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Heart and skeletal muscle inflammation — novel dangerous
disease of farmed Salmonidae
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SUMMARY

Heart and skeletal muscle inflammation (HSMI) is one of the most widespread economically relevant diseases of farmed Atlantic salmon (Salmo salar), and it poses
serious danger to its aquaculture. The disease was first reported in Norway in 1999. In 2006, the Norwegian researchers demonstrated its viral etiology. Heart and
skeletal muscle inflammation is a novel and understudied highly contagious transhoundary disease of Salmonidae characterized by erythrocyte damage, blood
circulation failure, jaundice and aggregated signs of heart and skeletal muscle inflammation. The disease associated economic damage to aquaculture is enormous.
Total cumulative mortality can reach 30% and morbidity can amount to 100%. Loss of quality of the commercial fish products due to melanised fociin the salmons’
muscles further increases the disease-associated economic losses. Aquacultured Atlantic salmon is the most susceptible to HSMI. Rainbow trout, chub salmon and
bull trout are also susceptible species and the list is still being continued. The disease is caused by the virus belonging to genus Orthoreovirus in the family Reoviridae.
Currently Piscine orthoreovirus demonstrates the tendency towards its global spread. The virus-induced disease is reported in Norway, Scotland, Ireland, Iceland,
France, Germany, Italy, Denmark, the Faroe Islands, Chile, Canada, Atlantic coast of the USA and Alaska. The majority of the outhreaks are registered in Central and
Northern parts of Norway, which borders the Murmansk Oblast. The vicinity of the affected areas to Russia, the Gulf Stream passing the Norwegian shore while
moving towards the Murmansk Oblast as well as wild Salmonidae migration to the Barents Sea, White Sea and Pechora Sea through the Norwegian territorial
waters coupled with high stability of the virus compose high threat of Piscine orthoreovirus introduction to the Russian Federation from the adjacent countries.

Key words: Piscine orthoreoviruses, heart and skeletal muscle inflammation (HSMI), epidemic situation.
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Bocnanenue cepaeyHbIX N CKENETHbIX MbILLL, —
HOBOE OMacHoe 3ab0NneBaHue KYNbTUBNPYEMDIX JIOCOCEBDIX pbl6

B. 1. MenbHukos', B. B. lpoHun?

OIBY «OefepanbHblil LieHTp oxpaHbl 340poBbA XMBOTHbIX» (OTBY «BHUW3X»), . Bnagumup, Poccua
T ORCID 0000-0003-2766-2875, e-mail: melnikov@arriah.ru

2 0RCID 0000-0002-6240-3062, e-mail: pronin@arriah.ru

PE3IOME

BocnaneHue cepAeuHbIX 1 CKeNETHbIX MbILLL| B HAaCTOALLiee BpeMaA ABNAETCA OAHUM U3 CAMbIX PACMPOCTPaHEHHbIX, SKOHOMUYECK! 3HaUUMbIX 3aboneBaHuii
KynbTUBMPYEMOTO aTNaHTUYECKOro 0COCA 1 NPeACTaBAAeT Cepbe3Hylo Yrpo3y ero akBakynbrype. Bnepsbie 6one3tb BbiaBneHa 8 1999 1. 8 Hopseruu. B 2006 T.
HOPBEXCKME yueHble J0Ka3anu ee BUPYCHYH 3ToNoruio. BocnaneHue cepaeyHbix 1 CKENETHbIX MblLLL, ABAAETCA TPAHCTPAHUYHOI, BbICOKOKOHTAr103HOIA, HOBOIA,
elle He0CTAaTOYHO M3YYeHHOI BUPYCHOI G0Ne3HbI0 N0COCEBbIX Pblb, XapaKTepU3yloLLeica nopaxeHnem SpUTPOLUTOB, CUMATOMOKOMMNEKCOM BOCnaneHus
CepAEYHDIX 1 CKENETHBIX MbILLILL, HapyLLIEHeM KPOBOOOPALLEHNA 1 XKeNTyXoi. JKOHOMIUYECKHIA yiLiep6, HaHOCMbIiA STUM 3a60eBaHINeM aKBaKyNLTYpe, upe3-
BblyaiiHo Benuk. 061Lan KyMynaTMBHaA CMEPTHOCTb MoXeT AocTuratb 30%, a ypoBeHb 3aboneBaemoctut coctanATh 100%. CHUKeHUe KauecTBa TOBapHOIA
PbI6HOI NPOAYKLMY 13-32 MeNaH3POBAHHBIX YYaCTKOB B MbILLLIAX N0COCEBbIX eLLe 60/bLLe MOBbILIAET IKOHOMUYECKIe NoTepi oT 3Toro 3aboneBatus. Hau-
Bonee uyBCTBUTENEH K BOCTIANEHMHO CEPAEUHBIX U CKENETHBIX MbILLIL BbIpALLMBAEMbIii B aKBaKyNbType aTnaHTUYeCKMii N0C0Cb. BocnpuiumumBbIMU BIULAMK TaKKe
ABNAKTCA pajyHad Gopenb, YaBblua 1 KyMXa, 11 3TOT CMUCOK NPOZOMKAET NononHATLCA. Bo3byautenem 3aboneBaHna ABNAETCA BUPYC, OTHOCALLMICA K POLY
Orthoreovirus cemeiicTBa Reoviridae. Ha cerogHAWHWIA AeHb OPTOPEOBMPYC Pbl6 MMeeT TeHAEHLMIO K rNo6anbHOMy pacnpocTpaHeHmio. 3aboneBaHie, Bbl3BaHHoe
3TUM BUpYycoMm, pernctpupytot B Hopseruu, LWotnanauu, Upnangum, Ucnangun, Opanwinm, lepmanim, Uranum, lanun, Ha Oapepckiux octposax, B Yunu, Kanage,
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Ha AtnaHTinyeckom nobepexne CLLA n Ha Anscke. Hanbonbluee KonnuecTso ouaros otmevaiot B Cpepteit n CeBepHoii Hopeeruw, norpaHnyHoil ¢ MypmaHckoii
06nactblo. banzocTb HebnarononyuHbIX TeppuTopuii K Poccun, npoTeKaloLLii MUMO HOpBEXCKIX beperos B cTopoHy MypmaHckoil 06nacTu fonbcTpum, a Takke
MUTPaLMA ANKUX N0COCEBbIX Yepe3 HopBEXCKue TepputopuanbHble Bofbl B bapeHLeso, benoe 1 leyopckoe MopA B COBOKYMHOCTH € BICOKOI CTaBUNBHOCTbIO
BUPYCa CO3/3I0T BbICOKIMIA yPOBEHb Yrpo3bl 3aH0OCa OPTOPEOBUPYCa Pblb C TeppUTOPMY CONPeAeNbHbIX CTPaH Ha TeppuToputo Poccuiickoil Oepepamn.

KntoueBble cnoBa: opTopeoBupychl pbi, BoCaneHme CepAeuHbIX 1 CKENETHbIX MbILLLL, 601e3HI Pbi6, 3MU300THYECKaA CUTYALNA.

[Nina yutuposanua: MenbHukos B. M., MpoHux B. B. Bocnanenue ceppeuHbix 1 ckeneTHbIX MbiLLIL — HOBOE ONacHoe 3a60n1eBaHie KyNbTHBIPYEMbIX 10COCEBbIX
pbl6. BemepuHapus ce200na. 2020; 1 (32): 3—10. DOI: 10.29326/2304-196X-2020-1-32-3-10.

Kondnukr nutepecos. ABTOpbI 3aABNAIOT 06 OTCYTCTBUM KOHONMKTA MHTEPECOB.

[ina koppecnonaenuyn: MenbHukos Bnagumup MeTpoBuy, KaHAMZAT BETEPUHAPHBIX HAyK, 3aBeAYIOLLMiA pedepeHTHOI Nabopatopueii no 6one3HAM akBa-
kynbTypbl OFBY «BHUU3X», 600901, Poccus, r. Bnapumup, mkp. 0pbesew, e-mail: melnikov@arriah.ru.

DISEASE BACKGROUND

Heart and skeletal muscle inflammation (HSMI) was first
reported in the Atlantic salmon (Salmo salar) grown on an
aquaculture farm in Norway in 1999 [1]. For a long time the
disease cause remained unknown. The virus etiology was
supposed only in 2004, and later the infectious nature of the
disease was confirmed by the Norwegian researchers [1, 2].
In 2006, the virus was observed during electronic microsco-
py [3].In 2010, the virus was identified as reovirus using mo-
lecular and biological methods [4], and it was later attributed
to genus Piscine orthoreovirus (PRV) [5]. In 2014, O. W. Fins-
tad et al. demonstrated that PRV replicated in erythrocytes
[6]. In 2016, Japanese scientists proved that erythrocytic
inclusion body syndrome (EIBS) known since 1970-s was
caused by PRV genetic variant in a coho salmon in Japan [7],
and the orthoreoviruses were subdivided into three types.
The latest evidence of the orthoreovirus being the HSMI
agent was demonstrated by O. Wessel et al. in 2017 [8].

CLASSIFICATION

Heart and skeletal muscle inflammation is caused
by Piscine orthoreovirus. PRV belongs to genus Ortho-
reovirus. PRV greatly differs from aquareoviruses.
M. J. T. Kibenge et al. performed the phylogenetic analysis
of S1 gene segment of many available virus isolates that
allowed for grouping the Norwegian PRV strains in one
genotype (PRV-1) including subgenotypes la and Ib. The
Canadian PRV strains belonged to genotype la, and the
Chilean PRV strains isolated from the Atlantic salmon be-
longed to subgenotype Ib [5].

Two more PRV genetic variants were described over the
past few years that are adapted not to the Atlantic salmon
but to other salmonids. One of such variants designated as
PRV-2is an EIBS agent on coho salmon aquaculture farms
in Japan [7].

Another genetic variant designated as PRV-3 (also
called Y virus or PRV-Om) induces HSMI-like disease in
rainbow trout [9]. The same genotype includes PRV strains
isolated from coho salmon in Chile [10]. PRV-3 was demon-
strated to be closer related to PRV-1 than to PRV-2 [11].
PRV-3 also replicates in the Atlantic salmon but pathoge-
nicity of this virus genotype for this fish species is lower as
compared to the rainbow trout [12].

VIRUS STABILITY

Orthoreoviruses are stable against disinfecting agents.
The virions are stable at pH 2-9 and up to 55 °C; they are

also stable against fat-dissolving agents and detergents.
UV irradiation reduces the virus infectivity.

EPIDEMIC DATA

Heart and skeletal muscle inflammation is a severe di-
sease characterized by high morbidity and duration. Pro-
gressive increase of the severity of the lesions during the
months before the clinical signs’ onset is indicative of the
fact that the subclinical infection can be present on the
farm for a very long time [2]. In Norway, the HSMI mor-
bidity of the aquacultured Atlantic salmon amounts up to
100% with 20% mortality. In Chile, the mortality rate does
not usually exceed 5% during freshwater culture. During
seawater culture two mortality peaks are reported in fish:
the first one — in two months after transfer from the fresh-
water to the seawater and it amounts to 2-10%; the se-
cond peak starts in six months after the first one. During
the second peak the mortality reaches 30% and it is asso-
ciated with secondary infections. HSMI outbreaks in the
Atlantic salmon are reported both in winter and in sum-
mer. This suggests that seasonality and water temperature
have no impact on the disease development. HSMI was
long considered to occur only in fish in seawater, usually
5-9 months after the Atlantic salmon is transferred to sea-
water cages from the freshwater cages. Over the recent
years (2016-2019) the disease has been also reported on
the freshwater farms [13]. In freshwater pools PRV infects
young fish before smoltification [14]. According to the la-
test data PRV-1 is present in nearly every batch of cultiva-
ted Atlantic salmon during the seawater phase [8]. Adult
fish is more often infected as compared to young fish;
males are more often diseased than females. The disease
outbreaks associated with high mortality last for several
weeks. The amount of the virus detected using real-time
reverse-transcription polymerase chain reaction (PCR) di-
rectly correlates with the disease development [15]. The
virus is isolated from the wild fish, but no clinical signs
are reported. This is due to the fact that in natural envi-
ronment the diseased fish quickly dies or it is captured by
the predators. PRV is preserved in tissues of convalescent
fish for over one year [16]. A. B. Kristoffersen et al. demon-
strated that HSM risk increases with the increase of the
fish lifespan, growth of the virus concentration in the en-
vironment and increase of the fish stocking density [17].

Geographic distribution and susceptible species. In spite
of the vast PRV spread in the cultured Norwegian sal-
mon [18] and in wild Atlantic salmon [4], HSMI is reported
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only in cultured fish. In addition to Norway, PRV is wide-
ly spread in aquacultured Atlantic salmon and coho sal-
mon in Chile [5, 10], Scotland, Ireland, Iceland and on the
Faroe Islands [19], in cultured and wild Atlantic salmon in
Denmark [20], Atlantic salmon, cutthroat trout, steelhead
trout, and chum salmon in Canada [5], cultured chinook
salmon and coho salmon along the US Atlantic coast [21],
aquacultured chinook salmon and wild coho salmon on
Alaska [22]. K. A. Garver et al. experimentally infected coho
salmon, chinook salmon and sockeye salmon with PRV [16],
but they identified no heart lesions or immune response
pathology. Orthoreovirus was also isolated from 3% of an-
dromous sea-trout tested, but it was not detected in Arctic
char[23]. L. Bigarre et al. described increased PRV-induced
mortality in brown trout population in France [24]. The vi-
rus was isolated from a farmed Atlantic salmon escaped
from the cage that was considered as one of the routes
of the disease spread [25]. During PCR-screening of the
samples collected from the marine fish captured along the
Norwegian seacoast, C. R. Wiik-Nielsen et al. detected low
PRV concentrations in Atlantic capelin, European horse
mackerel and great silver smelt . The authors suggested
the interactions to be more complex and involving several
virus carriers and reservoirs as no positive samples were
collected from fish captured near the aquaculture farms,
where HSMI outbreaks were reported [26].

For Norway HSMI is a serious problem due to a great
number of epidemic outbreaks; in 2014 the disease was
reported on 181 farms [27]. Chile reported 44 PRV ca-
ses in the Atlantic salmon in the first half of 2015 [28]. In
British Columbia (Canada) 75% of tested Atlantic salmon
were PRV-positive [29]. Retrospective molecular and ge-
netic tests of archived clinical samples collected in 1974-
2013 on Alaska and in British Columbia demonstrated the
virus presence in the samples collected from different sal-
monid species in 1970-s, i.e. before the establishment of
Atlantic salmon aquaculture.

The anemia-accompanied disease designated as EIBS
was first reported in rainbow trout in 1977 [30] and in
1987 in chinook salmon from the Pacific Northwest of
the USA [31]. In 2016, orthoreovirus was isolated from
EIBS-infected coho salmon in Japan and it was classified
as PRV-2 [7]. Nevertheless, while the cases occurred in
1977 and 1987 precede the evidence of the etiological role
played in EIBS, it is still unknown, what etiological agent
(PRV-1 or PRV-2) is the cause of the above mentioned
erythrocyte lesions. Spread of PRV-2 outside of Japan has
not been evidenced so far.

A new HSMI-like disease of freshwater rainbow trout
was reported in Norway in 2013. Its agent was designated
as PRV-3 [9]. PRV-3 was reported in salmonids with cardiac
signs in Chile [10] and in clinically healthy adult rainbow
trout in Norway [32]. Over the recent years, in several
European countries including Scotland, German, Italy and
Denmark, during the disease outbreaks the virus has been
detected in rainbow trout both with and without clinical
manifestations of the disease [11].In 2017, H. Hauge et al.
published results of the experiments on contact transmis-
sion of PRV-3 and demonstrated that the virus of this geno-
type extensively replicates in the blood of the rainbow
trout and it is easily transmitted to a naive host, while its
replication capacity in the Atlantic salmon is limited [12].
PRV-3 is also supposed to be associated with proliferative
darkening syndrome (PDS) reported in brown trout in the
European pre-alpine countries [33].

Transmission. Horizontal virus transmission was con-
firmed during the laboratory experiment on infected and
contact fish [2]. Based on these experiments the resear-
chers concluded that the virus is excreted and transmit-
ted with water. H. Hauge et al. isolated the virus from the
feces of the experimentally infected fish [34]. The maximal
amount of the virus was excreted two-three weeks after
the experimental infection that agrees with the peak levels
of the virus accumulation in blood [6]. Vertical virus trans-
mission is less studied but, though it is unlikely to be the
basic one, it should be still taken into account until proven
otherwise [26]. The route of the virus introduction into the
susceptible organism is not yet known. The possibility of
the PRV transmission with the marine species cannot be
excluded. In 2012, C. R. Wiik-Nielsen et al. detected PRV
genome in greater argentine (Argentinassilus), capelin (Mal-
lotus villosus), Atlantic horse mackerel (Trachurus trachurus),
and Atlantic herring (Clupea harengus) [26]. Therefore, PRV
poses a potential threat to the survival of the wild Atlantic
salmon.

PATHOGENESIS

PRV target cells include myocytes, erythrocytes and
macrophages. At the early stage of the infection the virus
affects the salmon’s erythrocytes, herewith at the acute
phase of the infection the affection may reach 50% over a
short period of time [6]. Inclusion bodies similar to those
observed at EIBS were detected in the erythrocytes. Unlike
the mammalian erythrocytes the fish ones are nucleated
cells capable of protein production [35], and therefore
they are able to maintain the virus replication. D. Morera
and S. A. MacKenzie demonstrated that fish erythrocytes
are involved in the immune response [36].

PRV infection of the erythrocytes results in their dys-
function, decrease of the hemoglobin levels and anemia.
The fish becomes more sensible to stress factors and hy-
poxic conditions [37]. Cardiac workload increases and in
combination with the virus replication in the cardiac mus-
cle cells it results in the damage and dysfunction of the
organ. Heart failure leads to circulation deficiency (stag-
nation). Post-mortem examination of dead salmon most
often reveals the circulation deficiency. The liver fails to
perform its function that results in its lesions. PRV replica-
tion in the erythrocytes leads to the infectious hemolytic
anemia and subsequent jaundice [10]

According to the published data, PRV is the cause of
black (melanised) foci in red and white skeletal muscles
of cultivated Atlantic salmon in Norway [38]. Poikilother-
mal animals including fish have a population of mela-
nin-producing leukocytes being a strong anti-oxidant.
Focal discoloration of muscles is associated with melanin-
producing macrophages (melanomacrophages), which
are normal for the lymphoid organs of fish [39]. Their
function is protection against oxidative damage. Patho-
genesis of the melanised foci is the following: cytotoxic
immune cells employ oxidation for the inactivation of
pathogens.The virus replication in myocytes (chronic anti-
gen stimulation) results in chronicinflammatory responses.
Melanomacrophages concentrate in those inflammation
sites where chronic inflammation occurs. Therefore, me-
lanised foci in muscle tissue appear to be the result of auto-
immune reactions.

PRV is ubiquitous; however HSMI does not always occur.
This suggests that the key triggers of the disease are stress
and environmental factors.
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CLINICAL SIGNS

HSMI usually occurs in 5-9 months after the Atlantic
salmon is transferred from the freshwater cages to the
seawater ones. By appearance the diseased fish does
not differ from the healthy ones. Ruffled scales, pale gills
and exophthalmos are reported in case of acute disease.
Behavioral changes are also observed. The diseased
fish are lethargic, reduce feed intake and become poor
swimmers. They usually swim near the cage net facing
the water current that is indicative of the lack of oxygen;
mortality also increases [1].

In natural environment HSMI is complicated with
co-infection with other viral pathogens (salmonid alpha-
virus — agent of pancreas disease (PD), infectious hema-
topoietic necrosis virus (IHNV), piscine myocarditis virus
(PMCV) etc.) as well as with bacterial and fungal diseases
(Piscirickettsia salmonis, Flavobacterium psychrophilum,
Saprolegnia sp. etc.) thus making the clinical presenta-
tion unclear [40].
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POST-MORTEM LESIONS

Post-mortem examination of the Atlantic salmon
demonstrates signs of anemia (pale gills and heart, jaun-
dice), hemodynamic abnormalities and cardiac failure (as-
cite, enlarged and deformed heart, hemorrhages in the
pericardium, swim bladder and visceral fat), liver lesions
(hepatomegaly, discoloration and hemorrhages), swol-
len spleen and kidneys (Fig. 1). One of the most frequent
post-mortem lesions is hemopericardium (hemorrhages
in pericardial cavity) that induces cardiac tamponade and
can result in internal bleeding and death [1, 3, 10, 19]. Pan-
creas is not damaged in case of HSMI. HSMI post-mortem
lesions are indicative of circulatory deficiency (stagnation)
due to cardiac failure.

Main post-mortem HSMI-like lesions in Chilean farmed
Atlantic coho salmon include pale gills, hemopericardium,
pale heart and yellow liver [10].

Muscle lesions are often reported at later stages of
the disease. Spread of melanised foci in the rainbow

Photo: ©R. T. Kongtorp
(https://www.int-res.com/articles/dao2004/59/d059p217.pdf)

Fig. 1. Salmo salar. Macroscopic lesions in heart and skeletal muscle inflammation

A —haemopericardium (a), swollen spleen (b);
B - pale heart (c), fibrinous layer on the liver (d).

Puc. 1. Makpockonu4eckue usmeHeHUs hpu 8ocnaneHuu cep0eyHeix U ckenemHoix Mmolwy (HSMI) y amnaHmuyeckozo

snococA
A —2emonepukapo (a), ysenuyeHue ceneseHku (b);
B — 6:1e0H0e cepdye (c), pubpuHo8as nieHKa Ha neyeHu (d).
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Fig. 2. Muscle lesions in case of aggregated signs of heart and skeletal muscle inflammation (HSMI)

Puc. 2. Vi3meHeHuUs 8 MbllWYax Npu CUMNMOMOKOMNJIEKCe 80CNAsIeHUs cepOeyHbIX U cKesiemHbix muiwuy (HSMI)

trout muscles is insignificant in spite of aquaculture
environment similar to the one of the Atlantic salmon
(Fig. 2). There are no reports of similar lesions in wild sal-
monids [38].

One more HSMI sign is jaundice syndrome in chinook
salmon and coho salmon. The jaundice syndrome is asso-
ciated with the infectious hemolytic anemia due to PRV
replication in erythrocytes [10].

HISTOPATHOLOGY

Histopathological HSMI lesions are reported in the
heart and red skeletal muscle (myocarditis and red ske-
letal muscle necrosis), Fig. 3. During the degeneration
and necrosis of cardiac muscle cells both compact and
spongy myocardiums are involved in the extensive in-
flammation. Infiltrates are composed of monocytes. Ex-
tensive epicarditis is reported that is generally closely
related to myocarditis. Myodegeneration and necrosis
are observed at later stages of the disease. Red muscle
inflammation occurs similarly to the one in the heart:

Fig. 3. HSMI histopathological lesions

A - heart inflammation;

B - red muscle degeneration and inflammation (top);
C- liver inflammation.

Puc. 3. lTucmonamonozuyeckue nopaxxeHusa npu BCCM

A - socnaneHue 8 cepoye;

B - OeceHepauyus u 8ocnaneHue KpacHbix MblluY, (88epxy);
C - 8ocnasneHue 8 ne4eHu.

degeneration signs, loss of cross striation, eosinophilia,
vacuolization and karyorrhexis appear in the affected
myocytes. Focal hepatic necrosis, circulatory deficiency,
edema and erythrocyte accumulation are observed in
some organs [1, 2, 3, 6, 27]. Histopathological lesions in
coho salmon with PRV-3-associated disease were diffe-
rent from those reported in orthoreovirus-infected Atlan-
tic salmon and rainbow trout in Norway. In the Chilean
coho salmon the heart inflammation was diffuse and as a
rule involved the spongy myocardium; red muscle lesions
were absent or insignificant [10].

The key histological signs of jaundice include hemor-
rhages in all organs and severe hemosiderosis in combina-
tion with erythrophagocytosis in kidneys and spleen [10].

IMMUNITY

PRV infection activates both cellular and antibody im-
mune responses [41]. As it was mentioned above, cardiac
tissues are the site of the virus replication. The immune
response to the virus replication involves emergence of

s o 3 F
Photo: ©Da
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Photo: ©Havard Bjorgen
(https://veterinaryresearch.biomedcentral.com/track/pdf/10.1186/5s13567-015-0244-6)

vid W. Bruno

(https://link.springer.com/content/pdf/10.1007%2F978-94-007-2010-7.pdf)
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cytotoxic T-lymphocytes (CD8+) in the heart that is in-
dicative of this immune response to be directed to the
virus-infected cells. O.W. Finstad et al. noted that cytotoxic
cellular responses to the infected cells play an important
role in HSMI immunity. However, such responses are di-
rectly accountable for the development of lesions in the
heart and skeletal muscles. Atlantic salmon erythrocytes
are the target cells for PRV replication [6], and they can
play an immediate role in the immune response [36]. The
erythrocytes react to the infection by means of the inter-
feron-mediated immune response [42], which is capable of
further protection against IHNV, salmonid alphavirus and,
probably, other infectious agents [40, 43].

DIAGNOSTICTOOLS

HSMI diagnosis is based on the presence of histolo-
gically recovered signs of myocardium inflammation ex-
tending to epicardium and endocardium, myocardium
necrosis and red skeletal muscle myositis and necrosis
[1] in combination with reverse transcription quantita-
tive PCR (RT-qPCR) results. The target tissue for diagnosis
usually involves the heart as the virus presence is to be
related to the cardiac muscle pathology. HSMI should be
differentiated from pancreas disease and cardiomyopathy
syndrome (CMS) [45].

PREVENTION AND CONTROL

Heart and skeletal muscle inflammation (HSMI) is not
subject to notification to the World Organization for Ani-
mal Health (OIE). This PRV-associated disease was officially
reported only in Norway [4, 46] and Chile [10]. HSMI was
excluded from National List-3 and in Norway it is currently
registered as a non-notifiable disease [27].

In spite of specific antibodies produced after the PRV
infection [41], the virus is ubiquitous in the populations
of the virus-susceptible fish. This is indicative of the im-
mune system’s failure to eliminate the virus complete-
ly, and this poses the challenge of the effective vaccine
development. Some production companies and research
institutions have officially targeted on the development of
HSMI vaccines using various strategies (whole-virion vac-
cines, recombinant subunit vaccines and DNA-vaccines).
No vaccines have been developed so far.

The diseased fish is extremely sensitive to stress factors
and hypoxic conditions. PRV diagnostic testing of the fish
on aquaculture farms is needed. In case of PRV-positive
fish detection and in order to reduce HSMl-associated
losses one should abandon from immunosuppressive and
stressful treatments, limit the fish transportation and take
maximal care of the fish. All these will decrease the cardiac
workload and result in the reduction of mortality.

Use of disinfectants reducing the amount of the viru-
ses and opportunistic bacteria in the environment is ap-
propriate for the disease prevention. Anti-inflammatory
agents also demonstrated benefits during HSMI control.
There are reports on functional feeds having antioxidant
and anti-inflammatory actions that aid to the reduction of
HSMI-associated losses and share of the fish discarded due
to melanised spots in the muscle [47].

One more effective HSMI control tool involves breeding
and culture of the disease-resistant fish.

CONCLUSION

Heart and skeletal muscle inflammation is an infec-
tious fish disease with high morbidity and long disease
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course. During fish farming intensification of the culture
process is inevitable and it involves increased stocking
thus aiding to the spread of the pathogen, increase of
stress and reduction of the disease resistance. Current-
ly, there is a tendency towards the wide spread of the
disease (European countries, North and South Ameri-
cas); new virus variants are detected and the range of
the disease susceptible fish species is expanded. The
PRV-induced disease is the third significant disease of
cultured Atlantic salmon in Norway. Heart and skeletal
muscle inflammation is ubiquitous in cultured and wild
Atlantic salmon in Norway. Since 2010, from 100 to 200
HSMI affected sites have been annually reported in Nor-
way [13]. The highest number of the disease outbreaks
is reported in the middle and northern parts of Norway
that are bordering on the Murmansk Oblast. Up to 20%
of the Atlantic salmon fillet produced at the Norwegian
fish processing plants demonstrate melanised foci [48]
thus impairing the product quality and increasing the
economic losses born by the aquaculture sector due to
the disease. All that is indicative of the fact that PRV-
infection consequences can be graver as it was previ-
ously supposed.

In spite of the above mentioned HSMI data, in 2014
the Norwegian Food Safety Authority delisted the disease
from National List-3 of notifiable diseases. Therefore, the
decrease of the disease-affected sites being reported since
2015 is unlikely to fit the reality. Furthermore, there is no
any national HSMI control program is Norway, and no posi-
tive impact on the situation can be envisaged.

Piscine orthoreovirus is reported in migratory wild
Atlantic salmon [38] that is indicative of natural long-dis-
tance spread of the virus. This fact is supported by high
genetic similarity of the PRV variants isolated on different
continents [10].

