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SUMMARY

When the All-Union Foot-and-Mouth Disease Research Institute was founded in 1958, an active search for relevant specialists and researchers was organized with
a view to recruiting them as staff members. In the early days of its establishment, the All-Union Foot-and-Mouth Disease Research Institute was mainly stuffed
with the graduates of the Moscow Academy of Veterinary Medicine named after K. I. Skryahin and the Kharkov, Leningrad, Vitebsk Institutes of Veterinary Medicine.
Later they were joined by the graduates of the University of Gorky, the Kazan and Ivanovo Institutes of Veterinary Medicine, the Vladimir Pedagogical Institute
and many others. In 1963, the All-Union Foot-and-Mouth Disease Research Institute began to train research workers through postgraduate training programmes
and thesis-based programmes. The leading scientists of the Institute were authorized by a decision of the Higher Attestation Commission of the USSR to provide
academic supervision to postgraduate students. A specialized council for thesis defense started its activities in regard to Candidate of Science thesis defense in
1976 and in regard to Doctor of Science thesis defense — in 1996. The specialized council for Candidate of Science thesis defense comprised Candidates and Doctors
of Sciences, staff members of the All-Union Foot-and-Mouth Disease Research Institute, as well as Doctors of Sciences from the All-Russian Research Institute of
Veterinary Virology and Microbiology (VNIIVViM) (N. 1. Arkhipov, I. F. Vishnyakov, V. M. Kolosov, N. A. Lagutkin, Yu. I. Petrov, G. A. Safonov, G. G. Yurkov). In 1996,
the specialized council for Candidate of Science thesis defense was enlarged, and the following reputable scientists were invited to participate in its activities as
its members: two Doctors of Sciences from the VNIIVViM (Ye. M. Khripunov, M. A. Dymin), four staff members of the VGNKI (K. N. Gruzdev, A. N. Panin, V. . Ulasov,
K.V. Shumilov), the staff members of the Veterinary Department of the Ministry of Agriculture of the Russian Federation (0. I. Sukharev) and the Peoples’ Friendship
University of Russia (V. V. Makarov). The paper provides brief information on the training of scientific personnel for research and production laboratories of the
institution, postgraduate school activities, thesis-based programmes, the council for Doctor of Science and Candidate of Science thesis defense.
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PE3IOME

Mpu co3ganmm B 1958 r. Bcecolo3Horo HayuHo-MCCNef0BaTeNbCKOro ALLypHOro MHCTUTYTa (BHIAN) Gbin opraHm30BaH akTUBHBIN NOUCK C LieAbI0 NPUBAEYEHNA
B LUTAT OPraHM3aLmMi NpodUAbHbIX CNeLUaniCcToB 1 HayuHbIX COTPYAHMKOB. Ha 3ape cBoero ctaHosnexna BHUAN komnnekTtoBanca rnasHbIM 06pa3om 3a cuer
BbINYCKHUKOB MoCKOBCKOI BeTepuHapHoii akazemun umeru K. . CkpabuHa, a Take U3 BeTepuHapHbIX MHCTUTYTOB XapbkoBa, JleHnHrpada, Butebcka. Mosxe
80 BHVAN npubbinu BbinyckHuKI [opbKoBCKOro yHUBepcuTeTa, KazaHckoro v IBaHOBCKOT0 BeTepUHapHbIX MHCTUTYTOB, Bnagummpckoro negaroruueckoro MHCTH-
TyTa U MHOrUX Apyrux. B 1963 r. 8o BHUAW Hauanu noprotoBKy HayuHbIX COTPYAHUKOB Yepe3 acnupaHTypy 1 CONCKaTenbCTBO. Beaylumm yueHbiM opraHu3aLinm
peluexnem Boicweit attectaumnonHoi komuccun CCCP 6bino pa3peLueHo HayuHoe pykoBOACTBO acnupanTamu. C 1976 r. Hauan paboTy cnewnanu3vpoBaHHblil
COBET N0 3aLLWTe KAHAMAATCKIX AuccepTaumil, a ¢ 1996 1. — AuccepTaLuii Ha COMCKaHIe yueHoli CTeneHu JOKTopa HayK. B cocTaB kaHAMAATCKOO creLmuansnpo-
BaHHOrO COBETA BOLL/M IOKTOPA M KaHANAATbI HayK, cotpyaHukin BHUAN, a Takxe sokTopa Hayk u3 nokposckoro BHUMBBuM (H. U. Apxunos, W. 0. Buwkakos,
B. M. Konocos, H. A. arytkux, 10. U. Tletpos, I A. CadoHos, I I lOpko). B 1996 r. AucceptauoHHblil COBET 6bin pacluMpeH 11 AnA paboTbl B ero coctase Gbin
MpurnaLleHbl aBTOPUTETHDbIE yueHble: JoKTopa Hayk 13 BHUBBuM (E. M. XpunyHo, M. A. bimun), cotpyanuku BTHKI (K. H. Tpy3ges, A. H. Maxux, B. W. Ynacos,
K. B. Lymunos), cotpyanukm [lenaptamenTa Betepunapun MCX PO (0. I1. Cyxapes) n Poccuiickoro yusepcuTeTa apy»6bl HapogoB (B. B. Makapos). B gaHHoii
(TaTbe NpefCTaBneHbl KpaTKue CBefieHMsA 0 NOATOTOBKE HayuHbIX KaAPOB ANA HAYUHbIX 1 NPOM3BOACTBEHHbIX 1abopaTopuil MHCTUTYTa, 0 paboTe acnMpaHTypbl,
C(MCTeMe COMCKATeNbCTBA, ANCCePTALIMOHHOM COBETe M0 3aliuTe JOKTOPCKUX U KaHAWAATCKIX AUccepTaLmil.

KnioueBbie cnosa: 063op, BHUAN, OTBY «BHUN3X», acnupaHTypa, AuccepTaumoHHblii coBeT
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The history of the FGBI “ARRIAH" Postgraduate School
goes back to distant sixties of the 20" century. The All-
Union Foot-and-Mouth Disease Research Institute (in
future — the FGBI “ARRIAH") was established by Order
of V. V. Matskevich, Minister of Agriculture of the USSR
No. 233-13 of 20 August 1958“On measures for enhancing
virological research activities” The main and the only task
that the institution faced was to study foot-and-mouth
disease (FMD) virus structure and features and to develop
methods for FMD virus diagnosis and prevention.

Within a few years, a research team was formed, the
staff members received training and the research was
started. Ye. Merkulov, Deputy Head of the Department
of Research Institutions informed by the official letter
Vladislav P. Onufriyev, Director of the All-Union Foot-and-
Mouth Disease Research Institute, that the Postgraduate
School for researchers’ training was established at the In-
stitute by Order of the USSR Ministry of Higher and Voca-
tional Education No. 113 of 1 April, 1961 [1-3].

In 1964, the Ministry set up a plan on admission 3 per-
sons to the Postgraduate School for intramural training
and recommended to admit students in accordance with
the “Regulation on postgraduate schools in the higher
educational institutions and research institutions” and
Order of the USSR Ministry of Higher and Vocational Edu-
cation No. 50 of 5 February, 1963 “On common model
documents on researchers’and scientific tutors’ training”.

The first student admitted to the Postgraduate School
for intramural training was Tamara Ye. Kalugina whose
scientific adviser was Vladislav P. Onufriyev, Candidate
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of Science (Veterinary Medicine) Director of the Institute.
Later, Vladislav P. Onufriyev became a scientific adviser
for the first students admitted for intramural training: Vik-
tor N. Koropov and Mariya S. Fomina [1, 4, 5].

In 1964, A. V. Yesionov, E. F. Tokarik, L. N. Sokolov
and V. N. Kuznethov were admitted to the Postgradu-
ate School for intramural training [1, 2]. In 1965, four
more staff-members were admitted to the Postgraduate
School for intramural training: T. A. Satina, N. A. Pronina,
M. A. Mulyar and A. A. Kravchenko. The postgraduate stu-
dents’theses were focused on study of FMD virus features,
development of tools and methods for FMD diagnosis and
prevention as well as creation of a scientifically justified
complex of measures providing sustainable FMD freedom
of the country.

Next year (1966) 11 students were admitted to the Post-
graduate School: I. A. Pronin, N. S. Maslova, Yu. A. Chernya-
yev, S. S. Rybakov, Ye. L. Shedrin, N. M. Urvantsev, N. . Yefi-
mov, V. M. Kravchenko, S. V. Kuznetsova, Yu. T. Kiselev as
well as Valeriy M. Zakharov graduated from the Moscow
State Veterinary Academy by K. I. Skryabin. Currently,
Valeriy M. Zakharov, Doctor of Science (Veterinary Medi-
cine), Professor, Honored Veterinarian of the Russian Fede-
ration, is the OIE expert on FMD for Eastern Europe, Central
Asia and Transcaucasia and gives lectures to postgraduate
students.

In the following years, many more graduates of the
Moscow State Veterinary Academy and other specialized
universities came to the Postgraduate School. It was they
who, with their knowledge, perseverance and curiosity,
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Fig. 1. Director of the All-Union Foot-and-Mouth Disease Research Institute V. P. Onufriyev delivering a speech
at the coordination meeting on FMD, 1965 (a photo from the FGBI “ARRIAH” archive)

managed to defeat the highly dangerous disease and to
free the country territory from foot-and-mouth disease.

In 1964, the first Doctoral Thesis (based on the out-
comes of the research performed in the All-Union Research
Institute of Virology and Microbiology) was defended by
Yevgeny Ye. Nikitin, Head of the Laboratory for Bioproduct
Drying, in Pokrov. In 1967, Anatoly M. Rakhmanov, Head of
Laboratory for Pathomorphology, defended his Doctoral
Thesis in the Leningrad Veterinary Institute; his Thesis was
based on the materials prepared during his doctoral stu-
dies in the Semipalatinsk Zoo-Veterinary Institute. In 1969,
Vladislav P. Onufriyev, Director of the Institute, defended
his Doctoral Thesis on FMD immunology in the Kazan Ve-
terinary Institute; in 1970, Vasily L. Uzyumov defended his
Doctoral Thesis on FMD virus ultrastructure and features
in the Leningrad Veterinary Institute [5].

In the early years of the Postgraduate School history,
only Doctors of Science and Professors had the right to
be scientific advisers. Candidates of Science could also
become scientific advisers, but as an exception, upon
authorization given by the USSR Ministry of Higher and
Vocational Education. Such authorizations were given to
V. P. Onufriyev, Ye. Ye. Nikitin, A. P. Proztyakov, Ye. V. Andre-
yev, A. . Sobko and V. L. Uzyumov [4-7].

In later years, the following Candidates of Science were
authorized by the Order of the Director of the Institute to
become scientific advisers without agreeing by the Higher
Attestation Commission (HAC): N. N. Dryagalin, V. M. Khu-
khorov, V. M. Kravchenko, Ye. A. Krasnobayev, V. K. Muravyev,
A. S. Okovyty, V. N. Koropov, V. I. Shorshnev, G. A. Khudya-
kov, V. G. Andreyeyv, S. S. Rybakov, N. A. Perevozchikova,
V.M. Zakharov, S. K. Starov, T. A. Fomina, V. N.Irza, A.V. Scher-
bakov, A. V. Borisov, V. V. Borisov, Sh. K. Kulyashbekova,
V. A. Mischenko, V. V. Drygin, T. Z. Baibikov, V. I. Diev [5, 8].

A total of 300 students have received training at the
Postgraduate School since 1963.

For many years, the following outstanding researchers
have worked fruitfully at the Institute and have shared
their invaluable experience with early-career resear-
chers: Laureates of the Government Prize in the field
of science and technology: Anatoly A. Gusev, Associate
Member of the Russian Academy of Agricultural Scien-
ces, Professor [5], Andrey I. Dudnikov, Doctor of Science
(Veterinary Medicine), Professor, and Zhorzh A. Shazh-
ko, Doctor of Science (Veterinary Medicine), Professor;
as well as Konstantin N. Gruzdev, Doctor of Science
(Biology Medicine), Professor, Honored Veterinarian of
the Russian Federation; Honored Scientists of the Rus-
sian Federation: Vasily L. Uzyumov, Doctor of Science
(Veterinary Medicine), Professor, Anatoly M. Rakhma-
nov, Doctor of Science (Veterinary Medicine), Professor,
Yuliy A. Chernyayev, Doctor of Science (Biology), Profes-
sor, Alexander N. Burdov, Doctor of Science (Veterinary
Medicine), Professor; Honored Veterinarians of the Rus-
sian Federation - Taufik Z. Baibikov, Doctor of Science
(Veterinary Medicine), Lyudmila A. Globenko, Doctor of
Science (Biology), Boris A. Glushko, Candidate of Science
(Veterinary Medicine), Yelena V. Guseva, Candidate of
Science (Veterinary Medicine), Vladimir V. Dainatovich,
Vyacheslav I. Diev, Doctor of Science (Veterinary Medi-
cine), Nickolay N. Dryagalin, Candidate of Science (Ve-
terinary Medicine), Valery M. Zakharov, Doctor of Science
(Veterinary Medicine), Vasily N. Kuznetsov, Candidate of
Science (Veterinary Medicine), Nina S. Maslova, Candi-
date of Science (Veterinary Medicine), lvan A. Pronin,
Candidate of Science (Veterinary Medicine), Alexan-
der V. Borisov, Doctor of Science (Veterinary Medicine),
Victor N. Gerasimov, Doctor of Science (Veterinary
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Medicine); Honored Inventor of the Russian Federation
Vladimir A. Mischenko, Doctor of Science (Veterinary
Medicine), Professor [1, 7].

Advanced training courses were also carried out as a
part of highly qualified staff-members’ training. At the
onset of the Institute’s activities such advanced training
was performed mainly in virology at the Institute of Viro-
logy named after D. I. lvanovsky and then at Moscow State
Veterinary Academy by K. I. Skryabin. Many Institute staff
members received such advanced training that allowed
arrangement of qualified virological works at the Institute.

In view of development of molecular biology research
in the country, advanced training courses and special trai-
ning courses in molecular biology were organized at the
Moscow State University (Pushino) in 1977.Within the said
courses leading researchers in this field, A. S. Spirin (cur-
rently, Academician of the Russian Academy of Sciences),
T. 1. Tikhonenko, Associate Member of the Russian Acade-
my of Agricultural Sciences (currently, Associate Member
of the Russian Academy of Sciences), and Ye. D. Sverdlov
(currently, Academician of the Russian Academy of Scien-
ces), etc. had delivered lecturers and held practical classes
at the Institutions of the USSR Academy of Sciences for
nine months of the said year. Sufficiently large number of
the Institute stuff members received such advanced trai-
ning and were granted certificates on molecular biology
training, namely N. A. Perevozchikova, V. A. Perevozchi-
kov, S. S. Rybakov, T. A. Satina, G. I. Kozhayeva, G. M. Fali-
na, O. N. Okulova, etc., that enabled establishment of the
Molecular Biology Department in the Institute in 1983 [1].

In the following years, many staff-members of the In-
stitute underwent internships in leading laboratories of
relevant national and foreign institutions to improve their
skills.

Active participation of the Institution specialists in va-
rious national and international congresses, conferences,
relevant meetings promoted experience and new know-
ledge gaining (Fig. 1, 2).

In 1976, the Institute was permitted by the Order of
the USSR Higher Attestation Commission to accept can-
didate’s theses for defense and conduct their defenses.
The USSR Higher Attestation Commission approved the
composition of the specialized Board for Candidate’s
Thesis defense in three specialties: 03.00.06 Virology,
16.00.02 Animal pathology, oncology and morpholo-
gy, 16.00.03 Veterinary microbiology, virology, epizoo-
tiology, mycology and immunology [5, 8]. Professor Vla-
dislav P. Onufriyev was approved as Chairman of the
Board [3], Professor Vasily L. Uzyumov - as Vice-Chairman
of the Board, Yuliy A. Chernyayev, Candidate of Science
(Veterinary Medcine) — as Academic Secretary (Fig. 3). At
the Institution, 131 theses were defended at the specia-
lized Board for the Candidate’s Thesis defense [2, 5, 7].

In 1996, the Higher Attestation Commission of the
Russian Federation approved the Thesis Board that was
eligible to accept Doctor Thesis and Candidate Thesis for
their defense in the following specialties: 16.00.03 Vete-
rinary microbiology, virology, epizootiology, mycology
together with mycotoxicology and immunology and
03.00.06 Virology [6, 71.

Professor Anatoly A. Gusev was approved as Chair-
man of the Thesis Board and Professor Yuliy A. Chernya-
yev was approved as Vice-Chairman of the Thesis Board.
In 1999, Professor Natalya A. Perevozchikova was ap-
proved as Vice-Chairman of the Thesis Board. The Aca-
demic Secretaries of the Thesis Board were: Professor
Vasily L. Uzyumov, Doctor of Science (Veterinary Medi-
cine), Galina M. Semenova, Candidate of Science (Biology),

--IE;;_ iﬂ

Fig. 2. Member of the All-Union Academy of Agricultural Sciences named after V. I. Lenin (VASKhNIL), Hero of Socialist
Labor, Professor, Doctor of Science (Veterinary Medicine) I. A. Bakulov at the All-Union Foot-and-Mouth Disease Research

Institute, 1977 (a photo from the FGBI "ARRIAH” archive)
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Fig. 3. The first meeting of the Thesis Council of the All-Union Foot-and-Mouth Disease Research Institute, 1976
(a photo from the FGBI “ARRIAH" archive)

Vladimir S. Russaleyev, Doctor of Science (Veterinary
Medicine), Alexey P. Ponomaryev, Doctor of Science (Bio-
logy), Tatyana V. Zhbanova, Candidate of Science (Biolo-
gy). In different years, Chairmen of the Thesis Board were:
Valery M. Zakharov, Doctor of Science (Veterinary Medi-
cine), Vladimir S. Russaleyev, Doctor of Science (Veterinary
Medicine), Natalya A. Perevozchikova, Doctor of Science
(Biology), Viktor N. Irza, Doctor of Science (Veterinary
Medicine) [1, 6].

In different periods, the staff-members of the Institute
having Doctor of Science degree worked on scientific
projects, provided postgraduates with scientific guid-
ance, many of them were members of the Thesis Board:
V. P. Onufriyev, A. A. Syusyukin, Ye. Ye. Nikitin, Ye. V. An-
dreyeyv, A. P. Prostyakov, V. L. Uzyumov, A. M. Rahmanov,
A. l. Sobko, A. N. Burdoy, I. S. Kuchmasov, Yu. A. Chernya-
yev, V. N. Ivanyuschenkov, A. A. Gusev, A. |. Dud-
nikov, Zh. A. Shazhko, T. Z. Baibikov, A. V. Bocharnikov,
N.A.Ulupov, A. A. Dorogovtsev, V. Ya. Davydov. M.V. Kotova,
V. A. Mischenko, A.V. Borisov, V. V. Borisov, V. N. Gerasimov,
N.S.Mamkov, V. 1. Diey, L. A. Globenko, Sh. K. Kulyashbeko-
va, S. S. Rybakov, A. F. Bondarenko, V. V. Drygin, A. P. Pono-
maryeyv, L. L. Voeykov, A. M. Igonin, G. A. Khudyakov [4, 9].

Leading scientists of the FGBI“ARRIAH" take part in exa-
mination and attestation commissions, deliver lectures for
postgraduates and veterinary specialists.

In the year of its 45" anniversary the FGBI “ARRIAH"
Thesis Board was as follows: Viktor N. Irza (Chairman
of the Board), Natalya A. Perevozchikova and Nata-
lya S. Mudrak (Vice-Chairmen), Natalya N. Vlasova, Kon-
stantin N. Gruzdev, Valery M. Zakharov, Natalya Ye. Ka-
malova, Artyom Ye. Metlin, Valery V. Mikhalishin,
Vladimir A. Mischenko, Olga V. Pruntova, Vladimir S. Rus-

saleyev. Seventeen Doctor Theses and 325 Candidate The-
ses were defended at the said Thesis Board [1, 10].

The FGBI “ARRIAH" leading experts were members of
the USSR and RF Higher Attestation Commission: Pro-
fessor Vasily L. Uzyumov (for 13 years); Professor Anato-
ly A. Gusev, Associate Member of the Russian Academy of
Agricultural Sciences, Director; Professor Natalya A. Pere-
vozchikova; Professor Sergey S. Rybakov; Professor
Konstantin N. Gruzdev; Professor Vladimir A. Mischen-
ko; Professor Anatoly M. Rakhmanov; Professor Vladi-
mir S. Russaleyev (in different years).

The following Postgraduate School staff members
provided postgraduate degree seekers with assistance
in preparation of their Doctor Thesis and Candidate
Thesis: Galina M. Semenova, Vasily L. Uzyumov, Valenti-
na N. Guskova, Yelena V. Yelnikova - in 2000-2010, and
Tatyana V. Zhbanova, Head of the Postgraduate School,
from 2010 up to now. Professor Vladimir V. Makarov, Doc-
tor of Science (Biology), provides great assistance in post-
graduate students’ training [1].

Doctors of Science from five scientific institutions are
also being members of the Thesis Board of the FGBI “Fe-
deral Centre for Animal Health” (FGBI “ARRIAH"): Federal
Research Center for Virology and Microbiology, Federal
State Budgetary Scientific Institution All-Russian Re-
search Institute for Veterinary Sanitation, Hygiene and
Ecology, Moscow State University of Food Production,
Peoples’ Friendship University of Russia, Moscow State
Academy of Veterinary Medicine and Biotechnology -
MVA by K. I. Skryabin.

In addition to postgraduate training, there is a de-
gree seeker-training programme at the FGBI “ARRIAH".
Staff-members having research capabilities and skills can
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become degree seekers. The Thesis Board approves their
Thesis topics upon the recommendation of the Laboratory
Head that are as a rule consistent with the field of the re-
search performed in the Laboratory. The Thesis Board also
makes a proposal on the approval of Scientific Adviser and
determines the research period [7].

There are currently 890 staff-members including
15 Doctors of Science and 122 Candidates of Science in
the FGBI“ARRIAH". The FGBI“ARRIAH" annually announces
admission to the Postgraduate School, 8-12 post-gradu-
ate students per year. All postgraduate students work in
the FGBI “ARRIAH" laboratories having modern facilities
enabling research covered by their Thesis.

In 2016, the FGBI “ARRIAH" put in operation an apart-
ment building for early-career scientists where post-
graduate students are accommodated.

The Rosselkhoznadzor-subordinated FGBI “Federal
Centre for Animal Health” (FGBI “ARRIAH") announces
admission to the Postgraduate School for 2021-2026 for
training in the following: 36.06.01 Veterinary Medicine
and Animal Science according to the scientist specialty
06.02.02 Veterinary microbiology, virology, epizootiology,
mycology together with mycotoxicology and immunology
and 06.06.01 Biological sciences according to the scientist
specialty, 03.02.02 Virology, and invites early-career special-
ists interested in research.
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Metabolic diseases in cattle
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SUMMARY

The main trend in the development of dairy farming in the Russian Federation suggests maximising milk yield and reducing milk net cost. The economic effectiveness
of industrial dairy farming is largely determined by adequate feeding, as well as effective system of measures to ensure animal health and prevent infectious and
non-infectious mass diseases. The main reason for the premature retirement of highly productive cows is based on the factors typical of the intensive technologies
used in dairy cattle breeding, which lead to the occurrence of metabolic diseases. It is established that the intensity of metabolism is directly linked to the high
productivity of cows. With a highly concentrated, mainly silage-based type of feeding, an imbalance of nutrients is often recorded, in particular as regards the sugar/
protein ratio, leading to deep metabolic disorders and the development of immunodeficiency states. Metabolic disorders in highly productive cows occur as a result
of unbalanced diets as far as protein, carbohydrates, vitamins and minerals are concerned. Acidosis, ruminitis and hepatosis are recorded in disordered cows and
heifers. The service period exceeds 100 days in 70—75% of cows. Hepatosis and immunodeficiency states are often found in calves born to cows with signs of deep
metabolic disorders. Metabolic disorders often remain unnoticed and become apparent only when pronounced pathological changes occur resulting in decreased
productivity and ability to reproduce resistant young animals, as well as culling of animals. Metabolic diseases were recorded in 30~70% of cows examined in large
dairy farms. The average lifetime productivity of high-yielding cows is (2.1 4 0.15) lactations in Russia. The results of epidemiological investigations and laboratory
testing of sera samples showed that emulsion inactivated vaccines administered to immunodeficient cattle induce higher titres of virus-specific antibodies than
those in animals vaccinated with adsorbed vaccines.

Keywords: review, cattle, metabolic diseases, metabolic disorders, fiber, acidosis, liver dystrophy, biogeochemical zones, metabolicimmunodeficiency, hypomicro-
elementoses, rumen, high-concentration feeding, emulsion inactivated antiviral vaccines, biogeochemical provinces
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PE3IOME

(OcHOBHas TEHEHLIA Pa3BUTIA MONOYHOTO XIBOTHOBOACTBA B Poccuiickoil DesiepaLiuv npedycMaTpuBaeT yBennyeHme npoAyKTUBHOCTA KOPOB MOMIOYHbIX NOPOZ
U CHIXKeHVe cebecTouMOoCTy MoMoKa. JKoHoMUYeckas 3G GeKTUBHOCTb MPOMBbILLEHHORO MONIOYHOT0 XXMBOTHOBOACTBA BO MHOTOM OMPEAENAETCA NONHOLEHHbIM
KopmneHnem, ShdeKTBHON CMcTeMoii MeponpuATHiA No 0becneyeHIo 300pOBbA KNBOTHBIX U MPOGUNAKTIKE NHPEKLIMOHHDIX 1 MACCOBBIX He3apa3HbIX bone3Heil.
[naBHOI NpUYUHOI NpeXxAeBPEMEHHOr0 BbIObITUA BbICOKONPOAYKTUBHBIX KOPOB ABAANTCA (aKTOPbI, NPUCYLLYE UCNOAb3YeMbIM B MONIOYHOM CKOTOBOACTBE
WHTEHCUBHBIM TEXHONOTMAM, NPUBOAALLIAM K BO3HUKHOBEHMIO MeTabonnueckmx 3aboneBaHuii. YCTaHOBAEHO, YT UHTEHCVBHOCTL 06MeHa BeLLecTB MeeT npAmyto
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(BA3b C BbICOKOI MPOAYKTUBHOCTHIO XKUBOTHBIX. [Tp11 BbICOKOKOHLIEHTPAaTHOM, B OCHOBHOM CUMIOCHO-KOHLIEHTPATHOM, TURE KOPMIEHMA YacTo perncTpupyetca
ANcbanaHc nuTaTeNbHbIX BeLLeCTB, 0C06eHHO M0 Caxapo-NPOTeNHOBOMY OTHOLLEHHIO, YTO NMPUBOANT K BO3HWKHOBEHMIO NY6OKIX HapyLUeHWii 06MeHa BelecTs
11 Pa3BUTHI0 UMMYHOZEDULMTHBIX cOCTOAHNIA. MeTabonnyeckue HapyLLeHNa Y BbICOKONPOZYKTUBHbIX KOPOB BO3HNKAOT HA YOHE PaLIMOHOB, HecbanaHpoBaHHbIX
no 6enky, yrnesogam, BUTaMHaM 1 MUHEPaNbHbIM BeLLecTBaM. Y 60NbHbIX KOPOB 1 HETENeil perucTpUpyIoTCA aunao3, pyMUHUT U renaro3. Y 70—-75% Kopos
cepuc-nepuog npesbiwwaer 100 AHeid. Y TeNAT, nonyyeHHbIX 0T KOPOB € MPU3HaKaMi FY6OKMX HapyLLeHii 06MeHa BeLwecTB, YacTo pericTpupyeTca renaros
11 IMMYHOAEPULMTHOE COCTOAHNe. HapylueHna 0bMeHa BeLLecTB YacTo 0CTalTCA He3aMeyeHHbIMM 1 CTAHOBATCA 0YEBMAHBIMI ML NPU APKO BbIPAXKEHHbIX
MaToNornyeckx M3MeHeHNAX, KoTopble NPUBOAAT K CHUNKEHMIO NPOBYKTUBHOCTY 1 CNOCOBHOCTY BOCPON3BeAEHIA Pe3UCTEHTHOT0 MONOAHAKA, BbiOpaKkoBKe
KUBOTHBIX. [py 06CNeA0BaHMM KOPOB B KPYMHBIX MOMIOUHBIX XXBOTHOBOAYECKMX X03AIACTBaX MeTabonnueckue 3abonesanna 6binn 3apeructpupoatbly 30-70%
UBOTHBIX. B Poccum cpesHAA NPOAOMKUTENBHOCTD X03ACTBEHHOTO UCNOAb30BaHIA BbICOKONPOAYKTUBHBIX KOPOB cocTaBnsAeT (2,1 £ 0,15) naktaumil. Kak no-
Ka3anu pe3ynbTaTbl 3NU300TONOrMYECKIX PACCe0BaHII 1 AaHHble NabopaToPHbIX MCCNEeA0BaHMIA NP6 CHIBOPOTOK KPOBM, NPY UMMYHM3aLMN KpYMHOTO POraToro
CKOTa C UMMYHOLeDULMTHBIM COCTOAHNEM IMYNbCUOHHDIE HAKTUBUPOBAHHbIE BAaKLMHbI UHAYLIMPYIOT B OpraHu3me 06pa3oBaHue BUPYCCneLUpuueckinx aHtuten
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The profitability of industrial dairy farming is ensured
by three main factors: genetic potential, well-balanced
feeding and freedom from infectious (including trans-
boundary) and non-infectious mass diseases. The genetic
potential of highly productive cows can be realized due
to intensity of metabolic processes and rigorous neuro-
humoral regulation. The problem of metabolic disorders
is particularly significant in modern industrial livestock
production and resulting from one-sided selectional
breeding aimed at productivity only [1-4]. Feeding diets
are balanced in terms of all nutrients, the sugar-protein
ratio and digestible protein content (100-110 g per feed
unit) are strictly observed [3, 5-8]. Livestock performance
improvement is one of the main factors contributing to a
decrease in resistance level and resulting in a higher sus-
ceptibility of animals to infections.

The evolutionarily developed process of bovine diges-
tion is aimed at digesting a large amount of fiber-based
coarse feed needed for reproduction of cellulolytic bacte-
ria that play an essential role in ruminal digestion [5, 9, 10].
To obtain high milk yields, a high-concentrate type of cow
feeding is used. In many farms, the amount of coarse feed
fed to cattle is 2.1-3.0 times lower than recommended. As
a rule, there is a low content of easily digestible carbo-
hydrates in such diets, leading to the sugar/protein imba-
lance [4-6, 11]. The poor-quality concentrated feed, even
in large quantities, does not ensure synthesis of sufficient
amounts of glucose.

In case of concentrate feeding, grain starch is utilized by
the ruminal amylolytic bacteria for the synthesis of volatile
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fatty acids, including the basic lactic acid. At optimal ratios,
lactic acid is processed by the rumen microflora into pro-
pionic acid, which serves as the main source for the syn-
thesis of glucose and glycogen in the liver. With an excess
of protein in the diet and a lack of carbohydrates, a large
quantity of ammonia is produced in the rumen inhibiting
the propionic acid synthesis [7, 8].

Acidification of the rumen contents (pH 5.5) leads
to a significant excess of volatile fatty acids in blood
and occurrence of metabolic acidosis, being the main
pathogenetic mechanism of liver and kidney dystrophy,
as well as other pathological disorders [4, 8, 10-22]. The
transition of animals to concentrate feed leads to a shift
in the rumen microflora [4, 5, 15, 23]. Feeding excessive
amounts of concentrates inhibits the activity of ruminal
microorganisms, which subsequently leads to liver fatty
infiltration [1, 11, 24]. Rumen acidosis increases the repro-
duction of amylolytic and lactic acid bacteria, resulting
in the suppression of the growth of propionic acid and
cellulolytic microorganisms [12, 13, 25]. The highly con-
centrated type of feeding used, nutrient imbalance, stress,
hypodynamia, lack of insolation are the basis for deep met-
abolic disorders and development of immunodeficiency
states [3,9,11-13,17, 21, 26].

The intensity of metabolism is directly linked to live-
stock productivity. Thus, a deficit of nutrient and plastic
substances is continuously recorded in highly productive
cows, which is compensated by the decomposition of sub-
stances in the organism. The energy demand of cows in-
creases threefold during pregnancy and milk biosynthesis
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in the first 2-3 weeks after calving [3, 4, 27]. These cows
are able to transform the diet metabolic energy and feed
nutrients into milk with a high coefficient, the costs of
producing a unit of milk are low, the animals show high
intensity metabolism, which leads to a decrease in their
immunobiological status even with minor violations in
feeding and maintenance. These animals have significant-
ly reduced the ability to adapt to changing environmental
conditions and protect themselves from various environ-
mental effects [1, 6, 11, 13, 17, 23, 28, 29]. Therefore, the
health of highly productive animals directly depends on
the amount of trace elements within the body [4].

Metabolic disorders are the main pathogenetic mecha-
nism of rumen metabolic acidosis and metabolicimmuno-
deficiency in high-yielding cows that experience energy
stress [12, 14, 17-21, 29, 301. It is believed that one of the
reasons for the development of metabolic acidosis is a
lack of sugars in cows’ diets. It was found that metabo-
lic disorders in pregnant cows adversely affect the fetus
in-utero development and the quality of colostrum. Dys-
trophy of the liver, kidneys, spleen and lymph nodes was
observed in calves born to cows with signs of metabolic
disorders [25, 31]. The observed increased activity of the
enzymes most specific for liver cells (aspartate aminotrans-
ferase and alanine aminotransferase) occurred due to pre-
dominant catabolic processes in this organ as a result of
dystrophic changes inits tissue [1, 7, 9-11, 24]. The results
of an epizootological study of livestock farms indicate that
metabolic disorders are constantly recorded in highly pro-
ductive cows. The peak of such disorders occurs in animals
in the first months after calving, and they vary for different
breeds [9-12].

Unbalanced feeding most often affects cows of
high-yielding breeds (Holstein-Friesian, etc.), that have
an accelerated metabolism and a fine neurohumoral sys-
tem. The reason for the fact that highly productive cattle
are more likely to suffer from metabolic disorders than
animals with average productivity is related to biological
factors and depends on the rapid conversion of food ener-
gy into milk. This mechanism of milk synthesis requires
high-quality feed, proper maintenance conditions and
constant zootechnical control. The abundance of concen-
trates causes ruminal digestive disorders (hyperkeratosis
and mucosis), liver dystrophy and loss of ovarian functions,
as well as obesity and decreased productivity [3, 22, 24].

Newly calved heifers who are in demand of energy for
milk synthesis and continuing growth are at risk. If there is
a lack of easily digestible carbohydrates, the level of vola-
tile fatty acids elevates in the rumen, while the concen-
tration of butyric acid increases and the content of acetic
and propionic acids decreases. If there is a lack of energy,
there is little glucose and propionic acid in the animal’s
blood, which leads to ketogenic processes and hypogly-
cemia [27], which is often diagnosed with a predominantly
concentrated type of feeding and the introduction of aci-
dic feed into the diet of cows [6, 7, 14-16, 22, 32].

Liver dystrophy in highly productive cows is one of the
most dangerous diseases, and, along with chronic micro-
elementosis, it causes death [3,7, 8,12, 15, 22, 33]. In case
of deficient or decreased supply of vital micro- and macro-
nutrients with feed, chronic complex hypomicroelemen-
tosis manifested by a decrease in all types of productivity
and leading to the development of secondary immunode-
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ficiencies occurs in animals [12, 22, 33]. Animals with the
deficiency or excess of such elements as cobalt, copper,
zing, calcium, demonstrate slowed rumination, loss or per-
version of appetite, thickening of joints. If there is a lack of
alkaline elements (calcium, sodium, magnesium, etc.) and

an excessive content of acidic elements (chlorine, phos-
phorus, sulfur, etc.) in the feed, the acid-base balance of the
blood shifts towards acidosis, which reduces the reserve
alkalinity of the blood and general resistance [11, 16, 33].

The researchers of the Altai State Agrarian University
studied characteristics of clinical and biochemical manifes-
tations of metabolic disorders in highly productive cows in
the biogeochemical province of their region. It was found
that the soils in this area are deficient in iodine, cobalt,
manganese, copper, zinc and molybdenum. The results
of the conducted studies showed that metabolic diseases
were detected in 30% of the examined animals, while met-
abolic disorders were recorded not only in cows, but also
in calves born to them [33]. These deviations are especially
acute in biochemical provinces, where there is a significant
imbalance in the content of macro-and microelements in
the ‘soil-plant (feed)’ chain [29, 33]. According to the re-
sults of long-term clinical observations and biochemical
studies conducted in the farms of the Leningrad Oblast,
metabolic disorders (metabolic diseases) are registered in
62% of cows with a milk yield of 25-35 kg per day in the
first 2-3 months of lactation after calving [34].

