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Abstract 

Background: Cuba has a new pneumococcal conjugate vaccine candidate (PCV7-TT). 

This study evaluates the safety and immunogenicity in healthy infants using 2p+1 

vaccination schedule.  

Methods: A phase I, controlled, randomized and double blind clinical trial was designed. 

30 unvaccinated healthy infants were included. 20 subjects were assigned to study group 

(PCV7-TT) and 10 to control group (Synflorix®) to receive the vaccines at 7, 8 month of 

age (primary series) and 11 months (booster dose). Blood samples were collected 30 days 

after second dose and post booster for antibodies measure analysis by ELISA and OPA. 

The statistics analysis included the frequency of occurrence for adverse events and the 

immune response. Non-parametric tests were used to compare the immune response. The 

clinical trial was published in the Cuban Public Register of Clinical Trials with code 

RPCEC00000173 available at http://registroclinico.sld.cu.  

Results: Overall, the safety profile of PCV7-TT was similar to Synflorix®. Local 

reactions were predominantly and systemic events were mild in severity. Swelling and 

redness were frequently associated with PCV7-TT mainly after the first dose (50% and 

40% respectively). 15% and 10% of subject reported severe swelling after first dose with 

PCV7-TT and after second dose with Synflorix®. Mild fever (≥38-≤39), vomiting and 

sleep disturb were the systemic events reported. 100% of infants achieved pneumococcal 

IgG antibody concentrations ≥0.35 µg/ml after booster dose for serotypes 1, 14, 18C and 

19F in each vaccine group. For serotpes 5, 6B and 23F, more than 80% infants vaccinated 

with Synflorix® or  PCV7-TT achieved protective IgG GMC above 0.35 µg/ml after 

booster dose. OPA proportion’s responders to the seven common serotypes was 89.5 or 

more after the primary dose and 100% after booster dose in vaccinated with PCV7-TT.  

http://registroclinico.sld.cu/
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Conclusions: The Cuban PCV7-TT is safe, well tolerated and immunogenic in healthy 

infants.  

Keywords: Pneumococcal conjugate vaccine, immunogenicity, safety, infant, clinical 

trial, Cuban. 

Introduction 

 Streptococcus pneumoniae is responsible for pneumococcal invasive disease 

(IPD), causing significant morbidity and mortality worldwide (1). Prevention of 

pneumococcal infection through vaccination remains the best strategy to reduce the 

incidence of IPD. The pneumococcal conjugate vaccines (PCVs) have been shown to be 

highly immunogenic, safe, well tolerated and effective in reducing invasive and 

noninvasive pneumococcal disease in vaccinated children (2). Besides their direct effect 

in infants, PCVs have a substantial indirect effect, resulting in the reduction of disease 

burden among unvaccinated adults and toddlers (3,4). Available evidence from various 

countries have shown that PCVs can be administrated concurrently with other vaccines 

that are typically recommended during the first year of life (5,6).    

 To date Cuba and many other low-income countries have not yet introduced 

pneumococcal vaccination into their national immunization programs due to their 

elevated costs. Indeed, despite significant global efforts to facilitate vaccine procurement 

through different advantageous financial mechanisms, the introduction of these complex 

and relatively expensive vaccines has been lengthy worldwide (7). In 2007, Cuba initiated 

the development of a seven-valent tetanus toxoid conjugated PCV (PCV7-TT), the first 

in a subsequent series of more complex PCVs. PCV7-TT was developed bearing in mind 

the following criteria: a) to include seven serotypes, learning from Prevnar-7 that the 

impact of PCV could be high if the selected serotypes matched the current epidemiology 

well; b) to use tetanus toxoid conjugates to increase the immunogenicity induced against 
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the serogroups 19 and 6 through 19F and 6B conjugates; and c) to reduce the time of 

pharmaceutical development by reducing the complexity of the vaccine and making it 

available the earliest possible. The final composition of this vaccine consists of 2µg of 

