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Abstract

Introduction. Specific prevention of a number of infectious diseases has been introduced into the vaccination
schedule. The production of immunoprophylactic drugs, in order to establish standard properties, including
safety and specific effectiveness, requires strict adherence to manufacturing regulations, and the reliability of
the results obtained requires monitoring of these parameters. The specific effectiveness of vaccine preparations
is standardized according to the indicators of stimulation of specific antibody response formed in the body of
vaccinated model biological objects.

Objective. Determination of the immune reactivity of white mice to vaccination with the QazVac vaccine to establish
the possibility of using them as a biological model in assessing the immunogenicity of the vaccine instead of Syrian
hamsters.

Materials and methods. The immune reactivity of model animals was assessed by the seroconversion rate,
dynamics of antibody titers to the SARS-CoV-2 virus formed in the body after vaccination with the test vaccine.
In the case of seropositivity of animals before administration of vaccine or placebo, the level of immune reactivity
was calculated by the difference in antibody titers between control and vaccinated animals or by the difference
in antibody titers before and after immunization. Specific antibodies were detected and their titer was determined
using a neutralization reaction.

Results. The research results showed that the tested biological models had approximately the same immune
reactivity to the administration of the QazVac vaccine, confirmed by the level and dynamics of antibody titers. When
analyzing the fold increase in antibody titers in comparison to those of control animals, Syrian hamsters were more
reactive compared to mice. But SPF white mice were standardized in their lack of the immune reactivity to SARS-
CoV-2 virus before the immunization.

Conclusion. The data obtained indicate that the immune reactivity of white mice to the administration of the
QazVac vaccine in terms of the rate and dynamics of the formation of virus-neutralizing antibodies is approximately
equivalent to the immune reactivity of Syrian hamsters. Before immunization with the vaccine, SPF white mice,
in contrast to Syrian hamsters, do not have humoral immunity specific to the SARS-CoV-2 virus. The immune
reactivity equivalent to that observed of Syrian hamsters and the absence of antibodies to the SARS-CoV-2 virus
at a baseline indicate the superiority of the use of white mice in assessing the immunogenicity of vaccines against
COVID-19 and/or obtaining specific factors of humoral immunity.
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UMMyHHas peakTMBHOCTb ABYX OMONMOrnyeckux moaeneu
Ha NPUBUBKY MHAaKTUBMPOBaAHHOW BaKLuMHoU QazVac
NPOTUB KOpoHaBUpycHou nHepekuun COVID-19

Meip3axmetoBa B.L. , XKannaposa I"'A., buceHn6aesa K.b., TovitaHoBa C.A., TybickaHoBa M.C.,
Kyrynncos K.[0., KytymbeTos J1.b.

PI'M «Hay4yHo-nccnegoBatenbCckmuin MHCTUTYT Npobnem Guonornyeckon 6esonacHoctn» M3 PK, 080409,
nr. FBapaenckun, Pecnybnuka KasaxctaH

Pestome

BBepeHue. Cneuundmyeckas npodumnakTka psaa MHeKUMOoHHbIX 6onesHen BBeAeHa B KaneHaapb MeAUNLMHCKMX
npuBmMBOK. [Npon3BoacTBO MMMYHOMPOMUIAKTUYECKUX NPENapaToB B LIENsX YCTaHOBINEHNS CTaHAAPTHbIX CBOWCTB,
B TOM 4ucne no 6esonacHoctn u cneumdumyeckon apdekTnBHOCTH, TpebyeT cTpororo cobnogeHns pernameH-
Ta N3roTOBMEHMS, 8 JOCTOBEPHOCTb MOMYYEHHbIX Pe3ynbLTaToB — NPOBEAEHNS KOHTPOMS YKa3aHHbIX NapaMeTpoB.
Cneumnduyeckyto acpdeKTMBHOCTb BaKLUMHHBLIX NpenapaToB CTaHAAPTU3NPYIOT NO NoKa3aTensM CTUMYNSALuumn rymMo-
panbHbIX (aKTOPOB MMMYHUTETA, POPMUPYEMbBIX B OpraHU3Me NPUBUTLIX MOAENbHbLIX BUONOrnyecknx 06 bLEKTOB.
Llenb pa6oTbl. OnpegeneHne MIMMYHHOW peakTUBHOCTY 6enbiX Mblller Ha NPpUBMBKY BakuMHON Qaz\Vac ans ycrta-
HOBIMEHNS BO3MOXHOCTM UX UCMOMNb30BaHUA B Ka4ecTBe OMOnornyeckor Moaeny B oueHke MMMYHOreHHOCTU Bak-
LMHbI BMECTO CUPUINCKMX XOMSKOB.

