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Abstract
Introduction. Chikungunya virus infection is a problem for the health care system of affected regions due to the 
lack of specific prevention, as well as effective antiviral drugs. The critical role of cellular immunity in viral control 
and clearance for the Chikungunya fever has been demonstrated in many studies. Therefore, effective stimulation 
of not only humoral but also cellular immunity is of undeniable importance when assessing the effectiveness of a 
potential vaccine for the prevention of this infection.  
The aim of the present study was to investigate the formation of protective immunity after administration of a drug 
containing inactivated Chikungunya virus (CHIKV) to C57Bl/6 mice. 
Materials and methods. Inactivated CHIKV (concentrations of 10 μg and 40 μg) was administered intramuscularly 
to C57Bl/6 mice twice with an interval of 14 days. Indicators of humoral immunity were assessed by ELISA and 
neutralization test (NT), cellular immunity — by the production of IFN-γ and splenocyte proliferation in vitro. The 
concentration of cytokines IL-1, IL-2, IL-6, IL-10, IL-12p70 and TNF was determined by ELISA. When assessing 
the protective immunity in animals, CHIKV was injected into the dorsal surface of the foot of the right hind paw at 
a dose of 2.89 ± 0.10 lg TCD50 in a volume of 20 μl. 
Results. The most pronounced immune response was noted to the administration of 40 μg of inactivated 
CHIKV, which was manifested in the balanced production of the studied cytokines, the formation of specific 
humoral (according to the results of ELISA and NT) and cellular — specific proliferation of splenocytes in vitro 
and production of IFN-γ. When assessing efficacy, the development of foot edema in immunized animals was 
significantly lower than in animals in the control group.  
Discussion. CHIKV, inactivated by beta-propiolactone, had pronounced immunogenic properties. The balance of 
production of pro- and anti-inflammatory cytokines, as well as the Th1/Th2 immune response, characterized the 
formation of adaptive immunity in mice without a pronounced inflammatory response. The formation of a specific 
humoral and cellular immune response has been demonstrated. A study of protection in a non-lethal animal model 
confirmed the efficacy of the inactivated vaccine.  
Conclusion. Double administration of the inactivated CHIKV vaccine at a dose of 40 μg to C57Bl/6 mice 
demonstrated pronounced immunogenicity, which allows us to evaluate it as a promising prophylactic vaccine. 
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Аннотация
Введение. Вирусная инфекция Чикунгунья является проблемой для системы здравоохранения эндемич-
ных для этой инфекции регионов из-за отсутствия специфической профилактики и эффективных противо-
вирусных препаратов. Доказана критическая роль клеточного иммунитета для контроля и клиренса вируса 
при лихорадке Чикунгунья. Эффективная стимуляция не только гуморального, но и клеточного иммуните-
та имеет неоспоримое значение при оценке эффективности потенциальной вакцины для профилактики 
данной инфекции. 
Цель настоящей работы — изучение формирования протективного иммунитета после введения мышам 
линии C57Bl/6 препарата, содержащего инактивированный вирус Чикунгунья (ЧИКВ). 
Материалы и методы. ЧИКВ (концентрации 10 и 40 мкг) вводили мышам внутримышечно дважды с ин-
тервалом 14 дней. Показатели гуморального иммунитета оценивали в иммуноферментном анализе и ре-
акции нейтрализации, клеточного — по продукции интерферона-γ и пролиферации спленоцитов in vitro. 
Концентрацию цитокинов (интерлейкина-1, -2, -6, -10, -12p70 и фактора некроза опухоли) определяли ме-
тодом иммуноферментного анализа. При оценке протективной активности животным в дорсальную по-
верхность стопы правой задней лапы вводили ЧИКВ в дозе 2,89 ± 0,10 lg ТЦД50 в объёме 20 мкл.
Результаты. Наиболее выраженный иммунный ответ отмечен на введение 40 мкг инактивированного 
ЧИКВ, что проявлялось в сбалансированной продукции исследованных цитокинов, формировании специ-
фического гуморального и клеточного иммунитета. При оценке протективности отёк стопы у иммунизиро-
ванных животных был достоверно ниже, чем у животных контрольной группы. 
Обсуждение. Инактивированный бета-пропиолактоном ЧИКВ обладал выраженными иммуногенными 
свойствами. Баланс продукции про- и противовоспалительных цитокинов, а также Th1/Th2-иммунного от-
вета характеризовал формирование адаптивного иммунитета у мышей без выраженной воспалительной 
реакции. Продемонстрировано формирование специфического гуморального и клеточного иммунного от-
вета. Исследование протективности в нелетальной модели животных подтвердило эффективность инак-
тивированного препарата. 
Заключение. Двукратное введение мышам линии C57Bl/6 инактивированного препарата ЧИКВ в дозе  
40 мкг продемонстрировало иммуногенность, что позволяет оценить его как перспективный профилакти-
ческий препарат.

