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ABSTRACT

Rabies remains one of the most dangerous zoonotic infections maintained in natural reservoirs among wild carnivorous
animals. Despite the high efficacy of inactivated vaccines in domestic animals, control of rabies in wildlife requires the use
of oral vaccines capable of achieving mass immunization of naturally susceptible species. The aim of the present study was
to evaluate the immunogenicity, safety, and protective efficacy of an experimental oral briquetted rabies vaccine in naturally
susceptible carnivorous animals under pilot conditions. A total of 10 clinically healthy, rabies-seronegative foxes were included
in the experiment. Three foxes in the immunogenicity group received a single oral dose of the vaccine formulated as a briquetted
bait containing the fixed rabies virus strain Rabies virus fix/NIIPBB/2(024 at a titer of 6.00 log TCID_/mL. Five animals
received an increased dose of 10 vaccine baits per animal to evaluate safety, while two unvaccinated foxes served as controls.
The dynamics of the humoral immune response were assessed using the mouse neutralization test and ELISA. Protective
efficacy was evaluated by challenge infection with the CVS test strain. The results showed that the vaccine baits were readily
consumed by the animals and did not cause clinical adverse reactions or deviations from physiological norms. ELISA-derived
antibody levels exceeded 0.5 IU/mL, corresponding to a sufficient humoral immune response according to the manufacturer’s
criteria. In parallel, virus-neutralizing antibody titers determined by the mouse neutralization test reached peak values of up
to 4.3 log, on day 21 post-immunization. Following challenge infection, vaccinated animals survived without clinical signs
of rabies, whereas control animals developed the paralytic form of the disease with a fatal outcome. Overall, the findings of
this pilot study suggest that the oral briquetted rabies vaccine demonstrates promising immunogenicity, safety, and protective
potential, supporting its further investigation for use in oral immunization programs targeting wild carnivorous species and
the control of natural rabies foci.
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1. INTRODUCTION nervous system [4, 5]. Although post-exposure prophylaxis
(PEP) is primarily used in humans, preventive vaccination of
domestic animals is recommended or mandatory in many re-
gions of the world. In addition, the concept of preventive im-
munization has been widely implemented in oral rabies vacci-
nation (ORV) programs aimed at controlling virus circulation
in wildlife reservoir species and reducing transmission among

free-ranging animal populations [6, 7].

Rabies is caused by infection with lyssaviruses, a group of
single-stranded RNA viruses belonging to the family Rhab-
doviridae. Members of the genus Lyssavirus primarily infect
the nervous system of mammals, and the disease is almost in-
variably fatal in both reservoir and incidental hosts following
a relatively long incubation period, typically ranging from 1
to 3 months [1,2]. Both cell-mediated and humoral immune
mechanisms play important roles in host defense against ra-
bies virus infection [3]. However, in the context of disease
prevention, primary emphasis is placed on the humoral im-
mune response. Virus-neutralizing antibodies against rabies
virus are a key component of the protective humoral immune

Rabies is a vaccine-preventable disease that can be effec-
tively controlled through timely immunization of reservoir
animals and the application of PEP in humans. This approach
is reflected in the global “Zero by 30” initiative, as well as
in current standards for laboratory diagnostics and serologi-

response. Their essential role in protection against rabies has
been demonstrated in experimental models, and rabies-spe-
cific immunoglobulins can neutralize infectious virions and
limit viral spread during the early stages of infection. Since
most neutralizing antibodies target the rabies virus glycopro-
tein, which mediates receptor binding and membrane fusion,
these antibodies may interfere with viral attachment, entry
into host cells, and fusion processes, thereby helping to pre-
vent or limit infection before the virus reaches the central

cal monitoring [8]. One of the key indicators of adequate se-
roconversion is a virus-neutralizing antibody (VNA/RVNA)
level of at least 0.5 IU/mL, determined using validated neu-
tralization assays such as FAVN or RFFIT. However, spe-
cies-specific differences and the context of mass vaccination
campaigns should be taken into account when interpreting se-
rological results [9].

The widespread use of inactivated rabies vaccines in many
countries has led to a significant reduction in rabies incidence
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among domestic animals and, consequently, a decrease in hu-
man rabies cases [10]. Inactivated rabies vaccines are gener-
ally considered highly effective across a broad range of animal
species, including some wildlife species [11-13]. However,
in practical terms, such vaccines cannot fully replace large-
scale immunization of natural rabies virus reservoirs in wild-
life populations. Therefore, oral rabies vaccines — both atten-
uated and modern recombinant or biotechnological constructs
— have become a central component of contemporary strate-
gies for rabies control in wild animal populations [14].

In Kazakhstan, rabies remains an endemic zoonotic and
veterinary infection involving both domestic and wild ani-
mals. During 2013-2023, 917 animal rabies cases were reg-
istered in the country, including 515 cases in farm animals,
352 cases in companion animals, and 50 cases in wild ani-
mals [15]. Another recent spatio-temporal analysis reported
926 animal rabies cases in Kazakhstan over the same 10-year
period, with livestock accounting for 55.6%, companion an-
imals for 38.8%, and wildlife for 5.6% of cases [16]. These
data indicate that rabies continues to circulate among differ-
ent animal groups in Kazakhstan and that wildlife, although
representing a smaller proportion of officially registered cases,
remains epidemiologically important for maintaining natural
foci of infection and for possible spillover to domestic ani-
mals. Therefore, the development and evaluation of oral ra-
bies vaccines targeting wild carnivorous species are particu-
larly relevant for Kazakhstan, where large territories and the
presence of wildlife reservoirs complicate conventional rabies
control measures [15-17].

In this context, the development of domestic oral rabies
vaccines, as well as the optimization of bait delivery systems,
is of particular practical importance for countries with large
territories where wildlife plays a significant role in maintain-
ing virus circulation. In the present study, an experimental
vaccine preparation developed at the Research Institute for
Biological Safety Problems was used. The vaccine contains
a fixed rabies virus strain Rabies virus fix/NIIPBB/2024 en-
closed in a soft blister and incorporated into an edible briquet-
ted bait composed of fish meal and microcrystalline cellu-
lose. This formulation ensures both the stability of the vaccine
and the attractiveness of the bait to target animals. Tetracy-
cline was included as a biomarker of bait consumption for
subsequent population monitoring. The use of tetracycline
markers is widely applied in oral rabies vaccination (ORV)
programs, as it enables detection of bait uptake through char-
acteristic fluorescence in teeth or bone tissues. This approach
allows differentiation between cases where the bait was not
consumed and situations in which the bait was ingested but
seroconversion did not occur.

It should be noted that most studies on oral rabies vaccines
have been conducted using laboratory models, whereas data
on the immunogenicity and protective efficacy of such vac-
cines in naturally susceptible animals remain limited. There-
fore, experimental studies involving natural hosts of the rabies
virus, such as foxes and other carnivores, are of particular im-
portance for evaluating newly developed vaccine preparations
and their potential application in rabies control programs.

The aim of the present study was to evaluate the immu-
nogenicity, safety, and protective potential of an experimen-
tal oral briquetted rabies vaccine in naturally susceptible car-
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nivorous animals.

2. MATERIALS AND METHODS

2.1. Animals and Vaccine

The foxes used in the experiment were obtained from cer-
tified breeding facilities. Upon arrival, all animals were in-
dividually identified, clinically examined, and placed under
quarantine for 14 days. During the quarantine period, routine
deworming was performed using albendazole (Albendazole
10%, O.L.KAR, Ukraine).

A total of 10 clinically healthy foxes aged 4-6 months,
with a body weight ranging from 3.5-6.0 kg, were included
in the study. Both male and female animals were used (n =3
males, n = 7 females). None of the animals had been previ-
ously vaccinated against rabies, as confirmed by veterinary
records.

Prior to inclusion in the study, all foxes were tested for
the presence of virus-neutralizing antibodies (VNA) against
rabies virus. Only seronegative animals were included in the
experiment. Animals were allocated into experimental groups
(immunogenicity, safety, and control groups) using a random
assignment procedure to minimize selection bias. Group al-
location was performed according to a predefined randomiza-
tion scheme prior to the start of the study.

