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ABSTRACT

This work presents the development and implementation of a quality control and standardization strategy for a recombinant
capripoxvirus-vectored vaccine against brucellosis. We conducted a comprehensive analysis of World Health Organization
guidelines, the State Pharmacopoeia of the Republic of Kazakhstan, and regulatory documents governing quality control of
biological medicinal products. Based on this analysis, we established a comprehensive panel of quality parameters encompassing
physicochemical, molecular-genetic, biological, and microbiological characteristics of the vaccine, as well as assessment
of residual process-related impurities. Using the developed strategy, we evaluated three pilot batches of the recombinant
capripoxvirus-vectored brucellosis vaccine.

The results demonstrated that all pilot batches met the established quality and safety requirements. The developed quality
control and standardization strategy provides a foundation for further refinement of the evaluation system for recombinant
vector-based brucellosis vaccines and for the preparation of regulatory documentation to support their clinical application.

Keywords: recombinant vaccine, quality control, standardization, brucellosis, capripoxvirus.

INTRODUCTION

Brucellosis is a major bacterial zoonosis that continues to
adversely affect livestock production and create substantial
risks to human health worldwide [1- 4]. The zoonotic nature
of the disease, the widespread distribution of natural foci, and
the substantial economic losses resulting from reduced an-
imal productivity, reproductive disorders, and trade restric-
tions necessitate the development of effective and safe specific
prophylactic measures [5]. Despite decades of use of con-
ventional live vaccines (B. abortus S19, RB51, and B. meli-
tensis Rev.1), their application is associated with several lim-
itations, including residual virulence, the potential for vaccine
strain persistence in vaccinated animals, the production of an-
tibodies that interfere with serological diagnosis, and poten-
tial occupational hazards during vaccine manufacturing and
administration. These constraints have prompted renewed in-
terest in next-generation recombinant vaccines that combine
high safety standards with potent immunogenic properties [6-
8].

Viral vector platforms, particularly those based on capri-
poxviruses, represent a promising direction in modern vac-
cine development because of their genetic stability, capacity
to accommodate relatively large heterologous sequences, and
ability to stimulate both antibody-mediated and cell-mediated
immunity. Recombinant capripoxvirus constructs engineered
to produce immunologically relevant Brucella proteins, such
as Omp16 and Omp19, may provide an effective platform for
the development of safer vaccines against brucellosis [9-11].

In recent years, Kazakhstan has actively advanced re-
search in the development of innovative brucellosis prophy-
lactic measures using molecular biology, genetic engineer-
ing, and viral vector technologies. The Institute for Biological
Safety Problems has assumed a leading role in these efforts,
implementing comprehensive programs for the development

of domestic recombinant vaccines, diagnostic preparations,
and quality control methods [12-14].

The implementation of recombinant vaccines in practical
settings requires the development of a scientifically sound
quality control and standardization strategy that ensures verifi-
cation of their safety, efficacy, and reproducibility of the man-
ufacturing process [15, 16]. Unlike conventional biological
preparations, the quality control system for recombinant vac-
cines must encompass not only assessment of physicochem-
ical and microbiological characteristics of the finished prod-
uct, but also confirmation of genetic stability of the construct,
integrity of the integrated expression cassette, functional ac-
tivity of the viral vector, and control of residual process-re-
lated impurities and potential contaminants. Therefore, mo-
lecular-genetic, virological, microbiological, and biochemical
analytical methods are essential components of modern stan-
dardization and quality assurance systems for recombinant
immunobiological preparations [1, 2, 16, 17].

Standardization of prophylactic preparations comprises a
set of measures aimed at establishing quality criteria, control
methods, and acceptable regulatory standards throughout all
stages of vaccine manufacturing. The absence of unified in-
ternational and national requirements for quality control of re-
combinant veterinary vaccines necessitates the development
of an internal standardization strategy that accounts for the
specific characteristics of the platform used, the manufactur-
ing process, and the biological properties of the preparation
[15, 18]. Such a strategy ensures objective assessment of man-
ufacturing process stability, batch reproducibility, and com-
pliance of the finished product with established quality and
safety requirements [19].

Current regulatory documents define general principles
for quality control of biological medicinal products; however,
they do not address platform-specific requirements for recom-

285



https://orcid.org/0000-0002-7801-6198
https://orcid.org/0000-0002-8353-1629
https://orcid.org/0009-0007-0183-4401
https://orcid.org/0000-0002-4486-3188
https://orcid.org/0000-0002-8771-3868
https://orcid.org/0000-0003-0510-5496
https://orcid.org/0000-0002-5500-9913
https://orcid.org/0000-0003-4376-7992
https://orcid.org/0000-0003-3297-518X
https://orcid.org/0009-0000-2816-6377
https://orcid.org/0000-0002-9331-5161
https://orcid.org/0000-0003-4953-3628
https://orcid.org/0000-0001-8543-4219
https://orcid.org/0000-0002-3987-6814
https://orcid.org/0000-0001-8777-8453
https://orcid.org/0000-0003-0843-1983
https://orcid.org/0000-0002-7954-6246

Eurasian Journal of Applied Biotechnology. No.3, 2026

DOI: 10.11134/btp.3.2026.30

binant capripoxvirus-vectored vaccines expressing Brucella
antigens. Therefore, developing a comprehensive approach
to quality assessment of such vaccines represents an import-
ant scientific and practical objective.

