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Dear readers and colleagues, this issue is devoted to
the Day of Russian Science. According to Presidential
Decree, the year 2021 was declared the Year of Science
and Technology. Every month of the year will focus on a
particular subject and will be associated with high prio-
rity research areas. During the year, awareness events will
be held involving outstanding scholars; educational plat-
forms will be launched; and those who wish to take part
in contests will have a chance to do it. One of the targets
of the Year of Science and Technology is to inform Russian
people on those achievements and scientists that Russia
can be proud of.

This year’s opening ceremony was held on February 8,
i.e. on the Day of Russian Science established with Pres-
idential Decree in 1999. There is a reason to choose this
particular date. It was February 8, 1724 when Peter the
First signed the Order on Establishing the St.-Petersburg’s
Imperial Academy of Sciences and Arts.

Science has always been one of the basic national re-
sources, a key factor in the national economic prosperity
and future.

The Russian Science has always been at the cutting
edge of the global science progress and gave many distin-
guished researchers and discoveries to the world. Despite
economic challenges, Russia is still in the front line of the
global science, making major breakthroughs. Outstanding
scientists are now working in the country and the world
community has a great interest in their progress.

The Day of Science is a professional holiday, which
means recognition and respect, appreciation of scientific
potential and achievements.

Outstanding, truly unique people are honored on that
day; their routine work goes hand in hand with conti-
nuous search, new discoveries and journeys to the un-
known. Progress in all spheres of social life depends on
the people of science, sometimes unpredictable, though,
target-oriented.

The history of the All-Union Foot-and-Mouth Disease
Research Institute dates back to August 1958. Nowadays
it is a Federal State-Financed Institution “Federal Centre for
Animal Health” (FGBI “ARRIAH"), which is a reference cen-
ter that provides scientific and methodological support to
the Rosselkhoznadzor, its territorial administrations and
subordinated organizations; takes scientific and technical
actions to ensure biosafety and freedom of the country
from animal diseases.

In the course of time, the FGBI “ARRIAH" has founded
its own scientific traditions and schools and has gained
international fame. Now it is one of the largest research
centres for infectious animal diseases with a wide scope
of activities and high international status. Experts of the
Centre have created a modern methodological base,
which makes it possible to solve problems related to di-
agnostics and epizootological monitoring; to make prog-
noses for potential spread of diseases and to prepare rec-
ommendations on animal and bird health issues and to
directly participate in treatment and prevention.
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From Editor-in-Chief of “Veterinary Science Today” Journal

The Federal Centre for Animal Health employs
938 people, including 14 Doctors of Science (Veterinary
and Biology) and more than 120 Candidates of Science;
28 young, high-qualified PhD students.

Over the last 5 years, the researchers of the Centre
have obtained 40 patents on their inventions. The Centre
issues “Veterinary and Life", specialized federal newspa-
per, scientific journal “Veterinary Science Today”, which is
a peer-reviewed journal recommended by VAC (the Higher
Attestation Commission of the Russian Federation); it also
annually publishes “Proceedings of the Federal Centre
for Animal Health” and materials of scientific conferences.
Since the establishment of the Centre, more than 2,000 re-
search articles have been published.

The Centre has come a long way. It expanded its scope
of research, changed its structure and provided training
and support to many researchers. The progress achieved
over the years is the result of hard and coordinated work
done by high-qualified specialists who are successfully
working now at developing effective tools and methods
to control dangerous animal diseases, thus, ensuring bio-
safety and freedom of the country from animal diseases.
With due respect for its traditions, the Centre is committed
to its history and counts on the younger generation.

I would like to express my appreciation and thanks to
those who contribute to the advancement of science, i.e.
to Doctors and Candidates of Science, PhD students, stu-
dents, staff members of the research center. We pay tribute
to the high level of your dedication and professionalism,
to your hard work and continuous search for perfection

and truth.
/4/
4
y
o
y//J .

U
7 Best regards,
Editor-in-Chief
Doctor of Science (Veterinary Medicine)
Artem Ye. Metlin



Schedule of FGBI ”ARRI'AH”activitie; tailored
to the Year of Science and Technology
in the Russian Federation

EVENT

DATE AND VENUE

Advanced training course:
“Transboundary animal diseases” (e-learning)

February, April 2021
Vladimir, FGBI “ARRIAH"

Advanced training course:
“Challenging zoonotic diseases” (e-learning)

March, May 2021
Vladimir, FGBI“ARRIAH"

A course of lectures by leading scientific specialists of the FGBI“ARRIAH" during 2021
(e-learning)
International scientific conference dedicated to 60* anniversary February 2022

of the Post-Graduate Education Unit of the FGBI“ARRIAH";
“Achievements of young scientists — to veterinary practice”

Vladimir, FGBI “ARRIAH"

Webinar ‘FGBI “ARRIAH": history and achievements” for veterinary faculties
of educational institutions

May, September 2021
Vladimir, FGBI “ARRIAH"

International Scientific and Practical Conference for Veterinarians

of Poultry Farms of the Russian Federation and CIS countries

“Topical issues of diagnosis and prevention of avian infectious diseases
in industrial poultry farming”

2021
Suzdal, Pushkarskaya Sloboda Hotel premises

Development of audiovisual products about current scientific during 2021
achievements of the FGBI “ARRIAH"

Publication of articles in the federal branch newspaper “Veterinary and Life” during 2021

and the scientific journal “Veterinary Science Today”

Development of the FGBI“ARRIAH" advertising information products during 2021

“Year of Science and Technology 2021”

Webinar with the participation of invited experts September 28,2021

“World Rabies Day”

Vladimir, FGBI “ARRIAH"
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Using spectrometric analysis
for indirect estimation of 1465 component concentration
while measuring FMDV RNA amount
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SUMMARY

Foot and mouth disease has a negative impact on economy due to the high cost of eradication campaigns and stringent measures imposed on domestic and
international trade in animal products. Prevention and control measures include mass vaccination of susceptible animals and control of post-vaccination immunity
level. Concentration of 146S particles, which are the main component affecting the vaccine immunogenicity, is determined during commercial scale production
of FMD vaccines. The paper assesses feasibility of spectrometric analysis for indirect determination of 146S component concentration while measuring amount of
FMDV RNA isolated after serological binding. This method is cheap, easy-to-use and makes it possible to determine indirectly concentration of FMDV 146S particles
in inactivated vaccine raw materials within 3—4 hours. Study of cultural FMDV suspensions shows that the linear model Cus = (3.9x Noniss + 566,783,689)/
280,818,944,837 makes it possible to estimate FMDV 146S component concentration in the vaccine raw materials with the help of a spectrometric analysis.
The actual results obtained in real-time reverse transcription — polymerase chain reaction (rtRT-PCR) were 97.0-99.9% consistent with the expected results of
the spectrometric analysis used to determine cultural FMDV 1465 component concentration. When compared to a complement fixation test, the actual results were
94.5-99.5% in line with the expected ones. The actual results for positive control were 99.0-99.6% in line with the expected ones. As expected, no FMDV genome
or 146S particles were detected in the negative control sample.

Keywords: Foot and mouth disease virus (FMDV) RNA, 146S component concentration, spectrometric analysis.
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PE3IOME
AlLtyp NpuumHAET cepbe3HbIii IKOHOMUUECKNIA YLLepd, KOTOPBIN BbIPAXKAETCA B CYLLECTBEHHDIX 3aTpaTax Ha MMKBUAALMIO 60Ne3HN, BBEAEHME CTPOTUX OTpaHi-
UeHMii, HanaraeMbIX Ha BHYTPEHHIOI0 U MeXAYHapOAHYI0 TOPTOBIIO NPOAYKLMelt XUBOTHOBOACTBA. Komnnekc mep ans 60pb0bl M NpodunakTikin 3aboneBanms
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MpeAnonaraeT MaccoByto UMMYyHIU3aLMI0 BOCTPUMMYNBDIX XXUBOTHDIX, a TaKXKe KOHTPOMb YPOBHA HaNpsXeHHOCTI NOCTBAKLMHANbHOT0 UMMYHHTETa. [Tpu npo-
MbILLIEHHOM W3rOTOBAEHIM NPOTUBOALLYPHBIX BAaKLMHHbIX NPenapaToB onpeaenstoT KOHLEHTpaLmio 1465 uacTiL, KOTopble ABAAIOTCA 0CHOBHBIM KOMMOHEHTOM,
BNUAKLLMM Ha UMMYHOTEHHYI0 aKTUBHOCTb BAKLMHBI. B CTaTbe Npe/icTaBieHbl pe3ysbTaTbl OLeHK) BO3MOXKHOCTU NPUMEHEHIA CNEKTPOMETPUYECKOro cnocoba
ANA 0N0CPeA0BaHHOIO onpeseneHIsA KOHLEeHTpawum 1465 KomnoHeHTa npu onpepeneHy konnyectsa PHK Bupyca Aypa, BbifeneHHoii nocne ceponornyeckoro
(BA3bIBAHMA. [laHHbIN CN0CO6 ABNAETCA eLieBbIM, NPOCTLIM B UCMONHEHMH, N03BOAAET ONOCPEAOBAHHO ONpeAendTb KOHLEHTpaLmio 1465 yacTul Bupyca Alypa
B HEVHAKTUBMPOBAHHOM CbIpbe ANA BaKLIHbI B TeueHne 3—4 u. lTpu uccnesoBaxnm CycneH3uii KynbTypanbHOro BUpYca ALLypa 0Ka3aHo, uTo INHeliHaA MoeNb
BugaC, o= BIXN,,, 1 T 66783 689)/280 818 944 837  NOMOLLbHO CNEKTPANbHOTO MCCIe0BAHNA N03BONAET OLIEHNBATb KOHLIEHTpaLMto 1465 KOMNOHEHTa
BUPYCa ALLYPa B Cbipbe ANA BaKLMHbI. (0BNajeHne GakTnyeckinx pe3ynbraToB NoavMmepasHoii LienHoli peakuum ¢ 06paTHOI TpaHCKpUNLKei B pexmme peasnb-
HOro BPEMEHM 11 0XKIAAEMbIX Pe3yNbTaToB M0 ONPeAeneHIto KOHLEHTpaLmn 146S KOMMOHEHTa KyNbTYpanbHOT0 BUPYCa ALLYpa CNEKTPOMETPUYECKUM CNOCOBOM
cocTaBuno 97,0-99,9%. lpu cpaBHEHUM € AaHHBIMY, NONYYEHHBIMY B PeaKLMI CBA3bIBAHUA KOMMEMEHTa, COBNAZeHIe GaKTUUECKIX U 0KIAAEMbIX pe3ynbTa-
TOB COOTBETCTBOBANIO 3HaueHNAM 94,5-99,5%. [1ns nonoxutenbHoro KOHTpoNA coBnazieHne GakTUueckux 1 0xugaemblx pesynsratos cocraiuno 99,0-99,6%.
B oTpuuatenbHom KOHTpoNbHOM 06pa3Lie reHoM 11 1465 yacTiLbl BUPYCa ALLypa He 06HapyXKeHbl, UTO TaKxe COOTBETCTBOBANO OXMAAHMAM.

Kntouesbie cnosa: PHK Bupyca Aypa, KoHLeHTpawuua 1465 KoMnoHeHTa, CnekTpomMeTpuyeckiii aHanus.
bnaropapHoctb: Pabota BbinonHeHa 3a cuet cpeacts OIBY «BHUN3X» B pamkax TemaTuku HayuHo-nccneaoBaTenbekux pabot «BetepuHapHoe 6narononyune».

[ins untuposanus: loponnd M. 1., Muxanuwun [1. B., Kamanosa H. E., Bopucos A. B. [pumeHeHe cnekTpomeTpuyeckoro cnocoba onocpeoBaHHO OLeHKI
KOHLieHTpaLum 1465 KomnoHeHTa npu onpegenenun konuuectsa PHK Bupyca Awypa. Bemepurapus ceeodns. 2021; 1 (36): 7-14. DOI: 10.29326/2304-196X-

2021-1-36-7-14.
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INTRODUCTION

Foot and mouth disease is a highly infectious viral
disease primarily affecting wild and domestic cloven-
hooved [1]. FMD virus is characterized by high antigenic
variability due to changes in surface protein genes; there
are 7 serotypes: A, O, C, Asia-1, SAT-1, SAT-2, SAT-3, inclu-
ding many subtypes [2].

The genome is represented by a single-stranded, po-
sitive-sense RNA of 8,500 bp. The virion molecular weight
ranges between 8,080,000 and 8,167,500 Da [2, 3]. Fol-
lowing infection of biological systems, FMDV forms four
types of particles with different sedimentation coeffi-
cients: 146S component (whole virus particles) consisting
of one viral RNA molecule and 60 copies of VP, -VP -V/P_-VP,
polypeptide;75S component lacking RNA and including
60 copies of VP,-VP_-VP polypeptide; 12S particles repre-
sented by proteins VP, VP, VP_; 3.8S subunits consisting
of functional protein VPg [4].

FMD causes huge economic losses associated with the
costs of the disease eradication and stringent measures
imposed on domestic and international trade in animal
products. Complex measures for FMD prevention and con-
trol include stamping-out, mass immunization of suscep-
tible animals as well as control of postvaccinal immunity
level [1, 5].

Concentration of 146S component, which directly af-
fects the vaccine immunogenicity, is determined during
commercial scale production of FMD vaccines [2]. A quan-
titative complement fixation test (CFT) is traditionally
used for this purpose; afterwards the results are assessed
pursuant to the methodical instructions [6]. However, the
test has a number of disadvantages: it is labour-intensive
and time-consuming (up to 3 days); it is impossible to si-
multaneously test a great number of samples, despite it
is required by the production process; a high cost of the

procedure. A real-time reverse transcription — polymerase
chain reaction (rtRT-PCR) has been used in recent years to
determine indirectly concentration of FMDV 146S compo-
nent in non-inactivated suspension [7]. The represented
method is highly sensitive, specific and cost-effective; is
rapidly performed, provides rapid results and enables to
simultaneously test dozens of samples of non-inactivated
virus-containing material. However, rtRT-PCR requires ex-
pensive chemicals and equipment.

A spectrometric analysis has been developed to indi-
rectly determine concentration of FMDV 146S component
in non-inactivated suspensions while measuring amount
of the viral RNA isolated after serological binding of the
whole particles; with linear model C, .. = (3,9 X N, 166 T
+ 566,783,689)/280,818,944,837 used. The proposed me-
thod is cheap, easy-to-use and makes it possible to de-
termine concentration of FMDV 146S particles in the non-
inactivated raw materials for vaccine within 3-4 hours [8].

The purpose of the research is to assess the feasibility
of the spectrometric analysis for indirect determination of
146S component concentration while measuring amount
of FMDV RNA in suspensions.

MATERIALS AND METHODS

Virus. We used in the research non-inactivated cultural
FMDV suspensions of the following vaccine production
strains: A/Turkey/2006, A/ARRIAH/2015, O/Primorsky/2012,
O/Primorsky/2014, Asia-1/Tajikistan/2011, SAT-2/ Saudi Ara-
bia 7/2000. The virus was cultivated in suspension continu-
ous baby hamster kidney cell line (BHK-21/SUSP/ARRIAH) at
a concentration of (3.0-3.5) x 10 million cells/cm?.

Plate immobilization and serological binding of FMDV
with strain-specific immunoglobulin G (IgG) were car-
ried out in accordance with the requirements provided
earlier [8].
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RNA extraction from the whole FMDV particles. RNA
elution from the FMDV 146S component bound with
strain-specific IgG was carried out in accordance with
P. Chomczynski’'s method [9, 10]. As a result, 30-fold viral
RNA extracts were obtained (0.1 cm? each). These eluates
were either immediately used in further activities or were
frozen at the temperature of -20 °C.

Using spectrum analysis to measure purity of FMDV RNA
eluate. The spectral absorption capacity of RNA extracts
was measured in the UV spectrum at wavelength from 205
to 325 nm. The residues of phospholipids, polysaccharides
and guanidine isothiocyanate, phenol, polypeptides and
large conglomerates were measured by the optical den-
sity (OD) values at wavelength of 205, 235, 270, 280 and
320 nm, respectively [11]. The RNA eluate was considered
free from protein and carbolic acid impurities if the R, ex-
tinction coefficient (OD,,,/OD,, ) was within the range of
1.8-2.2 and was tended to 2.0. The exceeded value sug-
gested nucleic acid degradation into oligonucleotides and
free nucleotides. FMDV RNA extract was considered free
from carbohydrates, if R, (OD,,/OD,.,) extinction coeffi-
cient ranged between 2.00-2.02. If 1% RNA is substituted
with polysaccharide components, the R, coefficient de-
creases by 0.002. If R, > 2.02, dissociation of nucleic acid is
observed and free nucleotides or oligonucleotides in the
tested sample eluate are reported. The absence of large
suspended particles in the FMDV RNA extract was con-
firmed, if OD,, tended to zero [12].

Estimating the number of FMDV RNA molecules. The
number of RNA molecules extracted from the whole FMDV

particles (N, ,,.) Was estimated using the following for-

mula:

N o 41.67><K><(OD262—ODm—ODmC)><NA
ANA 1465~ 0-70 X 1078 x Mw onucleoside X ’

where K- dilution factor of the RNA eluate extracted from
the whole FMDV particles;

OD,,, - optical density of the RNA extract isolated
from FMDV 146S component at wavelength of 262 nm;

OD,,, - optical density of the RNA extract isolated
from FMDV 146S component at wavelength of 320 nm;

OD,,, . - optical density of the negative control at
wavelength of 260 nm;

N, - Avogadro’s constant (in the Sl system (Sl), ac-
cording to redefinition of the Sl base units exactly equals
t0 6.02214076 x 102 mol™);

bonucleoside — TiPONUCleoside molecular-weight
average (340.5 Da);

L -length of FMDV RNA (about 8,500 bp, pursuant
to the data provided by the National Center for Biotech-
nology Information);

41.67 - FMDV RNA factor (F,, ., e

1/10748 — cumulative coefficient for mass con-
version from [ug] to [g] and recalculation of FMDV RNA
molecule number from the 30-fold eluate into one-fold
extract [8].

Determination of 146S particle concentration using the
number of FMDV RNA molecules. Based on the data ob-
tained on the number of viral RNA molecules (N, ..o
concentration of FMDV 146S particles (C,, ) was deter-
mined with the help of the math expression given below:
Crus = BIXN,,, .o +566,783,689)/280,818,944,837 [8].

In accordance with the relevant requirements, a quali-
tative CFT was simultaneously carried out to determined

concentration of the whole FMDV particles (in pg/cm?3) [6].

Real-time reverse transcription — polymerase chain
reaction (rtRT-PCR). FMDV RNA in non-inactivated sus-
pension used for vaccine production was quantified in
rtRT-PCR, in accordance with the relevant requirements.
Amplification cycle threshold was determined in the
test, thus making it possible to estimate indirectly the
amount of the virus nucleic acid; and the data obtained
were interpreted to determine concentration of FMDV
146S particles [7].

Control samples. Non-inactivated suspension of Asia-1/
Tadjikistan/2011 FMDV strain with 146S component at a
concentration of 3.7 pg/cm? was used as a positive con-
trol cultivated in suspension continuous baby hamster
kidney cell line (BHK-21/SUSP/ARRIAH). Suspension of
BHK-21/SUSP/ARRIAH cell culture at a concentration of
(3.0-3.5) x 10° million cells/cm?® was used as a negative
control.

Statistical data processing included calculation of arith-
metical means, confidence level for statistical difference
between mean values determined with differential Stu-
dent’s - Fischer test; calculation of standard deviations in
concentration of RNA molecule numbers and the number
of the whole FMDV particles. The data were processed and
diagrams were drawn using StatSoft (version 6.0) and Mic-
rosoft Excel 2010 software application package.

RESULTS AND DISCUSSION

A spectrometric analysis was checked in this research as
a way to determine indirectly concentration of 146S par-
ticles while FMDV RNA amount is estimated in the strains
indicated in “Materials and Methods" Each test included
the use of positive and negative control samples indicated
above.

At the first stage, concentration of FMDV 146S compo-
nent of Asia-1/Tajikistan/2011 strain (positive control) was
determined in spectrometric analysis while estimating
amount of the viral RNA isolated after serological binding
with the help of IgG; and in quantitative CFT and rtRT-PCR
variants. Immunobinding of the whole virus particles from
non-inactivated virus suspension was carried out as well
as extraction of RNA from FMDV 146S component bound
by strain-specific antibodies. Summary data on purity of
the obtained eluates for experimental and control samples
are given in the table below.

The spectrum analysis of the 30-fold FMDV RNA eluate of
Asia-1/Tajikistan /2011 strain demonstrates that the mean
extinction values at wavelengths of 205-259 nm (OD, . ,.)
and 263-325nm (OD,, _.) did not exceed OD,, ., (0.001-
0.948 < 0.951-0.952 and 0.947-0.002 < 0.951-0.952), that
means the preparation contained mainly ribonucleic acid.
The eluate did not contain phospholipids, polysaccharides
and guanidine isothiocyanate residues, carbolic acid, pro-
teins and large conglomerates, as there were no marked
peaks in the graphs at wavelengths of 205, 235, 270, 280
and 320 nm, correspondingly. The R, extinction coefficient
was 1.996 (OD,,,/OD,, = 0.952/0.477) which is close to
norm of 2.000 and demonstrates high purity of the eluate
as well as almost total absence of polypeptide compo-
nents and residues of carbolic acid after RNA extraction.
The R, extinction coefficient was 2.000 (OD,,,/OD, . =
=0.952/0.476) which corresponded to norm and accoun-
ted for high purity of the control preparation, thus, increa-
sing reliability of the carried out test [12].

The spectrometric analysis of FMDV RNA demon-
strated the following mean optical density values:
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0D, = 0.952 + 0.001, OD,,, = 0.002, OD, . = 0.006 (for
0OD,,, and OD,, ). Arithmetic mean of the RNA molecules
(number of structural particles) isolated from FMDV
146S component of Asia-1/Tajikistan/2011 strain was
265,600,889,380 + 331,586,628. Using the developed
linear bond model C, .. and N, ... [8], concentration
of the analyte was indirectly determined in the positive
control (3.691 £ 0.004 pg/cm?®) and it had 99.43% and
99.84% correlation with the results of quantitative CFT
(3.710£0.170 pg/cm3) and rtRT-PCR (3.700 £ 0.030 pg/cmd),
correspondingly. Thus, the positive control met the re-
quirements for purity and for the declared amount of the
146S component. None of the used methods detected
RNA or FMDV 146S particles in the negative control.

Concentration of FMDV 146S component was simul-
taneously determined in experimental samples of the
following strains: A/Turkey/2006, A/ARRIAH/2015, O/Pri-
morsky/2012, O/Primorsky/2014, Asia-1/Tajikistan/2011,
SAT-2/Saudi Arabia 7/2000 with the help of a spectromet-
ric analysis while estimating the amount of FMDV RNA elu-
ated after serological binding and with the help of quanti-
tative CFT and rtRT-PCR. The test stages were carried out in
accordance with procedures described above. The figure
and the table provide results of the purity estimation for
the RNA eluates of the abovementioned FMDV strains.

The spectrum analysis of the 30-fold FMDV RNA eluate
of A/Turkey/2006 strain demonstrates that mean extinc-
tion values at wavelengths of 205-259 and 263-325 nm
did not exceed OD,, . (0.001-0.482 < 0.483-0.488
and 0.487-0.002 < 0.483-0.488), which means the prepa-
ration contained mainly RNA molecules. The eluate was
not contaminated with phospholipids, polysaccharides
or guanidine isothiocyanate residues, phenol, protein
components or large conglomerates, as there were no
marked peaks in the graphs at wavelengths of 205, 235,
270, 280 and 320 nm, correspondingly. The R, extinction
coefficient was 1.984 (OD, /0D, = 0.488/0.246) which is
close to norm of 2.000 and meant almost total absence of
polypeptide components and residues of carbolic acid af-
ter RNA extraction. The R, extinction coefficient was 1.992
(OD,,,/0OD,,, = 0.488/0.245) which is close to 2.000 and
accounts for high purity of the eluate. When 1% RNA was
substituted with polysaccharides, the R, coefficient de-
creased by 0.002, i.e. polysaccharide level in the obtained
extract did not exceed 4% and it is admissible (not more
than 10%) [12].

The spectrum analysis of the FMDV RNA extract of
A/Turkey/2006 strain demonstrated the following mean val-
ues of optical density: OD,, = 0.488 +0.001, 0D, = 0.002,
0D, = 0.006 (for OD,,, and OD,, ). Arithmetic mean of
the structural particles (RNA) isolated from the whole
FMDV particles was 135,051,299,685 + 281,356,875. Using
the developed linear bond model C,, . and N, ., [8]
concentration of the 146S component was calculated
and it was 1.878 + 0.004 pg/cm? and it had 98.84% and
99.89% correlation with the results of quantitative CFT
(1.900 £ 0.180 pug/cm3) and rtRT-PCR (1.895 £ 0.032 pug/cm3),
correspondingly. Thus, the previously developed linear
model makes it possible (with the help of a spectrum
analysis) to determined concentration of FMDV 146S com-
ponent in the non-inactivated suspension for vaccine pro-
duction.

The spectrum analysis of the 30-fold FMDV RNA eluate
of A/ARRIAH/2015 strain demonstrated that mean extinc-
tion values at wavelengths of 205-259 and 263-325 nm

did not exceed OD,, ,., (0.001-0.403 < 0.404-0.407
and 0.403-0.001 < 0.404-0.407), which means that the
obtained preparation contained mainly ribonucleic acid.
The extract did not contain phospholipids, polysaccha-
rides or guanidine isothiocyanate residues, phenol, poly-
peptides or large suspended particles, as there were no
marked peaks in the graphs at wavelengths of 205, 235,
270, 280 and 320 nm, correspondingly. The R, extinction
coefficient was 1.995 (OD, /0D, = 0.407/0.204) which is
close to norm of 2.000 and meant almost total absence of
protein and carbolic acid impurities. The R, extinction coef-
ficient was 1.995 (OD,,,/OD,, = 0.407/0.204) which is close
to 2.000 and accounts for high purity of the extract. When
1% RNA was substituted with polysaccharide components,
the R, coefficient decreased by 0.002, i.e. polysaccharide
components in the obtained preparation did not exceed
2.5% and it is admissible [12].

The spectrum analysis of the FMDV RNA eluate of
A/ARRIAH/2015 strain demonstrated the following mean
values of optical density:OD,,=0.407 +0.001,0D,, =0.003,
0OD,,,. = 0.006 (for OD,,, and OD, ). Arithmetic mean of
the RNA molecules eluated from FMDV 146S particles
after strain-specific serological binding resulting from
neutralization test was 111,698,679,114 + 281,356,870.
Concentration of FMDV 146S component in the obtained
sample was 1.553 + 0.004 pg/cm? and it had 98.29% and
99.94% correlation with the results of quantitative CFT
(1.58 £ 0.17 pg/cm®) and rtRT-PCR (1.555 + 0.041 pg/cm?),
correspondingly. Thus, the above-mentioned linear
mathematical function makes it possible (with the help of
a spectrum analysis) to determined concentration of the
whole FMDV particles in the non-inactivated suspension
for production of a large range of vaccines [8].

The spectrum analysis of the FMDV RNA eluate of
A/Primorsky/2014 strain demonstrated that mean values
of 0D, ,., and OD,_, ... did not exceed OD,,, . (0.001-
0.311 < 0.312-0.314 and 0.311-0.001 < 0.312-0.314),
which means that the obtained extract contained mainly
ribonucleic acid molecules. The eluate was not contami-
nated with phospholipids, polysaccharides or guanidine
isothiocyanate residues, carbolic acid, polypeptides or
large aggregated particles, as there were no marked peaks
in the graphs at the wavelengths of 205, 235, 270, 280 and
320 nm, respectively. The R, extinction coefficient was
1.987 (OD,,,/OD,,, = 0.314/0.158) which is close to norm
of 2.000 and means almost total absence of peptides and
residues of carbolic acid in the extracted RNA. The R, ex-
tinction coefficient was 2.000 (ODZGZ/OD235 =0.314/0.157)
which is close to norm and accounts for the absence of
polysacciride impurities and signs of viral RNA degrada-
tion [12].

The spectrum analysis of the FMDV RNA eluate of
A/Primorsky/2014 strain demonstrated the following
mean values of optical density: OD,, = 0.314 + 0.002,
OoD,,, = 0.002, 0D, = 0.006 (for OD_, and OD,, ). The
average number of RNA structural particles in the ex-
tract was 86,095,203,549 + 562,713,749, concentration of
viral 146S component was 1.198 + 0.008 pg/cm? which
had 99.01% and 99.50% correlation with the results
of quantitative CFT (1.21 £+ 0.15 pg/cm?) and rtRT-PCR
(1.999 + 0.045 pg/cmd), correspondingly. Thus, the earlier
developed linear mathematical model makes it possible
(with the help of a spectrum analysis) to determined con-
centration of FMDV 146S component in the non-inactiva-
ted raw materials for production of FMD vaccines [8].
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The spectrum analysis used for indirect determination
of 146S particles concentration when number of FMDV
RNA molecules was calculated in A/Primorsky/2012 strain
demonstrated that mean values of OD, ., and OD,, ...
did not exceed OD, . (0.002-0.335 < 0.336-0.339
and 0.334-0.001 < 0.336-0.339) which means the extract
contained mainly RNA molecules. The eluate was not
contaminated with phospholipids, carbohydrate com-
ponents or guanidine isothiocyanate residues, hydroxy-
benzene, proteins or conglomerates, as there were no
marked peaks in the graphs at wavelengths of 205, 235,
270, 280 and 320 nm, correspondingly. The R, extinction
coefficient was 1.982 (OD,,/OD,, = 0.339/0.171) which is
close to norm of 2.000 and means almost total absence of
polypeptides, peptides or residues of carbolic acid in the
analyzed extract. The R, extinction coefficient was 1.994
(OD,,,/0D,,, =0.339/0.170) which is close to norm of 2.000.
The data obtained explain the absence of signs of viral RNA
degradation and the amount of polysacciride impurities
not exceeding 3% (which is admissible) [12].

Based on the results of the spectrum analysis of
the RNA eluate, the following mean values of op-
tical density were obtained: OD,,, = 0.339 + 0.002,
oD,,, = 0.001, OD,,,. = 0.006 (for OD,, and OD,, ). The
average number of RNA molecules in the sample was
93,410,482,282 + 562,713,747, and concentration of
the whole FMDV particles in A/Primorsky/2012 strain
was 1.299 = 0.008 pg/cm?® which had 97.67% and
98.66% correlation with the results of quantitative CFT

(1.33 £ 0.16 pg/cm?) and rtRT-PCR (1.302 + 0.052 pg/cm?),
correspondingly. Thus, the mathematical expression used
in the research (with the help of a spectrum analysis)
makes it possible to determined concentration of FMDV
component with 146S sedimentation coefficient in the
non-inactivated suspension for FMD vaccines [8].

The spectrum analysis of the 30-fold FMDV RNA eluate
of Asia-1/Tajikistan /2011 strain demonstrates that the
mean OD, .. and OD, ... values did not exceed
0D, ,, (0.001-0.801 < 0.802-0.810 and 0.801-0.003 <
< 0.802-0.810) that means the eluate contained mainly ri-
bonucleic acid. The extract did not contain phospholipids,
carbohydrates or residues of guanidine isothiocyanate
detergent, hydroxybenzene, polypeptides or suspended
conglomerates, as there were no marked peaks in the
graphs at wavelengths of 205, 235, 270, 280 and 320 nm,
correspondingly. The R, extinction coefficient was 1.995
(OD,,,/0OD,,, = 0.810/0.406) which is close to norm of
2.000 and means high purity of the RNA eluate and almost
total absence of polypeptide components or residues
of carbolic acid. The R, extinction coefficient was 1.990
(OD,,,/0OD,,, = 0.810/0.407) which is also close to 2.000
and accounts for high purity of the sample. When 1% RNA
was substituted with polysaccharide components, the R,
coefficient decreased by 0.002, therefore, the obtained
extract contained not more than 5% of carbohydrate
components, which is admissible [12]. Thus, the RNA
eluate isolated from FMDV Asia-1/Tajikistan/2011 strain
was highly pure, which made it possible to determine

Optical density, s. u.