Due to the nature of the experimental design (vaccine ad-
ministration and clinical observation), blinding was not ap-
plied. However, all laboratory analyses, including serological
testing, were conducted according to standardized protocols.

During the experimental period, the animals were housed
individually in cages equipped with restraining devices. Feed-
ing was performed once daily with a standard commercial an-
tibiotic-free feed at a dose of 300-450 g per animal, depending
on individual characteristics and nutritional needs. Water was
provided ad libitum. The diet was periodically supplemented
with vegetables, meat, and boiled eggs.

The oral bait vaccine consisted of a suspension contain-
ing the fixed rabies virus strain Rabies virus fix/NIIPBB/2024
with a biological activity of 6.00 TCID, /ml. The volume of
the vaccine suspension was 2.0 ml. The suspension was filled
into flexible polymer containers (“soft blisters™), which were
subsequently embedded into edible briquetted baits. The baits
were produced using a nutrient matrix composed of fish meal
and microcrystalline cellulose (MCC), ensuring attractiveness
for animals. Tetracycline was included as a biomarker to mon-
itor bait consumption.

2.2. Immunogenicity and safety assessment

To evaluate the immunogenicity and safety of the oral bri-
quetted rabies vaccine, two experimental groups of foxes were
established. For immunogenicity assessment, the experimen-
tal group consisted of three clinically healthy foxes. Animals
received a single oral dose of the vaccine administered in
the form of a briquetted bait, at a rate of one bait per animal.
The control group consisted of two clinically healthy foxes
of comparable age that did not receive the vaccine and were
maintained under identical housing and feeding conditions.
Twenty-four hours prior to vaccination, animals from both
groups were fasted while maintaining free access to water.
Following vaccination, animals were subjected to daily clin-
ical observation with monitoring of behavior, body tempera-
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ture, general health status, and feed and water intake. Blood
samples for serological analysis were collected on days 7,
14, and 21 post-vaccination from the saphenous vein of the
hind limb (V. saphena). Blood was collected into 6 mL vac-
uum tubes with clot activator and gel (Avatube, Ecopharm).
The samples were centrifuged at 3000 x g for 15 minutes, af-
ter which serum was separated and stored at -20 °C until fur-
ther analysis.

Challenge infection of animals from both the experimen-
tal and control groups was performed on day 21 post-vacci-
nation using the reference rabies virus challenge strain CVS.
The virus was administered intramuscularly into the masse-
ter muscles at a dose of 1000 LD, in a volume of 1.0 ml, ac-
cording to the method described by Freuling et al. [13]. After
challenge infection, the animals were monitored for 14 days
with daily visual assessment of their clinical condition. Con-
tact with animals was restricted in accordance with biosafety
requirements.

For safety assessment, a separate group of five clinically
healthy foxes aged 4-6 months was used. Animals in this
group received the briquetted vaccine orally at an increased
dose of ten baits per animal. Following administration, ani-
mals were monitored daily for potential adverse reactions, in-
cluding changes in behavior, body temperature, clinical con-
dition, and feed and water consumption.

2.3. Serological Tests
Mouse Neutralization Test (MNT)

Prior to testing, all serum samples were heat-inactivated at
56 °C for 30 minutes. Serial twofold dilutions of the sera were
then prepared and mixed with an equal volume of the refer-
ence rabies virus challenge strain CVS containing 50 LD,
in 0.03 ml. The resulting mixtures were incubated at 37 °C
for 1.5 hours and subsequently inoculated intracerebrally into
white outbred laboratory mice weighing 16-18 g in a volume
0f 0.03 ml. Four mice were used for each serum dilution. An-
imals were observed for 21 days, and mortality was recorded
starting from day 4 post-inoculation. VNA titers were calcu-
lated using the Reed-Muench method.

The MNT was used as the primary method for assessing
functional anti-rabies immunity.

2.4. Enzyme-Linked Immunosorbent Assay
(ELISA)

Specific antibodies against rabies virus were additionally
evaluated using a commercial ELISA kit (Hema LLC, Rus-
sia), performed in accordance with the manufacturer’s instruc-
tions.

Optical density (OD) was measured at 450 nm using a
microplate reader. Antibody levels were estimated based on
the manufacturer’s calibration system by comparing OD val-
ues of the test samples with those of the provided calibrators
and controls.

According to the manufacturer, the assay is intended for
use in carnivorous animals; therefore, its application to fox
serum samples in this study falls within the intended scope of
the test system. The results were interpreted with caution due
to potential species-specific variability. It should be noted that
ELISA detects binding antibodies and does not directly mea-
sure virus-neutralizing activity. Therefore, ELISA results were
used as a supplementary indicator of the humoral immune re-

sponse and interpreted in conjunction with MNT data.
2.5. Bioethics

Animal care, housing, and feeding conditions complied
with applicable veterinary and sanitary regulations and stan-
dards for the respective animal species, ensuring animal wel-
fare and adherence to biosafety requirements throughout the
study period. To minimize unnecessary animal suffering, pre-
defined humane clinical endpoints were established in accor-
dance with the recommendations described by Hartinger et al.
[18]. All experimental protocols were reviewed and approved
by the Bioethics Committee of the Research Institute for Bi-
ological Safety Problems prior to the initiation of the study
(Protocol No. 3-03-10-2023). Throughout the study, institu-
tional regulations, standard operating procedures, and guide-
lines for the care and use of laboratory animals were strictly
followed.

2.6. Statistical Analysis

Statistical analysis was performed using GraphPad Prism
software (version 8.4.3; GraphPad Software Inc., San Diego,
CA, USA).

Virus titers and virus-neutralizing antibody (VNA) titers
were calculated using the Reed—Muench method [19].

Given the limited sample size, data were primarily an-
alyzed descriptively. Rectal body temperature values were
compared between groups using an unpaired Student’s t-test.
Categorical outcomes, including morbidity and mortality after
challenge infection, were summarized descriptively because
of the small group size.

Statistical significance was set at p < 0.05; however, all re-
sults should be interpreted with caution due to the small num-
ber of animals included in this pilot study.

3. RESULTS

3.1 Characteristics and acceptability of briquetted baits
for oral vaccination

The briquetted vaccine baits used in this study were de-
veloped as edible carriers for oral delivery of a vaccine-con-
taining blister to carnivorous animals. The final bait format
consisted of a compressed edible matrix containing a soft
blister filled with the vaccine suspension. This formulation
was selected to provide sufficient structural integrity during
handling, accessibility of the vaccine-containing blister after

General appearance of the briquetted bait; B) final bait form
containing the vaccine blister; C) vacuum-packed finished vaccine
baits before administration.

Figure 1 - Structural characteristics of the briquetted rabies vaccine
bait used for oral administration.
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chewing, and acceptability to target animals.

The bait matrix was produced using an industrial briquet-
ting line. (Figure 1).

The final briquetted form was compact, mechanically sta-
ble during routine handling, and suitable for individual oral
administration to foxes under experimental conditions. During
administration, the foxes showed interest in the bait and con-
sumed it readily. The animals were able to grasp and chew
the briquette, which allowed access to the vaccine-contain-
ing blister. No refusal of the bait was recorded during admin-
istration.

The use of a briquetted bait form was based on previ-
ous experimental evaluation of an oral rabies vaccine bait in
a seronegative dog model. In that study, the baited briquette
demonstrated good tolerability, high bait acceptance, induc-
tion of a specific immune response, and protective potential
after challenge infection, supporting its further evaluation in
naturally susceptible carnivorous species [20]. Therefore, in
the present study, the final briquetted bait format was assessed
in foxes as a target carnivorous species for oral rabies vac-
cination.

Overall, the observations obtained in the present exper-
iment indicate that the briquetted bait form was suitable for
oral delivery of the vaccine to foxes under pilot experimen-
tal conditions.

3.2. Safety and Protective Outcome in Foxes
3.2.1. Clinical safety after oral administration

Clinical safety of the oral briquetted rabies vaccine was
assessed in foxes receiving either the standard vaccine dose
or an increased dose. Throughout the 14-day observation pe-
riod, no vaccine-associated adverse reactions were recorded.
Vaccinated animals showed no signs of depression, anorexia,
abnormal behavior, impaired locomotor activity, or changes
in feed and water intake.

