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SUMMARY

In spite of current foot-and-mouth disease (FMD) preventive measures, the disease outbreaks are annually reported in different countries of the world. FMD tends
to extensive spread and growing into epidemics. While being a transhoundary infection according to the OIE/FAO classification, FMD severely affects the economy
and international trade. The paper describes the analysis of the data on global spread of type Asia-1virus-induced FMD in 1999-2019. The virus of this type is most
often reported in such Asian countries as Afghanistan, Pakistan, China, Nepal, Iran, Myanmar, from where it can spread to FMD free countries. In China, Asia-1FMD
outbreaks were reported from 2001 to 2009. Previously exotic for our country, the virus of this type was first reported in the Primorsky, Khabarovsk, Zabaikalsky
Krais and Amur Oblast in 2005—-2006. The results of the phylogenetic analysis of the recovered isolates demonstrated that FMD emergence in the Subjects of the
Russian Federation was attributed to the virus introduction from the neighboring territories. Possible virus introduction from China resulted in significant economic
expenditures on FMD containment and eradication. In view of the close trade and economic relations between the Russian Federation and such Asia-Pacific countries
as China, India, Japan and Republic of Korea, one should place greater focus on the risk of FMDV introduction into the Russian Federation from these countries.
0f key importance is intensification of the international cooperation with the Asian countries in the area of joint activities aimed at FMD freedom maintenance.
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PE3IOME

HecmoTpa Ha MpuUHUMaeMble Mepbl IPOUAAKTIKM, HaNpaBeHHble Ha NpeaynpexaeHue BOSHUKHOBEHMA ALLYPA, BCMbILLKI 3a6071€BaHIA eXXerofHo perncTpu-
PYHOT B Pa3NnyHbIX CTpaHax MUpa. flLLyp UMeeT TeHAEHLMIO K LWNPOKOMY PaCcnpoCTpaHeHuto 1 NpuobpeTeHnio pasmaxa aNu300Tuii. ABAAACH N0 COBPEMEHHOI
knaccuukam MI6/OA0 TpaHcrpaHnuHoil MHeKwueit, ALLYp 0Ka3blBaeT KpaiiHe HeraTuBHoe BUAHIE HA SKOHOMIKY 1 MeXAyHapoAHyto ToproBato. B cTa-
Tbe NPeACTaBAeH aHaNu3 AaHHbIX N0 PacnpocTpaHeHuio B Mupe B 1999-2019 rr. Aypa, Bbi3BaHHOTO BUpycom Tuna Asusa-1. Hanbonee yacto Bupyc AaHHoro
TUNA PErncTpUpYeTCA Ha TePPUTOPIM TaKNX a3UaTCKUX CTPaH, kak AdranucTan, Makuctan, Kutaid, Henan, Vipan, MbAHMa, 0TKyAa OH MOXeET pacnpoCTpaHATLCA
B (BOOOAHbIE OT ALlypa cTpaHbl. B KuTae Bcnbiwku 3a6onesanus Awypom tuna Asua-1 peructpuposanucy ¢ 2001 no 2009 r. PaHee cuMTaBLUMIICA 3K30THYe-
CKMM [NA Halleii CTpaHbl, BUPYC 3TOro Tuna 6bin Bnepsble 3apernctpuposat B 2005-2006 rr. Ha Tepputopum Mpumopckoro, XabapoBckoro, 3abaiikanbckoro
KkpaeB v Amypckoii obnactu. Kak nokasanu pesynbratbl GuaoreHeTYeckoro aHanu3a nonyyeHHbIX U30AATOB, BO3HUKHOBEHME ALLypa B cybbekTax Poccuiickoii
Oepepavyy 6bino 06ycnoBneHO 3aHOCOM BUPYCa U3 cONpe/ieNibHbIX TeppuTopHii. BepoATHbIil 3aH0C BUpYca 13 Kntas npusen K 3HauuTenbHbIM 3KOHOMUYECKIM
3aTpaTaM Ha IMKBUAALVIO ALLYPa v HeA0NYLLEeHMe AanbHeiiLLero pacnpocTpaHeHa 3a6oneBaxus. YuuTbiBas TecHble TOProBo-3KOHOMUYeCKie (BA3N Poccuitckoil
Oepepauun c rocygapcTBamu A3natcko-Tuxo0KeaHCKoro perioHa, rae 0CHOBHbIMI napTHepamu asnAiotca Kutaii, Muaua, inonua u Pecnybnuka Kopes, cnepyet
yOenaTb NOBbILUIEHHOE BHUMaHWe PUCKY 3aHOCa BUPYCa ALLYpa U3 3TUX CTPaH Ha TEPPUTOPUIO HaLLieil CTpaHbl. BaxHyto ponb urpaeT yKpenneHue MexayHapoaHoro
COTPYAHNYECTBA CO CTPaHaMI A3UH C LiefIbio MPUHATIA COBMECTHBIX Mep N0 obecneyeHnio 6aarononyuna no Awlypy.
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INTRODUCTION

Foot-and-mouth disease (FMD) is a highly contagious
disease of cloven-hoofed animals, which severely affects
the economies of the countries worldwide. The key me-
thod for the disease prevention involves immunization of
the susceptible animals in the areas of high risk of FMD
introduction and spread [1, 2]. The disease control is com-
plicated by the diversity of the virus serotypes (types A, O,
C, Asia-1, SAT-1, SAT-2, SAT-3), its genetic variability and
restricted specificity of the animal immunity within one
serotype. There are currently a number of FMD endemic
countries. Global FMD situation is extremely sensitive and
in spite of all preventive measures taken, the disease out-
breaks are annually reported in different countries [3].

Due to the threat of Asia-1 FMD occurrence in Russia,
especially along the borders with China, Mongolia and
Middle Asian and Transcaucasian countries, the work
was aimed at the analysis of the domestic and foreign
published reports on global spread of this virus type
in 1999-2019.

MATERIALS AND METHODS

Globally reported FMD outbreaks were analyzed with
reference to the open access publications in the databases
of the World Reference Laboratory for Foot-and-Mouth
Disease (WRLFMD, Pirbright, Great Britain) and World Ani-
mal Health Organization (OIE) [4-6].

Compearative historical and comparative geographical
tools were used for the analysis of Asia-1 FMD epidemic
situation.

RESULTS AND DISCUSSION

Serotype Asia-1 foot-and-mouth disease virus (FMDV)
isendemicin the Asian region and it was first isolated from
the pathological material submitted to the World Refe-
rence Laboratory for Foot-and-Mouth Disease in Pirbright
from Pakistan in 1954. Retrospective studies of some atypi-
calisolates delivered from Indian town Izzatnagarin 1951-
1952 demonstrated that they belonged to serotype Asia-1
and were the earliest documented FMDV isolates of this
type. In 1957, Asia-1 FMD was introduced into the Near
East, where the first outbreaks were reported in Israel. La-
ter, the serotype became globally widespread [7-9].

In September 1999, Asia-1 FMD became widely spread
in Iran, and in October that year, it was reported in Tur-
key. Then in 2000-2001, it was introduced into Armenia,
Georgia, Greece and Azerbaijan, and in 2003 - in Taji-
kistan. In 2001-2005, the outbreaks of this FMDV type
were also reported in Afghanistan, Bhutan, India, China,
Laos, Mongolia, Myanmar, Nepal, Pakistan and Thailand.

In Vietnam, the FMD outbreak occurred in Ha Giang Pro-
vince in 2006. In January 2007, FMD clinical signs were
reported in calves imported from Liaoning province (Chi-
na) to the North Korean P'y6ngyang-si Provinces (Ryong-
kok-Ri, Sangwdn-gun). In China, the first notifications of
Asia-1 FMD were made on March 9, 2005 by Hong Kong,
where the disease clinical signs were reported in cattle.
Hereafter, the disease was reported in seven more pro-
vinces. In 2006, sixteen FMD outbreaks of this type were
reported in the country; in 2008 - eight outbreaks and
in 2008 - three outbreaks. Of particular note is the fact
that in 2007 Asia-1 FMDV carriers were found among
cattle in the Xinjiang Uyghur Autonomous Region loca-
ted in the northwestern part of China along the border
with Kazakhstan, Tajikistan, Mongolia and Russian Fe-
deration.The disease outbreaks were also reported in this
autonomous region in February 2008 and January 2009.
FMDV of the same type was detected in other Chinese
provinces: Sichuan, Hunan, Guizhou and Shaanxi [10, 11].
In 2009-2011, Asia-1 FMDV of novel genetic lineage
Sindh-08 became widespread in Pakistan, Bahrain, Iran,
Afghanistan and it was also detected in Eastern Antalya,
Turkey in 2011 [8]. In May 2011, the virus of this genetic
lineage was officially confirmed in Tajikistan [12].1n 2013,
Asia-1 FMDV of the novel genetic lineage BD-18 (G-1X)
was reported in Bangladesh [8].

According to the OIE data for 2017, outbreaks of Asia-1
G-VIlIl FMDV originally detected in Kingdom Bahrain
in 2009 were reported in Nepal, Afghanistan and Myanmar.

In 2018, Asia-1 FMD was detected in the following
countries: Nepal, Afghanistan, Iran and Bangladesh. Iran
and Afghanistan were determined to belong to the ge-
netic lineage Sindh-08.

In 2019, Afghanistan, Bangladesh and Pakistan notified
FMDV outbreaks (Fig. 1).

According to the diagram below (Fig. 2), Asia-1 FMD
outbreaks were most often notified by Afghanistan (2001-
2005, 2009-2011, 2017-2019) and Pakistan (2001-2005,
2009-2011, 2019). In China, FMD of this type was repor-
ted in 2001-2009. Asia-1 FMDV circulation is most likely
to occur due to uncontrolled migration of cloven-hoofed
animals and illegal importation and exportation of animal
and plant products [13].

The Russian Federation had been free from Asia-1 FMD
until 2005, when fifteen FMD outbreaks were detected in
the Amur Oblast, Khabarovsk and Primorsky Krais (Fig. 3).
Even though these regions were within the zone where
susceptible animals were subjected to preventive immu-
nization against FMD, vaccination against Asia-1 FMD was
not carried out. On 9 June 2005, the first outbreak was
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confirmed in Busse village (Svobodnensky Raion, Amur
Oblast) located on the left bank of the Amur River that
separates the settlement from China. In the second half
of August 2005, new Asia-1 FMD outbreaks were reported
in the Khabarovsk and Primorsky Krais. Around the same
time, FMD occurrence was notified in China-bordering
Dornod aimag, Mongolia.

In the Khabarovsk Krai FMD was detected in cattle in four
settlements in the Bikinsky and Vyazemsky Raions located
near the border with China. On 21 August 2005, FMD was
confirmed in cattle owned by KGUSP “Lermontovskoye”,
Bikinsky Raion. The cattle pasturelands were located near
Dobrolyubovo settlement on the Ussury River floodplain
that borders China. On 23 August 2005, FMD was reported
in cattle on the grassland belonging to KGUSP “Loncha-
kovskoye”, Bikinsky Raion. In Vyazemsky Raion FMD was
diagnosed in cattle in Vidnoe settlement. On 24 August,
in the same raion one more FMD outbreak was reported
in Sheremetyevo unit of KGUSO “Kotikovo’, where 56 cattle
were kept.

Asia-1 FMD became widespread in the Primorsky
Krai. The first FMD suspicion was identified in cattle
on 26 August 2005, in the backyard in Krasny Kut settle-
ment (Spassky Raion) located near the border with China.
From 27 August to 2 September, FMD was detected in
seven more settlements in six raions of the Primorsky Krai,
four of which bordered China. Thus, in Pavlo-Fedorovka
settlement, Kirovsky Raion, and in Abramovka settle-
ment, Mikhailovsky Raion, FMD was diagnosed in cattle

on 27 August; and on 28 August FMD was reported in

Ignatevka settlement, Pozharsky Raion; on 31 August -
on "Primorsky Ris" farm in Sivakovka settlement, Khorolsky

Raion; on 2 September FMD clinical signs were reported in

cows and in a pig in the backyards in Luchki settlement of
the same raion. The disease was confirmed in cows in the

backyards in Pervomaiskoe settlement, Khankaisky Raion,
on August 30, and in Slavyanka settlement, Khasansky

Raion, on September 2. In the Primorsky Krai the last out-
breaks were reported in the Lesozavodsky Raion, namely

in Nevskoe settlement bordering China [14].

Asia-1 FMD outbreaks continued in 2006. FMD was re-
ported in cattle in the settlements located near the Rus-
sian-Chinese border:in Srednyaya Borzya (Kalgansky Raion,
Chita Oblast) - on 23 January, and in Kuropatino settlement
(Tambovsky Raion, Amur Oblast) — on 22 February [15].

Phylogenetic analysis demonstrated that the Russian
isolates were genetically closely related to the virus that
had caused large-scale Asia-1 FMD epidemics in China
in 2005-2006 [16].

FMD buffer zone was established in Russia and it
comprised all the southern border of the country [1, 17].
After the FMD outbreaks caused by Asia-1 virus, trivalent
vaccine against type A, O and Asia-1 FMD is used for
preventive immunization in the buffer zone. Until 2015,
routine preventive vaccination of FMD susceptible ani-
mals was also carried out in the Moscow and Vladimir
Oblasts, as FMD vaccine manufacturing facilities are
located here. Nowadays, these facilities are not part
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of the buffer zone, since they are strictly compliant with
the relevant safety requirements aimed at the agent es-
cape prevention (Fig. 4).
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On 18 October 2016, Asia-1 FMD outbreak was reported
in cattle on one of the farms in Vyshmanovo settlement
(Sobinsky Raion, Vladimir Oblast). The disease was eradica-
ted in the primary outbreak area by seizure and destruc-
tion of all susceptible animals located in the infected
settlement. Epidemic investigation failed to conclusively
identify the source of the agent [18].

Of topical significance today is maintenance of FMD
freedom in the Russian Federation through the imple-
mentation of such measures as monitoring of the global
disease situation, preventive vaccination of susceptible
animals in the buffer zone using relevant production vi-
rus strains and diagnostic tests aimed at the FMDV detec-
tion [17,19, 201.

CONCLUSION

Summary of the data obtained during the analysis sug-
gest that actual situation on global Asia-1 FMDV spread is
different from the officially reported one. This is particular-
ly true for Asian and Near Eastern countries, where strict re-
porting is not carried out due to a number of reasons and
in spite of the continuous virus circulation in the regions.
Uncontrolled migrations of the wild cloven-hoofed ani-
mals (saigas, dzerens, buffaloes) and insufficient financing
of the veterinary services in these countries mean that in
many outbreaks the viruses remain untyped thus extreme-
ly distorting the actual situation with global FMD spread.

Asia-1 FMD inflicted significant damage to Russian
livestock production and economy in 2005-2006, when

Outbreaks of FMD Asia-1 on the territory of the Russian Federation in 2005-2006 @
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Fig. 3. Asia-1 FMD spread in the Russian Federation in 2005-2006 (the map has been prepared
by the officials of the Information Analysis Centre, FGBI “ARRIAH")

Puc. 3. PacnpocmpaHeHue awypa muna Asus-1 Ha meppumopuu Poccutickol ®edepayuu 8 2005-2006 2.
(0aHHas kapma nodzomossieHa compyoHUKamu VIHghopMayuoHHo-aHanumuyeckozo yeHmpa OIrbY «BHUN3XK»)
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Fig. 4. Zone of preventive vaccination against FMD (A, O, Asia-1) in the Russian Federation (the map has been prepared by
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Puc. 4. 3oHa npogpunakmuyeckol ummyHu3ayuu npomus awypa (A, O, Asus-1) Ha meppumopuu Poccutickot ®edepayuu
(0aHHasA kapma nodzomosseHa compyoHUKamu VIHgpopmayuoHHo-aHanumuyeckozo yeHmpa OrbY «BHUN3X»)

possible virus introduction from China resulted in multiple
infection outbreaks in the country as well as in heavy ex-
penditures on their eradication.

In order to minimize the risk of FMDV introduction
into our country, special consideration should be given to
monitoring of the epidemic situation in Asian countries
and to the strengthening of the safety control of the pro-
ducts imported to the Russian Federation. Intensification
of the international cooperation with APAC countries in
implementation of joint measures for FMD prevention is
of major importance.

REFERENCES

1. Lozovoy D. A., Rakhmanov A. M. Complex of joint CIS measures for
FMD prevention and control and its implementation in the context of glo-
bal epidemic situation. Proceedings of the Federal Centre for Animal Health.
2018; 16: 23-36. eLIBRARY ID: 37476553. (in Russian)

2.Jamal S. M., Belsham G. J. Foot-and-mouth disease: past, present and
future. Vet. Res. 2013; 44 (1):116. DOI: 10.1186/1297-9716-44-116.

3. Rakhmanov A. M., Kremenchugskaya S. R., Mischenko A. V., Scher-
bakov A. V. Results of FMD surveillance in Russia in 2011. Proceedings of
the Federal Centre for Animal Health. 2012; 10: 7-18. eLIBRARY ID: 18881508.
(in Russian)

4, OIE. HANDISTATUS II. Available at: http://web.oie.int/hs2/report.as-
p?lang=en (date of access: 14.09.2019).

5.World Reference Laboratory for Foot-and-Mouth Disease (WRLFMD).
Available at: https://www.wrlfmd.org (date of access: 14.09.2019).

6. World Organisation for Animal Health. Available at: http://www.oie.
int/ (date of access: 16.09.2019).

7. Subramaniam S., Mohapatra J. K., Das B., Sharma G. K., Biswal J. K.,
Mahajan S., et al. Capsid coding region diversity of re-emerging lineage C
foot-and-mouth disease virus serotype Asial from India. Arch. Virol.
2015; 160 (7): 1751-1759. DOI: 10.1007/500705-015-2459-2.

8. Ali M. R, Alam A. S. M. R. U., Amin M. A, Siddique M. A, Sultana M.,
Hossain M. A. Emergence of novel lineage of foot-and-mouth disease
virus serotype Asial BD-18 (G-IX) in Bangladesh. Transbound. Emerg. Dis.
2020; 67 (2): 486-493. DOI: 10.1111/tbed.13381.

9. Ansell D. M., Samuel A. R., Carpenter W. C., Knowles N. J. Genetic rela-
tionships between foot-and-mouth disease type Asia 1 viruses. Epidemiol.
Infect. 1994; 112 (1): 213-224. DOI: 10.1017/50950268800057587.

10. Gulenkin V. M. Risk assessment of FMD virus introduction to the terri-
tory of the Russian Federation. Veterinarnaya patologiya. 2006; 4 (19): 18-27.
eLIBRARY ID: 16823136. (in Russian)

11. Borisov V. V., Rakhmanov A. M., Belik Ye. V., Kremenchugskaya S. R.,
Kamalova N. Ye,, Kanshina A. V., et al. Results of FMD monitoring in Russia
in 2008. Proceedings of the Federal Centre for Animal Health. 2009; 7: 3-14.
eLIBRARY ID: 14933121. (in Russian)

12. Kremenchugskaya S. R., Mayorova T. K., Kamalova N. Ye., Afo-
nina D. N. Results of analysis of antigenic match between Asia-1 FMD
virus isolates and Asia-1/Shamir 3/89 production strain. Proceedings of the
Federal Centre for Animal Health. 2012; 10: 19-25. eLIBRARY ID: 18881509.
(in Russian)

13. Di Nardo A., Knowles N. J,, Paton D. J. Combining livestock trade
patterns with phylogenetics to help understand the spread of foot and
mouth disease in Sub-Saharan Africa, the Middle East and Southeast Asia.
Rev. Sci Tech. OIE. 2011; 30 (1): 63-85. DOI: 10.20506/rst.30.1.2022.

14. Gruzdev K. N., Baibikov T. Z., Gerasimov V. N., Diev V. L.,
Zakharov V. M., Kamalova N. Ye,, et al. Foot and mouth disease type Asia-1
epidemic situation in Russia in 2005 and analysis of efficacy of control
measures. Proceedings of the Federal Centre for Animal Health. 2006; 4: 3-11.
eLIBRARY ID: 14453995. (in Russian)

15. Mischenko A. V., Mischenko V. A., Dudnikov S. A., Zakharov V. M.,
Yaryomenko N. A. Experience of foot-and-mouth disease erradication in pri-
mary foci of infection. Veterinariya. 2011; 11: 7-12. eLIBRARY ID: 17015951.
(in Russian)

16. Scherbakov A. V. FMD molecular epizootology in Russia (phylo-
genetic analysis of Russian FMDV isolates). Veterinary Science Today. 2015;
3(14):30-36. eLIBRARY ID: 24343426. Available at: https://veterinary.arriah.
ru/jour/article/view/204. (in Russian)

VETERINARY SCIENCE TODAY, DECEMBER N°4 (35) 2020 | BETEPUHAPA CETOLHA, AEKABPb No4 (35) 2020



254

17. Mikhalishin D. V., Mischenko A. V., Zakharov V. M. Efficien-
cy of Transcaucasian FMD buffer zone. Veterinariya. 2013; 10: 16-19.

eLIBRARY ID: 20502275. (in Russian)

18.Semakina V. P, Akimova T. P, Mischenko V. A., Karaulov A. K. An ana-
lysis of the FMD epidemic situation in Russia between 2010 and March 2019.
Veterinariya. 2019; 11: 16-19. DOI: 10.30896/0042-4846.2019.22.11.16-20.

(in Russian)
19. Rakhmanov A. M., Mischenko A. V., Fomina S. N. Foot and

mouth disease epizootic situation in North Caucasus. Vestnik veterinarii.

2014; 2 (69): 11-14. eLIBRARY ID: 21604671. (in Russian)

REVIEWS | FOOT-AND-MOUTH DISEASE 0B30PbI | ALLYP

20. Semakina V. P, Mischenko V. A. FMD threat for Russian livestock
production. In: Achievements of early career researchers to veterinary prac-
tice [Dostizheniya molodyh uchenyh v veterinarnuyu praktikul: Proceedings
of the IV* International Research Conference devoted to the 55" anniver-
sary of the Unit for postgraduate education of the FGBI “ARRIAH”. Vladimir;
2016; 67-73. eLIBRARY ID: 29439554. (in Russian)

Received on 28.07.2020
Approved for publication on 14.10.2020

INFORMATION ABOUT THE AUTHORS / UHOOPMALINA 06 ABTOPAX

Sergey A. Kunikov, Researcher, Reference Laboratory for FMD
Diagnosis, FGBI“ARRIAH", Vladimir, Russia.

Svetlana N. Fomina, Candidate of Science (Veterinary Medicine),
Head of Reference Laboratory for FMD Diagnosis, FGBI “ARRIAH’,
Vladimir, Russia.

KyHnunkoe Cepreii AnekcaHApOBUY, COTPYAHUK pedepeHTHOM
nabopatopum gnarHocTrky awypa OreY «<BHUN3X», r. Bnagumup,
Poccuma.

®omuHa CeetnaHa HukonaeBHa, KaHAUAAT BETEPMHAPHDIX HAYK,
3aBepyoWwnin pepepeHTHON NabopaToprell AMarHoCTMKN Alypa
OIrBY «BHUWN3X», . Bnagnmmp, Poccus.

VETERINARY SCIENCE TODAY, DECEMBER N°4 (35) 2020 | BETEPUHAPUA CETOLHA, AEKABPb No4 (35) 2020

ORIGINAL ARTICLES | BOVINE DISEASES
OPUTUHANBHBIE CTATbU | BONE3HU KPC

DOI: 10.29326/2304-196X-2020-4-35-255-260
UDC619:618.19-002:636.2:615.371:637.12.05

Quality profile of milk from high producing dairy cows
vaccinated against mastitis

M. N. Isakova’, U.V. Sivkova?, M. V. Ryaposova’, I. A. Shkuratova*, A. V. Lysov*

Federal State Budgetary Scientific Institution “Ural Federal Agrarian Scientific Research Centre,
Ural Branch of the Russian Academy of Sciences” (FSBSI UrFASRC UrB of RAS), Ekaterinburg, Russia
' ORCID 0000-0001-7130-5627, e-mail: tmarya105@yandex.ru

20RCID 0000-0003-0501-3727, e-mail: sivkova@uralbiovet.ru

3 ORCID 0000-0002-5699-3924, e-mail: riaposova76@mail.ru

* ORCID 0000-0003-0025-3545, e-mail: info@urnivi.ru

5 ORCID 0000-0003-2480-2019, e-mail: vidc_urnivi@mail.ru

SUMMARY

One of the raw milk quality criteria is the count of somatic cells, produced by the cow’s immune system to fight infectious diseases of the mammary gland. The paper
presents the analysis of somatic cell count and total bacteria count of milk from cows, vaccinated against mastitis using Startvac vaccine. Tests were performed as
a comparison between a dairy unit and a farm under different management conditions and using different milking techniques. Six months after the start of the
vaccine application the somatic cell count at the dairy unit decreased by 60 thousand/ml, at the farm by 182 thousand/ml. The agent profile was represented by
the following bacteria: Enterococcus faecium, Staphylococcus aureus, Streptococcus spp., Pseudomonas aeruginosa. Staphylococcus saprophyticus, Staphylococcus
epidermidis, Enterococcus faecalis, Escherichia coli, Bacillus, Lactobacillus were also isolated from udder secretion. After a year of immunization somatic cell count
both at the unit and on the farm decreased by 245 and 216 thousand/ml respectively; it is noteworthy that 43.75% of microflora isolated from mammary gland
secretion was represented by Streptococcus spp. After two years of the vaccine use the somatic cell count was equal to 371 and 725 thousand/ml at the unit and
on the farm respectively. Tests of mammary gland secretions revealed Streptococcus spp. in 27.27% of cases, Staphylococcus aureus and Enterococcus faecium were
isolated in 18.18% of tested samples. It was established that after three years of the vaccine use the major cause of mastitis in cows was Streptococcus spp. (55.00%).
During four years of tests, a downward trend in somatic cell count of bulk milk from high producing dairy cows as well as in the number of agents responsible for
inflammation in @ mammary gland was detected. Somatic cell count of milk from vaccinated animals decreased by 286 and 432 thousand/ml at the unit and on
the farm respectively. During the test period Staphylococcus aureus isolation rate declined by 19.41%.

Key words: mastitis, Startvac mastitis vaccine, somatic cells, mastitis agents, milk quality.
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PE3IOME

OnHMM 113 KaueCTBEHHbIX NoKa3aTeneil CbIporo MooKa ABNAETCA COepKaHie B HeM COMATUUECKIX KNETOK, UrPatoLLLyX 3aLLUTHYHO PONib NPOTUB MHOEKLMOHHBIX
3a6oneBaHuii MONOYHOI Xene3bl KOpoB. B cTaTbe npuBeseH aHanu3 ypoBHA COMATUYECKMX KNIETOK U 6aKTepuanbHoil 06cemMeHeHHOCTM MOIoKa Ha GoHe npume-
HeHWA NPOTUBOMACTUTHOI BaKLMHbI Startvac. ccneaoBaHuA npoBoANAMCH B cpaBHeHMM: Ha 6a3e Komnnekca 1 depmbl, pasnUyalOLLMXCA YCIOBUAMM COfepaHIA
1 TexHonoruei foenus. Yepes 6 MecALEB C Hayana NPUMeEHeHNA BaKLIMHbI yPOBEHb COMATUYECKUX KNeTOK B KOMMeKce CHU3MACA Ha 60 Tbic./mn, Ha dep-
Me — Ha 182 Tbic./mn. (TpyKTypa Bo36yauTeneil 6bina npeacTaBneHa Takumu 6aktepuamu, kak Enterococcus faecium, Staphylococcus aureus, Streptococcus spp.,
Pseudomonas aeruginosa. B cekpeTe BbIMeHU Takxe 6binn BblaeneHbl Staphylococcus saprophyticus, Staphylococcus epidermidis, Enterococcus faecalis, Escherichia
coli, Bacillus, Lactobacillus. Tlocne rofia uMMyHI3aLAmM XMBOTHbIX KOYECTBO COMATUUECKIX KNETOK B KOMMAEKCe 1 Ha depme cHU3MICA Ha 245 1 216 Tbic./mn
COOTBETCTBEHHO, NPV 3TOM BbleNIeHHaA 3 CeKpeTa MONOUHOI xene3bl Mukpodnopa B 43,75% cnyyaes 6bina npefcTaBnena Streptococcus spp. Cnycta Aa roga
C Hayana npuMeHeHIA BaKLMHbI NOKa3aTeNb CoMaTUYecKkinX KNeToK B COOPHOM MONOKe B KomnneKce 1 Ha Gepme cocTaBui 371 1 725 Thic./MA COOTBETCTBEHHO.
WccnepoBaHue cekpeTa MoNOYHOI Xene3bl NoKasano Hanuuue B 27,27% cnyyaes Streptococcus spp.; Staphylococcus aureus w Enterococcus faecium BbizeneHb
B 18,18% uccneayembix npob. YCTaHOBNEHO, YTO CMYCTA TPU FoZa UMMYHU3aLMM OCHOBHOIA NPUYMHOIA MacTITa y KOPOB 6bino Hanuuue Streptococcus spp. (55,00%).
3a ueTblpexneTHUi nepuoa UccesoBaHNii BbIABNEHA TEHAEHLUA K CHIXKEHNIO MOKa3aTena CoMaTuueckux Knetok B C6opHOM MOMOKe BbICOKONPOAYKTUBHBIX
KOpOB, @ TaKxe CneKTpa Bo30yauTeneil, Bbi3blBaKLLMX BOCNaNEHe B MONOUHOI xene3e. KonnuectBo comaTnueckinx KNeTok B coopHOM Mosoke Ha GoHe um-
MYHW3aLIUM XXMBOTHBIX CHU3UIOCH B YCOBUAX GepMbl 11 KOMMNEKCa Ha 286 1 432 TbiC./MN COOTBETCTBEHHO. 3a Nepuoz UCCNEef0BaHIA HAOMIOLALTCA CHIXKeHe

BblceBaemoctu Staphylococcus aureus wa 19,41%.

KnioueBble cnoBa: mactur, NPOTBOMACTUTHAA BaKLHa Startvac, comatnueckue Kneku, Bosﬁy,qmenm MacTuTa, Ka4yeCTBo MOJIOKa.

bnaropapHocTb: Pabota BbinonHeHa npu duxaxcoBoii nopdepxke MunobpHayku Poccun B pamkax lporpammbl dyHAaMeHTanbHbIX HayUHbIX UCCNES0BAHUI
rocy#apcTBeHHbIX akajemuil Hayk Ha 2013—2020 rr. no HanpasneHuio <MonekynapHo-6uonoruyeckine n HaHo6UOTEXHONOTMYECKIE METOAbI C03aHMA buonpe-
NapaToB HOBOTO NOKOJIEHNA, TEXHONOTMN 1 CMOCOBbI X MPUMEHeHNA € Lienbio 60pbObl ¢ 0c060 oMacHbIMIM MHOEKLMOHHbIMM, Mapa3uTapHbIMU 1 He3apa3HbIMU

60ne3HAMU XKUBOTHbIX».

[ina untupoBaunusa: Ucakosa M. H., (ukoga Y. B., Panocosa M. B., LLikypatoBa IA. A., JTbicos A. B. loka3aTenn KauectBa MonoKa BbiCOKONPOAYKTUBHbIX KOPOB
Ha GOHe NpUMeHeHA NPOTUBOMACTUTHOI BaKWHbI. BemepuHapus cezo0ks. 2020; 4 (35): 255-260. DOI: 10.29326/2304-196X-2020-4-35-255-260.
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MHOXeHUA 1 6one3Heit monogHaka OIBHY YpOAHUL YpO PAH, 620142, Poccus, r. Ekatepunbypr, yn. benunckoro, 112 a, e-mail: tmarya105@yandex.ru.

INTRODUCTION

One of the most essential prerequisites for the increase
in milk yields and dairy farming performance is the im-
provement of existing breeds and their genetic poten-
tial [1]. Herewith, milk quality in dairy production is prio-
ritized.

A quality parameter of raw milk is the number of so-
matic cells, which are in fact cells of different tissues and
organs, playing a protective role against udder infectious
diseases. They include white blood cells (WBCs), red blood
cells (RBCs), columnar, squamous and cuboidal epithelial
cells [2-5]. Numerous genetic and environmental factors
influence the number and types of WBCs, which compose
the majority of somatic cells in milk from healthy animals.
Quality of milk from high producing dairy cows is ad-
versely affected by infection-induced mammary gland
inflammation, which is manifested by increased levels of
somatic cells. The overwhelming majority of mammary
gland somatic cells is represented by neutrophils [6, 7].
A low somatic cell count is a reliable indicator of high
quality milk, free from pathogenic organisms.

Antimicrobial therapy, notwithstanding the presence
of sensitive pathogens, is often unsuccessful; moreover,
the drug components are secreted with milk for a long
time. Search for different approaches that allow produc-
ing milk with a low somatic cell count and maintaining
this count at the optimal level is a vital task in modern ve-

terinary practice. One of the measures to prevent mastitis,
i.e. to maintain low somatic cell counts, is the vaccination
of cows [2, 8].

The study objective was to evaluate the effect of masti-
tis vaccine Startvac (Laboratorios Hipra, Spain) on somatic
cell count and total bacterial count of milk from high-pro-
ducing dairy cows.

MATERIALS AND METHODS

The study was conducted in 2016-2020 in the
Laboratory for Reproductive Pathology and Young
Animal Diseases and Department of Veterinary and
Laboratory Diagnosis under Testing Laboratory of the
FSBSI UrFASRC UrB of RAS.

