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SUMMARY

Currently, vaccination is the main measure to combat rabies in domestic and wild animals. Inactivated and live vaccines are used for this purpose. Oral vaccines
for wild carnivores contain live attenuated rabies viruses in liquid or freeze-dried form, which are packaged inside edible baits. Since there are no consistent data
showing advantages of liquid and freeze-dried oral products for vaccine-induced immunity against rabies in animals, we compared effectiveness of these rabies
vaccines produced from rabies virus strain VRC-RZ2. Inmunogenicity was tested in mongrel dogs aged 3 months and older that are seronegative for rabies virus
antigens. The animals were randomly divided into three groups: two experimental and one control group. Group One was fed a block-type bait containing a blister
with liquid virus-containing suspension, Group Two was given a block-type bait containing a gelatin capsule with freeze-dried virus suspension. On Day 21 post
vaccination, blood samples were taken from all the animals and the obtained sera were examined in virus neutralization test to measure virus neutralizing antibodies
titers. The level of the immune response against rabies in the vaccinated dogs was assessed by intracerebral infection of animals with virulent rabies virus strain CVS.
The carried out research demonstrated that both groups of the vaccinated dogs had approximately the same titers of virus neutralizing antibodies that ranged
from 3.25 to 4.3 log,. The virus neutralizing antibodies observed in the immunized dogs ensured good protection from virulent CVS strain. All animals of the
control group died after infection demonstrating clinical signs of paralytic rabies. The results obtained show that both forms of the oral rabies vaccines are effective.
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PE3IOME

B HacToALLee Bpems 0CHOBHOIA Mepoii 60pbObl  6eLLeHCTBOM ABNAETCA BaKLMHONPOGUNAKTIKA LOMALLHUX 1 ANKIX XKUBOTHBIX, ZUN1A 3TOTO UCMONb3YIOT MHAKTUBY-
POBaHHbIE 11 X1Bble MPenapaTbl. BakwuuHbl AnA opanbHoIi UMMYHM3aLMI SUKUX NOTOAAHbIX KUBOTHBIX COLEPAaT XUBblE aTTeHyNPOBaHHbIE BIPYCbI OeLLeHCTBa,
KOTOPbIe B XXMAKOM UAN MoGUAM3MPOBAHHOM BUAe NOMELLAT BHYTPb Cbe06HOM NpUMaHKiA. B cBA3Y € 0TCYTCTBMEM 0BHO3HAYHbIX AAHHbIX O MPEUMYLLECTBAX
KIBKOro 1 MMounn3npoBaHHOTO NepopanbHoro npenapata Npu GOPMUPOBAHIUI Y XMBOTHBIX NOCTBAKLMHANBLHOIO IMMYyHUTETa NPOTUB belueHcTBa 6bino npo-
BEZIEHO CPaBHUTENbHOE U3yueHne 3GOEKTUBHOCTM JaHHBIX AHTUPAOMUECKIX BaKLIH, U3roToBeHHDIX U3 WTamma VRC-RZ2 Bupyca bewweHcTaa. IMMyHoreHHyto
3 $eKTUBHOCTb 3yyann Ha 6ecnopoAHbIX, CepOHeraTUBHbIX K aHTUreHam BUpyCa belueHCTBa cobakax B Bo3pacTe 0T 3 Mec. 1 cTapiue. MKUBOTHbIX ClyyaiiHbIM
00pa3om pa3zenunv Ha TpU rpynMbl: e ONbITHbIE U KOHTPONbHYI0. B nepBoii rpynne cobakam ckapmnuBany 6puKeT-npuUMaHKy, cofepxaluyto bnmcrep CxUAKoN
BUpYCCOAepaLLieil CycneH3ueit, Bo BTOPOI rpynne — OpuKeT-npumaHKy, BHyTpb KOTOPOV MOMeLLLeHa XenaTuHoBaA Kancyna c IMo¢unu3upoBaHHoii cycneH3ueli
BUpYca. Yepe3 21 cyT nocse MMMyHU3aLM Y BCeX XKUBOTHBIX 0TOMPany Npobbl KPOBY, MONyUYEHHbIE U3 HUX CbIBOPOTKY UCCIe0BANM B PeaKLui HeiiTpanu3aLum
[N onpeeneHa TATPOB BUPYCHERTpanu3yloLLux aHTuTen. HanpaxeHHOCTb aHTMpabuyeckoro MMMYHUTETa y BAaKLIMHUPOBAHHbIX C06aK OLieHIBaN NyTem UHTpa-
Liepe6panbHOro 3apaxeHus 1BOTHBIX BUPYNEHTHbIM BUpYCoM betlieHcTBa Wwramma CVS. B pe3ynbTate npoBeaeHHOro MCCNe0BaHMA YCTaHOBNEHO, UTo B 06eunx
rpynnax UMMyHU3UPOBAHHbIX CO6aK TUTPbI BUPYCHEATPANM3YHOWIMX aHTUTeN Gbiv NPUMEPHO OAUHAKOBLIMM I HAXOAUAMCH B AnanasoHe ot 3,25 10 4,33 log,.
BblpaboTaHHble y IMMYHI3MPOBAHHDIX CO6aK BUPYCHelTpanu3yloLLe aHTuTena obecneunBani HaaexHyt 3alluTy oT BUpYNeHTHoro Bupyca wramma CVS. Bee
KUBOTHbIE KOHTPOMIbHOM TPyNMbl NOCAE 3apaxeHna Nornban ¢ KNMHUYECKUMI NPU3HaKaMu napanuTuyeckoi Gopmbl bewueHcTBa. MonyyeHHble pe3ynbratbl
CBUAETENbCTBYIOT 06 3QPeKTUBHOCTY 06X GopMm OpanbHbIX BaKLIUH NPOTUB beLeHCTBa.