Ключевые слова: инактивированный вирус Чикунгунья, мыши линии C57Bl/6, гуморальный иммуни-
тет, клеточный иммунитет, цитокины
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Introduction
Research on Chikungunya virus (CHIKV) has re-

ceived global attention in the recent decades because of 
its wide geographical distribution, affecting countries in 
Asia, Oceania, Africa, North, Central and South Ameri-
ca. Chikungunya virus infection is a public health prob-
lem in endemic regions due to the lack of specific pro-
phylaxis as well as effective antiviral drugs. Between 
2004 and 2009, a sudden epidemic of Chikungunya 
fever affected 31 million people in the Indian peninsula 
[1, 2]. In 2013, CHIKV from several Caribbean coun-
tries spread rapidly to 45 countries in North, Central, 
and South America [3]. The lethality of Chikungunya 
fever is low, mainly among newborns and patients with 
chronic diseases of the cardiovascular, respiratory, and 
nervous systems [1, 4]. However, lesions of the mus-
culoskeletal system (arthritis and arthralgia) caused by 
Chikungunya fever often lead to long-term disabi lity. 
The cause of arthritic joint damage is immune-medi-
ated mechanisms triggered by the pronounced pro-
duction of pro-inflammatory mediators. CHIKV in-
fection is believed to provide lifelong immunity, and 
recurrent infections are practically unreported [5, 6]. 
This factor, along with the lack of specific therapy for 
both the infection itself and its consequences, makes 
vaccination the most promising way to prevent Chi-
kungunya fever. It should also be kept in mind that, 
in addition to the population of Chikungunya endemic 
countries, there is a population of travelers and profes-
sionals visiting or working in endemic countries, but 
there is also a risk of Chikungunya-endemic regions in 
developed countries due to climate change and other 
unforeseen factors that may contribute to the emer-
gence and spread of infection. The fact that the U.S. 
Food and Drug Administration (FDA) and the Euro-
pean Medicines Agency have granted Fast Track/Pri-
ority Medicine status to several vaccine candidates for 
the prevention of Chikungunya disease confirms the 
urgency of the problem and the challenge of bringing 
effective medical products to market to prevent Chiku-
ngunya fever.1

In 2023, Valneva's Ixchiq vaccine (VLA1553),2 
developed from an attenuated strain of CHIKV with 
a deletion of nonstructural protein genes, was regis-
tered in the FDA [4]. A number of potential candidate 
vaccines have been tested on animal models in pre-
clinical trials and on humans in clinical trials [4, 7]. 
At this stage, phase I clinical trials of an inactivated  

1 Code of Federal Regulations. Title 21. Section 601.91. Approval 
based on evidence of effectiveness from studies in animals. 
Washington: FDA; 2020.

2 FDA approves first vaccine to prevent disease caused by 
Chikungunya virus. U.S. Food and Drug Administration. Published 
November 9, 2023. Accessed November 12, 2023. URL: https://
www.fda.gov/news-events/press-announcements/fda-approves-
first-vaccine-prevent -disease-caused-chikungunya-virus

vaccine3 developed by Indian scientists have been com-
pleted, which has shown sufficient immunogenicity in 
laboratory animals [8]. However, no inactivated vac-
cine for the prevention of Chikungunya fever has been 
registered on the market, which makes its development 
an objective of high priority. Inactivated vaccine tech-
nology is traditional and successful for a large number 
of viral vaccines. This technological platform is consid-
ered to be one of the safest [4, 8–11], and drug devel-
opment with it does not require genetic manipulation 
of the virus. In small comparative studies on BALB/c 
mice, the advantage of a beta-propiolactone inactivated 
CHIKV antigen preparation over a formalin-inactivat-
ed preparation in the formation of specific humoral and 
cellular immunity was demonstrated [8, 9]. Previously, 
a dose-dependent effect of humoral and cellular immu-
nity formation in BALB/c mice on the administration 
of beta-propiolactone inactivated CHIKV antigen was 
demonstrated [11]. 

Heteroploid cells of cell line 4647 were used for 
the preparation of an experimental inactivated vaccine 
for the prevention of Chikungunya fever at the stage of 
virus propagation. This cell line was obtained in 1974 
from the kidneys of an adult green monkey. The cell 
bank of cell line 4647, established in 1983, has passed 
national licensing and at this stage fully meets the rec-
ommendations of the World Health Organization. This 
cell line has been authorized for use in the production 
of inactivated vaccines [12]. Previously, the possibility 
of culturing 4647 cells on microcarriers in bioreactors 
was demonstrated [13]. In our country, the vaccine for 
hepatitis A prophylaxis Algavak M, which uses this 
cell line (Vector-BiAlgam), is registered and produced. 
High sensitivity of cell line 4647, along with Vero cell 
line, to CHIKV has also been shown [14]. 

The immunogenicity of candidate vaccines against 
Chikungunya is evaluated by developers not only from 
the angle of humoral immunity formation, as a gold 
standard of neutralizing activity of specific post-vaccine 
antibodies, but also from the angle of cellular immu-
nity formation, which is extremely important for virus 
clearance in Chikungunya fever [4, 8, 10]. For the ex-
perimental study of Chikungunya fever, lower primates 
are the main models used, since they are natural hosts 
of CHIKV in nature and the pathogenesis of the disease 
has a similar pattern to humans. White mice of differ-
ent lines are used as laboratory animals in the stages of 
pre-clinical trials. Adult immunodeficient mice, such as 
AG129 mice, are used to model lethal infection, and 
immunocompetent mice of the C57Bl/6, Swiss albino 
or BALB/c lines are used for the non-lethal model. Pre-

3 Phase-I open label, dose-escalation clinical trial to evaluate the 
safety, tolerability and immunogenicity of chikungunya vaccine 
in healthy adults of 18 to 50 years age. 2017. Clinical Trials 
Registry—India, CTRI, Hyderabad. 