The aim of this study was to develop a quality control and
standardization strategy for a recombinant capripoxvirus-vec-
tored brucellosis vaccine, and to conduct a comprehensive
evaluation of key quality parameters using modern physico-
chemical, molecular-genetic, virological, and microbiological
control methods. Particular emphasis was placed on justifying
quality assessment criteria, confirming the genetic authentic-
ity of the viral vector, determining its biological activity, and
analyzing parameters characterizing vaccine safety and purity.

The principal contribution of this study is the establish-
ment of an integrated quality control framework specifically
tailored to a recombinant capripoxvirus-vectored vaccine
against brucellosis. Rather than evaluating individual product
characteristics separately, the proposed framework combines
confirmation of vector identity, determination of biological
activity, assessment of microbiological safety, monitoring of
process-related impurities, and physicochemical characteriza-
tion within a unified standardization system. It also addresses
the current lack of platform-specific guidance for recombinant
capripoxvirus vaccines and may provide a scientific basis for
batch-release testing, validation of analytical procedures, and
subsequent regulatory evaluation.

1. MATERIALS AND METHODS
1.1 Materials

Vaccine

Three experimental batches (No. 1, No. 2, and No. 3) ofa
recombinant capripoxvirus-vectored vaccine against brucel-
losis expressing Brucella spp. antigens were used as the sub-
ject of investigation. The vaccine was developed and manu-
factured at the Institute for Biological Safety Problems (IBSP,
Kazakhstan). For testing, samples from three vials of each
batch were collected and combined into a single composite
sample by mixing equal volumes of the preparation.

Cell Cultures

Primary lamb testis cell cultures prepared in the Cell Bio-
technology Laboratory of IBSP were used in the study.

Vero cells were used as the production cell substrate for
propagating the recombinant virus during vaccine manufac-
ture. Primary lamb testis (LT) cell cultures were used as indi-
cator cells to determine the infectious activity of the vaccine.

Bacterial Growth Media
Casein Soybean Digest Agar (TSA) was used to determine
the total number of viable aerobic microorganisms and to as-

sess bacterial contamination and compliance with established
microbiological purity requirements.

Sabouraud Dextrose Agar (SDA) was used to monitor fun-
gal contamination and to identify and enumerate yeasts and
molds.

Test Kits, Assay Systems, and Reagents

InnuPREP DNA/RNA Mini Kit (IST Innuscreen GmbH,
Berlin, Germany) - kit for genomic DNA extraction from tis-
sue samples

286

Taq DNA Polymerase (Thermo Fisher Scientific Inc.,
Waltham, Massachusetts, USA) -kit for detection of brucella
gene inserts in the recombinant capripoxvirus preparation

LAL Reagent ENDOSAFE (Charles River Laboratories,
Charleston, SC, USA) - was used for the determination of bac-
terial endotoxins by the gel-clot LAL method

PerfectStart® Vero DNA Quantification Kit (TransGen
Biotech Co., Ltd., Beijing, China) - kit for quantification of
residual Vero cell DNA

EZ-PCR Mycoplasma Detection Kit (Sartorius Biological
Industries, Israel) - kit for mycoplasma detection

1.2 Methods
Assessment of Appearance

Assessment of appearance is a mandatory component of
quality control for biological preparations and serves to con-
firm compliance with established physicochemical standards,
as well as to identify signs of contamination, manufacturing
defects, or improper storage conditions.

Appearance was assessed by visual inspection of vials
against transmitted light. Clarity, color, and homogeneity of
the preparation were evaluated, and the presence of particu-
late matter, precipitate, floccules, signs of stratification, and
mold growth were assessed. Additionally, the integrity of the
vials, seal quality, and correctness of labeling were verified.
(Figure 1).

Figure 1. Assessment protocol for visual inspection of a
capripoxvirus-vectored brucellosis vaccine.

Hydrogen Ion Concentration (pH)

Hydrogen ion concentration (pH) was measured using a
pH meter. The method is based on measuring the potential dif-
ference between two electrodes of the pH meter immersed in
the test sample [20].

DNA Extraction

Genomic DNA was extracted from samples using the In-
nuPREP DNA/RNA Mini Kit according to the manufacturer’s
instructions. The extracted DNA was eluted in 100 puL buffer
and stored at -20°C.

Authenticity Testing

The authenticity of the vaccine batches was confirmed us-
ing polymerase chain reaction (PCR). Nucleic acid extraction
was performed using the InnuPREP DNA/RNA Mini Kit, and
amplification was carried out using Taq DNA Polymerase in
accordance with the manufacturer’s instructions.

