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ABSTRACT
Introduction. Recently “Carnican-5R” vaccine against canine distemper, parvovirus and coronavirus enteritis, adenovirus infection and dog rabies has been 
developed at the Rosselkhoznadzor-subordinated Federal Center for Animal Health (FGBI “ARRIAH”, Vladimir) in accordance with the Russian Federation legislative 
requirements. The virus strains currently circulating and significant in the country were used for the vaccine development.
Objective. Testing of “Carnican-5R” vaccine for its antigenic properties in target animals including determination of humoral immunity development time and 
duration during the observation period.
Materials and methods. “Carnican-5R” combined vaccine containing two components: freeze-dried component and liquid component were used for the test. 
Dogs at the age of 10–12 weeks served as animal models for testing the vaccine for its antigenic properties. The antibody levels were determined with virus 
neutralization test, hemagglutination inhibition test and fluorescent antibody virus neutralization test.
Results. Vaccination of dogs was found to induce antibodies to the pathogens of the specified infections. Double “Carnican-5R” vaccine administration at 21-day 
interval induced strong humoral response by day 35 after its first administration and an increase in the antibody titers to canine distemper – by 8.6 times, to canine 
parvovirus type 2 – by 2.1 times, to canine coronavirus – by 5.0 times, to canine adenovirus serotype 2 – by 5.36 times, to the rabies virus – by 5.72 times. The 
specific immunity lasted for at least 12 months and virus-specific antibodies titers to the pathogens remained at the protective levels.
Conclusion. “Carnican-5R” vaccine is safe and non-reactogenic for target animals and induces strong immunity in dogs that lasts for at least 12 months from the 
date of booster vaccination.
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Изучение антигенных свойств вакцины  
против чумы плотоядных, парвовирусного 
и коронавирусного энтеритов, аденовирусной инфекции 
и бешенства собак
А. А. Климова, А. А. Комарова, А. М. Киселев, Т. С. Галкина
ФГБУ «Федеральный центр охраны здоровья животных» (ФГБУ «ВНИИЗЖ»), мкр. Юрьевец, г. Владимир, 600901, Россия

РЕЗЮМЕ 
Введение. В настоящий момент на базе подведомственного Россельхознадзору Федерального центра охраны здоровья животных (ФГБУ «ВНИИЗЖ», 
г. Владимир) разработана в соответствии с требованиями законодательства Российской Федерации вакцина против чумы плотоядных, парвовирусного 
и коронавирусного энтеритов, аденовирусной инфекции и бешенства собак «Карникан-5R». Для ее создания были использованы штаммы вирусов, 
циркулирующие на территории страны и актуальные в настоящее время. 
Цель исследования. Изучение антигенных свойств вакцины «Карникан-5R» на целевых животных: определение срока формирования гуморального 
иммунитета и продолжительности иммунитета на протяжении периода наблюдения.
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Rabies virus (RABV) affects the central nervous system 
of warm-blooded animals and humans and causes fatal 
disease [13, 14]. There is no treatment for rabies. The virus 
belongs to the order Mononegavirales, family Rhabdo­
viridae, subfamily Alpharhabdovirinae and genus Lyssa­
virus [1, 15, 16].

The strains formulated in “Carnican-5R” combined 
vaccine against canine distemper, parvovirus and coro-
navirus enteritis, adenovirus infection and dog rabies 
were selec ted according to the guidelines published by 
the Vaccination Guidelines Group  (VGG) of the World 
Small Animal  Ve terinary Association (WSAVA). According 
to the guidelines, canine distemper, canine parvovirus en-
teritis and canine adenovirus infection (CAV-2) are the ma-
jor viral diseases that should be prevented regardless of 
the geographical location of the animal. The leptospiro-
sis prevention with vaccines is classified as additional in 
the guidelines [17]. Rabies virus is included in the vaccine 
as anti-rabies immunization is envisaged by the Russian 
Federation legislation [18, 19]. However, these guidelines 
are not mandatory, and vaccination schedules are deve-
loped by veterinarians taking into account occurrence of 
viral diseases in the particular region. In view of increasing 
number of deaths in the dog population due to corona-
virus enteritis [5, 6, 10], the canine coronavirus strain re-
sponsible for this disease is also included in the vaccine 
composition.