The above mentioned data reflect a major threat of PRV
introduction to the Russian Federation from the neighbo-
ring countries.
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SUMMARY

Today viral fish diseases cause major losses in the world aquaculture. Pathogen spread often occurs during the transportation of fish from infected farms to the
disease-free ones. Therefore, the import of fish stocking material to Russia from countries with a different epidemic situation requires risk-based monitoring and
forecasting. Diagnostics is of primary importance in the complex of measures to prevent the spread of viral infections in fish. To date, laboratory diagnostics of viral
fish diseases is based on pathogen isolation and its identification using serological methods which require a lot of time and are performed only in large research
institutes with specialized laboratories. Molecular diagnostic methods are more sensitive and high-performance. The article presents the results of using reverse
transcription polymerase chain reaction to detect a number of highly dangerous viral diseases of fish (Salmonidae). As a result of this work, primers were selected
and the temperature and time conditions of the reaction were optimized for the identification of infectious hematopoietic necrosis, viral hemorrhagic septicemia and
infectious salmon anemia. The results obtained during the research allowed us to establish that this diagnostic method is highly specific with analytical sensitivity to
infectious salmon anemia virus of 2.5 g TCD, /cm?’, to infectious hematopoietic necrosis - 2.91g TCD, /cm’ and to viral hemorrhagic septicemia — 4.2 [gTCD, /cm’. The
described method was used to identify reference and field strains available at the FGBI ARRIAH Reference Laboratory for Aquaculture Diseases and isolated in different
years in fish farms in the territory of the Russian Federation. The research data correlated with the results obtained from virus neutralization in cell culture and ELISA
performed using commercial kits. The proposed method of RT-PCR allows to detect pathogens both in fish with pronounced clinical signs and in latent virus carriers.
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PE3IOME

B HacToALLiee Bpems OCHOBHOV yLL1ep6 MUPOBOi aKBaKybTYPe HAHOCAT BIUPYCHble 60ne3HH pbi6. Bo36yauTenu 6one3Heit YacTo NPOHKAKIT U3 OfHIX PbIOOBOAHDIX
X03AIICTB B Ayruie NPy NepeBo3Kax MHOUUMPOBAHHDIX Pbib 13 HebrarononyuHbIx Xo3AicT8 B 6rarononyyble. Mo3ToMy 3aB03 PbIGONOCAAOYHOTO MaTepHana
B POCCUI0 M3 CTPaH C pa3niyHOii SMM300TONOTUYECKOI CUTYaLMei TpeBYET MOHUTOPUHTA 1 MPOTHO3MPOBAHMA HA OCHOBE BO3MOXHBIX PUCKOB. Beayuiee mecto
B KOMMAEKce MeponpuATHii No NpeoTBPALLEHIO PACTPOCTPAHEHIA BUPYCHBIX MHGEKLMIA PbIb 3aHUMaeT AuarHocTuKa. Ha cerogHsLwHuii AeHb fabopatopHas
JAMarHoCTvKa 60ne3Heli pbio BUPYCHOI NPUPOALI 0CHOBAHA Ha BbIAENEHII BO3OYAUTEN U €r0 MAEHTUOUKALMN CEPONIOTMYECKUMIN METOAAMM, KOTOPble TpebyioT
6ONbLLUMX 3aTPaT BPEMEHI 1 BLIMOMHAIOTCA TOMLKO B KpYMHbIX HAYYHO-MCCNIEAO0BATENbCKUX MHCTUTYTaX, UMEROLLMX NPOGUbHbIE nabopaTopun. bonee uyBcTBU-
Te/IbHbIMY U BbICOKONPOU3BOAUTENbHbIMM ABIAOTCA MOSIEKYNAPHbIE METO/bI ANArHOCTUKI. B CTaTbe Npe/iCTaBieHbl pesynbTaTbl NPUMEHEHIUA MONMMePasHoil
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LienHoli peakLmu ¢ 06paTHOI TpAHCKpUNLeii No BbIABAEHMIO pAAa 00060 onacHbIX BUPYCHbIX Gone3Heit pblb cemeiicTBa 0COCEBBIX. B peynbrate npofenanHoii
paboTbl 6l MoA06PaHbI Npaitmepbl U ONTUMU3UPOBAHbI TEMNEPATyPHO-BPEMEHHbIE YCNOBUA NPOBEAEHNA PeaKLM ANA UAEHTUOUKALMN UHOEKLMOHHOTO
HeKpo3a reMono3Tuueckoli TKaHu, BUPYCHON remoppariyeckoil CenTLeMun 1 MHHEKLMOHHON aHeMUN N0COCEBBIX. Pe3ynbTaThl, NONyyeHHbIe B X04e Uccne-
JLL0BaHWiA, N0O3BONUAYN YCTAHOBWTb, YTO AAHHBIl AMArHOCTUYECKNIA METOZ ABNAETCA BbICOKOCTELMOUYHBIM C AHANUTUYECKOIA YyBCTBUTENbHOCTBIO ANA BUPYCA
NHOEKLMOHHOM aHeMum N10coceBbIX — 2,5 Ig TU1150/CM3, NHEKLIMOHHOTO HEKPO3a remono3TYeckoil TkaHu — 2,9 lg TlJ.,[lm/qvl3 11 BUPYCHOIA remopparuyeckoit
centuuemum — 4,2 Ig TLlﬂso/cva. ( nomoLLibto onncaHHoro MeToza bbina NpoBefeHa AEHTUPUKALMA PeGepeHTHBIX 1 NONEBbIX LUTAMMOB, UMEIOLUXCA B pede-
peHTHoIi nabopatopuy no 6one3xam akakynbTypbl OTBY «BHUN3M» 1 BbiaeneHHbIX B pasHble rofbl B pbl60BoAYeCKIX X03AIACTBAX Ha TeppuTopum Poccuiickoit
Oepepauyin. [laHHble, NonyyeHHble B XOAe NCCTIE[0BAHINI, KOPPENMUPOBANM C pe3ynbTaTaMu BUPYCOBbIAENEHNA HA KYNBTYPe KNETOK U UMMYHOGEPMEHTHOTO
aHanu3a C UCnonb30oBaHNeM Kommepueckux Habopos. lpeanoxeHHas MeToAUKa NPoBeAeHMA NOAMMEPa3HOIl LLeMHON peakLmm ¢ 06paTHOI TpaHCKpUnLmeil
no3BonAeT 06HapyxuTb Bo30yAuTeNeil 6one3Helt y pblb Kak ¢ ABHBIMI KNMHNYECKIMI NPU3HAKaMU, TaK U CO CKPbITbIM BUPYCOHOCUTENbCTBOM.

KntoueBble cnoBa: 6onesHi pbib, MHOEKLMOHHAA aHeMUA JT0COCEBbIX, BUPYCHAA reMopparuyeckas centuiemis, iHGEKLMOHHbII A HeKpo3 reMono3Tnyeckoii
TKaHu, NonuMepa3Has LienHas peakLma ¢ 06paTHoli TpaHCKpUnuyedi, cneuuPuuHoCTb, aHaNUTUYECKasn YyBCTBUTENbHOCTD.

[insa untnposanus: Tapacosa A. C., lMepuyH A. B., Menbhukos B. 1. lpumeHeHme nonumepasHoii LienHoil peakLyun Ans BbiABNeHNA Bo30yAuTeneii HeKOTopbIX

0060 OMacHbIX BUPYCHbIX 60ne3Heli pbl6. Bemepunapus cezo0us. 2020; 1(32): 11-16. DOI: 10.29326/2304-196X-2020-1-32-11-16.

KoHnukT untepecos. ABTopbl 3aABNAIOT 00 OTCYTCTBIM KOH(NUKTA MHTEPECOB.

[ina KoppecnoxpeHuuu: lMepuyn Anekceli BanepbeBuy, KaHANWAAT GMONOrMYECKUX HayK, CTapLUMil HaYUHbIA COTPYAHUK pedepeHTHO nabopatopum no
6one3nam aksakynbtypbl OTBY «BHUN3MK», 600901, Poccus, r. Bnagumup, mkp. l0pbesew, e-mail: perchun@arriah. ru.

INTRODUCTION

Today viral fish diseases have a world-wide distribution.
About a quarter of the detected viruses cause diseases that
result in serious losses in aquaculture. Among the most
dangerous diseases are infectious hematopoietic necrosis,
infectious salmon anemia, viral hemorrhagic septicemia,
etc.! Despite the fact that most infections do not pose an
immediate risk to human health, they have a negative
impact on the fish growth rate, its marketable condition,
the quality of fish products, and are accompanied by high
mortality rates [1].

Disease prevention, i.e. prevention of pathogen in-
troduction into disease-free regions, is the major tool
for controlling infectious fish diseases all over the world.
Therefore, the import of fish stocking material to Russia
from countries with different epidemic situations requires
risk-based monitoring and forecasting [2, 3, 4].

Diagnostics is of primary importance in preventing the
spread of viral fish infections. To date, laboratory diagnosis
of viral fish diseases is based on pathogen isolation and its
identification using serological methods which require a
lot of time and are performed only in large research insti-
tutes with specialized laboratories [1, 5].

Molecular diagnostic methods are more sensitive
and require less time than culture and serological me-
thods traditionally used to identify pathogens of viral
fish diseases. Over the past decades, molecular diagno-
sis of diseases (including fish diseases) has advanced
significantly. Such methods include polymerase chain
reaction (PCR) which allows to detect the virus both in
fish with pronounced clinical signs and in latent virus
carriers?.

"Vasilkov G. V., Grishchenko L. I, Engashev V. G., Kanaev A. I., Larko-
va Z. I, Osetrov V. S. Fish Diseases: Reference book. Ed. by V. S. Osetrov.
2" ed., revised. M.: Agropromizdat; 1989. 288 p.

2Voronin V. N., Kuznetsova E. V., Strelkov Y. A., Chernyshova N. B. Fish
Diseases in Aquaculture in Russia: Practical guidance. SPb.: FSBSI “VNIRO";
2011.264 p.

In Russia there aren't any methods that are low cost,
easy to use and, most importantly, high sensitive. Only im-
ported kits and test systems for viral fish disease diagnosis
are available on the domestic market.

The purpose of this study was to assess the possibility
of using reverse transcription polymerase chain reaction
(RT-PCR) for the detection and identification of highly
dangerous viral diseases of fish (Salmonidae), such as viral
hemorrhagic septicemia, infectious hematopoietic necro-
sis and infectious salmon anemia.

MATERIALS AND METHODS

The following strains were used in the study: Oren-
burg/14 strain of spring viraemia of carp virus (SVCV),
Arkus 32/87 strain of infectious hematopoietic necrosis
virus (IHNV), FLD/2004 strain of infectious pancreatic nec-
rosis virus (INPV) and Aland strain of viral haemorrhagic
septicaemia virus (VHSV), which are stored in the collec-
tion of microbial strains at the FGBI “ARRIAH", as well as
CCBB strain of infectious salmon anemia virus (ISAV), ob-
tained from the American Type Culture Collection (ATCC)
in 2019.

The total RNA of the studied viruses was isolated using
RNA-Extran commercial kit (Syntol, Russia) according to
the recommendations of the manufacturer. The synthe-
sis of cDNA from an RNA template was performed using
OT-1Test kit (Syntol, Russia), according to the recommen-
dations of the manufacturer. The PCR was performed
in a 25 pl reaction mixture using Encyclo Plus PCR kit
(ZAO “Evrogen”, Russia) according to the package insert.
PCR was performed in a PTC-200 DNA Engine Cycler
(Bio-Rad, USA). Previously published PCR primers were
used [6, 7, 8]. The primers were synthesized by the Syntol
company (Russia).

Amplicons obtained during PCR were analyzed by
electrophoresis using 2% agarose gel and 10 mg/ml
ethidium bromide in 1x trisborate buffer at 10 V/cm for
one hour. PCR product (15 pl) was added to each well.
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M100 (5 pl; Syntol, Russia) was used as a molecular weight
marker (100 bp increment). The gel was documentedusing
Gel Doc XR+ Documentation System (Bio-Rad, USA).

The reaction sensitivity was analyzed by using ten-fold
serial dilutions of viral cDNA. The analytical sensitivity limit
was considered to be the highest dilution at which a posi-
tive result was registered.

RESULTS AND DISCUSSION

Based on the analysis of the studied viruses’ genome
sequences represented in the GenBank database of the
U.S. National Center for Biotechnology Information (NCBI),
and the recommendations of the World Organization for
Animal Health (OIE), primers specific for conserved regions
of the eighth segment of the ISA virus, of nucleocapsid
(N) gene of VHSV and of G gene of IHNV, allowing to iden-
tify the maximum number of known strains and isolates
of these viruses, were selected. The primer sequences are
presented in Table 1.

During a series of experiments, temperature and time
conditions for PCR were optimized. When amplifying a
fragment of the IHN virus genome, the number of cycles
was increased from 30 to 35, which allowed a larger num-
ber of amplicons to be produced, thereby increasing the
sensitivity of the reaction. When amplifying a fragment of
the ISA virus genome, the annealing time was reduced
from 45 to 30 seconds, and the synthesis time was reduced
from 90 to 60 seconds, which allowed to reduce the reac-
tion time without losing its effectiveness. When amplifying
a fragment of the VHS virus genome, the annealing tem-
perature was increased from 52 to 55 °C, which increased
the specificity of the reaction.

The optimized amplification parameters for the studied
infections are presented in Table 2.

The specificity of the selected primers was tested ex-
perimentally during the study of cultures inoculated with
SVC, VHS, IPN, IHN and ISA viruses using RT-PCR. The virus
genome fragments obtained after amplification were ana-
lyzed using agarose gel. The gel was examined under UV-
light (wavelength 312 nm) and the reaction results were
interpreted based on the presence or absence of luminous
bands.

Figure 1 shows the electrophoregrams of the analysis.

From the data presented in Figure 1, it can be seen
that for wells No. 2 containing IHN, ISA and VHS virus
strains, clear fragments are observed at 693 bp (a),
211 bp (b) and 811 bp (c), respectively. As for the other
wells, including the ones with negative control, these
fragments are not observed, which indicates the high
specificity of the selected primers for detecting the
pathogens causing the above-mentioned infections and
the absence of contamination of the used reagents of
the tested or foreign RNA.

Analytical sensitivity was estimated on ten-fold serial
dilutions of cDNA obtained from reverse transcription
with the RNA extracted from ISA, VHS and IHN virus cul-
tures which had initial infectivity titres of 5.5; 7.2 and
6.91g TCD, /cm’, respectively. The sensitivity limit was con-
sidered to be the highest dilution at which a positive re-
sult was registered. The calculated values of the analytical
sensitivity of the optimized PCR were 2.5 1g TCD, /cm? for
thelSAV,2.91gTCD, /cm?*for the IHNV,and 4.2 IgTCD, /cm®
for the VHSV.

The results of analytical sensitivity testing are provided
in Figure 2 and Table 3.

Table 1

Design of primers for detection of pathogens causing infectious salmon anemia,

viral hemorrhagic septicemia and infectious hematopoietic necrosis

Ta6nuua 1

(TpyKTypa npaiimepoB AN BbiABNEHUA Bo36yauTeneil MHOEKLMOHHOI aHeMUM
N10COCEBbIX, BUPYCHOI remMopparnyeckoil cenTuuemum u MHGeKLMOHHOTo HeKpo3a

remMono3TM4ecKoi TKaH!

Size of
PCR-product, bp

Primer sequence (5"-3")

Reference

ISAV
F-GAAGAGTCAGGATGCCAAGACG
M M. Devold et al. [6]
R-GAAGTCGATGAACTGCAGCGA
VHSV
Rl 811 OIE. Manual of Diagnostic Tests for
R-TCTCTGTCACCTTGATCC Aquatic Animals (8]
IHNV
F — AGAGATCCCTACACCAGAGAC
693 E.J. Emmenegger et al. [7]
R — GGTGGTGTTGTTTCCGTGCAA

F — forward primer;
R — reverse primer.

Table 2
Amplification parameters

Tabnuua 2
Mapametpbl amnanukaumm

& Stage S cydes
1 94 3

Pre-denaturation
Denaturation 94 12
59 (ISA)
Annealing of primers 35 50 (IHN) 12
55 (VHS)
Synthesis 72 1
Final synthesis 1 72 7
Storage 1 4 20

Thus, the proposed RT-PCR method allows to detect
ISA, IHN and VHS viruses at their minimum infectivity
titres of 2.5; 2.9 and 4.2 Ig TCD, /cw’, respectively. The
specificity of the selected primers was tested using the
BLAST program, as well as experimentally. The PCR re-
sults presented in Figure 1 show that the selected pri-
mers hybridize only with the fragments complementary
to the target viral RNA and do not interact with the RNA
of nontargets.

The described method was used to identify reference
and field strains isolated on fish farms in the territory of
the Russian Federation in different years and available at
the FGBI “ARRIAH" Reference Laboratory for Aquaculture
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Fig. 1. Electrophoregrams of RT-PCR specificity testing results for detection
of infectious hematopoietic necrosis (IHN) (a), infectious salmon anemia (b)
and viral hemorrhagic septicemia (c) viruses

a) 1-molecular weight markers “M100”;
2 - Arcus 32/87 strain of the IHN virus;
3 - Aland strain of the viral hemorrhagic septicemia (VHS) virus;
4 - FLD/2004 strain of infectious pancreatic necrosis (IPN) virus;
5-Orenburg/14 strain of the spring veremia of carp (SVC) virus;
6 - negative control (sterile water free of RNase and DNase);

b) 1-molecular weight markers “M100”;
2 - CCBB strain of the infectious salmon anemia (ISA) virus;
3 - Orenburg/14 strain of the spring veremia of carp (SVC) virus;
4 - Aland strain of the VHS virus;
5 — Arcus 32/87 strain of the IHN virus;
6 — FLD/2004 strain of infectious pancreatic necrosis (IPN) virus;
7 - negative control (sterile water free of RNase and DNase);

¢) 1-molecular weight markers “M100";
2 - Aland strain of the VHS virus;
3 - Arcus 32/87 strain of the IHN virus;
4 - FLD/2004 strain of infectious pancreatic necrosis (IPN) virus;
5 - Orenburg/14 strain of the spring veremia of carp (SVC) virus;
6 — negative control (sterile water free of RNase and DNase).

Puc. 1. Snekmpogopezpammsl pe3ynbmamos mecmuposaHus
cneyugpuyHocmu memooa OT-[1L|P 0ns viasneHus supycos MIHIT (a),
WAJ1 (b) uBIC (c)

a) 1-mapkep monekynapHeix gecos «M100»;

2 —wmamm «ApKyc 32/87» supyca IHI'T;

3 - wmamm «AnaHo» supyca BIC;

4 - wmamm «FLD/2004» eupyca HITXK;

5 — wmamm «OpeHb6ype/14» supyca BBK;

6 — ompuyamesbHblli KOHMPOJIb (CMepusbHAs 800d, c80600HAs om PHKa3
u/]HKa3);
b) 1-mapkep monekynapHoix secos «M100»;

2 —wmamm «CCBB» supyca VIAJT;

3 - wmamm «OpeHbype/14» supyca BBK;

4 — wmamm «AnaHo» supyca BIC;

5 —wmamm «Apkyc 32/87» supyca IHI'T;

6 — wmamm «FLD/2004» eupyca HITXK;

7 — ompuyamesibHbili KOHMPO/Ib (CMepusibHas 800a, c8o600Has om PHKa3z
u/[]HKa3);
c) 1-mapkep monekynapHeix gecos «M100»;

2 — wmamm «AnaHo» supyca BI'C;

3 —wmamm «Apkyc 32/87» supyca IHI'T;

4 - wmamm «FLD/2004» eupyca HITXK;

5 —wmamm «OpeHbype/14» supyca BBK;

6 — ompuyamesbHblli KOHMPOJIb (CMepusbHAs 800d, c80600HAs om PHKa3
u []HKas3).

Diseases. The data obtained in the studies using RT-PCR
correlated with the results obtained by virus isolation in
cell culture and by ELISA using commercial kits produced
by TestLine Clinical Diagnostics Ltd. (Czech Republic) and
Bio-X Diagnostics S.A. (Belgium).

Table 3
Determination of optimized RT-PCR analytical sensitivity

Tabnuua 3
Pesynbratbl onpepeneHna aHanUTUYECKoil YyBCTBUTENbHOCTH
onTumusuposatHoii OT-MLP

Virus infectivity titre,

Dilution RT-PCR result

LgTCD, /cm®
ISAV

2 107 45 +

4 10° 25 +

6 10° 0.5 -

IHNV

2 107 5.9 +

4 10° 39 +

6 10° 1.9 -

VHSV

2 107 6.2 +

4 103 42 +

6 10° 2.2 -

“+" — positive result;
"~ — negative result.

The results presented in the article on the use of
conventional gel-based RT-PCR show that despite the
high effectiveness of this method, it is still inferior to
more modern molecular genetic diagnostic methods,
such as real-time RT-PCR and microchip-based RT-PCR.
The main advantages of the latter two methods: they
are more sensitive, less time consuming and there is
reduced contamination due to the absence of the gel
electrophoresis. Despite a number of advantages, real
time RT-PCR is not widely used in our country for viral
fish disease diagnosis and was used only by M. I. Doro-
nin et al. together with the employees of the company
00O “Lumex-marketing” (Saint Petersburg) for IHNV
and VHSV detection [9].
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It should be mentioned that in Russia data on the use
of RT-PCR for diagnosis of such viral fish diseases as IHN,
VHS and ISA is scarce. There is a limited number of publi-
cations on the development and use of this molecular ge-
netic method [2, 9, 10, 11], while it has become commonly
used abroad. In many countries, selective amplification of
viral genome fragments using PCR with subsequent se-
quencing is used not only for the diagnosis of IHN, VHS
and ISA viruses, but also for the development of methods
for their typing [12, 13, 14].

CONCLUSION

As a result of the research, primers were selected and
the temperature and time conditions of PCR were opti-
mized to detect such viral fish diseases as viral hemor-
rhagic septicemia, infectious hematopoietic necrosis and
infectious salmon anemia.

The results demonstrate high specificity of this diagnos-
tic method and its analytical sensitivity of 2.5 IgTCD, /cwm®
when detecting infectious salmon anemia virus,
2.9 1g TCD, /em® ~ infectious hematopoietic necrosis virus
and 4.2 1g TCD, /cm® - viral hemorrhagic septicemia virus.
The RT-PCR allowed to reduce testing time to 5 hours, while
the“gold” standard - virus isolation — takes several weeks.

The proposed method can be used to detect ISA, IHN
and VHS viruses in monitoring studies of pathological
material samples collected from salmonid fishes. The pe-
culiarity of this method is that it allows to detect infected
fish before the onset of clinical signs, in latent virus carries,
which is especially important for cross-border transporta-
tion of hydrobionts.

Upon the results of the studies, guidelines for ISA, IHN
and VHS virus identification using gel-based RT-PCR were
prepared and approved by the Scientific Council of the
FGBI“ARRIAH".
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SUMMARY

At present, Miramistin drug (benzyldimethyl [3-(myristoylamino) propyl] ammonium chloride monohydrate), which has a broad bactericidal effect, is used in
veterinary practice. This antiseptic is active against most viruses, mycoplasmas, bacteria, fungi and protozoa. According to toxicometric parameters, Miramistin is
classified as a low-hazard substance. Use of cell structures as test systems for assessing the toxicity of pharmacological substances instead of conventional tests on
experimental animals allows us to better clarify the possible mechanism of the effect of the investigated substance. Since many types of mycoplasmas affect the
genitourinary system organs, to assess the cytotoxicity of Miramistin kidney mammalian cells of various mammals can be used as test systems, in particular, the
newborn Syrian hamster (VNK-21), Siberian mountain ibex (PSGK-30), and others. The possibility of using BHK-21 and PSGK-30 cell monolayer as test systems for
assessing the baseline cytotoxicity of Miramistin was shown. When studying toxicity of the drug, the effect of its various concentrations on the cell morphology
was studied, the number of viable cells and the total protein content were determined as an indicator of the cell mass increase. The results of a cytomorphological
study indicate that the Miramistin maximum permissible concentration of for BHK-21and PSGK-30 cell monolayer s 25 pug/cm?®. The use of this antibacterial drug in
higher concentrations caused the appearance and increased signs of endogenous intoxication and degeneration. When evaluating the proliferative activity of cells
under the influence of the Miramistin antibiotic in different concentrations, it was found that increasing the dose to 50, 75, 100, 125, 150 pg/cm? leads to decrease
in the rate of cell growth compared to the control. The Miramistin content in the growth medium in an amount of up to 25 pg/cm? did not affect the intensity of
protein synthesis. Presence of Miramistin in the culture medium at the maximum permissible concentration causes a slight decrease in the reproduction of foot
and mouth disease virus in BHK-21 and PSGK-30 cell cultures by 4.5 and 4.0%, respectively, compared with the control without antibiotic. Since mycoplasmas are
the most common contaminants of cell cultures, further studies will be aimed at exploring the possibility of using Miramistin for decontamination of BHK-21 and
PSGK-30 cell monolayers.
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PE3IOME

B HacToALLee BpemA B BeTepuHAPHOI NPaKTUKe NPUMEHAETCA Npenapat MUpaMUCTUH (6eH3ungumeTnn[3-(MUpUCTONNaMIHO)NPONII] aMMOHHIA XNOPUA MOHO-
rugpat), obnajarLumil uMpoKUM 6akTepuLMaHbIM feiicTBIeM. [JaHHbIN aHTUCENTUK akKTUBEH NPOTUB GONbLLMHCTBA BUPYCOB, MUKONNa3M, 6akTepuii, rpu6os
1 npocTeliwun. o napameTpam TOKCUKOMETPUM MUPAMUCTIH KAAcCMULMpYeTCa Kak ManoonacHoe BelLecTBo. icnonb3oBaHue KNETOYHbIX CTPYKTYp B kaue-
(TBe TeCT-CUCTeM A OLIEHKM TOKCUYHOCTY (papMaKoornyeckux BelLecT BMeCTo Knaccuyeckux TeCTOB Ha IKCMepUMEHTAbHbIX XKUBOTHbIX N03BOAAET flyyLue
MPOACHUTb BO3MOXHbIIA MeXaHW3M AelicTBIA UCCneayemoro BellecTBa. MockonbKy MHore BUAbI MUKOMIA3M MOPaXaloT OpraHbl MOYenonoBoi cucTeMbl, Al
OLIeHKI LUTOTOKCUYHOCTY MUPAMUCTUHA B KaueCTBe TECT-CUCTEM MOXKHO CNOMIb30BATb KNETKIA MOUYEK PasHbIX MIEKONUTAIOLLIAX, B YaCTHOCTM HOBOPOXKAEHHOTO
cupuiickoro xomauka (BHK-21), cubupckoro ropHoro kosepora (MCrK-30) u apyrue. MokasaHa BO3MOXHOCTb NPUMEHEHIUA MOHOCTOMHBIX KNneTouHbIX BHK-21
n NCTK-30 B KauecTBe TecT-cucteM ANA oLeHKI 6a30B0ii LUTOTOKCUYHOCTY MUPaMUCTUHA. B npoLecce nccnesoBaHna TOKCUYHOCTY Npenapata n3yyanu Bua-
HIe ero pa3aNyHbIX KOHLIEHTPaLyil Ha MOPYONOTUIo KNETOK, ONpeaenani KONMYeCTBO KN3HECNoCOBHbIX KNETOK 1 cofepaHue obLuero benka kak nokasatens
MpUPOCTa KAETOYHON Macchl. Pe3ynbTaTbl UUTOMOPYONOTNYECKOro MCCeA0BaHA CBUAETENbCTBYIOT 0 TOM, YTO NpedenbHOi AONYCTUMOI KOHLIEHTpaLel Mu-
PaMUCTUHA ANIA MOHOCTOAHDBIX KNeTouHblX nuHuil BHK-21 n MCTK-30 aBnaetca 25 mkr/cv?. MpuMeHeHme faHHOTO aHTUOaKTepuanbHoro npenapata B 60bLunx
KOHLIEHTPaLMAX BbI3bIBAN0 NOAB/IEHIE 1 HApaCTaHUe NPU3HAKOB JHAOTEHHOI UHTOKCUKALWM v AereHepauyin. lpy oLeHKe NponudepaTuBHoIt aKTUBHOCTH KNEToK
107 BNAHMEM aHTUOUMOTUKA MIPAMUCTUHA B Pa3HbIX KOHLIEHTPALMAX BbIABNIEHO, UTO YBeNNUEHUe 103bl npenapata Ao 50, 75, 100, 125, 150 MKr/cm? npusoaut
K CHUXKEHUIO KpaTHOCTI MPUPOCTa KNETOK M0 CPaBHeHNIo ¢ KoHTponeM. CofiepxaHue B poCToBOI cpeie MUPaMICTIHA B KONMYECTBE 10 25 MKI/CM® He BRUANO
Ha UHTEHCUBHOCTb CUHTE3a NPOTeNHOB. Hanuune B KyNbTypanbHOil Cpeie MUPaMUCTUHA B NPeAeNbHO JONYCTUMOIA KOHLEHTPALIM BbI3bIBAeT He3HaUNTeNbHOe
CHIKEHe penpoayKLumn Bupyca Awypa B Kynbtypax knetok BHK-21 u MCTK-30 Ha 4,5 1 4,0% c0OTBETCTBEHHO MO CPaBHEHUH C KOHTpoONeM 6e3 aHTMOMOTHKa.
MockonbKy MUKONNa3Mbl ABAAKTCA Haubonee pacnpocTpaHeHHbIMI KOHTAMUHAHTaMV KNETOUHbIX KyNbTyp, AanbHeiluve uccneoBanuA 6yayT HanpaBneHbl Ha

N3yyeHine BO3MOXHOCTY MPUMEHEHNA MUPAMUCTUHA AA AeKOHTaMIHALIM MOHOCTONHBIX KNeTouHbIX kil BHK-21 n MCTK-30.

KntoueBbie cnoBa: MUPaMUCTUH, MOHOCTOIHbIE KneTouHble nuHuu BHK-21, CTK-30, mukonnasma.

[na uuruposanus: loporun M. 1., JTozoBoii . A., MpoHuH B. B., Muxanuwwmn [1. B., Crapukos B. A., bopucos A. B., InwkoBa A. A. Bnuanue mupamuctiHa
Ha nponndepavmio knetok nunuii BHK-21 n NCTK-30 1 penpopykumio Bupyca ALypa B HuX. Bemepurapus cezo0us. 2020; 1(32): 17-24.

DOI: 10.29326/2304-196X-2020-1-32-17-24.

KoHnukT unTepecos. ABTopbl 3aABNAIOT 00 OTCYTCTBIM KOH(NUKTA MHTEPECOB.

[ina koppecnonpenyuun: lopoHnH Makcum ViropeBny, KaHanAaT 61MON0rMueckux HayK, CrapLunii HayyHblii COTPYAHIK nabopaTopuy npodunakTuky Awypa
OTBY «BHUM3MK», 600901, Poccua, r. Bnagumup, mkp. K0pbesew, e-mail: doronin@arriah.ru.

INTRODUCTION

Mycoplasmosis of animals is a group of infectious di-
seases caused by microorganisms such as Tenericutes, Mol-
licutes class, Mycoplasmataceae family, Mycoplasma genus.
Mycoplasmas are the most common cell culture contami-
nants. These prokaryotic microorganisms tightly adhere to
the cell membrane, receive various nutrients and growth
factors from it. Mycoplasma metabolites, including hydro-
gen peroxide and ammonia, accumulate in the culture me-
dium and can have a pronounced cytopathic effect [1, 2, 3].
Mycoplasmas cause significant metabolic disorder in the
cells, the consequence of which may be changes in the
level of RNA and protein synthesis, the composition of the
cell membrane, the appearance of chromosomal aberra-
tions, induction or activation of cytokine expression, and
a sharp decrease in proliferative activity [4]. Irreversible
changes in the cells caused by the influence of mycoplas-
mas and their metabolic products lead to a distortion of
the results of laboratory studies in which cell lines are used
as test systems.

Mycoplasmas are resistant to sulfonamides, penicillins,
streptomycin, but are sensitive to tetracyclines, macro-
lides, and fluoroquinolones [1, 3]. At present, Miramistin
(benzyldimethyl[3-(myristoylamino)propyl] ammonium
chloride monohydrate), which has a broad bactericidal
effect, is used in veterinary practice. The drug belongs to
the group of cationic surfactants, namely to quaternary
ammonium compounds. According to the toxicomet-
ric parameters, Miramistin is classified as a low-hazard

substance’. The drug is active against most viruses, bac-
teria, fungi and protozoa. The mechanism of Miramistin
action is manifested in the process of active interaction
of this compound with lipids and polysaccharides of the
cytoplasmic membrane of mycoplasmas, leading to their
death [2, 5].

Analysis of the microorganism ability to multiply
and grow on media containing a decreasing concen-
tration of a drug substance allows us to determine the
minimum inhibitory concentration (MIC) of an antibio-
tic? that inhibits the life of mycoplasma in vitro. Accor-
ding to A. M. Dunaevsky et al., the MIC for Miramistin is
10-100 pg/cm? [6].

A study of the biological activity of antibiotics involves
assessment of their cytotoxicity, which manifests itself in
the occurrence of pathological changes in cells [1]. De-
pending on the concentration of the active substance and
the sensitivity of cell receptors, a wide range of changes
can be observed in the cell, which can manifest them-
selves in the form of a cytostatic effect or in the form of a
cytocidal effect that causes its death [4].

To assess the toxicity of pharmacological substances,
currently test systems using monolayer cell cultures are

" GOST 12.1.007-76. System of operational safety standards. Harmful
substances. Classification and common safety requirements. M: Standart-
inform; 2007. 5 p.

2 Arefyev V. A, Lisovenko L. A. English Russian dictionary of genetic
terms. M.: VNIRO; 1995. 407 p.
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widely used instead of classical tests on experimental ani-
mals [5, 7, 8]. Since a large number of mycoplasma species
affect the organs of the genitourinary system, cells ob-
tained from the kidneys of various mammals, in particular,
the newborn Syrian hamster (BHK-21), Siberian mountain
capricorn (PSGK-30), and others, are used as test systems
to assess the cytotoxicity of Miramistin. A wide range of
methods are used to study the cytotoxicity of antibiotics
in cell culture, including determining the number of viable
cells, colony formation, measuring the concentration of
total cellular protein, assessing morphological changes in
cells, and others [8].

