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Background: To determine the non-inferiority of the seven common serotypes (4, 6B, 9V, 14, 18C, 19F, and 23F) in the 13-valent pneumococcal conjugate vaccine (PCV13) with each serotype conjugated to a tetanus toxoid carrier protein and adsorbed on aluminum phosphate and the superiority of its six additional serotypes (1, 3, 5, 6A, 7F, and 19A) to the serotypes in the PCV7.

Methods: Participants were evenly randomized in a 1:1 ratio into either the PCV13 or PCV7 groups, to receive three doses of the vaccine at the age of 3, 4, and 5 months, respectively, and a booster dose between 12 and 15 months of age. Serotype-specific antibodies were measured using a standardized enzyme-linked immunosorbent assay (ELISA) and opsonophagocytic activity (OPA) microcolony assay method.

Results: A total of 1,040 healthy infants were enrolled. All the seven common serotypes in the PCV13 were non-inferior to those in the PCV7 in terms of the serotype-specific IgG production induced; however, non-inferiority was not shown for serotype 6B after the infant series. The proportion of subjects who reached OPA antibody titers ≥ 1:8 in the PCV13 group was 89.25% or higher. Local reactions and systemic events were mild or moderate in severity and similar between the two groups. No new safety signals were observed.

Conclusion: The newly developed PCV13 was immunogenic for all serotypes and had a comparable safety profile to the marketed PCV7.
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INTRODUCTION

The burden of pneumonia remains high worldwide, particularly in developing countries, which is also one of the five main causes of under-five mortality in China, accounting for 60.7% of death (Ministry of Health, People’s Republic of China, 2011). A literature review of published data from 1980 to 2008 showed that pneumococcal disease was a serious health problem in children aged 1–59 months, with serotypes 19F, 19A, and 14 being the most commonly isolated in pneumonia/meningitis patients (Chen et al., 2011). In China, serotypes of 19F, 19A, 23F, 14, and 6B, which cause pneumonia, were the most widely distributed and isolated from children under 14 years (Lyu et al., 2017).

The seven-valent pneumococcal conjugate vaccine (PCV7) (serotypes 4, 6B, 9V, 14, 18C, 19F, and 23F) has been licensed in mainland China since 2008 and covers 79.5 to 88.4% of the prevalent serotypes (Chen et al., 2011). Due to the extensive use of PCV7, the incidence of invasive pneumococcal disease (IPD) has dramatically reduced in children under 5 years (American Academy of Pediatrics Committee on Infectious Diseases, 2010). However, the absolute number of cases of IPD caused by non-PCV7 serotypes, including the 6A, 7F, and 19A serotypes, has increased over time (Conklin et al., 2014). Currently, only one 13-valent pneumococcal conjugate vaccine (PCV13), manufactured by Pfizer, is marketed in China. To address this issue, improve the accessibility of the 13-valent vaccine in infants, and reduce the incidence of disease caused by the common serotypes, a novel vaccine with the same broad coverage as the existing PCV13 is needed. Compared to the PCV7, the novel 13-valent pneumococcal conjugate vaccine (PVC13), thanks to the six additional pneumococcal serotypes (1, 3, 5, 6A, 7F, and 19A) it contains, has the potential to address the major medical and public health issues currently related to pneumococcal disease, by providing broader coverage.

The novel PCV13 was manufactured by Yuxi Walvax Biotechnology Co. Ltd. (Kunming, China), but whether it can provide the same protection and beneficial effects as the PCV7 is still unknown. Therefore, we conducted a randomized, controlled, phase III clinical trial study to determine the immunogenicity, non-inferiority, tolerability, and safety of the PCV13 with respect to the PCV7, in infants aged 3 months. The primary objective of the study was to determine whether the immune responses elicited by the seven common serotypes (4, 6B, 9V, 14, 18C, 19F, and 23F) of the PCV13 were non-inferior to those induced by the serotypes in PCV7 and determine whether the six additional serotype-specific (1, 3, 5, 6A, 7F, and 19A) IgG responses elicited by the PCV13 were adequate, 30 days after the primary series. The secondary objective was to determine whether the immune responses and serum OPA were higher and statistically more significant in PCV13 recipients for the common serotypes.



