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From the Editor-in-Chief

Dear readers, here is a new issue of the journal that is
devoted to the World Rabies Day, which is globally celeb-
rated on September 28.This day was set up in 2007 at the
initiative of the Global Alliance for Rabies Control (GARC)
with the support of the World Health Organization (WHO).
The date of the celebration is the anniversary of Louis Pas-
teur’s death (28.09.1895), a microbiologist, one of those
who created the rabies vaccine.

The World Rabies Day aims to highlight the problem
of the disease spread and raise awareness of the disease
consequences.

Rabies is one of the oldest and most dangerous in-
fectious diseases in humans and animals. It affects the
central nervous system and is accompanied by paralysis
and encephalomyelitis. The disease has an almost abso-
lute death rate. According to the WHO, it is one of the
five zoonoses that cause the greatest economic damage
and poses a constant threat to the life of humans and
animals.

Despite the disease successful eradication in some
European countries, the situation in many countries of
Eurasia, Africa and America remains complicated. About
70,000 people die of rabies worldwide each year, mostly
children from developing countries.

As part of the FAO, WHO and OIE global initiative to
eliminate dog-mediated human rabies by 2030, Russia, as
a member of these international organizations, will have
to take a number of steps in research, information and
methodological as well as legislative and practical fields.
This area of activity acquired significant support thanks
to the decision of the CIS Intergovernmental Council for
Cooperation in the Field of Veterinary Medicine dated
May 12, 2016, in which the FGBI “ARRIAH" was entrusted
to prepare a project for the “Set of joint measures of the
CIS countries on the prevention and control of rabies for
the period until 2025".

The set of joint actions was developed taking into ac-
count the proposals of the veterinary services of the CIS
countries, the experience of implementing programs to
combat animal rabies in the European Union, the USA and
Canada and it is aimed at reducing the spread of disease
outbreaks in the CIS countries and minimizing the damage
caused by the disease.

According to the WHO, it is one

of the five zoonoses that cause

the greatest economic damage and
poses a constant threat to the life
of humans and animals

Only through joint efforts of the international commu-
nity this dangerous disease can be eradicated. It is impor-
tant to remember that rabies cannot be cured, but it can
be effectively prevented!

Editor-in-Chief
Doctor of Science (Veterinary Medicine)
Artem Ye. Metlin
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Lessons learnt from measures taken to prevent rabies
introduction and spread into a long rabies free territory
(case study of the Irkutsk Oblast)
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SUMMARY

Rabies is endemic on the considerable part of the Russian Federation, and it is associated with current natural outbreaks of the infection. The highest animal
morbidity rates are reported in the central and southern regions of the European part of Russia and in the southern part of Western Siberia. The Irkutsk Oblast is
among the few regions of our country, which are rabies free for several decades. The research was aimed at the analysis of factors aiding to the maintenance of the
rabies free status of the region. Retrospective study of archive and previously published reports on human and animal rabies cases in the Irkutsk Oblast starting
from 1954 was performed. Epidemics of urban rabies ceased in the region in 1970s. Sporadic rabies cases in dogs, reported in 1976 and later, could be imported or
could result from the infection from bats. Diagnostic errors were also possible. Rabies is reported in foxes in the Subjects bordering the Irkutsk Oblast: Krasnoyarsk
Krai and Republic of Buryatia. It is supposed that in case of the infection introduction the forest-steppe agricultural areas near the Angara River are likely to be
affected due to high population of foxes. Relative geographic isolation of the Irkutsk Oblast favors to the long animal rabies freedom of this territory. The vast area
of mountain taiga with low fox population serves as an ecological barrier. In 2007-2009 and in 2019, barrier oral vaccination was carried out along the border with
the Krasnoyarsk Krai and on the west coast of Baikal Lake. Measures for anti-rabies vaccination of dogs and cats were intensified. Active virological monitoring is
performed on a regular basis. The paper demonstrates cartograms of fox and wolf population density along with designation of sites, where oral vaccination of
wild carnivores was performed.

Key words: rabies, rabies-free territory, oral barrier vaccination, vaccination of dogs and cats.
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PE3IOME

3HaunTenbHas vactb Tepputopuu Poccuiickoit Oefepauui 3HAEMUYHA NO BeLLeHCTBY, UTO B HacToALLee BpeMa 00YCI0BNIEHO aKTUBHOCTBIO NPUPOAHbIX 04aroB
nHekumm. Hanbonee Bbicokne nokasaTen 3a601eBaeMOCTH XXUBOTHBIX OTMEYAIOTCA B LIEHTPANbHbIX 11 IXKHbIX PEroHaX eBponeiickoii yacTu Poccum 1 Ha tore
3anagHoii (nbupw. MpkyTckas 06nacTb OTHOCUTCA K YUCY HEMHOTUX TePPUTOPUIA HaLLeil CTPaHbl, CBOOOAHDIX OT OeLLeHCTBA Ha NPOTAXKEHIUM HECKOAbKIX JecA-
TUneTyit. Lienbio nccnenoBanua 6bin aHanu3 06cToATeNbCTB, CNocobCTBOBABLUMX COXpaHeHNIo CTaTyca bnarononyyHoii no bewweHcTBy Tepputopuy. NMposeeHo
PETPOCNeKTUBHOE U3y4eHue apXUBHbIX 1 ONY6NINKOBAHHbIX PaHee AaHHbIX 0 perucTpaLyy bewueHcTBa cpeu Miofeit v XUBOTHbIX B MpkyTckoii obnactin ¢ 1954 T.
3nM300TUY FOPOACKOTO TUNA B pernoHe npekpatuincy B 1970-e ropbl. Cnopaauyeckue cyyan 3abonesanna cobak B 1976 1. 1 no3aHee, BepOATHO, MOM ObiTb
33BO3HbIMY UM BO3HUMKATb B Pe3y/bTaTe 3apaxeHusa oT IeTyunx MbilLeid. He MCKNIoueHo Takae, 4To MO MMETb MeCTO OLLMOKY AMarHoCTUKM. beweHcTBo
Cpenu NCUL, perncTpupyetca B coceHux ¢ VpkyTckoit onacTbio cybbektax — KpacHoapckom kpae u Pecnybnuke bypatua. CaenaHo npeanonoxeHue o Tom,
410, B C/Tyuae 3aH0Ca MHOEKLMM, MOryT ObITb MOPaXKEHbI CeNbCKOX03ANCTBEHHbIE PalioHbI 1ecocTenHoro MpuaHrapba ¢ BbICOKOA YNCAEHHOCTbIO AcALbI. -
TenbHoMy 6narononyumto MpkyTckoil 06nacTin No GeLUeHCTBY MBOTHBIX CMOCOBCTBYET OTHOCUTENbHAA reorpaduyeckas U3oaALMA STOA YacTh ee TeppUTOPUK.
JKonoruyeckum b6apbepom CiyxKar 06LLMPHbIE POCTPAHCTBA FOPHOIA TaIATY C HU3KOI YNCTIEHHOCTBIO MBI B 2007-2009 1 2019 rr. npoBogunack 6apbepHas
opanbHaA BaKLMHALMA NUCUL, Ha rpaHuLe ¢ KpacHoApCKMM Kpaem 1 Ha 3anagHom nobepexbe baiikana. YcuneHbl MeponpuaTia no BakLMHaLIMM cobaK 1 KoLek
npoTyB bewuexcTBa. CucTemaTiyeckin NPOBOANTCA aKTUBHDIA BUPYCONOTNYECKMA MOHUTOPUHT. B CTaTbe NpuBeeHbI KapTorpamMmbl MIOTHOCTU HaCeNEeHUA INCULbI
11 BONKa C 0003HaueHMeM y4acTKOB NPOBeAeHIA 0panbHOIA BaKLMHALMN AMKIX MOTOARHbIX.

KnioueBbie cnoBa: belweHcTBo, (Bo60AHaA OT belleHcTBA Tepputopus, 6apbepHaﬂ OpanbHadA BaKUUHALWA, BakLHaLuA 06K 1 KoLLeK.

bnaropapHocTu: Pabota BbinonHeHa npyu nopdepxke cnyx6bl BeTepuHapum UpkyTckoid 06nacTu B pamkax nognporpammbl «06ecneyenme feATenbHOCTH
B 06nacTi BeTepuHapum» Ha 2019-2024 rofibl, ABAAIOLLENACA NPUNOXKEHUEM K FoCyAapCTBEHHON Nporpamme «Pa3BuTue CeNbCKoro Xo3AiCTBa U perynnpoBaHie
PbIHKOB CEbCKOXO3ANCTBEHHON NPOAYKLMY, CbIpbA U NPoRoBonbCTBUA Ha 2019-2024 ropbl» (noctaHosneHue lpasutenbcta WpkyTckoii obnactu ot
26.10.2018 N 772-nn ¢ u3meHeHnamm Ha 07.05.2020).

[insa untuposanusa: Menbuos . B., Abnos A. M., LkonbHukosa E. H., Konauk M. E., Mutuenko 1. A., flecatoa T. B., 3apsa 1. [1., botBunkun A. [1., Metnun A. E.
OnbIT MeponpuaTUii N0 NPEAYNPEXEHII0 3aHOCA U PaCPOCTPAHEHUA BelLeHCTBA Ha ANUTENbHO bnaronoyyHoii Tepputopui (Mo mMatepuanam UpkyTckoit
obnactu). Bemepurapus ce200ns. 2020; 3 (34): 154-161. DOI: 10.29326/2304-196X-2020-3-34-154-161.

Koudnukr untepecos. ABTopbl 3aABAAKT 00 0TCYTCTBIM KOHGANKTA MHTEPECOB.

[ina koppecnoxpeHuun: MenbuoB WBaH BnagumupoBuy, KaHAMAAT BETEpUHAPHBIX HayK, AOLEHT Kadeapbl CneuuanbHbiX BETEPUHAPHBIX AUCLANANH
Orb0Y BO UpkyTckmit TAY, 664038, Poccua, UpkyTckas o6n., UpkyTckuii p-H, n. MonogexHblii, e-mail: ivanmeltsov@mail.ru.

INTRODUCTION with the loss of livestock and hunted animals, major costs
Rabies is one of the dangerous zoonotic diseases  of anti-epidemic measures including animal vaccination,
having the highest social and economic significance [1].  diagnostic tests as well as preventive and post-exposure
The damage posed by this lethal infection is associated  vaccination of humans. Risk of lethal disease cases still
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exists even in case of well-organized rabies surveillance.
Therefore, preventive measures should be taken in order
to avoid the infection introduction into the rabies-free
territories. These considerations govern the rabies control
strategy and tactics in the regions with various epidemic
statuses [2-4].

Rabies is endemic on the major part of the Russian Fe-
deration and it is currently associated with active natural
outbreaks of the infection. The highest morbidity rates are
reported in the central and southern regions of the Euro-
pean part of Russia and in the southern part of Western
Siberia. Some Subjects of the Russian Federation, however,
remain rabies-free for many years [5-7]. Occasional aggra-
vations of the epidemic situation are typical for rabies, and
such aggravations are accompanied by the transformation
of the nosoarea boundaries. For example, early in this cen-
tury the epidemics were for the first time reported in foxes
in a number of regions of Eastern Siberia. As a result, for a
number of years rabies has been reported in wild and do-
mestic animals in previously free territories (southern part
of the Krasnoyarsk Krai, Republics of Khakassia and Burya-
tia, Zabaikalsky Krai) [8-11]. The Irkutsk Oblast remains the
only rabies-free Subject in Eastern Siberia.

The study was aimed at the analysis of the aspects
contributing to the maintenance of rabies-free territory
against the background of the epidemics affecting the
neighboring regions.

MATERIALS AND METHODS

Retrospective study of archive and previously pub-
lished reports on human and animal rabies cases in the Ir-
kutsk Oblast starting from 1954 was performed [5, 12-15].
Sporadic cases mentioned in the statistical bulletins since
1975 were explored.

Currently taken preventive and surveillance measures
are presented based on the data accumulated by the
Irkutsk Oblast Veterinary Service. Results of virological
monitoring performed in 2007-2019 were reviewed.
Brain samples collected from hunted wild animals and ra-
bid suspected, diseased or found dead domestic animals
(n = 1002) were tested according to GOST 26075-2013

“Animals. Methods of Laboratory Diagnosis of Rabies".

Data on anti-rabies vaccination of dogs and cats are gi-
ven according to the official records and reports compiled
under Forms 1-Vet and 1-Vet A. The data submitted by the
Oblast Animal Disease Control Station in 2018-2019 were
used for the estimates of the numbers of the domestic
dogs and cats as well as stray animals [16].

The barrier oral vaccination of foxes was carried out
by vehicles and four-wheeler ATVs. “Oralrabivac” vaccine
(FSE“Shchelkovo biocombinat’, Russia) was distributed in
2007-2009; and “Rabistav” vaccine (FSE “Stavropol biofac-
tory”) was distributed in 2019 according to the manufac-
turer’s instructions. Dynamics of the fox and wolf popula-
tion number and density was analyzed basing on the data
of winter censuses performed according to the methodical
guidelines approved by the Order of the Ministry of Na-
ture of Russia of January 11, 2012 No. 1. The census data
were correlated with officially reported hunted volumes
of these animal species.

Mapping was performed on the basis of the Natu-
ral Earth landscape and geographic map using QGIS 3.2.1
software. Rabies infected territories in the neighboring
Subjects of the Russian Federation were mapped accor-
ding to the data published in 2002-2019 [8, 9, 15].

RESULTS AND DISCUSSION

In the mid-twentieth century, urban rabies epidemics
raged in the Irkutsk Oblast as well as in many other regions
of Russia. This was evidenced by the morbidity patterns.
In 1954-1970, 654 rabies cases were reported in animals
(78.7% - dogs, 17.7% — farm animals, 3.8% - cats). No di-
sease cases were reported in wild animals. Over the same
period, 29 rabies cases were reported in humans with the
maximum number to be reported in 1962. Different pub-
lications informed of 36 or 37 human deaths due to rabies
[12, 14]. In all cases the source of infection involved do-
mestic animals. Two epidemic peaks were reported: in mid-
50s and early 60s. After 1963, the morbidity consistently
decreased (see Table). Singular rabies cases were reported
in animals after 1970:in 1976 - three cases, in 1998 - one
case. In the current century, rabies was also suspected in
animals basing on the disease clinical signs and dubious
luminescent microscopy results. The diagnosis was not
however confirmed by the results of the investigations
as well as by the expert and laboratory tests. For exam-
ple, in 2016 a report on a human being attacked by a wolf
in the Ust-llymsky Raion was posted in Internet, but the
investigation demonstrated that the bites were made by
a dog, and laboratory test results did not confirm rabies.
In 2007-2019, the regional veterinary laboratory tested
for rabies a number of samples collected from 433 foxes,
115 wolves, 208 other wild animal species, 228 dogs and
cats, 16 synanthropic rodents and 2 farm animals. The vi-
rological monitoring results demonstrated no rabies cases.
Therefore, over the past 50 years, no rabies epidemics were
observed in the Irkutsk Oblast. Sporadic rabies cases in
dogs in 1976 could be imported or resulted from the in-
fection from bats. It is well-known that Irkut lyssiavirus is
circulating in the chiropterans in Eastern Siberia [17]. Diag-
nostic errors were also quite possible. Thus, one rabies case
reported in a catin Irkutsk in 1998 was not confirmed [13].

Since 2002, the rabies situation has dramatically changed
in the Subjects of the Russian Federation bordering the Ir-
kutsk Oblast. Since that time the epidemic has been per-
sisting in foxes and involving domestic and farm animals
mostly in the insular forest steppes in the south of the Kras-
noyarsk Krai and Republic of Khakassia. In 2011-2019, fox
rabies outbreaks were reported in the Republic of Buryatia
and Zabaikalsky Krai. The outbreaks are occasionally repor-
ted in the Republic of Tyva [5,8-11, 18].The most geograph-
ically close to the Irkutsk Oblast rabies cases were reported
in Kansk forest steppe and Angara River valley (Krasnoyarsk
Krai) located just 50-60 km from the administrative bor-
der [9]. In the Republic of Buryatia, rabies spread along the
Selenga River and its tributaries to the north up to Ulan-Ude
city (approximately 150 km from the Olkhonsky Raion of the
Irkutsk Oblast) [8]. This justified the assessment of possible
rabies introduction into the Irkutsk Oblast and implemen-
tation of the additional preventive measures.

According to fur production volumes during the rabies
epidemics in 1950-1965, the number of fox population
in the Irkutsk Oblast was specified by low growth rates
varied from 1.4-2.7 ths foxes/year. This once again con-
firms that there was no epidemic in foxes at that time.
Thus, for example, in the Republic of Buryatia the num-
ber of fox population drastically reduced after rabies vi-
rus introduction in 2017 [19]. Maximal number of wolves
(about 400 animals) was hunted in 1950 with progressive
four-fold reduction by 1965. Due to a number of social
and economic reasons there are no reliable data on fox
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Table

History of animal and human rabies morbidity in the Irkutsk Oblast in 1954-1970 (archive data)

Tabnuua
[luHamuka 3a6oneBaemMoCTy XMBOTHBIX U NioAeil 6eweHcTBoM B MpKyTckoii o6nactu 3a 1954-1970 rr. (apxuBHble faHHbIe)

(ategory
1954 | 1955 | 1956 | 1957 | 1958 | 1959 | 1960 | 1961 | 1962 | 1963 | 1964 | 1965 | 1966 | 1967 | 1968 | 1969 | 1970 | 1971
Animals 173 | 104 52 79 15 9 19 5 46 7 50 n 1 n 7 0 1 0
Humans* 0 2 0 2 1 1 2 2 9 4 4 1 3 0 0 0 0 0
*Human cases are reported by the date of infection
* Cnyyan 3a6oneBanna ntofieil npuBezeHbl No Aate 3apaxeHus.
and wolf population for the later period (approximately  dense fox population is reported in the Irkutsk-Cherem-
from 1969 to 2000). After 2000, winter census data are  khovsk Plain specified by atropogenically transformed
available that are indicative of the growth of the popula-  forest stepper topography. Mean values of the popula-
tion of wolves and mostly of foxes (Fig. 1). The main factor ~ tion density of this animal species are reported in Ekhirit-
of the current growth of the fox population is apparently ~ Bulagant forest steppe and in Taishetsky and Chunsky
the reduction of the hunting pressure. The fox fur is out ~ Raions bordering the Krasnoyarsk Krai. The highest wolf
of demand, and foxes are currently hunted by amateur  population is observed in the taiga areas (Fig. 2). Com-
hunters while hunting hoofed animals. In 2011-2019, on  parison of the data on the Irkutsk Oblast and Republic of
average 489 animals, i.e. about 3% of the recorded num-  Buryatia, where rabies has been continuously reported for
ber of the population, were hunted annually. As for the  over three years after it was introduced from Mongolia [19],
wolf, this parameter amounted to 232 animals and 4.8%, demonstrates that mean volumes of the wolf population
respectively. density are similar but mean density of the fox popula-
According to the summaries of the Federal Hunting  tion is higher in the Irkutsk Oblast. The fox population is
Reserve Inventory the highest fox population in Eastern  low in the taiga habitats adjacent to Lake Baikal. The wolf
Siberia is recorded in the Irkutsk Oblast [20, 21]. The most ~ population here is however high due to high number of
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Fig. 1. Dynamics of fox and wolf population numbers in the Irkutsk Oblast by winter census data
(number of animals, 2000-2019)
Puc. 1. JuHamuka qucieHHoCMu Jucuybl U 80s1Ka 8 Yipkymckot o6nacmu no OaHHbIM 3UMHUX MAPWPYMHBbIX y4emos
(4ucno ocobed, 2000-2019 22.)
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Krasnoyarsk
Krai

Republic
of Tyva

Mongolia

@ Ulan-Ude

Republic
of Sakha

Density per 1,000 ha
Fox:
® - above 0.42
® -(0.26-042
* -below 0.26

Wolf:

@ - above 0.07
e -0.03-0.07
e -Dbelow 0.03

Fig. 2. Density of fox and wolf population in the Irkutsk Oblast by winter census data
(average data for 2015-2019 per 1,000 ha of hunting reserves; light colored areas on the map - forest-free territories)

Puc. 2. [TnomHocme HaceneHusA aucuysl U 8071Ka 8 Vipkymckol 061acmu no OaHHbIM 3UMHUX MAPUWPYMHbIX
yuyemos (cpeoHue 0aHHble 3a 2015-2019 22. Ha 1000 2a oxomHu4sUX y200ul;

ceemJible y4acmku Ha Kapme — 6e3s1ecHovle meppumopuu)

wild hoofed animals (Fig. 2). There is low number of foxes
on Olkhon Island and the animals mostly feed near the
tourist camps and roads. Tazheranskaya steppe provides
richer habitat for foxes but their number here is also not
high. Pack of wolves (8-11 animals) continuously resides
on Olkhon Island. Rare cases of the wolves crossing frozen
Lake Baikal from the eastern coast to the western one are
known. According to the census the number of foxes and
wolves in the Cisbaikalia Natural Park and Baikal-Lena Na-
ture Reserve is estimated within one order of magnitude
(wolf — 36-101 animals, fox — 29-116 animals). Therefore,
there is a possibility of the rabies virus introduction from
the infected regions of the Republic of Buryatia into the
specially protected natural areas located along Baikal’s
coast, but the conditions for further rabies spread in wild
animals are minimal here.

Due to the threat of rabies introduction from the Kras-
noyarsk Krai, for three years starting from 2007 the barrier
oral vaccination was performed in the Nizhneundinsky,
Taishetsky, Chunsky and Ust-Ilimsky Raions. The scope
of vaccination was increased annually: 2007 - 7.3; 2008 —
37.28;2009 - 118.0 ths doses. The vaccine was distributed
along the 50 km-wide area adjacent to the administrative
border. The efforts to form the buffer zone were resumed
in 2019: 17 ths doses were used in the Taishetsky Raion

along the border with the Krasnoyarsk Krai; three ths doses
were distributed in the Olkhonsky Raion (Olkhon Island,
southern part of the Irkutsk Oblast) and along the western
coast of Lake Baikal (Fig. 3). While selecting the sites for
the vaccine distribution the landscape patterns specifying
possible habitat and migration of foxes were considered.
In the Yenisei part of Siberia and Cisbaikalia, the rabies vi-
rus spreads mostly along the river valleys and intermoun-
tain forest steppe basins cultivated by humans [8-11]. It
is well known that landscape patterns mostly defined
the effectiveness of the first oral vaccination campaigns
in Central Europe [22, 23]. The Irkutsk Oblast is separated
from the Krasnoyarsk Krai, Republic of Tyva and Mongolia
by the plexus of Eastern Sayan Mountains with maximal
altitudes of over 3.3 ths MASL. Individual ridges with the
altitudes of up to 1-2 ths m (Biryusinsky, Gutarsky, Yagi)
extend to the north almost up to Taishet. The most prob-
able routes of rabies spread from the west could include
territories located northwards - along the Transsiberi-
an railroad between Kansk and Taishet as well as along
the Birysa, Chuna and Angara river valleys. In the south,
Lake Baikal is an impassable barrier for the rabies virus in
summer. However, during 3-4 month after the ice forma-
tion singular migrations of wolves from the Republic of
Buryatia cannot be excluded. The narrowest part of Lake
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Baikal (about 30 km) is in Selenga and Buguldeyka river
station. Khamar-Daban and Cisbaikalia mountain ridges
are also formidable barriers for foxes, and they protect the
Irkutsk Oblast from the south.

Another area of activities involves prevention of the
rabies virus introduction with domestic animals. Animal
movements by public transport are controlled according
to the Order of the Ministry of Agriculture of the Russian
Federation of December 14, 2016 No. 635, and thus any
possibility of importation of any non-vaccinated animals
is nearly excluded. There is, however, a problem of intra-
regional transportation by personal transport. For example,
over 100 ths people annually come to Lake Baikal in the
Olkhonsky Raion, and many of them bring dogs, cats, ferrets
and other animals. This further increases the relevance of
the vaccination of pets. There are no statistic data on the
number of cats and dogs. According to the survey, there is at
least one dog and one cat kept on each backyard in the rural
communities. Total of 91.8 ths backyards were recorded in
2019, and the scope of the domestic animal vaccination is
scheduled according to these data. Starting from 2014, over

Krasnoyarsk
o

Fig. 3. Estimated probability of rabies introduction and spread in the Irkutsk Oblast and areas of barrier oral vaccination of foxes.

80 ths dogs are vaccinated annually. In addition, the number
of vaccinated cats has increased significantly (Fig. 4).

After rabies cases ceased to be reported in the Irkutsk
Oblast, 3-4 thousand people annually sought medical
attention due to injuries caused by animals (160-200 in-
dividuals per 100 ths people), and there was a growing
trend of this parameter. In different years, from 30% to 77%
of such people were vaccinated against rabies [5, 24, 25].
Veterinary monitoring of animals with known owners
was performed for 10 days as appropriate and amounted
to 75% of total number of cases. However, 25% of cases
were due to injuries caused by unknown animals that im-
plies full course of vaccination of the injured individuals.
According to the official data, 13 ths stray dogs and cats
were recorded in 2019, and Irkutsk accounted for about
10% of them. Of these, 9,855 animals were captured and
placed into animal shelters. About 50% of such animals
were released after they had been vaccinated, neutered
and tagged (microchipping). Monitoring of compliance
with animal keeping rules and control of the number of
stray dogs and cats still remain intractable social problems.

Irkutsk
" Ulan-Ude

Legend: crosses — sites of the vaccine distribution; gray paint — rabies infected neighboring territories;
yellow paint - forest-steppe territories optimal for rabies spread in foxes;
arrows — most probable routes of rabies introduction with wild animals.

Puc. 3. OyeHKa 803MOXHOCMU 3aHOCA U pacnpocmpaHeHus beweHcmaa

8 Vipkymckol obnacmu u patioHsl npogedeHus 6apbepHoU opanbHOU 8AKYUHAYUU TUCUY.

JlezeHOa: KpecmuKu — Mecma pack/ia0Ku 8aKYUHbl; cepds 3a/1UsKa — Heb1a20n01y4YHble No beweHcmay coceOHue
meppumopuu; Xesimas 3a/U8Ka — iecocmenHele meppumopuu, 6;1azonpusgmHsie 019 pacnpocmpdreHus bewieHcmaa
Cpedu 1ucuy; cmpesiku — nymu HauboJsiee 8epOSMHO20 3aHOCA belieHcMaa QUKUMU XUBOMHbIMU.
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Fig. 4. Numbers of vaccinated dogs and cats in the Irkutsk Oblast (2004-2019)

Puc. 4. O6wsembl 8akyuHayuu cobak u kowek npomus beweHcmaa 8 Yipkymckot obnacmu (2004-2019 22.)

CONCLUSION

The probability of rabies introduction into the Irkutsk
Oblast has currently increased due to disease presence in
the neighboring areas. In case of the infection introduc-
tion with the wild animals, the agricultural regions of the
forest steppe areas near the Angara are the most likely to
be infected due to high fox population. Long disease free-
dom of the Irkutsk Oblast is favored by relative geographic
isolation of this part of its territory. Continuation of the
barrier rabies vaccination and preventive measures in the
settlements remain of topical significance in the context
of Russia’s participation in the Zero by 30 strategic plan
initiated by the World Health Organization in order to end
human deaths from dog-mediated rabies and with regard
to the tourism development in the Baikal region.
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Menbuos MBaH BnagumupoBuy, KaHAMAAT BETEPUHAPHbIX
HayK, AoLEeHT Kadeapbl CreLnanbHbIX BeTeprHapHbIX AUCLNANH
OrbOY BO UpkyTckuin FAY, r. pkyTck, Poccua.

A6noe AnekcaHgp MwuxaiinioBu4, 3amecTuTenb ANpeKTopa
OrBY «MpkyTckasa MBJ», r. UpkyTck, Poccusa.

LlkonbHuKoBa EkaTepnHa HukonaeBHa, BeTeprHapHbI Bpay
OIBY «MpkyTckasa MBJI», r. UpkyTck, Poccusa.

Konnuk MapuHa EmenbAaHOBHa, BeTepuHapHbIA Bpau
OIBY «MpkyTckas MBJI», r. UpkyTck, Poccusa.

MuHueHko lMaBen AnekcaHfpoBNY, 3aMeCTUTENb HauaNbHUKa
oTfiena oxpaHbl 1 perynnpoBaHuA NCMONb30BaHNA 06beKTOB
XKUBOTHOO MUPa 1 cpebl 1x 06UTaHMA MUHUCTEpPCTBA NIECHOTO
Komnnekca MpkyTckoi obnactu, r. UpkyTck, Poccus.

[ecatoBa TaTbsiHa BUKTOpPOBHA, COTPYAHMK OTAeNa Hayku
OrBY «3anosegHoe lNpubaiikanbe», r. UpkyTck, Poccus.

3apsa ViBaH [iIMuTpmneBny, acCUCTEHT Kadeapbl 3MMAEMMONOrn
OrboOy BO UMY Munspgpasa Poccun, r. UpkyTck, Poccusa.
BoTBUHKMH AneKkcaHpap AMutpuesmny, JOKTOP MeANLIMHCKUX
HayK, npodeccop, 3aBeayWNin Kadpeapon snnLemMmnonorum
Orboy BO UMY Munzpgpasa Poccun, . ipkyTck, Poccua.

MeTtnun Aprem EBreHbeBuY, JOKTOP BETEPVHAPHbIX HAaYK, NEPBbIN
3amecTtutens gnpektopa OrbY «BHUN3X», r. Bnagumup, Poccus.
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SUMMARY

Rabies is a zooanthroponotic disease, causing significant economic damage, resulting from losses due to livestock deaths, costs of preventive measures and diagnostic
tests. The disease is transmitted through biting or licking of damaged skin or mucosa. The disease is absolutely fatal and practically all warm-blooded animals are
susceptible to it. The paper presents the analysis of statistical data on rabies morbidity and mortality among humans and animals; the assessment of epidemic
situation in the Russian Federation, including the target population vaccination coverage and effectiveness evaluation of measures, taken in Russia to prevent
rabies spread. The major causes of human mortality are considered. The recommendations on decreasing the disease spread risks are given. It was established that
about 60 thousand human deaths and 45 thousand animal deaths from rabies have been reported in the Russian Federation within the past 10 years (from 2010
t0 2019). Moreover cases of licking/scratching/biting of humans (397,248 cases in 2019, out of them 10,232 by wild animals) are reported every year. The sources
of human infection within the mentioned period were dogs (39%), foxes (18%), cats (14%), raccoon dogs (14%), wolves (4%), polar foxes (4%), ferrets (4%),
unknown sources (3%). The analysis of data from veterinary reports showed that the most rabies-infected regions are the Central and Volga Federal Districts. Using
the mathematical modeling of the epidemic process the results of preventive measures, taken by the Veterinary Service in case of rabies in the region, were evaluated.
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PE3IOME

beLueHCTBO — 300aHTPONOHO3HOE 3a60/1BaHNE, HAHOCALLIEE 3HAUMTENbHII SKOHOMUUECKIIA YLLepO, CKnafibiBaIOWMIACA 13 NOTEPD B pe3ysibTaTe Naexa KUBOT-
HbIX, 3aTPaT Ha NPoBeZeHIe NPOYUNAKTUYECKIX MePONPUATIIA 1 IMArHOCTIAYECKIX CCNIe0BaHMIA. BonesHb nepeaaeTca npy yKyce Ui 0CTIOHEH!N NOBPeX-
JeHHbIX MOBEPXHOCTEI KON, CI3NCTbIX 060n10ueK. 3aboneBaHue XapakTepusyetca abcotoTHON NETanbHOCTbIO, eMy NOABEPKEHBI NPAKTUYECKN BCe TENo-
KpOBHbIe XMBOTHblE. B paboTe NpoBeieH aHan3 CTaTUCTIYECKIX AaHHbIX M0 3a6071€BaeMOCTY 11 CMEPTHOCTI IOAEi U XKUBOTHBIX OT OELLEHCTBA, NpoBeeHa
OLIEHKa 3MI1300TUYECKOI CUTYaLIm B Poccuiickoit Depepainn, BKAIOYAIOLLAS 0XBAT BaKLMHALMET LieNeBbIX NONYNALMIA, a TaKXe oLeHKa SOOEKTUBHOCTI Mep,
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npumeHaemblx B Poccun Ana npefoTBpaLLeHua pacnpocTpaHeHna beleHcTBa. PaccMoTpeHbl OCHOBHbIE MPUYNHBI CMEPTHOCTI MtoAed. [laHbl peKomeHdaumn
10 CHYXKEHMIO pUUCka pacnpocTpaHenua 3aboneBanua. bbino BbiaBneHo, uTo 3a nocnegnue 10 net (c 2010 no 2019 r.) Ha Tepputopum Poccuiickoii Deaepavinm
3aperucTpupoBaHo 60 cnyyaes rubenn Niogeil ot belueHcTBa 1 0KONO 45 ThICAY CYYaEeB NAZeXa XKUBOTHbIX. Kpome 3T0ro, eXeroHo GuKCMpyTCa cydan oc-
TIKOHeHNiA/oLapanblBaHuii/nokycoB niopeii (397 248 cnyuaes 3a 2019 ., 3 Hux 10 232 — AUKUMU XKUBOTHBIMY). MICTOUHMKaMV 3apaxkeHInA Niofeid 3a yKa3aHHbIii
nepuog ABNANNCH: cobaka (39%), nncuua (18%), kouka (14%), eHotoBuaHas cobaka (14%), Bonk (4%), necewy (4%), xopek (4%), Hen3BeCTHbII MCTOUHNK (3%).
B pe3ynbrate aHanu3a AaHHbIX BeTePUHAPHBIX GOPM OTYETHOCTY BbIABMAN, UTO CaMbiMU HebnarononyyHbIMu o BelweHcTBy ABnAtoTcA LieHTpanbHbiii 1 Mpu-
BOMKCKMI GeaepanbHble okpyra. B npesctaBneHHoil paboTe C NOMOLLbI MaTeMaTUYeCKoro MoAenupoBaHIsA 3M1300TUYECKOT0 MPOLLECCa OLiEHeHbl pe3ynbTaTbl
npodunakTUueckoil paboTbl, NPOBOANMOI BeTepUHAPHOIA YO0/ NP1 BO3HUKHOBEHIM GELLEHCTBA B PEruoHe.

KnioueBbie cnoBa: belleHCTBO, aHANM3, INM300TUYECKAA CUTYaLWA, BaKLMHALIAA, PETMOHaNU3aLA, NPOTUBOINM300TUYECKIE MEPONPUATH.
bnaropapHocTb: Pabota BbinonHeHa 3a cuet cpecTB OTBY «BHUN3X» B pamkax HayuHo-uccneoBaTeNbCkux pabot no Teme «BetepuxapHoe bnarononyume.

[ina uuruposanua: epbunun C. B., Bagonanac T. B., Kopentoit 0. 1., bnoxuna K. A., Kapaynos A. K. OueHka 3¢deKTMBHOCT NpOTBO3NM300THYECKIX
MeponpuATUii NPoTUB beLueHCTBa, ocywiecTBaAemblx B Poccuiickoit Oeaepaumn. Bemepunapus cezoona. 2020; 3 (34): 162—169. DOI: 10.29326/2304-196X-

2020-3-34-162-169.
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INTRODUCTION

Rabies (or hydrophobia) is one of zoonotic diseases,
which occurs in the whole world, except for Antarctica.
This is the fatal disease, presenting a significant threat
for public health. Notwithstanding the fact, that human
cases can be prevented by modern post-exposure pro-
phylaxis tools, control and eradication are possible only
in reservoir populations, for example in foxes and domes-
ticdogs [11.

Taking into account the nature of rabies agent reser-
voir the epidemics can be natural (the disease is spread by
wild carnivores) and urban (the virus sources and vectors
are stray dogs and cats, the number of which defines the
epidemic proportions) [2].

According to the researchers’ assessments about
60 thousand people die from rabies and about 29 million
people seek for post-exposure medical assistance after
contact with a suspected animal [3].

Every year considerable financial resources are dedica-
ted to rabies prevention in animals and reducing the pro-
bability of human infections. The vaccination of domestic
and wild susceptible animals, post-exposure prophylaxis
in humans and control of carnivore movements (regiona-
lization requirements) are carried out in the territory of the
Russian Federation.

The purpose of this work was the analysis of statistical
data on rabies morbidity and mortality in humans and ani-
mals in the Russian Federation in 2010-2019, as well as the
evaluation of control measure effectiveness and recom-
mendations on reduction of disease spread risks.

MATERIALS AND METHODS

The statistical data on morbidity and mortality in hu-
mans and animals due to rabies virus (Table 1), number of
movements of domestic carnivores, number of detected
violations in the process of such movements (Data from
IS“MERCURY”) were used in the study. The population indi-
cators of the epidemic process made it possible to analyze
the effect of prevention measures on human morbidity.
Data on vaccination of domestic and wild animals allowed

to evaluate the reduction of human rabies risks by mode-
ling.

To assess the epidemic situation intensity in the Federal
Districts of the Russian Federation the epidemicity index,
calculated using the following formula, was used:

le=t/T,

where’le’is the epidemicity index;‘t'is the number of days
(months, years), when the disease was reported; ‘T is the
number of days (months, years) of observation.

Based on the epidemicity index value, the Federal Dis-
tricts were ranked against their infection level.

To quantitatively assess the effect of vaccination per-
formed on risks of public infection, the modeling of pos-
sible number of human infections due to bites of wild
and domestic animals was carried out. The modeling was
performed using probabilistic approach for two scenarios:
1) preventive vaccination of animals against rabies is not
practiced; 2) vaccination is practiced. The probable num-
ber of infected humans was modeled using hypergeo-
metric distribution, assessing the probability of's"human
infections where data on animal population number (M),
number of infected animals within it (D) and number of
reported bites (n) are available (Table 1).

The following initial parameters were taken into ac-
count: mean potency of the vaccine - 87% [5]; average
uptake of vaccine baits by wild animals — 50% [6]. The fol-
lowing assumptions were used: 1) probability of human
infection if bitten by an infected animal is 100%; 2) baits
were consumed only by foxes [7].

To study the relationship between the vaccination co-
verage and morbidity level in the Federal Districts in 2010-
2019, the correlation analysis using Pearson correlation
coefficient (r) was performed.

RESULTS AND DISCUSSION

Rabies is endemic to the Russian Federation. In 2010-
2019 60 human deaths and 45,219 animals’ deaths due to
this disease were registered in the country (RF MoA and
Rospotrebnadzor data).
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Table 1
Statistical data for modeling

Tabnuua 1
CraTucTUYecKMe JaHHble [NA NPoBefeHNA MOAENUPOBaHUA

Number of infected wild animals 587 animals RF MoA, IACannual report
Number of infected domestic animals 586 animals RF MoA, IACannual report
Number of contacts between wild animals and humans 10,232 Rospotrebnadzor
Number of contacts between domestic carnivores and humans 387,016 Rospotrebnadzor
. . . Ministry of Natural Resources,
Number of wild carnivores 753,200 animals RF Central Hunting Control Insttution
) Ministry of Natural Resources,
i Ol e 0l RF Central Hunting Control Institution
Number of domestic carnivores 52,600,000 animals Evaluated value [4]
Vaccine baits distributed 20,684,436 doses RF MoA
Domestic carnivores vaccinated 8,548,904 animals RF MoA

Out of 86 Subjects of the Russian Federation the fol-
lowing regions were permanently infected with rabies in
2010-2018: Republic of Karelia, Kamchatka Krai, Arkhan-
gelsk, Murmansk, Irkutsk, Magadan and Sakhalin Oblasts,
Saint Petersburg. In 2019 the following regions became
also infected: Republic of Komi, Republic of Chechnya, Ke-
merovo Oblast and Primorsky Krai.