The deficient content of mineral substances (copper,
zinc, cobalt) in agricultural soils is the primary link of
etiopathogenesis in the biogeocenotic chain and serves
a leading factor in the development of mineral metabo-
lism disorders in livestock animals. Microelementoses of
alimentary origin are registered in the final link of the bio-
geocenosis chain at the ‘mother - offspring’ level, which
leads to the development of an immunosuppressive state
and secondary immunodeficiency [2, 4].

During epidemiological investigations conducted in
specialized livestock farms for industrial milk production in
different Subjects of the Russian Federation, it was found
that the main cause of death of newborn calves was di-
arrhea, most often induced by rotavirus, coronavirus and
bovine viral diarrhea virus. There were cases of two or
three of these pathogens circulating in the same livestock
population. It was documentarily confirmed that cows
in late stage of pregnancy and heifers were vaccinated
against these diseases in the surveyed farms. It is known
that during the intrauterine fetus development there is
no passive (transplacental) maternal antibody transfer, so
the calf is born being unprotected from pathogens, and
when it gets into a new environment, it does not have cel-
lular and humoral specific protection. The only means of
protecting a newborn calf is colostrum obtained from the
immune dam [23, 32].

Metabolic disorders and immunodeficiencies in cows
are one of the main reasons for the low effectiveness of
vaccination for infectious disease prevention, which leads
to premature retirement of animals [22, 32]. For determi-
nation of the reasons for the low effectiveness of vaccines
used in the field, blood samples were taken from vaccina-
ted cows and heifers 10-15 days prior to calving, and from
2-5-day-old calves born from immunized animals. Along
with this, colostrum samples were taken on day 1-3 after
calving.

VETERINARY SCIENCE TODAY. 2021;10 (3) | BETEPUHAPUA CETOAHA. 2021; 10 (3)



REVIEWS | BOVINE DISEASES 0B30PbI | BOJTE3HU KPC

The obtained study results served as the basis for the
development of new means of specific prevention of viral
diseases in immunodeficient cattle. Inactivated emulsion
mono-, bi- and polyvalent vaccines against rotavirus and
coronavirus infections, viral diarrhea, parainfluenza-3 and
infectious bovine rhinotracheitis were developed at the
FGBI“ARRIAH" for the immunization of animals with signs
of metabolic immunodeficiency.

A number of production tests conducted in large in-
dustrial dairy complexes in 16 Subjects of the Russian
Federation showed that the developed emulsion inacti-
vated vaccines induce the formation of rotavirus-, coro-
navirus-, and viral diarrhea virus - specific antibodies
in highly productive cows with signs of metabolic im-
munodeficiency. Antibodies to these pathogens were
detected in cow colostrum at the titers of (11.3 + 0.8-
12.6 £ 0.9) log.. Antibodies to rotavirus, coronavirus and
viral diarrhea causative agent at the titers of (8.5 + 0.6—
9.7 £ 0.8) log, were detected in the sera of 3-7-day-old
calves who, in a timely manner, received colostrum from
cows immunized with an emulsion vaccine [32]. Emul-
sion vaccines are suitable for vaccination of newborn
calves with colostral immunity. The use of emulsion
inactivated vaccines against parainfluenza-3, infectious
rhinotracheitis, coronavirus infection and bovine viral di-
arrhea in different combinations allowed to reduce the
incidence rate in young animals and retirement level by
30-50% and 15-25%, respectively. The results of epide-
miological investigations and laboratory testing of sera
samples were the basis for the recommendation to use
emulsion vaccines forimmunization of immunodeficient
cattle [9].

CONCLUSION

The results of epizootological investigations conducted
for large-scale livestock farms specializing in milk produc-
tion indicate that the average service life of highly pro-
ductive cows with a milk yield of more than 6 thousand
kg of milk does not comprise more than three lactations.
An excess of concentrated feed, along with a shortage of
sugar and coarse feed, leads to digestive and metabolic
disorders and accumulation of toxic substances [3]. In-
tensive metabolic disorders constitute the main patho-
genetic mechanism of metabolic diseases that lead to
acidosis, liver dystrophy and metabolic immunodefi-
ciency [3, 9, 10, 12, 13, 34]. Pregnant cows with impaired
metabolic processes give birth to calves with dystrophy of
liver, kidneys, spleen and lymph nodes. Diseases caused
by opportunistic microorganisms are often identified in
animals with signs of metabolic immunodeficiency. It has
been shown that emulsion inactivated vaccines induce
virus-specific antibodies in highly productive cows with
signs of metabolic disorders in higher titers than those in
animals vaccinated with adsorbed vaccines, which can be
explained by the peculiarities of immunogenesis when
using these vaccines.
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SUMMARY

According to current concepts, ruminal and metabolic acidosis occur due to feeding cattle mainly with preserved acidic feeds such as silage and haylage. However,
errorsin feeding are not the only etiological factor leading to acidosis. In some cases, metabolic acidosis in cattle can develop along with respiratory infection caused
by viral and bacterial agents. The main pathological processes resulting from acute respiratory diseases of cattle are bronchitises, tracheites and pneumonias. When
the respiratory tract is affected in cattle, hypoxia occurs, causing intoxication and, thus, leading to ruminal acidosis. As a result, vasoactive substances (bacterial
endotoxins, histamine, lactate) enter the bloodstream, the vascular endothelium is damaged due to the simultaneous expansion of arterioles and compression
of venules, blood fluid is perfused from the vessels into the surrounding tissues, the blood flow in the microcirculatory bed is disrupted. An important role in the
disturbance of blood circulation in small blood vessels is played by circulating immune complexes representing the «antigen-antibody» complex. Low molecular
weight circulating immune complexes settle in various organs and tissues of the body, lead to inflammation and damage the normal tissue structure. Most
frequently, immune complexes affect the endothelium of blood vessels, renal glomeruli and joints. Distal limb vessels are primarily affected in cattle, leading to
disturbance of skin trophism of the limbs and hooves, development of laminitis, while the hoof horn is weakly keratinized and cannot resist aggressive mechanical
and chemical environmental factors. Damaged hooves are the gateway of infection for the agents of necrobacteriosis (Fusobacterium necrophorum), staphylococcosis
(Staphylococcus spp.), streptococcosis (Streptococcus spp.) and other pathogens. In addition, favorable conditions evolve for the development of mixed infection
due to reduction in the overall organism resistance, which is observed for both respiratory and distal limb infections.
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PE3IOME

Mo coBpemeHHbIM NpeACTaBAeHNAM aLma03 pyoLa 1 MeTabonMueckuii aLuao3 ABNAIOTCA CNleACTBIEM KOPMAEHNSA KPYMHOT0 POraToro CkoTa npeumyLLecTBeHHO
KOHCEPBUPOBAHHBIMI KUCIbIMIA KOPMAMIA, TaKIIMU KaK CUI0C 1 ceHax. BMecTe ¢ Tem NOTpeLLHOCTI B KOPMAIEHUI He eIMHCTBEHHbIiA STHONOrYecKuii GakTop,
NpUBOAALLMI K auupo3y. B pade ciyyaes y KpynHoro poratoro ckota MeTabonnueckuii anao3 MOXeT pa3BuBaTbCA Ha hOHe PecnpaTopHOii NaTonoriy, Bbi3bl-
BaeMOii BUPYCHbIMY 1 6aKTepUanbHbIMY areHTamu. OCHOBHBIMI NATOAOTUYECKIMIU POLIECCaMY, BbI3bIBAEMbIMI OCTPbIMY PECINPATOPHbIMM 3a60neBaHUAMM
KpYMHOro poratoro cKoTa, ABNAKTCA OPOHXUTDI, TpaxeuTbl ¥ IHeBMOHUK. [1py nOpaxeHun pecnupaTopHOro TpakTa B OPraHin3Me KUBOTHBIX BOSHUKAET FUMOKCHA,
yTO BEZIET K Pa3BUTII0 SH0TEHHOIA IHTOKCUKALMY, NPUBOAALLENi K aLngo3y pyoua, B pe3ynbTaTe Yero B KpOBb MOCTYNAKT COCYANCTO-aKTUBHbIE BELLECTBA (IHZ0-
TOKCMHbI GaKTepHil, TMCTaMUH, NAKTAT), 33 CYeT OAHOBPEMEHHOTO PACLUMPEHINA apTEPUON U OKATUA BeHYN NOBPEXAeTcA SHAOTENMI cocynoB, HabnaaeTca
nepdy3us U3 COCYAOB B OKPYKaloLLMe TKaHW XIAKOCTU KPOBM, HapYLLAeTcA KPOBOTOK B MUKPOLIMPKYNATOPHOM pyciie. HemanoBaxHyio pofib B HapyLeHuu
LIMPKYNALMY KOBM B MENKUX KPOBEHOCHbIX COCYAAX UTPaIoT LPKYAMPYIOLLIMe IMMYHHbIE KOMNAEKCbI, NpeACcTaBnAioLLye 060 KOMNIEKC aHTUTeH — aHTUTeNo.
HuskomonekynapHble LUPKyNUpyloLLne IMMYHHbIE KOMAEKCbI, 0cefiad B Pa3HO0OPa3HbIX OpraHax v TKaHAX OpraH13Ma, NPUBOAAT K BOCMANEHMH0 1 MOBPeXx-
Jal0T HOpManbHYl0 CTPYKTYpY TKaHeil. Hanbonee yacto nMMyHHble KOMMNEKCbI NOPaXaloT SHAOTENNI KPOBEHOCHBIX COCY/I0B, MOYEUHble KITy6O0UKM U CYCTaBbl.
Y KpynHoro poratoro cKoTa B nepByto ouepesb NOPaXakTca COCYAbl ANCTANbHOTO OT/AENA KOHEUHOCTEN, UTo BeMIET K HapyLLeHo TPOUKM KO KOHEUHOCTeil
11 KOMbITEL,, Pa3BUBAETCA NAMUHWT, PU 3TOM KOMbITHBIiA POT CN1abo KepaTUHU3MPOBAH U He MOXET NPOTUBOCTOATb arpecCBHbIM MeXaHInUeCKIM 1 XUMUYECKIM
(akTopam BHeLuHeil cpeabl. loBpex ieHHble KoMbITL ABNATCA BOPOTaMU MHDeKL MM Ana Bo3byauTeneil HekpobakTtepuosa (Fusobacterium necrophorum), cragu-
NOKOKK03a (Staphylococcus spp.), CTpenToKoKKo3a (Streptococcus spp.) U Apyrux natoreHoB. Kpome Toro, 6naronpuaTHble ycnoBuA Ans pa3BuTUA MUKCT-IHGEKLMN
€0371310TCA 33 CYeT CHIKEHA 06LLe /i PE3UCTEHTHOCTY OPraHI3Ma, YTO 0TMEYAETCA Kak NPy PecnpaTopHOil MaToN0ruy, Tak U MY MaTonoruy AMCTaNnbHoro oTAeNa
KOHeuHoCTell.

KnioueBbie cnosa: ocTpble pecnupatopHble 3a60n1eBaHNA KPYMHOMO PoraToro CKoTa, MHEKLMN AUCTANbHOTO 0TAeNa KOHEYHOCTEI! KpYMHOTO POraToro CKoTa,
HeKpobaKTepuo3, CTadunoKokKo3, CTPenToKOKKO3, mactepennes, MHPeKLoHHbIi punotpaxent KPC, Bupycqaa anapesa KPC, naparpunn-3 KPC, pecnupatopHo-
CuHumTVanbHaa ukdekuna KPC

bnaropapHocTb: OuHaHcpoBaHue paboTbl NPOBOANNOCH 3@ CYET X03ANCTBEHHDIX JOTOBOPOB B PaMKaX NPOrpamMMbl «YCOBEpLUEHCTBOBaHME CUCTEMbI NPO-
QUNAKTUKM MHPEKLMOHHBIX 60Ne3HEN KIUBOTHBIX».

[ina untnposanua: Anekcees A. 1., Metposa 0. T, bapatwkut M. W., MunbLuteiit M. M., MocksuH B. 1. Ponib ocTpbix pecninpaTopHbix 3a601eBaHuii B natoreHese
nHGeKLMt UCTaNbHOTO 0TAENa KOHEYHOCTeN KPYMHOTo poratoro ckota. BemepuHapus cezo0us. 2021; 10 (3): 190-196. DOI: 10.29326/2304-196X-2021-3-38-
190-196.
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INTRODUCTION

Bovine extremity diseases under the conditions of in-
tensive animal farming are quite common and sometimes
become widespread. Their main causes are gross viola-
tions of animal feeding and keeping, as well as infectious
respiratory diseases.

According to our observations, 25.4% of cases of respi-
ratory pathology in cattle are associated with infections
of the distal extremities, primarily with necrobacteriosis,
streptococcosis and staphylococcosis, which cause eco-
nomic losses due to reduced performance and culling up
to 30% of highly productive animals [1, 2].

One of the factors influencing the development of
distal extremity infections in cattle is acute respiratory
infections, such as infectious bovine rhinotracheitis (IBR),
bovine viral diarrhea (BVD), bovine parainfluenza-3 (BPI-3),
bovine respiratory syncytial virus (BRSV) infection, pas-
teurellosis, chlamydiosis and salmonellosis. Farms, which
reported necrobacteriosis outbreaks were infected with
bovine respiratory infections.
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The aim of the research was the theoretical and
practical substantiation of the pathogenic role of acute
respiratory disease in infections of bovine distal extre-
mities.

MATERIALS AND METHODS

The research was conducted at the Department of In-
fectious and Non-Infectious Pathology of the Ural State
Agrarian University and farms of the Ural Region in the pe-
riod from 2014 to 2021. Epizootological, pathomorpholog-
ical,immunological and bacteriological research methods
were used in the work.

The epidemic situation related to acute respiratory dis-
eases was assessed by the statistical method; the annual
reports of the Information and Analytical Center of the
Rosselkhoznadzor Veterinary Surveillance Department
(FGBI “Federal Center for Animal Health”), the Bl Udmurt
Veterinary Diagnostic Center, the FSBI “Chelyabinsk Inter-
oblast Veterinary Laboratory”, the GBI “Sverdlovsk Oblast
Veterinary Laboratory” were studied.
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The objects of the study were commercially raised
cattle (tethered), blood, serum, hoof scrapes as well as
pathological material collected from a 14-day-old calf
killed due to pneumonia signs (pieces of lung and bron-
chial lymph nodes).

The pathological material from the killed calf was fixed
in a 10% neutral buffered formalin, embedded in paraffin
and histological preparations were prepared according to
the generally accepted method. The sections were stained
with hematoxylin and eosin, as well as using Van Gieson
method, then examined by light microscopy according to
the generally accepted method.

The blood of cows and calves was used forimmunologi-
cal studies. The amount of circulating immune comple-
xes (CICs) in the serum was calculated by immunoprecip-
itation in 4% polyethylene glycol (PEG-6000), followed by
photometry using SF-2000 spectrophotometer (OKB Spec-
trum LLC, Russia).

Bacteriological studies were carried out according to
generally accepted methods.

The digital data of epizootological and laboratory studies
are processed using mathematical statistics methods adop-
ted in biology and medicine. The reliability of the results was
determined by statistical processing using the Student’s
paired t-test. The results were considered reliable at p < 0.05.

The obtained statistical and experimental data were
processed using the Microsoft Excel software, which is
included in the Microsoft Office package.

RESULTS AND DISCUSSION

Acute respiratory diseases (ARDs) in the bovine infec-
tious pathology in the Ural region rank second after infec-
tious gastrointestinal diseases [1]. The infectious respira-
tory diseases are mostly spread in animals on the farms of
the Udmurt Republic, where the following diseases take a
lead in the nosological picture of infectious respiratory pa-
thologies by the number of infected sites: pasteurellosis —
41.5%, BPI-3 - 16.7%, chlamydiosis — 14.1%, BVD - 11.8%,
IBR - 10.6%, BRSV infection - 5.3% [2, 3].

In the livestock farms of the Chelyabinsk Oblast, the
following diseases were registered: pasteurellosis — 46.3%,
IBR-21.9%, BVD - 12.3%, chlamydiosis — 7.3%, BPI-3 - 7.3%,
BRSV infection — 4.9%. In the Sverdlovsk Oblast, pasteurel-
losis — 63.7%, BPI-3 - 14.9%, BVD - 8.5%, IBR - 7.4%, chla-
mydiosis - 5.5% were detected on cattle farms (Table 1).

Table 1

Rate of acute respiratory infections in cattle at livestock establishments

When assessing the BRSV infection prevalence on farms
of the Ural Economic region, it was found that among all
bovine infectious respiratory pathologies, the frequency
of this disease detection in the Udmurt Republic is 5.3%,
in the Chelyabinsk Oblast is 4.9%. In the Sverdlovsk Oblast,
according to the data of the GBI “Sverdlovsk Regional Vet-
erinary Laboratory’, BRSV infection was not reported [4, 5].

Serological, molecular biological, microbiological
and immunological tests suggest a great involvement of
pathogens of different taxonomic groups in respiratory
pathology. The most frequently detected associations of
BRSV infection are with IBR, pasteurellosis and other infec-
tious agents (Tables 2, 3).

In large dairy farms, the detection of BRSV antibodies
in cattle depended on the level of the infection with IBRV
and pasteurellosis agent, as well as the presence in herds
of individuals latently infected with bovine respiratory syn-
cytial virus. Herewith, the level of infection of animals with
the IBRV ranged from 10.6 to 21.9%, with pasteurellosis —
from 41.5 to 46.3% [5].

No differences in the geographical spread of the dis-
ease among cattle of different ages were established. The
greatest number of positive serological reactions to IBR,
BVD, BRSV viruses and wound infections of cattle distal
extremities were detected in large dairy farms with a
herd high density and milk yield. The infection rate of
cattle in medium and small livestock farms was lower, but
the higher the milk yield was, the higher was the risk of
the above mentioned respiratory diseases occurring. The
spread of diseases was facilitated by the crowding of ani-
mals and the presence of latent virus carriers in the herd [4].

The results of various studies have proved that the
range of infectious agents that cause infectious respi-
ratory diseases and wound infections of bovine distal
extremities is quite wide. Infections of bacterial etiology
are often secondary, but can be concomitant or inde-
pendent. This depends on the animal density in facilities,
the presence or absence of specific vaccination against
viral and bacterial infections, as well as on-farm factors.
In this regard, when planning anti-epidemic measures,
it is essential to conduct a full range of laboratory diag-
nostic tests (virological, bacteriological) in order to de-
termine the nosological structure of a concrete outbreak
of respiratory infections and the etiological role of each
infectious pathogen.

Udmurt Republic, % Chelyabinsk Oblast, % Sverdlovsk Oblast, %
415 46.3 63.7

Pasteurellosis
Chlamydiosis 141 73 55
BPI-3 16.7 73 14.9
BVD 11.8 123 8.5
IBR 10.6 219 74
BRSV infection 53 4.9 -

The difference is reliable p < 0.05
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Table 2

Viral and bacterial associations of BRSV in livestock establishments of the Republic of Udmurtia

Viral-bacterial associations BRSV in the Udmurt Republic

As % of the total ARD affected farms, %

BRSV infection + pasteurellosis + chlamydiosis 1.8

BRSV infection + IBR + pasteurellosis 1.6

BRSV infection + pasteurellosis 1.6

BRSV infection + IBR + BVD + pasteurellosis 15

BRSV infection + IBR + pasteurellosis + chlamydiosis 14
BRSV infection + IBR + BVD + pasteurellosis + chlamydiosis 0.8
BRSV infection + IBR + BVD -+ chlamydiosis 0.8

BRSV infection + IBR + BVD 15

BRSV infection + BVD + pasteurellosis 0.5

BRSV infection + IBR + BPI-3 + pasteurellosis 0.4

The difference is reliable p < 0.05.

Histological examination of the pathological material
(lung and bronchial lymph nodes), collected in a livestock
farm of the Chelyabinsk Oblast from a 14-day-old calf
killed due to signs of respiratory disease, revealed signs of
pneumonia characteristic of pasteurellosis (Fig. 1, 2), syn-
cytia were found in the lung tissues, which is consistent
with BRSV infection (Fig. 3, 4) [3-5].

Based on the results of the histological examination, it
was concluded that the nature of the processes detected
in the tested preparations corresponds to an associated
viral-bacterial infection (BRSV infection + pasteurello-
sis) [3-5]. This diagnosis was confirmed by laboratory re-
search methods (materials are not covered by this paper).

In addition to respiratory infections, an infectious pa-
thology of the distal extremities was registered in the
animals on the farm where the studies were conducted.
The bacteriological test of hoof scrapings revealed the
causative agent of necrobacteriosis — Fusobacterium necro-
phorum.

Thus, in this farm, a mixed infection was registered —
acute infectious respiratory diseases in association with
wound infections of the distal extremities (BRSV infec-
tion + pasteurellosis + necrobacteriosis).

At the next stage of the work, the concentration of CICs
was calculated in the blood of pregnant cows two months
before calving and of calves aged 1 month (Table 4). As it
can be seen, the concentration of CICs in cows and calves

Table 3

was higher than the physiological norm, which is a sign
of their insufficient elimination out of the body. This in-
creases the risk of deposition of these complexes in normal
tissues. An important pathogenetic factor in the develop-
ment of wound infections of the bovine distal extremities
in some cases are acute respiratory infections.

According to modern concepts, rumen acidosis and,
as a consequence, metabolic acidosis are the result of
feeding cattle mainly with preserved acidic feeds, such
as silage and haylage [6-10]. Cellulolytic bacteria (Rumi-
nococcus, etc.), as well as fungi of the Neocallimastigaceae
family are sensitive to the pH of the environment: the
acidic environment inhibits their growth, and therefore
the cellulase activity of the rumen contents decreases.
The bovine gastrointestinal tract stops digesting fiber,
the digestibility of the diet decreases sharply. The acidic
environment also suppresses the growth of Streptococcus
bovis bacteria, which are representatives of the rumen
microbiome, participate in the breakdown of pectin, pro-
tein and starch and thereby contribute to the acidifica-
tion of the environment. Streptococcus bovis is replaced
by lactic acid bacteria of the Lactobacillus genus, which
are more resistant to acidic environments. Such condi-
tions are favorable for the reproduction of Fusobacterium
necrophorum bacteria in the rumen, which can enter the
bloodstream, as well as of other microorganisms that can
produce toxins.

Viral and bacterial associations of BRSV in livestock establishments of the Chelyabinsk Oblast

Viral-bacterial associations BRSV in the Chelyabinsk Oblast

As % of the total ARD affected farms, %

BRSV infection + IBR + pasteurellosis

49

BRSV infection + IBR + BVD + BPI-3 + pasteurellosis + chlamydiosis 2.4

The difference is reliable p < 0.05.
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Fig. 1. Foci of purulent pneumonia
(hematoxylin - eosin staining, magnification 200x)

Fig. 3. Macrophages in the lung and syncytia (A),
characteristic of respiratory syncytial infection
(hematoxylin - eosin staining, magnification 630x)

However, errors in feeding are not the only etiological
factor leading to acidosis. For example, several authors
have found that in parallel to respiratory pathology
caused by viral and bacterial agents, acidosis develops in
cattle [8,9, 11, 12].

The main pathological processes in the respiratory tract
caused by bovine acute respiratory infections are bron-
chites, tracheites and pneumonias. When the respiratory
tract is affected, hypoxia occurs in the body of animals,
which leads to the development of endogenous intoxica-
tion, resulting in rumen acidosis [11, 12], followed by in-
troduction of vasoactive substances (bacterial endotoxins,
histamine, lactate) into blood [7-10]. Due to the simulta-
neous expansion of arterioles and compression of venules,
the vascular endothelium is damaged, perfusion of blood

Table 4

Fig. 2. Focal hemorrhagic pneumonia
(staining according to Van Gieson, magnification 200x)

Fig. 4. Macrophages, erythrocytes and syncytia (A)
in the lumen of the alveoli, typical of respiratory syncytial
infection (hematoxylin — eosin staining, magnification 400x)

fluid from the vessels into the surrounding tissues occurs,
blood flow in the microcirculatory bed is disrupted [7].
An important role in poor blood circulation in small
blood vessels is played by CICs, which are antigen - anti-
body complexes. The CICs formation is one of the normal
responses of the body’s immune system to the introduc-
tion of a pathogen. At the same time, CICs increased con-
centration, which occurs during a high antigenic load or
malfunction of their elimination mechanisms out of the
body, leads to pathological changes in the tissues and
organs of animals, which is caused by high biological ac-
tivity of immune complexes. Most of the CICs are quickly
removed from the bloodstream of the body due to the
reticulohistiocytic system, which combines various het-
erogeneous groups of the body cells, in particular Kupfer

Concentration of circulating immune complexes in the blood of cows and calves

Indicator

(G, cu. 212.400 £ 0.645

Calves (n=10)

234.460 + 5.905
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cells capable of active phagocytosis. CICs have both im-
munostimulating and immunosuppressive properties. The
greatest pathogenic effect is exerted by complexes capa-
ble of activating the complement system and reacting
with blood cells that have receptors for binding immuno-
globulins or complement. The main CICs damaging effect
is complement and neutrophil-dependent mechanism.
Complement associated CICs exhibit chemotactic proper-
ties, resulting in the accumulation of neutrophils in the af-
fected areas and to the release of hydrolytic enzymes from
them that destroy the body tissues. At the same time, CICs
can cause pathology regardless of the presence of neu-
trophils and complement [13]. Low-molecular-weight CICs,
settling in various organs and tissues of the body, lead to
inflammation and damage the normal tissue structures.
The blood vessel endothelium, renal glomeruli and joints
are most often damaged by immune complexes [14].

In cattle, the vessels of the distal extremities are primar-
ily affected, which leads to trophism disorder of hoof and
limb skin. That's why laminitis develops, while the hoof horn
tissue is weakly keratinized and cannot resist aggressive me-
chanical and chemical environmental factors [7, 10]. Dam-
aged hooves are the gateway of infection for the agents
of necrobacteriosis (Fusobacterium necrophorum), staphy-
lococcosis (Staphylococcus spp.), streptococcosis (Strepto-
coccus spp.) and other pathogens [7, 10, 12, 15]. In addition,
favorable conditions for the development of mixed infec-
tion are created by reduced organism resistance, which is
observed both during respiratory pathology and during
pathologies of the distal extremities [15].

CONCLUSION

Studies have shown that one of the pathogenic fac-
tors contributing to the development of infections of bo-
vine distal extremities is respiratory diseases, leading to
reduced natural resistance of the body and subsequent
metabolic acidosis.

Comprehensive prophylaxis of infections of bovine
distal extremities should include mandatory laboratory
diagnostics for acute respiratory diseases.
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SUMMARY

Specific prevention is one of the most effective methods for the control of infectious diseases causing considerable economic damage to commercial pig farms,
among which is porcine pleuropneumonia. In order to improve the effectiveness of preventive vaccination, various immunomodulators that differ in their origin
and mechanism of action are used. The paper presents the results of the study of the effect of such products as biferon-S and prostimul containing species-specific
recombinant interferons on the immune status of piglets during specific prevention of porcine pleuropneumonia. Tests were carried out in clinically healthy
30-35-day-old piglets immunized with Ingelvac® APPX vaccine (Boehringer Ingelheim Vetmedica GmbH, Germany). It was found that the use of biferon-S and
prostimul together with the vaccine administration is accompanied by immune status improvement in the animals, which is manifested as an increase, in comparison
with vaccinated animals that received no interferon-containing products (base case), in serum levels of y-globulins — by 34.6 and 53.7% (in case of prostimul and
B-globulins — by 10.1%), total immunoglobulins — by 32.8 and 37.8%, large circulating immune complexes — by 37.5 and 52.6%, a less significant increase in the
levels of small complexes and, as a result, pathogenicity coefficient reduction by 5.4 and 12.4%, respectively. Tests for post-vaccination immunity levels in piglets
showed a 3.8-fold increase in the levels of specific antibodies against the antigen of porcine pleuropneumonia agent, and in case of the vaccine administration in
combination with biferon-S and prostimul — a 4.0-fold and 4.9-fold increase, respectively. The use of prostimul was accompanied by a more considerable improve-
ment of immune status in the piglets, and this is attributable to the fact that vitamins A, E and , which have antioxidant properties and improve the effectiveness
of interferons, natural resistance and specificimmunity, are included in its composition in addition to recombinant type 1 cytokine.
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PE3IOME

(neumduyeckas npodunakTika ABNAETCA OAHUM U3 Hanbonee 3G deKTBHbIX MeToZ0B 60pbObI C MHGEKLIMOHHBIMY 3a60N1eBaHNAMY, HAHOCALLMMM 3HAYNTENbHBIIl
3KOHOMUYECKNIA yLLiep6 NPOMBILLNEHHbIM CBUHOBOAYECKVM X03AICTBAM, K YUCITY KOTOPbIX OTHOCUTCA aKTUHObALMANe3HaA NNeBPONHEBMOHMA CBUHEN. [InA NoBbI-
LeHnA SGYeKTUBHOCTU BAKLIMHONPOPUIAKTKI NPUMEHAIOTCA Pa3AnYHbIE UMMYHOMOAYNMPYIOLLME CPEACTBA, OTANYAIOLLIMECA N0 MPOUCXOKAEHMIO U MEXaHU3MY
JAeictBuA. B cTaTbe npefcTaBneHbl pe3ynbTaTbl U3yyeHus BAMAHNA npenapato 6udepoHa-C n npocTmyna, copepxaLiux BUAoCNeLNUYHbIe pekomMbuHaHT-
Hble MHTePGEPOHbI, Ha IMMYHHBIiA CTaTyC MOPOCAT MK CrieLpuYeckoil npodunakTiKe akTUHObaLMANe3HOA nneBponHeBMOHNN. ccneoBaHUA NpoBe/ieHbl
Ha KNUHUYECKI 370poBbIX nopocATax 30—35-cyTouHoro Bo3pacta, UMMYHU3MPOBaHHbIX BakLHoN Ingelvac® APPX (Boehringer Ingelheim Vetmedica GmbH,
[epmaHus). YctaHoBneHo, uto npumeHenme 6udepoHa-C 1 npocTUMyna 0AHOBPEMEHHO C BBEAEHMEM BaKLMHbI CONPOBOXAALTCA NOBbILIEHNEM UMMYHHOIO
(TaTyca XMBOTHBIX, NPOABNALUMMCA YBENMYEHUEM N0 CPaBHEHMIO C 6330BbIM BaPUAHTOM COAepXaHUA B CbIBOPOTKE KPOBY y-rnobynnHoB Ha 34,6 u 53,7%
(npu Ha3HaueHun npocTumyna u B-rnobynuHoB — Ha 10,1%), 06LLMX MMMYHOTNOGYNMHOB — Ha 32,8 1 37,8%, KpYNHbIX LMPKYANPYHOLLMX UMMYHHbIX KOMMEK-
0B — Ha 37,5 1 52,6%, MeHee 3HauMMbIM yBENMUEHEM KOMMNEKCOB MeNKIX pa3MepoB 11 CHINKEHNEM B pe3ynbTaTe 3T0ro Ko uLmeHTa naToreHHoCTU Ha 5,4
1 12,4% cooTBeTCTBEHHO. VcCNIeioBaHIe HaNPAXEHHOCTY NOCTBAKLIMHANBHOTO UIMMYHUTETa Y MOPOCAT NOKa3ano, YTo YpOBEHb CeLMPUUECKUX aHTUTeN K aHTU-
reHy Bo30yauTena akTuHobaLunne3Hoi nneBponHeBMOHIUM NOBLICUACA B 3,8 pasa, a npu BBe/ieHIN BaKLMHbI B coueTaHuu ¢ udepoHom-C v npoctumynom — B 4,0
14,9 pa3a cooTBeTCTBEHHO. [pUMeHeHIe NpoCTUMyNa CONPOBOXAAN0CH Gonee CyLLeCTBEHHbIM NMOBbILLEHEM MMMYHHOTO CTaTyCa y NOPOCAT, 00YCNOBEHHBIM
Hanuuuem B ero cocTaBe Kpome peKOMOMHAHTHOTO LIUTOKMHA NepBoro Tuna BuTaminHoB A, En G, 06nagaloluinx aHTMOKCUAAHTHBIMI CBOIICTBAMM, NOBbILLAKOLLX
3¢GeKTMBHOCTL MHTEPDEPOHOB, ECTECTBEHHYIO PE3UCTEHTHOCTD U CMELIMOUUECKUA IMMYHWTET.

KnioueBbie cnoBa: akTuHobaLunne3Has nneBponHeBMOHIA, NOPOCATa, CneLnduueckas npodunakTiKa, BakLHa, IMMYHHbIN cTaTyc, udepoH-C, npoctumyn,
ButamuHbl A, En C
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INTRODUCTION

Porcine pleuropneumonia caused by Actinobacillus
pleuropneumoniae has high economic and epidemiological
significance for commercial pig farms [1-4]. A. pleuropneu-
moniae, one of the most important respiratory bacterial
pathogens of pigs, can cause monoinfection and, in associ-
ation with influenza, porcine reproductive and respiratory
syndrome viruses and mycoplasmas, plays the leading role
in the development of the complex of porcine respiratory
diseases [4, 5]. Specific prevention of porcine pleuropneu-
monia is the main method for the infection control [4].

Routine vaccination against porcine pleuropneumonia
carried out in piglets aged 3 to 4 weeks coincides with
the late suckling period when, against the background
of physiological immunodeficiency or stress response to
weaning, lipid peroxidation activation and a decline in
antioxidant defence and the levels of humoral and cellular
factors of non-specific resistance occur [6, 7].

Immunodeficiency recorded before vaccination
negatively affects the development of specific immu-
nity; ligfol, ligaverin, selekor having adaptogenic and
immunomodulatory properties were tested and found
to contribute to specific immunity improvement in sows
and piglets immunized against escherichiosis and sal-
monellosis [8, 9].

The following immunomodulators used during vac-
cination are effective for increasing antibody levels and
antibody persistence: salmozan, glicopin, immunofan, ron-
coleukin, polyribotan, etc. [10].

When studying the possibility of using recombinant
cytokines as adjuvants during vaccination, A. S. Simbir-
tsev et al. found that interleukin-1 used during immuni-
zation against viral hepatitis B has the highest adjuvant
activity: it neutralizes the negative effect of a biological
on the functional activity of neutrophils and contributes
to the increase in specific antibody titers [11].
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Biferon-S containing recombinant porcine a- and y-
interferons was found to have a positive impact on speci-
ficimmunity development when used during vaccination
against porcine circovirus disease [12], colibacteriosis [13],
circovirus infection and mycoplasmosis [14].

The study is aimed at investigating the effect of bife-
ron-S and prostimul on the immune status of piglets
during specific prevention of porcine pleuropneumonia.

MATERIALS AND METHODS

The tests were carried out in 2020 in an industrial pig
production complex in the Tambov Oblast that had been
porcine pleuropneumonia infected since 2016 due to the in-
troduction of replacement gilts being A. pleuropneumoniae
serotype 2 carriers. The animals for the tests were selected
from the production group of piglets (n = 1300) moved to
the nursery at the same time. Each animal’s body weight
was 9.0 £ 0.94 kg. The tests were carried out in 150 clinically
healthy 30-35-day old piglets without distinction as to their
sex; 3 groups, each comprising 50 animals, were formed.
Control group animals (base case) were immunized with
Ingelvac® APPX vaccine (Boehringer Ingelheim Vetmedi-
ca GmbH, Germany) administered twice at a 14-day inter-
val at a dose of 2 ml; test group 1 piglets received biferon-S
at a dose of 0.1 ml/kg as an adjuvant simultaneously with
the vaccine administration, test group 2 piglets received
the same dose of prostimul according to the similar scheme.

Ingelvac® APPX vaccine is manufactured using A. pleu-
ropneumoniae serotype 1, 2, 3,4, 5, 7 cultures, Apx|, Apxll,
Apxlll toxoids inactivated with formalin (0.2% by volume)
with addition of aluminum hydroxide (0.5% by volume)
and isotonic sodium chloride solution.

Biferon-S contains porcine recombinant a- and
y-interferons with total antiviral activity of at least
1.0 x 10* TCID, /cm?® in the solvent supplemented with
stabilizing agents.