To confirm integration of the insert into the thymidine ki-
nase (7K) gene locus, primers PCR-TK-F and PCR-TK-R1,
flanking the recombination region, were used. The PCR prod-
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Figure 2. Schematic representation of the omp25 gene insertion site and PCR primer locations in the
recombinant capripoxvirus vector.

uct size for the parent virus strain was 400 bp, whereas for
the recombinant strain rSPPV(7K)-Omp?25, the expected am-
plicon size was 1050 bp (Figure 2). The amplified fragments
were separated in a 1.5% agarose gel prepared with TAE buf-
fer and stained with ethidium bromide. DNA bands were vi-
sualized using a GelDoc Go imaging system (Bio-Rad) with
a 5-megapixel camera [20].
Determination of Infectious Activity

The infectious activity of each vaccine batch was evalu-
ated in vitro by titration in primary lamb testis (LT) cell cul-
tures prepared at the Cell Biotechnology Laboratory of the
Research Institute for Biological Safety Problems (RIBSP).
Eight successive tenfold dilutions, ranging from 10-' to 10,
were prepared in maintenance medium. The first dilution was
obtained by combining 0.1 mL of the vaccine preparation with
0.9 mL of medium. For each subsequent dilution, 0.1 mL was
transferred into a new tube containing 0.9 mL of fresh me-
dium, with a new pipette tip used at every step.

Four replicate cell culture tubes were inoculated with 0.2
mL of each dilution. Four additional tubes containing non-in-
oculated cells and maintenance medium served as negative
controls. The cultures were maintained at 37 + 0.5°C, and the
medium was replaced every 2 days.

On day 12, the cultures were examined for the develop-
ment of a cytopathic effect. The assay was considered valid
when characteristic cytopathic changes were observed in inoc-
ulated cultures and remained absent in the negative controls.
The infectious virus titer was calculated by the Reed—Muench
method and expressed as Ig TCID, /mL [20].

Assessment of Microbiological Purity

Microbiological purity was determined under aseptic con-
ditions. Prepared sample (minimum 0.1 mL) was inoculated
onto the surface of pre-dried nutrient medium in Petri dishes
and spread evenly using a sterile spreader. Each dilution was
examined in duplicate on each type of culture medium.

Casein soybean digest agar plates were maintained at 30-
35°C for 3-5 days to detect aerobic microorganisms. Sab-
ouraud dextrose agar plates were maintained at 20-25°C for
5-7 days to detect yeasts and molds.

Following incubation, microbial growth was quantified by
counting colony-forming units (CFU). Only plates containing
no more than 250 colonies for aerobic microorganisms and
no more than 50 colonies for yeasts and molds were included
in the calculations [20].

Determination of Bacterial Endotoxin Content

Bacterial endotoxins were determined using the gel-clot
Limulus amebocyte lysate (LAL) method with ENDOSAFE®
LAL Reagent. Equal volumes of the LAL reagent and test
sample were mixed and incubated at 37 °C for 60 min. Fol-
lowing incubation, the tubes were inverted by 180°. Forma-

Figure 3. Bacterial endotoxin determination by LAL gel-clot
assay.

tion of a firm gel that remained intact upon inversion was con-
sidered a positive reaction [20] (Figure 3).

Determination of Residual Benzonase Content

Residual Benzonase content was determined by en-
zyme-linked immunosorbent assay (ELISA) using a calibra-
tion curve constructed from standard solutions with concen-
trations ranging from 0 to 1000 pg/mL. Optical density was
measured at wavelengths of 450 and 630 nm, and results were
calculated as the difference OD450-OD630. For each stan-
dard, the mean optical density was determined from three par-
allel measurements, ensuring improved accuracy and reliabil-
ity of the data. The calibration curve was subsequently used to
determine residual Benzonase content in test samples [18, 20].

Each standard and each test sample was analyzed in three
independent parallel replicates (n = 3). For each standard, the
mean corrected optical density was calculated and used to
construct the calibration curve. Experimental data were fit-
ted using a 4-parameter logistic (4-PL) model, which opti-
mally describes the nonlinear kinetics of immunochemical
reactions. The constructed calibration model demonstrated
a high degree of fit to the experimental data and was sub-

i5 Standard Curve

R square = 0.997

OD 450 nm-OD 650

0 500
Benz-Neburase Nuclease Concentration (pg/ml)

1000 1500

Figure 4. Standard calibration curve for Benzonase Nuclease
concentration determination (pg/mL) constructed using
4-parameter logistic regression.
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Table 1. Quality control requirements for a recombinant capripoxvirus-vectored brucellosis vaccine

Quality Control Parameter Test Method

Acceptance Criteria

Clear or slightly opalescent, colorless

Appearance Visual inspection, State Pharmacopoeia of RK Vol. I liquid, free from particulate matter
%—Ila}ﬁl)rogen fon concentration Potentiometric, State Pharmacopoeia of RK Vol. 1 6.8-7.6
Authenticity Polymerase chain reaction (PCR) Presence of two PCR products of 1050

and 1500 bp

Specific activity TCID

50/mL

Titration in lamb testis cell culture with calculation of 1g

Not less than 10° TCID

50/mL

Microbiological purity
Pharmacopoeia of RK Vol. I

Culture on Casein Soybean Digest Agar (TSA) for TAMC
and Sabouraud Dextrose Agar (SDA) for TYMC, State