MATERIALS AND METHODS


Design and Subjects

A randomized, multi-center, double-blinded, and positive-controlled phase III clinical trial study was conducted in three provinces (Henan, Hebei, and Shanxi) of northern China from April 2016 to October 2017 was designed. Three-month-old infants were enrolled and randomly assigned in a 1:1 ratio to receive either the PCV13 or PCV7 at the normal doses at 3, 4, and 5 months of age and a PCV13 booster dose between the ages of 12 and 15 months. Blood samples were collected prior to the injection of the first dose, 30 days after the third dose of the series, before the booster dose, and 30 days after the booster dose.

Eligible subjects were healthy 3-month-old (89–119 days) infants, with a birth weight ≥ 2.5 kg, who had not received a pneumococcal vaccine or any other vaccine 7 days prior to enrollment. The exclusion criteria were as follows: history of invasive disease caused by Streptococcus pneumoniae, history of a severe allergic reaction triggered by any vaccines or drugs, history or family history of convulsions, seizures, encephalopathy, or neurological disorders, subjects who had received any blood products (except hepatitis B hyper-immune globulin), and those with any confirmed or suspected diseases, congenital defects, or serious chronic illnesses.

Written informed consent was obtained from each participant’s parent(s) or legal guardian(s). The study was conducted in accordance with the Declaration of Helsinki and Good Clinical Practices (Guidelines, 1996). The study protocol and all relevant study documents and materials were approved by the independent Ethics Committees of the Henan, Hebei, and Shanxi Provincial Centers for Disease Control and Prevention (CDC). This study was registered under the registration number NCT02736240 at Clinicaltrials.gov.



Vaccines and Administration

The novel PCV13 (batch no. 201511003) was manufactured by Yuxi Walvax Biotechnology Co., Ltd., China. The vaccine was formulated as a full liquid suspension. Vaccines were administered by intramuscular injection in the deltoid muscle or thigh.

The PCV7 was the only pneumococcal conjugate vaccine licensed in mainland China until 2 November 2016 and the study was launched on 2 April 2016 so we took the PCV7 as the control vaccine. The PCV7 (batch no. H29315H13880) was manufactured by Pfizer (NY, United States) and supplied in pre-filled 0.5-ml syringes, with each dose containing 2 μg of pneumococcal polysaccharides of serotypes 4, 9V, 14, 18C, 19F, and 23F and 4 μg of pneumococcal polysaccharide of serotype 6B; each serotype is conjugated to a CRM197 carrier protein and adsorbed on 0.5 mg of aluminum phosphate. As with the PCV7, the novel PCV13 is a single-dose 0.5 ml preparation and contains 2.2 μg of pneumococcal polysaccharides of serotypes 1, 3, 4, 5, 6A, 7F, 9V, 14, 18C, 19A, 19F, and 23F and 4.4 μg of pneumococcal polysaccharide of serotype 6B, with each serotype conjugated to a tetanus toxoid carrier protein and adsorbed on aluminum phosphate.

The PCV7 and PCV13 are not permitted to be concomitantly administered with any other vaccines in China, but other vaccines could be administered after 10 (non-live vaccines) or 14 days (live vaccines) of PCV7 or PCV13 administration. Staff who were responsible for the vaccine storage and administration were not involved in other study processes. The main reason was to reduce the selection bias as the appearance of the two vaccines was similar even by using the blind method.



Sample Size

The sample size calculation was done by PASS 11.0. For each of the seven common serotypes in both PCV13 and PCV7, based on data from prior studies, we assumed that the percentage of vaccine recipients reaching the serotype-specific IgG concentration threshold of 0.35 μg/ml would be 85%. The total sample size required was 1,040 infants (520 per group) (Supplementary Appendix 1).



Immunogenicity Assessment

Serotype-specific IgG levels were measured using the standardized enzyme-linked immunosorbent assay (ELISA) method (Wernette et al., 2003). Levels of functional antibodies against each of the 13 serotypes were measured by the serum OPA microcolony assay method (Pohn et al., 2007). OPA titers in the blood samples of 200 subjects, collected from the top 32–36 subjects from each clinical site, were measured, prior to vaccination, 1 month after the third dose, before the booster dose, and 1 month after the booster dose. The serological assays were performed by the National Institutes for Food and Drug Control, which is a member of the WHO Collaborating Center for Standardization and Evaluation of Biologicals, and the methodology is the same as described previously (World Health Organization, 2013).