"""" et o A Turkey /2006
. , . + wCms AfARRIAH/2015
e Asia-1/Tajikistan/2011
s O /Primorsky/2012
_ | === O/Primorsky/2014
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Fig. Spectrograms of the FMDV RNA extracts of the studied strains to assess purity and determine concentration

of 146S particles in the original suspensions

Puc. Cnekmpozpammesl 3kcmpakmos PHK supyca Awypa ucciedyembix wimammos 0718 OYeHKU 4ucmomel
U onpedesieHUA KOHUeHMpayuu 146S 4yacmuy 8 UCXOOHbIX CyCneH3UAX
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the number of structural particles (RNA molecules) with
a high degree of reliability.

Based on the results of the spectrum analysis, the
following mean values of optical density OD,, were
obtained: 0.810 + 0.001, OD,, = 0.003, OD,, . - 0.006
(for OD,,, and OD,, ). Arithmetic mean of the structural
particles (RNA) isolated from the whole FMDV particles
was 225,366,856,349 + 281,356,874, concentration of
FMDV 146S component of Asia-1/Tajikistan/2011 strain
was 3.132 + 0.004 pg/cm? and it had 99.49 and 99.76%
correlation with the results of CFT (3.150 £ 0.170 pg/cm3)
and rtRT-PCR (3.136 + 0.040 pg/cm?), correspondingly.
Thus, the linear algebraic bond function of C,, . and

146S
N, developed on the basis of spectrum analysis data

n?g?(:gs it possible to determined concentration of the
whole particles in the non-inactivated suspension for FMD
vaccines [8].

The spectrum analysis of the 30-fold FMDV RNA elu-
ate of SAT-2/Saudi Arabia 7/2000 strain demonstrated
that mean extinction values at wavelengths of 205-259
and 263-325 nm did not exceed OD, . (0.002-0.199 <
< 0.200-0.203 and 0.198-0.001 < 0.200-0.203), which
means that the eluate contained mainly ribonucleic acid.
The extract was not contaminated with phospholipid
impurities, carbohydrates or guanidine isothiocyanate
residues, hydroxybenzene, polypeptides and suspended
conglomerates, as there were no marked peaks in the
graphs at wavelengths of 205, 235, 270, 280 and 320 nm,
correspondingly. The R, extinction coefficient was 1.971
(OD,,,/0D,,,=0.203/0.102) which is close to norm of 2.000
and means almost total absence of polypeptides and
residues of carbolic acid in the extract. The R, extinction
coefficient was 1.990 (OD, /0D, = 0.203/0.102) which is
close to 2.000 and accounts for high purity of the extract.
When 1% RNA was substituted with carbohydrates, the R,
coefficient decreased by 0.002, i.e. polysaccharide content
in the obtained preparation did not exceed 2.5% and it is
admissible [12].

Based on the results of the spectrum analysis of the
RNA extract, the following mean values of extinction
were obtained: OD,,, = 0.203 + 0.002, OD_, = 0.002,

262
OD,,,.. = 0.006 (for OD,,  and OD,, ). The average number

of st\(l); molecules isolated from FMDV particles of SAT-2/
Saudi Arabia 7/2000 strain (with 146S sedimentation co-
efficient) was 54,864,590,497 + 562,713,752. Concentra-
tion of FMDV 146S component was 0.764 + 0.008 pg/cm?
which had 98.10 and 99.48% correlation with the results
of quantitative CFT (0.75 £ 0.14 pg/cm?) and rtRT-PCR
(0.765 £ 0.044 pg/cm?), correspondingly. Thus, the pre-
viously developed linear mathematical model makes it
possible (with the help of a spectrum analysis) to deter-
mine concentration of the whole FMDV particles in the
non-inactivated suspension for vaccine preparations [8].
At the end of the research, the spectrometric method
was tested for its ability to determine concentration of
146S particles in 410 non-inactivated suspensions of
FMDV vaccine strains A/Turkey/2006, A/ARRIAH/2015,
O/Primorsky/2012, O/Primorsky/2014, Asia-1/Tajiki-
stan/2011, SAT-2/ Saudi Arabia 7/2000. Quantitative
rtRT-PCR and CFT tests were simultaneously used in three
replications. The actual results obtained in real-time re-
verse transcription — polymerase chain reaction (rtRT-PCR)
were 97.0-99.9% consistent with the expected results of
the spectrometric analysis used to determine cultural
FMDV 146S component concentration. When compared

to a complement fixation test, the actual results were
94.5-99.5% in line with the expected ones. Actual results
for positive control were 99.0-99.6% in line with the ex-
pected ones. As expected, no FMDV RNA or 146S particles
were detected in the negative control sample. Thus, the
carried out research demonstrated that the spectrum ana-
lysis used to determine concentration of 146S component
(when estimating the number of FMDV RNA isolated after
serological binding of the whole particles with the help of
strain-specific IgG) had 94.5-99.9% correlation with quan-
titative variants of CFT and rt RT-PCR.

CONCLUSION

We assessed the feasibility of a spectrum analysis to
determine indirectly concentration of 146S component
based on the number of FMDV RNA molecules isolated
after serological binding of the whole virus particles with
the help of IgG. This method is cheap, easy-to-use and
makes it possible to determine concentration of FMDV
146S particles in non-inactivated suspencion for FMD vac-
cine within 3-4 hours.

Tests of non-inactivated suspensions of cultural FMDV
strains A/Turkey/2006, A/ARRIAH/2015, O/Primorsky/2012,
O/Primorsky/2014, Asia-1/Tadjikistan/2011, SAT-2/Saudi
Arabia 7/2000 proved that the linear algebraic model
Coee = 3.9 X N, ... + 566,783,689)/280,818,944,837
makes it possible (with the help of a spectrum analysis) to
assess indirectly concentration of FMDV 146S component
in the raw materials for a wide range of vaccines.

It was found, that the spectrum analysis used to mea-
sure the whole virus particles (when estimating the num-
ber of FMDV RNA isolated after serological binding) had
94.5-99.9% correlation with quantitative CFT and rtRT-PCR.
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SUMMARY

Compliance with the existing purity and safety requirements forimmunobiologicals can be effectively achieved by the use of serum-free nutrient media and spe-
cialised supplements of non-animal origin. The paper shows the possibility of using Sheff-Vax ACF® supplements (Kerry, Inc., Ireland) for BHK-21/SUSP/ARRIAH cell
cultivation and FMDV reproduction. By passage 7, cell concentration and growth rate with Sheff-Vax Plus PF ACF were found to be 40-60% higher than with Sheff-
Vax PF ACF and Sheff-Vax Plus ACF. No differences were observed as regards changes in pH. During FMDV reproduction in the cells, it was found that the number of
146+75S components in the test samples containing 1 million cells was 2.3—2.4 higher compared to the controls. Cells cultured with the use of Sheff-Vax Plus PF ACF
supplement had normal morphology and multiple dynamic protrusions. In the presence of this supplement, growth rate and suspension concentration in the test
and control samples became equal by passage 7. The number of immunogenic components of FMDV reproduced in the cells grown using Sheff-Vax Plus PF ACF
was 20—-30% higher than in the cells grown using other supplements. BHK-21/SUSP/ARRIAH cell concentration and growth rate in the presence of specialised
supplements were found to be lower than those in the control samples with serum and blood protein hydrolysate added to the nutrient medium. The virus yield from
1 million cells was higher in the culture grown using Sheff-Vax ACF supplements. Sheff-Vax Plus PF ACF was found to be the most suitable for BHK-21/SUSP/ARRIAH
cell cultivation and FMDV reproduction in the said cells out of the three tested supplements.
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PE3IOME

lpenbaBnAeMble B HacToALLLee BpeMA K MMMYHOOMONOrMYeckim npenaparam Tpe6oBaHuA YUCTOTbI 1 6e30MacHOCTU MOTYT ObITb IPHEKTUBHO ZOCTUTHYTHI NpK
NCNonb3oBaHUM 6eCCbIBOPOTOYHDIX NUTATENbHbIX CPEA U CMIELMANN3NPOBAHHDBIX L06aBOK HEXIBOTHOT0 NPONCXOXAEHNA. B faHHOIH paboTe nokasaHa BO3MOX-
HOCTb NpuMeHenua fobasok Sheff-Vax ACF®, npoussoaumbix komnanueit Kerry, Inc. (Mpnanaus), ana kynstusupoBaHua kynsTypbl knetok BHK-21/SUSP/ARRIAH
1 penpoayKLmn BUpYca ALypa. bbino oTMeyeHo, uTo K cesbMoMy naccaxxy B npucyTctaum gobasku Sheff-Vax Plus PF ACF KoHLeHTpaLmna Knetok 11 KpaTHOCTb
npupocta 6binm Bbilwe Ha 40-60%, uem npu BHeceHnn fo6aBok Sheff-Vax PF ACF u Sheff-Vax Plus ACF. He 06Hapy»eHo pa3nuuuii B U3MmeHeHUH BOAOPOAHOMO
noka3artens. [lpu penpoayKLMM BUpYCa ALLypa B MONYYEHHbIX KNeTKax onpeAenunn, 4To B OMbITHbIX 06pa3uax ¢ 1 MaH KneTok 146+755 KOMMOHeHTOB 6bino
6onblue B 2,3—-2,4 pasa no cpaBHeHUt ¢ KoHTponem. Mpu KynbTusupoBaHuu ¢ fobaskoii Sheff-Vax Plus PF ACF knetkin umenn HopmanbHyto mopdonoruio,
MHOXeCTBO ANHAMMUeCKIX BbIPOCTOB. B npucyTcTBUM AaHHOI J06aBKM K cefibMOMY Naccaxy Takue nokasaTeNu, kak KpaTHOCTb MPUPOCTA 1 KOHLEHTpaLms
CyCneH3uH, B KOHTPOMbHDIX 11 OMbITHbIX 06pa3Liax BblpaBHMBaNMCh. K0AMYeCTBO MMMYHOTEHHbIX KOMMOHEHTOB BUPYCa ALLYPa, PeNpoayLMPOBAHHOTO B KNeTKax
CyKa3aHHoil f06aBKOiA, Obino BbilLe Ha 20—30%, Yem B KneTKax, BbIpOCLLX C MPUMEHeHnem Apyrinx 06aBOK. YCTaHOBNEHO, YTO KOHLIEHTPaLMA KNeToK MHUN
BHK-21/SUSP/ARRIAH v KpaTHOCTb NpupoCTa B NPUCYTCTBUM CMELManu3upoBaHHbIX 406aBoK Obina MeHbLUe, YeM B KOHTPONbHbIX 06pa3uiax ¢ fobasneHnem
CbIBOPOTKM 1 TMApONIM3aTa 6eNnkoB KpoBY B NUTaTenbHyto cpefy. [py 3ToM BbIX0A BUpYca ¢ T MIIH KNeTok 6bin Bbile B KYNbType, BbIPOCLLEN NP BHECEHUH
nobasok Sheff-Vax ACF. 13 Tpex nccnefioBanHbIx f06aBok Hanbonee npuemnemoii Ana kynstusmuposanua nudun BHK-21/SUSP/ARRIAH u penpopykumu Bupyca
AlLypa B nonyyeHHbIX kneTkax 6bina Sheff-Vax Plus PF ACF.

Kntouebie cnosa: [lobasku Sheff-Vax, kpatHoctb npupocta, knetku BHK-21/SUSP/ARRIAH, Bupyc Awypa.
bnaropapHocTb: Pabota BbinonHeHa 3a cuet cpeacts OTBY «BHUI3X» B pamkax HayuHo-uccnegoBatenbckux pabot no Teme «BetepunapHoe bnarononyune.

[ina unruposauus: fycesa M. H., loponnn M. I., Wnwkosa A. A., Muxanuwuu [1. B., lWesuenko M. A., ManuH b. J1. Ucnonb3oBaHue cnewuanu3upoBaH-
HbIx fob6aBok Sheff-Vax ACF ana kynstueupoBanua knetok BHK-21/SUSP/ARRIAH v penpoaykumm Bupyca Awlypa. Bemepunapus cezo0us. 2021; 1 (36): 15-21.
DOI: 10.29326/2304-196X-2021-1-36-15-21.

KoHpnuKT MHTEpecoB: ABTOPbI 3aABNAIOT 06 OTCYTCTBUN KOHGANKTA HHTEPECOB.

[ins koppecnonpeHuuu: ycea MapuHa HukonaeBHa, KaHAuAaT 61onornyeckinx Hayk, CTapLUKil HayuHblil COTPYAHUK OTAENa 6MONOTNYECKoro U TeXHONMOrye-
CKOro KOHTPONA (McnbiTatenbHoil nabopatopun seTnpenapartos) OrBY «BHIUN3X», 600901, Poccus, . Bnagumup, mkp. 0pbesew, e-mail: guseva_mn@arriah.ru.

INTRODUCTION

A nutrient medium helps maintain cell viability and
supports their growth. It serves as a source of nutrients,
growth factors and hormones, as well as regulates culture
pH and osmotic pressure.

There are several types of media according to whether
the growth of cells requires the presence of serum: basal
media that require supplementation with 10% serum; ad-
vanced media that require supplementation with 1-5%
serum; serum-free media that do not require supplemen-
tation with serum [1, 2].

The use of blood serum in cell culture has some signif-
icant drawbacks. For most tissues, this component is not
the body fluid with which they had contact in the original
tissue; therefore, serum promotes fibroblast growth, but
inhibits the growth of epidermal keratinocytes. Besides,
serum can be cytotoxic due to polyamine oxidase that
has an effect on polyamines (spermine, spermidine) being
the secretory products of rapidly proliferating cells (fetal
serum contains relatively high levels of such enzymes).
The drawbacks also include a significant serum compo-
sition variability in different batches; the amount of spe-
cific growth factors in sera can be insufficient, making it
necessary to add them to cell cultures. Serum is often
contaminated with viruses, many of which, though being
not harmful for the cell culture, represent an additional
uncontrollable factor [2].

The existing purity and safety requirements for
immunobiologicals can be effectively met only by means
of serum-free technology. Therefore, intensive studies
have been carried out during the past two decades to de-

velop serum-free nutrient media and specialised non-ani-
mal supplements, with their formulas being the intellectu-
al property of companies and unavailable for common use.
Such media have certain advantages such as improved
reproducibility of test results due to the high stability of
medium composition; decreased risk of viral, fungal, my-
coplasma contamination of cell cultures; facilitation of cell
metabolite removal; reduced effect of additional proteins
on biological test results; the absence of cytotoxicity [3, 4.

Kerry, Inc. (Ireland) has developed several types of
specialised Sheff-Vax ACF® supplements that contain milk
product, egg, wheat, peanut derivatives, fish and mollusc
products, etc. and differ in mineral and amino acid com-
position, growth factor concentration and intact protein
content.

The aim of the study was to examine the possibility of
using specialised serum-free Sheff-Vax ACF supplements
for BHK-21/SUSP/ARRIAH cell suspension culture and
FMDV reproduction.

MATERIALS AND METHODS

Cell line. A continuous suspension line of neonatal
Syrian hamster kidney cells (BHK-21/SUSP/ARRIAH cell
line) was used in the study [5].

Specialised supplements. The following non-animal
Sheff-Vax ACF supplements (Kerry, Inc., Ireland) were
used in the study: Sheff-Vax Plus PF ACF (supplement 1);
Sheff-Vax PF ACF (supplement 2); Sheff-Vax Plus ACF (sup-
plement 3).

Specialised supplements at a concentration of 10 g/dm?
were added to the cell growth medium.
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Fig. 1. BHK-21/SUSP/ARRIAH cell concentration dynamics in the presence of specialised
Sheff-Vax Plus PF ACF supplement (No. 1)

Puc. 1. JuHamuka usmeHeHuUs KoHuyeHmpayuu knemok BHK-21/SUSP/ARRIAH npu ucnons3ogaHuu

cheyuanusuposaHHoti 0obasku Sheff-Vax Plus PF ACF (N2 1)

The nutrient medium used to grow cells was prepared
according to the Procedure for production of adsorbed
polyvalent and monovalent vaccine against foot-and-
mouth disease (based on the virus grown in BHK-21 cells),
but no serum was added.

Bovine serum. Fetal bovine serum (Serana, Germany) at
a concentration of 5% was used for the tests.

Growth rate was determined as the ratio between the
final and initial cell concentrations within one passage
(within 48 hours).

Cell line adaptation. At the initial stage of adaptation,
cells were collected from suspension contained in the 5%
serum-supplemented medium. BHK-21/SUSP/ARRIAH cell
line adaptation was carried out during seven successive
passages. Sodium hydrogen carbonate solution (7.5%)
was used for pH adjustment 24 hours after reseeding.

The following controls were used: control 1 —a medium
with constant serum content (5%), control 2 — a medium
with serum percentage reduced by half with each succes-
sive passage.

A medium containing a specialised Sheff-Vax ACF sup-
plement at a concentration of 10 g/dm? was used as a test
medium. Serum content in the test medium was also re-
duced by half with each successive passage.

Viscosity.To achieve the desired viscosity, Pluronic F-68,
a polymeric component, at a final concentration of 0.125%
was used; it was added to control 2 and test samples from
passage 2 on.

Cell infection with FMDV. Culture FMDV Asia-1/Tajiki-
stan/2011 strain at a dose of 1.0 TCID, /cell was used to
infect suspension BHK-21/SUSP/ARRIAH cells. Passage 7
cell suspension was poured into roller bottles and, where
necessary, diluted with the medium to reach a volume of
400-600 cm?and a cell concentration of 1.5 x 10 cells/cm?®.
FMDV reproduction took place during 16 hours and was
followed by the virus inactivation and suspension purifi-
cation.

Cytochemical study of BHK-21/SUSP/ARRIAH cell morpho-
logy was conducted using the luminescence microscope
ML-2B. Native preparations were stained with 0.001% acri-

m Control 1 m Control 2 = Test

Growth rate
N

Passage

Fig. 2. BHK-21/SUSP/ARRIAH cell growth rate dynamics in the presence
of specialised Sheff-Vax Plus PF ACF supplement (No. 1)

Puc. 2. JuHamuka usmeHeHUA KpamHOCMU Npupocma Kaemok
BHK-21/SUSP/ARRIAH npu ucnons308aHuu cneyuaauuposaHHou
0obasku Sheff-Vax Plus PF ACF (N° 1)

dine orange solution. Photographs were taken using Leica
camera and Zeiss, Olympus, Leica microscopes.

Viral antigen inactivation and purification. FMDV was
inactivated using a 15-20% solution of aminoethyl-
ethylenimine . To remove ballast proteins, in particular
FMDV non-structural proteins, from the inactivated an-
tigen suspension, a 0.007% solution of Polysept (poly-
hexamethylene guanidine) was used, with subsequent
decanting of supernatant.

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

RESULTS AND DISCUSSION
During the first stage of the study, the dynamics of
BHK-21/SUSP/ARRIAH cell concentration was examined
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Fig. 3. BHK-21/SUSP/ARRIAH cell concentration dynamics in the presence
of specialised Sheff-Vax PF ACF supplement (No. 2)

Puc. 3. JuHamuka usmeHeHuUl koHYeHmpayuu knemok BHK-21/SUSP/ARRIAH
npu ucnosb308aHUU cneyuanusuposaHHol 0obasku Sheff-Vax PF ACF (N2 2)

mControl1  m Control 2 = Test

Growth rate

Passage

Fig. 4. BHK-21/SUSP/ARRIAH cell growth rate dynamics
in the presence of specialised Sheff-Vax PF ACF supplement (No. 2)

Puc. 4. JuHamuka usmeHeHul KpamHocmu npupocma
knemok BHK-21/SUSP/ARRIAH npu ucnone3ogaHuu
cneyuanusuposaHHoti 0obasku Sheff-Vax PF ACF (Ne 2)

at different passages in the presence of specialised Sheff-
Vax Plus PF ACF supplement (No. 1). The results are pre-
sented in Figures 1 and 2.

It was found that cell concentration in the control
samples at the end of different passages varied from
1.45 £ 0.04 million/cm? to 2.32 + 0.29 million/cm3. As
for the test samples, cell concentration varied from
1.03+0.03 million/cm3at passage 1to 1.60+0.05 million/cm?
at passage 7. Cell growth rate in the test samples during
the first six passages was 1.18-1.80 times lower than that
in the control.

The use of the supplement had no effect on the pH of the
medium during cultivation. The pH values changed identi-
cally in all the samples, being 6.84-7.11 at the beginning
of the passage and decreasing to 6.34-6.48 after 48 hours.

Tests of specialised Sheff-Vax PF ACF supple-
ment (No. 2) showed that cell concentration 48 hours af-
ter seeding in the control samples with constant serum
content varied from 2.74 + 0.08 to 1.80 = 0.10 million/cm?,
and in the last passage 7 it was 2.24 + 0.18 million/cm?.
Cell growth rates at different passages were in the range
of 2.83 to 5.10 (Fig. 3, 4). Cell concentration at the end of
passages in the control samples with reduced serum per-
centage in the nutrient medium and in the test samples
with the specialised supplement was the same, but by pas-
sage 7 it declined by a factor of 1.4-1.9 when serum level
was reduced to 0.075%. Cell growth rates in control 2 and
test samples were also the same, namely 2.2-3.1 depend-
ing on the passage.

The use of the supplement had no effect on the pH of
the medium during cultivation.

Tests of specialised Sheff-Vax Plus ACF supple-
ment (No. 3) showed that cell concentration at passage 7 in
the test samples with the medium almost free from serum
was 1.0 + 0.2 million/cm?3, in control 1-2.2 + 0.2 million/cm?,
in control 2 - 1.20 £+ 0.06 million/cm3. Cell growth rate
was 2.33 £+ 0.03 in the test samples, and 3.57 + 0.64
and 2.00 + 0.53 in two control samples (Fig. 5, 6). Cell
concentration in the control with constant serum content
48 hours after seeding at different passages was within
the range of 2.06-2.38 million/cm3; cell concentration
in the samples with reduced serum content decreased
from 2.32 £ 0.18 to 1.20 £ 0.06 million/cm?® as the passage
number increased. Growth rate in the controls with con-
stant serum content was 3.4-5.0; growth rate in the con-
trol with reduced serum content was 3.33-4.00 at the first
five passages and then decreased to 2.0 by passage 7. Cell
growth rate in the test medium containing supplement 3
decreased by a factor of 1.6-1.8 after passage 4.

The use of this supplement had no effect on the pH of
the medium during cultivation.

During FMDV reproduction in the cells, it was found
that the concentration of 146+75S immunogenic compo-
nents in the control samples with constant serum content

18

VETERINARY SCIENCE TODAY, MARCH Ne1 (36) 2021 | BETEPUHAPUA CETO[HA, MAPT Ne1 (36) 2021



ORIGINAL ARTICLES | BIOTECHNOLOGY OPUTMHAJIbHBIE CTATbY | BUOTEXHONOT A

w

== Control 1 e=ll=Control 2 ==—Test

N
wn

[\S]

=
wn

[y

e
wn

Cell concentration, million/cm?

0

SIS
) S NP ) Q7 A
RANE I A AR AP

Q’b

NPT TP ST, ST ST,

TP PN, T, S TR AT SR SR, I S

O A R
& & & @ 3
4 & & q#

2
2 2°

&
e < 4

Q’b

Fig. 5. BHK-21/SUSP/ARRIAH cell concentration dynamics in the presence

of specialised Sheff-Vax Plus ACF supplement (No. 3)

Puc. 5. JuHamuka usmeHeHuUl koHYeHmpayuu knemok BHK-21/SUSP/ARRIAH
npu ucnob308aHUU cneyuanusuposaHHol dobasku Sheff-Vax Plus ACF (N° 3)

was 1.57,1.87, 1.60 times lower than in the control samples
with reduced serum percentage, and 2.4, 2.3, 2.4 times
lower than in the test samples (see Table). Differences were
found to be significant (p < 0.05).

To study cell morphology, passage 7 suspension was
seeded to 50 cm? flasks at a concentration of 100 thousand
cells/cm?; cytochemical tests were carried out at passage 8.
Cells grown with supplement 1 demonstrated partial ad-
hesion. Sedimented cells had normal morphology and
multiple dynamic protrusions indicative of normal physi-
ological activity (Fig. 7).

Partial sedimentation without adhesion was observed
in the cells adapted to supplement 2 at passage 8. From
the very beginning of cultivation, cell population aggre-
gation was observed that reached its maximum on day 2.
No culture proliferation was observed (Fig. 8A).

When supplement 3 was used (Fig. 8B), induced cell
aggregation occurred and large colonies (up to 100 cells)
were formed. Aggregated cells had irregular spherical
shape and showed no signs of trophic activity, i.e. the cells
did not divide but merely survived.

The serum-containing control (Fig. 7A) showed 100%
confluence; the cells demonstrated 60-80% adhesion and
had adaptive traits of a monolayer culture, some of them
became spindle-shaped.

CONCLUSION

BHK-21/SUSP/ARRIAH cell line was adapted to specia-
lised Sheff-Vax ACF supplements (Kerry, Inc., Ireland).
By passage 7, cell concentration and growth rate in the
presence of Sheff-Vax Plus PF ACF (supplement 1) were
40-60% higher than with other supplements. In the pres-
ence of supplement 1, cell concentration and growth rate
in the test and control samples were equal: 1.6 + 0.2 mil-
lion/cm?3, 1.90 + 0.18 and 2.0 £+ 0.2 million/cm?, respec-
tively; differences were insignificant. Other supplements
provided worse performance with respect to cell growth
as compared to the control samples - cell concentration
and growth rate were 2.0-2.2 times lower.

m Control 2 = Test

Passage

u Control 1

(q LL
= —
/ _ _ | |I _ III
7 1 2 5 6 7
Fig. 6. BHK-21/SUSP/ARRIAH cell growth rate dynamics
in the presence of specialised Sheff-Vax Plus ACF supplement (No. 3)

Growth rate

Puc. 6. [JuHamuka uameHeHuUU KpamHocmu npupocma KJ1iemok
BHK-21/SUSP/ARRIAH npu ucnone3osaHuu
cneyuanusupogaHHol 0obasku Sheff-Vax Plus ACF (Ne 3)

Table

FMDV reproduction in cells grown using specialised Sheff-Vax ACF supplements
Tabnuua

Penpopykuus Bupyca silypa B KNeTkax, BbIpaleHHbIX B NPUCYTCTBUM
cneymanu3upoBaHHbix go6aBok Sheff-Vax ACF

146+75S concentration, pg/cm?
(calculated for 1.0 x 10°cells/cm?)

Supplement
Sheff-Vax Plus PF ACF (No. 1) 0.58 +£0.09 0.91£0.10 1.40£0.10
Sheff-Vax PF ACF (No. 2) 0.47 £0.07 0.88£0.08 1.08 +0.09
Sheff-Vax Plus ACF (No. 3) 0.50£0.05 0.80+0.08 1.20+0.09
p<0.05
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Fig. 7. BHK-21/SUSP/ARRIAH cells adapted to specialised Sheff-Vax Plus PF ACF supplement (No. 1):

A — cells grown in the presence of serum (control),
B - cells grown in the presence of supplement 1 (test)

Puc. 7. Knemku BHK-21/SUSP/ARRIAH, adanmupogaHHble

K cneyuanusuposaHHoli dobaske Sheff-Vax Plus PF ACF (N2 1):

A — KJlemKu, 8bIpawjeHHble 8 NpUCYmMcmauu CbiIBOPOMKU (KOHMPOb),
B — knemku, sbipaweHHble 8 npucymcmauu dobasku N° 1 (oneim)

Fig. 8. BHK-21/SUSP/ARRIAH cells adapted to specialised supplements:
A - Sheff-Vax PF ACF (No. 2) and B - Sheff-Vax Plus ACF (No. 3)

Puc. 8. Knemku BHK-21/SUSP/ARRIAH, adanmuposaHHbie K cneyuanusuposaHHbiM 006askam:

A - Sheff-Vax PF ACF (Ne 2) u B — Sheff-Vax Plus ACF (Ne 3)

No differences were found with respect to chan-
gesin pH.

During FMDV reproduction in the said cells, it was
found that 146+75S component concentration in the test
samples containing 1 million cells was 2.4, 2.3, 2.4 times
higher compared to control 1, and 1.54, 1.23, 1.50 times
higher compared to control 2 (differences were significant,
p <0.05).

Cells grown with the use of Sheff-Vax Plus PF ACF (sup-
plement 1) had normal morphology and multiple dynamic
protrusions. By passage 7, cell growth rate and concentra-
tion became equal in the suspension of the control and
test samples. The number of FMDV immunogenic compo-
nents in the samples containing supplement 1 was 20-30%
higher than in the cells grown with supplements 2 and 3.

Concentration and growth rate of BHK-21/SUSP/
ARRIAH cells cultivated with the use of Sheff-Vax ACF sup-
plements were found to be lower than those in the control
samples containing serum and blood protein hydrolysate.
However, the virus yield from 1 million cells was higher in
the cells grown using the specialised supplements.

Thus, serum-free Sheff-Vax ACF supplements (Kerry,
Inc.) are suitable for BHK-21/SUSP/ARRIAH cell cultivation

and FMDV reproduction. Sheff-Vax Plus PF ACF supple-
ment (No. 1) provided higher results with respect to FMDV
immunogenic component concentration.
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E. D. Kunikova', N. V. Moroz?, M. A. Dolgova’, L. V. Malakhova*, I. A. Komarov®

1235 EGB| “Federal Centre for Animal Health” (FGBI “ARRIAH"), Vladimir, Russia

“ FSBEI HE “Kostroma State Agricultural Academy” (FSBEI HE Kostroma SAA), Karavaevo, Kostroma Oblast, Russia
T ORCID 0000-0003-2384-8162, e-mail: kunikova@arriah.ru

2 0RCID 0000-0002-9672-8594, e-mail: moroz@arriah.ru

3 ORCID 0000-0001-8061-1116, e-mail: dolgova@arriah.ru

*ORCID 0000-0001-8011-5657, e-mail: van@ksaa.edu.ru

5 ORCID 0000-0002-2084-4484, e-mail: komarov@arriah.ru

SUMMARY

The purpose of these studies was to optimize RHDV type 1and 2 (RHDV1 and RHDV2) inactivation modes to use the obtained antigens in inactivated vaccines and
diagnosticums. The inactivating effect of aminoethylethylenimine and S-propiolactone was studied in different concentrations in correlation with the exposure
time and temperature. The correlation between the inactivating effect of the compound used and the accepted test conditions (concentration, temperature, and
exposure time) was studied on a group of rabbits, each of which was injected intramuscularly with T cm? of the inactivated material sample. At the end of the
maximum exposure interval, a control sample of the viral material, kept under the same conditions without any inactivant added was similarly tested. Lethality
was considered to evaluate the damaging action in the test and control groups: L = m/n, where m is the number of dead animals; n is the total number of rabbits
in the group for testing of the inactivated material sample. The post-mortem diagnosis was confirmed by testing the rabbit liver tissue homogenate for relative
antigens using ELISA. It was found that aminoethylethylenimine and S-propiolactone did not have the same effect on the studied variants of the virus. In order to
preserve at maximum the antigenic structures of the virus, the following inactivation modes were considered to be optimal: for RHDV1 — aminoethylethylenimine
at a concentration of 0.3% at 37 °C, exposure time — 72 hours, or S-propiolactone at a concentration of 0.1-0.3% at 25—37 °C, exposure time — 24—48 hours; for
RHDV2 — aminoethylethylenimine at a concentration of 1% at 37 °C, exposure time — 72 hours, or S-propiolactone at a concentration 0.3% at 25 °C, exposure
time — 24 hours.