Dog immunization schedule was developed based 
on scientific data on humoral immunity and the  WSAVA 
recommendations. Generally, veterinarians around 
the  world recommend to  start vaccination of  dogs at 
the  age of  12  weeks, to  perform booster vaccination 
at the age of 16 weeks, and then vaccinate the animal once 

INTRODUCTION
Canine distemper virus (CDV) affects some animal spe-

cies of carnivorous order including canids, raccoons, fe-
lines, etc., as well as pandas. The pathogen is polytrophic 
and can affect almost all body systems. According to 
the international classification, the virus belongs to the or-
der Mononegavirales, family Paramyxoviridae, subfamily 
Orthoparamyxovirinae, genus Morbillivirus, and species 
Morbillivirus canis [1, 2].

Canine parvovirus type 2 (CPV-2) is the parvovirus en-
teritis agent and the main cause of dog fatalities associa-
ted with viral diseases; it is extremely contagious. Clinical 
signs are as follows: acute gastroenteritis, large intestine 
mucosal lining sloughing and hemorrhagic inflammation, 
hemorrhagic diarrhea, dehydration, leukopenia and neu-
tropenia [2]. The virus belongs to the order Piccovirales, 
family Parvoviridae, subfamily Parvovirinae, genus Proto­
parvovirus and species Protoparvovirus carnivoran 1 [1].

Canine coronavirus (CCoV) causes enteritis with cha-
rac teristic symptoms including anorexia, vomiting, diar-
rhea, lymphopenia, and lethargy [3, 4, 5, 6]. The disease 
varies from asymptomatic to fatal [7]. Coronavirus ranks 
second position among viral enteropathogens in the 
world [8, 9, 10]. The pathogen belongs to the order Nido­
virales, suborder Cornidovirineae, family Coronaviridae, 
subfamily Orthocoronavirinae, genus Alphacoronavirus [1].

Canine adenovirus serotype 2 (CAV-2) causes infectious 
laryngotracheitis in transient, asymptomatic or mild forms; 
it can cause severe necrotizing bronchitis, interstitial pneu-
monia [11], diarrhea [12] and central nervous system disor-
ders [2]. The virus belongs to the order Rowavirales, family 
Adenoviridae, genus Mastadenovirus, species Mastadeno­
virus canidae, serotype 2 [1].

Материалы и методы. В исследовании использовали ассоциированную вакцину «Карникан-5R», состоящую из двух компонентов: лиофилизиро-
ванного и жидкого. В качестве животных моделей для изучения антигенных свойств препарата служили собаки 10–12-недельного возраста. Уровень 
антител оценивали в реакции нейтрализации, реакции торможения гемагглютинации и реакции нейтрализации методом FAVN (Fluorescent Antibody 
Virus Neutralization).
Результаты. Установлено, что вакцинация собак индуцировала выработку антител к возбудителям указанных инфекций. Двукратное введение вакцины 
«Карникан-5R» с интервалом 21 сут стимулировало формирование напряженного гуморального ответа к 35-м сут после первого введения и прирост 
титра антител к вирусу чумы плотоядных в 8,6 раза, к парвовирусу собак типа 2 – в 2,1 раза, к коронавирусу собак – в 5,0 раза, к аденовирусу собак 
серотипа 2 – в 5,36 раза, к вирусу бешенства – в 5,72 раза. Продолжительность специфического иммунитета составила не менее 12 мес. с сохранением 
протективного уровня титра вирусспецифических антител к указанным возбудителям. 
Заключение. Вакцина «Карникан-5R» безвредна и ареактогенна для целевых животных, способствует формированию у собак напряженного иммунитета 
продолжительностью не менее 12 мес. с момента бустерной вакцинации. 

