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SUMMARY

More than 30,000 samples of blood serum from domestic, wild and synanthropic birds from 50 regions of the Russian Federation were submitted to the FGBI “ARRIAH”
(VIadimir) Reference Laboratory for Avian Viral Diseases to be tested for avian influenza and Newcastle disease within the framework of monitoring activities
conducted by the Rosselkhoznadzor in 2019. As a result of the laboratory diagnosis, antibodies to type A influenza virus were detected in vaccinated chickens from
two poultry farms in the Perm and Primorsky Krais (A/N9). The detected antibodies were specific to the haemagglutinin subtype of the vaccine antigen. As for the
backyards in the RF Subjects, where scheduled vaccination against avian influenza A/H5 i carried out, a low level of immunity was seen in the Rostov and Astrakhan
Oblasts (35 and 44%, respectively) while a high level of immunity was observed in the Republic of Altai, Krasnodar Krai, the Chechen Republicand the Primorsky Krai
(69, 78,80 and 88%, respectively). High seroprevalence of Newcastle disease virus in adult poultry in indoor holdings was associated with mass vaccination against
the disease. In broiler chickens, post-vaccination antibodies were observed, on average, in 42% of the studied blood serum samples. Antibodies to the Newcastle
disease virus were detected in 39% of samples from backyard chickens. Seroprevalence in wild and synanthropic birds was high. The obtained results suggest that
the risk of introduction and spread of avian influenza and Newcastle disease in industrial poultry farms and in backyards remains.
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Poccuiickoit Depepauun AnA UccneSoBaHNA Ha TPUNN MTUL U HbIOKACNCKYI0 60ne3Hb. B pesynbrate nabopatopHoil AMArHOCTUKYM aHTUTeNa K BUPYCY rpunna
Tvna A 6biK BbIABAEHDI Y BAKLIMHUPOBAHHbIX Kyp U3 ABYX NTULeBOAYecKUX npeanpuaThil Mepmckoro u Mpumopckoro kpaes (A/H9). BbiaBneHHble aHTuTena
6bInu CNeLUPUUHBI BAKLMHHOMY aHTUTEHY M0 NOATAMY FeMarrioTUHIHA. B IMUHbIX NOACOOHBIX X03AiiCTBAX rparAaH cy6beKToB Poccuiickoii Oepepauny, rae
MPOBOATCA MNaH0BasA BakLMHoNpodunakTika rpunna nruy A/HS, ycTaHoBAeH HU3KIIA ypoBeHb MMMYHUTeTa B PocToBCKOi 1 AcTpaxaHckoii obnactax (35 44%
COOTBETCTBEHHO) 1 BbICOKUIA ypoBeHb — B Pecnybnuke Antaii, KpacHogapckom kpae, YeueHckoit Pecniybnuke 1 Mpumopckom kpae (69, 78, 80 1 88% cootser-
(TBEHHO). Bbicokas ceponpeBaneHTHOCTb HbloKacNCKoii 60ne3Hu Gbina ycTaHoBNeHa ANA B3POCTOi NTULbI B IPOMbILLIIEHHbIX X03A/ACTBAX 3aKPbITOrO TUNA, UTO
(BA3aHO C MACCOBOI BaKUMHaLeli NpoTUB AAHHOTO 3a60neBaHNA. Y LbInnAT-6poiinepoB 0TMeuani Hanuuue NOCTBAKLMHANbHBIX aHTUTEN B CpedHeM B 42%
NCCnes0BaHHbIX MPob CbIBOPOTKN KPOBK. B 39% npob oT Kyp U3 INYHbIX NOACOOHBIX X03AICTB Obin 06HAPYKeHbI aHTUTENA K BUPYCY HbIOKACICKoii GonesHu.
(eponpeBaneHTHOCTb Y ANKUX M CUHAHTPONHbIX NTIL Oblna BbICOKOIA. onyyeHHbIe pe3ynbTaTbl CBUAETENLCTBYIOT 0 COXPAHEHIM PUCKA 3aHOCA U PACNPOCTPaHeHIA

rpunna ntuy n HblOKACNCKOIl 60e3HN B MPOMBILLNEHHBIX NTULEBOAYECKUX X03ANCTBAX M IMYHBIX I10£|(06HbIX X03ACTBaX rpaXxaaH.

KnioueBble cnoBa: rpunn NTul, HboKacnckaa 6one3Hb, 3n1300TONOrKA, MOHUTOPUHT, AOMALLHAA NTULA, AUKaA NTULA.

Bnaro,qapuocm: Pabota BbinonHeHa B pamkax 6I0ﬂ)KeTHOFO (I)I/IHaH(VIpOBaHI/IFI npu nNpoBeseHn ToCyAapcTBEHHOIO 3MM300TONOrNYECKOr0 MOHUTOPUHTA

(npuka3 Poccenbxo3xaa3opa N° 1519 ot 28.12.2018).
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11 HbloKacnckoil 6onesHu B Poccuiickoit Oepepaunu B 2019 rogy. Bemepurapus cezoons. 2020; 2 (33): 76—-82. DOI: 10.29326/2304-196X-2020-2-33-76-82.
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INTRODUCTION

Highly pathogenic avian influenza (HPAI) and New-
castle disease (ND) are the World Organisation for Animal
Health (OIE) listed diseases that are subject to mandatory
notification when detected in the territory of the country.

In poultry, these diseases can cause damage to vital
organs and the subsequent death of all the unvaccinated
flock, thus, leading to large economic losses to poultry
farms [1-3].

Newcastle disease has become widespread in many
parts of the world [4-7]. In 2019, Newcastle disease out-
breaks notified to the OIE occurred in the United States,
Mexico, Israel, Kazakhstan, and Russia. According to the
immediate notifications made by the Veterinary Services
of the Russian Federation, ND outbreaks were reported in
9 regions of the country (18 affected areas) in 2019. New-
castle disease epidemics caused by Newcastle disease vi-
rus (NDV) subgenotype VII(L) were large-scale in terms of
their geographical distribution (Krasnodar Krai, Chechen
Repubilic, Stavropol Krai, Primorsky Krai, Saratov oblast,
Zabaykalsky Krai, Altai Krai, Omsk and Kursk oblasts) and
long-term (from January to December 2019).

Recently, there has been a steady decline in the num-
ber of countries reporting HPAI outbreaks. According to
the OIE, in 2018 and 2019, a total of 33 and 20 countries,
respectively, reported on HPAl outbreaks. HPAI was mainly
caused by a highly virulent HPAI virus of the H5 subtype
with various neuraminidases, with H5N1 and H5N8 sub-
types being the most prevalent [8-11].

According to the immediate notifications received
from the Veterinary Services of the Subjects of the Russian
Federation, in 2018, HPAI virus of the H5 subtype was de-
tected in poultry flocks in 15 regions (more than 80 cases),
in 2019 - only in the Rostov oblast (2 cases), which was
reported to the OIE.

However, since the beginning of 2020, the opposite
trend demonstrating the increased HPAI activity has been
observed. In January 2020, the OIE received reports on
HPAI outbreaks from 12 countries (China, Germany, Ro-

mania, Slovakia, Ukraine, Czech Republic, Hungary, Poland,
Taiwan, Saudi Arabia, Israel and Vietnam). Since a number
of countries has common borders with the Russian Fede-
ration, and Russia is involved in trade relations with other
countries, there is a real risk of disease introduction into
the territory of the Russian Federation.

The necessity of monitoring studies on avian influen-
za (Al) and Newcastle disease is determined by the risk of
introduction of new virus strains into the country, the risk
of pathogen introduction into commercial poultry farms,
the emergence of epidemics that lead to great economic
losses [8,9,12,13].

This paper presents the results of the serological moni-
toring of Newcastle disease and avian influenza in poul-
try, synanthropic and wild birds conducted in the Russian
Federation in 2019 within the framework of the Rossel-
khoznadzor diagnostic and preventive measures for highly
dangerous animal diseases, aimed at protecting the ter-
ritory of the Russian Federation against the introduction
of animal diseases from abroad and against their further
spread.

MATERIALS AND METHODS

Biological material (serum samples) was provided for
the study by the Rosselkhoznadzor Territorial Administra-
tions.

The study was carried out using commercial kits for the
detection of antibodies to Newcastle disease and avian
influenza viruses, produced by the FGBI “ARRIAH", accor-
ding to the manufacturer’s instructions and diagnostic
materials (avian influenza virus antigens of subtypes
H5, H7 and H9 and homologous sera) produced by GD
(the Netherlands) and 1ZSVe (ltaly) according to the stan-
dard method [14]. Enzyme-linked immunosorbent assay
(ELISA) Kits were used to test sera from chicken and turkey
for avian influenza and from chicken for ND; haemagglu-
tination inhibition (HI) kits were used to test poultry sera
(from chicken, turkey, duck, goose, quail and pheasant) as
well as sera of wild and synanthropic birds. The received
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serum samples were inactivated by heating at 56 °C for
30 min. HI test results were considered positive if the se-
rum titer was > 4.0 log, for avian influenza and > 3.0 log,
for Newcastle disease.

RESULTS AND DISCUSSION

As part of the State epidemic monitoring (Rossel-
khoznadzor Order No. 1519 of 28.12.2018 “On laboratory
tests within the Rosselkhoznadzor activities for ensuring
compliance with the World Trade Organization (WTO)
Sanitary and phytosanitary (SPS) Agreement requirements
upon Russia accession to the WTO for 2020"), in 2019, the
poultry sera (28,262 samples) received from 49 regions of
the Russian Federation were tested for the presence of
antibodies to the Newcastle disease virus by HI test and
ELISA. The total of 20,374 samples of poultry serum (from
chicken, turkey, quail and goose) were delivered from
139 commercial poultry farms located in 41 regions of the
Russian Federation (Fig. 1).

1,315 serum samples from young chicken in commer-
cial and parent flocks (up to 100 days old) were tested, and
Newcastle disease virus specific antibodies were detected
in 936 samples. The percentage of seropositive poultry in
the commercial and parent flocks was minimal — 48% —
in the Central (CFD) and maximum - 98% - in the Sou-
thern (SFD) Federal Districts. Up to 60% of positive samples
were found in poultry from the Siberian (SiFD) and the Far
Eastern (FEFD) Federal Districts. In the Privolzhsky (PFD),
the Ural (UFD), and the Northwestern (NWFD) Districts the
number of positive samples ranged from 87 to 92%.

The study of 13,389 serum samples collected from
adult poultry in all the Federal Districts of the Russian
Federation revealed 11,749 positive results. The lowest
number of positive samples (49%) was observed in the
Northwestern Federal District. In other districts, the num-
ber of positive samples ranged from 79% in the Privolzh-
sky Federal District (PFD) to 100% in the Ural Federal
District (UFD).
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Fig. 1. Detection of antibodies to NDV in poultry sera, submitted from Russian industrial poultry farms,

using Hl test and ELISA.

The number of poultry farms from which samples were delivered is shown in parentheses.

Puc. 1. Pe3ynemamel ucciiedosaHuli CbisOpOMOK Kpo8U NMUY, U3 NPOMbIWTeHHbIX nmuyesodyeckux npednpuamudi PO
8 PTTA u MDA Ha Hanu4ue aHmumern K 8Upycy HblOKAC/ICKOU 60/1e3HU.
B ckobkax yKasaHo Ko/iu4ecmeo Nmuyeso04ecKux xo3a3icma, U3 Komopblix 00CMasisau npooel.
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Fig. 2. Detection of antibodies to Al virus in poultry sera, submitted from Russian industrial poultry farms,

using ELISA and Hl test in 2019.

The number of poultry farms from which samples were delivered is shown in parentheses.

Puc. 2. BoissgsieHue aHmumeri K upycy qpunna nmuuy 8 CblBOPOMKAxX Kpos8U NMuy, U3 NPOMbIWI/IEHHbIX

nmuyegooyeckux xo3sticme PO 8 MDA u PTTAe 2019 .

B ckobKax yKazaHo Koau4yecmso nmuyeso0yecKkux xo3aUcma, U3 Komopblx 00CMasaaau Npoobei.

The study of 5,269 serum samples collected from broi-
ler chicken in 7 Federal Districts of the Russian Federation
revealed the presence of Newcastle disease virus specific
antibodies in 2,234 samples. The lowest number of posi-
tive samples was found on the farms of the North Caucasus
Federal District (NCFD) (29%), and the highest number —
in the Far Eastern Federal District (86%), in the remaining
districts the number of positive samples ranged from 31%
to 58%. A relatively low average percentage of positive
samples in broiler chicken can be explained by the fact
that different farms used different vaccination schedules,
and that the level of post-vaccination antibodies was
not always high enough by the time of blood sampling
(at 30-45 days of age).

In the study of serum samples collected from turkey in
the PFD and UFD, antibodies to the Newcastle disease virus
were detected in 74% and 100% of samples from vaccinated
birds, respectively. No antibodies to the Newcastle disease
virus were found in the quail sera. When studying goose
sera, specific antibodies were detected in birds from two re-
gions — the Republic of Mari El and the Republic of Tatarstan.

According to the information available in the accom-
panying documents, the antibodies detected in serum
samples collected from poultry on commercial poultry
farms were induced by the Newcastle disease virus vaccine
strains contained in live or inactivated vaccines. On some
of the farms vaccination did not result in a satisfactory an-
tibody response in broiler chickens.

The main goal of serological monitoring studies on in-
fluenza type A in poultry is the control of the infection in
unvaccinated flocks, as well as the control of post-vaccina-
tion immunity in vaccinated flocks.

In 2019, 22,754 poultry serum samples (from chicken,
turkey, duck, goose, quail) were delivered from 138 com-

mercial poultry farms, located in 41 regions and 8 Federal
Districts of the Russian Federation, to be tested for avian
influenza (Fig. 2).

Antibodies to the avian influenza virus were found
in chicken from one of the farms in the Perm Krai (sub-
type H9) and in chicken from two poultry farms in the Pri-
morsky Krai (also subtype H9). Vaccination against avian
influenza was carried out on all the commercial farms.
The detected antibodies were specific to the vaccine an-
tigen by the hemagglutinin subtype. No avian influenza
virus antibodies were detected in other poultry species.

In 2019, 8,699 poultry serum samples (from chicken,
turkey, goose, duck, quail, pheasant) received from
backyards and small scale farms located in 29 regions of
the Russian Federation were tested for avian influenza
(Tables 1 and 2).

Avian influenza virus specific antibodies were detec-
ted only in the samples collected from chicken vaccina-
ted against influenza; samples from other poultry species
showed negative results (Tables 1 and 2).

According to the accompanying documents, vaccina-
tion against avian influenza was carried out using inacti-
vated vaccines containing the antigen of the homologous
influenza virus A/H5.The number of positive results in vac-
cinated flocks in various regions ranged from 35% to 80%.
Low levels of post-vaccination antibodies were observed
in the Rostov and Astrakhan oblasts (35 and 44%, respec-
tively), and high levels (69, 78, 80, 88%) - in the Republic
of Altai, Krasnodar Krai, Chechen Republic and Primorsky
Krai, respectively.

In 2019, 7,888 poultry serum samples received from
backyards and small scale farms located in 27 regions in
7 Federal Districts of the Russian Federation were tested for
antibodies to the Newcastle disease virus (Tables 1 and 2).
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Table 1

Detection of antibodies to ND and Al viruses in poultry sera, submitted from backyards
and small scale farms in the Russian Federation, using ELISA and HI test in 2019

Tabnuua 1
BbisiBNeHMe aHTUTeN K BUPYCaM HbIOKAC/ICKOIi 6one3HM 1 rpunna nTuy,

B CbIBOpOTKaxX KpoBu fomaturux nruy u3 JINX u KOX PO 8 UOAn PTTAB 2019 .

Number of tested samples

Federal | Subject of the Russian

district Federation “ Al
NWFD Murmansk oblast n/t n/t 10 0
Vladimir oblast 444 151 397 0
Bryansk oblast 55 24 55 0
(FD Kursk oblast* 70 30 70 0
Oryol oblast 191 7 148 1
Smolensk oblast 76 32 76 0
Republic of Tatarstan 287 85 389 0
Republic Of Mari El n/t n/t 75 0
PFD
Republic of Mordovia 36 0 36 0
Samara oblast 50 50 50 0
UFD Tyumen oblast 325 12 325 0
Omsk oblast* 1 1 1 0
Altai Republic 100 0 139 69
SiFD
Republic of Tyva 155 46 155 0
Irkutsk oblast 31 0 31 0
Zabaikalsky Krai* 362 50 362 0
Amur oblast 475 1 575 0
FEFD
Khabarovsk Krai 350 4 350 0
Primorsky Krai* 300 300 600 264
Astrakhan oblast 200 39 400 106
Volgograd oblast 300 144 300 0
SFD Krasnodar Krai* 100 100 100 78
Republic of Adygeya 173 140 173 0
Rostov oblast 1914 459 2,092 245
Republic of Ingushetia 400 265 400 0
Republic of Dagestan 200 88 200 0
NCFD Stavropol Krai* 510 233 520 3
Karachay-Chgrkess 200 128 200 0
Republic
Chechen Republic* 583 339 470 374

n/t —not tested (npobbl He nccnegosany);

* Regions, where ND outbreaks were reported in 2019 (according to the data received

from the Veterinary Services).
* PernoHbl, B KOTOPbIX, N0 JaHHbIM BeTepuHapHbIX cnyx6 8 2019,
6bIny 3aperncTpUpoBaHbI BCTIbILLKI HbHOKACTCKOI 0Ne3HM.
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Newcastle disease virus-specific antibodies were detected
in three poultry species: chicken, turkey and goose. Anti-
bodies to the Newcastle disease virus were detected in
39% of all the chicken serum samples tested in the Rus-
sian Federation. No specific antibodies were detected in
unvaccinated chicken in three regions — the Republic of
Mordovia, the Irkutsk oblast, and the Republic of Altai.
According to the accompanying documents, chicken
for backyards were purchased mainly from commercial
poultry farms, where they had been vaccinated against
Newcastle disease, however, after that they were not vac-
cinated anymore. The majority of small scale farms carried
out re-vaccination of poultry against Newcastle disease.
According to the accompanying documents, antibodies
to the Newcastle disease virus were detected in 65% of
the tested samples taken from vaccinated chicken.The low
percentage of positive results may be indicative of insuf-
ficient effectiveness of the preventive vaccination against
Newcastle disease carried out on small scale farms and in
backyards in the studied regions.

In vaccinated turkeys, the antibodies were found in
100% of the tested samples received from the Samara
oblast and in one sample from a small scale farm in the
Amur oblast. No antibodies were found in serum samples
from non-vaccinated turkeys received from the Rostov
oblast and the Zabaikalsky Krai. Goose serum samples
(133 samples) were delivered from 7 regions and 6 Federal
Districts. Antibodies to the Newcastle disease virus were
found in 3 samples from the Republic of Tatarstan.

Many bird species are natural reservoirs and carriers
of infectious diseases, therefore, constant monitoring of
epidemic situation in wild birds shall be one of the com-
ponents in the system for the prediction, control and pre-
vention of diseases, including such highly dangerous viral
diseases as avian influenza and Newcastle disease.

Table 3 presents the HI test results for sera from wild
and synanthropic birds collected in 2019.

No antibodies to avian influenza virus of H5 and H7
subtypes were found in the study of 236 serum samples
collected from wild and synanthropic birds in 6 Subjects
of the Russian Federation.

Antibodies to the Newcastle disease virus were detec-
ted in 153 out of 255 samples received from 4 Subjects of
the Russian Federation, in 123 samples from synanthropic
birds (crows and pigeons) and in 30 samples from wild
birds. In most cases, positive samples from pigeons were
collected near large poultry farms, which poses a risk of
disease introduction into the poultry farms.

Figure 3 shows the location of the RF regions where an-
tibodies to avian influenza and Newcastle disease viruses
were detected in poultry and wild birds.

Of the 50 regions represented in the monitoring studies,
Newcastle disease and avian influenza viruses specific an-
tibodies were not detected in two oblasts (the Murmansk
and the Arkhangelsk oblast).

It should be noted that the serological study conduc-
ted in the Russian Federation in 2019 did not show the
presence of antibodies to avian influenza virus in unvac-
cinated poultry, while the studies conducted in 2017-2018
showed the presence of post-infectious antibodies to in-
fluenza A/H5 virus in serum samples from birds in the Altai
Krai, the Rostov and Kaliningrad oblasts, and to influenza
A/H9 virus in serum samples from birds in backyards and
on two poultry farms in the Primorsky Krai. Analysis of the
serological monitoring data collected over the past three
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years showed a continuous unstable situation regarding
Newcastle disease in the Russian Federation, because,
despite the high seropositivity of poultry on commercial
poultry farms, inadequate level of protection on small
scale farms due to the absence of mass vaccination poses
a constant threat of the disease occurrence.

CONCLUSION

Thus, the results of the serological studies on Newcastle
disease conducted in the framework of the State epidem-
ic monitoring in 2019 showed a high level of positive re-
sults in birds on commercial poultry farms, associated with
mass vaccination against this disease, and insufficient pro-
tection of poultry against Newcastle disease virus on small
scale farms, which is confirmed by the reporting of primary
disease outbreaks, caused by the virulent virus strain, spe-
cifically in poultry on small scale farms. Seroprevalence of
Newcastle disease in wild and synanthropic birds, which
are the most likely natural reservoir of Newcastle disease
virus strains with different pathogenicity, was high in some
regions of the Russian Federation.

The results of the monitoring studies on avian influenza
showed, in general, the absence of avian influenza virus
specific antibodies in the studied unvaccinated poultry on
commercial poultry farms and in backyards and a low level
of post-vaccinal immunity to avian influenza on small scale
farms in certain regions of the Russian Federation.
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Fig. 3. RF Regions in which monitoring studies revealed antibodies to ND and Al viruses in 2019 (highlighted regions —

the ones from which samples were delivered)
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SUMMARY

The results of the scientific expedition to Tere Khol and Uvs Nuur Lakes in the Republic of Tyva with the purpose of active monitoring of highly dangerous diseases
in wild migratory waterfowl and epidemic analysis of these biotope water areas are presented in the paper. The Uvs Nuur Lake is a kind of an indicator for avian
influenza introduction to the Russian Federation, because this is the resting and nesting area for many migratory wild birds during the period of mass migrations
from Central and South-East Asian countries. In the process of active monitoring the complete autopsy of bird carcasses with description of organs and systems
and sampling for laboratory diagnostics were performed. Droppings (pooled samples), parts of internal organs from dead and shot birds, blood (if possible) served
as biological and pathological material for testing. While sampling, species were identified using an ornithological guide. The autopsy of dead waterfowl and birds
shot for diagnostic purposes demonstrated a high worm burden of nematodes and cestodes. Two samples from European herring qulls were positive for avian
influenza type A virus genome and subtype H13N6 was identified in one of them. Avian paramyxovirus serotype 1 (APMV-1), the agent of Newcastle disease, was
found in one sample from qulls. The lakes of the Republic of Tyva are the most significant sites for sampling of biological material from wild birds, as the primary
detection of highly pathogenic avian influenza virus in this territory is a serious signal of potential further virus spread and a precursor to a probable epizooty.
Notwithstanding the ahsence of AIV very virulent isolate detections in wild bird populations the middle term prognosis for 2020 can be designated as cautious,
as the avian influenza epidemic situation is deteriorating globally, especially in the European countries, and the threat of the virus introduction to the Russian
territory with migratory birds still exists.
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PE3IOME

lpencTaBneHbl pe3ynbTaTbl HayuHol SKcneauLmi Ha 03épa Tepe-Xonb 11 Yocy-Hyp Pecny6nukn ThiBa c Lienbio akTUBHOTO MOHUTOPYUHIA 0C060 OnacHblx 6one3Heli
Cpean BUKKX nepeneTHbIX BOJONNaBALLYX NTUL 1 NPOBEAEHIA SMN300TONOrMYECKoro MCCe0BaHuA akBaTopuu BbIGpaHHbIX 6rotonos. 03epo Y6cy-Hyp asna-
eTcA (Boe0bPa3HbIM MHANKATOPOM 3aH0Ca BUpYCa rpunna nTuL Ha Tepputoputo Poccuiickoii Oefepaiiinn, Tak Kak OHO CYXKUT MeCTOM CTOAHOK U THe3[0BaHuil
MHOIVX AMKUX NepeneTHbIX NTUL B Nepuoj MaccoBbIX Murpauuil u3 ctpaH LientpanbHoii u K0ro-BoctouHoid Auu. Mpu npoBefeHM akTUBHOTO MOHUTOPUH-
ra NPoBOAWNOCH NONHOE BCKPbITUE TPYNOB NTHL C ONMCAHMEM OPraHoOB 1 cuCTeM 1 0T6OpOM Npob Ana nabopaTopHoii AuarHocTuku. B kauectae Guonornye-
CKOTO 1 MATONI0rMyeckoro Matepuana otéupany npobbl nometa (Mynosble Npobbl), KYCOUKI BHYTPEHHUX OPraHOB OT MEPTBbIX 1 OTCTPENAHHbIX NTIL, KPOBb
(npu Bo3moxHocTy). Mpy oT60pe 06pa3Li0B ANA UCCeS0BaHNIA NPOBOJMIN UAEHTUOUKALMIO BIULA C UCNONb30BAHWEM OPHUTONOMMYECKOro onpedenutens. Mpu
NaToN0roaHaTOMUYeCkoM 1CCe0BaHNIN MEPTBbIX UK YOUTbIX C AMArHOCTUYECKON LieNblo BOJOMABALLMX NTIL BbIABEHA BbICOKAsA CTEMEHb IMUCTHOI NHBa-
311 HemaTofaMu 11 Lectofamu. B AByx npobax ot yaek cepebpucTbix Obin BbIABAEH FeHOM BMPYCa Fpunna NTUL TUNa A 1 B 0HOI U3 HUX UAEHTUGULMPOBAH
noatun H13N6. B oHoi npobe oT yaek BblABIeH NapamukcoBupyc 1-ro cepotuna (APMV-1) — Bo36yauTenb Hblokacnckoit 6onestu. 03épa Pecnybnukm Toia
ABNAKTCA BaXHENLLMMM Toukamu npo6ooThopa Gromatepuana ot AUKMX NTUL, NOCKONbKY NepBUYHOE 06Hapy»eHNe BIpYCa BLICOKOMATOreHHOTo rpunna Ha
JaHHbIX TEPPUTOPUAX ABNAETCA CePbe3HBIM CUTHANIOM 0 BO3MOXHOCTM laNlbHeilLLero pacnpocTpaHeHua Bo36yauTena v npeBeCTHNKOM BO3MOXHOI 3MN300THM.
HecmoTpA Ha oTCYTCTBHE CTyyaeB 06HAPYKeHMA BbICOKOBUPYNEHTHbIX U30/1ATOB BUPYCa rpUnna B AMKOI NONynALMM, CPeAHECPOUHBIt IPOrHo3 Ha 2020 1. MOXHO
0XapaKTepu30BaTb KaK «0CTOPOXKHbIil», NOCKOMbKY HaOMI0AALTCA yXyALLEHE INM300TUYECKON CUTYaLMN MO FpUNMY B MUPe, 0CO6EHHO B eBPONEIACKHX CTpaHaX,

1 COXPAHSAETCA Yrpo3a 3aH0Ca BUPYCA HA TePPUTOPUIO PoCCHM C MepeneTHbIMM NTLaMI.

KnioueBbie cnoBa: rpunn nTuy, AnKaa nepeneTHasa nTua, 03epo, SNi300TUA, UHBA3UA, NApPa3nTo3.
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INTRODUCTION

Natural ecosystems, where anthropogenic factor does
not influence biotopes, are extremely interesting for ve-
terinary, medical and biological sciences, as they provide
the possibility to study patterns of infectious and epizootic
process development and peculiarities of infectious agent
ecology in its habitat, where natural disease foci can occur
and persist'. Ecosystems of the Republic of Tyva, in parti-
cular the Tere Khol and Uvs Nuur Lakes, were deliberately
selected for studies of the avian influenza virus ecology.
Researchers of the FGBI“Federal Centre for Animal Health”
(FGBI “ARRIAH") undertake scientific expeditions to the
lakes of the Republic of Tyva every year; the Uvs Nuur Lake
is some kind of an indicator for avian influenza introduc-
tion to the Russian Federation, because this is the resting
and nesting areas for many migratory wild birds during
the period of mass migrations from Central and South-East
Asian countries. For example in 2006 mass deaths of wild
migratory birds (great crested grebe/Podiceps cristatus
was the prevailing species) were reported in the lake area
due to infection with H5N1 highly pathogenic influenza.
In June 2009 and 2010 dead birds of various species were
found at the lake (great-crested grebe/Podiceps cristatus,
bean goose/Anser fabalis, Eurasian spoonbill/Platalea
leucorodia, Pallas’s gull/Larus ichthyaetus, gadwall/Anas
strepera, great cormorant/Phalacrocorax carbo, Eurasian
coot/Fulica atra, great egret/Egretta alba, common po-
chard/Aythya ferina), died due to the infection with H5N1.

' Lvov D. K, llyichev V. D. Migrations of birds and transmission of
infection agents. Ecological and geographical links between birds and
infection agents [Migracii ptic i perenos vozbuditelej infekcii. Ekologo-
geograficheskie svyazi ptic s vozbuditelyami infekciil. M.: Nauka; 1979.
270 p.

H5N1 virus was isolated from dead great-crested grebes
also in 2015. Since 2011 diagnostically relevant titres of
specific antibodies to H5, H7 and H9 virus subtypes have
been detected in sera from shot birds, which suggests
avian influenza virus circulation in migratory waterfowl.
The influenza A/H5N8 virus was isolated from dead and
shot birds at the Uvs Nuur Lake in May 2016; this subtype is
responsible for the epizooty in agricultural poultry in Rus-
sia (late 2016 - January, 2019). That is why annual compre-
hensive monitoring in waterfowl populations is an actual
and important task of practical veterinary medicine.

MATERIALS AND METHODS

2019 expedition to the Republic of Tyva was arranged
within FAO/IAEA research program (Contract No. 22555/R0).
In order to prevent shooting of the Red Book and rem-
nant species for the purposes of active monitoring, the
official game manager was included into the expedition
team. Complete autopsy of bird carcasses followed by de-
scription of organs and systems and sample collection for
laboratory diagnostics was performed. Droppings (pooled
samples), parts of internal organs from dead and shot
birds, blood (if possible) served as biological and patho-
logical material for testing. While sampling, species were
identified using an ornithological guide [1, 2]. Samples
were transported to the laboratory in sealed water-proof
insulated containers with cool packs in compliance with
current standards [3]. For the purposes of the epizootolo-
gical study of the lake areas, conventional epizootological
techniques and photo- and video equipment were used.

To prepare suspension, samples of internal organ parts
and droppings were homogenized and pH 7.4 sterile sa-
line solution was added. For further testing 1 ml of the
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Fig. 1. Tere Khol Lake area, 2019

Puc. 1. Akeamopus 03. Tepe-Xonb, 2019 2.

prepared suspension was transferred into a tube and cen-
trifuged at low rpm to clarify.

Total RNA was extracted using RIBO-sorb test kit
(Cat. No. K2-1-Et-100) in accordance with the manufac-
turer’s guidelines.

Real-time reverse transcriptase polymerase chain reac-
tion (real-time RT-PCR) was performed in one run using
OneStep RT-PCR Kit (Qiagen, cat. No. 210212), 25 mM
magnesium chloride solution (Promega, in kit with
Cat. No. M8296) and primer kits specific for genes M, H, N.
25 pl mixture was made from 7.5 pl of de-ionized water;
5 pl 5% RT-PCR buffer; 2.75 ul of 25 mM of MM magnesium
chloride solution, 1 pl of 10 MM dNTP solution, 1 pl of each
direct and reverse primer solutions (10 picomol/pl); 0.75 pl
of fluorescent probe solution (10 picomol/ul); 1 pl of re-
verse transcriptase and polymerase enzyme solution; 5 pl
of total RNA solution. Reverse transcription was performed
for 30 min at 50 °C. For amplification the following tem-
perature and time parameters were used: 95 °C - 10 min
(polymerase activation), then 40 cycles, each consisting of
3 stages (95°C-10s,55°C-355,72°C-105).

ik
Fig. 2. Uvs Nuur Lake area (Mongolian border), 2019

RESULTS AND DISCUSSION

The fresh water Tere Khol Lake is located 1,300 m above
sea level in the south-east of the Republic of Tyva in the
Tere Khol tectonic hollow, not far from the Mongolian bor-
der. Lack of anthropogenic factor and feed abundance in
the lake area attract wild waterfowl, notwithstanding the
poor offshore vegetation. The lake is extremely marshy
and water has a specific swamp smell (Fig. 1). During exa-
mination no wild bird carcasses were found.