Experimental studies were performed at the breeding
farm, located in the Sysertsky Raion of the Sverdlovsk
Oblast. 1,400 Holstein-Friesian cows with annual milk pro-
duction rate of 9,299 kg are kept on the farm. The average
period of the cow’s use for milk production is 3.8 lactations.
The tests were conducted as a comparison between the
dairy unit (free stall housing and milking in parallel sys-
tem milking parlors) and on the farm (tie stall housing and
milking using pipeline milking machines).

Mastitis vaccine Startvac for cows (Laboratorios Hipra,
Spain) was registered in the Russian Federation in 2010. Ex-
ternally the vaccine is a homogenous white-yellow emul-
sion. It is filled in glass bottles 1, 5 and 25 doses per each;
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the bottles are sealed using rubber stoppers and alumi-
num caps. The vaccine is produced from inactivated cells of
Escherichia coli (J5) and Staphylococcus aureus (CP8), con-
taining slime associated antigenic complex (SAAC), with
the following excipients added: liquid paraffin 9.5 mg/ml
and benzyl alcohol 10.5 mg/ml. One inoculation dose
(2 ml) contains at least 50 effective immunogenic doses
of Escherichia coli, strain J5 and at least 50 effective immu-
nogenic doses of Staphylococcus aureus (CP8) strain SP 140.
The vaccine is administered intramuscularly in the amount
of 2 ml, its temperature shall be +15 to +25 °C.The solution
shall be shaken before use.

The first immunization using Startvac vaccine of all
cows on the breeding farm was conducted in Decem-
ber 2016. Three weeks later, all animals were revaccinated
and then boostered every three months. By the time when
the paper was ready, 14 vaccinations had been performed
with the most recent one to occur in April 2020.

Bulk raw milk was tested every month for somatic cell
count using DCC cell counter (GMU Tumba Delaval Inter-
national AB, Sweden).

During the test period milk samples were collected
for further molecular, genetic and microbiological tests
and evaluation of vaccination effect on the presence of
agents, responsible for inflammation in the mammary
gland. The samples collected were tested by real-time
polymerase chain reaction using Rotor-Gene 3000 (Cor-
bett Research, Australia) and the following test-kits “Vet-
screen. STREPTOPOL-V”, “Vetscreen. STAPHYPOL', “Vet-
screen. COLYPOL", “Vetscreen. STREPTOPOL” (OO0 “IDS”,
Moscow). For the purposes of bacteriological and micro-
biological testing milk samples were seeded onto liquid
and solid nutrient media, in particular beef extract broth,
beef extract agar, Endo agar, Sabouraud agar, mannitol
salt agar, enterococci agar, Hiss serum sugars. The reco-
vered isolates were identified using Bergey’s Manual of
Systematic Bacteriology and manual of pathogenic and
opportunistic fungi. During the study of mastitis vaccine
effectiveness, 125 milk samples from high producing
cows were tested.

RESULTS AND DISCUSSION

The previous studies, conducted on the breeding farm,
showed numerous mastitis cases in cows during the year.
The morbidity in 2015 was 12.2% out of the total num-
ber of tested cows; in 2016, the number of udder inflam-
mations grew up to 22.1%, which is 1.8 times higher as
compared with the previous year. In 2015, clinical mastitis
was detected in 6.8% and subclinical mastitis was found
in 5.4% of animals. In 2016 there was a change in this ra-
tio: more animals suffered from subclinical mastitis (17.4%)
and clinical mastitis was identified in 4.8% of animals [9].
Before vaccination somatic cell count in bulk milk from
high producing cows, kept at the dairy unit, was 695 thou-
sand/ml, and on the farm this value was equal to 916 thou-
sand/ml. The most commonly detected microorganisms
were Staphylococcus aureus (29.42%) and Streptococ-
cus spp. (23.53%). Enterococcus bacteria were recovered
from 11.76% of samples. 17.65% of tested samples con-
tained Aspergillus mold. Gram-negative bacteria of Klebsiel-
la spp. (5.88%), Pseudomonas (5.88%), Enterobacter (5.88%)
were also isolated. Moreover, the microorganisms were
detected as monocultures (27.3%), and as mixed cultures
of bacteria (55.6%), fungi and yeasts (17.1%). These tests
demonstrated that mastitis in animals, and as a result

increased somatic cell counts in milk, were caused by a
rather wide range of agents.

Due to a high incidence of subclinical mastitis in lacta-
ting cows, responsible for increased somatic cell counts in
milk, and a large number of animals suffering from udder
inflammations, caused by Staphylococcus aureus, it was de-
cided to vaccinate animals with Startvac mastitis vaccine.

When the vaccination started, the somatic cell countin
milk samples from cows, kept at the dairy unit and milked
using special milking equipment, was 559 thousand/ml.
The somatic cell count in bulk milk from cows, kept on the
farm and milked using a stationary pipeline equipment,
was 822 thousand/ml.

After vaccination, the somatic cell count started de-
creasing gradually, and then grew insignificantly, but
the general declining trend continued. In six months af-
ter vaccination had started the somatic cell count at the
dairy unit and on the farm decreased by 60 and 182 thou-
sand/ml correspondingly. At that moment, the mastitis
in cows was caused predominantly by Enterococcus fae-
cium (20.00%), Staphylococcus aureus (17.33%), Strepto-
coccus spp. (17.33%), Pseudomonas aeruginosa (14.67%),
Streptococcus agalactiae (8.02%). Staphylococcus sapro-
phyticus (5.33%), Staphylococcus epidermidis (5.33%), En-
terococcus faecalis (5.33%), Escherichia coli (1.33%), Bacil-
lus (1.33%), Lactobacillus (1.33%) were also isolated from
milk. In 2.67% of tested milk samples, no pathogenic and
opportunistic microorganism growth was observed.

After one year of mastitis vaccine application, tests of
bulk milk showed stable decrease in somatic cell counts at
the dairy unit with free stall housing and milking in parallel
system milking parlors, SCC was equal to 450 thousand/ml,
which is 245 thousand/ml less as compared to the value,
obtained before vaccination. On the farm with a tie stall
housing and milking using pipeline milking machines
no steady tendency in decline of somatic cell counts was
observed. After one year of Startvac vaccine use the so-
matic cell count decreased by 261 thousand/ml, butin the
following month a rise in this value by 227 thousand/ml
was observed (Fig. 1). The microflora isolated from milk in
43.75% cases was represented by Streptococcus spp., and
by Streptococcus agalactiae in 31.25% of tested samples.
The proportion of Staphylococcus aureus and Escherichia
coli positive samples, responsible for mastitis, was the
same (12.50% each).

After two years of vaccination against mastitis somatic
cell counts in bulk milk at the dairy unit and on the farm
were 371 and 725 thousand/ml correspondingly (Fig. 2).
Thus, a gradual decrease of this indicator was observed
at the dairy unit, whereas on the farm this decrease was
intermittent. The major part of the mastitis agents was
represented by Streptococcus spp. (27.27%). The numbers
of Staphylococcus aureus (18.18%) and Enterococcus fae-
cium (18.18%) were equal in the tested samples. The per-
centage of Escherichia coliamong the pathogens isolated
from milk was 9.10%. The number of samples, in which no
microorganism growth was detected, was 27.27%.

After three year-immunization of high-producing cows,
the somatic cell count in bulk milk was at the level of
630 thousand/ml on the farm and 263 thousand/ml at the
dairy unit, which is 286 and 432 thousand/ml lower than
this value before the vaccination program was applied.
Results of molecular genetic and microbiological studies
showed that most cases of mastitis in cows were caused
by Streptococcus spp. (55.00%). Staphylococcus aureus was
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isolated in 10.00% of the tested samples, Escherichia coli
and Streptococcus agalactiae were detected at the same lev-
els (5.00%). In 25.00% of the studied samples, there was no
growth of pathogenic and opportunistic microorganisms.

The results of molecular genetic and microbiological
tests performed during vaccination of highly producing
cows with Startvac mastitis vaccine showed a significant
reduction in the range of pathogens, causing inflamma-
tion in the mammary gland. There was a 19.41% decrease
in the isolation rate of Staphylococcus aureus, which is ex-
plained by an increase in antibodies levels in vaccinated
animals. White blood cells, contained in milk, perform one
of the main protective functions against mastitis agents.
For the normal functioning of the immunity protective
properties, antibodies must induce the production of
white blood cells and be targeted against certain bacteri-
al agents. Earlier studies on the immunobiological status
of cows established that inflammatory reactions occur-
ring in the mammary gland are accompanied by changes
in the overall resistance of the animal body, including
immunological blood parameters. When studying the
body’s response to the vaccine administration, evaluated
by overall resistance rates, an increase in the number of
T-lymphocytes by 12.1% and B-lymphocytes by 7.0% was
noted. The opsonophagocytic assay showed an increase
in the phagocytic activity of neutrophils by 14.3%. Animals
showed a persistent decrease in the level of circulating im-
mune complexes in the blood to (106.8 + 3.4) c. u,, which
is explained by suppression of inflammatory response in
the mammary gland due to the activation of humoral im-
munity factors [10].

CONCLUSION

Application of the mastitis vaccine Startvac and use of
the major mastitis therapy regime used by the breeding
establishment for high producing cows result in a posi-
tive downward trend in somatic cells counts in bulk milk.
Somatic cell counts in milk of vaccinated cows from the
dairy unit with free stall housing and milking in parallel
system milking parlors decreased by 432 thousand/ml,
while in milk of high-producing cows from the farm with
a tie stall housing and milking using pipeline milking
machines, the level of somatic cells decreased by only
286 thousand/ml. The difference in somatic cells counts
in bulk milk of high-producing cows kept in the dairy unit
and farm conditions can be explained by differences in the
husbandry practices and milking technologies, which, in
turn, can affect the formation and number of pathogenic
and opportunistic microorganisms responsible for mas-
titis. This assumption will serve as the target for further
research in this direction. Vaccination of animals facilita-
ted the reduction of milk bacterial contamination caused
by Staphylococcus aureus by 19.41%. Thus, the obtained
results showed promising use of the vaccine in future and
its introduction into the mastitis control and milk quality
improvement program.
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Improvement of bovine tuberculosis diagnosis
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SUMMARY

Detection of animals with non-specific reactions to tuberculin is one of the major problems in bovine tuberculosis (TB) diagnosis. There is a need to find and improve
methods for detection of the sensitization causes. This paper presents the results of comparative studies of different ways to stabilize red blood cells in order to
obtain diagnosticums for indirect hemagglutination (IHA) test. The article describes the stages of red blood cells stabilization and sensitization and demonstrates
the diagnostic significance of Fili stabilization method using formaldehyde as a fixative. The highest antibody titers (1:3000 and 1:4000) were received in hyper-
immune sera of rabbits immunized with Mycobacterium bovis using ahomologous diagnosticum. Practical importance of the sensitins homologous to the infection
is shown during testing of 1,911 serum samples collected from animals of different categories (diseased; healthy and reacting to tuberculin; healthy and not reacting
to tuberculin) with IHA test using diagnosticums produced from Mycobacterium bovis and Mycobacterium fortuitum. Based on the positive results of the IHA test,
TB was diagnosed in 87.5% of animals originating from an infected farm during post-mortem examination. The results of the IHA test agreed with those of the
intradermal tuberculin test in 37.7% of cases. Diagnostic antibody titers were found in 206 TB infected animals with no reaction to the intradermal test. However,
the post-mortem examination revealed TB changes in internal organs. The obtained data suggest a possibility to use the IHA test to detect TB infected animals
with non-specific reactions to tuberculin.
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K coBepLieHCTBOBAHUIO ANATHOCTUKIA Ty6ep|<yne3a
KPYMHOIo poratoro CKOTd

M. 0. bapatos

MpuKacnuiickit 30HaNbHbIil HayYHo-NCCeR0BATENbCKNIl BeTePUHAPHBIR MHCTUTYT — duanan OTBHY «DeaepanbHbiii arpapHblil HayUHbIN LieHTp
Pecny6nukm [larectan» (Mpukacnuitcknit 3oHanbHblit HUBW — dunuan OTBHY «OAHL PLL»), Pecny6bnuka [larectan, r. Maxaukana, Poccus,

e-mail: alama500@rambler.ru

PE3IOME

BblABNeHMe XIUBOTHBIX C Hecneunduueckumn peakumamm Ha Ty6epkynuH — ofHa 13 Haubonee akTyanbHbIx npobnem B auarHocTuke Tybepkynesa. OueBuz-
Ha HeobXOAMMOCTb MOUCKA U COBEPLLEHCTBOBAHNA METOA0B ANA BbIABNEHNA NPUUMH ceHcnbunusauun. B pabote npeacTasneHbl pesynbratbl (paBHUTENLHOTO
U3yYeHua pasnyHbIX CNocob0B CTabunn3aLum SpUTPOLITOB C LieNbIo NONYYeHUA AMArHOCTUKYMa ANA NPOBEAEHINA PeakLmi HenpaAMONi reMarroTUHaLWK.
OTpaseHbl 3Tanbl crabunu3aunm u ceHcnbunusaumn SputpouuToB. NokasaHa AvarHoCTUYECKas 3HAUMMOCTb MeToAa cTabunm3auui Ouam ¢ ncnonb3oBaHnem
dopmanbperna B kauecTse Gukcatopa. Hanbonee Bbicokne TTpbl aHTuten (1:3000 1 1:4000) nonyueHbl B runepuMMyHHDbIX CbIBOPOTKaX KPOBY KPONMKOB,
UMMYHU3UpOBaHHbIX Mycobacterium bovis, c roMonornyHbIM AUarHoCTUKyMoM. [pakTnyeckas 3HauuMoCTb FOMONOMMUHBIX 3apaXKeHUI0 CEHCUTUHOB NMOKa3aHa
npuuccnegosauy 1911 npo6 cbIBOPOTOK KPOBY XUBOTHDIX 113 X03AIACTB Pa3NNyHbIX KaTeropuit (60bHbIe; 340POBbIe, pearupytoLLye Ha Ty6epKyauH; 340poBble,
He pearupyloLLme Ha Ty6epKyNuH) B peakuuin HenpAMOoIi reMarraiTUHALMI C AUArHOCTUKYMaMK, U3roToBReHHbIMU U3 Mycobacterium bovis w Mycobacterium
fortuitum. B HebnarononyyHom no 3abonesaxuio Xo3AiiCTBE, Ha 0CHOBAHUN NONYYEHHbIX B PeaKLMI HeNPAMOIi reMarTsIoTMHALMM NO3UTUBHBIX Pe3yNbTaTos,
Mpy NpoBeAeH NaToN0r0aHaTOMIYECKOro BCKPbITA AMarHo3 Ha Ty6epKyne3 yctaHoBuy y 87,5% xuBoTHbIX. OTMeUeHo CoBNazieHue pe3ynbTaToB peakLmy
HenpAMOii reMarrnIoTUHALWM € NOKa3aHUAMI BHYTPUKOXHOI Ty6epKynuHoBoii npobb B 37,7% cnyuae. Y 206 601bHbIX Ty6epKyne30M XMBOTHbIX 0OHapYKeHb
[AMArHOCTUYeCKIne TUTPbI aHTUTEN NP OTCYTCTBUN PeaKLIMN Ha BHYTPUKOXHYH0 npo6y. OfHaKo Npu NpoBeseH!N NaToNoroaHaToMnueckoro ccnefoBaHua obinn
BbIABNEHDI U3MeHeHIA TybepKyne3Horo xapakTepa BHyTPEHHMX OpraHoB. [lonyyeHHble JaHHble YKa3biBatoT Ha BOIMOXHOCTb CNOAb30BaHNA peaKLy HenpamOoii
remarrnTHaLmMN Npy BbiABAEHNM 60bHbIX Ty6epKyNe30M XUBOTHbIX C HecreLMduyeckuMu peakumAamI Ha Ty6epKynuH.

Kntouebie cnoBa: Tybepkynes, peakuua HeNpAMOi reMarrioTUHaLMIA, AUGOEPeHLMaLIA, KpyNHbIii POraTbiii CKOT, CTaHAAPTU3aLMA, aHTUTENA, IPUTPOLIUTSI,
ceHabunuzaums.
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INTRODUCTION

Often, in TB-infected cattle herds there is a certain num-
ber of undetected diseased animals even after a compre-
hensive diagnosis. There is data (although scattered) on
the possibility to detect more TB-infected animals using
serodiagnostic methods.

Various serological tests were used to detect specific
antibodies in animals: agglutination, precipitation, com-
plement fixation, indirect and direct hemagglutination
tests, enzyme immunoassay and others. However, not all
of them have found wide practical application due to their
low effectiveness and frequent inconsistency with the in-
tradermal tuberculin test results.

Indirect hemagglutination (IHA) test was first used
for TB diagnosis by F. I. Awad [1], who used a polysac-
charide extract from Mycobacterium tuberculosis strain
H37Rv as an antigen. Polysaccharide antigen is adsorbed
on sheep red blood cells (RBCs), which agglutinate with
homologous antibodies of the test serum. The following
can be used as an antigen: heated and dialyzed tubercu-
lin [2-8]; tuberculin obtained by ultrasound exposure to
mycobacteria [9, 10]; phosphatide fraction of lipids ex-
tracted from mycobacteria [11], etc.

Since animal blood serum contains heterogeneous
hemagglutinins, various methods of their adsorption by
depletion of test sera [12, 13] or by treatment of RBCs with
a tannin [14], trypsin or papain [12] solution have been
proposed.

There are several ways to stabilize red blood cells, dif-
ferentin the chemical nature of the fixative, and RBC treat-
ment methods. Aldehydes (for example, formaldehyde,
glutaraldehyde, acetaldehyde), hydroxal, osmium tetra-
chloride, and others can be used for RBC fixation. Most
often, formaldehyde is used in concentrations from 0.5
to 20%. In some cases, its concentration in RBC suspen-
sion is increased gradually by dialysis or stepwise. The du-
ration of RBC fixation with formalin ranges from 1.5-2.0
to 48 hours.

The opinions of researchers regarding the interpreta-
tion of diagnostic antibody titres detected in healthy and
TB-infected cattle are contradictory. Thus, J. Komura et al.
considers blood serum dilution 1: 40 [15] a diagnostic titre,
while O. V. Martma - 1:160 [16], G. V. Dunaev - 1:32 [6],
E.l. Buryak — 1:64 [17], N. P. Ovdienko — 1:16 [18], etc.

There are various techniques, which, to some extent,
can also influence the results.

Thus, the use of different antigens, heterogeneous
hemagglutinin adsorption techniques, RBC membrane
stabilization and sensitization methods and test tech-
niques leads to contradictory results, which can be clear-
ly seen by different levels of antibody titers considered

as diagnostic to distinguish between the diseased and
healthy animals. Therefore, the diagnostic value of IHA
test for TB diagnosis is debatable.

The aim of this work was to study various RBC mem-
brane stabilization methods used for sensitization with
polysaccharide antigen, to determine the practical value
of IHA test using different diagnosticums and to compare
it with other test methods used on farms with different TB
epidemic situations.

MATERIALS AND METHODS

For the purpose of this study, a polysaccharide from
Mycobacterium bovis and Mycobacterium fortuitum was
obtained following the procedure: a weight of dry cells
of each strain was ground to powder in a grinding mill.
Polysaccharide fractions were extracted from the bacterial
mass of Mycobacterium using an aqueous beta-naphthol
alcohol solution with further cooling with cold (0 ... -2 °C)
ethyl alcohol. Then the antigen was separated by centrifu-
gation at 3-5 thousand rpm, washed twice with alcohol
and ether, dried in a thermostat, rubbed and transferred
to vials.

Hyperimmune sera were obtained from rabbits immu-
nized with M. bovis, M. bovis bacillus Calmette — Guérin,
M. avium, M. scrofulaceum using Freud method.

Chess-border antigen titration was performed using
the hyperimmune sera.

1,911 serum samples were collected from healthy and
TB-infected cattle, as well as from animals with non-spe-
cific reactions to tuberculin, and were tested with IHA test.

The test was performed according to the generally ac-
cepted method onTitertek plates, which allowed to reduce
the component consumption significantly and to observe
their exact dosage.

All the tests were conducted in strict accordance with
the interstate standards for the care and keeping of la-
boratory animals GOST 33216-2014 and GOST 33215-
2014, adopted by the Interstate Council for Standardiza-
tion, Metrology and Certification, as well as in accordance
with the requirements of Directive 2010/63/EU of the
European Parliament and of the European Union Coun-
cil as of 22.09.2010 on the protection of animals used for
scientific purposes.

RESULTS AND DISCUSSION

Comparative studies of RBC membrane stabilization
methods for IHA test is an important element in impro-
ving the technology of preparing antigenic erythrocyte
diagnosticums. There are several ways to stabilize red
blood cells using mainly aldehydes as a fixative. There
are no fundamental differences between them, since in
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all the cases the main criteria determining the quality of
stabilization are the concentration of the fixative during
treatment, fixative — RBCs ratio, the duration of treatment,
and the temperature [19-22]. For the purposes of com-
parative testing, four methods were used, the details are
provided in Table 1.

Stabilized under the conditions specified in Table 1,
sheep RBCs were tested for spontaneous agglutination in
inactivated serum and used for polysaccharide sensitiza-
tion. RBC sensitization was performed by mixing various
dilutions (from 1:500 to 1:4000) of polysaccharides with
a 10% suspension of stabilized RBCs in 1:4 ratio and incu-
bated at 38 °C for 12 hours with constant shaking in Vibro-
therm shaking water bath. RBCs were washed twice and
a 2% suspension was prepared in a phosphate-buffered
saline solution with the addition of 1% normal inactiva-
ted adsorbed bovine serum. Depending on the dilution of
polysaccharides intended for RBC sensitization (from 1:500
to 1:4000, at 1:500 interval), 32 variants of diagnosticums
were prepared.

For antigen titration, 2 positive and 2 negative sera
were used. They were diluted with phosphate-buffered
saline solution in 1:4 ratio and inactivated in a water bath
at 64 °C for 30 min. To adsorb heterogeneous hemagglu-
tinins, a 5% suspension of sheep RBCs was added to each
serum, kept in a water bath at 37-38 °C for one hour and
shaken periodically. Then the RBCs were separated from
the sera by centrifugation.

The test was performed on ELISA plates in accordance
with the generally accepted procedure. Thus, the volume of
the components was reduced tenfold. Each diagnosticum
sample was tested with sera dilutions of up to 1:2048. Tests
were performed both with negative and positive sera. Also,
hyperimmune sera were used (from rabbits immunized
with M. avium and M. scrofulaceum, one serum from each).

0.02 ml of a 2% suspension of sensitized red blood
cells was added to each plate well containing 0.05 ml of
the diluted sera. Serum in a dilution of 1:8 and 0.02 ml| of
diagnosticum (control of serum adsorption) was added to
well 11.

0.05 ml of buffer + 0.02 ml of diagnosticum was added to
well 12 (control of spontaneous agglutination of the eryth-
rocyte diagnosticum). An antigen titer was considered a
dilution, in which “+++" agglutination was observed with
positive serum and “++++" with hyperimmune antiserum.

Testing of the sera collected from control and healthy
animals originating from TB-free farms revealed no hem-
agglutinins reacting with the diagnosticum produced

Table 1
Different methods and procedures for red blood cells stabilization

Tabnuua 1
PasnuyHble cnoco6bl 1 peXxuMbl CTabUNU3aLUN SPUTPOLUTOB

Concentration of the

from M. fortuitum in any of the antigen dilutions. Hemag-
glutinins at 1:500 and 1:1000 titers were detected in 1:32
sera dilutions during RBC membrane stabilization by VIEV
method (All-Russian Research Institute of Experimental
Veterinary Medicine) using a diagnosticum produced
from M. bovis. In 193 samples of sera obtained from ani-
mals known to be healthy, hemagglutinins in higher titers
could not be detected. The highest antibody titers were
obtained in hyperimmune sera of rabbits immunized with
M. bovis using a homologous diagnosticum in dilutions of
1:3000 and 1:4000, with RBC membrane stabilization by
Fili method. Antibodies were detected in sera dilutions of
1:4096. Hemagglutinins were detected in 1:1024 sera di-
lutions using diagnosticums prepared by three other me-
thods of RBC membrane stabilization. At the same time,
the difference between antibody titers in hyperimmune
sera homologous to the M. bovis antigen and in heterolo-
gous sera was the highest when RBCs were stabilized using
Fili method. Thus, when using a diagnosticum produced
from M. bovis with a homologous serum, hemagglutina-
tion titer was 1:4096, while with the sera from rabbits im-
munized with M. avium, - 1:1024, M. scrofulaceum - 1:256
and M. bovis bacillus Calmette — Guérin — 1:1024.

The situation was opposite in IHA test with a diagnos-
ticum produced from M. fortuitum. The highest antibody
titers (1:2048) in this case were received in sera of rabbits
immunized with M. scrofulaceim. Based on these results, a
dilution of 1:1500 (double titer) was taken as an antigen
titer, when stabilizing RBCs with Fili method.

IHA test using sera with known antibody titers was
performed to standardize diagnosticums. Then the diag-
nosticums were filled in 5 ml ampoules and used for IHA
testing, as needed.

The testing was performed in animals originating from
four farms with different TB epidemic situation. By the time
of the study 75.6% of animals coming from the first farm
had demonstrated a positive reaction to the intradermal
tuberculin test (tuberculosis isolation unit). On the second
farm (which had been infected for a long time), health
status was improved based on the systemic study results
by isolation and further slaughter of positively reacting
animals. 3.9% of animals from that farm resulted positive
to the tuberculin test. On the third farm, positive animals
were detected during the routine testing (6.5% in this
study), but the autopsy and the laboratory testing of the
materials obtained from those animals did not confirm the
diagnosis. The fourth farm was free from the disease, with
no animals reacting to tuberculin.

Ratio

Fixative fixative during of the fixative to red Treatm(le]r(l)tu(:sration, L ps;ature,
treatment, % blood cells
1 Fili Formaldehyde 57 0.32:1 2 37
2 Weinbach Formaldehyde 15 0.375:1 18-20 37
3 Ling Formaldehyde 44 0.75:1 24 4
4 VIEV Glutaric aldehyde 25 0.5:1 18-20 37
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1,911 blood samples were taken from animals on those
farms to obtain sera, which was tested with IHA using dia-
gnosticums produced from M. bovis and M. fortuitum. The
results are presented in Table 2.

The results show an expressed difference between the
number of positive animals detected with IHA test using
a diagnosticum produced from M. bovis and the number
of animals tested using a diagnosticum produced from
M. fortuitum on the TB infected farms. On the first two
farms, more serum samples with a diagnostic antibody
titer were detected using a M. bovis-based diagnosticum
than using a M. fortuitum-based diagnosticum. On the
contrary, when testing sera from the third farm, a greater
number of detections were obtained with a diagnosticum
produced from M. fortuitum. At the same time, the IHA
test conducted using a diagnosticum produced from
M. bovis was positive only for 15% of the tested animals
kept in the isolation unit.

On all the four farms, animals with positive and nega-
tive IHA results were euthanized for diagnostic purposes.
TB was diagnosed in 87.5% of IHA positive animals from
the disease-free farms. During the post-mortem examina-
tion and the laboratory testing of the biological material
collected from animals with non-specific reactions to tu-
berculin, no changes in internal organs typical for tuber-
culosis were detected, and the disease was not diagnosed.
In 22.1% of cases, cultures of atypical mycobacteria were
isolated from the materials.

When comparing the results of studies obtained
with the intradermal tuberculin test and IHA test, it was
found that the consistency of the results was 37.7%. At
the same time, diagnostic antibody titers were detected
in 5 animals in the isolation unit and in 201 animals with
no reaction to the intradermal tuberculin test on the in-
fected farm. Post-mortem examination of the internal
organs of 20 euthanized animals from the infected farm
and of 5 animals from the isolation unit, revealed TB in 75
and 100% of cases, respectively. Consequently, IHA test
enhances the ability of TB diagnosis.

CONCLUSION

Experimental studies and practical experience in the
use of serological methods for TB diagnosis provide addi-
tional information on animal immunity. The data available

Results of IHA tests of serum samples collected from animals originating
from different farm

Tabnuua 2

Pe3ynbTatbl UccNefoBaHUA NPo6 CbIBOPOTOK KPOBM OT XKUBOTHBIX U3 Pa3NUYHbIX
X03IICTB B peaKLuu HenpsAmMoNn remarrnioTMHaLmm

Antibodies were detected using diagnosticums
Number produced from:

of serum

samples
y %

on serological techniques (complement fixation test, in-
direct hemagglutination test, etc.) with the use of various
antigens for the detection of TB-infected animals are con-
tradictory and scattered. The results of this study show that
the effectiveness of a serological technique depends on
the antigen quality and the method of its use (in this case
RBCs sensitization), and are consistent with the data ob-
tained by other researchers. Studies have shown that the
best way to sensitize RBCs is Fili method, which allowed
higher antibody titers to be obtained with homologous
sera as compared to the heterologous ones. It is logical to
assume that IHA testing using various mycobacterial dia-
gnosticums will reveal the cause of the macroorganism’s
sensitization to tuberculin. Testing of sera of animals sen-
sitized with atypical mycobacteria showed that the num-
ber of animals positive in IHA test based on M. fortuitum
diagnosticum was significantly higher than the number
of animals positive in IHA test based on M. bovis diagnos-
ticum. The opposite was observed in TB-infected farms -
arelatively low effectiveness of IHA test of blood sera from
TB-infected animals using a diagnosticum prepared from
heterologous mycobacteria, which is probably associated
with the developed TB process suppressing the immunity.

Thus, the presented results show that diagnosticums
prepared from mycobacteria homologous to the infection
are effective for the differentiation of non-specific reac-
tions to tuberculin, and allow to expand the understan-
ding of mechanisms for animal TB diagnosis improvement.
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Detection of Helicobacter suis bacteria in pigs
of different age groups

F. M. Nurgaliev
FSBEI HE “Kazan State Academy of Veterinary Medicine n. a. N. E. Bauman” (FSBEI HE Kazan SAVM), Kazan, Russia
ORCID 0000-0001-7496-0379, e-mail: nurgalievim@gmail.com

SUMMARY

Currently, the pathogenesis of gastric ulcer in pigs remains largely unexplored. The origin of this pathology is most often associated with the type and the technologies
of feeding, stresses and disorders of homeostasis of the animal body. The possible involvement of bacteria of the genus Helicobacter in the development of chronic
gastritis and gastric ulcer disease in pigs was suggested by the researchers relatively recently. The article comprises the results of investigations aimed at detection
of Helicobacter suis bacteria and the contamination degree of porcine gastric mucosa in pigs of different age groups. The stomachs, obtained from suckling pigs,
fattening pigs and sows in the slaughterhouse of the Mari EI Republic, were examined. The study determined the dependence of pathomorphological changes in the
gastric mucosa of pigs on the detection of H. suis in microscopic and biochemical tests as well as in PCR. Thus, no pathomorphological changes in the gastric mucosa
of suckling pigs were detected. Severe hyperkeratosis, erosions, and ulcers were found on the stomach mucosa of fattening pigs and sows that were infected with
H. suis bacteria. Sows also had ulcerative lesions in the non-glandular region of esophagus. In the biomaterial of suckling piglets the DNA of H. suis bacteria was
found only in the pyloric region of the stomach, while in fattening pigs, the DNA of these bacteria was most often isolated from the fundal region, and in sows — from
the fundal and cardial regions. This indicates a shift in colonization by helicobacters of the mucous membrane of the stomach from the pyloric to the cardiac section
increased with animal age. The obtained research data provide the additional evidence of the etiological role of H. suis in the pathogenesis of gastric ulcer in pigs.
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PE3IOME

B HacToALee BpemaA natoreHe3 A3BeHHON 60Ne3HN XenyaKa (BUHel 0CTaeTCA B 3HAUUTENbHON CTeNeHy HeuyyeHHbIM. BO3HNKHOBEHIe AaHHOII natonorun
Haubonee YacTo CBA3bIBAKT C TUMOM U TEXHONOTUEIR KOPMAEHHUSA, CTPECCAMU 1 HapyLUEHNAMM TOMe0CTa3a 0praHu3ma XuBOTHbIX. (paBHUTENbHO HeLaBHO WC-
(nesoBatenamm ObIo BbIABUHYTO NPEANON0MXKeEHINE 0 BOIMOXHOM yuacTu 6akTepuil popa Helicobacter B pa3BuTM XpOHUYECKOTO raCTPUTa 1 A3BEHHOI bonesHn
(BUHell. B cTaTbe NpuBOAATCA pe3ynbTaTbl NCCne0BaHuil N0 BbIABNEHWHO Helicobacter suis n creneHn 0bcemeHeHHOCTU CM3NCTON 060N0UKN XKenyaKa CBUHe
pa3HblX BO3PACTHbIX rpynn. Matepuanom Ans nccnefoBaHua CyXuan Xenyaku, NoayyeHHble 0T MONOYHBIX TOPOCAT, OTKOPMOYHbIX CBUHEN U CBUHOMATOK
B y6oitHom nyHkTe Pecny6nukin Mapuit In. Onpezienexa 3aBUCAMOCTb BbIABNEHHbIX NaTOMOPONOTUUECKIX U3MEHEHUI CM3UCTON 060NI0UKM KenyaKa CBUHeil
0T Hanuuma H. suis, 06HapyXeHHOI B MUKPOCKONMYECKIAX 11 BMOXMMUYECKIX TECTaX, a TaKXKe C TOMOLLbI NOANMEPa3HOI LienHoii peakwu. Tak, BbIpaeHHbIX
MaToMOpQONOrAYecKuX 3MeHeHii Ha CIN3NCTON XenyaKka MONIOYHbIX MOPOCAT BbIABAEHO He 6b1n0. Y 0TKOPMOUHBIX CBUHEI! 1 CBUHOMATOK, Y KOTOPbIX ObI0
yCTaHOBNEHO MHMLMPOBaHNe 6akTepuamm H. suis, Ha CIM31CTol 06010UKe XeNnyaKa 06HapYKIBanV BbIpaXeHHbIi runepKepaTos, 3po3un u A3Bbl. Takxe y (BI-
HOMaTOK HabMtoAanV A3BEHHbIE NOPAXEHNA HeXeNe3nCTon YacTy KenyaKka B 061acTy NULLEBOAHOT0 0TBepCTUA. Y MonouHbIx nopocat HK 6aktepuii H. suis 6bina
BblZesnieHa ToNbKo B 61omaTepuane 13 NUNOPUYECKOro OTAeNa XeNny/Ka, TOrAa kaK y 0TKOPMOYHbIX cBUHeil Hanbonee yacto [IHK o6HapyxuBanu B ¢pyHAanbHoM
OTAeNe, a y CBUHOMATOK — B QYHZANbHOM 11 KApAMaNbHOM OTAeNaX. IT0 YKa3blBAEeT Ha CABYUT KONOHM3ALMI XeNNKOOaKTepUAMI CIN3NCTOR 060M0YKN XenyaKa
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0T NUNoprYeCKoro K kapananbHoMy oTaeny CyBennyeHnem Bo3pacta XMBOTHOTO. nOﬂquHHbIE [laHHble NpefiCTaBNAT A0NOIHUTENbHbIE J0Ka3aTeNIbCTBa 3TUO-

NIOTUYeCKoil ponu H. suis B natoreHe3e A3BeHHOIi 6onesHu Xenyaka (BIHell.