Ключевые слова: вирусные болезни собак, чума плотоядных, парвовирусный энтерит, коронавирусный энтерит, аденовирусная инфекция, бешенство, 
специфическая профилактика, вакцина «Карникан-5R»
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a year or once every three years, depending on the viral 
animal disease situation in the region, during the whole 
animal life [17].

During “Carnican-5R” vaccine development, tests of 
the viruses formulated in the vaccine for their non-reacto-
genicity and safety were performed in laboratory animals 
in addition to the tests of the said viruses for their proper-
ties and determination of the proportions of the compo-
nents formulated in the vaccine. Also, tests for selection 
of optimal vaccine immunizing dose and administration 
route were carried out. The tests have shown that the 
vaccine is nonreactogenic and safe, the immunizing dose 
is 1.0 cm3 (the liquid vaccine component serves as dilu-
ent for the freeze dried vaccine component), the vaccine 
is administrated by subcutaneous or intramuscular routes. 
The storage period after combining the components was 
2 hours at a temperature of 18–25 °C.

For testing the vaccine for its antigenic properties, ex-
periments were designed and carried out in target animals 
to study the humoral immunity development and the vi-
rus-specific antibody persistence time after the vaccine 
administration during the observation period (12 months).

The study was aimed at  testing the  vaccine against 
canine distemper, parvovirus and coronavirus enteritis, 
adenovirus infection and dog rabies for its antigenic prop-
erties in target animals. As a result, high-quality immuno-
biological product compliant with specified parameters 
was prepared, test program was designed, tests including 
serological tests for determination of antibody levels be-
fore and after vaccination were carried out, obtained data 
were processed and structured.

MATERIALS AND METHODS
“Carnican-5R” vaccine against canine distemper, par-

vovirus and coronavirus enteritis, adenovirus infection 
and dog rabies was tested for its antigenic properties 
in accordance with the requirements of Order No. 101 of 
the Ministry of Agriculture of the Russian Federation of 
6 March 2018 on approval of the rules for veterinary me-
dicinal product preclinical studies, clinical trials and bio-
equivalence studies.

Vaccine. “Carnican-5R” vaccine, developed by the Fe-
deral Centre for Animal Health consists of 2 components: 
freeze-dried vaccine component contains attenuated ca-
nine distemper virus and liquid vaccine component con-
tains inactivated canine parvovirus, canine coronavirus, 
canine adenovirus and dog rabies virus. The vaccine has 
been registered in the Russian Federation, and the patent 
for the invention has been obtained [20].

The active substance of the freeze dried vaccine com-
ponent is  attenuated CDV Rockborn strain; the  active 
substance of the liquid vaccine component is amino ethyl-
ethylenimine-inactivated CPV-2 Grey strain, CCoV Rich 
strain, CAV-2 Unity strain, RABV ARRIAH strain. The freeze 
dried vaccine component is supplemented with stabili-
zers: lactalbumin hydrolysate, sucrose and gelatose, 
the liquid vaccine components is supplemented with alu-
minum hydroxide as an adjuvant. All source materials used 
for the vaccine production have passed comprehensive 
incoming quality control. One immunizing dose of the vac-
cine contains at least 3.0 lg TCID50/cm3 of attenuated CDV 
and inactivated CPV-2 (virus titre before inactivation – at 
least 7.0 log2, HAU 1:128), CCoV (virus titre before inacti-
vation – at least 3.0 lg TCID50/cm3), CAV-2 (virus titre before 

inactivation – at least 3.0 lg TCID50/cm3), RABV (virus titre 
before inactivation – at least 1.0 IU/cm3).

Animals. Clinical trials were carried out in 10–12 week-
old dogs (n = 35).

The animals were kept in shelters, veterinary clinics 
and individually in  private households. The  health sta-
tus of the dogs was assessed before the trial and during 
the whole observation period.

