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To protect young individuals against SARS-CoV-2 infection, we conducted an open-label, prospective, non-randomised dose-escalation Phase 1/2 clinical trial to evaluate the immunogenicity and safety of the prime-boost “Sputnik V” vaccine administered at 1/10 and 1/5 doses to adolescents aged 12–17 years. The study began with the vaccination of the older cohort (15-to-17-year-old participants) with the lower (1/10) dose of vaccine and then expanded to the whole group (12-to-17-year-old participants). Next, 1/5 dose was used according to the same scheme. Both doses were well tolerated by all age groups. No serious or severe adverse events were detected. Most of the solicited adverse reactions were mild. No significant differences in total frequencies of adverse events were registered between low and high doses in age-pooled groups (69.6% versus 66.7%). In contrast, the 1/5 dose induced significantly higher humoral and T cell-mediated immune responses than the 1/10 dose. The 1/5 vaccine dose elicited higher antigen-binding (both S and RBD-specific) as well as virus-neutralising antibody titres at the maximum of response (day 42), also resulting in a statistically significant difference at a distanced timepoint (day 180) compared to the 1/10 vaccine dose. Higher dose resulted in increased cross-neutralization of Delta and Omicron variants.;




Clinical Trial Registration

ClinicalTrials.gov, NCT04954092, LP-007632.
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Introduction

Over two years have passed since the Coronavirus disease 2019 (COVID-19) pandemic was declared, and significant efforts to scale up vaccine manufacturing have enabled a step forward in reshaping vaccine distribution. The updated WHO global vaccination strategy to achieve the target of 70% of total population coverage requires vaccination coverage to be extended from a higher to a lower priority group, represented by young people under the age of 18 years (1).

Although children and adolescents are known to have a lower incidence of severe COVID-19, underlying health comorbidities (type 2 diabetes, severe asthma, immunocompromising conditions, and others) have been shown to increase mortality approximately by 10-fold compared to healthy individuals (2). While the direct effect of vaccination on SARS-CoV-2 transmission seems to be disputable (at least for parental vaccines) (3, 4), there are numerous additional socio-economic benefits of vaccinating children and adolescents in terms of continued educational processes, maintenance of physical activity and psycho-emotional status, to name a few.

The Gam-COVID-Vac (Sputnik V) adenoviral-based COVID-19 vaccine was developed at the Gamaleya Centre in 2020. Phase 1–3 clinical trials of Gam-COVID-Vac in adult volunteers (18+ years) have demonstrated a good safety profile, high immunogenicity, and over 91% efficacy in preventing symptomatic COVID-19 as early as 3 weeks after the first vaccination (5, 6). Once the vaccine was approved for clinical use in adults in Russia in August 2020, the new Phase 1–3 clinical trial was launched in January 2021 to assess safety, tolerability, and immunogenicity in adolescents. Here we report the results of a Phase 1/2 study involving 100 volunteers of 12–17 years old, followed by a gradual selection of 1/10 and 1/5 doses for adults with a 180-day follow-up.





Methods




Study design and participants

Considering the lower weight of adolescents and generally higher immune responses compared to adults, we used two different doses of 1/10 (1x1010 vp) and 1/5 (2x1010 vp) of the Sputnik V vaccine.

Before the start of the clinical trial, a pre-screening stage was added to ensure the rapid enrollment of the planned quantity of participants. Volunteers (not yet participants) signed informed voluntary consent to medical examination and underwent the same medical procedures (free of cost) at pre-screening stage as it was planned at screening (double-check examination). To minimize the likelihood of volunteers becoming seropositive, the individuals who passed the pre-screening step were invited immediately to the screening (in groups of 10–20) without waiting for the pre-screening stage to be completed. De facto, the average time between the pre-screening stage and vaccination with the first dose for each individual was 7 days. The study (including pre-screening and screening stages) was carried out in two centers in Russia: Morozov Children’s City Clinical Hospital of the Moscow City Health Department and Children’s City Clinical Hospital named after Z. A. Bashlyaeva of the Moscow City Health Department.

The study was launched on June 5, 2021 (screening of the first volunteer) and involved healthy volunteers of both sexes aged from 12 to 17 years. Screening procedure included physical examination assessing relevant vital functions (e.g., blood pressure, ECG, pulse oximetry and axillar temperature) as well as collection of demographic and anthropometric data. Volunteers underwent also laboratory testing: complete blood count and serum biochemistry, testing for infections (HIV, hepatitis, and syphilis), coagulation, COVID-19 diagnostics (PCR, IgM/IgG ELISA) and urine testing for drugs, alcohol, and pregnancy (in women). Healthy volunteers with no history of COVID-19 or prior contact with patients with COVID-19 within 14 days of participation in the study, did not receive any other vaccinations within 30 days, had not undergone therapy with steroids, immunoglobulins, or any other blood-derived products within 30 days, had not consumed any immunosuppressive drugs for more than 3 months and had no allergy to immunobiological preparations including any vaccine component were considered eligible. A complete list of inclusion and exclusion criteria is given in the Supplementary File (Clinical Study Protocol). Parents and the 12-to-17-year-old participants themselves provided written consent before enrollment. A total of first 100 enrolled healthy 12-to-17-year-old participants were split into two equal groups, having received either 1/10 or 1/5 dose of vaccine. The study began with the vaccination of 21 15-to-17-year-old participants with the lower (1/10) dose of vaccine. After receiving a preliminary safety report, the Data and Safety Monitoring Board (DSMB) authorized the entire group to be vaccinated at a dose of 1/10 (the rest 29 12-to-17-year-old participants). After receiving a preliminary safety report from the 1/10 dose group, DSMB authorized the second group to be vaccinated with a 1/5 dose according to the same schedule. The safety and immunogenicity parameters were assessed in age-pooled groups and stratified into older (15-to-17-year-old) and younger (12-to-14-year-old) cohorts.