Prostimul contains a recombinant cytokine as an ac-
tive ingredient, ascorbic acid, vitamins A, E and C, sodium
benzoate, sodium sulfite, ethylenediaminetetraacetic acid,
non-ionogenic solvent, glycerin and water.

Biferon-S and prostimul are manufactured by
000 “Scientific and Production Centre “ProBioTekh” (the
Republic of Belarus).

The animals were clinically observed for 2 months.

Blood samples were collected from piglets (n = 6) of
each group before the administration of the vaccine and
the above-mentioned products (baseline), as well as
14 days after their second administration and tested at
the Research Centre of the FSBSI“ARVRIPP&T".

Sera from the piglets were tested for total protein,
protein fractions, circulating immune complexes (CICs):
large (3%), medium (3.5%) and small (4%) according to
the Methodical recommendations for immune status eva-
luation and improvement in animals [15], total immuno-
globulins (Ig) [16], CIC pathogenicity coefficient (C4/C3 ra-
tio) [171. Titers of antibodies against A. pleuropneumoniae
were determined with enzyme-linked immunosorbent
assay (ELISA) with subsequent reading of results with a
Uniplan-TM spectrophotometer according to the instruc-
tion for ID Screen® APP Screening Indirect test kit (France).

The statistical analysis of the findings was performed
using Statistica v 6.1 software; the significance of diffe-
rences was estimated using Student’s t-criterion.
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RESULTS AND DISCUSSION

The piglets’ clinical status during the experiment was
within the norm.

Baseline biochemical tests showed no significant dif-
ferences in the levels of total protein, -globulin, y-globu-
lin and total immunoglobulins in the piglets of both test
groups (Table 1).

Control group piglets demonstrated lower aloumin le-
vels than test group piglets, the lowest CIC pathogenicity
coefficient and higher a-globulin and large CIC levels.

Test group 1 piglets demonstrated lower levels of large
and medium CICs than test group 2 and control group ani-
mals and, consequently, the highest pathogenicity coef-
ficient.

With advancing age, the biochemical status of the ani-
mals underwent changes influenced by vaccination and
interferon-containing products (Table 1).

Total protein content increased by 16.2% in con-
trol group piglets, by 12.7% - in test group 1 piglets,

Table 1

Biochemical blood parameters in piglets

Parameters

Groups

Control group Test group 1 Test group 2

Before vaccination

Protein, g/l 49.50+1.49 5110+ 1.45 49.90 £ 0.65
Albumins, % 47.90+£1.34 52.00+2.93 54.40£0.79
Globulins: %

a 16.90 +0.94 13.10£1.26 13.30£0.45

B 21.90 £ 0.67 21.30£0.95 19.90 +0.99

y 13.30 £ 0.86 13.60 +1.09 1230+ 0.45
Total immunoglobulins, mg/ml 25.60+1.23 23.80+1.41 22.50 +0.68
(ICs, 3.5% mg/ml 0.370+0.029 0.26 £ 0.04 0.430+£0.037
(ICs, 3.0% mg/ml 0.280 £ 0.001 0.16£0.01 0.19£0.02
(ICs, 4.0% mg/ml 0.37+0.03 0.37£0.02 0.43£0.06
43 132+0.14 2.210+0.009 2.09+0.18

After vaccination

Protein, g/1 57.50+0.81" 57.60 +1.23" 59.10 £ 1.43™
Albumins, % 46.10+0.88 48.80£1.37 47.60+0.97
Globulins: %

a 15.20+0.53 11.50 £ 0.45 11.80+0.73

B 21,90+ 0.46 21.40£0.57 21.90£0.62

y 16.90 +0.84° 1830 +0.83" 18.90 +£0.52"
Total immunoglobulins, mg/ml 30.90+£0.78" 31.60+£0.70™ 31.00+£0.69™
(ICs, 3.5% mg/ml 0.290 +0.023" 0.230+£0.027 0.240+£0.036"
(ICs, 3.0% mg/ml 0.36£0.02° 0.22:£0.02° 0.29+0.01"
(ICs, 4.0% mg/ml 0.59+0.03" 0.50 +0.02" 0.53£0.02
4/ 176 £0.11° 2.09+0.15 1.83+0.09
*p <0.05,** p < 0.005, *** p < 0.0005 — against baseline values.
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Table 2
Specificimmunity parameters in piglets

Titres of antibodies against A. pleuropneumoniae

Parameters

Before vaccination

ORIGINAL ARTICLES | PORCINE DISEASES OPUTUHANIbHbIE CTATbI | BONE3HY CBUHEN

by 18.4% - test group 2 piglets; this is indicative of hepa-
tic protein synthesis activation, especially in the animals
that received the vaccine in combination with prostimul
containing vitamins A, E and C that have antioxidant pro-
perties.

Significant changes were observed in the proteinogram
in the vaccinated animals, especially in those that had re-
ceived the vaccine in combination with biferon-S and pro-
stimul. Control group animals demonstrated a decrease in
the levels of albumins by 3.8% and a-globulins — by 10.1%,
and an increase in the levels of y-globulins, which contain
predominantly antibodies, by 27.1%. Test group 1 and 2
piglets demonstrated a decrease in the levels of albumins
by 6.2 and 12.5%, of a-globulins - by 12.2 and 11.3%, and
an increase in the levels of y-globulins by 34.6 and 53.7%,
respectively. The levels of B-globulins containing comple-
ment components and a part of immunoglobulins in con-
trol group and test group 1 animals practically did not dif-
fer from baseline values; the levels of B-globulins in piglets
immunized in combination with prostimul administration
increased by 10.1%.

The changes observed in the proteinogram in the vac-
cinated animals and in the animals immunized with simul-
taneous administration of interferon-based products are
indicative of immune system transformation which is the
most pronounced in case of the vaccine administration in
combination with prostimul and manifested as a signifi-
cantincrease in the levels of y-globulins and an increase in
the level of B-globulins responsible for humoral protection.

The vaccinated animals of the control group demon-
strated an increase in total immunoglobulin levels
by 20.7%, in case of vaccine administration in combination
with biferon-S and prostimul — by 32.8 and 37.8%, respec-
tively, and this is indicative of a significant enhancement of
humoral protection in the piglets, especially when specific
prevention is carried out in combination with the use of
interferon-containing products, mainly prostimul.

The positive effect of immunomodulators on the im-
mune status of animals vaccinated against porcine pleuro-
pneumonia is demonstrated by the results of tests of circu-
lating immune complexes that are the product of antigen,
antibody and complement reactions and play an important
role in the maintenance of homeostasis in the body.

In particular, control group piglets demonstrated a
significant increase in the levels of small CICs - by 59.5%,
of large CICs - by 28.6% and a decrease in the levels of
medium CICs by 21.6% in comparison with baseline va-
lues. At the same time, CIC pathogenicity coefficient (C4/
C3ratio) increased by 33.3%, and this is probably due to a
high antigen load in piglets.

control group

11.90 +2.10 1211+£2.96 9.40 +2.23

After vaccination

4510+3.82° 48.90 £2.49° 46.10+2.21

*p <0.0001 - against baseline values.
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The animals immunized in combination with the use of
biferon-S demonstrated a more significant, as compared
with control group animals, increase in the levels of large
CICs (by 37.5%), a less pronounced increase in the levels
of small CICs (by 35.1%) and a decrease in the levels of
medium CICs - by 11.5%; at the same time, their patho-
genicity coefficient decreased by 5.4% in comparison with
baseline values.

In test group 2 piglets subjected to vaccination with
simultaneous administration of prostimul, large CIC lev-
els increased by 52.6% and were significantly higher than
those in test group 1 and control group animals, their me-
dium CIC levels decreased by 44.2%, an increase in small
CIClevels (by 23.3%) was less significant, and that resulted
in pathogenicity coefficient reduction by 12.4%.

Serological test results presented in Table 2 are indic-
ative of humoral protection improvement in the piglets
after vaccination, especially in combination with adminis-
tration of interferon-based products.

It was found that titers of specific antibodies against
A. pleuropneumoniae antigen in control group piglets
increased by a factor of 3.8 in comparison with baseline
values, and when the vaccine was administered in com-
bination with biferon-S and prostimul — by a factor of 4.0
and 4.9, respectively.

Thus, the use of interferon-containing products during
specific prevention of porcine pleuroneumonia is accom-
panied by immune status improvement in piglets due to
recombinant porcine interferons and a number of excipi-
ents included in their composition.

Alpha interferon contained in biferon-S has immuno-
modulatory properties: it increases the activity of natural
killer cells, T helpers, phagocytes, the intensity of B lym-
phocyte differentiation [18, 19]. Gamma interferon has
a pronounced immunomodulatory effect, activating
macrophages, cytotoxic T lymphocytes, natural killer
cells [18, 20, 21].

Alpha and beta interferons contained in prostimul have
immunoregulatory effect: they modulate antibody pro-
duction, enhance cellular cytotoxity of T lymphocytes and
natural killer cells, inhibit the proliferation of lymphocytes,
T-cell suppression and facilitate preferential differentiation
of T helpers into Th1 lymphocytes [22].

Vitamins A, E and C contained in prostimul improve the
antioxidant status of the body by restraining accumulation
of lipid peroxidation products [23, 24], have antioxydant
effect on immune system cells by protecting them from
oxygen-dependent types of apoptosis [25, 26], as well as
potentiate the effectiveness of inteferons [23]; as a result,
prostimul can do more, than biferon-S, to improve the
immune status of piglets during specific prevention of
porcine pleuropneumonia.

CONCLUSION

The study showed that the use of biferon-S and pro-
stimul together with administration of the vaccine against
porcine pleuropneumonia is accompanied by immune
status improvement in piglets, which is manifested as
an increase, in comparison with vaccinated animals that
received no interferon-containing products (base case),
in serum levels of y-globulins, and when prostimul and
B-globulins were used - of total immunoglobulins, spe-
cific antibodies against A. pleuropneumoniae antigen,
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CIC pathogenicity reduction. The use of prostimul that
contains vitamins A, E and C having antioxidant proper-
ties potentiates the effectiveness of interferons, improves
natural resistance and specific immunity.
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SUMMARY

Swine vesicular disease (SVD) is a viral infectious disease, which, if acute, is manifested by the clinical pattern similar to a number of vesicular diseases including
foot-and-mouth disease. In case of subclinical disease, there are no evident clinical signs, therefore the diagnosis is problematic, and there can be the risk of the
disease introduction into the Russian Federation with the infected pigs. The key measure for the prevention of SVD introduction involves control diagnostic testing
of all animals imported in the country that makes it necessary to keep updated the currently used methods and tools for the disease laboratory diagnosis. The
paper demonstrates data on experimental infection of pigs with SVDV strain 2348 Italy/2008 that belongs to the most recent one of the four known phylogenetic
groups. The virus was kindly provided by the World Reference Laboratory for Foot-and-Mouth Disease (Pirbright, Great Britain), and it was adapted to the monolayer
continuous cell cultures of porcine origin (IB-RS-2 and PSGK-30). The pigs were intradermally infected with concentrated cultured virus at a dose of 10°TCID, .
The infected animals demonstrated clinical signs typical for the acute disease. There was evidence that the virus was not transmitted to the intact animal in case
husbandry conditions were met that allowed to avoid the infection transmission by the fecal-oral and contact mechanisms. As a result of the experiment, reference
serawere collected at different time intervals post infection and their activity was determined using virus microneutralization testin cell culture and ELISA. Aphthae
collected from the infected animals were deposited into the Strain collection of the Reference Laboratory for Foot-and-Mouth Disease, FGBI “ARRIAH”.
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N3yueHue buonornyecknx (BOMNCTB
wramma «N2 2348 Wranna/2008» Bupyca Be3nkynapHou
bonesHu BuHeit

E. H. Kanunuua', C. H. Qomuna’
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PE3IOME

Be3ukynapHas 60ne3Hb BUHel — MHOEKLMOHHAA BUPYCHaA Hone3Hb, CONPOBOXAAILLAACA PI OCTPOM TeUeHIM KNMHUYECKOIA KapTUHOIA, 06LLeil AnA pada 3a-
6onesaHuii ¢ Be3MKyNAPHBIM CUHAPOMOM, BKMtouas Ayp. Mpu cyOKNMHIYECKOM TeUeHUN ABHbIE NPU3HAKN O0NIE3HM OTCYTCTBYHOT, UTO 3aTPYAHAET NOCTAHOBKY
[A11arH03a v MOXeT C03/3aBaTb yrpo3y 3aHoca MHeKLIMOHHOro 3aboneBaHNA Ha Tepputopuio Poccuiickoii Oesepaii C MHYULIMPOBAHHBIMU CBIUHBAMY. OCHOBHOI
Mepoii NpefoTBPaLLEHIA 3aHOCa BE3UKYNAPHOIA 60Ne3HY CBUHEN ABNAETCA NPOBEAEHME KOHTPOMbHbIX AMArHOCTUYECKMX UCCNe[0BAHNIA BceX BBO3MMbIX Ha Tep-
PUTOPYIO CTPAHbI XKUBOTHIX, UTO TPEOYET NOCTOAHHOTO NOAALPKAHMA B aKTYaNbHOM COCTOAHUM NCMONb3yeMblX METOZOB U CPeACTB NabOPaTOPHOI AMArHOCTUKM
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3abonesanuA. B cTaTbe npeacTaBneHbl AaHHble N0 IKCNEPUMEHTAbHOMY 3apaXeHto eCTeCTBEHHO BOCTPUNUMUMBBLIX MBOTHBIX LuTamMMoM «N@ 2348 Uta-
n1s/2008» BUpYca Be3MKYNAPHOIA 6one3HN CBUHENA, NPUHAANEXALLEro K Haubonee NO3AHeIA U3 UeTbipex U3BECTHBIX GUnoreHeThueckux rpynn. Bupyc nonyyen
13 BcemmpHoii cnpasouHoit nabopatopuu no Awypy (Mup6paiit, BenukobputaHua) n ananTupoBaH K nepesirBaeMblM MOHOCTOIHbIM KYNbTYPam KNeToK CBUHOTO
nponcxoxaenns 1B-RS-2 u NCTK-30. Ceuneil 3apaxani MHTPa[epManbHO KOHLEHTPUPOBAHHbIM KyNbTypanbHbiM Bupycom B fo3e 10° T . Y 3apaxeHHbix
KUBOTHBIX HaOMIOAANN KNUHNYECKINe NPU3HAKM, XapaKTepHbIe AA 0CTPOro TeueHna 6one3Hu. lokasaHo 0TCYTCTBUE Nepesayum BUPYCa MHTAKTHOMY KUBOTHOMY
npu CoBt0AeHNM YCNOBHIA COfePXKaHuA, MPeAOTBPALLAILLMX GeKanbHO-0PabHbII I KOHTAKTHbIA MexaHn3Mbl nepefaun uHdekumu. B pesynbrate onbita nony-
YeHbl pedepeHTHble 00pa3Libl CbIBOPOTKI KPOBY CBUHE! B pa3Hble CPOKY NOCIE MHOULIMPOBAHNSA, ONPeeneHa X aKTUBHOCTb B PeakLiMi MUKPOHeTpanu3aLmum
BUPYCa B KyNbTYpe KNeToK 1 B IMMYHODepMeHTHOM aHanu3e. 0To6paHHbIii 0T 3apaXeHHbIX XKIBOTHbIX apTO3HDIA MaTepuan 3anoxeH Ha XpaHeHue B pabouyio
KONNeKLMH LUITaMMOB MUKPOOPraHu3MoB pedepeHTHoil nabopatopuu AnarHoctuky Aiwypa OrbY «BHUU3X».

KnioueBble cnoBa: Be3uKynapHas 60n1e3Hb (BUIHel, 1abopaTopHas ANarHOCTIKA, SKCNEPUMEHTANbHOE 3apaxeHie, IMMYHODEPMEHTHDIN aHanu3, peakuma
MUKPOHENTPaNU3aLum BIUPyCa B KyNbType KNeToK

bnarogapHoctb: WccnenoBaHue BHIMOMHEHO 3a CYeT CPEACTB GeflepanbHoro OlofpKeTa B paMkax NPOBEEHNA HayuHO-ICCNIefoBaTeNbCKUX paboT no Teme
«Pa3paboTka MeToa BbIABNEHIA aHTUTEN K Be3MKYNAPHOI 60Ne3HM CBUHElH B peakLuin MUKpoHeiiTpanusaumum» (I3 Ne 081-00010-19-00 ot 28.12.2018).

[insa untuposanua: Kanununa E. H., Oommna C. H. V3yyenne 6uonornyeckmx ceoiicTs wramma «Ne 2348 WUranus/2008» Bupyca Be3uKynApHoii 6onesHn cauHeil.
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INTRODUCTION

Swine vesicular disease (SVD) is a contagious viral dis-
ease associated with a complex of symptoms common for
a number of diseases with vesicular syndrome, and, first
of all, for foot-and-mouth disease (FMD) being one of the
economically significant animal diseases. Due to the si-
milar clinical manifestations, the differential diagnosis
of the vesicular diseases is impossible without a number
of virus-specific tools for laboratory tests [1-5].

In spite of high contagiousness and increased virus
resistance to the environmental factors, the morbidity
of the susceptible animals varies substantially. The direct
losses due to SVD are not significant, because in case of
the disease outbreak the animals demonstrate only tem-
poral loss of productivity and low mortality. The indirect
damage due to the disease eradication measures are how-
ever significant [3, 4, 6-8]. The factor aiding to the spread
of the infection involves the SVD's capacity for subclinical
development being long undetected. During the latest
officially reported epidemics the asymptomatic disease
resulted in the mass SVD spread in susceptible animals,
and the disease was reported only based on the sero-
logical monitoring data [9, 10]. Therefore, the largest World
Reference Laboratories involved in examination and diag-
nosis of the diseases with vesicular syndrome developed,
implemented and maintain up-to-date tools for SVD labo-
ratory diagnosis [5].

The SVD virus, as well as many members of Picorna-
viridae family, is characterized by relatively high antigenic
variability. There are four separate phylogenetic groups
in the singular serotype, which developed successively
at different time points and significantly differ antigeni-

cally [5, 10]. In the Russian Federation, SVD is considered
to be an exotic disease and it has never been reported,
but it was observed in the USSR (Odessa Oblast) in 1972.
Strain 463 Odessa/1972 isolated and identified during
the epidemics was placed into SVD phylogenetic group Il
the isolates from which are antigenically different from the
subsequent isolates of genetic groups lll and IV [5, 10-12].
Hence, of specific academic and practical interest for SVD
diagnosis is the virus strain 2348 Italy/2008 that belongs
to the latest of the known groups, i.e. to group IV; and ac-
cording to the published reports it causes mainly asym-
ptomatic and subclinical disease on the pig farms [7].

The goal of the work was representation of the SVD cli-
nical pattern in naturally susceptible animals following ex-
perimental infection with SVDV strain 2348 Italy/2008 and
examination of the dynamics of the antibody formation in
the infected pigs. The experiment poses a unique opportu-
nity for the collection of sera from the experimental pigs at
different, precisely known time points following infection,
and such sera are of some value as reference controls that
can be used for diagnostic purposes.

MATERIAL AND METHODS

Virus. In the experiment we used the SVDV provided
by the World Reference Laboratory for Foot-and-Mouth
Disease (Pirbright, Great Britain). The virus was adap-
ted to monolayer continuous cell cultures and deposi-
ted National Collection of Microorganism Strains of the
FGBI“ARRIAH" as 2348 Itlay/2008 strain. The infectivity titer
was determined in IB-RS-2 cell culture-containing 96-well
culture plates using micromethod. The passage VIl virus
cultured in IB-RS-2 cell culture and having infectivity ti-
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ter (7.73 £ 0.60) Ig TCID, /50 ul was used for experimental
infection and hyperimmunization of the naturally suscep-
tible animals.

Cell culture. In order to adapt SVDV strain 2348 Ita-
ly/2008 the following porcine cell cultures produced in
the cell cultivation sector of the Innovation Department
of the FGBI “ARRIAH” were used: PKC (primary porcine kid-
ney cell culture), PSGK-30 (continuous porcine cell culture)
and IB-RS-2 (continuous porcine kidney cell culture). The
cell sensitivity to the virus was determined by a series of

“blind” passages in 25 cm? plastic culture flasks containing
maintenance medium. The blind passages were carried
out until apparent cytopathic effect (CPE). The infected cell
culture was incubated at (37.0 £ 0.5) °C for at least 72 hours.
The duration of each consecutive passage was reduced
as the time necessary for the development of 80-100%
CPE reduced.

Animals. Three 35-40 kg Yorkshire and Landrace gilts at
the age of 4 months old were used for the experimental
infection, and they had been delivered from the infectious
disease-free farms of the Vladimir Oblast.

All animal experiments were performed in strict com-
pliance with interstate standard on laboratory animal
keeping and handling GOST 33215-2014, adopted by In-
terstate Council on Standardization, Metrology and Cer-
tification and pursuant to the requirements of Directive
2010/63/EU of the European Parliament and of the Council
of 22 September 2010 on the protection of animals used
for scientific purposes.

Experimental infection of pigs. The animals were kept iso-
lated at the animal keeping facilities of the FGBI “ARRIAH"
for 29 days, and they had free access to water and feed.
Pigs 1 and 2 were intradermally infected with the con-
centrated virus at a dose of 10° TCID,  inoculated in the
snout, coronary bands of both forelegs and one hind leg.
For hyperimmune serum production the convalescent
animals were additionally immunized on day 21 post
infection (dpi), i.e. 100-fold concentrated virus antigen
supplemented with incomplete Freund’s adjuvant in 1:1
ratio was intramuscularly inoculated. Intact animal 3 was
transferred to the isolator with the infected gilts on 4 dpi
and they were further kept together. Before and during the
experiment, blood samples were regularly collected from
all animals at 2-6 day intervals. The blood samples were
used for serological tests.

Virus microneutralization test in cell culture. Virus micro-
neutralization test (MNT) in 2348 Italy/2008 SVD virus-
based cell culture and sensitive continuous cell culture
IB-RS-2 was used for pig serum testing for virus-neutralizing
antibodies. The pig serum samples were tested in 96-cell
culture plate by serial dilutions with the virus suspension
inoculated at pre-calculated working dose. The plate was
kept in CO,-incubator with 5% CO, at (37.0 £ 0.5) °C for
1 hour in order the virus neutralizing antibodies contained
in the tested sera could interact with the virus. Then the
cell culture of (0.8-1.0) x 10° cells/cm?® was inoculated.
The plate was again transferred to the CO,-incubator at
(37.0+£0.5) °C for 60-72 hours. The reaction was examined
using the inverted microscope and the number of cells
with the preserved monolayer was calculated. The anti-
body titer was calculated using Karber’s method.

Enzyme-linked immunosorbent assay. Enzyme-linked
immunosorbent assay (ELISA) was used for the determi-
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nation of SVDV antibodies in animal sera. The assay was
performed according to the ‘Methodical Guidance on De-
tection of SVDV Antibodies Using Competitive Sandwich
ELISA with Monoclonal Antibodies 5B7’ (CS-ELISA), and
using ELISA kit for SVDV antibody detection (FGBI“ARRIAH",
Russia). Commercial PrioCHEK SVDV Ab Kit (Prionics Lelys-
tad B.V., Netherlands) was used as a reference diagnostic
test-kit. The test-kits were used according to the manufac-
turer’s instructions.

RESULTS AND DISCUSSION

SVDV adaptation to cell cultures. SVDV strain 2348 Ita-
ly/2008 was adapted by means of blind passages in PKC
cell culture (3 passages), PSGK-30 (5 passages) and IB-RS-2
(8 passages). For further work the cell culture was selec-
ted, to which the virus adapted most rapidly and which re-
quired less time for 80-100% CPE development. Herewith,
the infectivity titers remained constant during at least five
successive passages. The data in Table 1 demonstrate that
SVDV strain 2348 Italy/2008 better adapted to the conti-
nuous cell lines PSGK-30 and IB-RS-2.

There were no signs of the virus reproduction in PKC
cell culture during three passages. During cultivation in
PSGK-30 and IB-RS-2 cultures, the virus induced 100%
CPE in 48 hours. By passage 3, the time period necessary

Table 1

Adaptive capacity of SVDV strain 2348 Italy/2008 in cell cultures of porcine origin

Time for 80-100%

Infectivity titer determined

Cell culture | Passage CPE development, using MNT cell culture,
hours lgTCID, /50 pl

PKC I none -
PSGK-30 I 48 n/t
IB-RS-2 I 48 n/t

PKC Il none -
PSGK-30 I 48 it
IB-RS-2 I 24 nt

PKC Il none -
PSGK-30 M1l 21 n/t
IB-RS-2 1l 18 7.80+0.60
PSGK-30 v 18 n/t
IB-RS-2 v 18 7.80£0.60
PSGK-30 v 18 n/t
IB-RS-2 ) 18 7.73£0.60
IB-RS-2 Vi 18 6.98 +0.60
IB-RS-2 Vil 18 7.73£0.60
IB-RS-2 Vil 18 6.75%0.60

n/t — not tested.
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Fig. 1. 1B-RS-2 cell culture after 96 hours
of cultivation (magnification 200x)
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Fig. 3. CPE of SVDV in IB-RS-2 cell culture in 18 hours post
inoculation (magnification 200x):
1—rounded cells, 2 - in the process of degradation

for the complete destruction of the cell monolayer re-
duced to 21 hours for PSGK-30 and to 18 hours for IB-RS-2.
IB-RS-2 cell culture was selected for further work due to its
sensitivity to SVDV. The pattern of the cellular degenera-
tive changes caused by 2348 Italy/2008 was typical for SVD
agent. In 12-15 hours post inoculation, initially irregular
polygon-shaped monolayer cells of IB-RS-2 culture (Fig. 1)
slightly stretched under the effect of the accumulated vi-
rus and took the shape of a spindle (Fig. 2). Hereafter, the
cells rounded, detached from the plastic walls of the cul-
ture flask (Fig. 3) and finally shrunk and degraded (Fig. 4).

During six passages in monolayer continuous IB-RS-2
cell culture the SVDV strain 2348 Italy/2008 demonstrated
relatively constant infectivity ranging from (6.98 + 0.60)
to (7.80 £ 0.60) Ig TCID, /50 pl. Seventh passage 100-fold
concentrated virus cultured in IB-RS-2 cell culture and
having the infectivity titer (7.73 £ 0.60) Ig TCID, /50 pl was
used for the infection of pigs. Cell suspension containing
sixth passage SVDV strain 2348 Italy/2008 and having the
infectivity titer (6.98 + 0.60) Ig TCID, /50 pl was used for
microneutralization test.

Infection of naturally susceptible animals. The pigs
were observed daily during the whole experiment. The
observation involved clinical examination with thermo-

Fig. 2. CPE of SVDV in IB-RS-2 cell culture in 15 hours
post inoculation (magnification 200x)

Fig. 4. CPE of SVDV in IB-RS-2 cell culture in 18 hours post
inoculation (magnification 400x)

metry, assessment of the general condition of the animals,
pattern of movements and neurological signs.

In 2 dpi, animals 1 and 2 infected with the concentrated
cultured SVDV strain 2348 Italy/2008 demonstrated clin-
ical signs typical for the acute disease. Reduced motion
activity and hyperthermia were reported in both pigs.
Initial aphthae were formed at the sites of intradermal
inoculation: in pig 1 - on the snout and coronary bands,
in pig 2 — on coronary band of three limbs. Generalized
infection and formation of secondary aphthae were re-
ported on 5 dpi. Significant improvement of the pigs’
health conditions was reported only after the formation
of the secondary aphthae and before 7 dpi. Diarrhea was
reported in animal 2 on 4 dpi and starting from 5 dpi the
animal demonstrated lameness due to hoof inflamma-
tion. Herewith, the animal mostly remained laying and
laboriously rose on carpal joints. On 11 dpi the animals
demonstrated pododermatitis complicated with puru-
lent process formed due to secondary infection. In pig 1
diarrhea was reported and lameness was demonstrated
from 7 dpi; they were not so expressed but lasted longer,
until 11 dpi, due to pododermatitis formation. During the
whole experiment, none of the animals demonstrated any
nervous signs, and they did not refuse from feed. Starting
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from 5 dpi, both animals demonstrated papular eruption
on the belly and in the pelvic area that was later accom-
panies with itching.

Animal 3 demonstrated no clinic signs of SVD, hyper-
thermia or behavioral changes.

During the experimental infection samples of bio-
logical materials were collected from the diseased animals:
aphthous epithelium and lymph. Molecular and genetic
tests of the biomaterials confirmed presence of SVDV
genome that was similar to the genome of SVDV strain
2348 Italy/2008. The obtained epithelium sample were de-
posited to the collection of the strains of microorganisms
at the Laboratory for FMD Diagnosis, FGBI “ARRIAH".

Serological tests. Blood samples used for serum pro-
duction were collected from pigs before the experiment
and during the whole experiment starting from 4 dpi.
Total of 26 samples with different serological activity
were collected. Studies showed correlation between the
SVDV virus antibody test results obtained using various
test methods. The results are demonstrated in Table 2.

The obtained results demonstrated that the diseased
pigs had virus-specific antibodies that were detected by
all test-kits: in animal 1 - starting from 7 dpi; in animal 2 -
starting from 4 dpi. The antibody titers increased until
11 dpi, and they further gradually decreased [8]. Herewith,
animal 2 demonstrated higher virus-specific antibody titer
as compared to animal 1. For the production of the hyper-
immune sera against SVDV the convalescent animals were
additionally immunized on 21 dpi. Additional immuniza-
tion intensified the immune response as expected, and
antibody titers in the sera of both pigs reached significant
values that was demonstrated by all test results.

Pig 3 did not demonstrate any antibodies by any of
the tests that led to the conclusion that the animal was
not diseased with SVD, although it was housed with the
diseased pigs. It could be supposed that the animal was
not infected because of the housing conditions that mi-
nimized the virus transmission: the pigs were housed in
dry and daily cleaned spacious room. This excluded the
contact route of the infection transmission. In spite of the
fact that SVD infected animals typically shed the virus with
the feces for a long time and the fecal-oral transmission
route remains the major one, the concentration of the vi-
rus particles in the feces is relatively low as a number of
researchers reported [3, 6]. Feeding and watering of the
pigs was arranged in such a way as to allow the animals to
consume the combined feed in short order and to supply
the water in the drinking bowls on an ongoing basis thus
continuously renewing it. That excluded contamination
of both feed and water by the excrements and therefore
prevented the infection transmission from the diseased
animals to the contact one either with water or with feed.

CONCLUSION

The research results demonstrated that swine vesicular
disease induced by SVDV strain 2348 Italy/2008 was char-
acterized by typical clinical signs and accompanied with
the expressed immune response. Early virus-specific anti-
body response was reported in the infected pigs on 4 dpi.
Length of the log and stationary phases of the productive
stage of antibody formation following the primary contact
with SVDV amounted to about two weeks: the level of vi-
rus-specific antibodies reached its maximumon 11-15 dpi
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and steadily decreased. Following repeated virus inocula-
tion the animals demonstrated evident dynamics in the
increase of the virus-specific antibodies that was main-
tained until the experiment completion. Since SVD is an

Table 2

Activity of sera collected from pigs at different time intervals post disease

and immunization with 2348 Italy/2008 SVDV strain and tested
using different test-kits (n > 3)

ELISA results

MNT results
: PrioCHEK
ARRIAH test-kit (S-ELISA SVDV Ab Kit -

Animal

4 1 <1 neg. <1 neg. 1.00 pos. 1.81 pos.

7 1220 pos 2.08 pos. 1.90 pos. 2.58 pos.

11 | 2.68 pos. 2.08 pos. 2.08 pos. 2.71 pos.

1 15 | 251 pos. 2.08 pos. 1.78 pos. 2.58 pos.
21% | 2.34 pos. 1.78 pos. 1.48 pos. 241 pos.

25 |2.68 pos. 234 pos. 1.90 pos. 3.01 pos.

29 |37 pos. 3.28 pos. 298 pos. 3.79 pos.

31 [ 419 pos. 371 pos. 3.89 pos. 3.79 pos.

0 | <1 neg. <1 neg. <1 neg. <1 neg.

4 1178 pos 1.30 pos. 1.30 pos. 21 pos.

7 1268 pos 298 pos. 2.98 pos. 271 pos.

11 | 298 pos. 2.81 pos. 2.98 pos. 2.89 pos.

2 15 | 2.68 pos. 2.68 pos. 2.81 pos. 2.71 pos.
21% | 2.68 pos. 2.08 pos. 2.51 pos. 2.71 pos.

25 1298 pos. 2.68 pos. 2.51 pos. 3.49 pos.

29 | 4.01 pos. 3.58 pos. 3N pos. 391 pos.

31 419 pos. 3.58 pos. 371 pos. 391 pos.

0 | <1 neg. <1 neg. <1 neg. <1 neg.

4 1 <1 neg. <1 neg. <1 neg. <1 neg.

7 | <1 neg. <1 neg. <1 neg. <1 neg.

m | <1 neg. <1 neg. <1 neg. <1 neg.

: 17 | <1 neg. <1 neg. <1 neg. <1 neg.
21 | <1 neg. <1 neg. <1 neg. <1 neg.

24 | <1 neg. <1 neg. <1 neg. <1 neg.

27 | <1 neg. <1 neg. <1 neg. <1 neg.

*booster immunization.
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exotic disease for the Russian Federation, the sera of the
convalescent experimental animals are of definite value
as they can be used as reference sera during the disease
laboratory diagnosis.
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SUMMARY

The paper presents comparative test results of 12 domestically produced diagnostic kits/PCR test systems for DNA detection of the African swine fever virus with
regard to the following parameters: completeness and correctness of instructions for use; labeling and package contents; convenience of using the kit; shelf life
stability of reagents; stability of reagents after transportation and repeated freezing — thawing; batch-to-batch repeatability; sensitivity of various test materials
and specificity of kits. The study of the instructions for use and kit contents revealed incompleteness of some instructions. It was noted that some manufacturers
make serious errors in the instructions, which can significantly affect the interpretation of test results. It was also observed that there is insufficient control of the
manufacturing process, which results in the production of faulty kits, as well as kits with poor-quality components and errors in the labeling. Thus, during the study,
one kit showed its inactivity, demonstrating the absence of accumulation curves of the fluorescent signal during amplification of both positive controls and DNA
of ASFV isolates. When the specificity was assessed, all the kits showed absence of non-specific reactions and acceptable sensitivity when testing various types of
ASFV-containing material (blood, suspensions of pork spleen and pork casings used in sausage production). The stability test showed a sharp deterioration in the
quality of operation of one kit within the shelf life period, and a significant decrease in the fluorescence signal was detected during repeated freeze — thaw cycles
for another kit. Comparison of the repeatability results of different kit batches of the same manufacturer showed significant discrepancies for 41.5% of all kits. It
was found that only 33% of the studied kits for ASFV DNA detection were compliant. The results of this study demonstrate the need for control of the manufactured
diagnostic kits used in state programs for animal disease monitoring.
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PE3IOME

B pabote npepcTaBneHbl pe3ynbratbl paBHeHUA 12 0TeyeCTBEHHbIX AnarHocTuyeckinx Habopos/MLP-Tect-cuctem ans Bbianenusa JHK Bupyca adppukackoit
YyMbl CBUHEI 10 TaKIM NOKa3aTeNAM, kak MOAHOTA 1 rPAMOTHOCTb UHCTPYKLMIA N0 NPUMEHEHIt0; MapKUPOBKa 11 KoMNeKTaLus; yA06CTBO MCNonb30BaHNA Ha-
60poB; CTabunbHOCTb PaboTbI peareHTOB B TeueHMe CPOKa XpaHeHIA; CTabuabHOCTL peareHToB NOCe TPAHCMOPTUPOBKM 1 MHOTOKPATHOr0 3aMopaXiBaHuA — 0T-
TauBaHUA; MeXCepuitHad (XoAMMOCTb; YyBCTBUTENBHOCTL NPY TECTUPOBAHMN PA3NNYHOTO MaTepuana i cneunduyHoCTb HabopoB. M3yueHne MHCTPYKLpil no
MpUMEHeHHIo 1 KOMNNEKTaLMin HaboPOB BbIABIIO HEMONHOTY HEKOTOPbIX UHCTPYKLMIA. OTMEUEHO, UTo OTAENbHbIE MPOU3BOAUTENM ONYCKAIOT B MHCTPYKLMAX
Cepbe3Hble 0LWMOKN, KOTOpble MOTYT CyLLLeCTBEHHO NOBNUATb HA MHTEPNPeTaLMio Pe3yNbTaToB UCCefoBaHUA. TakKe 0TMeUYeHa HelOCTaTOYHOCTb KOHTPONA
MPOM3BOACTBEHHOTO NPOLIECCa, pe3yNbTaToM KOTOPOil ABNAETCA BbINYCK HepaboTocnocobHbIX HabopoB, a Takxe HAbOPOB C HU3KNM KauecTBOM KOMMOHEHTOB
1 owwnbKamm B UX MapkupoBKe. Tak, Mpu NpoBeAeHUN UCCNeS0BaHNA OAUH HAbop NoKa3an CBO HepaboTocnoCoBHOCT, AEMOHCTPUPYA OTCYTCTBIUE KPUBbIX
HaKonneHna GpnyopecLeHTHOro curHana Kak npu amnaudukaLmum nonoxuTenbHbix Kontponeii, Tak v AHK nzonatos supyca AYC. Mpu ouenke cneumuuHocti
BCe Habopbl MOKa3any OTCYTCTBUE HecneLupuyeckux peakLuil 1 npuemnemyio YyBCTBUTENbHOCTb NPY TCTUPOBAHUYN Pa3NNYHBIX TUMOB MaTepuana (KposH,
CyCneH3uit CBUHOI Cene3eHKIN v YepeBbl CBUHOI, UCMONb3yeMoil NP1 MPOU3BOACTBE KonbacHbIx n3pnenuit), conepxatunx upyc AYC. Mposepka crabunbHocTn
noKasana pe3Koe yxyALLeHue kauectsa paboTbl oHOro Habopa B npezenax cpoka rofHOCTH, ANA Apyroro Habopa BbIABNEHO CYLLECTBEHHOE CHUMKEHUE YPOBHSA
dnyopecweHTHOro CUrHana npi MHOrOKPaTHOM 3aMopaXMBaHM — 0TTanBaHuW. CpaBHEHKe CXOAUMOCTY Pe3ynbTaToB paboTbl pasHbiX cepuil HaBoOpoB 0AHOTO
MpON3BOAUTENA NOKA3asNo CyLiecTBeHHble pacxoxaeHua Ana 41,5% HabopoB. YcTaHoBNeHO, uTo NnWb y 33% paccMoTpeHHbIX HabopoB ana Boiasnenua JHK
Bupyca AYC oTcyTCTBYIOT KaKue-nnbo HefocTaTky. Pe3ynbTatbl npoBe/eHHoii paboTbl AeMOHCTPUPYIOT HEOOXOANMOCTb KOHTPONA BbIMyCKAeMbIX AUArHOCTUYECKHUX
HabopoB, UCMONb3yeMbIX B FOCYAAPCTBEHHbIX NPOrPaMMax MOHUTOPUHTA 3a601eBaHMIi XUBOTHbIX.