To test “Carnican-5R” vaccine for its effectiveness, pup-
pies were immunized twice with a 21-day interval; the vac-
cine was injected at one immunizing dose intramuscularly 
into the caudal proximal area of hind leg.

All tests were carried out in accordance with the re-
quirements of the  following Federal Centre for Animal 
Health standards: STO 00495527-0002 “Laboratory animals 
used for tests and experiments” and STO 00495527-0230 

“Preclinical studies of veterinary medicinal products”.
Serological tests. Sera from dogs were tested for anti-

bodies to CDV, CCoV, CAV-2 with virus neutralization test 
(VNT) in microplates [21, 22, 23], for antibodies against 
RABV with fluorescent antibody virus neutralization test 
(FAVN test) and for antibodies against CPV-2 with hem-
agglutination inhibition test (HI test) according to the ap-
proved methodical guidelines [24].

Statistical analysis of the test results. The test results were 
processed using statistical methods in the Microsoft Excel 
program. Specific antibody titres were calculated using 
the Karber formula and expressed as log2.

RESULTS AND DISCUSSION
No body temperature changes, general physiological 

state deterioration, anorexia, and local reactions at the 
site of the vaccine injection were observed after vaccina-
tion. No signs of canine distemper, canine parvovirus and 
coronavirus enteritis, canine adenovirus infection and dog 
rabies were observed.

Tests of puppy sera showed that mean group specific 
antibody titres in sera collected before vaccination were 
as follows: mean group specific antibody titre against CDV, 
CCoV, CAV-2 was < 1.0 log2 (when sera were tested with 
VNT); against CPV-2 – 4.23 ± 0.63 log2 (when sera were 
tested with HI test); against RABV – < 0.5 log2 (when sera 
were tested with FAVN test).

Figure 1 shows the humoral immunity dynamics in dogs 
after “Carnican-5R” vaccine administration. Vaccination 
was found to induce virus-specific antibodies against CDV, 
CPV-2, CCoV, CAV-2 and RABV. The antibody levels 21 days 
after the first immunization were as follows: against CDV – 
4.00 ± 0.25 log2; against CPV-2 – 5.67 ± 0.58 log2; against 
CCoV – 2.67 ± 0.14 log2; against CAV-2 – 2.83 ± 0.14 log2; 
against RABV – 0.82 ± 0.03  log2, and were significantly 
higher than threshold values.

Mean group virus-specific antibodies titres on day 7, 
14, 21, and 35 were higher than the titres in dogs before 
their immunization. On day 35, virus-specific antibody 
level was significantly higher than that ones determined 
at previous test points (p ≥ 0.1) and was as follows: anti-
body titre against CDV – 8.60 ± 0.14 log2; against CPV-2 – 
8.93 ± 0.58 log2; against CCoV – 5.0 ± 0.25 log2; against 
CAV-2 – 5.36 ± 0.14 log2; against RABV – 2.86 ± 0.07 log2. 
Antibody levels demonstrated a “plateau effect” on day 42 
and day 51. Based on the data obtained, it was conclu-
ded that double administration of “Carnican-5R” vaccine 
at a 21-day interval induced strong humoral response by 
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Slight decrease in the  specific antibody levels was re-
corded at the time of booster vaccination, one year af-
ter the first vaccination of dogs. However, according to 
the published studies, the protective level of antibodies 
to CDV is 2–4 log2 [25, 26]. Double vaccine administration 
induced an increase in antibodies up to 9.15 ± 0.14 log2, 
the  minimum value was 7.75  ±  0.14  log2 during the 
observation period. The  level of  antibodies should 
be at  least 4  log2 to  protect dogs from parvovirus en-
teritis  [25,  26,  27,  28,  29,  30,  31]. After double vaccina-
tion, the  maximum level of  antibodies to  CPV-2 was 
10.40 ± 0.58 log2, the minimum anti-CPV-2 antibody level 
was 9.0 ± 0.28 log2. Double immunization induced an in-
crease in antibodies to CAV-2 up to 6.35 ± 0.25 log2. The 
minimum anti-CAV-2 antibody level was 5.90 ± 0.14 log2 

during the observation period of 12 months. There are 

day 35 after the first vaccine administration. Thus, the fol-
lowing schedule for vaccination of dogs against canine 
distemper, parvovirus and coronavirus enteritis, adenovi-
rus infection and dog rabies was recommended: first vac-
cination – at the age of 10–12 weeks, booster vaccination – 
after 21 days and then annual vaccination. The vaccination 
schedule for adult animals is similar and does not depend 
on the age of the dog.