The Russian part of the Uvs Nuur Lake is located in
the southern part of the Republic of Tyva at the border
with Mongolia (Fig. 2). The lake is situated in the tectonic
hollow - Great Lakes Depression, in an endorheic basin,
is highly saline and its bitterly-salty water is unfit for hu-
man consumption. Every year the lake area diminishes
due to drying up. The shores in the Russian part (10 km
long) are marshy and hard to access. The climate in the
basin is sharply continental with great fluctuations in dai-
ly and annual temperatures. While examining the lake
shore three dead European herring gulls (Larus argenta-
tus) were found.

Puc. 2. Akeamopus 03. Yécy-Hyp (epaHuya c MoHeonuet), 2019 e.
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Number of samples taken in natural biotopes

Tabnuua

KonuuectBo oTo6paHHbIX Npo6 B NpupoAHbIX 61oTonax

Species Tere Khol Lake Uvs Nuur Lake
Order Charadriiformes
Black-headed gull (Larus ridibundus) 3 -
European herring gull (Larus argentatus) - 8
Common tern (Sterna hirundo) 2 -
Wader (Limicolae) 1 -
Common snipe (Gallinago gallinago) 1 -
Order Anseriformes
Garganey (Anas querquedula) 2 -
Common pochard (Aythya ferina) 1 1
Order Gruiformes
Eurasian coot (Fulica atra) 3 -
Order Podicipediformes
Great-crested grebe (Podiceps cristatus) 1 -
Order Suliformes
Cormorant (Phalacrocorax) - 2
Droppings (pooled samples) 28 19
Aquatic organisms 18 -

86

The following bird species were met during the exami-
nation of the lakes’ areas: cranes (Grus), waders (Limicolae),
gulls (Laridae), mallard (Anas platyrhynchos), common
pochard (Aythya ferina), garganey (Spatula querquedula),
Eurasian coot (Fulica atra), great-crested grebe (Podiceps
cristatus), ruddy shelduck (Tadorna ferruginea), perching
birds (Passeriformes).

Within the active monitoring in 2019 90 samples of
biological materials were taken from wild birds: parts of
intestines, kidneys, spleen, sometimes brain and drop-
pings (see Table).

The autopsy of dead and killed for diagnostic pur-
poses birds showed single and combined invasions (ces-
todes and nematodes) in 50% cases. When adult cestodes
were detected in small intestines (Fig. 3), distention and
vascular congestion of intestinal loops, catarrh of muco-
sal membrane, which was congested and edemic (Fig. 4),
gallbladder enlargement with discharge of bile into the
stomach lumen and pancreatitis (pancreas distention,
hyperemia, edema and softness) were observed. White
cestodes were 12-20 cm long, the width of their proglot-
tids were bigger than their length (Fig. 5). Heavy 0.5-5 cm
nematode burden was revealed in cormorants, gulls and
ducks (Fig. 6-8). Moreover, the proventriculus mucosa was
hyperemic and extremely edemic with petechial hemor-

Fig. 3. Cestodes in intestines (drepanidotaeniosis)

Puc. 3. LlecmoOei 8 Kuwe4HuKe (OpenaHuoomeHuo3)

Fig. 4. Distention and vascular congestion of intestinal loops

Puc. 4. B30ymue u nosiHOKpogue cocy0os nemestob
KUWe4HUKa

rhages. The gizzard cuticle was boggy and easily detach-
able; hyperemia and petechia were observed under the
cuticle. The tapeworm infestation was assessed as heavy.
Such a heavy tapeworm burden in wild bird populations
can be explained by the fact that optimal conditions for
the propagation of intermediate hosts for avian parasites,
in particular of crustaceans, like cyclops, daphnia, gam-
marids as well as mollusks and other aquatic invertebrates,
exist in the concerned ecosystems of the Republic of Tyva.
Intermediate hosts for cestodes are cyclops, in organisms
of which larvae (cysticercoids) develop; gammarids are
intermediate hosts for many tapeworms, responsible for
tetramerosis, streptacarosis and other diseases in bids?.
During the necropsy of dead gulls, found on the Uvs
Nuur Lake shore, diffuse hemorrhages were observed
under the head skin and in the oviduct (Fig. 9-10), in-
flammation of pancreas and small intestines. Avian influ-
enza type A genome was detected in two samples. Sub-
type H13N6 was identified in one of them. Sample taken
from the third gull revealed the presence of paramoxy-
virus serotype 1 (APMV-1), causing Newcastle disease.

2 Kotelnikov G. A. Tapeworm tests of animals and environment
[Gel'mintologicheskie issledovaniya zhivotnyh i okruzhayushchej sredy]:
guiding book. M: Kolos; 1983. 208 p.
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Fig. 5. Cestodes in abdominal cavity (European herring gull)

Puc. 5. Llecmodsi 8 6prowiHol noiocmu (4atika cepebpucmas) Puc. 6. Hemamooel 8 xene3ucmom xenyoke nmuy, (4atika cepebpucmas)

Fig. 6. Nematodes in proventriculus (European herring gull)

Fig. 7. Nematodes in gizzard (cormorant)

Puc. 7. HemamoOsi 8 Mblwe4dHoM xenyoke nmuy, (6akiaH)

Fig. 8. Nematodes in abdominal cavity (great-crested grebe)

Puc. 8. Hemamooel 8 6ptowHol noiocmu hmuy, (4omea)

Notwithstanding the PCR positive results, we failed to
isolate these pathogens using chicken embryos and cell
cultures.

No avian influenza type A genetic material was found in
the samples of aquatic organisms (gammarids), taken from
the shores. However, there are reports of avian influenza
virus accumulation in aquatic organisms, in particular in

mussels and daphnia, inhabiting natural lakes and rivers.
For example, A. Pathak et al. studied the survival rate of
low pathogenic (HON2) avian influenza virus in bamboo
shrimps (Atyopsis moluccensis) and found that this species
is able to accumulate the influenza agent and support its
circulation in the biotope [4].

Notwithstanding the fact that no highly avian influ-
enza virus virulent isolates were detected in wild fauna,
the middle term forecast for 2020 can be characterized as

“cautious’, because the risk of avian influenza virus intro-
duction into the Russian territory together with migratory
birds still remains. The further spread of H5Nx avian influ-
enza viruses, potential epizootic emergence and severity
of the epizootic process will depend on direct and indirect
contacts between wild virus-carrier birds and poultry.

CONCLUSIONS

1. Heavy cestode and nematode burden of wild migra-
tory bird populations in the Republic of Tyva was estab-
lished.

2. Major post-mortem lesions due to inflammations in
organs and tissues are associated with parasitic diseases
in studied birds.

3. Detection of avian influenza virus subtype H13N6
and Newcastle disease agent in gulls suggest circulation
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Fig. 9. Hemorrhages under head skin

Puc. 9. KposousnuaHus noo koxeli 20/108b1

of these viruses in the wild bird populations and this virus
carriage state is a common case.

4. Lack of mass deaths in wild birds and negative results
of laboratory tests for highly pathogenic avian influenza
enables to predict a low risk of the agent introduction
from the Central and South-East Asian countries through
the migration routes, located across the Republic of Tyva
in 2017-2019 [5-71.

5.The middle term prognosis for 2020 can be charac-
terized as“cautious’, because the avian influenza epidemic
situation is deteriorating globally, especially in the Euro-
pean countries, and the threat of the virus introduction to
the Russian territory with migratory birds still exists.

6. The lakes of the Republic of Tyva are the most im-
portant sites for sampling of biological material from wild
birds, because the primary detection of highly pathogenic
avian influenza virus in this territory is an essential signal
of the agent further spread and a precursor of a potential
epizooty.
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SUMMARY

Under the conditions of intensive poultry farming and high concentration of poultry in a limited area mycoplasmoses cause significant economic damage to com-
mercial poultry farming. Of greatest interest are respiratory mycoplasmosis and infectious synovitis, the causative agents of which are Mycoplasma gallisepticum
and Mycoplasma synoviae, respectively. Considering that both diseases are included in the OIE list of notifiable diseases, it is necessary to perform constant control
for their spread. The paper presents an analysis of serological test results for antibodies to mycoplasmosis agents in 2019. Six respiratory mycoplasmosis positive
samples — and 129 infectious synovitis positive samples were detected when testing 2,401 chicken serum samples by the enzyme-linked immunosorbent assay
(ELISA). The results of monitoring tests of samples received from 31 poultry farms (nine RF Subjects) indicate a decrease in the number of Mycoplasma gallisepticum-
infected stocks and stable Mycaplasma synoviae situation. The respiratory mycoplasmosis epidemic situation on indoor poultry farms might have improved due to
obtaining the poultry for commercial parent stocks from mycoplasmosis-free sources, better sanitary and hygienic conditions, elimination of the disease provoking
factors, and the use of the disease-specific means of prevention in the parent broiler stocks. The infectious synovitis situation remains tense despite the fact that
the number of Mycoplasma synoviae-infected farms decreased in comparison with the monitoring results for 2015-2018. Most seropositive stocks were detected
on the layer farms (50.0% — in 2019). It seems appropriate to increase the amount of tests to be performed and the number of farms covered by testing in 2020 to
more fully present the disease spread situation in commercial poultry farming in Russia.

Key words: serological monitoring, respiratory mycoplasmosis (Mycoplasma gallisepticum), infectious synovitis (Mycoplasma synoviae), enzyme-linked
immunosorbent assay, specific antibodies.
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PE3IOME

MuKonNa3mo3bl B yCOBUAX MHTEHCUBHOTO BeZIEHUA NTULEBOACTBA U BLICOKOI KOHLIEHTPALUM NOT0NI0BbA NTULbI HA OrPaHNYEHHOI TEPPUTOPUI HAHOCAT
MPOMBbILLNEHHOMY NTULEBOACTBY 3HAUUTENbHbII IKOHOMUYECKIiA Yiep6. HanbonbLunii uHTepec NpeacTaBAAIOT PECPATOPHbIA MUKOMIA3MO3 1 MHOEKLM-
OHHbIil CUHOBUT NTUL, BO36yAMTENAMY KoTopbix ABnaloTca Mycoplasma gallisepticum w Mycoplasma synoviae cooTseTcTBeHHO. Mockonbky 06a 3a6oneBaHuA
BK/IIOUEHbI B CNUCOK HOTUGULMPYEMbIX Boie3Heil BceMpHOit opranu3aLuin 34paBooxpaHeHus uBoTHbIX (MIB), HeobXoMM NOCTOSHHbIA KOHTPOSb 3a UX
pacnpocTpaHeHuem. B ctatbe npeacTaBneH aHanu3 pesynbTatos (eponorinyeckinx CCIe0BaHMiA Ha NPEAMET BbIABNEHUA aHTUTEN K BO3OYAUTENAM MUKO-
nnasmo308 nTuL 3a 2019 1. Mpu TecTupoaHum 24071 npobibl CbIBOPOTOK KPOBM Kyp METOAOM UMMYHOGEPMEHTHOTO aHanu3a 6biio BbiABNEHO 6 Npob, nosno-
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KUTENbHBIX HA PECMPATOPHbIA MUKOMNA3MO3 NTUL, 1 129 NP06, NONOKUTENbHBIX HA MHOEKLIMOHHBII CUHOBUT. Pe3yNbTaTbl MOHUTOPUHTOBBIX UCCNEA0BAHMI
npo6, nocTynuBLLUX U3 31 NTULEBOAYECKOTO X03AilCTBA 9 CybbekToB Poccuiickoil Defepalun, CBUAETENbCTBYHT O CHINKEHUM KONMYECTBA MHGULIMPOBAHHbIX
Mycoplasma gallisepticum ctap u crabunbHoii cutyaumun no Mycoplasma synoviae. YnyuLueHue 3n1300TNYeCKoii CUTYaLUM N0 PecMpaTopHOMY MUKONNA3MO3y
Ha nTuuedabpukax 3aKpbITOro TUNA MOXET ObITb CBA3AHO C KOMMIEKTOBAHMEM POAUTENbCKMX MPOMbILLNEHHBIX CTad U3 6NarononyuHbix no AaHHOMY 3abo-
NeBaHNI0 UCTOYHNKOB, U3MEHEHNEM CAHUTAPHO-TUTMEHNYECKIX YCI0BUIA, TMKBUAALMeEN GaKTOPOB, MPOBOLMPYIOLLMX 3a60NeBaHNe, a TaKKe C NPUMeHeHNeM
CpeacTB cneumduyeckoii npodunakTHKIN B posUTENbCKIUX CTafax GpoiinepHoro npon3soacTa. (UTyawya no pacnpocTpaHeHto MHEKLIMOHHOTO (MHOBWT OCTa-
€TCA HaNPAXEHHOI, HECMOTPA Ha YMeHbLUEeHe KONMYeCTBa X03AICTB, MHULMPOBAHHbIX Mycoplasma synoviae, No cpaBHeHMIo C pe3ynbTaTaMit MOHUTOPUHTA
2015-2018 rr. HanbonbLuee KoNMYECTBO CEPONO3UTUBHBIX CTaA BbIABAEHO B X03ANCTBAX ANYHOTO HAMpPaBAeHUA NPOAYKTUBHOCTY, UX yAeNbHbIN Bec B 2019 .
coctaBun 50,0%. [1nA 6onee NonHOro oTparkeHA CUTYaLM Mo PacnpoCcTPaHeHUto AaHHbIX MHGEKLNiA B IPOMbILLNEHHOM NTULEBOACTBE Poccun npeacTaBnseTca
Lenecoobpa3Hbim B 2020 1. yBennueHue obbema 1ccnefoBaHuii 1 KONMYeCTBa 06ce0BaHHbIX X03ACTB.

KnioueBble cnoBa: ceponornyeckuii MOHUTOPUHI, pecnupaTopHblil Mukonnasmos (Mycoplasma gallisepticum), wHdekumoHHbIn cunosut (Mycoplasma
synoviae), UIMMYHODEPMEHTHDIil aHanu3, cneunduyeckie aHTuTena.

bnaropapHocTb: Pa6oTa BbinonHeHa B pamKax 6104eTHOrO GUHAHCUPOBAHMA NPU NPOBELEHUN TOCYLAPCTBEHHOTO AMU300TONOTMYECKOT0 MOHUTOPUHTA
(npuka3 Poccenbxo3naazopa N2 1519 ot 28.12.2018).

[ins uutnpoBanua: Mexblymkosa A. 3., bpynpaakosa T. H., Bonkos M. C., p3a B. H. MonutopuHr Mukonnazmo3os ntuy 8 Poccuiickoit Oegepauim B 2019 rogy.
Bemepurapus ce200ns1. 2020; 2 (33): 89-93. DOI: 10.29326/2304-196X-2020-2-33-89-93.
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[insa koppecnonaeHuymun: MeHbluMKoBa AHXennKa AyapAoBHa, KaHAWAAT 61UONOrMYECKIX HayK, PYKOBOAMUTENb CEKTOpa CEPOMOHUTOPMHIA Nabopatopun
3nu3ootonorm v MoHutopuHra OIBY «BHUN3MK», 600901, Poccua, r. Bnagummp, mkp. K0pbesed, e-mail: menschikova@arriah.ru.

INTRODUCTION

Currently, a significant and urgent problem in poultry
farming is infectious diseases of mycoplasma etiology.
Mycoplasma gallisepticum, which causes respiratory myco-
plasmosis and Mycoplasma synoviae, which causes infec-
tious synovitis of birds, are of most interest for veterinary
medicine [1-3].

Clinically, diseases are manifested by respiratory dis-
orders (shortness of breath, cough, sinusitis, wheezing),
conjunctivitis, tendonitis, loss of appetite, weight loss and
egg production decrease (Fig. 1-4) [4, 5]. Mycoplasmosis
is usually complicated by a secondary viral and bacterial
infection. The most common causative agents of such in-
fections are viruses of infectious bronchitis (IBV), infectious

Fig. 1. Eggshell apex abnormalities associated with infectious synovitis

Puc. 1. CuHOpom cmeK108UOHOU BepUWUHbI AUYA NPU UHEKUUOHHOM
cuHogume

laryngotracheitis (ILTV), avian pneumovirus (APV), Esche-
richia coli, Ornithobacterium rhinotracheale (ORT), etc. [2, 6].

In countries with developed industrial poultry farming,
mycoplasmosis in poultry causes significant economic
damage due to emergency slaughter, decreased egg yield
(up to 30%) and meat (up to 16%) productivity, as well as
culling young and adult birds [7-9].

Due to the high potential for wide mycoplasmosis
spread with breeding material (hatching eggs and day-old
chickens) during export-import operations, the diseases
are classified as economically significant [10, 11].

Most methods for determining the level of antibo-
dies to Mycoplasma gallisepticum and Mycoplasma syno-
viae in chicken serum are based on enzyme-linked im-
munosorbent assay (ELISA). The advantages of the method
are its high sensitivity, specificity, the ability to conduct
large-scale studies, quick results, small amount of samples
tested and the ability to automate almost all stages of the
reaction, including result recording and processing.

For many years, the FGBI “ARRIAH” has been perfor-
ming mycoplasmosis monitoring, because these diseases
(respiratory mycoplasmosis, infectious synovitis) are the
OIE listed diseases and require constant monitoring of
their spread.

The main goal of this research was to analyze the results
of serological monitoring of breeding poultry farms in the
Russian Federation for avian mycoplasmosis in 2019.

MATERIALS AND METHODS

Diagnostic kits. “Single serum dilution ELISA kit for de-
tection of antibodies to Mycoplasma gallisepticum” and

“Single serum dilution ELISA kit for detection of antibodies

to Mycoplasma synoviae” (manufacturer — FGBI“ARRIAH").

Solutions and reagents. To prepare the solutions, double
distilled water with pH of 6.0 and electrical conductivity
of 0.5 S/cm was used. For ELISA we used: buffer solution
(conc.) - for dilution of control and test sera and anti-
species conjugate; buffer solution (conc.) for inter-stage
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washes to remove unbound components; anti-chicken IgG
immunoperoxidase conjugate; substrate — ABTS solution
(2,2-azino-di(3-ethylbenzothiazoline-6-sulfonic acid); stop
solution — 5% sodium dodecyl sulfate solution (solution for
stopping the reaction).

Equipment: Freezer Indesit DF 4180 W (Russia); Bosch re-

frigerator (Germany); Indesit 4180 W refrigerator (Russia);

drying cabinet LP-309 (Russia); air thermostat TV-20 PZ-“K"

(Russia); basic pH-meter PB-11 “Sartorius” (Germany);
mechanical dozers of variable volume “Biohit” (Finland),
“Socorex” (Switzerland); automatic reader “ELx800" (USA);
VCT computer (Russia); psychrometric hygrometer
“VIT-1" (Russia); combined device “Testo 608-H1” (China);
digital thermometer (logger) “Testo-174T" (Germany);
stopwatch SDSpr-1-2-000 (Russia).

Materials for testing: Blood serum of chickens of diffe-
rent age groups received from poultry farms of the Russian
Federation. Along with the sera from breeding and parent
stocks, blood serum from commercial poultry was studied
to objectively assess the mycoplasmosis situation.

Statistical data analysis. Statistical data processing was
performed using the computer program “Statistica for
Windows” (USA, Release 4.3; Inc,, 1993). Result recording,
data processing, storage and analysis were carried out
using the SINKO-IFA computer program developed at the
FGBI“ARRIAH".

RESULTS AND DISCUSSION

When monitoring mycoplasma infections of poultry,
the main task was to determine diagnostically significant
titers of antibodies to the causative agents of respiratory
mycoplasmosis and infectious synovitis, while the parent
and grandparent chicken stocks (breeding stock) were the
key objects of monitoring.

In 2019, as part of monitoring studies, 2,041 ELISA tests
were performed.

Serum samples came from 31 poultry farms from 9 Sub-
jects of the Russian Federation. According to the results of
laboratory studies, specific antibodies to avian mycoplas-
mosis were detected: 6 Mycoplasma gallisepticum positive
samples (0.58%) and 129 Mycoplasma synoviae positive
samples (12.64%).

Determination of serological status of farms for respi-
ratory mycoplasmosis

Blood serum samples to be tested for respiratory my-
coplasmosis were obtained from 12 layer poultry farms.
Samples from two poultry farms were seropositive, which
is 16.7% of the total. As for broiler production, test material
came from 19 poultry farms. Samples from one poultry es-
tablishment were seropositive, which is 5.26% of the total.

The distribution of titers of antibodies to Mycoplasma
gallisepticum in the tested samples depending on the age
of the poultry is shown in Table 1.

An inconsiderable presence of antibodies to Myco-
plasma gallisepticum in layer poultry was observed when
testing sera collected from poultry over 300 days of age
(3.3%), which indicates the circulation of the disease cau-
sative agent in the stock.

A low level of antibodies to the respiratory mycoplas-
mosis agent in broiler poultry of less than 40 days of age
indicates the “purity” of parental stocks. Starting from
day 130 of age, the number of seropositive poultry in-
creased inconsiderably. It should be noted that the im-
provement in the respiratory mycoplasmosis epidemic

Fig. 2. Airsacculitis — pathognomonic characteristic of respiratory
mycoplasmosis

Puc. 2. ASpocakkynum — namoz2HOMOHUYHbIU NPU3HAK pecnupamopHO20
MukKonsiasmosa

Fig. 3. Mycoplasma gallisepticum colonies in dense medium

Puc. 3. KonoHuu Mycoplasma gallisepticum Ha nnomHou cpede

Fig. 4. Catarrhal and fibrous sinusitis associated with respiratory
mycoplasmosis

Puc. 4. KamapaneHo-pubpuHO3HbIL CUHYCUM Npu pecnupamopHOM
MUuKonsiasmose
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Table1

Level of antibodies to Mycoplasma gallisepticum distributed by age groups on layer and broiler poultry farms in the Russian Federation

Tabnuua 1

YpoBeHb aHtuten K Mycoplasma gallisepticum no Bo3pacTHbiM rpynnam Ha nturedabpukax PO auuHoro n 6poitnepHoro HanpasneHns

Layer farms
Age groups,

days Number of positive/ tested ELISA titer Number of positive/ tested ELISA titer
samples samples
n/t n/t )

Broiler farms

2/25 (8% 130514

n/t —not tested (He uccnegosanu).

Table 2

Level of antibodies to Mycoplasma synoviae distributed by age groups on layer and broiler poultry farms in the Russian Federation

Tabnuua 2

YposeHb aHtuten kK Mycoplasma synoviae no o3pactHbim rpynnam Ha ntutepabpukax PO auuHoro u 6poinepHoro Hanpasnexus

Age groups,
days Number of positive/ tested
samples

n/t

8/25 (32%)

131-200 11/55 (20%)

Older than 300 days of age 90/225 (40%)

ELISA titer

Layer farms Broiler farms

Number of positive/ tested
samples

ELISA titer

1,289 +109

2,416 £102 n/t
1,288 +198

2,381+306

n/t — not tested (e nccneposanu).

situation on indoor poultry farms can be associated with
obtaining poultry for commercial parent stocks from my-
coplasmosis-free sources.

Decrease in the number of positive poultry and the
level of antibodies with increasing age indicates improve-
ment in the sanitary and hygienic conditions at the sites
and elimination of the disease provoking factors. Thus, ac-
cording to the results of recent monitoring (2012-2017),
the number of adult (more than 300 days of age) poul-
try with positive reaction was significantly higher and
reached 40%.

Determination of serological status of farms for in-
fectious synovitis

Blood serum samples to be tested for infectious syno-
vitis were submitted from 12 layer poultry farms. Samples
from six poultry farms were seropositive, which is 50% of
the total. Seropositive samples were also detected on one
of 17 broiler farms, which is 5.9% of the total.

The distribution of titers of Mycoplasma synoviae anti-
bodies in the tested samples depending on the age of the
poultry is shown in Table 2.

The presence of specific antibodies to Mycoplasma sy-
noviae in layer poultry at the age of 41-60 days (32%) is
indicative of infectious synovitis circulation in the stock,
which was probably transmitted transovarially from the
chicken parent stock. An increase in antibody titers after
transferring replacement stock to the commercial or pa-
rent stocks (130 days of age) also indicates the exposure
of the poultry to the field infection agent. Given the retro-
spective analysis data, it should be emphasized that the
infectious synovitis situation, unlike respiratory mycoplas-
mosis, continues to be tense, although it tends to improve.
Therefore, in 2018 the proportion of infected households
was 57.1%, in 2017 — 66.7%, in 2016 — 78.6%, and in 2015 —
90.32%.

The data specified in the Table 2 demonstrate that the
situation on infectious synovitis in the commercial broi-
ler farming is similar. It should be noted that the level of
specific antibodies to the infectious synovitis agent prior
to transferring to the productive stock is diagnostically in-
significant, however, an increase in titers is observed with
the age of the poultry, which may be associated with the
activation of latent infection.
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CONCLUSION

According to the results of the tests performed, a trend
toward noticeable decrease in the number of Mycoplas-
ma gallisepticum infected stocks was observed. Seroprev-
alence of the respiratory mycoplasmosis agent in poultry
on layer farms in 2019 was 16.7%, which is 21.3% lower
than in 2018. The stabilization of the epidemic situation
may be associated with delivering poultry from the dis-
ease-free sources, with improvement of sanitary condi-
tions on farms, elimination of stress factors, and use of
adequate antibiotic therapy. It is well known that specific
prophylaxis carried out in the broiler parent stocks reduces
transovarial transmission of the agent, so its use could also
improve the epidemic situation. Despite an inconsiderable
improvement in the epidemic situation comparing with
the monitoring results of 2015-2018 (as there is decrease
in the number of Mycoplasma synoviae infected farms) and
given the similarity of monitoring performed on farms
each year, the infectious synovitis situation remains tense.
The largest number of seropositive stocks was found on
the layer farms (50.0%) in 2019. However, poultry farms
maintain high production rates due to the asymptomatic
course of infection, which is mainly associated with the
prevention of technological and feed stress, which delay
clinical disease manifestations.

Considering the fact that respiratory mycoplasmosis
and infectious synovitis are included in the OIE list of notifi-
able diseases due to their cross-boundary distribution with
the breeding material, it seems appropriate to increase the
amount of tests and the number of farms covered by tes-
ting in 2020 to more fully reflect the disease spread situa-
tion in commercial poultry farming in Russia.
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SUMMARY

FMD risk in the Russian Federation dictates the need for enhanced measures aiming to prevent the introduction of FMD virus and comprising systematic monitoring
research and mass vaccination of susceptible animals in the buffer zone. Research into the development of vaccines for early protection confirm that their use
induces the formation of virus-neutralizing antibodies in naturally susceptible animals in the outbreak area, which protects from FMD infection, limits its spread
and contains it within the primary outbreak. Taking into account the high speed of the infection spread, such a control measure as using FMD vaccines which
induce early protection should be adopted immediately after the occurrence of the outbreak. The article presents the results of the research into the formation of
humoral immunity in naturally susceptible animals triggered by administration of inactivated emulsion FMD vaccines capable of ensuring early protection against
type O FMD. Culture FMD virus of O/Primorsky/2012, 0/Saudi Arabia/08 and 0/Mongolia/2017 strains was used for vaccine production. Inmunogenic activity of
vaccines was tested in cattle, pigs, and sheep. It was found that monovalent emulsion FMD vaccine based on 0/Mongolia/2017 strain induced the formation of
virus-neutralizing antibodies in the quantity necessary to protect against the homologous strain in seven days after a single administration in the dose of 2 cm’.
Vaccines based on 0/Saudi Arahia/08 and 0/Primorsky/2012 FMDV strains can protect animals from infection with heterologous 0/Mongolia/2017 strain at early
stages if a double dose is administered. Vaccines based on the above-mentioned strains induce early immunity formation (seven days after vaccination) against
type O FMD. We suggest using the given products in the zones of a higher risk of the virus introduction.

Key words: type O FMD, inactivated monovalent emulsion vaccine, early protection, virus neutralization test.
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PE3IOME
PucK BO3HIKHOBEHMA BCMblLLIEK ALLypa Ha TeppuTopun Poccuiickoit Denepauun AUKTYeT He06X0AUMOCTb YCUNEHUA NPOTUBOALLYPHbIX MEPONPUATHA, HanpaB-
NeHHbIX Ha NpelynpeXxzeHue 3aHoca BIUPYCa B CTPaHY U BKIHOYAIOLLIX NPOBEAEHNE CACTEMATIYECKIX MOHUTOPUHTOBbIX MCCNE0BAHMUI, @ TakXKe OCyLLeCTBAEHMe
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1oroN0BHOI BaKLMHALMN BOCIPUUMUMBLIX XKIBOTHBIX B OydepHoii 30He. ViccneoBaHmA no pa3paboTke BakLIH AnA paHHei 3aLUuTbl NOATBEPXKAAHT, 4TO NpH MX
11CNONb30BAHMN NPOUCXOAUT BbIPABOTK BUPYCHERTPANN3YIOLLMX aHTUTEN Y eCTECTBEHHO BOCPUUMUYUBLIX XKUBOTHbIX B 30HE BCTIbILLIKIA, YTO CYXKUT 3aLLUTON OT
3apax<eHna ALLYPOM, NPUBOANT K CAEPKUBAHNIO MHOEKLIM 11 ee KyNUPOBaHII0 B NEPBUYHOM 0Yare. YUUTbIBas BbICOKYH CKOPOCTb pacnpocTpaHeHua HeKLum,
TaKas Mepa KOHTPONA, Kak NpUMeHeHe BaKLWH NPOTUB ALLYPa, 06eCneynBaloLLX PaHHIOI0 3aLLUTY, AOMKHA NPUMEHATLCA CPasy Nocie BCMbILLKA. [peAcTaBaeHbl
pe3ynbTaTbl UCCNIef0BaHMIA N0 GOPMUPOBAHMH FYMOPANBHOTO UMMYHUTETA Y €CTECTBEHHO BOCTPUNMUMBDIX KUBOTHbIX HA BBEEHME UHAKTUBMPOBAHHDIX SMYJTb-
CMIOHHBIX MPOTUBOALLYPHBIX BAKLYH, CNOCOGHBIX 06€CneynThb panHHow 33Ty NpoTiB Awypa Tuna 0. Ina u3roToBReHNA BaKLIH UCMONb30BaNM KyNbTYpanbHblil
BUpyC Awypa wrammos 0/Mpumopcknii/2012, 0/Caynosckaa Apasus/08 u 0/MoHronua/2017. UMMyHOreHHyt0 aKTUBHOCTb BAKLMH NPOBEPANN HA KPYMHOM
pOraTom cKoTe, CBUHbAX 1 0BLAX. BbIABNEHO, 4TO MOHOBANEHTHAA IMYNbCMOHHAA NPOTUBOALLYPHAA BaKLyMHa U3 wramma 0/MoHronna/2017 uepes 7 cyT nocne
OfJHOKPATHOro BBEJEHNA B [103e 2 CM* MHAYLMPOBANa BbIPABOTKY BUPYCHETPANU3YIOLLIAX aHTUTEN B KONMYECTBE, AOCTAaTOUHOM ANA 3alLUTbl OT 3apaeHnsa
TOMOIONMYHBIM LUTAMMOM. BakumHbl 13 WrammoB Bupyca Alypa 0/Cayaosckaa Apasua/08 u 0/Mpumopckiii/2012 npu BBeAEHUN ABOIHON A03bl CNOCOOHbI
3aLLUTUTD XKMBOTHBIX HA PaHHUX CPOKAX OT 3aparkeHUsA reTepoNiornyHbIM WTamMmom Bupyca awypa 0/Mokronna/2017. BakuuHHble npenaparbl U3 yKa3aHHbIX
LUTaMMOB BbI3bIBAKOT GOPMMPOBaHME UMMYHUTETA B PaHHIe CPOKM (Ha 7- CyT Nocie BaKLUMHaLm) npoTis Allypa Tuna 0. [laHHble npenapatbl npeAnaraetca
11CNONb30BaTb B 30HaX NOBBILLEHHOTO PUCKa 3aHOCA BUpYCa.

KnioueBble cnoBa: AWYp TUNa 0, WNHAKTUBNUPOBAHHAA MOHOBA/IEHTHAA SMYNbCMOHHAA BaKLIMHA, PaHHAA 3alliTa, peakuna HeVITpaJ'IVBaLlMVI.

BﬂaTOAapHOCTb: Pabota BbinonHeHa 3a cuer CPeacTB No rocyfapCTBEHHOMY KOHTPAKTy N 25/19 no teme «BbinonHeHue HaY4HO-nCCnefoBateNibCkuxX
W ONbITHO-KOHCTPYKTOPCKMX pa60T M0 CO3AaHNI0 HOBbIX 3aLLMTHBIX NpenapaToB Ha 0CHOBE LIMPKYNUPYOLKX BHOBb BblAEE€HHbIX N30/1ATOB 0060 OnacHbIx
N3K30TUYEeCKIX MH¢9KLll/1I71 PKUBOTHbIX 1 UX UCMbITaHUEN.
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INTRODUCTION

Foot-and-mouth disease is a viral disease of wild and
domesticated cloven-hoofed animals which is economi-
cally important due to a large number of naturally suscep-
tible species, significantimpact on animal productivity and
rapid spread within and between neighbouring geogra-
phical regions. Foot-and-mouth disease outbreaks result
in high economic losses incurred by huge costs of sanitary
measures aimed at eradication of the disease [1-3].