PS from serotypes 1, 5, 14, 18C, 19F, 23F and 4µg of 6B, all conjugated to tetanus toxoid 

and adsorbed on aluminum phosphate (8). The vaccine is currently in late clinical 

development (8, 9) before the introduction in Cuba in 2018. We expect that the Cuban 

PCV7-TT may represent an appealing option for countries that have not yet introduced 

PCV considering its price for value. Indeed, the seven prevalent serotypes included in the 

vaccine account for over 70% of isolated serotypes worldwide (10), and we aim to 

demonstrate further cross protection of included serotypes against other circulating 

serotypes such as 19A and 6A. In the present article, we provide the first evidence of 

safety and immunogenicity of PCV7-TT in infants aged 7-11 months, who have not been 

previously vaccinated against pneumococcal disease.   

Methods 

Study design and ethical considerations 

A phase I, parallel, controlled, randomized and double blind clinical trial was 

designed with the primary objective to assess the safety of PCV7-TT in infants, using a 

two primary doses plus a booster (2p+1) schedule administrated at 7, 8 and 11 months of 

age. The secondary objective was to evaluate the immunogenicity of the PCV7-TT among 

the same study population.  

The study protocol was reviewed and approved by the Ethics Committee of the 

Children University Hospital “Juan Manuel Márquez” in Havana, Cuba. The clinical trial 

was authorized by the Cuban National Regulatory Agency according the Good Clinical 

Practice (GCP) Cuban guidance (12), and published in the Cuban Public Register of 

Clinical Trials with the code RPCEC00000173 (a protocol summary is available at 
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http://registroclinico.sld.cu). It was conducted in accordance with the code of Ethic of the 

World Medical Association for experiments in human beings (13). 

Informed consent 

Written informed consent was obtained from the parents or legally acceptable 

representative of each infant before enrollment. Physicians explained in details the 

benefits and risk of the study, and parent’s voluntary decided on the enrollment of their 

infants.  

Enrollment and selection criteria  

As PCV7-TT had not been previously evaluated in this population, 30 healthy 

infants from 38 eligible infants were randomized to the study and control groups. They 

were 7-months-old residents of Havana, who had not been previously vaccinated against 

pneumococcal disease and were enrolled upon parents’ informed consent.   

Inclusion criteria. We included healthy 7-months-old infants born at least at 36 weeks of 

gestation, weighing more than 2500g at birth, presenting adequate nutritional condition 

and having completed the vaccination schedule during their first semester of life.  

Exclusion criteria 

Infants were excluded if they had history of chronic diseases, immunomodulator 

treatment, any hypersensitivity reaction following a prior vaccination, prior vaccination 

against S. pneumoniae, or acute illness at the moment of vaccination. Infants were also 

excluded if another vaccine had been administered, or planned, from 30 days before and 

up to 30 days after the administration of a study vaccine dose.  

Vaccines, target groups and schedule  

Eligible participants were randomly assigned in a 2:1 ratio to receive PCV7-TT 

or Synflorix® at 7, 8 month of age (primary dose) and 11 months (booster dose), based 

on a random assignment schedule prepared by the sponsor. All participants, study staff, 

http://registroclinico.sld.cu/
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and those assessing the outcomes were blinded to the group assignment. The intervals 

between consecutive primary vaccination doses were 30 days and 90 days between 

primary schedule and booster dose. We generated a random list using the R software for 

Statistical Computing and a randomization of 2:1 to assign 20 subjects to the group 

PCV7-TT and 10 subjects to the group Synflorix®. At enrollment, each child was 

assigned to the study or control group as specified inside a sealed envelope with a 

sequential number. Blinded statistical analysis was conducted.  