The purpose of this study was to evaluate the effect of
Miramistin on proliferation of BHK-21 and PSGK-30 cells,
as well as on the reproduction of foot and mouth disease
virus in them.

MATERIALS AND METHODS

Antibiotic. Miramistin antibiotic (LLC Scandia Eco, Rus-
sia) with concentrations of 5, 10, 25, 50, 75, 100, 125 and
150 pg/cm? in the culture medium was used for analysis.
Four controls were used in the study: No. 1 — tetracycline
(5 pg/cm?); No. 2 - spiramycin (10 pg/cm?3); No. 3 - cipro-
floxacin (18 pg/cmd) [9]; No. 4 is a control, which is a cell
suspension in a growth medium without antibiotics.

Test systems. To assess the baseline cytotoxicity of Mira-
mistin, BHK-21 and PSGK-30 monolayer cell cultures, free
of mycoplasma, were used as a test system.

A quantitative method for evaluating the effects of Mira-
mistin on cell cultures. The effect of Miramistin on BHK-21
and PSGK-30 cell monolayer was evaluated by cell viability
during three consecutive passages. The analysis consis-
ted of counting the number of living and dead cells after
dispersing the monolayer with a mixture of trypsin and
versene (1:1) at a temperature of 37 °C. Proliferation inten-
sity was estimated by the Proliferation Index (Pl), using the
following formula:

Pl=a/b,
where a - live cell concentration in 48 hours after inocu-
lation;
b - inoculation concentration.

When Pl > 1, cell growth is observed, when Pl = 1, no
cell proliferation is observed, when Pl < 1, cell death is ob-
served.

Spectrophotometric method for assessing cell prolife-
ration using a gentian violet. BHK-21 and PSGK-30 cells
were seeded in 96-well culture plates in the amount of
250-300 cells per well. Miramistin in predetermined con-
centrations was added to the growth medium during the
cell seeding. The cells without antibiotics as well as cells
with tetracycline, spiramycin and ciprofloxacin in the
specified above concentrations were used as the controls.
After 48 hours of cultivation, the cells were fixed with a
70% ethanol solution and stained with a 0.1% gentian vio-
let solution. To extract the dye from the cells, a 7% acetic
acid solution in a volume of 200 pl per well was used. The
proliferative activity of cells was determined by the optical
density for a suspension of gentian violet associated with
cellular proteins at a 570 nm wavelength.

Qualitative assessment of cell viability consisted in intra-
vital visual observation under an inverted microscope of
the cell morphology after 2 days of cultivation using an
isotonic 0.4% aqueous solution of trypan blue.

Virus. The FMD Master seed virus (A/Zabay-
kalsky/2013 strain), obtained in the PSGK-30 cell culture

at passage 5, was used as seed for infection of the specified

cell monolayer at a dose of 0.05 TCD, /cell. Virus reproduc-
tion was carried out for 15-17 hours until the appearance

of a 95-100% cytopathic effect.

Determination of the FMDV 146S component. The
amount of 146S particles of foot and mouth disease virus
in inactivated material was determined using a quantita-
tive variant of the complement fixation test [10].

Statistical data processing. The test was performed in
triplicate. The data obtained were statistically processed,
calculating the arithmetic mean values, the degree of re-
liability of the statistical difference between the average
values determined by the Fisher’s difference method. The
differences were considered statistically significant at a
significance level of p < 0.05.

RESULTS AND DISCUSSION

At the first stage of the study the Miromistin baseline
cytotoxity in BHK-21 n PSGK-30 monolayers widely used
as diagnostic test-systems in veterinary practice was de-
termined. The choice of the antibiotic concentration was
based on the data of its clinical tests [2, 3], as well as on
the results of the Miramistin MIC analysis for mycoplasma,
which falls within the range of 10-100 pg/cm?[2, 3, 6]. On
that basis, the following tested Miramistin concentrations
were selected: 5, 10, 25, 50, 75, 100, 125, 150 pg/cm?3. Cul-
tivation of cells with the specified amount of the drug was
performed during three consecutive passages.

Cytomorphological differences in the control and ex-
perimental samples. Cells without antibiotics, as well as
grown in media with tetracycline (5 pg/m3), spiramycin
(10 pg/cmd), ciprofloxacin (18 pg/cm?) had a distinct plas-
ma membrane, a clear nuclear membrane, and transparent
homogeneous cytoplasm (Fig. 1). In 48 hours after each
passage in the control samples cell clones were dense and
formed by more than 100 cells. Morphological characters
of BHK-21 and PSGK-30 cells with Miramistin contents of
5,10, and 25 pg/cm? were most similar to the control. For
these variants the clones were dense and were formed by
85-100 cells. Clones of the BHK-21 1 PSGK-30 cell lines as
aresult of cultivation in the miramestin supplemented me-
dium at concentrations 50, 75, 100, 125 pg/cm?in compa-
rison with the control without the antibiotic had a loose
structure and contained 65-75, 45-60, 25-40, 15-25 cells
respectively.

When using 150 pg/cm? of Miramistin, clones were
formed from single cells characterized by significant
granularity and an increased number of lysosomes. The
presented morphological changes were the result of local
cytoplasmic degradation that develops in the cell under
the influence of a toxic factor such as excessive Miramistin.
In other words, the results of a cytomorphological study
indicate that maximum permissible concentration of Mira-
mistin for BHK-21 and PSGK-30 cell monolayer is 25 pg/cmq.
The use of this antibacterial drug in higher concentrations
resulted in the appearance and increase in signs of endo-
genous intoxication and degeneration.

A study was made of the effect of Miramistin in test
concentrations on the proliferation index of BHK-21 and
PSGK-30 cell lines basing on the results of three consecu-
tive passages in comparison with the controls. The results
are shown in the table and in Figure 2.

From the data presented in the table, it follows that the
Proliferation Index of the BHK-21 cell line in the controls
without antibiotic was 2.18 £ 0.16, and in the controls
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BHK-21 PSGK-30

5-25 pg/cm? of Miramistin

50-75 pg/cm? of Miramistin

150 pg/cm? of Miramistin

Fig. 1. Morphology of BHK-21 and PSGK-30 cell lines in clones,
formed in 48 hours of cultivation in the medium supplemented
with different Miramistin concentrations

Fig 1. Mopgonoaus knemok nuHuti BHK-21 u [1CTK-30 8 knoHax,
06pasosaswuxca yepes 48 4 Kysbmusupos8aHus 8 cpede
C MUPAMUCMUHOM 8 pa3/Iu4HbIX KOHUEHMpayusax
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with antibiotics - 2.17 £ 0.19 - 2.18 + 0.17. When using
Miramistin in amounts of 5-25 pg/cm?, this parameter
corresponded to0 2.17 £ 0.19 - 2.18 + 0.16. An increase in
the dose of the drug to 50, 75, 100, 125, 150 pug/cm? led
to a decrease in the cell proliferation index compared to
the control by 4.6; 5.4; 7.5; 10.9 and 21.7 times, respec-
tively. If the amount of antibiotic in the growth medium
was 150 pg/cm?, a visible cell death was observed. Thus,
as a result of studying the proliferation of BHK-21 cells, it
was determined that Miramistin in concentrations up to
25 pg/cm?does not induce the cytotoxic effect.

For PSGK-30 cells, the proliferation index in the control
without antibiotic was 2.00 = 0.15, in the medium with
control antibiotics - 1.88 + 0.15 — 1.97 + 0.14. The proli-
ferative potential of PSGK-30 cells when using Miramistin
at concentrations of 5-25 pg/cm? was at the control le-
vel and was equal to 1.93 £ 0.18 - 1.97 + 0.15. When the
content of this antibiotic in the medium was 50, 75, 100,
125, 150 pg/cm?, the cell proliferation index, compared to
the control, decreased by 4.9; 5.3; 6.8; 10.0 and 21.1 times,
respectively. When 150 pg/cm? of Miramistin was added
into the growth medium, cell death was observed. Thus,
when assessing the proliferation index in comparison with
the control parameters, it was revealed that the growth of
the PSGK-30 cell monolayer in a medium containing up
to 25 pg/cm? of Miramistin did not have a cytotoxic effect.

Cell proliferation was also evaluated by the relative
determination of the total cellular protein using spectro-
photometry. The results of the study are presented in
Figure 3, from which it follows that the protein content of
BHK-21 cells grown in a medium with 5, 10, 25 pg/cm? of
Miramistin corresponded to control parameters of optical
density and amounted to 0.57-0.59. When the specified
antibiotic was added into the medium at concentrations
of 50, 75, 100, 125, 150 ug/cm?, the amount of cellular
proteins decreased by 4.3; 5.1; 8.0; 11.2 and 18.7 times, re-
spectively, compared to the control (optical density was
0.13; 0.11; 0.07; 0.05; 0.03). Thus, results of total cellular
protein determination compared to the control, revealed
that cultivation of the BHK-21 cell monolayer in the medi-
um with up to 25 pg/cm? of Miramistin did not reduce the
translation intensity.

The amount of synthesized total protein of PSGK-30
cells grown in the medium with 5, 10, 25 pg/cm? of Mi-
ramistin was at the level of control parameters (optical
density was 0.58-0.60). In the presence of the indicated
antibiotic in the medium at concentrations of 50, 75, 100,
125, 150 pg/cm?, the amount of cellular protein decreased
by 4.8;5.3;7.3;9.7 and 19.3 times, respectively, compared
to the control (optical density was 0.12; 0.11; 0.08; 0.06;
0.03). In other words, results of total cellular protein de-
termination compared to the control, revealed that that
cultivation of the PSGK-30 cell monolayer in a medium
containing up to 25 pg/cm? of Miramistin did not reduce
the translation intensity.

According to the results of Miramistin cytotoxic po-
tential assessmen, it was revealed that this antibacterial
drug does not have any destructive effect on BHK-21 and
PSGK-30 monolayers at a concentration of up to 25 pg/cm?®.
At the same time, basing on the literature sources [2, 3, 6]
itis know that the antibiotic concentrations presented are
included in the MIC range for representatives of the Myco-
plasma genus, and therefore, Miramistin in the indicated
amounts allows the prevention of mycoplasma contami-
nation of BHK-21 and PSGK-30 cell lines.
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Table
Assessment of BHK-21 and PSGK-30 cell line proliferative activity influenced by different Miramistin concentrations (n =3, p < 0.05)

Tabnuua
OueHKa nponvdepaTiBHOIT akTUBHOCTH KneTok nuunii BHK-21 u CTK-30 nop BAnAHMem aHTMO6MOTMKA MUPaMUCTUHA B Pa3HbIX KOHLEHTpaumax (n =3, p < 0,05)

Cell Proliferation index

rol

In the medium supplemented with different Miramistin concentrations (jg/cm?)
With antibiotics

Cell line
Passage number

No. 2

=
©

I
—
(=)
N
(93]
v
(=]
~
v

221£015|217£0.17 | 222+0.14 | 0.45+0.15 | 0.40+0.14 | 0.31+0.13 | 0.22+0.13 | 0.10+0.15 | 2.22+0.16 | 2.20+0.17 | 2.22+0.20 | 2.23+0.19

2.1510.18 215021 ]220+0.14 | 0.49+0.11 | 0.40£0.17 | 0.29+0.11 | 0.18 £0.11 | 0.11+0.11 | 212£0.19 | 2.10£0.19 | 2.20£0.20 | 2.20+0.14
1.90+0.14 | 2.01+0.15 | 1.95+0.12 | 0.37+0.18 | 0.35+0.18 | 0.30+0.18 | 0.18+0.18 | 0.10+0.16 | 1.80+0.17 | 2.03£0.15 | 1.95+0.14 | 1.95+0.14
PSGK-30

2.0210.17 1.88+£0.17 | 1.90£0.16 | 0.40+0.17 | 0.39+0.17 | 0.27 +£0.17 | 0.20+0.12 | 0.09£0.13 | 1.92+0.14 | 1.80£0.17 | 1.90£0.14 | 2.00£0.15

BHK-21

No. 1 tetracycline (5 pg/cm?®), No. 2 — spiramycin (10 pg/cm?), No. 3 — ciprofloxacin (18 pg/cm?), No. 4 — without antibiotic (w/a).

used for infection. The virus culture medium contained the
same amounts of antibiotic that were added to the growth
medium. The results of the test are shown in Figure 4.
From the data presented in Figure 4, it follows that
as a result of the FMDV, A/Zabaykalsky/2013 strain cul-

At the next stage, Miramistin influence on the sensiti-
vity of BHK-21 PSGK-30 cell monolayers to the reproduc-
tion of foot and mouth disease virus was studied using
the example of A/Zabaykalsky/2013 strain. Cells grown
in a nutrient medium with 25 pg/cm? of Miramistin were

25

2,18 2,18 217 217 2,18 2,17 217

BHK-21

Proliferation index

Cwa C1 C2 C3 5 10 25 50 75

Miramistin concentratiom, pg/cm?®

Proliferation index

2

1,91 1,88 1,97 1,97 1,93 195

PSGK-30

Cwia C1 C2 (3 5 10 25 50 75

Miramistin concentratiom, pg/cm?

Fig. 2. Assessment of proliferation index of BHK-21 and PSGK-30 cell lines cultivated in the medium
with different Miramistin concentrations (5, 10, 25, 50, 75, 100, 125, 150 ug/cm?)

Cw/a - control without antibiotics;

C1 - tetracycline-supplemented medium (5 ug/cm?);
C2 - spiramycin-supplemented medium (10 ug/cm?);
C3 - ciprofloxacin-supplemented medium (18 ug/cm’).

Puc. 2. OyeHka kKpamHocmu npupocma kemok auHuti BHK-21 u [NCrK-30, sbipaujeHHebix 8 cpede
C pa3HbIM Kosludecmaom mupamucmuna (5, 10, 25, 50, 75, 100, 125, 150 mke/cm?)

Cw/a - koHmposb 6e3 aHmubuomuka;

C1 - cpeda c mempayuknuHom (5 MKa/cMm?);

C2 - cpeda co cnupamuyuHom (10 mke/cm’);

(3 - cpeoda c yunpogpnokcayurom (18 mke/cm?).
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tivation in BHK-21 cells grown with the addition of Mi-
ramistin, the concentration of the 146S component in
the suspension was 0.64 + 0.05 pg/cm?3. The specified
content of complete FMDV particles correlates with data
for the control without antibiotics (0.67 + 0.05 pg/cm?3)
and for the control with tetracycline (0.62 + 0.05 pg/cm?),
spiramycin (0.63 + 0,06 pg/cm?) and ciprofloxacin
(0.63 + 0.05 pg/cm?). Therefore, the use of Miramistin at
a concentration of 25 ug/cm? does not reduce the sen-
sitivity of the BHK-21 cell monolayer to infection and re-
production of foot and mouth disease virus.

During the reproduction of FMDV A/Zabaikalsky/2013
strain in PSGK-30 cells cultured in Miramistin-supple-
mented medium, the amount of 146S particles was
0.48 + 0.05 pg/cm3. The obtained values correlate with the
data for the control without antibiotic (0.50 + 0.06 pg/cmq)
and for the controls with tetracycline (0.46 + 0.07 pg/cm?),
spiramycin (0.48 £ 0.05 pg/cm?) and ciprofloxacin
(0.46 + 0.08 pg/cmd). Thus, Miramistin in an amount of
25 pg/cm? does not reduce the sensitivity of the PSGK-30
monolayer to infection and reproduction of foot and
mouth disease virus.

The results of the tests performed confirm that the
presence of Miramistin antibiotic in the specified above
maximum permissible concentrations in the growth and
maintenance media does not cause a decrease in the
concentration of the 146S component of the FMD virus
compared to other drugs against mycoplasmas and the
control without antibiotics.

CONCLUSION

The performed study showed the possibility of using
BHK-21 and PSGK-30 cell monolayers as test systems for
assessing Miramistin baseline cytotoxicity.

According to the results of assessing the cytotoxic
potential of this antibacterial drug, when analyzing the
morphological state and the cell proliferation index, as
well as the amount of synthesized cell proteins, it was
found that Miramistin did not have a toxic effect on
BHK-21 and PSGK-30 cell monolayers at a maximum
dose of 25 pg/cm3. The use of Miramistin in higher con-
centrations caused the appearance and growth of signs
of endogenous intoxication, which manifested itself in
a changed cell morphology, appearance of granularity
and an increase in the number of lysosomes, as well as
in a decrease in the cell proliferation index and proteins
synthesized by them.

It was found that addition of 25 pg/cm? of Miramistin
in the growth and maintenance medium did not cause
a decrease in the concentration of the 146S component
during the reproduction of foot-and-mouth disease virus
unlike addition of other antibiotics against mycoplasmas
or no antibiotics at all. As the result of FMDV A/Zabai-
kalsky/2013 strain cultivation in BHK-21 cell line grown in
amedium with 25 pug/cm?of Miramistin, the concentration
of the 146S component was 0.64 + 0.05 ug/cm?, which is
4.5% lower than the control without an antibiotic; 3.2; 1.6
and 1.6% higher in comparison with tetracycline, spiramy-
cin and ciprofloxacin. When foot-and-mouth disease virus
was reproduced in PSGK-30 cells, which were also cultured
in a medium with 25 pg/cm? of Miramistin, the amount of
146S particles was 0.48 + 0.05 pg/cm?, which is 4.0% lower
compared to the control without antibiotic, 4.3% higher
compared to tetracycline and spiramycin and equal for the
medium with spiramycin.

Further research will be aimed at studying the possibi-
lity of using Miramistin for decontamination of BHK-21 and
PSGK-30 cell monolayers from mycoplasmas.
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Fig. 3. Assessment of BHK-21 and PSGK-30 cell line proteins in 48 hours cultivation in the medium
with different Miramistin concentrations (5, 10, 25, 50, 75, 100, 125, 150 ug/cm’)

Cw/a - control without antibiotics;

C1 - tetracycline-supplemented medium (5 ug/cm’);
C2 - spiramycin-supplemented medium (10 ug/cm?);
C3 - ciprofloxacin-supplemented medium (18 ug/cm’).

Puc. 3. Tucmozpammel oueHKU npomeuHos Kaemok iuHuti BHK-21 u M1CTK-30 uepe3 48 4 KynemusuposaHus
8 cpede C pasHbiM Kosluyecmeom mupamucmuna (5, 10, 25, 50, 75, 100, 125, 150 mkz/cm?)

Cw/a - koHmposb 6e3 aHmubuomuka;

C1 - cpeda c mempayuKknuHom (5 MKa/cMm?);

C2 - cpeda co cnupamuyuHom (10 mMKz/cm?);

C3 - cpeda c yunpogprnokcayuHom (18 mka/cm?).
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Fig. 4. Concentration of 146 S component of FMDV strain A/Zabaikalsky/2013 in inactivated suspensions after reproduction
in BHK-21 and PSGK-30 cell lines cultivated in the Miramistin-supplemented medium compared with the controls

1 - Miramistin-supplemented medium;

2 - tetracycline-supplemented medium (5 ug/cmd);

3 - spiramycin-supplemented medium (10 ug/cm?);

4 - ciprofloxacin-supplemented medium (18 ug/cm?);
5 - control without antibiotics.

Puc. 4. KoHyeHmpauyus 1465 komnoHeHma supyca awypa wmamma A/3abatikansckuli/2013 8 UHAKMUBUPOBAHHbIX
cycneH3usx nocsie penpodykyuu 8 knemxkax auHuti BHK-21 u [1CMK-30, kynemugupyemsix 8 cpede ¢ MUpamucmuHoM,

8 CpasHeHUU C KOHMPOJSIAMU
1 —cpedd c MUpamucmuHoOM;

2 - cpeda c mempayuKkauHom (5 mke/cm?);

3 —cpeda co cnupamuyuHom (10 mke/cm?);

4 - cpeda ¢ yunpognokcayuHom (18 mkz/cm?);
5 — koHmMponb 6e3 aHmubuomuka.
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SUMMARY

Despite all the efforts made, the issue of rabies in the world does not lose its relevance. As an acute endemic infection, it poses a considerable danger to both animals
and humans. The leading role in the transmission of rabies to humans belongs to diseased dogs; stray animals can be potential sources of rabies agent, which increases
the risk of transmitting a deadly virus to humans. Rabies prevention in dogs around the world is carried out by counting the number of these animals, their mandatory
routine immunization and evaluating the effectiveness of vaccination against the accumulation of rabies virus-neutralizing antibodies. Inactivated vaccines based on
different viral strains formulated with a wide range of adjuvants are used to induce a protective level of humoral immunity against rabies in dogs (> 0.5 IU/cm?), which
allows vaccines with high safety and effectiveness for the target animal species to be obtained. The article presents the results of the study of humoral immunity in
20non-pedigree dogs 21 days after the administration of rabies inactivated vaccines based on culture rabies virus from ARRIAH strain formulated with various adjuvants.
The presented rabies vaccines formulated with oil adjuvant Montanide ISA 70 VG and gel adjuvant Montanide GEL 01 were innocuous and safe and induced strong
immunity in all vaccinated animals. The vaccine formulated with Montanide ISA 70VG adjuvant in case of a single administration in the dose of 1.0 cm? induces formation
of rabies virus-neutralizing antibodies in the level of 2.4 times higher than the vaccine formulated with Montanide GEL 01 adjuvant. The highest levels of rabies antibodies
in dogs were 48.1 + 3.7 and 28.3 £ 1.5 [U/cm® and were observed with the use of rabies inactivated emulsion vaccine in the doses of 3.0 and 1.0 cm?® respectively.
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PE3IOME

HecmoTpA Ha Bce npunaraemble ycunus, npobnema GeLueHCTBa B MUPe He TepseT (BOeit aKTyanbHOCTY. IBRAACH 0CTPOIA NPUPOSHO-0YaroBoi MHeKLMell, peacTaBnsa-
€T OrPOMHYH0 0NacHOCTb KaK ANA XKIBOTHbIX, Tak 11 ANA yenoBeka. BeayLuas ponb B npouecce nepesaun Bupyca belueHcTBa YenoBeKy NpuHanexuT 3abonesLunm co-
6akam, 6e3HaA30pHbIe KMBOTHbIE MOrYT ObITb NOTEHLMANbHBIMYU UCTOYHUKAMIN BO3OYAUTENA GeLLIeHCTBa, 4TO MOBbILLAET PUCK Nepeayn CMepTebHO 0NacHoro Bupyca
yenoseky. [lpogunakTuka beLeHcTBa cpean cobak BO BceM MUpe 0CyLLeCTBAAETCA MyTeM yueTa YNCIeHHOCTI STOr0 BUAA XKMBOTHBIX, X 0043aTenbHOI perynapHoii
UMMYHI33LIUM 1 OLHKM SOGEKTUBHOCTY BaKLMHALIMM NO YPOBHIO HAKONNEHWA aHTUPAOUUecKuX BUPYCHeIATPanu3ytoLLux anTuTen. [ina dopMmupoBaHIa 3aLuuTHOro
YPOBHSA TYMOPaNbHOro UMMyHHTETa Y cobak npoTus belweHcTBa (= 0,5 ME/cM®) npuMeHsT MHAKTUBMPOBAHHbIE BaKLMHbI, NONTyYeHHble Ha OCHOBE Pa3NINUHbIX
LUTAMMOB BMPY(Ca CMCMOMb30BaHIEM LLUMPOKOTO CMIeKTPa albKBAHTOB, YT NO3BOMAET N0AYYaTb BaKLIAHbI ¢ BbICOK/MM NOKa3aTenamy 6e3onacHocTin u3ddeKTuBHOCT!
[N LieneBbIX BUL0B XUBOTHbIX. B cTaTbe NpecTaBneHbl pe3ynbraTbl MCCe[0BaHMA ryMOpaNbHOro MMyHuTeTa y 20 6ecnopoaHbix cobak Ha 21 cyT nocne BBesieHUA
QHTVPabUYeCKNX HAKTMBUPOBAHHBIX BAKLIAH U3 KyNbTypanbHOro BUpyca belueHcTBa wramma «BHUNU3M¥» cnpumeHeHrem pasnnyHbix agbioBaHToB. llpeacTaBneH-
Hble BaKLMHbI NPOTVB BeLLeHCTBa, M3roToBEHHbIE C UCN0Nb30BaHKEM MACcAHOrO abloBaTa Montanide ISA 70 VG u reneBoro agbloBanTa Montanide GEL 01, 6binu
ABUPYNEHTHbIMI, 6€3BPEAHbIMU 1 MHAYLMPOBANM HANPAXEHHbI IMMYHITET Y BCeX NPUBUTBIX XUBOTHBIX. BaKLMHa Ha 0cHOBe afybloaHTa Montanide ISA 70 VG
MU OHOKPaTHOM BBeAeHIM B fo3e 1,0 cM? cnoco6CcTBYeT BbIpaboTke BUPYCHEATPaNU3YIOLMX aHTUPABUUECKX aHTUTEN B 2,4 paa BbilLe MO CPaBHEHMHO C Npe-
1apatom, NoyYeHHbIM C UCMONb30BaHKMeM afbloaHTa Montanide GEL 01. Haubonee Bbicokue TuTpbI aHTUTEN NpoTuB belueHcTBa y cobak coctagnanu 48,1 + 3,7
28,3 % 1,5 ME/cM* 1 6binu 0TMeYeHbI Npyt UCMONb30BaHMM aHTUPA61IUECKOii HAKTUBUPOBAHHOI IMYNbCAOHHOI BaKLMHbI B 103aX 3,0 11 1,0 cM® COOTBETCTBEHHO.

KnioueBble cnoBa: 6elweHCTBO, MHAKTUBMPOBAHHAA BaKLMHA MPOTUB GelLeHCTBA, TyMOPabHbIiA UIMMYHUTET, aHTUpabuueckine BUpYCHeATpanu3ytowme
aHTUTeNa, cobaKu.

[ina untuposaunua: banawos A. H., loponus M. W., bopucos A. B., JlozoBoii [l A., Muxanuiwut [. B., Crapukos B. A. U3yueHne rymopanbHoro uMmyHuTeTa
06aK Mp1 MCNONb30BaHIM AHTUPABUYECKUX NHAKTUBMPOBAHHbBIX BaKLIH, 3TOTOBAEHHBIX C NpUMeHeHUeM agbtoBaHToB Montanide ISA 70 VG u GEL 01.

Bemepurapus ce200s. 2020; 1 (32): 25-30. DOI: 10.29326/2304-196X-2020-1-32-25-30.

KoHdnukr untepecos. ABTopbl 3aABAAKT 00 OTCYTCTBIM KOHGANKTA MHTEPECOB.

[ina koppecnoupexuun: [lopond Makcum UropeBuy, KaHauaat 6uonoruueckinx Hayk, CTapLumii HayuHblii COTPYAHUK nabopatopuin NpodunakTuKm ALypa
OIBY «BHUW3X», 600901, Poccus, r. Bnagumup, mkp. Opbesel, e-mail: doronin@arriah.ru.

INTRODUCTION

Rabies is a major viral disease of humans and animals
and also one of the most dangerous zoonoses, causing
lesions of the central nervous system, encephalomyelitis,
and paralysis with inevitable lethal outcome. The agent
belongs to the order Mononegavirales,family Rhabdoviridae,
genus Lyssavirus, species Rabies lyssavirus [1].

Rabies is a world-wide problem, to which international
organizations (WHO, OIE, FAO, GARC) and veterinary services
of many countries pay special attention [2, 3]. The disease
leads to significant costs associated with animal mortality,
management of outbreak consequences, preventive
and quarantine measures, management of wild animal
population, catching of stray cats and dogs and diagnostic
testing [4, 5]. Itis estimated that the annual global economic
loss from rabies is more than $8.6 billion [6].

The virus spreads easily, so the disease can become
an epizootic. A large number of natural foci of rabies
is mainly maintained due to wild animals, though the
pathogen is also transmitted to domestic animals, and
this fact requires increased attention because of their
close proximity to humans [7]. It is considered that the
leading role in the process of rabies virus transmission to
humans belongs to diseased dogs because of their high
sensitivity to the virus as well as a number of biological
and ecological features peculiar to them (tendency to
form packs, ability to move considerable distances, etc.).
Most cases of rabies transmission from dogs to humans are
associated with viral saliva getting into wounds inflicted
by bites [4, 8]. Currently, more than half of the population
of the Russian Federation has companion animals. At the
same time, the problem of free-roaming dogs is acute, and
their packs have become common in cities, towns and

settlements [7, 9]. They may be potential sources of the
rabies agent, which increases the risk of transmitting the
deadly virus to humans.

Rabies prevention in dogs worldwide is carried out by
taking into account the number of this animal species,
its mandatory routine immunization, and by assessing
the effectiveness of vaccination against the level of
accumulation of rabies virus-neutralizing antibodies (VNA).
To induce a protective level of humoral immunity in dogs
against rabies (> 0.5 ME/cm?) [2], inactivated vaccines
obtained from different rabies virus strains and formulated
with a wide range of adjuvants are used, which allows to
obtain vaccines with high safety and efficiency indicators
for target animal species [2, 5,9, 10, 11].

The aim of this work was to study the possibility of
protecting dogs from rabies through the use of rabies
inactivated vaccines based on “ARRIAH" strain of rabies
virus and formulated with Montanide ISA 70VG and GEL 01
adjuvants.

MATERIALS AND METHODS

Vaccines. Experimental batches of rabies inactivated
vaccines were made based on “ARRIAH" rabies virus strain,
reproduced in suspension cell line from the Syrian baby
hamster kidney (BHK-21). Rabies virus was inactivated
with aminoethylethylenimine (AEEI) solution. The suspen-
sion of the inactivated antigen was purified from ballast
proteins by simple sedimentation. To enhance immune
response, vaccines were formulated with Montanide ISA
70 VG oil adjuvant, consisting of mineral oil and non-ionic
emulsifier, and Montanide GEL 01 gel adjuvant, based
on highly purified finely dispersed sodium polyacrylate
(SEPPIC, France) (Table 1).
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Laboratory animals. We used thirty non-pedigree dogs
weighing 10-15 kg, and twenty white mice weighing
10-12g.

All tests on animals were conducted in strict accordance
with the Interstate Standards for the keeping and care of
laboratory animals GOST 33216-2014 and GOST 33215-
2014, adopted by the Interstate Council for Standardization,
Metrology and Certification, as well as the requirements of
Directive 2010/63/EU of the European Parliament and of
the Council of the European Union of 22 September 2010
on the protection of animals used for scientific purposes.

Immunization of animals. For the purposes of the
research, all dogs were divided into 6 groups per 5
animals, the vaccines were administered by intramuscular
route. The following animals were immunized with rabies
inactivated adsorbed vaccine: animals of group 1 (No. 1-5)
were immunized with a single undiluted dose of 1.0 cm?,
animals of group 2 (No.6-10) — at a dose of 3.0 cm?, animals
of group 3 (No. 11-15) — twice at a dose of 1.0 cm?® with
inoculation interval of 7 days. Rabies emulsion vaccine was
administered to dogs of group 4 (No. 16-20) a single time
at a dose of 1.0 cm?, group 5 (No. 21-25) - at a dose of
3.0 cm?, group 6 (No. 26-30) - twice at a dose of 1.0 cm?
with an interval between inoculations of 7 days (Table 2).

