by the Intergovernmental
Council for Standardization, Metrology and Certification
as well as in accordance with Directive 2010/63/EU of the
European Parliament and of the Council of the European
Union of 22 September 2010 on the protection of animals
used for scientific purposes.

Nutrient media and reagents. Brain-heart infusion agar
(Becton, Dickinson and Company, USA) containing 5%
of equine serum (AO“NPO“Microgen’, Russia), 10% of yeast
extract (FGBI “ARRIAH’, Russia) was used for isolation
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Fig. 1. Proteomic properties (protein profiles) of A. pleuropneumoniae isolates

of APP from pathological material samples. Commercial
API NH test kit (bioMerieux, France) was used for testing
the isolates for their biochemical properties.

Methods. Samples were collected in accordance with
“Methodical guidelines for collection of biological ma-
terial samples from animals for bacteriological tests”'.
Bacteria were examined for their morphology by micros-
copy of Gram-stained smears. Bacteria were cultivated
on dense agar media at temperature of (37.0 £ 0.5) °C
for 24-48 hours.

APP were identified and tested for their proteomic pro-
perties using Autof MS 1000 mass-spectrometer (Autobio
Diagnostics Co., Ltd, China). Single colonies of day-old cul-
ture were directly applied with sterile plastic loop on metal
target plate. Saturated CHCA (a-cyano-4-hydroxycinnamic
acid) solution prepared with 50% aqueous acetonitrile
containing 2.5% trifluoroacetic acid was used as a matrix.
The device was calibrated daily using Calibrator Autobio
Diagnostics reagent (Autobio Diagnostics Co., Ltd, China).

" Evgrafova V. A., Kononov A.V,, Yashin R.V,, Bryantseva M. S.,
Stepanova I. A, Biryuchenkov D. A. Methodical guidelines for collection
of biological material samples from animals for bacteriological tests.
No. 03-22. Vladimir: FGBI“ARRIAH’, 2022. 11 p.

Mass-spectrometric analysis of APP isolates was carried
out using linear laser mode [17]. The analysis parame-
ters were optimized for the m/z (mass/charge) range of
2,000 to 20,000 Da, the spectrum obtained by summing
20 single spectra with Auto Acquirer V2.0.130 software
was recorded. Analysis of obtained mass-spectra was
performed with Autof AnalyzerV2.0.14 software (Autobio
Diagnostics Co., Ltd, China).

Polymerase chain reaction was performed in accordance
with the “Methodical guidelines for Actinobacillus pleuro-
pneumoniae detection with polymerase chain reaction”

APP isolates were tested for their pathogenic properties
in white mice in accordance with the “Methodical guide-
lines for testing of the Actinobaccillus pleuropneumoniae
antigens included in inactivated vaccines for their immu-
nogenicity”. Fifty white mice weighing 16-18 g (10 mice
per each dilution) were used for tests of each isolate for

2Scherbakov A. V., Timina A. M., Yakovleva A. S., Kovalishin V. F. Methodical
guidelines for Actinobacillus pleuropneumoniae detection with polymerase
chain reaction. No. 38-05. Vladimir: FGI “ARRIAH"; 2005. 8 p.

3 Biryuchenkov D. A,, Rusaleyev V. S., Frolovtseva A. A., Potekhin A.V.
Methodical guidelines for testing of the Actinobaccillus
pleuropneumoniae antigens included in inactivated vaccines for their
immunogenicity. No. 69-08. Vladimir: FGI “ARRIAH"; 2008. 17 p.
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its pathogenicity. The mice were infected intraperitoneally
with day-old APP culture at the following concentrations:
1x1081x107,1%x10°%1x10° 1% 10*microbial cells/cm?
in a volume of 0.5 cm?. The mice were observed for 5 days.

Ig LD, was calculated according to Karber’s formula
modified by Ashmarin:

IlgLD,,=1gD,~1g 6 (ZL - 0.5),

where Ig D, - logarithm of maximum infective dose;
Ig & - logarithm of the agent culture dilution factor;
L, - dead test animal number/infected test animal
number ratio;
3L, —sum of L, values for all tested doses.

APP isolates were tested for their pathogenic properties
in 2.5-3.0 month-old piglets. The piglets were infected
intratracheally with bacterium suspension containing
1 % 108 microbial cells in a volume of 1.0 cm3. The piglets
were observed for 10 days.