At the next stage, the immunity duration after double 
vaccination against canine distemper, parvovirus and 
coronavirus enteritis, adenovirus infection and dog rabies 
was studied. For this purpose, blood samples were taken 
from the animals every 30 days for 12 months (observation 
period).

As shown in Figure  2, the  duration of  immunity to 
the pathogens of these diseases was at least 12 months. 

Fig. 1. Development of humoral immunity in dogs after “Carnican­5R” vaccine administration

Fig. 2. Duration of the immunity in dogs after double “Carnican­5R” vaccine administration
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no reliable data on protective level of antibodies against 
CCoV, however, the anti-CCoV antibody titre was higher 
than 5.95 ± 0.14 log2 after the second vaccine adminis-
tration, and the minimum anti-CCoV antibody titre was 
5.08 ± 0.28 log2 suggesting that animals were protected 
from the disease  [32]. According to scientific data and 
the requirements of the World Organization for Animal 
Health, the anti-rabies vaccine should induce anti-rabies 
virus antibodies at a titre of ≥ 0.5 IU/cm3 [14, 33]. In our 
study, the maximum titre of antibodies against RABV was 
3.69 IU/cm3, the minimum titre of antibodies against RABV 
was 2.6 IU/cm3 after immunization.

During the year, mean titre of antibodies against CDV 
was 8.74 ± 0.53 log2, against CPV-2 was 9.95 ± 0.42 log2, 
against CCoV was 5.75  ±  0.34  log2, against CAV-2 was 
6.09 ± 0.14 log2, against RABV was 3.12 ± 0.37 IU/cm3. Thus, 

“Carnican-5R” vaccine induces humoral antibodies to ca-
nine distemper virus, canine parvovirus and coronavirus, 
canine adenovirus serotype 2 and rabies virus.

CONCLUSION
During the study, the vaccine against canine distem-

per, parvovirus and coronavirus enteritis, adenovirus in-
fection and dog rabies was tested for its antigenic prop-
erties. Based on the data obtained, “Carnican-5R” vaccine 
was found to induce seroconversion in the target animals. 
The immunity lasts at least 12 months after double vaccine 
administration at a 21-day interval. The immune response 
develops 21 days after double vaccine administration. The 
mean antibody titres one month after booster vaccination 
were as follows: against CDV – 9.15 log2 (when tested with 
VNT), against CPV-2 – 10.2 log2 (when tested with HI test), 
against CCoV – 5.95 log2 (when sera were tested with VNT), 
against CAV-2 – 6.2 log2 (when sera were tested with VNT), 
against RABV – 3.05 IU/cm3 (when sera were tested with 
FAVN test). The level of antibodies to these viruses in dogs 
is higher than the protective level and protects the animal 
from these infections.

The vaccine is  nonreactogenic and safe, does not 
cause any pronounced local reaction when adminis-
tered intramuscularly or subcutaneously, the vaccine has 
no adverse effect on the physiological state of animals. 
The  vaccine induces a  pronounced immune response 
owing to production of virus-specific antibodies at pro-
tective titres.

“Carnican-5R” combined vaccine against canine dis-
temper, parvovirus and coronavirus enteritis, adenovirus 
infection and dog rabies developed at the Federal Centre 
for Animal Health can be used for specific prevention of 
the viral diseases in dogs. The vaccine has passed testing 
at the Russian State Center for Animal Feed and Drug Stan-
dardization and Quality and is registered in the Russian 
Federation.
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