Rectal body temperature remained within the physiolog-
ical range throughout the observation period (Figure 2). The
mean body temperature was 39.41 + 0.16 °C in foxes receiv-
ing the standard dose and 39.42 £ 0.30 °C in foxes receiving
the increased dose. No statistically significant difference was
detected between the groups (t=0.11; p=0.91). These results
indicate that oral administration of the briquetted vaccine, in-
cluding the increased dose, did not induce fever or clinically
detectable systemic reactions.
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Figure 2 - Dynamics of body temperature in vaccinated animals
used for the safety assessment of the oral briquetted vaccine.
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3.2.2. Protective outcome after challenge infection

Protective efficacy was evaluated following challenge in-
fection with the reference rabies virus strain CVS. Vaccinated
foxes (n = 3) included in the challenge experiment remained
clinically healthy throughout the observation period. No clin-
ical signs of rabies, behavioral abnormalities, or deviations
in locomotor activity were observed in vaccinated animals.

In contrast, all control animals developed clinical signs
consistent with the paralytic form of rabies. Fatal outcomes
were recorded on days 16 and 19 post-infection (Figure 3).
Brain tissue samples collected during necropsy were positive
for rabies virus antigen by the direct fluorescent antibody test.
These findings confirm that the challenge infection was ef-
fective in control animals and indicate that vaccinated foxes
were protected against clinical rabies under the conditions of
this pilot experiment.

A) Challenge infection procedure; B) Clinical signs consistent with
paralytic rabies in control foxes; D) Brain tissue sampling during
necropsy; D and E) detection of rabies virus antigen in brain tissue
by direct fluorescent antibody test.

Figure 3 - Clinical observations and laboratory confirmation
following challenge infection

Table 1 - Protective outcome after challenge infection with
the CVS strain.

. Clinical
Animals . . Day of FAT
Group challenged SIENS of  Mortality death result
rabies
. Not Not
Vaccinated 3 0/3 0/3 applicable  tested
‘ Control ‘ 2 ‘ 22 ‘ 212 ‘ 16 ?1[;? 191 positive

3.3 Seroprevalence and Dynamics of the Humoral Im-
mune Response

The general post-vaccination condition and behavior of
immunized foxes remained within normal physiological lim-
its throughout the study period. No clinical signs of rabies
were observed in vaccinated animals during the 21-day ob-
servation period.

Virus-neutralizing antibody (VNA) testing showed that
all animals were seronegative on day 0. By day 7 post-vac-
cination, neutralizing antibodies were detected in vaccinated
foxes, with a mean titer of 2.0 log.. Antibody titers increased
to 2.8 log: by day 14 and reached peak values of 4.3 logz on
day 21 post-vaccination. No rabies virus-specific antibodies
were detected in control (non-vaccinated) animals (Figure 4).
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Figure 4 - Virus-neutralizing antibody (VNA) titers in foxes
vaccinated with the oral briquetted rabies vaccine.

These findings indicate that the oral briquetted rabies vac-
cine is capable of inducing virus-neutralizing antibody pro-
duction in naturally susceptible carnivorous animals.

3.3.1. ELISA-based assessment of anti-rabies IgG anti-
bodies

To further evaluate the humoral immune response, anti-ra-
bies IgG antibodies were assessed using ELISA. Quantita-
tive determination was performed using calibration sera with
known antibody concentrations (0.5 and 4.0 IU/mL). Optical
density (OD) values of the samples were measured and com-
pared with those of the reference sera.

For initial estimation, antibody concentrations were cal-
culated as the ratio of sample OD to reference serum OD
multiplied by the assigned IU/mL value. For more accurate
quantification, a standard calibration curve (Figure 5) was
constructed using sera with known activity levels (0.5-4.0
IU/mL). Antibody concentrations were determined by interpo-
lation using a four-parameter logistic (4PL) regression model
(Scanlt Software 7.0.2 RE).

The ELISA results (Table 2) demonstrate a progressive in-
crease in anti-rabies IgG antibody levels in vaccinated foxes
over time. On day 7 post-vaccination, antibody levels ranged
from 1.20 to 2.05 IU/mL (mean 1.55 £ 0.25 IU/mL). By day
14, a further increase was observed (1.28-2.86 IU/mL; mean
1.88 £ 0.40 IU/mL). By day 21, antibody levels remained el-
evated, ranging from 1.03 to 3.39 IU/mL (mean 1.82 + 0.61
IU/mL).

Opverall, these data indicate the development of a sustained

Red square markers indicate the values of calibration sera ranging
from 0.5 to 4 TU/ml, respectively, whereas blue circular markers
represent the values of the tested samples. A four-parameter
logistic (4PL) regression model was used for calibration curve
calculation. The standard curve was generated using Scanlt
Software 7.0.2 RE for Microplate Readers.

Figure 5 - Standard calibration curve of the ELISA assay.

humoral immune response following oral immunization. Ac-
cording to the manufacturer’s criteria, antibody levels <0.5
IU/mL are considered low, 0.5-4.0 IU/mL indicate a suffi-
cient immune response, and >4.0 IU/mL correspond to high
antibody levels. In the present study, all vaccinated animals
exhibited antibody levels above 0.5 TU/mL throughout the
observation period, corresponding to a sufficient humoral im-
mune response.

However, it should be noted that ELISA measures binding
antibodies and does not directly reflect virus-neutralizing ac-
tivity. Therefore, ELISA results were considered in conjunc-
tion with VNA data obtained by the mouse neutralization test.

DISCUSSION

According to current international standards, the efficacy
of rabies vaccines is primarily evaluated based on the humoral
immune response, particularly the level of VNA, as well as on
the survival of animals following challenge infection with a
virulent Rabies virus (RABV) strain. Virus-neutralizing and
antigen-binding antibodies are considered surrogate markers
of protection, and titers >0.5 IU/ml are generally regarded as
indicative of an adequate level of immunity [3, 21]. In addi-
tion to serological criteria, survival after challenge infection
remains an essential requirement for vaccine licensing and
evaluation of protective efficacy [22, 23].

Recent studies indicate that protective immunity against
rabies involves both humoral and cellular immune mecha-
nisms, including B- and T-cell responses, particularly in the

Table 2 - ELISA results for the detection of IgG antibodies against rabies virus following immunization with the oral bri-

quetted vaccine.

After 21 days
Ne Sample After 7 days After 14 days
OD ME/ml oD ME/ml OD ME/ml

1 Ne2 VF 0,595 1,40 0,633 1,49 0,446 1,05

2 Ne3 VF 0,871 2,05 0,545 1,28 0,437 1,03

3 Ne4 VF 0,510 1,20 1,220 2,86 1,445 3,39
Note: Blanking OD is equal to 0.0505; 0.5 1U/ml is equal to 0.211; 4 IU/ml equals 1.705.
VF - vaccinated fox
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context of vaccine evaluation in dogs [24, 25]. In this regard,
assessment of cellular immune responses has been proposed
as a complementary approach to traditional in vivo challenge
studies [26].

Live attenuated rabies vaccines are known to stimulate
both adaptive and innate immune responses, contributing to
the development of long-lasting immunity [27-32]. These ef-
fects are associated with the activation of antigen-presenting
cells and the subsequent induction of both humoral and cel-
lular immune pathways. However, in the present study, the
evaluation was limited to humoral immune parameters and
challenge infection outcomes. Therefore, the findings should
be interpreted within the scope of these assessed endpoints,
while the contribution of cellular immunity remains to be fur-
ther investigated.

The rabies virus strain used in the present study has previ-
ously been evaluated in experimental studies in dogs, where
it demonstrated acceptable immunogenicity and safety pro-
files [20]. In the current experiment, foxes vaccinated with
the oral briquetted vaccine developed detectable humoral im-
mune responses, with virus-neutralizing antibody titers ex-
ceeding the commonly accepted protective threshold of 0.5
IU/ml and reaching mean values of approximately 1.8 TU/
ml by day 21 post-vaccination. Furthermore, all vaccinated
animals survived challenge infection with a virulent RABV
strain, whereas control animals developed clinical disease and
succumbed to infection. These findings indicate the develop-
ment of a protective immune response under the conditions
of the present study.