Total Aerobic Microbial Count
(TAMC): not more than 1.0 x 102CFU/
mL;

Total Yeast and Mold Count (TYMC):
not more than 1.0 x 10' CFU/mL

Mycoplasma detection RK Vol. I

Polymerase chain reaction (PCR), State Pharmacopoeia of

Preparation must be free from myco-
plasmas

Related substances (cellular

DNA) Polymerase chain reaction (PCR)

Cellular DNA not more than 10 ng/mL

Bacterial endotoxin content

LAL test (gel-clot method), State Pharmacopoeia of RK Vol.
I

Not more than 100 EU/mL

Residual Benzonase

Enzyme-linked immunosorbent assay (ELISA)

Not more than <100 pg/mL

sequently used for accurate interpolation and calculation of
trace amounts of residual nuclease in test samples. The ob-
tained values were compared against the established accep-
tance criterion, according to which Benzonase content should
not exceed 100 pg/mL.

A standard calibration curve was constructed based on the
mean absorbance values (Figure 4). The X-axis indicates Ben-
zonase Nuclease concentration (pg/mL) and the Y-axis shows
the mean corrected optical density.

Determination of Residual Producer Cell DNA

DNA was extracted from samples using the InnuPREP
DNA/RNA Mini Kit according to the manufacturer’s instruc-
tions. Quantitative determination of residual Vero cell DNA
was performed by real-time PCR using the PerfectStart Vero
DNA Quantification Kit. Standard dilutions of control Vero
DNA and a negative control were used for analysis. Residual
DNA content was calculated from the calibration curve and
expressed in ng/mL of preparation. Since Vero cells were used
as the production cell substrate, residual host-cell DNA was
quantified using the PerfectStart Vero DNA Quantification Kit
according to the manufacturer’s instructions.

Detection of Mycoplasma Contamination

Test samples were screened for mycoplasma contamina-
tion by PCR using the EZ-PCR Mycoplasma Detection Kit.
The assay was performed in accordance with the protocol sup-
plied by the manufacturer. Conserved mycoplasma genomic
sequences were amplified, while an internal amplification con-
trol was included to confirm assay validity.

Statistical Analysis

All experiments were conducted in at least three indepen-
dent replicates unless otherwise specified. Determination of
pH, specific activity, residual Benzonase content, and other
quantitative parameters were performed in triplicate for each
vaccine batch. The obtained results were processed using de-
scriptive statistical methods in Microsoft Excel 2019.
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RESULTS

A review of available literature revealed the absence of a
unified quality control and standardization scheme for recom-
binant vector vaccines against brucellosis. While existing reg-
ulatory documents and scientific publications contain general
requirements for evaluating the quality of immunobiological
preparations, they do not provide a comprehensive approach
to the control of recombinant vaccines based on capripoxvi-
rus vectors.

To establish the regulatory basis for the proposed frame-
work, we examined the relevant WHO guidance, the State
Pharmacopoeia of the Republic of Kazakhstan, and Council
Decision No. 89 of the Eurasian Economic Commission dated
November 3, 2016, concerning the requirements for studies of
biological medicinal products within the Eurasian Economic
Union [1, 2, 17, 19, 20]. Collectively, these documents define
fundamental requirements related to the quality, safety, and
efficacy of biological products.

On the basis of this regulatory and scientific assessment,
an integrated standardization and quality control strategy was
developed for the recombinant capripoxvirus-vectored brucel-
losis vaccine. The proposed strategy enables systematic eval-
uation of the vaccine’s critical quality attributes, as summa-
rized in Table 1.

The quality control requirements for a recombinant capri-
poxvirus-vectored brucellosis vaccine were developed tak-
ing into account the specific characteristics of the prepara-
tion design, its manufacturing process, and current approaches
to standardization of vector vaccines. The developed quality
control strategy includes assessment of physicochemical, mo-
lecular genetic, biological, and microbiological parameters, as
well as determination of residual process-related impurities.

Assessment of appearance and pH allows confirmation of
compliance of the preparation with established physicochemi-
cal characteristics and stability of its composition. Vaccine au-
thenticity is confirmed by polymerase chain reaction (PCR).
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Table 2. Quality parameters of pilot batches of a recombinant capripoxvirus-vectored brucellosis vaccine