Keywords: Viral hemorrhagic disease of rabbits, inactivated vaccine, aminoethylethylenimine, S-propiolactone, inactivation of rabbit hemorrhagic disease virus.
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OtpaboTKa peXxumoB MHAKTUBALIM BUPYCA
remopparuyeckoi 60ne3Hu KponnukoB 1-ro u 2-ro TUNOB
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PE3IOME

Llenb HacToALLMX UCCNIe0BAHMIA COCTOANA B NOAGOPE PEXIUMOB UHAKTUBALMI BUPYCa reMoppariyeckoit 6onesxn kponukos 1-ro (RHDV1) v 2-ro (RHDV2) Tunos
ANA UCNONb30BAHMA NONYYEHHbIX AHTUTEHOB B COCTAaBE MHAKTUBUPOBAHHDIX BAKLH 1 ANArHOCTUKYMOB. MI3yyany nHakTuBMpytoLLee felicTBIE aMUHOITURSTI-
NeHUMIHA 1 -NPONKMONAKTOHA B Pa3NIAYHbIX KOHLEHTPALMAX B 3aBUCUMOCTY OT BPEMEHN JKCMo3nLui 1 Temnepatypbl. OLeHKy NHaKTUBMpYHLLero IddekTa
UCNOMb3YeMOro COeZIMHEHNA CO0TBETCTBEHHO MPUHATBIM YCTIOBUAM UCTIbITaHNA (KOHLIEHTpaLKsA, TeMnepaTypa i Bpems SKCMo3uLum) NpoBOAWIN Ha rpynne
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KPOMMKOB. KaxzaoMy XVBOTHOMY Aenanit BHYTPUMBILIEYHYI0 MHBEKLVIO NPo6bl NHAKTUBUPYeMOro MaTepuana B obbeme 1 cw. Mo UcTeyeHM MakcManbHoro
WHTepBaNa 3KCNO3MLMY aHANOTMYHBIM 06Pa30M UCMbITbIBAAK NPOGY KOHTPONLHOMO 06pa3Lia BIUPYCHOTO MaTepiana, KOTOpbIil COepXany Mpu Tex e ycnoBuax
6e3 no6aBneHA MHAKTUBaHTA. B OMbITHBIX 1 KOHTPONbHBIX IPyNNax noBpex AatoLLiee AeiicTBIE OLeHNBAYN C TOMOLLbH0 NOKa3aTenda neTanbHocTu: L = m/n, rae
M — YMCNo NOrMBLLIMX XUBOTHBIX; N — 061Liee KONMUECTBO KPOANKOB B rpynNe ANA UCbITaHNA AaHHO NPo6bl MHaKTMBYPYemoro Matepuana. locMepTHbI AuarHo3
MOATBEPXAANM NCCNE[0BAHIIEM TOMOreHaTa TKaH|n NeyeHy KPONMKOB Ha Hanuuue COOTBETCTBYIOLLYMX aHTUTEHOB MPY MOMOLLIM UMMYHOQEPMEHTHOTO aHann3a.
YcTaHOBWAN, YTO AMUHOITUASTUNEHMMUH U B-NPOMMONAKTOH He 0AUHAKOBO BO3AEICTBOBANY HA MCCNeAyeMble BapuaHTbl BUpYca. B Lenax makcumanbHoro co-
XPaHeHWA aHTUreHHbIX CTPYKTYP BUPYCA CYMTANK, UTO OMTMMANbHbIMM YCIOBUAMY UHAKTUBALMN byayT cnepytowye: ana RHDVT — amuHosTunsTuneHuMmnHoM
B KOHUeHTpaum 0,3% npu 37 °C 1 3keno3uumm 72 4 uan B-nponinonakToHoM B KoHueHTpaumum 0,1-0,3% npu 25-37 °C u 3kcno3numn 24—48 u; ana RHDV2 —
AMUHOITUNITUNEHUMUHOM B KOHLieHTpaLum 1,0% npu 37 °C i sKkcno3uuu 72 4 uam B-nponunonakToH B koHueHTpauun 0,3% npu 25 °Cu akenouumm 24 u.

KntoueBbie cnoBa: BupycHas remopparuyeckasn 601e3Hb KpoNKOB, MHAKTUBUPOBAHHAA BaKLWHA, aMUHOITUIITUNEHUMUH, B-NPONMONAKTOH, MHAKTUBALMA
BIpYCa remopparuyeckoil 6onesHn KponmKoB.

bnaropapHocTb: PaboTa BbINONHEHa 3a CyeT CpeaCTB MO rocyAapcTBeHHOMY KOHTPaKTy N2 92/19 no Teme «BbINonHeHMe HayYHO-UCCNeA0BATENbCKIX U OMbITHO-
KOHCTPYKTOPCKMX paboT no pa3paboTke accoLnpoBaHHOI BaKLMHbI NPOTB MUKCOMATO3a, NacTepennesa It BUPYCHON remopparnueckoii 6one3Hu Kponukos
112 cepotunosy.
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INTRODUCTION

Rabbit hemorrhagic disease (RHD) is an acute, highly
contagious disease characterized by hemorrhagic dia-
thesis in all organs, and high mortality (80-100%) [1]. The
disease is caused by an RNA virus, a member of the family
Caliciviridae, genus Lagovirus, which is genetically related
to the European brown hare syndrome virus [2]. The viri-
ons are spherical, 20-40 nm in diameter and have some
hemagglutinating properties [3, 4].

RHDV was first recognized in commercially bred An-
gora rabbits imported from Germany to Jiangsu Province,
China, in 1984. Then the disease spread in Europe and
Asia [5]. As of 2020, according to the World Organization
for Animal Health (OIE), the following countries are recog-
nized as RHD infected: Denmark, Benin, Iceland, Canada,
the USA, Mexico, and Finland.

It is believed that weakly virulent variants of the RHDV
have been circulating in nature indefinitely. However, in
recent decades, the pathogen has undergone significant
evolutionary changes, which have resulted in its signifi-
cantly increased virulence [3].

In 2010, the RHDV type 2 (RHDV2) was isolated in
France. The average homology between the genome
region encoding the main capsid protein VP60 of the
new virus variant and the known strains of this pathogen
(RHDV1) was 87%. However, it is important to note that
RHDV1 vaccines proved to be ineffective [6].

By 2018, several disease cases associated with RHDV2
were reported in Russia [7]. A characteristic feature that
distinguishes the new type virus from RHDV1 is its ability
to infect young rabbits under 2 weeks of age [8].

To date, only vaccines containing RHDV1 strains are
available in the Russian market of veterinary medicinal pro-
ducts [9].This fact helped to define the objectives of the study,
that is to optimize RHDV type 1 and 2 (RHDV1 and RHDV2)

inactivation modes in order to further use the obtained an-
tigens in inactivated vaccines and diagnosticums.

MATERIALS AND METHODS

Strains. The following virus strains were
studied: RHDV1 - RHDV1/ARRIAH (infectious titer
3.00 £ 0.25 Ig LD, /cm?); RHDV2 — RHDV2/ARRIAH (infec-
tious titer 4.00 £ 0.25 Ig LD, /cm?’®).

Virus-containing material. For the studies, a 10% tissue
suspension (weight/volume) obtained from the liver tissue
of rabbits infected with RHDV1 and RHDV2 was used. The
homogenate was prepared in saline solution (0.9% NaCl
solution). Dispersion was carried out using a laboratory
tissue homogenizer at 10,000 rpm for 10 minutes. The tis-
sue homogenate was stored in the refrigerator at -20 °C.
Before use, chloroform (2% by volume) and high-molec-
ular polyhexamethylene guanidine hydrochloride (0.1%
by volume) were added to the thawed material, actively
mixed and centrifuged at 500 g for 20 minutes. The super-
natant was used for further work.

Hemagglutination test. Hemagglutinating activity of the
virus was determined in accordance with the techniques
set out in the OIE Manual of Diagnostic Tests and Vaccines
for Terrestrial Animals [1]. The hemagglutinating activity
of the prepared virus-containing material was at least
1:1280-1: 2560 HAE.

Enzyme-linked immunosorbent assay (ELISA). RHDV anti-
gen was detected using Ingezim RHDV DAS kit (Ingenasa,
Spain) in accordance with the attached instructions [10].

Animals. For the purpose of the study, 360 Soviet
chinchilla rabbits (aged 45 days, live weight 1.0-1.5 kg)
not vaccinated against RHDV obtained from infectious
disease-free farms were used. The animals were kept in
groups in isolators equipped with automated drinking and
feeding systems.
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All tests in animals were carried out in strict compliance
with the interstate standards for keeping and care of lab-
oratory animals GOST 33216-2014 and GOST 33215-2014,
adopted by the Interstate Council for Standardization,
Metrology and Certification, as well as in accordance with
the requirements of Directive 2010/63/EU of the European
Parliament and of the Council of the European Union of
22.09.2010 on the protection of animals used for scientific
purposes.

Rabbits were euthanized with trichloromethane va-
pours.

Inactivants. To inactivate virus-containing materials,
aminoethylethylenimine was used in the form of a 15%
aqueous solution (AEEA, LLC NPP Biochemservice, Russia)
and B-propiolactone (Acros Organics, USA).

Inactivation. B-propiolactone was diluted with a phos-
phate buffer solution to a concentration of 10% before
use. Previously, the pH of the AEEA working solution was
adjusted to 8.2-8.3 using acetic acid. The prepared inac-
tivants were added to the virus-containing material to the
specified final concentrations. The inactivation procedure
was performed at 25 and 37 °C. At specified time inter-
vals, samples were taken to determine the completeness
of virus inactivation. The control virus without inactivant
was kept under the same conditions. Control virus samples
were collected after the longest time exposure.

RESULTS

Inactivating effectiveness of the studied compounds
in correlation with their concentration, temperature and
exposure time was studied using 360 rabbits. Each exper-
imental group consisted of three animals, each of which
was inoculated intramuscularly with 1 cm® of the inactivat-
ed material sample. After the longest time exposure, the
control sample was tested similarly.

The animals were clinically monitored for 10 days. Le-
thality was registered, and its specificity was confirmed
by the following macroscopic findings: foamy/bloody
exudate from the nostrils; enlarged liver with dystrophic
changes; mottled lungs; kidney abnormalities (color from
pale to dark red), kidney petechiation; intestinal hyper-
emia and hemorrhages, most pronounced at the top of
the intestinal folds [11].

The damaging effect in both the experimental and
control groups was assessed by the lethality index L = m/n,
where mis the number of dead animals; n is the total num-
ber of rabbits in the group used for the inactivated mate-
rial sample testing.

The post-mortem diagnosis was further confirmed by
testing rabbit liver homogenate for RHDV antigen using
ELISA. The completeness of inactivation of the studied
materials was confirmed by the absence of RHDV antigen
in the organs of the survived rabbits 10 days after their
inoculation with the tested inactivated material samples.

Assessment of the inactivation effect of the compounds
used are presented in the Table.

The test results showed that:

- the RHDV1 strain turned out to be highly sensitive to
B-propiolactone. Samples obtained after their exposure
to all the tested inactivant concentrations under all the
exposure conditions did not contain infective virus (L = 0);

- the RHDV1 strain showed a certain sensitivity to
AEEA. Complete pathogen inactivation was observed at
all temperatures only after the exposure to concentra-
tions above 0.2%;

—the RHDV2 strain demonstrated a certain sensitivity to
all the tested concentrations of B-propiolactone. However,
for complete pathogen inactivation at 25 °C, the concen-
tration of at least 0.3% and the exposure time of at least
24 hours were required. At 37 °C, regardless of the expo-
sure time, all the tested concentrations provided complete
inactivation of the pathogen;

- the RHDV2 strain demonstrated a relatively high resis-
tance to inactivation with AEEA. At 25 °C and the inactivant
concentrations of up to 1.0%, the pathogen completely
retained its biological activity at almost all the time inter-
vals. The exception was the interval of 72 hours, at which
the mortality rate was L = 2/3 (inactivant concentration of
0.45%). Complete virus inactivation at 25 °C was observed
after the exposure to 1.0% inactivant for 72 hours. At 37 °C
and AEEA concentration of 1.0% the virus was completely
inactivated regardless of the exposure time.

It should be noted that all the control samples of the
materials containing viruses of both strains retained their
biological activity under all the tested exposure conditions.
This rules out the possibility of spontaneous virus inactiva-
tion during the experiment.

The results of testing using liver tissue homogenate ob-
tained from dead rabbits of the experimental and control
groups showed the presence of the RHDV antigen, which
confirmed their specific death. The results of test conduc-
ted using homogenated liver tissue of the survived rabbits
proved the completeness of virus inactivation.

DISCUSSION

The emergence of a new virus variant with significant
antigenic differences is always an important event for this
ecological niche. This phenomenon is clearly demonstra-
ted by the epidemic situation in Australia, where RHDV2
was detected in May 2015. Retrospective studies have
shown that viruses of this family have a rate of genetic
evolution (2.8-5.4) x 1073 substitutions per year, which
occur uniformly in both non-structural and structural pro-
tein-coding regions of the genome. However, in RHDV2,
changes in the region encoding VP60 (the external antigen
of the virus) have been observed with a disproportionately
high frequency. It has been suggested that this kind of
evolutionary process is going on [12].

Itis believed that at present, due to its immunological
features, RHDV2 has a large epidemic potential, which is
confirmed by data on the displacement of RHDV1 strains
that previously circulated in the field in France, Spain and
Portugal [13].

It should be noted that RHDV2 does not demonstrate
clear advantages in terms of its replication in the macro-
organism. The average (geometric mean) viral load in the
livers of RHDV2-infected rabbits (3 x 10® capsid copies
per mg of tissue) was comparable to that observed in
RHDV1-infected rabbit livers (2 x 108 capsid copies per
mg of tissue). This fact puts into question the association
between the RHDV2 replication rate and its virulence.

As part of the study objectives, we determined the con-
ditions under which S-propiolactone and AEEA completely
inactivate RHDV types 1 and 2, which allows to obtain an-
tigens that can be used to develop inactivated vaccines.

The immunological properties of the vaccine may fully
depend on the choice of inactivation methodology. The
main criteria for its effectiveness are complete and irre-
versibile virus inactivation, as well as the preservation of
its original antigenic properties.
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Table
Correlation between RHDV1 and RHDV2 inactivation completeness and the tested concentrations,
temperature, and exposure time

Tabnuua
Ouenka nonHotbl uHakTMBauun RHDV1 n RHDV2 cooTBeTCTBEHHO KOHLIEHTPALMAM XUMUYECKNX COeAMHEHNI,
Temnepatype 1 BpemMeHM dKCNo3nLmum

Mortality after the inoculation of the virus suspension
containing B-propiolactone

type of virus

24 hours 48 hours 72 hours 24 hours 48 hours 72 hours
0.10 0/3* 0/3 0/3 0/3 0/3 0/3
0.20 0/3 0/3 0/3 0/3 0/3 0/3
RHDV1
0.30 0/3 0/3 0/3 0/3 0/3 0/3
control** 3/3 3/3 3/3 3/3 3/3 33
0.10 13 13 13 0/3 0/3 0/3
0.20 13 13 13 0/3 0/3 0/3
RHDV2
0.30 0/3 0/3 0/3 0/3 0/3 0/3
control 33 33 33 33 33 33

Mortality in rabbits after their inoculation with the virus suspension
containing AEEA

type of virus

24 hours 48 hours 72 hours 24 hours 48 hours 72 hours
0.10 3/3 2/3 13 3/3 2/3 13
0.20 13 13 13 13 13 13
0.30 0/3 0/3 0/3 0/3 0/3 0/3
RHDV1
0.45 0/3 0/3 0/3 0/3 0/3 0/3
1.00 0/3 0/3 0/3 0/3 0/3 0/3
control 3/3 3/3 3/3 3/3 3/3 3/3
0.10 33 33 33 33 33 33
0.20 3/3 3/3 3/3 3/3 3/3 3/3
0.30 3/3 3/3 3/3 3/3 2/3 13
RHDV2
0.45 3/3 3/3 23 3/3 2/3 13
1.00 13 13 0/3 0/3 0/3 0/3
control 33 3/3 33 33 33 3/3

*Ratio of dead animals to the total number of animals in the group;
** suspension without inactivant; D — inactivant concentration (%).
Conditions under which no lethal effect were observed are highlighted in color.

* OTHOLUEHME NMOTUOLLNX KUBOTHBIX K 06LLEeMy KonuuecTBy B rpynne;
** cycneH3us 6e3 Jo6aBneHNs NHaKTUBaHTa; D — KOHLeHTpauua UHakTvBaHTa (%).
L|BeTom BblZeneHbl yCI0BUSA, NPU KOTOPbIX NIETanbHblii IQdeKT oTcyTCTBOBAN.

Of the chemical compounds, two types of inactivantsare  agents that affect the structure of nucleic acids include
used most often: reticulating (loosening) and alkylating.The  B-propiolactone, ethylenimine, and others [14].
agents that reticulate proteins include aldehydes (formalde- Under optimal conditions, B-propiolactone inac-
hyde, glutaraldehyde, and glycidaldehyde). The alkylating  tivates, for example, ND virus without changing its
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hemagglutinating, neuraminidase and hemolytic activity
significantly. This also applies to the chicken infectious
bronchitis virus, which, after the exposure to this com-
pound, retains its antigenic properties at a satisfactory
level. However, increased concentration of B-propiolac-
tone can result in an undesirable reaction with viral pro-
teins and, thus, to the decrease of antigenic activity [14].

Compounds that interact with the viral genome are
called genotoxic. In aqueous solutions, such inactivants
break down to form highly active derivatives having an
excess positive charge — the so-called electrophilic group
(for example, chloroethylamine). The electrophilic group
interacts with the negatively charged (nucleophilic)
groups of DNA or RNA molecules to form a stable cova-
lent bond. During replication, such a nucleotide, bound
to the inactivant molecules, may not be read or read in-
correctly by the polymerase, which blocks its replication
orresults in lethal mutations [15]. An important fact is that
nitrogen-containing heterocyclic compounds inactivate
viruses in a first-order reaction, and the inactivation rate
as well as the endpoint can be determined with sufficient
accuracy. This allows to objectively assess the safety of the
final product [16].

Ethylenimine and its N-acetyl derivative inactivate a
wide range of viruses belonging to several different fa-
milies under conditions that do not affect the enzymatic
or serological properties of a number of proteins [17]. The
results of special studies of the properties of FMDV of vari-
ous types inactivated with ethylene derivatives showed that
aziridine-type preparations minimally altered the protein
structures of the virion responsible for antigenicity [18]. The
study of the structure of the FMDV antigen after inactivation
with ethylenimine showed a high percentage of 140S com-
ponent corresponding to virions with conserved capsid ar-
chitecture [19]. When the ILT virus was inactivated with for-
malin, B-propiolactone, methylenimine, and ethylenimine, it
was found that the antigen obtained after the exposure to
ethylenimine was the most immunogenic [20].

The effectiveness of the inactivant depends on at least
three factors: the specified concentration, temperature,
and exposure time. According to the PCR results, the
concentration of binary ethylenimine 0.001 M did not
affect AIV glycoprotein gene during 8 hours of exposure,
while the concentration of 0.01 M changed the structure
of this gene after 4 hours [21]. The example with FMDV
demonstrates that with the increase of temperature
from 25 to 37 °C acetylethylenimine at a concentration of
0.01% accelerated the inactivation process by more than
an order of magnitude [22]. The pathogen still remained
infective when FMDV suspension was treated with 0.05%
acetylethylenimine at 37 °C for 8 hours, while with the
increase in the exposure time to 12 hours, the virus was
completely inactivated [23].

One of the important advantages of such inactivants
as 3-propiolactone and ethylenimine is that they are com-
pletely hydrolyzed within a few hours to form non-toxic
products, and therefore there is no need to neutralize
them [14].

It is known that formaldehyde and theotropin (A-24)
can be used to inactivate rabbit hemorrhagic disease vi-
rus [24, 25]. In some instructions for the use of inactivated
vaccines against this disease, formalin is indicated as an
inactivant [26, 27].

There are several inactivated vaccines available on the
Russian market of veterinary medicinal products for RHD

prevention: Tissue inactivated hydroxyaluminium vac-
cine against “Rabbit Hemorrhagic Disease Virus” (FRCVM,
Russia) [26]; “Lapimun Gem-2" (BioTestLab, Ukraine) [27];
“Pestorin” (Bioveta, Czech Republic) [28]; “Rabbivak-V”
(LLC“TD “Biagro”, Russia) [29]. In addition to that, a vector
vaccine (“Nobivac® Myxo-RHD", Intervet International B.V.,
Netherlands) was registered in 2018. It contains a recom-
binant myxoma virus with the inserted capsid gene of
RHDV [30].

However, only “Lapimun Gem-2" contains RHDV1 and
RHDV2 antigens, which is officially declared.

Since the level of cross-protection after the immuni-
zation with monovaccines is insufficient, the only appro-
priate solution is to use a combined vaccine containing
antigens of both types of the virus [1]. Thus, it was consi-
dered reasonable to develop methods for producing such
antigens.

CONCLUSION

The results obtained during the assessment of the inac-
tivating effect of the agents used in the study showed that
AEEA and B-propiolactone did not have the same effect
on RHDV of types 1 and 2. RHDV1 was significantly more
sensitive to the used inactivants. In order to preserve at
maximum the antigenic structures of the virus, the fol-
lowing inactivation modes were considered to be optimal:

- for RHDV1 - AEEA at a concentration of 0.3% at 37 °C,
exposure time 72 hours or S-propiolactone at a concentra-
tion of 0.1-0.3% at 25-37 °C, exposure time 24-48 hours;

- for RHDV2 - AEEA at a concentration of 1% at 37 °C,
exposure time 72 hours, or B-propiolactone at a concen-
tration of 0.3% at 25 °C, exposure time 24 hours.
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SUMMARY

To reduce the incidence of acute respiratory viral infections in cattle, routine vaccination of mother cows is carried out. There is a direct dependence of the passive
immunity level in calves on the vaccination efficacy in cows. The paper presents the results of a study of colostral immunity in calves and post-vaccination immunity
in cows against the agents of acute respiratory viral infections in agricultural facilities located on the territory of the Ural and Volga Federal Districts. In the farms
under study (n = 10), cattle are vaccinated with inactivated vaccines: “COMBOVAC” and “COMBOVAC-R” (000 Vetbiokhim, Russia), “HIPRABOVIS® 4” (Laboratorios
Hipra, S. A., Spain). The study of postvaccinal immunity level in cows showed that the levels of antibodies to infectious bovine rhinotracheitis virus (5.3-8.0 log,),
bovine viral diarrhea virus (3.5-4.8 Iogz), bovine parainfluenza-3 virus (6.8—8.5 Iogz) and bovine respiratory syncytial virus (4.2-4.5 Iogz) in cattle confer protection.
When evaluating the results of serological diagnostics of passive immunity in calves to acute respiratory viral infections, it was found that the level of colostral
antibodies in them is lower than the level of post-vaccination antibodies in cows: to infectious bovine rhinotracheitis virus by 34.2—58.8%; to bovine diarrhea virus
by 37.5-45.0%; to bovine parainfluenza-3 virus by 14.7-35.4 and to bovine respiratory syncytial virus by 23.5-42.2%. To ensure epizootic favourable situation,
itis proposed to adjust the schedules of vaccination against bovine diseases in herds, infected by acute respiratory viral infections for dairy farms under study.
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PE3IOME

[ins cHxeHnA 3aboneBaemoCTi KpYMHOTO POraToro CKOTa 0CTPbIMY PECNPATOPHBIMYU BUPYCHBIMU MHOEKLMAMI MPOBOAUTCA NNAHOBAA BAKLMHALMA KOPOB-
matepeil. (ylLecTByeT npAMas 3aBUCMMOCTb YPOBHA NACCUBHOTO UMMYHHUTETa Y TENAT 0T 3Q¢eKTUBHOCTI BaKLMHONPOYUNAKTKK KopoB. B paboTe npencras-
NeHbl pe3ynbTathbl UCCNe0BAHNA HANPAXKEHHOCTU KONOCTPANbHOTO UMMYHUTET Y TEAAT U MOCTBAKLMHANLHOMO MMYHUTETa Y KOPOB NpoTMB BO36yauTeneil
OCTPbIX PeCUPaTOPHbIX BUPYCHBIX MHGEKLIMI B CeNIbCKOX03ANCTBEHHBIX OPraHN3aLMAX, HAXOAALMXCA Ha TeppuTOpUM Ypanbckoro v lpuBomXcKoro Gedepans-
HbIX OKpYroB. B 06¢/ie0BaHHbIX X03AiicTBaX (1 = 10) KpynHbIil poraTblii CKOT NPUBMBAIOT MHAKTUBMPOBAHHbBIMU BaKLHamm: <KOMBOBAK» u «<KOMBOBAK-P»
(000 «Betbmoxum», Poccus), «<HIPRABOVIS® 4» (Laboratorios Hipra, S. A., Micnanua). ViccneioBaHue HanpaxeHHOCTH NOCTBAKLMHANBHOTO UIMMYHUTETA Y KOPOB
MOKa3ano, YTo ypoBeHb aHTUTEN K BO3OYANTENAM UHOEKLIMOHHOTO puHoTpaxeuTa (5,3-8,0 Iogz), BUpYCHOI auapen (3,5-4,8 Iogz), naparpunna-3 (6,8-8,5 Iogz),
PeCNpaTopHO-CUHLUTIANbHOI UHGEKLIN (4,2—4,5 10g,) KPYMHOTO POraToro CKOTa COOTBETCTBYET NPOTEKTUBHOMY. [1pi1 OLIEHKE Pe3yNbTaToB CePOAMArHOCTUKM
MACcCUBHOTO MMMYHUTETA Y TEAAT K OCTPbIM PECNPATOPHbIM BUPYCHBIM MHOEKLMAM YCTaHOBAEHO, YTO YPOBEHD KONOCTPANbHBIX aHTUTEN Y HUX HUXE, Yem
YPOBEHb NOCTBAKLNHANLHbIX AHTUTEN Y KOPOB: K BUPYCY UHOEKLMOHHOTO puHOTpaxeuTa Ha 34,2—58,8%; k Bupycy anapeu Ha 37,5—45,0%; k Bupycy naparpun-
na-3 Ha 14,7-35,4%; K pecnupatopHo-CUHLMTIANbHOMY BUPYCY Ha 23,5-42,2%. [ina obecneyerus Inu300TMYECKOr0 bnarononyyna NpeanoxeHo NpoBecTi
KOoppeKLuio nporpamm cnewnduueckoii npodunakTukin 3a60neBaHuii KpynHOro poraTtoro ckota B HebNArononyyHbIX Mo OCTPbIM PeCMpaTopHbIM BUPYCHBIM
NHOEKLNAM CTaZiax Ans NOABEPrHyTbIX 06CN1e0BaHII0 MONOYHO-TOBAPHBIX GepM.

KnioueBble cnoBa: KpynHblit poraTblil CKOT, 0CTPbIE PeCpaTopHble BUPYCHbIE MHOEKLMN, BAKLMHALMA, KOIOCTPAsbHbIA UMMYHUTET, NOCTBAKUMHANbHbIN
UMMYHUTET.
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INTRODUCTION

Vaccination plays a key role in protecting of cattle from
acute respiratory viral infections (ARVIs) and bovine health
improving [1]. The main result of systematic and active
vaccination is the development of herd specificimmunity,
which reduces the incidence and, as a rule, reduces the
circulation of ARVI agents in the herd [2, 3].

The basis of herd specific immunity is the percent-
age of individuals that are immune to a particular infec-
tion [4]. This takes into account individuals with both ac-
tive immunity, achieved by vaccination, and with passive
immunity, which is formed as a result of the introduction
of specific antibodies and/or transfer of immunocompe-
tent cells. The level of specific immunity and duration
of protective immunity (the immunological memory
phenomenon) depend on the proportion of immune
individuals in the population) [4, 5]. The structure of the
proportion of immune individuals in different age groups
of cattle varies significantly. For example, in one-month-
old calves, passive immunity prevails, and the active im-
munity is predominant in dairy cows. Numerous studies
have shown a direct dependence of passive immunity
level in calves on the effectiveness of ARVI vaccination
in maternal cows [6-9].

Colostral immunity in calves is the main factor that in-
hibits ARVI virus penetration into cells and their replica-
tion before active vaccination programs are started to be
implemented. As a rule, a low level of antibodies or their
decrease causes the rise in the incidence of respiratory

viral infections in young animals. It is important to choose
the right time for vaccination, so that, on the one hand,
no neutralization of vaccine antigens by colostral immu-
noglobulins could occur in calves, and on the other - to
form a long-term strong immunity in a timely manner. In
each herd, this period will depend on many factors, in-
cluding the level of colostral antibodies in calves (which is
associated with the post-vaccination immunity of mother
cows, as well as the colostrum feeding technology) and
their half-life.

The aim of the study was to analyze the presence of
passive antibodies in young cattle compared to the post-
vaccination immunity of mother cows in order to predict
the onset of ARVI manifestation and plan the vaccination
schedule.

MATERIALS AND METHODS

The research was carried out in the Department of
Monitoring and Prediction of Infectious Diseases of the
Federal State Budgetary Institution, the Ural Federal Agra-
rian Research Centre, the Ural Branch of the Russian Aca-
demy of Sciences (Yekaterinburg) within the framework
of Category 160 of the Program of Fundamental Scientific
Research by State Academies of Sciences — “Molecular-
biological and nanobiotechnological methods of deve-
loping new-generation biological products, technologies
and methods of their application to combat highly dange-
rous infectious, parasitic and non-infectious animal disea-
ses (2013-2020)".
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The object of the study was cattle kept in factory farms;
biological material used was serum of cows and 3-7 day
old calves (n =327). Clinical samples of sera were obtained
from 10 agricultural facilities located on the territory of
the Ural and Volga Federal Districts. In the surveyed
farms, cattle are vaccinated with inactivated vaccines:

“COMBOVAC” and “COMBOVAC-R" (OO0 Vetbiokhim, Rus-
sia), “HIPRABOVIS® 4" (Laboratorios Hipra, S. A., Spain).

Serological studies of sera to detect antibodies to the
causative agents of infectious bovine rhinotracheitis (IBR),
bovine viral diarrhea (BVD), parainfluenza-3 (BPI-3), bovine
respiratory syncytial infection (BRS) were performed by in-
direct hemagglutination (IHA) and hemagglutination inhi-
bition (HI) tests using domestic commercial RBC test kits.
The titer of the detected antibodies was expressed as log..

RESULTS AND DISCUSSION

The results of serological studies of sera collected from
calves during their first month of life and cows are shown
in Figures 1-4.

The analysis of the data obtained by the study of
post-vaccination immunity in cows showed that the le-
vel of antibodies to IBR, BVD, BPI-3 and BRS viruses cor-
responds to the protective level. The maximum titer of

postvaccinal antibodies to IBR virus (8.0 log,) was found
in animals of dairy farms in the Chelyabinsk Oblast, the
minimum (5.3 log,) in cows of dairy farms in the Perm
Krai. The level of postvaccinal antibodies to BVD virus
in the examined cows ranged from 3.5 log, (Kurgan
Oblast) to 4.8 log, (Udmurt Republic); to BRSV - from
4.2 log, (Chelyabinsk Oblast) to 4.5 log, (Perm Krai); to
the BPIV-3 - from 6.8 log, (Udmurt Republic) to 8.5 log,
(Kurgan Oblast).