At the same time, the limited number of animals included
in this pilot experiment should be taken into account when in-
terpreting the results. Therefore, the obtained data should be
considered as preliminary, requiring further confirmation in
studies with larger sample sizes.

The results are generally consistent with previously re-
ported data on oral rabies vaccination in wildlife species,
where protective immunity has been achieved despite vari-
able levels of seroconversion [33]. This suggests that the de-
veloped briquetted oral vaccine has potential for further in-
vestigation as a candidate for use in oral vaccination programs
targeting wildlife reservoirs.

A limitation of the present study is the relatively small
number of experimental animals, which is due to ethical con-
siderations and the complexity of conducting experiments in-
volving a virulent rabies virus strain. Nevertheless, the results
demonstrated consistent seroconversion and survival of vac-
cinated animals following challenge infection, suggesting a
protective effect under the conditions of this pilot study. These
findings should be considered preliminary and require fur-
ther confirmation in studies involving larger animal cohorts.

The present findings also support the concept that evalu-
ation of rabies vaccine efficacy should consider an integrated
immune response rather than relying on a single immuno-
logical parameter. Although the current study was limited to
the assessment of humoral immunity, the observed increase
in VNA titers may indirectly reflect the involvement of coor-
dinated immune mechanisms. However, cellular immune re-
sponses were not evaluated in this study, and therefore any
assumptions regarding their contribution remain speculative.
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Further investigations including cytokine profiling and T-cell
response analysis (e.g., IFN-y production) would be neces-
sary to provide a more comprehensive understanding of the
immune mechanisms underlying vaccine-induced protection
[34].

In addition to immunological outcomes, the technologi-
cal characteristics of the vaccine bait represent an important
practical aspect. The formulation demonstrated satisfactory
stability and handling properties, while its structural features
appeared to facilitate consumption by animals. No adverse
clinical reactions were observed during the study, and vacci-
nated foxes maintained normal physiological parameters and
behavior. These observations are consistent with previously
reported safety data for oral rabies vaccines used in wildlife.
Accordingly, the developed formulation can be considered
safe under the conditions of this experiment.

From an epidemiological perspective, the induction of
virus-neutralizing antibodies above the commonly accepted
threshold of 0.5 IU/ml indicates a favorable immune response.
The results suggest that a single oral administration may be
sufficient to induce seroconversion; however, this conclusion
requires further validation under field conditions and in larger
populations.

Overall, the findings of the present study indicate that the
experimental oral briquetted rabies vaccine is capable of in-
ducing a measurable immune response and providing protec-
tion against experimental infection in foxes under controlled
conditions. These data support the potential of the vaccine as
a candidate for further investigation in the context of oral ra-
bies vaccination programs targeting wildlife reservoirs.

CONCLUSION

Overall, the obtained results indicate that the experimen-
tal oral briquetted rabies vaccine is capable of inducing an
immune response and was well tolerated in foxes under the
conditions of this study. Vaccinated animals developed vi-
rus-neutralizing antibody titers exceeding the commonly ac-
cepted protective threshold of 0.5 TU/mL, and all vaccinated
animals survived challenge infection with a virulent rabies
virus strain, suggesting the development of protective immu-
nity. However, given the limited sample size, the results of
this study should be considered preliminary. Further investi-
gations involving larger animal groups and field trials are re-
quired to confirm the immunogenicity, safety, and protective
efficacy of the vaccine. Thus, the experimental oral briquet-
ted vaccine may be considered a promising candidate for fur-
ther development within oral immunization programs target-
ing wild carnivore populations.

CONFLICT OF INTEREST

The authors declare no conflict of interest.

FUNDING

The study was funded by the Ministry of Agriculture of
the Republic of Kazakhstan under the program-targeted fund-
ing BR22884615 «Scientific provision of epizootic welfare of
fish and livestock farms of the Republic of Kazakhstan on in-
fectious and parasitic diseases» 2024-2026 years.




Eurasian Journal of Applied Biotechnology. No.2, 2026

DOI: 10.11134/btp.2.2026.3

AUTHOR CONTRIBUTIONS

Conceptualization, B.Y.E.; methodology, A.R.T., U.A.K.,
A.Zh.T., S.Zh.Zh., and T.D.S.; statistical analysis, T.Sh.S.,
K.AK.,M.D.M., and T.D.S.; study design, K.Zh.B., K.A.K.,
U.A K., and S.Zh.Zh.; data interpretation, A.Zh.T., T.Sh.S.,
R.J.G., and T.D.S.; writing-original draft preparation, A.R.T.,
M.D.M., and T.D.S.; writing-review and editing, B.Ye.A. and
T.D.S.; supervision, B.Ye.A. and K.Zh.K.

ACKNOWLEDGMENTS

The authors would like to express their gratitude to the
Ministry of Agriculture of the Republic of Kazakhstan and
the staff of the Research Institute for Biological Safety Prob-
lems (RIBSP) for their support and assistance in organizing
and conducting this research.

All authors have read and agreed to the published version
of the manuscript.

LITERATURE

1. Dietzschold B., Li J., Faber M., Schnell M.
Concepts in the pathogenesis of rabies // Future Virol-
ogy. — 2008. — Vol. 3. — No 5. — P. 481-490. https://doi.
org/10.2217/17460794.3.5.481

2. Shiraishi R., Nishimura M., Nakashima R., Enta C.,
Hirayama N. Neutralizing Antibody Response in Dogs and
Cats Inoculated with Commercial Inactivated Rabies Vaccines
/l Journal of Veterinary Medical Science. —2014. — Vol. 76. —
4. — P, 605-609. https://doi.org/10.1292/jvms.13-0335

3.  Moore S.M., Gilbert A., Vos A., et al. Rabies Virus
Antibodies from Oral Vaccination as a Correlate of Protection
against Lethal Infection in Wildlife // Tropical Medicine and
Infectious Disease. —2017. —Vol. 2. —No. 3. — P. 31. https://
doi.org/10.3390/tropicalmed203003 1

4.  Moore S.M., Hanlon C.A. Rabies-Specific Antibod-
ies: Measuring Surrogates of Protection against a Fatal Dis-
ease // PLoS Neglected Tropical Diseases. —2010.—Vol. 4. —
No 3. —P. 1-6. https://doi.org/10.1371/journal.pntd.0000595

5. Guilherme D.M., Jan H., Rajesh G., Davide C.,
Hervé B. Monoclonal antibodies against rabies: current uses
in prophylaxis and in therap // Current Opinion in Virology. —
2022. — Vol. 53. — P. 101204 https://dx.doi.org/10.1016/j.co-
viro.2022.101204

6. Steck F., Wandeler A., Bichsel P., Capt S., Héfliger
U., Schneider L. Oral immunization of foxes against rabies
laboratory and field studies // Comparative Immunology, Mi-
crobiology and Infectious Diseases. — 1982. — Vol. 5. 1-3. —
P 165-171. https://doi.org/10.1016/0147-9571(82)90031-5

7.  Wandeler A1, Capt S., Kappeler A., Hauser R. Oral
immunization of wildlife against rabies: concept and first field
experiments // Reviews of Infectious Diseases. — 1988. — Vol.
10 — Suppl 4. — P. 649-653. https://doi.org/10.1093/clinids/10.
supplement_4.s649

8. BO3. Zero by 30: the global strategic plan to end
human deaths from dog-mediated rabies by 2030. — 2018.
https://www.who.int/publications/i/item/9789241513838

9.  Zero by 30 the global strategic plan human deaths
from dog-mediated rabies by 2030 to end // WOAH — 2018.

https://www.woah.org/fileadmin/Home/eng/Media Center/
docs/Zero by 30 FINAL online version.pdf

10. Brown D., Fooks A.R., Schweiger M. Using Intra-
dermal Rabies Vaccine to Boost Immunity in People with Low
Rabies Antibody Levels // Advances in Preventive Medicine.
—2011. —P. 1-5. https://doi.org/10.4061/2011/601789