MaTepuanbi u metoabl. OLEHKY MIMMYHHOW PEaKTUBHOCTM MOAENbHbIX XXMBOTHbLIX NPOBOAMIN NO KONUYECTBY Ce-
POKOHBEPCUBHOCTW, CKOPOCTU 1 AMHAMUKE TUTPOB aHTUTeN Ha Bupyc SARS-CoV-2, hopmmnpyemMbix B opraHm3me
nocne NpPUBMBKU UCMbITYEMOW BaKLMHOWN.

PesynbTaTtbl. Pesynsrarthl uccnegoBaHuii nokasanu, 4To ucnbityemble 6uonornyeckne mopeny obnagatrot npu-
MEPHO OAMHAKOBOW MMMYHHOW peakTUBHOCTbIO Ha BBeAeHMe BakuuHbl QazVac, noaTeBepxaarowmum cBuaetenb-
CTBOM KOTOPOW ABMNSNNCE YPOBEHb U ANHaMKKa TUTPOB aHTUTeN. Npu aHanuae KpaTHOCTW yBENWUYEHUSA TUTPOB aH-
TUTEN B CPaBHEHUW C TaKOBbIMWU KOHTPOSbHBIX XXMBOTHbIX, CUPUICKUE XOMSsIKM 0BnaaatoT cpaBHUTENbHO Bonbluei
peakTUBHOCTLI. Ho Benble Mbiwmn, cBoGoAHbIE OT NaTtoreHHon Mukpodnopsl (CMN®P), ctaHaapTHLI NO MHTAKTHOCTU
oT aHTMTen Ha Bupyc SARS-CoV-2.

3akntoyeHue. MNonyyeHHble faHHble CBUAETENLCTBYET O TOM, YTO UMMYHHAas PeakTUBHOCTb BenbiX Mblllei Ha
BBeLeHWe BakUumMHbl QazV/ac no ckopocTu u aguHammnke oOpMUPOBaHUSE BUPYCHENTPaNMU3YHOLLUX aHTUTEN ABNSETCS
NpaKkTU4eCcKn paBHO3HAYHOW MMMYHHOW PEeaKTUBHOCTU CUPUMCKMX XOMSKOB. B opraHusme 6Genbix Mbillen kate-
ropun ClN® oo npuBMBKM BakUMHOM, B OTMYME OT CUPUINCKMX XOMSIKOB, He cogepxaTtcs pakTopbl ryMopanbHOro
MMMYHUTETa, cneundudHble kK Bupycy SARS-CoV-2.

KnroueBble cnoBa: uMMmyHHass peakmusHocmb, supyc SARS-CoV-2; peakyus Helimpanusayuu; eakyuHa

Onsa uutupoBaHua: MbipsaxmeTtoBa b.L., Xannapoesa INA., buceHbaeBa K.b., TontaHoea A.C., TybickaHo-
Ba M.C., Xyrynucos K.[., KytymbeToB J1.b. UMMyHHasi peakTUBHOCTb ABYX OMONOrMyeckux Mogenem Ha npuBmBKy
MHaKTMBMPOBaHHOW BakumHon QazVac npotmB kopoHaBupycHow uHdekumm COVID-19. Bonpockl supyconoauu.
2024; 69(3): 219-230. DOI: https://doi.org/10.36233/0507-4088-222 EDN: https://elibrary.ru/mcackf

BnarogapHocTu. ABTOpbI BbipaxatoT bnarogapHOCTb PyKOBOACTBY M COTPYAHMKAM MHCTUTYTa 3a OKa3aHHYH NOMOLLb B
NpOBEAEHUN AAHHbIX NCCNEfOBaHUN.

UcTouHuk cpuHaHcupoBaHuA. PaboTa BhinonHeHa B pamkax [ocynapcTBeHHOro 3afaHusi «Ycnyrn no obecneyeHuo
Buonornyeckon 6esonacHocTu B chepe Haykm» Ha 2023 rog, npu puHaHcoBon nogaepxke MuHucTepcTea 3apaBooxpa-
HeHus Pecnybnuku KaszaxcraH.

KoHdonukT nHTepecoB. ABTOpbI AEKNAPUPYIOT OTCYTCTBME SBHBIX U NMOTEHUMaNbHbIX KOH(IUMKTOB MHTEPECOB, CBA3aH-
HbIX C Ny6nuKaumen HacTosALWEN CTaTby.

