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SUMMARY

Development of specific protection in susceptible carnivores against COVID-19 caused by zoonotic agent is of great importance for maintaining epidemic
and veterinary favourable situation in the Russian Federation and prevention of new coronavirus infection spread in humans. Development of inactivated adsorbed
whole-virion vaccine (Carnivac-Cov) against coronavirus infection (COVID-19) for carnivores intended for specific disease prevention in fur animals and pet animals
(cats and dogs) and tests of the vaccine for its safety and effectiveness are described in the paper. The vaccine was developed and tested at the FGBI “ARRIAH”
(VIadimir) subordinated to the Rosselkhoznadzor in accordance with the Russian Federation legislation requirements. Clinical trials were carried out on fur farms, in
veterinary clinics and animal shelters. More than 330 animals (fur animals, cats, dogs) were involved in the preclinical and clinical trials. The trials have demonstrated
that the vaccine i safe for target animals. Carnivac-Cov vaccine administered twice intramuscularly at the dose of 1.0 cm? induces anti-SARS-CoV-2 immune response
14 days after the second administration that lasts for at least 6 months. The vaccine transportation, storage and application do not require any specific protective
equipment. The vaccine can be used on fur farms and in veterinary clinics without limitations. Carnivac-Cov is the first tool for specific COVID-19 prevention in
animals. The vaccine has successfully passed comprehensive quality control and is registered in the Russian Federation.
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PE3IOME

[lina obecneyenna 3nn300Tuyeckoro 1 BeTepuHapHoro 6narononyuusa Poccuitckoii Oefepauii n npesoTBpaLLeHNa pacnpoCcTpaHeHNa HOBOIA KOPOHABMPYCHOI
UHOEKLMM Cpeam Nlofeil nepBoCTeneHHOe 3HaueHe UMeeT BONPoC OpMUPOBAHNA CeLNPUYEcKoil 3aLLUTbI CPeAN BOCTPUMMUNBBIX MAOTOAAHBIX KUBOTHbIX
npotu COVID-19, Bo36yauTens koToporo 06nafaeT 300H03HbIM NOTEHLMaNOM. B cTaTbe npescTaBeHbl pe3ynbTaTbl pa3paboTky, a Takie OLIEHKI 6e3BpesHOCTH
13$deKTUBHOCTY MHAKTUBUPOBAHHOIA COPOUPOBAHHOI LIeNbHOBUPUOHHON BaKLMHbI NPOTUB KOpoHaBupycHoi ukdexwm (COVID-19) Ans NNOTOALHBIX KUBOTHbIX
«KapHuBak-Ko», npeiHa3HaueHHoi Ana cneuuueckoil npodunakTvky 3a6onesaxna nyLUHbIX 3Bepeil v XKUBOTHIX-KOMNaHbOHOB (cobaK 1 KoLuek). PaspaboTky
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11 KOHTPONb KauecTBa Npenapara oCyLLeCTBAANN CornacHo TpeboBaHMAM 3akoHoAaTenbcTBa Poccuiickoil Defepaumy Ha 6ase noasegomcTBeHHoro Poccenbxos-
Haazopy OIbY «BHUU3X» (r. Bnagimup). Knunuueckne ncnbitanua npoBOANUAY B yCNOBIAX 3BePOBOAYECKIX X03AICTB, BETEPUHAPHDIX roCnuTaneli u npuiotoB
ANAKUBOTHBIX. B 061Ut CNOXHOCTY NpY NPOBEAEHNIN SOKAVHUYECKUX 11 KIMHUYECKIX MCCNeZ0BaHMI yuacTBOBaNO bonee 330 roNoB XMBOTHBIX (MyLUHble 3BepH,
KoLK, cobakn). [poBeieHHble UCnbiTaHNA NpenapaTa nokasany ero 6e3BpeaHOCTb ANA LieneBbIX KUBOTHbIX. Yepe3 14 cyTok nocnie ABYKPaTHOr0 BHYTPUMbILLIEY-
Horo BBeZieHUs UMMyHU3UpyloLLeii 103l (1,0 cv®) «KapHuBak-KoB» Bbi3biBaeT hOpMUpOBaHIe IMMYHHOTO 0TBeTa NpoTuB SARS-CoV-2 NposomKUTENbHOCTbIO
He MeHee 6 Mec. TpaHCMOPTUPOBKa, XpaHeH e 1 MpUMeHeHve npenapata He TpebyeT obecneyeHina 0cobbix yCnoBHiA. BakuuHa MoXeT cBO60AHO UCMONb30BaTLCA
B YCNOBUAX 3BEPOBOAYECKIX X03AIACTB 1 BeTepUHapHbIX KNMHUK. «KapHUBak-KoB» ABNAETCA NepBbIM B MUPe MHCTPYMEHTOM CreLnduyeckoi npodunakTuki
COVID-19 y xmBoTHbIX. [penapar ycnewHo npoLLen BCecTopoHHMIA KOHTPOMb KauecTBa 11 3aperncTpupoBaH Ha Tepputopun Poccuiickoii Oepepaumn.