 URL: https://clinicaltrials.gov/study/NCT04603131
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viously, J. Gardner et al. described a non-lethal model 
of CHIKV infection in which C57Bl/6 mice developed 
symptoms similar to human joint lesions and developed 
viremia for 4–5 days. When CHIKV was inoculated in-
to the dorsal side of the foot, C57Bl/6 mice developed 
perimetadorsal swelling with maximum effect on the 
3rd–7th day, and the development of arthritis, tendonitis, 
and fasciitis was also noted, as confirmed by histolog-
ic evidence of acute and persistent inflammation [15, 
16]. This model is often used to evaluate the efficacy of 
vaccine preparations being developed against CHIKV 
[17–20]. We also infected mice in the foot to evaluate 
the efficacy of the inactivated vaccine for the preven-
tion of Chikungunya fever. To evaluate the immunoge-
nicity of the candidate inactivated vaccine, we studied 
humoral and cellular immunity in C57Bl/6 line mice 
after double immunization with different doses of the 
drug, as well as the in vivo efficacy of the drug. Since 
the normal functioning of the immune system is based 
on the balance of Th1 and Th2 based on their produc-
tion of regulatory cytokines, we additionally studied 
the concentration of individual cytokines in the serum 
of immunized animals in dynamics. 

The aim of the study was to investigate the for-
mation of protective immunity after administration of a 
preparation containing CHIKV to C57Bl/6 mice.

Materials and methods
The strain Nika2021, obtained from the virus col-

lection of the Nicaragua branch of SPbSRIVS of Rus-
sian FMBA, was used in the experiments. The tech-
nique of isolation and passivation of the CHIKV strain 
has been described previously [21]. The nucleotide se-
quence of CHIKV strain Nika2021 is presented in Gen-
Bank, acc.no OQ320495.

Cell line 4647 (Vector-Bialgam Production Bank) 
was cultured in Igla MEM medium (BioloT) with 5% 
fetal calf serum (BioloT).

C57Bl/6 mice (haplotype H-2b) of both sexes 
weighing 12-14 g were used in the study. The animals 
were obtained from the Stolbovaya cattery of the Scien-
tific Center for Biomedical Technologies of the Federal 
Medical and Biological Agency of the Russian Feder-
ation. The study protocol was approved by the Ethics 
Committee of the I.I. Mechnikov Research Institute for 
Vaccines and Sera (protocol No. 6, April 4, 2023).

Vaccine
Propagation of the Nika2021 CHIKV strain was 

carried out in cell line 4647 by roller cultivation using 
a multiplicity of 0.0001 TCD50 infection per cell. In-
activation was carried out with beta-propiolactone (at 
a ratio of 1 : 1000) under constant agitation for 48 h 
at 5ºC. The inactivated virus-containing fluid was con-
centrated 50-fold by ultrafiltration (Vivaflow 100 con-
centrator (Sartorius)). The inactivated virus concentrate 

was purified by exclusion chromatography (Sephar-
ose-6FF sorbent (GE Healthcare)). Control of the ob-
tained CHIKV preparation was carried out according 
to the following parameters: sterility, pH, absence of 
endo toxins, content of residual DNA of 4647 cells ac-
cording to the methods set forth in the State Pharma-
copoeia4. The preparation was sterile, endotoxins were 
absent, residual DNA content of 4647 cells < 5 ng/mL, 
pH 7.4. The concentration of inactivated CHIKV was 
determined by enzyme-linked immunosorbent assay 
(ELISA) using the BioScreen Chikungunya (Ag) kit 
(Bioservice). The resulting inactivated preparation at 
concentrations of 10 and 40 μg of antigen was sorbed 
on aluminum hydroxide (Al(OH)3, Brenntag SE). The 
Al(OH)3 content of the final drug dose was 0.5 mg per 
dose (0.5 mL). The doses of 10 and 40 μg were used 
because previously these doses were used to immunize 
BALB/c mice (haplotype H-2d) and to evaluate the con-
tent of specific antibodies in serum in dynamics [14]. 
In these experiments, the dose of the preparation con-
taining 10 µg of CHIKV antigen, when administered 
twice, caused an insignificant rise in specific antibodies 
in the group of animals after the second immunization 
with a drop by the 35th day of observation. In the serum 
of animals immunized twice with a dose of 40 µg of 
CHIKV antigen, a rise in specific antibodies was ob-
served 7 days after the first immunization and persisted 
until day 35 [14].

Due to the available data, the same antigen con-
centrations were chosen for the current study. Al(OH)3 
at a concentration of 0.5 mg per injection volume (0.5 
ml) was used as a control preparation.

Methods 
ELISA analysis of antibodies (IgG) titer to 

CHIKV was performed as previously described [14]. 
Test serum samples were diluted 1 : 200 and further 
in step "2" to 1 : 12,800 in phosphate-buffered saline 
(PBS). Each serum dilution was evaluated in 3 repeti-
tions. A serum dilution that was more than 2 times the 
background value was considered positive. Serum ob-
tained from mice before immunization was used as a 
negative control.

The neutralization test (NT) was performed as 
described previously [11] in 96-well plates using Vero 
cell culture and Nica2021 strain at a dose of 100 TCD50. 
The result obtained was converted to log2 for statistical 
processing.