Currently, despite the awareness of cattle owners and
trained veterinary staff, FMD outbreaks may remain unno-
ticed on farms in many countries until the disease spreads
beyond the primary outbreak. This situation is due to a lack
of identification of FMD clinical signs, delayed or unavai-
lable information on diseased animals, and illegal move-
ment of livestock or contaminated animal products [4, 5].

Between September 2017 and March 2018, about
30 outbreaks of type O FMD in cattle, sheep and goats
were registered in several Mongolian aimags bordering
Russia in the north and China in the south. The risk of out-
breaks in the Russian Federation requires enhanced FMD
control measures aimed at preventing the introduction of
the virus into the country, including systematic monito-
ring studies as well as general vaccination of susceptible
animals in the buffer zone [4, 6, 7]. Given the high speed of
infection spread, FMD vaccines providing early protection
of animals should be used immediately after the outbreak
has occurred.

Vaccines have been shown to be highly effective and
undeniably useful in controlling infectious diseases over
many decades. Mono- and polyvalent culture inactivated
vaccines are widely used for specific FMD prevention [3].
Studies on the development of vaccines for early pro-

tection confirm that their use induces the formation of
virus-neutralizing antibodies in naturally susceptible ani-
mals in the outbreak area, which protects against FMD in-
fection, limits the infection spread, and contains it within
the primary outbreak [1, 2, 7].

The aim was to study humoral and protective immu-
nity during the formation of early protection in naturally
susceptible animals after administration of the inactiva-
ted emulsion FMD vaccine based on O/Mongolia/2017
strain against the homologous strain as well as vaccines
based on O/Saudi Arabia/08 and O/Primorsky/2012 strains
against the heterologous strain O/Mongolia/2017.

MATERIALS AND METHODS

Virus. To study humoral immunity, we used O/Mongo-
lia/2017 homologous strain and O/Primorsky/2012 and
O/Saudi Arabia/08 heterologous strains of FMD cultural
virus.

For challenging of naturally susceptible animals we
used aphthous FMD virus of O/Mongolia/2017 strain
adapted to these animals.

Cell lines. Monolayer continuous cell lines from the Si-
berian mountain goat kidney (SMGK30) and Syrian baby
hamster kidney (BHK21) were used for propagation of the
virus. Primary monolayer cell culture of pig kidney (PK) was
used to evaluate antibody titer and antigen innocuity after
inactivation.

Animals. In the studies, we used: 1) 26 Holstein-
Friesian cows weighing 250-300 kg; 2) 16 pigs of different
breeds weighing 30-40 kg; 3) 4 sheep of Romanov breed
weighing 20-30 kg.

All animal experiments were conducted in strict accor-
dance with the Interstate Standard for the keeping and
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care of laboratory animals (GOST 33216-2014), 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 2012 on the pro-
tection of animals used for scientific purposes.

Inactivation of the virus, purification and concentration
of the antigen. FMD virus was inactivated with amino-
ethylethyleneimine solution (AEEI). Polyhexamethylene
guanidine (PGMG) solution was used to purify the anti-
gen from ballast proteins, including non-structural pro-
teins. Concentration was performed by ultrafiltration in a
tangential flow.

Determination of component composition of inactivated
suspension. The number of immunogenic components in
the inactivated suspension was estimated in accordance
with Methodical recommendations for determining the
concentration of 146S, 75S, and 12S components of vac-
cine strains of FMD culture virus in complement fixation
test (CFT) [8].

Selection of adjuvant and antigen-adjuvant ratio. Mon-
tanide ISA 206 VG was chosen as an adjuvant for the pro-
duction of monovalent emulsion vaccines against FMD
because research literature showed that it induced the for-
mation of antibodies on days 4-7 afterimmunization [5, 9].
The ratio of antigen to adjuvant was 50:50.

Vaccines. Three samples were produced to study the
immunogenic activity of emulsion vaccines against FMD,
which were administered in a single dose of 2 cm? intra-
muscularly, and in a double dose - intramuscularly in two
sites per 2 cm?.

The first vaccine was based on O/Mongolia/2017 FMD
virus strain. A double dose (4 cm3) contained 24.22 ug of
146S component and a single dose (2 cm®) - 12.11 ug.

The second vaccine was based on O/Saudi Arabia/08
FMD strain with 146S component in a dose of 4 cm?-
30.1 ug.

The third vaccine was based on O/Primorsky/2012
strain containing 29.2 ug of 146S particles in a double
dose (4 cm?®).

Challenging. Seven days after vaccination, animals were
challenged with adapted FMD virus of O/Mongolia/2017
strain. Challenging was carried out to the mucosa of
the tongue at a dose of 10*ID, /0.20 cm? (two sites per
0.10 £ 0.05 cm?).

Blood sampling. Blood sampling was carried out on
days 4 and 7 after vaccination.

Determination of VNA titer. The quantity of virus-neutral-
izing antibodies (VNA) in serum samples was determined
by neutralization reaction using a monolayer of PK cell
culture according to the generally accepted method [10].

Evaluation of viral antigen innocuity. Innocuity of the
inactivated virus was controlled by inoculation into the
monolayer PK cell culture.

Evaluation of vaccineimmunogenicity.Vaccine immuno-
genicity was studied in cattle and pigs. The level of humo-
ral immunity in neutralization reaction was determined in
sheep. The blood sera obtained on days 4 and 7 after im-
munization were analyzed by neutralization reaction.Then,
cattle and pigs were challenged with O/Mongolia/2017
control strain of FMD virus, 7 days later all animals were
euthanized and pathological examination was performed.
Animals that had no lesions on their limbs were considered
to be protected against FMD. Primary ulcers were not con-
sidered.

Statistical data processing. All measurements were
made in triplicate. The obtained results were statistically
processed to determine arithmetic mean values and the
degree of reliability of statistical difference between mean
values by Student-Fisher difference method, as well as the
determination coefficient [11]. Diagrams were made in
Microsoft Excel 2010.

RESULTS AND DISCUSSION

At the first stage of the studies pigs were immunized
with monovalent emulsion FMD vaccines based on
O/Mongolia/2017, O/Primorsky/2012 and O/Saudi Ara-
bia/08 strains. Subsequent assessment of the formation
of early immunity against homologous and heterologous
strains was carried out. The results of the study are shown
in Figure 1.

Figure 1 shows that in animals immunized with the
vaccine based on O/Saudi Arabia/08 strain, antibody titers
against the homologous strain increased by 1.3 from day 4
to 7 after vaccination. Titers of antibodies against O/Pri-
morsky/2012 and O/Mongolia/2017 heterologous FMDV
strains day 4 after immunization were 2.1 and 1.9 times
lower compared to the homologous strain and amounted
to 1.95 £ 0.10 and 2.05 = 0.17 log,, respectively. On day 7
after the inoculation, VNA titers against O/Primorsky/2012
and O/Mongolia/2017 heterologous strains were 2.5
and 2.1 times lower than those against the homologous
strain and corresponded to the values of 2.10 + 0.10 and
2.35+0.10 log,, respectively.

In pigs vaccinated with the vaccine based on O/Pri-
morsky/2012 strain, the number of antibodies against
the homologous strain on day 4 after immunization
was 3.35 + 0.17 log,, against O/Saudi Arabia/08 and
O/Mongolia/2017 heterologous strains — 2.30 £ 0.22
and 3.25 +0.18 log,. Translating log, into natural numbers,
it can be noted that on day 4 titers of antibodies against
O/Saudi Arabia/08 and O/Mongolia/2017 heterologous
strains were 2.1 and 1.1 times lower, respectively, com-
pared to the homologous strain. The difference between
the level of humoral immunity against the homologous
FMD virus O/Primorsky/2012 and the heterologous strain
O/Mongolia/2017 is insignificant. On day 7 after immuni-
zation the number of antibodies against the homologous
strain was 4.20 + 0.29 log,, which is 1.8 times higher than
on day 4 after vaccination. Antibody levels on day 7 after
vaccination against O/Saudi Arabia/08 and O/Mongo-
lia/2017 heterologous strains were 2.4 and 1.5 times lower
respectively.

In pigs immunized with the vaccine based on O/Mon-
golia/2017 strain on days 4 and 7 after the inoculation,
antibodies titers against the homologous strain were
3.00 £ 0.36 and 3.90 + 0.30 log,, respectively. On day 7,
the number of antibodies against the homologous strain
increased by 1.9. The content of antibodies against O/Sau-
di Arabia/08 and O/Primorsky/2012 heterologous strains
on day 4 after vaccination in serum was 1.50 £ 0.18 and
1.75 £ 0.18 log,, which is 2.8 and 2.4 times lower than
against the homologous strain. On day 7 after immuniza-
tion, the VNA titers against O/Saudi Arabia/08 and O/Pri-
morsky/2012 heterologous strains were 3.7 and 1.6 times
lower than those for the homologous strain and amoun-
ted to 2.00 £ 0.17 and 3.25 + 0.20 log., respectively.

As it follows from Figure 1, the level of humoral immu-
nity in pigs vaccinated with monovalent early protection
vaccines against FMD increases by day 7 post-vaccination.
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Fig. 1. Dynamics of VNA formation in pigs after use of vaccines based on O/Saudi Arabia/08, O/Primorsky/2012
and O/Mongolia/2017 strains in a double dose (4 cm’) against homologous and heterologous FMDV strains,

day 4 and 7 post-vaccination

Puc. 1. JuHamuka obpazosaHusa BHA y cauHeli nocsie npumeHeHusa sakyuH u3 wmammos O/Caydosckas Apasus/08,
O/lMpumopckuti/2012 u O/MoHzonus/2017 8 080liHOU 003e (4 cM?) Npomu8 20MOJT02UYHbIX U 2eMeposI02UYHbIX

wmammos supyca Aawypa Ha 4-e u 7-e cym nocJie sakyuHayuu

The products manufactured have the best immunogenic
activity mainly in relation to homologous strains. In further
experiments, pigs were infected with O/Mongolia/2017
strain 7 days after vaccination to assess their protective
immunity. One non-vaccinated animal was used for con-
trol. The results of the challenging are presented in Table 1.

Table 1 shows that animals immunized with vaccines
based on O/Primorsky/2012 and O/Mongolia/2017 strains
did not manifest FMD signs after challenging. The emul-
sion FMD vaccine based on O/Saudi Arabia/08 strain 7 days
after administration and subsequent challenging did not
protect 1 out of 5 pigs. VNA titre in the diseased animal
was 2.00 log,. The control animal also contracted FMD.

The next stage of the work was devoted to compara-
tive analysis of formation of early immunity in cattle after
administration of a single and double dose of monovalent
emulsion FMD vaccines. Antibody levels in blood of im-
munized animals against homologous and heterologous
strains of FMD virus were estimated. The results of the
study are shown in Figure 2.

The data presented in Figure 2 demonstrates that
when the cattle was administered the monovalent emul-
sion FMD vaccine based on O/Mongolia/2017 strain at a
dose of 2 cm? on the 4" day the antibody titers against
the homologous strain amounted to 2.83 +0.33 log,, and
with immunization at a dose of 4 cm® - to 3.46 + 0.24 log.,.
When the vaccine was administered at a dose of 2 cm?® on
day 4 post-vaccination, the content of antibodies against
the homologous strain was 1.6 times lower compared to
the case when a double dose was inoculated.

On day 7 post-vaccination with a single dose, the level of
VNA against O/Mongolia/2017 strain was 4.67 + 0.23 log,,
and with a double dose - 5.00 + 0.21 log,, which is an
insignificant difference. After the administration of the
vaccine, the VNA against the homologous strain on day 7
increased by 3.6 times compared to the data obtained on
day 4 post-vaccination. When a double dose of the vaccine
was used from the 4™ to 7t days after immunization, there
was a 2.9-fold increase in the titre of antibodies against
O/Mongolia/2017 strain.

When the vaccine based on O/Mongolia/2017 strain
was administered at a dose of 2 cm? on the 4™ day after
immunization of cattle, the level of VNA against hetero-
logous strains O/Saudi Arabia/08 and O/Primorsky/2012
was 2.21 + 0.41 and 2.46 + 0.29 log,, respectively. The
number of antibodies against the homologous strain was
2.83 £ 0.24 log,, which is 1.5 and 1.3 times higher than
against the heterologous strains O/Saudi Arabia/08 and
O/Primorsky/2012, respectively.

It was found that on day 4 after the administration of
a double dose of monovalent emulsion vaccine based
on O/Mongolia/2017 strain, the level of VNA against the
homologous strain was 3.46 + 0.19 log,, against hetero-
logous strains O/Saudi Arabia/08 and O/Primorsky/2012 -
3.21 £ 0.33 and 3.21 £ 0.22 log,, respectively. In other
words, the values of antibody after administration of this
vaccine at a dose of 4 cm? against the homologous strain
were 1.2 times higher than against the heterologous strain.

On day 7 after the administration of a single dose of
the vaccine based on O/Mongolia/2017 strain, the level
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Table 1
Study of humoral and protective immunity in pigs vaccinated with a double dose of inactivated emulsion vaccines against FMD

Tabnuua 1
WccnepoBahue rymopanbHoOro U NpoTeKTMBHONO MMMYHUTETa CBUHEN, BaKLIMHUPOBAHHBIX ABOIIHOI 1030/ NHAKTUBMPOBAHHbIX
3MYNbCMOHHBIX BaKLYUH MPOTUB AALLypa

Titers of antibodies against FMDV, log, (M + m)

Day 4 post-vaccination Day 7 post-vaccination Results of challenging
with 0/Mongolia/17

Vaccine strain 8 = ~ =] ~ ~ strain day 7
= > = =2 = = post-vaccination
£ £ S, £ 2 = (challenged/
= g é = g é protected)
- S S < S S
0/Saudi Arabia/08 3.00+0.38 1.95+0.10 2.05+0.17 3.40£0.36 2.10%0.10 235%035 5/4
0/Primorsky/12 230+0.22 335+0.17 | 3.25+0.18 | 2.95%0.15 420029 | 3.60£0.27 5/5
0/Mongolia/17 1.50+0.18 1.75+0.18 3.00+0.36 2.00+0.33 3.25+0.26 3.90+0.30 5/5
Control 1/0
of VNA against the homologous strain was 4.67 +0.23 log,, After the administration of the vaccine at a dose of

and against the heterologous strains O/Saudi Arabia/08 4 cm?®onday 7, the titer of antibodies against homologous
and O/Primorsky/2012 corresponded to the values of  strain O/Mongolia/2017 was 5.00 +0.22 log,, against heter-
3.58 £0.12 and 3.92 £ 0.19 log,. Thus, on day 7 after im-  ologous strains O/Saudi Arabia/08 and O/Primorsky/2012 -
munization, the number of antibodies against the homol-  4.46 + 0.33 and 4.33 + 0.22 log,, respectively. That is, on
ogous strain exceeded the VNA content against the heter-  the 7t day after the administration of a double dose of the
ologous strains O/Saudi Arabia/08 and O/Primorsky/2012  vaccine based on O/Mongolia/2017 strain, the level of anti-
by 2.1 and 1.7 times, respectively. bodies against heterologous strains practically did not

® Day 4 post-vaccination
B Day 7 post-vaccination
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Vaccine based on Vaccine based on Vaccine based on Vaccine based on
O/Mongolia/1 7 strain O/Mongolia/17 strain O/Saudi Arabia/08 strain O/Primorsky/12 strain
(single) (double) (double) (double)

Fig. 2. Dynamics of VNA formation in cattle after administration of a single or double dose of the vaccine based on
O/Mongolia/2017 strain, double dose of vaccines based on O/Saudi Arabia/08 and O/Primorsky/2012 strains
against homologous and heterologous FMDV strains, day 4 and 7 post-vaccination

Puc. 2. luHamuka obpazosaHua BHA y KPC nocne npumeHeHuUs 00HOU U 080UHOU 003bl 8aKUUHbI U3 LUMAMMA
O/MoHzonus/2017, deoliHol 0036l 8akyuH u3 wumammos O/Caydosckas Apasus/08 u O/[pumopckuti/2012
Nnpomug 20M0J102U4HO20 U 2emMepos102UYHbIX WMAMMO8 8UpYCa Auypad HA 4-e u 7-e cym nocsie 8aKkyuHayuu
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differ from the VNA titre against the homologous strain.
It should be noted that the immunization of cattle using
a double dose on day 7 if compared to the administra-
tion of a single dose of the vaccine allowed increasing the
number of antibodies against strains O/Saudi Arabia/08
and O/Primorsky/2012 by 1.8 and 1.3 times, respectively.

From the data presented in Figure 2, it follows that on
day 4 and 7 after the inoculation, antibody levels were
242 +0.14 and 4.92 £ 0.15, respectively, in cattle vacci-
nated with a double dose of emulsion FMD vaccine based
on O/Saudi Arabia/08 strain. The values of antibody titers
on days 4 and 7 after immunization increased by 5.7.

On day 4 after the vaccination, the antibody titer va-
lues against heterologous strains O/Primorsky/2012 and
O/Mongolia/2017 were 1.88 + 0.15 and 2.00 + 0.35 log,,
respectively. The difference between antibody titers
against homologous and heterologous strains was 1.5
and 1.3, respectively.

On day 7 after the vaccination with the same vaccine,
VNA against heterologous strains O/Primorsky/2012
and O/Mongolia/2017 corresponded to the values of
3.33+0.19and 2.83 £0.12 log,, which is 3.0 and 4.3 times
lower than the antibody titer against the homologous
strain.

In animals vaccinated with monovalent emulsion
vaccine based on O/Primorsky/2012 strain at a dose
of 4 cm?, the antibody titers against homologous strain
on days 4 and 7 after immunization were 2.25 + 0.14
and 4.13+0.11 log,, respectively. The activity of cattle’s hu-
moral immunity against the homologous strain increased
by 3.7 on days 4 to 7 after immunization.

On day 4 after the vaccination, VNA against the hete-
rologous strains O/Saudi Arabia/08 and O/Mongolia/2017
was 1.75 + 0.13 and 1.79 £ 0.10 log,, respectively, which
is 1.4 times lower than against the homologous strain. On

Table 2

day 7 after immunization, antibody titers against hetero-
logous strains corresponded to the values of 3.29 + 0.12
and 3.46 = 0.10 log,. Thus, the number of antibodies
against heterologous strains O/Saudi Arabia/08 and
O/Mongolia/2017 decreased by 1.8 and 1.6 times com-
pared to the data for the homologous strain.

The results of the study of protective immunity on day 7
post-vaccination in cattle vaccinated with monovalent
FMD vaccines are presented in Table 2. Two non-vaccina-
ted animals were used as controls.

According to Table 2, after the administration of the
monovalent emulsion vaccine based on O/Mongolia/2017
strain at a dose of 2 cm?® we observed the formation of
VNA in titers sufficient to protect against direct challen-
ging with the homologous strain. The results of challen-
ging with O/Mongolia/2017 strain 7 days after vaccination
showed that all six animals immunized with a double dose
of vaccine based on O/Primorsky/2012 and O/Mongo-
lia/2017 strains had no FMD signs. The emulsion FMD vac-
cine based on O/Saudi Arabia/08 strain 7 days after admin-
istration did not provide protection against challenging of
one of the six animals. The diseased animal on day 7 after
the vaccination had VNA titre equal to 2.75 log,. FMD signs
were also observed in two control animals.

At the next stage of the work the formation of early
immunity in sheep after immunization with monovalent
emulsion FMD vaccine based on O/Mongolia/2017 strain
in a dose of 4 cm® was studied. Estimation of the sheep’s
immune status was difficult due to the lack of a virus
adapted to this type of animal, for this reason, no chal-
lenging was carried out. The results of the determination
of VNA titre on day 4 afterimmunization of the animals are
presented in Table 3.

Table 3 shows that on day 4 after immunization the
level of antibodies against the homologous strain was

Study of humoral and protective immunity in cattle vaccinated with monovalent emulsion vaccines against FMD

Tabnuuya 2

WccnepoBanme rymopajnbHoOro U npoTeKTUBHOro UMMyHUTETa Y KPC, NPUBUTbHIX MOHOBAJIEHTHbIMU 3MYJIbCUOHHbIMU

BaKLiMHamMu NPOTUB ALLypa

Titers of antibodies against FMDV, log, (M + m)

Day 4 post-vaccination Day 7 post-vaccination
Results of challenging with

Vaccine strain, 8 ~ — 8 ~ — 0/Mongolia/17 strain day 7
dose = S S £ s S post-vaccination
£ 2 =S £ 2 S, (challenged/protected)
5 E = = E g
E = = = £ 2
3 S S 3 = =
0/ M"Z"fn‘;','a/ Vool ao1s041 | 2464029 | 283+033 | 3584012 | 3924019 | 467023 6/6
Ui M‘L"g:"g'a/ Vo1 3214033 | 3214022 | 346024 | 4464012 | 433+011 | 500+021 6/6
0/ Sa”‘jl' cAn?}b'a/ 0 | 2m+014 | 188015 | 2002022 | 492+015 | 3334019 | 283012 6/5
Ui P”m;ky/ 0 9752003 | 2254004 | 1794010 | 329£012 | 413=011 | 346+0.10 6/6
Control 1 1/0
Control 2 1/0
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Table 3

Study of humoral and protective immunity in sheep vaccinated with inactivated emulsion vaccine against FMD

based on 0/Mongolia/2017 strain
Tabnuua 3

WccnepoBanme FYMoOpaiibHOro UMMYHUTETA y oBeL, NPUBUTDIX ﬂpOTMBOilI.I.l,ypHOiI MHaKTMBMpOBaHHOVI BMyﬂbCMOHHOﬁ BaKL|UHOI

u3 wramma 0/Mouronus/2017

VNA titers day 4 post-vaccination (Iogz)

Vaccine strain No. of an animal against FMDV strains
0/Saudi Arabia/08 0/Mongolia/17
1 2.50 3.00 3.75
2 3.25 2.75 3.75
0/Mongolia/17 4m? 3 3.00 3.50 3.50
4 3.00 3.75 4.00
M£m 2.94+0.38 3.25+0.38 3.75+0.14

3.75 £ 0.14 log,. Titers of VNA against the heterologous
strains O/Saudi Arabia/08 and O/Primorsky/2012 corre-
sponded to the values of 2.94 + 0.38 and 3.25 + 0.38 log,,
respectively. Thus, on the 4™ day after the administration
of the vaccine, sheep formed early immunity, the activity
of which against the heterologous strains O/Saudi Ara-
bia/08 and O/Primorsky/2012 was 1.8 and 1.4 times lower
compared to the homologous strain. In other words, the
use of FMD inactivated emulsion vaccine based on O/Mon-
golia/2017 strain contributes to the formation of early im-
munity in sheep after administration of the vaccine.

CONCLUSION

Studies on the formation of early immunity in natu-
rally susceptible animals against FMD type O indicate
that FMD emulsion vaccine based on O/Mongolia/2017
strain on day 7 after the administration of a double dose
to pigs induced the formation of VNA in the amount
of 3.90 + 0.30 log,. On day 7 after immunization of cat-
tle with this vaccine using a dose of 2 cm® VNA titer
against homologous strain corresponded to the value of
4.67 £0.23 log,, adose of 4cm®-5.00 +0.21 log,. Results
of challenging of cattle and pigs with O/Mongolia/2017
strain 7 days after immunization showed that all animals
vaccinated with homologous virus had no generalized
FMD signs.

When a double dose of FMD emulsion vaccine based
on O/Primorsky/2012 strain was administered, on day 7
after immunization, the VNA titer in pigs against the het-
erologous strain O/Mongolia/2017 was 3.60 + 0.27 log,
and in cattle - 3.46 + 0.10 log,. According to the results of
the challenging, all animals vaccinated with FMD vaccine
based on O/Primorsky/2012 strain were protected against
O/Mongolia/2017 FMDV strain.

FMD inactivated emulsion vaccine based on O/Sau-
di Arabia/08 strain 7 days after administration at a dose of
4 cm? contributed to the formation of VNA against O/Mon-
golia/2017 strain in pigs in the amount of 2.35 + 0.35 log,,
in cattle - 2.83 £ 0.12 log,. At the same time, after challen-
ging with O/Mongolia/2017 FMDV strain, immunization
with this vaccine using a double dose did not protect one
out of five gilts and one of six cows. In diseased animals
on day 7 post-vaccination, the VNA titers were 2.75 log,
(cattle) and 2.00 log, (pig).

On day 4 after vaccination of sheep with FMD inac-
tivated emulsion vaccine based on O/Mongolia/2017
strain at a dose of 4 cm® VNA titer against the homolo-
gous strain was 3.75 + 0.14 log,, which attested to the
fact that this preparation could form early immunity.
The level of humoral immunity in sheep vaccinated
with this vaccine against strains O/Saudi Arabia/08 and
O/Primorsky/2012 was 1.8 and 1.4 times lower compared
to the homologous strain. Studies conducted in cattle
suggest that FMD inactivated emulsion vaccine based
on O/Mongolia/2017 strain can provide protective immu-
nity in sheep as well.
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SUMMARY

Mycoplasmosis control remains urgent in view of wide spread of bovine mycoplasmoses in the countries with intensive animal farming and trade relations between
the Russian Federation and foreign partners including import of pedigree livestock and stud bull semen. Results of testing 1,186 biomaterial samples (blood,
sera, nasal swabs, milk, preputial swabs, vaginal swabs, aborted and stillborn fetuses) collected from animals that demonstrated clinical signs of respiratory
and reproductive disorders in 34 different regions of the Russian Federation for 2015-2018 are presented in the paper. The samples were tested with real-time
polymerase chain reaction (qPCR) for genomes of the following mycoplasmosis agents: Mycoplasma bovis, Mycoplasma bovigenitalium, Mycoplasma dispar.
As a result, M. bovis genome was detected in 10.1% of the samples, M. bovigenitalium genome was detected in 8.6% of the samples and M. dispar genome was
detected in 37.15% of the samples. Also, 927 semen samples submitted from Russian and foreign breeding farms were tested with PCR. Test results showed presence
of M. bovis and M. bovigenitalium genomes in semen samples collected from native bull population. Presented data support Russian scientists’ conclusions on wide
mycoplasmoses occurrence in cattle in the Russian Federation territory and risk of the disease agent introduction through semen import. Al of these highlight the
need for control of semen products as a source for mycoplasmosis spread as well as insufficiency of single testing of semen for granting the disease-free status to
the breeding farm for genetic material marketing.
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PE3IOME

YunTbiBaA WMPOKOe pacnpocTpaHeHue MIKONNA3MO30B KPYMHOro poratoro ckoTa B CTpaHax ¢ pa3BUTbIM XMBOTHOBOACTBOM 1 TOproBble BA3u Poccuiickoit
(epnepauun ¢ 3apy6exxHbIMI NapTHepamu1, B TOM UiC/ie UIMMOPT NAIEMEHHOT0 CKOTa 11 CepMbl 0T GbIKOB-NpoM3BoAuTeNelt, Npobnema KoHTPoNA MUKONa3mMo308
He TepAeT (Boeit akTyanbHocTu. B paboTe npefcTaBneHbl pe3ynbratbl uccnenosaxna 1186 npob 6uomarepuana (KpoBb, CbIBOPOTKA KPOBY, Ha3abHbIe CMbIBbI,
MOI0KO, CMbIBbI C IPeMyLIA 1 BariHanbHble CMbIBbl, a60PTUPOBaHHbIE 1 MEPTBOPOXAEHHbIE MI0/bI), NONYYEHHbIX OT XKUBOTHBIX C KNMHINYECKUMI MPU3HAKAMN
pecnupaTopHoil /uan penpoayKTUBHOIA natonoruu U3 34 pasnnuHbix pernoHos Poccuiickoi Oepepauun 8 nepuog ¢ 2015 no 2018 r. YkasanHble 06pasLibl bbin
UCCNeI0BaHbI Ha Hanuue reHOMOB Takux B036yauTeneii Mukonnasmo3os, kak Mycoplasma bovis, Mycoplasma bovigenitalium, Mycoplasma dispar, metogom
nonnmepasHoii LienHoii peakLyuin B peanbHoM BpemeHi. B pesynbtate npoBedeHHbIX uccnesoBanuii renom M. bovis 6bin obHapyxeH B 10,1% npob, reHom
M. bovigenitalium BbisBneH B 8,6% npo6, a revom M. dispar peructpupoany B 37,15% npob. Takxe ¢ nomowblo lMLIP-uccnegoBanma 6bino npotecTuposaHo
927 06pa3Li0B CeMEHHOII XUAKOCTH, NOCTYMMBLUMX M3 OTEYECTBEHHDIX 11 MHOCTPAHHBIX NeMEHHbIX X03AICTB. [lonyueHHble pe3ynbTaTbl NoKa3anu Hauuue
reHomoB M. bovis n M. bovigenitalium B obpa3wax cnepmbl 0T MeCTHOT0 MoronoBbA 6bIKoB. peacTaBneHHble AaHHble NOATBEPKAAIT BbIBOALI 0TEUECTBEHHDIX
YUEHDIX 0 LLMPOKOM PaCcnpOCTPaHEHNI MUKOMIA3MO30B CPeAY KpYNHOro poratoro ckota Ha Tepputopui Poccuiickoil Oefepatiini 1 yrpo3e 3aHoca Bo36yawTeneit
3a6oneBaHua ¢ BBO3MMOIi cnepmoii. Bee 370 yKa3biBaeT Ha HEO6X0AUMOCTb KOHTPONA CNepMOnPOAYKLIK, KaK UCTOYHIKA PACNpPOCTPAHEHNA MIUKONNa3MO30B,
a TaKkKe Ha HeA0CTAaTOYHOCTb OAHOKPATHOTO MCCNeL0BAHMA CeMeHN ANA MPUCBOEHINA NeMeHHOMY X03AICTBY CTaTyca bnarononyuna ana peanusawim reHetu-
yecKoro matepuana.

Kntouesbie cno.a: Mycaplasma bovis, Mycoplasma bovigenitalium, Mycoplasma dispar, nonumepasHas LenHas peakums, pacnpocTpaHeHue, KpynHblii poraTblii
CKoT, 6romatepuan, cnepma.

BnaropapHocTb: Pabota BbinonHeHa npu GuHancosoit nopaepxke OrbY «BHUN3X» B pamkax HayuHo-uccnefoBatensekiux pabot no Teme «BetepuHapoe
6narononyune».

[ina yutuposanua: Abeg Anxyccen Moxammag, Hectepos A. A., Kupnuuenko B. B., uentiok C. M., Cnpbirun A. B., Boanosckas 0. M., KoHoHos A. B.
PacnpocTpaHeHre MiKONNa3M030B KPYMHOTO POraToro CKOTa Ha XWUBOTHOBOAYeckXx depmax B Poccuiickoit Oepepauun B nepuog ¢ 2015 no 2018 rog.
Bemepurapus cezo0us. 2020; 2 (33): 102—108. DOI: 10.29326/2304-196X-2020-2-33-102-108.
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[ina koppecnonpenuyun: Moxammag Aben AnxycceH, acnupaHT JenapTameHTa BeTepUHApHOW MeZWULMHbI arpapHO-TEXHONOTNYECKOro MHCTUTYTa
OrAQY BO «Poccuitckuii yuuepcutet apy6bl Hapogos» (PYH), 117198, Poccus, MockBa, yn. Muknyxo-Maknas, 6, e-mail: alhussenmohammed85@hotmail.com.

INTRODUCTION

Mycoplasma mycoides subsp. mycoides SC (Mmm SC),
Mycoplasma bovis (M. bovis), Mycoplasma bovigenitalium
(M. bovigenitalium) and Mycoplasma dispar (M. dispar) play
a significant role in bovine mycoplasmoses development.
High disease incidence has a significant impact on animal
health situation in animal industry and results in substan-
tial economic losses in meat and dairy industries [1, 2].

M. bovis is the second most common bovine myco-
plasmosis agent after Mmm SC; it is one of the major
pathogens causing numerous diseases: inflammation of
the respiratory tract, arthritis, keratoconjunctivitis, mas-
titis, etc. [2, 3]. M. bovis-associated mastitis in cattle and
buffaloes has been already recognized as a serious prob-
lem worldwide [4, 5], and the infection caused by the
said pathogen is of steadily growing importance due to
increase in the said disease outbreaks in the major dairy
producing countries [6-8]. Thus, M. bovis was detected in
animals in the south-east of France [9] and in Czech Repub
lic[10]. According to available reports, M. bovis prevalence
in the north of Greece was 8.2% [11], in Poland in cattle
population — 76.6% [12]. M. bovis prevalence in cattle in
South America was slightly lower — 6.2% [13].