KnioueBbie cno.a: Helicobacter suis, cnusnctas 06onouka xenyfKa, CBUHbH, 1abopaTopHas ANAarHoCTUKa.

bnaropapHocTb: ABTop bnarogaput kadeapy Mukpobuonoruin KasaHckoil rocysapcTBeHHOM MeANLMHCKOI akagemmun — dunuana OT60Y AN0 PMAHMO
Mun3gpasa Poccun 3a npefiocTaBneHHble BO3MOXHOCTY AN1A MPOBe/ieHINA UCCeAoBaTenbekoi paboto.
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INTRODUCTION

Helicobacter suis — is a spiral-shaped gram-negative
bacterium characterized by 0.6-0.8 pm in diameter and
2.3-6.7 um in length, forming 4-8 closely spaced spirals.
Periplasmic fibrils are not observed. Such type bacteria
are characterized by active motility and amphitrichous
flagellation type, with 4 to 10 flagella seen at both ends
of the cells. The flagella are blunt-ended or have spheri-
cal ends that are twice the mean diameter of the flagella
body. H. suis is a non-capsulating and non-sporulating
bacterium [1, 2].

For H. suis cultivation the following media are used:
brucella agar, meat-liver peptone agar (MLPA), meat pep-
tone agar (MPA), supplemented with 20% fetal calf serum
or 10% defibrinated horse blood. The seeds are cultivated
under microaerophilic and capnophilic conditions at 37 °C
for 5-7 days. Slight growth of bacteria is observed under
the anaerobic incubation conditions. Spirillum-like forms
are transformed into coccoid forms in the course of culti-
vation in growth media [T, 3].

The possible involvement of H. suis in the development
of chronic gastritis of the pyloric region of porcine sto-
mach was proposed at the end of the XX century when
M. M. Queiroz et al. in 1990 described in their paper a spi-
ral organism detected in the course of microscopic exam-
ination of swabs taken from the pig stomachs [4]. Then
ensued the studies performed by E. N. Mendes et al. [5],
M. M. Queiroz et al. [6], C. De Witte et al. [7] and other
authors who examined the correlation between the bac-
teria presence in the stomach mucosa and gastric ulcer
disease in pigs. However, G. M. Grasso et al. [8], S. |. Mel-
nichouk et al. [9] detected no such correlation.

It is should also be stated that currently H. suis - is
the most prevalent (after H. pylori) type of Helicobacter
in humans capable to induce diseases of gastrointesti-
nal tract [10-12]. Nowadays the most acceptable point of
view is that H. pylori represents an important risk factor
of chronic gastritis development in humans. The study
of such bacteria type led to a fundamental change in
treatment of human ulcer disease. In particular, imple-
mentation of preventive measures in Moscow in 2016
led to reduction in the burden of ulcer disease by 77%
and by 64% in its spread compared to 1994 [10]. H. pylori
eradication as a strategy of stomach cancer prevention in
humans in type B atrophic gastritis generates a consider-

able interest. Largely thanks to it, a significant reduction
of stomach cancer is observed in Western Europe, USA
and Japan [10, 13].

However, the pathogenesis of gastric ulcer in pigs re-
mains largely unexplored [7]. The origin of this disease is
most often associated with such factors as: ration, size of
feed particles, permanent stress and homeostasis disor-
dersin animal body. Multiple ulcer processes are observed
in animal body due to metabolism disturbance, alimen-
tary dystrophy, poisonings, infectious diseases (foot-and-
mouth disease, necrobacillosis, tuberculosis). Sulfate or
copper carbonate feeding, swill feeding (as well as toxic
and excessive sour feed), protein and selenium deficiency,
imbalance of the main and sour equivalents and hypovita-
minosis are considered as the predisposing causes. Some
authors claim that H. suis bacteria causing hyperkerato-
sis, erosions and ulcers play a certain role in ulcer disease
pathogenesis in pigs. Various data on the spread of such
type bacteria in pigs are given in papers. For example,
E. N. Mendes et al. [5] detected H. suis in 10.8% cases,
M. M. Queiroz et al. [6] - in 90%, A. Hellemans et al. [14] -
in 80%. Currently it can be concluded that H. suis morbidity
in pigs vary from 10.8 to 90.0%, but most studies report
on60%[2,7,11].

Influence on animal health, economic losses in pig
breeding industry and zoonotic value of H. suis bacteria
prove the necessity of a detailed study of the microorga-
nism itself and the epidemiology of lesions which it may
cause 2, 3,15, 16].

The aim of this study is to detect H. suis bacteria, to de-
termine the contamination degree of the stomach mucosa
of pigs belonging to different age groups and to compare
the pathomorphological changes in the mucosa with the
degree of its colonization with Helicobacter bacteria.

MATERIALS AND METHODS

Stomachs obtained from 5 suckling pigs (1-2 months),
20 fattening pigs (8-10 months) and 4 sows (3 years) of
Large White breed were used as a research material. All
pigs came to a specialized slaughterhouse from one and
the same holding of the Republic of Marij El during one
work shift.

After the pre-mortem inspection of animals, conduc-
ted by the state veterinarian only healthy animals were al-
lowed for slaughter. The removed stomachs were opened
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by incising along the greater curvature and washed with
sterile water in the slaughterhouse. The pathomorpho-
logical properties of the stomach mucosa were examined
according to the method of M. J. Hessing et al. [17], who
proposed to use the scale from 0 to 5, where 0 stands for
the intact mucosa; 1 - moderate hyperkeratosis, covering
less than 50% of the surface; 2 — severe hyperkeratosis
covering more than 50% of the surface; 3 — hyperkera-
tosis and several small erosions (less than 5 single lesions,
2.5 cm?in area); 4 - hyperkeratosis and extensive erosions
(more than 5 lesions and/or more than 2.5 cm?); 5 - hy-
perkeratosis, large erosions (more than 10 lesions or more
than 5 cm?) and/or ulcers.

In order to evaluate the level of microorganism con-
tamination of the stomach mucosa of cardial, fundal and
pyloric stomach regions of pigs the imprint smears were
prepared and subject to Gram-staining. Contamination
level was determined using a semi-quantitative method
by three degrees: | -to 10, Il - from 10 to 20, lll - more than
20 microbial bodies per light microscope with x1000 mag-
nification [18].

The results of microscopic investigations were proved
by CLO-test, which principle is based on the property of
Helicobacter bacteria to recover urease, an enzyme that
catalyzes the hydrolysis of urea, forming ammonia and car-
bon dioxide. As a result of the reaction which takes place in
the course of the test, the pH of the media shifts to alkaline
which is identified by the indicator. Speed of the indicator
colour change depends on the urease activity, which in
its turn depends on the bacterial count. Thus, the colo-
nization degree of the stomach mucosa with H. suis can
be indirectly assessed - the higher the contamination de-
gree the faster the speed of the indicator colour change.
In order to conduct the test, biopsy samples (5 x 5 mm)
were aseptically taken from the mentioned areas of the
stomach mucosa in the first 10 minutes after the slaughter
and were put into tubes with reagents. CLO-test results
were considered after 1, 3 and 24 hours, evaluating the
speed of solution colour change.

Specific detection of H. suis bacteria was performed
by polymerase chain reaction (PCR) according to
D. De Groote et al. [19]. For this purpose, the samples of
mucosa from cardial, fundal and pyloric regions of the
stomach were collected into Eppendorf tubes. Genom-
ic DNA from the biomaterial was extracted using “DNA-
SORBENT” reagent kit (OOO NPF “Lytech”, Moscow) in ac-
cordance with manufacturer’s instruction. Homologous
regions of H. suis 16S rDNA gene 433 bp in size represented
the identifiable DNA fragments. Species-specific PCR was
performed using V832f TTGGGAGGCTTTGTCTTTCCA and
V1261r GATTAGCTCTGCCTCGCGGCT primers, proposed
by D. De Groote et al. [19], according to the following
programme: 94 °C — 4 minutes; 94 °C - 30 seconds; 60 °C -
60 seconds; 72 °C - 10 seconds during 40 cycles. Detection
of amplification products was performed using horizontal
electrophoresis by their electrophoretic separation in 2%
agarose gel with ethidium bromide added and fluorescent
visualization in UV-transilluminator.

RESULTS AND DISCUSSION

Macroscopic evaluation of suckling pig stomach mu-
cosa condition demonstrated that in 3 samples the mu-
cosa was not damaged (0 points according to J. J. C. Hes-
sing et al. method), in 2 samples moderate hyperkeratosis,
covering less than 50% (1 point) of the surface was noticed.

While testing fattening pig stomach mucosa condition the
following data was obtained: in 1 sample the mucosa was
undamaged (0 points), 5 samples demonstrated moderate
hyperkeratosis (1 point), and 6 samples — severe hyper-
keratosis (2 points), hyperkeratosis and several small ero-
sions (3 points) were detected in 4 samples, 3 samples re-
vealed hyperkeratosis and extensive erosions (4 points),
1 sample — hyperkeratosis and large erosions (5 points).
Stomach mucosa condition of sows was characterized by
severe hyperkeratosis (2 points) in 1 sample, 2 samples
demonstrated hyperkeratosis and several small erosions
(3 points) and 1 sample - hyperkeratosis and extensive
erosions (4 points).

Imprint smears of the stomach mucosa were prepared
for primary microscopy from all the stomachs obtained
under the conditions of the slaughter point. The stomach
mucosa fragments of intact stomachs were taken from the
cardial and fundal regions incising along the greater and
the lesser curvature; from the pyloric region - along the
vertexes of the imaginary equilateral triangle with pylorus
in the middle (at 2-4 cm distance from it). In case of sto-
machs with detected pathomorphological changes — from
the affected sites. The obtained biomaterial was put in
tubes with thioglycollate medium and transported within
2-3 hours in thermal bag with cooling agent.

While investigating the imprint smears of suckling pig
stomach mucosa no microorganisms with forms typical for
Helicobacter were detected.

In microscope examination of imprint smears obtained
from fattening pig stomach mucosa curved, spiral-shaped
gram-negative bacilli (0.2-0.8 pm in diameter and 2-5 um
in length) were detected in 8 of 20 stomachs in presence of
stained mucus. Microorganisms with forms characteristic
of H. suis were found in 8 samples from the fundal region
of the stomachs and in 4 samples from the pyloric region,
with no similar bacteria detected in the cardial region. The
Il degree of contamination with microorganisms was de-
termined in 5 samples taken from the fundal region muco-
sa, and the llldegree - in 3 samples. In imprint smears from
the pyloric region of the stomach mucosa the lldegree of
contamination was registered in 4 samples.

Microorganisms, bearing the forms characteristic of
H. suis were detected in 1 of 4 stomachs in the course of
examination of imprint smears, taken from sow stomach
mucosa. The Il contamination degree of mucosa was de-
termined in the cardial and fundal regions of the stomach.
No characteristic microorganisms were detected in the
imprint smear taken from the pyloric region.

Urease activity of tested samples was determined by
the CLO-test. H. suis contamination degree of the stomach
mucosa was evaluated in the test by the speed of the in-
dicator colour change during 24 hours. If the solution
colouring changed within 1 hour it indicated significant
contamination of stomach with the microorganism, from 1
to 3 hours - moderate contamination, from 3 to 24 hours —
insignificant H. suis presence in the biopsy sample (Table 1).
In case of low contamination degree of the stomach muco-
sa, the urease activity may be insignificant and the possi-
bility of false-negative result achievement exists. It should
be noted that CLO-test represents the indirect method be-
cause it does not detect Helicobacter but only the urease
activity which may be demonstrated by other bacteria, for
example Proteus.

The investigation data represented in Table 1 demon-
strate high urease activity detected in stomach samples
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obtained from fattening pigs. In biopsy samples from suck-
ling pig stomachs no urease activity was detected.

The biomaterial taken from different pig stomach re-
gions was tested by PCR with H. suis species-specific pri-
mers - V832f and V1261r. The investigation results for
H. suis DNA presence in the mucosa of cardial, fundal and
pyloric regions of the stomach are shown in Table 2.

As Table 2 shows, H. suis DNA was detected in the bio-
material taken from the pyloric region of the stomach of
one suckling pig. H. suis genome was recovered from the
mucosa of 17 out of 20 fattening pig stomachs, with that in
4 cases - in the cardial region, in 15 cases — in the pyloric re-
gion andin 17 cases - in the fundal region of the stomach
mucosa (36 positive samples in total). While investigating
the material obtained from sows, H. suis DNA was detected
in stomachs of all 4 animals, whilst 2 samples of the sto-
mach mucosa from the cardial region, 4 samples - from
the fundal and 1 sample from the pyloric regions were
found positive (7 positive samples in total).

The results of the tests performed in order to deter-
mine the presence or absence of the pathomorphologi-
cal changes in porcine stomach mucosa were compared
with the results of H. suis identification in microscopic
and biochemical tests and bacterium genome detection
in PCR. For this purpose, the biomaterial obtained from
pigs of each age group was divided into two groups:
H. suis-positive (H. suis "+") and H. suis-negative (H. suis "-")
in PCR.The data on microscopic evaluation of pig stomach
mucosa, microscopy and urease test were put into the cor-
responding groups. The results are represented in Table 3.

Table 3 shows that moderate hyperkeratosis of the
stomach mucosa covering less than 50% of the surface
was observed in the pyloric region of the stomach of one
suckling pig from which the H. suis DNA was extracted. No
relevant bacteria were detected by microscopic and bio-
chemical methods. In group representing H. suis-negative
suckling pigs moderate hyperkeratosis of stomach mucosa
was detected once, however it was impossible to detect
H. suis by any of the test methods used.

Fattening pigs demonstrated marked hyperkeratosis
and erosions of the stomach mucosa in group of H. suis-
positive animals, whereas no marked inflammatory reac-
tions were detected in group of H. suis-negative animals.
In microscopy of the imprint smears of the stomach
mucosa gram-negative bacilli with Helicobacter-charac-
teristic forms were detected in 8 samples from H. suis-
positive group in presence of stained mucus. The samples
were urease-positive in all cases. The lll degree of H. suis

Table 2
H. suis DNA detection in pig stomach samples by PCR

Tabnuua 2

Table 1

Contamination degree of samples from the pyloric region of pig stomachs determined

by the urease activity in CLO-test
Tabnuua 1

(TeneHb 06ceMeHeHHOCTH 06pa3uos U3 nunopunyecKkoro oTaena Xxenyakos CBUHEIA,

YCTaHOBJIEHHAA N0 HANMYMI0 ypea3Hoi akTuBHocTH B CLO-TecTe

. Number Number of positive samples during
Animal age of tested
suckling pigs 5 0 0 0
fattening pigs 20 8 14 17
SOWs 4 1 2 4

contamination of fundal region stomach mucosa was de-
termined in 2 of 3 stomachs (which macroscopic lesions
were given a 4-point mark), and the Il degree - in one
stomach.

H. suis DNA was detected in all tested samples in PCR
of sow stomach mucosa. Hyperkeratosis of cardial, fundal
and pyloric regions was observed in macroscopic evalua-
tion of stomach mucosa condition. The lldegree of H. suis
contamination was estimated in the cardial and fundal
region of the stomach affected by ulcers (with a 4-point
macroscopic evaluation mark) in the area of esophageal
opening (its non-glandular part). All biomaterial samples
gave a positive response in CLO-test.

CONCLUSION

The epizootological investigation data on the spread
of H. suis bacterium in pigs given in different publica-
tions differ greatly. The number of detected cases vary
from 10.8 to 90.0%. It can be explained by the following
reasons: firstly, ulcer disease has a multi-factor etiology;
secondly, H. suis represents a microorganism which is
difficult to extract and it was considered to be unculti-
vated in vitro till 2008; thirdly, the material for investiga-
tions was taken from animals of different age; fourthly,
the mucosa samples were obtained from different re-
gions of animal stomachs. Nevertheless, the majority of
researchers report on high (60% and more) prevalence
of H. suis among pigs.

The conducted tests demonstrated that the results of
macroscopic evaluation of the stomach mucosa lesions

06Hapyxenne HK H. suis B 06pa3uax xenyakos cBuHeii nocpeacreom MLP

Animal group

(number of tested ) ' TOt.a|‘ number
stomachs) cardial fundal pyloric of positive samples
region region region

Number of positive samples taken from the stomach mucosa

Number of animals
with H. suis DNA
etected in stomachs

suckling pigs (5) 0 0 1 1 1
fattening pigs (20) 4 17 15 36 17
sows (4) 2 4 1 7 4
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Table 3

Determination of dependence between the pathomorphological changes in porcine gastric mucosa
and H. suis detection in microscopic and biochemical tests and its genome detection in PCR

Tabnuua 3

OnpepneneHue 3aBUCMMOCTY Natomopdonoruyeckux usmeHenuit COX cauneii or o6Hapyxenus H. suis
B MUKPOCKONMYECKMX 1 6GMoXuMMuecKmnx Tectax u BbiABNeHuA ero reioma B MLP

Animal group

(number of animals)

Macroscopic evaluation of stomach mucosa lesions, points

I NN T A - A

Microscopy | CLO-test

Group 1: H. suis "+"
suckling pigs (1) 0 1 0 0 0 0 - _
Group 2: H. suis "-" ) )
suckling pigs (4) 3 1 0 0 0 0
Group 1: H. suis "+"
fattening pigs (17) 0 4 5 4 3 1 8 17
Group 2: H. suis "-"
fattening pigs (3) L 1 1 0 0 0 12 0
Group 1: H. suis "+" 0 0 : ) : . ) .
sows (4)

in each age group of pigs differed. The highest level of
lesions was detected in the group of fattening pigs.
In H. suis-positive (according the PCR data) group of fat-
tening pigs severe hyperkeratosis and erosions in stomach
mucosa were mostly observed. According to the results
of microscopic investigations and urease test, high level
of Helicobacter contamination was detected in the bio-
material taken from animals belonging to this age group.
In all fattening pigs H. suis DNA was extracted in the fun-
dal region of the stomach. Pathomorphological changes
in the mucosa of suckling pigs were insignificant or to-
tally absent, H. suis DNA was extracted in one out of five
stomachs tested. Stomach mucosa condition of sows was
characterized by moderate lesions, however, Helicobacter
were detected in all mucosa samples in the course of mic-
roscopic investigations, biochemical tests and PCR.

In suckling pigs H. suis was found in the pyloric region
of the stomach, thus, in fattening pigs - it was more often
detected in the fundal region, and in sows - in fundal and
cardial regions. This may indicate a shift in Helicobacter co-
lonization of stomach mucosa from the pyloric to cardial
region with the increase of the animal age.

The results obtained show that H. suis may be one of
the factors playing a certain role in the development of
pig stomach ulcer pathogenesis.
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SUMMARY

The article presents results of efficacy studies for a complex plant-hased preparation for poultry mycotoxicosis. Feed additive fibralin contains polysaccharides (dried
sugar beet pulp) and phospholipids (rapeseed lecithin) in the proportion 4:1. Eighteen-day-old “Ross-308" broiler chickens with average weight of (665.10 + 4.28) g
were tested, since such mycotoxins as T-2 toxin, zearalenone and aflatoxin B, were detected in their feeds. Maximum admissible level of each toxin was not
exceeded, however, their cumulative effect on poultry resulted in mycotoxicosis. Use of fibralin in the feed (3 kg per one ton) for 10 days reduced clinical signs of
intoxication, increased flock survival by 13.5% and stimulated body weight gain by 15.8%. Pharmacological effect of fibralin was demonstrated by improvement
of blood morphobiochemical parameters in poultry, i.e. reduction of leukocytes by 19.3% and cholesterol by 13.6%; and an increase in the number of erythrocytes
by 19.4%, hemoglobin by 8.1% and calcium by 9.5%. Antitoxin therapy had a positive effect on liver structure and functions and that fact was confirmed by a
decrease in aminotransferase level in serum and normal levels of total protein. The data obtained may justify the use of this natural bio-preparation as a product
with antitoxic and hepatoprotective properties and the use of fibralin for mycotoxicosis treatment of poultry.
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PE3IOME

MpezcTaBneHbl pe3ynbTatbl U3yueHns 3GOeKTUBHOCTU KOMMIIEKCHOTO MpenapaTa Ha 0CHOBE BTOPUUHbIX PAaCTUTENbHBIX PECYPCOB NP MUKOTOKCUKO3€ CeNbCKo-
X03AIiCTBeHHOI NTULbI. Tpenapar ¢pnbpanuH copepuT KOMNAEKC BeLLECTB NoN1caxapuaHoii (Cyxoil CBEKNOBUYHBIN XOM) 1 GochoNNMAHOI (pancoBbIii NeLUTUH)
npupoAbI B CooTHOLWeHMH 4:1. ccnefoaHma npoBefeHbl Ha 18-CyToUHbIX LibinnATax-6poiinepax kpocca «Pocc-308» co cpefHeit Maccoi Tena (665,10 £ 4,28) r,
B KOPMOBbIX PaLIOHAX KOTOPbIX Obilin 06HAPYXKeHbI MUKOTOKCUHbI: T-2 TOKCMH, 3eapaneHoH U agnaToKcuH B,. KoHLEHTpawya TOKCUHOB Mo 0TAENbHOCTH
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He npeBbiLLana MaKCMMabHO AONYCTUMOTO YPOBHSA, HO UX COYETAHHOE BO3AEIACTBIE HA OPraHM3M NTULb 06YCNaBAMBANO0 Pa3BUTIE MUKOTOKCUKO3A. lpumeHeHne
dubpanuHa B 403e 3 Kr Ha TOHHY Kopma B TeyeH e 10 AHeil MPUBENO K CHUMKEHWIO KAMHUYECKUX NPU3HAKOB MHTOKCUKALIAM, NOBbILLEHUI0 COXPAHHOCTY NOrOI0BbA
Ha 13,5% 1 NHTEHCUBHOCTY NPUPOCTOB MacChl Tena Ha 15,8%. Dapmakonoruueckuii 3pdexT dubpanuHa npossunCca ynyuLueHnem Mophobroxummyeckmx napa-
METPOB KPOBY MTULIbI 33 CYET CHINKEHNA KOHLIEHTPaLm NeiikouuToB Ha 19,3% u xonecTeputa Ha 13,6% npu yBenuueHnn cofepaHna 3putpountos Ha 19,4%,
remorno6uHa — Ha 8,1% u kanbuua — Ha 9,5%. AHTUTOKCUYeCKas Tepania o0kasana nonoxuTenbHoe AeiicTBUe Ha CTPYKTYPHOE U GyHKLMOHANbHOE COCToAHMe
MeyeHy, 4To NOATBEPANNOCH CHUXeEHIEM YPOBHSA aMUHOTPaHCGepas B CbIBOPOTKe KPOBK 11 HOpMan3aLmeli KoHLeHTpaLum obLuero 6enka. MonyyeHHble AaHHble
MOTYT CIYKIUTb OCHOBaHMEM ANA NPUMeHeH!A AaHHOro 610N0rUYEeCKOro KommneKca NpUpPOAHOT0 NPOUCXOXAEHIA B kauecTBe npenapata C aHTUTOKCUYecKuMi
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11 TenaTonpoTeKTOPHbIMM CBOCTBAMMU W UCMOb30BAHMA ¢M6paﬂVIHa npu Tepannii MUKOTOKCUKO30B Y NTULIbI.

KnioueBbie c1oBa: MUKOTOKCUKO3bI, NTULA, GrOPAnH, CBEKNOBUYHBIN XKOM, IELUTHH.

bnaropapHocTb: iccnefoanme BbinonHeHo npy ¢puHaHcoBoii nogaepxke POOU B pamkax HayuHoro npoekTa N2 19-316-90029.
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INTRODUCTION

An increase in the number of mycotoxicoses cases in
animals and poultry is reported now and this situation po-
ses high economic and environmental risks. There are hun-
dreds of various mycotoxins; they differ in their chemical
structure and in theirimpact on animals. Most widespread
mycotoxins are aflatoxin, zearalenone, T-toxin, fumonisin
and ochratoxin. Many mycotoxins cause severe irrever-
sible changes in animals that frequently result in death.
This problem is aggravated by the fact that mycotoxins
(transmitted to animals via feeds) can accumulate in food
products of animal origin, thus posing a significant risk for
human health [1, 2].

Taking into account the above, we believe that veteri-
nary science faces now a crucial task to develop effective
complex antitoxic preparations. A wide range of prepa-
rations that have antitoxic, hematoprotective, antioxidant
properties includes fibralin based on such plant by-pro-
ducts as beet pulp and rapeseed lecithin.

Beet pulp fibers included into preparation normalize
motor functions of biliary tract, i.e. stimulate bile excretion
and prevent stases in hepatobiliary system. Beetroot con-
tains many microelements and vitamins, and beet pectin
found in its fibres has physicochemical properties (i.e. low
etherification degree with a great number of free carbo-
xyl groups) of the best natural adsorbent and complexing
agent for different xenobiotics [3-5].

Lecithin, the second component of fibralin, is a com-
plex of essential phospholipids with a range of different
functions. It is a component of cellular membranes (in the
form of phosphatidylcholine); an emulsifier and regulator
of cholesterol crystallization; it contains omega-6 poly-
unsaturated fatty acids that normalize lipid transport in
blood and improve intestinal lipid absorption; it plays an
important role in immune protection and has an antioxi-
dant effect etc. [6-8].

The purpose of the research is to analyze fibralin
efficacy for mycotoxicosis in broiler chickens.

MATERIALS AND METHODS

Fibralin contains polysaccharides (dried beet pulp)
and phospholipids (rapeseed lecithin) in the propor-
tion 4:1.

Fibralin efficacy was tested in backyard“IP I.V. Remesnik”
(the Dinsky Raion, the Krasnodar Krai). 440 eighteen-
day-old “Ross-308" cross broilers with average weight of
(665.10 + 4.28) g were used. Deaths were reported in the
backyard during 5 days before the experiment, when star-
ter diet was being replaced by grower diet.

Mixed feed “Rost” was tested in ELISA for mycotoxins.
For this purposes we used Stat Fax® 2600 (USA) analyzer
and a test kit for indirect competitive ELISA (ZAO “Farma-
tekh’, Russia). The test revealed mycotoxins in the feeds:
T-2 toxin - 0.016 mg/kg; zearalenone - 0.018 mg/kg; afla-
toxin B, - 0.002 mg/kg. Maximum admissible level of each
toxin was not exceeded, however, their cumulative effect
on poultry resulted in mycotoxicosis.

In order to assess fibralin efficacy we divided the chi-
ckens into 3 groups: experimental group No. 1 (200 chi-
ckens) received 3 kg of fibralin per ton of feed; experimen-
tal group No. 2 (200 chickens) received 1.5 kg of another
preparation for comparison “AtoxBio Plus” (OOO "Tekhno-
Feed", Russia) per ton of feed; control group No. 3 (40 chi-
ckens) received no treatment. Thus, the preparations were
given for 10 days.

Clinical observations were performed during the ex-
periment; chickens were weighed at the beginning and
at the end and dead birds were subject to post-mortem
examination. On day 1 and day 10 of the experiment,
we took 10 chickens from each group for general and
biochemical blood tests. Biochemical blood tests were
performed in automatic chemistry analyzer Vitalab Se-
lectra Junior (the Netherlands) with chemical reagents
from ELITech Clinical System (France) and Analyticon
Biotechnologies AG (Germany), general blood test was
performed in automatic analyzer Mythic 18 Vet (Swit-
zerland).

VETERINARY SCIENCE TODAY, DECEMBER N°4 (35) 2020 | BETEPUHAPA CETOLHA, AEKABPb No4 (35) 2020



ORIGINAL ARTICLES | AVIAN DISEASES OPUTUHANIbHBIE CTATb | BOME3HW NTUL

Table 1
Body weight gain of broiler chickens treated for mycotoxicosis

Tabnuua 1
[luHamuka maccobl Tena ubINAAT-6poitnepoB Npu neyeHuu
MUKOTOKCUKO3a

Body weight, g

Groups Day 1 Day 10
of the experiment of the experiment

Experimental No. 1 664.90 +4.26 1204.90 +11.3
Experimental No. 2 665.40 = 4.41 1192.50 £ 12.9
Control No. 3 664.80 +4.18 1040.70 £ 10.7

The following benchmarks were used to evaluate treat-
ment effectiveness: survival rate, clinical status, appetite,
locomotor activity, results of general and biochemical
blood tests, body weight gain.

All the animal tests were performed in compliance with
the requirements of Directive 2010/63/EU of the European
Parliament and of the Council of 22 September 2010

“On protection of animals used for scientific purposes”.

Statistical analysis was performed using Statistica 6.0
software. Validation criterion was determined by Student’s
table.

RESULTS AND DISCUSSION

During the whole experiment 3 chickens were
found dead (1.5%) in group No. 1 (received fibralin)
on the first two days of the experiment; 5 chickens
died in group No. 2 (2.5%) and 6 birds died in control
group (15%).

Gravimetric measurements showed weight gain in all
the three groups, however, weight gain rate was obvi-
ously lower in chickens from control group (received no
treatment) than that in birds from experimental groups.
Thus, on day 10 of the experiment the difference from ex-
perimental group No. 1 was 15.8% and from group No. 2 -
14.6% (Table 1).

Assessment of hematological status revealed that white
blood cell count in chickens from all groups was close to
upper normal level, on average (37.10 £ 1.27)x10%/L. At the
end of the experiment white blood cell (WBC) count in chi-
ckens from group No. 3 increased by 9.1% and accounted
for (39.80 + 0.96)x10%/L, whereas WBC concentration in
groups No. 1 and No. 2 decreased by 19.3 and 16.2%, res-
pectively. Besides, the group that received no treatment
demonstrated a progressive decrease in red blood cell
(RBC) count by 12.1% - (2.90 £ 0.22)x10'?/L and in hemo-
globin level by 6.7% — (84.10 + 2.08) g/L as compared to
their original levels. Broiler chickens from experimental
groups No. 1 and No. 2 demonstrated positive dynamics,
i.e. an increase in RBC count by 19.4 and 12.5%; and he-
moglobin by 8.1 and 11.6%, respectively, as compared to
the original data.

Laboratory blood tests revealed that treatment for my-
cotoxicosis with antitoxic preparations was accompanied
by positive changes in biochemical profile of chickens,
with a number of better values reported in experimental
group No. 1 (Table 2).

At the beginning of the experiment, the chickens
demonstrated higher levels of liver enzymes, i.e. alanine
aminotransferase (ALT) was higher than the reference
value and aspartate aminotransferase (AST) activity was
reported at the upper normal level. These data suggest
there was a mild cytolytic process in liver caused by the
given combination and concentration of mycotoxins.
Antitoxin therapy in experimental groups had a positive
effect on liver structure and functions as it was confirmed
by a drop in aminotransferases level in chicken serum:
in group No. 1 - ALT decreased by 30.5% (p < 0.01) and
AST by 15.1%; in group No. 2 — ALT decreased by 15.1%
(p <0.05) and AST by 6.1%. On day 10, the enzyme activity
in the control group increased as compared to the origi-
nal values: ALT increased by 19.7% (p < 0.05) and AST by
12.6% (p < 0.05). These changes indicate an acceleration in
hepatocyte cytolysis accompanied by mycotoxicosis that
pushes the enzymes out into the intracellular space and
increases their level in blood.

A baseline study revealed hypercholesterolemia that
demonstrated early signs of liver damage in chickens.
Hypercholesterolemia is a sign of acute liver dysfunc-
tion in the early stages of the disease. It is well-known
that cholesterol concentration drops lower than the nor-
mal value, when an acute condition becomes a chronic
one. These changes in cholesterol profile were as well
observed during the experiment: those broiler chi-
ckens that had mycotoxins in their diet and received no
treatment had cholesterol below lower limit of normal
at the end of the experiment, i.e. (2.46 + 0.09) mmol/L
with the significant difference from the original data of
33.7% (p < 0.01). Due to the treatment provided, choles-
terol concentration was optimal in group No. 1 by 13.6%
and in group No. 2 by 7.3% as compared to the back-
ground data.