The proliferative activity of splenocytes was 
studied by photometric method according to the pre-
viously described method [14, 25]. The following anti-
gens were used to stimulate the proliferative activity of 
splenocytes: CHIKV antigen inactivated by beta-propi-

4 F.S.3.3.1.0029.15. Vaccine for the prevention of hepatitis A, cul-
tured, purified, concentrated, adsorbed, inactivated liquid. State 
Pharmacopoeia of the Russian Federation. Moscow; 2018. Vol. 4.



196 197ЖУРНАЛ МИКРОБИОЛОГИИ, ЭПИДЕМИОЛОГИИ И ИММУНОБИОЛОГИИ. 2024; 101(2) 
DOI: https://doi.org/10.36233/0372-9311-436

ОРИГИНАЛЬНЫЕ ИССЛЕДОВАНИЯ

olactone (5 μg/mL); hepatitis A virus (HAV) antigen 
used for the production of Algavac-M vaccine (5 μg/
mL), as well as the following mitogens: concanavalin A 
(ICN; 5 μg/mL) and Salmonella typhimurium lipopoly-
saccharide (Sigma; 5 μg/mL). Each antigen and mito-
gen was used to stimulate animal splenocytes in vitro in 
4 repeats. FSB was used as a control.

Determination of interferon-γ (IFN-γ) produc-
tion by mouse splenocytes in vitro. Mouse splenocytes 
were placed in wells of 24-well plates at a concentra-
tion of 2 × 106 cells/mL. CHIKV and HAV antigens 
at concentrations of 5 μg/mL were added to the cells 
to stimulate IFN-γ production. Concanavalin A (ICN; 
5 μg/mL) was used as a positive control for stimulation 
of IFN-γ production, and PBS was used as a negative 
control. Cells were cultured for 48 h in 5% CO2 at 37ºC. 
At the end of cultivation, the culture fluid of activat-
ed and control cells was collected and the concentra-
tion of IFN-γ was determined using a mouse kit (R&D  
Systems).

The concentration of cytokines in the mice se-
ra — interleukins IL-1β, IL-2, IL-4, IL-6, IL-10, IL-
12p70, tumor necrosis factor-α (TNF-α), IFN-γ — was 
determined using mouse kits (R&D Systems) according 
to the manufacturer’s instructions.

To assess the efficacy, the test was performed as 
described previously [15]. Animals were injected with 
CHIKV at a dose of 2.89 ± 0.10 lg TCD50 in a volume 
of 20 μl into the dorsal surface of the foot of the right 
hind paw. To control the specificity of the swelling, 20 
μL of 0.9% NaCl infusion solution was injected into 
the foot of the left hind paw. The degree of perimeta-
dorsal edema was assessed on day 6. After measuring 
the height and width with an electronic caliper at the 
site of maximum swelling of both feet of the hind paws, 
the swelling index (width × height of the infected foot/
width × height of the opposite foot) was calculated. To 
assess the viremia after infection, the biological activity 
of CHIKV was determined in the sera of mice by titra-
tion of virus in Vero cell line [14]. The result of titra-
tion was considered by the expressed cytopathic effect 
and the tissue cytopathic dose causing 50% cell death 
(TCD50) was calculated by Kerber's method modified 
by Ashmarin and expressed in log10 TCD50/mL [23].

Statistical analysis of the obtained data was per-
formed using the standard software package Microsoft 
Office Excel 2016. Data are presented as mean (M) and 
standard deviation of the mean (SD), where accept-
able. The validity of differences between the compared 
values was assessed using Student's t-test of unpaired, 
two-tailed distribution (t-test). Differences were con-
sidered statistically significant at a significance level of 
p < 0.05.

Study design
The animals were divided into the following 

groups:

• Group A — 100 mice immunized with the drug 
at a dose of 40 µg/0.5 ml on the initial and 14th 
days of the experiment;

• Group B — 100 mice immunized with the drug 
at a dose of 10 µg/0.5 ml on the initial and 14th 
days of the experiment;

• Group C — 100 mice that were intramuscularly 
injected with Al(OH)3 on the initial and 14th days 
of the experiment.

The drug was injected into the thigh muscle intra-
muscularly, dividing 1 dose into 2 injections, 0.25 ml of 
the drug in each limb.

Animals were observed up to 35 days (21st day af-
ter the 2nd immunization). Five animals from each group 
on the 0th day (before immunization), 14th day (before 
the 2nd immunization), 21st, 28th and 35th days after the 
start of immunization were used to collect blood sam-
ples, which were pooled for further determination of 
antibody content by two methods. The spleen was iso-
lated from the same animals for further obtaining sple-
nocyte suspension. Splenocytes were used in studies of 
proliferative activity and IFN-γ production according to 
the methods described above. In another 5 animals from 
each group on the initial, 1, 3, 5, 7, 9, 14, 15, 17, 19, 
21, 28 and 35th days of observation blood was collected 
from the retro-orbital sinus of the eye and individual 
blood samples were collected for further determination 
of cytokine profile. All serum samples after centrifuga-
tion were transferred into tubes in a volume of 200 μl 
and stored at –70ºC for subsequent one-stage study. Al-
so on the 35th day, 10 remaining mice from each group 
were used to evaluate the efficacy of the candidate drug 
in the non-lethal model described previously [15].