Pilot Batch Results
Quality Parameter Test Method Acceptance Criteria 1 2 3
Homogeneous, clear or slight- Slightly opalescent, homoge-
ly opalescent liquid without neous, colorless, clear liquid. No
Appearance Visual inspection particulate matter, precipitate, particulate matter, foreign matter,
floccules, and signs of contam- precipitate, floccules, signs of
ination stratification, or mold detected.
; . 7.31 7.32 7.31
?ydro%{e nion concentra- | pentiometric 6.8-7.6
ion (pH) +0.0027 | £0.0027 | £0.0028
Presence of specific amplicon
Authenticity Polymerase chain reaction (PCR) | of omp25 gene of 1500 bp and Positive
1050 bp
. L Titration in lamb testis cell culture 5.08 5.16 5.00
Specific activity with calculation of g TCIDso/mL Not less than 5.0 1g TCIDso/mL 014 L 0.14: £ 0.00
Culture on Casein Soybean Digest
Microbiological purity Agar (TSA) and Sabouraud Dex- | Absence of microbial growth Negative
trose Agar (SDA)
Mycoplasma detection Polymerase chain reaction (PCR) | Free from mycoplasmas Negative
E‘il%t;c}% s)ubstances (cellu- Polymerase chain reaction (PCR) gge/lrlll:]ldar DNA not more than 10 3 6 3
Bacterial endotoxin LAL test (gel-clot method) Not more than 100 EU/mL 15
content
-l i Not more than
Residual Benzonase EnzymEﬁllrél:d immumosorbent 18 20 23
assay ( ) <100 pg/mL

During analysis, the test sample should demonstrate two spe-
cific PCR products of 1050 and 1500 base pairs, correspond-
ing to the genetic construction of the recombinant capripox-
virus vector. The absence of amplicons of the specified sizes
or their non-conformance to expected characteristics is not
acceptable. The presence of target amplicons indicates the
integrity of the integrated genetic insert and confirms vac-
cine authenticity. Specific activity is determined by titration
in sensitive cell culture with calculation of infectious titer in
lg TCID,,, , characterizing the ability of the viral vector to
replicate and ensuring reproducibility of the biological activ-
ity of the preparation. Microbiological purity is assessed in
accordance with the State Pharmacopoeia of the Republic of
Kazakhstan by determining the total count of aerobic meso-
philic microorganisms (TAMC) and total count of yeasts and
molds (TYMC).

Particular attention is devoted to controlling the biolog-
ical safety of the preparation. To exclude contamination of
cell cultures, mycoplasma detection is performed by PCR.
Residual cellular DNA content is determined as an indicator
of vaccine purification effectiveness and preparation safety.
Additionally, the level of bacterial endotoxins is monitored
by LAL test, and residual Benzonase content is determined
by enzyme-linked immunosorbent assay, confirming the re-
moval of process-related impurities used in the manufactur-
ing process.

Using the developed quality control requirements for the
recombinant capripoxvirus-vectored brucellosis vaccine, qual-
ity control of three pilot batches of the finished preparation
was conducted (Table 2).

Based on the results of quality parameter assessment for

three pilot batches of a recombinant capripoxvirus-vectored
brucellosis vaccine, it was established that all tested batches
met the established requirements for physicochemical, biolog-
ical, and microbiological parameters, demonstrating reproduc-
ibility of the manufacturing process and stability of the prepa-
ration’s principal characteristics.

The vaccine was a slightly opalescent, homogeneous, col-
orless, clear liquid without particulate matter or signs of con-
tamination. pH values ranged from 7.31 to 7.32, complying
with established standards. These parameters characterize the
preservation of the physicochemical properties of the prepa-
ration, confirm the homogeneity of the tested batches, and in-
dicate the absence of degradation or manufacturing process
failure. Vaccine authenticity was confirmed by PCR through
detection of specific amplicons of the omp25 gene of expected
size, indicating the integrity of the recombinant genetic con-
struct and confirming the identity of the tested batches.

Specific activity of the tested batches ranged from 5.00
to 5.16 Ig TCID,,  and exceeded the established minimum
acceptable level. This parameter is of critical importance for
confirming the biological activity of the viral vector and en-
suring reproducibility of its functional properties, which de-
termine the ability of the vaccine to induce a specific immune
response. During microbiological purity assessment and my-
coplasma testing, no signs of contamination were detected,
confirming the microbiological safety of the preparation and
the effectiveness of maintaining aseptic conditions through-
out its manufacturing process.

Residual cellular DNA content ranged from 3 to 6 ng/mL
and did not exceed the acceptable value. The level of bacte-
rial endotoxins was within the established requirements. Re-
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sidual Benzonase concentration was 18 - 23 pg/mL, which
was significantly below the maximum allowable level. These
results demonstrate the effectiveness of vaccine purification
processes, minimization of residual process-related impuri-
ties, and compliance of the preparation with current safety re-
quirements for recombinant immunobiological preparations.

DISCUSSION

The obtained results confirm that the developed quality
control and standardization strategy for a recombinant capri-
poxvirus-vectored brucellosis vaccine enables comprehen-
sive assessment of the key parameters that determine quality,
safety, and reproducibility of the biopreparation. Unlike con-
ventional live brucellosis vaccines, recombinant vector vac-
cines require not only confirmation of infectious activity and
microbiological purity, but also control of genetic construct
integrity, authenticity of the integrated antigen gene, absence
of extraneous contamination, residual process-related impu-
rities, and vector stability [17, 22].