KnioueBbie cnosa: SARS-CoV-2, npodunaktuka, COVID-19, 6e3BpeaHoCTb 1 3¢deKTUBHOCTb BaKLMHDI, MYLUHOE 3BePOBOACTBO, XKIBOTHbIE-KOMMAHbOHbI.

bnaropapHocTb: Pabota BbinonHeHa 3a cuet cpeacts OTBY «BHUN3M» B pamkax TemaTinku HayuHO-UCCnefoBaTeNbCkuX paboT «Pa3paboTka KomnneKcHoil
CUCTEMbI KOHTPONA MHPEKLIMOHHbIX 60NIe3Hel XUBOTHbIX U COBEPLUEHCTBOBaHME METOAOB UCCNe[0BAHNA 0CTaTKOB 3aMpeLLeHHbIX 1 BPeAHbIX BelLeCTB B opra-
HU3Me XMBOTHBIX, KOPMaXx 1 NPOAYKTaX KUBOTHOTO NPOUCXOXKIEHUAY.

[inauutuposanus: fankunaT. C., Hectepos A. A., bopuco A. B., Yana . A., KoHowoB A. B. Co3aaHue BakUMHbI NpoTvB KopoHasupycHoii uHdekuum (COVID-19)

NN0TOAAHBIX XUBOTHbIX «KapHuBak-Ko». Bemepurapus cezodHs. 2021; 2 (37): 82-87. DOI: 10.29326/2304-196X-2021-2-37-82-87.

Kondnukt nnrepecos: ABTopbl 3aABAAIT 00 OTCYTCTBUM KOHGNMKTA MHTEPECOB.

[ins KoppecnonaeHuymnn: fankuHa TaTbAHa CepreeBHa, KAHANAAT BETEPUHAPHDIX HayK, 3aBedytoLLnii nabopatopueit npodunakTinki bonesHei Menkux fo-
MaLLHKX XuBOTHbIX OIBY «BHUN3X», 600901, Poccus, r. Bnapumup, mkp. 0pbesew, e-mail: galkina_ts@arriah.ru.

INTRODUCTION

The first human cases of COVID-19, the disease caused
by new SARS-CoV-2 coronavirus, were officially reported
in Wuhan, People’s Republic of China, in December 2019.
Since that time the disease has spread around the world,
affected more than 170 min people and caused more than
3.5 min human deaths. Cases of COVID-19 transmission
from human to animals, its agent circulation in animal po-
pulation and its transmission back to humans were official-
ly reported [1, 2]. COVID-19 infection agent is an enveloped
single-stranded non-segmented RNA-virus, SARS-CoV-2,
belonging to Coronaviridae family, Betacoronavirus genus.
Coronaviridae family members are the major pathogens of
mammals (including humans), amphibians and birds [3-5].