When analyzing the results of serological diagnostics of
passive immunity to ARVIs in calves, it was found that in
some cases the level of colostral antibodies was lower than
the level of post-vaccination antibodies in cows.

For example, in calves of dairy farms of the Kurgan
Oblast, the level of colostral antibodies to BVDV was lower
by 7.14%, to the BPIV-3 by 14.70%, to the BRSV - by 23.52%.
In calves of dairy farms in the Chelyabinsk Oblast, a de-
crease in colostral antibodies to IBR virus was registered
by 58.75%, to BVD virus — by 42.50%, to BPIV-3 - by 35.36%
and to BRS virus — by 38.09%. A similar pattern of colostral
antibody deficiency was observed in calves of dairy farms
in the Perm Krai: IBRV - by 39.62%, BVD virus — by 45.00%,
BPIV-3 — by 25.35%, and to BRS virus — by 42.22%. In calves
of dairy farms of the Udmurt Republic, a decrease in the
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Fig. 1. The level of postvaccinal and colostral antibodies
to ARVI agents in animals of dairy farms in the Kurgan Oblast
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level of colostral antibodies against IBRV by 34.21% and
BVDV by 37.50% was established.

The main reasons for the revealed differences in the
levels of colostral immunity to ARVI agents in calves and
post-vaccination immunity in cows, in our opinion, may
be violations of the colostrum drinking technology and/or
the vaccination program in mother cows.

CONCLUSION

The results of the study showed that calves on farms
in the Kurgan Oblast and Udmurt Republic had a consid-
erably high titer of colostral antibodies compared to the
level of post-vaccination antibodies to ARVI pathogens in
mother cows. Therefore, the timing of the first vaccination
of young animals in these herds can be shifted (taking into
account the management practice) to 30-45 days of age.
In the herds of the Perm Krai and the Chelyabinsk Oblast,
the opposite situation is observed - there is a low trans-
mission of immunoglobulins with colostrum to newborns:
by the age of one month, the level of antibodies in the
tested calves was at the minimum protective level or even
lower. Vaccination of young animals in such herds should
be started 1-2 weeks earlier, because a drop in the level of
colostral antibodies can lead to an early incidence of ARVIs.

Thus, the determination of colostral antibody level can
be used to predict the age when young cattle starts to be
affected with respiratory virus infections, and to improve
the technology of colostrum feeding, as well as to adjust
vaccination schedules to prevent acute respiratory viral
infections in cattle herds.
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XanTtypuHa Jlapuca ButanbeBHa, KaHAWAAT BETEPUHAPHbIX
HayK, CTapWWi HayuYHbIl COTPYAHUK nabopatopuu
naToNiorn OpraHoB PasMHOXeHUA 1 GonesHell MONOAHAKa,
OreHY Yp®AHWL YpO PAH, r. Ekatepunbypr, Poccus.
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Problems and prospects of bovine tuberculosis
serological diagnosis

M. 0. Baratov
(aspian Regional Research Veterinary Institute — Branch of Dagestan Agriculture Science Center, Makhachkala, Republic of Dagestan, Russia;
e-mail: alama500@rambler.ru

SUMMARY

For the purposes of tuberculosis eradication on any tuberculosis-infected farm, it is necessary to identify tuberculin anergic animals, being a potential source of the
infection. The purpose of this study was to analyze the role of complement fixing and haemagglutinating antibodies for the detection cattle infected with bovine
tuberculosis (TB). 977 cattle of different sex and age groups on two tuberculosis-infected farms were tested thrice over time. After 35 days all tuberculin reactive
cattle (132 animals; 13.5%) were subjected to complex testing using allergy and serology methods. After 40 days (Stage 3), animals demonstrating apparent specific
antibody activity and low cellimmunity were tested. Allergy tests were proved to be non-informative to diagnose tuberculosis on infected farms. Complement fixing
and haemagglutinating antibodies were found to be active in tuberculin anergic animals. A higher antigenicity of Ukrainian RIEVM TB antigen complex as compared
to Siberian RVI one was revealed by complement fixation test as well as by indirect haemagglutination test using VIEV polysaccharide antigen; the detection rate
was 68 (7.0%), 28 (2.9%) and 299 (30.6%) respectively. The correlation between seropositivity and immunoreactivity was not established. Animals, positive in
complement fixation and indirect haemagglutination tests, did not react to tuberculin. Nineteen out of twenty tuberculin reactive animals showed post-mortem
lesions, consistent with their seropositivity during post-mortem inspection; moreover, the post-mortem lesions of animals, positive in complement fixation test
using Siberian RV antigen, were consistent in all cases. The results obtained suggest a high performance of allergy test and serological test combination and a
promising potential of their complex use for tuberculosis diagnosis in cattle.
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[Ipobnembl 1 nepcnekTUBbI CEPONOMNYECKOI INATHOCTUKY
TybepKyne3a KpynHoro poratoro ckota

M. 0. bapatoB

[TpuKacnniickiii 30HanbHbIA Hay4HO-NCCNe0BATENbCKMIA BeTepUHAPHBIA UHCTUTYT — dunnan OTBHY «DegepanbHblit arpapHblii HayyHblil LLeHTp
Pecny6nuku [larectan» (Mpukacnuiickuit 3oHanbHblit HUBW — dunuan OFBHY «OAHL| PL»), Pecnybnnka [larecta, r. Maxaukana, Poccus;

e-mail: alama500@rambler.ru

PE3IOME

[Tpu 0350pOBNEHNI KaxA0ro HebnarononyyHoro no Tybepkyne3y xo3aicTBytLLero cybbekta Heo6X0AMMO BbIABNATL aHEPTUYHBIX K TYOEPKYNMHY MBOTHBIX,
ABNAIOLLAXCA NOTEHLMANBHBIM UCTOYHUKOM MHOeKLMW. Lienbio HacTosALLero uccneoBaHNa 6bino M3yyeHne poan KOMNNEMEHTCBA3BIBAKLLNX 11 reMarTaioTi-
HUPYIOLLMX aHTUTEN NpK BbIABNEHUN 60NbHOTO TybepKyne3om KpynHoro poratoro ckota. B AByx HebnarononyuHbix no Tybepkynesy xo3aicTBax UCcesoBaHo
TPeXKpaTHO B AMHaMuKe 977 rofloB CKOTa pasHblX MONOBO3PACTHbIX rpynn. Beex pearupytowyx Ha TybepkynuH xuBoTHbIX (132 ronosbl; 13,5%) uepes 35 gHeit
MOABEPININ KOMMNEKCHOMY UCCIEA0BAHINI0 C UCNOb30BAHIUEM ainepriieckux 1 ceponornyeckux MeTofoB. Ha TpeTbem 3tane ¢ uHtepBanom 40 AHeli nccnedo-
Bal1 XKUBOTHBIX C BbIPAXEHHOIA CNeLMPUUEcKoil aKTUBHOCTBH AHTUTEN U HUKUM QYHKLIMOHANbHBIM COCTOAHIEM KNETOUHOTO UMMYHUTETa. [TokasaHa Hi3Kas
NHGOPMATUBHOCTb annepruyeckux MeTo0B ANarHoCTUKM TybepKyne3sa B HebnarononyyHbIx no 3aboneBaHmio Xo3aiCTBaX. YCTaHOBMEHA aKTUBHOCTb Komme-
MEHTCBA3bIBAIOLLIX Y TeMATTIOTUHUPYHOLLNX AHTUTEN B OPraHIn3Me aHepruuHbIX K TyGepKyuHY XMBOTHbIX. bonee BbICOKaA aHTUreHHas aKTUBHOCTb BbiABMEHA
B peaKLyn (BA3bIBAHMA KOMMNIEMEHTa Y KOMNNEKCHOro TybepKynesHoro aHTurexa Ykpaunckoro HUNAIB 8 cpasHenmn ¢ anturenom Cubupcekoro HUBH, a Takxe
B peakLuv HenpAMOIi reMarrioTUHALIM C NoNMcaxapyaHbIM anTureHom BUIB, nokasatens BbiABAAEMOCTY Npu 3ToM cocTaBun 68 (7,0%), 28 (2,9%) 1 299 (30,6%)
C1yyaeB COOTBETCTBEHHO. KoppenaTuBHoil CBA3U MeXzy CepONo3UTUBHOCTbIO 1 IMMYHOPEaKTUBHOCTbI0 06HAPYKITb He YAanoCh. MUBOTHBIE C MONOMMUTENbHBIMU
MOKa3aHUAMM B peaKLui (BA3bIBAHUA KOMMIEMEHTA 1 peakLv HeNpAMON reMarriTUHALMI He pearnpoBany Ha Ty6epkynuH. Mpu nocney6oiiHom ocmoTpe
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y 19 13 20 He pearnpoBaBLLKX Ha TY6EPKYNMH KOPOB NATONIOr0-aHAaTOMIUYECKINe U3MEHEHUA COBMAZANY C CEPONO3UTUBHOCTbIO, NPUYEM Y XUBOTHBIX C NONOXKI-
TeNbHbIMYU N0Ka3aHNAMY B PeakLm (BA3bIBaHMA KoMMeMeHTa ¢ aHTureHom Cubupckoro HUBU — Bo Bcex cnyyasx. MonyyerHble pe3ynbTaTbl CBIUAETENbCTBYHOT
0 BbICOKOI# Pe3ybTaTUBHOCTI KOMOWMHALWMI anneprinyeckoro Tecta ¢ Ceponoruyeckummn MeToAamm 1 NeperieKTBHOCTIA UX COYETAHHOTO UCMONb30BaHNA ANnA

/AMarHoCTUKI Ty6epKyne3a KpyMHoro poraToro cKota.

KnioueBbie cnoBa: Tybepkynes, ceponorinyeckiue peakLuu, annepreH, aHeprus, aHTUTeNa, KPynHblil poraTblii CKOT, annepruyeckuii MeTog, natonoro-

aHaTOMuyeckne uccneaoBaHmA.
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INTRODUCTION

In tuberculosis-infected farms, diseased animals may
develop anergy to tuberculin. Such animals do not res-
pond to tuberculin intradermal administration and are a
source of infection [1-4].

In the literature, there is enough information about the
detection of tuberculin anergic animals using serological
tests. Thus, studies of bovine sera by complement fixation
test, conducted by I. A. Karkadinovskaya, show the pre-
sence of 19.2% of such animals in the herd [5]; according
to the studies by E. D. Lakman - from 2 to 3% [6]; V. |. Ro-
tov et al. detected 12% of such animals [7], Yu. Ya. Kas-
sich et al. - 1.5-7.8% [8]. To clarify the results of the aller-
gic test and to detect anergic animals, the complement
fixation test (CFT) and the indirect hemagglutination
test (IHA test) are mainly used [9].

A. S. Donchenko et al. when studying the specificity
of various antigens by CFT on TB free farms, found that
in comparison with the phenolic antigen of the Siberian
Research Veterinary Institute (Siberian RVI), the tuberculo-
sis antigen complex of the Ukrainian Research Institute of
Experimental Veterinary Medicine (Ukrainian RIEVM) had
a higher specificity [10].

Indirect hemagglutination test for the diagnosis of
TB was studied by such researchers as E. |. Buryak [11],
A. |. Kuzin and N. P. Ovdienko [9], V. L. Solodovnikov [12]
and others. N. P. Ovdienko et al. established the possibility
of application of IHA test using polysaccharide antigen of
the All-Union Institute of Experimental Veterinary Medi-
cine (VIEV) for the detection of TB-infected animals as well
as tuberculin anergic animals [13].

When conducting CFT and IHA tests, the researchers
used a variety of antigens for in vivo diagnosis of tubercu-
losis on farms with different TB epidemic situations, but
the results were contradictory.

The aim of the work was to evaluate the effectiveness of
serological tests in detecting of cattle anergic to tuberculin
on TB-infected farms.

MATERIALS AND METHODS

The practical significance of serological tests was de-
termined on two farms, where the animal health situation
was improved by systematic diagnostic studies and re-

moval of reacting animals. In total, 977 cattle of different
sex and age groups were tested: on the first farm - 563 ani-
mals, of which 269 cows aged 3-4 years and young animals
of 1.5-2 years of age (294 animals); on the second farm -
414 animals (219 and 195 animals, respectively).

After 35 days, animals reacting to tuberculin were sub-
jected to a complex study using intradermal, palpebral
and ocular tests as well as serological tests.

The studies were conducted in accordance with the

“Manual on the diagnosis of animal tuberculosis” (approved
by the Veterinary Department of the RF Ministry of Health
on 18.11.2002), mammalian tuberculin was administered
in the amount of 10,000 international units.

The complement fixation test was performed using
Ukrainian RIEVM complex tuberculosis antigen and Si-
berian RVI phenolic antigen according to the approved
methods, and the indirect hemagglutination test using
VIEV polysaccharide antigen was carried out by the
method of M. Lorid.

Animals that did not respond to tuberculin administra-
tion and showing positive results in complement fixation
and indirect hemagglutination tests were re-tested using
skin test in 40 days. 20 cows, anergic to tuberculin and
positive in both tests, were autopsied. The internal organs
and lymph nodes were examined and, regardless of the
presence or absence of tuberculous changes, the samples
were taken for laboratory testing according to the gene-
rally accepted method.

RESULTS AND DISCUSSION

As a result of allergic studies, it was found
that 132 (13.5%) of 977 animals reacted to tuberculin ad-
ministration.

When conducting a second complex study after
35 days, various allergic and serological methods revealed:
27 (2.8%) animals responding to a skin test; 24 (2.5%) - to
a palpebral test; 4 (0.4%) — to an eye test (Table 1). All ani-
mals positive in the eye test, responded in parallel to skin
and palpebral tests. Only 5 animals were positive in a pal-
pebral test and 8 animals were positive in a skin test.

Diagnostic titers of complement fixing antibodies
in the complement fixation test using Ukrainian RIEVM
complex TB antigen were established in 68 (7.0%) cases,
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and using Siberian RVI phenolic antigen in 28 (2.9%) cases.
When testing sera by indirect hemagglutination test using

VIEV polysaccharide antigen, the hemagglutinating anti-
bodies were detected in 299 (30.6%) animals.

Positive results in the complement fixation test were
established more often in sera of cows than of heifers. Thus
using Ukrainian RIEVM complex TB antigen, diagnostic an-
tibody titers were established on average in 10.5% of cows
and in 3.5% of heifers, and using Siberian RVl antigen in 4.5
and 1.2%, respectively. Of the 27 animals with positive skin
reactions, the results of complement fixation test using
Ukrainian RIEVM complex TB antigen coincided in 3 cases,
and using Siberian RVI antigen in 2 cases, while the re-
sults of indirect hemagglutination test showed the coin-
cidence in 10 cases. The serological testing of sera by com-
plement fixation test using both antigens demonstrated
coincidence of positive results in 26 animals. The results
obtained by CFT and IHA test using Siberian RVI antigen
coincided in 22 cases, and using Ukrainian RIEVM complex
TB antigen in 41 cases.

Skin test-positive animals were isolated. The rest
950 animals with positive results in palpebral and ocular
tests, CFT and IHA test were left in herds. After 40 days, they
were re-tested by skin test, which revealed 18 (1.9%) reac-
ting cows: 9 out of 471 (1.9%) cows and 9 out of 479 (1.9%)
heifers. Of the 96 animals with complement-fixing anti-
bodies in serum, none reacted to the skin test, and of the
299 animals with hemagglutinating antibodies in blood,
10 animals reacted.

A comparative analysis of allergic and serological test
results showed no correlation between seropositivity
and immunoreactivity. From the animals with positive
results in CFT using Ukranian RIEVM complex TB anti-
gen (65 animals), Siberian RVI antigen (26 animals) and
in IHA test (299 animals), no tuberculin reacting animals
were detected.

In order to compare the positive results of CFT and
IHA test with post-mortem lesions in organs, 20 tuberculin
anergic cows were killed (Table 2).

In 19 of 20 animals, diagnostic antibody titers were
detected by CFT using Ukrainian RIEVM antigen, and

Table 1
Results of animal complex testing for tuberculosis

Tabnuua 1
Pe3ynbTaTbl KOMINEKCHOTO UCCNIEA0BAHUA XUBOTHbIX Ha Ty6epKyne3

The number of tuberculin reacting animals Antibody diagnostic titers

in all animals by CFT using Siberian RVI antigen and in

16 animals by IHA test using VIEV polysaccharide anti-
gen. Post-mortem examination revealed TB-characteristic
post-mortem lesions in 19 of 20 animals; moreover “pear|

disease”was found in 3 animals, a generalized form was re-
vealed in 4 animals, and the remaining 12 animals showed

local changes in organs and lymph nodes.

Autopsy revealed no TB-characteristic lesions in one
animal with high diagnostic antibody titers in tests using
all studied antigens; the diagnosis was established by the
bacteriological method. The sera of 14 animals showed
positive results in tests using all antigens, each of them
had TB consistent changes.

Of the 20 animals killed, showing positive results in CFT
using Siberian RVI antigen, tuberculosis was diagnosed in
100% of cases. No antibodies were detected in one animal,
showing TB typical changes, by CFT using Ukrainian RIEVM
antigen. Also, 4 animals with established tuberculosis,
showed negative results in IHA test using VIEV polysac-
charide antigen. It was not possible to kill the remaining
animals with positive serological tests; tuberculin reacting
animals were not killed as well.

The direct correlation between antibody titers and TB
severity was not established. The post-mortem exami-
nation revealed apparent tuberculosis in animals with
both high and low antibody titers. Thus, in 3 animals,
showing titers not exceeding 1:20 and 1:10 in CFT using
Ukrainian RIEVM and Siberian RVI antigens, respectively,
generalized tuberculosis was detected. A similar pattern
was observed in one animal, showing negative results in
IHA test.

Thus, the use of tuberculin skin test alone for TB diag-
nosis in infected herds does not allow to identify all diseased
animals, which suggests the need for complex studies.

It should be noted that most researchers have studied
various serological methods, including CFT and IHA test
for the diagnosis of bovine tuberculosis in sera from tu-
berculin-responsive animals. Herewith, the lack of their
effectiveness was noted. It is known that the tuberculin
test and serological methods reveal different stages of the
infectious process.

Sex-age
Farm ou Number
number group of animals CFT CFT IHA test
of animals skin test palpebral test eye test (Ukranian (Siberian (VIEV
RIEVM antigen) RVI) antigen)
Cows 269 9(3.3)% 6(2.2) 2(0.7) 46 (17.1) 21(7.8) 96 (35.7)
1
Heifers 294 3(1.0) 4(14) - 9(3.0) 1(03) 57 (19.4)
Cows 219 6(27) 6(27) - 5(23) 1(0.5) 48(21.9)
2
Heifers 195 9(4.6) 8(4.1) 2(1.0) 8(4.1) 5(2.6) 98 (50.3)
Total 977 27(29) 24(25) 4(0.4) 68(7.0) 28(2.9) 299 (30.6)

CFT — Complement fixation test (PCK — peakuys cBA3bIBaHINA KoMMeMeHTa);
[HA test — Indirect haemagglutination test (PHI'A — peakuua Henpamoii remarraioTUHaLy);
* Percentage is indicated in parenthesis (B ckobkax yka3aHbl NpOLEHTHI).
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Table 2
Results of serological and post-mortem studies

Tabnuua 2
Pe3ynbTatbi ceponoruyeckux 1 NaTonoro-aHaToMu4ecknx uccnefoBaHuit

Antibody titer

Animal CFT T

|HA test TB consistent lesions
NUMbET | ({kranian RIEVM (Siberian RVI (VIEV
antigen) EN)] antigen)
1 1:40 1:40 1:64 in the mediastinal lymph nodes
2 1:20 1:10 1:32 in the pharyngeal, portal lymph nodes, liver
3 120 0 o ot
4 1:20 1:10 1:64 generalized tuberculosis
5 1:160 1:40 1:128 “pearl disease”
6 1:80 1:20 1:32 in the parotid lymph nodes, pulmonary tuberculosis
7 1:160 1:40 1:16 “pearl disease”
8 1:20 1:20 1:16 “pearl disease”
9 - 1:10 1:16 bronchial tuberculosis, pulmonary tuberculosis
10 1320 140 1:16 (tuberculosis / diagnosis es;]aobtlif;)I:Jen(;j by bacteriological method)
N 1:20 1:40 1:16 in the pharyngeal lymph nodes
12 1:40 1:10 1:16 in the bronchial lymph nodes
13 1:40 1:10 1:16 in the bronchial lymph nodes
14 1:20 1:10 - in the bronchial lymph nodes, lungs, udder
15 1:160 1:10 - in the lungs
16 1:80 1:40 1:128 generalized tuberculosis
17 1:20 1:10 1:64 generalized tuberculosis
18 1:20 1:10 - generalized tuberculosis
19 1:80 1:10 - inthe liver
20 1:80 1:10 1:128 in the pharyngeal, submandibular lymph nodes, liver, lungs

The data obtained in the course of this study suggest  to perform complex diagnostic tests using serological

a possible blockade of the immunity T-system and, asa  methods.
result, the malfunctioning of the antigen-dependent lym-
phocyte differentiation in response to mycobacteria ac- REFERENCES

tivitiy. The results coincide with the data of other authors,
suggesting that T-system blockade occurs in some dis-
eased animals, followed by temporary or permanent lack
of allergic reactions while humoral antibodies are main-
tained.

The decrease in the cellular immunity functioning of
individual TB-infected animals requires a more extensive
research.

CONCLUSION

In herds infected with TB for longer periods, CFT using
TB antigens and IHA test using VIEV polysaccharide anti-
gen allows additional detection of diseased animals that
are anergic to tuberculin. On these farms, it is advisable

1. Naymanov A. Kh., Ovdienko N. P. Modern tasks of bo-
vine tuberculosis control [Sovremennye zadachi v bor’be
s tuberkulezom krupnogo rogatogo skotal. RacVetInform.
2002; 4: 8-9. eLIBRARY ID: 26215680. (in Russian)

2. Nuratinov R. A., Gazimagomedov M. G. Tuber-
culosis. Makhachkala. Planeta-Dagestan; 2009. 336 p.
eLIBRARY ID: 19513359. (in Russian)

3.Beerwerth W. Mikobacterien in Viehtranken und Ober-
flichengewasser. Dtsch. Tierdrtzl. Wschr. 2003; 80: 398-401.
(in German)

4. Schliesser T. Tuberkulose bei Horns und Wildtieren.
Prax. Pneum. 1974; 28 (9): 511-515. (in German)

5. Karkadinovskaya I. A. Identification of reasons for al-
lergic reactions to tuberculin in previously reactive cattle

VETERINARY SCIENCE TODAY, MARCH Ne1 (36) 2021 | BETEPUHAPUA CETO[HA, MAPT Ne1 (36) 2021



ORIGINAL ARTICLES | BOVINE DISEASES OPUTHATIbHbIE CTATbU | BONE3HI KPC

[Vyyasnenie prichin vypadeniya allergicheskih reakcij na
tuberkulin u ranee reagirovavshego krupnogo rogatogo
skota]. Proceedings of Leningrad Research Veterinary In-
stitute [Trudy Leningradskogo nauchno-issledovatel’skogo
veterinarnogo institute]. L.; 1956; 6: 103-110. (in Russian)

6. Lakman E. D. CFT in bovine tuberculosis diagnosis.
Veterinariya. 1981; 4: 31-32. (in Russian)

7.Rotov V. ., Kokurichev P.1., Savchenko P. E., Trach Yu. A.
Tuberculosis of livestock [Tuberkulez sel’skohozyajst-
vennyh zhivotnyh]. Under general editorship of V. I. Ro-
tov. 2" edition, amended and revised. Kiev: Urozhay;
1978. 237 p. (in Russian)

8. Kassich Yu. Ya, Borzyak A.T., Kochmarsky A. F,, et al.
Animal tuberculosis and measures to control it [Tuberkulez
zhivotnyh I mery bor’by s nim]. Ed. by Yu. Ya. Kassich. Kiev:
Urozhay; 1990. 303 p. (in Russian)

9. Kuzin A. I, Ovdienko N. P. Significance of serologi-
cal methods in bovine tuberculosis diagnosis [Znachenie
serologicheskih metodov v diagnostike tuberkuleza krup-
nogo rogatogo skotal. Bulletin of VIEV. 1988; 65: 48-51.
(in Russian)

10. Donchenko A. S., Ovdienko N. P, Donchenko N. A.
Diagnosis of bovine tuberculosis [Diagnostika tuberku-
leza krupnogo rogatogo skota]. Responsible editor
A. S. Donchenko. Novosibirsk: Siberian Branch of RASHN;
2004. 308 p. (in Russian)

11. Buryak E. |. Effectiveness of different in vivo diagno-
sis techniques of bovine tuberculosis [Effektivnost’ raznyh
sposobov prizhiznennoj diagnostiki tuberkuleza u krupno-
go rogatogo skotal. Veterinariya. 1986; 6: 23-26. (in Russian)

12.Solodovnikov V. L.T- and B-systems in the context of
tuberculosis in cattle and sheep [T- i V-sistemy pri tuberku-
leze krupnogo rogatogo skota i ovec]: Author’s summary,
Thesis of Candidate of Biological Sciences. M., 1983. 23 p.
(in Russian)

13. Kolychev A. M., Kassich Yu. Ya., Martma O. V., et al.
Tuberculosis of livestock [Tuberkulez sel'skohozyajstven-
nyh zhivotnyhl. Ed. by V. P. Shishkov, V. P. Urban. M.: Agro-
promizdat; 1991. 254 p. (in Russian)

Received on 23.11.2020
Approved for publication on 21.12.2020

INFORMATION ABOUT THE AUTHOR / NHOOPMALINA Ob ABTOPE

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

bapatoe Maromepg OmapoBuY, AOKTOP BeTepUHAPHbIX
HayK, FMaBHbI HayYHbIN COTPYAHUK, 3aMeCcTUTeNb AnpeKTopa
no HayuyHol paboTe, Mpukacnuiicknii 3oHanbHbii HUBU —
dunman OTBHY «®AHL, PO, r. Maxaukana, Pecnybnuka JarectaH,
Poccuma.

VETERINARY SCIENCE TODAY, MARCH Ne1 (36) 2021 | BETEPUHAPUA CETOHA, MAPT Ne1 (36) 2021

37



ORIGINAL ARTICLES | BOVINE DISEASES OPUTHANIbHbBIE CTATBY | BONE3HU KPC

DOI: 10.29326/2304-196X-2021-1-36-38-43
UDC619:616.98:578.831.31-02:636.22/.28

Role of bovine respiratory syncytial virus
in etiology of respiratory diseases on milk farms

S.V. Koteneva', A. V. Nefedchenko?, T. I. Glotova3, A. G. Glotov*

Siberian Federal Scientific Centre of Agro-BioTechnologies of the Russian Academy of Sciences (SFSCA RAS),
Institute of Experimental Veterinary Medicine of Siberia and the Far East, Krasnoobsk, Novosibirsk Region, Russia
T ORCID 0000-0003-2649-7505, e-mail: koteneva-sv@mail.ru

20RCID 0000-0002-4181-4268, e-mail: homeovet@yandex.ru

3 ORCID 0000-0003-3538-8749, e-mail: t-glotova@mail.ru

* ORCID 0000-0002-2006-0196, e-mail: glotov_vet@mail.ru

SUMMARY

Bovine respiratory syncytial virus (BRSV) is one of the etiological agents of respiratory diseases. The agent spreads widely in all the countries with intensive livestock
farming and can cause pathologic changes in respiratory system either alone or in combination with other viruses and bacteria. It is a matter of crucial importance
to study spread of the agent on large milk farms, to detect it in the internal organs of infected animals, and to quantify virus accumulation in them. The purpose of
the research was to study peculiarities of RS infection spread, frequency of the virus detection in biomaterial samples (both alone and in associations with infectious
bovine rhinotracheitis (IBR) and bovine viral diarrhea/mucosal disease viruses (BVDV) and with Pasteurellaceae bacteria) on large milk farms affected by respiratory
animal diseases; and to determine virus concentration in the respiratory organs. BRSV alone was reported in 9.2% of the tested biomaterial samples, as associated
with IBR and BVDV it was reported in 1.4% and 5.2% of samples, correspondingly. The number of samples containing simultaneously BRSV and Pasteurellaceae
bacteria was 10.8%. The virus was reported in a maximum of 26.6% of the tested samples. With the help of real-time PCR the virus genome was detected in lungs
(13.1%), in exudate from trachea, bronchi and nasal sinuses (6.0%), in nasal discharge (4.0%) and in bronchi (1.7%). The virus was seldom detected in trachea
and bronchial mucosa (1.1%) and in pulmonary lymph nodes (0.8%). Quantification of BRSV RNA demonstrated that maximum virus accumulation was observed
in lungs and nasal charges and it confirms data on its tropism to pulmonary interstitium.
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PE3IOME

(OnHUM 113 5TUONOTMYECKIX aTeHTOB PECMPaTOPHbIX 6oNne3Heil ABNAETCA pecpaTopHO-CUHLMTMANBHBIN BUPYC KpynHoro poratoro ckota (PCB KPC). BosbyawTens
LUMPOKO PacnpoCcTpaHeH BO BCeX CTPaHaX MIPa C MHTEHCUBHBIM TUMOM BeJieHUs XIUBOTHOBOACTBA 1 MOXKET BbI3bIBaTb NaTONON0 PECNMPATOPHOTO TPaKTa camo-
CTOATENbHO UK B3aUMOZENCTBYA CAPYTUMI BUPYCami v 6akTepuaMU. AKTyanbHbIM ABAAETCA M3yueH1e pacnpocTpaHeHna Bo30yAUTeNA Ha KpYMHbIX MONOYHbIX
KOMMAeKcax, BbABIIEHME ero BO BHYTPEHHUX OpraHaX MHGULMPOBAHHDBIX KUBOTHbIX, B TOM UNCIE C KONMYECTBEHHOIA OLeHKOI HakonneHuA B HUX. Lienbto paboTbl
6bIn0 U3yyeHme 0cobeHHOCTelt pacNpoCTpaHeHA pecUpaTopHO-CUHLMTUANBHON MHEKLUK, YaCTOTbI BbIABNEHNA BUPYCa B Npobax buonoruyeckoro matepuana
KaK B MOHOBApVaHTe, TaK 1 B accoLMaLiuax ¢ Bupycamin ukdekumoHHoro purotpaxenta (UPTKPC) u Bupycoii auapen — 6onestu ciusnctbix obonouek (BfI-bCKPC)
KpyMHOro poraToro ckoTa, 6akTepuamu cemeiictsa Pasteurellaceae Ha KpynHbIX MONOUHbIX KOMMNEKCAX, HeONaronoyyHbIX N0 Pecn1paTopHbIM GoNe3HAM Xu-
BOTHbIX, C ONPeeneHnem KOHLIEHTpaLK BUpYCa B OpraHax pecnupatopHoro TpakTa. B moxosapuatte PCB KPC npucytcteoBan B 9,2% uccnefoBaHHbIx npo6
bromarepuana, B accounaumax ¢ supycamu UPT n BA-BC KPC — B 1,4 n 5,2% npob cootBeTcTBEHHO. KonuuectBo npob, conepxatumx ogHoBpemenHo PCB KPC
1 6akTepum cemelicTa Pasteurellaceae, coctauno 10,8%. MakcumanbHo BUpYC npucyTcTBoBan B 26,6% Npob oT uncna nccnenoBaHbIx. Metogom noavmepasHoii
LienHoli peakLm B peanbHOM BpemMeH! reHoM BUpyca BbIABAANY B Nerkux (13,1%), B 3KccyaaTe Tpaxeu, GPOHXOB 1 HOCOBBIX CUHYCOB (6,0%), HOCOBbIX Bblaene-
HUAX (4,0%), 6ponxax (1,7%). Pexe BUpyC npucyTcTBOBanN B Npobax cu3ucToi 060n0uKm Tpaxeu u 6poHxoB (1,1%) u neroubix numdatuueckux ynax (0,8%).
KonnyectsenHas ouenka PHK PCB KPC nokasana, uto MmakcumanbHoe HakonneHue Bupyca Npoucxoamio B IeTKiX 11 HOCOBbIX BbIAENEHNAX, YT0 MOATBepX/aeT
[JaHHble 06 ero TPONM3me K MHTEPCTULINI0 NETOYHOI TKaHM.