M. bovis prevalence heterogeneity in different countries
can be accounted for various densities of susceptible ani-

mals [9]. Sporadic nature of Mycoplasma-associated mas-
titis in France is accounted for small herd sizes as well as
effective management practice.

As the agent can be transmitted through infected
milk, animal handling, veterinary and zootechnical pro-
cedures [14], it is particularly important that the animals
without any clinical signs of the disease could be a source
of the infection. The risk of mycoplasmosis outbreaks
increases when new animals are introduced into the
herd [15].

Likelihood of Mycoplasma infection in cattle raised
under semi-intensive farming systems is 4.6 times higher
than in free-ranging animals [16]. This is due to the fact
that the risk of the pathogen transmission via direct con-
tact between animals increases when the animals are
reared under semi-intensive systems [17].

M. bovis was isolated in 2.2% of tested vaginal samples
taken from cows in Egypt whereas M. bovigenitalium
detection rate was 13.3% [18]. M. bovigenitalium was
detected using similar tests in Brazil (9.29%) [19] and
Japan (7.4%) [20].

M. bovigenitalium-associated genital infections in cows
are characterized by granular vaginitis, vulvovaginitis with
mucous and purulent vaginal discharges that could result
in infertility and occasionally necrotic endometritis [21].
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Economic losses due to M. bovigenitalium infection are at-
tributed to infertility and poor reproductive performance
of animals [21, 22].

Many researchers believe that M. dispar is responsible
for bovine respiratory diseases that are widespread and
characterized by upper respiratory tract mucosa inflam-
mation and lung lesions. Though microorganisms of the
said Mycoplasma species cause mild pneumonic lesions
increased M. dispar occurrence confirms their role in bo-
vine respiratory disease pathogenesis. Under unfavorable
conditions mycoplasmas by themselves or in combination
with other infectious agents can cause serious respiratory
diseases resulting in economic losses in large animal far-
ming holdings with high animal density [23, 24].

The study was aimed at analysis of M. bovis, M. bovi-
genitalium and M. dispar prevalence in different Subjects
of the Russian Federation and tests of native and imported
stud-bull semen samples for genomes of the above-said
mycoplasmas.

MATERIALS AND METHODS

The following samples were used for tests: blood, sera,
nasal swabs, milk, preputial swabs, vaginal swabs, abor-
ted and stillborn fetuses. The samples were collected from
animals with clinical signs of respiratory and reproductive
disorders in 34 different regions of the Russian Federation
for 2015-2018. Tests of 115 biomaterial samples were
carried out in 2015; 337 biomaterial samples were tested
in 2016; 373 biomaterial samples were tested in 2017 and
361 biomaterial samples were tested in 2018.

Additionally, stud bull semen samples (483 semen
straws) obtained from breeding holdings located in dif-
ferent regions of the Russian Federation were tested in the
FGBI“ARRIAH" (Vladimir).

Furthermore, 444 semen samples collected from stud
bulls in different Russian and foreign breeding centres
were tested in the Unit for Gene Diagnosis of Infectious
Animal Diseases of the FGBI“VGNKI” (Moscow).

Seminal fluid was periodically collected from four stud
bulls with impaired reproductive performance to test for
M. bovis and M. bovigenitalium shedding with semen.

Samples were preliminary processed in accordance
with the requirements of the Methodical Guidelines
1.3.2569-09 “Operation procedures for the laboratories
using nucleic acid amplification techniques for tests of
the materials containing Pathogenicity Group -1V micro-
organisms”. In the FGBI “ARRIAH" the agent DNA was ex-
tracted with AllPrep DNA/RNA Mini Kit (Qiagen, Germany);
in the FGBI “VGNKI” the agent DNA was extracted with
RIBO-prep kit (AmpliSens, Russia) in accordance with the
relevant instruction for use.

PCR assays of the biological materials were performed
in the FGBI“ARRIAH" with real-time polymerase chain reac-
tion (qPCR) using own commercial kits for M. bovis, M. bo-
vigenitalium and M. dispar detection in accordance with
their instructions for use.

Stud bull semen straw samples were tested in the
FGBI “VGNKI” with qPCR in accordance with the methods
developed earlier [25].

TEST RESULTS

Tests of the biomaterials submitted from different re-
gions of the Russian Federation

Figure 1 shows results of qPCR tests of 1,186 bioma-
terial samples collected from cattle in 34 Subjects of the
Russian Federation for 2015-2018.

Figure 1 shows that average detection rate of M. bovis,
M. bovigenitalium, M. dispar genome was 10.1%, 8.6% and
37.15%, respectively, for the whole test period.

It should be noted that M. dispar was detected more of-
ten than M. bovis and M. bovigenitalium based on the ana-
lysis of Mycoplasma-positive samples. Average percentage
of M. dispar genome-positive samples out of all samples
that had been PCR-positive for Mycoplasma for 4 years was
58.75%, whereas for M. bovis and M. bovigenitalium it was
32.50% and 8.75%, respectively.

Tests of semen samples

A total of 241 semen samples collected from native
donor stud bulls and 242 semen samples collected from
imported donor stud bulls were tested in the FGBI“ARRIAH"
for assessment of seminal fluid quality. Bovine Mycoplasma

60,0%

50,0%

40,0%

30,0%

20,0%

10,0% -

0,0%
2015 2016 2017 2018
—a—[\V]. bovis 8,5% 14,6% 7,2% 10,1%
—a—M. bovigenitalium 3,0% 11,0% 14,0% 6,4%
M. dispar 22,1% 27,2% 53,2% 46,1%

Fig. 1. Results of tests of biological materials for mycoplasma genomes (2015-2018)

Puc. 1. Pesynemamel 8bisig1eHUA 2eHOMA MUKON/1Aa3m 8 npobax buosozudeckozo mamepuasna 8 2015-2018 ee.
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Table 1

Results of tests of 483 semen product samples carried out in the FGBI “ARRIAH”

Tabnuua 1

Pe3ynbratbl UccnefoBaHuii 483 06pasLoB cnepmonpoayKumum, npoeaeHHbIX B OTBY «BHUN3XK»

Number of positive semen samples

Pathogen native

28 11.6 6 25

imported

M. bovis
M. bovigenitalium 70 29.0 10 4.1
Total 98 40.6 16 6.6

genomes were detected in 114 semen samples (23.6%) out
of 483 semen samples submitted from 13 Subjects of the
Russian Federation in 2015-2018.

Data on tests of seminal fluid for Mycoplasma contami-
nation are presented in Table 1.

Data given in Table 1 show that in Russian semen sam-
ples M. bovigenitalium genome was detected most fre-
quently (29%), while M. bovis genome was detected only
in 11.6% of the samples.

M. bovigenitalium and M. bovis genomes were detected
in 10 (4.1%) and 6 (2.5%) semen samples, respectively, out
of 242 imported semen samples.

Test results for 2015-2018 were analyzed to determine
detection rates of M. bovis and M. bovigenitalium in semi-
nal fluids (Fig. 2).

The analysis revealed that detection rate of M. bo-
vis (2.1%) and M. bovigenitalium (6.3%) genomes was the
lowestin 2015. However, it had increased up to 6 and 15.5%,
respectively, by 2018 (Fig. 2). M. bovis genome detection
rate was maximum in 2016: 9.8% of M. bovis-positive
samples out of total number of tested samples. The highest
number of M. bovigenitalium genome-containing samples
was detected in 2017: 25% of M. bovigenitalium-positive
samples out of total number of tested samples.

M. bovis and M. bovigenitalium genomes were detec-
ted with gPCR in 187 samples (42.1%) out of 444 semen
samples obtained from Russian and foreign breeding cen-
tres that were tested in the FGBI “VGNKI".

No M. bovis genome was detected in semen samples
submitted from Russian breeding holdings, whereas
M. bovigenitalium DNA was detected in 60.7% of tested
samples (Table 2).

M. bovigenitalium and M. bovis genomes were detec-
ted in 22.3 and 3%, respectively, of tested semen straws
obtained from breeding holdings located in the UK, USA
and Netherlands. Therewith, M. bovis DNA was detected
only in semen straws submitted from US breeding centres.

Test of stud bulls for Mycoplasma shedding

For tests for Mycoplasma shedding with semen, seminal
fluid samples were collected from four stud bulls with im-
paired reproductive performance for 2015-2018. Collec-
ted samples were tested for M. bovis and M. bovigenitalium
genomes with gPCR. Test results are given in Table 3.

The results given in Table 3 show that only M. bovigeni-
talium genome was detected in semen collected from the
tested bulls. It should be noted that M. bovigenitalium ge-
nome was detected within the period of 2015-2017 while

30,0%

25,0%

20,0%

15,0% /
o //\
5,0% d

0,0% ;
2015 2016

=—g==M. bovis

2017 2018r.

—#— M. bovigenitalium

Fig. 2. M. bovis and M. bovigenitalium detection in semen product samples in 2015-2018
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Table 2
Results of tests of 444 semen product samples carried out in the FGBI “VGNKI”

Ta6nuua 2
PesynbTatbl nccnepoBanuii 444 06pa3uos cnepmonpoaykumMu, nposefieHHbIX Ha 6ase OIBY «BrHKW»

Pathogen

ORIGINAL ARTICLES | BOVINE DISEASES OPUTUHATNbHbIE CTATBY | BONE3HU KPC

number of samples

Number of positive semen samples

native

60.7

imported

number of samples

M. bovigenitalium 128 52 223
M. bovis 0 0 7 3.0
Total 128 60.7 59 253

samples collected from the same stud bulls in 2018 were
tested negative.

The frequency of Mycoplasma genome detection in
stud bull semen can be associated with many external
and internal factors: introduction of infected animals in
the herd, regular antimicrobial treatment, etc. Mycoplasma
infections have remained understudied so far and require
further investigations in the field of their diagnosis and
clinical infection in animals.

DISCUSSION

Mycoplasmoses are one of the most common infec-
tious diseases in cattle. About 100,000 new cases of clinical
Mycoplasma infections are reported annually in cattle in
Germany and the USA [26].

M. dispar genome was the most often detected in
biomaterials from cattle with clinical signs of respiratory
disorders (Fig. 1). It is important to note that while M. bo-
vigenitalium is a genital pathogen in some cases its ge-
nome has been detected in respiratory organ samples and
in nasal swabs. Analysis of detection dynamics shows an
upward trend for detection rate of M. dispar genome in
tested samples (Fig. 1), whereas detection rate of M. bovis
and M. bovigenitalium remains approximately at the same
level; this highlights the need for systematic monitoring
of the said pathogens.

The fact that mycoplasmas can contaminate stud bull
semen is of great concern. Use of uncertified semen can
significantly undermine Mycoplasma freedom of the whole
populations in breeding and/or artificial insemination
centres. Results of the test carried out in the FGBI “VGNKI”
showed that M. bovis genome was detected in 3% of stud
bull semen samples from foreign breeding centres and
was not detected in stud bull semen samples from Russian
breeding holdings. M. bovigenitalium DNA was detected in
60.7% of stud bull semen samples from Russian breeding
holdings and in 22.3% of stud bull semen samples from
foreign breeding centres (Table 2, Fig. 2).

During the tests carried out in the FGBI“ARRIAH", M. bo-
vis and M. bovigenitalium genomes were detected in 11.6
and 29.0% of semen samples collected from native stud
bulls and in 2.5% and 4.1% of imported semen samples,
respectively (Table 1).

Notably, there is a difference between results of se-
men straw tests performed by the FGBI “VGNKI” and
FGBI“ARRIAH". This can be accounted for different origin
of samples selected for tests. Samples from large-scale
animal holdings including those being both production

and breeding centres were submitted to the laboratory
of the FGBI “ARRIAH". The samples were not separated
during the said tests.

Semen purchased directly in the breeding centres was
tested in the FGBI “VGNKI". Also, differences in control of
stud bull health in Russian breeding centres and foreign
breeding centres importing semen straws to the Russian
Federation should be considered.

Mycoplasmosis is a factor-associated infectious disease
triggered by stress, animal overcrowding, wet conditions,
increased air humidity, inappropriate diet, etc.

Antibiotic treatment carried out in the holdings for My-
coplasma control contributes to the herd health improve-
ment. However, it is important to understand that this
measure alone is not sufficient for the complete recovery
of the animals due to long-term Mycoplasma persistence
in animal body and periodical Mycoplasma shedding by
the animals. This reveal the need for systematic monito-
ring of the said infections (Table 3).

Presented data support results of the tests performed
by Russian scientists that are indicative of wide mycoplas-
moses occurrence in cattle in the Russian Federation and
risk of the Mycoplasma agent introduction through im-
ported semen [27, 28].

The above-said test results highlight the need for con-
trol of semen products (especially imported ones) as a
source of Mycoplasma spread as well as insufficiency of
single testing of semen for granting the disease-free status
to the breeding holding for genetic material marketing.

CONCLUSION

Test results are indicative of bovine mycoplasmoses oc-
currence in the holdings located in different regions of the
Russian Federation for 2015-2018. Identification of M. bo-
vis and M. bovigenitalium genomes in semen from Russian
and foreign breeding centres reveals high risk of the fur-
ther spread of pathogenic mycoplasmas in the absence of
systematic surveillance aimed at their spread prevention.
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SUMMARY

Porcine reproductive and respiratory syndrome (PRRS) being endemic and reported in the most countries in the world remains one of the most challenging diseases
in pig industry. The main disease control measures include preventive vaccination and animal movement control within and outside the country as well as diag-
nostic testing of pigs in the population. Live and inactivated vaccines are used for specific prevention of porcine reproductive and respiratory syndrome. Complete
and irreversible infectious agent inactivation with maximum epitope preservation and protective immunity in immunized animals are the main requirements for
inactivated vaccines. Therefore, continuous improvement of methods for vaccine quality control at various vaccine production stages is of current importance. Results
of development of the test system based on indirect liquid-phase enzyme-linked immunosorbent assay (ELISA) for PRRS virus antigen detection and activity testing
in infectious and inactivated virus-containing cell cultures at intermediate stages of the vaccine production process are described in the paper. The test-system
development process included purified and concentrated virus antigen as well as hyperimmune rabbit sera preparation. Specificity of purified and concentrated
virus antigen was confirmed with real-time polymerase chain reaction. The developed test-system was shown to detect the virus antigen at initial infectivity titre
of 4.87-7.211g TCID, /cm?® corresponding to ELISA titre (dilution) of 1:4 up to 1:64. Methodical Guidelines for detection of porcine reproductive and respiratory
syndrome virus antigen with indirect liquid-phase enzyme-linked immunosorbent assay (ELISA) (2019) were developed based on the work results, commissioned
and approved by the FGBI “ARRIAH” Scientific Board.
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PE3IOME

OnHoit u3 Hanbonee akTyanbHbIX Npobnem CBUHOBOACTBA 0CTALTCA PENpPOAYKTUBHO-PECNPATOPHDIA CUHAPOM CBUHE, KOTOPBIil ABNAETCA IHAEMUYHBIM 3a60-
NeBaHNEM 1 perucTpupyetca B 60NbLUMHCTBE CTpaH MUpa. K 0cHOBHbIM Mepam 60pbObl ¢ 3a60n1eBaHIeM 0THOCATCA NpodunaKkTUyeckas BakLMHALWA, KOHTPONb
3a nepefiBIKEHIEM XKUBOTHDBIX KaK BHYTPU CTPaHbl, TaK U 3a ee Npefenamu, a Takxke NOCTOAHHOE NpoBefeHMe ANarHoCTUYECKX MCCNef0BaHIi B oNynALMN
(BUHeiA. B KauecTBe CpeACTB cneLduueckoii NpodunakTKI penpoayKTUBHO-PECTPATOPHOTO CUHAPOMA CBUHEIT NPUMEHAIOTCA XKIBbIe U MIHAKTVBUPOBaHHbIE
BaKLMHbI. OCHOBHbIM TpeboBaHeMm, NpeAbABNAEMbIM K MHAKTUBUPOBAHHbIM Npenapatam, ABAAETCA NONHAA U HeobpaTMan NHAKTUBALNA MH(EKLMOHHO-
r0 areHTa Npu MaKCUMasbHON COXPAHHOCTY AHTUTEHHON AETEPMUHAHTbI M UMMYHHAA 3alliTa MPUBUTBIX XMBOTHBIX. [103TOMY aKTyanbHoil 3aaayeli ABNAeTCA
MOCTOAHHOE COBEPLUEHCTBOBAHIE METOZ0B KOHTPOMIA KauecTBa BaKLMH Ha Pa3NnyHbIX TEXHONOTMYECKMX CTaAUAX UX NPOU3BOACTBA. B cTaTbe npefcTaBneHb
pe3ynbTatbl pa3paboTKm TeCT-CMCTeMbI Ha OCHOBE HENPAMOTO XiAKodasHoro 61oKMpyloLLero UMMyHoGEPMEHTHOTO aHanu3a AnA BbIABNEHIA U ONpeseneHna
aKTUBHOCTY aHTUTeHa BUPYCa PenpoayKTUBHO-PECUPATOPHOrO CUHAPOMA CBUHEN B MHGEKLIMOHHBIX 11 MHAKTUBMPOBAHHBIX BUPYCCOAEPXKALLIX NpenapaTax
KNETOYHDbIX KyNbTYp Ha MPOMEXYTOUHbIX 3Tanax NPoU3BOACTBA BaKLUMHHbIX Gronpenapatos. Pa3paboTka TecT-cUCTeMbl BKAKOYANA MONYYEHNE OUULLEHHOTO
11 KOHLIEHTPUPOBAHHOTO NpenapaTta aHTUreHa BUPY(a, a TakKe cneuduyeckux runepuMMyHHbIX CbIBOPOTOK KPOBU KPONMKOB. CneLnduuHoCTb 0unLyeHHoro
11 KOHLIEHTPUPOBAHHOTO aHTUTEHa BUpYyCa NOATBEPXAaNU C MOMOLLbIO NOIMMEPA3HON LieNHOI peakLui B pexume peanbHoro Bpemeru. Mokasako, uTo pas-
paboTaHHaA TecT-CACTeMa M03BONIACT BbIABAATD AHTUTeH BUPYCA C MCXOAHbIM TUTPOM UHOEKLIMOHHO! aKTUBHOCTI B AanasoHe ot 4,87 no 7,21 Ig TLA, /aw’,
COOTBETCTBYHLLMIA 3HAUEHIO TUTPA (pa3BefieHNA) NPy NOCTAHOBKe MMYHOdEPMEHTHOT0 aHanu3a ot 1:4 1o 1:64. B pe3ynbTate npoBefeHHoi paboTb Gbun
pa3paboTaHbl, NPOLLN KOMUCCUOHHDIE UCMbITaHNA 1 YTBEPXeHbl yueHbIM coBeTom OI'BY «BHUN3X» «MeToanueckue pekomeHaaLumm no BbIABAEHII0 aHTUreHa
BUpYCa penpoayKTUBHO-PeCnnpaTopHOro CMHAPOMA CBUHeIT B HeNPAMOM XUAKodasHoM 6noKupyloLLeM BapuaHTe UMMyHodepMeHTHOo aHann3a» (2019 1.).

KnioueBbie cnoBa: penpoayKTUBHO-PECNPATOPHbIl CUHAPOM CBUHEIA, UMMYHO(EPMEHTHbIN aHaNN3, aHTUreH.
bnaropapHocTb: Pabota BbinonHeHa 3a cuet cpeacts OTBY «BHUI3X» B pamkax HayuHo-uccneoBatenbckux pabot no teme «BetepunapHoe bnarononyune.

[insa uvruposanma: babopenko E. 1., bbagosckaa 0. 1., buptouenkos [1. A., KonctanTuHo A. B., wun P. B. Pa3paboTka 11 npumeHeHue TecT-cucTeMbl Ha
0CHOBE HenpAMOro xuakodazHoro bnokupylowero Bapuaxta QA ana onpesenexna antureHa Bupyca PPCC npu npoMexxyTouHOM KOHTpOMe BaKLUHHOTO
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INTRODUCTION

Porcine reproductive and respiratory syndrome (PRRS)
has been and remains a significant challenge for the ma-
jority of the countries where pig faming is well-developed
including Russia. PRRS is currently endemic and almost
all countries in the world including Russia, USA, China as
well as West European countries suffer great economic
losses [1, 2].

Analysis of anti-PRRS measures taken worldwide shows
that the main measures include preventive vaccination,
animal movement control within and outside the country
as well as permanent diagnostic testing of pigs in the po-
pulation [3]. Preventive vaccination covers more and more
pigs every year. Therefore, continuous improvement of the
vaccines and methods for control at various vaccine pro-
duction stages is of current importance.

It is known that inactivated antiviral vaccine produc-
tion is a complex technological process and complete and
irreversible infectious agent inactivation with maximum
epitope preservation and protective immunity in vacci-
nated animals are the main requirements for inactivated
vaccines.

Qualitative and quantitative characterization of the
virus antigen is a fundamental prerequisite for produced
anti-PRRS vaccine effectiveness. If the virus infectivity can
be controlled at the stage of the vaccine raw material sca-
ling up with titration in susceptible cell culture, then, after
inactivation, quantification of PRRS antigen, a parameter

characterizing the ability to induce immune response, is
difficult.

The study was aimed at development of the method for
determination of PRRS virus antigen activity both in cul-
tural virus-containing materials intended for the vaccine
production and in the semi-finished vaccine.

MATERIALS AND METHODS

Antigen. Aminoethylethyleneimine-inactivated KPR-96
strain of European genotype PRRS virus (FGBI “ARRIAH"
Collection of Microorganism Strains) grown in Marc-145
continuous cell culture (rhesus macaque kidney), a tro-
phovariant of MA-104 cell culture, (infectivity titre — 4.87—
7.211g TCID, /cm?) was used.

Animals. The following laboratory animals were used
for tests: seronegative Chinchilla rabbits (live weight -
2-2.5 kg) and clinically healthy piglets at the age of
2 months (live weight — 20-25 kg) obtained from the PRRS-
free holdings.

All tests in the animals were carried out in strict
compliance with the interstate standards on laborato-
ry animal keeping and handling: GOST 33216-2014 and
GOST 33215-2014, adopted by the Interstate Council on
Standardization, Metrology and Certification as well as in
accordance with the requirements laid down in Directive
2010/63/EU of the European Parliament and the Council
of 22 September 2010 on protection of the animals used
for scientific purposes.
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Specific hyperimmune sera. Specific hyperimmune rab-
bit sera prepared by thrice immunization of rabbits with
preliminary purified and concentrated emulsified antigen
supplemented with oil adjuvant were used.

Anti-species conjugate. Horseradish peroxidase-conju-
gated anti-rabbit IgG (H+L) immunoglobulins (Sigma, USA)
were used as anti-species conjugate.

Tested preparations: cultural virus and antigen speci-
mens prepared during the vaccine raw material scaling-up,
exhibiting different infectivity levels and collected at dif-
ferent production stages. Suspension of normal uninfec-
ted cell culture equivalent to the tested specimen as well
as antigens of Aujezsky’s disease virus (ADV) and porcine
parvovirus (PPV) were used as negative controls. Cultural
virus-containing preparation with known infectivity titre
was used as positive control.

Methods. Common methods for PRRSV cultivation, in-
fectivity titre determination, antigen preparation through
the virus inactivation and low speed-centrifugation con-
centration; microneutralization assay (MNA), Bradford
protein assay; real-time polymerase chain reaction (qPCR)
were used.

Enzyme-linked immunosorbent assay (ELISA) was
carried out in accordance with the Methodical Guide-
lines for detection of porcine reproductive and respira-
tory syndrome virus antigen with indirect liquid-phase
enzyme-linked immunosorbent assay developed in the
FGBI“ARRIAH" [4].

Porcine Reproductive and Respiratory Syndrome Virus
Antibody Test Kit (IDEXX, USA) was used for testing porcine
sera for specific antibodies against PRRS virus, the test re-
sults were read in accordance with the test-kit manufac-
turer instruction.

Statistical processing of the results. Standard methods for
processing of the selected variables as well as elements of
correlation-regression analysis were used. All calculations
and graphical plottings were performed using Microsoft
Office Excel applications.

RESULTS AND DISCUSSION

Preparation of active and specific antigen is one of the
important stages of the ELISA test-kit development. The
virus-containing cultural fluid was purified from ballast
proteins and cell fragments with low-speed centrifugation
using Beckman Coulter J-26 XP centrifuge (USA) equipped
with JA-14 rotor at 4,500 rpm for 40 min.

Resulting clarified supernatant was centrifuged with
Beckman Coulter J-26 XP centrifuge (USA) with JA-18 ro-
tor at 17,000 rpm for 2.5 hours and then the supernatant
was removed and pellet was resuspended with 10 ml of
TNE-buffer.

For the further PRRS virus antigen purification and
concentration the resuspended pellet was centrifuged
in 30% sucrose-layer gradient with high-speed Beckman
Coulter Optima L-80 XP (USA) centrifuge with SW-28 ro-
tor at 27,000 rpm for 2.5 hours. The resulting pellet was
resuspended with TNE-buffer at the ratio of 100:1 of the
initial volume.

The specificity of the purified and concentrated PRRS
virus antigen was confirmed with gPCR. C-values of all
antigen samples tested with gPCR were less 35 (C)) and
within the range of 17-23 (C), that was indicative of high
virus levels in the preparations.

Protein concentration in the PRRS virus antigen prepa-
rations measured with Bradford protein assay using bo-

vine serum albumin standard solutions at wavelength of
595 nm was 0.5-1.0 mg/ml.The purified and concentrated
antigen was used for preparation of hyperimmune sera
required for ELISA test- system development.

The test-system development comprised selection of
optimal antigen dilution, specific hyperimmune serum
and anti-species conjugate. The test results were read
with Sunrise spectrophotometer (Tecan, Austria) at wave-
length of 405 nm. The test-system development included
selection of suitable buffer systems and blocking solutions,
determination of the component adsorption time and
temperature.

Optimal antigen dilution was determined for each
batch with serial-dilution ELISA. The last antigen dilution
that gave the following optical density (OD) values was
considered to be working dilution: control positive se-
rum OD; - within the range of 1.0-1.5 AU (when tested
sera were diluted at 1:100) and negative serum OD, - not
higher than 0.25 AU. The data are given in Figure 1.

Based on the obtained data, PRRS virus antigen dilu-
tions giving control positive serum OD, of 1.0-1.2 (at 1:100
dilution of the tested sera) that were equal to the antigen
dilutions of 1:50 - 1:100 (P/N 8.8-8.75) were used as wor-
king PRRS virus antigen dilutions.

As a result, the Methodical Guidelines for detection of
porcine reproductive and respiratory syndrome virus an-
tigen with indirect liquid-phase enzyme-linked immuno-
sorbent assay (2019) were developed, commissioned and
approved by the FGBI“ARRIAH" Scientific Board [4].

Testing of the developed test-system for its sensitivity
and specificity was the next stage of the study. Tests of
the virus-containing specimens before and after their in-
activation as well as virus antigen at different stages of its
purification and concentration with the proposed method
were carried out. Test results are given in Table 1.

The data given in Table 1 show direct correlation be-
tween infectivity titres and ELISA dilutions. For example,
infectivity titre of the 10x-concentrate of the virus was
7.21£0.111gTCID, /cm? and its ELISA titre was 1:32 - 1:64
both before and after inactivation; infectivity titre of the
3x-concentrate of the virus was 6.15 + 0.14 g TCID, /cm?,
its ELISA titre was 1:16 — 1:32 both before and after in-
activation. While supernatants with infectivity titres of
1.15 £ 0.09 and 1.35 £ 0.12 Ig TCID, /cm® demonstrated
negative ELISA values — < 1:2.

—e— positive serum —= hegative serum

0,38
0,6

0,4

OPTICAL DENSITY, AU

02 - =

0 5 25 50 100 200 400
ANTIGEN DILUTIONS
Fig. 1. Specific and normal rabbit serum activity, 1:100 dilution

Puc. 1. AkmugHocmeb cneyuguyeckol u HopmaneHol
CbIBOPOMOK KpOBU KpOJIUKA 8 pa3gedeHuu 1:100
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Table 1

Comparative testing of PRRS virus for its infectivity and antigenicity with titration and ELISA

Tabnuua 1

(paBHUTeNbHaA OLLeHKa MH(EKLMOHHOI 1 aHTUTeHHOI aKTUBHOCTH BUpYca PPCC, onpefieneHHoil MeToA0M TUTPOBaHMA U ¢ nomoLybio MDA

Type of sample AT Mean titre, g TCID, /cm? Mean ELISA titre* (dilutions)
of samples

Virus-containing suspension
(before inactivation)

Antigen-containing suspension (inactivated)

4.87£0.12

not tested

Antigen-containing suspension
(10 concentrate of PRRSV antigen) 10
(inactivated)

not tested 1:32-1:64

Virus-containing suspension

(3 concentrate of PRRSV antigen) (before inactivation) 15

6.15+0.14 1:16-1:32

Antigen-containing suspension

(X3 concentrate of PRRSV antigen) (inactivated) 1

not tested 1:16-1:32

Negative control
(cultural fluid of normal 5
non-PRRSV-infected cell culture)

0 <12

Negative control
(AD virus antigen)

0 <12

* ELISA test result in titres: > 1:2 — positive result; < 1:2 — negative result.
* Pesynbtat IOA B TUTpax: > 1:2 — NONOXUTENbHO; < 1:2 — OTPULATENbHO.

Correlation between developed indirect liquid-phase
ELISA-derived results and virus infectivity titre (T, TCID, )
calculated for the tested virus-containing cultural fluid
specimens was determined based on results of numerous
tests. For ELISA the following was taken as a value indica-
ting the relative amount of reacting antigen: D = K/S,
where K and S - negative control and tested sample op-
tical density, respectively; D — estimated independent pa-
rameter and IgT - estimated dependent parameter.

Obtained results are presented in the form of graph in
Figure 2.

Figure 2 shows the following regression model for
tested parameters: IgT” = 1.808(D) + 0.769, where IgT" -
expected titre for the specified D value; the coefficient of
model validity is as follows: R* = 0.891.

Obtained data are indicative of apparent correla-
tion between relative amount of ELISA-reactive antigen
(D) and logarithmic titres of the virus (IgT) expressed as
correlation coefficient (R = 0.944). Plotted model of cor-
relation between specified parameters was as follows:
IgT” = 1.808(D) + 0.769 and covered at least 89.1% of em-

pirical points. Within the 2 < D < 3.15 range the model
allows infectivity titre of the sample to be predicted with
statistical uncertainty (regression error) of m < 0.18 Ig.

Tests shows that developed sensitive and specific com-
petitive liquid-phase ELISA can be used for in-process
laboratory control carried out at the stages of PRRS virus
antigen preparation for determination of semi-finished
vaccine activity.

During the laboratory experiment specific antibody
levels were determined in piglets immunized intramus-
cularly at a dose of 2 cm?® with tested vaccine specimens
prepared based on the virus antigen with different infec-
tivity levels determined with titration and developed ELISA
test-system. Piglet sera were tested in accordance with the
instruction for use of Porcine Reproductive and Respira-
tory Syndrome Virus Antibody Test Kit (IDEXX, USA). The
results are given in Table 2.

The animals were PRRS virus-seronegative before vac-
cination. Twenty-eight days after vaccination specific anti-
bodies were detected only in 30% of the piglets immunized
with vaccine specimen 1 (ELISA virus antigen activity — 1:4)
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IgT

[1g"T=1,808(D) + 0,769 ; R2=0,891|

*
*
*

-

s ¢
* *

1 L] L] L]
0,5 1 1,5 2

2,5 3 3,5 4
D

Fig. 2. Logarithmic titres of the virus infectivity (IgT, ®) determined for tested cultural fluid samples corresponding to relative

amounts of ELISA-reacting antigen (D)

Puc. 2. Jloeapugpmuydeckue oyeHKU mumpa uHgekyuoHHoU akmugHocmu supyca (IgT, ®), ycmaHosnieHHble
8 mecmupyembix 06pazyax KynbmypanabHoU XUOKOCMU cCOOM8emcmaeHHO NOKA3amesiaM OMHOCUMeNbHO20

Konu4ecmaa peazupyrowe2o aHmuzexa (D) e UOA

whereas vaccine specimens 2 and 3 (ELISA virus antigen
activity — 1:8 and higher) induced pronounced immune re-
sponse in the piglets detectable both with ELISA and MNA.