The trial was registered at ClinicalTrials.gov (NCT04954092), approved by the ethics committee of Ministry of Health of the Russian Federation (#279 from Jun 29, 2021) and was conducted in compliance with the recommendations of the International Conference on Harmonization and National Good Clinical Practice guidelines and Declaration of Helsinki.





Procedures

The Gam-Covid-Vac (Sputnik V) vaccine comprises two vector components at 1011vp, a recombinant adenovirus type 26 (rAd26) and a recombinant adenovirus type 5 (rAd5), with both carrying the gene for SARS-CoV-2 full-length glycoprotein S (rAd26-S and rAd5-S). The 1/10 (1010 vp of component I and 1010 vp of component II) and the 1/5 (2 ×1010 vp of component I and 2 × 1010 vp of component II) doses of Sputnik V were prepared specifically for this study in vials (0.5 ml/dose) and manufactured as a liquid formulation by the N. F. Gamaleya National Research Centre for Epidemiology and Microbiology (Moscow, Russia) according to Good Manufacturing Practice. The vaccine was administered intramuscularly in a prime-boost regimen: the interval between the first dose (rAd26) and the second dose (rAd5) was 21 days.

Along with the vaccination visits (hospitalization from one day before vaccination to one day after vaccination) on days 1 and 21, the additional observation visits were planned for day 28 ( ± 2 days), day 42 ( ± 3 days), day 90 ( ± 3 days) and day 180 ( ± 14 days). Several additional observation visits were also organized remotely as telemedicine consultations. If necessary, the volunteers were to be invited to the center for an unscheduled visit. The participants were instructed to complete a paper diary to record local and systemic adverse events (AEs). The participants were encouraged to contact center staff by telephone as required (for example, if AEs were registered or for consultation). Otherwise, the information on registered AEs was recorded from diaries at the next observation visit or via teleconsultation. The safety and immunogenicity analysis involved all participants having received two doses. Adverse events (both solicited and unsolicited) were recorded within 42 days after the first immunization. The serious adverse events were to be recorded throughout the study, and the follow-up was to continue until 12 months after the first immunization.

In addition to screening and vaccination visits, the participants underwent physical examination (palpation, auscultation, measurement of systolic and diastolic blood pressure, heart rate, body temperature, and others) on days 14, 28, 42, 90, and 180. Electrocardiogram and coagulogram were performed at screening and on day 28. Blood tests, including a complete blood count and biochemical analysis, as well as a urine test, were done at screening, on vaccination days, and on day 28.

The antibodies to the spike (S) protein SARS-CoV-2 and its receptor-binding domain (RBD) of SARS-CoV-2 were measured before the component I (day 1) and II (day 21) injections and on days 28, 42, 90, and 180 using ELISA commercial SARS-Cov-2-IgG-ELISA-BEST (Vector-Best, Russia) and SARS-CoV-2-RBD-ELISA-Gamaleya (N. F. Gamaleya National Research Centre for Epidemiology and Microbiology, Russia) test systems, correspondingly, according to manufacturers’ instructions. The level of neutralizing antibodies was analyzed using the microneutralization test with different variants of the SARS-CoV-2 virus: Wuhan B.1.1.1 hCoV-19/Russia/Moscow_PMVL-1/2020, Delta B.1.617.2 hCoV-19/Russia/SPE-RII-32758S-PMVL-CS-SPE32758/2021, Omicron BA.5 B.1.1.529 hCoV-19/Russia/SPE-RII-25357S/2022.

The cell-mediated immune response was studied before the component I vaccination (on day 1) and on day 28 by detecting antigen-specific proliferating CD4+ and CD8+ T cells by flow cytometry and quantifying interferon-γ release of peripheral blood mononuclear cells (PBMCs) upon antigen restimulation using ELISA method. Methods are described in detail in appendix pp 1-3.





Outcomes

The primary outcome measure was the reactogenicity and safety profile of 1/10 and 1/5 doses of Sputnik V, including the number of participants with SAE’s and AE’s monitored throughout the study, the quantity and intensity of solicited local and systemic AE’s after vaccination. Secondary outcome measures were geometric mean titres (GMT) of antigen-specific IgGs measured by ELISA as well as the percentage of seroconverted participants on day 1 (before vaccination) and days 42 and 180.