KntoueBbie cnosa: MLP-TecT-cuctema, adpukanckas uyma CBUHeil, YyBCTBUTENbHOCTD, CNELNGUUHOCTb, CTaOUNBHOCTD

bnaropapHocTb: Pabota BbinonHeHa npu noapaepxke Poccenbxo3Haa3opa B pamKkax Hay4Ho-ICCiei0BaTenbekoil paboTbl no Teme: «/3yyeHne napameTpos
KauecTBa 0TeueCTBEHHbIX 1 3apy6exHbix auarHoctnyeckux MLP-Habopos, npumeHAemblx B 1abopaTopHoil BeTepuHapHoii npakTuke Ha Tepputopuy PO, c uenbio
pa3paboTkm euHbIX TpeOOBaHWI K NapameTpam KauecTsa 1 MeTogam Ux KOHTpons». ABTopbI BbipaxatoT 6narogapHoctb OTBY «BHUU3X» u OTBHY OULBUM
3a npepocTaBneHHble 06pasupl Bupyca AYC.

[ina yutuposauua: Kpachukosa M. C., fluentiok C. M., bptocosa M. b., Koznosa A. 1., eprenb M. A. CpaBHutenbHoe nccnesosanme NMLP-Habopos ans BbissneHna

[JHK Bupyca AYC. Bemepurapus cezodns. 2021; 10 (3): 209-215. DOI: 10.29326/2304-196X-2021-3-38-209-215.

KoHnuKT MHTEpecoB: ABTOPbI 3aABNAIOT 06 OTCYTCTBUN KOHGINKTA HHTEPECOB.

[ins koppecrnoxperumn: Auentiok (BeTnana lleTpoBHa, KaHAMZAT G1ONOTNYECKIX HAYK, 3aBEAYIOLLNIA OTAENOM reHOAMArHOCTUKM MHGEKLMOHHBIX 60ne3Heil
XMBOTHbIX 0TAeneHua buotexronorum OTBY «BIHKW», 123022, Poccus, r. MockBa, 3BeHUropogckoe wocce, 5, e-mail: pcr-lab@vgnki.ru.

INTRODUCTION

African swine fever (ASF) is a highly contagious porcine
disease caused by the virus of Asfarviridae family that af-
fects both domestic and wild pigs of all ages. ASF causes
serious economic and production losses and is listed in the
Terrestrial Animal Health Code of the World Organization
for Animal Health (OIE) as a notifiable disease.

Given that no effective treatment and vaccine currently
exist for the disease, ASF prevention largely depends on
timely disease outbreak containment and eradication. In
the Russian Federation, both domestic pigs and wild boars
are annually subjected to diagnostic testing. According to
the data of the reports (Form 1-vet A) summarized by the
FGBI “Veterinary Centre” more than 670 thousand tests
were carried out in 2019 and 473 thousand tests were
carried for 9 months of 2020. In 2020, according to the
Information Analysis Centre of the Rosselkhoznadzor De-
partment for Veterinary Surveillance, 161 ASF outbreaks
in domestic pigs and 110 ASF outbreaks in wild boars
in the Russian Federation were reported and notified to
the OIE [1].

Currently, polymerase chain reaction (PCR) is widely
used for ASF diagnosis. Veterinary laboratories commonly

use domestically produced reagent kit (test-kits) for
PCR tests. The laboratories carrying out diagnostic tests in
the framework of the official programmes shall be accred-
ited by the Federal Service for Accreditation (RusAccredi-
tation). Documents laying down test procedures and test
methods shall be indicated in the scope of accreditation
of the testing laboratory. Often such documents present
themselves instructions to the test-kits or reagent kits and
the laboratories shall strictly follow such instructions. The
problem is that current diagnostic test systems do not
undergo mandatory official registration and certification,
there is no list of requirements for them, the instruction
text is not approved and the kits are not subjected to inde-
pendent checks for their quality. This could result in release
of substandard kits that in case of their use in tests could
be responsible for ineffective diagnosis.

There are several types of PCR test systems/kits for ASF
diagnosis on the Russian PCR diagnostica market that
contain various components including those with elec-
trophoretic detection and real time hybridization-fluores-
cent detection of amplification products; full-optional kits
containing both PCR reagent kit and DNA extraction kit
and, in case of electrophoretic detection, electrophoresis
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kit, as well as kits designed for PCR only. For the latter kits,
the manufacturer could provide recommendations in the
instructions on the nucleic acid extraction kit to be used
together with its PCR kit or extraction method to be used
or indicate that any kit for nucleic acid extraction can be
used. PCR control samples are essential kit components.
However, there is also no uniformity here: some kits in-
clude an endogenous and/or exogenous internal control
sample (ICS) allowing control of sample collection proce-
dure and extraction quality, other kits do not contain ICS
that reduces the reliability of diagnostic testing. No com-
parative assessment of the diagnostic kits for ASFV DNA
detection available on the Russian diagnostica market has
been carried out yet.

The study was aimed at comparative assessment of
domestically produced diagnostic PCR kits for ASFV DNA
detection for the following parameters: completeness
and correctness of instructions for use; labeling and kit
contents; convenience of the kit usage; stability of the re-
agents during the shelf life declared by the manufacturer;
stability of reagents after transportation and repeated
freezing - thawing; batch-to-batch repeatability when
different batches of the kits from the same manufacturer
were used; detection limit (sensitivity) when the kit was
used for testing various materials and specificity of kits.

MATERIALS AND METHODS
The PCR kits for ASFV DNA detection produced by
the following Russian manufacturers were assessed: the
Federal Budget Institution of Science “Central Research
Institute of Epidemiology” of the Federal Service for Cus-
tomers’ Rights Protection and Human Wellbeing (Rospo-
trebnadzor), “Lytech” Co. Ltd., Syntol JSC, “FBio” Co. Ltd.,
Innovative Diagnostic Systems Ltd., “VetFactor” Ltd.,
“VMT"Ltd.,“Vetbiochem”Ltd.,“Technology Centre”Ltd.,“Or-
ganic-Test”Ltd. The assessed kits and their manufacturers
were coded when the study results were discussed.
VetMAX ASFV Detection Kit (Thermo Fisher Scienti-
fic Inc, USA) validated and certified by the OIE (approval
number: 20200114) was used as a reference diagnostic
test-system.

A panel of the following 38 different samples, including
bacterium and virus strains, was used for testing of the
kits for their specificity: ‘Skif’ strain of Aujeszky’s disease
virus, ‘llyinogorsky’ strain of porcine transmissible gastro-
enteritis virus, ‘IS’ strain of porcine epidemic diarrhea virus,
‘KS"and ‘LK-VNIIVViM’ strains of classical swine fever virus,
‘VL90-94’ strain of porcine parvovirus, ‘G10 P11’ strain of
rotavirus, 94881 strain of porcine reproductive and respi-
ratory syndrome virus, 1010 strain of porcine circovirus,
Bordetella bronchiseptica ATCC 4617, Brachyspira pilosicoli
ATCC 51139, Brucella abortus 82 ser. 022, Brucella suis 1330
strain, Campylobacter jejuni‘70.2T strain, Chlamydia psit-
taci‘LS-87 strain, Clostridium perfringens'Amo’strain, Esche-
richia coli 0157:H7, Erysipelothrix rhusiopathiae ATCC 8139,
Haemophilus parasuis 'Uralsky’ strain, Histophilus somni
ATCC 700025, Klebsiella pneumoniae ‘K2 5055’ strain, Law-
soniaintracellularis'MS B3903'strain, Leptospira interrogans
Pomona ‘VGNKI-6 strain; Listeria monocytogenes 'USKHI-6
strain, Mycobacterium avium ‘D4’ strain, Mycobacterium
bovis 1414 strain, Mycobacterium paratuberculosis 19698
strain, Mycoplasma hyopneumoniae ) strain, Mycoplasma
hyorhinis field isolate, Pasteurella multocida ATCC 43137,
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Pseudomonas aeruginosa ATCC 27853, Salmonella enterica

‘Dublin 6’ strain, Shigella sonnei ATCC 25931, Staphylococ-
cus aureus 'VKPMV 6646 strain, Streptococcus pyogenes

ATCC 19615, Yersinia enterocolitica’My O3 BNIPCHI Microbe’
strain, Yersinia pseudotuberculosis 192 strain, as well as por-
cine genome DNA and a panel of 6 suspension samples

containing ASF virus obtained from the FGBI “ARRIAH"
collection (Kaliningrad 10/17, Oryol 07/18, Arm07, Kras-
nodar 07/17, Leningrad 02/19 isolates) and the Federal

Research Centre for Virology and Microbiology (‘Stav-
ropol 01/08’ strain).

The sensitivity (limit of detection) of the full-optional
kits comprising both PCR reagent kit and DNA extraction
kit in different matrices - biological materials (blood,
spleen) and porcine small casing used for sausage pro-
duction - was assessed for the full-optional kit as a whole.
‘A DNA/RNA-S-Factor’ DNA extraction kit (“VetFactor” Ltd.,
Russia) was used for the assessment of the test-kits inten-
ded for PCR assay only without any recommendations for
DNA extraction in the instructions for their use. Ten-fold
serial dilutions of ASFV Leningrad 02/19 isolate (initial titre
6.2 Ilg HAU, /cm?) were prepared in 10% porcine spleen
and casing suspensions and in blood. DNA extraction and
subsequent PCR were carried out in triplicate for each di-
lution of the materials of each type.

Serial dilutions of ASFV Kaliningrad 10/17 isolate (initial
titre 5.8 Ig HAU, /cm?) prepared with saline solution were
used for comparative assessment of the amplification
kits (without DNA extraction stage) for their sensitivity.
‘Ribo-prep’ kit (Federal Budget Institution of Science “Cen-
tral Research Institute of Epidemiology” of the Rospotreb-
nadzor) was used for DNA extraction. Extracted DNA was
used for PCR amplification using kits of different manufac-
tures. Each virus dilution was tested with PCR in triplicate.

Nucleic acid was extracted from ten-fold dilutions of
ASFV Leningrad 02/19 isolate prepared with saline solution
for comparative assessment of the effectiveness of DNA
extraction using extraction kits from different manufactur-
ers. PCR was carried out with ‘VetMAX ASFV Detection Kit’
(Thermo Fisher Scientific Inc., USA), reference reagent kit.

DNA amplification was carried out with
‘CFX96 C1000 Touch’ (Bio-Rad Laboratories Inc., USA),
‘Rotor-Gene Q' (QIAGEN GmbH, Germany) and ‘Tertsik’
(DNA-Technology LLC, Russia) depending on the PCR pro-
duct detection method indicated by the kit manufacturer.

For testing reagent kits for their stability, results of
positive and negative control amplification were assessed
every three months within the kit shelf life period. To test
reagents for their resistance to transportation tempera-
ture conditions recommended by their manufacturers as
well as to repeated freezing — thawing every reagent was
divided into three equal parts. The first part was kept at
temperature recommended by the manufacture for the
reagent storage period. The second part was subjected to
multiple freeze-thaw cycles (up to 15 cycles). The third part
was kept in a thermo insulating plastic foam box placed
in ice for maximum transportation period indicated by the
manufacturer. Comparative assessment of positive and
negative control amplification results for each diagnos-
tic kit was carried out in several repeats upon the testing
completion.

Identical reagent kits of different batches were com-
pared for their performance to assess batch-to-batch
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reproducibility taking into account data of comparative
assessment of positive controls and dilutions thereof as
well as ASFV DNA-containing samples for their amplifi-
cation.

Repeatability- and reproducibility-related precision was
determined as closeness of the measurements obtained
with multiple analyses of the same sample [2, 3]. The arith-
metic mean of the threshold cycle Ct, the standard devia-
tion and the coefficient of variation were calculated. The
set of the obtained data was considered homogeneous
when the coefficient of variation was less than or equal to
10%; sufficiently homogeneous — when the coefficient of
variation was within 10-20%; sufficiently heterogeneous -
when the coefficient of variation was within 20-33%; hete-
rogeneous — when the coefficient of variation was higher
than 33% [4].

RESULTS AND DISCUSSION

Twelve test-kits from 10 manufacturers were included
in the study: 10 PCR test kits with real time hybridiza-
tion-fluorescent detection and 2 PCR test kits with elec-
trophoretic detection.

The study of the instructions for use to the reagent
kits (test-systems) has revealed that some manufactures
pay insufficient attention to their preparation as well as
to their component labeling. There are serious errors in
the instructions for use including those that contradict the
regulations for the laboratories that use nucleic acid am-
plification methods [5]. Such errors could seriously affect
the test results interpretation and lead to false positive or
false negative results. Some instructions lack data on the

Table 1
Comparative results of sensitivity assessment of amplification kits when testing various ASFV-contaminated materials

Sensitivity of ASFV DNA amplification kits
Designation without DNA extraction stage

of coded
test-system/kit | detected titre of ASFV Kaliningrad 10/17

sample preparation for DNA extraction. For test-kit No. 12,
the manufacturer replaced the instruction for use by the
leaflet that contained information on DNA amplification
procedure and on interpretation of the results but lacked
the description of the kit components as well as the re-
agent storage and transportation conditions.

Analysis of the kits’ contents and ergonomics has
showed that some manufacturers incorrectly estimate
the control sample amounts without regard for the
probable tests of single biological material samples in
the laboratory.

Tests of all test-kits for their specificity showed that they,
except for test-kit No. 12, correctly detected ASFV DNA in
all tested samples containing ASFV isolates recovered on
the territory of Russia at different times.

Amplification kit No. 12 demonstrated its malperfor-
mance when nine reagent kits of the said manufacturer
were tested by different operators using different ma-
chines at different times. No fluorescent signal against
ASFV was detected during the amplification of DNA ex-
tracted from the virus isolates as well as positive controls
included in the test-kits. Therefore, PCR test-kits from the
said manufacturer were excluded from the other tests.

Results of assessment of the amplification kits for their
sensitivity without taking into account DNA extraction
stage as well as assessment of the sets of primers for their
sensitivity during testing of the DNA extracted from the
materials of different types (blood, porcine spleen and
casing suspensions) are summarized in Table 1.

Decrease in the virus detection limit was found for
some kits when they were used for tests of the porcine

when DNA is extracted from the materials of different types

detected titre of ASFV Leningrad 02/19 isolate (initial titre 6.2 g HAU, /cm?)

isolate in saline solution (initial titre
5.81g HAU, /cm’) in porcine blood in porcine spleen suspension

No. 1 0.8 3.2 4.2 3.2
No.2 0.8 3.2 3.2 3.2
No.3 0.8 2.2 2.2 2.2
No. 4 0.8 2.2 2.2 1.2
No.5 18 42 3.2 2.2
No. 6 18 3.2 42 3.2
No.7 18 3.2 3.2 22
No.8 18 3.2 3.2 42
No.9 18 42 42 42
No. 10 18 3.2 3.2 22
No. 11 2.8 3.2 3.2 42
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Table 2

Comparative test results of different batches of kits with real time hybridization-fluorescence detection

Amplification of

Designation of coded i Batch 1, Batch 2, o Coefficient of variation,
test-system/kit positive control sample P P Standard deviation o
y detected as >
17.36 18.03
No.1
ICS 19.28 19.50 0.1 0.57
ASF 26.89 28.87 0.99 3.55
No. 2
ICS 29.35 2255 3.40 13.40
ASF 19.22 17.35 0.93 5.1
No.3
ICS 20.23 19.51 0.36 1.81
ASF 32.68 34.14 0.73 218
No. 4
ICS 31.35 32.14 0.40 1.24
ASF 23.15 23.24 0.04 0.19
No.5 ICS 20.44 2037 0.04 0.17
exogenous ICS 21.76 21.83 0.03 0.16
No.7 ASF 23.68 16.61 3.54 17.55
No.9 ASF 16.87 20.32 1.73 9.28
ASF 19.69 19.87 0.09 0.46
No. 10
ICS 2417 26.34 1.09 430
No. 11 ASF absence of detection 10.15 - -

materials of different types. This fact becomes important
in case of testing of porcine food products (sausages,
minced meat) for African swine fever in which the virus
concentration could be small. Therewith, some of ampli-
fication kits (No. 2, 3, 9) showed similar sensitivity regard-
less of the type of tested material. In general, it should be
noted that all amplification kits demonstrated suitable
sensitivity. Therefore, number and type of tested samples
as well as contamination risk should be considered when
choosing among them.

Since the stage of nucleic acid extraction plays an im-
portant role in the PCR testing, effectiveness of the DNA
extraction with the kits of different manufacturers was as-
sessed separately. Extraction effectiveness was assessed
by comparing PCR results obtained using the reference
kit, 'VetMAX ASFV Detection Kit'’

The effectiveness of DNA extraction with kits No. 7-9
was found to be lower than that one of the other tested kits.
ASF virus extracted with the said kits was detected with
‘VetMAX ASFV Detection Kit’ at a titre of 4.2 Ig HAU, /cm®.
Whereas, ASF virus extracted with kits No. 1-6 and 10 was
detected with ‘VetMAX ASFV Detection Kit’ at a titre of
2.2 g HAU, /cm®. Despite of malperformance of PCR kit
No. 12 the assessment showed its sufficiently high DNA ex-
traction effectiveness when different extraction kits from
this manufacturer were used: all reagent kits based on
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different DNA extraction methods demonstrated similar
effectiveness (detected virus titre 3.2 Ig HAU, /cm’).

It should be noted that all assessed DNA extraction kits
complied with their intended use and allowed effective
DNA extraction when they were used for tests of the ma-
terials of animal origin.

Tests of the kits for their stability during their shelf life
showed drastic decrease in kit No. 8 performance at the
last time point of storage (the 12th month of storage).
Other kits demonstrated high and sufficient consistency
of PCR results during the whole storage period with varia-
tion coefficient of 10% or within 10-20%.

Assessment of the kit components for their resistance
to multiple freezing - thawing and storage under trans-
portation conditions showed high stability of ten out of
eleven kits. For kit No. 7, two-fold fluorescent signal de-
crease during amplification product detection was found
after the kit reagents were subjected to multiple freezing -
thawing as compared with the fluorescent signal obtained
when aliquots of the original reagents were used.

Comparative testing of different batches of the kit from
same manufacturer revealed batch-to-batch discrepan-
cies in the kit performance for five out of eleven tested
kits. Kit No. 6 with electrophoretic detection of amplifica-
tion products showed high consistency of the results for
two different batches, whereas kit No. 8 with analogous
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detection method demonstrated discrepancies for posi-
tive extraction control included in the kit as a component:
for one kit batch amplification product was detected when
ten-fold dilution of this component was used and for other
kit batch — amplification product was detected when the
non-diluted component was used. This could be indica-
tive of shortcomings during the control sample produc-
tion and presence of large number of PCR inhibitors in the
reagent of the first batch of the kit.

Table 2 shows results of the comparative testing of pos-
itive controls included in the real time hybridization-fluo-
rescent detection PCR reagent kits for ASFV DNA detection.

For test-kit No. 7, the difference in Ct values when posi-
tive control was amplified with different batches of the kit
was 7 (coefficient of variance higher than 10%); whereas,
ASFV DNA amplification results were almost identical. Also,
malperformance of internal control amplification system
was revealed for one batch of the kit. Generally, this is in-
dicative of unstable quality of control samples, set of pri-
mers and probes of the said manufacturer.

Comparison of different batches of kit No. 2 revealed
the 4-fold difference in fluorescent signal during detection
of positive sample amplification products (coefficient of
variance higher than 10%).

Differences in PCR internal control amplification were
revealed for different batches of kit No. 10: difference in Ct
values when PCR internal control was detected was more
than 14 (coefficient of variance was higher than 25%) that
was indicative of unstable production quality of that com-
ponent of the kit.

Low repeatability of the results was demonstrated
for different batches of kit No. 11: the kits of one batch
showed good performance whereas kits of other batch
(three kits of the batch were tested by different operators)
did not demonstrate exponential increase in fluorescent
signal intensity curves both for positive controls included
in the test-kits and for control samples containing ASF
virus.

CONCLUSION

The study shows that only four out of twelve assessed
reagent kits for ASFV DNA detection from three different
manufactures of PCR test systems for veterinary use have
no disadvantages impeding their maximum effective use.

It is noted that some PCR test-kit manufacturers pay
insufficient attention to the drawing-up of the instruc-
tion for their kit use and to the kit contents. Insufficient
control of the kit production process results in labelling
incompliance, poor quality of the components and, final-
ly, malperformance of control samples, reagents and the
whole test-kit. It was shown that sensitivity of the same
kits used for tests of different materials indicated in their
instructions for use could differ by two orders of magni-

tude. Kits of all manufacturers demonstrated absence of
non-specific reactions; tests of the kits for their stability
and batch-to-batch repeatability of the results showed
that only five out of twelve tested diagnostic kits complied
with the said parameters.

Currently, comparative assessment of diagnostic test
systems is carried out only in the laboratory or by the pro-
vider during analysis of proficiency testing runs. The study
results demonstrate the importance of official registration
and regular control of the manufactured diagnostic kits
used for official programmes on animal disease monitor-
ing. Similar regulatory procedures for diagnostic kit market
exist in the EU, USA and Canada. Analysis of these proce-
dures has showed that, first, the following is taking into
account during veterinary diagnosticum assessment: its
compliance with the intended use, specificity, sensitivity,
reproducibility of the results obtained with the reagent
kit. There is a comparable procedure in the Russian Fede-
ration: procedure for medical device registration aimed at
marketing of quality and safe products in Russia. Develop-
ment of similar procedure for official control of veterinary
diagnostic kits is a currently important task.
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SUMMARY

One of the measures used to control and prevent African swine fever spread in the Russian Federation involves testing pig and boar sera using inter alia serological
tools based on enzyme-linked immunosorbent assay (ELISA) for anti-viral antibody detection. However, there is no unified requlatory document specifying storage
conditions for sera used in the ELISA for anti-ASFV antibody detection. There are also lack of published data on the maximum admissible shelflife of the pig sera, and
the effect of storage conditions on the serological status of the pig sera as for ASF is understudied. The paper demonstrates results of the experiment aimed at the
determination of the effect of storage temperatures and shelf life on the serological status of ASFV seropositive and seronegative pig sera when tested by INgezim
PPA Compac (Ingenasa, Spain) ELISA as well as on the possibility of false results. During the experiment and analysis of its results, the new data were obtained, and
they indicated from none to non-significant effect of the simulated storage conditions on the serological status of sera used for ASFV detection, while hemolyzed
sera demonstrated more significant changes proportional to hemolysis degree and storage duration. Although the results of detection of antibodies against the
agents of some diseases cannot be used in case of other pathogens, this study has a substantial applied significance as it allows to specify the dependence of the
valid results of ASF serodiagnosis on the storage conditions of the samples.
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PE3IOME

0OnHoit 13 mep 6opb6bl ¢ pacnpocTpaHeHreM 1 NpodunakTUKK adpuKaHCKoi uymbl cBUHed B Poccuiickoit Degepaunn ABNAETCA NpoBefeHie UCCed0BaHNIl
npo6, 0T6upaemblx 0T CBUHeli 1 KabaHOB, B TOM YMCNe CEPONOTUYECKUMU METOAAMU C UCMIONb30BaHWEM UMMYyHOdepMeHTHOro aHanu3a (MDA) ana kauecTaeH-
HOro OnpeseneHna CofepXKaHNA aHTUTeN K Bupycy. lpu 3Tom B HacToALLee BPeMA Ha TePPUTOPUIN CTPaHbI He CYLLeCTBYET HOPMATUBHOTO JOKYMEHTa, perna-
MEHTUPYHOLLero YCoBYA XpaHeHN!A Npo6 cbIBOPOTKY KpoBU AnA nocTaHoBku VIOA npu onpedenexum cofepxanua aHtuten K Bupycy AYC. Takxe oTcyTcTByloT
NUTEpaTypHbIe AaHHbIE 0 MAKCUMANbHO AOMYCTUMOM CPOKe XPaHeH!A Npob cbIBOPOTKM KPOBY CBUHEIA, @ BAMAHME YCNOBMIl XpaHEHUA Ha CEPOIOTYECKHIA CTaTYC
CbIBOPOTOK KPOBI JOMALLIHUX CBUHEA B 0THOLLeH AYC u3yueHo HeoCTaTouHo. B cTaTbe NpefcTaBneHbl pesynbratbl SKCNepuMeHTa no onpeaeneHuio BuaHuA
TeMNepaTypHbIX PeXMMOB 11 ANUTEALHOCTY XPAHEHUA CePONO3UTUBHDIX 1 CEPOHEraTUBHDIX B OTHOLeHNM Bipyca AYC CbIBOPOTOK KPOBU JOMALLHUX CBUHEI
Ha UX CepoMorINYecKmil CTaTyc npu noctaHoBke TecT-cuctemoii INgezim PPA Compac (Ingenasa, Vicnanua) ana teepaodastoro QA u BepoATHOCTM nonyyeHunsa
NIOXHbIX pe3ynbTaToB. B xoze BbinonHeHnA paboTbl 1 aHann3a pesynbTatos NonyyeHbl HOBble AaHHble, CBIAETENbCTBYIOLLME 00 OTCYTCTBUM UM HE3HAUUTENbHOM
BNUAHUN MOAENMPYEMbIX PEXUMMOB XpPaHeHuA Ha onpe/ieNieHie CepoNornYeckoro CTaTyca kauecTBeHHbIX MPpob CbiIBOPOTOK KpOBY B 0THOLLEeHMH BUpYca AYC, B To
Bpems Kak reMoN31poBaHHble Npo6bl nokasanu 6onee 3ameTHoe 3MeHeHWe, NPONOPLMOHANbHOe CTEMeHU remMonn3a 1 AUTENbHOCTI XpaHeHua. Hecmotpa
Ha TO YTO NMONyYeHHbIe Pe3yNbTaThl N0 06HAPYKEHINI0 aHTUTEN K Bo30YANTENAM 0ZHMX Gone3Heil He NpUMeHNMbI ANA APYTiAX NAaTOTEHOB, AAHHOE CCNIef0BaHMe
IIMEET CyLLeCTBEHHOE NPUKNASHOe 3HaueHUe, N03BONAA YCTAHOBUTD 3aBUCUMOCTb NONyYeHUA JOCTOBEPHbIX pe3yNbTatos npu cepoanarHoctuke AYC ot ycnosuii
XpaHeHusA npod.

KnioueBble cnoBa: adpukaHcKas yma CBUHeN, UIMMyHoGEPMeHTHBIN aHanu3, CbIBOPOTKa KPOBM, YCTIOBUA XpaHeHNA

bnaropapHocTb: UccnesoBaHue BbINoNHEHO 3a cueT CPeACTB GefepanbHoro blofxeTa B pamMKax NpoBeLeHNa HayuHo-MCCnefoBaTeNbCKIX paboT no Teme:
«[TpoBefieH1e NpuKNagHbIX HayuHbIX nccnesoBanmit» (13 Ne 081-00010-19-00 ot 28.12.2018).

[ina uutuposanua: Wotun A. P, Xykos . 10., Mepwun A. C,, Maznym Anu, Lesuenko W. B., Uronkun A. C., Manyiinosa 0. A., Tpy3aes K. H. Bnuaxue ycnosuit
XPaHeHuA CbIBOPOTOK KPOBI (BUHel Ha BblaBeHIe anTuten K Bupycy AYC metogom NOA. Bemepunapus cezodns. 2021; 10 (3): 216-223. DOI: 10.29326/2304-

196X-2021-3-38-216-223.
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INTRODUCTION

African swine fever (ASF) is a contagious viral disease
of domestic pigs and wild boar, manifested in susceptible
animals as a hemorrhagic fever with a mortality rate of up
to 100% [1]. The virus reservoirs are warthogs, bush and
wild pigs, ticks of the Ornithodoros genus. The disease has
a disastrous effect on pig farming as a whole, including
establishments of all forms of ownership (starting from
backyards to commercial industrial pig farms), leading to
severe socio-economic consequences and compromising
food security of the infected territory [2, 3].

African swine fever was first described by R. Montgo-
mery in Kenya in 1921. Subsequently, ASF outbreaks were
reported in most countries in Southern and Eastern Africa.
In 1957, the porcine disease caused by the ASF virus was
first registered in Europe. By mid-2020, the ASF virus was
reported on the African, European and Asian continents,
the Malay Archipelago and in the countries of Oceania [4].

To date, commercially available means of ASF specific
prevention have not been developed. In this regard, the
only way to control the disease is to implement a set of
preventive measures, early diagnosis using modern and ac-
curate methods, killing of infected and risk animals and in-
troduction of strict restrictive measures (quarantine) [5, 6].

One of the measures to control ASF spread and preven-
tion in the Russian Federation is to conduct monitoring
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tests [7] and quarantine tests (before shipment and/or
when introducing new animals from/to farms), including
serological methods using enzyme-linked immunosor-
bent assay (ELISA) for qualitative measurement of the
viral antibodies in porcine sera [8, 9]. To date, there are
many commercial ELISA test kits. One of the kits used in
the FGBI“ARRIAH" Reference Laboratory for ASF is INgezim
PPA Compac (Ingenasa, Spain) kit, which, according to va-
rious authors, has a 98 to 100% specificity.

According to H. C. Bergeron et al., false-positive results
may be associated with poor sample quality [10]. Accor-
ding to the instructions for the INgezim PPA Compac kit
and the recommendations of the World Organization for
Animal Health (OIE), the use of hemolyzed or contamina-
ted samples can lead to false-positive results in ELISA. As
indicated in the Guidelines of the Food and Agriculture
Organization of the United Nations (FAO), sera should be
tested immediately after collection or put to storage at a
temperature below minus 20 °C before testing, since an
accurate diagnosis can be made only when the samples
are in satisfactory condition [11].

However, according to the results of L. Mur et al. [12],
when testing 158 sera samples using the INgezim PPA
Compac kit, among which 49 were moderately and 28
were extensively hemolyzed, 11 gave a false-positive
result and 6 were inconclusive. At the same time, there
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was no correlation between hemolysis and false-positive
results.

Based on general recommendations, itis known, that not
frozen serum should be delivered to the diagnostic labora-
tory during the first 24 hours and in exceptional cases — no
later than the third day after blood collection [11, 13, 14].

Current veterinary and sanitary rules of the Republic of
Belarus regulating the procedure of serum and blood plas-
ma collection allow freezing of samples and transportation
of frozen samples. If it is not possible to freeze the serum
and plasma samples, it is allowed to store and transport
them at a temperature of 2 to 6 °C within no more than
48 hours after sample collection [15].

For serological testing, it is allowed to send whole blood
to the laboratory without separating the serum, provided
(difficult to implement) that it will not be shaken and will
not undergo hemolysis on the way [16].

In the laboratory, the serum (without a clot) is stored
in refrigerators at a temperature of (5 + 3) °C for no more
than 7 days before testing. For longer storage, the serum
should be frozen at minus 20 °C or lower. Re-freezing of
serum is not allowed [14].

It should be noted that currently there is no regulation
in the Russian Federation regulating the conditions of se-
rum sample storage for ELISA testing when determining
the level of ASFV antibodies. Such standards are avail-
able, in particular, for brucellosis, where phenol or boric
acid preserved serum samples are suitable for testing for
30 days, frozen samples - for 3 days after single thawing.
Cloudy, bacteria and fungi contaminated, hemolysed
blood sera are not suitable for testing for brucellosis [17].

To date, only the storage conditions for organ and
blood samples are available, which are stored and trans-
ported in an insulated container at a temperature of 4 to
8 °C within no more than 24 hours after collection. For lon-
ger storage, the samples should be frozen [13].

There are no published data on the maximum permis-
sible period for porcine serum sample storage, during
which 95% of samples will demonstrate unchanged sero-
logical status when tested by ELISA. This parameter was es-
tablished for samples containing antibodies against some
other viruses, for example, against the hepatitis D virus;
the analyte stability in serum at a temperature of 4 to 8 °C
is 4 weeks, from 20 to 25 °Cis 5-7 days [18].

The effect of storage conditions on the serological
status of domestic pig sera for ASF testing has not been
sufficiently studied. There are some published works on
studies of the temperature effect (50 °C, 4 °C, minus 10 °C,
freezing - thawing cycle), the storage time and the hemo-
lysis degree effect on determination of antibodies against
Erysipelothrix rhusiopathiae in pigs and Suid herpesvirus 1
in wild boar in hemolyzed and not-hemolyzed sera [19, 20].
The authors concluded that the storage conditions had a
negligible effect on testing of high-quality serum samples,
while the hemolyzed samples showed a more noticeable
change proportional to the degree of hemolysis and the
duration of storage. It should be noted that the results ob-
tained for the detection of antibodies against some viruses
are not applicable for other pathogens.

The aim of the work was to determine the effect of
temperature conditions and duration of storage of ASF
seropositive and seronegative samples of domestic pigs
on their serological status when tested using INgezim PPA

Compac solid-phase ELISA test kit (Ingenasa, Spain) and
the probability of obtaining false results.

This study has a significant practical value, and allows
to establish the relationship between the reliable results
in ASF serological diagnostics and the sample storage
conditions.

MATERIALS AND METHODS

Equipment. The storage conditions (4 °C, minus 20 °C
and a multiple freeze - thaw cycles) were reproduced
using a laboratory refrigerator HL-340 (POZIS, Russia). The
sera during ELISA test were incubated in a thermoshaker
PST-60HL-4 (BioSan, Latvia). The results were read using
a Multiskan FC spectrophotometer (Thermo Fisher Scien-
tific, Finland).

Samples. Ten seropositive samples collected on Days
25-26 after experimental infection of pigs with the strain

“ARRIAH/ASF-VERO (40)" and ten seronegative samples
prepared from the blood of clinically healthy domestic
pigs (pig breeding complex, Moscow Oblast) were used.
The samples had no signs of hemolysis and were obtained
in accordance with the“Rules for Collection of Pathological
Material, Blood, Feedstuffs and Their Submission for Labo-
ratory Testing” [16].