11. Rosatte R., Donovan D., Allan M., et al. Rabies in
Vaccinated Raccoons from Ontario, Canada // Journal of
Wildlife Diseases. —2007. — Vol. 43. — No 2. — P. 300-301.
https://doi.org/10.7589/0090-3558-43.2.300

12. Rosatte R., Donovan D.M., Allan M., et al. Emer-
gency response to raccoon rabies introduction into Ontario //
Journal of Wildlife Diseases. — 2001. — Vol. 37 —No 2. — P,
265-279. https://doi.org/10.7589/0090-3558-37.2.265

13. Freuling C.M., Eggerbauer E., Finke S., et al. Effi-
cacy of the oral rabies virus vaccine strain SPBN GASGAS in
foxes and raccoon dogs // Vaccine. —2019. — Vol. 37 — No 33.
— P, 4750-4757. https://doi.org/10.1016/j.vaccine.2017.09.093

14. Sterner R.T., Meltzer M.I., Shwiff S.A., Slate D.
Tactics and Economics of Wildlife Oral Rabies Vaccination,
Canada and the United States // Emerging Infectious Dis-
eases. —2009. — Vol. 15. — No 8. — P. 1176-1184. https://doi.
org/10.3201/eid1508.081061

15. Mukhanbetkaliyeva A.A., Kabzhanova A.M., Kady-
rov A.S., et al. Application of modern spatio-temporal anal-
ysis technologies to identify and visualize patterns of rabies
emergence among different animal species in Kazakhstan
/I Geospatial Health. — 2024. — Vol. 19. — No 2. https://doi.
org/10.4081/gh.2024.1290

16. Gomez-Buendia A., Yessembekova G., Kadyrov A,
Mukhanbetkaliyev Y., Cervifio-Luridiana E., Alvarez J., Perez
A .M., Abdrakhmanov S.K. A time-space Bayesian regression
model of rabies cases in the animal population of Kazakhstan
(2013-2023) // Frontiers in Veterinary Science. —2025. — Vol.
12. https://doi.org/10.3389/fvets.2025.1640050

17. Abdrakhmanov S.K., Abenova A.Zh., Mukhanbetka-
liyeva A.A., Korennoy F.I., Perez A.M. Animal Rabies in Ka-
zakhstan: Stable Endemicity, Surveillance Pitfalls, and Prior-
ity Actions // Pathogens. —2025. —Vol. 14. —No 11. - P. 1079.
https://doi.org/10.3390/pathogens14111079

18. Hartinger J., Folz T., Cussler K. Clinical end-
points during rabies vaccine control tests // ALTEX. — 2001.
— Vol. 18. — No 1. — P.37-40. https://pubmed.ncbi.nlm.nih.
gov/11248849/

19. Reed L.J., Muench H. A simple method of estimat-
ing fifty per cent endpoints // American Journal of Epidemi-
ology. — 1938. — Vol. 27. — No 3. — P. 493-497. https://doi.
org/10.1093/oxfordjournals.aje.al18408

20. Bulatov Y., Koshemetov Z., Amanova Z., Abitayev
R., Ussembay A., Sametova Z., Kondybaeva Z., Kurmasheva
A., Mazbayeva D., Turyskeldy S., Toktyrova D. Safety assess-
ment of an oral rabies vaccine bait for wild carnivores in a se-
ronegative dog model // Eurasian Journal of Applied Biotech-
nology. —2025. — Vol. 3. — P. 93-101. https://doi.org/10.11134/
btp.3.2025.10

21. Miller T., Freuling C.M. Rabies Vaccines for Wild-
life // In: Ertl, H (eds) Rabies and Rabies Vaccines Springer,
Cham. —2020. — P. 45-70. https://doi.org/10.1007/978-3-030-

29




Eurasian Journal of Applied Biotechnology. No.2, 2026

DOI: 10.11134/btp.2.2026.3

21084-7 3

22. Overduin, van Dongen, Visser. The Cellular Immune
Response to Rabies Vaccination: A Systematic Review // Vac-
cines. —2019. — Vol. 7(3). — No 110. https://doi.org/10.3390/
vaccines7030110

23. European Medicines Agency (EMA). Rabies Vaccine
(Live, Oral) for Foxes and Raccoon Dogs // Monograph 0746
01/2014, 9th ed. — Council of Europe: Strasbourg, France. —
2016.

24. Bommier E., Chapat L., Guiot A.L., et al. Mul-
tivariate analysis of the immune response to different ra-
bies vaccines // Veterinary Immunology and Immunopa-
thology. —2020. — T. 220:109986. https://doi.org/10.1016/j.
vetimm.2019.109986

25. Chapat L., Hilaire F., Bouvet J., et al. Multivariate
analysis of the immune response to a vaccine as an alterna-
tive to the repetition of animal challenge studies for vaccines
with demonstrated efficacy // Veterinary Immunology and Im-
munopathology. —2017. — Vol. 189. — P. 58-65. https://doi.
org/10.1016/j.vetimm.2017.06.001

26. Vogt R., Schulte P.A. Evaluation of immune re-
sponses // IARC scientific publications. —2011. — Vol. 163. —
P. 215-239. https://pubmed.ncbi.nlm.nih.gov/22997865/

27. Wang Z.W., Sarmento L., Wang Y., et al. Attenu-
ated Rabies Virus Activates, while Pathogenic Rabies Vi-
rus Evades, the Host Innate Immune Responses in the Cen-
tral Nervous System // Journal of Virology. — 2005. — Vol.
79 — No 19. — P. 12554-12565. https://doi.org/10.1128/
jvi.79.19.12554-12565.2005

28. Verena te Kamp, Freuling C.M., Vos A, et al. Re-
sponsiveness of various reservoir species to oral rabies vacci-
nation correlates with differences in vaccine uptake of mucosa
associated lymphoid tissues // SCI Rep. — 2020 — Vol. 10(1). —
No 2919. https://doi.org/10.1038/341598-020-59719-4

29. Ghislat G., Lawrence T. Autophagy in dendritic cells
/I Cellular & Molecular Immunology. —2018. — Vol. 15(11). —
P. 944-952. https://doi.org/10.1038/cmi.2018.2

30. Roy A., D. Craig Hooper. Lethal Silver-Haired Bat
Rabies Virus Infection Can Be Prevented by Opening the
Blood-Brain Barrier // J Virol. — 2007. — Vol. 81(15). — P.
7993-7998. https://doi.org/10.1128/jvi.00710-07

31. Zhang S., Hao M., Feng N, et al. Genetically Mod-
ified Rabies Virus Vector-Based Rift Valley Fever Virus Vac-
cine is Safe and Induces Efficacious Immune Responses in
Mice // Viruses. —2019. — T. 11. — Vol. 10. 919. https://doi.
org/10.3390/v11100919

32. Lebrun A., Garcia S., Li J., Kean R., Hooper D.
Protection Against CNS-Targeted Rabies Virus Infection is
Dependent upon Type-1 Immune Mechanisms Induced by
Live-Attenuated Rabies Vaccines // Tropical Medicine and
Infectious Disease. — 2017. — T. 2. — Vol. 3:22. https://doi.
org/10.3390/tropicalmed2030022

33. Gnanadurai C.W,, Yang Y., Huang Y., et al. Differen-
tial Host Immune Responses after Infection with Wild-Type
or Lab-Attenuated Rabies Viruses in Dogs // Rupprecht CE,
ed. PLOS Neglected Tropical Diseases. —2015. —T. 9. — Vol.
8. https://doi.org/10.1371/journal.pntd.0004023

34. Kiflu A.B. The Immune Escape Strategy of Rabies
30

Virus and Its Pathogenicity Mechanisms // Viruses. — 2024.
—T. 16.—Vol. 11.1774. https://doi.org/10.3390/v16111774

REFERENCES

1. Dietzschold B., Li J., Faber M., Schnell M.
Concepts in the pathogenesis of rabies // Future Virol-
ogy. —2008. — Vol. 3. — No 5. — P. 481-490. https://doi.
org/10.2217/17460794.3.5.481