OTnyeckoe yTBepxaeHue. ABTOpbl NOATBEPXKAAIOT COOMIOAEHNE MHCTUTYLIMOHANBHbBIX Y HALMOHAmNbHbIX CTaHAapTOB
Mo UCMONb30BaHWIO NabopaTopHbIX XUBOTHBIX B cOOTBETCTBUM ¢ Consensus author guidelines for animal use (IAVES

23 July 2010). MpoTokon nccnenosaHus ogobpeH Komutetom no 6rnoatuke HayyHo-nccnenoBartenbckoro MUHCTUTYTa
npobnem 6uonornyeckorn 6esonacHocTn MuHucTepcTBa 3gpaBooxpaHeHust Pecnybnuku KasaxcraH ([MpoTtokon Ne 2

ot 14.08.2023).
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Introduction

An effective way to prevent infectious diseases
and eliminate their epidemic spread, is protecting the
immune system with the help of vaccines [1-10]. For
example, in order to prevent cases of disease as well
as epidemics of measles, poliomyelitis, influenza, etc.,
immune prophylaxis of people from an early age or in
the course of their life against such socially dangerous
diseases is carried out in medical practice [11-14].
Specific prophylaxis of a number of infectious diseases is
introduced in the immunization schedule. The production
of immunoprophylactic preparations, in order to establish
standard properties, including safety and specific
efficacy, requires strict compliance with manufacturing
regulations', and the reliability of the obtained results
requires control of the mentioned parameters [15, 16].
Specific efficacy of vaccine preparations is standardized
by the indicators of stimulation of humoral immunity
factors formed in the organism of inoculated model
biological subjects.

With the development of the COVID-19 pandemic,
various vaccines against this disease have been
developed in different countries, some of which are
globally recognized, while others are used on a national
scale [17-19]. In the Republic of Kazakhstan during
the pandemic, imported (Sputnik-V, Russia, SinoVac,
China, Pfizer, USA) and domestic (QazVac) vaccines
against this pandemic disease were used, the high safety
and satisfactory efficacy of which were shown by the
results of clinical trials and anti-epidemic data [20-22].
When evaluating the domestic QazVac vaccine efficacy,
Syrian hamsters are used as a biological model; they
are immunized with the tested series of the vaccine
and tested for the content of specific virus-neutralizing
antibodies 7 days after the second dose of the preparation
[23]. According to the requirements of the Analytical
Normative Document (AND)? for the quality control
of the preparation, blood serum samples from model
animals should contain specific antibodies detectable
in the neutralization reaction at a titer not lower
than 32 at this time point. The use of Syrian hamsters as
a laboratory model to evaluate the immunogenic activity
of the vaccine was due to the fact that these animals were
susceptible to COVID-19 infection [24, 25] and specific
antibodies to the SARS-CoV-2 virus were formed in
their organism during the post-infection period. From the
onset of the coronavirus pandemic to the present, there
are a large number of research papers where authors
have used various animal species as biological models
in the production and control of immunobiological
drugs against COVID-19 coronavirus infection [25-35].
Susceptibility to SARS-CoV-2 virus in small rodents
(mice, Syrian hamsters) [36—39], carnivores (ferrets, cats,

'WHO. Coronavirus (COVID-19) Dashboard. Available at: https://
covid19.who.int

2Analytical regulatory document (AND) for quality control of the
inactivated vaccine QazCOVID-in (QazVac). Guardeyskiy; 2021. (in
Russian)
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dogs) [40—42] and nonhuman monkeys (green monkey,
common marmoset, African baboon, rhesus macaque)
was reported by a number of scientists, whose research
papers can be found in bioRxiv, Medline and PubMed
databases [43—48]. However, experience with Syrian
hamsters has shown that they often contain antibodies
specific for SARS-CoV-2 virus [49] prior to their use in
studies, the presence of which does not provide reliable
information on the standardization of the vaccine being
tested.

The aim of the study was to determine the immune
reactivity of white mice to immunization with the QazVac
vaccine in order to establish the possibility of using them
as a biological model in assessing the immunogenicity of
the vaccine instead of Syrian hamsters.

Materials and methods

Vaccine. QazVac vaccine made from the Omicron-South
Africa variant of SARS-CoV-2 virus in three series (series
No. 1, No. 2, No. 3) according to the current standard
technology was used as a means of immunization.

Virus. The strain of the genetic variant Omicron-
South Africa of SARS-CoV-2 virus adapted in Vero cell
culture with biological activity of 6.67+0.22 lg TCD,/
cm?® was used for production of the tested vaccine and
neutralization reaction.

Cell culture. A WHO-certified Vero cell culture line
(WHO) grown in a monolayer in Cell Factory plastic cell
factories, mattresses, and plates was used to obtain SARS-
CoV-2 virus biomass and to stage the neutralization
reaction. Cells were grown in DMEM nutrient medium
containing 5-10% fetal bovine serum (FBS). To maintain
cell viability, the same nutrient medium was used, but
containing 1-2% FBS.