Test kit. Serum samples were tested using the INgezim
PPA Compac solid-phase ELISA test kit (Ingenasa, Spain) in
duplicate. According to the kit instructions, the status of
the tested sera was expressed using coefficient of inhibi-
tion calculated by the formula:

_ NC-SAMPLE OD

X% NC-PC

X 100,
where NCis the value of the absorbance units (AU) of the
negative control;

PCis the value of the absorbance units (AU) of the
positive control;

SAMPLE OD - the value of the absorbance units
(AU) of the test serum.

Interpretation of the result:

- at x < 40%, the result is considered negative (i.e. no
specific antibodies were detected in the sample);

—atx>50%, the result is considered positive (i.e. specific
antibodies were detected in the sample);

—at40% > x < 50% the result is considered inconclusive.

Experimental sera were stored at the following tem-
perature conditions:

1. Storage at minus 20 °C;

2. Storage at 4 °C;

3. Storage at room temperature (from 20 to 25 °C);

4. Multiple freeze - thaw cycles (daily freezing at minus
20 °C for 23 hours, followed by thawing at room tempera-
ture for an hour).

The analysis was carried out on the start day (Day zero),
on the 5™, 15™, 29t and 53" days after the start of the ex-
periment.

TEST RESULTS

The first test to confirm the serological status of expe-
rimental sera was performed on Day 0.

The experimental samples were divided into 4 parts
and stored at different temperature conditions for 53 days.
Each group of experimental sera was analyzed according
to the experiment design. The results are given in the Table.
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Table
Serum testing using solid-phase ELISA

Average value Average value
Storage |Sample | Serum | of coefficient of inhibition (%), (n=2) Storage |Sample | Serum | of coefficient of inhibition (%), (n = 2)
" Result " Result
condition | status |number condition | status {number

1 | 170 | 264 | 37| 27| 89| - 1| 170 | 198 | 201 | 105 | 266 | -
2 | 163 | 251 | 252 | 203 | 354 | - 2163 | 199 | 191 | 12 | 298 | -
30| 32| 08| 182 22| 23| - 30| 82| 23| N2 158 65| -

|4 |26 | B5 | 04| 0| 61| - L4 |26 193 | 23] B0 | BS| -
S s |wr|wr |83 |us| - S 5 |7 0208 n2|ua]| -
% 6 | 255 | 240 | 280 | 241 | 316 | - é 6 | 255 | 165 | 197 | 134 | 269 | -
Tl Tws s 01 [ | - Tl 7 T3 [0 |04 157 [ 162 | -
8 | 205 | 228 | 38| 197 | 26| - 8 | 205 | 205 | 201 | 141|261 | -
9 | 173 | 206 | 181 | 161 | 205 | - 9 | 173|170 | M| 43 | B | -
thﬁae;f- 10 | 233 | 235|265 | 212|320 - " 10 | 233|170 | 215 | 135 | 259 | -
cyde 1M | 941 | 881 | 905 | 920 | 906 | + 1M | 941 | 873 | 890 | 893 | 872 | +
121006 | %4 | 980 | 973 | %60 | + 12| 1006 933 | 959 | %68 | 943 | +
13| 971 | 91| 928 | 927 | 914 | + 13| 97.1 | 935 | 934 | 903 | 920 | +
14 | 983 | 906 | 910 | 918 | %02 | + 14 | 983 | 902 | 902 | 886 | 881 | +
% 15 | 881 | 937 | 950 | 949 | 923 | + % 15 | 881 | 937 | 950 | 956 | 924 | +
S | 16 | 983|938 B9 | %o 98| + S| 16 983|925 |9%3| %8| 93| +
Tl eer | w4 | ms | w2 | ess | o+ Tl ser [ w2 [ w7 a3 | w7 | 4
18 | 970 | 945 | 947 | %68 | B35 | + 18| 970 | 931 | 934 | 944 | 928 | +
19 | 948 | 916 | 947 | 935 | 899 | + 19 | 948 | 931 | 930 | 949 | %08 | +
20 | 998 | 986 | 991 [ 993 [ 955 | + 20 | 998 | 962 | 968 [ 979 | 935 | +
1 170 | 208 | 199 | 188 | 254 | - 1 [ 170 | 131|170 | 198 | 12 | -
2 | 163|203 | 213 | 27 | 260 | - 2 | 163 | 188 | 209 | 206 | 130 | -
30| 32| 40| 22| 22| 94| - 300 232( 193] 140 | 170 | 191 | -
|4 [ 26 09| B2 03| B8] - oL 4 | 216|186 | 199 | 21 | 208 | -
= =
5005 | 2716520019871 | - B | 5 | 27166 | 2029|102 -
§ 6 | 255 | 195 | 200 | 218 | 244 | - § 6 | 255 | 194 | 181 | 166 | 154 | -
Tl Tws o[22 Ba|wr| - Tl T3 er |09 |7 [ | -
8 | 205 | 200 | 244 | 29 | 354 | - 8 | 205 | 189 | 203 | 211 | 192 | -
9 | 173|102 | 14 | 158 | 159 | - 9 | 173102 | 172|173 63 | -
at minus 10 | 233 | 200 | 254 | 201 | 287 | - 0 10 | 233|173 | 220 | 180 | 188 | -
207 1M | 941 | 892 | 909 | 918 | 892 | + 1M | 941 | 891 | 89.1 | %05 | 875 | +
121006 | %2 | %2 | 976 | %49 | + 12 | 1006 979 | 977 | 987 | 926 | +
13| 971|899 | 912 | 917 | 897 | + B | 971 | 913 | 912 | %46 | 881 | +
14 | 983 | 898 | 905 | 926 | %09 | + 14 | 983 | 883 | 884 | 909 | 859 | +
% 15 | 881 | 933 | 942 | 953 | 926 | + % 15 | 881 | 954 | 952 | 955 | 924 | +
S | 16 |93 | 943|953 |98 932 + S| 16 | 983|952 | 955|958 23| +
Tl e | s | s0s | s0 | 19| + Tl [eer | 0 | w4 | ess | 2| +
18| 970 | 912 | 905 | 928 | 913 | + 18 | 970 | 923 | 953 | 957 | %08 | +
19 | 948 | 916 | 938 | 949 | %31 | + 19 | 948 | 926 | B35 | 837 | 97 | +
20 | 998 | 982 | 974 | 984 | 953 | + 20 | 998 | 969 | 978 [ 987 | 940 | +

u_n

“+" — positive result; “~" — negative result.
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The obtained data demonstrate that when the coef-
ficient of inhibition changed during the experiment, the
serum status in solid-phase ELISA remained unchanged.

Following the general recommendations on storage
of serum samples for laboratory diagnostics [11, 14, 15],
the reference values were considered to be the results ob-
tained by the testing of sera stored frozen. The variation
of the values depended on the technical conditions of the
method performance (temperature, humidity, kit storage
time, etc.).

The dynamics of changes in the coefficients of inhibi-
tion of seronegative and seropositive samples is shown in
Figure 1. From the presented data, related to negative sera,
it can be seen that:

- the average coefficient of inhibition at the beginning
of the experiment was 20.8%;

— for sera stored at minus 20 °C, the average coefficient
of inhibition was 21.5%, the minimum - 7.1% (Day 53), the
maximum - 35.4% (Day 53);

— for sera subjected to the freeze - thaw cycle, the av-
erage coefficient of inhibition was 22.8%, the minimum
value was 16.1% (Day 29), the maximum value was 35.4%
(Day 53);

— for sera stored at 4 °C, the average coefficient of inhi-
bition was 19%, the minimum - 4.3% (Day 29), the maxi-
mum - 29.8% (Day 53);

— for sera stored at 20 °C, the average value was 18.3%,
the minimum value was 6.3% (Day 53), the maximum
value was 25.5% (Day zero).

100 +
a0

60

50

The change in the difference in the inhibition coeffi-
cients from the reference samples for negative sera is
shown in Figure 2.

It was established that during the whole study, the
coefficient of inhibition for negative sera subjected to
the freeze - thaw cycle was higher than the reference
values, but did not exceed 4.2%, and on average differed
by 1.7%; this indicator of sera stored at 4 °C was lower
than the reference values, but did not exceed 8.7%,
and on average differed by 3.1%. The inhibition coef-
ficient of sera stored at 20 °C was lower than the refe-
rence values, but did not exceed 10.2%, and on average
differed by 4%.

Based on the data obtained during the testing of por-
cine seropositive samples (Fig. 1), it can be seen that:

—theinitial coefficient of inhibition was on average 95.5%;

- for sera stored at minus 20 °C, the average value
was 92.8%, the minimum - 80.5% (Day 15), the maximum —
100.6% (Day zero);

— for sera subjected to the freeze — thaw cycle, the ave-
rage coefficient of inhibition was 93.4%, the minimum
value was 83.8% (Day 15), the maximum value was 100.6%
(Day zero);

— for sera stored at 4 °C, the average coefficient of in-
hibition was 92.5%, the minimum - 80.3% (Day 29), the
maximum - 100.6% (Day zero);

- for sera stored at 20 °C, the average coefficient of in-
hibition was 92.7%, the minimum was 79.2% (Day 53), the
maximum was 100.6% (Day zero).
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Fig. 1. Dynamics of inhibition coefficients for seronegative and seropositive samples.
Lines in case of 40% and 50% inhibition are the negative/positive cut-off.
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The difference in the coefficients of inhibition of sero-
positive samples stored at minus 20 °Cis shown in Figure 3.

As it can be seen, the coefficient of inhibition of sero-
positive samples subjected to the freeze —-thaw cycle was
higher than the reference values throughout the entire
study period, but did not exceed 1.3%, and on average
differed by 0.8%.

The coefficient of inhibition of sera stored at 4 °C was
higher than the reference value (maximum by 0.3%) for
15 days; later it became lower than it (maximum by 1.2%),
and on average differed by 0.4%.

The coefficient of inhibition of sera stored at 20 °C was
higher than the values of the reference samples until the
Day 29 (maximum by 0.7%), and then lower by 1.8%, and
on average differed by 0.1%.

In the group of seropositive samples stored at 4 °C,
the coefficient of inhibition for some samples during the
study varied from 4.3 to 23.6%. However, the status of the
samples did not change throughout the experiment.

DISCUSSION

The simulation of various storage conditions of experi-
mental pig sera, positive and negative for ASFV antibodies,
provided the data on the absence of changes in their sero-
logical status over time.

The tested serum samples were stored at various
temperature conditions (minus 20 °C, 4 °C, 20 °C, freeze —
thaw cycle) for 53 days. Despite the differences in the co-
efficients of inhibition of negative and positive samples
during the study from the reference values, a qualitative
result was obtained by solid-phase ELISA, which suggests
no or insignificant effect of the applied storage conditions
on the results of the study.

The obtained data are consistent with the results of
other authors who conducted similar studies in detection
of antibodies to other infectious agents. In the work of
E. J. Neumann and K. N. Bonistalli, serum antibodies were
significantly more stable than previously thought, and the
optical density values were stable even in case of gross
violation of the storage temperature conditions [19, 20].

However, the methodology used in this study has some
limitations. The test kit of a single manufacturer was used
in the work, the serum antibody titers were not deter-
mined, and weakly positive samples were not tested.

Therefore, to determine the reason of false results, it is
necessary to conduct further studies and to analyze the
preservation of serum samples for ASF testing, given that
biological samples obtained from animals are not homo-
geneous in their composition, especially in the presence
of pathogenic microflora.

CONCLUSION

The studies conducted showed that storage of porcine
serum samples in simulated temperature conditions did
not affect the status of positive sera with an initially high
coefficient of inhibition and negative sera tested by solid-
phase ELISA using the INgezim PPA Compac test kit (Inge-
nasa, Spain) during 53 days.

Sera of domestic pigs collected in accordance with the
current rules can be stored under the above conditions
for up to 53 days (observation period), provided that they
are subsequently tested using an appropriate kit. This will
simplify their transportation for a longer time if freezing
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is impossible. Also, if additional tests are needed, the re-
peated testing of a single sample becomes possible during
long-term storage.

However, until the effect of storage conditions on the
status of sera during ASF testing using other kits and
methods (Western blotting, immunoperoxidase, immuno-
chromatographic assays, ELISA using a complex antigen,
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etc.) has not been studied, the general recommendation
remains the same - to deliver samples to the laboratory
for research as soon as possible.
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Comparative testing of vaccines

based on viruses of genetic lineages G1 and Y280 for their
potency against low pathogenic avian influenza HIN2
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SUMMARY

Due to the genetic diversity of low pathogenic avian influenza (LPAI) viruses of subtype HIN2, it deemed appropriate to study the potency of the vaccines based
on the antigens of strains A/chicken/Amursky/03/12 and A/chicken/Chelyabinsk/314-1/20 that represent currently circulating in the Russian Federation genetic
lineages Y280 and G1, respectively. While low pathogenicity of the agent does not allow demonstrating the vaccine protective properties by the direct methods
generally used for potency assessment (e.g. morbidity and mortality), the indirect methods were used: determination of antigenic relatedness of the strains, level of
the postvaccinal homologous and heterologous humoral immunity, analysis of the virus genome synthesis inhibition (reduction) in vaccinated birds following their
challenge. The strains used in the vaccines were determined to have some antigenic differences, which were demonstrated in the hemagglutination inhibition (HI)
assay during control of the postvaccinal immunity in birds. Both vaccines generally induced strong humoral immunity in vaccinated birds (910 log, determined
using Hl assay) with some difference in the levels of the immune response following the use of homologous or heterologous antigens. It was also reliably determined
that homologous immunity facilitated more expressed inhibition of the virus reproduction after the challenge. The level of inhibition (reduction) of the virulent LPAI
virus genome synthesis in vaccinated birds following their challenge with HIN2 virus of genetic lineage G1 was higher in birds following homologous vaccination,
while the time periods of the genome detection in the biomaterial samples were the same. It was demonstrated that due to antigenic and immunogenic differences
between LPAI HIN2 strains, use of both antigenic components in the inactivated vaccines is appropriate.
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PE3IOME

B BA3M C reHeTHyeckuM pasHoobpa3sviem BUpYCoB HU3KonaTorexHoro rpunna nuy HIN2 npeactaBnanoch LenecoobpasHbiM M3yyeHne UMMYHOTeHHOI aKTB-
HOCTU BaKLVH, U3rOTOBEHHDIX Ha 0CHOBE aHTUreHoB wammoB A/chicken/Amursky/03/12 u A/chicken/Chelyabinsk/314-1/20 — npeacTaBuTteneii reHeTuueckix
NMHNITY280 1 GT coOTBETCTBEHHO, LMPKYAMPYHOLLYX Ha TeppuTopum Poccuiickoit Oeaepavnn. lockonbky HU3Kas naToreHHOCTb BO36yANTENA He No3BoAAET Npo-
ZeMOHCTPUPOBATb NPOTEKTUBHbIE CBOMCTBA BaKLIMH NPAMbIMI METOZAMI OLIEHKI IMMYHOTEHHOCTI NpenapaTtos (Hanpumep, 3a6oneBaemocTb 1 CMEpTHOCTD),
NPUMEHANN KOCBEHHbIE MeTOAbl: ONpefieNieHne aHTUreHHON POACTBEHHOCTH LUTAMMOB, HAaNPAXKEHHOCTU MOCTBAKLMHANBHOMO ryMOPANbHOMO FOMO- 1 reTepo-
NIOTNYHOTO MMMYHWUTETa NTUL, OLEHKA NOAABNEHMA (PeAYKLNM) CUHTE3a reHOMA BUPYCa NOCe KOHTPONbHOTO 3apakeHuA B OPraHu3me BaKLMHUPOBAHHDIX
nTUL. bbino ycTaHoBAEHO, UTO UCMONb30BaHHbIE B COCTABE BAKLMH LUTAMMbI UMENU HEKOTOPbIE aHTUTEHHbIE Pa3Nnuna, KoTopble 6bin 06Hapy»KeHbl B peakLmu
TOPMOXKEHINA FeMarT/IoTUHALMY NPY KOHTPOAE NOCTBAKLIMHANbHOT0 MMMYHHOO 0TBETa MTULL. B Lenom 06e BakLMHbI MHAYLMPOBAAM HANPAXEHHbIN ryMOpaNbHbIi
UMMYyHWTET y NpuBUTbIX UL (910 log, B peakuny TOPMOXKEHIA FeMarrioTHaLMK) C HEKOTOPOii Pa3HILLeit B BENWYIMHE IMMYHHOTO OTBETA MU UCTIONIb30BaHIK
TOMO- 1 FeTepoNOrMYHOro aHTUreHoB. Takxe 6bIN0 JOCTOBEPHO YCTAHOBNEHO, UTO FOMONOTMYHbII IMMYHUTET 06ecneunsan Gonee BbipaxeHHoOe NOAABNeHNe
penpoayKLM BUpyca npu IKCNepuMeHTaNbHOM 3apaxeHuu. (TeneHb nofaBneHna (pefyKLun) CUHTe3a reHoMa BUPYNEHTHOrO BIAPYCa HU3KONATOreHHOro rpunna
MTUL B OpraHM3me BaKLMHUPOBaHHbIX 0cobeit nocne ux 3apaxeHus Bupycom HIN2 reHetinyeckoi nunum G1 6bina BbiLue y NTUL, NPUBUTBIX FOMOJOTYHOI BaKLK-
HOI MPY 0MHAKOBbIX CPOKaX JeTeKLMN reHoMa B npobax buomatepuana. llokasaHo, UTo C yUETOM aHTUTEHHDIX 1 IMMYHOTEHHDBIX Pa3fnumil MeX Ay LuTaMmamu
BUpYca Hu3KonatoreHHoro rpunna ntuw HIN2 LenecoobpasHo ncnonb3oBaHmne 060MX aHTUTEHHbIX KOMNOHEHTOB B COCTaBe NHAKTUBMPOBAHHDIX BAKLIMH.

KnioueBbie cnoBa: BakLMHa, HU3KONATOreHHbIN BUYC rpunna ntuy noaTuna HIN2, nMMyHoreHHOCTb BaKLMHDI, FyMOpanbHbIil UMMYHUTET
bnaropapHocTb: Pabota BbinonHeHa 3a cuet cpeacTs OIBY «BHUWU3X» B pamkax TemaTuky HayuHo-uccneoBaTenbekux pabot «BetepuHapHoe bnarononyune.

[ina untuposauus: Oponos C. B., Lepbakosa 1. 0., Mopo3 H. B., Up3a B. H., Kynakos B. 10. CpaBHeHe ummyHoreHHOI aKTUBHOCTI BaKLH NPOTUB HU3KO-
naToreHHoro rpunna nuy noatuna HIN2, U3roToBReHHbIX Ha OCHOBE BUPYCOB reHeTuueckux Munuii G1 v Y280. Bemepunapus cezodus. 2021; 10 (3): 224-229.
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INTRODUCTION

Low pathogenic avian influenza (LPAI) viruses HON2 are
widely spread in poultry in Africa, Asia and the Middle East.
Based on the genetic features, there are two main genetic
groups of HON2 viruses —‘North American’ and ‘Eurasian;
circulating in poultry and wild birds. The Eurasian group
is divided into three main genotypes: G1, Y280 and Y439.
Viruses of the G1 and Y280 genetic lineages demonstrate
the widest geographical distribution, from East Asia to the
Middle East [1-4].

In2012,2017 and 2018, LPAI cases in the poultry indus-
try of the Russian Federation were caused by HON2 virus
of Y280 lineage [5-7]. In 2018, low pathogenic avian influ-
enza virus HIN2 of G1 genetic lineage was isolated for the
first time from wild birds in the Amur Oblast [8].

In 2019-2020, low pathogenic HON2 influenza virus
of G1 genetic lineage was detected in poultry raised on
commercial poultry farms of the Ural region (the Chelya-
binsk Oblast and the Perm Krai), as well as on farms of the
European part of the country [5-7, 9].

Due to significant economic losses caused by this
infection, some countries have been actively vaccina-
ting against LPAI HON2: Israel (since 2003), South Korea
(since 2007). China has been a leader in prevention of LPAI
HIN2 subtype since 1998 [1].

In 2012, the FGBI “ARRIAH" developed inactivated
combined emulsion vaccine against LPAI HON2 and
Newcastle disease and launched its the serial produc-
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tion. HON2 virus of Y280 lineage, isolated in 2012 from
chickens on a poultry farm in the Amur region is used as a
production virus strain. Currently, this vaccine is success-
fully used in commercial poultry farming of the Russian
Federation.

Due to the genetic diversity of LPAI HON2 viruses, it is
appropriate to study theimmunogenic activity of vaccines
against HON2 avian influenza, based on the antigens of
different virus sublineages circulating in the Russian
Federation. Low pathogenicity of the pathogen makes it
impossible to demonstrate protective properties of the
vaccines using direct methods of immunogenicity assess-
ment (for example, morbidity and mortality). Therefore,
indirect methods were used, i.e. determination of strain
antigenic relatedness, assessment of humoral homo- and
heterologous immunity levels in birds after vaccination,
assessment of the virus genome synthesis inhibition in
the vaccinated birds after challenge.

MATERIALS AND METHODS

Antigens. Antigens of the following strains of LPAIHIN2
subtype were used in the experiment:

- A/chicken/Chelyabinsk/314-1/20 (G1 genotype), infec-
tivity before inactivation 8.75 Ig EID, /cm? hemagglutina-
ting activity 9 log, GAE, named as “Chelyabinsk-20";

- A/chicken/Amursky/03/12 (Y280 genotype), infectivi-
ty before inactivation 8.25 Ig EID, /cm? hemagglutinating
activity 9 log, GAE, named as "Amur-12".
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Fig. Phylogenetic tree constructed on the basis of LPAI H9 HA gene
alignment using NJ method and MEGA 6.0 software

In order to standardize the antigen content in the in-
oculation dose (determined before inactivation on the
basis of the infectious titer), the inactivated suspension of

“Chelyabinsk-20"virus strain was diluted (by 3 times) before
emulsification, so that the vaccine inoculation dose con-
tained equal number of LPAI virus antigens.

Different genetic lineages of the viruses are shown in
the figure.

Vaccines. The two vaccines used in the experiment
contained a mixture of LPAl and Newcastle disease virus
antigens (taken at equal volumes), which is the active com-
ponent of the vaccine:

- an experimental vaccine with an antigen of “Che-
lyabinsk-20" strain, hereinafter referred to as “Chelya-
binsk-20 (G1) Vaccine”;

—an experimental vaccine with an antigen of “Amursky-12"
strain, hereinafter referred to as “Amursky-12 (Y280) Vac-
cine”.

During vaccine production, the active component (anti-
gen) was combined with an oil adjuvant Montanide ISA 70
(Seppic, France) in the proportion 30:70 (% by weight)
and emulsified in a high-speed laboratory mixer Silverson
(England) at a speed of 6,000 rpm for 5 minutes.

LPAI virus for challenge. A virus of G1 genetic lineage,
i.e. A/chicken/Chelyabinsk/314-1/20 HIN2 (“Chelya-
binsk-20"), was used in the experiment in the form of
a suspension prepared from a freeze-dried product with
an original infectivity of 8.95 Ig EID, /cm®.

Poultry. The experiment was carried out in egg laying
chickens at the age of 80 days, taken from a farm free from
acute forms of avian infectious diseases.

All animal experiments were performed in strict com-
pliance with interstate standard on laboratory animal
keeping and handling GOST 33215-2014, adopted by In-
terstate Council on Standardization, Metrology and Cer-
tification and pursuant to the requirements of Directive
2010/63/EU of the European Parliament and of the Council
of 22 September 2010 on the protection of animals used
for scientific purposes.

The experiment scheme. According to the tested vac-
cines, the poultry were divided into two groups (20 chi-
ckens in each). The vaccines were administered intramus-
cularly into the chest area in a volume of 0.5 cm®.

On Day 28 post vaccination, the chickens of both
groups were challenged with “Chelyabinsk-20" virus. The
virus-containing suspension was administered orally in
a volume of 1 cm?, the infectious dose was 7.3 Ig EID, .

During the experiment, oropharyngeal and cloacal
swabs were taken in both groups after the challenge,
either daily or sometimes with a one day interval. The
samples were tested in real-time reverse transcription
polymerase chain reaction (real-time RT-PCR) to detect
the challenge virus genome. Totally, 12 samples of each
type of material were taken.

Before the challenge and on Day 15 after it, blood
samples were taken from all the chickens to compare
antibody titers to the LPAI virus in the hemagglutination
inhibition test (HI test) with virus antigens of two different
genetic lineages.

Test methods. The virus genome in the samples was
detected and the amplification cycle threshold values
were estimated in accordance with Methodical Instruc-
tions 45-16 “Instructions for RNA detection of avian influ-
enza virus type A using real time RT-PCR"[10].

Serological tests. The hemagglutination inhibition
test (HI) was performed according to a generally accep-
ted procedure using a diagnostic kit manufactured by
the FGBI “ARRIAH" to detect antibodies to avian influen-
za virus subtype H9 (HON2 virus antigen of Y280 genetic
lineage) and HON2 virus antigen of G1 genetic lineage
obtained during the vaccine production. Antibody titers
of > 4log, (= 1:16) were considered positive.

Statistical analysis. The significance of differences be-
tween quantitative indicators was analyzed. We used
Miller's nonparametric multiple-comparison proce-
dure [11] for the k-number of samples (groups), based
on checking feasibility of the following inequality
|H,—H,|/ (W(k (kn+1)/12)) = g, where H, and H, stand for
the mean ranks of the compared samplings 1 and 2 in the
general ordered series; n stands for samplings volumes
(n,=n,=n); qis the table coefficient for knumber and the
given probability of forecast error (p) [11]. The differences
were considered significant at p < 0.05.

RESULTS AND DISCUSSION

Studying antigenic relationship between LPAI H9N2
strains and assessing strength of the post-vaccination
immunity in poultry. On Day 28 post vaccination blood
sera from poultry were tested with homologous and he-
terologous antigens, sera after challenge were tested with

“Chelyabinsk-20" strain antigen. The results obtained are
shown inTable 1.To facilitate processing of the data given
in the table, vaccines and antigens are indicated by their
clusters in the genetic lineages of HON2 virus.

Based on the data in Table 1, it can be concluded that:

a) the antibody titers determined in homologous
systems when testing blood sera taken on Day 28 after
vaccination of poultry with both vaccines were almost
the same, as demonstrated by the equality of logarithmic
medians. The mean titer (T) was 9 log, (1:512). It means
that the poultry have demonstrated quite strong and
roughly equal humoral immune response to each of the
tested antigens;

b) when testing sera specified in point “a’, the mean
rank equivalents of (H) titers established in homologous
systems for both antigens were reliably (p < 0.05) different
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from the corresponding values observed when using
heterologous antigens. For the “Chelyabinsk-20 (G1) Vac-
cine’,Hvaluewas: H,  =242>H, _ =16.8and forthe
“Amursky-12 (Y280) Vaccine”: H, =244 >H,  _ =166.
It meant that, on average, heterologous reactions demon-
strated significantly less activity, which, in turn, indicated
certain antigenic differences between the studied strains.
For both antigens, the difference between medians of
log titers in hetero- and homologous reactions was ne-
gative (8 109, ..o = 9109, 40moy = =1 109,), i.€. the hetero-
logous reaction in both cases was twice less active (anti-
log,(=1) = 1/2). This value can be interpreted by Archetti
and Horsfall as an assessment of antigenic relationship (r),
which for each strain was r=1/2 x 100 = 50%. The obtained

Table 1
HI titres of LPAI virus antibodies in sera of vaccinated birds

value suggests a slight antigenic difference between the
studied viruses;

¢) a test with “Chelyabinsk-20" strain antigen and sera
from the poultry challenged with this LPAI strain, demon-
strated that the mean rank equivalents of titers deter-
mined for the sera from poultry vaccinated with experi-
mental and mass produced vaccines differed significantly
(p<0.01):H,  =154<H__ . =257.This effect can be
explained by the fact that after administration of the vac-
cine based on“Chelyabinsk-20"strain antigen, the poultry
immunity was quite strong in relation to the homologous
virus, and the pathogen penetration into the body did
not cause any impact on the poultry immune system.The
poultry that were administered mass-produced vaccine

Estimate of antibody titers (T, log,) on Day 28 post vaccination and on Day 15 after challenge,
established in HI tests using homologous and heterologous antigens

Day 28 post vaccination Day 15 after challenge

“Chelyabinsk-20" strain (G1) Vaccine

“Amursky-12"strain (Y280) Vaccine

“Chelyabinsk-20" strain “Amursky-12"strain

G1antigen Y280 antigen (G1) Vaccine (Y280) Vaccine
9 25 9 25 8 15.5 7 6 9 1.5 10 24
10 34 7 45 N 39.5 8 15.5 10 24 9 1.5
8 14 8 14 9 255 7 6 8 3 12 38
8 14 9 25 9 255 7 6 9 11.5 n 325
7 45 8 14 8 15.5 7 6 9 11.5 8 3
9 25 7 45 8 15.5 10 35 9 11.5 10 24
9 25 8 14 9 255 9 255 10 24 12 38
n 39 10 34 10 35 9 255 9 1.5 9 1.5
n 39 9 25 8 15.5 8 15.5 n 325 9 1.5
9 25 7 45 9 255 7 6 9 1.5 12 38
9 25 7 45 7 6 7 6 10 24 10 24
9 25 10 34 9 255 10 35 9 11.5 10 24
10 34 8 14 9 255 9 255 10 24 10 24
n 39 8 14 10 35 7 6 8 4 n 325
8 14 10 34 9 255 10 35 9 11.5 12 38
8 14 7 45 N 39.5 8 15.5 n 325 10 24
10 34 8 14 10 35 7 6 10 24 n 325
7 45 8 14 9 255 7 6 7 1 n 325
9 25 7 45 7 6 8 15.5 9 11.5 9 11.5
9 25 10 34 9 255 10 35 9 11.5 12 38
9" (24.2) 8 (16.8) 9 (24.4) 8 (16.6) 9 (15.4) 10 (25.7)

p<0.05" p<0.05 p<0.01

*in italicis the rank (serial number) of the value in the combined and ordered sample of titers determined using homologous and heterologous systems;

**in bold is median sample (“T), in brackets is mean rank of random values (H);

**¥ statement of significance of the difference between average trends of titres in the relative systems (prediction error).
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based on “Amursky-12" strain antigen demonstrated
a slight increase in antibodly titers, i.e. when infected, the
heterologous virus had an additional impact on the poul-
try immune system. The corresponding medians of log
titers (log,) were "T,  =9and"T,_ . =10.

Studying replication of LPAI virus in the vaccinated
poultry. Within 14 days after challenge, 12 oropharyngeal
and cloacal swabs were randomly taken to be tested in real
time RT-PCR in order to detect influenza virus genome and
assess its concentration. Amplification cycles threshold
values (Ct) were estimated. A lower Ct value correspon-
ded to a higher original concentration of the virus genetic
material in the sample. The value of Ct > 37 was considered
negative, i.e. the virus genome was missing. To facilitate
the analysis, the test results obtained within the time in-
terval (j) were expressed as deviations from the negative
assessment in the form of values dj =37 - Ctj.. Thus, the
deviation values could range between 0 < d < 36.

Real-time RT-PCR-detection of avian influenza virus genome in the samples collected
from vaccinated birds after challenge

Estimate of amplification cycles threshold values (Ct]) in the form of deviations
from the negative reaction (d] =37 - Ctj), corresponding to the day post challenge (j, day),
the type of swabs (oropharyngeal and cloacal) and the type of vaccines used for poultry

vaccination. According to the types of samples, the ranks of d values

and the results of corresponding comparisons are given

Oropharyngeal swabs Cloacal sawhs

“Chelyabinsk-20" | “Amursky-12"str “Chelyabinsk-20" | “Amursky-12"strain
strain (G1) Vaccine (Y280) Vaccine strain (G1) Vaccine (Y280) Vaccine
1 0 45 0 45 0 45 0 45
2 091 14 11.97 24 0 45 0 45
3 0.94 15 10.17 22 1.01 14 454 23
4| 426 21 10.25 23 343 21 4.65 24
5| 162 19 1.23 18 1.54 18 3.49 2
6 0 45 0.73 12 0 45 0.68 13
7| 043 11 117 17 031 11 142 16
8 0 45 0 4.5 0 45 0.39 12
9 0 45 0.83 3 0 45 1.18 15
0| 0.16 9 3.83 20 0.06 9 1.53 7
n 0 45 0.95 16 0 45 1.55 19
12 0 45 0.39 10 0.15 10 2.58 20
(9.67)" (15.33) (9.17) (15.83)
p<0.05" p<0.025

*in italic is the rank (serial number) of the value in the combined and ordered sample

of d values determined for specific type of samples collected from birds immunized with G1
and Y280 vaccines;

** in brackets is mean rank of random values (H);

**¥ statement of significance of the difference (prediction error) between average trends

of sample values.
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Based on the data in Table 2, it can be concluded that:

a) after the challenge of vaccinated birds, the viral ge-
nome concentration in all types of the studied samples
increased, reached a peak and decreased. The presence of
the pathogen genome in both oropharyngeal and cloacal
swabs suggested the virus presence in the body;

b) the oropharyngeal d-indicators determined during
the first 4 days after the challenge formally exceeded si-
milar values in cloacal swabs. This could be evidence of a
slightly more active virus replication in the larynx, phar-
ynx or upper respiratory tract of the bird. However, the
statistical reliability of such an assumption could not be
determined, due to a high variability of the primary values
and the small sampling size;

¢) effectiveness of the challenge virus reproduction de-
pended on the homology with the vaccine antigen. Ho-
mologous immune background significantly reduced the
pathogen development. Mean rank equivalents of d va-
lues established in oropharyngeal swabs obtained from
the birds vaccinated with different vaccines significantly
(p < 0.05) differed: H,  =9.67 <H,___  =1533.A simi-
lar result (p < 0.025) was obtained when comparing the
corresponding equivalents of d-values established during
the analysis of cloacal swabs: H,  =9.17<H, . =15.83.
Within 12 days of observation, the cumulative indicators
of the challenge virus replication expressed as sums of
d values at the homologous immunity in oropharyngeal
and cloacal swabs were 8.32 and 6.5, respectively, similar
values at heterologous immunity were 41.52 and 22.01.

These data are consistent with the results earlier ob-
tained by the FGBI“ARRIAH" in experiments with vaccines
against highly pathogenic avian influenza based on H5N1
virus (clades 2.2 and 2.3.2), when their protective proper-
ties against H5N8 virus were studied (clade 2.3.4.4b). The
results of serological tests of post-vaccination immunity
in HI test using different diagnostic antigens also con-
firmed antigenic variability of the avian influenza virus
subtype H5. The results of acute experiments have shown
that the match between the hemagglutinin of the vaccine
antigen and the hemagglutinin of the field virus and its
concentration in the vaccine is a decisive factor in ensuring
protective properties of vaccines [12].

In our experiments, both vaccines significantly excee-
ded the minimum value of 5 log, recommended by the
OIE Guidelines for the immunity strength [13].

CONCLUSION

Antigens of low pathogenic avian influenza virus of
HIN2 subtype (strains A/chicken/Chelyabinsk/314-1/20
G1 genotype and A/chicken/Amursky/03/12 Y280 geno-
type), that are used as active components in the inactivated
combined emulsion vaccine against avian influenza HIN2
and Newcastle disease, induce strong humoral immunity.

These strains have some antigenic differences that can
be detected by hemagglutination inhibition test when
monitoring the post-vaccination immune response in
birds. Homologous immunity more evidently suppresses
virus reproduction during experimental infection.