Coronaviruses have multiple virus subgroups. Alpha-
and beta-coronaviruses (including coronavirus causing
common cold in humans) as a rule affect mammals;
gamma- and delta-coronaviruses generally cause infec-
tious diseases in birds and fish. Many of the common
coronaviruses causing diseases in domestic animals, such
as feline enteral coronavirus, belong to alpha coronaviru-
ses. SARS-CoV-2 affecting the human respiratory system
belongs to beta-coronavirus group [4, 6-8].

The initial source of COVID-19 infection agent has
not yet been identified, but the World Health Organiza-
tion (WHO) and World Organization for Animal Health (OIE)
are both of opinion that bats are the most probable envi-
ronmental reservoir of SARS-CoV-2. However, the agent
could undergo passages in an animal of other species that
was an intermediate host, before it infected the human
for the first time. Such intermediate host is supposed to
be a livestock animal, wild animal or farmed wild animal.
The role of animals in the infection spread is not clearly
defined. However, according to the OIE, some animal spe-
cies are susceptible to COVID-19. Zoonotic potential of
the agent was confirmed for the first time by detection
of SARS-CoV-2 genome in biomaterial samples collected
from dogs in Hong Kong [9-13].

SARS-CoV-2-susceptibility of animals is currently not
sufficiently understood, but there are some reports on
experimental infection of ferrets, cats, dogs and pigs. It
was demonstrated that SARS-CoV-2 effectively replicated
in cats and ferrets but dogs were low susceptible [4, 11].
B. S. Pickering et al. showed that pigs were susceptible to
nasal infection with SARS-CoV-2 at a high dose [12].

COVID-19 agent was identified and reported in mink
population in 10 countries: Canada, Denmark, France,
Greece, Italy, Lithuania, the Netherlands, Spain, Sweden
and the United States of America. First two disease out-
breaks on mink farms were reported in the Netherlands
in April 2020. Most affected farms reported SARS-CoV-2
infection cases in their workers that supposed coronavirus
transmission from humans (animal owner or handlers) to
minks and was indicative of the agent ability to become
a reverse zoonosis [1, 2, 13-15]. The situation was the
most complicated in Denmark where more than 17 min
minks were culled on fur farms due to partially detection
of SARS-CoV-2 mutation (cluster 5) variant that was able
to transmit from animals to humans [1, 2].

Thereafter, cases of SARS-CoV-2 infection in animals of
different species with respiratory and intestinal signs were
detected in several countries.

Emerging infectious diseases often pose threat to wild-
life and biological diversity. Fur animals escaping from the
farm can become the virus-maintaining source and can
cause agent spillover to sympatric wild animal species in
case of susceptible species presence. Currently available
information is not sufficient to assess the probability of
SARS-CoV-2 reservoir establishment in susceptible wild
animals.

Mink escaping from the farm has always been a prob-
lem for the countries where fur farming exists or has exis-
ted. It is believed that the number of escapes increases
during mass culling. It was found in one region of Denmark
that the majority of the minks living in the region were
born on a farm and then escaped. This is indicative of the
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role of the farms as an actual sources for wild population
replenishment and maintaining of mink population at
large size. Similar conclusions were made in other coun-
tries. Escaped minks come into contact with wild minks:
hybridization between farmed and wild individuals in the
wild were documented.

The first free-ranged local wild mink with confirmed
SARS-CoV-2 infection was detected in Utah State (USA) in
December 2020. Phylogenetic analysis of the recovered
virus isolate confirmed that it was closely related to the vi-
rus isolated from the animals on a mink farm. This suggests
that the wild mink has been infected through indirect or
direct contact to the infected farmed minks [14, 15].

The risk of SARS-CoV-2 infection of humans by fur ani-
mals poses a serious threat to human health and socio-
economic development. The agent can be transmitted
from fur animals to wild animals through direct contact
between wild and infected farmed animals as well as in-
directly via infected carcasses, wastes and other contami-
nated objects, as a result of direct and indirect contacts
between fur animals/contaminated objects and stray
animals. Such stray animals could be an intermediate
species and transmit the virus to susceptible wild animals.
SARS-CoV-2 spread on mink farms creates new opportu-
nities for its evolution due to facilitating the agent trans-
mission to wild animal species that could become the virus
reservoirs [1, 2,13, 15].