Statistical analysis

This Phase 1/2 clinical study was not designed to test any hypothesis. Thus, the sample size (n=50 for both groups) was calculated based on the probability of detecting frequent AEs (with a probability <10%) with a pre-determined sample size. The statistical analysis was performed using GraphPad Prism 9.3 and MS Excel 2019. When analyzing categorical data, we used Pearson’s Chi-square test. The Mann-Whitney test was used to compare the means of two unpaired samples. The Mann-Whitney U-test was used as a non-parametric alternative to Student’s t-test for small samples without a normal distribution. The non-parametric Wilcoxon test was used to compare the means of the two paired samples. The hypothesis testing was two-sided, with a p-value of less than 0.05 considered significant. We calculated two-sided 95% confidence intervals for the frequency of seroconversion using the Clopper-Pearson method. The correlation analysis was done with Spearman’s test, with the correlation coefficient r showing interactions between two datasets and taking values either from 0 to 1 (in case of positive correlation) or from –1 to 0 (in case of negative correlation).





Role of the funding source

The funders of the study (Moscow Healthcare Department) had no role in study design, data collection, data analysis, data interpretation, or writing of the report. All authors had full access to data in the study and had final responsibility for the decision to submit for publication.






Results

Due to the high percentage of individuals immune to SARS-CoV-2 (approximately 16% received at least one dose of the vaccine, and 3.8% officially had COVID-19 in Russia at the moment of enrollment), the pre-screening stage was done to enrich the sample of volunteers with seronegative individuals eligible for enrollment (7). Of the 274 initially pre-screened individuals, 173 were excluded, with 140 having IgG antibodies against SARS-CoV-2, 2 being positive by PCR test, 11 having abnormal laboratory values, and 7 being withdrawn by the physician (Figure 1). Thirteen were lost to follow-up between the pre-screening (conducted from June 28 to July 29, 2021) and the screening stage (conducted from July 05 to July 31, 2021). Owing to competitive recruitment, 1 individual out of 101 who passed the pre-screening stage and were found to be eligible was not enrolled. On the vaccination day, 1 volunteer was withdrawn by the physician owing to the first diagnosed episode of arterial hypertension caused by excessive emotional arousal. Between the first and the second vaccination, 1 participant was lost to follow-up, 2 withdrew their consent, 4 were withdrawn by the physician due to unsolicited disorders, and 1 was diagnosed to have SARS-CoV-2 infection (Table S1). The final demographic characteristics of the 91 volunteers enrolled and having received two doses of vaccine are presented in Table 1, categorized by dose and age. No statistically significant differences were registered in demographic characteristics between participants vaccinated either with 1/5 or 1/10 vaccine dose in pooled or stratified by age groups (Table S2).




Figure 1 | Trial profile. Due to the high percentage of volunteers with pre-existing COVID-19 immunity in the Russian population by mid-2021, an additional pre-screening stage was implemented no earlier than 3 weeks before vaccination. Screening period included 1 week before vaccination. *Due to competitive recruitment, all sites were screening participants individually; therefore, there was an excess of eligible participants who were not enrolled because the recruitment target was met. 9 participants (one before vaccination, and eight before vaccination with component B) were not included in the safety and immunogenicity analysis; reasons for their withdrawal are listed in Supplementary Table 1. DSMB - Data and Safety Monitoring Board.




Table 1 | Baseline demographic and immunological characteristics of the participants who received two-dose vaccination.



The safety analysis involved registering solicited local and systemic adverse reactions, including the changes in safety-related laboratory parameters within the first 28 days after the first dose. Adverse events are presented for each of the doses studied (1/10 and 1/5) as well as for each age stratum (12–14 years and 15–17 years old) (Table 2). Overall, vaccination with the adenovirus-based vaccine showed good tolerability in adolescents. The vast majority of adverse events were mild. No serious or severe (grade 3) adverse events were registered in all studied groups. In general, all local and systemic adverse events were identical to those registered in previous studies in adults after vaccination with Sputnik-V or Sputnik-Light vaccines (5, 8). Among all participants who received 1/10 and 1/5 vaccine doses, the most common local and systemic reactions were injection site pain (39.1% and 35.6%, not significant) and hyperthermia (26.1% and 26.7%, not significant). In age pooled groups, no differences were observed in frequencies of total (69.6% and 66.7%), local (45.7% and 40%), or systemic (39.1% and 40%) adverse events between the low and high-dose vaccine groups. Stratification by age showed that 12-to-14-year-old participants vaccinated at a low dose also exhibited a higher frequency of total adverse events than 15-to-17-year-olds (92.3% versus 60.6%, p<0.05). However, the high-dose vaccination resulted in less adverse events (53.8%) in 12-to-14-year-olds compared to the 15-to-17-year-olds (68.8%, not significant). When analyzing the dose-related defenses, we found that in the 15-to-17-year-old group, a high dose administration resulted in a slight increase of total (71.9% and 60.6%, not significant), local (43.8% and 33.3%, not significant), and systemic (46.9% and 39.4%, not significant) solicited adverse events comparing to a lower dose. In contrast, among younger adolescents (12–14 years old) high-dose vaccination surprisingly resulted in a lower frequency of total (53.8% and 92.3%, p<0.05), local (30.8% and 76.9%, p<0.05), and systemic (23.1% and 38.5%, not significant) solicited adverse events, compared to the high dose. Understanding that most adverse events are reported based on a subjective self-estimation of health status, with mostly adverse events being mild-level ones, allowed us to assume that inconsistency in data groups differed by age can be attributed to variations in higher health awareness of younger adolescents and their parents. No statistically significant differences were registered in frequencies of solicited adverse events between males and females stratified by vaccine dose or by age (Table S3).