Taking into account the identified antigenic differen-
ces of the studied strains, as well as further evolution of
the pathogen, it is advisable to include both antigens in
the active component of the inactivated avian influen-
za (H9) vaccines.
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SUMMARY

The results of the studies of cytomorphological, karyological, cultural properties of continuous suspension BHK-21/SUSP/ARRIAH subline of newborn Syrian hamster
kidney cells intended for foot-and-mouth disease, rabies, bovine parainfluenza-3, Aujeszky’s disease virus reproduction, as well as for production of diagnostic
veterinary biologicals are presented. When cultured in suspension, BHK-21/SUSP/ARRIAH cell subline undergoes selection towards hypoploidy: modal class is
represented by cells with 41 chromosomes (32—40% of cells); the share of cells containing 40—42 chromosomes is 78—809%; the share of polyploids averages
around 1%; the range of variation in the number of chromosomes is from 36 to 54. BHK-21/SUSP/ARRIAH cell subline cultured in suspension with cell seeding
concentration of 0.6—0.8 million cells/cm? demonstrates growth rate of 6.67—11.00 and 96—99% cell viability. After 48 hours, G1-phase (diploid-2n) cells prevail
in the cell population of the new subline (30.0-75.0% of cells); cells that undergo preparation for mitosis (S-phase) and mitosis (G2+M-phase) account for 3.0
t0 20.0% of the entire population; the number of meganucleated and multinucleated cells (> 4n) at the beginning and at the end of the logarithmic phase increases
to 2%. BHK-21/SUSP/ARRIAH cells recover rapidly after cryopreservation and demonstrate 95—-99% viability and growth rate of 3.36—5.88 at passages 1to 3
and 6.85-10.95 at passages 4 to 12. Continuous suspension BHK-21/SUSP/ARRIAH cell line ensures virus accumulation at the following titres: FMD virus — 7.30—
8.001gTCID, /cm’, rabies virus —7.25-8.00 g CCID, /cm*, bovine parainflunza-3 virus — at least 6.00 Ig TCID, /cm?, Aujeszky’s disease virus —7.50~7.801g TCID, /cm?’.
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PE3IOME

[TpencraBneHbl pe3ynbTaTbl U3y4yeHus LUTOMOPONOrMYecKIX, Kapuonornyeckmx, KyNnbTypanbHbiX XapakTepuCTUK NepeBuBaeMoii CyCneH3MOHHOI KNeTouHoiA cy6-
NIIHAM 13 NOYKN HOBOPOXAEHHOTO CupHiickoro xomauka BHK-21/SUSP/ARRIAH, npesHasHaueHHoi AnA penpoayKLmuy BUPYCOB ALLYpa, belueHcTBa, naparpunna-3
KpyMHOro poraToro ckoTa, 60ne3Hu Ayeckn, a Take AnA U3roToBAeHNA ANarHOCTIYECKIX BeTepuHapHbIX 6uonpenapatos. (yonunna knetok BHK-21/SUSP/ARRIAH
MY CYCMIEH3MOHHOM KyNbTUBUPOBAHNI MPOXOANT CeNEKLIMI0 B HaNpaBReHH rMNonNouANN: MOAANbHBIIA Knacc cooTBeTcTByeT 41 Xpomocome (32—40% kneTok);
JLI0NA KNETOK C KonnuecTBoM Xpomocom 40—42 coctasnset 78—80%; 4ons NOAMNNOMA0B — B CPeSHEM 0Kono 1%; npeaenbl U3MeHUUBOCTA XPOMOCOMHOTO Habopa
COOTBETCTBYHOT AMana3oHy oT 36 Ao 54 xpomocom. Knetounasa cybnunua BHK-21/SUSP/ARRIAH npu cycneH31noHHOM KynbTUBMPOBaHIM C NOCEBHOI KOHLIEHTPa-
umeii 0,6-0,8 MIIH Kn./cm® UMeeT KpaTHOCTb npupocTa 6,67—11,00 npy xuU3Hecnoco6HoCTH KneTok 96—99%. B kneTouHom Wikne nonynsuum HoBO cy6anHIM
yepe3 48 u npeobnagaet G1-¢asa (aunnonpHas-2n), Ha Kotopyto npuxoauTca 30,0—75,0% KneTok; B Ga3ax NOArOTOBKI K MUTO3Y (S-$asa) 1 MUTOTUYECKOTO
nenenna (G2+M-daza) Haxogutca ot 3,0 4o 20,0% Bceit nonynALMM; KONMYECTBO KPYMHOAZEPHDBIX 1 MHOTOAAEPHBIX KNETOK (> 4n) B Hauane 1 KoHLe cTagun
norapupmmyeckoro pocta yenuuusaetca o 2%. Knetku cyénuumn BHK-21/SUSP/ARRIAH 6bicTpo BocCTaHaBAMBaoTCA NOCE KPUOKOHCEPBUPOBAHMA € XM3-
HecnocobHoCTbI 95—99% 1 KpaTHOCTbI0 NpupocTa 3,36—5,88 Ha nepBoM — TpeTbem naccaxax 1 6,85—10,95 — ¢ ueTBepTOro No ABeHaALaTHIN naccax. Mepe-
BUBaeMas cycneH3uoHHasa nuHuA knetok BHK-21/SUSP/ARRIAH obecneunBaet Hakonnexue Bupyca Awypa 8 Tutpax 7,30-8,00lg Tuﬂso/(M3, BUpYca belueHcTBa —
7,25-8,001g KK, /cm®, Bupyca naparpunna-3 kpynHoro poratoro ckota  TuTpax He menee 6,00 1g TLAL, /cv®, Bupyca 6onesnn Ayeckn —7,50~7,801g TUJ /cvr.

KnioueBbie cnosa: knetounas nuuna BHK-21/SUSP/ARRIAH, 6ronoruueckue cBoidCTBa KynbTypbl KNETOK, ALLYP, 6€LLeHCTBO, Naparpunn-3 KpymHoro poratoro
CKoTa, 6one3Hb Ayecku

bnaropapHocTb: Pabota BbinonHeHa 3a cuet cpeacTs OIBY «BHUWU3X» B pamkax TemaTuky HayuHo-uccneoBaTenbekux pabot «BetepuHapHoe bnarononyune.
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(BOVICTB NepeBUBaEMOil CycneH3uoHHoA nuHnI Knetok BHK-21/SUSP/ARRIAH. Bemepunapus cezo0us. 2021; 10 (3): 230-238. DOI: 10.29326/2304-196X-2021-
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INTRODUCTION

Continuous suspension BHK-21 clone 13 line derived
from newborn Syrian hamster kidney cells by M. Stoker
and J. Macpherson in England in 1961 is one of the cell
cultures most commonly used worldwide [1]. The results
of the study were published by the authors in scientific
journals, such as Virology (1962) and Journal of the National
Cancer Institute (1963). Later, the following analogues of
this cell culture were developed:

- BHK-21/13 - a subline of continuous newborn Syrian
hamster kidney cells developed at the Institute of Polio-
myelitis and Viral Encephalitis of the Academy of Medical
Sciences of the USSR (Moscow) [2];

- BHK-21/2-17b - a continuous monolayer-suspension
clone of newborn Syrian hamster kidney cells developed
at the All-Union Foot-and-Mouth Disease Research Insti-
tute (Vladimir) [2, 3];

- BHK-21/13-02 - a continuous monolayer-suspension
subline of newborn Syrian hamster kidney cells developed
at the Federal State Enterprise “Shchelkovo Biocombinat
for FMD and rabies virus reproduction [4];

- BHK-21/13-13 - a continuous monolayer-suspension
subline of newborn Syrian hamster kidney cells developed
at the Federal State Enterprise “Shchelkovo Biocombinat”
for reproduction of type A, O, C, Asia-1, SAT-1, SAT-2, SAT-3
FMDV and “Shchelkovo-51" strain of rabies virus used for
production of virus vaccines against foot-and-mouth dis-
ease and rabies [5, 6].

"
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Continuous cell lines used in biotechnology differ in
respect of morphology, karyology, growth properties, cul-
tivation requirements, maintenance methods and suscep-
tibility to viruses [7, 8]. The available BHK-21 cell sublines
are characterized by high growth rates and allow for FMD
and rabies virus reproduction. Full-scale production of cul-
ture vaccines against FMD, rabies, bovine parainfluenza-3
and Aujeszky’s disease requires the use of a suspension
BHK-21 cell subline to ensure the accumulation of the vi-
ruses with high infectivity titres. BHK-21/13, BHK-21/2-17b,
BHK-21/13-02 and BHK-21/13-13 cell lines allow for
preparation of viruses with the following infectivity titres:
FMD virus - not more than 7.00 Ig TCID, /cm?, rabies virus -
7.001g CCID, /cm?[4, 5,9, 10]. Data on the results of bovine
parainfluenza-3 and Aujeszky’s disease virus cultivation are
not provided in the patents for the said BHK-21 cell sublines.

To respond to the production needs related to the repro-
duction of FMD, rabies, bovine parainfluenza-3 and Aujesz-
ky’s disease viruses with high infectivity titres, BHK-21/2-17b
cell subline was developed at the All-Union Foot-and-Mouth
Disease Research Institute by means of BHK-21 clone 13 cell
culture selection, from which a new BHK-21/SUSP/ARRIAH
subline was derived 30 years later by means of permanent
cultivation in suspension. BHK-21/SUSP/ARRIAH cell subline
was deposited in the Specialized Cell Culture Collection of
the Center for Collective Use “Collection of Vertebrate Cell
Cultures” of the Institute of Cytology of the Russian Acade-
my of Sciences with No. RKKK(P) 797 D [11].
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The study is aimed at examining the biological proper-
ties of continuous suspension BHK-21/SUSP/ARRIAH sub-
line of newborn Syrian hamster kidney cells and evaluating
the possibility of using it for animal virus reproduction.

MATERIALS AND METHODS

Cell cultivation in suspension was carried out using
semi-continuous culture technique in glass and metal
fermenters with the capacity of 40 to 2,000 | in separate
cycles, 10-12 passages each. A culture growth medium
containing 5% of bovine serum, blood protein hydroly-
sate at a concentration of 15-20 cm?®/dm?3, Hottinger’s
digest (2-10 cm?/dm?), 8 proteinogenic aminoacids, vi-
tamins and mineral salts were used for cultivation. Cell
seeding concentration was 0.6-0.8 million cells/cm?3.
Every 12 hours, pH levels, live and dead cell concentra-
tions, suspension sterility were measured. During cell
reproduction, lactate was formed, and this contributed
to pH decrease. Therefore, a 7.5% baking soda solution
was added to the cell suspension and/or pH was adjusted
by bubbling.

Cell morphology analysis. Cells were examined using
phase contrast microscopy at different magnifications. In
order to assess the nucleus-to-cytoplasm ratio, the sus-
pension cells were treated with acridine orange. The acri-
dine orange exposure resulted in bright greenish-yellow
staining of nuclei visualized on the yellow background of
cytoplasm. Trypan blue staining was used for cell viability
determination [12].

Karyological analysis of cells was carried out using the
technique described by P. S. Moorhead et al. [13] that al-
lows for detection of metaphase chromosome. Log phase
cells collected from the fermenters were transferred onto
the solid substrate in the growth nutrient medium con-
taining 0.001% of colchicine and incubated for 3-4 hours.
Rounded metaphase cells were agglomerated by shaking
and then concentrated by centrifugation of the suspen-
sion. The further process was carried out in centrifuge
tubes as follows: 10 minutes - hypotonic treatment at
36 °C; 3 treatments with fixing solution, 10 minutes each,
with centrifuging at 22-25 °C. The resulting suspension
was applied to the chilled slides with a Pasteur pipette and
stained with Giemsa's solution for 10-15 minutes. After the
preparation had been prepared, 100 metaphase plates

were photographed, the number of chromosomes in them
was calculated using immersion microscopy at 90x mag-
nification, and karyogram was plotted [14].

Cytometric analysis of the cell subline. The comparative
analysis of cell cycle phases was carried out by means of
cytometry [15, 16] (n = 22) using an Accuri C6 flow cyto-
meter and the cell DNA detection kit “C6 Flow Cytometer
Fluid Kit” (BD Accuri™, USA) according to the manufactu-
rer's recommendations. DNA histograms were obtained for
the subline cells 48 hours after subcultivation.

DNA eluates were analyzed in the cytometer using
the programme “Analysis of cell cycle parameters and
DNA content in live cells”. The process lasted 2 hours; fluo-
rescent signal was recorded. Cell distribution by G1/GO0-,
S- and G2/M-phases of the cell cycle was determined by
measuring relative DNA content in the cells using DNA
binding fluorescent dyes.

Cryopreservation of the cell suspension was carried out
in 100 cm?® vials using a cryomedium (a growth medium
supplemented with 7-10% of dimethyl sulfoxide and 20%
of fetal calf serum). The cell suspension was cooled to mi-
nus 70 °C at a cooling rate of 2 °C/min, to minus 150 °C - at
10 °C/min; then the vials were placed in liquid nitrogen at
minus 196 °C. The cell suspension was thawed at 39-42 °C
during 2 minutes.

For cell thawing, direct seeding method comprising the
following steps was used: rapid thawing of the suspension
at 37 °C using a water bath; mixing of 1.0 cm? of cells with
20 cm?® of the culture growth medium containing 10% of
calf serum (cell seeding concentration was 0.5-0.7 mil-
lion cells/cm?3); incubation of cells for 12 hours with sub-
sequent change of the medium in order to remove the
cryopreservation agent.

Viruses. The following viruses were used: FMDV A/Tur-
key/2006, O/Saudi Arabia/2008, Asia-1/Tajikistan/2011
strains, rabies virus“ARRIAH" and “RV-97" strains, Aujeszky’s
disease virus “VK” and “K” strains, bovine parainfluenza-3
virus “VGNKI-4" strain.

RESULTS AND DISCUSSION

BHK-21/SUSP/ARRIAH cell morphology analysis in
comparison with BHK-21/2-17b. Cell morphology of
BHK-21/2-17b subline was studied at the time of paten-
ting in 1986 (Fig. 1).

Fig. 1. Cell morphology of BHK-21/2-17b subline
(passage 1, at the time of patenting in 1986; magnification 80x)

Fig. 2. Cell morphology of BHK-21/2-17b subline
(passage 2; magnification 80x)
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Fig. 3. Cell morphology of BHK-21/SUSP/ARRIAH subline
(magnification 80x)

Morphologically, the cells were found to be amor-
phous; in other words, passage 1 cells seeded onto the
substrate did not have a definite form, moved actively and
attained a spherical form only during division. Passage 2
cells of this subline were fully adherent and attained an
epithelioid form (Fig. 2). When all available substrate was
covered with cells, some of the cells formed a suspension
and demonstrated high proliferation rates (their growth
rate was not less than 4-6).

The morphology of suspension BHK-21/SUSP/ARRIAH
cellsis shown in Figure 3. The morphology studies showed
that the cells remained practically unchanged externally
as compared with BHK-21/2-17b subline. Small cells of
8-10 um in size prevailed in the population (up to 90%).
It should be noted that, when passaged on the horizontal
surface, the cells demonstrated low adhesion (the excep-
tions were polyploids) and moved intensively. Multiple
mitotic divisions resulted in a significant increase in sus-
pension cell concentration in the culture flask. Thus, the
developed BHK-21/SUSP/ARRIAH cell subline is exclusively
a suspension cell subline.

For nucleus-to-cytoplasm ratio assessment, 50 samples
of the suspension of BHK-21/SUSP/ARRIAH cells grown in
the glass and metal fermenters were collected and treated

Fig. 4. Visualization of nuclei of suspension BHK-21/SUSP/ARRIAH

subline cells stained with acridine orange

with acridine orange. The acridine orange exposure resul-
ted in bright greenish-yellow staining of nuclei visualized
on the yellow background of cytoplasm (Fig. 4).

Based on nucleus and cell diameter measurements, it
was concluded that the new subline demonstrates a larger
nucleus size in relation to cytoplasm and cell size. In most
cases, the nucleus made up 60-80% of the cell volume.

Karyological analysis of BHK-21/SUSP/ARRIAH cells in
comparison with BHK-21/2-17b. Chromosome prepara-
tions for the karyological analysis were prepared according
to the technique described by P. S. Moorhead et al. [13];
then 100 metaphase plates were examined microscopical-
ly and microphotographed, the number of chromosomes
was calculated, and karyogram was plotted.

Figure 5 shows BHK-21/2-17b cell population com-
position at the time of patenting in 1986. Multiple tests
showed the stable predominance of 42-chromosome
cell populations (28-40% of the entire population). The
following chromosome numbers were detected: 36 chro-
mosomes - in 1% of the populations, 37 chromosomes -
in 2%, 38 chromosomes —in 9%, 39 chromosomes - in 3%,
40 chromosomes - in 8%, 41 chromosomes — in 27%,
42 chromosomes - in 40%, 43 chromosomes - in 7%,
44 chromosomes — in 2%, polyploids made up 1%.

45

40

35

30

25

20

15

10

Number of chromosomes in populations, %

5 . .
o [ ||
36 37 38 39 40 4

1 42 43 44

polyploid

Number of chromosomes in populations ()

Fig. 5. Karyogram of BHK-21/2-17b subline cell population at the time of patenting (1986)
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During three decades, monolayer culture of these cells
was not used in production. As a result of suspension
cultivation in the growth medium during about 100 con-
secutive passages, BHK-21/2-17b cells transformed into a
new cell subline, BHK-21/SUSP/ARRIAH. The populations
of cells of this line grown in 40, 250 and 2,000 dm? fermen-
ters were subjected to karyological analysis. Fifty samples
from each of the cell suspensions prepared 48 hours af-
ter seeding were used for the tests. It was found that the
cells had undergone some karyological changes under
homogeneous culture conditions. The modal class of the
new subline is represented by cells with 41 chromosomes
(32-40% of the population). The share of cells containing
40-42 chromosomes is 78-80%, the share of polyploids
averages around 1%. The range of variation in the number
of chromosomes in BHK-21/SUSP/ARRIAH cells is from 36
to 54.The following chromosome numbers were detected:
36 chromosomes —in 0-1% of the populations, 37 chromo-
somes — in 0-4%, 38 chromosomes —in 1-9%, 39 chromo-
somes — in 3-5%, 40 chromosomes — in 8-24%, 41 chro-
mosomes — in 33-40%, 42 chromosomes - in 15-27%,
43 chromosomes - in 6-12%, 44 chromosomes — in 2-3%,
46 chromosomes - in 0-2%, and 52-54 chromosomes —
in 0-2% (Fig. 6).

Cytometric analysis of BHK-21/SUSP/ARRIAH cells in
comparison with BHK-21/2-17b. DNA histograms pre-
sented in Figure 7 and data in Table 1 were obtained in the
course of comparative analysis of cell cycle phases of the
two sublines 48 hours after cell suspension subcultivation.

Based on the data obtained, it was found that apoptotic
cells and cell debris made up 51.0-60.0% of BHK-21/2-17b
cells, that is 5.0-31.0% more than the percentage for
BHK-21/SUSP/ARRIAH subline (20.0-55.0%). Cells undergo-
ing G1-phase (pre-synthesis phase) made up 30.0-75.0%
of BHK-21/SUSP/ARRIAH subline cells and 28.0-70.3% of
BHK-21/2-17b subline cells. This phase is characterized by
cell preparation for chromosome duplication, intensive
synthesis of polypeptides, an increase in the number of
mitochondria and ribosomes. The share of G1-phase cells
in the new subline was 2.0-4.7% more as compared with
BHK-21/2-17b subline. Apparently, some of BHK-21/2-17b
cells, in between mitotic M-phase and the beginning of

Table 2
Evaluation of growth properties of suspension BHK-21/SUSP/ARRIAH subline cells in comparison with prototype cell sublines

Monolayer cultivation Suspension cultivation

BO1 2(1) 48 ch 6.6.19

Gate: [Mo Gating] o _Gate: [Mo Gating]

B05 BHKSEg pr 48h B.6.18povio

=
=
=]

Count
Count

il 500 000
FLz2-A

Fig. 7. DNA histogram of BHK-21/SUSP/ARRIAH (A)
and BHK-21/2-17b (B) subline cells

1000000 1 400 000 i

500 000
FL=2-A

Table 1

1000 000 1 400 000

Comparative analysis of life cycles of BHK-21/SUSP/ARRIAH and BHK-21/2-17b subline

cells based on cytometry data

Percentage of cells undergoing the specified
cell cycle phase, %

Cell cycle phase

Difference in cell
percentages, %

ErA BHK-21/2-17b
Apoptosis 200-55.0 51.0-600 31.0-50
61-phase 300-75.0 280-703 20-47
S-phase 20-330 15-300 05-30
62+M-phase 30-200 26-180 04-20

G1-phase, enter apoptosis, and this subsequently has im-
pact on the growth rate of the entire population.

Cells undergoing S-phase (synthesis phase) that in-
volves cell DNA replication in many replicons and the be-
ginning of centriole duplication in the cell centre make
up 2.0-33.0% of BHK-21/SUSP/ARRIAH subline cells and

Cell subline monolayer . number of cells )
split ratio formation time, monqlayer RIZ per cultivation growth rate e concentrgtwn, viable cells, %
q time, days fask. min* min/cm
ays ask, min
BHK-21/13 13 2-3 3 40-45 maintained as suspension**
BHK-21/2-17b 13 2-3 5 40-45 6.00-7.00 2.30-2.80 95-99
BHK-21/13-02 1:2-1:3 2-3 5 40-45 6.00-8.00 up to 4.00 95-99
BHK-21/13-13 1:2-1:3 2-3 5-6 40-45 6.00-8.00 2.40-4.00 95-98
BHK/SUSP/ARRIAH low adhesion, amorpfous cels with multiple 6.67-11.00 £00-5.50 96-99
cytoplasmic protrusions

*a cultivation flask with a growth surface area of 375 cm?is used;
** detailed information on suspension cultivation [6, 10] is not reflected.
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Fig. 8. Growth rate variations of BHK-21/SUSP/ARRIAH subline cells
recultivated after cryopreservation (mean growth rate values are provided;
n=30,p<0.005)

1.5-30.0% of prototype line cells, i.e. 0.5-3.0% less as com-
pared with the cells of the new subline.

After 48 hours, cells undergoing G2-phase (post-
synthesis phase) characterized by energy accumulation,
protein accretion for mitosis and tetraploid DNA content
attainment and cells undergoing M-phase (mitosis) ac-
count for 3.0-20% of BHK-21/SUSP/ARRIAH cells, which is
0.4-2.0% more than the percentage for BHK-21/2-17b cells
(2.6-18%); this is indicative of a greater capacity of the cells
of the new subline to continue division.

Thus, as a result of suspension cultivation in the
growth medium with modified composition during about

Table 3
Cultivation of FMD, rabies, bovine parainfluenza-3 and Aujeszky’s disease viruses
in suspension BHK-21/SUSP/ARRIAH cell subline (p < 0.005)

. . (ytopathic e Number
Cultivated viruses effect, % Virus infectivity titre of tests
FMDV X
AfTurkey/06 strain 95-98 7.30+0.131gTCID /cm 100
FMDV 3
0/Saudi Arabia/08 strain 95-98 7.80+0.231gTCID, /cm 100
FMDV ;
Asia-1/Tajikistan/11 strain 9599 8.00+0.21lgTCID,/em 80
rabies virus .
“ARRIAH” strain 95-99 8.00+0.131g CCID, /cm 40
rabies virus s
YRV-97" strain 95-99 7.25+0.201g CCID, /cm 40
Aujeszky’s disease virus 95-97 | 7.80+0.151gTCID. /am’ 40
“VK” strain DA 50
AUJESZIEIy , dlsgase virus 95-97 7.50 +£0.191gTCID, /cm? 40
K" strain 50
bovine parainfluenza-3 virus .
NGNKI-4" strain 95-98 6.000.151gTCID /cm 50
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100 consecutive passages, BHK-21/2-17b cells transformed
into a new cell subline, BHK-21/SUSP/ARRIAH, in which, af-
ter 48 hours, cells undergoing G1-phase of the cell cycle
prevail (30.0-75.0% of cells). Cells undergoing the phases
of preparation for mitosis and mitosis (G2+M-phase) ac-
count for 3.0 to 20.0% of the entire population. The num-
ber of meganucleated and multinucleated cells (> 4n) at
the beginning and at the end of the logarithmic phase
increases to 2%. In other words, the basic population, ap-
parently, underwent selection manifested as a 5.0-31.0%
decrease in the number of apoptotic cells and cell debris
amount and an increase in the number of cells undergo-
ing G1-, S- and G2+M-phases that ensure cell growth by
2.0-4.7; 0.5-3.0 and 0.4-2.0%, respectively.

Evaluation of growth properties of BHK-21/SUSP/
ARRIAH subline cells in comparison with prototype sub-
lines. BHK-21/SUSP/ARRIAH cells resulting from long-term
suspension cultivation (100 consecutive passages) were
tested for their growth properties in comparison with
prototype BHK-21/13, BHK-21/2-17b, BHK-21/13-02 and
BHK-21/13-13 sublines. The test results are presented
in Table 2. These data show that BHK-21/SUSP/ARRIAH
cells cultivated in suspension using semi-continuous
culture technique (seeding concentration is 0.5-0.6 mil-
lion cells/cm?) reach a concentration of 4.0-5.5 million
cells/cm?® after 48 hours of cultivation under optimum con-
ditions. Thus, they demonstrate growth rates of 6.67-11.00
and 96-99% viability. Suspension BHK-21/SUSP/ARRIAH
cells grown in culture flasks under static conditions were
characterized by low adhesion, amorphous form, multi-
ple cytoplasmic protrusions (the protrusion dynamics
spanned a period of several minutes).

Viability tests of BHK-21/SUSP/ARRIAH subline cells
recultivated after cryoconservation. The number of living
cells was determined in suspension after cryopreserva-
tion (n=10). Based on the test results, it was found that the
viability of cells after cryopreservation was 85-90% at pas-
sage 1 and increased to 96-99% starting from passage 2.

One-day proliferation delay was observed in dep-
reserved cells grown in suspension during passage 1.
Figure 8 shows BHK-21/SUSP/ARRIAH cell growth rates
for 12 consecutive passages after cryopreservation. Pro-
liferation rates at passages 1-3 varied from 3.36 + 0.21
t0 5.88 +£0.15 (p < 0.005). Starting from passage 4, growth
rates were from 6.85 £ 0.18 to 10.95 £ 0.31 (p < 0.005). It is
considered that the normal growth rate for BHK-21 cells is
4 and above [9, 17]. In other words, BHK-21/SUSP/ARRIAH
cell line attains the required cell growth rate starting from
passage 2. The highest cell proliferation rate for the tes-
ted subline was observed at passage 9. It should be no-
ted, that at passage 12 the cell growth rate was 7.02 and
exceeded the lower normal value by 3.02. Thus, BHK-21/
SUSP/ARRIAH cell subline is recultivated rapidly after cryo-
preservation and demonstrates high proliferation rates (up
to 10.95 £ 0.31) and 95-99% cell viability.

Reproduction of FMD, rabies, bovine parainfluenza-3
and Aujeszky’s disease viruses in BHK-21/SUSP/ARRIAH
subline cells in comparison with prototype sublines
(based on literature data). To prepare virus-containing
material for virus vaccine production, the following vi-
rus strains were reproduced in continuous suspension
BHK-21/SUSP/ARRIAH cells: FMDV A/Turkey/2006 (n = 100),
O/Saudi Arabia/08 (n = 100), Asia-1/Tajikistan/2011 (n = 80)
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strains, rabies virus “ARRIAH" (n = 40) and “RV-97" (n = 40)
strains, Aujeszky’s disease virus“VK” (n = 40) and “K” (n = 40)
strains, bovine parainfluenza-3 virus “VGNKI-4" (n = 50)
strain (Table 3).

The comparative analysis based on the obtained re-
sults and literature data for prototype cell sublines [4, 5]
demonstrated that FMDV caused 95-99% cytopathic ef-
fect (CPE) and showed infectivity titres of 7.30 + 0.13 to
8.00 + 0.21 Ig TCID, /cm? (n = 280), when cultivated in
BHK-21/SUSP/ARRIAH cells, and up to 7.00 Ig TCID, /cm?
in BHK-21/2-17b, BHK-21/13-02 and BHK-21/13-13 cell
cultures.

Rabies virus caused 95-99% CPE and showed infec-
tivity titres of 7.25 + 0.20 to 8.00 + 0.13 Ig CCID, /cm?
(n = 80), when reproduced in BHK-21/SUSP/ARRIAH cell
subline, 6.50 g CCID, /cm?® in BHK-21/13-02 cell culture, up
to 7.00 Ig CCIDSO/cm3 in BHK-21/2-17b and BHK-21/13-13
cell cultures. Aujeszky’s disease virus cultivated in BHK-21/
SUSP/ARRIAH cell culture caused 95-97% CPE and was
accumulated with infectivity titres of 7.50 + 0.19 to
7.80 = 0.15 Ig TCID, /cm? (n = 80); bovine parainfluen-
za-3 virus caused 95-98% CPE and showed infectivity titres
of up t0 6.00 £ 0.15 Ig TCID, /cm? (n = 50).

Thus, the cells of BHK-21/SUSP/ARRIAH subline
developed for production of virus vaccines and diag-
nostic veterinary biologicals allow for FMD virus repro-
duction with titres of up to 8.00 = 0.21 Ig TCID, /cm?,
i.e.1.001g TCID, /cm? higher in comparison with prototype
sublines (not more than 7.00 Ig TCID, /cm?). The proposed
subline ensures rabies virus accumulation with titres of up
to 8.00 + 0.13 Ig CCID, /cm?, i.e. 0.25-1.00 Ig CCID, /cm?
higher in comparison with prototype lines (not more
than 7.00Ig CCID, /cm?), as well as bovine parainfluenza-3
and Aujeszky’s disease virus accumulation with titres of
6.00+0.15and upto 7.80 £ 0.15Ig TCID, /cm?, respectively.

CONCLUSION

The biological properties of continuous suspension
BHK-21/SUSP/ARRIAH subline of newborn Syrian hamster
kidney cells were studied, and the possibility of using it
for foot-and-mouth disease, rabies, bovine parainfluen-
za-3, Aujeszky’s disease virus reproduction was evaluated.

It was found that BHK-21/SUSP/ARRIAH cell subline,
when cultured in suspension, undergoes selection to-
wards hypoploidy: modal class is represented by cells
with 41 chromosomes (32-40% of cells); the share of cells
containing 40-42 chromosomes is 78-80%; the share of
polyploids averages around 1%; the range of variation in
the number of chromosomes is from 36 to 54.

It was detected that BHK-21/SUSP/ARRIAH cell subline
cultivated in suspension using semi-continuous culture
technique demonstrates exponential growth (prolifera-
tion rate decreases after 48 hours) with growth rates of
6.67-11.00 and 96-99% cell viability.

It was established that suspension BHK-21/SUSP/
ARRIAH cells grown under static conditions are charac-
terized by low adhesion, amorphous form, multiple cyto-
plasmic protrusions and during mitosis accumulate in the
culture medium in suspension.

It was found that, after 48 hours, G1-phase cells
prevail in the cell population of BHK-21/SUSP/ARRIAH
subline (30.0-75.0% of cells); cells that undergo prepa-
ration for mitosis and mitosis (G2+M-phase) account
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for 3.0 to 20.0% of the entire population; the number of
meganucleated and multinucleated cells (> 4n) at the
beginning and at the end of the logarithmic phase in-
creases to 2%.

Suspension BHK-21/SUSP/ARRIAH cells were found
to recover rapidly after cryopreservation demonstrating
95-99% viability and growth rates of 3.36-5.88 (passa-
ges 1-3) and 6.85-10.95 (passages 4-12).

The study showed that suspension BHK-21/SUSP/
ARRIAH cells allow for virus reproduction with the fol-
lowing titres:

~ FMD virus - 7.30-8.00 Ig TCID, /em?;

- rabies virus - 7.25-8.00 Ig CCID, /cm?;

-bovine parainflunza-3 virus - atleast 6.00 Ig TCID, /cm?;

- Aujeszky’s disease virus - 7.50-7.80 Ig TCID, /cm?®.
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LopoHuH Makcum UropeBuy, KaHaMAAT GV0IOTMYECKIX HaykK,
BeJyLMA HayYHbIi COTPYAHWK nabopatopun nNpodunakTmkm
Auypa OreY «BHUN3X», r. Bnagummp, Poccua.

lyceBa MapuHa HukonaeBHa, KaHAMAAT GUONOMMYECKX HayK,
CTapLMii HayUYHbI COTPYAHMK nabopatopun npodunakTnkm
Auwypa OrbY «<BHUM3X», r. Bnagummp, Poccua.

Muxanuwux Jmutpuii BanepbeBuy, KaHANAAT BETEPUHAPHDbIX
HayK, 3aBefylowuin nabopatopuein NnpodunakTmky Awypa
OrBY «<BHUWN3X», r. Bnagnmup, Poccua.

LlWapbinoe AHpgpenn CepreeBuy, KaHAMAaT BeTepUHaAPHbIX
HayK, HayuHblli COTPYAHUK OTAena KOOpAMHALMUN HayyHO-
nccnepoBatenbckrx pabot by LIHMBJ, r. Mocksa, Poccus.

Mypnpak Hatanba CtaHucnaBoBHa, JOKTOP 6ronornyeckmx
HayK, rMaBHbI HayYHbI COTPYAHUK pedepeHTHOI nabopaTtopun
BUPYCHbIX 6onesHen ntiy OrBY «BHUU3X», r. Bnagumup, Poccus.

KamanoBa Hatanba EBreHbeBHa, JOKTOpP BeTepPUMHAPHbIX
HayK, MMaBHbI HayuYHbI COTPYAHMK LEHTPa LOKIVHUYECKUX
nccneposanuii OIBY «BHUN3X», r. Bnagumup, Poccus.

MaHuH Bopuc JleoHnaoBNY, KaHANAAT GUONOTNYECKNX HayK,
BeAyLMIN HAYYHbI COTPYAHMK CEKTOPaA KyNbTYpbl KIIETOK OTAeNa
nHHoBauumin OIBY «BHUWN3X», r. Bnagumunp, Poccua.
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SUMMARY

The results of the study on effects of fishmeal on nutrient digestibility and intake in primates are given in the paper. Fishmeal is a feeding stuff, manufactured from
fish, marine mammals, invertebrates not suitable for human consumption and by-products of their processing. Fishmeal nutrient composition includes natural
substances and minerals, including phosphorus, calcium, iodine, selenium, several essential amino acids, as well as vitamins A, D and B complex. Fishmeal is known
to be rich in digestible energy and proteins. One kilogram of fishmeal contains 700 grams of raw protein and up to 15 M) of digestible energy. It should be noted
that fishmeal is easily digested by animals. Nevertheless, there is a lack of data in publications on use of fishmeal as high protein feed in rations of primates. In this
regard, the aim of the study was to analyze the effects of fishmeal on digestibility of mixed feed nutrients in male rhesus-macaques and to use the obtained results
for understanding of prospects of fishmeal further use for feeding primates. The chemical composition and nutritional value of the total mixed ration was determined.
The economic effectiveness of the fishmeal use in the rations of primates was calculated. Based on the experimental data, it was established that the inclusion of
fishmeal (18% out of total) into the diet contributes to the improvement of feed intake in experimental primates and reduces the costs of complete granular feed.
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[lepeBapnuMoCTb NUTATeSIbHbIX BeLLECTB PaLMOHA
C pbIOHOI MYKOW Y MPUMaToB
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PE3IOME

[TpeacTaBneHbl pe3ynbTatbl U3yyeHna BAMAHUA PbIGHOA MYKI Ha NepeBapUMOCTb 1 YCBOEHKE NUTATENbHbIX BELLECTB KopMa Y npumatoB. PbibHas Myka — Kop-
MOBOI NPOAYKT, BbIpabaTbiBaeMblil U3 NPOMBILLNEHHbIX UMW COPHBIX BUAOB Pbl6bl, MOPCKIX MNEKONUTAHOLLMX, 6ECO3BOHOUHDIX, OTXOLOB WX NepepaboTKM.
B coctaB pbl6HOIA MyKM BXOAMT KOMMIEKC MPUPOAHBIX BELLECTB 11 MIHEPaoB, B TOM uucie Gocdop, KanbLiuii, iH0g, ceneH, paj He3aMeHNMbIX aMUHOKUCNOT,
a Takke BuTtamuHbl A, D 1 rpynnbi B. U3BecTHo, uTo pbibHas myka 6orata o6meHHoIt SHeprueit u npoTenHoM. B ofHoM Kunorpamme Myku copepxutca go 700 1
cbiporo npotenHa i 4o 15 MIx 06meHHoii Heprum. CneflyeT 0TMETUTD, UTo pbl6HasA MyKa Nerko nepeBapuBaeTCA U XOpoLLO YCBaUBAETCA OPraHN3MOM XUBOTHDIX.
(OnHako B UTepaType MMeeTca HeoCTaToYHOe KONMYECTBO AaHHDIX N0 UCM0MIb30BAHMIO PbIGHOI MYKY B paLyioHaX NPUMaToB B kauecTBe BblCOKOMPOTEMHOBOr0
KopMa. B 370/l cBA3N Lieblo MCCNefoBaHuiA ABAANOCH M3YyeHue BANAHNA PblOHOI MYKK Ha NepeBapuMOCTb NUTaTeNbHbIX BeLLeCTB KoMOUKopMa y camLioB

© Gaponov N. V., Gamko L. N., 2021

VETERINARY SCIENCE TODAY. 2021;10 (3) | BETEPUHAPUA CETOHA. 2021;10 (3)

239



240

ORIGINAL ARTICLES | GENERAL ISSUES OPUTUHATIbHBIE CTATbY | OBLLIE BOMPOCHI

MaKaK0B-p€3yCoB 1 Ha OCHOBaHW NOJTyYeHHbIX AdHHbIX ONpeaenexie nepcnekTuBbl [NanbHeilLLero ncnonb3oBaHuA B KOPMANEHUN Npumatos. bbin N3y4eH Xu-
MUYECKNii COCTaB n onpeAaeneHa NUTaTeibHOCTb NOYYEHHOT0 NOHOPALIMOHHOTO KOMﬁI/IKOpMa. PaccuntaHa 3koHOMUYecKasa 3¢¢EKTI/IBHO(Tb ncnonb3oBaHKA
pr6HOI7I MYKW B paLiiOHaxX npyumMaTtoB. Ha ocHoBaHuu 3KCNEPUMEHTA/IbHbIX IaHHbIX YCTAHOBJIEHO, YTO BBEAEHE B3aMEH BbICOKOOENKOBbIX KOMNOHEHTOB 18%
pr6HOl7I MyKU obecneunBaet ynyylueHne npoLecca ycBOeHNA NUTaTeNbHbIX BeLLECTB KOpMa y NOA0MNbITHbIX NPUMATOB 1 o06ecneynBaeT CHUXKeHUe cebecToMMocT

MOMHOPALIMOHHOIO rPaHyNPOBAHHOIO KOM6MKOpMa.