Thus, development of specific anti-COVID-19 protec-
tion in susceptible carnivores is of utmost importance for
maintaining favorable veterinary situation in the Russian
Federation and prevention of the disease spread in humans.

Considering the abovementioned, the Rosselkhoz-
nadzor-subordinated FGBI “ARRIAH" was tasked to deve-
lop safe and effective vaccine against coronavirus infec-
tion (COVID-19) for carnivores and register it in the Russian
Federation.

MATERIALS AND METHODS

Carnivac-Cov vaccine was developed and tested for
its quality in accordance with Federal Law No. 61-FZ on
circulation of medcines and Order of the Ministry of Ag-
riculture of the Russian Federation No. 101 on approval
of the rules for preclinical testing of veterinary medicinal
products, clinical trials of veterinary medicinal products,
tests of veterinary medicinal products for bioequivalence.

Four pilot vaccine batches were used for preclinical and
clinical tests.

Carnivac-Cov vaccine active substance is inactivated
SARS-CoV virus. Aluminum hydroxide was used as an ad-
sorbing agent. All vaccine components were thoroughly
tested during incoming quality control including tests for
sterility and antigen innocuity in Vero C1008 by three con-
secutive passages.

Preclinical tests were performed at the FGBI “ARRIAH";
130 animals of different species (ferrets, minks, dogs, cats)
were used for preclinical trials. Clinical trials were per-
formed in 200 target animals (cats, dogs, minks, Arctic
foxes, etc.) on fur farms, in veterinary clinics and animal
shelters.

The animals were kept and used in accordance with the
Guidelines for laboratory animal keeping and use (Direc-
tive 2010/63/EU of the European Parliament and Council
of the European Union of 22 September 2012).

Serum samples from the animals were tested for speci-
fic antibodies against SARS-CoV-2 in accordance with the
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Methodical Guidelines for detection of anti-SARS-CoV-2
antibodies with enzyme-linked immunosorbent assay in
sera of susceptible animals [16].

RESULTS AND DISCUSSION

Carnivac-Cov vaccine was examined for the following
during its preclinical tests: interaction with other veteri-
nary medicinal products, toxicity for target and laboratory
animals, vaccine tolerability in healthy animals, immunity
duration.

Ferrets, minks, dogs and cats were used to determine
the interaction of the vaccine with other immunologicals.
Animals of each species were divided into four groups iso-
lated from each other, 5 animals per group. The animals of
the first groups were immunized with Carnivac-Cov vac-
cine, animals of the second groups were simultaneously
immunized with Carnivac-Cov vaccine and anti-rabies
vaccine, animals of the third groups were vaccinated with
the anti-rabies vaccine 5 days after Carnivac-Cov admi-
nistration and animals of the fourth groups remained
non-immunized.

Blood samples were collected from the animals 14 days
after their vaccination with Carnivac-Cov for sera prepara-
tion; the sera were tested for specific antibodies against
SARS-CoV-2 with enzyme-linked immunosorbent as-
say (ELISA). Test results showed that the antibody levels
in Carnivac-Cov vaccine-immunized test animals were
1:200-1:800 [16].

No signs of depression, loss of appetite, body tem-
perature rise or other clinical disorders were detected in
test animals during observation period of 35 days that
together with serological test results demonstrated Car-
nivac-Cov vaccine compatibility with other veterinary
medicinal products.