CONCLUSION

ELISA test-system to quantitate porcine reproductive
and respiratory syndrome virus antigen in tested speci-
mens of semi-finished anti-PRRS vaccine during in-process
laboratory control was developed based on test results.
Specific ELISA components were prepared, cut-off values
were determined, correlation between relative amount of
ELISA-reactive antigen and logarithmic titre of the virus ex-

Table 2

pressed as the following correlation coefficient: R = 0.944
was established. Inactivated PRRSV antigen with ELISA ac-
tivity of at least 1:8 — 1:16 induces specific immunity that
is evidenced by presence of diagnostic levels of specific
anti-PRRSV antibodies in animals.
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Tabnuua 2
N3yyeHne aHTUreHHbIX CBOWCTB BaKLyHbI NpoTB PPCC MHAKTUBMPOBAHHON 3MYNbINPOBaHHON € pa3NNYHON aKTUBHOCTbIO aHTUTeHa

Inactivated emulsion vaccine PRRS virus/antigen activity

Vaccine antigenicity (mean antibody level
in the group of piglets 28 days after vaccination

against PRRS
e
Specimen No. 1 5.0 14 0.31105;.06 <20
Specimen No. 2 5.75 0513 /1{;21 2.74+0.12
Specimen No. 3 6.25 1:16 11102%*1 3.57+0.11

*Number of tested/positive samples.

ELISA result: s/p < 0.4 — no specific antibodies; s/p > 0.4 — presence of specific antibodies.
MNA results: < 2.0 — no microneutralization antibodies; > 2.0 — presence of specific antibodies.

* KonnuecTBo nccnefoBaHHbIX/NoNoXUTENbHbIX Mpob.

3nauenve UOA: s/p < 0,4 — cneumduueckue aHTUTena oTCyTCTBYIOT; S/p = 0,4 — Hannume cneLmuueckux aHTuTen.
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SUMMARY

Nidoviruses comprise the most complex grouping among other viruses with respect to their multiplicity, phylogeny, systematics, species identification, genetic
relationships within a taxon, progressive variability. Like other single-stranded RNA viruses, nidoviruses have a relatively high ability to mutate and recombine,
which allows them to quickly adapt to new hosts and new ecological niches. Although most of the known representatives of nidoviruses are associated with
terrestrial hosts, more and more data has recently appeared on nidoviruses recovered from aquatic organisms. This review is the analysis of current data on the
representatives of the order Nidovirales associated with aquatic animals. They are all included in the eight families based on the current classification of viruses.
The most studied among them are members of the families Coronaviridae, Tobaniviridae and Roniviridae. Representatives of the other families of aquatic animal
nidoviruses were identified using metagenomic deep sequencing (metagenomics), but their effect on the host organism has not yet been adequately studied.
Data on the distribution of nidoviruses among aquatic animals in different global aquatic systems are presented, clinical signs of the disease are described, a brief
description of nidoviruses and their genomes is given. Nidoviruses of aquatic animals as the earliest members of the animal kingdom are supposed to have played
apossible role in the evolution of terrestrial animal nidoviruses. Therefore, aquatic animal nidoviruses could play a significant role in the formation of new natural
reservoirs unknown to science, as well as in their interspecies transfer between marine, freshwater and terrestrial hosts.
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PE3IOME

Hua0BMpYCbI B OTHOLLEHNM X MHOTOUMCIEHHOCTY, QUoreHe3a, CUCTEMaTVKIA, BUAO0BOI MACHTUGUKALIM, TeHETUYECKIX (BA3eN BHYTPY TaKCOHA, NPOrPeccuBHOl
3MEHUYMBOCTI ABAAIOTCA HanboMee CNOXHOI rpynnupoBKoii cpen npounx BupycoB. Kak u Apyrue Bupycbl ¢ ogHocnpanbHoii PHK, Hugosupycol obnapatot
CPaBHUTENBHO BbICOKOIA COCOBHOCTBHO K MyTaLMAM 11 peKOMOMHALMAM, UTO NO3BONAET M ObICTPO a;ANTUPOBATLCA K HOBBIM X03A1€BAM I HOBBIM KONOTMYECKUM
Huwam. Xota 661bLUaA YacTb U3BECTHBIX NPeCTaBUTeN it HULOBMPYCOB ACCOLMMPOBAHA C Ha3eMHbIMI X03€BaMY, B MOCTeSHee BpeMs MoABNAETCA Bce Gonblue
(BeZieHUii 0 HUAOBIpY(CaX, U30MPOBAHHbIX 13 BOJHbIX OpraHu3mMoB. B 0630pe aHanu3upyetca copemeHHas HGopmaua o npeactaButensax otpaga Nidovirales,
ACCOLMMPOBAHHBIX C BOAHBIMY X1BOTHbIMU. COrnacHo COBpeMeHHOI KnaccuhukaLmym BUpYCoB Bce OHM BXOAAT B COCTAB BOCbMY cemeiicTB. Hanbonee nyyeH-
HbIMI CPEAN HUX ABNAIOTCA UneHbl cemeiicT Coronaviridae, Tobaniviridae v Roniviridae. MpefcTaBUTeny 0CTanbHbIX CMeiCTB HUBOBUPYCOB BOAHDBIX XMBOTHBIX
6bIn1 BbIABNEHBI METOZOM Yriy6NeHHOr0 CeKBEHMPOBAHNA (METareHOMIAKM), HO X BAUAHME HA OpraHN3M X03A€B NOKa U3y4eHo HeZoCTaTouHo. MpuBeaeHbI
[ZaHHble M0 PacnNpPOCTPaHeHNIo HIAOBUPYCOB CPeAM BOAHBIX XKMBOTHBIX B PA3IMUHBIX BOAHBIX CUCTEMaX MUPa, OMUCaHbI KNMHUYECKINe NPpU3HaKN 3aboneBanus,
[laHa KpaTkas XxapakTepucTika HAOBIPYCOB 11 X reHoMOB. [1penonaraeTca BO3MOXHasA pofb HUJO0BUPYCOB BOAHbIX KUBOTHBIX, KaK Haubonee ApeBHIX npe-
(TaBUTeNeN XXUBOTHOrO MMPA, B IBOIOLIM HUZ0BUPYCOB HA3EMHDIX KUBOTHBIX. [103TOMY HUZ0BMPYCbI BOJHBIX KUBOTHbIX MOTYT UMETb 60/bLLUOE 3HaUeHIe AnA
YCTaHOBAEHIA HOBbIX, HEN3BECTHbIX HayKe PUPOAHBIX Pe3epBYyapoB, MeXBUAOBOTO UX ePeH0Ca MeXy MOPCKIMM, IPECHOBOAHBIMM 11 Ha3eMHbIMM X03AeBaM.

KntoueBbie cnoBa: HUZOBUPYCb, KOPOHABMPYCb], TOGAHUBUPYCbI, POHUBIPYCbI, PACPOCTPaHEHNe, MaToreHe3.
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[ins koppecnoHpeHuun: byyauknii JleoHns Metpouy, foKTOP BroNoryeckux Hayk, npodeccop, MHCTUTYT pbibHOro Xo3aicTBa HaumoHanbHoi akasemum
arpapHbix Hayk, 03164, YkpanHa, Kues-164, yn. 06yxoBckas, 135, e-mail: iridolpb@gmail.com.

Nidoviruses (Nidovirales) are the order of enveloped
viruses with a single-segment linear single-stranded
positive-sense (+)RNA. They comprise the most complex
grouping among other viruses as regards their multiplici-
ty, phylogeny, systematics, species identification, genetic
relationships within a taxon, progressive variability. As ob-
ligate parasites, nidoviruses form parasitic systems with
reservoir hosts belonging to all relevant veterinary and
medical categories - food-producing and small domestic
animals, humans, synanthropes, rodents, bats, wild ani-
mals, birds, fish.

The spectrum of pathogenicity and epidemiological
significance of nidoviruses varies from fairly balanced re-
lationships of mutual tolerance within the parasite-host
system, when viruses remain “orphan” and do not cause
specific pathology, to severe, fatal, nosologically deter-
mined epidemic infections such as porcine transmissible

Table
Nidoviruses associated with aquatic organisms

Tabnuua
HupoBupycbl, accouumnpoBaHHbie ¢ BOAHBIMI OpraHU3Mamu

gastroenteritis (TGEV), feline infectious peritonitis (FIPV),
bovine winter dysentery, avian infectious bronchitis, se-
vere acute respiratory syndrome and Middle East respira-
tory syndrome passing through a series of intermediate
phenomena at the clinical and epidemic levels. Speaking
of the latter, the probability of the development of factori-
al, conditionally dependent pathology in the form of pneu-
moenteritis resulting from stressful effects on the host
organism with a decrease in its resistance, provoking a
parasitic system imbalance that turns the host carrier into
an active source of infection, needs serious attention [1, 2].
Although most of the known nidoviruses are associated
with terrestrial hosts, more and more information has re-
cently appeared on nidoviruses isolated from aquatic orga-
nisms. Some aquatic animal nidoviruses have been recent-
ly identified by metagenomic deep sequencing, but their
effect on the host organism has not yet been sufficiently

Alphacoronavirus Harbor seal coronavirus (HSCoV) Seal
Coronaviridae Gammacoronavirus 1. Beluga whale coronavirus (SW1) Beluga whale
2. Bottlenose dolphin coronavirus (BdCoV) Dolphin
Alphaletovirus Microhyla alphaletovirus T (MLeV) Microhyla*

1. Gill-associated virus (GAV) Shrimp

Roniviridae Okavirus

Mononiviridae

Abyssoviridae Alphaabyssovirus

2. Yellow head virus (YHV) Shrimp
3. Palaemon nidovirus (PAN)

Swimming crab

Alphamononivirus Planidovirus 7 (PSCNV) Planaria

Aplysia abyssovirus 1 (AAbV') Mollusk

Medioniviridae Bolenivirus

Botrylloides leachi virus Tunicates

* Animals living in the aquatic environment only at the larval stage.
* ¥uBoTHble, 06uTaloLe B BOAHON CPefie MNLLb Ha IMYNUHOYHON CTajuM.
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Fig. 1. Pacific seals (Phoca vitulina richardsii) on the Central California coast
(https://specials-images.forbesimg.com/imageserve/1170425445/960x0.jpg *fit=scale)

Puc. 1. TuxookeaHckue mioneHu (Phoca vitulina richardsii) Ha nobepexwoe LlenmpaneHot KanugopHuu

studied. In this regard nidoviruses of aquatic animals, as
the earliest members of the animal kingdom could play a
significant role in the formation of new natural reservoirs
unknown to science, as well as in their interspecies transfer
between marine, freshwater and terrestrial hosts.

According to the current classification of viruses (Inter-
national Committee on Taxonomy of Viruses (ICTV), 2019),
all novidoviruses associated with aquatic organisms be-
long to eight families (See the Table). The most studied
among them are members of the families Coronaviridae,
Tobaniviridae and Roniviridae. The representatives of other
families of aquatic animal nidoviruses have not been
adequately studied.

Harbor seal coronavirus was first reported in the
United States in 1987 in three common seals (Phoca vitu-
lina) housed at the Seaquarium in Florida [3]. One animal
exhibited leukocytosis, accompanied by dehydration and
hyperchloremia, and two seals died without showing any
clinical signs. The pathological examination of all three
animals revealed extensive bronchoalveolar hemorrhages
with severe diffuse pulmonary congestion. The spleen, vis-
ceral and peripheral lymph nodes were characterized by
lymphoid depletion. Using immunofluorescence staining
method and antisera against various coronaviruses, it was
shown that positive results were observed only using an-
tisera against alpha-coronaviruses (TGEV, FIPV, CCoV - ca-
nine coronavirus enteritis) and negative results were ob-
tained when the antisera against bovine beta-coronavirus
(BCoV) were used. Based on that, it was decided to assign
this virus (HSCoV) to the genus Alphacoronavirus. A short
nucleotide sequence of harbor seal coronavirus has been
published in GenBank (NCBI, Acc. No. FJ766501) (https://
www.ncbi.nlm.nih.gov/nuccore/FJ766501.1/).

In June 2000 twenty-one individuals in a herd of resting
Pacific seals (Phoca vitulina richardsii) were found dead on
the central coast of California (Fig. 1) [4].

Three different viruses were isolated from pathological
material obtained from the dead seals. Coronavirus was
identified in five animals using polymerase chain reac-
tion (PCR). The biopsy of the dead seals revealed pulmo-
nary stagnation and extensive hemorrhages.

Coronavirus of beluga whale (Delphinapterus leucas)
belonging to the family Monodontidae, order Cetacea and
found in all coastal waters of the Arctic seas, including the
White, Bering, Okhotsk, and occasionally Baltic seas, was
firstidentified in the USA in 2008 and was named SW1 [5].
A captive-born male beluga whale died from acute liver
failure after suffering an acute generalized pulmonary dis-
ease. Histological examination revealed numerous red-yel-
low hepatic necroses (Fig. 2).

Electronic microscopic examination of liver tissue re-
vealed a great number of round viral particles 60-80 nm
in diameter in infected tissues. Attempts to isolate the
pathogen in continuous cell lines failed. The viral genome
was approximately 31,700 nucleotides and encoded non-
structural (ORF1 and ORF1b) and structural (ORF2, ORF3,
ORF4 and ORF11) proteins. The SW1 nucleotide sequence
was deposited in GenBank (NCBI, Acc. No.EU111742). The
deduced amino acid sequences showed no similarity to
proteins from known coronaviruses in 2008. At present its
close relationship with Bottlenose dolphin coronavirus has
been established [6].

Coronavirus of bottlenose dolphin (Tursiops trunca-
tus), inhabiting temperate and warm waters of the World
Ocean, as well as the Mediterranean, Baltic and Black Seas,
was discovered by Chinese researchers in 2014 [6]. The
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Fig. 2. A. Necrosis areas in the liver of the beluga whale

affected by SW1 coronavirus.

B. The aggregates of spherical viral particles in infected tissues [5]
(https://jvi.asm.org/content/jvi/82/10/5084/F 1.large.jpg)

Puc. 2. A. Hekpos3bl 8 neueHu besyxu, nopaxeHHou kopoHasupycom SW1.
B. CkonneHusa cghepuyeckux 8UpYCHbIX Hacmuy, 8 UHUYUPOBAHHbIX

mkansx [5]
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virus was named BdCoV. Complete genome sequencing
showed that BdCoV is closely related to Beluga whale
coronavirus (SW1) and they both belong to gammacoro-
naviruses.

The BdCoV genome is 32,000 nucleotides and in 2014 it
was the largest among all known coronaviruses. The large
size of its genome is a result of multiple unique open reading
frames (NS5a, NS5b, NS5¢, NS6,NS7, NS8, NS9, NS10) located
between the M and N genes. The major difference between
the two abovementioned coronaviruses was observed in the
proteins encoded by their spike (S) genes [6].

Microhyla alphaletovirus 1 (MLeV) was detected by
metagenomic analysis of the common intracellular RNA
pool of the ornamented pygmy frog Microhyla fissipes [7].
This frog is up to 3-4 cm in size and is widespread in many
countries of Southeast Asia. The virus genome contains
22,304 nucleotides, the nucleotide sequence is available in
GenBank (Acc. No. GECV01031551). In the process of frog
metamorphosis the number of viral transcripts decreases
by 7-14 times; they are not detected at all in adult frogs [7].

Carp fish bafiniviruses are classified in a separate ge-
nus (Bafinivirus), which is included in the family Tobanivi-
ridae. The genus name is made up of the first two letters of
the English words ‘bacilla; ‘fish’ and ‘nidovirus’ and is due
to the fact that the virus has a bacilliform shape (Fig. 3).

The fish bafinivirus was first discovered in grass carp
(Ctenopharyngodon idella) by German ichthyopathologists
in 1987 [8]. Grass carp has been introduced to many coun-
tries and now ranks first in the world in terms of commer-
cial rearing. The virus was reported in apparently healthy
grass carp from Hungary during cross-border veterinary
control. The virus isolate multiplied in CAR (continuous)
cells (goldfish [Carassius auratus] fin cells), CLC cells (com-
mon carp [Cyprinus carpio] leukocytes) and FHM cells (fat-
head minnow [Pimephales promelas] caudal stem cells)
at 15-25 °C. The infected cells fused, then lysed. Electron
micrographs of affected cells revealed that the virus par-
ticles were bacilliform in shape measuring 170-220 nm
in length and 50-55 nm in diameter. Staining with an
orange acridine solution showed that the virus contains
a single-stranded RNA. The virus is inactivated by chloro-
form, acid solutions (pH 3) and at a temperature of 56 °C.

Avyear later, a similar virus was reported in Japan during
an outbreak of acute infection of common carp (Cyprinus
carpio). Affected individuals demonstrated erythema on
the abdomen and hepatic and renal necrosis. The virus is
transmitted to carp fry via the water at a temperature of
20 °C.The bafinivirus was described in color carp (C. carpio
haematopterus) in the same country, during the study of
the disease named ‘ana-aki-bio’ [9]. Developed lesions
were observed in visceral organs, the virus particles were
identified in hematopoietic tissue and spleen. Infected ep-
ithelioma papillosum cyprin (EPC) cells displayed karyopy-
knosis and intracytoplasmic vacuolization.

The bafinivirus of white bream, or silver bream (Blicca
bjoerknal.), a fish species which is widespread in the basins
of the Baltic, Black and Caspian seas, in the European and
Caucasian countries, was first detected in Germany during
studies of fish health in the natural environment [10]. The
virus is named WBV in the English-language sources. The
virus does not induce visible pathological changes in the
white bream body, its effects are manifested only in con-
tinuous fish culture cells.

WBYV particles are bacilliform in shape (130-160 nm in
length and 37-45 nm in diameter). The virion is covered
with a lipid envelope with surface projections (20-25 nm
in length). The polyadenylated WBV RNA has five genes
encoding open reading frame: ORF1a, ORF1b, ORF2, ORF3
and ORF4.The ORF1a/1b gene encodes pp1a and pplab
polyproteins containing proteinase, polymerase and other
replication enzymes common to all nidoviruses, and ORF2,
ORF3, and ORF4 are the surface projection glycoprotein (S),
membrane protein (M), and nucleocapsid (N) protein, re-
spectively [11].

Fat-minnow bafinivirus (Pimephales promelas) was
discovered in the USA in 1997 [12]. Minnows (Phoxinus)
are the genus of small (not larger than 20 cm) freshwater
fish in the family Cyprinidae. The virus is named Fathead
minnow virus (FHMNV). It replicates in the EPC, FHM and
RTG (rainbow trout gonads) cells at 15-25 °C. Syncytium
is produced in FHMNV-infected cells.

The disease of the fathead minnow becomes evident
by behavioral changes characterized by fish initially swim-
ming erratically in circles before becoming listless either at
the tank bottom or with their head orientated upward at
the water surface. The course of the disease is consistent
with the temperature. In 19 °C water mortalities accumu-
late rapidly from 3 days post-challenge, but 17 °C water
delays mortality onset to 13 days post-challenge. Hem-
orrhages are observed on the skin as well as in the liver,
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kidneys and spleen of infected individuals. Hemorrhages
in the muscles may also be evident and the kidneys in
many fish may become visible due to musculature ede-
ma and darkening of the trunk kidney. FHMNV is highly
host-specific; channel catfish, goldfish and golden shiners
are not FHMNYV susceptible [12].

FHMNYV virions are bacilliform in shape (130-185 nm
in length and 31-47 nm in diameter). The complete nu-
cleotide sequence of the virus has been established [11].
The virus single-stranded RNA contains 27,000 nucleotides
and is similar to white bream coronavirus. Phylogenetic
analysis using the conserved region in the gene helicase
motif of FHMNV showed that it is most closely related
to WBV. A comparison of the gene products of helicase
(ppTab domain), S, M, N, and ORF1ab with the WBV gene
products shows different levels of homology ranging
from 15 (protein S) to 70% (helicase) [13].

Chinook salmon (Oncorhynchus tshawytscha) nido-
virus was discovered in Canada in 2014 [14]. The virus is
named CSBV. It replicates and induces cytopathic effects
in RTG-2 and EPC cells at the temperatures of 15, 20 and
25°C.Viral particles are rod-shaped, 45 nm in diameter and
120-130 nm in length. The genome of the virus contains
27,004 nucleotides and the organization of genes corre-
sponds to that of nidoviruses. The complete nucleotide
sequence is available in the GenBank database (NCBI)
(Acc.No.KJ681496). Based on the amino acid composition,
this virus was found to be related to WBV and FHMNV [15].

Another salmonid virus was detected by Canadian
researchers in Atlantic salmon (Salmo salar) [15]. The vi-
rus is named ASBV. Analysis of the complete nucleotide
sequence of its genome revealed that it is 99% identical
to Chinook salmon coronavirus (CSBV). However, it has
a large deletion in the pp1a replicase polyprotein gene.
Genome sequence analysis also revealed the alleged
sixth protein, which may be the envelope protein [15, 16].
A broad spectrum of sensibility of continuous cell cultures
to this virus may indicate a wide range of its hosts in the
natural environment.

Crucian carp or goldfish (Carassius auratus) nidovirus
was first described by Chinese researchersin 2019 [17]. The
virus is named CCNV (Crucian carp nidovirus). The CCNV
genome contains 25,971 nucleotides, it has five open rea-
ding frames encoding 1ab polyprotein (pp1ab), peplomer
glycoprotein (S), membrane protein (M) and nucleocapsid
protein (N). By the organization of the genome, this virus
is related to Chinook salmon nidovirus.

Shrimp okavirus. Shrimp nidoviruses belong to the
genus Okavirus in the family Roniviridae. The family name
combines two words that designate the form of the virion
(rod-shaped) and the taxonomic name of the order (Nido-
virales). The name of the genus Okavirus comes from the
name of the shrimp lymphoid organ (in English ‘oka’), in
which the virus is most commonly detected. Okaviruses
comprise a complex group consisting of six genotypes.
Genotype 1 is the YHV shrimp okavirus that causes a dis-
ease called "yellow head” affecting tiger shrimp (Penaeus
monodon); genotype 2 includes shrimp gill-associated
okavirus (GAV); viruses of genotypes 3-6 are low patho-
genic and do not cause symptoms or signs of the disease.

Yellow head disease (YHD) was first reported in Thai-
land in giant tiger shrimp. The disease onset is announced
by a rapid abnormal increase in feed consumption fol-
lowed several days later by an equally rapid cessation in
feeding and swelling of the digestive glands. A day later
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Fig. 3. Schematic structure of bafiniviruses

(https://viralzone.expasy.org/resources/Roniviridae_virion.jpg)

Puc. 3. Cxema cmpoeHus 6agpuHusupycos

infected individuals begin to swim erratically and rest-
lessly at the water surface [18]. YHV can affect shrimp
and other species, as well as some krill species. To date
the virus has been detected in Southeast Asia, Australia,
America, and East Africa [19, 20]. YHV leads to 90-100%
shrimp mortality within 3-5 days after the onset of the
first symptoms. It was commonly observed that diseased
shrimps had bleached or yellowed gills and pale-yellow
hepatopancreas (paired structures in the small intestine of
invertebrates functioning as both the pancreas and liver).
One more day later the shrimp cephalothorax becomes
intensely yellow. Then the number of affected individuals
increases sharply, leading to almost complete population
losses within three days after the onset of symptoms. The
YHV virus can remain viable in water at 25-28 °C for about
4 days after the infection resolves.

Shrimp larvae weighing 5-15 g are the most susceptible
to GAV ovirus [21, 22]. Adult shrimps are also susceptible
to the virus. Coronavirus infection occurs when shrimps
scavenge on dead individuals or directly via contamin-
ated water and infected nets or tools. The disease can be
both acute and chronic, the pathogen is transmitted both
horizontally and vertically. Shrimp mortality can be signi-
ficant in case of acute-stage infection, and the virus can
invade all tissues of mesodermal and ectodermal origin,
most often — the lymphoid organ. Basophilic cytoplasmic
inclusion bodies can be observed in necrotic cells.

Shrimp okavirus virions have an outer envelope and are
rod-shaped with rounded ends measuring 40-60 x 150-
200 nm.The envelope is covered with spikes (peplomeres)
protruding about 11 nm above the surface of the virion.
Nucleocapsids are 20-30 nm in diameter and appear as a
coiled filament with a 5-7 nm periodicity. Long filamen-
tous nucleocapsid precursors (approximately 15 nm in di-
ameter and 80-450 nm in length) occur in the cytoplasm
of infected cells, where they acquire envelopes by budding
on the membranes of the endoplasmic reticulum. Newly
formed mature virions often appear in the form of con-
gregations, as a result of which paracrystalline arrays may
be visualized.

Shrimp okaviruses contain one linear segment of
a single-stranded positive-sense RNA, the length of
which varies from 26,235 nucleotides for the GAV virus
to 26,662 nucleotides for YHV. The YHV okavirus ORF4 is
significantly shorter as compared to that of other known
genotypes, and cannot always be expressed. The GAV
genome complete sequence and YHV genome partial se-
quences are available [21].

Along with the Okavirus genus, a new genus only rep-
resented by the nidovirus isolated from the Chinese mit-
ten crab Eriocheir sinensis is supposed to be assigned to
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the family Roniviridae [23]. This crab is a dangerous inva-
sive species that has spread from the Yellow Sea to many
European and North American countries. It is found in the
Karelian reservoirs and the Volga River. The crab nidovirus
(EsRNV, Eriocheir sinensis ronivirus) causes the so called
“sighs disease” because affected crabs make sounds similar
to sighs at night. ESRNV virions are rod-shaped, 16-18 nm
in diameter and 15-20 nm, occasionally up to 400 nm, in
length. Experimental infection of crabs resulted in 100%
mortality within 13-17 days. The viral particles are found
in the connective tissues of many organs, including gills,
hepatopancreas, heart, intestines, and ovaries [23].

The genomes of the members of the family Euronivi-
ridae were studied using bioinformatic methods, but the
biological properties of these nidoviruses are not yet well
known.

Planaria nidovirus was discovered at the end of 2018
in the Mediterranean planaria Schmidtea mediterranea [24].
This is a type of flatworm that lives in fresh water on the
islands of the Mediterranean Sea, in Spain and Tunisia,
and is particularly useful for studying regeneration pro-
cesses. Planaria nidovirus was detected by metagenomic
analysis of a common pool of intracellular RNA. The virus
was named Planarian secretory cell nidovirus (PSCNV). It is
propagated in planarian secretory cells. The electron mi-
croscope examination demonstrated presence of spheri-
cal, slightly elongated virus particles, associated with the
endoplasmic reticulum membranes, 90-150 nm in diame-
ter, in the cytoplasm of affected cells. The PSCNV genome
contains 40,671 nucleotides [24]. It is currently the largest
genome among all known RNA viruses.

The main difference between PSCNV and other nidovi-
ruses is the presence of an unusually large reading frame
ORF1binits genome. It is suggested that PSCNV diverged
early from nidoviruses and acquired additional genes typ-
ical of large DNA viruses, namely genes encoding ankyrin
and fibronectin. Newly acquired genes may significantly
affect the virus-new host interaction [24].

Mosquito nidovirus was detected in Vietnam by
metagenomic analysis from a pool of blood-sucking mos-
quitoes of the genus Culex [25]. The virus was named Nam
Dinh (NDiV) due to the name of the area where mosqui-
toes were collected for research. It does not cause patho-
logical changes in mosquitoes. The virus replicates in the
continuous mosquito cell line C6/36 derived from the
Aedes albopictus members. Virions are spherical, 60-80 nm
in diameter. The virus genome contains 20,192 nucleo-
tides and has 5 open reading frames. Based on its genom-
ic structure this virus was assigned to a separate family
Mesoniviridae, which is in transition from “large” to “small
nidoviruses” (Arteriviridae).

Nidovirus of aplysia, or sea hare (Aplysia), one of the
largest herbivorous mollusks reaching 1 m in length and
living in warm and subtropical seas, was simultaneously
described by two independent research groups [7, 26].
Like the Planaria virus, the Aplizia nidovirus was also
detected in the gastropod mollusk Aplysia californica by
metagenomic analysis of the common pool of intracellu-
lar RNA. The BLAST bioinformatics analysis showed that
based on its genome structure the virus has properties
that are typical for nidoviruses. The virus is named AAbV.
The genome contains 35,906 nucleotides, which indicates
its belonging to the“large” nidoviruses. The largest amount
of virus RNA are found in neurons, as well as it is detected
in the gills, salivary glands and muscles. Similar nidoviruses

have been described in tunicates (Botrylloides leachi), sea
snails (Turritella sp.) and other aquatic organisms [27, 28].

CONCLUSION

The analysis of the literature available on this topic re-
veals that the application of the genomic identification
principles based on metagenomics gives the possibility
of detecting an unpredictable number of new viruses, as
it follows from how nidoviruses spread among aquatic
animals. The study of the global virosphere significantly
expands information on potential reservoirs of emerging
pathogens [29]. It is generally recognized that their over-
whelming majority are of zoogenic origin [30]. The interest
has recently increased significantly in this group of viruses
due to the outbreak of severe acute coronavirus infection
COVID-19 [31]. Like other single-stranded RNA viruses,
nidoviruses have a relatively high ability to mutate and
recombine, which allows them to quickly adapt to new
hosts and new ecological niches [2, 13, 32]. For instance,
SARS-CoV-1-like coronaviruses have been isolated from
humans, Himalayan palm civets and raccoon dogs [33].
Phylogenetic analysis of the genomes of various animal
nidoviruses suggests that many of them can be descen-
dants of aquatic animal nidoviruses.
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SUMMARY

Feline panleukopenia is a highly contagious viral disease of the members of the family Felidae caused by a DNA-virus of the family Parvoviridae. After infection,
the virus is detected in saliva, nasal discharge, urine and feces; it is transmitted through excrements, water, food, and, according to some reports, by blood-
sucking insects. The disease is characterized by gastrointestinal tract, central nervous system, hematopoietic tissue lesions. The paper describes the clinical signs
of panleukopenia in cats in the territory of the Donetsk People’s Republic. Based on the records of a state-financed veterinary hospital and a charitable animal
shelter located in the town of Yasinovataya, as well as those of private veterinary clinics and a veterinary office located in Donetsk, a classification of the clinical
signs of the disease in pet and stray cats is suggested with the signs grouped according to their occurrence rate and by age groups. The paper provides evidence of
feline panleukopenia occurrence in the territory of the Donetsk People’s Republic. In particular, the period from 2015 to 2018 was characterized by an increase in
panleukopenia morbidity in stray animals; pet cats were also involved in the epidemic process. It was found that most of the clinical symptoms of panleukopenia
were reported in cats of all age categories irrespective of their sex. Specific symptoms characteristic for different age groups were reported. It was found that pan-
leukopenia morbidity rates for stray kittens aged 0—12 months were 1.8 times higher than those for pet kittens of the same age group. The disease was reported
in adult pet cats 2.4 times less frequently than in stray cats. It is shown that the number of the disease cases in female cats is 1.5 times higher than in male ones.
[tis concluded that the violation of quarantine rules and insufficient vaccination coverage in cats are risk factors for the disease outbreak occurrence precipitating
the multiple recurrent outbreaks of the disease.
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PE3IOME

[TanneiikoneHna Koluek — BbICOKOKOHTar1o3Hoe BUpYcHoe 3a60neBaHue npefcTaBuTeneil ceMeiicTBa Kolwaubux, Bo3byautenem kotoporo agndetca JHK-
COZepaLLuii BUpyC u3 cemelicTa Parvoviridae. llocne 3apaxeHna BUpYC 06HapyXMBaeTCA B C10He, B 0TAENAEMOM U3 HOCA, MOYe 1 eKanusax, pacnpocTpaHAeTca
yepes IKCKPeMeHTbI, C BOZOIA 11 MULLEH, @ TaKxKe, N0 HEKOTOPbIM AaHHBIM, Yepe3 KPoBOCOCYLLMX HaceKoMblX. bonesHb conpoBoX AaeTca nopaxkeHnAMM OpraHos
KenyA0UHO-KMLLEYHOTO TPAKTa, LieHTPaNbHOI! HePBHOI CUCTEMbI, KPOBETBOPHOI TKaHW. B (TaTbe paccMOTpeHbI KAUHUYECKIe NpU3Haki y KoLuek npu 3abone-
BaHWUN NaHnelikonenueil Ha Tepputopun [oHewkoit HapopHoii Pecnybanki. Ha 0cHOBaHUM OTUETHBIX JOKYMEHTOB FOCYAAPCTBEHHON GONbHULbI BETEPUHAPHOIA
MeJULIMHbI 11 61aroTBOPUTENBHOMO MUTOMHUKA ropoda flcuHoBaTas, a TaKkxKe YaCTHbIX BeTEPUHAPHBIX KNMHWK 11 BETEPUHAPHOTO KabuHeTa ropoga [loHewka
NpeAnoxeHa KnaccuduKkaLma KNMHNYECKNX NpU3HaKOB 3a6071eBaHINA CPesy AOMALLHIX 1 6POAAYNX KOLLEK, CrpyNNMPOBAHHDIX N0 YacToTe BCTPEYAeMOCTI 1 BO3-
pacTHbIM rpynnam. lMokasaHo, uto Tepputopus [JoHewkoit HapoaHoit Pecnybnuku agnaetca HebnarononyyHoii no 3abonesaemocTy nawneiikonexueii cpean
Kowuek. Tak, 3a nepuog ¢ 2015 no 2018 r. cuTyauma xapakTepu3oBanach poctom 3a6oneBaemMocTit 6pOAAUNX KMBOTHBIX C BOBEUEHNEM B 3M1300TUYECKIIi Npo-
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LieCC AOMALLHIX KOLLIEK. YCTAHOBAEHO, YTO 60bLUIMHCTBO KNMHINYECKUX CUMITOMOB NaHAKOMEHUN PerUCTPUPYIOTCA Y BCeX BO3PACTHBIX KaTeropuii KoLLaubux
BHe 3aBUCMMOCTY OT M0MI0BOI NPUHAANEXHOCTY. OTMeYeHbI CneLuduyeckie CUMATOMbI, XapakTepHble ANA Pa3HbIX BO3PACTHbIX KaTeropuii. YcTraHoBNeHo, 4to
noKa3ateni 3a601eBaeMoCTI NaHnelikoneHuel 6poaaunx KoTAT Bo3pacTHoli rpynnbl 0—12 MecAues B 1,8 pa3a BbiLLe N0 OTHOLUEHHIO K AOMALLHUM KOTATaM Tl
e BO3PacTHOI KaTeropuu. Y B3poc/bix AOMaLLHIX KoLuek 3aboneBaHue perncTpupoBany B 2,4 pasa pexe no cpaHeHIo ¢ 6e350MHbIMY KowuKamit. loka3aHo,
4T KOIMYECTBO CNyyaeB 3aboneBaHua cpefy camok B 1,5 pasa Bbile No cpaBHeHuIo ¢ 3a6oneBaHem cpefn camuoB. (ienaH BbIBOZ, UTO HapyLUeHue NpaBun
KapaHTIHA 1 HeJ0CTaTOUHbIN 0XBAT KOLLEK BaKLMHaLMelt ABNAKTCA GakTOpamu pucka BO3HUKHOBEHMSA 04aroB 3a601eBaHMA 1 NPUBOAAT K MHOTOKPATHbIM

MOBTOPHbIM BCMblLLKam bonesHu.