Hepatic protein synthesis in chickens from experimen-
tal groups improved as it was indicated by normalization
of total protein concentration that increased by 16.7%
(p <0.05) in group No. 1 and by 15.8% in group No. 2 on
day 10 of the experiment as compared to the original va-
lues. At the end of the experiment, hypoproteinemia be-
came more evident in control chickens, with a decrease in
total protein by 5.9%.

There was also a 10.1% drop in creatinine concentra-
tion in group No. 3 as compared to the original values;
however, this parameter did not significantly change in
experimental groups.

Pharmacological effect that fibralin has on protein
metabolism is explained not only by improved hepatic
protein synthesis influenced by a hepatoprotective com-
ponent of the preparation, but also by the intake of beet
pulp proteins represented by such amino acids as lysin,
arginine, leucine, phenylalanine, threonine, valine, me-
thionine and cystine.

In addition, it is the mineral content of beet pulp (a lot of
calcium, potassium, sodium, magnesium, cuprum, cobalt)
that leads to changes in calcium and phosphorus meta-
bolism in chickens treated for mycotoxicosis. Total calcium
in chicken blood reported in baseline studies was at the
lower limit of normal - (2.10 £ 0.09) mmol/L on average.
At the end of the experiment, the chickens from experi-
mental group No. 1 (received fibralin) demonstrated an
increase in calcium level up to (2.30 £ 0.06) mmol/L, which
complies with the normal values. No significant changes
were reported in mineral metabolism in the other groups.
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Table 2

Blood chemistry values for broiler chickens treated for mycotoxicosis (M + m; n = 10)

Tabnuya 2

Buoxummnueckmne nokasarenu KpoBu LbINAAT-6poiinepoB npyu neyeHMn MUKoToKcMKo3a (M = m; n=10)

Groups

Experimental No. 1 Experimental No. 2 Control No. 3

Day 1 of the experiment
ALT, u/L 2260+1.77 2130+ 1.67 23.90+1.32
AST, u/L 296.50 £ 5.60 284.50£3.50 291.70 £ 4.40
Cholesterol, mmol/L 3.74+0.18 3.69+0.11 3.71+0.12
Glucose, mmol/L 8.70 £0.55 8.90 +0.46 9.10 +0.41
Creatinine, pmol/L 29.10£1.32 2850+1.15 29.80+0.79
Total protein, g/L 31.20£0.85 29.80+1.22 30.40£0.43
Calcium, mmol/L 210+0.12 2.10+0.09 2.00£0.05
Phosphorus, mmol/L 1.28 +£0.16 1.34+0.12 1.36+0.18

Day 10 of the experiment
ALT, u/L 15.70 +£0.39** 18.10 +0.48* 28.60 +0.54*
AST, u/L 251.50 £ 5.60 267.30£3.40 328.90 + 4.70*
Cholesterol, mmol/L 3.23£0.07% 342+0.13 2.46 +£0.09%*
Glucose, mmol/L 10.90 +0.63 9.40+0.36 8.20+0.27
Creatinine, pmol/L 3230+0.71 29.10+0.62 26.80+0.36
Total protein, g/L 36.40 +0.43* 34.50+1.30 28.60 +0.74
Calcium, mmol/L 2.30£0.06 22001 1.90+0.13
Phosphorus, mmol/L 1.35+0.15 1.39+0.24 1.42+0.17

*p <0.05;

**p < 0.01 - differences are verified in relation to background data (pa3nuuua LocTOBEpHBI N0 OTHOLLEHIH K QOHOBBIM JaHHBIM).

CONCLUSION

Consequently, the carried out research demonstrated
that a complex use of substances with adsorptive, hepa-
toprotective, antioxidant and metabolism-stabilizing pro-
perties improves survival rate and productivity of poultry
fed with mycotoxin-contaminated feeds. Use of fibralin
against combined mycotoxicosis in broiler chickens (at
a dose of 3 kg per ton of feed) reduces clinical signs of
intoxication, normalizes morphological and biochemical
parameters of blood, increases survival and weight gain
rates in the flock.
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Kysbmunosa Enena BacunbeBHa, JOKTOP BETePUHAPHbIX HAYK,
[OLIEHT, BeflyLMin HayUHbll COTPYAHUK oTAena Gapmakonorum
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CemeHeHKo MapwuHa lNeTpoBHa, JOKTOP BETEPUHAPHbBIX HaYK,
[OLIeHT, 3aBefylowuin otaenom papmakonorumn KpacHopapckoro
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060cobneHHoro cTpyKTypHoro nogpasaenenua OrbHY «KHL3B»,
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SUMMARY

Itis an urgent task today to seek and implement nature-like technologies in broiler production and obtain biologically complete and safe poultry products, thus
refusing from antibiotic use in feed. Feed additives based on natural components can be an effective tool forimplementation of preventive and therapeutic veterinary
measures. The paper presents research study results of application of betulin-based phytobiotics in broiler farming. The tests were carried out on Ross-308 cross-
breed broiler chickens within the production cycle at one of the poultry farms of the Sverdlovsk Oblast. Birds of the experimental group received compound feed
supplemented with dry betulin at 2.5 mg/kg of live weight from day 21 to day 35 of growing. The introduction of betulin-based feed additive into the diet contributed
toincrease in live weight gain and 7.6% pectoralis muscle output as compared with the control group. It was established that the phytobiotic consumption resulted
in reduced deposition of subcutaneous and abdominal fat, higher biological value of meat by increasing the ash content, improved technological properties of
meat due to increasing water-holding capacity of muscle fiber and intensity of formation and maturation of muscle fiber. Histological studies of pancreatic tissue
samples from broiler chickens showed increase in the mass of islets of Langerhans and insulin-producing cell complexes. The pancreas was activated due to effects
of the betulin-based feed additive. The results obtained indicate that the use of betulin in broiler production is a promising trend.

Key words: broiler chicken, feed additive, betulin, phytobiotics, live weight, muscle fibre, fat, pancreas, islets of Langerhans.
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PE3IOME

Mowck 1 BHeApeHue NpupoAonofo6HbIX TEXHONOTUA NPI BbIpaLLMBaHK UbINAAT-6poiinepoB 1 nonyyeHun 6uonornyeckin NoNHOLEHHON 1 6e3onacHoil
NpOAYKLMM NTULIeBOACTBA B YCIOBMAX 0TKA3a OT KOPMOBIX aHTUOMOTMKOB Ha CErOAHALIHMI AeHb ABNAETCA aKTyanbHoil 3agaveii. pu npoBefeHUn npo-
GUNAKTUYECKNX 1 TepaneBTUYECKUX BETEPUHAPHDBIX MepONpPUATHIA SOOEKTUBHBIM CPEACTBOM MOTYT 6bITb KOPMOBbIE F0OABKM HA OCHOBE NPUPOSHBIX KOM-
MoHeHToB. B paboTe npezcTaBneHbl pe3ynbTaTbl HAy4YHOro CCIEA0BAHNA N0 MPUMeEHeHNIo GUTo61OTHKA Ha 0CHOBE 6eTynuHa B 6poiinepHoM NTULEBOACTBE.
WcnbiTaHnA npoBeaeHbl B yCI0BIAX TEXHONOTMUECKOrO LMKNA Ha 0fHOI 13 nTuledabpuk (BepanoBckoi 06nacTy Ha upinnaTax-6poiinepax kpocca «Pocc-308».

VETERINARY SCIENCE TODAY, DECEMBER N°4 (35) 2020 | BETEPUHAPA CETOLHA, AEKABPb No4 (35) 2020

277



278

ORIGINAL ARTICLES | AVIAN DISEASES OPUTUHANIbHBIE CTATb | BOME3HW NTUL

[ITuLe B onbITHOI rpynne 6eTynnH B Cyxom Buze BBOANAN B KOMOUKOPM € 21-r0 no 35-i1 AeHb BbIpaLLMBaHUA U3 pacyeTa 2,5 Mr/K %1Boil Maccbl. BBedenne
B PaLMOH KOPMOBOIl J06aBKM Ha 0CHOBE BETYANHA CNOCOBCTBOBANO NOBBILLEHNIO MPUPOCTA XMBOI MACCbl Y BLIXOAA FPYAHbIX MbILUL Ha 7,6% MO OTHOLLIEHMIO
K KOHTPOJIbHOIA rpynne. YCTaHOBAEHO, UTO MOTPebaeHMe LbinaATaMu GUTOOMOTIKA NPUBOAMIO K CHUKEHUK OTNOXEHNA NOAKOXKHOIO 11 a6A0OMMHANBHOO
KUpa, NOBbILLANO 61ONOrNYeCKyto NONHOLEHHOCTb MACA 3a CYET yBENUYEHMA COEPXKaHNA 30/IbHbIX IEMEHTOB, yyyLIaNo0 TEXHON0rMYecKme (BOICTBA MACa
33 CYET NOBBILUEHNSA BNArOyAepXuBaloLLeil CNOCOBHOCTY MbILLIEYHOTO BONOKHA, a TAKXKe 3a CYET UHTEHCUBHOCTI GOPMUPOBAHMA 1 CO3PEBaHIA MbILLIEYHOTO
BONOKHA. [py NpoBeAeHINM TUCTONIOTNYECKIX MCCNeS0BaHMIT 06pa3L0B TKaHel NofXeNnyaouHoii Xene3bl LbINnAT-6poiinepoB BbIABNEHO YBeNMYeHIe NOLLAAN
0CTPOBKOB JlaHrepraHca, MHCyNMH-NPOAYLMPYIOLLIMX KNETOUHbIX KomMnnekco. Mo Bo3AelicTBUEM KOPMOBOIT J06aBKY Ha 0CHOBe GeTynHa npoucxoamna
aKTUBaLMA paboTbl NOAXKeNyA0UHOI Xene3bl. lonyyeHHble pe3ynbTaTbl CBUAETENbCTBYIOT 0 TOM, UTO MPUMeHeHMe 6eTynuHa B 6poiinepHOM Npon3BOACTBE

ABNAETCA NePCNeKTUBHbIM HanpaBneHnem.

KnioueBble cnoBa: upinnAta-6poiinepbl, KopmoBas fo6aBKa, beTynuH, GUTOOUOTUK, X1BAA Macca, MbILLEYHOE BOOKHO, XMP, NOMKeNyA0UHaA Xene3a,

0CTPOBKM JlaHreprauca.
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INTRODUCTION

The trend of implementing nature-like technologies
in broiler poultry farming is determined by the European
Union requirements and is related to the production of
biologically complete and safe products. By 2025 Russian
poultry establishments will have to completely refuse
from feed antibiotics in broiler chicken production, there-
fore, the search for and introduction of alternative biologi-
cal additives into production seem to be extremely urgent
today [1, 2]. Phytobiotics based on natural components
and used for preventive and therapeutic veterinary mea-
sures fit well into the technological cycle and demonstrate
pronounced biological and economic effects [3-6]. The be-
tulin-based phytobiotic is currently one of the promising
modern developments.

Betulin is derived from birch bark (from Latin Bétula). It
belongs to triterpene alcohols and has a high physiologi-
cal activity. The substance has antiseptic, wound-healing
and anti-inflammatory properties, as well as anti-ulcer,
choleretic and hepatoprotective activity. It can be used
for prevention of liver diseases, which often occur in
meat-producing poultry and are associated with alimen-
tary factors [7]. The hypolipidemic and hypocholestero-
lemic activity of betulin is effective for normalizing lipid
metabolism [8]. It also has antibacterial effect on some
streptococcus bacteria [9, 10].

Betulin has been used in medicine for a long time, yet
its unique properties have been reviewed in veterinary
medicine and agriculture just recently. This phytobiotic
has aroused increased interest of both scientists and prac-
titioners; the possibility of its use in the technological cycle
is being looked into, and its positive zootechnical, as well
as physiological and biochemical effects on chicken are
being studied. Betulin enhances the vaccination efficacy

in chicks, which is economically beneficial for a poultry
establishment [3, 9].

Betulin used in poultry improves glycemic indicators.
It was proved to reduce sera lipid concentration, which is
shown in a statistically significant decrease in the concen-
tration of total cholesterol and triglycerides, and is also
accompanied by an improvement in the liver function pa-
rameters (a pronounced decrease in the activity of alanine
aminotransferase and aspartate aminotransferase). At the
same time the antioxidant and anti-inflammatory effect of
betulin was established (indicators of lipid peroxidation,
catalase activity, superoxide dismutase, concentration of
anti-inflammatory cytokines). The normalization of the ra-
tio of immunoregulatory subpopulations of lymphocytes
(CD4+ and CB8+), a decrease in the blood concentration of
inflammatory cytokines (IL-6, IL-8, IL-12, IL-18, TNFaq, IFNg)
were shown. Due to its antiseptic, wound-healing and anti-
inflammatory properties betulin can be used for wound
aseptic care and treatment of gastrointestinal inflamma-
tion (antiulcer activity) [3, 8].

The aim of this paper is to study effects of the betulin-
based feed additive on growth performance and biologi-
cal parameters of Ross-308 cross-breed broilers.

MATERIALS AND METHODS

Animals. Two groups of 80 Ross-308 cross broiler
roosters in each group were formed to conduct research
in production conditions using the analogy principle.
Chickens of the experimental group received feed sup-
plemented with dry betulin at 2.5 mg per kg of body
weight at days 21-35 of growing, the second group was
control.

All experiments were carried out in poultry in accor-
dance with the requirements of Directive 2010/63/EU of

VETERINARY SCIENCE TODAY, DECEMBER N°4 (35) 2020 | BETEPUHAPUA CETOLHA, AEKABPb No4 (35) 2020

ORIGINAL ARTICLES | AVIAN DISEASES OPUTMHANbHBIE CTATbY | BOME3HW NTUL

Table

Broiler chicken growth parameters before and after the experiment (n = 160)

Tabnuua

TexHonoruyeckue noKasatenu BbIpaLMBaHNA UbINAAT-6poitnepo. Ao 1 nocne onbita (n = 160)

Body weight at day 21, ¢ 520.00 + 18.56 522.80 +26.31
Body weight at day 35, g 1924.80 £ 44.93 1942.80 £ 57.70
Body weight gain, g 1404.80 1420.00
Homogeneity, % 90
Livability, % 100

the European Parliament and the Council on the protec-
tion of animals used for scientific purposes of Septem-
ber 22,2010.

Histological examination. The tissue samples were ta-
ken for histological analysis from five broiler chickens se-
lected by random sampling in each group (in accordance
with the recommendations of the All-Russian Scientific
Research and Technology Institute for Poultry, 2010) and
were subjected to control slaughter. Histological samples
of pectoral muscles and pancreas were fixed in 10% neu-
tral formalin solution. The general study was conducted
and structural changes were examined in paraffin sec-
tions, using hematoxylin and eosin staining according
to the generally accepted method. Histological findings
were recorded using Leica DM2500 light microscope with
a Leica camera.

Biochemical blood tests were carried out using Chem
Well 2910 Combi automatic biochemical analyzer (Aware-
ness Technology Inc., USA) and standard Vital Diagnostics
SPb (Russia) and Diasys (Germany) test kits.

The digital data were processed using standard statis-
tical methods of Microsoft Excel 2007 and Statistica 6.0
software. The reliability was calculated using the Student’s
t-test.

RESULTS AND DISCUSSION

Ross-308 cross hybrid was breed by specialists of the
Aviagen company (U.K.) and is the result of a complex
cross-breeding scheme of five breeds in four generations.
This is a fast growing broiler with efficient feed conver-
sion and high meat performance. Increased body weight
indicated a positive effect on body of broiler chickens
when various additives were introduced into the diet
during the feeding period. Moreover, it is important to
take into account whether the increase occurred due to
muscle growth or fat deposition. Therefore, the birds were
weighed at the beginning and at the end of the experi-
ment. The results are presented in the Table.

The data presented in the Table indicate an insignificant
increase in body weight of the birds in the experimental
group. However, it should be noted that the anatomical
cutting of carcasses revealed 36% less subcutaneous
and abdominal fat deposition on the internal organs and
mesentery of the intestine in broilers of the experimen-
tal group, and the performance of the pectoral and leg
muscles thereof was 7.6% higher in relation to the con-

trol group. This confirms the hypolipidemic properties of
betulin.

The flock livability indicators were at 100% in both
groups. The homogeneity of the flock shows the uni-
formity of broiler body weight gain during the rearing
period, it was 5% higher in the experimental group as
compared with the control, indicating a positive effect
of betulin on the growth and development parameters
of broilers.

The histological examination was conducted for a more
detailed study of muscle fiber characteristics. The correla-
tion of meat quantity and quality with the size of muscle
fibers was established. A higher number of muscle fibers
indicated greater and better meat quality, as well as lower
fat content. The muscle fiber thickness decreases with an
increase in the mass of individual muscles due to the ap-
pearance of thinner new ones. The structure of the muscle
tissue and interstitial connective tissue of chickens in the
experimental groups (Fig. 1 and 4), as compared with the
control ones, was represented by a compact muscle tis-
sue, with nearly completed maturation process and fine

Fig. 1. The structure of femoral muscle fiber bundles
in birds of the experimental group. Hematoxylin
and eosin staining (100x magnification)

Puc. 1. CmpyKmypa ny4K0o8 MbluieYHbIX 80/I0KOH
6edpeHHOU 2pynnbl MblWYy NMUy, onbiIMHoU
2pynnbl. OKpacka 2eMamoKCUIUHOM U 303UHOM
(ysenuyeHue x100)
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Fig. 2. Immature muscle fibers in the bundle
(control group). Hematoxylin and eosin staining
(400x magnification)

Puc. 2. He3pesible MbluwieYHble 80JI0OKHA

8 nyuke (koHmposneHas epynna). Okpacka
2eMamoKCU/ITUHOM U 303UHOM (ysenudeHue x400)

Fig. 3. Muscle fiber bundles with a fat cell layer
(control group). Hematoxylin and eosin staining
(200x magnification)

Puc. 3. [ly4yku mblwe4HbIX 80/TOKOH C NpocsiolkouU
XKUpOBbIX KIlemok (KoHmposibHaA 2pynna). Okpacka
2eMamoKCUIUHOM U 303UHOM (ygeniuyeHue X200)

Fig. 4. The breast muscle of the birds in the experimental
group. The striated pattern is clearly expressed indicating
the maturity of this muscle fiber. Hematoxylin and eosin
staining (200x magnification)

Puc. 4. [pyoHaa melwya usiniam oneimHoUl epynnel.
lMonepeyHononocamas ucyepyeHHOCMb YemKo
8bIpaXkeHa, Ymo cgudemesibcmayem O CO3pesaHuu
0aHHO20 MblUWeYHO20 80/10KHA. OKpdcka
2eMamoKCU/ITUHOM U 303UHOM (ygenu4veHue x200)

droplets of fat located perivascularly. Larger blood vessels
appear inside the muscle, which contributes to better tis-
sue nutrition.

In the samples obtained from birds of the control group,
the process of formation and maturation of muscle tissue
in both the thoracic and femoral muscle groups had a
tendency towards incomplete maturation (Fig. 2) with
formation of coarse adipose connective tissue. Adipose
tissue, which is located along the intermediate connective
tissue, contains a significant amount of fat. Adipocytes are
larger, in some areas they are located tightly to each other,
forming a continuous layer. Fatty layers with connective
tissue sometimes penetrate between small muscle bun-
dles (Fig. 3 and 5).

Fig. 5. Perivascular deposition of large fat
droplets in the muscles of control broilers.
Hematoxylin and eosin staining

(200x magnification)

Puc. 5. lepusackynsapHoe omsioxeHue
KPYNHbIX Kanesib Xupa 8 Mblluyax
KOHMpOoJibHbIX 6polinepos. Okpacka
2eMamoKCUIUHOM U 303UHOM
(ysenuyeHue x200)

It should be noted that introduction of betulin-based
phytobiotics into the diet promoted the formation of ma-
turer muscle fiber. This kind of meat is the safest for hu-
mans and has good nutritional properties.

Betulin had a positive effect on the water-holding ca-
pacity of the pectoral muscle fibers, which is an important
technological parameter for cooling, freezing or storage pro-
cesses, as well as for manufacture of sausages and smoked
products from broiler meat. The loss of meat juice during
heat treatment causes dehydration of tissues, decrease in
juiciness, deterioration in the consistency, structure and
taste of the finished product. Studies have shown that betu-
linincreased the water-holding capacity of breast musclesin
broiler chickens by 5.1% as compared with the control group.
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Fig. 6. Pancreas of chickens in the control group.

The islets of Langerhans are clearly defined, beta cells
are in active secretion. Hematoxylin and eosin staining
(400x magnification)

Puc. 6. [1o0xeny0o4Has xesne3a ybinaam KOHMpoabHoU
2pynnel. OcmposKu JlaHzep2aHca 4emko o4epyeHsl,
6ema-Kemku 8 COCMOAHUU AKMUBHOU ceKpeyuu.
OKpacka 2eMamoKcusIuHOM U 303UHOM (ygenudyeHue x400)

Additional tests of muscle tissue chemical composi-
tion showed increased accumulation of ash elements in
the muscle fiber of chickens by 41.9% in the experimental
group (1.08 £ 0.16 in the control group, 1.86 + 0.25 in the
experimental group), which also indicates increase in bio-
logical value of meat from broiler chicken that received
betulin.

Biochemical blood tests showed significant
changes in the concentration of uric acid in the
control (450.07 + 35.97 umol/L) and experimental
(230.17 + 26.78 pmol/L) groups (at p < 0.01). This is due
to blocking the breakdown of purine bases in broilers.
The processes of protein synthesis and the formation of
muscle fiber proceeded more intensively in chickens in the
experimental group.

It was found that betulin had impact on the develop-
ment and condition of internal organs. Histological stu-
dies of the broiler chicken pancreas in the control group
showed that the islets of Langerhans were clearly delinea-
ted, the beta cells were in active secretion (Fig. 6).

The pancreas of broilers in the experimental group
that received the betulin-based feed additive secreted
normally, but the islets of Langerhans sharply increased in
size (Fig. 7). Active insulin production was recorded. Thus,
the increased area of islets of Langerhans (insulin-produ-
cing cells) was revealed in the pancreas of broiler chickens.
The pancreatic function was activated due to betulin effect.

CONCLUSION

The study showed that the betulin-based feed ad-
ditive decreased the deposition of subcutaneous and
abdominal fat with a slight difference in body weight of
broiler chickens; increased the meat biological value due
to raised content of ash elements; improved the meat
technological properties by increasing the water-holding
capacity of muscle fibers; promoted the accumulation of
proteins and minerals in meat and the intensity of the
formation and maturation of muscle fibers. The increased
area of islets of Langerhans (insulin-producing cells) was

Fig. 7. Pancreas of chickens in the experimental
group. The size of the islets of Langerhans has
sharply increased. Hematoxylin and eosin staining
(400x magnification)

Puc. 7. [Todxenydo4Has xenesa ybiniam onbimHol
2pynnel. Ocmposku JlaHeepeaHca pe3Ko yeesnuyeHsbl
8 pazmepax. OKpacka 2eMamoKCU/TUHOM U 303UHOM
(ysenuyeHue x400)

recorded in the pancreas of birds indicating the pancrea-
tic activation.

The betulin-based feed additive fits perfectly into the
broiler production technology and is one of the promi-
sing areas for implementation of environmentally friendly
technologies in poultry farming.
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HoBukoea Mapwus BnagumunpoBHa, KaHauaaTt 61onormyeckmx
HayK, CTapLlWWiA HayYHbIA COTPYAHUK OTAeNa NMPOMbILLIEHHOTO
ntmuesoactea OrbHY YpOAHUL, YpO PAH, r. EkatepuHbypr,
Poccus.

Jle6eneBa MpuHa AHaTonbeBHa, JOKTOP 6MONOrMUECKNX HaykK,
[OLIEHT, BEAYLLMI HayUHbI COTPYAHMK OTAENa NPOMBbILLIIEHHOTO
ntuyesopactea, OrEHY Yp®AHWUL, YpO PAH, r. EkaTepunHbypr,
Poccus.

Oposposa Jliogmuna VMiBaHOBHaA, JOKTOP BeTepUHapPHbIX
HayK, npodeccop, CTapWwuil HayyHbIl COTPYAHUK
OrBHY Yp®AHMUL YpO PAH, r. EkatepuH6ypr, Poccusa.

Bionep Anekceli BnagumupoBu4, KaHAMAAT XUMUYECKNX
HayK, CTapLlWni HayYHbI COTPYAHUK OTAeNa MPOMbILIIEHHOTO
ntmuesoactea OrbHY Yp®AHUL, YpO PAH, r. EkatepuHbypr,
Poccus.
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SUMMARY

Parvovirus enteritis is one of canine dangerous diseases which poses a particular concern for practitioners and dog owners around the world. Parvovirus type 2
(CPV-2) can affect dogs at any age, but puppies between 6 weeks and 6 months old are most susceptible to infection. One of the main biological properties of
parvovirus is its continuous genetic evolution, which led to the replacement of the original virus type by new antigenic variants — CPV-2a, CPV-2b and CPV-2c.
According to the literature data, all three variants of the virus are currently circulating in the domestic dog population worldwide. The paper presents analysis of the
epidemic situation and seasonal occurrence of canine parvovirus enteritis in certain regions of the Russian Federation in 2017-2019. It was shown that parvovirus
enteritis was ranked first among the registered infectious diseases of dogs and accounted for 37% during the study period. It has been established that the disease
is registered all year round, but the frequency of disease cases depends on the season. Canine parvovirus infection mainly occurs in spring, late autumn and early
winter, which is probably associated with changes in daily temperature during these periods and decreased animal resistance. Despite extensive vaccination, the
main reason for the wide spread of the virus is either interference with maternal antibodies in vaccinated puppies or low level of immune protection in adult dogs.
It has been concluded that it is necessary to monitor the parvovirus circulation and spread in order to study the genetic and antigenic properties of newly identified
isolates for the timely update of vaccine strains used for development of specific means of prevention.
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PE3IOME

[lapBOBIPYCHBIiI SHTEPUT ABNAETCA OJHUM U3 OMACHbIX 3a60/1eBaHMil COBaK 1 BbI3bIBAET OMpe/eneHHyIo 06eCrnoKoeHHOCTb Y MPAKTUKYIOLLX Bpayeil 1 BnajeNbLes
cobak no Bcemy mupy. Mapsosupyc 2-ro una (CPV-2) moxeT nopaxaTb cobak B 1to60M BO3pacTe, HO Hanbosee NofBePXKEHbI PUCKY 3apaXeHNs LLeHKV B Bo3pacTe
0T 6 HezZlenb A0 6 MecALeB. OAHUM U3 0CHOBHBIX 610NI0TUYECKIX CBOICTB NAPBOBMPYCa ABNAETCA €ro HenpepblBHaA reHeTUYeckas IBOAIOLMA, KOTOpas npusena
K TOMY, UT0 MCXOAHDIIA TUN BUPYCa ObiN 3aMeHeH HOBbIMU aHTUreHHbIMM BapuaHTamu — CPV-2a, CPV-2b u CPV-2c. CornacHo nuTepaTypHbIM AHHbIM, B HacToALLee
BpeMA BCe TPy BapyaHTa BUPYCa LMPKYAMPYHOT B NONYAALMM JOMALLHKX cobak no Bcemy Mupy. B paboTe npeactasneH aHanu3 anu300TUYECKOI CUTYaLIMN 1 CE30H-
HOCTI 3a60NeBaeMOoCTy cobaK MapBOBIPYCHbIM SHTepUTOM B 20172019 IT. B 0TA€NbHBIX 0KpYyrax Poccuiickoit Defepavin. lTokasaHo, uto cpean perucTpupyembix
UHGEKLMOHHDIX 60ne3Helt cobak NapBOBUPYCHIl SHTEPUT HAXOBUTCA Ha NEPBOM MeCTe, ero J0NA 3a UCCeflyeMblil nepuog coctasiuna 37%. YcTaHoBNEHo, uTo
3aboneBaHye GUKCUPYeTCA KPyrnoroAnyHo, HO YacToTa Clyyaes 3aBICUT OT Ce30Ha. 3apaXkeHne c0bak NapBOBMPYCOM B OCHOBHOM NPOMCXOAMT BECHON, N0O3AHel
0CeHbH0 1 PaHHeli 31IMOIA, YT, BEPOATHO, CBA3HO C Nepenafamu CyTOUHON TeMNepaTypbl B 3TV NEPUOALI U CHUMXEHNEM PE3UCTEHTHOCTI OPraHN3Ma XMBOTHBIX.
HecmoTpsa Ha 06LLnpHYIo BaKLMHALWIO, 0CHOBHOI MPUYMHOI LNPOKOTO PacpoCTpaHeHua BUpyca ABNAETCA 160 BMELLATeNbCTBO MATePUHCKUX aHTUTEN Y BaK-
LIMHMPOBAHHDIX LLEHKOB, 1160 HU3KaA IGOEKTUBHOCT UMMYHHON 3aLLUTbl Y B3poC/bIX cobaK. (aenaH BbIBOA 0 HE0OX0AMMOCTY NPOBEAEHNA MOHUTOPHHIA
LMPKYNALMY 1 PacNpOCTpaHeHA NapBOBMPYCa C LIENbH U3yUYeHUsA reHeTNYeCKIX 1 aHTUTEHHBIX CBOICTB BHOBb BbIABNAEMbIX U30M1ATOB A1A (BOEBPEMEHHOTO
00HOBNEHMA BaKLWHHbIX LUITAMMOB, UCMONb3yeMbIX NPy CO3AaHINM CPEACTB CneLnduyeckoil npodunakTmky.
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INTRODUCTION

The causative agent of canine parvovirus enteritis
is parvovirus type 2 (Canine parvovirus type 2, CPV-2),
which belongs to the genus Protoparvovirus in the fa-
mily Parvoviridae. It is one of the most dangerous canine
intestinal pathogens. CPV-2 is closely related to feline
panleukopenia virus and mink enteritis virus. There is also
canine parvovirus type 1 (CPV-1, or MVC - minute virus of
canines) that was first isolated from dog faeces in 1967. It
significantly differs from CPV-2 in its molecular biological
and antigenic properties and does not play an important
role in canine infectious pathology. Canine parvovirus
type 2 was identified in the late 1970s and caused serious
outbreaks in dog breeding kennels and shelters world-
wide. This virus, like all parvoviruses, replicates in rapidly
dividing cells and is very resistant to environmental con-
ditions: it can survive for more than six months in faeces,
on contaminated surfaces of objects used for pet care, and
bedding.The virus is resistant to fat solvents, such as ether
and chloroform, but s inactivated by many detergents and
disinfectants (sodium hypochlorite, etc.) [1].

Soon after its emergence CPV-2 underwent genetic
evolution giving rise to successively two antigenic vari-
ants (CPV-2a and CPV-2b), which gradually replaced the
original type. In the late 90s a new antigenic variant of
the virus, CPV-2¢, was detected in Europe and America.
In 1996 a number of additional mutations were described,

21%

37%

16%

24%

O Parvovirus enteritis B Adenovirus infection
0O Rabies 0O Canine distemper
B Coronavirus enteritis

Fig. 1. Morbidity rates for canine infectious diseases
in the Russian Federation in 2017-2019

Puc. 1. 3abonesaemocms cob6ax UHpEeKYUOHHbIMU
6one3Hamu e Poccutickoli ®edepayuu 8 2017-2019 ze.

some of which led to antigenic changes in the virus. The
studies of CPV-2 strains carried out in Italy revealed emer-
gence of a virus mutant with an amino acid substitution
at position Glu-426 in the VP2 capsid protein. The CPV-2c
type quickly spread to other countries and is currently
circulating together with CPV-2a and CPV-2b. Since its
detection, CPV-2c has also been found in Asia, Europe,
North and South America and Africa. Canine parvovirus
binds to cells using the cell transferrin receptor (TfR);
mutations in the capsid protein VP2 gene contribute
to broadening the range of potential virus hosts. Thus,
the original CPV-2 strains cause intestinal infection only
in dogs, as compared with the CPV-2a/2b isolates, which,
under experimental and natural conditions, can infect
animals belonging to the Felidae family, and the CPV-2c
variants, originally isolated from leopards, affect dogs
and cats. The experimental infection of ferrets, minks
and cats suggested minor manifestations of parvovirus
enteritis clinical signs [2-4]. Despite the antigenic diffe-
rences in the VP2 protein, all parvovirus serovariants give
cross-reactions in hemagglutination assays and neutra-
lization tests using polyclonal sera [1, 5]. Canine parvovi-
rus is undergoing continuous evolution, and new genetic
variants of the virus, differing in antigenic characteristics,
can affect the susceptibility of young animals to infection
during the period when the level of protective maternal
antibodies in them lowers to minimum values. This vari-
ability in the virus genome can negatively impact the ef-
fectiveness of vaccination, although it has recently been
shown that dogs immunized with a single live attenuated
vaccine based on the original CPV-2 strain were protec-
ted from infection with the field virus strain type 2c [2, 3].