KnioueBbie cnoBa: BUpyc GELLIEH(TBB, nepopanbHaA BakLUWHa, X1KadA BaKLHa, HMO¢MHM3MpoBaHHaﬂ BaKLHa, aHTUTENa, UMMYHUTET
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INTRODUCTION

Heads of State in 2018 to prevent and control rabies for

Rabies is a viral disease affecting central nervous sys-
tem of mammals, including humans [1]. Currently, this di-
sease is endemic in more than 150 countries around the
world. Despite the fact that rabies is preventable, accor-
ding to the World Health Organization (WHO), 59 thou-
sand people die from it every year in the world, mainly
in the poorest and most vulnerable communities. About
40% of the victims are children under the age of 15 living
in Asia and Africa [2].

The global response to rabies has been fragmented
and poorly coordinated so far. Currently, a collective
initiative “Unite Against Rabies” is being implemented
under the WHO, the goal of the initiative is to achieve
zero human deaths from rabies transmitted by dogs
by 2030 [3]. A set of joint actions of the the CIS Member
States was adopted at the meeting of the CIS Council of

the period up to 2025 [4].

Wildlife rabies control tactics have changed critical-
ly over the past few decades, partially due to the latest
scientific discoveries. Historically, rabies control measures
mainly consisted in destruction of target animal spe-
cies [5]. However, scientific breakthroughs have made it
possible to develop a method of oral immunization of wild
animals by packaging rabies vaccine inside edible baits
for carnivores.

There are now various types and forms of baits. Most
of them have approximately the same structure and con-
sist of a blister with a vaccine packaged inside a tasty bait,
with slight variations in size, bait compositions and types
of blisters [6, 7].

Most viruses used in production of live oral rabies
vaccines originate from the attenuated Evelyn-Rokitnicki-
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Abelseth (ERA) strain, which was derived from the original
Street-Alabama-Dufferin (SAD) strain. The parental SAD
strain was isolated from the salivary glands of a rabies-
infected dog in the USA, in 1935, and then attenuated by
serial passages in mice, chicken embryos and various cell
lines and was renamed as ERA [8]. The modified SAD Bern
vaccine strain was obtained as a result of serial passages of
the ERA strain in cell cultures, it was used in the first trials
of an oral rabies vaccine in Switzerland [9].

The success of wildlife rabies control by oral immuni-
zation has been demonstrated in a number of European
countries, such as Estonia, France, Italy and Switzerland.
It should be noted that these countries were declared ra-
bies-free only after several years of oral vaccination cam-
paigns using baits containing SAG2 vaccine strain (France
also used the recombinant V-RG vaccine) [10-12].

SAG2 (SAD Avirulent Gif) rabies virus strain is a modi-
fied live virus selected from SAD Bern in 1990 as a result of
two successive mutations [13].

Canada and the USA demonstrated successful use of
recombinant vaccines based on vaccinia virus and hu-
man adenovirus serotype 5: RABORAL V-RG® (Boehringer
Ingelheim Animal Health Inc., USA) and ONRAB® (Artemis
Technologies Inc., Canada) for immunization of wild ani-
mals [14-17]. These vaccines were produced on the basis
of a viral vector, which was created in 1984 as a recombi-
nant vaccinia virus V-RG expressing G-protein gene of ERA
rabies virus strain [11, 12, 18].