2. Shiraishi R., Nishimura M., Nakashima R., Enta C.,
Hirayama N. Neutralizing Antibody Response in Dogs and
Cats Inoculated with Commercial Inactivated Rabies Vaccines
/I Journal of Veterinary Medical Science. —2014. — Vol. 76. —
4. — P. 605-609. https://doi.org/10.1292/jvms.13-0335

3. Moore S.M., Gilbert A., Vos A., et al. Rabies Virus
Antibodies from Oral Vaccination as a Correlate of Protection
against Lethal Infection in Wildlife / Tropical Medicine and
Infectious Disease. —2017. — Vol. 2. —No. 3. — P. 31. https:/
doi.org/10.3390/tropicalmed2030031

4.  Moore S.M., Hanlon C.A. Rabies-Specific Antibod-
ies: Measuring Surrogates of Protection against a Fatal Dis-
ease // PLoS Neglected Tropical Diseases. —2010. — Vol. 4. —
No 3. —P. 1-6. https://doi.org/10.1371/journal.pntd.0000595

5. Guilherme D.M., Jan H., Rajesh G., Davide C.,
Hervé B. Monoclonal antibodies against rabies: current uses
in prophylaxis and in therap // Current Opinion in Virology. —
2022. — Vol. 53. — P. 101204 https://dx.doi.org/10.1016/j.co-
viro.2022.101204

6.  Steck F., Wandeler A., Bichsel P., Capt S., Héfliger
U., Schneider L. Oral immunization of foxes against rabies
laboratory and field studies // Comparative Immunology, Mi-
crobiology and Infectious Diseases. — 1982. — Vol. 5. 1-3. —
P. 165-171. https://doi.org/10.1016/0147-9571(82)90031-5

7. Wandeler A1, Capt S., Kappeler A., Hauser R. Oral
immunization of wildlife against rabies: concept and first field
experiments // Reviews of Infectious Diseases. — 1988. — Vol.
10 — Suppl 4. — P. 649-653. https://doi.org/10.1093/clinids/10.
supplement 4.s649

8. WHO. Zero by 30: the global strategic plan to end
human deaths from dog-mediated rabies by 2030. — 2018.
https://www.who.int/publications/i/item/9789241513838

9. Zero by 30 the global strategic plan human deaths
from dog-mediated rabies by 2030 to end // WOAH — 2018.
https://www.woah.org/fileadmin/Home/eng/Media_Center/
docs/Zero_by 30 FINAL online version.pdf

10. Brown D., Fooks A.R., Schweiger M. Using Intra-
dermal Rabies Vaccine to Boost Immunity in People with Low
Rabies Antibody Levels // Advances in Preventive Medicine.
—2011.—P. 1-5. https://doi.org/10.4061/2011/601789

11. Rosatte R., Donovan D., Allan M., et al. Rabies in
Vaccinated Raccoons from Ontario, Canada // Journal of
Wildlife Diseases. —2007. — Vol. 43. — No 2. — P. 300-301.
https://doi.org/10.7589/0090-3558-43.2.300

12. Rosatte R., Donovan D.M., Allan M., et al. Emer-
gency response to raccoon rabies introduction into Ontario //
Journal of Wildlife Diseases. — 2001. — Vol. 37 — No 2. — P.
265-279. https://doi.org/10.7589/0090-3558-37.2.265

13. Freuling C.M., Eggerbauer E., Finke S., et al. Effi-
cacy of the oral rabies virus vaccine strain SPBN GASGAS in




Eurasian Journal of Applied Biotechnology. No.2, 2026

DOI: 10.11134/btp.2.2026.3

foxes and raccoon dogs // Vaccine. —2019. — Vol. 37 — No 33.
— P, 4750-4757. https://doi.org/10.1016/j.vaccine.2017.09.093

14. Sterner R.T., Meltzer M.I., Shwiff S.A., Slate D.
Tactics and Economics of Wildlife Oral Rabies Vaccination,
Canada and the United States // Emerging Infectious Dis-
eases. —2009. — Vol. 15. —No 8. — P. 1176-1184. https://doi.
org/10.3201/eid1508.081061

15. Mukhanbetkaliyeva A.A., Kabzhanova A.M., Kady-
rov A.S., et al. Application of modern spatio-temporal anal-
ysis technologies to identify and visualize patterns of rabies
emergence among different animal species in Kazakhstan
/I Geospatial Health. — 2024. — Vol. 19. — No 2. https://doi.
org/10.4081/gh.2024.1290

16. Gomez-Buendia A., Yessembekova G., Kadyrov A,
Mukhanbetkaliyev Y., Cerviflo-Luridiana E., Alvarez J., Perez
A.M., Abdrakhmanov S K. A time-space Bayesian regression
model of rabies cases in the animal population of Kazakhstan
(2013-2023) // Frontiers in Veterinary Science. —2025. — Vol.
12. https://doi.org/10.3389/fvets.2025.1640050

17. Abdrakhmanov S.K., Abenova A.Zh., Mukhanbetka-
liyeva A.A., Korennoy F.I., Perez A.M. Animal Rabies in Ka-
zakhstan: Stable Endemicity, Surveillance Pitfalls, and Prior-
ity Actions // Pathogens. —2025. — Vol. 14. —No 11. - P. 1079.
https://doi.org/10.3390/pathogens14111079

18. Hartinger J., Folz T., Cussler K. Clinical end-
points during rabies vaccine control tests // ALTEX. — 2001.
— Vol. 18. — No 1. — P.37-40. https://pubmed.ncbi.nlm.nih.
gov/11248849/

19. Reed L.J., Muench H. A simple method of estimat-
ing fifty per cent endpoints / American Journal of Epidemi-
ology. — 1938. — Vol. 27. — No 3. — P. 493-497. https://doi.
org/10.1093/oxfordjournals.aje.al18408

20. Bulatov Y., Koshemetov Z., Amanova Z., Abitayev
R., Ussembay A., Sametova Z., Kondybaeva Z., Kurmasheva
A., Mazbayeva D., Turyskeldy S., Toktyrova D. Safety assess-
ment of an oral rabies vaccine bait for wild carnivores in a se-
ronegative dog model // Eurasian Journal of Applied Biotech-
nology. —2025. — Vol. 3. — P. 93-101. https://doi.org/10.11134/
btp.3.2025.10

21. Miiller T., Freuling C.M. Rabies Vaccines for Wild-
life // In: Ertl, H (eds) Rabies and Rabies Vaccines Springer,
Cham. —2020. — P. 45-70. https://doi.org/10.1007/978-3-030-
21084-7 3

22. Overduin, van Dongen, Visser. The Cellular Immune
Response to Rabies Vaccination: A Systematic Review // Vac-
cines. —2019. — Vol. 7(3). — No 110. https://doi.org/10.3390/
vaccines7030110

23. European Medicines Agency (EMA). Rabies Vaccine
(Live, Oral) for Foxes and Raccoon Dogs // Monograph 0746
01/2014, 9th ed. — Council of Europe: Strasbourg, France. —
2016.