Animals. Clinically healthy golden Syrian hamsters
with live weight of 70-80 g and SPF mongrel white
mice with live weight of 18-22 g were used as laboratory
animals. Animals were kept in the conditions of scientific-
experimental biological clinic with biological safety
level 2 (ABSL-2), where a sanitary passageway, supply
and exhaust ventilation equipped with HEPA filters of
fine purification, special cages for keeping animals with
autonomous supply of air, feed and water are provided.

Assessment of animal immune reactivity. The immune
reactivity of model animals was assessed by the rate of
seroconversion, dynamics of antibody titers to SARS-
CoV-2 virus formed in the organism after inoculation with
the tested vaccine. In case of seropositivity of animals
before with the administration of vaccine or placebo, the
level of immune reactivity was calculated by the difference
of antibody titers between control and vaccinated animals
or by the difference of antibody titers before and after
vaccine administration. Specific antibodies were detected
and their titer was determined by neutralization reaction.

Testing in neutralization reaction. The neutralization
reaction was performed on monolayer Vero cell culture
prepared in 96-well plastic plates. Double dilutions
(1:2,1:4, etc.) of the tested blood serum of Syrian
hamsters and white mice in the supporting medium and
culture suspension of SARS-CoV-2 virus of Omicron
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variant with a titer of 100 TCD,, taken in equal volume
ratios, were used as a reaction mixture. The resulting
mixture was incubated at 37 °C for 60 min and added in
equal doses to at least 4 wells of a 96-well plate with the
test cell culture. As a dose control, the virus suspension
was titrated on the same cell culture using its tenfold
(107, 102, 103, 10*) dilutions in the maintenance
medium. For cell culture quality control, at least 4 wells
were left without including the reaction mixture and
virus, but replacing them with the maintenance medium.
Cell culture in plates with neutralization reaction was
incubated at 37 °C for 5 days, after which the results of
virus cytopathic effect (CPE) were recorded. The absence
of CPE in cell culture, when present in control wells
with virus dose and absence in wells with cell culture
quality control, was considered for virus neutralization or
antibody presence, and the presence of CPE, under the
specified conditions in the listed controls, was considered
for the absence of neutralization and specific antibodies.
The highest serum dilution that neutralized virus
reproduction in at least 50% of cases was taken as the
antibody titer. The antibody titer was given in reciprocal
numerical values of twofold dilutions of serum. The titers
of virus and serum were calculated according to Reed
and Mench [50]. Reliability of the difference of antibody
titers formed in model animals was assessed by Student’s
t-test [51-53].

Immunization of animals. Immunization of model
animals was carried out by intramuscular injection of
the tested vaccine in a dose of 0.5 ml into the quadriceps
muscle of the left hind limb. Before administering the
vaccine, the injection site was treated with 70° ethyl
alcohol and dried. Instead of the tested vaccine, the control
animals were injected with commercial physiological
solution of sodium chloride, produced by KhimPharm
JSC, Shymkent.

Safety determination. Vaccine safety was assessed
by quality control of the vaccine according to the
requirements of the Analytical Normative Document
(AND) for the preparation, and by injecting two
immunizing human doses of the vaccine into the hind
limb muscles of ten Syrian hamsters and ten SPF mongrel
white mice intramuscularly. The vaccine was considered
safe if sterility, endotoxin content, total protein, cellular
DNA and pyrogenicity conformed to the normative values
established by AND, and all Syrian hamsters and white
mice inoculated with a double dose of the preparation
survived for 14 days without development of local and
general pathology.

Scheme of immunogenicity study. Syrian hamsters and
white mice were divided into 5 groups of 20 animals of
each species. The first group of animals was inoculated
with vaccine series No. 1, the second group with vaccine
series No. 2, the third group with vaccine series No. 3, the
fourth group with placebo, and the fifth group was left
without experimental intervention. Vaccinated and con-
trol animals were monitored daily with registration of
body temperature and live weight. Before the experiment,
blood serum samples were collected from all Syrian ham-
sters and white mice. Blood samples from Syrian ham-
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sters were collected from the intercostal vein, and from
mice from the subcostal vein. On 14, 21, 28, 35 days after
vaccine and placebo injection, blood serum was collected
from 5 animals of each species, in Syrian hamsters from
the intercostal vein and in mice from the cervical vessels
by total decapitation. Serum samples were heat-treated
at 56 °C for 30 min before examination in neutralization
tests.

Statistical processing. Statistical analysis of the results
was performed using GraphPad Prism8 software. Reli-
ability of differences between the indicators (p < 0.05)
was determined using the Student’s t-test.