The infection level in the Federal Districts was ranked
based on the epidemicity index (Table 2).

Within the observation period humans got infected
in 53.6% of cases after contacts with domestic carnivores
(dogs and cats). Herewith the ratio of infections due to
dogs was 39% and cats were responsible for 14% of infec-
tions. The other rabies infection sources were represented
by foxes (18%), raccoon dogs (14%), wolves (4%), polar fox-
es (4%), ferrets (4%), unknown sources (3%) [9] (Figure 1).

The major reasons for human mortality are: incorrect di-
agnosis, delayed post-exposure prophylaxis, refusal from
vaccination of domestic carnivores [9].

Vaccination

19,842,548 domestic animals, including livestock were
vaccinated in the Russian Federation in 2019. Besides
20,684,436 vaccine baits were distributed for wild animals.
8,548,904 cats and dogs out of 52.6 million population
were vaccinated, it means 16.25%, which is clearly not
enough to develop an effective herd immunity (vaccina-
tion is effective if 90% of domestic animals (dogs) and at
least 70% of wild carnivores are immunized [10, 11]).

The graphs presenting correlation between morbidity and
vaccination coverage in domestic and wild carnivores for the
last 10 years by Federal Districts are given below (Fig. 2-4).

The correlation between the vaccination coverage and
morbidity was: r = 0.96 for domestic carnivores; r = 0.86 for
wild carnivores; r = 0.95 for livestock. Herewith no correla-
tion was established between the number of tests and ani-
mal morbidity. Based on the results of correlation analysis, it
may be concluded that it is not effective to increase the vac-
cination coverage, if the current approaches to prevention

are maintained, i.e. if the risk populations are not regarded.
However this supposed ineffectiveness of the vaccination
programme through the increase in urban vaccination
coverage among susceptible animals is associated with the
practice to vaccinate only registered domestic carnivores
(service animals, exhibition animals, animals kept in shel-
ter and so on) alongside a high morbidity of stray and this
means non-vaccinated animals. The effectiveness of urban
rabies prevention directly depends on the vaccination cove-
rage among target populations [11]. It is recommended to
develop measures, aimed at recording and control of urban
animals (microchipping, passport system, population con-
trol) and increase the vaccination coverage up to 90% [10].

As for wild animals, the supposed ineffectiveness of the
vaccination programme through the increase in the num-
ber of baits distributed is probably associated with the
focus on fox populations, while the number of the other
wild carnivore species populations is unknown. Moreover
such carnivores are strongly involved into the epidemic
process. It is recommended to develop oral vaccination
tools for most species of wild carnivores to cover at least
70% of population [10].

Livestock is the dead-end of the rabies epidemic chain.
These animals are often vaccinated to comply with the
requirements of anti-epidemic measures in the rabies
outbreak area, herewith not all livestock facilities stick to
biosecurity norms, which creates the risk for the livestock
to get infected from wild or stray carnivores. That is why,
when planning vaccination of livestock it is recommended
to use a risk-oriented approach and pay special attention
to the vaccination programme for high risk populations
with due consideration of biosecurity requirements and
within the set of measures to decrease rabies spread (90%
vaccination coverage for urban populations and 70% vac-
cination coverage for wild carnivores [10, 11]).

Post-Exposure Prophylaxis

A factor, facilitating death rate increase, is a lack of
public awareness about potential risks of bites/licking/
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Table 2
Ranking of RF Federal Districts based on rabies infection level

Tabnuuya 2
PaHxupoBaHue ¢pefepanbHbix okpyroB PO no ypoBHio He6narononyuus no 6eweHcTBY

Rank [8]
(risk level®)

Federal District Mean Epidemicity Index (2010-2019)

Central (CFD)
0.9-1.0 (catastrophic)
Volga (VFD) 0.978
North Caucasian (NCFD) 0.88
Southern (SFD) 0.86
Ural (UFD) 0.85
Siberian (SbFD) 0.77
Far East (FEFD) 0.35
> 0.5-0.1 (moderate)
Northwestern (NWFD) 0.32
Baikonur 0.0 > 0.1 (low)

*Risk levels:

catastrophic — the disease was reported in all regions throughout the observation time

(practically 100% likelihood of the disease spread to the other Federal Districts);

high — the disease is reported in most regions, the improvement of the situation within the studied period is minimal

(high likelihood of the disease spread to the other Federal Districts);

moderate — less than half of the regions are infected (within the observation period the tendency towards improvement
was noted; the likelihood of the disease spread to the other Federal Districts is low);
low — the territory is free or sporadic rabies cases are reported (very low likelihood of the disease spread to other regions

due to natural or artificial geographical barriers).
*YpoBHM pucka:

KatacTpoduueckuii — 3abonesaiue BbIABNEHO BO BCEX PETVIOHAX U 3a BCe BPeMs HabntofieHus

(npakTyecku 100%-A BepOATHOCTb pacNpoCTpaHeHna B Apyrue GefepanbHble okpyra);

BbICOKMIl — 3a6oneBaHe HabtoAaeTCA B 6ONbLUMHCTBE PETVIOHOB, YTyULLEHNe CUTYaLMI 33 UCCTeSyemblii Nepuog
MUHIManbHoe (BbICOKas BEPOATHOCTb PAaCNpOCTpaHeHus B Apyrue desepanbHble okpyra);

YMEpEHHbIii — MeHbLLIe NONOBYHbI PErMOHOB 3aTPOHYThl 3a6oneBaHueM (B TeueHue cpoka HabntoZieHa NpoCNexXUBaeTcA
TeHZEHLNA K YNYULUEHNIO SMU300TUYECKOI CUTYaLIM; BEPOATHOCTb PacnipoCTpaHeHNa B pyrue peruoHbl Mana);

HU3KWii — 6narononyyve TeppuTOpIM M CMOPaZIYECKite Cyuan GeLeHCTBa (0YeHb HI3Kas BEPOATHOCTb
PacnpocTpaHeHus B ApyriAe PerioHbl BBUAY HANMUNA eCTeCTBEHHbIX 1 MCKYCCTBEHHBIX reorpaduueckux 6apbepos).

scratching by both wild and domestic animals and poor
patient compliance.

When a victim seeks for a medical help, his/her wound
is treated depending on the type of the wound, antirabic
immunoglobulin is injected and then COCAV antirabic vac-
cineis used on 0, 3, 7, 14, 30 and 90 days post exposure.
In most cases, this therapy is effective, but if the wound is
located close to brain or the wound is vast, the virus high
infective dose nullifies all the efforts to prevent the disease
clinical signs.

In 2010-2019 60 people died from rabies in the Rus-
sian Federation due to the following reasons: failure to
seek medical assistance — 67.8%; unauthorized viola-
tion of the vaccination scheme - 17.9%; fault of medical
staff — 1 person (3.6%); bites of dangerous location, not-
withstanding the correct therapy and short incubation
period - 2 persons (7.1%); unknown reasons — 1 person
(3.6%). 195 persons died from rabies during the previous
20 years [9].

In 2019, 397,248 cases of licking/scratching/biting were
reported, out of them 10,232 exposures from wild animals,
followed by two human deaths were registered [9].

Due to the fact, that non-carnivorous animals and hu-
mans are the end hosts of the infection, we used preva-
lence values among wild and domestic animals for the risk
assessment.

The modeling results (Fig. 5, 6) demonstrate that if the
vaccination is not practiced, the most probable number of
infected humans can be: 7-8 humans after exposures from
wild animals; four humans after exposures from domestic
animals. If wild and domestic animals are vaccinated, the
probable number of infections is decreased: five humans
after exposures from wild animals and three humans after
exposures from domestic animals. Herewith the number
of infected animals in wild population decreases from 587
to 409 individuals, in domestic population from 586 to 504
individuals.

Hypothetic increase in the vaccine potency to 100%
does not significantly influence the situation: the expected
number of infected people is not changed.

Some authors describe the 40-60% uptake rate of vac-
cine baits [6], while the other publications specify 80-90%
rates [12]. We took the mean value of a lower uptake rate for
our modeling at high risks of spreading. This is associated
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Rabies sources

M dogs

u foxes

W cats

M racoon dogs
B wolves

m polar foxes
o ferrets

B unknown

Fig. 1. Human infection sources [9]

Puc. 1. Ucmoy4Huku 3apaxeHus ntodeli beweHcmaom [9]
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with the fact that we did not take into account the other
species of carnivores, which are not vaccinated in contrast
to foxes, but they are involved into the epidemic process
(martens, badgers, corsac foxes, etc.). That is why there is
a certain proportion of biased data and modeling results,
whichin turn necessitates the need to increase the volume
of output data.

Increased bait uptake rate by wild animals could lead to
a greater effect. For example, if bait uptake rate by foxed is
100%, the number of infected people post exposures from
wild animals could be decreased to three persons.

The problem of vaccination lies in impossibility to catch
and vaccinate all stray animals. It is necessary to immunize
domestic carnivores, which have the access to outdoors,
and animals, residing in private houses. Today the oral
vaccination is envisaged only for foxes due to their spe-
cific uptake behavior, needed for effective vaccination [7].
However, other susceptible animals remain intact and are
actively involved into the epidemic process.

Average annual human mortality rates due to rabies
suggest the lack of public awareness raising events, con-
tributing to understanding of the necessity to take pre-
vention measures.

Animal movement surveillance

In 2010-2019, 10 cases of imported rabies were repor-
ted. In most cases, these were tourists, who had contacts
with diseased animals in other countries and sought for
medical assistance due to clinical signs, manifested at
home [9].

279,391 movements of domestic carnivores between
regions were registered in 2019. Pursuant to p.4.11 of Sani-
tary Rules (SP) 3.1.096-96, Veterinary Rules (VP) 13.3.1103-
96 (approved by the State Committee of Public Health
Surveillance No. 11 on May 31, 1996 and Ministry of Agri-
culture and Food No. 23 on June 18, 1996) “Prevention and
Control of Infectious Diseases Common for Humans and
Animals. 13. Rabies”movements of dogs out of the Oblast
(Krai, Republic) are allowed only if they are accompanied
with the veterinary certificate, bearing the stamp on rabies
vaccination.

Based on the reports of the Rosselkhoznadzor Territo-
rial Administrations eight attempts to move carnivores,
accompanied with incorrectly prepared veterinary and
sanitary documents were detected and prevented in 2019.

The prevented attempts of illegal movements suggest
that the system functions well, but the danger of non-vac-
cinated domestic carnivores, moved by summer visitors
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Fig. 2. Correlation between morbidity and vaccination coverage against rabies in domestic carnivores (2010-2019)
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implement additional measures to prevent rabies. Such
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Fig. 4. Correlation between morbidity and vaccination coverage against rabies in livestock (2010-2019)
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control for susceptible non-vaccinated animals within
the Oblast (Krai, Republic).

The direct link between vaccination coverage and
morbidity among target groups is established, which at
first glance, suggests the inadequacy of the programme

on vaccination coverage increase. The detailed analy-
sis showed the necessity of a more careful vaccination
programme planning, involving control of populations
and coverage of a bigger number of animals. The lack
of vaccination coverage for the purposes of effective
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herd immunity and disease restrain was established. It
was revealed that out of 52.6 million dogs and cats, only
8,548,904 animals were vaccinated, which is 16.25% of
the population. The necessity to improve the methods of
wild carnivore vaccination was shown, due to the focus
on oral vaccination of foxes.

The data obtained support the relevance of measures,
envisaged by the Set of Joint Measures of the CIS Member
Countries to prevent and control rabies till 2025. The imple-
mentation of the Set will enable to reach rabies freedom in
target populations (if 90% of domestic animals (dogs) and
70% of wild carnivores are vaccinated) [10].
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SUMMARY

There are currently many controversial issues in the study of bovine respiratory syncytial infection. In this regard, it is relevant to study the biological properties of the
virus, optimize the methods of its cultivation and select the most technologically advanced methods of designing diagnostic and prevention tools for this disease.
The aim of this work was to select sensitive cell systems and to optimize the cultivation parameters in selected cell cultures. The Vologda/2019 strain of the bovine
respiratory syncytial infection virus isolated from biological material obtained from a calf with respiratory symptoms was used in the experiment. The strain was
adapted to the continuous cell culture derived from bovine turbinate tissue (BT) and deposited in the State collection of microorganism strains at FGBI“ARRIAH" It was
established that the continuous cell lines of fetal bovine trachea (FBT) and calf kidney (RBT) are the most sensitive cell systems for the reproduction of the bovine
respiratory syncytial virus strain Vologda/2019, the maximum accumulation of the virus was observed in these cell cultures. The cytopathic activity of the virus in
the FBT cell culture ranged from 4.78 +0.18 to 5.50 = 0.16 I TCID, /cm?®, and in the RBT cell culture — from 4.00 £ 0.23 to 4.75 + 0.20 Ig TCID, /cm? at days 45
of cultivation. It was determined that in case of multiplicity of inoculation of FBT and RBT cell cultures with the virus at 0.11g TCD_ /cell and the use of 2% glutamine
in the maintenance nutrient medium, as well as 2% horse or cattle blood serum, it is possible to obtain virus material with high cytopathic activity.
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Acknowledgements: The experiment was carried out at the expense of the FGBI“ARRIAH” in the framework of the research topic “Animal Welfare”.

For citation: Kirpichenko V. V., Kononova S. V., Shumilova I. N., Nesterov A. A., Turkova M. V., Bukhon Ye. A., Romenskaya D. V., Sprygin A. V., Manin B. L.,
Byadovskaya 0. P. Optimization of cultivation parameters for bovine respiratory syncytial virus strain Vologda/2019. Veterinary Science Today. 2020; 3 (34): 170—
178.DOI: 10.29326/2304-196X-2020-3-34-170-178.

Conflict of interest. The authors declare no conflict of interest.

For correspondence: Vladimir V. Kirpichenko, Post-Graduate Student, Reference Laboratory for Bovine Diseases, FGBI “ARRIAH’, 600901, Russia, Vladimir,
Yur'evets, e-mail: kirpichenko@arriah.ru.

YK 619:578.231.31:636.22/.28:57.082.26

OnTumun3auna napameTpoB KyNnbTUBUPOBAHMA BUpYCa
PeCnupaTopHO-CUHUMTUANBHOM UHPEKLIUK
KPYNHOro poraToro ckota wramma «Bonorga/2019»

B. B. Kupnuuenko', C. B. KononoBa?, I. H. lllymunosa®, A. A. Hectepos’, M. B. Typkosa®, E. A. byxoH¢,
1. B. Pomenckas’, A. B. Cnpbirus®, b. J1. Manuw’, 0. M. bbagoBckaa™

OIBY «OeepanbHblil LieHTp oXxpaHbl 340poBbA XMBOTHbIX» (OTBY «BHUN3X»), . Bnagumup, Poccua

' ORCID 0000-0002-2494-3826, e-mail: kirpichenko@arriah.ru

2 0RCID 0000-0002-3932-2416, e-mail: kononova@arriah.ru

3 ORCID 0000-0001-6132-5771, e-mail: shumilova@arriah.ru

170 VETERINARY SCIENCE TODAY, SEPTEMBER Ne3 (34) 2020 | BETEPUHAPWSA CETOZHS, CEHTABPb Ne3 (34) 2020



ORIGINAL ARTICLES | BOVINE DISEASES OPUTUHATNBbHbIE CTATbU | BONE3HU KPC

“ORCID 0000-0002-4288-1964, e-mail: nesterov@arriah.ru

> ORCID 0000-0002-6598-7593, e-mail: turkova@arriah.ru

8 ORCID 0000-0002-2989-7793, e-mail: buhon@arriah.ru

7 ORCID 0000-0002-2443-1898, e-mail: romenskaya@arriah.ru
8 ORCID 0000-00017-5982-3675, e-mail: sprygin@arriah.ru

° ORCID 0000-0002-5263-1491, e-mail: manin@arriah.ru

1 ORCID 0000-0002-8326-7151, e-mail: bjadovskaya@arriah.ru

PE3IOME

B HacToALee BpemaA B U3yueHUN pecninpatopHo-CUHLUTUANbHON MHEKLMM KPYMHOTO POraToro CKOTa ecTb MHOXECTBO CMOPHBIX BOMPOCOB. B cBA3M ¢ 3TUM
aKTyanbHbIM ABNAETCA U3yueHue 610Nornyeckux CBOACTB BUPYCa, ONTUMM3ALNA METOLOB ero KyNbTUBMPOBaHMA 1 noa6op Haubonee TeXHONOMMYHbIX MPUEMOB
KOHCTPYMPOBAHNA CPeCTB AUATHOCTUKY U NPoGUNAKTIKM aHHOT0 3aboneBaHus. Lienbio HacTosLeil paboTbl ABNANNCH BbIGOP UYBCTBUTENbHDIX KNETOUHBIX CAC-
TeM U ONTUMU3aLA NapaMeTPOB KyNbTUBMPOBAHIA B N0A0OPAHHBIX KyNbTypax KneTok. B onbitax ncnonb3osany wramm «Bonorga/2019» Bupyca pecnupatopHo-
CMHLMTUANbHOI MHGEKLIUM KPYNHOTO PoraToro cKoTa, BbiAeNeHHblii 13 6ronornyeckoro MaTtepuana, noftyyeHHoro oT TeeHKa ¢ Npu3Hakamin pecnnpaTopHoii
natonoriu. LLitamm aganTupoBaH K nepeBrBaeMoil KyNbType KNeToK CIM3UCTOi HOCOBBIX MeperopofoK KpynHoro poratoro ckota (BT) n genoHuposa B focyaap-
CTBEHHYI0 KONNEKLIMIO LUTaMMOB MUKpoopraHu3moB OTBY «BHUU3X». YcTaHoBneHo, uto nepeBrBaemble MHIK KNETOK Tpaxel SMOPHOHA KPYMHOTO poratoro
ckota (FBT) n noukn reneHka (RBT) ABnatoTca Haubonee UyBCTBUTENbHBIMU KNETOUHBIMU CUCTEMAMU A1A PENPOAYKLIMY PeCMpaTOpPHO-CUHLMTUANBHOTO BIpY(a
KpyMHOro poratoro ckoTa tamma «Bonoraa/2019», B faHHbIX KyNbTypax KNeTok 0TMeuanocb MakcumanbHoe HakonneHue Bupyca. Liutonatnueckas akTuBHoCTb
BUpYCa B KynbType knetok FBT Ha 4—5 cyT kynbTuBmMpoBaHua coctaBuna ot 4,78 +0,18 105,50 £ 0,16 1g Tuﬂso/CM3, aB KnetouHoii cucteme RBT — 014,00 £ 0,23
104,75+0,201g TUJ, /cm®. Onpeseneo, 4To NpU MHOXECTBEHHOCTY 3apaxeHua KynbTyp knetok FBT u RBT Bupycom 80,119 TLJ, /kn, ucnonb3oBaHum B coctae
nopAepXuMBatoLLeil NuTatenbHoil cpebl 2% rMioTaMInHa, a TaKkxKe 2% CbIBOPOTKM KPOBY N10LIAAM MMBO KPYMHOTO PoraToro cKoTa yAaeTca NoayuuTb BUPYCHbIN
MaTepuan ¢ BbICOKOIA LIMTONATUYECKOi aKTUBHOCTBHO.

KnioueBble cnoBa: pecnupatopHO-CUHLMTUANbHBIA BUPYC KPYMHOTO poratoro ckota, Wrtamm «Bonoraa/2019», KynbTMBMpOBaHWe, LuUTONATMYecKas
aKTUBHOCTb, TUTP BUpYCa.
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INTRODUCTION

Implementation of commercial methods in livestock
farming, on the one hand, led to increase in productivity,
and on the other hand, caused such serious problems
as favorable conditions for massive spread of infectious
diseases. Respiratory infections take the leading posi-
tion among most common bovine diseases [1]. They can
emerge both independently (parainfluenza-3, infectious
rhinotracheitis, viral diarrhea, adenoviruses, respiratory
syncytial infection) and in various associations of viral and
bacterial etiology, causing enormous economic losses to
livestock industry [2—-4].

To date bovine respiratory syncytial virus (BRSV) in-
fection has been registered in many countries across the
globe (Japan, Germany, USA, Croatia, Belgium), as well as,
since 1975, in Russia [4-6].

BRSV belongs to the family Pneumoviridae, genus Or-
thopneumovirus, species Bovine orthopneumovirus. All cat-
tle breeds, as well as buffaloes, aurochs, yaks, bison, zebu,
etc. are susceptible to the virus. According to the majority
of domestic and foreign authors, the most BRSV-suscep-
tible cattle are calves aged 1-12 months. However, the
disease is less common in young animals up to 4 weeks of
age; this fact may be associated with a more responsible

attitude and proper care of newborn calves. There is evi-
dence of outbreak occurrence among adult cattle, which
may be associated with the mechanical penetration of the
pathogen into the herd, where no measures were applied
to prevent BRSV entry. Such cases include purchase of in-
fected livestock, use of non-authorized cattle movement
areas for transportation, etc. The incubation period lasts
2-5 days. There are three forms of the disease: subclinical,
acute and hyperacute [7].

Diseased or convalescent animals often appear the
source of infection. The most likely way of the virus trans-
mission is via respiratory aerosols or from contact, through
secretions from eyes, nose and tracheal mucosa. A num-
ber of authors have shown that intrauterine infection
facilitates circulation of the respiratory syncytial virus in
the herd. There is no data on transmission of the BRSV
pathogen in cattle with semen; this issue needs further
study [6, 8, 9].

At present, many issues related to the course of in-
fection also remain insufficiently studied. It is known
that BRSV replicates in respiratory tract cells, however,
there are data of some Russian researchers on the vi-
rus adaptation to bovine kidney and testicular cell cul-
tures [2, 7, 10].
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BRSV diagnosis is made on the basis of epizootologi-
cal and clinical data, pathological changes and laboratory
test results. Laboratory diagnosis includes detection of
specific antibodies using enzyme-linked immunosorbent
assay (ELISA) or neutralization test; identification of the
respiratory syncytial virus genome using real-time re-
verse transcription polymerase chain reaction (real-time
RT-PCR); virus isolation from biological material derived
from animals using culture techniques [2, 3, 8]. Blood sera,
nasal discharge samples, tracheal and bronchial exudates,
lung and bronchi fragments are commonly used as test
material [5, 10, 11].

BRSV is often difficult to isolate in cell culture due to its
lability and instability in the environment [7, 8]. The result
of virus isolation in cell culture and its further identification
using PCR or ELISA largely depend on the proper selection,
storage, and transportation of biomaterial samples from
diseased animals [10]. According to the data of domes-
tic and foreign authors primary trypsinized cultures of
bovine embryonic cells (bovine embryonic kidney (BEK)
cells, bovine embryonic lung (BEL) cells, etc.) are used for
virus isolation [7-9].

Real-time RT-PCR along with retrospective serological
methods are the most promising methods for BRSV diag-
nosis [9]. It should be noted that virological methods play
asignificant role in the development of diagnostic systems
and means of specific disease prevention. It is extremely
important to obtain highly potent cultural virus material
for production of high-quality test systems, kits, vaccines
and specific sera [2, 3, 12].

Thus, the study of the viral biological properties, opti-
mization of cultivation and selection of components are of
great relevance for developing diagnostic and prevention
tools for this disease.

The aim of this work was to optimize the cultivation
parameters for BRSV strain Vologda/2019 in previously
selected sensitive cell systems.

MATERIALS AND METHODS

BRSV strain Vologda/2019 isolated from biological ma-
terial obtained from a calf with respiratory symptoms and
adapted to the continuous bovine turbinate tissue (BT)
cell culture with the infectivity titer of 4.0 Ig TCID, /cm?
was used in the experiment. In 2019 the obtained BRSV
strain Vologda/2019 was deposited in the State collection
of microorganism strains at FGBI “ARRIAH".

In order to study the cultural properties of the indica-
ted BRSV strain and its adaptation to high-performance
cell lines, the following animal cell culture systems were
used: bovine calf kidney (RBT), mucous membranes
of fetal bovine nasal septum (FBN), fetal bovine tra-
chea (FBT), rhesus monkey kidney (MA-104), goat go-
nads (YaDK-04) [13].

A 24-hour cell monolayer grown in 25-175 cm? plas-
tic flasks was used for BRSV cultivation in continuous cell
lines. The initial cell concentration in the cell suspension
was 100-300 ths/cm?3. BRSV strain Vologda/2019 was ino-
culated into the cell culture at a dose of 0.1 TCID, /cell. The
cultivation time was 6-8 days provided that the monolayer
integrity was preserved.

The sensitivity of continuous cell culture to BRSV strain
Vologda/2019 was determined by successive passa-
ges [12]. For that, the culture inoculation was preceded by
virus adsorption in monolayer cells, and no maintenance
nutrient medium was added.

The virus was inoculated after removal of growth nutri-
ent medium, then it was allowed to contact with the cell
monolayer in CO, incubator at 37 °C for 1.5 h and after that
maintenance semi synthetic nutrient medium (SSM) supple-
mented with 2% bovine or horse serum and glutamine was
added. The virus material was collected when cytopathic
effect (CPE) was demonstrated in 70-80% cell monolayer
surface. The obtained virus was stored at minus 80 °C. The
virus cytopathic effect was determined by virus microtitra-
tion assay [12]in BT or FBT cell cultures. A distinctive feature
of this study was that BRSV strain Vologda/2019 was ino-
culated onto cell monolayer previously grown for 24 hours.

BRSV microtitration for each passage was performed in
sterile 96-well flat-bottom microtitration plates at 0.2 cm?
per well. Dilutions of virus-containing material (VCM) in
SSM (107-10%) were prepared in sterile Eppendorf tubes
for that pupose [12]. The prepared virus dilutions were
transferred with a single-channel mechanical pipette into
the wells of a culture plate with a grown monolayer of
FBT or BT cell cultures at 0.1 cm? per well starting with the
highest dilution. The plate was placed in a CO,-incubator
with 5% carbon dioxide at 37 °C for 1.5 h for virus adsorp-
tion in the monolayer cells. After virus and cell monolayer
contacted, 0.1 cm? of SSM supplemented with 2% horse
blood serum and glutamine was added. Observation was
carried out using Olympus CKX53 inverted microscope
(40x-400x magnification) and color phase-contrast sli-
ders of the warm and cold spectrum to increase the image
sharpness. The final reading of the virus titration results
were performed after 10 days of incubation, provided
that the cell monolayer integrity in control wells was pre-
served [12].

The infectivity level was calculated according to Reed
and Muench method and expressed as Ig TCID, /cm?[12].

BRSV antigen titer in inactivated preparations was per-
formed using the ‘ELISA kit for antigenic diagnosis of Bo-
vine Respiratory Syncytial Virus (BRSV)’' (Bio-X Diagnostics,
Belgium) according to the manufacturer’s instructions.

RESULTS AND DISCUSSION

Five successive passages were performed in RBT, FBN,
FBT, MA-104 and YaDK-04 culture systems to study sensi-
tivity of various cell cultures to BRSV strain Vologda/2019.

The virus-induced CPE varied in all cell cultures. At day 3
local changes in individual cells and/or cell groups were
observed in RBT cell culture (Fig. 1, 2).

After 4-5 days, local CPE foci were formed in RBT cell
culture as a result of BRSV strain Vologda/2019 replication,
the main “pattern” of the monolayer became smooth due
to cell deformation, and detachment of a large number
of cells and their structural elements in suspension was
observed (Fig. 3). Figure 4 clearly shows the difference be-
tween a supposedly pure and inoculated culture, that is,
practically no cell detachment is observed in suspension,
there are no changes, the monolayer “pattern”is distinct
and individual cells are clearly visible.

At day 7-8 the CPE induced by BRSV strain Volog-
da/2019 reached 70-80% in RBT cell culture. The mono-
layer was dispersed, the cells were destroyed, “holes” were
formed (Fig. 5). When a similar situation was observed, the
virus-containing material was frozen at minus 80 °C and
placed for storage. Control test results with no virus ino-
culation are shown in Figure 6.

Cell changes involving accumulation of destroyed or
deformed cells could be observed in FBT cell culture at
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Fig. 1. BRSV-inoculated RBT cell culture
(day 3, x400 magnification)

Puc. 1. Kynemypa knemok RBT, uHOKy/1upo8aHHas
supycom PCU KPC (3-u cym, ysenuyeHue x400)

Fig. 2. Non-BRSV-inoculated RBT cell culture
(day 3, X400 magnification)

Puc. 2. Kynemypa knemok RBT 6e3 uHokynayuu
supyca PCU KPC (3-u cym, ysenuydeHue x400)

Fig. 3. RBT cell culture inoculated with BRSV
(day 5, X200 magnification)

Puc. 3. Kynemypa knemok RBT, UHOKy/TUpO8aHHAA
supycom PCU KPC (5-e cym, ysenuueHue x200)

day 4 of virus cultivation (Fig. 7). Control test results with
no virus inoculation are shown in Figure 8.

Further studies showed more pronounced CPE caused
by BRSV strain Vologda/2019. By a third passage 80%
monolayer destruction and formation of conglomerates
and syncytia were observed on day 7 of cultivation in FBT
cell culture (Fig. 9). When a similar pattern was observed,
the virus containing-material was frozen at minus 80 °C
and placed for storage. Control test results with no virus
inoculation are shown in Figure 10.

The virus CPE was not observed in MA-104 and FBN
cell cultures; the virus titers measured by ELISA confirmed
that BRSV strain Vologda/2019 is not replicated in these
cell systems (titer decline in percentage equivalence). At
passages 4 and 5 no changes were observed in the cell
monolayer of MA-104 and FBN cultures.

For YaDK-04 cell culture, the viral CPE was manifested
by occasional cell rounding and monolayer thinning. The
microtitration test showed that the virus consistently rep-
licates in this cell system, but the levels of virus accumula-
tion differ from those in RBT and FBT cell cultures. This fact
indicates the need to optimize the cultivation parameters
to achieve the best result.

Puc. 4. Kynemypa knemok RBT 6e3 uHokynayuu
supyca PCU KPC (5-e cym, ysenuyeHue x200)

Fig. 4. RBT cell culture not inoculated with BRSV
(day 5, X200 magnification)

BRSV strain Vologda/2019 titers were measured for
each passage in BT cell culture by microtitration method,
and the specificity of the obtained BRSV preparations was
confirmed using ELISA (Table 1).

The studies showed that during BRSV strain Volog-
da/2019 cultivation in FBT cell culture typical CPE was ob-
served on days 4-5 after passages 3-5. By passage 5 the viral
CPE level gradually amounted to 5.50 £ 0.16 Ig TCID, /cm’.
BRSV titer was 1:2 at passage 1 and 1:64 at passage 5 in
ELISA. A similar trend was observed during BRSV culti-
vation in RBT cell culture: on day 4-5 of cultivation (pas-
sage 5) the virus titer was 4.75 £ 0.20 Ig TCID, /cm?®, and it
increased to 1:32 in ELISA.

Inoculation of BRSV strain Vologda/2019 in MA-104
and FBN cell systems led to a decrease in its activity to
1.50 £ 0.17 Ig TCID, /cm?, and the virus was not detected
at passages 4-5. A similar decrease in the virus titer was
confirmed by ELISA.

During BRSV strain Vologda/2019 cultivation in YaDK-04
cell culture stable virus activity was noted throughout all
5 passages (2.50 £ 0.17 - 3.33 £ 0.18 Ig TCID, /cm?®). It is
possible that by optimizing the cultivation parameters in
YaDK-04 cell system, a higher cytopathic effect of the virus
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Fig. 5. BRSV-inoculated RBT cell culture
(day 7, X200 magnification)

Puc. 5. Kynemypa knemok RBT, uHokynuposaHHas
supycom PCU KPC (7-e cym, ygenuueHue x200)

Fig. 6. Non-BRSV-inoculated RBT cell culture
(day 7, x400 magnification)

Puc. 6. Kynemypa knemok RBT 6e3 uHoKynayuu
supyca PCU KPC (7-e cym, ysenuyeHue x400)

Fig. 7. BRSV-inoculated FBT cell culture
(day 4, X400 magnification)

Puc. 7. Kynemypa knemok FBT, uHoKynuposaHHas
supycom PCU KPC (4-e cym, ysenuyeHue x400)

Fig. 8. Non-BRSV-inoculated FBT cell culture
(day 4, X400 magnification)

Puc. 8. Kynemypa knemok FBT 6e3 uHokynayuu
supyca PCU KPC (4-e cym, ysenuyeHue x400)

Fig. 9. BRSV-inoculated FBT cell culture
(day 7, x400 magnification)

Puc. 9. Kynemypa knemok FBT, uHOKynuposaHHas
supycom PCU KPC (7-e cym, ysenuueHue x400)

174

can be obtained. The virus titer for this viral raw material in

ELISA was 1:2 at the 1t passage and 1:4 at the subsequent

ones, which is considered a stable result, but it is insuffi-
cient for the production of a high-quality virus-containing

preparation.

Fig. 10. Non-BRSV-inoculated FBT cell culture
(day 7, x400 magnification)

Puc. 10. Kynemypa knemok FBT 6e3 uHokynayuu
supyca PCU KPC (7-e cym, ysenuyeHue x400)

The tests showed that RBT and FBT cell cultures are the
most suitable cell systems for BRSV strain Vologda/2019
propagation. MA-104 and FBN cell systems turned out to
be unsuitable for BRSV strain Vologda/2019 accumulation
and reproduction.
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Table 1
Titers of BRSV strain Vologda/2019 in various cell cultures (n =3)

Tabnuua 1

Tutp Bupyca PCU KPC wiramma «Bonorpa/2019» B pa3nuuHbIX KynbTypax KneTok (n = 3)

Cell culture Cultivation period, days Virus titer, lg T(IDSO/cm" Virus titer by ELISA, dilution
1 1:2

8-10 3.0£0.25
2 8-10 3.63+0.07 14
RBT 3 7-10 3.56 +0.06 1:4
4 4-5 40+0.23 1:16
5 4-5 4.75+0.20 1:32

1 10 1.83+0.16 12
2 10 1.67 +£0.16 12
MA-104 3 10 1.50£0.17 12
4 10 n/d -
5 10 n/d -

1 9 2.50+0.17 12
2 10 3.25+0.25 1:4
YaDK-04 3 9 3.12+0.18 1:4
4 8 3.16+0.17 1:4
5 9 333+0.18 1:4

n/d — not detected (He 06HapyxeHo);
«—» —negative result (oTpuLaTenbHbIA pe3ynbrar).

In order to increase the virus titer it was necessary to
select the optimal dose for cell culture infection. Highly
efficient RBT and FBT cell systems were chosen. To ino-
culate BRSV strain Vologda/2019 strain into the selected
cell cultures, the virus-containing material was diluted to
0.001-0.1 TCID, /cell (Fig. 11).

As it is demonstrated in Figure 11, at multiplicity of
infection 0.001 TCID, /cell, the CPE levels of BRSV strain

Vologda/2019 in FBT and RBT cell cultures were 2.50 and
2.751gTCID, /cm’, respectively. At multiplicity of infection
0.01 TCID, /cell the virus CPE in FBT and RBT cell systems
was 4.00 and 3.25Ig TCID, /cm?, respectively. Also, slow vi-
rus accumulation was noted in RBT and FBT cell cultures at
agiven infection dose; the cultivation time to achieve 80%
monolayer destruction induced by BRSV was 9 and 12 days,
respectively. Given the resistance of cell systems to aging
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Fig. 11. Effects of inoculation multiplicity on the BRSV strain Vologda/2019 activity (n = 3)

Puc. 11. BnusHue MHOXXecmeeHHOCMU 3dpaxeHus Ha akmugHocme supyca PCU KPC wumamma «Bonozoa/2019» (n = 3)

and death (18 days before the onset of cell degradation
for FBT and 16 days for RBT), this result can be considered
acceptable. However, the study results showed that with
anincrease in the multiplicity of infection to 0.1 TCID, /cm?,
80% monolayer destruction and virus accumulation in RBT
and FBT cell cultures proceeded faster (4 and 5 days, re-
spectively), while the CPE titer of BRSV strain Vologda/2019
was 4.75 +0.16 and 5.50 +0.80 Ig TCID, /cm?, respectively.
Therefore, this level of multiplicity of infection is optimal.
In order to optimize the composition of the semi syn-
thetic nutrient medium used as a maintenance one for ino-
culation of BRSV strain Vologda/2019, it was decided to
assess the effect of supplementation with glutamine at dif-
ferent concentrations of the original tested substance that
had been previously shown by T. Yu. Kochish [1] (Table 2).

Table 2

According to Table 2, the glutamine supplementation
of the nutrient medium resulted in gradual increase of
BRSV strain Vologda/2019 CPE. When 0.1 and 0.5% glu-
tamine were added to the nutrient medium, the virus
titer in RBT cell culture increased from 3.00 + 0.25 to
3.56 * 0.06 Ig TCID, /cm?, which is a relatively low infec-
tivity level for this virus. When a medium containing 0.1
and 0.5% glutamine was added at passage 3 in FBT cell
culture, it was possible to obtain a virus with the infec-
tivity titer 3.63 £ 0.15 and 4.00 + 0.12 Ig TCID, /cm?, res-
pectively. It was found that the most optimal concentra-
tion of glutamine in SSM is 2%, where it was possible to
achieve the maximal infectivity titer of BRSV by passage 3:
4.75+0.201gTCID, /cm? (RBT) and 5.50 +0.08 Ig TCID, /cm?
(FBT). A further increase in the concentration of glutamine

BRSV strain Vologda/2019 activity in case of glutamine-enriched nutrient medium (n =3)

Tabnuua 2

AktusHocTb Bupyca PCU KPC utamma «Bonorpa/2019» npu o6oraieHun nutatenbHoli cpefibl FMloTaMmuHom (n = 3)

Glutamine amount

in maintenance
medium, %
Passage 1

0.1 3.00£0.25 3.25+0.25

Virus cytopathic effect, Ig TCID, /cm’

3.37£0.20

3.12£0.25 333£0.22 3.63£0.15

1 3.56 +0.06

3.56+0.17

4.00+0.23

3.63+0.16 4.00+0.22 4.00+0.25

3 3.56+0.17 4.00+0.23 3.56 +0.06 3.83+0.20 3.83+£0.20 3.73+0.12
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Table 3

Effect of blood sera concentration in the nutrient medium on BRSV strain Vologda/2019 activity (n=5)

Tabnuua 3

BnuAHue KoHLLEHTPaLK CbIBOPOTKN KPOBU B NUTaTeNbHOM cpefie Ha akTMBHOCTb Bupyca PCU KPC wtamma «Bonorpa/2019» (n =5)

Sera concentration
in nutrient medium, %

Virus cytopathic effect, Ig TCID, /cm’

bovine sera horse sera bovine sera horse sera

0.1 325025 350%0.15 275025 3.630.15

05 3374020 3.0040.25 3254008 400+0.12

1 4304023 4004023 3.5640.19 400+0.25

2 433+£0.12 4504023 4754025 550+0.16

3 400023 3560.17 4004023 373012

LUTEERE R 3.0040.25 3374020 3504033 400+0.17
medium

in the semi synthetic culture medium led to a decrease in
the cytopathic effect of the virus in the considered cell
systems. When using the medium not supplemented with
glutamine in the control samples, the virus titer was at the
level from 3.00 £ 0.25 to0 4.00 + 0.17 Ig TCID, /cm®.