Microsoft Excel application and standard statistical
methods were used for statistical processing of the data.

RESULTS AND DISCUSSION

The first stage of the study was the isolation of por-
cine pleuropneumonia agent from pathological material
samples collected from dead and emergency slaughtered
animals with respiratory disorders in the APP-infected
holdings located in the Belgorod, Kirov, Kursk and Ryazan
Oblasts. Six APP isolates were prepared for further study
based on the tests results. The list of the said isolated is gi-
ven above in “Materials and methods” section.

All tested isolates were shown to ferment glucose, suc-
rose, maltose, fructose and to be active against alkaline
phosphatase, urease and B-galactosidase. Comparison of
the obtained data with reference strain characteristics gi-
ven in Bergey’s Manual of Determinative Bacteriology [18]
showed that characteristics of the said isolates determined
with all tests were consistent with that ones of the reference
strains indicating that the isolates belonged to APP species.

During the next stage of the study proteomic properties
of all APP isolates were determined, protein profiles were
plotted (Fig. 1) and peak mass lists enabling identification
of specific peaks for each isolate were generated (Table 1).

Analysis of obtained results showed that all
mass-spectra of tested Actinobacillus isolates and refe-
rence APP DSM 13472 strain were in the m/z range of
2,000-12,000 Da.The following peaks were common for all
isolates and reference APP strain: m/z 2,541 + 2; 4,267 + 2;
5,085+ 2;6,450 + 2; 7,207 + 4; 9,408 + 3; 11,820 + 6, there-
with, the highest intensity (100%) was recorded for peak of
5,085 + 2 that was suggested to be a unique feature of APP.

The isolates were confirmed to belong to APP species
by testing with real-time polymerase chain reaction (qPCR)
with species-specific primers.

Figure 2 shows qPCR DNA amplification curves of tes-
ted isolate samples confirming that all samples belong
to APP species [19-21].

Then, A. pleuropneumoniae isolates were serotyped
using serotype-specific primers (Fig. 3-5).

Figure 3 shows qPCR DNA amplification curves of APP
isolates No. 1, 2 and 3 confirming that they belong to sero-
type 2. DNA amplification curves of other isolates coincide
with negative control curve indicating that they do not
belong to serotype 2.

Table1
Analysis of mass-spectra of A. pleuropneumoniae isolates

Intensity (%) of A. pleuropneumoniae isolate
and reference DSM 13472 strain spectra

DSM 13472

2,541+2 45 35 4 29 33 18 38
4,267 2 56 53 61 48 49 22 70
5,085+2 100 100 100 100 100 100 100
6,450 £2 52 51 54 55 51 43 67
72074 22 30 39 66 24 33 24
9,408 +3 14 25 29 38 13 22 26
11,820+ 6 2 8 N 25 6 8 5

Fluorescence units

0 10 20 30 40
Run No.

Fig. 2. Real-time PCR confirmation of isolate No. 1, 2, 3, 4, 5, 6 identification
as A. pleuropneumoniae species (“-k” — negative control)

Fluorescence units

Run No.

Fig. 3. Real-time PCR identification of A. pleuropneumoniae isolates
as serotype 2 ones (1, 2, 3 —isolates No. 1, 2 and 3; 4 — isolate No. 4
and negative control)

Figure 4 shows qPCR DNA amplification curve of APP
isolate No. 4 confirming that it belongs to serotype 5. DNA
amplification curves of other tested isolates coincide with
negative control curve indicating that they do not belong
to serotype 5.

DNA amplification curves of serotype 9 APP isolate are
shown in Figure 5. Isolates No. 5 and 6 were classified to
this serotype based on qPCR results while amplification
curves of other isolates coincide with negative control
curve.
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inoculated with pathological materials collected from
dead animals. White mice were observed for 5 days, pig-
lets were observed for 10 days, observation results were
recorded, interpreted. Table 2 shows Ig LD,  values allow-
ing comparative assessment of APP isolates for their viru-
lence. Obtained data indicate that Ig LD, of the isolates
for experimentally infected white mice was as follows:
4.99£0.1Ig LD, microbial cells for isolates No. 1, 2, 3 (sero-
type 2),4.191g LD, , microbial cells for isolate No. 4 (sero-
type 5) and 5.39 + 0.2 Ig LD,  microbial cells for isolates
: : No. 5 and 6 (serotype 9). Ig LD, of the isolates for experi-
0 ey — ——— ; 2‘- - mentally infected 2.5-3.0 month-old piglets was found
0 10 20 30 40 to be minimum (5.49 Ig LD, microbial cells) when isolate