Kniouesbie cnoBa: KpynHblii poraTblii CKoT, pecnipatopHble 601e3HH, pecnnpatopHo-CUHLIUTUANbHBIA BUPYC, NONMMEpa3Has LienHas peakLma, CAHEPTi3M.

bnaropapHoctb: Pabota BbinonHeHa 3a cuer bropxeTHbix cpeacts COHLIA PAH B pamKax BbinofiHeHna rocyAapcTBeHHOr0 3ajaHna no eme: «/3yyexue
COBPEMEHHBIX 0COOEHHOCTEN IMN300TUUECKOrO MPOABIIEHNA BUPYCHO-0aKTepUanbHbIX 60Ne3Hel XIUBOTHBIX, Pa3paboTka COBPEMEHHBIX CPEACTB U METOZ0B
ZMArHOCTUKI Ha OCHOBE METO/0B MONEKYNAPHOI 611070 1 OLieHK UX SGdEKTUBHOCTI.

[insa untuposanus: Kotenesa C. B., Hepepuerko A. B., [notosa T. 1., [notos A. I. Ponb pecnunpatopHO-CUHLMTUANBHOMO BUPYCa KPYMHOTO POraToro ckota
B 3TVONOTMYN PeCnUpaTopHbIX BonesHeil Ha MONIOYHbIX KOMNAeKcax. BemepuHapus ce200ua. 2021; 1 (36): 38—43. DOI: 10.29326/2304-196X-2021-1-36-38-43.

KoHdnukT uHTepecoB: ABTOpbI 3aABAKT 06 OTCYTCTBUN KOHGINKTA UHTEPECOB.

[ina koppecnoHpeHumnn: Motoa TatbAHa /BaHOBHa, JOKTOP 61ONOTIYECKIX HayK, Npodeccop, IMaBHbIil HayuHblii COTPYAHUK nabopatopuu GuotexHono-
riv — puarHoctnyeckmit ueHtp COHLIA PAH, UHcTuTyT SKCcnepumenTanbHoii Betepuxapuu Cubupy v anbero Boctoka, 630501, Poccus, HoBocubupckas o6s.,

HoBocubupckuit paiton, noc. Kpactoobck, e-mail: t-glotova@mail.ru.

INTRODUCTION

Respiratory diseases of calves take one of the leading
places among bovine pathologies in the Russian Fede-
ration. They cause death or a decrease in the growth rate
of animals, result in additional expenditure on treatment,
diagnostic and preventive measures [1, 2]. Bovine respi-
ratory syncytial virus (BRSV) plays an important role in
the structure of infectious respiratory diseases and this
infection is widespread in all the countries with intensive
animal husbandry [3, 4].

The causative agent of bovine respiratory syncytial vi-
rus infection (BRSV infection) is an enveloped RNA virus
belonging to the Pneumoviridae family, the Orthopneu-
movirus genus, which mainly replicates in the cells of the
respiratory epithelium.

Calves under 6 months of age are most susceptible to
infection; however, adult animals can also get sick. The
incubation period of BRSV infection is 2-5 days. At the
beginning of the disease, animals may demonstrate the
following symptoms: depression, fever, cough, rhinitis,
rhinopharyngitis. In severe cases, a secondary infection
can occur resulting in bronchitis, bronchiolitis, and pneu-
monia. The main complications of the infection may in-
clude emphysema, respiratory failure and acute fibrinous
pneumonia. Post-mortem lesions are observed only in
lungs.

Laboratory diagnosis of BRSV infection includes detec-
tion of the virus antigen in the pathological material from

infected animals using immunofluorescence assay (IFA);
or of the virus ribonucleic acid (RNA) using polymerase
chain reaction (PCR), isolation of the virus in cell culture
and determination of seroconversion to the virus in con-
valescent animals [5]. Due to great instability and weak
ability of the pathogen to replicate in cell cultures, viro-
logical studies are not effective enough and require a lot
of time and effort [6].

At present, it is crucial to study the BRSV infection
epizootic situation in large dairy establishments (where
imported cattle are held), as well as to study the tropism
of the virus to respiratory tract with a quantitative assess-
ment of its accumulation in them. The disease can occur
independently or in association with other viral infections.
Initial infection with BRSV in epithelial cells reduces the
level of protection of the respiratory tract of animals and
facilitates colonization and secondary infection of the
lower respiratory tract by bacteria. The synergistic inter-
action between the virus and Pasteurellaceae bacteria is
described [7, 8].

The aim of the research was to study BRSV infection
spread, the frequency of the pathogen detection in
samples of biological material alone and in associations
with the viruses of infectious bovine rhinotracheitis (IBR)
and bovine viral diarrhea/mucosal disease (BVDV), as well
as with Pasteurellaceae bacteria in large dairy establish-
ments affected by animal respiratory diseases; as well as
to determine BRSV concentration in the respiratory tract.
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MATERIALS AND METHODS

The studies were carried out in 2010-2020 in 7 large
dairy establishments in Siberia, where specific prevention
of BRSV infection was not carried out or only inactivated
vaccines were used. The following samples of biological
material were tested: nasal discharge, tracheal and bron-
chial exudates, pieces of bronchi and lungs, taken from
dead animals or animal subject to emergency slaughter
due to signs of respiratory failure. The samples were de-
livered frozen to the laboratory within 24 hours. Totally,
1,040 samples were tested; they were first ground in sep-
arate porcelain mortars with sterile sand, homogenized;
then 10% suspensions were prepared on saline solution,
centrifuged at 3,000 rpm for 15 minutes, then 100 ul of
clarified supernatant was used to isolate RNA.

The virus RNA was isolated using the “RIBOsorb” kit
(the Federal Budget Institution of Science of the Cen-
tral Scientific Research Institute of Epidemiology of the
Rospotrebnadzor) in accordance with the manufacturer’s
recommendations. Reverse transcription to obtain cDNA
was performed using the “REVERTA-L"kit of the same man-
ufacturer.

PCR with electrophoretic detection of results was used
to detect genomes of three viruses in biomaterial samples,
and real - time PCR was used to quantify BRSV RNA [6, 9].
The concentration of viral RNA in samples of biological
material from sick animals was quantified relative to the
mMRNA level of the bovine GAPDH gene and expressed
in log,, copies of viral RNA per 10° copies of GAPDH
(log,, BRSV/GAPDH) [10].

Serological methods were used to study 6,000 sera
samples. Antibodies to IBR and BVD viruses were detected
using microneutralization assay in the continuous MDBK
cell line according to the World Animal Health Organiza-
tion (OIE, 2019) standard using “TK-A”" strain and the cyto-

Table

pathogenic NADL strain as an antigen, and to BRSV - in the
indirect hemagglutination test. For the purposes of sero-
logical screening, sera samples were taken from animals
once, and to determine seroconversion they were taken
twice with a 30-day interval. Persistent infection with BVDV
was diagnosed when the viral RNA was detected in paired
sera samples taken with a 30-day interval.

Pasteurellaceae bacteria were isolated in artificial cul-
ture media according to the guidelines for laboratory
diagnosis of pasteurellosis in animals and birds, and their
genotyping was performed using PCR[11].

RESULTS AND DISCUSSION

In order to determine how frequently BRSV is detected
alone and in associations with IBR and BVD viruses and
Pasteurellaceae bacteria (using PCR), we tested 1,040 bio-
material samples taken from dead and emergently slaugh-
tered calves under 6 months of age with the signs of respi-
ratory damage. In all animals post-mortem examination
revealed acute fibrinous or catarrhal bronchopneumonia,
and sometimes interstitial and pulmonary emphysema
and signs of lung parenchyma destruction. The results of
the study are presented in the Table.

The table shows that BRSV alone was present in 9.2% of
the studied biomaterial samples, and in the associations
with IBR and BVD viruses it was detected in 1.4 and 5.2%
of the samples, respectively. The maximum number of
samples (10.8%) contained both BRSV and Pasteurellaceae
bacteria. In total, BRSV was detected in 26.6% of the tested
samples [12, 13].

Respiratory syncytial virus alone was more often de-
tected in lungs and bronchi, and in association with the
IBR - in trachea and nasal mucosa, less often — in bovine
lungs. Together with BVDV and Pasteurellaceae bacteria,
BRSV was detected in lungs.

Frequency of BRSV detection: alone and in association with IBR, BVDV and Pasteurellaceae bacteria

using PCR with electrophoretic detection [12, 13]

Tabnuua
Yacrora BbisBnenus PCB KPC 8 moHoBapuaHnTe u B accoumanuax ¢ supycamu UPT,
BA-6C KPC n 6akTepuamu cemeiictsa Pasteurellaceae npu nomowyn MLP csnexkrpodopetnyeckoii aetekuyueii [12, 13]

n=1,040
Pathogen, Number Percent of positive samples

association of pathogens of positive samples from the number of samples tested
BRSV alone 9 9.2
BRSV + IBR 15 14
BRSV + BVDV 54 5.2
BRSV + Pasteurellaceae 12 10.8

Including bacteria:

Pasteurella multocida Y] 4.0
Mannheimia haemolytica 70 6.7
Total 277 26.6
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Many authors assign a special role in the synergism
of infectious agents to BVDV, which, due to its immu-
nosuppressive effect, can increase the susceptibility of
animals to infection with other viral and bacterial patho-
gens (7,8, 14,15].

According to our data, the level of infection of animals
with BVDV is 90% and above in large dairy establishments,
where about 3% of calves are persistently infected. The
percentage of animals (of all sex and age groups) sero-
positive to BRSV in such herds is 67.5% on average, and
the virus genome is detected more often than in herds
without persistently infected animals [9].

Thus, large dairy establishments demonstrate a mixed
presence of BVDV and BRSV. A correlation was revealed
between the level of BVDV in animals, i.e. between the
presence of animals persistently infected with this patho-
gen in the examined establishments, and the frequency
of clinical signs of respiratory diseases in calves that occur
due to BRSV [12].

Often, after a predisposing viral infection, secondary
bacterial bronchopneumonia develops, since damage to
the epithelium of the respiratory tract leads to a violation
of mucociliary clearance and facilitates the movement of
bacteria to the lower respiratory tract. In addition, respi-
ratory viruses suppress the phagocytic activity of alveolar
macrophages and disrupt intracellular bactericidal pro-
cesses. Also, respiratory viruses can promote bacterial ad-
hesion, enhance the expression of surface proteins of host
cells, which can then be joined by bacteria [7, 16].

Basically, secondary bacterial bronchopneumonia
develops due to the presence of Pasteurellaceae bacteria,
namely Mannheimia haemolytica and Pasteurella multoci-
da (8,9, 15].

An important aspect of the BRSV infection pathogen-
esis is that it suppresses non-specific mechanisms of the
respiratory immune defense, and it initiates and enhances
bacterial colonization of the lungs after its primary rep-
lication. The virus can independently cause bronchitis,
pneumonia and emphysema, but its main feature is im-
munosuppression and an ability to provide preconditions
for bacterial pneumonia, in particular, pulmonary pasteu-
rellosis [5, 8].

The results of the conducted research show that
BRSV infection is common in large dairy establishments
in Siberia and can occur both alone and in various associa-
tions [17].The synergistic interaction of microorganisms of
different classes plays a significant role in the occurrence
of mass bronchopneumonia in cattle under natural con-
ditions. When developing effective measures of specific
prophylaxis for this bovine disease, especially when im-
porting animals from different sources, it is important to
understand and decipher the mechanisms that contribute
to the development of mixed forms of infections.

Previously, we studied BRSV distribution in the respi-
ratory tract of calves with respiratory syncytial infection
using PCR with electrophoretic detection of amplification
products, but the concentration of the virus RNA could not
be determined due to the limitations of the method [3].

To study the virus distribution in the upper and lower
respiratory tract, positive samples of biomaterial were
additionally tested in real-time PCR and it was found that
the BRSV genome was more often present in lungs (13.1%
of the number of tested samples). In addition, the virus
was detected in the exudate from trachea, bronchi and
nasal sinuses, which accounted for 6.0% of the samples.

The percentage of virus detection in nasal discharge was
4.04%, and in the bronchi - 1.7%. The virus was less often
detected on the tracheal and bronchial mucosa (1.1%)
and in pulmonary lymph nodes (0.8%). The data obtained
demonstrate a wide distribution of the virus in the organs
of the upper and lower respiratory tract.

Virus quantification in different parts of the respiratory
tract of infected animals was of great interest. The maxi-
mum concentrations of the virus genome were detected
in lungs (1.3 + 0.5 - 4.8 + 0.47 log, , copies of BRSV RNA/
GAPDH), nasal discharge (1.5 + 0.75 - 2.1 + 0.25 log,,
copies of BRSV RNA/GAPDH) and exudates from trachea,
bronchi, and nasal sinuses (0.3 £0.21 - 2.8 £0.15 log, , co-
pies of BRSV RNA/GAPDH). Different virus concentrations
detected during the research in the biomaterial samples
may indicate that animals were sampled at different stages
of the infectious process.

The above facts show how important respiratory syn-
cytial virus is among bovine respiratory diseases and
demonstrate its role in the pathogenesis of mixed respi-
ratory diseases.

CONCLUSION

The results of the conducted research improve under-
standing of respiratory syncytial infection in animals in
large dairy establishments and of its role in the pathogene-
sis of mono- and mixed infections of the bovine respiratory
tract. BRSV was detected in 26.6% of biomaterial samples
from sick and dead calves under 6 months of age; samples
were taken during mass outbreaks of respiratory diseases,
in particular during acute fibrinous bronchopneumonia.
The virus alone was detected in 9.2% of cases, and in asso-
ciations with IBR and BVDV in 1.4 and 5.2% of biomaterial
samples, respectively. The number of samples containing
BRSV and Pasteurellaceae bacteria was 10.8%, which con-
firms the synergistic interaction between infectious agents
of different nosological groups.

In some establishments, the frequency of BRSV infec-
tion directly depended on the level of animal infection
with BVDV, as well as on the presence of animals per-
sistently infected with this virus in herds [12].

Quantitative analysis of BRSV RNA in the tested bioma-
terial samples showed its maximum accumulation in lungs
and nasal discharge, and it confirms the data on the virus
tropism to the pulmonary interstitium, and this contri-
butes to the occurrence of acute fibrinous bronchopneu-
monia. Quantification of viruses and bacteria with the help
of real-time PCR can be a useful tool to study pathogenesis
of mixed viral-bacterial infections in the wild.
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SUMMARY

In2019, the situation regarding Newcastle disease in the Russian Federation worsened radically due to the spread of NDV subgenotype VII-L throughout the country
from the Primorsky Krai to the Kursk Oblast. As a result, 17 infected settlements with backyard farms where unvaccinated poultry was kept were registered. In this
study, immunogenicity of the vaccines produced by the FGBI“ARRIAH’, as well as the effectiveness of various vaccination schedules to prevent genotype VII NDVs,
relevant for the Russian Federation, was studied. It is known that the currently circulating ND agent is significantly more virulent compared to the viruses isolated in
previous years, and it is able to bypass the immunity provided by live vaccines. Test results demonstrated that the vaccines against genotype VII NDVs produced by
the FGBI“ARRIAH" are highly immunogenic, which allows to effectively prevent the disease when using them as part of a standard vaccination schedule. A 2-dose
vaccination schedule using live vaccine from the La Sota strain as well as the “complete” vaccination schedule using inactivated vaccines provides immunity in 100%
of chicks. The use of live vaccines in a single- and double-dose vaccination schedules prevents mortality and clinical disease in poultry, but does not prevent virus
replication, while the addition of an inactivated vaccine to the immunization schedule does prevent the replication of the virulent virus. Thus, the use of domestically
produced live and inactivated vaccines, primarily the ones containing the La Sota strain, with the following control of the immunity level and booster vaccination,
if required, is the main tool for the disease control.
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PE3IOME

B Poccuiickoii Oegepauum B 2019 rogy npon3oLuno peskoe 060CTpeHIe CUTyaLum Mo HbIOKACNCKoi 60ne3H NTuL, ¢ pacnpocTpaHeHuem Bupyca cybrexotuna Vil-L
10 BCei Tepputopui cTpaHbl — ot Mpumopckoro kpasa o Kypckoit obnactin. B utore 3apeructpuposaHo 17 HebnarononyyHbIX NyHKTOB, Fe COAEPXKANoch HeBaK-
LIMHMPOBAHHOE MOroN0BbE B INYHbIX NOACOOHbIX X03A/CTBaX rpaxAaH. B faHHo paboTe oLieHnBan1 IMMYHOTeHHOCTb BakLMH Npon3BoacTBa OrbY «BHUNU3X»,
a TakKe IOPeKTMBHOCTb PasfIMUHBIX CXeM BaKLMHALMI ANA NPOQUNAKTUKIN HbIOKACNCKO 60Ne3HM B OTHOLLEHU aKTyanbHbIX AnA Poccuiickoii Oepepaumn
BupycoB VIl reHoTuna. /13BeCTHO, UTO BUPYNEHTHOCTD LMPKYNMPYIOLLEro B HaCTOALLee Bpems BO30YAUTENA HbHOKACICKOil 60Ne3HM 3aMeTHO BO3poCna Mo Cpas-
HEHWIO ¢ BUPYCamu, BblZeNEeHHbIMIA B NpeablayLLme Fofbl, U OH CNocobeH NpeosoneBaTb NOCTBAKLMHANbHbI IMMYHUTET, C03aBaeMblil UBbIMYU BaKLUHAMK.
B pe3ynbrate nccnesoBaHuil 6bi10 ycTaHoBNEHO, UTo BaKuuHbI npou3soactea OTBY «BHUN3MK» 06nagatot BbICOKOI MMMYHOTEHHOI aKTUBHOCTbIO B OTHOLLEHUN
BupycoB VIl reHotuna, uto no3gonsAeT 3QHeKTUBHO NPOYUNAKTPOBATH 3Ty 60NE3HB NPK UX MCTIONL30BAHNM B COCTaBe CTAHAAPTHbIX CXeM BakLmHaumu. (xema
BaKLVMHALMK C ABYKPATHbIM NPUMEHEHNEM XUBOI BaKLMHbI U3 WwWTamma «/la-CoTa» Gopmupyet ummyHuTeT y 100% LbINAAT, Tak e Kak 11 «N0fiHaA» (Xema
BaKLWHALMM € MCNOIb30BaHNEM MHAKTUBUPOBAHHbIX BaKLWH. [IpuMeHeHNe XUBbIX BaKLMH B CXeMe BaKLIMHALMIA C OBHOKPATHBIM 11 ABYKPATHbIM BBEAEHMEM
MpefoTBpALLAET rMOeNb NTULL 1 KNMHUYECKOe NPOABIIEHMe 60Ne3HM, OAHAKO He MPENATCTBYET pennukaLmM BUPYCa, B TO BpeMA Kak Ao6aBNeHme B (xeMy IMMY-
HU3aLVI MHAKTUBMPOBAHHOIA BAKLIMHBI NPei0TBPALLET, KpOME TOr0, Y pennKaLiio BUPYNEHTHOTO BUpYyca. Takum 06pa3om, MCnonb30BaHMe XMBbIX 1 HAKTH-
BUPOBAHHbIX BAKLIMH OTEYECTBEHHOrO NPOU3BOACTBA, NPEX /e BCEro Ha 0cHoBe LWTamma «J1a-(oTa», C NOCNeyHLMM KOHTPONEM HaNPAXEHHOCTH NMMYHNUTETa
11 POBe/ieHNeM peBaKLMHALMIA N0 NOKA3aHUAM ABNAETCA [MaBHbIM MHCTPYMeHTOM B 6opbbe ¢ 3aboneBaHnem.

KnioueBble cnoBa: BUpyneHTHbIN BUPYC Hblokacnckoil 6onestu VIl reHoTUNa, BaKLMHbI NPOTUB HbIOKACTCKOI 60Ne3HM, 3ODEKTUBHOCTL BAKLMH NPOTUB Hblo-
KacncKoii Gonesn.

bnaropapHocTb: Pabota BbinonHeHa 3a cueT cpeacTs OTBY «BHUN3M» B pamkax HayuHo-MccnedoBaTeNbCkux pabot no Teme «BetepuxapHoe bnarononyume».

[ina uutuposanua: Oponos C. B., Mopo3 H. B., Ysana I. A, Vip3a B. H. 3¢ deKTnBHOCTb BaKLIH NPOTUB HbloKaCNCKoil 6one3Hn npou3soacTea OIBY «BHUN3M»

B OTHOLLEHUV aKTyanbHbIX BUpycoB VIl renotuna. Bemepurapus cezodus. 2021; 1 (36): 44-51. DOI: 10.29326/2304-196X-2021-1-36-44-51.

KoHnuKkT MHTepecoB: ABTOPbI 3aABNAHT 00 OTCYTCTBUYN KOHGAMKTA UHTEPECOB.

[ina koppecnonpexumn: Oponos Cepreil Bnagumnposuy, KaHAWAAT BeTePUHAPHbIX HayK, BEAYLUMI HAyuHbIi COTPYAHUK nabopaTopuy npodunakTuky GonesHeit
nruy OTBY «BHUU3X», 600901, Poccus, 1. Bnagumup, mkp. I0pbesew, e-mail: frolov@arriah.ru.

INTRODUCTION

Newcastle disease (ND) is a highly contagious viral dis-
ease that affects birds, including domestic poultry (mainly
chickens). The virus affects the digestive, respiratory, and
nervous systems. The disease is registered throughout the
world, itis included in the OIE list of notifiable diseases, as
it causes huge economic losses and hinders international
trade [1-3].

To date, NDV strains have been classified into classes:
Class 1 — avirulent strains (9 genotypes) and Class 2 — vac-
cine and virulent strains (at least 10 genotypes). This is the
most diverse and constantly evolving group of viruses. Vir-
ulent viruses of the genus Avian orthoavulavirus 1 (AOAV1),
formerly known as Avian avulavirus 1, Avian paramyxovi-
rus 1, or Newcastle disease viruses, can infect and cause
disease in a wide range of domestic and wild avian species
worldwide. Avian orthoavulavirus 1 has high genetic vari-
ability. Currently, the AOAV-1 is divided into 2 classes con-
taining more than 20 genotypes, some of which are further
divided into about 30 subtypes. In recent decades, the
most relevant for poultry farming have been genotype VI,
widely distributed in the countries of the Old World, and
genotype V (including the newly isolated genotype XIX),
circulating in the Americas.

The emergence of new virulent class 2 genotype strains
that cause epidemics can be explained by the fact that
viruses of different genotypes develop simultaneously in
different geographical areas around the world, which is
facilitated by the large diversity of avian species suscep-
tible to NDV [1, 4]. Over the past 20 years, NDV epidemics
in many Asian and European countries have been caused

by different subtypes of genotype VIl viruses [1-3]. Two li-
neages of class 2 genotype VI (previously called subgeno-
types VIlh and VIli) were identified in Indonesia in 2010 [5].
Later, one of the lineages was introduced into Malaysia [6],
China [7], a number of countries in South Africa [8] and
Russia (NDV/chicken/Kaliningrad/184/2013). The other
subgenotype was identified in Pakistan [9], India [10],
Israel [11], Libya [12], Turkey, Georgia and Bulgaria [13].

In the Russian Federation, this genotype VIl NDV
caused an outbreak on a poultry farm in the Amur Oblast
in 2006 for the first time. Currently it is used as a chal-
lenge strain [14]. In the following years, genotype VIl NDV
caused sporadic outbreaks in poultry kept on backyard
farms in different regions of the country. ND outbreaks
caused by subgenotype Vlli viruses were first reported
in the Republic of Crimea at the end of 2015 and conti-
nued throughout 2016, which at that time was the largest
and longest NDV epidemics in poultry in Russia over the
past few decades (21 infected settlements). This suggests
panzootic potential of both virus groups [15]. It is worth
mentioning that viruses with genomes similar to those of
theisolates belonging to these groups were detected later
than in the mid-90s in the countries of the Far East and
Southeast Asia, or sporadically on the islands of Indonesia.
This suggests the existence of a permanent virus reservoir
in the tropical area of Southeast Asia, in which new forms
of virulent AOAV-1 develop. From time to time, they leave
the reservoir.

In 2019, the situation regarding Newcastle disease
in the Russian Federation worsened radically due to the
spread of NDV subgenotype VII-L (VII 1.1 according to the
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new classification [16]) throughout the country from the
Primorsky Krai to the Kursk Oblast. As a result, 17 infec-
ted settlements with backyard farms where unvaccinated
poultry was kept were registered.

NDV isolates of subgenotype VII-L are most closely rela-
ted to some isolates from Iran, designated cluster VII-L [17].
Iranian scientists have shown high similarity between the
isolates, the fact that they belong to genotype VI, their
compliance with the criteria for new subgenotype identi-
fication, as well as close phylogenetic relationship with the
already known and widespread subgenotype VIid NDVs.
Later, the same authors [17] significantly increased the
number of the studied isolates belonging to this group,
showed their distribution in almost all the Iranian prov-
inces and the phylogenetic analyses of partial F gene se-
quences revealed that the isolate recovered in the country
back in 1999 was evolutionarily similar to the isolates be-
longing to this group. F. Sabouri et al. [18], as well as A. Mo-
louki et al. [19], demonstrated that subtype VII-L viruses
were common both on small-scale and commercial poul-
try farms. The emergence of the new genotype VIl subline
in this region speaks of the fact that similar processes may
occur in other places, since subgenotype VIId viruses are
endemic in many countries of Eurasia and Africa, and have
been also found in South America [20].

There have been no registered cases of NDV of this
subgenotype in industrial poultry farming in Russia so far.

In most countries, including the Russian Federation,
vaccination of commercial poultry against NDV is manda-
tory [1, 4, 21]. The terms of the primary vaccination are
determined based on the level of maternal antibodies. As a
rule, blood sera are tested by the hemagglutination inhibi-
tion test (HI) 14-21 days after the primary vaccination. Im-
munization is considered successful if at least 80% of vac-
cinated poultry has an antibody titer of at least 3 log, [22].
When using inactivated vaccines, the antibody titer should
be at least 5 log, [23].

Insufficient and heterogeneous specific antibody levels
following routine vaccination may be due to the use of an
inadequate vaccine strain in a specific epidemic situation,
incomplete dose administration, technical failures, vacci-
nation of poultry with high maternal antibody levels, and
other reasons.

The aggravation of the epidemic situation in 2019 and
the spread of genotype VII NDV throughout the Russian
Federation served the basis for the experimental infection
of poultry with actual viruses of the mentioned genotype
to assess the protectivity of live and inactivated La Sota
vaccines produced by the FGBI“ARRIAH" (Vladimir, Russia)
following different vaccination schedules.

MATERIALS AND METHODS
Vaccines. The following ND vaccines (live and inactiva-
ted) produced by the FGBI“ARRIAH" were used in the study:

—live dry vaccine against Newcastle disease from La Sota
strain, batch No. 140520 (release date 05.2020);

- combined inactivated emulsion vaccine against New-
castle disease, avian infectious bronchitis and egg drop
syndrome-76, batch No. 010320 (release date 03.2020).

Viruses. Three genotype VI NDVs relevant to the Russian
Federation were used in the challenge: NDV/chicken/Rus/
Crimea/54/17, NDV/chicken/Rus/Krasnodar/9/19, NDV/
chicken/Rus/Kaliningrad/184/13, which were further as-
signed the following names: “Crimea’, “Krasnodar” and

“Kaliningrad’, respectively.

Experimental animals. Egg-producing chicks aged
14-21 days without antibodies to NDV, obtained from a
poultry farm free from infectious avian diseases were used
in the experiment.

All tests in animals were carried out in strict compliance
with the interstate standard for keeping and care of labora-
tory animals GOST 33215-2014, adopted by the Interstate
Council for Standardization, Metrology and Certification,
as well as in accordance with the requirements of Directive
2010/63/EU of the European Parliament and of the Council
of the European Union of 22.09.2010 on the protection of
animals used for scientific purposes.

Experiment design. Four experimental groups of chicks
were formed by random sampling. Group No. 1 (30 chicks)
were vaccinated with a single dose of the La Sota vaccine.
Group No. 2 (30 chicks) were vaccinated with two doses of
the La Sota vaccine, booster immunization being carried
out 28 days after the primary vaccination. Group No. 3
(30 chicks) were vaccinated with two doses of live vaccine
against ND and then 21 days later — with a single dose of in-
activated vaccine against ND. Group No. 4 (90 chicks) served
as a negative control and consisted of unvaccinated chicks.

The following abbreviations were used to identify the
vaccination schedules: 1 LV - single-dose immunization
with live vaccine; 2 LV - 2-dose immunization with live
vaccine; 2 LV+1 IV - 2-dose immunization with live vaccine
and single-dose immunization with inactivated vaccine.

Live vaccines were administered intranasally at a dose
of 6.7 Ig EID, , which corresponds to one immunizing dose
of the La Sota vaccine produced by the FGBI“ARRIAH"; in-
activated vaccine (single dose, 0.5 ml) was administered
intramuscularly.

Control of the vaccine immunogenicity. The vaccine im-
munogenicity was assessed based on the challenge and
serological test results.

The chicks were challenged in accordance with the OIE
Manual for Diagnostic Tests and Vaccines for Terrestrial
Animals [24]. Chicks from different experimental groups
were challenged with virulent NDVs of genotype VII. The
virulent strains were used at the following infective doses:
NDV/chicken/Rus/Kaliningrad/184/13 - 5.9 Ig EID, ; NDV/
chicken/Rus/Crimea/54/17 - 6.6 |g EID,; NDV/chicken/
Rus/Krasnodar/9/19 - 6.9 Ig EID, . Chicks were inocula-
ted intramuscularly with 0.5 ml of the inoculum and were
monitored for 7-8 days. Each time, 60 chicks were random-
ly selected to make 6 experimental groups (10 chicks per
group) subjected to the challenge:

group No. 1 - vaccinated chicks challenged with NDV/
chicken/Rus/Crimea/54/17;

group No. 2 — vaccinated chicks challenged with
NDV virus/chicken/Rus/Krasnodar/9/19;

group No. 3 - vaccinated chicks challenged with
NDV virus/chicken/Rus/Kaliningrad/184/13;

group No. 4 - unvaccinated chicks challenged with
NDV/chicken/Rus/Crimea/54/17 virus;

group No. 5 — unvaccinated chicks challenged with
NDV virus/chicken/Rus/Krasnodar/9/19;

group No. 6 — unvaccinated chicks challenged with
NDV/chicken/Rus/Kaliningrad/184/13.

Challenge was performed 21-28 days after each vac-
cination.

For serological studies, chick serum samples were
collected from different experimental groups, tested
by HI test using an HI kit for the detection of antibodies
to Newcastle disease virus produced by the FGBI“ARRIAH".
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Fig. 1. Phylogenetic position of genotype Vil isolates that have caused ND outbreaks in Russia in recent years.