Based on the data obtained, it can be concluded that
2% glutamine supplementation of the nutrient medium
results in increase in the infectivity titer of the virus, and
also reduces the time of the virus's maximal accumulation
in FBT and RBT cell cultures.

The next stage of the experiment was to study the ef-
fect of horse and bovine sera-containing SSM on the virus
reproduction.

Asitis known, bovine serum is often contaminated with
various viral agents, including bovine viral diarrhea virus,
which canimpact virus accumulation in the cell culture and
reduce the cytopathic effect of the virus under study [14].
The use of horse serum could exclude contamination of
the viral suspension with this pestivirus and thereby allow
obtaining the virus with high biological activity.

Five consecutive passages were performed in RBT and
FBT cell cultures to study impact of the tested animal sera
concentration on the virus infectivity. The data are presen-
ted in Table 3.

Table 3 shows that when SSM was supplemented with
0.1 and 0.5% bovine sera, the virus infectivity levels in RBT
cell culture were 3.25 + 0.25 and 3.37 £ 0.20 Ig TCID, /cm?’,
respectively, and in FBT cell culture - 2.75 + 0.25 and
3.25 + 0.08 Ig TCID, /cm?, respectively. Gradual increase
of bovine serum concentration from 1 to 2% in the nu-
trient medium resulted in increase in the infectivity ti-
ter both in RBT (4.33 + 0.12 Ig TCID, /cm?) and in FBT
(4.75 £ 0.25 Ig TCID, /cm?). Further increase in the concen-
tration of bovine blood serum caused loss of infectivity in
both cultures, which may be associated with the virus la-
bility and its high sensitivity to the nutrient medium com-
ponents.

When studying the effect of horse serum concentra-
tion in a nutrient medium for BRSV strain Vologda/2019
propagation, it was found that the optimal dose was 2%.
When this amount of serum was added to the medium,

the virus titer reached 4.50 +0.23 Ig TCID, /cm?in RBT and
5.50 £ 0.16 Ig TCID, /cm?in FBT, which demonstrated the
best result in this study. Addition of a small (0.1%) or large
(3%) dose of horse serum to SSM caused decrease in BRSV
strain Vologda/2019 infectivity titer.

Thus, we can conclude that the addition of horse or
bovine sera has a beneficial effect on replication of BRSV
strain Vologda/2019. The optimal concentration of bovine
or horse sera in the nutrient medium is 2%. Maximal vi-
rus CPE was achieved by adding the indicated amount of
serum.

CONCLUSION

The study of sensitivity of continuous cell cultures to
BRSV strain Vologda/2019 showed that RBT and FBT cell
cultures are effective for obtaining a highly potent virus
suspension. These cell culture lines can be used to obtain
virus material in order to develop tools for diagnosis and
specific prevention of this disease.

The optimal cell culture infection dose is 0.1 TCID, /cm?,
thereat the virus titers were 4.75 + 0.16 Ig TCID, /cm? and
5.50 +0.80 Ig TCID, /cm? for RBT and FBT, respectively.

The enrichment of the nutrient medium with 2% glu-
tamine increased the titer of the virus cultivated in these
cell systems.

The addition of horse or bovine sera has a positive
impact on BRSV strain Vologda/2019 CPE. It has been es-
tablished that the optimal concentration of serum in the
nutrient medium is 2%. BRSV strain Vologda/2019 CPE
reached maximal when this amount of serum was added.
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SUMMARY

Basic reproduction number (R ) is one of the fundamental quantitative characteristics in epidemiology of infectious human and animal diseases. This parameter
reflects the biological properties of the infectious agent, the social and economic aspects of animal hushandry, natural factors associated with the habitat of the
animal population invaded by the virus (microorganism), as well as the effectiveness of methods selected for infection control, in particular, the implementation
of preventive measures; it also allows foreseeing the number and probability of occurrence of new secondary outbreaks in the area at risk of the disease spread. The
paper presents data on the estimation of basic reproduction number (R ) for arange of infectious porcine diseases. A systematic analysis has been undertaken with
respect to the publications available on the estimation of Rofor various virus isolates of African swine fever, classical swine fever, foot-and-mouth disease, porcine
reproductive and respiratory syndrome, Aujeszky’s disease, hepatitis E, encephalomyocarditis, porcine circovirus type 2, as well as pleuropneumonia associated with
Actinobacillus pleuropneumoniae, and diseases caused by pathogenicisolates of Mycoplasma hyopneumoniae. Based on the obtained R values, recommendations
for the veterinary services are made on preventive vaccination of pigs against the above mentioned diseases in the areas at risk of infection spread. The necessary
conditions for wild boar depopulation aimed to prevent new African swine fever outbreaks are identified, namely, the elimination of at least 75% of the wild boar
population living in the risk zone within the period of time equal to one infectious period.
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PE3IOME

0HOI 113 OCHOBHBIX KONNYECTBEHHBIX XapaKTePUCTIAK B IMUAEMUONOrN/3MN300TONOT M MHOEKLMOHHbIX 3a60n1eBaHi YenoBeKa 1 KIBOTHbIX ABNAeTCA 6a30Bas
ckopocTb penpoaykuui (R ). [laHHblii nokasaTenb 0TpaaeT Kak 6uonoruyeckme CBOVCTBa CaMOro MHEKUMOHHOO areHTa, COUMANbHO-3KOHOMUYECKNE CNoCobbI
Be/leHIA XMBOTHOBOACTBA, NPUPOAHbIE GaKTOPbl 06MTaHIA TO/ NONYAALYMN KUBOTHBIX, B KOTOPYH0 BHEAPAETCA BUPYC (MUKPOD), Tak U 3YHeKTUBHOCTL BbIbOpa Me-
T040B 60pbObI C MHEKLMeN, BKAYAA NPOBEAEHME NPOGUNAKTUYECKUX MEPONPUATHI, a TaKXKe N03BOAAET NPeABUAETb KONNYECTBO U BEPOATHOCTb BO3MOXHOTO
NOABNEHIA HOBbIX BTOPUYHbIX 04aroB MHOEKLIM B 30He pUCKa pacnpocTpaHeHus 3aboneBanua. B pabote npeacTaBneHbl AaHHble Mo oLeHKe 6a30B0i ckopocTy
penpoaykuny (R)) Ans pasa uHGeKLMoHHbIX Gone3Hei cBuHei. MpoBe/eH CACTEMATIYECKWIA aHANI3 MMEIOLUXCA NYBAUKALITA N0 OLieHKe 3TOTo NoKa3aTena And
Pa3nnuHbIX U301ATOB BUPYCOB AQPUKAHCKOI UyMbl CBUHEIA, KNACCUYEeCKOiA UyMbl CBUHEIA, iLypa, penpoAyKTUBHO-PECIMPATOPHOTo CUHAPOMA CBUHEIA, Gone3Hu
Ayecku, renatura E, sHuedanomuokapanTa, LMpKoBUpYca TUNA 2, a TaKXe aKTMHO6ALMNe3HOiA NNIeBPONHEBMOHIY 1 3a60/1€BaHN, BbI3bIBAEMbIX NaTOreHHbIMU
usonstamu Mycoplasma hyopneumoniae. Ha ocHoBe nonyueHHbIX KONMUYECTBEHHbIX 3HaUEHMIA NOKa3aTens R AaHbl PEKOMEHAALMM BETEPUHAPHbIM Cnyxx6am no
npoBezieHio NPodUNaKTINYECKoil BaKLIMHALWI CBUHEN 0T NepeyncieHHbIX 3a6oneBaHuii B 30HaX pucka pacnpocTpaHeHua ndekwyn. Onpeaenebl Heobxogumble
YCNOBMA N0 AenonynALui AMKoro kabaHa AnA npeAoTBpaLLieHNa BO3HUKHOBEHUA HOBbIX 04aroB apUKaHCKOIi UyMbl CBUHE: YHUUTOXeHMe 33 BpeMs, paBHoe
0f\HOMY UHGEKLIOHHOMY NepHoaY, He MeHee 75% obuTatoLueli B yrporkaemoi 30He MonynALMY XMBOTHBIX.

Knioueebie cnoBa: nhdexumonHble 601e3Hm cBUHel, 6a308an ckopocTb penpoayKumu (R ), BaKUMHaUWA, Aenonynauus, AnK1e Kabaubl.
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INTRODUCTION

and their hosts (animals) with a direct infection transmis-

Basic reproduction number (R ) is one of the fundamen-
tal quantitative characteristics in epidemiology of infec-
tious human and animal diseases. In population biology,
the concept of basic reproduction number is a central one
for the “parasite — host” system and is expressed as the
average number of offspring that one parasite is able to
produce; the number of offspring will depend on the bio-
logical characteristics of the parasite [1].

For infectious animal diseases, R is the average num-
ber of secondary cases one primary case would “generate/
reproduce”in a completely susceptible population during
the period of time equal to one infectious period [1, 2].

Thatis, when one infected individual is introduced into
some closed population and has contacts with other ani-
mals in it, before the diagnosis is made with subsequent
isolation (usually during the infectious period), a certain
number of susceptible animals become infected.

Basic reproduction number directly reflects the bio-
logical properties of the infectious agent, the social and
economic aspects of animal husbandry, natural factors as-
sociated with the habitat of the animal population invaded
by the virus (microorganism), as well as the effectiveness
of methods selected for infection control, in particular,
the implementation of preventive measures. A biological
agent can invade and persist in the animal population
when R > 1.In equilibrium, each case in ahomogeneously
mixing population of susceptible animals produces only
one secondary case that later either recovers or dies, i.e.
here R = 1.When R < 1, the epidemic process will die out.

In epizootiology (veterinary epidemiology), the interac-
tion between a population of parasites (biological agents)

sion mechanism is expressed as a simple phenomenologi-
cal model of the “state and transition” type or the so called

“SIR model”(see figure). This model divides the population
into several classes (states): S — susceptible animals, | - in-
fectious animals, and R —immune (recovered) or removed
animals.That is, when a biological agent is introduced into
a population of susceptible animals and they become in-
fected, they transition to the state of infection with sub-
sequent development of post-infection immunity (reco-
very) or removal from the population (death, emergency
slaughter of animals) - the R state.

Based on the “state and transition” model theory deve-
loped by A. G. McKendrick and W. O. Kermak in 1927-1933,
Head of the Mathematical Division of the World Health
Organization N. Bailey suggested a mathematical mo-
del of the epidemic process that represents a system of

Biological agent

S —» | = R

Fig. A simple phenomenological model (SIR model) of the
epidemic process

Puc. Mpocmas cheHomeHom02u4ecKas Mooesb
3nu3zoomuyeckoo npoyecca muna SIR
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differential equations [1]. The theory of the mathematical
model of epidemics starts with considering a homoge-
neously mixing herd consisting of an animal population of
size N. Let S be the number of susceptible animals, I - the
number of diseased animals (the sources of infection) and
R - the number of removed animals in this herd at time t,
i.e.S+ 1+ R=N.Itwas assumed that the average num-
ber of new cases (Al) among susceptible animals (S) in a
certain time interval (At) will be proportional to both the
number of the sources of infection and the number of sus-
ceptibles. If the frequency of contacts between animals
within the herd is constant and equals 3, then the average
number of new cases of the disease during this interval of
observation At will be BSIAt, i.e. AS = -BSIAt.

The transition equation S - - R can be expressed as a
system of differential equations:
oS
T -BSI
ol
3t BSI-yI

JR
a "
subject to initial condition (S, I, R) = (S, I, 0) at time t = 0.

In this system of equations, the parameter y (infected
animal removal rate) is introduced, i.e. the number of di-
seased animals removed from the herd during time inter-
val At will be yiIAt.

A classical equation for calculation of R from the above
mentioned system of equations will be represented as fol-
lows:

R,=B/y.
When R > 1, infection continues to spread.

MATERIALS AND METHODS

The data of foreign and domestic researchers in the
veterinary field are used in the paper. The researchers es-
timated R by means of experiments in susceptible animals
infected with various biological agents using a SIR model
of dynamics of observed animal state transitions. To esti-
mate the level of susceptible animal vaccination required
to ensure the prevention of highly dangerous animal di-
sease spread (P), the following commonly accepted for-
mula was used [3]:

P=1-1/R,

The same formula was used to calculate the required
level of wild boar depopulation in the area at risk of African
swine fever (ASF) spread.

RESULTS AND DISCUSSION

In the context of an increase in the number of ASF cases
in both domestic pigs and wild boars in some European
and Asian countries, veterinary specialists carry out exten-
sive research to study the spatiotemporal dynamics of ASF
spread [4, 5]. To estimate the dynamics of potential spread
of the disease among animals on a farm (a closed popula-
tion) if even a single animal is infected, as well as between
farms, it is necessary to foresee the number and probabi-
lity of potential new secondary outbreaks of infection in
the area at risk of ASF spread. This is a condition for strict
control to be implemented with respect to animal and ani-
mal product movement/trade at a certain distance from
the primary outbreak. One of the possible epidemiological
parameters can be the estimated R value showing that, if
an ASF outbreak occurs, then new outbreaks can occur in
the area of potential risk of infection spread during the

period of time equal to one infectious period. Probabilistic
quantification of a potential animal disease epidemic, i.e.
how many secondary cases can be produced in a herd, if
even a single animal becomes diseased (within-herd R )
or how many secondary outbreaks can occur in the area
at risk of infection spread (between-herd R)) depending
on a variety of social, natural and economic factors, is of
particular interest for epidemiology. In view of this, the
scientific publications available on this topic have been
analyzed; the results reported in the publications are pre-
sented in Table 1.

The results obtained show that, if even a single ASF case
is detected on a farm (within a herd), the number of subse-
quently affected susceptible animals can vary between 2
and 15 (for serotype Il), and the infectious period can last
up to 14 days, and this appears to be attributable to the
specificity and structure of production [6-9]. In the papers
published by Russian researchers [10], basic reproduction
number was estimated to range from 4 to 11 within do-
mestic pig populations, and from 2 to 3 — for between-farm
spread (for serotype II). In terms of the development of
an epidemic, this suggests that, if one animal on a farm is
ASFV-infected, it should be expected that subsequently, at
the end of one infectious period, at least 11 other animals
will become diseased (in some cases — up to 47 animals,
as it was determined for serotype | on the island of Mal-
ta) [11, 12]. In case of ASFV serotype Il spread from the
primary outbreak area (a farm) to other farms in the area
at risk, from 2 to 17 new outbreaks should be expected to
occur during the infectious period [7, 10]. For ASFV sero-
type IX, the value of R can be about 3 [13].

Due to the lack of effective vaccines for emergency vac-
cination of animals, one of the ways to control the spread
of infection may only be the rapid slaughter (within the
incubation period) of all animals in the area at risk of infec-
tion spread; besides, quarantine must be strictly observed,
and relevant restrictions must be complied with [14]. The
necessary condition for preventing the further spread of
infection from the primary outbreak area in the area at
risk (with regard to the territory of the Russian Federation)
is the depopulation of at least P=1-1/2 = 0.5 (or 50%)
of susceptible animal population in the immediate risk
zone [10].

One of the measures taken to eradicate ASF in wild
boars is their depopulation (shooting) in the area at risk
of infection spread around the primary outbreak of the
disease (an animal that has died from ASF or a positive
diagnosis established when carrying out diagnostic shoo-
ting in the territories inhabited by wild boars). Taking into
account the obtained R values for wild boar populations
with the maximum R value of up to 4 (3.77) [15, 16],
the necessary and sufficient condition for depopula-
tion (the upper confidence limit) to prevent the further
spread of the disease will be determined as follows:
P=1-1/4=0.75 (or 75%). This means that, in case a wild
boar that has died from ASF is found in some area, at least
75% of the population must be eliminated in the relevant
range immediately (within the infectious period of 6 to
15 days). The range of one family usually encompasses a 2
to 5 km radius; but, depending on the natural conditions
and landscape, some animals can travel up to 12 to 25 km
within several days [17]. For example, if there is a popu-
lation consisting of 30 boars (about 3-4 families) in the
area at risk, then, after even one infected animal has been
detected, at least 23 boars must be rapidly (within one
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Table 1

The estimated values of within-herd and between-herd basic reproduction number for ASF

based on the results of literature data analysis

Tabnuua 1

OueHouHble BeNMuNHbI BHYTPUCTaZHOI U MeXcTafHOI 6a30B0i ckopocTy penpoaykuum ana AYC

N0 pe3ynbTaTam NPoBeAEHHOI0 aHaNKU3a NUTEPaTYPHbIX UCTOUHUKOB
Publication Genotype

S. A. Belyanin et al. (2011)

J. Pietschmann et al. (2015)

V. M. Gulenkin et al. (2011)

F.1. Korennoy et al. (2017) | Ukraine, 1977

Duration of infectious period (days)

Between-herd R, Within-herd R,

. 6.1(0.6-14.5)
-- > (1.4_10.7)

ER

7 (within a farm) 1.65 7.46
19 (between farms) (1.42-1.88) (5.68-9.21)

I Iglesias et al.

(2016) Il Russia

incubation period, i.e. 15 days according to the OIE rec-
ommendations) eliminated, and appropriate diagnostic
tests must be carried out. Only in this case the required
and sufficient conditions will be fulfilled to prevent the
further spread of ASF in the wild boar population.

Table 2 presents the R values for a number of porcine
diseases. These values were obtained by foreign resear-
chers when performing experiments on infection of sus-
ceptible animals with a field virus or by means of mathe-
matical modelling using the transmission rate (8) values
determined while analyzing the development of natural
epidemics [18-21].

The data presented in Table 2 show that for such an
infectious disease as classical swine fever the maximum
value of R can be about 81.3 (for weaner pigs) [23, 24]. This
means that it is necessary to ensure that preventive vacci-
nation conducted in a herd induces protective immunity
in 99% of animals [(1 - 1/81.3) x 100%]; therefore, the vac-
cines used should have high immunogenicity.

To prevent the spread of infection in the area at risk
(between the farms), the emergency vaccination (or de-
population) of at least 67% of animals in this area should
be carried out [(1 - 1/2.9) x 100%] with R = 2.9 [20, 25].

1.58
(1.13-3.77)

(wild boar)

The results obtained by P. L. Eble et al. with respect
to FMD show that immunization with a single vaccine
dose performed within the study failed to protect pigs
in the closed animal population (herd) against the di-
sease transmission. Only as a result of vaccination with
a four-fold vaccine dose, the disease might not continue
to spread, but might reach equilibrium (with the death
or recovery of one animal, R = 1) due to the possible de-
velopment of not fully stable immunity in some animals
within the vaccinated animal population [19]. These re-
sults indicate that vaccines with high protective activity
(immunogenicity) should be created for immunization
of pigs, and appropriate vaccination schedules should
be developed taking into account the possibility of im-
plementing a DIVA strategy.

The vaccine against Aujeszky’s disease used within the
study published by M. C. M. De Jong and T. G. Kimman
which ensures that at least 90% of animals in the popula-
tion are protected is able to prevent the further spread of
infection within the farm (herd) with R = 10 [18].

In order to prevent the transmission of porcine re-
productive and respiratory syndrome in a herd, it is
necessary to induce protective immunity in at least 91%
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Table 2

The estimated values of within-herd and between-herd basic reproduction number for certain porcine diseases

based on the results of literature data analysis

Tabnuua 2

BHyTpucTapHas 1 MexcTafiHaA oLeHOYHbIe BeNMunHbI 6230B0I CKOPOCTY penpoayKLMM ANA HEKOTOPbIX GonesHeit cBUHEN,

nony4yeHHble No pe3ynbraTam npoBefeHHOro aHann3a faHHbIX NUTepPaTypbl

Publication

A. Stegeman et al.
(1999)

Disease (genome/strain)

classical swine fever

Duration of infectious period
(EYD)

Between-herd R,

Within-herd R,

D. Klinkenberg et al. assical swine fever _ 3.39 15.5
(2002) (between pens) (within a pen)
M. Andraud et al. L 5.9
(2008) porcine circovirus type 2 35 1.47 (18-10.1)
H. Maurice etal. encephalomyocarditis - - 42

(2016)

V. Spyrou et al.
(2004)

P.L.Ebleetal.
(2008)

T.Meyns et al.
(2004)

C. Charpin et al.
(2012)
[22]

encephalomyocarditis

foot-and-mouth disease

Mycoplasma hyopneumoniae

(virulent isolates)

porcine reproductive and

respiratory syndrome,
genotype 1
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positive after inoculation
14-32

(four-fold-dose vaccinated)

9.87
(a combined estimate for
several viruses)

40
(non-vaccinated)
N
(single-dose vaccinated)
1

1.47
(0.68-5.38)

(18-33)
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of vaccinated animals [(1 — 1/10.68) x 100%)] with the
maximum R value of 10.68 [18, 26]. The studies conduc-
ted show that, if appropriate preventive vaccination has
been carried out in the area at risk prior to the outbreak,
the disease will not continue to spread between the farms,
because the maximum R value is 0.76 [26]. If there are
any susceptible animals on the farms, it is necessary to
induce protective immunity in at least 71% of animals in
the area at risk of infection spread with the maximum R,
value of 3.43 [(1 - 1/3.43) x 100%].

As for porcine circovirus type 2, in order to prevent
the further spread of infection (with the maximum R,
value of 10.1), it is necessary that immunization should
induce protective immunity in 90% of animals [27]. A si-
milar result was found for encephalomyocarditis (with
R,=9.87) [28-31].

In case of hepatitis E, vaccination-induced protective
immunity (for the maximum R value of 19, as determined
in the course of experiments on contact infection of pigs)
should be about 95% [32].

It was determined that for the virulent isolate of My-
coplasma hyopneumoniae [33] the vaccination carried
out on a farm should protect at least 81% of animals
[(1 - 1/5.38) x 100%] with the upper confidence limit
forR being R = 5.38.With the said level of pig population
protection, the disease should not occur on the farm if
infection is introduced into the population.

The data obtained for Actinobacillus pleuropneumo-
niae [21] indicate that, even if there is only one infection
outbreak area (a farm), the animals in the area at risk of
further spread of the disease should be vaccinated using
vaccines with high immunogenicity. Livestock vaccination
should cover at least 90% of the total number of farms
[(1-1/10) x 100%].

CONCLUSION

The above mentioned basic reproduction number (R )
values for some infectious porcine diseases are indicative
of a certain variability in the value of R . Apparently, the
R, values may be dependent on the conditions in which
laboratory experiments are carried out, the age group
of the animal population selected for experiments, the
methods of infection, the virulence of the virus used for
infection, etc. Nevertheless, the estimation of R makes a
certain scientific contribution to basic applied epidemio-
logy of a number of infectious porcine diseases and is
necessary when planning such anti-epidemic activities as
preventive immunization or depopulation of susceptible
animals aimed to prevent disease outbreaks and the fur-
ther spread of infection. In particular, with regard to wild
boar depopulation in the area at risk of ASF spread, the
necessary condition for stopping the further spread of in-
fection is the elimination of at least 75% of the wild boar
population living in the risk zone within the period of time
equal to one infectious period.
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SUMMARY

Currently, N2 subtype avian influenza (Al) virus actively circulates in domestic and wild bird populations and is regularly detected in China, other Asian countries
and Russia, particularly in combination with H9 hemagglutinin. Therefore, a method for rapid detection of the said infectious agent is urgently required. Data on
oligonucleotide primer selection and reverse transcription real-time polymerase chain reaction condition optimization for N2 Al virus detection are presented in
the paper. Modified primers and probe proposed by B. Hoffmann in 2006 as well as original primers and probes with the viruses available in the Laboratory wor-
king collection and selected during testing were assessed for N2 neuraminidase gene fragment amplification. Optimal concentrations of real-time RT-PCR master
mix components and temperature-time mode were determined. Various combinations of primers were tested against ten N2 avian influenza virus isolates that
genetically differed from each other in N gene. Nine viruses were isolated from birds in the Russian Federation regions and classified to different genetic groups.
The real-time RT-PCR assay was tested for its specificity using Al virus isolates of different neuraminidase subtypes (H5N8, H3N6, H4N6, H5SN1, H10N7) as well as
samples containing other RNA-viruses: Newcastle disease virus, infectious bronchitis virus and infectious bursal disease virus. As a result of the testing, real-time
RT-PCR conditions providing high sensitivity and specificity of the assay were selected and optimized.
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PE3IOME

B HacTosLee Bpems BUpYC rpunna nTiy noaTuna N2 akTUBHO LPKYAMPYET B NONYNALMAX JOMALLIHIAX U AUKUX NTUL, 11 €70 PErynapHo BbIABNAIT B KuTae, apy-
rux cTpaHax A3um u Poccum, ocobeHHo B KOMOUHaLMK ¢ remartioTuHUHOM nogrina H9. Moatomy npumeHeHue MeToga Ana 6bICTPOro 06Hapy»eHUs JaHHOTO
NHOEKLMOHHOTO areHTa KpaiiHe HeobxoAumo. B npecTaBneHHoil paboTe NPUBOAATCA AaHHbIe N0 BbIGOPY ONUTOHYKNEOTUAHbIX NpaliMepoB 1 ONTUMM3ALMN
YCNOBUIA NOCTAHOBKM NOANMepPa3HOii LienHoi peakwum ¢ 06paTHOi TpaHCKpUNLKelt B pexiume peanbHOro BpeMeHU AA BbIABNEHUA BUPYCa rpunna nTuL nog-
una N2. [ina amnaudukaumuv dparmeHTa reHa Heiipamuninaasbl noatvna N2 6binm anpobupoBanbl npeanoxerHble B 2016 rogy B. Hoffmann npaiimepbi 1 3044
B MOANQUKALIMK, a TaKKe BblOpaHHbIE B X0Ze NCCNeA0BaHMA OPUTHANbHbIE NPaiiMepbl 1 30HAbI C BUpYcamu, nMeloLLMicA B paboyeii konnekumv nabopatopui.
B xoze paboTbl onpezieneHbl ONTUMabHble KOHLIEHTPALMI KOMMOHEHTOB PeaKkLIMOHHOI CMecul sl MPOBeAEeHIA NOAMepa3Hoii LieNHoi peakwum ¢ 06paTHoil
TPaHCKpUNLeii B peXime peanbHOro BpemeHH 1 TeMnepaTypHO-BpeMeHHO pexum. Pa3Hble KOMOUHALMY NpaiiMepoB TeCTUPOBANM Ha AECATH U30ATaX BU-
pyca rpunna ntuy noatuna N2, reHeTuueckin oTaMYatoLLMXca apyr ot apyra no redy N. leBATb BUPYCOB BblAeneHbl 0T NTUL U3 perinoHos Poccuiickoil Oegepaumn
11 OTHOCATCA K Pa3NINYHBIM reHeTUueckim rpynnam. CneumduyHoCTb MeToga NpoBepAny MeToZoM NonMepasHoii LienHoi peakLmy ¢ 06paTHoii TpaHcKpunumeii
B peXxuMe peanbHoro BpeMeHy ¢ UCMoNb30BaHNeM U30ATOB BUPYCa Fpunna nTiw ¢ Apyrum noaTnom Heiipammunpassl (H5N8, H3NG, H4NG, H5N1, H10N7),
a Takxe npob, conepxatumx PHK BupycoB HbtoKacnckoii 6one3HI, IHPEKLMoHHoro 6poHXUTa Kyp U MHeKLIMOHHOI bypcanbHoil 6one3tu. B peynbrate npo-
Be/IeHHbIX UCCTIe[10BaHUI Obini Nof06paHbI 1 ONTUMI3NPOBAHBI YCIOBYSA NOCTAHOBKM MONMMEPA3HOIi LienHOIi peakLm ¢ 06paTHoii TpaHCKpUNLueit B pexiume
peanbHoro BpeMeHH, KoTopble 00eCneuBakoT BbICOKYI0 UyBCTBUTENbHOCTb 1 CMELMOUUHOCTD METOZA.

KnioueBbie cnosa: supyc rpunna ntuu, OT-MLP-PB, ontumm3aums, noatvn Heilpamuningasbl N2, uyBCTBUTENBHOCTD, CELMGUUHOCTD.

bnaropapHocTb: PaboTa BbinonHeHa 3a cueT GlOKETHbIX CPEACTB B PaMKax BbiNONHEHUA TOCYAAPCTBEHHOrO 3afaHuA no Teme «Paspabotka metopoB
onpeaenenua nepeuyHoii crpykTypbl reHa N noatunos N2 u N8 v rena H Bupyca rpunna ntuy ¢ nomowybto OT-LP v HyKneoTuaHoro cekBeHnpoBaHuay.

[ina untuposanma: Akwanosa 1. b., Augpuacos A. B., Llep6akosa J1. 0., Konocos C. H., 3unakos H. I, Ysana W. A., Auppeituyk [1. b. Pa3pabotka metopa
QOT-MLIP B pexxmme peanbHoro Bpemeny ans BblasneHna PHK Bupyca rpunna ntuw nogruna N2. Bemepunapus cezo0us. 2020; 3 (34): 186—-192.D0I: 10.29326/2304-

196X-2020-3-34-186-192.

KoHdnukr untepecos. ABTopbl 3aABNAKT 06 OTCYTCTBIM KOHGANKTA UHTEPECOB.

[ina koppecnoxaeHuum: Akwanosa Mepu3ar batbipxaHKbI3bl, aCMUPaHT, COTPYAHUK pedepeHTHOI nabopatopun BUpycHbIx 6onesteit nuy OrBY «BHUU3X»,

600901, Poccus, r. Bnagumup, mkp. 0pbeew, e-mail: akshalova@arriah.ru.

INTRODUCTION

Avian influenza (Al) is an acute infectious disease
caused by the virus of Orthomyxoviridae family having
segmented negative-sense RNA genome and belonging
to Influenzavirus A genus [1]. Segmented genome of avian
influenza virus allows for its reassortment.

Current classification of avian influenza A viruses is
based on antigenic properties of their surface glycopro-
teins: hemagglutinin (HA) and neuraminidase (NA).

Neuraminidase accounts for 20% of all surface glyco-
proteins. There may be single NA spikes or local NA clusters
surrounded by HA on the virion surface [2]. Neuraminidase
plays an important role in AlV infection: it facilitates the vi-
rion penetration into respiratory epithelial cells, optimizes
HA fusogenic activity, enables release of new virions and
prevents their aggregation on the host cell surface.

To date, 16 HA and 9 NA subtypes of the virus in va-
rious combinations have been isolated from birds. How-
ever, two new HA and NA subtypes of the virus, H17N10
and H18N11, isolated from bats were reported in 2012 and
2013 [3, 4].

In the FGBI “ARRRIAH" Reference Laboratory for Avian
Viral Diseases reverse transcription real-time polymerase
chain reaction (real-time RT-PCR) with M-gene-targeted
primer system is initially used for diagnostic tests aimed
at detection of type A avian influenza virus (AlV) in patho-
logical material samples [5-7]. The samples tested positive
with M-targeted real-time RT-PCR should be examined for
virus H5 and H7 subtypes since the Al viruses of the said
subtypes can be highly pathogenic and are notifiable to
the OIE. NA subtype should be identified for precise virus
characterization.

Neuraminidase inhibition (NI) test is one of the me-
thods used for NA typing [8], but it takes at least two days
and requires a panel of high-quality monospecific antisera
and control antigens. The test should be carried out under
specified conditions since highly toxic reagents have to
be used.

Therefore, new highly sensitive, specific and reliable
techniques for NA subtype detection and identification
are urgently required for prompt diagnosis when it is ne-
cessary to identify AIV neuraminidase within a short period
of time (within one working day).

Currently, N2 subtype Al virus is quite widespread and
actively circulates in domestic and wild bird populations.
In 2018, HON2 Al virus was detected in three commercial
poultry establishments in the Primorsky Krai, Russian Fe-
deration, as well as on one poultry farm in the Republic of
Tajikistan. In 2017-2018, highly pathogenic H5N2 Al out-
breaks were reported on one poultry farm in the Kostroma
Oblast. In 2019, HON2 Al virus was detected in the Chelya-
binsk Oblast and Zabaikalsky Krai [9, 10].

Hence, development of high sensitive and specific real-
time RT-PCR-based assay for N2 subtype AlV genome de-
tection that enables faster results and rapid diagnosis for
improvement of preventive measure effectiveness is urgent.

The works were aimed at development of the real-time
RT-PCR-based assay with original primer and probe system
and optimized parameters for N2 avian influenza virus RNA
detection.

MATERIALS AND METHODS

The following N2 Al virus isolates available in the
working collection of the FGBI “ARRIAH" Reference
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Table 1

Primers and probes used for real-time RT-PCR amplification of N2 AIV N gene fragments

Tabnuua 1

Mpaiimepbl n 30HAbI AnA amnnudukayum pparmentos reHa N nogruna N2 g OT-NLP-PB

Primer designation

AIVN2-1316f

AIVN2-1325f

AIVN2-1414r

AIVN2-1376-FAM

AIVN2-1488R

AIVN2-1418r

AIVN2-1430r

AIVN2R-1383FAM

Nucleotide
base number

5'-3'sequence

I T
e ovewowme
I . S
I
T
e
o

(FAM) TATGGAACAGGCTCATGGCCTGATGG (BHQ1)

AATTGCGAAAGCTTATATAGVCAT
GCGAAAGCTTATATAGSCAT
TTTTTTCTAAAATTGCGARAGC

(FAM) CCATCAGGCCATGAGCCTG (RTQ1)

Laboratory for Viral Avian Diseases were used for selec-
tion of primers and probes providing high real-time
RT-PCR sensitivity and specificity: A/ty/Mass/65 H6N2,
A/w.duck/Vladimir/446/09 H4N2, A/bird/Amursky/21/12
HION2, A/chicken/Kostroma/3175/17 H5N2, A/chicken/
Kostroma/2367/18 H5N2, A/chicken/Primorsk/419/18
HIN2, A/chicken/Tadjikistan/2379/18 HIN2, A/chicken/
Primorsk/3124/18 HIN2, A/chicken/Chelyabinsk/30/19
HION2, A/duck/Primorie/2621/2001 H5N2.

Real-time RT-PCR primers were optimized using low
virulent HON2 AlV isolate, A/chicken/Primorsk/419/18, re-
covered in the Russian Federation (Primorsky Krai) in 2018.
The real-time RT-PCR assay was tested for its analytical sen-
sitivity using serial ten-fold dilutions of extracted total RNA
of the following isolates in triplicate: A/ty/Mass/65 H6N2,
A/bird/Amursky/21/12 HON2, A/duck/Primorie/2621/2001
H5N2, A/chicken/Tadjikistan/2379/18 HON2, A/chicken/Pri-
morsk/3124/18 HON2, A/chicken/Chelyabinsk/30/19 HON2.

N gene nucleotide sequences of AIV/N2 isolates pub-
lished in the electronic NCBI GenBank database from
1999 to 2008 (http://www.ncbi.nlm.nih.gov/genomes/
FLU/Database/) were used for primer selection. Multiple
nucleotide sequence alignment was performed with
Clustal W tool and BioEdit 7.0 software programme was
used for searching for the most conserved regions. The
primers and probes were tested for their specificity using

on-line Blast resource (NCBI) (http://blast.ncbi.nlm.nih.
gov) and AlV isolates of other NA subtypes: (A/w_duck/
Altai/1732/2013 H3N6, A/shoveler/Krasnoyarsk/1586/08
H4N6, A/chicken/Adygea/203/06 H5N1, A/mallard/
Khabarovsk/12/2014 H10N7) as well as Winterfield 2512
strain of infectious bursal disease virus, H120 strain of
infectious bronchitis virus and APMV/wild duck/Rus/Vla-
dimir/44/15 isolate of Newcastle disease virus. Selected
primers and probes were synthesized by SINTOL Compa-
ny (Russia) (Table 1).

All primers and probes except for No. 10-12 were se-
lected in the FGBI“ARRIAH" Reference Laboratory for Viral
Avian Diseases. Reverse primer, AIVN2-1418r, and probe
(FAM), CCATCAGGCCATGAGCCTG (RTQ1), were modified
relevant oligonucleotides described by B. Hoffmann et al.
in their publication. Probe and primers No. 10-12 were
also recommended by B. Hoffmann et al. [11].

The RNA was extracted from allantoic fluid of SPF chi-
cken embryonated eggs infected with N2 Al virus isolates
with ‘AmpliPrime RIBO-sorb kit" in accordance with the
instruction of its use. Real-time RT-PCR was carried out
using deoxynucleoside triphosphates (dNTPs) (Fermen-
tas, cat. No. R0181), GoTaq® Flexi DNA Polymerase, ther-
mostable Tag-DNA-polymerase (Promega, cat. No. M8295)
and MMLYV reverse transcriptase (SINTOL, cat. No. E-040)
with Rotor-Gene Q cycler (Germany).
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Table 2

Ct-values for AlV isolates obtained by M gene-targeted real-time RT-PCR

Tabnuuya 2
3Hauenus noporosoro uukna ana usonaros Bl B OT-MLP-PB Ha ren M

Original

(t-value for dilution

Isolate designation materials _
1 A/bird/Amursky/21/12 HIN2 1.27 14.01 17.08 20.49 2393 26.86 -
2 A/chicken/Primorsk/419/18 HON2 11.22 14.98 18.67 2238 28.46 30.59 36.20
3 A/chicken/Kostroma/2367/18 H5N2 1247 15.80 19.72 2348 28.58 30.66 3531
4 A/w.duck/Vladimir/446/09 HAN2 14.04 18.08 22.07 26.27 30.22 34.35 =
5 A/chicken/Tadjikistan/2379/18 HON2 12.62 16.49 20.21 23.77 27.14 - -
6 A/chicken/Chelyabinsk/30/19 HIN2 11.09 15.30 19.06 22.29 26.26 3221 -
7 Afchicken/Primorsk/3124/18 HON2 11.08 13.85 17.45 20.86 237 274 30.45
8 A/duck/Primorie/2621/2001 H5N2 1.27 15.02 18.00 21.50 24.63 2851 -
9 Afty/Mass/65 HoN2 14.36 17.37 20.67 24.25 27.28 30.32 -

«—» —negative result (OTpuLaTENbHbIA pe3ynbTar peakwuum).

RESULTS AND DISCUSSION

Development of the real-time RT-PCR assay for de-
tection of N2 Al virus RNA included selection of the
primers-probe system providing sufficiently high assay
sensitivity and specificity. Also, optimal real-time RT-PCR
conditions, reaction mix component concentrations and
temperature-time mode had to be determined.

Selection of primers and probe. The full-length NA gene
nucleotide sequences of N2 Al virus isolates recovered in
Eurasian and African countries in 1999-2008 and belonging
to different genetic groups that had been published in the
electronic NCBI GenBank database (http://www.ncbi.nlm.
nih.gov/genomes/FLU/Database/) were analyzed to select
the primer system for neuraminidase detection.

Initially, 2,822 N gene nucleotide sequences of AIV/N2
isolates were selected for comparative analysis. One hun-
dred and sixty-nine sequences the most different from
each other were finally selected for the analysis after step-
by-step optimization and removal of the most genetically
similar sequences from the selected ones. All sequences
contained relatively conserved segments located at both
gene ends. The 200-bp region at the N-gene end was con-
sidered optimal and selected for the primer incorporation
since number of substitutions in the said region was the
least in all selected sequences as compared to the other
gene segments.