According to published studies [15, 16, 23, 24], the qual-
ity evaluation of recombinant viral-vector vaccines should in-
clude confirmation of product identity, determination of bio-
logical activity, sterility testing, verification of freedom from
mycoplasma contamination, assessment of residual host-cell
DNA, and stability studies. These control parameters are con-
sistent with the principles outlined in relevant European regu-
latory guidance for live recombinant viral-vectored vaccines
and in WHO recommendations concerning recombinant bi-
ological products and the cell substrates used in their man-
ufacture. Collectively, these documents emphasize the need
to verify the identity of the recombinant vector, demonstrate
the genetic stability of the inserted expression cassette, deter-
mine biological activity, confirm microbiological purity and
the absence of adventitious agents, and monitor residual sub-
stances associated with the production process. Therefore, the
system of parameters chosen in this work corresponds to cur-
rent international principles of recombinant biopreparation
quality control.

It should be noted that the proposed quality control strat-
egy does not replace existing international regulatory ap-
proaches, but rather develops them with respect to the recom-
binant capripoxvirus platform. EDQM guidelines on official
control of batches of immunological veterinary preparations
provide general requirements for confirming authenticity,
safety, purity, and biological activity of vaccines, as well as
product-specific control schemes for live bacterial and certain
live viral vaccines. However, these documents do not contain
specialized recommendations for recombinant capripoxvirus
vector vaccines expressing heterologous antigens. Therefore,
the proposed system of tests combines established quality pa-
rameters with additional criteria reflecting the characteristics
of the viral vector platform, including confirmation of the in-
tegrity of the integrated omp25 gene, assessment of residual
process-related impurities, and control of the characteristics
of the recombinant viral vector [17, 19, 22, 23].

Of particular importance in the present study was the con-
firmation of the identity of the recombinant capripoxvirus
vector by PCR. The omp25 gene encodes a conserved outer
membrane protein of Brucella spp. and belongs to a group of
immunologically relevant outer membrane proteins that also
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includes Omp16 and Omp19. According to published studies,
Ompl6, Ompl9, and Omp25 are considered promising anti-
genic targets for the development of recombinant vaccines
against brucellosis. In the present study, the omp25 sequence
was used as a molecular target to demonstrate a PCR-based
approach for confirming the identity of the recombinant capri-
poxvirus vector construct. Detection of a specific amplicon of
the expected size confirmed the integrity and presence of the
target genetic insert within the recombinant construct [9, 12].

Comparison with previously published work on influenza
vector vaccines against brucellosis shows that most research
has been primarily focused on evaluating the immunogenic-
ity, protective activity, and safety of candidate vaccines. Re-
combinant influenza viruses expressing Brucella L7/LL12 and
Ompl6 antigens were considered as a promising platform,
and subsequent studies demonstrated the feasibility of using
an influenza vector vaccine against Brucella abortus in Ka-
zakhstan’s veterinary practice. The present study is focused
not on evaluating immunological efficacy, but on developing
a system of standardization and quality control for vaccine
batches, which is a necessary step for proceeding to compre-
hensive preclinical and manufacturing studies [22].

The infectious titers of the vaccine batches ranged from
5.00 to 5.16 Ig TCID, /mL, confirming the biological activity
of the recombinant capripoxvirus vector. For live viral-vec-
tor vaccines, infectious titer represents an important quality
attribute associated with dose consistency and potential im-
munogenicity. Khantimirova et al. emphasized that the quality
assessment of live recombinant viral-vector vaccines should
include comprehensive characterization of the vector and
transgene, together with evaluation of the genetic and pheno-
typic stability of the recombinant virus [23].

An important distinguishing feature of this work is the use
of a capripoxvirus vector. This platform is of interest due to its
ability to stably carry foreign genes and provide antigen ex-
pression within a live viral vector. Current research shows that
recombinant capripoxviruses expressing Brucella antigens can
efficiently replicate in Vero cell culture, and the use of bio-
reactor systems allows increasing cell density and scaling up
the cultivation process [25]. In this respect, the results of this
work complement the existing data, as they demonstrate not
only the feasibility of producing a recombinant capripoxvi-
rus preparation, but also approaches for its batch-wise qual-
ity control based on critical quality parameters.

Physicochemical parameters of the tested batches were
characterized by high uniformity. The appearance of the vac-
cine complied with the requirements for liquid bioprepara-
tions: the preparation was a slightly opalescent, homogeneous,
colorless, clear liquid free from particulate matter and signs
of contamination. pH values were within a narrow range of
7.31-7.32, indicating the stability of composition and repro-
ducibility of the manufacturing process [9, 12].

Microbiological control results showed the absence of
bacterial, fungal, and mycoplasma contamination in all tested
batches. This is of paramount importance because viral vac-
cine production in cell culture carries the risk of contami-
nation of the cell substrate and culture media by extraneous
agents. In WHO guidelines for vaccine and viral vector qual-
ity control, microbiological purity, absence of mycoplasmas,
and cell substrate control are considered mandatory elements
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of the quality assurance system [17, 19].