KnioueBbie cnoBa: nepeBapumMoCTb, peTeHuma, pblﬁHaﬂ MyKa, paulioH, MaKak-pe3yc, npMatbl

[ins untnpoBanus: fanoHos H. B., famko J1. H. MepeBapumocTb nuTaTesNibHbIX BELLECTB PaLlnOHa C PbIOGHOIT MyKOil y NpuMaToB. BemepuHapus ce200Hs.
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INTRODUCTION

Quality feeding rations underpin the profitability of
keeping primates and other animal species. One of the
most important components of high-quality feed is fish-
meal, produced by modern fish rendering plants and
having valuable nutritional properties. It was found that
fishmeal protein is digested by animals much better than
vegetable proteins. Experience shows that fishmeal added
to the diet increases the efficiency of using other feeds,
poor in protein and fat, and its inclusion in the mixed
feed facilitates the animal growth and weight gain and
improves their general condition [1-3]. As a result of bio-
chemical studies, the so-called albumin factor was found
in fishmeal feeds, which is responsible for the absorption
of vegetable protein, vitamin B12 and other water-soluble
B complex vitamins by animals. For this reason, fishmeal
is not only a source of a complete animal protein, but also
a catalyst for biochemical processes [4, 5]. For example,
studies of the Leningrad Zootechnical Institute showed
that animals that absorbed 31.8% nitrogen from vegetable
feed, after adding cod meal in an amount of 5% to the
feed, began to absorb up to 36.3% of nitrogen, i.e. the di-
gestibility of vegetable proteins increased by 12.5% [1, 6].
Therefore, the inclusion of fishmeal in the feed diet con-
tributes to the growth of healthy animals. Fishmeal has
a unique composition. First, it is a surprisingly wide com-
plex of natural substances and minerals: phosphorus, cal-
cium, a set of amino acids, iodine, selenium, as well as A,
D and B complex vitamins. Thanks to these elements, the
digestive processes are improved and the immune sys-
tem is strengthened. By the content of digested protein,
fishmeal ranks among the highest in feedstuffs. For exam-
ple, 1 kg of fishmeal contains at least 535 g of digestible
protein.Therefore, animals that receive fishmeal as part of
their diet are less susceptible to diseases, and due to the
optimal ratio of amino acids, young animals develop faster.
Fishmeal is considered a valuable preventive tool against
thyroid diseases, since it contains iodine in the form of or-
ganic compounds. For example, cod fat contains from 4.5
to 15.2 mg of iodine per 1 kg of fat [6, 7].

The chemical nature of fishmeal extractive substances
has not yet been sufficiently studied. However, a favorable
effect of premium quality fishmeal on the appetite of ani-
mals has been established. Fishmeal-receiving animals
absorb a significant amount of feed nutrients well and
have a high growth rate. Thanks to its components, it pro-
motes the development of vital body systems, activation
of the immune system, and increases the digestibility of
nutrients [8-11]. The digestibility of high-quality fishmeal
reaches 90%. In addition, the introduction of fishmeal into
the diet has a positive effect on the feed conversion, and
the lower the conversion rate, the more efficient the pro-
duction. Therefore, fishmeal is widely used in the manu-
facture of mixed feeds, which have become widespread
in our country.

The aim of the study was to study the effect of partial
or complete replacement of the main feed ingredients
with fishmeal and to determine the dietary nutrient di-
gestibility.

For this purpose, the following tasks were set:

- to study the digestibility of nutrients in the fishmeal
diet on male rhesus monkeys;

- calculate the economic efficiency of using fishmeal for
feeding primates;

- to carry out mathematical analysis of the data ob-
tained.

MATERIALS AND METHODS

The object of the study was male rhesus monkeys
(Macaca mulatta) aged from 7 to 15 years. For the experi-
mental purposes, two groups of five animals were formed
using the method of analogous pairs by gender, origin,
age and physiological state at the animal facilities of the
FGBRI “Research Institute of Medical Primatology”. The ex-
periment was carried out in accordance with the gener-
ally accepted research methods developed by L. K. Ernst
Federal Research Center for Animal Husbandry and other
organizations [7, 12, 13].

Tests of fishmeal and other feed components were car-
ried out at the Research Institute of Medical Primatology.
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Based on the obtained laboratory data and reference pub-
lications, a feed ration for primates was formulated.

The inorganic compounds of the total mixed ration
were determined using a vacuum wave-dispersive X-ray
fluorescence spectrometer “SPECTROSCAN MAX-GVM”
(NPO “SPEKTRON” LLC, Russia) in accordance with the

“Method for measuring the mass fractions of Mg, Al, Si, Zn, P,
S, Cl, K, Ca, Ba, Ti, Cr, Mn, Fe, Ni, Br, Rb, Srin vegetable powder
samples by X-ray fluorescence using X-ray spectrometers
SPECTROSCAN MAX (M-049-RM/12)", FR.1.31.2014.17343.
The rest of the parameters were determined using the NIRS
DS2500F feed analyzer (FOSS, Denmark).

During the test period, the control group primates
received a total mixed ration feed prepared at the pro-
duction site of the institution using the Miinch-Edelstahl
GmbH feed pelletizer (Germany). The feed was composed
of primary components: wheat, soy meal, skimmed milk
powder, sunflower cake, corn, corn gluten, egg powder,
sugar and sunflower oil. Wheat accounted for 21.4% of the
ration energy value. In total, soy meal and sunflower cake
(the amount of fat 10%) accounted for 17.42 and 13.83% in
the mixed feed, respectively. A significant part of the ration
energy value (14.39%) was skimmed milk powder. The diet
of the control group animals was energetically balanced
with the introduction of sunflower oil (0.8%). The remai-
ning 32.16% of energy accounted for corn gluten (11.24%),
corn (13.35%), egg powder (3.3%) and sugar (4.27%).

Test group primates received fishmeal with mixed
feed, which made up 18% of the ration nutritional value.
According to the experimental design, thanks to the in-
clusion of 60-65% of fishmeal, the content of skimmed
milk powder decreased by 100%, sunflower meal - by 10%,
egg powder - by 70%, corn gluten - by 2%. The diet was
balanced in terms of crude protein according to generally
accepted norms; the deficit of crude fiber was insignificant,
but within the acceptable limits. For the remaining nutri-
ents, the deviations were within the limits established by
the regulatory requirements [14].

Experiments on animals were carried out in accordance
with the intergovernmental standards foraccommodation
and care of laboratory animals GOST 33215-2014 and
GOST 33216-2014, adopted by the Intergovernmental
Council for Standardization, Metrology and Certification,
as well as in accordance with the Declaration of Hel-
sinki (2000) and Directive 2010/63/EU of the European
Parliament and of the Council of 22.09.2010 on the protec-
tion of animals used for scientific purposes. The study was
approved by the bioethical commission of the Research
Institute of Medical Primatology.

The obtained results were processed statistically and
expressed as arithmetic averages and their standard er-

Table
Nutrient digestibility of primates’ rations, % (X + Sx)

rors. The statistical significance of the differences was de-
termined using a one-factor analysis of variance with sub-
sequent posteriori corrections for multiple comparisons
using the Tukey and Sidak method. The accepted level of
statistical significance is p< 0.05.

RESULTS AND DISCUSSION

To determine the absorption and digestibility of di-
etary nutrients, a physiological study was performed on
ten M. mulatta primates. The amount of feed consumed
by the animals and the amount of feces excreted by them
were recorded daily. Then, the chemical composition of
the feed and feces was analyzed, which allowed to deter-
mine the amount of nutrients consumed and excreted per
day. Based on the obtained data, the amount of absorbed
nutrients and the digestibility coefficients were deter-
mined (Table).

The analysis of the data presented in the table showed
that the best results in digestibility for most of the stan-
dardized organic matter were observed in the primates of
the experimental group. In this group, the digestibility of
crude protein and fat was higher than in the control group
by 1.66 and 21.92%, respectively (p< 0.01). It should be
noted that nitrogen-free extracts in the structure of which
starch plays an important role, were absorbed by 11.74%
better in the control group than in the test group.

The research results indicate that the inclusion of fish-
meal in the structure of rations for primates (18% by nutri-
tional value) had a positive effect on the digestibility and
use of basic nutrients.

Since the economic indicators of primate feeding effi-
ciency are among the main indicators of the system reg-
ulating the profitability of their keeping, the production
costs of the tested total mixed ration feed with fishmeal
added were calculated in comparison with the control one.

In the structure of the control group ration, the most
expensive component is skimmed milk powder, its share
in the composition accounts for 14.39% (24 rubles 20 ko-
pecks from the cost of 1 kg of mixed feed). The next most
expensive component is soy meal, which accounts for
17.42% of the nutritional value, the cost of it amounted
to 9 rubles 66 kopecks. The highest purchase price was
set for egg powder, but due to its insignificant content in
the structure of the diet (3.3%), it cost 6 rubles 98 kopecks.
The costs of the remaining components of the diet are at
an acceptable level, which is due to their initially low cost
or low percentage content in the feed composition. Thus,
the price of 1 kg of total mixed ration feed for the control
group was 70 rubles 96 kopecks.

When creating a new formula of the mixed feed for pri-
mates of the experimental group, the diet was significantly

Indicators Crude protein Crude fat Crude fiber Crude ash Calcium Phosphorus
Control 27.34+1.04 20.09 +0.98 16.88 £ 1.01 49.58 +0.88 54.05+1.12 18.37+£1.94 21.79+2.01
Test 29.00+1.14 | 42.01+£1.85** | 52.13+1.26 53.63+1.03 431+£1.27 94.14 +1.18% 90.00 + 1.84

NFE — nitrogen-free extracts.
*p < 0.05;%* p < 0.01.
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changed. In particular, fishmeal replaced soy meal by
7%, sunflower cake — by 10%, egg powder - by 50% and
skimmed milk powder - by 100%. In the structure of the
feed ration, fishmeal (60-65%) in terms of nutritional ener-
gy value was 18%, the price was 6 rubles 84 kopecks. The
cost of 1 kg of total mixed ration feed as a result amoun-
ted to 48 rubles 38 kopecks. Thus, due to the inclusion of
fishmeal in the composition of the mixed feed, it became
possible to reduce the cost of 1 kg of the feed by 22 rubles
58 kopecks.

The cost of feed conversion depends on the cost of feed
and their nutritional value. In the control group, the cost of
1 MJ was 5 rubles 32 kopecks. The cost of digestible energy
in the experimental group was lower and amounted to
3 rubles 63 kopecks per 1 MJ. A similar pattern was ob-
served for crude protein. The low cost of 1 g of protein was
observed in the experimental group, it was 14 kopecks,
and in the control group - 26 kopecks.

CONCLUSION

From the analysis of the data obtained by the experi-
ment, it can be concluded that the inclusion of fishmeal in
the composition of a total mixed ration feed for primates
allows to enrich the diet with nutrients, improve the di-
gestibility of nutrients and reduce the cost of feed without
losing its quality.
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SUMMARY

The Veterinary Service of the Russian Federation takes measures to ensure regular control of livestock health status, to prevent infectious diseases and their introduc-
tion into the country; and if such diseases are diagnosed, it takes measures to prevent their spread and contain outbreaks as soon as possible. Success of the taken
measures depends on the use of various diagnostic, preventive and therapeutic drugs. In order to produce such medicinal products, biofactories use production and
reference strains with stable biological properties, which are stored in national collections of microorganisms. The only keeper of glanders strains is the Laboratory
for Collection of Strains of Microorganisms in the FSBSI «<FCTRBS-ARRVI», subordinated to the Ministry of Agriculture of the Russian Federation. The following steps
were taken due to the official request from FKP Kursk Biofactory — BIOK Company for the transfer of Burkholderia mallei production strain 5584 from the collection
of the institution: the strain was passaged in golden hamsters, its viability was determined and biological properties of the culture were studied. The strain was
transferred in accordance with the established procedure and in compliance with the biosafety requirements. As the work progressed, Burkholderia mallei strain 5584
culture was isolated and freeze-dried. Before the transfer, biological properties of the freeze-dried Burkholderia mallei strain 5584 were studied for their compliance
with the passport data. The obtained results showed that the Laboratory for Collection of Strains of Microorganisms in the FSBSI «FCTRBS-ARRVI» provides optimal
conditions to preserve the strain viability and initial biological properties after 5 years of storage. Analysis of the data obtained during the transfer of Burkholderia
mallei strain 5584 allowed us to assess the actions taken at all stages of the procedure. It was established that the transfer procedure for the requested glanders
production strain complied with the biosafety requirements and regulatory framework regulating the process.
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PE3IOME

BeTepuHapHoii cnyx60ii Poccuiickoii Depepauuin NpoBOANTCA KOMMAEKC Mep, HanpaBReHHbIX Ha PeryaApHblii KOHTPOMb COCTOAHMA NOTONOBbA CeNbCKOX03A-
CTBEHHbIX KUBOTHbIX, NPOQUAAKTUKY MHOEKLMOHHDBIX 3a60neBaHuii 1 HeLOMyLLEHNe X 3aB03a B CTPaHy, a B Cyyae AVArHOCTUPOBaHA — NPeAOTBPaLLeHe
pacnpocTpaHeHna 1 KynupoBaHue B KpaTyaliluine Cpoku. YenewwHas peanu3auna JaHHbIX MeponpuaTHil Bo3MoxHa 6narogapa cnonb3oBaHui pasninuHbIxX
AMarHoCTUYeckux, npodunakTnyeckux u neyebHbix npenaparto. C Lenbio UX nonyyeHna NpeanpuATAA 6MONOrMYecKoil NPOMBILLNEHHOCTU MPUMEHAIT Npou3-
BOZICTBEHHbIE 11 3TaNOHHbIE LUTAMMbl MUKPOOPraHi3MOB €O CTabUbHbIMI 61ONOTNYECKUMY CBOICTBAMM, KOTOPbIE XPAHATCA B TOCYAAPCTBEHHBIX KONNEKLNAX
MUKPOOPraHu3MoB. EAMHCTBEHHBIM iepxaTeniem LWTaMMOB Bo30yauTeNs cana ABNAETCA nabopatopua KonneKwum LiTammoB Mukpoopratnsmos ObHY «OLITPB-
BHWBI», nogsenomcrBeHHoro MiucTepcTBy cenbckoro xo3aicta Poccuiickoii Oegepaumn. B ceasm c opuumanbHbiv 3anpocom OKIM «Kypckas buodabpuka —
dupma «bUOK» 0 nonyueHnm npon3BoACTBeHHOro Wamma 5584 Burkholderia mallei n3 konnexkumun yupexaeHna 6binn BbINoNHeHb! CeaylolLme paboTbi: npo-
Be/ieH Naccax LUTaMMa Ha 30710TUCTbIX XOMAYKaX, OnpezeneHa XU3HecrnocoBHOCTb 1 M3y4eHbl Gronornyeckine CBOMCTBA KyAbTypbl, B YCTAHOBAEHHOM MOpAAKE,
¢ cobnopeHnem TpeboaHmil Gronornyeckoii 6e3onacHocTy, Npou3BeeHa Bblaaua Wramma. B npowecce npoBeeHHoii paboTbl BbifeneHa KynbTypa LuTam-
ma 5584 Burkholderia mallei, kotopas 6bina nuodunuzuposana. Mepes Bbigauei 6bim u3yyeHbl Gronornyeckine CBOICTBA NMOGUAU3UPOBAHHOTO LWTaMMa 5584
Burkholderia mallei Ha cooTBeTCTBIE MX NACNOPTHBIM AAHHbLIM. [loNTyueHHble pe3yNnbTaTbl NoKa3aniu, 4To B 1abopaTopuin KOANEKLIM LUTaMMOB MUKPOOPraHU3MOB
OTBHY «OLTPB-BHVBU» co3paHbl onTuManbHble YCNoBUA ANA COXPAHEHUA €ro XU3HECmoCoBHOCTU 1 UCXOAHBIX Bronoruyeckmx CBOIACTB N0 UCTeYeHNM 5 neT
XpaHeHna. AHanu3 AaHbIX, MONYYeHHbIX NPY BbINOAHEHUN paboT no nepedaye Wwramma 5584 Burkholderia mallei, no38onnn Aatb oLeHKy AeiCTBUIA Ha BCex ee
3Tanax. YCraHoBAeHo, YTo NOPAAOK BblAauM 3anpaLLnBaemoro npou3BoACTBEHHOTO LUTaMMa BO30yAuUTeNs cana cooTBETCTBOBAN TpeboBaHuAM buonornyeckoii
6e30macHoCTV M HOPMaTUBHO-NPaBOBbIM JOKYMEHTaM, pernaMeHTUPYIOLLUM NPpoBe/ieHHble MeponpuUATHA.

Kntouesbie cnosa: Burkholderia mallei, xu3HecnocobHocTb, Guonornyeckie CBOIACTBA, Nepedaya LWTamMma

bnaropapHocTb: Pabota BbinonHeHa 3a cuet cpect OTBHY «OLITPE-BHIABI» B pamkax HayuHo-UccnefoBaTenbekux paboT no Teme «KonnekumoHmposaHue,
nopJepaHue, NonoNHeHe 11 XpaHeHue WTammoB Bo36yauTeneii ocobo onackbix bonesHeii (005), opraHu3auua ux yueta, npoBeeHue UCcnefoBaHuii no u3-
YueHto GroNoruyeckux CBOiCTB 1 06ecneyeHIs NpeAnpUATHIl arponpoMBbILLIEHHOTO KOMMJIEKCA LuTaMmamu Bo36yauteneii 006».

[ins uutupoBanua: Aptembesa E. A., MenbHukosa Jl. A., PogiooB A. 1. 0cobeHHOCT NOATOTOBKI 11 BblAauM NPON3BOACTBEHHOTO WTamma 5584 Burkholderia
mallei B cooTBeTCTBUN € TpebOBaHUAMY Buonorunyeckoil 6esonacHoctu. Bemepurapus ce2oous. 2021; 10 (3): 243-247. DOI: 10.29326/2304-196X-2021-3-38-

243-247.
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INTRODUCTION

Freedom of the Russian Federation from infectious
diseases depends on a set of anti-epizootic measures that
includes systematic monitoring of livestock health, pre-
vention of infectious disease and spread; prevention of its
introduction into the country, and if it is diagnosed - pre-
vention of its spread and containment of the outbreak in
the shortest possible time [1].

Due to the impact of globalization on spread of infec-
tions, regular emergence of new and old infectious dis-
eases, total urbanization and new economic conditions,
not a single country is now able to completely protect its
territory from introduction of highly dangerous diseases.
Such infections pose a threat not only to animals, but also
to people and can damage national economies, break eco-
nomic and cultural links [2].

Therefore, it is of top priority to develop and produce
reliable, highly-specific diagnostic and preventive drugs,
therapeutic agents and modern indication systems at the
country’s biofactories; such production is regulated by
Instruction of the Chief Veterinary Officer of the Russian
Federation No. 22-7/443 of 08.05.92 “Issuing a permit for
production of veterinary medicinal products and their cer-
tification” In order to produce diagnostic preparations and

vaccines, biofactories use production and reference strains
from the national collections of pathogenic microorga-
nisms, where optimal conditions are ensured to preserve
them in the original state, excluding any transformation
in biological, serological, toxicological properties and
sensitivity to antibiotics [3-8]. Strains of highly dangerous
microorganisms stored in the national collections are han-
dled in accordance with the regulatory framework and the
Federal laws and resolutions of the Government of the Rus-
sian Federation [8, 9].

Glanders is a dangerous bacterial infection from the
group of zoonoses — a highly dangerous, highly conta-
gious disease of animals and humans; presently, there is
no vaccine or specific treatment available for glanders. As
scientific publications demonstrate, there are cases of pro-
fessional infection with the Burkholderia mallei bacterium
among microbiologists working with this pathogen. As a
result, burkholderia is equated according to its pathoge-
nicity with such pathogens as Yersinia pestis and Francisella
tularensis. Recently, several cases of B. mallei infection in
humans have been reported in the laboratories of Russia
and the USA, including one fatal outcome [10]. Currently,
the Russian Federation is free from the disease, but the risk
of introduction from other countries remains [2].
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Taking into account the above, there is still a need to
produce high-quality products for glanders diagnosis.
FKP “Kursk Biofactory — BIOK Company” produces “Glan-
ders serum for the complement fixation test”, “Glanders
antigen for the complement fixation test’, “Stained glan-
ders antigen for the plate agglutination test’, as well as
“Mallein”. These medicinal products are made on the basis
of B. mallei production strain 5584, received in accordance
with the established procedure from the National (official)
Laboratory for Collection of Strains of Microorganisms in
the FSBSI“FCTRBS-ARRVI", which is the only keeper of glan-
ders strains among other institutions subordinate to the
Ministry of Agriculture of the Russian Federation [2].

Following the official request from FKP “Kursk Biofac-
tory — BIOK Company” to receive Burkholderia mallei pro-
duction strain 5584 from the Laboratory for Collection of
Strains of Microorganisms in the FSBSI “FCTRBS-ARRVI",
the purpose of this work was to conduct a passage, deter-
mine viability, study biological properties and transfer the
pathogen in accordance with the established procedure
and in compliance with the biosafety requirements.

MATERIALS AND METHODS

The work was carried out in accordance with
SP 1.3.3118-13 “Safety guide for work with Pathogenici-
ty Groups I-Il microorganisms”. The freeze-dried B. mallei
production strain 5584 was used. The strain was stored in
the Laboratory for Collection of Strains of Microorganisms
in the FSBSI“FCTRBS-ARRVI" at a temperature of +4 °C and
standardized according to the international Master seed
standard.

B. mallei strain 5584 was passaged in golden ham-
sters, when the pathogen suspension was administered
subcutaneously into the occipital region at a dose of 5
and 101U according to the turbidity standard (GISK named
after L. A. Tarasevich), in the volume of 0.2 and 0.4 ml, res-
pectively. The dead hamsters, as well as those ones in
agony, were euthanized by ether and subjected to autopsy.
The work with laboratory animals was carried out in accor-

Table

Biological properties of Burkholderia mallei strain 5584

Name of the strain

5584 Burkholderia mallei

Formation of hydrogen sulfide, mm

0.2

Curdling of skimmed milk

Milk curdling

Growth in potatoes according
to Pavlovsky

In the first days, the colonies are in the form of honey
droplets, then merge into a slimy plaque,
on Day 7-8 the color turns to brown

Growth in MPGB

Turbidity of the medium, a delicate film
on the surface, over time a slimy precipitate forms
at the bottom of the test tube, which rises
in the form of a corkscrew when shaken

Growth in MPGA

Growth in the form of translucent colonies
with smooth edges and a mother-of-pearl hue

Gram Staining

Gram-negative rods with pronounced granular layer

Loeffler Staining Pale blue rods with red granular layer
Motility Non-motile
Proteolytic activity on 12% gelatin Does not break down

dance with the Helsinki Convention on the Humane Treat-
ment of Experimental Animals (1975) and the European
Convention for the Protection of Vertebrate Animals Used
for Experiments or for Other Scientific Purposes (1986).

Bacteria culture tests were carried out in liver, spleen,
lungs, injection site, heart blood; the tested materials were
inoculated using a Pasteur pipette on meat-peptone agar
and broth with 4% glycerin (MPGA, MPGB) and incubated
at 37 °Cfor 3-10 days. Virological properties of the isolated
culture were tested to match the glanders pathogen. If the
observed signs matched the passport data, the strain was
freeze-dried.

Fig. 1. Materials required for packing vials with glanders production strain 5584
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Fig. 2. Placing vials into containers and enclosing the first copies
of the accompanying documents

Before FKP “Kursk Biofactory — BIOK Company” re-
ceived the strain requested, viability of the culture was
determined and its biological properties were controlled.
For these purposes, a vial with a strain was taken from
the collection, then appropriately registered in the “Bio-
logical agent movements records” (Form No. 514/u) and
the “Individual registration card for the biological agent
in the collection” (Form No. 517/u). The vial was opened,
the freeze-dried mass was suspended in a 0.85% sodium
chloride solution, and the resulting bacteria suspension
was inoculated onto nutrient media containing 4% glyce-
rin. The vial and the culture remains in it were destroyed,
a report was made on opening a vial with biological
agents of Pathogenicity Groups I-Il for the purpose of in-
oculation or destruction (Form No. 521/u) and a mark was

made in the “Journal of disinfection for biological agents”

(Form No. 520/u). The cultures were incubated at 37 °Cin
a thermostat for 3-10 days. As soon as the second gen-
eration of the strain culture was obtained, its biological
properties were tested to match the passport data. For this

Fig. 3. Packing a container with a vial with B. mallei production strain 5584
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purpose, the following properties were controlled: cultu-
ral, microscopic (tinctorial-morphological and mobility),
biochemical (saccharolytic, proteolytic).

RESULTS AND DISCUSSION

B. mallei production strain 5584 transfer procedure
started after receipt of the following documents from
FKP “Kursk Biofactory — BIOK Company”: an official request
signed by the director; photocopies of the license and hy-
giene certificate; bank details certifying safe working con-
ditions are in place and the company is eligible to receive it.

B. mallei strain 5584 was passaged in golden hamsters
and freeze-dried. Before FKP “Kursk Biofactory —- BIOK Com-
pany”received the requested strain, its viability was tested
according to the biological properties (Table), given in the
passport and corresponding to the indicators given in the
Bergey’s Manual of Determinative Bacteriology (1980).

The conducted studies show that strain 5584, stored for
5 years in a freeze-dried form at a temperature of +4 °C,
is viable. Biological properties were tested on differential
diagnostic media and their compliance with the passport
data was established. It suggests that the Laboratory for
Collection of Strains of Microorganisms provides optimal
storage and working conditions for the microorganisms.

The transfer of the glanders production strain is as-
sociated with potential contamination risks (during stu-
dies of viability and basic properties of the cultures, due
to careless handling of vials when packing them, due to
mistakes made while processing documents and due to
other unauthorized actions, etc.), which is confirmed by re-
corded glanders cases among veterinary and medical staff
working with pathogen cultures. Glanders aerosol cultures
are especially hazardous due to the risk of inhalation [10].
As mentioned above, glanders production strain 5584
was transferred to FKP “Kursk Biofactory — BIOK Com-
pany” strictly in accordance with the requirements of
SP 1.2.036-95 and SP 1.3._-17.

Based on the written permission of the FSBSI “FCTRBS-
ARRVI"director B. mallei production strain 5584 (biological
properties checked) was transferred to representatives of
FKP “Kursk Biofactory — BIOK Company”, following presen-
tation of their ID documents and a power of attorney in ac-
cordance with a transfer certificate indicating the number
of vials (Form No. 525/u) and a record made in the“Journal
of biological agents transfer” (Form No. 516/u). In order
to pack the vial with the strain, the following materials
were prepared: a waterproof container with a hermetical-
ly sealed lid, hygroscopic cotton wool, a twine, wrapping
paper, sealing wax (Fig. 1).

The following accompanying documents are issued for
the contents of the container (in two copies): a letter (on
the official letterhead) for the contents of the container and
a package certificate; a photocopy of the strain passport
with its complete characteristics; a special cargo transpor-
tation certificate with information about the consignee,
date of dispatch and type of transport. The vial with the
freeze-dried culture was wrapped with hygroscopic cot-
ton, placed into the container, the first copies of the listed
documents were put inside (Fig. 2A, B).

The container was hermetically sealed with a lid,
wrapped in paper, laced and stamped with a wax seal
bearing special signs “Caution! Do not open during trans-
portation!” (Fig. 3A, B, C, D).
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CONCLUSION

Analysis of the data obtained during the transfer of
B. mallei strain 5584 from the Laboratory for Collection
of Strains of Microorganisms in the FSBSI “FCTRBS-ARRVI”
to FKP “Kursk Biofactory — BIOK Company” allowed us
to assess the actions taken in compliance with Rules of
SP 1.2.036-95 and SP 1.3._-17. Study of viability and bio-
logical properties of production strain 5584 showed that
the Laboratory for Collection of Strains of Microorganisms
of the Institution provides optimal conditions to preserve
the strain viability and original biological properties after
5 years of storage.
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Reparative histogenesis of bone tissue
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SUMMARY

The paper studies the effect of the RVI biocomposite material belonging to the group of osteoplastic biocomposite materials, the RV-2 immunomodulator —
a synthetic dipeptide inducing an immunocorrective effect, and combinations of these drugs on the reparative histogenesis of bone tissue in femoral fractures
in rats. It was found that the remodeling of the primary bone callus into the secondary one in the fracture of the studied animals was of a diverse nature. This
process was the most pronounced in the group where the components were used in complex, i.e. the bone defect was filled with RVI during the surgery, as
well as RV-2 was injected intramuscularly to rats at a dose of 10 mcg per 1 kg of live weight for five days, starting immediately after the surgery. Well-formed
coarse-fibrous connective tissue callus was recorded in animals of this group. The connective tissue was stained more intensely which indicates a denser arrange-
ment of fibers in the callus. Focal cartilage tissue spanning bone fragments was observed within the callus. At the periphery of the site the cartilaginous callus
was subjected to endochondral ossification with replacement by coarse-fibrous trabeculae with elements of lamellar bone tissue having haversian canals in the
center. The inter-girdle spaces were filled with elements of the myeloid bone marrow in the forming bone tissue. Markedly proliferated osteoblasts were visible
in the cambial layer of the periosteum. The bone tissue ratio increased up to (60.21 = 2.62)%, which significantly exceeded the same indicator in the control
group and in all experimental groups. The low content of connective tissue and the high ratio of bone tissue indicated more active osteogenesis processes and
reparative regeneration in comparison with other groups.
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PE3IOME

[TpoBeseHo U3yyeHune BRUAHNA BUOKOMNO3MLIMOHHOTO MaTepiana PBI 13 rpynnbl ocreonnacTinyeckux 6MoKOMNO3NLMOHHbIX MaTepUanos, UMMYHOMOZYNATO-
pa PB-2 — cunTetyeckoro aunentuaa, 061aaatoLLero MMMyHOKOPPUrMPYIOLLAM AeicTBIEM, 1 KOMOMHALWIA STUX NpenapaToB Ha penapaTuBHbIN r1ucToreHe3
KOCTHOIA TKaHu Npy nepenomax 6eipeHHoil KOCTU y KpbiC. YCTaHOBNEHO, YTO pemo/ienpoBaHIe NepBUYHOIT KOCTHOIA MO30/1M BO BTOPUYHYHO B 061acTy nepenoma
¥ UCCTeAYeMbIX XKIBOTHbIX HOCUNO Pa3HONNaHOBBIiA xapakTep. Hanbonee BblpaxeHHO JaHHbII NPoLecc NpoTeKan B rpynne C KOMMAEKCHBIM CM0b30BaHNeM KOM-
MOHEHTOB, KOTZ1a KOCTHIt AeeKT B0 BpeMA onepauyu 3anonHany npenapatom PBU v BHyTpUMbILLEYHO B TeUeHue NATI SHe, HaunHaA cpasy nocse onepaLuy,
nHbewupoBany PB-2 8 fo3e 10 MKr Ha T Kr uB0Ii Maccbl KpbIC. Y XUBOTHbIX 3TOM Fpynnbl perucTpUpoBay KapTHY XopoLLo chopmMupoBaHHoIA rpy6oBONOKHICTOI!
COeANHNTENbHOTKAHHON Mo3onK. CoeMHUTENbHAA TKaHb Obina OKpalLeHa bonee MHTEHCUBHO, UTO CBUAETENLCTBYET 0 Gonee NIOTHOM PacnonoXeHu BONOKOH
B KOCTHOI! M030/1K. B ee Tonwuie 0TMeyeHo Hanuune 04aroBo PacnonoXeHHoN XpALLEBOIl TKaHK, KOTOpas KOMMYTUPOBaNa Mexay (060 KOCTHbIE OTNOMKM.
Ha nepudepun xpawiesas Mo301b NofBepranach HXOHAPaNbHOI 0CCUdUKALMM € 3amelLieHreM rpy6oBOOKHUCTbIMI KOCTHbIMYU Tpabekynamu ¢ 3nemeHTamu
MOABNEHUA NNACTUHYATON KOCTHON TKaHM C raBepcoBbIMM KaHanamu B LieHTpe. B Tonwe popmupytoLueiica KOCTHOI TKaHW Mex6anouHble NpoCTPaHCTBa 3a-
MoNHeHbI 3NeMeHTaMit MUENOUBHOTO KOCTHOTO Mo3ra. B kambuanbHoM cnloe HaAKOCTHILbI BUHA BbIpaxeHHas nponndepauua octeobnactos. lona KocTHoil
TKaHu yBenuueHa o (60,21 + 2,62)%, uTo LOCTOBEPHO NPEBbILLAET aHaNOTMYHbIA NOKa3aTeNb Kak B KOHTPONbHOI, TaK 1 BO BCeX OMbITHbIX rpynnax. Huskoe
COZepXaHue CoeAHUTENbHOM TKaHI 1 BbICOKAA ONA KOCTHOI TKaHI CBUAETENbCTBYHOT 0 60/ee aKTUBHO NPOTEKaIoLLNX NPOLIeccax 0CTeoreHe3a I penapatuBHoli
pereHepawyn B CpaBHEHU C APYTMIA TPYINaMK.

KnioueBble cnoBa: KpbICbl, UMMYHOMOAYNATOP, 6MOKOMI103I/IL|VIOHHI>II7I martepuan, KoCTHaA M030/b, KOCTHA#A, XpALLEeBadA N COeAUHUTENbHAA TKAHU, XOHAPOLUTBI

[ina untnpoBanus: PewetHak B. B., bypaeiitbiii B. B., MpoHuH B. B., Uckanues E. A. PenapatinBHblil ructoreHe3 KOCTHOI TKaHy Npu nepenomax 6eapeHHol KocTi
¥ KpbIC NpK CMONb30BaHMM 6UIOKOMNO3MLIMOHHOTO MaTepuana Ha GoHe MMYHoKoppeKLmu. Bemepurapus cezo0ks. 2021; 10 (3): 248—253.D0I: 10.29326/2304-
196X-2021-3-38-248-253.
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INTRODUCTION

The steady increase in the intensity of living process
due to the rapid development of technological progress
inevitably leads to an increase in the number and severi-
ty of skeletal traumatic injuries [1]. They account for up
to 52.1% of all non-infectious disease cases. At the same
time, mechanical injuries are most often recorded in ani-
mals (within the range of 32.7-44.5%) and are frequently
complicated by fractures of tubular bones [2, 3].

Many morphological aspects of bone fracture hea-
ling are still poorly understood. Thus, questions remain
regarding mechanisms of growth inhibition, maturation
and remodeling of bone callus, as well as the link be-
tween inflammation, regeneration and fibrosis in case
of slow healing and non-healing fractures. Traditional
means and methods of treatment for this pathology do
not always prevent the development of various com-
plications [4]. In this regard, the need for further study
of the mechanisms of bone fracture healing, the search
for new materials and methods of treatment aimed at
activating the reparative processes during healing can
be justified [5].