PCV7-TT (Batch NEU.13.02, Manufacturer: Finlay Vaccine Institute, Cuba) 

contains 2µg of serotypes 1, 5, 14, 18C, 19F, 23F and 4µg of serotype 6B, each one 

conjugated to TT for 24.5 µg of total TT in the formulation, 125 µg of aluminum 

phosphate and 0.026 mg of thiomersal. The vaccine is a suspension for injection and is 

presented in single dose vial; one dose is contained in 0.5 ml. Its routine storage is 

between 2-8°C. Synflorix® vaccine (Batch ASPNA305AA, Manufacturer: GSK) was 

used as control. It is composed of the purified capsular polysaccharides from 10 serotypes 

1, 4, 5, 6B, 7F, 9V, 14, 18C, 19F and 23F each one conjugated to a carrier protein, either 

protein D (PD), tetanus toxoid (TT) or diphtheria toxoid (DT). Synflorix® is a 

preservative-free liquid suspension, adsorbed on aluminum phosphate and presented as 

pre-filled glass syringes ready for intramuscular injection (14). 

Both vaccines were administered intramuscularly with a 22–25 gauge needle (25 

mm/long) into the right thigh of the infants. They received a 2-dose primary vaccination 

series (30 days’ interval) followed by booster vaccination (90 days interval) (Figure 1), 

therefore, the schedule was at 7, 8 and 11 months of age. Blood specimen collection was 

scheduled at 30 days after the second and the booster dose.   
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In order to assure the double-blinding due to the different presentation of both 

vaccines, we used a double-nurse system where one nurse prepares the vaccine and the 

other vaccinates the child.  

Safety and reactogenicity evaluation 

The primary outcome of this study was the safety of the vaccine. Post-vaccination, 

children were followed up for 30 days to detect and assess any adverse events. Each 

subject was closely observed during three hours post-vaccination for identification of 

immediate adverse effects. Expected local reactions and systemic events were recorded 

actively during the 7-day post-vaccination period through medical visit. Unexpected 

adverse events information was collected during the 30 days post-vaccination period.  

Diary cards were used to solicit the reporting of the occurrence of local symptoms 

(pain, redness swelling) and general symptoms (i.e. fever, gastrointestinal symptoms, 

sleep disturbance) for 7 days after each dose. The occurrence of other (unsolicited) 

adverse events was also collected using diary cards for 30 days after each dose. Serious 

adverse events (SAEs) defined as events that were life-threatening, required 

hospitalization or prolongation of hospitalization, or resulted in disability, incapacity or 

death, were recorded throughout the study. The investigators assessed the association 

between investigational products and the occurrence of each adverse event. Solicited local 

adverse events were all assumed to be associated with vaccine administration.  

Immunogenicity evaluation 

The secondary outcome of this study was to assess the vaccine’s immunogenicity. 

Blood samples were collected 30 days after the second and the booster dose. Serum 

samples were stored at −20◦C until ELISA and OPA analysis. Three hundred microliters 

of each serum samples were analyzed for ELISA and OPA at the World Health 
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Organization (WHO) Reference Laboratory for pneumococcal disease, at the Institute of 

Child Health in London, the United Kingdom.  

Pneumococcal serotype-specific anti-capsular polysaccharide antibodies for the 

seven serotypes included in PCV7-TT and for the additional serotypes 19A and 6A 

(contained only in 13-valent PCVs) were measured by ELISA using double absorption 

with C and 22F polysaccharides, following the WHO recommended protocol (15). 

Functional opsonophagocytic antibodies were measured by a viable counting MOPA 

method using differentiated HL60 cells as effector cells. The OPA titer was expressed as 

the reciprocal of the serum dilution that caused a 50% reduction of the colony-forming 

units compared to a control that contained no human serum, following the WHO 

recommended protocol (16). Additionally, the antibody response to carrier protein TT 

was evaluated at the Finlay Vaccine Institute, using indirect ELISA assay for 

quantification of tetanus antitoxin in human serum, with the use of a previously calibrated 

standard (17). 

Statistics analysis 

The study corresponded to an exploratory phase I trial. Sample size was 

established by expert opinion and the analyses were performed on the Total Vaccinated 

Cohort. 