Evaluation of innocuity of rabies virus antigen in cell
culture. The innocuity of the inactivated rabies virus
suspension was controlled by inoculation into the
monolayer continuous BHK-21 cell line during three
consecutive passages using rabies immunoglobulin G
labeled with FITC. As a positive control, we used a freeze-
dried suspension of non-inactivated rabies virus of "ARRIAH”
strain with infectivity titer of 7.00 Ig TCID50/cm?. A freeze-
dried suspension of inactivated rabies virus served as
negative control. The material was considered avirulent if
no fluorescent glow specific to rabies virus was detected
in any of the three consecutive passages [2].

Evaluation of safety of rabies inactivated vaccines on white
mice. Before administration to white mice, the emulsion
vaccine against rabies was destroyed up to the isolation of
the antigenic phase. For this purpose, the preparation was
triply frozen and thawed, and then centrifuged for 30 min
at 7000 g (rotor diameter - 6 cm, speed - 10,000 rpm).
The process resulted in the sedimentation of the antigen
at the bottom of the tube, which was used for testing by
intracerebral injection of 0.03 cm? to ten white mice.

The adsorbed vaccine was diluted 4-fold by the saline
solution and the resulting suspension was injected intra-
cerebrally per 0.03 cm? to ten mice [2].

The animals were observed for 21 days. The vaccine
was considered safe if all vaccinated animals remained
clinically healthy during the whole period of observation,
without rabies signs [2].

Testing of safety of the vaccine on dogs. For the analysis
of the vaccines for safety, ten animals from groups 2
and 5 (No. 6-10 - for adsorbed vaccine, No. 21-25 - for
emulsion vaccine) were administered a triple dose of the
vaccine into neck muscles (3.0 cm? each). The safety of
the re-administration of a single dose of these vaccines
into neck muscles at a 7-day interval was also assessed
in 10 dogs of groups 3 and 6 (No. 11-15 - for adsorbed
vaccine, No. 26-30 - for emulsion vaccine). The clinical
condition of the animals was observed for 14 days. The
vaccine was considered safe on condition that all dogs
remained clinically healthy at the end of the observation
period, without necrosis in the inoculation area.

Table 1
Rabies inactivated vaccines for dogs made of ARRIAH strain of rabies
virus formulated with different adjuvants

Ta6nuua 1

AHTupabuyeckue NHAKTUBMPOBaHHbIE BaKLMHbI AN c0baK,
M3roToBJ/IeHHbIe Ha ocHoBe WTamma «BHUU3XK» Bupyca 6eweHcTBa
CNpUMeHeH1eM pa3HbIX afiblOBaHTOB

. : Adjuvant/ .
Type of vaccine Adjuvant antigen ratio Type of emulsion
1 nactivated 1\ anide GELOT 10/90 -
adsorbed
| nedivated oy ide 15A70 70130 W0
emulsion

W/0 — water-in-oil (inverse emulsion).

Determination of the number of rabies virus-neutralizing
antibodies (VNA). Evaluation of strength of post-
vaccination humoral rabies immunity in dogs 21 days after
vaccination was carried out by analysis of sera taken from
animals No. 1-5, 16-30 in neutralization reaction (FAVN
modification) with the use of monolayer cell line BHK-21
according to the OIE recommendations on rabies [2]. Each
serum was tested in triplicate.

Statistical data processing consisted in determination
of arithmetic mean values of rabies antibody titer and
reliability of statistical difference between the mean values
according to Student-Fisher method [12].

RESULTS AND DISCUSSION

At the first stage of the study the innocuity of the
obtained rabies virus antigen of “ARRIAH" strain in the
monolayer cell line BHK-21 was evaluated. As a result of
the analysis, no fluorescent glow specific to rabies virus
was detected in any of the three consecutive passages,
which indicated the complete inactivation of the virus.

At the second stage, two proposed vaccines were
tested for innocuity in 20 white mice and safety in 20 dogs
(Nos. 6-15, 21-30). According to the results of the analysis,
the produced vaccines were found to be innocuous and safe,
since all immunized animals remained clinically healthy

Table 2
Immunization of dogs with rabies inactivated vaccines based on ARRIAH strain
of rabies virus formulated with different adjuvants

Ta6nuua 2
UmmyHu3auus cobak aHTUpabuyeckumm HaKTMBUPOBaHHBIMU BaKLMHaMM
Ha ocHoBe wramma «BHUN3XK» Bupyca 6eweHcTBa u pa3HbIX aibloBaHTOB

Vacclne characteristics Inoculation dose,
Group No. 3
"

1.0
2 6-10 inactivated |\ ianide GELOT 30
adsorbed
3 11-15 1.0+1.0
4 16-20 1.0
inactivated Montanide
g 21-25 emulsion ISA70VG 30
6 26-30 1.0+ 1.0
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Table 3

Evaluation of level of post-vaccination humoral immunity against rabies in dogs by
FAVN after administration of rabies inactivated vaccines formulated with different
adjuvants (n . =3,p<0.005)

of tests

Tabnuua 3

OueHKa cTeneHn NoCTBaKLMHANbHOr0 ryMOpanbHOro UMMYHUTETa Y c06aK NpoTUB
6ewencraa B FAVN nocne BBefieHnA aHTMpabuyecknX MHAKTUBUPOBAHHbIX
BaKLUVH C NpUMeHeH1eM pa3HbIX aiblOBaHTOB (N =3,p<0,005)

UCCnesioBaHMmii

Vaccine characteristics . Titer of rabies VNA 21
Group Inoculation Animal N t o
No . dose. cm? nimal No. | days after vaccination,
: type adjuvant / IU/cm?
1 134 +12
2 135 £ 0.8
1 inactivated | Montanide 10 3 103 £ 09
adsorbed GELO1 ' 4 109 + 15
5 109 + 1.7
M=+m 11.8 £ 1.5
16 296 + 1.7
17 286 + 1.4
inactivated | Montanide 18 274 £15
4 . 1.0
emulsion ISA70VG 19 298 + 15
20 263 £1.6
M=m 283 + 1.5
21 $34+28
22 523 +39
inactivated | Montanide 3 508 £3.6
> lsion | ISA70VG 30
emuision 2% 485 +37
25 456 +£3.9
M+m 48.1 £3.7
26 175 + 0.8
27 155 +1.5
inactivated | Montanide 28 149 14
6 . 1.0 +1.0
emulsion ISA70VG 29 172 + 0.8
30 16.9 + 0.8
M+m 16.4 = 1.1

during the whole period of observation, without signs of

rabies and without tissue necrosis at the injection site.

The next stage of the study was devoted to studying
post-vaccination humoral immunity in 20 dogs after
administration of rabies vaccines based on “ARRIAH"
strain of rabies virus and formulated with Montanide ISA
70 VG and Montanide GEL 01 adjuvants. The animals of
four groups were immunized according to the scheme
presented in Table 2. Before and 21 days after vaccination,
blood was taken from dogs and serums were tested by
neutralization test (FAVN modification) [2]. It was found
that prior to vaccination, the serum did not contain

antibodies against rabies virus.

Data in Table 3 and Figures 1-4 show that VNA
titers in the animals of group 1 vaccinated with rabies
inactivated adsorbed vaccine formulated with Montanide
GEL 01 adjuvant once at a dose of 1.0 cm?, averaged
11.8 £ 1.5 ME/cm?3. This value is 2.4 times lower than that
of group 4 where dogs were immunized once at a dose
of 1.0 cm? with Montanide ISA 70 VG adjuvant and the
antibodies against rabies virus were 28.3 + 1.5 [U/cm?.
Given that the level of humoral immunity in dogs
vaccinated with the emulsion vaccine is higher than in
the case of the adsorbed vaccine, further studies were
conducted with a vaccine formulated with Montanide
ISA 70 VG adjuvant, and the dose was increased three
times, and the animals were vaccinated twice at a dose of
1.0 cm?at 7-day intervals. Thus, in animals of group 5 which
were administered the emulsion vaccine once at a dose of
3.0 cm?, VNA titers stood at 48.1 + 3.7 ME/cm?®, which was
4.1 and 2.4 times higher than in animals of groups 1 and
4 respectively. VNA titers in dogs of group 6 which were
vaccinated with this preparation twice per 1.0 cm?, were
on average 16.4 + 1.1 [lU/cm?, which was 1.4 times higher
than in animals of group 1.

As a result of the comparative analysis of the obtained
data, it was established that the rabies inactivated emulsion
vaccine formulated with Montanide ISA 70 VG adjuvant
stimulated the formation of a stronger humoral immunity
in comparison with the adsorbed vaccine formulated with
Montanide GEL 01 adjuvant. Thus, in the group of animals
immunized with the emulsion vaccine a single time ata dose
of 1.0 cm?, the VNA titer was 1.7 times higher compared to
the data for adsorbed vaccine.The level of rabies antibodies
in dogs immunized with emulsion vaccine once at a dose of
3.0 cm®and twice at a dose of 1.0 cm®was 4.1 and 1.4 times
higher respectively compared to animals vaccinated with
the adsorbed vaccine.

Comparing average values of rabies antibodies titers
in dogs 21 days after vaccination with emulsion vaccine
at different doses, it was found that the highest level of
VNA was achieved with a single administration of the
preparation at a dose of 3.0 cm?®(48.1 + 3.7 [U/cm?).

A single administration of the rabies vaccine to dogs at
a dose of 1.0 cm?® and a double administration at a dose of
1.0 cm? 21 days after immunization induced accumulation
of VNA in titers of 28.3 £ 1.5 and 16.4 + 1.1 I[U/cm3, which
is 2.4 and 2.9 times lower in comparison with a single
administration of the above-mentioned vaccine at a
dose of 3.0 cm®. It should be noted that during the whole
period of observation (21 days) the condition of all animals
vaccinated with the presented vaccines at different doses
was satisfactory.

As a result of the conducted studies, it was found
that the developed rabies inactivated vaccines based on

“ARRIAH" strain of rabies virus formulated with Montanide

ISA 70 VG and Montanide GEL 01 adjuvants 21 days
after the administration induced protective level of
antibodies in dogs (above 0.5 IU/cm?) and thus met the OIE
requirements for immunogenicity [2]. At the same time
the highest levels of humoral immunity in dogs against
rabies of 48.1 + 3.7 and 28.3 + 1.5 [U/cm? were observed
when using rabies inactivated emulsion vaccine at doses
of 3.0 and 1.0 cm? respectively.

CONCLUSION

The immunobiological properties of two rabies
inactivated vaccines based on “ARRIAH” strain of rabies
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Fig. 1. Humoral immunity in dogs 21 days after single
administration of anti-rabies inactivated adsorbed vaccine
based on Montanide GEL 01 adjuvant at a dose of 1.0 cm’
(according to the FAVN data)

Puc. 1. [ymopanbHeil ummyHumem y cobak Ha 21 cym
nocsie 00HOKpamHo20 8sedeHus aHmupabuyeckol
UHAKMUBUPOBAHHOU cOpbUPOBAHHOU 8AKYUHbI Ha OCHOBE

adwstosaHma Montanide GEL 01 8 0o3e 1,0 cm? (no daHHbiMm FAVN)
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Fig. 3. Humoral immunity in dogs 21 days after single
administration of anti-rabies inactivated emulsion vaccine
based on Montanide ISA 70 VG adjuvant at a dose of 3.0 cm?
(according to the FAVN data)

Puc. 3. [ymopaneHsit ummyHumem y cobak Ha 21 cym noce
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Fig. 2. Humoral immunity in dogs 21 days after single
administration of anti-rabies inactivated emulsion vaccine
based on Montanide ISA 70 VG adjuvant at a dose of 1.0 cm®
(according to the FAVN data)

Puc. 2. [ymopansHeiti ummyHumem y cobak Ha 21 cym nocne

00HOKPAMHO20 88e0eHUs aHMupabuyeckol UHAKMUBUpOB8aHHOU

3MY/IbCUOHHOU 8AKYUHbI Ha OCHO8e d0vo8aHmMa
Montanide ISA 70 VG 8 0o3e 1,0 cm? (no 0aHHeIM FAVN)

Titer of antibodies against rabies virus, IU/cm?

No. of animal

Fig. 4. Humoral immunity in dogs 21 days after double administration
of anti-rabies inactivated emulsion vaccine based on Montanide

ISA 70 VG adjuvant at a dose of 1.0 cm? at 7-day interval
(according to the FAVN data)

Puc. 4. [ymopaneHeit ummyHumem y cobak Ha 21 cym nocse

00HOKpAMHO20 88e0eHUs aHmupabuyeckoli UHAKMuBUpPOB8AaHHOU
3MYJIbCUOHHOU B8AKYUHbI HG 0CHOBe advtosaHma Montanide
ISA 70 VG 8 0o3e 3,0 cm? (no 0aHHeiMm FAVN)

08yKpamHoz20 88e0eHUA aHMupabuyeckoli UHGKMUBUPOBAHHOU
3MY/IbCUOHHOU BAKYUHbI C NpUMeHeHUem advlosaHma Montanide
ISA 70 VG no 1,0 cm? c uHmepesanom 7 cym (no 0aHHeim FAVN)

virus were studied using Montanide ISA 70 VG and
Montanide GEL 01 adjuvants.

When tested on white mice and dogs, it was found that
the obtained vaccines were safe.

Humoral immunity was assessed in 20 non-pedigree
dogs 21 days after the administration of the developed
vaccines at different doses. It was found that the developed
rabies inactivated vaccines stimulated the formation of
protective level of antibodies in dogs and met the OIE
requirements for immunogenicity.

It was found that the highest levels of humoral
immunity in dogs against rabies 21 days post-vaccination
were 48.1 + 3.7 and 28.3 + 1.5 [U/cm® and were observed
when using rabies inactivated emulsion vaccine at doses
of 3.0 and 1.0 cm? respectively. The vaccine formulated

with Montanide ISA 70 VG oil adjuvant at a single
administration of a dose of 1.0 cm? contributed to the
formation of rabies VNA at the level 2.4 times higher
compared to the vaccine formulated with Montanide
GEL 01 adjuvant.
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SUMMARY

Rabies is one of the most important human and animal viral diseases, being one of the most dangerous zoonoses, causing damage to the central nervous system with
an inevitable fatal outcome. This disease is of global concern, and it attracts special attention of international organizations (WHO, OIE, FAO, GARC) and of veterinary
services in many countries around the world. A variety of anti-rabies vaccines have been used for specific rabies prevention in wild carnivores, however, the safety and
effectiveness of some of them is doubtful. New, more advanced products are being developed, one of which is Ferarabivac, a live oral vaccine. The vaccine was tested for
itsimmunogenicity and protectivity in wild carnivores. The optimal immunizing dose was 2.0 cm?, with the infectivity titre of RV-97 strain of at least 6.00 Ig KKID, /cm?.
Anti-rabies antibody titres detected in the blood sera of foxes and raccoon dogs 14 days post vaccination, were 0.70 +0.18 and 0.73 + 0.19 [U/cm?, respectively, which
provided protection against rabies virus infection (> 0.50 IU/cm?). Rabies virus neutralizing antibodies in foxes reached their maximum level of 4.30 + 0.32 IU/cm?
50 days post vaccination. Antibody titres in vaccinated raccoon dogs also reached their maximum level of 4.53 £ 0.27 IU/cm? 50 days post vaccination. The minimum
protective threshold levels of serum neutralizing antibodies was determined 12 months after the vaccination, and it was 0.62 + 0.28 and 0.71 + 0.17 IU/cm? in foxes
and raccoon dogs, respectively, which proves the necessity to perform booster vaccination one year later. No animals vaccinated against rabies with Ferarabivac live
vaccine showed any clinical signs of the disease during the entire observation period following the challenge test carried out 30 days post vaccination.
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PE3IOME

belueHCTBO MMeeT nepBooyepefHOe 3HaueHue B pAay BUPYCHbIX 60Ne3Heii YenoBeKa v XKUBOTHbIX, ABNAACH OHUM U3 CAMbIX OMACHbIX 300HO30B, Bbi3blBas N0~
paXeHue LieHTPabHOI HePBHOIA CCTEMbI € HeM36eXHbIM NIeTallbHbIM UCX0A0M. 3aboneBaHue NpeCTaBnsAeT coboil MupoByto Npobnemy, KoTopoii yaensaior ocoboe
BHMMaHVe MexyHapoaHble opraHu3aumn (B3, M3b, OAO, GARC) v BeTepuHapHble cy»6bl MHOTUX cTpaH Mupa. [1ns cnewnduyeckoii npodunakTikm belueHcTea
CPeAY AMKVX NNIOTOALHBIX XUBOTHBIX NPUMEHSAIOT Pa3HO06Pa3Hble aHTUpabuyeckue BaKLMHbI, 0[HAKO CYLLECTBYIOT COMHEHUA B 6e3onacHoCTU 1 3 deKTnBHOCTH
HeKOTOpbIX 13 HUX. BepyTca pa3paboTku HOBbIX, Gonee COBEPLUEHHbIX NPENapaToB, OHUM U3 KOTOPbIX ABAAETCA aHTUpabuyeckas X1Bad opaNbHaA BaKLMHA
«Depapabusak». lpoBezieHbl MCCNe0BAHIA N0 U3YYeHUH0 ee IMMYHOTEHHDIX M NPOTEKTUBHbIX CBOICTB ANA AMKMX MNOTOALHBIX XKUBOTHbIX. ONTUManbHasa MMmy-
HU3WpyloLLas 103a NpenapaTa cocTaBAseT 2,0 CM’ C TUTPOM MHEKLIMOHHOI aKTUBHOCTY BUpyca bewlencTBa WTamma PB-97 He menee 6,00 Ig KW, /aw®. Yepes
14 cyT nocse opanbHOi NMMYHI3aLM JaHHOI BAaKLMHOI aHTUpabuueckye aHTUTeNa 06Hapy»eHbl B CbIBOPOTKE KPOBM IMCULL M €HOTOBUAHBIX 00K B TUTpax
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0,70+£0,18 10,73 £0,19 ME/cm’ cooTBeTCTBEHHO, UTO 0bECTIeUNBaN0 3aLLUTY OT 3aparkeHua BUPYCoM beLueHcTBa (> 0,50 ME/cw?). Cycta 50 cyT ypoBeHb aHTU-
pabuyeckinx BUpYCHeTPaNu3yrLLMX aHTUTEN Y IUCUL AOCTUTAN MaKCMManbHbIX 3HaueHuil u coctaBnan 4,30 = 0,32 ME/cw?. TuTp aHTUTeN y BaKLMHUPOBAHHbIX
eHOTOBUAHbIX COBaK 0CTUran MaKCMManbHbIX 3HaueHuil Takxke cnycTa 50 cyT v 6bin paseH 4,53 £ 0,27 ME/cvm?. MuHUManbHbIit noporoBblit ypoBeHb BUPYCHeii-
TPaNu3yHoLLMX aHTUTEN Onpeaenani yepe3 12 MecALeB Noce UMMYHU3aLMM, OH COCTABAAN Y ACKLL 11 EHOTOBUAHDIX cobak 0,62 + 0,28 1 0,71 £ 0,17 ME/cw?
COOTBETCTBEHHO, UTO J10Ka3bIBAET HE06X0AMMOCTL NPOBEAEHMA NOBTOPHOI BAKLMHALIMY XXMBOTHbIX NPOTUB OelLeHCTBa Yepe3 rof. B pesynbrate KOHTPONbHOTO
3apaxeHna yepes 30 cyT nocne BaKLMHALMN BCE KNBOTHbIE, UIMMYHI3MPOBaHHbIe aHTUPabyeckoil uBoii BakuuHoi «DepapabuBak», B TeueHue BCero Cpoka
HabntofieHNA He NPOABAANN KNMHUYECKMX NPU3HAKOB beLueHCTBa.

KnioueBblie cnoBa: bewweHCTBO AUKNX NNIOTOALHDBIX KUBOTHbIX, aHTI/IpaﬁVNECKaH KUBaA opanbHaA BaKLWHa «(Depapa6MBaK», aHTI/IpaﬁVNECKI/IE Bupyc-
HEVITpaJ’IM3yIOU.|,I/I€ aHTuTENa.

[ins untuposanusa: Wnwkos A. B., llo3ooit [I. A., bopucos A. B., Muxanuwmt [J. B. MiccnefoBaHre UMMyHOTEHHbIX M NPOTEKTUBHDIX CBOMCTB aHTUPabUUeCKoil
KBOIA BaKLMHbI «DepapabuBak» Ana AUKIX MIOTOAAHBIX XUBOTHbIX. Bemepurapus cezodus. 2020; 1(32): 31-37. DOI: 10.29326/2304-196X-2020-1-32-31-37.

KoHdnukT nutepecos. ABTOpbI 3aABAAIOT 00 OTCYTCTBUN KOHONMKTA HTEPECOB.

[ina koppecnonperumn: Wnwkos Anexkcanap Banepbesuy, BeayLuil BeTepuHapHblil Bpay nabopatopuu npopunaktuky Awypa Or6Y «BHUN3X», 600901,

Poccua, . Bnagumup, mkp. l0pbesed, e-mail: shishkov@arriah.ru.

INTRODUCTION

According to the International Committee on Taxono-
my of Viruses, rabies is caused by viruses belonging to the
Lyssavirus genus Rhabdoviridae family of the Mononegavi-
rales order [1]. The Lyssavirus genus includes the classic ra-
bies virus (RABV), which belongs to phylogenetic group 1
and is widely spread among various animal species around
the world [1, 2].

Rabies is of primary importance among human and
animal viral diseases, being one of the most dangerous
zoonoses, causing damage to the central nervous system
with an inevitable fatal outcome [3, 4]. Thus, rabies is a
global challenge in the field of infectious pathology, epi-
demiology, epizootology and ecology [5].

To date, the developed countries, including Russia,
where vaccine manufacturing technologies meet mo-
dern requirements, have replaced the production of tis-
sue-based anti-rabies vaccines with live and inactivated
culture-based rabies vaccines for parenteral and oral
use [4].

A variety of anti-rabies vaccines are used for specific ra-
bies prevention in wild carnivores, however, the safety and
effectiveness of some of them is doubtful. Currently, new
and more advanced vaccines are being developed [4, 6, 7].
WHO, OIE, FAO and GARC experts and specialists constant-
ly highlight the necessity to improve existing anti-rabies
vaccines and to develop the newer and safer ones [4].

Anti-epidemic measures implemented in the territo-
ry of the Russian Federation in recent years do not result
in significant containment of rabies virus spread in ani-
mals [2]. In Russia, domestic oral anti-rabies vaccines are
used in wild carnivores. The vaccines are based on the
attenuated rabies virus strain, which ensures protection
against any rabies virus variant belonging to phylogenetic
group 1[8,9, 10].

The effectiveness of preventive vaccination depends
on the route of administration, quality of the produced
vaccines, and number of immunized wild carnivores
[2, 10]. For each type of target animals, the vaccine effica-
cy should be demonstrated by statistically reliable studies
that include oral vaccination, subsequent challenge test
and assessment of vaccine protective efficacy. The most
susceptible young animals, for which the vaccine is recom-

mended, were used in the study. Rabies virus neutralizing
antibody titers (VNA) should confirm the vaccine efficacy
for each target animal species. For this purpose we studied
the protective antibody production using VN assay (RFFIT)
[8] and the duration of immunity in wild carnivores [6, 7].

The production of anti-rabies vaccines for animals is
regulated by the requirements of the World Organization
for Animal Health (OIE), according to which the vaccine
should provide strong immunity in target animal species
(immunogenicity index > 1.0) and induce VNA titer (at least
0.5 1U/cmd) [4].

The aim of this work was to study immunogenic and
protective properties of FGBI“ARRIAH"-manufactured live
oral vaccine Ferarabivac in wild carnivores.

MATERIALS AND METHODS

Rabies virus. Rabies virus vaccine strain RV-97 depo-
sited in the Collection of strains of microorganisms of the
FGBI“ARRIAH"was used to produce Ferarabivac anti-rabies
live attenuated oral vaccine (FGBI“ARRIAH"). Standard con-
trol virus strain (CVS-27) was used for challenge.

Vaccine. Ferarabivac anti-rabies live attenuated oral
vaccine for wild carnivores was used in the study. The vac-
cine contained rabies virus vaccine strain RV-97 (infectivity
titre > 6.0 Ig KKID, /cm?) at the dose of 1.0, 2.0 and 5.0 cm’.

Animals. Red foxes aged 9-12 months (115 animals)
and raccoon dogs aged 9-12 months (85 animals) were
used to study the vaccine immunogenicity. The animals
were purchased from animal farms in the Moscow region.
According to the VN assay results, none of the animals had
rabies virus VNA.

All the tests were conducted in strict accordance with
the Interstate Guide for Care and Use of Laboratory Ani-
mals, GOST 33215-2014, adopted by the Interstate Coun-
cil for Standardization, Metrology and Certification, as
well as in accordance with the requirements of Directive
2010/63/EU of the European Parliament and of the Council
of the European Union of 22.09.2012 on the protection of
animals used for scientific purposes.

Determination of the rabies virus infectivity titre. Virus
infectivity was determined using a monolayer cell line
of the newborn Syrian hamster kidneys (BHK 21/2-17),
followed by staining with fluorescein isothiocyanate
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(FITC)-labeled anti-rabies immunoglobulin G [11]. Virus ti-
ters were calculated using Spearman-Kerber method [12]
and expressed in Ig KKID, /cm®.

Brain and blood sampling. Sampling was performed in
compliance with the FGBI “ARRIAH"s Guidelines for brain,
blood serum and bone tissue sampling and shipment for
rabies diagnosis and assessment of the efficacy of oral
vaccination [13].

Fluorescent antibody test (FAT) Smears prepared from
a composite sample of brain tissues of target animals
were examined by direct FAT, which consists in binding
FITC-labeled anti-rabies antibodies to the specific antigen,
and further examination for fluorescent antibody-antigen
complexes using fluorescence microscopy [14].

Study of vaccine immunogenicity. The duration of the
protective immunity in the target animals at the end of
the stated protection period was assessed by FAVN using
a monolayer BHK-21/2-17 cell line and FITC-immuno-
globulin in accordance with the OIE recommendations
for rabies [4]. Positive OIE Standard Serum of dog origin
(6.7 IU/cm?®) and negative OIE Standard Serum of dog ori-
gin were used (ANSES, Nancy, France). Each blood serum
was tested in triplicates.

Study of vaccine protectivity. To study the efficacy of
vaccination, 25 vaccinated and 10 control animals were
used. Challenge was performed on day 30 post vaccina-
tion at a dose of 25,000 LD, /cm’. After the challenge, the
animals were observed daily for 90 days. As soon as the
animals began to show clinical signs of the disease, they
were euthanized and the presence of the virus was con-
firmed by FAT. At the end of the observation period, all
survived animals were euthanized and the brain smears
were studied using FAT.

Statistical data processing. The obtained data were sta-
tistically processed by calculating arithmetic mean values
and the confidence interval of the difference between
means computed using the Student’s-Fischer equation
[12]. The differences were considered statistically signifi-
cant when p < 0.05.

RESULTS AND DISCUSSION

Ferarabivac anti-rabies live oral vaccine is designed to
prevent rabies in wild carnivores, and is the only effective
immunization route in this case is feeding the vaccine to
the animals.

At the first stage, the immunizing dose was determined
for 30 red foxes. The animals were divided into 3 groups
(10 animals per group). Animals in the first group were
fed 1 bait containing 1.0 cm? of the vaccine, in the se-
cond group — 1 bait containing 2.0 cm? of the vaccine, in
the third group - 1 bait containing 5.0 cm? of the vaccine.
Blood sera were collected and tested for rabies VNA on
days 14, 21, 30 and 60 post vaccination (dpv). The results
are shown in Table 1.

The data in Table 1 demonstrate that when foxes ate
the bait containing 1.0 cm? of the vaccine the anti-rabies
VNA titre amounted to 0.30 + 0.29;0.90 £ 0.25; 1.25 £ 0.25;
2.00 + 0.21 IU/cm?® respectively. Eating of the vaccine at
a dose of 2.0 cm?® resulted in anti-rabies VNA level at
0.69 + 0.18; 2.20 £+ 0.23; 3.20 + 0.34; 4.20 + 0.38 IU/cm?
respectively. Eating of 5.0 cm?® dose resulted in anti-
rabies VNA titres at 0.78 + 0.25; 2.60 + 0.35; 4.00 + 0.28;
4.96 +0.301U/cm’on 14, 21, 30, 60 dpv respectively. Accor-
ding to the obtained data and the OIE requirements as well
as in the context of cost-effectiveness the dose of 2.0 cm?

with infectivity titre being at least 6.00 Ig KKID, /cm?®is an
effective immunizing dose of the vaccine and it ensures
the animal protection against rabies infection in 14 days
post immunization. When animals were fed the baits con-
taining 5.0 cm?® of the vaccine, the comparable anti-rabies
VNA levels were induced but it required considerable
amount of the vaccine raw material. Administration of the
immunizing dose of 1.0 cm?® on 14 dpv resulted in accumu-
lation of anti-rabies VNA at the amount insufficient for the
animal protection against rabies (< 0.50 [U/cm?).

During the next stage of the research, we arranged an
experiment aimed at the examination of the Ferarabivac
vaccine immunogenicity in 25 foxes and 25 raccoon dogs.
One vaccine dose containing 2.0 cm? of the rabies virus
with titre 6.00 Ig KKID, /cm® was orally administered to
each animal. In 14, 30, 50, 60, 70, 80 and 90 dpv blood
samples were collected from the animals and sera were
tested for the virus-specific antibody titres. The test results
are shown in Table 2 and Figure 1.

The data shown in Table 2 demonstrate that Ferara-
bivac anti-rabies live oral vaccine induced anti-rabies

Table 1
Determination of immunizing dose of Ferarabivac anti-rabies live oral vaccine
for wild carnivores (n =10, p < 0,05)

Tabnuua 1
Onpepnenexne MMMyHU3UpYIOLLil A03bl aHTUPAGUYECKON XMBOI OPanbHOI BaKLNHBI
«(DepapabuBak» Ansa AUKUX NNOTOARHBIX XUBOTHBIX (7 = 10, p < 0.05)

Anti-rabies VNA titre (IU/cm?)*

Days post after vaccine feeding at various doses
vaccination
14 0.30+0.29 0.69+0.18 0.78+0.25
21 0.90 +0.25 220+0.23 2.60 +0.35
30 1.25+0.25 320034 4.00+0.28
60 2.00+0.21 420+0.38 4.96 +0.30

*VN assay data (FAVN modification).

Table 2
Assessment of the immunogenicity of Ferarabivac anti-rabies live oral vaccine in foxes
and raccoon dogs (n =25, p < 0.05)

Ta6nuua 2
OueHKa UMMYHOTeHHOI aKTUBHOCTH aHTUPabUYEeCKOi XIMBOI OPaNbHOI BaKLHBI
«@epapabuBak» Ha nMcMLLAX U €HOTOBUAHBIX cobakax (n =25, p < 0,05)

Anti-rabies VNA titre, IU/cm?**

foxes raccoon dogs

Days post vaccination
14 0.70+0.18 0.73+0.19
30 3.20+0.22 3.50+0.22
50 430+0.32 453+0.27
60 4.20+0.40 430+0.30
70 4.00+0.29 4.09+0.32
80 3.81+0.42 3.90+0.23
90 3.70+0.35 3.80+0.41

*VN assay data (FAVN modification).
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Fig. 1. Immunogenicity of Ferarabivac anti-rabies live oral vaccine in foxes (A) and raccoon dogs (B)

Puc. 1. UmmyHo2eHHaa akmusHocmes aHmupabuyeckol xugol opanbHoU 8akyuHsl «Qepapabusak» npu

uccnedosaHuu Ha aucuyax (A) u eHomosuoHsix cobakax (b)

VNA production in the animals. Thus in 14 days post oral
vaccination the anti-rabies antibodies were detected in
the sera collected from foxes and raccoon dogs at tit-
res 0.70 = 0.18 and 0.73 + 0.19 IU/cm? respectively, that
ensured protection against the rabies virus infection
(= 0,50 ME/cm3), and in 30 dpv the titres amounted to
3.20+0.22 and 3.50 £ 0.22 IU/cm?® respectively. On 50 dpv
the anti-rabies VNA level in foxes reached its peak and
amounted to 4.30 + 0.32 IU/cm?®. VNA titre subsequently
decreased but on 90 dpv it was still high and amounted
to 3.70 £ 0.35 IU/cm?® that ensured protection against ra-
bies virus infection (= 0.50 IU/cm?3). VNA titres in Ferarabi-
vac vaccinated raccoon dogs reached their peak level in
50 dpvand amounted to 4.53 + 0.27 IlU/cm?, and hereafter
they gradually decreased and on 90 dpv they amounted
t0 3.80 + 0.41 IU/cm?3.