For each common serotype, the non-inferiority of PCV13 was declared if the lower limit of the two-sided was 97.5% CI for the difference in proportions between two groups (PCV13 vs. PCV7) was ≥ 10%. Alternatively, the non-inferiority criterion was met if the lower bound of the two-sided 97.5% CI on GMC ratio (PCV13/PCV7) was > 0.5. If either of the criteria was met, the non-inferiority would be declared. The proportion of OPA responders and OPA GMT to each serotype was also compared between groups with the method specified for IgG, but the non-inferiority was not necessarily to be tested, for reference purposes only.

For each additional serotype, superiority was demonstrated for the first step if the lower limit of the two-sided 95% CI for the proportion of IgG responders was ≥ 70% and the lower bound of the two-sided 95% CI on the difference in proportion directly compared between groups (PCV13 vs. PCV7) was > 0. The proportion of OPA responders to each serotype was also compared between groups with the method specified for IgG, but the non-inferiority was not necessarily to be tested. The superiority criterion was reached for the second step if the lower bound of the two-sided 95% CI on GMC ratio (PCV13/PCV7 directly) was > 1. The OPA GMTs between groups were compared for reference purposes only, and no hypothesis had been set before. Meanwhile, a post hoc analysis was performed to indirectly test the non-inferiority of each of the six additional serotypes in PCV13 with the PCV7 reference serotypes to assess the potential efficacy against the invasive disease of additional serotypes. The reference serotypes were the serotypes among PCV7 with the lowest proportion and the lowest GMC, which were employed to compare the proportion differences and GMC ratios, respectively, using the methods and criteria described above for the common serotypes. As the WHO TRS 977 stated (World Health Organization, 2013), based on the serotype-specific demonstration of efficacy and effectiveness of the 7vPnC vaccine, there is a reasonable rationale for comparing proportions that achieve ≥ 0.35 μg/ml against each serotype that is contained only in the novel vaccine with any serotype in the licensed comparator that achieves the lowest percentage ≥ 0.35 μg/ml.



Safety Assessments

Subjects were placed under observation for 30 min after vaccination to detect the occurrence of any immediate reactions. Then, solicited adverse reactions occurring after injection were recorded by the parents or legal guardians by filling out a 0–7-day diary card. Following this, parents or guardians filled in contact cards to report any adverse events occurring within 8–30 days of vaccine administration. Finally, serious adverse events (SAEs) occurring within 6 months of the series or booster dose administration were collected through active reporting by guardians and regular follow-up by safety assessors.

Local adverse reactions included pain, nodules, redness, swelling, rash at the inoculation site, and body movement disorders. Solicited systemic adverse events included fever, allergy, headache, fatigue, nausea/vomiting, diarrhea, muscle pain, cough, other discomforts, and other adverse reactions. Safety data, including all expected or unexpected medical events related to vaccination or not, were collected throughout the trial.



Statistical Analysis

The safety population included all subjects who had received at least one vaccination dose. Comparisons of percentages between the PCV13 and PCV7 groups were made using the Chi-square or Fisher’s exact test.

The primary population for immunogenicity analysis was subjects who had received at least three vaccination doses of the primary series (3, 4, and 5 months) and had valid serum assay results. The secondary population for immunogenicity analysis consisted of children who had completed the primary series, received a booster dose on schedule, and had valid post-booster serum assay results.

As recommended by the WHO (Feavers et al., 2009), the primary immunogenicity endpoint for each pneumococcal serotype was the proportion of subjects with serotype-specific IgG concentrations ≥ 0.35 μg/ml, 1 month after the primary series and the booster dose. The secondary immunogenicity endpoint for each pneumococcal serotype was the proportion of subjects with an OPA titer ≥ 1:8, 1 month after the primary series and the booster dose. To control the family-wise type I error, Bonferroni’s correction was used (Amini and Hochberg, 1995; Watanabe and Takahashi, 2006; Konietschke, 2012; Phillips et al., 2013); thus, a two-sided significance level of 0.025 was adopted for the common serotypes.