Parvovirus enteritis is a highly contagious viral disease
of dogs characterized by vomiting, hemorrhagic gastro-
enteritis, diarrhea, myocarditis, leukopenia, dehydration,
which can cause mortality in animals. The disease is
generally acute, death occurs within 2-3 days after onset
of clinical signs. The incubation period for natural infec-
tion lasts up to 10 days and depends on the organism’s
resistance and the amount of viral particles entering the
gastrointestinal tract of the animal [1, 5, 6]. Parvovirus
can affect dogs at any age, but the disease is most severe
in puppies between 6 weeks and 6 months old. All dogs
are susceptible to this disease, although mixed-breed
animals are believed to be less susceptible to infection
than purebreds. Dog breeds such as Rottweilers, Dober-
man Pinschers, English Springer Spaniels, American Pit
Bull Terriers and German Shepherds are at risk of parvo-
virus infection [1, 7, 8].
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CPV-2 infection occurs by the alimentary route through
oral mucosa after contact with the faeces of infected dogs
or contaminated surfaces. The virus enters the body by
infecting mainly lymphoid tissues, intestinal epithelium
and bone marrow [7]. In newborn puppies the virus cau-
ses severe myocarditis which becomes clinically apparent
several weeks after infection. Canine parvovirus is also
manifested by decreased numbers of leukocytes as a re-
sult of inflammation in the bone marrow and lymphoid
tissues. After vaccination or inoculation with the field
virus strains nearly all adult dogs develop intense immu-
nity to the agent during their lifetime. Infected adult ani-
mals have abortive, asymptomatic, persistent and mild
clinical forms of the disease. Mortality due to parvovirus
enteritis ranges from 30-50%, but in some cases it can
reach 100% [3, 4, 8, 9].

Vaccination is the main control method for this disease
in domestic animal population. Inactivated and modified
live virus vaccines were developed in 1979 being the first
products for CPV-2 control. Vaccines provide protective
immunity which allow controlling parvovirus infection
in dogs. Nevertheless, the virus is still widespread in na-
ture and circulates worldwide. Its genetic evolution and
the emergence of new antigenic variants CPV-2a, CPV-2b
and CPV-2c cause interest and determine research
relevance for many scientists from different countries.
This calls for continuous epidemiological surveillance to
identify new CPV-2 variants that will help to assess the
need to update the currently available canine parvovirus
enteritis vaccines.

MATERIALS AND METHODS

The official data of the FGBI “Center for Veterinary Me-
dicine” of the Ministry of Agriculture of the Russian Fede-
ration on morbidity rates of canine parvovirus enteritis in
some Subjects of the Russian Federation for 2017-2019
were used in the study. The retrospective analysis
of the epidemic situation was carried out, the data ob-
tained were provided graphically and cartographically.
The data on CPV-2 global distribution used in the study
were taken from such bibliographic and reference data-
bases as PubMed, Web of Science, Scopus.

RESULTS AND DISCUSSION

The canine virus disease situation in some regions of
the Russian Federation is presented in Figure 1. It shows
that parvovirus enteritis was most often registered
in 2017-2019 (37%), the morbidity rate for adenovirus
infection was 24%, for coronavirus enteritis — 21%, for ra-
bies — 16%, for canine distemper — 2% and for infectious
hepatitis — less than 1%.

Analyzing the data obtained over the past three years, it
can be noted that parvovirus enteritis is annually recorded
in dogs in various regions of the country (Fig. 2-4).

The program of basic comprehensive vaccination in
dogs is aimed at formation of immunity to parvovirus, as
well as decreased mortality level in the population and
a reduction in the risk of the virus spread. However, the
circulating field antigenic variants of the virus have com-
pletely replaced the original type CPV-2 [3, 4,7, 10], which
is still used in the production of most commercial vaccines,
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in the Russian Federation in 2017
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Fig. 2. Distribution of parvovirus enteritis in RF Subjects in 2017
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Fig. 5. Global geographic distribution of three CPV-2 variants.
Orange areas — presence of three virus variants; green areas — presence of two out of three virus variants; yellow areas — presence
of one out of three virus variants [4] (https.//www.microbiologyresearch.org/content/journal/jgv/10.1099/jgv.0.000540)

Puc. 5. leozpagpuueckoe pacnpedeneHue 8 Mupe mpex 8apuaHmos CPV-2.
OpaHxesblli — Ha/IU4YUe Mpex 8apUaHMOos 8Upyca; 3es1eHbll — HauYue 08yx U3 mpex 8apuaHmMoes 8upyca; xeamsili — Haauque
00H020 U3 mpex sapuaHmos supyca [4] (https.//www.microbiologyresearch.org/content/journal/jgv/10.1099/jgv.0.000540)

therefore the issue of efficacy of the presently used vac-
cines remains open.

According to the literature data on the epidemic situ-
ation regarding canine parvovirus infection in the world,
CPV-2 (CPV-2a, CPV-2b, CPV-2¢) variants have been regis-
tered in 42 countries on five continents (Fig. 5).

At present the CPV-2a, CPV-2b and CPV-2c types are
unevenly distributed in the world. The co-circulating virus
variants are recorded in Continental European countries.
Thus, CPV-2a and CPV-2b prevail in France and Belgium,
types CPV-2a and CPV-2c - in Italy, type CPV-2a - in Eas-
tern Europe, type CPV-2c - on the Iberian Peninsula, all
these three variants of the virus are common in Germany.
The circulation of CPV-2b/2c and CPV-2a/2c is recorded
in North and South America. The CPV-2a and CPV-2b
types prevail in Asia, Great Britain, Australia and Japan.
All three types of CPV-2 co-circulate in the north of Af-
rica, while CPV-2a and CPV-2b are more common in the
south [4, 10].

Our early studies showed that parvovirus infection
rates in dogs were higher in spring and autumn. Perhaps
this is due to the increase in the number of stray animals
during this period. Another equally important factor is the
high resistance of the virus to physical and chemical treat-
ment, as well as the possibility of its preservation in the
external environment for up to several months [1, 9, 11].

Analysis of the parvovirus morbidity dynamics in dogs
in the Central Federal District of the Russian Federation
in 2017-2019 revealed the largest number of diseased
animals in the spring and autumn periods (Fig. 6). An in-
crease in the number of dogs with parvovirus enteritis was
noted from April to June and from October to December
in 2018 and 2019. Figure 6 shows that the peak of animal
morbidity in 2019 was registered in late autumn and the
first winter month. It has been established that over the
past three years the number of reported cases of canine
parvovirus enteritis in this region has increased.

Parvovirus enteritis in dogs was recorded in the
Northwestern Federal District throughout year 2017. The
number of diseased animals increased from March to De-
cember, the peak morbidity was recorded in the period
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Fig. 6. Morbidity dynamics of canine parvovirus enteritis
in the Central Federal District in 2017-2019
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Fig. 7. Morbidity dynamics of canine parvovirus enteritis
in the Northwestern Federal District in 2017-2019
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Fig. 8. Morbidity dynamics of canine parvovirus enteritis
in the Urals Federal District in 2017-2019
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Fig. 9. Morbidity dynamics of canine parvovirus enteritis
in the Siberian Federal District in 2017-2019
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Fig. 10. Morbidity dynamics of canine parvovirus enteritis
in the Far Eastern Federal District in 2017-2019
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of July - September. However, in 2018-2019 there was a
decrease in the number of cases of canine parvovirus in-
fection, and single cases were recorded in spring and late
autumn (Fig. 7).

Figure 8 shows that the number of dogs with parvo-
virus enteritis increased from July to December in the
Ural Federal District in 2017. The morbidity rate in dogs
was high throughout the year 2018, with a peak in spring
and autumn. In 2019 single disease cases were reported
from April to September.

Single cases of canine parvovirus enteritis occurred in
the Siberian Federal District in 2017-2018; and in 2019
the disease was recorded throughout the year, the num-
ber of diseased animals increased from March to Decem-
ber (Fig. 9).

Analysis of the parvovirus morbidity dynamics in
dogs in the Far Eastern Federal District in 2017 revealed
the largest number of diseased animals in the period
of April - June, and the peak of morbidity was recorded
in January — March 2018. In 2019 canine parvovirus infec-
tion was not reported. The analysis showed that for the
three years there was a decrease in the number of regis-
tered cases of canine parvovirus enteritis in the Far Eastern
Federal District (Fig. 10).

The data analysis for Baikonur city over the past three
years suggests increase in registered cases of canine parvo-
virus enteritis. The seasonality of disease cases is clearly
demonstrated in Figure 11 showing that its peak was in
late autumn 2017 and in summer-autumn 2018. However,
an increase in the number of canine parvovirus infection
cases was noted in the spring - summer period 2019.

Thus, the analysis of the epidemic situation of canine
parvovirus enteritis in some Subjects of the Russian Fe-
deration in 2017-2019 shows that the disease was re-
corded all year round but the frequency of reported cases
depended on the season. Canine parvovirus infection oc-
curred more often in spring, late autumn and early winter.
This may be associated with significant daily temperature
fluctuations and climatic differences during these seasons
in some federal districts of the country and, probably, with
the decreased level of animals’ body resistance thus in-
creasing the risk of infection.

Despite extensive vaccination, the main reasons for the
wide spread of the virus remain either interference due to
maternal antibodies in vaccinated puppies (the so-called
window of susceptibility’) or low level of immune pro-
tection efficacy in adult dogs. Another reason is that the
circulating CPV-2 field strains have completely replaced
the original type of the virus used for production of most
commercial vaccines, which may fail to provide effective
cross-protection.

CONCLUSION

The analysis of the scientific study results showed that
canine parvovirus type 2 is globally widespread and circu-
lates in the Russian Federation. The estimated data on the
epidemic situation with regard to canine parvovirus en-
teritis over the past three years in some Subjects of Russia
indicate a correlation between seasonality and frequency
of reported disease cases.

It should be noted that it is necessary to monitor the
circulation and spread of parvovirus in order to study
the genetic and antigenic properties of newly detected
isolates for the timely renewal of vaccine strains used for
development of specific prevention means.

1,
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SUMMARY

Animal mycotoxicoses caused by ingestion of toxicogenic micromycete-contaminated feed are of major concern for agricultural industry and of great importance
for production of agricultural products. In 2017-2019, feed and raw feed materials produced in the Republic of Crimea were tested for mold fungi and genera
composition thereof; the feedstuffs were tested for total toxicity by bioassay in rabbits. A total of 252 samples including 124 grain feed samples, 70 forage samples,
58 mixed feed samples were selected for testing. Tests showed that the major detected contaminants were members of the following genera: Mucor (67.9%),
Penicillium (26.6%), Aspergillus (13.1%), Fusarium (9.1%), Alternaria (8.7%), Stachybotrys (3.6%) and Rhizopus (2.0%). It was revealed that feed were exposed to
mold fungi contamination during vegetation and harvesting as well as during transportation and storage. Thus, in spring the feed were more often contaminated
with micromycetes of Penicillium genus (37.8%) and Stachybotrys genus (6.7%); feed collected and tested in autumn were more often contaminated with toxico-
genic mold fungi of Fusarium genus (14.9%), Alternaria genus (13.9%) and Rhizopus genus (3.0%); in winter members of Mucor genus (78.0%) and Aspergillus
genus (22.0%) were most often detected in feed. Tests for determination of total toxicity showed that 9 (7.3%) and 10 (8.1%) samples out of 124 tested grain
feed samples were low toxic and evidently toxic, respectively. Tests of mixed feed samples for toxicity showed that 5 samples (8.6%) and 2 (3.4%) samples out of
58 mixed feed samples were low toxic and evidently toxic, respectively. It was shown that the proportion of contaminated feed was the highest in spring (25.0%)
as compared to proportion of the contaminated feed in winter (18.2%), in autumn (13.7%) and in summer (4.5%).

Key words: fungi, mycological analysis, micromycetes, contamination, total toxicity.
Acknowledgment: The experiment was carried out at the expense of the FGBI “ARRIAH" in the framework of the research topic “Animal Welfare”.

For citation: Ibragimova S. S., Pruntova 0.V., Danilchenko S. ., Yerofeeva Ye. S. Determination of fungal genera composition and total toxicity of feed produced in
the Republic of Crimea. Veterinary Science Today. 2020; 4 (35): 290-297. DOI: 10.29326/2304-196X-2020-4-35-290-297.

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

For correspondence: Selime S. Ibragimova, Post-Graduate Student, Head of Sector, FGBI“ARRIAH” Branch in the Republic of Crimea, 295494, Russia, Simferopol
city, set. of Komsomolskoye, str. Shosseinaya, 21A, e-mail: ibragimova@arriah.ru.

YK 619:615.9:636.085

Onpenenexue po0BOro CocTaBa rpudoB 1 00LLei TOKCUYHOCTH
KOPMOB, NPoK3BeieHHbIX Ha Tepputopun Pecnybnuki Kpbim

C. C. U6parumosa’, 0. B. MpyntoBa?, C. U. laHunbuenko?, E. C. Epopeesa’

134 Qunnan OIBY «DesepanbHblii LLeHTP 0XpaHbl 380poBbA XUBOTHbIX» (OBY «BHUN3X») B Pecny6nuke Kpbim, r. Cumdepononsb, Poccus
2QTBY «DefiepanbHblii LIEHTp 0XpaHbl 310poBbA XnBOTHbIX» (OTBY «BHIUI3X»), r. Bnagumup, Poccus

' ORCID 0000-0003-3886-7702, e-mail: ibragimova@arriah.ru

2 ORCID 0000-0003-3143-7339, e-mail: pruntova@arriah.ru

3 ORCID 0000-0001-7796-7349, e-mail: danylchenko@arriah.ru

*ORCID 0000-0001-5060-6105, e-mail: erofeeva@arriah.ru

PE3IOME

MUKOTOKCUKO3bI KMBOTHBIX, NPUUMHOI KOTOPBIX ABNAETCA yNoTpebneHie KOHTAMUHIPOBAHHBIX TOKCMHOOOPa3yIoLLMMI MUKPOMULIETaMI KOPMOB, NPEACTaBAAIT
epbe3Hyto Npobnemy AnA cenbCkoro Xo3AiCTBa 1 UMEIOT 60/bLLIOE 3HaUeHIe MU NPOU3BOACTBE CENbCKOX03ANCTBEHHOI NpoayKLmu. B nepuoa 2017 no 2019
MpoBe/ieH aHasni3 KOPMOB U KOPMOBOTO CbIPbA, NPOU3BeAEHHbIX Ha Tepputopui Pecnybnukm Kpbim, Ha cofepaHue 1 pofoBoii COCTaB NecHeBbIX rpuboB, u3y-
YeHa 06112 TOKCUYHOCTb KOPMOBOIA MPOAYKLIMY METOAOM NOCTaHOBKI 61onpobbl Ha Kponukax. [1ns npoBefexna uccnesoBaxuii 6bino otobpaHo 252 obpasua,
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113 KOTOPbIX 607bLLYH0 YaCTb COCTaBIUAM 3epHOBbIE KOpMa — 124 npobbl; 70 Npob Obinn npeAcTaBAeHbl rpybbiMu Kopmamu, 58 — kombukopmamu. B pesynbrare
NPOBE/EHHDIX UCCNIEA0BAHNI YCTAHOBNEHO, UTO OCHOBHBIMY KOHTaMUHAHTaMV ObIN NPeACTABUTENM TaKIX POAOB, Kak: Mucor (67,9%), Penicillium (26,6%),
Aspergillus (13,1%), Fusarium (9,1%), Alternaria (8,7%), Stachybotrys (3,6%) v Rhizopus (2,0%). BblaBIAY, 4TO KOPMa NOABEPXKEHbI KOHTAMUHALMM NNECHEBbIMM
rpubami Kak B nepuog BereTaLyun 11 y6opKi, Tak 1 BO Bpema NepeBo3ki 11 xpaHeHua. Tak, Mukpomuuetamu popo Penicillium (37,8%) w Stachybotrys (6,7%)
yalue 6bInn KOHTAMIHUPOBAHbI KOPMa BECHOI; TOKCUHOOOPa3ytoLMMK NniecHeBbIMYU rpubamu pogoB Fusarium (14,9%), Alternaria (13,9%) w Rhizopus (3,0%) —
KOpMa, 0To6paHHble 1 MCCNef0BaHHbIE 0CeHbIo; NpecTaBuTeneil pogos Mucor (78,0%) n Aspergillus (22,0%) Hanbonee uacto BLIABAAAN B 3MMHII nepuop. Mpu
onpezeneHiny 06LLeli TOKCMYHOCTI KOPMOB 11 KOPMOBOIA MPOAYKLIM YCTaHOBIAW, UTO U3 124 nccneyemblx 06pasLioB 3epHOBbIX KOPMOB C1ABOTOKCUYHBIMM ObiN
9 (7,3%), TokcuHbIMM — 10 npob (8,1%). 113 58 ncnbiTyemblx 06pa3LOB KOMOMKOPMA Cabyto TOKCUUHOCTL MPOABUIN 5 Mpob (8,6%), a BbIPAXKEHHYH TOKCUY-
HOCTb — 2 06pa3uia (3,4%). Moka3aHo, UTo camblii BbICOKWIA NPOLIEHT TOKCUYHOTO KOPMa BbIABAANN B BeceHHUit nepuop (25,0%), 3uMoii faHHbIi NoKa3aTenb
coctasun 18,2%, ocenblo — 13,7%, netom — 4,5%.

KnioueBbie cnosa: nnecHesble rpubbl, MUKONOTVYECKIIA aHANN3, MUKPOMULIETbI, KOHTAMIHALWA, 061LaA TOKCMYHOCTD.
bnaropapHoctb: Pabota BbinonHeHa 3a cuet cpeacts OIBY «BHIN3X» B pamkax TeMaTuky HayuHo-nccneoBaTenbekmx pabot «BetepuHapHoe bnarononyune».

[insa yurupoanma: Ubparumosa C. C., Mpywtosa 0. B., Aanunbuenko C. 1., Epodeesa E. C. OnpegeneHue posoBoro coctaBa rpi6oB 1 06LLeil TOKCMYHOCTI
KOPMOB, Npon3BezeHHbIX Ha Tepputopuy Pecnybnuku Kpbim. Bemepurapus ce2001s. 2020; 4 (35): 290-297. DOI: 10.29326/2304-196X-2020-4-35-290-297.
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KoHnukt untepecos: ABTopbl 3aABAAIOT 00 OTCYTCTBIM KOHGNNUKTA MHTEPECOB.

[ins koppecnongeHyuu: Noparumoa Cenume CepBepoBHa, acnupaHT, pykosogutens cektopa Ounnana OrbY «BHUNU3M» 8 Pecnybnuke Kpbim, 295494, Poccus,
r. Cumdepononb, noc. Komcomonbckoe, yn. Wocceiinas, 21A, e-mail: ibragimova@arriah.ru.

INTRODUCTION

Quiality of feed becomes very important in the con-
text of animal and poultry farming intensification. Conta-
mination of feed with mold fungi being producers of my-
cotoxins, low-molecular-weight secondary metabolites of
micromycetes, are of particular concern [1, 2]. Mycotoxin
diversity, high toxicity and various mycotoxicosis manifes-
tations make the said issue highly significant.

There are currently more than 100,000 various fungi
species including more than 250 toxicogenic fungi spe-
cies [2-4]. There are following mycotoxins: aflatoxins,
trichothecene mycotoxins, ochratoxins, fumonisin, zeara-
lenone and its derivatives, ergot alkaloids, cyclopiazonic
acid, patulin, citrinine, etc. Ochratoxin A, deoxynivalenol,
T-2 toxin, zearalenone and aflatoxin are the most wide-
spread and dangerous [5, 6].

Contamination of feed and feed products with my-
cotoxins reduces feed nutritional value and contributes
to development of various non-infectious diseases -
foodborne mycotoxicoses that can be acute or chronic.
Disease clinical signs and course depend on the level
of feed contamination, animal physiological status and
pathogenic characteristics of the fungi contaminating
feed products. Acute mycotoxicosis is characterized with
neurotoxic symptoms: agitation or depression, fatigue,
incoordination, gastrointestinal and cardiovascular dis-
orders, hyporeflexia, convulsions. Chronic mycotoxicosis
is characterized with depression, anemia, decrease in
weight and reduced performance, abortions [7, 8.

Contamination of feed with mycotoxins at low concen-
trations also poses a serious threat: after the ingestion by
farmed animals they can partially accumulate in tissues
and organs and after being metabolized they can enter
the products derived from these animals (meat, milk,
eggs). Thus, aflatoxin B,, ingested with the feed trans-
forms in aflatoxin M, and is excreted with milk. Therefore,
products derived from the animals that have been fed

with mycotoxin-contaminated feed are potentially toxic
for humans [1, 91.

It is important to note that mycotoxins are characte-
rized by uneven distribution - their concentration in dif-
ferent points of the same batch of feed varies significantly
that affects the test results [1].

Failure to observe the requirements for raw feed ma-
terials and finished feed harvesting and storage is one of
the main causes of the mold fungi growth and, therefore,
results in changes in the fungal microflora species and
quantitative composition. The mycotoxin contamination
level in feed depends on the level of its exposure to toxi-
cogenic mold fungi [10].

According to the Food and Agricultural Organization
of the United Nations (FAO), annually, mycotoxins con-
taminate about 25% of the world grain crop. The majority
of countries in the world regulates mycotoxin content
in feed and food. In the Russian Federation, maximum
allowable levels for mycotoxins are laid down by Techni-
cal Regulations of the Customs Union 021/2011 on food
safety and 015/2011 on grain safety, GOSTs and TUs for
different types of products and feed. According to the
literature data, the following mycotoxins are the most
often detected in the Russian Federation: deoxynivalenol,
T-2 toxin, zearalenone and aflatoxin. There are no docu-
ments regulating allowable levels of mold fundi species
contamination [11].

Moreover, mycological control for mold fungi exposure
allows for detection of toxicogenic micromycete conta-
mination of feed and feed products at early stages. Toxico-
genic micromycetes include fungi of the following genera:
Aspergillus, Penicillium, Mucor, Rhizopus, Fusarium, Alter-
naria, Helminthosporium, Ustilago, Tilletia, Nigrospora etc.,
that can produce mycotoxins under favorable conditions
(relative humidity of 85-95%, temperature of 4-30 °C) [3].
Therewith, the mycological analysis is an important step
of the feed quality control.
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The work was aimed at determination of generic com-
position of mold fungi contaminating the feed produced
in the territory of the Republic of Crimea, examination of
dependence of mold fungi exposure level on the season
of the year and environmental conditions (temperature,
humidity), and determination of total toxicity of feed by
bioassay.

MATERIALS AND METHODS

Test materials: samples of feed and mixed feed taken
on farms and backyards located in the Republic of Crimea.
Samples were collected in accordance with GOST ISO
6497-2014 “Feeding stuffs. Sampling”, GOST 13586.3-
2015 “Grain. Acceptance rules and sampling methods’,
GOST 13496.0-80“Mixed feeding-stuffs. Rules of sampling
of average sample”.

Reagents and nutrient media: distilled water (GOST 6709-
72 “Distilled water. Specifications”), Czapek-Dox and Sa-
bouraud media (OO0 "SPC Biokompas-S", Russia), filter
paper, formaldehyde, OP-7 surfactant, ammonia, pure ace-
tone for analysis (OOO "KhlorenKhima', Russia), refined sun-
flower oil (GOST 1129-2013 “Sunflower oil. Specifications”).

Laboratory animals: rabbits, live weight: 2.0 to 2.5 kg,
having integral non-pigmented skin.

All experiments in animals were carried out in strict ac-
cordance with the international standards on laboratory
animal keeping and handling laid down in GOST 33216-
2014 “Guidelines for accommodation and care of animals.
Species-specific provisions for laboratory rodents and
rabbits” and GOST 33215-2014 “Guidelines for accom-
modation and care of animals. Environment, housing and
management”, adopted by the Interstate Council for Stan-
dardization, Metrology and Certification as well as in accor-
dance with Directive of the European Parliament and the
Council 2010/63/EU of 22 September 2010 on protection
of animals used for scientific purposes.

Sample preparation methods: mycological analysis was
performed in accordance with GOST 13496.6-71 “Mixed
feed. Method of detachment of fungi” and in accordance
with the "Methodical guidelines for sanitary and myco-
logical evaluation of feed and for feed quality improve-
ment" (approved by the USSR Ministry of Agriculture on
February 25, 1985). The test materials were seeded in agar
media-containing Petri dishes for mold fungi cultivation.
Tests were carried out in quintuplicate. The seeds in Petri
dishes were kept in thermostat at 25 °C for 10 days. The
Petri dishes were examined at day 3, 5, 7 and 10 of incu-
bation [12, 13].

The thermostat and isolation room were tested for
cleaning quality and sterility, respectively, in accordance
with the "Methodical guidelines for disinfection, pre-steri-
lization cleaning and sterilization of medical devices" [14].
Before test material seeding, two Petri dishes with the
agar medium were placed on the laboratory bench and
two Petri dishes with the agar medium were placed in
thermostat. The said Petri dishes were opened and left for
15 minutes, then, they were placed in thermostat and kept
similarly to the seeded material.

Grain feed was tested for external and internal spore
contamination. To test grains for external spore conta-
mination, the test materials were seeded onto Sabouraud
medium in Petri dishes, 10 grain kernels per dish, so as the
kernels did not touch each other.

To test grain for internal spore contamination the grain
kernels were treated with 3% formaldehyde solution

(treatment period - 2 minutes) and washed once with
0.2% ammonium solution and then with distilled water
after their treatment; the treated kernels were placed onto
Sabouraud agar in Petri dishes, 10 grain kernels per dish.
Five Petri dishes were used for each test.

Forage feed was chopped into 2 cm-long pieces in a
sterile Petri dish. Then, the pieces were transferred with
a sterile forceps onto Czapek-Dox agar in Petri dishes
(10 forage pieces per dish, 5 dishes) [13].

Granulated mixed feed was ground with LZM-1 labo-
ratory mill; 10 g of the feed were taken and poured with
100 ml of 0.1% aqueous OP-7 surfactant solution to pre-
pare primary suspension. The following suspension dilu-
tions were prepared using serial dilution method: 1:1 000
dilution - for good-quality feed and 1:10 000 dilution -
for the feed with spoilage signs (macroscopic signs of
mold fungi contamination, characteristic odour, etc.). The
1:1 000 dilution and 1:10 000 dilution were seeded onto 5
and 8 Petri dishes containing agar medium, respective-
ly [12,13].

Generic classification of fungi was performed based on
morphological characteristics of the colonies, mycelia and
sporangium structure [15].

Determination of total toxicity of feed. Test feed
samples were ground and sifted through a 1 mm-pore-
size sieve for tests for total toxicity. Ground feed sample
(50 g) was transferred to 500 cm?® conical flask with tight
stopper and 150 cm? of acetone were added. The flask
was placed on orbital shaker and the extraction was
performed for 3 hours. Resulting extract was filtered
through paper filter and transferred to the cup for eva-
poration. It was concentrated up to complete solvent
odour removal and to oily residual mass. Vegetable oil
was added to make the sample volume to 1 cm® when
amount of the extract after evaporation was not suffi-
cient for testing [13].

Bioassay was performed in rabbits that have integral
non-pigmented non-scaly skin. Vegetable oil used for the
extract dissolution was preliminary tested for its toxicity
in rabbits by applying it twice on the sheared skin area at
an 24-hour interval. Skin reactions were recorded on the
next day after second application and then for 3 days. The
vegetable oil that had not induce any redness of the rabbit
epidermis was considered suitable for use.

Then, one half of the extract was applied to 6 x 6 cm
preliminary sheared skin area of rabbit thigh or shoulder
with glass spatula by gentle rubbing. The second half of
the extract was applied on the next day. The oily extract
of the test feed was kept in refrigerating chamber before
the second application. The skin reactions were recorded
on the next day after the second extract application and
the rabbits were observed for the next 3 days.

One 6 x 6 cm sheared skin area was used as a control
one. No extract was applied to this area. One rabbit was
used for maximum four simultaneous bioassays.

Results of tests of feed for their toxicity were evaluated
based on inflammatory reaction presence or absence. The
feed sample was considered toxic when apparent hypere-
mia, soreness, swelling, manifested by a strong thickening
of the skin as well as ulcers or solid scab were observed on
the skin area in rabbits [13].

RESULTS AND DISCUSSION

At first stage, the level of feed contamination with
micromycetes and generic composition of mold fungi

VETERINARY SCIENCE TODAY, DECEMBER N°4 (35) 2020 | BETEPUHAPUA CETOLHA, AEKABPb No4 (35) 2020

ORIGINAL ARTICLES | VETERINARY MICROBIOLOGY OPUTUHANBHBIE CTATbY | BETEPUHAPHAA MUKPOBUONOT A

Table 1
Characterization of tested feed samples

Tabnuua 1
XapakTepucTuka nccnepyembix 06pasuos kopma

Average weight of collected Number of collected

Sampling period sample samples Sample type
23 grain feed (barley, wheat, oat)
Winter 2.0kg 17 forage (hay, straw)
10 mixed feed
22 grain feed (barley, wheat, oat)
Spring 2.0kg 13 forage (hay, straw)
10 mixed feed
30 grain feed
(barley, wheat, oat)
Summer 2.0kg 12 forage (hay, straw)
14 mixed feed
49 grain feed (barley, wheat, oat)
Autumn 2.0kg 28 forage (hay, straw)
24 mixed feed

contaminating feedstuffs harvested on the territory of the
Republic of Crimea were determined.

Tests were performed in the FGBI “ARRIAH” Branch lo-
cated in the Republic of Crimea in 2017-2019.

Feed and feed product samples were collected in
backyards and on farms located in the Belogorsky, Krasno-
gvardeysky, Leninsky and Saksky Raions of the Republic
of Crimea. Average sample weight was 2.0 kg (for each
sample taken separately). Numbers of collected samples
and sampling periods are given in Table 1.

A total of 252 feed samples including 124 grain feed
samples, 70 forage samples and 58 mixed feed samples
were collected for tests of the feedstuffs harvested in the
Republic of Crimea for toxicogenic mold fungi and for
fungal generic composition. Feed samples were collected
and tested in different seasons of the year to determine
dependence of the level of feed contamination with mold
fungi on environmental conditions (air temperature, rela-
tive humidity).

Mold fungi were differentiated and classified to ge-
nera based on the grown colonies morphology; myce-
lium and sporangium structures were examined by light
microscopy.

Results of tests of mold fungi contaminating the feed-
stuffs harvested in the territory of the Republic of Crimea
are shown in Table 2.

Micromycetes of the following genera were detected
during feed sample tests for determination of contaminating
fungi generic composition: Mucor —in 171 samples (67.9%),
Penicillium - in 67 samples (26.6%), Aspergillus -

in 33 samples (13.1%), Fusarium - in 23 samples (9.1%),
Alternaria — in 22 samples (8.7%), Stachybotrys -
in 9 samples (3.6%), Rhizopus —in 5 samples (2.0%).

A total of 50 feed samples were collected in winter
period. Mold fungi of the following genera were de-
tected during mycological tests of the said samples:
mold fungi of Mucor genus were detected in 39 sam-
ples (78.0%), Aspergillus — in 11 samples (22.0%), Penicilli-
um-in7 samples (14.0%), Fusarium —in 6 samples (12.0%),
Alternaria - in 5 samples (10.0%), Stachybotrys — in 2 sam-
ples (4.0%), Rhizopus - in one sample (2.0%).

In spring 45 feed samples were collected and tes-
ted, mold fungi of the following genera were detected:
mold fungi of Mucor genus were detected in 33 sam-
ples (73.3%), Penicillium — in 17 samples (37.8%), Asper-
gillus - in 9 samples (20.0%). Micromycetes of Alternaria
genus and Stachybotrys genus were detected in 3 (6.7%)
and 3 samples (6.7%), respectively. Mycromycetes of Rhi-
zopus genus were detected in 1 sample (2.2%) out of the
tested feed samples.

In summer, 56 feed samples were collected for testing.
The feed samples were found to be contaminated with the
mold fungi of the following genera: mold fungi of Mucor
genus were detected in 43 samples (76.8%), Penicillium —
in 20 samples (35.7%), Aspergillus and Fusarium genera —
in 2 samples (3.6%) and 2 samples (3.6%), respectively.
Mold fungi of Stachybotrys genus were detected in one
sample (1.8%).

In autumn, 101 feed samples were collected and tested,
56 (55.4%) out of them were found to be contaminated
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Table 2
Generic diversity of the fungi contaminating tested feed

Tabnuua 2

PopoBoe pa3Hoo6pa3ue rpu6os, KOHTAaMUHUPYIOLLUX ncciepyemblie KOpMma

Number of contaminated feed samples collected in different seasons of the year

Genus of detected
: Sample type
micromycete . .
winter spring summer autumn
grain feed 18 16 22 23 79
Mucor forage 13 10 9 17 49
mixed feed 8 7 12 16 43

grain feed 2 3 0 5 10
Alternaria forage 0 0 0 4 4
mixed feed 3 0 0 5 8

grain feed 1 1 1 0 3
Stachybotrys forage 1 2 0 3 6
mixed feed 0 0 0 0 0

grain feed 0 0 0 0 0
Rhizopus forage 1 0 0 1 2
mixed feed 0 1 0 2 3

with fungi of Mucor genus, 23 samples (22.8%) — with Peni-
cillium, 15 samples (14.9%) — Fusarium. Fungi of Alternaria
genus were detected in 14 samples (13.9%), Aspergillus
genus —in 11 samples (10.9%); micromycetes of Stachy-
botrys genus and Rhizopus genus were detected in 3 (3.0%)
and 3 (3.0%) samples, respectively.