Table 2 | Systemic and local solicited adverse events within 28 days after vaccination with 1/10 and 1/5 dose of Sputnik V.



The vaccine-induced cellular immune response was evaluated by the proliferative response of CD4+ and CD8+ T cells to antigen-restimulation in vitro, indicated also by an increase in the concentration of interferon-γ secretion in peripheral blood mononuclear cells on day 28 after the first immunization. The age-pooled groups demonstrated statistically significant dose-dependent elevation of proliferating antigen-specific CD4+ T-helper cells (mean from 0.66% to 1.75%) and CD8+ T-killer cells (mean from 0.48% to 1.50%) (Figures 2A, C) in groups treated with 1/10 and 1/5 vaccine doses, respectively. Overall, in the age-pooled groups, the immunization with the 1/5 vaccine dose induced the T cell proliferative response in 100% of volunteers, compared to 90.1% for the 1/10 vaccine dose. The number of participants with cell proliferation responses to the antigen and descriptive statistics of CD4+ and CD8+ T cell proliferation for both groups vaccinated with 1/10 or 1/5 vaccine doses, stratified by age, are shown in the Tables S4–S6. Stratification by age revealed that in the 12-to-14-year-old cohort, the 1/5 vaccine dose resulted in statistically significant elevation of both CD4+ (mean 2.27% versus 0.35%) and CD8+ (mean 1.98% versus 0.22%) T cell proliferation compared to 1/10 vaccine dose (Figures 2B, D). Similar results were obtained in the 15-to-17-year-old cohort. However, the differences in proliferating CD4+ (1.51% versus 0.76%) and CD8+ (1.28% versus 0.57%) T cells between groups vaccinated with 1/5 and 1/10 doses in the 15-to-17-year-old cohort were statistically insignificant. When analyzing the age-related differences, we did not notice any statistically significant differences between 12-to-14-year-old and 15-to-17-year-old participants vaccinated with either 1/10 or 1/5 doses.




Figure 2 | Parameters of cell-mediated immune response to SARS-CoV-2 glycoprotein in participants before immunisation (day 1) and on day 28 after vaccination with 1/10 or 1/5 dose of Sputnik V. Antigen-specific proliferation of CD4+ (A, B) and CD8+ (C, D) T cells and interferon-γ secretion in peripheral blood mononuclear cells measured by ELISA (E, F) in all vaccinated participants as well as separated by age strata. Dots represent individual data points. Horizontal lines represent the mean, and whiskers are 95% CIs. N represents the number of participants in each stratum. Significant differences between different timepoints within one group are indicated by asterisks: *for p<0.05, ***for p<0.005, ****for p<0.0001 (Wilcoxon test). Significant differences between different groups are indicated by hashes and lines: #for p<0.05, ##for p<0.01, ###for p<0.005 (Mann–Whitney U test). NS, not significant.



Consistent with the lymphoproliferative analysis, vaccination with the 1/5 vaccine dose resulted in a higher (but not statistically significant) increase in the concentration of interferon-γ secretion in peripheral blood mononuclear cells in age-pooled groups (11.81-fold increase) compared to 1/10 vaccine dose (8.05-fold increase) (Figure 2E). In detail, insignificant elevation was also observed between 12-to-14-year-old and 15-to-17-year-old cohorts after vaccination of 1/10 (7.00-fold and 8.29-fold increase) or 1/5 (6.46-fold and 14.29-fold increase) vaccine doses (Figure 2F). Overall, PBMCs of 97.6% (40/41) and 97.7% (43/44) of volunteers responded by interferon-γ secretion after the vaccination using 1/10 or 1/5 doses of Sputnik V, correspondingly (Table S7). Two IFNγ non-responders (one in 1/10 and one in 1/5 dose vaccinated groups) were positive in CD4+ and CD8+ T cell proliferation.