To assess the differences in proportions, the two-sided 97.5% (common serotypes) or 95% (additional serotypes) CIs of differences were calculated using the Clopper–Pearson method (Clopper and Pearson, 1934; Newcombe, 1998a,b). For each common serotype, the non-inferiority of PCV13 was demonstrated if the lower limit of the two-sided 97.5% CI for the difference in proportions between the two groups (PCV13 and PCV7) was ≥ –10%. For each additional serotype, superiority was demonstrated, if the lower limit of the two-sided 95% CI for the proportion of IgG responders was ≥ 70% and the lower limit of the two-sided 95% CI of the difference in proportion directly compared between groups (PCV13 and PCV7) was > 0. The proportion of OPA responders for each serotype was also compared between groups by the method specified for IgG, but non-inferiority was not necessarily tested.

For each serotype, IgG antibody concentrations or OPA titers were logarithmically transformed to base 10, and the geometric mean associated with its 95% CI was calculated. To compare GMCs/GMTs between groups, the two-sided 97.5%/95% CIs for GMC/GMT ratios were structured by back-transforming the CIs for means and computed using the t distribution. To calculate GMC, values below the limit of quantitation (BLQ) were halved before analysis (Food and Drug Administration, 2007). For each common serotype, the non-inferiority criterion was met if the lower bound of the two-sided 97.5% CI for the GMC ratio (PCV13/PCV7) was ≥ 0.5. For each additional serotype, the superiority criterion was met, if the lower bound of the two-sided 95% CI for the GMC ratio (PCV13/PCV7 directly) was > 1. The OPA GMTs between groups were compared for reference purposes only, as no hypothesis had been put forth beforehand. The OPA percentages and GMTs between groups were compared for reference purposes only and no hypothesis had been set before.

Additionally, a post hoc analysis using the methods and criteria described above for the common serotypes was performed to test the non-inferiority of each of the six additional serotypes in the PCV13 to the PCV7 serotypes that showed the lowest proportion of responders and GMC/GMT.




RESULTS


Baseline Demographics and Immune Responses

A total of 1,040 subjects screened from 1,113 infants were enrolled and evenly randomized to the PCV13 or PCV7 group; 503 (96.73%) and 501 (96.35%) subjects in the PCV13 and PCV7 groups, respectively, received the three primary series vaccinations.

A total of 488 (93.85%) and 493 (94.81%) toddlers in the PCV13 and PCV7 groups, respectively, received the booster dose, and 486 (93.46%) and 490 (94.23%) subjects in the PCV13 and PCV7 groups, respectively, completed the study (Figure 1). The main reason for withdrawal was voluntary discontinuation (24 in the PCV13 group and 20 in the PCV7 group). All subjects were Chinese and had similar baseline demographics such as gender, age, height, and weight (Table 1). The proportion of subjects with IgG concentrations ≥ 0.35 μg/ml or IgG GMC for all serotypes at baseline was similar in both the PCV13 and PCV7 groups (P > 0.05) (Table 2).
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FIGURE 1. Flowchart for subject enrollment.



TABLE 1. Demographics of subjects.

[image: Table 1]

TABLE 2. Subjects’ antibody-positive rate and geometric mean concentration (GMC) of the pneumococcal capsular IgG levels at baseline.
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Immune Response to the Common Serotypes After the Infant Series

In terms of the proportion of responders with anti-pneumococcal polysaccharide antibody levels > 0.35 μg/ml (threshold), non-inferiority was met for all seven serotypes, with the proportion of responders reaching the threshold against the 6B serotype in PCV13 being the lowest (90.45%). The anti-polysaccharide GMC non-inferiority criterion was met for six of the seven serotypes; the lower limit value of the two-sided 97.5% CI for serotype 6B did not meet the non-inferiority criteria (Tables 3, 4).


TABLE 3. The proportion of subjects who reached a pneumococcal IgG antibody concentration ≥ 0.35 μg/ml after receiving the infant series, pre-booster, and toddler doses.

[image: Table 3]

TABLE 4. Comparison of pneumococcal IgG GMC (μg/ml) after the administration of the infant series, pre-booster, and toddler doses.