According to the literature data, fungi of Rhizopus,
Penicillium, Alternaria, Cladosporium, Aspergillus, Fusarium,
Mucor, Trichoderma, Stachybotrys genera and others also
play dominating role in contamination of plant feed in the

Russian Federation and in European countries; their ge-
nera and species diversity depend on the environmental
climatic conditions [3, 16, 17].

The tests have shown that feedstuffs are exposed to
mold fungi both in vegetation and harvesting periods
as well as during their transportation and storage. Some
toxicogenic micromycetes rapidly grow and multiply at
temperatures below 20 °C, the other ones — at 30-50 °C.
Favorable conditions for phytopathogenic micromycetes
propagation at the stage of feed crop growing and failure
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Table 3
Results of tests of feed for total toxicity

Tabnuua 3
Pe3synbratbi uccnegoBanuii 061l TOKCUMHOCTH KOPMOB

Toxicity of feed samples

to comply with the feed harvesting technology can result

in mycotoxin accumulation in the products. Degree of feed

exposure to toxicogenic micromycetes directly influences

the level of feed contamination with mycotoxins and, as

a result, agricultural product safety and probability of my-
cotoxicoses in animals.

Analysis of the test results showed that fungal generic
composition in feed changes depending on the season
of the year. Thus, in spring the feed was more often con-
taminated with micromycetes of Penicillium genus (37.8%)
and Stachybotrys genus (6.7%); in autumn, the feed was
more often contaminated with toxicogenic mold fungi of
Fusarium genus (14.9%), Alternaria genus (13.9%) and Rhi-
zopus genus (3.0%); members of Mucor genus (78.0%) and
Aspergillus genus (22.0%) were the most often detected
in winter.

Taking into account the direct influence of the degree
of exposure of the feed to toxicogenic mold fungi on the
level of contamination of feed with mycotoxins, the next
stage of the work was to determine the total toxicity of
samples of micromycete-contaminated feed and feed
products.

A total of 124 grain feed samples and 58 mixed feed
samples were tested for toxicity by bioassay in rabbits.
Feed toxicity was assessed based on presence or absence
of inflammatory reaction in rabbits and the tested feed
samples were classified into three categories: toxic, low
toxic and non-toxic [13]. The feed sample was consid-
ered toxic when apparent hyperemia, soreness, swelling
manifested by a strong thickening of the skin as well as
ulcers or solid scab were observed on the rabbit skin area
pre-treated with the said feed extract. The extract of low
toxic feed caused hyperemia that lasted for 2-3 days, skin
exfoliation, soreness and swelling manifested by slight
thickening of the skin followed by formation of discrete
crusts. The feed sample was considered non-toxic when
inflammatory reaction was absent or hyperemia was ob-
served for maximum 2 days and no skin exfoliation was
observed after treatment with the feed extract.

Results of tests of feed for total toxicity are given
inTable 3.

Tests of 124 grain feed samples for their toxicity
showed that 9 samples (7.3%) out of them were low toxic,

10 samples (8.1%) were toxic. Tests of 58 mixed feed
samples showed that 5 samples (8.6%) out of them were
low toxic, 2 samples (3.4%) were evidently toxic.

In winter 33 samples were tested: 3 grain feed
samples (9.1%) were considered toxic and 2 grain feed
samples (6.1%) and 1 mixed feed sample (3.0%) were con-
sidered low toxic.

In spring 32 samples were tested, 4 grain feed
samples (12.5%) and 1 mixed feed sample (3.1%), were
found toxic and 2 grain feed samples (6.3%) and 1 mixed
feed sample (3.1%) were found low toxic.

In summer 44 samples were tested: 1 grain feed
sample (2.3%) and 1 mixed feed sample (2.3%) were found
low toxic.

In autumn 73 samples were tested: 3 grain feed
samples (4.1%) and 1 mixed feed sample (1.4%) were con-
sidered toxic, 4 grain feed samples (5.5%) and 2 mixed feed
samples (2.7%) were considered low toxic.

The figure shows that the proportion of the feed found
contaminated was the highest in spring (15.6%).

Feed and feed products collected and tested in
all seasons were found toxic to various degree. Thus,
4 samples (5.5%) were found toxic and 6 samples (8.2%)
were found low toxic out of 73 samples collected and tes-
ted in autumn. Three samples (9.1%) were found toxic and
3 samples (9.1%) were found low toxic out of 33 samples
collected and tested in winter. Five samples (15.6%) were
found toxic and 3 samples (9.4%) were found low tox-
ic out of 32 samples collected and tested in spring. No
toxic samples were found and only 2 samples (4.5%) were
found low toxic out of 44 samples collected and tested
in summer.

Feed and feed products considered low toxic and toxic
based on the laboratory test results are not allowed for
feeding livestock animals [18].

CONCLUSION

Tests showed that fungal genera composition changes
depending on the season of the year. Thus, feedstuffs were
more often contaminated with micromycetes of Penicilli-
um genus (37.8%) and Stachybotrys genus (6.7%) in spring;
with toxicogenic mold fungi of Fusarium genus (14.9%),
Alternaria genus (13.9%) and Rhizopus genus (3.0%)

VETERINARY SCIENCE TODAY, DECEMBER N°4 (35) 2020 | BETEPUHAPA CETOLHA, AEKABPb No4 (35) 2020



ORIGINAL ARTICLES | VETERINARY MICROBIOLOGY OPUTUHANBHBIE CTATbY | BETEPUHAPHAA MUKPOBUONOT A

9.1% 9.1%

WINTER SPRING

8.2% 55y

SUMMER AUTUMN

® non-toxic = low toxic toxic

Fig. Total toxicity of feed and feed products in different seasons of the year
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in autumn; with fungi of Mucor genus (78.0%) and Asper-
gillus genus (22.0%) in winter.

Tests of feed for total toxicity showed that
9 samples (7.3%) were low toxic and 10 samples (8.1%)
were low toxic out of tested 124 grain feed samples.
Five samples (8.6%) were considered low toxic and
2 samples (3.4%) were considered toxic out of tested
58 mixed feed samples.

Low toxic feed samples were detected during all four
seasons: in summer (4.5%), autumn (8.2%), winter (9.1%)
and spring (9.4%). Toxic feed samples were detected in
autumn (5.5%), winter (9.1%) and spring (15.6%). No toxic
feed samples were detected in 44 feed samples collected
and tested in summer.
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SUMMARY

Preparation ofimmortalized cell lines obtained from organs and tissues of farm animals is an essential area of biotechnology. The paper presents results of continuous
(immortalized) cell line preparation from a primary trypsinized cell culture of an adult rabbit kidney. Cytomorphologic analysis and karyotyping were performed
during the process of subcultivation in the cell culture at passages 1, 3, 24, 31, 38, 56, 66, 75, 86, 101. Dynamics of spontaneous continuous cell line formation
during long-term serial passaging was examined using standard nutrient media and fetal serum. Contrary to the known cell lines of rabbit origin (Oryctolagus
cuniculus L.),immortalization was not accompanied with enhanced cell production and cell size reduction. The prepared continuous cell line in its adhesive phase
was up to 200 pm in size and its productivity was about 7,000 cells/cm?. Significant differences (compared to the known cell lines) in the karyotype were detected
during passaging. The formed genotype was found to be near-tetraploid when the CCL cultural properties were stabilized at passages 66—101. The known cell
lines — rabbit kidney (RK-13) and rabbit cornea (SIRC) — can be characterized as pseudotriploid basing on their karyotype. This culture demonstrated low sensitivity
to viruses — causative agents of rabbit diseases and sensitivity to heterologous porcine and bovine viruses.

Key words: continuous cell line, primary trypsynized cell culture, immortalization, apoptosis, telomere.
Acknowledgements: The study was funded by the FGBI “ARRIAH” within the framework of “Veterinary Welfare” research work.

For citation: Manin B. L., Vologina . V.., Trofimova Ye. A. Preparation of rabbit kidney immortalized cell culture. Veterinary Science Today. 2020; 4 (35): 298-303.
DOI: 10.29326/2304-196X-2020-4-35-298-303.

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

For correspondence: Boris L. Manin, Candidate of Science (Biology), Leading Researcher, Sector for Cell Culture, Innovation Department, FGBI"ARRIAH", 600901,
Russia, Vladimir, Yur'evets, e-mail: manin_bl@arriah.ru.

YIIK 619:576.535:636.92:57.082.26

[lonyyeHne MMMOPTaN30BaHHOW KYNbTYPbI KIETOK
MOYKM KponKa

b.J1. Mauun', UU. B. Bonoruna? E. A. TpopumoBa®
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PE3IOME

[onyueHune IMMOPTaN30BaHHbIX KNETOYHDBIX IMHUI, NPONCXOAALLMX 13 OPraHOB I TKAHEI CeNIbCKOXO3ANCTBEHHBIX XUBOTHBIX, ABNAETCA AKTYaNbHbIM HanpaBe-
Huem 6roTexHonoruu. B cratbe npescTaBneHbl pesynbratbl ofy4eHa NOCTOAHHOI (MMMOPTaNn30BaHHON) KNETOUHOI IMHUN U3 NEPBIUYHO TPUNCUHU3NPOBAHHON
KynbTypbl KNETOK MUK B3pOCNIOro Kponka. B npowecce cybkynsTvBIpOBaHIA NPOBOAMAN LUTOMOPYONOTUYECKINe U KapUOAOTuyeckine uccnefoBanua Ha 1,3, 24,
31,38, 56, 66,75, 86, 101-m naccaxax. lpu npoBeAeHNM AAUTENbHbIX NOCNIE0BATENbHBIX Naccaxeil Obina NpocnexeHa AMHaMIKa CNOHTAaHHOT0 GOPMUPOBAHNA
MOCTOAHHOI KNIETOUHO IMHUN C UCIONb30BAHNEM CTAHAAPTHBIX NUTATENbHBIX CPes N IMOPUOHANLHON CHIBOPOTKU. B 0TAMUME OT U3BECTHBIX KNETOUHBIX MMHMIA,
npou3oLLeaLLnX oT 06bIKHOBEHHOrO omaluHero kponuka (Oryctolagus cuniculus L.), 6bino 0TMeUeHo, UTo MIMMOPTaNU3aLUA He CONPOBOXAANACH YBENYEHH-
€M NpoAYKTUBHOCTM KNETOK 1 yMeHbLUeH!eM WX pa3MepoB. Pa3mepbl KNeTOK NoNyYeHHOil NepeBUBaeMOil MM JOCTUTAN) B aare3npoBaHHOM COCTOAHMN
200 MMKPOMETPOB, MPOAYKTUBHOCTb cocTaBAAna 7000 KNeToK Ha KBaApaTHbIA CAHTUMETP. 3HaunTeNbHble OTANYNA (B CPABHEHIN C U3BECTHBIMYU IMHNAMM)
B NpoLiecce naccupoBaHua 06HapyKUBanNCbL 1 B Kapuotune. lpu cTabuan3aumm KyabTypanbHbIX CBOICTB MOCTOAHHOI IMHUN KNeTOK Ha 66—101-m naccaxax
reHoTUN chopMUPOBANCA KaK OKONOTETPANNOUAHDIN. I3BeCTHbIE KNeTouHbIe NMHUN — noyka kponuka (RK-13) u porosuua rnasa kponuka (SIRC) — no kapuotu-
My 0Ka3anucb NceBAOTPUNNONAHbIE. [laHHaA KynbTypa Oka3anacb ManouyBCTBUTENbHOI K BUpycam — Bo36yautenam 6oneHeii Kpoankos 11 YyBCTBUTENbHOI
K reTeposIori\yHbIM BUpyCaM CBUHEIA 11 KpYMHOTO POraToro cKoTa.

KntoueBble cnoBa: NoCTOAHHAA NIMHNA KNETOK, NEPBUYHO TPUNCUHU3NPOBAHHASA KyNbTYpa, UMMOPTAN3aLis, anonTo3, TenoMepbl.
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KoHpnuKkT MHTEpecoB: ABTOPbI 3aABNAIOT 00 OTCYTCTBUN KOHGANKTA HHTEPECOB.

[ins koppecnonpeHuyun: MaHun bopuc lleonpnoBuy, KaHANAaT 6uONOrMYeCKIX HayK, BeAyLLMii HAyUHbIii COTPYLHUK CEKTOPA KYNbTYpbl KIIETOK OTAENA MHHO-
Bauuii OrbY «BHIUN3X», 6009071, Poccus, r. Bnagumup, mkp. 0pbesew, e-mail: manin_bl@arriah.ru.

INTRODUCTION

Immortalization of subcultured cells of mammalian
organs can be considered as a shift away from terminal
proliferation arrest which is eventually observed in all nor-
mal somatic cells. In early 60s of the last century L. Hay-
flick and P. S. Moorhead discovered that normal diploid
human fibroblasts proliferate in vitro only a certain num-
ber of times and subsequently they stop dividing and start
aging [1-3]. Given that the process of aging clearly differs
from any form of a cell’s death, for instance, apoptosis, it
is essential to distinguish these statuses during succes-
sive passages. Studies, performed by researchers in 1990s
demonstrated that immortalization is associated with
activation of telomere maintenance mechanism via telo-
merase activity or other unknown process [2, 4]. Immor-
talization is a complex process associated with many ge-
netic modifications a part of which may not be related to
telomere maintenance [4]. There is evidence for existence
of three basic compensatory mechanisms of maintaining
viability and stimulating cell line proliferation in case of
the genetic material (telomere) loss: polyploidization of
the initial cell clone, oncogene amplification, and ampli-
fication of whole autosomes or their fragments.

Cell culture specialists know only a small amount of
stable and high performance continuous cell lines (CCL)
of rabbit origin (Oryctolagus cuniculus L.). The most wide-
spread lines are: RK-13 (rabbit kidney, obtained in 1963),
SIRC (rabbit cornea, obtained in 1965), RSK (rabbit skin).
Methods of karyotyping used for identification of the RSC
continuous cell line obtained from the VIEV revealed that
it belonged to porcine cell lines [5]. The rest cell lines from
the Catalogue of the Russian Cell Culture Collection (RCCC),
split ratio 1:2, have the status of subcultures [6]. Prepara-
tion of non-malignant continuous (immortalized) mam-
malian cell lines, including those from rabbit organs, is
not performed by stereotypical manipulations. Stable CCL
develop spontaneously: through long-term passaging in
stable conditions or through changing cultivation condi-
tions — change of media, sera and other components.

Organs of newborn animals or their embryos are used
for long-term passaging of mammalian cells. The status of
these cells is indicative of their longer mitotic activity in vitro.

The aim of the research was preparation of the primary
cell culture, sensitive to rabbit viruses, from a kidney of an
adult animal, maintaining of the subculture during long-
term successive passages, and studying the degree of the
prepared cell line transformation.

MATERIALS AND METHODS
Kidneys of a 4-5 month old rabbit weighing 2.0-2.5 kg
were taken for the test. The primary cell culture was pre-

pared using a modified method of fractional trypsiniza-
tion [7-9]. Following testing of primary and subcultured
cells for sensitivity to rabbit viruses, the cells were subcul-
tured on DMEM/F-12 (pH 7.1-7.2) with 0.1% lactalbumin
hydrolysate, containing 5-10% bovine fetal serum [10].
Subsequently the subculture was adapted to the MEM-
like medium.

Rabbit kidney cells were cultured in a thermostat accor-
ding to the generally accepted method in glass and plastic
vessels with different growth areas at (38.0 + 0.5) °C.

Cell morphology tests. Morphology of native cells from
the primary trypsinized culture was studied using a
phase-contrast microscopy technique.

For cell culture identification P. S. Moorhead's method
for formed metaphase plate karyotyping (1960) was used.

Lifetime cytochemical detection of mycoplasma con-
tamination and cell morphology studies were performed
using 0.001% acridine orange dye.

Comparative studies of two stable widespread cell lines
of rabbit origin: RK-13 - rabbit kidney and SIRC - rabbit
cornea cells, were performed.

RESULTS AND DISCUSSION

Any process of primary cell subcultivation includes
long-term continuous passaging of the prepared popu-
lations [11]. In this respect monitoring of cytogenetic and
cultural characteristics of cells derived from an adult rab-
bit kidney was performed. For this purpose subculturing
was performed twice a week starting with passage 4, split
ratio 1:2, 1:3. Herewith, the monolayer confluence was
100%, cells remained large — up to 50 um in diameter [10].
Besides DMEM/F-12 MEM-like (1/3) was added to the cul-
ture medium starting with passage 4, and starting with
passage 45 the culture was grown on MEM-like medium
with 10% bovine fetal serum (Germany).

Cytomorphologic analysis and karyotyping were per-
formed during the process of subcultivation in the cell
culture at passages 1, 3, 24, 31, 38, 56, 66, 75, 86, 101.
The cells were subject to cryopreservation at approxi-
mately the same passages and afterwards their ability
to revive was observed. Vials with cells derived from an
adult rabbit kidney (RK) concentrated to the density of
(2.0-5.0) x 10° cells/ml in the fresh growth medium with
10% dimethylsulphoxide, were frozen using a programma-
ble freezer and stored in liquid nitrogen. The cells were
thawed by intense agitation in a water bath at 37-38 °C.
The survival rate was 80-90%. The optimal level of the cell
culture proliferative activity observed prior to freezing was
achieved already at passage 2 after thawing (Fig. 1).

The level and dynamics of proliferation have become
stable by passage 38. By the same passage population
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polymorphism decline was observed. In contrast to the
primary subcultured populations epithelioid and spindle-
shaped cells began to prevail (Fig. 2). In case the culture
was kept over three days pseudo-syncytia (Fig. 3) were
formed which hindered examination and studying of cy-
toplasmic structure. Cells grown in culture vessels of diffe-
rent volume had an equal morphological status.

Micrometry of the RK confluent monolayer was per-
formed at passage 101. Figure 4 shows a micrometer grid
used for cell size measuring (minimal cell size = 10 um). The
average size of epithelioid cells was 30-50 um. The size of
spindle-shaped cells reached 100 pm. During pseudosyn-
cytium formation the number of cells did not increase, the
cells remained alive for up to ten days at 37 °C, pH did not
demonstrate any critical change and was about 6.9-7.0.

As seen from the Table the productivity of the subcul-
ture and the forming continuous cell line was not very
high. Growth rate on the flat surfaces (300 cm?) reached
4.1 within four days and 1.7 — in rotating vessels (800 cm?)
within three days. When in 4 hours the seeding concen-
tration was 40,000 cells/ml adherent cells covered the
entire surface of the culture vessel. In 72 hours the mono-
layer became dense and the productivity increased up to
100,000 cells/ml.

Cell micrometry data correlated with the produc-
tivity of the prepared cell line which did not exceed
130,000/cm?.

The prepared cell culture was used in different
FGBI“ARRIAH" units for virological testing. It turned out to

be sensitive to infectious bovine rhinotracheitis, classical
swine fever, and Aujeszky's disease viruses. Cytopathic ef-
fect was detected in the RK cell culture after the first pas-
sage of the myxomatosis virus. The decrease of the virus
cytopathic effect (CPE) was observed during subsequent
passaging. CPE of the rabbit haemorrhagic disease virus
was not observed in RK cell culture.

The main objective of the research was not achieved
as the prepared cell line had low sensitivity to the viruses —
agents of rabbit diseases. Although many heterologous
viruses reproduced effectively with titer increase at pas-
sages. That is why studies of cytological and karyotypic
changes in the new continuous cell line were continued.

Cytokaryotypic transformation. The studies of cytokary-
typic signs of the most common CCLs derived from rabbit
organs and tissues — RK-13 (rabbit kidney) and SIRC (rab-
bit cornea) - revealed that both of these cultures have a
near-triploid karyotype (Fig. 5, 6) and a distinct cell mor-
phology with a predominance of epithelial-like cells in
RK-13 (Fig. 7) and spindle-shaped cells in SIRC (Fig. 8).

In appropriate cultivation conditions the SIRC cell line
produces extracellular matrix (presumably, of protein
origin) which aggregates cells during trypsinization and
monolayer formation. In this case one of the reasons for
continuous cell line formation derived from different rab-
bit organs is gene amplification by 40-47% due to auto-
some extracopying. Probably this is the reason for telo-
merase activity increase and formation of stable cell line
immortalization.
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Table
Dynamics of the RK continuous cell line proliferation in different culture media

Tabnuua
Jlunamuka nponndepauun nocToaHHo nuHUK Knetok MKp B pasHbIX KyNbTypanbHbIX cocyaax

LI ] el concen}tratlon, Cultivation time, days | Cell productivity, min | Cell productivity, 1 cm? Growth rate
growth on a monolayer min/cm
0.02 4 25.0+0.2 83,000 4.1
Glass culture vessel
(cultvation flask), 0.04 3 300402 100,000 25
volume 1,500 ml
2!
(300 cm’) 0.05 3 400+0.1 130,000 26

Near-triploid chromosome set in comparison with nor-
mal, diploid karyotype is a consistent and specific sign of
a long-term passaging of RK-13 and SIRC continuous cell
lines. Split ratio of these “old” CCLs reaches 1:4, 1:8.

Immortalization of cell lines considerably changes
cytomorphological and physiological properties of tis-
sue-derived primary cells. This particularly affects the CCL
sensitivity to viruses. Very often continuous cell lines be-
come non-sensitive to homologous viruses and sensitive
to heterologous viruses.

Thus, RK-13 cells are sensitive to African horse sickness,
swine vesicular disease, cowpox and at the same time to
myxomatosis and rabbit pox viruses. SIRC CCL is used for
roseola virus reproduction.

As previously noted the prepared RK cell line exhibited
immortalization signs starting from passage 30. Performed
karyotyping analysis demonstrated the tendency for RK
cell hyperdiploidization starting from passage 38 (Fig. 9).
Starting from passage 56 near-tetraploid population pre-
valence was observed (Fig. 10). The performed karyotyping

Fig. 1. Morphology of RK cells, passage 2
Puc. 1. Mopgponoeus knemok MKp, 2-U naccax

Fig. 2. Morphology of RK cells, passage 38-56
Puc. 2. Mopgonozus knemok MKp, 38-56-u naccax

Fig. 5. RK-13 metaphase (62 chromosomes) Fig. 6. SIRC metaphase (65 chromosomes)

Puc. 5. Memacpaza RK-13 (62 xpomocomsl)

Puc. 6. Memadpasa SIRC (65 xpomocom)

Fig. 3. RK pseudosyncytium
Puc. 3. lcesdocuHyumuti lKp

Fig. 4. Micrometer grid, cell size — 10 um

Puc. 4. Mukpomempuueckas cemka, pasmep 00H020
OesnieHusA 10 MKM
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Fig. 7. RK-13 CCL morphology
Puc. 7. Mopgonoaus /1K RK-13

Fig. 8. SIRC CCL morphology
Puc. 8. Mopgponoeus lNJIK SIRC
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Fig. 9. RK cell line ideogram, passage 38
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Fig. 10. RK cell line ideogram, passage 56

Puc. 10. Kapuoepamma knemouHou nuHuu MKp, 56-U naccax
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at passages 66, 75, 86 and 101 demonstrated stability of
near-tetraploid population (77-83 chromosomes) in the
karyotype (Fig. 11).

Variability of the RK cell line populations basing
on the amount of chromosomes was consistent with

Fig. 11. Metaphase plate of the RK cell line,
passage 56, 83 chromosomes

Puc. 11. MemadpazHas nnacmuHka knemoyHoU auHuu Kp,
56-t naccax, 83 xpomocomebi

the variability of the immortalized cell line with stable

cytomorphological and cultural characteristics. It should

be noted that the number of polyploids at long-term pas-
saging in standard optimal conditions and keeping for up

to 10 days at 37 °C was 1%.

The cytochemical analysis of the CCL derived from an
adult rabbit kidney demonstrated polymorphism both of
cell and nucli (Fig. 12). This method did not detect myco-
plasmas in the intercellular space and on the cell mem-
branes. Absence of latent contamination allows perfor-
ming long-term passaging of the CCL without changing
split ratio, culture conditions, and without a cryo stage.

This culture turned out to be sensitive to viruses of in-
fectious bovine rhinotracheitis, classical swine fever, and
Aujeszky’s disease viruses. Cytopathic changes detected
in the RK culture were caused by the rabbit myxomato-
sis virus and the titer increase was not observed during
passaging.

CONCLUSION

Immortalization of cell cultures derived from organs of
farmed animals has several patterns which are the reason
for rather a small amount of permanent cultures. There
are, for instance, only five cell lines derived from a Europe-
an rabbit (Oryctolagus cuniculus L.). It is well known that
the probability of spontaneous formation of continuous
cell lines from organs and embryos and newly-borns is
higher than from organs of adult animals and such cell
lines are more preferable as they contain a large amount
of stem cells with an increased proliferation activity [3].
As demonstrated by E. L. Duncan and R. R. Reddel sponta-
neous immortalization of non-tumorigenic origin can have
unpredictable ways of cell transformation in vitro [2, 11].
The results of the research for rabbit kidney CCL stabili-
zation at the tetraploidy level bring new perspectives to
use of adult animal organs. It was established that the pre-
pared subculture was not highly productive but it can be
used as a substrate for cultivation of porcine and bovine
heterologous viruses.

REFERENCES

1. Hayflick L., Moorhead P. S. The serial cultivation of human dip-
loid cell strains. Exp. Cell Res. 1961; 25 (3): 585-621. DOI: 10.1016/0014-
4827(61)90192-6.

2. Duncan E. L., Reddel R. R. Genetic changes associated with
immortalization. Biochemistry (Moscow). 1997; 62 (11): 1477-1490.

Fig. 12. RK cytochemical preparation.
Staining with acridine orange, lens x40

Puc. 12. Qumoxumuydeckuti npenapam [1Kp.
OKpacka akpuOuHo8bIM OpaHXesbiM, 06bekmug x40

VETERINARY SCIENCE TODAY, DECEMBER N°4 (35) 2020 | BETEPUHAPUA CETOLHA, AEKABPb No4 (35) 2020

ORIGINAL ARTICLES | BIOTECHNOLOGY OPUTMHANIbHBIE CTATb | BUOTEXHONOTUA

Available at: https://journals.belozersky.msu.ru/biochemistry-con-
tent/d/1997/11/1477-1490.pdf. (in Russian)

3. Mamaeva S. E. Regularities of cell karyotypic evolution in culture.
Tsitologiya. 1996; 38 (8): 787-814. (in Russian)

4. Polyanskaya G. G. Karyotypic variability in cell lines and caryotype
structure [Kariotipicheskaya izmenchivost’v kletochnyh liniyah i struktura
kariotipal. Cell cultures (information bulletin) [Kletochnye kul'tury (informa-
cionnyj byulleten’)]. 2009; 24: 15-24. (in Russian)

5. Manin B. L., Koropova N. V., Trofimova Ye. A. Identification of conti-
nuous animal cell lines according to the karyological, morphological and
cultural characteristics. Proceedings of the Federal Centre for Animal Health.
2012; 10: 246-254. eLIBRARY ID: 18881531. (in Russian)

6. Catalogue. Russian collection of cell cultures (RCCC) [Katalog.
Rossijskaya kollekciya kletochnyh kul'tur (RKKK)]. Ed. by G. P. Pinayev, et al.
SPb.; 2004. 315 p. (in Russian)

7. Glagoleva I. S., Plotnikova E. M. Possibility of application primary
cell culture of kidney newborn rabbits in vaccines production. Genes Cells.
2014; 9 (3): 151-154. eLIBRARY ID: 29332365. (in Russian)

8. Animal cell in culture (methods and implementation in biotechno-
logy) [Zhivotnaya kletka v kul'ture (metody i primenenie v biotekhnologii)].

Ed. by L. P. Dyakonov; Russian Academy of Agricultural Sciences. 2" ed.,
enlarged. M.: Sputnik+; 2009. 656 p. (in Russian)

9. Plotnikova E. M., Kirillova J. M., Glagoleva I. S. Selection of optimal
conditions for growth of primary cultures of kidney cells, but the newborns
rabbits. Veterinaria i kormlenie. 2012; 4: 42-44. eLIBRARY ID: 20356980.
(in Russian)

10.Vologina I.V., Manin B. L., Koropova N.V. Optimization of conditions
for primary rabbit kidney cell trypsinization and cultivation. Achievements
of early-career researchers - to veterinary practice [Dostizheniya molodyh
uchenyh - v veterinarnuyu praktikul: materials of the V International Scienti-
fic conference (Vladimir, December 5-6, 2019). Under general ed. of D. A. Lo-
zovoy. Vladimir: FGBI “ARRIAH"; 2019; 57-62. eLIBRARY ID: 41589695.
(in Russian)

11. Reddel R. R., Bryan T. M., Murnane J. P. Immortalized cells with no
detectable telomerase activity. Biochemistry (Moscow). 1997; 62 (11): 1467—
1476. Available at: http://journals.belozersky.msu.ru/biochemistry/pa-
per/1997/11/1467. (in Russian)

Received on 29.05.2020
Approved for publication on 02.07.2020

INFORMATION ABOUT THE AUTHORS / NHOOPMALIMA 06 ABTOPAX

Boris L. Manin, Candidate of Science (Biology), Leading
Researcher, Sector for Cell Culture, Innovation Department,
FGBI“ARRIAH’, Vladimir, Russia.

Irina V. Vologina, Candidate of Science (Veterinary Medicine),
Leading Researcher, Sector for Cell Culture, Innovation
Department, FGBI“ARRIAH", Vladimir, Russia.

Elena A. Trofimova, Leading Technologist, Sector for Cell Culture,
Innovation Department, FGBI “ARRIAH", Vladimir, Russia.

MaHuH Bopuc JleoHngoBuY, KaHAUAAT GMONOrMYECKNX HayK,
BefyLLMIN HayYHbI COTPYAHWK CEKTOPA KyNbTypbl KNeTOK oTaena
nHHoBaumn OIBY «BHUWN3X», r. Bnagumunp, Poccus.

Bonoruxa MipnHa BukropoBHa, KaHanaT BeTeprHapHbIX HayK,

BeAYLUMI HAYYHbI COTPYAHMK CEKTOPaA KyNbTYpbl KNETOK OTAena
nHHoBaumn OIBY «BHUW3X», r. Bnagumunp, Poccua.

TpodumoBa EneHa AnekcaHApoOBHa, BefylWunii TeXHOMON
cekTopa KynbTypbl Knetok ®rbY «BHUW3XK», r. Bnagnmup, Poccus.

VETERINARY SCIENCE TODAY, DECEMBER N°4 (35) 2020 | BETEPUHAPA CETOLHA, AEKABPb No4 (35) 2020

303



ORIGINAL ARTICLES | BIOTECHNOLOGY OPUTMHANbHBIE CTATbI | BUOTEXHONOT UA

DOI: 10.29326/2304-196X-2020-4-35-304-312
UDC619:578.835.2:615.371.004.12:616-076

Determination of FMDV 146S particle concentration
by spectrometric method during viral RNA quantification

M. . Doronin’, D. V. Mikhalishin?, V. A. Starikov?, D. A. Lozovoy*, Yu. S. El'kina®, A. V.. Borisov®
FGBI “Federal Centre for Animal Health” (FGBI“ARRIAH"), Vladimir, Russia

TORCID 0000-0002-4682-6559, e-mail: doronin@arriah.ru

20RCID 0000-0003-1718-1955, e-mail: mihalishindv@arriah.ru

3 0RCID 0000-0002-9960-0887, e-mail: starikov@arriah.ru

“ORCID 0000-0002-5983-7062

> ORCID 0000-0002-2986-8992, e-mail: elkina_ys@arriah.ru

8 ORCID 0000-0001-9880-9657, e-mail: borisov_av@arriah.ru

SUMMARY

During FMD vaccine production, special attention is paid to the concentration of 146S particles bearing the critical biological features of FMDV and being the main
components that have an effect on vaccine immunogenicity. For this reason, each batch of vaccine raw material is tested for 1465 component concentration. The
paper presents the results of the use of a spectrometric method for whole particle concentration determination during quantification of FMDV RNA extracted after
immune capture. It is an inexpensive, easy-to-perform method allowing for determination of FMDV 146S particle concentration in the non-inactivated culture
suspension. 1465 particle concentration was found to depend on the number of RNA molecules extracted from virions after their strain-specificimmune capture
and quantitatively detected by the spectrometric method. The presented method allows for determination of 146S component concentration in the non-inactivated
vaccine raw material using the proposed linear model. The spectrometric method showed 94.5-99.5% correlation with real-time reverse transcription polymerase
chain reaction and complement fixation test based on the results of tests of 360 non-inactivated suspensions of FMDV of all types. Tests of the positive control
demonstrated 99.0-99.6% compatibility of actual and expected results. FMDV genome and 146S particles were not detected in the negative control, and that
was in line with expectations.

Key words: FMDV RNA, 1465 component concentration, spectrometric analysis, immune capture.
Acknowledgements: The study was funded by the FGBI“ARRIAH” within the framework of “Veterinary Welfare” research work.

For citation: Doronin M. ., Mikhalishin D. V., Starikov V. A., Lozovoy D. A., El'kina Yu. S., Borisov A. V. Determination of FMDV 146S particle concentration by
spectrometric method during viral RNA quantification. Veterinary Science Today. 2020; 4 (35): 304-312. DOI: 10.29326/2304-196X-2020-4-35-304-312.

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

For correspondence: Maksim I. Doronin, Candidate of Science (Biology), Senior Researcher, Laboratory for FMD Prevention, FGBI “ARRIAH’, 600901, Russia,
Vladimir, Yur'evets, e-mail: doronin@arriah.ru.