24. Bommier E., Chapat L., Guiot A.L., et al. Mul-
tivariate analysis of the immune response to different ra-
bies vaccines // Veterinary Immunology and Immunopa-
thology. — 2020. — T. 220:109986. https://doi.org/10.1016/j.
vetimm.2019.109986

25. Chapat L., Hilaire F., Bouvet J., et al. Multivariate
analysis of the immune response to a vaccine as an alterna-
tive to the repetition of animal challenge studies for vaccines
with demonstrated efficacy // Veterinary Immunology and Im-
munopathology. —2017. — Vol. 189. — P. 58-65. https://doi.
org/10.1016/j.vetimm.2017.06.001

26. Vogt R., Schulte P.A. Evaluation of immune re-
sponses // IARC scientific publications. —2011. — Vol. 163. —
P. 215-239. https://pubmed.ncbi.nlm.nih.gov/22997865/

27. Wang Z.W., Sarmento L., Wang Y., et al. Attenu-
ated Rabies Virus Activates, while Pathogenic Rabies Vi-
rus Evades, the Host Innate Immune Responses in the Cen-
tral Nervous System // Journal of Virology. — 2005. — Vol.
79 — No 19. — P. 12554-12565. https://doi.org/10.1128/
jvi.79.19.12554-12565.2005

28. Verena te Kamp, Freuling C.M., Vos A., et al. Re-
sponsiveness of various reservoir species to oral rabies vacci-
nation correlates with differences in vaccine uptake of mucosa
associated lymphoid tissues // SCI Rep. — 2020 — Vol. 10(1). —
No 2919. https://doi.org/10.1038/s41598-020-59719-4

29. Ghislat G., Lawrence T. Autophagy in dendritic cells
/I Cellular & Molecular Immunology. — 2018. — Vol. 15(11). —
P. 944-952. https://doi.org/10.1038/cmi.2018.2

30. Roy A., D. Craig Hooper. Lethal Silver-Haired Bat
Rabies Virus Infection Can Be Prevented by Opening the
Blood-Brain Barrier // J Virol. — 2007. — Vol. 81(15). — P.
7993-7998. https://doi.org/10.1128/jvi.00710-07

31. Zhang S., Hao M., Feng N., et al. Genetically Mod-
ified Rabies Virus Vector-Based Rift Valley Fever Virus Vac-
cine is Safe and Induces Efficacious Immune Responses in
Mice // Viruses. —2019. — T. 11. — Vol. 10. 919. https://doi.
org/10.3390/v11100919

32. Lebrun A., Garcia S., Li J., Kean R., Hooper D.
Protection Against CNS-Targeted Rabies Virus Infection is
Dependent upon Type-1 Immune Mechanisms Induced by
Live-Attenuated Rabies Vaccines // Tropical Medicine and
Infectious Disease. —2017. — T. 2. — Vol. 3:22. https://doi.
org/10.3390/tropicalmed2030022

33. Gnanadurai C.W.,, Yang Y., Huang Y., et al. Differen-
tial Host Immune Responses after Infection with Wild-Type
or Lab-Attenuated Rabies Viruses in Dogs // Rupprecht CE,
ed. PLOS Neglected Tropical Diseases. —2015. —T. 9. — Vol.
8. https://doi.org/10.1371/journal.pntd.0004023

34. Kiflu A.B. The Immune Escape Strategy of Rabies
Virus and Its Pathogenicity Mechanisms // Viruses. — 2024.
—T. 16. — Vol. 11.1774. https://doi.org/10.3390/v16111774

31




Eurasian Journal of Applied Biotechnology. No.2, 2026
DOI: 10.11134/btp.2.2026.3

YIK: 57.083.3:578.824.11

OILIEHKA UMMYHOBHUOJIOTHTYECKHX CBOMCTB NEPOPAJIbBHON BPUKETUPOBAHHOM
BAKIIMHBI IPOTUB BELHIEHCTBA VY JIUC

Byaaros E.A.!, Aguraes P.T.!, Ycemoaii A.K.!, Amanoa JK.T.!, Camerona JK.JXK.!, Typeickeaai III.C."?, KonauoaeBa
K.B.!, Mazoaesa I.M.!, KypmameBa A.K.!, Komemeros JK.K.!, Renukaradhya J G.%, Tokteiposa JI.C."**

! Hayuno-uccnedosamenvckuti uncmumym npobnem 6uonocuueckoii 6esonacnocmu Hayuonanvroeo xonounea « QazBioPharmy,
25/1, I'sapoetickuii, Kopoatickuii pation, Kambviickas oonacms, 080409, Kazaxcman

? Kazaxckuti HayuonanbHulil yrugepcumem umenu anb-Papabu, @axyismem duonozuu u 6uomexnonozuu, npocnekm anv-Da-
pabu, 71, Anmamer 050040, Kazaxcman

} Vuusepcumem wmama Oeatio, kagedpa 30omexnuueckux Hayk, 30anue Animal Science Building, 2029 Fyffe Road, Konym-
oyc, 43210, wmam Oeaiio, CLIIA

* Aemop 01 Koppecnondenyuu. d.toktirova@biosafety.kz

AHHOTALIUS

BereHcTBO OcTaeTcs oHOM 13 HanboJIee OMTACHBIX 300HO3HBIX MH(EKINH, TOIIEeP>KUBAEMbIX B IPUPOAHBIX pe3epByapax
CpeIy AMKUX IUIOTOSTHBIX KMBOTHBIX. HecMOTps Ha BBICOKYIO 3()()eKTHBHOCTh MHAKTHBUPOBAHHBIX BAKLMH Y JJOMAIIHHUX KU~
BOTHBIX, KOHTPOJIb OCLIIEHCTBA B TUKOH (hayHe TpeOyeT MpUMEHEHHs IepOpajIbHBIX BaKIIMH, 00ECIEUNBAIOLINX MACCOBYIO UM-
MYHH3ALHUI0 €CTECTBEHHO BOCIIPUUMYMBLIX BUJOB. L]e/bl0 HACTOSAILNEro UCcCae0BaHuUs SBIIAIACh OLEHKAa HIMMYHOT€HHOCTH,
6€3011acHOCTH ¥ 3aIIUTHOH 3P (YEKTUBHOCTH NEpOpaIbHON OPHKETHPOBAaHHOW BaKIMHBI TPOTUB OCIICHCTBA, HCIBITAHHON Ha
€CTECTBEHHO BOCIIPUUMYMBBIX IUIOTOSTHBIX )KUBOTHBIX B IIMJIOTHBIX YCIOBUSX. B akciepumenT 06110 BKiI04eHO 10 KIIMHH-
YEeCKH 3JJ0POBBIX JIMCHII, CEPOHETAaTUBHBIX I10 aHTUTENAM K BUPYCY OelieHcTBa. TpH JMCHIIBI TPyl UMMYHOTEHHOCTH I10-
Jy4WJIM OJJHOKPATHYIO NIEpOPaIbHYIO 103y BaKIMHEL, CHOpMYIHPOBAHHOH B BUie OPUKETUPOBAHHON TPUMAHKH, COZlEprKaIleH
(ukcupoBaHHEBIN mTaMM BUpyca Oewmenctsa Rabies virus fix/NIIPBB/2024 ¢ tutpom 6,00 log TCID, /mi. Ik KHBOTHBIX
TTOJTYYMJIM TTOBBIILICHHYIO J103Y, COCTABIABINYO0 10 BaKIMHHBIX IPUMAHOK HA XXMBOTHOE, /ISl OLIEHKH 0€3011acHOCTH, TOTAA
KaK JIBe HEBaKLIMHUPOBAHHbIE JTUCULIBI CTY>KIWIH KOHTpOIeM. JIMHaMUKy T'yMOpaJIbHOTO UMMYHHOI'O OTBETa ONPEAENIsUIU C 0~
MOIIBIO TeCTa HeHTpanu3aun Ha Melmax 1 MDA, 3ammtHyio 3 GeKTHBHOCTD OLIEHUBANIH ITyTEM 3apaskeHHUs] KOHTPOJIbHBIM
mraMMoM CVSS. IonydeHHble pe3ynbTaThl HOKa3aill, YTO BAKI[MHHbBIE IPUMAHKHU OXOTHO OEAAIUCH )KUBOTHBIMU U HE BBI3BI-
BaJIM KIIMHUYECKHUX IMOOOYHBIX PEaKIMi MIIM OTKJIOHEHUH 0T (PM3HOIOTMYECKUX HOPM. YPOBHH aHTUTEJ, OIIPE/ICIICHHbIE Me-
toom MDA, npessianu 0,5 ME/Mi, 4To cCOOTBETCTBYET 10CTaTOYHOMY TyMOPaJbHOMY HMMYHHOMY OTBETY COINIACHO KpH-
TepusaM npousBoaurend. [lapannensHo TUTPEI BUPYCHEUTPATU3YIOLIUX aHTUTEN, ONPENeNEHHbIE B TECTE HEUTPATU3aluK Ha
MBIIIAX, IOCTHTAIM MAaKCHMAIbHBIX 3Ha9eHuH 110 4,3 log, Ha 21-i nens nocne uMmyHusanuy. [locie KORTpoIbHOTO 3apaxe-
HUS BAKIMHUPOBaHHBIE )KUBOTHBIE BEDKUBAIM 03 KIMHUYECKUX IMPU3HAKOB OCLICHCTBA, TOTA KaK Y KOHTPOJIBHBIX JKHBOT-
HBIX pa3BUBAJIach MapajguTHUecKas popma 3a00JIeBaHus C JICTAJbHBIM HCXOIOM. B 11esoM pe3ysbTarsl JaHHOTO MHIIOTHOTO
HCCIIEOBaHUsI CBHIETENLCTBYIOT O TOM, YTO IepOpajibHasi OpUKETHPOBAHHAsS BaKI[MHA IPOTHB OEIICHCTBA 001a1aeT nepeek-
THUBHOM HMMYHOTE€HHOCTBIO, O€3011aCHOCTBIO M 3aI[UTHBIM ITOTEHIIMAJIOM, YTO 00OCHOBBIBAET HEOOXOANMOCTD JaJIbHEHIIINX
HCCIIEAOBaHUM IS €€ MPUMEHEHUs B IIpOorpaMMax NepopanbHOM HMMYHU3aUU JUKUX MIOTOSAHBIX *KMBOTHBIX U KOHTPOJIS
MIPUPOHBIX 04aroB OEIICHCTRA.