The data previously published by foreign authors were
analyzed concurrently with the tests for in-house primer
selection. The structure of the primers proposed by B. Hoff-
mann etal.[11] (No. 10-12, Table 1) was taken into account
during in-house primer selection.

As aresult, 11 primers and 6 probes were selected and
synthesized for further real-time RT-PCR testing to identify
the most specific and sensitive system.

One the most suitable primer system (indicated in bold
in Table 1) was selected during experimental real-time RT-
PCR runs using various primer-probe combinations with
N2 AlV isolates and used for further assay optimization

aimed at its sensitivity improvement. The reverse primer
and fluorescent probe were designed in the FGBI“ARRIAH”
Reference Laboratory for Viral Avian Diseases with mini-
mum modifications of the nucleotide sequence proposed
by B. Hoffmann et al. Forward primer sequence was iden-
tical to that one given in the above said publication [11].

Optimization of real-time RT-PCR conditions. |t was
required to optimize reaction mix component concentra-
tions and temperature-time mode in order to increase sen-
sitivity, specificity and rate of the real-time RT-PCR assay
for N2 subtype avian influenza virus genome detection.

Prepared ten-fold dilutions (10'-107) of extracted total
RNAs of N2 AlV isolates were tested with the said real-time
RT-PCR targeted for M gene using the primers-probe sys-
tem recommended by the OIE immediately before tests
for optimization of N-targeted real-time RT-PCR condi-
tions [5-7]. The reaction was carried out in accordance
with the Methodical Guidelines developed earlier in the
FGBI“ARRIAH" [12]. The results of tests of N2 subtype AIV
isolates with M-targeted real-time RT-PCR assay (Table 2)
were compared to the results obtained by optimized N-tar-
geted real-time RT-PCR assay.

The main task was to optimize reaction mix component
concentrations in order to increase sensitivity and speci-
ficity of the real-time RT-PCR assay for N2 AIV RNA detec-
tion. To do this, N gene-targeted real-time RT-PCR assays
using ten-fold dilutions of low virulent HON2 AlV isolate
recovered in the Russian Federation (Primorsky Krai) in
2018 were carried out. A temperature-time mode similar
to that one of the M gene-targeted real-time RT-PCR assay
was used. Tables 3-6 show cycle threshold (Ct) values for
two AIV RNA dilutions (10 and 10*) tested in triplicate.

Selection of optimal magnesium chloride concen-
tration for the real-time RT-PCR assay. Mg**ions as a
required reaction mix component are crucial for proper
DNA-polymerase functioning. They also have a signifi-
cant impact on primer hybridization specificity. Optimal
Mg?*" ion concentration can vary within a fairly wide range
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Table 3

Ct-values obtained by real-time RT-PCR during optimal MgCl, concentration selection

Tabnuua 3

3HaueHusA NoporoBoro LMKAa npy nogbope oNTUMaNbHOIM KOHLEHTPaLUK MgCIZ B OT-MLP-PB

MgCl,amount, ul (concentration 25 mM)

Dilution
---

_ 28.14 28.57 22.25 24.08 23.89 23.99
_ 3297 31.16 27.03 28.96 27.85 27.55
_ 33.16 33.53 28.12 29.76 27.59 29.45

«—» —negative result (oTpuLaTeNbHbIA pe3ynbTaT peakymn).

depending on used primers and enzymes [13]. For best
results, it is recommended to select Mg?* concentration for
the used system of primers and enzymes empirically. The
test results are given in Table 3.

Data given in Table 3 show that change in magnesium
salt concentration has a significant impact on the ampli-
fication process. Specific PCR-product yield was obtained
when 2 ul of MgCl, were added to the reaction mix. Ana-
lysis of the obtained results showed that the amplification
was effective when 4-6 pl of MgCl, solution were added.
Therewith, Ct-value deviation was minimal, when 5 pl of
magnesium chloride solution was used. This amount was
considered optimal. It should be noted that increase in
magnesium salt concentration could result in decrease in
the assay specificity.

Selection of optimal primer concentration for the
real-time RT-PCR assay. Optimal concentrations of

Table 4
Ct-values obtained by real-time RT-PCR
during optimal primer concentration selection

Tabnuua 4
3HaueHus NoporoBoro LMKAa npy nogéope oNTUManNbHo
KOHLeHTpauuu npaiimepos B OT-NLP-PB

Amount of primers, l (concentration 10 pmol/pl)
Dilution

21.13 22.40 22.09

25.08 26.96 27.44
24.82 26.58 28.41

AIVN2-1367f and AIVN2-1418r primers were selected ex-
perimentally. Reaction mixes were prepared using dilu-
tions given in Table 4 and different amounts of the primers,
stating from 0.5 pl and up to 2 ul, were added to each of
them. Amounts of both primers, forward and reverse, are
given in Table 4.

Performed tests show that increase in the primer con-
centration results in decrease in the assay sensitivity that
is clearly demonstrated by data given in Table 4. The least
Ct-values were obtained by the assays when 0.5 pl of each
of the primers was added to the reaction mix.

Selection of optimal fluorescent probe concentra-
tion. Amount of the probe to be added was optimized
to increase amplification effectiveness and fluorescence
intensity of amplification curves. Test results are given in
Table 5. Insignificant changes in real-time RT-PCR assay
sensitivity were registered when 0.75 up to 2 pl of the

Table 5
(Ct-values obtained by real-time RT-PCR
during optimal fluorescent probe concentration selection

Tabnuua 5
3HaueHus NOPOroBoOro LMKNa npu noabope onTUManbHoOM
KOHLEHTpauumn gpnyopecueHTHoro 3o4pa B OT-MLP-PB

Amount of probe, pl (concentration 10 pmol/pl)
Dilution

24.58 22.72 22.96 21.47
29.26 26.20 26.63 25.70
27.47 2591 27.40 25.84
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probe were added to the reaction mix. Mean Ct-values
differed by no more than 1.5 cycles. The most stable re-
sults were obtained when 1.5 pl of AIVN2R-1383FAM probe
were used. Moreover, changes in the maximum levels of
positive sample fluorescence intensity were observed in
the reaction graph when the said component in the speci-
fied amount was added.

Concentrations of the reaction mix components
(magnesium chloride, primers, fluorescent probe) were
optimized to increase sensitivity and specificity of the

Table 6
(t-values obtained during optimal primer and probe annealing
temperature selection

Ta6nuua 6
3HaueHua NOPOroBoro LKA npu nogbope onTUManbHoi
Temnepatypbl OTXUra npailmMepoB 1 30HAA

Annealing temperature, °C
Dilution
T R T

real-time RT-PCR assay for N2 subtype AIV RNA detection. 10° 22.04 22.22 21.91

Other components were used in accordance with their "

manufacturer instructions. 10 a7 2197 28
Optimization ofthe real-time RT-PCR temperature-time 103 21.79 2147 2247

parameters. The next step of our works was optimization

of temperature-time mode of the PCR itself since tempera- Mean value 21.87 21.89 24

ture parameters of reverse transcription were defined by the 104 25.12 25.70 27.20

enzyme (reverse transcriptase) used. In our case, optimal

annealing temperature for the primer system containing 10 25.39 26.62 27.06

selected oIigonuchotide primers and fluorescein-labeled 10° 25.86 25.84 26.58

probe was determined. The next stages of the PCR — DNA

denaturation and synthesis — were carried out in rather nar- Mean value 25.46 26.05 26.95

row temperature range. Denaturation is usually performed
at 90-95 °C and DNA chain elongation — at 68-72 °C [13].
Results of primer annealing temperature selection for the
real-time RT-PCR assay are shown in Table 6.

According to the data given in Table 6 compatible
Ct-values were observed when the primer annealing tem-
perature was 55-60 °C. Generally, this temperature range
is suitable for the majority of primer systems used for the
real-time RT-PCR assays intended for molecular avian in-
fluenza diagnosis. So, it was reasonable to use the same
annealing temperatures for N2 subtype AlV identification.
Thus, it is possible to carry out real-time RT-PCR assay tar-
geted to different genes (M, H, N) during one thermocy-
cler run and thereby to get the results and to make the
diagnosis more quickly. The following temperature and
time parameters were used for the optimized real-time RT-
PCR: 20 min at 40 °C (reverse transcription); 10 min at 95 °C
(polymerase activation); and further 40 PCR cycles com-
prising DNA denaturation: 10 sec at 95 °C; primer annea-
ling: 35 sec at 55 °C and cDNA elongation: 10 sec at 72 °C.

Comparative sensitivity and specificity of the real-
time RT-PCR assay for N2 subtype AlV genome detection.
Sensitivity is one of the crucial parameters of real-time

Table 7

Ct-values for AlV isolates obtained by N gene-targeted real-time RT-PCR

Tabnuua 7

3HaueHus noporosoro unkna ana usonaros Bl B OT-MLP-PB Ha ren N

Original materials

RT-PCR assay. Usually analytical sensitivity, i.e. minimum
amount of the agent that can be detected by the method
in the particular clinical samples, is reported. In this paper
comparative sensitivity is reported since two real-time RT-
PCR assays: one — for M-gene detection (data are given in
Table 2) and the other - for N gene detection (Table 7) have
been compared by the said parameter. Serial ten-fold dilu-
tions of total extracted RNAs of 6 AlV isolates were made
to test the developed assay for its sensitivity. The real-time
RT-PCR assay was carried out in triplicate to obtain more
reliable data.

After optimization of component concentrations and
temperature and time parameters of the N gene-targeted
assay Ct-values for ten-fold AlV isolate dilutions obtained
by the said assay were consistent to Ct-values obtained by
the M gene-targeted assay. Number of the dilutions tested
positive for each AlV isolate was similar for the compared
real-time RT-PCR assays.

The assay was tested for its specificity using samples
containing N2 and N1, N6, N7, N8 AlV genetic materials

(t-value for dilution

A/chicken/Tadjikistan/ 2379/18 HON2 12.19 15.92 19.24 23.16 26.11 - -
A/chicken/Chelyabinsk/30/19 HON2 10.30 13.88 17.53 20.75 25.91 29.82 -
A/chicken/Primorsk/3124/18 HIN2 10.62 13.43 17.22 21.05 24.77 29.10 36.73

A/bird/Amursky/21/12 HIN2 10.00 13.57 17.22 21.11 25.54 30.04 -
A/duck/Primorie/2621/2001 H5N2 11.30 14.52 18.31 21.72 25.14 29.25 -
A/ty/Mass/65 HoN2 10.90 14.34 18.54 21.24 26.04 29.70 -

«—» — negative result (oTpuLaTENbHbIA pe3ynbTaT peakuum).
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as well as samples containing Newcastle disease virus, in-
fectious bronchitis virus and infections bursal disease virus

RNAs. All samples containing non-specific pathogens were

tested negative with the developed real-time RT-PCR assay

that confirmed the said assay specificity.

CONCLUSION

Primer system for N2 subtype Al virus genome detection
was selected and the real-time RT-PCR conditions, reaction
mix component composition and temperature-time mode,
were optimized based on the performed test results. It was
demonstrated that the proposed assay was able to detect
N2 AIV RNA in biological material samples. High specificity
and sensitivity of the real-time RT-PCR assay were proved
by successful identification of N2 AIV genetic materials in
samples collected from birds and submitted for testing from
several regions of the Russian Federation in 2019-2020.
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AxKwanosa lNMepunsart baTbipXxaHKbI3bl, aCNUPaHT, COTPYAHUK
pedepeHTHOW nabopaTopum BUPYCHbIX GonesHein NTuy
OrBY «BHUWN3X», r. Bnagumup, Poccnsa.

AnppusicoB Aptem BanepbeBuy, KaHgnaaT bronornyecknx
HayK, BeAyLLMIA HayYHbl COTPYAHVK pedepeHTHO nabopaTtopun
BUPYCHbIX 60ne3Hen Nty OIBY «BHUW3X», r. Bnagumup, Poccus.

Lllep6akosa Jingns OneroeHa, KaHAMAAT GNONOTMYECKNX HaYK,
BeJyWniA HayuHbli COTPYAHUK pedepeHTHON nabopatopun
BUPYCHbIX 6one3Hei ntuy OIBY «BHUW3X», r. Bnagumup, Poccua.

Konocog Cepreit Hukonaesuny, KaHaMaaT 6MoNornieckmx Hayk,
COTPYLAHUK pedepeHTHOI NlabopaTopumn BUPYCHbIX GonesHei
ntuy OrBY «BHUN3XK», r. Bnagumup, Poccus.

3uHakos Hukonaii leHHagbeBMY, KaHANAAT GONOrMYECKNX
HayK, CTapLUMiA HayuYHbI COTPYAHUK pedepeHTHOI NabopaTtopun
BUPYCHbIX 6onesHei Nty OIBY «BHUW3XK», r. Bnagnmup, Poccus.

Ysana Unba AnekcaHApoOBUY, KaHAWAAT BeTepUHAPHbIX
HayK, 3amecTuTenb gupektopa no HWP n mMoHUTOpUHTY
®rBY «BHWW3X», r. Bnagumunp, Poccus.

Anppeituyk Omutpuin BopncoBuy, KaHangaT 6MoNorMyecKknx
HayK, 3aBepayownii pepepeHTHON NabopaTopureil BUPYCHbIX
6onesHen ntuy OreY «<BHUM3X», r. Bnagumup, Poccus.
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SUMMARY

Commensal microorganisms are responsible for numerous diseases of animals, including diseases of internal organs (gastroenteritis, pneumonia, nephritis, hepatitis,
cholecystitis, etc.). Cholangiohepatitis, one of the most common liver diseases in cats, is often fatal. The focus of the study was the bile of cats, suffering from acute
cholangiohepatitis. The bile was sampled using non-lethal method guided by USG. The bile amount, taken from cats by percutaneous puncture of the gall bladder,
was 2.6 + 0.85 cm®. No complications following the cholecystocentesis were observed in the animals. The microbiocenosis of bile from 51 cats was studied. Acute fe-
line neutrophilic cholangiohepatitis is mostly caused by commensal bacteria. The range of bacterial pathogens includes the isolates of Escherichia coli, Staphylococcus
aureus, Enterococcus faecalis, Pseudomonas aeruginosa, Enterobacter aerogenes, Staphylococcus epidermidis, Proteus vulgaris, Proteus mirabilis, Enterobacter cloacae,
(itrobacter freundii. The infectious process was caused by two-component associations in 75% of cases, and by three-component associations in 25%. Most common
polycomponent bacterial associations included E. faecalis + E. coli (26.9%), less common — E. aerogenes + E. coli (15.4%), P vulgaris + E. coli (11.5%), S. aureus +
E. coli (11.5%), rarely — P aeruginosa + E. coli (7.7%), S. aureus + E. cloacae (3.9%), S. aureus + E. faecalis (3.9%), P mirabilis + E. coli (3.9%), S. epidermidis +
E. c0li (3.9%), E. coli + S. epidermidis + E. faecalis (3.9%), P. aeruginosa + E. coli + S. epidermidis (3.9%), E. faecalis + E. coli + C. freundii (3.9%). The predominant
component of the mentioned associations is £. coli serovars 0101 (28.9%), 041 (2.0%), 0141 (15.6%), 026 (13.3%), 0138 (13.3%), 015 (6.7%) and 033 (2.2%).
[t was established that 76.25% of commensal microorganism isolates, recovered from the bile of cats, suffering from feline cholangiohepatitis, were pathogenic
for white mice.

Key words: cholangiohepatitis, cats, microbiocenosis, bile, bactobilia.

Acknowledgments: The authors wish to thank Professor Boris V. Usha, Academician of the Russian Academy of Sciences, Doctor of Veterinary Sciences,
for advisory assistance.

For citation: Rudenko A. A., Usenko D. S., Rudenko A. F. Bile microbiocenosis in cats suffering from acute cholangiohepatitis. Veterinary Science Today.
2020; 3 (34): 193-198. DOI: 10.29326/2304-196X-2020-3-34-193-198.

Conflict of interest. The authors declare no conflict of interest.

For correspondence: Andrey A. Rudenko, Doctor of Sciences (Veterinary Medicine), Professor of the Chair for Veterinary Medicine, FSBEI HE “MSUFP’, 125080,
Russia, Moscow, Volokolamskoe shosse, 11, e-mail: vetrudek@yandex.ru.

YK 619:616.98:616.36-002:636.8

MuKpobuoLEHO3 Xenum y KoLeK npy 0CTPOM
XonaHruorenarure

A. A. Pypenko', 1. C. Ycenko?, A. 0. PyaeHko®

1 Orb0Y BO «MockoBckuii rocyAapcTBeHHbIi YHUBEPCUTET NALLeBbIX Npou3BOACTB» (DTBOY BO «MI'YMM»), r. Mocka, Poccus

23 10Y HP «JlyraHckuii HauMoHanbHbIii arpapHblii yHusepcutet» (T0Y IHP THAY), r. Nlyranck, Nlyranckas HapogHas Pecny6nuka
' ORCID 0000-0002-6434-3497, e-mail: vetrudek@yandex.ru

2 0RCID 0000-0002-3757-9998, e-mail: den-usenko@yandex.ru

3 0RCID 0000-0002-3211-1800, e-mail: vetrudek@mail.ru

PE3IOME

YCnoBHo-NaToreHHble MUKPOOPraH3Mbl ABAATCA BO3OYANTENAMI MHOXECTBA 3a6071€BaHII Y XKBOTHBIX, B TOM UKCNie BHYTPEHHIX 60e3Hel (racTposHTEpUT,
MHEBMOHUA, HePUT, FeNaTuT, XONEUNCTUT U T. A.). XONaHTUOTENaTUT — OfHA U3 CaMblX PACPOCTPAHEHHbIX NaTONOrAN NEYEHM Y KOLLEK, KOTOpas MOXET NpuBo-
IUTb K NIeTanbHOMY McXoZy. 00beKTOM MCCNIe0BaHMA ObiNa Xenub KOLLEK, 60NbHbIX 0CTPbIM XONAHTOTeNaTUTOM, MONYYEHHaA NPIKU3HEHHO NOZ KOHTPOIEM
ynbTpacoHorpaduu. 06bem xenuu, 0TobpaHHoI Y KoLLEK ¢ MOMOLLbIO YPECKOXHOI MYHKLMIA XeNYHOTO My3blps, cocTaBun 2,6 + 0,85 cw?. OcnoxHeHuii nocne

VETERINARY SCIENCE TODAY, SEPTEMBER Ne3 (34) 2020 | BETEPUHAPWSA CETOZHS, CEHTABPb Ne3 (34) 2020

193



194

ORIGINAL ARTICLES | DISEASES OF SMALL PETS OPUTUHANBHDBIE CTATbY | BONE3HW MENKUX LOMALLHWX XMBOTHbIX

MPOBE/EHMA XONELNCTOLLEHTE3a Y KMBOTHBIX He 0TMeYany. 3yueH MukpobuoLeHo3 xenuny 51 kowwku. OCHOBHOI NpUYMHOIE 0CTPOTo HEiTPOGUIBHOTO XoNaH-
rnorenatuTa y Kowek ABAAIOTCA YCNOBHO-NaToreHHble 6aktepun. (nektp 6akTepuanbHbix natoreHoB npeacTaBneH uonatamu Escherichia coli, Staphylococcus
aureus, Enterococcus faecalis, Pseudomonas aeruginosa, Enterobacter aerogenes, Staphylococcus epidermidis, Proteus vulgaris, Proteus mirabilis, Enterobacter cloacae,
Citrobacter freundii. B uHeKLOHHOM NpoLiecce NPUHUMANK yyacTiie ABYXKOMMOHEHTHble accoLaLy B 75% CyyaeB, a TPEXKOMMOHEHTHble — B 25% cnyuaes. 113
MONMKOMMOHEHTHbIX GaKTepuanbHbIX accomaLmil y 6oNbHbIX KoLLek yaliie Beero Bctpeyanucs E. faecalis + E. coli (26,9%), pexe — E. aerogenes + E. coli (15,4%),
P vulgaris + E. coli (11,5%), S. aureus + E. coli (11,5%), peako — P aeruginosa + E. coli (7,7%), S. aureus + E. cloacae (3,9%), S. aureus + E. faecalis (3,9%),
P mirabilis + E. coli (3,9%), S. epidermidis + E. coli (3,9%), E. coli + S. epidermidis + E. faecalis (3,9%), P. aeruginosa + E. coli + S. epidermidis (3,9%),
E. faecalis + E. coli + C. freundii (3,9%). [loMmHMpYyIOLMM KOMNOHEHTOM YKa3aHHbIX accoumaumit agnaetca E. coli cepoapos 0101 (28,9%), 041 (20,0%),
0141 (15,6%), 026 (13,3%), 0138 (13,3%), 015 (6,7%) 1 033 (2,2%). YcTaHoBNEHO, UTO 76,25% U30NATOB YCIOBHO-NATOTEHHbIX MIUKPOOPraHU3MOB, U30MPO-

BaHHbIX 13 XeNnuu 60NbHbIX XONAHTMOrenaTuTom KoLleK, bl NaTOreHHbIMMN na 6enbIX MblLLEiA.

KntoueBbie cnoBa: XonaHruorenaTuT, KOLKM, MUKPOOOLIeHO3, Xenyb, 6akTobunusa.
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INTRODUCTION

Opportunistic microorganisms are responsible for nu-
merous animal diseases, including diseases of internal
organs (gastroenteritis, pneumonia, nephritis, hepatitis,
cholecystitis, etc.) [1]. Cholangiohepatitis, one of the most
common liver diseases in cats, is often fatal [2, 3]. This con-
dition is characterized by the development of bacterial or
immunity-mediated inflammation process in the hepa-
tic parenchyma and bile ducts, by secondary metabolic
changes, intoxication and dehydration [2, 4]. According to
the data on hepatobiliary disease prevalence in cats, acute
(bacterial, neutrophilic) cholangiohepatitis ranks second
after hepatic lipidosis [2, 3, 5].

Acute feline neutrophilic cholangiohepatitis is mostly
caused by the following opportunistic bacteria: Esche-
richia coli, Klebsiella pneumoniae, Enterococcus spp., Bac-
teroides spp., Streptococcus spp., Clostridium spp. [5]. De-
velopment and progressing of feline cholangiohepatitis
are conditioned by poor bile flow, because under normal
physiological conditions the continuous bile flow and
concurrent immunological protection, conferred by the
epithelial cells of the bile ducts, maintain the hepatobili-
ary tract sterile [6]. Bile flow disorder and bile stasis create
favourable conditions for backward migration of bacterial
pathogens from the small intestine [3, 5, 7]. In the view of
the above, biliary dyskinesia in the setting of partial ob-
struction, followed by ascending biliary infection, is the
key factor for the development of acute feline bacterial
cholangiohepatitis. Acute inflammation process, edema
and thickening of bile duct walls, in turn, also aggravate
stasis and facilitate pathological influence [8, 9]. A signifi-
cant growth in bile pressure inside the hepatic ducts leads
to weakening of protective immunological mechanisms,
which in turn ensures favourable conditions for growth
and development of commensal microorganisms. Further
on the inflammation process involves bile ducts and he-
patic parenchyma; bacterial translocation into systemic
circulation occurs leading to bacteremia [10, 11].

Recently in clinical practice non-lethal evaluation of
hepatic tissue and bile sterility has been widely used in
case of hepatobiliary tract inflammation in cats [12]. Both
bile and hepatic parenchyma can be taken for testing;
and the procedure itself is performed under ultrasono-
graphic guidance [13]. However bacteriological testing
of bile is more informative, than testing of hepatic paren-
chyma puncture samples [5]. F. Schiborra et al. analyzed
the results, obtained in the process of bacterial microflora
study of small pet bile and its cytology [12]. Bile bacterial
cultures were isolated in 21.3% cases. Most often Esche-
richia coli and Enterococcus spp. were isolated from bile,
less often — Clostridium perfringens, Bacteroides spp. and
Actinomyces spp., Lactobacillus spp., Lactococcus spp., Liste-
ria spp., Klebsiella spp., Salmonella spp., Streptococcus bo-
vis and Pseudomonas. Microbial associations in bile from
cats and dogs were detected in 43.8% of cases. Cytolo-
gy revealed bactobilia in 17.3% of cats. Liver samples ta-
ken from ill cats using surgery or laparoscopy more likely
showed clean cultures, than samples obtained by percu-
taneous fine needle biopsy [5].

Thus, study of bacterial associations in the bile of cats,
suffering from acute cholangiohepatitis is a vital trend in
veterinary medicine of small pets.

In the view of the above, the aim of this study was qua-
litative and quantitative analysis of bile microbiocenosis of
cats, suffering from acute cholangiohepatitis.

MATERIALS AND METHODS

The study was performed from 2015 to 2019 by the
Chair for Infectious Diseases, Pathological Anatomy and
Judicial Veterinary Medicine under the SEI LPR “Lugansk
National Agrarian University” (Lugansk, Lugansk People’s
Republic). Clinical tests were performed at private veteri-
nary clinics of Donetsk city.

The subject of the testing was the bile of cats, suffering
from acute cholangiohepatitis, obtained using non-lethal
methods under ultrasonographic guidance. The groups
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were formed as the animals were submitted to clinics. The
cats were selected for the study based on inclusion and
exclusion criteria.

Inclusion criteria: clinical, laboratory and ultrasono-
graphic signs of feline acute cholangiohepatitis.

Exclusion criteria: feline hepatic lipidosis, fatty liver di-
sease, acute hepatitis, aseptic (immunity-mediated) types
of cholangitis, oncology in abdominal cavity, positive
results for parasites in feces, positive PCR results for in-
fectious peritonitis agents, viral immunodeficiency, viral
leukemia and hemotropic mycoplasma.

The acute cholangiohepatitis diagnosis was made in a
comprehensive manner, taking into account the history,
results of clinical examination, physical examination, mor-
phological and biochemical blood test and ultrasonogra-
phy [9].

Cholecystocentesis of cats, suffering from acute cholan-
giohepatitis, was performed under brief multimodal anes-
thesia. Cats were premedicated using gabapentin orally
at the dose of 50 mg/kg; 15 minutes later dexmedetomi-
dine hydrochloride solution was injected intramuscularly
(5-10 pg/kg); 20 minutes after that propofol at the dose of
1-2 mg/kg was injected intravenously.

Ultrasound scan of abdominal organs was performed
using multi frequency micro-convex probe at the frequency
of 6-9 MHz. The optimal site for gall bladder puncture was
determined using ultrasonography. The abdominal wall
was punctured from the right side. Cholecystocentesis was
performed aseptically under ultrasonographic guidance
using a syringe (5 cm®) and a needle 22G (0.7 x 40 mm).
Transhepatic access was used. Maximum volume of bile
was aspirated into a syringe. The surgical area around the
puncture site was treated with 70% ethanol three times. At
the end of the procedure the follow-up ultrasonographic
scanning of cats’ hepatobiliary system was carried out to
evaluate the potential damage of the gall bladder.

Bacteriological testing of bile from cholangiohepati-
tis-affected cats was performed by seeding it on different
nutrient media (beef extract broth, beef extract agar, se-
rum broth with glucose and Sabouraud dextrose broth).
Following incubation in a thermostat at 38 °C or at room
temperature (Sabouraud dextrose broth) for 24-72 hours;
colonies of various types were reseeded onto Petri dishes,
containing Endo medium, beef extract broth, beef extract
agar. Tubes demonstrating no growth of microorganisms
were kept in a thermostat at 38 °C for more than 10 days.
After studying cultural and morphological properties
some typical microorganism colonies were seeded onto
beef extract agar, beef extract broth and beef extract
semi-liquid agar and incubated at 38 °C for 24 hours. Then
tinctorial properties of bacterial cultures using common
methods were studied. Microbial mobility was determined
by bacterial growth rate in beef extract semi-liquid agar.

All pure bacterial cultures were seeded onto Gissa me-
dium with glucose, maltose, mannose, sucrose, lactose,
dulcite and mannitol added. Catalase activity was deter-
mined for all bacterial isolates. For this purpose bacterial
mass, removed using a loop from the agar surface, was
suspended in a slide in one drop of 3% hydrogen peroxide.

Gram-positive cocci were tested for hemolytic and coa-
gulase activity, and growth properties were studied at 45
and 10 °C, pH 9.6, with 40% bovine bile and 6.5% sodium
chloride added. To differentiate staphylococci and micro-
cocci oxidation-fermentation test was performed using
Hugh and Leifson’s medium.

Gram-negative rod-shaped bacteria were additionally
tested for fermentation of such hydrocarbons like sorbitol
and inositol; lysine decarboxylase, ornithine decarboxy-
lase, B-galactoside and phenylalanine-desaminase acti-
vities; ability to synthesize acetylmethylcarbinol, hydrogen
sulfide and indole; utilize malonate and sodium citrate.

To suppress Proteus culture mobility before testing 96%
ethanol was added to bacterial flasks, containing pep-
tone-beef extract agar for 3-5 minutes and then removed.
To identify and differentiate Pseudomonas the tested cul-
tures were reseeded onto King's medium in flasks, contai-
ning peptone-beef extract agar and kept in a thermostat
at 42 °C for 24-48 hours.

The further identification and differentiation of isolated
microorganism cultures were performed using conven-
tional methods according to Bergey’s Manual of Systema-
tic Bacteriology'. Escherichia serogroups were determined
using “O" Escherichia coli Agglutinating Sera.

Bacterial pathogenic properties were studied by bio-
logical assay in white mice. Each isolate at the dose of
0.5 cm® was injected intraperitoneally to three 14-16 g
white mice. The cultures were deemed pathogenic if one
or more mice died within 5 days after infection.

All animal experiments were performed in strict com-
pliance with interstate standard on laboratory animal
keeping and handling GOST 33216-2014, adopted by In-
terstate Council on Standardization, Metrology and Cer-
tification and pursuant to the requirements of Directive
2010/63/EU of the European Parliament and of the Council
of 22 September 2010 on the protection of animals used
for scientific purposes.

The final stage of the bacteriological test was focused
on species composition and ratios of different pathogenic
bacteria species, causing feline acute cholangiohepatitis.

The obtained digital data were processed using personal
computer and licensed software MS Excel and Statistica 7.0%

RESULTS AND DISCUSSION

The volume of bile, collected from cats by percutaneous
puncture of the gall bladder was 2.6 + 0.85 ml. No complica-
tions following the cholecystocentesis were observed in the
animals.To study etiological role of bacterial microbiocenosis
in the development of acute cholangiohepatitis bacteriolo-
gical tests were performed. 80 cultures of opportunistic bac-
teria were isolated from the bile of 51 diseased cats (Table 1).

Out of all isolated microorganisms 59 were Gram-
negative and 21 Gram-positive. The most frequent isolates
were E. coli (45); E. faecalis (13) were recovered less often,
S. aureus (5), E. aerogenes (4), P. aeruginosa (4), P. vulga-
ris (3), S. epidermidis (3), E. cloacae (1), P. mirabilis (1) and
C. freundii (1) were isolated seldom. The data obtained are
compliant with other studies, published in the past [5, 12].

The results of isolation frequency of opportunistic mic-
roorganism monocultures and associations from the bile
of acute cholangiohepatitis-affected cats were especially
important for practical veterinary medicine.

In the course of the study it was established that 5
species of opportunistic microorganisms were isolated as
associations and 25 as monocultures (Table 2).

' Bergey’s Manual of Systematic Bacteriology. Vol. 1-5. ed. G. M. Garrity.
2" ed. NY: Springer-Verlag; 2001-2012.

2 Rebrova O. Yu. Statistical analysis of medical data. Use of STATISTICA
software package [Statisticheskij analiz medicinskih dannyh. Primene-
nie paketa prikladnyh program STATISTICA]. M.: MediaSfera 2002. 312 p.
(in Russian)
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Table 1
Species composition of bacteria, responsible for feline acute
bacterial cholangiohepatitis

Tabnuua 1
BupoBoii coctaB 6aKkTepuii, BbI3bIBalOLLMX Pa3BUTHE OCTPOTO
6GaKTepuanbHOro XonaHruorenaTuTa y Kowek

Isolates

Microorganism species
Absolute number

Gram-negative

Enterobacter aerogenes

Escherichia coli

Proteus vulgaris

Staphylococcus epidermidis

As part of associations the most frequent isolates were
E. coli (43.6%), less often — E. faecalis (18.2%), seldom -
S. aureus (9.1%), E. aerogenes (7.2%), P. vulgaris (5.5%),

Table 2
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P.aeruginosa (5.5%), S. epidermidis (5.5%), C. freundii (1.8%),
E. cloacae (1.8%) and P. mirabilis (1.8%). As monocultures
E. coli (84.0%) were often recovered, and E. faecalis (12.0%)
and P. aeruginosa (4.0%) were isolated rarely. It should be
added that C. freundii, E. aerogenes, E. cloacae, P. mirabilis,
P.vulgaris, S. aureus and S. epidermidis were not isolated as
monocultures from the bile of acute cholangiohepatitis-
affected cats.

In qualitative terms 12 variants of bacterial associa-
tions were isolated (Table 3). When determining quanti-
tative and qualitative composition of microbiocenoses
of cats, suffering from acute cholangiohepatitis, 26 op-
portunistic microorganism associations were detec-
ted (2-3 associates).

The recovery ratio of two-component associations
from the bile of acute cholangiohepatitis-affected cats
was 75.0% and three-component associations — 25.0%.
The most frequent associates of polycomponent opportu-
nistic bacteria associations were E. coli + E. faecalis (26.9%),
less often — E. coli + E. aerogenes (15.4%), E. coli + P. vul-
garis (11.5%), E. coli + S. aureus (11.5%), seldom - E. coli +
P. aeruginosa (7.7%), E. cloacae + S. aureus (3.9%), E. fae-
calis + S. aureus (3.9%), E. coli + P. mirabilis (3.9%), E. coli +
S. epidermidis (3.9%), E. coli + E. faecalis + S. epidermid-
is (3.9%), E. coli + P. aeruginosa + S. epidermidis (3.9%),
E. coli + E. faecalis + C. freundii (3.9%). It should be noted
that these were the first obtained data on microbiocenosis
quantitative and qualitative composition of the bile from
acute cholangiohepatitis-affected cats.

It must be stressed that the most essential component
of such associations was Escherichia.

The most frequent Escherichia serovars isolated from
the bile of diseased cats were 0101 (28.9%), less often -
041 (20.0%) and 0141 (15.6%), seldom - 0138 (13.3%),
026 (13.3%), 015 (6.7%) and 033 (2.2%) (Table 4).

Isolation frequency of opportunistic microflora monocultures and associations

from the bile of cats, suffering from acute cholangiohepatitis

Tabnuua 2

Yacrora usonauum MOHOKYNbTYp 1 accoymanuit YCNOBHO-NaTOreHHbIX MUKPOOPraHU3MOB U3 XeNuu Kollek, 6onbHbIX 0CTPbIM

Isolates recovered

XoJlaHruorenaTuTom

As associations

Microorganism species

Citrobacter freundii

Enterobacter cloacae

Proteus mirabilis

Pseudomonas aeruginosa

Staphylococcus epidermidis

As pure culture

1 1.8 0 0
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Pathogenic properties of 80 opportunistic bacteria cul-
tures, isolated from the bile of acute cholangiohepatitis-
affected cats, are shown in Table 5.

It was established that out of 80 isolates of opportu-
nistic bacteria, recovered from the bile of diseased cats,
61 isolates were pathogenic for white mice and 19 cultures
were non-pathogenic (76.25 and 23.75% corresponding-
ly). It should be noted that all P. aeruginosa and C. freundii
isolates were pathogenic for white mice.

Moreover, 39 out of 45 E. coli isolates (86.7%) were
pathogenic for white mice, and S. epidermidis, E. cloa-
cae and P. mirabilis cultures were non-pathogenic. The
data obtained indirectly support the hypothesis that
non-pathogenic strains can transform to pathogenic ones
under certain conditions. We deem that the promising
areas of further studies are biological properties of op-
portunistic bacteria in cats, suffering from acute bacterial
cholangiohepatitis, and development of highly effective
methods to treat this pathology.

CONCLUSION

The microbiocenosis of bile, collected from acute chol-
angiohepatitis-affected cats, is represented by the following
isolates: E. coli, E. faecalis, S. aureus, E. aerogenes, P. aerugi-
nosa, P. vulgaris, S. epidermidis, E. cloacae, P. mirabilis and
C. freundii. The prevalence of two-component associations
was 75.0%, and of three-component associations — 25.0%.
The most frequent biliary bacterial associations were E. coli +
E. faecalis (26,9%), E. coli + E. aerogenes (15.4%), E. coli + P. vul-
garis (11.5%), E. coli+ S. aureus (11.5%) were detected less of-
ten, E. coli+ P. aeruginosa (7.7%), E. cloacae + S. aureus (3.9%),
E. faecalis + S. aureus (3.9%), E. coli + P. mirabilis (3.9%),
E. coli + S. epidermidis (3.9%), E. coli + E. faecalis + S. epider-
midis (3.9%), E. coli + P. aeruginosa + S. epidermidis (3.9%),
E. coli + E. faecalis + C. freundii (3.9%) were detected on rare
occasions. In most cases the essential component of these
associations was E. coli serovars 0101 (28.9%), 041 (20.0%),
0141 (15.6%), 0138 (13.3%), 026 (13.3%), O15 (6.7%) and
033 (2.2%). It was established that 80.0% of opportunistic
bacteria isolates, recovered from the bile of cats, suffering
from acute cholangiohepatitis, were pathogenic for white
mice. Herewith all P. aeruginosa and C. freundiiisolates, and
most E. coli isolates (86.7%) were pathogenic.
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Table 3
Structure of bacterial associations, responsible for feline acute
cholangiohepatitis

Tabnuua 3
(TpyKTypa accoumaumii 6aKkTepuii, BbI3bIBaloLLMX OCTPbIii
XOMaHIMorenaTuT y Kowek

Number
: Number of as- . "
of microbe o Species composition
. sociations
associates
7 E. coli + E. faecalis
4 E. coli + E. aerogenes
3 E. coli + P. vulgaris
3 E. coli +S. aureus
2 1 E. cloacae + S. aureus
1 E. faecalis + S. aureus
1 E. coli + P. mirabilis
1 E. coli+ S. epidermidis
2 E. coli + P. aeruginosa
1 E. coli + E. faecalis + S. epidermidis
3 1 E. coli + P aeruginosa + S. epidermidis

1 E. coli + E. faecalis + C. freundii
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Serological typification of . coli isolates, recovered from the bile
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Tabnuua 4
Ceponoruyeckas Tunusayua nsonatos E. coli, n3onmpoBaHHbIX
13 enuu Kowwek, 60/bHbIX 0CTPbIM 6aKTepuanbHbIM

XONaHruorenaTuTom
Serogroups
015 3 6.7
026 6 133
033 1 2.2
o4 9 20.0
0101 13 289
0138 6 133
0141 7 15.6
Total 45 100.0
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Table 5

Pathogenicity of bacterial isolates, recovered from the bile of acute cholangiohepatitis-affected cats, for white mice

Tabnuua 5
MatoreHHoCTb ANA Genbix MblLLeil M30NATOB GaKTepuii, BbIAENIEHHBIX OT KOLLEK NPK 0CTPOM 6aKTepuanbHOM XoNaHrorenaTute

Number of isolates Number of isolates
1 1.6 0 0

Microorganism Cultures studied

(itrobacter freundii

Enterobacter cloacae

Proteus mirabilis

Pseudomonas aeruginosa

Staphylococcus epidermidis
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Pynenko Anppein AHaTonbeBuY, JOKTOP BeTepuMHapPHbIX
Hayk, npodeccop Kadeapbl BeTePUHAPHON MeAULUHbI
Orboy BO «MI'YIM», Mockea, Poccus.