The dendrogram for complete F gene ORF sequences of 3 Russian and 304 previously published strains

and isolates was obtained using the NJ program, MEGA 6.0 package. Russian isolates are shown in bold and italics.

On the right are the names of phylogenetic groups according to D. G. Diel et al. [25] (Roman numerals and Latin letters)
and K. M. Dimitrov et al. [16] (Roman and Arabic numerals). Phylogenetic groups that do not contain the studied isolates
are shown in a contracted form for convenience

Puc. 1. QunozeHemuyeckoe nonoxeHue uszonamos ceHomuna Vll, avi3gasuwiux 8 Poccuu scneiwku Hb 8 nociedHue 200bl.
JeHopozpamma nosydeHa 0718 nosiHelIx nociedosamesnsHocmeti OPC 2eHa F 3 poccutickux u 304 paree
0ny6IUKOBAHHbIX WMAMMOB8 U U30/1Amo8 ¢ noMmouwbto npozpammel NJ nakema MEGA 6.0. Pocculickue usonamesi
8bl0esieHbl XUPHbIM Wpupmom u Kypcugom. Cnpasa npusedeHbl HA38aHUA (husI02eHeMuUYecKUX 2pynn no

D. G. Diel et al. [25] (pumckue yughpel u namuHckue 6ykasl) u no K. M. Dimitrov et al. [16] (pumckue u apabckue yughpei).
DunozeHemuyeckue 2pynnsl, He cooepxxawjue Usy4aemblx U30a8mos, 0711 y0o6cmea NOKazaHel 8 ceepHymMom suoe

Serum samples were collected before vaccination and Nucleotide and their corresponding amino acid sequen-
before each challenge test, as well as 7-8 days after the  ces were analyzed using BioEdit, version 7.0.5.3. Sequence
challenge test from the survived chicks. alignment was performed using the ClustalW multiple

Nucleotide sequences of virulent NDV genes used for the  alignment program.The phylogenetic tree was constructed
challenge. Figure 1 shows the nucleotide sequences of  using the NJ algorithm, MEGA package, version 6.0.
NDV isolates and strains, characterized at the FGBI“ARRIAH" Analysis of test results. Immunogenicity of the vaccines
or published in the GenBank databases of the NCBI (www.  and the effectiveness of the vaccination schedules used
ncbi.nlm.nih.gov/nucleotide/) and GISAID EpiFlu (https://  were assessed by measuring vaccination effectiveness, as
www.gisaid.org/). well as based on the serological test results.
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Table 1
Results of the challenge in chickens immunized following different vaccination schedules

Tabnuua 1
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Pe3yl'leaTbl KOHTPOJIbHOI0 3apa)KeHuna LubinaAT, UMMYHU3UPOBAHHDIX C NPUMEHeHUEeM Pa3/INYHbIX (XeM BaKLiuHaLuu

NDV virulent strain o .
Vaccination effectiveness, %

Vaccination schedule . » Mxm(n=3)
1LV 2/10% 6/10 0/10 73+18
2LV 0/10 0/10 0/10 100
2WV411V 0/10 0/10 0/10 100
control 10/10 (n=3) 10/10 (n=3) 10/10 (n=3) 0

*The ratio of the dead to the total number of infected chickens (OTHoLueHue nasLumx K 06LLEMY KONMYECTBY 3apaXeHHbIX LbINAAT).
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Vaccination effectiveness (E) was calculated using the
equation:

E=(n-n)/nx100%,

where nis the number of dead chicks in the group, and
n is the total number of chicks in the group.

To characterize the pathogenic effect of the virulent
ND viruses, they used lethality rate calculated for a group
of chicks vaccinated with a single dose of live vaccine. Le-
thality rate is the ratio between the number of dead an-
imals and the number of susceptible animals, expressed
as a percentage.

Lethality rate (L) was calculated using the equation:

L=n/nx100%,

where nis the number of dead chicks in the group, and
nis the total number of chicks in the group.

During statistical processing, the average vaccination
effectiveness, lethality, antibody titers, and standard errors
of the mean were calculated and analyzed using the Stu-
dent’s t-criterion to achieve 95% confidence level.

RESULTS

Immunogenicity of the vaccines and effectiveness of
the vaccination schedules used in the experiment was
assessed by the resistance to the challenge with virulent
NDVs, as well as by serological test results.

Table 1 presents summarized results on the resistance
of vaccinated chicks to the challenge with virulent NDVs.
According to the table the effectiveness of single-dose
vaccination in the groups varied from 40 to 100% and was
73% on average. The greatest effectiveness of single-dose
vaccination was demonstrated for the Kaliningrad strain
(10 out of 10 chicks survived), and the lowest - for the
Krasnodar strain (4 out of 10 chicks survived).

Also, from the data shown in Table 1, it follows that
vaccination effectiveness varied from 73 to 100%, depen-
ding on the schedule used. The lowest effectiveness was
observed after a single dose of the live vaccine and the
highest — after the administration of two doses of the live
vaccine and an additional dose of the inactivated vaccine.

At the same time, in all the unvaccinated control groups,
in three-stage testing, 100% lethality in chicks was ob-
served on day 3-7 post-challenge.

Figure 2 presents lethality rate in chicks in group 1 LV
after their challenge with genotype VI NDVs. According to
the diagram, as well as based on the regression equation
and the determination coefficient R = 0.84 or 84%, a high
degree of correlation between lethality and the infective
dose was established.

Figure 3 shows the correlation between the distribu-
tion of NDV antibody titers in experimental groups and
the vaccination schedule used. The diagram demonstrates
that the vaccination schedule 2 LV+1 IV resulted in high
antibody titers, with the mean titer value of 11.9 log,. Fol-
lowing other schedules, when the chicks had received one
or two live vaccine doses, the mean antibody titer values
were 5.2 and 4.8 log,, respectively.

Table 2 presents results of serological tests to deter-
mine anti-NDV antibody titres in poultry sera by HI test
after following different vaccination schedules, as well as
after the challenge test.

The data in Table 2 demonstrates that the antibody ti-
ters after single (5.2 £ 0.3 log,) and double (4.8 + 0.2 log,)
vaccination were almost the same, since there was no
statistical difference (P > 0.05). Vaccination of chicks
with the inactivated vaccine resulted in a significant
(statistically significant) increase in antibody titers
(P <0.001).

After the challenge, the antibody titers in group 1 LV
and 2 LV increased significantly and exceeded the initial
values by 48 and 119 times, respectively; as for the group
2 LV+1 IV the antibody titers were comparable to those
before the challenge - 11.9 log,.

DISCUSSION OF THE RESULTS

Single-dose vaccination with the live vaccine produced
by the FGBI“ARRIAH" resulted in high titers of humoral an-
tibodies, which were comparable to those developed after
two-dose vaccination. However, the effectiveness of sin-
gle-dose vaccination was the lowest (73%), whereas after
the administration of two doses of live vaccine and an ad-
ditional dose of the inactivated vaccine, the effectiveness
against virulent genotype VIl NDVs was the greatest and
amounted to 100%.

It should be noted that genotype VIl NDVs’ pathoge-
nicity depended on the infective dose, and this could be
observed in chicks vaccinated with a single dose of the
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live vaccine. Further in the studies, when characterizing

the effectiveness of the 2 LV and 2 LV+1 IV vaccination

schedules, this correlation was mitigated. It should also be

noted that it is almost impossible to find such virus con-
centration (about 5.9 Ig EID, or ~1,000,000 viral particles)

in the wild, so it is most likely that single-dose vaccination

with live La Sota vaccine will protect poultry from the in-
fection with virulent genotype VII NDVs.

Apparently, two-dose immunization with live vaccine
and the additional administration of the inactivated vac-
cine results in higher immunity levels and specific immu-
nity, characterized mainly by “late” immunoglobulin G,
which is more effective against virulent NDVs. However,
immunization of poultry with live vaccines did not com-
pletely prevent the virulent virus replication, as evidenced
by the 50-100 times increase in humoral antibody titers
7-8 days post-challenge.

The so-called “complete” vaccination schedule, using
live and inactivated vaccines, resulted in high humoral
antibody titers, prevented the virulent virus replication,
and provided 100% protection against the infection.

CONCLUSION

It was found that vaccines are effective for the pre-
vention of Newcastle disease, caused by virulent geno-
type VIl viruses, when used following a specific vacci-
nation schedule. Thus, a two-dose vaccination schedule
using live vaccines, prevented poultry death and clinical
manifestation of the disease, but did not prevent virus
replication. While the vaccination schedule using live
and inactivated vaccines prevented death, the deve-
lopment of clinical disease signs and replication of the
virulent virus.

Therefore, vaccines against ND produced by the
FGBI “ARRIAH" are highly immunogenic and effective in
the prevention of disease caused by genotype VIl NDVs.

The data obtained indicate that the currently circula-
ting NDV is significantly more virulent than those isolated
in previous years, and it is able to bypass the post-vac-
cination immunity induced by live vaccines. Therefore,
the use of adequate domestically produced live and in-
activated vaccines, primarily those containing the La Sota
strain, with the following control of the immunity level and
booster vaccination, if required, is the main tool for the
disease control.

Table 2
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Fig. 2. Relationship between the infectious dose and the mortality rate
in single-dose vaccinated chickens
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Fig. 3. Distribution of antibodly titers by groups, according
to the vaccination schedules used.

The red markers indicate the average values

of the corresponding set of variate values

Puc. 3. PacnpedeneHue mumpog8 aHmumes no 2pynnam,
coomeemcmeeHHO NPUMEHEHHbIM CXeMaM 8aKUUHAYUU.
KpacHeimu mapkepamu 8bidesnieHbl CpedHUe 3HaYeHUs
coomeemcmayouwux 8apuayUOHHbIX pA00s

Serological response in chickens to vaccination following different ND vaccination schedules

Tabnuua 2

CeponoruuecKMﬁ OTBET LbIMAAT Ha UMMYHU3ALMI0 C UCNOJIb30BAHNEM PA3/IMYHbIX (XeM BaKLiUHaLUuu NpoTuBe Hb

Antibody titer (log,) at different sample collection time points

Vaccination schedule

1 52+03 10.8+03
2V 3.2+0.6 48+0.2 1M.7+0.1
2WV+1IV 11.9+0.1 11.9+0.1

b/v — days before vaccination (aHeii 1o BakuuHawm), p/v — days post-vaccination (gHeil nocne BakumHawmm),

p/ch — days post-challenge (aHeii nocne KOHTPONLHOTO 3apaXeHua).
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SUMMARY

The paper presents the results of the cestodiasis epidemic situation in domestic reindeer in the farms of the Murmansk Oblast. The studies were performed in
2018-2019 during the routine slaughter of reindeer at slaughter houses APC*Tundra” and APCHFE SEN “Olenevod” located in settlements Lovozero, Krasnoschelye,
and Sosnovka. Totally 4,048 carcasses of domestic reindeer were tested, 2,812 out of them —in Lovozero, 396 — in Sosnovka, and 840 —in Krasnoschelye. During the
meat inspection the parenchymal organs were examined for cestode cysts. When detected they were sampled and gross specimens were prepared using standard
parasitological methods. 56 samples of internal organs of deer suspected in tapeworm infestation were collected from the inspected carcasses, in 25 of them
tapeworms were detected and in the rest of the samples parasites were not detected. The tapeworm species were determined at the Department of Veterinary
Biosiences, Faculty of Veterinary Medicine, University of Helsinki. The test performed revealed echinococcosis (Echinococcus canadensis) and cysticercosis (Taenia
hydatigena). Most lesions were detected in liver where the agent’s larvae cysts are observed. It was established that the level of domestic reindeer infestation with
the agents of cysticercosis in APC"Tundra” was 0.5%, echinococcosis — 0.04%, in APC HFE SEN “Olenevod” cysticercosis was diagnosed in 0.81% cases, echinococ-
cosis was not detected. On the whole 0.62% of reindeer on reindeer farms were infested with cestodes. Measures taken for prevention of helminth infestation in
domestic and farm animals bear good results.

Keywords: Epidemic situation, cestodiasis, helminth infestation, reindeer, Taenia hydatigena, Echinococcus canadensis.
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PE3IOME

B cTatbe npe/cTaBneHbl pesynbTaTbl aHan3a 3MU300TUYECKON CUTYaLMI N0 LieCT0/303aM OMALLHINX CEBEPHbIX ONleHeid B X03AiicTBax MypmaHckoil obnactu. Miccne-
[10BaHuA nposoauny B nepuoz ¢ 2018 no 2019 1. Bo Bpems nnaHoBoro y60s ceBepHbix oneHeii Ha y6oiiHbix nyHkTax CXIMK «Tynapa» u CXMK ONX MHC «OneHeBog»,
pacnonoxeHHbix B nocenenuax lloposepo, KpacHowwenbe, CocHoBka. Beero 6bino obcnefosano 4048 Ty JomaliHiX CeBepHbIX oneHeid, u3 Hux 2812 — B Jloo3epo,
396 — B CocHoke, 840 — B KpacHoLuenbe. [p1 BeTepuHapHO-CaHUTApHOIA JKCNepTI3e NPOBOAUAN BHELIHIA 0CMOTP NapeHXMMATO3HbIX OPraHOB Ha NpeamMeT
HaNNYMA Ha HUX LeCTof0BbIX Ny3bipeid. pu nx 06HapykeHn npon3BoAuAYN 0T60p NPob 1 roTOBUAM Makponpenapatbl No 06LIenpUHATLIM B Napa3uToNoriAn
meToauKam. 113 uncna 06cnesoBaHHbIX TyL 6b110 0T06paHO 56 NPob BHYTPEHHIX OpraHoB O/1eHeiA C N0Z03PEHUEM Ha HaNNUIe LECTOZ, B 25 U3 HUX 06HAPY KeHbI
refbMUHTbI, B OCTalbHbIX 06pa3Lax napasuTbl He BbiAeneHbl. BULoByt NpUHaANEXHOCTb FeNbMUHTOB ONpesenany Ha kadeape BeTepuHapHO-6uonornueckinx
HayK GaKynbTeTa BeTepUHapHOI MeANLIMHbI XeNbCUHKCKOTO YHUBEpCUTETa. B pe3ynbTaTe npoBeseHHbIX UCCNe[0BaHMIi U3 reNlbMIHTO3HbIX 3a60n1eBaHuii Gbin
BbIABNEHbI IXMHOKOKKO3 (Echinococcus canadensis) w unctuuepko3 (Taenia hydatigena). NpeumyecTBeHHO Gbina nopaxeHa neveHb, rae B My3bipyatoil dopme
MapasuTUPYIOT IMYNHKN BO30YAUTeNA. YCTaHOBNEHO, UTO MHBA3MPOBAHHOCTb OMALUHIX CeBepHbIX oneHeil Bo3byauTenamu unctuiepkosa B CXMK «Tynapa»
coctasuna 0,5%, 3xuHokokko3a — 0,04%, B CXIK OMX MHC «OneneBog» LmcTuLepko3 auarHoctuposanu B 0,81% cnyyaes, SXUHOKOKKIN He BbiAeneHbl. B uenom
110 0NIeHeBOAYECKIIM X03A1iCTBaM LiecTogamu nopaxeHo 0,62% oneeir. MeponpuaTtia no npefynpex aeHunto pacnpocTpaHeHns reNbMUHTO30B Cpeay AOMALLIHUX
11 CeNbCKOXO3ANCTBEHHbIX XXMBOTHbIX IPOBOAATCA AOCTATOYHO IQPEKTUBHO.

KnioueBble cnioBa: In1300TNYeCKaA CUTyaLms, LECTOA03, FeNbMIHTO3, CeBepHbIil oneHb, Taenia hydatigena, Echinococcus canadensis.

bnaropapHocTb: Boipaxaem rny6okyio 6narogapHocTb cotpyaHukam FOBBY «Mypmatckas obnactHaa ctaHuma no 6opb6e ¢ 6onesHAMM XUBOTHBIX» U ero
pykosoguTento H. A. KocTiok, a Takxe npeacesatento Komuteta no setepunapun MypmaHckoii o6nactu A. E. KacaTkuHy 3a okasaue BcecTopoHHeit nomoLuy
Npy NPOBEAEHNN UCCNIE[O0BAHUI.

[Nina uutuposanus: Movenko P. A., Kaptawwosa A. 1., laBukaitteH A., Mankamaku C. Inu3o0Tnyeckas cutyauna no LiecTo40Boi NHBA3NI SOMALLHUX CeBEPHBIX

oneHeil B oneHeBoAYecKux Xo3aiicTBax MypmaHckoil obnacti. BemepuHapus ce200ua. 2021; 1 (36): 52—58. DOI: 10.29326/2304-196X-2021-1-36-52-58.

KoHdnukt nntepecos: ABTOpbI 3aABAAIOT 00 OTCYTCTBUN KOHGNMKTA HTEPECOB.

[ina koppecnonpenyun: Kaptawosa AHactacus MeTpoBHa, KaHAMAAT CeNbCKOX03AMCTBEHHDIX HayK, BpeMeHHO COMHAKLLMIA 0653aHHOCTIN AUpeKTopa
OIBHY Mypmanckas [CXOC, 184365, Poccua, Mypmanckas 06n., Konbckuii p-, n. Monounblii, yn. CoBxo3Has, 4. 1, e-mail: research-station@yandex.ru.

INTRODUCTION

Necrobacteriosis, oedemagenosis, cephenomyosis
and helminthiasis should be singled out among the most
frequently registered diseases in reindeer herds, which
cause significant economic damage to reindeer husband-
ry. They reduce the animal performance and often cause
their death [1-3].

Helminthiases occupy a special place among the
diseases of domestic reindeer. They reduce weight gain
during feeding of animals, often cause their emaciation,
and also worsen the quality of meat and leather, and fur
products [4]. Deer infected with helminths at 5 months of
age weigh 6.2 kg less [5] than the healthy ones, and adults -
16.4 kg less [6], the difference in meat yield is on average
3.8 and 10.9 kg respectively. Due to helminthiasis during
the autumn slaughter of deer, 0.3-2% of carcasses, 25-40%
of liver, 10-20% of hearts and lungs are discarded, which in
some northern regions amounts to direct economic dam-
age, measured in hundreds of tons. Worm infestations not
only reduce the productivity of deer, but also increase their
susceptibility to other diseases, such as necrobacteriosis,
bronchopneumonia [7, 8]. It is known that 74 species of
helminths can infect reindeer, 35 of which are found only
in this animal and are specific for it [9].

Echinococcosis and cysticercosis are widespread
among helminthic diseases in reindeer husbandry. In this
case, mainly the liver and lungs are affected, where the
pathogen larvae cysts are observed. In the tape stage,
helminths parasitize in the intestines of carnivores (dogs,
wolves, polar foxes) and humans. At this stage, parasites

persist for up to 18 months in the external environment
and enter the deer’s body with food. Effective measures
to combat the worm cysts have not been developed. Af-
fected parenchymal organs and tissues are discarded and
destroyed. Control measures are aimed at de-worming
treatments of dogs and destruction of faeces [10].

Compliance with modern requirements of veterinary
and sanitary rules when working in the livestock industry
has significantly improved the epidemiological situation
in the country. However, there are regions with a high inci-
dence of cysticercosis and echinococcosis in animals.

In Yakutia, the Taenia parenchimatosa infection rate
of reindeer reaches 84.6%, and Echinococcus granulosus —
up to 17.2% [3, 10]. According to the V. A. Bolshakov and
I 1. Grigoriev’s observations [5, 7], in the mountain-taiga
zone of Yakutia cysticercosis infects 23.6-84.6% of young
animals at the age of 6-8 months and 7.3-46.7% of adult
deer, and echinococcosis — up to 7.5% of individual ani-
mals.

In Western Taimyr, the incidence of cysticercosis in rein-
deeris 61.5% [11].

In the Kabardino-Balkarian Republic, the incidence of
echinococcosis in wild ungulates (chamois, deer, roe deer)
was registered at the level of 18.5-50%, and cysticercosis —
7.4-11.8% [12].

In the conditions of the Central Chernozem Region
(Voronezh Reserve) in the 70s-80s of the last century, the
prevalence of echinococcosis in wild ungulates was less
than 1%, but by 2017 it increased to 10% among elks. This
has been associated with an increase in echinococcosis
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infections in stray dogs. The average long-term infection
with cysticercosis (Taenia hydatigena) was 19.9-86.2% in
various ungulates (deer, roe deer, elk) [13, 14].

Thus, in some regions of the country, foci of the patho-
gens of helminthiases of farm animals are maintained. At
the same time, the natural chain of disease transmission
between the definitive (wolf, dog) and intermediate (deer,
elk, roe deer) hosts is preserved.

Timely detection of echinococcosis and cysticercosis in-
fested farm animals and their protection from pathogens
are directly related to human health. So, in 2019, 451 cases
of echinococcosis (0.31 per 100 thousand population) and
65 cases of alveococcosis (0.04 per 100 thousand popu-
lation) infestations were detected in humans in the Rus-
sian Federation. Teniarinhoses (causative agent — Taenia
saginata) and teniasis (causative agent — Taenia solium)
account for up to 0.31% of all cases of helminthiasis in
humans [15].

Analysis of the long-term incidence of echinococco-
sis in the constituent entities of the Russian Federation
showed that the incidence of this helminthiasis exceeds
the national average in Yamalo-Nenets (7.3 times), Chu-
kotka (4.8 times), Khanty-Mansiysk (1.6 times) autono-
mous okrugs, Stavropol (1.8 times), Perm (1.1 times), Al-
tai (1.6 times) territories, Kabardino-Balkarian (2.0 times),
Karachay-Cherkess Republics (9.7 times), Republics of
Bashkortostan (3.6 times), Altai (3.5 times), Sakha (Yakutia)
(2.8 times), Kalmykia (2.5 times), Dagestan (1.8 times), Oren-
burg (6.9 times), Saratov (4.5 times), Astrakhan (4.1 times),
Kurgan (2.4 times), and Kirov (1.1 times) Oblasts [16].

The main reasons for the disease spread remain viola-
tions of the rules for farm animal slaughter, the ineffective-
ness of de-worming treatment of dogs and disinfection of
natural environments. The main victims are workers who
are in direct contact with farm animals, dogs, hunters,
workers at slaughterhouses. In addition, there are still risks
of the population infestation posed by eating raw meat
dishes or contacting with the faeces of an animal infected
with helminths through untreated berries, leaves, etc. For
example, in February 2019, an outbreak of alveococcosis
was observed in the Ulyanovsk region among students of
the Suvorov school (26 affected people).

The purpose of this research is to study the distribution
and extent of cestodiasis affecting domestic reindeer on
reindeer herding farms in the Murmansk Oblast, as well as
to determine the extent of echinococcosis affecting defi-
nitive hosts (domestic and wild carnivores).

MATERIALS AND METHODS

Scientific research was carried out in the reindeer
breeding laboratory of the Murmansk State Agricultural
Research Station together with the University of Helsinki
and the Evira Food Safety Agency (Finland). We studied
the morphological and genetic diversity of cestodes in the
reindeer meat and internal organs on reindeer farms in the
Murmansk Oblast.

The tests were performed in 2018-2019 during the rou-
tine slaughter of reindeer at slaughter houses located in
the settlements Lovozero, Krasnoschelye, Sosnovka. A to-
tal of 4,048 carcasses of domesticated reindeer were exa-
mined: Lovozero - 2,812, Sosnovka - 396, Krasnoschelye -
840. During the meat inspection, the parenchymal organs
were examined for cestode cysts, upon detection of which
the samples were collected, and gross preparations were
prepared from them according to the methods generally

accepted in parasitology. The helminth species were de-
termined at the Department of Veterinary and Bioscien-
ces, Faculty of Veterinary Medicine, University of Helsinki
(Finland).

Sampling of stray and reindeer herding dog faeces
was carried out during the routine slaughter of reindeer
on the territory of the slaughterhouses of the APC“Tundra”
and the APC HRE SEN “Olenevod’, and the samples were
also collected from pastures and at campsites. A total of
83 samples of dog faeces were collected. One wolverine
was subjected to a complete helminthological dissection
of some organs according to the Academician K. I. Skrya-
bin’s method (1928).

The collected faeces samples were placed in a plastic
container and during the working day were delivered
to the Murmansk Regional Veterinary Laboratory for
microscopic examinations using Fyulleborn and Kotel-
nikov — Khrenov methods.

RESULTS AND DISCUSSION

During the meat inspection, the parenchymal organs
were examined and cestode cysts were sampled. Totally
56 cyst samples were collected, 99% of which were found
in the liver tissue. Only one sample was collected in the
lung. The results are shown in Table 1.

In APC HRE SEN “Olenevod” at the slaughter house in
s. Krasnoschelye 25 cyst samples were collected. In ten
samples, Taenia hydatigena scolexes were detected, indic-
ative of cysticercosis. At the slaughter house in s. Sosnovka
11 cyst samples were collected. No cestodes were detected.

In the APC “Tundra”: at the slaughter facility in s. Lovo-
zero in herds No. 1, No. 2, and No. 8 twenty cyst samples
were collected. Echinococcus canadensis, causing echino-
coccosis, was detected in one sample, and Taenia hydatige-
na scolexes, which cause cysticercosis, in fourteen samples.

When assessing the research results presented
in Table 1, it can be noted that Taenia hydatigena mainly
affected the liver, and pulmonary echinococcosis was di-
agnosed only in one case.

Up to 50% of the samples collected were not helminth
cysts. These were liver tissues with fibrosis, scarring and
cystic lesions. Most likely, such tissue lesions indicate earlier
liver damage caused by different helminth species as well.

Besides, microscopic Setaria tundra larvae were found
on the surface of a number of cysts. It can be assumed
that damages on the surface of the deer’s liver, in the
form of various types of lesions and scaring, are caused
by the migration of Setaria tundra larvae from the liver
blood flow into the abdominal cavity. In addition, when
examining carcasses and collecting samples from internal
organs, mesentery, body cavities of some killed deer, adult
helminths at pubertal stage were found (Fig.). These ne-
matodes are transmitted by blood-sucking insects — mos-
quitoes. Considering that the summer of 2018 was very
hot for the Murmansk Oblast (in July, on some days, the
daytime temperature reached 29-31 °C), the spread of this
helminth among reindeer may have accelerated.

As a result of examination of domestic reindeer on rein-
deer farms in the Murmansk oblast, such helminthic disea-
ses as echinococcosis and cysticercosis were detected. It
was determined that only the liver was affected, where the
larvae cysts parasitize. In the APC“Tundra” echinococcosis
was detected in 0.04% of reindeer, cysticercosis —in 0.5%. In
the APC HRE SEN“Olenevod” cysticercosis infested 0.81% of
reindeer, and echinococcosis was not detected. In general,

VETERINARY SCIENCE TODAY, MARCH Ne1 (36) 2021 | BETEPUHAPUA CETO[HA, MAPT Ne1 (36) 2021



ORIGINAL ARTICLES | EPIZOOTOLOGY OPUTVHANBHBIE CTATBY | 3MA300TONOTNA

Table 1
Results of assessing the epidemic situation of cestodiasis in domestic reindeer on reindeer farms
in the Murmansk Oblast

Tabnuua 1
Pe3ynbTaThbl OLEHKM INNU300TUYECKOI CUTYaL|UK NO LLeCTOA0BOI MHBA3UK AOMALLIHUX CeBEPHbIX ONleHei
B ONeHeBoAYeckMX Xxo3ancTBax Mypmanckoi o6nactu

Date of testing Sex and age group Infested organ Number of samples | Cystdiameter,mm | Helminth presence | Helminth species

S. Krasnoschelye

2 14-20 Yes Taenia hydatigena
18.02.2019 adult liver 1 30 Yes Setaria tundra
(2-4y.0)
2 5 No -
22.02.2019 adult liver 4 5-10 No -
o (2-4y.0)
adult 1 5 Yes Taenia hydatigena
23.02.2019 liver
(2-4y.0) 4 5-8 No -
04.03.2019 alves liver 3 12-22 Yes Taenia hydatigena
(males)
4 13-30 Yes Taenia hydatigena
26.03.2019 adult liver 2 7-15 Yes Setaria tundra
(2-4y.0)
2 5-15 No -
s. Sosnovka
13.01.2019 calves liver 2 3 No -
14.01.2019 calves liver 4 4-10 No -
16.01.2019 calves liver 3 4-N No -
17.01.2019 calves liver 2 3-4 No -
s. Lovozero
19.12.2018 calves lung 1 2% Yes Echinococcus
canadensis
27.12.2018 calves liver 1 15 No -
1 30 Yes Taenia hydatigena
09.01.2019 calves liver
2 4 No -
2 15-20 Yes Taenia hydatigena
10.01.2019 calves liver
1 3 No -
1 12 Yes Taenia hydatigena
14.01.2019 calves liver
1 13 No -
22.01.2019 calves liver 2 13-15 Yes Taenia hydatigena
23.01.2019 calves liver 1 10 Yes Taenia hydatigena
12.02.2019 calves liver 2 10-12 Yes Taenia hydatigena
14.02.2019 calves liver 5 10-22 Yes Taenia hydatigena
25 animals were infested with cestodes on reindeer herding According to the information of the Rospotrebnadzor

farms, which amounted to 0.62% of the tested domestic ~ Administration for the Murmansk Oblast, only three cases
reindeer, of which echinococcosis was diagnosed in 0.02%  of echinococcosis in humans were registered in the region
of cases, and cysticercosis — in 0.59% (Table 2). from 2010 to 2017. At the same time, the last time this
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disease was observed twice in 2015. No cases of cysticer-
cosis were reported in humans.

A similar situation with echinococcosis is observed in
Finland. Every year, when examining the meat of wild rein-
deer, the country’s Veterinary Service (Evira) detects isola-
ted cases of echinococcus infestation. In 2015, one case of
a child infested with echinococcosis was reported [17, 18].

According to the results of the microscopic examina-
tion of the faeces from carnivores of the APC“Tundra” Echi-
nococcus (Echinococcus granulosus) eggs were not found.
Nematode eggs were found in dogs of various types of
keeping. The extensiveness of invasion in dogs was 28%,
in case of helminthological dissection of a wolverine -
100% (Table 3).

As a result of microscopic examination no Echinococcus
(Echinococcus granulosus) eggs were found in carnivores in
the APC HRE SEN “Olenevod”. Nematode eggs were found
in dogs of various types of keeping. The extensiveness of
infestation was 49% (Table 4).

Table 2

CONCLUSION

According to the results of testing of internal organs
(liver and lungs) from 4,048 domestic reindeer for cestode
cysts, the extensiveness of echinococcal and cysticercosis
infestation was determined. On deer farms of the Mur-
mansk Oblast cysticercosis was mainly detected in the
liver of domestic reindeer. Extensiveness of echinococcal
invasion was 0.02% in the entire tested deer population,
cysticercosis — 0.59%. It is generally known that the degree
of infestation of deer with echinococcus larvae primari-
ly depends on the quality and frequency of de-worming
treatment of reindeer herding dogs. Examination of dogs
in direct contact with reindeer and slaughter products
showed the presence of nematodes. No cases of cestodo-
sis were observed in the examined animals.