All procedures on individual mice were performed 
outside visual, auditory or olfactory contact with other 
animals. Work with animals was carried out in accor-
dance with the International Principles of the "Europe-
an Convention for the Protection of Vertebrate Animals 
Used for Experiments and Other Scientific Purposes" 
ETS No. 123 (Strasbourg, 1986) and Decision of the 
Council of the Eurasian Economic Commission from 
03.11.2016 No. 81 "On Approval of the Rules of Good 
Laboratory Practice of the Eurasian Economic Union in 
the field of circulation of medicines".

Results

Humoral immunity

The dose of the preparation containing 10 µg of 
CHIKV antigen caused an insignificant and short-term 
rise in specific antibodies in ELISA after the 2nd immu-
nization of animals of group B (Table 1). In this group 
of animals, the maximum level of specific antibodies 
was 4 times lower than in the group of animals of group 
A. Administration of the preparation containing 40 µg 
of CHIKV antigen to animals of group A resulted in the 
formation of a sufficiently high level of specific anti-
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bodies on the 14th day after the 1st immunization, which 
increased 4-fold after the 2nd vaccination by the end of 
the observation period (Table 1).

In both groups, viral neutralizing antibodies were 
registered on day 14 after the 1st immunization and 
reached maximum values after the 2nd immunization 
(Table 1). In animals of group B, virus-neutralizing 
antibodies were significantly lower (p < 0.01) than in 
group A. In the serum of animals of group C, no anti-
bodies were detected in any of the methods.

Cellular immunity
The effect of immunization with an inactivated 

preparation of CHIKV antigen on the formation of a 
specific cellular response was evaluated in the spleno-
cyte proliferation reaction and IFN-γ production after 
antigen stimulation. The used viral antigens (specific 
CHIKV and heterologous HAV) did not inhibit spleno-
cyte proliferation in vitro on day "0" (Fig. 1). 

In response to stimulation with mitogens (conca-
navalin A and lipopolysaccharide), splenocytes from 
animals of all groups showed pronounced proliferation, 
which was significantly higher than that with viral anti-
gens at all periods of observation (p < 0.05). The index 
of stimulation (IS) of splenocytes of animals in group 
A was statistically higher, starting from the 7th day after 
the 2nd immunization and up to the end of observation, 
(p < 0.005 on the 21st and 28th days; p < 0.05 on the 
35th day) relative to the similar indicators in animals 
in group B. The statistically significant difference be-
tween the IS of splenocytes by CHIKV antigen in ani-
mals of groups A and B at all observation periods after 
the 2nd immunization indicates not only the specificity 
of the proliferative response of splenocytes in immune 
animals, but also a dose-dependent effect. Splenocytes 
of non-immune animals of group C responded with 
a pronounced proliferation to stimulation with only  
T- and B-cell mitogens (concanavalin A and lipopoly-
saccharide), while IS did not change upon stimulation 
with viral antigens at all observation periods (Fig. 1).

The increase in IFN-γ production by splenocytes 
of animals during their stimulation with specific anti-
gen (Table 2) indicates the formation of a specific cel-
lular immune response in immunized animals.

IFN-γ production by group A animal splenocytes 
was significantly higher than in group B at all obser-
vation periods (p < 0.05–0.005). In animals of group 
A, the increased production of IFN-γ by splenocytes 
persisted up to 35 days of observation. The dose-de-
pendent effect of IFN-γ production by splenocytes of 
immune animals was demonstrated.

Cytokine concentrations in the serum of mice
Administration of Al(OH)3 did not lead to a signi-

ficant increase in the concentration of any of the stud-
ied cytokines in the serum of mice. On the contrary, 
administration of inactivated CHIKV antigen led to an 
increase in the concentration of the cytokines studied 
both after the 1st and 2nd immunization with maximum 
elevations after the 1st immunization. The exception 
was the production of IFN-γ. By the 35th day after the 
1st immunization, the production of all cytokines stu-
died returned to the initial values (Fig. 2–4).

The maximum rise in the concentration of IL-6, 
IL-10 and IL-12 in the blood serum of mice was ob-
served on the 1st day after the 1st immunization (Fig. 2). 
IL-10 concentration increased almost 4-fold relative to 
the initial level (p < 0.0001), i.e. to a greater extent than 
IL-6 and IL-12 concentrations, which increased almost 
2-fold (p < 0.001). The concentration of IL-10, IL-12 
and IL-6 in group A animals vaccinated with 40 µg 
dose was significantly higher than in group B animals 
vaccinated with 10 µg dose both after the 1st and after 
the 2nd immunization (p < 0.001 for IL-10, IL-12 and  
p < 0.005 for IL-6).

The maximum rise in the concentration of IL-1β 
and TNF-α in the serum of mice was detected on the 3rd 
day after the 1st immunization; p < 0.001 relative to the 
initial level (Fig. 3). At the same time, the concentration 
of IL-1β and TNF-α in animals of group A, immunized 

Table 1. Specific humoral immunity indices in C57Bl/6 mice immunized with the preparation contained different CHIKV antigen 
dose

Group

NT, log2
ELISA

IgG, titer NT, log2
ELISA

IgG, titer NT, log2
ELISA

IgG, titer NT, log2
ELISA

IgG, titer NT, log2
ELISA

IgG, titer

0 day  
(1st immunization)

14th day  
(2nd immunization) 21st day 28th day 35th day

А Н. о. 
N. d.

Н. о.
N. d. 4,80 ± 0,14* 1 : 1600** 5,45 ± 0,15* 1 : 3200** 6,84 ± 0,18* 1 : 6400** 6,80 ± 0,38* 1 : 6400**

В Н. о.
N. d.