There are also freeze-dried oral rabies vaccines. One of
them was developed by scientists from VNIIVVIM (Russia)’,
the product contains a fixed rabies virus strain TS-80, ob-
tained in 1980 by G. A. Safonov et al. and deposited in the
VGNKI on February 17, 1988 [19]. RABIGEN® SAG2 vaccine,
developed by Virbac laboratory scientists (France), is an-
other means of specific prevention that has been used in
practice. This product is a live modified attenuated rabies
vaccine based on recombinant SAG2 rabies virus strain se-
lected from SAD Bern strain during a two-stage amino acid
mutation using neutralizing monoclonal antibodies. The
effectiveness of RABIGEN® SAG2 has been demonstrated
in accordance with the EU requirements for red fox and
raccoon dog in Estonia, France, Italy and Switzerland [10].

Despite the fact that the effectiveness of oral immu-
nization of wild carnivores was experimentally confirmed,
in order to develop and improve vaccines it is critically im-
portant to understand how vaccine viruses penetrate into
the host cell and replicate there.

In order to prevent rabies in the field, many countries
use blisters with a vaccine (filled with virus-containing
suspension prepared from different virus strains). How-
ever, some researchers have noted that the distribution of
block-type baits in cold weather can make the main im-
munogenic component freeze, therefore, when the bait is
eaten by animals, the vaccine does not have contact with
mucous membrane of the oral cavity, but gets into the
stomach, thus reducing effectiveness of vaccination [20].
A possible solution to this problem is to use the vaccine
with an acid-protective coating that protects the virus

from the inactivating effects of gastric juice, or to use
freeze-dried oral vaccine that is stable at low temperatures
and does not require chewing for the vaccine virus to have
contact with the oropharyngeal mucosa [21, 22].

The aim of the study is to compare immunogenic ef-
fectiveness of liquid and freeze-dried rabies vaccine pro-
duced from rabies virus strain VRC-RZ2.

MATERIALS AND METHODS

The vaccine strain of the virus. Fixed rabies virus strain
VRC-RZ2 was obtained from an organ/tissue rabic isolate
(puppy brain) and deposited in the collection of micro-
organisms of the RSE “Research Institute for Biological
Safety Problems” (RSE “RIBSP’, Kazakhstan) with the regis-
tration number P-7-04/D. This strain is recommended for
production of rabies vaccine used for oral immunization
of animals (Patent RK No. 174532). The titer of the vaccine
strain is 6.0-6.5 Ilg MLD, /0.03 cm”®.

Vaccine. Oral vaccines from VRC-RZ2 strain were used
for the research. The vaccines were used in two forms:

- liquid - the product weighing — 25-30 g contains
10 cm? of rabies virus suspension in a blister packaged
in a block-type bait. The virus titer in one vaccine dose is
1075 TCID, /cm?.

- freeze-dried - the product weighing — 25-30 g con-
tains 10 cm? of freeze-dried suspension of rabies virus with
a stabilizing and acid-resistant polymer in a gelatin cap-
sule packaged in a block-type bait. The virus titer in one
vaccine dose is 107 TCID, /cm®.

Challenge virus. Reference rabies virus strain CVS was
used in the experiment. It is maintained and stored in the
collection of microorganisms of the RSE “RIBSP” (Kazakh-
stan). The infectious activity of the virus is 4.5-5.0 MLD, .

Animals and preparing them for the experiment. 15 mon-
grel dogs aged 3 months and older were used in the re-
search.

Before the experiment started, the animals were iden-
tified and quarantined for 14 days. During the quarantine
they were dewormed, subjected to clinical examination
and their sera were tested for specific antibodies to rabies
virus in virus neutralization test (VNT) [23]. For the pur-
poses of the experiment, we used those dogs who had
no specific antibodies to rabies virus and had not been
previously vaccinated against this disease.

Experiments on animals were carried out in accordance
with national and international laws and regulations on
protection and welfare of animals. The protocol was
approved by the Ethical Committee on Animal Experi-
mentation of RSE “RIBSP” of the Committee of Science of
the Ministry of Education and Science of the Republic of
Kazakhstan (Authorization Number: 0701/20).

Experiments on animals. At the end of the quarantine,
the dogs were kept without food for one day, then they
were randomly divided into three groups (5 dogs in each).
Animals of Group One were fed a block-type bait with
liquid vaccine in a blister, dogs of Group Two were fed a
block-type bait with freeze-dried vaccine in a gelatin cap-
sule. Group Three was used as a control. On Day 21 post

" Khripunov E. M., Isakova N. B., Evseeva S. D,, Vishnyakov I. F,, Nedo-
sekov V.V., Zhesterev V. ., et al. Virus vaccine against rabies for oral
immunization of carnivores. Patent No. 2157700 Russian Federation,
MPK A61K 39/205(2006.01), C12N 7/00(2006.01). VNIIVViM. Applica-
tion 25.01.1999. Publ. 20.10.2000.