At present a large number of drugs and biologically ac-
tive substances have been developed and used to correct
osteogenesis in both human and veterinary surgery and
orthopedics. In this regard the use of biocomposite ma-
terials and drugs that have an immunomodulatory effect
is very promising. Most publications reflect the results of
medical studies, while scientific data in the veterinary field
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are limited to individual reports [2, 5-8]. In all cases, the
authors provide data on effectiveness of separate use of
drugs, while the possibility of their combined use presents
both scientific and practical interest.

Based on the above, the aim of the paper was to study
the effect of the RVI biocomposite material, the RV-2 im-
munomodulator and their combinations on the reparative
histogenesis of bone tissue in femoral fractures in rats.

MATERIALS AND METHODS

The experiments were carried out at the Academic
Department of Internal Non-Infectious Diseases, Surgery
and Obstetrics and the Clinical and Diagnostic Center
of the FSBEI HE “Kostroma State Agricultural Academy”
(Kostroma), and the histological studies were conduc-
ted on the basis of the Preclinical Testing Center of the
FGBI“ARRIAH’ (Vladimir).

The study was performed using 30 mongrel white rats
of 5-6 months of age weighing 200-250 g, which were
kept in the animal facility under equal conditions and re-
ceived a standard food diet in accordance with interna-
tional regulatory documentation (Directive 2010/63/EU
of the European Union on the protection of animals
used for scientific purposes, and the interstate standard
GOST 33215-2014 “Guidelines for accommodation and
care of laboratory animals. Rules for equipment of prem-
ises and organization of procedures”).

Two products were used for the study: RVI - prepara-
tion of the group of osteoplastic biocomposite materials
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Fig. 1. Bone callus formation, control group
(Van Gieson staining, magnification 40x)
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in the form of granules, which is a synthetic hydroxyapa-
tite with added collagen and an antibiotic (LLC company
“Intermedapatit’, Russia) and RV-2 - a synthetic dipeptide,
which is an analogue of the active center of one of the
native thymic hormones, having an immunomodulatory
effect and stimulating the regeneration processes in case
of their disturbance (DEKO Company Ltd., Russia).

All animals were divided into six groups (n = 5 in each
group): one control group and five experimental groups.
A common diaphyseal femoral fracture was modeled in
animals in operating room conditions using adequate an-
esthesia, followed by intragrade osteosynthesis to fix the
bone fragments.

No additional therapeutic measures were performed
in the control group. During reposition between the ends
of the fracture in rats of experimental group 1 the bone
defect was loosely (at two-thirds) filled with RVI granules
pre-moistened with isotonic sodium chloride solution;
the rats of groups 2, 3 were intramuscularly injected with
RV-2 at a dose of 10 mg per 1 kg of body weight once a
day for five days immediately after surgery (group 2) or on
day 5 (group 3) after surgery. In the other two groups both
drugs were used: in group 4 — according to the schemes of
groups 1 and 2, in group 5 - according to the schemes of
experimental groups 1 and 3.

The animals were removed from the experiment and
euthanized using carbon dioxide on day 45 after surgery.
The whole femoral bones taken for the surgery were
fixed in a 10%-neutral formalin solution; the callus (the

Table
Morphometric parameters of structures in the area of bone callus formation in rats of the control and experimental groups, % (n=5)

Fig. 2. Formation of cartilage islets, control
group (Mallory staining, magnification 40x)

Fig. 3. Formation of bone trabeculae, control
group (Mallory staining, magnification 100x)

fusion) was separated at the dorsal and ventral sides,
and the pin was removed using a sharp scalpel (scissors,
forceps).

Decalcifying fluid and histology equipment manufac-
tured by Kreonika Ltd. (Russia) were used in the study.

After decalcification the biomaterial was placed in
TLP720 tissue processor and was poured in paraffin using
ESD-2800 filling station. Histological sections 5-8 microns
thick were obtained using a semi-automatic rotary micro-
tome RMD-3000. The sections were stained with hematox-
ylin and eosin in an ALS-96 automatic linear steiner, and
Van Gieson and Mallory staining was additionally conduc-
ted to detect connective tissue.

The sections were studied using MICMED-6 microscope
(LOMO, Russia). E31S PM video camera and ToupView Soft-
ware (Hangzhou ToupTek Photonics Co., Ltd., China) were
applied for measurements and photographic documenta-
tion. A measuring scale of the camera was calibrated using
the object micrometre plate for transmitted light OMP
(LOMO, Russia).

The ratio of tissue components (bone, cartilage, and
connective tissues) in the area of bone fragment alignment
was determined in the five fields of view for each of the five
sections from all groups.

The measurement results were processed using the
variation and statistical analysis and Statistica 7.0 Soft-
ware as well as the calculation of the mean values (M)
and errors (m). The differences were considered reliable
if P < 0.05.

Group number Bone tissue Cartilage tissue Connective tissue
control 55.31+2.80 14.43£1.26 3035+2.46
Experiment 1 42.43 £3.62* 1577 £1.41 41.91+3.67%
Experiment 2 44.60 £ 2.96* 16.51+1.54 38.94 £2.92%
Experiment 3 40.64 +3.38* 23.06 + 1.87% 36.45 +2.87*
Experiment 4 60.21 + 2.62% 23.58 £1.93% 16.37 £1.33*
Experiment 5 33.11£2.14% 18.42£1.76% 48.52 £3.28%

*P < 0.05 as compared to the control group.
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RESULTS AND DISCUSSION

Histological examination revealed that a bone callus as
an apparent coarse-fibrous connective tissue was formed in
the contact zone between two bone fragments in animals
of the control group (Fig. 1). Islands of cartilage tissue with
well-distinguishable single chondrocytes, as well as isogenic
cell groups were observed in the callus (Fig. 2). Randomly
oriented bone plates with a large number of fibroblasts on
their surface were found at the contact region of bone frag-
ments. A large number of osteoblasts were found deep in
the newly formed bone trabeculae, their periosteal surface
was represented by fairly densely arranged connective tis-
sue fibers, intensely colored according to Mallory (Fig. 3). Ra-
tio of bone, cartilage and connective tissue was 55.31 + 2.80;
14.43 £ 1.26; 30.35 + 2.46%, respectively (Table).

At the same time, the bone callus in rats of experimen-
tal group 1, as compared with the control one, differed

in a less pronounced morphological structure (Fig. 4).
The bone intermediary zone was composed of bundles
of large-cell spongy bone tissue. The bone marrow cavity
in the fusion zone was filled with myeloid bone marrow
with arteries of different calibers (Fig. 5). In addition, less
intensive formation of young bone plates was found in this
group, and the ratio of bone tissue at the site of the defect
was significantly lower and amounted to 42.43 + 3.62%,
with no significant differences in the content of cartilage
tissue between the groups. At the same time, the ratio of
connective tissue increased to 41.91 + 3.67% (P < 0.05,
Table).

In experimental group 2 the callus was represented by
a pronounced, dense, formed fibrous connective tissue.
Single, randomly oriented bone plates were recorded in
the area of bone fragment alignment (Fig. 6). Closer to
the periosteum, the formed cartilage tissue with single

Fig. 4. Formation of bone callus, experimental group 1
(Mallory staining, magnification 40x)

[

Fig. 6. Bone callus structures, experimental group 2
(Mallory staining, magnification 40x)

Fig. 8. Bone callus, experimental group 3
(Van Gieson staining, magnification 40x)
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Fig. 5. Formation of bone trabeculae, experimental group 1
(Mallory staining, magnification 100x)

Fig. 7. Cartilaginous tissue of the bone callus, experimental group 2

(Mallory staining, magnification 100x)

Fig. 9. Bone, experimental group 3
(Mallory staining, magnification 100x)



Fig. 10. Bone, experimental group 4
(Mallory staining, magnification 40x)

Fig. 13. Bone callus, experimental group 5
(Mallory staining, magnification 40x)
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chondrocytes was visualized (Fig. 7). The specific para-
meters of bone and cartilage tissue did not have reliably
significant differences as compared with experimental
group 1. However, in comparison with the control group,
a lower ratio of bone tissue along with a higher connec-
tive tissue content (P < 0.05, Table) and insignificantly in-
creased cartilage tissue content was observed.
Morphometric parameters of bone callus structures in
rats of experimental group 3 were not subjected to reli-
ably significant changes as compared with experimental
groups 1 and 2. It should be noted that there was a trend
for decrease in the proportion of bone tissue and reliably
significant differences in the content of cartilaginous tissue
in comparison with experimental groups 1 and 2 (Table).
The callus was well pronounced, with a predominance
of coarse fibrous connective tissue, showing less intense
fuchsinophilic properties when stained according to Van
Gieson protocol, which indicates a looser arrangement of
fibers (Fig. 8). Chondrocytes were widely spaced and baso-
philicintercellular matter was predominant in the cartilagi-
nous callus. The formation of immature bone plates was
noted on the periphery of the cartilaginous callus (Fig. 9).
A well-formed coarse-fibrous connective tissue callus
was recorded in animals of experimental group 4. The
connective tissue was stained more intensely, indicating
a denser arrangement of fibers in the callus. Focally lo-
cated cartilage tissue which commuted between bone
fragments was found in it (Fig. 10). At the periphery of
the site the cartilaginous callus was subjected to endo-
chondral ossification with replacement by coarse-fibrous
trabeculae with elements of lamellar bone tissue having

haversian canals in the center. In the forming bone tis-
sue, the inter-girdle spaces were filled with elements of
the myeloid bone marrow (Fig. 11). In the cambial layer of
the periosteum, a pronounced proliferation of osteoblasts
was visible (Fig. 12). The bone tissue ratio increased up to
60.21 + 2.62%, which reliably exceeds the same indicator in
the control group, as well as in all experimental groups. The
low content of connective tissue and the high ratio of bone
tissue indicate more active processes of osteogenesis and
reparative regeneration in comparison with other groups.

The bone callus was insignificantly pronounced in ex-
perimental group 5, on the periphery it was represented
by loosely arranged bundles of coarse-fibrous connective
tissue with deeply visible cartilagious islands (Fig. 13). The
defect area was filled with myeloid substance and islands
of weakly fuchsinophilic, coarse-fibrous, connective tis-
sue (Fig. 14). In the periosteal zone, the rudiments of bone
trabeculae formed by the replacement of reticulofibrous
tissue were visualized (Fig. 15). The bone volume ratio
was the lowest (33.11 £ 2.14%) in all the groups present-
ed, along with the highest indicator (48.52 + 3.28%) of the
connective tissue ratio (Table).

CONCLUSION

The presented data indicate that the most stimulating
effect on reparative osteogenesis was produced when
using a combination of the RVI biocomposite material
based on synthetic hydroxyapatite with added collagen
and an antibiotic along with a five-day immunocorrec-
tion course with RV-2 preparation from the group of syn-
thetic dipeptides, starting from day 1 after surgery. This

Fig. 11. Bone callus, experimental group 4
(Mallory staining, magnification 40x)

Fig. 12. Bone tissue, experimental group 4
(hematoxylin and eosin staining,
magnification 40x)

Fig. 14. Bone callus, experimental group 5
(Van Gieson staining, magnification 40x)

Fig. 15. Bone callus (formation of bone
trabeculae), experimental group 5
(Mallory staining, magnification 40x)
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is confirmed by a higher ratio of bone tissue and a low
content of connective tissue at the sites where fragments
fit together, as well as active ossification processes and ap-
pearance of elements of lamellar bone tissue.
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SUMMARY

The paper represents the analysis of the key parameters specifying the food safety system in the Russian Federation as of January 1,2020. Such issues as competence
of the veterinary experts and laboratories in the field of veterinary and sanitary inspection as well as availability of the necessary equipment including equipment for
radiometric tests were particularly considered. Implementation of the internal audit procedure by the veterinary and sanitary testing laboratories was assessed. Data
on the availability of the slaughterhouses and slaughter units/facilities for emergency slaughter as well as their staffing with the veterinarians are demonstrated.
The study results indicate that 39% of the laboratories are not equipped with the necessary laboratory equipment; 8% of the laboratories perform tests using
non-calibrated laboratory equipment, and only 2/3 of the laboratories are covered by the regular internal audits. Evidence of insufficient control over the attestation
of the veterinarians involved in the veterinary and sanitary expertise was identified. Moreover, insufficient number of slaughter facilities and veterinary and sanitary
testing laboratories in the regions of the country was highlighted as well as inadequate staffing of the laboratories with the veterinarians responsible for the official
control of the compliance with the veterinary rules and technical regulations and for the veterinary and sanitary inspections. Therefore, in some regions of the country
the national veterinary services lack any capacities necessary to perform the emergency slaughter of the diseased and suspect animals in the isolated and controlled
environment with the subsequent on-site storage and decontamination of the slaughter products or their disposal or destruction. The study results demonstrate
anumber of gaps in the veterinary and sanitary inspection system thus indicating the need for corrective actions to be taken both on the federal and local levels.
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PE3IOME

B cTaTbe NpeacTaBneH aHanu3 Hanbonee BaHbIX NOKa3arteneit, xapakTepu3yloLx opraH3aLyio CUcTeMbl 06ecreyeHs 6e30nacHoOCTU NULLEBbIX NPOAYKTOB
B Poccuiickoit Oepepaunu no coctosHuio Ha 1 aHBapa 2020 1. B yacTHOCTM, paccMoTpeHbl BONPOCHI KOMMETEHTHOCTIA BETEPUHAPHbIX CNELIMANNCTOB U laGopatopuii
BeTepUHAPHO-CaHUTapPHOI 3KCMIePTH3b, 06ecnieyeHHOCTb abopaTopuii HeoBXoANMbIM 060pyZ0BaHIEM, B TOM YACTE Y PAZNOMETPUYECKIM, TPOBEZEHA OLieHKa
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peanv3aLuy NpoLeaypbl BHYTPEHHEro ayuTa Nabopatopuii BeTepUHAPHO-CaHUTapHOI JKNepT3bl. MpeficTaBNeHbl AaHHble 06 06ecneyeHHOCTH CyGbeKToB
Poccuiickoit Oepepaumm y6oitHbIMU 11 YOOITHO-CAHUTAPHBIMM MYHKTaMU/NNOLIAZKAMK, @ TAKXKe WX YKOMNNIEKTOBAHHOCTb BETEPUHAPHBIMM CleLManicTamit.
Pe3ynbTatbl nccnefoBaHus CBUAETENbCTBYHOT 0 TOM, 4T0 39% Nabopatopuii BeTepuHapHO-CaHUTaPHOI IKCMEPTU3bI He YKOMMNEKTOBAHbI He0OX0AUMbIM N1abo-
paTopHbIM 060pyA0BaHMeM, 8% NabopaTopuii NPUMEHSAM ANA NPOBEAEHNS UCCIEN0BAHMII HENOBEPEHHOE NabopaTopHoe 06opyA0BaHIe U TONIbKO 2/3 Nlabopa-
TOPMUii GblA OXBAYEHbI NEPUOAUYECKIMM BHYTPEHHIMY ayAUTaMU. BbIABNEHbI GaKTbl HEOCTATOUHOTO KOHTPONA 32 ATTECTALIME BETEPUHAPHDIX CMELMANUCTOB,
0CYLLECTBAAIOLLYX BETEPUHAPHO-CAHUTAPHYI0 KCNEpTU3Y. Kpome Toro, 0TMeueHa HefloCTaTouHas 00ecneyeHHOCTb PErMOHOB CTPaHbl MECTaMU Y605 KUBOTHbIX
1 nabopaTopuAMY BETEPUHAPHO-CAHUTAPHOI IKCMEPTU3bI, a TAKXKE HEMONHAA YKOMMNEKTOBAHHOCTb UX BETEPUHAPHBIMY CTIELMANUCTaMI, B 33134k KOTOPbIX BXO-
LT NpoBezieHVe rocyapcTBEHHOTO HaA30pa 3a cobtofieHneM TpeboBaHHii BeTepUHAPHBIX PaBIAN U TEXHUYECKIX PEFAMEHTOB, NPOBEEHME BETCAHIKCTIEPTH3bI.
Takum 06pa3om, B HEKOTOPbIX PErMoHaX CTPaHbl Y FoCyAAPCTBEHHOI BeTepUHApHOIi CTyXKObl OTCYTCTBYET BO3MOXKHOCTb Y001 GOMbHBIX 11 N0A03PEBAEMbIX B 3a-
60n1eBaHINM XKIBOTHDIX B U30/1POBAHHbIX KOHTPOAMPYEMBbIX YCTIOBUSX C NOCNEAYIOLM XPaHEHNEM 1 06€33aparkiBaHIEM NPOAYKTOB y60A, uam ux yTuauaumeii,
WIN YHUUTOXEHEM Ha MecTe. [1onTyueHHbIE Pe3ybTaTbl UCCNEA0BaHMS OKA3bIBAKOT HauMe pAAa Npo6eNoB B OpraHU3aLy CACTEMbI BETEPUHAPHO-CAHUTAPHOI
KCNepTU3bl, UTO CBUAETENLCTBYET 0 HEO6XOAMMOCTY BBEZIEHUS KOPPEKTUPYHOLLMX Mep KaK Ha (efiepanbHOM, Tak U Ha PErMoHabHOM YPOBHE.

KnioueBble cnoBa: 6e3onacHocTb nuLLeBoit npoaykuun, naﬁopaTopMﬂ BETepMHapHO-CaHVITapHOVI JKCNEepPTN3bl, BETEPUHAPHbIE CNELINANTNCTDI, MeCTa yﬁOFI Kn-
BOTHbIX
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INTRODUCTION

Food product safety - is the state of food products,
indicating the absence of unacceptable risk associated
with harmful effects on humans and future generations.
A harmful effect on humans is caused by factors associa-
ted with the presence of contaminants in food products:
radionuclides, toxins, pathogens that threaten human life
or health [1]. According to the World Health Organization,
food safety should be a priority public health issue [2].

The safety of food products of animal and plant origin
can’t be ensured without establishing the system of ve-
terinary and sanitary inspection (VSI system) the basis of
which are veterinary specialists and veterinary and sani-
tary laboratories fit with equipment.

Assessment of the organization and effectiveness of
the VSI system in the country is part of the assessment of
the organization of the national veterinary service, carried
out within the framework of international trade, as well as
within the framework of regionalization [3, 4].

Today official information on the state of the veteri-
nary and sanitary inspection system and its assessment
is unavailable in the Russian Federation that is why it is
impossible to objectively reflect the actual situation in the
regions of the country.

In this regard, the investigation was aimed at collection
of information regarding the most significant parameters
(availability of slaughterhouses and slaughter units/facili-
ties for emergency slaughter, staffing with veterinary spe-
cialists, material and technical equipment of laboratories
for veterinary and sanitary inspection, etc.) and a compre-
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hensive analytical assessment of VSI system in the Russian
Federation regions.

MATERIALS AND METHODS

The practical basis for the analysis of how the RF Na-
tional Veterinary Service ensures veterinary and sanitary
safety of food products was the information entered into
the'Assol.Express’operational reporting system by the exe-
cutive veterinary authorities of the country’s Subjects as of
January 1, 2020, according to the primary data collection
form developed by the FGBI “ARRIAH".

The study used generally accepted methods and tech-
niques for data analysis: generalization and formalization
of information, the method of comparative analysis.

RESULTS AND DISCUSSION

Food safety processes should address the entire food
chain, from production to consumption. One of the official
regulation measures aimed at ensuring food quality and
safety is the adoption of Customs Union technical regula-
tions that establish safety requirements (including sanitary
and epidemiological, hygienic, and veterinary) for regula-
ted products, as well as forms and procedures or assessing
(confirming) the conformity of the regulated products to
the requirements of technical regulations.

According to the current legislation, the VSl is one of the
variants confirming compliance of the food products with
the CU Technical Regulations and is the only and final way
to confirm compliance and safety of non-processed food
products of animal origin [5].
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Fig. 1. Diagram of the food safety system

As can be seen from the presented diagram (Fig. 1),
food safety is ensured by a set of various systems interac-
ting with each other.

This paper addresses the VS| system in terms of parame-
ters having a key impact on food safety, affecting all stages
of the food product supply chain from ‘farm to fork’:

- availability of slaughterhouses and slaughter units/
facilities in the Subjects of the Russian Federation;

- sufficient number of veterinary specialists perfor-
ming VSI of products of animal and plant origin;

- sufficient number of veterinary service specialists at
livestock farms;

- VSl equipment and facilities, availability of a quality
management system;

- the competence of the veterinary specialists of the
VSl service and the availability of a medical certificate of
admission to work with food products.

Veterinary and sanitary inspection at slaughter-
houses. Meat and meat products shall be produced in
compliance with hygienic as well as veterinary and sanitary
requirements as well as considering the risk arising at all
the stages of the technological process.

The necessary level of slaughter hygiene can be
achieved by proper veterinary assistance, lairaging, ante-

mortem veterinary inspection, the slaughter process itself,
and other factors influencing the quality and safety of the
finished products [6]. The statutory regulated require-
ments for meat and meat product manufacturing can be
complied with only at special slaughterhouses controlled
by the National Veterinary Service and having passed the
official registration procedure.

To assess the effectiveness of the VSI at slaughterhou-
ses, the availability of slaughterhouses and slaughter units/
facilities in the RF Subjects as well as the sufficient number
of qualified veterinary specialists was taken into account.

As a result of the analysis, it was found that only
28 RF Subjects are provided with slaughter sites (slaughter
units/facilities) designated for the needs of the residents in
full, in 9 Subjects no slaughter sites are available, in other
Subjects the situation appears to be diverse (Fig. 2).

The business operators in the RF Subjects are not pro-
vided with a sufficient number of slaughter units/facili-
ties: only 41 Subject is completely provided with them, in
2 Subjects no slaughter units/facilities are available and
in the rest of the Subjects the need in them is satisfied
1-99% (Fig. 2).

Slaughter units/facilities in 68 RF Subjects are staffed
by veterinary specialists engaged in official control for
compliance with veterinary rules and technical regula-
tions and VSI. In three RF Subjects the slaughter sites are
not staffed by veterinary specialists at all. In the rest of the
Subjects this parameter varies a lot - from 1-99%.

Only 35 RF Subjects demonstrate a sufficient number of
slaughter units/facilities, in 24 Subjects such sites are not
available and in the rest of the Subjects theiramount varies
from 1-99%. So, in most of the RF Subjects the National
Veterinary Service lack isolated facilities for slaughtering
diseased and disease suspected animals under controlled
conditions with subsequent storage and decontamination
of slaughter products or their disposal or on-site destruc-
tion.

It should be noted that proper veterinary services ren-
dered to the animal farm involving daily comprehensive
control predetermine the quality and safety of the prod-
ucts. However, the results of the analysis performed show
that more than half (51%) of animal farms in the country,
not including small-scale farms, don't have their own vete-
rinary service.

The absence of available slaughter units/facilities results
in uncontrolled slaughter on small-scale farms without

NUMEER OF SUBJECTS

Distribution of the RF Subjects by the availability of animal slaughter
sites designated for residents -
30
28 &
ﬁ a5
a E)
2,
o
g 2
@
9 g 15
=
Pl
5
o
100% 50-99% <50% ZERO
AVAILABILITY AVAILABILITY AVAILABILITY AVAILABILITY

Distribution of the RF Subjects by the ilability of animal
laughter sites designated for busi perat
41
29
13
- .
100% 50-99% £350% ZERO

AVAILABILITY AVAILABILITY AVAILABILITY AVAILABILITY

Fig. 2. Distribution of the RF Subjects by the availability of the slaughter facilities
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veterinary and sanitary inspection of animal slaughter
products. Besides, there’s a possibility of slaughtering
animals with unknown animal health status due to the
absence of proper veterinary control and lack of VSI spe-
cialists on animal farms. This circumstance creates a high
risk of consuming unsafe food products and infection of
the staff with zooanthroponoses.

VSllaboratories. Itis known that veterinary and sanitary
inspection of animal products is performed at slaughter-
houses and VSl laboratories located at the institutions of
the National Veterinary Service and trade enterprises, in-
cluding food markets. 40 RF Subjects are self-sufficient in
VSl laboratories, 35 Subjects are 50-99% self-sufficientand
10 Subjects are 50% self-sufficient (Fig. 3).

Even though the VSI laboratories shall be organized
in markets selling food products of animal and/or plant
origin according to the law [7], 102 out of 1,703 food
markets in the RF Subjects lack such laboratories, and
this situation has persisted over the past few years. The
specified facts are considered as a violation of the law and
contribute to the threat of the emergence and spread of
infectious and invasive diseases transmitted to humans
from animals since the safety of food products sold in
these markets has not been confirmed. The situation is
aggravated by the fact that trade enterprises that are not
legally regulated by the above legislation (for example,
shopping centers) are not Subject to the obligation to
organize VS| laboratories. However, such outlets often
sell non-commercial food products and unprocessed pro-
ducts of animal origin, the safety of which in veterinary
and sanitary terms has not been confirmed due to the
absence of VSl laboratories.

The Customs Union (CU) legislation establishes that
both unprocessed food products of animal origin and
non-commercial products shall comply with the require-
ments of the CU technical regulations which is to be con-
firmed through VSI. In this case, the VSI laboratory (or
veterinary expert) is the only link in confirming the safety
of regulated food products, and in fact, these laboratories
perform the functions of testing laboratories. Based on
their reports food products are eligible for free marketing.
Under the current legislation, VSl laboratories are not Sub-
ject to compulsory accreditation, therefore, competency
assessment was not carried out for any of the laboratories
in the country.

In this research, the competence of VSl laboratories was
determined according to the following criteria:

— availability of necessary measuring instruments and
their technical condition, verification of measuring instru-
ments;

- availability of normative and methodological docu-
ments regulating testing;

—internal audit of VSl laboratories conducted by institu-
tions subordinate to the veterinary executive authorities.

The results of the analysis based on these criteria
demonstrate that:

- 1,097 out of 2,795 (39%) VSl laboratories cannot fully
carry out mandatory veterinary sanitary inspection of all
food products (meat, milk, eggs, feed, etc.), which con-
tradicts to the current legislation of the Russian Federa-
tion [8], and in 5 Subjects none of the VSl laboratories has
a full range of necessary laboratory equipment. Therefore
this service is not fully available for the residents. Due to
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Fig. 3. Distribution of the RF Subjects by the availability of the veterinary

and sanitary testing laboratories

this fact, the products not having undergone this proce-
dure are likely to enter the food production chain;

- in the reporting period (2019), 247 out of 2,795 (9%)
VSl laboratories conducted research using non-calibrated
laboratory equipment which casts doubt on the objecti-
vity of the measurement results obtained using this equip-
ment, and, therefore, conclusions on compliance of food
products with current regulatory requirements;

- 125 out of 2,795 (4.5%) VSl laboratories are not fully
provided with regulatory and methodological documents
for veterinary and sanitary inspection;

- in 1,763 out of 2,795 (63%) VSI laboratories in
29 RF Subjects, an internal audit procedure has been in-
troduced and is being implemented. It includes periodic
internal inspections for assessing the performance of lab-
oratories and their technical condition. The introduction of
such audits into the practice can increase the effectiveness
of control over the activities of VSI laboratories under the
current legislation, including research.

Since the VSl laboratories function as testing laborato-
ries and ensure the veterinary and sanitary safety of food
products, all tests must be carried out properly and en-
sure the reliability of the results. In testing laboratories,
this is confirmed by accreditation, which is the evidence
of competence and ability to obtain reliable results [9].
Since the accreditation procedure for VSI laboratories is
not regulated at the legislative level, it is necessary to apply
this practice in respect of these laboratories. One of the
possible ways to implement this may be the inclusion of
VSl laboratories in the structure of veterinary diagnostic
laboratories, after which they will be included in the scope
of accreditation of the head institution. This practice is cur-
rently partially implemented in the reference centers and
interregional veterinary laboratories of the Russian Fede-
ral Service for Veterinary and Phytosanitary Surveillance
(Rosselkhoznadzor), and previously it was used for a long
time in the USSR.

Radiation control of food products. The activities
of VSI laboratories for conducting radiation control of
products of animal and plant origin are worth noting.
Under the current legislation of the Russian Federation,
the National Veterinary Service shall perform dosimet-
ric control of all products to be sold in marketplaces
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Fig. 4. Distributions of the RF Subjects by the availability of the veterinary and sanitary testing laboratories

equipped with radiation dosimeters

and twice a year radiometric control of each product
type [10]. Despite this, the VSI laboratories are fully
equipped with dosimeters-radiometers in only 34 Sub-
jects, in 6 Subjects none of them are provided with this
equipment, and in other RF Subjects, 1-99% of labora-
tories are provided with such equipment. In total, only
1,787 out of 2,795 (64%) VSI laboratories are equipped
with the specified radiometric equipment. Only in 7 out
of 16 RF Subjects, the territories of which are included in
the list of areas affected by radioactive contamination as
a result of the disaster at the Chernobyl nuclear power
plant and the accident at FSUE “Mayak Production As-
sociation’, the VSI laboratories are fully equipped with
dosimeters-radiometers, in 5 Subjects only 50 to 99%
laboratories are self-sufficient in such equipment and

4 Subjects - less than 50% (Fig. 4) [11, 12].

Thus, only 319 of 439 VSl laboratories (73%) located on
the territory of 16 Subjects in areas affected by radioactive
contamination are provided with appropriate radiomet-
ric equipment. The current situation hinders the perfor-
mance of radiation control the framework of veterinary
and sanitary inspection and creates a risk of marketing
potentially radiation-contaminated products which is cri-
tical for the specified above areas affected by radioactive

contamination.
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Fig. 5. Distribution of the RF Subjects by the level of attestation
of the veterinarians involved in veterinary and sanitary inspections

258

Competence of veterinary specialists engaged in
the veterinary and sanitary inspection. The leading
role in performing veterinary and sanitary inspection lies
with veterinary specialists having professional skills and
knowledge in this field of activity. Special attention shall
be given to the competence of the veterinary specialists
at slaughterhouses where they ensure the safety of food
products on their way to the customer. Under the current
legislation, the qualification level of the VSI specialists is
checked during periodical attestation [13-15]. The analysis
demonstrated that only 3,704 out of 4,301 VSI specialists
passed attestation (Fig. 5).

Herewith in 24 Subjects of the country, 597 veterinari-
ans haven't been subjected to attestation to check the
conformity of food products with the established require-
ments. Therefore, the results of the veterinary and sanitary
inspection performed by these VSI specialists cannot be
considered 100% reliable and objective which can affect
the safety of food products.

Of little significance in ensuring food safety is control
of the specialist’s health status in regards to food-borne
diseases. The health status is examined during perio-
dical health checks the results of which are recorded in
their medical cards. The study performed demonstrates
that only 7,875 out of 11,666 veterinarians and labora-
tory technicians (67.5%) contacting with food products
undergo health checks and have individual medical
cards. In 7 Subjects of the country, none of the specified
above specialists has undergone health checks which
are indicative of the systemic RF law violation [16]. Thus,
3,791 veterinarians ensuring food safety have not passed
the medical examination and shall not contact food pro-
ducts. Similar situations contribute to favourable condi-
tions for food product contamination and increase the
risk of toxicoinfections.

CONCLUSION

The analytical study performed allows concluding that
as of January 1, 2020, there are certain gaps in the food
safety management system due to imperfect legislation
as well as VSI system functioning at the regional level. In
particular, lack of the slaughter sites designated for pub-
lic needs, as well as slaughter units/facilities; insufficient
number of VS| laboratories and their competence; in most
cases improper management of VSl laboratory activities as
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well as insufficient control for the competence of the vete-
rinarian performing the veterinary and sanitary inspection.

The current state of the system of VSI-based food pro-
duct safety confirmation arises the necessity to implement
corrective actions both on the federal and regional levels.
These corrective actions include:

- legislative recognition of the VSI laboratory compe-
tence through accreditation;

- legislative recognition of the ban to issue accom-
panying veterinary documents for slaughter products
by slaughterhouses not serviced by veterinarians (meat
inspectors) and having no certificate confirming compli-
ance of the facility and production processes with tech-
nical regulations, subsequent updating of the existing
FGIS “VetlS" registers;

- creating a list of the veterinarians certified for perfor-
ming veterinary and sanitary inspection using FGIS “VetlS’,
thus blocking access of non-certified veterinarians to the
option of issuing accompanying veterinary documents in
FGIS “VetlS" ‘"MERCURY’ for slaughter products;

—inclusion of the List of the accredited VSI Laboratories
to FGIS “VetlS” ‘'CERBERUS.

We suppose that the implementation of the specified
measures will contribute to more effective control of food
product safety within the entire production cycle and pre-
vent the marketing of dangerous and poor quality food
products.
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sources and fit to page printing. Table name should be given above the
table; figure/graph name — under the figure/graph.

Paper originals and copies are not returned. Authors shall guarantee that
submitted materials have not been published before. Compliance with all
above-said requirements of the editorial board is essential for paper
acceptance for publication in Veterinary Science Today journal.
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PETMOHANIbHASA PEOEPEHTHASA
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OIE REFERENCE LABORATORY FOR HIGHLY
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FGBI “Federal Centre for Animal Health” (FGBI “ARRIAH")

ANNOUNCES

admission open for 2021 under two
postgraduate training programmes:

36.06.01 Veterinary Medicine and Zootechnics,
researchers’ speciality
06.02.02 Veterinary Microbiology, Virology,
Epizootology, Mycology and Mycotoxicology,
Immunology - 6 openings;

06.06.01 Biological Sciences, researchers’ speciality
03.02.02 Virology — 4 openings.

DOCUMENTS REQUIRED:

- an application addressed to the Director of the
FGBI“ARRIAH";

- a document (documents) to certify the identity and
citizenship of the applicant;

— specialist’s or master’s original diploma;

— the list of published papers, inventions and research
activity reports signed as appropriate. Those who have
no published papers or inventions are required to sub-
mit a library research paper on a topic related to the
chosen training programme;

- a document certifying the applicant’s personal ac-
complishments taken into account for admission to
training in accordance with admission rules (contest,
festival, exhibition winner or laureate certificates, etc.);

- a health certificate (form 086/u);
- 2 photos (4 X 6 cm).

Postgraduate training admission documents are
accepted from 1 June till 31 August 2021

Postgraduate training applicants are required to take
competitive admission examinations in the chosen spe-
ciality, philosophy, a foreign language in accordance
with the state educational standards for higher profes-
sional education.

Address of the Admission Board:
600901, Russia, Vladimir, Yur'evets,

FGBI “Federal Centre for Animal Health”
(FGBI“ARRIAH"), www.arriah.ru

For enquiries, please call: +7 (4922) 52-99-62;
26-15-12 (ext. 25-20, 20-20, 22-20)

about the conference to be held
on 2-3 December 2021

The Council of Early Career Researchers of the FGBI “Federal Center
for Animal Health” invites young professionals, postgraduates and
researchers under 35 years of age to participate in the VI Interna-
tional Scientific Conference “Achievements of Early Career Scientists
for Veterinary Practice” dedicated to the 60th anniversary of the
FGBI “ARRIAH” Postgraduate Department, which will be held on
December 2-3, 2021 at: 600901, Vladimir, Yur'evets, FGBI “ARRIAH".

FOCUS AREAS OF THE CONFERENCE:

- epizootology (monitoring of infectious diseases of livestock, wild and
domestic animals, vaccination, immunology);

- biotechnology (virus and cell cultivation, vaccine production);
— virus diagnostics and molecular biology.

Types of conference participation: in praesentia, in absentia, via
remote communication.

The papers will be published in the conference proceedings and then
put into the database of the Russian Science Citation Index (RSCI).
All scientific papers will take part in the competition, and the win-
ning papers in each section of the conference will be published in the
Veterinary Science Today journal, which is included in the List of Higher
Attestation Commission.

In order to work out the program and prepare the conference materials
for publication in a timely manner, please submit the following materi-
als via e-mail by September 15,2021 to nikeshina@arriah.ru:a comple-
ted application form for conference participation; a scientific paper for
publication (requirements for the paper format are published on our
website); an expert opinion of the submitting organization allowing
open-access publication.

Information on the conference is available on the FGBI“ARRIAH”
website www.arriah.ru in the‘Seminars and Conferences’
section.

Contact information:

tel. +7(4922) 26-15-12 (ext. 25-20), e-mail: romenskaya@arriah.ru
tel. +7(4922) 52-99-62, e-mail: elnikova@arriah.ru

tel.+7 (4922) 26-15-12 (ext. 23-10), e-mail: komova@arriah.ru

tel: +7 (4922) 26-15-12 (ext. 22-27), e-mail: nikeshina@arriah.ru
tel: +7 (4922) 26-15-12 (ext. 25-01), e-mail: guseva_ey@arriah.ru





