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Immunogenicity, Reactogenicity and Safety of CRM197-Conjugated Meningococcal A, C, W, Y Vaccine: Multicenter, Randomized, Phase III Trial

Background. Generalized forms of meningococcal disease caused by Neisseria meningitidis is characterized by rapid course and high mortality. The pathogen serogroup distribution varies between regions and changes over time, which determines the need for vaccines covering serogroups A, C, W and Y. Licensed quadrivalent conjugate vaccines differ both in polysaccharide content and in carrier protein, which properties are considered among the factors shaping the T-dependent immune response. Objective. The aim of the study is to evaluate immunogenicity, reactogenicity, and safety of meningococcal conjugate vaccine MenACWY-CRM197 compared with licensed MenACWY-DT vaccine in healthy people aged 3–55 years. Methods. Multicenter, randomized, comparative, single-blind, parallel-group, phase III trial was conducted in 16 clinical centers among Russian Federation. All study participants were allocated 1:1 across three sequential age groups (I — 18–55 years, II — 11–17 years, III — 3–10 years). The transition between groups was performed after positive conclusion on vaccine safety according to interim safety data by independent data monitoring committee. Both vaccines were administered intramuscularly once at dosage of 0.5 ml. The primary endpoint was the proportion of participants achieving seroconversion based on serum bactericidal antibody (SBA) titers against meningococcal serogroups A, C, Y, and W at Visit 3 (Day 29 ± 1); non-inferiority was considered demonstrated if the lower bound of the 95% confidence interval (CI) for the difference in proportions exceeded −10%. Secondary endpoints (seroprotection at SBA titer ≥1:4, geometric mean titers (GMT), reverse cumulative titer distribution curves) and safety outcomes were analyzed without adjustment for comparisons multiplicity; corresponding p-values are descriptive. Results. A total of 240 participants were randomized (120 per group); the per-protocol population comprised 239 participants. Seroconversion by Visit 3 was achieved in at least 98.33% of participants for each of the four meningococcal serogroups in both groups; and it was achieved in all participants for serogroups C and W. The lower bounds of the 95% CI for the proportions difference for meningococcal serogroup A (0.83%; 95% CI −3.82…5.72) and serogroup Y (−0.007%; 95% CI −4.51…4.47) exceeded the non-inferiority margin confirming the study hypothesis for the primary endpoint. SBA titers increased significantly from Visit 1 to Visit 3 for all serogroups in both groups (p<0.001). No differences in GMT between groups were revealed for meningococcal serogroups A, W, and Y; while the post-vaccination GMT in the investigational vaccine group was higher (306.7 vs 222.9; p=0.017) for serogroup C. The studied vaccine demonstrated favorable safety profile. At least one adverse event (AE) was reported in 53.33% of participants in the investigational vaccine group and in 56.67% of the reference group (p=0.604). No differences between groups were revealed in the distribution of AE by severity, causal relationship, or outcomes in the pooled population. The distribution of AE by severity differed (ratio of mild AE 86.46% vs 73.68% in the comparison group; p=0.033) in the analysis by age stratum, among adolescents aged 11–17 years in the MenACWY-CRM197 vaccine group; in children aged 3–10 years, systemic reactions were reported in 20.0% and 40.0% of participants, respectively (p=0.051). No serious AE related to vaccination and no fatal outcomes were reported. Conclusion. In terms of seroconversion frequency against all four meningococcal serogroups, the MenACWY-CRM197 vaccine was non-inferior to the reference vaccine. Safety and reactogenicity profiles in the pooled population were comparable. The superior result of the investigational vaccine for secondary endpoints (GMT against meningococcal serogroup C) and the results of reactogenicity analysis by age stratum were obtained without controlling for type I error probability and require further study in specifically designed trials. The obtained data confirms the immunogenicity and acceptable tolerability of the MenACWY-CRM197 vaccine in individuals aged from 3 to 55 years. The study results allow us to consider using this vaccine for meningococcal infection prevention in children, adolescents, and adults as part of mass vaccination.
Trial registration: protocol GNG-DE-III-24, version 1.0, 15.08.2024; clinical trial authorization by the Ministry of Health of Russian Federation №532, 07.11.2024.
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Fig. 1. Study sample formation
Note. IWRS — Interactive Web Response System; SAE (СНЯ) — severe adverse events; ITT — intention-to-treat; PP — per protocol, TS — treated set.

Table 1. Local and systemic reactions used in the assessment of vaccine reactogenicity

Table 2. Baseline characteristics of participants by group within every study stage
Note. Group 1 — MenACWY-CRM197 (investigational vaccine), Group 2 — MenACWY-DT (reference vaccine). M±SD — mean ± standard deviation; PP — per protocol; BMI (ИМТ) — body mass index. <*> —comparison between groups within each stage: quantitative variables — Mann–Whitney U test, gender distribution — χ² test; "no" — no statistically significant differences between groups were revealed (p>0.05); "–" — comparison was not performed. In Stage II, one adolescent from Group 1 was excluded from the PP population due to protocol violation.

Table 3. Proportion of participants with seroconversion by N. meningitidis serogroups A, C, Y, and W at Visit 3 (PP population)
Note. The non-inferiority margin for the lower bound of the 95% CI of the difference in proportions was −10%. For serogroups C and W, seroconversion was achieved in 100% of participants in both groups; therefore, the CI for the difference in proportions was not calculated. Seroprotection rates (SBA≥1:4) at Visit 3 coincided with seroconversion rates for all serogroups. CI (ДИ) — confidence interval.

Table 4. Proportion of participants with seroprotection against N. meningitidis serogroups A, C, Y, and W 28 days after single vaccination (Visit 3, Day 29±1); pooled data from Stages I–III (PP population)
Note. PP — per protocol; CI (ДИ) — confidence interval.

Fig. 2. Geometric mean SBA titers by meningococcal serogroups at Visit 3
Note. ANCOVA/ANOVA with the factors "treatment", "visit", and their interaction. Whiskers — 95% CI of GMTs (back-transformation of CI of the mean log10 titer). <*> — Statistically significant differences between groups with *p<0.05. SBA (СБА) — serum bactericidal antibodies; GMT (СГТ) — geometric mean titers.

Fig. 3. Reverse cumulative distribution curves of SBA titers against meningococcal serogroup C (Visit 3)
Note. For serogroup C: p=0.0169 (ANCOVA); "treatment × visit" interaction p=0.0324.

Table 4. SBA titers before and after vaccination (PP population, pooled data from Stages I–III)
Note. Increase in titers from Visit 1 to Visit 3 was statistically significant (p≤0.001) for all serogroups in both groups. GMT (СГТ) — geometric mean titer; SBA (СБА) — serum bactericidal antibodies. Presented p-values were not adjusted for multiplicity of comparisons and are descriptive.

Table 5. Safety and reactogenicity outcomes by study stage (TS population)
Note. Reactogenicity was assessed within 7 days after vaccination, including administration day. The p-value in the "Proportion of mild AE" row refers to the comparison of all AE distribution across the three severity grades. All presented p-values were not adjusted for multiplicity of comparisons. AE (НЯ) — adverse event; SAE (СНЯ) — severe adverse event; TS — treated set.
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