Н. о.
N. d. 2,16 ± 0,18 1 : 200 2,20 ± 0,18 1 : 400 3,12 ± 0.10 1 : 400 2,20 ± 0,10 1 : 200

С Н. о.
N. d.

Н. о.
N. d. 0 0 0 0 0 0 0 0

Note. *р < 0.01, **р < 0.001 in comparison with group В. N. d. — not detected. Animals were bled on days 0 and 14 for the specific immunity 
testing before antigen administration.
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Fig. 1. Proliferative activity of splenocytes from C57Bl/6 mice immunized with the preparation contained different CHIKV 
antigen dose in dynamics.

ConA — Conkanavalin A; LPS — lipopolysaccharide.
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Fig. 2. Dynamic of cytokines IL-6, IL-10, IL-12 in C57Bl/6 mice’ sera immunized with the different doses of inactivated CHIKV.
Here and on Figs. 3, 4: arrow — day of immunization; animals were bled on days 0 and 14 for the specific immunity testing before antigen 

administration.
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with a dose of 40 μg, was significantly higher than in 
animals of group B, immunized with a dose of 10 μg af-
ter the 1st (p < 0.001) and 2nd immunization (p < 0.005).

The maximum rise in IL-2 and IL-4 concentration 
was observed on the 7th day after the 1st immunization 
(Fig. 4). In group A IL-4 showed almost 4-fold increase 
(p < 0.0001). IL-4 and IL-2 concentrations in group 

A animals immunized with a 40 µg dose were signifi-
cantly higher than those in group B animals immunized 
with a 10 µg dose, both after the 1st and 2nd immuniza-
tions (p < 0.001).

The dynamics of IFN-γ in both groups of immu-
nized animals was different from all other cytokines.  
A very moderate rise in IFN-γ level (p < 0.05) after the 
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1st immunization on days 3–7 and a pronounced rise 
(5-fold) after the 2nd immunization (p < 0.0001) were 
observed in group A. In group B, there was practically 
no rise in IFN-γ after the 1st immunization, but after the 
2nd immunization the rise was statistically significant  
(p < 0.01). The maximum concentration of IFN-γ in 
group A animals vaccinated with 40 µg dose was signifi-
cantly higher than in group B animals vaccinated with 
10 µg dose after the 2nd immunization (p < 0.0001). The 
dynamics of IFN-γ production in animal splenocytes, 
described above, also demonstrated a more significant 
rise in IFN-γ levels after the 2nd immunization of ani-
mals in both groups.

The results of evaluating the efficacy of the candi-
date vaccine are presented in Table 3. It should be not-
ed that injection of 0.9% NaCl solution into the foot of 
the animal was not accompanied by an increase in ede-
ma. The foot measurements were used to calculate the 
edema index, which differed statistically significantly 
between vaccinated and unvaccinated animals; group A 
animals had a statistically lower edema index relative 
to that of group B animals.

Viremia was observed at both observation points 
only in the group of non-immunized animals of group 
C. In contrast, no viremia was detected in group A an-
imals immunized with the maximum dose of CHIKV 
antigen.

Discussion
Lifelong immunity and the virtual absence of 

re-infection, cross-protection between different strains 
of CHIKV [2, 4–6] and the lack of specific therapy for 
infection make vaccination the most promising way to 
prevent Chikungunya fever. 

Recognizing the urgent need for an effective vac-
cine and the lack of its availability on the market, the 
World Health Organization supports countries in sur-
veillance and control of arboviruses, including CHIKV5. 
Various strategies and technological platforms have 
been used to develop an effective vaccine [4, 7]. It 
should be noted that the safety of inactivated vaccines 

5 Chikungunya. URL: https://www.who.int/news-room/fact-
sheets/detail/chikungunya

Fig. 3. Dynamic of cytokines TNF-α and IL-1β in C57Bl/6 mice’ sera immunized with the different doses of inactivated CHIKV.
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Fig. 4. Dynamic of cytokines IL-2, IL-4 and IFN-γ in C57Bl/6 mice’ sera immunized with the different doses  
of inactivated CHIKV.
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is achievable solely due to the cost of organizing pro-
duction, compliance with the necessary biosafety con-
ditions, and constant monitoring of the completeness 
of virus inactivation. Nevertheless, the advantages of 
inactivated vaccines, such as the absence of the risk of 

virulence reversion of the vaccine strain, as well as the 
stability of the preparation itself, which makes storage 
and transportation much easier and cheaper, explain the 
widespread use of this technology platform for vaccine 
development. In the present study, we demonstrated 



202 203ЖУРНАЛ МИКРОБИОЛОГИИ, ЭПИДЕМИОЛОГИИ И ИММУНОБИОЛОГИИ. 2024; 101(2) 
DOI: https://doi.org/10.36233/0372-9311-436

ОРИГИНАЛЬНЫЕ ИССЛЕДОВАНИЯ

the immunogenic properties of a beta-propiolactone 
inactivated preparation for the prevention of Chikun-
gunya fever after double administration into C57Bl/6 
mice. The immunogenicity of the candidate drug was 
confirmed by the formation of specific humoral and 
cellular immunity in laboratory animals, as well as by 
a balanced response of T-helper clones. The results 
obtained in this study are comparable to those previ-
ously described in a study by M. Tiwari et al. [8]. The 
maximum increase in specific antibodies in ELISA and 
NT reactions, as well as in splenocyte IS in vitro, was 
observed in animals inoculated with both doses of the 
preparation after double immunization. However, high 
titers of specific antibodies and IS of splenocytes were 
maintained until the end of the observation period only 
in the group of animals immunized with the preparation 
containing 40 µg of CHIKV antigen. The dose-depen-
dent effect of the preparation was observed both when 
analyzing the titers of specific antibodies and IS of sple-
nocytes in vitro and when analyzing the concentrations 
of cytokines in the serum of mice. The production of all 