2 Rusanova A. M,, Zhilin Ye. S., Troitsky Ye. N., Mamadaliev S. M., Barakba-
yev K. B., Demchenko A. G. Fixed rabies virus strain VRC-RZ2 for prepara-
tion of preventive and diagnostic products. Patent No. 17453 Republic
of Kazakhstan, MPK C12N 7/00, C12R 1/93, A61K 39/205. Application
10.12.2004. Publ. 15.12.2009. Bulletin No. 12.
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Fig. Effectiveness of oral vaccination of dogs with liquid and freeze-dried vaccines

Table
Challenge of vaccinated dogs with virulent CVS strain of rabies virus

Animal Group Animal Number Infection dose, MLD,,
1.1 100 -

12 100 -
Group One (experimental) 13 100 -
14 1,000 -
15 1,000 -
21 100 -
22 100 -
Group Two (experimental) 23 100 +
24 1,000 -
25 1,000 -

“+"— the animal is affected;
“—"—the animal is not affected.

vaccination, blood samples were taken from all the dogs,
the obtained sera were tested in VNT [23] to determine the
titers of virus neutralizing antibodies (VNA).

Challenge. In order to assess anti-rabies immunity, on
Day 21 post vaccination all the animals were intracere-
brally infected with virulent rabies virus strain CVS at
a dose of 100 and 1,000 MLD,, and clinically observed
for 21 days.

Diffusion precipitation reaction (DPR). DPR was carried
out according to GOST 26075-20133.

Statistical data processing. Statistical analysis was per-
formed using GraphPad Prism Version 8.0.1. Two-way
ANOVAs test was used to analyse serological test results
after vaccination with both vaccines, as well as the diffe-
rence between the groups after the challenge. The value

3 GOST 26075-2013. Animals. Methods of Laboratory Diagnostic of Rabies.
Moscow: Standartinform; 2014. 10 p. Available at: https://base.garant.
ru/70995746.

of P < 0.05 was considered statistically significant. The
difference in the vaccination effectiveness between the
groups was assessed by One-Sided Fisher’s Exact Test for
two proportions at the Alpha significance level < 0.05.

RESULTS AND DISCUSSION

Observation of the vaccinated animals revealed that
dogs remained healthy for 21 days after immunization,
no changes in behavior or rabies clinical symptoms were
recorded, thus, suggesting that the oral vaccines used in
the experiment were safe.

Postvaccinal immunity was assessed by the level of ra-
bies VNA in the vaccinated animals. The experiment results
are shown in the figure.

It was found that dogs from Group One vaccinated
with the liquid vaccine had VNA titers ranging from 3.33
to 4.33 log,. VNA titre in Group Two immunized with
freeze-dried virus-containing suspension was in the range
from 3.25 to 4.33 log.,. Despite different forms of the oral
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vaccine used in the experiment, the maximum level of VYNA
in both groups of the vaccinated animals was 4.33 log,,
while there was no significant difference between VNA
titers in Group One and Group Two (P > 0.05).

It was demonstrated that the VNA developed in dogs
of both groups immunized with different forms of the oral
vaccine protected against infection with virulent rabies vi-
rus strain CVS.The experiment results are given in the table.

After intracerebral infection, all animals of Group One
remained clinically healthy for 21 days, regardless of the
infection dose. In Group Two, one dog (No. 2.3) died on
Day 3 after infection, the rest of the animals were clinically
healthy throughout the whole observation period, regard-
less of the dose of infection. As DPR showed no specific ra-
bies virus antigen was detected in the brain samples taken
from the dead dog. All animals of the control group died
within 5-8 days demonstrating clinical signs of paralytic
form of rabies. Specificity of the disease and the death of
dogs were confirmed in the DPR.

The results obtained show that both forms of the oral
rabies vaccines are effective.

CONCLUSION

Analyzing the data obtained, it can be concluded that
both tested rabies vaccines, produced on the basis of ra-
bies virus strain VRC-RZ2 and used orally for dog vaccina-
tion, induce virus neutralizing antibody response resulting
in 100% protection against intracerebral infection with
virulent rabies virus strain CVS. Taking into account that
the freeze-dried oral vaccine is more stable at low tem-
peratures, it can be used in various geographical zones
of Kazakhstan.
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