The antigen-binding antibody response was evaluated by measuring SARS-CoV-2 RBD-specific and S-specific antibodies in volunteers’ sera collected before the immunisation (on day 1) and on days 21, 28, 42, 90, and 180. The analysis was performed immediately after receiving the samples from the day 180 timepoint. Both 1/10 and 1/5 vaccine doses induced statistically significant formation of SARS-CoV-2 RBD-specific (Figures 3A, B), as well as S-specific (Figures 3C, D) antibodies in age-pooled groups from day 21 (before boosting vaccination) and until the final day of observation (day 180). The kinetics of RBD- and S-specific IgGs had a similar shape in both 1/5 or 1/10 dose-treated groups, as confirmed by the strong correlation between the ELISA tests chosen (Figures 3E, F). However, the kinetics of antibody response (both RBD- and S-specific) and seroconversion rates between the two doses were different. In general, the 1/5 vaccine dose induced 1.5–3-fold higher geometric mean (GM) values over the entire observation period compared to the 1/10 dose. We also noted that vaccination with the 1/5 dose resulted in a faster elevation of RBD- and S-specific IgGs on day 21 and less steep slope after reaching a maximum on day 42 compared to the 1/10 dose. The most remarkable difference was observed on day 180, where the 1/5 vaccine dose resulted in statistically significant (p<0.01) elevation of the GM values of RBD-specific (8189 versus 2579) and S-specific (639.2 versus 281.6) IgGs compared to the group vaccinated with the 1/10 vaccine dose (Figure S1). A higher dose proved to be more immunogenic in both 12-to-14-year-old (11505 versus 3200, ns) and 15-to-17-year-old participants (7132 versus 2385, p<0.05) (Figure S2). Due to the small sample size in the 12-to-14-year-old group, these even larger differences in the antibody response (3.6-fold increase) cannot be considered statistically significant compared to the 15-to-17-year-old group (3.0-fold increase). The descriptive statistics for antigen-specific IgG titres for both groups vaccinated either with 1/10 or 1/5 vaccine doses, also stratified by age is presented in the appendix (Tables S8–11).




Figure 3 | Parameters of humoral immune response in participants vaccinated with 1/10 or 1/5 dose of Sputnik V. Anti-RBD SARS-CoV-2 IgG reciprocal endpoint titres before vaccination (baseline, day 1) and on days 21, 28, 42, 90, and 180 in the participants vaccinated with 1/10 (A) or 1/5 dose (B) of Sputnik V. Anti-S IgG antibodies expressed in BAU/ml before vaccination (baseline, day 1) and on days 21, 28, 42, 90, and 180 in the participants vaccinated with 1/10 (C) or 1/5 dose (D) of “Sputnik V. Correlations with anti-S IgG measured in BAU/ml or anti-RBD IgG measured in reciprocal titre in all the participants vaccinated with 1/10 (E) or 1/5 dose (F) of “Sputnik V are shown with superimposed Log-log regression of the best-fit line. Pearson correlations were calculated, with r and p values are indicated. Dots show individual data points. Horizontal lines represent geometric mean titres, and whiskers are 95% CIs. Significant differences before (day 1) and after immunisation are indicated by asterisks (****for p<0.0001). Significant differences between different time points after immunisation are indicated by hashes and lines: #for p<0.05, ##for p<0.01, ###for p<0.001, ####for p<0.0001. NS, not significant. Dynamics of seroconversion to SARS-CoV-2 infection after the vaccination with 1/10 or 1/5 doses of Sputnik V detected by IgG ELISA, with different threshold levels in BAU/ml presented by stacked bar graphs (G). Numbers above each group indicate the percentages of seroconversion.



Negative results were obtained for all enrolled volunteers using the anti-S SARS-CoV-2 IgG ELISA test (Mindray Bio-Medical Electronics, China) performed at the local laboratory during the screening. However, the evaluation of the anti-N SARS-CoV-2 antibody response during the study (ELISA kit from Vector-Best, Russia) did reveal individuals with pre-existing anti-N SARS-CoV-2 antibodies before the first vaccination and those who were negative at the day 1 but were tested positive for anti-N IgG (considered as asymptomatically infected with SARS-CoV-2) during the survey. It is worth noting that the differences in RBD-specific antibody responses between different doses observed on day 180 remained statistically significant in a seronegative group (without anti-N IgG antibodies throughout the study) (Figure S3, Tables S12, 13).

A higher vaccine dose also resulted in higher seroconversion rates (96% versus 91% on day 180), defined as GMRT>4 in RBD-specific IgGs before and after the vaccination. To evaluate seroconversion rates based on S-specific IgGs expressed in BAU/ml, we applied two different cut-off values (Figure 3G). With the lowest cut-off of 10 BAU/ml (considered as a positive antibody response according to the ELISA kit manufacturer), both vaccine doses provided 100% seroconversion of volunteers from day 21 to 180. According to previously published data reporting the values above 154 BAU/ml to be the mean protective threshold for the WT virus, the differences in seroconversion rates between 1/5 and 1/10 vaccine doses became apparent (9). Only the 1/5 vaccine dose resulted in a 100% seroconversion rate on day 42 compared with 93% in the 1/10 dose group. The difference was also demonstrated by the slope of the curve after reaching maximum values on day 42. The most prominent and statistically significant difference between 1/5 and 1/10 vaccine dose groups was seen on day 180, with seroconversion rates of 82% (CI: 68–92%) and 58% (CI: 42–72%), respectively.