Ferarabivac anti-rabies live oral vaccine potency in wild
carnivores was tested in 35 foxes, which were subdivided
in two groups: experimental group (No. 1) - 25 foxes, and
control group (No. 2) - 10 foxes; and in 35 raccoon dogs,
which were also subdivided into experimental group
(No. 3) - 25 animals, and control group (No. 4) — 10 ani-
mals. The animals in groups No. 1 and 3 were immunized
with the vaccine at a dose of 2.0 cm?. Groups No. 2 and
4 included control non-vaccinated animals. Blood sam-
ples were collected from the animals before the infection,
and they were tested for anti-rabies VNA titre. In 30 days
post the vaccine consumption the animals were chal-
lenged with control rabies virus strain CVS-27 at a dose of
25,000 LD, /cm?. The animals’ clinical condition was exa-
mined daily for 90 days. The results of the experiment are
shown in Tables 3 and 4.

After challenge all animals immunized with Ferarabivac
anti-rabies live oral vaccine demonstrated no rabies clin-
ical signs. In a month post immunization the mean titres
of anti-rabies virus antibodies in foxes and raccoon dogs
amounted to 3.24 + 0.08 and 3.26 + 0.22 IU/cm? respec-
tively. The control animals died on day 12-20 post infec-
tion. Disease-specific death was confirmed using FAT. The
remaining animals were observed for 90 more days after
the death of the last control animal. Upon the observation

period termination the animals were euthanized and their
brains were tested using FAT. No rabies virus was detected
in the tested brain samples.

At the final stage of the research, the immunity dura-
tion was tested in 25 foxes and 25 raccoon dogs, which
were vaccinated with Ferarabivac at a dose of 2.0 cm?
with infectivity titre of the attenuated rabies virus strain
RV-97 being at least 6.0 Ig KKID, /cm?>. The animals were
observed for a year and blood samples were collected at
aregular basis for anti-rabies VNA testing. The test results
are shown in Table 5 and Figure 2.

The results demonstrated in Table 5 and Figure 2 indi-
cate that after foxes'immunization with Ferarabivac vac-
cine the VNA were detected in 0.5 month after single vac-
cination, and their titres amounted to 0.70 + 0.31 [U/cm*
Anti-rabies antibody titres reached their peak by month 2
and amounted to 4.30 £ 0.32 IU/cm?. Hereafter, they gra-
dually decreased and amounted to 3.00 + 0.31 [U/cm® in
six months and to 0.62 + 0.28 [lU/cm?3in 12 months.

After the raccoon dogs’immunization with Ferarabivac
vaccine the anti-rabies VNA were detected in 0.5 month
after singular feeding with the vaccine and their titres
amounted to 0.70 + 0.29 IU/cm?®. Anti-rabies antibody
levels reached their peak by month 2 and amounted to
4.51 £ 0.27 IU/cm?3. Hereafter, they gradually decreased
and reached the value of 3.10 + 0.43 IU/cm? in six months
and 0.71 £ 0.17 IlU/cm3in 12 months. Otherwise stated, Fe-
rarabivac anti-rabies live oral vaccine provided 12-month
protection of wild carnivores against rabies as the titre
of the anti-rabies VNA amounted to > 0.5 IU/cm? that is
compliant with the OIE requirements for anti-rabies vac-
cines [4]. The minimal VNA threshold level was determined
in 12 months post immunization that indicates that the
animals should be vaccinated against rabies in a year.

CONCLUSION

Immunogenicity and protectivity of the Ferarabivac
anti-rabies live oral vaccine for wild carnivores were tested.

The optimal immunization dose of the vaccine was de-
termined to be 2.0 cm? with infectivity titre of attenuated
rabies virus strain RV-97 being at least 6.00 Ig KKID, /cm?®.
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Table 3 Table 4
Challenge of foxes with CVS 27 strain one month post vaccination Challenge of racoon dogs with CVS 27 strain one month post vaccination with
with Ferarabivac (n =3, p < 0,05) Ferarabivac (n =3, p < 0.05)
Tabnuua 3 Tabnuua 4
Pe3ynbratbl 3apaxeHns KOHTPONbHbIM LUITaMMOM BUpYca GeleHcTBa Pe3ynbratbl 3apaxeHns KOHTPONbHbIM LUITaMMOM BUpYca GeleHcTBa
CVS-27 nucny yepes mecal nocne UMMYHU3aLuN BakuyuHoi «QepapabuBak» CVS-27 eHoTOBUAHDIX cOGaK Yepe3 MecAL, Noce MMMYHU3aLMK BaKLUHOI
(n,,=3p<0,05 «@epapabusak» (n  =3,p<0,05)
Anti-rabies VNA titre Challenge results Anti-rabies VNA titre Challenge results
Group Ar;qlmal ('ieterminedllusir_lg ISR brain testin GLoup Arll\;mal (}ieterminedllusir_lg FUEEICEL brain testin
0 virus neutILa |za§|0n absence of rabies i FATg 0. 0 virus neutILa |za§|0n sence of rabies i FATg
assay, lU/cm dinicalsigns g assay, IU/em dinical signs :

3.20+0.21

S smen | -
S mew | -
o sesn | -
| swew | -
0 smen | -

3.45+0.24

5w | -
| wen | -
o ew | -
| seen | -
| men | -

1 13 354021 | - | 1 13 3395021 | - |
oo B oo B
mental) mental)

2 2
(control) (control)

M+m 0.00 M+m 0.00

«+» — presence of rabies clinical signs and death of the animal; «+» — presence of rabies clinical signs and death of the animal;
«—» — absence of rabies clinical signs. «—» — absence of rabies clinical signs.
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A 12-months’ study of immunity duration in wild animals vaccinated with Ferarabivac
(n=3,p<0.05)

Tabnuua 5

NccnepoBanue npoomKuUTeNbHOCTY MMMYHUTETa B TeueHue 12 MecsALeB y AUKNX
KUBOTHDIX, UMMYHU3UPOBAHHbIX BaKLuHoil «Depapabusak» (n  =3,p <0,05)

Period post Anti-rabies VNA titre determined using VN assay, IU/cm?
0.70£0.31 0.70+0.29
1 3.20+0.22 3.50+0.22
2 430+0.32 451+0.27
3 3.71+0.35 3.80+0.41
4 355041 3.62£0.25
5 3.46£0.23 3.46£0.35
6 3.00+0.31 3.10+0.43
8 230+0.19 263+0.23
9 1.89+£0.37 2.01£0.19
10 1.21+0.15 1.53£0.25
12 0.62+0.28 0.71+0.17
5
T 45
3 /
%‘ 3,5 ———
- -
Z 25 N
™
T 15
E 1 ‘l %\\_
0,5
0

0,5

1 2 3 4 5 6 8 9 10 12
Months

=@—foxes =fl=raccoondogs

Fig. 2. Inmunity duration in foxes and raccoon dogs vaccinated with
Ferarabivac anti-rabies live oral vaccine

Puc. 2. lnumensHocme uMMyHumema npomus 6eweHcmaa y nucuy,
U eHOMOBUOHbIX COBAK, BaKUUHUPOBAHHbIX AHMUpAbuyeckol xugol
opanvHoU sakyuHol «Depapabusak»
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It was demonstrated that in 14 days post oral immu-
nization with the vaccine the anti-rabies virus antibodies
were detected in sera of foxes and raccoon dogs and their
titres amounted to 0.70 £ 0.18 and 0.73 £ 0.19 IU/cm?® res-
pectively, thus providing protection against rabies virus
infection (= 0.50 1U/cm?3). The anti-rabies VNA levels in
foxes reached their peak in 50 days, and they amounted
t0 4.30 £ 0.32 IU/cm3. VNA titres subsequently decreased
but, nevertheless, in 90 days they still remained high and
amounted to 3.70 + 0.35 IU/cm?®. In the Frearabivac-vac-
cinated raccoon dogs the VNA titres reached their peak
levels in 50 days and amounted to 4.53 + 0.27 IU/cm?.
Hereafter, they gradually decreased, and in 90 days post
immunization they amounted to 3.80 + 0.41 IU/cm?.

Minimal VNA threshold level was reported in 12 months
post immunization and it amounted to 0.62 + 0.28 and
0.71 £ 0.17 IU/cm? in foxes and raccoon dogs respectively,
that is indicative of the need of the rabies vaccination of
the animals to be repeated in a year.

It was found that in 30 days post challenge all animals
immunized with Ferarabivac anti-rabies live oral vaccine
demonstrated no rabies clinical signs during the whole
observation period. In a month post immunization the
mean titres of anti-rabies virus antibodies in foxes and rac-
coon dogs amounted to 3.24 £ 0.08 and 3.26 + 0.22 IU/cm?
respectively. The control animals died on day 12-20 post
infection. Disease-specific death was confirmed using FAT.
The remaining animals were observed for 90 more days
after the death of the last control animal. Upon the ob-
servation period termination the animals were euthanized
and absence of the rabies virus was confirmed by testing
their brain tissues using FAT.
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SUMMARY

Basic characteristics of African swine fever, being one of the most significant transhoundary infections with a devastating potential for pig production, are presented
in the paper. It occurred in Georgia for the first time in 2007 and spread among domestic pigs and wild boar in the European part of the Russian Federation. After
that, ASF virus was detected in Belarus, Ukraine and since 2014, the disease has been reported in the European countries. Having spread in Europe, African swine
fever became an epizooty, caused by ASFV genotype Il and exhibiting a deteriorating trend. Modern ASF infected areas in the Russian Federation, Europe, China
and Asia are described. Currently the disease is the most serious epidemiological problem due to huge losses (high mortality among susceptible animals); ability
to occur and spread in the most unexpected parts of the world and absence of specific prevention tools and means. Russia has developed a high level of expertise
in the disease prevention, control and eradication. A scientifically justified set of measures to prevent and eradicate ASF, which has proved its effectiveness in the
disease control, was developed and introduced. The core of this set is formed by biosafety assurance along the whole production chain at the establishments of any
type of ownership involved into breeding, keeping, slaughter, processing, storage, movement and marketing of live pigs and pig products; by wild boar population
control and improvement of waste management approaches. Other ASF infected countries can benefit from the Russian Federation’s experience in ASF control by
adapting it to the concrete region with due regard to local social and economic conditions.

Key words: African swine fever (ASF), biological safety, ASF control measures, experience in ASF control.
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OnbIT 60pbObI C aGPUKAHCKOIA UYMOIl CBUHEN
B Poccuinckon Oepiepavyin v ero 3HaueHue Ana apyrux CTpaH
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PE3IOME

[TpencTaBneHbl 0CHOBHbIE XapaKTePUCTUKY adpUKaHCKOI UyMbl CBUHEN Kak Haubonee BaX<HoI TpaHCrpaHNUHOM MHGEKLMH C KaTacTPOYUUeCKIM paspyLumTens-
HbIM NOTEHLMaNnoM AnA cBiHoBozCTBa. oasuBLLMCH B [py3un B 2007 ., AYC pacnpocTpaHunach Cpey AOMALLHIX CBUHEN 1 KabaHoB Ha TeppuTOpHI eBponeiickoii
yactn Poccuiickoit Oepepauun. 3atem supyc A4C 6bin 06HapyseH B benapycn, Ha Ykpauke, a ¢ 2014 1. 3aboneBaHue Cranu perucTpupoBaTb B CTpaHax Espocotosa.
PacnpoctpaHuBLLmch Ha TeppuTopun EBponbl, adprKaHckaa Yyma CBUHeIA NPUHANA XapaKTep WWPOKOIA 3M1300Tui, Bbi3BaHHOI BUpycom AYCII reHoTHNa, C TpeH-
JIOM Ha yXyALLeHve cutyauum. OnucaH coBpemenHblil apean pacnpoctpaxerua A4C B Poccuiickoit Depepaumm, crpanax EBponbl, Kutae n Aum. B Hactoswee Bpema
6one3Hb ABNAETCA camoil cepbe3Hoil Npobnemoil SnU300TONOMMI BBILAY: Ype3BbIYaiiHO 60/bLIOr0 MPAMOTO yilep6a (BbICOKOI NETanbHOCTU BOCTPUUMUMBLIX
KUBOTHbIX); CMOCOGHOCTIN K BO3HUKHOBEHNIO 11 IMM300TUYECKOMY PacnpOCTPaHEHIH0 B CAMbIX HEOXIAAHHBIX PErMOHaX MPa; 0TCYTCTBIUA CPEACTB CreLuduyeckoii
npodunakTukin u neyenus. B Poccun HakonneH 6oraTblil oNbIT NPeAOTBpaLLeHINA BO3HUKHOBEHNA, pacnpoCTPaHeHWsA U IMKBUAALMM 3T0il 6one3Hu. Pa3pabotaH
11 BHEAPEH Hay4HO 060CHOBaHHbIA KOMMNEKC Mep no npodunakTuke u anksugaunn AYC, fokasasLunii ot IGGeKTMBHOCTD B ycnoBuAX 6opbObl ¢ AaHHBIM
3aboneBaHvem cBuHeit. B 0cHoBY Komnnekca Mep nonoXeHbl: obecneyexue GrobesonacHocTi No Beeil NPOM3BOACTBEHHOI Lienouke NPeAnpUATHIA, CBA3aHHbIX
Cpa3BefieHueMm, copepxaHuem, yboem, nepepaboTkoii, xpaHeHrem, nepemeLLieHieM 1 peanu3ayedt XuBbIX CBUHe! 1 CBUHOBOAYECKOIT NPOAYKLIM, He3aBICMO
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oT opm COBCTBEHHOCTI; PEryNALNA YNCTEHHOCTI NONYAALIMM KabaHa; COBEpLLEHCTBOBaHME NPobaeMHbIX BONPOCOB MO 06paLLieHuto ¢ 61onornieckumm oTxogamu.
OnbIT 60pbbbl ¢ AYC B Poccuiickoit DefiepaLun MOXHO PeKOMEHA0BATb APYrUM HebNIarononyyHbIM no AaHHOMY 3aboneBaHuto CTpaHaM, Ho C ajanTauneii ero
K KOHKPETHOMY PEriOHY C y4eTOM MECTHOTO COLMANbHO-IKOHOMUYECKOTO COCTOAHUA.

KnioueBbie cnosa: ahpukanckas uyma csuteit (A4C), bronornyeckas 6esonacHocTb, komnnekc Mep no npotusogeiicTauio A4C, onbiT 60pbobl ¢ AYC.

[ina yutupoanus: Ipy3pes K. H., Kapaynos A. K., Uronkun A. C. OnbiT 60pb6bl ¢ adpukaHckoii uymoii cBuHeii B Poccuiickoit Oepepauiy v ero 3HaueHne Ana
Apyrux cTpaH. Bemepurapus cezo0ns. 2020; 1 (32): 38—43. DOI: 10.29326/2304-196X-2020-1-32-38-43.

KoHnuKkT MHTepecoB. ABTOPbI 3aABNAHT 00 OTCYTCTBUYN KOHGAMKTA UHTEPECOB.

[ina koppecnonpenumn: Mpy3nes KoHctantui HukonaeBwuy, foKTop Guonornyeckux Hayk, npodeccop, MaeHblii HayuHbli COTPYAHNK MHOOPMALMOHHO-
aHanuTuyeckoro LeHtpa OIBY «BHUN3X», 600901, Poccua, r. Bnagumup, mkp. l0pbesed, e-mail: gruzdev@arriah.ru.

INTRODUCTION

African swine fever (ASF) (lat. Pestis africana suum;
Montgomery’s disease) is a contagious disease of pigs, it
can occur in acute, subacute, chronic or asymptomatic
form and is characterized by fever, hemorrhagic diathesis,
inflammatory and parenchymal dystrophies and necrosis.
ASF is caused by DNA virus of Asfarviridae family, Asfivirus
genus. Under natural conditions domestic pigs and wild
boar of all ages and breeds are susceptible to the disease
at any season.

This disease, exotic for the European and Asian coun-
tries, is enzootic in many African countries, where 24 geno-
types are circulating, and in the island of Sardinia. In 2007
ASF was firstly reported in Georgia in domestic pigs and
wild boar; after penetrating wildlife, the disease spread in
the territory of bordering countries, including in the Rus-
sian Federation. After that, ASF was detected in Ukraine,
Belarus and since 2014, the disease has been reported
in European countries. Having spread in Europe, African
swine fever became an epizooty, caused by ASFV geno-
type Il and exhibiting a deteriorating trend. Since that time,
ASF has been demonstrating a rampant diffuse spread [1].

Ten European countries are currently infected with ASF.
Within less than five years after ASF occurred in Lithuania,
the disease has infected a huge territory, including Latvia,
Estonia, Poland, Czech Republic, Hungary, Romania, Bul-
garia, Slovakia, Serbia.

China, the largest pork producer in the world, firstly re-
ported ASF in 2018. Up to 2020 ASF has been registered in
many South Asian countries. The forecast is unfavourable,
that is why the list of ASF infected countries, will likely be
extended.

Currently African swine fever is the most important
transboundary disease with a devastating potential; one
of the most serious challenges in epizootology due to
huge direct losses (high mortality among susceptible ani-
mals), ability to occur and spread in the most unexpected
parts of the world and absence of specific prevention tools
and means [2]. ASF epidemic process analysis showed that
the biggest number of outbreaks in pigs occurs in back-
yards, peasant farms and smallholder farms with the least
number reported by large commercial pig holdings [3].

Experience has shown that the best tool to control ASF
is to ensure biological security of a pig farm. Only a large
farm can afford full funding of biological security measures,
because it requires considerable investments.

A wild boar is an equal participant of ASF epidemic pro-
cess. The population of wild boar shall be strictly regula-

ted, otherwise biological security is compromised. Evident
transboundary nature of the disease and an important role
of a wild boar was demonstrated in Russia, Europe and
other countries.

A set of ASF control measures, which has proved its
effectiveness in addressing the problem, was developed
and introduced in Russia. Constant monitoring, analysis
and modelling of the epidemic situation as well as annual
forecasts are performed to control the disease. In case of
ASF unfavorable scenario, the need in expanded interna-
tional cooperation in ASF control, experience sharing and
ASF awareness campaigns arises.

MATERIALS AND METHODS

Data of the World Organization for Animal Health (OIE),
FGBI “Veterinary Centre” under the RF MoA, FGBI “ARRIAH"
Information and Analysis Centre on ASF epidemic situa-
tion in the Russian Federation and in the world since 2007
as well data from the public sources on ASF control mea-
sures in infected countries were used.

Retrospective analysis of epidemic trend in the Russian
Federation and other countries was carried out. General ten-
dencies in ASF epidemic were shown in graphs and maps.

RESULTS AND DISCUSSION

African swine fever after occurrence and spread in
Georgia in 2007, entered other neighboring countries:
Armenia, Azerbaijan, Iran and Russia (Fig. 1).

Up to 2020, the disease has infected many Russian re-
gions, East European and Baltic countries, struck pig pro-
duction in China, North and South Koreas and South East
countries. The humanity has never faced an epizooty of
such a magnitude.

According to experts, ASF can be especially detrimental
to Asian countries, where 80% of global pig population
is concentrated. More than 500 million pigs are kept in
China. Losses, inflicted by ASF up to 2020, amount to a
trillion CNY [4].

ASF control in China, South Korea, Vietnam, Laos, Cam-
bodia and the Philippines is complicated by a specific
pig management, i.e. most of animals are kept at small-
holder farms and in backyards with inadequate biological
security; poor registration, insufficiently regulated and
sometimes not regulated (even illegal) long-distance
movements of potentially dangerous goods (pigs, pork
products, pig feeds); poor infrastructure of slaughter, pro-
cessing, storage and marketing of pork products; feeding
with food wastes.
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To control and eradicate ASF, analysis of global experi-
ence in the disease combating is needed. At the meeting
of the Standing Group of Experts on ASF in Ho Chi Minh
the experts discussed the ways to prevent rapid spread of
the disease in Asia. Taking into account the basic causes
of ASF spread in Asian region, the participants conclu-
ded that the major tool in the disease control must be
the improvement of biological security along the whole
production chain of pig holdings (farms, slaughterhouses,
processing plants, cold storages, etc.) [5].

Average speed of ASF epidemic development in
2007-2017 in Eurasia was 1.273 countries per year [3]. The
calculation of ASF spread speed in China and South East
Asia due to explosive nature of ASF infection in different
regions poses certain challenges (Fig. 2.)

From our perspective, countries, which face ASF for the
first time, often make systemic mistakes, i.e. no decisive
measures are taken to prevent and eradicate the disease
(rapid diagnostics, restrictions, destruction of infected pigs
and pig products, biological waste management) with due
regard to ASFV high resistance to external factors and its
persistence in wild nature; insufficient attention is paid
to wild boar population regulation (being one of the key
factors in ASF spread and persistence in wild life); poor
awareness campaigns and inadequate knowledge about
ASF danger not only among the farmers, but also among
the veterinarians.

Our country has developed a high level of expertise
in this disease prevention, control and eradication [3].
The experience shows that it is practically impossible to
reach high biosecurity levels in backyards. That is why

under the current epidemic conditions it is necessary to
transfer stepwise the pig production to middle-sized and
large commercial holdings, located in ASF free regions
and using compartmentalization system (animal health
status assessment at pig farms). Smallholder farms and
backyards should shift to alternative livestock produc-
tions, like poultry or rabbit productions, and if sufficient
land is available, sheep and goat production or meat
and milk production. A comprehensive approach of the
Russian Veterinary Service to upgrading of biological se-
curity at all facilities, involved into the production cycle;
the regionalization of the country territory and use of
e-certification for transported products has proved its
effectiveness. Currently this approach is well known in
the international community (OIE and FAO). Now China
and Vietnam, which are in a dismal state, make use of the
lessons, learned by Russia.

The retrospective analysis of ASF situation in the Rus-
sian Federation during the past three years shows a de-
clining trend in the number of outbreaks among both
domestic pigs and wild boar (Fig. 3).

There are three underlying postulates:

1. Biological security along the whole production
chain at establishments, involved into breeding, keeping,
slaughter, processing, storage, movements and marketing
of live pigs and pig products, regardless of their ownership
type.

2. Wild boar population regulation.

3. Solution of biological waste management issues.

Regional programmes on ASF control have been deve-
loped as well as the mechanisms for their implementation
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ASF epizootic situation

in European and Asian countries, 2007 - 2019

Azerbaijan (2008) Georgia (2007) Poland (2014 - 2019)

domestic - 2 domestic - 60 domestic - 261

wild - Her wild - Her wild - 5316

Armenia (2007 - 2011) Cambodia (2019) Russia (2007 - 2019)
domestic - 25 domestic - 13 domestic - 912

wild -3 wild - Her wild - 618

Belarus (2013) China (2018 - 2019) South Korea (2019)
domestic - 2 domestic - 162 domestic - 14

wild - Her wild - 4 wild - 51

Belgium (2018 - 2019) North Korea (2019) Romania (2017 - 2019)
domestic - et domestic - 1 domestic - 2826

wild - 665 wild - Her wild - 828

Bulgaria (2018 - 2019) Laos (2019) Serbia (2019)

domestic - 45 domestic - 141 domestic - 18

wild - 179 wild - er wild - ver

Hungary (2018 - 2019) Latvia (2014 - 2019) Slovakia (2019)
domestic - ver domestic - 61 domestic - 11

wild -1733 wild - 3118 wild - 11

Indonesia (2019) Lithuania (2014 - 2017) Ukraine (2012 - 2019)
domestic - 392 domestic + wild - 3816* domestic - 390

wild -no wild - 105

Timor-Leste (2019) Moldova (2016 - 2019) Philippines (2019)
domestic - 100 domestic - 58 domestic - 40

wild - Her wild - 27 wild - Her

Vietnam (2019) Mongolia (2019) Czech Rep. (2017 - 2018)
domestic - 6083 domestic - 11 domestic - wer

wild - Her wild - Her wild - 221

Honkong (2019) Myanmar (2019) Estonia (2014 - 2016)
domestic - 3 domestic - 4 domestic + wild - 3475

wild - wer wild - wer *according to six-monthly OIE reports 0
L
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Fig. 2. ASF outbreaks in Europe and Asia in 2007-2019 (https.//www.fsvps.ru/fsvps-docs/ru/iac/asf/2019/12-31/05.pdf)
Puc. 2. Bcnoblwku A4C 8 cmpaHax Esponesi u A3uu 8 2007-2019 z2a.

and financing have been sought in the Russian Federation.
At the same time at the federal level coordinating bodies
(commissions, headquarters), first under the Ministry of Ag-
riculture, then under the Russian Government, have been
established. Scientifically justified federal laws of a great
strategic potential, having a real impact on ASF outbreak
prevention and eradication, have been adopted. Here are
just a few to mention: the Veterinary Law and the Federal
Law on Hunting and Preservation of Hunting Resources
have been amended 12 times. Numerous orders have been
issued by the Russian Ministry of Agriculture and Russian
Ministry of Natural Resources, including those registered by
the Ministry of Justice of the Russian Federation:

— Order of the RF Ministry of Agriculture No. 258 of
23.07.2010 (amended on 15.10.2013)“On Approval of Rules
to Determine Animal Health Status of Pig Holdings and Or-
ganizations, Involved into Pig Slaughter, Processing and
Storage of Pig Products” (Registered by the RF Ministry of
Justice on 12.11.2010, No. 18944);

— Order of the RF Ministry of Agriculture No. 114 of
29.03.2016 “On Approval of Veterinary Rules of Pig Kee-
ping for the Purposes of Reproduction, Growing and
Marketing” (Registered by the RF Ministry of Justice on
04.07.2016, No. 42749);

- Order of the RF Ministry of Agriculture No. 635 of
14.12.2015 “On Approval of Veterinary Rules of the RF Ter-
ritory Regionalization” (Registered by the RF Ministry of
Justice on 23.03.2016, No. 1508);

- Order of the RF Ministry of Agriculture No. 161 of
22.04.2016 “On Approval of the List of Animal Species
Subject to Identification and Registration”;

- Agro-industrial Regulatory Document (RD-APK)
3.10.07.05-17. Veterinary and Sanitary Requirements for
Design, Construction, Reconstruction and Operation of
Animal Production Facilities (Moscow, 2017);

- Order of the RF Ministry of Agriculture No. 213 of
31.05.2016 “On Approval of Veterinary Rules of Preventive,
Diagnostic, Restrictive and other Measures, Quarantine Im-
position and Removal and other Actions, Taken to Prevent
the Spread and Eradicate African Swine Fever Outbreaks”
(Registered by the RF Ministry of Justice on 24.08.2016,
No. 43379);

- Order of the RF Ministry of Agriculture No. 329 of
06.07.2017 “On Approval of Veterinary Rules of Pig, Pig Pro-
duct and Feed Transportation by Motor Vehicles” (Registered
by the RF Ministry of Justice on 03.08.2017, No. 47649);

— Order of Rosselkhoznadzor No. 235 of 19.03.2018“On
Approval of Check-lists, used by Officials of the Federal Ser-
vice for Veterinary and Phytosanitary Surveillance Territo-
rial Offices for Scheduled Audits Within the Federal State
Veterinary Monitoring”;

- Decree of the Russian Federation Government
No. 2048-p of 30.09.2016 “On Approval of the Action Plan
to Prevent Introduction and Spread of African Swine Fever
in the Russian Federation”;
and some other acts, which are regularly amended and
supplemented.

To restore the order it is also needed to enhance res-
ponsibility of animal owners for violations of veterinary
rules and legal requirements. Physical persons and busi-
ness operators have already experienced the consequen-
ces of the judicial practice.
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The major achievement of Russia, as we believe, is the
understanding by all social strata that ASF is an awful
disaster! It affects every person, authorities of all levels
and business society.

There shall be no exclusions from adopted rules to
control ASF. As there are no means of specific prophy-
laxis and treatment it is important to strengthen the
requirements for biological security at pig holdings of
different compartments, especially of industrial hol-
dings, and to implement the policy of alternative live-
stock production.

Russia’s experience in ASF control is invaluable for
the modern world. The developed set of measures
made it possible to preserve and even develop pig pro-
duction as an industry; every year the pig population
is increasing, pig performance and pork production
are growing. According to the National Union of Pork
Producers total annual pork production increased by
2.4 times from 2005 to 2018 [6]. The international expert
society acknowledged that Russia is becoming a pork
exporter [7].

This is facilitated by promising developments, conduc-
ted by the Rosselkhoznadzor and the FGBI “ARRIAH" sub-
ordinate to it, i.e. regionalization of the country, animal
registration, e-certification (FGIS MERCURY), etc.

Implementation of the RF Presidential Decree No. 204
of 07.05.2018 envisages expanding of agro-industrial
product exports equal to 45 billion USD up to 2024, inclu-
ding increase in pork production. That is why everybody
will have to work hard and implement the set of ASF con-
trol measures.

ASF epidemic situation

in the Russian Federation, 2007 - 2019

(N = 1530 as of 31.12.2019)
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CONCLUSIONS

1. The Russian Federation has developed a set of prac-
tical measures to prevent and eradicate ASF, covering
regulatory framework on federal and regional levels as
well as fieldwork, which has proved its effectiveness in
ASF control.

2. Intensive industrial pork production allows systema-
tic control of ASF and has unquestionable advantages over
small-scale pork production, including backyards.

3. Industrial pork production, compliant with all deve-
loped and scientifically justified requirements for biolo-
gical security along the whole production chain at estab-
lishments, involved into breeding, processing, storage,
transportation and marketing of live pigs and pork pro-
ducts, regardless of their ownership type; regionalization
of the Russian Federation territory; electronic certification
can contribute to solution of the issues, related to the na-
tional food security and meat product export in an optimal
manner.