Currently, no effective measures have been deve-
loped in reindeer husbandry to combat the helminth
cysts. Therefore, the main preventive measures should
be aimed at de-worming treatment of dogs with the sub-
sequent destruction of faeces, as well as condemnation
and destruction of the affected parenchymal organs and
tissues of deer during slaughter. Considering that, in ge-
neral, the situation in the oblast in terms of the incidence
of cestodosis among people, including those directly em-
ployed in the field of reindeer husbandry, is quite favor-
able compared to other regions of the Russian Federation,
for example, the Yamalo-Nenets Autonomous Okrug [19],
it can be stated that measures to prevent the spread of
helminthiasis among domestic and farm animals are per-
formed quite effectively. Our closest neighbors in the Arc-
tic region also have a great influence on the helminthiasis
situation.
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Table 3
Indicators of the extensiveness of helminth-associated invasions in deer-herding,
hunting and stray dogs in APC“Tundra’, Lovozersky Raion, Murmansk Oblast

Ta6nuua 3

MokasaTenu 3KCTeHCUBHOCTY MHBA3WIA, BbI3bIBaeMbIX refibMUHTaMK,
Y O/IeHEeroHHbIX, 0XOTHUYbUX U 6poaaunx cobak B CXMK «Tynppa»
JloBo3epckoro paiioHa MypmaHckoi o6nactu

Number of detected Extensiveness

Number helminth finfestation. 0

(arnivore species | of tested el e ofinfestation, %

faeces cestodes | nematodes | cestodes nematodes

Deer-herding dogs 19 - 3 - 15.8
Hunting dogs N - 2 - 18.2
Stray dogs 6 - 5 - 83.3
Wolverine 1 - 1 - 100.0
Total 37 - 1" - 29.7

Table 4

Indicators of the extensiveness of helminth-associated invasions in deer-herding,
hunting and stray dogs in APC HRE SEN “Olenevod”, Lovozersky Raion, Murmansk
Oblast

Tabnuua 4
MoKka3aTenu 3KCTEHCMBHOCTY MHBA3MIA, BbI3bIBaeMbIX re/ibMUHTaMM, Y ONIeHETOHHBIX,
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SUMMARY

The paper demonstrates morphometric and densitometric parameters of microbial biofilms recovered from lambs with digestive disorders. Changes of quantitative
and species composition of the intestinal microbiocenoses in the lambs with digestive disorders were compared with the ones of the clinically healthy lambs.
Light microscopy results demonstrated formation of three-dimensional biofilm structure in the form of dense grid consisting of gram-negative and gram-positive
bacteria, yeast cells, hyphas and pseudohyphas surrounded with intracellular polymer matrix. Presence of blastospores aided to the increased number of cells
attached to the substrate, and biofilm was formed, which consisted of rod and round cells attached to the microfungi cells. In the process of dispersion that occurred
during the destruction of the intercellular matrix and bacterial and yeast cell detachment, branched structures separated from the microcolonies and colonized
microorganism-free regions of the substrate. The intensity of biofilm formation by the microorganisms under study was evaluated by optic density measurement in
48 hours of cultivation. Fluorescence microscopy results demonstrated that the dynamics of changes of the viable microbial structures was specified by intermittent
periods of increased or decreased biofilm formation intensity. Cells characterized by active growth and replication and forming alternating subpopulations were
detected in the examined microbial cultures. When determining the viability of the microorganisms in the biofilms, the viable (green fluorescence) and non-viable
(red fluorescence) cells were differentiated.
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PE3IOME

MpuBeneHbl pe3ynbTaTbl MOPGOMETPUUECKUX 1 IEHCUTOMETPUUECKUX NOKa3aTeneil 6UONNeHOK MUKPOOPraHU3MOB, BblfENEHHbIX MU 60NE3HsAX OpraHoB ni-
LLIeBAPEHNA ATHAT. YCTaHOBNEHbI U3MEHEHNS KOSIMYECTBEHHOTO 11 BIAOBOTO COCTaBa MUKPOOMOLIEH030B KULLEYHNKA NPK 60NIE3HAX OpraHoB NNLLEBAPEHUA N0
CPaBHEHMHO C KNMHINYECKY 310POBbIMU ATHATaMU. [Tp1 NPOBeAeHINM UCCEA0BAHII METOAAMM ONTUYECKO/ MUKPOCKONMY BbIABUIN GOPMIPOBAHIE TPEXMEPHOIA
CTPYKTYPbI 61ONNEHOK B BIAE NNOTHOIA CETU, COCTOALLN U3 FPAMOTPULLATENbHBIX U TPAMMONOXKUTENbHBIX 6AKTEPHA, POXKEBBIX KNETOK, TUdaNbHbIX 1 NCeBL0-
rNdanbHbIX GOPM, OKPYXKEHHBIX MEXKKNETOUHBIM NOAUMEPHBIM MATpUKCOM. Hannuue 6nactocnop 06ycnioBnMBano yBenuyeHne KoanyecTsa aare3npoBaHHbIX
K cy6CTpaTy KneTok, npoucxoauno ¢opmupoBaHue 61onornyeckoil NeHKM, CoCToALLei U3 NanoyKoBUAHBIX 1 OKPYIMIbIX KNETOK, yAepKUBAKLLNXCA HA KNeT-
Kax MUKPOCKONMYecKuX rpu6oB. B npouecce Ancnepcun npu paspyLLeHr MeXKIIETOUHOT0 MaTPUKCa U OTAENeHUN HaKTepUaNbHBIX 1 APOMCKEBBIX KNETOK OT
MUKPOKOJOHUIt 06006NANNCh pa3BETBNEHHbIE CTPYKTYPbI 1 KONOHU3MPOBANH (BOOOAHbIE OT MIUKPOOPraHU3MOB yUacTKU cy6cTparta. OLeHKY MHTEHCMBHOCTH
$opmupoBaHuA 61ONNEHOK U3yyaeMbIMIN MIUKDOOPraHU3MaMu NPOBOAMIY, U3MepPAA ONTUYECKYH0 NNOTHOCT Yepe3 48 U KynbTUBUPOBaHMA. Pe3ynbTaTbl fito-
MUHECLEHTHbIX MIKPOCKOMIMYECKIX NCCTIe0BAHNIA OKA3aNK, YTO ANHAMIKA U3MEHEHNI XKI3HECTOCOOHBIX CTPYKTYP MIKPOOPraHM3MOB XapaKTepu3oBasnach
yepesyLMMICA NepUoAAMIA CHIKEHINA 11 YBENNYEHNA MHTEHCUBHOCTI GOPMUPOBAHMA GronAeHKN. B ccnesyembix KynbTypax MUKpOOPraHi3MoB BbIABAAIN
KNETKM, XapaKTepu3yloLLmnecs cnocobHOCTbH0 K aKTMBHOMY POCTY U pa3MHOKeHMH, 06pasytoLuye CMeHatoLmMe Apyr Apyra cybnonynawuum. lpu feTekunm xu3He-
CNOCOBHOCT MUKPOOPraHU3MOB B COCTaBE OMONNEHOK AUDOEPEHLIMPOBANI XKIU3HECTOCOOHBIE (3e1eHblii CNEKTP NIOMUHECLIEHLIAM) N HEXIU3HECTOCOOHbIE KNETKM
(KpacHblil CneKTp NIoMIHECLeHLMI).

KntoueBbie coBa: Aaresus, 6I/IOI1}'IEHKI/I, 6aKTepvw|, Auncnepcna, MUKpockonuyeckne Fp!/lﬁbl, KOJIOHU3aLMOHHAA PE3NCTEHTHOCTD, MEXKNETOYHbIN MaTpUKC,
JIIOMUHeCLeHLmnA.

bnaropapHocTb: ABTOpbI 6narogapat MockoBCKuil rocyAapcTBeHHbI yHUBepcuTeT nuweBblx npou3soAcTs (MIYMM) n Poccuitckiii ynusepcuTeT Apyx6bl Ha-
popoB (PYIH) 3a npesocTaBneHHble BO3MOXHOCTI A MPOBEAEHNA UCCTIE[O0BATENbCKOIA PabOTHI.
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INTRODUCTION

The complex of the processes involving microbial cir-
culation and reservation in the soil and water biocenoses
is the ecological pillar of enzootic disease emergence as
well as formation of the infectious disease agents’foci and
their spread to the new territories and water areas [1-2].

Gastrointestinal and respiratory diseases amount up
to 95.0% within the structure of the neonatal pathology,
and Salmonella spp. n Pasteurella spp. are their etiological
agents [3]. In case of pathologies clinically manifested with
diarrhea, dehydration, toxaemia, specifically in case of coli-
bacillosis, the lamb morbidity reaches 12.3-95.2% and le-
thality — 60.0-90.0% [4, 5]. In colostrum- and milk-suckling
lambs decrease of bifid- and lactobacteria concentration
and increase of the toxicogenic enterobacteria, entero-
cocci and Candida microfungi were reported [6-11]. Small
intestine colonization with pathogenic microorganisms,
primarily with gram-negative enterobacteria, is associated
with morphofunctional properties of the digestive organs
of the animals in early postnatal life [12-14].

Incidence of drug resistance of the microorganisms,
isolated from pathological material and contents of the
purulent lesions from animal skin and muscles is repor-
ted [15-18].

Contamination with the microorganisms demonstra-
ting high enzymatic activity, inter alia, at low temperatures,
can occur at all stages of the food raw material handling
and storage thus making the problem socially signifi-
cant [12, 19, 20].

Pathogenesis of small bowel bacterial overgrowth syn-
drome following microorganism translocation and occur-
rence of microbial virulence factors is assured through the
attachment properties, which are among the key factors of
the biofilm architectonics formation specified by the op-
tic density growth thus determining the length and retro-
spective properties of the diagnostic tests [21-23]. Biofilms
of multiresistant strains of Candida parapsilosis demon-
strated dissociation processes; densitometric values of the
concentric phenotype 1.75 times increased optic density
values of “crater” phenotype; optic density parameters of
the smooth colonies were 20.0-60.0% lower as compared
to other phenotypes [24]. The populations affected by the
adverse factors were heterogenic, and they were not ge-
netically different from the original population; they also
preserved their genetic diversity necessary for coloniza-
tion of the “cleansed” niche or new habitat [21, 23, 25, 27].

High performance of instrumental analytical methods
was demonstrated for the in vitro and in vivo detection of
viable microorganisms in the heterogenic population, as
they allow for the detection of the polysaccharidic inter-
cellular matrix and metabolically active cells through the
interaction between the stains and cell wall polysaccha-
rides [28-30].

Phase-contrast microscopy aids to the detection of ag-
gregated motile cells, processes of the cell aggregation,
evaluation of the degree of the biofilm biomass gain at
different stages of their formation depending on the cul-
tivation medium composition and oxygen content [31].
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Electron microscopy of the biofilms of gram-negative,
gram-positive bacteria and microfungi enables recovery
of the mechanisms of the intercellular communication,
sorption and aggregation of heterogenic biofilms as well
as cyclic growth mode and phenotypic flexibility that
precondition the persistence of nonculturable organisms
in the bacteria carriers during the interepidemic peri-
ods [12, 21, 23, 32].

In order to reveal the mechanisms of the pathogen
adaptation to parasitizing in the susceptible species, op-
timization of microbiological study design, development
of anti-epidemic measures aimed at the animal disease
prevention, approbation and selection of the microbial
biofilm study tools and methods are of the highest priority
thus defining the relevance of this research.

The research was aimed at the examination of morpho-
metric and densitometric properties of microbial biofilms
in case of gastrointestinal disorders in lambs.

MATERIALS AND METHODS

Strains. Isolates recovered from the gut contents of
Agin breed-lambs at the age from 1 to 30 days old. Before
testing, the animals were by analogy subdivided into two
groups: Group | - lambs with digestive disorders (experi-
mental, n = 5); Group Il - clinically healthy lambs (control,
n=>5).

Nutrient media: brain heart infusion broth, Chromocult®
Coliform Agar, Cetrimide Agar, Yolk Salt Agar, HiCrome
Candida Agar, Oxytetracycline Glucose Yeast Extract Agar,
(HiMedia, India).

Test-kits: ENTERO-Rapid, NEFERM test 24 (Erba-Lache-
ma, Czech Republic), API Staph (bioMérieux, France), Hi-
Candida FGP Armavir Biofactory (Russia), RUP Institute of
Experimental Veterinary Medicine named after S. N. Vyshe-
lessky (Belarus).

Indication and identification of microorganisms. Mor-
phological, cultural and biochemical properties of the
microorganisms were examined using routine methods
according to the Bergey’s Manual of Systematic Bacterio-
logy (1984-1989) and Guide to clinically significant fun-
gi [33, 34]. The microorganisms were cultivated at 37 °C
for 24 hours using liquid and solid nutrient media. Esche-
richia were serologically differentiated using diagnostic
sera, and adhesive antigens K88, K99, 987P, F41, A20 were
identified according to the“Guide on Use of Agglutinating
O-coli sera” (Moscow, 1998).

Biofilm densitometric parameters. Microbial biofilms
were indicated by the degree of crystal violet binding (Hi-
Media, India) at 490 nm wavelength. The tested samples
were added to the wells of 96-well plate (OAO “Medpoly-
mer Company”, Russia), cultivated in the constant aerobic
environment at 37 °C for 48 hours. The liquid was dis-
carded and the wells were washed with 200 pl of phos-
phate-buffered solution (PBS) for three times (pH 7.3). The
plates were shaken for 5 min at each stage of washing.The
samples were fixed with 150 pl of 96% ethanol for 15 min
and dried out at 37 °C for 20 min. The microbial biofilms
were stained by adding 0.5% stain solution in each well
and subsequent cultivation at 37 °C for 5 min.The contents
of the wells were discarded; the plates were washed with
200 pl of PBS three times (pH 7.3) and dried out. The bound
stain was eluted from the attached cells with 200 pl of 96%
ethanol for 30 min [35, 36].

Biofilm morphometric parameters. Before the light mic-
roscopy, the microorganisms were cultivated at 37 °C for

18-48 hours. The microorganisms were cultivated on the
slides placed in the Petri dishes containing 20 ml of pepted
meat broth (PMB) and 5 ml of 18-hour culture suspension
at 10°CFU/ml [21]. Using Gram stain kit (BioVitrum, Rus-
sia), the preparations were fixed with ethanol and ether
mixture (1:1) for 10 min, stained with 0.5% methylene
blue solution and 1:2000 gentian violet water solution.
18.0 x 18.0 mm slides (Corning Inc., USA) were used for
fluorescence microscopy. Before inoculation, the slides
were rinsed with 70% ethanol / 30% deionized water and
dried at 70 °C for 30 min. The slides were then placed in
the wells of 12-well plates (OAO “Medpolymer”, Russia),
and microbial suspension (OD, , = 0.08) was pipetted at
5.0 ml/well and cultivated at 37 °C for 18-48 hours. The
wells were washed with PBS (pH 7.2) twice and dried out.
Hereafter, 15 ul of Live/Dead stain was added onto the
slides at concentration of 1 mg/ml; the slides were covered
with cover slip and stained for 10 min at 25 °C in the dark
place [37]. The microscopy was carried out at representa-
tive sample with significant frequency = 90.0% of Biomed
MS-1 light microscope FOV (OO0 “Biomed”, Russia); fluo-
rescence microscope Leica DMRB (Germany), equipped
with 100x oil immersion objective with 510 nm dichroic
filter and 515 nm long-wave pass filter.

The experimental results were statistically processed
using Student’s t-test and were deemed true at p < 0.05.

RESULTS AND DISCUSSION

Indication and identification of microorganisms. Lambs
with gastrointestinal disorders demonstrated increased
levels of bacteria and yeast-like fungi, which formed co-
lonies on differential and diagnostic media: Chromocult®
Coliform Agar, Cetrimide Agar, Yolk Salt Agar, HiCrome
Candida Agar (Table 1).

By contrast to the clinically healthy animals (control),
increased numbers of microorganisms isolated from lambs
with gastrointestinal disorders (experimental) were ob-
served on the above-mentioned media as compared with.

Due to sodium dodecyl sulfate present in Chromocult®
Coliform Agar medium, growth of gram-positive bacteria
was inhibited and growth of gram-positive bacteria in-
creased: experimental - 7.15 £ 0.12 - 9.33 + 0.26; control -
3.13+£0.12-7.13 £ 0.10; colonization index (Cl) — 0.831%.

During the differentiation of the microorganisms, we
bore in mind that in the above mentioned differentiation
and diagnostic medium the Escherichia formed the colo-
nies of violet color due to the presence of 3-galactosidase
and B-glucuronidase enzymes, which simultaneously de-
graded two chromogenic substrates. Proteobacteria and
Enterobacteriaceae lack these enzymes and they formed
colorless colonies on the medium. Klebsiella formed dark-
pink colonies due to degradation of chromogenic sub-
strate by $-galactosidase (Fig. 1a).

Presence of tryptophan in the media allowed testing
indole formation by adding Kovack’s reagent to the violet
colonies. If the colonies changed their color to pink-red
within 3-5 sec, the test deemed positive and Escherichia
could be differentiated from the taxonomically similar En-
terobacteriaceae spp. within 24 hours.

Enterobacteriaceae were catalase-positive, oxidase-
negative and they fermented D-glucose and polyatomic
alcohols forming acid and gas. Escherichia formed indole,
utilized sodium acetate; they did not form hydrogen sul-
fide or utilize citrate and sodium malonate; they did not
produce urease, phenylalanyldeaminase but fermented
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Table 1

Quantitative composition of microorganisms in case of digestive disorders

Tabnuua 1

KonnuecrBeHHbIi cocTaB MUKPOOPraHU3moB npu 6onesHax OpraHoB nuileBapeHua

Amount of microorganisms (CFU, lg/g)

Colonization index*, %

Control Experiment
Chromocult” Coliform Agar (n = 20) 3.13£0.12-7.13£0.10 7.15+£0.12-9.33£0.26 0.831
Cetrimide Agar (n = 6) 1.01+£0.12-2.01£0.10 2.84+0.11-3.03£0.16 0.356
Yolk Salt Agar (n = 6) 0.21£0.11-0.82£0.10 0.83 £0.07-1.36 £ 0.09 0.253
HiCrome Candida Agar (n = 6) 1.74£0.13-2.18 £0.03 4.14£0.12-5.01+0.08 0.420

* Proportion of microorganisms (CFU, Ig/g) in 1.0 g of the tested sample collected from clinically healthy animals (control) and microorganisms (CFU, lg/g)
in 1 g of the tested sample collected from the animals with digestive disorders (experimental).

* OTHowweHue KonuyecTBa MukpoopraHuamos (KOE, Ig/r) 8 1,0 r nccneayemoro matepuana KNMHNYECKM 30POBbIX XKUBOTHBIX (KOHTPOMb)
1 Konuyectsa mukpooprausmos (KOE, Ig/r) 8 1,0 r uccnegyemoro matepuana npu 60ne3HAX 0praHoB nuLeBapeHua (onbiT).

sucrose and dulcite. Klebsiella utilized glucose, sodium cit-
rate and produced acetylmethylcarbinol; they fermented
inose and hydrolyzed urea, but did not form indole and
hydrogen sulfide. Proteobacteria formed hydrogen sulfide
and urease; they reduced nitrates, hydrolyzed gelatin, fer-
mented glucose and demonstrated positive reaction with
methyl red; they also deamidated phenylalanine, failed to
decarboxylize lysine and differed in their ability to utilize
sodium citrate. Enterobacteriaceae did not form indole and
hydrogen sulfide; they fermented glucose, lactose, rham-
nose, xylose, maltose, sorbite, arabinose, raffinose; they
utilized citrate, sodium malonate; hydrolyzed gelatin and
differed in their ability to utilize inose, dulcite, salicin and
adonitol (Table 2).

During the recording of differentiating features the fol-
lowing bacteria were identified among the twenty isolated
gram-negative pure microbial cultures: 19 Enterobacteria-
ceaeisolates (95.0%), of which 13 (65.0%) were Escherichia
coli, 4 (20.0%) - Klebsiella pneumonia, 2 (10.0%) - Proteus
vulgaris and 1 (5.0%) — Enterobacter cloacae.

Serological tests of 13 (65.0%) identified E. coli iso-
lates demonstrated that three isolates were positive for
polyvalent Group 1 serum (serogroups 02, 078, 033);
four (20.0%) - for Group 2 serum (serogroups 09, 015,
026, 0111), two (10.0%) - for Group 3 serum. Four mic-
robial cultures produced adhesive antigens: 033:F41 -
1(5.0%),0111:A20 -1 (5.0%), 02:A20 - 1 (5.0%), 09:A20 -
1 (5.0%).

Fig. 1. Morphology of microbial colonies in intestinal microbiocinoses of lambs
with digestive disorders (growth at 37 °C, 48 hours ):
a - Chromocult® Coliform Agar, 76 x 10~° CFU; b — HiCrome Candida Agar, 68 x 10~ CFU

Puc. 1. Mopghonoaus KonoHuUl MUKpPOOP2aHU3MO8 MUKPOBUOUEHO308 KUWEYHUKA AZHAM

npu 6ose3HAX opeaHos nuujesapeHus (pocm npu 37°C, 48 u):

a - Chromocult® Coliform Agar, 76 x 10~° KOE; b — HiCrome Candida Agar, 68 x 10~ KOE
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Increased amounts of microorganisms in case of
digestive disorders were also observed on Cetrimide
Agar: experimental - 2.84 + 0.11 -3.03 £ 0.16; control —
1.01£0.12-2.01 £0.10; colonization index — 0.356%. Out
of six recovered microorganisms, one isolate (16.7%) was
identified as gram-negative aerobic Pseudomonas aerugi-
nosa.The above-mentioned bacteria converted nitrites to
nitrates, they possessed proteolytic properties (dissolved
gelatin and coagulated blood sera, hydrolyzed casein), co-
agulated litmus milk and broke down clots; they did not
ferment maltose or form indole and hydrogen sulfide.

The number of microorganisms also increased on Yolk
Salt Agar that contained 10.0% of sodium chloride: expe-
rimental - 0.83 £ 0.07 - 1.36 + 0.09; control - 0.21 £ 0.11 -
0.82 + 0.10; colonization index — 0.253%. Out of six recov-
ered microorganisms, two isolates (33.3%) were identified
as gram-positive Staphylococcus spp.: S. aureus — 1 (16.7%),
S. epidermidis — 1 (16.7 %). These bacteria formed dome-
shaped nontransparent colonies of white, golden, orange
or yellow color and 2.0-2.5 mm in diameter. Coagulation
of blood serum plasma was reported, which contained
1.0-4.0% of sodium citrate and clotted on the slide. Growth
was observed with 15.0% of sodium chloride or 40% of
bile. Under anaerobic conditions, the microorganisms fer-
mented glucose and mannitol; they produced ammonia,
coagulated and peptonized milk, and they did not ferment
dulcite, salicin and inulin.

The number of microbial colonies on HiCrome Candida
Agaralsoincreased: experimental -4.14 +£0.12-5.01 £ 0.08;
control - 1.74 + 0.13 - 2.18 + 0.03; colonization index -
0.420%. Out of six recovered microorganisms, three iso-
lates (50.0%) were identified as yeast-like fungi: Candida
albicans - 2 (33.3%), Candida parapsilosis — 1 (16.7%). The
microorganisms grown on Sabouraud glucose agar formed
smooth, dome-shaped colonies of white color and soft,
even consistency (S-shape). Due to the degradation of chro-
mogenic hexoaminidase substrate with 3-N-acetylgalacto-
minidase, C. albicans microfungiformed the colonies of pale
green color. C. parapsilosis colonies, lacking the above-spec-
ified enzyme, formed blue colonies on the medium (Fig. 1b).

The yeast-like fungi Candida spp. could grow with cyc-
loheximide; they fermented sucrose, maltose, xylose and
had no urease activity. C. albicans fermented galactose and
C. parapsilosis did not ferment trehalose (Table 3).

Densitometric parameters of microbial biofilms. The
tested microorganisms were distributed by the intensity
of biofilm formation according to optic density measure-
ments in 48 hours of cultivation.

The obtained results demonstrated that absolute
values of optic density (OD,) of P. aeruginosa, S. aureus and
C. albicans amounted to 0.454 + 0.09 - 0.526 + 0.08, biofilm
formation intensity -/ > 0.3-0.4; hence, these are powerful
biofilm-producing microorganisms.

Tests for biofilm formation capacities of E. coli, K. pneu-
monia, C. parapsilosis demonstrated that their optic den-
sity (OD,) ranged from 0.391 + 0.07 to 0.571 + 0.05, and
biofilm formation intensity was / > 0.2-0.3. Therefore,
these microorganisms were categorized as moderate bio-
film-producing microorganisms.

It was determined that P. vulgaris and E. cloacae had
poor capacities of biofilm formation: their optic density
(OD,) ranged from 0.246 + 0.03 to 0.284 + 0.08 and biofilm
formation intensity was / > 0.1-0.2 (Table 4).

Morphometric parameters of microbial biofilms. In 18-
48 hours of cultivation at 37 °C, microscopy of gentian violet-,

Table 2
Differentiation of enterobacteria by their biochemical properties

Tabnuuya 2
InddepeHunauua suTepobakTepuit no GuoXuMmUYeCcKUM CBoOiCTBaM

Bacterium species

Biochemical
parameters Escherichia Klebsiella Proteus Enterobacter
coli pneumoniae vulgaris cloacae
Oxidase - - - -
(atalase + + + +
Lactose + + - +
Indole + - + _
Sorhitol + + - +
Hydrogen sulfide - - + -
Citrate - + + +
Urea - + + -
Gelatin - - + +
el B I R

“+"— positive test result (nonoxuTenbHblil Tect);
“—"—negative test result (oTpuLjaTenbHbIii TecT).

Table 3

Differentiation of yeast-like fungi Candida spp. by their biochemical
properties

Tabnuua 3

InddepeHuuauuna apoxxenoao6Hbix rpubos Candida spp. no 6uo-
XNMUYECKUM CBONCTBAM

Microorganism

Carbohydrate
C. albicans C. parapsilosis

Urease - -
Melibiose - -
Lactose - -
Maltose + +
Sucrose + +
Galactose + -
Cellobiose - -
Inose - -
Xylose + +
Dulcite - -
Raffinose - -
Trehalose + -

“+"— positive test result (nonoxuTenbHblil Tect);
“~" — negative test result (oTpuLaTenbHblii Tect).
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Table 4
Determination of the bacterial biofilm formation intensity by optic density

Tabnuua 4
OueHKa NHTeHCUBHOCTU GOPMUPOBaHNA 6UONNEHOK 6aKTepUAMM NO ONTMYECKOI NNOTHOCTH

Optic density

Microbial cultures Cell size, nm

E. coli (1.4-3.8) x (0.5-0.8) 0.542 0.571 0.550 0.098 4.2

K. pneumoniae (0.6-6.0) x (0.3-1.0) 0.514 0.493 0.502 0.099 44
P vulgaris (1.0-3.0) x (0.4-0.8) 0.284 0.279 0.275 0.097 4.2
E. cloacae (0.6-1.0) x (1.2-3.0) 0.246 0.256 0.267 0.099 36

P, aeruginosa (1.5-5.0) x (0.5-1.4) 0.458 0.462 0.454 0.098 39
S. aureus (1.5-1.6) 0.481 0.485 0.477 0.098 44

C. albicans (2.0-3.0) x (3.0-5.0) 0.520 0.532 0.526 0.099 45
C. parapsilosis (1.7-2.0) X (3.0-4.0) 0.391 0.397 0.403 0.097 42

0D, - tested sample (nccneayembiii o6pazel); OD( — control (KoHTponb); t- confidence factor (ko3 dpuumeHT focToBepHOCT).

methylene blue- and Gram-stained preparations demon-
strated heterogeneous structures of the biofilms formed by
the tested isolates of the gram-negative and gram-positive
bacteria and yeast-like fungi Candida spp. (Fig. 2).

Intercellular communication processes were imple-
mented stepwise: sedimentation; fixation (primary at-
tachment); formation of monolayer and intercellular
connections (co-aggregation), growth of microcolonies;
formation of clusters and architectonics of the mature
biofilms; dispersion.

During the destruction of intercellular matrix and de-
tachment of the bacterial and yeast cells from the micro-
colonies, the dispersion was detected as separate arm-like
structures, which colonized those areas of the substrate
that were free from the microorganisms.

Through the synthesis of the intercellular polymer
matrix, the 3D-structure of biofilms is formed as a dense
grid of gram-negative and gram-positive bacteria, yeast
cells, hyphas and pseudohyphas. Multi-species bio-
films were generally characterized by the attachment of

Fig. 2. Morphology of microbial biofilms (growth at 37 °C, 48 hours, MPB):
a - K. pneumoniae bacteria. Staining with methylene blue, oc. 10, obj. 100, immersion;
b - yeast-like fungi C. parapsilosis. Staining with methylene blue, oc. 10, obj. 100, immersion

Puc. 2. Mopgonozus 6uonneHok mukpoopeaHu3mos (pocm npu 37 °C, 48 4, MIIb):
a- 6akmepuu K. pneumoniae. OkpawugaHue MmemusieHo8bIM CUHUM, OK. 10, 06. 100, ummepcus;
b — OpoxxenodobHvble epubsi C. parapsilosis. OkpawusaHue MemusieHo8bIM CUHUM, OK. 10, 06. 100, ummepcus
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gram-negative and gram-positive bacteria to the yeast-
like fungi. Presence of microfungial blastospores aided
to the increased number of cells attached to the cellular
substrate, and biofilm was formed, which consisted of bac-
terial cells attached to the yeast cells (Fig. 3).

In 18-72 hours of cultivation, the fluorescence micro-
scopy demonstrated that the dynamics of changes of the
viable microbial structures was specified by intermittent
periods of increased or decreased biofilm formation inten-
sity. Cells characterized by active growth and replication
and forming alternating subpopulations were detected in
the examined microbial cultures. When determining the
viability of the microorganisms within the biofilms, the
viable (green fluorescence) and non-viable (red fluores-
cence) cells were differentiated. Alternations of the micro-
bial growth intensity are driven by the presence of various
dissociative variants advantaging during the formation of
the biofilm architectonics. Owing to the reaction of the
fluorescent stains with the cell wall polysaccharides, struc-
tures of the metabolically active cells were differentiated
within the biofilms: green fluorescence - viable cells and
red fluorescence — non-viable cells (Fig. 4).

CONCLUSION

Twenty-six isolates were recovered from 38 lambs with
gastrointestinal disorders, including: Escherichia coli - 13,
Klebsiella pneumoniae - 4, Proteus vulgaris — 2, Enterobacter
cloacae - 1, Pseudomonas aeruginosa - 1, Staphylococcus
aureus - 1, Staphylococcus epidermidis — 1, Candida albi-
cans - 2, Candida parapsilosis — 1.

In 18-48 hours of cultivation at 37 °C, the light microsco-
py demonstrated heterogeneous structure of the biofilms
formed by the tested isolates of the gram-negative and
gram-positive bacteria and yeast-like fungi Candida spp.