Run No. No. 4 (serotype 5) was used for inoculation and maximum
(7.891g LD, microbial cells) when isolate No. 5 (serotype 9)
Fig. 4. Real-time PCR identification of A. pleuropneumoniae isolates was used for inoculation that was indicative of high viru-
as serotype 5 ones (1 —isolate No. 4; 2 — isolate No. 5 and negative control) lence of serotype 5 isolate.

Thus, isolate No. 4 belonging to serotype 5 was found to
be higher virulent than other tested isolates, that was con-
sistent with the data of other authors [1] carried out tests
of actinobacilli isolated in the Russian Federation territory
for their pathogenicity.

The isolates were deposited into the FGBI “ARRIAH"
Collection of Microorganism Strains under the following
names based on results of tests of these isolates for their
biochemical, proteomic, serological and pathogenic pro-
perties:

- isolate No. 1 - A. pleuropneumoniae "AU-21" strain
of serotype 2;
- isolate No. 2 - A. pleuropneumoniae “N-21" strain
0 10 20 30 40 of serotype 2;
Run No. - isolate No. 3 - A. pleuropneumoniae “VT-22" strain
of serotype 2;
Fig. 5. Real-time PCR amplification of DNAs of serotype 9 - isolate No. 4 - A. pleuropneumoniae “KG-21" strain
A. pleuropneumoniae isolates (1 - isolate No. 5; 2 - isolate No. 6; of serotype 5;
3 —isolate negative for serotype 9 and negative control) — isolate No. 5 - A. pleuropneumoniae “OE-22" strain
of serotype 9;

Table 2 - isolate No. 6 — A. pleuropneumoniae “DI-22" strain
Pathogenic properties of serotype 2, 5 and 9 A. pleuropneumoniae isolates of serotype 9.
for laboratory and naturally susceptible animals

lg LD, microbial cells of isolates CONCLUSION
Animal Tests of the bacterial cultures isolated in APP-infec-
m and Ryazan Oblast for their biological properties have

02 05 showed that all tested isolates belong to A. pleuropneu-
white mice 4.9 5.09 4.89 419 5.59 5.19 moniae species. The following characteristic m/z peaks
were determined based on tests of proteomic properties
of the isolates: 2,541 + 2; 4,267 + 2; 5,085 + 2; 6,450 + 2;
7,207 + 4; 9,408 + 3; 11,820 + 6 and were found to be

Thus, gPCR showed that tested APP isolates No. 1,2and  similar to characteristics of reference A. pleuropneumo-
3 belonged to serotype 2, isolate No. 4 belonged to sero-  niae strain. The isolates were classified based on their
type 5 and isolates No. 5 and 6 belonged to serotype 9. antigenic properties as follows: isolates No. 1, 2 and 3 -

The next stage of the study was to test APP isolates  to serotype 2;isolate No. 4 — to serotype 5; isolates No. 5
for their pathogenic properties in laboratory and natu- and 6 - to serotype 9. All isolates were pathogenic for
rally susceptible animals. For this purpose, 50 laboratory  laboratory and naturally susceptible animals. Ig LD, of
mice weighing 16-18 g and 2.5-3.0 month-old piglets  the isolates for experimentally infected white mice was
were experimentally infected in accordance with the  asfollows: 4.99 + 0.1 Ig LD, microbial cells of serotype 2
above-mentioned method. All tested isolates were patho-  isolates, 4.19 Ig LD, microbial cells of serotype 5 isolate
genic for white mice and piglets since infected animals of ~ and 5.39 +0.21g LD, microbial cells of serotype 9 isolates.
all groups except for animals of control group died. The  The isolates were deposited to the FGBI “ARRIAH” Collec-
animal deaths were confirmed to be specific by recovery  tion of Microorganism Strains based on the test results
of pure cultures of tested isolates from brain-heart infu-  to be used for further anti-porcine pleuropneumonia
sion agar with supplements (serum and yeast extract)  vaccine development.

Fluorescence units

Fluorescence units

piglets 6.99 7.49 6.69 5.49 7.89 7.29
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