Safety 

 We summarized the number and percentage of subjects with any solicited or 

general symptoms within the 7-day follow-up period per dose. We tabulated the number 

and percentage of subjects with unsolicited adverse events within the 30-day follow-up 

period according to the Medical Dictionary for Regulatory Activities (MedDRA) 

preferred terms. We tabulated SAEs occurring during the study period, including the 

long-term safety follow-up, according to MedDRA preferred terms. We used a non-
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parametric test (Fisher’s Exact Test for Count Data, with error α= 0.05 or 95% of safety) 

was used to compare incidence for each adverse event. We reported the frequency of 

occurrence for adverse events in both groups. 

Immunogenicity 

 We tabulated the number and proportion of subjects achieving a serotype-specific 

IgG antibody concentration ≥0.35 μg/ml (responders) measured one month after the 

primary series and booster for seven common serotypes. We calculated the exact 2-sided 

95% confidence intervals (CIs) on the proportions. We calculated the geometric mean 

antibody concentrations (GMCs) with their 95% CI for each serotype and at each 

applicable blood specimen collection time point for both group. We estimated two-sided 

95% CIs by back transformation of the CIs for the mean of the logarithmically 

transformed assay results. We reported the functional antibody activity (OPA) as a 

geometric mean titer with 2-sided 95% confidence intervals. Non-parametric tests were 

used to compare after the primary series and after the booster dose between groups for 

each serotype and for TT antibodies (Mann Whitney U Test and Sign test with error 

α=0.05). We calculated the number of subjects with OPA titer ≥ 1:8 for each serotype in 

both groups. 

Results 

From 38 subject screened, a total of 30 infants were enrolled and randomly 

assigned to each group: 29 infants completed the primary vaccination series and booster 

dose. Only one loss to follow up occurred (Figure 2). Demographic characteristics of the 

two groups were similar with regards to gender, ethnicity and age.  

Pneumococcal vaccine safety  

Comparing infants in the two vaccine groups, in general, the safety profile of 

PCV7-TT was similar to that of Synflorix® (Table 1). Most of the local reactions and 
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systemic events reported were mild. Local reactions after any dose were the most 

frequently reported and their duration ranged between three and eleven days. Swelling 

and redness at the injection site were frequently associated with PCV7-TT mainly after 

the first dose (50% and 40% respectively). Fifteen percent and 10% of subjects 

respectively reported severe swelling at injection site following the first dose with PCV7-

TT and after the second dose with Synflorix®. Mild fever (≥38-≤39°C), vomiting and 

sleep disturbance were the systemic solicited events reported. Fever was more frequent 

after the first dose of PCV7-TT (in 4/20 infants). The duration of systemic events did not 

last more than three days. The frequency of medication to treat symptoms was 

approximately 40% in each group after the first dose and ranged from 26% to 50% after 

the primary vaccination series and booster dose. Unsolicited events reported in infants 

vaccinated with PCV7-TT were diarrhea (5.15 % per total applied dose) and rhinorrhea 

(3.45%). In the Synflorix® vaccinated group, diarrhea and rash were reported in 3.3% 

(per total applied dose), and hyperemic conjunctival in 6.6%. All these events were more 

frequent after the first and second dose. No deaths were reported in this study. 

Pneumococcal vaccine immunogenicity 

Table 2 shows the percentage of subjects who achieved a pneumococcal IgG 

antibody concentration ≥0.35 µg/ml after the primary series and after the booster dose. 

All infants achieved a pneumococcal IgG antibody concentrations ≥0.35 µg/ml after the 

primary series for serotypes 1, 14 and 18C in each vaccine group. The percentages of 

infants achieving IgG antibody concentrations ≥0.35 µg/ml against serotype 19F were 

also high (94.74% in the PCV7-TT vaccinated group)). For 23F, 66.7% infants vaccinated 

with Synflorix® and 89.47% with PCV7-TT achieved protective IgG titers and more than 

77% of vaccinated in both groups, for serotypes 5 and 6B. 100% of infants achieved 

pneumococcal IgG antibody concentrations ≥0.35 µg/ml after booster dose for serotypes 
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1, 14, 18C and 19F in each vaccine group. For serotpes 5, 6B and 23F, more than 80% 

infants vaccinated with Synflorix® or  PCV7-TT achieved protective IgG GMC above 

0.35 µg/ml after booster dose. 