cytokines studied both in the serum of mice and during 
in vitro stimulation of animal splenocytes was maxi-
mal in the group of animals inoculated with the prepa-
ration containing 40 µg of CHIKV antigen. Studies of 
cytokine production after administration of the inacti-
vated vaccine for the prevention of Chikungunya fever 
are not available in open scientific sources, to the best 
of our knowledge. However, it is extremely important 
to make sure that the formed post-vaccine immunity 
will be sufficiently balanced between T-helper clones, 
since the normal functioning of the immune system is 
based on the balance of Th1 and Th2, based on their 
production of regulatory cytokines. Unbalanced activa-
tion of T-helper clones can lead to the development of 
immunopathological conditions, which in the case of a 
preparation containing CHIKV antigen is of particular 
importance.

Of the proinflammatory cytokines, IL-6 was the 
first to respond to vaccine administration. TNF-α and 
IL-1β showed a moderate rise on the 3rd day, and the 
maximum rise of IL-2 was registered on the 7th day af-

Table 2. Production of IFN-γ in response to splenocytes in vitro stimulation of C57Bl/6 mice, immunized with the preparation 
contained different CHIKV antigen dose

Group Antigen
INF-γ concentration, pg/ml

0 day  
(1st immunization)

14th day  
(2nd immunization) 21st day 28th day 35th day

A

CHIKV 5,0 ± 0,4 12,8 ± 1,3*+# 49,0 ± 4,2*+# 57,0 ± 5,7*+# 47,0 ± 2,7*+#

VHB 5,4 ± 0,9 4,8 ± 0,8 5,4 ± 0,9 5,0 ± 0,7 5,8 ± 0,4

Conkanavalin A 1066,0 ± 84,0 1110,0 ± 22,4 1269,0 ± 74,7 1093,0 ± 55,5 1125,0 ± 125,0

PBS 5,8 ± 0,4 5,4 ± 0,9 5,4 ± 0,9 5,0 ± 0,7 4,4 ± 0,5

B

CHIKV 4,4 ± 0,5 6,8 ± 0,8 19,6 ± 3,6*# 16,0 ± 1,6*# 13,6 ± 2,7*#

VHB 5,0 ± 0,7 5,0 ± 0,7 5,4 ± 0,9 5,0 ± 0,7 5,4 ± 0,9

Conkanavalin A 1133,0 ± 90,9 1108,0 ± 36,8 1249,0 ± 57,3 1229,0 ± 27,0 1089,0 ± 73,7

PBS 5,9 ± 0,8 5,9 ± 0,8 5,0 ± 0,7 5,0 ± 0,7 4,4 ± 0,5

C

CHIKV 5,0 ± 0,7 5,0 ± 0,7 5,4 ± 0,9 4,8 ± 0,8 4,8 ± 0,8

VHB 5,0 ± 0,7 5,4 ± 0,9 4,8 ± 0,8 5,8 ± 0,4 5,4 ± 0,9

Conkanavalin A 1153,0 ± 29,5 1145,0 ± 94,2 1249,0 ± 35,8 1128,0 ± 56,6 1113,0 ± 46,6

PBS 5,0 ± 0,7 5,8 ± 0,4 5,4 ± 0,9 5,0 ± 0,7 5,8 ± 0,4

Note. *р < 0.05 in comparison with day 0; +р < 0.005 in comparison to those in group В; #р < 0.05 in comparison to those in group C. Animals 
were bled on days 0 and 14 for the specific immunity testing before antigen administration.

Table 3. Feet swelling indices and CHIKV titres’ in the mice’ sera twice immunized with the different doses of inactivated 
CHIKV antigen measured after the CHIKV injection in a dose of 2,89 ± 0,10 lg ТCID50/ml into the dorsal part of foot

Group
Swelling index CHIKV titer, lg ТCID50/ml

6th day 3th day 6th day

А 1,2 ± 0,21+# Н.о. | N.d. Н.о. | N.d.

В 2,1 ± 0,24 1,4 ± 0,13# Н.о. | N.d.