KnioueBble cnoa: BeTepuHapua, MaHNenKkoneHna, KOLWKM, KNUHIYecKne CMMNTOMDbI, 3a601eBaeMOoCTb.

[ina yntupoBauusa: bepaiokosa 1. B., Pynenko M. A. U3yyeHne KnuHMYeCKMX CMNTOMOB NpY NaHNeKoneHnu y Kowwek Ha Tepputopun [oHeukoii HapogHoit
Pecnybnukn. BemepuHapus cezo0ks. 2020; 2 (33): 122—126. DOI: 10.29326/2304-196X-2020-2-33-122-126.
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INTRODUCTION

Feline panleukopenia continues to be a topical issue in
feline infectious disease pathology in spite of the fact that it
can be relatively effectively prevented by vaccination [1-5].
Feline panleukopenia (FPL) is a highly contagious infec-
tious disease of the members of the family Felidae caused
by a DNA-virus of the family Parvoviridae.

Just a few decades have passed since the disease was
first reported; the results of the studies published with re-
gard to this topic indicate that panleukopenia morbidity
and mortality show persistent upward trends [1, 6-8]. In
particular, K. Van Brussel et al. [8] described the outbreaks
of feline panleukopenia between 2014 and 2018 in Aus-
tralia, New Zealand and the United Arab Emirates (UAE)
where the disease had not been reported for several
decades. The authors hold the view that each of these
outbreaks was caused by a distinct feline panleukopenia
virus (Felis parvovirus, FPV) with two viral lineages present
in eastern Australia. The viruses from the UAE outbreak
formed a lineage of unknown origin. The authors explain
the new reported cases of the disease by the fact that fe-
line panleukopenia viruses circulating in the feral cat po-
pulation may occasionally infect pet cats [6, 8, 9].

The examples found and analyzed by the authors allow
to identify the following pattern: the violation of quaran-
tine rules and insufficient vaccination coverage in cats are
common factors in all the disease outbreaks precipitating
the multiple recurrent outbreaks of the disease [6, 8, 10].

According to the literature data, animal shelters are con-
ducive environments for the disease outbreak occurrence
or recurrence because of a large number of susceptible
animals living together in a confined area [1, 4]. It should
be emphasized that such factors as young age, immuno-
logical naivety orimmunosuppression, close contact and
co-morbidities (the presence of endo- and ectoparasites)
exarcebate the disease progression [2, 7]. Issues related
to the spread, prevention and treatment of panleukope-
nia[1,2,4,5,9,11,12], as well as the studies and detailing
of the clinical signs that can most accurately characterize
this pathology [7, 11, 13-15] still remain relevant for ve-
terinary practitioners.

In view of the above, the aim of this paper was the
detailed analysis of the clinical signs of panleukopenia in
pet and stray cats in the territory of the Donetsk People’s
Republic.

MATERIALS AND METHODS

To achieve the aim of the paper, commonly available
research methods were applied when studying the do-
cumentary records of veterinary clinics and analyzing the
findings. The following types of veterinary records were
used: a veterinary case log, an infectious disease registra-
tion log, animal patients’ records.

The monitoring studies were conducted at the facilities
of the Yasinovataya municipal state-financed veterinary
hospital, the charitable animal shelter of the LLC“RPA“Yasi-
novataya machine-building plant’, the private veterinary
office “Invet’, as well as of the veterinary clinics (“Bagira’,

“Aybolit’, “Dingo”) of the city of Donetsk.

The cases covered by the study included the diseased
cats that had received ambulatory care in the period
from 2015 to 2018.

The findings were statistically processed and presented
in the form of a diagram and tables.

RESULTS AND DISCUSSION

During the reporting period, 1,216 cats with the signs
of panleukopenia were reported. The diagnosis was made
based on the case history, clinical signs and confirmed by
laboratory tests of blood (a complete blood count and a
biochemical analysis). For blood tests, commercial immu-
nochromatography assay (ICA) test kits were used in 60%
of cases.

The reported clinical signs of panleukopenia in cats
were analyzed and grouped according to their occurrence
rate and by the age of animals. The obtained results are
presented in Table 1.

Data inTable 1 show that cats of all ages can be infected
by panleukopenia virus, but young kittens (the 1-6 month
age group) are the most susceptible: the body stops resis-
ting when colostral antibody levels decline to the thresh-
old value, and the kittens develop the pronounced clinical
signs of the disease.

Primary symptoms in this category of animals include
the following: apathy, hyperthermia, ataxy, crouched pos-
ture, exicosis, thirst (however, animals refuse to drink); dry,
cyanotic oral mucosa; edematous laryngeal mucosa; ca-
chexia; dull dishevelled coat; dry and atonic skin.

Besides, non-specific symptoms (48.8%) were repor-
ted in most kittens. The following gastrointestinal symp-
toms (11.8%) were recorded: vomiting (foamy vomit with
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Table 1
Clinical signs of panleukopenia in cats

Tabnuua 1
Knununueckne npusHaku npu 3aboneBaHnm nanneiikoneHnei Kowexk

Age group

Symptoms
1-6 months 6-12 months 6-12 years over 12 years
Primary 142 93 72 28 21
% 35.0 38.0 237 15.2 273
GIT 48 54 37 51 16
% 11.8 22.0 12.2 21.7 20.8
(NS 18 3 - 1 8
% 44 1.2 0.0 0.5 10.4
Reproductive system - - 38 17 4
% 0.0 0.0 125 9.2 5.2
Non-specific 198 95 157 87 28
% 488 38.8 51.6 474 363
i z‘r’]ffr']anlls”(‘}%%’% ) 406 25 304 184 77

GIT — gastrointestinal tract (enyaouHo-KiLLEYHbIA TPAKT);
(NS — central nervous system (LeHTpanbHas HepBHas cucTema).

admixed bile and blood), after abdominal palpation - pain
and vomiting, diarrhea (voluminous, watery, often with
admixed blood and fibrin, foamy). Palpation revealed
non-mobile, thickened, painful (resembling a rubber tube),
fluid- and gas-dilated intestinal loops; a succussion splash
was heard on auscultation. The disease was also character-
ized by other symptoms such as rhinitis, optic nerve atro-
phy, retinal dysplasia, seizures, paresis, paralysis of limbs
and internal organ sphincters, head tremor (cerebellar
hypoplasia), often followed by death, and these may be
indicative of intrauterine infection of kittens from the cats
that had not been vaccinated against panleukopenia or
from the virus carrier cats.

In animals aged between 6 and 12 months primary
and non-specific symptoms were mainly reported (38.0
and 38.8% respectively), whereas central nervous system
symptoms were reported only in 3 cases (1.2%), and this
may be indicative of the fact that the animals had not been
intrauterinally infected, but had contracted the disease
independently. The signs of central nervous system disor-
ders can also be regarded not as stand-alone ones, but as
the symptoms of intoxication.

The following symptoms were reported in pregnant
queens (the 1-12 year age group): during the first stage
of gestation - fetal death and resorption, return to estrus;
during the second stage — abortion or passage of mum-
mified fetuses; during the third stage - congenital mal-
formations (the replication and spread of the virus in the
lymphoid tissues, eyes and nervous system of the fetus
resulting in hydrocephalus, ophthalmic abnormalities
and, first and foremost, in cerebellar hypoplasia). As for
the male cats of this age group, unproductive copulations
were reported.

Along with primary and non-specific symptoms of
panleukopenia, such symptoms as moist rales (pulmo-
nary edema), optic nerve atrophy were often reported in
cats aged over 12 years. The last-mentioned symptom is
ambiguous, since it is associated with age-related changes
rather than with the disease. Gastrointestinal symptoms
(20.8%) also require further differential diagnosis taking
into account age-related changes. The symptoms of re-
productive disorders (5.2%) mostly manifest themselves
in the form of spontaneous abortions and return to estrus.

The figure shows the percentages of reported clinical
symptoms of feline panleukopenia by age groups.

Panleukopenia morbidity in pet and stray cats was also
analyzed in terms of age and sex. The results are presented
in Table 2.

According to the data presented in Table 2, the number
of panleukopenia cases in stray kittens aged 0-12 months
is 1.8 times higher than in pet kittens of the same age
group. Panleukopenia cases in adult stray cats of the
1-12 year age group were reported 2.4 times more fre-
quently than in pet cats of the same age group. This is due
to the fact that pet cats, unlike stray ones, are kept under
supervision and any changes in the animal’s behavior can
prompt the owner to contact the veterinarian. The number
of diseased kittens is 2.1 times higher than that of adult
cats, and the number of diseased stray cats is 1.9 times
higher than that of pet cats. Morbidity rates for female cats
are 1.5 times higher than for male cats.

As a result of the study, it was found that most of the
clinical symptoms of panleukopenia were reported in
cats of all age groups irrespective of their sex. However,
attention should be paid to the fact that specific symp-
toms characteristic for certain age groups were reported.
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Fig. Reported symptoms of feline panleukopenia by age groups, %
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Besides, it should be noted that the period from 2015
to 2018 was characterized by an increase in panleukope-
nia morbidity in stray animals; pet cats were also involved
in the epidemic process.

The analysis of data from the studies reveals the fol-
lowing pattern: anincrease in morbidity occurs early in the
year because of the feline mating season; the next peak
occurs in spring and is associated with the loss of colostral
immunity in young animals; another one that occurs in
autumn and winter period results from the dispersal of
young animals seizing new territories and related conflicts.
The reduction of the rates is observed during the offspring
raising period when adult cat movements are limited and
young animals have not yet become independent.

Summing up the intermediate results, it can be stated
that the following measures still remain relevant: activities
to raise awareness with regard to observance of veterinary
and sanitary, as well as animal hygiene measures; bal-
anced feeding, appropriate care and maintenance of cats

Table 2
Panleukopenia morbidity rates in cats by age and sex

Tabnuuya 2

in homes and in animal shelters; mandatory quarantine

of all the animals entering catteries and shelters; obliga-
tory disinfection (of animal facilities, tools, equipment and

supplies), disinsection and deratization activities. Spaying

and neutering of stray and pet cats contribute to the im-
provement of the epidemic situation.

We see the prospects for further research on this issue
in more detailed studies and improvement of diagnostic
methods, as well as in refinement of existing treatment
regimens for this pathology. In our view, systemic disease
prevention measures help reduce morbidity in pet and
stray cats, and this is directly related to the annual vacci-
nation of the entire animal population.

CONCLUSION

Feline panleukopenia persists in the territory of the
Donetsk People’s Republic. The period from 2015 to 2018
was characterized by an increase in panleukopenia mor-
bidity in stray animals; pet cats were also involved in the

Xapaxrepucmua 3a6oneBaemMocCTy KoLeK naHneiiKkoneHunemn no BO3PacTHbIM U NONIOBbIM NMPU3HaKam

of cases

Stray cats
(at age/sex

Kittens aged
0-12 months 526 64.3 292 35.7 818
Adult cats aged 1-12 years 282 70.9 116 29.1 398
of which 144 60.5 9% 395 238

—female

—male 51 319 109 68.1 160

Total 808 - 408 - 1,216
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epidemic process. Notably, most of the clinical symptoms
of panleukopenia were reported in cats of all age groups
irrespective of their sex. Specific symptoms characteristic
for different age groups were also reported.

Panleukopenia morbidity rates for stray kittens aged
0-12 months were 1.8 times higher than those for pet
kittens of the same age group. The disease was reported
2.4 times less frequently in adult pet cats than in stray cats.
The number of the disease cases in female cats is 1.5 times
higher than in male ones.
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SUMMARY

Staphylococcus aureus (S. aureus) is a microorganism that causes a great number of diseases in humans and animals, including sepsis, pneumonia, food toxico-
infections, wound abscess, etc. Numerous studies on genotyping S. aureus strains isolated from humans, food and mastitis in cattle and small ruminants have been
carried out. The lack of information on the genotyping of methicillin-susceptible S. aureus detected in monkeys served as a stimulus to conduct a similar research,
since staphylococcal infections in the primates are widespread. The present study is devoted to molecular genetic testing of S. aureus isolated from different biological
samples taken from monkeys and is based on typing of agr polymorphic locus which acts as a regulator of pathogenic gene expression. As a result of PCR analysis
of 301 S. aureus isolates it was established that most of S. aureus belonged to agr IV (55%), and agr | (34%) was the second most group. Data resulting from the
study differ from the results of other researchers published in literary sources, who performed typing of Staphylococcus isolated from people with agr | prevailing.
In conducting the study, neither distinct correlation between microbial isolation source and agr complex groups, nor relationship between the diseases and S. aureus
group specificity were detected. Prevalence ratio of each agr group is nearly similar in . aureus isolated from rhesus macaques and crab-eating macaques. But in
hamadryas baboons and green monkeys Il and Il groups of agr complex were not detected.

Key words: monkeys, Staphylococcus aureus, agr complex, agr groups and alleles.
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Agr-TunupoBaHue MeTULUIINH-YYBCTBUTENbHBIX
Staphylococcus aureus (MSSA),
BblJeNIEHHbIX Y HU3LLIUX PUMATOB
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PE3IOME

Staphylococcus aureus (S. aureus) — MKPOOPraHIU3M, Bbi3blBatoLLyil 60MIbLLOE KONMYECTBO 3a6011€BaHNI Y YeNoBEK U KUBOTHBIX, BKNOUAA CENCUC, MTHEBMOHUM,
nuLLeBble TOKCUKOMHOEKLMM, HarHoeHe paH 1 Apyrute. Mo reHoTUNMPOBAHUI LITAMMOB S. dureus, BbIAENEHHbIX Y Niofiedd, U3 NULLEBbIX NPOAYKTOB U NpU Ma-
CTUTaX Y KPYMHOrO 1 MEKOTo POraToro CKOTa, NpoBeeH0 MHOTO CCIei0BaHNiA. OTCYTCTBIE LAaHHbIX N0 TUMMPOBAHMI) METULMIIH-YYBCTBUTENbHBIX S. aureus,
06HapyeHHbIX y 06e3bAH, N0OYAUN0 NPOBECTU aHANOTUYHOE UCCNEL0BAHME, MOCKONbKY MHOEKLMM CTaGUNOKOKKOBOI NPUPOADI Y NPUMATOB LLNPOKO pacnpo-
TpaHeHbl. HacToAwwad pabota nocasALeHa MoneKynApHo-TeHeTUYeCKOMY UCCTIE0BAHIK S. aureus, N30IMPOBAHHbIX U3 PasHbIX buonoruyeckux 0bpasuos ot
00€3bsIH, Ha 0CHOBE TUNMPOBAHNA MONMMOPGHOT0 NIOKYCa dgr, ABNALLEr0CA perynaTopoM IKCIPeCcu reHoB NaToreHHoCTY. B pe3ynbTaTe MccneoBaHNA METOLOM
nonvMepasHoii LenHoi peakumn 301 nonara S. aureus yctaHoBAEHO, UTo 60NBLIMHCTBO S. aureus oTHoCMA0Cb K rpynne agr IV (55%), Ha BTopom MecTe no pac-
NpOCTPaHeHHOCTI 0Ka3anca agr | (34%). MonyueHHble B Xofie UCCNIeI0BAHIA JaHHbIe OTINYAIOTCA OT OMY6NMKOBAHHbIX B INTEPATYPHbIX MCTOUHMKAX Pe3yNbTaToB
ApYruX UccnefoBatenet, KOTopble IPOBOANAM TUMMPOBAHIE CTAQUIOKOKKOB, BbIAENEHHDIX OT 10eld, y KOTOpbIX npeBanupyet agr . Mpu npoBeAeHnN paboTbl He
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BbIABIIEHO YETKOI KOPPeNALYN Mexy MCTOYHUKOM BblAeneHna MKpoba v rpynnamm KOMIAeKCa agr, a Takxe He 0TMeYeHa (BA3b Mexay 3abonesaHuamiu v npu-
HaNeXHOCTbH0 S. aureus K onpeeneqHoli rpynne. COOTHOLLEHNA PaCIPOCTPAHEHHOCTI KaX 30l FPYNNbl agr NPUMEPHO OAMHAKOBbI Y S. aureus, 30AMPOBAHHbIX
Y MaKaKoB-pe3yCoB 11 MaKaKoB ABAHCKIAX, HO Y MaBUAHOB ramaspuos 1 MapTbiluek 3enenbix Il u Il rpynnbl Komnaekca agr He 06HapyKeHbl.

KnioueBbie cnosa: 06e3baHbl, Staphylococcus aureus, KoMnaekc agr, rpynnbl 1 annenu agr.

bnaropapHocTb: PaboTa BbinoNHeHa B pamKax OHKETHOTO GUHAHCMPOBAHMA HAyYHO-UCCIe0BaTENbCKIX PAbOT MO Teme «ITUONOTUYECKaa CTPYKTypa
napasuTapHo-6aKkTepuanbHbIX accoLmaLmii Ny KMLWeyHoi natonorm 06e3baH», pasfen <MonekynapHo-reHeTnueckas XapakTepucTuka S. aureus, BblaeneHHbIX
y 06e3baH» (per. N2 AAAA-A17-117041910068-0).

[insa yutuposanusa: KanawHukosa B. A. Agr-TunupoBaHue MeTULMANNH-YyBCTBUTENbHBIX Staphylococcus aureus (MSSA), BbIBENEHHbIX Y HU3LUMX NPUMATOB.
Bemepurapus cezo0Hs. 2020; 2 (33): 127-131. DOI: 10.29326/2304-196X-2020-2-33-127-131.

Konnukt untepecos. ABTop 3aABnAeT 06 0TCYTCTBUM KOHGANKTA MHTEPECOB.

[ins koppecnonpeHumnn: KanawHukosa Buktopua AnekceeBHa, kaHanaaT 6uonornyeckux Hayk, BeayLuuii Hayublii cotpynHuk, OTBHY «HUW MM», 354376,

Poccus, KpacHogapckuii kpaii, r. Coum, Annepckuii p-H, c. Becenoe, yn. Mupa, 177, e-mail: vikky.aw@gmail.com.

INTRODUCTION

Infections caused by Staphylococcus aureus (S. aureus)
play a significant role in veterinary science and medicine.
Although S. aureus is a commensal microbe first of all, it
can also cause a wide spectrum of diseases in humans and
animals, which can significantly vary in their severity (skin
infections, meningitis, endocarditis, osteomyelitis, bac-
teremia, toxic shock syndrome, food poisoning, mastitis,
abscess, pneumonia, etc.). Being a zoonotic pathogen, it
is responsible for infectious diseases characterized by sep-
ticemia and sepsis [1]. S. aureus has developed a complex
regulatory network for control of virulence factors’produc-
tion in order to survive and adapt to different ecological
niches. One of the main functions of this interrelated net-
work is the perception of different environmental signals
and reaction by changing the production of virulence
factors essential for survival in host, including cell-surface
adhesins, extracellular enzymes and toxins. Accessory
gene regulator (agr) system is considered to be the most
investigated. It represents a gene cluster which regulates
the expression of different housekeeping genes, various
virulence factors and adhesive proteins recognizing the
macromolecules of host cells and is also involved in quo-
rum sensing. Agr locus is characterized by the polymor-
phism of its autoinducing peptide (AIP). Four main agr
groups (I, II, 11, IV) can be distinguished according to their
variable regions upon which agr-typing is based [2-4]. It
is established by the molecular genetic testing that agr
groups are spread in different geographic zones, but at the
same time detection of the prevailing groups may vary in
each region [3].

There s little information available in literature on inves-
tigation of S. aureus isolated from animals. S. Monecke et al.
provide data on S. aureus research in wild and exotic an-
imal species, being kept in captivity [5]. In some cases,
the molecular typing proved that human strains were
transmitted to these animals. Many studies are devoted
to the genetic peculiarities of S. aureus recovered in bo-
vine mastitis [6-11]. Molecular genetic testing of S. aureus
isolated from monkeys is performed at Adler monkey
farm relatively recently [12-14]. No studies on agr-typing
of S. aureus isolated from monkeys have been carried out
abroad. Thus, given the important role of agr genes, this
study was aimed at detection and identification of agr
groups of S. aureus isolates recovered from different bio-
logical samples taken from monkeys.

MATERIALS AND METHODS

Recovery and identification of bacterial isolates. S. aureus
isolates (301 isolates) recovered from different monkey spe-
cies kept at Adler monkey farm are included in the study.
S.aureus isolates were recovered from feces (n =62) and nasal
mucosa (n = 32) of live animals and from different organs of
dead animals: lungs (n = 101), liver (n = 36), spleen (n = 26),
kidneys (n=17), lymph nodes (n=27). For the purpose of the
study, lungs were taken from monkeys died of pneumonia,
and other organs - from monkeys with intestinal diseases.

Bacteriological and biochemical testing using standard
methods were carried out for staphylococci isolation, as
previously described [13, 14]. Identification was performed
based on morphological, tinctorial and biochemical proper-
ties. Species identification was performed using commercial
tests systems “Multimicrotests for biochemical identifica-
tion of staphylococci (MMT C)” (NPO “Immunotex”, Russia).

S.aureus strain DNA extraction. Total staphylococci DNA
extraction was performed from bacterial suspensions pre-
pared from day-old agar S. aureus cultures and suspended
with 100 pl of NaCl solution using DNA-sorb-B reagent kit
(InterLabService Ltd., Russia) according to the manufac-
turer’s instruction.

S. aureus mecA gene detection with PCR. Polymerase
chain reaction with hybridization-fluorescence detection
was carried out using commercial AmpliSens® MRSA-
screen-titre-FRT test system (InterLabService Ltd., Russia)
in Rotor-Gene fluorescence-detecting thermocycler (USA)
according to the attached instruction.

Agr complex allele detection and typing. Agr-typing of
specific groups was performed using primers described
in the scientific publications [4], and designed by the Ev-
rogen (Russia) (Table 1).

Ready-to-use ScreenMix-HS amplification mixes (Evro-
gen, Russia) were used for multiplex PCR; final volume -
25 ul for the reaction. Amplification was performed in “Ter-
cyc”thermocycler (Company DNA-Technology LLC, Russia)
according to the following programme: predenaturation —
at 95 °C for 5 min; denaturation - at 95 °C for 10 sec, an-
nealing - at 50 °C for 10 sec, prolongation - at 72 °C for
20 sec (32 cycles) and final elongation — at 72 °C for 5 min.

Gel-electrophoresis. Amplification products were visu-
alized with 1.2% agarose gel electrophoresis stained with
ethidium bromide solution at voltage gradient of 90 V.
Amplicon sizes were determined using 100-1200 base
pair DNA marker (Evrogen, Russia).
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Table 1
Agr locus genes and primers used in the analysis

Tabnuua 1
TeHbl NoKyca agr v npaiimepbl, MCNONb30BaHHbie B UCCNEf0BaHNM

Gene/locus 5'-3"Sequence

agrloci (agrB)

Amplicon (base pairs)

F: ATGCACATGGTGCACATGC “

R: TATTACTAATTG AAA AGT GGC CAT AGC

R: CGATAATGCCGTAATACCCG

RESULTS AND DISCUSSION

S.aureus isolates (301) were identified using phenotypic
and biochemical tests. All tested cultures demonstrated
hemoltical and lecithinase activity, fermented mannitol
under anaerobic conditions, coagulated rabbit plasma.
The results obtained completely matched (100%) the
results of PCR with hybridization-fluorescence detection,
which confirmed Staphylococcus type and showed the lack
of mecA gene isolates in the genome, i.e. all the cultures
were methicillin-susceptible (MSSA).

As a result of agr-typing, most of MSSA were attribu-
ted to agr group IV (55%). Agr | (34%) was the second fre-
quent type. Detection frequency of other groups was far
below (Table 2).

As Table 2 shows, agr complex allele IV dominated al-
most in all MSSA isolates recovered from the organs of
dead monkeys, fecal and nasal cultures. Frequency of its
detection varied from 41% in S. aureus isolated from kid-
neys to 61% in S. aureus isolated from the lymph nodes.
However, no allele lll was detected in 27 S. aureus isolates
recovered from the lymph nodes.

Agr IV group also prevailed in MSSA isolated from mon-
keys of the following species: macaque (rhesus macaque,
crab-eating macaque) and hamadryas baboons (Table 3).

Table 2

No agr complex groups Il and lll were detected in S. aureus
recovered from hamadryas baboons and green monkeys.
Asitis known, S. aureus is a commensal microorganism

of mammal microbiota, but at the same time it expres-
ses different pathogenicity factors becoming the cause

of various hospital-acquired and community-acquired in-
fections. Secretion of various surface cell proteins, toxins

and adhesins is regulated by agr locus. Method of S. aureus

classification on the basis of agr-typing was firstly used by

P. Dufour et al. [2], who divided isolates of this microbe

into four groups. This division is based on agrC gene en-
coding the autoinducing peptide receptor and agrD gene

encoding the autoinducing peptide [2, 4]. S. aureus strains

recovered from humans are characterized by four agr sys-
tem allele groups connected with the genetic background

and presence of the pathogenicity factors [15]. However,
the relative distribution of agr groups in S. aureus isolates

recovered from monkeys is still unknown.

Numerous studies have established that different agr
groups may be associated with certain virulence fac-
tors and diseases caused by S. aureus [1, 15, 16]. It was
determined that S. aureus isolates recovered from hu-
mans, belonging to agr | represent a group consisting
of hospital-acquired and community-acquired isolates,

S. aureus isolates belonging to agr groups according to the isolation source

Ta6nuua 2

ﬂpwuaunemuocrb M30NIATOB S. aureus K agr-rpynnam B 3aBUCUMOCTU OT UCTOYHKKA Bblfie/ieHnA

Source of isolation

Number of isolates according to agr groups, n (%)

Lymph node

o w0 | - | e

16 (26%) 8(13%) 3(5%) 35 (56%)
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Table 3
Agr group distribution in S. aureus isolates obtained from different monkey species

Tabnuua 3
PacnpoctpaHeHue agr-rpynn y u3onaToB S. aureus, Nony4eHHbIX OT Pa3NUYHbIX BUROB 06€3bAH

Number of isolates according to agr groups

Monkey species

Rhesus macaque 39 7 3 64 13
(rab-eating macaque 32 N 7 55 105
Southern pig-tailed macaque 3 2 1 4 10
Green monkey 4 - - 5 9
Anubis baboon 5 1 1 8 15
Hamadryas baboons 15 - - 25 40

Bear macaque 2 1 - - 3

Capuchin monkey 1 = = 2 3

Patas monkey 2 - - 1 3
Total 103 22 12 164 301

rare sporadic strains; agr Il and agr Ill groups are mainly
hospital-acquired epidemiologic clones; agr IV - is a rare
group, resembling agr | [17]. Staphylococci belonging to
agr lll group are associated with invasive diseases, such as
bacteremia [3]. S. aureus comprising agr | groups are capa-
ble to penetrate into epithelial cells and cause mastitis in
cows and sheep [9].

Studies of foreign and domestic researches demon-
strate that allele | is prevailing among S. aureus isolates
recovered from humans in different geographic re-
gions [4, 5, 16]. In some research works aimed at investi-
gation of S. aureus isolated in cow mastitis agr | was also
dominating [3, 5, 7, 11], but in other studies agr Il and
agr Il took the first place [8]. Agr IV group in mastitis of
cattle and small ruminants was found in very rare cases or
was not found at all [5, 7, 8, 11]. It is described in works of
L.M.De Almeida et al. [9] that alleles | and |l were detected
in S. aureus in sheep milk and sheep mastitis. Data on distri-
bution of agr groups in S. aureus isolated at pig farms were
also various. Indeed, in such cases some authors [18] re-
port on detection of only agr 1 in S. aureus, but the others -
only of agr IV group [1]. It is probable that the spread of
the given alleles of gene regulating complex in S. aureus
isolated from animals, is connected with the geographical
region, as well as in humans.

In this investigation, most of MSSA isolates recovered
from monkeys were attributed to agr IV group (55%),
and agr | (34%) was the second most group. Agr Il alleles
were detected in 7% and agr lll - in 4% of tested isolates.
Agr IV group dominated in staphylococci isolated from
monkey lungs affected with pneumonia and in those iso-
lated from the organs affected by intestinal infections.
According to the research results it is established that the
isolates colonizing monkey nasal mucosa and recovered
from kidneys equally belong to agr | and agr IV. Allele IV
of the tested complex is 20-30% more likely to be found
in S. aureus detected in other organs and fecal samples.
It is also mentioned in the study that the prevalence ra-

tio of each S. aureus agr group is nearly similar, in case
with rhesus macaques and crab-eating macaques. But
no alleles Il and Il were detected among all the tested
hamadryas baboons and green monkeys. Data obtained
in the course of the work differ from those concerning
the distribution of agr complex alleles in S. aureus strains
isolated from humans, where S. aureus agr | groups are
prevailing [2-4, 15].

The recent study suggests further molecular-genetic
examination with spa- and coa-typing of isolates in order
to understand the epidemiology of S. aureus in monkeys
at monkey farm and compare the obtained results with
the molecular characteristics of epidemiological clones
recovered from humans.

CONCLUSIONS

1. Agr IV group dominated in S. aureus isolates reco-
vered from monkeys.

2. No correlation between the source of microbe isola-
tion and S. aureus distribution to a certain agr group was
detected.

3. No agr complex alleles Il and Ill were detected in
S.aureus isolates recovered from hamadryas baboons and
green monkeys.

REFERENCES

1.ZhangY., Xu D, ShiL., CaiR,, Li C, Yan H. Association between agr type,
virulence factors, biofilm formation and antibiotic resistance of Staphylo-
coccus aureus isolates from pork production. Front. Microbiol. 2018; 9: 1876.
DOI: 10.3389/fmicb.2018.01876.

2. Dufour P, Jarraud S., Vandenesch F, Greenland T., Novick R. P,
Bes M., et al. High genetic variability of the agr locus in Staphylococcus species.
J. Bacteriol. 2002; 184 (4): 1180-1186. DOI: 10.1128/jb.184.4.1180-1186.2002.

3. Javdan S., Narimani T., Shahini Shams Abadi M., Gholipour A. Agr ty-
ping of Staphylococcus aureus species isolated from clinical samples in
training hospitals of Isfahan and Shahrekord. BMC Res. Notes. 2019; 12:363.
DOI: 10.1186/s13104-019-4396-8.

4. Shopsin B., Mathema B., Alcabes P, Said-Salim B., Lina G., Matsu-
ka A., et al. Prevalence of agr specificity groups among Staphylococcus
aureus strains colonizing children and their guardians. J. Clin. Microbiol.
2003; 41 (1): 456-459. DOI: 10.1128/jcm.41.1.456-459.2003.