Stratification by age showed that 15-to-17-year-old participants responded with slightly lower titres (mostly statistically insignificant) of RBD-specific IgGs to vaccination with both 1/5 and 1/10 vaccine doses during the whole observation period (from 21 to 180 days) compared to 12-to-14-year-old participants (Figure S4). Only at day 42 at the 1/10 dose, when the RBD-specific IgG response was at its maximum, did the difference between the antibody titres between 15-to-17-year-old and 12-to-14-year-old participants reach the statistical significance (10595 versus 28735, p<0.05).

The analysis of neutralizing antibodies (NtAbs) to SARS-CoV-2 (B.1.1.1) revealed that immunization with both vaccine doses had statistically significant levels already on day 21 (before the boosting vaccination) up to day 180 (Figures 4A, B). As for antigen-specific antibodies, the kinetics of NtAbs varied in magnitude and shape depending on the vaccination dose. Overall, the 1/5 vaccine dose resulted in roughly 2-fold higher titres of NtAbs throughout the entire study than the 1/10 dose. After the vaccination with the 1/10 dose, NtAbs reached a plateau between day 90 (GMRT 167.7) and day 180 (GMRT 165.0). Notably that, NtAbs continued to increase from 299.6 on day 90 up to 356.4 on day 180 after the vaccination with the 1/5 vaccine dose. A statistically significant difference (p<0.05) between the doses was observed on the maximum of NtAbs on day 180, when NtAbs reached GMRT 356.4 and 165.0 in the 1/5 and 1/10 dose groups, respectively (Figure S5). The descriptive statistics of neutralizing antibody titres for both groups vaccinated either with 1/10 or 1/5 vaccine doses stratified by age are presented in the appendix (Tables S14, 15). Consistent with antigen-specific antibody titres, the 12-to-14-year-old participants demonstrated slightly more prominent (though not statistically significant) NtAbs titres after being administered either 1/10 or 1/5 vaccine dose when compared to the older 15-to-17-year-old group (a 1.4–1.8-fold increase) (Figures 4C, D). As previously shown, the analysis of the correlation between SARS-CoV-2 RBD- or S-specific antibody titres and neutralizing antibody titres showed a strong correlation between these variables (Figures 4E, F) (10). However, for the 1/5 dose vaccination, we noted a higher correlation coefficient (r) for both RBD- and S-specific antibodies, with neutralizing antibody titres (r=0.81, r=0.80) compared to 1/10 dose (r=0.59, r=0.69, correspondingly).




Figure 4 | Neutralizing antibody response in participants vaccinated with 1/10 or 1/5 dose of Sputnik V. Neutralising antibodies before immunisation (day 1) and on days 21 (before vaccination with component B), 28, 42, 90, and 180, as measured by microneutralisation assay with 100 TCID50, in all participants vaccinated with 1/10 (A) or 1/5 (B) dose of Sputnik V, as well as separated by age strata (C, D). Correlations with anti-S IgG measured in BAU/ml (E, F) or anti-RBD IgG measured in reciprocal titer (G, F) and titre of neutralising antibodies for both 1/10 (E, G) and 1/5 (F,H) doses were assessed with Log-log regression. Pearson correlations were calculated, and r and p values are indicated. The reciprocal neutralising antibody titres in serum against live B.1.1.1, B.1.617.2 and BA.5 SARS-CoV-2 variants on day 180 after vaccination with 1/10 or 1/5 dose of Sputnik V (I). Dots represent individual data points. Horizontal lines represent geometric mean titres, and whiskers are 95% CIs. Significant differences before (day 1) and after immunisation (days 21, 28, 42, 90, 180) are indicated by asterisks (****for p<0.0001). Significant differences between different groups are indicated by hashes and lines: #for p<0.05, ##for p<0.01, ###for p<0.001, ####for p<0.0001. NS, not significant.



Given the significance of assessing the potential vaccine cross-protection breadth against different lineages of SARS-CoV-2, we examined the virus-neutralizing activity of sera from volunteers vaccinated with 1/10 or 1/5 vaccine dose against two variants of concern (VOC): Delta (B.1.617.2) and Omicron (BA.5) responses were compared with those from the original genetic lineage variant (B.1.1.1) (Figure 4I). Using serum samples obtained on day 180 from age-pooled volunteers, we detected a statistically significant decrease in the virus neutralization titres against Delta (6.9- and 3.4- fold decrease) and against Omicron (27.4- and 21.1- fold decrease) variants compared to B.1.1.1 in both groups vaccinated with the 1/10 or the 1/5 vaccine doses. A higher dose was found to cause a lower reduction in cross-reactive NtAbs than the lower dose. This observation is also confirmed by a higher percentage of seroconverted volunteers vaccinated with the 1/5 vaccine dose against Delta (98% versus 84% seropositive participants) and against Omicron (73% versus 42% seropositive participants) variants compared to the group vaccinated with the 1/10 dose (Table S16).