С 3,04 ± 0,21+ 4,3 ± 0,18 1,8 ± 0,18

Note. +р < 0.05 in comparison with group В; #р < 0.005 in comparison with group C. N.d. — not detectable (lower threshold).
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ter the drug administration. The release of pro-inflam-
matory cytokines was balanced by a significant rise in 
 anti-inflammatory IL-10 and IL-4. IL-10 is known to 
play a role not only in controlling inflammatory reac-
tions and limiting immune overreaction, and its ap-
pearance in the first days also indicates stimulation of 
CHIKV-specific antibody production [24, 25]. There 
have been interesting studies on the role of IL-10 on 
the administration of Al(OH)3 to IL-10-deficient mice. 
Experimentally, we found that the absence of IL-10 
signaling did not compromise Al(OH)3-induced cellu-
lar infiltration at the injection site, but did result in an 
enhanced antigen-specific Th1 response after injection. 
Al(OH)3 enhanced IL-10 transcription and secretion by 
macrophages and dendritic cells. Collectively, these 
results indicated that Al(OH)3 injection promotes the 
production of IL-10, which can block Th1-immune re-
sponse [25]. IL-4 also serves as a marker of Th2 lym-
phocyte subpopulation activation. In our study, along 
with IL-10, there was a significant increase in IL-4 
on the 7th day after vaccination. The sufficiently pro-
nounced Th-2-cell immune response in our experiment 
can be explained not only by the efficacy of the inacti-
vated CHIKV antigen itself, but also by the presence of 
the adjuvant Al(OH)3 in the preparation. Until recent-
ly, it was known that Al(OH)3-based adjuvants pref-
erentially stimulate the Th2-cell immune response. It 
has been repeatedly demonstrated that aluminum salts 
induce Th2-cell response specifically in mice [8, 25]. 
Aluminum salts have been the most widely used adju-
vants for almost a century. Aluminum was originally 
thought to provide a depot effect by which antigen is 
slowly released from the surface of microparticles at 
the site of administration, allowing antigen-presenting 
cells to gradually utilize the antigen. In recent years, it 
has been shown that the mechanism of action of alumi-
num salts as an adjuvant in humans is not as unambigu-
ous and is much more complex than originally thought. 
Factors that strongly influence the immune response 
induced by the application of Al(OH)3 include adsorp-
tion rate, adsorption strength, size and homogeneity 
of Al(OH)3 particles, adjuvant dosage, and the nature 
of the antigens used [26, 27]. The current understand-
ing of the mechanism of action of Al(OH)3-based ad-
juvants includes, in addition to the repository effect, a 
prophagocytic effect and activation of the proinflamma-
tory pathway NLRP3. All this together stimulates both 
innate and adaptive immunity, as well as activates the 
complement system [26]. The secretion of IL-1β and 
IL-6 in vitro was demonstrated to increase significant-
ly under the action of Al(OH)3 in human monocytes 
[28]. Aluminum salts induce uric acid production in 
vivo, which is a necessary factor for the infiltration 
of inflammatory cells [29]. In turn, elevated uric acid 
levels lead to NLRP3 activation of the inflammasome 
and thus IL-1β secretion [29]. Moreover, two new im-
munologically relevant cellular pathways of monocyte 

stimulation by Al(OH)3 have been identified: the first is 
type I IFN secretion, potentially induced by TLR and/or 
NOD-like signaling; the second is IFN-γ-induced pre-
sentation of HLA class I and II antigens [30]. The func-
tional state of the Th1-subpopulation is usually judged 
by the production of IFN-γ by immunocompetent cells. 
The formation of specific cellular immunity in mice af-
ter double injection of inactivated CHIKV antigen at a 
dose of 40 μg in our study is confirmed by the in vitro 
splenocyte IS data, which corresponds to the published 
data [8, 11]. A 5-fold increase in the concentration of 
IFN-γ in the blood serum of mice after the 2nd immuni-
zation also testifies to the stimulation of specific cellu-
lar immunity. The powerful release of IL-10 on the 1st 
day after the drug administration to mice was followed 
by an increase in the production of not only IFN-γ, but 
also TNF-α and IL-2, which are also mediators of Th1-
cell response. It can be argued that in our experiment 
the route of administration and the ratio of the dose of 
antigen and Al(OH)3 and, more likely, the combination 
of CHIKV antigen and Al(OH)3, led to a balanced re-
sponse of pro- and anti-inflammatory cytokines, as well 
as stimulation of both humoral and cellular immunity.

To study the efficacy of the inactivated vaccine, 
we used a non-lethal model of CHIKV infection in 
C57Bl/6 mice, which had not been previously used by 
domestic developers of similar preparations. This mo-
del demonstrated the specificity of paw edema and tran-
sient virosemia in non-immune animals. In immunized 
animals, paw edema was statistically less significant, 
and viremia was recorded once only in the group of an-
imals immunized with the minimum dose. This non-le-
thal model of CHIKV infection in mice allowed us to 
confirm the efficacy of the developed candidate vac-
cine against CHIKV, which is explained, among other 
things, by the balance between T-helper, Th1 and Th2 
clones, which was confirmed by the concentration of 
regulatory cytokines in the serum of immunized ani-
mals.

The results of the presented study of immunoge-
nicity of the preparation containing inactivated CHIKV, 
as well as the results of the study of efficacy of this 
preparation allow us to evaluate it as promising for 
further studies. The drug dose of 40 µg/0.5 ml and the 
scheme of twice-daily immunization can also be as-
sessed as adequate. Our chosen technological platform 
allows us to produce the vaccine for Chikungunya fever 
prophylaxis on cell line 4647 rather quickly.

Conclusion
Two-fold administration of CHIKV virus (inac-

tivated by beta-propiolactone and purified, 40 µg/0.5 
ml) into C57Bl/6 mice provided the development of 
specific Th1/Th2-immune response – humoral (an-
tibodies with viral neutralizing effect), cellular (ex-
pressed proliferation of splenocytes in vitro and IFN-γ 
production), as well as balanced production of pro- 
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and anti-inflammatory cytokines. Efficacy studies in a 
non-lethal animal model confirmed the efficacy of the 
inactivated vaccine. The results obtained allow us to 
evaluate the vaccine as promising for the prevention 
of Chikungunya fever.
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