YK 619:578.835.2:615.371.004.12:616-076

OnpepeneHue KoHUeHTpaLum 1465 yactuy
BUPYCa ALLYPA CNEeKTPOMETPUYECKUM CnoCcoOoM
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M. W. floponun’, [I. B. Muxanuwun?, B. A. Crapukos?, 1. A. JlozoBoit*, 10. C. Enbkuna’, A. B. bopucos®
OIBY «DegepanbHblil LieHTp oXxpaHbl 340poBbA XMBOTHbIX» (OTBY «BHUWU3X»), . Bnagumup, Poccua

' ORCID 0000-0002-4682-6559, e-mail: doronin@arriah.ru

2 0RCID 0000-0003-1718-1955, e-mail: mihalishindv@arriah.ru

3 ORCID 0000-0002-9960-0887, e-mail: starikov@arriah.ru

*ORCID 0000-0002-5983-7062

5 ORCID 0000-0002-2986-8992, e-mail: elkina_ys@arriah.ru

5 ORCID 0000-0001-9880-9657, e-mail: borisov_av@arriah.ru

PE3IOME
B npouecce npombILLNeHHOT0 NPOI3BOACTBA NPOTUBOALLYPHBIX BaKLMH 0C060€ BHUMAHWE YAENAIOT KOHLEHTPaLuN 1465 yacTuL, KoTopble HajieneHbl BaHeiLLy-
MV 6110710 MYeCKIIMI CBOICTBAMY BUPYCa ALLYPA U ABNAIOTCA OCHOBHBIMU KOMIMOHEHTaMI, BIUAKOLLMMI Ha UMMYHOTEHHYH aKTUBHOCTb BAKLMHHBIX NPEMNapaTos.
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Mo 3701 NPUYMHE KaX[yto Cepuio BAKLIMHHOTO CbipbA NCCNEAYIOT Ha ONpeAeNneHme KoHLeHTpaLnm 1465 komnoHeHTa. B cTatbe npefcTaBneHbl peynbratbl n3yyeHus
npuMeHeHNA CNeKTPOMETPUYECKOro MeTOAA ANA ONPeAeNeHnA KOHLIEHTPaLM MOMHbIX YacTIL NPY oLeHKe KonnyectBa PHK Bupyca Alypa, BblgenexHoli nocne
IIMMYHHOTO 3axBaTa. [laHHblii Coco6 ABNAETCA AeLLeBbIM, MPOCTbIM B UCTIONHEHNH, MO3BOAAET ONPeAendTb KOHLeHTpaunio 1465 yacTuL BUpYca ALypa B He-
HAKTVBMPOBAHHOI KYNBTYpainbHOii Cycnen3un. BbiABNeHo cyLiecTBOBaHIe 3aBUCUMOCTI MeXAY KOHLeHTpaLmeit 1465 yactuy n konnyectsom monekyn PHK,
Bblf€NEHHbIX 13 BUPMOHOB NOC/IE X LUTaMMOCTeLUYEcKoro UMMYHHOT0 3aXBaTa 11 KONMYeCTBEHHO IETEKTUPOBAHHbIX CNEKTPOMETpUYecKIAM MeTofoM. lpen-
(TaBMEHHbI METOZ N03BOAAET ONPEeNATb 3HaueHe KOHLeHTpaLum 146S KOMMOHeHTa BUPYCa ALLYPa B HEMHAKTUBUPOBAHHOM Cbipbe AA BaKLMHbI C Npu-
MeHeHeM NpeANoxKeHHo NMHeiiHol Mopenn. Koppenauna cnekTpomeTpuyeckoro cnocoba ¢ nonumepasHoii LienHoli peakumeii ¢ 06paTHo TpaHCKpunumeit
B peXuMe peanbHoro BpemeH 1 peakLineli (BA3bIBaHUA KOMNIEeMeHTa Npu TecTMpoBaHui 360 HeMHAKTUBIMPOBAHHbIX CYCMeH3Nil BUpYyCa ALLypa Bcex TUNos
coctaBina 94,5-99,5%. [lnA nonoXuTenbHOro KOHTPOAA coBnaZeHue GakTueckux 1 0XIEaeMblX pe3ynbTatos c00TBeTCTBOBaN0 99,0-99,6%. B otpuuatensHom
KOHTpONbHOM 06pa3Lie reHom 1 1465 uacTuubl BUpYCa ALLypa He 06Hapy»KeHbl, YT0 COOTBETCTBOBANO 0XIAAHUAM.

Kniouesbie cnosa: PHK Bupyca Awypa, KoHueHTpauna 1465 KoMnoHeHTa, CnekTpoMeTpUYecKmil aHani3, MMYHHbIN 3aXBar.
bnaropapHoctb: Pabota BbinonHeHa 3a cuet cpeacts OIBY «BHIN3X» B pamkax TemaTuku HayuHo-nccneoBaTeNbekmx pabot «BetepuHapHoe bnarononyune».

[ina yuruposanusa: loporuH M. U., Muxanuwun . B., Crapukos B. A., Jloosoii 1. A., Enbkuna 0. C., bopucos A. B. Onpegenenve KoHueHTpaumu 146S yactuy
BUPY(Ca ALLYPa CNEKTPOMETPUYECKIM Crocobom npu oLieHKe KonuuecTsa BupycHoil PHK. Bemepunapus ce2odHs. 2020; 4 (35): 304-312. DOI: 10.29326/2304-
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INTRODUCTION

Foot-and-mouth disease is a highly contagious viral
disease characterized by fever that affects wild and do-
mestic cloven-hoofed animals [1]. The disease agent is an
RNA-virus of the order Picornavirales, family Picornaviridae,
genus Aphthovirus. Foot-and-mouth disease virus (FMDV)
is highly antigenically variable due to mutations in the cap-
sid protein genes and encompasses A, O, C, Asia-1, SAT-1,
SAT-2, SAT-3 types and multiple genetic lineages [2].

FMDV virion is about 23-25 nm in diameter. The ge-
nome s a single-stranded positive-sense RNA consisting of
approximately 8,500 nucleotide bases. The virion has a mo-
lecular weight of about 8,080,000 Da [3]. When reproduced
in susceptible cell lines, FMDV forms 4 variants of compo-
nents: 146S particles (virions) containing one viral RNA
molecule and 60 polypeptide copies, each is a complex of
VP.-VP_-VP_-VP, proteins; 755 component lacking RNA and
comprising 60 copies of VP -VP_-VP_polypeptide; 125 par-
ticles represented by VP ,VP_, VP, proteins; 3.8S subunits
consisting of non-structural VP_ protein [4].

The system of measures for FMD control and pre-
vention includes mass immunization of cattle and small
ruminants, as well as post-vaccination immunity level
monitoring [1, 5]. During FMD vaccine production, spe-
cial attention is paid to the concentration of 146S particles
bearing the critical biological features of FMDV and being
the major components that have an effect on vaccine
immunogenicity [4]. Quantitative complement fixation
test (CFT) and real-time reverse transcription polymerase
chain reaction (rtRT-PCR) are used to determine 146S com-
ponent concentration in the vaccine raw material used for
every batch. The first technique has several disadvantages:
it is labour-intensive and time-consuming (the test lasts
up to 3 days) and does not allow for simultaneous testing
of a large number of samples, its cost is rather high [6].
Real-time RT-PCR reduces the test duration to 4 hours,
but requires expensive equipment and reagents [7]. Be-
sides, when a sample contains an excessive amount of

ballast components, reliability of accurate determination
of 146S immunogenic component concentration may be
decreased due to anticomplementarity in CFT and high
ballast protein content in the sorbent at the RNA ex-
traction stage.

It is, therefore, reasonable to search for an alternative
method for FMDV 146S component quantification in the
non-inactivated vaccine raw material.

The aim of the study is to assess spectrometric method
potential for determination of 146S particle concentration
during FMDV RNA quantification.

MATERIALS AND METHODS

Virus. Non-inactivated suspensions of culture FMDV
A/Turkey/2006, A/ARRIAH/2015, O/Primorsky/2012,
O/Primorsky/2014, Asia-1/Tajikistan/2011, C,/Zakar-
patsky/1972, SAT-1/Akhalkalaksky/62, SAT-2/Saudi Ara-
bia 7/2000, SAT-3/Bechuanaland 1/65 vaccine strains
deposited in the FGBI“ARRIAH" Collection of Microorgan-
ism Strains were used. The virus was reproduced in the
continuous suspension culture of baby hamster kidney
cells (BHK-21).

Immunoassay plate coating. A 24-well plate with DNA/
RNA/DNAase/RNAase-free surface was coated with
strain-specific anti-FMDV polyclonal antibodies in a vo-
lume of 1.0 cm?® with IgG concentration in suspension of
5.0 pg/cm? at (4 + 2) °C during 18 hours. Open binding
sites were blocked with 0.5% bovine serum albumin (BSA)
suspension at (37 £ 1) °C for 1 hour. This is a preparatory
process that should be carried out beforehand, prior to
analysis.

Immune capture of FMDV virions. The virus suspension
was added to the wells coated with antibodies to the viri-
ons of a particular FMDV strain, 3.0 cm? of the suspension
per well, and incubated at 37 °C for 1 hour. Immune com-
plexes were formed, with some of them being 146S par-
ticle - strain-specific antibody complexes. The suspension
was removed from the wells, but the film on the bottom
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was left intact. Then 1/15 M phosphate buffered sa-
line (PBS) was added to the wells, 1.0 cm? of PBS per well,
with subsequent resuspension.

RNA extraction from FMDV 1465 particles. 10 ml of a solu-
tion containing 50% of phenol (pH < 7.0) and 50% of 4 M
guanidine isothiocyanate (GITC) were added to 1.0 cm? of
146S particle - strain-specific antibody immune complex
suspension and incubated for 20 minutes at 23-25 °C. The
prepared lysate was centrifuged at 14,000 rpm for 8 minutes.
The supernatant was transferred into a centrifuge tube,
2.5 cm? of chloroform were added, and the content was in-
cubated for 4 minutes with periodic mixing. After exposure,
the mixture was centrifuged at 14,000 rpm for 12 minutes
at 4-5 °C. As a result of precipitation, the tube content was
fractionated into three phases: 1) the straw-coloured lower
phase containing the complex of phenol and chloroform
with bound lipids and polypeptides; 2) the white interphase
comprising peptide components and DNA; 3) the upper
phase representing a clear RNA extract [8, 9]. The entire
upper phase was collected into an empty tube, while other
fractions were left intact, and 4.5 cm® of 100% isopropyl
alcohol were added. The prepared mixture was incubated
for 8 minutes at 23-25 °C; after that the tube content was
centrifuged at 14,000 rpm for 8 minutes at 23-25 °C. The
supernatant was removed, and FMDV RNA pellet remained
in the tube. 2.0 cm® of 80% ethanol were added to the RNA
pellet. The content was mixed and pelleted at 14,000 rpm
for 6 minutes at 23-25 °C. The supernatant was removed,
and the RNA pellet was dried with an air stream at ambi-
ent temperature for 5 minutes. Then 0.1 cm? of TE buffer
(10 mM tris(oxymethillaminomethane, 1 mM ethylenedi-

aminetetraacetic acid (EDTA), pH 7.0-7.2) free from RNAases
and Mg?* cations was added to RNA; the content was heated
at 55-60 °C for 2-3 minutes to maximally dissolve FMDV
RNA. Thirty-fold eluates of FMDV RNA standard dilutions
and the negative control were prepared.

Assessment of FMDV RNA eluate purity using spectral
analysis. FMDV RNA eluate spectral absorbance was mea-
sured at wavelengths of 205-325 nm. Using the said spec-
tral range, the preparation was tested for residual phos-
pholipids, polysaccharides and guanidine isothiocyanate,
phenol, polypeptides, large conglomerates by optical den-
sity (OD) determination at 205, 235, 270, 280 and 320 nm,
respectively [10, 11]. RNA eluate was considered to be free
from protein and phenol contamination when the extinc-
tion coefficient R, (OD,,,/OD,, ) was 1.8-2.2 and its value
was close to 2.0. FMDV RNA extract was considered to be
uncontaminated with polysaccharides when the extinc-
tion coefficient R, (OD,,,/OD,,) was 2.00-2.02 [12]. When
1% of RNA is replaced with polysaccharide components,
the R, value decreases by 0.002. R, > 2.02 was indicative of
nucleic acid dissociation and the presence of nucleotides
in the eluate. OD,, tending to zero reflected the absence
of large suspended particles in the extract [8].

Complement fixation test (CFT). Quantitative CFT was
used for FMDV 146S particle concentration determina-
tion; the test was carried out in compliance with require-
ments [6].

Real-time reverse transcription polymerase chain reaction
(rtRT-PCR). Real-time RT-PCR was used for FMDV genome
detection and quantification in the non-inactivated vac-
cine raw material. The amount of components for the
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Fig. 1. Spectrograms of dilutions of standard FMDV Asia-1/Tajikistan/2011 strain RNA eluate.
The figure shows (from top downwards) graphs for some dilutions of eluates corresponding to the following
146S particle concentrations: 4.0; 3.5; 3.0; 2.5, 2.0; 1.5; 1.0; 0.5; 0.1 ug/cm? (n = 3)

Puc. 1. Chekmpozpammel pazgedeHuli cmaHoapmHozo 3atoama PHK supyca awypa wmamma
Asus-1/Tadxukucmar/2011. Ceepxy 8HU3 OmpakeHbl 2pAuKuU 0718 HEKOMOPbIX pa3gedeHUl 3/110amos,
coomeemcmayouux KoHyeHmpayuam 146S yacmuuy: 4,0; 3,5; 3,0; 2,5; 2,0; 1,5, 1,0; 0,5; 0,1 mke/cm? (n = 3)
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reaction, as well as time and temperature parameters for
thermal cycling are specified in the previously described
requirements [7].

RESULTS AND DISCUSSION

During the first stage of the study, a non-inactivated sus-
pension of culture FMDV Asia-1/Tajikistan/2011 strain with
146S particle concentration of (4.00 + 0.11) pg/cm? (based
on CFT and rtRT-PCR data) used as a positive standard was
tested. Immune capture of FMDV virions was carried out
using an immunoassay plate coated with polyclonal anti-
bodies specific to the whole virus particles of the specified
strain. BHK-21 cell suspension with a concentration of cells
of (3.00 + 0.10) mIn/cm?not infected with FMDV served as
a negative control. As a result of serological reaction, a sus-
pension of FMDV 146S particles bound with strain-specific
immunoglobulins G was prepared. The suspension was
used for RNA extraction from the whole virus particles, and
a 30-fold extract of FMDV Asia-1/Tajikistan/2011 strain RNA
in a volume of 0.1 cm®was prepared.

During the next stage of the study, the purity of FMDV
Asia-1/Tajikistan/2011 strain (positive standard) RNA elu-
ate was assessed by spectral analysis in the ultraviolet re-
gion. Extinction values were registered for every 2 nm in
the range from 205 to 325 nm, and the entire absorption
spectrum of RNA was recorded using Spectrum software
version 5.0 (Fig. 1).

The test results for 30-fold preparation showed that
0D, ,,, and OD,, ... values did not exceed OD,,, . va-
lues (0.001-1.006 < 1.007-1.014 and 1.013-0.004 < 1.007-
1.014), thus indicating the high purity of the prepared RNA
eluate. During spectral analysis, no pronounced peaks
were observed on the graph at wavelengths of 205, 235,
270,280 and 320 nm, and that was indicative of the almost
total absence of contamination with phospholipids, poly-
saccharides and residual GITC, phenol, polypeptides, large
conglomerates, respectively. The extinction coefficient R,
was 1.988 (OD,,,/OD,, = 1.014/0.510), i.e. close to the nor-
mal value of 2.000, and that showed the absence of DNA
and the presence of trace amounts of protein impurities.
Nucleic acid degradation and free nucleotides were not
observed in the solution, since R, did not exceed 2.000.
The extinction coefficient R, (OD,,/OD, . = 1.014/0.506)
of 2.004 showed that the eluate of FMDV RNA (positive
standard) was not contaminated with polysaccharides and
GITC. Given that the R, value decreases by 0.002 when 1%
of RNA is replaced with polysaccharide components, no
carbohydrate impurities were detected in the prepared
eluate.

During the following stage of the study, quantification
of RNA molecules extracted from FMDV 146S particles
was performed. One-stranded RNAs have their absorp-
tion maxima at 252-271 nm due to high spectral absor-
bance of ribonucleoside-5'-triphosphates in this range,
in particular: adenosine-5-triphosphate (A,)) - 259 nm,
uridine-5"-triphosphate (A ;) — 262 nm, guanosine-5'-tri-
phosphate (A_,) - 252 nm, cytidine-5"-triphosphate (A ) -
271 nm [13]. Spectral studies demonstrate that maximum
absorption wavelengths of whole RNA monomers are
within the same range; thus, extinction is the highest in
the specified wavelength range [14]. In the course of the
study, nucleotide analysis of RNAs of a wide variety of iso-
lates and strains of seven types of FMDV available in the
GenBank database was carried out [3]. Based on the test
results, average percentages of ribonucleoside-5'-triphos-

phates (W,,, W, W, W,) in the genome were deter-
mined. The test results are presented in Table 1.

Based on the data obtained, average maximum
absorption wavelengths (A ) of RNAs were calcula-
ted for each FMDV type using the following formula:
Ama)( = )\ATP X WATP + )‘UTP x WUTP + AGTP X WGTP + )\CTP x WCTP ° It
was determined that A__ for the genome of FMDV strains
of type A was 261.64 nm, type O — 261.51 nm, type C -
261.68 nm, type Asia-1-261.63 nm, type SAT-1-261.74nm,
type SAT-2 - 261.70 nm, type SAT-3 - 261.77 nm. A __ va-
lues were experimentally determined by biospectrometry
of RNA eluates of all FMDV types and found to be close to
empirical values — 262 nm (Table 1).

The number of one-stranded RNA molecules in the
pure preparation was calculated on the basis of the Bou-
guer — Lambert — Beer law which states that the intensi-
ty of a parallel beam of monochromatic light decreases
when it passes through the absorbing medium [10]. Us-
ing this law, it is possible to relate the amount of light
absorbed to the concentration of absorbing particles.
At A =260-262 nm, average extinction coefficient for one-
stranded RNA is 0.024 (ug/cm?)~' cm'. Therefore, the op-
tical density of a solution with nucleic acid concentration
of 1.00 pg/cm? exposed to ultraviolet light at a wavelength
of 260 nm (0D, ) is 24.000, and, consequently, optical den-
sity of 1.000 corresponds to an eluate with RNA concen-
tration of 41.67 pug/cm? [13]. Measurements showed that
FMDV RNA has its absorption maximum at A = 262 nm;
the OD,, value for a highly purified extract with RNA con-
centration of 41.67 pug/cm?is 1.000.

The use of Bouguer — Lambert — Beer law is relevant for vi-
ral RNA molecule quantification in diluted eluates. However,
at high analyte concentrations (> 1.00 pg/cm?d), the distance
between the molecules of an ultraviolet absorbing material
is significantly reduced. As a result, the effect of each parti-
cle on surface charge distribution between the neighboring
molecules grows, and this may lead to a change in RNA ab-
sorbance at the specified wavelength. Thus, for FMDV RNA
molecule quantification in high concentration preparations,
analyte dilutions should be made using TE buffer. Prior to

Table 1

Ribonucleoside-5"-triphosphate percentages and maximum absorption

wavelengths for RNAs of different FMDV types
Tabnuua 1

MpouenTHoe copepxanmne puboHykneosna-5"-TpudocpatoB u ANMHbI BOMH

C MakcumanbHbim nornouieHnem PHK BUpYyca Allypa pasHbiX TUNOB

Average percentages
of ribonucleoside-5"-triphosphates

in FMDV genome (I¥), %

Maximum absorption
wavelengths for RNAs, nm

calculated empirical
A 25.1 20.9 257 283 261.64 262
0 25.6 214 259 27.1 261.51 262
C 25.1 212 254 283 261.68 262
Asia-1 247 212 259 282 261.63 262
SAT-1 25.2 209 251 28.7 261.74 262
SAT-2 254 21.0 253 28.6 261.70 262
SAT-3 253 209 249 289 261.77 262
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Relationship between 146S particle concentration and 30-fold number of RNA molecules
extracted from whole particles of FMDV (n =3, p < 0.005)

Tabnuua 2

3aBUMMOCTb MeXAY KoHUeHTpauueii 1465 yactuy u 30-kpaTHbiM KonuyectBom monekyn PHK,
BbIfie/IeHHbIX 13 NOMHbIX YacTuL BUpYca Awypa (n =3, p < 0,005)

Type
of control sample

negative control

146S particle

concentration, pg/ml

Average number of RNA molecules extracted from FMDV 146S particles in 30-fold eluate

theoretical value based on spectrometric method data reliability, %

126,780,562,003 122952954088 9.89

141,695,922,239 137,302,154,679 9.40

156,611,282,474 153,620,853,391 98.05

0.0

0 not detected -
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measuring the absorbance of an eluate dilution, TE buffer
background values should be automatically subtracted.
When calculating 146S RNA concentration in the preparation,
conversion factor for FMDV nucleic acid (F,,, qa = 41.67)
and dilution factor (DF) should be taken into account; be-
sides, background values for samples (OD,, ) and the nega-
tive control (OD,; .) should be subtracted from OD,,,. The
following should be included when calculating the num-
ber of FMDV RNA molecules (N, ,): Avogadro’s number
(6.022045 x 10% mole™), the average molecular weight
of a ribonucleoside (Mw,, . =340.5 Da), FMDV RNA
length (L = 8,500 nucleobases) [13]; besides, nucleic acid
weight should be converted from micrograms to grams
according to the International System of Units (Le Systéeme
International d’Unités) [11] (the conversion factor is 1/10°),
and the number of molecules for 30-fold eluate should be
converted into that for 1-fold dilution (the conversion factor
is 1/10"48) (the total conversion factor is 1/107).

When FMDV is reproduced in susceptible cell lines,
146S particles (virions) are formed, with each of them com-
prising one RNA molecule. It should be noted that FMDV
suspensions contain RNA as part of virions (98-99%), and
also a small amount (1-2%) of RNA in the free state [4, 15].
In other words, when calculating the number of RNA mo-
lecules extracted from the whole particles, a coefficient
of 0.98 should be included.

The number of RNA molecules extracted from FMDV
146S particles (N, ,,.s) should be calculated using the fol-
lowing formula taking into account the above mentioned
parameters:

41.67 X DF x (OD,,- OD,, - OD, ) X N

0.98 x 262 A,

NRNA 146S =Y. 1 07448 X MW X L

ribonucleoside

where DF is the dilution factor for the eluate of RNA ex-
tracted from FMDV 146S particles;

OD,, is the optical density value for the eluate of
RNA extracted from FMDV 146S particles at a wavelength
of 262 nm;

OD,,, is the optical density value for the extract of
RNA extracted from FMDV 146S particles at a wavelength
of 320 nm;

0D, . is the optical density value for the negative
control at a wavelength of 260 nm;

N, is the Avogadro constant (6.022045 x 10*mole™);

W, - eosde 15 the @verage molecular weight of a

ribonucleoside (340.5 Da);

Lis FMDV genome length (8,500 nucleobases);

41.67 is the factor for FMDV RNA (F,, . )i

1/107#8 is the total factor for conversion of weight
from micrograms to grams and for conversion of FMDV
RNA molecule number for 30-fold eluate into that for
1-fold dilution.

The next stage of the study was to search for a mo-
del for FMDV 146S particle concentration determination
based on the number of molecules of the extracted vi-
ral RNA. To identify the relationship between FMDV 146S
particle concentration and the number of viral RNA mole-
cules, serial dilutions of 30-fold standard of RNA extracted
from FMDV Asia-1/Tajikistan/2011 strain suspension with
whole particle concentration of 4.0 ug/cm?were made;
thus, the standard samples of nucleic acid corresponding
to 146S particle concentrations of 0.1 to 4.0 pg/cm?(in
increments of 0.1 pg/cm®) were prepared. Prior to mea-

suring the absorbance of the prepared standard samples,

TE buffer background values were automatically subtrac-
ted. Spectral analysis of the prepared positive standards
was performed, and extinction values were determined at
wavelengths of 262 nm and 320 nm. The optical density of
the negative control was measured to detect the presence
of non-specific RNA molecules that were found to have
their absorption maxima at A = 260 nm. Spectral analysis
of some of the specified standards is presented in Figure 1.
The results of measurements and calculations of the num-
ber of RNA molecules extracted from 146S particles are
presented in Table 2 demonstrating that the N, s Va-
lues for all dilutions of 30-fold standard with 146S par-
ticle concentrations of 0.1 to 4.0 pg/cm? were between
7,315,278,733 and 287,546,725,579, respectively.

It is known that whole, and free RNA content in the
virus suspensions is low [4]; hence, there is a direct re-
lationship FMDV particles comprise one RNA molecule
between the number of 146S particles and the number
of FMDV RNA molecules quantified in the same volume
of non-inactivated suspension after the virus reproduc-
tion. It is known that the molecular weight of a whole
FMDV virion (Mw, /) is 8,080,000-8,167,500 Da on ave-
rage [3, 4, 15]. Given that the virus genome length is
8,500 nucleobases [3, 4] and the average molecular weight
of aribonucleside is 340.5 Da, the molecular weight of the
viral RNA (Mw,,.,, o) is @bout 2,894,250 Da, and this is on
average 2.79-2.82 times less than Mw,, .. Put different-
ly, theoretically 146S particle concentration (ug/cm?3) in
FMDV suspensions is on average 2.79-2.82 times higher
than viral RNA concentration (ug/cm?3); hence,

m m
146S - — 1465
m_ = 2.79+2.82, or M arass 27,79+2,82'

RNA 1465

This expression is substituted into the equation

m1465
NRNA 1465
instead of m_, . ... taking into account that
N mRNA X NA
I

RNA 1465 = 'IOGX LXMW

ribonucleoside
where m_ . is FMDV RNA weight;
N, is the Avogadro constant (6.022045 x 10*mole™);
L is FMDV genome length (8,500 nucleobases);
W, o eose 1S the average molecular weight of a
ribonucleoside (340.5 Da);
1/10¢ is the factor for weight conversion from mic-
rograms to grams.

By rearrangements, we obtain

N
—RNATES _ 7 38 % 10— 7.46 X 10,

m1465

This means that theoretically the number of RNA,, . mo-
lecules is on average 7.38 x 10'°- 7.46 x 10'"°times higher
than 146S particle concentration, as was experimentally
confirmed by tests of dilutions of standards with known
146S particle concentrations using the proposed method.
The test results are presented in Tables 2 and 3.

The data presented in Table 2 show that reliability of
quantification of RNA molecules extracted from FMDV
suspensions with 146S particle concentrations of 0.1
to 4.0 pg/cm? was between 95.03 and 99.02%.

Based on the data obtained on the number of vi-
ral RNA molecules in the dilutions of the standard
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Table 3
Relationship between 146S particle concentration and the number of RNA molecules
extracted from whole particles of FMDV Asia-1/Tajikistan/2011 strain (n = 3, p < 0.005)

Tabnuua 3
3aBUCUMOCTb MeX Ay KOHLeHTpauueii 1465 yactuu u konuuecteom monekyn PHK,
BblfieNeHHbIX U3 MOMHbIX YacTuL BUpYCa ALlypa wramma Asua-1/Tapkukucran/2011 (n =3, p < 0,005)

Average optical density (OD) values

1465 particle concentration tandard samoles Calculated number
in a standard, pg/ml P 9 of RNA._ molecules

1465
0D oD, * o, . *

262 320 260 C-

715,278,733
36013,679,916
07 49,800,166,759
09 66,118 865,47
1 79,061,281,690
13
15
17 122952,954,038
19
21 153,620853,301
23 16475,128,365
25 180349756 454
27 196 949,812,040
29 211,580369,506
31 2452785726
33
35 255190685029
37 265038175631
39 284451799 961

ODM— extinction value at 262 nm; ODm— extinction value at 320 nm;

0D, . —extinction value for the negative control at 260 nm;

*values remained unchanged when measured.

0D, , — 3HaueHue SKCTUHKLMM npy 262 HM; 0D, — 3HaueHme SKCTUHKUMY npu 320 Hm;
0D, — 3HaueHwe SKCTUHKLIMI 1A OTPULATENLHOTO KOHTPOAA Npit 260 Hm;

* 3HaueHUA Npu U3MepeHNAX He MEHANNCb.

0.1

0.3 21,383,122,450

0.5

95,379,980,402

109,166,467,245

137,302,154,679

237,465,201,946
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4.5

_ 3.9 X NRNAMGS + 566,783,689

C =
4 1468 280,818,944,837

35 | R?=0.9996,n=3

1468 concentration, pg/ml

25

1.5

0.00E+00 5.00E+10 1.00E+11 1.50E+11
Number of RNA molecules extracted from 146S particles

2.00E+11 2.50E+11 3.00E+11 3.50E+11

Fig. 2. Relationship between FMDV 1465 particle concentration and the number of viral RNA molecules in standard
solutions. The number of molecules is expressed in exponential notation (E = 10)

Puc. 2. 3asucumocmes KoHUeHmpayuu 146S yacmuy 8upyca auypa om Koaudecmea mosekyn supycHoti PHK
8 CMAHOApMHbIX pacmaopax. Kosiu4ecmao MosieKys 8bIpaxeHo 8 SKCNoHeHyuabHom popmame (E = 10)

and corresponding 146S particle concentrations, a calibra-
tion graph of the relationship between C, . and N
was plotted represented as the model

39xN, +566,783,689

RNA 1465

1265 — 280,818,944,837

146S RNA 1465

with the coefficient of determination R? of 0.9996 (Fig. 2).
No FMDV was detected in the negative control.

The obtained model based on the number of FMDV
RNA molecules extracted from 146S particles after im-
mune capture of virions allows for determination of whole
particle concentration in the non-inactivated culture virus
suspensions.

During the final stage of the study, the presented me-
thod for 146S particle concentration determination was
tested using 360 non-inactivated suspensions of the
following FMDV vaccine strains: A/Turkey/2006 (40 sam-
ples), A/ARRIAH/2015 (40 samples), O/Primorsky/2012
(40 samples), O/Primorsky/2014 (40 samples), Asia-1/Ta-
jikistan/2011 (40 samples), C,/Zakarpatsky/1972 (40 sam-
ples), SAT-1/Akhalkalaksky/62 (40 samples), SAT-2/Saudi
Arabia 7/2000 (40 samples), SAT-3/Bechuanaland 1/65
(40 samples). The samples were parallely tested with rtRT-
PCR and CFT in triplicate (Table 4).

The compatibility of actual and expected (based on
rtRT-PCR and CFT data) results of culture FMDV 146S com-
ponent concentration determination was 96.2-99.4% for
A/Turkey/2006 strain, 94.9-99.3% for A/ARRIAH/2015,
97.2-99.2% for O/Primorsky/2012, 97.0-99.3% for
O/Primorsky/2014, 97.6-99.5% for Asia-1/Tajikistan/2011,
95.2-97.7% for C,/Zakarpatsky/1972, 94.8-97.3% for

SAT-1/Akhalkalaksky/62, 96.5-99.1% for SAT-2/Saudi Ara-
bia 7/2000, 94.5-98.5% for SAT-3/Bechuanaland 1/65.Tests
of the positive control demonstrated 99.0-99.6% compa-
tibility of actual and expected results. FMDV genome and
146S particles were not detected in the negative control,
and that was in line with expectations.

Thus, the spectrometric method for determination of
culture FMDV 146S component concentration showed
94.5-99.5% correlation with rtRT-PCR and CFT based on
the test results.

CONCLUSION

A method for spectrometric determination of 146S par-
ticle concentration during quantification of FMDV RNA
extracted after immune capture is proposed. This is an
inexpensive, easy-to-perform method for determination
of FMDV 146S particle concentration in the non-inacti-
vated vaccine raw material with high ballast component
content.