The vaccine was tested for its toxicity in ferrets, minks,
dogs, cats and white mice. Animals of each species were
divided into two groups, 5 animals per group. One im-
munizing dose (1.0 cm?) of the vaccine was administered
intramuscularly to the animals of the first groups. The vac-
cine was administered three times during the day every
6 hours.The animals of the second groups remained intact
(control groups). The animals of all groups were observed
for clinical signs including body temperature measuring
and recording the observation results during 14 days after
the vaccine administration. The animals were euthanized
on day 15 after the experiment had started and then sub-
jected to post-mortem examination for possible organ and
tissue lesions.

No intoxication signs were detected in animals of all
test groups: general body condition, body temperature,
water and feed intake, etc. were similar to that ones in
control groups of animals. Obtained data showed that Car-
nivac-Cov vaccine was not toxic for the said animal species.

The vaccine was tested for its tolerability in healthy ani-
mals. The tests were carried out in ferrets, minks, dogs, cats
injected intramuscularly by the recommended vaccine
dose (1.0 cm?) as well as by the vaccine doses that were 5,
10 and 50 times higher than the recommended dose. Each
vaccine dose was administered intramuscularly twice with
a 21-day interval. The animals of all groups were clinically
observed for 35 days after the first vaccine administration.
Afterwards, the animals were euthanized and subjected to
post-mortem examination. The test findings showed that
the vaccine administered at the recommended doses or
at the excessive doses induced no local reactions and had
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no lethal effect. Post-mortem examination showed that
organs of all test animals were normal. Thus, obtained
results have shown that Carnivac-Cov vaccine is safe and
non-reactogenic for carnivores.

Tests for determination of the vaccine immunizing dose
were carried out in 2 months-old ferrets, minks, dogs and
cats (35 animals of each species). The animals were divi-
ded into isolated groups, 5 animals per group, were intra-
muscularly injected with the vaccine at a dose of 0.5; 1.0
and 2.0 cm?® once and injected twice at the same doses at
a 21-day interval. The animals were examined for clinical
signs with daily thermometry during the whole observa-
tion period.

Blood samples were collected from all animals 14 days
after the last pilot vaccine administration. The prepared
sera were tested with ELISA for detection of specific anti-
SARS-CoV-2 antibodies.

ELISA tests showed that average specific anti-SARS-
CoV-2 antibody level in the animals vaccinated with Carni-
vac-Cov vaccine at a dose of 0.5 cm?® was significantly lower
than that ones in animals immunized with the vaccine at
doses 1.0 and 2.0 cm® (Table):

Thus, obtained results indicated that the minimal
immunizing dose of the pilot vaccine was 1.0 cm*when
the vaccine was administered intramuscularly twice at
a 21-day interval.

Tests for assessment of postvaccinal immunity duration
were carried out in ferrets, minks, dogs and cats (13 ani-
mals of each species) divided into groups isolated from
each other. Animals of tests groups (10 animals of each
species per group) were immunized with Carnivac-Cov
vaccine by double intramuscular injection of 1.0 cm? at
a 21-day interval. The animals of control groups (3 animals
of each species per group) remained non-vaccinated.

Blood samples were collected from all animals 2, 4 and
6 months after immunization and the prepared sera were
tested with ELISA for detection of specific anti-SARS-CoV-2
antibodies.

Sera test results showed that average specific anti-
SARS-CoV-2 antibody level in samples from the immu-
nized animals (test groups) was 1:420-1:520 during
6 months. Whereas, no specific anti-SARS-CoV-2 antibo-
dies were detected in sera collected from non-vaccinated
animals (control groups). Thus, the test results show that
Carnivac-Cov vaccine induces strong immunity response
against coronavirus infection (COVID-19) agent in the im-
munized carnivores that lasts for at least 6 months.

The vaccine contains no infectious agent or toxic sub-
stances and does not pose a potential threat to humans
and environment.

Carnivac-Cov vaccine was proven safe and effective
during the preclinical trials and that allowed for clinical
trials of the vaccine in cats, dogs, fur animals (minks, Arctic
foxes, foxes). The trials were carried out in target animals
(cats, dogs, minks, Arctic foxes, foxes) of different ages on
fur farms, in veterinary clinics and animal shelters. The
animals were injected intramuscularly twice with Carni-
vac-Cov vaccine at a dose of 1.0 cm® with a 21-day inter-
val (Fig. 1-3).