[image: Table 4]
After the primary series, the proportion of subjects who reached OPA antibody titers ≥ 1:8 against the common serotypes was 89.25% or higher in the PCV13 group and 97.92% or higher in the PCV7 group, which was similar for both groups. Concerning the OPA GMTs, the six common serotypes in the PCV7 elicited higher GMT values than those in the PCV13, except for serotype 19F, which elicited a higher GMT value in the PCV13 group. In addition, GMTs in the PCV13 group were higher than the cutoff value (1:8), and the two groups shared similar trends with respect to the common serotypes (Table 5).


TABLE 5. Comparison of pneumococcal OPA antibody levels after the infant series and toddler doses.
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Immune Response to the Additional Serotypes Subsequent to the Infant Series

With regard to the proportion of IgG responders to the six additional serotypes, non-inferiority was shown for all the additional serotypes in the PCV13. In addition, IgG GMCs for the six additional serotypes in the PCV13 group were superior to those in the PCV7 group, with the lower limits of the two-sided 95% CIs being > 1 for all of them (Tables 3, 4).

When compared indirectly with the reference serotypes (18C for proportion and 6B for GMC) in PCV7, the lower limits of two-sided 97.5% CIs for the differences in proportion were all > –10% and lower bounds of two-sided 97.5% CIs for the GMCs ratios were almost > 0.5, with the exception of serotype 6A (0.42) (Tables 3, 4).

With respect to the additional serotypes, PCV13 induced functional antibody responses that were significantly greater than those induced by the PCV7, in terms of both the proportion of responders and OPA GMTs. Except for serotype 1, against which 83.87% of subjects had antibody titers ≥ 1:8 and an OPA GMT of 62.13, the proportion of subjects in the PCV13 group who had OPA antibody titers ≥ was 96.77% or higher, with OPA GMTs of 450.24 or higher.



Immune Responses to the Common Serotypes After the Booster Dose

For all serotypes common to both vaccines, before the toddler dose, the proportion of subjects who had a pneumococcal IgG concentration ≥ 0.35 μg/ml (threshold) had decreased substantially (Table 3). The toddler dose induced a significant increase in the proportion of IgG responders. The PCV13 and PCV7 both induced higher IgG levels against the seven common serotypes after the toddler dose; GMCs in the PCV13 group were non-inferior to those in the PCV7 group for the respective serotypes (Table 4).

Opsonophagocytic activity antibody responses before the booster dose showed a decreasing trend, in terms of both the proportion of OPA antibody responders and OPA GMTs. For the seven common serotypes, OPA GMTs after the toddler dose showed an upward trend. The difference in GMTs after the toddler dose, and the pre-booster dose or infant series was significant. In addition, OPA GMTs for each of the seven common serotypes in the PCV13 group were similar to those in the PCV7 group (Table 5).



Immune Responses to the Additional Serotypes After the Booster Dose

The PCV13 was non-inferior to the PCV7 in terms of immunogenicity for all additional serotypes. Moreover, the proportion of subjects who reached antibody threshold concentrations against serotypes 5 and 7F was significantly higher in the PCV13 arm than in the PCV7 arm. All subjects who received the PCV13 booster dose had IgG levels ≥ 0.35 μg/ml against the 7F and 19A serotypes (100%). When compared indirectly with the reference serotype in the PCV7 group (18C with 99.59%), PCV13 was determined as non-inferior (the lower limit of two-sided 97.5% CI > -10%) to PCV7 to all the additional serotypes (Table 3). Moreover, all the OPA responders had OPA antibody titers ≥ 1:8 against the 5, 7F, and 19A serotypes (100%) (Table 5).

After the administration of the infant and toddler series doses, the OPA GMCs against serotype 19A in the PCV13 group were 3.85 and 13.34, respectively. The ratio of the PCV13 7F GMCs to the PCV7 7F GMCs was 15.01, indicating that subjects who received the booster dose may have a higher 7F GMC level (Table 4).

Before the booster dose was given, the OPA GMTs for the additional serotypes were ≤ 100 in all subjects. The OPA GMTs in the PCV13 group were all above 321.14 after administration of the booster dose, which was higher than the levels observed before the administration of the booster dose, with the OPA GMT to the 7F serotype reaching the highest levels. Furthermore, in the subjects who received the booster dose, the magnitude of the increase in OPA GMTs against the 19A serotype after the administration of the booster dose was 60-fold greater than before its administration; this was the highest level reached among all additional serotypes (Table 5).