KiroueBrbie ciioBa: 6CIHGHCTBO, nepopajbHasa BaKIlMHAUA, 6pI/IKCTI/Ip0BaHHa$[ BaKIlKMHa, BHPYCHeﬁTpaHHBYIOLHHC aHTH-
TCJIa, JUKUEC IIJIOTOAIHBIC.
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TYJKIVIEPAE K¥TBIPYFA KAPCBI IEPOPAJIB/JABI BPUKETTEJII'EH BAKIIMHAHBIH
NMMYHOBHNOJOT'UAJIBIK KACUETTEPIH BATAJIAY

Byaaros E.A.', Aouraes P.T.!, Ycembaii A.K.!, Amanosa JK.T.!, CameroBa ’K.JK.!, Typsickeani III.C."?, KonauoaeBa
K.B.!, Maszoaesa JI.M.!, Kypmamena A.K.!, Komemeros 7K.K.!, Renukaradhya J G.3, TokrsipoBa JI.C."*

! Buonoecusiivlk Kayincizoik npobiemanapuin evlavimu-zepmmey uncmumymol « QazBioPharmy ¥ammuix xonounei, 25/1, I'sap-
Oetickuti, Kopoati ayoanvl, Kambwin obnvicel, 080409, Kazaxcman

2 On-Dapabu amvindasvl Kazax ¥nmmuix Yuueepcumemi, Buonoeus scane buomexnonozus gaxymvmemi, an-Papabu 0anevliv,
Anmamet, 050040, Kazaxcman

? Oeatio wmamvl yHusepcumemi, XKanyapnap einvimoapul kaghedpacwl, Animal Science Building sumapamui, 2029 Fyffe Road,
Konymbyc, 43210, Ocatio wumamuwl, AKIIT

* Koppecnonoeum asmopul: d.toktirova@biosafety.kz

TYHUIH

Kyrbipy — >ka0aifbl eTKOpEKTi XaHyapiap apachlHa TaOUFH pe3epByapiiap/ia CaKTaIaThIH aca KayilTi 300HO3/bIK HH(EK-
nusUTapAbIH Oipi 6osein TaObiTansl. Y *KaHyapiapblHJa HHAKTUBTEITCH BaKIIMHAIAPIBIH THIMIUIIT )KOFaphl OOIFaHbIMEH,
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xabaiibl )xaHyapiapIarbl KYThIpyAbl OaKbliay TAOUFH Ce31MTal TypJepli Kanmnaid IMMyHAayJbl KaMTaMachl3 €TeTiH Mepo-
paJib/ibl BaKIMHANAP/B! KOJIJaHyAbl Tanan erefi. Ochl 3epTTeyaiH MaKcaThl NUJIOTTHIK JKaFaaiiapaa Taburu Typze cesimMrain
€TKOPEKTI XaHyapiiap/ia SKCIIEPUMEHTTIK IepOopabbl OPUKETTENTEeH KYThIpYFa Kapchl BaKIIMHAHBIH MIMMYHOTCHJIITIH, Ka-
yIICI3AIriH ’KaHe KOPFaHBIII THIMAUIIriH Oaranay 6omnsl. TaxxipuOene KyThIpy BUPYChIHA KapChl aHTHICHEIEP] )KOK, KIIMHH-
KaJIBIK TYpFbiian cay 10 Tynki enrisinmi. MMMyHorenik ToObIHAAFB YII TYJIKI Kypambiaaa Tutpi 6,00 log TCID, /mn 6ona-
TeIH Rabies virus fix/NIIPBB/2()24 GekiTinreH KYThIpy BUPYCHI LITaMbl Oap OPUKETTENTreH IPUMaHKa TYPiHAET BaKI[MHAHBIH
0ip peTTik nepopanbabl 103ackiH ansl. Kayincizaikri Oaranay yuriH Oec sxaHyapra ap skaHyapra 10 Bak[IMHAIIBIK TPUMaHKaIaH
TYpaThIH JKOFapbUIaThUIFaH 1032 Oepiii, aln exi BakKunHauusulaHOaraH TYJIKI OaKpuiay ToOBI peTiHze naiaanansuiasl. ['ymo-
pasIbJibl UMMYHJIBIK KayalThIH JHHAMUKAChI THIIIKaHAapAarsl HelTpaiau3aius tecti xone DT anicrepi apKbUIbl aHBIKTAIIBL.
Kopranpim triMainiri CVS tecT-mTaMbIMeH KYKTBIPY apKbUIbl OaranaHibl. HoTrokenep xeMaik BaKIMHATIAP/IbIH )KaHyapiap
TapanblHaH )KaKChl KaObUIIaHFAHbBIH KOHE KIMHHUKAIBIK JKaFBIMCBI3 acepiiep MeH (PU3HOJIOTHSIIBIK HOpMallap/iaH aybITKymap
TyFrbI30aranbiH kepceTti. UDT onmiciMeH anbIkTayFaH anTrieHe AeHreinepi 0,5 Xb/Mit-neH sxorapsl 00JIb1, Oy OHIIPYII KpH-
Tepuiiaepi OOMBIHINA XKETKUTIKTI TyMOPaJIb/Ibl UMMYHBIK ayarka colikec keinesi. COHbIMEH Karap, ThIIIKaHAapAarbl HeUTpa-
JIM3AIIHs TECTI ApKbLIbI aHBIKTAJIFaH BUPYCHENTpaIU3/IEYIi aHTUIEHETIEP TUTPI MMMYyHayaaH keiinri 21-xyni 4,3 log, neftin
xeTTi. JKyKThIpy/naH KeliiH BaKIMHALMsUIAHFaH jKaHyapJiap KYThIPYbIH KIMHUKAIBIK OeNTijepiHci3 Tipi Kauasl, aj OakpLiay
TOOBIH/IAFbI JKaHyapllapAa aypy/ablH CalJaHy Typi AaMblll, ©JIMMEH asKTaiasl. JKanmsl anranga, Oy MWIOTTHIK 3ePTTEYIiH
HOTHOKEJIEP] epopasib/ibl OPUKETTENTeH KYThIPYFa KapChl BAKIIMHAHBIH EPCIIEKTHBAJIBI MMMYHOTEH/IITH, KayilCI3/iriH jKoHe
KOPFaHBILI dJIeyeTiH KepceTei, Oy OHbI )kabaiibl eTKOPEKTI )KaHyapiiapbl Iepopalibibl UMMYHAY OarapiamMaliapblHa JKoHe
KYTBIPYJBbIH TaOWFU OIIAKTapblH OaKbuIayAa KOJJaHy YIIiH opi Kapai 3epTTeyi Heriaensi.

Tyiiin ce3nep: KYTHIpY, Iepopabasl BaKIMHALMSA, OPUKETTEITeH BaKIIMHA, BUPYyCc-OeiiTapanTaHapIpyIIbsl aHTH/ICHETEp,
*abalbl ETKOPEKTiIep.
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