4. Other ASF infected countries can benefit from the
Russian Federation’s experience in ASF control by adapt-
ing it to the concrete region with due regard to local social
and economic conditions.
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SUMMARY

Avian infectious bronchitis is one of the most common viral infections causing enormous economic losses in the global poultry industry. Due to the lack of mecha-
nisms to correct errors during genome replication, the virus can quickly mutate and generate new strains. This is facilitated by widespread use of live vaccines,
simultaneous circulation of field viruses belonging to different serotypes in one flock and rapid spread of the virus. Previous studies of avian infectious bronchitis
virus strains and isolates identified in the Russian Federation poultry farms showed that 50% of samples tested positive for the 4-91, D274, H-120, Ma5 vaccine
strains, and the other half of samples tested positive for the field viruses belonging to eight Gl genetic lineages, while the G1-19 (QX) lineage was dominant.
The paper presents identification and genotyping results of the avian infectious bronchitis virus in one of the poultry farms in the Saratov Oblast (the Russian
Federation) in 2018-2019. The samples of internal organs and blood, as well as oropharyngeal and cloacal swabs were taken from chicks and layers of different
ages in the parent and replacement flocks. The vaccine strain, GI-19 field isolates and variant isolates that do not belong to any of the known genetic lineages were
detected. Analysis of test results within a two-year period showed that it is important to study samples taken from birds of different ages. The virus undergoes
modification and adaptation inducing new genetic forms by infecting several poultry generations, due to which the heterogeneity of the virus population is ob-
served not only in the poultry farm as a whole or in a separate department, but also within one organism. The identified isolates showed tropism for the tissues of
intestine, reproductive organs, and, in rare cases, trachea and lungs. The data obtained indicate that, despite the vaccination used, a genetically diverse population
of the infectious bronchitis virus circulates in the poultry farm, while the infection may not manifest itself at an early age, but may affect the flock productivity in
the future due to pathological changes in the reproductive organs of laying chickens.
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PE3IOME

VIHEeKLMOHHbIit GPOHXUT Kyp ABNAETCA 0AHOI U3 Hanbonee pacnpoCTpaHeHHbIX BUPYCHBIX MHOEKLMIA, HAHOCALLMX OFPOMHBIA SKOHOMIUYECKMI YLLep6 NTULeBOA-
(TBY BO BCeM Mupe. 10 npuuIHe 0TCYTCTBUA MeXaHU3MOB KOPPEKLMN BO BPEMS PennkaLmi reHoMa BUPYC MOXeT ObICTPO MyTUPOBATh U reHepupoBaTh HoBble
LUTaMMBbl. ITOMY CIOCOOCTBYET LUMPOKOE MCNONb30BAHMUE XMBbIX BAKLIMH, 0HOBPEMEHHaA LMPKYNALIA NONeBbIX BUPYCOB, OTHOCALLMXCA K Pa3HbIM CepoTUNam
B OHOM CTaje, 1 ObICTpoe pacnpocTpaHeHie Bupyca. [poBedeHHble paHee nCcef0BaHNA BbIABNEHHbIX Ha NTULedabpukax Poccuiickoii Degepaumn wrammos
11 U30N1ATOB BUPY(Ca MHPEKLMOHHOTO 6pOHXITA Kyp Noka3anu, uto 50% nonoxuTenbHbIX Ipo6 0THOCATCA K BaKLMHHBIM WTammam 4-91, D274, H-120, Ma5, BTopas
M0NI0BMHA NONOXUTENbHbIX MPO6 Npe/icTaBNeHa NoNeBbIMY BUPYCaMIA, KOTOPbIE OTHOCATCA K 8 reHeTUUeCKUM IMHUAM reHoTina Gl, npu 3Tom JoMuHUpYloLLelt
anaetca niuHua G1-19 (QX). B nanHoil pabote npecTaBneHbl pe3ynbTathl N0 BbIABAEHIH U TeHOTUNNPOBAHMIO BUPYCA MHDEKLIMOHHOTO BPOHXHTA Kyp Ha 0fHOIA
3 ntuuedabpuk Capatosckoii 06nactin Poccuiickoii Oegepauim B 2018—2019 rr. BHyTpeHHMe 0praHbl, pOTOrNOTOYHbIE U Kl0aKasbHble CMbIBbI, KpOBb 0TOUpany
OT UbINNAT U Kyp-HeCyLUeK pasHblX BO3PACTOB 113 POAUTENbCKOTO CTaZa 1 CTaja PEMOHTHOTO MONOAHAKA. BblABNEHbI: BAKLMHHBII LUTaMM, NONeBble U30AATbI
reHeTuyeckoil MU Gl-19 1 BapuaHTHbIe U30AATbI, He OTHOCALLMECA HIN K OLHOI U3 N3BECTHDIX TeHeTUYEeCKUX MHINIA. AHaNN3 pe3ynbTaToB nCCeso0BaHuil 3a
ABYXNETHUI NePUOZ NOKa3an, 4To BaXHO UCCNe0BaTh NPpobbl, B3ATble OT MTUL, pa3HOro Bo3pacTa. MHGuUMpya HECKOAbKO MOKONEHWIA NTWL, BUPYC U3MeHAeTCA
1 npucnocabniBaetca, NOpoXan HoBble rereTuyeckue Gopmbl, bnarogapa uemy HabnioaaeTca reTeporeHHOCTb BUPYCHOIA NONYNALMY He TONbKO Ha NTuLeda-
BpuiKe B LieNOM Ui B OTAENBHOM LiEXe, HO U B OAHOM OpraHu3me. BbiABneHHble u301ATbl 0651ajanu TPONM3MOM K TKAHAM KILLIEYHIKA, PENPOAYKTUBHbIX OPraHoB
11, B eZIMHWYHBIX CyyasX, Tpaxeu u nerkux. MonyyeHHble JaHHble CBUAETENbCTBYIOT 0 TOM, UT0 Ha NTLedabpuke, HECMOTPA Ha NPUMEHAEMYIO BaKLIMHALIO,
LMPKYNNpYeT reHeTyecki pasHopoAHaA NoMyNALNA BUPYCa MHGEKLIMOHHOTO OPOHXITA, NPY 3TOM MHGEKLIMA MOXKET He NPOABAATLCA B paHHEM BO3pacTe, HO
MOXeT NOBAUATL Ha MPOAYKTUBHOCTb CTajia B AANbHEILLEM 3 CYeT NATON0rYecknX M3MEHeHNiA 0praHoB PenpoAYyKLNN Kyp-HecyLLeK.

KnioueBble cnoBa: BUpyc MH¢€KHMOHHOF0 6p0HXI/ITa Kyp, TeHeTMYeCKII aHanN3, TeHeTYeCkan IMHNA, reTeporeHHoCTb BMpy(H0|7I nonynauun.
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INTRODUCTION

Avian infectious bronchitis (IB) is one of the most im-
portant viral infections causing significant economic los-
ses in the global poultry industry. The causative agent of
the disease is an RNA-containing virus belonging to or-
der Nidovirales, family Coronaviridae, genus Coronavirus,
which can quickly mutate due to the lack of correction
mechanisms during genome replication, i.e. it is able to
generate new viral strains.

IB prevention, along with appropriate biosafety mea-
sures, is based on routine vaccination. However, this ap-
proach is hindered by the high genetic diversity of the
virus, leading to the constant emergence of new variants
against which cross-protection may be absent. The pro-
tection level against a particular variant can be achieved
by using either one vaccine based on a strain of the same
virus genotype (homologous vaccination), or several vac-
cines based on different lineages to expand the scope of
protection (heterologous vaccination) [1, 2]. For this pur-
pose, various vaccines and immunization schedules are im-
plemented. However, there are still difficulties in selecting
attenuated heterologous vaccine virus strains that would
provide effective ways to protect poultry from the disease.
Despite its importance for disease control, the widespread
use of IB vaccines has some significant drawbacks. Live
attenuated vaccine strains can enter non-vaccinated herds,

restore virulence and also participate in natural recombi-
nation. In addition, their application complicates the IB
diagnosis, since many detectable field viruses are closely
related to vaccine strains.

The analysis of IB virus strains and isolates identified
in poultry farms of the Russian Federation showed that
approximately 50% of positive samples belong to vaccine
strains 4-91, D274, H-120, and Ma5. The second half of
the positive samples is represented by the IB field viruses,
which belong to 8 genetic lineages of the Gl genotype:
GI-1 (Mass), GI-12 (D274), GI-13 (793B), GI-14 (B1648),
GI-16 (Q1), GI-19 (QX), GI-22, GI-23 (Variant-2). In addition,
isolates that are natural recombinants and variant virus
isolates that do not belong to any of the known genotypes
were detected in poultry farms of the Russian Federation.
The dominant group is the genetic lineage GI-19 (QX) [3].

The IB clinical manifestations depend on a number of
factors, including virulence and tropism of the virus. The
port of the IB virus entry is the respiratory tract, then it
spreads systemically, affecting epithelial cells in many tis-
sues. The severity of clinical signs depends on the virus
strain and the poultry keeping conditions, such as the mic-
roclimate in the poultry house, dust, stocking density, age
and type of birds, its immune status (vaccination, immune
suppression, presence of maternal antibodies), presence
of concomitant infections that are also important factors.
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The IB mortality is usually very low but it may increase after
secondary bacterial infections [4].

Field isolates of the GI-19 (QX) genetic lineage have tro-
pism for epithelial cells of almost all organ systems, there-
by inducing all possible syndromes of avian infectious
bronchitis. Researchers describe viruses of this genetic
lineage as respiratory, nephropathogenic, affecting re-
productive organs, and there are also data indicating that
some field strains damage the intestinal tract [5, 6]. Most
of the IB virus field isolates were isolated and described
during outbreaks with the acute course of the disease.
However, there are known cases of the detection of the IB
GI-19 genetic lineage virus with asymptomatic infection
or with mild respiratory disorders [7].

The aim of this research was to study biological material
from poultry of various ages kept in different units of one
individual poultry farm for the presence of the IB virus ge-
nome, followed by phylogenetic analysis of the obtained
nucleotide sequences of the ST gene fragment.

MATERIALS AND METHODS

Samples of poultry biological material were tested
using reverse transcription polymerase chain reaction
(RT-PCR) and real-time RT-PCR according to methodical
instructions [8, 9].

Comparative analysis of the S1 gene fragment of ap-
proximately 500 nucleotide bases (position 112-653 n.b. of
S gene of H120 strain) was performed for IB virus genoty-
ping. Nucleotide sequences of prototype strains proposed
by V. Valastro et al. were used for the analysis [10].

The nucleotide sequences were determined according
to Sanger method using fluorescence labeled chain-ter-
minating nucleotides involving ABI Prism 3130 automa-
ted sequencer (Applied Biosystems, USA) according to the
manufacturer’s instructions.

The obtained nucleotide sequences were compared
with IB virus sequences deposited in the international da-
tabase NCBI (http://www.ncbi.nIm.nih.gov) using BioEdit
software, version 7.0.5.3.

IB specific antibodies were detected in blood sera using
the FGBI “ARRIAH" ELISA test kit for determining antibo-
dies to avian infectious bronchitis virus when testing sera
in single dilution in accordance with the instructions. The
test results were recorded using Tecan spectrophotometer

Table 1
Characteristics of poultry received for testing

Tabnuua 1
XapakTepucTika nocrynupLueil Ans uccnefoBaHuA NTULbI

plate reader (Austria) at a wavelength of 405 nm using the
SINKO-IFA software. The test was considered positive if the
antibody titer was 725 or higher.

RESULTS AND DISCUSSION

Live poultry (9 replacement chickens and 12 layers
of the parent stock) from one of the poultry farms in the
Saratov Oblast were received and tested for the presence
of IB virus genetic material in the FGBI“"ARRIAH" (Table 1).

All tests in animals were carried out in accordance with
the requirements of Directive 2010/63/EU of the European
Parliament and of the Council of September 22, 2010 on
the protection of animals used for scientific purposes.

No abnormalities were detected in live chickens at
19-290 days of age, received in December 2018, which
were visually examined and subjected to autopsy. Multiple
cysts of reproductive organs with a watery liquid of more
than 100 ml were observed during autopsy of chickens at
361 days of age, received in October 2019.

Oropharyngeal and cloacal swabs, as well as samples
of tissues of internal organs (trachea, lungs, kidneys, in-
testines, reproductive organs) were collected from each
chicken for PCR testing. At the first stage the tissue sam-
ples of the internal organs, pooled within each group
(i.e. 8 samples) were tested (Table 1). Pooled sample
No. 1 from 19-day-old chicks from Unit 4 was negative
in RT-PCR and real-time RT-PCR, despite the fact that all
chicks were vaccinated with a bivalent vaccine based on
strains H120 and D274 at two days of age and with the vac-
cine based on strain 4-91 at 12-14-days of age according
to the manufacturer’s instructions. The IB virus genome
was detected in other pooled samples (No. 2-8) (Table 2).
Similar results were obtained inblood sera tests using
enzyme-linked immunosorbent assay (ELISA), when IB vi-
rus-specific antibodies were detected in poultry of all
groups except for Group 1 (Table 3).

The 4-91 IBV45-18 vaccine derivative was detected in
sample No. 4 (the nucleotide sequence of the S1 gene
fragment was 99% homologous with the vaccine strain
and differed from it by 4 bp). The data in the scientific li-
terature indicate that the passaging of vaccine virus strains
in live poultry and chicken embryonated eggs sometimes
leads to single nucleotide and amino acid substitutions. It
is interesting to note that one and the same vaccine virus

1 4 19

Replacement chickens
4 (3 birds from each unit) U s
3 1 124
12.2018
4 21 192
5 Laying chickens of the Ross-PM3-cross parental stock 7 228
(2 birds from each unit)
6 15 290
7 i chi M3 1 361
Laying chickens of the Ross-PM3-cross parental stock
10.2019 . .
3 (3 birds from each unit) 18 361
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Table 2
Genotyping results of avian infectious bronchitis virus

Tabnuuya 2
PesynbTaTbl reHOTUNMPOBaHUA BUPYCa UHDEKLMOHHOTO 6POHXMTA Kyp

2 60

GI-19 IBV42-18
1BV42-18
3 124 G-19 T
12.2018 A 19 Gl-13, 4-91.vac.cine strain IBV45-18
derivative
5 228 Variant isolate IBV44-18
6 290 GI-19 IBV43-18
7 361 Variant isolate IBV43-19
10.2019
8 361 GI-19 IBV44-19
strain used for production of different vaccines batches by H‘:‘e{;'{:jd
. T3y
one or more manufacturers mutates differently after pas- [
saging. These differences may indicate different sources of Georgiz 08 G127
the original virus strain obtained for the production of this N1/62GI5
vaccine, as well as the methods and number of the virus 1 BGI-0
passages carried out for its attenuation [11]. B4 GI-15
The following field viruses were detected in the other 1 oo
.. ey . Vic5 Gl-6
remaining positive samples: three isolates of the S1 gene .
fragment of the GI-19 genetic lineage (IBV42-18, IBV43-18, e Gl
IBV44-19) and two variant isolates with a unique primary H Spain/STIIN4 G121
structure (IBV44-18, IBV43-19), not related to any genetic — UFMGIG GI-11
lineage (Table 2, Fig. 1). D2836 BI-12
The phylogenetic analysis showed that IBV44-19 isolate variant2 GI-23
of GI-19 lineage, identified in 2019, formed a separate Big4E B4
branch and differed in amino acid composition from A':ff;;fg
isolates IBV42-18 and IBV43-18 identified in 2018, by 7.5 Cu myGl20
and 10.3% respectively. Whereas the isolates IBV42-18 and UK4-91
IBV43-18 differed only by 2.7% (Fig. 2) and were found in IBV45-13 ]
birds at 60, 124 and 290 days of age, and a mixture of these Moroccan-G/83 G113
two isolates was detected in Group 3 (at 124 days of age). VizGla4
The IBV variant isolates IBV44-18 and 1BV43-19 having i
a unique strqcture and not related to any genetlc.llneage N GA/B4012005 5125
were identified in Samples No. 5 and 7. These isolates ADEDETET Bl22
had 13.7% differences in amino acid composition. Ear- — CANTIUD4 G
lier, in March 2018, the other two similar variant isolates IBV42-18
(IBV08-18 and IBV09-18) were identified in the material IBV43-18 6119 (QX)
from laying hens at the age of 359 and 285 days kept in IBYV44-13
different units on this poultry farm. These isolates differed 53:;:'1}3‘:26"19

composition, which indicates their different origin (Fig. 1, 3). IBV44-15
Variant isolates result from the accumulation of mutations IBV09-18
(point substitutions, deletions, insertions, and recombina- N1/8E GIII-1
tions) that occur due to IB virus replication errors. A variant n TCOT-2 21 GV

from isolates IBV44-18 and IBV43-19 by 10.3% in amino acid 4'1?3%13
variant isolates

isolate may appear non-viable, or it may circulate for along M40z G-
. . . D466 Gl1-1
time on the farm and continue changing. ]
X i DEMTZE2 BIV-1
At the next stage of research process the virus tropism
was determined. For this purpose, oropharyngeal, cloacal T

swabs and samples of tissues of internal organs were ta-
ken from each bird and then individually tested using real- Fig. 1. Phylogenetic relationships based on analysis of the ST gene fragment

time RT-PCR (Table 3). The IB virus isolate of the genetic of IBvirus isolates identified in a poultry farm in Saratov Oblast
lineage GI-19 (QX) IBV42-18 was recovered in the pooled in2018-2019

sample from three 60-day-old chickens using RT-PCRand  Puc. 1. QuiozeHemuyeckue c8A3U Ha OCHOBE AHANU3A (hpazMeHma
sequencing analysis. The samples of intestines and testes  2ena ST uzonamos supyca VIBK, sbiagneHHbix Ha nmuuegabpuke
from two chicks were positive in real-time RT-PCR. Capamoasckoli obnacmu 8 2018-2019 2.
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Fig. 2. Comparison of amino acid sequences of identified GI-19 isolates
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Fig. 3. Comparison of amino acid sequences of identified variant isolates

Puc. 3. CpaeHeHue AMUHOKUC/TOMHbIX nociedogamesibHocmel 8bis18/1€HHbIX 8dpPUdHMHbIX U30J1AMOo8

A combination of field viruses IBV42-18 and I1BV43-18
of the IB virus genetic lineage GI-19 (QX) was recovered in
Group 3 with replacement chicks (124 days of age) using
RT-PCR and sequencing analysis. The samples taken from
each organ and the pooled tissue sample from one of the
three chicks tested negative in real-time RT-PCR. The IB
virus genome was detected in the biological material of
trachea and lungs in two other chicks of this group, as
compared with other age groups, where only samples of
intestinal tissues and reproductive organs were positive.
Sequencing of the fragment of the S1 gene of the virus de-
tected in samples obtained from the tissues of the trachea
and intestines of chick No. 8 was carried out. It was found
that the field virus IBV42-18 persisted in the intestine, and
the vaccine strain 4-91 was detected in the trachea of the
same chick.

Vaccine strain 4-91 (IBV45-18), two variant isolates
(IBV44-18, 1BV43-19) and two field virus (IBV43-18, IBV44-19)
of the IB virus genetic lineage GI-19 (QX) were recovered in
samples of tissues of internal organs from poultry of the
parent flock of the ages of 192, 228, 290 and 361 days using
RT-PCR and sequencing methods. The samples of intesti-
nal tissues, reproductive organs, and one cloacal swab were
positive for IB virus in real-time RT-PCR (Table 3).

An analysis of study results obtained at one poultry
farm over a two-year period showed that the detection of
IB virus using molecular methods depended on the type of
sampling, the number of samples, the poultry age, tested
organs etc. While infectious bronchitis causes reproduc-
tive and nephropathogenic syndromes, the clinical ma-
nifestations are often observed later, many months after
infection, and the virus itself may no longer be found in
the tissues of the bird, so it is important to examine sam-
ples from birds of different ages. On the other hand, the
IB virus can persist for a long time in the environment. By

infecting several poultry generations, the virus changes

and adapts, causing new genetic forms, due to which the

heterogeneity of the viral population is observed not only
in the poultry farm as a whole or in a separate unit, but also

in one organism. The virus can be represented via a set of
virions containing both slightly modified but closely rela-
ted genomes and genomes belonging to different genetic
lineages even within one bird, contributing to the rapid

adaptation and survival of the virus in the host organism.
In addition, the diversity of the virus in one poultry farm,
in particular, the appearance of new isolates with a high

percentage of amino acid differences (8-10% and higher),
indicates an external route of the virus introduction.

CONCLUSION

Phylogenetic analysis of the nucleotide sequences
of the avian infectious bronchitis virus isolates reco-
vered in one of the poultry farms in the Saratov Oblast
of the Russian Federation in 2018-2019 was carried out.
The heterogeneity of the viral population was shown in
the layer parent flock and the replacement flock, where,
besides the vaccine strain used, three field viruses of
the GI-19 genetic lineage and two variant isolates not
belonging to any of the known genetic lineages were
identified. The data obtained indicate that, despite the
vaccination implemented, a genetically heterogeneous
IB virus population is circulating in the poultry farm, and
it may not manifest itself at an early age, but may affect
flock productivity due to pathological changes in layer
reproductive organs.
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Table 3

Test results for tissue samples of internal organs from birds of different ages for presence of avian infectious bronchitis virus
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SUMMARY

To date, there is a whole system of legal documents, regulating food security issues in the Russian Federation. Monitoring of food quality and safety is performed
on the federal level, on the level of the Russian Federation Subjects and on the municipal level based on the developed and adopted requlatory and methodical
documents. The paper presents the analysis of ASSOL information system data related to microbial contamination of animal raw materials and products, collected
within the following official activities: “Laboratory Testing within Official Monitoring of Food Safety and Quality” and “Laboratory Testing of Animal Raw Materials
and Products, Feed and Biological Materials for the Purposes of Food Safety and Quality Assurance”. Microbiological test data were obtained from 37 Russian
laboratories, subordinate to the Rosselkhoznadzor, within 2015-2018. The analysis performed showed that the maximum number of tests was performed for
the following pathogenic microorganisms: Salmonella bacteria (29.5% within official monitoring and 26.8% within official programme). The highest number of
non-compliances within monitoring was revealed when testing for total viable count (total mesophilic anaerobic and facultative anaerobic microorganisms) — 14.8%
and Coliforms — 8.98%; within the official programme most violations were related to yeast (18.8%), yeasts and molds (18.5%) and TVC (12.4%). The parameters,
showing less than 1% of positives within official programme testing, were identified. They include Vibrio parahaemolyticus, Proteus bacteria and sulphite-reducing
clostridia. The necessity in further tests for safety and quality of animal raw materials and products in the Russian Federation was justified.
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PE3IOME

Ha ceropHALHuil eHb B Poccuiickoi Defiepauyn cnoxxunach Lienas cucteMa HopMaTUBHO-NPaBOBbIX JOKYMEHTOB, PEryupyroLux BONpocbl 0becneyenus npo-
JL0BONbCTBEHHOIH 6e30nacHoCTU. MOHUTOPMHT KauecTBa 1 6e30MacHoCTM NULLEBbIX MPOAYKTOB OCYLLECTBAAETCA Ha GefepanbHOM YPOBHe, YPoBHe Cy6beKToB
Poccuiickoii Oenepauyn, ypoBHe MyHILMNANbHBIX 00pa30BaHMil Ha 0CHOBE pa3paboTaHHbIX 1 YTBEPXKAEHHDIX B YCTAHOBAEHHOM NMOPAAKE HOPMATUBHDIX U Me-
TOAMYECKIX FOKYMEHTOB. B (TaTbe npefcTaBReH aHanu3 AaHHbIX MHYOPMALIMOHHON CUCTeMbl «ACCONb» N0 MUKPOOHOI KOHTAMMHALMN CbIPbA U NPOAYKLMM
KUBOTHOO MPOMCXOX/EHMA, NONYYEHHDBIX MPU BbINOHEHNN FOCYAAPCTBEHHbIX PaboT «[TpoBefeHue nabopaTopHbiX MCCNe0BaHMIl B pamMKax niaHa rocyaap-
CTBEHHOT0 MOHUTOPWHTA KauecTBa 1 6e30MacHoCTI NULLeBbIX NPOAYKTOB» U «[poBe/ieHue NabopaTopHbIX UCCNERO0BaHMI CbIpbA, NPOAYKLMM XKIBOTHOTO NPo-
WCXOKAEHNA, KOPMOB 1 61ONIOTNYECKOrO MaTepuana B Lienax obecneyeHna kauecTsa 1 6e30MacHoCTI NULLEBLIX NPOAYKTOBY. [laHHbIE N0 MUKPOOMONOrnyeckim
nokazatenam Obinu nonyyeHbl B 37 noaBeAOMCTBEHHbIX Poccenbxo3Haa3opy nabopatopusx Poccuiickoii Oegepaumn 3a nepuog ¢ 2015 no 2018 1. Ha ocHoBaHum
BbINONHEHHOTO aHaNM3a YCTaHOBIEHO, UTO MAKCUMANbHOR KONIMYECTBO MCCNeS0BaHMIE NPUXOANNOCH HA 06HAPYKEHIe NaTOreHHbIX MKPOOPraHN3MOB: 6aKTepuii
poga Salmonella (29,5% npu npoBefeHM rocyAapCTBEHHOrO MOHUTOPYUHIA U 26,8% Npu BbINONHEHUN TOCYAAPCTBEHHOTO 3adaHua) u Listeria monocytogenes
(22 n 21% cootBeTCTBEHHO). HanbonbLuee KONNYECTBO HECOOTBETCTBUIA MPY NPOBEJEHNI MOHUTOPIHTA YCTaHOBNeHO o noka3atenam KMAOAHM (konuuectBo
Me30uNbHbIX aHa3IPOOHBIX 1 GaKYNLTATUBHO aHAIPOOHBIX MUKPOOPraHn3mMoB — 14,8%) u bIKI (6akTepuu rpynnbl KweyHoi nanouku — 8,98%); npy Bbl-
NONHEHUV TOCYAAPCTBEHHOTO 3a/aHNA — N0 noka3atenam Apoxaki (18,8%), Apoxoku u nnecHesble rpubbl (18,5%) n KMAOAHM (12,4%). OnpepeneHbl nokasa-
TeNu, NPOLLeHT BbIABNEHNA KOTOPbIX NPY BbIMONHEHNM TOCYAAPCTBEHHBIX paboT coctasun MeHee 1. 3To naparemonuTuueckuii BU6p1oH, 6akTepun poga Proteus
n cynbutpeayumpytowyme knoctpugmn. 060cHoBaHa Heo6X04MMOCTb AanbHeiLnX UCCNeL0BaHMIA N0 OLieHKe 6e30MacHOCTI U KauecTBa CbipbA 1 NPOAyKLMM
KUBOTHOrO NPONCXOXAeHNA Ha TeppuTopuy Poccuiickoil Degepaumm.

KnioueBble cnoBa: CbIpbe N NPOAYKLMNA XUBOTHOIO NPOUCXOXKAEHNA, MI/IKpOGI/IOﬂOFI/I"IeCKI/Ie nokasarenu 6e3onacuocm, FOC)IHap(TBeHHbIVl MOHUTOPWHT, PUCK-
OpMQHTMPOBaHHbIVI noaxoa.

[ina yutuposaunua: bopoakuna . B., Wapposa H. b., MpyxtoBa 0. B., Pyunosa 0. W., Epodeesa E. C., [anunbuenko C. I., Epodees C. I. Xapakre-
PUCTUKA MUKPOOHOW KOHTAMUHALWMN CbIpbA W MPOAYKLMM KUBOTHOTO MpoucxoxpeHna B Poccuiickoit Oepepauwn 3a nepuop ¢ 2015 mo 2018 rop.
Bemeputapus ce200ns1. 2020; 1(32): 51-59. DOI: 10.29326/2304-196X-2020-1-32-51-59.

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

[ins koppecnongeHyuu: bopoakvHa UHHa BanepuesHa, acnupaHT, pyKoBoAUTENb CeKTOpa npuema npo6 NULLeBoii NPOAYKLIMM 11 0GOPMAEHNS JOKYMEHTALUN
Ounuana ObY «BHUU3X» 8 Pecnybnuke Kpbim, 295494, Poccus, r. Cumdepononb, noc. Komcomonbckoe, yn. occeiinas, 21A, e-mail: borodkina@arriah.ru.

INTRODUCTION

To date, there is a legal and regulatory system, regu-
lating safety of animal raw materials and products in the
Russian Federation. To ensure animal and public health
safety several legal acts have been developed, inclu-
ding RF Veterinary Law No. 4979-1, Federal Laws on food
safety and quality No. 29-FZ and technical regulation
No. 184-FZ[1, 2].

The basic documents regulating processes of produc-
tion (manufacturing), storage, transportation (movement),
marketing and rendering of food products are Customs
Union Regulations Nos.021/2011,033/2013,034/2013 and
Eurasian Economic Union Regulation No. 040/2016 [1, 2].

Pursuant to CU TR 021/2011 on food safety, the food
business operator shall develop, introduce and maintain
procedures, based on HACCP principles [2].

The major provisions of HACCP concept are given in
the Directives of the European Council. HACCP principles
are recommended for practical use by Codex Alimentarius
Commission and are obligatory for the European Union
(EU) countries [3, 4].

The importance of HACCP system is acknowledged by
all countries in the world, but the degrees of this system
implementation vary a lot in different countries. If main-
tenance of HACCP principles is mandatory for the EU, the
adherence to these principles in the Russian Federation is
far from being strict [3, 4, 5, 6].

Pursuant to Council Directive 96/23/EC of 29 April
1996 on measures to monitor certain substances and
residues thereof in live animals and animal products labo-
ratory tests shall be performed for two major groups of
substances: group A - substances having anabolic effect
and unauthorized substances and group B - veterinary
drugs and contaminants. Microbiological criteria are not
included into animal product monitoring scope due to a
well developed HACCP system in the EU countries and a
great share of food business operators’ responsibility for
the food safety [6].

As stated above the level of HACCP system imple-
mentation in the Russian Federation is not adequate yet
[3, 4, 5]. In this context to ensure the compliance with the
requirements of the WTO Agreement on Application of
Sanitary and Phytosanitary Measures the microbiological
criteria were included into the Official Food Quality and
Safety Monitoring Plan by the Order of the Federal Ser-
vice for Veterinary and Phytosanitary Surveillance (Ros-
selkhoznadzor).

Starting from 2007 the Food Monitoring Plan in the
Russian Federation has been implemented by the Ros-
selkhoznadzor.

The target of this study is to analyze the data of ASSOL
Information System on microbial contamination of ani-
mal raw materials and products, collected within the fol-
lowing public works: “Laboratory Testing within Official
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Monitoring of Food Safety and Quality” (hereinafter “Food
Quality and Safety Monitoring”) and “Laboratory Testing
of Animal Raw Materials and Products, Feed and Biologi-
cal Materials for the Purposes of Food Safety and Quality
Assurance” (hereinafter “Food Safety”) during 2015-2018.

MATERIALS AND METHODS

Pursuant to Regulation on Monitoring of Food Quali-
ty and Safety and Public Health, approved by Ordinance
of the RF Government No. 883 on November 22, 2000,
food safety and quality monitoring shall be performed on
the federal level, on the level of the Russian Federation
Subjects and on the municipal level in accordance with
developed and adopted regulatory and methodical do-
cuments [2].

ASSOL Information System data for 2015-2018 related
to the public works implementation (“Food Safety and
Quality Monitoring” and “Food Safety”) from 37 labora-
tories subordinate to the Rosselkhoznadzor were ana-
lyzed. Microbiological criteria of safety and quality were
focused on.

Microsoft Excel program was used for diagram con-
structions.

RESULTS AND DISCUSSION

Public works “Food Safety and Quality Monitoring”
and Official Epidemiological Monitoring with respect to
microbiological tests in 2015-2018.

Pursuant to Orders of the Rosselkhoznadzor No. 831
0f31.12.2014, No. 993 of 31.12.2015, No. 995 of 30.12.2016,

Table 1

No. 1304 of 28.12.2017 on laboratory tests within the im-
plementation of the Rosselkhoznadzor activities aimed at
fulfillment of WTO SPS Agreement commitments, taken
under accession of the Russian Federation to the WTO the
Official Food Quality and Safety Monitoring Plan was ap-
proved.

131, 545 microbiological tests were conducted in 2015-
2018. Data are shown in Table 1.

As shown in Table 1 the highest number of tests was
performed for pathogenic Salmonella (29.5 % out of to-
tal number) and L. monocytogenes (22%). Further, in de-
scending order of quantity, tests for total viable count
(20.1%) and coliforms (15.6%) are listed. Tests for Staphy-
lococcus aureus account for 4% out of total number of
tests. Insignificant numbers of tests were performed for
Clostridium sulphite-reducing bacteria (0.6%), Proteus bac-
teria (0.5%) and Vibrio parahaemolyticus (0.4%).