Safety and Tolerability

Most local reactions and systemic events were mild or moderate in severity. In most cases, the subjects experienced local reactions related to vaccines within 7 days of the administration of each dose, in both the PCV13 and PCV7 groups. The most commonly reported systemic events were fever and diarrhea. The proportion of subjects who experienced fever with temperatures below 39.0°C was lowest after receiving the booster dose, as compared to the primary series doses. Diarrhea was the most common systemic symptom, with 1.23% of infants manifesting mild and moderate symptoms, respectively. No severe diarrhea cases were observed after the administration of the booster dose. Generally, the most common local reactions were redness and pain, with less than 2.78 and 4.72% of subjects showing minor redness in the PCV13 and PCV7 arms, respectively. In addition, 1.73, 0.79, 0.6, and 0.2% of infants in the PCV13 group experienced only mild pain after the administration of doses 1, 2, 3, and the booster dose, respectively (Table 6).


TABLE 6. Percentage of subjects who reported local reactions, systemic events, and other AE after each dose.
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Throughout the trial, the incidence of SAEs was similar between the two groups. Fifty-seven SAEs were reported in 41 subjects, with only one SAE in the PCV13 group considered to be related to the study vaccine. Five subjects in the PCV13 group and seven in the PCV7 group withdrew from the study due to AEs (mainly fever and diarrhea). No deaths were recorded during the study.




DISCUSSION

The widespread use of PCVs in different age groups has significantly reduced the burden of IPD caused by serotypes included in vaccines. With the administration of the PCV7, the incidence of IPD caused by S. pneumoniae has significantly decreased (Centers for Disease Control and Prevention [CDC], 2005). With the development of the novel PCV13 vaccine, an assessment of its protection effectiveness in the Chinese infant population has immediately drawn interest. We conducted the non-inferiority study to compare the efficacy of the newly developed PCV13 to that of the PCV7. To some extent, this study provides baseline information on the anti-pneumococcal response to PCV13 serotypes for the first time in Chinese infants, which could further strengthen the epidemiological evidence for its immunogenicity and safety.

This study was conducted to determine whether the novel PCV13 formulation could elicit similar quantitative anti-pneumococcal responses with the PCV7. The most prevalent S. pneumoniae strains isolated from 240 Chinese IPDs patients were serotypes 19A (22.1%), 19F (21.7%), and 14 (7.5%) (Zhao et al., 2013). Before vaccination, the anti-pneumococcal responses to these serotypes were significantly high in both groups, which indicated a spontaneous infection in the study population. Aside from serotype 6B, IgG concentrations (≥0.35 μg/ml) and GMCs for all the other common serotypes in the PCV13 were non-inferior to those of the PCV7 serotypes after the infant series. Serotype 6B did not meet the non-inferiority criterion for the lower limit of the two-sided 97.5% CIs, with a proportion below the –10% margin (–11.73%) and GMC less than 0.5 (0.30). One meta-analysis had reported the difference between Pfizer PCV13 and Pfizer PCV7 in 2013. The response rates after a four-dose series for common serotype 6B and additional serotype 3 were lower than for other serotypes, which was consistent with our findings (Ruiz-Aragón et al., 2013). It was also reported that in the immunogenicity of newly developed PCV20, the GMCs of 6B and 3 were lower than those in PCV13 (Senders et al., 2021). However, we cannot completely understand the lower immunogenicity of serotypes 6B and 3. Moreover, the lower limit of the GMC ratio (PCV13/PCV7) for serotype 19F was greater than 1, which indicated the superiority of this serotype in the PCV13, as reported in previous studies (Yeh et al., 2010; Amdekar et al., 2013; Zhu et al., 2016). Concerning the functional OPA responses, with the exception of serotype 19F of the PCV13, which elicited a significantly higher response, PCV13 serotypes elicited similar responses to those of the PCV7 for each common serotype. Overall, these data add to evidence that the novel PCV13 is immunogenic for the common serotypes.