146S particle concentration was found to depend on
the number of RNA molecules extracted from virions af-
ter their strain-specificimmune capture and quantitatively
detected using the spectrometric method. The presented
spectrometric method allows for FMDV 146S particle con-
centration determination in the non-inactivated vaccine
raw material using the following linear model

39xN +566,783,689

RNA 1465

Crass = 280,818,944,837

The proposed method showed 94.5-99.5% correla-
tion with rtRT-PCR and CFT. Tests of the positive control
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Compatibility of actual and expected results of 146S particle concentration
determination by spectrometric method with rtRT-P(R and CFT (1, =3)

Tabnuua 4

(TeneHb coBnageHns GaKkTMUECKNX 1 0XKMAAEMbIX pe3yNbTaToB
CNeKTPOMETPUYECKOro Cnocoba onpefeneHns KoHLeHTpauuu 1465 yactuy
cOT-NUP-PBuPCK(n =3)

Compatibility of spectrometric

Sample status FMDV strain oy suarrnnt:)is metho?nr:tsltj(l)tjs\,lv‘;)h -
rtRT-PCR [7]

A/Turkey/2006 40 97.0-99.4 96.2-97.1

A/ARRIAH/2015 40 96.8-99.3 94.9-97.0

0/Primorsky/2012 40 98.3-99.2 97.2-98.5

0/Primorsky/2014 40 98.0-99.3 97.0-98.1

test samples Asia-1/Tajikistan/2011 40 98.4-99.5 97.6-98.5

(/Zakarpatsky/1972 40 97.0-97.7 95.2-97.1

SAT-1/Akhalkalaksky/62 40 96.1-97.3 94.8-96.0

SAT-2/Saudi Arabia 7/2000 40 98.0-99.1 96.5-98.2

SAT-3/Bechuanaland 1/65 40 97.9-98.5 94.5-97.9

positive control Asia-1/Tajikistan/2011 40 99.2-99.6 99.0-99.3
negative control - 40 100 100
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demonstrated 99.0-99.6% compatibility of actual and
expected results. FMDV genome and 146S particles were
not detected in the negative control, and that was in line
with expectations.
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SUMMARY

The aim of this study was to determine the efficacy of Afyokarahisar termomineral water in the treatment of nephritis. For this purpose, 40 Albino mouse at the
same daily age were used. Nephritis was induced by adding adenine to their feed at a rate of 0.2% for 6 weeks. After nephritis was induced, a 21-day treatment
period was started, and the mice were equally divided into two groups as control and study. While control group mice were received tap water daily and bathing in
tap water, study group animals were given fresh Siireyya | hot spring water daily and bathing in this water. Clinical, hematological, blood biochemical and histo-
pathological examinations were performed before the study, after nephritis formation, and on days of 1%, 7*, 14 and 21% of treatment period. Results of this study
showed that WBC, NEUT and MCV levels increased significantly (p < 0.05) following nephritis formation, while RBC, HB, HCT, LYM, MCH and MCHC levels decreased
significantly (p < 0.05). It was also determined that AST, GGT, GLU, BUN and IgG levels of blood biochemical parameters were significantly increased (p < 0.05)
and TP, ALB levels decreased significantly (p < 0.05) after nephritis formation. At the end of the study, it was seen that all the measured parameters turned to the
normal range in the study group animals, whereas problems still continuing with control group animals. Consequently, it was concluded that Siireyya | hot spring
water was very successful in the treatment of nephritis and considered as an option in the treatment of nephritis.
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PE3IOME

Llenbto HacToALLero NCcNe10BaHNA ABNAETCA ONpeeneHne SOHEKTUBHOCTY NPUMEeHeH!A TepMOMUHePabHOil BoAbl perioHa AbOHKapaxucap B neveHnn
HedpuTa. [1nA 370/ Lenm ucnonb3oBanu 40 Mblwweii-anbOuHOCOB 0AHOMO Bo3pacTta. Hedput Bocnponssenn nytem fobaBneHua afeHnHa B UX KOPM U3 pac-
yeta 0,2% Ha npoTsxeHu 6 Hepenb. Mepes Hauanom 21-AHeBHOTO Kypca NeyeHna MHepanbHOi BOAOI HAYLMPOBAHHOTO HeppuTa MbllLeil paaennn Ha
[BE PaBHble rPynmbl: KOHTPObHYH 1 IKCNEPUMEHTaNbHYH0. XKMBOTHBIX KOHTPONLHOI FPYNMbl eXefHeBHO BbiNavBany BOAONPOBOAHOIA BOAOI U Kynanu B Heil,
KUBOTHBIM JKCMEPUMEHTANbHOIA FPYNMbl eXe[HEBHO JaBaNk CBEXYH0 BOAY U3 ropAuero UCTouHnKa Siireyya |, a Take ycTpanany exefiHeBHble BaHHbI C UC-
noNb30BaHUeM 3T0ii BOfibl. KnuHUUecKue, remaTonorinyeckie, GnoxMmmyeckie 1 rTUCTonaTonornueckue UCCe0BaHus NPOBOAUNM L0 UCCTIe0BaHNA, NOCTe
pa3BuTUA HeGpuTa, aTakxe Ha 1,7, 14 1 21-ii feHb IkcnepumenTa. lonyueHHble pe3ynbTaTbl Nokasanu, uto nocne passutia Hedputa yposHu neitkoumtos (WBC),
Heiipodunos (NEUT) u cpesHero o6bema sputpouutos (MCV) B Kposu 3HaunTenbHo yBennuuancy (p < 0,05), B To Bpema Kak ypoBHI 3putpouuTos (RBC),
remorno6una (HB), rematokputa (HCT), numdouutos (LYM), cpenHee coaepkanue remornobuna B sputpoumte (MCH) n cpeHan KOHLEHTpaLMA remorniobuHa
B 3putpouute (MCHC) 3HauutenbHo cHusuAncs (p < 0,05). Takxe 6bIN0 YCTAHOBNEHO, UTO MOCIE Pa3BUTIAA HepUTa YPOBHU acnapTaTamuHoTpaHcdepassl (AST),
ramma-rnyTamuntpancepassl (GGT), rioko3bl (GLU), conepatue azota MoueBuHbI B kposi (BUN) u ypoBeHb [gG 3HaunTenbHo nosbicunucs (p < 0,05), a ypoBHu
obuiero 6enka (TP) u anbbymuHa (ALB) 3HauuTenbHo cHusuancs (p < 0,05). B KoHLe nccnefoBaHIA Y KUBOTHBIX 13 IKCMePUMEHTANbHOIA FpyMMbl BCe NapaMeTpbl
KpOBI HOPManN30Bach, TOTAA Kak Y MblLLIeii KOHTPOMbHOIA rpynmbl Takoro 3deKTa He HabnoaanoCh. 370 NO3BONNNO CAENATb BbIBOJ, UTO TepMaNlbHAA BOAA

U3 ucToyHuKa Siireyya | 3gpekTiBHA B neyeHnn Hepputa n MOXET PaccMaTpUBaTLCA Kak OANH U3 BAPUAHTOB Tepanui.

Kniouesbie cnosa: AdboHkapaxucap, 6anbHeotepanua, 6M0XMMIA, Mbillib, HedpUT, neyeHue.
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INTRODUCTION

Kidneys are the organs that play an important role in
metabolic activities such as absorption of minerals and
water, the acid-base balance and the functionality of
the buffer systems [1]. Nephritis is a condition in which
nephrons, which are functional units of the kidneys, be-
come inflamed which can adversely affect the kidney
function [2].

It has been shown that people who use hot springs as
balneotherapy have important benefits in endemic neph-
ropathic cases [3]. So, P. B. Nocco reported that balneo-
therapeutic cures, including inpatient and bath therapies,
were very important for regaining health, especially in the
treatment of chronic cases such as nephritis [4]. In addi-
tion, alkaline mineral waters were used for the purpose
of detoxification [5, 6]. A. L. Rodgers claimed that the cal-
cium oxalate stones formed in the kidneys over time had
achieved very successful results from the treatment with
waters containing calcium and magnesium, and these wa-
ters had have effects not only for therapeutic purposes but
also for prophylactic purposes [7]. R. Siener et al. reported
that consuming water containing magnesium and bicar-
bonate similarly regulates urinary pH, magnesium and cit-
rate excretion, prevents calcium oxalate stone formation
and prevents increased calcium excretion [8].

In this study, it is aimed to reveal the importance of
treatment with Siireyya | hot spring water with rich con-
tent in the borders of Afyonkarahisar Province in the treat-
ment of experimental nephritis.

MATERIALS AND METHODS

The experimental part of this study was carried out in
Afyon Kocatepe University Experimental Animals Applica-

tion and Research Center, in accordance with the Direc-
tive of Afyon Kocatepe University Experimental Animals
Ethical Committee (AKUHADYEK) and was referred to with
the report numbered 59-18 of the board and supported
by Afyon Kocatepe University Scientific Research Projects
Board (AKUBAPK) as the Master’s Thesis with Project num-
ber 18.SAG.BIL.12.

Animal Material. In this study, 40 Albino mice of the
same age were used. Mice were kept in a stable environ-
ment under equal heat and humidity conditions, 12 hours
day and 12 hours night, in Afyon Kocatepe University
Experimental Animals Application and Research Center.
Throughout the experiment, all the animals were fed ad
libitum food.

Creating Experimental Nephritis. Four of the 40 mice
were exempted to take blood samples before performing
the nephritis procedure in all animals. Nephritis was cre-
ated in remaining mice by adding 0.2% adenine to their
food for 6 weeks [9]. After the nephritis was created, 4 out
of 36 mice were ex for collecting blood and histopatholo-
gical examinations, and the remaining 32 mice with neph-
ritis were divided equally and randomly into 2 groups as
below:

1. Control Group (CG). Tap water was added to the drin-
kers of 16 mice with nephritis, and they were provided with
access to refreshed water and food ad libitum every day. All
the mice in CG were bathed with tap water at (35 + 2) °C
for 15 minutes at the same time once a day up to end of
this study, which was 21 days.

2. Study Group (SG). Fresh hot spring water was added
to the drinkers of 16 mice with nephritis, and it was pro-
vided to reach the refreshed daily hot spring water and
food ad libitum. All the mice in SG were bathed with fresh
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hot spring water at (35 + 2) °C for 15 minutes at the same
time once a day.

Sureyya | hot spring water, used for treatment in this
study, has a total mineral content of 4046.8 mg/L, and it
is in the thermomineral water group with sodium bicar-
bonate, carbon dioxide, magnesium, calcium, fluoride and
silicon.

Clinical Examinations. Respiratory rates (R), body tem-
peratures (T) and heart frequencies (P) were measured
in all of the mice used in the study, and the results were
recorded for statistical comparisons.

Collecting Blood and Tissue Samples. Blood and kidney
tissue samples were exhausted under ketamine/xylazine
(100/10 mg/kg) anesthesia [10] before the study, after
nephritis formation (NF), and on 1%, 7%, 14% and 21* days
following the treatment period.

Hematological Examinations. In blood samples; total
leukocytes (WBC), lymphocytes (LYM), hemoglobin (HB),
mean corpuscular volume (MCV), hematocrit (HCT), mean
corpuscular hemoglobin (MCH), mean corpuscular hemo-
globin concentration (MCHC), neutrophil (NEUT), eosino-
phil (EOS), erythrocytes (RBC), monocytes (MON) and ba-
sophils (BAS) were measured using Chemray Brand blood
count commercial test kits (Rayto Life and Analytical Sci-
ences Co., China).

Blood Biochemical Examinations. Blood urea nitrogen
(BUN), serum aspartate aminotransferase (AST), gamma-
glutamyl transferase (GGT), total protein (TP), glucose
(GLU) were measured in Cobas Integra 400 Plus (Roche
Brand (Roche Diagnostics GmbH, Germany) analyzer.
Immunoglobulin G (IgG) levels were determined with

Table 1

ChemWell, Chromate 4300 Elisa Reader device (Awareness
Technology, Inc., USA) using commerical Elisa kits (Sunred
Biological Technology Co., Ltd, China).

Blood Gases Examinations. After taking blood samples
to 500 IU liquid heparin plastic syringes for 1 ml of
blood, which were prepared simultaneously with histo-
pathological sampling, the tip of the sterile syringe was
closed immediately, and measurements were made be-
fore < 3 hours. In blood samples partial carbon dioxide
pressure (pCO,), pH, total carbon dioxide concentration
(TCO,), bicarbonate (HCO,"), base deficit (BE), potassium
(K*), sodium (Na*), chlorine (ClI7), calcium (Ca%*) values
were made using a portable blood gas analyzer EDAN
i15Vet (EDAN Instruments, Inc,, China) using commercial
cartridges.

Histopathological Examinations. Obtained kidney
samples by method mentioned above were sent to the
Veterinary Control Central Research Institute, Pathology
Laboratory to perform histopathological examinations
in 10% formol, where 5 micron thick sections were taken,
stained with hematoxylin-eosin and examined in a light
microscope.

Statistical Analyses. Statistical calculations for CG
and SG were made in accordance with the variance
analysis (ANOVA) method. The Duncan’s test was used
to determine the significance of the difference in the
groups. Statistical analyzes were provided through the
Windows-compatible SPSS Statistics 18.1 (IBM, USA) pa-
ckage program. The data levels obtained are presented
as mean * standard error, and p < 0.05 is considered to
be important.

Statistical comparison of body temperature, pulse frequency and respiratory rate

Tabnuua 1

(raTucTnyeckoe C(paBHeHMe TemnepaTtypbl Tena, 4acToTbl Ny/lbCa U YacTOTbl AbIXaHUA

Time of indicator measurement by groups

Parameters (X + SD)

P R
(frequence/min) (rate/min)

(°0)

BS (n=40) 3710016 32630+ 44.2° 117.04 2 18.36'

ANF (n =36) 38.50+0.14 32731+45.10° 131244 25.43¢

e (G (n=16) 3850 0.20° 33128+ 33.40° 132.54 2 21.45¢
1day SG (n=16) 38304018 363.14+32.20° 14114 22.25¢
" G(n=12) 3830+0.20° 33426 +27.20° 135,30 17.12¢
) SG (n1=12) 38.20+0.10° 378.23 +25.44 148.10 415,23
i G(n=8) 3820+ 0.10° 34216+ 22.23¢ 137.10 % 8.05¢
14" day SG(n=8) 38104012 37425 £21.14° 15730+ 7.20°
" (G (n=4) 38.10+0.16° 34513 +9.21¢ 142,184 6.33¢
A SG(n=4) 38.00+0.10° 376.44 +6.12° 159.23 +4.20°

*The values in the column are statistically significant (p < 0,05).
' 3naueHns B cTonbue ABAAITCA CTATUCTUYECKN 3HAUMMbIMK (p < 0,05).

BS — before study (a0 nccnegosaus), ANF — after nephritis formation (nocne passutua Hepputa),
AT — after treatment (nocne neuenus), CG — control group (koHTponbHasA rpynna), SG — study group (3kcnepumenTanbHas rpynna).

VETERINARY SCIENCE TODAY, DECEMBER N°4 (35) 2020 | BETEPUHAPA CETOLHA, AEKABPb No4 (35) 2020



ORIGINAL ARTICLES | GENERAL ISSUES OPUTUHANBHBIE CTATbI | OBLLWE BOMPOCbI

ORIGINAL ARTICLES | GENERAL ISSUES OPUTUHANbHBIE CTATb | OBLUWE BOMPOCbI

TEST RESULTS increased statistically significantly (p < 0.05) following NF,
Since the mice had the same date of birth, there was  whereas HCT, HB, RBC, LYM, MCHC and MCH levels signifi-
2 2 =2 2| 2 no age difference in the mice (p > 0.05). The mean body  cantly decreased (p < 0.05). On the 21 day of the study, it
9 y y y Y
weight (bw) before the study was calculated as 29.7 g,  was found that LYM, HCT, RBC, HB, MCH and MCHC levels
whereas it was calculated as 28.7 g after the NF, and a sig-  increased in both groups, but NEUT, MCV, WBC levels de-
e 2| g 2| g nificant (p < 0.05) reduction was observed in terms of bw  creased. These changes were statistically more significant
‘fl 3 ‘_‘=_>| ‘_‘=_>| <_‘=_’| averages. On the 21 day of treatment, it was observed  (p < 0.05) in SG animals.
Q =] 2| s that mean bw of CG mice was 28.1 g, while that of SG mice Blood Biochemical Findings
R 2= S| 8 9 9
~ R ~. was 29.1 g, and there was a statistically significant diffe- The blood biochemical analysis were shown in Table 3.
rences (p < 0.05) between CG and SG animals. According to this Table; it was observed that GGT, AST,
§ f § g § Clinical Findings BUN, GLU and IgG levels increased significantly (p < 0.05)
+ +H | H Ho| H The clinical findings obtained during the study are  after NF, while ALB, TP and levels decreased significantly
R 8| 3 S| 8 shown in Table 1. < 0.05). On the contrary, in the following days, TP, ALB
When Table 1 was examined, by nephritis formation, levels were increased in both groups, whereas GGT, AST,
= o | & 3|5 significant (p < 0.05) changes were seen in terms of body ~ BUN, GLU and IgG levels were decreased (p < 0.05). It was
b R 22 temperature, respiration and heart frequencies. So, mean  observed that the most significant differences occurred in
; E g H ; R rates and P frequencies increased with the start of the ~ SG mice in the last week of the study, and this difference
X ® | 9 3| 2 treatment period, but this increase was more significant  was statistically significant (p < 0.05).
(p < 0.05) in the study group mice. Blood Gases Findings
= & & & % Hematological Findings Blood gases analyses results were shown in Table 4.
i I T Hematological examination findings are shown in Table 2. When this table is examined, it was observed that
R : R 2|3 According to this table; NEUT, MCV, WBC levels were  pCO,, pH, HCO,", BE, TCO,, Ca** and K* levels decreased
[=3 ~ ~ ==} N=3
° < < < v
& = 518 Table 3
= 2 1T Tl = Blood biochemical findings of the animals
= 8 58 IR S
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following NF, whereas LACT, Na* and CI- levels increased.
However, with the onset of treatment period, a reverse
course has taken shape in these parameters. On the other
hand, it was observed that the mostimportant changes in
terms of these parameters occurred in SG animals in the
last week of the study, and the difference was statistically
significant (p < 0.05).

Histopathological Findings

In our current study, severe glomerulonephritis was
detected in tissue sections taken from nephritic mice in
which infiltration detected in the vascular lumen (Fig. 1).

It was found that there was almost a complete im-
provement in SG animals which treated with hot spring
water at the end of the treatment period (Fig. 2), while CG
animals which treated with tap water continued to show
histopathological symptoms of nephritis in their kidney
tissue sections (Fig. 3).

DISCUSSION AND CONCLUSION

In this study, it was found that the mean of bw de-
creased with the NF, and this difference was found to be
statistically significant (p < 0.05). On day 21 of the expe-
riment the average bw of the CG mice was reported to
be lower as compared to that of the SG mice (p < 0,05).
These findings have been found to be compatible with
study U. Lange et al., which reported that treatment with
mineral waters supports fat breakdown and decreases the
absorption of fat from the intestines, leading to a decrease
in live weight [11].

It was found that the body temperatures increased
in mice with nephritis, when compared to the pre-study,
and this rising was statistically significant (p < 0.05).
However, there was no significant (p > 0.05) changes in
terms of R and P. With the initiation of treatment; it was
observed that the levels for R and P increased in both
groups, but the highest levels were shaped in SG animals.
These findings support the findings of the researchers
P. Greco-Otto et al., who reported that spa treatment
increased heart rate, improvement in peripheral ves-
sels, and an increase in heart and indirectly respiration
rate [12]. Moreover, hot baths have been reported to
stimulate the sympathetic nervous system, leading to
an increase in blood pressure, heart and respiratory fre-
quency [13].

It was observed that mean NEUT, WBC and MCV counts
were continuing in high levels in CG animals, while SG
mice which received Sireyya | hot spring water and
bathed have a decreased. So, it has been reported that hy-
perthermal waters have animmunosuppressive effect and
T-lymphocyte and EOS numbers decrease significantly in
hyperthermal baths in both healthy individuals and those
with chronic inflammatory disease [14].

It was found that mean RBC, HB, HCT, MCH and MCHC
counts decreased statistically (p < 0.05) in the period
following NF. It has been previously reported that these

Fig. 1. Severe glomerulonephritis (white arrow), 10x-40x

Puc. 1. BeipaxkeHHell 2nomepynoHegppum (6enas
cmpernka), ysenudeHue 10x-40x

Fig. 2. Completely healed tubule and glomerul structure
atthe end of day 21 in study group animals (tubule - thin
arrow, glomerul - thick arrow), 10x-20x

Puc. 2. BoccmaHosneHue cmpykmypel KaHaneuyes

U KJ1y604K08 Ha 21-e cym y KUBOMHbIX
3KCnepumeHmasbHoU epynnel (KAHAAbUbI — MOHKAA
cmpesika, Kybouku — moscmas cmpeskay,
ysenuyeHue 10X-20x

As known, magnesium deficiency is one of the reasons
specific clinical inflammatory syndrome, because its
deficiency causes dyslipidemia, hypertension, insulin
resistance, endothelial activation and prothrombic dif-
ferences with the regulation of inflammation and oxida-
tive stress markers [16].

In the current study, it was observed that GGT, AST,
BUN and IgG levels increased significantly (p < 0.05) fol-

H(O; — bicarbonate (6ukap6oHart), BE — base excess (caur 6ydepHbix ocHoBaHuWiA), T(O2 —total (02 (0611138 KOHLIeHTPaLMA YINeKMCNOro rasa),

pH — hydrogen ion concentration (koHuexTpauys noHos Boopoaa), pC0, — (0, partial pressure (napumanbHoe AaBneHite yreKUCIoro rasa),
LACT — lactate (nakTat), K* — potassium (kanuit), Na* — sodium (Hatpuit), CI- — chlorine (xnop), Ca** — calcium (kanbumi).

BS — before study (o nccnegopanma), ANF — after nephritis formation (nocne passutia Hedputa), AT — after treatment (nocne neuexus),

= 34aueHna B cTonbLe ABAAIOTCA CTATUCTUYECKN 3HAUMMbIMK (p < 0,05).
(G — control group (KoHTponbHas rpynna), SG — study group (onbiTHaA rpynna).
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Fig. 3. Continuation of the glomerulonephritis
structure at the end of day 21 in control group
animals (white arrow), 10x-20X

Puc. 3. Tucmonamosnozauyeckue npusHaKku
251omepyrioHegppuma Ha 2 1-e cym 8 cpezax
noyeyHoOU MKAHU XUBOMHbIX KOHMPOTbHOU
2pynnel (6enas cmperka), ysenudeHue 10x-20x

water in the experimental metabolic syndrome expe-
rimentally created by fructose [16]. Even though albu-
min levels decreased significantly following nephritis, it
was thought to be related to liver damages, but it also
indicated that there was no reabsorption from kidney
tubules [17].

It has been explained that balneotherapy can be ef-
fectively applied to lower blood sugar levels. It has been
reported that these beneficial effects of the balneotherapy
might be related to its ability to control high blood sugar
that causes glucose tolerance [18]. In the current study,
GLU levels were high in nephritis-induced mice, but with
the onset of treatment, the gradually decrease in GLU
levels, the most important decreases were detected in
SG mice, and these findings were consistent with these
researchers reported above.

Unfortunately, we did not find a study measuring blood
gases in the treatment of nephritis with hot spring wa-
ters in widely literature searches. In our study, it was ob-
served that LACT, CI-and Na* levels increased significantly
(p < 0.05) following NF, whereas Ca?* and K* levels de-
creased. After the treatment was initiated, the opposite
results were obtained, and it was determined that LACT,
Cl~ and Na* levels decreased, while Ca?* and K* levels in-
creased. Compared with CG, these changes were seen to
be faster and statistically more significant (p < 0.05) in SG
animals. Hypercalcemic and hyperchloremic metabolic
acidosis occurs after nephritis. Blood pH, HCO,~ and pCO,
levels decrease, Cl-, Na* and LACT levels increase [19]. In
addition to kidneys and lungs, mineral waters of suitable
nature have been reported to provide acid-base balance
in the liver and regulate the metabolism of LACT and
some amino acids [20]. In the study, it was determined
that the parameters mentioned in the 21 day of SG ani-
mals which treated with Siireyya | hot spring water, and
reached physiological levels, and the metabolic acidosis
case improved. So, L. Xu et al. previously reported that
LACT levels significantly improved after 21 days of spa
treatment in studies conducted in individuals living under
bad conditions [19].

In our current study, severe glomerulonephritis was
detected in the tissue sections of the kidneys of the mice
with nephritis along with inflammatory infiltration in the
vascular lumen (Fig. 1). Although a progressive improve-
ment was observed in SG which treated with Streyya | hot
spring water at the end of this study (Fig. 2), it was ob-
served that the nephritis picture continues in CG animals
treated with tap water. These histopathological findings
prove that the Siireyya | hot spring water provides signifi-
cant improvements in the nephritis case histopathologi-
cally as well as clinical, hematological, blood biochemical
and blood gasses findings.
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African swine fever (ASF) epidemic situation in the Unfortunately, among the domestic publications only
Russian Federation as well as its tendencies for the whole  three or four authoritative research papers consider epi-

infection period are persistently specified by “positive” dy-
namics both in the domestic pigs and in wild boars being
at a relatively close ratio of 1.5:1. This clearly suggests the
need of urgent change of the attitude to the issue as well
as its comprehensive solutions. Clearly prescribed mea-
sures compliant with the previous instruction of 1980 and
rules approved in 2016 are used for ASF control in the do-
mestic pigs. As for the wildlife, there is a kind of collision
and up to confrontation between the biologists, game
managers, ecologists, animal advocates and national ser-
vices involved in the implementation of the anti-epidemic
measures. Herewith, the first ones demonstrate total igno-
rance of epizootology and parasitology canons; they ab-
solutely disregard everything coming from the veterinary
science, accuse the veterinary services of all troubles and
resort to empty rhetoric lacking any line of reasoning; and
all that is echoed by ratings-hungry mass media and even
some research journals.

zootological investigation of “boar — ASF” issue that is sig-
nificantly lower in number as compared to the ambitious
printed materials of the opposition. In this regard, publica-
tion of the monograph by B.V. Romashov et al. is just a gift,
and extremely well-timed one. Without going into details
of the monograph, general and specific ideas should be
mentioned that are deemed the most notable from the
reviewer’s point of view.

As usual in such cases, general statistic data and
specific features of the tested object (i.e. large isolated
group of boars generally having the properties of the
ideal (panmictic) population) were used as the prima-
ry, benchmark data for the epizootological analysis. The
authors demonstrate actual scientific and practical ex-
perience of ASF experts’ field operations, which signi-
ficance (not scale) can, say the least of it, be compared
with the disease eradication activities in three regions
of the USSR in 1977.
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This is due to the unique properties of this epizootic
event - i.e. the fact of the development of the complete
natural cycle of the large-scale epizootic wave without any
outside intervention (itis commonly known that there is no
vaccination and the final diagnosis is made nearly post fac-
tum).The point is that for five months in 2016 (March - July)
total mortality of the boars occurred on 32 ths ha area of
the Voronezh natural reserve due to ASF introduction and
spread. The initial boar population amounted to 532 ani-
mals and the average population density amounted to
16.6 animals/1000 ha. The boars actively used the feeding
stations and accumulated mostly in the bottomland area
of the reserve. The situation development was specified
by the typical epizootic curve. The results obtained during
this unique and objectively documented and published
research can serve as an example of the description of the
natural ASF epidemic.

Even the first glance through the publication provides
much food for thoughts, questions and objections in the
best sense of the term. Here are just some of them.

As a discussion, one cannot agree with the authors’con-
clusion on the impossibility of stable natural ASF circula-
tion in boars due to high virulence of the agent and the
boars'minor role in ASF epizootology (pp. 4, 16, 17 et seq.).
Indeed, the incidence of the natural infection reported in
the Russian Federation is mostly sporadic and lacks evi-
dent temporal or spatial continuity; although, the veteri-
narians are not inclined to consider the data submitted by
game management authorities to be reliable. However, the
situation is quite opposite in the ASF-infected countries
in Central Europe, where the boar population density is
relatively high: the endemicity is associated with the boar
morbidity with rare, even sporadic, index-cases in domes-
tic pigs occurring on 9:1 ratio as well as with described
hallmarks of the evolution to at least the disease chroni-
city and moderate virulence of genotype Il virus (see, for
example: https://doi.org/10.1186/540813-018-0109-2).

According to multiple foreign analytical publications,
the evidence of the boar being the only reservoir of the in-
fection is not even discussed. Rare cases of domestic pigs’
involvement in the epidemic process are also not consi-
dered to be a problem. One can hardly imagine the human
factor to play any role with such a pattern of the epidemic
process. Moreover, nearly complete boar depopulation
(97.5%) in Lithuania allowed prevention of ASF spread
in the country in 2014-2017 as compared to Latvia and
specifically Estonia, who ignored the boar depopulation
at proper time.

This is also true of the early conclusion stating “there
are no biological and ecological prerequisites for ASFV
hotspots” (p. 99). How can then be explained the fact that
clusters of natural infection occurred in the Novgorod,
Nizhny Novgorod and Oryol Oblasts of the Russian Fede-
ration in 2019, and they were specified by natural noda-

lity, chronological and spatial distinctness, minimum one
year endemic stability and sporadic index-outbreaks in the
backyards?

It is the first time when the publication on ASF de-
scribes possible fate of the diseased boars and specifically
emphasizes the loss of migration instinct. While observing
such mortality and in order to control the natural infection,
it would be important to have reliable information about
dominating natural environment chosen by the infection
victims for their departure (there are already some data on
this issue in the foreign publications).

The vector“domestic outbreak — wild fauna”is not co-
vered even hypothetically, except for singular reference
to the fact that boars are infected from the dumped pig
carcasses. In the conclusion the authors use the concept
“anthropopressure” for that, i.e. abstract parasitological
term, which appears to be of virtual character. Until this
vector is considered, all arguments about epizootological
safety of boars are just scholastic.

Widespread and quite obvious euphemism stating
that“boar is one of the key components of fauna and bio-
diversity” remains unclear. By the way, before the mid-XXt"
century there were no boars at all in the USSR with minor
exceptions of the southern part of the country. What is
specific advantage of the further spread of the boars all
over the country? And how one should understand this
if in the Russian Federation boar is considered to be an
invasive, i.e. environmentally harmful species, but in such
authoritative document as Agroecological atlas of Russia
and bordering countries it is mentioned as game and pest
animal (for illustration see: https://www.youtube.com/
watch?v=1iCePTe178w).

There are several editorial shortcomings. For example,
in the description of ASF virus: DNA is located not inside
the supercapsid envelope, but inside the capsid. The term
“virus volatility” is not correct, as ASF cannot be transmit-
ted by air. The list of references is extremely limited and
mostly includes domestic authors, while in the Baltic States
and Poland there are many published reports about ASF
epizootology researches with authoritative conclusions.

All the above mentioned should be considered as the
reviewer'’s opinion, who meanwhile highly appreciates
multiple and often critical references to his own publica-
tions in the monograph.

As a treatise, the book by B.V.Romashov et al. as a whole
complies with the current standards, efficiently compiled
and written in good language. Detailed illustrations are
also an upside of the monograph.

The monograph is actually unique and rich in facts
novel for science and practice both in general and specific
epizootological context. The unique experience deserves
attention of everybody engaged in veterinary epidemio-
logy, natural nodality, infection emergence and veterinary
education.
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FGBI "FEDERAL CENTRE FOR ANIMAL HEALTH"
ARRIAH (FGBI "ARRIAH")

OTBY «OEJEPATbHbIA LLEHTP OXPAHBI 310POBbA XIUBOTHbIX»

OIE REGIONAL REFERENCE
LABORATORY
FOR FOOT AND MOUTH DISEASE

PETMOHANIbHAA PEOEPEHTHAA
NABOPATOPUA M3b 110 ALLYPY

FGBI “ARRIAH” manufactures

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

PEOEPEHTHAA JTABOPATOPUA M35 MO BbICOKOMATOTEHHOMY
W HU3KOMATOTEHHOMY TPUNMY NTUL U HbIOKACNCKOW BONE3HN

inactivated emulsion vaccine against bovine pasteurellosis

OEIEPANBHAS 08l OCAHMTAPHOMY HAI3OPY

PerucTpauMonnoe yaocTosepeHue
NeKapCTBEHHOTO NPENApaTa ANA BETePHHAPHOIO NPHMEHEHNHS

12-1-28.19-4601 Nal I BP-1-28.19/03529
o« 20 n m

i snageniga percy
napato: PBY "BHHHIA® 600901, Bauunwrpexas ofir., r.
Baamnmp, uxp. 0psener

CTORMHOIO Npanapara:

KPYIHOTD PAraToro CKOTA HHAKTHBHPOL

TlekapcTocHHas dopma; FMYMLCHA AN MIEKUHA

10 ew? (10 303}, 50 ca® (50 203) 1 100 cae® (100 a03)

The vaccine is produced from inactivated suspension of bacterial
strains Mannheimia haemolytica serotype A:1, Pasteurella multocida
serogroup A and anatoxin Mannheimia haemolytica with oil-based
adjuvant Montanide (SEPPIC, France). Components of the vaccine,
which is unrivalled at the Russian market of veterinary preparations,
were chosen to match bovine pasteurellosis serovariants circulating
in the Russian Federation. The vaccine also includes anatoxin that
plays two key roles in the process of disease progression. First, it pro-
tects bacterial cells by leukolysis and, second, it releases neutrophil
substances causing lung tissue damage.

Clinical and preclinical studies of the inactivated emulsion vac-
cine against bovine pasteurellosis (carried out in accordance with
Federal Law No. 61-FZ “On Circulation of Medicines” and in compli-
ance with the OIE recommendations) confirmed its innocuity and effi-
cacy. High level of protection from pasteurellosis inimmunized popu-
lation was demonstrated on livestock farms of the Russian Federation.

Nowadays, respiratory problems in young cattle are still among
the most urgent and economically significant problems of the vete-
rinary medicine. Pasteurellosis is a widespread infectious disease, its
treatment is difficult, expensive and it is not always successful. It is
explained by wide circulation of antibiotic resistant strains of Man-
nheimia haemolytica and Pasteurella multocida and by difficulties in
reaching the required inhibition concentration of the preparation in
lungs; therefore, vaccination is the key element in prevention and
control of pasteurellosis.

Calves on affected farms should be vaccinated after they reach
10 days of age; twice and with a 3-4 week interval. On farms at risk
of pasteurellosis and in case the disease may occur during transpor-
tation and when animals are introduced into a new herd, or into dif-
ferent animal facilities, the animals shall be vaccinated once, 3 weeks
before the anticipated risk. The vaccine is administered at the dose of
1.0 cm?3via the intramuscular route into the middle third of the neck.

For information about purchasing veterinary preparations
from the FGBI“ARRIAH’, please, contact +7 (4922) 52-99-24,
+7 (4922) 26-15-25.