VETERINARY SCIENCE TODAY, JUNE Ne2 (33) 2020 | BETEPUHAPIA CETOLHS, MIOHb Ne2 (33) 2020



ORIGINAL ARTICLES | PRIMATE DISEASES OPUTMHANbHBIE CTATbY | BONE3HW MPUMATOB

5. Monecke S., Gavier-Widén D., Hotzel H., Peters M., Guenther S., Laza-
ris A., et al. Diversity of Staphylococcus aureus isolates in European wildlife.
PloS One. 2016; 11 (12):e0168433. DOI: 10.1371/journal.pone.0168433.

6. Gilot P, Lina G., Cochard T., Poutrel B. Analysis of the genetic variabi-
lity of genes encoding the RNA lll-activating components agrand TRAP in a
population of Staphylococcus aureus strains isolated from cows with masti-
tis. J. Clin. Microbiol. 2002; 40 (11): 4060-4067. DOI: 10.1128/JCM.40.11.4060-
4067.2002.

7. Alves P. D., McCulloch J. A, Even S., Le Maréchal C., Thierry A., Gros-
set N., et al. Molecular characterisation of Staphylococcus aureus strains
isolated from small and large ruminants reveals a host rather than tissue
specificity. Vet. Microbiol. 2009; 137 (1-2): 190-195. DOI: 10.1016/j.vet-
mic.2008.12.014.

8.Vautor E.,, MagnoneV,, Rios G., Le Brigand K., Bergonier D., Lina G,, et al.
Genetic differences among Staphylococcus aureus isolates from dairy
ruminant species: a single-dye DNA microarray approach. Vet. Microbiol.
2009; 133 (1-2): 105-114. DOI: 10.1016/j.vetmic.2008.06.006.

9. De Almeida L. M., De Almeida M. Z., De Mendonga C. L., Mamizu-
ka E. M. Comparative analysis of agr groups and virulence genes among
subclinical and clinical mastitis Staphylococcus aureus isolates from sheep
flocks of the Northeast of Brazil. Braz. J. Microbiol. 2013; 44 (2): 493-498.
DOI: 10.1590/5S1517-83822013000200026.

10. Bardiau M., Caplin J., Detilleux J., Graber H., Moroni P, Taminiau B.,
Mainil J. G. Existence of two groups of Staphylococcus aureus strains isola-
ted from bovine mastitis based on biofilm formation, intracellular survival,
capsular profile and agr-typing. Vet. Microbiol. 2016; 185: 1-6. DOI: 10.1016/j.
vetmic.2016.01.003.

11.KhoramroozS. S., Mansouri F., Marashifard M., Malek Hosseini S. A. A.,
Akbarian Chenarestane-Olia F,, Ganavehei B, et al. Detection of biofilm re-
lated genes, classical enterotoxin genes and agr typing among Staphylo-
coccus aureus isolated from bovine with subclinical mastitis in southwest of
Iran. Microb. Pathog. 2016; 97: 45-51. DOI: 10.1016/j.micpath.2016.05.022.

12. Kalashnikova V. A., Dmitrenko O. A., Stasilevich Z. K., Dzhi-
kidze E. K. Molecular-genetic typing of Staphylococci aureus isolated
from monkeys. Vestnik veterinarii. 2012; 1 (60): 73-77. eLIBRARY ID:
20888807. (in Russian)

13. Kalashnikova V. A., Sultanova O. A. Place of Staphylococcus aureus
in etiological structure of pneumonia pathogens in monkeys kept
in Adler monkey farm. Astrakhan Medical Journal. 2017; 17 (2): 36-43.
eLIBRARY ID: 29922139. (in Russian)

14. Kalashnikova V. A. Molecular typing of methicillin-susceptible
Staphylococcus aureus (MSSA), isolated from monkeys, based on coa-
gulase gene polymorphism. Veterinary Science Today. 2019; 3: 57-62.
DOI: 10.29326/2304-196X-2019-3-30-57-62.

15. Jarraud S., Mougel C., Thioulouse J., Lina G., Meugnier H.,
Forey F, et al. Relationships between Staphylococcus aureus genetic back-
ground, virulence factors, agr groups (alleles), and human disease. Infect.
Immun. 2002; 70 (2): 631-641. DOI: 10.1128/IA1.70.2.631-641.2002.

16. Kolawole D. O., Adeyanju A., Schaumburg F., Akinyoola A. L.,
Lawal O. O.,, Amusa Y. B,, et al. Characterization of colonizing Staphylococ-
cus aureus isolated from surgical wards’ patients in a Nigerian University
Hospital. PloS One. 2013; 8 (7):e68721. DOI: 10.1371/journal.pone.0068721.

17. Gostev V. V., Goncharov A. E., Grachyova M. A,, Sidorenko S. V. Dis-
tribution of Immune Evasion Cluster genes and genes encoding other
virulence factors among Staphylococcus aureus. Clinical Microbiology and
Antimicrobial Chemotherapy.2013; 15 (4): 270-278. eLIBRARY ID: 20879495.
(in Russian)

18. Moreno-Flores A., Potel-Alvarellos C., Francisco-Tomé M., Constenla-
Caramés L., Pérez-Roth E., Lopez-Coton C.,, et al. Methicillin-resistant Staphy-
lococcus aureus in swine housed indoors in Galicia, Spain. Enferm. Infecc.
Microbiol. Clin. 2020; 38 (1): 16 —20. DOI: 10.1016/j.eimc.2019.03.009.

Received on 27.03.2020
Approved for publication on 15.05.2020

INFORMATION ABOUT THE AUTHORS / UHOOPMALIUA 06 ABTOPAX

Victoria A. Kalashnikova, Candidate of Science (Biology),
Leading Researcher, FSBSI“RIMP’, Sochi, Russia.

KanawHnkoBa BukTtopusa AnekceeBHa, KaHaunpar
OGMONOTMYECKMNX  HayK, BeOylUiA  HAyYHblid  COTPYAHWK,
OrBHY «<HUW MMMy, . Coun, Poccus.

VETERINARY SCIENCE TODAY, JUNE Ne2 (33) 2020 | BETEPUHAPIA CETOLHS, IOHb Ne2 (33) 2020

131



ORIGINAL ARTICLES | VETERINARY MICROBIOLOGY
OPUTMHANBHbIE CTATBI | BETEPUHAPHAA MUKPOBWONOT UA

UDC619:576.807.9
DOI: 10.29326/2304-196X-2020-2-33-132-138

Studies of biofilms and phenotypic characteristics
of Candida funqi

E. M. Lenchenko’, N. P. Sachivkina?

! Moscow State University of Food Production (MSUFP), Moscow, Russia
2Peoples’ Friendship University of Russia (RUDN University), Moscow, Russia
' ORCID 0000-0003-2576-2020, e-mail: lenchenko-ekaterina@yandex.ru
20RCID 0000-0003-1100-929X, e-mail: sachivkina@yandex.ru

SUMMARY

Yeast-like fungi of the Candida genus are causative agents of the infectious lesions of the mucous membrane of the gastrointestinal, respiratory, urogenital tracts and
skin of mammals, sepsis, and disseminated infection in birds. The search and testing of multilevel algorithms for biofilm identification when exposed to chemothera-
peuticand disinfectant drugs for blocking the synthesis or destruction of the intercellular matrix in the development of superficial, deep and systemic candidiasis of
animals are relevant for developing and improving diagnostic and antiepidemic measures. It was established that the formation of biofilm heterogeneous structure
comprises multiple stages implementing the processes of intercellular communication due to the synthesis of a polymer matrix composites. Optical microscopy
revealed a three-dimensional structure of biofilms in the form of a dense network consisting of yeast cells, hyphal and pseudohyphalic forms surrounded by an
intercellular polymer matrix. Candida spp. pathogenicity factors contribute to infection of susceptible species due to adhesion, invasion, secretion of hydrolases,
and dimorphism. Formation of mono-species or poly-species biofilms of microorganisms, including Candida spp., causes the development of superficial, deep and
systemic candidiasis. Detection of a large amount of yeast and micellar phases in C. albicans and C. africana isolates was a differential sign of a significant degree
of colonization of the mucous membranes of the larynx, pharynx, and tonsils in case of localized and systemic lesions in pigs. The results of studies of the biofilm
heterogeneous structure and phenotypic signs of yeast-like fungi can be used in a comparative study of hiological characteristics and the identification of common
patterns and differential signs of microorganisms, optimization of mycological diagnostics, and also in the development of antimycotic drugs.
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PE3IOME

[llpox>kenogo6Hbie rpubbl pona Candida — Bo36yauUTENN MHOEKLMOHHOIA NATONOTMN CAM3NCTON 060MI0YKH KeNYAOYHO-KILIEYHOTO, AbIXaTeNbHOTO,
YPOTeHNTaNbHOr0 TPAKTOB I KON MIIEKOMUTAHOLLVX, CEMCICa U AUCCEMUHMPOBAHHOI MHGeKLMI NTIL,. [1n5 pa3paboTKu 11 COBEpLUIEHCTBOBAHMSA AUArHOCTAYECKIX
11 POTUBO3MU300TUYECKIX MEPONPUATMIA aKTYanbHOCTb NPEACTABAAIOT U3bICKAHME U anpobaLua MHOrOYPOBHEBbIX ANTOPUTMOB MHAMKALMM G1ONNEHOK Npy
BO3ZeViCTBUN XMMIOTEPANEBTUYECKMX 1 Ae3MHGULMPYIOLLINX NpenapaToB AnA 6MOKMPOBKM CMHTE3a UM Pa3pyLLEHIA MEXKIIETOUHOro MaTPUKCa Npu pasBUTIM
MOBEPXHOCTHBIX, FTYOOKUX 1 CUCTEMHBIX KaHANA030B XUBOTHBIX. YCTAaHOBNEHO, UTO GOPMUPOBAHME TeTePOreHHOI CTPYKTYpbl 6UONNEHOK NpeacTaBaseT
€060ii MHOXXECTBO TaNoB, PeAN3yHLLYMX MPOLECChI MEXKNETOUHOI KOMMYHMKALMIA 3a CYET CUHTE3a NONMMEPHOTo MaTpuKca. Mpu onTryeckoit MUKpockonuu
BbIABNIANACh TPEXMEpHaA CTPYKTYpa G1onneHoK B BUAE MNIOTHOIA CETH, COCTOALLIEI 13 APOXCKEBbIX KNETOK, FMAbHbIX U NCEBAOrUGANbHBIX GOPM, OKPYXKEHHbIX
MEXKIIETOUHBIM MONMMEPHBIM MaTPUKCOM. [Py MHOULMPOBAHMM BOCTPUMMUMBBIX BULOB 3THONOTMYECKas 3HAUMMOCTb GaKTOpoB naToreHHocT Candida spp.
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peanu3yeTca 3a CYET aAre3uni, NHBa3UM, CeKpeLMM rnaponas, Aumopdusma. DopmupoBaxie MOHOBHUIOBbIX WM NONMBUAOBbIX G1OMNIEHOK MUKPOOPraHI3MOB,
B TOM uncne u (andida spp., 06ycnoBAMBAIOT pa3BHUTIE MOBEPXHOCTHBIX, Y6OKYX 1 CUCTEMHBIX KaHAUE030B. MHAMKALWA B 6ONIbLIOM KONMYECTBE APOXKEBOI
n MuLennapHoii a3 y usonaros C. albicans v C. africana aBnanacb AudhepeHLManbHbIM NPU3HAKOM 3HAUUTENBHOIA CTENeHN KONOHN3ALMI CIU3UCTBIX
000/104€eK ropTaHy, IMOTKM 1 MUHAANMH NPY JOKaNbHbIX M CUCTEMHBIX NATONIOTAAX CBUHEN. Pe3ynbTaTbl MCCef0BaHMUii reTeporeHHoi CTPYKTypbl GrionneHok
1 GEHOTUNIYECKUX NPU3HAKOB APOKKENOA00HBIX FPUOOB MOTYT GbiTb MCMONb30BAHbI NPU CPABHUTENILHOM U3yYEHIM GUONOTMYECKIX CBOTICTB 1 BbIABNEHIN
06LLMX 3aKOHOMEPHOCTEi! 1 nddepeHLIManbHbIX MPU3HAKOB MUKPOOPraH3MOB, ONTUMU3ALIMM CXEMbI MUKONOTAYECKOI AUATHOCTUKM,  TaKXKe NPy pa3paboTke

AHTUMUNKOTUYECKIX NpenapaToB..

KnioueBble cnoa: MUKpocKonuyeckne FpMﬁbI, (andida Spp., 6VIOI'IJ1€HKI/I, ONTUYeCKadA NJI0THOCTb, MUKPOCKONKA, ¢EHOTMI1VN€(KI/I€ NPU3HaKK.

bnaropapHoctb: ATopbl 6narosapAT MockoBCKuiA rocyfapcTBEHHbII yHUBepcuTeT nuwiesblx npou3soacts (MIYMM) u Poccuitcknii yanepcutet apyx6o
Hapopos (PYQH) 3a npeaocTaBneHHble BO3MOXHOCTY ANA NPOBeeHIA UCCIeL0BaTeNbCKoii paboTl.

[insa yutuposauus: flenuenko E. M., Caumskuta H. 1. Uccnegosanue 6uonneHok 1 peHoTunMueckmx npusHakos rpubos poga Candida. Bemepurapus ce200Hs.

2020; 2 (33): 132-138. DOI: 10.29326/2304-196X-2020-2-33-132-138.

KoHdnukT uHTepecoB. ABTOpbI 3aABAKT 06 OTCYTCTBUN KOHGINKTA UHTEPECOB.
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INTRODUCTION

Of the numerous representatives of the genus Candida,
20 species were recognized as pathogenic for humans, of
which, primarily, C. albicans, C. tropicalis, C. krusei, C. kefyr,
C. glabrata, C. guilliermondii, C. parapsilosis [1, 2]. The etio-
logical structure of candidiasis in farm animals is represen-
ted by C. albicans and C. tropicalis species recovered from
the calves’ pancreas (48.07%) and rennet (75.0%), piglets’
stomach (88.26%), as well as the oral cavity, esophagus
and crop of young birds with pathological legions [3-5].
Clinical signs of the disease are observed in the early post-
natal period (up to 2 months of age) in particular, curd-
like patches were detected in the stratified squamous epi-
thelium of the digestive system (oral cavity, esophagus,
paunch, reticulum, omasom) of calves and lambs [3]. In
case of mastitis in cows, C. krusei (n = 14) and C. parapsilosis
(n = 6) were more often detected in milk samples, C. lipo-
lytica, C. lusitaniae, C. neoformans - less often [6]. Visceral
candidiasis of piglets, which occupies the 4" place in the
nosological profile of infectious lesions, reaches 13.36%
occurrence frequency [4]. 13 (68.42%) C. albicans and
6 (31.57%) C. africana microorganism cultures were re-
covered from tissues and organs of pigs with clinical signs
of candidiasis and identified [7]. In case of candidiasis in
silver-black foxes, dogs and cats, both minor lesions of the
skin and epidermic derivatives, as well as intense lesions in
the form of ulcers, hyperkeratosis and local alopecia are re-
ported [8]. Chickens and poults younger than one month
of age are the most susceptible to this disease. Subacute
or chronic candidiasis occurs in birds in the form of epide-
mic outbreaks. As a rule, it is characterized by formation
of intense patches of yellow-gray color, tightly attached to
the mucous membrane of the esophagus, crop, and when
removed, ulcerative foci are exposed [9, 10].

In case of chronic infectious lesions of farm animals,
direct correlations were established between the mor-
phological and densitometric characteristics of biofilms
and the effect of virulence factors of microorganisms,
including yeast-like fungi [11-14]. Candida spp. viru-
lence factors contribute to infection of susceptible spe-
cies due to synthesis of polymeric substances, transcrip-
tional control of adhesion, invasion, and secretion of toxins

[15-20]. Heteromorphic population growth promotes

the interaction between microorganisms of various taxo-
nomic groups, which leads to virulence and protection of
microbial biofilms from the immune response, as well as

from the effects of chemotherapeutic drugs and disinfec-
tants [21-24]. Candida spp. mRNA transport is inactivated

when the so-called She3 adapter is removed, the hyphae

become specifically defective, which is accompanied by
atypical growth and decrease in the ability to damage the

monolayer of epithelial cells due to a decrease in the pro-
duction of phospholipase B [25, 26]. The search and testing

of multilevel algorithms for biofilm identification when

exposed to chemotherapeutic and disinfectant drugs for
blocking the synthesis or destruction of the intercellular
matrix in the development of superficial, deep and syste-
mic candidiasis of animals are relevant for developing and

improving diagnostic and anti-epidemic measures.

The research is aimed at studying the morphometric
and densitometric characteristics of biofilms and pheno-
typic characteristics of reference strains and isolates of
Candida spp. yeast-like fungi.

MATERIALS AND METHODS

Strains. Biofilms and phenotypic characteristics were
tested using reference strains (ATCC): Candida albicans
ATCC 14053, C. parapsilosis ATCC 22019, C. tropicalis
ATCC 750, C. glabrata ATCC 66032 [27]. The isolates we
recovered were also used in the experiments: C. albicans
and C. africana - from pig lymph nodes in case of loca-
lized or systemic lesions; C. albicans and C. tropicalis from
vaginal mucus of dogs in the presence of clinical signs of
candidiasis, as well as C. humilis from compound feed for
cattle [7, 25].

Nutrient media. The microorganisms were cultured
for 24 hours at 37, 42, 45 °C using liquid and dense nutri-
ent media: cardiac broth (HiMedia, India), Sabouraud
(bioMerieux, France), HiCrome Candida Agar (HiMedia,
India). The presence of chlamydospores was taken into
account when inoculating a 24-hour culture of microor-
ganisms from Sabouraud’s culture medium on the rice
agar (API-System R.A.T,, France) and cultivated for 24 hours
at25°C.
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To assess the formation of germ tubes, the microorga-
nisms were cultured in 1.0 ml of meat-peptone broth (MPB)
with addition of cattle blood serum (FSUE NPO Microgen,
Russia) at 37 °C for 5 hours.

Phenotypic characteristics. The morphological, cultural,
and biochemical properties of microorganisms were stu-
died by conventional methods using differential diagnos-
tic media and test systems [1, 2].

For recording the enzymatic features, Candida spp. day-
old culture (optical density OD = 0.5 at a wavelength of
620 nm) was added to the wells of the HiCandida Identi-
fication Kit test system (HiMedia, India) and cultured for
48 hours at 22.5 °C.

Morphometric parameters of biofilms. Microorganisms
were cultured for 48 hours at 37 °C on coverslips placed in
Petri dishes with 20 ml of MPB and 5 ml of suspension of
18-hour cultures of microorganisms at a concentration of
105 CFU/ml.The preparations were fixed with a mixture of
alcohol and ether (1:1) for 10 min; they were stained with
a 0.5% methylene blue solution [12, 21].

The preparations were tested using optical microscopy
BIOMED MS-1 Stereo (Russia).

Densitometric characteristics. When cultured in a 96-
well plate (Medpolymer, Russia), the crystal violet binding
(HiMedia, India) reading was performed using an Immu-
nochem-2100 photometric analyzer (HTI, USA). The test
samples (optical density OD 580, wavelength 580 nm)
were added to the wells of the plates and cultured at 37 °C

C. tropicalis

Fig. 1. Morphology of yeast-like fungi.

for 48 hours. Then, the liquid was removed, the wells were
washed three times with 200 pl of phosphate-buffered
solution (pH 7.3). Fixation was performed using 150 pl of
96% ethanol for 15 min. Then the plate wells were dried for
20 min at 37 °Cand a 0.5% solution of crystalline violet was
added, and again placed in a thermostat at 37 °C. In 5 min,
the contents of the wells were removed, washed three
times with 200 pl of phosphate-buffered saline (pH 7.2)
and dried. The dye was eluted with 200 pl of 96% ethanol
for 30 min [16, 28, 29].

The data obtained during the experiment were
processed by the method of statistical analysis using
Student’s t-test, the results were considered reliable at
p <0.05.

RESULTS AND DISCUSSION

Candida spp. — gram-positive oval-based budding
microorganisms. The yeast phase of the tested species was
represented by relatively large round or oval budding cells
of 2.0-6.0 um in diameter, the micellar phase - by groups
of round small cells (blastospores) and hyphae.

The microorganisms C. albicans and C. humilis had round,
subspherical, elliptical cell shapes 2.0-3.0 x 3.0-5.0 um in
size.

The C. parapsilosis and C. tropicalis cells of
1.7-2.0 X 3.0-4.0 um in size had an elliptical elongated
shape; mycelium with groups of round small cells -
blastospores — was also detected (Fig. 1).

q

S 4

C. humilis

Growth at 25 °C for 24 h in Sabouraud medium. Methylene blue staining, oc. 10, ob. 100, immersion.

Puc. 1. Mopgonozus 0poxxeno0ob6Hblx 2pubos.

Pocm npu 25 °C 24 4 Ha cpede Cabypo. OkpawiugaHue MemusieHo8bIM CUHUM, OK. 10, 06. 100, uMmmepcus.
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Detection of a large number of yeast and micellar phases
in C. albicans and C. africana isolates recovered from pig
lymph nodes was a differential sign of a significant degree
of colonization of the larynx, pharynx, and tonsils mucous
membranes in case of localized and systemic lesions.

The population immobilization of the mature three-
dimensional biofilm architectonics, in accordance with the
cultivation conditions, was accompanied by co-aggrega-
tion between yeast and micellar forms combined by an
exocellular matrix, the presence of long branched hyphal
forms forming dense pseudomycelial structures. In their
central part microcolonies had a more pronounced matrix,
therefore, yeast forms and mycelium were not detected.
In the peripheral part of biofilms, as a rule, the exocellular
matrix gradually thinned, individual yeast cells and micel-
lar forms were detected (Fig. 2).

When evaluating densitometric caracteristics of the
microorganism culture, it was found that after 48 hours  Fig. 2. Morphology of yeast-like fungi C. tropicalis.
of C. albicans (ATCC 14053) and C. africana cultivation  Growth at 37 °C for 48 h in Sabouraud medium.
recovered from the lymph nodes of piglets, the abso-  Methylene blue staining, oc. 10, ob. 100, immersion.

lute optical density values (OD,) were in the range from o, 5 v10ph05102u5 dposmenodobrbix 2puboe C. tropicalis.
0423 £0.11 to 0.510 £ 0.19, and the intensity of biofilm 5/, npu 37 °C 48 4 Ha cpede Cabypo. Okpawuearue

formation (ID) was 2 03-04. _ MemuseHo8bIM CUHUM, OK. 10, 06. 100, uMmepcus.
C. albicans and C. tropicalis microorganisms (ATCC 750)

isolated from dog vaginal mucus discharge, as well as

C. glabrata (ATCC 66032), C. parapsilosis (ATCC 22019) C. humilis isolated from cattle feed demonstrated OD
demonstrated OD, values ranging from 0.331 £ 0.10 to  in the range from 0.208 + 0.06 to 0.288 + 0.11, and the
0.350 £ 0.08, biofilm formation intensity /D > 0.2-0.3. intensity of biofilm formation ID = 0.1-0.2 (Table 1).

Table 1

Densitometric parameters of Candida spp. biofilm formation

Tabnuua 1

lleHcuTomeTpuyeckue nokasarenu GpopmupoBanua 6uonnexok Candida spp.

Optical density (n=3)
Microorganism species
0D.* A (0D~ 0D, )** Intensity (ID)***

Reference strains

C tropicalis, ATCC750 0.342£0.13 0.244+0.22

C glabrata, ATCC 66032 0.288 £0.11 0.130+0.20

Isolates

C.dficana 0510019 04124028
(piglets’ lympnode)

C tropicalis ‘ 03312010 021320.19
(dogs'vaginal mucus discharge)

*0D, — optical density of the sample (onTuyeckas nnoTHocTb 06pasiia);

** 0D, — optical density of the control sample (onTuueckas NOTHOCTb KOHTPOAA);

**¥ |D — intensity: the difference between the optical density of the test sample (ODs) and control sample (0Dc)
(MHTEHCUBHOCTb: PA3HOCTH ONTUUECKOI NOTHOCTH Uccneayemoro obpasua (OD) v kontpons (OD,).
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Table 2
Phenotypic characteristics of Candida spp.

Tabnuuya 2
OeHoTunuyeckue npusHaku Candida spp.

Distinctive features in 48 hours of cultivation

Microorganism species Sabouraud medium

HiCrome Candida Agar
Reference strains
C. albicans, ATCC 14053 + + + Green colour of the colony
C. tropicalis, ATCC 750 + 3 + Blue colour of the colony
C. parapsilosis, ATCC 22019 + + - Pale-pink colour of the colony
C. glabrata, ATCC 66032 + + + Cream colour of the colony
Isolates

¢ ‘alblcalns + + + Green colour of the colony
(piglets’ lympnode)
5 albl,cans. . + + + Green colour of the colony
(dogs'vaginal mucus discharge)
C. africana

— + + - Green colour of the colony
(piglets’ lympnode)
g troelcall's . + + + Blue colour of the colony
(dogs'vaginal mucus discharge)
C humilis .
(compound feed) + + + Lilac colour of the colony

«+» — species characteristic growth is observed (npucyTcTBIe XapakTepHoro Ans BUAa pocTa);
«—» — species characteristic growth is not observed (oTcyTcTBYE XapaKTepHOro AnA BUAA pocTa).

The reference strains and isolates of yeast-like fungi  processes due to the synthesis of a polymer matrix. The
Candida spp., regardless of the recovery source, demon-  results of studying biofilm heterogeneous structure as well
strated growth characteristic of the species, which is quite  as phenotypic characteristics and virulence factors of the
informative in terms of sediment, film and the degree of = microorganisms expand the boundaries of general and
medium turbidity. Taking into account the microorganism  special mycology, and the applied aspects - the identifi-
temperature tolerance, the distinctive feature of C. afri-  cation of common patterns and differential characteristics
cana and C. parapsilosis species was the absence of growth  of saprophytes, potentially pathogenic and pathogenic
on Sabouraud medium at 45 °C (Table 2). microorganisms - have potential for optimization of the

HiCrome Candida Agar contains chloramphenicol, infectious lesion diagnostics and the development of an-
which inhibits the growth of concomitant microorganisms.  timycotic preparations.

The presence of chromogenic substrates makes it possible

to differentiate Candida spp. colonies, which differed in CONCLUSION

size, shape, color and consistency. At the same time, the When studying the morphometric parameters of Can-
C. albicans and C. africana species formed similar green  dida spp. fungi reference strain and isolate biofilms the
colonies on this medium. three-dimensional structure of biofilms was detected

A diagnostic test for the presence of germ tubes, the  in the form of a dense network consisting of yeast cells,
precursors of true hyphae, makes it possible to differenti-  hyphal and pseudohyphal forms surrounded by an inter-
ate fungi in 5 hours of microorganism cultivation in MPB  cellular polymer matrix. Detection of a large number of
at 37 °C with the addition of cattle blood serum.The tested  yeast and micellar phases in C. albicans and C. africana
types of microorganisms were able to grow in the pres- isolates was a differential characteristics of a significant
ence of cycloheximide, no urease activity was observed.  degree of colonization of the larynx, pharynx, and ton-
C. africana, unlike other species, fermented sucrose and  sils mucous membranes in case of localized and systemic
raffinose and did not ferment maltose, C. humilis and  lesions of pigs.

C. glabrata species did not ferment galactose and xylose,
C. parapsilosis did not ferment trehalose (Table 3). REFERENCES
In general, the formation of a heterogeneous structure 1. Moroz A. F, Snegireva A. E. Methodical recommendations. Fungi
. . . . . of the genus Candida (methods of isolation, identification at the species
of Candida spp. fungi reference strain and isolate biofilms

level and determination of sensitivity to antifungal drugs) [Metodiches-
represents many stages of intercellular communication  kie rekomendacii. Griby roda Candida (metody vydeleniya, identifikacii
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Table 3
Differential diagnostic characteristics of Candida spp.

Tabnuua 3
InpdepeHunanbHo-guarHocTuueckue npusnaku Candida spp.

Carbonhydrates

Species

Melibiosis

Suchrose
Galactose
Cellobiose
Inositol
Trehalose

Reference strains

C. albicans, ATCC 14053

C. parapsilosis, ATCC 22019

Isolates
C. albicans
(piglets'lympnode) B - - + + + - - + _ _ +
(. africana
(piglets'lympnode) B - - - + + - - + _ i i
C. humilis
(compound feed) - - - + - + - - + _ _ i

«+» — positive test result (nonoxwTenbHblil Tect);
«—» — negative test result (oTpuLaTenbHbIi TecT).
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SUMMARY

Results of mycotoxicological survey of representative samples of feed and procured wheat, barley, oat and maize grain batches are demonstrated. The samples
were submitted by the Veterinary Service officials, livestock farmers and feed mill operators, agricultural producers, specialized commercial business operators
and farm owners in seven Federal Districts of the Russian Federation in 2009-2019. Similar amounts of wheat and barley grain samples were received from the
Central, Volga, Ural and Siberian Federal Districts. The amount of wheat samples delivered from the Southern Federal District prevailed over the number of barley
samples, and the maize samples were mostly delivered from the regions of the Central Federal District. Fusarium toxins including T-2 toxin, diacetoxyscirpenol,
deoxynivalenol, zearalenone and fumonisins of group B as well as alternariol, ochratoxin A, citrinin, aflatoxin B1, sterigmatocystin, cyclopiazonic acid, mycophenolic
acid, ergot alkaloids and emodin were detected and measured according to the validated competitive ELISA procedure. Generalization of the results demonstrated
domination of Fusarium toxins and active involvement of alternariol in the contamination of all types of feed grains as well as high occurrence of emodin in ear
cereals and increased occurrence of T-2 toxin and ochratoxin A in barley. Shift of medians and 90%-percentile of the basic contaminants to lower values as compared
to mean and maximal ones was reported thus being indicative of their possible accumulation at the levels outside the typical range. The highest levels of T-2 toxin,
deoxynivalenol and ochratoxin A as well as 90%-percentile values exceeded the acceptable levels. The maize grains demonstrated the whole complex of the tested
Fusarium toxins with the prevalence of T-2 toxin, deoxynivalenol, zearalenone and fumonisins; and the maximal amounts of these mycotoxins by several times
exceeded the accepted regulatory levels. Diacetoxyscirpenol, aflatoxin B1, sterigmatocystin, cyclopiazonic acid and ergot alkaloids are classified as rare feed grain
contaminants. High prevalence of alternariol and emodin known as“diarrhea factor” as well as maize grain contamination with mycophenolic acid (mycotoxin having
an immunosuppressive effect) are for the first time reported in this paper. These data support the need of their introduction in the group of requlated substances
significant for public health. Original monitoring data systematized and summarized in the paper are given in electronic format in section Additional materials.
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MWKOTOKCUKONOTMYECKINit MOHUTOPUHT.
CoobLueHKe 2. 3epHO NLLEHNLbI, AYMEHS, 0BCA, KYKYPY3bl

I. 1. KoHoHeHko', A. A. Bypkun?, E. B. 3010Ba*
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PE3IOME
MpencraBneHbl pe3ynbTaTbl MUKOTOKCUKONOrMYECKOro 06Cef0BaHNA CPeLHUX 00pa3L0B OT NapTyil GypaxkHOro 1 3aroTOBAAEMOTr0 3epHa MLLEHMLDI, AY-
MeHs, 0BCa U KYKypy3bl, NPpefoCTaBNeHHbIX CNeLUanicTami BeTEpUHaPHbIX CyX0, KUBOTHOBOAUECKUX 11 KOMOUKOPMOBbIX NPEANPUATHIA, KOMNAHWIi-
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" CoobueHue 1 cMm. BemepuHapus cezo0Hs. 2020; 1 (32): 60-65. DOI: 10.29326/2304-196X-2020-1-32-60-65.
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CeNbX03npou3BOAMTENelA, CMIELMani3vpoBaHHbIX KOMMEePUECKMX 0praHu3auuii 1 BnadenbLamin KpecTbAHCKMX GepmepckinX X03AiicTB 13 7 defepanbHbIX
okpyros Poccuiickoit Oegepauum B nepuop ¢ 2009 no 2019 r. CpaBHUMbIE N0 06beMY BbIOOPKM 3epHa NLLIEHMLbI 1 AYUMEHS Obinn NofyyeHbl U3 LieHTpanbHoro,
Mpusomxckoro, Ypanbckoro 1 Cbupckoro GesepanbHbix okpyros. 113 K0xHoro desepanbHoro okpyra uncno 06paswos nieruLbl 6bi10 6onblue, Yem AUMeHs,
a 3epHO KyKypy3bl NOCTYNano B 0CHOBHOM 13 cy6bekToB LieHTpanbHoro deaepanbHoro okpyra. [leTekTupoBaHue 1 M3mepeHue CofepxaHua ¢y3apuoTokcu-
HOB, BK/I0UaloLLMX T-2 TOKCUH, AMALETOKCUCLMPNEHON, 1e30KCUHUBANEHON, 3eapaneHoH U GYMOHM3UHBI Tpynnbl B, a Takxke anbTepHapuona, 0XpaToKcvHa A,
UNTPUHUHA, adNaTOKCUHA B, CTepUrMaTounCTUHa, UMKIONMA30HOBO! KMCIOTbI, MKOGEHONO0BOI KMCAOTbI, Proankanonos 1 SMOAUHA NPOBOANY O aT-
TeCTOBaHHOI NpoLeaype € NCnoab3oBaHNEM KOHKYPEHTHOT0 MMMyHOpepMeHTHOro aHanu3a. B xoge 0606LueHna pe3ynbraTos ycTaHoBAEHa AOMUHUPYIOLLAA
ponb ¢y3apuoTOKCMHOB ¥ aKTUBHOE YYacTe anbTepHap1ona B KOHTAMUHALMK BCEX BIUAOB 3ePHOGYPaXxa, a Takxe yacTas BCTPeYaemMocTb IMOANHA B 3epHe
KONMOCOBBIX KyNbTYp 1 NOBbILLEHHAA PAaCNPOCTPAHEHHOCTb T-2 TOKCMHA M OXPaTOKCMHA A B 3epHe AUMeHS. [1NA 0CHOBHbIX KOHTAMUHAHTOB OTMEYeHO CMeLLeHIe
menuaH 1 90%-ro NPOLEHTUNA B CTOPOHY MEHbLUNX 3HaUeHHIA N0 OTHOLLEHMIO K CPEAHMM 1 MaKCUMATbHBIM COAEepKaHNAM, UTO YKa3biBano Ha BOIMOMXHOCTb
WX HAKOMMeHNA 3a Npefenami THNMYHOrO AnanazoHa. Hanbonblume ypoBHM T-2 TOKCMHA, A€30KCMHIBANEHONA 1 0XPATOKCUHA A, a Takxe nokasatenu 90%-ro
NPOLEHTUAA NPeBbILLANYN AONYCTUMbIE HOPMbI COAePKaHuA. B 3epHe KyKypy3bl KOMNNEKC aHaNN31POBaHHbIX ¢y3apuOTOKCUHOB NPEACTaBNEH MOMHOCTbH0 C Hau-
6onbLLeil BCTpeyaemMoCTbio T-2 TOKCMHA, e30KCMHIBANEHOAa, 3eapaneHoHa 1 GYMOHIU3IHOB, 1 MAKCUMaNbHble KONMYECTBA 3TUX MIUKOTOKCUHOB B HECKObKO
Pa3 NPeBbILLANM NPUHATbIE YPOBHI HOPMUPOBAHNA. MALETOKCUCLMPTIEHON, ADNATOKCUH B, CTEPUrMATOLMCTUH, LMKNONUA30HOBAS KUCIOTA 1 SProankanonzpl
OTHeCeHbI K PefiKIIM KOHTaMUHaHTaM KOpMOBOT0 3epHa. DakT 06LLMPHOIT pacnpocTpaHeHHOCTY B 3epHe anbTepHap1ona v SMOAUHA, U3BECTHOTO KaK «AnapeiiHblii
baKTOp», a TaKXKe KOHTaMUHALMI 3ePHa KYKypy3bl MUKODEHONOBOIA KNCNOTON — MUKOTOKCMHOM C IMMYHOZENPECCUBHBIM elicTBUEM, NPUBELEHDI B JaHHOI
pa6ore Bnepable. ITa MHdOPMaLKA NOATBEPXKAAET He06X0AUMOCTb X BBELEHMA B TPYNY HOPMUPYEMbIX CaHUTAPHO-3HAUNMBbIX NoKa3aTenet. cxoaHble JaH-
Hble MOHUTOPWHTA, CUCTEMaTU3UPOBaHHbIe 1 06001LLEHHbIe B AaHHOI paboTe, NpeACTaBAeHbI B INEKTPOHHOM Bue B pasene «[JononHuTeNbHble Matepuanbi.