With respect to the six additional serotypes, the PCV13 induced higher serotype-specific IgG and functional OPA antibody levels compared with the PCV7. We found that IgG concentrations (≥ 0.35 μg/ml) 30 days after the primary series in the PCV13 group were higher than those in the PCV7 group. Concerning IgG GMCs, the responses in the PCV13 group were superior to those in the PCV7 group; the GMCs for serotypes 3, 5, and 6A in the PCV13 group were 1.67, 1.88, and 1.96 μg/ml, respectively, and were about fivefold greater than the cutoff value (0.35 μg/ml). In addition, OPA GMTs in the PCV13 group were higher than those in the PCV7 group for all the six additional serotypes, both after the infant series and toddler dose. These responses elicited by the novel PCV13 are similar to those reported in studies on the first-ever PCV13 developed worldwide (Esposito et al., 2010; Togashi et al., 2015). Immune responses to 11 serotypes in the PCV13 increased after the toddler dose compared to those after the infant series, which indicated a good immunological memory.

With regard to the safety profile, PCV13 was well tolerated, and no novel safety signals were observed in this study. Of note, the incidence of fever after each dose was lower in the PCV13 group than in the PCV7 group. Generally, in the PCV13 group, all AEs related to vaccination, regardless of whether they were local or systemic reactions, or other adverse events, were mild or moderate and similar to those in the PCV7 group.


Strengths and Limitations

This study is the first to provide a baseline for pneumococcal antibodies against serotypes in the PCV13 in infants and not only revealed the prevalence of vaccine-related pneumococcal carriage but also helped assess the clinical efficacy of the novel PCV13. In addition, this study was conducted in three provinces (Henan, Hebei, and Shanxi) of China and involved subjects from diverse ethnicities.

Our study had several limitations. First, it focused on the evaluation of the immunogenicity and safety of a newly developed vaccine in infants. The effects of this novel PCV13 when concomitantly administered with other vaccines specified in pediatric vaccination schedules, such as diphtheria, tetanus, and acellular pertussis (DTaP) vaccine, have not been assessed. Several studies have demonstrated that co-administration of tetanus toxoid-conjugate-containing vaccines, such as MenACYW-TT and Hib-MenCY-TT, with other vaccines, have similar effects on the immunogenicity and safety of any of the vaccines (Esposito et al., 2010; Dhingra et al., 2021). The feasibility of administering the PCV7 concomitantly with the DTaP has been accessed (Li et al., 2008). The immunogenicity of PCV13, co-administered with routine pediatric vaccines, has been widely demonstrated (Amdekar et al., 2013; Diez-Domingo et al., 2013; Togashi et al., 2015). However, the co-administration of PCV and other vaccines was not allowed (Supplementary Appendix 2). We intend to carry out another study to evaluate the feasibility of concomitant administration of the novel PCV13 and other EPI vaccines in order to provide more reliable data and evidence to facilitate clinical use. Second, we did not conduct a parallel comparison between the newly developed PCV13 and the marketed comparator due to study design limitations. We have planned a head-to-head non-inferiority against Pfizer PCV13 in the nearest future, and we will report the results later.




CONCLUSION

In summary, the immune responses to the seven common serotypes of the PCV13 were non-inferior to those of the PCV7 serotypes and statistically higher for serotype 19F after the toddler dose. Similar conclusions were drawn after the infant series, with the exception of serotype 6B. With regard to the six additional serotypes in the PCV13, significantly higher immune responses were observed in the PCV13 group, indicating broader protection against pneumococcal disease compared to the PCV7. Furthermore, the novel PCV13 showed similar safety profiles to those of the PCV7. No new safety signals were observed in this study.
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16-30 mm 0.96 1.16 0.20 0.20 1.19 0.00 0.20 0.00
>30 mm 0.19 0.19 0.40 0.20 0.00 0.00 0.00 0.00
Swelling
<156 mm 0.58 1.64 0.20 1.18 0.20 0.80 0.20 0.20
156-30 mm 0.39 0.77 0.20 0.00 0.40 0.40 0.41 0.20
>30 mm 0.00 0.00 0.00 0.20 0.40 0.00 0.20 0.00
Pruritus
Mild 0.39 0.39 0.00 0.00 0.00 0.00 0.00 0.00
Moderate 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Severe 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Other AE*
Mild 2.31 1.16 1.38 1.97 0.20 0.80 0.20 1.01
Moderate 212 2.31 1.58 1.57 1.59 1.59 0.61 0.61
Severe 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

*AE that occurred 0-30 days after vaccination.
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