Ycenko [lenuc CepreeBuy, acnupaHT Kadeapbl 3apasHbix
60s1e3He, NaToNOrMUYecKon aHaToMumn 1 CyAebHO BETeprHapWX,
FOY JIHP «JlyraHCKuiA HaUMOHaNbHbIN arpapHbIfi YyHNBEPCUTET,
JNyraHck, JlyraHckas HapopgHas Pecny6nvika.

Pynenko AHatonuin ®epopoBnY, KaHAMAAT BeTePUHAPHbBIX
HayK, npodeccop, 3aBeayowuii Kadpenpoi 3apasHbix bonesHer,
naToNiornyecKon aHaToMmmn 1 cynebHom setepuHapu rOY JIHP
«JTyraHCK1IM HaLMOHabHbI arpapHbI yHUBepCuTeT», JlyraHck,
NyraHckaa HapopHas Pecny6nuka.
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SUMMARY

The material of this case consisted of a 3.5 kg male Chinchilla cat which brought to Selcuk University Veterinary Faculty Animal Hospital with the complaints of
anorexia, stagnation, incoordination, watery diarrhea and severe vomiting. Mushroom intoxications suspected according to the anamnesis. False morel poisoning
was diagnosed as a result of physical examination and laboratory test and it was confirmed by presence of ingested spore of morel in fecal flotation examination. As
atreatment, 0.9% isotonic NaCl (Polyplex, Polifarma®) solutions 40 mi/kg via IV, maropitant (Cerenia, Zoetis®) 1 mg/kg as an antiemetic and to reduce visceral pain
via SC, N-acetylcystein (Nacosel, Haver Farma®) 140 mg/kg via IV, vitamins and amino acid supplementation (Duphalyte, Zoetis®) via IV are administered. For liver
health supplementation SAMe and silybin (Denamarin, Nutramax®) 15 mg/kg via PO for 21 days prescribed. On re-examination, the cat was fully recovered. It was
concluded that false morel poisoning may cause liver damage, neurologic findings along with the primary gastrointestinal system disorders. Anamnesis, presence
of theingested spore of morel observed during fecal examination is very important in the diagnosis and the prognosis is affected by the magnitude of liver damage.
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PE3IOME

[JlaHHbIil cnyyail npou3oLLen ¢ KOTOM NOPOADI LWIHLLMANA BECOM 3,5 KI, KOTOpbIN Obin JoCTaBNEH B NeuebHULY daKynbTeTa BeTepUHAPHON MeAULMHBI YHU-
Bepcuteta (enbuyk ¢ xkanobamu Ha 0TKa3 oT KOpMa, BANOCTb, HapyLLEHWe KOOPAUHALMM, BOAAHUCTYIO MApelo 1 CUnbHyto pBoTY. Ha 0CHOBaHUYM aHaMHe3a
M0/j03peBaNoch 0TpaBMeHNe rpubami. B peynbrate ocMoTpa 1 1abopaTopHOro TeCTUPOBAHNA ObINI0 AMArHOCTUPOBAHO OTPABEHNE NIOXKHBIMUM CMOPUKaMU
(cTpoukamu), BnocneaCTBM AUarHo3 NOATBepANNM, 06HaPYKUB CMOPbI AaHHbIX AZOBUTLIX rPU6OB NPy GNOTaLMOHHOM UccnefoBaHIM GeKanuil. Ana neveHna
BBOAWIN BHYTPUBEHHO 40 MA/Kr 0,9%-T0 U30TOHUYECKOro pacTBopa Xnopuaa Hatpus (Polyplex, Polifarma®); B kauecTBe NpoTMBOPBOTHOTO 11 ANA YMeEHbLUEHNA
BUCLEpanbHoil 601 — nopKoHo T mr/kr maponuTaxTa (Cerenia, Zoetis®); BHyTpuBeHHO 140 mr/kr N-auetunuucrenna (Nacosel, Haver Farma®), a Take BuTa-
MUHbI 1 amiHokucnoTbl (Duphalyte, Zoetis®). ina noaaep:kanua GYHKLMI NeyeHn B TeueHne 21 yT, COTNACHO Ha3HauEeHWIo, BBOAUAM NEPOPasbHO S-aieHO3MH-
L-meTioHuH (SAMe) v cunubud (Denamarin, Nutramax®). lTpu noBTopHOM 06Cnef0BaHMY 6biN0 yCTaHOBAEHO, UTO KOT MONHOCTbI0 BbI340POBEN. bbin cAenaH Bbi-
BOJ} 0 TOM, UTO OTPABNEHIE NOXHbIMU CMOPUYKaMK (CTPOUKaMI) HapsAZYy C OCHOBHBIMM HapyLLEHAMY PaBOTbI KeNyLOUHO-KULLEUHOTO TPAKTa MOXET Bbi3blBaTb
MOPAXEHNA IEYeHM 1 HEBPONOTINYECKHe PACCTPOIACTBA. [nA AMArHOCTUKY 0YEHb BaXkeH aHaMHE3 1 BbIABEHME IPOTNIOYEHHbIX CIOP CMOPUKOB NPU GOTALMOHHOM
CcnefoBaHUm Gekanuii, NporHo3 Teyexna 6onesHu 06yCoBneH CTeneHblo NopakeHunsa neyeHu.

KntoueBble cnoBa: Kot, NOXHble CMOPYKHK, CTPOUKK Gyromitra, 0TpaBNeHne, UHTOKCUKaLnA.

[ina untuposanusa: Giilersoy Erdem, Bas Tugce Manolya, Ok Mahmut. OtpasneHue KoTa noxHbIMM CMOpUKamu. Bemepurapus ce2o0Hs. 2020; 3 (34): 199-204.
DOI: 10.29326/2304-196X-2020-3-34-199-204.

Kondnukr unTepecoB. ABTOpbI 3aABAKT 06 OTCYTCTBUN KOHGINKTA UHTEPECOB.
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r. KoHbs, e-mail: equlersoy@selcuk.edu.tr.

INTRODUCTION

Mushrooms can be classified as edible or poisonous
for both humans and animals. The toxicity of a mushroom
depends on its toxin and the dose consumed. Common
hepatotoxic mushrooms such as Amanita ocreata and
Amanita phalloides (death cap) contain mainly cyclopep-
tides (amatoxins) causing acute liver failure both in humans
and animals. Mushrooms containing hydrazines (e.g. Gyro-
mitra spp., also known as false morel), psilocin and psi-
locybin (e.g. Psilocybe spp., Panaeolus spp., Conocybe spp.
and Gymnopilus spp.) and isoxazoles (e.g. A. pantherine,
A. muscaria) are considered neurotoxic. Gastroenterotoxic
mushrooms such as Agaricus sp. and Boletus sp. contain
toxins which mainly cause gastrointestinal signs [1]. In
general, itis widely known that cats are susceptible to toxi-
cosis from all edible and non-edible mushrooms. However,
there is no information to specify the toxic mushroom spe-
cies for cats or their toxic doses [2].

Morchella, which are the true morels, is a genus of
edible sac fungi closely related to the order Pezizales.
These fungi have a honeycomb appearance due to the net-
work of ridges composing their caps abundance [3]. Like
Morchella, false morels are also members of the Pezizales,
but within that group represent the families Morchellaceae,
Discinaceae, and Helvellaceae, most often Gyromitra. In Tur-
key, China, North America, India, and Pakistan these fungi
are found in abundance. In Turkey, especially in Beysehir,
Konya region, the gathering of Morchella occupies an im-
portant place economically and touristically [4].

Gyromitra esculenta (G. esculenta) is a member of a
group of fungi known as false morels. The hat of morel is
5-9 cm long, 5-10 cm in diameter, in colors ranging from
red brown to dark brown. The hat is hollow. The stem is
2-3 cm long and 1-3 ¢cm in diameter. In Morchella spe-
cies, the hat is in the form of a petitious hollow, while in
the Gyromitra esculenta type it is in the form of cerebral
folds. When eaten raw it is deadly [5]. False morels were
considered to be edible in the past. But according to the
studies this has been rejected. Therefore, poisoning cases
and deaths still are being reported. Poisonings caused by
false morels have been studied and the responsible tox-
in gyromitrim is identified. The severity of the symptoms
depends on the quantity of the ingested substance and
the time spent after consumption. In human, the mor-
tality rate approximates to 10% of the patients who have
poisoning symptoms. The symptoms of false morel, espe-
cially G. esculenta, poisoning range from gastroenteritis to
death [6, 7]. Gyromitrin’s toxic metabolite is monomethyl-
hydrazine (MMH). Monomethylhydrazine binds and
inhibits pyridoxal phosphokinase, thereby inhibiting
activation of vitamin B6 (as pyridoxal 5-phosphate) from
functioning as the key co-factor in the synthesis of GABA.
Hydrazines, like MMH, may also form hydrazones and hy-
drazides that can cause further organ damage. Hydrazones
induce lipid peroxidation in the liver causing acute liver in-
jury [8]. The first signs appear after 5-12 h or up to 53 h [9].
Acute liver injury can occur over the next 2 days in most of

the cases, also acute kidney injury may occur. A cytolytical

hepatitis is sometimes accompanied by a hemolysis. In se-
vere cases of intoxication, neurological disorders, such as

nervousness, delirium, coma and convulsions may be seen,
as a consequence of MMH [8, 91.

Physical exam findings are often non-specific but may
include depression, dehydration, muscle tremors, dry
mucous membranes, abdominal distention and confu-
sion. Vomiting and watery diarrhea may be observed [10].
Jaundice is a late finding, typically in more severe cases
after the 3 days post-ingestion. Large ingestions may
exhibit signs of central nervous system involvement, in-
cluding nervousness, ataxia and seizures. In human, the
mortality rate approximates to 10% of the patients who
have poisoning [7].

The treatment must be symptomatic. The hemody-
namics, the blood ionic concentration, the azotemia, the
creatinemia, and the blood gases must be monitored to
compensate for the hydroelectrolytic loss. Acute liver in-
jury and hemolysis can be diagnosed by early serum bio-
chemistry analysis of biological indicators (increase in AST,
ALT, bilirubin, triglycerides, LDH) [7].

TEST RESULTS

The material of this case consisted of a 3.5 kg male
Chinchilla cat which brought to Selcuk University Vete-
rinary Faculty Animal Hospital with the complaints of
anorexia, stagnation, incoordination, watery diarrhea
and severe vomiting. In the anamnesis, it was learned
that normally, the cat is fed with canned food and oc-
casionally goes out of the house. The owner of the cat
did not witness ingestion of the false morel but it was
learned that in the area where the house is located
(Beysehir, Konya) false morel can be found in abundance.
Approximately 8 h after going out of the house, the cat
returned home depressed and with a significant saliva
increase observed by the owner.

In the physical examination of the cat, hypersalivation,
weakness, abdominal distension and depression were de-
tected. Following the physical examination, blood gases,
hemogram, biochemical analysis, fecal flotation examina-
tion, abdominal ultrasonography and radiographic exa-
mination were performed. In fecal flotation examination
plant debris and spores of morels were seen, any other
parasite eggs did not observed (Fig. 1).

In the radiographic examination of the abdomen,
thickening of the gastric mucosa and abdominal disten-
sion were observed (Fig. 2).

With the abdominal ultrasound examination, rugal fold
thickening, gastric mucosal edema and abdominal disten-
sion (Fig. 3) were confirmed.

Although blood gas and hemogram parameters were
within the reference range, anemia and mild leukocytosis
were noticed (Table 1).

In serum biochemistry, increased lactate dehydroge-
nase (LDH), creatine phosphokinase (CPK), aspartate trans-
aminase (AST), alanine aminotransferase (ALT), alkaline
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Fig. 1. Image of the spores of morel and plant debris in light microscope (x40 magnification, unstained)

Puc. 1. I306paxeHue cnop cMOpYKO8 U 0CMamkos padcmeHuli Npu Uccs1e008aHUU NOO C8emosbiM

MUKpockonom (ysenuyeHue x40, HeoKpawieHHble)

phosphatase (ALP) levels, hyperbilirubinemia and hyper-
triglyceridemia were observed. Other parameters were in
the normal reference range (Table 2).

To rule out other diseases cause similar non-specific
symptoms, qualitative detection of FelV antigen/FIV an-
tibody (Asan Easy Test, Asan Pharm) and FIPV antibody
(FASTest FIP Ab, Vetlab Supplies) tests were performed
and resulted negative.

As a treatment, 0.9% isotonic NaCl (Polyplex, Polifarma®)
solutions 40 ml/kg via IV, maropitant (Cerenia, Zoetis®)
1 mg/kg as an antiemetic and to reduce visceral pain via SC,
N-acetylcystein (Nacosel, Haver Farma®) 140 mg/kg via IV,
vitamins and amino acid supplementation (Duphalyte,
Zoetis®) via IV are administered. The cat was discharged
from the hospital after admission in good general condi-
tion and appetite. For liver health supplementation SAMe
and silybin (Denamarin, Nutramax®) 15 mg/kg via PO for
21 days prescribed. After prescribed drug usage, on re-
examination, the cat was fully recovered.

DISCUSSION

Mushroom intoxications in animals, and especially in
cats, are underreported. In the majority of feline mush-
room toxicoses reported, mushrooms were characterised

as of unknown origin and were not identified [1]. Cats
are potentially susceptible to toxicosis from all edible
and non-edible mushrooms; however, there is no infor-
mation to specify the toxic mushroom species for cats
or their toxic doses. In general, mushrooms can cause a
variety of non-specific clinical and clinicopathologic signs,
which make diagnosis of a mushroom-specific toxicosis
difficult [10].

Morels are edible mushrooms, which can be toxic
when poorly cooked or eaten raw. Ingestion of raw or
poorly cooked morels may cause gastrointestinal dis-
orders (nausea, vomiting, abdominal pain, diarrhea, etc.)
with a time to onset that has never been clearly docu-
mented. In the previously reported cases, neurological
effects appeared after a median of 10 h (12 hin our series)
after consumption of Morchella sp. Signs and symptoms
were very similar to those observed in the present series
and included dizziness, tremors, gait or postural insta-
bility and gastrointestinal or ocular disorders [11, 12]. In
this present report gastrointestinal symptoms were re-
markable.

CPK elevation could have been a consequence of
muscle damage due to muscle tremors. Increased AST,
ALT, ALP levels and hyperbilirubinemia could have been

Fig. 2. Radiographic radiopaque (A) latero-lateral and (B) ventrodorsal image of the gastric wall thickening

Puc. 2. PeHmeeHozpagudeckoe uccnedogaHue: A — peHmeeHoKoHMpacmHoe 8 60k08ol Npoekyuu
u B - seHmpooopcasibHoe u306paxeHue ymosiweHus CmeHKU XesyoKa
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Fig. 3. (A) Rugal fold thickness (5-6 mm) and (B) interrugal thickness (3-4 mm) in the abdominal ultrasonographic images

Puc. 3. Ynempassykosoe ucciedosaHue 6prowHot nonocmu: A — ymosnujeHue Ckaaoku cau3ucmod xenyoka (5-6 mmy),
B - ymonuweHue mexody cknadkamu csusucmou xesyoka (3—4 mm)

the result of hepatotoxicosis or a reactive hepatic conse-  in the area where the house is located, also the presence
quence of the gastrointestinal inflammation [10]. False mo-  of the spores of morel in fecal examination. Furthermore,
rel consumption was thought to be the evidence of the  infectious diseases such as FeLV, FIV and FIPV were ruled
anamnesis by the owner and abundance of the false morel  out grossly through laboratory investigation.

Table 1
Blood gases and hemogram findings

Ta6bnuua 1
Ta30Bblil COCTaB 1 JaHHbIE 06LLEro KNMHUYECKOro aHan13a KpoBu (remorpamma)

pH 7.434 7.35-7.45
K, mmol/L 42 3.4-5.6
Na, mmol/L 153 150-165
Cl, mmol/L 19 104-128
Lactate, mmol/L 18 0-2
Hct, % 298 29-48
Base (Ecf), mmol/L -9.9 —4+4
Base (B), mmol/L -8.8 44
HCO,” (P, st), mmol/L 17.3 19-24
HCO,(P), mmol/L 143 19-24
WBC, m/mm? 2132 1 5.0-19.0
RBC, m/mm? 3500 4,0-9.0
MCv, Al 433 35.5-55.0
Het, % 244 24.0-45.0
MCHC, g/dI 339 28.0-40.0
RDW 9.3 8.0-12.0

pH — hydrogen ion concentration (koHueHTpawma noHOB Bofopoaa), K — potassium (kanwit), Na — sodium (Hatpuit), Cl — chlorine (xnop),

Hct — hematocrit (rematokpu), HCO; — bicarbonate (6ukapbonar), WBC — white blood cell (neiikouutsi), RBC — red blood cell (3putpouutsi),

MCV — mean corpuscular volume (cpeaHuii 06bem 3putpoumtos), MCHC — mean corpuscular hemoglobin concentrarion (cpefHAs KOHLEHTpaLWs remornobuHa
B aputpouutax), RDW — red cell distribution width (wmpuxa pacnpegenexua sputpouuTos no obbemy).
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Table 2
Serum biochemistry findings

Tabnuua 2
Moka3arenu 6MoXMMMUYECKOTo aHaNN3a CbIBOPOTKM KPOBH

Parameters

Findings

Reference

BUN 26.5 mg/dL 14-36

Direct bilirubin 0-0.4

Cholesterol 75-220

Gamma glutamyl transferase 1-10

CPK 2,162U/L 1 50.00-450.00
CONCLUSION

True morels are widely gathered and considered safe
for consumption by amateur mycologists, and true morels
can be distinguished from toxic false morels by their appea-
rance (G. esculenta, wrinkled cap with brain-like folds). False
morel poisoning is characterized by gastrointestinal dis-
orders appearing 6-12 h afteringestion, and in severe cases
may be associated with hepatitis, nephritis and neurologic
disorders such as tremors, incoordination and seizures [13].
Itis generally accepted that the development of neurologi-
cal signs or symptoms is a dose-dependent effect [14].

Mushroom toxicosis was considered to be the most
likely diagnosis. The weak point of this case report is the
absence of systematic mycological identification. Prog-
nosis depends on the quantity of the ingested substance,
the time spent after consumption and the presence of
any concurrent disease of the animal [10]. The Veterinary
Poisons Information Service in the United Kingdom has
received 867 dog enquiries related with mushroom poi-
soning, while this number is only 57 in cats [15]. For this
reason, it is very important to share mushroom toxicity
cases or studies in cats in the scientific world. Finally, it
was concluded that anamnesis, presence of the false
morel in the area where the animal lives, presence of
the ingested spore of the morel in fecal examination are

very important in the diagnosis and serum biochemistry
analysis in the prognosis as many mushroom poisonings
are underrated.
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SUMMARY

Infectious disease of chickens caused by the bacterium Avibacterium paragallinarum remains one of the urgent problems of the poultry industry, as evidenced by
numerous reports of recurrent infectious coryza outbreaks in chickens around the world. Bacteriological tests performed in 2014—2019 demonstrated that the disease
caused by Avibacterium paragallinarum (serogroup B) is endemic in the Russian Federation. The paper presents the results of tests forimmunogenic properties of
antigens of 13 infectious coryza isolates recovered from the pathological material delivered to the FGBI“ARRIAH" from poultry farms of the Russian Federation and
the Republic of Belarus. For this, samples of the vaccine containing formalin-inactivated Avibacterium paragallinarum cells and an oil adjuvant were prepared. The
poultry was immunized followed by challenge with homologous and heterologous isolates. The degree of manifestation of the disease clinical signs was assessed
according to the method proposed by V. E. Soriano. The vaccine sample based on the antigen of the ApB08 isolate induced an insufficient immune response in
poultry when infected with the ApB04 and ApB12 isolates. Conversely, a high level of animal protection was demonstrated when infected with the ApB08 isolate.
ApB04, ApB08 and ApB12 isolates were comprehensively studied, identified as the most promising for production of vaccines against infectious coryza in chickens,
and deposited in the FGBI“ARRIAH" Microorganism Strain Collection under numbers 1116, 5111 and 1818, respectively. Also, a comparative assessment of potency
of the experimental vaccine and two commercial products against infectious coryza, including antigens of strains No. 1116, 5111 and 1818, was performed.
The experimental vaccine demonstrated maximum protection against infection with Avibacterium paragallinarum homologous strains.
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PE3IOME
IHdeKumoHHoe 3aboneBaHue Kyp, Bbi3biBaemoe 6akTepueil Avibacterium paragallinarum, octaeTca ofHOIi U3 aKTyanbHbIX Npo6aem NTULEBOAYECKO 0TPacH,
04eM FOBOPAT MHOFOUMCIEHHbIE CO0BLLEHIS 0 NEPUOANYECKNX BCbILLIKAX MHOEKLIMOHHOTO PUHITA Kyp B Pa3HbIX CTpaHax Mupa. MposeaeHHble ¢ 201410 2019r.
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bakTepuonoruyeckue nccnefoBaHuA nokasany, uto Poccuiickan Oesepauna sHAeM1YHa no AaHHOMY 3aboneBaHuio, BbizbiBaemomy Avibacterium paragallinarum
ceporpynnbi B. lpeacTaBneHbl pe3ynbtatbl UCCNIe0BAHNA M0 M3y4eHUI0 MMMYHOTEHHbIX CBOICTB aHTUreHOB 13 130NATOB BO30yAUTENA MHGEKLIMOHHOTO PUHNTA
Kyp, BblA€NEHHbIX U3 NaTon0ruyeckoro Matepuana, AoctasneqHoro B ONbY «BHUN3X» c ntuuedabpuk Poccuiickoit Oeaepaumm u Pecnybnuki benapyco. [ina atoro
roToBUNM 06pa3Libl BAKLMHbI, CONEpXaLLieil B (BOEM COCTaBe UHAKTUBMPOBaHHbIE OpManiHoM Knetki Avibacterium paragallinarum v Macnabii afbloaHT. Iy
UMMYHU31POBANIK C NOCTEAYHLLNM KOHTPONbHbIM 3apaXkeHnemM roMONIOrMYHbIMY U reTepoNornyHbIMy u3onaTamu. (reneHb NPOABNEHNA KNUHUYECKIX NPU3Ha-
k0B 3a601eBaHNA OLieHMBaNN N0 MeToANKe, npeanoxeHHoii V. E. Soriano. 06pa3eL; BakuyHbI Ha 0cHOBe aHTUreHa U3onATa ApBO8 HAyLMpOBan He[OCTATOUHbIN
UMMYHHDbII OTBET y NTuL Npu MHduumMpoBaHum uzonatamu ApB04 u ApB12. B cBoto ouepesb, npu 3apaxenun n3onatom ApBO8 6bin nokasaH BbICOKMil ypoBeHb
3aWuTbl KMBOTHbIX. 30naTbl ApBO4, ApB08 u ApB12 Gbinu BcecTopoHHe U3yyeHbl, onpeaeneHbl kak Hanbonee nepcnekTUBHbIE A1A NPOM3BOACTBA BAKLMHbI
MPOTUB MHOEKLIMOHHOTO PUHUTA KYP U IeNOHUPOBaHbI B [0CyAapCTBEHHYHO KOMNEKLMI0 LuTaMMOB MUKpoopranusmos OIbY «BHUN3M» nop Homepamu 1116,
51111 1818 cooTBeTcTBEHHO. Take Obina NpoBeAeHa CpaBHUTENbHAA OLieHKA MMMYHOTEHHOI aKTUBHOCTI JKCNEPUMEHTANbHOI BAKLIMHBI MPOTUB MH(EKLIMOH-
HOr0 pUHUTA Ky, BKKYatoLLeli aHTUreHbl rammoB N2 1116, 5111 1 1818, ¢ AByMA KoMMepyeckumMu npenapaTami. IKCnepuUMeHTanbHbIil npenapar nokasan
MaKCMManbHbIi MPOLEHT 3aLMTbI NTUL NPY 3apaxeHn FoMoNoryHbIMI Wwtammamn Avibacterium paragallinarum.

KnioueBbie cnoBa: MHOEKLMOHHDIA PUHUT Kyp, N30NATbI, LUTAMMBbI, BAKLMHA, KOHTPONbHOE 3apaxetue, Avibacterium paragallinarum.
bnaropapHocTb: PaboTa BbinonHeHa 3a cuet cpeacTs OIBY «BHIUI3X» B pamkax TemaTiku HayyHo-1ccnefoBaTenbekux pabot «BetepuHapHoe bnarononyune».

[insa untupoanua: Oupcosa M. C., Esrpadosa B. A., Motexut A. B., fwun P. B., Mpyxtosa 0. B., Pycanees B. C. immyHoreHHble (BOCTBA M30MATOB U LUTAMMOB

Avibacterium paragallinarum ceporpynnbl B. BemepuHapus ce200us. 2020; 3 (34): 205-212. DOI: 10.29326/2304-196X-2020-3-34-205-212.

Kondnukt nutepecos. ABTOpbI 3aABAAIOT 06 OTCYTCTBUM KOHONMKTA MHTEPECOB.

[ina koppecnonpeHuun: QupcoBa Mapraputa CepreeBHa, acnupaHT, BeLywuii BeTepuHapHblii Bpau nabopatopum npodunakTvki 6oneswei BuHeil
n poratoro ckota OTBY «BHUI3X», 600901, Poccus, r. Bnagumup, mkp. tOpbesew, e-mail: firsova@arriah.ru.

INRODUCTION

The agent of infectious coryza in chickens is the rep-
resentative of the Pasteurellaceae family, Avibacterium
paragallinarum bacteria, known as Haemophilus paragalli-
narum. The disease can occur on its own and it can mani-
fest itself in the form of associations with other infectious
diseases [1-4].

Numerous reports of recurrent infectious coryza out-
breaks in different countries of the world indicate the
urgency of the disease problem. Bacteriological studies
carried out at the FGBI“ARRIAH"from 2014 to 2019 showed
that the Russian Federation is endemic for infectious cory-
za caused by Avibacterium paragallinarum (serogroup B).

Economic losses in the event of infection can be signi-
ficant, primarily due to poor growth and decrease in egg
production in hens at the productivity peak up to 40%
within 2-3 weeks [5, 6]. The disease is characterized by
facial swelling and serous-fibrinous inflammation of the
infraorbital sinuses, air sacs and the mucous membrane
of the upper respiratory tract. With an associative course,
the duration and severity of the disease may increase. Im-
proper microclimate in the poultry house can provoke the
occurrence of the infection, which subsequently leads to
an increase in the mortality of birds up to 20-40% [7].

Diseased birds are the source of the infection. The
pathogen can circulate in the flock for a long time, this is
especially true for small farms containing birds of different
ages. When a disease occurs on such farms, it is very dif-
ficult to get rid of or control the pathogen. The pathogen
is transmitted aerogenically and with drinking water. The
incubation period is from one to ten days with the dura-
tion of the disease from 14 to 21 days.

One of the most effective measures to combat infec-
tious coryza in chickens is specific prophylaxis. Vaccination
reduces dependence on the constant use of antibacterial
drugs, which in turn provides cost savings and also pre-

vents problems associated with antibiotic resistance of
microorganisms or antibiotic residues in poultry products.
However, the main obstacle in manufacturing an effective
inactivated vaccine is the selection of commercial patho-
gen strains. Herewith, it should be borne in mind that the
antigenic structure of A. paragallinarum is complex and
diverse, and the induced immune response in chickens is
serotype-specific, with partial cross-protection between
individual serotypes.

Serological typing of A. paragallinarum is most often
carried out according to two interrelated schemes. The
three serogroups of the pathogen - A, B, C, are determined
by the agglutination test according to the Page’s scheme,
and nine serotypes (A1-A4, B-1 and C1-C4) by hem-
agglutination inhibition assay according to K. Kume’s
scheme [8, 9].

Currently, a number of foreign drugs for specific preven-
tion of infectious coryza in chickens have been registered
in the Russian Federation, which differ in composition,
production technology, scheme of use and effectiveness.
Most of them provide protection against the most com-
mon serotypes of the pathogen, which is their undoub-
ted advantage. The versatility of the drugs is due to the
presence of cross-protection between serotypes within
serogroup A, as well as between individual serogroup C
serotypes. The situation with the choice of a serogroup B
strain is much more complicated. According to the scheme
proposed by K. Kume, there is only one serotype in sero-
group B (B-1), however, as far as immunogenicity is con-
cerned only partial cross-protection is observed between
the individual strains/isolates [10-12].

In recent years, outbreaks caused by A. paragallinarum
serotype B-1 have become more frequent in Europe and
Asia, which sometimes has been concurrent with the use
of commercial vaccines against infectious coryza [5]. At
the same time, the reason for the weak cross-protection
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between different strains of serotype B-1 has not yet
been established. According to a number of researchers,
this serotype is widespread in Argentina, Brazil, China,
Ecuador, Egypt, Indonesia, Mexico, Peru, the Philippines,
South Africa, Spain, the United States of America, and Zim-
babwe [6, 11].

Since different strains of serotype B-1 provide only par-
tial cross-protection with each other, it can be assumed
that an effective vaccine can be made from only a few
strains isolated in a specific geographic region where this
serotype is endemic. In addition, commercial vaccines con-
taining antigens of several variants of serotype B-1 strains
may also be effective.

Weak cross-protection between different strains/
isolates of serogroup B is possibly associated with their
high virulence and the leading role of various pathogenic
factors [3, 13].

When testing pathological material from birds deli-
vered in the period from 2014 to 2018 to the FGBI“ARRIAH”
from various regions of the Russian Federation and the
Republic of Belarus, 13 isolates of the infectious coryza
pathogen were recovered using bacteriological methods.
Analysis of the pathogen’s serological profile showed
the prevalence of A. paragallinarum, serogroup B circu-
lation [3].

In 2016, at two large poultry farms of the Russian Fe-
deration, infected with infectious coryza and using a com-
mercial trivalent emulsion vaccine against infectious co-
ryza, during serological typing of isolates recovered from
the material derived from sick poultry, it was established
that they belonged to serogroup B. This fact raises doubts
about the versatility of the vaccine used in our country.
Therefore, researches aimed at finding relevant strains of
A. paragallinarum, serogroup B, will contribute to the cre-
ation of a competitive home-made vaccine.

Table 1
A. paragallinarum isolate origin

Tabnuua 1
Mpoucxoxpenue usonaros A. paragallinarum

The purpose of this research was to study the immu-
nogenic properties of isolates and strains of A. paragalli-
narum, serogroup B, recovered in the territory of the
Russian Federation and the Republic of Belarus, and the
possibility of their use in the development of vaccines.

MATERIALS AND METHODS

Pathogen isolates. We used 13 isolates (ApBO1-ApB13)
of A. paragallinarum, serogroup B, recovered at the
FGBI “ARRIAH” from material derived from chickens from
poultry farms of the Russian Federation and the Republic
of Belarus [3]. The origin of the isolates is shown in Table 1.

Isolate cultivation. Columbia agar and broth (Becton
Dickinson and Co., USA) containing the following growth
factors: 20 ug/ml nicotinamide adenine dinucleotide (NAD,
AppliChem, Germany) and 5% horse blood serum were
used as a growth medium for culturing A. paragallinarum.
Cultivation of the bacteria in an agar medium was carried
out at 37 °C for 24 h under conditions of an increased con-
tent of carbon dioxide, in a liquid nutrient medium - at
37 °Cfor 18 h under conditions of a normal atmosphere in
an orbital shaker-incubator at 150 rpm.

Antigen preparation. Inactivation of A. paragallinarum
isolates was performed using formaldehyde solution at
37 °C for 48 h, and the final formalin concentration was
0.2% by volume.Then the cells were centrifuged at 3,000 g
for 20 min at 4 °C, the sediment was resuspended in sterile
phosphate buffered saline with pH 7.4 to a concentration
of 100 units (10" m. c./cm?3) according to the optical tur-
bidity standard. The obtained antigens were stored at a
temperature of (2-8) °C [3].

Experimental poultry. Hisex Brown hens 10 weeks of age
were used in the testing. The birds were transported from
a farm free of infectious coryza. In all the testings in the ex-
perimental and control groups there were ten birds each.

Isolate The agent isolated from The year of isolation Region
ApB01 Infraorbital sinuses 2014 Kostroma Oblast
ApB02 Conjunctival sac 2014 Moscow Oblast
ApB03 Infraorbital sinuses 2015 Moscow Oblast
ApB04 Infraorbital sinuses 2015 Republic of Belarus
ApB05 Infraorbital sinuses 2016 Republic of Tatarstan
ApB06 Lungs 2016 Vladimir Oblast
ApB07 Infraorbital sinuses 2016 Yaroslavl Oblast
ApB08 Infraorbital sinuses 2016 Orenburg Oblast
ApB09 Infraorbital sinuses 2017 Ulyanovsk Oblast
ApB10 Infraorbital sinuses 2017 Moscow Oblast
ApB11 Infraorbital sinuses 2017 Vladimir Oblast
ApB12 Infraorbital sinuses 2018 Republic of Mordovia
ApB13 Infraorbital sinuses 2018 Yaroslavl Oblast
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All experiments on the tested poultry were carried
out in strict accordance with the interstate standards for
laboratory animal management and care, 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 Di-
rective 2010/63/EU of the European Parliament and the
Council of the European Union as of 22.09.2010 on the
protection of animals used for scientific purposes.

Preparation and use of the vaccine samples. The antigens
of 13 A. paragallinarum isolates were used to prepare exper-
imental mono- and multistrain vaccine samples. The anti-
gen suspensions were mixed with Montanide ISA 70 VG oll
adjuvant (Seppic, France) at a ratio of 30:70 by weight using
a Silverson L4RT laboratory homogenizer. The concentra-
tion of each antigen in the inoculation dose of 0.5 cm® was
5%108 m. c. according to the optical turbidity standard. The
preparations were injected twice with an interval of 21 days
subcutaneously, in the region of the middle third of the neck
from the dorsal side in the caudal direction.

Two commercial vaccines registered in the Russian Fe-
deration were used as a comparative control.

Determination of the vaccine immunogenic characte-
ristics. The immunogenic characteristics of antigens were
determined by the method of vaccination and subsequent
challenge of immunized birds with homologous and hete-
rologous isolates. Chickens were infected intranasally with
daily broth cultures of isolates at a dose of 0.5 cm? contai-
ning 108 CFU of the pathogen.

Results of the infection. The degree of manifestation of
the disease clinical signs was assessed according to the
method proposed by V. E. Soriano [14].

The severity of the upper respiratory tract lesions in an
infected bird was assessed using a point-based system:

0 - no clinical signs;

1 - weak discharge from the nasal passages and/or
slight swelling of the infraorbital sinus area;

2 - moderate discharge from the nasal passages and/or
moderate swelling of the infraorbital sinus area;

3 -severe nasal discharge and/or severe swelling of the
infraorbital sinuses;

4 - severe nasal discharge and severe swelling of the
infraorbital sinuses, rattling.

Clinical signs were monitored daily for each bird. Seven
days after infection, the points were calculated for each
group, and divided by the total number of the infected birds.

RESULTS AND DISCUSSION

The isolates of A. paragallinarum ApB01-ApB13 used
in the research were recovered in the period from 2014
to 2018 from birds with respiratory pathology aged 38
to 211 days from farms of Vladimir, Kostroma, Moscow,
Orenburg, Ulyanovsk and Yaroslavl oblasts, the Republics
of Mordovia and Tatarstan, one isolate was recovered from
poultry from the Republic of Belarus.

Isolates ApB04 and ApB08 were recovered during an
outbreak of infectious coryza from chickens in 1-2 months
following the use of commercial vaccines containing anti-
gens of serogroups A, B and C.

In most cases, clinical signs in the diseased chickens
were of the same type and were characterized by swel-
ling of the infraorbital sinuses and conjunctival sacs, some-
times watery discharge from the nasal openings was ob-
served. Some birds demonstrated mouth breathing with
rattling due to blockage of the nasal passages. Most of

A. paragallinarum isolates were recovered from egg layers.
The infraorbital sinuses were the main site of pathogen
localization. In 24 h of incubation on the agar medium, the
culture formed colonies of round and convex shape, with
smooth edges and a smooth surface, gray, 0.5-1.0 mm in
diameter (S-shape). A characteristic feature of 24-hour cul-
tures was fluorescence of colonies in oblique light, which
indicated the presence of a capsule in the bacteria.

In previous researches, we studied the virulent pro-
perties of A. paragallinarum, serogroup B, isolates for chi-
ckens. When the birds were infected with various isolates
of A. paragallinarum, the duration of the disease periods
was observed to be the same. In sick chickens, similar clini-
cal signs manifested by rhinitis, sinusitis and conjunctivitis
were observed [1].

When studying the immunogenic properties of the iso-
lates, a trial immunization (n = 1) of chickens with a sample
of the vaccine with the ApB08 antigen was performed, fol-
lowed by infection with homologous and heterologous
isolates. The reason for choosing this isolate was that,
when cultivated on a nutrient medium, it accumulated to
high concentrations, while maintaining a stable hemag-
glutinating activity and a high level of virulence.

The results of infection of birds immunized with a vac-
cine sample containing the antigen of the ApB08 isolate
are presented in Table 2.

The experiment showed that immunization with the
vaccine sample containig the antigen of the ApB08 isolate
provided protection of birds at a level of at least 80% when
infected with homologous and heterologous isolates, ex-
cept for ApB04 and ApB12. When the birds of the control
groups were infected, an incidence of at least 80% was ob-
served with the development of symptoms typical for infec-
tious coryza. The first clinical signs in birds were observed
24-48 h after infection. Clinically, the disease was mani-
fested by watery discharge from the nasal openings and
slight one- or two-sided swelling of the infraorbital sinuses.
In some cases, clinical signs were limited to the specified
above symptoms. In some birds, the exudate gradually be-
came cloudy and acquired a slimy consistency, as a result of
which the nasal openings were obstructed, and the bird be-
gan to breathe through the mouth. In most of the infected
birds, the disease was accompanied by considerable swel-
ling of the infraorbital sinuses and conjunctival sacs, while
in the diseased chickens depression, drowsiness and poor
feed intake were observed. Sometimes, due to obstruction
of the nasolacrimal duct, exudate penetrated into the oral
cavity through the palatal cleft. Feathers in the area of the
neck and wings were contaminated with the discharged
exudate. Some birds developed unilateral or bilateral ca-
tarrhal conjunctivitis, subsequently fibrin was observed in
the exudate, the eyelids swelled, and the palpebral fissure
narrowed. When the infection was localized in the deeper
parts of the respiratory tract, in some individuals, breathing
was accompanied by rattling. The most severe symptoms of
the disease were observed in birds in groups infected with
isolates ApB03, ApB04, ApB08, ApB09, ApB12, and ApB13.

To confirm the revealed differences in the protective
characteristics of the antigens ApB04, ApB08, and ApB12,
an additional experiment on immunization was carried
out, followed by challenge with homologous and hete-
rologous isolates (Table 3).