The authors confirm compliance with institutional and
national standards for the use of laboratory animals in
accordance with Consensus author guidelines for animal
use (IAVES 23 July 2010). The research protocol was ap-
proved by the Bioethics Committee of the Research In-
stitute for Biological Safety Problems of the Ministry of
Health of the Republic of Kazakhstan (Protocol No 2 dat-
ed August 14, 2023).

Results

Controls of the vaccine series used showed that they
contained hydrogen ion counts between 7.24-7.31,
total protein between 92.765-99.343 ng/0.5, cellular
DNA between 37.32-38.94 ng/0.5, endotoxins not
more than 0.15 IU/mL and formaldehyde not more
than 20 mg/L. Sterility test data by seeding on beef extract
broth, beef extract agar, Sabouraud and thioglycol media
were negative, indicating purity from contaminating
microorganisms.

Syrian hamsters and white mice that received 2 doses
of the vaccine intramuscularly remained alive and healthy
during 14 days of observation, except for the first day after
the injection of the preparation, when reduced mobility of
the animals was noted, which was noted for 2—4 h. During
the rest of the time, animals of both species vaccinated
with two doses of vaccine were active and healthy. No
pathologies developed at the vaccine injection site during
the observed period.

Based on the results obtained, it is concluded that
the three vaccine series tested are safe and suitable for
immunogenicity evaluation in model animals and, if
necessary, in human volunteers.

All animals inoculated with the vaccine and placebo, as
well as kept as pure controls during the entire observation
period, which lasted 35 days, remained alive and
healthy. The neutralization test results of serum samples
collected before the experiment and at subsequent times
after vaccine and placebo administration are shown in
Table 1.

As shown in Table 1, antibodies that neutralize SARS-
CoV-2 virus were present in the serum samples of most
Syrian hamsters prior to use in the studies. Seropositive
animals were present in the two groups used for vaccine
inoculation and the placebo group. The mean titers of
such antibodies ranged from 3.06 + 1.7 in the placebo
group to 3.6 = 1.4-8.8 £ 2.8 in groups 1 and 3, respec-
tively. Group 2 animals were completely non-reactive for
antibodies neutralizing SARS-CoV-2 virus.
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In blood serum samples of all vaccinated animals, ir-
respective of the series of the vaccine preparation, by
the day 14 there was an increase in the titers of anti-
bodies neutralizing SARS-CoV-2 virus from 10.0 + 3.2
to 26.8 + 7.84, which exceeded their initial titers 5.3-fold
in group 1, 10-fold in group 2 and 3.0-fold in group 3. The
mean of antibody titers in the three groups was 18.7+6.12,
which is a 4.8-fold increase from the baseline mean ti-
ter of 3.9. In the control group (placebo) the multiplicity
of antibody increase in this period was insignificant and
amounted to 1.7.

In the following terms, further growth of antibody
titers was noted in the blood serum of vaccinated an-
imals and by day 21 they ranged from 78.2 + 25.60
to 96.4 + 31.35 with their average value for all three
groups of 86.2 + 28.89. By day 28, antibody titers in
the groups of vaccinated animals reached maximum
values ranging from 102.6 + 31.35 to 132.5 + 62.71,
with a mean of 115.2 &+ 39.87. The mean values of the
multiplicity of increase in antibody titers compared
to baseline were 22.1 fold by day 21 and 29.5 fold by
day 28, and 22.6 and 41.1 fold, respectively, relative
to the titers of the control group. On day 35, the rate
remained high at 39.84. While in control animals, no
increase in antibodies neutralizing SARS-CoV-2 virus
was observed during the whole period of observation.

Analysis of individual seropositivity for antibodies
to SARS-CoV-2 virus showed that in Syrian hamsters
immunized with the vaccine, the seroconversion rate
was 100%, i.e. all vaccinated animals formed virus-neu-
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tralizing antibodies, the titers of which increased over
time.

In studies conducted in a similar manner in parallel on
white mice, positive results were also obtained, which are
summarized in Table 2.

As can be seen from the data in Table 2, no antibodies
neutralizing SARS-CoV-2 virus were detected in blood
serum samples from white mice, unlike Syrian hamsters,
before vaccination. In intact animals of the control group
such antibodies appeared in low titers after placebo
administration. In animals from experimental groups,
immunized with vaccine, antibodies in low titers were
detected starting from day 14, with titers that already
at this time point exceeded more than 4-fold the level
of virus neutralizing antibodies in the control group. In
the following days antibody titers in vaccinated mice
increased significantly and reached maximum values
on the 21%, 28" 35" days, the average values of which
were 99.67 £29.61, 113.43 +32.03 and 110.46 + 38.85,
respectively. Seropositivity rate among the inoculated
animals in all groups amounted to 100%, as well as
in Syrian hamsters. Maximum antibody titers were
observed on the 28" day, which amounted to 113.43
+ 32.03. On the 21* day after the first immunization
the antibody titers in the vaccinated groups were more
than 20 times higher than the nonspecific background
of virus reproduction delay observed in the control
group, and on the 28™ day this index was equal to 12.9.
Meanwhile, the level of multiplicity of antibody titer
increase in the experimental group in comparison with