No local tissue reactions to the vaccine injection, dis-
ease signs or animal deaths were detected in the animals
during the observation period.

Blood samples were taken from the immunized animals
(cats, dogs, fur animals) 2,4 and 6 months after vaccination
to confirm duration of the postvaccinal immunity induced

by Carnivac-Cov in target animals in the field. Prepared
sera were tested with ELISA for specific anti-SARS-CoV-2
antibodies.

Tests showed that average specific anti-SARS-CoV-2 anti-
body levels in sera collected from the immunized animals
remained high throughout the whole observation period
and were as follows per group: 1:485 in cats, 1:304 in dogs,
1:500 in fur animals (Fig. 4-6). Clinical trial results confirmed
Carnivac-Cov vaccine safety and effectiveness.

Successful preclinical and clinical trials of Carni-
vac-Cov vaccine provided grounds for preparation of the

Table
Results of testing of sera from carnivores immunized with Carnivac-Cov vaccine

Tabnuua
Pe3ynbTatbl uccnepoBaHuA Npo6 cbIBOPOTKM KPOBY MAOTOAAHBIX XKUBOTHBIX,
MMMYHN3UPOBaHHbIX BaKLuHoii «KapHusak-Kos»

Injected dose,
volume / number
of injections

Number of

Animal species .
animals

level

Average antibody

1 5 0.5 cm*/once

2 5 0.5 cm*/twice 1:100
3 5 1.0 cm*/once 1:140
4 ferrets 5 1.0 cm*/twice 1:440
5 5 2.0 cm*/once 1:160
6 5 2.0 cm/twice 1:480
7 5 control <1:50
8 5 0.5 cm’/once 1:60
9 5 0.5 cm*/twice 1:100
10 5 1.0 cm*/once 1:120
N minks 5 1.0 cm*/twice 1:440
12 5 2.0 cm*/once 1:120
13 5 2.0 cm’/twice 1:340
14 5 control <1:50
15 5 0.5 cm*/once 1:80
16 5 0.5 cm*/twice 1:90
17 5 1.0 cm*/once 1:80
18 dogs 5 1.0 cm*/twice 1:240
19 5 2.0 cm*/once 1:150
20 5 2.0 cmP/twice 1:280
21 5 control <1:50
22 5 0.5 cm’/once 1:70
23 5 0.5 cm*/twice 1:110
24 5 1.0 cm*/once 1:120
25 cats 5 1.0 cm*/twice 1:360
26 5 2.0 cm*/once 1:150
27 5 2.0 cmP/twice 1:280
28 5 control <1:50
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Fig. 1. Carnivac-Cov vaccine is intramuscularly administered to the puppy
Puc. 1. BHympumebiweyHoe ssedeHue 8akyuHsl «KapHusak-Koe» weHKy

Fig. 2. Carnivac-Cov vaccine is intramuscularly administered to the cat

Puc. 2. BHympumbliweyHoe ssedeHue 8akyuHbl «KapHusak-Koe» kowke

Fig. 3. Carnivac-Cov vaccine is intramuscularly administered to the mink

Puc. 3. BHympumsiweyHoe 88edeHue 8akyuHel <KapHugak-Koe» Hopke

registration dossier for the adsorbed inactivated vaccine
against coronavirus infection (COVID-19) for carnivores
and subsequent registration of the said vaccine in the
Russian Federation.

CONCLUSION

Effective and safe product for specificimmunization of
carnivores against COVID-19 was developed based on the
studies performed at the FGBI“ARRIAH". Double immuniza-
tion of the animals at a dose of 1.0 cm® with a 21-day inter-
val induces antibody development at the following levels:
1:485 in cats, 1:304 in dogs, 1:500 in fur animals. The vac-
cine has been proven safe, non-reactogenic for carnivores.
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