It should be noted that food spoilage indicators (yeasts
and molds) were not included into the Official Food Quali-
ty and Safety Monitoring Plan.

Table 1 also shows the number of positive results for the
above-mentioned microorganisms. The biggest number of
positives accounts for TVC (14.8%), somatic cells (9.2%) and
coliforms (9.0%), which suggests the unsatisfactory condi-
tions at animal raw material and product manufacturing
plants in the Russian Federation.

L. monocytogenes were detected in 4.2% of samples
tested, Salmonella bacteria in 1.8%.

The detection rate for Staphylococcus aureus was
0.9%, for Clostridium sulphite-reducing bacteria - 0.6%,

Characteristics of microbial contamination of animal raw materials and products, detected within official monitoring of food quality

and safety in 2015-2018
Ta6nuua 1

XapakTepucTika MMKpo6HOI KOHTaMUHALUM CbIPbA U NPOAYKLUMN XKUBOTHOTO MPOMCXOXKACHNA, BbIABNEHHOI NPY peanusauun
rocyfapCTBEHHOro MOHMTOPMHIa KauecTBa 1 Ge3onacHoCTH nuLeBbIX NPoAyKToB B 2015-2018 rr.

Number of tests
(riteria according to Monitoring
Plan

Share in microbiological

Number of positive tests Detection rate, %

tests, %

Total viable count

26,411

20.1

3,901

14.8

Coliforms

Listeria monocytogenes

20,520

28,958

15.6

22.0

1,843

1,229

Salmonella

38,762

29.5

72

(lostridium sulphite-reducing bacteria 798 0.6 5 0.6

Vibrio parahaemolyticus 505 0.4 0 0
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Fig. 1. Microbiological contaminant detection dynamics within official monitoring of food quality and safety in 2015-2018

Puc. 1. JuHamuka 8bifgneHuUs MUKpobuoo2u4eckux KOHMAamMmuHaHMo8 Npu 8bINOIHEHUU 20CY0apCMBeeHHO020
MOHUMOpPUH2a Kayecmaa u 6e3onacHocmu nuujesblix NpodyKkmoa 3a nepuod ¢ 2015 no 2018 e.

Proteus bacteria — 0.6%. Vibrio parahaemolyticus was not
detected.

Percentage of non-compliances related to entero-
pathogenic Escherichia coli and total bacterial count in
animal feeding stuffs were 5.7 n 4.1% respectively, which
is indicative of technological violations in the production
and storage processes.

Figure 1 presents detection rates for different microor-
ganisms by years.

The detection rate for Staphylococcus aureus is within
0.6-1.0%, for Salmonella bacteria is 1.7-2.3% and for coli-
forms is 8.5-9.1%. Sulphite-reducing Clostridium were de-
tected in 2015, 2017 and 2018, exceeded levels of somatic
cells in raw milk products were reported in 2016,2017 and
2018; Proteus bacteria were isolated only in 2016. Positive
trend towards decreasing proportion of non-compliances
related to total bacterial count in feeding stuffs of animal
origin from 8% in 2015 to 1.3% in 2018 should be noted.
The percentage of non-compliances, associated with to-
tal viable count in animal products was within 13.2-13.3
in 2015-2016, but it grew up to 17.4 in 2017. In 2018 the
number of TVC violations decreased by 0.9% and was
equal to 16.5%.

The analysis of monitoring data showed an upward
trend in the number of detections of pathogenic L. mono-
cytogenes from 3.5% in 2015 to 4.9% in 2018. We believe
that this case can be explained by the biofilm-forming
capability of L. monocytogenes, thus increasing the risk of
animal product secondary contamination.

In 2015-2018 pursuant to the Orders of the Rossel-
khoznadzor laboratory tests within the Official Epidemio-
logical Monitoring were performed.

Data on detections of animal salmonellosis, listeriosis
and campylobacteriosis agents are given in Table 2.

According to the data, presented in Table 2, 36,160 tests
were performed for Salmonella. The detection rate
was 1.5%.

Within the period under review L. monocytogenes were
isolated from animal pathological material only in two ca-
ses (0.03%). It should be noted that the detection rate for
this microorganism is 4.2% (see Table 1). We believe, that
this difference can be explained by several reasons.

First of all, due to the differences in methodical ap-
proaches to listeria testing. To date L. monocytogenes
isolation from food products is performed pursuant to
GOST 32031-2012 “Food Products. Methods of Listeria
monocytogenes detection”, which envisages two-step
enrichment of the sample. Pathological material shall be
tested pursuant to “Methodical recommendations on la-
boratory diagnostics of human and animal listeriosis” (ap-
proved by USSR Ministry of Health on September 4, 1986
and USSR State Agriculture Committee on February 13,
1987). According to the methodical recommendations for
the bacteriological test saline solution should be added to
the suspension of brain and parenchymal organs (ratio 5:1);
then this mixture should be inoculated into meat-peptone
or Hottinger broth following by re-inoculation into liver or
blood agar or potassium tellurite agar.
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Secondly, the secondary contamination, caused by vio-
lation of production and processing technologies could be
the reason of the product contamination.

The third possible reason, impeding bacteriological
diagnostics of listeriosis in pathological material, can be
concomitant microflora, able to inhibit vital functions of
listerias.

The detection rate for Campylobacter in tests per-
formed in 2015-2018 was 1.1%.

According to the World Health Organization Campylo-
bacter bacteria are one of the most common reasons of
acute diarrheal diseases [7, 8, 9, 10]. Nevertheless, tests for
Campylobacter in animal products are currently not inclu-
ded into the public works plan in the Russian Federation.

Characteristics of microbial contamination of animal
products detected in the course of the “Food Safety” offi-
cial programme implementation in 2016-2018.

The official programme on food safety testing in 2015-
2018 was implemented based on the following Orders of
the Rosselkhoznadzor: No. 790 of 26.12.2014, No. 915 of
17.12.2015, No. 081-00037-16-00 of 29.12.2015, No. 081-
00032-17-00 of 30.12.2016, No. 081-00015-18-00 of
29.12.2017. Data on microbiological testing results have
been introduced into the ASSOL system since 2016.

The results of the official programme on microbiological
testing for food safety in 2016-2018 are given in Table 3.

Table 3

Table 2

Number of tests for pathogenic microorganisms, performed in 2015-2018

within epidemic monitoring

Tabnuua 2
KonuuecTso nccnepoBaHmii Ha naToreHHbie MUKPOOPTaHN3Mbl
npy NpoBeAeHNN SNU300TONOrMYECKOro MoHuTopunra 8 2015-2018 rr.

Bacteria Number of tests Number of positives

Salmonella 36,160 546

L. monocytogenes 7,831 2

Detection rate, %

117,001 tests for microbiological parameters were per-
formed during three years in total, 6,686 non-compliances
were revealed with the detection rate equal to 5.7%.

Distribution of tests by criteria is the following: the
biggest number comes from pathogenic microorga-
nisms: Salmonella (26.8%) and L. monocytogenes bacteria
(21.0%). They are followed by tests for TVC (19.7%) and co-
liforms (19.1%). The share of tests for Staphylococcus aureus
is 7.0%, and this is almost twice higher than the monitoring
test rate. The official programme envisages testing for food

Microbial contamination of animal products, detected within the official programme in 2016-2018

Tabnuua 3

MquoﬁHan KOHTaMUHaL KA NPOAYKLUU XXNBOTHOIO NPOUCX0XKAeHUA, BbiAB/IeHHaA Npu peanusalun rocysapcTBeHHOro 3afjaHuna

3anepuop c2016 no 2018r.

Yeasts

Tests in total el mtr:SltcSroot/); izl Number of positive tests Detection rate, %
968 182 18.8

0.8

Lactic acid bacteria 306

0.3 39 12.8

Molds 594

Enteropathogenic Escherichia coli 2,124

18 137 6.5

Pseudomonas aeruginosa 173

Staphylococcus aureus 8,170

7.0 130 1.6

Sulphite-reducing Clostridium 1,074

Total 117,001

100 6,686 5.7%
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spoilage indicators like yeasts and molds. Their combined
share was 2.3%. Small number of tests accounts for tests
for sulphite-reducing Clostridium (0.9%), Proteus (0.5%),
Pseudomonas aeruginosa (0.1%). 2,688 tests (2.3%) were
carried out to check feeding stuffs of animal origin (total
bacterial count and enteropahogenic E. coli) .

The highest number of non-compliances was detected
in tests for yeasts (18.8%), yeasts and molds (18.5%). They
are followed by tests for lactic acid bacteria (12.8%) and
TVC (12.4%), molds (8.6%), coliforms (8.5%), enteropatho-
genic E. coli (6.5%), Pseudomonas aeruginosa (2.9%), total
bacterial count (1.8%) and Staphylococcus aureus (1.6%).

Among pathogenic microorganisms the highest de-
tection rate was shown by L. monocytogenes (3.1%). The
number of non-compliances in testing for Salmonella
was 1.3%.

The detection rates for sulphite-reducing Clostridium
and Proteus bacteria were 0.7 and 0.3% respectively.

The analysis of data, shown in Figure 2, proves a high
number of non-compliances in tests for coliforms (the de-
tection rate was within 8.2-8.9%) and total viable count
(10.7-13.4%) and small number of detections in tests for
sulphite-reducing clostridia (0.7% in average for the period
under review).

Non-compliances in tests for different criteria were not
revealed every year. Pseudomonas aeruginosa positives
were reported in 2016 (3% detection rate) and 2017 (2.7%),
Proteus bacteria were detected only 2016 (0.6%). Positives

for molds were found in 2016 (9.6% detection rate) and in
2017 (7.3%). Exceeded levels of total bacterial counts were
reported in 2017 (2.4%) and 2018 (0.5%).

Up to 2018 an increasing trend in the yeast detection
rate was noted (from 14.6%in 2016 up t0 23.6% in 2018).In
2016 no tests for lactic acid bacteria were performed. From
2017 to 2018 the detection rate in tests for this criterium
increased from 4 to 15.6%.

The detection rate for L. monocytogenes was 2.8% in
average in 2016 and 2017, but up to 2018 it reached 3.7%.
The detection rate for Salmonella grew from 0.9% in 2016
to 1.5%in 2017 and 2018.

The presented data suggest the trend of decreasing in
detection of Staphylococcus aureus in food products and
enteropathogenic E. coli in feeding stuffs.

The analysis of microbiological test results, obtained
during public works

Pursuant to Programme “Reform of Controlling and Su-
pervising Activities’, approved in December 2016, the Ros-
selkhoznadzor developed the institutional dossier of the
projectimplementation in this area. The dossier envisages
the implementation of several types of official veterinary
surveillance and control at the border crossing points of
the Russian Federation and (or) at the customs clearance
facilities. It also ensures the application of a risk-oriented
approach during control and surveillance activities within
the established types of the control (surveillance).

30 ~
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10

Yeasts
Yeasts and molds
Lactic acid bacteria
TvC
Molds
Coliforms

Enteropathogenic E.coli

B Detection rate in 2016, % W Detection rate in 2017, %

L. monocytogenes
Pseudomonas aeruginosa
TBC
Staphylococcus aureus
Salmonella
Sulphite reducing Clostridia
Proteus

Detection rate in 2018, %

Fig. 2. Dynamics of non-compliances detection in microbiological tests within the official programme

“Food Safety”in 2016-2018

Puc. 2. JuHamuka eeiaenieHUa Hecoomaemcmauli N0 MUKpobUOoI02U4eCKUM NOKAa3amesAam NpuU 8bINOIHEHUU
20cy0apcmeeHHo20 3a0aHus «bezonacHocme nuwesoli npodykyuu» 8 2016-2018 2.
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Fig. 3. Results of official microbiological testing

Puc. 3. P€3yflbmambl 8bINOJIHEHUA 2ocyaapcm6eHHblxpa6om no MUKPO6UOHOZU‘I€CKUM nokasameJiam

Table 4

Total tests and total positives in tests for major microbiological parameters within official activities in 2016-2018

Tabnuua 4
061wee KONUYECTBO UCCNEA0BaHMIA 1 06LLee KONMYECTBO NONOKUTENbHBIX UCCNe[0BaHUIi N0 0CHOBHLIM MUKPOGMONOrMYeCKUM
nokasarenam npy npoBefeHUM rocyAapCTBEHHbIX paboT 3a nepuop ¢ 2016 no 2018 .

2016 2017 2018

(riteria

Total tests (OP-+MP)

Salmonella 22,338

Total positives (0P+MP)
Total tests (OP+MP)
Total positives (OP+MP)
Total tests (OP-+MP)
Total positives (OP+MP)

297 18,013 333 18,497 300

TVC 15,078

1,806 13,235 1,998 12,613 1,820

Staphylococcus aureus 4,263

89 3,470 38 4,248 39

Vibrio parahaemolyticus 41

0 392 0 343 0

0P — Official Programme “Food Safety”;
MP —“Food Safety and Quality Monitoring Programme”.

The comparison of total results obtained in the
course of the “Food Safety and Quality Monitoring” and
“Food Safety” programmes for the period under review,
given in Figure 3, reflects the risk-oriented approach to

planning of the parameters and lists of microbiological
criteria by differnent activities. It should be noted that
the detection rates of major microbial contaminants in
animal raw materials and products are similar with the
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analogous ones, shown by the official programme im-
plementation.

Starting from 2018 the FGBI “ARRIAH” Branch in the
Republic of Crimea has been participating in the imple-
mentation of the State Monitoring Plan. The Food Safety
Laboratory of the Laboratory and Diagnostic Centre per-
formed tests, including those for Salmonella and L. mono-
cytogenes, the detection rate of the latter was 6.7%, which
is 1.5-2.0 times higher than the analogous rate for Russia.
No Salmonella were detected.

Data on total number of tests performed and non-
compliances detected within public works are presented
in Table 4 by years.

These data suggest a successful application of a risk-ori-
ented approach during public works planning, but it does
not eliminate the need for further research in this area.

Previously we analyzed the microbial contamination of
animal products in the EU countries using RASFF data. The
major microbial contaminants of animal products reported
were Salmonella bacteria (2,719 notifications out of 3,769),
E. coli (548 notifications) and L. monocytogenes (440 noti-
fications) [11].

L. monocytogenes detection rate, revealed during pub-
lic works implementation in the Russian Federation, is
2.5 times higher than Salmonella bacteria, which is diffe-
rent from the European data, where Salmonella were de-
tected 6 times oftener than L. monocytogenes [11].

It should be noted that EU Commission Regulation
No. 1441/2007 of 05.12.2007 on microbiological criteria
for foodstuffs, does not contain coliforms and TVC criteria.
Unlike the EU countries presence of these hygiene product
indicators is checked in the Russian Federation during the
implementation of the public works on food safety. The
detection rates for these criteria are the highest.

CONCLUSIONS

Total 205,750 tests for microbiological safety were per-
formed within public works in 37 laboratories subordinate
to the Rosselkhoznadzor in 2015-2018.

The highest number of tests were carried out for patho-
genic Salmonella (29.5% under official monitoring and
26.8% under official programme) and L. monocytogenes
(22 and 21% respectively). The detection rate for this mi-
croorganisms in animal raw materials and food products
was equal to 1.8% for official monitoring and 1.3% for of-
ficial programme; the rates for L. monocytogenes were 4.2
and 3.1% respectively.

The parameters, showing less than 1% of positives with-
in public works testing, were identified. They include Vibrio
parahaemolyticus, Proteus bacteria and sulphite-reducing
clostridia. The lowest detection rate of these microorga-
nisms during the whole period under review is the reason
to reduce the number of such tests.
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Mycotoxicological monitoring.
Part 1. Complete mixed feed for pigs and poultry (2009-2018)
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SUMMARY

Results of the ten-year annual mycotoxicological testing of complete mixed feeds for pigs and poultry submitted by holdings and processing establishments located
in the Northwestern, Central, Southern, Volga and Ural Federal Districts are presented. Competitive ELISA tests showed that the occurrence of T-2 toxin, deoxyniva-
lenol, zearalenone, fumonisins of group B, alternariol, ochratoxin A, citrinin, mycophenolic acid, ergot alkaloids and emodin was about 5% and quantities thereof
varied within one or three orders; quantities of T-2 toxin, deoxynivalenol, zearalenone, fumonisins, and ochratoxin A might exceed maximum admissible levels for
feed grains. Diacetoxyscirpenol, aflatoxin B,, sterigmatocystin and cyclopiazonic acid belonged to group of rare contaminants. Level of feed contamination with
T-2 toxin and emodin was found to be consistently high during the said period; in some of the years occurrence of deoxynivalenol, fumonisins as well as ochra-
toxin A, citrinin, mycophenolic acid and ergot alkaloids increased. In 2016—2018, mixed feed contamination with alternariol increased whereas contamination with
fumonisins steadily decreased and level of zearalenone occurrence remained consistently low. Evidence for a wide occurrence of emodin known as“diarrheic factor”
as well as for sporadic increase in mixed feed contamination with alternariol, citrinin, mycophenolic acid, mycotoxins having the highly dangerous toxic impact
and long-term adverse effects, was detected for the first time. These data confirmed the need for their inclusion into the regulated group of substances significant
for public health. General features of pig and poultry feed contamination as well as usefulness of regional surveys for intoxication risk prediction are described.
Special attention is paid to the importance of the projects for creation of common information resources that could become a unique scientific basis for innovations
in feed poisoning prevention. Original monitoring data systematized and summarized in the paper are given in electronic format in section Additional materials.
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MUKOTOKCMKONOTMYECKNIA MOHUTOPUHT.
CoobuueHue 1. [lonHOpaLMOHHbBIE KOMOUKOPMA 1A CBUHEN
n ntuubl (2009-2018 rr.)

I. 1. KoHoHeHko', A. A. bypkun?, E. B. 3oT0Ba*

Bcepoccuitckuii HayuHo-1ccne0BaTeNbCKIA MHCTUTYT BETEPUHAPHOI CAHUTAPUIA, TUTUEHDI U 3Konorun — dunuan OesepanbHoro rocyaapcTBEHHOTO GHOAKeETHOro
HayuHoro yupexaeHna «OesepanbHblil HayuHbI LEHTP — Bcepoccuiickiii HayuHo-1CcIef0BATENbCKINI MHCTUTYT KCNepUMeHTanbHoi BetepuHapum umenn K. 1. Ckpabuna
1 1. P. KoBanenko Poccuiickoit akazemun Hayk» (BHUMBCT — dunuan OF6HY OHL BIA3B PAH), r. MockBa, Poccua

' ORCID 0000-0002-9144-615X, e-mail: kononenkogp@mail.ru

20RCID 0000-0002-5674-2818, e-mail: aaburkin@mail.ru

3 ORCID 0000-0002-1479-8602, e-mail: ezotova63@gmail.com

PE3IOME

MpeacTaBneHbl pe3ynbratbl 10-NeTHEro0 eXeroHoro MUKOTOKCUKONOTMYeCKoro 00¢1ef0BaHIA NOAHOPALIMOHHbIX KOMOUKOPMOB ANA CBUHEIA U cenbckoxo3aii-
CTBEHHOIT NTULbI, NPeAOCTaBNEHHbIX X03AlCTBaMI 1 NepepabaTbiBatoumm npeanpuatuami Ceepo-3anaaHoro, LientpanbHoro, K0xHoro, MpuBomxkcKoro
1 Ypanbckoro denepanbHbiX oKpyro. MeToZoM KOHKYPEHTHOTO UMMYHO(EPMEHTHOTO aHaNu3a NokasaHo, uTo T-2 TOKCUH, e30KCUHUBANEHOS, 36apasneHoH,
GYMOHM3MHbI Tpynnbl B, anbTepHapuon, oXpaTokcu A, LUTPUHIH, MIUKOGEHONI0BAA KCNOTa, IProankasnolfibl  IMOANH BCTPEYAKTCA € yacToToii bonee 5%, ux
KONMuecTBa BapbUpyIoT B NPe/ieNax 0HOT0-TPpeX MOPALKOB, U KONNuecTBa T-2 TOKCMHA, Ie30KCMHUBANEHOMA, 3eapaneHoHa, GyMOHU3IHOB 1 0XPaTOKCHA A MOTyT
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NPeBbILLIATb PeramMeHTbl AOMyCTUMOTO CORePKaHIA B 3epHe, NPe/IHa3HAUYEHHOM Ha KOPMOBbie Lienu. [IaLieToKCUCLMpNIeHon, apnaToKuH B, cTepurMaTouucTiny
W LIMKIIONIA30HOBAA KNCNOTA OTHOCATCA K FPyNNe PeAKMX KOHTaMUHAHTOB. YCTaHOBMIEHO, UTO BbICOKas 3arpA3HEHHOCTb KOMOMKOPMOB T-2 TOKCUHOM U SMOAMHOM
COXPAHSAET N0 roAiaM YCTOMUNBbIi XapaKTep, B OTAENbHbIE r0/bl BO3PACTAET BCTPEUAEMOCTb IE30KCUHIBANIEHONA, GYMOHIM3UHOB, a TaKXKe OXPaToKCUHa A, Lu-
TPUHIHA, MUKOGDEHOMOBOI KMCNOTbI M 3proankanoingos. B 2016—2018 rr. oTMeueHo 060CTpeHIe CUTyaLm Mo 3arpA3HEHHOCTI KOMOUKOPMOB aNbTEPHapUONOM
MU NONOXUTENbHOI TEHAEHLNI CHIXKEHUA KOHTaMIHALMI GYMOHM3MHAMIN U COXPaHEHUA CTabMNbHO HU3KOIA BCTPEUaeMoCT 3eapaneHoHa. MakT o6LwnpHoii
PacnpoCTPaHEHHOCTU IMOAMHA, U3BECTHOTO KaK «AUapeliHblii GakTopy, a TakKe CNopasuueckoro, B OTAENbHble Nepuozbl HabMioAeHMii, BO3pacTaHuA KOHTaMu-
HaLu KOMOMKOPMOB aNlbTePHAPUONOM, LIMTPUHUHOM U MUKODEHONOBOI KCIOTON — MUKOTOKCUHAMI € 0C060 onacHbIMI GOpMamu TOKCYECKOro AeiiCTBIA
11 HeraTVBHbIMY OTAANEHHbBIMU NOCNEACTBUAMU — BbIABIIEH BNepBbIe. 3Ta MHOOPMALIMA NOATBEPXKIALT HEOOXOAMMOCTb MX BBEAEHUA B IPynMy HOPMUPYEMbIX
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INTRODUCTION

Feed safety plays a crucial role in successful animal
farming and processing industry development. Various
responses of livestock sex/age groups and species to na-
tural and anthropogenic factors as well as various diet
compositions make feed material control extremely diffi-
cult. Completeness of the data on expected toxicants for
each type of feed (their occurrence and levels) is a prere-
quisite for solving the said problem.

In our country, there is a long overdue need for the pro-
jects aimed at creation of common information resources
that could become a unique scientific basis for innovations
in feed poisoning prevention as well as top-requested re-
ference manual for specialists engaged in feed production
and animal feeding. Implementation of such projects re-
quires establishment of principles that will be mandatory
for the project participants as well as selection of optimal
data entry system convenient for data storage, replenish-
ment and multi-purpose use.

Complete mixed feed is a basis for modern pig and
poultry industries. Summarizing and updating data on
feed contamination with mycotoxins is one of the key
problems remained unsolved. Creation of common in-
formation resource containing data on mycotoxicologi-
cal tests of feed was firstly discussed at the 3 Congress
of Russian Toxicologists in 2008'. Feed and agricultural
product monitoring is arranged and carried out by the
Rosselkhoznadzor but access to the monitoring results is
limited and data published in scientific-practical and sci-
entific-production periodicals, Congress and Conference
Proceedings are associated with small samplings often
without any indications of tested sample number and

' Burkin A. A., Kononenko G. P. Monitoring test methods for risk assess-
ment of acute and chronic mycotoxicoses occurrence. 3 Congress of Rus-
sian Toxicologists: Abstracts (December 2-5, 2008). Ed. By G. G. Onishenko,
B. A. Kurlyandsky. M.; 2008; 71-73. (in Russian)

origin or presented after being processed in accordance
with conditional criteria [1, 2]. This impedes or makes data
summarizing and free use impossible.

Recently, scientific periodicals have actively applied the
experience gained in creation of replenishable electronic
databases, for example, microorganism genotype collec-
tions [3]. A series of publications summarizing data of the
analytical studies performed based on common approach
that allows users to process the said data in accordance
with their objectives could be an initial stage of the project
for creation of mycotoxicological monitoring information
resource in our country.

The goal of the paper is to summarize results of tests of
complete mixed feed for pigs and poultry for mycotoxin
contamination for 2009-2018 and provide original data
contained in the electronic database.

MATERIALS AND METHODS

Average samples (1,338 samples) from complete
mixed feed batches intended for various sex/age animal
groups including SK-type feed for pigs (1,075 samples)
and PK-type feed for poultry (263 samples), submitted
to the laboratory by specialists of feed mills and veteri-
narians of pig and poultry establishments located in the
Northwestern, Central, Southern, Volga and Ural Federal
Districts, predominantly from the areas where such indus-
tries were intensively developed for the purpose of routine
control, incoming control and diagnosis of mycotoxicoses
in 2009-2018.

Group of target mycotoxins included T-2 toxin (T-2),
diacetoxyscirpenol (DAS), deoxynivalenol (DON), zearale-
none (ZEN), fumonisins of B group (FUM), alternariol (AOL),
ochratoxin A (OA), citrinin (CIT), aflatoxin B, (AB,), cyclo-
piazonic acid (CPA), mycophenolic acid (MPA), ergot alka-
loids (EA) and emodin (EMO).

Samples preparation was carried out using uni-
fied method based on liquid extraction and indirect
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Table 1
Mycotoxins in complete mixed feed for pigs (summarized data for 2009-2018)

Tabnuua 1
MuKoToKCUHbI B NONHOpaLMOHHBIX KOM6UKOpPMAX AnA cBUHeli (06061eHHble faHHble 2009-2018 rT.)

Level, ug/kg

Occurrence

n*/n (%) 90% percentile

949/1,075 (88.3)

TN R S B
BT N R B R
Coows | w  w | w o

62

n — number of tested samples;
n* —number of mycotoxin-containing samples.

competitive ELISA, validated in 1995-2008 and then
included in official control methods?. Detection limits
determined based on 85% antibody binding were as fol-
lows: 2 ug/kg (AB,), 3 ug/kg (EA), 4 pg/kg (T-2, OA, STE),
20 pg/kg (ZEN, AOL, CIT, MPA, EMO) and 50 pg/kg (DAS,
DON, FUM, CPA). The following coding pattern was used
for filling-in record form in the database: mixed feed type
(PK, SK), recorded year (1-10), detected mycotoxins.
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

Thirteen out of fourteen target mycotoxins (except for
AB,) were detected in feed for pigs (Table 1). T-2 and EMO
were detected more often than others, DAS, STE and CPA
were detected in less than 5% of samples; detection rate
for other mycotoxins varied from 8.5 to 38.2%. The quan-
tity of toxins generally varied within one-two orders and
in case of EA — within three orders. Median displacement
to the smaller values as compared to the mean value was
demonstrated for all contaminants that was indicative of
unified dissymmetric distribution of contents where a half
of accumulation levels was less than other ones. Moreover,

2 GOST 31653-2012 Feed. Immunoenzyme method for mycotoxin de-
tection. M.: Standardinform; 2012. 11 p. (in Russian)

the largest quantities were always higher than threshold
concentrations for 90% of values (90% percentile), and the
most strongly pronounced for MPA and EA. All this was
indicative of possible abnormally high toxin accumulation
levels in typical situations. The highest T-2, DON, ZEN, FUM
and OA levels detected in mixed feed were higher than
admissible levels for feed grains [4].

In poultry feed, AB, was detected in 1.1% of samples,
DAS was not detected and therewith there was a clear
similarity with pig feed in the T-2 and EMO prevalence,
rare detection of STE and CPA, similar occurrence for
other 10 mycotoxins — 9.5-47.9%, degree of variation in
their levels and character of the median displacement
to the mean values and 90% percentile to the highest
levels (Table 2). Such similarity can be accounted for the
common raw feed materials used for the feed formulas
(wheat, barley, corn grains, sunflower meal and cake, soy-
bean meal) as well as similar their proportions in the for-
mulas despite of variations related to the animal category.
The rate of fusariotoxins (T-2, DON, ZEN, FUM), AOL as
well as OA, CIT, MPA, EA and EMO occurrence was more
than 5% in complete mixed feed intended both for pigs
and poultry.

Selective tests of mixed feed initiated by the ARRIVSHE
in 1997 were described in the earlier publications as far as
the data were gained. In 1997-2004 mycotoxin contami-
nation level in 766 feed consignments used in commercial
poultry industry was 34.6-79.5%, T-2 was the most preva-
lent in feed (38.5% of samples) at the level of 30-59 pg/kg,
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Table 2

Mycotoxins in complete mixed feed for poultry (summarized data for 2009-2018)

Tabnuuya 2

MMKOTOKCMHDBI B NONHOPALMOHHBIX KOMGUKOPMAX ANA CeNnbCKOX03AiCTBEHHOM NTHLbI (06061 eHHble AaHHbIe 2009-2018 rr.)

Occurrence

208/263 (79.1)

Level, ugrkg

mean value

90% percentile

Commemy |+ w5
I R T S B R R

n — number of tested samples;
n* —number of mycotoxin-containing samples.

in some samples — 550 pg/kg, DON (13.7%), ZEN (10.3%)
and FUM (9.9%) were detected less frequently, rate of OA
detection at the level of 10-33 pg/kg varied from 15.2 to
42.2%, AB1 was detected rarely (1.6%) and no CTE was
detected?. Results for 2005-2009 supported conclusions
made at the previous stage and provided new informa-
tion that DAS occurence was far lower as compared to
other fusariotoxins, CIT took an active part in contamina-
tion and CPA was absent*®, and allowed the first specific
proposals on mycotoxicological control improvement to
be formulated [5]. Later, the following brief reports were
published: on frequent occurrence of EMO, antrachinonic
toxin known as “diarrheic factor’, within the range of do-
zens to thousands pg/kg in the set of 29 samples®; EA oc-
currence in 2008-2013 [6]; AOL occurrence in 2009-2014
and MPA occurrence in 2007-20147 including reporting
of abnormal accumulation of this toxin (5,400 pg/kg) in
dense caked fraction of mixed feed for piglets due to
heavy infestation by highly toxicogenic Penicillium spp.
fungi®. Detailed analysis of the whole data body allowing
assessment of feed contamination with mycotoxins is pre-
sented for the first time.

Dynamics of annual variation in occurrence of 10 ma-
jor contaminants is given in Figure. Level of T-2 and EMO
contamination remained high that was indicative of wide
occurrence of their producers. Significant variations in
DON, FUM and AOL occurrence with multi-fold increase
in particular years appeared to be associated with speci-
fic contamination of the grain supplied to regional feed

mills since level of Fusarium spp. and Alternaria spp. in-
festation was different in various territories and years.
In 2016-2018 situation on AOL contamination became
aggravated. In general, decrease in feed contamination
with FUM and consistently low feed contamination with
ZEN can be noted as a positive trend for the last four
years (Fig.).