Assessment of bacterial endotoxin content, residual cellu-
lar DNA, and residual Benzonase is also an important com-
ponent of the proposed control strategy. These parameters al-
low characterization of the degree of preparation purification
and the safety of the manufacturing process.

Thus, a comparative analysis shows that previously pub-
lished research on recombinant brucellosis vaccines largely
confirms the promise of using viral vectors and Brucella
spp. antigens. However, issues of standardization, batch-wise
quality control, and the development of a comprehensive set
of quality parameters have been addressed in less detail. The
present work fills this gap by offering a comprehensive qual-
ity control strategy for a recombinant capripoxvirus vaccine
comprising physicochemical, molecular-genetic, virological,
microbiological, and biochemical methods.

It should be noted that this study was primarily aimed at
developing and practically validating a quality control strat-
egy for a recombinant capripoxvirus-vectored brucellosis vac-
cine. The obtained results provide a foundation for further re-
finement of the vaccine standardization system.

CONCLUSION

The obtained results demonstrate the applicability of the
developed quality control strategy for assessing pilot batches
of a recombinant capripoxvirus-vectored brucellosis vaccine.
The conducted studies demonstrated that the tested batches
met the main quality parameters as evaluated in the analyti-
cal testing performed. The developed approach can serve as
a foundation for further standardization of the preparation,
validation of analytical methods, conducting stability stud-
ies, and preparation of regulatory documentation required for
subsequent stages of preclinical development and manufac-
turing organization.
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PA3PABOTKA CTPATEIMY KOHTPO.IS1 KAUECTBA U CTAHJAPTU3ALIUA PEKOMBUHAHTHOM
BAKIIUMHBI ITPOTUB BPYHEJIVIE3A HA OCHOBE KAITPUIIOKCBUPYCHOI'O BEKTOPA

Jlxexeoexos K. K.”, Monnarynosa C.Y., Kakeinoek A. C., llasxmeros E.A., Yaanke3sl A., AocaroBa JK.C., Haxanosa
A., Kaaumonna J.7K., Boponuna E.IL., Baiicent T.U., Omypraii A./l., CagukaauneBa C.O., byaaros E.A., AManoBa
K.T., llopaesa K.A., Hypa6aes C.I11., Yepssixosa O.B.

TOO «HayuHno-uccrnedogamenvbckutli uHcmumym npobiem ouonozuueckoii 6ezonachocmuy, Hayuonanonoiii xonoune
«QazBioPharmy, 080409, Pecnyoruxa Kazaxcman, Kaméwinckaa obracme, Kopoaiickui pation, nem. I'sapoetickutl, yi.
Momviuynor 25/1.

*4emop-xoppecnondenm: k.zhekebekov@biosafety.kz

AHHOTAIUS

B pabote mpeacraBieHs! pe3ynbTaTshl pa3pab0TKH CTPATETHH KOHTPOJIS KadecTBa U CTaHJapTH3aluy PEKOMOWHAHTHOU
BaKI[MHBI IIPOTHUB OpyIeiie3a Ha OCHOBE KallPUIIOKCBUPYCHOTO BekTopa. [IpoBenen ananmn3 MeXIyHapOIHBIX PEKOMEH AN
BcemupHO# opraHu3aium 31paBooxpaneHus, TpedoBanuii [ocymapcTBenHo# papmakonen Pecyonmuku Kazaxcran n HopMa-
TUBHBIX JJOKYMEHTOB, PETIIAMEHTHPYIOIINX KOHTPOJIb KauecTBa OMOJIOTHUECKHX JIEKapCTBEHHBIX cpeacTB. Ha ocHOBaHMM mpo-
BE/ICHHOTO aHaJM3a chOPMHPOBAH KOMIUIEKC ITOKa3aTeNed KauecTBa, BKIIOYAIOMINI OLCHKY (H3HUKO-XUMHUECKIX, MOJICKY-
JISIPHO-TEHETHYECKHUX, OMOJIOTHYECKUX, MUKPOOHOIOTHYECKUX XapaKTEPUCTHK BaKIMHBI, a TAKXKE COACPKAHUS OCTAaTOYHBIX
TEXHOJIOTHYECKUX npuMecei. C NCIob30BaHNEM pa3pabOTaHHOM CTpAaTETHH MPOBEJCHA OLIEHKA TPEX OMBITHBIX CEPHil pe-
KOMOWHAHTHOM BaKIMHBI IIPOTHB OpyIieiie3a Ha OCHOBE KallPUIIOKCBUPYCHOTO BEKTOpA.