Finally, we assessed anti-Ad26 and anti-Ad5 NtAbs in volunteers before vaccination and on day 42 with different doses of the Sputnik V vaccine. Upon vaccination with both doses, GMRTs increased statistically significantly on day 42 compared to day 1, but GMRT and seroconversion rates were relatively low. When lower doses (1/10) were used, GMRTs against Ad26 and Ad5 vectors were 25 and 27, resulting in 11% and 22% of seroconversion rates, correspondingly. Upon vaccination with the 1/5 dose eliciting 100% seroconversion rate in NtAbs against SARS-CoV-2, GMRTs were 32 and 49 against Ad26 and Ad5 vectors with seroconversion rates of 13% and 47%, correspondingly (Tables S17, 18, Figure S6).





Discussion

The ubiquitous spread of the SARS-CoV-2 virus requires not only specific prevention among adults but also the extension of vaccination coverage to young individuals under the age of 18 years.

Compared to other vaccination modalities (e.g. single shot or two dose homologous), the heterologous prime-boost vaccination schedule seemed to be the more effective option for providing robust and long-term protection from COVID-19 (11, 12). This study accessed the safety, tolerability, and immunogenicity of the adenovirus vector-based Sputnik V vaccine when used in a heterologous prime-boost regimen (with 21-day interval) in 100 adolescents (12–17 years) at low (1/10 of the adult dose) and high (1/5 of the adult dose) doses. After data collection, the participants were further subdivided into two groups: young (12-to-14-year-olds) and older (15-to-17-year-olds) cohorts to evaluate possible age-dependent differences.

The safety analysis of the vaccine revealed both the 1/10 and 1/5 doses to be safe and well tolerated for the 12-to-17-year-old participants. The adverse events reported after vaccination of adolescents with 1/10 or 1/5 doses of Sputnik V were generally similar to those reported in adult volunteers vaccinated with the full dose of Sputnik V or the single dose of Sputnik-Light vaccine (equal to the first component of the Sputnik V vaccine) (5, 8). However, the frequencies of AEs in this study differed from those in previous studies. Compared to adults, adolescents were reported to have lower frequencies of systemic AEs. For example, in volunteers aged 12–17 years, hyperthermia (37–37.9 C) was recorded in 26.7% and 26.1% after vaccination with the 1/5 and 1/10 doses of Sputnik V vaccine, respectively, while in adults vaccinated with the full dose, this symptom was detected in 95% of volunteers. This was also the case for the changes in the laboratory parameters detected in volunteers aged 12–17 years in 6.7% and 13% using 1/5 and 1/10 doses, respectively, while in adults, the laboratory parameters were altered in all volunteers. The analysis of local AEs revealed no differences in the frequency of AEs in adolescents and adults. The pain in the injection site was detected in 37.8% and 39.1% of adolescents (1/5 and 1/10 doses, respectively), and in adults, this AE was detected in 40% of volunteers. Compared to adults having a higher frequency of systemic AEs than in local AEs, adolescents tend to show an equal or even a higher frequency of local AEs (observed in the younger 12-to-14-year-old cohort using 1/5 or 1/10 vaccine doses) compared to systemic AEs. Similar tendencies were registered for BNT162b2 COVID-19 vaccine used in several studies in adolescents (13–15). It is important to note that in the context of other prime-boost COVID-19 vaccines, such as BNT162b2, ChAdOx1 nCoV-19 (AZD1222) and mRNA-1273, Sputnik V showed better reactogenicity causing no severe (grade 3) AEs in 12-to-17-year-old vaccinees (16–18). Perhaps this is due to the fact that the dosages of abovementioned vaccines for adolescents are the same as the dosages for adults, whereas Sputnik V dose for adolescents is 5-times lower than for adults.

The analysis of the humoral immune response dynamics demonstrated a dome-shaped antigen-specific IgG response, over 180 days of the study, regardless of the dose. After vaccination, a significant increase in IgG was detected, reaching its maximum by day 42 and then gradually decreasing. At the same time, the analysis of the dynamics of neutralizing antibodies over 180 days of the study found neutralizing antibodies to reach their peak values by day 90 of the study and remain at the same level on day 180. We assume that the different dynamics of the antibody response of antigen-specific IgG and neutralizing antibodies upon Sputnik V vaccination to be related to the affinity maturation of serum antibodies which was initially observed in COVID-19 convalescents (19). María M Gonzalez Lopez Ledesma et al. obtained similar data when studying the immune response duration after the vaccination of adults with Gam-COVID-Vac (Sputnik V) (20).

The emergence and spread of new SARS-CoV-2 virus variants led us to analyze further the level of neutralizing antibodies to the Delta variant (the most common variant of SARS-CoV-2 “serotype 1” and the Omicron variant sublineage BA.5 (the actual variant at the time of the manuscript writing) (21). We demonstrated that the 1/5 dose group had the highest level of neutralizing antibodies to the original virus variant (B.1.1.1) and to the Delta and Omicron BA.5 variants. Moreover, the analysis of seroconversion rates revealed that in the 1/5 dose group, 98% of volunteers had neutralizing antibodies to the Delta variant and 73% to the Omicron BA.5 variant. Obtained results are advantageous compared to those for other vector-based vaccines (ChAdOx1-S or Ad26.COV2.S) in terms of cross-reactivity against COVID-19 variants (22). Along with that the decrease of seroconversion rates to far standing variants brings the rational basis for Sputnik V vaccine adaptation against Omicron variants of virus.