Table 1. Dynamics of virus-neutralizing antibody titers in blood serum of Syrian hamsters before and after vaccination with QazVac vaccine

Taénauua 1. JJunamuxa tutpoB BHA B cbIBOpOTKE KPOBHM CHUPUICKUX XOMSIKOB JI0 M 11OCJI€ IIPUBUBKU BakLMHOM QazVac

Group . . ) Time of serum examination, days
No Vaccine series Number of animals, abs. CpOKH HCCIENOBAHMS CHIBOPOTKH KPOBH, CyT
- Cepusl BaKIIMHBI Yucno KUBOTHBIX, a0C.
Tpynma 0 14 21 28 35
1 QazVac, 20 3614 19.2+64 96.4+31.35 132.5+£62.71 114.0+27.3
series 1 (10) 4) 4) (5) (5)
cepus |
2 QazVac, 20 0 10.0+£3.2 78.2 £ 25.60 102.6 =31.35 79.6 £25.97
series 2 (10) 4) 4) (5) 5)
cepus 2
3 QazVac, 20 8.8+2.8 26.8+7.84 84.2+£29.73 110.4 £ 25.60 105.2+31.4
series 3 (10) %) 4) (5) 5)
cepus 3
Average data for the three groups 60 39+1.9 18.7+6.12 86.2 +£28.89 1152 +39.87  99.6 +28.22
CpeaHue TaHHBIE 110 TPEM IpyInaM (30) (15) (15) (15) (15)
4 Placebo — physical 20 3.06+£1.7 38614 38+14 2.8+0.76 (10) 2.5+0.82
solution (10) (10) (10) (10)
[Tnane6o — pus.
pacTBOp
Multiplicity of the increase in antibody titers 1.27 4.84 22.68 41.14 39.84

in the experimental groups compared to the level of antibody
titers in the control group

KpaTHOCTb OBBINIEHUS TUTPOB aHTUTEN B OIBITHEIX TPYIIIAX
OT YPOBHSI THTPOB aHTHTEJ B KOHTPOJIBHOM IpyIIIie

Note. Here and in the table. 2: VNA — virus-neutralizing antibodies; antibody titers in inverse multiples of serum dilution; number of animals in paren-

theses.

Tpumeuanue. 3nech u B Ta01. 2: BHA — BUpycHeliTpanu3yromue aHTHTeNa; TUTPBI AaHTUTEN B OOPaTHBIX BEIMYNHAX KPAaTHOCTU Pa3BEACHUS CHIBOPOT-

KU KPOBH; B CKOOKaX — YHCJIO )KUBOTHBIX.
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Table 2. Dynamics of virus-neutralizing antibody titers in serum of SPF white mice after inoculation with QazVac vaccine

Tadauua 2. [Junamuka TutpoB BHA B ceiBopoTke kpoBu 6einbix Mblieit kareropun CII® nocie npuBuBkY BakuuHoi QazVac

Group . . Number of animals,
Vaccine series
Ne abs.

Time of serum examination, days
CpOKH HCCIIeI0BAHNS CHIBOPOTKH KPOBH, CyT

Cepust BAKIIUHBI

I'pynmna Yucno KUBOTHBIX, a0cC. 0 14 71 28 35
1 QazVac, 20 0 4.4+0.96 89.2+314 104.6 £31.4 98.4+294
series 1 (20) %) %) %) (5)
cepus 1
2 QazVac, 20 0 8.1+1.71 1124+257 1293 +37.11 119.4+27.8
series 2 (20) (5) 4) (5) 4)
cepust 2
3 QazVac, 20 0 5.6+1.19 97.4+32.9 106.4 +27.6 113.6 £33.6
series 3 (20) (&) 5) )
cepus 3
Average data for the three groups 60 0 6.03+1.54 99.67 £29.6 113.43 + 110.46 + 38.8
CpenHne JaHHBIC IO TPEM IpyIIIaM (60) (1%5) (15) 32.03 (15)
(15)
4 Placebo — physical 20 0 14+0.38 48+1.6 8.8+3.91 36+0.8
solution (20) 5) 5) 5) (5)
[Tnane6o — ¢us. pactBop
Multiplicity of the increase in antibody titers in the experi- 0 431 20.76 12.89 30.68

mental groups compared to the level of antibody titers in the
control group

KpaTHOCTb MOBBILICHUS] TUTPOB @HTUTEI B OMBITHBIX
rpyImnax ot ypoBHsI TUTPOB aHTUTEI B KOHTPOJIBHOM TpyIiie

the control group by 35 days was extremely high and
amounted to 30.7.