When the immunized poultry were infected with ho-
mologous isolates, the percentage of protection was at
least 86.7 + 13.1%, and when infected with heterologous
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Table 2

Immunogenic characteristics of ApB08 antigen when infecting chickens with the homologous and heterologous isolates (n = 1)

Ta6nuua 2

MimmyHoreHHble (BoicTBa aHTUreHa ApB08 npu 3apakeHnM Kyp roMONOrMYHbIM 1 reTeponornyHbiMu usonaTamu (n =1)

Group Vaccine with the antigen of ApB08 isolate

Isolate %P

ApBO1 100

%D S

ApB05 100

ApB11 100

ApB13 80 0.8

100 24

9% P — protection rate observed at the infection (npoueHT 3awwTbl, Habnlogaemblil Npn 3apaxeHun);
9% D — percent of the diseased animals at the infection (npoweHT 3a60neBLUMX KUBOTHBIX NPY 3apaXkeHInm);
S — severity of the manifested clinical signs (TaxecTb npoABREHUA KAUHMYECKIX Npu3HaKoB) (no V. E. Soriano [12]).

isolates, it did not exceed 26.7 £ 13.1% (p < 0.05). As a
result of the tests performed, it was found that in terms
of immunogenic activity, samples with isolates ApB04,
ApBO08 and ApB12 differ significantly from each other and
therefore, are promising for vaccine production. The iso-
lates were comprehensively studied and deposited in the
State Microorganism Strain Collection of the FGBI“ARRIAH”
as strains No. 1116, 5111, 1818, respectively.

At the next stage of the research, we carried out com-
parative tests of an experimental monovalent vaccine pro-

Table 3

duced by the FGBI“ARRIAH", including antigens of strains
No. 1116, 5111, 1818, and two commercial polyvalent
vaccines (Table 4).

The results of the tests performed demonstrated that
both commercial vaccines induce an insufficientimmune
response in birds when infected with strains No. 1116
and 1818.

In addition to determining the immunogenicity
of the tested vaccines, we evaluated the clinical profile of
the vaccinated and non-vaccinated birds, which included

Immunogenic characteristics of ApB04, ApB08, ApB12 antigens at the control challenge

with the homologous and heterologous isolates (n = 3)

Tabnuua 3
NmmyHoreHHble cBoiicTBa aHTMreHoB ApB04, ApB08, ApB12 npu KOHTPONbHOM 3apaxeHnn
TrOMOJIOTMYHBIMHU U TeTepPONOrMUHbIMM U3onATamm (n = 3)

% protection in birds challenged with the isolate

Isolate antigen

ApB04 93.3+13.1 20.0 26.7£13.1
Immunized ApB08 6.7+13.1 86.7 +13.1 6.7+13.1
ApB012 13.3+131 20.0 93.3+13.1
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Table 4
Comparative assessment of potency of the commercial polyvalent vaccines and the experimental monovalent vaccine
after infection with A. paragallinarum strains No. 1116, 5111, 1818 (n =3)

Tabnuua 4
CpaBHUTeNbHas OLEHKa NIMMYHOTeHHOCTM KOMMepUecKuX NoN1BaNeHTHbIX BaKUMH 1 SKCNepUMeHTaNbHOii MOHOBaNEHTHOI BaKLVHDI
nocne 3apaxenua wrammamu N2 1116, 5111, 1818 A. paragallinarum (n =3)

% protection in birds challenged with the strain

No. 1116 No. 5111 No. 1818

Vaccine

Commercial vaccine 1 46.6 +13.1 86.6 £ 6.5 533173

Commercial vaccine 2 400113 90.0+11.3 533£13.1

FGBI“ARRIAR" vaccine 96.6 + 6.5 100 90.0+11.3
Control 0 0 0

determining the severity and duration of the disease when
infected with A. paragallinarum strains No. 1116, 5111
and 1818 (Fig. 1-3).

As can be seen from Figure 1, after the challenge of
vaccinated and non-vaccinated birds with strain No. 1116,
the disease incubation period was less than 24 hours. The
maximum development of the disease clinical signs was
observed in 48 hours after infection. According to a number
of researchers [8, 9, 11], in case of intranasal infection of
birds, the incubation period is 24-48 h, in case of contact
between the diseased and healthy poultry kept in cages -
three days, and in case of aerogenic pathogen transmis-
sion — up to six days. On the third day, a decrease in the se-
verity of disease symptoms was observed in poultry of the
control group and immunized with commercial vaccines,
and in the group of birds immunized with the FGBI“ARRIAH"
vaccine based on the homologous strain, complete reco-

very was observed. The duration of the disease in poultry
of the control group was seven days, and in chickens im-
munized with commercial vaccines - five days.

As can be seen in Figure 2, the disease incubation peri-
od in birds of the control group was less than 24 hours, and
the maximum development of the disease clinical signs
was observed 48 hours after infection, with the average
point 3.1. The FGBI “ARRIAH" vaccine provided proper
protection of birds when challenged with strain No.5111.
Both commercial vaccines also showed a high degree of
protection when infected with strain No. 5111, which indi-
cates the presence of cross-immunity between the strains.

As can be seen from Figure 3, the results of infection
with strain No. 1818 are quite similar to those for strain
No. 5111. The most pronounced disease clinical signs in
birds of the control group were observed 48 hours after
infection, with an average point of 3.8. In the majority

35 T~
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w0 FGBI "ARRIAH" vaccine

=== Commercial vaccine 2

e=timm Control

Fig. 1. Clinical profiles of vaccinated and non-vaccinated poultry infected with A. paragallinarum strain No. 1116

Puc. 1. KnuHuyeckue npogunu 8aKUUHUPOBAHHbIX U HEBAKYUHUPOBAHHbIX NMUY Npu 3apaxxeHuu wmammom N° 1116

A. paragallinarum
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Fig. 2. Clinical profiles of vaccinated and non-vaccinated poultry infected with A. paragallinarum strain No. 5111

Puc. 2. KnuHuyeckue npogunu 8aKUUHUPOBAHHbIX U HEBAKYUHUPOBAHHLIX NMUUY NpU 3apaxxeHuu wmammom Ne 5111

A. paragallinarum

of diseased birds, clinical signs were limited to mild, mo-
derate or severe swelling of the infraorbital sinuses and
conjunctival sacs; in sick chickens, depression, drowsiness
and poor feed intake were observed. On the third day post
infection, a decrease in the severity of disease symptoms
was observed in birds of the control and experimental
groups. The duration of the disease in birds of the control
group was seven days, in chickens immunized with the
commercial vaccines — four and five days, respectively, and

in birds vaccinated with the FGBI“ARRIAH" vaccine - three
days. According to a number of researchers [7, 8, 11], the
duration of the disease in chickens in natural conditions
is usually 2-3 weeks, and in case of an experimental infec-
tion - 5-7 days.

Partial cross-protection between the vaccine strain and
field isolates of A. paragallinarum, serogroup B, does not
provide a positive effect of poultry immunization [10-13].
Therefore, as it is like that there is no cross-protective

—&o— Commercial vaccine 1

©—FGBI "ARRIAH" vaccine

4
35 -//.\.\'\
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Fig. 3. Clinical profiles of vaccinated and non-vaccinated poultry infected with A. paragallinarum strain No. 1818

Puc. 3. KnuHuyeckue npohusiu 8aKUUHUPOBAHHBIX U HEBAKYUHUPOBAHHbIX NMUY NpU 3dpaxkeHuu wumammom N° 1818

A. paragallinarum
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mechanism between strains of A. paragallinarum, sero-
group B, vaccines containing the maximum possible set
of pathogen strains relevant to the region of application
are most preferred. In addition, the experience of many
countries shows that the most effective in this situation is
the use of autogenous vaccines, which are quite effective
against any circulating serotype of the pathogen [11].

CONCLUSION

The study of the immunogenic characteristics of an-
tigens of 13 isolates of A. paragallinarum, serogroup B,
recovered from the pathological material from chickens,
delivered to the FGBI “ARRIAH" from poultry farms of the
Russian Federation and the Republic of Belarus, showed
that vaccine samples based on the antigens of the iso-
lates ApB04, ApB08 and ApB12 induced an insufficient
immune response in the poultry in case of cross-infection
with heterologous isolates. The percentage of protection
was 26.7 + 13.1%. Conversely, during infection with ho-
mologous isolates, a high level of protection was demon-
strated — 86.7 = 13.1% (p < 0.05). Isolates ApB04, ApB08
and ApB12 were comprehensively studied, identified as
the most promising for the production of vaccines against
infectious coryza of chickens, and deposited in the Micro-
organism Strain Collection of the FGBI “ARRIAH" under
numbers 1116, 5111 and 1818, respectively.

The comparative assessment of the immunogenicity of
the experimental vaccine against infectious coryza, con-
tainig antigens of strains No. 1116,5111 and 1818, and two
commercial preparations, demonstrated that protection
induced in birds immunized with the FGBI “ARRIAH" vac-
cine based on the homologous strains of A. paragallinarum
was > 90.0 + 11.3%, and commercial biological products —
46.6 = 13.1% and 53.3 £ 17.3%, respectively.
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Oupcosa Mapraputa CepreeBHa, acnupaHT, Begywmn
BeTepUHapPHbIN Bpay nabopatopun npodpunakTnkn GonesHen
cBUHel 1 poratoro ckoTta OIbY «BHUM3XK», r. Bnagumunp, Poccus.

EBrpadoBa Banepus AHppeeBHa, KaHAWAAT BeTepPUHAPHbIX
HayK, 3aBeAyloLluin ceKTopoM nabopatopuv NPodUNaKkTUKM
60ne3Heli cBUHel 1 poratoro ckota OIBY «BHUW3XK», r. Bnagumup,
Poccus.

MoTtexuH AHgpeit BnagummupoBuy, KaHAULAT BETEPUHAPHBIX
HayK, TexHuuyeckuin cneyunanuct Biokorm International, UcnaHus.

AwnH Poman Bnagummnposuy, KaHAnAAT GMONOrMYEeCKUX Hayk,
3aBegyiowmin nabopatopurein NnpodrnakTuku 6onesHein CBUHeN
1 poratoro ckota OIBY «BHUN3XK», r. Bhagumup, Poccusa.

MpyHToBa Onbra BnagucnaBoBHa, JOKTOP OMONOrMYECKMX HayK,
npodeccop, rnaBHbI 3KCNePT MHGOPMaLIMOHHO-aHANIUTUYECKOTO
ueHTpa OIBY «BHUN3X», r. Bnagnmmp, Poccus.

Pycanees Bnagnmup Cepreesmny, JOKTOP BETEPUHAPHbIX HayK,
npodeccop, yueHbli cekpetapb OIBY «BHUM3XK», r. Bnagumup,
Poccums.
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SUMMARY

The paper presents the results of mycotoxicological testing of the production batches of sunflower cake and meal, feedstuffs of soybean and wheat bran processing
received from domestic processing establishments and livestock farms from 2009 to 2019. Detection and measurement of the content of fusariotoxins, including
T-2 toxin, diacetoxyscirpenol, deoxynivalenol, zearalenone and fumonisins of B group, as well as alternariol, ochratoxin A, citrinin, aflatoxin B,, sterigmatocystin,
cyclopiazonic acid, mycophenolic acid, ergot alkaloids and emodin was carried out by a competitive ELISA in accordance with certified procedure. The summarized
results demonstrate the predominant role of alternariol in the contamination of sunflower cake and meal, as well as the frequent occurrence of T-2 toxin, ochratoxin A,
ctrinin, cyclopiazonic acid, sterigmatocystin, mycophenolic acid and emodin. For the main contaminants, a shift in the medians and 90% percentile towards the
lower values of the average and maximum contents was observed, which indicates the possibility of their accumulation beyond the typical range. The summary and
results of mycotoxicological study of wheat bran and feedstuffs of soybean processing for a complete list of 14 parameters are presented in this paper for the first
time. It was found that the range of mycotoxins that can contaminate soybean meal, cake and full-fat soybean is quite wide, which is consistent with the results
of the study of soybean seed mycobiota composition. It was demonstrated that soybean meal can accumulate high concentrations of mycophenolic acid — up to
1,255 pg/kg. As for the wheat bran batches, cases of contamination with diacetoxyscirpenol and the frequent occurrence of T-2 toxin, emodin and ergot alkaloids
were detected. The initial monitoring data, systematized and summarized in this paper, are presented in electronic form in the section “Additional materials”.
The prospects of testing of feedstuffs from processing other oilseeds, as well as from wheat and corn grain processing are discussed.
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PE3IOME

lpencTaBneHbl pe3ynbTaTbl MIUKOTOKCUKONOTMYECKoro 06¢n1e,0BaHNA NPO3BOACTBEHHDIX NapTUii MOACONHEUHOTO XMbIXa U LUPOTA, KOPMOBOIA NPOAYKLMN OT
nepepaboTKM COM 1 MLLEHUYHbIX OTPYOelt, NonyyeHHbIX 13 NepepabaTbiBatoLLX NPeANPUATIIL U KUBOTHOBOAYECKIX X03AICTB CTpaHbl 3a nepuog ¢ 2009 no 2019r.
[leTekTnpoBaHMe 1 U3MepeHIe COAepXaHNA Py3aproTOKCUHOB, BKAOYAIOLLNX T-2 TOKCUH, ANALETOKCMCLMPNIEHON, Ae30KCMHBANEHON, 3eapaneHoH 1 GyMOHN3NHDI
rpynnbl B, a Takie anbTepHapuona, 0XpaToKcuHa A, LUTPUHIHA, adaTOKCUHA B, CTepUrMaTouMcTiHa, UMKNOMNA30HOBOH KICIIOTbI, MUKOGEHONOBOI KUCAOTbI,
3proankanouzos v 3MOANHA NPOBEAEHO N0 aTTeCTOBAHHOIA NPOLieype C UCNONb30BaHUEM KOHKYPEHTHOTO MMMYHOGepMeHTHOro aHanu3a. B xoge o6obiwiexna
pe3yNbTaToB yCTaHOBNEHa AOMUHMPYIOLLAA POib aNbTepHapUoNa B KOHTaMUHALMI NOACONHEYHOT0 XMbXa v LLPOTA, a TaKXKe YacTas BCTpeyaemMocTb T-2 TOKCUHA,
0XPATOKCUHA A, IUTPUHIHA, LiNKNONUA30HOBON KINCNIOTbI, CTEPUTMATOLMCTIHA, MUKODEHONOBOI KMCIOTbI 11 3MOAMHA. 1A 0CHOBHBIX KOHTAMUHAHTOB OTMEUEHO
CMeLLeHe MefvaH 1 90%-ro NPOLEHTUAA B CTOPOHY MEHbLUMX 3HAYEHUI N0 OTHOLLIEHII0 K CPEAHUM U MaKCUMANbHBIM COfePKaHMAM, UTO YKa3blBano Ha BO3-
MOXHOCTb ClyyaeB MX HAKOMNeHNA 3a npedenami TUNMYHOro AuanasoHa. 0606LieHIe 1 pe3ynbTaTbl MUKOTOKCMKONOrMYECKOro UCCIef0BaHIA MLLIEHNYHbIX
oTpy6eli 1 KOpMOBOII NpoAyKLIK OT NepepaboTky coeBblx 60608 Mo NOAHOMY NepeyHio u3 14 nokasateneii NPUBOAATCA B 3T0il paboTe BnepBble. YCTaHOBAEHO,
4T0 CNEKTP MUKOTOKCMHOB, CMOCOBHBIX y4aCcTBOBATb B KOHTAMMUHALIMM COBBOTO LUPOTA, XMbIXa 1 COM MONHOXUPHOI, AOCTATOUHO LUIMPOK, YTO COTIACYeTCA C pe3ynb-
TaTaMy U3y4eHna CoCTaBa MUKOBUOTbI CeMAH 3Toif KynbTypbl. B coeBOM LpoTe N0Ka3aHa BO3MOXHOCTb HaKoMNeHIA BLICOKUX KOHLIEHTPaLWil MUKOGeHON0BOi
KNCnoTbl — 0 YpoBHA 1255 MKr/KT. B napTuax niueHnyHbIx oTpybeil BbIABNEHbI Cyyan 3arpA3HEHHOCTIN AUALETOKCUCLUPNIEHONOM 1 YacTas BCTpeyaemocTb T-2
TOKCWHA, SMOAYHA 1 3proankanounzos. McxoaHble aHHble MOHUTOPUHTA, CUCTEMATI3MPOBAHHDIE 1 00006LLEeHHble B JaHHON paboTe, NpeacTaBaeHbl B S1EKTPOHHOM
BUAe B pasgene «[lononHuTenbHble MaTepuanbl». 06cyxaaloTca nepcnekTBbI 06CNe0BaHMA KOPMOBOI NPOAYKLIM OT NepepaboTkil ceMAH APYIruX MAaCTUYHbIX
KynbTyp, a TaKkXe 3epHa MLLeHNLbI 1 KyKypy3bl.

KnioueBble cn10Ba: MOACONHEUHDIA LUPOT/KMbIX, COEBbIi LUPOT/KMbIX, COS MOMHOXMPHAsA, MIUEHUUHble OTPYOM, MUKOTOKCUHBI, MOHUTOPHHT,
UMMYyHOGEPMEHTHbIN aHaNM3.

[Nina yutuposanusa: KoHonenko I. M., Bypkun A. A., 3oToBa E. B. Mukotokcukonoruyeckuit morutopuhr. Coobierue 3. KopmoBas npopykLma ot nepepabotki

3ePHOBOTO CblpbA. Bemepurapus ce200xs. 2020; 3 (34): 213-219. DOI: 10.29326/2304-196X-2020-3-34-213-219.

Kondnukr nutepecos. ABTOpbI 3aABNAIOT 06 0TCYTCTBUM KOHONMKTA MHTEPECOB.

[ina koppecnoHpeHuun: KoHoHeHko lanuHa MaHTeneeBHa, JOKTOp Guonornueckux Hayk, npodeccop, 3aBeayioluii nabopatopueil MUKOTOKCUKONOTUN
1 canutapum kopmo BHUUBCTS — dunuan OTBHY OHLL BU3B PAH, 123022, Poccus, r. MockBa, 3BeHuropogckoe wocce, 4. 5, e-mail: kononenkogp@mail.ru.

INTRODUCTION

Feed base improvement is one of the most important
tasks in animal farming in the Russian Federation. Animal
health, productivity, immunobiological status, the quali-
ty and safety of animal products depend heavily on the
sanitary state of feedstuffs and the balance of nutrients in
them. In domestic compound feeds, macro-components
supplementing the grain part are mainly represented by
sunflower and soybean cake and meal, to a somewhat
lesser extent - by-products of grain and starch processing.
A wide network of fat-and-oil establishments and deve-
loped grain and starch processing industries completely
cover the demand of domestic feed producers for sun-
flower cake and meal, grain bran, as well as for all types
of by-products from complex corn grain processing. Sup-
plies of soybean meal, cake and full-fat extruded soybean
traditionally come from the regions specialized mainly
in growing this crop (Southern and Far Eastern Federal
Districts) and are supported by imported raw materials in
order to meet the current market demands.

The first stage of testing of these types of feedstock for
mycotoxin contamination was performed at the Labora-
tory for Mycotoxicology and Feed Hygiene, ARRIVSHE, in
2002-2009 [1, 2]. During this period frequent occurrence of
ochratoxin A and citrinin at the level of 190 and 1,020 pg/kg
was established in sunflower cake and meal; T-2 toxin, de-
oxynivalenol, sterigmatocystin, cyclopiazonic acid were
less frequent; no zearalenone and diacetoxyscirpenol was
detected. In addition, a weak contamination of soybean
meal with T-2 toxin was reported. Deoxynivalenol and zea-
ralenone were detected rarely and in small quantities, ochra-
toxin A and citrinin - in single samples, and fumonisins of

B group, aflatoxin B,, diacetoxiscirpenol, sterigmatocystin
and cyclopiazonic acid could not be detected. However, in
some imported product batches, the levels of deoxyniva-
lenol exceeded 2,000 pg/kg, and zearalenone — 200 pg/kg.
The situation with waste from flour mills received only a
limited assessment. Recently, the peculiarities of contami-
nation of sunflower seeds and feedstuffs from their proces-
sing have become the subject of special consideration [3-5].

The aim of this work is to sum up the results of testing
of production batches of sunflower meal, cake, feedstuffs
from soybean processing (meal, oil cake, full-fat soybean)
and wheat bran for mycotoxins from 2009 to 2019 and to
provide input data to the electronic registration database.

MATERIALS AND METHODS

Pooled samples from the production batches of sun-
flower meal and cake, soybean meal and cake, full-fat ex-
truded soybean and wheat bran, provided by specialists
of the veterinary services, livestock and feed producing
establishments, agricultural companies, specialized com-
mercial organizations and owners of backyard farms in
2009-2019 were used for the purpose of the study. As for
sunflower cake and meal (121 samples), 107 samples were
received from the processing establishments and holdings
with documentarily confirmed addresses, located in Bel-
gorod, Volgograd, Voronezh, Kursk, Oryol, Rostov, Saratov,
Tambov oblasts, the Krasnodar Krai, the Primorsky Krai, the
Republic of Tatarstan; 2 samples were received from the
Ukraine, and 12 samples were provided with no data or its
reliability was doubtful. Of the 80 samples of soybean meal,
cake and processed soybean, 8 were imported, 6 were
received from the Far Eastern Federal District (the Amur
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oblast, Primorsky Krai). Information about the origin of the
rest of the feedstuffs from soybean processing, as well as
of 20 samples of feed bran was not available.

The group of mycotoxins to be detected included
T-2 toxin (T-2), diacetoxyscirpenol (DAS), deoxynivale-
nol (DON), zearalenone (ZEA), fumonisins of B group (FUM),
alternariol (AOH), ochratoxin A (OA), citrinin (CIT), afla-
toxin B, (AB,), sterigmatocystin (STG), cyclopiazonic
acid (CPA), mycophenolic acid (MPA), ergot alkaloids (EA),
and emodin (EMO). Sample preparation was performed
in accordance with the official harmonized methodology
based on liquid extraction and indirect competitive en-
zymeimmunoassay [6]. Detection limits determined based
on 85% antibody binding were as follows: 2 ug/kg (AB,),
3 pg/kg (EA), 4 pg/kg (T-2, OA, STG), 20 pg/kg (ZEA, AOH,
CIT, MPA, EMO) and 50 pg/kg (DAS, DON, FUM, CPA). The
following coding pattern was used for filling-in the record
formin the database: tested mycotoxins, type of raw mate-
rial, test year, and the location of the establishment or farm.

Microsoft Excel 2016 and Statistica (Version 6) pro-
grammes were used for statistical processing including
calculation of percentage of occurrence based on n*/n ra-
tio and following three values for positive samples - the
arithmetical mean, the median and the 90 percentile.

RESULTS AND DISCUSSION

The predominant role in contamination of sunflower
meal and cake belonged to AOH produced by fungi of

Table 1
Mycotoxins in sunflower meal (summary data for 2009-2019)

Ta6nuua 1

the genus Alternaria, with the average values of 306 and
193 pg/kg with the possibility of accumulation up to 1,990
and 953 pg/kg. As for the group of fusariotoxins, only the
T-2 detection rate was significant - 21.4 and 37.3% at low
concentrations with the ranges of 4-16 and 5-25 ug/kg,
only in specific cases it was possible to determine DON and
ZEA; DAS and FUM were not detected (Tables 1, 2).

Toxins produced by fungi of other taxa, mainly the ge-
nera Aspergillus and Penicillium, except for AB,, were detec-
ted in both types of products. EA were equally rare in small
concentrations; OA, MPA and EMO were found with ap-
proximately equal frequency exceeding 50%, while the fre-
guency of contamination with OA was higher than with CIT.
For other toxins, these parameters varied by 1.5-2 times in
meal and cake. The rows arranged according to the average
content values coincided and were as following: CIT, CPA,
MPA (75-97 pg/kg) > OA (14 and 16 mg/kg) > STG (7 pg/kg).
Medians and threshold concentrations for 90% of the
values (90 percentile) for all the contaminants were lower
than the average and maximum values, which was indica-
tive of a skewed distribution of the numbers of accumula-
tion cases, i.e. the possibility of their accumulation beyond
the typical range for each specific product sample.

Thus, according to the data obtained, sunflower meal
and cake are characterized as the ones containing mul-
tiple similar contaminants, including AOH, T-2, OA, CIT, CPA,
STG, MPA and EMO, and their occurrence frequency varies
from 10.4 to 83.8%. This gives every reason to consider

MuKOTOKCMHDI B NoACONHEYHOM LipoTe (0606LieHHbIe AaHHble 2009-2019 fr.)

Occurrence
n*/n (%)

15/70(21.4)

__ - “

Content, pg/kg

90 percentile

o |- - - -
s - - | - -

I R R R R
I N S A B
T T S I R

n —number of tested samples (uncno nccnesoBaHHbIX 06pasLoB);

n* —number of mycotoxin-containing samples (uncno 06paswoB, conepaLiix MUKOTOKCUH).
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Table 2
Mycotoxins in sunflower meal (summary data for 2009-2019)

Tabnuua 2
MUKOTOKCHHDBI B NOJCONHEYHOM MbiXe (06061eHHble AaHHble 2009-2019 rT.)

Content, pug/kg

average median

Occurrence

n*/n (%) 90 percentile

19/51(37.3)

o> | - | - - -
o | - | - - ] -

S B R R R
Cer | s w |

n — number of tested samples (uncno nccnegoBaHHbIX 06pasLios);

n* — number of mycotoxin-containing samples (uncno 06pasLoB, conepaLLmx MIUKOTOKCHH).

both types of the above-mentioned products to be high-
risk raw materials. It should be noted that the results of
the tests carried out in 2008-2010 for a shorter list of para-
meters thatincluded T-2, DON, ZEA, FUM, OA and AB, in re-
gards to the relevant samples of sunflower meal and cake
received from holdings and establishments of the Euro-
pean part of the country, revealed that mycotoxins, except
for the missing FUM, were extremely rare (detection fre-
quency of 1.9 to 2.7%) and the meal was much more conta-
minated with AB, in comparison to the cake (28.6%) [7]. It
should be admitted that such discrepancies in assessment
are very unexpected and difficult to explain.

Soybean meal in the domestic feed production belongs
to the main type of raw materials from soybean proces-
sing; cake and extruded full-fat soybean are used far less
frequently. The summary and results of mycotoxicological
testing of these products for a complete list of 14 parame-
ters are presented in this paper for the first time (Fig. 1) for
soybean meal (49 samples), the previously established fact
that it is less contaminated with mycotoxins compared to
the products from sunflower seed processing was fully
confirmed [1, 2]. Only T-2, EA and EMO had 10% or higher
occurrence frequency, and DAS, OA and CIT were not
found, while other toxins were detected less frequently
and with average concentrations of tens of pg/kg. Only for
MPA in individual samples, concentrations exceeded this
threshold and were 337 and 1,255 pg/kg (Fig. 1A). For soy-
bean cake and full-fat soybean (31 samples), the situation

was quite similar: the absence of DAS, the presence of T-2
and EMO with the occurrence frequency of more than 10%,
and a lower incidence of ZEA and AOH; however, some
clear differences were also observed (Fig. 1B). These in-
clude not only the increased frequency of contamination
with T-2, DON, FUM, EMO and the intensity of accumula-
tion of DON, FUM, but also detection of OA and CIT, al-
though in small quantities close to the method detection
limit, and the absence of a number of toxins - AB,, STG,
CPA, MPA and EA.

It can be assumed that the observed shifts in the nature
of contamination of cake and full-fat soybean in compa-
rison to meal are associated with different origins of the
raw materials, and can also depend on transportation and
storage conditions. Similarly noticeable fluctuations in the
results are likely to occur for the meal, which also comes
from geographically remote areas. Indeed, according to
the work of N. Strashilina et al., for 166 samples of meal
with non-specified origin, contamination with AB, was
100%, all the tested fusariotoxins (T-2, ZEA, DON, and FUM)
occurred with a frequency of 20.9 to 28.6%, and OA was
detected in 2.2% of the cases [7].

In general, the range of mycotoxins that can contami-
nate by-products of soybean processing is quite wide and
is quite consistent with the results of studies of mycobio-
ta associated with soybean seeds. According to the Slo-
vak University of Agriculture in Nitra, fungi of the genus
Aspergillus and Penicillium were widely present in the
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(m) n'/n n'/n (n)
10 09 08 07 06 05 04 03 02 01 0 0 01 02 03 04 05 06 07 08 09 10
(49) 2-14-40 010- T-2 _029 4-3-21 (1)
(49) 53-85-141 0,06 [Jj§ OON [ 0.19 55-260-775 (31)
(19) - 0 DAS 0 - (15)
(49) 16-20-24 0,08 I ZEA 007 20,71 (31)
(18) 50 006  FUM 0,18 315,330 (11)
(49) 20-23-26 0,08 JJjj ACH [jo.07 20,34 (31)
(49) - 0| oA N0.16 4-6-10 (31)
(49) - 0| ciT Jo.03 20 (30)
(27) 38 0,07 ] AB: |0 - (18)
(36) 6 0,03 STG |0 - @)
(40) 50,50 0,05 cPa |0 - )
(42) 19-537-1255 0,07 % mPA |0 - @n
(31) 6-29-40 0,13l EA [0 - (20)
(36) 34-59-134 0,19 | evo I © 25 24-45-76 (20)

Fig. 1. Mycotoxin occurrence (n*/n) and content (ug/kg, min — average — max)

in soybean meal (A), soybean cake and full-fat soybean (B)

Puc. 1. Bcmpeuyaemocme (n*/n) u cooepxaHue MUKOmoKCUHO8 (MK2/Ke, MUH. — cpeOHee — MAKc.)

8 coesom wipome (A), coesom xmbixe U coe NOSIHOXUpHoU (B)

mycobiota of feed soybean sampled at agricultural estab-
lishments of the country and were accompanied by rep-
resentatives of the genera Cladosporium, Alternaria v Fu-
sarium [8]. The possibility of asymptomatic colonization of
soybean with the fungus Fusarium verticillioides, capable of
FUM biosynthesis, has been recently shown by American
researchers [9]. The predominance of the AOH-producing
species Alternaria alternata and the presence of this toxin
is shown in soybeans from Argentina [10, 11]. In soya bran,

which is one of the most important components of feed
in Brazil, the fungi Aspergillus (A. flavus, A. fumigatus, A. ni-
ger), Penicillium (14.93%), as well as Fusarium (3.25%) were
frequently detected [12]. Several potentially toxigenic spe-
cies of the genus Aspergillus were identified in soybean
seeds and soybean flour imported to Armenia from the
USA, Canada, Spain and Greece, with rare occurrence of
Penicillium cyclopium, P.lanosum and Fusarium moniliforme,
with AB, being found in 6 out of 17 samples (7-50 ug/kg),

(n) n/n n'/n (n)
10 09 08 0.7 06 05 04 03 02 01 0 0 01 02 03 04 05 06 0.7 08 09 10
(49) 2-14-40 010- T-2 _029 4-3-21 (31)
(49) 53-85-141 0,06 [l OON [ 0.19 55-260-775 (31)
(19) - 0 DAS 0 - (15)
(49) 16-20-24 0,08 [ ZEA [ 0,07 20,71 (31)
(18) 50 006 FUM 0,18 315,330 (1)
(49) 20-23-26 0,08 [JJjjj ACH [ 0.07 20,34 (31)
(49) - 0| oA 016 4-6-10 (31)
(49) - 0 cit [Jo.03 20 (30)
(27) 38 0,07 ] AB: |0 - (18)
(36) 6 003 sTG |0 - @n
(40) 50,50 0,05 fj cPA [0 - ()
(42) 19-537-1255 0,07 I MPA |0 - @
(31) 6-29-40 013l EA [0 - (20)
(36) 34-59-134 0.19 | =vo I 0 25 24-45-76 (20)

Fig. 2. Mycotoxin occurrence (n*/n) and content (ug/kg, min — average — max)

in wheat bran (A) and wheat grain (B) (cit. for Part 2)

Puc. 2. Bcmpeyaemocme (n*/n) u co0epaHue MUKOMOKCUHO8 (MKe/Ke, MUH. — CpeOHee — MAKC.)
8 NWeHUYHbIX ompyb6sx (A) u 8 3epHe nwieHuywbl (B) (Wum. no coobwjeHuro 2)
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and STG (150 pg/kg) and ZEA (2,000 pg/kg) in some sin-
gle samples [13]. The nature and intensity of mycotoxin
contamination of soybean products is undoubtedly con-
ditioned by a combination of factors such as soil, climate
and ecology.

Recent decades have been marked by the expansion of
the area of soybean cultivation in moderate latitudes, and
the relevance of its contamination control remains very
high. However, the number of works tackling this issue
is small. Recently, the species Alternaria alternata, as well
as individual representatives of the genera Cladosporium
and Fusarium, have been identified in collection and se-
lection planting soybean seeds in Belarus [14]. Therefore,
there is need for mycotoxicological testing of soybean not
only in the regions of its traditional cultivation, but also in
the territories where lands are actively being exploited -
the Belgorod, Rostov oblasts, Altai and Stavropol krais,
the Republic of Adygea, and the Republic of Tatarstan. Of
undoubted importance is gathering of information regar-
ding other promising types of feedstuffs from oilseed pro-
cessing, in particular cotton [15] and rapeseed. In 2018, a
comprehensive analysis of rapeseed cake sample received
from the Krasnodar Krai, revealed only CPA and EMO in
small quantities - 50 and 32 pg/kg.

Analysis of 20 samples of wheat bran showed that
the frequency of occurrence of T-2, EMO > DON, AOH,
OA (Fig. 2A) corresponds to the one typical for wheat
grain (Fig. 2B). DAS, ZEA, FUM, AB, and CPA were not de-
tected, while OA, CIT, STG, MPA, and EA were identified in
single samples. A significantly higher number of T-2, EA
and DAS detection can be noticed.

Despite the small number of samples, the data ob-
tained can serve a basis for future research projects aimed
at studying the distribution of mycotoxins in fractions se-
parated during the production of wheat flour and cere-
als. Initial monitoring data with the type of raw material,
its origin and the year of sample receipt are provided in
electronic form in the section “Additional materials” at:
http://doi.org/10.29326/2304-196X-2020-3-34-213-219.

Unfortunately, the situation regarding mycotoxin con-
tamination of distiller’s dried grain, obtained by drying
and granulating of distillery waste, which is widely used
in feed production, is still unclear in our country. How-
ever, data from American researchers indicate multiple
and intense contamination of the distiller’s dried grains
with solubles (DDGS) - DON, ZEA and FUM were detected
in 70-90% of samples, with their concentrations reaching
values of 13,920, 8,107 and 9,042 ug/kg; AB, and T-2 at
levels up to 89 and 226 pg/kg, respectively, were also
often detected [16]. During this period, we did not have
an opportunity to continue mycotoxicological testing
of gluten feeds, the by-products which are very popular
among starch-processing plants. In 2015 and 2016, the
laboratory received two samples of corn gluten from
the People's Republic of China for testing, one of which
demonstrated the presence of fusariotoxins T-2, DON, ZEA,
FUM and STG in the amounts of 145, 1,860, 1,080, 1,260
and 11 pg/kg, respectively; the other contained DON and
ZEA in the amount of 2,320 and 2,230 pg/kg. The obtained
data and preliminary results [2, 7], indicative of the in-
tensive multiple contamination of this product, as well as
combined contamination of corn grain (see Part 2) testify
to the necessity for mandatory testing of corn gluten for
a complete list of parameters. Insufficient attention is paid
to other types of products from the complex processing

of corn grain, which are widely used in feed production,
such as dry corn germ, as well as cake and corn germ
meal. However, 16 samples of corn germ cake received
in 2009-2010 from holdings in the European part of the
country showed that contamination with T-2, DON, ZEA,
FUM, OA and AB, was quite significant with a frequency
of 43.8 to 75% [7].

CONCLUSION

During extensive monitoring, conducted as an annual
data collection for the period from 2009 to 2019, multiple
contamination of sunflower meal and sunflower oil cake
with alternariol, T-2 toxin, ochratoxin A, citrinin, cyclopi-
azonic acid, sterigmatocystin, mycophenolic acid and
emodin was confirmed with the frequency of occurrence
from 10.4 to 83.8%, which entitles these products to be
regarded as high-risk. For the safe use of raw materials
based on soybean, appropriate regional monitoring pro-
jects should be considered in the territories of its intensive
cultivation and industrial processing. Imported batches of
cake and meal should be inspected on a regular basis due
to their possible contamination with a wide range of my-
cotoxins. Cases of diacetoxyscirpenol detection and the
frequent occurrence of T-2 toxin, emodin and ergot alka-
loids described for wheat bran for the first time show the
need for a mandatory incoming control of these products
at feed producing establishments.

Additional materials to the paper (records forms with
database) can be found at http://doi.org/10.29326/2304-
196X-2020-3-34-213-219.

JononHumeneHble Mamepuanel K 3TON CTaTbe
(yueTHble bopMbl ¢ 6a3011 JaHHbIX) MOXHO HaWTV MO agpecy
http://doi.org/10.29326/2304-196X-2020-3-34-213-219.
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KoHoHeHKo lanuHa MNaHTeneeBHa, JOKTOP 61ONOrMYECKNX HayK,
npodeccop, 3aBeaywWnii NabopaTopuren MMKOTOKCUKONOTN
1 caHuTapum kopmos BHUVBCTS - dunvan ®reHY OHLL BU3B PAH,
r. MockBa, Poccus.