Owing to the reaction of the fluorescent stains with the
cell wall polysaccharides, structures of the metabolically ac-
tive cells were differentiated within the biofilms: green fluo-
rescence - viable cells and red fluorescence — non-viable cells.
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SUMMARY

This review article summarizes current understanding of the microbiota development in neonatal mammals based on the results of modern experimental studies in
animals focusing on three aspects: initial colonization, microbiota effect on the immune function of the developing newborn animal intestine and external factors
influencing the microbiome shaping during the juvenile period. The presented study results confirm that the microbial landscape correction is the most important
factor for animal health improvement since healthy microflora contributes to the intestinal infection frequency and intensity reduction, and this, in turn, minimizes
the use of antibiotics. The microbiome is known to have an impact on the immune system development, metabolic processes and even on the ethology, so an
atypical microbial population can cause immune and metabolic disorders. The active interaction between microorganisms and the host organism begins already
at birth. Even different modes of delivery (caesarean or vaginal delivery) may determine the initial colonization of the newborn. The animal genetics, nutrition
and environment also influence the intestinal microbiota development. In this regard, further studies of probiotics are important to understand their efficacy for
diarrhea prevention and treatment, their use as an alternative to antibiotics as well as for enhancement of the animal resistance to stress factors.
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PE3IOME

[lanHblit 0630p HanpasneH Ha 0606LLeHIe COBPEMEHHOr0 MOHUMAHNA CTaHOBIIEHIA MIKPOOUOTbI HOBOPOM/EHHBIX MNEKOMUTAIOLLNX Ha OCHOBE Pe3yNbTaToB CO-
BPEMeHHbIX 1CCNIe[I0BaHMI B IKCMEPUMEHTaX CKUBOTHBIMU B TPeX acneKTax, BKNIoYas HauanbHYI0 KONOHM3aLMI0, BlMAHIE MUKPOOMOTbI HA IMMYHHYIO GYHKLMIO
KULIEYHIKA Pa3BUBAIOLLIEroCA HOBOPOX/IEHHOTO 1 BO3AEICTBIE BHELLHUX GaKTOPOB Ha HOPMUPOBaHIE MUKPOOUOMA B HOBEHUIbHBII Nepuop. Pe3ynbTaTbl npes-
(TaBJIeHHbIX B CTaTbe NCCIeA0BAHNIA MOATBEPXKAAKT, UTO KOPPEKLMA MUKPOOHOTO Neii3axa — BaXHeliLLuil GakTop ynyuLleHnA 310pOBbA XKUBOTHOTO C yUeToM
TOT0, 4TO UMEHHO 310POBaA MUKPOGIOPa CMOCOBCTBYET CHINKEHUIO YACTOTbI 1 MHTEHCUBHOCTU KULLIEYHbIX MHOEKLMI, a 3T0, B CBOK 04epefb, MUHUMU3MpPYET
1CNONb30BaHMe aHTUOMOTUKOB. VI3BECTHO, 4T MUKPOBIOM BIUAET Ha pa3BUTIE UIMMYHHOI CUCTEMbI, MeTabonnyeckine MPOLECChl U axe Ha STONOrHI0, B CBA3M
CYeM HeTUNMYHAA MIKpOOHaA nonynALma cnocobHa BbI3BaTb HAPYLUEHMA KaK UIMMYHUTETA, Tak U MeTab0M3Ma OpraHu3ma. AKTUBHbIN NpoLiecc B3aumogencTmna
MUKPOOPraH3MOB 1 OpraHi3ma X03AHa HAUMHAETCA Yake MU PoXKAeHN. [laxe pasnuuHble Cnocobbl poZ0B — KecapeBo UV BaruHanbHoe pofopa3spelLeHue —
MOTYT ONpeaenaThb HavallbHYlo KONOHU3aLM0 HOBOPOXZeHHOr0. Kpome Toro, Ha hopMupoBaHIne MUKPOBIOTBI KULLIEUHMKA BAMAIOT FeHETUKa 0C06M, NUTaHMe
11 OKpy>KatoLLas cpepa. B (BA3M € 3TUM aKTyanbHo n3yyeHune npobuoTMKoB — noHuMaHue ux 3GeKTUBHOCTM NPU NPOYUNAKTUKE M NEYeHNI Anapein, UCMONb30-
BaHMe KaK anbTepHaTVBbI aHTUOMOTIKAM, @ TaKKe NA MOBBILLEHNA YCTORYMBOCTI KUBOTHBIX K CTPECCOBBIM GaKTOpaM.

KnioueBbie cnosa: MI/IKpOﬁI/IOM KULLIEYHMKA, KONIOHW3ALIAA, MIIEKOMUTAIOLLNE, MONIOAHAK, CeNbCKOX03ANCTBEHHDIE KIBOTHbIE.
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INTRODUCTION

On livestock farms, gastro-intestinal pathology in
young animals is the most significant economic factor
causing financial losses as compared to other diseases.
Diarrhea affects the fluid and nutrient absorption that con-
tributes to growth impairment and overall negative effect
on the animal health. Furthermore, if not treated promptly,
this disorder rapidly spreads in the animal population and
can result in high mortality [1].

Currently, diarrhea is commonly prevented with anti-
biotics against pathogenic bacteria being frequent diar-
rhea causes. A significant disadvantage of antibiotic use
is emerging and spread of antimicrobial-resistant micro-
organism strains [2]. In large livestock holdings, bacteria
rapidly acquire resistance genes due to constant presence
of large numbers of animals in the limited space [3]. There-
fore, effective and justified alternative for antimicrobial
prevention of diarrhea in young livestock is required.

Many studies allow us to consider the gut microbiota as
an important factor for the immune function development
and the newborn health support. From this point of view,
the intestinal microbiome determines the young animal
health and resistance to intestinal infections. Nevertheless,
the mechanisms of the microbiota impact on theimmune
and metabolic process development and establishment
are largely undetermined [4].

Even Louis Pasteur has suggested that the microbiota
has an important effect on the mammals'’ life. Animals as
hosts have abundant and diverse population of microor-
ganisms directly influencing the mechanisms of such bio-
logical processes as immunity and metabolism [5].

MICROFLORA EFFECT
ON IMMUNE SYSTEM DEVELOPMENT

Host-microflora interaction plays a vital role in appro-
priate immune system development. Many researchers
believe that the critical period for animals starts imme-
diately after their birth when microbial antigen exposure
is required for the immunity development [5-7]. Micro-
flora has an impact on the immune system phylogene-
sis, onthogenetic development patterns of mucosal and
general immunity as well as on anti-infective response
effectiveness and adequacy. Various disorders during the
body microbiota establishment, especially in gastro-in-
testinal tract, result in immune-dependent diseases [7].
This is confirmed by the studies of the immune system
in sterile animals having poorly developed mucosa-
associated lymphoid tissue, hypoplastic peyer’s patches
and characterized by decreasing numbers of CD4+-lym-
phocytes and IgA-producing plazmacytes in the mucosa
lamina propria, and at the same time, by the shift in the
T-cell differentiation towards type 2 T-helper cells in the

lymphoid organs and decreased y-interferon produc-
tion [6, 8].

During the experiment in sterile mice H. Sokol et al.
demonstrated that microflora-free mice developed aty-
pical cytokine response to orally administered treated
lipopolysaccharide (immune response-activating macro-
molecule of outer membrane of gram-negative bacteria)
as compared to normal mice having gut microflora. De-
scribed atypical response differed from normal response
in its delayed development followed by excessive cyto-
kine release. In addition, sterile juvenile mice treated with
Bifidobacterium infantis were found to be capable of return
to normal cytokine response whereas in adult mice treated
with the same probiotic the immune response failed to
normalize. Thus, it was demonstrated that the sterile ani-
mals could not resist to pathogens [5]. Importance of own
normal microflora development at early age for avoiding
immune system malfunctions in future was demonstrated.

In their studies, I. H. Ismail et al. showed that the mi-
crobiome disorders in young animals could later result
in autoimmune diseases, including allergy. At the same
time, the authors demonstrated that the development
of these pathological conditions could be minimized by
probiotics [9].

FACTOR INFLUENCING MICROBIOTA
ESTABLISHING

Currently, newborn mammals are believed to be sterile,
and the initial microbial colonization of their bodies can
occur during and immediately after their birth, when mic-
robes first interact with the body and colonize it. Since this
process is rapid, it is supposed to start in the birth canal
or at the first environmental exposure of the newborns in
the case of a caesarean section [6, 10, 11].

Contamination of environment objects with pathogen-
icand opportunistic microorganisms often has a negative
impact on the animal microflora development resulting
in decrease in obligatory microorganisms in its gastroin-
testinal biotope. During the experiment in Holstein and
black-and-white calves, Russian researchers detected
Bifidobacterium spp.in 1 g feces (diluted at 10=-107"°) from
clinically healthy animals whereas the said microorga-
nisms were not detected in animals with diarrhea, toxemia
and dehydration. In addition, a decrease in lacto-positive
Escherichia coli strains and increase in lactose-negative
enetrobacteria and bacteria with low lactase activity were
observed as well as hemolytic Escherichia coli strains were
detected in diseased animals [12].

In general, microbiota establishment is a dynamic pro-
cess following the initial colonization that depends on such
factors as host genetics, diet, maternal stress, interaction
with the environment, early exposure to antibiotics [13].
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In particular, the macroorganism genetics determine
the intestine microenvironment that, in turn, influences
the suitability of the internal environment for microbial
colonization. Z. A. Khachatryan et al. detected an apparent
association between gene mutations and relevant chan-
ges in the intestinal microflora characterized by depletion
of the total bacteria number, loss of diversity and signifi-
cant quantitative changes in the populations of some bac-
teria [14]. Nevertheless, no genetic association between
intestinal microbiota and long-term growth and weight
indicators has not been yet detected that requires further
investigations in this field.

In addition, prenatal maternal stress could have an
impact on the offspring intestinal microflora composition.
According to D. Zhou et al., the dam’s physiological param-
eters change during this period including a rapid heart-
beat and stress hormone release. Moreover, the dam'’s
behavior may change with increase or decrease in her ap-
petite and activity. Such changes may have an impact on
dam’s microflora and potentially on the initial colonization
of her offspring at birth. Maternal stress can also result in
increase in cytokine concentration and, as consequence,
in inflammation than affects the developing fetus causing
changes in the fetus immune function [15].

MICROBIOTA EFFECT
ON ETHOLOGY AND ADAPTATION

N. Sudo et al. presented evidence on the association of
microorganisms with host behavioral responses based on
the results of comparative tests of sterile mice and mice
colonized with bacteria. To test the hypothesis that post-
partum microbial colonization may have an impact on
the development of the brain plasticity, the researchers
compared the hypothalamic-pituitary response at differ-
ent stress levels in two groups of genetically identical mice.
Mice of one group were sterile and mice in other group
were colonized with the specific bacteria. During the ex-
periment, the mice were placed in 50 ml conical tube for
one hour or in glass container covered with ether-soaked
filter paper for 2.5 minutes. Sterile mice demonstrated
more intensive stress response as compared to the mice
with microflora. Moreover, decreased stress response was
observed in the sterile mice following Bifidobacterium in-
fantis probiotic administration [16].

In other studies, P. Bercik et al. detected that admin-
istration of antimicrobials to the mice colonized by the
complete intestinal microbial community impaired the
intestinal microbiota composition and enhanced the re-
sponse to the stress factor. Therewith, the same antimicro-
bials administered to sterile mice had no impact on their
behavior [17]. The study results demonstrated a potential
association between intestinal microflora and animal be-
havior.

Experiment results published by M. Vijay-Kumar et al.
showed the microbiota impact on the host metabolic
dysfunction.Toll-like receptor 5 (TLR5)-deficient mice were
used for the experiments. The said membrane protein is
known to play a key role in gut innate immunity and to
participate in pathogenesis of obesity-associated chronic
inflammation. Then, the microbiota of these mice were in-
oculated to sterile wild-type mice. Significant hyperphagia
and progressing metabolic disorder were observe in te-
sted TLR5-deficient mice. Sterile wild-type mice colonized
with the microbial strains derived from the intestines of
the TLR5-deficient mice immediately manifested distinct
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changes in their intestinal microbiota, and then signs
of the metabolic syndrome (obesity) [18]. The changes
in microbe-free mice body constitution from normal to
obese after colonization by the specific microbial popu-
lation suggests that the gut microbiota could affect the
host’s metabolic functions.

CONCLUSION

Microbial colonization of young animals has a sig-
nificant impact on their physiology and performance.
The intestinal microflora and its proper development,
particularly at a young age, can significantly determine
the further functioning of certain systems, as well as act
as a potential tool for reducing the diarrhea incidence
in young livestock animals [1]. In this regard, studies of
probiotics are of the most importance. It is important to
understand how effective probiotics are for diarrhea pre-
vention and treatment, whether they can serve as a full-
fledged alternative to antibiotics, and whether they can
be used to enhance animals’ resistance to stress factors.
Impact of dam’s genetics and body state on her offspring
microbiota formation is also important. Given the fact
that the intestinal microbial landscape is a very mobile
and fragile system, use of antimicrobial drugs for preven-
tive purposes should be avoided.
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SUMMARY

African swine fever (ASF) is an infectious disease of domestic and wild pigs, which went beyond its natural range (African continent) in the XXI century and since
2007 (emergence in Georgia) has spread to many European and Asia-Pacific countries. According to the immediate notifications and follow-up reports, by early
2021 Europe accounted for about 68% of globally reported outbreaks. However, the greatest losses in the pig industry were inflicted by the outbreak recorded in
Asiain 2020, when 6,733,791 animals died that accounted to 82% of the total global losses due to ASF. Just after several years of the current ASF epizootic, without
any vaccine or treatment available, it became clear that major problems for the pig industry (mostly for small farmers) as well as destabilization of the global
market of pig products were unavoidable. In this regard, in 2014 (Bern, September 2014) a regional standing group of experts on African swine fever (SGE ASF)
was established under FAO/OIE GF-TADs umbrella. The aim of the group is to foster closer collaboration between the affected countries, increase transparency and
share experience in prevention and control. The work of the permanent expert ASF missions under the GF-TADs umbrella has proven effective and become a model
for other regions. A similar group was established in Asia in April 2019 to counter rapid spread of the disease in the Asia-Pacific region, where more than 60% of
the world’s pig population is concentrated, and a new permanent ASF expert group for the Americas is being considered. The many-year efforts resulted in the
establishment of the FAO/OIE/GF-TADs platform as a progressive mechanism to combat such transhoundary disease as African swine fever.
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PE3IOME

AdpukaHckas uyma cBuHeil — HGEKLIOHHOe 3a6oneBaHe JOMALLHIX 11 AUKKUX CBUHEN, koTopoe B XXI B. BbILLNO 33 NpefieNibl CBOEro eCTeCTBEHHOTO apeana
(AdpmkaHckuii KoHTUHEHT) 1 ¢ 2007 1. (Nocne noABNEeHMA B [py3uin) pacnpoCcTPaHUIOCh N0 MHOTUM CTpaHam EBponeiickoro u A3uatcko-TuXooKeaHCKoro peruoHoB.
K Hauany 2021 1., N0 AaHHbIM CPOUHBIX COOBLLEHNI 1 MOCTeAYHOLLNX 0TYeTOB, 68% BceX 3aperncTpUPOBaHHbIX B MUPe BCMbILUEK MHEKLMM NPUXOANINCH Ha
EBpony. OaHaKo HanbonbLLMe NOTEPU CBUMHOBOACTBY HaHECN BCMbILLKA, 3aperncTpupoBaHHas B A3uu B 2020 r., korga noru6so 6 733 791 XuBOTHOe, 4T Co-
cTaBnAeT 82% ot 06LLx MUPOBbIX NoTepb 0Tpacy 13-3a AYC. Mocne HeckonbKmX NeT TeyeHuA coBpemeHHoi 3nu300Tun AYC, Mpu OTCYTCTBIM BAKLMHBI U CPACTB
NeyeHus, CTano ACHO, 4TO cepbe3HbIX Npobnem AnA CBUHOBOAYECKOI 0TPACNM (M B 0COBEHHOCTY MeNKIX GepMepoB), a TakXe AecTabuny3aLyn MUpoBOro pbiHka
(BUHOBOAYECKOI NPOAYyKLMY He n36exaTb. B cBA3m ¢3Tum B ceHTAbpe 2014 1. B bepHe nop arugoii OAO/M3b GF-TADs 6bina co3aaHa pernoHansHas lMoctosHHas
rpynna skcneptos no AYC 8 EBpone (SGE ASF). Lienbio ee paboTbl ABNAETCA HanaxMBaHue Gonee TeCHOTO COTPYAHUYECTBA MEXAY CTPAHAMI, 3aTPOHYTbIMM 3a-
6oneBaHueM, NOBbILIEHNE TPAHCMAPEHTHOCTY 11 06MeH onbIToM NpodunakTkm 1 6opbObl. Pabota Muccuit noctoAHHbIX 3kcnepto no AYC nop aruaoii GF-TADs
8 EBpone noka3sana ceoto 3p$eKTMBHOCTb U CTana 06pasLiom AnA ApYrux perioHoB. B anpene 2019 r. aHanoruyHas rpynna 6bina co3gaxa 1 B A3um, utobbl
NPOTMBOCTOATL BbICTPOMY Pa3BUTHIO Gone3HM B A31aTCKO-TUXOOKEAHCKOM per1oHe, rie cocpesioToueHo 6onee 60% MupoBoro noronoBbA cBiHeii. Mpopaba-
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TbIBaeTCA BONPOC CO34aHMA HOBOW MOCTOAHHOI rpynnbl 3kcnepToB no AYC Ana ctpaH CeepHoii u K0xHoit AMepuki. PesynbTaTom MHoroneTHeil paboTbl cTano
co3paHue nnatdopmbl ®AO/MIB/GF-TADs B KauecTBe nporpeccuBHOro CpeAcTBa 60pb0bl C TaKoi TPAHCTPaHUUHOI 601€3HbI0, KaK AhPUKAHCKAA YyMa CBUHEN.
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After FMD epidemic in Europe, South America, Africa
and Asia in 2001, the international community has taken
concerted measures to combat transboundary infectious
animal diseases, which have a significant impact on food
security, public health and international trade in animal
products. As a result of this work, the Global Framework
for the Progressive Control of Transboundary Animal Di-
seases (GF-TADs) was developed and adopted, the general
agreement on which was signed between the Food and
Agriculture Organization of the United Nations (FAO) and
the World Organization for Animal Health (OIE) on May 24,
2004. This agreement suggests the participation of the
World Health Organization (WHO) in the prevention of
zoonoses [1].

Taking into account the challenges that African swine
fever (ASF) has brought to the countries of Europe and the
Asia-Pacific region in the XXI century (Fig. 1), a regional
Standing group of experts on ASF (SGE ASF) was estab-
lished under the auspices of the FAO/OIE GF-TADs in Bern
in September 2014 to improve cooperation between the
countries affected by this disease, increase transparency
and share experience in the control [2].

At the first meeting of the SGE ASF, it was decided to:

1. Establish a Standing Group of Experts on ASF.

2. Agree on the working procedure of the Standing
Group of Experts on ASF. From the Russian Federation,
the group of standing experts in Europe included Can-
didate of Science (Veterinary Medicine) N. V. Lebedev
(Rosselkhoznadzor, 2014), Doctor of Science (Biology)
K. N. Gruzdev and since 2017 Candidate of Science (Vete-
rinary Medicine) A. S. Igolkin (FGBI“ARRIAH").

Inits activities, the Permanent Group of Experts on ASF
in Europe under the auspices of GF-TADs conducted a huge
analysis study of the competent authorities’ experience in
the prevention and eradication of ASF outbreaks in Eastern
Europe, including Ukraine, Belarus, the Baltic states, as
well as in Russia, and the study of the causes of infection
outbreaks. For this purpose, the experts of the GF-TADs
group visited ASF infected countries as part of their mis-
sions. The data obtained were analyzed and presented at
GF-TADs expert meetings: in Lithuania - in March 2015;
in Belarus — in April 2015; in Latvia — in May 2015; in Rus-
sia — in May 2015; in Ukraine - in September 2015; in Es-
tonia — in October 2015; in Moldova - in October 2016;
in the Czech Republic - in October 2017; in Romania -
in December 2017; in Bulgaria — in January 2019; in Bel-
gium - in June 2019. In addition, 15 Permanent Expert
Group Meetings were held in Europe (SGE ASF1-15). The

meetings were attended by numerous delegates from ob-
server countries at the invitation of the GF-TADs Chairman,
Dr. B.Van Goethem.

Atthe 4" meeting (SGE ASF4)in May 2016 in Paris (France),
during the 84" OIE General Session, new developments in
the field of ASF epidemiology in the region were discussed
in order to strengthen the measures taken to combat this
disease after the SGE ASF3 meeting. In accordance with the
recommendations of the SGE ASF3, Moldova and Romania
joined the initiatives of the participating countries.

At the meeting held in May 2017, an appeal was made
for increased vigilance in Romania, Hungary, Slovenia and
the Czech Republic, neighboring ASF infected countries
in the region. The need to share ASF awareness-raising
data available in countries targeted for the general public
(including carriers and tourists, hunters and farmers) was
also highlighted. The collected data are published in the
GF-TADs depository on African swine fever (http://web.
oie.int/RR-Europe/eng/Regprog/en_ASF_depository.htm).
This resource is freely available to users and is regularly
updated with actual information.

The SGE ASF10 meeting was held on May 22, 2018
in Paris (France) as part of the 86™ OIE General Session
and was dedicated to updating of information on the
epidemic situation and control measures in the SGE ASF
group countries, adopted in March 2018 at the SGE ASF9
meeting. Hungary was included in the SGE ASF list of coun-
tries after confirming ASF in a wild boar found dead on
April 19,2018 on its territory.

At the SGE ASF11 meeting in 2018 in Warsaw, Poland,
recommendations were approved concerning, inter dlia,
the proper management of wild boars in infected or not
yet infected areas. During the event, GF-TADs experts dis-
cussed the data obtained on the ecology and epidemiology
of wild boar in Europe, the experience of hunters, as well as
new data on the relationship between ASF outbreaks in the
population of wild boar and domestic pigs in infected areas.

As a result, the meeting emphasized the need for the
early release of the “OIE Handbook on African Swine Fever
in Wild Boars and Biosecurity during Hunting” (V. Guber-
ti et al.), with the possibility of updating the document as
necessary.

The SGE ASF12 meeting was held on March 11
and 12, 2019 in Prague (Czech Repubilic) in conjunction
with the BTSF (Better Training for Safer Food) meeting.
The eventincluded a technical training on ASF eradication
based on the experience of the Czech Republic in elimina-
ting this infection in the wild boar population.
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ASF epizootic situation

in European and Asian countries, 2007 - 2021
(OIE data as of 04.03.2021)
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Fig. 1. ASF epidemic situation in the Russian Federation, European and Asian countries, 2007-2021
(the map is prepared by the officers of the Information Analysis Centre, FGBI "ARRIAH")

Puc. 1. 3nuzoomuyeckas cumyayus no A4C e Poccutickoti ®edepayuu, cmpaHax Esponel u A3uu, 2007-2021 2e.
(OaHHas kapma nod2omossieHa CompyOHUKAMU UHGOPMAYUOHHO-aHanumuyeckozo yeHmpa OrbY «BHU3XK»)

The SGE ASF13 meeting was held on May 29, 2019 in
Paris (France) as a side event of the OIE 87" General Session,
attended by representatives of ASF-infected European coun-
tries, as well as observers from around the world. Thirteen
ASF infected European countries reported on the current si-
tuation and the measures taken. The OIE Regional Represen-
tation in Asia provided information on the disease situation
inits region and the steps taken to establish a working group
of experts on ASF in the region [3], and the delegate from
Canada reported on recent initiatives being implemented in
the Americas to improve ASF prevention and preparedness.

The extended meeting of SGE ASF14 was held in Sep-
tember 2019 in Sofia (Bulgaria) under the chair of the
OIE Director General, Dr. Monique Eloit, during which the
Balkan countries joined the Standing Group of Experts on
ASF in Europe (SGE ASF GF-TADs) [4].

The participants of the meeting pointed out that the
consequences of the current global ASF crisis are a serious
problem for the pig industry; they call into question the
possibility of small farming existence in future and desta-
bilize the global market of pig products.

Taking into account the analysis of the data collected
so far during the GF-TADs expert missions in Europe, two
main patterns of ASF epidemic are observed:

1) in most countries, the disease occurs mainly in wild
boar populations, sometimes with zero outbreaks in do-
mestic pigs;

2) the disease in the population of domestic pigs occurs
mainly in small-scale farms and backyard farms.

But the possibility of ASF outbreaks at a significant dis-
tance from the infected areas should not be excluded (for
example, in the Czech Republicin June 2017 the outbreak
occurred more than 500 km from the infected areas of
Poland and Ukraine; in Belgium in August 2018 — about
1,000 km from the nearest infected area in Poland) [5].

The experience gained by the international community
has once again shown that in order to stop the spread of
this disease, with no vaccines available, effective coordi-
nation of actions, cooperation and exchange of know-
ledge between all stakeholders, both at the international
(national) and regional levels, is necessary. ASF Control is
possible only if all veterinary regulations are strictly com-
plied with [4].

The fifteenth meeting of the Standing Group of Ex-
perts on ASF (SGE ASF15), originally scheduled to be held
face-to-face in Slovakia, due to the new coronavirus in-
fection (COVID-19) unfavorable situation in the world, was
held on May 6, 2020 in the form of a teleconference. It was
attended by representatives of 31 European countries, as
well as China and Japan. The speakers from the SGE ASF
member countries in Europe briefly described the national
ASF situation, focusing on the changes that have occurred
since the last meeting in Sofia in September 2019.

The positive experience of anti-crisis management of
the ASF situation in Belgium was noted.

Report on the results of the SGE ASF expert mission
to Serbia conducted in December 2019 (with the partici-
pation of Doctor of Science (Biology) K. N. Gruzdev) was
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Fig. 2. ASF epidemic situation in the Russian Federation, 2007-2021
(the map is prepared by the officers of the Information Analysis Centre, FGBI "ARRIAH")

Puc. 2. 3nuzoomuyeckas cumyayus no AYC e Pocculickou ®edepayuu, 2007-2021 2.
(OaHHas kapma nod2omossieHa CompyOHUKAMU UHGOPMAYUOHHO-aHanumuyeckoeo yeHmpa OrbY «BHUV3XK»)

approved without comments and posted on the GF-TADs
page of the OIE website for Europe.

Scheduled for April 2020 mission of SGE ASF experts to
Slovakia was postponed due to the COVID-19 pandemic.

In 2020 the OIE and FAQ, in collaboration with GF-TADs,
have developed the GF-TADs initiative for the Global con-
trol of ASF online platform, which summarizes the experi-
ence of ASF eradication in modern conditions and contains
a strategy for progressive control of the disease [6, 7]. At
the end of July 2020, this platform was launched [8]. It is ex-
pected that FAO/OIE, together with GF-TADs, will develop
this initiative by supporting national, regional and global
partnerships, improving prevention and preparedness
measures, and minimizing the adverse effects of ASF [9].

The Russian Federation cooperates extensively with
the FAO and the OIE, initiating numerous proposals for
the prevention and control of infectious animal diseases,
including ASF. Representatives of our country actively
participate in the work of various groups, commissions of
these organizations, meetings, symposiums, conferences,
as well as the OIE General Sessions. Since the introduction
of ASF in Georgia in 2007, the Rosselkhoznadzor urges the
world veterinary community and the veterinary services
of neighboring countries to actively cooperate and share
their experience in the prevention and control of ASF. The
reports of the Russian Federation on the detection of in-
fectious diseases sent to the OIE through the World Animal
Health Information System (WAHIS) are transparent and
fully reflect the epizootic situation in the country (Fig. 2).

The Rosselkhoznadzor is actively working to strength-
en national sanitary measures, including biosafety in pig
farms, measures to regulate the number of wild boar, con-
ducts educational work, updates regulations, organizes
the exchange of scientific information on the etiology,
epizootology, and the use of safe methods in the entire
chain of production and sale of pig products.

CONCLUSION

In the XXI century, African swine fever (of domestic and
wild pigs) has expanded its habitat. In recent years, the num-
ber of countries and territories in Europe and Asia affected
by ASF has increased. Recognizing the increased risk of this
disease in any country in the world and its significant impact
on the development of pig farming, trade, food security, na-
tional and global economies, FAO and the OIE are taking
active measures to counter ASF. The FAO/OIE GF-TADs
platform proves itself as a progressive mechanism for com-
bating such a cross-boundary disease as ASF.
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16. Only illustrated materials (photos, pictures) of good contrast with
resolution of at least 300 dots per inch (300 dpi) are accepted for
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Jjpg format (figures not compliant to the requirements will be excluded
from the papers as their appropriate typographic reproduction is
impossible).

The paper should be presented as follows: Microsoft Word, font Times New
Roman, font size - 12,

line spacing - 1, margins — 2 cm, first line indent - 1 cm, text alignment —
justified text.

Figures, tables, diagrams, graphs, etc. shall be numerated, have indicated
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
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Announcement:
A study guide has been published by the FGBI “ARRIAH”

Sheep pox and goat pox: a study guide / A. V. Kononov, O. P. Byadovskaya,

K. A. Shalina, A.V. Sprygin, [V. 1. Diev.-

Vladimir: FGBI “ARRIAH’, 2021. - 46 p.:ll.
ISBN 978-5-900026-75-6

The study guide is devoted to the general aspects and features of the epidemic process,
diagnosis and prevention of sheep pox and goat pox. The discussed diseases are widespread
almost all over the world, including the territory of the Russian Federation. They cause
significant economic damage.

The guide describes in detail the manifestations of the disease (pathogenesis, clinical
signs, post mortem lesions), modern aspects of diagnosis, prevention and control measures.

The study guide includes original illustrations obtained by the authors during sheep pox
research activities.

The textbook is intended for students, trained in the veterinary field (students,
postgraduates, students of advanced training courses) as a source of modern knowledge
on important infectious diseases, - sheep pox and goat pox. The presented content can be
useful for livestock industry specialists and epizootologists, as well as practicing veterinarians.
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Announcement;

Training Courses in the FGBI “ARRIAH” in May 2021

In May 2021, a number of training courses are to be held in the FGBI “ARRIAH"
for veterinarians from the Rosselkhoznadzor Territorial Administrations, from the
Veterinary Departments of Republics, Krais and Oblasts and veterinary laboratories
of the Subjects of the Russian Federation and the CIS countries. The training are:

- May 12, 2021 - a webinar training will be carried out in “Epizootological pe-
culiarities of notifiable avian mycoplasmoses (Mycoplasma gallisepticum,
Mycoplasma synoviae), principles of their eradication in commercial poultry
farming, prevention and treatment in the Russian Federation”.

The webinar will last for 4 academic hours. The webinar cost per 1 student is
1,320 rubles, including VAT. Information on spread of avian mycoplasmoses in the
world and in the Russian Federation will be provided at the webinar; such topics as
epizootology and diagnosis of mycoplasmoses etc. will be addressed;

- from May 17 to 21, 2021, a webinar training will be carried out within the prog-
ram of additional professional education in “Current zoonoses”.

The webinar will last for 24 academic hours. The webinar cost per 1 student is
5,820 rubles, including VAT. Topics to be addressed during the webinar are related
to such infectious diseases as anthrax, brucellosis, animal tuberculosis, campylo-
bacteriosis, bovine spongiform encephalopathy and other prion diseases of ani-
mals, glanders, dermatophytoses, etc.;

- from May 24 to 28, 2021, a training will be carried out within the program of
additional professional education in “Epizootology, diagnosis, prevention and
control measures for foot-and-mouth disease, sheep pox and goat pox, peste
des petis ruminants under modern conditions”.

The training will last for 72 academic hours, both on-site and off-site. The
training cost per 1 student is 85,000 rubles, including VAT. Topics to be addressed
during the training are related to such infectious diseases as foot-and-mouth di-
sease, sheep and goat pox, peste des petits ruminants, the training also includes
clinical examination of sick animals, post-mortem examination and sampling for
laboratory tests.

Educational activities are performed pursu-
ant to License No. 001671 dated 03.08.2011
(Registration Number 1603) issued by the Fede-
ral Service for the Supervision of Education and
Science.

Leading researchers of the FGBI “ARRIAH" con-
duct the trainings. Upon completion, a certifi-
cate of participation in the webinar or a certifi-
cate of professional development is issued.

Detailed information on enrolment
procedure is available on the website of the
FGBI“ARRIAH" - http://www.arriah.ru in
section “Participation in training webinars
and seminars".

Applications for the webinar should be sent
to: mail@arriah.ru.

ICONTACT PERSONS IN THE FGBI “ARRIAH":

Margarita F. Demidova

tel.: (4922) 52-99-62;

(4922) 26-15-12 (add. 21-11);
e-mail: demidova@arriah.ru

Tatyana B. Nikeshina
tel.: 8 (4922) 26-15-12
(additional 22-27)