This research has some limitations as it is the initial examination of the Gam-COVID-Vac (Sputnik V) vaccine in adolescents aged 12–17 years, with the primary aim of assessing safety and immunogenicity. Thus, the efficacy analysis was not the aim of the study. In addition, the sample size of the present study was insufficient to analyze rare and very rare adverse events which are to be investigated in the near future.

The advantage of this study was the duration of the follow-up of the volunteers. A six-month period allowed us to assess not only the safety of the vaccine in volunteers aged 12–17 years but also the dynamics of the humoral immune response. The study of the immune response duration demonstrated that the neutralizing antibodies reached their maximum by day 90th day of the study, with the level remaining stable until day 180, justifying that the revaccination period should not be earlier than half of the year.

In conclusion, the obtained data indicate the Gam-COVID-Vac vaccine at both doses (1/10 and 1/5 of the adult dose) in 12–17-year-old volunteers to be safe, well tolerated, and not to cause serious adverse events. Whereas immunogenicity differed in dose-dependent manner: administering a dose of 1/5 led to a more robust immune response in adolescents than a dose of 1/10. The results obtained prompted the selection of a higher (1/5 of the adult dose) vaccine dose of Sputnik V for immunisation of adolescents that has been given a separate name, Gam-Covid-Vac M (or Sputnik M vaccine). The chosen dose will be used in further multicenter, randomised, double-blind, placebo-controlled Phase 3 study in 3000 12-to-17-year-old adolescents (which is the stage II of the same ClinicalTrials.gov identifier: NCT04954092).

The results of Phase 1/2 clinical trials have served as the basis for the provisional vaccine approval for clinical use issued on November 24, 2021 (registration number LP-007632)
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Muscle and joint pain 0 0 0 2(6.3) 2(6.3) 0 2 (4.4) 2 (4.4) 0
Hyperthermia 2 (15.4) 2 (15.4) 0 10 (31.3) 10 (31.3) 0 12 (26.7) 12 (26.7) 0
Chills 0 ‘ 0 0 0 0 0 0 0 0
Decreased appetite 0 0 0 0 0 0 0 0 0
Abdominal pain 0 0 0 1(3.1) 1(3.1) 0 1(22) 1(22) 0
Abnoramal laboratory values 0 ‘ 0 0 3 (9.4) 3(9.4) 0 3(6.7) 3(6.7) 0

Participants who received each dose of vaccine were additionally divided into two age cohorts of 12-14 and 15-17y.0. This table shows the total number (%) of volunteers who developed solicited adverse
events, based on the severity: mild [grade 1], moderate [grade 2], and no serious [grade 3] adverse events were reported. Some volunteers had several adverse events of different degrees of severity. Bold values
represent summarized results of indicated groups of AEs.
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1/10 dose 1/5 dose
17 y.o. Total 1534 15-17 y.o.
(n=33) (n=46) (h=13) (n
Sex
Male 7 (53.8) 18 (54.5) 25(543)  5(385) 22 (68.7) 27 (60)
Female 6 (46.2) 15 (45.5) 21(457)  8(615) 10 (31.3) 18 (40)
15.5
Age,years 135 (0.7) 162 (0.8) (1.5) 129 (0.9) 16.0 (0.9) 15.1 (1.6)
Ethnicity*
White 13 (100) 33 (100) 46 (100) 13 (100) 32 (100) 45 (100)
171.3 1715
Height,cm 164.3 (7.6) 174.1 (9.4) (9.9) 159.2 (8.5) 176.6 (9.3) (12.0)
62.7 64.6
Weight,kg 543 (13.5) 66.0 (13.4) (143) 541 (10.0) 68.9 (15.8) (15.8)
212
Body mass index, kg/m2* 199 (34) 217 (33) (3.4) 212 (2.9) 22,0 (4.0) 21.8 (3.7)
Immunity to SARS-CoV-2
Pre-existing anti-N
SARS-CoV-2 IgG antibodies®, 0(0) 3(9.1) 3(6.5) 1(7.7) 6(188) 7 (15.6)
N (%)
Pre-existing anti-S SARS-CoV-2 IgG antibodies®, N (%) 1(7.7) 5(15.2) 6 (13.0) 4(30.7) 10 (32.3) 14 (31.1)
SARS-CoV-2 infection, presence of anti-N SARS-CoV-2 IgG 303) 9273 12 26.1) 5 (38.5) 719 12 (26.7)

antibodies®, N (%)

Withdrawn participants (n=9) are excluded. The data are n (%) or mean (SD), unless otherwise stated. *Ethnic group was reported by the participants. “Calculation was based on the bodyweight
and height measured at the time of screening. *Detection of seropositive participants was done referring to the threshold for positivity set by the manufacturer (Vector-Best ELISA kits)

Bold values represent summarized results for each dose
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