The results of neutralization tests showed that both
Syrian hamsters and white mice showed vaccine-induced
seropositivity in 100% of cases after immunization with
QazVac vaccine. Virus neutralizing antibodies in the blood
sera of Syrian hamsters and white mice are detected from
day 14 after immunization in titers of 18.7 + 6.12 in Syrian
hamsters and 6.03 + 1.54 in white mice, which reach
maximum values during the next 7-21 days. In Syrian
hamsters, the maximum antibody titers during this period
ranged from 86.2 +28.89 to 115.2 £ 39.87, and in white mice
from 99.67 +29.6 to 113.43 +32.03. These data indicate that
mongrel white mice have sufficientimmune reactivity against
the whole-virion antigen of SARS-CoV-2 virus contained
in the inactivated vaccine [57, 58]. However, it should be
noted that the immune reactivity of Syrian hamsters slightly
exceeds such indices of white mice, since in the former the
multiplicity of antibody titer increase throughout the study
has a greater numerical value. However, this difference was
not statistically significant up to day 21. The difference in the
multiplicity of antibody titer increase is noted starting from
day 28 to day 35 after immunization.

The advantage of SPF mice is that they are guaranteed
free of SARS-CoV-2 virus and antibodies to this pathogen

before their use in studies. This condition allows obtaining
standard results of immunogenicity evaluation of the test
drug** [59].

Discussion

The immunogenic activity of the QazVac vaccine
(QazCOVID-in) is assessed by the level of antibodies
formed in the body of Syrian hamsters after double
inoculation with this preparation [23]. This animal
species was taken as a laboratory model to standardize the
immunogenic activity of the vaccine due to its relatively
high susceptibility to COVID-19 coronavirus infection
and sufficient immune reactivity to the causative agent
of this disease [24-26]. However, in the process of using
these animals, it was noted that antibodies neutralizing
SARS-CoV-2 virus in various titers reaching up to 5-6
log, were detected in the organism of a number of them
(unpublished data). We considered the occurrence of
this situation as a consequence of contact of animals
with pandemic virus through feed and/or attendants in
the process of their breeding and rearing, as they are
supplied by private entrepreneurs who keep these animals
in conditions that do not provide biological safety from
pathogens, including the COVID-19 infection. The lack of
intactness of the laboratory model does not allow a positive

3Decision of the Bioethics Committee of the Research Institute for Biological Safety Problems of the Ministry of Health of the Republic of

Kazakhstan. Protocol Ne 2; 2023. (in Russian)

4GOST 33215-2014. Guide to the care and maintenance of laboratory animals. Rules for equipment of premises and organization of procedures.

Interstate standard; 2014. (in Russian)
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assessment of the immunogenic activity of the tested
preparation, and therefore it is necessary to additionally
select animals free of target antibodies. In this case,
the process of vaccine standardization may be delayed
beyond the regulatory period. In addition, statistical
analysis of the influence of neutralizing antibodies in
Syrian hamsters, which were present before vaccination,
on the subsequent immune reactivity of the animal or
antibody production shows that there is a correlation
(statistical significance of the difference) between the
presence of baseline neutralizing antibodies to SARS-
CoV-2 and antibody production [54]. This statistically
significant difference was detected at a significance level
of p = 0.05 with a confidence interval of 0.95 [55]. This
setting prevents standardizing the immunogenicity of the
drug by the multiplicity of antibody titer increase using
seropositive animals.

Therefore, in order to replace Syrian hamsters, mongrel
white mice raised under conditions free of pathogenic
microflora were used in the trials. The studies were
conducted using three vaccine series in parallel on the
two model animal species mentioned above.