BypkunH Anekceil AHaToNbeBMNY, KaHANAAT MEOVNLNHCKMX HayK,
BeAYLMIA HayuYHbI coTpyaHK BHUUBCIS - dunuan OrEHY OHL
BW3B PAH, r. Mocksa, Poccus.
3otosa Enena BnagnmunpoBHa, KaHAMAAT BETEPUHAPHBIX HaYK,
CTapLnii HayuHbl coTpyaHuK, BHUNBCTS — dunnan OTBHY OHL|
BW3B PAH, r. MockBa, Poccus.
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SUMMARY

During reproduction in biological systems, FMD virus forms four variants of components, three of which do not include RNA of the virus. In the process of industrial
production of FMD vaccines, special attention is paid to the number of whole virions, which have the most important biological properties of FMD virus and are the
main components that determine the immunogenicity of vaccine preparations. Raw materials for vaccines at various stages of the technological process are tested
for concentration of FMDV 146S component. The traditional method of determination is quantitative complement fixation test. In recent years, real-time RT-PCR
has been used for indirect determination of FMDV 1465 component concentration in a virus-containing suspension. The article presents a new approach to indirect
determination of FMDV 146S component concentration in a non-inactivated suspension by comparing the maximum extreme points of the graphs of the second
derivative of the fluorescence signal accumulation curves and the number of amplification reaction cycles. The dependence between FMDV 146S component concen-
tration and the maximum extreme points of the graphs of the second derivative of the fluorescence signal accumulation curve is presented in the form of a square
function: €, = 0.01 11(Cp)2 - 1.0157(p + 20.446 with a high accuracy of approximation (R* = 0.993). The proposed model allows to quantitatively estimate
the content of 146S component in virus-containing vaccine raw materials. The presented method allows studying a large number of samples of non-inactivated
raw materials for FMD vaccine in 45 hours. The main advantage of the proposed method is the capacity to determine the concentration of FMDV 146S component
in a suspension with a high level of ballast proteins (more than 7.00 mg/cm?®) and complete viral particles (from 0.01 to 5.00 pg/cm?).
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1465 KOMMOHeHTa BUpYCa ALLYPa B HEUHAKTUBUPOBAHHOIA
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PE3IOME

[pu penpoayKuwu B 6uonornyeckix cuctemax BUpYC ALLlypa GopmupyeT 4 BapuaHTa KOMMOHEHTOB, TPU 113 KOTOPbIX He BK/tualoT B ceba PHK Bupyca. B npoviecce
MPOMBILLAIEHHOTO NPOU3BOACTBA NPOTUBOALLYPHBIX BAKLIMH 0C060€ BHUMAHME YAENAIT KONMYECTBY LieNbHbIX BUPUOHOB, KOTOpble 06M1aZaloT BaxHeWmumm
6uronoruyeckumn CBOICTBAMM BUPYCa ALLypa 11 ABAAIOTCA OCHOBHbIMM KOMMOHEHTaMy, OnpeaenaLmMin UIMMYHOTeHHOCTb BaKLWHHbIX Npenapatos. Cbipbe
ANA BaKUMH HA Pa3ANYHbIX Tanax TEXHONMOrMYeCkoro NpoLecca MCCNeAyIoT C Lefblo OnpefeneHina KOHLEeHTpauum 1465 KomnoHeHTa Bupyca Awlypa. Tpaguun-
OHHbIM METO/ZI0M OnpedeneHna ABNAETCA KONMYECTBEHHDIIA BAPUAHT peaKkLun (BA3bIBaHUA KoMNNEeMeHTa. [ind onocpejoBaHHOTO OnpeaeneHns KOHLeHTpa-
Lmn 1465 KOMNOHEHTa BUpYCa ALLYpa B BUPYCCOAEPKALLEIi CyCeH31M B NOCNEAHIE TOAbI CTaNl MCNOb30BaTb NOANMEPA3HYI LIENHYH peakLyio ¢ 06paTHol
TPAHCKpUNLeil B pexume peanbHoro BpemeHi. B cTatbe npezcTaBieH HOBbIA MOAXOZ K 0MOCPe0BaHHOMY ONpPeeNeHINto KOHLEeHTpaLm 146S KOMMOHeHTa
BUPYCa ALLYPa B HEMHAKTMBIPOBAHHOI CYCNEH3UM NPy CPaBHEHMN MAKCUMANbHbIX 3KCTPEMYMOB rpadinkoB BTOPOil MPO3BOAHOI KPUBbIX HAKOMNEHUA CUTHana
(nyopecueHLN OTHOCUTENbHO KONMYECTBA LNKNOB peaKunin amnnndukaumuy. CyLiecToBaHue 3aBUCUMOCTI MeXAY KOHLIeHTpaLyeil 146S KoMnoHeHTa Bipyca
ALLYPa N MaKCUMAnbHbIMY IKCTPeMyMami rpaduKoB BTOPOil MPOI3BOAHOI KpUBOIA HAKoMNEHUA (NyopecLeHTHOro CUrHana npeACTaBAeHo B BiAe KBaAPaTUYHOI
dynkumn €, =0,0111 (Cp)2 - 1,0157Cp+ 20,446 ¢ BbICOKOI1 ,0CTOBEPHOCTbHO annpoKcumaLn (R =0,993). lpeanoxeHHas MoAenb N03BOAAET KONMYECTBEHHO
OLleHIBaTb COZepaHue 1465 KOMNOHEHTA B BUPYCCOAEPXALLEM Cbipbe ANA BaKLMHbI. [peAcTaBneHHblif CN0cob No3BOAAET UCCNIe[0BATL 60bLIOE KONNYECTBO
06pa3Li0B HEMHAKTUBUPOBAHHOIO CbIpbA ANA NPOTUBOALLYPHOIA BaKLMHbI 33 4—5 u. OCHOBHbIM NpenMyLLeCTBOM Npesnaraemoro cnocoba ABNAETCA BO3IMOX-
HOCTb onpezieNieHns KOHUEHTpaLyi 1465 KoMNoHeHTa BUpyca AiLypa B CYCNeH31u, CORepraLLieil BbICOKoe KonmuecTBo bannacTHoro benka (6onee 7,00 mr/cw’)
1 KONIMYECTBO MOMHbIX BUPYCHbIX YacTiy o1 0,01 5o 5,00 MKr/cv?.

KnioueBbie cnoBa: BupnoHbl Bupyca Awypa, OT-MLP-PB, noporosblit uykn amnnaudukaumum, rpaduk BTopoit npoM3BOAHON KprBoit amnanduKkaumm.
bnaropapHocTb: Pabota BbinonHeHa 3a cuet cpencts OrbY «BHIUN3MK» B pamkax TemaTikin HayuHo-1ccnefoBaTenbekix pabot «BetepuHapoe bnarononyune».

Nina untmposanua: lopowus M. N., Muxanuwuu . B., Crapukos B. A., llozosoii 1. A., bopucos A. B. OnocpenoBanHoe onpezienenve KoHueHTpaumum 146S
KOMMOHEHTa BUpYCa ALLypa B HEMHAKTUBUPOBAHHOI CyCMeH3wn npu cpaBHeHUU rpadukoB BTOPOil Npou3BoAHo ana kpusbix OT-MLP-PB. Bemepunapus
ce20018. 2020; 3 (34): 220-227. DOI: 10.29326/2304-196X-2020-3-34-220-227.
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INTRODUCTION

In many countries foot-and-mouth disease (FMD) is at
the top of the list of animal viral diseases control and pre-
vention measures. FMD is a highly contagious viral acute
disease of wild and domestic cloven-hoofed animals and
tylopods and is a global problem, which a special attention
of international organizations (FAO, OIE) and veterinary
services of many countries is paid to [1, 2].

FMD virus (FMDV) genome is represented by a single-
stranded positive RNA consisting of approximately
8,500 n. r. (nucleotide residues), surrounded by an ico-
sahedral capsid consisting of 60 copies, each of which
is represented by four structural proteins: VP, (1D-gene),
VP, (1B-gene), VP, (1C-gene), VP, (1A-gene) [3-5].

During reproduction in biological systems FMD virus
forms four variants of components: 146S component
(whole virion, full particle), consisting of one whole viral
RNA molecule and 60 copies of polypeptide, each of which
is represented by a complex of proteins VP, (1D-gene),
VP, (1B-gene), VP, (1C-gene), VP, (1A-gene); 75S particle
(“blank” capsid), consisting of 60 copies of polypeptides
VP, (1AB-gene), VP, (1D-gene), VP, (1C-gene); 125 particle
(capsomer), consisting of structural proteins VP, (1D-gene),
VP, (1B-gene), VP, (1C-gene); 3.8S subunit, represented by
non-structural protein VPg. 75S,12S and 3.8S components
do not include FMDV RNA [1, 31.

In the process of industrial production of vaccines, spe-
cial attention is paid to the number of whole virions, which

have the mostimportant biological properties of FMD virus

and are the main components that determine the poten-
cy of vaccine preparations [2, 3]. Therefore, raw materials

for vaccines at different stages of technological process

are studied to determine the concentration of 146S com-
ponent of FMD virus. Traditionally for this purpose quan-
titative variant of complement fixation test (CFT) is used

and the results are evaluated according to methodical

recommendations [6]. In recent years, real-time reverse

transcription polymerase chain reaction (real-time RT-PCR)

has been used for indirect determination of concentration

of FMDV 146S component concentration in a non-inacti-
vated virus-containing suspension [1, 7-12]. The presented

method is highly sensitive, specific, economical and rapid,
and also allows to investigate several dozens of samples

of the virus-containing material simultaneously. However,
this modification has some disadvantages: if the content of
146S component in the tested sampleis less than 0.1 mg/cm?,
the sensitivity of the reaction decreases; if there are a lot of
proteins and lipoproteins in the sample, the sorbent par-
ticles are sensitized by excess of ballast components that

reduces the possibility of virus RNA sorption and decreases

the sensitivity of the analysis; where trace amounts of sor-
bent may end up in the reaction mixture, the background

value of the fluorescence may increase and there may be a

distortion of the analysis results when determining the a
proportionality coefficient between the fluorescence signal

and the amount of the whole virus in the sample.
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It is therefore an important and challenging task to
improve the method for indirect determination of con-
centration of FMDV 146S component in a non-inactivated
suspension on the basis of the method for comparing the
maximum extrema of the graphs of the second derivative
for real-time amplification reaction curves.

The aim of the research is to develop a method for indi-
rect determination of concentration of FMDV 146S compo-
nent in the viral suspension by comparing the maximum
extrema of the second derivative graphs for the real-time
amplification reaction curves.

MATERIALS AND METHODS

Virus. FMD culture virus of Asia-1/Shamir Israel 3/89
strain was used. The virus was propagated in the suspen-
sion continuous cell line of baby hamster kidney BHK-21.
Non-inactivated FMDV suspensions with ballast proteins
contents of more than 7.00 mg/cm? were used.

Complement fixation test (CFT). Quantitative CFT was
used to determine FMDV 146S component concentra-
tion [6].

Determination of 146S component concentration. FMDV
146S component concentration was determined with
real-time RT-PCR using values of threshold cycle of ampli-
fication (Ct) according to the above-mentioned require-
ments [7].

Coating of plates with polyclonal strain-specific anti-
bodies against FMDV. A six-well plate was coated with
highly purified strain-specific polyclonal antibodies
against FMDV in the volume of 1.5 cm? of the suspension
with concentration of immunoglobulins G of 5.0 ug/cm? at
4 + 2 °Cfor 18-20 hours. Open binding sites were blocked
with 1% gelatine suspension at 37 £+ 1 °C for 30 minutes
and the wells were washed with 1/15 M phosphate-
buffered saline (PBS) five times.

Strain-specific binding of FMD virus. Samples of suspen-
sions in the volume of 2.4 cm? were added to the wells
coated with strain-specific FMDV antibodies and incuba-
ted at 37 + 1 °C for 30 minutes. The wells were washed to
remove ballast components three times using 1/15 M PBS.
The obtained immune complexes were resuspended in
1.0 cm?® of Eagle’s medium (MEM).

Isolation of FMDV virion RNA bound by immune complex.
The process of isolation of RNA of 146S FMDV component
was based on method by P. Chomczynski [13, 14]. The pro-
cess resulted in obtaining per 0.2 cm® of 12-fold extracts
of viral RNA.

Evaluation of purity of eluates of FMDV RNA.The spectral
absorption capacity of RNA extracts was measured at wave
lengths within the range of 205-325 nm and temperature
of 22-25 °C. In the isolated extracts the content of resi-
dues of phospholipids, polysaccharides and guanidine iso-
thiocyanate (GITC), carbolic acid, polypeptides and large
suspended particles was estimated, determining the op-
tical density (OD) values at 205, 235, 270, 280 and 320 nm,
respectively [15]. The RNA eluate was considered free of
protein and carbolic acid impurities if the extinction co-
efficient R, (OD,,/OD,, ) was within the range of 1.8-2.2
and was optimally about 2.0. Lower R, values indicated the
presence of DNA, protein components and carbolic acid
residues in the eluate. Higher values of R, coefficient indi-
cated the degradation of RNA and the presence of free ri-
bonucleotides. FMDV nucleic acid extract was considered
uncontaminated with polysaccharides if the extinction co-
efficientR, (OD,,/OD,,.) was close to 2.000. When 1% RNA

235)

is substituted for polysaccharide components, R, decrea-
ses by 0.002[16]. Values of R, coefficient greater than 2.000
may indicate degradation of RNA molecules. The absence
of coarse particle suspension in the eluate is confirmed
if OD,,, is close to zero [15, 16]. If the purity requirements
are not met, the stages of serological binding and isolation
of FMDV RNA from the source material are repeated.

Real-time RT-PCR for quantitative determination of
FMDV 146S patrticles. Forward-3D-FMDV-primer (5’-ACT-
GGT-TTT-ACA-AAC-CTG-TGA-GGT-3’), Reverse-3D-FMDV-
primer (5'-GCG-AGT-CCT-GCC-ACG-GAG-TTG-GTT-3') and
3D-FMDV-ROX/BHQ2-probe (5-ROX-TCC-TTT-GCA-CGC-
CGT-GGG-ACG-3") were used in the test as oligonucleotides
homologous to 3D FMDV gene in 15 pM concentrations
per reaction. The concentration of each of the deoxy-
ribonucleoside triphosphates was 0.2 mM. DreamTaq buf-
fer (10x), magnesium chloride and dimethyl sulfoxide in
the amounts of 4 mM and 3% of the volume of real-time
RT-PCR-mixture, respectively, were used as the basis.
MMLV-reverse transcriptase (10 units) and Thermus aqua-
ticus DNA polymerase (1 unit) were used as catalysts for
reverse transcription and amplification reaction. The tem-
perature and time parameters of real-time RT-PCR were
set according to the above-mentioned requirements [7].

Control during testing of the method. Control during tes-
ting of the method. As a positive control, a non-inactivated
suspension of culture FMD virus with the content of virions
of 1.00 pg/cm?3. A non-inactivated suspension of BHK-21
cells with a concentration of 2.5-3.0 mIn/cm? was used as
negative control.

RESULTS AND DISCUSSION

At the first stage of the study the control panel of ready
dilutions of the standard was obtained. A non-inactivated
suspension of FMD culture virus of Asia-1/Shamir Is-
rael 3/89 strain with concentrations of 146S component
of the virus: 0.01; 0.05; 0.10; 0.20; 0.50; 1.00; 2.00; 2.50; 3.00;
3.50; 4.00; 4.50; 5.00 pg/cm? was used as a standard. Then,
a viral suspension containing FMD virus was introduced
into plates coated with antibodies against FMD virus of
a given strain and then viral RNA was isolated from the
obtained complexes of “FMDV virion - strain-specific
antibodies” As a result, 12-fold viral RNA extracts of each
standard dilution were obtained and their purity was as-
sessed by spectral analysis in ultraviolet light. A record of
the absorption spectrum of standard dilutions of RNA at
wavelengths from 205 to 325 nm is shown in Figure 1.

Based on the results of analysis of control samples
in the above-mentioned dilutions demonstrated that
0oD, ,.,,andOD,, ... values did not exceed OD,, .., which
attests to a high level of purity of the obtained RNA eluates
(n=3).The data of spectral study of the standards, shown
in Figure 1, showed the absence of marked peaks in the
graphs at wavelengths of 205, 235, 270, 280 and 320 nm,
which indicated almost complete absence of contamina-
tion of RNA extracts with phospholipids, polysaccharides
and residues of GITC, carbolic acid, polypeptides and large
conglomerates, respectively. The values of R, extinction co-
efficient for the standards are close to the norm of 2.000
(R, was 1.995-1.999), which confirmed the absence of DNA
and the presence of only trace amounts of protein impu-
rities and carbolic acid residues. Degradation of nucleic
acid and presence of free nucleotides in eluates were not
observed, as R, did not exceed 2.000. The viral RNA extracts
of the standard dilutions were not contaminated with
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Fig. 1. Spectograms of diluted eluates of FMDV RNA (Asia-1/Shamir Israel 3/89 strain). From bottom to top see graphs
for diluted extracts corresponding to the following concentrations of virions: 0.01; 0.10; 0.50; 1.0; 2.0; 3.0; 4.0; 5.0 ug/cm?

Puc. 1. Cnekmpozpammesl pasgedeHuli smoamos PHK supyca auypa wmamma Azus-1/LLamup U3paune 3/89.
CHu3y 8gepx ompaxkeHbl 2paguKu 019 pazeedeHull SKCMPAkmos, Coomaemcmayouux c1edylouumM KOHUeHMpayuam

supuoHoe: 0,01,0,10;0,50; 1,0; 2,0; 3,0; 4,0; 5,0 mK2/cm?

polysaccharides and GITC, as the values of R, extinction
coefficient were close to the norm of 2.000 and correspon-
ded to 2.000-2.001. Taking into account that when 1% of
RNA is substituted for carbohydrates, R, value decreases
by 0.002 [16], polysaccharide impurities were not detected
in the extracts obtained. The degree of RNA destruction in
the extracts was not more than 0.5% ((2.001-2.000)/0.002),
which is admissible. Thus, FMDV RNA extracts extracted
from standard dilutions and used for further studies were
characterized by a high purity level.

At the next stage of the work, real-time RT-PCR was car-
ried out according to the above-mentioned recommenda-
tions. The analysis was based on the use of 5’-exonuclease
activity of Thermus aquaticus of DNA polymerase. In the
absence of a target, fluorophore ROX and fluorescence
extinguisher BHQ2 in the 3D-FMDV-probe were brought
closer due to the maximum use of hydrogen bonds be-
tween atoms of H, O and N oligonucleotides. Due to the
mechanism of fluorescence-resonance energy transfer the
glow is suppressed. Due to the 5-exonuclease activity of
Thermus aquticus of DNA polymerase after annealing
the Forward-3D-FMDV-, Reverse-3D-FMDV-primers and
3D-FMDV-ROX/BHQ2-probe the hybridized probe and
amplicon were destroyed, their spatial separation was ob-
served, which led to the growth of the detected signal. The
increase in the fluorescence level (Fl) was proportional to
the number of reaction products produced. Monitoring
of the signal during 40 cycles (C) of real-time PCR allowed
to construct kinetic fluorescence curves, which are set by
functions of type FI = f(C).

The obtained data were analyzed with the help of Rotor-
Gene FRT-Manager software, which allows to construct
graphs of the accumulation of fluorescent signal in real
time during the specified number of amplification cycles.

Using the technology of “Maxima” software (or ana-
logue), the graphs of the first and second derivatives for
obtained eluates of FMD RNA of each dilution of the stan-

dard with known concentrations of 146S component were
plotted and average values of maximum extrema (Cp) of
the graphs of the second derivative FI = f(Cp) with projec-
tion on the abscissa axis “O-cycles” were calculated.

The value of C,isanimportant characteristic of the reac-
tion, which is directly proportional to the number of copies
of the original RNA matrix and, consequently, to the con-
centration of the 146S component of FMD virus, since each
such particle contains one molecule of viral RNA[3, 17, 18].
Taking into account that the second derivative of the func-
tion f(Cp) (f”(Cp)) is continuous in some neighborhoods of
the point ¢=C, and is set at the amplification cycle inter-
val from 0 to 40, there is a certain interval near the point
G for which in all coordinates on the 0O-C, axis the second
derivative of the function f(Cp) will be negative. Since f”(Cp)
is the first derivative of f(C ), it follows from the condition
(f’(Cp)) <0that f’(Cp) on some smallinterval containing point
¢.=C, will decrease. Taking into account that f’(Cp) =0,0n
the segment at ¢ <C, the first derivative of the function
f(Cp) >0,and at Cp > Cp1 —-f(C) <0.In other words, the first
derivative of the function f(Cp) changes the sign from plus
to minus when passing through the point C,=C, there-
fore, at the point C, the function reflecting the process of
fluorescence signal accumulation has the maximum extre-
mum [17]. Thus, if the graph of the real-time amplification
reaction is represented by the function FI = f(Cp), f‘(Cp) =0
and f”(Cp) < 0, then provided that Cp = Cp1 the obtained
function has a maximum at the point with the argument
C,. the value of which is taken into account to establish
the dependence between the concentration of FMDV 1465
component and the value of C..

The advantage of using the second derivative in this
case is that when the function of the amplification curve
Fl= f(Cp) is multiplied by any multipliers, including the pro-
portionality coefficient a [8, 14], the position of the maxi-
ma of the derivatives does not change. The maximum ex-
tremum of the second derivative is within the exponential
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Fig. 2. Mean values of critical points C » calculated with the second derivative for real-time amplification reaction graphs during
analysis of RNA of standard FMD virus, Asia-1/Shamir Israel 3/89 strain, with the following concentrations of 1465 component:
0.01,0.05,0.10, 0.20, 0.50, 1.00, 1.50, 2.00, 2.50, 3.00, 3.50, 4.00, 4.50, 5.00 ug/cm?(n = 3) (A — graphs of accumulation of
fluorescent signal, first and second derivatives; B — graphs of second derivatives for amplification reaction curves)

Puc. 2. CpeoHue 3Ha4eHus Kpumuyeckux moyek C , paccHumaHHsle ¢ NOMOWbio 8mMopoli Npou3800HOU 0715 2pdghuKkos peakyuu
amnuguKkayuu 8 peasabHoM epemeHu npu aHanuze PHK cmandapma eupyca awypa wmamma Asus-1/Lamup W3pausns 3/89

C KOHYeHmpayuamu 146S komnoHeHma 0,01; 0,05, 0,10; 0,20; 0,50; 1,00; 1,50; 2,00; 2,50; 3,00; 3,50; 4,00; 4,50; 5,00 mk2/cm? (n = 3)
(A — 2paghuku HakoneHus rryopecyeHmHo20 cuzHasnd, nepsoli U 8mopoli Npou3800HbIX; B — epaguku 8mopoti npou3gooHoU
0714 KpuBbIX pedkyuu amnauguxkayuu)
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region of the fluorescence accumulation graph, i.e., in the
exponential region, during the analysis of which the effi-
ciency of the amplification reaction does not change [17].

Graphs of the first and second derivatives of the ob-
tained eluates of FMDV RNA of each dilution of the stan-
dard with known concentrations of virions of FMD virus
are shown in Figure 2.

The results of the experiment on presentation of the
system of parallel evaluation of maximum extrema of
the graphs of the second derivative for real-time am-
plification reaction curves (Cp) and the concentration of
146S component of FMDV (C,,. .,.,,) in control samples
are presented in the table from which it follows that C,
values for all dilutions of the standard of culture FMDV
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Table

Relationship between concentration of FMDV 146S component and values of maximum extreme points of real-time amplification reaction curves determined

with the second derivative (1 =3)

Tabnuua

3aBUCUMOCTb KOHLieHTpaLuK 146S KOMNOHEHTa BUpY(a ALLYpPa U 3HAYEHUiT MaKC(MMabHbIX SKCTPEMYMOB KPUBbIX peakLuy amnaudukaumm B peanbHom

BpeMeHu, onpeAeneHHbIX C NOMOLLbI0 BTOPOI NPOn3BOAHON (1 = 3)

Determination of FMDV 146S component concentration with real-time RT-PCR

FMDV 146S
component
concentration,
pg/cm?

Type of sample

according to critical point C (crossing point)
(proposed method)

cycle) (prototype)

according to amplification threshold cycle Ct (threshold

(vin’uns’ ug/cm3

, pg/cm? @,

vmons

per 12 eluate

“ 29.85 29.92 29.81 29.86 +0.06 0.010+£0.003 29.19+0.08 0.058 +0.069
2959 | 29.63 29.61 29.61+0.04 0.103 +0.020 29.01+0.06 0.660 +0.083
28.53 28.51 28.56 28.53+0.03 0.503 +0.041 27.74 +0.05 4.985 +0.024

Standard
with known
concentrations
of FMDV 1465
component

26.02 | 2605 | 26.08 26.05+0.03 1.520£0.031 24.28 +0.04 16.741 +£0.015

(according to CFT) - 2394 | 238 | 2392 | 2391+003 2.506 +0.028 2083+£003 | 28.503+0.014
201 | 2204 | 2199 | 2201+003 | 3.470+0034 | 17724005 | 39.0600.012
2070 | 2007 | 2005 | 2007+0.03 | 4.5300.031 1460005 | 49.684+0.019

Negative control 0.00 0.00 0.00 0.00

0.00 0.000 0.00 0.000

per 1 eluate

0.005 £ 0.005

0.055+0.038

0.415 +0.050

1.395+0.048

2.375+0.039

3.255+0.044

4.144 +0.061

0.000

p-criteria: for (p samples with concentrations of 0.01-0.10 pg/cm? is less than 0.010, with concentrations of 0.10 —5.00 pg/cm* - less than 0.005 (for the developed method);
for Ct samples with concentrations of 0.01-0.10 pg/cm’— less than 0.020, with concentrations of 0.10—0.20 pg/cm?*— less than 0.10 pg/cm?, and with concentrations
of 0.50—5.00 pg/cm?— less than 0.005 (for the prototype). To calculate the concentration of 146S particles in 12-fold sample using Ct method (initial method) the following

formula was used: C,,

=-3.401(Ct) + 99.333, to evaluate the content of virions in a one-fold sample the obtained value was divided by 12.

p-KpuTepuii: Ana Cp 06pa3LioB ¢ KoHueHTpaumamn 0,01-0,10 mkr/cw® coctasnset menee 0,010, ¢ KoHueHTpaumami 0,10-5,00 Mkr/cw®— meHee 0,005 (ana paspaboTtaHHoro
metoza); ana (t 06pasioB ¢ KoHuenTpauusmu 0,01-0,10 mkr/cv® — mewee 0,020, ¢ koHuenTpauuamu 0,10—0,20 MKr/cv® — Meree 0,10 MKT/CM? 1 € KOHLEHTpaLUAMM
0,50—5,00 mkr/cm’ — meHee 0,005 (ans npotoTuna). ins pacueta KoHueHTpaumn 146S uactuu B 12-KpatHom 06pasiie MeTofom Ct (nepBoHauanbHblii Cnocob) npUMeHsN
dopmyny: C, = —3,401(Ct) + 99,333, AnA pacyeTa CofepXKaHNA BUPUOHOB B OAHOKPATHOM 00pa3Lie noayyeHHoe 3HaueHue Aennnn Ha 12.

with concentrations of 146S component from 0.01 to
5.00 pg/cm? are within the range of 29.86 + 0.06 to
19.25 £ 0.04 respectively. The study of negative control
did not reveal fluorescent signal accumulation, which
confirmed the absence of FMD virus in the sample. In the
presented studies p-level of significance is less than 0.010
for control samples of the standard with concentrations
of FMDV 146S component from 0.01 to 0.10 pg/cm? and
p < 0.005 - from 0.20 to 5.00 pg/cm?.

The dependence of FMDV 146S component concentra-
tion and the values of maximum extrema of the graphs of
the second derivative for the fluorescence signal accumu-
lation curves is shown in Figure 3 and is presented as a
square function C =0.0111 (Cp)2 -1.0157C_+20.446

1465 FMDV

with high accuracy of approximation (R? = 99.3%). The

model was developed to analyze 12-fold eluates of FMDV
RNA obtained by this method. Thus, the existence of de-
pendence between FMDV 146S component concentration

in non-inactivated vaccine raw materials and the maxi-
mum extreme of the graph of the second derivative for
amplification reaction curve in real time was found.

The control samples were studied simultaneously
with CFT and classical real-time RT-PCR method with
determination of threshold amplification cycle value
(Ct) and calculation of 146S component concentration
(n = 3) [7]. It should be noted that the preparation of
eluates and real-time RT-PCR for the developed method
and the prototype differ, in this connection the values of
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Fig. 3. Relationship between critical point C detected with the second derivative for real-time amplification curve
and concentration of FMDV 146S component (standard error specified) (n = 3)

Puc. 3. 3agucumocme Kpumuyeckol moyKu Cp, demekmupyemou C NOMOWbio 8Mopoli nNpou3sooHoU 0718 Kpugou
amnsiupuKayuu 8 pexume peasabHo20 8peMeHU, 0m KoHUeHmpayuu 146S komnoHeHmMa supyca awypa

(c ykazaHuem cmaHOapmHou noepewHocmu) (n = 3)

threshold amplification cycles for the obtained graphs
of fluorescent signal accumulation of the same sample
will be different.

The obtained data are presented in the table, from which
it follows that the degree of difference between the results
of control analysis by the developed method and the true
values of positive standards is 0.00-2.91%. Differences in
determination of FMDV 146S component concentration
of positive controls with ballast protein content more than
7.00 mg/cm? by the initial method in comparison with ex-
pected values for samples with 146S component concentra-
tions from 0.01 to 0.10 pg/cm® were 45-52%, from 0.01 to
0.10 pg/cm? - 17-45%, with full viral particles content from
0.50 to 5.00 pg/cm?® - 5-17%. In the negative control, FMD
virus was not detected with any of the methods presented.
Thus, the developed method of indirect determination of
FMDV 146S component concentration in the non-inactiva-
ted suspension by comparing the maximum extremes of the
graphs of the second derivative for the amplification reac-
tion curves in real time allows studying the virus-containing
material with concentrations of the 146S component from
0.01 to 5.00 pug/cm? with the presence of the ballast protein
in the samples more than 7.00 mg/cm? within 4-5 hours
and with high accuracy.

CONCLUSION

A new approach to indirect determination of FMDV
146S component concentration in a non-inactivated sus-
pension when comparing the maximum extrema of the
graphs of the second derivative of the fluorescence signal

accumulation curves with the number of amplification re-
action cycles is proposed.

The proposed method allows to: 1) increase specifi-
city of sample analysis due to strain-specific binding of
FMD virus virions; 2) exclude the possibility of increasing
the background fluorescence values due to the use of
P. Chomczynski method of sample fraction separation;
3) increase the reliability of the conducted analysis by de-
termining the dependence between the values of FMDV
146S component concentration (C, . ) @nd the maxi-
mum extrema of the second derivative graphs for amplifi-
cation reaction curves (Cp).

The existence of dependence between the quantities
of 146S particles of FMDV and maximum extrema of the
graphs of the second derivative of the fluorescence sig-
nal accumulation curve in the form of a square function
Ciussenpy = 0-0111 (Cp)z— 1.0157C_+ 20.446 with high accu-
racy of approximation (R? =0.993) was determined. The
proposed model allows us to quantitatively estimate the
content of FMDV virions in non-inactivated raw materials
for the vaccine in 4-5 hours.
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SUMMARY

Due the increasing number of alcoholic fatty liver disease cases in the world, the development of methods for treating this disease is an urgent task. According to
different publications mineral water from hot springs has a beneficial effect on liver cells. In this regard, an investigation was performed with the aim to assess the
effectiveness of hot spring water from the Siireyya | spring (Afyonkarahisar province) in treatment of fatty liver disease. 50 one-day-old albino mice with an average
body weight of 29.6 g were selected for the experiment. The tests of liver tissue, biochemical and hematological blood tests, as well as blood gas tests performed at
this stage, demonstrated deterioration in all parameters. To prove the effectiveness of using hot spring water in the treatment of alcoholic fatty liver disease, two
groups of 25 mice each were formed. The animals of the control group were given tap water to drink, and were also bathed (daily) in it for one hour. The mice of the
experimental group were given the hot spring water to drink and bathed in it for 15 minutes every day. Histological tests and blood tests were performed on day 1,
7,14,and 21 of the experiment using five animals randomly selected from each group. On day 21 of the experiment, the animals of the experimental group demon-
strated a significant (p < 0.05) decrease in the total number of leukocytes, neutrophils, monocytes, as well as in the levels of aspartate aminotransferase, alanine
aminotransferase, gamma-glutamyltransferase, low-density lipoproteins, total cholesterol, triglycerides. There was also an increase in erythrocyte, hemoglobin,
hematocrit, total protein, albumin and high density lipoprotein levels (p < 0.05). The results of histopathological analysis also demonstrated positive dynamics. At
the same time, no pronounced positive dynamics was observed in animals of the control group. Moreover, microscopy of liver samples showed an ongoing process
of tissue degeneration. The data obtained allow us to conclude that it is advisable to use the hot spring water for the treatment of alcoholic fatty liver disease.
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PE3IOME

B cBA311 C BO3paCTatOLLMM KONMYECTBOM CNyyaeB Pa3BUTIAA ANKOTObHON XUPOBOI AUCTPOGUN NeyeHI B MUPe aKTyanbHON 3aJjaueil ABNAETCA pa3paboTka MeTo-
[I0B IeYeHNA 3T0r0 3a60NeBaHuA. 113 iuTepaTypHbIX JaHHbIX M3BECTHO, YTO MIHEpaNlbHAsA BOJA U3 TePMallbHbIX UCTOYHMKOB 0Ka3blBAET 671aroTBOPHOE BAMAHME HA
KneTKu neyenu. B cea3m ¢ 31m 6bino npoBeeHo MccnefoBaHMe N0 OLeHKe IQHeKTUBHOCTY MPUMEHeHNA TepManbHON BoAbl U3 UCTOYHNKa Siireyya | (npoBuHLMA
AdboHKapaxucap) mpu ieyeHnn XupoBoii AuCTpodum neveHn. ina sxkcnepumenTa 6biim 0tobpaHbl 50 MblLLeii-anbb1HOCOB CYyTOUHOTO BO3pacTa o CPeHeli Mac-
coiiTena 29,6 . Yepes wecTb HeeNb NPUMEHEHNA STUMOBOTO CMPTa Y MblLLe CHOPMUPOBANOCH OXKIMPEHKe NeueHu. [poBeAeHHbIe Ha 3TOM Tane UCciefoBaHNA
TKaHei neyeHu, 6UOXUMUYECKII 1 reMaToNorNyecKmil aHanu3bl KPOBIA, @ TaKXKe aHaN3 ra3oBoro CocTaBa AEeMOHCTPUPOBANM yXyALLEHIe Bcex nokasaTeneii. [ina
[1l0Ka3aTenbCTBa 3QHEKTUBHOCTA NPUMEHEHNA TePMaNbHOI BOAbI NPY SeueHIy anKkoroNbHOi XpoBOil AUCTPOGUHN NeyeHH Bbinu copMUpoBaHDI ABE rPyNMbI N0
25 MblLueli B KaxfoiA. ’KuBOTHbIX KOHTPObHOI FPYNMbl BbiNauBany BOJONPOBOAHOI BOAOM, a TaKXKe YCTpauBany U3 Hee exefHeBHble YacoBble BaHHbI. Mbiwei
OMbITHOM rPYNMbI NOUNK TepMaNbHOI BOZOIA, @ TAKXKe Kynanu B Heil N0 15 MUH Kax[blii AeHb. [cTonornyeckine nccnefoBaHnA U aHanu3bl KpOBU NPOBOANAM
Ha 1,7, 14 1 21-e cyT 3KCnepuMeHTa y 5 NPON3BONbHO BbIOPAHHBIX U3 KaX A0/ rpynmbl XIMBOTHbIX. Ha 21-e cyT nccnefoBaHnA Y XXMBOTHBIX OMbITHOI rpynmbl
Habntopanock A0cToBepHOE (p < 0,05) CHIKEHNe 06LLero KONMYECTBA NIEKOLMTOB, HERTPOGINOB, MOHOLMTOB, a TAaKXKe ypOBHEN acnapTaTamMUHOCTpaHchepasbl,
anaHMHaMUHOCTpaHcdepasbl, raMMa-rayTamunTpaHcdepasbl, TUNONPOTENHOB HIU3KOA MAOTHOCTI, KOHLIEHTPaLWY 06LLiEero XxonecTepuHa, TpUrnLepuaoB. Takxe
Habnioanoch yeenuyeHue ypoHeii pUTPOLITOB, reMornobuHa, rematokpuTa, obLuero 6enka, anbbymuHa 1 NUNONPOTENHOB BbICOKOI NAOTHOCTU (p < 0,05).
[TonoxutenbHas AMHamuka Habnioganach Takxe no pesynbratam rMcTonaTonornyeckoro aHanu3a. B 1o e Bpema y XUBOTHbIX KOHTPONLHOIA IPyNMbl APKO Bbl-
paKeHHOI NONOXMUTENbHOI AMHAMIKM He Habnioaanock. bonee Toro, MuKpockonua npo6 neyenu nokasana NPoAOMKAIOLMACA NPOLECC AereHepaLn TKaHeid.
[TonyyeHHble faHHble N03BONAIT CAeNaTh BbIBOA 0 LieNnecoobpazHOCTM NpUMEHeHNA TepManbHO BOAbI ANA leYeHNA anKoroNbHOI XUPOBOIA AUCTPODUN NeyeHu.
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INTRODUCTION

Fat accumulation exceeding 5% of the total liver mass
is called fatty liver disease (FLD) and its incidence is increa-
sing rapidly all over the world [1]. Along with that genetic
factors are thought to have impact on the development
of the disease, the most important risk factor of alcoholic
fatty liver disease (AFLD) is excessive alcohol consumption
(>20g/day) [2]. Alcohol increases the uptake of fats to liver
from the intestine and fatty acid synthesis (lipogenesis)
and reduces the digestion of fatty acids (by reducing the
beta oxidation of fatty acids), causes fat accumulation
in liver cells and ultimately causes AFLD [1, 3]. AFLD can
lead to firstly hepatitis and cirrhosis lately [4], and even
cancer [5].

During AFLD, hematological, biochemical and histo-
pathological changes are taking place. Alcohol increases
the translocation of bacteria from the intestine and leads
to increased uptake of bacterial lipopolysaccharides that
cause inflammation by activation of Kupffer cells [6]. There-
fore, leukocytosis and thrombocytopenia occur frequent-
ly in patients with alcoholic steatohepatitis [7]. The most
common biochemical finding is elevated transaminases
and 2-4 times increase in AST and ALT levels may be
seen [8]. The most important histopathological finding of
the FDL is the presence of fat vacuoles in hepatocytes in
microvesicular or macrovesicular form, or both [9].

It has been reported that hot spring baths contribute
significantly to the prevention of hepatitis supporting
the incidence of chronic hepatitis by decreasing the por-
tal venous pressure, drinking hot spring water reduces

fattening in the liver, stabilizing carbohydrate and lipid
metabolism and preventing the progression of patholo-
gical process [3].

This study was conducted to determine the efficien-
cy of drinking and bathing applications of Siireyya | hot
spring water containing many minerals and compounds
that have proven therapeutic efficiency in experimental
FLD mice in the treatment of FLD

MATERIALS AND METHODS

Experimental part of this study was made in Experi-
mental Animals Application and Research Center of Afyon
Kocatepe University and conducted in accordance with
Afyon Kocatepe University Experimental Animals Ethics
Committee Instructions (AKUHADYEK) under the report
with reference number 42-18 and was supported as Mas-
ter's Thesis Project by Afyon Kocatepe University Scientific
Research Projects Committee (BAPK) under the number
18.SAG.BIL.11.

In this research project, 50 Albino mice of the same dai-
ly age were used. The animals were kept in plastic cages in
a stable environment with equal humidity and heat con-
ditions for 12 hours night and 12 hours day at Afyon Ko-
catepe University Experimental Animals Application and
Research Center. During the study, animals were allowed
to receive ad libitum rat feed.

Six weeks after alcoholic fatty liver procedure was ap-
plied in all animals [10], 50 mice which have same body
weight average and constitute the study material were di-
vided into two groups as control group (CG) (n = 25) and
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Table 1

Weight gain, bouyancy and presence of lesions at the stage of before study, after fatty liver disease formation and after treatment

in the animals

Ta6nuua 1

anGaBKa B Bece, CamouyB(TBMe U Hannumne nopameuuﬁ A0 UcciefoBaHuA, nocie OXKUpeHna neyeHn U nposeeHHOro ie4eHUA XNBOTHDIX

Time of indicator measurement . . - . .
- Weight gain or loss (g) Bouyancy / Clinical lesion formation

_ 29.6° .
BS (n=50) (25.4-32.5) Bouyancy and appetency (+++), lesion (-)
AFLF (n = 44) 31.6° Bouyancy and appetency (+++), 2 mice dead,
-~ (26.3-32.1) 4 mice were operatively exed for examinations, lesion (-)
Gn=21) 31.5° Bouyancy and appetency (+++), 1 mouse dead,
AT - (26.3-32.0) 5 mice were operatively exed for examinations, lesion (-)
1" day S6(n=22) 31.70° Bouyancy and appetency (+++),
- (26.4-32.1) 5 mice were operatively exed for examinations, lesion (-)
G (n=15) 31.26° Bouyancy and appetency (+++),
AT B (26.3-31.64) 5 mice were operatively exed for examinations, lesion (-)
7" day $6(n=15) 30.02° Bouyancy and appetency (+++), 1 mouse dead,
-~ (24.2-30.4) 5 mice were operatively exed for examinations, lesion (-)
=9 30.64% Bouyancy and appetency (+++), 1 mouse dead,
AT - (25.6-31.0) 5 mice were operatively exed for examinations, lesion (-)
14" day 56(n=10) 30.12 Bouyancy and appetency (+++),
- (24.0-30.2) 5 mice were operatively exed for examinations, lesion (-)
G =4 30.23° Bouyancy and appetency (+++),
AT -~ (25.6-31.0) 4 mice were operatively exed for examinations, lesion ()
21%day 56(n=5) 28.02° Bouyancy and appetency (+++),
- (23.1-28.9) 5 mice were operatively exed for examinations, lesion ()

*<The values in the column are statistically significant (p < 0.05).
"¢ 3HaueHuA B CToN6Le ABNAKTCA CTAaTUCTUYECKN 3HAUUMBIMK (p < 0,05).