Drastic increase in OA, CIT, MPA and EA detection in
particular years could be accounted for known occurrence
in endemic areas as well as combination of adverse factors

3 Kononenko G. P. System of mycotoxicological control of products
subjected to veterinary/sanitary and ecological surveillance: Author’s Ab-
stract, Thesis for Doctor Degree (Biology). M.; 2005. 49 p. (in Russian)

4 Kononenko G. P, Burkin A. A. Mycotoxicological control of raw feed
materials and mixed feed. Current aspects of veterinary pharmacology,
toxicology and pharmacy: Proceedings of the Congress of Russian
Pharmacologists and Toxicologists. St-P.; 2011; 242-244. (in Russian)

5 Kononenko G. P, Burkin A. A. Achievements and challenges of
creation of data base of human health-significant mycotoxins in feed.
Modern Mycology in Russia. M.: National Academy of Mycology; 2012;
428-429. (in Russian)

¢ Kononenko G. P, Burkin A. A. Emodin: contamination of grain feed.
Advances in Medical Mycology. 2007; 9: 88-89. (in Russian)

7 Burkin A. A., Kononenko G. P. Alternariol occurrence in biological
objects. Modern Mycology in Russia: Proceeding of the Il International
Mycological Forum (April 14-15, 2015). Ed. by Yu.T. Dyakov, Yu. V. Sergeyev.
M.: National Academy of Mycology; 2015; 5: 223-225. (in Russian)

8 Kononenko G. P, Burkin A. A. Mycophenolic acid: occurrence in bio-
logical objects. Modern Mycology in Russia: Proceeding of the lll Internatio-
nal Mycological Forum (April 14-15, 2015). Ed. By Yu.T. Dyakov, Yu. V. Serge-
yev. M.: National Academy of Mycology; 2015; 4: 201-203.
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Fig. Dynamics of annual occurrence of T-2 toxin (T-2) deoxynivalenol (DON), zearalenone (ZEN), fumonisins (FUM),
alternariol (AOL), ochratoxin A (OA), citrinin (CIT), mycophenolic acid (MPA), ergot alkaloids (EA) and emodin (EMO)

in mixed feed for pigs and poultry (summarized data)

Puc. JuHamuka exxe200Hol ecmpedaemocmu T-2 mokcuHa (T-2), 0e3okcuHusaneHona (JOH), 3eapaneHoHa (3EH),
¢pymoHu3uHos (DYM), anemeprapuona (AOJI), oxpamokcuHa A (OA), yumpuHuHa (LNT), mukogeHonosol
kucnomel (MOK), spzoankanoudos (3A) u smoouHa (IMO) 8 kombukopmax 071 cauHel U nmuybl (0606wjeHHble OaHHbIe)

during agricultural product harvesting, transportation and
pre- and post-processing storage.

Original data of the 10-year monitoring of complete
mixed feed for pigs and poultry systematized and sum-
marized in the paper are given in electronic format in
section Additional materials are given at: http://doi.
0rg/10.29326/2304-196X-2020-1-32-60-65. Access to
the entire database allows any other variants of the data
processing, for example data on single and concomitant
contamination, joint OA and CIT occurrence that is ra-
ther frequent [7, 8] and can enhance their nephrotoxic
effect [9], correlation between T-2 and DAS amounts that
are similar in toxicity level as well as calculation of exces-
sive contamination cases when regulations on maximum
admissible levels for mycotoxins are put into effect at the
country level. It should be noted, that wide geographic
area where samples used for the said study have been
collected does not allow regional aspects to be taken
into account. Nevertheless, data obtained for particular
territories are very valuable since they provide an unique
opportunity to gain understanding of feed grain contami-
nation. Feed grain testing for risk prediction is very difficult
due to large-scale harvesting and various soil and climate
factors that can influence the mycotoxicological situation.
Under these circumstances, feed mixes with large propor-
tion of grain ingredients can be used as ecological markers.
In some European countries tracing of mycotoxin conta-
mination in food grains based on results of tests of bakery
products sold through retail chains was tested, recognized
to be cost-effective and has been put in international
practice [10, 11, 12]. Unfortunately, there have been yet
no specific regional projects on mixed feed assessment
in our country and sample testing results are presented
in aggregated form sometimes without indication of type
of tested mixed feed in theses covering a wide range of
related aspects [13, 14].

CONCLUSION

General features and peculiarities of mycotoxin con-
tamination of complete mixed feed intended for pigs and
poultry have been established during extensive monitoring
carried out for the last 10 years with annual data collection.
Obtained results confirmed importance of regular testing
of such feed for their contamination with fusariotoxins,
ochratoxin A, regulated in feed grains as well as ergot al-
kaloids. For mixed feed, it is recommended to include emo-
din, antrachinonic toxin known as diarrheic factor as well
as alternariol, citrin and mycophenolic acid having highly
dangerous toxic impacts and long-tern adverse effects into
thelist of substances significant for public health. Obtained
data could be useful for assessment of the situation in feed
producing industry and providing rationale for mycotoxin
regulation in mixed feed and product control system im-
provement at processing establishments.

Additional materials to the paper (records forms with
database) can be found at: http://doi.org/10.29326/2304-
196X-2020-1-32-60-65.
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SUMMARY

Laboratory diagnosis is a crucial component in implementation of the set of anti-epidemic measures aimed at contagious animal disease control. The need for
unswerving trust in the quality of laboratory performance is a matter of importance not only for service providers and customers, but also for inspecting organiza-
tions, accreditation bodies, etc. that establish performance requirements for diagnostic laboratories. Incorrect laboratory test results can lead to a misdiagnosis and,
therefore, to grave consequences. One of the forms of experimental verification of a laboratory’s performance with a view to determine the laboratory’s competence
and to verify its compliance with accreditation criteria as part of inspection control of the laboratory’s activities is interlaboratory comparison. The laboratory can
prove its competence at a particular time, as well as clearly demonstrate how stable the quality of its test results is by summarizing and analyzing the results of
its participation in interlaboratory comparisons. The analysis of the results of the interlaboratory comparisons (programmes for detection of causative agents or
antibodies to the causative agents of avian influenza, Newcastle disease, rabies, classical swine fever, African swine fever, bluetongue, lumpy skin disease) organized
by the FGBI “ARRIAH" for the veterinary laboratories of the Russian Federation in 2018—2019 is presented. The results showed that most of the laboratories had
passed the tests successfully. The results submitted by participants were unsatisfactory in some interlaboratory comparison programmes (rabies virus detection
using fluorescent antibody technique; detection of avian influenza, classical swine fever and lumpy skin disease viruses using polymerase chain reaction). That
highlights the need for those participants who failed the tests to improve their laboratory testing quality.

Key words: interlaboratory comparisons, infectious animal diseases, polymerase chain reaction, enzyme-linked immunosorbent assay, fluorescent antibody
technique.
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PE3IOME

BaxHoii 3afiaueii npu npoBezieHNN KOMMIIEKCa NPOTUBOINM300TUYECKUX MEPONPUATUIL, HANpaBNeHHbIX Ha 60pbby € 3apasHbIMU O0NIE3HAMY XUBOTHIX, ABNAETCA
nabopatopHas auarHocTuka. HeobxoaMmocTb B NOCTOAHHOM [I0BEPUM K KauecTBy paboThl laGopaTopun BaxHa He TONbKO ANA UCMONHUTENEI 1 3aKa3unKoB, HO
W UHCNEKTIYHOLLIX OPraHy3aLMii, 0praHoB no akkpeauTaLuiA 1 ip., KOTopble YCTaHaBNMBaKOT TpebOBaHNA K eATeNbHOCTY AnarHocTInyeckvx nabopatopuii. Hegocto-
BepHble pe3y/bTaTbl NabopaTopHbIX MCCNIEA0BAHMIA MOTYT NPUBECTY K NOCTAHOBKE HENpaBMUIbHOr0 AMar03a, a 3HauwT, U K cepbe3HbIM nocneacTuAM. OfHol 3 opm
3KCnepUMeHTaNbHOI NPOBEPKM eATeNbHOCTY TabopaTopuk € Lienibio OnpefeneHia ee KOMMETEHTHOCTI U NOATBEPXAEHMA COOTBETCTBYUA KPUTEPUAM aKKpeAUTaLui
MPY MHCNEKLMOHHOM KOHTPOIe 32 ee eATENbHOCTbI0 ABNAKTCA Mex/1abopaTopHble CIMUNTENbHbIE (CpaBHUTENbHbIe) UcnbiTaHiA. 0606LLad 1 aHanu3upya pesynbrarbl
YUaCTus B MeXabopaTopHbIX CIMUMTENbHbIX UCTIbITAHIAX, NabOPaTOPUs MOXKET He TONbKO NOATBEPATb CBOK KOMMETEHTHOCTb B KOHKPETHbIIA MOMEHT, HO M HArNAHO
NPOAEMOHCTPUPOBATb, HACKOMbKO (TAbINbHO KAUeCTBO Pe3yNbTaToB ee aHau30B. lIpeacTaBrieH aHanu3 pe3ynbTaToB Mex/1abopaTopHbIX CTAYMTENbHBIX UCTbITaHMiA,
opraHin30BaHHbIX B 2018—2019 rr. OT'BY «BHUU3X» ana BeTepuHapHbix nabopatopuit Poccm, no nporpammam BbiABReHIA BO3OyAUTeNelt WA aHTUTeN K BO36yAN-
TeNAM rpunna NTuL, HbIOKACNCKoil GonesHu, beleHCTBa, Knaccuueckoil YyMbl CBUHeN, apUKaHCKOIA YyMbl CBUHeN, GnoTaHra, 3apa3Horo y3enkoBoro AepmaruTa
KpYMHOro poratoro ckota. PeynbTaTbl noka3anu, uto 60NbLINHCTBO NabopaTopyii yCneLLHo CNpaBUUC C UCTbITaHUAMU. HeyA0BNETBOPUTENbHbIT pe3ynbTaT 6bin
MoNyYeH YYacTHAKAMM N0 OTAENbHBIM NporpaMmam MexxnabopaTopHbIX CIMUNTENbHBIX UCMbITaHWI (BbIABNEHNE BUPYCa OELLIEHCTBA METOL0M GyopecLmpyoLLnx
aHTITEN; BbIABNEHIE BUPYCOB PUNMa NMTULL, KNACCMYeCKoil UyMbl CBUHEI 1 3apa3HOro Y3eNKOBOTO epMaTuTa KpyMHOro poraToro ckota METOAOM nouMepasHoii
LienHoii peakwyi). 370 yKa3biBaeT Ha He0OXOAUMOCTb NOBbILLEHNSA KaueCTBa NAboPaTOPHbIX NCCENO0BAHMIA He CPABUBLUMXCA € 3a/aHNEM YUACTHUKOB.

KnioueBble clioBa: MeXnabopaTopHble CINUNTENbHbIE UCMbITAHWA, UHOEKLMOHHDIE BONIE3HY XKUBOTHbIX, NONUMEPa3Has LIENHaA Peakwys, IMMYHodepMeHT-
Hblii aHaNV3, MeTOZ (AYOPECLMPYHOLLIAX AHTUTEN.

[ina untuposaunusa: Cyxapbkos A. H0., Hukoxosa 3. b., bbagosckaa 0. 1., Mepwun A. C., Wynbnun M. 1., Ysana W. A. Ouenka kBanndukawum BeTepuHapHbIX
nabopatopuii Mo pesynbTatam MexnabopaTopHbIX CIMYUTENbHBIX UCNbITaHWIA, opraHi3oBaHHbIx OIBY «BHUU3M» B 2018—2019 rr. BemepuHapus ce2o0Hs.
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INTRODUCTION

Several regions of the Russian Federation retain the
status of infected with respect to some infectious animal
diseases. Effective control of contagious diseases requires
a completes set of anti-epidemic measures with laboratory
diagnosis being one of its crucial components. Incorrect
laboratory test results can lead to grave consequences.
The need for unswerving confidence in laboratory per-
formance quality is a matter of importance not only for
service providers and customers, but also for inspecting
organizations, accreditation bodies, etc. that establish
performance requirements for diagnostic laboratories [1].

One of the ways to evaluate laboratory performance is
interlaboratory comparison (ILC). This form of laboratory
proficiency testing is widely used, includingin interna-
tional practice [2]. In addition to the monitoring of test
result reliability, the objectives of interlaboratory com-
parisons are the identification of problems in the work of
the laboratory and differences between laboratories, the
determination of effectiveness and comparability of test
or measurement methods, and a number of others. Suc-
cessful participation in interlaboratory comparisons helps
the laboratory gain more trust from customers. Besides,
participation in interlaboratory comparisons is mandatory
for the laboratories accredited in the national laboratory
accreditation system [3, 4].

The Rosselkhoznadzor subordinate FGBI “Federal Cen-
tre for Animal Health” (FGBI “ARRIAH") is accredited in the
national accreditation system as an ILC provider according
to GOST ISO/IEC 17043-2013 (Certificate of Accreditation
No. RA.RU.430258, date of entry into the registry of accre-
dited persons: March 16, 2018). In 2019, the competence
of the FGBI “ARRIAH" as an ILC provider was confirmed fol-

lowing the results of the on-site audit (Order of the Federal
Service for Accreditation (RusAccreditation) No. PK1-1180
dated June 21, 2019).

Interlaboratory comparison programmes developed by
the ILC provider in accordance with the approved scope of
accreditation allow for verification of laboratory proficien-
cy in the diagnosis of highly dangerous infectious animal
diseases using such methods as polymerase chain reaction
(PCR), enzyme-linked immunosorbent assay (ELISA) and
fluorescent antibody (FA) technique.

The aim of the paper is to analyze the results of the
ILC rounds organized by the FGBI“ARRIAH"in 2018-2019.

MATERIALS AND METHODS

The results of the interlaboratory comparisons orga-
nized by the FGBI “ARRIAH" in 2018-2019 under the fol-
lowing 10 programmes were used for the paper:

— detection of avian influenza type A virus RNA;

- detection of antibodies to avian influenza type A virus
using ELISA;

- detection of antibodies to Newcastle disease virus
using ELISA;

— detection of rabies virus antigen using fluorescent an-
tibody technique;

- detection of antibodies to African swine fever virus
using ELISA;

- detection of African swine fever virus genome;

- detection of antibodies to classical swine fever virus
using ELISA;

- detection of classical swine fever virus genome;

- detection of antibodies to bluetongue virus using
ELISA;

- detection of lumpy skin disease virus genome.
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Pursuant to the approved interlaboratory comparison
plan, one round of interlaboratory comparisons was car-
ried out for each programme annually. The Split-Sample
Scheme was applied: identical control samples prepared
from the same material or a specially prepared materi-
al split into two or more parts were used, so that each
ILC participant could test the control samples from this
set of samples [1]. All control samples are validated in
terms of assigned values, homogeneity and stability in
strict compliance with the procedure approved by the
ILC provider.

Data obtained for each ILC programme are provided
in detail in the reports that are available in the Interla-
boratory Comparisons section on the web-site of the ILC
provider (FGBI"ARRIAH") (http://www.arriah.ru/main/Ipro-
vedenie-msi). Information about participants is presented
in anonymized form.

RESULTS AND DISCUSSION

The proficiency of 46 veterinary laboratories located
in 37 regions of the Russian Federation with respect to
diagnosis of seven dangerous animal diseases (avian influ-
enza, Newcastle disease (ND), rabies, classical swine fever
(CSF), African swine fever (ASF), lumpy skin disease (LSD),
bluetongue) using PCR, ELISA and fluorescent antibody
technique was evaluated based on the results obtained
within the ILC programmes. The consistency of submit-
ted results with the assigned values for the coded cont-
rol samples served as a criterion for evaluation. The ILC
result was considered satisfactory when all the control
samples in the panel were correctly identified. All the ILC
programmes were based on the qualitative analysis of the
assigned control sample. When at least one control sample
did not agree with the assigned value, the ILC result was
recognized unsatisfactory.

Table 1

Table 1 shows the total number of participating labora-
tories for each ILC programme of 2018-2019 and the num-
ber of participants that made mistakes and failed the tests.

Data presented in Table 1 show that inconsistent results
were identified amongthe ILC results for 4 out of 10 im-
plemented programmes. These programmes required the
use of fluorescent antibody technique or PCR. At the same
time, the participants of all the ILC programmes for the
detection of infectious animal disease agents with ELISA
passed the tests successfully using commercial test kits
produced by domestic and foreign manufacturers.

The greatest number of mistakes were found to have
been made by the participants of the proficiency tests
related to the detection of rabies virus antigen using fluo-
rescent antibody technique which is the main tool for
rabies diagnosis (90.7% of laboratories passed the test).
The unsatisfactory ILC results with respect to the diagno-
sis of this deadly animal and human disease are particu-
larly troubling in the light of unfavorable rabies epidemic
situation across much of Russia’s territory. It is important
to note that fluorescent antibody technique requires the
high qualifications and experience of personnel, as well as
the appropriate maintenance of fluorescence microscopes
(timely replacement of lamps, etc.). Besides, at least two
specialists should be involved in the interpretation of fluo-
rescent antibody test results.

As for the ILC programmes for the detection of avian
influenza, CSF and LCD viruses using PCR, the percentages
of the laboratories that passed the tests were 96.2, 94.1
and 93.9%, respectively, out of the total number of parti-
cipants. PCR procedure comprises several stages (sample
preparation, nucleic acid isolation, PCR as such, the inter-
pretation and analysis of results), and this increases the
likelihood of making a mistake at any of its stages and
producing an unsatisfactory final result. This technique

Results of interlaboratory comparison programmes carried out in 2018-2019

Tabnuua 1
Pesynbtatbl peanusauum nporpamm MCU 32 2018-2019 rr.

Participants that passed the ILCs successfully

Parameter according to the scope of accreditation Test method Nurn.ber of
(corresponds to a particular ILC programme) participants* percentage of the
ENE
1 Al'type A virus RNA PCR 26 25 96.2
2 Antibodies to Al type A virus ELISA 10 10 100
3 Anti-NDV antibodies ELISA 6 6 100
4 Rabies virus antigen MA 43 39 90.7
5 Anti-ASFV antibodies ELISA 10 10 100
6 ASFV genome PCR 17 17 100
7 Anti-CSFV antibodies ELISA 34 34 100
8 (SFV genome PCR 51 48 94.1
9 Antibodies to bluetongue virus ELISA 6 6 100
10 LSDV genome PCR 49 46 93.9

*In a case where a laboratory participated in the interlaboratory comparisons twice (in 2018 and 2019), it was recorded as two participants.
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Table 2

Mistakes made by participants of interlaboratory comparison rounds in 2018-2019

Tabnuuya 2
Own6kn ywactHukos payHpos MCU B 2018-2019 rr.

Parameter according to the scope Number of partici- Type of mistake
of accreditation Test method pants that failed
(corresponds to a particular ILC programme) the ILC false positive result false negative result
1 Al'type Avirus RNA PCR 1 0 1
2 Rabies virus antigen FA technique 4 1 3
3 (SFV genome PCR 3 0 3
4 LSDV genome PCR 3 0 3

requires a particularly high qualification and the availabi-
lity of specialized rooms.

When the result is unsatisfactory, the participating
laboratory is encouraged to review the adopted test pro-
cedure, to identify the possible causes of mistakes, and
to develop adequate corrective actions (further training
of the staff; the enhanced control of the tests performed;
the repair or replacement of equipment and measuring
tools; diagnostic kit replacement, etc.). The effectiveness of
corrective actions should be confirmed by the laboratory’s
repeated participation in the interlaboratory comparisons
at the earliest possible time.

Table 2 shows mistakes made by the participants of ILC
rounds in 2018-2019.

Data in Table 2 show that most of mistakes were
related to false negatives, i.e. the control samples that
contained a disease agent or antibodies to it were cha-
racterized as negative ones. Such mistakes in laboratory
diagnosis can have grave consequences such as late di-
agnosis, underestimation of the disease spread risk and,
consequently, reduce the effectiveness of anti-epidemic
measures.

Even a well-managed laboratory comprising experi-
enced personnel can sometimes produce unsatisfactory
test results. Monitoring is of particular importance for
evaluation of test result reliability; it can be carried out
not only through interlaboratory comparisons, but also
by means of intralaboratory controls (repeated tests of
samples under standard conditions, the use of alternative
equipment, performance of the same test by a different
staff member, the use of the diagnostic test kit from a dif-
ferent manufacture for testing, etc.). However, even with
existence of internal controls, the laboratory is obliged to
monitor its performance by means of comparison with
other laboratories’ results, i.e. through participation in in-
terlaboratory comparisons [3]. The laboratory’s proficiency
shall be evaluated taking into account the results of the
previous rounds of tests, the frequency of its participation
in interlaboratory comparisons, the level of coverage of
the laboratory’s scope of activities by proficiency testing
programmes, the ability of the personnel to use the results
of participation in interlaboratory comparisons to improve
the laboratory’s performance, etc. [5]. Continuous satisfac-
tory results of the laboratory’s participation in interlabora-
tory comparisons can be indicative of its high competence
in performing particular types of tests.

After having eliminated existing mistakes, all the par-
ticipants of the ILC rounds organized by the FGBI“ARRIAH”
that had failed the 2018 tests participated in the compari-
sons again in 2019 and produced satisfactory results.

CONCLUSION

The analysis of the results of the veterinary laborato-
ry proficiency tests organized by the FGBI “ARRIAH" in
2018-2019 demonstrated that most of the participants
had passed the tests successfully. The proficiency of
some laboratories was recognized unsatisfactory mainly
because of the false negative results produced by them.
The greatest number of mistakes was made by the ILC par-
ticipants within the programmes for rabies virus antigen
detection using fluorescent antibody technique: 90.7% of
laboratories passed the test successfully. Besides, unsatis-
factory results were presented by the participants of the
ILC programmes for detection of avian influenza, CSF and
LSD viruses using PCR (96.2, 94.1 and 93.9% of laboratories,
respectively, passed the tests). The data obtained indicate
the existence of mistakes in the laboratory diagnosis of in-
fectious animal diseases as regards some participants that
failed the interlaboratory comparisons, as well as highlight
the need for actions to improve their laboratory test qua-
lity. Diagnostic laboratories should pay more attention
to the internal control of their testing quality (preferably,
using reference samples) and the control of the diagnostic
test kits they use, carry out verification of the diagnostic
techniques employed and ensure the adequate level of
knowledge and skills of the personnel involved.
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The Monograph “Animal rabies” is devoted to a chal-
lenging issue of continued rabies cases which even in the
XXI century raises concern of the WTO, OIE and FAO.

Rabies is one of the oldest and dangerous diseases of
animals and humans. According to the WTO assessment
it is among five zoonoses posing the greatest economic
damage and constant threat for the life of humans and
animals. Rabies is included in the OIE list of notifiable
diseases.

One million of different animal species die of rabies
each year. 110 countries of the world report a complicated
rabies situation. Animal rabies especially in wild carnivores
is one of the most important international criteria (WTO,
FAO and OIE) for assessing biological and ecological safety
of the human environment.

Analysis of the data characterizing rabies epidemic situ-
ation in the Russian Federation 1991-2019 demonstrates
that it remains complicated despite measures taken. Ra-
bies natural foci have become more active and the number
of cases in wild carnivores has increased. Domestic carni-
vores, cats and dogs, have become more involved in the
epidemic process, which makes specific prevention more
relevant.

The analytical and own investigations of the authors
are aimed at studying rabies epidemic data: rabies spread
in the Russian Federation and neighboring countries, epi-
demic monitoring data, risk assessment in case of rabies
occurrence in animals, rabies manifestations in different
animal species. A large section is devoted to the rabies
diagnosis: developed schemes and methods of brain
sampling, safety measures during handling the rabies
virus contaminated material are presented. Conventional
methods as well as methods of laboratory diagnosis using
florescence test, different variants of enzyme-immunoas-
say, polymerase chain reaction, latex agglutination test,
immunochromatographic analysis, rabies virus isolation in

cell culture, and rabies virus detection in saliva, developed
and improved by the authors, are described.

A comprehensive review and results of the investiga-
tions of the rabies virus field isolates and vaccine strains
using nucleotide sequencing and phylogenetic analysis
performed by the authors are presented.

Section “Rabies prevention and control measures” re-
vealing the concept of rabies prevention in carnivores in the
natural environment is important when it comes to practi-
cal use. Experience in oral vaccination against rabies in the
neighboring countries is comprehensively analyzed and
vaccines produced in different countries are characterized.

Publication of the monograph “Animal rabies” by
K. N. Gruzdev and A. Ye. Metlin was a significant event
contributing to understanding rabies spread, diagnosis,
and prevention. When performing analytical studies of
the literary sources and own experience the authors, not
without a reason, raise a question of the necessity of in-
tergovernmental and interregional interaction between
veterinary services for control of such zoonosis as rabies.

The reviewed monograph - is a tangible contribution
of Russia to the achievement of the goal of rabies eradi-
cation in humans all over the world which was initiated
by the WTO, OIE, FAO, GARC and outlined in the new pro-
grammes (2015) for solving fundamental and veterinary
and epidemiological applied tasks aimed at the infection
surveillance and control.

The monograph contains a great many of own scien-
tific, fundamental and applied data, analytical generaliza-
tions and conclusions. The book has a proper design and
is wellillustrated. We consider that it will be useful for spe-
cialists in the field of veterinary as well sanitary and epide-
miological surveillance, researchers, students of different
levels — post-graduate students, advanced training course
participants as well as specialists dealing with infectious
pathology and epidemiology.
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Food and Agriculture Organization
of the United Nations (FAO)

PRESS RELEASE

Oleg Kobiakov appointed Director of FAQ Liaison Office

with the Russian Federation

28 February 2020,

Moscow, Russian Federation

FAO Director-General Qu Dongyu appointed Oleg J. Ko-
biakov the Director of Liaison Office with the Russian
Federation effective from 28 February 2020.

Oleg Kobiakov, a Russian national, is a seasoned dip-
lomat with 35 years of experience at Russia’s Ministry of
Foreign Affairs (MFA). He graduated from the Moscow
State Institute of International Relations majoring in his-
tory, economics and law (1985), and completed the PhD
programme in diplomacy and international relations at
the Centre d'études diplomatiques et stratégiques in Paris,
France (2000).

His diplomatic career encompasses postings to the
Russian embassy in Prague, permanent missions to the
European Union (EU) in Brussels, to UNESCO in Paris, and
to FAO in Rome, as well as service at the Department of
International Organizations of MFA and the Minister’s
Cabinet.

In 2011-2016, he was an alternate representative, then
Deputy Permanent Representative of Russia, to Rome-
based UN agencies. Prior to joining FAO, he was Head of
Division for the UN Economic and Social Council and UN
Regional Commissions at the Russian MFA.

Kobiakov has devoted over 12 years of his professional
career to promoting and supporting relations between
FAO and the Russian Federation. He has a broad know-
ledge of topics related to FAO’s areas of work and exten-
sive practical experience in international negotiations on
issues of agriculture, forestry, and fisheries and their adap-
tation to modern challenges, in particular food insecurity,
healthy nutrition, and sustainable development.

He possesses a proven track record of administering
Russian contributions to UN agencies, especially FAO, the
World Food Programme, United Nations Economic Com-
mission for Europe, and the Economic and Social Com-
mission for Asia and the Pacific, in addition to directing
respective technical cooperation projects.

Photo: ©0leg Kobiakov

Oleg Kobiakov played a key role in the establishment of
the Permanent Mission of the Russian Federation to Rome-
based UN agenciesin 2011 and in the opening of the FAO
Liaison Office in Moscow four years later. He served as rap-
porteur for FAO's European Regional Conferences in Baku,
Azerbaijan (2012) and Voronezh, Russia (2018), as well as a
member of the Executive Committee of the FAO European
Commission on Agriculture from 2015-2017.

Oleg Kobiakov is fluent in English, Czech, and Russian
(mother tongue), and speaks French and Italian.

LINKS:

FAO in the Russian Federation
www.fao.org/russian-federation/fao-in-russia/our-office/ru/

FAO Liaison Office in Moscow celebrates the 5 Anniversary
of the Host Country Agreement signature
www.fao.org/russian-federation/news/detail-events/
en/c/1259923/

FAQ in the Russian Federation: Priorities
www.fao.org/russian-federation/priorities/ru/

FAQ in the Russian Federation: news stream
www.fao.org/russian-federation/news/ru/
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OIE Regional Reference Laboratory for Foot and Mouth Disease
PernoHanbHas pedpepeHTHasa nabopatopua M3b no Awypy

The OIE Reference Laboratory for Highly Pathogenic Avian Influenza and Low Pathogenic
Avian Influenza (Poultry) and Newcastle Disease
PedepeHTHas nabopatopra MIb no BbicokonaToreHHOMY 11 H3KOMaToreHHOMY
rpUnny NTUL U HblOKaCICKoM 6onesHn

Main types of the FGBI “ARRIAH" activities for ensuring safety of
products derived from aquatic animals and for aquaculture health
protection:

- aquatic bioresources and aquaculture safety moni-
toring and implementation of official policies for ensuring
animal product safety;

- scientific and technical activities aimed at ensuring
biological safety and freedom of the Russian Federation
from dangerous and economically important infectious
aquaculture diseases; epidemiological and diagnostic tests
for the said diseases;

- study of aquatic animal disease agent occurrence in
the Russian Federation for Russian product export support;

- study of virus isolates for diagnostic tool improvement
according to epidemic situation;

- research activities for improvement and implemen-
tation of methods for effective diagnosis and prevention
of dangerous and economically important aquaculture
diseases;

- scientific and practical assistance to field veterinarians
in viral fish disease diagnosis and prevention;

- independent tests of food products derived from
aquaculture as well as fish feed for quality and safety to de-
termine their compliance with standards and requirements
laid down in current regulations;

- prediction and assessment of risks associated with
aquatic animal disease occurrence and introduction in the
Russian Federation;

— participation in the development of programmes and
regulations on infectious aquaculture disease prevention
and eradication, scientific and methodical support for the
Rosselkhoznadzor and its Territorial Administrations and
subordinated organizations in their activities focused on
viral fish diseases.

DIAGNOSTIC AND OTHER TESTS:

— tests of pathological materials from fish for viruses
with virus isolation in cell culture;

— tests of pathological materials from fish for viruses
with enzyme-linked immunosorbent assay (ELISA) and
polymerase chain reaction (PCR);

- bacteriological and mycological tests of pathological
materials from fish for the agent isolation and identifica-
tion;

- tests of food products derived from aquaculture and
fish feed for their safety and quality as follows: toxic ele-
ments (cadmium, arsenic, lead, mercury), mycotoxines
(aflatoxins, zearalenone, desoxynivalenol, ochratoxin A,
T-2 toxin), the residues of pesticides (organochlorine com-
pounds, organophosphorus compounds), polychlorinated
biphenyls (PCBs), benzo[alpyrene, antibacterial, medicinal
and veterinary products, hormonal substances, harmful
impurities, GMO, pest infestation and contamination; ma-
jor and trace elements, vitamins (B, A), mass fractions of
crude fiber, crude fat, crude protein, crude ash, moisture,
urea, phosphorus, nitrates, nitrites, chlorides in grain, ami-
no acid composition of feed, etc.;

— microbiological and chemical tests of water.

The FGBI“ARRIAH" is accredited by the Federal Service
for Accreditation (RusAccreditation) according to GOST
ISO/IEC 17025-2009 “General Requirements for the Com-
petence of Testing and Calibration Laboratories”.

The FGBI “ARRIAH" Reference Laboratory for Aqua-
culture Diseases annually takes part in the international
interlaboratory comparisons (ILCs) organized by the Na-
tional Institute of Aquatic Resources (Kongens Lyngby,
Denmark), the European Union Reference Laboratory for
Fish and Crustacean Diseases accredited in accordance
with international requirements.

For information on testing, please, contact
8 (4922) 26-15-25 (ext. 21-35 and 20-65)