 

Among the vaccinated with PCV7-TT, the pneumococcal IgG GMCs shown after 

primary series were the lowest for serotype 5 (0.643 µg/ml) and 6B (0.991 µg/ml). After 

the booster dose, GMCs for the common seven serotypes ranges from 0.898 µg/ml to 

8.082 µg/ml in PCV7-TT group and from 1.026 µg/ml to 10.196 µg/ml in the Synflorix® 

vaccinated group. 

The comparison of IgG GMC between PCV7-TT and Synflorix® after the primary 

series for each of the common serotypes showed that IgG GMC ratios ranged was from 

0.43 to 4.84 µg/ml. After the booster dose, the GMCs were higher in both groups for the 

common serotypes 6B, 14, 19F, 23F and also for serotypes 5 among the vaccinated with 

PCV7-TT. 

Table 3 shows the OPA responders percentage (subjects who achieved OPA 

antibody titers ≥1:8) and OPA GMTs in both vaccine groups. The proportion of 

responders to the seven common serotypes was ≥89.5% after the primary series and 100% 

after the booster dose in those vaccinated with PCV7-TT. In the Synflorix® vaccinated 

group, the percentage of responders was ≥77.8% after the primary dose. After the booster 

dose, it exceeded 90%. OPA GMTs following the booster dose were higher than the levels 

observed after the primary dose for all serotypes in the control groups. In the study group 

results were similar, except for serotype 14.  

For the serotypes 6A and 19A that are not included in the vaccines, we conducted 

additional analyzes that showed that the percentage, of subjects who achieved a 

pneumococcal IgG antibody concentration of ≥0.35 µg/ml after the primary series and 
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after the booster dose were lower in both vaccine groups (33.3% for serotype 6A and 

55.6% for serotype 19A in the Synflorix® vaccinated following the primary series; 52.6% 

for serotype 6A and 23.6% for serotype 19A in the PCV7-TT vaccinated). The 

pneumococcal IgG GMCs in vaccinated subjects with PCV7-TT were 0.289 µg/ml for 

serotype 6A and 0.244 µg/ml for serotype 19A. In those vaccinated with Synflorix® it 

was similar with 0.218 µg/ml for serotype 6A and 0.352 µg/ml for 19 A serotype. The 

ratio of IgG GMC (PCV7-TT and Synflorix®) after the primary series was 0.69 for 

serotype 19A and 1.32 for serotype 6A. After the booster dose, in both groups we 

observed an increase in the GMC titers for serotypes 6A and 19A.   

All subjects in both groups achieved protective titer levels against tetanus (0.1 

UI/ml). The GMCs increased from 5.5 CI 95% 4.17-7.7 (after the primary series) to 5.9 

CI 95% 4.72-7.31 (after the booster dose) in PCV7-TT vaccinated infants. This increase 

was not observed in the Synflorix® vaccinated group (GMCs of 3.5 and 3.3 respectively). 

Discussion 

We report the first results of the safety and immunogenicity of the Cuban-

developed PCV7-TT among infants, compared to the widely used PCV-10 Synflorix. 

Among infants vaccinated with either vaccines, local reactions predominated and 

systemic events were mild. The new pneumococcal vaccine candidate PCV7-TT was 

immunogenic in the target infant population against the seven common serotypes 

included in the vaccine.   

The trial was designed taking into account the schedule for the administration of 

pneumococcal vaccine comprising a two-dose primary series followed by a booster dose 

administrated at 11 months of age, as recommended by WHO (18). Because the carrier 

protein in PCV7-TT is tetanus toxoid, no interference with this antigen contained in other 

pediatric vaccine administrated in the first semester of life was explored (for example the 
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pentavalent vaccine against diphtheria, tetanus, pertussis, hepatitis B and Haemophilus 

influenzae type b).    