BS — before study (no uccnegosanus), AFLF — after fatty liver formation (nocne oxwpenus neuen), AT — after treatment (nocne neuenus),

(G — control group (KoHTponbHasA rpynna), SG —study group (onbiTHaA rpynna).

study groups (SG) (n = 25) for a 21-day treatment period
equally and randomly. Normal tap water was added to
the CG mice’drinkers, while the hot spring water that was
brought from the source each day as fresh added to SG
mice’ drinkers and they were allowed to reach ad libitum.
Also, CG mice were bathed in the (35 + 2) °C tap water as
same hour every day, SG mice were bathed in the same
temperature with fresh hot spring water for 15 minutes,
they were dried with a soft towel after bath, blow dryer
was installed gently and then they were putin their cages.
In the treatment stage, five animals randomly selected af-
ter clinical examination were madeon 1,7, 14 and 21 days
after treatment in all of the CG and SG group animals (un-
der xylazine (10 mg/kg) and ketamine (100 mg/kg) anes-
thesia) and blood and liver tissue samples were taken by
intracardiac method for hematological, blood biochemical
parameters, blood gases analysis and histopathological
examinations [11].

Characteristics of Siireyya | Hot Spring: Streyya | Hot
Spring Water which is volcanic spring and has the property
of being the only carbon dioxide water of the region, has
been reported as sodium bicarbonate, carbon dioxide,
fluoride and silicon thermomineral water class by istanbul
University Capa Medical Faculty Department of Medical

Ecology and Hydroclimatology and mineralization in total
has been reported as 4046.8 mg/L by izmir Community
Health Laboratory. Although not specified in this report,
it is also accepted in calcium water class since its calcium
content is > 150 mg/L.

Clinical Examinations. The body weight (T), mobilization,
feed and water consumption, whether they developed
lesions of mice were examined and body temperatures,
heart frequency (P) and respiratory rate (R) of the animals
were measured at the determined measurement times.

Hematological Examinations. Hematological para-
meters such as erythrocyte (RBC), total leukocytes (WBC),
hematocrit (HCT), hemoglobin (HB), mean corpusculer
volume (MCV), mean corpusculer hemoglobin concen-
tration (MCHC), lymphocyte (LYM), neutrophil (NEUT),
eosinophil (EOS), monocyte (MON) and basophil (BAS)
were determined using by commercial test kits and
Chemray Brand blood counting device.

Blood Biochemical Examinations. Alanine aminotrans-
ferase (ALT), aspartate aminotransferase (AST), total pro-
tein (TP), albumin (ALB), urea (UREA), glucose (GLU), tri-
glyceride (TRIG), total cholesterol (TCHOL), high density
lipoprotein (HDL), low density lipoprotein (LDL) and mag-
nesium (Mg) levels were measured on the Cobas Integra
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400 Plus Roche Brand analyzer (Roche Diagnostics GmbH,
Germany).

Blood Gases Analyses. After blood samples were taken
to plastic syringes with heparin supplemented as 500 U
liquid heparin for 1 ml of blood prepared previously,
pH, partial carbon dioxide pressure (pCO,), total carbon
dioxide concentration (TCO,), base excess (BE), bicarbo-
nate (HCO,), chlorine (CI), sodium (Na*), potassium (K*),
calcium (Ca?*) measurements were carried out on portable
blood gas analyzer (Edan i15 Veterinary blood gas analy-
zer) by using commercial cartridges.

Histopathological Examinations. Liver samples were
taken under anesthesia of ketamine/xylazine (10 mg/kg/
100 mg/kg) [11] one week interval from 5 animals random-
ly selected from both groups at the determined measure-
ment times. Samples were sent to the relevant laboratories
in 10% formol. Histopathological examinations were car-
ried out by experts at Veterinary Control Center Research
Institute, Pathology Laboratory in T.R. Ministry of Agricul-
ture and Forestry.

Statistical Analyses. Statistical analyzes of the groups
were made according to ANOVA method. Duncan test was
used to determine the importance of intragroup differen-
cesin the study group. Statistical analyzes were performed
using Windows compatible SPSS 18.1 (Inc., Chicago, I,
USA) software. Data were expressed as mean + standard
error and p < 0.05 was considered significant.

TEST RESULTS

In this study, sex was not considered a factor in the sta-
tistical analysis of the data.

Clinical Findings

Clinical findings of animals are shown in Tables 1 and 2.

Table 2

When Table 1 is examined, the body weight (bw) ave-
rages of the CG mice was 31.5 g (min 26.3, max 32.0) in the
weighings performed at the beginning of the treatment
phase and the bw averages of the SG mice was 31.7 g
(min 26.4, max 32.1) and it was observed that there was
no statistical difference in terms of bw (p > 0.05). In bw
measurements on the 21 day of the study, mean SG ani-
mals were found to be statistically significant lower than
the CG (p < 0.05). When Table 2 is examined, along with
there was no statistically significant difference in terms of
Tin the measured time periods (p > 0.05), when compared
with the pre-study, it was found that P and R frequencies
showed significant (p < 0.05) differences in terms of ave-
rage after fattening formation, and it was found that these
averages were significantly higher in CG animals (p < 0.05)
compared to SG animals during the treatment process.

Hematological Findings

The hematological examination findings of CG and SG
animals are shown in Table 3.

When the Table 3 was examined, it was observed that
WBC, NEUT, MON, MCV, MCH levels increased signifi-
cantly after fattening (p < 0.05), whereas RBC, HB, HCT,
LYM, MCHC and PLT levels were significantly (p < 0.05)
decreased. In the post-treatment comparisons, WBC,
NEUT, MON, MCV and MCH averages in SG animals were
lower (p < 0.05) and RBC, HB, HCT, LYM and PLT levels
were higher (p < 0.05).

Blood Biochemical Findings

The averages of blood biochemical analysis findings are
shown in Table 4. It was determined that AST, ALT, GGT,
UREA, CREA, TCHOL, TRIG and LDL levels increased sig-
nificantly (p < 0.05) after fattening and TP, ALB, HDL, GLU
and Mg levels decreased significantly (p < 0.05). Although

Statistical comparison of body temperature, pulse frequency and respiratory rate

Tabnuua 2
(TaTUCTUYecKoe cpaBHeHNe TeMNepaTypbl TeNa, YacToTbl MyNbCa U YacToTbl AbIXaHuA

Parameters (X + SD)

Time of indicator measurement

by groups p R
(frequency/min) (rate/min)

BS (n=50) 37.20+0.14 341.44 £ 45101 126.30 % 20.00°
AFLF (n = 44) 37.40+0.18 432.28 £ 65.30° 240.14 + 35.00°
AT Gn=21) 37.40+0.10 413.04 £ 53.40 238.28 £33.10°
1" day SG(n=22) 37.30+0.12 392.05 +47.10° 221.24 +£32.00°
AT (G (n=15) 3730 +0.00 402.12 + 4530 229.00 + 25.00*®
7" day Sa(n=15) 37.10£0.00 376.18 + 38.20° 178.10 £ 24.10°
AT G(n=9) 37.20+0.20 398.47 +32.00" 180.34 + 24.00°
14" day SG(n=10) 37.10+0.10 360.40 + 28.40° 145.18 + 20.00¢
AT G(n=4) 37.20£0.12 374.10 + 35.20° 15030 + 22.00¢
21" day SG(n=5) 37.00+0.14 33718+ 24.30° 130.34 +16.10°

*The values in the column are statistically significant (p < 0.05).
*3HaueHna B cTonbLe ABAAITCA CTATUCTUYECKN 3HaUMMbIMK (p < 0,05).

BS — before study (ao nccnegosanus), AFLF — after fatty liver formation (nocne oxuperus neyenn), AT — after treatment (nocne neuetns),

(G — control group (KoHTponbHasA rpynna), SG —study group (onbiTHaA rpynna).
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Fig. 1. Formation of fatty liver in mice treated with ethyl alcohol (10x-40x)

Puc. 1. lopaxkeHue ne4yeHu y Mbiwel Noc/ie npuMeHeHUA 3mus108020 cnupma (yeenauderue 10xX—40x)

TP, ALB, HDL, GLU and Mg levels were increased and AST, When this table is examined, it was observed that pH,
ALT, GGT, UREA, CREA, TCHOL, TRIG and LDL levels were  partial CO,, pCO,, BE,HCO,", Ca**and K* levels decreased as
decreased in both groups after treatment, in terms of in-  a result of fatty liver, whereas LACT, sodium Na* and Cl- le-
creasing and decreasing parameters, it was observed that  velsincreased, in terms of this increase and decrease in the
the changes in SG animals were statistically significant  group comparisons, the highest levels (p <0.05) occurred in

(p < 0.05) than CG animals. SG animals in terms of rate and amount of healing.

Blood Gases Findings Histopathological Findings

Statistical comparisons of blood gas analysis results are Histopathologically, it was found that the fattening was
presented in Table 5 below. in the form of intrastoplasmic, microvesicular and partly

Fig. 2. Ongoing parenchymal degeneration and fattening at the end of day 21 in control animals (10x-40x)

Puc. 2. [MapeHxumamo3Has 0ezeHepayus nevyeHu Ha 21-e Cym y XUBOMHbIX KOHMPOsIbHOU 2pynnel (yeenuyeHue 10X—40x)
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Fig. 3. Normal liver appearance in mice treated with Stireyya | hot spring water at the end of day 21 (10x-40x)

Puc. 3. BHewHul 8ud nedeHu y Mbiweli, Nosy4asuiux 800y U3 mepManabHO20 UCMOYHUKA Siireyyal |,

Ha 21-e cym uccnedosarus (yeenuueHue 10x-40x)

macro-microvescular fattening, and intense parenchymal
degeneration and necrosis with severe fattening were
partly observed (Fig. 1) after fatty liver formation.

In the comparisons at the end of the 21 day, which is
the last day of treatment, it was found that fat formation
continued in CG animals treated with tap water (Fig. 2),
whereas fat and necrosis cases improved significantly in
SG animals treated with hot spring water (Fig. 3). Sections
and pictures of each measurement time are archived.

DISCUSSION AND CONCLUSION

It was found that the average bw (31.6 g) after fattening
formation was higher compared to the average bw (29.6 g)
prior to fattening formation, but the bw average of CG ani-
mals (30.23 g) was higher than the average of SG (28.02 g)
on the last day of treatment. This finding is consistent
with the studies [3] reporting that EtOH causes to weight
gain by fastening the liver and that the treatment with
hot spring waters leads to weight loss by increasing fat
burning and reducing fat intake from the intestines. It was
shown that respiratory rate and heart frequencies were
statistically significant (p < 0.05) in animals whom fatty
liver is formed, and these findings were found to be in
compliance with the studies indicating that the increased
heart rate would be accompanied by increased respiratory
frequency [10].

It was observed that WBC, LYM numbers which were
initially high, were decreased in the SG animals which
drink Sireyya | water and are daily bathed with this wa-
ter. These findings were found to be compatible with the
studies [12] indicating that hot spring waters had an im-
munosuppressive effect and that T-lymphocytes in blood
decreased significantly in hyperthermal baths, and that
hyperthermal waters provoked ACTH hormone level and
cortisol production and caused T-lymphocytopenia and
eosinopenia.

Chronic alcohol consumption has been reported to
lead to elevated MCV levels with leukocytosis and throm-
bocytopenia [13], and leucocytosis and thrombocytopenia
have been tended to normal levels upon discontinuation
of alcohol consumption [14]. The fact that the lower MCV,
WBC and higher PLT levels were obtained in SG animals
which drank Siireyya | hot spring water compared to CG
and initial measurements fattening, and the that this case
reached the most significant level in the last week of treat-
ment support these researches’ declarations. Increased
MCV has been reported to be important biomarkers of
chronic alcohol dependence [15],and high MCV levels ac-
companied by clinical inflammation syndrome resulting
in Mg deficiency in leukocyte and macrophage activation
and excessive production of free radicals [16]. Since the
Sireyya | hot spring water used in our study is rich in Mg,
itis thought that Mg may contribute to the normalization
of leukocytosis and high MCV levels by showing anti-
inflammatory effect.

In our study, in animals with fatty liver, it was found that
TRIG, LDL, TCHOL levels were significantly increased, HDL
cholesterol levels were decreased, but in the treatment of
animals treated with hot spring water, however, in the SG
animals given hot spring water with the beginning of the
treatment period, a reverse course was formed in these pa-
rameters and the improvement in the lipid profile gradu-
ally increased and the best results were obtained in the
animals in the SG and in the last week. These findings are
consistent with the findings of the researchers [17] who re-
ported that acute or chronic natural use of mineral waters
had significant regulatory effects on serum lipid profile. As
a matter of fact that, C. L. Hsu et al. [18] reported that rich
mineral waters decreased TCHOL levels by increasing fecal
cholesterol and bile acid excretion in feces.

The spectacular effects of rich mineral waters on obe-
sity have been revealed by the stimulation mechanism of
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mitochondrial genesis and the identification of compo-
nents controlling energy release from fats. Mg and Ca are
the main components that play a role in reducing fat [19].
Sureyya | hot spring is rich in Mg and Ca ions. Mg redu-
ces lipid accumulation due to high cholesterol intake [20].
Y. Kishimoto et al. indicated that Mg uptake also inhibits
intestinal fat absorption and may improve postprandial
hyperlipidemia in healthy individuals [21]. M. Kimura et al.
showed that mineral water containing 600 and 1,000 ppm
Mg could reduce cholesterol levels by 18% and 15%, re-
spectively [22]. It was reported that Mg-rich water decrea-
ses lipid peroxidation by increasing hepatic low-density
lipoprotein receptor and cholesterol-7a-hydroxylase
(CYP7A1) gene activation that play a role in cholesterol
catabolism, so leads to decrease in TCHOL and LDL le-
vels [23]. However, there are studies that report that Mg-
rich mineral waters treat fatty liver by inhibiting cholesterol
and fatty acid synthesis by increasing the AMP-activated
protein kinase enzyme level [24].

Calcium in the diet prevents adipocyte lipid accumula-
tion and weight gain, increases lipolysis and thus signifi-
cantly accelerates weight loss. Moreover, it has recently
been shown that calcitriols released in response to low
calcium diets stimulate Ca flow in human adipocytes and
thus support adiposity [25]. In spite of all these positive
effects, it has been reported that Mg and Ca do not have
an effect alone in reducing fat and other elements con-
tribute to it [26]. HCO,™ is the leading element of these
elements, and water with rich HCO,~ has been reported to
have a reducing effect on total and LDL cholesterol [17].In
our study, Slireyya | hot spring water used for treatment
purposes is included in the bicarbonate hot spring water
class and has a high concentration of HCO," besides high
Mg and Ca levels. As a matter of fact, in the measurements
we made, the group with the highest increase in blood
HCO, levels was determined to be the SG group and also
the lowest levels of TCHOL, LDL and TRIG were obtained
in this group. It has also been reported that Cl- containing
bicarbonate water stimulates bile acid excretion and re-
duces TRIG concentration in the intestine [27].

In our study, it was found that the measured levels of
AST, ALT, GGT, UREA and CREA were found to be high in
the measurements following the fattening and TP, ALB,
GLU, HDL levels were low. With the commencement of the
treatment period, in SG animals given Sureyya | hot spring
water, a continuous positive improvement was observed
in these parameters until the last week of the study when
compared with CG animals. Similar findings were found
in a study C. Pereira et al. reporting that high levels of AST,
ALT, GGT, UREA, CREA decreased in mice with metabo-
lic syndrome, whereas TP, ALB, HDL levels increased [16].
Plasma AST and ALT are considered important markers in
the detection of liver damage [28]. I. Chen et al. argued
that treatment with high mineral waters reduced lipid
accumulation in the liver by increasing daily fecal lipid
and bile acid output [29]. Also, it was reported that rich
mineral waters reduced lipid peroxidation and related
hepatic malondialdehyde (MDA) content in the livers and
prevent hepatic damage, boron and Mg contained in it
increased antioxidant capacity against oxidative stress and
decreased high ALT and AST levels [18].

It was reported that ALB, TP, Mg and K levels were
significantly decreased in patients with AFLD similar
to our findings, whereas GGT and bilirubin levels were
elevated and these findings were important markers of

alcohol-related severe fat [30]. In our study, high levels
of GGT and low levels of TP, ALB, Mg and K were found to
support the findings of these researchers. At the end of
the treatment period, the fact that the most important
healings related to these parameters are detected in SG
animals proves the effectiveness of treatment with hot
spring water. As a matter of fact, it has been reported
that hot spring water and baths normalize the intake of
minerals and proteins from the intestines by reducing
portal venous pressure [9].

Overdose and excessive consumption of alcohol cause
ketoacidosis associated with metabolic acidosis [27]. In
this case, a decrease in blood pH, pCO, and HCO," levels
and an increase in LACT levels are detected [31]. In our
study, similar findings were found in animals with fatty
liver formed. However, it was observed that after starting
treatment with Sireyya | hot spring water in SG animals,
a reversal of these parameters started and withdrawn
to physiological limits towards to end of the treatment,
metabolic acidosis due to lactic acidosis improved when
compared to CG. L. Xu et al. reported that LACT levels de-
creased significantly after 21-day balneotherapy, along
with there was an increase in TCO, levels, this increase was
not statistically significant.

In our present study, in histopathological sections
of liver tissue samples taken after the formation of fatty
liver intrastoplasmic, microvesicular and partly macro-
microvesicular fat was observed, and intense parenchy-
mal degeneration and necrosis foci with severe fattening
were partly observed. These data are consistent with the
studies that report that up to 90% of chronic alcohol users
will experience steatosis in the centrilobular or perivenular
area [33]. In the histopathological comparisons at the end
of the 215t day, it was found that although fattening in liver
and necrosis healed in SG animals treated with hot spring
water, fattening were still continued in CG animals treated
with tap water. This finding has been detected for the first
time and constitutes a reference.
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ses, and to describe biological characteristics of viruses
causing fish diseases both in natural water bodies and
in specialized fish farms of Ukraine. The book also gives
information on genomes and presents schemes of virus
virions structure of different families that cause diseases
of aquaculture animals.

The book is well illustrated, and color photographs
make it easy to determine the degree of pathological and
histological changes in fish as a result of the development
of epizootic process caused by a particular representative
of the kingdom of Vira.

The etiological role of the described pathogens was
proved by the results of polymerase chain reaction and
philogenetic analysis of nucleotide sequences of viruses
isolated from infected fish, including in Ukraine.

The authors presented a scheme of diagnosis of viral
diseases of fish, which reflects the biological characteristics
of aquaculture animals.
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The list of fish cell lines is of great interest, as well as di-
agnostic test systems for the identification of viral diseases
of sturgeons and salmon in the laboratory of fish farming
biotechnologies of the Institute of Fisheries of the National
Academy of Agrarian Sciences of Ukraine.

In conclusion, the authors provided current data on
methods of prevention and treatment of viral diseases of
fish.The information about DNA-vaccines and fish vaccina-
tion schedules is of great interest for the reader.

The advantage of the book are the references at the end
of each chapter, which contain scientific publications both
of the authors of this publication, and other researchers,
including foreign ones, which indicates the objectivity of
the information presented in the monograph.

The book“Viral Diseases of Sturgeons and Salmon” will
allow students of biological and veterinary profiles, stu-
dents of advanced training courses, as well as specialists
working in the field of ichthyopathology, to better un-
derstand the problems and get acquainted with modern
methods of laboratory diagnosis of sturgeon and salmon
viral diseases.

The book “Viral Diseases of Sturgeons and Salmon
(by L. P. Buchatsky, Yu. P. Rud, and N. N. Matvienko) should
be recommended for specialists of the state veterinary
service and veterinary surveillance bodies, as well as for
professional education - for students of high schools and
various advanced training courses.

"
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Holding of World Rabies Day in the Russian Federation
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The international health organizations of the Tripartite
Alliance - the World Organisation for Animal Health (OIE),
the World Health Organization (WHO) and the Food and
Agriculture Organization of the United Nations (FAO) — will
carry out an awareness-raising campaign in many coun-
tries on the occasion of World Rabies Day celebrated by
the international community on September 28.

Itis planned to organize events in Russia in partnership
with national health authorities and scientific institutes in
order to strengthen multilateral cooperation for Russia to
reach zero human deaths from dog-mediated rabies by
2030, and total eradication in following years.

According to the World Health Organization, rabies kills
approximately 60 thousand people worldwide every year.
Although human rabies infections are 100% deadly, this
disease is 100% preventable. All veterinarians promote
and implement vaccination of dogs and cats, sometimes
other endangered species in endemic areas, as proven
measure to prevent the transmission of virus from wild
reservoirs (e.g. red fox) to humans. For total eradication
of rabies from some territory it is needed to carry out oral

rabies vaccination of wild animals. However, it is needed
to go step by step, from adoption of clear, well designed
strategy, development of modern legislation and colla-
boration with several stakeholders. Such coordination on
eradication on rabies is efficient too for prevention and
control of other zoonotic diseases - including those with
pandemic potential.

Since 2015, the WHO, OIE, FAO, and the Global Alli-
ance for Rabies Control (GARC) with Member Countries
have been implementing the Global Strategic Plan to end
human deaths from dog-mediated rabies by 2030. The
plan is based on the One Health approach recognizing
the interconnections between human, animal, and en-
vironmental health. This partnership, so-called “United
Against Rabies collaboration” leverages existing infra-
structure, measures and expertise of human, veterinary
and wildlife health institutions in a coordinated way to
empower, engage and enable countries to save human
lives from this preventable disease. As animal bites cause
almost all human cases, we can prevent rabies deaths by
increasing awareness and knowledge, vaccinating ani-
mals to prevent the disease at its source and administe-
ring life-saving treatment after people have been bitten
by rabid dogs or other animals.

All countries should develop and implement strategic
framework to eliminate rabies — based on following pillars:

1. Preparedness and communication. Preparedness in-
cludes surveillance, detection, control, and eradication
activities, based on implementation of dog population
management and vaccination programme in domestic
animals, supplemented with oral rabies vaccination of
wild animals. In addition, communication to public, com-
munities and the authorities, recognising that all players
share the responsibility to limit the spread of infection and
to eradicate the disease, is of crucial interest.

2. Surveillance and detection. Early warning of rabies
cases and the ability to closely track the spread of the
disease is critical for rapid deployment of resources to
contain the spread of the virus. An effective surveillance
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and detection system will save lives by enforcing the
veterinary authorities to activate the response plans to
prevent further cases, carry out control mechanisms in-
cluding vaccination.

3. Control and eradication. The most effective way to
protect the country is to keep rabies beyond the borders of
the country by mass vaccination of dogs as the major vec-
tor for human infection. Mathematical models and practi-
cal experiences from some countries show that sustained
vaccination coverage of at least 70% of dog populations
(including stray dogs) is sufficient to stop the transmis-
sion of rabies between dogs, and from dogs to humans.
Also, the implementation of large-scale and sustained oral
vaccination in the relevant areas of national interest may
become the starting point for the gradual elimination of
rabies across the country. However, if the neighbouring
countries are not implementing similar measures the di-
sease can be easily re-introduced. Therefore, control, pro-
gressive elimination, and eradication of rabies at regional
level is a more realistic outcome if all the countries in the
region have the same approach.

4. Disease freedom. In contrast to the previous pillars,
this one is focused on changing the strategy from vaccina-
tion of companion animals and wildlife to non-vaccination
policy with well-organized surveillance and early repor-
ting system. However, this phase is based on continuous
awareness maintenance.

OIE COMMUNICATION CAMPAIGN

The OIE encourages joining the social media campaign
“Rabies Ends Here” which calls on the dog owners caring
about their pets to get them vaccinated against rabies
regularly. For this purpose, the World Organisation for
Animal Health has developed new communication tools
that are available at https://trello.com/b/66Bqv1ld/world-
rabies-day-toolkit.

FURTHER INFORMATION
OIE Rabies Portal:
https://www.oie.int/en/animal-health-in-the-world/rabies-
portal

OIE technical disease card for rabies:
https://www.oie.int/fileadmin/Home/eng/Animal_Health_
in_the_World/docs/pdf/Disease_cards/RABIES_FINAL.pdf

Dog population control programme:
https.//www.oie.int/index.
php?id=169&L=0&htmfile=chapitre_aw_stray_dog.htm

OIE Collaborating Centres and Reference Laboratories for
rabies in Europe:
https://rr-europe.oie.int/en/the-oie-reference-centres-
reference-laboratories-and-collaborating-centres/
collaborating-centres/?page-nb=1&1828=1920

https://rr-europe.oie.int/en/the-oie-reference-centres-
reference-laboratories-and-collaborating-centres/
reference-laboratories/?page-nb=1&1830=1966

The list of the countries with a self-declared rabies-free
status published by the OIE:
https://www.oie.int/fileadmin/Home/eng/Animal_Health_
in_the_World/docs/pdf/Self-declarations/Archives/ENG_
archive_2000_Dec_2019.pdf

Zero by 30.The Global Strategic Plan to end human deaths
from dog-mediated rabies by 2030:
https://www.oie.int/en/animal-health-in-the-world/rabies-
portal/action-plan

WHO fact sheet on rabies:
https://www.who.int/news-room/fact-sheets/detail/rabies

WHO, FAO and OIE unite in the fight against rabies:
https.//www.oie.int/fileadmin/Home/eng/Media_Center/
docs/pdf/FAO_OIE_WHO_Rabiesfactsheet.pdf
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Online training helps veterinarians in lumpy skin disease
preparedness
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9 July 2020,

Budapest, Hungary

To ensure preparedness, early detection, and response
against the incursion of any transboundary animal di-
sease, it is paramount to train the first responders - the
veterinarians, and as many as possible. With this in
mind, FAO offers an electronic training kit in the form of
a four-week online course on lumpy skin disease (LSD)
preparedness.

Lumpy skin disease is a vector-borne disease in cattle
that has been spreading gradually over the past years from
Africa, through the Middle East and Turkey, and into the
Balkans and Russia. More recently, the disease has made
a big jump into Asia, to countries with the highest cattle
numbers worldwide, such as Bangladesh, China, and In-
dia, and threatening Central Asia and other Asian coun-

tries. Never in history has lumpy skin disease such a wide
geographic distribution.

The disease comes with high economic costs, consider-
able trade disruptions, and serious impacts on local liveli-
hoods. Moreover, the disease is completely new to some
countries, meaning that farmers and veterinary services
have never seen or fought it before.

FAO has already developed in the past standardized
training materials (presentations, guidelines, etc.), which
can be easily translated and adapted to countries specifics,
and rolled out quickly to reach most national veterinari-
ans through the training-of-trainer (or cascade) approach.
This was already implemented in North Macedonia (2017)
and Belarus, Moldova and Ukraine (2018).

“Recently, we've realized that, even with continuous
trainings, we cannot cover everyone; so to meet the

- -
Photo: ©FAO Maxim Zmeyev
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rising demand of both infected and at-risk countries for

lumpy skin disease training, we have switched to online,”
said Daniel Beltran-Alcrudo, FAO animal health officer. He
pointed out the “obvious advantages” of online trainings —
a format that is easy, requiring only a stable internet con-
nection, and cost-effective to scale up, reaching people

in remote locations who can then learn at their own pace.
Online training has now proven more relevant than everin

these times of COVID-19-related restrictions to travelling

and face-to-face meetings.

The current pilot course has been co-organized by FAO
and the European Commission for the Control of Foot-and-
Mouth Disease (EuFMD), under the umbrella of the Global
Framework for the Progressive Control of Transboundary
Animal Diseases (GF-TADs). The course materials have
been developed jointly by a team of experts from FAO and
the Friedrich-Loeffler-Institute in Germany.

The main goal of the pilot is to elicit experts’ feedback
to furtherimprove the course. Participants include invited
representatives of veterinary services from 44 countries, all
the way from Western Europe to East Asia. There are also
international agencies, and vaccine manufacturers, as well
as lumpy skin disease experts, enrolled in the course for a
total of 282 participants.

A Russian version of the course is planned for the se-
cond half of the year.

ABOUT THE COURSE

The 10-hour tutored course has six training modules
that cover a range of topics, such as the overview of the
disease, clinical and pathological diagnosis, sampling and
laboratory diagnosis, epidemiology and outbreak inves-
tigation, surveillance, and control and eradication. The
course starts with an introductory webinar on the trai-
ning and the trainers through short technical presenta-
tion. Trainers are experts in either diagnostics, epidemio-
logy, or the control of disease. Each participant can access
the training material, discussion forum, recordings of the
webinars, and a list of further resources.

Each week during the four-week period, a specific topic
will be in focus for the participants and trainers to interact
on in the discussion forum. Interactions are further facili-
tated by the trainers’ questions.

The course ends with a final course assessment and a
closing webinar covering topics that proved to be difficult

or have sparked the most discussion in the forum. Finally,
through the feedback section, participants can rate the
course content and provide suggestions for further im-
provement.

LINKS

Vets from the Balkans and Eastern Europe discuss disease
risk communication and outbreak management:
http://www.fao.org/europe/news/detail-news/en/
¢/1271970/?utm_source=press%20release&utm_medium=
email&utm_campaign=fao

Predicting the areas at risk for lumpy skin disease (LSD)
spread within Eurasia:
http://www.fao.org/ag/againfo/programmes/en/empres/
news_080219.html?utm_source=press%20release&utm_
medium=email&utm_campaign=fao

Train of trainers program for field veterinarians on LSD in
Moldova (TCP/RER/3605):
http://www.fao.org/ag/againfo/programmes/en/empres/
news_080219.html?utm_source=press%20release&utm_
medium=email&utm_campaign=fao

Cascade training to prepare field veterinarians in Eastern
Europe against lumpy skin disease (LSD):
http://www.fao.org/ag/againfo/programmes/en/empres/
news_260618b.html?utm_source=press%20release&utm_
medium=email&utm_campaign=fao

RELATED PUBLICATIONS
Lumpy skin disease - A field manual for veterinarians:
http://www.fao.org/documents/card/en/c/1fcf63b0-80e9-
4f8e-825f-10ea6e998479/

Sustainable prevention, control and elimination of Lumpy
Skin Disease — Eastern Europe and the Balkans:
http://www.fao.org/3/a-i7827e.pdf

Spatial analysis of lumpy skin disease (LSD) in Eurasia —
Predicting areas at risk for further spread within the region:
https://doi.org/10.1111/tbed.13090

Editable leaflets to allow quick awareness against priority
transboundary animal diseases:
http://www.fao.org/index.php?id=94206&utm_source=
press%20release&utm_medium=email&utm_campaign=
fao
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On June 14,2020, the honored Russian scientist, Doctor
of Science (Biology), Professor Vitaly Sergeev passed away.

Vitaly Alexandrovich Sergeev was born in the village
of Bueraki, Sengileyevsky Raion, Ulyanovsk Oblast. He
graduated with honors from Moscow Veterinary Acade-
my (1945-1949), where he began his scientific activities
while still a student. His scientific work at that time was
awarded with the prize of the Ministry of Higher and Se-
condary Special Education of the USSR and a Certificate
of Honor.

From 1949 to 1956 V. A. Sergeev worked in the field
of microbiology at the All-Union Institute of Experi-
mental Veterinary Medicine (VIEV, Moscow). From 1956
V. A. Sergeev started working in virology. From 1960, he
headed laboratories at the following institutes: the All-Rus-
sian Scientific Research Institute of Veterinary Virology and
Microbiology (1960-1979), the Institute of Medico-Biolo-
gical Problems, Ministry of Health of the USSR (1980-1981),
the VIEV (1982-1989), the Institute of Veterinary Medicine
in Kiev (1990-1993). From 1994 V. A. Sergeev started to
work as a scientific advisor at the Scientific Production As-
sociation NARVAC (Moscow).

Professor V. A. Sergeev was a major scientist in the field
of general and veterinary virology and specific prevention
of animal viral diseases, his name is widely known to na-
tional and foreign experts. He made a significant contri-
bution to the theory and practice of a new scientific direc-
tion — biotechnology of manufacturing antiviral drugs, and
was deservedly recognized in this field of science.

He proposed a number of original and valuable solu-
tions, protected by 35 inventor’s certificates, which were
awarded with four gold, three silver and one bronze me-
dals of the VDNKh of the USSR. Professor V. A. Sergeev was
the author of more than 350 scientific papers. The results
of the author’s long-term research on cell and virus cul-
tivation, on virus structure and biology are presented in
five monographs:“Reproduction of animal viruses in tissue
culture’, “Reproduction and cultivation of animal viruses”,
“Structure and biology of animal viruses’, “Cell culture in
veterinary medicine and biotechnology’, “Viral vaccines”.
Two monographs published in 1976 and 1983 were pre-
sented at international book fairs and were highly praised.

Under the guidance of professor V. A. Sergeev, 60 can-
didate and doctoral theses were completed, and a scien-
tific school which trains highly qualified specialists in
the field of general and veterinary virology was created.
V. A.Sergeev was awarded the medals “For the victory over
Germany in the Great Patriotic War of 1941-1945"and “For
labor valor”. A characteristic feature of his scientific activity
was its high scientific, methodological and organizational

In memory of Vitaly Alexandrovich Sergeev

level, purposefulness, close connection with practice, im-
plementation of research results in the national economy.

Vitaly A. Sergeev will remain forever in our memory as
a great scientist in the field of biotechnology, the develop-
ment of specific prevention tools and methods for animal
disease diagnosis. He was a shining example of a scien-
tist with inexhaustible energy, grand ideas, an advocate
of professional achievements based on extensive know-
ledge combined with unique analytical abilities, a strate-
gistin the field of theory and practice of infectious animal
disease prevention, a respected mentor, a role model of
mutual assistance and understanding among colleagues
and co-workers.

Eternal memory to Vitaly Alexandrovich Sergeev,
a talented scientist, a respected colleague, a bright and
kind person!

Administration,
FGBI “ARRIAH” staff members
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OIE REGIONAL REFERENCE
LABORATORY
FOR FOOT AND MOUTH DISEASE

PETWOHANIbHAfl PEOEPEHTHAS
NABOPATOPUA M35 10 ALLYPY

The researchers of the Federal Centre for Animal Health
(FGBI “ARRIAH") have developed a novel anti-rabies vaccine.
The product is intended for vaccination of farm animals as well
as for vaccination of cats and dogs.

«+ The vaccine induces strong and long-lasting immune
response against rabies in 21 days post single administration.
Post the immunization with the developed vaccine, the level
of the virus neutralizing antibodies is two-three-fold higher
as compared to the levels induced by the sorbate anti-rabies
vaccine.

» ARRIAH-RABIVAC vaccine induces stable immunity in
animals that lasts for over a year.

« The vaccine is low-reactogenic, i.e. it does not cause any
side effects. No systemic or local reactions have been repor-
ted in target animals post the vaccine administration.

« ARRIAH-RABIVAC vaccine is recommended for rabies
prevention in farm animals. The scientists emphasize that
meat and milk from the vaccinated animals can be used with-
out any restrictions.

+ The recommended administration dose of the new vac-
cine is lower as compared to the sorbate products.

ARRIAH-RABIVAC

INACTIVATED EMULSION CULTURE RABIES VACCINE

Intended use:

The vaccine is intended for rabies prevention and emer-
gency anti-rabies immunization of cattle and small ruminants,
pigs, horses, camels, dogs and cats.

Composition:

Dosage form - emulsion for injections. The vaccine is
formulated from the inactivated rabies virus strain ARRIAH
(similar to strain Schelkovo-51), cultivated in BHK-21 cell sus-
pension, inactivated with aminoethyl ethyleneimin and emul-
sified with oil adjuvant.

FGBI "FEDERAL CENTRE FOR ANIMAL HEALTH"

OTBY «OEJEPATbHbIA LLEHTP OXPAHBI 310POBbA XIUBOTHbIX»

OIE REFERENCE LABORATORY FOR HIGHLY
PATHOGENIC AVIAN INFLUENZA AND LOW PATHOGENIC
AVIAN INFLUENZA (POULTRY) AND NEWCASTLE DISEASE

PEOEPEHTHAA TABOPATOPUA M3b M0 BbICOKOMATOTEHHOMY
W HU3KOMATOTEHHOMY TPUMMY NTUL U HbIOKACNICKOW BONE3HM

Biological properties:

The vaccine induces immune response against rabies virus
in 21 days post single administration. The immunity duration
is 12 months.

Usage:

Do not vaccinate suspected rabid animals.

Preventive vaccination of animals against rabies shall be
performed once; the animals shall be revaccinated in a year.
Cattle and small ruminants, horses and pigs shall be immu-
nized at the age of 3 months or older, dogs and cats - at the
age of 2 months or older.

Animals shall be emergently vaccinated not later than
48 hours after their possible exposure. The vaccine shall be
aseptically administered twice with a 7-day interval at the
doses specified below.

Thoroughly shake the vaccine bottles before use. Treat the
injection site with 70% ethanol.

All target animal species (cattle, small ruminants, horses,
camels, pigs, dogs, cats) shall be vaccinated intramuscularly
at the following doses:

- horses, cattle, camels, pigs — 2 cm3;

- sheep and goats, large and medium-sized adult
dogs — 1 cm3;

— cats, puppies of all dog breeds at the age of 2 months or
older, small-sized adult dogs — 0.5 cm?.

Product description:

The vaccine is filled in the appropriate glass or plastic bot-
tles at 1, 4, 10, 20, 50, 100 and 200 cm?3. The bottles are stop-
pered with rubber stoppers and sealed with aluminum caps.

Shelf-life and storage conditions:

The vaccine shelf-life is 24 months from the production
date provided the storage and transportation conditions are
met. Do not use the expired vaccine. The vaccine shall be used
within 10 hours after opening the bottle. The vaccine shall be
stored and transported in a dry dark place at 2-8 °C within
the shelf-life. The vaccine may be transported in the manufac-
turer’s package at not above 20 °C for maximum 5 days.
Do not freeze the vaccine.

Rabies is an acute infectious disease caused by the virus of the
genus Lyssavirus in the family Rhabdoviridae. The disease results
in rabies-specific encephalitis (inflammation of the brain) in
animals and humans. The disease is transmitted with the saliva
of the diseased animal through a bite or contact with damaged
skin or mucosa.

To buy FGBI“ARRIAH” manufactured veterinary products
please contact +7(4922)52-99-24, +7(4922)26-15-25.