KnioueBble cnoBa: 3€PHO NMLLEeHNLbI, AYMEHA, 0BCa, KYKYPY3bl, MUKOTOKCUHbI, MOHUTOPUHT, I/IMMyHO(I)(:‘pMGHTHbIVI aHanus.

[ina untnposaunusa: Koxonenko I. 1., bypkun A. A., 3oToBa E. B. Mukotokcukonornueckuii MoHutopunr. Coobluene 2. 3epHo MeHULbI, AYMEHS, 0BCa,

KyKypy3bl. Bemepurapus ce2o0us. 2020; 2 (33): 139-145. DOI: 10.29326/2304-196X-2020-2-33-139-145.

KoHdnukT uHTepecoB. ABTOpbI 3aABNAKT 06 OTCYTCTBUI KOHGNUKTA UHTEPECOB.

[ina koppecnonpeHuyn: KonoHeHko fanuHa MaHTeneeBHa, AOKTOP GUonornueckux Hayk, npoeccop, 3aBefylowwuii iabopatopueii MIUKOTOKCUKONOTIN
u canutapuy kopmos BHUUBCT — dunuan OF6HY OHL| BIAIB PAH, 123022, Poccus, 1. MockBa, 3BeHuropogckoe Lwocce, A. 5, e-mail: kononenkogp@mail.ru.

INTRODUCTION

Grain contamination with toxic metabolites of micro-
scopic fungi (mycotoxins) has been and remains the focus
of attention of the global agricultural science being the
key issue of the veterinary welfare [1, 2]. In our country
the hygiene of the feed grain is of practical importance
for all livestock sectors not only due to significant scope
of its use in the compound feed but also due to still gro-
wing interest to hydroponic fodder and new technologies
of its preservation under high humidity conditions. The
feed rations of the majority of food-producing animals and
poultry are based on grain ingredients — wheat, barley and
maize grain with oat grain being of traditional interest for
horse breeding sector.

For many years, the wide spread of Fusarium spp. con-
tamination of grain, often growing into long-lasting epi-
phytoties, has been gaining increased attention due to the
risk of toxicoses in animals [3]. In 1995-2005, the targeted
governmental program was implemented in order to as-
sess the consequences of the grain contamination with
toxigenic Fusarium fungi and to forecast the development
of the situation in the cultivation areas [4]. That was when
the data on Fusarium toxins’'spread pattern were obtained
for the first time [5, 6]. Hereafter, regional surveys were
initiated as for other mycotoxins significant for public
health [7]. Enforcement of the Technical Regulation of the
Customs Union on Safety of Grain (TR CU 015/2011) pre-
scribing their admissible levels in feed was an important
outcome of these efforts [8].

According to the global scientific data the list of myco-
toxins capable of inducing chronic intoxication and highly
dangerous remote effects in animals is far from being ex-
hausted, and improvement of the system of grain safety
control remains highly relevant. An increasing number of

countries realize the need for regular monitoring resear-
ches and continuous operation of specialized structures
for coordination of actions and rapid expert evaluation of
the received data. In our country, the long-run objective
of the establishment of the national information resource
aimed at the mitigation of mycotoxicosis risk in farm ani-
mals involves systematization of analytical investigations
and data reporting under the unified approach, which
combines their overall assessment and accessibility for
updating and use by the experts.

The work was aimed at compilation of the results of the
survey of mycotoxin contamination of feed and procured
wheat, barley, oat and maize grain delivered from seven
Federal Districts of the Russian Federation in 2009-2019
with the source data being reported to the electronic da-
tabase.

MATERIALS AND METHODS

The test objects included representative samples of
feed and procured grain batches submitted by the Vet-
erinary Service officials, livestock farmers and feed mill
operators, agricultural producers, specialized commer-
cial business operators and small-scale farm owners in
2009-2019. Harvesting areas were documented and of-
ficially confirmed for 623 wheat, oat, barley and maize
samples, 30 samples were delivered without data on their
origin, and four samples were collected from the imported
consignments (Table 1). Twenty-seven oat grain samples
were submitted for testing mostly from the Tula, Moscow
Oblasts and Krasnodar Krai as well as from the Bryansk,
Kursk, Tyumen Oblasts and Sakha (Yakutia) Republic.

The tested mycotoxins included T-2 toxin (T-2),
diacetoxyscirpenol (DAS), deoxynivalenol (DON),
zearalenone (ZEA) and fumonisins of group B (FUM),
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alternariol (AOH), ochratoxin A (OA), citrinin (CIT),
aflatoxin B, (AB,), sterigmatocystin (STG), cyclopiazonic
acid (CPA), mycophenolic acid (MPA), ergot alkaloids (EA)
and emodin (EMO). The samples were prepared using
standardized procedure based on liquid-liquid extraction
and indirect competitive ELISA [9]. Detection limits de-
termined based on 85% antibody binding were as fol-
lows: 2 ug/kg (AB,), 3 ug/kg (EA), 4 pg/kg (T-2, OA, STG),
20 pg/kg (ZEA, AOH, CIT, MPA, EMO) and 50 pg/kg (DAS,
DON, FUM, CPA). The following coding pattern was used
for filling-in record form in the database: type of grain
(WH, BAR, OA, MAI), region (FD and REGION), reporting
year (1-11), tested mycotoxins. Microsoft Excel 2016 and
Statistica (Version 6) software were used for statistical data
processing including calculation of percentage of occur-
rence based on n*/n ratio and the following three values
for positive samples - the arithmetical mean, the median
and the 90% percentile.

RESULTS AND DISCUSSION

The data in Table 1T demonstrate that the coverage of
the grain sampling areas was the highest in the Central
and Volga Federal Districts (FD). In the Southern, Ural and
Siberian FD this parameter was significantly lower and
as for the Northwestern and Far Eastern FD the samples
were delivered only from two regions of each. The total
numbers of tested samples of wheat, barley and maize
were quite comparable, but their regional distribution
was uneven. Comparable sizes of wheat and barley grain
samples were delivered only from the Central, Volga, Ural
and Siberian FD, but samples delivered from the Southern
FD considerably varied in size. Maize grain was mostly sub-
mitted from the regions of the Central FD.

All tested mycotoxins except from DAS and AB, were
detected in wheat grain (Table 2). T-2 and DON as well as

Table 1

AOH and EMO were the most frequently detected ones.
The occurrence rate of other mycotoxins amounted to

1.0%-4.9%. The quantities of toxins generally varied within

two orders of magnitude; only in case of ZEA the variation

range did not exceed one order of magnitude. Shift of me-
dians to lower values as compared to mean ones was re-
ported for all contaminants being indicative of unified dis-
symmetric distribution of contents where half of the data

was less than other ones. The highest quantities exceeded

the threshold concentrations calculated for 90% of values

(90% percentile) being the most pronounced in case of
T-2, DON, AOH and EMO that suggested their possible ab-
normal accumulation against the typical contamination.
Moreover, in case of DON the 90% percentile value seve-
ral times exceeded its admissible level of 1,000 ug/kg [8].
It should be emphasized that against the relatively rare

occurrence both maximum levels of OA and CIT detected

in grain and their threshold concentrations calculated for
90% of values were significantly higher than the recom-
mended standards [8, 10].

In barley grain the highest occurrence rates were re-
ported for T-2 and EMO, moderate ones — for DON, AOH
and OA, the lowest ones - for ZEA, CIT, STG and MPA. DAS,
FUM, AB, and CPA were absent (Table 3). Two- and even
more-fold median displacement from the average values
to the lower ones was reported for all contaminants ex-
cluding AOH, and the excess of the highest values over the
threshold concentrations calculated for 90% of the values
(90% percentile) was reported for all but EA. With high
prevalence of T-2 contamination the 90% percentile value
was consistent with the admissible levels and the highest
amount exceeded it in over six times. As for less prevalent
DON and OA, the comparison of the both parameters in-
dicated real possibility of the excess contamination of this
type of grain [8]. Higher T-2 occurrence in barley grain as

Areas, from which representative samples of wheat, barley and maize grain were delivered

(according to documented and official data, 2009-2019)
Ta6nuua 1

Tepputopum, C KOTOpbIX HanpaBneHbl cpeHNe 06pasLibl 3epHa NLEHNLbI, AYMEHS, KYKypy3bl
(cornacHo BOKyMeHTaNbHbIM 1 OTBETCTBEHHbIM NOATBEPXAeHUAM, 2009-2019 rr.)

Number of samples
Federal District (Region) of the Russian Federation

Central (Belgorod, Bryansk, Voronezh, Kaluga, Kursk, Lipetsk, Moscow, Oryol, 6 58 19
Ryazan, Tambov, Tula, Yaroslavl Oblasts)
Volga (Kirov, Nizhny Novgorod, Orenburg, Penza, Samara, Saratov, Ulyanovsk Oblasts, M 2 )
Republic of Bashkortostan, Republic of Mordovia, Republic of Tatarstan)
Southern (Volgograd, Rostov Oblasts, Krasnodar Krai, Stavropol Krai) 75 14 9
Urals (Kurgan, Sverdlovsk, Tyumen, Chelyabinsk Oblasts) 17 12 -
Siberian (Irkutsk, Novosibirsk, Omsk Oblasts, Altai Krai, Krasnoyarsk Krai) 44 26 -
Northwestern (Vologda, Pskov Oblasts) 1 1 -
Far Eastern (Amur Oblast, Primorsky Krai) 2 1 2
Origin is not specified 14 6 10
Imported grain - 1 3

Total 259 148 216
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Table 2
Mycotoxins in wheat grain (summary data, 2009-2019)

Tabnuuya 2
MuKkoToKcuHbI B 3epHe nweHuLbl (06061weHHble faHHble 2009-2019 rT.)

Level, ug/kg
n*/n (%)

min max

90% percentile

I R B N S R R
I R R R
T B S R R
Cumer o ww w

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

n* — number of mycotoxin-containing samples (4ncno 06pasLioB, cofepKaLLMX MUKOTOKCUH).

compared to wheat grain as well as concordance of DON
and ZEA occurrence parameters support the previously
reported data [11]. More pronounced OA concentration
in barley grain (20.4%) as compared to wheat grain (4.9%)
was reported for the first time.

DAS, ZEA, FUM, AB, and CPA were not detected in
27 tested oat grain samples; OA, CIT, STG, MPA and EA
were detected in singular samples; other mycotoxins were
ranged as T-2 > EMO > DON > AOH according to their oc-
currence rate (see the Figure). Maximum concentrations of
T-2 and DON detected in oat grain exceeded the current
standards [8].

In spite of low amount of samples and irregular tes-
ting of this type of grain during the reported years, the
obtained data can be useful for the complex research
project targeted at the examination of oat contamination
with toxicogenic fungi in the regions practicing intensive
cultivation of this grain, especially in the northern part
of the Non-Black-Earth region, Volga FD and other terri-
tories [12, 13]. Moreover, these data are of indisputable
value for the horse breeding sector, where this grain is
widely used due to its high nutrition and content of bio-
logically active substances having a stimulating effect of
the behavioral responses of horses. Previous pilot study of
several samples submitted by the equestrian centers and
horse breeding farms also demonstrated high T-2 conta-
mination, moderate DON and AOH contamination and low
ZEA contamination [12].

In maize grain the group of contaminants was more
diverse and only STG was not included in it. The complex
of the tested Fusarium toxins was represented in full with
high prevalence of T-2, DON and FUM and lower preva-
lence of ZEA and DAS (Table 4). The highest levels of T-2,
DON, FUM and ZEA several times exceeded their regulato-
ry standards. The data on the dominating role of these my-
cotoxins were consistent with the previous conclusion [14]
and supported the relevance of their introduction into the
list of regulated substances in the maize grain supplied for
use in feed [8]. Among other tested metabolites the signi-
ficant contribution of AOH and MPA should be noted with
their occurrence rate 13.3% and 8.6% and maximum levels
295 pg/kg and 397 pg/kg, respectively. OA, CIT and EMO
mycotoxins were rare to detect and their levels amounted
to maximum 50 pg/kg and AB,, CPA and EA were detected
only sporadically.

Results of tests of wheat, barley, oat and maize grain
contaminants relevant for public health carried out in
2009-2019 were for the first time consolidated and ana-
lyzed in detail in this paper. Dominant role of Fusarium to-
xins along with potential high-level accumulation as well
as evidence of co-contamination with all components of
the complex were confirmed for maize grain. Significant
EMO occurrence in ear cereals was reported that is likely to
be the basic route of its introduction into the compound
feeds (see Part 1). The role of this secondary metabolite
for plants is not quite clear for now and has been actively
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Table 3
Mycotoxins in barley grain (summary data, 2009-2019)

Tabnuua 3

MuKoTOKCMHDI B 3epHe AuMeHs (06061eHHble faHHble 2009-2019 rT.)

Occurrence
n*/n (%)

105/148 (70.9)

4 660

Level, ug/kg

90% percentile

T -
I N R N
IR T R R
I B R B R

EA 4/94(43) 5 164

49 14 120

EMO 68/94(72.3) 13 1,400 205 101 495

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

n* — number of mycotoxin-containing samples (4ncno 06pasiios, cofepKaLLuX MUKOTOKCUH).

discussed in the scientific publications [15]. Genotoxic
AOH was classified as significant for public health and rel-
evant for all types of feed grain as well as highly active
immunosuppressive MPA that is relevant for maize grain.

To see the source data of the monitoring with the re-
gions and sampling date specified please follow the link
http://doi.org/10.29326/2304-196X-2020-2-33-139-145.In
section Additional materials. The option of the database
updating as well as its accessibility allow for any selection
of data processing inter alia by type of grain, occurrence
of contamination with an individual mycotoxin or co-
contamination with mycotoxins as well as by region or ter-
ritory. Over the recent years, DON and ZEA co-contamina-
tion has been frequently occurring in wheat [11], the same
asT-2 and DAS co-contamination — in maize grain [14]. The
data received as for individual territories allow for unique
possibility to forecast risk of contamination in the specific
area with due consideration of the soil-climatic and culti-
vation factors, which are able to influence the mycotoxi-
cological situation due to their effect on the microscopic
fungus growth conditions, competitive interactions and
toxin production [16-18].

CONCLUSION

During the large-scale monitoring involving annual
data collection in 2009-2019 general characteristics and
peculiarities of mycotoxin contamination of wheat, bar-
ley, oat and maize grain were determined. The findings

supported the relevance of the regular assessment of
the grain contamination with Fusarium toxins and ochra-
toxin A. The list of public health-significant substances re-
gulated in grain is recommended to be extended by inclu-
sion of emodin (anthraquinone toxin known as “diarrhea
factor”) as well as alternariol, citrinin and mycophenolic
acid having especially hazardous forms of toxicity and ne-
gative remote effects. The obtained data can be relevant

0.9 1

MYCOTOXINS

4-59-450
54-345-1409
23-48-73
40-120-200
250

645

20

20-48-83

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

in oat grain (summarized data)

Puc. Bcmpedyaemocme (n*/n) u co0epxaHue MUKOmMoKCUHO8 (MKe/Ke,

MUH. — cpedHee — MAKc.) 8 3epHe 08ca (0606ujeHHble 0aHHbIe)
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Table 4
Mycotoxins in maize grain (summarized data, 2009-2019)

Tabnuua 4
MuKkoToKcMHbI B 3epHe KyKypy3bl (06061eHHble faHHble 2009-2019 rr.)

Level, ug/kg

Occurrence
2

203/216 (94.0)

I T R R
T A R R
T | w -]
I T S e

n — number of tested samples (uncno nccnegoBaHHbIx 06pasLos);

n* - number of mycotoxin-containing samples (uncno 06pa3LoB, conepraLLMx MIUKOTOKCHH).

for the assessment of the general situation in the agricul-
tural production, verification of the criteria of the myco-
toxin regulation in grain and for the improvement of the
system of grain product control.

Additional materials to the paper (records forms with
database) can be found at: http://doi.org/10.29326/2304-
196X-2020-2-33-139-145.

JononHumeneHble mamepuanel K 3TON CTaTbe
(yueTHble popmbl c 6a30¥ faHHbIX) MOXHO HalTV No agpecy:
http://doi.org/10.29326/2304-196X-2020-2-33-139-145.
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KoHoHeHko lanuHa MNaHTeneeBHa, OKTOP GMONOTMYECKUX HAYK,
npodeccop, 3aBefyoWwnin nabopatopmen MIMKOTOKCMKONOTN
1 caHnTapum kopmos BHUMBCID - dunman ®rEHY OHLL BUSB PAH,
r. MockBa, Poccus.

BypkuH Anekcein AHaToNbeBUY, KaHAMAAT MeAULUHCKMX
HayK, BeAywWwuin HayuHblni coTpyaHuk BHUWUBCID - dunwnan
OrbHY ®HL| BM3B PAH, r. MockBa, Poccus.

3otoBa EneHa BnagumupoBHa, KaHAMAAT BETEpPUHapPHbIX
HayK, CTapluWi HayuHbld coTpyaHuk BHUUBCIS - dunwnan
OrbHY ®HL| BU3B PAH, r. MockBa, Poccus.
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The monograph is devoted to anthrax, one of the major
epizootological and epidemiological challenges.

The monograph publication isimportant due to almost
total lack of the data on epizootic peculiarities of the glob-
al nosoarea of anthrax in animals suitable for ecological-
epizootological modeling and prediction.

Analysis of one hundred fifty-year veterinary and me-
dical efforts for anthrax control in Russia and in the world
described in Introduction showed obvious and impressive
progress in solving this problem. Therewith, the mono-
graph authors note some outstanding issues of the fur-
ther anthrax control strategy, prediction, modeling, agent
ecology associated with apparent sapronotic nature of the
infection.

“Modern knowledge of anthrax” section, one of the
important monograph sections, contains general infor-

mation on the infection, infection agent and its two al-
ternative forms (vegetative form — in the diseased animal
organism and spore form — outside the animal organism)
determining infectious and epizootic processes, respec-
tively. First outstanding achievements in specific disease
prevention as well as ecological aspects of anthrax infec-
tion, routes of human and animal infection, landscape and
climate factor effects on the spore persistence in soil being
a covert source of the infection, susceptibility of animals
to the disease are described in the section. The authors
draw attention to epizootological and epidemiological
significance of the disease in food-producing grazing her-
bivores — large and small ruminants.

The section also contains data on various anthrax forms
in humans that are associated with infection routes: cuta-
neous form (local form) caused by the agent contact to

VETERINARY SCIENCE TODAY, JUNE Ne2 (33) 2020 | BETEPUHAPIA CETOLHS, MIOHb Ne2 (33) 2020



PEER REVIEWS PELIEH31K

the skin, as well as inhalation and enteric forms (systemic
forms). The disease incidence in humans was shown to
depend on the level of exposure to the infection in each
country taking into account data on susceptible animal
population and epizootic, epidemic and ecological co-
factors.

The materials provided in the second section “Vete-
rinary epidemiology of anthrax. Current situation” are of
great interest. Considering the importance of this issue the
monograph authors analyzed human cases and anthrax
outbreaks in animals occurred in many countries in the
world for the last 40-50 years as well as assessed current
situation in the Russian Federation and in the world based
on recent national publications with particular emphasis
to anthrax emergence and consequences of mass anthrax
morbidity in animals in the Yamalo-Nenets Autonomous
Okrug in 2016. Also, information on possibilities and cases
of anthrax agent use for terrorist purposes is given in the
section.

Veterinary epidemiological pattern for global an-
thrax spread at the current stage (2007-2017) based on
the authors’ investigation results is provided in the third
section of the monograph. The investigation was carried
out as a systematic review in accordance with general
evidence-based medicine requirements, epizootological
analysis and evidence-based epizootology principles and
methods using the most complete international animal
health information databases (ProMED and WAHIS) with
total coverage of reports on anthrax in humans and ani-
mals and common methods of quantitative, graphical
epidemiology, biometrics and statistical data processing.

Comparative evaluation of the intensity of epizoo-
tic and epidemiological processes in anthrax-affected
countries in Africa (16 countries), Asia and Middle East

(14 countries), Europe (18 countries), in Australia, Canada,
Argentine, Colombia, Haiti, Peru and Uruguay based on
performed investigations are presented.

Multi-year and annual dynamics of anthrax outbreaks
in cattle in the Republic of Chad for 2010-2015 is given.

Susceptibility of animals and incidence in humans as
an indicator of unfavorable epizootic situation, as well as
risk factors, seasonality and focality as major features of
anthrax epizootic process were characterized for the in-
fected countries.

There are a lot of interesting perfect illustrations of
anthrax history, global infection nosoarea in 215 centu-
ry, infection cycle, mortality rates in animals of different
species in the world in 2007-2017, cutaneous anthrax in
humans, anthrax incidence, mortality, lethality in humans
and different contacts with infected materials and other
data in the monograph.

In epilogue containing the final interpretation of given
materials, the authors provide a clear characterization of
anthrax as a typical naturally-focal non-transmissible sap-
ronosis for which soil plays a role of reservoir and source
of the infection for mammals naturally contacting with it.

References include selected publications, mainly origi-
nal publications on anthrax veterinary epidemiology and
nosogeography.

The authors have shown the importance of the prob-
lem that is an undoubted advantage of the monograph
“Anthrax: Modern Knowledge and Global Occurrence”.

The monograph is of great interest to wide range of
readers, experts in infectious pathology and epizootolo-
gy. It will be useful for students, postgraduates, lecturers,
participants of advanced training courses organized at
veterinary higher educational institutions, veterinarians
and medical specialists.
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Alexander N. Burdov, Doctor of Science (Veterinary
Medicine), RSFSR Honored Scientist, participant of the
Great Patriotic War, Director of the All-Union Foot-and-
Mouth Disease Research Institute (nowaday FGBI“ARRIAH")
in 1981-1992 (11 years), passed away in March 2020 at the
age of 93 after a long battle with a disease.

Alexander N. Burdov was born on September 15, 1926
in Vyazovka village, Mainsky Raion, Ulyanovsk Oblast.
In 1945, while being a military cadet, he was sent to the Far
East, where he participated in military operations against
Japan. After demobilization in 1946, he entered the Kiev
Veterinary Institute. After graduation in 1951, the USSR
MoA assigned Alexander N. Burdov to work in the Kazakh
SSR as a head of a veterinary health unit, Senior Veterinar-
ian of the MTS, head of the Raion veterinary laboratory.

In 1959-1962, Alexander N. Burdov studied in the
full-time postgraduate school of the All-Union Institute
of Experimental Veterinary Medicine, and as soon as he
graduated from it, he was employed as a Chief Veterinarian
in the Chief Veterinary Administration of the USSR MoA.
In 1963, he defended a Candidate’s thesis.

In April 1964, Alexander N. Burdov was promoted to the
position of the Director of the USSR MoA Research Agri-
cultural Institute (Kazakh SSR), where under his leader-
ship the team of employees implemented and put into
the veterinary practice a number of developments being
of significant national and economic importance. In 1971,
Alexander N. Burdov defended the Doctor’s dissertation
in the AURIVVM (Pokrov). In 1972, he was appointed as
the Head of Department in the Chief Administration of the
Research and Production Institutions of the USSR MoA.
In 1978, Alexander N. Burdov was assigned to work as the
Director of the USSR MoA Veterinary Laboratory in the
People’s Republic of Congo, and later in 1981 he was ap-
pointed as the Director of the All-Union Foot-and-Mouth
Disease Research Institute, which was headed by him un-
til 1992.

Alexander N. Burdov was a highly qualified expert in
highly dangerous animal disease virology and epidemio-
logy. He published 150 research papers, received 6 patents
for inventions. Monograph “Foot-and-Mouth Disease” pub-
lished under Alexander N. Burdov’s edition (1990) summed
up the best domestic and foreign practices on the disease
control.

Lots of activities on the production of new biologi-
cal products, means and methods for animal protection
against quarantine and poor studied diseases were car-
ried-out under his scientific supervision. The contribu-
tion of Alexander N. Burdov to the development of the
method of the large-scale cell and FMDV cultivation is
especially significant. The domestic technology of culture
FMD vaccine production was developed on the basis of

In memory of Alexander Nikolayevich Burdov

this method. The same is applied to the radically new pro-
duction technologies of the recombinant DNA-based and
chemically synthesized vaccines.

Twelve Candidates of Science were trained under the
supervision of Alexander N. Burdov actively participated
in scientific and public activities; he was the chairman
of the Specialized Thesis Council of the AUFMDRI, mem-
ber of the Specialized Doctor Dissertation Council of the
AURIVVM, member of the Scientific and Technical Commit-
tee of the USSR Agroindustry Committee, Head of the FMD
Coordination Centre of CMEA Member-States.

In 1990, Alexander N. Burdov was awarded the hono-
rary title “RSFSR Honored Scientist” for the advancement
of Veterinary Science and training of highly professional
specialists.

Alexander N. Burdov was awarded the Order of the Oc-
tober Revolution, Order of The Patriotic War 2" Class, Order
of Friendship of Peoples, two Orders of the Red Banner of
Labour and many medals.

In 1992, Alexander N. Burdov retired.

Alexander Nikolayevich was a man of great scientific
learning and work capacity. He always took professional
and creative initiative and was strictly committed to his
principles. All these have earned him a well-deserved re-
nown, respect and wide popularity both in our country
and abroad. He will be remembered by his colleagues and
friends as this kind of person.

Administration,
Trade Union Committee,
FGBI "ARRIAH” staff members
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OIE Regional Reference Laboratory for Foot and Mouth Disease
PervoHanbHasa pedepeHTHan nabopatopus MIb no awypy

The OIE Reference Laboratory for Highly Pathogenic Avian Influenza and Low Pathogenic
Avian Influenza (Poultry) and Newcastle Disease
PedepeHTHas nabopatopra MOb no BbICOKONAaTOreHHOMY U HU3KOMATOFeHHOMY
rPUNMy NTUL U HbIOKaCICKOM 6onesHn

The main activities of the Federal State Financed Institution “Fede-
ral Centre for Animal Health” (FGBI “ARRIAH”) in the field of avian
disease control include development and implementation of highly
effective products for treatment and prevention of avian diseases,
diagnostic test systems and methods in veterinary practice.

The FGBI“Federal Center for Animal Health”
(FGBI“ARRIAH")
Manufactures vaccines against the following
diseases:
Infectious bursal disease, Newcastle disease, infectious
bronchitis, Marek's disease, egg drop syndrome 76, in-
fectious laryngotracheitis, infectious encephalomyelitis,
reovirus tenosynovitis, hydropericarditis, mycoplasmosis,
fowl pox, duck hepatitis, avian metapneumovirus, etc.
Offers the following diagnostic testing including:

- Determination of antibodies by ELISA using test sys-
tems of domestic and foreign production.

« Identification of bacterial and viral genomes using
the polymerase chain reaction (PCR):

— avian infectious bronchitis;

— infectious bursal disease;

— infectious encephalomyelitis;

- infectious laryngotracheitis;

- egg drop syndrom-76;

— Marek's disease;

— Newcastle disease;

- reoviral tenosynovitis;

—adenovirus infection;

— metapneumovirus infection;

—avian influenza;

—avian anaemia;

- duck hepatitis;

— enteritis of geese;

— fowl pox;

— Mycoplasma gallisepticum;

- Mycoplasma synoviae;

— Mycoplasma meleagridis.

- Identification of genomes of viruses of infectious
bursal disease, avian infectious bronchitis, Newcastle
disease, encephalomyelitis, reovirus, etc. using se-
quence analysis.

- Bacteriological tests for hemophilia, ornithobacte-
riosis, salmonellosis, pasteurellosis, etc.

To meet the needs of domestic veterinary labora-
tories for avian influenza diagnostic tools, the Rossel-
khoznadzor subordinate FGBI “ARRIAH” has launched
production of a test kit for detecting antibodies against
avian influenza virus H9 subtype using hemagglutina-
tion inhibition test. The kit was successfully tested and
demonstrated high specificity and sensitivity.

The test kit was developed in the Reference Labora-
tory for Avian Viral Diseases and is based on the current
strain of the A/H9 virus, antigenically related to isolates
identified in the territory of the Russian Federation. This
kit is used to determine the level of antibodies to avian
influenza virus H9subtype in the sera of both domestic
and wild birds.

This test kit can be used for detection of post-
infection antibodies in accordance with the “Veterinary
rules for laboratory diagnosis of avian influenza A (as of
April 03,2006 No. 105)”and assessment of the efficacy
of means for low-pathogenic avian influenza specific
prophylaxis.

The leaflet to the kit for detecting antibodies to the
avian influenza virus H9 subtype using the hemagglu-
tination inhibition test is available on the FGBI“ARRIAH"
website in the section “Products and services”.

To purchase veterinary preparations

and diagnostic kits produced at FGBI“ARRIAH",
please contact us:

Tel. +7 (4922) 52-99-24, (4922) 26-15-25