[omyueHHbIE pe3yIbTaThl CBUAETENBCTBYIOT O COOTBETCTBHH ONBITHBIX CEPUI BAKLIMHBI YCTAHOBICHHBIM TPEOOBaHMAM Ka-
yecTBa u Oe3zonacHoCcTH. PazpaboTaHHas cTpaTerist KOHTPOJIS Ka4eCTBa M CTAHAAPTH3ALUN MOXKET OBITh UCIIONB30BaHA B Ka-
YEeCTBE OCHOBBI AJISI AATBHEHIIET0 COBEPIIEHCTBOBAHHS CHCTEMBI OIIEHKH PEKOMOMHAHTHBIX BEKTOPHBIX BAKIHH IIPOTHUB Opy-
L[e/Ie3a ¥ MOATOTOBKH HOPMAaTHBHOW JOKYMEHTALNH JJISl HX MPAKTHIECKOTO IPUMEHEHHUS.

KioueBble ciioBa: pekoOMOMHAHTHAsI BAKIIMHA, KOHTPOJIb KaueCTBa, CTaHJapTU3alMs, OpyLieiuies, KalpunoKCBHPYC.

90K 619:615.371:577.21

KANMPUTIOKCBUPYCTBIK BEKTOP HEI'I3IHJIEI'l BPYHEJIJIE3I'E KAPCbl PEKOMBUHAHTTBI
BAKIIMHAHBIH CAITACBIH BAKBIJIAY MEH CTAHJAPTTAY CTPATETUSACBIH 93IPJIEY

Jlxexeoexos K. K.”, Monnarynosa C.Y., Kakeinoek A. C., [llasxmeros E.A., Yaanke3sl A., AocaroBa JK.C., Haxanosa
IA., Kanumousna J.7K., Boponuna E.IL., Baiiceut T.U., Omypraii A.O., Cagukanuena C.O., byaaros E.A., AManoBa
K.T., llopaesa K.A., Hypa6aes C.I11., Yepssixosa O.B.

bBuonoeuanvix xayincizoix npobremanapuoin evinvimu-zepmmey uncmumymsi « QazBioPharmy ¥aimmulx xonounei, 25/1,
Tsapoeiickuti, Kopoaui ayoanul, Kambwin obnvicel, 080409, Kazaxcman
* Koppecnonoeum asmopul: k.zhekebekov@biosafety.kz

AHHOTAIMS

Byt )xyMbIcTa KanpHIIOKCBUPYCTHIK BEKTOP HETi3iHeTi Opynesiesre Kapchl peKOMOMHAHTTHI BaKIIMHAHBIH CarachlH OaKbl-
Iy )KOHE CTAHIapTTay CTPATErMACHIH 33ipIiey HOTHOKeNIepi YChIHbUFaH. JlyHHeKY31IiK AeHcaybIK cakray YibIMBIHBIH (JIJICY)
XaJbIKapalblK YCHIHBIMIapbiHa, Kazakcran Pecrryonrkacsl MeMileKeTTik (hapMaKoIesiICHIHBIH TalalTapblHa )KoHe OHOJIOrH-
SUTBIK, IOPLTIK TIpenapaTTapIblH calachlH OaKpIIayabl periIaMeHTTEHTIH HOPMATUBTIK KyKaTTapra Tanaay xKyprizinmi. XKyp-
Ti3iIreH Tajnay HeriziHAe BaKIMHAHBIH (HU3HKa-XUMUSUIIBIK, MOJEKYJIAIBIK-TeHETHKAJIBIK, OHONIOTHSIBIK JXKOHE MUKPOOHO-
JIOTHSUTBIK CHIIATTaMaJIapblH, COHali-aK TEXHOIOTHSIBIK MPOLIECTEH KaJaThIH KAIIBIK KOCIaIap/IbIH MOIIIEPiH Oaraiayibl
KaMTHUTBIH calla KOPCETKIMTEPiHiH KeIIeHI KaTbIITaCThIPBUIIBL.

O3ipJIeHTeH CTPaTerusIHbI Naila’ada OTHIPHIIN, KAPUIIOKCBUPYCTHIK BEKTOP HETIi3iHIer! OpyIeniesre Kapcel peKoMOu-
HAHTTHI BaKIIMHAHBIH YII TOXKIpHUOETiK cepuschiHa OaKpIIay *KYPTi3iimi.

AJBIHFaH HOTVOKEJIep BaKI[MHAHBIH TOXKIPUOENIK CepHsIapbIHBIH calla MEeH Kayilci3aik OOMbIHIIA OEJriIEHIeH TananTapra
ColiKeC KeJIeTIH/IITIH KOpCeTTi. O3ipJIeHreH canaHbl 0aKbUIdy JKOHE CTaHIApTTay CTPATEerHsChl Opylesie3re Kapchl peKoMOu-
HAHTTHI BEKTOPJIBIK BaKIIMHAIAPIbI Oaranay )YHECiH OJaH opi XKETUIAIPY JKOHE oJap/bl TOKIPUOETIK KOIIaHyFa apHaIFaH
HOPMATHUBTIK Ky>KaTTaMaHbl JalbIHAAY YIIiH HETi3 peTiH/e naijanaHbuTybl MYMKIH.

Tyitingi ce3mep: pekOMOMHAHTTHI BaKIIMHA, CAllaHbl OaKbLIAY, CTaHAAPTTaY, OpyIeilie3, KaPUIIOKCBHPYC.
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