The reactogenicity of PCV vaccines, including injection-site reactions and fever, 

has been evaluated in several randomized clinical trials and the findings of these trials are 

summarized in a systematic review (19). The safety of the new Cuban pneumococcal 

vaccine had been previous explored in other age groups including adults (7) and preschool 

children (8). The results among infants were comparable to those reported for other 

pneumococcal vaccines (20). The most frequently reported reactions were local, 

including tenderness, redness and swelling, and ranged from 26.7% to 53.25% in those 

vaccinated with Synflorix® and 27.8% to 58.2% in those vaccinated with PCV7-TT.    

Our study did not identify any severe events associated with vaccination resulting 

in hospitalization, emergency or outpatient visits. The reported local and systemic 

reactions were typically mild and severe local reactions were uncommon and self-limited 

when they occurred. The consumption of antipyretic drugs occurred in approximately 

40% of the vaccinated infants which is comparable to other studies using PCV7 vaccine 

(21). 

The immunogenicity data in the current clinical trial is also consistent with 

previous studies of PCV7 administered in a simplified two-dose infant series followed by 

a booster (22). Both vaccines were immunogenic with two infant doses for the four 

common pneumococcal serotypes (all subjects were responders to serotypes 1, 14, and 

18C). For the remaining vaccine serotypes, more than 66.7% of infants achieved IgG 

concentration higher than 0.35 µg/ml. In the case of PCV7-TT, the percentage of responders 

after booster dose were 100% for all serotypes except serotype 5 (95%), while for Synflorix® it 

was 90% for serotypes 5 and 6B of and 6B and 80% for serotype 23F.  
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Antibody functional induced for the new pneumococcal vaccine is one of the main 

finding of this study. Despite the variation between serotypes, more than 89% of subject 

vaccinated with PCV7-TT achieving OPA titer of 1:8 or above after primary series and 

100% after booster dose respectively. An unintended result was the immune response of 

PCV7-TT to additional serotypes 6A and 19A. These serotypes are not included in the 

vaccine candidate; however, after booster dose 84.2% and 63.16% of subjects included 

in the study group were responders for 6A and 19A respectively, and the antibody 

functional activity was demonstrated. Because the clinical relevance of serotype 19A in 

Cuba identified through National Reference Laboratory Surveillance (23) and NP 

colonization studies (24), to explore in deep this finding through non inferiority 

immunogenicity studies is very important in our context. It may be effective in preventing 

disease caused by these serotypes in vaccinated population. 

There is no other licensed PCV using only tetanus toxoid as carrier protein so, in one way 

the interference with other pediatric vaccines should be further studied, but in other side, 

the priming role of tetanus toxoid could be observed as reported studies with Haemophilus 

vaccines (25). This hypothesis will be tested in next studies planned in Cuba beginning 

in 2017 exploring the immunogenicity in a cohort of approximately 880 infants using 

different vaccination schedules (2p+1, and 3p+0).  

The main limitation of the current study is the lower number of enrolled infants that 

limited the probability of detecting a significant difference among the vaccination groups 

in terms of immunogenicity. However, the result support further steps of clinical 

evaluation in this target group since the new vaccine is well tolerated in infants. 

Conclusions 

Our results showing an acceptable safety profile and immunological results for 

PCV7-TT administered in a two-dose primary series and a booster dose (2p+1) schedule 
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in healthy infants vaccine-naïve for pneumococcal vaccination. It supports further studies 

included in clinical evaluation strategy of PCV7-TT. 

The immune response generated by PCV7-TT suggests that it could provide protection 

against pneumococcal disease. The comparable immunogenicity and safety profiles of 

PCV7-TT and Synflorix® suggest PCV7-TT could be a valuable addition to the national 

immunization schedule in Cuba and in other resource-limited settings. 
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