The results of studies showed that white mice as
well as Syrian hamsters were immuno-reactive to
inactivated antigen of SARS-CoV-2 virus administered
by intramuscular injection in the form of QazVac vaccine
sorbed on aluminum oxide hydrate. In animals of both
species inoculated with the wvaccine, seropositivity
of 100% was formed from day 14. The dynamics of
antibody titers in white mice closely resembled that
in Syrian hamsters. The average numerical values
of antibody titers in Syrian hamsters on the 14" day
were 3.1 times higher than the level of average antibody
titers detected in white mice. However, the multiplicity
of antibody titers increase in comparison with the data
of the control group in the tested animal species was the
same and amounted to 4.31 in white mice and 4.84 in
Syrian hamsters. Antibody titers in the following three
weeks (21-35 days) in both animal species had the same
dynamics of growth up to maximum values by day 28 and
with a slight decrease by day 35. The level of antibody
titers in Syrian hamsters during these periods ranged
from 86.2 + 28.89 to 115.2 + 39.87, and in white mice
— from 99.67 + 29.6 to 113.43 + 32.03, which have no
significant differences. The multiplicity of increase in
antibody titers compared to the immune background of
the control group of animals remained approximately
the same in both species at day 21. In the subsequent
periods this index in Syrian hamsters (41.14 and 39.84
on days 28 and 35, respectively), significantly exceeded
that in white mice (12.89 and 30.68 on 28 and 35 days,
respectively), indicating their comparatively greater
immune reactivity.

Analysis of the results of comparative tests shows that
white mice as well as Syrian hamsters have sufficient
immune reactivity to inoculation with inactivated vaccine
QazCOVID-in (QazVac) and form specific antibodies
against SARS-CoV-2 virus in their organism. The
revealed immune reactivity of white mice, despite being
comparatively lower than that of Syrian hamsters, is quite

OPUTUHAJbHbBIE NCCNEAOBAHUA

sufficient to evaluate the immunogenicity of the tested
vaccine. SPF white mice are superior to Syrian hamsters
in terms of the absence of baseline antibodies against
SARS-CoV-2 virus. Based on these characteristics, SPF
mice can be used as a new biological model to assess the
immunogenicity of the QazVac vaccine. According to
the data on the dynamics of antibody accumulation and
titers, the reference point for assessing the immunogenic
efficacy of the vaccine can be 21 days after the first
immunization instead of 7 days after revaccination,
conducted at an interval of 21 days, i.e. 35 days after the
first immunization. In this case, the period of assessment
of'the vaccine immunogenicity will be reduced by 14 days.

Conclusion

1. Immune reactivity of Syrian hamsters and SPF
mice to immunizing antigen of inactivated SARS-CoV-2
virus was evaluated using three series of QazVac vaccine
against COVID-19 according to the dynamics of virus-
neutralizing antibodies.

2. According to the results of the research, SPF
mongrel white mice have sufficient immune reactivity
to immunization with QazVac vaccine and develop
specific antibodies to SARS-CoV-2 virus, as well as
Syrian hamsters, in 100% of cases from the 14th day
after immunization. The titers of virus-neutralizing
antibodies reach maximum values in both species of
animals in the period from day 21 to day 35 and range
from 86.2 + 28.89 to 115.2 + 39.87 in Syrian hamsters
and from 99.67 £ 29.60 to 113.43 + 32.03 in white mice,
which have no significant differences.

3. According to the results of the comparative evaluation
of the multiplicity of increase in the titers of specific
antibodies, the immune reactivity of Syrian hamsters and
white mice in the first 21 days seems to be equal, and in
the following terms (days 28 to 35) in Syrian hamsters it
significantly exceeds the same indicators in white mice.

4. According to the results of studies, neutralizing
antibodies against SARS-CoV-2 virus are frequently
detected in intact Syrian hamsters, while SPF white
mice are free of antibodies to the COVID-19 pathogen.
Baseline specific seropositivity in Syrian hamsters has a
significant effect on the level of vaccine-induced antibody
formation, making questionable the validity of the results
obtained in controls.

5. The obtained data indicate that the immune
response in white mice to the introduction of QazVac
vaccine assessed by the rate and dynamics of formation
of virus-neutralizing antibodies is approximately
equal to the immune response observed in Syrian
hamsters. In contrast to Syrian hamsters, SPF white
mice do not contain antibodies to SARS-CoV-2 virus
before immunization with the vaccine. Equal immune
reactivity to that of Syrian hamsters, and purity from
antibodies to SARS-CoV-2 virus show the superiority of
using white mice in evaluating the immunogenicity of
COVID-19 vaccines. The results allow standardization
of vaccine immunogenicity at 21 days after the first
vaccination, instead of the current 35 days according
to the AND.
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6. There is a correlation (statistical significance of
the difference) between the presence of SARS-CoV-2
neutralizing factor and antibody production [53, 54].
This statistically significant difference was detected at a
significance level of p = 0.05 with a confidence interval
of 0.95 [55]. The degrees of freedom for Student’s t-test
with two independent samples are k = 8 [56]. The use
of t-test is due to small sample power (n < 30, m < 30).
The difference from the Z-criterion is not significant
considering the correction of sample averages such as
variance or standard deviation. Using the distribution
of parameters for the sample elements within the given
ranges, we conclude that the difference is statistically
significant with a confidence level of p = 0.95.
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